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NPEJAUCJIOBUE OBUIEN0 PEAJAKTOPA PYCCKOro NMEPEBOJA

Ml saBasieMcst CBHAETEISIMH BO3HMKHOBEHHS HOBBIX oTpacieil -
3HKH H Bce GoJiee IVyGOKOro NPOHHKHOBEHHS ee BO Bce 06JIaCTH COBpe-
MEHHOH HAaYKH U TeXHUKH. Bo3HHKaeT BOMpOC: KaK NPH 3TOM IIPaBH.1b-
HO MOCTaBUTL NpernojasaHue obuiell (QU3MKH, SBJAAIOWEHACT OCHOBOIL
MHPOBO33pEeHHs] H CMELUHANbHBIX 3HaHHA OYAYIIEro YYEHOro U HH¥Ke-
Hepa? Urto nelcTBUTENbHO BaXKHO NOHSTh H 3HATh U UeM MOXKHO Mpe-
Hebpeub?

Boripocel 06 yJayullleHHM [peflojaBaHHusl oOlEero Kypca GHIMKH
4yacTo 06CYIKAAIOTCS, ONHAKO NPHHUMAaeMble pPelieHHs O0BIMHO He HAYT
Jajiblie ouepeiHOro u3MeHeHus nporpamm. OIHofl M3 IOHBITOK CO37a-
HY$S COBPEMEHHOro Kypca obuiefl ¢usnku Obwin  «PefiHMaHOBCKHE JeK-
LUK 1o ¢u3MKe», NOJNYUMBIINE Yy Hac 3acjayrzKeHHoe Npu3Hanue. JIpy-
rasi [onbITKa paiMKa/lbHOIO peuleHHsi 3TOH npobJjeMbl Oblia Npelnpu-
Hsta B yHupepcurete bBepran (CHIA, Kanudopuus), rae B 1961 r. 6bi1
CO3JaH CliellMadbHbIl KOMHUTET, COCTOSIBIIMA M3 YYEHBIX, [OCTABHBILUMX
cBoefl LebIo CO3aHue yueOHHKa HOBoro Tumna. [lepBeie ABa ToMa sTOro
yyebuuKa (MeXaHHKa, 3JeKTPAUYECTBO M MarseTH3Mm) BhILWIM B 1965 r.,
B NocJ/eHHe TOAbl 3aKOHUYEHO H3JaHHE TpeX OCTAJIbHLIX TOMOB (BOJHBI,
KBaHTOBasi M CTaTHCTHYeckas ¢u3uka). Kpome Toro, Tpu HeGoabiue
KHHUTH CO/epIKaT OmHcaHWe TPUAUATH LecTd paGor DBepxieeBckofl u-
3u4yeckol J1aboparopuy, HAeHHO CBA3aHHOH ¢ HOBBIM OOUIMM KYpPCOM.

Coznarenu bDBepxJaeeBcKOro Kypca CTpPeMHJHCh H3J0XKUTh B yuefi-
HHKe KJaCCHYeCKYI0 (PU3HKY, OpPTaHHYeCKH CBs3aB €e C OCHOBHBIMH
HAesSIMH CNelHa bHOH TeOPHH OTHOCHTEIbHOCTH, KBAHTOBOH (QU3HKH I
CTATUCTHKH,— HMEHHO B 3TOM-TO H 3aKJ/IO4YeHbl OCHOBHblE NOCTOMHCTBA
yuebHHKA.

Kypc npennasnaued He TOMbKO AJst (DU3HKOB, HO H A/ GVIVIIHX
MH)XeHepPOB, XUMHKOB M GnosoroB. O6bem €ro 3HaYHTENbHO NMPEBOCXO-
JAMT [peTeH3Hu Jaxke (PU3NKOB H OCTaBJSET M03TOMY Kak IperojiaBa-
TeJto, TaK U CTYIeHTy 6ojbllyio cBoboay B Bblfope MaTepHada.

Crnenyer OTMETHUTh MPEKPACHYIO opranusauuio kypca. [IpeBocxoi-
HBIE DHCYHKH, 6OJbIIOE KONHUYECTBO 3a/ay pas3jiHuyHOH TPYAHOCTH (ua-
CTO U3 CMeXHBbIX ¢ (u3uKON obsiacTell), ONMHCaHUE KJIACCHUECKHX OIbl-
TOB H BBUIEPXKKH 43 OPHTHHA/JIbHBIX paloT YBEIHYHBAKOT LEHHOCTb i
NPHBJIEKATENLHOCTh KYpCa.



Hunnnaruea nepeBola Ha pycckHH A3blKk DepkieeBckoro kypca
(H3NKYH B 3HAYHTENBHON crenend npuHanaexur npodp. C. I1. Kanume.
Hacrostuuit ToM oTrpenaktuposan npod. A. O. BaficenGeprow.

Me! yBepensl, uTo BepkieeBckuil kype GH3HKH OKaxercs HHTepec-
HBIM U TOJIE3HBIM ILMPOKOMY KPYTY YualllUXCA U IpenojasaTesed.

A. H. lllaabuuxkos

[MPEAUCJOBUE PEJAKTOPA NEPEBOJA V TOMA

ABTOp mocaenHero, NATOro, ToMa bepxJ/eeRckoro kypca GuU3HKH —
Dpesepux Peiip, npoteccop yrnuBepcutera 8 DepKiu, M3BeCTHHIN
paforamut B 08JIaCTH 3IKCIEPHMEHTaJbHOH (PU3UKH TBEPAOro Teda H
Hu3kux temnepartyp. IlsTeil Tom BepxieeBckoro. kypca COOTBETCTBYET
KypCy TEPMOAHHAMUKH M KHHETHYECKOHl TeOpHUHM BellecTsa, OOLIUHO
H3JjaraemMoMy cpasy nocJse mexasnuku. [lepeHoc cronb ¢yHAaMeHTaNbHBIX
¥ TOHKHX BOIIPOCOB B KOHell Kypca o6iell (pi3MKU HMeeT MHOTO I[1PeHMy-
wiecTB. JlefiCTBHTE/IBHG, K 3TOMY BpPEMEHH CTYREHT YCIEeBaeT O3HAKO-
MUTBCS! C OCHOBHBIMH MJ€AMH CTPOeHHSI aTOMa M KBAHTOBOH MeXaHHKH
U npuobpeTaeT, TakUM 00pa3oM, XOPOLIYI0 OCHOBY JJIsl MOHUMaHHSA
cratucTuueckol Guanku. OTKa3aBIIKMCh OT TPAJHLLUOHHOTO H3J10MKEeHH,
aBTOp NOAPOGHO U ¢ GOJBILOH ACHOCTBIO PaccMaTpHBAaeT OCHOBHBIE H/eH
CTATHCTHYECKOHR (PH3HKHM H Ha 0ase [OCJeAHeH H3aaraeT OCHOBHEIE Tep-
MOJAHHAMHYECKHE 3aKOHBL. 3JTa NpOorpaMMa BhITOJHEHA BecbMa IoCse-
JIOBaTeJIbHO H Ha BLICOKOM Iiefaroruyeckom vposHe. OcoGeHHO caenyer
OTMETHTb TIaTe/NbHOE U NOAPOGHOe paccMOTpeHHe (AYKTyanui, MoHs-
THS TeMNepaTypH, PHCYHKH paclpefeeHus] 4acTHIl, NOJVUeHHble C
IOMOLIBIO 3JIEKTPOHHON BBIUUCJUTENbHON MalUMHBL, U CHCTEMaTHuecKoe
HCHOAB30BaHHe CHCTEMbl CHMHOB AJSl HIJIOCTPALHH CTATHCTHYECKOrO
NOBEeeHHs YacTHIL.

Mpbl Hazeemcsi, UTO KHHra OyAeT MoJe3Ha CTYACHTAM pasiMYHBLIX
cnenuaJbHOCTER ¥ 3aMHTepecyeT Npernojasareeil.

A. 0. Baiiceubepe



U3 NPEAUCIIOBUS K BEPKJEEBCKOMY KYPCY ®HU3UKHU

JlanHbll y4eOHHK nNpeAcTaB/asieT co60ol NBYXroAH4HBI Kypc ofuieH
$N3NKH, TNpefiHasHAueHHbIH MJIS CTYAEHTOB, CHEHHAM3HPYIOLIHXCH B
00J1aCTH HCCIEN0BaTeNbCKOH PaboThl, a Takxe H i OyAYIHX HHXKe-
HEpoB. Mol KeJalM NpPeICTaBUTh KJacCHYeCcKylo (PH3HKY, HACKOAbKO
3TO BO3MOXKHO, B TOM BHJA€, B KAKOM OHa HCHO/b3yeTcs (DH3UKaMH-IIPO-
tpeccHoHanaMu, paboTalOLEMH Ha «lepeHeM Kpae» HccaefoBaHUH. Mbl
NHITAIHCh CO34aThb KYpPC, KOTOPbifl aKLEHTHPOBad Gbl OCHOBHBIE MOJO-
wenus dusukd. Harmell ocofoili 3agauell GbIJIO eCTeCTBEHHOe BBeleHHE
B KVpC KJaccuyeckoll GpH3HKH HAel clellMaJbHON TeODHH OTHOCHTE/b-
HOCTH, KBAHTOBOH (PH3NKH H CTaTHCTHUYECKOfl (DU3UKH.

Kypc npeanasnauaercst 1ia J1:060ro CcTyleHTa, U3yuaBluero QH3NKY
B cpeincil mikode. Maremarnka, BKAIOUAlomas mareMaTHueckKufi ana-
JIH3, JMOJIZKHA TNPOXOAMTLCH OIHOBPEMEHHO C JAHHBIM KYDPCOM.

B nacrosimee Bpens B CIIIA co3naercst HeCKOIBKO HOBBLIX KYPCOB
¢usuky. Meicab Hanucatbh HOBBI KYpe (UIHKH OBJafeBaeT MHOTHMH
yueHBIMU-(PH3HKaMH, C OAHOH CTOpOHbI, GJarojaps ycrnexam pasBHTHSA
€CTECTBEHHBIX H DPUKAANHBIX HayK, ¢ APYrofl cTopousl, TOL BAUSHHEM
TOrO BO3POCLICIO HMHTCPeca K Hayke, KOTOPBIH Tenepb CYUIECTBYET B
cpeiHeH W BhICILEH 11KoJe.

OcHoBHbIe HIeH JaHHOTO Kypca 6wty chopmyaupoansl @. Mop-
pucoroM H3 KopHesubckoro yhusepcutera U Y. Kurresem Bo BpeMs
ofcymaeHHs, UMeBLIero MecTo B koHue 1961 r. Mel nonb3oBaiuch nog-
aepxkoit k. Maiica u ero kosser u3 HanuoHanbHOro (hoHJa HaykH
W Y. Mumenn, ToraaulHero npesceaTesis KOMHCCHH IO NPENoAaBaHHI0
(PHU3UKH B KOJMJIEIKAX.

s Begenusi paGoThl Ha IEPBBIX CTAAHAX ObL1 CO34aH HeopHLHA/Ib-
HBIl KOMHTET, B KOTOpHIH BHauaste Bxoauiu: JI. AnbBapen, ¥. ®Pper-
tep, Y. Kurrens, Y. Haiit, ®. Moppucon, 3. ITapcesn, M. Pynepman
n k. 3axapuac. Komurer Brepsuie cofpancs: B Mae 1962 r. B Bepxan;
B 3TO BpeMsi HM H Gblla HaMeuyeHa MpeiBapUTeNTbHASl NPHHIHIHAJILHO
HOBast CXeMa NOCTpoeHHd Kypca ¢H3HkH. BBHAY 3aHATOCTH HEKOTOPBIX
Y7eHOB KOMHTETa ero coctaB Obl1 u3MeHeH B aHBape 1964 r., m Hbine
KOMHTET COCTOMT M3 aBTOPOB HacTosllero ydeGuuka. Bkaaa Apyrux
YYACTHHKOB OTMeYeH ‘B NPEAHCHAOBHAX K OTAENbHBIM TOMAM.



[IpenBapuTebHBIE [J1AH W €r0 KOHUEMIUK OKa3ald GOJbILoe BJIKA-
HHE Ha OKOHUATeJdbHYIO pa3paGoTKy Marepdana Kypca. [linaH packpst-
Ba/Jl B JeTalsiX TeMbl M HX COOTHOLIEHHsl, KOTOPLIe, KaK Mbl TI0JaraeMm,
JIONZKHBL H MOT'YT ObITh IDENOJHECEHbI CTYNEHTaM HauaJbHBIX KYPCOB,
CUEUHATH3HPYIOWIHMCA TI0 HCCAENOBATeAbCKOMY JIHGO HHMXKEHEPHOMY
npodpusaio. B Haln HamepeHHs HHKAaK He BXOAWJIO CO3MaBaTh Kypc,
npeiHasHaueHHblil JIHIUb A5 ONAPeHHBIX CTYAEHTOB HJIH CTY/EHTOB,
NpoUIelUNX NPeABAPUTENbHYIO NMOATOTORKY. Mbl HaMepeBasHCh Mpel-
CTaBUTL TNPUHUKNB (PH3HKH C €IHHON U HeOObIUHON TOYKM 3peHHs, H
MOTOMY OTAeJbHBIe YacTH Kypca MOTYT NOKAa3aThCsl HOBBIMH HE TOJIBKG
CTYJIeHTaM, HO M IIPENoaaBaTessiM.

Kypc coctouT M3 nath TOMOB:

I. Mexanuxa (Kurreas, Haiit, Pynepman).

11. BnexktpuuectBo u Marnetrusm ([lapcens).

I{I. Boauw (Kpaydopn).

IV KsanrtoBas dusuka (Buxman).

Cratuctuyeckast dusuka (Pefid).

ABTOpr KAXKIOr0 TOMa OBLTH CBOSONMBI BLIGHDATH CTH/Ib M METOI
H3JI0KEeHHA, KOTOpble KasaJlHChb HauGoJjee MOAXONSWMMH ANS HX Opel-
mera. [lepBoHauyannnas pa3paboTka AaHHOro xypca mpusena A. Ilop-
THCA K MBICIH O CO3A4aHWH HOBOrO TNPAKTHKYMa M0 KJI4CCHUECKOI!
¢u3nKe, HbIHE U3BECTHOTO Kak DepkieeBckas ¢usuyeckas Jabopa-
TOpHA.

MoKeT nokasarbcsd, 4TO B HallleM Kypce, U3JaraiolleM OCHOBHI (u-
3UKH, SKCIEPHMEHTY YAeJEHO HeloCTaToyHoe BHHMaHue. Jeno, onHaxo,
B TOM, YTO Ba)KHEHILHEe 3KCIEPHMEHTHl BLIOAHAIOTCS B JaGopatopHli,
KOTOpas CO3faHa CIIeUHaAbHO [Jd TOrO, H4TOGBl AOMOMHHTB KYpPC
JEKIHH.

0. Kommunc, PD. Kpaygpopd-maaduwii, §. Hatim,
v @, Moppucor, A. Hopmuc, 3. Hapcean, &P. Peiigp,
M. Pydepman, 3. Buxman, 4. Kummenasv (npencenarenn)

Bepkau, Kagidopuus



U3 MPEAUCTOBHS K V TOMY

Tocaeanuii, nsateui, Tom DBepriaeeBckoro kypca (H3MKH NOCBsi-
WIEH H3YYeHHIO OGOJBIIMX (T.e. MaKPOCKONHYeCKHX) CHCTeM, COCTO-
SLWHX M3 OFPOMHOrO UMC/Ia aTOMOB MJIH MOJIEKYJ, U fABJSIETCS BBeje-
HHEM K CTaTHCTHYECKOH MeXaHHKe, KHHETHUYeCKOH TEOPUHM H TepMo-
JNUHaAMHKE.

[Tpu paccMoTpeHHH MaTepHala aBTOp He [IPHIEP:KHUBAJICS HCTOpHU-
YeCKOTO MOAXOJAa U OTOoWea OT TPAAHIIHOHHBIX MeTONOB H3JIOXKEeHHS.
Ero nennio 6bWI0 paccMOTDeTb IPEAMET C COBPEMEHHOI TOYKH 3peHus
H II0Ka3aTb, C BO3MOXHO GoJiblleil SICHOCTBIO H MOCJIeI0BATEIbHOCThIO,
4TO IJIaBHble HAEH aTOMHOH Teopuu obpasvioT 6a3y, KOTopoil nocTa-
TOYHO /il ONUCAHUA W [PEICKA3aHHA OCHOBHBIX CBOHCTB MaKPOCKOIH-
YECKHX CHCTEeM.

CoznaBaa 3Ty KHHTY, aBTOp HMeJ B BHAY CTYAEHTa, KOTOPHIH kpo-
eJl Kypehl 3JeMeHTapHOR (H3MKH U CTPOEHHR aroMa U BIepBhle NMpPH-
CTYMaeT K CTaTHCTHYeCKOU (u3suke. Bce H3/I0:KeHHE OCHOBAHO HA eAMH-
CTBEHHOM HPHHLUIIE, 4 UMEHHO H& CTPEeMJEeHHH H30JHPOBAHHON CHCTEMBI
JOCTHYb COCTOSIHHSI HaHMeHbLUell YrmopsAoueHHOCTH. XOTS BHHMaHUe
COCPENOTOMEHO Ha MNpOCTEeHIIHX CHCTeMaX, HX PacCMOTpeHHe npoH3BO-
JMTCS C IOMOINBIO BecbMa OOLIMX METOAOB, HMEIOLIHMX IIHPOKOE MpliMe-
HeHue. ABTOp crapancsi MOJAYYHTh BarkHEHINHE COOTHOLUIEHHst HanGo-
Jiee ObICTDPBIM H NPSMBIM IYTeM, CTPeMACh NPOOYAUTh STHM (QH3HUECK VIO
HHTYULHIO YdTarens. \

Aptop noapo6Ho obcyxnaer GpUsMueCKUe HIeH, He BAaBasCh B Ma-
TeMaTHYECKYIO CTOPOHY NPOOJAeMbl, HIHPOKO HCIOAb3yeT NPOCThle HpH-
Mephl A5l UWIIOCTPALUK OBIHMX 1 aGCTPAKTHBIX - KOHUENUHUHA, U MOCTOsAH-
HO TMPOU3BOANT YHC/CHHbIE OLEHKH Hanbo/ee BAXKHBIX BEJNHUHH, C TeM,
YyTOOLl CBSI3aTh TEOPHUIO C PeajbHbIM MHUPOM HaG/iOJAeHHS M OILITA.

Conepxanue 3TOro TOMa TIIATELHO OTOOPaHO, TaK KaK LEIblO aB-
Topa ObLIO paccMOTpeTh Haubojee (YHAAMEHTa/lbHBIE HIAEH, KOTOPBIE
HeoOXOAUMBl He TONbKO OyAylleMy (H3HKY, HO H XHMHKY, OGHOJOTY
WM MHXKEHepy. ¥YkaszaHusl AJis Npenojasateseil U CTYLEHTOB SBASIOTCS
nyrepoiureneM no KHUre. HeoGrmupili crnocob pacrno/oxeHusi mare-
pHaja oObACHAETCA TeM, 4YTO MAaKpPOCKONHYECKOe M aTOMHOe pac-
CMOTpeHHs fBJeHHH NpOBOAATCH NapaienbHo. Pasymeercsi, Taxo#t
NOAXOA HM B KOedl Mepe He JiiudeT CTyZeHTa [pPeHMYyIIEeCTB

g



TPAJAHLHOHHOTO Croco0a HM3/0KeHHs. B yacTHOCTH, CnrelyeT OTMETHTb
caenyouiee:

1. TMpourst raaBy 7 (M naxe MponycTus rJiaBy 6), CTYyAeHT OyAer
TaK € XOpOLIQ 3HAKOM C OCHOBHBIMH HIESIMH H NPHJIOKEHHUAMH KJaC-
CHYeCKOH TepMOIMHAMHKH, KaK eciqd Obl OH CefOBaj TPAJAHLUOHHBIM
meTonaM H3ydenusi. Ero npeumyuecTBoM 6yAeT, 0AHAKO, JYyUllee HOHHU-
MaHHe (PU3HUeCKOTO CMbIC/Ia SHTPOIHUH M 3HAKOMCTBO C METOAaMH CTa-
TUCTHYECKOiH (DU3UKH.

2. ABrop crapa/cs 1OKa3aTb, YTO B pAJe CAyuaeB CTaTHCTHYeCKan
TeOpHS NPHBOAHT K pe3y/abTaTaM, KOTOPBlE COBEPIIEHHO He 3aBHCAT
OT MHKPOCKONHUYECKOH MOAEJY CTPOCHHA PACCMATPUBaeMOH CHCTEMb.
ITHM noAuepKHUBaeTcsl OOLIMi XapakTep 3aKOHOB KJAacCHYeCKOH TepMo-
JMHAMUKH M HX HE3aBHCHMOCTb OT KOHKPETHLIX Mojeneil.

UToOBl H3YYUTb 3TY KHHTY, CTYAEHTY, KPOME 3JIEMEHTAPHBIX MO3Ha-
HHH B 006JaCTH KJIACCHUECKOH MeXaHHKH H 3/eKTpoMarHeTH3Ma, HeoD-
XOJHMO 3HAKOMCTBO C OCHOBHEIMU ATOMHBIMH TIPEICTaBJEHUSIMH U IO-
HUMAaHHe ClelyIOUMX Hlell KBAHTOBOH MeXaHHKHM: CMBbIC/Ta KBAHTOBBIX
COCTOsHMII U YPOBHeH 3Hepruu, NPHUHLHKIA HeompeaeaeHHOCTH [eitzeH-
Gepra, BoaH Je Bpofias, ciuHa M 3ajayy O yacTHle B SILIHKE.

MaremaTnueckue TpefOBaHUA He BBIXOAAT 32 Npejesibl YMeHUst BHI-
YHC/IUTD IIPOM3BOJIHBIE U MPOCThIE HHTETpa/bl H 3HaHHs psijoB Telsopa.
JII060# CTYAeHT, 3HAKOMBIH C OCHOBHBIM COAEPIKAHHEM TPeBILYIIHX
ToMOB bepkieesckoro Kypca, GyaeT XOpOLIO MOATOTOBIEH K M3YyUEHUIO
3TOTO TOMA.

Kak Obu10 CKazaHO B HayaJje MNpPeNHC/IOBUS, Hedbl0 aBTopa ObLIO
cllenaTh AOCTYIHBIMH HAYHHAIOWEMY CTYAEHTY BeChbMa CJIOMKHbLIE H TOH-
KHe TIOHSATHA CTaTHCTHYeCcKol (U3HKH. DTy Leab Jerko chopMmy./upo-
Bath, HO BBIIOIHATL ee TpyaHo. KHHra norpefoBana oT aBTopa BechbMa
3HAUNTENBHBIX VCHAHH W OH NOAYYUT VYJOBAETBOpPEHUE, €C/AH NOCTaB-

JEHHaa 3ajaya OKJAzKeTCHA BBINOJHEHHO!I.
. Petich



YKA3AHHUA AJ11 NPENOOABATEJIEA U CTYAEHTOB

Opranusannd guuru. Kaura cocTouT U3 TpeX OCHOB-
HBIX uacrefl.

" Hacrp A. Tlpensaputesibubie 2amevanusi (raasbl 1 2).

['1aBa 1. Jra riaBa nocBsileHa NPEIBAPHTEIbHOMY H KauyeCTBeH-
HOMY PACCMOTPEHHIO [VIABHBIX ITPUHIUIOB, HA KOTOPBIX OCHOBAaHO H3-
Jgoxenue. Ee 1eJgb — 1103HAKOMHTb CTY/IEHTa C OCHOBHBIMH CBOHCTBa-
MM MaKpOCKOMHYECKHX CHCTEM H NPHUYUYHTh €ro K COOTBeTCTByiomewy
Crnocofy MbINIEHHS.

[1aBa 2. B 370ll ryaBe 10BOJABHO MHOrO MaTeMaTHKHU, YTO CBf-
3aHO C HeOOXOMMMOCTBIO O3HAKOMHTL UHTATEJIs C OCHOBHBIMH HAESIMH
Teopuu BepoATHocTH. llpeanosaraercs, 4To CTYAeHT BCTpedaercs ¢
STHMH HesMH BnepBble. Uepes BCIO TI1aBY NPOXOJUT Hies aHCAMOJIs.
Ilpunmepbl HMEIOT LEJNBbI0 PacCMOTPETb HECKONBKO (PU3UYECKH BarkKHBIX
CHTYallHH.

HMayueHue 3TuX rJiaB He TpebyeT MHOro BpeMeHu. BosmoxHO, uro
HEeKOTODble CTYAEGHTHl B KaKOH-TO Mepe 3HAaKOMBl C HIAESIMH II€PBbIX
JBYX rJaB. ABTOp COBeTyer, OIH2KO, He TEpelpHITHBaTh 4Yepe3 3TH
' I71aBHl, @ pacCMaTpHBaThb HX Kak HEOOXONHMOe BBeNEeHHE.

Hactb B. OcHoBrt Teopuu (rsiabui 3, 4 1 b). 10 HeHTpanbHAA YacTh
kuurd. C r/1aBet 3 HauHHAETCH NOCIENOBATE/NbHOE H3/I0MKEHHE OCHOBHO-
rO COLEpP:KaHHUS.

[naBa 3. 3gech paccMOTpeH BOMPOC O CTATHCTHUECKOM OINMCAHHH
CHCTEMBI, COCTOSIIIEH U3 GOJBILOrO YMC/Ia YacTHI, W M3/02kKKeHBl OCHOB-
HBIE NIOCTYJIaThl CTaTHCTHYeCKOft Teopun. K KOHILY I'/iaBbl CTYAGHT A0A-
MEH TMOHATb, UTO KOJMUECTBEHHBIH MOAXOJ K CBOHCTBAM MaKpOCKOIIH-
YyeCKHX CHCTeM OCHOBAaH Ha [OJACYeTe YHUCJAA JOCTYNHBIX COCTOSHHI.

[n1aBa 4. 210 ueHTpaibHadA rjaBa KHHrM. OHa HAUUMHAETCS C HCCJTe-
JlOBaHUA HPOCTOH CHTYalMH, KOrjia B3aHMOAEHACTBHE ABYX CHCTEM OCY-
miects/asercs - 61arofapa oOMeHY TemlsoM. DTO HcC/eloBaHUE BeCchMa
6BICTPO NMPHBOAHUT, OJHAKO, K MOHATHAM HTPONHH, abCOJIOTHOH Temme-
paTypel H K KaHOHHUECKOMY pacrpe/esleHuio (G0JbIMAaHO3CKOMY MHO-
JKuTeqN0). K KOHIY IJ1aBbl CTYIEHT OKAa3bIBAa€TCsl B COCTOAHHU NepefTH
K NpakTHYecKHUM npobiaemaM. Tak, HampuMep, OH MOMKET, HCXOAs H3
OCHOBHBIX MPHHIMIIOB, BBIMUMCJANTB NapaMarHUTHbIE CBOCTBA BelLECTBA
WX JaBJieHHe HJeadbHOrO rasa.

It



[naBa 5. B sToit rmaBe vaeH TeOPHH NOJYYAIOT MPAKTHYECKOE MPH-
MeHenue, 3paech O6CYK1ae€TC CBA3b AaTOMHBIX TPEACTaBJeHHR ¢ Mak-
POCKONUUECKHMH H3MEPEHHSIMU H BONIPOC 06 3KCNep UMEHTaJIbHOM Ol pese-
JIEHHH TaKHX BEJIHUUH, KaK abCo/II0THAS TeMiepaTypa H SHTPOMHA.

B yc/0BHAX CHJABHOTO HeNOCTaTKa Y4eGHOTO BPEMEHW IIpenoiaBa-
TeJb MOXeT, 6€3 YIDBI3€HHH COBeCTH, OlPAaHMYMTBLCA NATHIO PacCMOT-
peHHbIMH raasamu. [lpn 3ToM cTyneHT 6yleT XOpPOHIO 3HAKOM ¢ abco-
JIIOTHOH Temneparypoll, anTpolHefi ¥ GONBIMAHOBCKUM MHOMKUTEIEM,
T.€. C OCHOBHBIMH MJEAMH CTATHCTHYECKOH MEXaHHKH H TepMOAHHAMH-
kH. (EnMHCTBEHHBIM TEPMOAHHAMHYECKHM pe3yJbTaToM, NPOMYIeHHBIM
npH 3ToM, OyneT yTBEPXKAGHHE, YTO NPH KBA3HUCTATHYECKOM ajua-
faTHUECKOM Tpollecce 3SHTPOMHSA OCTaeTCsl HEH3MEeHHOH.) ABTOpY ka-
KETCH, uTO yacTH A M B KHUIH OTBevaloT onpeleseHHOMY MHHHMYMY
NPeCTeAYEMBIX UM Lieset.

Hacts B. [lpumenennsa teopun (rjasel 6, 7 n 8). Ita yacTb KHHIM
COCTOMT M3 TpeX HE3aBHCHMBIX IJ1aB, Ka)kAas H3 KOTOPHIX MO:KeT ObITh
H3y4yeHa OTAedApHO. KpoMme TOrO, NpH HeJoCTaTKe BPEMEeHH B KakaoH
rJaBe MOXKHO OTPAHMUMTBCS PacCMOTPEHHEM HECKOJIbKHX MNepBbiX Ma-
parpacos. Takofi cnocol H3/I0MEHHA I[103BCAUT NPENOLaBATENIO OTO-
OpaTh MaTepHalt B COOTBETCTBHY CO CBOMMH CKJOHHOCTSAMH M C TIOTpPed-
HOCTAMH CTyaeHTOB. CelbMasi IJlaBa UMeeT 0CO00e 3HaueHHe, TaK Kak
B Hell 3aBeplIeHO H3J0)KeHHe OCHOBHBIX [IPHHLHMOB TePMOAHHAMHKU.
B Hell paccMoTpenbl Tak)Ke HEKOTOPHIC NMDUMEHEHHS TEODHH, OCODEHHO
BaKHEle 151 CTY/JEHTOB-XMMHKOB H OHOJIOIOB.

['naBa 6. 3mech pacCMOTpeHbHl HEKOTOpble HACTHBHIE caydad NpHme-
HEKUS KAHOHMYECKOTrO paclipeles]eHHs, KOTopble NONYCKAIT KJacCH-
yeckHit noaxof. OCHOBHBIM COJEpXKaHHEM TIJaBbl ABJAAETCS pacuperne-
JeHne MakcBelsla W Teopema O paBHOMEPHOM pacilpeieneHuu. B ka-
YeCTBE TPUMEPOB PAcCMOTPeHbl MOJAEKYJSpHBIE [OVUKH, pasnenedue
H30TOMOB U yJAedbHAasl TEMJOeMKOCTb TBEpIBIX Tell.

[1apa 7. Ona HauuHaeTcs ¢ A0Ka3areAbcTBa HEU3MEHHOCTH 3HTPO-
Ui B annabaTHuecKoM o KBA3UCTATHUYECKOM Mpolleccax. ItuM 3apeplua-
eTcsl o6CyrKaeHue TePMOIHHAMHUECKHX 3aKOHOB B HX Haubo/ee oblLief
thopre. 3arem pacCMOTPEHbl HEKOTOPble INPUMEHEHHS! TeOpHH, HMe-
toline GoJblIoe 3HaueHHe: OSUIHe YCJIOBHS PaBHOBECUS, BKJOUAs CBOI-
CTBa THOOCOBCKOH CBOGOAHOH 3HEPTHH, DaBHOBeCHe Mexay ¢asanmu,
TENJa0Bble MallMHLl M OHOJOTHUECKHE OPTaHU3MbL.

Imaga 8. Jra mocaeaHsiss rjaBa KHUTH WAJIIOCTPHDPYET CBONCTBA
CHCTEM, HE HaxoMsluXcs B COCTORHHHM paBHoBecusi. B Hefl paccmor-
peHBl SIBJCHHS I[I€PEHOCA B Pa3PeKeHHOM rase, a HMEHHO BA3KOCTb,
TEIION POBOAHOCTE, CcaMOAH(GhY3Us B TeKTPONpoOBOAHOCTL. Paccmor-
peHHe TPOU3BOANTCS C OMOLIbIO NPOCTOR MOIE/IH, OCHOBAHHOIM Ha 110-
HATHH O CpefHeM CBOOOJHOM Ipobere.

Ha 5ToM Mbl 3aKOHUHM HallM 3aMeuyaHHst 00 OpPraHH3aLMH KHUTH.

M3 1310KeHH0ro cjielyer, YT0 XOT KHHMTa OT/IMYAeTCA HeOOBIUHbIM
pacIosloxeHleM MaTepHaJsa, €e JIOTMYecKas CTPYKTypa TinaTelbHO 006-
JlyMaHa. ﬂpuﬂmaﬂ JIOTHKA H3JIOKEHH MOXKeT Iokasarbcs Oodee 1oc-
JIeJIOBATe/IbHO U €CTeCTBEHHOH HEHCKYIUEHHOMY CTYIEHTY, yeM Mperno:
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JaBaTeJlio, CBA3aHHOMY CBOHMH COOGCTBEHHBIMHU TPHBBIYKAMH H TpaiH-
LMSAMH TpenojaBaHusl. ABTOp COBeTyeT NpenojaBaTe/i0 IPUBBIKHYTH
K HOBOMY [OAXOAy, TaK KaK CMeChb TPaAWLMOHHOrO crocoba H3JoxKe-
HUA C Mpel/araeMbiM KypcoM HapyUIMT JIOTHYECKYIO CTPYKTYPY Kypca
¥ 3aTPYIHUT €ero NMOHHMAaHHe.

Ipyrue oco6eHHOCTH KHHIH.

[Ipuanoxenusa Uerslpe pasfena NpUNOKEHHH cojepKar
BCIIOMOT'aTesIbHBI MaTepHast. B uacTHocTH, moxpo6HO paccMOTpeHbI
uMeroipe 6oJbiuyio 06J4aCTb NPHMEHEHHA H IIHPOKO HCHOJb3yeMble
B JabGopaTopHofl uwacTu Kypca pacnpegenenus [aycca u Ilyaccona.

MareMarHnuecKkde 3aMeuaHHsd 31echb cobpaHa
YaCcTh MAaTeMaTHYeCKOro amnmapara, HCIOJb30BAHHOIO B TeKCTe€ KHHUTH
WU B 3ajauax. MareMaTHyecKHe CHUMBOJIbI U HEKOTOPHIE KOHCTAHThHI
NpHBEJEHB B KOHIE KHHUIH.®

CBoakun onpejaesedud. OHH JaHbl B KOHLE KaxjuoH raa-
BBl H MMEIOT 1ieJb OOJIerYuTb CCHIIKHM M IIOBTOPEHHME MarepHaJa.

3 anauu, Ilpusenennsie B KHure 160 sajad sBJAAIOTCA BeCbMa
BAXKHOH ee 4yacThio. ABTOp He Hajeercsi, 4TO CTYJAEHT PENIMT BCe 3a-
Jlaul, HO OH coseTyeT NMOC/e U3YUEHHA KaXIOH TJaBbl PEliUTh 3HAYM-
TeJbHYIO MX YacTh, B MPOTHBHOM CJydYae KHHrA He NpHHeceT OOJIbINOH
nosb3bl. 3Be3foukod oGo3HayeHsl HauboJiee TpyaHble 3agaun. [ o-
NONHHTENAbHBE 3aJayu NPEIHASHAYCHD IJIABHBIM obpa-
30M JJIst OBJIAJCHHSI MATEPUAJIOM NPHJIOKEHHUH.

OTBeTH Ha 3ajJa4d. B KOHIe KHUTH JaHbl OTBETHl Ha 60J1b-
UIHHCTBO 3ajad, YTo JOJKHO OGJIETYUTb CTYACHTY CaMOCTOATEIbHYIO
pabory nap kKuuroii. PasymeeTcsi, CTyAeHT NOJ/KEH PEUIMTb 3ajady H
JHIb TOCJE 3TOro MOCMOTPETb OTBET, HO BO3MOXKHOCTb HEMEJJICHHO
OBHapYKNTh CBOW OIIHOKY HMEET OllpejeseHHYIO NMeJlarorHYeCcKy LeH-
HOCTB.

JonmoanunwreabHb ft MmaTepHuausa Ilpumepnl U pasiuu-
Hble 3aMeyaHusi HaneyaTaHsl MeJIKUM WPUGTOM, C UeAbI0 BLIIEAHUTb HX
M3 OCHOBHOTO M3/jo0xeHud. Ilpy nepBoM YTeHHHM UX HE ClegyeT Ipo-
MyCKaTb, TaK KaK pa3bop 3THX NPHMEPOB CYIIECTBEHHO ofjerdaer mo-
HUMaHue,

Hymepanusa dopmya QPopMmyssl HyMepylOTCH CaMoCToA-
TeJILHO B npejesnax Kaxnaod raassl. OfHO uucso, Hanpumep (8), o3Ha-
yaeT BOCbMy10 GopMyJay JaHHOH raasbl. JIBOfHOH cuMBOA 0O03Hauyaer
dopmyny u3 apyroit raasel. Hanpumep, (3.8) o6o3zauaer BOCbMYIO
¢opmyny tperbeit raasel, (I1.8) — BocbMyl0 dopMyay H3 NPHJOKe-
Huil, (M.8) — BocbMy10 QOpMYyJly U3 MaTeMaTHUECKUX 3aMe4aHuH.

CoBerTH crTyneHTYy. OOyueHue aBAsfETCA AKTHBHBIM IpO-
neccoM. [lpocroe uTeHHe U Ja)Ke 3allOMHHAHME NPAKTHYECKM HHUYETO
He paer. [pencrasbre ceGe, 4TO Bbl CAMHU IIbITAETECH PACKPHITH 3aKOHBI,
U3JI0KEHHBIE B KHUT€, U CUUTAATE €e BallUM IIOMOMIHKKOM H PYKOBOIH-
TeqeM. Llesb Haykn — HalTH cnOCO0 MBIJIEHHS, KOTOPBIA TO3BOJIH
Obl OGBSACHUTD M NpeACcKa3aTb CBOHCTBA OKpY:Kawomero Hac Mupa. Enun-
CTBEHHBI/I MeTOJ] HaXOXIEHHsi HOBBIX CHOCOOOB MBIIJIEHHS 3aKJioya-
eTcsi B MbiiieHud, CrapafiTech pa3BUTb CBOK HHTYHLHIO, YTOObL HaiiTH
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HOBblE COOTHOIIEHHA M NpPOCTOTY TaM, TJe Bbl X paHblie He BUIE/H.
He nmiTafitech 3anoMuHaTb (OpMyJibl, H3ydaliTe M 3alOMHHaiTe CHO-
co0bl  MbilieHHA. DOpMyJEBl, KOTOpble HEOOXOIHMO NOMHHTB, TOMe-
IEHBl B KOHIle Ka&XKJOH TIJIaBbl NMOA PYOPHKOH «OCHOBHBIE GOPMYJIbI».
Ec/M UX HEA0CTaTOuHO, uTOOB! B TEUEHHE HECKOMbKHX JIECSATKOB CEKYHI
BOCCTAHOBUTbL B IAMATH OCTaJIbHBIE Ba)KHBIE (DOPMYJBI JaHHOH TJI4BH,
TO BBl IUIOXO M3YYMJIH €e COLeprKaHHe.

3aMeTHM B 3akKJIOueHue, 4YTo lleJb 00Y4YeHHs1 — OBJIaJeTb OCHOBHDL-
MH yHNaMEHTaJbHBIMH [PEACTABJAEHHAMH, & He 3arpys3uTh MaMsITh
cyvechio aktoB U GopMys. B knHUre noapo6GHO H TIIATENBHO PaccMOT-
peHBl UCKAIOUUTENBHO NPOCThIE NPUMEpHI, Hanpumep, CHCTEMa CIUHOB
WAH HIeadbHbl ras. J1o CleJaHo npeiHamepenHo. B craructiyeckoit
¢hu3nKe ¥ TepMOLHHAMHKE OKa3blBAeTCSl, UTO HEKOTOPhE INOJOMKeHH,
KaXKVyIIHecss BECbMA IIPOCTHIMH M HAHBHLIMH, BEIYT K 3aMeuyaTesbHbIM
CJIEeICTBUSAM, ofianaiomum GoabLiol obwHocTbio. B TO ke BpeMmsi muo-
rue 3ajayd MOTYT NPUBOIAMTL K MapaloKcaM H BBI3HIBaTh GoJbiline
TPYAHOCTH B MONMBLITKAX BBHIUHCJEHHE. PaccMOTpeHNe HPOCTHIX TPUMEPOB
yacTO paspellaeT TaKHe NMapajoKChl H OTKPLIBAeT NYTb K HOBBLIM CIO-
cobaM pacuera HIH K pa3yMHBEIM npuoiamxenusam. [lociaennuil coser
4BTOpa CBOAMICSA K TOMY, YTO Bbl JOJIKHEL XOpOLIO TNOHATb OCHOBHHIE
WIeNn ¥ peluuTb Gosbllioe YHC/IO 3afad. YacTb 3THX 3alay NOMeEIIeHa
B KHHUTe, JApYrHe caMH BOZHHKHYT Y Bac B mpoiecce H3yueHus. Tosbko
TaKUM CHOCOGOM BBl HAyUHTeCh DPasMBIJATL H CMOXETE [0Jaratbes
Ha pe3YJbTaThl Pa3MbILLICHHH,



TTABA 1

. XAPAKTEPHBIE OCOBEHHOCTHM MAKPOCKONMYECKUX
CUCTEM

Dass ich erkenne, was die Welf

Im Innersten zusammenhait,

Schau’ alle Wirkenskraft und Samen,
Und tu’ nicht mehr in Worten kramen.

Goethe, Faust*)

Mup, no3nasaemblii HaMH ¢ NOMOUIBIO OIULYLIEHH I, COCTOHT U3 MaKpPO-
CKONUYECKHX OOBEKTOB, T.e. M3 OODBEKTOR, KOTOpHIE BEIHKH IO CpaB-
HEHHIO C ATOMHBIMH pasMepamud H 00pasoBaHBI OTPOMHBIM YHCJIOM MoJIe-
KyJa. DTOT MHpP 4pe3BblUaf{HO pPa3HOOOpa3eH H CJOXeH, OH BKJIOYaer
B ceGd rasbl, JKHAKOCTH, TBEpABle Tesla H GHONOTHYECKHE OpPTaHU3Mb
CaMbIX Pa3HBbIX CTeneHed pasBUTHA M cocTaBa. k3yuenuem 3THX OGBEK-
.TOB 3aHHMAaIoTCA (PU3MKA, XHMHA, OHOJOTHA M MHOT'HE APYTrHe HayKH.
B sToli KHMre Ham NPEICTONT TPVAHAA U UHTepecHad 3ajaya YCTaHOB-
JIeHHs1 QyHAaMeHTAJbHLIX 3aKOHOB, XapaKTepH3YIOIHX Jo0ble Makpo-
ckomiueckue cucreMsel. OcHOBHO#l Haluedl 1elbi0 GYIET BHIACHHUTb, Ka-
KHM 06pa3oM, HCXOAfl M3 HECKOJIbKHX OCHOBHBIX MOJIOXKEHHH aTOMHOM
TEOPHU, MOXKHO IPUATH K MOHUMAaHHIO HA(JI04aeMOro Ha OMNbITe IoBe-
JleHHA MaKPOCKONMHYECKHX CHCTeM, Y3HATb, KaK CBA3AHBl MEXKAY COGOH
Be/JMYUHBI, OMUCHIBAIOUIHE HEMOCPEACTBEHHO H3MepsieMble CBOHCTBA Ta-
KHX CHCTeM, H KaK [OJYYUTb 5TH BeJHYWHBI, 3HASA aTOMHbIE Xapakre-
PUCTUKH BellecTBa.

Hayunplit nporpecc nepBofi NOJOBHHBI HalIero CTONETHS BeChMa
pacluUNpU/ TTIOHUMAHHUE CTPOCHHA BEIIECTBA HA MUKPOCKOIHYECKOM ypOB-
He, T.e. 1J1d pa3MepoB nopsinka pasmepoB atoMa (10~% cm). Orpomuoe

*) U3 monosiora @ayera (lete, «@aycm, yacts 1, akr 1, cuena I, crpoku 382-—383).
B nepesoge b. JI. [lactepuaka:

...A ToHAA OBl, YEeNHHSACH,
BeeseHHo#t BHYTPEHHIOIO CBA3b,
Hocrur Bce cywree B ocHoBe

K ue paasancs B cyecnossbe.
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YHCJI0 TBEPAO YCTAHOBJEHHBIX 3IKCHEPUMEHTANbHBIX (DAKTOB ABHJOCKH
HAJIe?)XKHOH OCHOBOH TeopHH, KOTODAasl Jaja KOJHYECTBEHHOE ONHCAHHE
noBelleHUst aToMa. MbL 3HaeM, YTO BeUECTBO MOCTPOEHO M3 MOJEKY.,
MOJIEKYJ/IBI COCTOSIT H3 aTOMOB, KOTOPEIE B CBOIO oOdepellb COCTOAT U3
silep H 31eKTPOHOB. HaM H3BeCTHHI TakKe KBAHTOBBIE 3aKOHBI MHKDO-
¢u2MKH, yIpaBJsiloliMe NMOBeleHHeM aTOMHBIX wacTHl. COBOKYITHOCTb
3TUX CBEICHHUH O MHKDOMHpe SBJSeTCs XOpoileH OCHOBOH AJs Npo-
HHKHOBEHHS] B CBOHCTBaZ MAaKPOCKOITHUECKHX OGBEKTOB.

[TosichuM Hally Uedb M Halld Hajaexawl Gojee noapoGuo. JloGas
MaKpPOCKONHUUeCKast CHCTEMA COCTOMT H3 OueHb OGOJBbLIOrO YHc/a aro-
MOB. 3aKOHBI KBAHTOBOH MeXaHHKH, OHHCHIBAIOIUIHE IMHAMHUYECKOe Mo-
BeleHHe aTOMHBIX YacTHU, HaJeKHO YCTAHOBJEHE!, 4 B IIOHHMAHUH NpH-
podbl 5JIEKTPOMATHHTHBIX CHJI, OTBETCTBEHHBIX 33 B3aHMOJENCTBHE
MEXY aTOMHBIMY 9aCTHLAMH, MBI JOCTHIVIM BECbMa BBICOKOIO YDOBHS,
3TO eIHHCTBEHHBIE CHJIBI, KOTOpPBHIE HEOBXOIHMO MPUHUMATL BO BHHMA-
HHe, TaK KaK TPAaBUTALHOHHBIMH CHJIAMH, JeHCTBYIOUIMMH MEXAY
ATOMHBLIMH YacTHIIaMH, OOLIYHO MOXHO npene6peyb. Ham naxe HeT He-
00XO0ANMOCTH 3HATb IPUPOAY STAEPHBIX CHJI, IOCKOALKY B OOBIYHBIX MaKpO-
CKOMHYeCKHX (PU3HYECKHX CHCTeMaxX M BO BCEX XHMHYECKHX H GHOJOrHU-
YeCKHX CHCTeMaX aToMHble fApa He paspywatorcss *). Takum obpa-
' 30M, MBI NPUXOAHM K BEIBORY, YTO HAllero NOHUMAaHMA (PU3HYECKHX
3aKOHOB MHKPOMHMpa JOJKHO ObiTh, B WpPHUHLMME, AOCTATOYHO, YTOOH,
3HAS MHKDOCKONWYeCKHH cocTaB JH00H MaKPOCKONHUECKOH CHCTeMEI,
NOJYYUTh CBONHCTBA mocsennei.

Bouio 6bl, onnako, GonbmOR OLIMOKONH OTPAHHYKTBCH 3THM OITH-
MUCTHUECKHM YTBep)KiaeHHeM. THIHYHBIe Makpockoruueckue oOBeKTHI,
C KOTOPBHIMH Mbl CTAJKHBaeMCs B NOBCEAHEBHOH XKH3HH, COAEpXKaT no-
panka 10?5 B3aMMOJEHCTBYIOWIMX aTOMOB, H Halla HayuHas lporpam-
Ma 3aKJI0UaeTc B IOHUMAHUHM M [IPelCKa3aHuu CBOHCTB TaKHX GObek-
TOB HA OCHOBAHHU MUHMMAJILHOTO 4ucaa QyHAaMeHTadbHBIX uaefl. Mot
MO:KeM OLITb YBepeHbl, YTO 34KOHBl KBAHTOBOH MEXAHHMKH H 3JIEKTPO- -
MarHeTu3Ma AT [OJHOE OMHCAHUE ATOMOB JIOGOH CHCTEMBI, OVib TO
JKHIKOCTh, TBEpPAOE TeNo W/ KHBOH opranusm. OjHAKO AJs BbIOJaHe-
HUSl Halled NporpaMMbl 3HAHHS 3THX 3aKOHOB COBEPLUEHHO He 10CTa-
TOYHO, IIOK2 MBI HE PacroJ/araeM MeTOJaMH, KOTOphIE HaXOAWJ/IHCh Obi B
COOTBETCTBUH C HeOGBIYATIHOM CJIOKHOCTEIO Taknx cHereM. BosHukatowne
3J1eCb TPYAHOCTH He MOI'YT OBITh paspellleHbl ¢ MOMOLIBIO NPHMEHEHH:A
ECe GOJIBIUMX H JYUIIHX BBIMHCJAHTENbHBIX MallHH. 3ajaya o 10?° Bzau-
MOZEHCTBYIOIHX YacTHLaX NPEBOCXOIHT BO3MOXKHOCTH HaHOoJjee daH-
T4CTHUECKUX IIPOEKTOB MAaUIMHBI OYAYIIEro, W Jaxe €CJH MaluHH&
Morsia Obl JaThb HaM OTBET O MOBEIEHHM JI060H YyacTHLbI, OH ObL1 Obt
CTOJIb CJI0XKEH, YTO €0 HHKOrJAa Hesab3d Obl10 Gbl MPOUYeCTb H UCHOJb-
30BATh. ,

Jlerko, oJHaKo, NOHATb, YTO CJOMKHOCTb CHCTEMBI O3HavaeT ropas-
20 6o/ibliee, 4eM HEeBO3MOXKHOCTb HHTEPeCoBaTbCsl NMOBEAEHHEM KaxJ1o#

*) I'paBuUTauuoOHHBle H *fijepHBle  B3aNMOIeHCTBHST MOTYT, OJHAKO, HIpaTh
pelualollylo potb B HEKOTOPHIX ‘acTpodu3ndecKux npobaeMax.
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MoJieKyJbl. BO MHOrMX ciyuasX CJA0KHOCTH [MPHBOAUT K HOSsBJIe-
HUIO HOBBIX KauecrB, KOTOpPBIE MOLYT OKAa3aThCH BeCbMa HEOMKH-
- JdHHBIMH.

PaccmoTtpum, Banpumep, ra3, cCOCTOAIIAN H3 OIMHAKOBBIX aTOMOB (Ha-
npHMep, aTOMOB Fesiis), B3aMOAeHCTBYIOMMX APYT C APYTOM C HOMOLLbIO
NPOCTHIX M M3BecTHHIX HaMm cun. CoBepieHHO He SiCHO, Kak H3 3To#
MHKPOCKONU4eCKoH #HPOpMAUUU caefyer, 4to Takofl ras MOmeT GbiTh
BHE34ITHO CKOHICHCHDOBAH B XKH!IKOCTb. B AefCTBUTENBHOCTH Ke HMEH-
HO Takas BHe3allHas KOHJeHCallus M npoucxoiur. Eumle Gojee nopasi-
TeJAbHbIM TIPUMEPOM ABJSIETCH [OBeleHHe OUOJOTHYECKHX OOBEKTOB
Moxno sn, onupasich Ha 3HAHWE aTOMHOH CTPYKTYPbI, OXKHAATH, HTO
HEeCKOJIbKO TIDOCTHIX ATOMOB, ODpAa3yIOLIHX MOJEKYJbl ORpPele]eHHOro
THNA, AaQyT HadaJo OHOJICTHYECKHUM CHCTenaM, CIOCOOHLIM K DOCTY if
CadMOBOCII POHU3BELEHHIO?

/1 NOHMMAHHSI MaKpPOCKOMHYECKHX CHCTEeM, COCTOALIHX H3 OrpoM-
HOro uuc/aa 4acTull, HeoOXOAHMO Iipex/ae BCeTro CQOopMy/JIHpOBaTbh HO-
Bble MOHATHS, OTBEYalOUlHe TAKOMY HOBOMY KauecTBY, Kak HeoObluaii-
Has CA0KHOCTb CHCTeMbl. DTH NOHATHS, OCHOBadHble HA (DyHIAMEHTaNb-
HBIX 3aKOHAX MHKDO(DH3HKH, NO3BONAT VKa3aTb fapameTpnl, nanbonaee
yAOOHBIE JAJIft ONHCAHHS MakpOCKONMUYECKHX CHCTeM, YCTaHOBMTb 3a-
KCHOMEDHOCTH, AefiCTBYIONUIEe B MAKPOCKOMHMYECKUX CHCTeMaX, H AaayT
HaM OTHOCHUTE/NbHO MPOCThIE METOABl JJifl KOJHUECTBEHHOTO olipenede-
HUSL M MPeJICKa3aHUsA CBOHCTB TAKHX CHCTEM. YCTAHOBJEHHE 3THX NO-
HSATHH, HECOMHEHHO, §IBJSETCH OrPOMHBIM HHTE/IEeKTYaJbHbiM AOCTH-
JKEHHEM, Ja)Ke ecJM 3aKOoHbl MHKDODU3HKH H3BeCcTHbI 3apaHee. He
YAUBUTEJNBHO [103TOMY, UYTO H3yueHHe CJOKHBIX CHCTeM, COCTOsILX
M3 MHOTHX aToOMOB, HaXOZMTCA Ha MNepelHeM (QponTe Qu3HyecKoil
HayKH.

C npyroil CTOpOHDBI, 3aMeyaTe/bHO, UYTO OYeHb [1POCThie KOHLeMUHil
NPHBOJAT K CTO/1b 6OAbIIOMY yCIeXY B OHHMAHHH CBOHCTB MaKpOCKOIIH-
YeCKHX CHCTeM. Mbl YBHIAHM, UTO OCHOBHAs NIPHYHUHA TAKOrO yCnexa
B TOM, YTO Hajuu4ue §OJAbILOTO YHC/Ia 4acTHIL AaeT BO3MOMHOCTD s(hdek-
TUBHO HCHOAb30BATb CTATHCTHYECKHE METOXRBI.

Mrak, Mbl 3HaeM Uejdb Hallero UCCAeLOBAaHURA, HO KAk NPHCTYNHTHL
K €€ oCcyluecTBaeHHIo? Benb c/0KHOCTb MAKPOCKOMHUECKHX CHCTeM Ka-
xeres yerpattatoweii. [Tostoumy ocyluectsienne nawell nporpamMael Mbl
HauHeM C TOro, yTo, cJelysi OObIYHO HNPHUHSITHIM B HayKe MeTolaM, pac-
CMOTPHM H H3Y4YHM HeKoTopble ocoBeHHO npocthle npuiepel. Ha stof
CTaJlUH Halle BooOpakeHHe He OYIeT OrpaHHYeHO HEOOXOAHMOCTLIO
[POBOIUTDL CTPOFHE PACCYKACHHS.

enbio nepBol I1aBbl #BIsIETCS] YCTAHOBJAEHHE CYLIECTBEHHBIX OCO-
GeHHOCTEN MaKpOCKONHYECKHX CHCTEM, KAUECTBEHHOE PaccMOoTpeHHe oc-
HOBHBLIX 3ajJay U NoJdyYeHHe INPeCTaB/JIeHHs! O MNOPSAKe BEJTHYHH Bark+
HeAlMX MHKPOCKOIHYEeCKMX napameTpoB. Takoe npelBapuTeabhoe
‘PaccMOTpelne TIOMOXKET ~HaM  OCBOMTb HeKOTOpHie  [pPHOJMkKeHHbie
MeTO/lbl, C MMOMOUILIO KOTOPHIX B MOCJEAYIOUHMX [JIaBaX Mbl HCCJAEAyeM
npobaemy Maxpocxonuqecxnx cucteM Gosee cHCTeMaTHueckd H Gojee

n0ApOGHO. et e oo : :
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1.1. OaykTyauun 8 COCTONHHH PABHOBECHS

[TpocThiM NMpHMEpPOM CHCTeMbl, COCTOALIEH H3 MHOMKECTRA 4acTHU,
AIBJACTCA OAHOPORHBIH ra3, Hanpumep, aprod (Ar) uan asor (N,). Ecau
ras paspexeH (T.e. ecJH YHCJIO MOJEKYJ B elHHHLe oObema Mano),
TO Cpe/Hee pacCTOSTHHE MEXAY MOJEeKYJaMH BeTHKO U HX B3aHMOAedcCT-
BHe [PVI C APYTOM He3HauHTeNbHO. ['a3 Ha3kBaeTCA HAea/bHBbIM, eC/H
OH paspexKeH HACTObKO, YTO B3aHMOEHCTBHEM MEXAY MOJeKYyJaaMu
MOKHO npeHebpeub *), Mueanwuwblii ras sasisiercsi, Takum o0pasom,
upe3BbvaiiHO mpocToil cuctemoil. Jlobasi ero MosekyJa GOIbLIYIO YacTh
BpeMeHH IBHMKETCSl Kak cBOOOHAA YaCTHIIA, HA KOTOPYIO He OKa3blBaloT
BJAHSIHHA ApYTHE MOJEKYJ/bl HIH CTeHKH cocyia. ToabKO H3peika Mo-
JIeKYyJla HacTOILKO OJIM3KO NMOAXOAMT K APYTroH MojiexkyJje HJIH K CTeH-
KaM cocyna, 4TO MexIV HHMH MOXeT BO3HHKHYTb B3auUMOJRHCTBHE.
Kpome Toro, ecau ras CHAbHO paspexxkeH, CpelHee PacCTOAHHE MEXKIY
MOJIeKYJiaMH 3HauuTe]bHO 0oblue, yeMm JeOpoiiieBcKast JJIHHA BOJHB
MOJIeKyJbl. B 3TOM cavuae wBaHTOBOMeXaHH4ecKHe 3(PdeKThl npeted-
PEXHUMO Majbl, U MOJEKY/bl MOKHO CUHTaThb OGOCOGJEHHBIMH YacTH-
LaMH, ABIKYIUHMHCS [0 KJNACCHYECKHM TpaeKTOpHUsiM #%*),

Paccmorpum naeansHblit ras, cocrosmuit n3 N MOMeKysa H 3aHHMAO-
wuil onpenenennslil obveM. JI1s Toro 4ro6b oO6CYAHTb mnpoctefiuive
BO3MOXKHBIE CHTYallMH, OPEANOJI0KHM, YTO BCA CHCTeMa ObL1a H30JH-
poBaHa (T. e. 9TO OHa He B3aMMOAeiCTBYET ¢ /MI000H APYroH CHCTEMOI)
W JoJroe Bpemsi oOcCTaBasach HeBo3MylueHHOH. [IpeicraBum cebe, dro
MBI MO2KeM HAG/101aTh MOJEKYJAbl Ta3a, He RO3/AefICTBYS HAa HX ABHKe-
HHe, Hanpumep, ¢ MOMOWLIO COOTBETCTRVIOWEH KHHOKamephl. Ilocneno-
BaTeJbHble Kajlpbl dmiabMa OYAYT [10Ka3blBaTh IOJIOXKEHHE MOJeKYJ
B OMpejeieHHble MOMEHTHl BpeMeHH, OTJIHYZIoUIMecss Ha Majblil npome-
JKYTOK BpemMeHH T,. Mbl MOxem paccMaTpuBaTh OTJe/bHBIE KaApbl HJH
BOCNOJb30BAaTbCH MPOEKTOpPOM. B mnocsegnem ciayyae Mbl YBHAHM HA
3KpaHe Qu/bnM, NOKA3LIBAIOWHA NOCTOSHHOE ABUXKEHHE MOJEeKYJ rasa.
Mbl 00Hapy)KHM, YTO MOJEKYJ/a ABHAETC O NMPAMON JIMHHY, MOKA He
CTOJIKHETCH ¢ Apyrofl MoJIeK V0l nin co ctenkamu cocyaa. I'locne cronk-
HOBEHHS OHa ABWIKETCA MO APYTofl npAMOH JO CAefVIOLIEro CTOJMKHOBe-
H4S W Tak nanee. Kaxaas mojexyna ABHXKETCS B COOTBETCTBHH C 3aKO-
HaMH MeXaHHKH, HO N MoJeKy/l, ABHKYIIHXCA B COCyIe H CTaJIKHBaio-
(MUXCH ApYyr ¢ APYrom, [PEACTaBAsIlOT Co00# HaCTOAbKO CJ/OKHYIO
CHCTEMY, YTO KapTHHA HA 3KpaHe KaMeTcs XaoTHYHOH (daxe ecan N
oueHb Mano).

PaccmoTpyuy BHHMATEAbHO DacIosIOXKeHHe MOJeKyJ H HX pacrnpene-
JieHHe B NpocTpaHCTBe. PasjenuM MBICJCHHO SIIMK C TA30M HA ABe paB-
nble gactu (puc. 1.1). OO6o3HauuM 4HC/IO MOJeKYyJ B JIeBOH 4acTu

s

*) BaanmopeficTBie MOYTH OTCYTCTBYET, €C/TH MOJNHAsE MOTEHIMANLHAA SHEPrHf
B3aHMOJIEACTBHS MeX/Y MOJIeKY/1aMH TPeHeOPeXHMO MaJa 1o CPABHEHHIO C MX NOJHOH
_KMHETHUEeCKOH SHeprueil, HO AOCTAaTOYHO BeJHKA /IS TOT'O, UTOOBI MOJIEKYJ/Bl MOTJIH
B3aHMOJelCTBOBATL U TAKUM 06Pa3oM OOMEHHBATLCS SHeprueldl APYr C APYrom.

*¥) 3aKOHHOCTbL TaKOro npuGiueHnst GyleT NOAPOGHO paccMoTpeHa B . 6.3.
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SIIMKA 11, @ YCJA0 MOJEKYJ B npaeoil yactu n'. Koneuno, cymma
» ndn"=N, 1))
T. €. paBHa NOJTHOMY uncay Monekya. Ecan N Beiwko, To OOBIYHO OKa-
splBaercd, u4to A~n’, T.e., rpybo roBops, B KaXJI0H uacTH cocyna
HAaXOAUTCH NOJOBHHA OGWEro YuC/a MOIeKYJl. 3aneTHM, YTO 3TO YTBEPK-
JieHHe crpaBejanBo JHIIb B HEKOTOPOM MPHO-
Jikenud. JIBurasacs B SIMKE H CTANKHBaACh
JAPYT ¢ APYFOM HJIM CO CTeHKamH, HEKOTOpble
MOJIEKYJIBl MPOHUKAIOT B JIEBVIO [GJIOBHHY, B
To Bpemst Kak Apyrue noxuaawor ee. [lTostomy
YHCJIO MOJIEKVJ, 3aKJIOUEHHBIX B JICBOH 1TOJIO0-
BHHE sIMKa, INOCTOSHHO (WIYKTYHPYET co
spemenem  (puc. 1.3 —1.6). O6nuno sTu a+n"=N
GIYKTyalnH HE3HAYHTENBHEl, TaK 4TO 7 pu 1) guuk, s xotopow
MaJio OTJ/JIH4YaeTcs oT 1/ N. O,'_IHdKO HHYTO HE  HaxoAuTcs uleanbHmil ras u3
MOKET MPENSTCTBOBATb BCEM MOJIEKY/aM CO- ﬁggl(ﬁliﬁnéo?gégkggﬁﬂ? oo
6paleCﬂ B JIeBOI NOJIOBHHE; MpH 3ToM A=N gggcg(‘;fés‘jlﬁg”‘;}“{;;fc‘%ﬂ B qe”
n n'=0, KOHQ‘!HO, 3TO MOXKET CAYYHTLCA. «yn Bnpaeoll nonosuHe n’.
Ho xakoBa BepOSITHOCTb Takora cofblTHA?

Uto6bl OTBETHTH Ha 3TOT BOMPOC, MOCMOTPHM, KaK MOMYT MOJIEKYJIbE
pacupeneiaTbCsl MY ABYMSi [OJOBMHamn fliMka. Bynem HasbBath
Ka)0e BO3MOKHOE pacnpefedenne aodaexys kowguaypayuei. Onnoi

® ® |

@ )

i
{
S @
|
|
@ | ®
!
Puc. 1.2. Ha 370l cXeMe 0KXa3aHb 4eThiPe Pa3fnyHblX CNocoda, KOTOPHMA ABe MOJEKYJbB MOTVT
ObiTh pachpefenebl MeKAY ABYMS NOAOBUHAEMYM SILHKA.

0

e e e =

MOJIEKYJIE COOTBETCTBYIOT JB€ BO3MOMKHBIE Kombnrypamm T. €. OHa
MOJKET HaXOIHThCA B JeBoii JMO0 B NpaBod 4acTH suluMKa. Tak kax
06e 5TH 4acTH HMEIOT OXHHAKOBHIH OGBeM H MOJHOCTbIO SKBHBA/IEHTHH,
MOJIEKYJ1a C OJMHAKOBOH BEPOSITHOCTBIO MOXKET HaXOIMThCS B JH060#
nojoBuHe smuka *). Ecau pacematpuBaTh E€ MOMEKYJbl, TO Kaxias
M3 HHX MOXKeT OKasaTbcsi B /0G0 u3 ABYX uacteil awuka. [Tostomy

*) Mbl npeAnoJiaracM, 4To BepPOSITHOCTb OGHAPYIKEHHS OJHOH MOJEKYJbl B KaKOfi-
Au60 NOJNOBHHE SAIMMKA He 3aBHCHT OT QHCJA APYTUX MOJEKYJ/, HaXOASIMXCH TaM.
DT0 CHPaBElJNBO, €CH OObEM, SaHHMaeMbili CAMEMH MOJIEKYJIAMH, SHAUHTEABHO MeHb-
ine ofpeMa AMHUKA.
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Ta6auuwa 1.1 noJ/IHOE YHCJ/JIO BO3MOXKHbBIX KOH-

durypaunfi (r. e. yucno, pas-

. 2 3 dlaln) cw HOE BCEM BO3MOXKHbIM BapHaH-

Tam pacnpeaesenusa  MOJJMEKyJa

mMexay o0eHMMH  MOJIOBHHAMYU

ga A a4 T Aol siMKa) PaBHO 2 X 2==2%==4, TaK

KaK 18 KamAoH BO3MOXKHOH

7 A g a3l KOHUrypaUHH OLHOH MOJIEKY-

J JI 7 Jgisli . JAbl CYHIECTBYIOT JiBe BO3MOXK-

J 11 JoJ 371 Hble KOH(UTYpanuu Apyroi. s

1 a - Jd o Jd 3 TPex MOJEKY] MOJHOEe UHC/IOo

BO3MOXKHBIX KOHQUTYpauuii pas-

7 P g alolo HO 2X2X?z23:8, TAaK Kak

7 i1 /1 I 22 A7 KaXXI0H H3 BO3BMOXKHbBIX KOH-

i 1 a  Jai2)2 6 durypaudii nepBbIX JBYX MO-

g a2y JIEKYJ CYLIECTBYIOT JiBE BOZMOXK-

{7 13 Z J,IZ g 5 HBle  KOHQHIypauuy Tperbeil.

[lostomy B obuiem ciyuae N mo-

JACKYJ [GJAHOC YHCAC BO3MOM-

J I 11 )1(3 HBIX = KOH(QuUrypauufi  paBHO

1 J I mrrst 2%2X. .. X2=2N B raba.l.l

Z Z JH Z } g [OKa3aHbl BO3MOMKHBIE KOH(H-
rypauiu aas caydas N=4,

: 3ameTuM, yro aasa N mose-

n a a 0o+ 1 KVJ CYLIeCTBYeT TOJbKO. OJHA

KOH(Urypamusi,  OTBeuawiias

3aech yKazansl 16 pasauuHbiX CHO- HaxXOmJIEHHIO BCEX MOJIEKY/ B

coboB (Kombur} pausuf), l\aKl/lMH yeTeIpe JeBOH mnosoBuHe giupka. Owna

Monexygbl (oGosnavenuere 1, 2, 3, 4) NPUXOnUTCs Ha 2V BO3MOMKHBIX

LTS s TACRPERCIEN MY A0 | oy pa, Tosrony o

BAET, 4TO MOJSKYNA HaXOIMTCH B J€ROH HO OKMIATh, 4TO cpean GoMb-

MOJOBHHE fUKA, a Oyksa [I— 410 MO- ore  4ucjia KaapoB  Haulero

JAeKYyJa2 B npang‘& noaosusie. Yucao mo- Q)”Jlea B CpelHeM TOJbKO Ha

AeRYN B KaR10f U3 nosoBHH 0603HaTEHO oaHOM Kazpe H3 2V Kajipos BCe

COOTRRTCTBEHHO uepes n u n'. Cumsoa |- o

C (n) o0o3HaYaeT 9HCAO BO3MOKHBIX KOH- MOJIEKYJ/IBl OKXKYTCA B JIEBOH

burypaunii MoJdexyJa, Korja n u3 HUX noJoBuse smuxa. Ecau obosna-

HaXOAATCH B JIeBOH TNOJIOBHHE COCYd. 4uth uepe3 P, mosio kaxpos, Ha

KOTOPBIX BCe N MoOJieKyJa Ha-
XOASTCA B JIeBOll  NOMOBHHE,
T. e. ecan uepes P, Bb]pd:}HTb OTHOCHTE/IBHYIO YaCTOTY, HIH 8epoAm-
HOCMb, HaXOXAEHUs BceX N Moslekyda B JeBoll wacTH, TO

TouHo Tak e cayuaft, Korna B JeBOfl YaCTH HET HH OIXHON MOJICKYJTH,
fAIB/ISIETCA BeCbMa HEOOBIYHBIM, TAK KaK OH COOTBETCTBYET TOJbKO OAHOM
u3 2% BO3MOXHBIX KOHQHIYpauui, U BEPOATHOCTH TAKOIO coﬁbmm
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Takxe onpeaensiercs ¢GopmyJoi
|
P0 e (3)

Paccmorpum Goaee ofuwmil cayuaid, xorza n u3 N Moaekys rasa
HaxoifATcsl B JeBOH yvactd siuka. O6o3nayum yepe3 C(n) uHCa0 BO3-
MOXHBIX KOH(HIYDaLHH, OTBeyawoUMX TakoMy caydaw. [C(n) pasuo
4HC/y BO3MOXKHBIX CIIOCOGOB pacripefesieHHs MOJeKVJl, TPH KOTOPbIX 7
MOJIEKYJl HAXOASITCHA B JeBoH uwactd simmka.] Tak Kak moaHoe 4ucso
BO3MOXKHBIX KOH(Urypanuit paBHO 2V, TO MOXKHO 0KH1aTb, YTO CpeliH
Goabllioro yucaa kaiapoB B cpegnem y C(n) kaapos u3 2% kaapos n
MOJIekVa OyleT HaXoguTbes B JieBoH mnosioBuue cocyia. Ecanm uepes
P, 0603HaUUTBL JOJIO KALPOB, HA KOTOPKIX /I MOJIEKVJ/ HAaXOAHTCS B Je-
BOH MOJOBHHE (T. €. OTHOCHTEAbHVIO YaCTOTY, WIH BePOATHOCTh, HAXOK-
JEHUA A MOJeKYJ B JIeBOH MNOJOBHHE), TO

.
P, =55 4

[1puwmep. Paccyorpum cneuHadnublil cayuaii, Korga ra3 COCTOMT H3 4eThipex
moJexy.1. Uncao C (n) Bo3MOKHBIX KOH(QHUIypauuil Kaskioro poja ykasaso B rai. 1.1.
[penonoKum, YTO KAHOPAMMA 3TOTO ra3a COCTOHT U3 Goabiuoro yhcaa kaapos. Torga
MBI O3KHIA€M, UTO J0JSl P, 9THX K4NPOB, COOTBETCTBYIOMIAS 11 MOJIEKY/1AM B JIEBOH 4aCTH
cocyaa (M COOTBETCTBEHHO n'== N — 1 B 1paBOf 4acTH), onpelesaeTcs COOTHOLIEHHSIMHU

1
Paipn:l—Gy ]
4 |
P:;:Pl“"‘{ } (4a)
6 a i
P, ‘_I—BTF. }]

Pucyricu, NOAGHEHRbIE € ROMOULI BLIMUCAUMEAbHON Mawunst. Tla crp. 22 u 23
NOKAa3aHbl PHCYHKH, NOJYUeHHble ¢ IOMOULBIO 3JeKTPOHHON NU(DPOBOI BLIYHCIUTEIbHOR
mMawmunel. HMeeaegyemas cutyauusa npejicrasasierT coboil ABikeHle HECKOJIBKHX Yactuil
B cocviae. HacTHUb! npeicTaB/eHbl MaJeHbKHMH AUCKAMH, JBHKYLUIHMACH B ABYX H3Me-
pernsx. Cuabl, AeHfcTBYIONHE MeXIY JIOObIMH ABYMS 4acTHUAMH MJIM MeKAY YacTHLed
H CTeHKOI cocyNa, MOX0KH HA CHJIbIL, AeACTBYIOMIHE MeXAY TSKeIbIMH 06beKTaMu (T. e.
OHHM OTCYTCTBYIOT, KOI/[d YacTHLB! He CONPHKACAIOTCS, H CTAHOBATCA OueHb GOJILLUMMH
npH CoanKOCHOBGHl/lH) Takuy 06pa3om, CTOJNKHOBEHHS MeMAY YaCTHUAMH SIBJSIIOTCS
yapyTHMHA. BolaucautesabHol MallHHe 3a1a10TCs Haya/lbHble MOJTOKEHH S «MOTEKYJI» 0 UX
C€KOpocTH. MallnHa RO/IXKHA YHCJIEHHO pellHTbh YPABHEHHS [ABHKEHHS «MOJIEKYJ» st
nocaeayowero (MK gpelliecTBVIONEro) BPeMeHH H N0Ka3aTh Ha OCUUAIOrpade pacno-
JIOXKEHNe «MOJEKYJ» B MOMEHTH BpeMeHH [= jT,, Tle To— Maablil GUKCHPOBAHHLIH UH-
Tepsan Bpemenn u j=0,1, 2, 3, ... Kutokamepa Sotorpagupyer sKpan ocusaiorpada.
[Tonyuennsle Kazpwl MoKasaHbl Ha pucyHkax. Bpemennédii unrepsaid T, ObJ BHIOpaH
Takum, 4To0bl ABa MNOCAEAOBATENLMBIX KAIpa, NOKa3aHHLIX HA PUCYHKaX, ObLIM pa3-
IeJEeHEl HECKOJMBKUMHA ~ MOJIEKYJISIPHBIMH CTOIKHOBeHHAMU. TakuM 0o0pa3oM, BBIYHCIH-
TedbHasi MallHHa Obl1a  HCHO/L30BaHA AJs UCCAENOBaHHA NpobJeMbl AUHAMHYECKOro
B3AUMONeCTBAA MeXAY MHOTHMH UacTHUAMH.

Mul BHAeMH, Y4TO CHTVAUHH, Korja n=N (um n=1{_), COOTBETCTBYET -
JIMIIL ooHA BO3MOXKHAfA KOHpurypauua. B Oosee ofiiem ciaydae,
ecan N Beanko, 10 C(n) €2V, naxe ecanm n ymepeHHO OHM3KO K
N (uap k 0). [lpyrums cjaoBamu, cuTyauust, KOFAa pacmpejesesue
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MOJIEKYJI HACTOMBKO HEONHOPOAHO, 4To nn 3> Y/,N (uan n<£1/,N), coor-
BETCTBYET BCEro JIHLIb HECKOJbKHM KonourypauusM. Takoro pona cu-
TyalHst, OCYDIECTBJIfieMas OTHOCHTEJIbHO MaJjibiM YHCJIOM cnocofos,
ABJASIETCS BecbMa CHelu(UYHON U ee HasBBAOT YNOPACOHEHHOU, WK
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Puc. 1.3. NMoaoxenua HyeThipeX 4acTul, HaxoAauluXcd B AlluKe, NoAyuetnbie ¢ NOMOULLK BLIYLC-
AUTENbHONH MAaulHHbl. r]ﬂ'l’HallU.aTb rocaeJOBaTe/ibHBIX  KailpoB (0603Hﬂ‘le””blx HHAEKCaMu
i=0, 1,2, ..., 14) npeacrasasior coboit dotorpadnu. clenandble nocsie AJHTeN:EHONO RpeMehl

pa6oTbx MallHHb! C 3alalllbIMH HavaJlbHbIMH YCJHOBHAMH. ]J.H(bpbl, pélC]'IOJ]O)KeHHbIe BHU3Y 1ionp,
Kax 0/l DONOBHHOI sSIM[UKA, YKasbIB3IOT HAa YHCJAO YacTHL, HAXOIsAUUXCA B 3TOH noJoBHHe. Ma-
JIeHbK &SI 4ePTOUKa OKOJIO Kax{jiofl uvacTHubl YKaspipaeT HanpasJ/ieliHe ee CKOPOCTH.

Hecayuaiinod. B coorBetcTBUY ¢ (opMyJoH (4) OHA BOZHMKAET JOBOJLHO
peako. C Apyrofi CTOpPOHBLI, CHTYaLlMfA, NPH KOTOPOH pacnpeneneHiie
MOJIEKYJ HOYTH ONHOPOAHO, TAK YTO fAZn’, COOTBETCTBYET MHOT'MM BO3-
MO:KHBIM Kouburypauusiv. [eficTBHTeNbHO, Kak moxkasano B Taba. 1.1,
C(n) mocruraer makcumyMa npu n=n’'=1/,N. CuryauHs, ocyumecTsise-
Masi MHOTHMH pas/JM4HBIMH crioco0aMH, HasblBaeTCA CAY4aLiHoL, WIH
Gecnopadouroti. B coOTBeTCTBHH C (4) OHa BO3HHKAeT AOCTATOYHO YacTo.
Takum 06pazoM, GecropsiioyHbie (MM pPaBHOMEPHBIE) paclpenejents
MOJEKYJI B Tase ofpasyioTcs uauie, ueM ynopspoucHnble. Pusnueckoe
OGbSICHEHHE 3TOTO SIBJEHHS COCTOUT B CJIEIYIOLIEM: BCE MOJIEKYJibl HOJIK-
Hbl JBHrathcsl [0 CTPOrO ClelHANbHBIM TPAeKTOPHAM, YTOO COOPATHCA
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B OJHOH [IOJOBHHE COCYJa, M TOUHO TaK Ke, €CJH BCe OHH OKa3a/lUCh
B OJHOH MOJIOBHHE COCYJa, TO HX JBHKEHHE JOKHO HOCHTH BEChbMa
creiudHyeckuit xapakrtep, 4ToGbl OHH MOTVIH OCTAThCsl B 3TOH MOJOBHHE.
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Puc. 1.4. Nonoxeuna 40 yacTull B siNiHKe, FOJIYYEHiible C NOMOUIBIO BHIUMCIHTENLHON MALIHHEL,

BoceMb MOCAEAOBATENLHLIX KaApoB (0603HaueHHBIX HHAexkcamu f=0, 1, 2, ..., 7) npeacrtas-

J910T coboit doTorpaduu, clenansibie nocse AMHTEJbHOTO BPeMeHH paloThl MAlIHEBl € 3aJaBHbBIMK

HayaJbibIMH yenosuami. Lindpst, pacrnosoKennble BHH3Y, M0/ KaXA0il 10JOBHHOI AIHKA, YKa3bl-
BalOT HA YHCJAO HaCTHIl B 5TOi noJsoBHHe. CKOPOCTH 4YacTUW He NOKa3aHbl.

UTtoGel npuaaTh CAeJaHHBIM BBILE PacCyKAEeHHsM KOJHYECTBEHHBIK
XapakTep, cJefyeT BOCNONb30BaTbcA paseHCTBOM (4). OHO nospoaser
BBLIUHCUTD BEPOSITHOCTb BO3SHHKHOBEHUS CHTYAlLlHH, KOTAA JI00oe YHC/Io
£n MOJMEKYJ HaXOAHTCA B JeBOH yacTu cocyAa. OT/0xUM BbIYHC/IEHHE
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gnCJda MOAEKYJASPHBIX KOnQurypaund C(n) aas ofiero ciayuas o
caeayouwefi riaspl. OfHaKo Yyike cefiuac JOBQIBLHO.J1ETKQ HCCIEN0BATh
NpeAebHbIl cyyali ¥ CIPOCUTb, KAKOBA BEPOSITHOCTb TOTO, 4YTO BCE
MOJIEKYJIBl OKaXKYTCA B JIEBOH NOJIOBHHE coCy/la. ¥YpaBHeHue (2) moka-
3bIBAET, YTO N00CHAst CHTYallHs BO3HHKAeT B CPEIHeM Ha OJHOM H3
2N gajpoB Haulero (pHaIbLMA.

PaccaoTpry HECKOIBKO CTIEHHAMBHBIX NIPUMEPOB, KOTOPblE N03BO-
JAT CAedaTh KOJHYECTBEHHHIE OUEHKH. EclM ras cocToMT TONbKO 13
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Pite. 1.5, Yuecsao n gacrun s nesoil no- Puc. 1.6. Omuocumeannoe uwncno n/N
JOBHHE SIMKa B 3aBHCAMOCTH OT HO- yacTHIl B JeBOll TOJNOBHHE SUHKA B
Mepa KaApa j wan TeKYUero BpeMenn 3ARUCHMOCTH OT HOMEPA Kaapaj nan
f=j7,. Uucao gacTui Ha kafpe npel- TEKYIMCTO BpeMenu (=jTo. ITH rpadu-
CTaRJEHQ COPHIOHTANLHOH uepTof, Wy cogepxar TY Ke HH(bOpMaLmK) uTo
npocTipaioulelicst or f ao {+ 1. I'padu- u puc.l )

K¥ HAZICTPHPYIOT pue. 1.3 ana N=3

# puc. 1.4 anst N =40,80 cofepxar nu-

fopmannio o CoJbinemM 4YHCae KAApOB
qeM 10KAa3aHo Ha 3THX PHCYIKAax.

ueThIpex MOAeKYJ, BCe ORH GYAYT HAXOJUTBCA B JIEBOH NOJNOBHHE CO-
CVAa B cpeiHeM TONbLKO Ha ONHOM Kaape u3 16. ®aykryauns rakoro
pona OyiaeT HMETh yMepeHHYio uwactoTy. C Apyrofl CTOPOHBI, ecu ras
coctout u3 80 Monexya, To Bce OHM OyNYT HAXOAUTHLCS B JIEBOI1 IOAOBHHE
COCYAa B CpelHeM TOJbKO Ha OLHOM Kajipe H3 2% 10%* kaapos maluero
tuabMa. 3710 03HawaeT, UTO €cM MBI jaxe AelaeM MW/IHOH KalpoB
KaXKAYIO CeKYHIY, TO, 4TOObl MONYYHTb PeabHYIO BO3MOMXKHOCTb HAHTH
Kaip, Ha KOTOPOM BCe MOJEKYAB OYAyT B JeBo# MOJOBHHE cocyia,
HaM MOHAJAOGHTCA AJSI CBEMKH Q)Hﬂbma BPeMA CYUIECTBEHHO GobLlee,
uem Bospact Beenennoil *).

*) B roay ~3,15‘l(),7 cex, a.Bo3pacT BceseHHoll oueHuBaercs B ‘IQ“’ JIET.
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Tellepp mpeanosnoxRUM, 4YTO Y Hac ecTb cocyd ofbemoM B 1 cm?,
cozep:Kalui BO3AYX NpPH  aTMOchepHOM HaBJAEHHH H  KOMHATHOR
Temneparype. Takofi cocya comep:kur okosao 2,5-10' momekya [cm.
ypaBHenue (27) stoii riaBul. OJAYKTYALHA, 1PH KOTOPOH BCE MOJEKYJIhI
OKaXXyTCda B ’O,IIHOﬁ MOJIOBHHE cocyaa, B CperHeM BO3HHKAET B OJHOM
Kajape W3

D2.5-101° ~ ](7.5-10""

(310 4HCAO KaApOB TaK (aHTACTHUECKH BEJHKO, YTO HX HE MOJYUYHTh
Jaxke B TOM cJjaydae, ecJi Obl Mbl CHUMaAW (U/ibM B TEUEHHe BDEMEHHU,
KOTOpOe 3HaYHTeNbHO NpeBocXoauT Bospact Beenennoit.) Takue haykrya-
LIMH, KOTJa He BCe, 2 TOJAbKO OO0/bllas YacTb MOJEKYJ HaXOIuTCsi B
OIHOH U3 [OJIOBHH cocyaa, 6YAYyT BO3HHKATD ualile, HO UX YacTtota Gyier
Bce ke upesBbuaiino Manofi. Tenepb Mbl MOXKeM cAeNaThb CJE1YIOWH
O0MWN#A BBIBOA. Lcau noanoe uucao wacmuy 8eauxko, mo gayxmyayuu, co-
OMBeMCMBYIOUUe CYWECIMBERHO HEOOHOPOOHOMY pacnpedeseruio, RoHMmu
HUK020Q He B03HUKAIONL.

Wtax, noxsenem HUTOrH OOCYKAEHHIO NPoOOAEMbl H30JHDPOBAHHOTO
H/JeaJbHOTO ra3a, KOTOPbIi OCTaBaJICA HEBO3MYLLICHHLIM B TeueHHe J/in-
TEJNBHOTO BpemeHH. UHca0 mMoJiekys 1 B ONHOH DOJOBHHE cocyia Guvk-
TYUPVET BO BpeMeHH OTHOCHTEIbHO MOCTOSIHHOTO YpoBHSA '/,N, KOTOpbIH
ABasercs naubosee BEPOSiTHbIM. Hacrtora BO3HMKHOBEHHA KaKOrO-TO
ONpeNeneHHOro 3HaueHHus n ObICTPO yMeHbLIaeTcs [0 mepe pocra abco-
JIIOTHOIO 3HauyeHUs Pa3sHOCTH ,,?

nu'/,N, 1. e. 1o mepe po-
1
7V Pt N A e A

CTa B&JIHUYNHbI
1
|An|z]n——7Nl. (5) - >

Has 6oabunx N gocta- )
TOUHO 4ACTO OCYWIeCTBAIOT- e D e nonoame cocyan
CA TOJbKO TaKHe 3HauyeHHs -b» 3anncumocTd oT Bpemend f. [lognoe dHCno Moslexys

pasuo N

n, aas Kotophix |[Ani<€ N,
[TonoxuTeIbHbIE H OTPHLATEAbHBIE 3HAYEHUs! A7l BOSHHKAIOT OAUHAKOBO
vacto. XapakTep 3aBUCHUMOCTH A OT BpeMeHH [0Ka3aH Ha puc. 1.7,
[loBenenyie rasza MOXET ObiTb ONHCAHO BO BCeX AeTaslfAX, €CJad H3-
BECTHO €I0 MUKPOCKONUYECKOe COCOAHUe (MUKPOCOCMOSAHUe) B JIIOO0H MO-
MEHT BPEMEHH, T. €. €C/JIH Mbl pacnojaraeM MaKCHMYMOM BO3MOXKHOM
HHGOPMauUH O MOJEKYJax (HanpuMep, O pacrnoJOKeHHH H CKOPOCTH
Kanc10i mMonexy/nl). C 3TOH MHKPOCKONHMYECKON TOUKM 3PEHHS Hall BoO-
obpaxaewmbiil (PUAbM O rase Kaxercs O4eHb CJA0KHLIM, TaK KaK HAa KaxK-
JOM Kalpe (HJbMa pacnosoxeHue MoJeKyJ pas/iHuyHoe H [ABHXKeHue
KaxkA0# MOJeKyJqbl CA0XKHBIM 00pa3oM MeHAeT MUKPOCKOIHYeCKoe Co-
cToAHHe rasza. OJHAaKo OpU KpynHOMAcWITaOHOM, WM MAKPOCKONUUe-
CKOM, PacCMOTPEHHH 3TOH 1poGJieMbl Mbl ONHCHIBAE€M Ia3. B MEeHbLUMX
JeTaNAX ¥ HAC He MHTepPecyeT MoBefeHHe KaXKAOH OT/eIbHOH MOJIEKY b,

JelcTBUTENHbHO, MAKDOCKONUYECKOE COCmoanue (WU MAKPOCOCIOR-
HUue) Ta3a MoxeT ObITb JOCTATOYHO TOYHO ONPEAE/ICHO YKasaHHeM 4ucaa
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MOJIEKYJl, HAXOAALIHXCS B KAKOH-TO YacTH cocyla B JAHHBIH MOMEHT *).
C Takoli MakpOCKONHYECKOR TOYKH 3PEHHS H30JHPOBAHHBIA ras, KOTO-
pHiii B TeUeHHe JOJTOro BpeMeHH HaXOAHJICA B HEBO3MVIIEHHOM COCTOf-
HHH, SIBJRETCHA OUEHb NPOCThIM OObEKTOM, TAK KaK €ro MaKpOCKOMHue-
CKOE COCTOsIHME He MeHsieTcsi co BpemeHeM. B camoMm nesne, A00NyCTHM,
YTO, HaYMHas C MOMEHTa BpeMeHH {;, Mbl HalulojaeM 3a NoOBeJeHHeM
Taza B TEYeHHE A0CTAaTNYHO AJIMTENbHOTO HHTEpBasia BPEMEHH T M CHH-
MaeM KHHOrpamMMy noBeneHHs rasa. lpeanonoxus aajee, 4to, HauHHAS
C MOMEHTZ BpEeMEHH [¢,, Mbl ONATb Hab/ljlaeM 3a NOBeIEHHEM rasa
B TEUEHHE TAKOTO )K€ MHTepBana BPEMEHH T W TakxKe HCIoAb3yeM A1
ITHX neneil KHHokamepy. C MakpOCKONHYECKOi TOUKH 3PEHHS ABa 3THX
1u1bMa He A0/KKbI OTJIMYATBCA APYT OT Apyra. B oboux cayuasx uucao
7 ¥acTvil B J1eBOft noJjioBhne cocyia OyleT GnyKTyHpoBaTb OTHOCHTEb-
HC OJIHOrOC W TOro ke ypoBua '/,N u HalG/onaembie GAVKTYalHH OyayT
OJIHOTO M TOro e XapakTepa. Ecau e oGpaiiath BHHMagRHs Ha HEKOTO-
PhiE HCK/IOUHTENbHbIE OCOOEHHOCTH (OHM GYAyT pacCMOTPeHbl B CJe-
Aviowem naparpade), TO HabalOoaeMOe MaKPOCKOIHYECKOE COCTOSIHHE
rasa He 3aBHCHT OT MOMEHTa Hauaja HabaloieHuil. DTO O3HA4aer, uTo
MaKPOCKOIHYECKO® COCTOAHME Tasa He Menserca co BpemeHeM. B uact-
HOCTH, H TOT ypOBeHb, OTHOCHT&IHHO KOTODOro (GAYKTYHPYeT # (HJH,
6oJiee TOUHO, €r0o cpedHee 3HAUEHHE), TAKKE HE MEHAETCS CO BpeMeHeM.
[oBopaT, 4TO cHCTeMa, COCTOSIAA H3 MHOTHX 4acTHli (Taxkas, KaK Haiu
ras), HaxoOumcs 8 pasHogecull, ecli¥ ee MaKpPOCKOIHMYECKOe COCTOAHHE
HE UMeeT TCHAGHIMH K M3MEHEHHIO CO BpEMeHeM.

3amenaune Jlanum TouHoe onpelenenne NOHSATHIO O CPelHeN BO BpeMelin.
OGo3uauns uepe3 f () UICAO MQJIEKYJ B JIeBOU NONOBHHE SIIULHKA B KaKofi-TO MOMEHT
epeveHn £ Cpeisee BO BpeMeHH shaueHie n (f), B3siToe BO BpeMEeHHOM MHTepBale T,
o6o3nauaercs vepe3 [n (7)), U onpenensercs kax
(4T
— 1
(my].== \.na’) dr’. (6)
T o
t
COOTEETCTBEHHO, €CJH ChEMKA, HAYatas BO BPeMs !, MPOXOKAIACH B TeUeHHe BCero
MHTepBAJIa BpeMeHH T N COHepiKana g=T/Ty K4IPOB, CHATLIX B N0CJAEIOBATeNbHbIE MO-
MEHTBI BPeMeHH & == 1, 1y =+ To, L3 ==t + 2Tp, . . ., tg== L+ (g — 1)Ty, TO BrIpa-
menne (6) npumeT BUA

I ”(t)]1=é Inty+n(ty)+...+n(tg)l

Ecin He yKaspiBaTh, KaKOH WHTepBaa BpeMeHH T paccMarpusaetcs, TO nox 7 (f) noxu-
MaloT cpejiiee 3HayeHHe B TeueHUe KAKOT0-TO Pa3yMHOro HHTepBaia Bpemenu T. s

CJyudsi PABHOBECHOIO COCTOSHUA ras3a n NOYTH BCe Bpems paBHO I/ZN'

1.2. Heo6paruMocTs M NpubIvKEHHE K PABHOBECHIO

PaccMOTpUM  H30AHPOBAHHBIR ras, cocTosiuuil U3 OOJBLIUIOTO YHCA2
N mosexya., OAYKTyalUHH, BO3HHKaOUMe B rase, KOTOPbI Haxonurcs
B COCTOSIHHH PABHOBECHS, TAKOBBl, YTO 7 MaJ0 OTJIHYAETCA OT Hauboice

*) UtoGbl GbiTb TOUHBIMH, Mbl JOJIAHBI IIPEICTABHTbL, YTO COCYA pasjieseH ra
MEOKECTBO DABHBIX STUE€K, WMEIOIUIHX JNOCTATOUHBIA 00beM A BMeuwleHdHs GoJbLIOro
yucaa Modekyn. Torza MakpockonHyeckoe cocTosiHue rasa GyjeT ONpele/eHO TOYHEIM
3aJaHHeM 4HCIa MOJEKYJl, HAXOAAKUXCA B KamA0H syefike.
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seposimroeo 3Hauernst 1/,N. Hac Oyner nHTepecoBaTh, IDH K4aKHX YCJI0-
BHHX MOXKHO OXHW/JaTh CHTYalliH, KOFAA 71 3HAYMTENbHO OTJIHYAETCS

/,V. Takde curyalldd MOTYyT BO3HHKATh B ABVX Pa3/qH4HbIX CAydasx,
KOTOpre MBI B PacCMOTPHM.

Pedro gosHukaroujtie Ooabuiue dmyrcmyauuu 8 DQABHOBECHOM COCMOSA-
Hut, XOTsl B rase, HaXOAsUEeMCA B COCTOSIHHUM DaBHOBecHf, /1 OOBIYHO
o6ausko K 1/,N, Bce e, XOTS U PEeAKO, 3HA4YEHUs A MOTYT OTJIHYATHCS
or Y/,N. Habaionas 3a ra3om JocTaTOYHO JOJTO, Mbl MOXEM ODHADYKHTD,
4TO B HEKOTODBIA MOMEHT BpEMEHM 3HAueHHEe /1 CYUIECTBEHHO OTKJIOHH-
Jock ot 1,N.

[1peArnoaoKeM, 4TO B KaKOil-TO MOMEHT BPEMEHH [y Mbl O0HAPYXKHIIH
Takoe GoJbilice oTKJAOHeHHe jAn| or 1/,N, T. e. uTo /1, HAMHOTrO 0OJIbLLE,
yem 1/,N. Yro MOxKHO cKa- . -
3aTh O HauboJ/ee BePOATHOM Y
MIOBEJIEHHH f1; C TEYEeHHEeM )
BpeMeHH? IlpH oueHb 60Jb- p
wonm  3HayeHuu  pasHocte F N
jny —1/,N| Bennunna n, co-
OTBETCTBYET BecbMa HepaB-
HOMEpHOMY pPaclpeaeseHuio

Prc. 1.8, Jluarpamma, nokassiaiouiast peAko BO3HU-

MOJeKyYJ, KOTOpoe B paB- rajude  Gonbnine QUIYKTYauup quCAa  MOJeRya A
HOBECHOM COCTOSIHUM BO3HHU- B OJiHOIl MO/oBHHE COCyAa OTHOCHTEbHO PAaBHOBECHO-

. ro 3pavenus 1/,N

KaeT KpaiiHe penko. Hau-

60.jee BEPOATHOI MNPHUMHOH NOABJEHHS Takoro /i, asasercd Quyk-
Tyauus, MaxKCHMalbHOE 3HAauesHe KoTopoill 61H3ko K n, (Ha puc. 1.8
3TOT MaKCHMYM o0o3HaueH OykBod X). OnHako Takoe Go/bINOe 3HA-
YeHHE My MOXcetrr BOSHUKHYTD B pesyJabTaTe eile 60abiued daykTyanuy
€ MaKCHMYMOM, 3H3aUHTe/bHO npeBbillaonumM X (Ha puc. |.8 makcumym
Tako# ¢uiykTyauud ob6osHadeH OykBsoH V). O1HAKO BO3HHKHOBEHHE Ta-
KOIl 6OIbLIOA (PIYKTYaUMH 3HAUMTENbHO MEHEe BEPOATHO, YeM BO3HHK-
HOBEHHE yXKe JIOCTaTOuHo peakolt quiykryaurn X. Taxum obpazom, nau-
fonee BEpOATHO, 4TC BpeMA {,, NPH KOTOPOM =11, COOTBETCTRYET
nuky X, 0pH KoTopoMm n MakcuMmaJsbHO. [loBeleHHe n B 3aBHCHMOCTH
OT BpeMeHH nokasaHo Ha puc. 1.8. C TeueHuem Bpemenu # CTPEMHTCA
K YMEHbLIEHHID (3TOT NPOLECC CONPOBOXKIAALTCH HEGONbILMMH (IYKTYa-
LHAMH) [0 TeX ncp, Noka He OyjaeT JOCTHTHYTO OOLIUHOE COCTOsIHHE
PaBHGBECHA, IIPU KOTOPOM BeauuKHa 1 GyaeT QUIYKTYRPOBATL OTHOCH-
T€/JIbHO CPEIHEero moCTOSHHOrO ypoBHs !/,N. Bpems, Heofxogumoe aia
TOTO, 4TOOBI 60JblIAA GIAYKTYalus (/18 KOTOPOH n=n,) nepeliia B Co-
CTOSIHHE DAaBHOBECHA (1A KOTOPOro n=y'/,N), HA3LIBAETCs GpemeHem
peaakcayuu 1A NaHROR QaykTyauuH. 3aMeTHM, 4TO cpead GoJlb-
LIOTo YHCJ/Ia KHHOTPAaMM KHHOTPAaMMY, ONMCHIBAIOILYIO TaKOe [OBe/NeHie
rasa, MOXHO BCTPeTHTb KpaiiHe peako. Ho ecnd wbl 3ameTHaH 31y
KHHOI'DaMMY, TO ee JIEFKO OTJIHYMTb OT APYTHX, Tak Kak H300paraemMoe
Ha Hell COCTOsIHME ra3a CTPEMHTCS K H3MEeHEHHIO CO BpeMmeHem *),

2

*) 910 He NPOTUBOPEYHT YTBEPIKAEHHIO, UTO ras J0/ro HAXOJAUTCH B COCTOAIHUH
PABHOBECHs!, TaK KaK TakKue (QAyKTyaluHH, KaK f1y, MOLYT ObITb 3ameueHbl JHLIbL NPH
QUEeHb JJHTeNbHOM HaOMIOJeHUH 3a Ta3oM.
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Tenepb MOXKHO clenaTb HekoTopoie BbiBOIb. Ecan u3BecTHO, 4TO
7 MMeeT 3HAueHWe f,, KOTOpoe CYLIECTBEHHO OTJHYAETCs OT CpelNHero
paBHOBeCcHOro ypoBHA '/ N, To H3MeHeHHs n, NOYTH *) Bceraa npo-
HCXONAT B CTOPOHY TNPHOMMMKEHUS K paBHOBECHOMY 3Hauenuio '/,N.
C bHonee GH3MYECKOH TOYKH 3PEHHSI MOXKHO CKa3aTh, UTO 3HAUEHHE /1,
COOTBETCTBYET BeCbMa HEePABHOMEPHOMY PacipeleNeHHI0 MOMEKYJ H YTO
MOJEKVJIbI OOKHBI ABHFATbCSl N0 OYeHb CIElHaJbHbIM TPAeKTOPHAM,
yTobhI Takoe pacrnpeleneHHue coxpaHuaoch. [loctosiHHoe ABIKEHHe Mo-
JIEKYJ1 MOUTH BCEraa NPHBOAMT K TAKOMY fepeMelinBaHHIO MOJAeKYJ, NPH
KOTOPOM BX DachpeledeHue BHYTPH COCYA3 CTAHOBUTCS MaKCHMA/IbHO
paBHonepubiM, (Cm. pue. 1.15—1.20 B koHue storo paszjaena.)

3axedayns 3aMeTHM, YTO YTBePX(IeHHs, CAelaHHble Bbllle, B PaBHOII cTe-
ReHd CpaBeIuBbl Aast 6oabivX QuyKTyauuii oboux 3nako. Eciy ¢uiykryanms nogo-
JKUTeAbHA, TO Ry NOUYTH BCeria OyAeT COOTBETCTBOBATb MAKCHMYMY BO3MOMKHOH (PIyK-
Tyaunu ny — 1/,N (370 noxasano Ha puc. 1.8, rie nuk ¢paykryauuu o6o3Haves 6yKBoi
X). Ecan xe dayRTyauus oTpHuate]bHa, TO OHa HOUTH BcerAd 6YIeT COOTBETCTBO-
BaTb MHHUMYMY Bo3MoxHOU daykryanuu. OnHake 3akjaioueHde, CleJaHHOE BblLe,
ABAfeTcs obWKHM 445 ofouX cjiyuaes.

3aMeTHM TaKike, 4TO YTBEPXKAEHUS 3TOrO naparpada ocraioTcs B CHile, He3aBUCHMO
OT HanpaBJeHus U3MeHeHHs BPeMeHH (T. €. He33aBHCHMO OT TOTO, KaK Mbi CMOTPHM
$nabM, Brepea Wik Hasan). Ecan makcumym np, ofosnavennsiif yepes X, npuxonutcs
Ha MOMEHT BPeMEHM [y, TO #2; ROXKHO YMEHbIIAThCH Kak AAA £ > £y Tak U 115 f < 1;.

Caynail cneyqraibHo NPpUSOMOBACHHO20 HAYAAbHOZO — PAChpeleneHus.
XoTa ynopajiodeHHas CUTYaillus, DOPH KOTOPOfi #I 3HAUHTENLHO OT/H-
yaercst or Y/,N, MOKeT BO3HHKHYTb Kak pe3yJbTaT CIOHTAaHHOH (VK-
Tyalllyd ra3a B COCTOS\HHM PABHOBECHS, BCe ke Takas Oosblias (GIyk-
Tyanus nosiBjfercs HACTONbKO PEeAKO, YTO NPAKTHYECKH OHA HUKOria
HE MOJKET BbITb 0OHADY K €eHa [BCNOMHHTE UHC/eHHbIE OLLEHKH, OCHOBAHHbBIE
na vpaeHenusx (2) wau (3)]. DosbLIHHCTBO MAKPOCKONUYECKUX CHCTEM,
C KOTOPBINMH Mbi HMEEM €10, He MOTYT OCTaBATbCS H30JHPOBAHHLIMH
H HEBO2MYUIEHHBLIMI B TeYeHHe JIOIToro BpeMeHu U [o3TOMY He HaxolsiT-
CA B COCTOSIHHM PaBHOBECHA. YnopsiloueHHas CHUTYalHA B JAHHOM CJIy-
yae BOZHMKAET HE Kak De3yJibTaT CHOHTAaHHBIX QUIVKTyauui, Npoucxo-
AALIMX B COCTOSHHM DAaBHOBECHSl, 3 KaK pe3yJbTaT BO3AEHCTBHUS HA CH-
cTemMy, KOTOpOoe MPOHCXOINIO B HEJANeKOM [POLLIOM. Be3yCJIOBHO
CO31aTb YTIOPSIACYEHHYIO CHTYalMIO MPH MOMOLLM BHEWHUX Bo3neficT-
Bl Ha CHCTEMY AOBOJLHO MPOCTO.

I1punseps. Ecan cienars oiHy CTeHKY slIHKa NOABMXKHOH, TO OHA NpeBpa-
tutcd B nopileHs, C NOMOILBID TAKOFO NMOPLUHSA MOMXHO CKaTb a3 B JeBYIO HOJOBHHY
swnKa (Kak nokasavo Ha puc. 1.9). Ecin 3aTeM BHe3anHo BepHYTh MOpLUeHb B KpaiiHee
noJioXeHne, TO BCE MOJIEKYJIB B NepBblli MOMEHT BpeMeHH OCTaHYTCs 8 JIeBOil M0JI0BHHe
aunka. Takna cnoco6oM MOKHO DOJYYHTB KpailHe HeOJIHOPOZHOEe pacripelleleHHe MO-
JIEKYJ B AIHKe.

Tenepb paccMOTPHM COCYA, pasfielieHHbil Neperopoikofi Ha JBe PaBHble YacCTH
(puc. 1.10). B nesoit nososuHe cocyna HaxolsTcss BCe MOEKYJE rasa, B TO BpeMs KaK

*) Mgl UCNOTB30BAM CJIOBO «TIOYTH?, TAK KAK 3HAYeHHe r; MOXKeT He TOJAbKO CQ-
OTBETCTBOBATL MUKY X, HO W (KpaiiHe pelKo) JiexarTh. Ha BOCXOASAWleHl CTOpoHe NHKa
Y. B nociesnem cayuyae n, GyleT BHauaje Bo3paCTaTb, T. €. YHaNaThCa OT paBHOBeC-
Horo ypoens l/,N.

28



npasas nosoBHHa nycra. Ecan npu 3THX YC.10BHSAX Ia. HAXOINTCA B COCTOSHHH PABHO-
BECHS, TO MOXKHO CUHTATB, YTO pacnpejeenie MOJEKYJ B JeBOi MOJOBHHE COCYAA ONHO-
pomyo. IpercTaBuM, 4To neperopoika 6bcTpo y6upaercs. B nepsriil MOMeHT BpeMen
pacnpelielien¥e MoeKy. B JIeBOl 1I0IOBHHe cocyla He Hapywmiktes. Onnako aTo pacnpe-
AeJIeHHe ABJIAETCS 4Pe3BLIYaiiHO HeOAHOPOLHBIM 1Sl HOBBIX YCJIOBHIY, IPH KOTOPHIX MO-
JeKYJbl MOTYT CBOGOJHO ABHTATbCsl BHYTPH BCEro cocyia.

£)

) b

Puc. 1.9. Ilopulenb u3 noJjo- Puc. 1.10. Koraa neperopoa-

JKenwsi (@) cmeulaeTcst B 10OJ10-
wenne (6), COKuMas ras B nenoii
nonosune cocyna. Ecan Bie-

Ka (a) HeoXHAaHHO YOupaeTtcs,

BCe MOJIEKYJbl B MepBblii Mo~

MEHT OCTaloTcs B JeRofl mno-
NoBuHe cocyaa (6).

3anHO BepHYTh NOPLIEHb B Tlep-
BOHAUaJIibHOe [N0J0XKeHUe, Kak
NOK43aHO Ha PHCYHKe (8), TO
BCe MOJEKYyJabl ¢pa3y nocae
pacWiHpeHust 0CTaHyTCH B Jie-
BO} NOJIOBHHe, B TO BpeMf Kax
npaeas noJiosMHa OGyner nuy-
CTO# .

[TpeanonoxuM, 4TO Yy Hac UMEeTCs H30HPOBAHHAs CHCTEMA ¢ ouend
HEOJHOPOIHbIM pacnpefe/leHHeM MoJeKyJl, a HMEHHO O0JIbiIHHCTBO MO-
JIeKYJl ra3a HaXOAMTCS B JIeBOH [ON0BHHE cocyla, TdK 4TO n cyllect-
BeHHO oTsHyaercss of '/,N. Hac ne unrepecyer cnocol, Kakum ch-
CTeMa OKa3aslachb B TAKOM COCTOSTHUM. 3TO MOXeT ObiThb KaK CIOHTAaHHa%
dnyKTyauusi, BO3HHMKINAs H3 COCTOSIHMA DAaBHOBECHS, TaK H KakKoe-
nubynp BHeminee BosjedcrBue. HesaBucHMO OT MPOWUIOTO CHCTEMBI,
ee noBeleHHe GyleT AaHAJOIMYHO NOBENEHMIO CHUCTEMBI NPH paccachiBa-
HuM 6oabiioil QuiykTyauud. Tak Kak Bce BO3MOXKHBIE CIIOCOOH ABHXKe-
HHA MOJIEKYJ1 B CHCTeME MPHBOAAT K GoJlee cayyaliHOMY pacrpeaesieHnio
‘MOJIEKYJI, TO 3TO paclpeienenHe OyleT CTPEMHTbCA K MaKCHMaJjbHO
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cnyuadinomy. [locme Toro Kak MakCHMAaNbHO cayuwaiiHoe pacnpesene-
HHe JOCTHIHYTO, COCTOSIHHE CHCTeMbl He GYAeT HMETh TEHAEHUHH K H3-
MEHEHHIO, YTO COOTBETCTBYeT Mpefe/IbHOMY COCTOSIHHIO DAaBHOBECHH.
Hanpunmep, Ha puc. 1.11 mokasaHo, uT6 npoH3oiiaeT, €C/IH HEOXKHAAHHO
y6paTh Meperopoaky, pasaeIsomyio cocy Ha ABe paBHsie yactu. Hucuo
MOJIEKYJ] £ B Ji€BOH M0JIOBHHE cocyaa GyfeT MEHATbCS OT HAuajlbHOIO

a) - 5/ 5)

Puc. 1.11. a) fmuk u3 prc. 1.10 cpasy e mocje Toro, Kak 6bira y6pana neperopojxa, ) depes

HeGOMbUIONH NPOMEXKYTOK BPEMEHH H 6) 1ocJse TOr0, KaK Mpoulio AOCTATOYHO MHOTO BpeMeni. Ku-

HOCpuMMa, paccMaTpHBaeMas B oOpaTHOM HanpasdeHHIl, OyAeT NoxasbiBaTek OOpaTHbl MOPsAOR
. 8), 0), a).

sHaueHUs! n = N (COOTRETCTBYIOILETO KpaiiHe HepaBHOMEDHOMY paclipe-
JEICHHI0 MOJIEKYN B COCYAE} JI0 NPeAeNbHOTO COCTOAHUSA PABHOBECHA,
[pH KOTOpoM -1 &= */,N (COOTBETCTBYIOILErO COBEPIUCHHO PaBHOMEDHOMY
pacnpenenentio moaekysa). (Cwm. puc. 1.12 n 1.18))

Taxum obpazom, Mbl NPHILAH K BakKHOMY BBHIBOLY:

Ecan u3ompoBatHas cHcTeMa HAXOAKTCA B KpaiiHe
HEOJHOPOAHOM COCTOSIHHH, TO OHa OyaeT CTPeMHTHCA
C TeUEHHEM BPeMEHH K [MpelebHO CAYualHOMY CO-’ T)
CTOAHHIO (MBI He o0pailaeM BHHMaHMS Ha He(oJbliie
(GIYKTyalHH), KOTOPOe OTBEYAaeT PaBHOBECHIO.

BEIMETHM, 9TO 3TO YTBEPIKIACHHE HHYEro He TOBOPHUT O 8PCMCHU pPEeAQK-
cayuu, T. €. O BDEMCHH, HeoOXO0AMMOM CHCTeme AJIsI BO3BpalieHHd B CO-
CTOAAHHE paBHOBECHA. B 3aBucumocTn OT CBOICTB paCCManHB?JeMOf:i CH-
CTEMbl 3TO BpeMfl MOXKET JICKATh B Npeaesax oT MUKPOCEKYH/ 10 BEeKOB.

Il pumep. Bepremca kK puc. 1.10 u cHoBa paccMOTPHM MK, pasgejeHHsI
neperopoikoit Ha fse pasHble yacTH. Jlerast acTh siuiHKa cofepKHT N MonexyJ rasa,
npasas nycras. BHesanHo, Ho JiHIb YacTHYEO YGepeMm Meperopoaky (puc. 1.13). B atom
OTAMUKE TOTO MBICASHHOTO ONbLITA OT OMbIT3, NOKasauHoro Ha puc. 1.10, rae neperopos-
Ka y6paHa moJHoCTbio. B 060MX ONBITaX HepaBHOBeCHas! CHTYALHs, BO3HHUKIIAA HeMell-
JICHHO Noc/e YAA/IeHUs [leperopoAkH (KOTAa YHCJIO MoJeKya B JIeBOil yactd pasuo N),
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HAUNHAET MEHNTHCH BO BPEMEHH, NOKA YHCJIO MOJIEKYJ B 06EHX uacTsX flliNKa He Bh-
paBuserca (n=x'/,N). Onwit, WamocTpupy>uetii puc. 1.13, orauyaercs or onwta
puc. 1.10 nuub Tem, uTo oH TpeGyeT 6GOJbILETO BpeMeHH AT YCTAHOBJAEHHS OKOHua-
TeNbHOTO paBHOBECHS. :

Heobpamumocme. Y TBepxkenye (7) o3naua-
€T, 49TO €CiH B CHCTeMEe NMPOHCXOAAT H3MehHe-
HUS, TO OHHM NPOHCXOLST B BECbMA Onpeje-
JICHHOM HanpaBJeHuH, T. €. OT MeHee cay-
ualinero k Goaee cJayyallHOMY pacipeieeHHio.
Mut Moxkem Habar01aTh 32 HPOLECCOM H3Me-
HEHHA paclpelel]eHHd MOJeKyad B cocyie
¢ TOMOIEBK  KHHorpamwmbl, [lpeanoaomum

i [/ PN
2 ——

7:7‘
Puc. 1.12. luarpamma nokasblBaeT n3MeHeHHe O Bpele- Pne. 1.13 Tieperopoaxa
HeM gHcJia MoJekya a7 s NeBoil 10JCBHEe fAliHKa Ha puC, BeOKH2auHo nOAHATa, RO He
1.11 pocje NORHATHA neperopoAki. BpeMsi pesaxcaunnn £O KOMLA.

0003HAaueHO UYepes Tp.

Tenepb, YTO Mbl CMOTPHM (PHABM B O6paTHOM HanpawjeHun (T. €. mnpo-
KpyuiBaeM (pHJIbN B HaNpaBJaeHHH, NPOTHUBONOAOKHOM TOMY, B KOTOPOM
CHHMaJHCh NPOLECCHl, NPOHCXOoAsiliHe B cHcTeme). B 3Tom cayuyae mbi
VBHAKM Ha 3KpaHe npolecc, ofpallueHHbil BO BpeMeHH (T. €. mpouecc,
KOTOpbIfi UMe Gbl MECTO NIPH H3MEHEHMH X07a BPEMeHM Ha 0OpaTHbiil).
Kapruna Ha 3Kpade OyIeT BBLINISIIETb BecbMa CBOeOGPA3HO, Mps
YBUJAUM TIpollecc, NMpH KOTOPOM paclpeneieHde MOJeKYJd B CHCTeMe
M3MEHAETCs OT CJYYyaHHOro K YHNOPAJLQYEHHOMY, YTO B AeHCTBHTE/b-
HOCTH MOXHO Habmioaarb kpakine peaxo. [lostomy Tenepb, Habao-
Jias 3a 3KPaHoOM, Mbl MOUTH C MOJHOH YBEPEHHOCTbiO MOMEM CKas3aTb,
YTO (pUJAbM IPOKPYUHBAETCS Yyepe3 NPoeKTop B OOpATHOM HampaBJeHUH.

[T pnwmep. Ilpesnonoxuy, 4To MBI CMOTPHM QHJIbM, Ha KOTOPOM 3aCHAT Npolecc,
HauaBLIKACS B COCY/e Cpasy ke Iocae NOAHSATHA neperopoiku (cu. puc. 1.10). Ecan
fIPOKPYUHBATh GU/IbM B MPANOM HampaBAEHHH, TO MbBl YBHAUM, Kak ra3 6yleT pacnpo-
CTPaHATLCS MO BCEMY o0beMy COCyla A0 TeX NOp, MoKa He 6yIeT ACCTHTHYTO OTHOCH-
TeJbHO paBHOMEpHOe pacnpefedenie MoJekyd (cu. puc. 1.11). Taxoe nosejieuue
raza BaoJHe oOwniuHo. C APYTOH CTOPOHBI, NPOKpyuHBasi (OHJIbA B OOGPATHOM Harpas-
JIeHAH, Mbl YBHUIHM, KaK ra3, PaBHOMEPHO pacnpejeleHHbli N0 Bceny 00beMy, HEOXKH-
JaHHO HayHHAeT KOHLeHTPHPOBATLCA B JeBOH MOJOBHHE COCYAa 10 TeX NOP, IOKa B
npasBoli NOJOBHHE He OCTAaHeTCs HM OAHONI MOJeKyJnl. B AeficTBUTesqbHOCTH Takoil
npoiecc HHKOTAAa He paaonaercs. JTo, OJHAKO, He O3HAYAET, UTO OH HEBOBMOXKEH:
Takoli Ipoilecc NPocTo Ype3BEYaiiHO HeBeposiTeH. To, YTO MbI BUAMM HA-9KpaMe, npo-
KpyuuBasi (uabM B O6paTHOM HanpaBjeHHH, MOIVIO Obl NPOM30OIiTH B ReHCTBHTE/Ib-
HOCTH JHIIL B TOM cjyuae, eCiH Obl MOJIEKYJL! JBHTA/JIHCh IO COBEPIIEHHO OCOGHIM
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TPACKTOPHAM *), 'UTO upe3Bbivaiino ManoBepoATHO: B camom gesie, 5T0 Tak xe Hepepo-'
ATHO, KaK BOBHWKHOBeHHe (AVKTYalMn, NPM KoTopoit n== N (B Civuae, Korjaa ras
pasHOMepHO pacnpefieleH no o6beMy COCYZAa). s

Puc. 1.14. Ha 5TOM IOMOPHCTHYECKOM PHUCYHKe HeoBpaTumbill npouece noxka3zad B 06paTHOM fo0-
psigke. Takaa noc/el0BaTebHOCTE COBBITHIl 8 NPUHIHNE BOIMOXKHA, HO Ype3BhlualiHO HeBepoATHO,
47066l 3TO KOTAA-JHGO CAYYHIOCH.

Hrak, Mbl TOBOpPUM, 9TO MpouecC Heobpamum, ecail OOparHBIH BO
BPEMEeHH Mpollecc (T. e. MpPollecc, KOTOPbIY MOXHO HaG/I0AaTh IIPH Npo-
¢MOTpPE KHHOTPaMMbl B OOPATHOM HAalpaB/eHMH) B JAeHCTBHTEILHOCTH
MOYTH HHKOTJAA He BO3HHMKaeT. Bce MakpockonuyeckKHe CHCTeMbl, He Ha-
XOojsili(Hecsl B COCTOSIHHM PaBHOBecHA, CTpeMATCA NPUOJIU3UTLCH K 3TO-

*) JleficTBUTENIbHO, PAacCMOTPHM MOJIEKYJbl B HEKOTOPBIH MOMEHT BpeMeHH /),
nocJie TOro Kak OHH PaBHOMEPHO pacTpele/InJHCh o o6bemy cocyna. Teneps nonycrum,
4TO B HEKOTODBI TOC/EAYIOUIHI MOMEHT BPeMeHH f, Kax/Jas MOJeKYJ/a 3aHsaa TOYHO
TO e MMoJIoXKeHHe, YTO M B MOMEHT f;, H HMeeT CKOPOCTb, PaBHYIO IO BeJIM4HHe, HO Ha-
TNPaB/ieHHyI0 NPOTHBONOIOKHO, CKOPOCTH B MoMeHT f;. Toraa xaxAas monekysa co-
‘BepuruT obparHblfi MyTh H ra3 caM no ceGe cHOBa cobepeTcs B./1eBOH IOJIDBUHE COCYAA.

-
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My COCTOSIHHIO, T. €. MPUOIH3HTbCA K HaubGomee caydaiiHbIM CHTYAIHUAM.
Orciofla Mbl MOXKEM 3aKJIOUHTb, YTO BCe TaKHe CHCTeMbl BelyT cebsi Kak

 geoOpaTuMEIe -BO BpemeHH. B moBceflHeBHO! »KH3HM Mbl OKPYXKeHBI CH-

- cTeMaMM, KOTopble He HaxolfATcA B COCTOsSiHMM paBHoBecusl. [Toatomy
MOHSITHO, UTO BPeMsi HMEET BHOJIHE ONpelle/leHHOe HalpaBsJeHde, M03B0-
Jsoliiee OTJAHYNTD Ipolllefiliee oT 6yAyuero. Hanpumep, Mbl 3HaeM, 4TO
JIOAH POXKAAIOTCA, PacTyT ¥ ymuparoT. OAHAKO Mbl HUKOTA He CMOXKeM
HabmonaTh npouecce, o0paTHbiil BO BpeMeHH (KOTOPbIl B IpUHIHIIE BO3-
MOXKEH, HO (PaHTaCTUYeCKH HEBEPOATEH), KOrla uesioBeK [OIHHMAeTCs
43 MOTH/IbI, CTAHOBHUTCSH MOCTENEHHO BCE MOJIOKE H MOJIOXKE U 3aTeM HC-
ye3deT BO 4peBe MaTepH.

3aMeTHM, YTO 3aKOHBI, OIperensIoline ABHKEHHE YacTHI[ CHCTEMBI,
He 3a/1a10T HUKaKOro PeuMYLecTReHHOro Hanpas/lenus Bpemend. [pen-
IIOJIOXKHM, 4TO Mbl CHHMaeM KHHOTPAMMY H30/JHPOBAaHHOIO rasa, Haxo-
JSierocs B paBHOBeCHM (CM., Hanpumep, puc. l.4), win paccmarpu-
BaeM BPEMEHHYI0 3aBHCHMOCTh HHUCJA MOJEKYJ A B OJHOH U3 MOJIOBHH
cocyAa {Kak nokasaHo Ha puc. 1.D).

PaccmarpuBast 3Ty KHHOrDaMMY Ha 3KPaHe, MBI HE CMOXKEM YKas3aTh,
B KAKOM HaNMpaBJeHUY TJIeHKA nponyckaeTcs uepes npoekrop. Hanpas-
JleHHe BpeMeHU CTAHOBHTCS ONpeleaeHHBIM TOJbKO B TOM cjydae, €C/H
H2BECTHO, YTO B KAKOH-TO MOMEHT BPEMEHH £, B U30AXPOBAHHON MAKpo-
CKOMHYECKOH CHcTeMe OBLIC OueHb ClelMa/bHOE, HecJdydalHoe paclipe-
nesnennie. OnHAKO, eciu cucreMa Oblla HEBO3MYINEHHO# B Teuenue
OueHb AOJTOTO BpeMeHU H IoNaja B TakKylo CHELHalbHYIO CHTYallUio
B pe3yJbrarte Kpafine peakofl QuyKTyauuu U3 COCTORHKS PABHOBECHA, TO
Mbl ONATL HE MOXKEM CKa3aTb HHMYEro OlpeleseHHOTO O HalpaBjeHHU
BpeMenu. Kak yxxe yKasniBasoch B CBA3Y ¢ nukoMm X Ha puc. 1.8, B sToM
cJyqae cucreMa GyIeT CTPeMHTbCst K Haufodee caydafiHOMy pacnpejie-
JIEHHIO HE3aBHCHMO OT HallpaBJieHHs BpeMeHH (T. €. Kak B cjay4ae, Koraa
IJIeHKa NPOKpYyYHBaeTcs B NPAMOM HalpaBJ/ieHRH, TaK H B ciyyae obpar-
HOTO HanpasJ/eHua npoxpyuuBanua. OTcyeT BpeMeHH Befercs oT ;).
Jpyrum criocofoM, PR [OMOUH KOTOPOIO CHCTEMa MOXKET OKa3aThCs
B OueHb CllennajbHON Hecayuaiinofi cuTyaiuu B MOMEHT f,, siBJsieTcs
B3aNMOIEHCTBHE CHCTEMBI C KaKOH-TO ADYroi cHCTeMOf B MpeAlIecTBYO-
i MOMEHT BpemeHH. B 3TOM c/iyyae MBI MOMEM TOYHO ONPEN&IUTH
HanpapJ/eHue BPeMEHH, TdK KakK H3BeCTHO, UYTO MPEeXIe 4YeM cucrema
©Obl1a OCTaBJeHA B MOKOE, OHa HaXOAWJIach BO B3aUMOAEHCTBHM C PYyroH
CHCTEMON BO BpeMsl, npedulecmsosnauiee MOMEHTY £.

W nHaxonen, cjeiyeT 3aMeTHTb, YTO CTeNeHb HeODPAaTHMOCTH CIIOH-
TAaHHO BO3HHKAIOUWHX IPOUECCOB -MOKET HMETb Pa3/UYHYIO BEJHYHHY.
Hanpumep, ¢ yBeaHueHMeM 4HC/Ia 4aCTHI, CTeNEHb HEOOPAaTHMOCTH BO3-
pactaer, TaKk Kak HPU 3TOM BepOATHOCTb BO3HHKHOBEHHS HecayudaHHOH
CHTYalHH Ype3BbiuaiiHO CHJIbHO YMEHbLIAETCS TI0 CPaBHEHHIO C BEPOAT-
HOCTbK) BO3HHKHOBEHHS CJAY4aHHOH,

[1p nwmep. Paccmorpum cocys, cofiepkaliiiii ONHY MOJIEKY/Y, KOTOpAst ABHKeTCH
# YOPYTO CTAaJKHMBAaeTCsl C €ro CTeHKaMH. EC/H CHATb KUHOrpaMMy TAaKOH CHCTeMbl
4 3aTeM PacCMOTPeThb ee ‘Ha IKPaHe, TO Mbl HHKOTHA He CMOMeM CKa3aTh, B KaKOM Ha-
ApABJNeHHH NJIEHKAa HPONYyCKaeTcs 4epe3 HPOEKTOp.
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[ycrs Tenepb cocyA comepxut N wmodekya maeadshoro rasa. [Ipeanonoxum,
4TO Mbl paccMaTpHBaeM KHHOTPAMMY ra3a Ha 3KpaHe W ofpaujaeM 0cofoe BHHMaHHe
#a Kaapbl, IAe BCe MOJIEKYJIb, NepBoHauaAbHO pacnpeie/eHnsle paBHOMEDHO 1O BCeMy
©06heMy COCyaa, 0Ka3anaHCh B JeBCil 1nosioprHe cocyaa. Kakue moxHO cliefath BHIROBI?
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Prc. 1.17. 3ech nMoKazana BO3MOKHASt OPeABICTOPUA COOLITHI, paccMaTpHBAaeMbIX nia pue. 1,18,
PHCYHKH TIoaydeinl H3 HCXOAHOIO Kafpa j=0 (ua puc. 1.18), Ha KOTOpPOM CKODOCTH BCex copora
wacTHLl (HAXOOSU(HXCS B JIeBOI NOJIOBHRE AWNKA) H3MeHeHbl Ha obpaTble. DBOJIOLHS CHCTEMB BO
BPEMEnH NOKA32HA NOCARAOBATENLHOCTBIO Kajpos j==—1, —2, . ., —8.CKOpOCTH lie YKazansl.
Ecau Teneps npeAcTaBnTh cefe, 4TO CKOPOCTH BCeX YACTHIL HA 3TOM PUCYHKe W3IMEHEHBI Ha NpOoTH-
BOMOJIOKHBIE, TO NOCJAeAOBATeJIPHOCTH KaapoB j=—8, —7, ..., —1,70, 1,. .., 7 (T. e. Kagpta
ma puc. 1.17 a 1.18) npeacTaBasieT cofoit Bo3MOMHOE ABYKeHHe 4acTui, DTO ABUKEHHe, HAYAB-
IIHCh C pacrpefleleHusl MOJIEK Y/, HOKA3AHAOTO Ha Kaipe j=—8, 3aTeM NPUXOJHT K PAYKTyatlHH,
SaKJIOUAIOUICHCst B TOM, YTO BCE MOJIEKYJIB OKa3biBAIOTCS B JIEBOH M0/10BHHE COCYAa (Kamp j==0).

Ecun N = 4, 10 Takue KaJpbl B pesyabTaTe CHIOHTAHHMX QuIyKTYyaiuil OyAYT NOABASATHCA
OTHOCHTeJBHO yacTo. (B cpeiseM Ha OJHOM Kajpe H3 LIECTHAAUATH  BCe MOJEKY-
Jibl GyAYyT HaXoquthCsi B Jienoit nosoBpHe cocyAa.) IToatomy mbl He MOXKeM ¢ noaHo#
YBEPEHHOCTHIO CKa3aTh, B KAKYI0 CTOPOHY NPOKpyunBaercs ¢uinm. (puc. 1.15). . Ho ecan
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N == 40, pacnipesienienye NoJIeKYJ1, TPH KOTOPOM Bce OHH GYAYT HAaXOIHTLCS B JIeBOM
TIOJIOBHHE COCYZa B pe3yJibTaTe CIIOHTAHHOH (UIYKTyaluH, GyleT BOZHUKATh OUEHb pell-
#0. (B cpejiHeM TOIbKO Ha OfiHOM Kajpe 13 28V = 249 &y 101% nul 6ynev naGnionath Takoe

D) ol €} 1) @[ @ @
@0 | e 0 & ©
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19 21 21 9

Puc. 1.18. Kaaput, nmoaydeniibie ¢ NOMOULBIO SMEKTPOHNON BBIMHCAHTENBHON MAIMHED, Aas 40 vac—

THI, MOMELIeHHBIX B #UIMK. HauanoM nocieloBaTe/bioCcTH. KAAPOB ABJISETCH CleuMalbHbl cay-

yajl, KOrAa BCe YACTHULI HAXOASTCA B JeRoil MONOBHHE SHUKA B HOJOMKEHHSIX, NOKA3AHHLIX Ha

Kaape j=0, B MMEIOT HEKOTOPLIE, NPOUIBONABLHO 3UAAHILIE, CKOPOCTH. IBOAIOUUSA CHCTEMbl BO Bpe-

.MeNM [OKazaHna nocjeloBaTeNibHoCTeI0 Kaapos j=0, 1, 2, ..., 7. Uncao vacTul B Kaxk/aoil nosio-
BHHe SIIHKA 3aNHCAHO HETNOCPEACTBEHHO M0J, KaJApoM. CKOPOCTH He yKasaMul,

pacnpefieniesre.) ITosToMy, Korja Mbl BHAMM Ha 3KpaHe TaKylo CHTYAalHiO, TO ¢ gocTa-

TOYHO GONIBIIOH BepOATHOCTHIO MOXKEM CKa3aTh, YTO QHJILM NPOKPYYMBAETCA B o6par-

HOM Halpap/eHHH, a4 JaHHOe pacnpelesieHHe MOJEKYJ €CThb Pe3YJIbTAT HPeleCTBYIo~

uiero BosjeficTeHA. Hampumep, TaKas CHTyalusi MOTJIA BO3HHKHYTb NpPH HCIOMb-

80BaHHH Neperopoiky, IPH NOMOIH KGTOPOH B epBOHAYANbLHLLT MOMEHT BCe MOIEKYTbk

6bi1u coGpaHH B JIeBOi yacTH cocyfia (pHc. 1.17). B o6prunbix yesoBusx, korga N ~ 1029,
.
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Puc. 1.19. Yucsio n 4acTHIL B JieBoil NoJioBHile sMMKa B 3aBHCHMOCTH OT HOMePa KaApa | AAH OT
BpeMelid f==jTo. UNC/I0 HaCTHIL 7 Na j-M Kajpe YKa3aHo ropH3oHTaIbHOIl depToil, uAymei or j o
j+ 1. Cpaduky HASOCTPHPYIOT PHC. 1.15 1 1.16 ang N=4 u puc. 1.17 u 1.18 past N =40 uwacTuuy,
Ho cofep:KaT MHPOPMAUHIO 0 BOJbileM YHUCJe KaApoB, YeM MOKa3zaHo Ha 3THX pHCyHKax. Ilpapas
NOJ0BIHIIA Ka)KAOFO PHCYHKA MOKa3biBaeT IIPHG/AHKeHHe CHCTeMbl K PaBHOBecHIO. Bech pHCYHOK
BANOCTPHPYeT BO3HHKHOBenue peAxoil GAYKTYauw#, BO3MOKHON B COCTOSIMUM  pabloBeCHd.
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Puc. 1.20. Omuocumeasrioe uncno n/N 1aCTHIL B JIeBoil NOJIOBHAeE ALIHKA B 32BUCHMOCTH OT HOMeDa
KaApa j WAH BpeMeH¥ f==jT,. ITH FpadHKH COREPKAT TY Ke URGOpMalHIO, 4To H puc. 1.19
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CIIOHTAHHDbIe (;)JIyKTyaU.HH, NpHBOASLIHC K KOHUEHTpAUMH MOJEKYJ B ORHOH "3
DOJOBKMH COCYAd, HHKOTJAa HE€ BO3HHRAIOT. YBH1aB TAKYIO0 CHTYallul0 Ha 3KpaHe, Mbi
NOYTH C NOJNHOK YBEPEHHOCTHIO MOWKEM CKasaTb, YTO (I)HJILM npoxKpyunBaercs g 06-
paTtHOM HanpasJIeHHH.

1.3. JlononHuTe bHble MPUMEpPHI

Tlpocroit mpumep wuieanbHOro rasa, cocrosimero uz N mosekvJ,
CTONKHYJ Hac cO BCeMH Npob/jeMaMil, BOZHHKAIOWIMMH IIPH HCCJENO-
BAHUH CHCTEM, COCTOSIIIMX U3 MHOTHX wacTHil. B nanbHeillueM Mbl 3aii-
MeMCSl CHCTeMATHUeCKHM pa3BHTHeM H  YCOBepILeHCTBOBaHHEM pac-
CMOTPeHHBIX Kjell. [Tokaxkem BHaya/lle Ha HECKOAbKHUX MPOCTLIX MpHMe-
pax MaKpPOCKOTIHYECKHX CHCTEM, UYTO pPacCMOTpelHble HaMH OCHOBHEI®
HJlen HMEIOT VHHUBEPCAJbHBIA Xapakrep.

Hoearvnan cucmema uz N cnunos, PaccMOTpUM CHCTEMY, COCTOSILLYIO
n3 N uacTul, Kax/as U3 KOTOPBIX UMEeT CMHH, PaBHBIA '/,, B MarHuT-
Hbll MOMEHT W,. TakuMu 4acTHUAMH SIBJSIOTCSI 3/JEKTPOHBI U aTOMBI,
HMEIOIIMe ONMH HellapHbIA 3JeKTPoH, HJIH AApa, HaIpHMep, HPOTOHBL.
Hamuyne y yacTHUBl MEXaHUUYECKOIO MOMEHTa, T. e. CIIHHA, ABJsieT-
cA  KBaHTOBbiM  adexkrom. Tak, Hanpumep, YTBepKIEHHE, UTO
CNHH 4YacTHHL! paBeH 1/,, O3HAYaeT, YTO H3MEPEHHE COCTaBJSIOmeH
MOMENTa KOJI[HecTBa IBHMKEHUST (OTHOCHTEALHO KAKOTO-TO BHIAEIEH-
HOTO HanpaBJjeHUs B [TPOCTPAHCTBE) MOKET JaTb TONLKO ABA BO3MOMKHBIX

3Havenus: 1/ ,h wan —/,h (roe b —

, noctosHHan [lianka, neneHHas Ha
‘ 2n). Tlostomy cnuH JHOO napaie-
, i JeH, aubo aHTHRapaJJieeH BoibpaH-

HOMY HampapJjenuto. [last mpoctoTh
Puc. 1.21. TIlpocrast cucreMa, cocrosulas MB 6y11€M TOBOPUTD, HTO CIIHH opuex—_l-
43 HECKONBKHX YaCTHL CO CHIMHOM, PAaBHEIM THPOBAH 160 «BBEPXY, Jubo «BHHS»*).
R " 100 Prep. Cucrema u3 N uaCTHIL CO CTIMHOM,

paBHRIM 1/,, oOueHb [OXOXa Ha
N HaMarHu4YeHHBIX CTepxKHel, HMEIOWHMX MArHUTHBIE MOMEHT W,, Ha-
npaBJieHHbIA 1160 BBEPX, MO0 BHE3. [1J1f NPOCTOTHI MBI MOXKeM CUHTATD,
YTO HaCTHIbl 32KDEIVIEHbl B KAKOM-TO TIOJOMEHHH NOLOGHO aroMam
B pelleTke TBepAoro teqna **). bynem cuutaTe cucteMy CHOHHOB udeqas-
HOLl, ecn¥ B3aMMOJEHCTBHE MEXKAY HUMH MOYTH OTCYTCTBYET. (JTO BO3-
MOXKHO, €C/IH CpelHee pacCTOsHHE MeXJYy YacTHLaMH, UMEIOIHMH CITHH,
HACTOJBKO BEJHKO, YTO IOJIEeM, CO31aBaeMbIM MarHHTHbIM MOMEHTOM
J1060M YacTHULL B MECTE Paclio/IOKEeHHs APYruxX UacTHL, MOXKHO fipe-
He0peyb.)

*) MarenTHH{ MOMEHT YaCTHIBI MOXKeT GHITb aHTHNapajeleH MeXxaHHYeCKOMY
MOMEHTY (TaK OGBIYHO OblBA€T, KOIJla YaCTHIa WMeeT OTPHLATesbHbIH 3apsa). B stom
ciy4ae, KOTAA MarHHTHBI MOMEHT HampaB/ieH «BBepX», MeXaHMUECKHH MOMEHT Ha-
npasjied «BHH3», H HA06OpOT.

*%) EcJ/In yacTHLL MOT'YT CBOGOHO NepeMeliaThCsl B NPOCTPAHCTBE, TO HX MepeHoe-
HOe [BHXKEHME MOXHO PacCMaTPUBATb OTAE/IbHO OT OpHEHTAUMH HX CHHHOB.
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MneanbHas cuctema H3 N CNHHOB NMOJHOCTBIO OMHCHIBAETCH KBAHTO-
BOil MeXaHUKOH, HO, C APYIodl CTOPOHBLI, OHA AHAJOTHYHA HIEATbHOMY
rasy, cocrosimiemy i3 N modekyJ. B rase kaxjas MosiekyJaa B pe3yJb-
Tate CTOJKHOBEHHI C JPYTHMH MOJEKYJaMH MOMKET 0Ka3aTbCsl Kak
B JIEBOH MOJIOBHHE COCY/a, Tak H B ApaBofl. B ciyyae cucreMbl H3 cny-
HOB HE3HAUUTEbHOE B3aHMOLEHCTBHE KaXKJIOrQ MArHUTHOTO MOMeHTa
€ JPYTUMH MarHUTHBIMY MOMEHTaMH NMPHBOAHT K H3MEHEHHIO ero OpHeH-
Tauuu. [lo3ToMy MarHUTHbIE MOMEHTBI MOUYT OBITb HAlpapJ/ieHbl Kak
BBepX, TaKk W BHH3. B H30JUPOBAHHOM rase B COCTOSIHHUU PaBHOBECHS
MOJIEKYJIa MOXET C pPaBHOH BepOSTHOCTHIO HAXOJUThCS KakK B JIeBOIl
10JI0BHHE COCYa, TaK M B npaBoii. ToOYHO TaK Ke, B c/Iyyae CHCTEMEL CO
CIHHaMH, HaXoisieHcsi B pPABHOBECHH NPH OTCYTCTBHH BHENIHETO Mar-
HHTHOTO [0/, MAarHUTHLIK MOMEHT C PABHOH BepPOSTHOCTHIO MOXKET ObITh
Hanpap/eH Kak BBepX, Tak H Buuz. OBo3HaunM uepes n YHCIO CHHHOB,
Hanpap/eHHBIX BBepPX, a yepes 71’ — YHCJO CIIMHOB, HAlPaBIEHHBIX
BHH3. B paBHOBecHH HauboJlee ciyuaiinas CHryauusi, koraa n~n'=~/,N,
Oy.1eT BO3HHKATb O4YeHb 4acTO, B TO BpeMs Kak (GWyKTyanHuH, MpH KOTO-
PbIX 71 3HQUUTEABHO OTIHYaercss ot Y/,N, 6ymyr peakn (u ectu N
BEJHKO, TO HeCJyyailHble CHTYallHH, [PH KOTOPHIX 7 3HAYHTEALHO OT-
Jauyaercs or }/,N, nourn Becerfa OYAYT SBJASATbCA Pe3YJabTaTOM BO3-

- JICHCTBHSI Ha M30JHPOBAHHYIO CHCTEMY CIHHO CO CTOPOHBL ApVIOH
CHCTEMBI). .

Pacnpedeaerue suepeuit 8 udeaasrost ease. PaccMoTpuM OnsiTh H30-
JHPOBAHHLIA HAeaJbHbill ras, cocroawuit U3 N mosexkya. Mbl OpHIIH
K OO0LeMYy BBIBOLY, YTO COCTOfiHNE pPABHOBECHS, XapaKTepusyolieecs
HE3aBHCHMOCTBIO pacipeieleHuss MOJIEeKYJ OT BpeMeHH, J0CTHraercst
CHCTEMOH I0CJI€ JOCTAaTOuHO GOJBHIONO MPOMEXYTKA BpPeMEeHH, HeoOXo-
JHMOFO VI YCTaHOBJICHHSA Haubosee ciaydaiiHoro pacnpenesieHus. B Ha-
HIHX OPEALLAYIIHX DacCyxAeHHSIX Mbl OOpalla/iM BHHMAaHHE [JIABHBIM
06pa3oM Ha MoJoKeHHe MOJeKYJ. DBL10 nokasaHo, UTO COCTOSIHHE PaB-
HOBeCH# Iasa COOTBETCTBYET HaHnGoJ/ee CyUyalfiHOMY paclpeleseHHIO MO-
JIeKyJ B IPOCTPAHCTBE, T. €. CYULeCTBEHHO OJHOPOLHOMY pacrpeliele-
HUIO MOJIEKYJ 110 o6beMy cocyxa. Ho yro moxHO CKa3aTb 0 CKOpOCTSX
Moaekya? Ham caeryer BOCMONIb30BaThCA (PVHAAMEHTAAbHBIM 3aKOHOM
MeXaHHKH, YTBEp:KJIAIINM, YTO €CJH ra3 mpeicras/sier cofofl Hzoau-
POBaHHYIO CHCTEMY, TO €ro MoJHas 3HeprHs L Jo/nKHA ocraBaThed MO-
croannof. [lonnas suweprust raza E paBHa CyMMe SHEepruii OTJAe15HbBIX
MOJIEKYJI, TaK KakK MOTeHUHaJbHAaA 3JHEPrusl B3aMMOAEHCTBHSI MEXKIY
MOJICKYJIaMH  [1peHeOpexxumo Masia. [1osToMy OCHOBHBIM HHTEpecylo-
MM Hac BOIIPOCOM $IBJsIeTCS pacripejefeHye IOJHOA 3HEpPTHH rasa
N0 OTAEJbHBIM MOJIeKYJ1aM. (DHEeprus € OfHOATOMHOH MOJIeKYJIbl IIPOCTO
paBHA KUHETHYECKO[ sHepruu e==1'/,mv?, rie m — Macca, a v — CKO-
POCTb MOJEKYJbl.) MOXKeT CAYYHTbCS, YTO Y OAHUX MOJIEKYJ 3Heprus
6yJler oueHb BeJNHKA, a Y APYrux odeHb Mana. Ho Takas euryauus sis-
JIAETCS HCKJIOUHTE/NbHON M HE COXPaHsieTCs JOJT0, TaK KaK MOJIEKYJIBL
CTaJIKUBAIOTCH, OOMEHHBAfiCh NpH 3TOM 3Hepruefi. B KOHIE KOHLOB
OyleT NOCTHTHYTO COCTOSIHHE DaBHOBECHS, He 3aBHCALIEe OT BPEMEHH,
KOTja pacnpejeieHue nojHolfi sHeprud rasa OyAeT HauGodee ciy-
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qaiiHeiM. - Ka1ast Mosiekyna 6yler uMeTb B CpelHeM OIHY H TV XKe
SHEPTHIO U OfiHY H Ty K€ CKOpoCcTb *).

B 3aknioyenne 3aMeTHM, 4TO NOCKOJbKY BCE HAINPAaBJIeHUs ABHKEHHS
B TIPOCTpPAHCTBe PaBHOBEPOSITHHI, TO Haubojee cAyyaHHBIM pacnpeiene-
HUeM CkopocTell OyAeT TaKoe, KOTAa Jl000oe HanpaB/eHue JBHXKEHHUS
MOJIEKYJ/] PaBHOBEPGSITHO.

Koaebanus masinnuxa 6 eaze. PaccMOTPHM MasTHHK, HaXOASTLIMECS
B COCYZe, HaloJHEHHOM HAealbHBIM TasoM (puc. 1.22). B orcyrcrsue

a) I} )

Pue. 1.22. Konebauns MagTHHKa B rase: a) cpasy xe noClie Hauana KoneGaHuil, 5) Yepe3 HEKOTOPO®
BpeMst M g) mocsie OdeHb GOJBIIOrO NpoMekyTka BpeMeHH. Kunorpamma, npokpyueHHas Hasad
6yAeT NOKA2bIBATh OOPATHYIO MOCJEJ0BaTebHOCTL KaApOB, T. €. 8), 0), a).

rasa kosie0aHHS MasiTHUKAa IIPOAO/DKAJHCH Obl GeCKOHEYHO J0JTO Ge3
M3MCHEeHul ammauTyel. (Mbl npenefperaeM TpeHHeM B TOuKe HOABeCa
MasiTHHKa.) [lpn Hamuuwu rasa monoxeHue pesko meHsercs. Modeky-
JBI Ta3a NOCTOSHHO CTaJKMBaloTes ¢ rupell mastHuka. [lpn kaxiom
TaKOM YyJape TpPOUCXONUT OOMEeH 3Hepruedl Mexay Tuped MasiTHHKaA
U MoaekyJsamu. K uemy npusenyr 3TH yAapbl? Mbl OTBETHM Ha 3TOT BO-
IpoC, UCHOIb3ys OOLIMe NPHHIHUIB ¥ He paccMaTpuBas JETalbHO IIPO-
necc coynapenus **), Tak kak cucremMa H30JHpOBaHa, TO CymMMma 3Hep-
run MasatHuka E, (KHHeTHueckasi IUIIOC [OTeHLUHasbHasl) M NOJHOH
SHEPTHH BCeX MOJeKYJ rasa E, JomxHa ocTaBaThesi NocTosHHOH. Ecau
SHeprus MasTHHKa IepelaeTcsl MoJeKyJ/aM rasa, To OHa pacripeleanrcs
MEXKAY MHOTMMH MOJIEKYJIaMH CaMbiM Pas/jH4BbIM CIIOCOGOM M VXKe He
6yIeT NOJHOCTHIO 3aKJIOUeHa B THpe MasiTHHKA. Pesyabrarom Takoro
B3aHMOJEHCTBHSI OyAeT MaKCHMaJbHO CJAY4YaHHOe COCTOSIHHE CHCTEMBI.
Tak Kak H30JMPOBAHHAS CHCTEMa CTPEMUTCS K 3TOMY -COCTOSIHHIO, TO
MasTHHK TIOCTEIIEHHO OTHAAeT BCIO CBOK 3HEPTHIO MOJeKky/am rasa,

*) D10 He 3naydt, uTo B JIOGOH MOMEHT BpeMeHH 3HeprHsi MOJeKyJe 6yJeT ofHa
¥ Ta xe. B pe3ysnpraTe CTOJIKHOBeHHSI C JPYFHMH MOJEKYJaMH SHEpPIusi OTAeJbHON
MOJIEKYJIbl MOXKET JOCTATOYHO CHJIbHO (UIYKTYHPOBATHL C TeueHHeM Bpemenu. Ho xorja
Mbi HaGJI0faeM 32 NOBeJ€HHEM MOJIEKYJbl B TeueHHe 3HAUHTEJbHOIO HHTEpBasia Bpe-
MeHHU 7, ee CPEAHsisl SHEPIHs B TeYeHHe STOro HHTepBana OyzeT Takou )Ke, KaK H Y JI0-
6ol APYrofi MOJIEKYJibl. '

*%) Ilpu ZeraipHOM PACCMOTPEHKH MpoG/ieMbl OKa3hiBAeTCsi, YTO MASITHHK wyalie
CTA4JIKHBAETCS! C MONEKY/IaMH, PACTIONOKEHHHIMH Ha TOH CTOpOHE, Kyld ABHKeTCs THPS,
ueM C MOJieKYJIaMH Ha NpOTHBONOJOKHOH CTOpoHe. B pesysbrare WHC/IO CTOJKHOBe-
Hufi. npH KOTopmx MaATHHK OTHAET SHEPTHIO MoJekyjaMm, Oyer Oojbuie 4Yucaa
CTOJKHOBEHHI, . IDH KOTOPHIX OH ee NpuobpeTaeT.

40



¥ AMINIMTYAa ero KoJeGaHHA MOCTENEHHO YMeHbliaeTcs. 310 onsiTh
nmpHMep THHHYHOTO Heob6paTumoro mpouecca. Ilocie Toro kaxk Oyiaer
JOCTUTHYTO COCTOSIHHE DaBHOBeCHSI, MasTHHK INOBHCHET BepPTHKAJILHO.
Ilpn »TOM, 0AHAKO, BO3MOXHBI OUeHb Hebo/bluue Ko/eDaHuHs OTHOCH-
TEeJbHO IOJOMXKEHHS1 PaBHOBECHS.

Paccmorpum onuH HuTepecHbtil npumep. Ecap npm wauaneHo#f He-
cJyualiHOH CUTYyalluM 3Heprus MasTHHKA JAOCTATOUHO BeJHKa, €€ MOXKHO
HCIO/Ib30BATh /151 BBUIOAHEHHA NOJe3- :

Holi paborel. Hampumep, rups MasaTHH-
Ka MoxkeT 3abuTh rBO3Ib B JePeBO
{puc. 1.23). Ilocae nocTHKeHNsT PABHOBe-
CHSl 3Heprusa MasTHUKA paclpele/]nTca
MeXKIly MOJIeKYJiaMu rasa, U Mbl He CMO-
JKeM BOCIO/1b30BATHCS €10 /1l BRITOJIHe-
HHSl MoJe3HOH paboThl, Hanpumep, Aas
3abuBanus reozifd. Hrtobnl coseplIMTb
Takvio palGoTy, Mbl IO/IAKHBI 00/JalaTh B
METO/IOM, KOTOPbIA MO3BOIMA Obl CKOH- . ) oo Verpolicrao, moasonsoes
HeHTpHpOBa’]‘b SHGPI‘H}O, pacnpeﬂeﬂe]—l- ACTIONB30BATh SHEPTUI0 MANTHHKA ANS
HYIO CJy4YalHbIM 00pasoM Mexay Mo- 3‘3:?.?:&:Hsﬂasggggi”?élofaisogbﬁegé%f
JeKyJaaMH rasa, ABHXKYILIHMHCA BO MHO-

X HanpapbAeHHAX. DTO 3HAYUT, YTO HYKHO HaiiTH crnocold 3acra-
BUTh MOJEKYJIbl CMECTHTLCS HA 3HAUUTEJIbHOE DAaccTOsiHHe B OJHOM
HaMnpasJIeHHH.

1.4. CBoiicTBa PaBHOBECHOT® COCTOSIHMSA

ITpocmoma  paenosecroeo cocmosimus. W3 paccyxaennit, rnpuseien-
HBIX B NPelbliyILHX ndparpa(bax C/Ie1YeT, 4TO PABHOBECHAs] CUTYalHUA
B MaKPOCKOMH4YeCKOH cucTeme ocobenHo npocta. [lpuununst stofl npo-
CTOThl 3aKJIOUAlOTCH B CJENVIOUIEM:

MakpococTosiHHEe CHCTeMBl, Haxodflleidcst B pPaBHOBECHH, He 3a-
BHCHT OT BpeMeHH (3a HCKJ/IOueHHeM BCeria CyHIeCTBYIOWNX (uyKTya-
LHHA) U NOYTH BCeraa MOXET ObiTb ONUCAHO HECKOAbKHMH MaKpOCKOIH-
YeCKHMH TNapaMeTpamu, T. €. NapaMeTPaMH, KOTOpPHE XapakTepH3YioT
CBOIICTBA cUcTeMbl B Go.ibluoM macuiTabe. (ITpumepom Takoro makpocko-
NUXYECKOT0 MapaMeTpa MOXET CAYKHUTb UHCIO 1 MOJEKYJ, HaXOAIHXCS
B JIeBOH moJoBHHE cocyAa ¢ rasoM.) Korza cucrema Haxoauwrcs B co-
CTOSTHMH PaBHOBeCHS, CPelHHe 3HAaYeHHA MAKPOCKOMWUYECKHX MapaMer-
POB OCTAIOTCSi NOCTOAHHBIMH BO BPeMEHH, OIHAKO CaMH [apaMeTphbt
MOTYT (MIVKTYHPOBaTb (OOBIYHO OUEHb HE3HAYHTENBHO) OTHOCHTENbHO
CBOMX cpennux 3HauyeHui. [losTOMYy paBHOBECHOE COCTOSIHHE CHCTEeMbl
npotite Goslee oOLIerv c/y4as HEPABHOBECHONO COCTOAHUS, KOIAA HEKO-
TOpble MAaKPOCKOIMYECKUE MaPAMETPhl H3MEHSIOTCS CO BpeMeHeM.

2. MakpococTossHHE CHCTEMB! B DABHOBECHH ABJISETCS, €CJIH HCKJIO0-
uuTh QAYKTyanud, HauboJee €1y4aiiHbIM MaKpOCOCTOSIHHEM CHCTEMBI,
HaxoJslllelicsi B ONpejeJeHHbIX yC/oBMsiX. Takum oGpasom, cucrema,
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HaxXoAswWascs B PaBHOBeCHM, XapaKTepHayeTcs OAHO3HauyHo. B wvacr-
HOCTH, CKa3aHHOE HMeeT CJERVIOMHH CMbICA: -

a) PaBHOBecHOe HMaKpOCOCTOSIHHE CHCTeMbl He 3aBHCHT OT ee
npeibicTopHH. PaccMOTpHM, HallpUMep, H30JIMPOBAHHLIN Ta3, COCTOSILLMH
u3s N Mosekys ¥ 3aK/JIOYCHHBIH B HeKOTOpOM siuke. [lepBoHauajbHO
MOJIEKYJIbI MOTJIH OBbITH 3anepThl NPH MOMOLLH IePeropojikH B OfHOH Iio-
JIOBHHE SIILHKA WJIH B OAHOH €ro ueTBepTH (IpeAnoJiaraercs, Yro noJHas
9HEPTHA MOJEKY/ OAHA M Ta ke B Jo00M H3 3THX caydaeB). OgHaxo,
nocje TOro Kak Obiia yOpaHa meperopojka H JOCTHIHYTC COCTOSIHIE
paBHOBeCHSl, MAaKPOCOCTOSIHHE Iasa CTAHOBUTCS OIXHHM H TeM 2Ke AJA
M060ro U3 JIByX CJAYyYaeB H COOTBETCTBYET PABHOMEDHOMY pacnpelese-
HHIO BCEX MOJEKYJ MO 0&beMy cocyjd.

6) PaBHoBecHOe MaKpOCOCTOSTHHE CHCTEMBbI MOXKET OBbITh NOJHOCTBIO
ONIHCAHO IIPH TOMOIUH HECKOJbKHX MaKPOCKOIIHYECKHX IapaMerpos.
B xauectse mnpumepa CHOBA PACCMOTPHM H30AHPOBAHHBI Ta3, cOCTOsH-
IHi u3 N ONUHAKOBBIX MOJEKYJ M 3aKJIUeHHBIH B siLHK. [Ipeanoso-
2KHM, YTO O0BbeM SIHKa paBeH |/ U I0JiHas 3HeprHus MoJeKkyJ pasHa E.
Ecai raz HaxoHTcst B COCTOSTHHH PaBHOBECHSA, TO MOJIEKYJbl JOJ/KHbI
ObiTh DABHOMEPHO pacnpefiejeHsl no BceMy ofbemy V u B cpensem
JONZAHBl TIOPOBHY AEJNHTh Mexjy coboil noauyto snepruio E. Ilosromy
3HaHUA MaKpOCKOIHYeCKHX napameTpoB V u E J0CTaTOYHO [T YTBEpIK-
JIeHHH, YTO cpelHee YHCJAO MOJEKYJ 7, HAaXOAAWHXCA B KaKOH-TO

gacty ofbwvema V,, passo fi;=~N(V V), u uto cpenusist sHeprus e, npu-
XONAUIAsACS HA OIHY MOJeKyJay, paBHa e=FE/N. Ecan xe ras ue Haxo-
JUTCSE B PABHOBECHH, TO CHTyallHst Oyjer 3HauutensHo cioxHee, Pac-
IIpelleieHHe MOJieKYJl B 3TOM CJIydyae MOXKET ObiThb OUeHb HEPaBHOMEPHbIM
W 3HaHWS TOJAHOTO YHCAA MoJeKysd N B COCVAE YyiKe HEAOCTATOUHO
JUlsl onpefieJieHus] CpeHEr0 UHCAAa MoJekya A, B J0G0H uactd 0Gb-
ema V..

Bosmumnocme nHabaiodenun paysmyayuii, PaccMOTPHM MaKpOCKO-
JIHYECKHH Tapamerp, KOTOPHIl OIHCBHIBAET CHCTEMY, COCTOAIRYIO 13
MHOTHX 4acTHL. Ecau YHCJI0 4acTHIL OYeHb BeJHKO, TO OTHOCHTE/IbHAA
BeJHuKHa (QJYKTYallwil 3TOrO napameTpa OueHb MaJja, W MOYTH BCErla
€10 MOYKHO npehebpeub IO €PABHEHHIO CO CPEIHHM 3HAuYeHHEeM Tapa-
meTpa. [losromy, uMes Aelo ¢ GOJBUIMMH MAKPOCKOIHYECKHMH CHUCTe-
MaMil, Mbl OGBIYHO He OCO3HaeM (aKTa CYLleCTBOBaHMA (JyKTyailHil.
C npyrofi CTOpOHBL, BCeTAa CYHLIECTBVIOULe QJIYKTYAlLHH MOTYT OblTh C
JETKOCTBIO . ofHapy:Kenbi M HMeThb 00JibllIoe NPaKkTHYeCKoe 3HaueHwne,
€CJH MaKpPOCKOIHYECKast CHCTeMAa JAOCTaTOYHO MaJja HJM €CJH Mbl pac-
110/1aTaeM JIOCTATOUHO HYBCTBHTe/BbHBIMH MeTolaMH Habawogenus. He-
CKOJIBKO paccMaTpuBaeMbiX -JaJfbllle HPHMEPOB IOACHAT CKa3aHHOE.

ParyxkTyauHuH NJOTHOCTH B I ase PaccMorpum: HieanbHblll ras,
HaXO[AUIHICS B PABHOBeCHH H COCTOSILMA H3 GOIBUIOTO YHea1a N. MOJEKYJ, 3aK/04eH+
HbIX B o6beme V. CKoHUEHTPHPYeM Hallle BHHMAHHE HA YHC/E MOJIEKYJ g B HEKOTOPOM
Bhjie/IeHHOM OObeme V o BHYTPH cocyha. 310 YHCIO ng (AYKTYHPYET BO BPEMEHH OTHO-
‘CHTeJIbHO CPeJiHEro 3HaueHHsd ' :
ng= ‘-Vé N,
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¥ BeIHYHHA QAYKTYaLHH B JIO0OH MOMEHT BPeMelH onpele/sieTcs BEJHYHHON pasHocTH
Ang=n;—nj.

Ecan Mbl paccMaTpuBaeM B KauecTBe BBLIJEJEHHOTO ofbeMa JIEBYIO MOJOBHHY cocyia,

ToVo= 12V 1 ng="1 N. Ecn N BeJHKO, TO CpejHee YHEIO0 MOJIEKYJ N TAKKE BEIHKO.
B cootBercTBUN CO CKasaHHbIM B 1. 1.1, yacto BosHMKalouiMe (WIYKTYauuy GyayT ue-
BesinKH, Tak uto |Ang| Lng.

Tenepb NMpeanosoKHM, UTO Mbl XOTHM HCCJIEOBATh paccesiHie CBETA BELLeCTBOM.
Ham Hy»xH0 3HaTh, 4TO CAYYUTCH B 3JemeHTe ofhema Vg, JHHeliHble pasMepbl KOTOPOTo
OJIHOTO NOPSAKA C JJHHON BOMHBI cBeTa. J[IHHA BOJHLI BHAHMOIO cBeTa (OKOJIO
5-10—5 car) 3HauuTeIbHO OOJbIUE ATOMHRIX PAa3MEpPOB, H TAKOH 3JIEMEHT 06beMa elile 5iB-
JIIETCST MAKPOCKONHYECKHM, XOTst caM 110 cele ovenb Masl. Ecay YHCHO MOJIEKYJ B Kax-
JOM TaKoM 3JeMeHT2pHOM o0beme OIMHAKOBO (UTO CNpaBeiyIHBO B CJAyYae THEpAOTO
Tea, Hampumep, CTek/da), TO BellecTBO NPOCTPAHCTBEHHO OXHOPOAHO M GYAET npocTo
oTpaXkaTb NY4YOK CBeta Oe3 pacceanusn. Ho B ciynae HieanbHOro rasa cpelHee yucio

MOJeKYH fig B TaKOM HeGOMbUIOM ofbeme Vo oueHb mMand u GaykTyauusamu Ang uncaa
MOJIEKYA ng BAYTPH 00beMa Vg yike nean3si Hpenefperats 110 €PaBHEHHIO C BeJIHHHHOH
ng. llosToMy MOXKHO OXKMAATH, UTO ra3 OvieT B 3HAUUTENbLHON CTeleHH pacceBaThb
najaloliui Ha Hero ceer. B camom ge- .

Jie, TO, 4TO HEOO He BLITASAHT YePHLIM, Aepreament
06DbICHSETCS TeM, 4To cBeT oT Coanua

paccenpaercs MoJeKyJasi Fras3a B ar-

mocdepe. Taxkun  ob6pasom, roay6oi

uBeT Hefa — SIBHOE [10Ka3dTeTbCTBO

BayKHOTO 3HAuYEHHsT (PAYKTYaAUHRM. Jeprano

PAYyKTYAUHH KPYTH b
HO&I'0 MadgTHHKa. PaccMorpum
TOHKYIO HHTb, 3aKPeVICHRYIO MOXAY  Fzmmyrysffy -
ABYMSL JIepHATENSIMR (WIH 32KPENet-  gymr 0,
HYIO TOZIbKO BBEPXY M CBOGOJHO BH-

CANLYI0), K KOTOPOH ripuKkpensero sep-

kaq0. Ecju noBepHyTb 3epKajo Ha He-

KOTOPBIH y’rOJI,\HHTb 6yAeT coBeplIaTh Puc. 1.2¢. pr'rn.nbm?u‘i MASITHRK, COCTORUIHNA
KpyTLIe KomeGainn. Bos ora on- I IOWKON T epwara, [1yson enera, eapi-
cTeMa  SABJASETCS  KPYTHJIbHBIM — Ma- BODOTA.

aTHHKOM. Taxk Kak KpYyTHJbHBE KO-

Jgefaiids HUTH MOTYT ObiTh O4eHb Ma-

JBI, & € [OMOWLbIO NYYKa CBeTa, OTPAKEHHOro OT 3epPKajd, MOXHO JIerKO ofipe-
HeUTh ero  HeGoJbllde YIJIOBLIC RepeMelleHHsl, TO Takas cHcTeMa OGBIYHO HCIIOJNb-
3YETCSl AN YYBCTBHFbILIX H3MepeHnii HeGOMbUIMX MOMeHTOB KpyueHns. Hanpumep,
KPYTHJIbHbI{l MasTHHK Obll HCnosb3osad Kapenmumem Ansi onpegeneHns rpaBHTally-
otiHofl nocroatnofi H KyJoHOM st onpeneieHusl MeKTPHUECKHX CHJ, AefCTBYIOLIHX
MEXKIY 3aDs2KeHHBIMU TeJaMH.

Koraa 4yBCTBHTEILHBI KPYTHILHLI MAATHHK HAXOIUTCH B PABHOBECHH, €ro 3ep-
Kajlo He ocTaercd HenoJABHKHBIM. MOXHO 3aMeTHTb, YTO OHO COBepluaeT HeJoJblliue
yrJioBble KoseGaHHsl OTHOCHTENbHO CPeJHero paBHOBECHOIO MOJOXKeHUs (TO e camoe
Ml Habaonany 8 1. 1.3, KOTaa o6biYHBI MAATHHK MCIBITHIBAJ HebOoMbIIHe (VMYKTyalnu
OTHOCHTEJIbHO CBOEro PaBHOBECHOrO BepPTHKAJBHOrO fOJOXeHHs). ITH PIyKTyauun
OOBIYHO ObIBAIOT Ebi3BAHbl B3ZHMOAEHCTBHEM MOJEKYJ BO31yXda C 3epPKaIOM.

DJIyRTYallHd YMeHLIAIOTCS, HO He HMCYe3aloT Jaxe B TOM CAYdae, KOTAA MOJIEKYJ
He GYIeT, T. e. ec/H CHCTeM3a HaxoiuTcsa B Bakyyme. B sTom cayuae nonuast sueprus
KPYTHJILHOrO MasiTHWKa OyIleT COCTOATh U3 ABYX dacTeil: u3 sueprun £, onpeneasiemoit
YIJI0BOH CKOPOCTBIO IBHXKYULErOCs 3epKaja, ¥ sHeprud E;, onpejeiseMoil BHYTPeHHHM
JBIXKEHHEM ATOMOB 3epKaJja H HUTH. (ATOMBI MOTYT COBepIlaTh HeGoMblIHe KOJieGaHuUs
OTHOCHTE/IbHO CBOETO NOJIOKeHUs B TBepaoM Tesne.) Tak Kak nosinas aueprus E,-E;
OCTaeTCsl NOCTOSIHHOH, (QAYKTYAlUHH CBA3aHLI C pacmpefefeHueM 3TOH 3HEPTHH MeXIYy
E, u E;. Jlio6as ¢aykryauus, npH Koropoii E, yBelHuuBaeTcs 3a cueT BHyTpeHHel
HePrHH ATOMOB, NPHBOJHT K BO3PAaCT4HHIO YFJIOBOH CKOPOCTH 3epKaga, ¥ HaoGopor.
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BpoynoBckoe ABukeHHe yacTHU Ecinm MmaleHbKHe TBepibie
4YacTHUbLl pasmepoM nopaaxa 10~4 cax NOMECTHTL B KAIIO XKHAKOCTH H HaGMIOKATh MX
JBH)KeHHE TOX MHKDOCKOMOM, TO OKa3blBaeTcs, YTO UACTHILLI He HAXQAATCA B IOKOe,
a JIOCTOSIHHO IBHXKYTCS B PA3HLIX HanpaBleHHAX. DTO sBjdeHHe NOJYUHJO Ha3BaHue
GPOYHOBCKOrO JBHXKEHHAs B 4ecTb aHIVIHICKoro GoTaHuka BpoyHa, KoTopbiil BnepBbie
HabMI0Aa/l ero B NIPOLITIOM Beke, HO He NMOHsT €ro IpHYHHbL Todpko B 1905 r. Diin-
wrefin o6bACHIA GPOYHOBCKOE JBHXKEHHE CAYYaHHBIMH QIYKTYyalHsNM, BO3ZHHKAIO-
ILHMH B COCTOSIHMM papHopecus. JIBHxkeHHe TBepAbIX UacTHI NOABEprKeHO Bo3eficTBUIO
GIYKTYauuil cHabl, NOSIBJASIOHIENCS B Pe3yJabTaTe MHOTHX CAYYAHHBIX CTOJKHOBCHHIT
YACTHIL C MOTeKY1aMH XKHAKOCTH. Tak KaK YacTHUL! HMeIOT HeGobILOol pa3vep, TO YHCI0

I
)

LN o Bzod
3 4 R Beizod
e ‘ Yewnumens eyennoepa
o =
“n®
<= p ,
\\"‘N“w % Puc. 1.26. ConpoTurieHne R MNOAKJICUEHO KO
] 1y BXOAHBIM 3a)KMMaM YYBCTBHTeJBLHOIO YCHAHTENS,
/1 e BBIXOJ KOTODOro IojaH Ha ocuuasorpad.
P s
N
»
U
-3
5107 Ttm

Puc. 1.25. Habawonaemoe 101, MHKpo-
cKonoM OpOYyHOBCKOE ABMIKeHHe va-

CTHI, B3BelleHHHIX B KallJie  BOABL. Puc. 1.27. Qororpagus  wymos
Juamerp vacrtuy 10—* cu. Ha sroit BBIXOAHOFO HANpPsXKEHUA, CHeNdH-
AdarpaMme DOKasaHno HOJAOMKeHHe yYa- Hasg ¢ JOMOUBIO CXeMBl, TIOKa3aH~
CTHL B 110Ji€é 3peHHs] MHUKpOCKona ye- “holt na puc, 1.26,

pe3 Kauibie TPHANATL CEeKYHA.

MOJIEKYJJ, B3aHMOJeHCTBYIOWMX ¢ HHMH B eIHHHIY BPeMeHH, Takxke Masd, M COOTBeT-
crBesiHo GuykTyauun Beauxu. CiefyeT TakiKe 3aMeTHTb, YTO Macca YacTHULI Mana
M CTOJKHOBEHHE C MOJEKYJOH MOIKET 3aMETHO H3MEHMTb JBHrKCHUe uacTuubl. Pesyan-
THpYIOUEe cayuaiiHoe ABMMKEHHe UYACTHUB! IIOITOMY Jerko Ha6/i0JaTh.

OryKTYyanuH HanpaxeHHss Ha conpoTubBAdernnu Ecmm
3/1EKTPHYECKOE COMpPOTHB/IEHNe NPHCOSIMHHTb KO BXOXY UYBCTBHTEJIbHOIO 3J1€KTPOH-
HOr'O YCHJINTENs], TO Ha €ro BHIXOJE MOMHO Hab/lI0Jath cayyaiinbe QUIyKTyauus Hanps-
ke, Ecau mymamp camoro YCHHTENS MOXHO HpeneOpedb, TO 3TH (AVKTyanun
BBI3BAHEI CAYUAHHBIM GPOYHOBCKUM JBHAKEHHeM 2JIeKTPOHOB B conporHBaeruH. [Ipen-
JIONIOKHM, HaPHMep, 4TO TaKoe JBHMKEHHMe 3/]1eKTPOHOB HPHBOAUT K (LIVKTYauHH, NpH
KOTOPOH UHC/IO 37eKTPOHOB B OJHON YACTH CONPOTHBJIEHHS CTAHOBHTCA GoJblle, YeM
B Apyroil. BosHuKapouwas TakuM 06pasoM Pa3HOCTb 3apsiioB BBI3LIBAET JEKTPHYECKOE
11071¢ B COTIPOTHBJIEHHH W' Pa3HOCTb NOTEHIMAJIOB MEXAY ero Konuamu. Bapuauuu stoit
PazHOCTH [OTEHIHANOB U 06Pa3yioT PAYKTYAlUKH HANpPsKeHHs!, KOTOPHE YCHAUBAIOTCK
BJIEKTPOHHBIM NPHOOPOM.

dyKTyalnun MOTYT HMeTh GOJIbLIOE NpaKTHYeCKOoe 3HaueHne, Hx
HEOGXOJUMO HMeTh B BHIY NPH M3MePEHHH ClaGhiX CHTHA/OB WJH 3~
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)EKTOB, KOTOPhIE MaJO OTHYHMBL OT (PJAYKTYaLHil caMoro H3MepHTe/be
Horo npubopa. (Takue Qayxryannu, cosjaBaemble IpHOOPOM, Ha3bl-
BAIOT 1YMaMH, TNOCKOJBKY OHH 3aTpyAHSIOT H3mepenHs.) Hanpumep,
KPYTIJIBHBIH MasiTHHK TPYJHO HCIIOJAB30BATH JUIst H3MEPEHHS! MOMEHTOB,
BHAUNTENBLHO MEHbIUMX, YeM MOMEHTh, CO3/aBaeMble BHYTpeHHUMH Py K-
TyaUHAMH CaMOH M3MeplUTelbHOH cHCTeMbl. TOYHO Tak Ke, B CJjyyae
CONPOTHBJEHHS, MNPHCOEIMHEHHOTO K YCHJIMTENO, TPYAHO H3MEPHTh
HaNpSIKeHIe Ha COMPOTHBJEHHH, €CJIH OHO MeHbllle, YeM BeIH9HHA BHYT-
peHuUX (GAYKTYalluii Hanpsi?keHHs, KOTOpble BCeriad CyIIeCTBYIOT Ha
€anMOM CONpPOTHBJICHUH *), : ‘

1.5. Tenjota u temnepatypa

HeuzosinpoBannble MakpocKONHYeCKHe CHCTEMB! MOTYT B3aHMOIEH-
CTBOBaTh W OOMenuBATLCA Hepruefi. OIHHM W3 MPOCTHIX OYEBHAHbBIX
TIPUMEPOB TAKOTO B3aHMONEHCTBHY $B/SACTCH COBepilielne MaKpOCKO-
niudeckoil pafoTst 0:HOI cHeTeMoll Han Apyroft. Hanpumep, Ha puc.1.28

ks .

Puc. 1.28. Koraa noplienb cMe- Puc. 1.29. Cxatwiit raz A’ co-
IEeTCA Ha HeKoTopoe MAaKkpo- Bepuiaet paboTy Haj rasom A
CKOMHMECKOe PaccTosliie, npy- npH MakpOCKONHUeCKOM repe-
skuna A’ coBepuiaeT paboty MenleHH: TOPilHsT,

uan razom A.

TIoKasaHa npyxuHa A’, Koropast JaBHT Ha TIOPLICHb, OrpaHHUM-
Balowuil o6beM rasa A. Ha puc. 1.29 ras A’, naxopsuigiicst non 66.1b-
WHM JaBJeHHeM, BO3JLENCTBYeT Ha nopluieHb. Ecau nopuiede npoiasu-
HeTCsl Ha HEKOTOpOoe PACCTOsiHHe, TO cHcteMa A’ COBEPIUINT HeKOTOPYIOo
pabory Hapn cucremoit A **), ,
Bo3MOKHO, OAHAKO, H Takoe B3aumMojeilcTBHE JBYX MaKpOCKOIHYe-
CKHX CHCTeM, KOTOpOe NpOHCXOAHT 0e3 COBepIUCHHS MaKpOCKONHYe-
<Kkoff paBorbl. DTOT THII B3aUMOAeliCTBHIl, KOTODBIA Mbl Oy/JeM Ha3bl-
BaTb MenAcGbiM, BO3HHKAeT B pe3yJbTare OOMeHa SHEPTHSIMH MexXAy
CHCTEMaMH B MOJIEKYJSiDHOM Maciutafe. DHEpPrisi, nepelaHHas TAKAM
06pason, HasbiBaercst menaocsoli. 11pennonoxun, yTo NopueHb Ha pHC.
1.29 3akpernsieH HenmoABHXKHO. B 3ToM ciyyae oJHa CHCTEMa He MOZKeT
COBepIUaTh MaKpOCKONHYecKyio paboTy Hajl JAPYrod CHCTeMOH, He3aBH-
CHMO OT TOrO, Kakas cujia JieficTByer Ha nopiienb. C ApyToll CTOpOHH,
aToMbl cHCTEeMBl A NOCTOSHHO B3aHMOAEHCTBYIOT B MOMEHT COYJapeHHH

*) HanpuMep, Hanpsikelde B OJHH MUKPOBOJIbT H MeHblle yixe IPYAHO H3Me-
putb. OfHaKo ycpelseHueM 60JIBLIOIO YMC/A H3MEPEHHI MOAKHO BBLIETHTb MO/IE3HBIR
CHTHAJ, UCHOJIb30BaB TO OOCTOSITE/IbCTBO, UTO OH He (MIYKTYHPYET BO BPEMEHH.

*#) TepMHH paborma UCNOJb3yeTcs 3/lech B CBOM OGB4 HOM MEXaHHYECKOM CMBICTe,
T. e. paGoTa paBHA NPOH3BE/IeHHIO CHJIbI HA NyTb, HA KOTOpOM JefCTBYeT STa CMJa.
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Al

APYT € ADYTOM M TaknM oGpasoM o6MeHHBaloTcs sHeprueii *). To e
camoe MOXHO CKasaTb M o cucreme A’. He kpome Toro, cucrema A
B3aUMOJEHCTBYET ¢ aTOMaMH NOPUIHA, KOTOPHI ABASETCS  OBMIe
TpanHueil 18 06EHX CHCTEM, a aTOMbl IOPLLHSI B3AHMOIEHCTBYIOT MeN Y
coCoit 1 ¢ atoMamu cuctembl A’. Tlostomy sHeprusi Moxer nepefaBaTb-

’ ’
caor Ak A (wmor A’ k A) xak pesy.brar
et
:,‘.:o.o",‘.t,o,g:.: [/
KX LA
U]
]
XA A
OXX N LOB
X
:'.‘A\Q‘:ﬁ"
RN
RS
XX
RN

MHOPHX TIOCJIeJ0BaTeAbHBIX B3aHMOEHCTB Uil
MEX/Y aTOMaMH 3THX CHCTeM.

Pacemorpum mioGbie 1se cucrembr A n A’

Haxolsilliuecsi B TelJIOBOM B3aUMOLCHCTBHI

* ApYT ¢ JApyroM. J10 MOryT ObiTh yxKe pac-

Puc. 1.30. [lve cuciems, A H CMOTpeHHBle HaMH JBa rasa, A H Ar’ WK B
A, HaxXOAAULHEeCH B TEIJIOBOM ’ )
KolTakte APYT € APYroMm. Kauvecrse cHCTeMb! A MOXHO B34Th, Hanpumep,

KYCOK MeJH, [OrpyxKeHHbII B cHcTemy A’
1PEIICTaBSIOULYI0 COB0H Cocy, HanoaHeH bl Boaol. OG03HANM depes [
sHeprio cucTeMbl A (T. e. MoJHYI0 3HEpriio, KHHETHUCCKYIO IJIOC MO-
TEHLHANbHYI0, BCEX ATOMOBB cHereme A), a yepes £/ — sHepruio cucte-
mbl A’ Tak kak coctaBHas crnerema A* == A - A’, cocrostimas u3 A u
A’, npeanonaraercst H30JHDOBAHHON, TO NOJHAS SHeprus

E |- E" ==const. (8

Bosnukaer Bonpoc, Kak sTa noJHas sHepris **) pacnpetensieics
mexy crcremami A m A’ TpeanosiozkuM, uto 3TH cHeTeMbl HaxouaTCK
B paBHOBeCHH JIPYT C JPYToM (T. e. CJOXKHaA cucTeMa A* Toxe HAXO-
JIMTCSL B PABHOBECHH). 338 HCKJIOUEHHEM HeGOJIbLIMX payrryanuit, sto
PaBHOBECHOE COCTOSIHHE CHCTEMbI JIO/PKHO COOTBETCTBOBATb Hauboee
cayyaifHoMy pacnpelesieHHIO SHEPTHH B CHCTeMe, PaccMorpum cravana
NpocToil IpHMeD, Koraa cucrembl A u A’ npeactasasior co6oit unealb-
Hbli a3, COCTOSIMHA H3 OAHHAKOBBIX MOJEKY., HaNpHMEP, MOJEKVJ
asota (N,). HanGosiee cayuaiinas curyanns B cuereme A* byrer co-
OTBETCTBOBATL PABHOMEPHOMY DacrpeleeHIto noaHol suepruy E + £’
Mexy MmoJekyJaamMH cucreM A u A’. Kampas Mosiekyna B A up A”
OyieT HMeTb IPH 9TOM OIHO M TO 3Ke CpejlHee 3HaucHHe SHepruy. 10

3HAYHT, 4TO CpelHee 3HadeHHe JHEPTHH € MOJIEKYJ rasa A 6yaeT TAKHM
e, KaxK H CPelHEC 3HAYCHUE 3HEePIHH g’ MOJIEKYJI rasa A', T. €. B paB-
HOBECHH

Ecan ras A cogepxur N Mosekya, a rasz A’ comepKuT N’ mosekyd, To
- E - £
b:-A—/ H & = ['\—/—, . (10).

*) Ecan MoZEKYJ1a ra3a COCTORT GOJlee 4eM H3 OHOIO aTOM4, To MOJIEKYJIBI MOTYT
OOMEHMBATLCS SHEPIHEH IPH COYAAPEHHAX; KPOMe TOTO, SHEPIHS OTALILHON MOJIEKY /1B
MOXeT GhiTh N10-PaSHOMY pacnipefieleRa MeXy ee 4TOMAMH B Pe3yJIbTaTe BIaHMOAEHCT-
BHA MexX1y HHMH. .

**) B caydae CHCTeMbl, noKasauHoli Ha puc. 1.29, Mpl AJs IPOCTOTE! floJIaraeM, 4To
CTEHKH TNOPUIKA 1 COCYJa CTONL TOHKHE, YTO HX SHeprHeli [0 CPABHEHHIO C SHeprucii
rasa MOXHO npeHebpeus. . -
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flostony paBenctBo (9) mpHHHMaeT Takoff BHI:
E __E
N N
[TpeanosiokuM, uto rassl A H A’ NepBOHAYANLHO OTAEAEHHI APYT
©OT Jpyra M HaxoastTcst B paBHoBecHH. OO0O3HAYUM HX SHEPrHH B 35TOM
CJlyuae COOTBETCTBEHHO uepes £; n Ej. JlonycTHM, YTO Telepb CHCTEMbI
fIpHBeJeHb! B CONPHUKOCHOBEHHE, TaK YTO OHHM MOTYT OOMEHHBATHCS

Puc. 1.31. Jra raza, A u A’, cocronmune 132 OAHHAKOBLIX MOAEKYA, nepBOHalla.ano He HAXORATCA
B KOHTaKTe APYr ¢ ApyroM (a). 3aTeM onH NPHBOASITCA B TENJNOBOIl KOHTAKT (6) H 06MeHHBAIOTCH TeN-
JI0M A0 TeX 0P, NoKa He 6yAeT AOCTHRHYTO pasHoBeCHe. Dueprus ra3a obosuaveHa yepes E, a cpen-

HAs1 SHeprus oAHOII MONEKYyJsl 4epe3 E&.

DHEpTHell MyTeM TelJoBOro B3aumodeHicTBHA. Moryt BO3HHKHYTH jABa
€/1yuasi, KOTOPBEIE Mbl H PACCMOTPHM:

1. B mepBhiil MOMEHT HauaAbHble 3HaueHNs 3Hepruft £; u E; Taxue,
UYTO CpeiHee HaualbHOE 3HaueHMe 3Heprud &=L /N wmonekyn B A e
paBHO CpeaHeMy HauaJbHOMY 3HAUEHHIO 3Hepruu & == E;/N’ moJexkysq
B A’, T. e. NepBOHaYaIbHO

&; 7 €. (1D
B sToM cJyuY2e mepBOHauaJbHOE paclpejeseHHe 3Heprud B COCTABHOM
cHereMe A*  He GyjleT caydalHbIM 1 TaKkasi CHTYalHsl HE OCTAHETCH He-
usmennof. Cucremsl 4 u A’ GyayT o6MeHHBATLCsT SHepruel 10 TeX nop,
fioxa He §yller NOCTUIHYTA DaBHOBECHAs CHUTYALHs, COOTBETCTBYIOMIAst
HanGoJsee CJay4aHHOMY pacnpele/eHHIO SHEPrHH, NMPH KOTOPOM cpel-
H5isl SHEPTHS MOJEKYJ/bl OXHA H Ta e 151 OGeHX cucreM. Sneprun E,
y E; cuctem A 1 A' B KOHEUHOH PAaBHOBECHOH CHTYallHH JOJ/IKHBL 6bITb
TAaKHMH, 4TOODI

- E, Ep
g, =€ WU -N——-N,. (12)

B pesysbTaTe mpoueccoB B3aUMONEHCTBHS, KOTOPble HPHBOAAT CO-
CTABHYIO CUCTEMY K PABHOBECHIO, CHCTEMA C MeHLILIHM 3HaYeHHeM Ha-
4a/bHOH cpeiHell HepPruH Ha OJHY MOJIEKYJYy YBe/HYHBAET 3Ty 3Hep-
THIO, @ CHCTeMa C GOJbUINM 3HAUYEHHEM 3TOH CpelHeil SHEPrHH TepsieT
ee, KOHe‘IHO I10J1Has - SHEPIHA H30JHPOBAHHOH CHCTeMBbl ROMKHA OCTa-

BAaTLCSI NOCTOSIHHOM:
Ej+E,=E;+E,

AE +AE' =0 | (13)
HJn ’

; | Q+Q' =0, | (149)
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rie Mbl 0003HayvaeM: : .
Q= AE=E 7 —E, } 15
Q' = AE'"=E;—E]. (_)
3nech BeawunHa Q — menao, no2aouwienroe cucmemoil A B pe3yJbTate
TIPQIECCOB TEMJIOBOrO B3aHMOIEHCTBHS; OHO PaBHO YBeJHYEHHIO Hep-
I'MH CHCTEMEI B pe3yJibTaTe 3TOro B3anmoneficTBHs. Takoe xe onpezee-
HHE TenJa, HOTJIOWEHHOro CHCTeMOH, TPHMEHHMO H K cucTeme A’.
3ameTuM, uto Terio Q = AE, norusolnenHoe cHcTeMOH, MoXeT ObITh Kak
TIO/IOKHTEIbHBIM, TaK H OTPHLATENbHLIM. B camom Reite, 1pH TENJIOBOM
B3aUMOAEHCTBHH MEXIY JABYMS CHCTEMaMH OlIHA cHucTeMa TepsieT 3Hep-
THIO, a'Jpyras npuobperaer ee, TakuM o6pa3oM, B ypaBHeHuH (14) aubo
Q mosoxutenpHo, a @ oTpHuaTesnbHO, JHOO HaoGopoT. Ilo ompesede-
HHIO, CHCTEMa, V KOTOPOH 3Hepris YBeJMUHBREeTcs NP TIOIJIOUeHHH
MOJIOKHTENLHOTO KOJIHYECTBA Tell1a, HasbiBaercs 6o.a¢e x0a00Hoid. C apy-
‘TOH CTOPOHBI, CHCTEMA, KOTODasi TEPSIET 3Hepriio, MOTJOoLias OTpHla“
TeJIbHOE KOJAHYECTBO TelJja (T. e. OTAaeT MOJIOKHTEIbHOE KOJHUECTBO
TenJa), HasbiBaercs Ooaee copauel, unyu Ooaee menaoti, CHCTEMOMR.
2. PaccmoTpuM "acTHBIA ¢ayuail, KOrjla Hadya/jbHble 3HAYCHHS 3IHEp-
rui E; u E; TakoBol, YTO CpefHMe SHEPriM, MPUXOASLIHECs HA OJHY
MOJlekwa B cicreve A 1 B cucTeMe A’, paBubi

Gt (16)

B sTOM cayuae, Koria cHcTeMsl A H A’ npuBejeHEl B TEMJIOBOM KOHTAKT,
OHH - aBTOMATHUYeCKH obecreurBaloT Hanbonee cayualiHylo CHTYaluio
n B cocraBHo# cucreme A*, Takum ofpasom, o0e cHCTeMbl HAXOASITCS
B DABHOBECHH M MEXKAY HHMM HE NPOHCXOAHT 0OMeHa TENJIOM HJIM 3Hep-
ruefi (HA MaKpPOCKOMHYECKOM YPOBHE).

Temnepamypa. PaccMOTpuM Teneps o6l caydali TENJAOBOTO B3alMO-
NefCTBHA Mex1y ABYMd cHcreMaMu, A 0 A’. 3T cucTeMbl MOryT ObITh
Pa3NUUHBIMU Fas3aMy, COCTOSIIUMMU H3 MOJEeKVs pasHOil Macchl ¢ pas-
JUYHBIM UYHC/JIOM aTOMOB, HJH e OAHA HJH ofe CHCTeMbl MOTYT GbiThb
JKUAKOCTAMH M/ TBEPABIMH Te1aMH. XOTH 3aKOH COXPAHCHHUS SHepTHu
(8) n ocraeTcs B cHJle, 3/IeCb HaM YiKe TpylHee 0XapaKTepH30BaTh PaB-
HOBECHVIO CHTYAIlHIO, COOTBETCTBYIOHLYIO HauGodee citydaiiHoMy pac-
I pefle/IEHHIO SHEPTHH MEXKAY BCEMH aTOMaMM COCTaBHOH cHCTembl A*=
=A-} A’. MOXHO, 0JIHAKO, YTBEPKIATh YTO HallH NpedbIAYIIHE PACCY K-
JleHus1, Kacawouecst cjyyasl ABYX OJUHAKOBBIX Ta30B, JIOJKHBL. GbITb
ApuMeHeHbl U 3Jechb. TO, 4ero Mbl MOXeM OXHZATb (MO3XKe 3TO Oyler
Z0KA3aHO), - 3aKJIoYaercsl B CJeQYIOHeM: KaXkias CHCTeMa XapakTepH-
syercsi napamerpoM T (YC/IOBHO Ha3biBaeMbiM «alCOJIOTHOH TeMmmepa-
Typoil»), KOTOpbIi OnpejeasieT CPeAHIO 3HEprHio, NPHXOAAILYIOCS Ha
OMH aTOM B cHcTeMe. B paBHOBecHO#l cuTyainuu, COOTBETCTBYIOULeH
Haunbonee CcaydyanHOMY pacnpeneneumo SHEPrUH, MO AHAJIOTHH C (9)
MOKHO OXHJATh, 4TO : :
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~ HeBosmoxHo aath Bosiee TOUHOE OMNpesie/leHHe TIOHSTUST a6COTIOTHOM
TeMOepaTyphl, .IOKa Mbl He YTOYHWJH NOHSTHE CAy4YaHHOCTH (B MpHMe-
HEHHH K pacnpefelieHHIO 2HEPTHH™ MexX Iy HeOJAWHAKOBLIMH aToMamH).
Onnako” Jlerko -BBeCTH [OHSTHE TeMmrnepaTypbl (HO He «abco/OTHOR
Temrmeparypeiy), HCNQAb3ys: o6biubiHi Tepmomerp. [lox Tepmomerpom
MbL MOHHMaeM He(OJbIHYI0 MaKPOCKONWYEeCKYIo cHcTemMy M, ycrpoeH-
HYIO TakuM - o6pa3oM, 4To NpH OT- '
Jlaye WM MOTJIOUIEHHH “Telyia Y Hee
MOKET H3MEHATHCS TOAbKO OJIHH MaK-
POCKOMHYECKUH napamerp.- 31T na--
paMeTp:, Ha3bIBAETCS -~ MERMUMECKUM
napamempom: TepMoMeTpa W oGo3Ha- A

yaetcs 0.. [Ipumepamn TepmomerpoB ‘_Iv-_«__ —
MOTYT - CJVKHTL ~ XOPOLIO H3BECT-- =& — |
. Hbie PTYTHbE HJIH CIHPTOBBHE TEPMO-

METPHl. Y 3THX. TEPMOMETPOB: AJIHMHA

L cton6a: KUAKOCTH - B CTEKJSHHOM °
Kalmu/JIsipe 3aBHCHT OT 9HEPTHH ca-

MOH JKHIKOCTH, KOTOPast H3MeHseTcs

¢

~ Pue. 1.32. iBa pa3/HuHBIX TepMOMeTDa
HAXOAATCA B TEMJIOBOM KOHTAaKTe € Ccucre-

NPpH NOTJOIICHHUH Tenaa. Uraxk, TEPp-

‘MHYECKHUM NapaMeTpoM TakKuX TepMo-

MeTpoB . siBAsieTcst Aauna L. Ecau

TEPMOMETD M HaxXoIUTCA B TEIJIOBOM .

KOHTaKTe C KakoH-to::cHcTemod A-
H-CaM TEPMOMETD yXKe IOCTHE COCTOH-
HHSI DABHOBECUs,, TO ero . TepMude-

Moif, cocTosiell H3 COCyAa, HaNOJHCHHOTO
KUAKOCTRIO. OIMH  TepMOMeTD DPTYTHHI H
ero TepMHUECKHM flapaMerpoM aBasieTes
ninRa CTOJNIGHKA PTYTH B CTeKJASIHHOM
Kanuansipe Tepmometpa. JIpyroi Tepmo-
MeTp MpeficTaBifeT coboll 3JeKTpuUecKoe
conpoTHBAEHNe R, clenaHuoe U3 fAaTHHO-
BOil IPOBOJIOKH HAY U3 yras. Ero Tepmu-

- YeCKHM RapaMeTpoM SIBJSIETC 3JeKTpHYe-
‘CKoe conpoTHBaeHne R (onpeaensemoe To-

KoM: [, *TEeRYUIHM YepPe3  CQnpOTHBJeHHE;
’ H HanpshkenueM V na HeM).

CKHMiIl mapameTp 0 Mmeety oflpeneseH-
Hoe 3Hadenue 0, KOTOpoe Ha3bl-
BaeTcs memnepamypol cucmenmvt VA,
mempa M *). »

Hcnoab3oBanie TepMoMeTpa no3BodsieT ¢earhb celyolye BolBObL.
Honycthwm, dro Tepmomerp M HaxoaM/Cs B TeN/JOBOM KOHTaKTe CHava’aa
¢ cucteMoit A, a 3atem ¢ cuctemoit B. B KasKnoM caydae, nocje npHXoAa
TEPMOMETPa K PABHOBECHOMY COCTOSTHMIO, OH OyJeT NOKa3biBaTb 3Hade-
Husl Temneparyp 0, n 04 Boamoxusl aBa cayuas: aubo 0, z%= 04,
160 0y = 0. V3 onbita H3BeCTHO (MO3:Ke Mbl IOKAXKEM 3TO TeopeTHue-
ckH), uro ecsiu 0, 5= Oy, Tocctemt A U B npH TEMJoOBOM KOHTaKTe
6yayT oOMeHMBaThcsl TenmjoM, H ecau 0 ,=0, 7O Ten/oBoro obMeHa
He Oyler. ' :

Takum ob6pasom, Temiepatypa 0 cuctemsl A, H3MepeHHas OOBIYHBEIM
TEPMOMETPOM, ~SIBASIETCS HapaMeTPoM, XapaKTepH3YIOUIUM CHCTeMy.
3HaHde TemmepaTyphl fIO3BOJISIET "CAe/aTh CJeRyiollee yTBepxKIeHHe:

Il3M€p€Hﬂ0ﬂ C JIOMOUWbIO mepmo-

P

*} Cuuraercs, 4TO CHCTeMa A-3SHauHTesqbHO Gosbille, eM TepMomeTp M, Tax uTo
n3MeHeHHeM TeMIepaTyphi 3TOf CUCTeMbl B Pe3YJIbTaTe KOfITAKTA C TePMOMETPOM MOXKHO
npete6peub. 3aMeTHM Takxke, Y70 COIVIACHO HallleMy ONpele/eHHIQ Temieparypa, H3-
MepeHHas PTYTHBIM TePMOMETPOM, fiBJACTCSH JIMHOA H NOSTOMY H3MepsIercs B CaHTH-

MeTpax. ; .

R
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€CH JIBe CHCTeMbl HAXOAATCS B TENJIOBOM KOHTaKTe APYT C IPYroM, TO
B C/1yuae HepaBeHCTBA HX TEMIEepaTyp OHU OYAyT OOMEHUBATLCS TEIJIOM
JPYT ¢ APYyrom; ecJtd »Ke HX TeMIIepaTypbl paBHbl, TO TENJOBOIO OGMEHa
He OyJer.

1.6. YncaeHHple oleHKH

Mbel [I0Ka3aJi, UTO [1OBeJdeHHe MAaKpPOCKONWYeCKHX CHCTEM CTaHO-
BUTCH MOHSITHLIM, €C/IH NPHHATL, YTO OHH COCTOAT H3 MO./IEKy./'I H aTOMOB.
Haue paccmorpelme HMEJI0, OJHAKO, YHCTO KadecTBeHHbIH Xapakrep
H ero cjeayer AONOJHHTbL BBISICHEHHEM NOPsAKa BeJHYHH, C KOTOPBIMH
dbI HMeeM JeJ0. ﬂ.ﬂﬂ OopueHTauln ‘Mbl MPOH3BeAeM OUEHKH CKOPOCTH

Dawyym '-(/L T

Jaz

Prmyme * ot
Puc. 1.33. Cpelliee AapjeHHe ©a3a p H3MepaeTCH Puec. 1.34. 210T pHCyHOK HA-
11pH NOMOULH MAHOMETPA, COCTOSIILIErO U3 U-ob6paz- JIOCTPHPYET CTOJIKHOBEHHe MO-
#off TpyOKd, HanosaHeHHOH pTyThiO. B Tpybre JeKyJ rasa ¢ nJjoutaaxkoii A da
YCTaHaBANBAETCS Tarkas BulcoTah cToNGRKa PTYTH, o0AHOIl u3 cTeHok cocyaa. {Ocb
uyTo6Ll AanfelHe, OKasblBaeMoe 3THM CTONONKOM. z neplleHANKYAapHa K IOCKO-
ypaBHOBEILHBAIOCH JaBJeHHeM rasa. CTH 4epTeKa.)

JIBH3KEHMSI MOJIEKY./1 B 9acTOTHl HX CTOJIKHOBeHHH Apyr ¢ npyroM. O6pa-
THMCH ONsATb K NPOCTOMY MpPUMEPY HAeaNbHOrC raasa.

Hasrerue udeaabrozo easa. Ecan ra3 Haxoautcst B KaKOM-TO coCy e,
TO yJaphl MOJIEKYJl ra3a O CTeHKH cocy/la (4UCJI0 TAKHX YIapoB OrPOMHO)
[IPHBOAAT K IMOSIBJCHHIO CHJBL, AeACTBYIOUEH Ha KaxIABIH 3JeMEHT MJo-
wmaan creHok. Cuaa, NpUXoAdllascs HA eIHHIY HJIOULANH, HAa3blBAeTCs
Oaaaeruem P raza. Cpellnee faBjiedne P rasa JIErko H3MEpPHTb C [I0MOLLBIO
MaHoMeTpa. Ero Takike MOXKHO BBIMHCJAHTL, €CJAM H3BECTHO YHCJAO MOJe-
KyJs, 4 oOpaTHO, MO H3MEPEHHOMY [ABJCHHIO MOMXKHO CYIHTb O KOJuye-
ctBe Mogekyd. Mrak, paccMoTpuM, Kak npHOJH3HTEIbHO BBIYHCJIHTH
JlaBJjiende nIeajJbHOro rasa.

[ycrb Hieanbuelfi ra3 coctout u3 N MosieKyJl, KaKilasd H3 KOTODBIX
umMeer maccy mt. TIpeanosioknm, 4To Ta3 HAXOAHTCS B PABHOBECHH H YTO
OH 3aKJIOUeH B COCYJ, HMEIOLHi QOopMy MPsAMOYroJbHOTO HapaJfee-
nunena n ob6vem V. Yncesno mostekys B eaunuue obbema Gyner pasuo
n= N/V *). BokoBble CTOPOHbI COCYa MOTYT ObITb lapaJ/ie/ibHhl ,nexap-
TOBLIM OCSIM KOODAMHAT X, Y, 2, Kak noxasaﬂo Ha pHe. 1.34.

- *) Uepea n panbiie 0603HAYAIOCH UHCIO MOJEKYJ B ONHOM H3 IIOIOBHH COCYAa,
HO. 5TO He /I/IKHO HAC CMyulaTh. B nanbHeiiiuem YHC/IO MOJICKY/ B eIHHHIE 06beMa
MHl HHOTZA A xpaTKocm OyAeM Ha3LBaTh xonu.eurpazmeﬂ MOJIEKY1,
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Paccmorpum oiHy H3 CTEHOK cocyla, Hampumep, MPaBYIO CTEHKY,
NepreHUKYASIPHYIO K OcH X. BBISICHHM CHauaza, CKOJbKO MOJEKYJ¥
yiAapsieT B NOBEPXHOCTb CTEHKH MJomwagbpio A B TeueHHe KOPOTKOTO
MPOMEXYTKa BpeMenu f. Mojexky./bl HMEIOT pa3Hbie CKOPOCTH, HO TakK
KaK HaM JIOCTATOYHO NpPUGAH3HTENBHOrO pe3y./bTaTa, Mbl MOMKEM CUH-
Tarb, YTO BCE MOJIEKYJIbI JIBHKYTCH C OJMHAKOBOH CKOPOCTBIO, paB-

Hoft cpennefi cxopoctd v. [locKosbKy MOMEKYJqbl ABHIKYTCS B pasHbIX
HanpaBJeHHsIX, TO B CPelHeM MOXHO CYHTAaTb, 4TO OJIHA TPETh MOJe-
KyJ, HaXONAIHKXCS B eJHHHUE 00beMd, ABHXKeTcs BAOJb OCH X, OIH&
TPeTh — BJOJb OCH yHellle OJHA TPeTb — BIOJb ocH 2. M3 moseryd,
JBMKYHINXCS BJOJIb OCH X, MOJOBHHA (HJH /1) MOJIEKYJ JBHXKETCS B
HanpaBJeHHU —-X K mJomaike A, B To BpeMs Kak Ipyras 0J0BHHA ABH-
KEeTCs B IIPOTHBONOJOXKHOM HanpasjaeHnd, —x. Jhobas MosekyJa,
HMeIOUasi CKOPOCTh U, HANPAaBJEHHYIO 10 OCH -+X, 33 BpeMsl { CMECTHTCSE
BROJKL 5TOH OCH HA paccrosinde, paBHoe vf. Ecam Takas mosiekyJa pac-
110J103KeHa Ha paccTosiHuM vf oT maowaaxy A, To yepes Bpems f oHa
YIAPHT B Hee, HO e€C/il OHA HaxoAHTcs Ha OObLIEM PacCTOSIHUH OT 3TOMH
MJIOMAAKY, TO 38 BpeMs ! 042 He ycneer JOHTH A0 CTeHKn *). !

CpeaHee 4HCAO MOJIEKY., KOTOpble YIapsiior B mjowaaky A 3a
Bpemsl f, GyJeT OnpeiessiTbCsl YHCJAOM MOJIEKYJ, HMEIOUHX CKOPOCTb,
HanpaB/JeHHVIO BIOJAb OCH --X, M COJEPXKAIMXCH BHYTPH UNWJIHHIAPa
¢ nJomanabio ocHoBanusi A u Beicoroft v!. CaenoBaresibHO, 9TO YHCJAG
PaBHO [POU3BEIEHHIO '/, (CPeAHero YncAa MOJeKYJ B elnHHLIe 06bema,
UMEIIHX CKOPOCTh, HanpapJeHHy1o BAOJMb OCH --x) HA 06beM LUUJIHHA-
pa Adét: ]

(5n)(40d).

Ecin Mbl pasfesum 570 BbipakeHwe Ha A W Ha Bpemsa f, TO MOJAYYHM
NpUGIHIKEHHOE 3HAUeHHe BeJIIUHHBI J,, MOKasblBaolleH, Kakoe KOAH-
YeCTBO MOJIEKYJl YAapsAeT B eAMHHUYHYIO [JIOIAAKY 33 e/IUHHILY BPeMeHH.
{3Ta BeaHUMHA HA3bIBACTCH NAVMHMOCHIBIO NOMOKQ MOJekya.) Taxum
ofpasom,

(18)

BrluncanM Temepb CPelHIO® CHAY, AEHCTBYIOULYIO HAa E€AHHUUHYIO
IJIOIAJIKY B Pe3yJIbTaTe yaapoB MOJIEKY.I. Korza mo/iekyna, ABHKY1as-
Csl 1O HampaBJIeHHIo X, ylapseT B CTeHKY, €e KMHeTHuecKas SHeprus
1/,mu? OCTaeTCsl HEU3MEHHOM. (ITO AOKHO ObITh CHPABELJIMBO XOTs Obl
B CpefHeM, TaK KaK ra3 HaXxOJUTCS B COCTOSIHMM paBHOBecHst.) Bean-
4UAQ UMIYAbCA MOJEKYJIbl JO/KHE TAaKXKe B CPefHeM OCTaBaTbCsl HeH3-

\

*) ITockoAbKY BpeMeHHOIl .uHTepBal ! MOmeT OHITh BHLIOpPAH AOCTATOYHOG MAJIBIM
(HanpuMmep, ero MOXHO CleJaTh 3HAYWTENbHO MEHDBLINM, YeM cpefuee BpeMs MEKAY
CTOJIKHOBEHHAIMH CaMHX MOJIEKYJ), TO CTOJIKHOBEHME AAHHOH MOJEKY/bl C APYyTHMH
MOJIEKYJIaMH B TeueHHe SFOr0 HHTepBaJa MaJOBEDPOSITHO H UM MOXKHO _TIpeHeGpedb.
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MEHHOH: MoJiekyna, MpHOIM3HBINAACA K CTeHKe ¢ HMMIYJAbCOM -+mu
B HanpaB/JeHHH OCH -l-X, OTCKOUHT OT CTeHKH, HMesl HMIYJbC —7nv,
HanpaBJeHHB! BJOJIb OCH —X. B pesysbraTe CTOJIKHOBEHHsI CO CTeH-
KOH MOMEHT MOJIEKYJBl BAOJb OCH -I-X H3MEHsIeTCl Ha — my -— My ==
= —2mv. CoranacHo 32KOHY COXPaHEeHHs HMIIY/bCa, B pe3y.JbTaTe cOoya-
peHHs CTeHKa TMoJyuaeT HMIYJbC, PaBHBI --2mu 1 HaHpaBJIeHHbIH
B10Jb OCH —-x. Ho no Bropomy s3akoHy HeloToHa cpeansist cusa, AeficT-
BYIOLLAas Ha CTEHKY CO CTOPOHbI MOJEKYJ rasa, paBHa cpeihel CKopo-
CTH M3MEHeHHS HMIIYJ/bCa, HCIBITHIBAEMOTO CTEHKOH B pesyJ/bTare
CTOJIKHOBEHHs1 ¢ MosieKyJaami. [losToMy cperHiolo cuiy, ZeficTBYIOULYIO
Ha eHHHYHYIO IJIOIMAJKY CTEHKH (T. €. cpejiHee JaB/JeHHE p Ha CTeHKY),
MOXKHO JIONYHHTb HPOCTHIM YMHOXKEHHEM:

‘ o ‘ — r |
CpefHuil MMIyJbC 2mu, cpelHee uHC/IO YAApoB |
_ nepeianHblit’ CTeHKe MpH MOJIEKYJI B €THHHUYHYIO
£ = | oanom cronknopennu ¢ NJICHWAAKY  3a oaxy |°
L MOJIeK yJIofi CeKYHAY
Takum o6pasom,
— —\
2 = 10 )
~ (2mv) J, = 2muv \ g
uy
— 1 ,_.2
PR 5 nmo. (19)

Kak mMoxHo 6bIO 0KHMAATh, AABJEHHE p BO3PAcTaeT IIPH yBeJHUCHHH
KOHIIEHTPALLMA MOAEKYJ, TAK KaK NPH 5TOM YBEJIHUYMBAETCS YHCJIO -yaa-
POB O CTEHKY, H TIPH YBeJHYEHHH CKOPOCTH MOJIEKYJ, TaK KaK GbiCT-
pble MOJIEKYJbl dalle B3aUMOJAEHCTBYIOT €O CTEHKOH H NDH KaxKjaoM
ylape nepefaoT e GONbIIMH UMIYJIBC,

Tak Kkak cpelHssi KHHETHYECKAasl SHEPTHs Monexynm N PUGIH3HTENb-

HO paBHa *)

— 1 -
g% 5 mv?, (20)

T0 cooryouienne (19) moxker ObITb IEpenHCaHO B BHJE

; P~ = ne®. @

3ameTHM, UTO KaK Boipaxenue (19), Tak u Bopaxenue (21) saBucsar
TOMbKO OT KOHIUEHTPAlHH MOJIEKYJ] H He 3aBHCAT OT HX IIPHPOAHL.
Tosromy 5TH*BEIPAKEHHs] CHPABEIIMBLL [/ JOGBIX Monexyn Ha-
npumep, mosekys He, Ne, O,, N, nau CH,. Taxum oGpasom, cpenuee
JlaBJIeHHE UJealbHOTO rasa, 3aKJ/OYeHHOro B cocyde ¢ (HKCHPOBaH-

I3

*) Mul HipEHeSperaeM SneCh pasjiMuMeM MexAy 2, CpeJHEM KBajaparta, M v2,
KBaJApaToM CpPEéAHero. :
: :
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HbhIM 06bEeMOM, OJHO3HAYHO OHpele/sieT CpelHee 3HaueHHe KHHeTHYe-
CKOil HEePrHH MOJIEKYJ 3TOrO rasa. ,

Hucaennote oyenru. Tlpexcne uyem mepeHTH K UMC/IEHHBIM OLEHKaM,
MOJIe3HO HANOMHHTH HEKOTOpble BaxKHble ompejeneHns. Maccy m atoma
HJH MOJIEKYJBl yOGHO BHIpaKaThb B HEKOTOPLIX CTAHAAPTHBIX €AHHH-
Hax Macch! /m,. B COOTBETCTBHH C CYLI1eCTBYIOIHM MEXKAYHAPOJAHBIM CO-
raamendes (MPHHATHIM B 1960 T. U Ha3BaHHBIM e0UHOLL UKAAOL QMOMHBIX
60c0g), HTa €IMHUIlA MACChl paBHA OJHOH JABEHaALATOH YacTH Macchl aro-
Ma OlpeleJeHHOro H30TOma yrJiepoia, a HMmeHHo, usorona C!* *):

Meas
12
Takum obpasom, macca atoMa C'2 cojepKUT poBHO 12 eIMHHII Macchl,
a4 Macca artoMa BOJAOPONA rnpubausumensHo paBHA OJHOH eIHHHLE MacChl.
OrtroleHre Macchl /11 atoma (WX MOJIEKYJIbl) K eIHHHLIE Macchl iy
Ha3bIBAETCS QMIOMHbIM 8eCOM aroMa (HJIH MOAEKYAAPHOIM 6eCOM MOJIEKY-

Jibl) B ofo3Hauaercsl OYKBOH
m

p=-— (23)

my

my ==

(22)

Y3 atoro onpenenenus chaeiyer, uro atomuslil Bec C'? paBen 12,

Y IOGHBIM MaKpPOCKOMUYECKHM UHCJI0M ATOMOB HJIH MOJIEKYJ SIBJISTET-
¢ uneao N, aTOMOB Maccoi My, KOTOpble BMeCTe HMEIT Maccy
1 rpamm (e). [lostomy N, pasnO

N, =1 (24)

310 BEIpakeHHe MOXKeT ObITh MepenHcaHo B BHIE
m u

SRR (25)

¢ mmy, m

3reck MBI HCNOAb30BaAN Beipaxkenne (23). U3 (25) caenyer, uro uicso
N, paBHO TaKxke UHCAY MOJIEKYJ C MOJEKYJSipHBIM BeCOM W, obias
alacca KOTOPBIX cocTaBaseT | rpamd. Hueno N, HasblBaeTcst uucaom
Asozadpo.

OnMH Mo4b BellleCTBA ONpeleNsieTcss Kak KOJMYECTBO BEIECTBa,
cocTosiniero U3 N, MOJeKyJl /M aToMOB 3TOro BellectBa. CleroBarelin-
HO, MOJIb MOJIEKYJT C MOJIEKY/ISIDHBIM BECOM | HMeeT Maccy, PaBHYIO u 2.

DKCrepuMeHTabHO MOKA3aBo, YTO YHCJIO ABOrajpo paBHO

N, =(6,02252 + 0,00009)- 10%** moJieKyJ1/MOb. (26)
(Cm. Tabauiy ¢u3HUeCKHX KOHCTAaHT B KOHie KHHIH.)

Bocronesyemcst Tenepb Boipamenusmu (19) u (21) pna naemeHust rasa, uToGn
OIIEHUTb MOJIEKYAspHble BeIMunHbl A1 asora.(Ny), rasa, sBJISIOUErocsl OCHOBHON KOM-
TOHEHTOH BO3AyXa. DKCIepPHMeHTaJbHO YCTaHOBJEHO, 4YTO NPH KOMHATHOH TeMmnepa-

*} Hamomuaum, urto AauHBIA H30TON sipa X oGo3Havaercs cumsotoM X%, 3to o6o-
3HAaueHHe IIOKA3bIBAET, YTO SPO ATOMA COCTOHT H3 1 HYK/IOHOB (IPOTOHOB-I-HefiTpo-
#0B). ATOMbI, MMelOlilHe fALpa C Pa3jHYHBIM YHCJIOM HEfITDOHOB, HO C OLHHM M TeM Ke
HHCI0M IPOTOHOB, XHMHUYECKH TIOJ06HE], TAK KaK HX 9/1eKTPOHHAs 060JI0UKa HMeeT OfUHa-
KOBO€ UHCAO 3JEKTPOHOB.
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Type # aTMoChepHOM NaBJIeHRH (106 Ounfem?) macea asora, HaXOJLAULeroCs B COCY e 00ne~
mov B oaun Jautp (103 cud), pasHa 1,15 e. Tax kak MmonekyJasphulil Bec atoma azora N
pasen 14, To MONeKyJsIpHEIH Bec ModekyJan aszora N, pasex 2-14=28. D10 3Hauur,
4To B 28 2 a30Ta COAEPXKHTCA UHCJIO MOJEKYJI, paBHoe ydeay Aoragpo. ITosHoe yHCIo
MOJIEKYJ B COCYZe, TAKHM 00pasoM, paBHO

N =(6,02- 102-1)l 15~2,47~1022 MOJIEK Y.,

Tak 4TO
N  2,47.1022
n:—l/—:',—ﬁ)_'*_ A 2,5-10'% MosiekyJ1/cu3, 27)
Hcnosbsys supaxenie (21), MOKHO MONYUUTD BRIpameHie AJIst Cpeitell KHHETHIECKOH
SHEPrHH MOJMeKyn asora:

-~ 3 p 3<106\

et y— = W/) ~ 6,0-10~14 3pz. (28)

P I)

Tak kak N, moaekya asora (N, — uncao. ABoragpo) umeior maccy, pasuywo 28 e, to
Macca OAHOH MOJIeKYJIHl a30Ta panHa
28

B T = .10—23
’11_6,02-1023 4,65-10 2. (29)

Hcnonbays Bulpamense (20), Mbl NOAYYaeM, 410
-, 2" 2.(6,0-10-19

2 — ~ ~ 102
ST T i85 10-5 ~ 2,610

i
VAR5, 100 cm/cex. (30}

Cpednas Oauna ceobelroeo npobeea. QuenuM cpelipee paccTosiuue /,
KOTOpOe TPoJeTaeT MOJeKY/1a rasa, npexje 4eM OHA CTOJIKHETCS ¢ APY-
roil Mosieky o, BesnunHa [ Ha3bIBaeTCs cpednell 0aunesi ce0b00H020 npo-
beeq MosleKy bl (MHOTA2 JJist KPaTKOCTH Mbl GyAEeM MucaTh: CBOGOAHLI
npofer). ¥Ynpoias 3ajxady, Mbl MOXKEM CUHTaTh, YTO KaXKAasi MOJexyJa
umeeT GOpMy cepbl U 9TO MEXKAY JIIOObIMH ABYMS MOJIEKYJIaMH JeHCTBY 0T
TE e CHJIBL, YTO H MEXKAY ABYMsI TBEDAbIMU chepamt Pa iy CoN a. DTo 3Ha-
YUT, 9TO MOJIEKYJIbl He B3aUMONEHCTBYIOT APYT C APYIOM, NOKa paccroes-
HUe R Mexay UX ueHTpamu Goablle 2a, U B3aHMOACHCTBYIOT (T. €. cTadt-
KHMBaloTCsl), Kak 10/bko R < 2a. Puc. 1.35 najocTpapyer B3aimoiedi-
CTBHE [BYX TaKHX MOJeKyJ. 3Aech MoAeKkyAa A’ CUHTARTCS HENOABHIK-
HOH, a MoJeKkyJja A npulJinKaeTcst K Hell ¢ HEKOTOPOH OTHOCUTE/IbHOMR
ckopocTbto V TakuM 00pasoM, 4TO [IEHTPh! MOJEKYJ HAXOAATCS Ha pac-
crosiHiM b 1pyr ot apyra. O4eBHAHO, YTO MOJEKYJbl HE CTOJAKHYTCH,
ecad b>>2a, M CTOJKHOBeHHe npousoiiger, ecid b < 2a. CroikscRette
JBYX MOJEKYJl MOXKHO NOSICHHTb cjenywoumnM obpasoMm. [lpeacrannm,
4TO C MOJEKYJIONl A KeCTKO CBfi3aH JUCK pajuycoM 2a, LeHTp KOTOpOro
HAXOIUTCS B [IeHTpe MOJeKYJ bl A, U BeKTop cKopocTd V MepleRaHkKy-
JIsipeH K ILJICCKOCTH 3Tore jucka. CTO/IKHOBEHHE MEXAY MOJEKY.1aMu
NMpoH30fJeT TOJBKO B TOM C/lydae, eCylH IeHTp MOJeKyJabt A’ Jexur
BHYTPH 0o0bema, o6pasyemMoro AUCKOM, ABHXKYIUMMCS BMECTe ¢ MOJeKYy-
Joi A. _

[Trowany ¢ takoro BooGpazkaeMOro AMCKa, ABHXKYLIErocsa BMecTe
€ MOJEKYJoH, paBHa :
o=n (2a)* = 4na? ' (31)

54



H Ha3bIBAETCA ROAMBLM CederueM pacceanus IS JABYX CTalKHBAOUWHXCH
monekys. O6beMm, o6pasyeMblil JHCKOM IPH IlepeiBHXKEHHH MOJEKYJ/Ibl
Ha paccrosinde [, pased ol. [TpennosiokuM, 4to B 3T0M 00beMe B Cpeil-
HEM HaXOAWTCH TOJIbKO OQHA MOJIEKYJaa, T. €.

{(oh)n=~1,

rile n — YHCJO MOJIEKYJ B exununie obbema. Toraa paccrosnue I, npo-
XONHMOE MOJIeKYJOH /0 CTOJIKHOBeHHs! ¢ APVIOH MOJeKyJol, H OyieT
cpeineil JnHofl ceoboaHoro npobera. Taxkum o6paszon, Mbl NOJYUHU

lzl ) (32)

Kax ©u cnexopano oxxujarb, cCpeiHHil mpofer wmMoJekyqanl  yBeJdH4H-
BACTCSl C yMeHbileHHEeM £ (TaK KaK TIPDH 3TOM yMEHbINaeTCsi YHCAO

4

________ - ) Ao
B — pa—
Z’I Za _1”3_ a a
Puec. 1.35. PHCYHOK HIAIOCTPHPYCT CTONK- Puc. 1.36. CTonkitonenile MoJiekKyas A4 ¢ Mone-
HOBEHHe JABYX Tsikeaunx chep paany- KyJoll A’, LeHTp KOTOPOIl HAXOAUTCH BHYTDH
coM a. odnema, oﬁpasonauuoro BOOOpUKAESMbIM  AHC-

KOM. ABHIKYUIHMCS BMeECTe ¢ MOJieKyJsioilt A.

MOJIEKYJ, ¢ KOTOPHLIMM JlaHHasg MOJeKyJa MOXKET B3aHMOJeHiCTBO-
BaTb) W C YMeHbLIEHHEeM pajuyca MOJeKYJbl (Tak Kak NpH 3TOM pac-
CTOSIHHE, Ha KOTOPOe MOJIEKYJIbl MOTYT TIPHOJIM3HUTBCS APYT K APYTY, He
HCDBITBIBAS COYJAApeHHsl, YMeHbLIAeTCs).

Yrtobsl CAesaTh 4YHC/AeHHble OLICHKH, BepHEMCHA K PaHee PacCMOTPEHHOMY 430Ty

N,, HaxoAsmiemycst IPH KOMHATHOIi TemnepaType H aTmochepHOM fasjeHHH. Pajuyc
MOJEKYJb MMeeT nopsiiok 10-8 cy, T. e.

~ 108 cu.
113 Boipaxkenus (31) MOXKHO NOJYUHTb BEJIHUHHY MONEPEUHOrO CEUEHHSA:
6 =4na® ~ 12.10~16 ¢y,
Hcnonssysa (27) u (32), noayuus oueHky

1 I
7o~ (2,5-10%) (12-10-15)

[

M
I~ 3.10-5 cam. (33

3ameruM, 4TO CpeXHss JIHHA CBOGOJHOTO NMpPOGera MOJEKYJB SHAUHTENLHO GOosisiue
ee pagudyca, T.e. IS a. D10 #BAseIcs JOCTATOYHO XOPOWIHM HPHOIHMKEHHEM K
#eajAbHOMY a3y, TaK Kak MOJeKYJbl B3auMOAeHCTBYIOT APYT C APYTOM. JOCTATOYHO
peako. C Apyroil CTOpoHsl, CPeAHHH NpoGer MOJeKyJibl OyYeHb MaJ [0 CPaBHEHHIO C
JHHElHLIME Pa3MepaMu JIMTPOBOFO COCYJA2, B KOTOPOM HAaXORMTCA Tras.
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1.7. OcHoBHble NPOGNEMbl MAKPOCKOMHUECKOH (GH3UKH

HecmoTpst Ha TO, 4TO pacCyXAeHust B 3Tofl rviase umenu GoJiblued¥
YyacTbi0 KaueCTBEHHbIH XapakTep, HaM YJAajocb HOHATb DAJ BaXXHLIX
CBOHCTB MaKPOCKOMHUYECKHX cHcTeM. Tellepb Mbl 06jallaeM JOCTaTOUHBIM
ONBITOM, 4TOOBI pacCMOTpeTh HEKOTOphie Mpo0JaeMbl, HMelolHe GOAbLIoe
3HaueHHe. :

Ocrostble npuryunes.. Hamell neppoil 3anavefi sIBAS€TCH HCIOJh30-
Banle KaueCTBEHHBIX IIpelCTaBJeHMH O MaKpOCKOMHYeCKHX CHCTeMax
JUIst CO3/IAHUST SICHBIX TEOPETHUECKMX MPHHIHUIOB, MO3BOJIAIOMUX Je14Th
KOJiHUeCTBeHHble ApedckasaHus. Hampumep, mbl 3HaeM, 4TO HEKOTOpHIE
COCTOAHNST MAKPOCKOIHUECKHX CHCTeM sBJAIOTCH OoJiee BePOSTHLIMH
(uau Gosiee cayuaiinbiMu), ueM Apyrae. Ho Kakum o6pason MOXKHO TOYHO
OnpelesUTh BEPOSTHOCTb JAHHOTO MaKDOCOCTOSIHMS H KaK H3MepuTh
cTerleHb €ro CAyYalHOCTH? DTO BOMPOC MEepPBOCTeNeHHOH BAX<HOCTH.
Mbl BEIICHUJIM TaKXXe, UTO He 34aBHCSLICe OT BpEeMeHH COCTOSIHHE PaBHO-
BeCHsl COOTBETCTBYeT HauboJjee CayyaiHOH CHTyauuH B H30JHPOBaHHOK
clcTeMe. ,

TaxuM of6pasom, CcHOBa BO3HHKaeT npoG/ieMa TOUYHOTO ONpese-
Jenusi caydafinocTd. TpyIHOCTH BO3HHKAKOT H B TOM CJydae, KOTAa
Mbl PaccMaTpuBaeM JBe TIPOM3BOJbHblE CHCTEMBI, HAXOAAUMECS B Tell-
JIOBOM KOHTaKTe APYL C IpyroM. Mel npeanosaraem, 4to B COCTOSIHHH
pPaBHOBECHS, COOTBETCTBYIOIIEM MaKCHMa/AbHOH ciyuaiiHocTt (sHeyno-
PSIOYEHHOCTH), HEKOTOphIH napamerp T (XapakTepH3YIOLIMH CPeAHIOn
SHEPTHI0 aToMa B CHCTeMe) JOJIKeH ObiTb OJHMM H TeM Xe Ias o0enx
cucreM. Ho Tak kar Mmbl HEe 3HAMM, KaK ONpeReHTb NOHATHE CAYyYaiiHO-
CTH B 0OOlleM cJyyae, TO Mbl He MOTJIH AdTh Kakoe-suGO sICHOe Onpejese-
uue napametpy T (KOTOphIH YCJIOBHO Obll HA3BAH «aBGCOJIOTHON Temme-
parypofi»). Takum o06pasomM, BO3HHKaeT CJjelyOLHii OCHOBHOH Bompoc:
KaK HCHO/b30BATb BEPOSITHOCTHbIE [MOHSITHA ISl [1OCAE10BATENbHOIO
OIHCAHHA MaKPOCKONHMUYECKHX CHCTeM, NPH KOTOPOM CTaHeT SICHBIM
CMBICA CAy4afiHOCTH W aGCOMIOTHOH TeMieparyphl?

B npumepe ¢ MasiTHHKOM B 1. 1.3 MBI BHAeJH, YTO BOBCE HE OYEBILIHO,
Kak 3HEprus, pacnpejejieHnas ciaydwaiiubim 00pasoM MeXKI1y MHOTHMH
MOJIEKYJAMH, MOXKET [1epexXOAMTb B MeHee CJjyuaiiHOe pacnpejencuue,
npu KOTopoMm OyneT MpPOH3BOAMTLCA - paboTa, BLIMOJHSIEMas MAaKPOCKO-
NHYECKOH CHJION Ha HEKOTOPOM MaKPOCKONHYeCKOM DAacCTOSHHM. IDTOT
fpUMep BCKPLIBAET BONPOCHI 60JBbIIOH Ba)KHOCTH. Bo-nepBbIX, B Kakoli
CTelleHH MOXHO HCNO/Ab30BaTh 3HEPrHIO, PACTIPENeJEHRYIO CJyUaHHbIM
o06pa3oM MeXAy MHOTHMH MOJIeKy/JamMH BelllecTBa (HampHMep, Yras
Wad OeH3UHa), U KOHIEHTPUPOBATh ee TakuM ,006pa3oM, 4TOGbl OHa
NpHBOAMNA B IBHXKeHMe nopiuedb? Muauve, kakoB KoadpduiuneHT
HONE3HOTO JIeACTBHR MapOBOTO taW GEH3HHOBOTO ABUTATeNsd, OCYylie-
CTBHBIINX NPOMBILJIEHHYIO peBoJiOLHIO? Bo-BTOpbIX, B KaKOi cre-
NeRd MOXHO MCNOJb30BaTh PHEPTHIO, PaChpeleqeHnyio ClydailHbiM 06-
pa3oM MEXJIY MOJIeKYJlaMH HEeKOTOPhIX XHMHUYECKHX COeNMHeHMH, #n
TIepeBONHTL €€ B MeHee cjyyalHble (OPMbI, OpPHIOAHBIC AJs1 CO3NAHH S
MYCKY/IbHBIX YCHJIMA MJH ]ISl CHHTE3a BBICOKONOJHMEPHBIX ~MOJIEKY,

~
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HanpuMep, TakMX Kak Oemok? Jlpyr¥mu cioBamy, B KakoR CTelleHH
XHMHUECKYIO SHEPTHIO MOXKHO HCIOJb30BaTh Jid ofecreueHHs GHOJIO-
rHYecKUX TpolleccoB? SICHOe mpejcTaB/e€HHE O MOHATHH CJYYaAHOCTH
1I03BOJIMT HaM OTBETHTb Ha BCE TH BOMNPOCHL.

Ceoiicmsa cucmem 8 cocmosnuu pagroesecusi. Tak Kak cBoficTBa Makpo-
CKOMHYECKUX CHUCTEM B COCTOSIHHH pABHOBECHSl OCOOEHHO NPOCThl, TO-
OHH JIOJI2KHBI JerKo NMOALABATbCH KOJIHUYeCTBeHHOMY onucanuio. Cyiuect-
BYeT MHOTO DAaBHOBECHbIX COCTOSIHMEl, KOTOpbie I1peACTaB/IsioT GOJIbLIOK
HuTepec. PaccMOTPUM HEKOTOpBIE H3 HUX.

OzHopoaHOe BellecTBO sBJASETCS OJHUM H3 MpPOCTefUINX IIPHMepPOB
CHCTeMBl, YbH PABHOBECHBle CBOHCTBA MOMKHO HAJesTbCsl ONHCATh KOJIH-
yecTBenHo. [lIpeanosioxum, Hanpumep, YTO HEKOTOpbIl Tas HJH KHI-
KOCTb TIPH 33J@HHOH TeMIleparype HaXOAUTCS B COCTOSIHHH PaBHOBeCHs..
Kak 3aBucHT BeJMYHHA JaBJ/eHHsI OT TeMIIeparyphl 4 oObema 3ToH cpe-
Jpl? Wi npeamosiorKHM, 4YTO HEKOTOpOe BelecTBO COJAEPXKUT aTOMB
2KeJsle3a, UMelOllHe OnpejieseHHblii MArHUTHBIE MoMeHT. [lycTb 310 Be-
HIECTBO, TeMIIepaTypa KOTOPOro 3ajaHa, NOMeLIeHO B, MaTHHTHOE I0.Jle,
Uemy paBHa HAMATHHYCHHOCTb, T. €. KAKOH MarHUTHBI MOMEHT IpH-
XOJUTCA Ha eIuHHIY 00BeMa JMaHHOTO BelllecTBa? Kak 3Ta Hamarunuel-
HOCTb 3aBHCHT OT TeMIIePaTypbl # MardUTHOTO Ieast? B kauecTse Apyroro
pUMepa JONYCTHM, UTO HEKOTOpOoe BellleCTBO (3TO MOXKeT ObiTh KUK~
KOCTb, TBEpAOe TesO Hll Ta3) HorJouiaeT HeGOIbIIOE KOJANYECTBO Telaa.
Ha xaxyio BeaMuHHY BO3pacTeT TemIllepaTypa BellecTBa?

Mul unTEpecyeMcs, OfHaKO, He TOJbKO MAKPOCKOMHYECKNMH Mapa-
MeTpaMH CHcTeM, HaXOAALWMXCS B pABHOBECHM, HAC HHTEpeCYeT TaKxKe
NoBeJleHHe aTOMOB, M3 KOTOPHLIX 3Ta CHCTEMa COCTOMT. PaccmoTpHM, Ha-
npHMep, COCYA € Ia3oM, HaXOAAIMMHACS NPH ONpeleJeHHOH TeMmmepary-
pe. OueBHIHO, YTO CKOPOCTh MOJEKYJ rasa He Oyier oanHaxosoii. Hac
MOKET HHTEPeCcoBaTb, KaKas YyacTb MOJEKYJ/ HMeEeT CKOPOCTb, JEKAILYI0
B 3ajaHHOM uHTepBate. Ecnu B cocyne cnenatbh HeGosbilioe OTBEpPCTHE,
TO HEKOTOpble MOJIEKYJIbl DOKHHYT COCYA H TPOHHKHYT B OKDVIKaIOUHi
‘€T'0 BaKyVM, 1€ HX CKOPOCTb MOXKET OblTb HelOCPEJICTBEHHO H3MepeHa.
‘Takum oOpasom, NpeACKa3zaHUsl TEOPUH MOXHO OYIeT CPaBHHTb C IKC-
nepuMeHTOM. PaccMOTPUM NYCTOH — COCYJ, CTEHKH KOTOPOTO Harpers
JIO BLICOKOH Temmeparyphl. Tak Kak aTombl CTEHOK COCYJa HCIYCKAaloT
3JIeKTPOMArHuTHOE H3JIYUeHHe, TO COCY/ HanoJHeH HaJjyderueM (doro-
HaMM), HaxXoLsILUUMCA B PABHOBECHH CO CTEHKaMHu cocyna. KakoBa Be-
JIMYMHA 3HepPruy 3TOTO 3JEKTPOMATHUTHOIO H3Jy4eHHUst, 3aK/4yeHHad
B 3aJaHHOM HHTepBase suepruii? Eciau B cocyile crenaTs HeGoJblUOe
OTBEPCTHe, Yepe3 KOTOPOe uajyyeHle MOXKeT MPOHUKATh B OKpYyKalollee
MPOCTPAHCTBO, H C HOMOLILIO CIIEeKTPOMETPA H3MEPHTb €ro IHEPTHIO B JaH-
HOM HHTepBaJje 4acToT, TO MpeACKAa3aHUsl TEOPHH MOXKHO OVier TIpo-
BEPHTb Ha OMbITe. JTa NpobieMa HMeeT GOJbLUOE 3HAYEHUe AASl MOHU-
MaHHsl Tpoilecca HCIYCKaHHA H3Jy4eHHs HarpeThiM TeJoM, Haripumep,
COJIHIIEM HJH HHTBIO OCBETHTE/IbHOH JIAMIIBL

Hpyroit mpoG/eMoil, npencrap/siomell 6o/bIIOH HHTepeC, ABAACTCA
BO3MOZKHOCTb XHMHYECKHX peakuHid MeXAy MOJeKy/aaMu PasHOro poja.
Paccmorpum cocyd obbemoM V, HaNOJHEHHbLIA JABYOKUCHIO yTJepoixa’
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CO,. B cootBercTBHH ¢ XHMHUecKo#l peakiyeli

9C0, == 2C0 -0, (34)

mo.iexy, s CO, MOKHO NPEBPaTUTh B MOJIEKY.ibl OKHCH yriepoaa CO u B
MoseKy.sl Kieaopoaa O,, uan Haobopor. Ecau noBelIaTh TeMneparypy
cocyja, corepxatlero MosekyJbl CO,, To HEKOTOpble H3 HHX 6YAVT JHc-
counnpoBate B mMosekyanl CO u O,. B pe3yabtare cocyl OyfeT colep-
»atb Mosiekyabl CO,, CO n O,, Ha-
XOIsIllHeCs] B PaBHOBECHH IPYr C
apyrom. BosHuKaeT BONPOC, KakuM
06pasoM MOXKHO IOJACYHTAaThb OTHO-
cHTe/bHOe 4Heao modekya  CO,,
CO u O,, HaxoAsiuluxcsi B cocyle
[pY 3a4dHHOM Temmeparype?
Jlaxe paccMOTPeHHE IIPOCTOTrO
BeleCTBd, COCTOSHIIErO H3 MoJe-

Aummmarmepies

-

~a ] TR
\ [ Moneryngpnsiii
/a7 71y90K
Monerynss,

Lol ETUUE 113 Cacyd

Puc. 1.37. Cocyn, HanoAHeHHBI rasom, IMeeT
odeHb MaJlellbKog OTBEPCTHE, 4Yeped KOTopoe
MOJIEKYJIbl  MOTYT BHINOAHTL B OKPYKatoLHit
gakyyM. C nomoilbio OAHON HJAN HECKOABKHMX
ROJNUTHMHDYIONLIX 1Hedeli MOKIO BbZeJNTbh MO-
Jiekyanpuslii nydok. Pacrnpeieiedite Molekya
N0 CKOPOCTH B Nyuke OnpeledsieTCsi pacrnpe-
AeJenneM B Cocyhe. MeToldl MOJEKYJSIPHOro
yuka Bo3noJAsieT HayuaTh nonejenie RIOAUPO-

KYJ OAHOTO THIA, MPUBOAHT K pPsi-
Ay uHTepecHefmnx mpobaenm. Ta-
KOe BCLIECTBO CYLIECTBYeT B pas-
AWYHbIX dopmax uian gasax, T. e.
MOXKeT §biThb Ta30M, KHIKOCTBIO
an6o  TBepanM TeqaoM. [Ipoctsinv

BAUHBIX 2TOMOB HJH MoJjekys. Ero ouenb ua- ' _
C€TO HCNOJBAYIOT B COBPEMeRIBIX (H3HUECKHX TpUMEPOM  CIYKHT ~ BOIa, HMGIOU
HKCAEPHMENTaX. Hias  BCe TpH (baSbl: BOJASTHOU

nap, XHikas Boja H Jex. B Jio-

6ol (ase BeWECTBO COCTOHT M3 GAHHX H TeX Ke MOJAEKyJ (B ciaydae
BOJbl 3T0 MoJekyvabl H,0), HO pacnosoxkennnx no-passoMy. B raze

MOJIEKY bl HAXOAATCS CPABHHTENBHO 1a/eKOo APYT OT ApYra M IBHKeHHe

HX HOCHT CJVYaliBbill U MOYTH He3aBHCHMbIH Xapakrep. B TBepioii dase
pacrnoJsioxkeHHe MOJeKy.sl BecbMa ynopsiouedHo. OHH  pacnofiozKeHsl

B y31aX NpaBHAbHON KpHCTajdaudeckofi peiieTKHM M MOTYT COBepliaTh.
JIHIIb HefoabllNe KoJeOGaHHs OTHOCHTENBHO 3THX NOJOXEHHH. B xunkoi

(pase pacrogoxkeHHe MOJEKYJ HMeEeT [POMEXKYTOUHbIH Xapakrep, Tak

KaK OHH CBfI3aHbl He TdK XKECTKO, KaK B TBepJIOM Tefle, HO H He 001aJa10T
cBOOONOH MOJEKYJ Taza. B MHIKOCTH MOJIeKYJbl AOCTATOUHO OJH3KH,

yTOObl OKA3LIBATb CHJbHOE BJHSHHE JPYT Ha APYra, HO B TOXKe BpeMs
OHH JIOCTATOYHO VYJAajeHbl, 4TOOL!I MepemMeiiaTbCst APYT OTHOCHTEJIbHO
ipyra ua Goablise paccrosuus. Mayyenue paccesinHsi PeHTTEHOBCKHX

Jyuell NOATBEPXKIdeT CKa3aHHOE HaMH O XapaKTepe Paclo/IOMKeHHS Mo-
JieKyJ B 3THX pPasJuuHblX (aszax.

Xopowo H3BeCTHO, YTO BELLECTBO NEPeXOfHT U3 OfHOH (a3el B Apy-
ryio NpH BIOJHE ONpeleneHHON Temmepatype (IpUHHMAs WJIH OTAABAasH
TenJsio B pe3y/abTare Takoro nepexoja). Hanpuwmep, Boga npu 0° C nepe-
XOJHT M3 TBepAol hasb! (Jel) B KUAKYIO (BOAY), KOTOPast B CBOIO ouepe/lb.
(npn AaBJCHUH B OfHY atMochepy) nepexonut B ras npu 100° C. [lpu
HEKOTOPLIX YCJOBHSIX BO3MOXKHO OJHOBPEMEHHOE CYUIEeCTBOBAHHE JBYX
a3, HaXoMAWHXCSA B PAaBHOBECHH JIPYT ¢ APYroM (HampHmep, Jied H BO-
aa npu 0° C). Teopus, onuchiBaoulas noBefleHHe CHCTEM B PaBHOBECHH,
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TIO3BOJIAET CHEAaTh NMpelcKa3aHue o JaBJeHHU H TeMneparype, NPH KOTO-
PHIX BO3MOXKHO paBHOBecue JByX ¢asz. HMcrnoansysa 3ty Teopuio, Mbl MO-
eM HNpeJcKa3aTh, NMPH Kakoll TeMreparype JaHHOe TBepJoe BEIeCTBO
npeBpallaeTcs B KHUAKOCTb U NPU KaKO# TeMneparype XHAKOCTb HCMas.
pPsleTCst ¥ CTAHOBUTCSL Ta3oM.

Bce 310 ouenb TpyaHble M MHTepecHble 3agaud. MXx peiuexue -onsTtb
‘CBSI3AHO C TOHATHAMH O CTeNeHH CAY4YalHOCTH H YHOPSROYEHHOCTH.
Ilpn Bospacranun aGcoJIOTHOH TeMmepa-
TYpbl BeliecTBa (UJH CpeAHeH SHepTHH aTo-
MOB) OHO NepPeXONUT M3 OTHOCHTEJbHO YHO-
PSIOYEHHOTCG (MM MeHee CJIY4aliHOIO) TBep-
JOrO COCTOSIHUSI B KHIKOE COCTOsiHHe, 00-
Jafalee NpoOMeXYTOUHOH CTEHeHbIO MO~
paaka. Ilpu eine GosibiieM yBeJHUCHHH TeM-
Neparypel KHUIKOCTb IIE€PeXOANT B rasool- = —<"—1 Budg
pasHoe COoCTOsIHHE, KOTODOMY COOTBEFCTBYeT | — — —
HauboJbIIUHA  Gecriopsilok. Y AMBUTENBHO,

OIHAKO, YTO TaKue H3MeHeHUs B crereHy  Fre. 1.38. 3nccw noxasano cos-

MeCTHOe CyIleCTROBaHHe ABYX (a3,
IIOpsAAKa NMPOUCXOAST CKAYKOM, IIpH BIIOJIHE BOAbL K Napa, HaXOMAMHMXCH B

- o paBHOBECHHN [IPH HeKOTOpoil on-
OlpelleJJeHHOH Temneparype. HpH‘-IHHOH pedesienHoit TeMnepaType. lasJe-
5TOTO ABJAAETCS CBOETO POAA KPHTWHecKas 1M MaPaSIRIvE todbko of Tem:
HecTaOHJIBHOCTD MOJIEKY.I B BelliecTse. [Ipen-
NOJIOKHM, HampuMmep, YTO TemiepaTypa TBeplAOro Tesna JOCTATOYHO Be-
JIHKa, TaK 4YTO MOJIEKYJIbl HMEIOT OTHOCHTE/NbHO BO/bIIYIO SHEPTHIO U MO-
TYT COBEpUIaTh OKOJIO CBOHX Y3J10B B KPHCTANJMYECKOH pelleTKe KoJie-
0aHHsl, aMIJIHTYJa KOTOPBIX CPABHUMA C PACCTOSIHHSIMHM MEXKAY Y3J1aMH.
Tlpeanosoxkum jajee, 4T0 B peayJbTare QIYKTYaUWH HECKOABLKO CO-
Ce/lHUX MOJIEKYJl OJHOBPEMEHHO TOKHIAIOT PeLyJ/SPHYIO KpHUCTaa/ude-
CKYIO pemierky. 310 chJieruaer 6/u3JexallliM MOMEKYJ/1aM BO3MOKHOCTb
HOKHHYTb CBOM y3Jibl B pellieTKe, M T. A. B pe3yJbTarte Mpl HabJonaem
npoilecc, KOTOpbI OYeHb IOXOXK Ha 00Basg JAOMHKA M3 NOMHHO, T. €.
BHICOKHHl NOPAJOK B PACIo/oKeHHH MOJEKYJI B TBEPIOM TeJsle HeoXKUIaH-
HO HaYMHaeT YMEeHbIIATbC W TBEPZOe TeJO NPeBpallaeTcs B :KUAKOCTb.
Takas HecTaGW/IbHOCTb, Pe3yJbTAaTOM KOTOPOH $BJAsIETCs IaBJjeHHe
TBEPJOro Teja, BOBJEKaeT B [1poiiecc Bce MOJEKY. bl BelliectBa. Mbl Haswl-
BaeM TakHe ABJACHHUS KOAACKMuUsHbiml npoyeccamu. K HAM NpUHAANEKHUT,
Hanpumep, TasinHe WJAH napoobpa3oBanue. J1s aHajH3a TakHX sIBJe-
HUH HeOOGXOJHMMO OJHOBpPEMEHHOe paccMOTpeHHe B3auMOJeHCTBHSI BceX
soaekyJ., Pemenne nonoGHbIX npo6aeM Ha MHKPOCKOIIMYECKOM YPOBHE
SIBASIETCS OYeHb TPYAHOH TeOpeTHUYeCKOH 3afauei.

Cucmenmot,: He HaxoOswyuecs 8 pasrosecuu. PaceMoTpeHMe cHCTeM,
He HaxOASIIMXCS B PaBHOBECUH, 3HAUHTEJNbHO CJOXKHEE PaCcCMOTPEHHst
paBHOBECHBLIX CHCTeM. 3AeCh MLl HMeeM JeJOo ¢ Ipoueccamy, H3MeHso-
UWIMMHCS BO BPeMeHH, H HAC Npex/e BCero HHTepecyer, HaCKOIbKO GBICTPO
UM MeJ/IEHHO TaKye H3MeHeHHS NpOHCXoAsT. Vsydeuue aTnx Bompocoen
‘Tpebyer HETaJIbHOTO pPACCMOTPEHHs! B3aHMOAEHCTBHSI MOJEKYJ APYT C
JPYToM. 3a HKCKJ/IOYEHHEM JIOBQJBLHO MPOCTOTO Chyyas paspemeﬂﬂoro
rasa TakoH aHa/JU3 NOBeJeHHH MOJIEKYJl OYeHb CJONKEH.

| Bodawoi rnap
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PaccMoTpHUM  HECKOIBKO HHTepecHbIX npumepos. IlepBeiM H3 HIIX
Gyner xumuueckast peakuusi (34). Ilpeamonoxum, B cocyle npu ompe-
Jesennofi Temneparype Haxoxutcs rasz CO,. Uepes Kakoe Bpems Oyner
JoCTHrHYTa paBHOoBecHasi KoHueHtpauus CO u O,? [las oTBera Ha 310T
BONPOC HAM HYXKHO OIIPeJeNuTh CKOPOCThb, ¢ KOTOPOH XHMHUECKasl peaK-
uus (34) nporekaerT B 0OOMX HaNpaBJEHHAX.

B kagecTBe Apyroro npumepa paccMOTPHM 1Ba GOJBIINX Teja, UMEo-
HIHX pasauuHbie Temnepatypot, 7y 0 Ty, M COEJHHEHHBIX MeX1y Co00it

crepykHeM. Takas cucTema He Haxo-

Tl e JLHTCSl B paBHOBECHH, H uepe3 CoeiH-

7// 7//// HAIOIMA CcTep:KeHb TemJo OyIeT ne-
1% /7; PEXOAUTL OT OJHOTO Tesa K JAPYIoMmy.
1 Lmepwens L Hac wunrepecyer, HAcKO.IbKO 3(hdeK-

THBHO [epejiaeTcsl SHEPrHa [0 CTep-

Puc. 1.\{39. IIBa Testa ¢ pasAHUHON TeMIle- KHIO, T. €. Ka4K 6blCTpO llaHl:i)()e KO-

B e o omioro. Tena & Abyroay. JIMUECTBO Temsa MOmeT TEPeHTH OT

. ONHOro Teda K APYromy. JTO 3aBH-

CHT OT BHYTPEHHHMX CBOHCTB CTep-

KHSl, a HMEHHO, OT €ro «TelLIoNpoBOAHOCTH». Hanpumep, crepKens,

ClleNIaHHbI H3 MeH, IIPOBOAMT TEIJIO JIYUILie, 4eM CTepyKeHb H3 HepXKaBero-

wed crajH, T. e. Melb 006/aJaeT GoJee BLICOKOH TelJONPOBOAHOCTDLIO,

ueM CTatb. 3ajaueil TEOPHI SBJSIETCSi TOMHOE ONpefeieHtie TNOHATHS
TETJIONPOBONHOCTH U €€ BbIUHC/IeHIIE.

Hexomopote sbieoder. [1punepsbl, paccyoTpennble B npeiablaylieM ra-
parpade, NOKAa3bIBAIOT, 4TO CVILECTBYET PAA MAKPOCKOMUUECKUX sBJe-
HHil, KOJHYeCTBEHHOE PACCMOTPEHHE KOTOPBIX MOXET OBbITh BbINOJIHEHO
H4 OCHOBE (PYHAZMEHTAJbLHBIX MHUKPOCKONHYecKHX mounTHi. OlHako
rame Lesbio He OyileT JeTafbHoe paceMoTpeHHe aTHX npobaeM. [leficr-
BUTEJIbHO, HEKOTOPblE N3 DACCMOTPEHHBLIX HAMU BONPOCOB (RHAIplivep,
pacueT (a3oBbIX NEpexoi0B, TAKHX, KaK TasHHe MK NapoobpasoBaHiie)
He pelueHbl ellle 10 KOHLA H ABJAMI0TCA 00.1aCThbi0 HHTEHCHBHOTO HayuHO-
ro uccaefoBanHs. C apyroil CTOpPOHbI, Mbl yiKe J0CTAaTOYHO MNOATOTOBJIE-
Hbl, 4TOOBl HCHOJNb30BAaThb KauyeCTBEHHble 3aMeuaHHsl 3TOH rJ1aBbl 15
6osiee  TiyGOKOro KOJIHYECTBEHHOTO H3YUEHHS MAKPOCKOIHYECKHX CH-
cTeM. JT0 H3yyehHe OyleT AIHTbCS JOCTATOYHO JOJr0, HO B KOHLE KOH-
UOB MBI [IOJIYHHM OTBET Ha GOJbILYI0 4acThb NOAHATHIX 3lech npolieM.

’

Croaxa onpeaeaenuit

H3dauposanran cucmema. CACTeMa, KOTOpas He B3aHMOAeHCTBYeT ¢ J1000H Apyroit
CHCTeMOI.

Hoeaavnoii eas. Ta3, B3anmoneficTBue MeXxIy MoJeKy/JamH KOTODOTO MOYTH fpe-
Eebpe:xuMo Mo (T. e. OHO JOCTATOUHO BEJHKO, Y4TOGHI MOJEKYJbl MOTJIH OOMEHUBATHCS
sueprueil, Ho npeHeGPEKNMO Mal6 B APYTHX OTHOLIEHHAX).

Hoeanvran cucmema cnunos. Cucrema, CocTosinas H3 CNHWHOB, B3auMoneficTsue
MMy KOTOPBIMH MOYTH NpeHeOpeHMO Maad (T. e. OHO IOCTATOUHO BEJMKO AAs TOTO,
$TOOBI CIIHHEI MOIVIH OOMEHHBATLCS SHEPIHel, HO NPeHeGpeKHMO Mano B APYTUX OTHO-
WEeHUAX). )

Mukpockonuseckasn éeausurda. Beanunna nopsifika aToMHbIX pa3sMepoB WIH MeHbILe.

Makpockonuueckasn eeauuuna. Benuunna, 3Hauntenpno GOJbIIAS aTOMHBIX pas
MepoB. -
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Murpockonudeckoe cocmoanue (Unu muxpococmoanue), COCTOsSHIE CHCTeMbl, IVsh
KOTOPOTO YKa3aHO JieTasibHOe COCTOSIHHE BCeX aTOMOB.CHCTEMBI, JOMYCKaeMoe 3aKOHaMH

' MeXaHHKH.

Maxpockonuueckoe cocmoanue (wiu maxpococmosanue). CocrosiHue CHCTeMbl, OMH-
CaHHOe ¢ TOMOILLIO BelHYHH, KOTOphle MOTYT OBITh oOmnpejeléHbl MaKpoCKo-
MHYECKHMH H3MepPeHUSIMH.

Maxkpocronuueckud napaxemp. [lapamerp, KOTOpPBIY MoxeT OHTb onpefesiet
K3MePeHNSMH B GOsblINX MaclITabaX W KOTOPbIH OMHCHIBAeT MAaKPOCKOIMHYECKOe CO-
CTUSIHHE CHCTEABI.

Pasrosecue. MaxpocKonnueckoe cOCTOSIHHE, KOTOPOE HE VeHSIETCSl CO BpeMeHeM,
3a HCKJIOUEHHeM CayuvaliHbiX (AyKTyauHii.

Bpens perakcayuu. TlpuvepHoe Bpemsi, KoTopoe TpebyeTcs CHCTeMe, uTOOM U3
HepPaRHOBECHOTO COCTOSIHMA MepefiTh B cocTosiHHe PaBHOBeCHS.

Heobpamunwoiti npoyecc. Tlponece, KOTOpbll NIPH H3MEHEHUH HAMpasJeHHs BpeMeHH
{npexcraBbTe cebe, uTO KHHODHIAbM NPOKPYUYUBAETCs B OGPAaTHOM Hanpap/eHik) MOUTH
HHKOTAA He TPOHCXOMHT.

Tennaosoe 63aumodeticmsue. BaawnoieiicTBie, NMPH KOTOPOM He COBepluaeTcs pa-
Gotra B MaKpOCKOMHYeCKOM Macilurtade.

Tenso. Dneprus, nepejaBaeMasl Ha MHKDOCKOHHYECKOM YPOBHe H He CBSI3aHHAsF
€ BBITOJIHEHHEM MAaKpOCKOIHUeCKOA paGoThi.

Tepmomermp. Heboabluas MaKpOCKONHYECKAst CHCTeMa, YCTPOEHHAsl TakKUM 06-
Pa3oM, 4TO TPH TOJYUEHHH HJM OTJaue Tensaa y Hee H3MeHSeTcs TOJIbKO OJWH U3 ee
MAaKPOCKONHYECKHX [apaMeTpoB.

Tepnosempuseckuil napasemp. VIsmeHsiomiics npn TIOIVIOUWEHHH MM OTHaue
Tensia MakpOCKONHYCCKHH TlapaveTp TepMOMeTpa.

Tennepamypa cucmemvt, UMEPEHHAA OQHHLIM MEPMOMEMPOM. 3HAYEHUHE TeMie-
paTypHoro napamerpa TepMOMeTpa, HaXOIsUIEerocs B TENJIOBOM KOHTAaKTe C CHCTeMOWF
B COCTOSIHHY PaBHOBECHSI.

Cpednasn dauna ceobofroeo "‘npobeza (cpeduul npobez). CpejaHee DacCTOsIHIe,.
KOTOpOe MOJIeKyJla rasa NPOXOJHT 6e3 coy/JapeHHs C JApYyroll MoJAeKyJloil.

3agaun

1.1, ®aykmyayuu 6 cucmene cnunos. PaccCMOTPHM HACAJIBHYIO CHCTEMY M3 MATH
CNYMHOB TMPH OTCYTCTBHH BHELIHEro MariHTHOro nojd. Ilpeinoso:kuM, 4To cHuMaeTCsk
KHHOIParMa 3TOH CHCTeMbl B COCTOSIHHM paBHOBecHfl. B Kakoil yactH Kaipos Mbl VBH-
UM 71 CITMHOB, HanpasJeHHbIX «BBepX»? PaccmoTpuTe cayuan, korgan=0,1,2, 3,4 u 5.

1.2, Jupdysus scudxocmu. [pennonoxkum, 4To Kanjs Kpackd (Mveiowas Ty e
AJIOTHOCTb, 4TO H Boja) ynaja B ctakad ¢ sofoil. CHCTeMa HaXOMuTCst NPH NOCTOSTHHOM
TeMriepaType H He NoJBepKeHa HUKAKHM MeXaHHueCKMM BoageficTusiM. I1peanonoxkun,
4TO MBI CHUMaeM KHHO(DHJbM MPOLECccoB, KOTOPhle BO3HHKAN B CTaKaHe 10C/Ie NajleHHSE
kanan. Yro mMbl YBUANM HA 9KPaHe UPH NpocMoTpe KHHOpHIbMA? UTo GyreT npoucxo-
JIHTb HA 3KpaHe, ecyn (UIbM MPOKPYUHBAaTh B OOpATHOM HanpasieHHU? Slsiserca am
STOT NPOIeCC OOPATUMBIM K/AH HeOOPATHMBIM?: ONHUINTE ero, PAacCMaTPHBAas MoBeleHHe
MOJIEKYJl KPackKH.

1.8. Muxpockonuteckoe ob6vscnenue mpernus. [lepessnHomy Gpycky coofmiaior
AMIyJabC cHibl. OH HauMHaeT JBUTATLCS 110 [OAY H NOCTeneHHO octanasausaercs. O6-
patuM WM Heobpatum 10T npouecc? ONHIINTE, YTO Mbl YBUIHM HA 9KPAHE, i KIHHO-
(HIBM 3TOTO JIBMIKEHMS MPOKPYTHTbL B 0OpaTHOM Hampae/jeHHd. Pacemorpure TeueHue
9TOro MPolecca Ha MOJEKYJISPHO-aTOMHOM YpPOBHE. .

1.4. Mpubaruxcernue x menaosory pasuosecuro. Pacemorpum nsa rasa, A u A',
HAXONSIMHECS B PAIMHYHBIX COCYAAX. ﬂepBOHaqaano CPefHAS SHepPrus MOJeKYJ rasa
A oTIHYHA OT CpejtHeil 3HepriK Mosekya rasa A’ . Cocyast NPHBOLATCS B COMPHKOCHOBE-
HHle, TaK YTO OHH MOryT OGMeHHBATbCH SHepreii, nepenasaemoil B popMe Teniia rasom A
CTEHKaM cocyla M yxe notou razy A’. Byzer i Takoll npouece o6paTHMBIM HAH HeoG-
paryMbiM? [aiiTe MosleKy/1sipHOE ONHCaHHE TOrO, YTO Mbl YBHAUM HA IKPaHe, eC/IH KH-
HOrpamMMy Tnpollecca mpoKpy4HBaTh B o6paTHOM HampaBJeHUH.

1.5, Hamenerue Gasnrenus easa ¢ 06vemon. TIpw noMomtk NeperopoakH cocyn pas-
JeseH Ha je yacTd., OfHa H3 HUX UMeeT 0ObeM V; i Halno/HeHa pa3pexeHHEIM rasoM,
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Jpyras 4acTh mycta. Yxanum. MeperopoiKy M NONOXKIAeM, NMOKa He GVAET NOCTHTHYTO
‘PaBHOBECHOE COCTOsIHHE, IPH KOTOPOM MOJEKYJIbl PaBHOMEPHO pactperessaTcs 10 BeeMy
«cObeMy Vf cocyxa.

a) M3menurcs JIM noniHas sHeprust raza? CpaBHHTE CPENHION SHEPLHIO MOJEKYJ
# HX CpPeRHIOI0 CKOPOCTh JO M Moce YAaJeHHs Neperopoiki.

6) Kaxoso oTHClIeHHe JABJeHMIl rasa B 1ayajgbHON M KOHEWHOH CHTyaumusax?

1.6. Yucao sorerya, yoapawuwuxca o nesepxHocms. PaceMotpum 230t (N,), Haxojs-
MACS NPH KOMHATHOH Temneparype H arMocdepHoM sapieHHH. HMcnosb3ys uncacsbie
‘OLleHKH, JaHHble B 5TOJl IV1aBe, OlleHHTe CPejHee HHCJAO MOJIEKYJ a30Ta, YAApsiowuxcs
-0 naowaxky B | cm? B TeueHHe OJHON CeKYHAbL

1.7. Cropocme ymeuku. B HeKOTOPOM oONBITE HCOOAB3YETCHA CTEKAsSIHHAs KoJba
«€MKOCTDBIO B | 4, ROTODas conePKRUT a301 (Ny) npH KOMHATHOH TemnepaType u atMochep-
HoM zaBdcHud. Kosba nomeliena B cocyll, B KOTOPOM AOJXKeH ObiTb BaKyyM. JKCepH-
MEeHTaTop He 3HaeT, YTo B Koa0e HMeercst HeGosbluas ,m»xpa pasmepoum nopsiaka 10~5ca.
“Ouennute Bpemsi, HeoOXOAWMOe IJsg TOro, utobul 1% as3cra Bbiulest B OKpYyaloOWuil
BAKYVYM.

1.8. Cpedree apems mexcdy crmoakHOSeHUAMU MOACKYA. A30T HaAXOAUTCSI MPH KOM-
-HaTHOH Tenmeparype H atMochepHOM AaBJeHHH. Vcrnodbsys yuc/ieHHble JaHHBE, TPH-
‘BejleHible B 3TOf T/1aBe, BHIYHCIAHTE CpellHee BpeMs, KOTOpoe NPOXOIUT MEXKIY CTOMKHO-
BEHHSIMH MOJIEKYJI.

1.9. Pasnosecue mexdy amomamu ¢ pasauynol maccod. PaccMOTpHM CTOJKHOBEHHS
MEXKIY IBYMsl aTOMaMH, HMEIOLLEMHU Maccy my U iy Oéosnaan CKODOCTH 4TOMOB [0

-COY/lapeliHst V; H Vg, 2 CKODOCTH aTOMOB MOC/E COYAAPEHHS V), H Vg COOTBETCTBeHHO. Hac
HHTepecyeT,- KaKasi 9HeprHsi nepellaeTcsl OT OJHOTO aTomMa K APYroMy B pe3yJbTarte
*CTOJIKHOBEHHU .

a) Hanucas ycJoBHSI COXPaHEHHS HMNYJIhCa H 9SHEPLHH, NOKAXKHTE, 4TO:

Vit vi=vs1vp i)

‘[nonesno Bocmoms3oBathest dopmysiolt v E— v2= (v'— v)(v' 4 v)].
6) Flenonrsys 3akos coXpaHeHHs UMIYJbCa H Bhipaxente (I), nCk/mouiTe U3 HHX

\‘Vg, TaK 4TOOBI BEIpA2KeHKe A5 Vl COIePKaJo TOMbBKO HallaJ'beIe CKOPOCTI/I Vi H V.

B) [Tokaxure, 4TO H3MeHeHHe 3HepruH Ag, =% ml(v — vi) nepsoro atoma
sB pesyJbTaTe CTOJKHOREHHS PaBHO
4mym 1
Ag,=—L2 | (g, — )= (M, —1,) V{-V 11
1 (ml_i_m )2 ( 1 2) 9 1 2) 1 2 y ( )

rie & ==Y mvi; H ey==Yam,V; — HAuANLHBle 3HAYCHHH SHCPIUIl ATOMOB.

r) PaccMOoTpHM Ba TaKHX atoMa Cpelid aTOMOB BelleCTBa, HAXOAsIIerocst B PaBHO-
sBeCHH. B COCTOSHHMH DaBHOBeCHS SHeprHs JoCOro aToma B CpelHeM MOCTOSNHA, T. €.,
8 uactHocTH, Ae,=0. Haua/bHble CKOPOCTH BCeX aTOMOB JIOMTKHb! HMeTh 6eCcriopsi0uHbe
HaNpaBJeHus, TAK YTO KOCHHYC yrla MeXKAY V4 H V, 6yleT NOJOKHTEJIbHBIM TaK ke
‘Yacro, KaK H OTPULATeNBHBIM, T. €. vy -V,=0. B3sB cpelnee or o6eHux uacreil ypabne-
uus (I1), nokaxure, 4TO B paBHOBECHH

£y ==&, (11T
DT0oT BaKHbI Pe3yAbLTaT NOKA3bIBAeT, YTO CpelHMe SHepIdH aTOMOB B DPABHOBECHH
paBHHI, JlaKe eCJH MacChl aTOMOB DasJHYHEL

1.10. Cpasnenue ckopocmeti moaexyn 8 cuecu 20308. PaccMOTPHM ra3, COCTOSIIIHA H3
-OZHOATOMHBIX MOJIEKYJI C Pa3/NUHBIMH MAacCaMmH, flly B Ny, HAXOAAMNHACA B HEKOTOPOM
COCYJle B COCTOSIHHH PaBHOBECHS.

a) Vcnoassys pesyJnTarht npeiwiyiiell 3alaun, HafiiuTe OTHOWIeHHe cpejHed
«CKOPOCTH MOJIEKYJl C MAaccofi /m; K cpejHeil CKOPOCTH MOJIEKYJ C MacCOi .

6) IlpennonoxuM, uTo TAKMMH McJekyaamu ssasiotress He (rennit) u Ar (apron)
«C aTOMHBIMH BecamH cooTBercTBeHHO 4 u 40. KakoBo oTHolleHHe CpelHHX CKOPOCTel
.aTOMOB Fejiuss H aprosar

1.11. Hasaenue cmecu 2a308. PaccMOTpUM UNeanbHBIR ras, cocTosmuil U3 atomon
JABYX THNOB. [TycThb 1ia eHuIY OObeMa NPHXOIHTCA 7y aTOMOB C Maccoil 1, .1, ATOMOB
< Maccolt My, T1peanonoxuM, YTO ra3 HaXOAMTCH B DABHOBECHH, T. €. CPeflHss IHeprus

62



KaxJoro atoMa ojlHa H Ta ke, He3aBHCUMO OT Tuma aToMa. [loayuute BeipakeHye LJsk
IaBJieHHs] TaKoH rasosoil cmecd. OGbsACHHTe BallH De3yJbTaThl C IOMOLLBIO cpenHel
SHEPTHH €.

1.12. [lepememusanue dsyx 2a3os. Cocy pa3aeleH neperopoixoil Ha JABe paBHbie
gactu. B oaHoll H3 HHX HAaXOAMTCst OMMH MoJb reaust (He), B gpyroil oxuu Moab aproua.
(Ar). 3neprus B dopMe Ten1a MoXeT NepefaBaTbCs YepPes NCPEropoiKy OT OAHOTO ra3a
K Jpyromy. Uepes HeKOTOpOe BpeMs 3TH radbl JOCTHIHYT COCTOsTHUST paBHobecus. O6o-
3HAUHM Cpejlee [aBjeHHe Tesiust uepe3 py, a aproOHA Yepes p,.

a) CpaBHHTC AaBAEHHA py W Py ITUX ra3os.

6) YUto cayanres, ecau yGparts meperopoiaxy? Onwuunte, kak 6YAeT BGLITJSLIETH.
npolece, eCJAH ero KHHOIPaMMy NPOKPyuHBaTh B 06paTHOM HanpaBlaeHHH. SIBasiercs
JH OH OOGPATUMBIM HJIH 1eo0paTHMbIM?

B) Kakum Oyaer cpeluee jaBieHne rasa B KOHEYHOM PAaBRHOBECHOM COCTOSTHHUP

1.13. Cayuaii noaynpospaunot nepezopodxu («ocmocy). CrekasiiHag Koaba colep-
WHUT aprod (Ar) npu KoaHATHONl Temneparype W armocdepHoM AaBjeHun. OHa nome-
mwaercst B OoabUIVIO Kayepy, coiepxainyio rennit (He) npu tex xe ycrosuax. Koaba
cjllenaHa H3 CTeKJa, KOoTopoe NpomycKaeT MmasleHbKHe atoMmbl He, HO He mponyckaer
Gosiplllne atonmpbl Ar.

a) OnumnTe NPOHCXOAAWME npeiecc.

6) Yro npencraBaser coboit HauGosee cayuafioe pacrpeiedeHHe MOJEKYL,.
KOTOPOE YCTAHOBHTCSI B KOHEYHOM DPABHOBECHOM COCTOSIHHH?

B) Kagum craHeT cpejnee paBJieHHe Ta3a BHYTPH KOJObI 10cJe JOCTHK HUS PaBHO-
BCCHOTO COCTORHHA?

1.14. Tenaosvie rosebanusa amosoe ¢ meepdom meae. Asor (N,), 3axmoueHHbH B
COCYJl, HAXOANTCSI B PABHOBECHH NPH KOMHATHOW Temmepatype. B cooTeercrenu ¢ pe-
3yJIBTATAMH, NOJAYUEHUBIMH B 3ajaue 1.9, ecTeCTBEHHO NPEANOJOKHTD, YTO CPelHss KH-
HCTHYeCKasi SHepTust MoJCKYJILl ra3a NPHMepHO paBHa cpeliHell KMHETHUYECKOIl SHeprum:
atoMa cTeHkH cocyja. Kamabli aToM CTeHKH cocyja PachooXked 0KoJ0 y3aa KpHCTall-
JHuecKoil pemieTKH. ATOMBI MOTYT COBEpILATb CBOGOAHBIE KOIeGaHIS OKOJIO V310B, H B.
HEKOTOPOM HPHOAHMKEHHH TH KOJ1c6aHHS MOKHO CUHTATh FapDMOHHYECKHMH. B cpelHem
NOTEHIHAJNbHAST SHEPTHsT aTOMOB GyJeT paBHa HX KHHeTHueckoii ssepruu. [lpeanoso-
UM, YTO CTEHKH COCYAa CAelaHbl H3 MelH, IVIOTHOCTH KoTopoil 8,9 e/cu® u aromHbiir
Bec 63,5.

a) OueHHTe CPELHIOI0 CKOPOCTh KoJeGaBHii aTOMOB MeAH OTHOCHTETLHO paBHO--
BECHOFO IOJIOXKEHUS.

6) Ouenure paccTosiiue MexXay aTomanmu Meid. (MoxHO cunTaTh, YTO OHR pacno-
JIoJKeHbl B BepIIHHAX KyOHYecKol pemieTky.)

B) Ecau cuna F npusoxeHa X MefRHOMY CTePIKHIO C ILTOUIAALIO TMOIEPEUHOro-
cevenuss A u gannoil L, To yBeawuerde Liauust cTepxusg AL onperensercs ¢opayanoit
F v AL
AT L
Tae mocrosindan Y HasuiBaeTes modyaem IOuea. Ee snavenne 175 Memd paBHO Y=
=1,28-1012 gun/cu?. Hcnoabays 31y hopmyny,.olleHHTe CHAY, JAeCTBYIOUYIO Ha aToM
MeJH, KOTJIa OH CMellleH H3 CBOEro yala B pelleTKe HAa HeKoTOpoe HeGOMbiloe paccros-

Hue X.

r) UeMy paBua NOTeHUMATbHAS SHEPrHS aTOM3, CMEUIeHHOTO HA pAaccTosHHe X
OT CBOEr0 PaBHOBECHOro noJoxeHusi? lHcnoabayiite nosyueHHbI pe3y/abTaT sk
GIEeHKH CpefHel BeJHUHHL [&] aMITHTYAB KoseGaHRiA aToMa MelIH OTHOCHTeALNO pas-
HOBeCHOro nojioXKennsi. CpaBHUTE BeJMUHHY |x| € PacCTOsTHHEM MEXKLY aTOMaMH Meli
B pelleTKe.



TJAABA 2
OCHOBHbBIE NMOHSATUS TEOPUU BEPOSITHOCTEW

B nepsoii riaBe Mbl yOeAHAHCh, YTO COOGPaXKeHHst, CBsA3aHHEIE C Re-
pOSITHOCTbIO, HMEIOT BakKHefilllee 3HaueHHe JJIsi MOHHMAHHA CBOHCTB
MaKPOCKOMHMYECKHX CHCTEM, COCTOSIZHX W3 OYeHb GOJbIIOTO 4HC/Aa 4Ya-
<1uil. [loaTomy Heo6XOAHMO paccMOTPerb OCHOBHBIE MOHSITHA TEOPHH
BEPOATHOCTCH H BLICHUTb, KAK HX HCIIO/IBb30BATb il PelIeHUs HeKOTO-
PBIX NPOCTBIX, HO BaXKHBIX 3aaad. Mneu, ¢ KOTOPLIMH MbI BCTPETHMCS,
MMEIOT 3HaueHHe, BBIXOJAIIee 3a paMmku 3Tux 3apad. Hanpumep, onu
HeOTIeIHMBl OT TPOG/eM, BO3HHKAIOUX [IPH aHaiH3e a3apTHLIX HIP,
B CTPAXOBOM JieJie (TeOpHs BepOosiTHOCTEH No3BoJsierT MOJY4YHTL BEpoAT-
HOCTb CMEPTH WK G0JIe3HH CTPaXYIOWIHXCH) UK NPH BHIOOPOYHBIX Onpo-
«€ax, TPOBOAHMBIX C IEJbI0 OUEHKH ofliecTBeHHOTO MHeHHA. Maen Teo-
PHH BEpOSITHOCTEH MMEIOT OrPOMHOe 3HaueHHe H Ansi redeTukH. OcobeH-
H0 BeNHKO HX 3Ha"eHHe B PU3HKe, B TAKHX, Hanpumep, npobaemax, Kak
- pAIMOAKTHBHBIH pacmall, fajeHne KOCMUYECKOro H3/iyyeHHs Ha NOBEpX-
HOCTb 3eMIH KM CIydafiHoe HCIyCKaHHe 3JeKTPOHOB HArpeTol HHTDHIO
‘5/1eKTPOHHOH JslaMnbl. HakoHel, BepOSITHOCTHblE HAEH 4Ype3BbIYAHHO
BaKHbl [PU KBAHTOBOMEXAHHUYECKOM OIHUCAHMH ATOMOB H MOJEKYJ.
OTH HaeM sBAAIOTCH OLHQBOH Hallero paCCMOTpeHHH MaKpOCKomHye-

CKHX CHCTeM. :

2.1. CtaTucTHyeckue aHcambam .

Paccmorpum cucteMy A, ¢ KOTOpOR Mbl IPOU3BOAMM KaKHe-TG ONbITH
#au Habmogesus *). Yacro pe3ysbTar JAaHHOIO OAHHOYHOIO ONhiTa
.He MOXKeT GbITh NpeAcKas3aH C NMOJHOH ONpeledeHHOCTbIO JHOO 1O NPHH-
AMNHANbHLIM COOOpaXKeHHsIM, CBSI3aHHbIM ¢ BHYTpeHHeH CyUIHOCTbIO
fiBeHHd **), 1uGo moToMy, 9TO JOCTYNMHAast HaM HH(POPMAIHUA HexoCTa-
“TOYHA NS Takoro npenackasanus. OnHaxo, ecid pe3yJbTaT AaHHOIQ

*) AKT HaGIONEHHST MOXHO, TPAKTOBATL KAK OMLIT, Pe3yJbTaT KOTGPOro CoBfa-
JiaeT ¢ pesyabTatoM Habmozenvs. [losromy Her Heodxozmmocm npoao,umb pasanuxe
‘MEXKAY ONHTOM H HAOGMOAeHUEM.

**) Takasi CHTyauusi HMeeT MeCTO, HallpHMep,; B KBAHTOBO, MeXaHHKe, Tfie pe3yih
TaT H3MEPEHHH, COBEpIIAEMBIX B MHKPOCKOITHYECKO]! CHCTeMe, He MOMKeT GhiTh mpeAcKa-
:8aH ¢ HOJHOR 011H03Ha‘mOCTI>10
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OJMHOYHQLO :0NbITa K He MOXeT GHTh YKa3aH, Bce e HHOTA MOMKHO, Gy
JlaTh BECbMa BaKHbie BHIBOAM O Pe3y/IbTaTax GOJBLIOIO YHC/A HISHTH -
HBIX OMBITOB. B TakoM cilydae MBI TOBOPHM O CrIamucmuseckom OrucaHAI
CHCTeMBL H Henoab3yeM L/t TAKOro™ ONMCAHHS MeTONbl meopult eépoﬂm-
Hocmedl. DTO OTIHCaHHE MOXKHQ BBITIQJIHHTD, SAGIYIOWHM 00pa3oM.
BmecTo TOro 9ToGH €KOHHEHTPHPOBATh HAIle BHUMaHHE Ha JaHHOM
cucteme A, KoTopasi Hac MHTEPeCyeT, 'PaccMOTpHM HaGop -eueTeM, (an-
: CambAb B TEPMHHOJIOTHH, NPUHATOH B CTATHCTHKE), COCTOSHIHE U3 GOJib-
HIOTO YHeaa V' «OXHHAKOBBIX». cHeTeM. B npunmune o MoxkHO npeicra-
BHTb cefe CKOJIb yrOTHO GOJbIIHM (Jf—-00). CHCreMbl NpeMIoNaraoTcst
«OAMHAKOBBHIMHY» B TOM CMbic/le, YTQ KaXIasds H3 HHX yIOBJeTBOpPseT
TeM XK€ YC/IOBHSM, KOTOPHIM YIOB/NeTBOpsieT cuctema A, JTo sHauwr,
uTO Mbl CHHTAeM KaXKIYIO H3 CHCTeM IIPHFOTOBJEHHOH 10 TOMY e peren-
Ty # OJBEPTHYTOM TOMY 3Ke OMBITY, YTO H CHCTEMa A. Mol MoXeM Temepb
CNPOCHTB, B KaKoil YacTh c/yuaeB GyNeT MeTh MeCTo JaHHbili KOHKpeT-
HLY  pésysbTar OnbiTa? UToObl GBITh TOYHBIMH, HAM CAELYET HMETh
BO3MOXKHOCTh KaKHM-TO O0Gpa3oM IIPOHYMEpOBaTh.-HJH 0GO3HAUUTbL Pa3-
JUYHBle H HEKJIOYalOlHe - ADYr Jpyra pesy.bTarTsl oWbira. (IlosHoe
YUC/IO TAKHX BO3MOXKHBIX Pe3yJIbTATOB MOKeT GbiTh WKOHETHBIM WK
GecroneynriM.) OGO3HAuUM Tefleph HEKOTOPBIA ONpe/le/IeHHE pe3y IbTaT
ONbITA HHAEKCOM 7 M MPEANOJOXKHM, HTO H3 o CHCTeM, 00pa3sylomux
Ham aHcam0Jb, of°, cHcTeM JalM Takoi pedyvawrar. Torna OTHoeHHe
o ’ ___.o’\f‘r . 1
HA3LIBACTCS: GePOAMHOCTIbI0 NoABAeHUA pesyavmama r. Ecan o ouetn
BEJIHKO, TO MOXKHO OXKHAAaTb, YTO MOBTOPEHHE TOIO K€ ONbITa C JaHHLIM
gHcambiiem, NpHBEJeT K TOMY JKe OTHOLIEHHIO P,. Tlostomy orHoweHHe
(1) maeT OAHO3HAUHLI} pe3yJbTaT B. Ipelele, Koma N MOXeT ObITH czle-
AQHO MPOH3BOJILHO GOJIbLIHM. :
9r0 _paccyk/eHHe NOKA3bIBAET, 4TO AJA HSMePEHHH BepoxTHQCTrt
J06Oro BO3MOIKHOTO pe3yJibTaTa ONbITAa C JaHHOH CHCTeMOH HeoGXOXHMO
NOBTOPHTH 3TOT OfIBIT Ha GOJBIIOM HYHC/IE OAHHAKOBHIX cHcTeM *). He-
CMOTPS Ha TO, 4TO Pe3Y.IbTAT AAHHOTO YACTHOTO OMBITA HEJb3s TPeiCcKa-
3aTh, CMAMUCMUYECKAS TEOPHS TO3BOJSAET HPEACKa3aTb 6epOAMHOCHy
NOSIBJIEHHS] KaXXJOTO U3 BO3MOXKHBIX pe3yJ/ibTaToB olkita. [lpenckasau-
Hhble BEPOATHOCTH MOYKHO CPaBHHTb C BEPOSTHOCTSIMH, H3MEPEHHBIMH Ha
onbite ¢ aHcaMmJeM, OJMHAKOBEIX CHCTEM. :
PaccMOTpHM - HeCKQUIbKO KOHKPETHBIX I1PHMEpOB.

Bpocanne MOHETH HJAK ATPaAbHOH KOeTH, [lycrs Hawt enkir
3ak/o4aeTcst B GPOCAHHH MOHEThl. OH HMeeT JB2 BO3MOMKHSIX HCXORA: «Oped» HAN ¢peli
Ka». B npuuuune, peaysibTaT 3TOIO ONBITA MOXET ObiTh HOJIHOCTHIO NPEACKA3aH, eCaAl HaM
U3BeCTHO Bee 00 YCJI0BHAX GPOCAHHS MOHETH H 06 ee B3aMMOJAEHCTBHH C NOBEPXHOCTLIO
crona. JIas Takoro mpeACcKa3aHHs HeoOXOXMMO MPOM3BECTH CJIOXKHbIE BLIMHCJ/IEHHS,

*) EQHH cocro;mue CHCTEMBI He 3aBHCHT OT Bpememl, TOC pRBHHM ycrxexou MOMHO
OIHH H TOT e OOBIT.IIOBTOPHTEH QN) [)33 HaR OIIHOH JAaHHOM CHCTeMOil, Hpu SM0M, pasy-
MeeTcs, HY)KHO 6HTI> YBepEeHHbIM, UTO B ﬂaque KZ)KIOI‘O OomnkiTa cucrema HZXOMTCH
B OJJHOM H TOM e Ha‘la.lleOM COC'POKHHH. ’ .

3 @, peay C ’ ’5



OCHOBANHAE Ha SAKOHAX KAaCCHUECKOR Mexanmki. Ha camoM Xe fene mul ne pacnonta-
FAEM ROMHLIMH JAHHLIME 00 YCJAOBRSIX OpOCaHHA MOHETH B He MOXEN NOITOMY npel-
CHa3aYs pe3yavTaT ZaHBoTo Gpocanus. (Jlaxe eCcan Gl MH HMEIH TIOVIHYIO HHPOPMAHHD
© HAYANLHLIX YCAOBHAX H MOIVIH NIPON3IBECTH BCe BLIMHCIERRSA, HAC He YIORNETBOPHN 61
CTOIIL CAOKHLT cniocol nonyuens pesybTata.) CTaTucTaveckas qOpMynRpoOBKa STOrO
onuiTa ouellb npocra. Hocratouno paccmorpers ancamGib, co-
cTosmuHA U3 oueHb 6OMBLLIOrO uMCIa ORMHAKOBHX Mouer. By-
7 JieM 6pocaTh 3TH MOHETH ONHHAKOBLIM NPHEMOM ¥ NOACHUHTHI-
BATh YHCJIO CTy4aeB BHINAAeHHS «opJaas HiH «pewiku» *}. [fors
2 @
3 @
* -
L

TaKHX C1yuaeB AdeT COOTBETCTBEHHO H3MepeHHle BEPOATHOCTH
P NOABJIEHH S «OpJar» HaAR BepOﬂTHOCTh q NOSIBNEHNUA «pe[ﬂKH»-
.
-2 ;
AT @

Ha JIaTb «OpJla», APYrasi NONOBHHA «PEIIKY», TIOITOMY p==g=142.
CpaBHenye C ONEITOM MOXKET NMOATBEPAHTL WJR ONPOREPTHYTH
TaKylo Teopuio. Hanpumep, ecin copenr» nossisercs uaile
epelliku», MBI GyJleM CYHTATh, UTO TEOPHA HeBepHA B TOH uYacTH,
KOTOpas NpeanonaraeT cobnajieHde LEHTPa Macc ¢ reoMeTpH-
YeCKHM LIEHTpPOM.

PaccmorpnM Teneps HecKoJbKO GoJiee CJIOXKHBIT ONBIT 6po-
canns N moHeT. Bpocanne xaXn0fi MOHETHI MeeT 1Ba BO3MOXK-
MBIX HCXOAA, N03TOMY Gpocanie N MOHET NPUBOIMT K MOsBJe-
AR 2X2X ... X2=2N pesyavraToB **). CraTucTHYeCKast
¢opMyJIHPOBKA 3TOTO ONHITA 3aKJIOY3ETCs B TOM, YTO BMECTO
onHoro HaGopa 3 N MoHer Mul paccmarphBaeM aHcambib,

CratHcTHYeCKas TeOpHa JAO/KHA yMeTb NPeACKa3bBaTh
‘

STH BEPOATHOCTH. Hanpumep, €CJIH UEeHTP MacC MOHETh! COBNa-
BAeT ¢'€e TeoMeTPHYECKHM -REeHTPOM, TO H3 cooﬁpa)xeﬂuﬁ CHM-
METPHH CJeJlYeT, 4TO B 3aKOHaX MEXaHHKH He COAePKHTCH HM-
Yyero, 410 no3BoanJgo (3] Pas3auUUTL «Opaia» H «pemxy». B ra-
KOM CJly4ae NOJIOBHHA IKCNePUMEHTANbHEIX Pe3yJJTbTaTOB JOJIN-

Prec. 2.1, YUrobu cne-

NaTh MNPeACKalaHun o

BePOATHMX  pe3y/ibTa-

Tax OGpocauda NaHHOR

MOHETH, PACcCMOTPUM

encamban, cocrofiiluii
43 50/1bLIOTO YHCAA OAH-
nakopbix moxet. Ha pn-
CyHKe NoKasaHt cocro-
fiMKe aHcaMbas noche
6pocaHnn BCeX MOHWeT.
Cumpon © O o3navaer
«©0pens, CHMBOA P -
© «penigan.

cocTosu U3 o° TaKHX HaGopos o N MOHET B K2XKJOM, H Hal
KaxibiM Ha6opoM Npou3BOLHM OMHaKoBuii ombiT. Bonpoc,
KOTOPHIl MOXeT NPeACTaBAATb HHTEPeC NpH TaKOM OAHHAKO-
BOoM Gpocanuy HaGoOpOB MOHeT, 3aKJIOYaeTcs, HanpHmep, B
BEPOITHOCTH TIOABJEHHS OLHOTO 13 2NV BO3MOXKHBIX pe3y.in-
TaToB onbita. [TpHMepOM MeHee JAeTalbHOTO ROTIpOCA ABASETER
HaXO0XKJeHHe BEPOSITHOCTH TOTO, YTO N1 MOHET H3 Hallero Habe-
pa BLINAYT «OpOM», 2 ocTaibHble (N — n) moner Bbinaiyy
«peiKoii»,

3anaua o Gpocanun Ha6opa u3 N OAMHAKORHIX UTPAILHBIX
KocTell HMeeT, KOHEYHO, analoTHuHHA xapaktep. EamncTeen-
HOe pas/iHule CBA3aHO C TeM, 4To 6pocaHne J1060# KOCTH Aaer
1LIECTb BO3MOXKHEIX HCXOJIOB, B 3aBHCHMOCTH OT TOTO, KaKag W3

WeCTH rpaHel CMOTPHT BBepX.

Hcxon HekoToporo onbiTa HAH pe3yabTat HabMoXeHHs wacTo ynobpo
0603HauaTb NPOCTHIM CJOBOM CAywail. 3aMeTHM, 4TO BEPOATHOCTb pea-
AU3AUNY JAHHOTO Cyuas CYLLeCTBEHHbIM 00pa3oM 3aBHCHT OT JAOCTYI-
HON HaM UHGOPMALLHHY OTHOCHTEJILHO paccMaTpHBaeMoi cictemul. [leficr-
-BUTEJBHO, 372 HHGOPMALLHA ONpeaesieT Hall CTATHCTHYECKHH aHCaMOab,
COCTORUIHN H3 CHCTEM, ‘CBO/CTBA KOTOPHIX COBMARAIOT CO CBOHCTBAMH pac-
cMatpypaeMoii cicrembl. [losicniM 310 Ha caenyiowem npumepe.

~ *) Mu moXeM nocTynHTL HHAue, Gpoc
YHBast cng-lau «Opias B «pelnKms, '
© %% B uacTiom cnyuae N=4 Bo3MORHL 24=<16 BOSMOXHWIX pesynbTaton. Oum
nepeuncaentt B TaGn. 1.1 (c1p. 20), ra¢ Eyxey JJ moskno npunATh 3a copaay; & Byxsy IF
aa Wy’. ‘ - . R . . . N ~ . e v,

[ ]
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IT p u M e p. Hac unrepecyer ciefytoulHit BONPoC: Kakosa BePOSTHOCThb TOrO, YTO
xurens Coenutennbix IITaToB okaxercss B Go/bHHLE B Bo3pacre MeKIy: 23 u 24 ro-
JaMH. B 3ToM cilydyae Mbl JOJDKHBI PaccMOTPeTh aHCaMGMb, COCTOSHIHE M3 GOJLLIOFO
aucna xureneli Coenunennnix [lITatos, u onpeaenuTs, Kakas ux gons mexay 23 u 24 ro-
JlaMH KH3HH OKaercs B GoJIbHHIlE. I]penno.nomum, YTO CyluecTByer JONOVHHTeIbHOE
YC/I0BHe, BaKIIOYAIOIeecs B TOM, YTO 3T0 XKeHIWUHE, OTBeT Ha HAll BONPOC H3MEHHTCH,
TAK KaK Telepb Mbl JOMKHB GyJeM DPaCCMOTPETh aHCaMOJb KeHIUH < KHTEJIbHHI
Coenuuentibix [IITaToB H onpefiesinTh, Kakasi HX 4acTh OKA3aziach B Goabuune B BO3pacTe
ot 23 10 24 qet. ' {OueBuAHO, uTO GNAarofaps AETOPOMACHHIO
JKEeHIUHB 3TOro Bo3pacTa GyAyT HaXOAWTLCH B GobHMLE Ya-
e, yeM MYXKUYHHBL) ] 7

Cucmemor ¢ Goavwum Koauwecmsom uacmuy. Pac-
CMOTPHM MaKPOCKONHYECKYIO CHCTEMY A, cocrosinyio
43 MHOTHX 4acThll. Takoif cucTeMOit MOXeT OhITb,
HanpuMmep, WieajbHbli Tas, coxepxaui N Mo- o
JIeKyJ, WM cucreMa U3 N CIHHOB, HJIH XKHIKOCTb,
MM KyCcOK Meu. HH B OHOM H3 3THX CJydaeB Mbl
He MOXKeM IpejCKasaTb TNOBeJIEHHE KaXKIOH YacTH-
16l, ofpa3yioweil cHCTeMY, K TOMY XK€ TaKOe npej-
CKa3aHue He MpeNCTaB/seT HHTepecad *) M nosToMy
cJefiyeT oO6paTHTbCSt K CTaTHCTHYECKOMY pPaccMoT-
penuto cucrembl A. Bmecto Toro 4To0H! HCCTENOBATh
OHY TaKylo CHCTeMy, paccMOTpHM aHcambilb, CO-
CTOSIIHH K3 GOJIBLLIOTO YHCJIa o' CHCTeM, aHAJOTHY-

, Puc. 2.2. Cr .
ubix cucreme A. UTOGBl BBICKA3aTh HEKOTOPHIE CTA-  cxoe onmcanne cacresss
THCTHYCCKME YTBEPXKAEHHSI O HAlIeH CHCTeMe B 2y . "PeAcTaBiaiowcit

MOMEHT BpeMeHHM [,  Mbi NpOM3BeleM B 3TOT Mo-
MEHT BpeMmeHH  HaOmofenHs Hal o\ cHCTeMaMH.
D10 jaacT HaM BeposiTHocth P({) HaGmoneHus

Hpill B AmMK. Ha pn-
CYHKe cCXeMaTH4eCKH no-
Ka3aH CTaTHCTHYeCKHU
ancaM6ab u3 oy eHcTem,
AOROGHBIX

paccMaTpn-
cHcreme A,

ONpeJie/IEHHOTO Pe3y/bTaTa ONLITA B MOMEHT Bpe-
smenn f. [lpexnonaraemas mpoueaypa CTaHeT 3Ha-
yuTeJbHO OoJee sICHOH, eciM Mbl BOOOpa3uM, 4T0 HMeeM . GH/IBLMEL,
Ha KOTOPBIX- CHSITA KaxJad cucTeMa Hawero aucambas. IloBezenue
JII06oit, CKaxkeM, k-fi, cucTeMbl aHCaMGJ/1sl B 3aBUCHMOCTH OT BPEMEHH Mbl
MOXKeM Terepb U3yyaTh, paccMaTpuBasi k-fi GHJIbM (4J1s1 3TOTO HYXKHO
CMOTpeTh COOTBETCTBYIOLULYIO TOpH30HTaAb Ha puc. 2.3). C mpyreit cro-
POHBI, JJIs ‘MOJYYeHHSt KaKHX-TO BEPOATHOCTHBIX YTBEPXKIAEHHHA O CH-
CTeMe B HEKOTOphIi MOMEHT BpeMeHH ! HeOGXOAWMO PaccMOTpeTb Te
KaJpHl Ha BceX (pM/IbMax, KOTOpble OTHOCATCA K onpeleIeHHOMY MOMEH-
Ty BpeMeHH ¢ (A1 3TOTO HYXKHO H3YYHTb KaAphl, PacroJioXKeHHble Ha
puc. 2.3 Ba0Jb BEPTHKAJIH, H COCUMTATh JIOJIO KaApoB, Ha KOfropblx 06-
HapY)KeH HHTepecylOHA Hac pe3y/bTarT OMmbiTa).

Met’ roBopuM, 4TO CBOMCTBA CTAaTHCTHYECKOrO aHCaMGJsi HE 3aBUCAT
OT BPEMEHH, €C/IM UHC/IO CHCTEM, OTBEYAIOUIMX JAaHHOMY CJIY4al0, OAHO
M TO e B JIOGOH MOMEHT BpeMEHH (WJIH, YTO TOo XKe camoe, eciu

BaeMoii

*} B TO4HOM KBAHTOROMEXaHHYECKOM OITHCAHHH CHCTeMbl HECTATHCTHYECKHE Mpef-
CKa3aHHA HEBOBMOXNCHH NPUHUHIHANRHQ. TIpU KiaccHYECKOM OMHCAHHH TOYHbe Nped-
CKA3aHUA O CHCTeMe TPeGYIOT 3HaHNH NONIOKEHAS H-CKOPOCTH KAMKROR YaCTHIUL B He-
Kompua uouem Bpemen. Takan undopmauun Han HENOCTYIHA.
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BEPOSTHOCTb TNOfABJEHHA MOOOro JAHHOTO caydast B ancambae He 3a-
BHCHT OT BpeMeHH). TeM caMbiM CTaTHCTHYECKOe ONHCAHHe [103BOJISeT
JaTh O4eHb sICHOE OMpejeeHHe MOHATHA PABHOBECUA: WU3I0AUPOBAHHAR
MAKPOCKONUYECKAS CUCMEMA HAXO0UMCA 8 pasHosecuu, €cau - ceoticmea
CIMAMUCMU1ecK020 aHCOMOAR U3 MAKUX CUCITIEM HE 308UCAM OM 8PeMeHUL.
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Puc. 2.4. [lpojomxenne puc. 2.3. Teneps, Korja Npollio ROCTaTOYHOE BpeMsi, aHCAMGJb siBaAseTC
HE3ARUCHMBIM OT BpeMedH. 3Tg. 03naUAET; YTO CHCTEMA EOCTULNIA COCTOMHNS PABHOBECHH.

I1 p v m € p. PaccmorpnyM njeanbHbli ras, cocroamuf n3 N monexy.1. B gexoro-
pHifl’ HauaNBHBIA MOMEHT BpeMeHH /, Cpasy nocJie Toro, Kak yGpaHa mneperopoika, Boe
MeJIeKyJThI 3TOTO ['a3a HaXoAATcH-B JeBofl nosoBuHE cocyAa. Kakum o6pasom Moxne
NPOH3BECTH CTATHCTHYECKOE ONHCAHME NOBEACHHN T332 B MOCTEXYIOUIHe MOMEHTH- Bpes
Menn? Ml IOJDKHB PaccMOTPeTh ancaMBib, €oCTOSMHA K3 GOMLIOre YHCHAa aHAKOTHY=
MbIX COCYNIOB C Ia3oM, B KaXX/IOM H3 KOTOPBHIX B HAada/bHEIE MOMEHT BPeMEHH BCE MOJIes:



KYJIbl HaXojaTcs B JieBoH mosIoBHHe cocyha. Taxoif aHcaMG/1b CXeMaTHYeCKH NMOKAa3aH
Ha pHC. 2.3. 3aTeM Mbl JOJKHEI UCCIEOBATh Haul aHcaMm6iib B onpeleeHHBIE MOMeHT
BpeMeHH f, ¢ TeM 4TOGbl MOTYYHTb OTBeT Ha HHTepecylollHe Hac Bonpockl. Hanpumep,
€CJIM COCPEJOTOUMTh BHHMaHHe Ha ONpelle/IeHHOR MOJIeKyJle, TO Hac MOXeT HHTepeco-
BaTb, KakoBa BepOATHOCTb p (f) TOTO, YTO 3Ta MOJeKyJa HAXOJHTCST B JIeBOH YacTH CO-
Cyna, Wi BepOSTHOCTb ¢ (f) TOTO, YTO OHA HAXONUTCS B €ro NPaBOH YACTH, WJIM, HALIPH-
Mep, KaKoBa BeposiTHOCTb P (n, ), 4TO B JanHbIi MOMEHT 7 U3 ofuero uncjaa N MoseKy
0Ka3ajiuch B JIeBOH 4acTH cocyfa. Mbl 3HaeM, 4TO B Hada/lbHbil MOMEHT BpeMeHH
BepOsATHOCTD p (fy) = 1 1 g (£) = 0. Tounotakxe P (N, fy)) = luP(n, ty)) =0mnan #N.
C TeyeHHeM BpeMeHH 3TH BepPOSITHOCTH MEHSIOTCS JI0 TeX IOp, IOKA MOJIEKYJIbl OKaXyTCs
paBHOMEpHO pacrpefeleHHbIMH 10 06beMy cocyaa, Tak uTo p == g = Y%. Tlocse 3Toro Be-
POSITHOCTH He MEHSIIOTCSI BO BpPEMEHH, T. e. aHCcaMO/Ib CTAHOBHTCS HE3aBHCHMBIM OT Bpe-
MeHH H CHCTema JOCTHraeT paBHoBecHd (pHc. 2.4) *). CocrosiHHe, IpH KOTOPOM MOBefie-
HHe CHCTeMbl He 3aBHCUT OT BpeMeHH, OKa3bIBaeTcs 0coGeHHO NpocThiM. JleficTBUTeNbHO,
B 3TOM C/1yuae 33jia4a o rase, cocrosimieM H3 N MoJeKyJ, aHaJOTHYHA PACCMOTPeHHOH
BBILIE 3a7aye 0 HaGope #3 N MOHeT. B 4acTHOCTH, BepOSITHOCTb p HAXOXK/EHHS MOJEKYJI
B JIeBOJi YaCTH COCY/a COBMaJaeT € BePOSITHOCTBIO TOTO, UTO GPOlIeHHA S MOHETa BbiltafaeT
«pelKoii»; aHAJOTHUHO, BePOSATHOCTD § HaXOXAEHHS MOJIEKYJbl B NIPaBOH 4acTH cocy/la
COBNAajaeT ¢ BepOSTHOCTBIO BBINAJEHHS «opJa». TOUHO TaK e, KAK B NPHMepe C MOHe-
TaMH, 3TH BePOATHOCTH He 3aBHCAT OT BPEMEHH H p = q = Y.

3ameuanue B rmase | [cm. ypasuenue (1.4)] Mbl BRUHCAS/IM pasiHYHblE
BEPOSITHOCTH, PACCMATPHBAasi OJHY-eJIMHCTBEHAYIO cHcTeMy. Takofl MeTOJ TOAMTCS AAs
CIeLHa bLHOrO CIIyYas CHCTeMEl, HaXodilelics B paBHOBecHH. Tak Kak aHCaMG/Ib TAKHX
CHCTeM He 3aBHCHT OT BpeMeHH, TO GOJIbilIoe YHC/IO NOC/Ae]0BaTebHEIX HAaOTIOeHHH Ha,
ORHOM cHcTeMOfl 5KBHBAJIEHTHO 6OJILLIOMY YHC/IY OXHOBPEMEHHBIX HaO/MIONeHHI HaJ, cHC-
TemamH ancamGis. JIpyrHMH CJIOBaMH, NPERNOJOKHM, YTO MbI B3SLIH (PHIBM, Ha KOTO-
pOM 3aCHSATO NOBeJieHYMe CHCTeMH! 3@ BPeMsl T, H Pa3pesall ero Ha o)\ paBHBIX uacrefl,
KaXK/1as U3 KOTOPHIX IJIHTCs T;="T/ " (T; JOCTATOYHO Be/NHKO, UTOGH! NOBe/eHHE CHCTEMB
Fa OJHOM KYCKe (PHIbMa MOXKHO ObLIO CUMTATb HE3aBUCHMBIM OT €e TIOBEJEeHHS Ha CMeX-
HBIX KycKax). B 3ToM ciyuae Ha6op U3 " pa3pe3aHHbIX GHIbMOB /s AaHHON CHCTEMbE
GyJeT HeOTJIHUHM OT HaGopa o\ PHIBMOB, CHATHIX NS CHCTeM aHCamGiisl B TeueHHe HH-
TepBaja BpeMeHH T;.

2.2. OCHOBHBIE COOTHOMIEHMS] MEX]Y BEPOSTHOCTSIMH

BeposiTHOCTH YNOBJETBOPSIIOT HEKOTOPBIM IIPOCTHIM COOTHOILEHHSIM.
XoTst OHH TIOUTH OYEBMAHBI, X 3HaueHHe BecbMa Beduko. [Ipoiie Beero
HX TOJYYHTb, HCXOAS M3 OCHOBHOTO onpeleeHus Beposrdoctu (l).
Janpwe Mol Beerjza GyieM CYHTaTh, YTO YHC/IO of CHCTeM B aHcambae
MOXHO cJeaTb GecKOHeYHO OGOJIbLIHM.

[peanoioxuM, YTO ONBIT, BHIMOJHEHHBIA HaJ cucTeMoll A, IPUBOIUT
K HEKOTOPOMY YHCJY o B3aHMHO HCKJIOUAIOWIMX APYT APYTa HCX0IA0B
(ciyuaeB). OG03HAYHM KaKAbl BO3MOXKHBIH HCXOJ ONbITA MAH CJay4aid
HHJEKCOM r; 3TOT MHIEKC MOXeT NpUHHMaTb 3Hauenus 1, 2,3, ..., c.
B ancambie W3 OAMHAKOBHIX CHCTEM o’; CHCTeM OTBeyawT cayyaw 1,
Nz cucrem —cayvao 2, ..., N, cucreM —caydaio o. Tak Kak 3TH ciayuan
HCKJIIOYAIOT ApYr Apyra H HMH HCUEpPNBIBAIOTCA BCE BO3MOXKHOCTH, TO

CyMMa
N1+Ng+w‘3-+---+wu=w-

*) 3amernm, uTo B JHOGOHA JAHHOH CHCTeMe ¢ TeueHHeM BPeMeHH BO3HMKAIOT CJIY-
yaiinbie QAYKTYalUHH, TOTK3 KaK BepoATHOCTL P daa ancambas B nlo6oil RAHHHE MOMEHT
BpeMeHH BCerjjia HMeeT eIMHCTBEHHOE M Onpeje/ieHHOe 3HaUeHHe, eCHIH YHCJIO CHCTeM of®
8 aHcam6iie MoXKeT GbiTh CAe/IaHO CKOJIb YTOAHO GOILILMM. DTO 3aMeyaHHe HMeeT HeNhio.
N0KA3aTb, HACKOJIbKO paccMOTpeHHe IHCaMGAd YNPOLAET CHTYaHHIO NO CPaBHEHKIO
C pacCMOTPeHHeM OTAEAbHON CHCTeMhl. : '
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Tlocne nesenns Ha ' 3T0 paBEHCTBO NPHHHMaeT BHA
P,+P,+...+P,=1 2

sgecb P,=J\,/JN° o3uauaer, B cooTBercTBHH ¢ onpenencHueM (1), Be-
POSITHOCTb NORBJIENNA cayyas 7. PaBeHcTBO (2) noka3biBaer, 4TO CyMMa
BCeX BO3MOXKHbLIX BEpOﬁTHOCTeﬁ paBHa €JHHHLE. 310 paBeHCTBO Ha3bl-
B3eTCA YCcAoBUEM ROPMUPOBKU BGPOHTHOCTeﬁ. Ecau Bocnognb3oBarbest

0603HaueHHeM CYMMbI z, npuselenHsiM B (M.1), oHO Moxer ObiTb
3anHCaHO Kopoue:

(Z_‘
2P =1 (3)

r=1
KakoBa BeposithHOCTb oOfHapyxXenus cayuas r jubo cayuyag s?
B nawem aHcambiie uMeercst o\°, CHCTEM, OTBEYAIOLIHX cayyawo r, 0 N,
CHCTeM, OTBeYyalulux ciayvaio s. Takum obpasoM, JHu6o caydaio r,
an6o cayuaio s coorercTByer (oN,+4-o¥'s) cucrem ancambas. Coorser-
CTBEHHO BePOSITHOCTL P (r wiu S) MosiBJeHUs c/aydast 7 HIH S paBHa

P (r nm s)=°-ﬁr:’d-$-‘lj\f—‘- .
Takum o6pasom,
P(r wn s)=P,+ P, 4

Tl p 1 M e p. Paccmorpum Gpocanue HrpaibHoii KocTH. Baarogaps cHMMeTpHH,
BEpPOATHOCTD BHINIAleHHs 060l rpatn KyGa olMHakoBa u paBHa 1/6. Tak, BeposiTHOCTH
BbiNajJileHHsl eMHHLL! paBHa 1/6, u 3TOMY Ke paBHa, HampHMep, BePOSITHOCTb Bbinaje-
Hust RBOAKH. M3 paBeHcTBa (4) clefyeT, 4TO BEPOATHOCTb BbiNalleHHs JUBO eIHHHLbI,
au60 ABoiixu 6yaeT paBHa 1/6 -+ 1/6 = 1/3. 1o, pasymeeTcsi, OueBUAHBIH Pe3yabTaT, Tak
Kak cayyan 1 u 2 COOTBeTCTBleT O1HOH TPeTH oéw,ero YHCJId BCeX BO3MOXKHBIX HCXO40B
1,2,3,45u6.

CoorHoweHne (4) MOXKHO HeMeLJeHHO O000OWHTb A5 00JbLIero
Yucaa MCKAYAIOLIUX IpYyr Apyra HcxoloB. Tak, BepOSITHOCTb HOSIB-
JieHH JI060ro OIHOrO H3 HEeCKOJbKIX HCXOJ0B NPOCTO paBHAa CyMme
COOTBETCTBYIOUIHX BepomHOCTeﬁ B wu4actHOCTH, M3 YC/IOBHSI HOpMH-
POBKH BEPOSITHOCTEH C/ielyeT OUEBHIAHbIA pe3yJbTar, YT0 CyMMa BeposT-
HOCTel, HamucaHHas cjeBa B paBeHcTBe (2), npeacraB/siouwlas coGoi
BEpOSITHOCTb HACTyMjenust aubo Mcxopa 1, aubo ucxona 2, ..., aubo
nexona o, paBHa |, T. e. apaserca nocroBepHoctbio. [elicTBHTEN b~
HO, BC€ BO3MOXKHBIE HCXOIbl ONBITA HCYEpraHbi CAyUasMH, NPOHYMe-
poBaHHbIMH oT | 10 a.

Cosmecmunie geposmrocmu. T1pefnonoxknM, 4To B HCCIEAYEMO# CH-
cTeMe BO3MOXHbl [BA Pa3/iHuHbIX THNA COOBbITHH, HampHMep, o BO3-
MOXKHbIX COOLITHI THNA 7 (rae uHAeKc 7 =1, 2, ..., @) H [ BO3MOXKHBLIX
cobbithit THHA s (s= 1, 2, ..., P). O6o3Hauum uepe3 P, BepPOATHOCTH
COBMECTHOTO MOSBACHHA COObLITHA r -H COObITHA S. DTO O3Hadaer, 4To
B aHcam6je, cOCTOflleM 3 GOMbLIOTO 4HC/IA o ONMHAKOBHIX CHCTEM,
N'rs TAKHX CHCTEM XapaKTePH3YIOTCH COBMECTHBIM IOSIBNE€HHEM COGBITHSA
r u cobbitust s. Torna Prs=oN'rs/o’. O603Ha4uM, Kak oObI4HO, Yepes £,
BEPOSATHOCTb MOSABJAEHHS COOLITHA 7 (HE3aBHCHMO OT OfIBJIeHHA COOLITHS
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Tuna s). Jias sToro B HameM ancamGie Mbi He JOJXKHB 00pailiaTh, BHU-
ManMs Ha COOLITHsS THIIA $ H MOACUHTHIBATD YHCIO oY, CHCTEM, B KOTOPBIX
obHapyxkeHo cobuiTie r, NpH 5ToM P,=4’,//N". Anajoriuno, uepes P,
0603Ba4YNM ‘BEPOSITHOCTh MOSBJEHUSI COGBLITHSI S (HE3aBHCHUMO OT MOSIB-
JtleHus COOBITHST THTA 7). '

OGpaTiM BHMManne Ha CHeLHAbHBIH, HO OUYeHb BaXKHBIA Ciayyaf,
KOTIJIa - BePOSITHOCTh MOSIBJIEHUs COOHITHSI THIIA 7 HHYEM He CBf3aHa
¢ TOSABJIEHHEM HJH OTCYTCTBHEM COOBITHSI THNA S. Taxkue COOHITHA Ha-
BLIBAIOTCH  CHMQMUCTIUMECKIL HE3ABUCUMGIMIL, WIH HEKOPPEALPOBAHHbLMLL.
PaccmoTpum Teneps Te cUCTeMbl aHcaM0ild, B KOTOPBIX 00HAPYIKeHo AaH-
goe coObiThe r. Unceao takux cobeiThil paBHO of,. HesaBucumo or xa-
pakTepa COGHITHS 7, HeKOTOpas AoJsi P, 3THX cHCTeM OGHApYKUBAeT
Takxe coleitHe s. Takum oGpasoM, uYHCIO of,, CHCTEM, sl KOTOPBIX
OOHapy:KeHHl COBMECTHO COOLITHS 7 H S, DaBHO ' ‘

Ny = o, Py

COOTBETCTBEHHO, BepOATHOCTb COBMECTHOTO MOSIBAEHUSI COOHITHA I U
coObITHSL S paBHa

TN N

\ P ?P;‘Pv
P ol rs __oN ‘——_PrPS'

Mel noayuuau, uTO

ecJid _CO6bITI/IH r 4 § CTAaTHCTHYCCKH HE3aBHCHUMDLI, TO (5)
P,,=P.P,. » |

3aMeTuM, 4T0o BbiBog (D) He BepeH, ec/1H COOLITHS 7 U S He SIBJASITCA
CTAaTHCTHUECKHM He3aBHCHMBIMH. PaBenctBo (5) Jerko o606GUINTL: COB-
MECTHAs BEPOATHOCTb HACTYIJEHMs OCojee HeM ABYX CTATHCTHYECKM
He3aBHCHMBIX COOLITHH paBHA NPOH3BENEHHIO OTAENBHBIX BEpPOSATHOCTEH,

I1p & ™ ep. IpeanonoxuM, 9T paccMaTpuBaeMas cucTeMa A COCTOHT M3 IBYX
ArpajipHbIX Koctel A; B A,. CoOblTHeM, HJM CAlyyaeM, THIZ 7 MOXET OhITh BEITafeHHe
mo6oft U3 MecTH CTOpoH KOCTH A;, @HAJOrHYHO, COGHITHE THIA § 3aKJIIOUAeTCs B BhLNA-
JieHHH HeKoTopoil croponnl KocTH A,. KoHKpeTHoe cofeITHe B Hallell ciucTeme A 3aK.i0-
YaeTcs B BLINA/leHHH KaKOW-TO 3aJlaHHOI CTOPOHHI KocTH Ay ¥ 3a1aHHOH CTOPOHM APYroi
KocTH A,. OnmiT, 3aKiiouapouitiics B 6pocaiud obeux Kocreil, 6yAer UMeTb 36 BO3MOX-
HBIX cOOmTHH. UTO6H BLICKA3aTh KaKHe-TO BEePOATHOCTHbIE YTBEPXKAEHHS, HeoGXOIMMO
PacCMOTPeTh aHCaM6/Ib, COCTORMIMI 13 G0AbWIOro yncAa N OAMHAKOBHIX NAP HrPAdbHbIX
xoctel. JlonycruM, 4TO KaKAas KOCTh COBEpINeHHO CHMMETPHYHA, TaK UYTO BhiHaJeHHe
J10601 CTOPOHBI paBHOBepOsiTHO. OUeBH]HO, UTO BEPOATHOCTH BhINAJeHHsl JAHHOM CTO-
poHbl r paBHa 1/g. Ecau KoCTH He B3aHMOJEHCTBYIOT MeXALY COGOH (Hanmpumep, OHM he
HaMarHHYeHbl, TAK YTO HET CHJl, CTPEMSALIUXCS OPHEHTHPOBATh OlHY KOCTb OTHOCHTEJIbHO
Apyroit) ¥ HX GPOCAOT B TOUHOCTH OJIHHAKOBEIM .CIOCOOOM, Pe3yJbTATH OPOCAHIS MOMKHO
CUHTATh CTATHCTHYECKH He3aBHCHMBIMH. TOTZa COBMeCTHAast BepPOATHOCTb P,y TOro, 4to
Kocth A; BHmajer cropoHoil r, a Kocts A, cropoHoii s, pasua

1 1
6~ 36 ° _

Oror pesyanTar BrodHe OYeBHACH, TaK KaK paccmaTpuBaeMmeil cayuaft asisiercs
oNHUM H3 6-6==36 BO3MOXHBIX: S

2

i 1
Py=P,P,=5-



£.3. BuHomuanbHoe pacnpenejenue

Mul focTraToyHO MNOAPOGHE THO3HAKOMHJIMCH .CO CTATHCTHYECKHMH
METOJaMH, YTOOHI IEPeHTH K KOJHUECTBEHHOMY DPAacCMOTPEHHIO HEKO- -
TOPHIX (PUSHYECKH BaXKHLIX 3anay. PaccMorpum, Hanpumep, uieanbHYIO
cncreMy K3 N €nMHOB, Kaablil U3 KOTOPHIX paBeH Y, C KaxKIbIM CIH-
HOM CBsI8aH - MATHHTHBIH * MOMEHT [,. 3ITOT
npHMep OCOOEHHO HHTEPeCceH, Tak Kak 371eCh BT
MBI HMeeM JeA0 ¢ HauboJiee NpoCcTOH CH- -

CTeMOM, OIMCBHIBAGMOH 3aKOHAMH KBaHTO-
BOHl MEXAHWKH. Ee 4acTo HCHOIBL3YIT B

KauecTBe MoJiesin OoJsiee CJOKHBIX CHCTEM. . .
Jlnst oBIIHOCTH JOTYCTHM, YTO CUCTEMA CIiM-
HOB HAXOAUTCS BO BHEIIHEM MAarHUTHOM

noje B. Kasmieli MarHuTHBIH MOMEHT MO- E:,f,;f,f'lc/ffTiMaqffTHﬁ’M Sy
xkeT - OHTb HampasieH Jubo 10 mnomo N ;23}5;;’;?@;{ Sipena noKask:
(¢BBEpXy, NapaIe]bLHO TIOJIIO B), JUOO  menracnuna. Brewmsee MATHHUTHOR
IPOTHB TOJS (BHM3y, AHTMIApAJ/enbmo  "07° ofosmaeio crpeniolt B.
nosio). IlpeamosioxuM, uTo crHcreMa CIMHOB HaXOAWTCS B PaBHOBECHH.
Crarucruueckuil aHcamGab, cocTodAlnil W3 &\’ Takux cucreM, Gyrer
He3aBHCHM OT BpeMeHH. PaccMOTpUM Kako#-TO CIIMH 1 0603HAYUM yepes
P BEPOSTHOCTb TOTO, YTO MATHUTHBIH MOMEHT HalpaBJ/eH BBepX, a uepes
G — BEPOSTHOCTb TOTO, YTO OH HANpaB/jieH BHU3. TaK Kak STHMH ABYMst
OpHEeHTaUUsIMH HCUepIIaHbl BCe BO3MOMKHOCTH, TO YCJ/IOBHE HOPMHDOBKH

(3) naer
pt+g=1 (6)

wiu g = 1—p. Ecqn nons ser, T. e..B=10, To HeT H BHJIEJEHHOTO Ha-
NpaBjieHnd B NPOCTPAHCTBE, TaK 4T0 p = g ="1/,. Ho B npucyrcTBHH
MACHUTHOIO HOJs MarHUTHBI MOMENT Yaille ODHEHTHPOBAH IO TOJIO,
YeM [POTHB T0JIs, TIOSTOMY p=> ¢ *). Mbl uMeeM 1e/0 ¢ uieanbHOH cH-
CTEMOH CIMHHOB. JTO 3HAUMUT, YTO B3aHMOJCHCTBHEM MEXIYy CIUHaMH
MOKHO MOJHOCTbIO NpeHebpeub W OPUEHTAIlHH CHHHOB CTATHCTHYECKH
COBepIIEHHO He3aBHCHMbI. BeposaTHOCTL TOro, 4TO JiloGOH W3 JaHHBIX
MATHUTHBIX MOMEHTOB HAalpaB/ieH BBepX, He 3aBHCHT OT OpHEHTAaIUH
MoGbIX IPYrHX MATHHTHBIX MOMEHTOB CHCTEMHI.

[TpeanosiokuM, YTO 71 MAaTHHTHBIX MOMEHTOB Halliel - CHCTEMBl Ha-
IpaBJieHbi BBepX, a i’ BHU3. Tak Kak I0JHOE YHC/IO COMHOB B CHCTEME
pasHo N, TO

ntn'=N (7

uau
n'=N—n.

. PaccmorpuyM Teneph .ancambiib, COCTOSMMEA U3 GOJBIIOrO YuCIa
TakUX - cHcreM.. UHCJAO 7  MarHHTHHIX  MOMEHTOB, HAaNpaBJeHHBIX

*) 3lech MBl CUHTaEM p H q BelMYMHAMH, ONpele/seMEIMH Ha onbire. B raase
4 MBI y3HacM, KaK BHYHCANTL p H ¢ 418 Jmo6oro 3HaueHns noas B, eciu cucrema
CIIMHOB HAXONMTCS NDH OnpelNelieHHOd TeMiepaType.
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TaGauua 2.1 BBepX, HE OAMHAKOBO AAA
Ka¥Joil cHcTeMbl aHcamOas |

MOXKET [pPHHHMATh  3HAUYCHHA
1 2 3 4 nin] Crln)
M 0, 1, 2, ..., N. Hac wunurepe-
cyeT cJAelyIOufHA Bompoc: Ka-
U U Uul4io 1 KOBa BeposiTHOCTL P (n) TorO,
410 n H3 N MArHHTHBIX MOMEH-
TOB HanpabJieHbl BBepX?
g g g Z g { dra 3ajaya Jierko peluaercs
U D U vlali 4 C MOMOIIBIO CAEAYIOUHX coobpa- -
D U U Uislit *KeHuil, BeposTHOCTL TOTO, 4TO
Mmobo#i W3 MarHUTHLIX MOMEHTOB
HampaBJieH BBepX MW  BHH3
v v b byzy2 aatp COOTBET 2BeHH WM g,
U D U Di2|2 pasHa re o/p g
U D D Ulole 6 Tak Kak MaryutTabie MOMEHTHI
D U v Dpi2y2 CTaTUCTHYECKH HE3aBUCHMBI, TO
g g 3 g g g ¢ nomotitbio dopmyanl (5) nerko
NOJIYYHTh BEPOATHOCTb TaKOro
COCTOSIHHSA, KOrja 7 MOMEHTOB
U D D D113 Hanpae/eHbl BBEPX, a OCTa/lb-
g U 8 D|[1]3 . Hple N—n MOMEHTOB Hampas.e-
D PERRE: Hbl BHH3:
D D D U|1|3 C
BEPOSATHOCTD oﬁpasoBaHpm]
ojaHo# Kondurypauuu cnu-
p D D Dlol4| 1 aHoli KoHGury pan |
HOB, B KOTOpOH # MOMeH- }3
- TOB HanpaB/eHO BBepX, a
Tabanua (T), B xOTOpOH yK#3aHbI ocTajbHble N —n HanpaB-l
BCE BO3MOKHble OpueHTallHH N Maruur- J
HBIX MOMEHTOB Aad YacTHOro cay- JIeHbl BHH3
\was N=4. Byksoii U oGosnauen mo- | == pp...p ¢q...q = p"q". 8)
MEHT, HanpaBJ/eHHbH BBepx. Byksol e
D—woMmenT, HanpasJiennbtii Bius. UYncao n n
MOMEHTOB, HanpapJeHHbIX BBE€DX ¥ BHH3,
0603HAUEHO Yepes 1 W A’ COOTBETCTBEH- Ho KOH@I&FyPZUHS{, [IpH  KOTO-
Ho. Uneno Cp(n) BOIMOKHBIX KOHQH- | DO #1 MArHMTHBIX MOMEHTOB Ha-
rypaumudd, B KOTOpPBIX 7 MOMEHTOB U3
N Hanpas/eHsl BBepX, YKa3aHoO B no- npapJeHbl BBepX, MOXET ObiTh
| caenuem croa6ue. (3ameTnTe, uro sra | OCYLIECTBJEHA PA3/JIHYHBIMH CIIO-
Ta6auNa aHaJoOTHuHa Taba. 1.1.) cobamu. 3T10 nokasaHo B Tab.l.

2.1. OGo3naunm no3TOMY:

Cy (n)==4HuCJIO PA3/IHYHBIX KOH(QUIYpPauHil, NPH KOTOPHIX
N MarHdTHBIX MOMEHTOB H3 ofwero, yucia N Hanpas-
JeHbl BBepX (2 ocTandbuble N-—n==n' Hanpas/eHbl
BHH3) *).

®)

Vckomast BeposiTHOoCTh P(n) Toro, 4to n u3 N MOMEHTOB HarnpasJ/ieHbl
BBEPX, PaBHA BEPOATHOCTH OCYILECTBJIEHHS JHO0 nepsoil, JHOO BTOpOIl,

*) Koadxpauuent Cp{n) HHOTAA HA3LIBAIOT 4#C/IOM KOMOHHauud u3 N o6nextoB
no n.

7



.., JIH60, HakoHel, nocieaHelt H3 Cy(n) BO3MOXKHBIX KOHQUTYpaLHil,
B coorserctBuH ¢ ofmeit Teopemoll (4), HCKOMasi BepoOSITHOCTH P(n)
paBHa cyMMe BeposTHOCTell (8), B35STOH HO BCeM TaKUM BO3MOXKHBIM
KOHQHTYpalMaAM, KOTZA f MArHUTHBHIX MOMEHTOB HanpasJieHbl BBEpX.
Dra cymMMa paBHA NPOH3BENEHHIO BEPOSITHOCTH (8) Ha Ko3(bdHUUEHT
Cy(n). Takum oBpazom,

P(n)=Cy(n)p"qg¥-", (10)
rue

n'=N-—n.

HaM ocranoch mNoxcuuTath BO3MOXKHOE YHC/IO KOHGUIYpauHH B
ofmeM cayyae MPOH3BOJLHLIX 3HaueHu#t N u n. [Ipexnonoxum, uto
Mbel umeeM Tabauny 7, aHanornudyio taba. 2.1, rie oGosHayeHbl Bee
KORQUrypaunH, KOTOphIe MOMXKHO 00pa3oBarh U3 N MATrHHTHRIX MOMEH-
TOB, OpHYeM cuMBoJOM U 0603HayeH MOMEHT, HalpaBJleHHLIH BBEPX,
a cuvBosioM D — BHu3. B 3TOM ciayuyae kospduiuuent Cy(n) onpee-
JIAeTCs YHUCJ/IOM PsiioB, B KOTOPbIX CHMBOJ U NOBTOPAETCs /1 paa.
YT0o6B NOACYHTATb YHCJAO TaKUX PANOB, PACCMOTPUM 1 Pa3iHYHBIX
HanpaBJeHHbIX BBePX MOMEHTOB M o6o3HaumM ux U, U, ..., U,.
KakuM gncioM KORQUrypanuii Mbl MOXKeM OCYILECTBUTb 3Ty CHTYallHio?
B Ta6a. 2.2 orBer Ha 3TOT BOMpOC [aH AJIsl 4acTHOro ciyuas N=4
H n=2,

Ta6nuna 2.2

1 2 3 4 1 2 3 4

Uy U, D a U, D U, b
U, D U, D b D U, U, D d
Uy D D 2 c D D Uy 2 f
U, U, D D a U, D D Uy c
D U, U, D d D U, D U,y e
D Uy D U, e D D U, U, f

Tabauua (T'), B KOTOPO#l YKa3aHH BCE BO3MOXKHbIE KOHGUrYypauun n3 N =4
HJICHTHUHBIX MOMEHTOB, JBA U3 KOTOPHIX HANpPaB/JeHB BBEPX. DTU MOMEHTH
oGosHadeHol 4epe3 Uy u U,, xotsa ¢QusHuyeckH oHu Hepasiudaumsl. [loaromy
KOH(MUIYPAlKMH, OTJIHYAIOU[HECS TOBKO MECTAMH HHJEKCOB | H 2, SKBHBAJIEHTHEI.
Onn o6o3HaueHEl OJUHAKOBEHIMH GyKBaMH B nocjennem croatue. Takum oGpasoM,
Tabauua conepXur B nl=2 pasa Gosbure KOHQUrypauui, 9eM B TOM cayuae,
ecayn Onl ona coflepxana JALb (H3HYECKH DA3JHYHMble KOHOHIYpauHH. i

CumBon U, B cTpoke TaGauubl MOXKET NOABUTbCA Ha N. pasyiHyHBIX
MeCTax. ’ :

[lpu Kaxk10M BO3MOKHOM NoJI0OkKeHUH cumBosa U, cumsoa U, MoxkHO
NOCTaBUTb Ha OfHO H3 N—I1 ocraBmiuxcs Mecrt.

Hasi kaxioro Bo3MoxHoro nonoxedust Uy, u U, cumsosa U, MoxHO
TOCTaBHTb Ha Jioboe 13 N—2 ocTaBLIMXCH MeCT.



Has kaxporo Bosmoknoro noaoxewns U,, U,, ..., U,_, nocaen-
HHiT HanpaBJ/iesHbI BBEPX MOMEHT MOXKHO NOMECTHTb Ha OIHO 13 N—n--1

OCTaBIIHXCH CBOGOAHBIX MeCT.
Taxum oOpasomM, Bo3MOXKHOe uucno Jx(n) pafoB B TabsHue PagHO
NpPOH3BEAEHHIO YHCJ/IA BO3MOXKHBIX MNOJOXKeHHH cimBoaoB U,, U, ...

ey U, T 8
Jy(n)=NN-—-1)N-—-2)...(N—n1). (11y
1o MOXKHO 3anucarTb Kopoue ¢ moMolubio dakropuanos. Hanpu-
mep *),

_ NWN—D)(N—2) ... (N—afl)(N—m)...2:1 _ N!
In(n)= N—n) ... 21 =i - (12)

Tenepp MBl ZOMKHEI BBECTH B 3TOT pacueT noupasky. Bce momentsl,
HanpaBJ/eHHbE BBEPX, SKBUBAJEHTHD], W NOTOMY Te psiAbl Tabauust 77,
KOTOphIE OTJHYANOTCS TOJBKO IepecTaHOBKOH HHIEKCOB, OTBEYarT (H-
3UUYECKY HEePa3jH4YHMMbIM CHTyaunMsim (cM., Hanpumep, taba. 2.2). Hucno
BO3MOKHBIX MEPECTaHOBOK H3 /i UHIEKCOB paBHO n! U nmostoMy Tabauua
T’ comep:xut B n! Gosbllee YUCO PsfOB, 4eM HX JO/KHO ObiThb, eC/u
IIPUHHMATb BO BHHMAHHE TOJbKO PsiAbl, OTBevaoline (GUIHUECKH He-
9KBUBAJEHTHBIM coctosiHugaM. [lostomy **) uckomoe uuciao Cy(n) pas-
JIHYHBEIX KOHGMTYpauuili AJs 1 HalpapB/jeHHbIX BBEpPX MOMEHTOB MBbl
nonyuuMm, paspenus Jy(n) Ha nl, T. e

Cylm)="120_ __ M (13)

n nt(N—n)t *

Brlunucisiemass BeposTHocTb (10) Tenepb HMeeT BHA

N! o N—n
P =rw—mr? g, X (14
Bosee cUMMETPUYHBIA BHA 3TOTO BbIPAXKCHHU:
N1 . .
P ()= p"9", (15)
rne n’=N-—n. B uacTHOM cayuae,
N
Koraa p=g=1/2, P(n)_’l,m(;) . (16)

Ilna nannoro suauenus N BepoatHocTb P(n) 3aBucUT OT n. DyHKUMS
P(n) HA3bIBACTCS OUHOMUALLHOIM  PACNPeOeseHUeM.
"3ameuanue Ilpy pasiokedHH GHHOMA CTeNeHH £, paBHOI‘O (p+q¢)¥, no’

CTelleHAM A Mbl 3aMedaeM, YT0 KOs (DU LHEHT,TAKOro pasiokeHus npu pg&Y —7 pasen uuc-
JIy 4JEHOB, COJlepKalluX p B KaueCTBe MHOXKHTeNH f Pa3 U ¢ B KauecTBe MHOXKUTENS

*) Ilo onpepenennio Nl==N(N—1). . .2-1; Kpome Toro, O!=l.

#*) IlepBblii HHACKC MOXET TNPUHHMATD /1 BO3MOMCHEIX 3HAUCHHIl, BTOPOAl HHeKC —
“n060e M3 OCTANbHLIX n—! 3HaueHuf, . .., H 414 A-TO HHAGKCA OCTAETCS OXHO 3Ha-
yenne. [losTomy nnnexcel moryr 6biTh pacnosoxenn a{n—1). . .2-1=n! pasauunbMa
LIIOCO6aMH.. . . . : .

76



N — n pa3, Mul umeeM, TakdM 0Gpa3zoM, THCTO uareuarnqecxylo MEOPErY PAZRONCEHUR
6unonma:

Cpasuusas (17) c (14), Msl BUAHM, YTO xax()luu 4jieH crpaBa paBeH BEPOATHOCTH
P (n). 310 obpAcHseT TepMHH «OHHOMHA/NbLHOE paciipefenenHer. B naweMm cayuae,
KOT/Ja CyMMa MHTEPeCYIOIHX HaC BePOATHOCTell paBHd eluHHlQ: pri-g=1, ypam{em&e
(17) skBuBafeHTHO CJACAYIOWEMY:
1= P (n).
ngo ’

Tem cambiM MBI MOKA43aJIH, YTO CYMMa BepOATHOCTeN [/Ist BCeX BO3MOXKHBIX 3HAYCHHIT N
feficTBuTesibHO paBHa 1, kKak 310 TpeGyeT ycsioBHe HOpMHpOBKH (3).

O6cyocoenue, YUtoGbl MOHATb, KaK BeIMYHHA BepoOATHOCTH P(n)
3aBUCHT OT £, PACCMOTPHM Mpex/e BCero cBOHCTBA Ko3(hduiHeHToB
Cx(n), onpenenenunlx BolpaxenueM (13). 3ameTnm, 4TO OHM CHMMeT-
PUYHLI OTHOCHTEAbHO 3ameHsl n U N —n =n’. Takum oGpasom,

Cn(n')=Cy(n). (18)

Kpowme Toro, .
Ch(O)=Cy(W)=1. (19)
Mpbl 3ameuaem Takke, 4TO

Cy(nt+1) n! (N—n)! _N—n
Cain) v (N—n—Dl - a+l* (20)

Haunnas ¢ n=0, mpl 3ameuaem, YTO OTHOLIEHHE COCENHHX KO3(iu-
fiventoB Cy(71) cHada/la BEIMKO M HMeeT Nopsiiok N, 3ateM OHO MOHO-
TOHHO YyMeHbIlaeTcst C YyBeJHYEeHHEM 7, OCTaBasiCb (OJbIIE eIHHUIbI
(uau paBHBIM eft), moka n<C*/,N, a 3areM CTaHOBUTCA MEHbIE €JHHHUIIbI
npu n >=1/,N. Orciona, ec1u ellle MpuHsATL BO BHUMaHHe gopmyay (19),
caenyer, yto Cy(n) OPOXOAHT uepe3 Makcumym BOJIH3M n=!/,N u yrtO
3HayeHue Cy(n) B 3TOM MaKCHMyME OYeHb BEIHKO MO CPABHEHHIO C
enuuuuel, ecas, pasymeercst, N Be/HKO.

Tenepp Mbl MOXeM NOHATh NOBeleHue BepositHocTH P(n). U3 (16)
cienyetr, 4TO

e p=q=1/2, 10 P(n')==P(n). 2n

DT10T pesyJspTar cAelyeT Takke M. M3 coob6paykeHHH CHMMETpHH, Tak
Kak npH p=g=1/2 (. e. B OTCYTCTBHe MarHutHoro nojas B) he moxer
GbiTh PEUMYLIECTBEHHOR MPOCTPAHCTBEHHON OPHEHTALMH MArHUTHBIX
MOMeHTOB. B “atom ciyuae BepOSITHOCTD P(n) umeer MaxcumyMm ¥)
B6ausy n=!/,N. C npyrofi CTOpOHHI, eCiH p=>q, TO MAKCHUMyM BCe
paBHO CYIIECTBYeT, HO OH Telepb cMelleH K 3HadeHuam n>!/,N. Pu-
cyHkd 2.6 u 2.7 HANOCTPHPYIOT HOBejeHHe BeposTHOCTH P(n) ans
HECKOJIbKHX FPOCTHIX cuyqaeB.

*) Makcumym npnxonmcﬂ Ha l/nN APH 9ETHOM N a npu wenersion N KMeioTCs
4Ba HaHGONLINMX M PABHBIX 3HAYeHHS MO 0Ge CTOPOHEL OT 1/,N. . - 1

n)



Hounpiii MaranTHbIA MOMEHT CHCTEMbI CITHHOB B HanpaBJeHuH: nons *)
(T. e. B HampaBJEHHH «BBEPX») ABJAETCA BEJIHYHHO[H, KOTOPYIO MOXKHO

- Prm)
Fim
6
15
4
15

16

i

0 1 2 3 4 n

S WY SR R
~4 2 0 2 4 m

Puc. 2.6. BuHoMHanbHOe pacnpejlene-
Ave A N=4 MarHuTHbLIX MOMEHTOB
npu p=qg=1/,. Ha rpaduke nokasa-
Ha BeposTHOCTBL P(n) Toro, wro a mar-
HHTHBIX MOMEHTOB HamnpaBJIeHO BBepX,

L

WA, YTO 3KBHBAJICHTHO, BEPOSITHOCTH
P’(m) TOrO, 4TO MOJHBIA MarHHTHBIH
MOMEHT, HanpaBNeHublii BBepX, paped
m (ecyIH H3MePSTh €ro B eJHHHUIAX Kg).

H3MepuTh Ha onbre, O603HAYMM €ro
yepes M. Tax kKak M npocro paeho an-
re0pauyecKoil CyMMe MarHUTHBIX MOMEH-
TOB, HANPaBJIEHHLIX <BBEPX» H «BHH3», Mb}_
nonyuaeM M =np,—n'p,=(n—n') n,,
WU .
. M= Mphg, (22)
rae
m=n—n' (23)

u uepe3 |, o603HAYeHA BENUYMHA Mar-
HHTHOrO MOMEHTA, CBSI3aHHOTO CO CIH-
HoM 1/,. M3 (22) cienyer, uto Besnun-
Ha m=M/p, npeacrabasier coboil 10.-
HBIfl MarduTHBIH MOMEHT, M3MEpeHHbI
B elWHMIAX Mo Boelpaxenue (23) moxk-
HO 3amnHcatb B BHIE

m=n—n'=n—(N—-n)=2n—N. (24)

Orcioga caenyer, B 4acTHOCTH, YTO BO3MOXKHbIE 3HaueHHs n GYAYT

Pk [
Pim)

020

018
016

0t

412

a1

008

006

004
402
0

. 01234586789 101//2/31'47516'/7”/8/92?

RN RN SO SN NS SO NS AU S S SN RO S NN U |

| SO N N
—20-18-16-14-12-10-8 -6 -4-2 0 2 4 6 8 10 12 14 18 18 2
o 2

Puc. 2.7. BunoMnannHoe pacnpefenenne Aas N==20 MaruHTHEIX MOMEHTOB NDH p==g=1/,, Ha

rpaduKe fioKasaHa BepOATHOCTH P(n) TOro, YTO n MarHHUTHHIX MOMEHTOB HanpaBieHbl BBepX,

MJIM, UTO 9KBHBAJIEHTHO, BePOATHOCTh P’(7) Toro, 4To. NOAHBLI MarHATHBII MOMEHT, HanpabJjeh
HEfl BRepX, Ppapen m (eCAW H3MepSiTh ero B eMHHHAX Wg).

YeTHHIMH NpU YethoM N u HedeTHniMu, ecan N Heuerno. Coraacuo (24)

+ *) B paabnefilem s KPaTKOCTH uuoria OyizeM HasnBaTh M NOJHLIM MarHur-

HbBIM MOMCHTOM.
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OlIpeeIeHHOMY 3HAYSHHIO # OTBeYaeT eAMHCTBEHHOe 3HAYeHHe m,
1 Haobopor, .
]
n=- (N +m). . (25)
BepowtHocTs P’(m) TOro, 4TO M (PUHHMAET ONpeleSeHHOE 3HA-
geyiie, AOKHA MO3TOMY COBMAAAaTb C BEPOATHOCTHIO P(n) toro, uro n

upuHuMaeT 3HadeHwe, caenywoiiee H3 (25). Hrak,
' Pr(m)=P (252, (26)

2

70 BbHIPAXKEHUE JaeT BEPOATHOCTL MOfABJCHUA JO00r0 BO3MOXKHOIO
3HAYEHUN II0JHOTO MATHHTHOTO MOMEHTA CHCTeMb! CHUHOB. B uacTHOM
cayuae p = q ="/, u3 ¢opmya (16) n (26) caeayer

Nt 1\
[N+ mN\L[N—m\! <—2—> *
2 j\ 2 >

P’ (m) =

HauGonee BeposTHas cutyauus coorserctsyeT m=0, xorma M=0.

O6obuyerue Gutomuaasrozo pacnpedescnus. Hawe paccmorpenne
KacaJoch 4acTHOH 3a/lauu o cHcTeMme, cocTosimeil H3 cnuHoB. Ei MoXHo,
OlHaKOo, mpuiarth Gosee obliee 3Hauenue. JleHcTBuTeNbHO, HamMH Obiia
peilleHa cjeayioulas 3anada. Kmeem N craTucTHuecKM He3aBHCHMbix
cayuaeB. [lpearnosnoxuM, YTO BepPOATHOCTb BO3HHKHOBEHHS KaXAOTO
TAKOTO CJy4as PaBHa p; TOPAA BePOATHOCTb TOrO, YT0 STOT CAy9Yal
He BosHHKHeT, Oyier g=1—p. KakoBa BeposiTHOCTs P(n1) BO3HHK-
HOBEeHHA N Takux cayuaeB (ocrajbHple N —n cl1yyaeB He BO3HH-
xawor)? DBuxomuanbHoe pacnpenenenue (14) naeT HemeneHHHI OTBer
Ha 3710t Bofnpoc. [leficTBHTeNbHO, B HAlleM YaCTHOM NpHMepe CHCTEMb,
cocrosiitel u3 N He3aBHCHMbIX CIIHHOB, BO3HMKHOBEHHE C/yYasi OTBe-
yaeT CNUMHY, HanpaB/eHHOMY BBepX, TOTAa KakK OTCYTCTBHE CJyuas
OTBeYaeT CNHHY, HanpaB/JeHHOMY He BBeDX, a BHHS,

MBI paccMOTPHM ellleé HeCkoJbKO IIPHMepoB, KOTAAa GHHOMHAJbHOE
pacnpenesieHie AaeT HeMOCPeNCTBEHHOe pelleHHe 3afauu.

Uaneanvubn i raz us N moaekya. PaccMoTpum naealbusiii ras us N
MOJIEKYJ1, HAaXoAAWKRXCS B cocy e obnemoM V. Jlns uneannroro raza sB3auMofeficTerem
MOJIEKYJT MOKHO TpeHe6peub W HX NBHXKEHHE MOXKHO CUMTATh CTATHCTHUECKH HE3aBHCH-
mbM. TIpeanonokuM, YTo SUHK MbICJEHHO pa3iesieH Ha JBe YacTd ¢ o6veMaMuV u V*,

TaK 4YTO
VAV =V, @n

Paccmorpum ancamGiib U3 60JILIIOTO YMCAA TaKUX COCYNOB € rasoM. ITycts p — pepo-

ATHOCTH TOrO, YTO HEKOTOPAA MOJMEKY/Aa HaXoZMTCa B oGbeMe V, a ¢ — BepoATHOCTD ee

HaxomAeHus B o6beme V'. Ecad ras HaxomuTcAa B PaBHOBECHH, TO MOJAEKYAB pPaBto-
" MEPHO pacripefelielibl NO 0GbeMy M

|4 v
P—-—V';'. a q———‘;o-. ) : (28)
{Ipu svom p+q=1, Kak TpeGyer ycnosue HOpMHPoBKH. Kakoma seposthocts P (n)
1010, 4TO B aticamGiie H3 N MoslekyJt B ofbeme V OKaKyTes 2 MONEKYJ (MPH STOM OCTaNb-
upie n'=N — n moiekyJbi OyAyT HaxoAuToCH B oGbeme V')? Orser 3akmioder B
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Puc. 2.8. BepoAaTHOCTh P’(11) TOT0, YTO MOAHBIN MATHHTHEI MOMeHT cicTempl H3 N ¢nHHOB 1/, pa-
BeH m (eCaM ero H3MepsiTh B eAMHUUAX o). M3-3a wanuuvsi MarsnuTaoro noas p=0.7 n g=0,3.
I'papuku palor apavenme P’(m) pna deTbipeX paziMunbix CayyaeB, COOTBETCTBYIOUIHX
N=10, 20, 3(? ¥ 50.



GuHOMHasbHOM. pacnpenenenuni (14). B uwactnoctn, ecam ¥==V', Tak urowp == g="%,
TO pellleHHe 3TOH 3aJiauH NoJayyeHo B 1. 1.1, rie HYKHO. 6bli16 HAUTH BePOATHOCHK TOTO,
uTo n u3 N MOJeKyJ HaXOZATCS. B JIeBOil HOJOBHHE COCYIa.

bpocanune MoHeT MAM HIrpaJdbHHEX KocTeil. PaccMorpum
Gpocanie N MoOHeT, moBejleHHe KOTOPBIX -6¥AeM CUHTaTb CTATHCTHYECKH He3aBHCHMEIM.
Tlycrs p ecTb BeposSiTHOCTb TOrO, YTO JOGAst AAaHHAS! MOHETA BHINAZET «OPJIOM», A ¢
€CTb BepOHTHOCTb Bbinajanus «peikh», Ha coobpakeHnil CHMMETPHH MBI MOXKeM CuH-
Tath p = q=1%:. Kakosa BEpOSTHOCTL TOTO, 4TO 7t H3 N 6p0LHeHHbXX MOHeT Bbll'lallyT'
«OPJIOM»?

Bpocanue }\1 HTPAJIbHBIX KOCTell npeacmsm}er coéou a}lanomqﬂylo 3afauy. Mx
NOBeJICHHE ONATh MOMKHO CUMTATH CTATHCTHUECKH He3a MCHMBIM. [IpelnonoxuM, p
€CTh BEPOSITHOCTD TOTO, UTO Ji06asi KOCTL BhIMAaZeT CTOPOHOIL «6» BBepX, Toraa ¢= 1 —p
€CTh BEpPOATHOCTb TOTO, UYTO 3TO He NPoM30iiaeT. ¥ MrpalbHOIl KOCTH INECTb CTOPOH U
M3 coobpakeHufl CHMMETPHH CelyeT, 416 p = /4, a g = 1 — p= 5/, KaxoBa BeposiT-
HocTh P (1) Toro, uto n u3 N Koerell BHNamyT CTOpoHOI «6»? BuhomuanbHoe pacnpe-
neqaenye (14) oTBeyaer W Ha 3TOT BONPOC.

2.4. Cpennne 3Haqernﬂ

Ilpennonoxum, uTO rxepeme}maﬂ i, XapaKTepusyiollas HEKOTOpYio
CHCTEMY, HDHHHMAET ¢ BO3MOMKHBLIX JHCKPETHBLIX 3HaueHuit: :

ul’ uza e ey uay

KOTOPHIM COOTBETCTBYIOT BEPOSITHOCTH
P, P, ..., P,.

D10 3HAyMT, 4TO B ancambJje M3 o\ aHaJOrHUHBIX cHcTeM (e Jf—>oco)
nepeMeHHas i HMeeT 3HaueHHe r 1Js CJEeIYIOUWEro UYHCaa CHCTEM:
N, =P,

~ "Ykasaune BEPOSITHOCTH HabumofieHnss P, 1Jsi BCeX o BO3MOMKHLIX
3HaueHWH fBAseTcs HanGojee MONHBIM CTATHCTHUECKIIM ONHCAHHEM
cucTeMbl. Y J00HO, OJHAKO, HMeTb HEKOTODble NapaMerpel, KOTOpble
XapaKTepHu3YIOT paclpeieseHte BO3MOMKHBIX 3HauUeHHH u B auncambae
MeHee JeTaJbHBIM oOpasoM. TakuMmu mapameTpaMu sIBASIIOTCS, HaNpH-
Mep, cpednue 3nauenus. Mx cmuics Becbma npocr. Hanpumep, pesy.ib-
TAT 3K3aMeHa TPYMIBEl CTYIEHTOB MOMKHO ONHCATb HauBoJee NOJHBIM.
o6pasoM (eci¥ HaM He HHTepecHbl paMHJIMN CTYIEHTOB), yKa3aB, CKOJb-
KO CTYJEHTOB IMOJYYM/IH KaxKIY0 H3 BO3MOXKHBIX OlEHOK. Menee noa-
po6GHO pe3yJbTaT 3K3aMeHA MOXKHO MPEICTaBHTh yKas3aHHeM CPeIHero
6aana. Jlast 5TOro KaKAblfl BO3MOMKHBIH 6ann cjaeiyeT yMHOMKHTb Ha
UHCJIO 3aCJYXKHBIIMX €r0 CTYIEHTOB, pe3yJ/bTaThl CJIOXKHTb H CYMMY
pa3nenuTb Ha YMCJO 3K3aMEHOBABIUMXCS. AHa/NOTHYHO, YTOOLI MOJY-
Y¥Th CpeiHee 3HAUeHHe BeJHYHHL & 8 aHcaMbJle, Mbl I0JKHBl YMHOXKHTD
Ka)KJoe 3HaueHHe u, Ha 4YHCJO cHCTeM N, B KOTOPHIX 3TO 3HaueHHe
OCYLUECTBUJIOCh, CJOXHTh 3TH [OPOHU3BEAEHHS /ST BCEX BO3MOMKHBLIX
SHAUYEHHK 7 M pe3yJbTaT Pa3ieuTb Ha MOJHOe YHC/O o CHCTEM B aH-
cambaie. CpeOree 3Ha4eHUe BEIUUMHDBI (MR YCPeOHEHHOe N0 aHCAMOAI0),
KOTOpOe Mbl O0O3HAUHM 4, PaBHO, TaKUM OOpa3oM:

lad

o ik e ST @9

e T
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Ho oY, /N'==P, ecTb BPOSTHOCTb MOABICHHA 3HAYEHHR &, H Oflpele-
Jenne (29) npuHHMaer BHA *)

= gfu (30)

AnanorudHo, ecau f(u) ectb Mo6an QYHKUHA U, TO CpedHee SHaueHue
(1au  ycpednennoe no aucambaio) f(u) onpenensiercsi BboipaXdeHHeM

)= 2 P f(u,). 31

M3 sToro onpeneneHHsi cpelHero 3HaueHHs CJAEAYIOT HEKOTOphle
fipocThie ero csofictsa. Hanpumep, ecan f(u) u g(u) — moboie aBe PyHK-
uuv o, TO

Fre= 3 P.liw)+ew)] = 3 Piw)+ 3 Prg ),

r=1
HIA

FTe=T+z | (32)

STOT pe3yabTaT NoKasnBaeT B camMoM o0llieM BHIe, YTO CpelHee 3Ha-
YeHHe CYMMbl Y4/JEHOB PABHO CyMMe CDeAHHX 3HaueHHH Kax<JOro 4/jeHa.
[lostomy caepylomine olHa 3a [Apyro#l onepauuu oépasoBaHm CYMMhI
H MOJyYeHHs! CPEIHEero 3HaYeHHs NAlOT OAMHAKOBBIA pesy.brar, Hela-
BHCHMO OT TOPSilKa, B KOTOPOM Mbl MX BbiNOJHsEM *¥),

Ecau ¢ — Hekoropas KOHCTaHTa, TO

=X P Lot wl =c 3 P,j )
HJN

cf =cf. (33)

“Takum 06pasoM, omnepatiMi YMHOXKEHHSI Ha NOCTOSHHYIO H yCpelHeHHA
“Tak2ke MOrYT ObiThb BbLIfIOJIHEHbI B J1i00O# MOC/AENOBATE/NbHOCTH H 3TO
He Bausier Ha pesyabrar. Ecan f=1, 10 dopmyaa (33) ader oyeBUAHBI#
pe3yJbTaT: CpeiHee 3HAYeHHe MOCTOAHHOH paBHO CAMOH NOCTOSTHHOM.

*) Cpeauee 3HaueHHe u 3aBHCHT OT BpeMeHH, eC/H OT Hero 3aBUCHT MoBeleHue
‘aHcamGiis, T. €. HEKOTOpble BePOSITHOCTH. 3aMeTHM, OHAKO, 4TO cpedwee 3HaueHue
WK yepeOnennoe no ancambAl0 3HaueHue u eCTb CpefHee MO BCEM CHCTeMaM aHCaMGan
B ZaHHBIH MOMeHT. OHO OT/IHYaeTCH OT CpeAHEro no BPeMeHH VA OfHOi CHCTeMB, KO-
“yopoe ObIO onpefeieno ¢opmyaoit (1.6), 3a Hck/OueHHeM CHEUHAJbLHOrO CIy4am
aHcambas, Hie 3aBHCAWEIO OT BPEMEHH, KOTAa ycpenHeHne HpOKSBO}ulTCﬂ [0 OYeHsb
60JIbLIOMY HHTEpBaNly BpeMeHH.

- . **) Ha a3uige MaTeMaTiikH Mb FOBOPHM, HTO 9TH. onepaunu ¢xoumympyum
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F1 p n M e p. PaccMOTPHM CHCTeMY #3-UeThIpeX CIIHHOB M IyCThb p== ¢= % . Uncno
MAarHHTHHIX MOMEHTOB, KOTOpLle MOTYT GHITh HanpaBjieHH «BBepX», MOXeT: GHTb paBHO
n=0,1, 2 3, 4. BeposiTHOCTH NOsAB/EHHS 3THX YHCEJ CJIeNYIOT HEMOCPeACTBEHHO M3
@pmynu (16). U3 puc. 2.6 BHAHO, YTO 3TH BEePOSTHOCTH PaBHHI COOTBETCTBEHHO

P (n)=1/16, 4/16, 6/16, 4/16, 1/16.

Cpezwee YHCJIO MAarHUTHBLIX MOMEHTOB, HaNpaBJE€HHBIX BBEPX, pPaBHO

E=§ Po)n=(150)+ (151 )+ (552) +(5-2) + (75 4) =2

3ameTHM, UTO 3TO cpefHee npocto pasHo Np = 4.%,

Tak Kaxk p = ¢, TO NpelMylleCTBEHHOE HanpaBJeHUe B TPOCTPAHCTBE OTCYTCTBYET,
D10 3HAUHT, UYTO Cpe/iHee YHC/JIO MOMEHTOB, HANPABJEHHbIX BBepX, JAOIKHO GbiTh PaBHO
CpelHEMY UYHCJIY MOMEHTOB, HanpaBJeHHBIX BHH3, T. €.

n'=n=2
DTOT pe3yabTaT caelyeT Takke H H3 dopmyasl (32), Kotopas jpaer
n=N—n=N—n=4—2=2.

Tak Kax HeT NPEeHMYLIECTBEHHOTO HanpaBJieHUs1 B IPOCTPAHCTBE, TO CPeflHee 3HAUEHHE
MaTHHTHOTO MOMEHTa JOJ/UKHO GbITh PAaBHO HYJHO:

Mm=n—n=n—n =2—2=0,

3uayennie M MOXKHO BBIYHCJHHTH H HEMOCPEACTBEHHO, €CJM HCNOAb30BaTh BEPOATHOCTH
P’(m) Toro, yro m NpHHUMAeT BO3MOXKHble 3HaueHuss m= —4, —2, 0, 2, 4. Toraa, no.
OIpeLeNeHHI0 CpelHero:

— L 4 6 4 1
m=§‘P (mym=1g - (= )+ g - (= D5+ O+ g - 245 - 4=0.
Mui NPpUBEAEM €II€ OJHO, 49aCTO OUE€Hb BaX>XHOeE, CBOHCTBO cpeldnero-
SHAYeHHA. npeﬂﬂoﬂO)KPlM, YTO MBI HMeeM JeJ0 C }lByMﬂ nepeMEeHHbIMY,
4 " U, KOTOpbi¢ [IPpUHKUMAIOT 3HAYCHHUHA

Uy Ugy ooey U,

u ,
Uy Uy enss U,

coatBercTtBeHHO. Ofo3HaunM vepe3 P, BepOATROCTb TOTO, YTO MepeMeH-
Hasi u NPUHHMAaeT 3HauyeHHe U,; AHAJOTHUHLIA CMBICJ OTHOCHTEJHLHO
nepeMeHHOfi v HMeeT BepoATHOCTE P.. Ilycth BeposiTHoCTh JMIOGHIX
3HAYEHHIT & He 3aBUCHT OT 3HAYEHHH, KOTOphle NPHHHMAET NepemMeHHas v
(3T0 03HAYaeT, 4TO TepeMEeHHble U W U CTAaTHCTHUECKH HE3aBHCHMBI).
B 3TOM cayuyae coBMecTHast BEPOSITHOCTb TOTO, 4TO # HPHHHMAET 3Ha-
yeHue u,, a v npummae'r 3HaYeHWe U, paBHa

=P,P,. | (34)

l'lpezmono;xnm Tenepb 4TO f(u) €CTb HeKOTopasi QYHKIUS' epeMeH~
HO# u, a g(v) — ¢yukuus v. Torna u3 (31) cnez:yeT 4TO Cpe/lHee 3Ha-
uenHe Npou3BeAeHHus fg paBHO

f(u)g (v)= 2‘ z:‘ Prsf () g(vs), - (35)
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rile CyMMHpOBaHie [POH3BOAHTCA MO BCEM BO3MOXKHGHIM 3HAMEHHAM
nepeMeHHbIX 7 M 8. EcaM nepeMeHHbie CTaTHCTHYECKH HE3aBHCHMBI,
Tak yto Gopmyna (34) cnpasennuBa, 10 H3 (35) crenyer

fe=ZXPPif(u,) g @) =ZX(Pf ) [Pg )] =
=[ZPf )] [ZPe @]

Ho nepBbm MHOXHTENb CnpaBa €CTb MPOCTO CpelaHee 3HaueHue f(u),
a BTOpOH paBeH cpefHemy 3HaueHHIO f(g). [losTomy Mmbl noaydyaem:

fg=Tg,
(36)
eCJIH f H g cTaTHCTHYECKW He3aBHCHMBI,

T. e. CpellHee 3HaueHHe nponsseneﬂm PaBHO MHPOU3BEACHUIO CPEIHHUX
sHaueHuM.

Jucnepcus. llpennonoxnM, 4T0 MBl HMeeM INEpPeMEHHYIO 4, H Be-
POSITHOCTB TOrO, YTO OHA MPHHHMaeT 3HaueHHs U,, paBHA P,. Cymecr-
BYET HECKOJbKO NAapaMeTPOB, C [IOMOUIBbIO KOTOPHIX OGBLIMHO XapaKTe-
pusywor ofliue CBOHCTBA pacupe/efeHust BepoATHOCTH. OAHHM H3 HHX
AIBJIAIeTCS CcpefiHee 3HA4YeHHe [epeMEHHOM, T. €. BeJHYHHA U, omnpee-
Jenue KoTopofi nasHo dopmyaofi (30). ItoT mapamerp ykasnbiBaeT Ha
HEKOTOPOE [IEeHTPa/bHOE 3HadyeHHe, OKOJIO KOTOPOIro paclpele/eHbl
3HaueHUs NepeMeHHONl «. YacTo ObIBaeT HYXHO H3MepSiThb OTKJIOHEHHUs
IepeMeHHO! OT 3TOrO CPEJHEro 3HaYeHHs, T. €. BeJHUUHY

Au=u—u. - (37)

3ameTHM, 4TO CpefHee 3HaueHHe TOH BeNHYMHBL paBHO Hy.to. [lefict-
BHTeNbHO, U3 (32) uMeem

Au=u—u=u—u=0. (38)

¥no6Ho HMeTb mapaMerp, KOTOPHIfl XapakTepH3oRan Obl BeJHUHHY
pa3bpoca BO3MOXHBIX 3HaueHUH u OKOJO cpeiHero 3Hauenust u. Cpen-
Hee 3HayeHHe caMoil BeqMYMHBI Ay He MoKeT ObITh TAKHUM HapaMer-
poM, TaK Kak Au B cpelHeM OIMHAKOBO YacTO NPHHHMAET K4k
MOJIOMKHTEIbHbIE, TAK H OTPHLIATE/IbHbIE 3HAYEHHS, H CPefHee 3HAYeHHe
Au paBro Hyaio corsacHo (38). OnHako KBapaT, 3TOA Be/IMUHHLI He
MOXKeT ObiTb OTpH[[aTeJleblM Ero cpennee 3Ha%elive paBHO

Buf = 21 P, (Au,)? = 2, P.liy—af . (39)

¥ HaswiBaercsi Jucnepcuet penuuuubt 4. Jlucuepcust He MoxeT OHITh. OT-
pHUATe/bHOM, TaK KakK Bce csaraeMbie B (39) noaoxurennhsl *). Hrak,

(Au): > 0. 40

*) 3ameTaM, uto (Au)? He coBnanaer c Benuaunol (Au)?. I10 3HAWHT, 4TO BO3BECTH
B KBAj|paT U 3aTeM YCPe[HUTL —COBCeM HEe TO XKe Cauoe, UTO ycpemmrb, a 3aTeM BO3-
BECTH B KBajpar.
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Jlucniepcust paBHa HyJIO TOBKO B TOM cJiyuae, eC/H 62 BOSMOXHHI@
3HaueHHA u, paBHH 4. OHa TeM GoJiblie, 4eM GOJblle BEPOATHOCTS
NONYYNTh 3HAYEHMS X, 3aMETHO OTJIHYAIOIHECH OT CpelHero. Takum
ofpa3oM, AdcriepcHsa sBjsieress yAOOHOR Mepo#t pasbpoca 3naueHuit
TiepeMeHHoH u.

Iucnepcus HMeeT pa3MepHOCTb KBajpaTa Bedauuuus! 4. JluHefinod
MepoH pa3bpoca BO3MOXKHbBIX 3HAUEHHH « iBJAAETCSH KBAAPATHLIA KOpeHb
M3 JAHCepCHH, T. €. BeJIHYHHA

Au= [(Au)2]', (41)

Pa3sMepHOCTh, KOTODOH COBMAajaer C Pa3MepPHOCTHIO #. 2Ta BeaHYHHA
Ha3sbiBaeTcs cmandapmuoim omiaonesuer Au. W3 onpenenenns nuc-
nepcun (39) caenyer, 4To Aaxe HECKOJIbKO ‘3HAYeHH 1, AaNeKHX OT 4,
JaoT Gonbinoil BKiAag B Auw, ecsi OHM HaG/IIOAIOTCA C 3aMeTHOf Bepo-
ATHOCTBIO. BoabIan qacth 3HAYEHHUI & HAXOZHTCA B peleaax 3HaueHud
nopanka Au, Jexamux BOJH3H CPEIHEro 3HAUCHHA U.

I1puMep. BepHemes K mpHMepY C 4eThblpbMaA CIOMHAMH, Korjga p==g=Y2. 3iecw
n==2 U [HCnepcusi n paBHa, (O ONpefeIeHHIO,

@rp= QP (n) (n—2)2=
n
1! a4 2o 8 s 4 ay ! 2 __
—Tti'(_Q) +16-( )] +E'(0) -!-1—6-(1) +16 22 =1
CranjiapTHoe OTK/OHEHHe OT fi PaBHO
A=V T=1
AHAJOrMUHO MOXKHO BBIYHC/HMCH THCMEPCHIO MarHHTHoro momenta. Tak Kak m=0, o
MBI HMeeM, IO OIlpeeIeHHIO,
@mR =P’ (m) (m—0)2=
m
1 e 3 o0y 6 sy 4 ay | 2__
=15 (=g (—D s (g P - (92 =4

TaK 4TO . _
, Am=V d=2.
MposepumM cripaBe/VTHBOCTD STOTO pesy.bTara. Tak kak m=0, a n=n'=2, 10 A1 0~
OblX 3HAYEHHI m HIH 7 Mbl HMeeM :

Am=m=n—n"=n—@A—n)=2n—4=2(n-2),
WA

Am=2(n—n)=_2An.

Takum obGpazom,
; (Am)% =4 (An)?,
4TO COBNAAAET C MPAMBIM PACUETOM.

3Haune BEPOATHOCTH P, pa3iHYHbIX 3HaYeHHH u, JaeT NOJHYIO CTa-
THCTHYECKYIO umpopmaumo 0 pacmpejesieHui 3HaueHuil 4 B aHcambile.
C zpyroit cTOpoHBI, 3HAHHE HECKOJBKHX CPEHHX BeJIHUMH, TAKHX Kak,
Hanpumep, u ¥ (Au)?, Aaer TONbKO yYacTh WHPOPMAUMH O pacmpere-
JIeHYIH BEpOSITHOCTH, KOTOPOIl . HEAOCTATOYHO s HOJYYEHHA. Bcero
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pacnpefenennsi. OAHAKO 5TH CPeIHHE YaCTO MOXHO BBIYHCAHTb MpPO-
CTHIMH MeTOZaMH, 6€3 NPHMEHEHHs BEPOATHOCTeH. DTO OCOGEHHO BaXKHO
B TeX CJyyasX, KOTAa TOYHOE BLIUMCJEHHEe BepOATHOCTell SABJSETCS
TpYyZAHo# 3anaveil. B caeyiolieM pasjiesie Mbl [IOSICHUM 3TO Ha PHMepax.

2.5. Cpeanne 3Ha4yeHHst JJjist CHCTeMbl CIIHHOB

' PaccmoTpuM HjeaibHYIO cuUcTeMy M3 N CHHHOB, paBHHX 1/,. Jtn
CITHHBI CTATHCTHYECKH HE3aBHCHMBI, YTO MO3BOJISIET HAM BechbMa IMpOCTO
BLIUHCJIHTh HEKOTOpLIE CpelHHe 3HAaueHHs B BecbMa OCIIHUX CJIydYasix.
Jlast aToro Her HeoOXOJHMOCTH 3HAaTb BEPOSTHOCTH, HOAOOHLIE TeM,
KoTOpHe caenyior u3 dopmyas (14) ans P(n).

HauneMm ¢ usyueHust Takofl Gu3NYeCKH HHTEPECHOH BeJIUUHHBI, Kak
MOJIHBIA MarHUTHBIE MOMEHT M B HanmpaB/leHHH MarHHTHOLO MOJIS.
O6o3HaynM uepe3 |; COCTABJAIOULYIO INOJHOIO MAarHHTHOrO MOMEHTa,
BO3HHKIIYIO OT {-I0 COMHA. JTa BeJHYHHA MOXeT OhlTh paBHA JHGO
Mo, MO0 — . TTO/IHBI MarHUTHEIH MOMEHT paBeH CyMMe MarHHUTHBIX
MOMEHTOB OT BCEX CIHHOB:

M=p,+py+..otpy
uan, B Gosee KpaTKoil 3amucH, '

N
M= 21 P (42)

Mbl XOTHM BBIYMCJMTB CpPeflHee 3HaYeHHE H JHCIEPCHIO IOJHOTO Mar-
HMTHOTO MOMEHTA.

Uro6Bl MOJIyuHTh cpellHee 3HaueHHe M, HaM JOCTATOYHO YCPENHHTh
o6e uacTn paBeHcTBa (42). OOuee npasuao (32) moO3BOJIIET MEHATH
NOPANOK YCPEIHeHHS W CYMMUPOBAHMsl, [OSTOMY MBI MOXeM Hanucarth

M S S 43
=& P«i—% B 43)

Ho BepoATHOCTh TOrO, YTO MACHHTHEIR MOMEHT OpPHEHTHPOBAaH BBEpX
WK BHH3, OJHA M Ta e IV BCeX MarHMTHBIX MOMeHToB. [Josromy
Cpelnee 3HaueHHe MarHUTHOTO MOMEHTA OJMHAKOBO MU BCEX CITHHOB
(T. &0y =W, =... =Uy) H Mbl 0003HauuM 3T0 cpeinee yepes u. Cymma
(43) cocrout, Takum obpasom, u3 N ONMHAKOBBIX C/IaraeMbIX M MOXer
ObiTh HanMcaHa B BHIe -

M= Nyp. (44)

3T10T pe3y abTar noutH ouesuieH. OH O3Hauaer, YTO CpelHee 3HaYeHHe
MarHHTHOrO MOMeHTa cHcTeMbl H3 N cnuuoB B N pa3 GoJbille cpeHero
8HaYeHHs MarHHTHOTO MOMEHTa OJIHOTO CITHHA.

Bhluncanm Tenepp aucnepcHio M, T. e. peauunny (AM)?, rae
AM=M-—-M. . - (45)



Buiyntas H3 (42) cpenwee (43), Hmeem -

M= 3 ), 49
I
N
Tae B 3
Aui:—_— M —H. (47)
Urobul HaliTn (AM)?2, ymHOXKHM cymMy (46) camy ua ceba. [lonyuaem
(AMY = (A, 4 Bpy o 4 Bug) (A + Ay £ ...+ Aug) =
= [(Ap)* + (AP + o (Apa)*] + (Ap,Ap, 4 Ap Aug +
-+ A Apyt Ap Ay A Ap,Apg 4= ApaApyy),
uan

N N N
Y
(AM)* = 21 (A + 21 21 (Ap,) (Ap)). (48)
= = i=
(e
TlepBrifl 4sieH cnpaBa BO3HMKaeT NPH BO3BEAEHHH KaXKIOro C/araeMoro
cymmbi (46) B kBaapat. Bropoil uwieH cnpaBa obpa3syercs oT NepeMHO-
JKEHHSI pasHeiX 4neHoB cyMmbl (46). O6GpasyeM cpennee 3HaueHHe (48).
Ilpn 31TOM MBI CHOBAa HCMOJB3yeM CBOHCTBO (32), no3Bosiollee MEHATh
MOpsAJIOK YCpeJHeHnss | CyMMHpOBaHI/IH Piveem

(AM)® = 2, (Aw,) + 2 21 (Ap) (Ap)). (49

i =;e i

Bo Bropom unene, rie j =i, Bce NPOU3BENEHHS OTHOCATCA K Pa3/IHUHBIM
CNIHHaM, KOTOpble, KaK Mbl 3HaeM, CTaTHCTHUeCKH He3aBHCHMbL. [lo-
3TOMY, Ha OCHOBAHHH CBOHCTBA (36), cpelHee 3HaUeHHe KaXKAOTO TAKOrO
fIpOM3BEJleHHs] DPABHO MPOM3BEJEHHIO CPeJHHX 3HAUYeHHHl. Fmeem

ans i~ (Bp) (B, = (Ap) (A =0, (50)

TaK Kak

Apj=p;—u=0.
Takum 06pasom, Kaxablil nepekpecTHHIA uied B (49) nocae ycpenueHus
Hcye3aeT (OH OJHHAKOBO 4acTo ObiBaeT MOJIOXKHTE/NbHLIM H OTPHUATENb-

#beM) # (49) cBOAHTCA K CYMMe KBaAPaTHUHbIX U/EHOB (HH OXMH H3 HHX
HE MOXET ObITb OTPHULATEIbHbIM):

N
@MY = 3 (Bu. (51)

Janbie HauiK paccyxaeHns GyAyT aHAJIOTHUHBI TeM, KOTOPEIE C/1eA0BAIH
3a opmy.ioii (43). BeposTHOCTb TOTO, UTO JAaHHBIi MATHHUTHBIA MOMEHT
UMeeT OMpe/ie/IeHHYI0 OPHEHTAIMIO, OlHA H Ta e LSl BCeX MOMEHTOB,

103TOMY JMCHepCHst (Apt,)2 Il BCEX CIOHMHOB TakxKe ONHHAKOBA (T. e.
Bp)P=An,) =...=(Aux)?) 1 Mb obo3nauum ee (Ap):. Cymma (51
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cocTout H3 N PaBHbIX UJ€HOB M CBOEHTCA K "¢

| (AMF~ NP, | 52

W3 370r0 BEIpaXeHHS CHAEAYET, YTO AHCIEPCHS MOJHOTO MATHUTHOI'O
MoMeHTa npocto B N pa3 GoJbiMe IUCIIEPCHH MAarHHTHOTO MOMEHTa
otnespHoro cnuna. Ms (52) maxomum

[

AM=V'N Ay, (53)

roe BeanunHa AM=[(AM)?]/: u Au*[(Au) /s mpencrasastor cobofi,
B COTJIacHH C OGIIJ.I/IM onpegenenyeM (41), cTanzapTHele OTKJOHEHHS
MOJIHOTO MATHHTHOTO MOMEHTAa U MarHHTHOTO MOMEHTa OT/eJNbHOI'C
CIIHHA COOTBETCTBEHHO. :

®opumyabl (44) u (53) TMOKa3LIBAIOT, KaKAM 06Pa3oM BeauuuHbl M
H éM 3aBUCAT OT IIOJIHOTO uMCJa CIIMHOB B cHcTeMe. Ecanu @ %0, To

‘cpenHee 3HaYEHHe TOJHOrO MATHHTHOTO MOMEHTA CHCTEMBI PACTeT Mpo-
nopuuonanbio N. CransapTHoe oTkjaoHenue AM (ono wuamepser pas-

6poc sHaueHuit M OKoJI0 cpeiHero 3HaueHHs M) TaxKe pacrerT mpH
yBeJHYeHHH N, HO 3TOT pOCT HPONOPUHOHAJEH TOJBKO KOpHIO H3 N.

Takum obpasom, omHowenue AM/M ymenoiiaemes, TPONOPUHOHAIBHO
N-'2, Jeificrurensno, ua dopmya (44) u (b3) caenyer, uro

L0, To AL /2w 54
ecmu w0, 10 —M——V—N<T) (54)

STy 3aBHCHMOCTb MOXKHO NPOCJeNHTb Ha pHe. 2.8.

-3ameTuM BechbMa OOILHE XapakTep pesy/bTartoB (44) u (53). Oum
3aBHCAT TOJbLKO OT 3aKOHA cJa0OXeHHs (43) u oT Toro (axrta, 4TO CHHBI
CTATHCTHUECKH He3aBUCHMBbL. Bce Haulle paccMOTpeHHe [103TOMY Oc-
TaeTcsi B PaBHON CTeNeHH ClPaBe[JIUBBIM, KOTA@ KOMIOHEHTa KaxIoro
MATHHTHOTC MOMEHTa HMeeT HEe J1Ba, a MHOTO BO3MOXKHBLIX 3HA4YeHMH.
(Tak GbiBaer, ecJd CIHH KaXAOH 4acCTHILL! 6OJblle Y/,, TaK YTO ee Mar-
HHTHBIH MOMEHT uMeeT GoJbille IBYX BO3MOXHBIX OpHeHTauui }B mpo-
CTDaHCTBe.)

Cucmema wacmuy co cnurom */,. TlonyyeHHble BRIl pe3yJibTaTbl
JIETKO MPHMEHHTb K 9acTHOMY CJydYalo 4YacTHIl co crnuHoMm '/,. Kak u
paHblile, NPEANON0XKHM, YTO BEPOATHOCTL TOrO, YTO MArHHUTHLIH MOMEHT
HanpaB/JeH «BBepX», PaBHA p, a 8ePOSTHOCTh OOPATHOTO HANpaBjAeRUd
paBHa g. B nepeoM ci1yuyae p,=[,, a BO BTOPOM cjyuae u,~—u, Cpei--
Hee 3HaUeHUWe NOPOEKIHH MOMEHTa Ha HanpasJieHHe «BBepX» pPaBHO,
TakAM oGpasom:

B = pito g (— )= (P— ) o= 29— 1) . {55):
B’ kauecTse npoBepkH 3TOTO paBeHCTBA 3aMeTHM, 4TO B cmmeTpmmom
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cryuae, Koraa p=g, p=0, 4T0  CJeJ0BaI0 OKHAAT. Jlucriepéus ‘Mar-
HUTHOTO MOMEHTa CIMHA DaBHA

H (Au)*~(u u)z—p(uo—u)%q(—uo W . (56)

Ho L
Bo—R = fo—(2p— 1) o =33, (1—p) =29

#u

o+ = o+ (27— 1) g = 280P-
Hoaromy (56) NpUHEMAET BHA

(Au) = p (2p4q)* +q (21,p)* = 4ug pq (P +q);

(AR = 4pqus, , (67)
Tak Kak p+ g= 1. Teneps u3 dopmyn (44) u (52) caenyer

HJIu

M=N(p—q) 1, (58)

(AM)? = 4N pgus. 59

CrannaptHoe OTKJOHeNHe BeJWunHbl M paBHO

AM =2V Npqp,. (60)

Ecad mbl Hanuuiem M= mp,, TJie 4HCI0 M= M/u, Bblpaxaer NOJHbI}
MArHUTHBL MOMEHT B eJUHHUAX Mg, TO pe3yabTathl (58) — (60) npumyTt
BHJ

, EtN(p-q):N(Zp——l), ‘ . - -(61)
(Am): =4Npq, -(62)
Am=2 V Npg. ' ' ~(63)

2tu q)opMym,l CONepIKaT 3HAUNTENBHYIO nmpopmaumo 0 pacrnpefieneHHu
BO3MOXKHBIX 3HayeHHH M Wau m B aHcamOie U3 cucreM cnuHos. M3 Hux
Cclleflyer, HanpHMep, YTO C 3aMETHOH BePOSITHOCTBIO MOTYT HaGaIofaThCs

NHb 3HAYEHHSA rm, Jexallie BOIM3H m H He OTHYAIOUIHECH OT ITOTO
Cpe/IHero MHOTO 6o.nbme yem Ha Am. Puc. 2.8 siBaisercst wocTpauHed
$TOr0 BBLIBOJA.

MMpumenp. Hpezmo.nomnM, MBI YMeeM KaKoe-To MaruutHoe mone B u Beposr-
HOCTb TOTO, YTO MArHMTHBLII MOMEHT OTAEJBHOTO CIIHHA HANpABJEH IO IO, paBHa
p=10,51, a npotus noast = 1-—p=10,49. Cpejtee 3HAueHHE MATHHTHOTO MOMEHTA
cueTeMst H3 N cnHHOB Gyjer pasHO

M =0,02Npg

Craﬂnapmoe o*rk.nouemle s1oft Bennuunsl crenyer u3 (60):
AM =2 VNPq o A VW p,.



Taxum obpazom,
AM V N Y N Mo 50

M O 002Np, VN

CHaanla npe)mo.nomum, YT0 NOJTHOEe YHCJI0 CIIHHOB B&CbMA Ma.ﬂé ﬂonycmm, yTo
N=100. Toraa

AM 50
M Vio

¥, 3naunT, AM> M. Paccesnue Bo3MOXKHBLIX 3HadeHHii M oka3niBaeTcs BecbMa 3aMeT-
neiM. [leficTBHTENLHO, B 3TOM Clyuae BeChbMa BEPOATHO NosieHHe 3HauenHii M, Koto-
puie odeHb CHJABHO OTInuYalorcs ot M

M= L Y H NaxXe HMEOT NPOTHBONOJOXHbIMR
._A_/__/l]ﬂ» P (M) 3Hak (puc. 2.9).
M =2, PaccmotpuM Temeph cayuail Ma-
AM= mf‘ KPOCKOITHYECKOH CHCTeMBl  CITHHOB,
-~ 4, Korxa N nopsiika uucna Asoraipo,
wanpumep, N = 1024, Himeem
0},
AM
./ M S A0 sq0-m,
24M MY T
2 /J”(M) taKk uto AM < M. B 3tom cayuae
N=1p ~ "
paccesinye BO3MOXKHBIX 3Hauenufi M
M=2- fﬂ /L
Am=10% o
0 M oM.
ZAM

Puc. 2.9. Bepostnocts P’/ (M) Toro. 970 non-

Hblft MAFHHTHBIT MOMEBT CACTEMb CIIHROB HMceT

sHavenHe M., aan N=100 u N=10%,

MaruuTtHoe flole  Ttakoso, 410 p=0,51 #n

¢=0,49. Tpaduxs sBvaaTcs OrnbGaoUIUMU

KPHBLIMH BO3MOXHBIX 3nauennit P’ (M). I'pa-
(UKE UMelOT pasnbie MaciuTaGhl.

Puc. 2.10. Cocyn o6bemoM V, co-
lep:KHT N MOJeKYJ HAeanbHOro
raza B aanHbili MOMeHT BpemMeHn
B HeGoAbuON yacTH o6beMma V na-
XOAHTCA 7 MOJEKYA, TOrRa Kak
ocTa/lbHoe 4HCJIO MoJeKyn n'=s
=N—n HAXOQUTCH B o6neMe

=Vo—.
ltpaﬁﬂe Mané no CPaBHEHHIO CO CPeJHHM 3HAaUYeHHEM M nosiHoro MarHBTHoro Momema.\\}

Ecsu Mul 6y118M NPOH3BOAHTL CJEAYIOUIHE APYr 33 APYIroM H3MepeHHsl MAarHHTHOro Mo-
MeHT3 CBCTE€Mbl, TO NOYTH BCcerila pe3yNbTaToM H3MepeHHs. 6y11e1' 3HayeHHe, OYeHb

Gavskoe K M. [leiicTBATe IbHO, €CAM SYBCTBHTEJLHOCTb HAUIEro METOia HaMepenui
HeIOCTAaTOYHA, 4TOGL 3aMETHTb OTHOCHTEIbHEIE OTKJIOHEHHS OT CPENHEro, MEHbHINE YeM,
ckaxeM, 1:101%, Mp Bcerza 6yizeM nosjyyaTh NOCTOAHHOE 3HAYEHHE MAr HHTHOTO MOMEHTA,

Ganskoe K M, 1 He CMOXKEM 3aMETHTH CTATHCTHYECKHX (ayKTyausii BOKPYT Cpentera
3navennd. Dot npHMep ABJseTCs KOHKpeTHOH HaMocTpaHteil ofinero BeIBOAa O ToM,
NTO B MAKPOCKONHMYeCKOH CHCTeMe, cocTosiiell H3 ouetb GONILHIONO YUNCIA YaCTH, OTHO-
CHTENbHAS Benunna GuyKTyausnit Maaa.

Pacnpedesenue  mosexyr udeadvnoeo easza, PaccMOTPHM  HMieasbHblit
ra3 u3 N wmoseKyJs, NOMelleHHHIX B €OCyld o0bemoM Vo. Mpt HHTepe-
CyeMCs YHCAOM 4acTiill B -HEKOTOPOf Bbme.neuuoﬁ 4acTH 3TOro Co-
cyna ob6bemom V (puc. 2.10). Ecan ras naxoaurca B paBHOBECHH, TO

)



BepPOSITHOCTh P HAXOXKAEHHS MOJIEKYJbl B 3TOM OOheMe paBHa
. | 28 :
p=v-. L ; (64)

. 0
Msl yxxe oTMedann sto B dopmyne (28).

BrluncaieHle cpelHero 3HayeHHsl 11 H €ro JHCIePCHH He NPeJCTaBHT
TpyaHOcTefi. B koHue m. 2.3 6bu10 YKa3aHO, 4TO 3ajauya 06 HIealbHOM
Tase aHaJOrHYHa 3ajiade o cucreme cnuHoB. (OGe-3ajaud NPHBOAAT K
OMHOMHAJBHOMY pacnpefeneniio.) [losToMy Mbl MOXeM Cpa3y HCHOJIb-
30BaTh pesyJbrarhbl (61) u (62)° a/s nojyuyeHua xenaemoid HHGOpPMALHK
o Beauuuse n. Ilycts n' oBo3sHauaer YHCAO MOJEKYJ B OCTaBliedcs
yactu cocyna V,—V. O6osnaunm m==n-—n’. Kak ciaenyer us cop-
MyJibl (25), e

1
=5 (N+m). (65)
Vcnoab3ys pesyabtar (61) nis m, Mbl mogydaem
: - 1 — 1
n=5(N+m)=5N(1+p—a\,
HJIH

n=Np, (66)

TaK KaKk g= 1—p.
Hanee, u3s (656) MH moaydaem

A= n—Ti=g (N ) — (N 4-1) = (m—m),
uinn

.

An ::LAm,

Tostomy (An)t = 1/,(Am)* u ¢ nomoibio (62) MbI noydaem *)

(An)‘ =Npq. , (67)

CraHaapTHOe OTKJOHEHHe N PaBHO, TaKuM o6pasow,

An=V Npq, (68)
4 OTHOLIeHHE »
An _ VEpg_ (g I
() ©

11 BhipaxeHns OnfATb [10Ka3bIBAIOT, YTO CTaHAapTHOE OTKJIOHeHHe

pacTer NpOMOPLHOHAaAbHO N'’*. COOTBETCTBEHHO, OTHOCHTENbHARA Be-
JIHYMHA CTAHJAAPTHOTO OTKIOHeHHs AN/ ymeHowaemcs NpPONOPUHO-

#aabio  (N)~"/s M CTaHOBHTCA OYEHb MAJNOR NPH MAKPOCKOMHYECKHX

%) ®opmyant (66) B (67) MOTYT OuITb, NOLYJYEHH U HeTIOCPENCTBEHHO Ha OCHOBAHHMA
MeTO/I0B, PACCMOTPEHHEIX B sro‘u pasnene, Gea oGpaieHus K Benuuune m {cM. sanaqy
2.14).
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sHavennsix N. STH BHBOJAbLI NPeKPacHo HINIOCTPHPYIOTCH pa30obpaHHbIM
B rnape | npumepoM, rie paccMaTpHBAJIOCh YHCAO 72 MOJIEKYJ, 3aKJ10-
YeHHBIX B ONHOH moJoBHHe cocyina. B stom cayuae us (64) ciaenyer,
410 p= ¢=1/,, 1 (66) CBOAHTCS K COOTHOMIEHHIO

—

A—gN,
a (69) —K COOTHOLUEHHIO
. An 1
n VN

3tn dopmyasl NPHAAOT KOJHUYECTBEHHBI XapakTep pacCyXXAeHHAM
o daykryauusx B n. 1.1. To obcTrositesbeTBO, 4TO abCOJNIOTHASL BesU-
uiHa ¢uIyKTyaunu (H3mepsieMas An) Bo3pacraer c poctoM N, aee or-
HOCHTeJIbHAs1 BeindHHa (M3Mepsiemas An/rA) ymeHsluaercst ¢ poctoM N,
xopowo Hamoctpupyercs puc, 1.5 u 1.6 aia N=4 u N=40. Ecm
€OCYJl CONEpPIKMT OKOJIO MOJISI rasa, TO KOJHYECTBO MOJEKYJ UMeer
nopsiiok yncaa Asoranpo, T. e. N~10%*. B 3ToM ciyuae OTHOCHTe/b-
Has BeJHUHHA QayKTyaunH An/Ai ~ 10712 cTaHOBUTCS HACTOJILKO MaJloi,

YTO €10 IOYTH BCerld MOXKHO npeHeépel!b.

2.6. HenpepbiBHble pacnpejesieHHsl BepOsiTHOCTeH

PaccMOTpUM  HeaNbHYIO CHCTeMY, COCTOSILYIO M3 GOJIBLIOTO HHCAa
CNHHOB, paBHbiX !/,. Takas cucTeMa o6saaaeT GOJILLUMM KOJHUECTBOM
BO3MOXCHBIX 3HauYeHHH MOJIHOIo MarHUTHOro MOMEHTAd. ﬂeﬁCTBHTeJIbHO,
corjacHo (22) n (24) .
M =mHo=(2ﬂ‘“N) Hos (70)
Tak 410 M MOxeT npuHHMath JioGoe u3 (N--1) BO3MOXKHBIX 3HAUEHHH:
M = N”ov - (N'—2) Mo» — (N‘—4)Mov sy (N—Q) o, Nl-Lo- (71)

BepositHocts  P"(M) TOro, 4TO MOJHBIH MATHUTHBIL MOMEHT MPHMET
JlaHHOe 3HayeHWe M, paBHAa BepOSITHOCTH MNOSIBJIEHHS COOTBETCTBYIO-
LiMX 3HAYeHWH m WAH n, T. €. BEPOATHOCTH P'(m), Bbiparkaemoii dpop-
myJolt (26), uau P(n), soipaxaemoii ¢opmysof (14). Takum o6pa3som,

P"(M)=P’ (m)=P (n), T2

rie m= M/p, 1 n=1,(N-+m). 3a uckawoueHuem cayuaeB, korga M
HAXOMMTCR BOGJN3M CBOMX 3KCTPEMadbHLIX 3HaueHud -+=Np, [3mecw
peposATHocTh P"(M) npenebpekumo wmanal, BeposTHocTb P"(M) wMe-
HAETCA HEe3HAYHTeNbHO NPH Nepexole OT AaHHOro 3HaueHHss M k co-
cejlHeMy. DT0 3HAYMT, YTO lP”(M—i—on)——P”(M) |<€P"(M). Orubawomas
BO3MOXHBIX 3HaueHHH P"(M) oGpasyeT NpH 3TOM IJajKyl0o KPHBYIO,
KaK 5TO MOKa3aHo Ha puc. 2.11. MbI MOXeM Mo3TOMY paccMaTpUBAThL
P”(M) KaK [1aBHO MEHSIOYIOCS (pynxumo Henpepmsnoﬁ nepemen-
HOll M, HecMOTps Ha TO, UTO B NEACTBUTELHOCTH STOH nepemeuﬂon
JIOCTYIHBI JNUIb AUCKpeTHble 3Hadenusa (71). C
[pennoaoxnm, 410 po NpeHeGPerkKUMO Mgaod mo cpaBﬂeHmo ¢ Hau-
MEHBbIUHM MarHUTHRIM MOMEHTOM, HMEIOLMM 3HAYeHHEe B HAWHMX MaKpo=

o2



CKONHYeCKHX H3MepeHHAX. B sToM cayuae M3-3a HENOCTaTOUHON WyB-
CTBHTEJIbHOCTH HEHIUX H3MepeHHil Mbl He CMOXKeM 3aMeTuTh, 4o M
NPHHHMAET JUCKPETHhE 3HAUEHHH, paslesieHHble HHTepPBaioM 2u,.
Tlostomy M ReACTBHTENILHO MCHKHO CYHTaThb HENPEPLIBHON TePEMEeHHOI,
H B TAKHX YCJAOBHAX NPHOOpeTaeT CMBIC! BeiMuuHa dM, noHnMaemas
KaK «MaKpOCKONHYecKass 6eCKOHEUHO MaJjasi», T. €. KaK BeJIWUHHa OYeHb
Malasi  MAKPOCKONUMECKU, HO

6oabliasi B MUKPOCKONUYE CKOM P”{M)
CMbicae (ApPYTHMH caoBaMu, dM

npeanoJiaraercss npeHeOpexu-

MO MajJofl N0 CPaBHEHHIO C ’
HAaHMEHbIIMM MATHUTHBIM MO-

r

MEHTOM, HMEIOLIYM 3HayeHHe

IpH  MAaKpOCKOITHYE€CKOM  pac- Mo
CMOTPEHHH 3aldaqyHd, HO 3HayH- M
TeNbHO GOJibleH, HeM W,) *). f‘ﬂ dM

Kakoaa BePOATHOCTb TOTO, 4TO

MOAHbI MATHUTHEI MOMERTCH- Pt 11, Bepormuocrs, PAM) woro. wto nor
CTEMb! JIEXKHUT B 06,)]3(:’]‘1/[ 3Ha- 3Hauense M, pjasa cayuas, Korda uncio N cnuaom
uennii or M 10 M"I“dMD Oue- BENHKO H Marnm’r};ﬁzH:ongT COBHa jly OTHOCH-
BHUJHO, 4YTO BeJHUYHHA 3TOH Be-

p_OHTHOCTI/l 3aBHCHT OT BeanuHHH dM H CcTanOBUTCSH HCcYyesawine Ma-
J]Ol‘:l, ecaH dM cne/atb npeHe6pe)KnMo MaJiol. n03TOMy MOKHO OXKH-
haTtb, YTO HCKOMas BEPOATHOCTb 6y11e1' [pOCTO NPpOINOPUHOHAJNbHA BEJU-
UyHe dM, TaK YTO OHa MOXeT ObiTb 3anucaHa B CJACAYIOLIEM - BHIE:

. BeposiTHoCTb Tofo, YTO MOJHbI MarHUTHLHIA ] N
[-MOMGHT Haxouutcss mexagy M u M-dM = (M) dM, (73)

rie BeanynHa P(M) He 3aBHCHT oT BesnuuHbl dM *¥), Beanyuna 2 (M)
Ha3blBAeTCS HAOMHOCIGIO BEPORMHOCINU, OHA CTAHOBHTCH BEPOATHO-
€TI0 TOJBKO NOCJe YMHOXKEHHSi Ha GeCKOHeuHo manyio dM.

Jlerko BuipasuTtb BeposiTHOCTDb (73) uepe3 BeposiTHocTh P (M) Toro,
YTO NOJIHBIA MArHHTHbII MOMEHT NPHHHUMAaeT NaHHOe JHCKpeTHOoe 3Haye-
nne M. M3 (71) caenyer, urto cocennue 3navennss M orcrost Apyr
or apra Ha 2, a Tak Kak dM3>>2u,, TO nutepBan mMexay M u M-+dM

*) ¥YMecTHO OTMETHTB, 4TO MHOrHe uddepeHnnalsl B QU3NKe ABJTIOTCH MaKpo-
CHONKYECKUMH GeCKOHeYHO ManbiMiu. HanpHumep, npH H3yUYeHHU 3/1eKTPHUECTBA Mbk
HMelin edlo. ¢ 3apajioM Tesa @ u ¢ npupaulendeM 3apsiga d Q. Takoe onucauue ¢ no-
Momw»l0 audepeHiaia TOARTCA JKIIL B TOM Cllytae, KOrJa dQ sBageTcs BeNHYHHON,
SHAUNTEJAbHO GOJbliefl AMCKPETROTO 3HAaYeHHs 33psila JEKTPOHA e H B TO ke Bpems
NpeHeODPEXXUMO MaNGH TIO CPaBHEHMIO ¢ CAMHM 3apsaloM Q.

. **)Tax Kak BepoATHOCTD €CTh IaKkas dyHKitHa dM, To BOIN3N M0GOro 3naueHn st
M-ee MoxHO PasioKHTD B Pl Telmopa 1o cTelleHsM dM ecnw dM mand. TaxuM 06-
: pasoM Mbl HMEEM: ‘
Bepom'ﬂocn; =.a, + a dM -+ a, (dM) +, cens -
e Koaqxpnuuen'm Gg, Gy,. . . 3aBHCAT OT M. 3ameTuM, uTo @y==0, TaK Kak<Bepo-
ATHOCTb JOJIXKHA CTPeMHTLCS K HYMO, ecy dM crpemutcs K nyJaio. Hanee, anen,
cofepRaimye pricie creneny dM, NPeneGPexuMO MaJTh N[O CPABHEHHIO €O BTOPLIM
4HEHOM, KOTOPHIA nponopunoﬂanen dM. Caenosarenwfio. Mu neayuaem popmyay (73).
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cofieput dM /2, BO3MOKHBIX. 3HaueHni= M. B npegenax MaJjoro uu-
TepBana dM BeposiTHOCTb F°(M) MeHsIeTcst 04eHb MaJIO H TI03TOMY MOXKHO
CUMTaTh, UYTO BCEM JHCKPETHRIM 3HaueHusiM M B mpenenax or M 1o
M-+dM orsevaer npHGIU3HTENBHO . QAHA H Ta XKe BEpOSATHOCTD P'(M),

‘Tenepp BepPOATHOCTb TOTO, YTO NOJHBIA MAarHUTHBHIL MOMEHT JICXKHT.
mexay M u M-dM, wmoxuo moayuurb, cymmupys P"(M) no Bcem
JHCKDETHBIM 3HAYeHHAM M, JeXKallluM B 3TOM HHTepBaje. 3TO 3KBH-
BaJIEHTHO YMHOXEHHIO MOYTH NMOCTOSAHHOM Benuuunbl P"(M) Ha dM [2ug.
BoluHcsieHHas1 TaKuM oﬁpasoM BEPOSTHOCTb INPONMOpLHOHaNbHA dM.
# paBHa BepositHocTH (73):

P (M)dM = P" (M) gﬁ (74)j

B npaKTHUecKHX CJayyasx Bbuicaenue P”(M) MoxeT 0Ka3aThcst BeCbMa
TPYLOEMKHM, eciH M/p, Beauxo, u3-32 HEOOXOAMMOCTH INOJACYHTHIBATb
<akrtopranrs GOJbLIHX YHCe, BXOAAllHe B GHHOMHAJBLHOE pacrpene-
jenue (14). D1u 3aTPyNHEHHS MOMKHO,” OJHAKO, OOCOHTH, e€cIM Hc-
NoJIb30BaTh PacCMOTpeHHOe B mnpusoxenun [1.1 rayccmacxoe npubin-
HKeHHue.

" CyllleCTByeT MHOTO 3a/ia4, Tle HHTepecyiollass Hac nepeMeHHasd,
Has3oBeM ee u, JeHCTBHTeJILHO HenpepoiBHa. Hanpumep, u Moxer o0o-.
3HauaTh YFO MeXIy HEeKOTOPLIM BeKTOPOM Ha IWIOCKOCTH U (PUKCHPO-:
BaHHLIM HanpasJieHHeM H MOXeT NMPHHHMATh Jio0ble 3HaueHHsT Mexny O
u 2n. B ofieM cayyae ¢ MOXKeT NPUHUMATH J00oe 3HaueHUe H3 -06/1acTH:
a1 << u << a,. draobaactb MOXKeT ObITh GECKOHEUHO GOIbIIOH, T. €. @;—> 00
WIH @,—> 00, HJH 00e rpaHHibl 06J1aCTH OIHOBPEMEHHO YXOIST B oo.
‘OTHOCHTEJIbHO TaKOH MepeMeHHOH CIPaBel/UBLl Te XKe yTBepxmeHuﬂ
TEOpHH BEpOSITHOCTEH, YTO H OTHOCHTenbHO HepeMeHHoOH M. Tak,
HafpuMep, HAC MOXKET HWHTEPecoBaTbh BEPOATHOCTb TOTO, UTO NEpeMeH-;
Hasl 4 HaxXOAMTCA B HHTepBaJje 3HaueHHI MeXXy # M u - du. Ecau du.
JOCTAaTOYHO Manl, 3T4 BePOATHOCTb TaKiKe MPONOPIHOHAJNBHA. BeJH-
yuHe du, TaK 4YTO ee MOXKHO 3anHcarb B Buie #(u)du, rie #(u) Hasbi-
BaeTcs nhomuocmbro 6EPOAMHOCMY W HE 3aBHCHT OT BENHYMHBI HHTep--
Bana du,

Paccmorrpeﬂue BEPOSITHOCTHHIX npobjeM B cayuae Henpepbmuon.
repeMeHHOH u Jierko cBecTH K GoJee NPOCTOMY CAyYalo, KOrja nepe-
MeHHasi IIPHHHMaeT JHCKPeTHble 3HaYeHHs H SBJSETCH, TaKUM 00pa3oM,
cueTHOH. [lna 3TOro- Bcio 06/1aCTh H3MEHEeHHs mepeMeHHOH u caefyer
pa3butb Ha NPOH3BOJILHO MaJibie M PaBHbie HHTePBAJibl BesuunHOH Ou.
Kaxnwiit Takoil HHTepBas 0603HAYAETCA COOTBETCTBYIOUIHM HHIEKCOM 7.
3aueHne &4 B 3TOM HHTepBaJe OGO3HauMM uYepes u,, 8 BEPOSTHOCTH
TOro, YTO U JIEKHT B 3TQM HHTepBase, uepes P, uwmn P(u,). Takas
onepauus JaeT HaM BO3MOKHOCTb HMETb [eJI0 CO CYETHHIM YHCJIOM
3HAYeHHUH NepeMEHHOM u; KaKaoe Takoe 3HaueHHe OTBeYaeT ONHOMY
u3 HuTepBasoB r=1, 2, 3, ... OueBHAHO, YTO COOTHOLUEHHA MEXIY
BEPOATHOCTSIMH, OJyUYeHHbie B caydae JHMCKPETHOH riepeMeHHOi, .
OCTAIOTCA B CHIE M J/Al NepeMeHHbIX, NPHHHMA3IOUHX Hernpephis-:
Hble 3HaYeHHS, Hanpumep, dopuyaut (32) u (33), ommcuBaowie
94
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CBOfiCTBA  CpeAnero, NPHMEHMMH TaK:Ke W IJIA HenpephiBHOA nepe-
MEHHO# 1. :

3ameTHM, YTO CyMMbl, KOTOpPHIE BXOIAT B YCJoBHE HOPMHPOBKH
WM B BbipaxkeHHe IR CPeAHHX 3Ha4YEHHNA, clelyeT NpH Nepexofe K
HENpepLIBHOH nepeMeHHON 3aMEHHTb Ha MHTErpadbi. Tak,ﬁ ycJ0Bie
HOPMHPOBKH 3aKJIIO4aeTcsi B TOM, YTO CymMMa BeposiTHOCTeH, B3nTas
110 BCeM BO3MOMKHBIM 3HaUEHHSIM TepeMeHHOM u, paBHa elHHHLE:

A Y Pu,)=1. (75)
FM >
. B cayuae HenpepbiBHoil nepemeH-
: ) HOH Mbl HCXOQUM H3 BEPOATHOCT}
i .
| a :
: s
{
L 123 l @
aM O au
Puc. 2.12. Pacnpejenenne BepoORTHOCTH, Puc. 2.13. Obanacte HiMeHEHHA HeNpPEpPbIBHON
NoKa3zaHHoe Ba puc. 2.11, Bupaxeno ue- nepeMeHHON u pa3fleleHa H3 CuyeTHoe qn%no
(] - MaAbIxX HHTEpBﬂJlOB OAKBHAKOBOTO pasmepa Ou.
Pes NJOTHOCTL  peposiTiocTH J° (M). Te Kamasiit Takoil uHTepsan o6o3HaveH HHIeK-
neps ° (M)dM (nnomab 00A KPHEOM, 33+ ¢Sy npunpmaiomaM snasenns 1, 2, 3, . . . .
KNIOYeHHAR MeKAY HoopaunaTamu M u Ha rpadure nokaszaHa TtaxkKe BeAHYHHA MaKe
M +-dM) ecTb BeposiTHOCTB TOrO, 4YTO TOA- POCKONNYeCKH Majoro nHTepeana du.

Hbli MACHHTHLIA MOMEHT JIeXKHT B WHTEp.
pase spavenuit ot M no M-+dM

TOro, YTO TIepeMeHHasl JIeXKHT B HHTepBaJje 3HaueHuil u, u--du. Jra
FEPOATHOCTb, KaK Mbl BUAENH, paBHa F(u)du *). Utobbl BHINOJIHHTL
cnepanuio, ykasmiBaeMmyto dopmyJqol (75), HaA0 npou3BECTH CYMMHpO-
BaHle (MHTerpHpOBaHHe) MO BceM HHTepBanam du. ,Takum ob6pasowm,
VCJI0BHE HOPMHPOBKH (75), BbIpa)KeHHOE Ytpe3 MJIOTHOCTb BEPOATHOCTH,
OyleT HMETb BH]

4

(Pwydu=1.. (76)

AuanorHuHo, B c/ydae IHCKPeTHON MepeMeHHOH cpeiHee sHaueHpe
HeKoTOpoHl (QYHKUHH STOH NepeMeHHOW paBHO

Fuy=2XPw,)fw,). ' (77)

Tlépexonst K HenpepuLiBHOH NEPEMEHHON, Mbl ROJIAKHBLI CHaYana Mpous-
BECTH CYMMHMpPOBaHHE MO BCEM 3HAUEHHAM MEPEMEHHOW 7 BHYTPH HH-
T€pBana 4, u -+ du. 370 faer BKJAAL B CyMMYy, paBHbiii F(u) du f(u).
Tenepb .0cTaercs 3aBEPUINTL CyMMHPOBAHHE, B3fIB HHTErpa] 0[O BCeM

.

*).3zech npeAnonaraercs, GT0 di BEAMKO NIO CPABHEHHIO C TPOMIBOABHO MAALIM
nutepianoM du (du > 08u), wo nocraTouno Mand Ans Toro, uTobk P(u,) Majlo MEHINOCH
P ), H Mand Y
® unlepsate du.” - ’ o T S ‘
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BO3MOXHbBIM. 3HaueHHAM 4. TaknMm. oO6pasoM,. 3KBHBA/ICHTOM (OpMY.ikl
{77) aBasierca caenyioulasa *): : . ,

% - . S

: DY PR . P
F@)=\ 2@ f @ du. : '+ (78)
. E . [
’al -

. : , ; .-

O6o6menne Ha CAayuyali HeCKOJbBKHX OepeMeHHES X,
QO06o6ueHde CIeTaHHbIX BRI 3aMeyanuil HA cayuall ABYX u Gosiee nmepeMeHHBIX He Bbl*
sbiBaer 3aTpyAHeHuit. JloNVCTHM, HAaNPUMED, YTO Mbl HMeEM @10 C ABYMS He3aBUCHMbIMU

ot

e
A

» % ' ¥

123--8...

o] b (.
ou S

Puc. 2.14. Obaact usMenelliian HONPEPHIBHBIX 2POMERHBIX # H U DasfieNeHsl HA MaJjlble HHTeDBansl
sennunHofl Su u 8v cooTReTCTREHHO. ITH HUTepBansl o0o3Hayensl WHAEKCaMu r U S.- TeM caMmim
NJOCKOCTb #, U 0KA3biBAeTCH Pa3fedielHOIl HA Manbie SueilkH, 0003HayaeMble NAPON HHAEKCOB I U $*;

tepeMeHHBIMI ¢ M v. Torfa COBMECTHAsSI BEPOSTHOCTb TOro, 4TO [IePeMEHHAs U JICKHT
MexAy u M i - du, a nepevenHas v Mex1y U M v- du; NponopuHOHAAbHA Kak du, Tak
H dv, 1 MOXeT ObiTb 3anucasa B suge P(u, v) du dv, Tie $(u, v) npeacTaBAsIET COBOIT
[LIOTHOCTD BEPOATHOCTH, He 3aBHCAULYIO OT BelMuHMHLI UHTepBanoB du- U dv. [1pu xena-
HUH CHTYALHIO MOXKHO ONSITH CBECTY K CIYyuaio JUCKDPETHBIX mepeMeHublX. Has sroro
06/13CTb M3MeHeHHUs NepeMerHof du HYXKHO Pa3/eHTh HA oueHb GOJBLIOE YHCAO MAbIX
(DHKCHPOBAHHBIX HHTEPBAJIOB OIMHAKOBOH BeMUHHBI Ou M POHYMePOBATL 3TH WHTEp-
BaJibl MHJeKcoM 7. To ke caefyer cAesiaTs M ¢ APYroil mepeMeHHOH v, 0603HaYHB COOT-
BeTCTBYIOUIHE MHTepPBaNLl HHAEKCOM S. 3aTeM A/ CTATHCTHYECKOTO OMHCAHUS CHTYalun
MOXKHO BMECTO IVIOTHOCTH BePOATHOCTH FP(4, U) BOCIONB30BATHCH BEPOATHOCTBIO P, ¢
TOro, YTO IepeMeHHble NONAJAT B HeKOTOPYIO fYeHKY, 0603HAUEHHYIO MApOofl HHAeK-
COB 7 H S.

*) 3ameTHM, YTO AR HEKOTODHIX SHAYeHMA & MAOMHOCMb BepoOSTHOCTH PP )
momer GuiTh GkckoHeuHOl. DTO He BLISLIBAET HHKAKHX TpyAHocTefd, €CNM TOJNBKO WH-
Cy Lo

Terpan S P (u)du (koTOpHI faeT BePOSTHOCTb TOTO, YTO BEJHUHHA U JIEKHUT B
. s . . e U L . L.
11pOU3BOJILHOM 0GNACTH 3HAYCHHA MEXKAY €1 H Cp) OCTAGTCS KOHEYHBIM. e
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Ceonka ompenenenuii

Cmamucmuseckusi ancambab. CoGpaHne GOJBLIOro YHCIA HeB3AAMOJCHCTBYIOUIHX
Mex1y coGOi CHCTeM, KaKidst H3 KOTOPHIX VOBJIETBOPseT TeM e yCJOBHSM, YTO U pac-
CMOTPHBAeMast HAMH CHCTeMa.

Ancanbas, He 3asucaumul om spesery. AHcaMGIb, B KOTOPOM YHCJIO CHCTEM C JaH-
HBIMH CBOACTBAMH O[HO H TO Xe B JHoGOoe BpeMst. .

Cayqad. HMcxon onpiTa WAH pes3ynapTaT HaGMOAeHHI.

Beposmuocms. BepositHOocTb P, oCylecTBJEHHSI JAHHOrO caydyas B paccMa-
TPUBAEMOIL CUCTEME ONpPEAeNAeTC C MOMOWBI0 CTATHCTHUECKOTo aucamGas u3  N°
Takux cucteM. Eciu cayuail r ocymecTBuics B o°, clcTemax aucam@uls, To

Pr=o"r/N" (mpu A — o).

Cmamucmuyeckas Hezaguc tsocms. JBa cayyast CTATHCTHYECKH HE3ABHUCHMbI, echin
OCVILECTB/IEHHE OAHOTO U3 HUX HE 3aBHCHT OT OCYLIECTBJEHHSI HJIH HEOCYIeCTBJAeHH
IDVTOro. B

Cpedree sHaverue (uau cpedree no ancanbao). Cpexree 3uadende ¢ 0603HAYAIOT L.
I1e cpeaHee BBIYMCIAETCS IO (opmyde

— 5
u zZPru,,
r

rjle CYMMHDOBAHHE NPOH3BOAMTCS 110 BCeM BO3MOXKHEIM 3HAUEHMAM MepeMeHHol 7, a P,
06c34auaeT BepOSITHOCTh OCYIIECTBAEHHS] NAHHOTO 3HAUEHHSI U,.
Hucnepcus (wau sapuayus). IIHcnepcHs rnepeMeHHON u ompegedseTcst Tax:

BuyP =P, (u,—u).

Cmandapmmnoe omwaonente. CTaniapTHoe OTKJIOHeHHe NepeMeBHOH IIpeicTaBiser
coGoli KBaApaTHLIT KOpeHb M3 ANCTEPCHH:

= [ .

ILaomuocms seposmuocmu. Onpelenene TAOTHOCTH BeposiTHOCTH (L) 3aK/uo-
€acTCA B TOM, YTO NMOCJe YMHOMKEHHS 9TON BeJHUHHDLI HA BeJIMYHHY HHTEpBasa du Mb
noasuaen P(u)du — peposATHOCTL TOTO, YTO HelpepbiBHAA NepeMeHHAas u HaXOJUTCS
B MHTEDBAJIEC 3HaueHuil Mexay 4 H u-+du.

Ocuornubie (GOpMyIb!

Ihueem N CTATHCTUUECKH HE3ABHCHMBIX ONBLITOB, BEPOATHOCTE MOABICHHS JAHHOIO
ncxoda onwita pasHa p (¢=(1—p) — BePOSTHOCTb HENOARBJEHMS HCXOAa).
BeposaTHOCTh NOsIBJAEHAS 1 HCXOA0B npu N MenbITaHusgx (GHHOMHAABHOE pachpe-
JlesieHHe):
= ____A_ﬂ___. pnqN—n_
nl (N —n)!

Cpem{ee YHCJIO0 OCYLIeCTBHBIINXCS HCXOAOB OIbITa

P (n)

n=Np.
CraugapTioe OTKJIOHEHUE o,
An=V Npq.
3agaum

2.1. IIpocman sadaua 06 uepansroil rocmu. KakoBa BepOSTHOCTL BhINAZaHUS
IeCTepKA MJIM MEHbLIEr0 YHCJAa APH Tpex OpocaHusix?

2.2. Paccvorpum ciyuaiinpie uucaa mexay 0 u 1. Kakosa BeposiTHOCTh TOTO, uTO
POBHO TsiTh M3 AeCATH MecT IocJje 3amsTofl 3aHATE YHCIAMH, MeHbIIIMH 57 .

2.3. Bpocanue uzpassrod kocmi. TIpenonoKuM, 4To BCe CTOPOHB! KOCTH BbINAJAIOT
€ OAMHAKOBOH BEPOATHOCTBIO. PACCMOTPMM WFpPY, KOTOpas 3akiiouaercs B Gpocanin
NSTH Takux Kocreil. HaiifuTe BEPOATHOCTE . BLINAJAHHS LHECTEPKH:

a) B OMHOH KOCTH,

4 o, Peid . 947.



6) no Kpalineit Mepe B OfHOH KOCTH,

B) B JIByX KOCTAX.

2.4. Beposmuocms eviicume. MIHOrKa MOXHO CABIIATL O CTPanHOH Hrpe (asTop
HE peKoMeHAyeT eel), Korja B mecTU3apsiiHplii 6apaban peBosabBepa BKJaJbiBAlOT
oz GoeBoii natpoH. 3atem 6apaGaH KpyTAT H CTpeasioT B cefs. Kakosa BeposiT-
HOCTb OCTaThCST KHBBINM [10C.1€

a) ORHOro HCIBITAHHSP

6) ABYX HCOBITAHHI?

B) N ucobitanuii?

r) Kakora BeposTHOCTb ObITb 3acTpesleHHBIM NpH N nenbltannsax?

2.5. lpoGarema cayuainox Oaymoanud. YeloBek HaulHaeT cBoe IBHKeHHe OF
donapst mocpean Vinuwl, jAeiast Ward pasHoil AauHBL [. BepoarHocTh TOrO, 4TO OH
¢jeaeT ar BAPaBo, PABHA P, a BEPOSTHOCTL TOTO, YTO TOT HWIAT GyAeT CAetal BJeso,
paBHa g=1—p. Ye/loBeK HACTOJNbKO NbsiH, YTO, Ae1as JaHHbLI LIAT, OH COBEPIUEHHO HE
NOMHHT O HaNpaBJeHHH npelblayulero. Takusm o6pasoM, ero [ATH CTaTUCTHUECKH Hela-
Bucumbl. [lpeinonoxun, uTo oH clenaj N 1I4aros.

a) KakoBa BeposiTHOCTb P (r1) TOro, uTo n 5THX 1UAaroB ClesiaHsl BIPABO, & OCTa/lb-
Hule N — n wmarosB BJjeBO?

6) KaxoBa BeposTHOCTb P’(m) Toro, 4To chellelHe uenoBeKa oT ponaps pasHo mi,
rae m — legoe HHCJI0?

2.6. Bepoamuocme 6€036pAUEHUA 8 UCXOOHYIO mowcy Honyctnm, uto B npedsiaymielt
3ajaue p=¢, TAK UTO BEPOATHOCTH CMelIeHHsI BJeBO H BIPABO NPH KAXKAOM LIare
PaBHHI. KaKOBa BEPOSITHOCTb 100, HTO UEJOBEK CHOBA OKaxercs Yy donaps nocne
N waros:

a) ecin N deTHO?

6) ecin N HeyerHo?

2.7. Odnomepras aiz¢(,by7u;; amoma. [lpecrasum cefe TOHKYIO MEIHYIG TNIPO-
BOJIOKY, HAaTAHYTYIO BAOAL OCH ‘X. HeCKOJIbKO atoMOB MelH, PACHOJOXeHHBX BOAU3R
x=0, cAesaHbl PagHOAKTHBHBINH (npennonommx, Hanpumep, 4To HX 6omGapanposany
GbiCTpBIMH yacTHLAMH). [IpH yBeJHUEHHH TeMIepaTypbl HHTH NONBHIKHOCTb aTOMOS RO3-
pacraet. [Ipn 3TOM Kax bl aTOM MOXeET NePeCKOUMTh Ha cocellHee MeCTO B KpLCTaJlIH-
ueckoil pewerke, Jn60 wanpaBo (B HampaBideHnn --x) aubo Hanemo (8 HANpaBAeHnR
—x). CocelHHe MecTa, 3aHHMAaeMble aTOMOM B pellleTKe, pa3iedeHbl pacCTosiHueM [.
IlpennosoxumM, YTO BpeMst HAXOXKICHHS ATOMA B IAHHOM MeCTe pelleTKH PasHO T.
Bpemst T ecth 6bicTpo BoO3pacTaiowlas QyHKIH abCOMOTHOI TenmmepaTypbl PerteTKH.
Tipouecc nepemeleHHs aToMa BIOJAbL HHTH B Pe3y/bTare [OCACAOBATENbHLIX CKAYKOB
MEKAY COCEIHMMH MECTAMH DELIeTKH HasblBaercss dughdysuetl.

[lpeanomnoxuM, 4To B MOMedT BpemenH ¢={) TemmnepaTypa HHTH GEICTPO BO3pacTaey
A0 HEKOTOPOro G0JbLIOrO 3HAYCHHS H B NajbHelillieM OCTaeTcsl HeH3MEHHOMH.

a) O6o3uaunyM uepes FP(x)dx BEpOSTHOCTL TOro, YTO DAJHOAKTHBHEIH atoM Gvjer
o6HapyKeH Mo HCTeYeHHH BPeMeHH ! B WHTepBaJe OT x 1o x-+dx. (Msl npegnoaaraex,
uTO {3>T AAA BCeX 3HaueHMH ¢, DPEACTABAAIOMMX (DH3HUECKHIl WHTepec, TaK KAk Npm
BBICOKOH TeMmreparype HHTH T ROCTATOUHO Maud.) Klao6pasute Ha rpaduke npuMepHbLi
X0J 9(x) B 3aBHCHMOCTH OT X 51 CJeIYIOULHX TpeX cayuaes: 1) Bckope mocte (=0;
2) 110 NPOWECTBIH OTHOCHTENIBHO GOJILLIOrO BpeMeHH f; 3) MO NpOLIeCTBUH O4eHL G0Jib-
1IOro BpeMeHH f.

6) Ha kakoe cpejtee paccrosiHde X OT HauaJja KOOPIUHAT CMENIAETCsl PagHoaKTHB-
HBII atoM 3a Bpewms [P

B) [lonyuure dopMmysy A/st CTaHIAPTHOTO OTKJOHEHHS! Ax CMellleHHST PaHOAKTHB-
HOTO aToMa 3a Bpems f.

2.8. Bumucaenue Oucnepcuu. Hcnonwsys ofuine CBOHCTBA CpeJHETO, NOKAXHUTE,
4TO JMCIEpPCHS MOXeT ObiTb BEIYHCJEHA 1O GopMmysie:

1y

Tocneanee BhipaskeHue crpaBa JaeT NPOCTOR cnocol BhiYHCIeHHs aucnepeun. [Tokasku-
Te TaKkxe, yro H3 (I) crenyer oGulee HepaBEHCTBO

P=1. (Iy
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2.9. Cpednue suauenus 01 00uHO4HO20 cnuna. PaccMOTpuM CnuH, pasHbld Y.
Ero MarHuTHBI MOMEHT |l C BepOSATHOCTBIO D MOMKeT ObiTh HAMpaBsJeH MO MOJIO H C Be-
POATHOCTBIO ¢= | —p— 1poTHB No/A. B nepsoxi cmyuae npoekuust MOMeHTa HA HAnpas-
JieHHe TOJIsi paBHa {1y, BO BTOPOM OHa paBHa —|ig.

a) Hafiaure, wemv paBHO U u Uz

6) Brruncante (Ap)?, ucnoab2ys Aist aroro popmvay (I) us sanaun 2.8. ITokamure,
YTO NOTYYeHHBIH pe3y/abTAT COMJACYeTCsl ¢ MpHBeldeHHOH B Tekcre dopmydaoid (57).

2.10. Hepaserncmso uz=(u)* [1pennonoxum, 4To nepeMeHHas 4 MPHHAMAET 3HAYe-
HHS U, C BEPOSITHOCTBIO P,.

= -
a) Hcnoapsys onpejesednst ¢ H u* ¥ [DOMHS YCJOBHE HOPMUPOBKH Z,P,:l,
r

II0KaxinTe, 4YTO

@ -LXY
u (Ll) '"7 o & Prps (ur_us)zn . (I)
Tl KaxI0oe CYMMHPOBAHUE NPOH3BOIHTCSA [0 BCEM BO3MOMKHLIM 3HAUECHHSIM MepemeH-
HOW i,

6) Ha tom ocHosaHmH, 4TO B cymMme () HeT OTpHUATENbHBIX YIeHOB, 0KAXKHUTE, YTO

w? =(u), (1L

[IpHYEeM 3HAK PABEHCTBA OTBeuaeT TOMY CJVYal0, KOTJa TOJALKO OJHO 3HAUeHHe U OCy-
1ECTBASETCs € BeposiTHOCTBIO, oTiauunofi oT 0. Pesyavrtar (1I) nostopsier peayistar
sanaun 2.8, -

2.11. Hepasencmeo (u't)2<u+1 yn—1 Pesynavrar (I) npeieigyuieil sagadu gomy-
CKaer neveldeHHoe ofoflieHHe. PaccMoTpHM BblpameHHe

2 Z PrPsu',” s (ur—us)?, M
A

ri1e m — Joboe nesoe YHeI0. an YETHOM M 3TO BLIpAXKeHHE HE MOXKeT ObITh OoTpHIA-
TCJIbEDIM, an HeyeTHOM 1 3TO BhipaxKeHHe NMOJOXKHTEILHO, €CIH U, U Ug OTPHUATE/IbHB]

K FOJOAKHTEbHB OIHOBPeNeHHO.
2) Bpmonnus nokasaunoie B () 1eficTBHS yMHOMKeHMsI, MOKaXKUTe, YTO

(un)2<un+l un—l, (II)

rie n=m-+1. [Ipn HeueTHOM n 3TO HepaBeHCTBO cnpaseldnuBo Beerna. [Ipu n uernom
OHO BLINOJHACTCH, eC/AN BO3MOKHbBIE 3HAUEHHS (L BCe MOMOKHTENbHbIE HIAH BCE OTPULA-
Tesibiie. 3Hak paseuctsa B (I1) o3Hauaer, 4To HyveeTcs TOILKO €IHHCTBEHHOE 3HAUEHHE
1L, OCYLIECTRJSAIOMIEECs C BEPOSTHOCTDIO, OTVIHUHOI OT HyJs.

6) Tokaxute, uro uactueiM cayuaem (II) siBisieTcss HepaselcTBO

/—l—> -1—~ I
L = = (1)

u

CrpaeeVIHBOE B TOM CIyYae, eC/IH BCe BO3MOXKHEIE 3HAYCHHS U MOJOKHTEAbHB (MU BCe
OTpHUAaTeNbHbl). 3HaK PAaBEHCTBA OTBeUaeT CHELHAJLHOMY CJAYYalo, KOraa TOIbKO OfHO
SHAuenue U OCYLIECTBJISIETCS C BEPOSTHOCTbLIO, OTVINUHOH OT HYJIS.

2.12. Memod onmumanersix 8aoocenudi. PaccMOTpUM NpHMep, KOTOPBIH NoKaker,
4TO pasanyHble crocofbl yCpeAHeHHs1 OZHOH H TOH e BeJHUHHBI MOTYT NPHBOIMTH
K CYLeCTBEHHO pa3/iiyHbM peaynbratan. [Ipeanosoxum, 4To KTO-TO XOUeT NPOH3EECTH
BJIOXKEHHE Kanmurtaja, [IOKYNnas B Hauaje KaXkJIOoro Mecsilia HeKOTOPOe YHCJIO aKIHil Ka-
Koi-Te KoMnauuu. CTOUMOCTb OHOH aKIHHU C,3aBUCHT OT MeCSILa NOKYNMKH 7 H MeHsieTcs
OT Mecsila K Mecsjuy HelmpelICKadyeMblM ofGpasoM. PaccMoTpuM 1Ba albTepPHATHBHBIX
MeTClla BJIOMKEHMIl: .

Meton A 3akmouaeTcs B eXXeMeCsuHOH NOKyNKe OJHOrO M TOTO e YHC/IA S aKiMi,
Merol 5 03HauaeT exeMeCAUYHYIO NOKYNKY aKUMH HAa OJHY M Ty e CyMMy JeHer .
Tlocne N Mecsiues Haml NOKynaTelb OKaXkeTcst obGiajarteneM S akuuil, 3a KoTopsle OH
sangataa M jgener. HaunyylmiuM MeTOAOM BJIOXKeHHil, OYEBHAHO, $IBJAfETCS TOT, NPH
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KOTOPOM 3a HaHMeHbllee KOMWYECTBO JeHer mpuobperaeTcss nauGoJbiuee KOJIHYECTBO
akwyil, T. e. MeToj, ofecneunBaroLuil 6oblilee 3HaueHHe OTHOLWeHHs] S/M.

a) IMonyunte BEIpaxenue AAst oTHowleHHst S/M B metoze A.

6) IMonyuute Bepaenue st S/M B metore 5.

B) Iokaxure, uro B aBiseTCst AydlInM MeTO0M BJOKEHHH, HE3aBUCHMO OT TOTO,
KAaKHM 06pa3oM CTOMMOCTb aKLHH (PIYKTYHpYeT OT Mecsaua K Mecsuy.

[V x a3 anue Bocnoaeayiiteck Hepasencrsom (I11) npemwiaymesi 3agaun.]

2.13. Cucmema adep co cnunoa 1. Pacesorpust sigpo co cinnom 1 (3To 3Hauut, 410
MOMEHT KOJMHYeCTBa ABHKeHHS siapa pasen k). CocTaBisiouHe MariHTHOLO MOMEHTa
STOTO SIAPA BIOJL JAHHOTO HAMPABJEHHSI MOTYT HMETh TPH BO3MOMKHEIX 3HAUEHHS, a
MMEHHO g, 0 B —,. [IpeAnoIoAuM, uto AP0 He sBisiercs chepHICKH-CHMAET-
PHUHBIM, a HMecT, Hanpunmep, Qopyy aaaunca. Torja B xpHcTalinuecKoll pelleTKe
TEEPJOFO Tejla Gy eT CYIIeCTBORATL HANPABJCHHE PEUMYIIECTBEHHOH OpHEHTAUMH 3TOTC
sapa. [1ycTh BepPoSITHOCT TOTO, YTO UW==[ly, GYI€T P, H BEPOATHOCTb TOTO, YTO U= —[l;,
Takxke p, TONa BeposTHOCTh Ue="0 papHa | —2p.

a) Boiyncante pou o pZ

6) Beruncante (Ap)2.

8) [peanonoxuw, 4ro TBepAOe TeNO COlepKUT N TakuX sifep H UX B3aumozeiicT-
BHEM JPYT ¢ APYroM MoxHo npesebpeus. O6osnauun depe3 M MOJHYIO COCTABISIOUIYIO
MaTHHTHOrO MOMeHTa BJOJIb 331aHHOro HanpasJdetnst. Bripaszute M u crawiaprHoe
ortkaonenne AM uepez N, p 1 Y.

2.14. [Ipamoe soaucaenue n u (An)®. PaccnoTpuy uieansuyio cucremy uz N ou-
HaKOBBIX CAHHOB, PaBHBIX V2. UHCIO 1 MarHHTHBIX MOMEHTOB, HANPABJIEHHBIN «BBEPX»,
MOXCHO SalNCaTh TAK: M==iy-FUs—... -y, Tde u;=1, e MarHuTHBUD  MGMEHT
HanpaBieH BBepX, W u;==0, ecN OH HanpaBaed suu3. Hcmoneays 310 BhIpamclue
U CUNTasi, YTO CIHHBI CTATHCTUYECKH HE3ABUCHABI,

a) moKaxure, uro n=Nu, -

6) nokaxute, uto (An)’=N (Au)*.

B} Tlpeanosioxum, MarHWTHBIL MOMEHT HMeeT BepOSTHOCTb P ObITh HALNDABIEHHMAM
BEEPX H BEPOATHOCTh ¢ =1 — p GbiTh HaOpasgeHHnM BHA3. Heny pasHel o n (Aw)??

r) Cocuutalite n ¥ (An)® ¥ TOKAXHTE, 4TO BALIH Pe3YJLTAThl COBNAAAIOT C QOPMY-
aamu (66) u (67), MOJIYUeHHBIMH B TEKCTE MEHEE IPSIMBIM METOLOM.

2.15. Puyxmyayuy RA0MHOCMU 6 243¢. PacCMOTPAM MAeanbHBIl ra3 n3 N moaexyd,
HAXOAALLHACA B PaBHOBeCHOM COCTOSHHM B cocyle obbemom V. OGosuaunn uepes n
4NCJAO MOJIEKYJ B Kakoil-To uacti V ofbema. BeposTHocTs p Toro, uto ganHas ao-
JleKyJla HaXOJMTCH B 3Tofl uacTH ofweMa, pasna p=V/V,.

a) Yemy pasHo cpeliHee YHCJIO 1 MOJEKYJ] B 4acTd o6bena V? Bripasnte Bawn oTser
yepes N, Vy u

6) HaiizuTe crangaprHoe OTKjJoHeHHe An umcia Mosekyn B ofweme V. Hailigure
Arn/n, BeipasuB pesyastar yepes N, Vo u V.

B) Kakos orser ma sonpoc (6), ecau V<LV,?

r) KakoBo 3HaueHMe cTamAapTHOIO OTKJOHeHua An npu V-V,y?

1) Corsacyercst i oTBeT Ha Bonpoc (6) ¢ 3TUM pe3yJabTaToM?

2.16. Lpodosod sgppexm. PaccMOTPHM cayyaiifioe HCRyCKaHHEe 3JeKTPOHOB C 3aps-
JOM € HaKaJuBaeMoli HHTbIO BAKYYMHOI TpyOKu. C xopouwun npubinkKeHHeM MOMKHO
CUHTATDb, UTO HCITyCKaHWe AaHHOTO 3JEeKTPOHA HHKAK He BJUSET HA BEPOSITHOCTL HCITY-
CKaHUS JPYIHX 2JeKTPOHOB. PaceMoTphM /0G0l oueHb Majblii HHTepBa BpesenH Af.
CyuiecTByer olpeseseHHas BepOATHOCTE P TOFO, YTO 3/eKTPOH GYAeT UCIYILEH M3 HUTH
B STOT MHTepBa/J Bpemeln (TOrAa §=1—p eCcTb BEepoOATHOCTH TOTO, YTO IJIEKTPOH He
6y ner uenyuier). Tak kak Af o4eHb Manid, TO BEPOATHOCTb HCMYCKAHHS 3MEKTPOHA B Te-
yeHHe BpeMeHH Af Takke secbMa Madja (T. e. p<Kl), a BepOATHOCTBIO HCNYCKAHEA ABYX
3JIEKTPOHOB B Teyenne BpemeHH Af MO)HO mpeneGpeyb. PacemMOTpHM HHTepBat Bpe-
MeHH {, KOTOpBUi BO MHOro pa3 Goablue Af. On coaepxuT N=1/Af vaasiX uHTepsa.108
At, B TeueHHe KOTOPHIX MOXeT OBbITh HCIYINeH 31eKTpoH. [loanmil 3apsij, Henyumeruoll
HHATBIO 3a BpeMsl /, MOXHO 3anHcaTe B BHIe Q=g+ ¢+ qg;+... +qp THAE G
o3Hauyaer 3apsaji, HcnymexHo 3a Bpema Af. Takum obpasoM, ¢;=e npu HCNyCKAHHK
3JekTpoHa H ;=0, ecin 3/MeXTPOH He OB HCIymeH.

100




a) Uemy paBen cpeguuil 3apan @, ucnyuleHuBl HUTBHIO 3a Bpemg ?

6) Uemy pasna aucnepcus (A Q)? sapsia @, ucnylleHHoro HHUTBIO 34 Bpeas P
Yro6bl yNpOCTHTL OTBET, BOCMOMbL3YHiTECH TeMm, uTo p<l.

B) Cpennee 3Hauenne ToKa [/ 3a spems ¢ paBHo Q/¢. oayuuTe BeJMYHHY OTHO-
meHns - nucnepeuu (A/)2 k cpexneny Toky Q/f. Tloxaxkute, 4To 3TO OTHOUIEHHE PABHO
(AN [ =e/t.

r) Tox dcnuITHBaeT QUIYKTYalHi, KOTOPble TeM CHbHEe BplpaskeHbl, YeM AieHblie
METEPBAJ BPEMeHH f, T.e. UeM MeHDbIIE TOJHOC UHCAO 3AEKTPOHOB, YHaCTBYIONIHX
B mpouecce anuccud. Takue QaykTyaillH Ha3pBAOTCA 0pofosuin appexmori. Bl
YHCIHTE CTAHAAPTHOE OTKJAOHelHe Toka A/, eciu cpelHee 3HaueHHe TOKa DABHO

1 mxa, a Bpenst M3MepeHusl paBHo | cex.

2.17. Bowmucaenue cpedueeo rsadpamuyuroeo 3raderus. DBarapes ¢ 3aexTpoiBH-
Kymeldl cumoif Vo 3auxHyTa Ha conpotHBieHne R. MoUIHOCTB, paccelBaeMasi Ha 5TOM
conpoTuBieknH, pasHa P=V?%/R. Cava Garapest. COCTOHT u3 N HHIHBHAYAJLHBIX
3JIEMEHTOB, COTMHEHHDBIX HOCAENOBATEALHO, TaK 4TO V PABHO CyMME SJeKTPOIBIKYIIHX
CHJ BCceX 3THX 3JemeHToB. Tax Kak Oarapes pafotaja JOJIFO, TO He BCE 3JeMEeHTHE
HAXOJISITCST B XOPOIieM COCTOSTHHU. [TyCTh p — BEpPOSITHOCTB TOrO, 4TO 3. 1. C. OTIETb-
HOIl siyefiKH HMeeT ¢BOe HOpMalbHOE 3HAUeHHe U, a ¢==1—p eCTb BEPOSTHOCTL TOTO,
4TO 3. . C. AdeflKH MO KAaKHM-TO NpWYHHAM, HAaNpHMep, W3-3a BHYTDEHHEro 3aKopd-
uyHBaHUA, paBHa HYMo. Otlelbhble AYellKH CTATHCTHYECKH He3aBHCHMBL BriuucauTe
IpH 3THX YCJIOBUSIX ¢Pe0Hi0i0 MOWHOCTL P, pacCesiHHYIO B COHDOT[IBﬂeHI/IH, 1 BbIpA3HTE
pesyaetar uepes N, v, p H

2.18. Ouenra owubor uzmeperus. Mol usvepsient paccrosinue & 50 a, yKJIaIniBast
110C1e10BaTeJbHO AepensHHEbIl MeTp 50 pas. Dra onepauHs CONpPSKEHA ¢ OLIHGKAMH.
[TosToMy HeB3st TapaHTHPORATDL, UTO PACCTOSIHHE MEKIY ABYMsI COCEIHHMH METKAMH
Ha 3eMdae GyAeT B TOYHOCTH DaBHO meTpy. Ham H3BeCTHO, OAHAKO, UTO Paccrodiine
MEKAY JBYMSI MOCAEAOBATENLHBIMI VMeTKAMH C PaBHON BEPOSTHOCTBIO JIEKHT MeiK1V
89,8 u 100,2 cat 1 He BBIXOZUT 3a 3Tu npelensl. [ToBropss 3Ty onepaunio 50 pas, Mb
NPOJIOKHN QHCTAHIMIO, CPeJHss SeqMUlHa KoTopoil pasna 50 x. Haiiaute noaxyvio
olMGKY, BHIUMCANB CTAHJAPTHOE OTKAOHEHHe B BedHUMHE H3MEPeHHON INCTaHIMH.

2.19. Juhghysua moaexyast 6 2a3e. Moseky/a rasa MoxeT CBOGOLHO nepeMelaThest
B npocrpaHcTBe. O603HAUHM uepes s ee CMelleHHe MexAy ABYMs HOCAe10BaATeIbHbIMU
CTOJMKHOBeHHsINH. [IyeTh 3TH CMeleHHS, B nepBOM NpHOMHXKeHUH, GyAyT CTaTHCTH-
yeCKH He3aBHCHMBIMH. Jladee, TdK KAK HeT MpeHMYIIeCTBEHHOro HampaBJeHHs B OpPO-
CTPAHCTBE, TO MOJEKYa C PABHON BEPOSITHOCTLIO CMEIAeTCst B JaHHOM HANDABJIEHHH
H B MPOTHBOMOMOKHOM. TakiM 06pasoM, CpefHee CMENIGHHE s paBHO O (aTo 3HAYUT,
YTO paBHA HYJIO B CPEIHEM H KaXK1as KOMIIOHEHTa 3TOro CMellleHus, T. €. sx——sJ,-—s,#O)

[loanoe cveuwenve R mosiekyapt nocie N noc/ieloBarebHBIX CTOJIKHOBEHHI
MOXHO 3anucatb B Bulie R =s,4sS,+s3-4 ...-Fsp, I'le s; ofo3HayaeT cileienne
MOJIEKYJbL. Hcnonesyst Merodsl, paccMOTpeHHBle B 0. 2.5, OTBeThbTe Ha CJeIVIONLHE
BOHPOCHE: _

a) KaxoBo cpeanee cumemleHue modekyasl R mociae N nocregoBartenbHBIX  CMe-
UIEHHIE?

0) KaxoBo crauaapTHoe OTKJIOHeHWe AR::{(R—RF}I/2 3TOTO CMeleHus nocte N
cTosIKHOBeHni? B wacTHocTH, uemy paBHO AR eC/H BEAUYUHE KaXKIOrO CMeuleHUs
oJnHaKkoBa ¥ paBHa [?

2.20. Pacnpedeserue cuewerutl cayuatuptx ocytaaamopos. CMellleHHe TPOCTOro
KJAaCCHYECKOrO TapMOHHUECKOrO OCHHJJIATOpPA B 3aBUCHMOCTH OT BPEMEHH HMeeT BHI
x=A cos (®f +©), e ® — yr1oBasg yacrora KoJjefaHuli, A — UX aMILINTYIa, a
(¢ — [NpOU3BOJAbHas [OCTOSIHHAA, KOTOpAsS MOMKET NPHHHMATL Jo6oe 3HaueHie B
nHTepBane 0=p < 2. Paccmorpum ancamGiab, COCTOSIIME M3 TAXHX OCHAJLISITOPOB C
3anauﬂoﬁ gactoToil @ u amnuryzofi A. [lycre ¢asa 3THX GCUWVIATOPOB ABASIETCS
cny4aiiHol BeJNUHHON, NMpUYeM BePOATHOCTb TOrO, YTO $a3a HAXORUTCS B HHTepBaIE
oT ¢ 10 p--d, paBua npocro dg/2n. Haitaure seposiTHocTs P(x)dx Toro, uto cMemeHue
JaHHOTO OCHWJJIATOPA B MOMEHT BpeMeHH / HAXOIMTCS B HHTepBalle 3HaUeHHH Mexc-
Iy x 1 x-+dx.
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T/HTABA 3

CTATUCTHUYECKOE ONMUCAHUE CUCTEM, COCTOAUIHUX
H3 YACTHLL

B npenpiiymell raaBe Mbl pacCMOTPESIH OCHOBHbIE BEPOSITHOCTHRIE
uneu. Tenepb MBI MOATOTOBJEHB! K I€pPexojfy OT KaueCTBEHHOTO pac-
CMOTpPEHHsI TIPOGJEMB], BBHIINOJHEHHOrO B IIepBOfi I1aBe, K IIOC/IE10Ba-
TeJbHOH KOJAMYecTBeHHOH TeOpHM CHUCTeM, COCTOAIUX H3 OueHb §OJb-
woro yucja vacrui. Hawell 3apauefi sipasercs onucanue MakpOCKOIH-
YeCKUX CHCTeM, OCHOBAHHO€ Ha NPHMEHEHHHM 3aKOHOB CTATHCTHKH H
MeXaHHKi, COS}IaHHaH TaguM 00pa3zoM TEOpHsl HOCHT Ha3BAHHE CHAMU-
cmuseckotl mexanuku. Ee NPHHIHENB OTAHYAIOTCA GOJIBILOH OBUHOCTBIO -
M [POCTOTOH, H JIOCTOMHCTBO TEOPHH COCTOHT B TOM, YTO, HCXOAA H3
MPOCTBIX U OOMINX KJeH, OHA MPEeNCKashlBaeT pe3yJibTarhl, OXBATHIBAIO-
[ye OTPOMHYIO U Pa3HOCTOPOHHIOW 00/aCTb SIBJEHHH.

Il1eH, Ha KOTOpBIX OCHOBAHO PacCMOTpPeHHe MAaKPOCKONUYeCKHX
CHCTEN, COBEPILIEHHO aHANOTHYHb! HACAM, HCMOMb3OBAHHBIM MPH ananH3e
IPOCTBIX OMBITOB C MOHeTaMH. BcrnomuuM HX.

1. Hepeuucaenue cocmosinuil cucmembt. Mbl JOMKHB HMETb BO3MOXK-
HOCTb YKa3aTb BCe BO3MOXKHbE pe3yJ/bTaThl OMbITA, I[POH3BOAHMOrO
Hax cucremofi. Hampumep, cocrosaue AaHHOrO HaGopa MOHET mocJje
Ka:K1oro Gpocanist OyZeT OMHCaHo, e/ Mbl YKarkeM, KakKoH CTOpPOHO#H
BhlIaja KaKaas MOHeETa,

[I. Cmamucmuyeckuti ancambap. Mbl HUKOTAA He cMOXKeM 061a1aTh
JOCTATOYHOH HHpoOpMAIlMed O BceX YCJOBUAX OGPOCaHHst MOHET, YTOGL!
Ha OCHOBAaHHM OOLIMX 3aKOHOB MEXaHHKH NPeICKAa3aThb HCXOX Jo6Oro
onbita. [lo3ToMy MBI HCMOJb3YeM CTATHCTHYECKOe onucanue. Bmecro
JaHHOrO Habopa MOHET Mbl paccMaTpHBaeM aHcamb/b, COCTOSHUHH H3
odeHb OGOJBLIOIO UYMCIA HJACHTHYHBIX HAab0POB MOHET, Hal KOTOPBIMH
[POH3BOAATCA OAMHAKOBBIE OUBITHLL. IIpu 9TOM Hac HHTepecyer BepoOsiT-
HOCTb MOSIB/JEHHS [AHHOIO SKCIIEDPHMEHTAIBHOTO pe3yJbTaTa. ITy
BEPOSITHOCTb MOXKHO H3MEpHTb, ONPENeIHB, B KaKOM YHC/IE CHCTEM
Hatulero ancambas OOHaPYXKeH MaHHBIA 3KCIepHMEeHTAJbHBI pPe3y/ibTar.
3ajauell TeOpHH SIBJISIETCS NMPeEACKa3aHHe TaKol BEePOSITHOCTH.

1. Cmamucmuneckue nocmyaamst. TeopeTHUECKOe pacCcMOTpeHHe
3aJayd OCHOBAHO Ha paAjAe MNocTyJjaroB. B ciyuae oObiHBIX MOHeT,
061214101 MX OJHOPOAHOH IIJIOTHOCTHIO, 3AKOHbI MEXaHHKH He J[aioT
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HHKaKHX ITPEHMYIIECTB O1HOH CTOpoHe MOHeTHl nepel Apyroii. Ilostomy
Mbl OCTYJUPYeM, 4TO anpuopu (T. €. HAa OCHOBAHMH HALIMX MpelBapu-
TeAbHBIX COOGpaKeHHH, elle He NPOBEPEeHHbIX OMbITOM) BEPOSITHOCTH
BHINaZanus TOH HJIM JpYroft CTOPOHBI MOHETBbI OJHHAKOBHL. Taxofi
NOCTyJIaT BOJHE PasyMeH H, BO BCSKOM CJydYae, He MPOTHBODPEYHT
3aKoHaM MeXaHHKHM, HO €To CIpaBeJHBOCTL OyIer NpoBepeHa, ec.H
MBIl €ro MCNOJAb3yeM MJIl TAKHX-TO TeOpeTHUeCKUX NpeicKasaHufi u
CPaBHHM 3TH [NPEACKa3aHHsl C OMNBITOM. Mbl CMOXKEM OpPHHATHL Hall
AOCTyJ1aT JHIIb B TOM CJy4ae, €CTH OCHOBAHHBle Ha HeM MpeicKa3aHHs
NOATBEPIKAAIOTCS  OIIBITOM.

IV. Bewucaenus seposmuocmu. [lpuHsSB OCHOBHOH MOCTYJAT, MbI
MOXKeM BBIMHCJUTb BEPOATHOCTb MOABJEHHS J06OT0 3KCIepHMeHTallh-
HOro peayJbTaTa, Kacalomerocss ©Opocapus Halllero Hafopa MoHeT.
Mp MOXKeM TakzKe BBIUHCAUTH JI0ObIe HHTEepecyIOllHe Hac cpejHHe 3Ha-
ueHnst. TakuM ofpasoM, Mbl B COCTOSIHHH CTBETHTb HA JIOGLIE BOIPOCHI,
KOTODhle HMMEIOT CMBIC B CTATHCTHYECKOH TEOPHM HaIIero OnbITa.

Ham rnojaxof K “3y4eHHIOo CHCTEM, COCTOSIUIMX H3 OueHb GOJBIIOrO
qHCJIa YacTHl, BechMa 6JH30K K 3anaue o Habope MOHeT. B cienyiomux
pasjesax Mbl clefaeM 3TY aHAJOTHIO OoJiee SCHOM.

3.1. [lepeunciieHHe COCTOSAHHH CHCTEMBI

M3yuenue aTroMHBIX HacTdll HNPUBOAUT HAC K BBHIBOAY, 4TO mto0ast
CUCTeMa TAaKHX YacTHL OIHCLIBAETCS 3aKOHAMH KBAHTOBOH MeXaHMKH.
Hx crpaBergHBoCTb TIOATBEp:KAEHA BCEH COBOKYIIHOCTBIO H3BECTHBIX
SKCIIEPUMEHTOB, M 35TH 3aKOHBl 006pPasyloT OCHOBY HAlUero paccMoT-
peHHsT NpOGJIEMbL.

M3 KBaHTOBOMEXaHUYECKOIO OMHCAHUS CHCTeMBl CJelyeT, 4YTO B
pesyJbTare TOUHBIX H3MepPeHHH ee MOMKHO OCHADYKHTL B OIHOM H3
psila BO3MOXKHBIX AUCKDPETHBIX Kganmoebix cocmosaruti, Tlomnoe muxpo-
CKONMUYECKOe ONHCAHHE CHCTEMBbl 3aKJouaeTcss MOTOMY B YKa3aHHH
TeX KBAHTOBBLIX COCTOSIHHIH, B KOTOPBIX CHCTeMa HaXOJHTCH.

Kaxaoe KBaHTOBOe COCTOSIHHE W30JHPOBAHHOH CHCTeMbl 00./13a]1aeT
OnpeleJeHHbIM 3HAYEHHEeM 3HEPTHH, KOTOPOe HAa3bIBAETCS YPOsHEM
aHepeuu *).

Bo3MoXHO, 4TO OQHOH H TOH :Ke 3Heprueit objajaeT HECKOJbKO
pPa3/HYHBIX KBAHTOBbIX COCTOSHHE chcreMbl. (Takne KBaHTOBbie CO-
CTOSIHHSI HAa3bIBAIOTCS 6olposicOernbimy.) Kaxpas cHcTeMa HMEEeT Hau-
MeHblllee BO3MOXKHO€ 3HAYEHHEe 3HEepPrHH. IJTOMY 3HA4Y€HHI0 3HEeprHH
0OBbIUHO OTBeYaeT OJHO KBAHTOBOE COCTOSHHE, OHO HAa3bIBAETCH OCHOGHbIM
COCMOAHUCM CUCTEMBL **).

*) TunuuHEIM NpHMEpOM CHCTEMbI C OnpejeeHHBIMH YPOBHSMA 3HEPTHH sIBJET-
cs Bofopofuuii atoM. [lepexol aroma m3 COCTOSIHHSI C JAaHHOH 3Heprueff B cOCTOSHHE
¢ MeHbllell 3Heprueil BLI3bIBAET NOSIBAEHHe DE3KHX JHHHH B CHEKTpe HCIYCKAHHUS
aroma. OnucaHHe, OCHOBaHHOE HA MOHATHH 00 SHePreTHYECKHX YDPOBHSX, B DaBHOM
CTereHH MPUMEHHMO K Jio60i. MOJIeKyJie, aTOMYy WJIH CHCTeMe, COCTOsIefl M3 MHOTHX
aTOMOB.

**) B HexkoTOpHIX Clyyasix HaHMeHbLIIEMY H3 BO3MOXHBIX 3HaueHHH 3HepruH
CHCTeMBI OTBEYAeT OTHOCHTEJbHO HeGOJIbIIOE YHCJIO KBAHTOBBIX COCTOSIHRHA. B 3Tom
clyyae OCHOBHOE COCTOSTHHE CHCTeMBbl Ha3bIBAETCS GbiPONCOEHHbIM.
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Kpome ocHoBHOro, cucrema oGjajaeT GOJbIIHM (4aCTO GECKOHEYHO
6OJIBIIHM) YHC/IOM BO3MOMKHBIX COCTOSIHHMIl ¢ OoJblledl 5Hepruefl, Ko-
TOPbIE HA3BIBAIOTCS B030YHCOCHHBIMU COCIMOAHUAMY CUCTEMBL.

[penbigyiiue 3avMeyannss HMeaH BecbMa ofmuid xapaxrep. OHH
IPHMEHHMB! K JMOGOH cHCTeMe, HE3aBHCHMO OT CTENEHH ee CJIOKHOCTH.
Urofst ciesath X 0oJiee siCHBIMH, Mbl DACCMOTDHAM HECKOJIbKO IPOCTHIX
cicTeM, HMEHX O0JbllIoe MPaKTHYECKOE 3HayeHHe.

I.OavuHounbii cmu . PacchMoOTpHM OAHY-IHHCTBEHHYIO 4acTHLY, IO0J0-
yeHHe KOTOPOH Bvien cuuTaTh (MKCHPOBAHHBIM. IIycTh ee cmud paBeH Y/,, @ BedH-
YUHA MArBATHOTO MOMEHTA DPaBHA Wy.
Msl ropopuan yxe B 1. 1.3, 4TO 3TOT
MArHHTHBI MOMEHT MOXKeT OBITh Ha-
npasseH JHG0 BBEpX, aUGO BHU3 (T. e.
napandeldbHO MM AHTHHAPAJIIEeNb-
HO HEKOTOpOMY 3a]aHHOMY Hafpas-
seruio). Cucrena, KOTOPOU SiBJSETCS

E}I\ e T T e —
?

3.1
Puc. 3.1. BechbMa ynpolliennan Auarpamma Ta6nuua

MEPEBIX YPOBHCIl SHEPTHU A [POU3BOJBHOI

cHcTeMbl. Kaxzas yepTa oGosHauyaeT BO3MOXK-

iHCe KBallTOBOE ~COCTOSIHHE CHCTeMBl, 4 [OJIO- r a M E

JeHWe YepThl JI0 BepTHKANAM yKasbiBaeT Ha

3HEPIHUIO CHCTEMHI B 3TOM COCTOSIHHH. 3ame-

THM, UTO Ha 3TOft CXeMe MHOTO COCTOSIHU[Y HMe-
0T OAHY H TV 2Ke 3Hepriio.

-1 Wo | —MoB
—1| —po | +uB

RO —

E=u B KBatTOBBIE COCTOSIHHS

—Fe YaCTHOK €O cnuHOM 1/2 M
MATHHTHBIM MOMEHTOM Lo,
3 HaXOXSIENCS B MAaTHUTHOM
E+—_/“a“ noqe B. Kaxoe cocrosinue
CHCTEMBI MOZKHO 0003HAYHTD
UHIEKCOM 7 WU KBAHTOBBIM

B ¥ o=
FoMlgass

Puc. 3.2. Ha auarpamse noxasausl ana ypop- gycion 0. Cocrapisontast
Hsl  3HEPLHM, TPHUHAAJexauine coumy»1/,, .
MMeIoUleMy MATHHTHBIL MOMEHT fL, M HaXOAs- MACHHTHOTO MOMEHTa (BJOJb
meMmvest B MmarndtHoM Jiosie B. Cocrtosinue, HanpapJcHUsT «BBEPX», 3a-
noMeuennoe 6==-1 (Win npocte --) oTBeyaet nasaemoro nodaem B) ofo-
MarduTHOMY MOMEHTY, HanpaBJeIlHOMY BBepX, -
T.e. [0 MarHuTHoMy nogic B. Cocroanue awavesa uepes M, noanas
==—1 (HJH —) COOTBRTCTBYET HaNpaseHHIC JHEprus CHCTEMDI — He-
MAFHHTHOTO MOMEHTa BHHS. pes E.

Hapi COHH, HMeeT TOMbKO JiBa KBAHTOBBIX COCTOSIHUA — OOC3HAYMM HX  KBaH-
TOBBLIM UHC/IOM 0. Mbi MOMKEM NPHNHCATbL 5TOMY KBAHTOBOMY YHC/IY 3HAaueHHe 0==-|-1,
ecid MATHHTHBI MOMEHT YacTHMIBI Hanpas/eH BBepX, H 3Hauenue o==—I jis nipo-
THBOINOJIOXKHOTO HanpaB/JeHus] MATHUTHOTO MOMEHTA.

Ecnu 4acTHIla HAXOAUTCS B MATHHTHOM NoJe B, TO HanpapJjielike, IPeCTaBISONIES
dusnyeckuil UHTepec, 3ajaercs noseM. Ecau MarsuTHBIH MOMEHT HamnpasJ/ieH napas-
JIeIbRO 11010, TO SHeprHsa E CHCTeMsl OKa3bIBAeTCst MeHblie, UeM 3HEPrUsl CHCTEMBI
B C/iyyde aHTHOAPA/JIeJbHOrO HaNpaB/eHHs] MATHUTHOTO MOMEHTAa. AHaJoruyHas
cATyalus BO3HHKAeT IPH NOMEIeHHH NOJOCOBOIO MArHATa BO BHelIHee MarHHTHOe
nose. B aToM cayuae, eci MArHHTHBIE MOMEHT HanpasieH BBepX (T. e. HapajsienbHo
nommo B), ero MarHuTHas sHeprust pasHa —puyB. HaoGopor, KOrAa MarHUTHBIH MOMEHT
HanpaBJjieH BHH3 (T. €. aHTHNApa/JeNbHO MO0 B), MarHATHAST SHEPrHs paBHa M,B.
JByM KBaHTOBBIM COCTOSTHHSIM CHCTeMbl OTBEYAlOT JBe Pa3juuyHble SHEePrUH.

- il.WMpeaapnasg cuctema K3 N cnuHOB. PacemMoTpuM cHCTeMy
u3 N 4acTyu, NOJOXKeHWA KOTODLIX (HKCHpoBaHbl. [lycTb CHMH KamOH YacTHIBL
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pasen 1/2, a MarnuTHblli MOMeHT pg. CHCTeMa HaXONHTCS BO BHEUIHEM MAarHHTHOM
noje B. BsauvogelicTBHeM MeXly WaCTHLAMH MOXKHO TpeHebpeub *).

MarsuTHBIT MOMEHT KaXJ0ll YacTHUbl MOXKeT OHTh HaNpaB/ieH JHGO 1O MOJIO,
7160 npotus nods. OPHeHTAUwio YaCTHIBI MOKHO 334aTh KBAHTOBBIM UHC/AOM O; TaK,
910 0;=--1, eciM  MATHMTHEN! MOMEHT HaipaBJieH BBepX, H G;=-—| B NPOTHROMO-
JIOKHOM cl1yqae. HToGer omucaTh HEKOTOPOE CocTosHMe BCell CHCTEMH, HE0BXOIUMO
YK&3aTh ODHEHTALMIO KamiA0ro u3 N MOMeHTOB. IL/Ist 9TOrO HYKHO 3a1aTh 3HAUYEHHS
110C/1e/I0BATeIbHOCTH KBAHTOBBIX 4YHCQI Oy, Oy, ..., Op. JTO MO3BOJHT HaM IPOHYMe-
poBarb i 0603HAYHTL KakuM-HHGYIb HHIEKCOM r BCG BOSMOMHLIE COCTOSIHIS MOMHOI
CHCTeMBI, UTO H CLeNaHO B Talil. 3.2 ais wacTHoro ciyuas N=4. Tloansiit MaruutHsii
MOMEHT CHCTeMbI DaBEH CYMME MATHMTHEIX MOMEHTOB OTHEIbHLIX CIIHOB. Tak Kak
MBI ipeHeGperaes B3aUMOLEHCTBHEN MexAY CHHHAMH, TO NOJHAST SHeprHsa £ clicTeMbi
paBHa [IPOCTO CYMMe IHepTH{l OTAEABHBIX CIIHHOB.

Tadnuuga 3.2

4 0y [e2 Oy s M E
1 + + + + T —dpgB
2 + —t— -+ — 2 —2u8
3 4 + — |+ PIT —2u,B
‘_1 -+ - + -+ 21ty —2u,B
2 — - - -+ 2wy —2uB
6 + -+ - — 0 0
7 = = 0 0
8 + — — -+ 0 0
J — + -+ — 0 0
10 — -+ — =4 0 0
1 - = | + |+ 0 0
12 N - - - _EZH() 2p0B
13 - - - | - —2ig 2u,8
14 — — -+ — — 2 2ugB
15 — — — L — 21, 2u,B
16 — — — - —4u, 4n,B
iBaHTOBbIE COCTOSIHMS MEEaJdbHON CHCTEMBbI H3
4eThipex CMUHOB 1/2, NOMEIUEHHbIX B MarHMTHOE
nose B, KaxJoMmy couHY COOTBETCTBYeT MarHWTHBIH
MOMEHT W,. Kaxjaoe KBaHTOBOe cocrostHHe BCell CHCTe-
Mbl 0003HauaeTCd HHAEKCOM 7, HJIM, SKBUBAJEHTHO, HO-
CJIEOBATENbHOCTBIO YeThIPEX YHCed (T4, Oy, O3, 0,). s
KPaTKOCTH MBI 0003HAYAeM B3HAKOM -} YHCIO 0= +1.
Ioanblit MarHUTHBIT MOMEHT (TOYmeE, €ro COCTABJSIO-
mas 0o nomo B) oGosHauaercss uepe3 M, nomlHas
SHEPTUS CHCTeMbl—uepe3 E

#) DTo 03HayaeF, YTO MOXKHO IIpeHeGpeur MATHHTHHIM IIOJIEM, KOTOpOE BCe OC-
TaJibHBle YaCTHIBl CO3JAIOT B TOYKe, T/le PACIOMOKeHa JAHHAS YaCTHUA.
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IHILYacTuuas olHOMepHOM 5 HKe. PaccnoTpum yactHuy ¢ mac-
coil m, cBoGOAHO NepeMemialoulyiocst B 0JHOM Harpasaexud. Ilycrs, nHanpumep, sta
YACTHLA HAXOAMTCH B siliMKe JLAMHOH L, Tak 4To ee KOOPAMHATA JIEKHT B Ipelesnax
O<Cv<CL. BHyTpM SiIHKA Ha YaCTHIY He JACHCTBYIOT HHKaKHe CHJIbL.

KBanToBOMexaHHUeCKOe OIHCaHWe NPHIIMCHIBAET YacTHLE HEKOTOpble BOJHOBLIE
ceofictea. Tak, eciM YaCTHHA HAXOANTCA B SIUIUKE H MOXeT CBOGOJHO NepeMelaThest
MeXAY CTEHKaMH SiHKA, TO 3TOIl YACTHLE COOTBETCTBYeT BOAHOBASA (YHKUHS P,
mveowan GopMy CTosiuedl BOJHBI. AMILIHTYAA 3TOil BOJHB! oOpalnaercss B HVJb Ha
rpanuuax siMKa (Tak Kak 1 ncuesaet 3a npeledamu siuuika)*). Takum oGpasowm,
BOGiHOBAasT (YHKUHSL [O/MOKHA HMETb BHI

P (x)=A sin Kx (hH
(the A u K — KoHCTauTwl) M VIOBAETBOPSTb I'PAHHUHBIM YC/IOBHAM
$(0)=0 u P (L)=0. @

Ouesuguo, uto Beipamenue (1) yposaersopsier ycjosuo §(0)=0. Urobw oHO ya08-
JIeTBOPATO Takke u ycaosuio P(L)=0, kouctanty K cieiayeT BLiGpaTs Takok, uToGbl

KL =nn,
HIH
K= % n, 3)

rJie /1 MOXKET NPHHUMATh JI00ble Lesble 3HaueHus **):
n=1, 2, 3,4, ... (4)
[Tocrosinnast K B (1) Hrpaer posib 604H06020 4ucAQ, XapAKTEPHU3YIOULEro YacTHIY.

2ToMY BOJHOBOMY UMCJY COOTBETCTBYeT [JIMHA BOJHBI A (TaK HasbiBaeMas 0e6poliies-
CKas OAUHA BOAHLL): .

21
K==-. )]
Takum 06pasoM, (3) IKBHBAJIEHTHO DABEHCTBY
L—n—};
=n=,

KOTOpOe BLIPAXKaeT 3HAaKOMOe YCJOBHe 0Opa3oBaHMsSI CTOsiYeldl BOJHBI IIHHA SIMKA
NIOMKHA ObITb PaBHA LEJOMY UHCAY TIOJYBOJH.

Mmnyabse yactHuet p CBA3aH C JJIHHOH BOJHBLI 3HAMEHHTBHIM COOTHOLUEHHeM je-

Bpoitasi:

h

p=hK = = ()

rae h=Hh/2, a h — nocrostiaas Tlnauka. DHeprust 4acTHUB! B JaHHOM CJydae paBHa

€6 KHHETHYEeCKOI Hepruy, TaK Kak MOoTeHLUA bHAs SHeprud, CBs3aHHAdA ¢ AelicTBHeM

BHYTPEHHHX CHJ, OTCYTCTBYeT. BhipakeHHasl 1epe3 HMNYJIbC WJIH CKOPOCTb HaCTHILBI,

*) ®dusuueckuil cMBICA BOJIHOBON (YHKUMK 3akiouaercsi B ToM, uio |Y(x)|2dx
J2eT BePOSTHOCTb TOFO, UTO UACTHLIA HAXOAWTCH B Npejiedax KOODAMHAT X W x-dx.

**) 3navenne n=0 He roguTCA, TaK Kak eMmy orseuaeT P=0, T. e. OTCyTCTBHe
BOJHOBOH (YyHKUHMEK (a 3HAUMT, OTCYTCTBHE YacTHI, B sunuke). OTpUUATENLHLIC Hesdble
3HAYEHHS N He BelyT K NOSBJEHHIO HOBBIX BOJHOBHIX (DYHKUHH, TAK KaK H3MeHeHHe
3HaKa n, a 3HauMT, 1 3Haka K, BLI3BIBaeT JIMIUL U3MeHeHHe 3Haka § B (1), Toraa Kak
BepoaTHOCTb |p[2dx He uamensierca. TakmM 0GDA30M, NOJOMKHTEIbHBIE IleJble 3HA-
4eHHS 7 MCUEPILIBAIOT BCe BO3MOXKHBIe BOJIHOBHe (DyHKiuu BHAA (1). Pusuuecku ato
O3HauaeT, 4TO B AAHHOH 3anaue MMeeT 3Hauenue TOJbKO sesuduua TLK wmnyasca ua-
CTHIB, TaK KaK B peay/JbTaTe MOC/]eJOBATeNbHEIX OTPaXKeHHH YACTULbLI OT CTEHOK
AMHMKA HMOYJABC HMeeT DaBHYK BeDOATHOCTb OBITh IIOIOMHTEABLHBIM WJIH OTpUYa-
TeJbHbIM.
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ee sHepruss E pasHa

1 1 p? hi2Ke
E=—ml=rgc=—m—, 7
2 2m 2m )
BoamoxHEIM 3HaueHnaM (3) mocrostHoll K OTBEUMOT coefylole SHAYEHHS SHePTUHI
2 2 12H2 2
E= -ﬁ— Zn :ili ’Z_ . (8)
2m \ L 2m L?

Mpl npaman Gb K aHANOTHYHEIM pe3YJ/IbTaTaM, PacCMOTpeB 3Ty 3ajauy 6oJee
CTPOro, ucXons M3 (yHAaMeHTa bHOro ypasHeuusi LlIpéauurepa jst BOJHOBOH (yiik-
unn . JIag cBo60AHON YACTHUE! B HALIEM OJHOMEPHOM SIUHKE 3TO ypaBHeHHe HMeeT BHA

A2 g%y Ev
om oxt 7
Boatosast ¢ynkuns (1) yloBieTBopsieT 3TOMY YypaBHEHHIO H ofecneudBaeT CBS3b
MexaAy sHeprueil n BennunHoit K, onuceiBaemyio dopmyaoli (7). [lehicTeHTennHo,
yeaosHe (2), 3ax/aoualolleecs B TOM, UYTO BOJHOBas (YHKUHUA JOMKHA HMCYe3aTh Ha
rpanuuax sfuEKa, onaTb NPHBOAMT K (3), H TakuM 06pa30M, K BHIpAKeHMIO (8) L1t
SHepruu,

HMrak, Mbl BUAHM, 4TO BCe BO3MOMKHBIE KBAHTOBBIE COCTOSIHMS YacTHLBI B SIIMKe
MOTYT ObITb 3a/laHbl YKasaHHeM BO3MOXKHbIX 3HavyeHuil (4) KBanrtoBoro umcsaa n. Coor-
BETCTBYIOLLHE 5TUM 3HAYEHUSIM /1 3HEPIHH COCTOANHMII {T. €. COOTBETCTBYIOLIHE YDOBHH
IHepPruM dacTHubl) fAaHbr dopumyoil (8). »

M3 (8) caenyer, uTo paccrosHue MeXAY COCEIHHMH YDPOBHSIMU SHEPTHH YACTHIIBI
OueHb Majl0, eclH NIHHA AuHKa L mieeT makpockonuueckuii pasmep. Haunensiuee
M3 BO3MOXKHBIX SHAUEHHMH 3HEPTHH YacTHIsl,
‘T. €. ee OCHOBHOe 9HepreTHyecKoe COCTOsIHHe, Y
oTBeyaeT 3HaueHHo n=1. 3ameTuM, 4YTO 3TO
3HaucHHEe SHEPrud OWIMYIHO OT HyJd *).

IV. HacTtuma B TpexMepHOM

awm u Ke OG6o6imeHre pacCMOTPeHHOH BBIlle JZ

3ajayd Ha cayvaii cBoOOJHOH waCTHUB! B IPO- ¥ Z ,'

CTPAHCTBE Tpex H3MepDeHHH He IIpeACTaBJAseT A ,L _______ P

saTpyAHenuil, [lpeanonoxxumM, 4TO yacTHua Ha- L‘{/ s/

XOAUTCA B SILIHKe, HMetoieM opMy NPAMOYTOab- 4

HOTO. napaieenunefa co cropoHamu Ly, L /

u L, Taxum obpasoM, KOODIHHATHI, Xapakre- z

pU3VIOUUe TOJIOKEHNe YACTHIbI, JeXAaT B Iipe- Zz

neaax Puc. 3.3. Autixk B bopMe npsiMOYroJib-
HOr'OC mnapaJdJenenunepa co CTOpOH'dMH

0<Cx<< Lx; ng gLy; 0<Z<Lz- aAnvuoit Ly, LyuLz.

YacTHla HMeeT Maccy /M H, HaXO[iCh B SIIHKe, HE HCIHITHIBAET AEHCTBHS CHJI.
B stoM csiyuae BosHoBas (DYHKHMS UACTHULR! NpeICTaBiseT COGOH TpexXimepHYIO
CTOSIYYIO BOJIHY:
P=A (sin K yx) (sin K,y) (sin K2), ©)

rie nocrosirnbie Ky, Ky, K, MOXHO CIHTaTh TpeMs KOMIOHEHTavH BekTopa K, Kotopaiit
Ha3bpIBaeTCa 804H06bIM “6eKmopom uyactuupl. CornacHo Je-Bpoimio cBasb Mexay mm-
ILYJIbCOM YaCTHUB! M BOJHOBBIM BEKTODOM HMeeT BHJ

p=FhK. (10)

*) Takoli BEIBOA HAXOJAMTCS B COIVIACHH C IPHHURIOM HeonpelereHHocTH FefiseH-
6epra (Ax Ap>7), COLJacHO KOTODOMY UYACTHIA, NOJOXKeHHe KoTopoil OrpaHHYeHo
JuHedHsIM pasmepom L (T, e. Ax~L), yMeeT HeKOTOpOe MHHHMAaJbHOE BO3MOXKHOE
3HaueHne HMnyabca nopsiaxa p~h/L. TNostomy MHHMMANbHOE BO3MOMHOE 3HAUEHHe
9HepTHH UACTHIE B SINUKE — 3TO KHHETHUYECKas SHePIHs Nopsiaka p/2m=h?/2mL>.
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Takun obpasom, BesHuHHa p M BesHuuHa K (MM IAHHA BOJIHBI) NO-TIPEKHEMY
cBa3aHbpl GopmyJioil (6). DHeprusi vacTHIB! Telepb pPaBHa

p- ﬁzK" fi"
“om T om

5 (Ki+Kj+K3). (1)

Jlerko mnposeputh, 4To opmyaa (9) NeliCTBHTENbHO SIBJASIETCS] pellleHHeM He
3aBHCsmEero OT Bpeneny ypasuenns Ilpémunrepa naa cpofoxmoli wacTHUB B Tpex-

MEepHOM CcJyyae:
R2pomp 0ty 0% g
" om \()YZ—'—()J“ Tom )=V

3To ypaBHeHue 13eT CBA3b IHEPTHH C BOJHOBBIM BEKTOPOA, BEIpaXkaemyio gopmyaoi (11).
M3 rore (akra, uro QyHKuus W} ZOKHA HCUe3aTh Ha FPAHMLAX SIUIHKA, BbiTe-
KalOT CJeAyIOWHe TpaHWyHble VCI0BHA: =0 Ha MNJIOCKOCTAX

x=0, y=0, z=0, { (12)
x=Ly, y=L,, z=L, |

Bripakenne (9) ajs BonnoBoil yHKUMM AeficTBHTEIbHO oGpaumtaercst B O npu x=0,
y=0, z=0. Urobbl oHO newesano n npu x=Ly, y=L,, 2=L,, nocrosunve Ky, K,, K,
JOJKHBI  Y/I08/1CTBOPATL CAELVIOMIUM VCJIOBHSIM:
T 7
Ky=+n Ky=-—n K,=+n (13)
X X ) z 2
L YL L,
FAe KaXIOe H3 WHCEI My, My, N, MOKET NPHHHMATH JIO00E M3 LEJBIX MOONKHTENbHbX
3HayeHH:
Ny, ny, n,=1,2,3,4, ... (14)

Takum o6pasoM, Kaicloe JaHHOC KBAHTOBOS COCTOSIHHE YACTHILI MOXKeT OBITh 3a4aHO
yKasaHneM Ha00Pa KBAHTOBBIX uHCes (Mg, fly, A;). ITHM KBAHTOBBIM MHCJAM OTBedaer
onpejejeHuast sHeprus, pasHasi, corjacHo (I11) u (13),

! E:ﬂz ny L ”2 (15)
l 2m L; L2}

V. Uneanpumil raz u3 N yactul B siuHKe. [lycTs cucrema,
cocrosiwas M3 N uacTHIl, TNOMellleHa B SIUHK, PACCMOTPEHHBIH B MpeAbAYLIeM NpH-
Mepe. JIONyCTHM, uTo B3aMMOAeliCTBHEM MeIy UYACTHLIAMHM MOMKHO ipeHebGpeub, TaK
4TO YACTHLBI 06PA3YIOT WieadbHbill Ias. B Takom caydae nosHast 3HeprHs rasa npocro
paBHa CyMMe SHepruif OTHe/bHLIX YACTHIL, T. €.

E=¢g +e,+4...} ey, (16)

rje &; O3HauaeT 3HePrui0 i-H yacTuubl. 13 paccMoTpeHHOro Bbiliie npHMepa Ciefyer,
U4TO COCTOSIHHE KaXJl0H 4YacTHUB! onpejessercd 3alaHHeM TpeX KBAHTOBBIX YHCeN
(R 5, Niy, N;,); TIPH 5TOM SHEPTHsl YACTHUBI ONPEAEAsIeTCsl BLIPAXKEHHEM, AHAJIOTHYHLIM
(15). Kaxnoe BO3MOXKHOe KBAHTOBOE COCTOSIHHE 6Ce20 rasa 8 yesom OYAET ONPeesieHo,
€CJIH Mbl yKaxeMm 3N KBaHTOBBIX YHCEN

{”1:61 Ryys Mazs Mgy Moy, Moy oo NNy MNys nNz}~

CooTBeTCTBYIONIAsT ITOMY COCTOSIHHIO [a3a SHeprus cieayer u3 cymmsl (16), riae xam-
Joe caaraemoe Hmeer Bun (13).

paCCMOTPEHHble BblIE ApHUMEPLl THOUYHLI [JAA KBAHTOBOMEXaHUUe-
CKOTO OIIHCaHHs, H Mbl NPHBEAH HX 445 HJIOCTPAUuUH obux 3ame-
llaHHI:I, CAe/MaHHbIX B HauaJjie raasbl. Mpl MOXeM CAEAYIOM UM O6p330M
NOABECTH HTOI' CKa3aHHOMY. Ka)KlIOe BO3MO2KHO& KBAHTOBOE COCTOsSIHUE
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cHeTeMpl Onpesensercs 3aaaHueM [ kBaHToBHIX uucena. Yucho [ Hasw-
BaeTCss YHCJIOM CmeneHetl c80600b CHCTEMbl M OHO PABHO YHCAY Hesa-
BICHMBIX KOODJAHHAT (BKJIOYasi CITHHOBbIE KOODAHHATBI), HEOGXOAHMbIX
J1s1 onHcanus cHetembl *). JIi060e W3 BO3MOMHBIX KBAHTOBBIX COCTOSt-
HHHA CHCTeMbl MOXKeT GbITb YKa3aHO 3aJaHNEeM COOTBETCTBYIOIIHMX KBaH-
TOBBIX yuces, JI/s OpOCTOTH Kaxk]0oe TaKkoe COCTOsiHHe MOXKHO 0003Ha-
YHTb OJHHM HHAEKCOM 7 H, TAKUM 00pa30oM, BCe BO3MOKHLIE KBAHTOBbLIE
COCTOIHHS MOTYT ObITh NepeyncsJeHsl B OINpefejeHHoM mopsiake r =1,
2, 3, 4, ... Ham Bonpoc ¢ Hanbo./ee NOJHOM KBaHTOBOMEXaHHYECK M
OMUCAHUM CHCTEMbI HMMeeT CJeIyIoluil OTBeT:

Mukpockonuueckoe COCTOSIHHE CHCTEMbl onpeje-
JISIeTCsl YKAa3aHueM KBAHTOBOIO COCTOSHMS !, B KOTO-
poM HaxOIUTCs CHCTEMa.

L

[ToaHOe M TOYHOE OINHCAHHE TNOBEAEHUs H30JHPOBAHHON CHCTEMbI
JIOJZKHO YUHTBIBATH 6Ce B3aUMOJHCTBHS MeXKJy 4YacTHUAMH H JlaBaTh
B KayeCTBE pe3yJbraTa TOYHOE KBAHTOBOE COCTOSIHHe CHCTeMbl. Eciau
cHCeTena HAXOAUTCH B KAKOM-TO H3 TaKHX COCTOSIHH, OHa OCTaHercs
B Hem HaBcerja. B eHCTBHTENLHOCTH HE CYLIECTBYET TaKHX MOJHOCTbLIO
H30.MPOBAHHBIX CHCTEM, KOTOpble He B3aHMOAEHCTBOBa/JH Obl CO CBOMM
okpyzenueM. Jlajnee, HeT HH BO3MOXKHOCTH, HU CMBIC/Ia paccMaTpHBATh
3ajauy C Takofi TOYHOCTBIO, 4TOOLI MPUHMMATH BO BHHMAHHE BCE BO3-
MOJKHBIE B3aHMOJEHCTBHSI MEXAY YacTUUAMH, HEe3aBHCHMO OT HX OTHO-
CHTEIBHOTO 3Hayenus. [1o3TOMYy KBaHTOBbIE COCTOSIHHSI, NMPaKTHYECKH
npHMeHsieMble JJIsi ONUCAHHS CHCTeMbl, SIBJSIIOTCS NpuUOAUNCEHHOLMU
KBAHTOBLIMH COCTOSIHUSIMH, OMNDEJENEHHHIMH C YUeTOM BCeX BayKHbIX
MHHAMHYECKHX CBOMCTB 4aCTHL, HO B MpeHefpeXKeHHH HEKOTOPBIMU
MeHee BAXKHBIMHM OCTATOUHBIMEH B3anmojeHcTBHsMH., CHcTeMa, NepBoHa-
YaJbHO HAXOJMBIUASCS B OAHOM M3 CBOMX MNPHOMUMKEHHBIX KBAHTOBBIX
COCTOSIHHIl, He ocTaHercs B HeM HaBceraa. leHCTBHTENBHO, C TeUeHHEM
BpEMEeHH TOJ BJAHSHHEM MasblX OCTATOUHBIX B3aMMONEHCTBHH cHcTema
nepeiiieT B JApyrde KBAaHTOBble COCTOSIHMSA (3@ HCKJIOYEHHEM TeX, B
KOTOPBIE OHA He MOKeT IepedTH Ge3 HapyIIEHHs H3BECTHBIX OrpaHu-
YeHM[, HaJaraeMblX 3aKOHAMH MEXaHHKH).

ATOM BOHOpPOAA SIBJSETCS XOPOHIO M3BECTHHIM MPHMEPOM, HAJIOCT-
PHUDPYIOLLHM 3TH paccyxenus. KBaHTOBble COCTOSIHUSA, HCMOJb3yeMble
J1S ONHCAHHA arToMa BOJAOPOAa, NOJyYeHb! NPH PACCMOTPEHUH ORHOrD
JULIb KYJOHOBCKOTO NPHTSDKEHHs] MeXIAY SIIPOM M 3JEeKTPOHOM.
QcratouHble B3aMMOASHCTBHS aToMa ¢ OKPY?KalOIHM €ro 3J1eKTPOMArHUT-
HBIM TI0JIEM BHI3HLIBAIOT TI€PEXONBI MEXIY THMU COCTOSIHMsSIMM. Pe3yiib-
TaTOM 9THX T[EPeXONOB HABJISETCS HCIYCKAHHE HJH IOTJIOUWeHUe

*} Hanpumep, B ciydae N uacThi, He 0GJaBalOUHX CIIMHOM, WHC/IO CTeneHel
cBoGoup! pasuo f=3N.
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3JIEKTPOMArHHTHOTO U3Jy4eHHsl, B pe3y bTare 4ero BO3HHKAIOT Pe3KHe
CHeKTpaJjbHble JHHUH.

IlpumepoM, umeromHUM jas Hac OoJbilee 3HaueHMe, SIBJASETCA H30-
JIMPOBaHHas HJeasbHas CHCTEMa CIIHHOB HJIH H30JHPOBAHHbLI HIAea.lb-
HeH ras. Ecan B Takofl cucTeMe 4acTHIBI COBCEM He B3aHMOAEHCTBYIOT
LpYT ¢ JAPYTOM, TO KBaHTOBble COCTOAHMS, ONPENeJeHHbIEe B IIPHMEpax
5TOTO pasjienia, SBJAOTCA TOYHbLIMH KBAHTOBLIMH COCTOSIHMAMH H HU-
KaKHX TIepexoj0oB He NpoHCcXoAWT. OHAKO Takas CHTyallus HE COOT-
BETCTBYET JAeHCTBHTeAbHOCTH. CiellyeT UMeTb B BHLY, YTO Iake B Hie-
aJIbHOH cHCTeMe CNHHOB MJIH B HjleaJ/bHOM ra3e B3aHMOJeHCTBHE MeXITy
YaCcTHIAMHA fno4mi OTCYTICTBYeT, HO He OTCYTCTBYeT NOJHOCTbIO. B cu-
CTeMe CHHHOB 3TH He(OJIbillie B3aHMOIEHCTBHA CYUIECTBYIOT G/aronaps
TOMY, YTO KaX[blii MaTHUTHBIH MOMEHT CO31deT Kakoe-TO MaTHHTHOE
noJje, JAEHCTBYIOLiEe HA COCEIHHE MarHHTHblE MOMEHTHI. AHaJorHYHO
¥ B rase CYIIeCTBYIOT HeGOJbiLHME B3aUMOAEHCTBUSI MEXKAY YaCTHHAMHE,
IPOSABJSIOLIMEC B TeX CJAy4asx, KOPZa /[Be HacTHULl OPHXOMSAT B J0-
CTATOYHO OJH3KOE CONPHKOCHOBEHHE (MBI HasbiBaeM 3TO CTOJIKHOBE-
HueM). Ecan NpHHATH BO BHHMaHNe 3TU B3AUMOAEHCTBHUSI, TO KBAHTOBLIE
COCTOsIHHA, onpefeneHHsle B npuMepax [l u V, okamyres opubnaiken-
HBIMH KBAHTOBBIMH COCTOSIHUSIMM. B3aMMOAEHCTBHSI BRI3OBYT Nepexojbl
MKy STHMU COCTOSTHHSIMHU (4acTOTa 3THX MePeXOl0B OyIeT TeM MeHblie,
uyeM cJafee BeJMuUMHA B3aumojelicTsuil). PaccmorpuM, Hampumep, cu-
CTeMy, COCTOSILLYIO H3 YETbIPEX CIHHOB. Ee KBaHTOBEIE YHC/Ia NPHBEALHb!
B Taba. 3.2. JonycruM, UYTO 3Ta CHCTeMa BHaua/e HaXoJAWJjach B CO-
crosiHuH  (-F—--—+). CymlecTByeT KOHeuHasl, He HCYe3aloUle MaJjas,
BEPOSITHOCTL TOTO, YTO B pe3y/bTaTe B3aHMOJEHCTBUS MEXKIY CIHHAMU
yepe3 HEKOTOPOe BpeMsI CHCTeMa OKaXeTCs B KaKOM-TO JIPYroM co-
CTOSIHHHM, Hanpumep, (-+--—-), B KoTopoe OHa MOXeT mepeliTu ez
HapyLIeHHs 32KOHOB COXPAHEHHS SHEpTHH.

Mpl paccMaTpuBany COCTOSIHHS CHCTEMbl, HCXOAA M3 KBAHTOBOMeXa-
Hudeckux Hued. JlefcTBUTEbHO, aTOMbl U MOJEKYJbI, COCTABJSIONIHE
MmoBy0 CHCTEMY, ONUCHIBAIOTCSA 3aKOHAMU KBAHTOBOH MeXaHWKH. B He-
KOTOPBLIX YCJAOBHSIX JOCTATOUHO XOPOLUMM MPHO/IHMKEHHEM MOXKeT OKa-
3aThCSl ONMCAHUE CHCTEMBI B paMKax KjaccHuecKoH MexaHHkH. [Tpume-
HUMOCTb TaKOTO NpPUOMHIKEHHST paccMaTpuBaeTcs B IviaBe 6.

3.2. CraTHcTHUYECKHIt aHCamOJb

Ecin 661 MBI TOYHO 3HA/IH MUKDOCKOITHIECKOE COCTOSIHHE, B KOTOPOM
CHCTEMA YaCTHIL HAXOAWTCSl B JlaHHBIH MOMEHT BpeMeHU, TO B IPHHIHIE
MOKHO OblIO Obl, IPHUMEHHB 3aKOHbI MEXaHUKH, BBIYHC/IUTb BCE BO3-
MOKHBbIe CBOHCTBa Hallefl CHCTeMb! B JI000H [OCJAENYIOIMUH MOMEHT
BpeMeHH. B JeHCTBUTEJBHOCTH Mbl HE pacHo/araeM TOUHBIM 3HaHHEM
MUKPOCKOIIMYECKOIO COCTOSHMSI MakKpPOCKONMYeCKOH cucTeMB! U Hac
Jlaxke He HHTepecyeT CTOJb JeTasbHOe onHecaHue ee CBOHCTB. [lostomy
Mb! nepefijieM K pacCMOTPEHHIO CBOHCTB CHCTEM C TOUKH 3PEHHH NOHATHSA
O BEPOSTHOCTH. BMecTO e/JMHCTBEHHOH HHTepecyloleidl Hac MaKpOCKO-
TIHYeCKOH CHCTEMBI MBI COCPEIOTOUNM BHHMAaHHE HA aHCaMOJle, COCTOSIIIEM
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¥3 OoueHb OOJBIIOrO YHC/AA CHCTEM, YIOBJAETBODSIIOUIHX TeM Xe yCJIo-
_BUSIM, KOTOPbIM, KaK Mbl 3HaeM, YA0BJeTBOpsieT Hawa cucrema. C no-
MOIBI0 TAKOTO aHCAMOJsl Mbl CMOXKEM BBICKA3aTbh PasJjHYHble BepOsAT-
HOCTHBHIE YTBEP)KACHHS OTHOCHTENbHO HalleH CHCTeMLI.

[TonHoe MaKpOCKONHYECKOe OTfMCAaHHE CHCTeMbl U3 MHOTHX YacTHIL
onpejensieT TAK Ha3bIBAEMOE MAKPOCKONUMECKOZ COCMOAHUe HIH MAKpPO-
cocrmodnue cucteMmsl. Takoe omMcaHHe 3aKJIOUAeTCs] B YKa3aHUH BeJiH-
YHH, KOTOpBlEe MOXKHO OMpPeleNnTb C IIOMOILbI0 MAKPOCKOMHYECKHX
usvepeHuit. I1oITOMY MakpoCKONHYeCKOe OIMHCAHUE COAEPKHT JIHIIb
BeCbMa OTPAHHYEHHYI0O HMHPOPMALHIO OTHOCHTENIbHO YacTHl, o6pasyio-
X cucremy. PaccMoTpuM npHMepbl MaKpPOCKOIMHMYECKOTO ONHCAHHA.

L. Hugopmayusa o sHewunux napamempax cucmemot. CyllecTBYIOT
HEKOTOpble MAaKPOCKOMHYECKH H3MepUMble IIdpamMeTphl CHETeMBl, KO-
TOpPGLIE BJIHAIOT Ha JABHXKEHHE BXOJSIHX B ee COCTAB 4acTul. 3TH mapa-
MeTpPbl HA3LIBAIOTCS GHEWHUMU napamempami cucTembl. Hanpuwmep,
CHCTeMa MosKeT ObIThb IOMElleHa BO BHellHee MarHuTHoe note B uin
aslekTpigeckoe noge §. Tak Kak CyLIeCTBOBAHHE 3THX NoJell BJHSET
Ha JABHXKEHHE YacTHIl cuCTeMbl, TO B ¥ § sABASIOTCH BHeIHHMM mapa-
MeTpami. B kauecTBe Apyroro npuMepa paccMOTPHM ras, 3akJIO4eHHbIH
B AUNK pasmepamy L., L, L,. DTH BeNUUHHBl TaKKe SIBJSIIOTCS BHeL-
HUMHI TapaMeTpaMH rasa.

Taxk Kaxk BHeWHHe napaMeTph! BJHSIOT Ha [ABHXKEHHEe YacTHI[ CH-
CTeMbl, OHU JOJKHbBI BJANATb HA VPOBHH 3HEepPTHU 3THX yactuil. [lostomy
OObIYHO SHEPrHs KaxKAOIo KBAHTOBOTO COCTOSHMS CHCTEMbl 32BHCHT OT
ee BHeLIHHX mnapaMerpoB. Hampumep, B cayyae cHCTeMBI CITHHOB H3
Taba. 3.1 cJjeayer, 4TO 3HEPrHH KBAHTOBLIX COCTOSIHHI 3aBHCST OT
BeJMUHHB MarHMTHOro nogs B. AwWasornybo, B ciydyae 4YacTui, Ha-
XOSINHXCA B siulyKe, M3 BbipaxkeHus: (15) HenocpencTeeHHO caenyer,
470 J1000e KBAaHTOBOE COCTOSIHHE OIpele/sieTcsl KBAHTOBLIMH UHCJAaMH
{71 1y, M.} ¥ SHEPTHSI 3TOTO COCTOSHHUS 3ABHCHT OT pasmepos L., L, L,
SILMKA.

Takum obpasom, /s OlpeleneHuss BO3MOXKHBIX 3HAUEHHN IHEPTHH
KBAHTOBBIX COCTOSIHHH CHCTE€MBbl HY)KHO 3HaTb €€ BHeIHHE [1apaMeTphl.

1I. Hugoprayus o Hauarerom cocmosinuu cucmemsl. BBULY Hannuus
3aKOHOB COXDaHEHHs MeXaHHKH HadaJjbHble YCJOBHsI, CYILECTBYIOUINE
B CHCTeMe, HAKJAABIBAIOT ONpejle/eHHble OrPaHHYEHUsT HA NOC/eNyIomee
IBHKEHHE YacTHL cucTeMbl. [Ipeanosioxkum, Hanpumep, 4TO Mbi HMeeM
JIeJIo ¢ W30JHPOBAHHOH CHCTEMOH, KOTOpasi He B3auMOIEHCTBYET HH
¢ KaKHMH [JPYTMMH cHcTeMaMH. Torna 3akoHbl MexaHHKH TpeGyoT,
qTOOB! NOJIHAS 3HEPTHsi TAKOH CHCTeMBl (T. €. MOJHast KHHEeTHUYeCKast
il NOTEHLHAJbHAs 2HEPTHS BCeX YaCTHIL CHCTEMbl) OCTaBaJjach MOCTOSIH-
HOH. JIpyruM BO3MOXKHBLIM CJy4aeM sBJIS€TCS] CHCTeMa, MPHTOTOBJEeHHAs
TakuM o6pa3oM, 4TO ee NOJAHAsh IHEPTUs onpeaeseHa Juilb ¢ HEKOTOPO#
KOHEUHOH TOYHOCTBIO. DTO 3HAYHT, UTO MOJHAS SHEPTUS CHCTEMBI JIEHKHT
B HEKOTOPOM He(OJ/IbLIGM HHTEpPBaJje 3HAYEHHH, 3aKII0UeHHOM Mexny E
# E-+OL. B aToM cnydae 3aKOH cOXpaHeHHsl 9Hepruu TpeGyer, 4TOOBI
noJHasi SHEPrHsl CHCTEMBI 6cezda OCTaBajdach B 3TOM HHTEpBaje 3Ha-
YEHHH.

pad
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CieacTBiHeM YKa3aHHOrO OrpaHH4eHdst OYyAeT TO, HTO CHCTeMY
BCErja MOXKHO OOHapYKHTb TOJbKO B KBAHTOBBIX COCTOSIHMSIX, SHEPTHA
KOTODBIX JIEKHT B HHTepBane oT E no E-+8E *). .

Mui 6yzeM HaselBaTb OOCMYNHbIMU COCHIOSHUAMU CHCTEMBl T€ KBaH-
TOBEHIE COCTOSiHHS, B KOTOPHIX OHAa MOXKeT NpelniBarh 6e3 HapyleHus
3aflaHHBIX VCJAOBHA ee cyiecTBoBaHust. CraTucTHYeckuit aHcaMmO.b,
CO3/laHHBIA B COOTBETCTBHH C 3THMH YCJOBHSIMH, COCTOMT, TaKHM 00-
pasoM, H3 CHCTEM, HAXOMSIIUXCS B JOCTYNHBIX cocTosiHuaX. Kak ObLio
CKa3aHO BhiLle, OIpeJereHHe MAKPOCKOIHYECKOrO COCTOSIHHS CHCTEMH,
cocrosiiiefl w3 GOJBLIOTO uMC/A YacTHL, coaepxut B cebe Becpva
orpanudeHHyl0 uHpOpMaLHIO O cHcreme. Ecau cHCreMa HAXOANTCs B
KaKOM-TO 3aaHHOM MAKPOCOCMOAKUU, TO OOBIYHO UUCIO AOCTYITHBIX
MaKpOCOCTOSIHHE OUeHb BEJIHKO (TaK KaK BeJMKO YHCJIO YacTHIL B CH-
creMe). Hanpumep, B caydae CHCTEMBI, O KOTOPOH HaM M3BECTHO, UTO
©e BHePrHd JeXur B npenenax ot E go E+8E, cucreme 8yayT AOCTYiTHEL
BCe KBAHTOBBIC COCTOSIHUSI, SHEPLHSA KOTOPBIX JEXKHT B 3THX Npelesax.

[punnunuaiono TPOIe HAYATH € PACCMOTPEHNA H30AU POBAHHOL
CHCTeMBI, KOTOpas He OOMEHHBAETCH SHEPTHell Hu C Kakoit Apyvroi
cucTeMOl **).

Ipeanonoxum, 4T0 MaKpPOCKOMHUYECKOE COCTOSHHE TakoH H30.1Hpo-
BAHHOH CHCTEMBl 33/aHO TeM, YTO HaM H3BECTHBl 3HAYEHHST BHEML.IX
TapaMeTpPoB M Y3KOrO HHTEPBAJA 3HEPTHH CHCTeMBbl. JTa HHGOPMAIHT
OnmpenessieT JHEPTUM Pa3/IMUYHBIX KBAKTOBBIX COCTOSIHHH CHCTEMBL.

st WAMIOCTPAlMH CHACNaHHBIX 3aMEYaHUH Mbl pPacCMOTPUM HEKOo-
TOpEIe MPOCTHIE CHCTEMBI, COCTOSILIHE H3 HEeGO/LIIOrO YHUCJAa YacTHIL.

Mpumep 1. Paccmorpum crcTemy 3 ueTbipeX vYacTuu, 00J1ajal0LUX TO10-
BHHHBIMH CIIHHAMHM (MATHHTHBI MOMEHT UacTHIIbI paBeH lty). HacTHimsl moMmelleHsl B
marauTHoe nojsie B. B Taba. 3.2 mepeuncienbl BO2MOXKHBIE KBAHTOBBIE COCTOSTHHS 3TOI
cuctembl, Tenepb AONYCTHM, YTO CHCTEMA H3O/JMPOBAHA W HAM U3BECTHO, YTO ee NoAHAS
9Heprusi paBHa — 2i,58. B 2TOM ciyuae cuCTeMa MOMKET HAXOAUTLCH B JOOON 13
CIeTYIOUHX UYeThblpeX JOCTYIHBIX COCTOSIHHMIL:

(+ -+ (F =) (F— ), =+ ++).

ITpnwmep II. Pacemorpum cheremy A®, Kotopasi COCTOHT M3 ABYX IOACHCTEM,
Aun A Bru TOJICHCTEMB! MOTYT B He6OJBINON CTeleHH B3aUMOAEHCTBOBATL U OOMSHH-
Barbesl sHeprueil. Cucrema A COCTOHT M3 TpeX COMHOB 1/2, KOTOpHIM COOTBETCTBYIOT
MarHUTHBIE MOMEHTH Mg. Cucrema A’ oGpasoBana AByMs YacTHHAMH ¢O CnHHaMi 1/2
¥ MATHUTHEIMH MOMEHTaMH 2i,. Best chctema A* paxomurcsi B MaruuTHom noge B.
Od6o3znaunm uepesd M MoJHEIT MardUTHEIl MOMEHT CHCTeMbl A B HAamparJeHuH noas B,
a yepes M’—ry e BenunHy s cucTemsl A'. Baanmogneiictere Mexay crnimHamu Gyaen

*) B HeKOTOPBIX C/AydYastX MBI MOMKEM BCTPETHTBCS C JAPYTHMH OrDaHHYCHHSIMH,
HanpuMep, C COXPaHeHWeM HOJIHOTO KOMHYeCTBA JBHIKEHUA CHCTeMBl. OOGBMUHO Taxoe
orpaHduieHne He NpeACTaB/sderT MHTepeca Mo CeLyIOUWHMM NpuynHaM. B GojsrinHcTBE
J1a60OpaTOPHBIX ONBITOB MBI MOMKEM CYHTATb, YTO CHCTEMa HAXOIHTCS B HEKOTOPOM CO-
CYJie, ¥KEeCTKO CBA3AHHBIM C [I0JIOM JaG0PaTOPUH, a CJIENOBATENbRO, C GOIBLUION Maccol
3emau. Jlio6oe CTONKHOBEHME YACTHIL CHCTEMBI C COCYROM IIPHBOJHUT K IIPeHeSPEKUMO
MaJOMy H3MEHEHHIO CKOPOCTH 3eMJH, TaK KakK [NOCHe[HSsT MOXKET HOIVIOTHTB JIIoGoe
KOJXHUECTBO [BYKEHUS CHCTEMbl, PUOGPETS NPH 3TOM NpeHeGPEKEMO MATYIO IHEPrUio
(roJI0KeHUe AHAJOFHYHO YAapy Msua o 3emJo).

*#) KaxAylo HeH20MPOBAHHYIO CHCTEMY MOMKHO CUMTATb YacTulo Gojbluefl, u30-
AMPOBAHHOH CHCT@MEL
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CYUHTaTh IpeHeGpexumMo Madsini. [lpu aToM moaHast sweprust seefl cuctesst A* pasda
E*=—(M-+M")B.

Cuctena A* COCTOHT M3 TNATH CHMHOB- U 06]13JaeT N03ToMYy 22=32 BO3MOKHbIMH
KBAHTOBEIMH COCTOSTHHSIMH, KaXJAOe H3 KOTOPBIX MOXKeT ObiTh O0003HAYeHO MATHIO
KBAHTOBbIMH 4Hcaamu. Tpu Takux uHucaa, O;, Oy H 03, YKA3BIBAIOT OPHEHTALMIO TpeX
MATHHTHBIX MOMCHTOB CHCTeMbl A W JBa KBAiTOBLIX UHC/A, Gy H Gy,— OPHEHTALHIO
MarHHTHBIX MOMeHTOB cucTembl A’. ITpeanosioskuy, UTO mosdHast 3leprus H30MHpo-
BaHHOIT cuCTeMel A* paBHa —3u,B. B arton cayuae cHcrema A* MOKET HAXGAUTHCS
JHIIb B JOOOM M3 ISITH JAOCTYHHBIX COCTOSIHHIL, NepeuucIeHHelx B Tada. 3.3. TolpKo
3TM COCTOSTHHST COBMECTHMBI C YKA3aHHBIM 3HAYeHHeM TMOJIHON 3Heprui CHCTeMbI

Ta6anunma 3.3

r Oy [¢H Ty gi g_; v M7
T L I I VP B
21+ -+ - - 4 31 0
3 -+ - — + + g 4y,
41— + — -+ S Il VI B 30
50— — + + + —Ho 41

B Tabauue nepeuncaenbt i 0003HaUCHB HEIEKCUM
r Bce cocrosHusA, jpocrynupe A¥*, Koraa ee moauas
SHEPrHA B MarHuTHOM noJe B paBHa —3 uB. Cuc-
TeMa A* cocrout u3 noicucremsl A ¢ TpeMs couHamH
1/2, KaxABIH M3 KOTOPBIX HMEET MArHUTHBIH MOMEHT
Wo, # mojcucteMbel A’ ¢ jeyMA crnuHaM# 1/2, npuauen
MAFHHTHBIA MOMEHT KaXKJOro CIIMHA paBeH 2 .

Tenepb Mbl MOMKEM TOYHO C(OPMYJHMPOBATH, IJs 4Yero BBOAUTCH
CTaTHCTHUECKOE OMHCaHHe MaKpOCKCMHYeCKHX cHcTeM. Mui 3HaemM, UTO
B CTATHCTHUECKOM ancaMfje TAKHX CHCTeM Kax/las CHCTeMa HaXOLUTCH
B OJHOM H3 JOCTYIHBIX KBAHTOBBIX COCTOSTHMIT. Mpl XoTeau Ol UMETb
BO3MOKHOCTE TPEACKA3aTh BEPOSTHOCTb ODHAPYIKUTH CHCTEMY B JC80M
K3 3THX JOCTYIHBIX COCTOsIHUiI. B 4YacTHOCTH, pa3iHuHBE MaKPOCKO-
[HYeCKHEe TapaMeTphl CHCTEMBI (HAlIDUMED, €€ MOJHEIA MarHuTHBIH
MOMEHT HJIM JAABJEHHe, II0J KOTOPBIM OHA HAXOAWTCS) HMEKOT 3HAUeHHd,
KOTOpHIE 3aBHCSAT OT TOrO, B KAKOM KBAHTOBOM COCTOSTHHH HAaXCIUTCS
cucreMa. 3Had BepOSiTHOCTb HAXOMICHHS CHCTEMBl B JIIOOOM U3 G-
CTYIHBIX KBAHTOBLIX COCTOSIHHI, Mbl MOIVIH Obl OTBETHTb HA CJEIYIOLIHE
BOMIPOCH], MpeicTaBasomue Ooapliodl QH3HUecKHit HHTepec: Kakosa
BEPOSITHOCTH TOTO, 4YTO JAHHBIH I[4PaMeTP CHCTeMBl HMeeT 3alanHoe
spauenne? KaxoBo cpennee 3HaueHHe 3TorOo napaMerpa? Kakoso
CTaHAapTHOE OTKJOHEHHE OT 3TOrO CPEJHero?

3.3. CraTUCTHUYeCKHe MOCTYJNATHI

Uro0bl HMMETb BO3MOXKHOCTb cllelaTb HEKOTOphie TeopeTHUeCKHe
npeicKasaHusl OTHOCHTENBHO Ppa3/ivyHbIX BePOSITHOCTEH W CpefHuX
3HAYeHUH, HaM CJelyeT BBECTH HEKOTOphle CTaTHCTHUYECKUE MOCTYJIATHI.
PaecMoTpuM npocTOfl cayvall u30auposaHHoll cucTeMbl (€ 3afiaHHLIMH
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BHELUHHMH MapaMeTpamHM), Heprusi KOTOpOH JIeXHT B 3ajJaHHOM He-
GoabilioMm HuTepBane 3Hauvenuit or E no E--OE. Kax yxkasbBajocs,
TaKasg CHCTeMa MOXKET HAXOAUThCS B OLHOM H3 GOJbLIOTO YHCJaa A0-
CTYynHBIX coctosinnii. PaccMorpum cratucTHyecKuil ancamOib TaKHX
cucTeM U nonpobyeM BHISICHHTb, YTO MOKHO CKa3aTh OTHOCHTENbHO
8epPOAMHOCMY  HAXOXKAEHHS] CHCTeMBbl B JIOOOM H3 TakHX IOCTYMHBIX
COCTOSTHUR?

dasa pelnenus 31o# npo6aemMbl Mbl HCHOAb3YeM NPOCTble (pH3UUECKHe
coobparkeHusi, NofoGHLIe TeM, KOTOpble ObLIH paccMorpensl B m. 1.1
u 1.2, Mbl uMed Tam Jeq10 C HeasbHbIM I'a30M H Paccyklajd O TOM,
Kak MOJIEKYJIbI, HAXOASILUIECS] B sliifiKe, PacipeeseHbl [10 BO3MOXKHEIM
MOJIO/KEHHSIM B MPOCTPAHCTBe, AHAJOrHYHO, Haiiu GoJjee aGCTpaKTHbIE
paccyiKIeHHst KacaloTcsl Tellepb BOIPOCA O pacnpeneeHdy CHCTeM
aHcambiisl 10 HX BO3MOXKHBIM COCTOSIHHSIM. DTH PacCy:KJIeHUs NPUBELYT
K opMyJHPOBKE OOWMX TNOCTYJATOB, ABASIOMUXCS OCHOBOH craTh-
CTHYECKOH TEOpHH.

Haunem ¢ npoctofi cuTyaluu, KOrla H3BECTHO, YTO pPaccMaTpH-
Baeyasl CHCTeMa B HEeKOTODPbIli MOMEHT BpEeMeHHU HMeeT PABHYIO BepOsiT-
HOCTb HaXOAUTbCH B JIOOOM M3 JOCTYNHBIX el cocTosiHuit. JlpyruMu
CJIOBAMH, CHCTeMbl CTATHCTHUYECKOTO aHcaMb/si B HEKOTOPHIl MOMEHT
BpeMEHH paBHOMEPHO pacnpejiesieHbl [0 AOCTYNHBIM COCTOSHHAM. YTo
OyaeT [OPOHCXOAHTb C HHMH [0 HCTeYeHHH HEKOTOPOro BpeMeHH?
Cucrema, pasymeercs, He OyleT BCerxa HaxOMUTbCA B JJAHHOM CO-
CTOSIHHH.

B konue n. 3.1 Mbi BBISICHH/IM, 4TO OHA OYIeT coBepuIaTh Nepexolbl
"MEXIY PasaHuYEBIME  JIOCTYNHBIMH  cOCTOSiHuAMH. Taxum  obpasoM,
MBI HMEeM [Iel0 ¢ JHHAMHYECKHM IpoiieccoM. Ho B 3akoHax MexaHUKH
HET HHYero, Y10 fAasano Obl MPENMYMEecTBO JOOOMY H3 AOCTYTNHBIX
coCTOsTHUA nepel Apyrumu. TaxuMm obpasoM, paccmarpusas ancambib
CHCTEM BO BpPeMEeHH, Mbl HE MOMKeM OXHAATb, HYTOObl UUCAO CHCTEM
B J@HHOH MOArpyIIme AOCTYIHBIX COCTOSIHHH YMEHBLIMJIOCh, a B APYTO#
noirpynne yseauuujocb Obt *). JleAcTBHTEbHO, 3aKOHBl MEXaHHKHU
MO3BOJIAIIOT JlaTk HCYepNbIBalollee JA0Ka3aTesNbCTBO TOTO, YTO €C/H
cucreMbl H30JMPOBAaHHOro aHcamdjsi cHayajda ObIM PAaBHOMEPHO pac-
npejlefleHbl 0O BCEM JOCTYNHBIM COCTOSIHMSIM, TO OHHM Bceraa OyayT
paBHOMEpPHO pacHpefeseHbl 10 3THM COCTOsiHHsIM **). PaBnomepHoe
pacnpefesedue OCTaeTcsi, TaKHM 00pa3oM, HeH3MEHHBIM BO BpPeMeHH.

*) 3ror n0Box sABigeTCH ofobueHseM cKasaHHoro s nm. 1.1 o6 uiaeananHom rase.
Ecin Mosekyasl ra3a cHauaja pAaBHOMEPHO pacrpefieieHsl MO o6beMy SHKA, TO
HeJIb3sl OXKHAATb, UYTO C TeueHHeM BPeMeHHM OHH CAMONMpPOH3BOJILHO OKAXKYTCS B YaCTH
aTOro AMmHKKa. HHeIMH coBaMu, B 34KOR4X MeXaHHKH HET HHYEro, YTO AAJO0 Gbl peumy-
LIECTBO OJHOH 4acTh siLIMKa meped Opyroii.

*%) DToT pe3y IbTaT SIBJISIETCH CJA€ICTBHEM TaK HasuBaeModl «reopembl JIuyBua-
as». Ee paccmorpenne TpefyeT 3HaHUS aHANUTHYECKOH MEXaHHKH M OCTAETCA  I0-
5TOMY 3a NpeletaMu Hamel KHurH. (UUTaTens MOXeT OOPaTHTLCA, HAMPUMED, K KHH-
re Jlanpay u Jlupumy «Cratuctudeckas ¢usuka», «Haykas, 2-e uag., 1964,
crp. 22, wn Toancreiin «Kuaccuueckass mexauukas, [ocrexusmar, 1957, crp. 289.
— Illpum. peod.).
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ITp umep. Urobsl paccmoTperh oyeHb NPOCTOfi Caydali, sepHeMcs K npusepy |
#3 n. 3.2. TaM MBI UMeJH [esI0 C H3OJHPOBAHHON CHCTeMOfi YeThlpeX CIIMHOB, IIOJHas
SHeprust KoTopeix paBHa —2uyB. Ilpeanosoxun, HaM H3BeCTHO, YTO B HEKOTODLIA
MOMEHT BpeMeHH CHCTeMY MOXKHO C pPaBHOH BepOSTHOCTBbIO HallTH B KaxIOM H3 4e-
ThipeX HOCTYIHBIX COCTOSHHUIl:

(F+ 4+ =) (++—4), (F—+ ) (—+++)

B cOOTBETCTBUH ¢ MPHBEJEHHBIMH Bbllle AOBOJAAMH, 3aKOHHl MEXaHHKH HE IdI0T
MpeuMyIlecTBA HH OJHOMY H3 STHX COCTOSAHHE no cpasHewHwo ¢ Ipyrund. [lostomy
HOT OCHOBAHHH OXHMARTh, 4TO B Gojee MO3JHee BpeMsl OKaxeTcs 0oJlee BepOSITHBIM
HAUTH CHCTEMY NpPEeHMYHIeCTBEHHO B KakKOM-TO OAHOM U3 YKa3aHHBIX COCTOSIHHMI, Ha-
npusep, B cocTossHHA (+-+-+—). HauannHas cuTyauus hne GYZET, TakuM 00Da3oM,
MEHSITBCSL C TedeHHEeM BpeMeHH H CHCTeMY C PaBHOIl BEpPOSITHOCTHIO MOKHO OyjeT 06Ha-
PYXHTb B JI06OM H3 4eTbIpeX AOCTYNHBIX COCTCSIHUH.

Pacemorpennsle coofpaxeHis MO3BOJAIOT BHICKA3aTb  Cjelylollee
yTBep:KaeHue o6 aHcamOse H3OJMUPOBAHHBIX CHCTEM: €CJAH CHCTeMb
TaKOro aHcaMOss paBHOMEPHO paclpefesieHbl No AOCTYNHLIM COCTOf-
HHSIM, TO aHCaMOJb OKa3bBAeTCH HE 3aBHCSIHM OT BpeMeHH. B no-
HATHAX TEOPHH BEPOSITHOCTEH 3TO YTBeprKIeHHe HMeeT CJAeAYIOWHA BUIL.
Ecin wH30/MpoBanHAsl cHCTeMa MOMKET GbiTh ¢ PaBHOH BEPOATHOCTEIO
HaiijeHa B JOOOM #3 €BOUX JAOCTYIHBIX COCTOSIHHi, TO BEpPOATHOCTDL
HAXOXJEHHS CHCTEMbI B K&XJAOM H3 3THX COCTOSHHI He 3aBHCHT Of
BpEMeHHU.

Taxkum obpaszom, M3ONMPOBAHHAS CHCTEMA, 1O ONPEAENCHHIO, HAXO-
JMTCA 6 pasHosecuil, eClH BepOSTHOCTb ee HaXOXKIEHHS B J000OM 113
JIOCTYIIHBIX COCTOSIHUi He 3aBHCHT OT BpeMeHH. B aTOM cayuae cpelnee
3HaueHue J000r0 H3MEPHMOrO MaKPOCKOTUYECKOTO MapaMerpa CHCTEMbl
TaKKe OKa3biBaeTcsl He 3aBHCAUNM OT BpemeHH *), Vmes takoe onpe-
IejleHHe DAaBHOBECHS, Mbl MOXEM MPeACTaBUTh BLICKA3aHHLIE Bhille
BLIBOJbI B BHJE CJEAYIOUEIO YTBEP:KIEHUSsI:

|

Ecan u3osupoBaHHast cHCreMa C paBHOf BeposT-
HOCTBIO HAXOAUTCA B JHOOOM U3 JOCTYIHBIX COCTOs- (17)
HHH, OHA HAXOAHTCA B COCTOSIHUM DABHOBECHA.

HonycruM -enepb, 4TO paccmarpisaeMasl U30/HPOBAHHAA CHCTeMa
B HEKOTOpHIli HauajbHbI MOMEHT 3aHuMasia JHIIb KaKylo-TO YacThb
(nodepynny) pmoctymHbIX el coctosuui. CrarueTHdecKull aHcamMO.b
TAKHX CHCTEM Cojlepzkast OBl B 3TOT K€ MOMEHT BpeMeHH GOJblIIoe UHCI0
CHCTEM B 9TOH MOArpyirne AOCTYNHBIX COCTOSIHMIl W HE nMes Obl CHCTeM
B OCTAJBHBIX JOCTYNMHBIX COCTOSHMAX, HE BXOAALIMX B MHOATPYIIY.
Yro Oyaer HpOHCXOAMTL € TeueHHEM BpeMeHH? MBI OTMeyatd yike,
YTO B 3aKOHAX MEXaHUKHU HET HHYEero, 4To MOTJ0 6bi 3aCTABUTh CHCTEMY
OT[aTh MpelrouTeHne OJHUM COCTOSIHUAM Inepen apyrumu. [lo ompe-
JIeJIeHNIo, HOCTYIIHBIE COCTOSTHUS 00J/1afatoT TeM CBOHCTBOM, YTO 3aKOHEI

*) HefictBureabHO, YToGbl SKCIEPUMEHTANbLHO YCTAHOBUTH, YTO CHCTeMa HAXO-
JUTCA B PABHOBECHH, MBI JOKHBI YOGEUTLCSI B TOM, 4TO Bce HalJloJaemple MaKpOCKO-
nHYyecKHe MapaMeTpbl CUCTeMbl He 33aBHCSIT OT BpPeMeHH.
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MEeXaHHKH He OTPaHHYlBaoT BO3MOXHCCTH CHCTEMBI HAXOOHThCA B
JofoM M3 3TUX cocrosinuil. Tlostomy wpafiHe HeRepoOsITHO, 4TOOLI C
TedeHHeM BPeMeHY Halla CHCTeMa NPOAOJIKaJa OCTaBaTbCs B MepPBOHA-
yaJbHOH TOATpyNne CcOCTOSHHI N u3berana Obl JAPYrHX COCTOSIHHH,
KOTOphle AJsT Hee B paBHOfl cremeHu jocrynuwl *), JlefAcTBHTesabHO,
Hsarojapst MaJabiM B3aHMOREHCTBHSIM MEXKIY YacTHIIAaMH, OOpa3YIOLHMH
CHCTENY, NOCJIEeAHRAS ¢ TedeHHeM BpeMeHH OVAeT COBepllaTth HepeXofnl
MEXKIY BCEMH JOCTYMHBIMH COCTOSIHHSIMH. B pesyabprate Kaxnas ci-
crema aHcambas OvaeT NPOXOAHUTh yepe3 Bce JIOCTYIIHBIE COCTOSHHSA.
Koneunrril sddexkr 3THX HeopephBHO NPOUCXOASLIHX MepPexoloB aHa-
JOTHUCH TOMY, YTO BO3HHMKAeT TMPH MHOTOKDATHO DNOBTOPSIOLIEMCS
TacOBaHUU Kojodn KapT. Ecau Takoe TacoBanHe NPOM3BOAWTb AOCTa-
TOYHO J0ATO, KapThl NEPEeMellaloTcst HacTOJbKO, 4TO Kaxkjaas KapTa
OveT UMEeTh PABHYIO BEPOSITHOCTH 3aHATL J1000€ MOJOKEHHE B KOJOAE,
He3aBHCHMO OT TOTO, Kak Obl1a NPUTOTOBJIEHA KOJOAA Nepel Haya/oM
TacoBaHUsl. AHAJOTHYHO, B cavuae agcamGJsi CHCTEM CeIVeT 0KHAATh,
9To CUCTeMBbl ancamOiist OKaxKyTCs paBHOMEpHO (T. e. cuaydwafino) pac-
NpejeleHHbIMU 110 BCeM JOCTVIHBLIM cocTosinisim *¥). Tlocsie Toro kak
TaKO@ COCTOSIHME AOCTHTHYTO, DpaclpeneseHyle, B COOTBETCTBHH C IO-
JoxenHeM (17), ocraercs paBHOMepHbiM. KoHeuHasi cuTvauust OTBe-
yaeT, TakHUM 00pasoM, He 3aBHCAULEMY OT BPEMeHH COCTOSIHHIO PaBHO-
BecHsl.

MBI MOKeM NOABeCTH HTOr I[PHBEIEHHBIM BbIIIE PaCCYKACHHSIM:

Ecsn H30/1MDOBaHHYI0 CHCTEMY Heab3st oOHApY-
KHTb C DPABHOR BEpOATHOCTLIO B JAI00OM U3 ee fo-
CTYIHBIX COCTOSIHUH, TO OHa He Haxo0umcs 8 pasHo-
gecuy. Jlpu sroM OHa OYAET H3MEHATHCSH C TEUEHHEM 18
BpeMeHH TakuM o00pasom, 4YTOObl AOCTHYL PABHOBEC- (18)
HOro COCTOsiH{si, NpH KOTOPOM OHa MOXKET OLITh C
paBHOll BepOATHOCTHIO Halzena B JofoMm M3 JOCTYH-
HEIX efi cocTOosHUH.

3aMeTuM, 49TO 3TH YTBEp)KIAeHHs aHaJorH4yHsl yTBepxKiAeHH0 (1.7)
raaBbl 1. OmHu saasiorcsa 6GoJee TOUHON ¥ oOilelt GHOPMYJHPOBKOL
CBOJICTBA M30JUPOBAHHOHA CHCTEMBbl CTPEMHThCSl H JOCTHraTb HauboJjee
c/y4allHOro pacupeae/ieHus.

*) D10 paccyxIeHne, OCHOBAHHOE HA IOHATHAX O KBAHTOBBIX COCTOSHUSX H O
TepeXOiaX MeXAy HUMH, ONSTh NpeacTasiser cofolfi ofoluieHHe apryMeHTOB, pac-
CMOTPEHHBIX B I. 1.2 B CBsi3y C WieanbHbIM rasoM. CUTyauusi, NPU KOTOPO# Bce MoJie-
KyJel COOpaHs! B JIEROil NOJMOBMHE SIUHKA, OYeHb HEREPOsSTHA M B JadbHelimlem Mose-
KyJibl OBICTPO 3aMOJHSIOT BeCh 06beM SIIMKA.

**) B HEKOTOPHIX UPEANOJIOKEHUIK, NPUCYILUX CTATHCTHYECKOMY ONMUCAHMIO, STO
OXHJaHHE BHITeKaeT M3 3aKOHOB MeXaHHKH M fIBJsieTCsl CJAeJCTBHeM TAK HA3BIBAEMOil
«f-teopemei». IlpocToe paccmoTpeHue 3Tod TeopeMmbl U Ja/ibHeNWHe CCHUIKH MOKHO
;iaﬂmgg knure P. Ky6o «CrarucTuyeckasi Mexanuka», nepes. ¢ aHra., «Mup»,

., 1967,
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ITp umep. Clenanuble BHINE 3areYyaHHsi MOMHO MOSICHHTH C MOMOIIBIO CTAPOTO
NMpHMEpa U30JHPOBAHHON CHCTeMbl M3 dYeThlpeXx cnuHoB. [lpeanonoxum, yto Ham
H3BECTHO ee HauaJbhoe cocrosiine (+~--4—). [Monuas aueprus cucremsl paBHa npu
3T0M —2U,B u octaercs HeusMeHHOH. laelorcs, o1HaKo, eule TPH COCTOSIHHSA:

(+4+—+) (F—F++) (—+++)

¢ Toff ke sHeprued, B PaBHOW Mepe JOCTYNHBle 75 clcTemsl. I geficTBuTedsHo, B
pe3yJabrate He§O.ILUIHX B3aHMOJEHCTBHII MeXKIYy MATHHTHBIMH MOMEHTAMH BOSHHKHYT
TIPOLECChl, KOTJa OXMH MOMEHT H3MEHHT CBGIO OPHEHTAUNIO M3 MOJOXKEeHNS «BBEpX»
B NOJOKEHHEe «BHU3», a JAPYrod M3 «wHH3» — «sBepxs. (IIpu 3ToM nonHast 3Heprus
OCTaHeTCsl, KOHeYHO, HeM3neHHoi.) B pesyibrate KaxI0ro TAaKOro mpouecca CHCTeMma
[epexsMT H3 OJHOPC HAYaJdbHOIO COCTOSIHMS B Apyroe coctositne. [locte noBropenus
MHOTHX Tepexo/08 TaKOro THIA Mbi CMO)KEM B KOHLE KOHLOB C PaBHOM BEPOATHOCTLIO
00HapYKHUTh CHCTEMY B JIOOOM M3 UETBIPEX JOCTYNHLIX COCTOSIHMIL:

(+ 4+ =) (F+—+Fh (=4 ) (—+++).

Mer npumenm yreepxaesss (17) u (18) 3a ocHoBHble nOCTY1ATH Haliel
CTaTHCTHYECKOH TeopHH. OHH MOTYT ObIThb MOJYYEHLI U3 3aKOHOB Me-
xagukn. Ilocryaar (17) crporo cienyer U3 3aKOHOB MEXaHMKH, a MO-
cryjat (18) tpebyer, Kpome MOJOMKEHHA MeXaHHKH, HEKOTOPBIX AO-
NOJHUTEbHbIX npeAnonoxenuit. Tloctyaat (18) umeer ocofeHHO Baxk-
HOe 3HayeHHe, TAK KAK H3 HeTo, B YaCTHOCTH, CleIyerT:

E Ecji H30/MPOBaHHAA CHCTEMa HaXOAUTCA B PABHO-
{  BeCHH, TO €e MOXKHO OOHapyXKHUTb C paBHOH BepoAT- (19)
i HOCTBHIO B MmOOOM M3 JOCTYTHBIX COCTOSHHIL.

Ir1o yrBepxKAeHHe obpatHo yreepxkjenuio (17). Cupasennusocts (19)
ciaeayer HernocpeAcTsenHo u3 (18). eficrButesibHo, eciu BeBox (19)
Heseped, To u3 (18) caenyer, uro npeanocsuika yreepxaedus (19)
Oyler HapylueHa.

CoBepllleHHO ACHO, YTO HanGo./ee MPOCTOH CTATHCTHYECKOH CHTYalH-
efl sBjadercss CUTyalHsl, He 3aBHCsilasi OT BPEeMEHH, KOTOpasi COOTBeT-
CTBYET COCTOSIHHIO PABHOBECHS M30JIMDOBAHHOH CHCTEMbL. ¥ TBEPIK/EeHHUe
{19) naer pas 3TOTO cJayyas OIHO3HAYHOE YKa3aHHe O BepPOSITHOCTH
OOHAPYIKEHHUSl CHCTEMbI B KaxkioM J060M W3  [AOCTYIHHIX COCTOSI-
wufi. Ilostomy yrBep:aende (19) siBasieTcsi OCHOBHBLIM IIOCTYJIATOM,
Ha 6aze KOTOPOTO Mbl MOXKeM IIOCTPOHUTBH [IOJHYIO TEOPHIO PABHOBECHBIX
MaKPOCKOITHUECKHX CHCTeM. DTOT OCHOBHOH HOCTYJAar CTATHCTHUYECKO:
MEXaHHKH PaBHOBECHBIX CHCTEM HHOTAA HA3LIBAIOT NOCHIYAAMOM PAGHOL
anpuoproti 8eposmuocmu. 3aMeTHM, YTO CMBICI 3TOr0 MOCTYJaTa mpe-
JZesqpHO mpocT. JeHCTBHTENbHO, OH MOJHOCTbIO aHAJOTHYEH MOCTYJATY
(paBHasT BepOSITHOCTbL BBHIIAJAHHS «OpJar HAH «PellKh»), HCI0JAb30-
BAaRHOMY HaMH NIPM OOCYXKJAGHHYW SKCHepHMeHTa ¢ GpocaHHeM MOHeT.
CrpaBensinBoctb noctynara (19) moxker ObiTh MOATBEpPIKAEHA CpaBHE-
HHeM CJeAYIOIHX H3 HEro MpeicKa3aHHil ¢ pe3yJbTaraMH OIbITA.
JleficTBUTEJNbHO, BBLIYHCJEHHA, CleaHHBIE HAa OCHOBE 3TOro MOCTYJaTa,
BeerAa JawT pe3yabTarhl, HAXOASIIHeCs B OueHb XOpOLIeM COIVIaCHH
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¢ onbitoM. [lostomy cymiectByeT GoJabiias cTeneHdb YBEDEHHOCTH B TOM,
4TO OH CIIpAaBelJUB.

[Ipy nepexofe K CTAaTHCTHYECKHM CHUTYAUMSM, MEHAOWUMER BO
BpeMeHH, T. €. K CHCTEMAM, He HoX0OAuMCE B COCTOSIHMN PaBHOBRCHS,
BOSHHKAIOT 3HAUMTENLHO Gojee C/ICKHBIE TeopeTHuecKHe MposJeMbl.
B sToM cayuae Mbl pacroJaraeM TOJbKO yTBepxuenueMm (18). Iror
HOCTyJ/1aT JA€T yKa3aHHe O HAnpagAeHuu, B KOTopoM OyleT pasBHBATHCH

) B

Prc. 3.4. Bnesanuoe pac- Puc. 3.5. QueHb MelUleHHOe

wyperye raza. a) Havans-
noe nosoxkenwue. 6) Iloso-
JKeHHE HEMeANeHHO loche
yAajesusa nopuwus. 6) Ko-
HEUHOE NoAOKenHe.

(KBa3ucTaTuYecKoe) pacuin-
penue rasa. 2) Havanwbnoe
nonowenue. 6) lpomexy-
ToyHOe HoJoxKeHHe. 8) Ko-
HeuHoe foJIgKeH e,

cucrema (3TO Hanpap/eHne TAakKOBC, UYTO CHCTEMA@ CTPEMHTCH JOCTHYD
PABHOBECHOTO COCTOSIHMSI, XapaxkTepH3yiouwieroca pPaBHOMEpPHBIM CTa-
THCTHUECKHM pachpefie/ieHUeM [0 BCeM NOCTYIHBIM  COCTOSHHSM).
B nocrysare HeT, OfHAKO, HHKAaKHX YKA3aHH{ O BPeMEHH, B TeueHHe
KOTOPOro CHCTeMa JIOCTHTHET 3TOro IMpEIenbHOTO PaBHOBECHOTO CO-
CTOSIHHA (TaK HasbIBaeMoe @pems peaaxcayui). ITO BPeMs MOMKET
OLITh MEHbIIE MHKPOCEKYHIBl HJH OoJblle CTOJETHsS, B 3aBUCHMOCTH
OT XapaKTepa B3aHUMOJEHCTBUSI MEXKIy 4YacTHilaMH CHCTeMBl M OT 4a-
CTOTH, C KOTOPOH COBEpINAlOTCs fepexofsl MeXAy pasiudHbiMu [10-
CTYNHBIMH COCTOSIHHsIMH cHcTeMbl. Ho crarucrHyeckoe omucaHue He-
PABHOBECHOH CHTYalUHU MOMET OKa3arhCsl BECbMa 3aTpPyJAHHTENbHBIM, -
Tak Kak OHO TpefyeT 3HAaHHA TOrO, KAaK BePOSTHOCTh HAXOXKICHHHA
CHCTeMbl B KaXKJIOM JOCTYIIHOM COCTOSIHHH 3aBHCHT OT Bpemenu. C Apy-
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TOH CTOPOHBI, 3aJa4d O PAaBHOBECHbIX COCTOAHHUSIX TPeOYIOT BCEro JIHUIb
npHMereHust npoctoro nocryaara (19) o paBHOH anpHOpHOH BepoOSIT-
HOCTH.

JamMeuaHuss O IPHMEHHUMOCTH coo6paxeHHll o paBHO-
8 e ¢ M M. HeobXoaHMO YKa3aTh, 4TO HACAJH3HPOBAHHOE IOHATHE O PABHOBECHH HA
NMpaKTHKe HMeeT OTHOCHTe bHbll XapakTep. UToObl CyAMTL O HACTYMJEHHH paBHOBe-
CHf, BamHO CPAB{HHTh BpeMs pelakcauuH T, (XapaKTepHCTHYECKOe BpeMsi, KOTOpoe
HeOOXOAIIMO  CHCTeMe, TNepBOHAYadbHO HaXoJHBluefics B HepaBHOBECHOM COCTOSIHHH,
4TOOLl JOCTHUD PABHOBECHS) H BpeMmsi T,, lpelCTaBasioulee HHTepeC B JaHHOH Npak-
THHCCKOI CHTYaIHH.

JomycTHM, 4TO KOrja Mbel BHe3anHO OTOJABWHeM noplieHb (puc. 3.4), rasy no-
Tpedvercss okoao 10-7 cex, uToObl DAaBHOMEPHO pacnpeledHThCS 10 BeeMy ofbemy
cocyaa. 1o 3HauHT, 4TO T,.~10-% cex. Tenepb HPEANOMONKHM, YTO MbI NEpEABHIAEM
MOPILCHD Upe3BblUaiiHo Mej/1eHHO, KaK NOKa3aHo Ha puc. 3.5, cKameM, C Tako#l CKo-
POCTBIO, YTO I0JHOE TepemelleHHe NOPLIHSA IIPOHCXOAUT 3a T,~ 100 cex. Crporo roeopsi,
BCE 3TO BpeMsl ra3 He OYAeT B paBHOBeCHH, TaK Kak ero o6beM MeHsiercsl. Ho nockosbKy
To3>Tp, TO B KaN(IblH AAHHBIT MOMEHT MOJIEKYJbl HMEIOT JAOCTaTOYHO BpEMeHH, 4TOOb
PABHOMCPHO PACripeieJuThCst 1O BCeMy JOCTYNHOMY HM B JaHHBII MOMEHT oObhemy.
[TosToay, HecMOTPSl Ha HenpephiBHOE IepeMellleHHe TOPLUHs, HPaKTHYeCKH ras B
TedeHlie BCETo BpeMeHH nepeMelleHdsl HaXOAUTCSt B COCTOSIHHM DaBHOBeCHs.

B kauectBe OBPAaTHOrO HpHMepa, KOrha T,<KT,., PACCMOTPHM KYCOK MeLIeHHO
prRaBeoulero Kedesa. JomycTum, yTo TIOJHOE IpeBpalieHHE ero B OKHCh ese3a
rpon3oiizer 3a T,~ 100 Jjer. CTporo ropopst, 3T0T KYCOK JKejle3a He HAaXOJUTCS B paB-
HOBECHOM cocTostHHM. Ho ecnu BpeMmst T,, npelcTamasioliee /sl HAC NpakTHUecKHi
HHTEpPeC, PABHO, CKaXKeM, ABYM JHSIM, TO Mbl MOXKEM CUMTAaTh, YTO OKHUCIeHHe NPUOCTa-
HOBHJOCH M KYCOK KeJe3a HaXOIUTCH B DPABHOBECHOM COCTOSHMHH.

Taknm 00pa3oM, 3aBHCHMOCTb MOBEJEHHSI CHCTEMbl OT BDeMEHH KMeeT 3HaYeHHe
TOAbKO B cayyae T,~7T, (T. €. KOTJa BpeMs, NpeicTaBisiollee IPAKTHICCKHH HHTepec
C TOUKH 3PEeHHsi KCNEPHMEHTATOP2, CPABHHMO CO BpeMeHeM pelakCalluM CHCTeMbl),
H 3ajaya oxasbiBaercst fosee CJAOKHOH, TdK KaK ee Hedb3si CBeCTH K PacCMOTPeHHIO
PABHOBECHOTO HJH HOYTH DABHOBECHOIO COCTOSIHHS.

3.4. Boluucsenne BeposiTHOCTEN

Ocnosroit nocryJsar (19) o paBHOH anpHOpPHOH BepOSTHOCTH Aaer
BO3MOX{HOCTb CTATHCTHUYECKH BBIYHC/IHTL BCE He 3aBHCAILME OT BPEMeHH
cBoficTBa JIODOH CHCTEMbl, HAXOASIIEHCH B DPABHOBECHH. ITH BLIUMC-
JIEHHs B [IPUHIHIE BecbMa NpOCThl. PaccMOTpHM Haxoxsiulylocs B pas-
HOBECHH M30/IMPOBAHHYIO CHCTeMy M 0003HauuM depes & 4ucjao ee o-
CTYIHBIX coctosiHufl. M3 Hamero noctyJara caepyer, YTO BepOSiTHOCTh
HAXOXKJEHHSI CHCTEMbl B JIIOOOM M3 JIOCTYIHBIX COCTOSTHUII OfHA H Ta Ke
u paBdHa 1/Q (OYEBHAHO, 4TO BEPOATHOCTb HAXOMKIEHUS CHUCTEMBI B
Jo6oM M3 HeJIOCTYNHBIX el cocTosiHMH paBHa HyJw). [lpennonoxum
Jajiee, YTO HAC WHTepecyeT HEKHH mapaMeTp CHCTeMbl, KOTOPHIH Mbl
0603HauuM Yepe3 y. Hanpumep, ¢ MoxeT GBITb MATHHTHBIM MOMEHTOM
cHcTeMbl HJH  AaBjeHHeM. Koraa cucremMa Haxomurcsi B JaHHOM
COCTOSIHMH, [apamerp Y4 NpHHUMAeT onpejeseHHoe 3HaueHue. O6o-
3HAUUM 4Y€Pe3 Yy, Y, -.., Y, BO3MONKHbIe 3HaueHus y *). Cpemu Q

*) B ciyuae HeNlpephIBHBIX NTADAMETPOB MBI JIO/KHL MOCTYNUTb TaKk ke, Kak B
n. 2.6, ¥ pasjaenuTsh 06/1aCTh BO3MOMHBIX 3HAYeHHI i HA OUEHb MAJble WHTePBA/b MO-
CTOsiHHOH Besiuuunsl 8y. [IpOHYMepoBaB STH HMHTEPBAJBLI, Mbl MOXEM 0603HAUMTL 4e-
pe3 y; 3HaYeHHe napaMeTpa, NONaBLIEro B i-il HHTepBaJ. Hoc.ne 3TOro 3ajaya CBOJUTCS
K 3ajJlaue C JUCKpeTHbIM YHC/IOM 3HauYeHHH y. .
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JOCTYHHBIX COCTOSTHUE cucTeMbl Gyer €, COCTOAHUE, KOorga napamerp y
NpHHHMaeT 3HaueHue y,. [losroMy BepositTHOCTH P; TOrO, 4TO napa-
MeTp y NPHUMET 3HAueHHe Y, NMPOCTO PaBHA BePOSTHOCTH OOHAPYKHTHL
cUCcTeMy B €; COCTOSIHHSIX, KOTOPBIM OTBEYaeT 3HAueHHe IapaMmerpa y;.
Dra BepOATHOCTb MOXKET OLITh IIOJiyYeHA cyMMupoBaHHeM 1/€ (Bepo-
STHOCTh HalTH CHCTEMY B OJIHOM U3 JOCTYMHBIX COCTOSIHHIE) IO BCEM
COCTOSIHHSIM, JJISI KOTOPBIX Y NPHHUMAET 3HaueHue y,. TaKHM 06pason,
BEpOATHOCTE P; npocro B Q; pa3 6oablie BepOSITHOCTI HAXOMIEHHA
CHCTEME! B OJIHOM M3 JAOCTYMHBIX COCTOSTHHE *):

|

v

Pr=2i (20)

¢

1193

CpenHee 3HaueHHe [apaMeTpa Y PaBHO Telepb, M0 ONPENETIEHHIO,

- n 1 n
y=2Py;=5 2 Q. (@1)

i=1 i=1

rie CYMMHPOBaHKe NMPOH3BOLHUTCA IO BCEM BO3MOMKHBIM 3HAUECHMIM 4.
[ucnepcus BeMMUHMHBL Yy MOXKeT ObITh COCUHTAHA OGBIYHBIM COGPA30M.
B npuHuune NOXOOHBIE CTATHCTHUECKHE PacueTh He §0JIee CJOMHBI, Yen
pacueTH, BHUIOMHCHHBIC HAMH UpUH OOGCYWJACHUM 3afgaud o Opocanuu
Hatopa MOHET. .

MMpumep 1. Paccmorpuym onaTh cueremMy H3 dYeThIpeX CIHNHOB, COCTOSTHHS
KOTOpOH mepeuncdaenbl B Tada. 3.2. [lpeanojokuMm, 4TO MOJHASA 2HEPrHs CHCTEMB
u3BecTHa H paBHa —2WeB. Ec/n crcTema HAXOMHTCS B paBHOBeCHH, TO elf B paBHoil
Mepe IOCTYNHBl BCE YeThIpe HOCTYMHBIX COCTOAHHS:

(F =) (+F—F) (F—F+) (—+ ++)

Paccuorpunt suoGoe u3 atux cocrosauil, Hanpuuep, nepsoe. Kaxoea sepoarnocts
TOrO, YTO B 3TOM COCTOSIHHHM MATHHTHbIE MOMEHTH CIIMHOB HanpapJeHl BBepx? Pac-
CMOTPHM J:000i M3 9THX deTbipex CIIMHOB, HanpHMep, nepBblil. Kakosa BepoATHOCTb
TOrO, YTO MATHHTHBLII MOMENT 3TOrO CIIHHA CMOTPHT BBepX? Tak KaK OH CMOTPHUT BBePX
B TpeX CIyuasiXx U3 YeTbipeX PABHOBEPOSITHEIX JOCTYNHBIX COCTOSIHHI, TO 3Ta BEPGAT-
HOCTb pPaBHa

3

Pi—2.

Uenmy paseH cpefupii MACHMTHEII MOMEHT 3TOCO CNHHA B HaNpaBJjeHHH IIPHJIO-
xenroro noas B? B Tpex caydasx MarHHTHBHIT MOMEHT paBeH [ly, 4 B YETBEpPTOM C/ydae
on pasen —Wgo. IlosTomy cpejHee 3HaueHHe MOMEHTa PaBHO

M3t (—po) !
Mot timle) 1
7 z Mo

381\16’1‘}11\1, KCTaTH, 4TO /sl OTAETbHOTO CIUHA HauleH CHCTeMBI BEPOATHOCTH SHITh
nappaB/ieHHbIM BBEepX ¥ BHH3 HE paBHbl APYT APYTY. JTO 3HAYHT, YTO BEPOATHOCTH

*) IMpocras dopma pesyantata (20) 06BICHASTCH HAIIMM OCHOBHEIM TIOCTYJIATOM,
KOTODBI 3aK/0U4eTCA B TOM, 4TO CHCTEMA C PaBHOH BePOATHOCTBE) MOXKET HAXOMHTh-
csl B JIOOOM M3 JOCTYNHBIX COCTOAHHMI. B ancam6ie ua N cucrem uuciao N;cucrem co
3HaUeHHeM y=Y; NPONOPIHOHANLHO YHCJAY COCTOSIHMH, ROCTYNMHBIX CHCTEME NPH Y=Y ;.
Mostomy Pi=N,/N=Q,/Q.
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HaliTH ero B Ji0GOM H3 ABYX BO3MOXKHBIX COCTOSIHHMIl He OfMHAKOBBL. 3JTOT pe3yJ/bTat
He NPOTHBOPEUHUT, ONHAKO, HAlIeMy OCHOBHOMY CTaTHCTHYeCKOMY noctyaary. [emo
B TOM, YTO 3TOT OTjelbHHIl CNHH He H3ojupoBaH. OH gBAseTCsT YacTbLIO GOBLIOH
CHCTeMbI, B KOTOPOIl OH MOXKeT B3alMO1eHicTBOBATD C APVIHMHU CIIHHAMH H OOMEHHBAThCS
C HHMH 3Heprueil.

[Tpumep II. Paccyorpun cucremy CnHMHOB, mpuBeleHHyio B Tabia. 3.3. Ha-
BECTHO, YTO MOJHAs SHePrus 3TOH CHCTEMbl paBHA —3lpB H uTO cHCTeMa HaXOIUTCH
B DPABHOBeCHH. DTO 3HAUHT, UTO €e PABHOBEDOATHO HaliTH B T060M U3 NMATH ZOCTYMHBIX
cocrosiauii. CocperoTouuM Halle BHMMaHMe Ha noicucTeme A, cocrosmeil i3 Tpex
COHHOB, H 0603HayuN 4epe3 M HX NOJHbIT MATHHTHBH! MOMEHT B HanpaBJedHH NOJs
B. Mn Buauy, uto M MoKeT DPHHUMATH ABa BO3SMOKHLIX 3HAUEHH: 3y IIH —{g.
BeposiTHOCTh 3THX ABYX 3HAYEHHH MOXHO CPa3y HAUHCaTh, BOCMOJIb30BABIIHCHL Tad-
anxed. Mheey

P (Bug) =

’

P(—nog)=

o] e SRS

Cpennee stiaueniite M crlegyer M3 BBIDAKCHILH

2 (Bug)+3(—py)

— 3
M= =%

5

PaccMorpennble npuMepsl ObLIH OUeHb NPOCTHI, TaK KaK Kacaslich
CHCTEM, COCTOAINMX BCETO M3 HeCKOJIbKHX yactHu. Mx nenp, ogaaxo,—
Jate mpejcraBieHne o6 obmemM MeTole, KOTOPBLIH HCIOAb3YeTCs NpH
BBLIMUCJEHHH BEPOSITHOCTeH 1 CPeAHMX 3HAdeHU# /s JIOObIX CHCTeM,
HE3aBIICHMO OT CTeNEeHH HX CJIOMHOCTH. ENUHCTBeHHOe pasiuune CBS-
32HO C TeM, YTO B C/ydde MaKpPOCKOINHYECKOA CHCTEMbI, COCTOsIUed u3
OIPDOMHOIO  UMCJIA YACTHL, [IE€pPeUHC/JIeHHE BO3MOXHBIX COCTOSIHHUA,
XapaKTepH3yeMBIX OIlIpelesieHHbIM 3HaueHWeM HEeKOTOpOTO Mapamerpa,’
SIBJIAETCA CYIIECTBEHHO 0oJiee TPYAHBIM AesoM. B 3TOM ciayyae peaJb-
Hble BEIMHC/ACHMS MOTYT OhITh BEChbMa CJIOMKHBIMH.

3.5. Huchao cocTosiHMi, MOCTYNMHBLIX MAKPOCKOIHYECKOHW CHCTeme

B nepBuix yernipex pasjenax 3TOH r/aBsl ObLIY PACCMOTPEHHI OCHOB-
HBle HAEY, HeOOXOQUMble [JIsi TIOCTPOCHHS! KOJWYECTBEHHOH Teopun
MAKPOCKONHUECKHX CUCTEM, HAXOASIIUXCS B paBHOBECUH, M [AJs Ka-
YeCTBEHHOT'O OIHCAHHSl NPHOMMIKEHHS] K ]PaBHOBECHOMY COCTOSHHUIO.
B octaBuleficss yacTH IVIaBbl Mbl IO3HAKOMHMCS CO 3HadeHHeEM 3THX
ufeil 1 BOCHOJMB3YEMCH HMH, 9TOOBI YTOUHUTH HEKOTOPEIE PACCyKIACHIS
r1aBpl 1, MMeBUINe KadecTBEHHbE Xapakrep. ITO IIpelBapUTEabHOE
PACCMOTPEHHE TOATOTOBUT HAC K CHCTEMATHYECKOMY NIPHMEHEHMIO oC-
HOBHBIX HJell B OCTaBILeHCst YacTH KHUTH.

Mul BuAeau, 4To AJ51 BLIYHC/IEHUS CBOMCTB HAXOASALUEHCS B PaBHO-
BECHH CHCTEMbl HEOGXOAMMO IOfICUHTATH YHC/IO AOCTYIHBIX COCTOSHHMA
ITOH CHCTeMbl B Pas/HUHBIX YCJIOBHsX. TakoH TOACYET COCTOSTHHH Ka-
JKeTCst O4eHb TPYAHLIM, HO YacTo 5Ty TPYAHOCTb MOXKHO oboiitu. B ¢u-
3UKe HMHOrJAa MNoJie3Hee JOrajarbcsd, yeM He/aTb TPyAHble BLIGHCJCHHSL.
B uacraocTy, ceffuac HaM HYXXHO TIOHSTH HEKOTOpbie o0liHe CBOHCTBA
yucja JIOCTYIHBIX COCTOSIHME JIOGOH CHCTEeMBl, COCTOSIIiEdl W3 OUeHb
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Gosibmoro uucaa vactui. Ilisi Hac JAOCTATOUHO KaueCTEEHHOTO [OHU-
MaHH$l STHX CBOHCTB UM HEKOTOPHIX JOBOJbLHO TpyOwIX oueHok. [lostowmy
Mbl MOXEM OrPaHMYHTBCS NPHOJHXKEHHbIM PacCMOTPEHHeM  3a/aun.

PaccmoTpuM MaKpOCKONHYECKYIO CHCTEMY C 32JaHHBIMH BHEUTHUMID
napaMeTpaMmi, KOTOpble ONpefeasiioT ee VPOBHH suepruu. OO03HaUM
NOJIHVIO SHepruio ciicreMbl yepe3 E. UrtoObl noacuHTaTh YHCJIO JOCTYII-
HBIX COCTOSIHHH, BBIICHHM, KaK 3TO YJCJO 3aBHCHT OT 5Hepruu. Pas-
JeJHM LKAy SHepPrHM Ha MaJjble H paBHble HHTepBadnl OE. Benuuuna
* 8E ouenb Majla B MK POCKONUYECKOM CMBIC/IE (ITO 3HAUYMT, UTO OHA OueHb
Mala [0 CPAaBHEHHIO ¢ NOJHOW 3Hepruefl cucTeMbl W 1O CPABHEHHIO
€ OXUAAeMOH TOYHOCTHIO JIOOLIX MaKPOCKOMHUYECKHX H3MepeHHH 3mep-
run). Ho B muxpockonuueckord wikane BeisuuuHa O8F orpoMua (oHa
MHOro GoJiblile SHEPTHM OTIedbHOH YacTHIILl CHCTeMLl H TakyKe MHOTO
6o/iblle DACCTOAHHSI MEXKAY COCEIHHMHM 3HEPreTHUECKHMH YPOBHSIMH
cucteMbl). Tostomy moGoit untepBan 85 cozepXut oueHb 6o/blioe
YHCJIO0 KBAHTOBBIX cocTostHHil. BBenenm o6osHaueHue:

Q(E)==4dc/0 COCTOSHUN, IHEPras KOTOPLIX JEKUT
B udtepane ot E no E-LOE. (22)

Unesio cocTostHHil 3aBHCHT OT BeJIMYUHLI HHTepBajsa, Ha KOTODBI
MBI pasuau Hamy wkasy sHepruu. Tak kak 0E — BeanunmHa makpo-
cKonnuecku Masiasi, To €(E) npocto nponopunoHaisHo SF, # nostoMmy
MOJYKHO Hamucath *)

Q(E)=0(E)SE, (23)
rae seanunna p(E) He 3aBucHT o7 BeauunHbl untepsada SE. [Beawunna
o(E) HazbiBaeTest naomuocmero cocmogsull, TaK Kaxk OHa paBHa YHCay
COCTOAHUA, NPUXOANUIMXCR HA eIHHUYHBLIT HHTepBan SHEpPrHy npu
gantom swadenuu sueprun E.] Taxk kak ua unrepsan 8E npuxonurea
ovYeHb 6oJibLIOEe UYHCAO cocTosiHui, BesnnunHa Q(F) MeHsiercsi Ha He-
6GONBIIVIO CBOK 4acThb MPH Mepexole OT JAHHOTO HMHTEPBAaJa 3IHeprin
K coceannnm. Takum o6pasoM, Mbl MOMKEM CUMTaTh BesHuuHy $2(EY
MealeHHO Meusiolneidicsl dyHkuuedt sHepruu. Hac 6yner unrtepecosars,
Kak BejauunHa Q(E) 3aBucut or 3HepruH £ MAaKpPOCKOMHYECKOH cHCTeMbl.

3amerum, uto Beanuuny Q(E) MOXKHO HOJYUHTbL, €CJIH HAM H3BECTHA
BeJHYHHA

@D (£) = noJanoe yuCJIO COCTOSIHUM, 00/aRAIOMNX
suepruel, menovwed E. (24)

HeiicTBUTE/IBHO, YHCJIO COCTOSIHHIT, 3HEPTHs KOTODHIX JIEKHT Mexay E
u E4-OE, 6yzer paBHO

Q(E)=® (E 4 8E)— @ (E) = 7L 8. (25)

*) 3Jechb MBI HMeeM CHTYalHIO, aHAJOrHYHYIO paccMmoTpentoif B m. 2.6, rie o6-
CYXJAJICAA BOIPOC O HenpepLIBHOM pacrpeleseHVd BepoaTHOCTH. HHcjo cocTostHuiE
Q(E) crpeMuTCsl K HYJIO, KOTAA K HyJo crpemutcst 8F, u Benuuuny Q(FE) mMoxHO pas-
aoxuth B pid Teiiiopa no cremensim 8E. Korza 8E nocrarouHo Mand, 3ToT psii CBO-
aures K (23), Tak Kak WIEHAMH C BBICOKMMH creneHsamu OF MOXHO mpeHeGpeub.
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Ilpexxne gyem paccMorpeTh ofuiMe cBoiictBa Beauunnst Q(E) aas
MaKPOCKOTIHYECKOHl CHCTEMB!, TIOJIE3HO HAa HECKOJbKHX [pHMEepax
nokKasarb, KaK [OICYHTATh HHCIO COCTOSIHHA KpaiiHe MPOCThIX CHCTEM,
COCTOAWMX BCEro JHIIL H3 OJHOH YacTHIbI,

INNprmep .LOanHBOUHAA YacTHHA B OAHOMEpPpHOM sIULHKE

PaccvoTpuy wacThuy ¢ maccoil m1, KOTopast MOMXeT CBOGOJHO ABHraThCst B OLHOM H3-
MepeHnu B simMke AauHofl L. BoamokHble yposnu snepruu Takol cucremst [ca. (8)]

pasHbL
h?ne oF
T e
E=gmpth 9 . <
/SRS SN SRR RN 14
rie n=1, 2, 3, 4, ... Ecin L —makpo- AR RN 777/ N ]

CKOTIHYeCKasl BeJMUMHA, TO KO3phu- E  F+6F
IMeHT npu n? oueHb MaJj, a KBaHTO-

BOe YHCIO #n OueHb BeaHKO *)  aast .
< P Puc. 3.6. Mersi Ha npsimMoil 0603HaYal0T RO3MOXK-
SHEPIHH, OUBMHO  TPEACTABIAIOUHX  ype snadenus n=1, 2, 3, 4, . . . KBAHTOBOTO 9HC-

unrepec. 13 (26) caeiyer, uTO Bedld- a1, OMpeReSIONlero COCTOSHHE OAWHOYHOH Ya-

uuHA 7 g5l JAHHON sHeprud E pasua CTHUS B OAHOMeDPHOM SIIHKe. 3HAUYCHHS 1, COOT-
w 4 X P p BeTCTRYIOW e aveprdn E u E4-O0E ofospavens

L ' ABYMS! BEPTHKAJBHLIMH JIMHHAMH, H OGJACTb M-

n—==—— (QmE) /2, (27) Ay 3TUMHY JUHHAAMH 3aKjoyaeT g cebe Bce 3Haye-

5 HUR 71, JIJ151 KOTOPBIX 2HEePTHs JIeHT B HHTepRale

ot E po E4-6E OOGnactb cnesa ot E 3akaioyaeT B

Cocentie KBAHTOBLIE COCTOSIHHS CO- cebe BCe 3HAYEHHWN A, ANA KOTOPBIX SHEpPTHs yac-

H E
OTBETCTBYIOT 3HAUEHHAM 71, OTJIHYAIO- THILB! MerbLe

wrMes Ha exuHuuy. [lostomy nonHoe
4uCa0 KBaHTOBBIX cocrosinuil @ (E), 3Heprusi KOTOpuiX MeHblle E, a kKBaHTOBhle
YHCJA COOTBETCTBEHHO MeHbIUe 7, MPocTo paBHo (n/l)=n:

OE)=n= L @mFE)"/x (28)
ah

u ¢ nomoiipio (25) nocte AHepeHIHPOBAHUA MBI MOAydaenm”*) YHCIO AOCTYIHSIX
COCTOSIHMI B WHTepsane sHeprun OF:

L
Q(E)=——+ Vg =28 E. 29
(E) 2nﬁ(2m) E~/2)E 29

NMpumepllLOxgnurounass yacTuna B TPeXMepPHOM AMHUKeE.
Pacevorpun yactuny ¢ maccoll m, KoTopas MoOMKeT CBOGOINHO NepeMellaThCst B Tpex-
MepHOM siiHke. [1Jis NPOCTOTHE JOMYCTHM, YTO SIIUKK NpelcTaBdseT cooil Ky6 ¢ QIHHOH
pebpa L. Bo3amoxkHble 3HaYeHHsi SHePrHH TaKofl cHCTeMb! caefytoT ua dopmyast (15),
ecan nonowuth Ly=L,=L,=L:

%2 2
2m L2
THE Ny, Ry, N,=1, 2,3, ... Boo6pa3um <npocTpaHCTBO YHCE», 3aJaHHOE TPeMsl B3aUMHO
TepreHIHKYISPHBIME OCAMU fg, fly, .. B TakoM npocTpaHCTBe BO3MOXKHBIE 3HAYEHKH

E= (nx + ny + n3). (30)

*) Hanpuwmep, ecnu L==1cx u m=>5-10—232 [(macca MoaekyJibt asora, cm. (1.29)},
10 3T0T Koydpuuuent pasen 10—323pz2. B To e Bpems cpellHee 3HayeHue 3Hepruu
TaKOH MOJIEKYJbl [PH KOMHATHOH Temmeparype umeeT mopsaaok 10—14gpe. Takum
00pa3oM, OpH TAKHX SHEPTUAX n umeeT nopspok 109,

#*) Tak Kak n oueHb BeJHUKO, H3MeHEHHE 51 Ha e[HHHIY BBI3bIBAET MpeHeGperKUMo
Majloe OTHOCHTeJbHOoe n3MeHenwe n B E. Ilostomy, necmoTps Ha TO, uTo n u E npu-
HHMalOT TOJILKO AHCKPETHble 3HAYeHHS, Mbl MOXKeM CUHTaTh 5TH [1epeMeHHble Helpe-
peisabivu. Tlpn audibepeHUHPOBAHUK HYXKHO HMETh B BHAY, YTO J1i060e H3MEHEHHE 1
ROJIKHO 6BITL MHOrO Gofiblle efAuHnLb (dnS>1), HO, ¢ APYroOl CTOpOHLI, 3TO H3MeHeHue
JOKHO OBITh OCTATOYHO Maj0, YTOOLI BLINOJIHSJIOCH ycaosue dn<n.
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TPEX KBAHTOBBIX YHCEeJ H306DAKAOTCsi TOUKAMIH, JIEKAUHMH B UEHTpe KYOHKOB elH-
HHYHHIX Pa3nepoB, KakK 3T0 HokKasaHo Ha puc. 3.7. Kax u B mpeapiayliem npusepe,
9TH KBAHTOBblE UHCJA OYeHb BEJHK, €U SUHK MMeeT MaKDOCKOMHYeCKHE PasMepbl.
Ha (30) caeayer:

2
n2 4 n? -+ n? :<—L7) 2mE = R2.
ah )

3RAuEBHR My, My, M, YAOBACTEOPSIOUME STOMY PEBENCTBY TIPH AaHHOM 3Hade-
Hun E, Jexat Ha chepe paxdy-
com R, mokasanHoll Ha puc. 3.7:

4
® 8 9 © 3 2 0 900 s g e Ot e e e L 1
® ¢ % 2 ¢ 006 00 e 0 e s e e R:__(QmE)/2
® o 0 B g e B " T et 2w ah
¢ o © & o & O 9 68 00 O -
g e o s s s ccesan Hucao M(E) cocrosinmil ¢ 3Hep-
.. [ejefos e oo caceaoe ruedl, wmenbeil E, paBHO uncay
LY ‘lq g8 e csaecee €IMHHUHBIX KYOUKOB, Jemauiux
o . LY 4 eco e BHYTPH 3ToH cdepnl H ob.ajaio-
: * e N et e HIMX NOJIOXKUTeJbHBIMH 3HAYeHUT -
L B *|P\e & & ¢ o @
. D ot e R MH BRIMUMH My, My, Mg, T. € CHO
. ... G . v paBHO oBbeMy OAHOro OKTaHTa
. . e . ewe chepet pazuycom R. Taxnmu o6-
A4 e o & _o . s pa30M,
Y . e . ° s & ] 4
. < . oo D () :_(_,_ﬂRa\:
. . . ‘e 813 J
- > » * @
fa L \3 37 a1
. . . .. AR e (27715)’2. {31)
. . . o 6 ﬂﬁ
] \ 1., Kak creayer nas (25), uucao co-
z
E+8F CTOSIHMI ¢ 3Heprueii or £ no £--
, +8E pastio
Puc. 3.7. TouxamMu cxemaTnueckd (B ABYX H3Mepe- ) v
HH5iX) NOKa3aHbl BO3MOXKHDIE 3HAYEHUA Ng, Ny, Nz= ¢ oy . 3/, 01/ .
=1,2, 3,4, ., ., KBAHTOBBIX 4HUCEN, CONPCAECATICHINX Q (E)————F (Zm) 25 ZéE, (32)
COCTOsTHUE O}lHHOqHOII YaCTHIBl B TPEXMEPHOM sIUIHKE. vl -
(Otb rp nanparnena MepMeHARKYMIPHO & HJOCKOCTH  wpo Y nGioy smnxa.

pucyuxa.) 3uadenun fg, fy @ Az, COOTRETCTRYIOLLNE
SHEPTHH YacTHIbl B HHTepBase OT E 1o E-+-8E, “nemat

MEAAY ABYMA C(epRuecRUMH I1OBEPXHOCTAMM. TOuKI : ; '
BHYTPH Chepbl COOTBETCTBYIOT BCEM 3HAYEHHSAM 1l :fenepb MBI HpOIISBeJBZ\.
LAl KOTOPBLIX 9Heprud Menkite E. Fpyoyioc OeHkKy, u1eJab KOoTO-

pOU—TI0AYUYHTh 3aBUCHMOCTh
uncsia  Q(E)  AOCTYNMHBIX — COCTOSIHHH — MaKpPOCKOIHYeCKOH  CHCTe-
Mbl, COCTOsIeH H3 GOJBILIOrO 4lc/ja YacTHI, OT MOJHOH 3HepruM
cucrempl E. JlioGast Takas CHCTeMa MOKET OBITh ONHCaHa C MOMOINbIC
HaGopa [ kBanTOBBIX 4ncen. Uncso f HOCUT HasBauue «ucaq cmenerelt
C60000bL CUCTEMBI; [0 MOPSIAKY BeAHUHHBI OHO OJM3KO K 4HCJay ABO-
raipo. C KamIbIM J2HHBLIM KBAHTOBBLIM UHC/OM CBSI3aH ONpeNeseHHbI
BKJI4J € B NOJIHYIO 3Hepruio cicrembl E. O6ozuaunm yepes ¢(e) noasoe
UHCJAO BO3MOXHBIX 3HAUEHHH 3TOr0 KBAHTOBOTO 4HCJA AJsl 3HEPTHIL,
MmeHpluyx Taunoll sHepruy &. Yucao ¢ paBHO exuHuuUe (MU NOpsIKa
eIMHHLBI), KOrla ¢ NpHHUMJeT HauMeHblliee H3 BO3MOZKHBIX 3HAYeHHH
€9, U GRICTPO PACTET C POCTOM & (XOTS MOMKET JOCTHTHYTb NOCTOSIHHOIC
3HAUEHHsI B onpejeneHHoM ciydae) *). OOLIMHG BEAHYMHA @ pacTeT

*) Hckmouennem naBasieTcss CHCTema, HMEOMAT KOHeUHOe YHMCJAO BOZMOMKHBIX
cocTosiHMIT W BepXHRiT npeles A5 BO3MOXHOIO 3Hauenus 3sneprun. (Taxoe nonowe-
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nponopiivoHanAbHO OTKJ/OHEHHIO 2HEPITHH € OT €4, H Mbl MOXKEM HANHCATH
¢ (e) oc (e —ey)%, (33)

rle o — HEKOTOpPOoe UHCJO MOPsiAKa eNHHHIBL *).

PaccMoTpuM Terepb CHCTeMY, uMeOtyio f cremenefi csofomn. Ee
NOJHAs 3Heprusl (CyMMa KHHETHUeCKO# U MOTeHUHaAbHOH 3Hepriil
BCEX YacTHL, OOpA3YIOMUX CHCTeMy) SIBJASIETCS CYMMOH SHepruii, coot-
BETCTBYIOINNX Kax ol cTenenn cBoboiwl. Ilostomy nojnaa sueprua E
(TouHee, ee U3OBITOK Ha/ MHHHMAJbHLIM 3HaueHeM E () Oyner no nopsaaxy
BeIUUHHE! B f pas GoJblie cpenHell 3HEPrUil &, NPUXOIseHCcs Ha OIHY
cTeneHb CcBOGOABI (32 BhHIYETOM MUHHMA/NBHOH 3HEPruu g,). Takum
obpasom,

E—E,~[(e—¢,. (34)

Ecan nosnasi sHeprus CHCTeMbl paBH2 WA MeHblle £, TO Mbl HMeenm
NMpHOTU3UTENbHO ((€) KBAHTOBLIX COCTOSTHUHA, CBA3AHHBIX C [MepPBhIM
KBAHTOBBLIM 9HCJ/IOM, (&) BOZMOXKHBEIX COCTOSIHUH, CBS3AHHBIX CO BTOPbIM
KBAHTOBbLIM UYHCJOM,..., H, HAKCHEL, ((&) BO3MOKHbIX COCTOSHUI, CBA-
3aHHBIX C MOCJAEAHUM, f-M KBaHTOBHIM uncAOM. [losiHoe wucao BO3MOK-
HBIX KOMOWHALHI 3THX KBAHTOBBIX UHCE, T. €. IOJHOE YHCAO COCTOSIHHUIL,
OTBEYAIOUIUX 3HEPTUH, PABHOH M Menbilel £, MBI [OJIYYHM, eCIH TOMHO-
XKHM YHCAO BO3MOMKHBIX COCTOSIHHI A1 MepBOro KBa#TOBOrO UMCHAA Ha
YHCJ0 BOSMOXKHBIX COCTOSIHHIA JJISI BTOPOrO KBAaHTOBOTO YMC/I4, HA YHCIO
BO3MOKHBIX COCTOSHHI s TPEThero KBaHTOBOIO YHCIA, ..., H, HAKOHEL,
Ha YHCJAO BO3MOMKHBIX COCTOSIHHE A4 [-ro KBaHTOBOro uHcaa. Tawimu
obpasom,

D (E)~ [ (o)), (35)

rae € csi3ano ¢ E soiparsenuen (34). Hneno Q(E) cocrosnnuil ¢ suepruefi
B npejgesax ot £ jo F£4-8F il Hafizem corsacHo (25) augdepeniupona-
BHEM:

Q(E) = ST 0E~ /1 SR 8 — /-1 5L 6E, (36)

Tak Kak u3 (34) caeayer, uro dig/dE=[""dp/de).

Hatnero npu6sizkeHHOro paccMoTpeHUst 3d1a4y COBEPLICHHO 4OCTa-
TOYHO JJ151 HEKOTOPBIX 3aMedaTedbHbIX BbIBOJOB, OCHOBAHHKLIX HA TOM,
4TO f — OvYeHb 6o.abioe uHCa0. JIeACTBUTEILHO, €Ca Mbl UMeeM Je10
€ MaKpPOCKOMHYECKHMU CHCTEMaMH, TO f-—IOPsAKa sucsaa ABOraiapo, T. .
f~10°4. Hucna takoro nopsiaxka (paHTaCTHAECKU BEJIHKH H HX CBOIHCTBA
TPYAHO HOHSITb, €CJAH HCXOAUTh H3 OOBIYHOTO JOCTYITHOTO HAaM OIbITA.

HHe BO3HHMKAeT, ecau Mbl OYIeM MIHOpHPOBATbD KHHETHYECKYIO SHEpPruio 4acrtiil
CHCTeMBl M PACCMATPUBATH TOJIBKO CHMHE). B 3ToM cayude YdUcIo BOSMOMKHBIX CO-
CTOAIHMI € BO3pacTaHueM (& — €,) BHauaje yBeJHUUBAETCH, a 3aTeM LIOCTI/Il‘de‘l Ho-
CTOSTHHOTO 3HaueHHs.

*) Hanpumep, npn ABHEHHH YACTHIM B OHOMEDHOM sILHKe, KaK 3T0 caelyer
n3 (28), @ooe’/e. (B sTOM cayyae MHHNMA/IBHOE 3HAUEHHE €, BO3MOXKHON 3HEePruM mnpe-
HeOpeKuMO Masd 1o CPABHEHHIO C & H €ro MOXKHO CYMTATh PABHBIM HYJIO.)
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[lpn Bo3pactamuu sHepruu cucreMsl E BO3pacTaeT u 3Heprus e,
[PUXOAAILASACA HA ONHY cTeneHb cBoGoau lem. dopmyay (34)]. B coor-
BETCTBHH C 3THM OTHOCHTEJIbHO MeJIEHHO PACTeT H YHCJI0 COCTOSIHUH © (&),
NPHXOASIUHXCS! HA OIHY cTeneHb cBoGoanl. Ho Tak Kak nokasarenn
crenery B opmyaax (35) u (36) uMeloT NOPAJOK f, T. €. SIBASIOTCH ypes-
BhiuafiHo OO/IBLIMMH YHCJIAMH, YHACAO BO3MOXHBIX coctosiHui @ (E) nau
Q(E) cucrembt ¢ f creneHsamyu cBoGOIB! Bo3pacTaeT ¢ (paHTACTHYECKOH
CKOpOCTbIO. MBI MpUXOANM, TakHM 00pasoM, K ChaelylOlleMy BHIBOAY:

Yucao cocroauuit Q(E), noctymHeix JoGof
o0blyHONI MaKPOCKONHUECKOH  CHCTeMe,  SIBJSIETCH
Kpaiine ObICTpPO BospacTawiell ¢yukuuesi ee 3uep-
ran E.

37

JeiicTBUTeabHo, o6beRuHAs (36) ¢ (33) u (34), Mbl noAyYaeM CaeRyioiee
NpHE/IHKeHHOe BbIpaXKeHHe s 3aBucumocTd (2 ot E:

Q(E) O((S—-—SO)OJ—I oC (_E_*_;_g_ﬁ>(‘/vf—l )

Taxum 06pasom, Mbl MOXKeM NPHHATDb, YTO IS OOLIYHBIX cHCTeM ¥)

Q(Eyoc (E~E,). (38)

3nech Mbl nipeHeGperay elHHHLel M0 cpaBHEHHIO ¢ [ B HOMOXKHIN a=1.
Qopmyaa (38) naer npnbinkenHyio sarucumocts £ ot E. Ha xapakrep
3TOll 3aBUCHMOCTH He BJAHMsIET, paBeH JH IoKasaTeJp creneHu B (38) /,
NOACBHHE [ WiH APYyroMy 4uCIy nopsigka f.

Mbl MOXKeM BBICKa3aTb HEKOTOpLle YTBEP:KIEHMS OTHOCHTE/JIbLHO
peauuunsl In Q. Us (36) caenyer, yro

M QE)=(F—1)Ing-+In (g;ﬁaf:). (39)

3aMeTHM, YTO ec/H Mbl HMeeM JeJ0 ¢ TaKHM 0OJbILHM YHCJIOM, Kak f,
TO ero jJorapudm O6yleT nopsadKa JECATKOB, T. €. OH NpeHe0peKUMO Mal
0 cpaBHeHHIO ¢ caMuM gHucsoM f. Hanpumep, ecan f=10%,10 In f==55,
T. e. In f <<<<<< . Paccmorpum Tenepb uiensl B npasoit gacty (39). Iep-
il UieH uMeeT nopsagok f **). Beanuuna (do/de) OF (rae 8 E— unrepBan

*) Mbl ynoTpeSusin BLIparkeHHe «ijist OOBIYHBIX CHCTeM», YTOOB MCKJIOYHTH OCO-
Ovie coiyyad (M., HanpuMep, NpHMeuaHue K cTp. 124), Koria Hac He HHTepecyeT KiiHe-
THYeCKast SHeprus YacTHI CHCTeMb! H KOTAa MarHuTHasi 9Hepris CIHHA JOCTAaTOYHO
sesuka. (Takoe nmpuO/iMKeHHOE PacCMOTPeHHe OKa3hIBAaeTCH AOCTATOUHLIM, eC/H No-
CTynaTe/lbHOe JBH)KeHIe YacTHI{ cafo BJIHseT HA OpHEHTAlUHio HX ChnHHOB. B 3Tom
C/lyyde OPHEHTAlHs CIIHHOB M IOCTYIaTelbHOe HBHJKEHHE YaCTHL MOLYT paccMmarpu-
BATLCH OTARNLHO.)

*#) 310 BCeraa BepHO, €CIH TOJBKO SHeprust £ cucreMpl He OueHn G/MSKA K sHep-
THU OCHOBHOro coctostnus E,, Korga ¢~ Ans Bcex crenesefi csoGombl. [Hefictau-
“TeJIbHO, B3 OOLIRX 3aMeuaHnii, CleNaHHBIX B Ha€ade n. 3.1, Ham uM3BeCTHO, YTO KOrja
CACTeMa NPHOMMKAETCST K OCHOBHOMY COCTOSIHMIO 3HEPIHM, YHCJAO AOCTYNHBIX KBAHTO-
BbIX COCTOSIHHiI HMeeT MODPANOK eNHHHUbI, Tak uro Q~1.
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SHEPruM, GOJbUIOH MO CPABHEHHIO C PACCTOAHHEM MEXIY YPOBHAMH
SHEPIHU CHCTeMbl) TpeAcTaBasieT COGOH 4MCI0 BO3MOMHBIX 3HayeHUH,
KOTODPOE MOJKET IPHHHMATh OTAEJbHOe KBAHTOBOE YHCMIO B HHTepBade 8F,
i 3aBucut ot 8E. Ho npu moGom 3nauennn OF camble HeGAaronpuaTHLIe
OLEHKH MOKAa3biBaIOT, yTo BeanunHa (d¢/de) OF He MoXeT NpeBBHLATD,
ckaxeM, 10°° u He MoxkeT ObiTb MeHbue 1. Jlorapudm stoft BeMuHHLI
JIEKHT, caeioBaTtenabHo, rie-1o Mexkay 0 n 230 m npeHeGpe:xkuMo Mas
IO CPaBHEHHIO C NMEPBLIM HJEHOM, KOTOPEIE HMeeT mopsiiok 10%4. Taxum
o6pa3zoM, B rpaBoii uacTH (39) BTOpBHIM UJEHOM MOXHO [peHelOpeub.
Mbl NpUXOAHM K BBIBOAY, 4TO A MaKPOCKOITHYECKOH CHCTEMbl YHCJO
cocTosinmii B unTepBaJe sneprufi or E no E--O8F ofnajaer cienymomu-
MU CBOHCTBAMH:

InQ (E) ve 3aBucur or 6F; T 40)
Hom B2 Eo 10 (B) ~ 1. (41)

310 3HA4YHT, 4YTO €CJH 3Hepruda E nocratouno JlaneKka OT 2HEeprui OCHOB-
HOTO COCTOSIHHA CHCTEMEI, In Q@ He 3aBHCHT OT BEJIHUHHL! BblépaHHOI‘O
HHTEPBaJa 3Hepruul U no NOpsiaKy BeJHUYHHB! paBE€H HUCaYy crenenen
CBOOGOJBI CHCTEMEL.

3.6. OrpaHuueHnusi, paBHOBecHe W HeoOPATHMOCTHL

I_IOILBEIIGM HTOTr HalHM BBIBOIAaM, KOTOpPbLIE 6)’)1yT HEOJHOKpAaTHO
UCTNIOJB30BAHB! NTPH paCcCMOTPEHHH MAKPOCKOMHUYECKHX CHCTEM. I/ICXOH:
HOH TOYKOH HAIUX PACCYXKACHHH ABJSETCS H30JUPOBAHHAsA cHUcTeMa *).

Mu 3HaeM, 4To TakKas CHUCTEeMa YIOBJETBOPSACT ONPEACJEHHBIM YCJI0-
BHSIM, KOTOpLIE MO2KHO 3aJaTb, YyKa3aB 3HAUE€HHSA HEKOTOPbIX MaKpo-
CKONHYECKHUX MNapaMeTpoOB CHCTEMBI. 3TH YCJIOBHS OTPAHHYHUBAIOT HUHCJAO
BO3MOMKHbDIX COCTOHHHﬁ, B KOTODBIX MOXKET HaxXOIHTbCHA CHCTeMa, CBOIS
HX K HEKOTOPOMY HHCY GOCIMYNHbLX COCMOAHUL, COTNACYIOILUXCS C oTrpa-
HUYEHUSAMH, HAJA0XKEHHBIMH Ha CHCTEMY. Yncao JOCTYNHBIX COCTOAHNH
0 oxasbiBaeTcs 3aBUCALIHM OT HaJOXKEHHLIX Ha CHCTEMY OFpaHH‘{eHHfl,
Tak uto Q= (y) ecTb (QYHKUHSA HEKOTOPHIX MAaKDPOCKONHYECKHX mapa-
METPOB CHCTEMEI.

[T puwmep. Pacemorpum nokasannyio Ha pic. 3.8, a cucreny. D10 HAea LHBIT
ra3, Haxojsuufics B Jepofl yactu cocyia V;. [lpasas wacTh cocyna nycra. B sTom
tJlyuae Neperopojikd, pasjensiomias obe 4acTH cocyna, [efiCTBYeT KaK orpasuyenue,
yMeHbIHAIOUlee YHCI0 JOCTYNHBIX COCTOAHHI 10 3HAUEHHH, NPH KOTOPOM BCE MOJIEKYJIbI

HAXOASTCS B JieBoit 4acT cocy/sid. [T03TOMY YMCIIO ROCTYITHBIX COCTOSIHHI ra3a 3aBHCHT
oT ofbeMa JIeROH uvacTw cocyna, T. e. Q=Q(V;).

CratucTHyeckoe ONHCAHHE CHCTEMBl 3aKJIIOYAETCS B BEPOSTHOCTHBIX
yTBepKAEHUsAX 00 Grcambie cHCTeM, KaXaas H3 KOTOPHIX TOJABEpKeHa
OJIMHAKOBHIM orpaHuyeHusiM. Ecau cucremMa Haxoutcss B paBHOBECHH,
TO € PaBHOH BEpPOSATHOCTBLIO €& MOXKHO HaiTH B JiroGoM u3 €2 A0CTYMHBIX

*) JIio6yi0 HeH3OJIHPOBAHHYIO CHCTEMY MOXHO CYHTATH YACTHIO W3OJHPOBAHHOM
CHCTeMbI. :



cocTosinnfl, ¥ HaoGopor. Ecim cucreMy Heib3ss oGHAPYKUTH C PaBHOH
BePOSTHOCTDIO B JIIOG0M H3 §2 IOCTYIHBIX COCTOSIHHI, TO €€ CTaTHCTHYECKO®
onicadue 6VAeT 3aBHCeTh OT Bpemeny *). B sToM cayuae B cucreme GyAyT
NPOHCXOMHTL H3MEHEHHd, HalpapJeHHble K TOMY, YT00b! JOCTHYb PaBHO-
) BECHOTO COCTOSIHMS, IIPH KOTODOM OHa C
paBHOIl BepOSITHOCTBIO GVyJeT HaXOLHThCSH
B KaxXJoM H3 £ JOCTYIHBIX COCTOSIHHUIL.
Bce 3T yTBepIKIeHHsI COCTaBJSIOT COLED-
JKaHMe HalHX OCHOBHHIX mocTyaatoB (18)
u (19).

PaccMOTpHN  H301HPOBAHHYIO CHCTEMY,
HaXOAUBIIYIOCS BHAYaje B PAaBHOBECHH B
VCJIOBHAX, KOTAA OHA HuMena £, HOCTYIHbIX
coctosinuii. OHa ¢ paBHOH BepOATHOCTHIO
MOXkeT ObITh HafigjeHa B J1000M H3 HHX.
[TonycTuM, 4TO Mbl CHSIIH HEKOTOpble H3
NepBOHaYaNbHO CYUIECTBOBABUIMX OrPaHu-
yeuufl (Hanpumep, yOpajiH MepPeropoaxy
B cayuae, n300pakeHHOM Ha puc. -.8).
Taxk Kak Teneps cHCTeMa TOJBEpPKEHA
MEHbLIHM OTPAHHYEHHSM, YeM paHbIle, TO
YHCJIO JOCTYITHBIX €H COCTOSIHHA He MOKeT
YMCHBIINTECSA, B OOBIUHBIX YCJAOBHSAX OHO
NOJKHO CUJIbHO BospacTa. O603HaYUB ue-
pes {2, HOBOE YHCIO JOCTYIHBIX COCTOA-
Hu#, MBl HMeeM

f) Q,>Q, (42)
Piic. 3.8. Mpaeaanublil ras B AMiH-
Kxe.  a) I-'Ialmmbuo?‘ noJiozene: ¢ H@M@aﬂeHHO [I0CJIe CHSTHA HaudaJbHbBIX
oeted n nenoll monopnse numa OTPAHHYEHHH  BEPOSITHOCTH  HAXOMKIEHHS
oGpevon T‘lpo W2 I\;gffr?oﬁpém?ﬁ CHCTeMBI B JIIOOOM M3 COCTOSIHHII OCTaHeTCst
toede  TOTo, Kak sacaonKa Geua  [TPEKHEH. Tax Kak cHayajga OHA C paBHOﬂ
yopaua. |1 agég;;ﬂﬁgcgg;;;gg?” na BEPOSITHOCTHIO HAXOMMIACH B mobom u3 €;
COCTOSIHHII, TO U HEMENJi€HHO MOCJe CHATHS
orpanuyenniit oHa OyleT C PaBHOH BepPOSTHOCTBIO HAXOAMTHCH B KaXK-
JoM u3 muX. Ilpm 3TOM BO3MOMKHBL JBa caydad:

1. Ocobvudl cayuail, koeda §2,=£2;. B stoM caydae ylajieHHe OTpaHuye-
HUH He MeHsIeT pPAaBHOBECHOTO COCTOSIHHSI CHCTEMb.

2. Obvanpii cayyail, koe0a Q,>>L;. HemenneHHo 1oc/e CHATHS Orpa-
HUYCHU BEPOSTHOCTL HAXOKACHHS CHCTEMBI B HOBBIX £2,—(2; COCTOSHUAX
paBHa Hymo. [1osToMy BO3HHKAET HEPABHOBECHOE COCTOSIHHE H CHCTeMa
HAYHHAET H3MEHSTbCS BO BpeMeHH. DT0 U3MeHeHHe GyAeT IPOLOJIKATLCH
JI0 HACTYIJIEHHS] PABHOBECHS, KOTJAA BEPOSTHOCTb IPEOLIBAHUSA CHCTEMbl
B J110GOM H3 JOCTYIHBLIX COCTOSHHH CTaHeT OLHOH U TOH Xke.

Il p u m e p. Mpennonoxum, 4ro neperopozgka Ha puc. 3.8 yGpana. Ito He Me-
HsIeT 3HEPIHH ras3a, HO YBeJHYHBAaeT YHCJO LOCTYNHbIX cocTostHuil. TojibKo B 0coBoM

*) Hpyrusn coopami, B aHcamGie CHCTEM BepOSITHOCTb HAHTH CHCTeMY B JAHHOM
COCTOSIHMHM MEHSIETCS CO BpeMeHeM Mo KpaiHeil Mepe IJisi HEKOTOPBIX COCTOSHHIL
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cilyuae, KOrja Neperopoika Cosnajaer C MpaBodl creHkoil swmuka (1. e. Vp=V)), ce
yHAaleHHe OCTABHT HEU3MEHHBIM YHCIO JOCTYMHbIX COCTOSIHHE H cocmmme rasa oc-
TAHETCH PABHOBECHBIM. B obwewm cayuae, korma V>V, ynanenne neperopoiku yse-
JIMYKT JOCTYNHBIA KaAo# Moneky/e obbeM B OTHO[L[eHHH V¢/Vi. Us dopmynst (32)
C/elyeT, 4TO YHCJAO AOCTYNHBIX MOJEKYyJe COCTOSTHUH NPONOPIHOHAMBHO  0GbeMy
cocyja, TOITOMY UMCAO NOCTYMHBIX OIHOH MOJIEKYJ/e COCTOSHHE Takke BO3pacTeT
B OTHOLIEHUU V,/V,, 4 YAC/IO COCTOSHHH, JOCTYMHBIX BCEM MOJEKYJaM, HAXOASAMIHMC ST
B SIMKE, YBEJIHUUTCS HA MHOXKHTeNb

o h)--- ()= ()"

R

N muoxureaes

Takum O6p'<130\1, KOHeYHOe YHC/JI0 AOCTYIIHLIX COCTOSIHMH OKa3bIBAETCH CBSI3AHHBIM
€ HAa44aJbHBIM UYHCJAOM CACAVIOWLHM BbIDAXKCHHEM!

VoW
Q,:<W> Q;. (43)

Jaxe Korja HOBbi1 06beM HE3HauHTeNbHO GOJblIe MPEeXKHero, Bee PaBHO Qf>>>Q,',
ecan N — Goapuioe Yuc/io, GJAU3KOE NO NOPAAKY BeIMYHHBI K uneay Asoragpo. He-
MEOACHHO TIOCJE YIAJEHHs! TePeropoiKH MOJEKYJb elile HAXOAATCH B JeBOil 4acTH
cocyxa. Ho Temeps 9T0 cocTosiHHe Y)Ke He 6yJer paBHOBecHbiM. Haurercs npoiece
AOCTHXEHHST HOBOTO DaBHOBECHS, MpPH KOTOPOM MOJEKYJIaM CTaHyT B DPABHON Mepe
AOCTYRHLIMH Bee €, KOHeUHbIX cOCToAHHi. DTO 3HAUNT, UTO KaxAas MOJeKyJa GyfeT
HMETb  PaBHYIO BepOﬂTHOCTb HaXOAHTbCA B JI060H YacTH HOBOTO ofLeMa.

HpeﬂHOJIO)KHM UTO HOBOE COCTOAHHE PABHOBECHS ILOCTHI‘H}’TO Ecau
Q >91, TO KOHEUYHOe pacnpeneseHHe cHCTeM B aHcambJe CyIlecTBeHHO
omuqaerca OT HAYaJIbHOTO paclpefe/eHUsl. 3aMeTHM, B YacTHOCTH, YTO
HayaJbHOE COCTOSIHHE B aHCaMO/1e CHCTeM He/lb3sl BOCCTAHOBHTD [POCTHIM
BO3BPATOM K NPEKHUM OTPaHHUYEHHSM, OCTaB/ss cncremy H30/IMPOBaH-
HOII, T. €. He 3aCTaB/]sAs ee B3aUMOJEHCTBOBATL C JH0G0H APYrof cucre-
MOft, ¢ KOTOPO# OHa MOIVIa Obl OOMEHHBATBLCS SHEPTHEH.
,Ieucrsmenwo, BC/IM Mbl HMEeM JIeIo C 2OUHCMBEeHHOU CUCTEMOH
ancamb,1s, TO HAYaJbHYIO CHTYAIMIO MOXKHO BOCCTAHOBUTh, €C/AH MO10-
JKJIaTbh AOCTATOYHO AOJIO, NOKA MOSBUTCS COOTBETCTBYIOMIAS (IyKTYya-
uusi. Ecan 912 daykTyanus Kag pa3 TakoBa, UTO CHCTEMa 0OKasaJach
B JIAHHBII MOMEHT BDeMeHH B {; NepBOHAYa/bHO JOCTYIHEIX AJs Hee
COCTOSTHMAX, TO Mbl MO2KEM HMEHHO B 3TOT MOMEHT BPEMEeHH BOCCTAHOBUTH
nepBOHAaYa/bHble OIPAHHYEHHS H YAEPKaTb CHCTEMY B HAYaJbHOM CO-
CTOSTHHH. HoO BeposiTHOCTh BO3HUKHOBEHHS! TaKOH (NIYKTyallHH OGBIYHO
npenenbHo Mana. [leficTBHTEIbHO, PACCMOTPHM aHCaMOJb CHCTEM, HAXO-
JSUOHXCA B PAaBHOBECHM IIOCJe yJa/feHHs HadaJbHbIX OrPAHHUUEHHH.
BepoATHOCTD TOSIBJIGHHSI B 3TOM aHcambJe CHCTeMel, Kotopas Oyjer
HAXOIMTBCSI B HAyaJdbHOM COCTOSIHHH, paBHA
P, _ﬁf (44)
TAK KaK 10/HOE YHCJIO JOCTYMHBIX COCTOSIHHA PaBHO Q. BepoATHOCTh
npy MOBTOPSHOIIMXCSl HAOMIOACHHUAX HAJ OJHOH CHCTEMOil MOSIBAEHUS
COCTOSIHHSI; COOTBETCTBYIOLIETO »KesaeMOH QUIYKTYallMy, TaksKe onpeje-
Jsiercs BoipaxenueM (44). Ho B o6bluHbIX caydasx, Korna Q. >>>8,
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(3TO 3H3UHT, YTO KOHeuHblil aHcaMbab CHCTEM CYULEeCTBEHHO OT/IHUAeTCH
OT Ha4asNbHOro), U3 (44) cAenyer, 4To BePOSATHOCTL BO3HHKHOBEHHUS CMIOH-
TaHHOH (YKTyailHH, BO3BpAaLlaioOmlell CUCTEMY K Ha4ajabHbIM YCAOBHAM,
OKAa3LIBaeTCsl KpailHe MaJoH.

MET rOBOpHM, UTO MpOLeCC SBSETCs Heobpamumoim, eciau B ancambie
UB0AUPOBARKbIX CHCTEM, COBEpILAIOIIHX TaKoH [mpoiece, HauajbHOE
COCTOSIHHE He MOzKeT OblTb BOCCTAHOBJICHO NMPOCTBIM BO3BPATOM OrpaHH-
ueHHfi. B coOTBETCTBUH € 3TUM ONpeneseHHeM MpoLece, B pe3y/hrare
KOTOPOTO CHCTéMA JOCTHTAeT HOBOTO PABHOBECHOTO COCTOSIHHS HOCAE
CHSATHS OJIHOTO U3 OrPaHHYEHHH (3TO MEHSIeT YHC/IO JOCTYHHBIX COCTOSI-
Hui ot Q; 0 Q;), meobparum, ecau Q>0 M3 storo onperenenus
CJIefyeT, YTO NpPollece HeoGpaTun, ec/t 10cae TOFO, KaK OH COBEpPUINJCS,
H30/HPOBAHHAsI CUCTEMA UMeeT BePOSITHOCTb ObiTh HAHJeHHOH B Hayasb-
HOM MHKPOCOCTOSIHHM MeHbille eIHHHIBL. [[eACTBHTENbHO, B OGBLIUHBIX
clyuasx (korpa ,.>>>>>(2;) s1a BeposTHOCTD YpesBbluaiio majia. Hame
orpefieJieHHe HEOOPaTUMOCTH IpeAcTaBaser co0ofl MpocToe YyTOuHeHUe
tdopmyupoBky, npusenedHol B 1. 1.2. Crapas dopmysupoBka Oblia
cllelaHa € TOUKH 3peHUst QIYKTyalUHH B OAWHOUHOH H30/HPOBAHHOMN
cucreMe npu GoJbHIOM BpeMeHH HaG/II0AeHNH.

Mrl MoKeM Temepb YTOYHHTL 3aMeYaHHe O CJAy4YaiiHOCTH, CleaHHoe
B TJaBe 1. B KkauecTBe CT4THCTHUECKOH Mepbl CTeNEHM CJAYYAHHOCTH
B CHCTeMe MBI MOXKeM B3SITh YUCJIO JOCTYIIHBIX COCTOSTHHH, AeACTBUTENBHO
3aHATBIX B aHcamOje Takux cHcrem. Ilpouecc nocTixeHusi HOBOTO
PaBHOBECHOTO COCTOSIHHSI MOC/E YAaJeHUs OrpaHHYeHUil B H30JHPOBaH-
HOH CHCTeMe NPHBOJUT K YBEJHUYEHUIO C/IY4aHHOCTH, ecin Q,>8;; Takoh
npouecc HeoOpaTHM.

ITpuwmep. Ecau ras, paccmoTpeHHll B NpelpifylieM TpuMepe, LOCTHT KoHeu-
HOrO PABHOBECHOTO COCTOSHUS, HPH KOTOPOM BCE MOJICKY/Ibl PABHOMEPHO pachipeje/eHbt
10 00beMy SIIHKa, TO NPOCTOE BOCCTAHOBJ/EHME NMEPEeropofKH He NPHBENET K BO3HUK-
HOBEHHIO HA4a/JbHOrO COCTOSIHHS B aHcamGje TakuX sMKOB. MosekyJbl, pacipo-
CTpaHHBIIHECSE HA NPaBYIO HacTh AIMHKE, Tam K ocTadyrcd. [lostomy npotece, passu-
Bapmufica nocde yjadeHust Neperopoiku, HeoOpaTum.

UTo6bl OUEHNUTHh BeMMYUHY (DIYKTYalHH, KOTOpast MOIJa Obl BOCCTAHOBHTL Ha-
YyanpHBle YCJAOBHS B OXHOM H3 SIINKOB aHcam6Jisl, BBHIYHCJIHM BepPOSITHOCTb TOrO, 4TO:
BCE MOJIEKYJIb, HaXOHfMecsl B sIIMKe, CHOBa CO0epyTCs B €ro JeBOoil 4acTH nocie
[OCTHIKEHUsT KOHEUHOIO COCTOsAHMs paBHoBecHsi. Kak cieayer H3 (43) u (44), ara Be-

POSITHOCTb paBHa o VoA
. . £

L A 53

P; M»—Qf (——Vf ) . (45

OuaganracTHYecKu Mana, ecid V,>V; u ecin N pesnko *). Takum obpasom, yaanenne
I1ePErOPOJKH SIBJSETCS NPUMEPOM, THIHYNOTO HeGGPATHMOTO MpoLecca, 1PHROAALLErO
K YBENWYECHHIO CayyaliHOro pacmpelesieHus MOJEKYJ B rase.

PasBuryio 21ech OOLIYI0 TOUKY 3pEHHS MOXHO C yCneXom fOSCHHTL
Ha JBYX IPHMEpPAX MaKpPOCKOIHYECKHX CHCTeM, MEeXIY KOTOPBIMH Cy-
LIecTByeT B3auMoOjeHCTBHE.

*) 3ameTHM, YTO B YaCTHOM CJIyuae, KOrja BHayajle SINHK Gbll pasieeH repero-
poxKolt Ha ZBE PaBHBIE NOJOBHHEL, .V =2V}, Tak uro P;=2-N. D10T pesynpTaT Oblt
yKe HoJyyeH B IviaBe | ¢ IIOMOLIBIO TIPOCTHIX COOOPaXKeHUH.
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[Tpumep [. Pacemorpum usonuposannyio ciucreMmy A*, KGTOpas COCTOHT H3
ABYX noxcucteM; A u A’, ¢ QuKCHpOBaHHLIMH BHewHumn napaMerpami. (Hanpuwmep,
A u A’ MOrYT 6HITb KYCKOM JKejle3a M KYCKOM Jbia cooTBeTcTBeHHO.) [Tpeanonomxum,
410 A u A’ BacTOBKO JajeKi JAPYr OT APYra, 4To ofreH 3Hepruell MexIY HHMH He-
Bo3Moyken. TIycTh CYUleCTBYeT orpaHMueHlle, 3aK/IIOMAIOULEeCS B TOM, YTO sHeprus £
cucteMu! A ¥ sHeprust £’ cucteMbl A’ B OTAeALHOCTH OCTaI0TCA HeMameHHBMH. [TosTomy
ROCTYNHBIMH COCTOSHHAMH NOMHOH cuctempl A¥ GYAyT TakHe COCTOAHHSA, KOTODBIe
VIOBJETBOPAIOT OTPAHHUEHUAM, 3aK/TIOUAMMMCS B ToM, yTo ccTemsl A u A’ nmeior

onpeeleHHBle 3HaYeHH A IHEPTHH, paBHble £; H E} coorserctBenHo. Ecin YHCJI0 TAKHX
COCTOSIHH, MOCTYMHBIX Uil cHeremul A¥*, paBHo Q¥ ¥ ecan cucrena A* wmaxoaures
B DaBHOBECHM, TO OHa OyJeT ¢ DAaBHG{l BepOSTHOCTLIO HAXOAHTLCA B JHOOOM M3 3THX
COCTOSIHHIT.

Teneps monyceruw, uto cucremnl A u A’ npuBefeHbl B COTPHKOCHOBEHHE H MeKAY
HAME RO2MOMKeH o6MeH 3Hepriefl. [Tpn 5ToM yCTaHOBJIGHHLIE Bblile OTPAHHUEHHST OT-
nafaior: suepruu uactefl A 1 A’ noswoii cuerensl A* ne ACTAHEL GLITh NOCTOAHHBIMH,
TOCTOSNHON  Tenepnh ABAsercd AumL noauas sueprust (E--E') peell cucremer A*.
B pesyabrate yMeHbIIEHHS OrpaHuueHHil O6bIUHOE HUHCAO MOCTYIHEIX COCTOSTHUM

0N e
0

Puc. 3.9. HApe cucremer, A n A’ Puc. 3.10. Jsa rasa, A u A’,
C CbHKCHpOBEIHHbIMPI BHEIIHUMH pasfedieiiible ﬂOLlBH}KIIOI"l fnepero-
gapamMeTpaMH, KOTOpble MOryT 00- poAkoit. OGpeaudennas cucrema
MeHUBATbCSl dHeprueit. QOOben- A* COCTOUT 3 ABYX cHCTeM, A u
HeHuast cucTeMa A*,  coctodmas A’, ¥ aBaseTcsl H30JHPOBaHHOM.
us cuctem 4 u A’ sAsasierca H30-

JIMPOBAHHOM.

’ *
cricressl A* CH/IBHO BO3pacTaeT # craHoBHTCA pasHeim Qf. [lpu sToMm (ecau TosbKO

Hie OKa3bIBAETCH, YTO Q?:Qf ) HeMeLIeHHO Nnocse OCYIIeCTB/AEHHS KOHTaKTa Memxiy
A u A’ cucrema A* ne Haxonurcs B paBHoBecHd. Dueprua cucteM A n A’ mesercs
{oHeprug B ¢GOpMe TeIa NEPEXOHT OT OJHOH CHCTeMH K APYTOH) 10 TexX nop, noxa
cucrema A* He NOCTHT'HET CBOErD DABHOBECHOTO COCTOSHUS, KOTAA C DABHOH BepoAr-
HOCTBIO OHAa OyleT OOHapyiKeHHOH B JioGOM M3 HROCTYNHLIX cocrosHHU. Temepn mpen-
fog10x1M, uTo cucreMsl A U A’ onsTe pasjiedeHsl M He MOUYT GoJiblie OOMEHHBATHC
sxeprueii. HecMoTpst Ha T, 4TO nepBOHAYaIbHHIE OIPAHHYEHHA TeNeph BOCCTAHOBJAEHDI,
HauaJbHOE COCTOSTHUE CHCTeMsl A® He BOCCTAHOBJIEHO (ec/M TOJNDKO He OKasblBaercs,

* *, o
aro Qf=£;). B uacTHocTH, cpeanee 3Haueune sHepruu Ajs ancambrei A u A’ oran-

«aeTcsl OT HAuyaJbHLIX 3HaueHHii E; u E; Pacemorpennslii npoitecc o6MeHa Terou
MEXKAY CHCTeMaMH $IBJsETCH, TaKHM 00pa3oM, HeoGpaTHMBIM.

[Ipumep II. PaccnoTpum nsonuposalHyio cucteMy A¥, cOCTOSIYVIO H3 JBY X
rasos, 4 n A’, pasjeleHHBIX 3axpensieHHoll meperopoiakod. DTa Meperopoika efict-
BYeT Kak orpaHnyeHie, uGo Giarojaps eii JocTynmble cocrostuus rasos A v A’ nox-
YHHEHB! TOMY YCJIOBHIO, UTO 00beM [a308 paBen V4 # V 4+ coorBercTBerHO. HycTh ynco
AOCTYMHBIX cocTosthmii cieTeMbl A* paso QF; ecain cucrema A* HAXOJMTCS B paBho-

BECHH, TO OHA C PABHOM BEPOSITHOCTBIO MOYKET HAXOAMTHCS B JIHOOOM M3 COCTOSHHE Q7.

ITpeanonoxumM Tenepb, 4TO NMEPEropoiKa OCBOGOXKIEGHA M MOMKET MEPeMEemaThCs.
Torpa nnjaueHIyanbHbie 06bembt ra3os A u A’ He GyxyT orpaHHueHbl 3HaueHUsAMH V 4
4 V.4’ a yuc/10 JOCTYNHBIX COCTOAHMI cHcTeMbl A* upe3BbLIMAHHO CHJBHO BO3pacTer

H CTaHeT PaBHBIM Qf BMCCTO HAYATLHOTO 3HaueHust Q). Cpasy Nocie 0CBOGOXKIEHHS
neperopoiku cucrema A* He GyleT B DABHOBECHH M MePeropojka HAYHET mepeme-
warscd. O6nemsr cucteM A u A’ GyAyT MeHsThCA QO TeX NoOp, NOKacucreMa A* He
JOCTHTHET KOHEYHOIO PABHOBECHOTO COCTOSIHH:, [Jieé OHA C PAaBHOH BePOATHOCTDLIO
MOXeT GbITh HafileHa B JIOGOM H3 HOBBIX JOCTYIHBIX cOcTOstHHI. MoXHO OXHAaThb (3TO
OyleT nokasauo B raage 6), 4To B COCTOSHHH paBHOBecHst KOHeuHble 0ObeMbl ra3os A
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n A’ CTaHYT TaKHWMH, YTO HX CpeAHHe NaBJE€HHA COBNAAYT H cBo6oaHO nepeMeLann-
ulascs neperopoika B KOHEYHOM MOJOKCHHH OKaKeTcd B papHOBECHM.

PaccmoTpeRHBIH mponecc COBEPIIEHHO HeOGpaTHA, eCH Q;>Qf OcraBum cH-
creMy A H30MPOBaHHON, HO ONATL 3AKPENTHM Neperopofiky. STHM Mbl HE BOCCTAHOBUM
HauaJbHOrO COCTOSIHHS, B KOTOPOM OGbeMbl 060HX ra3oB Gbliu pasHbl Vg u V ar coot-
BETCTBEHHO,

3.7. B3aumoneicTBHe MeKAY CHCTEMAMH

B IByX npenpiiymux npHMepax OblIM pPaccCMOTPeHBbl B3auMoOJeHCT-
BYIOIME APYT C APYTOM MaxkpOCKONHMUeckHe cucTeMbl. Mayuenne Taxix
B3aHMOJIEACTBHE KpaliHe BaXKHO *) H Mbl 3aKOHUUM 3TY IV1aBy paccMoTpe-
HHEM pPasjingHbIX CnoccGoB B3anMOREHCTBUA.

PacemoTpum siBe Makpockonuueckue cueremsl, A 0 A’, Kotopsie Mo-
I'YT B34aUMONEHCTROBATL M, CJleoBaTe/bHO, OOMeHHBaTbCs 3HepThel
apyr ¢ apyroM. Cucrema A*, cocrosimiasi ux AByx cucreMm, A un A’,
H30/MPOBaHa M ee HEPIUsl JIOJIKHA ocTapaThes NocTosnHoi. Jlas cra-
THCTUYECKOTO ONUCaHHs B3auMoneicTBus Mexiay A n A’ Mbl paccMoTpHM
aHcaMGab M3 0YeHb GOJIBILIOTO YHCAA CHCTEM, dHAJOTHUHBIX A* U Takxke
cOCTOANMX H3 Hap B3auMogedctBylomux cucrem A u A’. Baaumoneiicr-
Bue Mexkay A n A’ He mpHBefleT K OOMeHY TOUHO OJHHAKOBOH HEpPIHH
Mexk1y Kaxkiaodl napoit A u A’ cucrem ancambasi, Hmeer, 0IHAKO, CMBICT
CIPOCUTh, KAKOBA BEPOSITHOCTb Iepeiauyd B Ipollecce B3aHUMOJEHCTBHs
onpelieJJeHHOr0 KOJHYeCTBa 3HepruH. bosee mpocThiM siBAsiETCS BONPOC
O CpeJHeM 3HZYeHHH SHepTrHuH, NepelaHHoll B Ipollecce B3aHMOLEHCTBHSI.

O6osnaunM uepes E, u E; cpenntoro snepruio cuctem A 1 A’ 1o B3anmo-

neficTBHsl, a yepes E,u Ej— HX CPEIHIOI0 3HEPTHIO TIOC/E B3aHMOLCHCT-
BHsi. Tax Kak moJiHas sHeprust H3oAHpoBanHO# cucteMbl A*, cocrosuieit
us A u A’, octaercsi NOCTOSIHHOM, MBI LiMeeM

E,+Ej=E,E. (46)
Takum OﬁpaSOM, Hu3 381(6}13 COXpaHeHuss sHepruu CJACAYET
AE 4+ AE" =0, (A7)
Tae
AE=E,—E, n AE' =E;—E; (48)

03HAuaIOT H3MEHEeHHe CpeiHell SHepTHU KA 108 U3 AByX chctem, A u A,

Teneptb Mbl B COCTOSHUH YTOUHUTb PACCYIKIEHUs, CleNlaHHble B 1. 1.5
1POU3Be/isi CHCTeMaTHYEeCKOe PACCMOTPEHHE PA3JIHYHbIX CNIOCOG0B B32HMO-
JeHCTBUSL JBYX MaKPOCKONHYeCKHX cucreM, A u A’. Mul HadueMm ¢ u3y-
ueHHMs NOBEfEHHS! BHEIIHHX MNapaMeTPOB CHCTeM B IPOLECCe B3aMMO-
Jetictus **),

*) DTHM 3aHHMaeTCs MepMOOUHAMUKA, HEbIO KOTOPOH SIBISIETCS MaKPOCKONU-
YeCKHIl AHAJH3 TelJIOBHX H MeXaHHYeCKHX B3aHUMOJEHCTBHI H PaccMOTPeHHe BO3MOXK-
HBEIX CleJCTBUH 3THX B3aUMOJEHCTBHH. ‘

**) Kak ckasadHo B m. 3.2, BHEWIHHM MapaMeTpOM CHCTeMBl HasniBaeTcs MaKpo-
CKOIHUeCKu#l napaMeTp (Hanpumep MarHuTHoe noje B uim o6vem V), Bausowuil Ha
IBHXEHHE YaCTHI, B'CHCTEME, 4 3HAYuT, H HA ee YDOBHH SHeprHH. Jueprust F, Kam-~
JIOTO KBAHTOBOTO COCTOSIHUS 7 CHCTeMbI 3aBHCHT OT BCEX ee BHEUHHX I1apaMeTpoR.

132



Tenacgoe 63aumodeticmeue. B3aaumoneficTBUE MeXIY CHCTEMaME
HMeeT OCOOEHHO MPOCTOH Xapaxkrtep, ecaH (DHKCHpOBaTb BCE BHELUHHE
napamerpbi. [1pH 3TOM ypOBHHM 3HEPTHH OCTAIOTCS Heu3MeHHbIMH. Takoe
B3aUMOJIefiCTBHEe Mbl OyleM Ha3blBaTb MEHAORBIM  G3AUMOOCLICIBUCHM.
WMnmoctpauyeil TenJoBoro B3aHMOACHCTBHs ABadeTcs npuMep I B Konue
n. 3.6. B pesyabTaTe TelJIOBOrO B3aHMO-
JefiCTBHA TPOHUCXOLUT YBeJHYEHHE (CO
3HAKOM IJIIOC HJH MHHYC),CpefHed 3Hep- { A A A*
THH CHCTEMbI. ITO YBEJHUYEHHE Mbl Ha3bl-
BaeM MenAoM, NO2AOUEHHbIM CUCTEMOH,
u 06euHO 0o6Go03HauaeM uepes Q. Coor-
BETCTBEHHO YyMeHBILIEHHe cpejHell 3Hep- ,
FHM CHCTEMDL! (CO 3HAKOM TLIIOC MJM MH- £ A A A
HYC) HA3LIBAETCS MENAOM, OMOAHHbIM CH-
cTeMolt, n o6osHauaerca —Q. Mbl Mo-
KeM, TaKuM o0pa3oM, HalHCaTb

Q=AE u Q'=AE, (49 3 |4 A A

rae Q n Q' — Tenao, NOrJoLeHHoe CHC-
TeMamy A u A’ coorBetcTReHHO *). Co-
XpaHeHHe 3HePTHH (47) Tpebyert, 4TOOHI

Q+Q =0, wm Q=—Q". (50)

[Tocnennee BbIpa:keHHe o03HA4aeT, 4TO
TemJIo, MOTVIOIeHHOoe cucTeMoll A, paBHO
Temay, oTAaHHOMY cHcremolt A’. B coot-
BETCTBHH C OIIpeie/IeHHEM, IDUBEAEHHBIM  pyc, 3.11. Ancaméan cuerem A*: Kasi-
B CBA3H C paBeHCTBOM (1.15), Mbl Hasbi- A2 Cictema A* coctour us avyx cu-
. s , KOTOpble MOTYT B3dHMO-
BaeM 0o0aee X0A00HOU CUCTEMY, [IOIJIO- ZeiicTBOBATE APYL € APYroM.
WAIDILYIO TIOJOXKHTENbHOE  KOJHHECTBO
Tensa, a CHCTeMY, TONIOWAUIYID OTPHIATENbHOe KOJHYECTBO TerJa
(T. €. OTAZIOULYIO HOJ0KHUTEJbHOE KOJMHYECTBO Temia), HasbiBaeM 6o.ee
eopauetl.

XapakTepHOH OCOGEHHOCTBIO TETVIOBOTO B3aMMOJEHCTBUS, KOTIa
BCe BHELIHHME NapaMeTpbl GHKCHPOBAHLI, ABJSAETCS HEM3MEHHOCTb YPOB-
Hell sHepruu cucTeMbl. CpeiHsisi SHEPTUs OIHOH CHCTeMbl BO3pacTaeT
3a cyet APYroii, HO 3TO BO3PACTaHHE He SIBJSIETCS CAEACTBHEM H3MEHeHH sI
BO3MOXKHbBIX yBOBHeﬁ sHepru. OHO IPOMCXOIHT MOTOMY, YTO B Pe3YyJlb-
Tare B3aUMOJAEHCTBUS YBENHUHBAETCS BEPOATHOCT b HAXOXKICHUS CHCTEMbl
B COCTOSIHHSIX ¢ GoJibluell sHepruef.

Tenaosan usoaayua (uaun aduabamuueckas usorsyus). TemsoBoe
B3aUMOJEHCTBHE MeXIy [BYMSl CHCTEMAMH MOXHO INpeIOTBpPaTHTD,
TILATESbHO H30/HPOBAB UX APYT OT Apyra. Mbl TOBOpUM, UTO JABE CHCTEMBI
mepmuecku, WIH aOuabQMuUHecKy, U30AUPOBAHL. NPYT OT ApYra, ecjid

r *

N A A A

*) 3amernM, 4TO YTOUHeHHe pacCyxkJeHn# n. 1.5, CBA3aHHOe CO CTATHCTHUECKHM
paccMoTpeHHeM TpoGJeMBl, H 3aK/IIOYaeTCst B TOM, 4TO ML ONpefesiseM TelJIo depe3
H3MeHeHHe c¢pedHeli DHEPrHH CHCTEMEL.

A\
\
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npu (GUKCHPOBAHHBIX BHEWHHX HapameTpax OOMeH 3IHEDrHeH Mexiy
HUMH HeBosMoxkeH *). CyLIecTBYIOT pa3andHble cnocoChbl JOCTHYD TEILIO-
BOH H30JIAIIMH: CHCTEMBI MOXKHO VAaJdHTh IPYF OT Apyra HJH pasielHTb
TOJICTOH 060J0UKOH COOTBETCTBYIOIIETO BEIIeCTBA (HanpuMep, ac6ecT HiH
260muT). O6OIOYKA HASBIBAETCH MeENA0Us0AUpyoueti, WiH aduabamuvec-
Kou, ecau IBe pasfefeHHBIe Tarkcd 000J0YKOH CHCTEMBl HaXxOATCH
B TENJIOBOH U30JsiiiHH APYT OT ZPYra, T. €. €CIH TaKHe CHCTeMbl, ObIBIlIHE
CHayaja B COCTOSIHHM PaBHOBECHSI, OCTAiOTCsl B STOM COCTOSIHHM, IIOKa
BHeilHHe napamerpsl ¢ukcuposanel **). Ilpouece, KOTOPLI NPOUCXOANT
B CHCTEMe, TePMHUECKH H30JHPOBAHHON OT JAPYTHX CHCTEM, HA3HIBAETCS
QOUABUMUYECKUM.

- L) V)
E= 7%8 waste — p ~ (.9 E+= “ B wassiie— p=( g
E=-081,8 E=~0,24,8
9 8)

Puc. 3.12, Banande TeNJIOBOTO B3aHMOASICTBHS Ha BeCbMa fIPOCTYIO CHCTeMY A, COCTOAILYO
H3 eJHHCTBEHHOFO CIHHE 1/, ¢ MACHHTHBIM MOMCHTOM W,, NOMEUIEHIIOr0 B MarHUTHoe foge B. Ha
anarpaMMe TOKazaubl ABA BO3MOIKHBIX YDORHS 3HEPrUM CHCTeMbl A, DTHM ABYM KBAHTOBBIM CO-
CTOSIHHSIM COOTBETCTRYIOT 3Heprud E.4 u E_ . BeposiTioCTh 06HAPYKUTD A B COOTReTCTBYIOILHX
COCTOAHHAX OG03Haueda depes Py u P_, U BeJHYMA 3THX BeposTHOCTEH NPONOPUHOHAbHA
3aIITPEXOBAHHO HacTH TOPH3OHTAMBHBIX JHHHIL. YPOBHH 3HEPCHH OCTRIOTCH HeH3MeHIbIMI,
e¢CJIM BHElIHee MAarHHTHOe foJsie (CAHHCTBeHUblI BHEUIHHH napamerp CHCTEMbI) (HUKCHPOBANO.
Havualbnoe papHOBECHOE COCTOfiHHe (2) COOTBeTCTBYeT CIMHY, MNOMEIeHHOMY B lieKoe TBepaoe
TeJo. TBeplloe TeJIO 3aTeM noMellaeTCst B MKUIAKOCTb, M Mbl JKAeM HACTY{JIeHHST KOHEYHOro PaBHo-
LECHOT'O cocTosHUs (6). B 3TOM mpolecce ciiun cueteMmbl A TMorJoiaeT TENAO OT cHCTeMsl A’ ¢o-
CTOsIIeil M3 TBEPAOTO Teta H KHAKOCTH. Ipu ykaszau#bix Ha Anarpamme H3MeHeHHUsI K BepPOATHOCT A
Teio @, morJouieHHoe cucremoii A, panuo Q=06 WeB.

Aduabamuueckoe esaumoleiicmaue. JIBe TepMUyecKH H30AUPOBAHHbLIC
cucrembl, A 1 A', Bce ke MOr'yr B3aHMOAE[iCTBOBATL H OOMEHUBATLCS
sHEprueil, ecjlM U3MEHAETCH XOTsi Obl OAMH H3 HX BHELIHHX MapaMeTpoB.
MBI HA3BIBAEM TaKoe B3aUMOneRCTBHE aluabamuuecKui s3aumodeticm-
suen. {[TpuMepom annaGaTHYeCKOro B3aHMOeHCTBHH OYJIeT NpuMep i3
1. 3.6, ecnu NOJABUKHYIO NEPETOPOAKY CLeNaTh U3 TEIVIOU30AHD YIOUIETo
marepuasna.] Bospacranue (HOJIOKHTEIbHOE HJH OTPHULATENBHOE) CPEei-
Hell 3HepruM aAuabaTHUecKy H3OJHPOBAHHONW CHCTEMBI HA3bIBAETCH
maxpockonuyeckoll pabomotl, coseputetnol Hao cucmemoli™**); Mpt GyaeM

*) Ciopo aduabamuueckui o3nauyaer «TENJIO HE MOMET NPOXONHTbY H HPOHCXO-
aut oT rpedeckoro adiabatikos (a= ne-r-dia==uepes--bainein==rnpoxoaurs). Mut Beer-
na Gyzem yroTpebasaTh ero HMeHHO B TAKOM CMBICJIE, XOTst HHOTAa B (DH3HKe €ro HCIOb-
3yI0T 1as 0603HaUeHHs1 APYTOro MOHSTHS.

**) Eciu 06004Ka He sIBAseTCS TeIION30JUpYIomlell, Mbl TOBODHM, YTO OHa
menaonposooua.

**%) Makpockomuueckas pafoTa, ONpefelleHHAst uepe3 H3MEHEeHHe cpedHed SHep-
[HH, SBJISIETCS CTaTHCTHYECKOH Be/IMYHMHOH, DaBHOH cpejHeMY 3HAUEHHIO paborThl,
npousBefleHHOH Hal Kamxaoi cHcTeMoH ancambiast. Bo Bcex ciryyasx,sKoraa aTo He Mo-
JKeT BbI3BaThb OWMOKHM, Mbl OyjieM 00603HAuaTbh OnpefeseHRYI0 TAKHM 00pa3oM Makpo-
CKONHYeCKyl0 paboTy TepMHHOM paboma.
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o6osHauaTh 3Ty BeanunHy depes W. COOTBETCTBEHHO yMeHbILeHHe (1o~
JIOZKHTEJNbHOE HMJIH OTPHLATebHOE) CpelHed 3HepriH CHCTEMbl HOCHT Ha-
3BaHHe MaKpockonuueckot pabompt, coeepuieHHoll cucmemoti, W 060-
snavaercst — W. Mel MOXKeM Hamicath

W=AE nu W' =AE (51)
Ajs paborsl, npousselenHoll Haix cuctemamu A u A’ COOTBETCTBEHHO.

E=1t,8, %—— P=(1

E=p)8 =41
Ei=pyl 24 “- £Th9
E=~-u B (727 7777747177777/30 p=0}g
E=-08u,8 A _
9
E_—/L&,B, 27 E— P=03

)

Puc. 3.13. Brusanie agnabaTHieckoro B3auMOdeiCTRHsl Ha OYellh MPOCTYI0 CHCTeMy A, coctosmyio
M3 cNHHa !/, ¢ MaCHATHBIM MOMEHTOM Uy, MOMELEHHYIO B MaruutHoe 1ode 8. Hauansnoe nosome-
HHe ¥ ofo3nadcHsA Te XKe, 94TO # Ha puc. 3.12, no cuud aguabatuyecky H3onuporad. Ilpesnoso-
JKMM, Y4TO MarufTHOe fodie B H3MeHAETCS € MOMOLIbIO 3JeKTpoMaruuta. BesHUHHA C OBepLEHHOI
paboTsl 3aBMCHT OT XapaKTepa MPOHCXOAsilero npouecca. Ha pucyHke (6) NOKa3ano K oHeYHOe pas-
HOBeCHOe coCTOsIHHe, 06pasylolieecsl TP OYeHb MeJJIeHHOM H3McHCHHWH nodis oT B no B,. Pa6ara,
coBeplUenHas Hal CHCTeMoil A, B 5TOM cayuae pasia W=—-0,8 W,(B,;—B). Ha pucyuxe (s) noxasa-
HO KOHEUHOe PaBHOBECHOe COCTOsIHHe, 06pasyiollleecsi B TOM cJjydyae, ec/lH W3MeHeHHe NOJsI OT
B 1o B, 0pouCXOLHT HEKOTOPHIM MPOU3BOALULIM 06paszoM. Pabora, CoBeplieHH ast B 3TOM YACTHOM
. cayuae. pasHa W=—0,4 UeB,;+0.8 u,B

Ecan cocrasHas cucrema A-+A’ usoanpoBaHa, TO COXPaHEHHe SHEPTHH
(47) Tpebyer, uTOObI .
W W =0, (52)
HIH

= —W’.

Iocaeanee n3 3THX ABYX PaBeHCTB O3Hauaer, 4TO paboTa, NPOH3BeEJe:i-
Has Haj OAHOH cHcreMmoil, paBHa paboTe, NP GU3BEAEHHOH JAPYroi ci-
CTEMOH.

AnuaGaruueckoe B3aNMOIEHiCTBHE CBS3aHO C H3MEHEHHEM BHEIIHHX
napameTpoB cHcTeMsbl, [lo3TomMy .B npoluecce TAKOIO B3aHMOAEHCTBHsI
TIPOUCXOJUT H3MeHeHHe N0 KpafHell Mepe HEKOTODHIX YPOBHEH 3HEprHH
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B3auMonelcTBYOmMUX cucTeM. CpeiHsisi 3Heprus B3aHMOACHCTBYIOUIHX
CHCTeM IpH 3TOM U3MEHSIeTCsl, BO-NIePBLIX, IOTOMY, YTO MEHSETCs SHePTH A
BCEX KBAHTOBBIX COCTOSIHUIT U, BO-BTOPHIX, H3-33 H3MEHEHHsS BEPOATHOCTH
HAXOXAEHHA CHCTeMbl B JIIOOOM H3 3THX COCTOSIHHMH *).
Baaunmodeticmeue e obuem cayuae. B obineM cayuae B3aHMOAEHCTBYIO-
IHe CcHCTeMbl He aBJSIOTCS! ajanadaTHuecKu M30JHPOBAHHBIMH M HX
BHeIIHUE DapaMerpbl He OCTaloTCd IOCTOSIHHBIMU. B 3TOM caydae, oue-
BUIHO, [IOJIHOE H3MeHeHuHe cpeAHell 3Hepruu B3aHMOJeHCTBYIOWeR CH-
CTeMbi, HanpuMmep cHCTenbl A, MOM(HO 3anucath B BHJIE CYMMBL

AE =W 1+ Q. (53)

3nech W o3nauaerT U3MeHeHHE (‘.pe[LHeﬁ HEPruy, CBA3aHHOE C H3MEHE-
HHEeM BHEIHHX NapaMeTpoB CHCTEMBI, a Q —~ H3MEHEeHHEe cpe,rmeﬁ 3Hep-
I'dd, HE 3aBHCHALLCE OT HM3MCHEHHSI BHEIHHX [IapaMeTposB. Paznoxenne

(63) Bemmuunnl AE Ha patioty W, npou3BeieHHYIO HAl CHCTEMOH, H Ha
TemIo (), MOIJIONIEHHOE €10, HMECT CMBICJ, €C/H 3TH COCTABJISIIOLINE MO K-
HO pPasneuTb JKCIEpHUMeHTasbHO. Jlonyerum, uro chucrema A B3aumo-
JelicTByer ¢ aByMsi cucremami. OfHa H3 Hux, A}, oraeneHa or A tepmo-
U30JUpYIOlleil 060JIOUKOI, a Y Apyrofl cHerensl, A,, BHEIIHHE napamMeTphl
¢uxcHpoBaHsl. B 3TOM cayuae passoxenue (53) HieeT IPOCTOH CMBICI:
€ro nepBbIf uled paBed pabore, Npou3BeAeHHOH nepBofi cucremoit A
(¥H  yMeHbIUIEHHIO ee CpeAHed 3Hepruu), xkoropad ajanabaTHuecKu
H30/1pOBala, a BTOPOH uJeH paBeH Tem1y, OTAAHHOMY clicTeMol A
(uay yMeHpIIEHUIO ee CPeAHEell SHePrHHu), BHelIHHe apaMeTpbl KOTOpoH
(hHKCHPOBAaHBL. ‘ ‘

[To ucTOpHUECKHM NpHYHHAM Bblpa)keHue (b3) HOCHT HA3BaHIe
nepeozo saxona mepmoduramuxu. OHO yCTAHABAMBAET Pas/iMylC MEMXy
paborodl M TemaoM, Kak (OpPMaMH 3HEPTHH, MePefaIOHMUCS CHCTEME
pasauyHeIMH crocobamil. Tak Kak pabora W Temao siBJsoTest Gopmamil
DHEPTHH, 3TH BeJHUMHLI M3MEpSIIOTCSl B €IMHHIAX SHEPTHH, Hanpumep
B 3prax WJH JUKOYIAX *¥).

becrorneurno maroe usmererue cocmosnus e obujem cayuae. Ilpouecc
B3aUMOJEHCTBHS OCOOEHHO IIPOCT, €CJH OH TPHUBOAHT K GECKOHEUHO
MaJIbIM “H3MeHeHHUsIM. DTO O3HayaeT, 4To HayajbHOe MaKpOCKOMHYeCcKoe
COCTOSIHHE CHCTeMbl OECKOHEUHO Majo OT/IHYaeTcsi OT ee KOHEUHOTO CO-
crostuusi. I1py 3ToM 3HEPrHsl H BHEIUHNE HapaMerphl CHCTEMBI B ee KOHey-
HOM MaKpPOCOCTOSIHUH OUeHb MaJlo OTJIHYAIOTCS OT 3HAYEHHH 9TUX BEJNHYHH
B Hauya/JbHOM MaxpococTostiiH. BeckoHeuno masoe yBejuueHue cpenHeit

*} OGpaTuM BHHMAHNE HA CreUna’dbHBIH caydail. [lycrTe cucrema Haxonutcd B
TOYHOM KBAHTOBOM COCTOSIHHH, HEPTHst KOTOPOrO 3aBHCHT OT BHEMIHHX I1aPaMeTpos.
Torza oHa NMPOCTO OCTAHETCST B 3TOM COCTOSIHHH H ee SHeprHsi U3MEHHTCS B COOTBETCT-
BUH C H3MeHeHHeM BHeHIHero napameTpa, eciH nocaefHuil 6yeT MeHITbCA 00Cmamoyno
MeONeHHO.

*#) B crapoli dusnueckoil JuTepatype H Jaxe B COBPEMEHHON XHMHYECKOH TeILIOTY
H3MeDSIOT B Kasopusax. Ta eluMHHUA Owlia BBegeHa B XVIII Beke, koraa eime He oco-
3HAJIH, YT TemloTa ecth (opma sHeprun. CoBpemenHoe onpedeserue KajOpHH ClAeRYIO-
wee: 1 kanopua=4,184 mxoy.as (Touno!).
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SHEPTHH CHCTEMBI Mbl 0603HauuM uepes dF. [las o6o3nauenust GecKoHeu-
HO MaJioii paboThl, COBepLIeHHOH HaJ CHCTeMOH, OyjeM I0Jb30BaThCH
cumMBogiom d W Bmecto WA Caenyer cpady OTMeTHTb, yro BenauuuHa d W
He sB/SETCS PasHOCTbIO (Audxbeperiinanom) fByx paGor. JIeHCTBHTENBHO,
paboTa ecTb Be/IMUHHA, 3aBHCSINAS OT CAMOTO TPOoliecca B3aUMOLeHCTBHS.
Mpbl He MOXKeM roBOPHTH 0 paboTe 1o M Noc/e NPonecca HaH O Pa3HOCTH
THX BeJHUYMH. AHaJOrHyHoe 3aMedyanve OTHOCHTCH M K BenHuuHe d Q,
KOTOpast AB/siercss 6eCKOHEUYHO MaJbIM KOJHYECTBOM TemJa, NOTAOUIEeH-
HBIM @ npoyecce, HO He GYLeT pasHocThio (AudxpepeHilnalom) KOMHUYECTB
TensioTel. MMes B BHAY 3TH 3aMeYaHHsi, Mbl MO:KeM 3allucaTb MepBbill
3aKOH TEPMONMHAMUKH A1s1 GECKOHEUHO MAJOro M3MeHEeHHsl COCTOAHUs
B CJIENVIOEM BIE:

dE = dW - dQ. (54)

Jameuauune [loyuntesbHo paccyoTpeTb OCCKOHEUHO Majdoe H3MEHEHHe
COCTOSIHUSI CO CTATHCTHYECKOH TOUKH 3peHust. JIonmycTHM, YTO mpouecc NPOUCXOAHT
KBA3HCTATHUECKH, T. €. HACTOJNBKO MeUIEHHO, YTO CHCTeMa BCe BpeMst ouelb G1M3Ka K
cocrosnuio paBroBecusi. O603HauNM yepe3 P, BeposiTHOCTb HaxomAeHHs cucreats! A
# COCTOSTHMH 7, 3Heprust xotopora £, CpeiHsis 2Heprust cucreMmsl, [O onpejese-
HUIO, PaBHa

E=DP,E,, (55)

rje CYMMHPOBaHHe NPON3BOIHTCS MO BCEM / BO3MOAKHLIM COCTOSHHSIM CHCTeMbl. B Gec-
KOHEUHO MaJIoM npouecce sueprust £, MeHsieTCs Ha Masiyio BeJHYHHY, BO-MEPBHIX, H3-3a
H3MCHEHHS BHEUIHHX [1apPaMeTpOB M, BO-BTOPBIX, H3-3a2 H3MeHeHHs BeposTHOCTH P,.
Hosromy nmosHOoe H3MeHelte HCPTRH B TAKOM NPOUECCe MOKET GbIThb 3aMHCAHO B BHle
audibepertnana .

:}r_‘(P,dE,+ E, dP,). (55).

[Toriowenne Tenna ozuayaer Bo3pacTaHHe CPeAHCH HEPTHH 1PH (PHKCHPOBAHULIX
BHOILHHK Napamerpax H DaBHO NO3TOMY RTOPOMY uleHY B npasofl uactu (56). Mo
MOMEM 3aMuCaTh

dQ = X E, dP,. 67)
Beckoneuno mamnas pabora, npousBelenHasi Hajl CHCTeMOMl, paBHa
AW =dE—dQ=X P, dE,, (58)

4TO MpeAcTasasieT coboil U3NeHenHe cpeldell HepruH, BO3HHKAIOLEe OT CABUTA YPOB-
vefi. CABdr ypoBHel HEPIHH MPOUCXOAHT OT GECKOHEUHO MAJTOr0 U3MEHEHHS! BHEUIHHX
napamerpoB. [Ipn 3ToM BeposTHOCTb P, coXpaHsieT CBoe NepBOHa4albHOE 3SHaueHHe,.
OTBEYAIoNIee PABHOBECHOMY COCTOSTHUIO.

Ceoaka onpepeaenuii (HekoTopbie M3 3THX onpeieleruil ABAAIOTCA.
YTOUHEHHLIM BapUAHTOM OnpejefeHdil U3 NpeabAYHX [JaB.)

Muxkpococmonnute {(uau npocmo cocmosrue), Onpe/iesieHHOe KBAHTOBOE COCTOSIHHe
cucTembl. OHO COOTReTCTBYeT HanGonee noApoGHOMY ONHCAHHIG CHCTEeMbl, AONYCKa-
€MOMY KBAHTOBOII MeXaHHKOH.

Maxpococmosrue (uiu maxpockonuueckoe cocmonnue). [onanoe OIIHCAUHE CHCTeMbI
qepe3 MaKpOCKOMMUECKH H3MeDSieMble [1apaMerphl.

Hocmynnoe cocmosnrue. Jiio6oe MHKPOCOCTOsiHME, B KOTOPOM CHCTeMa MOXeT
H3XOJMTHCsl Ge3 NPOTHBOPEuHst ¢ JAHHBIMH O ee MAKPOCKOMHYECKOM COCTOSIHHH.
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Yucao cmenened c8o60odpt. Unrcsio pasauyHBIX KBAHTOBBIX 4YHCEI, HEOGXOAHMBIX
JUISl TOJTHOTO ONMCAHHS MHKPOCOCTOSIHMSI cucTeMbl. OHO paBHO UHCJIY He3aBHCHMBIX
KOOPJHHAT (BKJIOUasi CAMHOBBIE) BCEX WYACTHI CHCTEMEI.

Brewrnui nagpamemp. MakpockonHuecKufl napamerp, KOTOPHIH BJIHseT Ha JBH-
JKeHHe 4acTHIL B CHCTeMe, a TeM CaMbM H Ha SHEPTHIO BO3MOXHBIX KBAHTOBEIX COCTOS-
HHH CHCTEMLI.

Hsoauposannan cucmema. Cacrema, He B3auMOJeiICTEYloulasi, a CJeOBAaTesbHO,
H He oOMeHHBaioHIasicsl Hepruell ¢ JIOGLIMH APYFHMH CHCTeMamH.

Honnan snepeus cucmempr. CyMmMa KHHETHYECKOH M NIOTeHIMabHONA 3HEPIMH BCeX
HaCTHI, CHCTEMBI.

Brymperinaa suepeus cucmemot. ITofHas SHeprHs CHCTEMEI, ¥3MepeHHas B CH-
cTeMe KOODAHHAT, B KOTOpPOH LEHTP MacC CHCTeMbl HENOBUIKEH.

Pagrogecue. M30mupoBaHHAA CHCTEMA HAXOJUTCH B PABHOBECHH, €CJAH BepOAT-
HOCTb HAXOXK/EHHs CACTEMEI B JI:o60OM M3 JOCTYIHBIX COCTOSIHUI He 3aBHCHT OT BpeMeHH.
(ITpu 5ToM cpelHHe 3HaveHHs BCeX MaKPOCKOMHYECKUX MAPAMETPOB CHCTEMBl He
3aBHCAT OT BpPeMeHH.)

Ocparuyerue. MaKpOCKOIHYECKOE YCJAOBHe, KOTODOMY TNOAYMHEHAa CHCTeMa.

Hecbpamumsii npogece. Tlponecc, npu KOTOPOM HauadbHAs CHTYalHs, CYLIECT-
BOBABILAsl B QHCAMOAe U3DAUPOBAMHAIX CHUCTEM, MOIBEPHKEHHBIX 3TOMY Npolleccy, He
MoXer OLITh BOCCTAHOBJIEHA IPOCTHIM HAJMOXKEHHEM OrpaHuyeHHil.

O6pamunetdi npoyecc. Tlponece, npH Koropom HayalbHasi CHTYAUMsl B aHcambae
U30AUPOBAHHBIX CHCTEM, TONBeDKEHHLIX 3TOMY IPOLECCY, MOXKET OblTb BOCCTaHOBAEHA
[IPOCTHIM HAJIOXKeHHEeM OTpaHHYeHHH.

Tenaosoe esaunodeticmaue. BaanMoneliCTBHe, NPM KOTOPOM BHRLIHHEe NapameTphi
{a cienoBaTebHO, H YDOBHH IHEPrHH) B3aHMOJEACTBYIOUIMX CHCTEM OCTAIOTCS HEH3-
MEeHHBIMH.

Aduabamuueckas usosayus (Uaw menaosas usosayus). CucTeMa HasbBaeTCsl afua-
6aTHueCKH H30JMPOBAHHON, ec/l OHA He HAXOJMTCH B TeIVIOBOM B3auMolelicTBhM ¢
JIPYTHMH CHCTeMaMH.

Aduabamuueckoe s3aumodeiicmeue. BiaumogefictBue, npn XKOTOpPoM B3aumojelict-
BYIOILHE CUCTeMbl aHa0aTHIeCKH H30IMpOoBaHbl. B aToM calyyae npollece B3anmoneficr-
BYSI BHI3HIBACT H3MEHEHUE HEKOTOPHIX BHEIUHHX NAPAMETPOB CHCTEMBL.

Tenno, noeaouennoe cucmemoti. Y BeuYeHHe CpefHell SHePIMH CHCTeMEI, BHeLIHHe
napamMerpsl KOTOpOH (MKCHPOBAHHL.

PaGoma, npoussedennas Had cucmemoti. YBeandeHne cpellnelf Hepruy anuaba-
THYECKH H30JIHPOBAHHOH CHCTeMBI

X0100notti. CpaBHUTENBHBU TePMHH, XapakTepusyowni oOnekT (cv(:'-“eMv),
KOTOPBI MOTJIoaeT NOJOKITeJMLHOE TEIVIO NPH TEIJIOBOM B3aHMOEHCTBUH C JPYTFHM
oOBbEKTOM (CHCTEMOH).

Tenavit (uau eopsuud)., CpaBHHTeNbHBIH TepMHH, XapaKTepH3YIOWHI 00beKr
(cHcTeay), KOTOpHIE OTHAeT MONOKHTENIbHOE TeVIo MPU TemIOBOM B3AMMONelicTBHA
¢ JApyruM OGBeKTOM (CHCTeMOM).

OcHoBHble opMynnt
Cesisb MexIy 5Hepruefl, padoTofi u Temiom

AE =W 4-Q. )

3aapaaun

3.1. [pocmoid npumep menaogo20 pasHosecust. PaccMOTPHUM CHCTeMy CIIHHOB,
npuBesienHy0 B'Ta61. 3.3. JlonycTum, YTo BHauajle, Korja cacremst A u A’ 6butn pas-
JieJieHbl, H3MepeHHst Aaju JJIsl OJHOTO MarHHTHOr'o MoMenTa cucteM A u A’ 3nauenus,
paBHeie —3j, H u -4y, COOTBETCTBEHHO. 3aTeM MeXJy CHCTEMaMH OCYIIECTBJISAETCS
TeINIOBON KOHTAKT M OHH OOMEHHBAIOTCA 3HEPTHSMH, NOKA He HACTYMHT KOHeYHoe
paBHOBecHOe COCTOSIHHE. BLIMHCJHTE ISt 3TOTO COCTOSHHSA:

" a) BeposrHocrs P(M) Toro, uTo nosHbifi MAarHWTHHIE MOMEHT CHCTeMbl A npumer
JIO60e H3  BO3MOXKHBIX 3HAueHHH
6) Cpezmee sHavenne M TIOJHOTO MATHMTHOTO MOMeHTa CHcTembr A.
B) IIpeanonoxuM, yTO Tenepb CHCTEMa CHOBa pasfiefieHa, TaK YTO o6MeH 2Hepruefl

cran sepo3Moxked, Kaxoes -3uavenus P(M) 4 M cucremm A nocse pasfesieHus?
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. EQurcmeenHeli cnun 8 menaogos KOHMasme ¢ HeGoAbIOL CLcmesMol ChuHos.
HYCTb CI/ICTeMa A COCTOMT M3 OJHOrO CrHHA, PABHOTO 1/2, ¢ MATHUTHBIM MOMEHTOM My,
a cHeTema A’ coftepIKuUT TPH TAKUX CNHHA. O6e CHCTeMBbl HAXOASTCA B MAarHUTHOM MOJe
B. Cucremer A u A’ HaXOIATCS B TEMIOBOM KOHTAKTE H MOTYT OOMEHHUBATHLCS SHEPrHEN.
Tpennosioxum, 4To, Korja MarHuTHeIl MoMenT cugTembi A Hanpassen Beepx (T. e. A
HAaXOJUTCH B COCTOSIHHH ), Y cucrembl A’ B4 MArHHTHBIX MOMEHTA HAalPaBJeHbI
BBEPX, a TPeTHH MOMEHT HanpapJIeH BHU3. Bruxcaute rnogHoe 4HCJI0 JOCTYNHBIX CO-
crosuuii clioxmuoll cucremu (A4 A’), Koraa moment cucrembl A HanpagieH BBepX H
Korja oH HanpagjieH BHH3. Halfinute otuowenue P_/P., rie P ,.— BepoSTHOCTH
TOro0, YTO CIKH cHereMbl A Hanpasden BBepx, a P_ — suus. Cucremy (A-+A") cyu-
TaliTe H30JHPOBAHHOM. )

3.3, EQuncmeennbill CRUK € MEnaos0st KOHMAKMeE ¢ OOAbLWON Cucmemod cnuHos.
O6o6lHM NpejbAYILYIO 3ajauy, paccMOTpeB cayuaii, Korja Bropas cucrema, A’,
COREDPIKUT NPOU3BOJALHO Gosbiloe uncao N cnuuos 1/2, Kamkabli H3 KOTOPHIX HMeeT
MarHUTHBIA MOMeHT . OGe cucrembl, A H A, nomemmeis: B MarunTHoe nojge B u naxo-
JIITCSL B «TENJIOBOM KOHTaKTe, ofecrneunBaioiieM cnoGoiumii ofMer sHeprueir. Ecan
MOMEHT CHCTEMB A HATIPaBJIeH BBEPX, TO 1 MOMeHTOB cucTembt A’ Hanpasiens BBEpX,
a ocradbHele n'=N-—n Hanpasielb BHH3.

a) Haiiaute. yucso jocTynHeix cocrtostiuifi chaoxuoit cucremst (A4-A"), xoraa
e A Hampamded BBepX. 3T0 UMCJIO PaBHO UMCIY C€HOCOGOB, KOTOPHM N CHHHOB
cucreMbl A” MOPYT GbITh PACTOJOMKEHLE TaK, UTOOB 1 H3 HHX CMOTDPEIO BBepX M
n' — BHH3.

8) [lyctb MomenT cHeTembl A Ranpasden Brn3. Tlosnast sHepris cjaoXHON cCHCTEMbE
(A--A") noaxua, pasymeercsi, octaTbest #ensMenHol. CKOJbKO MOMeHTOB cucTeMsl A’
Tellepb HaNpapieHsl BBEPX M CKOJAbKO BHH3? HailawTe uncio AOCTYNHEIX cocTosHAil
s caokuoll cuctemsl (A~4A') B atom cayuae.

3) Boiuneaure ordoutenve P_/P ., rie P_— BepodaTHOCTb TOTO, HTO MOMEHT A
HANPABJEH BHH3, a P.., COOTBETCTBEHHO, BBepX. Y MPOCTHTE MOJYUYeHHBIH De3yJbTar,
BOCIO/IL30BABUIHCL TeM, 4To i3>l u n'3:1. Ecmw n>n', 1o 6yler au orHvIIeHHE

~/P, 0oabule nWad MeHblie [?

3.4. O606ujerue npedvidymed 3adayn. IlyeTs B npelniyiuell 3agaue MarHHTHBIR
someHT cucremb! A pasen 2u,. Berucaurte otrowenuwe P_/P .. BeposrtHocTeil Toro,
YTO 3TOT MOMEHT HANPAaBJAEH BHH3 HJH BBepX.

3.5. I1pouseoavhas cucmema 8 mefis0eos KOHMAaxme ¢ 604610 CLUCMEMOL CIUUNO0B.
Paccyknenust npefbliyluefl 3afauk Jerko pacnpocTpaHuTh Ha Gosee obmwiuil cayuaii.
Pacemorpuu mo6yio cHeteMy A, KOTOpast MOKeT ObiTb OJMHOUYHEIM aTOMOM WJIH MaK-
pockonuueckol cucreMoil. IlycTh 3Ta cucTema A HaXONHTCH B TeNJIOBOM KOHTakKTe C
cucremoii A, ¢ KOTOpOii OHa MOXKeT O0BMeHnBaThesl aHepriedl. JonycetuM, 4to cucreMa
A’ waxoaurest B MaruatHoM nojsie B u cocrout uz N cnunos /2, kaxiblii H3 KOTOPBIX
0B1aaeT MATHATHEIM MOMEHTOM W,. Yucio N nyers 6yaeT odeds GOJbUIHM 1O CPaB-
HEHHIO ¢ UHCJIOM creffeHell cBOGOAbl OTHOCHTENLHO TOPA3f0 MeHbIued CHeTembl A.
ﬂpennonomum YTO KOT/a cucTeMa A HAXOAHTCS B HaWHM3IIEM COCTOSIHHM 3tepruu F,
y cuerembl A’ 7 MOMeHTOB HATPABIENb BBEPX, 4 OCTalbHbIE 71 '=N—n Momenton —
Buu3. 3amernn, 9T0 £3>1 K A'S1, Tak KaK BCE uHC/IA OUEHb BEJHKH.

a) Jlas cayuas, KorjacicTema A HaxXOINUTCH B COCTOSIHMHM C HauMeHblIell dHep-
rueli £y, naiigure noJHoe YHCJO COCTOSTHIH, AOCTYNHbIX cocTaBHOH cicTeme (A--A').

6) [pexnosioKuM Tenepb, 9To cucTeMa A HAXOIUTCA B HEKOTOPOM JAPYFOM CO-
CTOSIHHY r, T/le OHa HMeeT SHepruio £ ,oom,muo gem ;. HTo6bl MOMHAST SHEPTHs
cocTaBHoO# crcTembl (A--A') ne namenstach, 8 A” cucrenme (n--An) MOMEHTOB JOMKHLI
ObiTh HAaNpasieHsl BBepX, a (n—An) — pun3, Boipasute An uepes pasuoCTb SHEPrHIT
(E,—E,). Moxere cunratb, uto (E,—L3)>1,08.

B) Hajinurte nosiHoe uuc/l0 AOCTYIIHBIX COCTOSTHHI COCTABHOM CHCTEMBI (A+A ),
ecnu cHereMa A HAaXODMTCs B COCTOSIHMM 7 ¢ sHepriefl E .

r) OGo3Hauum uepes Py n P, BeposATHOCTb TOrO, uTO cucTeMa A HaxXojuTes B CO-
CTOSIHMAX C 3Hepruel Eg u E, COOTBETCTBGHHO Haijinnure OTHOLIeHKe P,/P,, ucionb-
30BaB npuGmixenve An<gn i An<gn'.

1) BocrnosbaosaBIUKCh NOYUEHHBIM PE3YJILTATOM, OKAXHTE, YTO. Beposrmocrb P,
HaxoXJIeHNs CHCTeMbl A B. COCTOSHMM C BHepI‘MeH E, umeeT BH,[( .

P,= Ce™
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rie C — xo3GdHUMENT nponopuHoHanLHOCTH. Bhipasite B uepes pogB u oriouse-
uue n/n’.

¢) Kakos suax P, ecan n>n'? Jonyctum, uto cocefine yposuu sueprun E,
cucTeMbl A OTCTOAT APYT OT APYra Ha MOCTOSIHHYIO BeJHYHHY b (HampHMep, cucteMa A
MOXKeT GbITb FapMOHHUECKHM OCUHAISITOpPOM). B 3TOM cayuae €,.~a-br, rae r=0, 1, 2,
3, ..., @ BeJMUMHa @ — HeKoTopas nocrosiiHasi. CpaBHHTe BEPOSITHOCTh HAaXOKAEHHS
cucreMbl A B /I0GOM H3 COCTOSIHHH 7 € BEPOSTHOCTbIO ee HAXOMKIEHHSI B COCTOSHHH
HaumeHbieli sxeprun r=0.

3.6. [Hasaenue, cozdasaenoe UOeQAbHHIM 2a30M (KBAHMOBOMexaHuMecKull pacderm).
PaccayoTpum ofMHOYHYIO YacTHLY € Maccoll /m, TNOMelleHHYIO B slMK CO CTOPOHAMH
Ly, Ly, L,. Tpeanonomus, 4To 9Ta UaCTHUA HAXOLHTCS B KBAHTOBOM COCTOSHHH T,
ONIpejielIseMOM  TPpeMst KBAHTOBBIMH UHCAAMH fly, Ay, ;. DHEprusi 5TOF0 COCTOSIHAS
E, naercs copmysofi (15).

Yacrnua, HaXoRsAWwasicsl B JAHHOM COCTOSIHMM r, NeHCTBYET HAa MPaBYIO CTEHKY
siMKa (T. e, Ha CTeHKY ¢ X=L) ¢ cuo0il F, B HarIpaB/JeHHH X. DTa CTeHKa AedCTBYeT
Ha uacTHHy ¢ cwiofi —F, (T. e. B HanpaBlewun —x). Ecau npasas cTeHka smiHka
MeJUIeHHO cMelllaeTcsl BOPABO Ha paccrosinue dLy, To pa6ota, cosepiiaemast Haj ua-
9THUEA B COCTOSIHHM 7, paBHA —F . dL .. Dta pabora poskHa OBITh pABHA BO3PACTZHHIO
cHepril df, uactulbl B paccMaTpuBaeMoMm cocTosiHud. Takum o6pasow,

dE,=—F . dL,, {1

% cuia F,, HCTIBITBIBAEMAsT YacTHIlell B COCTOSIHAH 7, CBA3aHa C ee sHeprHeil E, B 3TOM
COCTOSIHMH CJIEAYIOWIUM BbIpaxKeHHeM:
R . (11
= "3 -

oL,
Mpr Hamucanu 3jech YaCTHYIO MPOU3BOAHYIO, T3K KaK B HallleM pPacCyXKIAeHHH AaH-
Hl Ly, U L, OCTAaBAINCh HEH3MEHHBIMH.

a)” BocnonbsopaBiuch (11) n suipakenvem (15) ann sHepruu, soiuncaute cuay F,
C KOTOPOH YaCTHIA, HAXOAAIIAACA B COCTOAHHH C KBAHTOBBIMH UUCAAMH My, M., Mg,
leficTBYeT Ha MNpaBYIO CTEHKY.

6) Ipeanonoxum, uTO HacTHIA He W3OJINPOBAHA, A SIBAAETCH OJHOH M3 MHOTHX
YacTHIl, O0pa3yloWHUX a3, 3ak/IoueHHb B siuhke. OHA B COCTOAHHU C/iaGo B3anMoO-
JeficTBOBAThL € APYTHMH YACTHIAMH H MO3TOMY MOXKET OKa3aTbCsl B JIOGOM H3 KBaHTO-
BBIX COCTOSIHRIL, OTpelesisteMblX PAa3JHUHLIME 3HAUEHRAMH Ny, N, h,. Bolpasure cpen-

HIOW CHTY F, ¢ KOTOPOil yacTHUA AefiCTBYeT Ha CTenky, uepes nl. [lonverure aas yo-
POILEHHS 3a4aUH, UTO AUMK npencTavaser coboil ky6, Tak uro Ly=L,=L,=L. U3
22w o
CHMMETDHH 3aJlauu ClelyeT, 4To ny==ngz=nz Bocnoabayiitecb pesysabratom, uToOH
cBs13ath F co cpeneil sHepruell E 4acTHIIbL.
8) Ecuin ras cocront u3 N 0IHHAKOBbIX YACTHIL, CPelHsist CH/A OT BCeX 3THX YaCTHIL
pasua NF. [lokaxuTe, 4T0 CpeiHee aaBJ/ieHHe Trasa (T. e. CpelHssi CuJ/a, C KOTOPO#H
ras peficTByeT Ha eQMHMUY NOBEPXHOCIW CTEHKH) paBHO

. p==5vE (11

re £ — CpelHss SHePrus ONHON YaCTHILI rasa.

t) 3amerste, uto pesyastar (I11) cosnanaer ¢ (1.21), nonyuennsM B npuGauxe-
HHH KJaCCHYeCKOH MeXaHHKH.

3.7. Tunuunoe «ucro docmynubix cocmosHuid Oan moaexyse 2asza. Popmyaa. (111)
apexsipyweii 3afaun unn dopmyaa (1.21) MO3BOIAIOT HAM OLEHHTDL CPEIRIOID IHEPTHIO
rasoBoil MOJIEKYJEI, Hanpumep, mMoseKyanl asota (N,) NpH KOMHATHOH TemnepaType.
3Has MNOTHOCTH M [1aBlieHHe 3TOTO Fa3a, Mbl HalileM, uTO CPelHsist 3HEPrHsl MOJEKYJIbl
E fcm. (1.28)] Gamska x 6-10-14 apz, _

a) Cocuuraiite, Bocnoan3oBaplunch (31), uucao cocrosunii ®O(E) ¢ suepruef,
meHpiteR L, NOCTYNHBIX MoOJeKyJse, 3ak/woueHHOR B smuK obvemom 1 2 (103 ca3).
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6) BriSepem HeGosibluoit unrepsan sueprun 8L=10-24 3pz, KoTOpwIt BO MHOro
pa3 Medbiue camofl sHepru E. Bruncaunre uncno cocrosinuit Q(FE), nocTynHeiX MoJe-

KyJe, B HuTepsate suepruil ot £ no E--5E.
B) [TokaxuTe, 4T0 MOJyueHHO® YHMCJO COCTOSTHHII OYEHb BEJHKO.
3.8. Yucao cocmoanudii udearorozo easn. PaccMOTPHM HiealbHbIH a3, COCTOSILUE
#3 N yacTui, HaxolANKXCS B suuKe co cTopoHamu Ly, Ly ,L,. ITycts N 6yzer nopsaaxa
uaucaa Asoraspo. Onpejennte BKJAAJK 8 3HEPTHIO OT KaiJIOTO KBAHTOBOLO YHCJA OT-
JedbHO H, BOCNOJB30BABIUMCH NPHOIHMKEHHMSIMH, AHAJIOTHYHBIMH TeM, KOTOphle pac-
CMOTpEHH! B 1. 3.5, noxaxure, 4to uncao coctoauuii Q(E) B unrepBane ssuepruit or £
a0 E+4-8E pasuo
: Q(E)=CVNLE/2 N §E,

tie C — kosdpuusent nponopuuonaibioctd U V=L,L,L, — o6beM siuKa.
*3.9. Yucao cocmosnuii 6 cucmeme cnuros. Cuctema, cocrosimast u3 N CnuHOB 1/,
€ MarHHTHBIM MOMEHTOM KaXIOTO CTHHA |1y, NIOMelleHa BO BHELIHee MarHHTHOe noje B.
CucteMa uMeeT MAKPOCKOUHUECKHe pasMepsl W N Iopgika unciaa Asorajfpo. DHeprus
CHCTeMbl paBHA
E=—(n—n') p,B,

rae 7 v n’ — vHCIa MAarHHTHBIX MOMEHTOB, HAnpaB/eHHBIX 110 MO0 W NPOTHB MOJS
COOTBETCTBEHHO. .

a) Briuxcstitre fnst 3Toil CHCTeMBl CIMHOB uKC0 cocTosnui Q(E), xotopble Jiexkar
8 HeSosbilom nuTepsade shepruil or £ 1o E4-O8E. Mwmeercs B Bumy, uto 8F oueHn
BE/HKO 110 CPABHEHHIO C SHEPruel OTAeNBHLIX CIHHOB, T. €. 0E>uyB. )

6) Haiiante tounoe Bblpaxkenne 11 In Q B 3aBucumoctd ot E. Tak kak u nu n’
Oueln BeAHKH, HCNonb3yiite npubaumenue lnnlavn ln a—n, noayyennce B (M. 4),
dast suiuncienus n! u n'l. [lokaxurte, 4TO ¢ OYeHb XOPOUIHM MPUOIHKEHHEM

10 Q (E) = N I @N) = o= (N E') I (N —E") — = (N +-E) In (N +-E),
2 2

cle .
E
HoB”

8) Hapucyiite B o6tux deprax xof In €2 e sasucumoct ot £. 3amerste, uto Q(E)
Hie pacTeT MOHOTOHHO ¢ yBeauuenueM E. Tlpuuwua B TOM, 4TO CHCTeMa CIMHOB MMeeT
He TOALKO CAMOE HH3KOe COCTosiHHe sHeprud E==—NpgB, HO u camoe Beicokoe E==
=Np,B. C xpyroli cTopoHsl, BO Bcex OGBIUHBIX CHCTEMaX, e Mbl He HTHOPHpPYeM
KHHETHUECKYIO DHEPTHIO 4acTHIl (KaK 3TO TNPOKCXONMT B Clyyae CNHHOB), BepXHero
apelena 11 KHHETHUECKOH SHePrHH CHUCTeMbl He CYLIECTBYET.




TTABA 4
TENJIOBOE B3AI/IMOD,EI71CTBHE

B npenwlayuwief raaee Mbl paccMoTpenH TMOCTYJaathl M OCHOBHLIE
TeOpeTHYeCKUe HJIeH, HeoOXOIHMHIE [/ KOJHYECTBEHHOTO OIHCAHHSH
MaKpOCKONHYecKuX. cHcreM. Tenepb 5TH Mien W nocTyJaathl GyayT
HCTOJL30BaHbl /sl PelleHHs] HEeKOTOpbiX 3ajay, HMEUHX O60Jblioe
(pusHueckoe sHaueHue. Mbl yOeaiHMCs B TOM, HTO HaUl MeTOJl HCCJEl0Ba-
" HHS1 oOJanaerT OOJBILOH CHJOH. )

Mul HauHeM ¢ NoApOGHOTO PAacCMOTPEeHHs TEN/I0BOTO B3aUMOACHCTBHSA
MeXIy cHCTeMaMH. AHa/H3 TelJsIOBOrO B3aHMOIEHCTBUST OTHOCHTEIbHO
TPOCT, T2K KaK BHEUIHHE NapameTphi, a 3HauuT, ¥ YPOBHH SHEPTHH
CHCTEeMbl TTPU TAKOM B3aUMOJEHCTBHH He MeHstoTcsl. Kpome Toro, TemnJo-
Boe B3auMopefcTBHe sIBJASIETCA OJHHM U3 HauGoJee 4acThIX MPOLECCOB
B OKpYy2KatonleM Hac Mupe. Hac 6yayt uHTepecoBaTh Cjeayloiie BOipo-
Chl: Kakue YCJOBUSI JOJKHBL ObITh BHIMOJHEHB!, 4YTOOBI IBE CHCTEMBI,
HaXOAsIHeECs B TEMJIOBOM B3aHMOJEHCTBHH JPYr ¢ IPYIOM, OKa3a/iuch
B COCTOSIHHH paBHOBecHsi? KakHe BEpPOSTHOCTHHIE YTBEPMKIEHHS O [PO-
1lecce B3auMojeHcTBUs MOTYT ObiTh clenaubl? Ha 3T BOnpocw Jerko
fI0JIYUUTh OTBETHI, AJs1 KOTOPBLIX XapakrepHa Gosbluast OGULHOCTb 1 -
pokas obaactb npuMmedenus. JeficTBUTENbHO, B STOH TMaBe Mbl JOCTHY-
HeM 6ojee NOJHOTO MOHUMAHHS NOHSTHSI TEMNEPATYPL H HOJYUYHM
TOUHOE OTpelesieHHe «aGCoMOTHOH TemnepaTypbl». Hanee, mMb nossa-
KOMHMCSI C 3aMeuare/ibHO NPOCThIM IPAKTHUECKHM METOIOM BHIUHC/ACHHST
CBOHCTB J1I060H MakpOCKOMHYECKOH CHCTeMbl B COCTOSIHMM pPaBHOBeCHS,
Ha OCHOBaHHH HHGOPMAIIHH O CBOHCTBAX aTOMOB H MOJIEKY.1, H3 KOTOPbIX
OHAa COCTOMT. B KoHIle TIJIaBbl Mbl BOCHOJb3yeMCSi 3THM METOIOM
Jas1 TIOJyYeHHs] MAKPOCKOIHMYECKHX CBOHCTB HEKOTOPBIX CrelHallb-
HBIX CHCTEM. '

4.1. PacnpejeneHHe 3HEPrHd MeXIy MAKPOCKOMHYECKHMH CHCTEMaMU

PaceMorpum e Makpockonuueckue cuctemsl, A # A’. OGo3naunm
HX »Heprum yepes E u E’ coorBercTBeHHO. YTOObl NOACYHTATL YHCIO
COCTOSIHHH, pasfiesiiM, Kak 3TO OblL10 cledaHo B n. 3.5, LIKajy SHepPrHu
Ha O4YeHb Majele M paBuble HHTepBasnl 8E. (Bennunna wuHtepBasia
8E Bce e JIOCTaTOYHO BEIHKA, UTOGbI B HEM YMECTHJIOCH GOJIbILOE YHCJ/I0
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cocrosinyit.) OGo3naynM depes Q (E) 1 Q7 (E”) 11C/I0 NOCTYIHLIX COCTOS -
#uil cucreM A u A’, KorjJa uX 3HEpPTHHU Jexkar B npenenax or E 1o E-48E
u or E' no E'4-6E coorsercTBeHHO. 3ajaya MOACYETA COCTOSIHUE ympo-
maercs (4 3TO OYeHb Xopoiliee NPHOAHMKEHHE), eC/IH CYUUTaTh, YTO 3IHEp-
THst OPHHHMAET JHCKDeTHble 3HaYCHMS, Pa3eneHHbe MaJbIMU HHTEPBa-
aamu OE. Dynem nostoMy npennosaratbe, YTO BCE COCTOSIHUSA CHCTEMbl /A
B unrepBase (E, E-OE) umeor sHepraio E W 9HC/I0 TAKHX COCTOAHMI
pasho & (E). TouHo Tak e 4HeA0 COCTOAHHA cHeTeMu A’ B uHTEpBaJe
suepruii (E’, E’-+-0E) pasHo Q'(E’). Takoe yTBepkIeHUe HUHUECKH
03nadaer, 4yto sHeprus E sexut B nperenax or E mo E-+OE. To xe
oTHOCUTCA M K cucreme A’. ,

Buewnne nmapamerpbl cucrem A u A’ (DUKCHPOBaHBI, HO CHCTEMLI
moryT ooMennBatbcs sneprueh. (Ilo onpenenennto, sHeprusi, nepexons-
1lasi NpH TaKOM Of0MeHe OT OJIHOH CHCTeMbl K ApYrofi, umeer dopmy
Tensia.) XOTSl HePrusl KaXKIOH CHCTeMbl B OTAE/AbHOCTH HE OCTaeTcs
TIOCTOIHHON, cocTaBHast cucrema A*=A--A’ v30oaupoBaHa, Tax Uro
noHas sHeprust cucreMsl A* He Mensercs. Hmeem *)

E 4 E’" = E* =const. (1;

Ecau u3BecTHo, 410 aHeprus cucrems A pasua E, T 9Heprmo CHCTEMBbI
A’ MOXHO TOJYYNHTb U3 DPABEHCTRA

E'—F%F. )

Teneph NPeANONOHHM, UTO cicTeMbl A 1 A’ HAXOAATCSA APYT € APYTOM
8 paBHoBecH#. I1Ipy 31OM B paBHOBechn OyjleT u cocTagHag cHcrema A*,
Dneprus cucrembr A Moxer NpHHAMATh Da3/IMYHbIE 3HAYEHHs, H Ham
HeoOXOIMMO PaspeIliTh C/iellyolni BONPOC: KakoBa BeposiThOCTh P (E)
TOro, 4TO HEPTHst cucteMbl A DaBHA JlaHHOMY 3HAYeHWIO sHEpTHU £
{Tounee, yTo oua JexuT Mexny E u E-+O8E)? [[Ipu stom 3ueprus cu-
cTeMbl A’ Takke HMeeT OnpeleseHHOe 3HaYeHMe, KaK 3TO BUAHO H3
popmyant (2).1 UroGet OTBETHTD Ha 5TOT BOMPOC, PACCMOTPHM COCTaBHYIO
cicremy A*. W3 noctyaard (3.19) caenyer, uTo H30/HPOBAHHAS CHCTEMA
A* ¢ pasuoit BEPOSITHOCTBIO npeSbiBaeT B NI00OM H3 CBOMX NOCTYTIHbIX
coctosumil. Ilyctb Qfot — YHCAO AGCTYRHLIX COCTOSIHHA — COCTABHOR
cucreMmsl A*. Hac unTepecyer, Kakast 4acTb 3THX cocTosfHuit Q *(E)
COOTBETCTBYET 3HadeHuto SHeprun E ana noncucreMmsr A? U3 gopmy.int
(3.20) caenyer, yTO HHTEpecywollas HAC BEPOSTHOCTb pPaBHA

Q*(E)

P(E) = —=CQ* (E), 3)

“tot

*) B nawiem paccmorpennu £ 0603HauYaeT SHEPTHIO CHCTeMBl A, He 33BHCSIIYIO
ot cucTembt A’, a E'— sHepruio A', He 3asucsuiyio or A. Hanucas nonnywo SHEPTHIO
E* B Bujle npocroi cymunl E+4E° (1), Mul npeneGperaeM sHepruefi B3auMofeficTBUS
E; ofenx cucTem, KOTOpasi 3aBHCHT KAK OT COCTOSIHHS CHCTeMsi A, TAaK H OT COCTOS-
. cucrempl A’. D1¢ 03Hayaer, uTo Mbi npeHeGperaeM paGoToii, KoTopas 6biia 3atpa-
yeHa Ha TO, YTOOL! CHCTeMBI OKa3anuch sMmecTe. HToObl dopMyda (1) 6euia crpasefiiu-
Ba, HEOGXOMUMO, YTOGb! E ;<& LE n E;LE'.
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rae C= (Q:m)“‘ €CTb He 3aBHCAINAs OT 3HepruH E nocrosHHas. BeaHyuay
Q* (E) nerko BLIpa3WTh Uepe3 YHC/AO COCTOAHHMH, AOCTYNHBIX CHCTeMam
A u A, Ecan cucrema A nMeer suepruio E, OHA MOXKET HAXOAUTHCS

Q(E)

25
A =
20 1713

2 10
5 I U W

2
; |

012345%7357’0#/2%3
;N £

B JioGom H3 cBoux L (£) zo-
cTymHbix cocrosHuii. To xe
MOJKHO CKa3zaTh 0 cucremMe A’,
HO HYHO HMETb B BHIY 3aKOH
COXpaHeHHs 3Hepruu (2), us xo-
TOPOTO C/IEAYET, YTO €CJAH CHCTE-
Ma A umeer sHepruio E, To
cHepris cucteMbt A’ paBua
E*— E. TlostoMy wymcado jo-
CTYNHBIX COCTOSIHMEI CHCTEMHb
A" paBHo Q(E)=Q(E*—F).
Kaxnoe cocrostnue cucrembr A
MOKHO KOMOMHHMPOBAaTb € JiO-
OGbiM H3 COCTOSIHHME cHcTeMbt A,
00pasysi OAHO H3 BO3MOYKHBIX
JOCTYNHBIX COCTOSHMUH CJIOMKHOIR
cucrenbl  A*.  Tlostomy rnox-
HO€ YHCAO NOCTYNHBIX COCTOSI-
HHE cucteMbl A*, npu koro-
pbIX 3Heprus cucrembl A pas-
Ha E, Bmpaxaerca mnpousse-
JeHHeM

Q¥ (E)=Q(E)Q'(E*—E). (4)
CooTBeTCTBEHHO BEPOsITHOCTD (3)

TOro, 4tro cucrema A umeer
suepruio E, paBHa

o
QE ———
40 , 40
A =
30 =
U
=
20
1
10 8
R s
g l
012345678807 285
o
OF

Puc. 4.1. Ha rpadpnkax nokasano {411 4acTHOro

cayuas ABYX Ovenb Maablx cucteM A n A’) uncaa

cocTosiHmit & (E) u Q' (E’), ROCTYNHHIX CHCTeMaM

A w A’, B 3aBHCHMOCTH OT 5HepruH cuctem E n E’

COOTBETCTEEHHO. JHepTHH H3MepeBbl B NPOH3-
BOJIbHBIX eAHHHLAX.

1
quzcgwurw*—a.

(5}

I1 p n M e p. B paccuatpusaemonm

HHXKE TIpUMepe YHCAO YacThu Ciauil-

KOM MaJlo, 4TOGB! CHCTEMbI MOMKHO Gbi-
J0 CUNTATb Makpockonuueckumu. Tem
He MeHee, OH MO3BOJASET TNPOUNTIOCT-
pHpOBATbL OCHOBHBlE HJIeH HACTOSILLE! O
naparpaga. PaccMOTpHM ZiBe CHCTeMBI,
A u A’, xoTOpHie HMEIOT NOKA3aHHY I
Ha pHC. 4.1 3aBHCHMOCTb uuc1a Jo-

CTYTHBIX COCTOSIHR{ OT HeprHH. 3/1eCh 3HeprHsl H3MEPeHa B HEKOTOPHIX NPOH3BONbHbLIX
€JMHRALAX H WIKaJa 3Heprud pasjielleHa Ha eAMHWTHbie HutepBadnl. [lpexmosoxum,
UTO NOJHAd SHEPrHsi COCTABHOH cHMcTeMbl paBHa 13 egumunuam. OnHON H3 BO3MOMKHBIX
cuTyanui, OTBeYAIOMMX YKa3aHHON TOJHOH 3HeprHH, gBJSeTCS, HAapuMep, TaKas,
Korja seeprast E=3, a sueprust £'==10. B 3ToMm ciryuae cucremMa A HaXOAWTCH B OIHOM
w3 1BYX, a cicreMa A'— B oiHOM H3 40 BO3MOXKHBIX COCTOSIHHE, H MOJHOE YHCIO pas-
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JAMYHBIX JOCTYNHEIX ISl CHCTeMbl A* cocTosthliil, KOTAa ee 3Heprus paBHa 13, 6y et
2-40=80.

B ta6i. 4.1 mpuBelensl BCe BOSMOKHbIE CHTYAIlHH, OTBEAIOWIHE IONHOH SHEPIHI
CNoXHON crcTeMs A*, pasuoit 13. Ml BHIHM, YTO BepoATHee BCro OGHADYXKHTH
cucteny A% B TaKOM COCTOSIRHHM, Korja E=5 H, COOTBETCTBEHHO, E'=8. Takaa cu-
Tyauusl BO3HMKaeT B JBa Pasa vaule, ueM Ta, I KoTopoil E=3 U E =10.

TaGanua 4.1 Buisicaum Teneps, Kak P (E) 3a-
BucuT or suepruu E.O6e cucremn, A
E L oEy | QUEN | QME)
2p=1,
P;‘.t).
1
3 10 2 40 80
4 9 5 26 130
a3 8 10 16 160
6 7 17 8 136
7 6 25 3 75
Yucesa BO3MOKHBIX  CO- ;
CTOSIHHE,  COOTBETCTBYIONIHX F E
nanHomy 3Hauenmio E*=13 _,.I ](__AE
nosnoii sneprud cuereM A H
A" (puc. 4.1). Puc. 4.2. XapakTep 3aBHCHMOCTH BePOATHO-
cru P(E) ot suepruu E

n A’, uMeloT oueHb GOJbIIOE YHCIO cTereHel cBOGOAL, W U3 QOPMYBY
(3.37) caenver, uto Q(E) u Q' (E’) aBASIOTCS 4pe3BblYaiHO GHICTPO
BO3PACTAIOWHMH (YHKUHSAMH 3Hepruu. Paccmarpupasi Bbipaxenue (5)
KaK QyHKLMIO sHePriH E, Mbl MOXKEM cKas3aTb, 4To ¢ pocTom E nepabiit
sHOKHTeNb Q (E) 04enb Gbictpo pacmem, a Bropoi Q' (E*— E) upesBbl-
4allHO GLICTPO yMerbuiaemcs. B peay/bTaTte Npou3BeneHHe 3THX MHOXH-
Tesielt, T. €. BEPOSITHOCTb P(E), NPOXONHT uepe3 OueHb OCTPbIil MaKCH-
MyM *) IIpH HeKoTOopoM 3Hauennn E suepruun E. O5umit XapaKTep nose- -
nenus BepoaTHocTH P(E) nokasan Ha puc. 4.2. Mpl BHIHM, UTO LWIHPHHE
AE ofnacti 3aMeTHBIX 3HaueHuil dyskuuu P (E) ropasio MeHble
sueprun E, T.e. AE<E.

Bmecro ¢yukunn P (E) 3HauntenbHO yaobGuee HMETb J€10 C €€
aorapudmom In P(E), kotopulit MensieTcst ¢ 3Hepryuel ropasio MeisieH-
Hee. Kpome Toro, Kak caeayeT 3 (5), 8 ln P(E) Beanunnnl Q(E) u
Q'(E’) BXoaAT Kak cjaraemble, a He Kak NpOH3BEJeHHs, T. €.

inP(E)=InC+1nQ(EY4-InQ(E"), (6}

rie E'=FE*— E. 3nauenne E==F, oTseualowmee makcumymy In P(E),
Mbl Haiilem H3 ycaopus *¥)
oinpP 1 dP

<E=paE=0 7y

*) 3amernm, uto Tosedenne P(E) aHanornuHo npeisiiyiieMy rnpuMepy, 3a
HCKAIOUeHHeM TOro, 4TO Y MAKPOCKOMBUeCKHX cucTeM, riae Q(E) n Q'(E") — ObicTpo
MeHstiomyecs QyHKIEH, MakcuMym P(E) okasbiBaeTcst Kpaiie Y3KHUM.

*¥) Mnl ucmoab3yeM uacCTHbie MPOH3BONHBIE, 4TOOL OOpaTHTL BHHMAHHE HA TO,
YTO BCe BHELIHHE MapaMeTPhl CHCTeMbl CUHTAIOTCH (PHKCHPOBAHHLIMH.
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KOTOPOe ONHOBPEMEHHO fIBIAETCS YCJIOBHEM MaKCHMyMa caMofi BeposT-
#goctu P(E). C nomompio (6) u (2) ycnosre (7) npuHHMAaeT BT

AMQ(E) , dInQ (E) _

1

L B(EY=B"(E"), l )

e GyHkuuH 4 COOTBETCTBeHHO ' OmpelesieHn Tak:
|

&
r
Insd

dlnQ 1 a0

} == o=
. ! L) = oo Q gL’ ©
.~ 1

7 ™~ i :
Papenctso (8) apasiercs (pyuna-
ng S n2 MEHTAJ/IbHBIM YCJAOBUEM, KOTOpOR
/ T onpeneaseT TO 3qaueHue E sHep-
~. rud cuctembl A (M cooTBeTCT-

penHo 3nauvenne FE*— E=FE’
~ sgeprun cueremsl A’), kortopoe
£ & OCYILECTBJAETCS ¢ HauGoJblies

Prc. 4.3, Bapucimocts In Q(E) 1 In @ (E')=  BEPOATHOCTBIO P(E)
= In Q" (E*—F) ot sueprun E. W3 (3.38) cae-
ayeT, uto In Q(E)~f In (E—Ey)+const. Obe kpu-
Rple OOpailieHbl BLIOYKJOCTBIO BBEPX H HX CyMMa Ocrtpora MaKCHMYMa
{(MmoKaszaHHan WITPHX-OYHKTUPHOIN NUHMell) nuveeT P(E). Utobu OHEHHUTh, Kak 6b¥CTp0

GEIHIILTBEHHH“H MAKCHMYM NPH HEKOTOPOM 3HAYeHHH yMewaaeTCﬂ q)yHKHHH In P(E) no
E. Hlupoxkuit MakcHMyM A1 MeAJeHHO MeHSIo-

weroca novapudma P(E) B dopuyne (6) coorser-  Mepe OTKJIOHeHuMs snepruum £ or E,

CTBYeT KpaiiHe Pe3KOMY MAKCHMYMY caMOil BeJiH- Hy)KHO UCCJIeIOBATL [IOBelleHHe Be-
unnn PLE).

postHocty  P(E) BGiuM3d Maxcumy-

Ma. B npuioxennn (I1.3) nokasawo,

4To BYHKUHH P(E) CTAHOBHTCA MpenebpesxiMo mMafofl Mo CPABHEHHIO CO CBOWM 3Ha-

GCHEEM B MAKCHMyMe, ecain oTKsonenue £ or E 3aMeTHO npesbiliaer Beduuuny AE,
TPUGJIHIUTENbHO PABHYIO

AE ~E (10)

=
Vi
rae [ — uncno crenmeneli csoGoibt MeHbiled M3 ABYX B34MMOAEHCTBYIOULHX CHCTeM,
2 F HaMHOro NpeBOCXOAHT HAHHM3IIYIO H3 BO3MOMKHBIX HeprHil (OCHOBHOE COCTOSIHHE)
c;mebe A. Ecii, HanpuMep, MEHbIIAT #3 CHCTeM CONEPXKHT MOJb aTOMOB, TO [ — no-
psAIRa yucaa ABoranpo
f~ 102
u
AE ~ 10125, (In
“Takum o6pasom, seposthocTb P(E) 06bMHO MMeeT BGMM3H 3HaueHns E upessblyaiine

pe3kuil MakcuMyM. Beanuura P(E) CTAHOBUTCS GpeHeGpemuMo Manail, ecin OTHOCATeNb-
Hoe oTRAOHenue E or E umeer nopsifox 10—12, Do o3xavaer, 4to sHeprus £ HUKOIZA

NPAKTRYECKA He OTAWYaercs OT E; B uactnocn, CpelHee 3HAUEHKE BHEPTHH E nas

cucTembi A Takke J0MKHO 6HT PaBuo E, T. e. E=FE. B '3T0M npumepe Mbl olsiTh, HMeEM
[eJI0 €O CIIYUaeM, KOrja CHCTeMa COCTOMT U3 OdeHb GONBIIOrO YHCIA YACTHI, M MOITOMY
OTHOCHTeJIbHASI BeJIUYHAA (QUIYKTYallHH SHePIHH OKOJO ee CpPeHEro 3HaUYeHHs HCKIIQ-
YHTeJIBHO MaJia.
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Herxomopete onpedeserus. Mbl BHANM, YTO MPH H3YUEHHH TEIVIOBOTO
PaBHOBECHS! HCKJIOUHTENLHO BaXKHBEI TAKHE XapaKTEPUCTHKH cHcreM A
1A', Kak In Q u B. O6buHO 1JIs STHX BENHYHH MCHOJb3YIOT ClelHallb-
Hble 0003HAYeHHs] U HAaUMEHOBAHHS.

3amMeruM, uTo napametp f, Kak 3To BHAHO u3 (9), umeeT paaMepHOCTH
o0paTHo#l sneprun. Hacro yaoGHO BelpaskaTts =1 depea HEKOTOP Y10 HOJO-
JKHTEJNbHYIO. IOCTOSHHYIO £, KOTOpas UMEeT Pa3MepHOCTb IHEPTHH H MO-
2KeT OBITb BBIPAXKEHA B 3prax. (Jta NOCTOSIHHASI HA3bIBAETCS NOCHIOARHOIL
Loavymara v ee BeJIHYMHA MOYKET ObITh BLIOpaHa oripe/ieieHHbIM 00pason
pa3 u nHaBsceraa.) [lapamerp B~! MOXKHO Teneph 3anucarb B BHIE

——

L o
i . (12)

m

rJie BejquunHa T H3MepseT SHEPrio B eIHHHLAX &.

21oT HOBLIA mapamerp T HasbIBaeTCsi -abcoaromHol memnepamypor
paccMaTpuBaeMoit CHCTEMbl U €70 BeJHYHHA OfLIUHO BhIpAXKAETCS B 2pa-
Oycax *). @nsnueckas INPHYMHA JLIS TEPMHHA «TeMIeparypa» CTaHer
GoJiee sicHoil w3 n. 4.3.

C nowmolbio (9) Mbl MoxkeM cBsizath T # In Q:

I a8

rae S — nHoBas BeJIHYHHa, olpeleJeHHasn CJIelyiomuM O6p330MI

S—kinQ. { (14)

Ita BeauuuHa S HasbBaeTcs IHmMponueli PaccMaTpHBAEMOH CHCTEMbI.
Ona uMeeT pasMepHOCTh 3HEPTHH, TAaK KaK COLEPXKHT MHOXHTEIb k.
I3 onpenesienua surponuy (14) cjenyer, yro oHa siBAsieTCs] JOrapHMH-
yeckoH Mepoil YHcAa JOCTYMHBIX COCTOSIHME cuerenbi. B cooTBeTcTBHI
CO CJIe/IAHHBIMH B KOHIE I1. 3.6 3aMeUaHHUsiMH DHTPOTIHSA SBJASETCH KOJH-
4ECTBEHHOH MEpOH CTEMeHH MOJeKYJ/SPHOTO Gecriopsiika B cHcTeme **),

Mmest B BUAY C/leqlaHHble Bhlule OfpefeneHHs, Mbl MOXEM CKas3aTb,
4YTO YCJAOBHe MakcuMyMa P (E) Gaaronapsi paBeHCTBY (3) 9KBHBaIeHTHO
VTBEPXKIAEHHIO, 4TO 3HTponus S*==Fk In Q% cocraBHO CHCTeMbl HMMEET
MaKCHMYM 10 OTHOLIGHHIO K 3HepruH E moxacucremst A. M3 (6) caenyer,
YTO YCJIOBHE MAKCHMYMa BEPOSITHOCTH SKBHBAJEGHTHO YTBCPKAEHHIO,

4yTO . !
S* =8 -8 = maximum. (195)

\

*) Hanpumep, a6coioTHas Temieparypa B 5 IpaiycoB OTBedaeT HeprHy 5 k.

**) 3aMeTHM, 4TO SHTPONHSA, 33JaHHAsn papBeHCTBOM (14), uMeer ornpejeaeHHoe
3HAaueHHe, KOTOPOE, KaK 3TO ciejyeT M3 paBeHcTBa (3.40), He 3aBHCHUT OT BeJIHUYMHLL
HHTEDBAJIOB SHEPTHH 8E. Kpose toro, nockoinky 8L ecTs dukcHposannsiil 4 He sa-
suCsmAil 0T E wHTepBaJ SHepTHH, TO mpoussoiHas (9), onpelessiouiasi seauuuny B
win T, takxe He sapucur or OF.
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D710 ycJOBHe BBLITOJHEHO, €CJH BHINOJIHEHO- ycjoBue (8), T. e. ecid
T=T". (16)

Hame paccyxienne nokaspiBaeT, 4TO B COCTOSIHHH DaBHOBeCHs
oHeprus E cucremnl A npmmmae'r TaKoe 3HauenHe, UTOCLI SHTDOMHs
«COCTABHOH H30IHPOBAHHOH cHeTebl A* cTafa MakcuMasbHOH. B sTOoM
ciyqae cHcreMa A¥* Gyler pacnpefesieHa N0 HAHOOJBIIEMY YHCJAY BO3-
MOKHBIX COCTOSIHUIL, T. €. OHa Oy/leT HaXOAUThCsA B HanboJ1ee Xa0THUECKOM
MaKpPOCOCTOSHNH,

4.2, IlpubimxeHue K TenjioBOMy PaBHOBECHIO

Mpr Bunenu, yto BeposTHOCTE P(L) UMeeT HCKAOMHTENbHO OCTpPhIf

‘MaxkcuMym npu sHeprun E=E. Ilostomy, ecan A u A’ Haxonarcs BTen-
JOBOM KOHTaKTe, B COCTOSIHHH DaBHOBecHs cucTemMa A TOYTH BCerja
UMEET SHepIHio, BecbMa OAM3KYI0O K E, B To BpeMss Kak SHEprus
cHcrembl A’ npenenbho 6uska kK E'=E* — E. B HCKIOUHTEABHO XOPO-
L1eM NpUO/IMKeHHH cpelHHe SHepPTHH 3THX CHCTeM TaksKe paBHBI YKas3aH-
HBIM BeJHYHHAM, T. €.

E<=E uw E=E. (17)

Tenepb paccMOTPHM CHTYAUMIO, KOTAZ cHadaja cuctemel A u A’
M30AUPOBAHBL IPYT OT APYra U HAXOAATCA B PABHOBECHH, a HX CpelHHe
sHepruy paBHul E; 4 E; COOTBETCTBEHHO. 3aTeM MEXKIY STHMH CHCTeMaMi
co31aeTCs TerJI0BOH KOHTAKT U OHH [IPHOOPETAIOT BO3MOXKHOCThH OOMEHH-
BaThca sHepruedi. B nauase neficTBUS KOHTAKTa CUTYyallHsl sBJSIETCS
KpaiiHe MaJI0 BepOSITHOMN, ec/H TOJIbKO 3Hepruy o6eHXx CHCTeM CayualiHo
He oKasanuch odeHb OIM3KHMH K £ u E’. B corgacHu ¢ nocryJarom
{3.18), cucrembl HayHyT OOMEHHBATbCsl Heprueii, H obMeH OyaeT npo-
HCXOAWTb 1O TeX MOP, NOKA OHH He JOCTHTHYT PaBHOBECHOIO COCTOSHHS,
PACCMOTPEHHOTO B npeAblAyliux naparpadax. B paBHoBecHu KoueuHble
3HaYeHHs1 sHepruil OYAyT paBHB! coraacHo (17)

E,=E w E;j=E, (18)

‘TaK 4TO BeposATHOCTb P (E) AocTHrHeT Makcumyma. T1pH 9ToM napamerphi
P obeux cucreM cpaBHAOTCA:

rie [5,_.[3(E) u Bi=B(Ej).

Us d)OpMVJIbI (6) u onpenenenus ( 14) cJeLyerT, 4TO 3aKJ/JI0UeHHe O TOM,
4TO CHCTEMbl OOMEHHBAIOTCSI 3HEpruefl Ao TeX NOp, NOKa BEepOSTHOCTb
P (E) He cTaHeT MaKCHUMAaJIbHO#, SKBHBAJEHTHO YTBEPKACHHIO, UTO OOMeH
SHeprud HNPOHCXOOUT IO TeX NOp, MOKA MOJHAs UTPOMNHS CHCTEMbl He
.cTaHeT MaKcuMaJbHOH. [loaTOMy KOHeuHass 3HTPONHsT He MOXKeT OblTh
MeHbllle HadaJbHOH, T. €. ‘

S(Ep+S(E' ) =S(EN+-S (B,
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AS - AS' =0, (20)

AS=S(E)—S(E)

AS =S’ (Ej)—S' (E))

G3HAYAIOT PA3HOCTh SHTPOmMil ‘cHcreM A H A’ COOTBETCTBEHHO.
B npotecce o6meHa sHepruell noaxas 3Heprusi, paszymeercs, coxpa-
usercs. B coorBercrBuu ¢ (3.49) u (3.50) MBI MOXKEM HaTIMCATb, YTO

Q+-Q =0, 2h

rie Qu Q' o3HayaloT Tenso, morjoulenHoe cucremanu A u A’ cooreer-
crBerno. CoorHowenust (20) u (21) ycraHaBauBAIOT YCJAOBHS, KOTOPBLIM
JOJIKEH  YJOBJETBOPATL JIOOOH NPOLECC TEMJIOBOrO B3aHMOACHCTBHSA.

Hame paccmorpenHe noxkasblBaeT, yTO TpH 3TOM B3aHMOJEHCTBUM
MOTYT HMME€Th MeCTO JBa cJydas:

I. Hauanbuole sHeprunm ofeux cucreM TakoBwl, yto fi;=f;, rae
P;=B (E;) n pi=p (£;). IlBe TaKkHe cHCTeMHl y:Ke HAXOZATCS B HauboJsee
BepOSITHOM COCTOSIHHH, T. €. HX [OJNHAST SHTPOH U MakcuMasabHa, [Tostomy
CHCTeMbl U JaJbllle OCTAHYTCS B PaBHOBeCHH W OOMeHa Hepruel Memmy
HUMH He NpPOHCXOIHT.

2. B Goaee obiueMm ciydyae Havua/lbHbIC SHEPTHH CHCTEM TaKOBbI, YTO
P=~P;. Ob6e cHcTeMBl HAXOAATCS B Majo BEPOSTHOH CHTYyaluH, KOrja
HX MOJIHAsi PHTPOMHSL He JOCTHIVIA MakcuMyma. Curtyauus Oyiler wme-
HATbCS MO MEpe TOro Kak 3Heprus (B opme TemJa) rnepexoiuT OT OHOH
cHeTeMbl K apyroft. Koneynoe cocrosiHue pasnosecust 6yneT AOCTUIHYTO
fiPH MaKCHMa/ibHOM 3HAueHuu SHTponuu u =}

4.3. TemnepaTypa

B npeasiaymem nyHkTe Mbl OTMeTHJH, d9to napamerp [ luan,
9KBUBaJ/eHTHO, napamerp T=(£B)~'! obnanaer cieaywoiuMu IABymst
CBOHCTBAMH:

1. Ecan nBe pasieneHHble CHCTeMbl, HAXOASIHeCs B DaBHOBECHH,
HMEIOT 00HO & mo Jwe 3HaueHHe napamerpa [}, TO IOC/Ae YCTAHOBJAEHUS
TEMJIOBOrO KOHTAKTa PABHOBECHe COXPAHHTCS M MepPeHoca Temia ot
OHOH cHCTeMbl K JApyrofi He Oyner.

2. Ecnu napamerpnl § 06eux cucTeM paszauuHel, TO NOCHE YCTAHOBAE-
HHS TeN/JOBOrO KOHTAKTa DAaBHOBECHE He COXPAHWTCSl H HAuYHeTCs iiepe-
HoC' TenJa. : .

DTy 1Ba yTBepKICHUSA AALYT HAM BO3MOMKHOCTb CHeJaTh OueHb BaiK-
Hple BbIBOABI. B 4acTHOCTH, ¢ MX MOMOULLIO Mbl [IPUIEM K TOUYHOM KOAH-
qecTBeHHON (GOPMYJHPOBKE TeX KaueCTBEHHBIX pacCyxjeHHil, KoTopble
Opliy caenansl B m. 1.5, .
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[lpencTaBum cefe, HanpuMep, TPH pasfieseHHble H HAXOAAILHECsH
B pasHoBecHu cucrembl A, B u C. TlpeanosoxumM, 4ro Koraa cHcTeMa
C npHBOIMTCH B TenaoBol KOHTakT ¢ A HJM.c B, HHKAKOro nepeHoca
Ter.ia He Ipoucxout. Torna Ml 3HaeM, uTo Pe==p 4 H Po=Ps (rze P,
Pp v Po o3HauaoT Tapamerpht B cuctem A, B u C cootserctBenno). Ms
3THX IBYX PABEHCTB cJaejyeT, 4To [ 1=, T. €. UTO NepeHoca Tela He
Ovier YU IpU HAJHYHH TEIJIOBOrO KOHTakTa y cucteM A n B. Taxkum
o6pasoM, Mel TIPUXOAMM K OOIIEMY BBIBOAY:

Ecsu gBe cHereMpl Haxojarcst B TENJOBOM pPaB-
HOBECHH C TpeTbell cHUCTeMOH, TO OHH JO/IKHBI OblTh (22)
B TCIIIOBOM DaBHOBECHH M APYL C APYIOM.

Y1Bepxnenue (22) HasHIBACTCS HYACBbIM 3AKOHOM MEPMOCUHUMURUL. DTOT
3aKOH J1e/1aeTBO3MOXKHBIM TIPUMEHEHUE TPOOHLIX Tes (Ha3blBaeMbIX Mepmo-
mempamu) AAS PEIEHUS BONpoca, OYAYT JK OOMEHMBATBLCH TEIIOM JIO-
Gble [Be CHCTeMBI, OPHBEJCHHblE B TEMJIOBOH KOHTAKT APVI C JAPYIOM.
Taxkum TepMoMeTpOM MoOmeT ObITb J100asi MaKpOCKOIHYECKasi CHCTeMa,
obnajaonas caAefyIOUMH IBYMST OCOOCHHOCTSIMH:

1. Cpean MHOrHX MaKpOCKOTIHYECKHX NapaMeTpoB, XapaKTepH3Yio-
uiMx cucremy M, BoibepeM OIMH (HasoBem ero ), KOTOPHIH 3aMeTHO
MeHfeTCsl B 3aBUCHMOCTH OT KOJIH-
YecTBa TelJa, NOJYUeHHOTO HJH OT-
JnanHoro M B mpoliecce TEJIOBOro
B3anmonelictBusi. Bce ocranbHble
napamerpbt 6yiem nepKarb (PHKCH-
poeauupMH. Merstomuitca napa-
meTp 0 HasbiBaeTcsl mepmomMempuL-
HECKUM  Napamempor cuctembl M.

2. CucreMma M jo/mkHa GbiTo
Puc. 4.4. Tasobble TepMOMETPbI: ) (OCTOSH- 3HaUNTENbHO MEHbILE (T' e. obaa-
noro ofveMa (/ — Bakyywm, 2 — uamepsiemas  13Th MHOIO MEHBUIIMM 4YHCAOM CTe-
pa3HoCTb ypoBHell, 3 — ypoBeHb DPTYTH BCer- o
A3 NPHBOJATCA K 970l BHCOTE) ¥ G) HOCTONK- TNeHEH CBOéOﬂbl) CHCTEMBI, KOTOPVIOr
333‘;@3&“‘6‘3:&p(«,fu;aéafc};yyxacéJugg?'{?;ﬂ_b Mbl COOHMpaEMCsl HCCJEA0BaTh. ITO

usMepsiemblit ypopelib pTyTH). VCJIOBHE HEOOXOIHUMO AJ15 CBeICHHS!
K MHHHUMYMY oOMeHa 3Hepruil Bo
ppeMsi H3Mepenuii. Takoft oOMeH sBJsieTcs: BOSMYyLIEHUEM, H3MEHAIOLLHM

cocroanue Ifl3y‘{EIEMOﬁ CHCTEMBbI.

MMTpumepn Tepmomertpo B, CymecTByeT MHOrO CHCTEM, KOTOpbie MOV
Ginl CIYXKHTb TepMoMeTpamH. MbI PAcCMOTPUM TO/MBKO HECKOJNbKO TAaKUX HauGonee
4acTo NpPHUMEeHAEeMbIX CHCTEM.
L. JKuiKoCTb, HanpuMep, PTYTh WM CIMPT, SaK/TOUEHHAS B crexnﬂnﬂyxo TPYOKY
ueéo.nbmoro AnaMeTpa. DTo XOPOLIO 3HAKOMBIA THI TepMOMeTpa, OH OwlJl OMHCaH B
. 1.5. B arom ciiyyae TepMOMETPHUECKHM NapaMeTpoM O sBJSETCS BLICOTA XKHUUKOCTH
B prﬁxe
I1. Ta3, 3akmovenHsili B cocyl, o6beM KoToporo nocrosed. Takas cucrema siB-
JASIETCH  203065iM  MEPMOMEMPOM NOCMOARHO20 0HBEMA; TeDMOMETPHUECKHM rapaMer-
pom O 3necy mpasercs AaBneHHe Trasa (cv. puc. 4.4, a).
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[1I. T'a3, 3ak/a0YeHHBIi B COCYA, B KOTOPOM MO/Jep:KHBAETCA IOCTOSHHOE JaB-
JieHHe. JT0 TaK Ha3biBaeMblil 2a3086ui mepMomMemp nocmosnnoeo dasienus. Ero tepmo-
MeTpHuecKuM NapamerpoM O sisisteTcst 06beM, 3aHATEIA radom (cM. puc. 4.4, 6).

1V. Dnextpuueckuii npoeojHHX (HampuMep, ILIATHHOBAs [POBOJOKA, HAaXOAd-
a1asncst Npu TOCTOSTHHOM [JABJIeHHH), MO KOTOPOMY TeueT ¢iaGhifl TOK. 31eCh Mbl UMeeM
JINI0 C MepMOMEeHIpOs CONPOMUGACHUs, TEepMOMETpHYeCKiM napamerpoM O xoToporo
SIBNAETCA  5JIEKTPHUECKOE COMNPOTHUBJEHHE MPOBOJHHKA.

V. HekoTopoe XOonxuecTBO NapaMarHMTHOI'O BellleCTBa IPH IOCTOSIHHOM JaBJe-
EHH. 3lech mapaMerpoM O siBisieTcsi MarHHTHAst BOCMPUMMYMBOCTH ofpasua (T. e.
OTHOLIEHHE €r0 CPelHEro MarHHTHOTO MOMEHTa B ejunuie o0beMa K IPHIOXKEHHOMY
marudtHomy noso). s onpejenierust 3T0fl BeJIMUMHLI MOXKHO, HAalpHMep, H3MEPHThb
CaMOHHAYKUHIO OOMOTKHM, HaMOTaHHOfi Ha ofpased.

Ilpumenenie TepMOMeTpa NPOMCXOAHT caeayiounM obpascm. On
NOCNEAOBATENBHO [PHBOJUTCS B TEIIOBOH KOHTAKT C H3MEpPsieMbiMH
cHUcTeMaMH, Hanpumep, ¢ cucreMaMd A u B, M ocTaercs B KOHTakTe 0
VCT2HOBJIEHHST TEIJIOBOTO DPABHOBECHS.

1. Tlpeanonoxum, 4TO A5 06EUX CHCTeM TepMOMeTpHYecKHH mapa-
MeTp TepmoMerpa O (Hampumep, JJIHHA CTOAGHKA KHAKOCTH B DTYT-
HOM TepMOMETpPE) HMEeT OJMHAKOBOE 3HaueHue. JTO 3HAYHT, 4TO TEPMO-
Merp M, naxoxsimiicas B paBHoBecun ¢ A, GyIeT B paBHOBecHH M C B.
M3 nysesoro sakona caepyer, uto A u B ocranyTcst B PaBHOBECHH,
eCJM HX IIPUBECTH B TEMJIOBOH KOHTAKT ADYL ¢ APYTOM.

2. HomyctuMm, 4TO 3HAUEHHE TEPMOMETpPHYECKOro napamerpa 6 pas-
JHUHO 7151 oGenx cucreM. Torja Mbf MOXKEM CKa3aTh, 4To cHcrembl A u B,
NIpUBEAEHHbIe B TEJIOBOH KOHTAKT, He OYAyT B COCTOSIHHH DABHOBECHS,.
Ht0o6Bl I0KA3aTh 3710, AOMYCTUM, YTO OHU 6ydym B paBHoBecuu. Ho rorna
COTJIACHO HYJIEBOMY 3aKOHY TepMomeTp M, nocTHriunii pasHosecusi ¢ A,
JIOJKEH OKasatbCsi B paBHoBecuH M ¢ B. Ho npu stom Tepmuueckuit
napamerp 0 He 10JKEH H3MEHHTBLCA HOC/e TOro kKak M HpHIET B KOHTAKT
€ B, 4TO NpOTHBOPEYUT HayaMbHBIM YCJAOBHAM *).

Paccmotpun Hexomopotl TepMoMerp M ¢ Kakum-mo TEPMHYECKUM
napamerpoM 0. 3HaueHne napamerpa O, KOTOpoe NOKA3LIBAET TEpPMO-
METp, HaXOASUHHCS B TEIIOBOM PABHOBECHHM € cucTeMolt A, HasmBaeTcs
memnepamypoti cucmemvt A, UIMEPEHHOU ¢ NOMOUIO OQHHO20 mMepMO-
smempudeckoeo napamempa O Oannozo mepmomempa M. 13 takoro onpe-
JleJIeHHd CJefyeT, 4YTo TeMHeparypoll MoxeT OblThb [JHHA, JaBJjeHHe,
CONMpoOTHBJAEHHEe H ApYPHe Be/MYMHBL. 3aMETHM, YTO JdXe €ecJu JBa
pPasJHUYHLIX TEPMOMETPa HMEIOT TEePMHUYEeCKHe 1apameTphl OJHOrO THIA,
OHH He JaJlyT OJIHOTO M TOrO XKe 3HaueHHs TeMnepaTyphl JaHHorotesna **).

*) .Bce onucanHble u3MepeHHa MOTVIH OBl BBINOJIHSATLCS H C APYTHM TEPMOMETPOM
-M’, umeowuM TepmoMerpuuecknii mapamerp 0°. Ilpu 3ToM CyILECTBOBanO 6bl OAHO-
3HAYHOE COOTBETCTBHE MeXAY JIOGHIM 3HAYeHHeM O U COOTBETCTBYIOWIMM eMy 3HaueHHeM
0. B #CKAIOUNTEALHBIX Cayyasx TepMomerTp M Mor Gbl OKa3aThCst MHOTO3HAUHBIM, TAK
YTO RAHHOMY 3HayeHHI0 O COOTRETCTBOBAJO Obl GO/iee YeM OAHO-eJHHCTBEHHOE 3HAYEHHE
9" npyroro tepmomerpa M’'. Takue, OT/IMYaIOUMecs HEOAHO3HAUHOCTHIO NOKa3aHmil,
TepMOMETDH IPAMEHSIOTCS PelKO, M Mbl He GyJeM MX paccMaTpuBaTh (cM. 3ajauy 4.1).

**) Hanpumep, o6a TepMOMeTpa MOTYT NPelACTaBJNTL CO00fl CTEK/sIHHBIE: TPYOKH
C XHAKOCTBIO, TAK YTO B OOOHX CJAYHAAX TePMOMETPHYECKHM NapaMeTpoM sdBJseETCH
IJIHHa cTonGuKa KujxocTd. Ho B ofHOlt Tpy6Ke TaKoil XKHUAKOCTBIO MOKET ObITh, HAU PU-
Mep, pTyTb, B APYrof — cnupt. i
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Jlanee, ecau temmeparypa Ttena C, H3MepeHHAast OJHHM TEPMOMETPOM,
oKasaJach PaBHOH CpelHeMy 3HAa4eHHIO Temmeparyp ABYX Tel1, A u B,
TO 3TO YTBepkKJAeHHE He 00A3aTes]bHO OCTaHEeTCs CHpaBelJHBBLIM TIDH
HCTOIb30BAHHM KAKOTO-HHOYAL APYroro TepMoMeTpa. TeM He MeHee,
H3 Hamero o6CyKIeHHs CefyeT, YTO OlpefieieHHoe HaMHU IOHATHE O TeM-
neparype JAOIYCKAeT CJEAYIOliee yTBepkIeHue:

[Be cucrembl, MeXIy KOTOPBIMH OCYIIECTBJ/EH
TEMJIOBOI KOHTAKT, OCTAlOTCS B PABHOBECHH TOTAA

H TOJBKO TOTA4, KOIJa UX TeMmIeparypbl, H3MepeH- {23}
HEle € TOMOWIBIO OXHOIO M TOTO XKE€ TepMOMETPa,

OJXHHAKOBBI. ;
l

BBenenHoe 37eCb NOHATHE O TeMNepaType MIHPOKO HPHMEHseTCs
M OKasblBaeTcs BecbMa nose3HbiM. OHO UMeeT, OlHaKo, OUH HEIOCTaTOK,
3aKJI0YAIOUIHACA B TOM, YTO TeMIEPaTypa, NpUNHCcLHIBaeMas Tesy, 3aBHCHT
OT CBOWCTB MPOGHOTO Tela, KOTOPOe HCMOJMb3VeTCsl B KauyecTBe TepMo-
merpa. C 1pyroil cToporbl, Gbl1o Ob' BecbMa VAOGHO HCIIOML30BATh CBOM -
cTBa mnapaMerpa fJ 1Js1 OnpelejeHHs] TeMmepatypbl. JieHCTBHUTEIbHO,
[IPeANOJIOXKHM, YTO MBI pacnoJsiaraeM TepMoMeTpoM M, AJs1 KOTOPOro U3-
BECTHA CBsI3b MEXKIY fTapaMeTpoM 3 H TepMOMEeTpPHUeCKUM napameTpoM 0.
Ecin 3TOT TepMOMETpP HaXONUTCH B TEIJIOBOM KOHTaKTe ¢ HEKOTOPOH
CHCTEMOMt A, TO Mbi 3HaeM, 9TO B COCTOSIHUM pasHoBecust = . Taxkum
o6pasom, Haw TepMoMeTp Gyrer usMepaTh [kax sto caenyer us (9)1 dyu-
JaMeHTaJIbHoe CBOMCTBO CHCTeMH A, a HMeHHO, BeJH4HHY [, Xxapakre-
PH3YIOUIYIO YacTHYIO MPOH3BOAHYIO Jorapudma yucaa COCTOSTHHEH Mo
sHepruu. [Ipeanono:kum lanee, yTo Mbi Mmeem ApyroH tepMmomerp, M,
JLIsE KOTOPOTO TaKXe YCTaHOBJEHO COOTBETCTBHE MeXIy napamerpou f
11 ero TepMoMmeTpHuecKUM napamerpoMm 0’. [lpuBemem 3TOT TepmomeTp -
8 TenJioBofi KoHTakT ¢ A. Mbi 3Haem, yto B paBuoBecuu ' = ,, a 3nauuT,
f’=0, v ™Mbl TpUXOAUM K ClenyiolleMy BbIBOLY:

Ecan B KauecTBe TepMOMETDHYECKOro fapamerpa
ucnojbayercs napamerp f, To 4060 TepMOMETP,
H3MepSIOMHI TeMnepaTy py AaHHOH CHCTeMb, JTOKaxeT (24)
O0HYy u my e TeMmneparypy. 3Ta TemIeparypa
ABJISIETCs] Mepoil Y HiaaMeHTaJIbHOIO CBOHCTBA CHCTEMbL:
4HCcJIa NOCTYTHBIX COCTOSIHHIL.

[lapamerp P aBasieTcs no3TOMy 0coGEHHO BaXKHLIM TeMIlepaTypHbLIM
napamerpoM. B sTom npuunna naspanus abcoaomuas memnepamypa,
HCHONL3YeMOro 1as Beaudnun T==(kP)~!, onpenensemoil uepes f.
Mbl oTaOKUM [0 TN1aBKl & paccMOTpeHHe CeAYIoIHX BOTIpocoB: 1) npak-
THYECKHe cnocolbl HAX0KIEHH YHCAeHHbIX 3Hauennii B u T no coorBer-
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CTBYIOIINM H3MepeHHsM H 2) MeXIAyHapojHble COrJauleHdst o Buifope
YHCJEHHOIO0 3HAUEHUs] BEJIUUHHEL K.

Ceoticmea  abeoamomuotl memnepamypot. Corgacuo (9) a6cosnorHas
TeMfeparypa onpeaeaaercs CJlPﬂYIOHlHM PaBeHCTBOM:

_ﬁ_alnsz. (25)

Mo snaem fem. (3.37)], uto s Beex o6uiunbix cucrem Q (E) aBasercs
KpaitHe GuicTpo Bosdpacraioiieil gpynkuueil sueprin E. Ilosromy u3 (%)
CJAeLYeT, YTO 151 OOBIUHBIX CHCTEM

>0, uwm T >0. (26)
JIpyTHME C€J0BaMH,

AGcomorHasn TempepaTtypa JuoGoi
00bIHHOH cHCTeMbl [OJOXKUTEIbHA *).

27

Mgt MoKeM Terepb OLEHHTb MOPSIIOK BeTHYMHBE aGCOJIOTHOH Temie-
parypbt cicreMsl. Popmysa (3.38) naer Ham NPHONHAKEHHYIO 3aBHCH-
Mocte € (E) OoT 3Hepruu:

(E) p o

Q(E)c (E—E,). (28)

3Biaech f-— yncao crenetelt cBOGORB pac-
CMATPUBAEMOl  cHcTeMbl, [E —— 3Heprus
cHuCTeMBl, £ — 3HEprAs ee OCHOBHOIO CO-
crosinusi. JlorapudMupysi, umeen

InQ ~ fIn(E—E,)+const, £, E
OTKYAA Puc. 4.5. Xapaxrep sasHucuMocTH In Q
alng oT sHepruu E. Hakaow KpHBoil Aaer
— n ~ f (29) aGcontoTHslil  TemnepaTypHblil  napa-
0E T E—E," uetp

Urolbl 1101y4HTh Beauuniy 7', B 3Tol GopMyse HYKHO NON0KHTb E=F—

cpeisell SHEPTHH CHCTeMbl. Mbl moJydaeM, 4TO /451 OOBIYHLIX CHCTEM
i t' — E
Hpyrumu caoBami, ’

1

)
Ecou obelunas cucTeMa nMeeT aBCOIOTHYIO TeM- i
! uneparypy T, 1o Beanuuna kT uMeer MOPsIOK cpen- l

Hed 3sHeprHu (OTCYMTAHHOH OT 3HEPrHH OCHOBHOIO \ (31)
COCTOsIHMSI), HDUXOASUIEHCS HAa ONHY CTeNneHp CBO- |
00bI CHCTEMEL. i
|

*} Kax yixe Obl10 3amedeno B CBA3K ¢ GopuyJoil (3.38), Bepanenue «nobasn oobiu-
Has cucTeMa» MMeeT B BHAY HCK/IIOUHTD CIELMaJbHble C/YYaH, KOra Mbi HPHOPHpYyem
KUHETHUECKYIO SHEPrul0 UacTHI[ H.KOra MarHUTHAs %xeprns!, ofycnoBAeHHAsT HX
CNMHAMH, ACCTATOYHO BEIHKA.
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YcnoBue paBHOBecHst (8) MexkIy ABYMsI CHCTEMAMH, HaXORSAIAMHCH
B TEIIOBOM KOHTaKTe, Tpefver, 4ToObl HX alCOMOTHBIC TEMIeparTypH
ObwiH paBubl. M3 (31) caexyer, uro s10 ycsoBie, rpy6o roBopsi, SKBHE2-
JEHTHO YTBEPIKAEHHIO, UTO TOJHAs SHePT U B3aHMOJEACTBYOMIHX CHCTEM
pacnpefiesisieTcsl MeKI1Yy HHMH TaKHM o0pasoM, 4To0bl B 0OeHX CHCTeMax
CPefHAA JHEPrusl, NPUXOAAILANCS HA OIHY CTeNeHb cBoGob, Gbila OfHa
u Ta xe. Ilocnennee yTBep:kieHHe COBNajaeT B TeM, KOTOPOE Mbl YKe
HCTIOJIB30BAIH B HAIIMX KayeCTBEHHBIX paccyxIeHuax B m. 1.5,
Kaxk mensttorca napamerpsi B, Hau 7, ¢ H3MeHEHHEM SHEPTHH CHCTEMbi?
Benuuuna f usmepsier naksaou kpusoil In @ (E) orHocurenbro ocu E.
B noanscu x pre. 4.3 mbl vike oOpatilani BHUMAHHE HA TO, YTO 3Ta KPU-
Bas ofpalieHa BBITYKJOCTLIO BBEPX, TaK KaK TOABKO NpPH 3TOM Oyaer
BBHINOJTHEHO (hU3UYeCKOe VC/IOBHE, 3aK/I0Ualolleecst B TOM, MTO JBE CIC-
TeMbl, TPHBEACHHEIE B TEIJIOBOW KOHTAKT, HMEIOT OJNHO-EANHCTBEHHO:
COCTOSIHHE MaKCHUMasibHOH BeposTHOCTH. OTCIONA CeAyer, UTO BeJHIHHE
Op/0E MOHOTOHHO YMEHBLIAETCs, H CAEOBATE]bHO, sl 41006l CHCTEM
x <o ’ (32)
B cayuae oObUHBIX CHCTEM TOT PE3YJBLTAT CAELYET TAKIKE HENOCPencT-
BeHHO H3 ¢opmyabl (28), Auddeperuuposanue KoTopoil (29) maer
o / o
52? o~ (E-—E(,)Z < O. (3-.}\
Mgt nokaszanm, wto B yMenbinaercs ¢ poctom E. Ho, no onpenenennio,
T=(kp~1) u, caeioBaresbHO, abCOJIOTHAY TeMIepaTypa pacTeT, ecaH [3
yMmenbuaetrca. Takum ofpazon, u3 (32) caenver, uro

s |
AGcomorHas Temneparypa JcGofl cHCTEMbI ecTh
Bo3pacrawiuan QyHKUHA ee SHePrHH.

o
M
~—

B maremarudeckoil dopme

aT 8(1>:MLQE)_

JE = 0E \ kB [YErT .
Mmess B Buay (32), mbl nojyuaem
aT
g > 0. (35)

[Nocsennee HepaBeHCTBO [O3BOJSIET HAM YCTAHOBHTL 0fllee COOTHO-
mienvie Mexay abcomoTHOI TeMmmepaTtypoll M HanpasjedueM [OTOKa
tensia. PacemorpuM IBe pasienbHble cuctembl, A 1 A’, KoTopsle BHavane
HAXOMUJAMCh B paBHOBeCHH npH Temmeparypax T, u T;. 3arem mexay
cHCTEMaMH ObL1 CO3/laH TEIJIOBOH KOHTAKT, NMOCJE YeTO OLHA M3 CHCTEM
CT&Ja TOrJoHiaTh, a Apyras-— OTAABaTh TeNJAO. JTOT Mpolece Mpo-
JOJ3KaJCs 10 JOCTHXKEHH S PABHOBECHS, KOTOPOMY OTBEYAeT TeMIeparypa
T,. Ipexnoac:xkum, uto cucrema A nor/ouana Temo H, CJAeI0BaTe/IbHO,
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yBeNHUMBAJa CBOIO SHEPruio, TOraa, Kak cienyer us (34), 7,>T;. Co-
OTBETCTBEHHO clicTeMa A’ oTZaBajia TemJo M Tepsija Hepruio, # u3 (34)
caenyer, uro T,<T;. IlosroMy Hauya/ibHas U KOHEYHas TeMIEPaTypul
CBSI3aHbl HepaBeHCTBAMHU

T,<T,< T

3710 3HaunT, YTO HayalbHas abconioTHast Temneparypa T, cucreMer A,
KOTOpast NorJowasna Tenjio, MeHblle HauyaJbHOH abco/IoTHOH Temnepa-
Typet T} cucremu A, oTaasabiedl tenso. Mbl DPUXOAUM K CleAymolIeMy
BbIBOV:

Ecau aofsie e ofbludbie CHCTEMb HaXoasTcs
B TEIJIOBOM KOHTAaKTe, TO cHucrema ¢ OOJblieli adco-

JIOTHOH TemrepaTypoli oTaaeT TCIJO, - 8 CHCTeMa (35)
¢ MeHblueit abCOMOTHON TeMnepaTypol *) ero norso-
f wmaer.

Mpl ofpenesiuM CA0BOM 20pAuas CHCTEMY, OTAAIOILYIO TellIo, U CJIOBOM
X0400HAST — cucTeMy, momomapmyo tenao. [losromy (36) sKBHBa-
JIEHTHO YTBEPIKIECHHIO, UTO 20pAYASA CUCMEMA Lmeem Doaee 8bicOKYI0 abco-
JOMAYIO MeMNepamypy, 4em XO0A00HAS.

4.4. Hepenoc HeGoJBLIIOIO KOJUYECTBA TeMJa

B npeabiayiieM nOVHKTE MBl 3aKOHUHJIH OOlLIee paccMOTpeHH2
TEIJIOBOTO B3aHMOJEHCTBHS MeXKAY MAKPOCKOMHUECKHMH CHCTEMAaMH.
Teneps Mbi mepeiljieM K 0OCYXKACHHWIO HECKOJbKHX HDOCTHIX CIydaes,
UMEIOIHX BaKHOE 3HAYCHHE.

JonyctuM, uyto cucreMa A, Haxoasmasics B TeNJOBOM KOHTAKTe
C APYTOH CHCTEMOS, NOTVIOLLAeT HeDOJbLIOE KOJHUECTBO TEla, YAOBJeT-

BOPSIOLIEE HePaBeHCTBY B
QI E—E,. (373

DTo 03HAYAET, YTO Pe3YJLTHpYVIOUIEe H3MeHeHHe cpelueil sueprin AE =
= cucrembl A HEBEJIHKO M0 CPABHEHHIO C IIPEBBILIEHHEM CPeRHel
suepruy E Hajl sHeprHeii OCHOBHOTO COCTOSTHUSA cHCTeMbl. I1pH 31oM afco-
JIOTHAsT TeMneparypa cHcTemMbl 1 H3MEHHTCS BECbMa HE3HAUHTEHuO,
JeitcTBuTe1bHO, noaarast E=E, Ml noayyaem 13 (29) u (33) caeaymome
ONEHKU:

() ._.,QQ /v—-h“‘f——" ' -_‘L
.Aﬁ T oL Q (E—Ey? Q E—E, Q-
Tenepsb n3 (37) caeayer
\ 0P a 3
1281= 3 Q[P (5)

*} B ocofomM cydae CHCTeMH CITHHOB 9TO yTBEpKJAEHAE HYKNaeTcs B HOSICHEHHH,
TaK Kak T—»+ oo, ecau Pp—0. (Cm. 3agauy 4.30.) .



Tak «ak T:I(kﬁ)“, i InT=—Inf —Ink, 10 AT/T=—AR/B,
TakuM o0pasoM, (38) 2KBHBAJEHTHO HEPABEHCTBY

|AT |<<T. (39

Mt Jo/KHEB! CKa3aThb, YTO Temo (), MOIVIOULEHHOe CHCTEMOH, Maa0, ecau
BLINIOJTHSIETCSt HepaBeHCTBO (38), T. e. eC/AH UPH NOTJOUWEHUH Temna
aBcosoTHas TeMIepaTypa CHCTeMBl CYLLeCTBEHHO He uameHsiercsi. Ilpen-
HOJI0XKHM, UTO cHCcTeMa A morusioHiaer Majoe KoJudecTso Temsa. Toraa ¢
NOJaBJASONIeH BEPOSITHOCTBIO HAaua/AbHbIe M KOHEUHble IHEPrHUH CUCTEMbI
PaBHEI COOTBETCTBEHHO CPEIHMM 3HaueHusM, £ u E-- Q. I1pu norsomennu
3TOTO TeIJa M3MEHHTCST TaK)Ke YHCIO AOCTYNHBIX cocTosiHuit Q@ (E) cu-
crembl A, C nomolbio pasqaoxkenus B paf Tefisiopa Mbl Haxo4uM

nQE+Q—InQ(E)=

_{2InQ (0% 1InQ 2 . .

~< >Q|—2—\W>Q +----~ﬁQT2()EQ .
Mul npeanmosaraeM, 49TO KOJIHYECTBO IIOTVIOMEHHOrG Temia @ Mano.
[Tosromy abcoatorHast TeMneparypa chHcreMbl A OCTaeTcsl HOUTH HEH3MEH-

HOM ¥ B cooTBeTCTBUHM ¢ (38) MOXKHO npeHeOpedb UAEHOM, COAepPXKaliM
Of/0E. Takum ofpasoM, H3MeHneHWe BeJHuMHB In Q (E) 6yler paBHO

A(nQ) =202 g g0, (40)

il MBI TPHXONHM K CJEAYIOUICMY BBIBOJY: €CJAH CHCTeMa, HaxOAsLLasics
npu  abCco/IIOTHOH TemmepaTy pe T=(kB)"', mnorJouiaerT KOJHYECTBO
Tenda Q, ee suTponus S=4Fin € mensercs Ha manayio BejauuuHy AS,

paeHyio
| ¢« |

Ab:'?:, !

ecan @ maJad.

(41)

Crnenyer NORUEPKHYThb, YTO N4KEe €C/IH KOJHYECTBO Tem1a @ BETHKO
1o abcooTHON BeAHYHHE, OHO MOXEeT OCTABATbCS OTHOCHTEABLHO MaJibiM
B CMbIc/Ie HepaBeHcTBa (37) nan (39), Tak uro Beipaxenne (41) Gyaer
ele copaseliBo. Eciu KOHYeCTBO MOTJIOUIEHHOrO Tera J1eHCTBHTe b
HO GeCKOHEeMHO Masad BeJUuMHa, Mbl MOXKeM ofo3naunth ee d @, n Toria
GeCKOHEYHO Majoe W3MEHEHHe SHTPOUHH Oyaer paBHO

(42)

3ametrnM, 4TOo BesqnuuHa dQ sBaseTcs npocto GECKOHEYHO MaJoi,
TOTAA KaK BelnunHa dS npeactaBasier coboii tudxpepediinan, T. e, 6ecKo-
HEYHO MAJYIO pasHocmb SHTPONHH cucTeMbl A B ee KOHeYHOM H Hadajb-
HOM COCTOSTHHSIX. ‘
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Ecau ocymecrBuTb TensoBofi KOHTAKT Mexpay chucteMod A u Jo6oip
cHcTeMolt B, KOoTOpast CYIIECTBEHHO MeHblue A, TO KOJIHYeCTBO TemJa,.
norJonieHHoe cucteMofi A, Beerna 6yJieT oueHb Masld B CMbICJIE, ONpele-
JsieMoM HepaseHcTBaMH (37) mam (39). HefictBuresnHo, Jaxe camoe
GosiblIoe KOJIMUECTBO Tema (), xotopoe cucremMa A cMoxer B3sth y B,
6y1eT NOpsifiKa MOJHOH 5HEPrHy CHcTeMbl B (32 BHIYETOM SHepPTUH OCHOB-

HOTO cocTosivHs). Ho Jaxe 3Ta 3HePrust MHOTO MeHbllle pa3HocTi £ — E,
1JIst caMoii ciicteMbl A, Mbl roBopuM, uto cucrema A JeHCTBYET Kak menao-
60li pesepsyap (WU menaosas 6AHA) TIO OTHOIIEHHIO K APYTUM CUCTeMaM,
€CJIM OHa JOCTATOUHO BeJIMKa JJIs TOro, YToOh TelIoBoe B3aHMOJeHACTEHe:
C JIPYTHMH CHCTEMaMHM NPaKTHYeCKH He H3MEHH/IO ee TeMMmepaTyphl.
1 B »roM cayuae papenctso (41), cBsi3piBaloUlee H3MeHEHHE SHTPO-
nud AS TemsoBoro pe2epByapa ¢ TMOIVIOUWIEHHBIM TenjaoM (), OCTaeTcs:
CIIPaBeJIUBBIM.

4.5. Cucrema B KOHTaKTe C TemJOBBIM pe3epsyapom

BoJbIUMHCTBO BCTPEHAIOMXCA HA NPAKTHKE CHCTEM HE W30JHPO-
BaHbl. OHM MOTYT OGMEHMBATLCS TEIJIOM CO CBOHM OKpYy:KeHHeM. Ecamw
TaKas CHCTeMa Majia MO CPaBHEHHI0 C OKpyxKawllefi ee cperoll, oHa
MOJKET DaccMaTPHBaThCsl KaK CHCTeMa, HaXOAsIINAsCs B TerJOBOM KOH-
TaKTe C TEMJIOBBIM PE3ePBYapOM, KaKUM fBJAAETCHA BCE OKPYKEHHE 3TOH
cucrembl. (Hanprvep, aobofi npeameT B KOMHATe, CKaykeM, CTOJ, HAXO-
IUTCH B TETVIOBOM KOHTAKTe ¢ Pe3epByapoM TemJa, COCTOSIILUM H3 KOM-
HATH! C ee [OJIOM, NOTONKOM, MeGesbio, BO3AyXOM H T. m.) B stom pas-
Jene Mbl OyleM WMEeTb [eN0 C OTHOCHTeJNbHO Manoil cucremoli A B
KOHTAKTe ¢ Tern10BLM pe3epByapoM A’ Hac Gyzner unTepecoBars cienyio-
IHH BOMPOC: KAKOBA BEPOSITHOCTD P, TOTO, YTO B COCTOSIHHH PABHOBECHS
Mbl OGHAPYKNM CHCTeMY A B cOCTOSIHHM r, ofJanaworiem suepruei E, 2

DTOT BONPOC HMEET BeChbMa OGIMH Xapaktep H OTBeT Ha HEro upesBbi-
4yaiiHO BaKeH. 3aMeTHM, UTO B HaIleM PacCyXKIeHHH cHcTemolt A moxer
ObiTh J06asi cHcTeMa, 4YHCJO0 cTeneHell cBoBOAbl KOTOPOH  ropasio-
MeHbIle, 4eM y TemJosoro pesepyapa A’. Cucremoit A MoxeT ObiTo-
J06asi OTHOCHTE/IbHO MaNast MAKPOCKONu4eckas CcTeMa (Hanpumep, ecau
KYCOK MEJIH NIOTPY2KEH B 03€pO, NOCAC/AHee BJISETCH TEMJIOBLIM pe3epBy-
apom). C apyrofi cTOpoHbl, cHcTeMOH A MoKeT ObITb H 0649 MUKPOCKO~
nu4eckas CHCTeMa, ecil TObKO OHa MOxKeT ObITbh HACHTHdHILHpOBAHA *)..
(Hanpumep, ecnn atoM NOMelleH B ONpPeRe]eHHOM MeCTe pelleTKH:
TBEPAOrO Tena, TO Moc/elHee OYIET BJAATLCH TENJOBbIM PE3ePBYAPOM. )

Uto6bl NOACYHTATL YHCJAO COCTOSIHHA TEIMOBOro pesepByapa A’, Mbi
OnATb pasfieNdM LIKaay B5HePTHH Ha HebOMbIIHe (QUKCHPOBAHHbIE:
uHTepBa/bl OF 1 0603HaunM gepe3 Q' (E’) 4HC/IO JOCTYMHBIX COCTOSIHHIY
cucteMbl A’, Korja ee sHeprust paBHa £’ (T. e. JIeXKHT B untepBaje or E”
no E'+-8E). (Mu npexnonaraeM, wro uHTepBan OF ropasno MeHbiue:

*) Ilocnenuee 3aMeygine CYIeCTBeHHO, TaK KaK IMpPH KBAHTOBOMeXaHHYECKOM
OIHCaHUU He BCerja BOSM'O}KHO OTOXKACCTBHUTb NAHHYIO YacTHLY Cpean ApPYrux He OT-
JHUYHMBIX OT HeC YacTHIL. .
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PacCTOSAHHUSA MEKIY YPOBHSIMH HEpTHH A’, HO IOCTATOUHO BEJIHK, YTOGHI
COLEeP2KaTh MHOTO BO3MOXKHBIX COCTOsIHUA pesepByapa A’.) UroGel nony-
YHTh OTBeT Ha MHTEPECYIOLIHNH Hac BONPOC O BeJHUYHHE BEPOSITHOCTH P,
HAaXO0XKJIEHHs CUCTeMbl B COCTOSIHHM 7, JOCTATOYHO IPUMEHHTb PacCyxae-
nus 1. 4.1. 32K0OH coxpaHeHus sHepruH Tpedyer, utoObl SHEPTUS CHCTe-
Mol A 1 pesepsyapa A’ ocraBasnack noctosHHol BequunHoi. OGo3Hauas
3Ty MOJHYI0 3HepPTHIO uepes E¥, iuneem

E'=F*—F,. (43)

Ho ecau cucrema A HaXoaMTCA B OJHOM ONpPEIeJICHHOM COCTOSTHHH 1,
TO YHCJIO JOCTYMHLIX COCTOAHUIT Beell cucreMbl A* MpoCTo paBHO YHCAY
cocrosunii &' (E*— E,), noctynuux A’. V3 Hailero ocHOBHOTO CTaT-
CTHYECKOTO NOCTyJjarta CJefyeT, OAHAKO, YTO H3OJHPOBAHHYIO CHCTEMY
A* MOXKHO C PaBHOK BEPOSITHOCTBIO OOHAPYXUTH B J1IO0OM H3 ee oCTyI-
HbIX COCTOSTHHH. [103TOMY BEpOSITHOCTb OCYILECTB/IEHHS CHTYAIHH, KOTJA
ciucteMa A HaXoAHTCSl B COCTOSIHHH 7, [IPOCTO NPOMNOPIHOHAABHA YHCTY
JOCTYIHBIX COCTOSTHHE cHeTeMbl A ¥, Koria A HaXOZUTCST B COCTOSIHIUM 7:

P, Q' (E*—L,). (44)

Jlo cux mop HaUTH paccy:KAEHUs MMeJsH BecbMa oBIHH XapaxTep. Tenepb
Mbl HCIIOJIB3YEM TO OOCTOSITENLCTBO, UTO cucteMa A ropasfo MeHbille pe-
sepeyapa A’. 710 3HAYUT, 4TO HHTEPECYIolias Hac sHeprud £, yiosaerso-
psieT  CJenyIolleMy HepaBeHCTBY:

E, <<<<CE* (45}
Mpl mosyyuM xopoiuee npubauzkenue s (44), pasiaras MeNJNeHHG

MeHsiomEiCs Aorapudm Q7 (E’) oxono 3navenus £/ =E£%, AHaJoryuso
(40), MBI moayuaem AJd TENJOBOI'O pesepByapa

InQ (B*—E,) =inQ () — | "z | E, = In Q' (E)—BE,, (46)
Tie 31 Q" :
p= 2% o (47)

PABHO 3HAYEHHIO NMPOU3BOAHON NpH (QUKCHPOBAHHOH 3HEprHH E'=F*,
Dra Beuuuda P=(kT)~! ABJAseTCcs NCCTOAHHBIM TemnepaTypHLIM Mapa-
MeTpoOM menaosozo pesepgyapa A’. Tenepb us (46) mbt mogyuaem

Q' (E*—E,)= Q' (E*)e~BEr, (48)

Beanunna Q' (E*) aAB/aseTcs NOCTOSHHOH, He 3aBHCSLIEH OT 7, MO3TOMY
BeposiTHOCThL (44) paBHa

P, =Ce~bEr, ’ (49

rae C — KOHCTaHTa, He 3aBHCAINAA OT 7.

3afimeMcs Tenepb U3yuenneM (PH3UUECKOrO CMBICAa pe3yabTatos (44)
H (49). Ecmn cucrema A HaxopuTcsl B olpefie/leHHOM COCTOSIHHM 7,
TO pesepByap A’ mMoxer GhITh B JIOOOM H3 GOJIBINOTO YMCJA COCTOSHUH
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Q'(E*— E,), IOCTYNHBIX eMy B aTHX ycjaoBuax. Ho Mol 3naem, uro
q9UCA0 JOCTYMHBIX TelJIOBOMY pe3epByapy coctosinuil Q' (E’) obbunoe
ABJsieTcs ObICTPO Bospacraiollell pyHKuuelt ero sHepruu £ 1. e. f B (47)
OOBIYHO MOJOXKHTeAbHO). JIOMyCTHM, YTO Mbl XOTHM CPABHHTb BEDOSITHO-
CTH HaxoxlIeHust cucremsl A B ao-

6bix JBYX COCTOSIHHSIX, SHEPTHH KO- E.‘i\ L . W
TOpBIX pasauyusl. Ecau cucrema A =
HAaXOMMTCSi B COCTOSHHM € GOJIbLION

SHeprHell, TO M3 3aKOHA COXPAHEHHSH 70 r

HEPTHH CJelyeT, 4TO Ha JOJI0 pe- L

3epByapa INPHXOAHTCS COOTBETCTBEH- - A
HO MeHbIHAasi 3HePTHsi; IMO3TOMY 4HC-

JIO HOCTYTIHBIX COCTOSIHHUI pesepByapa

3aMeTHBIM 00pa3oM yMeHbluaercs. B

COOTBETCTBHH C 3THM YMEHbILEHHEeM

BEPOSITHOCTb OCYHLIECTBJICHHSA TaKo ]
CUTyallUH TaKXKe yMeHbluaercsd. K-

CTIOHEHLIMAJIbHAsl 3aBUCHMOCTb P, ot

E, B dopmy.ie (49) BEIpaKaer pesyib- §

TaT 3TUX PACCYKACHHH B MaTeMaTHue-

CKOH ¢opme. ' Vi

ITp u me p. [TosicRUM npUBefeHHbIe BB 76’5
e pacCy:KAeHust NMPOCTBIM HpuMepoM. Pac. ‘¥ [T 777777 ]
CMOTpHM  CHCTEMY A, HeKoTopbie YpoBHR "PPV
9HeprHH KOTOPOH MOKa3aHbl Ha BepXHeil ua- |
CTH puc. 4.6, H 3HAUHUTEJBLHO GOJBHIYIO CH- lﬂ' I
cremy A’. Hkana sneprun cucremsl A’ pas 0
felleHa Ha paBHble uurepBaias OE=1, a
qUCJI0 NOCTYMHBIX COCTOSTHHI B KaM{IOM HH-
tepsasie ©'(E’) nokazauo B HmkHel uactw
puc. 4.6. IpegnonoxumM, uto cucrema A Ha-
XOIUTCS B TElIOBOM DPABHOBECHH C pesep-

—=l e |
C 2034 2040 -
Pue. 4.6. CxeMa JAoCTYyNHBIX COCTORHHIY

HeKOTOPOit cHCTeMbl A M CleUHAABHOIO-
(ovenb MaNeRBKOro) TENnJIOBOTO pesepBya-

syapom A’ u uto mosnmas 3Heprus E£* co-
craBHo#t cucrembl A* paBua E*=2050 enu-
auiam.  Jonyerum , uto A Haxojutcs B
OIHOM - U3 COCTOSIHHIT r, BHEPrHA KOTOPBIX
E,= 10 enunuuam. Dueprus pesepsyapa

pa A’. Ha BepXHeH 4aCTH PHCYHKa IOKa-
3aHbl YPOBHH 3HEPrHU A8 HEeCKOJAbKHX
COCTOSTHHI CHCTeMbl A, Ha HHxHel —
Yucsio AOCTYnHBIX cocTosumit & (E’) cn-
cTeMbl A’ B 32BHCHMOCTH OT €€ BHep-
rud E’. Jneprusi l3vepeHa B MPOUIBONDL-

8 3TOM cjiiyuae 6ymer pasHa 2040 emunu- HBIX eAUHHUAX.

(1aM H COOTBETCTBEHHO ITOMY 3HAUEHHIO FHED-
THH pe3epByap MOXET HaXOmuThest B JnoGom u3 2108 mocrynuwmx cocrosuuii. B an-
cambiie U3 GOMBILOrO THCIa H30MMPOBAHHBIX cucTeM A* (cocTosiienm u3 cucreM 4 u A”)
4HCJIO COCTOSTHN, KOTAa cHeTeMa A HAXOOMTCS B COCTOAHMHN 7, GYIeT NPONOPLUHOHANLHO
2-108, TlpennonoxuM remepb, uTo chcremMa A HaXOZHTCSI B COCTOSTHHH 8, SHEPrUsA KO-
Toporo E =16 exnnuuam. Toraa smeprus pesepsyapa Oyner pasua E =2034 enu-
HHUAM H COOTBETCTBEHHO CHCTEMa MOMeT HaXOAHThcH B JoGoM w3 | -10% BosMoXKHBIX
cocTosinnii. B aucambiie cucrem uHeao caydaes, Korga A Gyger oGHApYKeHO B COCTOSI-
HuH s, Gyier nponopuuoHaasho 108 M 6yjeT cocTaBAsATL TOJMBKO HOJOBHUHY OT WHCI2
ciiyuaeB, xorja A HAXOAUTCS B COCTOSIHHM 7, HMEIOINEM MEHBHIYIO 3HEprHuio.

Bripaxenne 1 BeposiTHOCTH (49) siBJsieTcs BeChbMa OOMM Pe3yJib-
TaTOM, MMEIOIHM OTPOMHOe 3HaYeHHe B CTATHCTHUECKOH (HsHKe. DKCIIo-

o -BE
HCHUHAJBbHBIKH MBOXHUTEJ/L € BE, Ha3bIBACTCH MHOMUMEAEM BO/lbL(MaHa;
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COOTBETCTBYIOILEe pacnpelesienue BepoaTHocTed (49) HasblBaercst Kauo-
Huneckum pacnpedeserues. AncaMbb CHCTEM, HAXONAIMHACS B KOHTaKTe
¢ TENJIOBHLIM pe3epByapoM - H3BecTHOU TeMneparypsl T [3TH cucremul
pacrnpesiesieHbl [0 CBOMM BO3MOXKHBIM COCTOSHUSIM B COOTBETCTBHH ¢ (49)1,
HA3bIBAGTCA KAROHUMECKIM aHcambaen.

[Mocrosirnast C B (49) MokKeT ObITh JIETKO oOmpejesieHa H3 YCJOBHS
HOPMHPOBKH, KOTOPOE 3aKJNIOUAETCs B TOM, YTO BEPOSTHOCTL OGHAP YKHTD
cucremMy B Jo00M M3 BO3MOXKHBIX COCTOsIHME pasha |:

ZP,ZL (50)

31ech CyMMa pacrpoCTpaHsIeTCsl Ha BCe BO3MGXKHBlE cocTosihust A,
He3aBHCHMO OT sHepruu. kmesa B Buiy (49), MBI TOsTyuaeM U3 3TOTO YCjo-
BUS

CYePEr=1,

Tenepb bl MOxeM 3amucalh (49) B GoJiee sIBHOM BHAE:
Pt (51)
rzz ~BL, .

, €

.
3nasl pacnpenieseHue BeposiTHOCTeR (49), Jierko BBLIMHCAUTB CPeAHHE
3HAUeHUs PAa3JUYHBIX T1apaMeTPOB, XapakTepH3YIOUWIHX CHCTeMy A,
HAXOASIILYIOCS B KOHTaKTE C TEILIOBBIM De3epByapoM fpH  abCosior-
nofi tempeparype T=(kP)~'. [eficTBuTenbHO, 00O3HAYUUM uepe3 y
HEKOTOPYIO (PU3HUECKYIO BEJIHUHHY, 3HAUCHHE KOTODOH B COCTOSIHHH /
pasHo y,. Torma cpeiHee 3HaueHHE BEJHYHHBI y DPAaBHO

_ Y _BE,
yEZPry,:————Z" = (52)

e
r

TAe CYMMHDOBaHHE I[1POMU3BOJANTCS [10 BCEM COCTOSIHMAM 7 CHCTEMbI A.

3aMeyaHus AJf cayuas,Korna cucreMa A MaKpocCKo-
nuyeckas DPopmyaa (49), nmeomas QyHiaMeHTalbHOe 3HAUeHHe, JaeT BepOSIT-
uocTb P, Haxoxiaernst cucTeMbl A B HeKOTOPOM OJHOM COCTOSIHHE 7 ¢ SHeprmell £ .
Yro6el Haiiti BepositHOCTE P(E) OGHapyxnTh cHcTeMy A B HeGOJbUIOM HHTepBaje
suepruit or E 1o E--OE, HeoOXOMMMO MPOCYMMHPOBATL BepPOSTHOCTH JJsl BCeX CO-
CTOSIHMIL 7, BHePIUH KOTOPHIX JIEKAT B uHTepBate E<E,<E--O8FE, 7. e.

PE) =P,

TAe IUTPHX TpH 3HAKe CYMMBI YKa3niBaeT HZ TO, YTO CYMMHPOBAHHE [1POU3BOAMTCS
1O COCTOSIHHSN ¢ G/MM3KHMM 3HEPTHAMH, 3aK/IIOYEHHBIMH B YK43aHHOM HHTepBaJe.
H3 popmyJisl (49) cirenyert, 4To B 3TOM CJ1yyae BEPOSTHOCTD P, nponopuuoHanbias e —5E,
‘GyjeT TOUTH OJHHAKOBOH AMs BCeX 3THX coctosinuil. [lostomy HHTepecylomyro Hac
BepoaTHOCTL P(E) MOXHO NOJYYHTb NMPOCTLHIM YMHOXEHHEM BEPOSITHOCTH HAXOMJIEHM S
A B OJHOM H3 YKa3aHHEIX COCTOSHMH Ha umciao Q(E) Takux cocTosHMH B HHTepBaje
suepruit E, E--OE. Imeem, TaxuM o6pasoM,

P(E)=CQ(E)e-8E. ' (53)
Ecan A — makpocKonuueckas CHCTEMA (XOTA M MHOTO Medbliasi, uem A”), o Q(E) —
GLiCTPO Bo3pactaiomas GyHKUHs sHepTHU. MHoxHTesb e—BF GhicTpo ymeHbluaetcs ¢
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poctoM suepruu. ITosTomy BeposiTHocTs (53) MMeeT MaKCHMYM, KOTOPHIH TeM ocTpee,
uem Gosiblire cicTeMa A, T. e. GbicTpee Q(E) pacreT ¢ yBesquyeHHeM 3HepruH. Mut onsith
NPUXOMUM K TeM JKe BbIBOAAM, KOTOpble ObIIH NOLyuYeHH B 0. 4.1 Ana Makpockomw-
49ecKOll CHCTEME.

Ecau Haxojsmasicss B KOHTaKTe C TENVIOBLIM Pe3epBYapoM CHCTeMa sIBIsIeTCH
MaKDOCKOMMYECKOH, TO OTHOCHTeNbHAsl BelMHYMHAa QayKTyauni ee suweprud E Ha-
CTONbKO Majla, YTO 3HEPTHs CHCTeMbl NPAKTHYECKH BCErfa PaBHA cpeJHeMy SHAUEHHIO

sHeprud L. C Apyrofi CTOPOHbBI, €CJM YCTPAHHTb TEIIOBOH KOHTAKT CHCTEMBI C pe-
3epByapoM M cjelaTb ee TepMHYeCKH
U30JMPOBAHHON, ee 3Heprus BooGLie Q{E)g’ﬁf
He Oyner (IVKTyuporaTh. Pazanume /
06eMx CHTyaluuil HacTOJALKO Mauaos,

4TO He HMeeT MPaKTHYeCKOro 3Hadye-

HHA, B YaCTHOCTH, CpelHHe 3HaYeHHsd

BceX (DH3MUECKHX MapaMeTpoB CcHCTe-

Mpl (TAKHX, HanpuMep, Kak cpeisee

JAaBJieHHe WAM CPedHHE MATHHTHBUY

MOMBHT) B 00OHX ciayyasx coBrnaja- [ERRRIEATRRSHCINARRANSTTE AN OL. VAN RNARRRRESIRTUARRITTI |

t1oT. [loatomy 3TH cpesiHie MOTYT GHITh [ E’ E
BBIMHCAEHBl JBVMS Pa3iIM4YHBIMH CO- Iy .
cofamu. oF

1. MoxHo paccMatpueaTh M30.IH- p 47 Cxema moxas
HC. NN i <
POBaHHYIO MaKPOCKOMHMUECKYIO CHCTe- d\sl um’ 0 (&) e—BE or ;;Beapl?‘?:ﬂf‘ 3;;“”26?
N N . ; hynrung Q ) 1 MaKkpo-
MY, HEPrusi KOTOPOfi GHKCHPOBAHA H  cioniiyeckofi CHOTeMH, HAXOAAMEHCS B KonTaKTe €
HAaXOJHTCA B Y3KOM HHTepBaJde OT E TeIJIOBBIM De3epBYapoM.

no E+OE.
2. MoskHO BecTH pacueT jisi CHCTeMbl, HaXOAsuleficsi B TEIJIOBOM KOHTAKTE C Tell-

JIOBBIM pesepByapoM TaKoil TemmepaTypsl, YTo cpeinas sueprusi £ cucremel pasHa F.
3amMeTHM, 4TO BTOPOfl CMOCO6 YMpOIMaeT BBIUACIEHHS, TaK KaK NMPHMeHeHHe KaHOHH-
4eCKOTO pacrpeje/els CBOIHT BLIUHCACHHE CPeIHHX 3Hauenkil K CYMMMPOBaHHIO B {52)
[0 BCeM COCTOSIHHAM 0e3 OrpaHuueHnfi, TOria Kaxk NojcueT uMcaa cocroamuii Q(E),
JeXalnX B 300aHHOM WHTepBasie SHepruil, sBJAsSeTCH CyHleCTBeHHO Gojiee TPYAHO

3agayeil.

4.6. NapamarseTusm

Kanonnueckoe pacmpenesenie MOXKHO HCIOJNb30BaTh IS POILEHHsT
psala s3anay, NpelcTaBAsilOIMX Gogbluoli ¢u3nuecKui MHTepec. B ka-
YecTBe MEPBOTO NPHMEHEHHS Mbl HCcjAelyeM MarHMTHLIe CBOHCTBA Be-
11ieCTBA, NOMEIEHHOro B MarHuTHoe roJe B u collepzKallero B equHuIe
obbvema N, MArHUTHBLIX aTOMOB. MBI pacCMOTPHM OCOGEHHO MPOCTOH C/1y-
yai, Korja CriH KaxJoro aromMa paseH 1/2.11ycTh MarHMTHBIA MOMEHT
aroMa paBeH Mo [IpH KBaHTOBOMEXAHHYECKOM OIHCAHHH MATHHTHbIH
MOMEHT Ka2KJIOTO aToMa MOXeT GbITh HanpasJjeH JHOO «BBepX» (T. e. ma-
paisesbHO BHEIIHEMY MOJIO), JHO0 «BHU3» (AHTHIAPAIENbHO NOJIO).
BelecTBO Ha3LIBAETCS NAPAMASHUMHbIM, €CJIH €T0 MarHUTHLIE CBOHCTBA
OOYCJIOBJICHB! OpHeHTallledl WHAMBUAYaJbHbIX MACHHTHLIX MOMEHTOB.
JlonycTuM, 4TO BEIIECTBO HAaXo#uTcsi IpH aGcontoTHOH Temnepatype 7.
Hac unTepecyer cpedree 3HaueHne L COCTaBJIAIOWIEA MATHUTHOTO MOMEH- -
Ta J6Oro0 U3 aTOMOB BJOJIb HalpaBJ/eHHsl MarHUTHOro moas B.

[IpennonoxumM, 9TO B3aUMOAEHCTBHE KaxKJAOTO MATHHTHOIO MOMEHTA
€O BCEMH OCTa/lbHBIMH aTOMaMH BelllecTBA HEBEJNHKO. B wacTHoCTH,
AONYCTHM, 4YTO PacCTOsiHMe MaxkJly 4aroMaMH HAcTOJbKO BEJIHKO, HYTO
MOXKHO npeHeOpeyb MarHUTHBIM IOJIEM, KOTOpOe AAHHBIH aTroM CO3faer:

o ®. peii 161



B MeCTaxX pacHoJIOXKeHHs COCeAHHX artoMoB. [Ipn 3THX Npeanc/oxeHHAX
Mbl MOXKEM COCPEJOTOYHTb BHHMAHHE H& OTAe/bHOM aToMe, paccmatTpH-
Basl €ro KaKk Maaylo cHUCTeMY, a OCTaJbHbIE aTOMbI BelecTBa — Kak Teluvio-
\ BOI pesepsyvap, Haxoadauwuiica npu abeo-

£ JioTHOH Temmepatype T *).

A (O603HauuM JIBa BO3MOXKHBIX COCTOS-
HHSA KaXKI0TG aToMa uyepes (--) (MarHuT-
Ho Frepeug Conve, | HBIi MOMEHT HampasjeH BBepx) H {—)
COCTeAY (MarHUTHbLI MOMEHT Hampas/eH BHH3)

onute Il pacCMOTPHM HX OJHO 3a APYTHM.
B coctosiuny (--) MarHHTHBIH MOMENT
() aToMa napaJjJiesied MoJIk0, TaK HTO {L={l,.
MarHnTHas sweprus aroma npH 3TGM
3 paBHa &, =—,8. KaHoHuueckoe pac-
8 2 npeneneHue (49) naer caenyioulee 3Ha-

| UeHHe BEPOSITHOCTH P+ HaXOXKIeHH:T

I[Lgt JHEpeua mUFCE, | ATOMA B 3TOM COCTOSIHHH,

cocmossud . .
P+ B C‘e'~ Bey — CeﬁUUB,
Puc. 4.8. Atom co cnuHoM '/, B Ten-

MEHELLE
JIOBOM  KONUTaRKTE C TernJoBbIM De3ep-
nyapoMm A’. Korga MarHuThbfi MOMEHT -
aToOMa dHatipasiied BBepX, €ro 3Heprusa

(54)

rie C— nocrosiiHan, a p=(kT)=t. 210
-) COCTOSIHHE C HauMeHbileldl 3SHepruefl i
TIOITOMY B HEN aTOM HAXOAMTCS C Hau-
B0JIbilell  BePOSTHOCTHIO.

B coctofaHMH (—) MarHuTHLIA MO-

Ba 2UyB Meubille SHCPTHHM NPH NPOTH-
BOIMONOKHOM HanpaBleHHH MariHTHO-
ro moMmenta. CoOTBETCTBEHHO, 3HepPrust
TelLIOBOro PE3CPRYapa B NepBOM CJay-
yae Ha 2B Oosblie e€ro 3uepruy no
RTOPOM cay4ac. Bonbwell sHepruu pe-
3epByapa oOTBeyaeT OoJbilee “HCIO
COCTOSHHII, [O3TOMY CHTYauusi, CooT-

MEHT aromMa aHTuiapaj/eed noJo i
OTOMY Ww=-~{l,, 4 SHEPTHS aTOMa PaB-
Ha e_=-+pn,5. Beposatnoctb P _ Haii-
TH aToM B TakOM COCTOSTHHH paBHa

P_=Ce-Bt~ = Ce-rB, (55)

BEeTCTBYKILAR MaTrHUTHOMY MOMENTYV,
11anpaBjeHHOMY BBepPX, OCYILeCTRJsIeT-
csi ¢ OoJibliieil BepOSITHOCTBIO, 4eM Cl-
TYaLKst C IPOTHBOTOMOMHBIM Hallpan-
,JIeHHeM MarHuTHoro MoMeHTa.

1o cocTosine obaanaer 6oJiee BLICOKOM
3Heprued 1 HalTH aToM B TAKOM COCTOsI-
HHH MeHee BepPOSITHO.

Hocrosianyto C sierko HafiTi U3 yCAOBHA HOPMHPOBKH, 3aK/104al0le-
rocst B TOM, UYTO C BEPOATHOCTbIO, paBHoit 1, atoM HaxozuTcs Jaufio
B coctosuun (—), aubo B coctosuun (). Hueen

Py P_=C(cb o) =1,

*) Taxoe paccmoTpeHHe npejrofaraeT BO3MOXKHOCTb OAHO3HAYHO HieHTH(HMIM-
poBaTth OTAENLHbI aTom. Jas 3T0ro Heo6XOAMMO, 4TOGH aTOMBI 3aHHMANH ONpefe-
JicHHBle MECTa B pellleTKe TBEePAOro TeJa HIM 00pa3oBbiBaay Obl pa3peXeHHB# ras,
FA€ PacCrosiiie MeXKAy aToMaMH BeIHKO. B J0CTaTOYHO MJIOTHOM rase aToMbl COMH-
34TCA HACTONBKO, YTO KBAHTOBOMEXaHHUYeCKOe OMMCAHHE JHIIHT Hac BO3SMOXKHOCTH
HAeHTRQUIHPOBATH OTAeNbHEI aTOM. B 3TOM ClIyyae HYXHO paccMOTpeTb GoJlee CIOXK-
HYIO KapTHHY SBACHHA, 3aKJIOUAIOHWETOCsl B TOM, 4TO BeCh ra3 B LeJoM fBjsgercs He-
GoJbILOH MaKPOCKONHUECKOH CHCTeMofl, Haxopidilelicss B KOHTAKTe C TellJIOBLIM pe3ep-
BYapoM.
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QTKYAA :
1

€= eWoB L e=iuel (56)

AtoM ¢ GOabiueft BEPOSITHOCTLIO HAXOAHTCHA B cocTosgHuu (), Iae ero

MATHHTHBHT MOMEHT NMapaJJiened noawo B, nosToMy cpedxuii MarHHTHLIR

MOMEHT atoMa u AOJXKeH OblTh HanpasaeH 1o nomio. M3 dopmya (54)

# (Bd) caenyer, 4To napamer-

POM, XapPaKTePH3YIOULHM OpHEH- b

TAlMI0 MATHHTHOTO MomeHTa, /-

ABJISETCA BEJAHYHHA 18
1B A

paBHas OTHOIIEHIIO MATHUTHOM 05
sueprun uB K napamerpy kT,
XapaKTePU3YIoMeMy  SHepTHio N
Tenaosero asmxenusa. Ogepua-
HO, 4T0 eci T QueHb BEJAHKO g B S SR N It
(1. e. w<£1), 10 BeposTHO- a 1 2 w8 9
CTH TOTQ, YTO MACHWTHBI MO- 75-*
MEHT 2TOMa HanpasﬂeH 110 o/IO Puc. 4.9. 3aBucuMocTbh pepoaTiiocTu P {(P_)
Han npoTHB  noJisg, Majno or- FO. 4TO MAFHHTHELL MOMEHT HanpaBJi::H n_ap;gr
MHYAIOTCS IPYT OT Apyra. B e il Seamenty  ar
3TOM  CJy4ae MarHuTHBIH MO- . neparype 7T

MEHT OPHEHTHPOBAH MOYTH Cy-

yaiino ¥ pa20. B npotusonoso:xHom caydae, eciu T oueHb Manod (T. e.
w>> 1), opueHTauus 10 NOJMIC 3HAYMTEJNbHO Gojee BEPOATHA, ueM

opuedTalMs MPOTHB nois. B »ToM ciyyae paupl,.
BceM 3THM KauecTBEHHBIM PACCYIKAEHHSIM JerKo NPHAATh MaTeMartH-

HeCKVIO (bOpMy, €CJH BBIYHCJAHTbL Cpe/inee 3HaueHHe u. Mol Haxoium
eHoll — g~ ol

V4

¥

4

i
|

w=P,(u)+P_-(—n) =1, ———m— . 58
: + (l’())'_l— ( by (.) [ e."P-oB-{—e—pZ*ub‘ ( )
DTOT pes3yabTaT MOXKHO 3anncaTth B Bivle
0 !"’UB
\ W=, th (TT J° , (59
l
€C.J111 BOCNOJIb30BaThCs OlipeiesieHHeM rHﬂE‘p6OJII/IquKOFO TaHreuca
ew_é—ﬂ,‘
thw = R (60)

Takum 06pasom, cpeaHHi MaTHHTHBIA MOMEHT eIHITHIbI 00beMa BeliecTBa
{5Ta BeJINYHHA Ha3bIBAETCS HOMAZHUMEHHOCTIbIO) HATIPAB/IEH TI0 MarHuT-

HoMmy noaio. Beanuuna M. HamMardn4eHHOCTH paBHa
M, =N, (61)
rie Ny~ 9HCAO MAarduTHBIX aTtoMoB B eiuiule ofbema.
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Jlerko moxasatb, 4TO CBOficTBA |I, MNOJYYeHHble Bbillle AAS ABYX
KPaiHUX ciaydaeB (Majble H Goabunie T), ¢ [OMOULBIO KaYeCTBEHHbIX
paccyxkieHHit cieayroT H3  obwel ¢opmyan (58). Ecin w1, To
e=14w-t... n e?=1 — w+... Tlosromy

‘ (1 Fw . )—(—w

mg w<kl thw= 5 =),

B apyrom cayuae, xorga w>>1, e?>>e"® p
s w>>1 thw=1.

TakuMm o6pasoM, u3 (59) MBI noJyuaeN 3HauyeHHe MaTHUTHHIX MCMEHTOB
B JBYX KpaHHUX cJyyasx:

) - B :B y
ann pB<RT ey, () =12 (62)
a8 W BSET  p=u,. (63)
Ecan poB <€ kT, Beanunna p ouedb mana. M3 (62) CJEAYET, HTO it
MeHbILe CBOETO MAaKCHMAJBHOTO 3HAaYeHHs p,y B (L,B/kT) pas. 3amerum,

4TO B 3TOM NPEJeJBHOM CJAyYae {. MPOMOPUHOHANLHO BEJHUNHE MATHHT-
HOT'O 1o/ B ¥ 06paTHO MPONOPIHOHABHO abCcoMioTHOA Temneparype 1.
M3 dopmya (61) u (62) MBl moayyaeM HaMarRHYEHHOCTb

A\"n‘u;':B
kT

rie y — He 3aBHCAWMA OT B KOpDHUMEHT NPONOPIHOHAABHOCTH,
HA3bIBAEMBIl MO2HUMHOL GOCRPUUMULBOCMLIO sewecmea *). Mpl HMeel,

wn pB<ZET M, =Ny — — 1B, (64)

i , TakHM 0OpasoM, 3HaueHHe Mar-
I \ : HHTHOH BOCHPHUHMYHBOCTH, Bhl-
/Va/% pasKeHHOe uepe3 MaKPOCKOMi-
) — YeCKHe BEeJHYHHBI
ool —— _—
/ ; vt |
- L= (65)
04 yir= ! |
02 //‘/M”DC,B daxkr o6paTHOH nponopliu)-
i HaJbHOCTH MarHUTHOHR BOCHp:i-
00 S 2 g 93 HUMUUBOCTH 1l afCOJJIOTHON Te-
H1Z L neparyphl HASBIBAETCH BAKOH:
KT _ Kropu.
Puc. 4.10. 3aBHCHMOCTE HaMmarHHuyeHus Mgy oOT Ecau onB,>>kTy CpGﬂ,HHfﬁ

MarsuTHOro nodsi By rtemnepatypnl T B caydae o N
caabo B3aHMOAeNCTBYIOUlEro aToMa €O CIHHOM MarHuTHBIT MOMEHT OJM30K K

/3 M MATHHTHAIM  MOMEHTOM Ho. CBOEMY MaKCHMAaJbHOMY BO3-
MOKHOMY 3HaYeHHI0 Wo. COOTBETCTBEHHO HAMAarHHYeHHOCTb paBHa
s weB>kRT M,=N,. (66)

*) OGbIYHO MAarHHTHAs BOCIIPHHMYMBOCTD ONpeeNdeTcss C NOMOMIBI0 MarHUTHOrO
noasi H caepyiomum o6pasoM: y=M,/H. Mu npeanojarais, 4T0 KOHUEHTPALHS Mar~
HHTHHIX aTOMOB MaJia, [IO3TOMY C OueHb XOPOIUHM npuGanxenuem H=B.
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3710 MaKCHMAaJIbHOE 3HaYeHHe HAaMarHWYeHHOCTH He 3aBHUCHT HH OT BeJlH-
YHHBL MarHuTHOro noJss B, uvu or rtemnepatypsl T. Ha puc. 4.10 no-
Ka3aHa 3aBHCHMOCTb HaMariuueHHocTH oT B u T B oflieM cayuae.

4.7. Cpennsis 3Heprus MaeaibHOro rasa

Paccemorpum ras, cocrosmuit u3 N ommakosblx MOJIEKYJ C Maccoit
m U 3aKJIOUeHHBIH B LMK cOo cTopoHamut L, L, u L,. Jlonycrum, urto ras
paspeeH, T. €. YTO YHCJIO MOJIEKY NB 061>eMe V=L,L,L, nocratouso
MaJa0 JJs1 TOTO, YTOOhl CpejlHee paccTosiHie MeXIY MOJeKYJaMH MOXKHO
ObLIO CcyMTaTb GOJBIINM. B 5TOM cjyuae BO3MOMHbBI C/AefyIOUIHE YIIpo-
LLICHHS:

1. CpeaHee 3HaueHHe MOTEHUHAJBHOH 3JHEPTHH B3aHMOARHCTBHS
MeKJy MOJIEKYJAaMH BO MHOTO pa3 MEHblile CPeIHero 3HadeHHs KHHEeTH-
yeckoii 3Hepruu mosekys. (Taxoll ras Mol Ha3bBaeM ulearbHbiAL.)

2. Kamayio oTHeqbHYIO MOJEKYAy MOMKHO CHHTATh OOBEKTOM, KOTO-
puIfl MOHET GbITh OTOXAECTBJEH, HECMOTPSl HA MOJIHYIO HepasJYHMOCTb
MOJIeKYJ. (DTO 3HAUNT, UTO TaA3 HEBbLPOsCOeH *).)

Meul 6yzieM CUHTATb a3 HACTOABKO Pa3perkeHHbIM, uTo 06a 3TH yipo-
[IEHHsT CIPaBeAJHBbl **).

[IpeanonoKus, 4To ra3 HAXOAHTICH B PABHOBeCHH NPH abCOMIOTHOH
tremneparype T. Eciu yeioBHe (2) BbINOJHEHO, Mbl MOXEM COCPENOTOYHTh
CBOe BHHMAaHHE HAa KaKOf-TO OIHOH MOJjeKviie H paccMaTpHBaTh ee Kax
MaJsiyio CHCTeMY, HaXONSILLYIOCsl B TCMJIOBOM KOHTaKTe C pe3epByapom
(npu Temneparype T), KaKUM SIBASIOTCS BCe OCTA/IbHbIE MOJEKYJbl Ta34.
BeposiTHOCTE HAUTH HAMY MOJIEKY1Y B KAKOM-HHOYIb KBAHTOBOM COCTOS -
HHH 7, HEPTUSA KOTOPOIO €,, ONpefedseTCs KaHOHHUECKHM pacipenee-
nueM (49) waun (51):

p e~ Ber i

r:W’ rie. 5—37- (67)

Ycaosue (1) paspemaeT Ham npeHebpeub 3SHEPrHed B3aHUMOAEHCTBHS
MOJIEK YJIBI CO BCEMH OCTAABHBIMH MOJIEKYAaMH N1PH BIUHCJIEHHH IHEPTHIL.

PaccmoTplM B KayecTBe npuMepa OcOGeHHO MPOCTOR ciayvail odHo-
amomroeo easa [nanpumep, reanit (He) unu aprou (Ar)l. Dueprus atoma

*) Tocaeatee yTBepxkIeHHe OCHOBAHO HA ToM, 4To JeGpoilieBcKas AJIHHA BO.JI-
HBl MOJIEKYJIbl 3HAUUTEJbHO MeHbLIe CPEeHEro PACcCTOSTHUS MeXAy Modekydaamu. Ecian
TaKoe YCJIOBHME He BLINOJIHSETCS, 10 3aKOHbl KBAHTOBOH MeXaHUKH He MO3BOJSIOT pac-
CMaTPHBATb OTIAENbHYIO MOJEKYJAY, U B 3TOM ¢Jayyae HeoGX0AUMO KBaHTOBOMeXaHHye-
CKOe pAacCMOTpEHHE CHCTeMbt, COCTOsIeH M3 Hepasanunmbix vacThil. (Takoil ras Hasoi-
BAETCSl GUIPONCOCHH LM, OH TIOXUMHAETC JHO0 TaK HasbiBaeMOH CTaTHCTHKe Dose —
JinwuTelida, n6o ctatucThke Pepmu — JJupaka.)

**) YcnoBHe (2) BHINOJHSETCS NPaKTHYeCKH AJsi BCeX OOGBIUHBIX Ta30B. ¥ CJIOBHe
€ero NpHMeHHMOCTH OyJIeT paccMoTpeHO B KoHUe n. 6.3. Ecau mbl 6yleM yBesiHYHBATL
AJIOTHOCTD I'a3a (T. e. JeJlaTh €r0 MeHee Pa3peXKeHHbM), TO ycioBHe (1) HaumeT Hapy-
WaThest TOPa3fo paHblle, yeM ycaoBHe (2). Oanako, eciu B3auMOJeACTBHE MeXIY
MOJIEKYJIAMH OUeHb Mald, ras MOxkeT Y/AOBJIETBOPATL ycaoBuio (1), T. e. 6HITL Hlealb-
HEIM, HO ycjoBue (2) GyneT HapyiueHo.
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B 3TOM CJly4ae IIPOCTO paBHa ero KHHeTHYeCKOH 3HEepPrun. Kaknoe Bo3-
MO2KHOE€ KBAaHTOBOE COCTOSHHE aroMa onpeaensercss TpemMsi KBAHTOBbLIMHU

uHcaaMH (N, f,, f;) M €TO 3HEPrHs paBHa [em. pasencrso (3.15)]
_n2ﬁv2 ny nl,
Sr_'Tz;n—<"]:? =+ + Lz (68)

BeposiTHOCTh HaxOXIeHHS aTtoma B moéom M3 TaKHX COCTOSTHUM
onpeneasiercst opMyaoit (67).

PaccMOTpHM Tenepb 6ojee CAOXKHBIA CAY4al MHO20QMOMHO20 Tasa
{nanpumep, xucaopof (O.) min meran (CH,)], mosekyna Koroporo
COCTOUT W3 JBYX HJIH 0o./ee aToMOB. JHEPTHs Takoro rasa pasHa

g=g'® g, (69)
B st0it ¢opmyse & o03HauaeT 3HEPIHIO NMOCTYNATENLHOTO ABHAKEHHs
LEHTPA Macc MOJEKYJb, a &' — BHYTDHMONeKYJAspHAs 3Heprus,

CBI3aHHAA ¢ BpamieHHeM H KoJjebaHueM aTOMOB OTHOCHTE/NBHO LEHT-
pa macc. llenTp macc MOJeKysabl IBHMKETCs N0J00HO TIPOCTOH OAH-
HOYHOH 4acTHile, Macca KOTOpOH paBHa macce MoJekyanl. [loatomy
NOCTYNAaTe/bHOE JIBHXKEHHE MOJEKYJbl OlNsSiTh ONpelesieTcs TpeMms
KBAHTOBBIMH UHCJAMH (1, 1, 11;), @ KHHETHUECKAS 3SHEPTHs ee Io-
CTynaTeJbHOTO ABHXKEHHS! paBHa BulpaxeHmo (68). CocTosaHHs BHYT-
PHMOJIEKYJISIPHOrO  ABUIKEHHS ONPeIensioTcs OJHUM MU HEeCKOJAbKHMH
KBaHTOBLIMH uyucaaMu (0003HaUHM BCe 3TH YHCJ/IA uepe3 #1;), OMHCbIBato-
LHUIMH BpaulaTebHOe H Ko1e0aTebHOe BHYTPHMOAEKYIAPHOR JIBHIKEHHE,;
sneprua &' 3aBHCHT OT 3THX uHcea 7. JlanHOe KBaHTOBOe coCTOfHIIe
' MOJEKYJIbl ONPElE/Isiercsi Tenepb HaGOPOM KBAHTOBBIX yucea (1., 1,
n,, N;) W MBl MOXKEM HAlHCATb CJEAVIOUee BhIPAXKEHHE 151 SHEPrHH

MOJICKYJIbL: )
X ny’ nz) _{‘ Em (I’L/). (70)

3aMeTHM, YTO MOCTYNaTesibHOE JBHXKEHHE MOJIEKYJ OTPaHHY€HO CTEH-
KaMu sILIMKa; NOSTOMY &*' 3aBUCHT OT reoMeTpHUYeCKHX pasmepos L.,
Ly, L,, KaKk 5T0 BHIHO H3 (68). € Apyroii cTOpoHbl, HAJHYHE CTEHOK iie
MOKeT BJHATH Ha BHYTPHMOJIEKYJISIPHOE JIBUKEHHE ATOMOB, [O3TOMY &4
He OyJerT 3aBHceTb OT PasMepoB fAllHKa, T. e.

(/ .
e'? me zaBucHT OT L, Ly, L,. (71)

g, =e® (n

Buouucaerue cpedueti auepeuu. Ecau mojekysa HMeeT BePOSITHOCTH
P, OLiTb B COCTOSIHHH C 3HEpPTHeH &,, TO CP¢IHAs 3HePTHSA MOJEKYJibl

paBua
Ze‘ﬁs' €,
—_ 14
e= P =G——. (72)
- D emBer
r N
ML! BOCTIONIB30BAMUCh JI/isl BEPOSTHOCTH P, KaHOHMYeCKUM pacnpefede-
uuem (67), a cymmupoBanue B (72) MPOM3BOAMJM TIO BCEM BO3MOXNKHBIM-

COCTOSIHUSIM MoJiekya. Dopmyday (72) MOXKHO CHIBHO YIPOCTHTb, €CJIH
BOCMNOJIb30BAThCSL T€M, YTO CyMMa B UHCJ/HTese MOKET ObITh BHIpAXKEHa
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yepes CVYMMY, CTOSILYI0 B 3HameHarteqe. JleHCTBHTE/BHO,

d 0
~PE —_— - —_— -~ )€,
ZC BTEr———ZTaB‘(e Bsr)_._UB-Ze ﬁsr.
r - -
Mb!I BOCNIONIB30BAAUCH 3/leCb TeéM, 4YTO [IPOH3BOJHass OT CYMMbl paBHa
CyMMe TIPOH3BOJAHLIX OT KaxI0To cJjaaraeMoro CyMmbl. Hcmon b3yda s

3HaMeHarteast (82) o0ObIMHOE cOKpalieHue

Z =) e-Ber, (73)

r

Mbl H2XOIHM, YTO Bhipaxenue (72) 1451 cpeaHed 3HepPriH IpHHHMAET Bl

S_—ozep 1 oz
-z - VAN
4
. omz i
g = — —;{;)* | (74)
!

Mbl BHIHM, YTO AJIST OTIPeleIeHHSI CPeHell SHePTHH & JOCTATOYHO BEI-
uicauTh cymmy Z mo dopumyde (73). (Cymma Z, pacipocTpaHeHHasi Ha
BCE COCTOSIHHSI MOJEKYJBI, HAa3BIBAETCS CHIAMUCUYecKoll cymmoti.)

Y poBHHM 3HEPTHH OJXHO4TOMHOrO rasa omnpejeasitores gopmysofi (68),
8 COOTBETCTBHH C KOTOPOH cymMMa Z umeer Buj *)

. ~ prhz [ nd n; n2\
7 p | B iay  ony |, nz 5
ZZZ exp’: 2m \\L;’. Ly L?) ’ (75)

np 1y ong

re TPOHHOe CYyMMHPOBaHHe NPOU3BOAKTCS [0 BCEM BO3MOMHBIM 3Haye-
HUSIM N, 1, 0 n,. [Kaxaoe unc1o n; npo6eraer Bee (efble 3HaAYEHUs OT
0 10 oo B cootBeTcTBHH ¢ (3.14).] DKcnoHeHnnanbHas GYHKUHUA MOKET
6BITh BbIpAa:KEHa B BHJE NDOM3BENEHHs TPEX 3IKCIIOHEHT:

—

w !SIQ

o’

@

. . przh? n? v 2k Bn2ﬁ2 n:
-«expl— 2m ¥ CXP T om ‘Iiexp T 2m )’

rjle BeJMYMHBL 11, fl, H 1, NOSBJAAIOTCA TOJBKO B [ePBOM, BTOPOM
U TpeTbeM MHOXKHTeNSIX cooTBeTcTBeHHO. [lostomy cymma (75) pasou-
BJETCsl Ha TPOM3BENeHHe TPeX CYMM,

7=2.2,7, (76)

*) BwmecTo Toro u4tofbl OHCATh CJOXKHLIE BbipaXKeHHsa B IoKaszaTteje CTeleHH e,
Mbl HUCNOMbL3YEM 3JeCh CTAHAAPTHOE o6o3HayeHHe exp u=e" Ing SKCOOHEHLHUAILHO

PYHKIMH.
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TAE

. Bzh? n} |
szl;;iexp _—— St Z , (T7a)

= N exp | B ]
Z, =”§1exp J—— S L_u, , (776)

ke B2h2 n} |
Z,= Y exp —f;mL Z—Z . (778)

ny= L

Ham ocrajoch BBMHCAMTL OAHY H3 3THX CYMM, Hanpumep, Z.. 10
JIETKO CJeaTh, €CJAH UMETh B BHAY, UTO SIUK HUMEET MAaKPOCKOITHYECKHE
pasMepsl U 103ToMy Ko3thduiient npy 7y B (77a) oueHb Malj, ecau } He
KpaiiHe BeAnko (T. e. ecan temneparypa T ne kpafine masa). B sTom
c/iyyae COCEIHHE UWIEHBI B CyMMe (77a) OueHb MaJo OTJIHYAOTCSl APYr
OT ApyTa M € XOPOMINM NPHOJHIKEHHEM MBI MOYKEM 3aMeHHTb CYMMHDOBA-
Hue pHrerpuposannem. CunTas wied CymMMbl QYHKIHell n, (paccMaTpH-
Bas 3TO UHCJIO KAK HENPEPBIBHYIO NMEePEMEHHYIO, OMpPeNe/IeHHYIO U J14
HeLesnblX 3HAUeHWH), Mbl [oJydaeM cjefyloliee 3HaAUYeHHe CYMMbL

@®

[ Brh? n} 72m\ e [ Ly
Z,= ( exp [— ;ml _’ZT] dn, = (—[;f/\ <E> ( exp (—u?)du, (78)
0

A
rie

} nx ’ {79)

/Qm>1/2 /Ly
n,=\| 5 — | Uu.
* \ p KWﬁ)

Husknuuil npenen B nocaenneM uuterpalje (78) 83ar pasubim 0. D10 MOKHO
Jeaalb Gea 3aMeTHOH OWMOKHM, Tak Kak Koadduiiest npu n, B (79)
Kpaiite maj. Ilocaenuuii onpeseneHHbil nurerpaa B (78) npencraBasier
co0OH uHCa0, Tak uto (78) umeer BU1

Ly
Ze=bois,

HJIA

(80)

rae b — HexoTopasi KOHCTAHTa, 3aBHCALIAA OT MACCHl MOJIEKYJHl ).
CootBeTcTBYIOILHE BEIpaXKEHHA 151 Z, U Z, aHajoruunbl (80), u u3 (76)

MbBlL nonyqaeM
L, Ly L,
Z:<ﬁﬁh><bwh><bwﬁ>

Z=0b

HJHx

14
B e V=L,LL,. (81)

*) Ykamen, 90 nocienuuit Harerpan B (78) pasen ¥V /2 [em. M. 21)], mostomy
b=(m/2m)"/ k1. .
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COOTBETCTBEHHO MBI noJqyvaeMm

3 -
an:an———Q—lnB—{—iSlnb. (82)
Hamu suiuncaenust 3apepiuensl. JleficTBuTensHo, (74) 1aeT HaM BO3MOXK-
HOCTb MOJYYUTh 3HAYEHHE cpell-
Hell SHepruu MONEKYJbI: ; f
_ 3 v i
T e——— 1 TN \
3 o nZ +8
3 1\ 3 ( 1 ) U
““(“2‘ F/72\8/) " RIS
M MBI MDHXOJMM K BBIBOLY, MMe- | -
IolleMy  60JIblIoe 3HayeHue: 5
o
lmﬂ ONIHOATOMHOHN MOJleKyJIbII RN TE ¥R N C N 0 C V1 Y .I.
_ o, i 07’23455759,9/0/17’27314
e:;k’[‘. | N>
I Puc. 4.11. CxeMma, HARKOCTPUDPYIOULAST 3aMeHy

CYMMHPDOBAUHA IO e TbIM 3Ha4eRHAM Ry (CyM-

) Ma paBHa TNJOUIAAH (PAMOYTOJBHHKOB) HH-

(83) TerpUPOBAIIHEM 110 HENpepbiBHBIM 3HaueHHsIM

fdepeMeHHOR 7Ny (MUTeTpan paBeH IJIOHIAAu
o KPUBOI).

MBI NpUXOAHM TaxKe K BHIBOLY,
4TO CpelHsI KHHETHUECKAs SHEPrusi MOJEeKYJbl He 3aBHCHT OT pas-
MepOoB flLIMKA; OHa IponopuuoHasibHa abcoqaoTHoll Temneparype T rasa.

Ecau MosieKyJ/ibl rasa MHOTOAaTOMHEL, TO H3 (69) cienyeT, 4to cpel-
HAS HEPrHs MOJEKYJ/bl DaBHA

e=e® £ g0 — S AT 50 (T), (84)

TaK KaK CpeiHsst KHHeTHuecKas 3HeprHsi MOCTYNATeJbHOTO JIBHAKEH!!s
LeHTpa TSXKeCTH MOJEKVJb! onaTh paeua 3/2 kT. Kak caenyer us (71),
Cpenusisi 5Heprust &' BHYTPHMOJIEKYJISIPHOTO JBHXKEHHS He 3aBHCHT OT
pasMepoB sll(MKA ¥ [I09TOMY MOXKET 3aBHCETh TOJBKO OT abCOJIOTHOI
Temnepatypsl 7.

Mul uMeeM €10 ¢ HeaJbHBIM [a30M, B3aHMOAEHCTBHEM MEXAY MOJle-
KyJaMH KOTOPOTO MOKHO npeHeOpeub. [losiHas cpepHsas sHeprusi Takoro
rasza OyJeT NPOCTO MPONOPHHOHAJBHA HHCAY MOJEKYJI:

E = Ne. (85)
Taxum o6pa3om, Aaxke B o0lLeM clyyae HaeaJbHOrO Ia3a, COCTOSIIEro U3

MHOTOaTOMHBIX MOJEKYJI, €ro CPelHsis SHEPTHsl He 3aBHCHT OT PasMepoB
slEKa U Onpeeqsiercss HCKJ/IOUHTEIbHO abCoJIOTHOM TeMrnepaTypoii:

IJ1s1 HjaeaJbHOro ra3sa
E=ET, (86)
He3aBUCHUMO OT pasmepOB cocyzla.
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DT0T pe3yabTaT pH3UUECKH NOHsiTeH. KuHeTuueckasa sneprust nocryna-
TeNbHOTO JBHKEHHSI H HEPrHsi BHYTPUMOJEKYJSIPHOrO ABHXKEHHS He
3aBHCAT OT PACCTOSIHUSI MeXy MoJieKyaami. [losTomy HaMeHenue pa3me-
poB cocyAa (NpH NMOCTOSHHOH aGco/mOTHOH TemnepaType 7) He MeHseT
TH 5HEPTHH, CJIel0BaTeNbHO, OCTAeTCsl HeU3MeHHOM W 3Heprus E.
s BeuleaAbHOro ra3a 3TOT BLIBOJA INepecTaeT ObiTh CHpaBeLJUBBLIM.
JeficrBuresbHO, npu JocTaro4HO GOJBWIOH NJOTHOCTH Tasa cpenHee
pacCTOSTHHE MeMIV MOJEKYJaMH MOMET OKa3aThCsl HACTOJBKO MaJblM,
YTO CPeNHNS NOTeHIHATbHAR SHEPIUA B3aHMOAGHCTBHS MEKIY MOJEKY-
JdaMu TpHOGpeTaeT 3aMeTHOe 3Hauenue. VsmeHenue pasmepoB cocyna
(mpu (puxcHpoBaHBOl Temmeparype T) NpHBeleT K U3MEHEHHIO CPelHero
DACCTOSIHUA MEXAY MOJEKYJjaMit; COOTBETCTBEHHO H3MEHHTCS CPeAHss
NOMEH YUANLHASA IHEPTHST MEKMOIEK Y ASIPHOFO B3aUMOJEHCTBHSA, KOTOpad

BXOIHT B CPCAHIOW 3HEPruto E rasa.

4.8. Cpenree paBjieHHe WaeanbHOro rasa

Cpennee napgeHue (T. e. cpeliHss CHJa, NPUXOAAINAACT HA eIHHHIY
[IOBEPXHOCTH), OKAa3biBaeMOe a3oM Ha CTEHKH COCyAa, B KOTOPOM OH
HAXOIUTCH, SIBASETCS IKCMEePUMEHTAbHO J1erKO H3MepHMOH BeJHUHHOI.
! I'losromy ©0COGeHHO HHTepecHO Bbl-

YHCJUTh CPeJlHee JaBJjeHHe Ias CIy-
yasi uJeaJbHOTO rasza. O603HaYUM ue-
pes I cHV B HanpapJIeHHH X, CO3-

JaBaeMyl0 OLHOH MOJIeKYJIOH Ha npa-

BOH CTeHKe cOCcyla, B KOTOPOM Ha-

XOJUTCS HAeafbHBIH ra3, OGo3HaYuMm
gz depe3 F, BeNUUYMHY 3TON CHJ/bL A0

MOJIEKYJIbI, HaXOAsileAcss B HEKOTO-
Puc. 4.12. WUacansubli raz B smuke. Mo- pOMu KBAHTOBOM COCTOSIHHH 7 C SHep—
JeKyJIa, HAXOAMMANCA B COCTOSHME T, mex:x €,. CHJ},B F,. CBsi3aHa < 3Hep-
eraier us moamyo ey s & riieii e,. JleiicTeitenio, onycTiv,

ua F,. 4TO NPaBasi CTeHKa COCYAa OueHb Mejl-

JIEHHO CMECTHach BIPABO HA Beu-

uuny dL,. B sTom npouecce Monexysaa cosBepiuaeT Haj rasoM paGoty
F,dL,, xoTopasi paBHa yMeHbUleHHIO 3HEPIHH MOJeKyJnl. Mmeem

F,dL,=—de,
HJIU
F,=— gz; . (87)

MB! nHIIEM UYACTHYIO TPOU3BOAHYIO, 4ToObl OOpaTHTh BHHMaHHE Ha
TO, YTO B HalMX paccyxkieHHsX pasmepnl L, H L, ocraiores mocro-
STHHBIMH.

Uro6bl HalTH cpeQHror0 cUly, ¢ KOTOPOH MoJieKyJa AeficTByeT Ha
CTEHKYy, HeOGXOAUMO yCPelHHTb CHAY F, N0 BceM BO3MOXKHBIM KBaHTO-
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BbIM COCTOAHHAM MOJICKYJIbI,

) \ 7L,
r
F=YPF,= : )
, YV emer
P
r
B 3100l hopatysie Mbl BOCNOAB30BATHCh KAHOHHYECKHM pacnpeieseHiiem
aasi BepoatHocTH P,. ®opuyay (88) MOKHO yNpoCTHTb, TaK KaK CyMMV
B UHC/IHTENe H B 3TOM C/ydae MOXKHO BBIPA3ITL YEPe3 CYyMMY, CTOSIILYIO
B 3uameHarese. JlefictBuTe bHO,

_s‘ ¢-Ber 0% 6?, — *z< __> (;L (e—ﬁs,)__lj_. aL Z.e")“\-

CNOJIb3Ysl BBEICHHYIO Bbille (DYHKUIHIO (73), Mbl moayuuM Ais (88)

1 9z
F B oL, _ 11 9z
- Z B ZoaL? :
HJIH
T I dinZ f
':‘:F OL,\ . \ (89)

Uro0kl MpuMeHHTb 3Ty oO6ILYyI0 GOpMyay, HaM cjaelyeT BOCIOJb30-
BaThCsl BhipaxkeHueM (82) ansa In Z B cayuae onaHoaToMHOro rasa. Beno-
munast, yto V=L L [,, Mbl noay4YuM mocae AuppepeHIHpoBaHH

- 1dmnZ I 0lnV 1

HJH

F:T_:. (90)

B ciayyae MHOroatoMHo#t MOAeKyJbl Mbl HMeeMm ¢ roMoubio (70) i1
(87) caenytoliee Bblpamende Aas1 CHJbL

&)
o U ) ) d*(
r de [ +& ] dL

Mol Bocrio/ib30BasiHCh TeM (akToM [em. (71)], uro BHyTpUMOMERy./IspHas
sHepras ¢ He 3aBHMCHT OT pasMepa L, suuka. [lostromy aas hiuncie-
HHUSA CHaIbl F, [OCTaTOMHO MMETh BhIpa:KeHHe A/ SHEPTHH, CBA3aHHOM
C DOCTYNaresJbHbIM JBHAKEHUEM [leHTpa Macc MoJeKy.anl. Taknm o6pa-
30M, NpOjle/iaHHble Bbillie BLIYHCACHUS, OCHOBAHHbLIE HAa 3HAHHH HEPTHU
NOCTYNATeNbHOrO JIBH/KEHHSI, OCTAlOTCsl CMPABEAJHBbIMH JJsi MHOrO-

aTOMHOI1 MOJeKYJbl, H GopMyaa (90) cuabl F aBasercs COBEpLIEHHO 06-
ILHM  pe3yJibTaToM.
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Mul paccmaTpuBaeM HeanbHBIf Ta3, T. e, NpeiAnoJaraeM, 4To MoJie-
KVJbl IBHIKYTCA B COCYJle, He OKasblBas BJHSAHHS ApYr Ha apyra. Ilo-
3TOMY HOAKOE 3HAUEHHe CHJIBI, HOPMa/JbHOH K IPaBoi CTeHKe (T. e. jefi-
CTBYIOWEH B HanpaB/eHHH X), Mbl NOJYYHM, YMHOXKasi CPENHIOD CHJY,
passuBaemMyio oxHoW MoJjexysofi Ha yucao N Mosexkya rasa. Pasze-
JIUB TIONYYEHHBIH pe3yJbTaT Ha INIOWaib CreHKH L, L,, Mbl nojayunm
cpejlHee JaBJeHHe, OKa3piBaeMoe Ta3oM Ha CTEHKY. Y Takum o6pazom,
¢ momolibio dopmy.as (90) nonydaem

NF N #T

p= L, L L, _kT
Orciona caegyer:
pV = NkT 1)
HJIH o
l? p =nkT, l (92)
rae V=L,L,L, — obBen Cocvna a n=N/V — 4ncao MoJleKy. B eiu-

HHIIE o61:ema BameruM, 4t0 B GopMyJe (92) HeT HHKAKHX yKaszaHHH Ha
CTEHKY, € KOTOPOi Mbl HMeIH €10 B NPHBEJEHHBIX Bbillle pacuerax *).
Touno Taxofi e pe3yabTar Obln OB TOJydeH 151 Cpe/lHETO AaBJeHHs
‘rasa Ha a00ylo CTeHKY **). .

Obcyorcoerue. Vmetomum BaxkHoe 3HaueHne dopmyaam (91) u (92)
MOKHO TpHIaTh ApyToi BuiA. Ceelenus o mosHoM 4ncae motexkya N
Mbl OGBIYHO MOJyYyaeM H3 MaKPOCKOMHYECKHX M3MepeHHil uuc/a v MoJeil
rasa B cocyie. Tax Kak, no onpeieseHHIo, YUCAO MOJEKYJ B OJHOM MoJse
paBuo uncay Asoranpo N, T0 N—VN [Tostomy gopmyay (91) MoxHO
3anucath B BUAE

pV =~RT, (93)
€CJ/1H BBECTH HOBYIO I‘IOCTOHHHle RI
R =Nk, (94)

KOTOpasi HOCHT HasBaHHE 2a3060li NOCMOSAHHOLL.

*) Hanomuum, yTto 3/eMeHTapHBIR (14 nomocrmo MAKPOCKONHUeCKHi) aHaan3
cud, AeHCTBYIONMX B KHAKOCTH, HaXonsilelcs B pasHOBECHH, TIOKA3LIBAET, YTO NaB-
JleHHe Ha JI000I 3J1eMeHT IOBCPXHOCTH XHJAKOCTH OJUHAKOB (ECJ'[H npeHereqb CHAO
THIKECTH) ¥ He 3aBHCHUT.OT OPUEHTAUWN 3TOTO 3JeMeHTa.

**) 3ameuande K n. 4.7 u 4.8. .

. Hawm Bbrumcnenns cpenseil sHeprud M fas/leHust GbUIH CleslaHbl IS Id3d, Ha-
XOIAIIErdea B cocyle, HMeoIeM (hopMy npAMOYro/IbHOTO Mapasienennneta. [loay-
yeHHbIE Pe3YJIbTaThl HMeJOT, ONHAKO, COBEpLIeHHO OOUIH{ XapaKTep H He 3aBHEHT OT
opMBI cocyia. ITO MOKHO OOBSICHHTH CJEAYIONMM o6pa3oM. I1pH o6GLIMHEIX Temnepa-
Typax HMITYJILCHI. MOJIEKY/1 HACTO/IbKO BEJHKH, YTO JJIHHA BOJH Je Bpoilns npene6-
PeXHMO Maia [O CPaBHEHHIO € PasmepaMu JiOGOTO MAKPOCKOMHYECKOTO COCYAA, H
NPaKTHYeCKH Ji06ast 061aCTs BHYTPH COCYAa HAXOJUTCA OT CTEHOK COCYJa HA PACCTOR-
HEH MHOTHX BoaH Je Bpoitas. FlosToMy CBOMCTBA BOMHOBHIX GYHKIH MOJEKYJ, Ha-
XOUAWHXCS B COCY/le, OYHb MAJIO YYBCTBHTE/IbHBI K TPAHAYHEIM YCJIOBHAM HA CTEHKaX
UM K TOYHOH ¢opMe CTEeHOK. ,
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Boipasenue, cBasbiBaioliee AaBjeHHe, 00beM H aGCOTIOTHYIO TeMie
paTypy BemecTBa, HaXOAAIErocsl B PaBHOBCCHH, HA3LIBACTCS ypaeﬂo-
Huem cocmogkus vToro BewectBa. [lostomy ypaBuenuns (91) — (93) sas-
JIAIIOTCA PA3AHYHbIMU GOPMaMH YPaBHEHHsS! COCTOSHHA HAeaJbHOLO ra-
3a. 3TO ypaBHEHHE COCTOSIHHS, MOJYYEeHHOe HAMH TEOPETHUYECKH, AasT
BO3MOXKHOCTD [Ie/1aTh HEKOTODPbIE BAXK-

Hble BBIBOJBI: yJ

I. Ecau HeKOTOpoe KOJIHYECTBO
rasa, JOCTaTOYHO  pa3peeHHOro,
uyTOOBl CUMTATHCS!  HIEAJbHBIM, HaXO-
IHTCS MPH NOCTOSHHON Temmeparype, '

TO, Kak ciegyeT H3 (91) ) \

7 ' a7
pV = const, ‘ : \VJT
A

T, €. AaBJieHHe ra3a o6paTHO porop- \
7

HHOHAMBHO ero 00beMy. 10T Pe3yJib- \\
TaT Obl TOJYYEH 3KCIePUMEHTAaJb- o

L S
Ho Dofinem B 1662 r. (3amoaro nc

BOSHUKHOBEHHSI aTOMHOH TeopHH) H v
HOCHT HasBaHHE 3aKoHQ bBoltlad— - puc. 113. 3aswcimoits cpesrero AasJie-
/Vlapuorﬁr‘la HMA [Tlmeanbﬂoro rasa oT o0beMa npH

FCHH JlaHHOe KOJII/I'-IQCTBO HIe- abcomoTnblx Temneparypax 7, 2T u 3T.

vaanoro rasa 3aHHM4eT [OCTOSHHbINR
00BEM, TO CPEJHEE JaBJeHNe Ia3a IPOHOPIHOHAIBHO abCoOTHOM Temme-
parype. DTOT pe3yJabrar, Kak Oy/IeT N0Ka3aHO B CAeAyomed TJaBe, MO-
JKHO HCI0/1b30BaTh B KA4ecTBe METOJd H3MepeHHsT abCOJIIOTHOH Temiie-
PaTyphL '

3. ¥YpaBHenue coctosiuust (91) 3aBHCHT TOJNBKO OT YHCJAA MOJEKYJ,
HO He OT uX npupoxbl. [To3ToMy yparHEeHHE COCTOSIHUS GyJeT OJHHM: If
TeM e AJs w6020 rasa (nanpumep, He, H,, Ny, O,, CH, u 1. 1), ecait
TOABKO a3 JAOCTATOUHO PaspereH, UTeSBL €T0 MOXKHO OblI0 CUHTATh HAE-
aJbHBIM. DTOT BLIBOJ XOpPOLIO TOATBEPKASH HA OIBITE.

Cpogxa onpefesncHHI

Abcomomnas memnepamypa. AGconorHas Temnepatypa T MaKpOChOHI/IUECKOH
CHCTeMB! [uau napaserp B"‘(kT)—ll onpenensiercss Tak:

: =p= OlnQ ln Q _ :
31ech Q(E) — YHCJIO JIOCTYMHBIX COCTOSIHHH CHCTEMBl B MajioMm HHTepBa.ﬂe 3Hepruit
ot E 1o E4-OE, k — NoCTOSHHEIll MHOXKHTE/b, HA3BIBAEMbIil ROCMOAHAOM Boavymana.

Iumponys. JETponus S cHCTeMbl cneﬂywmum 00pa3oM BbIpaKaeTCs qepes uHCI0
JOCTYTIHBIX COCTOSTHHI:
S_—k]nQ R e

Smponua ABJARLTCS JOFAPHPMHUYECKOH Mepou CTenexm HEYHOPHD,O'{eHHOCTH cucTebe.
Tepmomemp. OTHOCHTENBHO. HEOOIbIUAS MaKPOCKOITHYECKAsl CHCTeMd, YCTPOEHHas
TakHM 06Gpa3oM, YTo ApHoOpeTeHNe WIH MOTepsi Telsa BHI3HIBACT H3MeHeHHe OJ.IHOI‘O H3

€e MAKPOCKOUHUYECKHX [1apaMerpoB. v
Tepmomempuueckuli . nAPAMemp .- l/IsmeHmouch;x Maxpoqunﬂqecxﬂu napameTp
TepMOMeTpa. o meiv . AN .
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Tesnepamypa cucmesot N0 OMHOWEHUIO K OQHHOMY mepsiomempy. 3HaueHue TeM-
NepaTypHOrC Napamerpa TePMOMETPA, KOTAd NMOCAeIHHH MAXONNTCS B TelJOBOM paB-
HOBECHH C CHCTeMOH.

Tenaoeod pesepsyap. MaxpocKoOnHueckas cHCTeMa, KOTOpasi HACTOILKO Bednka
NO CPaBHEHHIO € APYFHMH PAacCMaTPHBAEMBIMH CHCTEMAMH, 4TO ee TeMieparypa He
MeHsleTCsl 3aMeTHbIM O6PasoM NPH B3aHUMOLEHCTBHH C STHMH CHCTEMaMH.

Muooncumeas Boasysana. Muoxutens e—BE, rae B=(kT)-1, a E o6osuasaer
BHEPrHIO.

Kanonuueckoe pacnpedeaerue. PacripellefieHite BePOSITHOCTH, COTJIACHO KOTOPOMY
BepPOATHOCTL P, HallTH CHCTEMY B COCTOSIHHH C SHEPTHell E ,BBIPAMKAETCS COOTHOLIEHHEM

P.cc e‘BE',

rae P==(kT)=1 sBasiercs aGCOTIOTHBIM TEMNEPaTYPHBIM NapaMeTpos TellJoBOro pe-
8epBYapa, C KOTOPbLIM CHCTeMa HAXOAHTCH B DABHOBECHH,

Hoeanononi ea3. a3, B KOTOPOM 3HEPrHsl B3aHMONEHCTBHS MeXKAY MOJEKYJIark
NOUTH NpeHeOPeXXKNMO Malad MO CPaBHEHMIO ¢ HX KHHeTHUecKofl 3Heprueil.

Heeoiporcdennoti 2a3. [a3, ROCTATOWHO ‘paspermennuiii ans Toro, wrobs cpece
paccrosiiHe MeXAY MOJeKYJaMH Obl10 BeJHKO NO CpaBHeHHio co cpeaeli nedpoiinen-
CKOji JJIHHOIT BOJHBI MOJEKYJ

Ypasrenue cocmosnus. ¥V paBHenue, cBs3piBaicliee o6be, cpelHee JaBJeHHe b
aCCOJIOTHYIO TEMNCPATYPY JaHHOI MaKPCCKONMHYECKOH CHCTEMb.

OcHostbie opMyab
Ornpenenenne 26coMOTHOI  TesIepaTypol:

I dinQ
7L T @
Onpenenenne  3HTPOMHH:
S==kinQ. (1)

Boapacratiie SHTPOMHHI CHCTeMbI, KOTOPAA, HAXOAUCh NpH abcomorioil Temmepatrype T,
norJoulaer  HeGodabloe Koaudectso rena  dQ:

[/} Q

ds="4% (1ly

Kanonuueckoe pacnpefcierie Jsi CHCreM, HAXOASILHXCS B TEHJIOBOM PABHOBECHH
C TeNioBBIM pe3epByapom npu aGeoaloTHol Tennepatype 7

P,oc e PEr, vy
ypaBHEHHG COCTOSIHHA HACATbHOIO HeBLIPOK/IEHHOMO rasa:
= nkT. (V)

3apaun

4.1. Bodanoii mepuosemp. [liotRocTh cnnprta, nofo6HO MIOTHOCTH GOJILIUHHCTB2
BEIILECTB, YMEHbIHAeTCsl ¢ yBeJHucHHeMm abcosioTHoil Temnepatypul. Boja senper cebs
MHalue: KOTA3 a6COMIOTHAsE TEMIePaTypa CTAHOBHICH GOJiblue TeMIepaTypbl niaBaenus
(r. e. TeMmepaTypbl nepexoja Jbja B BOAY), IJOTHOCTh BOAbl BHAuaJjge BO3pacTaer,
POXOANT Yepe3 MAKCHMYM H 3aTeM yMeHbIIaeTcs.

[peanonoxuy, uTo CreKIHHas TPYGOUKa OGLIYHOIO TEPMOMETPA BMECTO OKpallleH-
HOI0 CHHPTa HanojdHeHa oKpaulenHoll Bofofi, # Kak ofbitHo, Temiieparypa, NoKadwi-
BaeMasi TAKHM TEPMOMETPOM, onpele/isiercst JUIKHOIT cTosi6uKa xuakocn. Iyers Takoit
TePMOMETP, HaXOMMUIKICA B KOHTaKTe ¢ OAHON H3 ABYX cicreM, A Hau B, nokaseiBaer
temnepatypy 0,4 wau 0 coorBercrseHHo.

a) HonycruM, uto temnepatypa 6,4 cuctemst A Gomblue (Poile) Temnepatypu Op
cucremst B. Crienyer i 43 aroro, uto Temslo ofg3atebRo GYJeT Teub OT cucTembl A
K cHcreMe B, ecin ofe cHCTeMbl OKaXKyTCst B TEIWIOBOM KOHTaKTe?

6) [lpeanonoxum, yio Temneparypa 04 n O oberx cHcTeM OKa3aJMCh PABHBIMHU.
CleyeT JIH H3 3TOrO, YTO 1OCJE OCYHIECTBJIEHHSI TENJIOBOTO KOHTAKTa MEXJAY 3THMH
cucTeMaMyu He GyJeT NpOXOAHTb NOTOKA TemJa?
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4.2, 3nauenue RT npu xomnamnuoi memnepamype. ONBIT 0KA3bIBAET, YTO OXMH
MOJIb JIO6Or0 ra3a Npu KOMHATHOI TeMmepatype H atMocdepuoM fasaernd (108 dun/cu?)
saHuMaeT ofbenm 24 4. Bocnosnb3yfiTecs 3THM pe3ynbTaToM AJsi OnpeleeHHst BeTHUH-
#el kT npu KoMHaTHO! Temneparype. Bripasute oTBeT B 3prax M 3JEKTPOH-BOJBTaX
(1 36=1,60-10—-12 3pe).

4.3. HUszmenenue qucaa cocmosuuil ¢ suwepeueii. Paccmorpum 2100y MaKpOCKONH-
uecKyl0 CHCTeMy IIPH KOMHATHOlf Temmeparype.

a) Bocnoansosasiuucs onpefeneHneM aOCOMIOTHOH Temmepatypel, HalauTe mpo-
1leHTHOE YBEJIHUYEHHe YHCHA COCTOSHHIE, LOCTYNHBIX TaKOH cucTeMe, NPH BO3pacTaHUH
ee sHeprux Ha [0-3 s8.

6) TlpexnoaoxuM, 4TO Halia CHCTeMa MOIJIOTWAA eJUHHUYHBLIY (DOTOH BHAHMOIO
csera (umetoulero IAHHY BOaHBE 5-10~5 cu). Bo ckoJIbKO pa3 H3MEHUJOCh YHCJIO XO-
CTYIHBIX CHCTEME COCTOSIHRIT?

4.4. Horapusayus amomuelx cnurog. PaccMOTPHM BellleCTBO, COCTOsIee H3 aTo-
MOB €O CITHHOM 1/2 H MArHUTHBIM MOMEHTOM Mg. DTOT MOMEHT BLI3BaH CYIeCTBOBAHHEM
8 060JIOUKE ATOM3 HeCHAapeHHOrO 3J1eKTPOHA K TO3TOMY €ro BeHYHHA MMeeT MOPHLOK
varderona Bopa, T. e. RoRr10-20 spe/ec. B oneiTax 1o paccestHHIO YacTHU HA aTOMax
qacto 6biBaeT HeOOXOAMMO WMeTh MHLIeHb, B KOTOpPOIi aTOMBI MOJISAPH30BAHBI B JAHHOM
HaNpaBAeHHd. DTO0 MOKHO AOCTHYL € [OMOULBI0 CHAbHOTG MATHHTHOro nojst B wu
OXNAXKAEHHA BEIECTBA [0 JOCTATOUHO HU3KOH TermnepaTypsl.

B o6blyHBIX J1a60PATOPHLIX - YCJAOBKAX TPYAHO NOJNYYMTL MArHUTHOE moJje GoJblle
50 000 2zc. Haiinute a6comorHylo Temneparypy 7, 1pH KOTOPOH YHCJIO aTOMHbIX
MATHHTHLIX MOMEHTOR, HANMPaBJeHHBIX napaj/elbHo moalo, 6yAeT o KpaiiHelt mepe
4 TP pasa Oojblle YHCIA MOMEHTOB, HMEIOmHX I[IPOTHBOTIOJNOXKHOE Harnpas-
scrne. Boipasnre oteBer uepes orHowewwe T/Ty, rme T, — KOMHaTHasi Temmnepa-
TYypa.

4.5. BoaamoocHbtl memod noayueHus noAApu30eaHHol npomonHod muweny. B onoi-
TaX sAepHON QU3NKU ¥ (HIUKH MIEMEHTAPHEIX YACTHH YaCTO BOZHHKAET HEOBXOAUMOCTb
pacceMBaTh UACTHLL! HA TPOTOHAX, CTHHBI KOTODHIX HMEIOT NpeuMylliecTBeHHoe Ha-
npasaerne (MOJsIPH30BAHHAA NPOTOHHAA MHIleHb). CnHH nporoHa pased 1/2, a mar-
LUTHBHT MoMeHT 1,4-10-23 gpe/ec. TlpesnoaomuM, 4TO Mbl XOTHM METO[, ONMMCAHHBIA
A npelbliyluell 3ajade, HCMOAB30BATh /IS NOJYYEHUS NOIAPHEOBARHON MHIUEHH, B3siB
A5 9TOH LedH KYCOK NapaduHa (OH COACPIKHT MHOTO NPoToHOB). B Hamem pacnops-
KeHun MarauTHoe moge 8 50 000 ec M BO3MOXKHOCTE OXJIAJHUTL MUILEHL O OUEHD HH3-
Koft abcomoTHOl Temnepatypel T. Kako#l fosxea GbITh 3Ta TeMneparypa, utoGbl mocie
YCTAHOB/EHHST PABHOBECHS YUC/IO TIPOTOHHBIX MOMEHTOB, HanmpaBIeHHBIX MO [0,
10 MeHblel Mepe B TPH Pa3a NPEBOCXOAMIO UHCAO MOMEHTOB, HampPaR/JCHHHWIX Ipo-
THBOTOOXKHO? Bripasute Bam orser uepea orHowenne 7/T, rie T, — KoMHaTHas
Temneparypa. )

4.6. Pe3oHancHOe no2aowienue, 6bl38aHHOe mazremizmon adpa. Hekotopoe Koau-
“eCTBO BOAB! NOMEILeHO BO BHeIHee MarryTHOe nosie B. CiiHH KaXIO0TO MPOTOHA MOXeT
OBITh Hamnpas/ed JnGO «BBEPX», JINGO «BHU3» I [OSTOMY OH MOXKET HAXOMHUTBHCH B NBY X
BO3MOXKHBIX COCTOSIHUAX C 3HeprusMu FpoB. [lpeanosoxkum, 4To MBI BO3GYAHAM
paJModaCTOTHO® MArHWTHOE TOJe, 4acToTa v KOTOPOTO TaKoBd, 4YTO BBINOJIHSETCS
ycaoske pe3oHaEca Av=2§,B, rie 21,8 — pa3HOCTb 3HeprHH JBYX BO3MOMKHLIX
COCTOsIHMIT POTOHOB, a 71 — noctostiHas [lnanka. BuicokouacToTHoe nose BhisbiBaeT
nepexoibl MeXAY STUMH JABYMSI COCTOSTHHSIMH, TPHYEM JJisi IPOTOHOB BePOSTHOCTH
11ePeXo10B H3 COCTOSIHHA «BBEPX» B COCTOAHME «BHH3» H o6paTHO PapHBL Beanunna
HEPIHU, TOTJIOMEHHOR NPOTOHAMH H3 BBICOKOYACTOTHOIO NOJIS, TPONOPUHOHANLHA
0PTOMY DA3HOCTH MEXJAY UHCJOM IIPOTOHOB B OBOHMX COCTOSIHHSIX.

IMpeanonoxuM, ato aGconioTHas TemrepaTypa paBHa T 4 TPOTOHBI HaXozdTCH
8 COCTOSIHHH, OYeHb GNH3KOM K TelioBoMmy paBHoBecHio. Kax Oyjer saBucetrs ot T
NOIJIOMAIOWAs CcnocoGHOCTL BOABI? Bocnosb3yiitech npHOIMKeHHeM, OCHOBAHHOM Ha
TOM, YTO Wy HACTOJIBLKO Mand, uyrto B < AT.

© 4.7. OmmuocumenbHoe 4uCAO AmMOMO8 & onbime ¢ amomuuimt nydsamu. Toutmle
W3MepeHUs] MArHHTHOTO MOMEHTa 2JeKTPOHA UPe3BBIYAHHO BaXKHbI WIS COBPEMeHHO
KBAHTOBOH TEOPHH 3J€KTPOMATHHTHOIO Nojsi. BrepBhle TOUHBIE H3MepPeHHSI TaKoro
poua soinonunau Ky u @onelt [K usch and F oley, Phisical Review 74, 250
(1948)]. It M3MepeHHs 3aKJMIOUATHCL B CPABHEHHH MOJHOTO MATHUTHOIO MOMEHTA
atoMoB rannus (Ga) B JBYX pasjiMUHBIX COCTOSTHMAX, UMEIOUIHX CHeKTPOCKOMHYeCKHE
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0603HaYeHNnA 2P,/2 H ZP% ccorBeTcTRenH0. COCTOSTHHIO 2P,/2omcqaeTHa}meHbmaﬂ

BO3MOXKHast 3Heprust atoma. (CyHleCTBYIOT 0é@ TAKHX COCTOSIHHSI € OAHOH H Toil e
SHeprHeil, HM OTBEYAIOT JABe BO3MOMKHEIE ODHEHTAUHH B IPOCTPAHCTBE MOJHOTO MO-
MEHTa KOJIHYECTBA JBHIKEHHs aToMa.) DHePrHs COCTOSIHHS *P,, NpPEBGINACT IHEPIiio

COCTOSTHH S ZP% Ha 0,102 9¢: sTa BeIMYHMHA TOYHO U3BECTHA H3 CIIEKTPOCKOMHUECKHX

uaMepenuil. (CyIecTBYIOT “ensipe COCTOSIHHSI ¢ TaKofi SHepruefl, COOTBETCTBYIOUNX
YyeThbipeM BO3MOXKHBLIM OPHEHTALMsIM B IPOCTPAHCTBE MOJHOTO MOMEHTa KOJIHYeCcTBa
JBH)KEHMS] aroMma.)

M&I XOTHM CDaBHUTH YHCJIO aTOMOB B 2Ps;, i 2P1/, coctrosinusix. Takue aToMB MOKHO
MOJyuuTh, HarpeBasi TAVIHH B «Iedke» 1o BwICoKofi Temmepatypsl T. HeGoaspiuoe
OTBepPCTHe B CTeHKe MO3BoJiseT aroMaM IIPOHMKAaTb B OKPYXKAOWHE HedKy BaKyyM.
Takue aToMbl 06Da3YIOT amoAHbil NY4oK, ¢ KOTOPHIM H BBIIOTHAIOTCA ONBITHL MO H3Me-
PEHHIO MArHHTHOIO MOMEHTA.

a) Tlpeamomoxum, uto abcomoTHad Temneparypa T meukn pasua 3Ty, rpe T,—
KOMHaTHasi TemIeparypa. KakoBo OTHOIeHHe UHCJa aToMOB B IydkKe, HaXOASIIUXCH
B cocrosuuax 2Pi, u 2Psy?

6) Hanfoaslasa Temneparypa, KOTOpPOH MOXKHO JOCTHYL B nedke, 6iuska x 67,.
KakoBo ucKOMOe OTHoOiUeHHe B 3TOM caydae? ¥ J0GHO JilI OHO JJISl ONYCHIBAEMbIX
OTIBITOB?

4.8. Cpeduas sHepeus cucmestvt ¢ O8Yyms OUCKPEMMbIMU COCINOAKUAMIL IHepaull.
Cucrema cocTOMT H3 N uactui, caabo B3anMOJEHCTBYIOIUX MeXay coboi. Kamuas
M3 YacTHL MOXeT HaXOJHTLCSI B OJHOM M3 JBYX COCTOSIHHH, SHEPIHH KOTOPBIX PABHEL
£, H &, COOTBETCTBEHHO, NpPHUEM & < &,.

a) He menas TouHBIX BblYHMC/eHHI, HapHcyfiTe rpadHK NPHUMEPHOrO XO4a HEpPTHH
E cucrevMbl B 3aBUCHMOCTH OT ee aGcoumoTHo#t TemnepaTypsl 7. Uemy pasHo E B npe-
AesiaX OueHb Masnofl U oueHp Goaniofl alcomorHofl Temneparypet 7° BOausu xaxoft

TemmepaTyphl E MeHsieTCsl OT HH3KOTeMIIepPaTypPHOTO JO BBICOKOTEMIIEPATYPHOrO Hpe-
NeJbHOTO 3HAYeHUs?

6) IMoayuuTe TOUHOe BBIpaskeHHe [Jist cpefHell sHeprum cucremsl. [lokaxure, urto
9TO BblpaKehue NOATBEDKAAET KAUCCTBCHHYIO TEMIEPATypPHYIO 3aBHCHMMOCTb, HOMdY-
YEeHHYIO B a). .

4.9. ¥npyeue ceolicmea pe3ursi. Pe3nHOBBI CTep:KeHb, HaXOAAWMACA npu abco-
JIOTHOI TemmnepaType 7, OZHHM KOHIIOM JKECTKO 3aKpeluleH, K APYTOMY €FO KOHIY
nojpeuied rpy3 w. [IpeanosoxuM, uTo cTepkeHb HNMeeT CAeIYIOULYIO MHKPOCKOTHYe-
CKYIO CTPYKTYDPY: OH COCTOMT H3 IMOJHMEDHBIX LeMoueK, 06pasoBaHHbIX H3 N syeek,
KOHIbI KOTOPBIX COeJHHEHB! MeKAYy cobofi. [lanHa Kawaofl sivefiku a; siuefika moxer
OLITh OPHEHTHPOBAHA MAapaJiI&IbHO HJH aHTHIIApae]bHO BepTHKAJBHOMY Hampas-
sewio. Tlony4uTe BhIpameHWe LIS CPefHedl AAUHLI CTeMkHsa L B 3aBUCHMOCTH OT w.
(Cnenyer npeHeGpeub KHHeMaTHUECKOH 3SHeprueill W BecoM siueeK, a TaKKe JIOOHIME
B3aHMOJeHCTBUSAMHE MEXKIY HHMH.)

4.10. [osapusayus meepdoz0 meaq, 6bI38AHHAA amomamuy apumecd. PaccMoTpHm
NPOCTYI0 IBYMEPHYIO MOJeldb CHTYalHH, NpeiCTaBasdioniell GoablIoR  du3nuecKui®
nHTepec. TBeploe TeJO HaxXOXMTCS NpH abcomoTHOH Temmeparype T H COLEp)KHT B
epunune o6bema Ny OTPHLATETbHO 3apSIIKeHHBIX HOHOB NpuMecH. ITH HOHBI 3aMelnaioT
HEKOTOpEIe H3 OOBIYHBIX aTOMOB. TBepjoe Teso B LEJIOM 3JMEKTPHUECKH HelTpamtbHo,
TaK KaK KaXIOMY OTPHUATENILHOMY HOHY € 3apsiloM —& OTBeudeT PAaCIONOKEeHUbI
PAAOM MOJMOKHTENbHEI HOH ¢ 3apsaoM —+e. [loJ0XHTelbHble HOHBI HMERT Majble
pasMepel M MOTYT CBOGOAHO IepeJBHraThest MO KpHUCTaaiauueckod pelietke. [lpu
OTCYTCTBUM BHEIIHEr0 3/eKTPHYECKOro IIOJIST HX MOXKHO C PABHOH BEPOSTHOCTBIO 06-
HAPYXKHUTh B JIOG0OM H3 YeTHIpeX MONOXKeHHH, HAXOAAIUXCS HAa PAaBHBIX PACCTOSTHHSX
OT HEIOJIBHKHOIO OTPHIATEILHOTO HOHAa HpHMecH (prc. 4.14, NMOCTOSHHAST peLIETKH
'paBHa a).

Ilycts B Hanpab/eHHH X NpPHIOKeHO cirafoe saekTpuueckoe none &. Brerucnure
9JIEKTPHUECKYIO NONSPH3ALKIO, T. €. 3HaueHHe cpPeJHero 3/1eKTPHYECKOTo JHNOIbHOFO
MOME€HTa B elIHHHUIe oGbeMa, HAlPaBJE€HHOrO BIOJAb OCH X.

4.11. Ceodcmso munumyma «cso6o0HOL sxepeuuy 0AR cucmembt, Haxolauedcs 8
KOHMAKME ¢ Menaoeuim pesepsyapor. Ecam ocymecTBHTb TemioBOR KOHTAKT MEXIY
IByMs cucteMami, 4 u A’, To HX noJHag SHTponHs Bo3pacteT. B corsacuu ¢ coor-
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HouleHueM (20) Mb uMeem
AS+AS =0. )
Cocrosinne paBHOBecHs1 GyleT IOCTHTHYTO ITOC/€ TOrO Kak cHereMa A HOTVIOTHT Takoe

KOAM4ecTBO Tensa Q=AE, uro nogHas surponus S-S’ cocraBHOfl cHCTeMBI cTameT
MaKCHMaabHOH.

Honycram, uto cHcrema A Mana no cpaBHenmio ¢ cucremoil A', u mociexmon0
MOJKHO paccMaTpHBAaTh KaK TellJOBOH pesepByap, Haxoiamuilcs npH abcosoTHON
Temneparype T'. B stom c1yuae uamenerue surponnn AS’ cuerentr A’ 1erko BHpasHTb
uepesAE u T’. Tokamure, uto u3 (I) caenyer,
uro BemnunHa — F=E—T'S  yuenowaemcs [ ® .
M JOCTHFaeT MUHUMYME B COCTOAHUH DaBHOBe-
cna. (PyHRuus F HashHIBAETCA 2eabMe0AbUes- T—-—m—-—-_o @

cko c80600HOL  sHepeued cucTeMsl A npH Io-

cTosHHOI Temmepatype T,

4.12, Keaaufmayngmemoe) cocamue easa. Pac- z @ - Q@ .ra @
CMOTPHM TEPMHYECKH H30/HPCBAHHBIH HIea/b- i
BB ra3, COCTOSIINMI M3 YaCTHH, MOMEHIeHHBIX “’—'—'—'*O Q
B cocyd obwemom V. Brayase raz Haxopnjacs i
npu abcomoTHolt Tenmnepatype T. C momombio . i ‘ ; ®
JIBIDKYIErocs NMOpIIHA 6yleM OuYeHb MeAIeHHO ! i
yMeHblIaTh ofbem rasa. OtseTbTe, He npuberas I |
K BBIYHCJEHHAM, Ha CJAeLYIOUmKe BOHPOCHI: fe Z—>f

a) YTo npoHCXOAHT C YPOBHSMH 3HepTHH
KaxkIoH YacTHILI? Puc. 4.14. AToMBl IpHMECH B KpHC=-

6) ByHET I BO3paCTaTb HAM YMEHbIIATh- TaJJNHUYECKOII DpellleTKe TBepAOre Tea.

Cf CpenHsisl SHeprHsi UacTHUBI?

B) [losoxurtenbHa win oTpHuaTendbHa pafoTa, cosepllaeMas Haj TasoM NpH
YMeHblIeHHH ero ofnema?

r) Byler am BospacraTbh HJIH yMeHBINATbCH CPeXHsiA SHEPrus YacTHIBl, OTCYH-
TaHHAsl OT 3HEPTHH OCHOBHOIO COCTOSTHHS?

n) Dyzer am Bo3pacraTh WM yMeHbIAThCs abCo/IOTHast TemmepaTtypa rasa?

4.13. Ksasucmamuueckoe HamaeHUuUBaHUe MA2HUMHO20 sediecmea. PacemoTpum
TeOPeTHUeCKH H30HPOBaHHYIO cuctemy u3 N cruuos 1/2. TlycTh MarHWTHBIE MOMeEHT
Ka)KIOro CMUHA PaBeH W, U CUCTeMa noMemeHa B MarautHoe noje B. Ilonycruwm, uto
MarHuTHOE [0Je MeIJMeHHO YBeJTHUHBaercsl A0 HEKOTOPOro HOLOro 3HaveHusi. He
npuberasi X BBIUHCJEHHSIM, OTBETLTE Ha CJE[YIOULHE BOMpPOCHL:

a) UTo mpoHCXOIMT ¢ YPOBHSMH 3HepPrHH KaxKAOry CrHHa?

6) Byzer s Bo3pacTaTh WJIH YMeHbIIATbCH CPefHss SHepTHs KaXIOTo CIHHA?

B) Dyner sau noaoxutenbHoil wau oTpuuaTenpHoli paboTa, coBepluaemast HaX
CUCTeMOHl TIPH BO3pacTaHUH MAarHUTHOTO NoJs?

r) Byner au Bospacralb WM yMeHBILAThCS 3HEpPrus CNHHA, OTCYMTAHHAs OT
9HEPTHH  OCHOBHOTO COCTOSIHHSI?

n) Byzer su Bo3pacTaTh HAH YMEHBLIATHCA aBCOMIOTHAS TeMIIEPaTypa CHCTEMBI?

4.14. Ypasuenue cocmoanus 0aa caecu udearsrpix 2as3o8. Iyctb B cocye o6vemom V
Haxomutcst N, mosekya ojanoro u N, modexys Apyroro Tama. (1o MoryT 6bith, Ha-
npuMep, modekydsl O, u H,.) Jlonycrum, 4To ras JOCTaTOYHO pasperkeH, YTOOL CuM-
TaTbesl HieadbHbM. KakoBo cpelHee jaBjeHHe p Ta3a, €C/IH OH Haxomdtcs npu a6-
co/moTHOR Temnepatype T7?

4.15. Hasaenue u naomrocms stepeuu udeaabroeo 2asa. Bocnonbsosasluuch Gop-
mynamu mn. 4.7 u 4.8 gas cpelHero gaBjdeHHst p W cpelHefl 3Hepruu rasza E, noka-
WuTe, UTO - . -
P=§‘u, )
Tlle & — CPeIHSs] KUHeMu4ecKas 2HepPris, NpUXOismasncs Ha e[HHHUNY o0beMa rasa.
Cpasnute Tounylo dopmyay (I) ¢ npubamxenuny Buipaxenien (1.21), nosydeHHbIM
B rnaBe | Ha OCHOBaHHH KJACCHUECKOTO PACCMOTPEHHST WHIHBUAYAAbHHIX CTOJKHO-
BEHRI] Ta30BBIX MOJEKYJ €O CTEHKaMH COCyaa.

4.16. Nasrenue u naomnocms 3uepaui 04 4106020 UGCAILHOZ0 HEPEASMUBUCINCKO20
eaza. BriBeJeM cHOBa peaysinTaT TpeAblyileil 3ajaud, uMes B BHAY HOIYEPKHYTh ero-
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OOMHOCTL U MOHATH NPOHCXOKAeHHe Koa(duimenta 2/3. PacemoTpuyM fjealubHblll Ta3
H3 N OIHOATOMHBIX MOJEKYJ, HAXOASIMXCA B suHKe ¢ pebpamu auuoil Ly, Ly, L.
Fcan yacTHubl sBAAIOTCS HepeJsITHBHCTCKHMH, HX 3WePrHs & CBf3aHa ¢ mm)nbcow

K crepytomnm o6pasom:
P (ﬁK)- ﬁ

2m

(KA-H(J—I—Kz) M

Bosmoxnpie suavetus Ky, K, K, naus dopmysofi (3.13).

a) Bocnoabsyiitech 3THM Bupa)xeﬂne\r, 4TOGbl BBIUHCAUTE CHAY Fp, ¢ KOTOpOIl
4aCTHUA, HAXOANILASCS B NAHHOM COCTOSHUW 7 C KBAHTOBBIMU HHCHAMH fly, fly, Mg,
IefiCTByeT Ha NpABYIO CTEHKY.

6) IMoayunte ¢ NMOMOWBIO NPOCTOrO YCPelHEHHSI BeNMYRHAY .cpexdeli cHabl F,

BLIDAXKEHHYIO 4epe3 CPEHION 3HEPTHIO € YaCTHLbL. BOCHOJIb3y}°(TBCb TeM, UTO A4 raza,

HAXOAAETOCH B PaBHOBeCHH, H3 cooBpamennit cumverpin caenyer Ki—Kj=K3.

B) Tenepb mokaxuTe, YTO CpelHee jaBJjeHHe, CO3AaBAaEMOe ra3oM, PaBHO

- 2 -
D:-B—LL, (ID)
rie 1 — CpeiHsAs 3HeprHs eIMHHLEL! o0bheva rasa.

4.17. Hasrenue u nAOMHOCME SHepaull 3AeKMPOMASHUMHO20 udayqeHus. Pac-
CMOTDHM 3J1eKTPOMATHHTHOE H3JyueHue (T.e. (OTOMHBII ra3) B SHKe ¢ pebpamu
mmuHoit Ly, Ly, L, Tak Kak (hOTOH pacnpocTpaHsiercs CO CKOPOCTBIO CBeTa ¢, OH
ABJSIETCS] PeAAMUeUCICKOd 4aCTillell, U ero 3Heprus cJjefylomuM o6pa3oM CBs3aHa

C HMIYJBbCOM hK:

=chK =ch (K}-+ K3+ KHV?, M

r1e BosvoxHble sHaveHnst Ky, Ky, u K, onath nans dopmynoit (3.13).

a) C noMoIpI0 3TOr0 BHPAXKeHNd BLIUHCAHTE CHAY [, ¢ KoTopo# doToH, Haxoas-
mwuifcst B JAHHOM COCTOSAHHH 7 C KBAKTOBBIMH UKCJAMH Hy, 11, H N, NefiCTBYET Ha IPABYIO
CTeHKY. ’

6) [loayunte € MOMOUILIO NPOCTOTO YCPeNHEHHs BeJHYHHY CpeiHedt cHMab F,
BLIPAKEHHVIO 4epe3 cpelHIOl0 Hepruio & toToHa. Bocnoassyfitecs Tem, yro ecsn
u3nyyeHue HAXONHTCS R PABHOBECHH CO CTEHKAMH cOCYAa, TO M3 cooGpameHH# cHM-

2 2 2
MeTpuH caeayeT, uto Ky=Ky,=K:.
B) Tenepb HOKaXuTe, 4YTO CpejlHee AABJIECHHe p H3JAYYeHHS HA CTEHKH DaBHO
- 1 -
p==gt (11

rie u — cpejHce 3HaueHHe 3JeKTPOMArHHTHOI HeprHH M3JyYeHHs B eIHHHIEe 06bema.

r) Mouemy koadpuuuenT nponopuronansroctd B (I11) paeen 1/3, Toraa kak B cay-
yge HePeJqSITHBHCTCKCTO rasa, PacCMOTPEHHOTO B MpeiblAyllell 3ajade, OH paBeH 2/3?

4.18. Cpednas sHepaus, 6bIPAKNCCHHAA HEPE3 CMAMUCIUMECKY0 cymmy. PaceMoTpum
cucTeMy 060 CAOKHOCTH, HAXONSILYIOCS B TEIJIOBOM paBHOBeCl/IH ¢ TelJI0BBIM
pesepByapomM, aGcosoTHAs Temnepartypa Koroporo T=(k3)—1. B stom ciyuae BepOsIT-
HOCTb HAaXOMKAEHHSI CHCTeMBl B OJHOM H3 BO3MOMHEIX cocroannil £ ¢ SHeprued E,
3aj1aeTC KAHOHHUeCKHM pacnpelenendeM (49). TloayunTe BolpaxkeHHe s cpenﬂen
sieprud cucrembl. [lokaxuTe, 4To coobpakeHHsl, HCIONb30BAHHblE B 1. 4.7, mpume-
nuMel B ofleM ciayuae, H noJyuyute obuiyo GopMyay

— olnZz
E=—"5 @
rjae
Z=Y e PEr, (I
r

B sroil dopmyse CYMMHDOBaHHE NpPOH3BOLHTCA MO BCeM BO3SMOMKHLIM COCTOSTHHSIM
CHCTEMBl H TIOJY4YeHHAas! CyMMa HOCHT Ha3BaHHe CHQMUCMUMECKOL CYMMbL CACTEMBI.
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4.19. Cpedree dasaerue, svipasicenHoe vepe3 crMamucusecKyro cymmy. Pacesorpum
CHOBA CHCTeMy 3afaud 4.18. Dra cucreMa (OHa MOXeT GbITb Fa30M, MXHIKOCTbIO HJI
TBEPJEIM Te/IOM) HAXOAMTCS B TEIIOBOM DABHOBECHH C TEMJIOBBIM DPe3epBYapoM MNpH
a6coamoTHoi  Temnepartype T.

Jljisi npocTOTBI JIOMYCTHM, UTO CHCTeMa 3aKJIOueHa B MK ¢ pebpaMi AJIHHOM
Ly, Ly, L,. [lokaxure, uto coofpaxkeHns, HCMO/Ib30BaHHEIE B 1. 4.8, HMeioT ofluee
3Hau€HHe, H NOJYUHTE ClelyioliHe, BechbMa OOHIMe Pe3yJbTaThl:

a) [Tokaxure, uto cpenusis cura F, ¢ KoTopoii cucTeMa JeHCTBYET Ha CBOIO NPABYIO
rpaHb, BCerja CJeAYIOUHUM 06pa3oM BHIPaXKaeTcsl deped CTATHCTHUECKYIO CYMMY Cli-
CTeMbL

~ 1dInZ
F:F oL, -

I

3accw Z onpedensierca Qopmyaoii (11) npeawiaymeii 3azaun.

6) Ecau cuctema H30TponHa, To GYHKUHS Z He MOMeT 3aBHCETb OT OTAEILHLIX
pasmepoB Ly, Ly u L,, a 3apucut or obvema V=L L,L, cuctemr. [lokaxuTe, uto »
stom cayuae u3 (I) BoiTekaer cieiyiomee BHIpaKeHFe JJs CpeiHero AapJjeHHS:

1 dInZ (1)

- ov -

4.20. Cmamucmuseckan cysna 049 203a Kax yeaoeo. PaccyMoTpiM HieanbHbill ras,
cocTosiuii 13 N OQHOATOMHBIX MOJEKY.I.

a) Hanumure BbIpaxeHue VIl CTaTHCTHUeCKO!l cymMbl Z scero rasa. Mcnoabsvs

CBOMCTBA 3KCNOHEHUMAADLNON (YHKLUHH, NOKaXKHTe, YyTOo Z MOXHO lUanucaTb B BHIe

7=12y, Iy

rie Z, — CTaTHCTHYCCKAsg CYMMa OTAelbHOl MOJeKyJbl, BbluHciennas B m. 4.7.

6) Bocnoabsopapuwnch (1) wm ofmeii ¢opmysoii, npusedednoil B sanave 4.18,
BHIYMCAHTE CPEJHION Heprnio rasa. [Tokamure, uto 3aBHcHMOCTL () Henocpeacrseino
BBITEKAET H3 TOTO, UTO CPe]Hsisl Heprust rasa Jo/xkHa 6biTb B N pa3 Gosibille cpenHd it
9HEPIHH  MOJIEKYJbl.

B) Bocnoabayiitech (1) u obumeil dopmysoil, npusenennoil 8 3anave 4.19, 4106 .
BBIUHC/INTL CpelHee jaBjenne rasa. [lokakute, 4to 3aBucumocTe (1) obwsicHsercs
TeM, UTO p JOJAHO ObiTb B N pa3 Godblie cpefHero AaBjeHHs, BO3HHKAIOWEr0 OT OAHG
MOJIEKYJIbL.

4.21. Cpeduas anepeus maeHumuoeo momenma. PacCMOTPEM eJMHCTBEHHBIN cniuw,
paBublii 1/2, Haxoasuiniicsn B KOHTaKTe C TEMJOBBIM pesepeyapos NpH a6CoMIOTHO
temnepatype 7. Cnun o6najaeT MarHHTHBIM MOMEHTOM Mgy H HaXOIAHTCH BO BHeLIliCw
MarHuTHoM mnose B.

a) BuluncauTe CTATHCTHUECKYIO CyMMY Z 1Asi 9TOrO CHHA.

6) Bocnoapayiitece noayyedHslM 3HaueHdem Z u cbmedt dopmvaoil (1) 3azaun
4.18, 4TOGbl BLIUHCJAHTL 3ABHCHMOCTb Cpe/lHel Heprun E ciiMHa oT Temnepartypol T
¥ noas B.

B) IMokaxHure, 4To nofydenHoe 3uaueHte £ yloBreTBOpsieT BLIpameHHo E=—pB,

[je {t — cpejHee 3HAaueHHe COCTaBIfOUlell MArHUTHOTO MOMEHTA, 1N0JYYeHHOE Rbille
[eMm. dopuyay (59)].

4.22. Cpednas auepaus 2apsmoHuveckozo ocyuaiamopa. Macca n kodbduunen
YOPYLOCTH T3aPMOHHYECKOrO OCUHJAATOPA 1aKOBbl, YTO KJAACCHUECKasi yrjoBas ua-
cToTa KoJeGaHuil paBHa ®. [IpH KBaHTOBOMEXaHHUECKOM OIHCAHUN 1aKOH OCHHIAAS LD
XapaKTepH3yercs NoCTeA0BATeTbHOCTBIO AHCKPETHBIX COCTOSHHI, 06Ja/3I0MHX IHep-

rueit
Enz(n—l—%) ii(l). (h

KBaHTOBOC 4yHCao n, oGo3Hauaouiee ITH COCTOSIHHA, MOMKET DPHHUMATL BCe Hedbie

3JHaYeHHA
n=0,1, 2, 3, ... i)
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Tlpivepom rapMOHHUECKOTO OCUM/JIATOPA MOXeT CAYXHTb aTOM B KPHCTALIHYECKOR

peuieTke TBEPIOro Tead, KoJedIOUHACH OKOJIO CBOSrO MOJMKEHHS  PABHOBECHS.
[peanodcikisl, 4TO Takoll rapMOHMYECKHII OCUHAIATOP HAXOMMTCS B TEMJOSOM

PaBHOBECHH C TeNJIOBBLIM pe3epByapom npH abco/oTHO Temieparype 7. Brinomuure

caenywouwue AeficTsus, HeoOXOIHMble LI HAXOXKAGHHS CpelHelt HeprHH £ Taxoro
OCHHIATOPA. ‘

a) BoyHcauTe CTaTHCTHYECKYIO CyMMY Z TaKOro OCHHJJXATOPA, BOCNOJb30OBAB-
mnch  onpeledenveM  (II) 3samaun 4.18.

6) Hcnoawnsys dopmyay (1) sazauu 4.18, naiianre Boiparkenne jis cpefuedl suep-
[HH OCHHJIATOPA.

8) MokaxiuTe HA rpadiKe XapakTep 3aBHCHMOCTH cpenHefl suepruu E oT aGco-
JioTHO#H Temneparypnl 7.

r)y Mpeanonoxum, uto abcomoTHas Temnepatypa T HacTOALKO MaJja, 4To kT{ﬁm.
Yro MOXKHO CKa3aTh, He NpHGeras K BbMUHCICHHSM H HCIIOAL3YS TONbKO 3HAYCHUS

yposrefl sHepruu (I), o Beanuune cpenuell sHepruu £ B 3Tom cayude. Onuceizaer
JiM obulas ¢Gopaya, noJdydeHuas Bamd B 6), 3TOT npelesbHBIH cayqaii? ‘

1) Ipeanosoxum, uTo Temmepatypa HacToMbKC Beauka, uto kT>Bo. Kakoso
B 9TOM CJyyae IpejlelbHoe 3HaueHHe cpelHell sueprud, caenyiomee us 6). Kak sto
3HaueHne 3aBUCHT oT T? 0T ©?

*4.23. CpeOnaa 3Hepeus epawjerua 0syxamomnol moaekyasi. B giaaccuueckol
MexaHHKe KHHeTHYeCKasl 2HepPrHsi ABYXaTOMHOH MOJeKYJ/H, BPAulAmielics BOKPYT
OCH, NepHeHRHKYJASPHOH K JHMHHH, coelHHsiomlell o6a aroma, pasHa

Je J2
ST

rie J — MOMEHT KOAUYeCTBA JABHXKeHHsi, .MU A — MOMeHT HHEPUHH MOJEKYJIBI. ﬂpﬂ
KBAUTOBOMEXAHUYECKOM OIMHCAHMH MBI HMeCM CJeAYHRUIINe JNUCKpeTHble 3HAYeHHs
SHepruu: .
£G4 .

7T 924 . ( )

31ech KBAHTOBOE YHCAO [ Ollpeje/isieT BeTHUHHY MOMEHTA KOJHYECTBA JBHKeHHs J.
DT0 UHCIO MOMET NPUHHMATDL CAeLYIOUlHe 3HAYEHHS:

i=0,1,23, ... an

Kampgomy sHauenuto j coorsercTBveT (2j+1) BO3MOMHBIX KBAHTOBBIX COCTOSHHIL,
OTseqaloUHX PAa3IHYHON BO3MOXKHOI OPHEHTALHM B NPOCTPAHCIBE BEKTODPA MOMEHTA
KoJMyecTBa AsiKenust J. )

[Tpeanonoxum, 4TO HaWIa JBYXaTOMHasl MOJeEKyJa HAXOUMTCs B rase, Haxoxd-
wemcs B TEIIOBOM PaBHOBeCHH OpH Temnepatype 7. Brimoanute cienyiouine BblYHC-
Jetdsl, HeoGXoauMmble VIS TOJYYeHHs CpelHefi 3HepPrMH BpAILeHHS JBYXaTOMHOH
MOJIEKYJIBL:

a) Bocnoassosaeiucs onpefenetuem (I1) sazaun 4.18, Hajinure craTHCTHUECKYIO
cymmy Z. (OSpaTnre BHMMAaHHe HA TO, YTO 3TAa CYyMMa COAEPXKHT UJeHb!, COOTBETCT-
BVIOUHE KaxIOMY HHAMBHIYAJBHOMY COCTOSHHIO wodeKyasl.) Homyctum, yro T Ha-
CTOJILKO BEJIHKO, Y4TO kT}‘)sz/QA (370 ycsoBMe BBHIMOAHAETCA 151 GOMBLINHCTBA JBYX-
ATOMHBIX MOJIEKYJ TPH KOMHATHOH Temneparype). IlokaxHre, uTo B 3TOM Cayuae
CYMMY Z MOMCHO 3aMeHHTb HHTErpaJioM, HCnoas3ys u= j(j-+-1) B KauecTBe HenpepuiBHOM
NepeMeHHoil .

6) Hcnoasayiite obumyio dopmyay (I) sagaun 4.18 ans sbluscaeHust cpepseil
‘HEPrHH BpalieHHs ABYXAaTOMHOH MOJeKYJbl B YKAa3aHHOM HHTepBaJe .TeMIIepatyp.

4.24. Yucao amomoe meepdoe0 Mmeaa-8 NPoMescymouHom nosoxcenuu (npubauicernoe
paccmomperue). PaccMOTpHM TBepoe TesIo B BHJe KpUCTalila, cocTosiuero u3 N atroMos
¥ Haxonsuterocst npu acomoTHol Temnepatype 7. OGbIYHOE NMOJIOKeHHE, 3aHEMAeMoe
aroMavMd B pelleTke KPHCTan/ia, NOKA3aHO uYepHLIMH KpyXkamu Ha puc. 4.15, a.
ATOM MOXKeT, OJHAKO, HAXOMHTLCA B OXHOM H3 NPOMEXKYTOUHLIX HOJIONKEHHM, MOKa-
BaHHBIX HA PHCYHKe CBeTVIBIMH TO4YKamMi. ODHeprusi aToMa B TaKOM IOJIOXKEHHH Ha
BeJUUHHY € 6OJIblHe JHEepruu aToMa B HOpMaabHOM monoxeHuH. ITostomy, ecu abeo-
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JIIOTHag TeMnepatypa T KpHCTasla JOCTaTOYHO Masa, BCe aTOMbI 3aHHMAIOT HOPMAJb-
Hble NoJoxeHHsl. C MOBBIEHHeM TeMriepaTypbl CHTyauns menserca. lonycrum, uto
MBl MMEeM aTOMBI, KOTOpble MOTYT 32HHMaTh HOPMaJibHBIE H MPOMEKYTOUHBIC NOJIOXKe-
nus. Hac HHTepecyeT creayiowuil BONPOC: KAaKOBO CPefHee YHCJIO aTOMOB, 3aHMMAIO-
KX TpH JaHHON Temmepatype T npomexyrousble nojoxelus? [IpuGaukeHHbli
OTBET HA 3TOT BONPOC MOXKHO NOJNYYHTb CJEAYIOHM 06pasom.

a) CHaya/a pPacCMOTPHM HEKOTOpHIl oTAeqdbHbI aTtoM. Ilpexnonoxum, 4To OH
MOXeT HAXOAHTBCSA B ORHOM M3 JBYX -COCTOSHHMH, HOPMAIIBHOM HJIH TIPOMEXYTOUHOM.
Taxkum 0Gpa3oM, CHCTEMAa MOMKET HAXO[AHTLCS B OAHOM M3 IBYX cocTosiuuit, A wau b.

© o <} [ o o

° o o. [ o . o o
o o o ° o o o .

Y 4
_Puc. 1.15. a) Bee atoMbr rseploro Tesla (Yepible KPpysKKi) HAXOAATCH 5 CsOHX HOPMANBHBIX (10J10-
KEHHSX, a BO3MOMKHbBIE MPOMeKyTOUHbIe 0J0KeHHA (Geble TouK) He sansttol. 6) [lpu Gonee phr-

COKHX TeMneparypax 4YacTh MPOMeXKYTOYLblX MosozxKedHl MOxeT ObIThb 3aHsiTa, KAK MOKa3aHo HA
pHCYHKE.

A) AtoM B HOPMAJBHOM MOJOXKEHHH; B MPOMEXYTOUHOM MOJOKEHHH aTOMa HET.

b) B HopMasbHOM NOJOXKEHHH aTOMa HeT; aToM B IPOMEKVTOUHOM NOJOKEeHHH.

UYemy papuo oTHomienue Py /P, BeposTHocTelt Py u P, o0uapyuts 3TH Asa
TIOJIOXKEeHUST?

6) Teneps pACCMOTPHM BCE TBEPIOE Teso. Mpeanonoxuy, yro B TPOMENKY TOTHOM

NOJIOKEHUH HAXOJHTCH f ATOMOB. 3r0 03HauaeT, YTO HMEETCH HeNOCTATOK 7 aTOMOB B
HOPMAJILHOM T10JIOMKEeHHH. Jio6oe W3 1 MYCTEIX HOPMAJBHBIX MOJNONKeHHH MOMKET KOM-
GUHUPOBATH C JIOOBIM U3 1 NPOMEKYTOUHBIX, NOSTOMY CHTYauus B MoxeT OCYilecT-
BHTBCSL 72 pas/IMUHLIMH CITOCOGAMM, M, C/eloBaTesbHO, BepPOSATHOCTL PE Toro, 4ro

OJUH U3 aTOMOB TBepjoro Teta ‘OKaXKeTcsl B MOJOKeHHH D, poOfoOPUHOHANbHAE n,:
€CJJH TYCTble HOPMaJdbHbie "M . 38HATHIE IIPDOMEXKYTOUHBIE IIOMOMEHHUs -pacnpeesieHsl

cayuaiino. Mrak, Pp oC n?. TlokawuTe ¢ HOMOIIbIO AHAJIOTHYHBIX paccy)xaeﬂun 4To
Pa <L (N—n)2. i :

B) Bocnonbsosasuuch pesynbtatamu a) u 6), npeanoaaras, uro n<<N, moka-
KHTE, 4TO ’

,i:?»—(l/” 58. (])
N

4.25. ’{umo amomos meepaozo meaa 8 NPOMEH YIMOUROM  COCMORHUL (rmouroe pac-
c/uompeﬂue) BepHemca K cuT)auﬂu paccmoTpendoll B 3ajaue 4.24, u nonbiTaemcst
HaifTu BeposITHOCTE P(n) TOro, 4TO 7 NPOMEXKYTOUHBIX MMOJOKEHUH 3aHSTO. 9romy,
pasywmeercsl, -oTBedaeT A° CBOGOIHBLIX HOPMAJIbLHBLIX IOJIOMEHHH. :

a) KakoBa BepOsSTHOCTb OCYIIEETBICHHS TaKOf CHUTYAlUMH, KOTIA HpOMe)K)’TO‘{-'
HBIX 4TOMOB pacrnpefie/ieHbl JaHHbIM ONpeAeeHHbIM 06pa3oM, a i1 NYCTHIX HOPMaJIbHBIX
COCTOSIHMI TaKKe pacnpefesieHbl KakUM-TO ORpedeeHHbIM 06pasom?

6) CKOMbKUMH CIOCOGAMH MOXKHO DACIipefeHThL 1 aTOMOB MeXAy N BO3MOXKHBIMHA
TPOMEKYTOUHLIMH  TONOXKeHHAMK? CKOALKHMH CNOCOGAMM  MOXKHO DA3MecTHTb 12,

aToMoB cpemrt N HOPMamLHLIX IFOMOMKeEHHII? ‘
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8) Bocnodb3oaslunchk peaysastatamu a) # 6), NOKaxkHTe, UTO

N1 2 — 30
P(n)OC [mJ e~ plE, “)

r) BepositHoets P(n) uMeeT pe3kHil MakCHMYM LTS HEKOTOPOLO 3HAYEHHS M=Il.
Yrto6bl HaliTh 3Hauenne £, paceMoTpuM In P(n) u nocrapaescst pelTh ypaBHeHHe
(0In P/On)=0. Tak kak Mbl uMeeM 1e10 C (DaKTOpHATaMH GOJbUINX YHCEN, MOXKHO
BOCNOAB30BaTLCA npuGTHKeHueMm Crupaunra [em. (M.10)]. Ioxaxute, uto ana n&N
cnpaBeyHiBO  OTHoILEle

D /2B (1

i

*4,26. Tenaosaa duccoyuauus amoma. ATOMBl HAEAILHOTO ra3a HaAXoJATCA B
nuiKe ¢ pebpamu amnoi Ly, Ly, L,. Bea cucrema HaXoAuTesi B paBHOBeCHH mpu
nexoTopoll Temneparype T, macca atoma pasHa M. AToy MOKeT IHCCOUMHPOBATL Ha
woH A+ H a3jexTpod e-—:

AT A+ e,

Uto6bl paspymnTh CBfI3b 3JEKTPOHA C aTOMOM, HeOGXOAHMO 3aTPaTHTb 3Hepeurr

uonusayuUU U.
PaccvarpuBast oTAe/lbHBII aTOM, Mbl CKa)KeM, 4TO OH MOKeT HAXOAHTBLCH B IBYX

BO3MONHBIX coctoauusx H wu I
H) Atom de juccoumnnposad. Ero sueprus E pasua

E=¢,

rie £ — KUHeTHUeCKAs 3Heprus leHTpa macc. Kak o6bluHo, 3Heprus nocrynatedb-
HOTO JBHXKEHHs aTOMa onpeiejsercss HaGopoM KBAHTOBHIX uncen (ny, n,, n,).

J1) ATOM JHCCOLLHUPOBAH HA 3JeKTPOH C MACCON M H NOJOKHTEALHBI HOH, Macca
KoToporo 6nuska k M (tak kax m<€M). BaaumogelicTBuen HoHA H 1eKTpoua nocie
JHCCOUNAalMH MOXHO npeHebpeus. B aToM cayyae nosinas sHeprus IHCCOUHHPOBAHHOM
CHCTEMBI, COCTOSILLEl H3 IBYX OTA@ALHLIX YACTHL, PaBHA

E=egt+e+u, (1)
fae &+ H 8~ — KHHETHUECKHE JHEDPIUH HOHA W WIEKTPOHA COOTRETCTHeHHO, 3 1 —
sHeprust  woHusaunn. CoOCTOsSIHHE TOCTYNATEALHOrO ABHMKEHIS)  MCCOLNHPOBAHUOH
CHCTEMBI XaPaKTepU3yeics HabopoM KRANTOBHIX uncen wona (n), 7,5, nS) u saextpona
(nx, ny, nz). .

a) Bocnoab3oBaBHINCL KaHOMMMECKHM paciipeleienneM, salianTte, ¢ TOUHOCTLIO
J0 koxPdultienTa nponopuuonaabuocth C, BepOsITHOCTL Py TOro, YTo arom Haxos

ANTCH B OMNIOM H3 BO3MOXKHLIX HEIUCCOHMMPOBaHHBIX cocTosnnil (H).

6) Bocnosb3oBaBLIHCL KAaHOHHYECKHM pacnpejledenueM, Hallante, ¢ TOUHOCTLIO
10 toro ke kosdpuunenta nponopuuonansHoctH C, BeposTHOCTb PIL TOrO, 4TO atom
HAaXOANTCH B OAHOM H3 BO3MOMKHLIX AHCCOWHHPOBAHHLIX cocrostuuil (1)

8) Haligure otuomenue Pn/PH. Kak ouno 3aBucut or remnepatypot T u
obGbema V?

r) Tenepn paccmotpum Bech rad. On coxepxur N aromos.

JlonycraM, 4TO H3 HUX B CpelHeMm 1 atoMos anccounnposato. Torfa 8 snnke
HAXONUTCS 7 MOHOB, fI BJCKTPOHOB H (N——n) HeIMCCONRHPOBAHNLIX aTomoB, [lncco-
UHUPOBAHHOE COCTOSIHHE MOXKET ObiThb Peajin30BaHO 1= n? BO3MOMKHEIMH CLOCOGAMH,
a uepnccounnpoBantoe (N—n) cnocoGamn. C noMolLblo KauecTBEHHLIX OLEHOK, Mno-
JO6HBIX TeM, KoTopble OblIM Heclelosasb B 3agaue 4.29, MOXHO MoKa3aTb, YTO

2 1 ) .

—n N ——

—— R ’
Py N—n N
ecan n<€N. [Tonyuurte touHoe Buipaxenne 1ag (n/N) 8 3aBHCHMOCTH OT aGCOMIOTHOI
temnepatyput T n nnotnocts (N/V) rasa.
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1) O6eruno kT<€u. Moxuo JiH 0XKHAATb, YTO B 3THX YCJI0BHAX GO/MbLIAs 4acTs
atoMmoB GyjeT AHCCOLUHPOBaHA?

e) Ipeanoaoxum, uto kT >>u, HO 06beM fAMHKA MOXKHO CAEJIAThb NPOU3BOILHO
€ConbuinM, coxpansiss temnepatypy T noctosiHHoil. MoxeT qu B 9ToM cayyae GO/bluast
tacTb aToMoB ObiTb AMCcOUMHpoBaHHON? [laliTe npocToe ¢u3myeckoe oFbsCHeHHe
TIOJIyYeHHOMY pPe3yJabTaTy.

) BuyTpenuss yacTh Co/HUIA COCTOHT M3 OUeHb rOpsiYero M MJIOTHOIQ rasa,
TOrjAa Kax BHelHAA (¢<KOpPOHa») MeHee ITOTHA H HAXOJMTCH IIPH MeHbliuel TeMieparype.
Hayuense cnexrpanbupix jnHuil CoHIA OKa3LBaeT, YTO ATOM MOKeT ObiTh HOHH3OBAH
5 KOPOHEe H HAXOJMTCSI B HEMOEM3OBAHHOM COCTOSIHHM B Gosee riayGoKux o6JacTsx
CoaHna, rie adcoMoTHAs TeMIepaTypa ropasao Bblime. Kak MOXKHO OBBSICHUTL 3TOT
pakr?

4.27. THoayuerue naassol Haepesaruem. HarpeBasi ra3 J0 JOCTATOYHO BLICOKOM
TeMneparypbl, MOMHO NONYUMTL A4G3MY, COCTOSILYIO M3 3HAUHTENLHOTO YHCJAA JHC-
COLHHPOBAHHLIX aToMOB. UTOOH H3YYHTb NpPAKTHYECKYIO BO3MOXKHOCTb TaKOro Mpo-
necca, NpHMEHHM peayJeTaThl 3a7aun 4.26 K napaMm ue3us. ATom ue3Hsi UMeeT He-
OOJIBIIYIO 3HEPTHI0 HOHU3AUMK, PaBHYIO t=23,89 58 v aToMHbI Bec 132,9.

__ a) Bupasute creneHs aucconnauns n/N B 8anaue 4.26 yepes T # cpellHee IaBielne
p rasa.

6) Ilpeanmomoxum, 4TO mapbl He3Wst HArpeTol 10 aGCONIOTHON TeMIepaTyphl, B
weTbipe pasa IpeBbIalomell KOMHATHYIO, H HaXOAATCS TpH Hasiewud 103 Qun/cm®
{r.e. 10—3 or at™mocepHOoro). BriuHcauTe TPOLEHT napa, HOHU3OBAHHOIO B 3ITHX
yCJIOBHSAX.

4.28. 3asucumocte sHepeun OMm Mesnepamypol OAR UOCAAbHO20 2a3a. 3aBUCHMOCTD
“{eia COCTOSHUA M7eaJbHOrO ra3a H3 OZHOATOMHBIX MOJIEKYJs OT noAHoil suepruw E
rasa Gbl1a paccMoTpeHa B 3afaue 3.8. Bocrnonb3yHTech 3THM Pe3yJabTaToOM H ofnpeje-
Jennem P=4 In Q/0F, uTo6bl BbIpasuTb 3Hepruio £ uepes aGCOMOTHYIO TeMnepaTypy

T=(kP)—1. CpaBHHTe noJyueHHOe BhIpazkeHue ¢ BeipaxenueMm aas E(T), nomyyentom
B 1. 4.17. .
4.29. 3asucumocme Hepeuy om memnepamypst 041 cucmemst cnuros. B 3ajaue 3.9
- 6ruI0 Hafigeso uucno cocroguuit Q(E) maa cucremsr u3 N cnunos 1/2, obaanamomux
MATHHTHLIM MOMEHTOM |4y U HAXOASIHXCS B MarHUTHOM noje B.

a) Bocrosin3oBaBulich 3THM pe3yJbTaToM M onpefeienueM B=71InQ/0E, suipa-
3uTe sHepruio £ cHcrembl yepe3 aGeoniotuyio Temnepatypy T=(kf)-1.

6) ITosnelii MATHHTHBIH MOMEHT CHCTeMbl CBSI3aH C nojHOH sHepruelt £ mpoctbim
coorHotuenuen. HMcrmoansyfiTe pesyanrar a), uto6ul Beipasuth M uepes T u B.Cpas-
HHTe 9TO BHIpAXKEHHe ¢ BhlpaxeHHem (bl) u (59) mast M,.

*4.30. Ompuyamervras abCONOMHAA MeNnepamypa U Homox menaa 8 cucmeme
cnurog. Cucrtema, HaxolsWascs B MarHuTHOM nose B, cocrout us N cnuHoB 1/2, xax-
AL M3 KOTOPBIX HMeeT MATHMTHBIA MOMEHT [ty. B 3amaue 3.9 6b10 HafiieHO wucao co-
crogHui @ (E) Takoil cucTembl KakK (YHKUMH ee noJHOH snepruu E.

a) Beipasurte rpaduuecku xapakTep 3aBucumoctH In Q ot E. 3amerbTe, 4To HaH-
MeHbLUast SHepPTHS cucTeMbl paBHa Eg=-—Np,B, a nauboabuias - NueB ¥ yto xpu-
Basi CHMMETPHUHA OTHOCHTeJbHO 3HauweHus £=0.

6) Mcnoabayiite rpadux a) A1s noayueus rpaduka sasucumocts § ot E. 3ameTn-
te, yto P==0, ecmn E=0.

B) HMcnoabayiite rpaduk 6) Ans noayueHns rpaHka 3aBHCHMOCTH aGCOMIOTHOR
teMmuepatypst T ot £. UYto npoucxonut ¢ T sbuusu £=0? Kakos 3nak T s E <0
u paag E>0?

r) B6ausn E=0 T HcneiThiBaeT pa3puip HenpephiBHOCTH. [loatoMy 6ostee ynoGHo
HMeTb Aeo0 ¢ Besuundol fb. [Mokakute, yro 8f/0E Bcerna nonoxutensro. Benomune,
YTO eCJIH JBe CHCTEMBI HAXOISTCS B TEMJIOBOM KOHTAKTe, TEIIO BCErJia HMOTJIOMIAETCS
cuctemoll, umeroiell Goniblilee 3HaUeHHe BesTHMUMHBL . 3aMeTHM, 4TO 3TO YTBepieHUe
CIIpaBeIHBO JUIs1 JIOOGLIX CHCTeM, He3aBMCHMO OT TOTO, IIOJIOMHTeJdbHA WJIM OTpHLa-
TeJibHA HX alCOMIOTHasE Temmeparypa.
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ITrTABA S

MAKPOCKOITHYECKASI TEOPHUSI
H MAKPOCKOIMMYECKHE HW3MEPEHUY

Mul focTuran 60/bLUIHX YCNeXoB B 0ObsICHEHHH CBOHCTB MaKpOCKOIIH-
YeCKHX CHCTeM Ha OCHOBe aTOMHBIX npexcrasienuil. Ilpu sTom oxasanocs
HeoOXOAMMbIM BEECTH HECKOJIbKO NapaMeTpPOB (TAKHX, Kak Telnora, ad-
COJIIOTHAsl TeMIepaTrypa, 3HTpPONusi), BecbMa VAOOHKHIX JJisi OMUCAHHS
MQKPOCKOIHYECKHX CBOHCTB CHCTEM, "COCTOSIMX M3 MHOFMX 4YacCTHI.
Bce aTH napaMeTpbl BOSHHKJ/HM H3 MUKPOCKONHYECKHX NPEACTABJCHHUI,
HO MX JKCIEepUMeHTalbHOe onpeaesneHue TpebyeT u3MepeHiiil, npousso-
JUMBIX B Makpockonuueckux Macmrtabax. [lostomy so6oe cpaBhenue
pasBUTOH HAMM B DPEABIAVINNX IJ1aBaX TEOPHH C OMBITOM MOXKET OhiTh
CLeNaHo JHIUbL ¢ TIOMOIIBIO TAKHX MAKPOCKOMHYECKHX H3MepeHMH. ITo
BEpHO Kak JJs1 TeX C¢JyuyaeB, KoOrja MNpelcKasaHHSA TEOpUH Kacarorcs
CBSA3M MEKAY YUCTO MAKPOCKOMHUYECKHMH BeAHUMHAaMU, Tak W Adst CAy-
yaeB, KOTJla TEOPHS JAeT CBSA3b MEXKAY MaKPOCKONHYECKHMH H aTOMHbIM
XapaKTepHCTHKaMH BeliecTBa. Jliobasi ¢u3uueckast Teopus yKasblBaer
HA HEKOTOpPhIE CVILECTBeHHO BaXKHblE BEINYHHL!, KOTOpHIE J0JKHbI OhITh
M3MepeHbl, W JaeT cnocolbl, KOTOPLIMH 3TH H3MEPEHHs! MOTYT ObITb Bbi-
noJigedbl. B 37T0# riage ™Mbl 0GpaTUM BHUMAaHHe HMEHHO Ha TakHe ac-
NeKTh! U3YuaeMoH HaMH TeOopHH. JIpyrHmMH CJ0BAMH, Mbl JOJUKHBL GyIeMm
NepeKHHYTh MOCT MexK1y alCTPAaKTHBIMH H OGUIMMHM ATOMHO-CTATHCTH-
YeCKHMH HAESIMH H BeCbMa KOHKDETHBIMH MAKpPOCKOMHUYECKHMH Ha0.a10-
JEHHSIMH,

5.1. Onpenenenne aGCcoMOTHOH TemmnepaTyphl

AGconoTHasi TeMilepaTypa BXOAMT HOUTH BO BCE NpEACKa3aHHUs Teo-
puM d fBJsieTcst, TakHM oBpasoM, BechbMa BaXKHBIM napamerpom, Ilo-
9TOMY HYKHO NOHSATb, KAKHMH METOJaMH MOMKHO BbINIOJHHTL PeajibHbie
n3MepeHHs aGcoJIIOTHOH Temrneparypel cHCTeMbl. B npuHLMIIE MeTOIb
u3MmepeHHst aGCoJIIOTHOR TeMnepaTypsl MOFYT ObITh OCHOBAHbI Ha 41000M,
CJe/yIOeM U3 TEOPHH, COOTHOILEHHH, B KOTOPOe BXOIHUT BeJHUMHA ff UK
T. Hanpumep, dopmyaa (4.65) aaeT npenckashiBaeMylo TeopHell 3aBH-
CHMOCTb MArHHTHOH BOCTIPUHMYHBOCTH ) NApPaMariWTHOTO BEIIECTBA OT
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ero abcomoTHoN Temnepatypsl T, U C/1eOBaTe/bHO, H3MepeHUe MarHHuT-
HOH BOCNPHHMUYHBOCTH HEKOTOPOro ITapaMarHHTHOI'O BENIEeCTBA MOIVIO Obl
ObITb, B MPHHIMIE, METONOM H3MepeHHs abCOJIOTHOH TeMIepaTyphl.
JlpyrumM nmpeicKa3aHHeM TEOPHH, B KOTOPOE€ BXOLHT abCOMIOTHas TeMIle-
parypa, siBJsieTcst ypaBHeHue coctostHusi (4. 91) waeanwhoro rasa. Ilo-
3TOMY ras, IOCTATOYHO Pa3pexKeHHBbI, YToObl CUH-
TATbCS MJEaJNbHBIM, TaKXKe MOXKHO HCIO/b30BaTh
Juig  u3MepeHusi abCO/IIOTHON TeMIepaTyphl.

10T Moc/eAHNA MeToj XeHCTBUTENBHO OYeHb
yA0OEH M HCIOJABb3YeTCs BO MHOTHX caydasx. Mol
paccMOTpHM, KaK ero MOXKHO NMPAaKTHYECKH OCY-
mecTBHTL. [loMecTHM HeGOJMbiloe KOJHYECTBO ra-
32 B K00y M IIDHMEM Mepbl, HeOOXOAHUMBIC IJ5
TOTO, 4ToOBl 06BeM COCylda OCTaBaJCs MOCTOAH-
HBIM, HE3aBHCHMO OT JAAaBJEHHsT HAIOJHSIOIEro
cocyn rasa*), Takas cucrema ofpasyeT rasoBbli
TEPMOMETD TIOCTOSTHHOTO o0bema, cXeMa KOTo-
poro mnpuseileHa Ha puc. 4.4. Ero tepmoMerpi-
YeCKHM apaMeTpoM SIBJISIeTCs CpefHee AaBJeHHe
p rasa. [IpeamosioKuM, 9TO HaM H3BecTeH (HK-
CHPOBAHHBI 06BEM KOJDBl TepMOMeTpa H YHCJIO

3aKJI0UEHHBIX B HEH MOJeil rasa (9To 3HAUHT,
YTO MBI 3HaeM U YHCJO MoJeKyJa rasza). B atom
C¢J1yuae ¢ MOMOLLBIO ypaBHeHusl cocTosHus (4.91)

u3repenne p AaeT Beanuuny kT uau foaas Ha-

Pue. 5.1, Cxema npubdopa,
B KOTOpOM Tpolinad Touxa

Bofpl HCTOJb3yeTest  AJs
KaaubpoBKH  TepMoMeTpa.
Buayaje BMECTO TepMOMeT-
pa B npudop BBOANTCSt OX-

Jlaxkjawilasd cMechb [Hanpu-
Mep. aueToH € «CYXHM
AbAOM», T. . TBepAoil yr-
aAexueaoroil (COL)], € Tem
4To0b! UACTE BOAbL B COCY e
npeppatitb B Jeld. [locae
yaajdeHHs oxJaxaalouei
CMeCH BBOIAT TEDMOMQT})
" XAVT, noKka HaCTYITHT
COCTOAHHEe TelJiOBOro pas-
HOBecHsi. I— oTnafika, 2 —
poAgsnoil nap, 3 — BoAa,
4 — jen, 5 — 6anjod Tepmo-
Merpa.

mero rasa (a 3HA4MT, H A5 JI0DOH CHUCTEMBI, C
KOTOPOH Ta30Bblfi TEePMOMETpP HaXOIUTCH B Tell-
JIOBOM PaBHOBECHH).

[TpunununnanapHo BOMpoc 00 H3MepeHuH BesiH-
UiHLL [, sIBJAsIIOMENcs abCoTITHRIM TeMIeparyp-
HbIM TIApaMeTPOM, HCHEDIBIBACTCHA CAeAaHHBIMI
3amMeyaHusimu. agablie B 3toM naparpade Mbl
pPacCMOTPUM HEKOTOPBIE YACTO UCIOJIb3YyeMble Be-
JUYHHLI, BBeAeHHble B (PU3HKY C NIOMOUIBIO COTJa-
mwennii. Ecan Mpl nuueM temnepaTtypHelil napamerp ff B Buge fi=4T
M XOTHM H3 3TOrO DAaBEHCTBA NOJYUYHTb 3HAUEHHE caMoil aGCoMIOTHOM
Temnepatyps! T, TO Mbl JONKHBL 86(6paMmes ONpexeseHHoe 3HAYeHHE [T0C-
TOSTHHOH £. DTOT BBEIGOD OCYILECTBJEH MeXKIYHAPOAHBIM COrJAlICHHEM H
OCHOBAaH Ha TOM, YTO 3KCIEPHUMEHTA/BbHO JIeFue CPaBHHTh JABe abCcoJIoT-
Hble TeMIIEpaTypbl, YeM HeNOCPEACTBEHHO M3MEPUThb Beinyuny B uiu kT,
Urobbl BBINOJNIHUTD TAKOE CPaBHEHHE TeMmIlepaTyp, HYMKHO BHIOpATb He-
KOTOPYIO CTaHIAPTHYIO CHCTEMY, HaXOASILIYIOCSH B ONpeJe/eHHOM CTaH-

*) KosnyecTBo rasa B KojiGe TepMoMeTpa AOMIKHO GbITh HACTOIbKO MaJbiM, YTOGH!
Ta3 OblT HOCTATOYHO pa3peXeH H MOT CUYMTAThCs HIACATbHbIM. BrimosxeHue 3Toro
YCJIOBHS MOXHO IIPOBEPUTh SKCMEPHMEHTANbHO, €CIH H3MEPHTb aGCOMIOTHYIO TeMiepa-
TYPY C nOMOUIBIO KOAOHE, COAepxalliell elie MeHbiee KOJIHYECTBO rasa. Pe3yibratsl,
f10J1yueHHble O6OMMH TepMOMeTpaMH, IOJIKHBI COBIAlaTh.
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JIapTHOM MaKPOCOCTOAHHH, H IPHIHCATH €if HEKOTOpoe 3HaueHHe abCcoToT -
Hoii Temneparypul 7. Ilo MexayHapoiHoMy coryiaiiedno 3a Takyio cran-
OapTHYIO CHCTEMY NMPHHHMAIOT YHMCTYIO BOAY, a CTAaHJapPTHBIM MaKpococ-
TOSIHMEM ABJSIETCST MaKPOCOCTOSIHHE, B KOTOPOM TBEpAasi, JKUAKas 1f
razoobpasnast ¢OpMBl BOJBI (T. €. Jed, BoJa M BOASHOH mnap) Mo-
TYT HaxONUTBCA B PaBHOBECHH ADPYT C JAPYroM. (3TO MaKpOCOCTOsIHIle
HasbiBaeTes mpotinold moukoid Bojpl.) Takoh BuGOP cTaHAApTa TEMIepa-
N TYpHl yA00EH TeM, YTO CYIIECTBYET JHUIb Of-
& | HO-€JHHCTBEHHOE 3HaueHHE AABJICHHS H TeM-
nepatypel, NpH KOTOPBLIX TPH (POpPMBI BOIb
MOTYT COCYLIeCTBOBATh, HAXOASCh B PABHOBC-
cui. OnbIT NOKa3pBaeT, YTO Temneparypa Ta-
KOH CHCTeMBI HE 3aBUCHT OT OTHOCHTEJNbHBIX
i KO/IH4eCTB HAXOUSIIUXCH B pPaBHOBECHH - Ta3a,
)KIAKOCTH M abfa. Ilostomy TpofiHaa Touka
SIBJISICTCS JIETKO BOCHPOM3BOAHMBIM CTaHAap-
TOM Temneparypbt. [lo nnTepHaunnoHa/lbHOMY
corjaieHuo, npunsrtomy B 1954 r., abcouior-
Hasl TeMmeparypa BOAbl B TPOHHOH Todke
CUHTAETCH DPABHOH moyHo
e
t 273,16. {1)
|

Taxkoii cTpaHHbIl BBIOOP YHCad CBsi3af C #Ke-
JlaHeM TNOAYYHTb BO3MOXKHO Jydlllee COrJia-
cHe MeXIYy COBpPeMeHHOH WKaJof abcoaror-
HOfl TeMmepaTyphl 1 MEHee TOUHBIMI 3Hade-
HHAMHU CTaHAAPTHLIX TeMAeparTyp, yCTaHOB/EH-
HBIX CTapuIM 1 oJee CJI0XKHBIM COTJacHEeM.
Teneps uncaenHoe 3nadeHue abcoMOTHOR
P 2 potorpadiia Tun  TeMMEPATYphl JOGOI CHCTEMBI MOKHO 1OuY-
Zggs‘ggnBro}:;:ﬂggﬁtﬁﬂggﬁo&g: YHUTh CpaE},HePi}IEM CTeMHﬁpéiT}'pOH Tt BOALt
PO CrampapTo. B ee TpoiHOH Touke. Yuc/ieHHOe 3HaveHHe
TeMrepaTypbl, NOJYYEHHOE B  pe3yJbTare
BhidOpa cranaprTHoB TeMmmepaTtypbl (1), HasbBaeTcs TeMmepartypoii
B epadycax KeavsuHa, wi npocto zpadycamu Keavsura, v 06bY4HO
oBozHavaerca cuMpojoM K. (B nagbrefiem, ynorpebass TepMHH «rpa-
AYChi», Mbl Beersa OyAeM UMeTh B BiAY epadycst Keavsuta.) BuiGop cran-
apTHOW TeMIepaTyphbl HE TOJIbKO NO3BOJSET HAM YCTAHOBHUTL memnepa-
mypHyo wkary Keavsura, Ho M 1aeT BO3MOXKHOCTL (PHKCHPOBATh 3HAUECHHE
koahduuuenra k. efictBuTenbHo, ecan y Hac ecTb Kakoe-HHOyIb yCT-
pOICTBO (HanmpHMep, ra3oBblii TEPMOMETP) AJsl ONPEASIEHHS BeJHYHHL!
p wau BT, To, onmpeleduB 5TH BeJWYHHL B TPOUHON TOUKe BOABI, rie
T==T,, MBI HeMeJIeHHO MOAY4YHM 3HaueHHe k. Besimuuna $~!==£T o3Ha-
4aeT SHEPrHiO, KOTOPYIO MOMKHO H3MEPSATh B 3Prax, MOSTOMY BeJHYHHA
k jnonxHa GBITh BHIPAKEHa B eMMHUUAX apefepadyc.
INokaskem Tenepb, Kak NPHMEHHTb 3TH COIVIALICHHs K H3MePEHHIO
a6coJOTHOH TeMIepaTyphl C IOMOILbIO HAea1bHOTO Fa30BOro TepMOMeTpa
AN

E
|
I
I
t
{

;
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noctosihHoro obbema. M3 ypaBuenust cocrosinnsa (4.91) cieayer, uro

HM3MEDEHHOe TaKHM TepMOMETPOM AaBJ/eHHe rasa p NnpsMo NponopuHo-
HaJIbHO ero abcosoTHOR Temmnepatype. TakHm ofpasoM, rasoBolii Tep-
MOMETD TNO3BOJISIET 3aMEHHTb H3MEPEHHE OMmHoNeHus abCcOMOTHBIX TeMne-
paTyp H3MepeHHeM OTHOUIeHUs JaBieHuil. JleAcTBHTebHO, TYCTb TePMO-
METP HAXOAHUTCSl B TEIJIOBOM KOHTAaKTe ¢ Hekotopoil cucremoii A. O6o3-
HaAUHM cpejiHee JaBJeHHe Ta3a B TeDMOMETpe, 10CJ/e YCTAHOBJ/EHHS PaBHO-
Becusl, uepe3 p,. Ecam ke TtepmoMerp OyieT nNpHBeNeH B KOHTAKT C
Apyroit cucTeMOit B, TO B paBHOBECHII Cpelilee laBJeHie B HeM Gyner

pr *). VI3 ypaBuenns cocrosuus (4.91) creayer, 4to OTHOMIEHHe a0COt0-
THBIX TeMmnepatyp T4 1 Ty PaBHO OTHOWEHHIO AABJAEHHA py W pp:

Ta_ p_‘. i (2)
Tp pa

JlomycTuM, B YaCTHOCTH, YTO clicteMa B siBJsieTcst BOJOH B ee TPoOitHON
TouKe (raK 4ro Tp=T) H UTO TEPMOMETP B 3TOM CJyyae NOKasblBaeT

JdaBaenne p,. Hcnoab3yst cornawenne (1), Mbl noaydaem, yTo a6c0m0T-
Hasl Temrepatypa cHcrembl A paBHa

T ,=273,16 24 rpagycos Keaveuma. - 3)
P

Takum o6pa3om, U3Mepsisl JaBaeHHe Ta30BOrO TepMOMETPa NOCTOSTHHOTO
o6beMa, MOYKHO ONpelesHTb aGCOMIOTHYIO TeMIIepaTypy JoO0H CHCTeMBI.
10T MeTo] H3MepeHUs abcoJIIOTHOH Temmnepatyphl BecbMa yaobeH, ec-
JII TOJbKO TeMIlepaTyphbl He HACTOJbKO MaJbl WJIH BEIHKH, YTO HCIO/b-
30BaHHe Ta30BOTO TEPMOMETPAa HEBO3MOXKHO.

YCTaHOBHB ¢ MOMOLULIO coTdatienus (1) mkany abcosioTHO# Temie-
paTypbl, Mbl MOXEM BOCIOJb30BATbCs YPABHEHHEM COCTOAHHS HAeab-
HOTO Tasza AJis ONpele/eRust YHCJieHHOTO 3HAUeHHs! IIOCTOSHHON k (1/H,
4TO 9KBHBAJEHTHO, DOCTOsIHHON R==N_,k, rae N, — uucio Asoranpo).
Jlas 3TOrO HOCTATOYHO H3MEPHTH 061;(:1\1 Vv (B c#®) W JlaBjeHue p
(B Oun/cm?) Aast v Mosell HMIeabHOTO Ta3a, HAXOAALIErocs NpH TeM-
nepatype TpofiHo# Touku 7,=273,16° K. DTH JaHHBE NIO3BOJSIOT, €
nomoublo  ypasHeHHs (4.93), Boluucants R. TmartenbHele H3amepeHHA
TaKoro poja JaioT C/lelyiollee 3HAYeHHe ra30BOH MOCTOSHHOH **):

R =(8,31434 + 0,00035) Coc- moav~t-epad—t 4)

*) Mpl npepnosaraeM, 4TO Ta3OBHIl TepMOMETP HACTOAbKO Mafd MO CPaBHEHHIO
¢ cucteMamst A ¥ B, yTo H3MeHeHHEM TeMIIEPATyphbi 3THX CHCTEM MoC/Ae [puBeleHus:
#X B TeIIOBOH KOHTAKT C TEPMOMETPOM MOXKHO npeHeGpeus.

**) BeipakeHHas B KaJoOpusAX BeJlMuHHa R paBHa

R ={(1,98717 & 0,00008) xaa-more=1.-2pad='.

Bcee NpHuBeJeHHbIE ouINGKA OTBEYaloT OJHOMY CTAaHAAPTHOMY OTKJIOHCHHIO.
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(1 0w ==107 spe). 3nas uncno Aporazpo¥*)
N,=(6,02252 + 0,00009)-10* mosexya-moap™1, (5)

Mbl MOXKeM Ha OCHOBaHHM onpelesiedHs R=N_k noayuynth 3HaueHue
NoCTOSIHHON k:

k=(1,38054 =+ 0,00006)- 10~ ape-epad-1. (6)

Kak ™Mbl yKasblBajiH, BeJHYHHA Kk  Ha3biBaeTcst  MOCMOAHHOL
Boasymara **).

B KeabBHHOBCKOH TemieparypHOH 1UKaJ€ 3HeprHs B 1 38 oTBeyaer
Takoit sueprun kT, worma T=11600 °K. Komuaraas Ttemmeparypa
6auzka Kk 295 °K, w ell COOTBETCTBYeT, TakHM 0Opa3zoM, 3Heprus
#T~(1/40) 35. TaxoB nopsAI0OK CpelHed KHHETHUECKOH 3HepTHH Ta30BOil
MOJEKYJBl (IPH KOMHATHOW Temmneparype.

MHoraa npHMeHSIOT APYIYK TeMIeparypHYIo LIKaay, Ha3LiBaeMyio
wikaaoid Leavcus. Temnepatypa O¢ , uanepeHHas B wikase Lleabcus, cae-
JytouuiM ofpasoM CBsidaHa ¢ abcosoTHON Tenmepatypoii KenbeuHa:

6c = (T —273,15) rpaxycos lleancus (7)

(o6oznauentie: °C). B 310l wKasse TeMnepatypu 3aMep3anus U KUMEHHUS
BOAbI, HAXOAsEHCS NPH aTMOChHEPHOM JaBAEHHH, PABHBI COOTBETCTBEHHO
0 °C 1 100 °C*+**),

5.2. Buicokue M HU3Kue aGconioTHbIE TemiiepaTypbl

B tabanue 5.1 npuBegeHsi aGCOMIOTHBIE TEMUEPATyphl HEKOTOPHIX
XapaKTepHbIX TemnepaTtypsbelx Touek. [leab 3Tolt TaGamiml — nath Ka-
uyeCTBEHHOE [peicTaBjeHHe 00 aBCoJIOTHOH TeMmepaTypHOH KaJe.
Toa mouxoli nageiérus TaHHOTO BelleCTBa, YKasaHHOH B rtaduuue, pa-
3VMeeTCsi TeMIleparypa, NpU KOTOpO# :kuikas M TBepias dopma Belle-
CTBA HaXoasTCsl B paBHOBecHH (npu AasieHnu B | arnvocdepy). [pu
Gouibllell TeMnepaType BEIeCTBO CYLIECTBYET B BHIE MHAKOCTH. Takum
06pasoM, B TOUKe MIABJEHHS BOAa COBEPIUAET NEPeXoj OT JbAa K K-
KOI BoJie, a B TOUKE KHIIEHHS BOIA H3 JKHIKOCTH CTAHOBHTCS BOJSHBIM
flapoM, T. e. NepexoluT B razootpassyic Qopmy.

*) 310 3naveHne N, OTHOCHTCS K COBDEMEHHON LIKaje aTOMHBIX BeCOB, B KO-
Topofi atomy C1? npunKCEBAaeTCsi 4TOMHLIH Bec, TOWHO paBHblit 12. Jlyuwee 3xcnepu-
MeHTaJbHOEe Onpejieenne yucaa ABOraipo OCHOBAHO Ha JEKTPHUECKHX H3MEPEHHSIX
BeJIHYMHBL 3apsila. HeoOXOAMMOro s 3;J€KTPOJHTHYECKOTO DasJfoxkeHHsT H3EECTHOTO
ypcsa MoJell  CJ0KHOTO BellecTBa (HanpHMmep, BORBI), H HA ATOMHBIX H3MEPEHHAX
3apsija 3JeKTpoHa. :

**) CMm. Tabaduy GH3HUECKUX KOHCTAHT B KOHLE KHHTH.

**%) B Coeannennnix lltatax wmpoko ucnoawsyior mkaay dapenreiita. Temrepa-
Typa Op B 37T0fl lWiKaje ciefywownM o6pa3oM CBsI3aHAa C TeMiepaTypoil B ILUKale

1lenbcus:
O0p=(32+1.8 O¢) rpanycor Papenreiita,
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PaccmorpiM Kakyio-HHGYAb OGBIYHYIO MAKPOCKOIHYECKVIO CHCTeAY.
Ee aGcostoThast TemnepaTypa nosoxkuteabHa *) u kT uMeer 3HaueHmue,
GH3KOe K CpeiHeil SHeprHu (OTCUHTAHHOH OT SHePTHH OCHOBHOTO CO-
crosHus E,), npuxonsiueiicsd Ha O1Hy cTeneHb CBOGOAb cHcTeMbl. B co-
raacny ¢ (4.30) Mbl MOXKeM Hanucam

Hanmenblueii sneprueii 1060ii cnerenmsl siBasercs sueprusi E, OCHOBHOTO
cocrosnna. Orciona cienyeT, 4To MHHHMAJbHOE BO3MOXKHOe 3HaueHne

TaG6awuma 5.1
Hexotopnie Temueparypubie Touku

Temneparypa nosepxnoctd Codanua 5500 °K
Touka xuneHust soapppava (W) - 5800 °K
Touxa naasaenus Boabdpana 3650 °K
Touka kunmennst zonora (Au) 3090 °K
Touka nnaegeHns sogaocra 1340 °K
Touxa xunenns csunua (Pb) 2020 °K
Touka naasnenus cpunua 600 °K
Touka xunenusa soan (H,0) 373 °K
Touka n.aaB/ieHHA BOJBI 273 °K
Teynepartypa TeJa ye/IOBEKa 310 °K
Komnarnas remneparypa (npubansu-

TEJBHO) 295 °K
Touka knnmenus asora (N,) 77 °K
Touka naapneHus aszora 63 °K
Touka kunenus sogopona (H.,) 20,3 °K
Touka nJ/asjeHHs BOLOPOAA 13,8°K
Touka kumenus reaus (IHe) 4 2°K

a6COIOTHOI TeMIeparTypsl CUCTEMBI PAaBHO HYJII0. JTO 3HauYeHHe AOCTH-
raeTcsl B TOM CJyuae, KOTJa SHEPTUs CHCTEMBl CTAHOBUTCH PABHOH sHep-
I'MH ero OCHOBHOrO coctosiHusi. Ecsin sHeprHs cucTeMbl HauiHaeT npe-
suilaTh E,, abco/ioTHas TeMmmepaTypa Bo3pacraer. Bepxuero npenena
a6COJNOTHOM TEMIIePATYPhI He CYIIECTBYET. ITO COOTBETCTBYET OTCYTCTBHIO
BEpXHEro npejesa y BO3MOXKHBIX 3HaUeHHH KHHETHUECKOi SHepruu dgac-
THIL B JIOGOH M3 OObIUHBIX cucreM. Hanpimep, B 3Be3nax i B TepmMo-
ANepHLIX B3pbIBaXx Ha 3eMjJe JOCTHraeTcsl TeMmIeparypa nopsaka 107 “K.

Cueannble saMeuaHus fBAAIOTCA CJEICTBHEM JAHHOTO HAaMH Ofipe-
JejeHust aGCoO/IOTHOH TeMHepaTypr:

6_0]n§2 ' (9)

1 XapaKTepa 3aBHCHMOCTH ln €2 ot sHepruyu E, nokasaHHOI Ha pHc. 4.5.

*) Oco6rlil Cayyail CHCTeMHl CHHHOB, Haxojsielics NpH OTpHartenbHofi a6co-
JIOTHOH Temmepartype, paccMOTpeH B.3ajaue 4.29.
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Paccmorpum Goslee BHHUMATEJNBHO NpelelbHBIA caydail, korza E—F,,
T. €. KOr/la 3HeprHsl CHCTEeMbl! JOCTHTaeT 3HAUeHHst 3HEPrHH OCHOBHOTO
COCTOSIHHS. DT0 — HaHMeHbllee U3 BO3MOXHBIX 3HAYEHHI IHEPTHH, H B
3TOM cayuae uncao  (E) IOCTYNHBIX COCTOSIHHH CHCTEMBI B JHOGOM Ma-
JioM HuTepBane sHepruil or E no E--8E crpemurcs K 3uauenuio Q,,
KOTOpOe odeHb Matd. [leficTBuTesbHO, Mbl BHIead B n. 3.1, uto cucrema
NMEeT JIHWDb OAHO KBAHTOBOE COCTOfHNE (MM MO Kpalnel mepe masoe
YHCAO COCTOSIHUI), COOTBETCTBYIOLLEE HauMEHbLIEH BO3MOYKHOH SHEpPTHu.
Jaxe ecin 4HCIO JOCTYNHLIX COCTOAHMI cuCTeMbl B uutepBajte OF
BOan3n E, nameer nopsnok f, In Q, 6ynet Beero aumb nopsiaka In f. Jra
BeJIMUUHA NPeHeOperKUMO Majia [0 CPaBHEHHIO cO 3HauYeHHeM [ npH 6odb-
mMX 3Heprusix, rie corjacHo (3.41) In Q(E)~/. [loatomy surponis
S=Fk InQ nauieii cucremsl BOIH3N SHEPIHH OCHOBHOTO COCTOSIHHS HCUE3AI0)-
1le MaJla 10 CPABHEHHIO CO 3HA4eHHEeM SHTPONHH NPU GOJbUINX 3HEPTHSX,
Mbl nIpEXOAHM K C/efyIoleMy BhIBOAY: KOrla SHePrusi CHCTeMb! CTPeMHT-
¢l K HaHHHM3LEeMY M3 CBOMX BO3MOXKHDIX 3HA4eHHH, 3HTPOMHSA CTAHO-
BHTCSA NpeHebpe:KUMO Masioi:

S—0 nmpu E—E, (10)

[Mo Mepe TOro Kax 3HEpPrusi CHCTEMbl HAUMHAET NPEBBLINATL DHEPTHIO
CCHOBHOTO COCTOSIHHSI, YHCJO COCTOSIHHE BO3pacraer oOueHb ObiCTpo;
u3 (4.29) cneayert:

__0InQ f
b= ~7—r

Korzna sneprus E ymeHbluaeTcsi 10 3HaueHHR £, [} cTanoBHTCS 4pe3Bbl-
yaiiHo GoabuinM U T o =10, [IpurogHoe nas MOOKX CUCTEM fpefe/ib-
poe cootHouenue (10) MOXKHO 110ITOMY 3amHcaTb B TAKOM BHJLE:

}anﬁw Sﬁai (11)

ATo yTBepIKIeHHe HOCHT Ha3BaHUe mperniveeo 3aKOHA MepMOOUHAMUK L.
Pa6oran npu teMueparypax 70 (B6au3H abcoawomHoeo Hyas TeMuepa-
TVpbl), HEOOXOAHMO, ORHAKO, ObITb YBEPEHHBIM B TOM, YTO CHCTeMa, C
KOTOPOH Mbl HMeeM JeJs0, NeHCTBHTEIbHO HAXOAHTCA B PaBHOBECHH. ITO
TeM 6GoJiee BaXKHO, YTO NPH CTOJb HU3KHX TeMIepaTypax CKOpocTb Jo-
CTHXKEHHsI COCTOSIHHSI paBHOBecHs MOXKeT OblThb OueHb Masioii. [lasiee,
yto0bl BEpHO HHTeprpeTupoBarb yrBep:kienne (11), neoGxomumo noc-
TATOYHO XOPOIIO MOHHMAaTh CBOCTBA paccMaTpHBaeMOll CHCTeMbl, T. €.
HeoGXOAUMO 3HaTh, CKOJb Mana JoJ/KHa ObITb peajbHass TeMOeparypa
cHcTembl, yToOb! npeaeabHoe cooTHomeHune (11) Bemoansock. -Cienyio-
ninfl npuMep NOYYMTEJEeH B 3TOM OTHOWIEHUH.

Sameuanue 06 3HTPONHUHA SAAePHB X COHHHOB. Maruurdse
MOMEHTBI silep OueHb Masbl. [103ToMy (B OTCYTCTBHe 6O/IBIIOTO BHELIHErO MarHHTHOTO
noJist) JIHLIb NPH oYeHb HH3KOH Temmepatype nopsifka 10—9 °K B3aumoseficreue Mexiy
sIApaMH MOTVIO Obl IPUBECTH K YIIOPA04ueHHOll OpHeHTaLuHu ciiuHoB *). [laxe 1pu croib
nuskoil remneparype Ty, Kak 10—3 °K, sxepHble cuHbl OPHEHTHPOBAHEI CTOMB XKeE C/Y-

*) Cm. sagany 5.2.
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yaliHo, Kak W npH Jwo60il BLICOKOH Temneparype. B coorsercrun ¢ (11) antpornus S,
CBA3AHHAS CO BCEMH CTelleHAMH CBOGOb, KPOME SIAEPHBIX CIHHOB, JellcTaiTe LHO Oy leT
npeHe6pexkuMo Masia nph TeMneparype T. Oanako nosHast sHTponisl, CBA34HHas CO
BCEMH CTeleHsIMH cBOGOIb!, BKJIOUAS AIepHbIE .

cnfHbl, GyIeT euie uMeTb OOJLIIOE 3HAUeHHe [

Se=Fk In Q, 06ycioBaennoe Goabitiin YHCIOM € = Jmrnavna

i N

Puc. 5.3. Cocya Hbioapa (Aboap), noKasanxbiii Ba
pucynke [nasean no umeun cspa dwxefimea [bwoa-
pa (1842—1923), xortopniit B 1898 r. nosyuua
priepBble KUAKHH BOAOPOA], OGHIMHO HCOOABIYIOT
npu paote B 06J1acTH HASKUX Temnepartyp. OH f10-
X0X Ha CTeKJsIHHBbI cocyl 06bIMHOr0o TepMmoca U
H3roTOBJASACTCA H3 CTEKJa WJH H3 MeTaasa (Ha-
npuMep, U3 HepiKabeiomelt craan). JKugrocts,
HaniuTan B cocyd Jlbioapa, TepMHUYECKH H30JAUPOBi-
Ba OT pHemnell cpelb. ITa H30fUHA JoCTUraer-
cst TeM, YTO MEXKAY CTeHKaMH CcocyAa co34aH Ba-
kyyMm. Ecau cocyn Apioapa #3roTos/led #s CTeKa4,
TO CTEeKJsIHHbIE [MOBEPXHOCTH KeJarejJbHo moce-
pebpuTb, uTo6bl YMEHBILUTH [lOTepWe Tefna Ha
usaydenie, 1 — BaKyyM, 2 — nocepefipedtsle
BHYTpeHhHe MOBEPXHOCTH, 3 — OXJAAKAeHHAas

Piuc. 5.4. Tunugune ycTpoficTRO U3
ABYX ccevios Jbloapa aasl paboTni
B3 1°K. [bloap,nanosnennbiil
WHAKHM reJides, {1OMCIHEH B Apy-
roil Abloap, HanoJHeHHBIT KEA-
KHM asoToM. Takope ycTpoiiciso
YMeHnbUIAeT APDOHUKHOBEHHE TeNsd
B KHAKHA reanii. ! — oxpyxaw-
uiasi cpeda npn 205° K, 2 — xuu-
KUl a3oT npu 77 °K, 3 — KUAKHKH
requil npu 4,2 °K, | ams, 4 — ox-
AamAenubl  ofpasent NPH  HU3-
Kofl TeMilepaType.

MWHAKOCTD, TePMHUECKH H30JHPOBANHARA OT OKPY-
JKawonleit cpeml.

COCTOSIHMH, COOTBETCTBYIOHIHX BO3MOXHBIM ODHEHTALMSIM silepHblX cnuHoB. Mbl 1o-
JayqaeM, Takum oGpaszomM, BMecto (11) cieinytolee yTBepHKaeHHe:

npy T —0, S—§,..

(12)

3nech T—0, o3nauaer crpemaeHHe K leMiepaType, KOTOpas Odelib Maja, HO ellle JIO-
CTATOMHO BeJiMKa IJisg TOro, 4To0bl COXPaHANach cAyualiHasi opueHTauHs CNWHOB (una-
npuMep, Takas kak To=10-3 °K). ¥YTeepxienne (12) umeer Gosblloe 3HaueHHe, TaK
KaK BeJIHYHHA Sy SABJASETCS ONpeJeeHHOH KOHCTAHTON, KOTOPAst 3aBHCHT HCKJIOUHTE b-
HO OT THIIA aTOMHBIX SIAepP, COJEPXKAaIMXCs B CHCTeMe, HO COBEPLIEHHO HE 3aBHCHT OT
fletajlefl, KacaiOWUXCsl YpoBHeH sHeprun cucremsl. Kopoue roBopsi, Sy €cTh KOHCTaHT4,
COBepIIEHHO He 3aBHCHMIAS OT YCTPOICTBA CHCTEMBI, HAPHMEDP, OT NPOCTPAHCTBEHHOI O
pacmpesie/ieHHs] B aToMe, OT IPUPOALI XUMHUECKOH CBA3H MEXKIY ATCManH H OT B3auMO-
IeliCTBHA MexXAYy HuMH. PaccmorpuM, Hanmpumep, cuereMy A, COCTOAINYIO U3 OJXHOIO
Mons MeTadaudeckoro cBruua (Pb) M onsoro moas cepwt (S), U APYrywo cucreMy A’,
COCTOSIILYIO 3 OXHOrO MoJjsi cepuucroro ceunma (PbS). O6e cucreMbl HMelOT BecbMa pas-
JnyHble CBOfICTBA, HO OHH COCTOSIT U3 OJHOrO U TOTO XKe UHC/Ia OJMHaKOoBHX Ajep. B npe-
nene T-+0.4, mO3TOMY SHTPONHUs O0eHX CHCTeM Oyier OHOH H TOoH Xe.

VlHTepec K HM3YUYeHUIO CHCTEM, HAXONAUIMXCA MPH HU3KHX aGCouator-
HBEIX TEeMIepaTypax, 4acTo CBsA3aH ¢ TeM, YTO HX SHTPOMHUS 4Pe3BLIUAIIHO
Maja. DTO 03HauaeT, YTO CHCTeMe JOCTYIHO JHUIIb OTHOCHTEJNLHO MaJoe
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YHCJI0 COCTOSTHHIT M ITOSTOMY OHA B 3HAYHTEBHO GOJBLIEH CTeMeHH yno-
psiioueHa (06/ajaeT 3HAYHUTENbIO MEHbIUHM 6GecnopsjiKoM), 4eM B CJIy-
yae BLICOKHX Temneparyp. DoJiee BhicoKast cTenenb NOpsilka NPHBOLHT
K TOfIB/JICHHIO 3aMeuaTeqbHLIX CBOHUCTB Y HEKOTOPHIX BeUIeCTB, HAXOAN-
HMXCsl NPH OYeHb HUBKUX Temieparypax. I[IpuBereM HeCKOJNBKO 0cCO-
OEHHO SIPKHX NPHMEPOB: 3JE€KTPOHHBIE CIIHHB HEKOTOPBIX BELIECTB IIpH
HH3KHX TeMIepaTypax OKasblBaloTCst
NOYTH IOJHOCTBIO OPHEHTHPOBAHHLL-
MH B OAHOM HanpasJeHUH, TaK YTo
5TH BelllecTBa IPHOOPETAlT CBOI-
CTBA MNOCTOAHHBIX MarHuToB. Bo
MHOTIHX MeTaJ/li1ax, HalpuMep, B CBHH-
1€ H OJIOBE, 3JIEKTPOHLI HPOBOLH-
MOCTH JABHKYTCSI 6€3 BCAKOIO TPEHU S,
eCM  TeMmilepaTypa MeTa/jja Mefb-
11e HEeKOTOPOro OlpeAeNeHHOro 3Ha-
yerus (7,2 °K  nna  cBuHua). Me-
TaMi, B KOTOPOM TEKyLiH HO Hemy
TOK HE BCTpedaeT HHKAKOTO 3J¢K-
TPHYCCKOTO  COMNPOTUBJEHHS!, HAa3bl-
BAETCS! c8epXnpogodrLiKom. Ananoruy-
HO, XKHAKHH resiuit (Ipy aTmMocdepHom
JaBJEHUH OH OCTaeTCst KUAKOCTLIO
Puc. 5.5. Potorpapus KomMMepUSCKOro npu T—>0) [P} TeMneparype, Meib-

OMHIKNTENs AAA TMONYUEHHS KHAKOTO re-
JHS M3 HAXOARIETOCS fIpH KOMHATHOII e 2,18 CK, Te4yeT, He HCIBIThIBast
Temfleparype rasoobpasvoro reaus. C He-

OBXOAMMBIM  JIOTIONIHUTRJIBHHM 000D Y40~ HUKAKOro TpeHuhd, M OKa3bIBACTCH B
BaWHeM, COCTORULHM H3 KoMmopeccopa H .
rasronpflepa, 5TOT OWHIKHTENb AfeT He- COCTOSAAHHH 6bICTpO [IDOBHKATh Hepes

%«beo JIUTPOB HAKOTO resns B qac. IEAH  PasMEpoM  MEeHbile 10-¢6 oM,
epBOHauaJbHoe oXJaamdieHHe rasa HAo- v

CTHraeTCs TeM, MTO TeDMHYeCKH H30JHDPO- 3TO CBOHCTBO 2KHAKOI'O reJivds Halbl-
BAHHbI a3 coBepllaeT MeXaHHUYeCKYIo . . . . .
paGoTy Haj MOPWHSIMH (B BepxHeil 4acTH BACTCA (6EPXIMEKYULCINGIO. Takum o6-
pUCYHKa BHAHBI IITOKH 3TIX mopllueil). pa3OM UPH HH3KHX TeMHepaTypax
Tlpu 5TOM NpPOUCKOANT yMenbileHune Cpel- ’ P

Hell 3HepTHH H, COOTBeTCTl?PHHD. abcomot- BO3HIIKZET 1e1asd 00/1aCTh HHTepecy-
HOl TeMmepaTypbi rasa. [lenuit Bsrepsole . o

oxuysua B 1908 r. patekuit duank Kamep- oKX HAC ABJICHUH. Jlio6as cucrema
AuHr-O"tec (/ — 6annonbi ¢ rasoobpas- O3 T=0 HAXOIHTCA OUYeHb O/1H3-

#biM TediieM, 2 — TpyOonposoR AAA /Kui-
KOro Feddsd, § — HWITOKH NOpWHet). KO K CBOE€MY OCHOBHOMY COCTOSIHHIO.
[losTOMY 111 NOHHMMaHMSI CBOHCTB
Takoll cucTeMnl HeOoOXOAHMO KBAHTOBOMEXaHMYeCKOoe pacCMOTpenue.
JleflcTBUTEIBHO, NPU CTOJIb HU3KUX TeMIepaTypax cTeledb GecnopAika
HACTOJbKO Ma/a, UTO KBaHTOBble 3(eKTbl MOrVT HAOJMIONATLCH B Mak-
pockonuueckon Maciutade. Lleablo sTHX 3amedaHHii ObliO NOSICHUT,
MOYeMy (UBUKQ HUSKUX IMeMnepamyp sBAseTCs B HACTOsilee Bpems
06nacTbI0 AKTUBHLIX HCCACKOBAHHH.

EcrectBenno BosHuKaer caeiviomiil Bonpoc. Ckosb 61H3KO MOMKeET
MAKPOCKOMHYECKAst CHCTeMa HAXOLHTbCA OKO.J0 CBOETO OCHOBHOIO CO-
CTOSIHHSA, HHBIMH CJOBaMu, A0 CKOJb HH3KHX TeMIepaTyp OHa MoXeT
ObITh oxaaxaeHa? CoBpeMeHHasl - TEXHHKA [03B0AAeT AOCTiUb TeMnepa-
Typut B 1 °K nomeliteHHeM cucTeMsl B TENJIOBYIO BaHHY, COAEPKAIYIO
KHAKHH reqpf. Touxky KHIEHNHs TakOH MKHIAKOCTH MOXKHO MOHU3HTD A0
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°K, yMeHbluasi, ¢ NOMOILI0 NOAXOASLIEr0 Hacoca *), AaB.eHie napa
HaIL HKHAKOCThIO. [IpHMeHUB TOT e MeTox K xuaxomy renmwo He® (sta
KHAROCTb OOpasoBana peakum u3oronom renus He?, Torna kak npupon-
HBI TeJTHH COCTOHT IJ1aBHbIM 0GpAa30M H3 H30TONA He“) MO2KHO 6e3 GoJib-
WHX 3aTPyAHeHHRA NOCTHUb Temrneparypol, Gauskoit k 0,3° K. duas no-
CTHXKEHHSl CYIIECTBEHHO 00./1€e HU3KIX TeMOepaTyp HenGXOdHMbl H0.b-
wHe ycuausa. Tax, Hanpumep, rtemmeparypst B 0,01 °K wan naxe
0,001 °’K MOXHO JOCTHYL € NOMOWIbLIO AEHCTBHSI MarHUTHOTO TIOJis Ha
TCPMHYECKH H3OJHDPOBAHHYIO CHCTEMY CIHHOB. IDTHM METOJIOM -OKa3a-
JI0Chb BO3MOZXKHBIM JOCTHYb CTOJb HH3KO¥H TemmepaTyphl, Kak 10-¢ °K.

5.3. PaGoTa, BHYTPeHHSISI SHepPrUsl M Tenjora

B n. 3.7 Gbl10 rBeleHO NpeAcTaB/IeHHe O TemioTe H paGote. Mbl mo-
JYUHJIH TaM cJelytoliee OCHOBHOe ypasHeHue (3.53):

AE=W+Q, (13)

CBs3bIBAONIeE YBeJTHUCHHe cpenHel SHePTHH E moboit cucreMs! ¢ MaK-
POCKONHUYECKO#H paboToil, HpOPlSBOlIHMOH HaJ| CHCTEMO, M C KOJHYeCT-
BOM IOTVIOIIEHHOTO CHCTEMO Ter/1a. DTO COOTHOLIEHHE ABJISETCS OCHO-
BOH /5 MAKPOCKOMMUECKHX U3MEpentili BCeX BXOAAUIUX B HEFO BEAHUH Y.
JleficTBHTE/IbHO, MBI MOXEM HOJOHTH K 3TOH 3ajaue CJAeAYIOUIHM .o6pa-
soM. Maxkpockonuueckass paora sBJsieTcsl BeJIHYUHOH, M3BECTHOH M3
MexaHuKH. Ee JIeTKO H3MepHUTh, TAK KaK OHa ONpenessieTcss mpou3Beie-
HIeM HeKOTOPOH MaKPOCKONHYecKOH CHJIBI HA COOTBETCTBYIOlee MaKpo-
CKONMYecKoe cMmetienne. Ma3oaupoBaB cHCTeMY TepMUYECKH, MBI MOXKEM
cuptath, 4ro B (13) @Q=0; Takum o6pazoM, u3MepeHHe CpefHel FHEPTHH

L cucTeMbl CBOJNTCS K M3MepeHnto paboToi. Ecin cicréma He aBasercs |
TePMHUYECKH H30JHPOBAHHOH, MLI° MOXeM ONpEele]HTh MOTJIOLIEHHOe elo
TENJIO ¢ IIOMOLILbIO q)opMleb[ (13), ecin ucno/1b30BaTh 10JY4EHHYIO DaHee
undopmaLHo o ee cpejHefl 3HepTHH U nsmepmb COBEPIIEHHYIO HaA cHc-
TeMOl paborty.

Mul nmokasanu, Kak B MpPHHIUIIE MOMKHO H3MEPHTb BEJHUHHB, BXO-
asime B gopmyary (13). Tenepp pacemoTpum nolo6HsIe H3Mepenns Goiee
moxpo6HO H npHBENeM HEeCKOJBbKO IIPHMEepOB.

Pa6oma. B cooreercteuy ¢ omnpefenenueM (3.51) makpockonuugec-
xas paboTa, coBepllaeMasi Hal CHCTEMOH, paBHA BO3DACTaHHIO CPefHeH
SHEPTUH CHCTEMB!, €CJIH TIOCTIEAHAS Te PMUUeCKH H30IUpoBata (M/IH adu-
abamuecki U30AUPOBAHA) U MEHSIETCST KaKOH-TO H3 BHEILHHUX NApaMeTpoB.
B 3TOoM c/lyyae BO3pacTaHue CpelHeH SHEePTHH MOMKHO BBIYHC/HTL Ha
CCHOBAHHH MPOCTHIX 3aKOHOB MEXaHUKH: OHO ONpefe/siercs HpousBene-
HHUeM CHJbl Ha cMelieHHe, elo Pri3BaHHOe. CTPOro roBopsl, BHUHC/IEHHE
M3MEHEeHHs! cpefHell sHepruu TpefyeT BBIYMC/EHHS CPEIHero 3HaueHHs
3TOrO - IPOHM3BeeH s IJs CHCTeM, 06pa3yIomUX CTATHCTHYECKHM# aH-
cambiib. ORHAKO, €CTH MBI HIMEEM AeJ/I0 C MAKPOCKONIMYECKHMH CHCTEMAMH,

*) Uaest sToro MeToja fiCHa. aMbIIHEMACTAM, TOTOBHBIIMM NMHI(Y B ropax. Ha 31,1.-
coTe Garofaps MEHblIEMY, aTMOC(HEPHOMY AaBJEHHIO BOJA KHIHT IPH MeHbilef TeM-
nepaType, 4eM Ha ypDOBHe MOpH.
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CHJIa H CMElIeHHE ABAAIOTCA MaKPOCKONHYECKHMH BEJIHYHHAMH, KOTOpBIE
NO4YTH BCerJd paBHbLI CBOUM CPEJIHHMM 3HAUCHHAM, TaK UTO HCITLIThIBACMbIe
UMH QuiyKTyaluul npenebpexxumo madel. 1lostomy Ha nmpakTuke jocra-
TOYHO BBINOJMIHHTE H3MEpeHHe C OIIHOH CHCTeMCﬁ, YTOOKI onpeae/iTb H3-
MeHeHHe cpelHeH SHepPTHH H COOTBETCTBYIOULYIO pabory.

Mel npuBeseM HeKOTOpble MPHMEPHI, KOTOPbIE IOKaXKYT OGBLIYHBIE
NPpHEMBI, NIPHMEHAEMbBIC AJid HU3MEPEHHA paéOTbI.

fHIpumep I. Mexaunueckasa pa6ora. Ha puc. 5.6 nokaszana cuc-
Tema A, cocrosias 3 COCYJa, HAMOJHEHHOrO BOJIOH, TepMOMeTpa U Koseca C .JTonac-
TAMH. JTa CHCTeMA MOKET B3aUMOLEHCTBOBATDL € BechMa npoctoli cuctemoii A’, cocrosi-
nieil U3 Tpysa u 3emsn. Jeficteue 3emau CKasniBaeTcsl B MOSBJACHIA IPaBHTALIIOHHON

cuJibl w, JdeiicTBytomeit Ha rpya OGe CHCTeMbl MOTVT B3aMMOJZelCTBOBaTh, TAK KaK Ma-
Jalomui Ipy3 BpamaerT KoJeco, KOTOPoe HPOH3BOLWT mepeMellHBaHHe BOIbl. JTo

Lucmena A Cucmema 4
Puc. 5.6. Cucrema A coCcToHMT H3 CoCy- Puc. 5.7. CucreMa A COCTOMT H3 CoCy-
Ja C Bojoil, TepMoMeTpa u KoJeca C Ka € BOAOIl, TepMOMeTpa H SJleRTpHYeC-
sonactaMu. Ilajalomuii rpys coeep- Koro conpoTusileHns. PaGota nap s1oi
waet paboTy Haj 3Toft cHCTemoll. cucTeMoil cosepaercs Gatapeeil

B3anMOJieCTBUe sIBJfAETCS afHabaTHUECKHM, Tak Kak eIHHCTBEHHAs CBSi3b MEXKAY
CHCTeMaMH OCYILECTBJSIeTCs C HOMOILLIO BEPERKH, yepe3 KOTOPYIO NpuTeKaeT npeHebpe-
JKAMO MaJoe KOJIHYeCTBO Teia. BuellHHM napaMeTpos, XapaKkTepH3YIOMHM CHCTEMY
A’ siBjsieTcst paccTosiHNe S OT rpy3a fio 61oKa. Ecau rpy3 chMeuraercsi Ha paccTosiHie
As, He MeHsisl CBOeil CKOPOCTH, TO CpeiHsist JHepris cucreMbl A’ yveHblIaeTcss Ha Bedi-
ynHy w As, paBHYIO YMeHbIUCHHIO MOTeHUHATbHON SHeprHH rpysa *) (cuja TsiKecTH co-
Bepuiaer pabotry Hal rpysom). Tak Kak cocTaBHast cucTeMa, 06pa3oBaHHasl CHCTEMAMI
Aun A’, sBasercs H30ANPOBAHHOI, CPeJiHsis SHeprHst CucTeMbl A JO/DKHA BO3PACTI Ha
eesruBHy w As. DTo 3HAYKUT, 4TO NMagaromHil Tpya w cuctembt A’ npomnssen max ainaba-
THYECKH H30JHpoBaHHoll cucTeMoil A pabory w As. Takuy o6pa3om, namepeHue paGoTsi,
NPOH3BEREHHOIl Haj CHCTEMOM, B 3TOM CJIyYae CBOIHTCS K H3MEpeHHIO cueleHHs As,

MMpumep L. OnexTpnueckas pa6Gorta. Pabory, -cosepaevylo
€ MOMOLIBIO 31eKTPHUECTBA, MOXKHO JIErKO W TOUHO uaMepHTh **). ¥YcrpoitcTso, noka-
32aHHOe Ha pHC. 5.7, aHAJIOTHYHO YCTPOIlCTBY, pPacCMOTPEHHOMY Bbiie Ha pHC. 5.6.
OHO COCTOHT H3 COCYJA C BOJOIT, TEPMOMETPA H 3J1eKTPUYECKOTO COMPOTHBACHHS!, COeTH-

*) I'py3 o6nluHO cnycKaercs ¢ MOCTOSIHHON CKOPOCThIO, TAK KaK OH OUEHb GHICTPO
JOCTHTaeT KoHeuHoH cKopoctH. Ecam ckopocth rpysza MeHsercsi, TO H3MeHeHHe
cpenneii 3Heprsn A paBHO H3MEHEHHIO CYMMBI [IOTEHLHAJIbHOH IHepruH H KHHeTHUe-
CKOH 3HEprHH rpyasa.

**) Dra pabora sBASETCS MeXaHHYecKoil paboroii, HO ee COBepll.lalOT 3J1eKTpHYe-
CKHe CHJIM.
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HeHHoro ¢ 6atapeefi ¢ 3. 4. c. V. CoejuunTtedpisie NPOBOAA HACTOADKO TOMKH, 4TO CHC-
TeMy A MOMHO CUUTATh TEePMHYEeCKH H30AUPOBAHHON oT GarTaped. Bmemnum mapamer-
PoM 4718 GaTaper B JAHHOM CJVyae ABAsieTCS NepeHocHMbll elo 3apan ¢. Eciu Gatapes
fleperiocHT 3apsA Ag, npoTexawMHil yepes conporHBiIetne, To pa6oTa, coBepulaemasn
B 3TOM npouecce Gatapeefi uag cucremolt A, pasua V Ag. 3apaa Ag Jerko H3MepHTS,
onpeaeans BpeMss A/ NpoTeKaHHA H3BeCTHOrO TOKa uepe3 Garapelo: Ag=i At. Conpo-
THBIeHHE UIPaeT COBEPUICHHO TY Xe POJb, UTO H KOJIeCO ¢ JOnacTsiMi B IPelbiAviLeM
upUMepe: 3TO YCTP@IICTBO, HAJ KOTOPLIM YI0GHO coBepuiaTh padoTy.

OcobeHHOll NPOCTOTOR OTJHYACTC PACCMOTPEHHE Keasucmamudec-
Kix Tpoueccon. Mul nonumaem NOA 3THM HAa3BaHUEM NPOLEeCCh!, [‘[pOTE/-
Kamollle JAOCTATOUHO MeLJeHHO JJs  TOro, '
gTOo0bl paccMarpHBaeMasl cucTeMa Bce Bpems
HAXOAHNACh CKOJb VIOAHO O/JH3KO K COCTOS-
HHIO paBHOBeCHA. PaccMOTpHM HMEIOMHA BaXK-
HOe 3HaueHUe Cayuaid nortoxka (aBHKywefics
cpeich MoKeT ObITh KIAKOCTb HJAH Fa3) H Hait-
JeM  BelpaxkeHne Aas paloTel, COBepIIAEMOR
HaZ 3THM IOTOKOM B KA3HCTATHUECKOM HpO- - 6"——'—4
tecce. Tak KaK NOTOK MOCTOSTHHO HAXOAHUTCA

Puc. 5.8. BelecTpo B LHJIMIA-
B COCTOSHHH DaBHOBECHH, B HEM OTCYTCTBYIOT  pe (ras Ham WHAKOCTH), orpa-
HEOHOPOJHOCTH NJIOTHOCTH H IPVTHE SIBJICHHUS], ~ NMUeHHoe noasuibnd tfl“"P‘“'
. = o HeM C TIOBepXHOCTBIO . Pac-
XapasTepHble /s ObICTPBIX TeUEHNI BeUIeCTBA,  crosmme nopums or  aenoh
I MOTOK MOKET ObiTh OMHCAH C IOMOLUBIO Cpefl-  CTensi ofodtadeilo vepes s.
Hero JasjeHust p. Jlis npocToThl J0ONYCTHM,
4TO Halle BElleCTBO HAXOAMTCH B HHIMHADE, OrpaHudeHHoM ¢ OJHOH CTO-
POHBI MOJBHXKHBIM TOPLIHEM (C [MIOILAIbI0 TIOBEPXHOCTH .4), KAK NOKa-
3aHO Ha pHc. 5.8. Buewnum napaMerpos Takofl cACTeMbl SIBJSIETCS pac-
CTOSTHHE S OT JieBOil CTEHKM 10 NOPIUHS HJIH, 49TO 3KBHBA/JEHTHO, 0o0bem
V=.[s, sannnaemblil BelecTBoM. Jlagjenue paBHO cuJe, NPUXoAsALIEHACs
Ha elunnuy miowani. [TostoMy cpeansis BeJUUMHA CHIIbL, AEACTBYIOLIEH
Ha nOpiieHb CO CTOPOHbl BellecTBa cJjaeBa Hanpaso, Oyner p.i, coor-
BeTCTBEHHO ¢aM NOpuleHb AeHACTBYeT Ha BEILeCTBO ¢ TOH Ke CHJAOH, HO
B TIPOTHBONOJOMKHOM Hanpas/ieHuu. [JomycTHM, YTO nOpLIeHb OYEHb Mej -
JIEHHO CMEILAeTCsl BIPABO HA BEMHYHHY ds (MPH 3TOM 00beM, 3aHHMaeMbIf
BelileCTBOM, MeHsercs Ha {ds). Pafora, copepmiaeMast HaJ BeillecTBOM,
Oyler paBHa

dW = (—pA)ds = —p (A ds),
nan

dWs—MV! (14)

3HAaK MHHYC MOSIBJSETCA NOTOMY, 4YTO CMellleHHe ds W cuna p.d, neitcr-

BYIOILAsl Ha BEIeCTBO, HMEIT NPOTHBOINOJIOKHBIE Hanpas/ieHus *).
Ecnn nsmenenne o6bema BellecTBA INPOUCXOAHT KBasHCTAaTHYECKH

OT Haya/bHOTO 3HaueHus V; 10 KOHEeYHOro suaueHus Vi, 10 Ha moGo#

CTajiy 3TOro Mpollecca JaBileHHe p sBJsieTcsl HEKOTOpoH QyHKIHed

*) Jlerko noxkasatb, uTO BepaxeHHe (14) cnpaBeAnHBO Ls BellecTRa, 3aKJ/HOYEH-
HOrO B COCYA oOnemoM V npoussosibHoil GopMbL.
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of6beMa H TeMmnepatypsl. UToGbl BHMHCAHTE MOJHYIO paboTy, coBepiuae-
MYIO HaJ| BelleCTBOM B TEUeHHe 3TOTro nporlecca, HYKHO CJI0XKHTb Gec-

KOHEYHO MaJple paborsl (14). Takum oﬁpaso'u noJiyyaem

v 7 v;

g pav = pav.
Yy

i

W—— (15)

Pa6ota, comepiieHHasi Hal BELIECTEOM, MOJOXHTelbHa, ecau V<V,

u orpuuarespna, ecan V,>>V;. M3 (15) caeayer, uto sra paGora name-
_ psieTcst  3aWITPHXOBAHHOH  NJIOWAlbIO
FA noj KPHBOM Ha puc. 5.9.

Brympentaa snepeus. BepHeMmcs Te-
nepb ¥ ONpeleNeHUI0 8HYMpPeHHell sHep-
euu E MaxpocKONHYecKoii cHCTeMEl (T. €.
TIOJIHOM 3HEPTHH BCEX COCTaBJSIOIHX ee
‘YACTHIL B CHCTEME OTCUeTa, L€ LEeHTP
Macc cucrembl nmokourcest *). W3 mexann-
KM HaM H3BeCTHO, 9TO SHEPTHSI CHCTEMbl
V' (B wactsocTn, ee noTenumanbHas sHep-
rusi) MoxeT ObITb onpesejieHa ¢ TOUHO-

Puc. 5.9. 3aBucuMocTh CpefiHero Aae-

senus p oT obbema V A HeKoTOpoOil

creTeMbl. 3aWTpUXOBAaHHAS MJIOULAAb

n04,  KpUBOL CooTBeTcTBYT pabote,

coBepIilaeMOil HAJ CHCTeMOl NPH KBasli-

CTATHYECKOM VYMenbllle HHH 061>CMd
ot Vi po Vp.

CTBIO IO NPON3BOJIBHOH TOCTOSTHHOMN . ITO
JKe 3aMeuaHye cripaBelinBo, pasymeercs,
U [/t CpeJHero 3HaueHHs1 BHYTpPeHHel

sHeprui E MakpOCKOMHYECKOH CHCTeMb.

[TosTOMy 3HaueHHe aHeprun £ cUCTeMbl,
HaxoAAWeAcs B JaHHOM MaKPOCOCTOSIHHH, HMEET CMBIC] TOJIBKO IO OT-
HOLIEHHIO K 3HAYEHHIO HEPTHH HEKOTOPOTO CTAHZAPTHOTC MaKPOCOCTO-
SAHUA CHCTeMbl. PH3HUECKOE 3HAUEHIE HUMEET TOJAbKO PAagHOCHb CPEIHUX
SHEPTrHi, B HMEHHO 3Ta Pa3HOCTb H H3MepPSeTcst Mo NPOH3BEIEHHON pa-
foTe B TOM cjiydae, KOTAa cucTeMa anaHafaTHYeCKH H30JUpPOBaHA. D10
NOSICHEHO B CJIELYIOUIEM IpPHMEpE,

[Mpumep . OnexkTpHUuecKHe H3MepPeHHS BHYTpeHHE
9 Hepr#aH Paccmorpum cucremy A Ha puc. 5.7. Ee MaKpococTOsSTHHe MOXKHO Xapax-
TepH30BaTh C NOMOUIBIO eJMHCTBEHHOTO MAaKPOCKOMMYeCKOro HapaMerpa, a HMeHHo,
TeMnepaTyphl, ecld APYrHe MaKPOCKONHYeCKHe MapaMeTphl (HampuMep,  AaBJieHHe)
ocraioTcA HeH3meHHBIMH. HeT Heo6XoauMocTH, uToOB! 3Ta TeMnepaTypa Gblia Hamepe-
1a no abcomornofl mKane. Mbl MOxeM, HaupuMep, HPHHATH 33 Mepy TeMIIEPATY bt
JiuHY L cTo6HKE AKHIKOCTH B JII0GOM TePMOMETpe, HaXOAsIIeMCsT B TeMVIOBOM KOHTAKTC

¢ Hamell cuctemoil A. O6o3HaunM uepe3 E CpelHIOI0 BHYTPEHHIOIO SHEPTHIO CHCTEMbI,
Haxojsulelics B paBHOBeCHH B MaKDOCOCTOSIHUH, KOTOPOMY COOTBETCTBYET TeMIIepaTyp-

Helif orcuer L, a yepe3 £, — CpelHIOI 3HePrHI0 B HEKOTOPOM CTAHIAPTHOM MaKpOCO-
CTOSIHMH @, KOTOPOMY COOTBETCTBYeT Temmneparypa L,. (He Tepsas ofmuocTH paccyxje-

HHI, MBI MOXKeM NOJIOXKHTb BeTHUHBY E, paBHoit Hymo.) Hac unTepecyer crenyromuit
BOIPOC: KAKOBO 3HaYeHHe .cpefHell BHyTpeHHefl sHepruu E — E,, OTCUNTaHHOH OT

. *) B 3710M cayuae, ecin CHCTeMa Kak neoe mokoutca (B saopaTopu), ee BHYT-
PeHHsIsI SHePrus paBHA NHOJHON SHeprun. Ec/iM crcTeMa HaXORMTCH B IBUXKEHHH, e€
NOMHAST SHEPTHsi -OTJIHYAETCA OT BHYTpeHHell SHeprHH HA BEJHUHHY KHHETHUECKOH
9HEPI'HH, CBA3AaHHOH C JBHXKEHHEM LEeHTpa.Macc.
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SBEPTHU CTAHAAPTHOTQ MAKPOCOCTOSTHUS @, eC/IH CHCTeMa HAXOLUTCS B \1axpococromum
XapaxTepH3YIOIIeMcs TeMnepatypoit L2

Yro6bl OTBETHTb Ha 3TOT BONPOC, CAENAEM cucremy A TepMHl{eCKH Hsonupoaarmou,
Kak Ha puc. 5.7. [lycTb B Hayasle npoiiecca oHa HaxoguTes B coctosiiny a. CoBepuiim Hax
cHcTeMo#l HekoTopyio pabory W=V Ag, nponyckasi uepe3 conpoTuBJIeHHE Olpele/ieH-
HOe ‘KOJIMJeCTBO 3JeKTpHuectBa Ag. JlaauM cHCTeMe NpPHATH B COCTOSHHE DABHOBECHS
H H3MepHM ee TeMniepaTypHLil napamerp L. M3 ypasnenns (13) caexyer, uro npu Q=0

cpeiHee 3HaueHHe L SHeprum cHCTeMBl B ee HOBOM
MaKpococTosiHHU 6YAeT paBHO

Taxum ofpa3on, MBl HaulIH 3HaueHue E, coorBer-
crByloulee JAHHOH TemnepaType L. Ea
Tenepb Mbl MOMKeM MHOI'O pa3 MOBTOPHTb TAKOIO
poOJa OnBITH, KaXKAbH pa3 NPOH3BOAS HaX CHCTeMOl
pas/IHYHOE KOJHYECTBO pAaGOTH. AHAJNOTHUHBIM METO-
LOM MBI MOXKeM NOJIYYHTh HHGDOPMALHIO H O MaKpo-

COCTOSIHUSIX, CPeJHsAs 3Heprus £ KOTOPHIX MeHbiue

cpennefi snepruu £,. JJas 3T0r0 Hy:KHO IPHBECTH l"ﬂchnSﬁl'O;saﬁilz\ ggggﬁgﬁo?jg;z;
gec oK 2 A o
CH(;TFMX %COCTOHHHe" >fapax<repnsy}l()u1eec3 TgMHe- Hero suadenns BHYTpeHlell 3Hep-
paTypoi L, W 3aTeM M3MEPHThL KOJHHECTBO PAGOTEl, ' F  chotemst A Ha pe. 5.7
HeoGXOJMMOIl /1 NepeBoJa CHCTEMBI B COCTOSTHHE C OT TeMnepaTypHoro orcueTa L.
TeMneparypoii L,. PesyabTatom Godabiioro uncaa Ta-
KHX OmbITOB GyjeT Habop 3HadeHHil L, OTBevalolluX Pa3JHYHLIM 3HAYEHHSIM Temrepa-
Typnoro napaverpa L. [Tonyuennas undopmaunus Mosker GbiTh NMpeACTaBleHa B BHIE
rpacika, 11paMep KOTOporo mokasan Ha puc. 5.10. Temeps Hawra 3ajaua paspelueHa.
JleficTBUTENbHO, €C/IM CHCTEMa HaXONUTCA B COCTOSIHUM PABHOBECHS, TO C MOMOUILIO
NpHBeIEBHOrO rpadguka Mbl MOXKeEM, 3Has ee Teumneparypy L, HeMmeyieHHO [OJVUHMTH
CPelHIOID IHEPTHIO CHCTeMBI (OTCUHTAHHYIO OT 3HEPTHH crarmapmoro MaKpOCKOIHYe-
CKOI'O COCTOSIHHS Q).

Tenao. Y13 dopMyast (13) caenyer, uto uamepeHue Tema (Tak Hassl-
BaeMas Kaaopumempusl) MOXKeT OBITh CBEIEHO K H3MepeHHI0 paloThL.
BesnunHa HOTJVIOWEHHOTO CHCTEMOH Temja MOXeT OblTh H3MepeHa AByMs
crioco6ami; HeNoCPeACTBEHHO N0 MPOU3BeAeHHO!H padoTte JIM6O NO H3BECT-
HOMY H3MEHEeHHI0 BHYTDEHHEH 3HEPrul HEKOTOPOH APYroH cHCTeMbl,
OT KOTOpO# OblO mosydeHo Temno Q. Oba MeToxa HAJMIOCTPHPYIOTCH
CAENYIOUME [IPHMepaMHu.

[Tpumep IV.I[lpsasMoe HaMepeHHe Tenaa nNo NPOHS3BE
fAeHHO@ pa6ore Ha puc. 5.11 noxasana cucrema B, Hax0JAMAaACA B TEVIOBOM
KOHTaKTe ¢ cucTeMoil A puc. 5.7. B kauectBe cuctembl B MOXKHO B35Th HEKOTOPYIO MaK-
POCKOMHYECKYIO CHCTEMY, HallpHMep, KYCOK MeAH HJIH COCYH, HAro/HeHHb Bogoit. Mer
IpejlnosiaraesM, YTo BHElIHHE napaMeTphl CHCTeMbl B (PHKCHPOBAHD!, TaK YTO 3Ta CHCTeMa
paGothl He npousBoiuT. OHa MOXKeT B3aHMOZAeliCTBOBAaTL € CHCTeMOH A, JHMIIL MOrJ/o-
A% HEKOTOpOe KOJMMYecTBO Temia Qp. JOmycTuM, 4To Mbl HaukHaeM IPOHECT C HEKo-
TOPOTO MaKPOCOCTOSIHMS @, KOrja TNoJHasl cHcTeMa A-t-B HaxXoIMTCS B PaBHOBeCHH, a
TepMOMeTp NokasuiBaeT Temneparypy L,. [Tocse Toro Kak Garapes cOBepHIM/A HEKOTO-
pyio onpeflesentyio paGory W, Bca cHCTema mepellia B HOBOe COCTOSHME PAaBHOBECHS
b, ¥ nokasanue TepMoMeTpa paBHo L. Kakoe kosuyectBo Temia Qp MOIVIOLEHO CHCTe-
moft B B 3TOM . mpolecce?

. CocraBuas cucrema A+-B TEPMUYECKH H30JMPOBAHA. Us (13) caenyer, uto npn
sToM paGora W, coBeplieHHast Hall CHCTeMOH HJeT Ha yBeJHUeHHE ee cpejlel SHEpruK,
T. &

W —=AE  +AEp L (16)
197



rae AE 4 n AEg— ysenuuenite cpeaneit suepritn cuctem A n B coorsercrsenno. Han
cuctemoii B pa6oTa He MPOH3BOJHJIACL, TNOITOMY, NpuMenss pasencrso (13) K cucteme
B, Mbl umeem

AEp=Qp (17

T. €. eIHHCTBEHHOH NPHUMHON BO3pACTaHHs cpejHell 3HeprHH cucremsl B sprasiercs
norJoueHye TenAa or cucreMnt A. OGwennuss (16) u (17), umeem

Qp=W —AE,. (18)

Pagory W, coseputennyio 6atapeefl, MOKHO HelocpeICTBCHHO H3MepHTH. Ha npaktnke
cucTeMa A, cogeprkamasi CONPOTHRAEHHE H TePMOMETDP, oOBYHO Mada N0 CPABHEHHIO ¢
HHTepecyoomeli Hac cucremoll B. B Taxon cayuae H3nMeHeHMeM CPefHeil 3HepIHH CHCTeMbl

: A yoxuo tipetiebpeus (Tak KakAE (W, wiu

AFE 4<Qp); torza us (I18) uenocpefctsetio

r__/q,_.lll

—, WA — =

“ATZ - g =

- —_— - - |
Puc. 5.11. Ilpsasoe usMepeune (B cAn- Puc. 5.12. KosuuecTso Teiid,
HuRax paboTel) KOAHYECTBA Tellla QB . noraowentioe  Kyckom Mead C,
rorJioiienHoro cuctemoil B. Benomora- H3MEpseTCH Mo  KOJHNeCTBY
TeJsibliasl cHCTeMa A, COCTOALan K3 Tep- Tend, OTAQHHOMY L3BECTHOH
MoMeTpa H COOpoOTHBJCHIst,  MOKeT cucremoil B, cocTosinlell 3 co-
6uiThb CAesana oYeHb HeboOMbWOIR 1O CYAa C BOAGH M TepMOMeTpa.

CpaBHeHHIO ¢ cucremoii B, TeMitepary-
Pa KOTOpOil H3MepsieTcs.

creayer Qp=W. B OGojsee obuwleMm ciayuyae Heo6XOIHMO HCHOIL30BATL OMHCAHHBIE
BhilIle H3MePEeHHs, BHITOJHeHHble ¢ cHeTeMOH A, HA OCHOBAHHI KOTOPLIX Gbl NMOCTPOEH
rpaguk puc. 5.10. DroT rpadux gaeT BO3MOXKIOCTL HafiTH H3MeleliHe cpejdell 2HEpruy

AE 4, cOOTBEICTBYIOllee H3MEHeHHIO Temmepatypul of Ly go Lp. 3artem n3 (18) Mol
nojiydaeM KOJMYECTBO TeIlid, I[OIMOLLeHHoro cuetemofl B. 3amerum, 4wTo, MHoro-
KPATHO HOBTOPSIA ONHCAHHBIE 3]leCh U3MEPEHHUsl, Mb! CMOMEM YCTAHOBHTb 3aBHCHMOCTh

cpefiHell BHYTpeHHell 3neprun E g cucteninl B 0T ee MAKPOCKONHUECKUX NAPAMETPOB.
Mpumep V. Msmepenune KoamuyecTBa teUsa nNyTeM
cpaBHeinu s Koanuecrso rensia Q¢, NONONeHHOE HEKOTOPOIE cHcTemolt C, MOXKHO
H3MepHTh, CPABHHB Temsio Q¢ € TerjioM, OTHAHHLIM ApVroil cucTemoill B, Ads Kotopoit
Han H3BeCTHA 3aBHCHMOCTb BHYTpeHHNell sHeprhH oT Temnepatypnl. Hanpusep, cicrema
C moxer OBITb KYCKOM MejH, a cucTema B (paccMOTPeHHAast B MpeXbLlylueM NpHMepe)
MOKET COCTOATDh U3 Cocysa ¢ BOIOH H TepmomeTpa. [TpeinosokuM, 4yTo MBI CO31aeM KOH-
TAKT MeXAY OBeHMH CHCTeNAMHU, HallPUMep, NoMeiaeN KycoK MeaH B sogy. ITyers coox-
Has cucreMa B+ C GyReT TepMHUECKH H3OJHPOBAHHON, a4 BCe BHELIHHE NapaMETpHI
HeH3MEHHbl. 3aKOH COXPaHeHHs1 SHEPTHH, NPHMeHeHHb K STOMY CAYYai0 TernJI08oro
B3auMofeiicTBus Mexxay B n C, xaer
Qe+ 0p=0, 19)
rie Qq— Temno, norvouleHHoe cuctemofil C, a Qg— Tenso, norjomeHHoe CHcTreMoli B.

Ho Ham M3BecTHH NOKa3aHMS TeDMOMeTPA B HAaYaJbHOM COCTOSHHMHU cucTeMbl B (1o ocy-
ILeCTBAEHUS KOHTaKTa ¢ cucTemoli C) H B ee KOHEYHOM COCTOSTHHYU (1IOCJIe OCYILLECTBJIE-

HHs KOHTA4KTa), & C/eJOBaTebHO, MBI 3HAEM H H3MeHeuHe cpejueir sneprun AE g B pac-

CMaTpHBaeMOM Npolecce, M PABHOE eMy KOJIHYecTBO NowiomiedHoro Tenia Qp=AEp.
ITostomy (19) memocpencTBeHHO JaeT Terio Qg, noraouleHHoe cucremoii C.
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B 3akniouenHe HeoGXONHMO OTMETHTB, YTO BCE PACCYXKIEHHS 5TOTO
naparpaga OCHOBaHb! Ha 3aKOHE COXPAHEHHs1 SHeprdi ¥ Ha BhIPAXKEHHH
(13), ompesensifomeM NOHATHS «TemJo» H «pabotay. CMBICA PasIHYHBIX
SKCIEPUMEHTOB, HCMOJNb3yeMbIX L5l ONpeleseHHs Tensa U paboTwl, no-
sICHEH HAMH C NOMOLLbIO HECKOJbKHX IPHMEPOB, HO MOMET ObITh TakKe
NOHSAT Ha OCHOBAHHU cjelylowell npocToil aHasorHi, TpHHaRJIeKalleh
X. b. Koaneny *).

[Tpeanosoxkny, 9To Mbl 0GIajaeM HeKHM BOISIHBIM pe3e€pPBYapoM, NPHueM OIHH
NOTOK BTeKaeT B pe3epByap, a Apyroil 13 Hero BuiTekaeT. Pe3cpByap MOXKeT TakKike
NONOJHATLCHA BOJOH 6/1arofapst IOAIAM H TePSATH BOAY B IIPoHecce HCNApeHu s, KOTOPIf
MBI MOZKeM CUHTaTh «OTPHUATETbHBIM A0 den». Ecian Taxoii pesepByap ¢ Bojoit sBasteTCs
adaJjoreil Hallell CHCTeMbl, TO HANOJIHAOWAN €T0 BojJa OTBeYaeT BHYTPeHHel SHeprHH;
BOAA, TiepenoCumMast NOTOKaMH, COOTBeTCTBYeT paboTe, a BOAA, NOCTyRAIOMAs B Bule
LOX IS, — Tenday.

[lpexne Bcero ciexyer 3aMeTHTh, YTO HHKaKHe HAOJIOIEHMS 33 CAMHM BOJOEAIOM
He MOTVT jaTh OTBCT Ha BONPOC O TOM, KaKas 4acTb BOJbl [IPHHECEHA NOTOKOM H KaKas
4acTh BeINMaJaa B BHje R0 s, TepMHH «I0x/b» 037auaeT JHIIb cnocof, KakKHM Boja 11o-
CTYNHJIA B BOJOEM.

JlomycTHM Tenepb, 4TO Mbl XOTHAI H3MEDHTH KOJHYECTBO BOXHI B BojoeMe. ¥ Hac
€CTh BOAOMephl H, NOMECTHB HX B MOTOK, Mbl MOXKeM 3aMePUTh KOJHYECTBO BOALI, NOCTY-
naloueit B pesepeyap # BuTexaiouleil M3 Hero. ¥ Hac, OXHAKO, HET W3MepHTesd s
JI03 51, HO MBI MOMKEN PacTSIHYyTb HaJ BOAOEMOM BOJOHENPOHHUaeMYIO 060/M0uKy (adua-
bamuyecrkas cmenxa). Teneps, nepekpbiBast KaiAbli H3 ABYX NOTOKOB, MBI MOXeM ycTa-
HOBHTb TIPOU3BOJIBHEI YPOBellb BOAbI B BOJOeMe i, 3Has OKa3aHUs BOIOMEPOB, TOCTa-
BUTL B COOTBETCTBHE KaXKJIOMY VDOBHIO COOTBETCTBYIOILEE KOJHYECTBO BOJbI B Bojoeme
(E). Takun 06pasod, TPOUIBONSL MPOLECC C CHCTEMON, OKpYXeHHOH aguadaTnueckoil
CTEHKOI, Mbl MOXKEM ONpeleuTh I0THOe KOJAHYECTBO HaXOAsILedcsi B BOJOeMe BOIbI A5
mo6oro CoCTOSIHHSL 3TOrO BOLOeMa.

Y 1ajun BOJOHEN POBHILAEMYIO o6onoq1<y naj Bojoemoy. Terieph BojoeM OyneT Ha-
NOJHATBECST KaK 3a CUeT NOTOKOB, TaK H 3a cueT Aok Aeii. Hac WHTepecyer, Kakoe Kouu-
4eCTBO BOJIBI IOCTYIIHJIO B BOJI0EM B BHJE JCXKISA B TedeHHe HAHHBIX cyToK? OTBeT Ha 3TOT
BONpOC JIErKO MOJYUHTB: N0 Pa3HOCTH YpoBHell BOAbI B BOJOEME Mbl Y3HaeM H3MeHEHHe
KOJIHYeCTBA BOJBI 3a MHTepecylolHe HAc CYTKH, & NOKA3aHHA BOJLOMEPOB JAIOT HaMm
KOJIHYECTBO BOJibI, NpHHeceHHoit B pesepByap oboumH norokamu. Pasnocth ofenx
BeJHUHH JdeT KOJIMUEeCTBO BOAbl, MOCTYNHBIIEH B BOJOEM B BHJE NOKASA.

5.4. TenjoeMkocTb

~ PaccmoTpHM MaKpOCKOJIHYECKYIO CHCTEMY, 49be MaKpOCOCTOSHHE Ofl-
penessiercs abcosnoTHON Temneparypoil T H psJIoM APYTHX MaKpOCKOIH-
YeCKHX [1apaMeTpoB, KOTOpBIe MBI oGo3naduM ueped y. Hanpuwmep,
MOKeT 03HAUaTh O6BEM HJH cpelHee jaBjeHHe cucTeMbl, JlomycTiM, 4To
HayaB C COCTOSIHHSA, XapaxTepHaywoulerocsi temneparypoil T, Mbl coo6-
ulaeM cHcTeMe GeCKOHEUHO MaJjoe KOJIHYeCTBO Temna d @, mpudem ocTalb-
Hble TapaMeTpbl Yy OCTATCs (HKCHPOBAHHBIMH. B pesyabTare Takoro
. Ipomecca TEMMEepaTypa CHCTeMbl H3MEHHTCs! Ha GecKOHEYHO MaJjyio Be-
anguny dT', KoTopasi 3aBHCHT OT IIPHPOJBI CHCTEMBI, & TakKe OT HapamMer-
POB Y, OIpelesOIHX Haua/bHOEe MaKpOCOCTOsIHHE cHeTeMsl. OTHO-
eHue f0°
i
¢=(ir), (20)
*) H. B. Callen, Thermodynamics, pp. 19—20 (John Wiley and Sons,
Inc., New York, 1960). ‘ :
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Puc.5.13. Hanboace Baknast BHYT-
peHHSs YacTh npibopa, HEnoabaye-
MOTO /sl HM3MepelH# YAeabhoil
TeNACEMKOCTH NIPH  OYeHb [HM3KHX
TemilepaTypax, 6Mu3kHX ¥ 0,1 °K
(3 npHdLiie 3707 npudop aanoru-
yeH YCTpOHCTBY, MoOKasaHHoMmy Ha
pic. 5.11). Cuctevoil B, Tenmoem-
KOCTb KOTOPOit n3MepseTcs), sBas-
eTcsl KYCOK MeAH. ITa cucerema B
HAXOANTCA B TePMHYECKOM KOHTAK-
Te ¢ JONOJHHTeNIbHOH cHCTeMOH A,
COCTOsIel H3 3/MeKTPHUeCKOro Ha-
rpeBartesl (OH cAeflal M3 HECKOJb-
KHX BHTKOB MaHraHHHOBOIl npomo-
HOKH) H 3JeKTPHUYECKOro TepMO-
MeTpa Ha COnpoTHBAeHHH. COCTaB-
nast cucteMa A-+B  TepMmudecku
H3o0JiHpoRana. Wsonsua o(’;ecne‘m-
paeTCA TEM, UTO CHCTeMa MojBelle-
1Ha Ha TOHKHX HUTAX ¥ HAXOAHTC:
B COCYAS, B KOTODOM CO3JaH Ba-
KyyMm {(cM. puc. 5.14). Brauanae
MeZublil ofpaseyw oxJaxJAaercst A0
sKefaeMoll HH3KOil TeMiepaTypli.
C 37O/ ILe/IbIO MeAHBIHi NPOBOX, BhI-
xoAaninii U3 obpasua, 3aXxpaTbiBa-
eTCS 3aKKMaMy TEIJIOBOTO BHIKJAO-
yateJisi, 4To obecneunBaeT Heo6GXo-
AMMBIIL TENIOBO# KOHTAKT C OXJa-
RHTEJeM, HaXORAIHMCS B BepXHel
yacTd INpubopa. I — 32:KAM Ten-
JIOBOTO BBIKJlOYaTENs, 2 — MeAHas
IPOBOJIOKA, 3 ~— TEPMOMETp CONPO-
THBJIEHHSA, 4 — NOJJIEPIKHBAIOHIHE
HATH, 5§ —~'Mejbii- obpaden, 6 —
SAeKTPRYeCKHN HarpeBaresib.
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HOCHT Ha3BaHHe MenoeMKOCTLL CHCTEMB *). |
Msl nHImeM HHJEKC ¥, yToObl VKa3aTh napa-
MeTp, OCTAIOMIHIACH (PHKCHPOBAHHBIM B I1PO-
liecce coobieHHst Tervia cucreme. Tenso-
eMKOCTb C,, AIBIHETCH Jerko H3MepHMOH Xa-
PaKTePHCTHKOH CHCTeMbl. 3aMeTHM, 4TO OHa
3aBHCHT HE TOJbKO OT HPHPOABl CHCTEMBI,
HO H OT 3HA4eHHIT NapaneTpoB Y, ONPeiess-
IOHIMX MaKpOCOCTOSIHHE CHCTEMBI; B OOLIeM
cayuae C,~C, (T, y).

CrejlyeT 0:xHAaTb, YTO KO/JHYECTBO Tell-
Ja d @, KOTopoe HYXKHO BBECTH B CHCTEMY,
4yToOHl BbI3BaTh JaHHOe H3MEHEHHE TeMile-
parypel dT, Gyner nponopiHOHaABHO 10~
HOMY YHCJAY 4YacTHi B cHcTeme. [losTomy
VI0GHO BBECTH MOHATHE 00 yoespHol men-
AOEMKOCTIL, KOTOPasi 3aBHCHUT TOJBKO OT
NPHPO/IbI PACCMATPHBAEMOFO BELIECTBa, HO
He OT ero KoJaudectBa, UToGBl MOJYYHTH
TAaKYyl0 BEJIHUHHY, CJACLYET TEMJIOEMKOCTh
C,, MoAyYeHHYIO A8 Vv MOJIefl BemlecTsa
(AW M rpamMM), PasienHTb HA YUCA0 MOJed
(i uncno rpamu). Takum o6pason, Mbl
NoJIyuaeM yOeabHYI0 menA0eMKocy 00H020
MOASL BelLECTBA

1 /dQ -
=sCy= + (dT) @1)
WIH  yOeAbHylo  menaoemxocme — 00HO20
epasma BEWECTBA )
o _ / /fQ )

M3 (21) caeayer, uto eauHuued MonﬂpHoix
teroeMkoct B cHereMe CI'C  gsasercs
ape-epad™t  moae™t.

B mpocrefiiem - cayuae Bce sHewHuUe
napaMeTpel CHCTeMB! (Takie, Kax, HaIIpH-
Mep, ee o0beM) OcCTaloTCsl (PHKCHPOBAHHBI-
My B npolecce feperaud reny temja. [lpu
TOM Hald TeJOM He MNPOU3BOAAT HHKa-
Koft paborst n dQ=dE, T. e. NOIVIOLIEHHOE
TEMUIO LEMKOM TPATHTCA HA yBeJHUYeHHe
BHYTpeHHeH sHeprun cucreMbl. OGo3HaYast

*) 3ametum, uto npasas uacTb (20) He sBJsA-

ercst Npou3BOAHOll, Tak kak dQ, B obulem ciayuae,
- He ofipefienisier,, GeCKOHEUHO Manou pasx—xocm D;Byx

BeJIHYHH.



BCE :gHEUIH e TTapaMETPLL yepes X, Mbl MO2KE€M HaNHCcaTh

=)&), @

Tocsennee Buipakenue siB/IsieTCst NPOH3BOAHON, TaK KaK dE.eCTh HCTHH-
HBlit audpepennuai. Mpl MHLIEM CHMBOJ 4acmHoll POH3BOLHOMH, 4TOGHL

Puc. 5.14. dotorpadms seeil annapaTypbi AT M3MePEHHs YA IbHOI TeNJIOEMKOCTH BGanau O, 1°K.

BuyTpen#sisi uactb npubopa (Ha pnc. 5.13 ona nokasana # yseJHYeHIOM BHAC) 37ecCh nodBeiles~

Ha Ha TPeHOKHHKe, CACJAAHHOM 13 TPYS Heprkaselonell CTany, Yepe3 KOTOpble NPOHCXOAUT OT-

KauKa CHCTeMbl # NPOXOAAT aJeKTpHYecKHe Aposoda. OTKAYMBACMBIl COCYA IPH H3MEDEHHIX

OKpY>KaeT BHYTPEHHIOW YacTb Npubopa; Ha PHCYHKe OH 110Ka3all  OTAE/bLHO. Jlaa n3mepenufi

seck npubop norpyxaetcs B cocyA Jlpiapa, noxkasannbil caesa. ! — yeTpoONcTBO © COCYAOM
Huioapa, 2 — ofosiouka, & — BHYTPEHHHAS UaCTb annapaTypsl.

NOAYEPKHYTb, YTO BCe BHEIIHHE NapaMeTphl OCTAIOTCH HEH3MEHHDLIMU.
M3 (4.35) cienyer, YTo. TeILIORMKOCTb BCErAa 0J0KUTeIbHE, T. €.

‘ C,>0.

(24)

YUTto0b! HMETb NOHATHE O nopsiakKe BeJAHYHHBIL, yKameM, 4T0 TEI/IOEMKOCTD
BOJbI *) NpH KOMHATHOH TeMnepatype pasHa 4,18 dxc-epadt-27!. :

B 1. 4.7 Mbl paccMaTpuBadi C/1ydaii ra3a, HaCTOJbKO Pa3peeHHOro,
YTO €10 MOXKHO CUHTATh HJ€a/bHbIM H -HeBbIpoKAeHHbIM, Ecun k ToMy

%) McTopHuecKl TENNOEMKOCTh IPaMMa BOAB! MOCAYKIIA onpelefeHuem efh-
HUIb Kaa-2pad~1-2=1, TloaTomy coBpeMeHHOe onpele/ieHie KalopHi~3aK/II04aeTCa B
‘ P
TOM, NTO! IF0-€HHHUA TemAa, pasHasg | xar=4,18 due. S
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¥e ITOT rasz odnoamomuwili, 10 u3 (4.83) u (4.85) caenyer, 4TO cpesusis
SHEepPTHsl MOJs TAKOTro rasa paBHa

E= 3 NKT =3 RT, (25)
rae N, — uncao Asorazpo m R=N_k — rasopas noctosnnas. s

(23) caenyer, 4TO MOJISIDHAs TENJIOEMKOCTb IPH MOCTOSIHHOM o0beme
JOJKHA ObITh paBHa

A1 OQHOATOMHOTO HAeaJbHOIO rasa

=) =2r (26)

3ameTdnM, YTO MOJYUCHHBIN Pe3yabTaT He 3aBHCUT OT TeMIepatypsi, 0Gb-
eMa H NpHpoAb rasa. B3as ana R uucaeHHoe 3HaueHHe (4), Mbl noaAy4a-
eM 13 (26), uro

¢y = 12,47 Omc.epad=t.2-1, ; (27)

310T pe3yabTarT HaXOAHUTCA B [IPEKPACHOM COIVIACHH C 3KCIIEPHMEHTANBHO
H3MEPEHHbIM 3HaYCHHEM y]leJIbHOf”I TEIJIOEMKOCTH OAHOATOMHLIX Ta3os,
HalpuMep, rejaHsd W/in aprosa.

5.5. 3uTponusn

Ha coorHowennst (4.42)
ds e ‘ (28)
) : T
CAENVET, YTO SHTPONHIO S CHCTEMBL MOXKHO OfiPEIeSHTh € TIOMOIIBIO U3-
MepeHHit Tensia H abCoOJIOTHOH = TemnepaTtvpbl. JleHETBHTENILHO, ecJH
M3BeCTHA TENJIOeMKOCTh CHCTEMbE KaK (PYHKIMS TeMIepaTyphl, TO BbiH-
CJE€HHEe HHEPIHH SBJAETcs NpocToill 3ajaueil. YroGel mofTBepiiTh 310,
IIPENNOJIOKHM, YTO BCE BHEIIHHE NapaMmMeTpPhbl CHCTEMbl (DHKCHPOBAHbI.
JlonycTHM, 4YTO CHCTEMa HAXONUTCS B PABHOBECHH TpH abGCOJIOTHOM
Temneparype 7, W NPHBeAs CHCTEMY B TeJIOBOH KOHTAKT C TeIIOBbIM
pesepByapoM, HaXOAAILHMCS IIPH Temueparype, GECKOHEUHO MaJo mpe-
poituaromeil 7 (IpH 5TOM NIPOHCXOAHT JHUIb OECKOHEYHO MaJjioe Hapyiie-
e PaBHOBECHS, a TeMIlepaTypa CHCTeMbl ocraercst paBHoH T), Mbl niepe-
jaju el GeCKOHEYHO MaJioe KojnuecTso Temia d Q. B atom ciuyuae pe-
3YJBTHPYIOUIeE M3MEHEHHE 3HTPONHH CHCTeMbl corsacHo (28) paBHo
dQ _C.(T)dT
dS*_T’"_—_‘T . 29)
B 3roit diopmyne Mbl HCIOJAB3OBAJIH OnpefeteHue TemaoeMkocta C,,
caenyiomee H3 (23).

Tenepb AO1YCTHM, YTO Mbi XOTHM CPABHHTb 3HTPOIMIO CHCTEMB! /sl
JBYX Pa3JHYHBIX MaKPOCOCTOSIHHE a@ M b ¢ ONUHAKOBLIMH 3HAYCHHSMHU
pHewHux napamerpoB. Ilycts afconioTHble Temmeparypsl A/ 0GOUX
MakpockonuueckHx cocrosnuii 6yayr T, u T, coorBerctBeHHO. B mep-
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EOM MAKPOCOCTOSIHHH CHCTEMA HMEET OflpelleiecHHoe 3HAYeHHE SHTPOIHH
8,=8(T,) u Bo Bropom cocrosiuun Sy,==S(T,). Pa3noctsp 3HTpOMHU
Sy — S, MOXKHO BBMHCJAHTB, €CHH NPEANON0KHTb, YTO CHCTEMA Nepe-
EOMNTCA H3 HAYaJbHOTO COCTOSAHHS ¢ Temmepatrypoit T, B KoHedHoe
COCTOsIHHE C TeMnepatypoll T, moc/iefloBaTe/bHEIMH GECKOHEUHO MaJsbIMI
aramMi. JTO MOXKHO OCYILECTBHTb, HpHBEIA CHCTEMY B KOHTAKT C psi-
JIOM TeIJIOBLIX Pe3epByapoB, TEMMEpaTypa KOTOPBHIX MOCJAeN0BATeIbHO
so3pactaeT na GeckoHeyuo MaJayle seansuHy. Ha Bcex crynmenax upo-
necca cHcrena 6yier GecKoHeMHO 6/1M3Ka K COCTOSIHHIO PAaBHOBECHA H
€e COCTOSHHE BCETN2 MOXHO OyJeT XapakTepH3oBaTb ONpesieJie HHBIM
3HaveHHeM Temnepatypst T. TakuM o06pasoMm, HCIOJAb3Ys pe3yJbTar
(29), mbl nosydaem ‘

tao oo
sb—sa:§7—?=g Cllgr. | (30)
T(] ’rH )

Ecsn B nurepsade remneparyp ot T, 1o T, Temnoemkocts €, He 3aBH-
cut ot Temnepatypsl, H3 (30) caenyer:

Sy—S,=Co(In T,—InTy) =C,ln il 31)

Qopumyaa (30) noasossieT BEMHCIRTD Pa3HOCTh HTPONHH. HTo6BI MOJY-
4YnThL aGCOMOTHYIO BeJUYHBY IHTPONMI, HaM HYKHO PacCMOTpeTb upe-
ReabHbli caydail T,—0. Mbt 3naenm lem. gopmyay (11)], 9ro B sTOM caty-
uae sntponus S,=0 (w1 3Havenuo S,=S,, onpenesseMoMy OpHEHTa~
1Hel cnuHoB cordacHo (12)1.

®opmyaa (30) no3BoseT NOJAYUUTh HHTEPECHOE NpejesibHOe CBOi-
CTBO TENJIOEMKOCTH. 3aMETHM, YTO PasHOCTb SHTPONHH B JeBoi wacTi
(30) Bcerja aBaseTcs ONpele/eHHbIM KOHEUHbIM YHC/IOM, TaK KAK YH-
¢JI0 JIOCTYTHBIX COCTOSIHUI BCerja koneuno. [losToMy HHTerpan B mpa-
BOH 4acTH He MOXKeT ObiTh (GeCKOHEUHO OOJBIIHAM, HECMOTPS HAa TO, YTO:
3i1aMeHaTeNb MOABIHTErPajibHOrO BbiparKeHusl paBeH Hy.a10. Ytodul obec-:
ne4uTh TAKoe IIoBEJeHHE HHTerpasa, TemiiepaTypHad 3aBHCHMOCTH
yIeJbHON TemJOeMKOCTH J10JrKHA 00/1a%aTb CJAeAYIOUIHM CBOHCTBOM:

opu T —0 C,.(T)— 0., (32)

310 — o6Miee CBOMCTBO TeNJIOEMKOCTH /o0oro BelnecTsa *).
Buipaxenne (30) umeeT Gosibllioe 3HAUEHHE, TAK KaK OHO OIHCHIBAET

BHYTPEHHIOIO CBfi3b, CYIIECTBYIOILYIO MEXIY JBYMH Pas/HUHBIMH TH-

namp MHQOpPMALMH O paccmartpuBaeMoil cHcreme. C OXHOH CTOPOHHI, B

*) Bripaxenne (26) 114 TeNIOEMKOCTH RICAJALHOTO Tasa 3TOMY He NPOTHBODEUHT,.
TaK KaK OHO IOJYYeHO JUISL. HeBLIpOXJEeHHOro rasa. IIpu nocTaTouHO HH3KHX Temmepas-
Typax 3TO NMPEANOJNOKeHHe nepectaeT OuTh cnpabesauBuiM. st paspexeHHoro rasa
COOTBETCTBYIOUIME TEMIepaTyphl YpesBHYAHHO MaJbl.
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- (30) Bxoaur remtoemxoctt C, (T), KOTOpast foAy4aercs U3 YHCTO MAKPO-
CKOITMYECKUX U3MepeHuii Temsa u Temneparypsl. C JApyro#i CTOPOHb,
BolpaxkenHe (30) conepxkuT sHTponHlo S=k In Q, Koropas ciaenyer us
PAacCMOTPEHHsT KBaHTOBBIX MUKPOCOCTOAHUH cucieMmbl. Takum obpasom,
SHTPONHS MOKeT ObiThb BbIUMC/IEHd H3 MaKPOCKOMHYECKHX H3MepeHHI
Ju60 HAa OCHOBAHMHU CHEKTPOCKONUUYECKHX [AHHBIX, AAOUIMX BO3MOXK-
HOCTb OMpe/eNiTh FHepPreTHYecKHe YPOBHH CHCTEMbI.

ITpnmep. B kauecTBe npocToil MIVIIOCTPALHU PACCMOTPHM CHCTeMY H3 NV mar-
HHTHBIX aTOMOB, KaXKJbll H3 KOTODHIX HMeeT cnuH ¥5. [Ipeinosio:kem, 4TO NpH JocTa-
TOYHO HH3KOIl TeMIlepaType 3Ta CHCTeMa CTAHOBUTCS dleppomazHumrol. D10 03Hauaer
TaKoe B3aMMOJeEHCTBHe MeXJY CIHHMHaMH, 6Jarogapsi KOTOPOMY OHH YCTaHaBJIHBAIOTCH
1apaJjleJibHO APYr APYTY, OPHEHTHPYSICh B OfHOM HanpasieHuH. Takoe BellecTBo 06-
Jafaer CBOHCTBaMH MOCTOsIHHOro marmuta. Ilpn T—0 crcreMe IOCTYNHO, TakuM 06-
pasoM, eJHHCTBEHHOe COCTOSHHe, OTBeyalollee OAHHAKOBOH HANPaBJEHHOCTH BCeX CNH-
HOB; no3ToMY Q—1 1 In Q—0. OZHAKO NPHU AOCTATOUHO BEICOKOH TEMIepaType Mbl Gylem
HamI0JaTh NOJHOCTLI0 CTy4alHYIO OPHEHTalHIo cnMHOB. Tak Kak y KaKloro cnuua,
paBHOTG %2 , BOBMOKHEI IB€ OPHEHTALHH, TO BCS CHCTeMa Gy leT uMeTh Q==2% jocTynHbix
cocrosaHuil, nosromy S=kN In 2. Orciona cienyer, 4To cO CIHHaMH Hallefl CHCTeMbI
csizana temmoemkocts C (7)), Koropasi, coracHo (30), ompelensieTcsi, YpaBHeHHeM

o)
C(TYdT
-‘—T*—::kN In 2.

0

Ato ypanueHue GyIeT CNPaBefJiMBO BCer/ia, He3aBHCHMO OT YACTHRIX 0COGeHHOCTed B3an~
MOjleHiCTBHSA, obecreyHBaomero GeppoMarHuTHOe MNoBejeHde pacCMaTpPHBaeMOH CHCTe-
MBI, H OT XdpaxTepa TeminepaTypHoll 3asucumoctu C (7).

5.6. VIHTeHCHBHbIE W 3KCTEHCHBRBIE napamMerpbl

Ilpexne uem 3aKOHUHTL 3Ty PJdBY, TOJE3HO KPATKO pPacCMOTPeThb
3aBHCHMOCTb Da3/HuHbIX MAKPOCKOMHUECKHX NapaMeTpoB OT Pa3MepoB
CHCTEMBI. DTH apamerpbl MOXKHO PasJeqHTb
Ha JABe rpynnbi: 1) napamerpsbl, He 3aBHCALIHE
‘OT pasMepoB CHCTeMbl (OHH HA3BIBAIOTCH UH-
MmeHcugHbIMUY, W 2) napameTpbl, NPONOPIHO-
HaJ/IbHbIE pa3Mepam CHCTeMbl (IKCIEHCUBHYLE T1a-
pamerphl). UToOb onpesesquTs 3TH NapamMeTpsl
6osee TOUHO, BOOGPA3UM, HTO MBI PA3eqHIH
HAaXOASILLYOCS B PABHOBECHH OIHODOIHYIO Ma-

Puc. 5.15. Pasaencnne omwo- KPOCKOTNHUYECKVIO CUCTeMY Ha jABe 4act (Ha-
B A PO eckoll ¢ [TpEMep, C MOMOLLBIO neperopogxu). INpenno-
JIOKHM, HTO MaKpPOCKODHUeCKU#l napamerp y,
XapaKTepPU3YIOUKHH BCIO CHCTeMY, = MPUHUMAET AA8 MOACHCTeM [ H
2 3HaueHMs y, U y,. Toraa
1) mapamerp HasbLIBAETCS UHMEHCUBHBIM, €CTU

Lo

1
|
1
!
|
|
!
!
!
!
i

Yy=Yy,=Y,
2) mapameTp Ha3blBACTCS IKCIMEHCUBHBIM, €CIIH
Y=y +y,
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Hanpuwmep, cpenree japieHde B cHCTeMe SIBJSETCS WHTEHCHBHbIM
rapameTpoM, Tak Kak ofe 4acTH pa3lieeHHOM CHCTEMbl HMEIOT TO e AaB-
JIeHHe, 4TO H [0 pasjieeHusi. AHAJOMMYHO, HHTEHCHBHBIM [1apaMeTpoM
AIBJSIETCS. W TeMIeparypa CHCTEMHI.

C npyroit croponb, o6bem V CHCTeMBI, TaK XKe Kak. M ee macca M,
SIBASIOTCS 9KCTEHCUBHBLIMH napamerpaMi. OIHaKO MJOTHOCTb BellleCTBA
B cucteMe p=M/V npencrasasier cobol HHTeHCHBHbIA napamerp. Oue-
BHHO, UTO OTHOILEHHE JBYX 3KCTEHCHBHBIX IaPAMETPOB SABASETCS HH-
TEHCHBHBIM: [1aDAMETPOM. - -

BryTpeHHsa s3Heprua E cucTeMbl siBJIs€TCS SKCTEHCHBHBIM Mapamer-
pom. MleficTBHTENbHO, 4TOOB pa3AEHTh CHCTEMY Ha /Be YaCTH, HEe HYIKHO
coBepliarh pabory, ecau npeHebpeub paboToH, 3aTpayHBaeMoil Ha o6pa-
30BaHHe JIBYX HOBBIX NOBEPXHOCTEH (1151 6ObIIOH CHCTEMB! 3TOH pabo-
TOH MOXHO npeHebpeun, eC/IM YHCA0 9acTHll BOIM3H NOBEDXHOCTH pas-
Jlesia oueHb Ma/0 MO CPABHEHHIO C TMOAHBIM YHCJAOM YacTHU B cHeTeMe).
[lostomy pasiesn cucTeMbl Ha, IBe HOIICHCTeMbI He MEHSIeT ee HOJHON

IHEeprun, T. e. E= F1—|—E

Tennoemxocts €, npeicTas/isiolias co60H OTHOLIEHUE BO3pacTaHst
HEPTHH K BO3PACTAHHIO TeMIepaTryphl, Takxe OV/eT 3KCTeHCHBHBIM Ma-
pamerpom. C JAPYTOH CTOPOHBI, MOJAPHAS TENJIOEMKOCTh, PaBHas . [0
onpenenenuro C/v (TAe v — YHCJAO MOJell B cUCTeMe), sIB/ISeTCS MHTeH-
CHUBHbIM TI2paMETPOM.

OHTPOMNHs MPEACTABJIsIeT cO6OH APYrofl npHMep SKCTEHCHBHOH BeJH-

YUHbL, DTO CAEAYeT U3 ee ONpeneNeHts: AS== ( dQ/T, Tak Kaxk norJowen-

Hoe temiao dQ=CdT — sennunua sKcreHCHBHast. TOT ke BHIBOJ cJie-
AyeT W H3 CTATHCTHYECKOro -ONpeJesieHHsT IHTponmuH S=kIn€, rax
KaK u4uc/I0 £ JOCTYIHBIX COCTOSIHHH TIOJHOH CHCTeMbl PaBHO Npo-
nsBeseHmo QQ, yHcIa JOCTYIOHBIX COCTOAHHE JABYX ee Jacred.

Imes ne10 ¢ IKCTEHCHBHBIM flapaMeTpoM, vacro ObiBaeT YA0GHO
BBECTH MOHSATHE O BeJMYHHE MapaMerpa, NPHXOASUIErocs Ha OJHH MOb.
Srot napamerp Oy/leT HHTEHCHBHLIM, HE3aBUCHMO OT BEJTHYHHLI CHCTEMbL.
B atom, Hanpumep, y100CTBO NOHSTHS 00 YAEAbHOH TemJoeMKOCTH.

Ceouxa onpejeneHuit

Tpotinas moura. MagpocoCTosiHie BelLecTBa, NPH KOTOPOM €ro razoo0pasuad,
JKHIKasg WIH TBepAast GopMa HaxoJUTCS B DABHOBECHH.

Keavsuna memnepamypa. Abcomorsas Temneparypa 7', BhlpakeHHast B TaKO# ixa-
Je, Tde TeMIepaTypa TpoHHOl TOUKM BOjAbl uMeeT 3Hauenue 273,16 rpanyca.

Abcoiromusiid Hyab. AGCOTIOTHAA TemnepaTypa, paBHas HYJIO.

Lleascun memnepamypa. Temneparypa no wikade Heascus, caeayounsi oGpazom
cBs3anuas ¢ aGCoJIOTHOH TeMneparypo# no wmkajde KeabsuHa:

8 =T —273,15.

Ksasucmamuseckuid npoyecc, Tlpolece, npoTeKaiomuit HACTONbKO MeJIeHHO, 4TO
CHCTEMY B KaKAbll MOMCHT BPeMeHM MOXHO CUHTATh HAXOJsLLeliCs B PABHOBECHOM CO-

CTOAHHH. .
Tenacemrocms. l'[ycrb cHCTeMa MorJiomaeT GeCKOHeuHO Ma/q0e KOJHUECTBO Tend

dQ u ee TeMnepaTypa Bo3pactaer npu 2toM Ha dT'. Ecin HeKoTOpble MAKPOCKOITHYECKHe
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AapaMeTphl CHCTEMBl OCTAIOTCA NOCTOSTHHEIMH, TO TENJI0eMKOCTbi0 Cy (PH TIOCTOSIHHBIX
. IapameTpax y) HasLBaeTcd OTHOWenne

Cy= (gg)y'

Mounspras menavensocms. Y jeAbHol TENNOEMKOCTh ORHOTO MOJA JIaHHOTO Be-
mecrBa.

Hrmencusrotit napamemp. MakpocKonuyeckuii napaserp paxojduleiicst B pasHo-
BECHH CHCTeMbl, 3HAUeHHe KOTOPOro /sl JIIOOOH 4acTi cucTeMbl OAHHAKOBO.

Ixcmencugretii napayemp. MakpocKonHueckHii napaveTp HaxoAsmeilcs B paBHO-
BECHH CHCTEMBI, 3HAUCHHE KOTOPOFO sl BCell CHCTEMBI PABHO CyMMe ero 3Haueund s
OTAEAbHEIX 4YacTell CHCTeMBI.

CcHoBHBIE (BOpMYaBI

Ilpenenbiioe 3HaueHHe ISHTPOIHH:
npu T —90, S—3§,, (D

rpe Sy— nocTosiBHAsl, He 3aBHCHWAs OT CTPOeHia cHeTeasl. [lpenenbHoe CBOHACTRO

TELJIOEMKOCTH:
mpy T —0 C—0. (I

3amaun

5.1. Temnepamypot, neobxodussie das noaspusayuu cnuxos. PaccMoTpaM uucien-
Hble A3aHHble, XapaKTepHble A5 NOJsIPH3ALHOHHLIX ONLITOB, ONHCAHIMWX B 3azauax 4.4
n 4.5. Jlonycrum, 4TO MBI XOTHM NIOJSIPH30BATh 06pasell, COCTOSILMIT U3 YACTHI[ CO ClH-
nom 1/2, ¢ nomompbio noas 50 000 2c Taxun o6pazom, WTOOH YHCI0 CRIHOB, HATPABICH-
HBIX «BBEpX», IO KpaiiHefl Mepe B TPH Pa3a HPEBOCXOIHJO UHCIO CIHHOB NPOTHBONO-
JIOKHOTO HaNpaB/eHUs.

a) o xakoit aGco/mIOTHON TeanepaTypel ClefyeT OXJaAuThb 06paseil, eC/H CIHHEL
S/MIeKTPOHHEIE H HM COOTBETCTBYET MaFHHTHBII MOMEHT po=s 10-2¢ spe/ec?

6) Jlo kaxoil TemnepaTypnl ZOMKEH OHTh OXJaXxien oOpasell, e/t YACTHILH sIB-
JISIOTCST TIPOTOHAMH, MAarHHTHBIH MOMEMT KOTODBHIX [lo=el,4: 103 spefec?

B) Hro BH MOMXKeTe €Ka3aTh of OCYILECTBHMOCTH ITHX ABYX OHBITOB?

5.2. Temnepamypa, neobxodumas 048 YcmpareHus IHMPONUL, c6AZAHHOL co cnii-
Hamu adep. PaccMoTpuM Kaxoe-HuOYAb TBEpPAOE Teao, sAPa KOTOPOTO HMEOT CIHH,—
HanpHMep, cepeGpo. MarHuTHLI MOMEHT KAXIOrO Kpd uveel Nopsiiok 5- 10~ gpe/ec,
a paccTosiiie My COCeRHHNH siApani 6,143K0 K 2- 10-8 cu. Buenlnee MarHuTHOE noJe
OTCYTETBYET. CoceiHHe SAPa B3AHMOAEHCTBYIOT APYT C APYroM € NOMOULLIO BHYTPEH-
‘Hero MarHHTHOTO AOJs B;, CO3]aBaeMOr0 MAaUHHTHBIM MOMEHTOM OJHOIO s1pa B Mecre
paCIOIONKeHHST COCEJIHETO.

a) Onennre BeaHuHHY B;, BOCIOIb30BABLIHCH 3JIEMEHTAPHBIMH COOGpPANKEHHSIMU
O MarHHTHOM I10JIe FO0JIOCOBOTO MArHHTAa.

G) Yenmy posxHa ObiTh pasHa Temmeparypa T Teepioro Teja, utobsl MarHUTHBIA
MOMEHT $si7ipa, HCTBLITHIBAIOWETO JeficTBUe MAarHATHOrO MOJS COCEAHHX ffep, MMej cy-
LEeCTBEHHO PA3JAHYHBIE BEPOSITHOCTH ObITh HANPaBJEHHBIM «BBCPX» MM «BHH3Y.

B) Ouennte BeHYHHY abCOMIOTHOIl TEMAEPATYPHI, HHe KOTOPOI MOMKHO OXHAATh
3aMETHOTO OTKJIOHCHHS SIAEPHBIX CIIHMOB OT €AydaiiHOll opHeHTaUMH.

5.3. Paboma, 3ampasusaemns H@ cucamue 2a3q npu nOCMOAHHON memnepamype.
PaceMorpuM v MoAel UACASbHOrO rasa, 3aK/IOUEHHOTO B HMAKKAPE ¢ nopuinenm. Hali-
Aute paboTy, KOTOPYIO HYXKMO COBEPHIMTH, YTOOBI MPOH3BECTH MEATCHHOE CKATHe rasa
OT HEKOTOPOro HaualbHOro obbema Vy 10 KoweuHOro ofbema V,, eciau Temmeparypa T
rasa OCTaeTcsl TMOCTOSHHOH (3TOTO MOXHO JOCTHUb, OCYUIECTBMB TENJOBOH KOHTaKT
C pe3epByapoM, HaxefswMMcs NpH Temrepatype T).

5.4. Paboma npu aduabamuueckosn npoyecce. Cpeansisi sneprust £ rasa onpegenena,
ecsu 3afian ero o6beM V' u cpeiee AaBaende p. Ecai o6beM rasa MeHsieTcst KBa3HCTaTH-

4eCKH, TO COOTBETCTBEHHO M3MEHAETCH CpefiHee JaBjpehue p (u sueprus E) rasa. Ilpen-
MIONOKAM, 4TO Tra3, GYAyYH TepMHYECKH H3OJHPOBAHHLIM, MeJUIeHHO HepeBOJHMTCS H3
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CoCTOsHIS @ B cocTosiHie & (pHe. 5.16). B arom cayuae 3aBucHMOCTb p oT V uMeer BUA
"; X V_5/3~
Yewmy paBua padora, coBeplideras ual a3oM B TAKOM mpolecce?

5.5. Pa6ora npH pasjHuHbiX npoleccax, COSAUHSAIOUIMX [BA MaKPOCOCTOSHMA.
B 3agaue 5.4 ra3 MOMHO KBa3HCTATHUECKH IEePEBECTH H3 COCTOSIHHS @ B COCTOSIHHE b
Pa3THUHBIME TYTSMH. PaccMoTpiTe HekoTOpEIe B3 BO3MOMKHBIX TPOLECCOB H BLIMHCJIHTE
JUISL KaXK10r0 M3 HHUX noanyio padory W, coBepllaeMyio HaJ CHCTeMOM, ¥ IOJHOE KOJH-
YeCTEO Temaa (, MOTJIOIEEeMOro CHCTeMOIl, .
eclld OHa coBepillaeT KBa3HCTATHYeCKHH ne- P 3
pexox 13 a B b (cat. pue. 5.16).

[Tpouece a —c—b. Tas, naxoasmwniics
OPH TIOCTOSIHHOM AdBJCHHH, CKHMAeTcs oT
HAuaILHOrO 00bema IO KOHeYyHoro. 3ateM,
P OCTOSIHHOM  00bexie, Tady CcooBLLaIoT
TenJdo, B pe3yanraTe 4ero jdsjeHHe BO3pa-
craer a0 32-108 dum -cu—2,

[Tponecc a—d—+b. OBe crvnens npeii-
Ayllero npodecca MPOXOAdTest B 0OpPATHOM y c a
HopsiKe.

ITpouecc a—b. Yseanuenwe obbema n T MJ 3 8§ Vv
NIOIVIOLLeHHE Tell1a [POHCXOIST TakuM o0- M -
fason, uTo AaBJeHHe JHHEIHO Mensierest ¢ Pue. 5.16. Pasnuunble npoueces, noxa-
06])6:\10,\1. 3a&lHbIC B NePeMeHHBIX! CpelHec HaBJieHHe

5.6. PaGomu, cosepwaenas ¢ yurkaude- p u obven V.
ckoat npoyecce. KpasucraTHuecKuil npolece,
coBeplaeMblil HaX{ KHAKOCTBIO, MOMeT ObITL, ONHCAH KpHBOH, Aaiouleii 3aBHCHMOCTb
CpeAHero AABJeHHUs XUIKOCTH OT 3aHHMACMOro elo 06beMa. B paccaorTpesnon HaMH Ipo-
Hecce HayajdbHOT M KOHeyHOe MakpococTostuls cosnajator (puc. 5.17). (Taxoit npouece
Ha3BIBAIOT yurauneckus.) OnucsiBaeTcs 3ToT NPOLUECC 3aMKHYTON KPHBOil, KaK BUIHO
u3 pic. 5.17. TTokaxute, yto paGoTa, CoBepLICHHAst HAX CHCTeMOIl B 3TOM TpouUecce,
usxepsieTcsl IVIOLAMbIO, OTPAHHUYeHHOfl 3aMKHYTONI XDHBOIL.

5.7. Tenao, noesowaesoe cucmenoi npu nocmosHHos dogaenuu. Pacemorpum cuc-
TeMy, HanpuMep, ra3 WiH >KHIAKOCTL, €ANHCTBCHHLIM BHELINMM TapamMeTpoM KoTopoi

7

d

573

DoV

10%3un-om™2
“ &

Puc. 5.17. Lukanyveckuit npouecc. Puc. 5.18. Cuctema, cocrosiyan
H3 DUAHHApAa, 3aKpbITOro no-
ABIZKHBIM NOPLIHEM. :

assiercst o6bem V. Ecii 06neM nogaepUBaeTcsl Hen3MeHHbIM, To padora Haj CHCTeMOH
ue npoussontest. Ecan npu 310M cHcTeste coobmaercst Temsio Q, To

Q=AE, o (M
rie AE o6GG3Hauaer pospacTanne cpefneii sHeprum cucremsi. Ilonycrum, omuako,
YTO CHCTEMA YAePXKMBAeICs MPH MOCTOAHHOM JBJCHHM Dy C IOMOLLBIO YCTPORCTBA,
[OKa3aHHOTO Ha puc. 5.18 M cocrosimiero w3 IuiuMuapa ¥ nopunda. B stom cayuae

IABJIGHHE Py OnpeiesieTcsl BeCOM TOPUIHs, a o0beM rasa V' ycraHaBIMBAeTCA B COOT-
BETCTBHH C JaBjendeM u Temuepatypoil. Eciu cucTeme coobiitaeres Teriio Q, Bhipaxe-



nue (I) nepecraer GbITh ClpaBesHBBIM. ﬂoxamme, 4TO ero cjielyeT 3aMeHHTb TaKHM:
CQ=AH, (1D

rie AH o3uayaer uamenenue seauunnst H==E~p,V cuctemst. (Beanuuna H naspisaerca
Jumansnied CACTEMBL)

- 5.8 Mexanuseckust’ npoqecc, cosepLuaerbiil ¢ u0eAabHbiM 2a30M. BepTHKANLHBIN
URITHHAP, CONEPKAmME ¥ MOJIelk OIHOATOMHOTO I'a3a, 3aKPHIT NOPIIHEM, Macca KOTOPOro
M, a nnomane A. Best CHCTeMa TepMHUYECKH H30JHDOBAHA. ¥ CKODEHHE CHJbI TSHAKECTH
HafpaBJeHo BHH3 H paBHO g. BHavase nopiledb HeNnoABHKeH, TaK 4TO ra3, HAXOASILKI-
ca npu abeomoTHoll TeMmepatype Ty, Hmeer o6beM V. 3areM nopilleHb 0CBOGOXK1aeTC s
Il HOC/Ie HECKOJIbKMX KoJleGanuit IPRXOAUT B COCTOSIHNE NOKOs1, OTBeYaloiee HeKOTOpOMY
MeHblleMy o6bemy V raza npu Temnepatype 7. [lpeneGpemem BCeMd CHIAMH TPEHUS,
NPensITCTBYIOMHMMH CBOOOJHOMY CKOJIBXKEHHIO NOPIIHA B (HJAMHIApE, 4 TaKXKe Telio-
€MKQCTBIO HOPIUIHA M UHJAHHAPA.

ia) Hemy paBHO cpelHee.aBJeHHe rasa B KOHEUHOM COCTOSHHH?

+6) PaccmorpeB pafoTy, COBepIIEHHYIO Haj Ta30M, H BOCHOJbL30BABLIHCDL M3BECT-
HLIM}L CBOHCTBAMH HACANLHOTO OHOATOMHOIO a3, BbIpa3uTe KOHeUHYI0 Temnepatypy 7
u o0bem V.rasa uepes TV, rasoByio noctosiunyio R u peaunuussl v, M, A, g.

8.9. Kasopumempuueckuil onvim. CoCyl 4acTHUHO HanoJHEH BOJOH, B KOTODYIO
MOrPyAeHH! 3eKTPHYECKOe CONPOTHBAEHHE H TEPMOMETD, NpeACTaBIAIOlIN] cO00k CTeK-
ASTHHYIO TPYOKY, 3anosiHeHHYIO PTyThio. Bes crcrena TepmuveckH m3onnpopata. Bua-
uaze, KOrjJa CHCTeMa HaXOJHJAach B TEPMHYECKOM PABHOBECHH NPH KOMHATHOH TeMme-
patype, AanHa L pTyTHOTO CTo6HKA B TepyiomeTpe Gbita pasra 5,00 ca. Ecu k conpo-
THBJEHHIO MOAKMIOUHTL [2-BosbTOBYIO GaTtapelo, uepes Hero TedeT TOK 3 4.

B nepeoit cragan onbita GaTapest BkJodeHa Ha 3 muuyTH. Ilocie ycTanopaenus
paBHOBecHsA OTcuer Tepmomerpa pased L==9,00 cu. 3arem Oarapesi CHOBa BKAIOUAETCH
ua 3 murytel. KoHeuHull oTcuer TepMomMeTpa NOC/]E YCTAHOBICHUS DABHOBECHR DABeH
1=13,00 cx.

Bo BTOPOIT CTalHH ONBITA B cocyX AoGasuan 100 e sogel. Hauaashblil oTcuer Tepmo-
meTpa To-npexHeMy paseH 5,00 car. 3aTem Gatapes sr/wouaercss Ha 3 MuayTol. Otcuer
TepMoMeTpa Hacie yCTaHOBJAEHHS paBroBecHst L==7,25 cu. BaTtapes CHOBa BKIOUaeTcs
Ha 3 MHHYTB; mocje JOCTHKEHHA HOBOTO pABHOBECHst OTCUET TEPMOMETPA paBeH
L=10,04 cu.

a) TlocrpoiiTe rpadwk 3asicHaMoCTH BHYTpeHHeit sneprin 100 e BoAb OT noka3anus
fepmometpa L.

6) KaxoBo B HCCJENOBAHHOM HATepBajge TemilepaTyp u3MeHeHHe BHYTpeHHel
sHeprHH 1 e BOAB NPM M3MEHEHHH OTCueTa Tepmomerpa Ha | cu?

5.10, Cpasrumeabrnii KAAOPUMCIMPURECKIUL Ol B cocya HanuTo 1‘30 2 BOIB! 1
1OMellleH. TepMOMETP, ONUCAHHBI B 3aiade 5.9. Besl cucteMa TepMuuecKH H304HpPOBaHA.
Havanpnpti oTcueT TepMoOMeTPa, OTBEUAIOWIMIT DABHOBECHOMY COCTOSIHMIO CHCTeMbl, pa-
ger L=6,00 cx pr.cr. K cucreme go6aruau 200 2 Bojbl, TeMIepaTypa KOTOPO COOTHET-
CTBYeT OTCueTy TepMoMmeTpa 13 cu. [lociae ZocTwkeHus paBHosecHst L=9,66 cxu.

Bo BTOpOIi cTajiny onbiTa B cocyll, copepxautiii 150 ¢ Bolb! H TepMOMETp, HOMera-
10T KYCOK MejH, Macca Kotoporo 500 e. Hauvaiabrbili oTcueT Tepmometpa no-npexHemy
paBen L=6,00 cx. K stoff cucreme fofasamor 200 2 soxw, Temneparypa KoTOpo#
COOTBETCTBYeT orcueTy Tepmomerpa L==13,00 cu. [locae NocTHKeHHsi paBHOBecHs
L=8,92 cu.

a) Bocnob30BaBUCh JAHHHIMH 3aiauu 5.9, BhlHCJAMTe KOJHUECTBO Telaa, fo-
TIOWEHHOT CHCTeMOil, cOCTOsIEl H3 COCYNa, BOXbl H TeDMOMETpA B 1epBOfi Crajni
onbiTa.

_6) KakoBo n3MeHeHne BHYTpeHHell sHeprau, 1 @ MeJH IDH H3MEHEHHH TeMiepaTyphl
na BeIHYANY, COOTBETCTBYIOMYIO 1 C# KA/l TepMoMerpa.

5.11. Anomaaun yoeabroli menaoemrocnu. PaccMOoTpuM cHETeMy, coctosyio #3 N
[cnabo B3anMoneACTBYIONHX YacTHil. ITpennonexnm, 4To Kaxjas YaCTHIA MOXKET Haxo-
RUTBCS B OIHOM M3 JBYX COCTOSHHI, IHEPrHS KOTOPHIX & H €, NPHYEM €1 <&,

a) He fleast roapoGHBIX BBIUHCJIEHHH, TIOCTPOHTe rpadiK 3aBHCHMOCTH cpejwed
SHeprHH 'E cuctémut ot a6commoTHON Temnepatypst T Henoasayiite stor rpaguk (od 6pL1

.nonydeH B 3ajaue 4.8) ua IOCTPOEHHsI 3aBHCHMOCTH TensoemxoctH C ot T (npeanosa
_raﬂ 4T Bee BHELIHHe N1apaMETPH He MEHSAIOTCs). Hoxamme, YTO 3TA 3ABHCHMOCTDb N1PO.
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XOJHT Uepe3 MaKCHMYM, H OUEHHTe BeJHYHHY TeMIepaTyphl, COOTBETCTBYIOUIEH MaKCH-
MYMY TeIIOeMKOCTH. -

© 6) Bpumcanre cpenmioio suepro E (T) it Tennoemkocts C (7)) cucremsl. Iloka-
JKHTE, UTO NOJAYyUYeHHBle BAMH BHIpaXKeHHs 061aJaI0T PacCMOTPeHHBIMH B @) CBOHCTBAMH.
' Takue cnyuau, Koria B HeKOTODOM TeMIIEPAaTypHOM HHTepBaje HMEOT 3HayueHue
fIBa JUCKPETHBIX YPOBHS 3HePrHH, BCTpeuaioTCcsl Ha NpakTHKe. COOTBETCTBYIOLLEE TTOBe-
JleHHe TenJIOeMKOCTH HOCHT Ha3BaHHe axomaauu [Hommxku.

5.12, YOeavraa meniaoemkocmoy cucmemvi cnurog. CHCTeMa aToOMOB, KaXIblH U3
KOTOPLIX HMeeT CIHH Y2 M MarHHTHBII MOMEHT Mg, MOMeIleHa BO BHelliHee MarHHTHOe
noje B 1 HaxoAuTCs B TelyioBoM paBHOBecHH NpH Temnepatype T. O6pamas BHUMaHHe
TOJILKO Ha NOBeleHUe CMHHOB, NpojeiaiiTe c/elyolnee.

a) Haiinure, He TIPOH3BOJA BHIUMCJACHHH, TpelejbHble SHAUCHHSA cpelneit
SHEPTHH E(T) cucremsl npy T—0 u T—o00.

6) Hailnute, takxe Ge3 BhlUHCAEHHH, TpejedbHbie 3HaueHus Temsoemkoctn C (T}
B MIOCTOSTHHOM MAaTHHTHOM note npi T—0 u T —oo.

B) Bruncaute saBucamoctb cpefmell sueprun E cuctemsl oT Temnepatypsl T.
[Toctpofite rpaduk 3toil 3aBUCHMOCTH.

r) Boluncaute tensoeskoctd C (T) cucTeMbl M NOCTPoiiTe IpadpuK 3aBHCUMOCTH
C or T.

- 8.13. Tenaogot: appexm, ceasannntil ¢ Hecepuueckumu adpanu. S1apa aToMoB B KpH-
CTA/NTHYeCKOIl pelleTKe HEKOTOPOro TBepAOro Teda MMeloT cnuH 1. Kak yunT KBaHTOBas
MexaHHKa, KaxJaoe SAPO MOXeT HAaXOAHThCS B OJHOM U3 TpeX KBAHTOBEIX COCTOSHHMII,
XapaKTepu3yeMbIX KBAHTOBBIM YHCJAON /1, tae m=-+1, 0 uan —1. D10 KBAHTOBOE YHCJIO
n3MepsaeT NMPOeKII0 A1epHOr0 CHHHA HA KPHCTAJIIHUECKYIO OCh TBepjoro Tead. Tax
Kax B oflueM ciyyae pachpefeselle 3JIeKTPHYECKOro 3apsjia B siape He sBjsercs cde-
PHUECKH CHMMETPHUHBIM, a8 UMeeT BHJ| HIMIICOH]A, IHEPTUS SAPa 3aBHCHT OT OpHeHTa-
IHY CHHHA 110 OTHOLIEHHIO K HEONHOPOIHOMY 3JeKTPHUECKOMY IIOJIO B MecTe Pachoso-
AeHns. sapa. Takiaym o6pa3oM, SAPo HMeeT OJHY H TY JKe Hepruio E=¢g B coCTOAHNH
m==1"n m=—1 1 Apyrylo 3Hepruio B cocTonHuu m=0, KOTOPYIO MOXXHO IPHHATL 3a
uwynesywo (E£=0).

a) [loayunte BbIpaxkeHue LJIst II€PHOTO BKJaJa B CPEHIO BHYTPEHHIOIO 3HEPTHIO
MOJIsT TBepAoro Tena. Kak 3ToT BK/aj 3aBUCHT OT aGCOMOTHOH TeMMepatyphi?

6) HapucyiiTe npuMepHYIO KPHBYIO 3aBHCHMOCTH OT TeMmepaTyphl siiepHOH yacTh
MOJISIP HOW YAeJbHOIT TenyIoeMKOCTH TBeporo Tesa. [lponspeauTe TouHOe BBIUHC/ACHHE
3TOI] 3aBHCHMOCTH H HailfiuTe npelesbHOe 3Hauenue st Goabmux 7.

O6cyxnaembifi HamH 3tdekT BecbMa HepelHK. OH MOXKeT, OIHAKO, OKa3aThCsl BaxK-
HBIM TIPH U3MEPEHHUSIX TeIVIOEMKOCTH HEKOTOPBIX BellleCTB NPH OYeHb HU3KHX TeMmepaTy-
pax (HampuMep, A5 MeTaJJIM4eCKOro HHAUM, TaK Kak siipa Inll® 3ameTHO OTKJIOHAIOTCH
oT cepHYeCKOl CHMMETPHH).

5.14. Tenaoeoe s3aumodedicmsue meucdy Osyma cucmestanu. Pacemorpnm cuctemy A
(HanpuMep, KyCOX MelH) H cHcTeMy B (Hampumep, cocyll ¢ BoAo#l), KOTopble BHauaJje
H2XOJIHJIHCh B PaBHOBecHH npu TeMmneparypax T 4 u Tg coorBercTBeHHO. B HHTepecyio-
uleit Hac ob6aacTd TeMuepaTyp ofbeM CHCTeMbl OCTACTCH HEH3MEHHBIM H COOTBETCTBYIO-
mue Tenaoemxoct C 4 u Cp He 3aBHCAT OT TeMNeparypsl. 3ateM MEKIY CHCTEMAMH yCTa-
HABJIUBAETCS TEIVIOBOI KOHTAKT M OHM JOCTHTAIOT KCHEYHOrO PaBHOBECHOrO COCTOsIHHSA
npu HeKoTOpoil abcoJioTHol Temmepatype 7.

a) BocnoanayiiTech ycoBHeM cOXpaHeHHs 3HEPIUH JL1A oNpelejeHHs KOHEYHOMH
Temuepatypsl 7. Boipasnte Baws oteetT uepe3 T 4, Tp, Cyu Cp.

6) Bocrons3yiitech paBenctros (31), uto6bt BHIMHCAHTL n3MeHeHHsT SHTPOMHU AS 4
cucremst A u ASp cucremst B. Mcnoabayiite NOTYYeHHbIH Pesy/IbTaT ISl BHIYHCICHHA
noJHoro uamenenus antponiun AS=AS ;--ASp cocrapHoil cHcTeMBl NP nepexofe H3
HawaJibHOIO COCTOSIHHA (CHCTeMbl B OTHe/ILHOCTH HaXOAATCS B PABHOBECHH) B KOHeyHOe
(oGe cucTeMbl HAXOMSATCS B PABHOBECHH JPYr C IPYrom).

B) Jlokaxute, yto AS He MOXeT GbITb oTpHUATENbHEIM H uTo AS=0, ToaIbKO €can
Ta=Tp |Y¥Y xa3anue Bb MoKere BOCIONbL30BATHCS HepaBeHcTBOM In x<Zx—I,
RokasanHuM 8 (M.15) WJIH, 4TO KBUBAJIEHTHO, HePaBEHCTBOM In (x—)<—x+1.]

,' 5.15. Hamenenun sHmponuu npu paspusnbix cnocobax nepedauu menaa. ¥ lebHas
Ten.noeMKOCTb BOAL paBHa 4,18 Oxc-e~1-zpao—t.
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a) Kunorpamm sogel npu 0° C npubedeH B KOHTAKT C GO/IbIUMM TEIVIOBBIM pesep-
Byapom ¢ Temiteparypoil 100° C. Kak HaMeHHTCS IHTPONHA BOAb NOC/TE JOCTHIKEHHS
TeMnepaTypsl pesepByapa? Kak U3MeHHICS 9HTPOIHS TelNOBOrO pesepsyapa? JHTpo-
MHST NOMHON CHCTembl, cOCTOsIell H3 BOAbI W pesepByapa?

6) Uenmy paBHO H3MeHEHHe SHTPONHH COCTABHOH CHCTEMbl, eCJIM BOJA HAarpeBaercel
or 0 no 100° C caexyiom M o6pa3om: cHauata BOna NPUBOJMTCS B KOHTAKT ¢ pesep-
ByapoM npH Temuepatype 50°C, a 3aTeM — C pe3epByapoM, HAXOJALLMMCH [IPH TeM-
neparype 100° C?

B) Ilokaxure, 4To BoA MOseT GhTh Harpera or 0 o 100° C Ges H3MeHeHMsT 3HTPO-
MR TIOJHOH cHCTeMbl.

5.16. Hasenenue anmponuu npu naasrenuu. Jlel 1 Boja HaXOJINTCA B PABHOBECHH
npu Ttenneparype 0° C (273° K). Urobbl pacraasuts 1 Monb abjia npH 3Toil Temie-
parype, ueo0XoAuMo Koduuectso renaa B 6000 duc.

a) Beruncante passocrs suTponHii 1 moas Bost 1 Moas Jbja npu teMmepary-
pe 0°C.

6) Haiiaure orHollenue 4UCNa COCTOSHUEA, JOCTYIHBIX BOAE, K YUC/Y COCTOSIHUM,
JOCTYMHBIX JALAY, NPH 3TOil TeMIeparype.

5.17. IIpaxmuueckas pabema no xaiopuvempuu. Paceyorpum Kasopumemp (npu-
Gop /155 H3MepeHHst Tensa), MMaBHOH 4acThio KOTOPOro sIBISCTCSt MeHblH cocyl BecoMm
750 2. Itot cocyn conepxut 200 2 BOLLI, H BeChb KaJOpHMETD HAXOJHTCS B PABHOBECHH
npu 20° C. HMomectis 8 Kasnopuserp 30 e abja npu 0° C # 3axk/IIOUHM Bech KaJopi-
MeTp B TCIJIOH3OJMPYIOWYIO OOOJOUKY. YjeldbHas TelLIOeMKOCTb BOgbl paBHa
4,18 doc-2~1-2pad~1, a yaelbHast TeTIoeMKOCTh Jbia 0,418 dwc-2~1-2pad—1. Cxpu-
Tas TelJIOTa IJIaBjieHHs JbAa (T. €, KOJHYeCTBO Teluld, HeoOXOAHMOe [AJsi mpeBpaiue-
HEsl rpaMMa Jinia B Boy npd 0° C) pasna 333 dw-e-L.

a) Kaxoil crauer TemnepaTypa BOIBI NOCAE TOIO KaK Jej PACTAaeT H YCTaHOBHUTCH
pasHoBecHe? ’

6) Brluncante mosHoe H3MeHeHHe SHTDOIHM B 9TOM ITpoilecce.

B) Kakylo paGory Hafo COBepIINTL HAZ CHCTEMOH nocjie NIapieHHs JpAa (Hanpu-
Mep, ¢ IOMOMIBIO MePeMellalClerocst CTepiis), YTo6h CHOBA AOBCCTH TeMITepaTypy BOAD!
no 20°C?

5.18. Csobo0noe pacwuperiue 2a3a. Ha puc. 5.19 cxemaThuecku noxasana skcnepu-
MCHTAJILHAs yeTaloBKa, nnivereruas JDKOyqes aist H3yuenus 3aBHCHMOCTH BHYTpeH-

Hell sHepruy £ rasa ot 3aHUMAeMOro WM 0Gb-

TEpManemy ema, YacThio YCTaHOBKH sBAseTCst CHUCTeMa
A, cocrositiasi U3 3aKpPLITOTC COCY/a, pasfe-

ﬂﬂ/r'_yyﬂ JIGHHOro Ha jpa ofbenma, B 0JHOM H3 KOTOPbIX

/a3 /600/5’ N 7,%/74 HAaXoAuTed ras. OnuiT 3aKJAI04aercss 8 TOM,
\ } | YTO KpaH, coeJHHsIOWME 00a obbeama, oOT-
KpbiBaeTcsd, M ra3 3aHuMaeT Bechb 0GbeM CO-

CyAa, MOCTeNeHHO TPHXOAR B COCTOSIHMeE
pasHoBecHs. [lonycTtum, 4To Temileparypa
BOJb! B pe3yabTarte Npouecca He H3MeHHIach.

a) UeMy pasHa copepiuetinas Hajg CH-
crevoit A paGora? (CTeHKH cocyna xectgue
H  0of6bem cocyida, CAeIOBATEIbHO, He Me-
HAeTCs.) .

6) Uemy paBHO KOJIHUECTBO Temja, io-
[JIOWeHHOrQ cucTeMoil A?

8) Uemy paBHO H3MeHeliMe BHYyTpeHHeil
SHepruh cucremsl A?

1) HMnyes B Buaty, 4TO TeMNlepaTypa ra3a. Hé W3MeHWIaCh, KAKON BBIBOL BHl MOXeTe
cienaTh H3 3TOrO OMBITA O 3aBHCHMOCTH BHYTPeHlcH SHEPTHM a3a OT ofLeMa IpH
(uxcupoBannoi Témmeparype? ‘

5.19. Ilonamue sumponuu & npumenenuy K Menioesmxkociy ceepxnposodsyezs
semarra. TensoeMKocTb OObYHBIX METAIWION NPy OYeHb HH3KOH aGCOMOTHOH TeMmnepa- |
Type Boipakaeres popmyaol C,=y7, riey - noCTONHHAS, XAPAKTEPUIYIOMAS METAMN.
Ecin HMxe KpuTHuecKoH Temmepatypel T, Merasl ssisieTcsl CBEPXIPOBOAHUKOM, TO
B uuTepsate Temnepatyp O<cT<<T . CBepXTPOBOASALIErO COCTOSHHS TEINIOEMKOCTD
OnHUChIBaeTCs npuGikennoil gopuydloil Cs=aT?, rae 6 — HeKOTOpad NOCTOSHHAA.
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Tlepexoa metanna H3 o0bYHOIO B CBEPXIPOBOASAINEE COCTOSTHHE NPH KPHTHUECKOH TeM-
nepatype T, He COMPOBOXKIAETCS INMOIVIOUEHHEM HJIH oTAavuell Tenmnia. OTcCiofa ciaenyer,
yTO NPH 3T0H Temnepatrype S,=S;, rie S, HS; — sNTponnu Merassa B OOBIMHOM H
CBEPXIIPOBOASIEM COCTORHHSX COOTBETCTBEHHO.

a) Yro Moxuo ckasars 06 surponusax S, u S 8 npeneae T—0?

6) Becroab3yiiTech OTBETOM Ha BOIPOC &) H CBA3LIO MEXKAY TENMJIOEMKOCTbIO H HT-
pornuell, 4To0kl HafTH cooTHoweune MRy Cg 1 C,, npn KpuTHYeckoii Tennepatype T .

5.20. Tenaoesrocrms AHCAMBAL 2aPMOHULECKUX OCUILAARMOPOs. PaccMOTpHM aH-
cam6ab u3 N €1a60 B3aHMOAEHCTBYIOIMY HPOCTHIX TapMOHHUYECKHX OCIH/LIATOPOB NPH
abcomoTHoit Temneparype 7. (AHcamOib TaKHX OCUH/ISTOPOB SBASETCH NPHOTHKEH-
HOIl MOZeNbI0 aToMOB TBeploro Teda.) [lycTb ® — KaaccHyeckasi Kpyrosas uacTorta’
KaXKA0F0 OCUH/INATOPA,

a) Bocno/ibsoBaBuiuch 3HauewHeM cpelHell 3HEPTHH, BBIMHCJAEHHBIM B 3ajaye
4.22, naiizute Tenjoemkoers C (npi QPHKCHPOBAHHHIX BHELIHHX ITapaMeTpax) aHcamGus
TAaKHX OCHUTSITOPOB.

6) Hapucyfite rpadux 3saBmncumocTh Terjoemxoctd € or a6comoTioll Temmepa-
Typut T.

B) UeMy paBHa TeILTOEMKOCTh NPH BBICOKMX TeMIepaTypax, YJAOBJIETBOPSIOMINX
HCPABCHCTBY kT}ﬁ(o?

5.21. Yoeasnas menicesrocme deyxamosnozo 2asa. PaccMOTpuM BeabHbI IBYX-
aToMHBIIT Fa3 (Banpuyep, N,) npu abcomotHoil Temneparype T, 6iu3Koll K KOMHATHOIL.
Jta Temmeparypa ROCTATOUHO HH3KA, YTOOBI MOJEKY./14 MOYTH BCErla HAXOAWIACh B HU3-
HeM KoJe6aTeqbHOM COCTOSIHIIH, U0 JIOCTATOUHO BLICOKA IS BO3OYMXKAeHus GOMbLLIOTO
yicda BpallaTesHbIX COCTOSHMII.

a) Bocrnosab3oBaBIIMCh pe3yabTaToM 3axauy 4.23, HanuuIkTe BblpaKeHue 115 cpel-
Hell HEPruM IBYXaTOMHOI MOIEKVYJB Fa3a. DTa SHeprust COCTOMT U3 KUHETHUECKOIl sHep-
IIH JIBUXKEHHS [eHTPa MacC M SHepPLHH BPatleHHs MOJeKYJbl BOKPYT LeHTpa macc.

6) Bocneds30BaBMINCH OTBETON HA 3ajaHHe a), HalflauTe MOJSIPHYIO TeITOeMKOCTh
Cy NPH OCTOAHHOM OGbeMe 118 HAeATbHOrC ABYXATOMHOrO rasda. emy pasHo unc-
JICHHOE 3HAUYEHUE Cy?

5.22, Daykmyayun sHepeuw & cuctmese, HAXO0AUIEUCS 8 KOMMOKME ¢ Mennesvis
pesepsyapost. PaccMOTPUM NPOU3EOIBHYIO CUCTEMY, HAXOLSILULYIOCS B KOHTaKTe C Tern/o-
BbIM pesepsyapom npH abeomioTHoll temnepatype T=(kB)—1. B 3anaue 4.18 6bu10 1o-

Ka3aHo, HCXOJs1 H3 KAHOHHUECKOro pachpeie/eHust, 4To E=—(0 \n Z/3B), rze
Ze= ) ombEs M
Tr

ABJISIETCS] CYMMO 110 BCeM COCTOSAHHAM CHCTEMbL.

a) Beipasure £2 wepes Z, Tounee, yepe3 In Z.

6) lucnepcns sueprun (AEY=(E—E)? pasua E2— E2 (cm. sanauy 2.8). Henonp-
3yd 3TO PABEHCTBO M OTBET HA MYHKT &), MOKAXKHTE, 4TO
0*InZ oL (11

ogr — op

8) TlokaxHTe, 4TO CTAaHJAPTHOe OTKJIOHeHHe AL SHEPIHM MOKHO BecbMa OGLLUM
06pa3om BLIPA3HTh yYepe3 TenJoemMKocTh C CHCTeMbI (TPH (PUKCHPOBAHHBIX BHELIHUMX
napameTpax):

{(AE): =

AE =T (kC)V/?. (1)

r) Tlyctb paccmaTphBaemast CHCTeMa SIBJISIETCSl HJealbHBIM OAHOATOMHBIM [a30u,
cocroginuM u3 N atomos. Bocnosbayitrech (I11), uto6wmr eoipasuts AE/E uepes N.
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TTABA 6

KAHOHHYECKOE PACHPEJEJEHUE B KJIACCHYUECKOM
NPUBJIM)KEHUH

Kanonnueckoe pacupenenenne (4.49) umeer dyHAaMEHTAILHOE 3HA-
uyeHHe M OTPOMHYIO 00/1aCThb TIPAKTHYECKOro npumeHeHusi. Kak Gbiio
MIOKA3aHO B rJaBe 4, ero MOXKHO HCIIO/NDL30BATh /st HENOCPEACTBEHHOTO
BbIYHC/ICHHS] PABHOBECHBIX CBOHCTB BOJIBIIOTO YHC/IA PA3JIHUHBIX CHCTEM.
B kauectBe npumepa, ¢ HOMOIIbIO 3TOTO Pacnpeie/eHUsl, Mbl BBIYHCIHIIH
MarHWTHBIE CBOHCTBA CHUCTEMBI, COCTOSIIEH M3 CIHHOB, a Takxke AaBJe-
1He H TeIJIOEMKOCTh HAea/bHOrO rasa. 3aJaud K riase 4 Takxke colep-
JKaT HECKOJIbKO HHTEPEeCHBIX PUMEeHEHUH KaHOHMYECKOTO pachpesele-
uusa., OO6cyxieHWe WHPOKOH 06/1aCTH NpHMEHEHHH KaHOHHYECKOro
pacnpejie/leHusi MOrJIo Obl 3all0/IHUTL He OJHY KHHrY. B 2710l raase mut
OrpaHHYHMCS TeM, YTO [IOKaxkeM, KaK HellOCPeACTBEHHO H3 KAHOHHYECKOTo
pacrnpeneseHts, B NPUOJHKEHHH KJIaCCHYECKOH MeXaHHKH, MOXHO MO-
JYYHTb TMPOCTble, HO HMeIOLIHe OrPOMHOE 3HAYeHHe Pe3YJIbTaThi.

6.1. Kaaccuueckoe npuGIMxeHHe

Mel 3HaeM, 4TO B ONpelie/leHHBIX YCJAOBHSIX KBAHTOBOMEXaHHUYECKOe
ONHUCAHHE CHCTEMBI 9aCTHL, MOXKHO 3aMeHHTb NMPHO/NIKEHHBIM ONHCAHUEM
B TePMHHAX KJacCcHYecKol MexaHHKH. B 3TOM paanesie Mbl [OCTapaeMcsi
[I0JYUHTb OTBET Ha JBA CJAEAVIOUIMX BOIpoca: 1) npH KakHX YCJIOBHAX
CTATHCTHUECKAA TeOopHs, MOKOMIascs Ha KJIACCHUECKHX MpeAcTasJje-
HHUSIX, MOXKET ObITh XOpoluM npub/axkenuem? 2) Eciu Takoe npubianxe-
HHEe JOMYCTHMO, TO KaK MOXHO COpMYJHpOBaThb CTATHCTHYECKYIO TEO-
pHIO B KJAaCCHYECKOM NPHOJHKEHHH?

[Tpueodnocme kaaccuueckoeo npubauncerus. Knaccuueckoe npub.n-
JKeHHe COBEpLIEHHO Henpu200HO NMPH IOCTATOYHO HU3KHUX TeMIepartypax.
JleficTBUTENIbHO, JOMYCTHM, UYTO XapaKTepHCTHUeCKas TerJsoBasi 3Hep-
rust kT MeHblie, yeM cpelHee 3HavYeHne AE MeXAy YPOBHSIMH SHepruH
CHCTeMB! (HUJIH CPaBHHMA C HHM). B 3ToM cilyyae KBaHTOBaHHE BO3MOXKHbIX
3HaueHHH SHEPTHH CHCTEMbl BeCbMa CYLIECTBEHHO OIpeAe/isieT ee Mose-
Aenne. Hanpumep, u3 KaHonudeckoro pacnpenenenus (4.49) caexnyer,
YTO BEPOATHOCTL HAXOXKAGHHS -CHCTEMBI B JBYX COCTOSIHHAX C 3Heprueii
En E4AE (rne AE — kBaHT 3HepruH) B caydae AEZ>RT BecbMma pas-
awuHa. C apyroft cTopoHsl, ecau KTS>AE, T0 BepOSTHOCTH OYEHb Majo
MEeHSIIOTCA IPH repexojle OT AAaHHOrO K OaHxalilemy cocrosgHuio. B
5TOM cJiyyae JHCKPETHOCTb COCTOSIHMH IlepecTaeT OblTh CYIIECTBEHHOMH
M KJAacCHuecKoe npubJlieHHe CTAHOBHTCH onpaBjaHHbiM. M3  stuHx
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3aMeYaHHil BbITeKaeT caenylgee yTaepaKICHHE:

Knaccrueckoe onicanne He TONMTCS, ec/H (0
kT << AE.

310 onncanHe CNPaBeLJINBO, OLHAKO, B TeX CJAydYasix, KOrja KBaHTO-
BoMexaHHuecKue 3¢xpeKThl HMeloT peHeGpeskUMO MaJloe 3Hauenue. [TpuH-
I HeoupedeseHHOCTH ['efisenbepra yKasbiBaeT HaM KBAHTOBOMEXaHHYE-
CKUil npefes NPHMEHHMOCTH KJACCHYECKMX KoHuenuuii. M3 npuHuuna
Heolpele/IeHHOCTH CJellyeT, YTO OJHOBPEMEHHOe OMpefleseHHe KOOpIH-
HaThl ¢ M COOTBETCTBYIOUIETO el HMMyJbca p He MOxkKeT ObiTb CKOMb
YIOAHO TOYHBIM M 4YTO MPH H3MEPEHMSX 3THX BEJHUYHH CYILECTBYIOT MH-
HMMaJbHble TIOTperHOCTH Ag U Ap, CBsI3aHHLIE MeXAY CcoB0Il COOTHOLIE-
HUeM :

AgAp=h, | )

rae ﬁ:h/Qn npeicrasasier cobofi nocrosiHryio [lnanka, nenennyio Ha
2n. PaccMoTpuM Tenepb, NPH KaKHX YCJOBHSIX OYIET JONYCTHMO KJjac-
CHYeCKOoe OMiICaHNe CHCTEeMB!, HaXOoAslelics IpH onpeleneHHoN TeMnepa-
Type. UTobB Takoe ONHCAHHE HMEJO CMbICJ, OHO JOKHO NO3BOJHUTH
JIOKAJIH30BaTh JIOOVIO MPHHAAMEKAILYI0O CHCTeMe 4acTHIY C HEeKOTOpoi
TOYHOCTbIO, KOTOpYIO Mbl 0603HauuM uepe3 s,. O6o3HAYUM uepes p,
HMIYJBC 3TOH uYacTHlbl. ECaH Sy H p, HACTOABKO BeJUKH, UYTO

S0P > ﬁ,
TO OrpaHHdeHHsd, HaKJ/aAblBA€Mbl€ NMPHHIHIOM HEOINPEAeJEHHOCTH, CTa-

HOBSITCS. HECYIIECTBEHHBIMH W KJacCHUueCcKoe npub/ukeHne OVIET crpa-
BeJ/IHBBLIM. MbI MPHXOAHM NOITOMY K CJEIYIOUIEMY BBIBOLY:

Kaaccuueckoe onucamnue ClpaBea1mMBo, €CJH

S()pO > ‘fb, (33)
T. €. ecJu v
' 535 Ao L (39)
I ’
Mul BBe/iM 3eCh JUIHHY K,
h I A .
?‘z) - ,7(‘) o ;(‘) (4)

npencras/soulylo coboil 1e0poHaIeBCKYIO - JIMHY BOJHBIL, AEJIEHHYVIO Ha
2nt. HepaBencteo (36) paBHOCHJBHO YTBEPIKIAEHHIO, YTO KBAHTOBOMEXa-
HAUeCKUMH 3(DeKTaMu. MO2KHO npeHe0pedb, e€C/ad MHHHMAJbHBIE KJac-
CHUECKHE ~PacCTOSIHHS BeTHKH 10 CPABHEHHIO C Je0pOiIeBCKON JNIHHOM
BOJIHBI A1t YACTHIIBL. B 9TOM c/1ydae BOJIHOBbIE CBOHACTBA YACTHIEI Nepe-
CTalT ObITb CYUIECTBEHHBIMH.

Kaaccuneckoe onucarue. JIofycTHM, YTO KJ/aCCHYECKOE OMUCAHHE
CHCTeMbl YaCTHIL BO3MQXKHO. B 5TOM ci1yyae BO3HHMKaeT TOT ke OCHOBHOH
BOIPOC, KOTOPbIA SIBJAAETCST UCXOAHBIM ITyHKTOM KB&HTOBOTEOpEeTHYeC-
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KOro NOAX01a, BLINOJHEHHeT® B Hauaje ryaBwkl 3. OH 3akjwouaercs B
CAENVIOUIEM: KAK YKa3aThb MHKPOCOCTOSIHHE CHCTeMBI, ONHChIBaeMoit ¢

A

Y

Puc. 6.1. Knaccuueckoe aszoBoe

apocTpancTeo

ANS 4aCTHILH, NOJioXKerHe KOTOpoil 3ajaeTcs oMol

KOODAHH aTOMH .

NOMOUIBIO K.JIACCHYECKOH MeXa-
HHKH?

Haunem c¢ oueHb [pOCTOro
cJyuas cucreMbl, ©6pa3oBaHHOA
€IHHCTBEHHOH uacTHuef, nBH-
JKYILEHCS B OJHOM H3MEDPEHHH.
[losntoykenne Takoil yacTHIL! 3a-
JaeTcsi eAHMHCTBEHHON KOOpiH-
HaTol, KOTOpPYIO Mbl 00603HAUMM
uepes ¢q. I'losanoe onucanue Ha-
HeH CHCTeMHl € TOYKHM 3peHHs
KJIACCHYECKOH MeXaHUKH 3aK.TI0-
yaetcsl B YKa3aHHH KOODIHHA-
Thi ¢ M HMOYyJbCa p ™) YacTHIbL.
(B kyaccHueckoil MeXaHHKe BO3-
MOKHO TOUHOE H3MepeHHe Koop-
IMHATE M HMIyJbca B J060H
MOMEHT BpeMeHH. 3aKOHbBI Me-
XaHUKH 20T TaKKe BO3MGOK-

HOCTb OJAHO3HAYHO MpEACKasaTh 3HaY€HMdA g U p B Jroboit nocJe1ywo-
LUHH MOMEHT BpeMeHH. B sTom 1 sakarouaercss noJHOE ONHCAHHE NOBe-

JeHHST CHCTEMBI, KOTOpoe HaeT
KJaccHUecKasi mexannka.) Pac-
CMaTpHBaeMast CHTyalus IOmy-
CKaeT TeoMeTpHUYecKoe HCTOJIKO-
Banue. s s10T0 Caelyer Boc-
T16J1b30BaThCH JeKapTOBBIMU
KoopauHatTamu p u ¢ (puc. 6.1).
3ananue BeJUYNH P U ¢ SKBHBA-
JEHTHO 34JaHUI0 TOYKH B ABY-
MEPHOM I[pOCTpaHcTBe (IpocT-
PAHCTBO KOOpOHHAT ¢ W p Ha-
3biBaeTcs  Paszospin  npocHpaH-
CIMBOM).

[lepeMennble ¢ U p TNPHHHU-
MaioT HerpepbLiBHLIE 3HAUeHHS,
B Ham cjelyeT HaiTH cnocol
clejlaTh BO3MOMKHLIE COCTOSIHHA
cucremsl cueTHRIMH. [last sToro
Mbl MOXE€M HCIIOAbL30BaThb Me-
TOA, NpHMeHeHHw# B 0. 2.6:
pasobbem ofnacTb H3MeHeHHd

4

P

7
T
!
T
{
I
1 +

v
T

] e
Jg :

Puc. 6.2. JIpymeproe (pazoroe DPOCTPANCTRO mpe-
IHIAYULEro PHCYHKA pasjiesieHo Ha siYefiKH paBnoro

«obbeMa» Ogdp="Dy.

*) Ecail Mpl HenoJie3yeM OOGBIYHYIO IEKapTOBY KOODAMHATY M €CIH MarHHTHOe
noJje OTCYTCTBYeT WMIYILC p ClelyiomuM o0pasoM CBf3aH CO CKOPOCTHIO W Macco
gacTHREL L= mu. B obnleM cJyyae Gosiee YA0OGHO HCIONB30BATH I8 ONMCAHHS YACTH-

L1 ee MMIOYJALC, a He CKOPOCTE.
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fIePEMEHHBIX ¢ H p HA NPOU3BOJBHO MaJjible JAUCKPETHbe HHTEPBAJIbI.
Hanpumep, ock ¢ Mbl pa3o6pem Ha uaTepBajinl 0g, a ocb p — Ha HH-
TepBajsl 8p. Taxkum obGpasom, Bce (pa3oBoe NPOCTPAHCTBO OKAKETCH
pasOiTEIM Ha 3JeMeHTapHble siuefiki, «oGbem» (T. e. MJOLLAfb) . KOTO-
pblX paBeH
6(] 6p = h()v

tie hy, — HeGosblliasi NOCTOSIHHAST BeJdHHA (OHZ HMEET Pa3MEpHOCTb
MOMEHTa KOJIHYeCTBa ABHKeHHs1). Tenepb Hfs NMOJHOTO ONKHCAHUS COC-
TOSHHA YACTHIILI JOCTATOYHO YKa3aTbh, YTO ee KOOPJIHHATA JIEXKHUT B He-
KOTOpOil styefike mMexkay g u ¢+08qg, a ee umnyJbc — B HHTepBaje OT
p Ao p+0p, T. e. napa uucea (g, p) NEHT B HEKOTOPOM OIpe/e/eH-
HOM HHTepBaJse. I'eomeTpuyeckl 3TO 03HAyaeT, YTO TOYKA, COOTBETCTBY-
olnas KCOpAHHATaM (g, p), JEXUT B onpeleneHHoil suedke (asoBoro
NpoCTPaHCTBA.

3avMeyaHue o BelHYH He hy. Onucanue cocrostHust cHcTemsl 6y 1eT Tem Gosee
TOMHBIM, YeM MeHbLie PasnMepsl fueek, Ha KOTophle pa3éuTo (Pa3oBoe NPOCTPAHCTEO, T. €.
dem MeHbLIe BesiHuuHA f,. 1py kiaccuueckon onncalnu 312 BeTHYHHA MOXKeT ORITb NPO-
H3B0JbHO Mavioll. KBaHTOBOMEXaHHUECKOe OMHCaHHe YCTAHAB/IHBAET, OJHAKO, onpefe-
JeHHBIH Dpefes ST TOUHOCTH OZHOBPEMEHHOTO H3MepeHHs KOODAMHATBI H AMIYJbCca
YaCTHUbE: NpejledibHble TOYHOCTH H3MePeHHsT STHX BesuudH, Ag U Ap, CBSI3aHBl NIPHHLHU-
roM HeompedeseHHocTH [efisenbepra: Ag Ap>Fi. Tlostomy pasneente (asoporo
TIPOCTPAHCTBA Ha SUCHKH, 06BeM KOTOPHIX MeHbile 75, (H3KuecKH GecomuicaenHo, Jlefict-
BHTEJILHO, BLIGOP fig <% osuauan 6bl, YTO COCTOSsIHME CHCTEMBI MOXKeT OulTh 3aaHo Gosee
TOUHO, HeM 3TO BO3MOXKHO B KBAHTOBOH Teopuu.

[IpuBejeHHbIe BHILIE PACCYXKASHHSA Jierko 0GOGLINTL Ha NMPOH3BOJIBLHO
CI0XKHYIO cHCTeMy. Takasi cucreMa mokeT GHITH OMHCAHA C IIOMOLUBIO
Habopa KOOPAHHAT ¢i,...,J; H COOTBETCTBYIOUMX HMIYJbLCOB p,...,0,
T. e. ¢ nomoupto 2f yucen. (Kak o6blyHO, 4HC/IO HE3ABHCHMBIX KOOPJIH-
HAT [, HeoOXOZUMBIX JJsl OIHCAHHS CHCTEMbI, HA3LIBAGTCS HUCAOM ee
crmeneneld codo0al.) UTo0b! cllenaTh BO3MOXKHbIE COCTOSTHHSE CHCTEMbI CYeT-
HLIMH, HECMOTPs Ha HenpephiBHBIA Xapakrtep MepeMeHHbIX ¢; M p;, Mbi
OMsITb pasfiesUM BO3MOXKHVIO 006/14CTh 3HAYEHHH KaxKA0H KOOPAHHATLI

G; Ha uHTepBananl 8g; H KaxkIOTO UMIy/abCa p; — HA HHTEpBaAnl Op,.
Jas ka)kJIoro { BeIHUHHA HHTEPBAMOB MOXKET ObiTh ClesaHa TaKoH, YTo
dq;6p; = h,, ()

rie h, — (uKCHpOBaHHAf, NPOU3BOJIBHO Majasi BeJqHYHHA, He 3aBUCH-
mas or {. Tenepb, yTOOLl 3a4aTh COCTOSIHHE CHCTEMbl, AOCTAaTOUHO YKa-
3aTh, YTO MEPEMEHHble : g '

(qlv q‘.') seey qu [)1, 2y ey pf)

Jexkat B OIpEie/NCHHbIX HHTepBa/iaX. B OOBbIYHOH reOMeTpHYecKOl HH-
TeprpeTaliy 3THM [EPeMeHHBLIM OMSTh CGOTBETCTBYET «TOYKa» B 2f-
MepHOM (ha3080M NPOCMPAHCMEe, KaXast OCb KOTOPOrO OTBEYAET Ompe-
JeJieHHON KoOpAHHATe ¢; HIH HMOyabcy p;¥). Pasnenas KoopAHHATH Ha

*) 310 2f-MepHoe (ha3oBoe MPOCTPAHCTBO COBEPILEHHO AHANOTHYHO PACCMOTPEHHO-
My B M 6.2 gByMepHOMY. IPOCTPAHCTBY, XOTS, IPUBBLIKHYB K [OPOCTPAHCTBY TPeX H3Me-
penull, HaM TPYAHO 3TO HPEACTaBHTb.

2i5



HHTEPBaJIbl, Mbl TeM CAMbIM JeJIHM Bce (pa3oBoe NPOCTPAHCTBO Ha paB-
Hble H.Majble fYefiKH, 00beM KOTOphIX paseH (8q; 8q....8q, 8py Op....
...0p;)=hy/ . Tenepn coctosinne cHCTeMBI Oy/eT 33alaHO, eCJIH Mbl YKakKeM,
B KaKOM M3 BO3MOXKHBbIM HaGOpOB HHTEPBAJIOB (T. €. B KaKOH suelke ¢a-
30BOTO NPOCTPAHCTBA) JIeXKaT KOOPIHHATBL Gy, (3,..., §; 1 UMIOYJIBCH Py,
Pye.sPy cHCTeMBL. Jlist ynoGeTBa kamipli Takofi Habop HHTEPBAJOB
(N KaxkAylo fH9edKy (asoBOro NpocTPaHCTBA) MOXKHO O603HAYHTh He-
KOTOPBIM MHAEKCOM 7, TAK YTO BCE JOCTYNHBIC CHCTeMbl AY€HKH MOTYT
ObITb TPOHYMEPOBAaHLl W MOJACYHTAHBL C MOMOIIbBIO 3TOTO HHAEKCa r=:
=1, 2, 3,... Mbl Moxem crenyiouiuM 06pa3oM IOABECTH HTOT HalIMM
paccyKAeHHSIM.

B kJjaccuueckoll MeXaHHKE COCTOStHHE CHCTEMbI
MOXKHO 3a1aTb, YKas3aB HoMep r duefikH B (pa30BOM
[IPOCTPAHCTBE, B. KOTOPOH HAXOAATCA KOOPJMHATHL H 6)
UMAOYJIBCLL CHCTEMBI. }

Takum 06pasom, yKazaHue COCTOSTHHSI CHCTEMBl B KJaCCHUYECKOIl Me-
XaHHKe [IPOUCXOIHT TaK JKe, KaK B KBAHTOBOI MeXaHHKe: siueiika Jaszo-
BOIO [POCTPAHCTBA [IPH KJAaCCHYECKOM ONHCAHMH aHaJOTHYHA KBAHTO-
BOMY COCTOSIHHIO fIPH KBAHTOBOMeXaHMuYeckoM omucaHui. OfHAKO cie-
Iver o6paruTh BHMMaHHe Ha BayKHOe pa3dnnyue. B KjaaccHueckom ciay-
yae HMeeT MECTO 3/eMeHT IPOH3BOJa, a HMEeHHO, pa3Mep sdeek B8 (azo-
BOM NIPOCTPaHCTBe (T. €. B&JIHYHHA NOCTOSHHOI Ay) MOKeT OhiTh BHIGpaH
10 JKeJaHHIO; NPH KBAHTOBOM K€ DaCCMOTPEHHH KBAHTOBOE COCTOSIHHE
ONpeleasieTcs OIHO3HAYHO (3TO CBA3AHO C TeM, YTO KBAHTOBas TeOpHs
HMeeT JeJ10 ¢ NOCTOSIHHOM A, HMelollell onpeleeHHOe 3HaveHue).

-~ Kaaccuneckan  cmamucmuveckas mexanuxa. ITlocie BBejeHus siueex
B (ha30BOM [POCTPAHCTBE CTATHCTHYECKOE ONHCAHHE CHCTEMBI B TEPMH-
Hax KJAcCHYeCKOH MeXaHUKH CTAHOBHTCSI aHAJOTHYHBIM KBAHTOBOMEXA-
HHYECKOMY ONMCaHHI. Pasjnude 3axkjwouaercsi B HHTepHpeTaluH: B
KBAHTOBOH TEOPHH MHKPOCOCTOSIHHE O3HAYaeT HEKOTOPOe KBAaHTOBOE
COCTOSIHHE CHCTEMBI, TOTAA KaK MpH KJAaCCHYECKOM PacCMOTpPeHMH MOx
MHKPOCOCTOSTHHEM TOHHMMADT ONpeleeHHYI0 stueliky B ¢asoBOM Npoct-
pascTtse. OCHOBHble MOCTYJAThl KJACCHYECKOH TEOpHH AJasi CTAaTHCTU-
4ecKOro aHcamb.si CHCTeM COBIIAJaloT € COOTBETCTBYIOLMMH MOCTYJIa-
TaMd (3.17) n (3.18) xBaHtOBOH# TeopuM. B wacTHocTH, yTBepiKIeHue
(3.19) B KaaccHYeCKOM cayyae NPHHUMACT CJAeAYIOUIHA BHI!

 Haxodswasacs 8 pagHosecuti u301UpPOBARHAS CUCMEMA C PABHOL
8EPOSIMHOCIBIO MOJKCE Bblimb 0OHAPYNCERA 6 AI0O0M U3 ceoLx Docmyn-
Holx cocmoanuil, m. e. 8 000l u3 docmynHuix a4eex $hazoeo2o npo-
‘cmparcmea. '

I1puwmep. B kauecTBe npocroro npumepa KJAaCCHYECKOTO DPACCMOTPEHHS CTa-.
THCTHYECKON 3a/laun o6paTHMCH K YacTHlle, Haxoflsileiics B sllHKe AJIHHOH L, IBmxenne
KOTOpOIi OrpaHHYeHO OJAHHM H3MepeHHeM. EciH 0603HaUNTh KOOPAMHATY: YaCTHIIL Yepe3
X, TO ee IBHXKeHHe OrpaunHuyeHo ycjoBHeM O<<x<CL.IlycTb.Ha yacruuy He JeHCTBYiOT

v
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HHKaKHe CHJIBI H BCSI €€ 3Heprus HcyepubiBaeTcs KHHETHUECKOH aﬂepmeﬁ:

1 1 p?
E=—m=—"-
2 2m'
Fle U — CKOpOCTb, M1 — Macca ¥ p==my — UMNY.JIsC gacTHupl. Ilpeanoxoxny, uro
YacTHUA H30JINPOBAHA; TOrAa OHa o6JsajaeT MOCTOSHHON IHepruefi, Jexaled B Y3KOM
nurepeate mexny Eu E-TdE, a ee HMIYJIBC JIOTKEH JIEXKaTh B MAJIOM HHTepBaJle Hm-

nynscoB dp B3N 3HAveHUil p=-- ¥ ImE. docTviuad Aas HaCTHUbI YacTh tasosoro
NPOCTPANCTBA 1I0KA3aHa  3aIUTPHXO-
BaHHOH obsacTnio Ha puc. 6.3. Eciu 4
(ha3oBOe NPOCTPAHCTBO pa3jeluTh Ha
Madibte suefikn 8x §p=h,, TO 3awTpH- LLLLT
XoBaHHAs 06AacTb GyieT comepwats [ HYomE ,
GosTblDe YHCNO TAaKUX sdeeK, npern- H
CTABJISIOWINX COO0H HOCTYRHBIE COCTO-
ANUS HAUIe!l CHCTeMBI.

Jomyernat, 4To yacTHIA HAXOIHT-
cs1 B paBHoBecHH. Torjga ua oCHOBAHUH
CTATACTHYECKOI'O  TNOCTYJATA MOMKHO o
VTBEPXKAaTh,  4TO KOOPAHHATA X H J L4
HMIYA6C YaCTHUB p NPHHEMAIOT Ta-
Ki{e 3HaueHHs, 4TO YACTHUA C pPABHOH T
BEPOSITHOCTBIO MOXKET ObiTb O6HApy-
Keua B JI060[ M3 sueeKk  3AWITPUXO-
BaHuol obaacti. 2To 03HAYaeT, yTO

C paBHOHl BePOATHOCTBHIO YaCTHIA (?v LV ImE 7
JET HMeTh UMNYJBC, JeHalnid B HH- T
Tepsajse  dp  BOAM3K.  3HaAueHHs EENES

4V I2mE u B Takom xe uHTepBase

/7 Pyc. 6.3. KuoaccHuecxoe ¢aszopoe npocTpaicTso
dp ebinan — QmE Sto TaKxe YACTHIbI, ABHKYilleficd' B OAIOM H3MePeHHH B
03HaYaer, yTo ¢ PaBHOH BEPOATHOCTLIO suiKe AanHoit L. CocTosiHHe waCTHIBI Xapakre-

KoOpAHHATA YaCTHUBI X [PHHHMAET  PH3YeTCHd KOOpAWMaToll X ¥ uUMUYAbCOM p, ee

B ) SHEPTLHA JIEKHT MRy n E4+8E. Cocrostuss,
Joboe sHaucHne B npeje1ax or 0 go LOCTYflible. YacTHIe, COOTBETCTBYIOT siyciikam, Ha-

L. Hanprmep, BeposTHOCTs TOro, 410 XOALUIMMCA B 33UITPHXOBANHBIX OBIACTHX.
4acTHUE HAaXoIUTCcid B JeBoii TDETH
SILNKA, paBHa 1/3, TAK KAK UACIO MOCTYMHBIX COCTOSIHIA, AIS KOTOpHX 0<x<1/y L
COCTaBJIACT OAHY TPeThb IIOJHOrO 4ncJa AOCTYTHBIX COCTOsTHHIi.

16 Bee obume

Va sameuannit, creslaHHbIX ‘Bbille, CTAHOBHTCH SICHO, Y
coobpazkeHHsi, OCHOBAHHbIE HA CTATHCTHYECKHUX [OCTYJIATaX H Ha MOJicUeTe
YHC/Ia COCTOSIHHIl, B PABHOH CTeMeHH MPHUMEHHMBI U ITPH KJACCHYECKOM
omucaHuu. B uactHOCTH, ocraercst CIIPABeILTHBBIM M |BBHIBOJl KAHOHHYEC-
KOTO pacnpee/eHis, BuiloaHer el B 1. 4.5. Ecny omucoiBaemas xiac-
- cHUecKast cucTeMa A HaxXOAuTCsl B PABHOBECHH C TEMJIOBLIM pPe3epByapoM
npu abcosmoTHO# Temneparype T=(kp3)~!, 10 BEPOSITHOCTb O0HapPYKHTh
9Ty CHCTeMy B JAHHOM COCTOSIHHW r ¢ 3Hepruell E, coriacHo (4.49)

P,me—f‘fr : S )
3liech COCTOSIHNE 7 03HAYACT ONPEeIeHHYIO STUeHKY ansoBoro NpPOCTpaH-
CTBa, JJIsSI KOTOPOH KOODPAHHATHI M HUMMYJIbCHl CHCTEMBI HMEIOT 3a/JaHHOe
3HaueHne (gi,...,4; Pu,...,p;). COOTBETCTBEHHO 3SHEPrHs CHCTeMbl A,
KOr/la KOOPJMHATbI M HMIYJIbCHl YAcTUIl NPUHUMAIOT YKa3aHHble 3Ha-
4eHHS, PABHA L : L

. E E(qlv sy qf; plr .pj’ . ' .y pf)’ . (8)
TaK KaK 3HepTHS CHCTEMH A"SaBHCHT OT KOODJHMHAT H MMIYJbCOB.
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Obuiuno kanonnyeckoe pacnpegseneniie (7) yno6HO BhpaXaTh uyepes
MLAOMHOCMe BEPOSITHOCTH. DTO MOXKHO CHE/1aTh TeM Ke CIeCOBOM, 4TO I
B 0. 2.6. TlocrapaeMcst HalTH 3HadeHue cjeAyioulell BepOSITHOCTIL:

PG oy G Py -, ppdg, .. .dqr,dpl...a‘.pfz

== BePOSITHOCTb TOFO, 4YTO y CHCTeMbl A, Haxoxsimelicsi B KOH-
TaKTe C TEeMIOBLIM De3ePBYapoM, MNepBasi KOOPAHHATA JIEAKHT
B HHTEpBAaJE OT ¢, 1O §(--dq, ..., -1 Koopauuata JeXurt (9)
B HHTEDBA/lE OT ¢, 10 ¢, dq,; NEPBEII HMOYJILC JEXNT B
nHTepBaste or p, a0 p,-+dp, ... u f-i wMoyaee JexHT
B HHTEpBAJE OT p, Jio p,--dp,.

B s10i Qopry.ie unrepBabl dq; W dp; MaJbi B TOM CMBICJIE, HTO SHEPTIS
E cucrenpl A nesHaunTeIbHO MEHSETCS, €C/IH ¢; U P; H3MERSIOTCS B Npe-
Aefax 3THX HHTEPBAIOB. JTH HHTEPBABI, ONHAKO, BEJIHKH NO CpaBHe-
HHIO C HMHTEpBALaMy, pasfeqsiouMu  (asoBoe NpPoCTPaHCTBO, T. e.
dq;>>8q; n dp;>38p,. Tlostomy ssement ofbvema (dg,...dq 7 dpy...dp))
(a30BOro NpPOCTPAHCTBA CONEPIKUT MHOTO 3JEMEHTAPHBIX sSYeeK oGbema
(8g+...89,0p1...0p)=h} (puc. 6.4). B xamuoft u3 5THX sueex sHepris

g
p =

|

Pnc. 6.4, ITpumep npymepnoro dazorore npocrpatcrea, pasaeei-
HOrO HAa MaJble siueiiKH paBHOro «obbeMa» O8g0p=h,. amtprxo-

BanRan 06nacTh COOTBETCTBYET 3eMeATy o6beMa Beanunnoit dgdp.
COHePHALIEMY MHOTO sIYeEK.

CHCTeMbl A, a cienoBaTeNbHO, H BEPOSTHOCTD (7) IMEIOT NIPHOIH3HTENbHO
olnHaKoBoe 3navenHe. [Toatomy, 4TOGE HAHTH HCKOMYIO BepodaTHOCTE (9),
cJiellyeT YMHOXKHTbL BepOsiTHOCTh (7) HAXOMUEHHS CHCTeMB A B faHHO
sueiike (pasOBOTO NPOCTPAHCTBA HA HOJHOE- YHGO - (dgy...dp ) h] Takux
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ayeer, T. €.

dg,...dp
g)(qp ceey pf)dq,...dpfoc e'ﬁEr__Lh.f__{’
i
HI1
P (‘h, e ey P/) dql . .dpf:Ce“f}Erdq]. A .dp/, (10)

e C — KoaPppuiueHT NpoNopUHOHAAbHOCTH (BK/AloYaowtii B celst
nocTosiHiyto hl). 3HaueHHe 3TOro xosdpHilieHTa onpenessieTcst M3 yc-
JIOBlisl HOPMHPOBKH, KOTOPOe 3aK/I0YaeTcst B TOM, YTO CyMmMa BCex Be-
positHocreil (10) no Bcem NOCTYNMHBIM 3HAYEHMAM KOODAHHAT H HMITYJb-
coB cHcrembi A paBHa elHHHIE:

(2@, .-\ Py, . .dp,=1.

3nech HHTErpHpoOBaHie IIPOUIBOAUTCA IO Bceit gdJaactu CI)aSOBOI‘O poCcT-
paHCTBa, AQCTYITHOTO CHCTEMe A. Orciona HEMOCPEACTBEHHO CJeAYeT:

C“I:Se—““%“-' PO dg, ... dp;. (In

B cienyoimem naparpade Ml IpIMeHHM Pa3BHThIE 3]ech ObliHe c000-

pazKeHHs K HMeloeMy 00abliioe 3HaYeH e IPOCTOMY CIyHaio OIHHOYHOH
MOJIEKYJ/Ibl B TPEXMePHOM NPOCTPaHCTBE.

6.2. MakcseI0BCKOe paclipefeneHe CKOpocTeit

PaccMoTpHM HAeanbHBI ra3, NOMEeUeHHbI! B cocyn oobemoM V u na-
XOASUMACS B paBHOBeCHHM NpH abcomoTHol Temneparype T. IToT 1as3
MOJKET COCTOAThL H3 MOJAEKYJ/ PasanyHbix THnos. JonyctuM, 410 ycio-
BHSI, B KOTOPBIX HAXOJIHTCS a3, TAKOBLI, YTO KJACCHYECKOe PaccMOTpe-
HIle BO3MOXHO. B KOHile Halero paccMOTPEHHS Mbl BBISICHHM, B 4eM
OHH 3aKJII0YaloTCs, a noxa 0y/eM pacCyk/1aTbh B TEPMHHAX KJaCCHUYECKOH
MEXaHHKH H COCPelOTOYHM BHHMaHHe Ha OAHO ¥3 ra3oBhIX MoJeky.. Ta-
KYI0 MOJIEKYJ1y MOXKHO CUHTATb MAJOH CHCTEMOH, HaXOAAWelca B TepMu-
UECKOM KOHTAKTe ¢ TeilJIOBLIM Pe3epBYyapoM, KOTOPLIH 06pa30Bal OCTaJlb-
HBIMH MOJIeKYJIaMH rasa i Haxojures npH rtemneparype 7. K takomy
CJAVUAI0 MOXKHO Cpasdy sKe NPHMEHHTb KaHOHHYECKOe pachpeieneHue.
Jonycrum gAsi Hauaaa, 4TO Mbl HMEeM [eJO ¢ OJHOATOMHOH MOJIeKYJIOi.
Ecau npeHeGpeds BeeMil BHCUHHMH CHAaMU (HanpHMeD, CHAOH TAKeCTH),
TO BCS IHEPTHA 3TOH MOJIEKYJIbI ABJACTCSI KMHETHYECKOI 3Hepruei:

l

== mv*= (12)

o) —
3=

31ech V — CKOPOCTb, M — MAcca H p=mVv —HUMIYJIbC MOJEKYI6l. Mol
cynTaeM, YTO ra3 J0OCTaTOYHO Pa3pPEXKeH, HTOOb €r0 MOXKHO ObLIO CHM-
TaTb HIEa/JbHLIM; TOTAA MOTEHLUAJLHON 3HEprueil B3aHMONEHCTBUS C
JPYTHMH MOJEKYJ/JaMH MOXHO mpeHeGpeub. B sTuX ycioBUSIX 3HEeprus
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MOJIEKYJIbl He 3aBHCHT OT NOJIOKEHHST MOJIEKYJILI B COCYIIE, OIHCHIBAEMOTO
BEKTOPOM T

KJiaccuueckoe OMHCAHUE MOJEKYJIbl 03HAUAET OMHCAHHE C MOMOMIBI0
TpeX KOOPAMHAT, X, ¥ U 2, ONDEESIOUIMX IOJOXKEHHE MOJeKyJbl B
NPOCTPAHCTBE, H TPEX COOTBETCTBYIOUIUX COCTAB/SIOUWHX HMIYJIbCA P,
py, p.. Hac Gyuer nnurepecoBatsb Bepomnocrb TOTO, 4TO MOJIOXKEHHE
MOJeKYJbl 33K/IOUeHO B HHTepBaJse OT I lxo r -+ dr(aro 03HAaYaeT, 4ro
KOODIMHATA X JIEXUT B HHTepBaJie OT X 10 X - dx, KOOpJIHHATA iy — B HH-
TepBa/e OT § J0 Y~ dy H KOODAMHATA Z — B HHTEPBAJe OT Z JI0 Z -+ dz)
M UYTO OJHOBDEMCHHO €€ UMIYJbC JEXKHT B HHTEpBaJie 0T P A0 p - dp
(T. €. UTO COCTaBJAIOIAs HMIyJbCa p, JEXKHT B HMHTEpBaJje OT p,. 10
Py -+ dp,, cocrasasiioinas p, — B HHTepBaJe o p, 10 p, - dp, H cocras-
Jgowas p,— B [/IHTEPBaJe ot p, 10 p,~-dp,). Bra OéJIaCTb H3MeHeHHs
KOOPAMHAT H HMITYJIbCOB COOTBETCTBYET «00beMy» (Hha30BOTO NPOCTPAH-
cTtBa, paBHomy (dx dy dz dp, dp, dp,)=d*rd’p. 3aechb Mbl HCHOJb3YEM
OﬁbIl{HbIe COKpallenys:

d*r=dxdydz - (13)
H
dp==dp,dp,dp.

AJ1A 3/1eMenTa 00beMa peadbHOTO NPOCTPAHCTBA M 1151 /eMeHTa ofbeva
NPOCTPAHCTBA MMITYJIbCOB COOTBETCTBEHHO. Mcrnosb3ys KaHOHHUECKOE
pacnpeseserne (10), Mbl HEMEVICHHO NOJYUYIIM HHTEPECYIOUYIO HAC Bepo-
SITHOCTh TOTO, YTO INOJIOZKEHHE MOMEKYJIb HAXOAUTCS B Npefenax Merwly
r o r+dr, a ee UMITYJBC HAXOJMTCS B Ipefenax Mekay p U p--dp:

P(r, pYdrdipx e=B @ m dip dip, (14)
't d’p

rae P=(kT)~*. Ml Bocrosib30BaMHCh 37ech Bhipa:KenueM (12) ags suep-

rUl MOJIEKYJBI, HMest B BHAY, uto p?=p?, [TosyueHHsIl pe3yabTaT MOMK-

HO BHIDA3HTb ¥ 4Yepe3 CKOPOCTb MOJEKyan v=p/m. B s1oM cayuae mbt

NOJYYHM BEPOATHOCTb TOTO, UTO HOJOXKEHUE MOJEKYJbl 3aKJIOUeHO B

mpenesax or r 4o r-+dr, a ee CKOpOCTb — B NpefieaXx OT V 10 V+dv.
Huteenm

H
o —-L g
5, v)drd?v e ® d*r d?v,

(15)
rae d*v=dv, dvy dv, u v?==V?,

Bripaxenue (15) npeacrasiaser coﬁou BecbMa OOWMH pe3yJabTar, B
KOTOPOM 3aKJjioueHa MoAPoOHast HHPOPMAllUs O NOJOKEHHH U CKOPOCTit
o060 MosiekyJbl raza. M3 ¢opmyant (15) caeayer 60.biloe KOJTHIECTBO
Gosiee YaCTHBIX pe3y.bTaToB. Hampumep, ¢ nomowmbio (15) MOxkHO y3-
HaTh, KAKOE KOJMHUECTBO MOJEKYJ HMEOT CKOPOCTH, Jexaliyio B JaH-
HOM HHTEpBaje, WM, €CJIM a3 COCTOHT U3 MOJEKYJ Das/HiHOTO THNE
(HampHMep, M3 MOJEKYJ APTOHA M TeJHs), KAKOe KOJHYECTBO MOJIEKY.T
JAHHOTO THNA HMEIOT CKOPOCTh, JIEXKAallYo B:JIaHHOM MHTepBante. Pac-
CMATpPHBasl TOJbKO MOJIEKYJbl ONpPEeNefAeHHOTO- THIA, " Mbl. MOMEM
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BbIYHC/IHUTD

[ (v)d®v'=cpenHee YHC/IO MOJIEKYA (LAHHOTO THMNA)
8 eduHuye 06veMa, CKOPOCTh KOTOPBIX -3a- (16)
KJI04EHa MEeXIy V U vV --dv.

Tak xak N MoJekyJ HaIllero WAeadbHOTO ras3a ABHMKYTCA HE3aBHCHMO,
6€3 3aMeTHOTO B3aMMOJIEHCTBHSA, TO I'a3 JIpeNCTaBaseT cOGOH CTaTHCTHYE-
CKHH aHcamfib, 4acTk KOTOPOro, onpele/seMas BeposTHocTbio (13),
MMeeT I0JIOKeHHe, 3aK/JII0UeHHCe B HHTepBaJe OT I Io r--dr, H CKOpOCTH,
Jexalllie B HHTEpBase oT v 1o v--dv. Cpeanee uncao f{v)d*v mb! nogy-
YHM, YMHOXHB BeposiTHOCT (15) Ha nosnoe yucao N MOJieKys AaHHOTO
THOA H PasjelHB ce Ha 3.eMeHT obbeMa dx dy dz. Mueem

) iy A2 e

HJAH

Fvidiv —Ce " oy, % (17)

r1e C — kos(pHIHeHT NPONOPIHOHANBHOCTH H P==(kT)~1. ITOT pe3y/ib-
TAT W3BECTEH KaK MQKC6eAN08CKoe pachpedeneHue ckopocmerd. Brepshie
ero nosyuns Makcena B 1859 r. (Ha OCHOBAaHMH COOOpaKeHHH MeHee
O0MIero Xapaxrepa).
3amertum, uto BeposTHOCTb P’ [popmysia (15)] uan cpennee uncno f
{(popmyaa (17)] HE 3aBHCHT OT IIOJIOKEHHST ' MOJIEKYJIBl. DTOT pe3yJbTar
TOITBEPIKARETCS | COOOPAKCHHAMH CHMMETDHH, TAaK KaK B OTCYTCTBUE
BHEMIHUX M0JIell MOJIEKY.1a HE MOMKET HMETh IPEUMYIIECTBEHHOTO 110410
AeHUs B IPOCTpaHCTBe. 3aMETUM TaKKe, 4To 2’ (WM [) 3aBHCHT TOIbKO
OT BEIUHHBI CKOPOCTH V, HO He OT ee HalpaBJ/eHus, T. €.

F(v)=F(v), (18)

re v==|V|. D10 TaKKe CJeJACTBHEe CHMMETPUH, TaK KaK B yCJAOBUSIX, KOLia
COCYA KaK I1e/i0e TOKOHTCS (TP 3TOM HENOJBHIKEH H ILIEHTP Macc BCero
rasa), lipeHMYILeCTBeHHOE HaNPaBJIeHHe CKOPOCTH OTCYTCTBYeT.

Onpenenenne noctoanuoill C Ilocrosanas C MoxeT GbITh NOAYYEH:
u3 ycaoBud, uto cymma (17) 1o BceM BO3MOXKHBIM 3HAUEHMAM CKOPOCTH JO/UKHA NATh
nosHOE CpeliHee YHCIO 71 MOJIEKY] (AaHHOTO THIA) B efHuue obbeva. Takum obpaso,

-L pmu?
CSe 2 ddv=n, (19)

HAH

~
Pazjarasi 3kcrnoHeHTY Ha MHOMXKHTENH, HMeeM

1 g2 1 52 1 L2
~—fmoy ——==Pmo’ —— fmo;
CSSSe * e ¢ Y 2 dv, dvy, dvy =7,

~ 1 2 2 2 '

- Bm{ ok + o o))
\e : Y do, doy, do, = n.
J



HJIH

+®w __;l_ Bmvi 4@ _% Bmvz +x _J_ BI"UZ
CSe deSe “do Se * =N,
-0 -0 -

Kamppift 53 Tpex Hamucauubix MuTerpanos umeet [cm. (M. 23)] onunakosoe 3Hauenue

L mN\Te [ 2m\
e 2 xdvx___; 1 -——\ p .
7 bm
Takum o6pasom, )
C=n (ﬁ‘ﬁ)’“ : (20)
2n
)
- 1
s ——-Bmu*
f(v)yd®v=n <62LZ> e 2 M sy 2

anMeHHMOCTb NOoONMy4YeHHNbB X pe3yVaAbTaTOB AJAd MHO-
TOATOMHBIX MOJEeKYJ. ﬂpe:monom;m, yTo paccmannBaebeﬁ ra3 CoRepKUT
MOJICKYJAbLl, KOTOpbhle He ABJSIOTCA OJHOATOMHBINMK. B YCIOBHAX, HU3JOXKEHHLIX Bbllue,
JABHKeHHe HEeHTpa MAcC TaKHX MOJIEKYJT MOXKHO pacCMarTpHBaTh B KJIACCHYECKOM IIpHU-
OaKeHnn, HECMOTPs HA TO, YTO BHYTPHMOJIEKYJ/IsipHOE ABHIKeHHE, 3aK/I0ualomeecs no
BpauiedHu H KoJie6aHHY OKO0.10 LeHTpa Mace, OBBIYHO Tpe6yeT KBAHTOBOMEXAHHYECKOro
paccMoTpenHs. CocrosiHue MOJIEKYJAbl MOXKET OLITL Terneps OMNHCAHO HOJOMKEHHEM F U
HUMIYJIBCOM P €€ HeHTpa MacC M yKasaHHeMm KBAHTOBOI'O COCTOSTHHSI S, XapaKTepH3Yyio-
Hiero BHYTPHMOJICKYJ/ISIPHOE JIBHXKEHHe. SHQPI‘HH MOJICKYJIBI Telepb paBHa ‘

p? :
€ == or + Sgl): (22)

TZie epBHI WieH cnpaBa 0603Ha4aeT KHHETHYECKYIO SHePIHIO JABHMKeHHA HeHTpa mace,
a BTopol UYJeH — BHYTPHMOJIEKYJSIPHYIO 3HEPIHIO BPalieHHst H KoeGaHHA B cocTos-
uMy 5. KaHOHHYecKoe pacnpeflesieHse MO3BOJSIET HaM HeMeJJIeHHO HAIHCAThb BHIparke-
Hue JJIs1 BepOSATHOCTH P4(r, p)d3r d3p Toro, uTo MOJIeKy./1a HAXOAHTCS! B COCTOSIHHH, KOrAa
€e LEHTP MacCC JeKUT B HHTePBase oT I A0 I-dr, HMIYJAbC ee LUEHTPa MacCJICKHT B HH-
TepBaje OT P 10 p-+dp, a BHYTPHMONEKYASAPHOE JBHXKEeHHE XAPaKTePH3YeTCsl COCTOSI-
nuem s, Mmeem .

£y

Y QLN Y L
Por, pdirdipoce NP7 >df*rd?*pOCe 2 gar aspe” P55 L (23

Yrobbl HAHTH BePOATHOCTb TOFO, YTO LEHTP MacC W UMITYJbC HEHTPAa MacC MOJIeKYJIbl
JIeXKaT B MHTEPBaJdax OTr Zor - dr 1 oT P 0 p+ dp COOTBETCTBEHHO, HE3ABUCUMO OT TOTO,
B KAKOM COCTOSIHHM BHYTPHMOJIEKYJISPHOTO ABHIKEHHS HAXOAHTCS MOJIEKYJNA, Mbl JOJK-
1Bl IPOCYMMHPOBATh BhipaykeHue (23) 10 BCeM BO3MOXHBIM BHYTPHMOJIEKYJISPHBIM CO-
crossunm s. Ho Buipaxenne (23) #BJsieTcs NPOM3BEAEHHEM ABYX MHOXKHTeAeH, ¥ CyM-
MHpPOBaHHE BTOPOro MHOMKHTEJIS TI0 BCEM BO3MOXHBIM COCTOSIHHAM 03HAYaeT YMHOMXeHHe
NepBOro MHOXMHTEAs] Ha HeKOTOPBHIH NocTosHHBI KosbdunuenT. Tem caMbiM pe3ynbpTar
{23) cBoauTCA K Beipaxe#Hio (14), KoTopoe Teneps OTHOCHTCA K LEHTPY MacC MOJIEKYJIpt.
Takum obpasom, (15) 1 MakcBeJstOBcKoe pacrnipefenenne (17) siBasioTca BeCbMa 06UIHM
Pe3yJbTATOM, KOTOPBIH OCTAaeTCst CHPABENVIMBLIM TaKie H JVIS -ONHCAHHs NBHMKeHHS
LEeHTPa MacCc MHOrOAaTOMHOH MOJIeKYJbl Tasa.
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6.3. CBoficTBA MAaKCBEJJIOBCKOTO pacnpeleieHusi

MakcBesIOBCKoe pacnpenesiente NO3BOJMUT HaM HEMeLIeHHO ToJy-
HHTh HEKOTOpbIE CBSI3aHHbIE C HHM pacnupelle/ieH s, HanpHMep, pacnpene-
JIeHyie CKOPOCTEH Ta30BbIX MOJIEKY.T. Mbl YBHIHM NO3Ke, 4TO HEKOTOPLIE U3
STHX Pe3yJ/IbTATOB MOTYT ObliTh HENOCPeJICTBEHHO NPOBEPeHHl HAa OIhITE.
PaccMOTpHM HEKOTOpHI® CJIEJCTBHS MaKCBe/NJIOBCKOTO pachpesiefenHts H
BBLIICHHM, MPH KAKHX YCJIOBHAX 3TO pacmpejeneHue Gyner crpaseliinBo.

Pacnpedenerue Komnotenme: ckopocmu. Jonycrum, 4T0 Hac uHTEpe-
CyeT COCTaB/IsIoUIasi CKOPOCTH MOJIeKy bl BIOJL OJHOH M3 ocell, nanpu-
Mep, ocH x. B sTom ciayuae mbr OyneM HMEThb /10 Co Caefyioel Be Hy -
HOH, OTHOCSILIEHCS K MOJEKYJaM JaHHOTO THIIa:

g(v,)dv, = cpenxee yucI0 MOJEKYJ B eAHHHNE o0beMa, X-KOMIOHEHTa
CKOPOCTH KOTOPHLIX JIEKHT Mexny v, u u,-+dv, (HesaBu-
CHIMO OT TOT'O, KAKHE 3HAYEHHS HMEIOT IPYrue KOMIIOHEHTHI).

Utobbl nOAYYHTB 3TY BEJIHYHHY, Mbl 7,
JOKHBL ONIPelesHTh YHCIO BCEX MoJe-
KYJ1, KOMIOHEHTH! CKOPOCTH U, KOTOPHIX .
JIeKaT B YKasaHHOM HuTepsage. [lo- \

3TOMY
\

g(vx) de = f (V) d:;V- 4 \
!v‘g,) (sz) \ .
0 UZ

rle CYMMHPOBaHHe (MHTEIpHPOBaHHe). T
TIPOU3BOAUTCS 110 BCEM BO3MOKHBIM 3Ha- - ¥m

! : Pue. 6.5. MaxcreaaoscKoe pacripeile-
YEHHSIM KOMIIOHEHT U, H U, CKOPOCTH Jenve, nawNlee Cpetes THEAO g(v.)do,

mojekya. Henoapaya (17), Mbl n0ay-  worexys m efwiriue ofvesa, x-Kommo-
HEHTA CKOPOCTH KOTOPBIX JIeKHT MCKAY

yaem: oy 4 U 1l
g(v,)dv,=C S S v B (o) do, do, dv, =
©) ©2) ,
—ce " g, +§m +Sm D
WK ) o
gv,)dv, = C’e~—‘:_ Bmﬁ do,, (24)

TaK KaK HHTeT PHPOBaHIE 110 Uy 1 U, IPUBOJUT K NOSBJIEHHIO HOBOTO KO3(h-
¢duuKenTa, KOTOPBIH MOXKeT ObiTh BK/AWO4EeH B Koadduument nponop-
nnonanpaoctH C’ *). Beauunua C' moxeT ObITh ONpese/ieHa U3 yeaoBust,

*) 3amernM, 410 (24) nBJASETCA .NPOCTHIM TayCCOBCKHM pacnpelieienueM (cM.
npuaoxenne [1.1).
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4TO NOJIHOE CPEeIHEEe YHCJAO MOJIEKYJl B €IHHHILE ofbeMa paBHO n:

o

w 1 s
g glv)dv,=C’ S e P do, = n.
Orcrona caeayer: _
C—n (f‘m) & (25)

Us Qopmy.sl (24) BHIHO, YTO KOMIOHEHTa CKOPOCTH U, pachpeneneHa
CUMMETPHYHO OTHOCHTeJNbHO 3Hadenua v,=0. Orcioa caeayer Tak-
JKe, 4TO cpefHee 3HadeHue JO0O0OH KOMIOHEHTHI CKOPOCTH MOJIEKYJIbL
pasto O:

o, = 0. (26)

OH3NYeCKH 3TO SICHO U3 COOOPaxKEeHHH CHMMETDPHH, TAK KaK U,-KOMIIO-
HEHTa CKOPOCTH MOJIEKYJbl C PaBHOH BEPOATHOCTbIO MOXKET ObITh I10JIO-
JKHTEJbHOH WJIM OTPHIATe]bHOH. Maremaruuecku 3TOT Pe3YJabTaT. cJe-
Jyer U3 onpeleseHust cpeiHero *):

— 1 @
vxE_,;' S g(Ux)de?x-

: 3ech QYHKUMS, CTOSINAS 110/, HHTETPAJIOM, HeueTHa (OHA MeHsIeT 3HaK
IpH TIEPEMEHE 3HAKA U,), TO3TOMY BKJAJbl B HHTETPAJ OT NOJOKHTENb-
HbiX M OTPHILATEJbHBIX 3HAYEHHH v, racat APYr JApyra.

3ameTHM, YTO OYHKIMS g(U,) HMEeT MakCuMyM npH v,=0 i GbICTPO
yMeHbIIAeTcs ¢ Bo3pactannem |v,|. Ona CTaHOBHTCS HpeneSpexuMo
Manofi npu [Pmod>>1, 1. e, '

ecoH v, [ (T /m)"s, - g (v,) — 0. (27)

Pacnpenenenne g(v,) 1o Mepe yMeHbLUeHMs1 abCOJIOTHOH TeMrepaTyphbi
T umveer BOH3U v, =0 Bce OoJee OCTPHIE MaKCHUMYM, UYTO OOBSICHSIETCs
VMEHbIICHHEN CcDefiHeH KHHeTHYECKOH 3HepruH MoJseKyaol nmpu 7->-0.

Bce ckasaHHOe 0 KOMIIOHEHTE U, B PaBHOH CTelleHH CIPAaBeNJIUBO H
J1s1 KOMIIOHEHT U, H'U,, TaK KaK H3 CO06DaKEeHUil CHMMETPHH SKBHBA/IEHT-
HOCTb BCEX KOMIOHEHT COBEPLICHHO OYCBHIHA.

Pacnpedeacrue cropocmeii mosexya. PaccMOTpUM MOJEKY/IbI IlaHHOI"Q
THOA H BBIACHHM, YeMy paBHa C/e]yiollas BeJuuHHa: -

F (v) dv= cpeisee uuc/IO MOJNEKYJ B e;lmmue o0bema,
o6/ajaommx CKOpocThi0 v==|V|, Jexaiueh
B nmepsane OT U 10 U-}dvu.

Mgl nonyqnm 3TO YHCJO, CKJaJbIBAf BCe MOJICKYJIbl, a6COMIOTHASL BeaIH-
YuHa CKOPOCTH KOTCPHIX, HE3aBUCHMO OT €€ HANpPagACHUA, JIEXKHUT B YKa+

- *) Mut HCIO/b3yeM OlipeleJieHHe CpeIHero, JAaHHOe (bdpmy.rloﬁ (2.78).
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3aHHOM wuHrepBane. Taxum ofpasom,
F@do={"f(v)d, (28)

rie WTPHX IMTOJ 3HAKOM HHTErpaJsia yKasblBaeT Ha TO, UTO HHTErpHPOBa-
HlE IPOU3BOJHTCA IO BCEM CKOPOCTAM, YAOBJ/JETBOPSIOIIHUM YC/JAOBHIO

v<|v| <vtdo.

3TOMY YCJAOBHIO YIOBJETBOPSIIOT BEKTOPBI CKOPOCTH, OrPaHHYeHHbie B
TIPOCTPAHCTBE CKOpOCcTell cepHUeCKUM CjloeM, BHYTPEHHHH pajuyc Ko-
TOPOTO PaBeH v, a BHewHHH v -+ dv. Tak kak dv -— BesiHYHHA GECKOHEUHO
aManasi, a f(v) 3aBHCHT TOJABKO OT dOCOJIIOTHOrO 3HAYEHHA V, TO BO
Bcell oGaactu wHTerpupoBanust B ¢opmyse (28) dynkuus f(v) nmeer
NOCTOSIHHOE ~ 3HaueHHe f(v) W MoxeT OLITb BBIHECEHA 3a 3HAK
unterpana.  Ocrapmmiics  uHTerpad
paBeH o0beMy B MPOCTPAHCTBE CKOPO-
cTefl cpepHIecKOro €/10s1 PaauycoM v U
TOAUHHON dv. 10T 06beM paBeH Mpous-
BC/ICHHIO MOBePXHOCTH cjost 4mo? Ha
ero rouuny dv. Ilosromy (28) npunu-
‘MaeT BUI

F (v) dv = 4nf (v) v? do. (29)

Hcnoawayst (17), mMbl nogayydaem

Puc. 6.6. IlpocTpaHcTBo CKopocTelt
AJNR OBYX H3mepeHHil (ock Uz nepneH-
(30) OUKyAsipHa K TJOCKOCTH — YepTexa).
ChepryeckHit cioit COfepKHT BCe MO-
NeKyJasi, CKOPOCTh KOTOPHIX V TaKOBa,

yto v<<|vi<Tov-|-du.

‘ 2
F(o)ydo=4nCe = "™ 2 do,

rie C onpenensietcst popmyoft (20). Gopmy.a (30) nassiBaeTcss MakcBe-
JIOBCKHM pacnpejedeHieM cKopocTeli. 3aMeTm, 4To MaKCHMYM 3TOTO pac-
npefeaeHHs BOSHHKAET M0 TOH Ke IIPHYHHE, YTO U MAaKCHMYMSI, pacCMOT-
peHHbie HaMH [1pH 00CY2KAeHHH OOLLHX NPHHIMIOB CTATHCTHYECKOH mMexa-
HUKH. C yBesiiyeHHeM U IKCIMOHEHIMANbHBIT MHOXKUTEIb YMEHbUIACMCA,
HO o0beM (Ha30BOro NPOCTPAHCTBA, JAOCTYHHBIH MOJEKYJe, 803pacmaem
NPOMNOPILHOHAJLHO U?; B pe3yJibTaTe pacnpejesieHde HMeeT IiaBHbIH Mak-
CHMYM.

OueBHAHO, 4TO cymMmupoBarue F(v)dv no BceM BO3MOXKHBIM 3Haye-
HHAM CKOPOCTH U==[V| JOJKHO JaTh MOJIHOE CpejHee YHC/IO MOJEKYJ B
enyHune obnema, T. €.

°§F(v)dv=n:\“ , (31)
0 !

Huxuuit npenen 3Toro MHTErpasa pased HyJHO, TaK Kak, MO ompeaese-
HHIO, CKODPOCTb U==|V| MOJIEKYJIbl ‘He MOXKeT ObiTb OTPHLATENbHOM.
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Ha pucynke 6. 7 noxacana saBucumocTs dynkuuH F(v) OT CKOpOCTH
v. Ckopocth v=v, npn Koropoil F(v) HMeeT MakcHMyM, HasbBaeTcs

{
-n—F(U) "
08 r/\]\
’ ‘ I
AN
06 T
/ | }: \\
N
b SN
Pl
A N\
Y17 B AN
SREER | ~—
b 04 0810112 46 20 z
A ~Zep.xe. v
v b

Puc. 6.7. MakcpessIOBCKOE Daclipefesienue, NOKashipawiliee Cpeifee WHCIO moJlekyn F(vido B
eanunne ofbeMa, HMEIOUIHX CKOPOCTh OT v A0 v+4dv. 3a eAHHHLY CKODOCTH B3sTa HauGoJsece Be-
B - 1 —_—
posiTHASL CKOPOCTh v==(2kT/m) /e Ha rpaduke nokasana cpelHsisi CKOPOCTh U ¥ CpeAHsIsi KBaApa-
—1
THYHAR CKOPOCTb o - =(v?) 2

Flv) 300°K

DK

Fuc. 6.8. MaxcBeNJIOBCKOe pacnpelesieHue CKOPOCTeR MOJEKYs npH Pas/HYHBIX TeMNepaTypax.

raubosce eepoamrol ckopocmoio. Ee BeqnuHHY MOMXHO HafiTH H3 yCj0+
sust dF /dv=0, yto ¢ nomomsio (30) aaer

. e,
(—ﬁmve—_{ prmo ) vife ® pmo 2v) =0,
OTKYyAa - .
~ / 2 2kT .

. PaccmoTpuM B KayecTse npuMepa asot Ng IpH KOMHaTHON Temmepa-
Type T~300° K. Tak Kak MoJeKyaspHbli Bec azota N, pasen 28, a
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yic10 ABoranpo pasHo.6- 10¥ moaekya/sose, TO Macca ONHON MOAEKY/Ik
agora mran 28 /(6-10%%) = 4,6+ 1033 2,14 U3 dopmyast (32) Mbl nosydaem.
HanboJjlee BePOSITHYIO CKOPOCTb MOJeKYJbl N,:

v~ 4,2- 104 cmjcex = 420 m/cex. (33)

3ameTuM, YTO 3Ta BeJHUYHHZ HMeeT MOPSA0K CKOPOCTH 3ByKa B rase.-

[Ipumenumocmy Kk ea3y Kaaccuseckoeo npudaumcerus. [locrapaemest:
Terepb BBIICHHTb, NPH KAKHX YCJIOBHAX KJacCHUeCKOe paceMoTpeHue
H1eaJbHOTO I'a3a, a 3HAuUT, U MAKCBEAJOBCKOe pacnpelle/eHle CKOpoc-
Tell MOTYT cuuTaTbesd cnpaseiiuBbiMH. Haw kpurepuii’ cnpasenaiBsoctu
3aKJ104aeTcsl B YCJAOBHH (3), BHITEKAIOUIEM H3 TMPHHLUUMNA HEONpeALaeH -
Hoetw [efisentepra. Eciu yejosue (3) BHIUTOHEHO, K/J1aCCHYECKOR OIIH-
cainue JOJKHO ObiTh CHOpaBelHBBIM.

Tax kak Hac unTepecyer [JAaBHBIM O5Da30M THMHYHLIA HOPSIOK Be-
JHYHHBL, Mbl OFDAHHUHMCA TNPUO/MMKEHHBIMH OUEHKAMH BXOISIIIUX B
(3) Beanuud. [lopsanox BeauuMHbl UMNIYJALCA P MOJIEKYJ1, HMEIOUHX Mac-
Cy m H Haxolamuxcd npu Temneparype T, Mbl HalifeM, 3Has HauGonee

BEPOATHYIO CKOPOCTb STHX Mosieky.1. M3 (32) moayuaem

p, = mo - V 2mkT .

Takomy 3HaueHHIO HMIyJAbca OTBevaeT cCijiedyiollee 3HayeHue MTHHBY
BoaHbl Je Bpoiasa:
Py VomkT .
Knaccuueckoe paccMOTpeHHe MPEANoJaraeT, YTO MOJIEKYJbl SIBJs-
I0TCS PA3JMYHBLIMH YaCTHLAMH, KOTOpble ABHKYTCS MO ONpPees]eHHbIM.
TpaekTopusam. Takast TOUKa 3peHys OyleT crpapelJiUBA NMPU OTCYTCTBHH
KBaHTOBOMEXaHHYECKHX  OTFpaHHYeHMH, MNPENsATCTBYIOWHX JOKa/lH3a-
{lHY YacTHithl B mpee]ax PacCTOSTHUH, He TMPEeBBILAIOUIHX THIHYHBIE
paccTosiHusi s, MeX1y COCeAHHMM MoJjeky.aamu. B coorsercrsuu ¢ (3)
3T0 03H4YZeT, YTo

1

>R | : (35

(KpauToBoMexaHH4ecKoe pAacCMOTPEHHE -MOKA35[3aeT, UYTO KBAHTOBLI2®
3pperrbl RefCTBHTE/NILHO CTAHOBATCH 3aMETHbLIMM, ecaH ycuaoBHe (35)°
Hapyuaetcsi. 3TO CBA3AHO C CYECTBEHHOR Hepa3aHuUUMOCTBIO MOJIEeKY1,
KOTOpas [P 9TOM MMEET OCHOBHOe 3HauyeHue.) UToObl OLEHHTb THITHY-
HOE DAcCTOsIHHe Sy Mexdy O/mixafiiuMu MOJeKyJaMH, JOMYyCTHM, 4T,
Ka)k1as MOJIEKY/a HAXOMMTCA B LEHTpe He00J1bIIOro Kyba cO CTOPOHOI
Sp H 3TH KyObl 3aHOJMHSIOT Becb 00beM' rasa, B KOTOPOM Haxoaurcs N
MOJIEKYJ. Toxﬂa ‘
sﬁN_——«V v R
ik} 1 o : : ,
. s\ .

Sy = (l/—> /,3 =n-t, (3%
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rie n=N/V — uncao moaexya B eannnue o6bema. Tenepnb yenosue (35)
CIIPaBeAJIHBOCTH KJaCCHYECKOTO PacCMOTPEHHSI IIpHHUMAaeT BHJ

R
. ~Hh Vzmkr<1. (37)

Orciona caenyer, 4ro Kjaaccuyeckoe NpHO/HKEHHE CTIPaBeiINBO, eC/In
ras JIOCTaTOYHO pa3pexeH, TaK 41O n Mand, ecan Temnepatypa T Jo-
CTATOYHO BeJHKa M eCJd Macca nl MOJEKYJ He CJHILKOM MaJja.

YucanenHr e oneHKH. UTo6H NONYyYUTh YACAEHHbIE 3HAUEHUA THIHUHBIX
BEeJIHUMH, PACCMOTPHM- ra3ea6pa3nblil. reluil. Np1 KOMHATHON TeMnepaType M atMocdep-
HOM JasjeHun (760 mm pT. cr.). MHTepecylomue nac napamerpel caeiyloumiye:

cpejlHee JaBjeHHe

p=T60 mu pr. c1. A 108 dun/cxu?;
Temneparypa
T =300° K, nosromy kT A 4,1-10~14 3p2; *

Macca MOJIeKYJlbl
4

— T~ 6.6-10~2¢ 5p;
m*6_1023~6,6 10 ape.
VI3 ypaBHeRHsl COCTOSIHNA MJ€aJbHOro rasa cllefyer, 4To

_E_ .1018 3
n_k,r~2,5 1019 monexyajcud.

®opmyant (34) n (36) naoT caenyoulne OlEHKA:
3 = 0,14A

Sy = 33 A,

rae 1 A=10-8cyu. Taknm ofpasoM, ycioBre (35) BBLINOJTHAETCH W KJIACCHYECKOe MpPH-
GJHKEHHE SIBJSeTCST JOCTATOYHO XOpOomnM. BoablnicTBo ra3os nMeeT Goablunii MoJe-
KYJsIDHBIH BeC U, C1eLOBATENbHO, JUISL HX MOJEKYJI IJIMHA BOJAHBL e Bpoiina eme Menbie
H yciosre (35) BBRIMOJIHsIETCS ewle JyyLie.

PaccMOTpHM Tenepb 2J€KTPOHB NPOBOIMMOCTH B THIIMUHOM MeTaJJje, Hampumep,
B MenH. B niepBoM NpHONMKCHHE MOXHO NpeHebpeub B3aHMONEHCTBHEM MEKAY JIEKTPO-
HAMM M PAcCMaTpPUBATH UX KaK UAealdbHulil ra3. B stoM cayuae uucneduce 3uauenue
OCHOBHBIX NTapaMeTPOB OKa3kIBAeTCd COBePuieHHO ApyruM. Macca saektpoHa Giauska
K 10-27 2, 1. e. B 7300 pa3 MeHbie Maccsl atoMa He. 31o 03HavaeT, uTo AIMHA BOJIHBE
ne Bpoilist yBennuuBaeTcs Ha Jpa nopsaka:

%o & 0,14- Y/ 7300 ~ 12 A.

Ila.nee, TaK KakK B MeTaJljie HAa KaxJBll aToM NPHXOJNTCST OJHH 3JIeKTPOH IIPOBOLHMOCTH
U TUIHYHOE MEKAYATOMHOE paccTrosanne 6aH3K0 K 2 A, MBI MMeeM

Sp = 2A.

B sToM ciyuae paccTosH¥e MexJy YacTHUAMH HAMHOTO MeHbllle COOTBETCTBYIOULETO
PACCTOSIHMSA B CyYae TejMs. DTO 3HAUHT, UTO JMEKTPOHE B MeTajle 06pa3yioT oueHb
RJOTHBI ra3. Hamm oleHKH NOKa3EBaloT, YTO AJIA TAKOFO Tasa yciosue (35) He BLIMOA-
Hsiercst, H C/IeJlOBATE/IbHO, NOBeJieHHe 3J€KTPOHOB B MeTajlle He MOMET GuiTh NOHATO
B paMKax KJacCHYECKOH CTATHCTHYeCKoH MexanHKH. JleficTBHTennHO, B 3TOM Ciyuae
Heo6X0/IMMO  KBAHTOBOMeXaHHYeCKoe ONHCaHHe, YIHTHIBalOMiee nphHuun. [layiu.
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6.4. Idbdy3ans n MoneKyanpHbBIE NY4YKH

Paccmotpum ras, 3axJioyeHHBIi B COCYA H HAaXOASIUHACH B PABHOBE-
cul. Ilycth B ofHOH M3 CTEHOK cocylda HMeeTcs HeGOJIbIoe OTBepCTHe
auamerpoM D (uam y3kas weap wmpHHOi D). Ecsn orsepcrtue nocra-
TOYHO MaJjld, ero CyIIECTBOBAHHE MPeHeHPEeKUMO Mal0 HAapYUIHT PaBHO-
BecHe rasa B cocyle. I[lo3ToMy MOJIeKy/bl, BhIXOASILINE Uepe3. OTBEPCTHE
M3 COCYyJa B OKDYJKaIOWHH ero BakyyM, 006/1aJal0T CBOACTBaMU, Xapak-
TepHBIMH 1% Ta3a B cOCTOsHMK paBHoBecHst. C noMolubio pafa miesed
MOKHO OCYLIECTBHTh KOJLIMMAIHIO MOJEKY/, BBIXOASIUMX H3 COCYAa,
¥ MOJIYYHTh TaKHM 00pa3oM y3KHH MydoK Moseky.. Tak Kak uHcso Bel-
XOASIIMX H3 COCyla MOJEKY, HeBeNMKO, B3aUMOAEHCTBHEM MOJEKYJ B
TaKOM MYYKe MOKHO MNOJHOCTbiO npeHebpeub. MosekyaspHBIE NyYoK
MOXKHO ¢ YCMeXOM HCIIOAb30BaTh AJst ABYX Lesed.

1. C momou1bio MyYKa MOMHO H3yuyaThb CBOMICTBA MOJIEKYJ ra3a, Ha-
XOJSILIErccsl B PABHOBECHH BHYTPH cocyna. Hampumep, ¢ nomorupo Mo-
JIEKYJSIPHOTO [1yYKa MOXKHO IIPOBEPHTBb, COOTBETCTBYET JIM paclpeinene-
HHe MOJIEKYJ B COCYHe [0 CKOPOCTSIM NPEACKA3aHUAM, BBHITEKAIOMUM H3
MaKCBeJJIOBCKOTO pacripese/eHus.

2. MosexyJsipHbIll NYUOK AaeT BO3MOXMHOCTb H3Y4aTh H30/HPOBAH-
Hble aTOMBI H MOJIEKYJIBI, YTO [103BOJIET ONPeNe/HTh X (QYHIAMEHTAb-
Hble aTOMHbIe U slepHble cBolicTBa. [11010TBOPHOCT TOTO METOA BHIHA
XoT# OBl U3 TOTO, YTO 1OJ06HBE HCC/1eI0BAHUA YBEHYAMHCh HECKOAbKHME
HoGeseBckumu npemusivin. OTMeTHM, HanpuMep, GyHAAMEHTa/1bHbIE OTlbi-
Tl Hltepua u ['epiaxa, npuBeaune K OTKPLITHIO CIIHHA U CBSI3aHHOTO C
HHM MATHUTHOTO MOMEHTa 24eKTpOHa, OfnbiThl Pabu U ero coTpynHHKOB,
JaBUIMe BO3MOXKHOCTb BBIMOJHHTD TOUHLIE H3MEpeHHs1 MarHHTHBIX MO-
MEHTOB siiep, a Takxe onbitei Kyma u Jlsmba, KoropbiM Mbl 00si-
33Hbl COBPEMEHHbIN TOHHMAHHEM KBAHTOBOI TEOPHM 3/1EKTPOMATHUT-
HbIX B3aHMOJCHCTBHI  ¥),

Kaxkosa mo/mxHa GbiTh Beu4uHa OTBepCTHS D, 9TOGBl MOXKHO GBLIO
apenebpeub HapylUeHHEM COCTOSIHHSI paBHOBecHs rasa B cocynae? OrBep-
CTHE JOJIAHO ObIThb CTOJMb MajbiM, HYTOObl OTHOCHTEJNBLHO HeGOJBLIOE
YHCJIO MOJEKYJ, HAXOJASIIHXCs BOJIM3H OT Hero (M CHOCOGHBIX TIOITOMY
HNOKHHYTBh COCYJX), HE BJHAAO 3aMeTHBLIM o0pa3oM Ha OrpOMHOE YHCIO
MOJIEKYJ B OCTa/NbHOM 4acTi cocyAa. D10 TpeboBaHne OyieT BLINOJIHEHO,
€CcaH 33 BpeMsl npeObiBaHHSI MOJIEKYJ bl BOJIH3H OTBEDCTHA OHA MPaKTH-
YeCKH He OYIer MCIbIThIBATh CTONIKHOBEHMI ¢ OCTa/bHBIMH MOJIEKYJIAMH.

Ecau CpelHssl CKOPOCTbk MOJIEKYJbI U, TO BpeMsl, KOTOPOE MOJIEKY.J/1a 1PO-

BOANT B6AN3M otBeperns, Oyaer nopsaaka D/v. C Apyrofi cTopoHbi, Bpems
MEeK1Y CTOJKHOBEeHHeM JaHHOH MOJIEKYJb! ¢ JIoO0H APYrofl uMeeT HOpS-

JOK [/u, re | 0603HauaeT CPENHION IIHHY CBOOOJHOTO Npofera B rase**).

*) Xopoiunil 1 HaNHCaHHBIY HAa JOCTYITHOM YpPOBHE 0630D ONBITOB C MOJEKYJSIP-
HBIMH Nyukamu npunamiexur O. @puury (Sci. American vol. 212, p. 58, May 1965).

**) B'n. 1.6 Mbl onpeneJIHJIN CPefiHIO AJIHHY CBOGOJHOrO mpobera Kak cpelsee
paccrosiHue, NPOXOAUMOE MOJIEKYJOH rasa MeXAY ABYMS CTOJKHOBEHMSIMH. .
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BrickazanHOe HaMu TpeGOBaHUE SKBHBAJIEHTHO [O3TOMY YC/IOBHIO: -
D { '

nua o
D£LL. (38)

EciH 370 yci0BHe BBIUIOJHEHO, MOJMEKYJbl BHYTPH COCYJAa OCTAlOTCA B
PABHOBECHOM COCTOSIHHHM (XOTfl HX MOJIHOE YHCAO MELJIEHHO YyMeHblIa-
ercs1). Takoe HcTeueHHe MOJAEKYJ H3 OTBEPCTHSI HA3biBACTCS aghghysueti.

3ameuasnue CHTYaUus CYWeCTBeHHO MeHsercsl, ecin D3>, tak uyto, Haxo-
JAch BOMN3H OTBEPCTHS, MOJEKYJBbI YCHEBAIOT YACTO CTAaJKMUBATLCH APYr C JApYrom.
Ec/IH HeKOTOpasi YacTb MOJIEKYJ BBIXOHUT
3 wead (puc. 6.9), To 31O BJAHSIET Ha
MOJIEKYJIbl, OCTaBUIHECS] CJjieBa OT IeJIH.
Oun He 6yAYT HCNBLITHIBATh CTOJKEOBEHHM
€ MOJIEKYJaMil, HaXOAsALIUMHACSA clipaBa
BRIXOAAIIMMHE #3 COCYJa depe3 liedb, HO
OyAyT Y4acTo CTAJKUBATLCS C MOJIEKY1aMH,
HAaXOISILUMUCH ¢/eBa OT HEX. Pe3y/bra-
Puc. 6.9. opmuposanie MONEKYAAPHOTO NYY-  TOM TAaKHX CTONKHOBeHHil Gyler mnosiBje-
Ka U3 Mone‘(yﬁiefﬁnéo%ﬂl;;e u3 heGoabiol  yye cunpi, peficTByOmEl HA MOAEKYJibi
’ BO/MH3M eI CleBa Harpaeo. Jra cuia
€03/1aCT IONOJNHUTEbHYIO COCTaBJSAIOULYI0 CKOPOCTH B HAaNpaBJeHHH wmiesiH. Pesyib-
THpYIOLlee JBHXKEHHe MOMEKY.I 10A AeficTBHeM TakoH cuiibl GyJeT aHaJOTHYHO BhITEKa-
HUIO BOABL Uepe3 OTBepCTHE B cocyjle. B aToM caydae mul uMeem 1es10 He ¢ ady3ueli, a
C 2uOPOOUHAMUYECKUM NOMOKOM.

Ecan menb Hactonibko Masa, uto ycioBHe (38) BBINOJHSETCS, TO
CYILLECTBOBAHME LUeNH He HapyluaeT paBHoBecHs rasa. Ilostomy cpenxee
YHCJO of ¢ MOJIEKYJI, BLIXOASIIIIMX M3 INENH 33 e[MHHILY BPEMEHH, PaBHO
CpefHeMY NOJHOMY HHCJAY MOJEKYJ, KOTOphie ylapsaHch Obl 3a eIHHHILY
BpeMeHH O [OBEPXHOCTb LeJaH, ecau Ol ee He ObL10. Takum o6pasom,
o/ o paBHO TnipuOMIKEeHHOMY BhlpaxkeHuio (1.18),- mostyueHHoMy Hamu B
n. 1.6:

(ﬂoz%na (39)

rie 1 — CpelHee YHCAO MOJIEKYJ b eMHHUe 00beMa U U — HX CPeHsis
ckopocth *). Ecau Hac uuTepecyloT TOBKO Te MOJEKYJbl, CKOPOCThb
KOTOPBIX JIEXHT B HHTEpBaje OT v [0 v--dv, TO cpejlHee 4HCAO TaKHX
MOJIEKYJI, BHIXOMSIMX H3 ILeJgu 33 eJUHHLY BPeMeHH, MPHOJIH3HTeNbH
paBHO -

o] (V) dv ~ —é— [F (v) dv] v, (40)

rae F(v)dv o3HavaeT cpefiHee 4HCIO MOJEKYJ, CKOPOCTb KOTOPBIX JIEXUT
MeXay v U v+dv. BocnoJis30BaBIIHCh MAKCBEJIOBCKHM pacnpeje/ieHHem
CKOpOCTeH, Mbl IOJY4YHM

1 s
o) (V) dvocvf’e-_?ﬂ’w ; _ (1)

. ] 1 -
*) Ecan cpenarb - TouHble, a He' NPUGHHIKEHHBE BEIMHC/IEHHS, TO 07(,:—;- nu’
(M. mpuwioxerue IL 4). :
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Muoxurtens v B (40) Bo3HHKaeT noToMy, YTO GhICTpasi MOJIEKYJa CKOpee
BBIHJIET U3 INeJH, YeM MelJieHHas.

Mamepsisi OTHOCHTeJbHOE YHCJO MOJIEKYJl, NMEIOUHX Pa3iHyHble CKO-
pOCTH, B MOJMEKY/SIPHOM NYUYKe, BLIXONSIILEM H3 LIEJAH, MOXKHO IpOBe-
pHTB Gopmyay (41), a Tem cambiM pacnpefenenye Makcsensna, Ha KOTO-
pOM OHa ocHoBaHa. [lpenHasHaueHHas AJs 3TOM 1le/H 3KCNEPHMEHTA/b-
Hasl yCTaHOBKa HOKaszaHa Ha pHc. 6.10. [leuka B sieofi yacTH pHCYHKa

. ATCCVIEHHBIE ITOMEL
Ay geawedawmes
Fecy

Lbicrmpsie amo-
Mel Ag oramedle,
s e

leyna Hommumu gy Boruammuiin
E/Hﬂ; 7 e Gapaban

| ! |
K Hacomam . */{ HACoIM

Puc. 6.10. Cxema npu6opa ¢ MOJEKYJSIPHBIM MYSKOM N5 W3yUeHHA pacnpedelerHst CKOPOCTeil
aToMOB cepebpa (Ag). YIapupiluch 0 BUYTPEHHIOIO [OBEPXHOCTb UWMJHHADA, aTOMbl OCTATCA
Ha Hell.

npejfHasHadeHa /4 o6pa3oBaHHs UCMapeHueM ra3oodpasHoro cepebpa.
[Tokupatoue o6nacTb NeyKer yepes y3Kyio Hledb aTOMEI cepefpa obpa-
3YI0T aToMHbIH nyuok. Ha nyTu mydka nomeitien GbICTPO Bpamlaouics
BOKPYT CBOEH OCH NOJLIH IHJIHHAP CO Liebio. AToMbl cepebpa, momas-
e yepe3 iesab BO BHYTPb UM/IHHAPA, AOCTHTalOT €ro IPOTHBOMOJIOK-
HOH CTeHKH uepe3 pa3zHoe Bpemst; yeM 60oJblUe CKOPOCTb aTiMa, TeM OhICT-
pee OH J0JeTaeT.l0 CTeHKH. Tak Kak HUIUHAp Bpamlaercsl, aroMel ce-
peSpa ¢ pasHBIMH CKOPOCTSIMH OYIYyT MOMajaTh H OCAXKAAThCs B pasHbIX
MecTaX BHYTPeHHell MOBepXHOCTH HMJAHHApA. l3MepeHue TOJMIHHLL
€108 OCaXIEeHHOro cepebpa B 3aBUCHMCCTH OT pAaCCTOSHHSA, OTJIOMKEH-
HOTO M0 OKDYKHOCTH UHMJHMHAPA, SIBJSETCS METOAOM H3YUeHHs pacnpe-
leleHHsl CKOpOCTeHl aTOMOB.

Bojsiee TouHOe H3MepeHHe paclpefeneHHsi CKOPOCTell MOMXKeT ObITb
‘BBLINOJIHEHO B YCTPOHCTBE, KOTOpOe OTOHPAeT MOJEeKYJbI, UMEeliiue Ol-
pe/ieNleHHYI0 CKOpocTb (pHuc. 6.11). (10T MeTon aHa/OrH4YeH MeToAy 3y6-
4aToro KoJseca, KOTophlii PU30 NpUMEHHJ [/si U3MepeHUs CKOPOCTH
cBeTa.) MoJleKy/sIpHBIA MYYOK BHIXOAMT H3 LIEAH H DETHCTPHPYETCsS Ha
apyroM KoHue npu6opa. Mexay UCTOYHHKOM H JeTEKTOPOM IIyUKa Mmome-
IeH CeJIeKTOp CKOPOCTEH, B NpocTelilieM cayyae npeAcTas ol cofoi
napy IUCKOB Ha oOued OCH, KOTOPYK MOXKHO BpallaTh .C H3BECTHOM
YIJI0BO# cKopocThio. O6a AMCKA MAEHTHYHBI, W HA HepHbepHH Ka)XIOTo
U3 HHUX clenaH Bbipe3. Bpamarommecs AUCKH JeHCTBYIOT Kak JiBe 3aj-
BUKKH, MONepeMeHHO OTKpbiBaolHecss H 3akphizatouirecs. [Ipy TouHok
IOCTHPOBKE JHUCKOB, M €CJM OHU He BPAaulalOTCs, MOJIEKYJBl AOCTUTaioT
JeTeKTOopa, Npoiija yepe3 BHpe3bl B 000HX AucKaX. [lpu Bpamenuu ocu
C MHMCKaMH MOJIEKYJbl, NpoluefiliHe yepe3 Buipe3 B IEPBOM JUCKe, AOC-
THTHYT J€TEKTOPA TOJBLKQ B TOM CAy4ae, eC/IH BpeMsl JBUIKEHHSI MOJIEKYJI
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MeXCLy JIUCKaMH GYAeT PaBHO BpeMeHu 000poTa JHCKa (MJIH KPAaTHO STOMY
BpemenH) *). B MPOTHBHOM cJayyae MOJIEKYJ/bl OyldyT MOIVIOUWIEHBI BTO-
pBHIM JIUCKOM H He nomnagyT B JeTekTop. IIpH pasjiuyHbIX YIJIOBBIX CKO-
pocCTsIX BpallieHHs! AUCKOB B JeTeKTop GYAyT nomnajaarb MOJEKYJIbl ¢ pas-
JIMYHBIMH CKOPOCTSIMH. }l3MepeHHsl OTHOCHTEIBLHOro 4YHC/a MOJEKYJ,

J— /p\\,ZEi”Eﬂmlzy .

—

—— e o it o

fo—
\

e K nacocam

Puc. 6. 11. Cxema npuopa ¢ MOBEKYAAPABIM MTYUKOM H CeNeKTOPOM CKOPOCTell AJs1 H3 yUeHHs pac-

npefledleHHst CKOpocTeil MoJieKyJl. 3a Bpemsi, HeoGXoAHMOe NYYKY, YToObl MPOTH PAaCCTOSIHHe MEK-

Iy NepBbIM H BTODBIM JAHCKOM, OCb [IOBEpHETCs HA ONpeAeseHHBIl Yrosl H NYYOK NpOilAeT Yepes

JHCK TOJBKO B TOM C/lydae, €c/id AUCK COBEPUIHT MOJHbI 06opoT (MIH Ueloe YHCJAO NONHBIX 060-
poToB).

PETHCTPHPYEMBIX HETEKTOPOM 33 CEKYHAY, JAlOT BO3MOMKHOCTb Heroc-
PEICTBEHHO NOJMYYMTh pacnpelenense ckopoctefl mosexy.a. Ilogo6Hble
M3MepeHHsl MOATBEPANJH CNPaBelHBOCTb MAKCBEIJIOBCKOTO pacnpeje-

JIEHHUS.
SIBsienre abdy3HH, KpoMe HCIIO/b30BAHHS Jiiss CO3AAHUA MOJIEKY-
JAPHBIX MYYKOB, MMEET Das/iMuHble NMPAaKTHYECKHe NPHMeHeHHs. 3Has

abcontoTHyIo Temneparypy T M cpelHee NaBjeHHe p Tasa, Mbl MOKeM
BHIUMCJHUTb 1 ¥ . J{efCTBUTeNIbHO, ypaBHEHHe COCTOSIHUS HAeabHOro

raza naer n=p/kT, a CPelHsAA CKOPOCTb U MOJIEKYJbl HPHOJIH3HTEb-
HO paBHa ee Haubosee BepPOATHOH cKopoctH (32), Takum o6pasom,

v (kT/m)'/=. TogcTaBass 5TH 3HaueHus n M v B (39), DOAYdHM

——
o 5o (42)

Mgt BHAYM, 9TO CKOPOCTb 3(y3HH 3aBHCHT OT MacCH MOJIEKYJI: JieTKue
MOJIEKYJibl HMEIOT GOJIbIIYIO CKOPOCTh H MX 3hdy3us 6yler npoHCXOXUTh

*} OKCIEePHMEHTAJILHO JIeTKO Pas/IHYHTh BpeMeHa, COOTBETCTBYIOILME pPa3iHIHOM
KPaTHOCTH.
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CKopee, ueM 3pdy3us TSHKEILIX MOJEKYIN. ITO CBOACTBO 3ddYy3HH MOXKHO
HCHO/Ib30BaTh /151 NOJyYeHHs MPAKTHUECKOro croco6a pasfe/eHns Hao-
TonoB. [lpexcraBum cebe cocyn, 3akpbiThlil MeMOpaHOH ¢ GOMBIIHM Hiic-
JIOM Y3KHX IIeJell, Yepe3 KOTOPble MOMKET MPOHUCXOAUTH 3(PhysHsT MoJie-
KyJ. IlycTh Ham cocyl HamoNHEH CMeChIO ABYX H30TONOB M TOMEIIEH B

Puc. 6.12. ®otorpadus CoBpeMeHHOro NPHUGOPA € MOJEKYASPHEIM MYYKOM, NpPefHa3HAaueHioro
[Jst M3ydeHWs CBOACTE BOJOPOJHBIX MOJIEKYJ H aTOMOB.

Macnsmi?
] J J I Moewam ¢ =| Vaewum 57}
Kotmpon- | ® R — T : ~Aopmamap —-—— =17
{nyﬂl{lﬂL"/b Viw Mepa} \l :l I - El r i—
TORTONE J s Trabar Kemepd
] i ) Iy ot T }
K macocy X pacocy X racocy & nacocy K racocy

Lummoisr

‘Puc. 6.13. Cxema ocHoBHEIX dacTell npu6opa, noKasauHoro Ha npeAstayiieli dotorpaduun, Kou-

TeliHep S ABJIIETCA HCTOUHUKOM MOJIEKYJ, ) — HeKOTOpOe yCTpoiicTBO, PECHCTPUDYIOUIEE MONeK Y-

Jil Ha CTOpOHe TIPHGOpa, NPOTHBONOADKHON HCTOUHAKY. MarHuTel A ¥ B €O3/a0T He0AHOPOAHOE

MarudTHOE f10Jie, H B ITOM [10Jle Masble MaTHHTHBIC MOMEHTHI MOJMeKYN HCHBITBIBAIOT CHJY, BRI3bI-

BaIOULYI0 HCKPHUBJ/leHHEe WX TpaekTopuii. B onbiTe H3y4aeTCsl BAHSIHHE PaJHOYACTOTHOTO H3JyYeHHA
B obaacTd MarsuTa C Ha ABHOKEHHe OY4YKa MOJeKYJL.

BakyyM. C TeuenneM Bpemenn Gaaropapsi 3dpdy3Hn OTHOCHTEJIbHAA KOH-
LUEHTpPAaLHsl TAXKeJA0ro H30ToNa B cocyle Oyner pacTu, a ras, oTKayuBae-
MBI U3 ORPY3Kalolero cocyl Bakyyma, Gyler oforauieH JIerkiuM H30Te-
nom. Takoir Mero]| pa3jieneHHs1 H30TONOB HM€eT IPAKTHYECKoe 3HAYEHHe
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TpH MoJyY4eHHH ypana, oGoramenHoro usoronoM U3, 3ror H3oron
JIETKO JeJNHUTCS TEIJIOBBIMH HEHTPOHAMM M HMeeT MO3TOMY GOJbluoe 3Ha-
yeHHe JJif paboThi SAEPHBIX PeaKTOPOB (M ISl U3TOTOBJIEHHS $JAEPHOTO
opyxusi). EcrectBenHblli ypaH COZEpXKUT TIJIaBHHIM OOpa3oM H30TOM
Uz, Jlast paspenedusi H30TONOB YpaHa WCMOAB3YIOT MeCTHPTOPHCTHIA
ypan (UF,) — xumuyeckoe coeluHeHHe, MpelcTap/siollee co60H npH
KOMHATHOH Temneparype ras. Ilpu adxpy3un 3Toro rasa MOKHO OTALIHTD
HEeCKOJbKO ‘GoJsiee Jjerkue MoJsekyJaer U?*® or snaunTesbHO Gonee pac-
NPOCTPAaHEHHBLIX H HeMHOro OoJee TsiKeaslx mosekya U8, Tak kak
pas/inune B MaccaX 3THX MOJIEKYJ OUeHb HeBEJHKO, TO, YTOOBI MOJYYHTh
3aMeTHYI0 KOHIleHTpauuio H3orona U**?, mpouecc 3dy3un HY:KHO MHO-
FOKpaTHO IOBTOPSATE.

6.5. Teopema o pasHOMEpHOM pacripefieleHHM

B cBoeit knaccuueckofl dopme (10) kaHoHuyeckoe pacipejeseHue
3aBHCHT OT KOOPAHHAT H UMIIYJ/IbCOB, KOTOPHIE SIBJSIIOTCS HElPephIBHLIMH
nepeMeHHbIMH. [losroMy BbluHCJEHHe JOObIX CPEJHHX BeNHYHH CBO-
JUTCS1 K BBIYHC/ICHMIO WHTETPasioB, a He CyMM. 1lpu HEKOTOpBIX YCJIO-
BHSIX BBIYHC/IEHHE CpPEHEH SHEPTHH CHCTeMbl MOKeT OBITb BBIOJHEHO
OCOOEHHO NPOCTO.

PaccmoTpuy /1106y10 CHCTEMY, ONIKHCHIBAEMYIO KJIACCHUYECKH C MOMOUIBIO
[ KOOpAMHAT q,,...,§; H COOTBETCTBYIOUIHX HMIYJ/IbCOB P1,...,p s DHEPTHS
CHCTeMbl £ 3aBUCHT OT 3TUX NlepeMeHHblX, T. €. E=E(qy,...,d; P1,--,P))-
Dra 3aBHCHMOCTb YacTO HMeeT CJIeAyIOWHHA BHA: ;

E=e;(p)FE (G - 1), (43)

37ech €; 3aBUCUT TOJIBKO OT AAHHOTO MMIYJbCa p;, a £/ MOXKeT 3aBHCeTb
OT BCEeX KOODJAMHAT H HMIYJbCOB, Kpome uMnyiabca p;. [3aBucumocrs
THna (43) MOXeT BO3HHKHYTb, HalipUMep, B TOM Ci/lyyae, eclH KHHEeTH-
yeckas SHEPTHS YACTHIL! 3aBHCHT TOJIBKO OT COCTABJISAIOULHX €€ HMIYJIhb-
ca, a NOTeHUHANbHASI SHEPTHA 3aBHCHT TOJBKO OT KoopauHart.] Jlonyc-
THM, YTO paccMaTpHBaeMasi CHCTeMa HaXOJHTCS B TepMHYECKOM DPaBHO-
BECHH C TEIJIOBBIM pe3epByapoM IIpH abCco/OTHOH TeMmneparype 7.
KakoBo cpenHee 3HaueHHe BKJala B HePTHIO OT 4jeHa €; B Gopmy-
e (43)? :
BeposiTHOCTL TOTO, YTO KOOPAHHATH! H HMIYJILCH CHCTEMb! HAXOAATCS

BOMM3H 3HAYEHHA (§1,---s Gs; Piy---y Py), ONpPEREIACTCS KAHOHHYECKUM
pacnperenenuem (10). Ilocrostnnasi € sToro pacripeieieHusi Raercs
dopmyaoit (11). Ilo onpenesiennio, Mbl HalileM cpeiHee 3HAUYEHHE, €CaH-’
BBIUMCJHM COOTBETCTBYIOLLYIO CYMMY (HJIH UHTErpaJ) o BCeM BO3MOKHBIM
COCTOSIHUSIM CHCTeMEI, T. e,

g == -

i Se-BE(q‘,._,,yf)dql‘“dpf ’ ( )

TJe uHTerpaJs Gepercs N0 BCeM BO3MOXKHBIM 3HAYEHHSIM BCEX KOOPAMHAT
q1,--- Gy M HMOYJABCOB p,,...,p,. C nomoumbio (43) Bbipaxenue (44)
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TIPHHUMAET TaKOH BHI: -

’ - L »
Se“ﬁ(s‘*E Ye;dgy ... dp; Se Bet o, dp; ( e BF'dg, ... dp,

Ei == Ll

5 e BETEY gy dp, S e"BE"dp,-Sle"’“‘:'dql ... dpy
34ech MBI HCMOJIB30BAMN MYJbTHHIHKATHBHBIE CBOHCTBA SKCIOHEHIHATh-
Hoit dyvukuuu. IHTpux Haj moc/AeHHM HHTErpajoM YKasbiBaeT Ha To,
YTO HHTErpPHPOBaHHE NPOH3BOJAMTCHA IO BCEM KOOPAUHATAM ¢ H HMIYJib-
caM p, 3a ucKyouenuem uMnyJbea p,. [lItpuxoBannbie HHTETPaJibl B UHC-
JIuTeJie M 3HaMeHarteJe OJHHAKOBEI, TI0O3TOMY, COKpallias Ha HHX, MOJY-
qaeM CJelyIoiuil NpocTol pe3yJbTar:

_ (ePeeap,
8‘. By | — ,
S e~ Bl dp;

KOTOprf"I O3HA4aeT, 4YTO €CJAH €; 3aBHCHUT OT p;, TO NpH BBIYUCJICHHH Cpel-
Hero Bce Apyrue nepeMeHHble He MrpaloT poOJIH.

Boluncsiente (45) MO2KHO yNPOCTHTb, Bbipa3uB HHTETpa/ B 3HaMeHa-
Tejle yepe3 uWCAHTE b, Torja

{ emPeiay,

g = ~—%‘In <:§‘

w

(43)

HJIH
e~Pei dp,-\ . (46)
/

YKkasanHble npejesbl HHTErPHPOBAHUS O3HAYAIOT, YTO HMIYSbC p; MO-
JKET TIPHHHMATh BCe BO3MOIKHBIE 3HAYEHHST MEXAY —oo U 00,
PaccMOTpHM Teneph ClenHanibHBIN c1ydail, KOraa €; SIBASETC KBal-
paTHYHOH QYHKIHMEH p;, KAK 3TO H JOJKHO OiTh, €CJIH &; COOTBETCTBYET
KUHETHYECKO SHEeprHH.
IlonycTuM, 4TO €; HMeeT BHJ

Bf::bp?, (47)

rie b — Hekoropas nocrosHHas. Toraa uuterpan B (46) npunuMaer
BHI ‘

3 e-Beidp, = g -8 dp, — B-1/2 S =t dy,

TA€ MB BBeNd nepemennylo y={":p;. Tenepb Mbl MOKeM HAIHCATB:

o

ln< S e'“ﬁeidp,):, — % Inp+In ( S ety dy) .

-0 -

235



Ho unrerpas, crosuit cnipaea, BooGine He 3aBHUCHT OT f§, 1 Judrpepen-
unpys (46), Ml nonyvaem

i3 (~ne)-5

HJ/IH

EkT. v(48)

OTMeTuM, 4TO XOTSl B HavaJle BhIYHCIEHUH MbI UMeJNH 110 C MHOTO-
KPaTHBIM HHTErPajoM, OKOHUATeJbHbIl pe3y.sTaT noayueH Booluue
6e3 BCAAKOrO HHTETPHPOBAHHA.

Ecnu B dynkuuax (43) u (47) uMnyanc p; 3aMeHuTb Ha KOOPJAMHATY
g;, BCE Tpe/blAylive PAcCyXKIeHNs HE U3MEHATCS, U Mbl ONSATh MOJYYHM
pesyabtar (48). Takum obpasom, Mbl NPHILLIY K BHIBOLY, H3BECTHOMY TOX
HAa3BaHHEM meopeMbl O POQBHOMEPHOM pacnpedeseHuu SHEPTHH.

Ecau onnchiBaeMas KJaCCHYECKOH CTATHCTHUECKOH
MEXaHHKOHl CHCTeéMa HaXOAUTCA B pPABHOBECHH MpPH
abcomoTHOl Temnepatype T, TO KaXJICMy He3aBH-
CHMOMY KBaZpaTrHYyHOMY UYJEHY B BLIPAKEHHH JJIs
3HEPrHH COOTBETCTBYET CpejHee 3Ha4YeHHe, paBHOe
1, kT.

(48a)

6.6, IIpuJoxeHuss TeopeMbl O PABHOMEDPHOM pacnpefieSleHHH

Y Oeasrasd menacemKocie 00HOQMOMHO20 udearprozo easa. Tlonuas
SHEPTHsl MOJIeKYJbl TAKOro Ia3a MPOCTO PaBHA KHHETHUECKOH SHe PruM:

2,,, (P3Pt p3). (49)

U3 Teopembl 0 PaBHOMEPHOM PAclpene/eHdH CaelyeT, YTO cpelHee 3Ha-
geHue KaXKAOTO U3 TPeX YJ/EHOB (49) paBHo '/, £T. Orcrona caenyer, wro

= kT (50)
Tak kak Mosb rasa comepxut N, MOJIeKyJ, TO CPEelHsiaA 3HEPIrus rasa—;
paBHa

E:N,,(—.kT):,—RT, (1)

rne R=N,k — rasosas nocrosinnas. Ha ocnosanuu (5 23) MBI [10J1y-"
daeM CJelylolllee 3HAUCHHE YIETbHOH TeNJOeMKOCTH Cp TNpH MOCTOSH-
HOM ofbeme:.

SR " 4'CV=(%>V=%R' 7' 62



DT0 3HaUeHUe COBNA/ALT C pe3yabTaToM, NONyYeHHbLIM B (5.26) ¢ MOMOLIbIO
KBAHTOBOMEXaHUYECKHX COOOparkéHH# JJis rasa, A0CTaTOYHO pa3perkeH-
HOTO, YTOObI er0 MOMKHO GbLIO CYHTATh HACAIBHBIM H HEBBIPOXKAEHHBIM®).

Kunemuueckas swepeus morekyaoi 4106020 2a3a. PaccMOTPHM J1060#
ras, He 0653aTe/bHO HAea/bHBIN. DHEPTHUst JII0GOH MOJIEKYJBl ¢ MacCoh
47 MOXKeT ObITb 3amnucaHa B BHIE

e=g{¢', rae e‘*"z—(px+py+p)

Tlepsoift 4ien paBeH KHHETHYECKOH SHEPIUH ABHIKEHHUST UEHTPA MAcc MO-
JIEKYJIBl; OH 33BHUCHUT OT COCTaBJISIIOIMX MMMYJbca UeHTpa macc, UneH
&' MOXKeT 3aBUCEeTb OT MOJ0XKEHUS LIeHTPa MAacC MOJEKYJIB (ecJau MoJie-
KyJla HAaXOIUTCA BO BHEIGHEM CHJIOBOM [0J1€ WJIH €CJAHM OHA 3aMETHBbIM
06pasoM B3aNMOLEHCTBYET C APYTHUMH MOJEKYJaMH), a TaKxKe OT KOOop-
AMHAT ¥ HMIYJbCOB, ONHCHIBAOIIUX BpalieHdHe H Ko/ebaHue aTOMOB
MOJIEKYJIEl OTHOCUTE/IBHO €e [leHTTa Mace (ecqad MOJIeKYJ/la He SBJAerCs
O/IHOATOMHOM); HO OH He 325UACHT OT UMNYJbCa ueHTpa macc p. Y3 Teo-
peMbl O PABHOMEPHOM DACHPENeNeHHH 3HEPTHH HEMeAJICHHO caenyer,
YTO )

C e T 1
o pi= 5 MU == kT, (53)
$1/Im
— kT
g=1 (54

Tak kak v,=0, 13 cooGpaxkeHHil CHMMETPHH, KaK 370 GbLIO MOKA3aHO

B (26), pesy.bTar (54) aaer Takxe aucrnepcHio (Av,)® KOMIOHEHTB! CKO-
poctu v,. Tak xe Kak B cilydae OJHOATOMHOTO rasa, TpU KBaJpaTHYHbIX
tyjeHa B BhIpaXKeHHH A/1s €O NPHBOAAT K C/AEAYIOWEeMY 3HAUEHUIO Cpel-
Hell KUHCTHYECKOfl SHEPriy ABHMKEHHA HEHTPA Macc MOJEKYJbl:

g9 =3 kT (55)

B poyrosckoe dsusicertue. PaccMOTPUM MaKPOCKOIHYECKYIO YaCTHILY
«C Maccol . (pa3mepoMm NOpslika MHKPOHA), B3BEILEHHYIO B KHUIKOCTH
npu abcoqioTHOH Temnepatype T Sﬂepmﬂ 3TOH YaCTHLbI ONATh MOIKET
ObITh. 3aMKcaHa B BUIe

(px_l_pz/_*"pg) +E .

3nech nepBbiil YieH OTBeuaeT KHHETUYECKOA SHEPTHH H 3aBHCHT OT CKO-
pOCTH ABHIKEHHSt V HJIH MMIYJAbCA P UEHTPA MACC YACTHILI, TOLAA KAK
4jieH & COOTBETCTBYET SHEPriH, CBSISAHHON C ABHIKEHHEM aTOMOB, COCTaB-
JISIIOLIMX YACTHILY, OTHOCHTE/IbHO ee UeHTpa Macc. TeopeMa o paBHoMep-
HOM pacrpeie/ieitii ONATH NPHBOAMT K pe3yJIbTary (53) u (54)

—~ kT ‘
Ux = —ﬂT . (56)

*) B cootrsercTauu ¢ (37) ann AOCTATOYHO PA3PEKEHHOTO [432 KBAHTOBHIE 3q)q)exru
JIefiCTBHTEbHO He MMEIOT 3HAUeHUs, H B 3TOM-CJIyuae CAeAyeT OMHAATH COIVIACHS Mex-
Jy KBAaHTOBBIM U KJIACCHUECKHM PacCMOTPeHHEM 3ajauH.

2m
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*H B:3TOM Cayuae ‘icpestHed 3HaveHHe ‘¥, =0 13 coolpaAKEHHA CHMMETPHH,
n (56) ‘renocpeACTBEHHO PaBHO IHCIEPCHH COCTaBJSIOLLEH CKOPOCTH U,
‘M3 ¢popmyabl (56) cpasy chenyer;, 4TO yacTHIA He OCT@eTcs B MOKoe, a
‘obvianaet GaykTyupylouehr ckopocteio. TakuMm 06pasoM, CyulecTBOBatiie
‘GPOYHOBCKOrO JBH:KEHHs, paccMaTpuBaBulerocs B 0.1.4, siBjageTcst Npo-
CThIM CJelcTBYeM Hainedl TeopuH. M3 gopmy.nl (56) cienyer takixe, 4To
€CJIH Macca YacTHIb! JOCTATOYHO BesIHKa, GIYKTYALHH CTAHOBSITCSE CTOb
MaJIBIMM, YTO NeEpecTaloT ObiThb NPAKTHUYECKH HAG/I0IAEMbIMH.

.- Fapmonuneckuti ocyurasmop. PaccMOTPHM uacTHuy . Maccoil m,
.COBEPUIAIOLIYI0 ONXHOMEPHOEe TrapMOHHYeCKoe KoJebaTeNbHoe JBIKEHIe.
Ee sneprus pasHa

1 l
s:%p?ﬁ—?axf. (57)

‘37eCh NepBLIA WIeH paBeH KHHETHYECKOH 3JHEPTHH YACTHIBI, HMITYJ/LC
KOTOpO# paBeH p, a BTOPOH uJieH PaBeH NOTEHIHAJbHOH 3Hepr#H yac-
THIIBl, HA KOTOPYIO eHCTBYeT BOCCTAHABJNBAIOIIAS CHIa — aX, IPONCP-
npoHaAbHAsS cMmeliernio x. [locTostHnas o nasoiBaeTca x03ghpuryueHmon
ynpyeocmu (UM nocmosinnol npyocunol). Tlpennosoxum, ute oCH{H.I-
. 19TOP HAXOAUTCS B PABHOBECHH 'C TEIIOBBIM pe3epByapoM MpU TeMme-
patype T, JOCTATOYHO BBLICOKOH IJIst TOTO, YTOGBI MOMHO ObLIO UCTIONb-
30BaTh Kjaccrueckoe onucanue. Toraa, npUMeHsist TEOpeMy O paBHOMep-
“HOM pacnpefeseHHd (48) K Boipaxkenuio (17), corepxaiuemy KpBaapaTiy-
Hble 4JieHbl, Mbl CPa3y NOJYYaeM CPEJHION0 3HEPTHI0 OCHHJISATOpA:

é:—;:-kT +—;—kT=kT. - (58)

6.7. YpenbHas TeMIOeMKOCTh TBEPIbLIX TeJl

B KauecTBe 1oc/1eHerc NPUJIOKEHHA TeOpeMbl O PABHOMEPHOM pac-
npejiesleHHH Mbl PACCMOTPHM YACIbHYIO TEMJIOBMKOCTh TBEPABIX TeJI NpH
_TeMIepaTtypax, AOCTATOYHO BBICOKHX Ui TOrO, YTOGHI KJaCCHYeCKoe
onucaHue ObLIO CrpaBelJiMBbIM. PaccMOTpHM qMoboe TBepjioe Te/10, coc-
Tofiuee w3 N aToMmMOB, Hampumep, Melb, 30J0TO, AJIOMHUHUI, ajamas.
Baaronaps BHYTPEHHHM CHJIaM, JeHACTBYIOUIHM MEXKAy COCEJHHMH aTo-
MaMH, B COCTOSIHHM CTa0HJILHOTO MEXaHHYEeCKOTO PaBHOBECHS TBEPLOro
Tesia ero aTOMbl 3aHHMAIOT ONpeeseHHOe MOJNOKeHHe B KpHCTa/landec-
kol pemetke. KaKAblfi aTOM MOXeT, OXHAKO, MCHBITBIBaTb H2Go.biioe
cMellienHe U3 MoMoXKenHst paBHoBecust. BoccranasanBalomas cuia, nei-
CTBYIOWIasi CO CTOPOHBl COCEIHMX aTOMOB Ha TAKOH CMeUleHHLI aToM,
CTPEMHTCA BEPHYTb €ro B MOJIOXKEHHE pPaBHOBeCHs H. HcyesaeT, Korja
atoM 3afiMer 370 -noJioxKeHHe. CMelleHHe aToMa H3 PaBHOBECHOTO [10J10-
JKEeHHS ‘BCerja oueHb MaJsO, H [03TOMY.B NEPBOM MPHOIHKEHHUH BOCCTa-
'HaB/MBalOLiast CUJA HpOﬂOpHHOHaJIBHa cuMetteHno. Takoe mpub.anxe-
HHE. JJISi MHOTHX Le/eil OKa3biBaeTcst AOCTaTOYHBIM, W H3 HEro c/elyer,
‘yT0° éTOM coaepmaer npécme Tpexmepﬂbre rapMOHqucKne Koneﬁamm
OKOJIO TIOJIOXKEHHS paBHOBECHS, S e
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CooTBeTCTBYIOMWHM BbIGOPOM HallpaBJeHHst KOOPAKHHATHRIX Ocell X, ¢, 2
MOXKHO JIOGHTBCSI TOTO, UTO ABHXKEHHE aTOMOB BJOJb JoGoi H3 ocelt Oy-
JleT rapMOHHYECKHM KoJieGaTe/bHbIM ABH2KeHHeM. IIpu 3ToM, HanpiMep,
SHeprus, CBA3aHHAs C JBHKEHHEM BlIOJIb ocH x, uMeer BuL (57), T. e.

6. = grs P g 0% (59)

3nech p, 0603HAYAET X-KOMIIOHEHTY UMITYJIbCA aTOMa, & X — COCTaBJSIO-
ILYI0 €r0 CMeUleHHsI U3 TOJIOXKeHHS PaBHOBECHS: M - Macca aToMa M
o. — Kosdpunuent ynpyroctu. M3 atoit GopmyJasl cleayer, 4To yriaon:id
4acTOTa KoJleGaHMil aTOMa B HANPAaBJEHHH OCH X PABHA

»= ]/%— (60)

Jas 1BVKEHHST aTOMa B HaNpaBJ/eHHH ocefl y U 2 CIpaBelHBLl AaHANOT Y-
Hple ¢opmyasl. Takum o6pasoM, MOJiHAs IHEPTHs aroMa HMeeT BUA

e=¢,+&,--¢,. : (61)

Ec/u Teslo HAXONUTCA B pPaBHOBECHH IIPH aGCoOJIOTHOI TeMmmeparype
T W ecan sTa TemmepaTypa AOCTAaTOYHO BEICOKA, 4TOOLI KCMO/L30BATh
KJACCHYeCKOe PaccMOTPeHMe, TO K KaxIOMy wiedy cyMMBl (59) MOXKHO
OPHMEHHTb TEOPEeMY O PaBHOMEPHOM paclpeieqeHHH 3HEPTHH, H Mbl
noJiyuaem

£y= 5 kT 4 KT =KT. (62)

Ananoruyno, a"y——:e?z———kT. H3 (61) caeayer, 4To CpenHss SHEPTHA BCETO
aroMa paBHa

e=3kT,

a cpelHsii Heprus OJHOro MoJis TBEpAOro Tejaa, COCTOSILIero H3 Na
aTOMOB, paBHa
E =3N,_ kT =3RT, (63)

rae R=N_k— rasosas nocrofiyHas. B coorsetctBuH ¢ (5.23) yneabHas
MOJISIpHAS TeIOeMKOCTb [PH NOCTOSiHHOM oObeMe AJsi TBEPIOro Teaa

paBHa
OF
Cy== (—-—OT )v' (64)

CV=3R.

HJAHA

[logcrapasas ciofla yuc/AeHHOe 3HadeHHe R, Mbl noJyuaem ¥)
' ¢y = 25 O -Moab™"-2pad1. (65)

OTMeTnM o6l xapakiep pesyabrata (64). OH He 3aBHCHT HH OT
macchl aTomMa, HH OT KosdupuiMeHTa ynpyroct o. Pesyavrar (64)

*) B kanopusx cy==5 xaa-mosv=1-2pad-1,



OCTAETCH CUPABE/IMBLIM H B TOM CaYydae, eC/H TeJO COIEPIKUT aTOMH ¢
Pa3NHYHLIMA MaccaMM ¥ C Pa3jiM4HBIM 3HaueHueM Kospuumenta o.
Ecau TBepjoe Te10 He M3OTPONHO, TO BOCCTaHAB/IMBAIOLAS CHJia aToOMa
3aBHCHT OT HampaBJeHHs ¥ Ko3dxpHIMEHTbl YNPYLOCTH AJSl HalpasJe-
HMH X, Yy H z OTJIMYaoTCs Apyr ot Apyra. OfHaKo cpejiHee 3HAUEHHE NPH-
Xofsiielicss Ha aTOM 3HEPTHH ocTaerca paBHeIM 3kT u 3HaueHHe (6D)
He uaMeHsiercs. CTporuii MareMaTHYeCKHH aHaJ/IM3 OXHOBpPEMEHHBIX KO-
neGaHHl BCeX aTOMOB TBepJOIO Teja NMOKAa3blBAeT, YTO ONHCAHHE 3ITHX
KoJeGaHui B TepMHHAX HHIMBHAYAJbHBIX CMCUIEHHH, HCHLITHIBAEMbIX
OTeJbHBEIMA aTOMaMU, He sIBJASIEeTCS BepHhIM. B nedCTBHTE/NBHOCTH mpo-
CTHiE TapMOHMUeCKHe KOJefaHus COBEpPIIAOT Tpynmsl aromos *). Ho
TaK Kax Bblpaxkenue (64) ne 3aBHCUT HH OT Macchi, HH OT TNOCTOSHHON
VIIPYTOCTH, OHO OCTaeTcst BepHLIM. EnnncTBeHHOE OTpaniuenye Hakaaibl-
BaeTCcs Ha TeMHeparypy, Koropasi J0JiKHa OLITh JOCT2TOYHO BLICOKOI,
yTOOB! KJaccHyeckoe OMHCaHHe OBUIO BO3MOKHO. MTak, MBI MOXKeM Ha
ocHoBauHu (64) yTBepKIaTb, YTO

Ilpm nocTaTouHo BLICOKHX TeMIeparypax MoJsipHas
TENJIOEMKOCTb €, BCeX TBEPILIX TeJ He 2aBHCHT OT (66}
TeMIepaTypel U paBHa 3R.

Mbl yBHANM, 4TO y OOJbINHHCTBA TBEPABIX TeA (AIMas siBJsieTCsl NOJ03-
PHUTEIbHBIM MCKJICUEHHEM) KJacCHUeCKOoe pacCMOTPEHNE CKa3hblBaeTCs
BO3MOXKHBIM, €C/JH TeMIlepaTypa JOCTATOMHO BhICOKA.

CnpapeIHBOCTL YTBEP:KAEeHHd (66), H3BECTHOrO MO Ha3BaHHEM 3a-
koHa [iononra u Iltu, Obia ycraHnosseHa smnupudecku. B rtatua. 6.1

Ta6anua 6.1

BewecTBo Cp ‘ty EemecTBo ‘p 274
AmoMunui 24,4 23,4 Mear 24,5 23,8
Buemyr 25,6 25,3 | Harpuit 28 2 25,6

OunoBo (MeTaJun-
Boubdppam 24,4 24 .4 HecKoe) 26,4 25,4
TepMannit 23,4 23,3 aaruna 25,9 25,4
3oa0T0 25,4 24,5 Ceunel 26,8 27,8
Kapmuit 26,0 24 .6 CepeGpo 25,5 24 .4
Kpemuuit 19,8 19,8 Yraepor (aamas) 6,1 6,1

3HaueHHs MOJSPHBIX TENVIOEMKOCTEHl ¢, NMPH NOCTOAHHOM AAaS/EHHH H Cy
TIpH NOCTOSIHHOM OObeMe I/ HEKOTOPHIX NPOCTHIX BELECTB NP TeMMeparype
T=298° K. 3sxavenuss cy  DOJYYeHH ¢ NOMONBIO HEGOJBUIMX NONPABOK
K _HEMOCPEICTBEHHO ~ HW3MEPEHHEIM  SHaueHHeM C,. Bee penuummsl  gaum
B dic-2pad —t-moap —1, oo

*) Oro TaK Ha3bIBaeMble HOPMAAbHble MOOs! KONeGAHUI TBEPIOro Tesia.
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HepeuHCIeHE] H3MEPEHHBIE HA ONbITe 3HAUEHHST MOJSIPHON TENJIOEMKOCTH:
¢p (IPH TIOCTOSTHHOM dasaeruu) Ajasi HEKOTOPHIX TBEPIBIX TeJ NPH KOM-
HATHOG Temmeparype. BennuuHa ¢, MOJSIDHOH TemJOEMKOCTH (OpIi
MOCTOSIHHOM 06BeMe) MOMKET ObITh MOJYYEHA U3 3THX JAHHBIX C MOMOILBIO:
He6obIIUX monpaBok *). Mel BHIAHM, YTO yKasaHHble B TaGJulie 3Ha-
YeHHSI ¢, B OOIEeM HaXONATCS B XOPOILIEM COTJIACHM co 3HaueHueM (61),
npefcKasbiBaeMbIM KJaccuueckoil TeopHefl. B caydyae kpemuust u oco-
6eHHO asMasza Mbl HMeeM, OJHAKO, CHJIbHOE MPOTHROpeuHe ¢ TeopHeil.
TIpuunHOil TAaKOro pacxoXkKIEHHs SABJSIOTCS KBaHTOBble 3(GheKTH, KO-
TOPBIE JJIs 3THX BEIECTB HTPAIOT POJIb Jlaxe NPH CTO/b BBICOKUX TEMMe-
parypax, kak 300° K.

[Ipumernunocme Kaaccuueckoeo npubauscerus. Ilocrapaemes BBsic-
HUTh, TIPH KAKHUX YCJAOBUSX IPOU3BEIIEHHOE BBILIE K/JACCHYECKOe PACCMOT
peHHe BONIPOCA O TENVIOEMKOCTH TBEPILIX Tes 6yJeT cnpaseanBeM. Kpu-
TePUH CHPaBeIJHBOCTH OISITh CAeRYIoT U3 ycaosus (3). [lyers goneboo-
UIHEICS aTOM HMMeeT SHEpPIHIo &,, COOTBETCTBYIOULYIO ero JBHKEHHIO B Ha-
npaBJjeHuH ocH X. M3 TeopemMbl 0 paBHOMEDHOM pacIipefieleHHH cleayer,
YTO Cpe/lHEe 3HAYeHHEe KBaApaTa COCTABJSIOUICH p, HMMIIy/AbCa aToMa
paBHO

HOSTOMy THIIHYHOE 3HAUCHUE p, HMIOYJAbCa aroMa HMEET MNOpAIOK

o/ Pimc )/ mhT. (67)

Yrobe! K/IaccHUECKOe OmucaHie ObUIO BO3MOXKHO, KBAHTOBbE 3(BQheKTbl
He JIOJKHBI [IPErsiTCTBOBATh JIOKAJAH3ALHH aTOMa Ha PACCTOSTHUSIX M0-
psiKka S,, DaBHHIX cpelHell BeJHYHHE aMIJIMTYAbl KOIeGaHHH aToma.
Teopema o0 paBHOMEpHOM pacnpenejeHdH, npumeHenHast K (59), naer

10552 ]kT,

2T

H THHHYHOE 3HayeHnne BeJHYUHBI S; CMEIICHHA 4TOMa OKasblBAETCHA paB-

HBIM
Sy ]/xz ~ /iz . (68).

Takum o6paszoM, yciaoBHe (3) TOro, YTO MPHHUUN HEONPENeJEeHHOCTH
[efisenepra He BJjMsA€T CYLIeCTBEHHBLIM 0DpPa3oM Ha KJACCUYECKOE pac-
CMOTpeHHe, HMeeT BHI

SoPo = kT ]/%:—} i,

-*) Jlerko u3MepHTb YIEIbHYIO TEIVIOTY TBEPJOTO Tela NpPH TOCTOSHHOM ATMO-
chepuoM JaBJeHHH, KOTAA €ro 00beM MOMET CBOGOJHO MEHAThCHA. 3HAUMTENLHO TPYA-
Hee o6ecreunTh TaKHe YCJOBHS ONEITA, KOrja o6heM TBEPIOIO Teld OCTABAJCS Obl He-
H3MEHHEIM TIPH H3MeHeHMH TeMneparypel. ONHAaKo B cjlydae TBepAOTrO TeJla H3MEHEHHE
00beMa TIPH M3MEHEHHH TEMIEDATYPHl HEBEIHKO M PA3HOCTL TeINICEMKOCTel ¢, H Cy
maja. Ee MOXHO BEHIYHCJIHTH, 3Hasi HEKOTOpHIE Maxpocxonnqecxue KOHCTaHTH],, xapax-
TepA3ylolke JaHHOe TBepioe Teso. R - o

241



HJH

kT > ho, (69)

rle ® — TUNHYHAS YIVIOBAs HACTOTA KOJeOaHHH aToMa B TBEPAOM Tese.
YecnoBue (69) IPHMEHHMOCTH KJ1aCCHUECKOTO NPHOJIHIKEHHS MOXKeT GhiTh
3aNMUCan0 B KBHBAJIEHTHOM BHIE

T>6, (70)
rie @:ZT —TeMnepaTypHbIi MapamMerp, XapaKTepHLIH A8 JIaHHOro

peecTea.

Upcaenuse onenKHu YHacTory ® xonebanuil aToMOB TBEPAOTO Tesla MOXK-
HO OLIEHHTb Ha OCHOBAHHH ero ynpyrux csoficts. [Ipeanosioxum, Hanpumep, yTo TBEp-
Jloe TeJIo UCHHITHBAET AaB/etue Ap, noj JeficTBUEM KOTOPOro 00BEM Telld YMeHbUaemCR
Ha Hefoapliylo Bequuuny AV, BenuunHa

1AV
V Ap

Ha3LIBACTCH CHUMALMOCTIHIO TBEPAOTO Tesla (SHAK MHHYC CTOHT Jjisl TOTO, YTOGH BETHUH-
Ha % OhuIa NOJOKHTEIbHOH). BeIMUHAa % JIeTKo H3MepHMa H OHA MO3BOJISIET NOJYYHTH
HeKOTOpble CBelleHHs O CHJIaX MeXLY aTOMaMH
TBepAOTo TeJa.
© 0|0 0 6 MonuiTaemca Tenepb, 3HASA CKUMAEMOCTb,
. TNOJY4HTb IPpyGyI0 OUEHKY CUABl F, meficTBylomei
T Ha aTOM, CMeHIeHHBE U3 NOAOKERHA PABHOBECHS
B TBepAOM Teje. [l mMpOCTOTHl MOJOXKHM, 4TO
® aToMbl TBepPIOFO Teia [ACIHOJOXKeHbl B IIEHTpe
®
e

’=— @)

Ky6a ¢ aauHo#lt pe6pa a. M36niTounoe naBjenHe
Ap cootBetcTBYET crile F=a?Ap, nefictBylomel
Ha MOBepXHOCTb %, MPHXOASILYIOCS HA OIUHH
aToMm (puc. 6.14). Jlanee, oTHocUTe/IbHOE H3MeHe-
Hue ofbema Beero Tesla noj AeficTBueM n3GuiTou-
HOTO NaBJsieHHst Ap I0MXKHO GbiTh PaBHO OTHOCH-
TeAbHOMY H3MeHEHUIO ofbeMa, NpUXonserocs
H4 OIMH aTOM,

o

|
|
a

Puc. 6.14, [TopepXHOCTh TBepIOro Te- AV A (,13) 302 Aa Aa
Ay, aTOMBI KOToporo ofpasytor fpo- — 35— =3 —
CTY10 KYOHYECKYIO DPelueTKY. V a° a a

.

Henoabsys onpejenente cxumaeMocTd (71), Mbl nosydaem

HIH
= — ttAa,

e TIOCTOSIHHAS o, CBA3bIBAIOWAn CHAY F o cveueHne Ag aToOMa M3 10/10XeHHS PABHO-
8ecusl, paBHa
o 3a (72)
==

[ipn namem MpPoCTOM NMpEANOJCKeHUH OO0 aTOMaX TBePAOTO Tesia, PACMOJACKEHHHX B
GeHTpax KyOHMECKOi pellerkH, Mbl MOoJy4aeM CeAYIOmYIo OUelKy YaCTOThl KoieGaHuil
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4TOMOB TBepAOTo TeJia:

S VO 74 (73)

UTo6bl MOJIYYHTL YHCAEHHYIO OUEHKY COOTBETCTBYIOMIAX BEJHUMH, PacCMOTDHM
cayvail MeIH. DTOT MeTa/lJl UMeeT CefylollHe KOHCTAUTHL:
aTOMHBIA Bec
pn = 63,5
.. ,JIOTHOCTB,
[l PR : p:8v95 2'CM"3:
CXHMAaeMOCTh
*=17,3-10—13 cy2.0un-1,
M3 9THX KOHCTAHT Mbl BOJAyuaeM Maccy aToma

63,5

W: 1,05' ]0_22 2.

=Bk _
m= =

Tar kak p=m/a3, MeXaTOMHOe pacCTOsIHHE @ PaBHO

a= (i"p.)”a —2,34.10-* cn.

Teneps u3 (73) Mbl nofyuaeM yTIJIOBYIO 4acTOTy KoseGaHmil

3(2,34-10-9) 1/2_ 1013 3
o [(7,310-13)(1,05.10—22)] = 3,02-10'* padjcex,

KOTOPOIi COOTBETCTBYET UacToTa KoJeGanni

=% A 4,8-1012 cex—1, (74)

3ta yacroTa AEKHT B HHPPaKpacHoil GOMaCTH 3JEeKTPOMATHHTHOIO CrIeKTpa.
XapakTepucTudeckas TeMNeparypa O, onpegensiemas dopmydoii (70), paena

fio  (1,054-10-27)(3,02-1012) .
:T: [38-10-16 A 230° K. (75)

TaxknM o6pasoM, 1 MelM KJIacCHUeCKKH pesyibrar cpy=3R 6yleT crnpaBelHB npwn
T>230° K, T. €. Mbl MOXEM OXHJaTh, YTO OH HAaYHET BLIIOJIHATLCA NPHOIUIUTENLHO
npu KomHatHO# H/im Gojiee BBICOKOH TeMIeparype.

Paccmorpum Temepb aniMa3. ATOMHBIH Bec yrjiepofa paeeH 12, ciefosarenbho,
Macca atoMma aJmMasa B IsTh pasMeHbllieMaccH atoMa Mein. Kpome toro, aiiMas ropasao
TBepKEe MeJIH, H ero CKHMIeMOCTb NPHOJIN3HTENLHO B TPH Pas3a MeHbllle, YeM Y MelH
(x=2,26-10—L3cn? -0un—1). [TostoMy yalroTa ® KoneGaHHSI aTOMOB Yriiepoja B ajiMaze
fem. (73)] 3nauuTesbHO Gosibile 4acTOTH! KoMeGaHHi aTOMOB Meu B MeTanjie. Bosee
TO4HO, A/ aaMa3a (MI0THOCTb p==3,52 2-cx—3) oleHKa TeMmepaTypHOrO NapaMerpa
naer ©x830° K. Takum o6pasom, 411 ajJMasa Npu KOMHaTHOH Temmieparype KiacCuue-
cKoe nprbarKeHHe He MOXeT ObiTh CIpaBelIMBLIM ¥ HAac He JOJKHO YAHBASATH HH3Koe
3Hdyenue Cy LISl aIMa3a, NpHeeleHHoe B Taba. 6.1.

e

.. OueBnjnHO, 49TO NpPH HH3KHX TemrepaTtypax, xcraa (69) He BHI-
DOJIHAETCS, KJIaCCHYECKHUi pe3yasTaT ¢y =3R nepectaer GbiTb BEPHLIM.
H3 BecbMa obGuiero pesysibrata (5.32) cJaeayer, 4TO €CJH TeMIepaTypa
yMeHbILaeTcs ¥ HepasencTso (69) nepectaeT BBHIMOJHATHCHA, YAe/IbHas
TENJI0EMKOCTh €y J0JDKHA GLICFPO YMEHbINATbCA, NOCTHras HyJAsl npH
T—0. TouHble KBAHTOBOMEXaHHYECKIle BBIYHC/IEHHSl MOATBEPKAAIOT
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3TOT npeenbHbil peayabrar. Ecan npeanosiokuTb, 4To KaxAblfl ATOM
TBEpJOro Tesia KonebaeTCs ¢ 4aCTOTOH ®, TO BBINOIHHTL KBaHTOBOMeEXa-
HHYECKHH pacyeT yAeJbHOH TEMJIOEMKOCTH €y BecbMa MpocTo. Mel roJay-
YaeM NpH STOM 3HAYeHHE Cy, MIPUTOJHOE M5 /MOOBIX TeMIepaTyp. (I'Iozx—
POGHOCTH 3THX BhIYMC/EHHH cM. B 3ajnauve 6.21.)

{BoaKka onpegeneHuil

Daszosoe npocmpaxcmeo. MuOroMepHOe NPOCTPAHCTRO, OCH KOTOPOrO COOTBETCTBYIOT
KOOpAHHATAM H MMIYJbCAM CHCTeMbl. TOYKAa B 3TOM IPOCTPAHCTBe onpele/sieT BCE KO-
OpAHHATBI M HMOYJbCHl YACTHI[ CHCTEMBL.

Marxcsennosckoe pacnpedenerue cropocmedi. BripaxeHue

B mo?

fv)yddv o 9_7 d3v,

Jaiomee CpefHee YHCIO MOJEKYJN, CKOPOCTb KOTOPBIX JIEXHT Mexay v u v--dv, aas
rasa npu abcoatotHoll Temmepatype T.

Ippysun. BeiTeKaHne MOAEKY/ H3 COCYA4 uepe3 HeGOBLIYIO ILelb, pa3Mepst
KOTOPOI! 3HAUUTENLHO MeHbIle cpefHefl AJIMHBI npoGera MoJeKyJl.

QOcHosuble ¢opmybi

Ecnu cucrema, onucsiBaeMas KJacCHUeCKH, HAXOAUTCS B pdBHOBECHH NPHU abcostioT-
HOl TeMneparype T, 1o Ka)XJI0OMY He3asHCHMOMY KBaJpATHUHOMY W/leHY &€; B Bblpd)KeHHH
JJi SHepruH OTBellaeT CpeliHee 3HaueHHe 3Hepruu

&= 7 kT. m

3agaun

6.1. Dazosoe npocmpaHcmso KAQCCUYLCKO20 2aPMOHUYLCKO20 OCUUAAAIMOPQ. 9Heptu$!
OAHOMEPHOro [apMOHHYECKOrO OCHHAJIATOPDA pasHa . .

E~5EP+

rIe x — CMelleHHe, p — uMIyIbC. [lepBbift yien CyMMbl COOTBETCTBYET . KHHETHHECKOK
BTOPO# — MOTEHUHANBHOH 3HepruM ocuuanATopa. Macca OCUMMIMPYIOWEH 4YaCTUIlbl
0603HaueHa depe3 m, KO3HHUUNEHT YIPYTOCTH A/1S BOCCTaHABIHBALLeH Cuibl, deHcT-
Byloulell Ha 4acTuly, paBed &. Paccmorpum ancam®iib TaKUX OCLUIATOPOS, 06 2HEPrHA
KOTOPBIX U3BECTHO, YTO OHa JeXXUT Mexay £ u E+4O8E. Yxaxure (paccmarpusas 3anauy
KJacCHiIeCKH) Ha EBYMepHOIl Auarpamme xp yacTb (ha30BOro NPOCTPAHCTBA, AOCTYMHYIO
OCUUAAATODY.

6.2. Hleaabrpili 2a3 8 noae cusol msxcecmu. Haeanbﬁbw ras, HaXOIlHLLlHHCH B PARHO-
BecHH TpH a6CoMOTHOH TemiiepaType T, HCMBITbIBACT AEICTBHE CHMBI THAKECTH. Yckope-
HUE CHJIBI TSNECTH PABHO g W HANPAB/CHO BHH3 (B HanpasneHuy -—2z). Macca monekydinl
paBHa. m.

a) Haiiaute sepoarsocts P (r, p)d3r d3p toro, 4uto Koopzmﬂarm H UMITYJIBC MoJie-
KYJIB JIeXAT 8 npeledax oT f A0 r+dr u oT p g0 p+dp coorhercreeHHs. (Bocnonn-
3yliTecb KaHOHHYECKHM .paclipelesieHHeM B ero KJaccHyeCKOW TPRAaKTOBKe.)

6) Haitaure (¢’ TOYHOCTBIO 10 NOCTOSIHHOTO MHOMHTEJS) BEPOATHOCTb TOTO, YTO CKO-
POCTb MOJEKYJBI JEXHT MeXAY V H V-+dv He3aBHCUMO OT NOJIOXKEHUS MOJIERY/Ibl B PO~
crpancree. CpaBHUTe NOMydeHHBI Pe3Y/bTaT ¢ COOTBETCTBYIOULEE: BepOﬂTHOCTblO npu
OTCYTCTBUHM TPaBHTAIHOHHOTO NOJS.

B) .Hafinute .(C .TOUHOCTBIO O MOCTOSTHHOTO MHOXKHUTeA) BepOS{THOCTb J (z)dz
TOTO, YTO MOJIEKYJa HAXOAMTCA B uHTepBa.ne BBICOT OT 2 0 2 + d2 HE32BHCHUMO OT ee
CKOPOCTH H MOJIGYEHHS] B FOPHU3OHTAMbHOIH TIJIOCKOCTH. S
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6.3. Marcpocxonuuectcoe paccuompere u0eAAbHO20 2030 8 noAe CUMLL MAKCeCmU,
PaccMoTpaM ufleanbHbli a3 npeAblAyiieil 3a1aUH ¢ IOJHOCTBIO MaKPOCKONHYECKOil ToY-
KH 3penud. Hafilem Boipaxenue Jia uHcaa n (2) MOJIEKY B eiuHulie oGbeMa Ha Bbl-
coTe 2. JI1151 3TOro Heo6X0AHMO HAMHCATD YCJI0OBHE MeXaHHYECKOro paBHOBECHS CJIOs Fa3a
B MHTepBaJe BBICOT OT z RO 2-}-dz M BOCNOJIb30BATECA YpaRHeHHeM cocTosiHHs (4.92).
‘CpaBHuTe NMOMYyYeHHBIH Pe3yJbTaT C BHpaXKeHHeM Uit P” (2)dz, BuiBeJeHHBIM B npeibl-
Iyuieil 3ajaye C MOMOIIbIO CTATHCTHYECKOH MEeXaHHKH.

6.4. JIpocmparcmeennoe pacnpedeierue ACKMPOHO8 8 YUAUHOPULECKOM 3AEKMPU-
4eckom nose. Bronb ocH HMIMHAPA C paguycoM R M JAnuHOH L HarsiHyTa npoBoJsoka,
paanyc KoTtopoit ry. IToTeHuwas npoBOJOKH HO OTHOLICHHIO K UHJIMHADY COCTaBAAeT
V ex. CI'Cy. Bes cucrema HaxoAuTcs IPH a6coaioTHol Temmeparype 7', kotopast [0-
CTATOYHO BeMKa. B pesyiabTare /eKTPOHBI, HCIyCKaeMble HATPeTHIM MeTaJsioM, ofGpa-
3VIOT pa3pexeHHHIH ra3, HAMOMHSIOWMA HUAMHAD H HAXOASUIMICA C HAM B paBHOBe-
cun. [IoTHOCT 3/1eKTPOHHOrO rasa HacTOJNbBKO Majia, 4To B33HMOI[€HCTBHEM 3/MeKTpo-
HOB JPYT C APYLOM MOXKHO npereGpeys.

a) BocnosbsoBabmuch Teopemofi [aycca, momyunTe BhipaKeHHe 1Ja 3JeKTpocTa-
THYECKOro NOJS B TOUKe, HaxoAsulefics Ha PacCTOSHHU 7 OF OCH LMJUHAPA (ry<r < R).
Jauny muasapa L MoKHO cUMTaTh JOCTATOYHO GOJBIION, YTOOHI He YUHTHIBATH Kpae-
Bbie 3(heKTH.

6) B Ten/i0BOM paBHOBECHH 3JIEKTPOHBI 06PAa3yIOT a3 nepeMeHHOH NJOTHOCTH, 3a-
TIONIHSAOMMA TPOCTPAHCTBO MeXKAY HHTbIO B HHJIHHAPOM. BoCNosb3oBaBLIACH pe3yiib-
TAaTOM a), HalxuTe 3aBHCHMOCTh HUCJIA 3JEKTPOHOR B efMHHUE 0GbeMa OT PafHalibHOrO
PACCTOSHHA.

B) Yxaure NpuOAU3NTEIbHBIA KPUTEpHi TOro, HACKOALKO Masoff JOMXKHA GHTh
teMneparypa T (a 3HauuT, M INIOTHOCTb 3JIeKTPOHHOrO rasa), 4robel HpeHeGpe-
JKeHHe JeKTPOCTATHYECKHM B3aHMofeficTBHeM MeXNY 3JeKTpoHaMH ObLIO OlIpaB-
JlaHo.

6.5. Onpedenerue maccot 6oabLUX MOAEKYA C NOMOUWBIO Yrvmpayermpudyeu, Pac-
CMOTPHM MaKpPOMOJIEKYJY (T. €. OYeHb GOJIBLIYIO MOJEKYJ/Y, MOMEeKY/IsIpHLIA Bec KOTO-
poil paBeH HECKOJbKHM MHJLTHOHAM), HAXOINSIIYIOCS B HECXKHMAeMOH JKHIKOCTH C IJIOT-
HOCTHI0 O 1ipu abcosiotHoit Temneparype 7. O0beM v, 3aHuMaeMblii OAHOH TaKOH MoJe-
KyJIOfl, MOAKHO CUMTATh H3BECTHBIM, HAlpHMep, H3 H3MeDeHMil o6bema, 3aHHMaeMOro
pacTBopoM TaKHX MaKpoMoJekyJ. Takoli pasGap/ieHHbIH PAacTBOP NOMEUIAIOT B YJIbTPa-
ueHTpudyry, BpAMAIOMYyIOCs ¢ 6oabIIOH YIIOBOH cXOPOCThIO ®. B cucTeve koopaunar,
Bpamaiomeiics BMecTe ¢ UeHTpHbYroi, Mo6ast HaXONAMAACSH B [OKOE YaCTHLA C Mac-
COil m HCHBITHIBAeT JieHCTBHE EHTPOGEKHON CHABL mw2r, Tle 7 — PacCTOAHHE YACTHLE!
OT OCH BpalleHHus.

a) Yemy paBHa pesyleTHpyomasn Cuaa, JefiCTBYiOmAst B 5T0f cuCTeMe KOOPAMHAT
Ha 9acTHLY C MacCoil 7, e/l NPHHATH BO BHAMAHHE MOLBEMHYIO CHIY, OGYCIOBIEH-
HYIO OKpY2Kamoulell XHUAKOCTbIO?

6) IlonycTuM, 4TO cUCTeMa JOCTKINIA PABHOBECHS U, TAKMM 0GpasoM, cpefiHee UACIO
a(r)dr MaxpoMoJieKy/l (B elMHHIE 06beMa), PACTIONOKEHHBIX B HHTepBaJe PAacCTOSHHUI
OT 7 10 r-+dr or ocH BpalleHus, He 3aBHCHT OT BpeMeHH. Mcronn308aB KaHOHHYECKOR
pacnpefesienne, Haiiiute (C TOYHOCTBIO. A0 HOCTOSHHOTO MHOMKHTENS) 3aBHCHMOCTb
n(rydr ot r.

B) UTo6kl H3MEPUTH 3aBHCHMOCTb 1 (r), MOYKHO BOCHOMB30BATLCS IIOIIOEHHEM
cBeTa B pactsope. IlokaxHTe, KaK HCMO/JIb30BATbL TAKHE M3MePEHHs L5 onpeleneHus
MacChl /1 MaKpPOMOJIEKYJIbl.

*6.6. I1pocmpancmeennoe pazdenenue MAzHIMHbIX AMOMO8 8 HeOOHOPOOHOM MA2H LM~
+ox noqe. BoxubI pacTBOp IIpH KOMHATHOMH TeMNepaType COAEPXKUT B MajIolf KoHieHT-
paNHN aTOMBI, KakKABH M3 KOTOPHIX 00/ajaeT CIHHOM Y2 H MATHHTHLIM MOMEHTOM [ig.
Pacmop noMellieH BO BHelilHee HEOXHOPOAHOE MATHHTHOE MOJe, 2- -KOMIIOHEHTa KOTOPOTO
SpJsiercs JIHHeHHO Bo3pacTatouelt PyHKumed 2. 3Hauenue B; B HHXKHell yacTu pacTBopa
(rae z=2z,) 6oabule, uem B, B BepxHeil uactn (rne z=2,).

- a) ITycrb 14 (2)dz o6o3HauaeT cpefHee YHCIO aTOMOB, MATHUTHLET MOMEHT KOTOPLIX
HarnpaBJieH BBepPX MO OCH 2 H PACHOJIOMEHHBIX MeXAY 2 H 2+dz, UeMy pasHO OTHOLIE-
sme n.(2;/n(2,)? Byner Au oso Gojipille, MeHbiUE WM PaBHO efuduue?

6) Ilycts n (2)dz — NONHOE YHCIQ MATHUTHBIX ATOMOB {0G0HX HanpaBﬂeHHu opH:-
eHTANMH CIMHHA), DPACNIONOKEHHBIX MeXAy 2z M z-+dz. Yemy paeHo  OTHOLleHHe
n (z,)/n (2,)? Byner au oHo Gonblue, MEHbIE WM PABHO eRHHHUUE?
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B) Bocmonb3yiitech ycnosueM noB<<kT 1ast ynpoueHus oTseToB .Ha npenbmyume
BOIPOCHI.
r) OLeHHTe, YNC/IEHHO .BeMMHHY OTHOWEHHA n (2)/n (2,) NpH KOMHATHOM TeM-
nepatype, ecu ty_y10-20 spe/ec (r. e. nopanka Gopoeckoro MarHetona), By=0 u B,=
=5.104 ec. ;
6.7. Hauboaee 6EPOAMNAR SHEP2uR MOACKYAbL 2a3a. Yemy pasua Han60.nee BEpOSIT-
Has KHHETH4ECKAs SHEPrHsl € MOJIEKYJIEL, ONHCLIBAEMOT MAKCBeJJIOBCKHM pacmpefiese”

HHeM ckopocTei? Pasua s oha Y% m?, rle v — HanGodee BepOsATHAsA CKOPOCTbH MO-

JIEKYJIbI?
6.8. Temnepamypras sasucusocms spdysuu (ucmesenusn). MoseKyasl 3ak.liodel-
HOTO B COCYA rasa uepe3 HeGoJblIoe OTBEPCTHE B CTEHKE BBUIETAIOT B BAKYYM, OKPYyKaio-
mui cocyn. ITpeanonoxum, uto abeonior-

Jlfﬂﬂll Hasg TeMneparypd rasa B cocyjlle yABauBa-
eTCs, TOrJa K4aK JapjieHHe oOcTaercs no-

o CTOSiHHBIM
| e a) Bo CKO/IbKO pa3s H3MEHHTCHA HHCIO

MOJIeKyJ, BBLIETAIONIHX B CeKyHAY U3 OT-
BEPCTHS B CTeHKe cocypna?
Puc. 6.15. SpbysHommsit nydok najaeT ma 6) Bo cko/lbko pa3 H3MeHWTCA CH-
SKpaH. Ja, JeficTBYloWas Ha 3KPaH, pacnoso-
JKEeHHBI nepex oTBepcTHEM? '

6.9. Cpednas KunemuuecKas sHepaus UCHEKAOWUX MOseKyA. MojeKyJIbl 0IHOATOM-
HOTO ra3a BbLIETAIOT H3 LIeJIH B CTeHKe COCY]A, HaXOASILerocs npu aGCeoIOTHON TeMIe-
parype T. YkaxuTe puandeckHe MpHUHHL (He npuGeras K BHYUCIEHHSAM), 10 KOTOPBIM
CpenHsisi KHHETHYECKAs 3Beprus £, BblIETeBINHX MOJeKyJa 6yieT Goabule (MIH MeHbile,
WIAH paBHAP) Cpe/Hell KHHETHYECKOH SHEPrH¥ €; MOJAEKYJ, HAXOISULMXCH BHYTPH
cocyxa.

6.10. [Toruncerue dagrenus easa 8 cocyde ¢ HeGoavwol meubro. TOHROCTEHHBI cocy L,
o6bemoM V, Temmeparypa KOTODOro MOAREP’KHBAETCS TMOCTOSHHON, HAIOJIHEH razoM,
MeIJIEHHO BBHITEKAIOUIHUM H3 CoCyla uepe3 HeGoJbiuce oTBepcTHe muoiansio A. Hapyx-
HOe JaB/eHHe HACTOJIBLKO Masd, 4To 06paTHLIM TOKOM rasa B COCY/ MOMKHO npeHeGpeub.
Ouenyite, 32 KaKOe BpeMst NaB/JEHHE B COCY/e YMEHbUIATCS [0 NOJIOBHHBI NePBOHAYE b
soro. BripasuTe oTeeT uepe3 A, V U CpemHIod CKOPOCTb MOJIEKYJ 0.

6.11. Kpuocennan (m. e. nuskomemnepamypras) omxauka. a3z MOXKHO yﬂa.nmb
H3 COCYHa, OXN1aXAasi ONHY H3 €ro CTEHOK. DTOT MeTOl HacTO HCNOML3YETCs B PAasJIvu-
HbIX QH3HYECKHX FKCIIepHMEHTAX, Korla Heo6xomnm xopowHi BakyyM. UTobu nosicHuTs
OPHHIUN TAKOro MeTola, paccMoTpum cdepuueckuid cocyd paanycom 10 ca, KoTopblit
HaxoQuTCs npu KomHaTHO! Temneparype (300° K), 3a nekmouennem naowanka s 1 ca?,
TemnepaTypa KOTOPOil paBHa TeMmepatype XHAKOro a3oTa (77° K). B cocyite saxonutcst
BOJISTHOl N1ap, HayaibHoe JaBjeHde Kotoporo pasHo 0,1 mu pr. cr. OueHnTte Bpems, He-
o6x0auMoe Uil YMeHbliueHUs JaBsaeHust 1o 10~8 mu pr.cT., npesnosarasi, 4To Kax<ias
MOJeKyJa, yHapuBluasicss o6 OXJaXKIeHHYIO HOBEPXHOCTb, KOH/JIEHCHPYeTCH Ha Hefl.

6.12. Pasdesenue usomonoe spepysued. COCyN #MeeT MOPHCTbIE CTEHKH, CONepiKa-
e GoJbloe YHMCJHO TOHKHX Weseld. ['a3, nponukaiomuit yepes atu wmenan 6aarogaps
adxpy3nu, OTKauKBaeTca U cobHpaercsl B crneudanbHylo KaMmepy. Cocyl HanojiHeH pas-
PE’KeHHBIM T'a30M, COCTOSIIMM H3 MOJIEKYJ C MACCaMH iy K My (B 9TH MOJIEKYJILLBXOASAT
IBa Pa3JUYHBEIX H30TOMa OAHOTO aToma). O603HAYHM Uepe3 ¢; H ¢y KOHUEHTPALHIQ MO/Ie-
KYJl NepBoro H BTOPOTO THIIOB COOTBETCTBEHHO (KOHUEHTPaiHeil CHCTEMbl B JAHHOM
cayuae Mbl HasbiBaeM OTHOIIEHHe YMC/Ia MOJIEKY. THNA i K MOJHOMY YHCJY MOJIEKYJ).
DTH KOHUEHTPAUHH MOTYT NOMTEPKHRATLCH HEH3MeHHBHIMH, [Jisi Yero JOCTAarouHo,
HanpuMep, OCYILeCTBHTb NPUTOK B COCYJA CBEXEFO Fa3a B KOJHYeCTBe, HEOGXOIUMOM
BJ1si KOMIIEHCALNH YTeuKH 13-33 adysuu.

a) O6oanauny vepe3 ¢; H ¢z KOHUEHTPALMH MOJIeKY oﬁoux THIIOB B CHEUHaIbHOR

Kavepe. UeMy DaBHO OTHOWeHMe C5/cy?

6) Henombaysa ras UF,, MoxHO cienaTh DonHTKY oraenuts U235 or U238, [Tepawiii
M3 5THX H30TONOB HCHOJIbByeTCﬂ B peaxuuu sfeptoro zeaenus. I'as B cocyge cocrout
u3 MoKy U?3F3? 1 U238F§° (KoMeHTpaLMs 3TiX MONEKYJ COOTBETCTBYET eCTeCTBEH-
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H0ll PaCITPOCTPAHEHHOCTH OGOHX M30TONOB YpaHa H PaBHA COOTBETCTBEHHO Co35=99,3%
PR

H C335==0,7% ). BrlunciuTe OTHOMIEHNE Ca35/Co3s A MOJIEKYJI, COGPaHHBIX B Kamepe Nno-
cne adubysun. BripasuTe 3To oTHoleHHe yepe3 HavaJbHOe OTHOIIeHHe KOHLEHTpAUHi.

6.13. H3amenenue xonyenmpayuu 6 pesyavmame pgysuu. Oana H3 CTEHOK COCyAa
3aMeHeHa MeMOpaHOH C GOJIBIIMM KOJIMYeCTBOM MaJbiX wieiefi. Ecsiu cocyA HanoJiHeH

Ta30M, HAXONAMMMCS TIPH AaBJIeHHHU p, To 6aaroaaps sddysun ras u3 cocyna Gyner npo-
HHKaTh B OKPYXAIOWHH cocy] BakyyM. OnbIT NOKashiBaeT, UTO eCJH HANOJHHTL COCYJ
reJiieM NpH KOMHATHOI TeMIeparype M JaBJeHHH p, TO B TeueHHe yaca JaB/eHUe B Co-
cyfie ynajger jo % p.

MpeanonoxuM, 9T0 NPH KOMHATHO{ TeMnepaType H II0JHOM JIaBJEHHH p COCYI, Ha-
noJHen cMechio resnst (He) u neona (Ne). Atomuasi KOHIeHTpalHs o6OMX a30B PaBHA
50% (nonoBuHa atoMoOB sBAseTca aTtoMamu He, notoBuna — aromamu Ne). Uemy 6yzrer
PaBHO OTHOLIEHHE M, /N 1y, ATOMHBIX KOHUEHTPALHUH NO HCTeueHMH yaca? Bripasurte otser
uepe3s aTOMHbIe Beca TeJlus [iyy, H HEOHA [y,

6.14. Bewucaenue pasaudnox cpednux 0aa moaexyast 2asa. 'as, coctosiwdil U3 mo-
JIeKYJl ¢ Maccoil m, HaXOJHTCsl B paBHOBecHH npH abcommoTHol Temnepatype T. O6o3ua-
UM uepes vV CKOPOCTb MOJIEKYJIBI, 4epes Uy, Uy H Uy~ COCTABAAIOWHE CKOPOCTH TI0 KOOp-
JHHaTHBIM ocsiM. Hafigute ciexyiomue cpefinue:

a) Uy, 6) U} B) oy, 1) vly, 1) [Op B0

rae b — nocrosunas. (Y x a 3 a v u e. Coo6paxeHns] CHMMETPUH U TeOpPeMa O PaBHo-
MEPHOM pacnpelesieHHH JAOT BO3MOXKHOCTD I0JYUHTb ITH Cpe/iHHe, He MpUGeras K C/0xK-
HBEIM  BHIYHCJEHHSM.)

6.15. Honaeposckoe pacuiupenue cnekmparvrbix Aunuid. T'a3 13 aToMOB, HMEIOUHX
Maccy m1, HaXOAMTCS BHYTPH COCyJa IPH a6cooTHOH TemnepaType . ATOMEI HCIYCKAIOT
CBeT, KOTOPHIH BBIXOJUT M3 cocyia (B HanpaB/eHHH X) yepe3 OKHO B ero ctenke. Cer,
HCIyCKaeMbI aTOMOM, HMeeT OnpejeleHHYIO 4acioTy v,. OnHako 6.aroaaps addekry
Jlonnepa uactora cBeTa, HCMYIEHHOTO aTOMOM (CKOPOCTh KOTOPOTO HMeeT BJOJb OCH X
COCTAaBJISIOULYIO Uy), He paBHA yacToTe V. [IpHOJMIKeHHOe 3HaueHHe YacTOTbI PaBHO

v="v, (I—]—?) ,

Tle ¢ — ckopocTh cBeTa. B peaynvrarte cnekTpomerp, aHanuaupylomuil cser, oGHApY-
JKHT BMECTO OJHOH 4aCTOTH! Vy HeKOTopoe crekTpasibHoe pacnpegenende I (v)d v, Koto-
poe JaeT 4acTb CBETOBOH 3HEPruM, 3aKJIOUEHHOH B HHTepPBaJe 4acToT OT v 10 v+dv.

a) Bolunciute CpelHIOI0 YacTOTy ¥ CBeTa, Hab/101aeMOTO CHEKTPOMETPOM.
6) BriuncauTe AucnepcHio (Av)? 4acTOTEl CBeTa, HAGJIOAAEMOrO CIEKTPOMETPOM.

B) [TokaxuTe, KakuM 06PasoM u3MepeHns MHPHHE Av==[(Av)®]"/2cnekrpanbHolt
JAHHAY, HAGm0JaeMOl CEKTPOMETPOM B M3JIYYEHHH 3Be3[bl, JAIOT BO3MOXKHOCTbL Ollpe-
JIeTHTh ee TeMIeparypy. :

6.16. Y Oeavraa menaoesKocme NOOBUNCHO20 MOHOMOAeKYAApHO20 ca0i. Ecnm no-
BEPXHOCTb TBEPJAOTO TeJ1a HAXOIUTCA B OCTATOYHO XOPOLeM BAKYyMe, TO Ha Hell MOXeT
06pa3oBaTbCsl ONMHOUHBI CJOK MOJEKYJ, TOMWMHA KOTOporo OyAeT DaBHa AHAMETDY
moJieKyJiel. (B aTom cyuae rOBopAT, 4TO MOBEPXHOCTb aAcopGHpoOBaJa MOIeKYIIbl.) Mo-
JIeKYJBl YAEePKHMBAIOTC HAa MOBEPXHOCTH CHJIaMH NPUTsKeHHst, AGHCTBYIOUIHMH CO
CTODOBBI aTOMOB TBEPJOTO Tesla, HO MOT'YT IepeMelaTkcst 0 Hefl, COXpaHsist cBOGOLY
B JIBYX H3MepeHHsiX. TakuM 006pa3oM, oHH 06pa3yioT B XOpoweM NpPHOJIUKEeHHH KJIacCH-
4eckuii AByMepHBIH ra3. IIpelnonoxkum, 4To MOJIeKY./1a OHOATOMHA H aGCONIOTHAA TeM-
nepatypa pasia T. Uemy paBHa Mo/isipHAsi TENJIOEMKOCTL MOJIEKYJI, 8]COPOUPOBAHNLIX
11I0BEPXHOCTLIO?

6.17. 3asucumocniv dAEKMPuuecKo20 CONPOMUBACHUS MEMAALQ OM MEMNCPAMYPoL.
SDJleKTpHYECKOe COMPOTHBJEHHE P MeTal/1a NPONOPLUHUOHAIBHO BePOATHOCTH TOrO, YTO
SJIEKTPOH PacceHBaeTcsi KOJeGMOIHMHCS aTOMAaMH PelleTKH. ITa BePOATHOCTH B CBOIO
ouepeib NPONOPHHOHANbLHA CpPéjHeli KBaJpaTHUHOH aMNAHTYAe KojieGauHuii aTomos.
Kax 3apUCHT 3JIeKTpHUECKOe CONPOTHBEHHE 0 MeTaJlJ1a OT ero abCoIoTHOM TeMIepaty pul
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BOJIH3H KOMHaTHONl TeMIepaTypel HNH Bblle, KOrJa Xo0.Je6aHis aTOMOB MeTa.1Ja
MOTYT ObITh PacCMOTPEeHbl C NMOMOLIBIO KJACCHYECKOM CTATHCTHYECKOH MeXaHIKu?

6.18. Teopemuueckas npedervnas mounocie e36ewueanus. QueHb UyBCTBATEI bHbIE
NPVXKUHEBIE BeCHl COCTOSIT M3 KBApUEBOH NDYMKHHEI, 3aKPEMIEHHOH B HEMOIBUMHOMN
onope. [locTosiHHast NPYKAHBL pPaBHa & (IPH DACTSIKEHHH MPYXKHHBI HA BEJHUYHHY X
BO3HHKaeT Bo3Bpanlaomas cuia —ox). Becel maxonsrtes npu temnepatype T B necre,
rje YCKOpPeHHe CHJIBl TSXKEeCTH PaBHO g.

a) Kakoso cpejHee pacTskeHHe X NDYMKHUHBEL, K KOTOPOH MoxBelleH HeGoabLIol
rpy3 waccoii M?

6) Yemy pasua pesHunna (Ax)?=(x—x)* temiopoll (yKTyamus rpysa oxo.1o
NOJIOXKENHsT  paBHoBectd?

B) l3mepenne macch! TepsieT CMBICH, €A (GIYKTYAUUH HAaCTOJbKO BeJHKH, 4TO-
(sz)l/22x. KakoBo nmuHUMasibHOe 3HaueHHe Macchl M, M3MepUMOil ¢ HOMOMIBIO TAKUX
Becon?

6.19. Tenscesxocmo QH2APMOHUYECKO20 OCUUAIAMOPA. PaccMoTpuM ofHOMEpHEI
DCIUAIATOP (He mpocToll rapymoHHyecKHil), OomHchIBaeMBIN KOOPAMHATOH X H MMIIY/b-
COM p, SHeprus KOTOPCTO paBsia

2
:2"—m+bx4. o

[epBrifl ueH 3TOro BhIpaXKeHMsl COOTBETCTBYET KHHETHYECKO, BTOPOil — NoTeHIHaIb-
Hoil sHepruu. BenuuuHa m — macca OCUILLIATOpa, b — HekoTopasi nocrosinuas. Oc-
UJISITOD HAaXOAHTCA B PAaBHOBECHM C TeTJIOBLIM pe3epByapoM upH TeMieparype T,
KOTOpast JOCTaTOYHO BeNHKA MIA TOTO, YTOGBI MBI MOIVIH IPHMEHSITH 3aKOHBI KJI4CCl-
YyecKoli MeXaHHKH,

a) Uemy paBHa cpeinsisl KUHeTHUECKas SHEPrHs OCUWLISATOPa?

6) YUemy paBHa cpelHsfl MOTeHUUANbHAS 3Heprus?

B) Uemy paBHa CpefHsisl 1IOJHAH 3HEPLUS?

r) PaccyorpuM ancam6ib c1a60 B3auMOLEHCTBYIOUWIHX YacTHI, Ka)KIas U3 KDTO-
PHIX COBeplIZeT OJHOMepHble KoJeGaHusd, NMpHuYeM SHePrus KoJdeOaHuil ompedensercs
eoipaxenuem (I). Uemy paBHA TenjoeMKOCTb MOJIS TAKHX YaCTHI TPH IIOCTOSTHHOM 06b-
eme? (Y Kk a3 aHHe YroObl OTBeTHTb HA 3TH BONDOCH, HET HEOOXOMLMMOCTH BBIUHC-
JisiTb COOTBETCTBYIOLIHE HHTerpadbl.)

6.20. Tenaoemrocms meepdo2o meaa, obaadawouieso 6Goavuiotl aHU3OMpoOnuet.
Paccyorpun TBeploe Teno, KpHCTaAHuecKas pelleTka KoToporo objajaeT GoablIoi
auusorponueil. Kaxawil atomM B TakoH pelleTKe COBepilaeT [POCTble IapMOHHYECKHe:
xoJebaHug B TpexX HanpasjeHHaX. Boccranasaupalowas cuja B HanpaB/JeHHH, apad-
JeJIbHOM HEKOTOPOMY CJIOI0 B KPHCTadIe, oueHb Beduka. [losromy cBoBonHble YacToTH
KOJe0aHHA B HANPABJIEHUSIX X W Y, UPHHALIEKAMNX 3TOMY €010, OAMHAKOBBI H DasHb
BedyuHe ® |, KOTOpast HACTOJLKO BejHKa, 4To iy, >300 k, rae 300 & — Teniosas

SHEprust Npu KoMuaTHOIT TemnepaTtype. C IPyroit CTOpOHL!, B HaNpaBieHHH, HepreHaH-
KYJSIPHOM K CJI0I0, HeficTBYeT Hefo/bilasi BOCCTaHaB/AUBaOW A cuaa. Yacrora kogeda-
HHIl © , B HATIPAB/EHNWH 2, MEPEHAHKYISIPHOM K (JIOCKOCTH C/IOSI, HACTONBKO Maja,
uTo ﬁw_]_<300 k. Brmuicante Ha OCHOBaHMH TaKof MOIedH, YeMy paBHa MoOJIsfpHAs Te-
MJIOEMKOCTH (IIpH NMOCTOsiHHOM ofbeMe) Teqa hpn 300 °K. : )

6.21. Keanmosas meopus menioemkocmu meepdozo mead. YToGH 06aeriHTb KBAH-
TOBOMEXAHNYECKOe DPaCCMOTPeHHMe ATOMHBIX KOJeJaHH{i TBepOOro Teja, Mbl IPIMeM
YIIPOUIEHHYIO MOIeIb, B KOTOPOIl KAXKIBIA aTOM TBepPAOro Tesa KoleGaeTcs He3aBHCHMO
OT OCTA/ILHBIX C YaCTOTOll ®, OAWHAKOBO A Bcex TpeX HampasaeHufl. Twepioe Tteso
cocTouT B3 N aTOMOB; OHO YKBHBAJEHTHO, TAKHM 06pa3nv, aucam6rio u3 3N HezaBucu-
MBIX OJHOMEPHBIX OCUHJIISITOPOB, KOJeGMIOIHXCs ¢ 4acToToH . Bo3nomxKHbie KBaHTO-
Bble COCTOSIHHSI KaKIOTO OCLHJLISTOPA HUMEOT 3Hepruio

|
:<r1—l———- fio, I
.Tlle KBaHTUBOE YHCIO 1 MOXKeET NpHHUMaTth 3Hauenns 0, 1, 2, ...

a) JIonyCTHM, uTO TBEPACE TeAO HAXOJMTCS B PABHOBECHH NPH a6COMIOTHON Tem-
nepatype 7. Bocnonbsosasiunch opmysioft () n KaHoHKHUeCKUM pacnpejeneHueM (cm.
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3agauy 4.22), HafijuTe CPeXRIO0 SHEPrUIO E'ocum.rxmopa H MOJHYIO CPENHIOD SHEPTHIO
KoneGaHHsl 4TOMOB TBepIOTO Tesa E=NE.

6) Hcnoasayiite noyueHHbt pe3yabTaT a) (CM. 3afauy 5.20) anas BulyHCIeHHA
MOJIIDHOH TeIUIOEMKCOCTH Cy TBEPHOTO Tena.

B) Ilokaxute, 4TO ¢y MOKHO BbIPa3HTh BopMYI0il

we®
CV=3R( T 1)2, (II)
e
fi> (G]
W= =T (I

O=fi0/k sBAsETC TeTEpaTypPHBN napaMeTpoM, KOTophifi Guit onpereden hopwmy-
Joi1 - (70).

r) Tlokaxure, uto upu 73> dopmyaa (11) zaer knaccuueckuii pesynoratr cy=3R.

1) Tokaxnute, uto n3 opny.el (11) ciaenyer, 4ro ¢y crpesurca k vymo npn T—0.

e) Haiiaute npub/InkenHoe 3HaueHHe ¢y, ciepyiomee ua gopmyant (I1) npu 78,

:x) Hzobpasute Ha rpaduke xapakTep 3aBHCHMOCTIL Cy OT a0COJIOTHOH Temmepa-
Typer 7.

3) Bocro/nb3osasincs kputepHeM (1), onmpefendte TeMoepaTypy, HUXKe KOTOPOH
K/1aCCHYECKOe DAacCMOTpeHHe He MOKeT ObiTb NpHMeHHMO. CpPABHUTE TOJYYeHHSIH
pesyasTaT ¢ yciaoBueM (69) NPHMEHHUMOCTH KJIACCHYECKOA TeOPHH TeIVIOeMKOCTH.

[Ucnionb3yst caenanHele B 370l 3ajaue npubamkenus, Diiumreiin 8 1907 r. Boep-
Bble oayuna eerpaxense (II) 11st TensoeMKoCcTH TBepOro Tela, OCHOBAHHOE HA HOBBIX
KBAHTOBLIX MAESX, M OOBSICHN SKCHEPHMEHTAbHbIE AaHHbIE O TEIVIORMKOCTH TBEPIUbiX
TeJl, NPOTHBOpEHAUINE KJACCHUeCKOH TeopHH.]



Tr1ABA 7
OBUEE TEPMOAWHAMHUYECKOE B3AMMOJAENCTBHE

Ilo cux mop MBl 3aHUMAJICh TAABHEIM 06PAa30M TENJOBLIM B3aHMO-
nefictBueM. UtoObl nocThyb GoJibiiell OOIHOCTH, CAEAYET HECKOJIbKO
pacilipHUTb pacCMOTPEHHE, BKJIIOUHB B HEro MpPOU3BOJIBbHBLIE B3aUMOJEH -
CTBHS MeXKAy MAaKPOCKOMHYEeCKHMH cHcTemamu. B coorBererBuu ¢ Taxof
AporpaMMmoil B JBYX CJeIYIOUMX Naparpadax Mbl nocrapaeMmMcst BbIHTH
33 paMKd [JaBhl 4, paccMOTpeB IIOBeJeHHE B3aHMOAEHCTBYIOHHX
CHCTEM MpH H3MeHeHMM MX BHELIHUX mapameTpoB. B takom B3aumogeii-
CTBHM, KpoMe oOMeHa TeMJOM, IIPOHCXOIMT W COBepiueHHe pPaGoTHL.
[Tonumanne ofiiero cjaydas JOObIX B3aUMOIEHCTBHH 3aNOJHHT HELO-
CTaiolllee 3BEHO B PA3BHTHH HAIUMX HIEH U MbI HOJYUYHM BCE OCHOBHblE
Pe3yJbTaThl CTATHCTHYECKOH TePMOAMHAMHUKH. Mollb 3TOH TeopuH Mpo-
IBJISIETCSl BO MHOTMX ee [pPHMEeHeHHSX K pPa3HooOpasHbM mpofsieMaM
(U3HKH, XHMHH, OHOJIOTHH H TeXHHKH. Mbl CMOXeM paccMOTDETb
TOJbKO HECKOJBbKO HaHbOJee BaKHBIX NPHMEPOB.

7.1. 3aBHCUMOCTb HHCJA COCTOSIHUA OT BHEUIHUX MapameTpos

PaccMoTpum  RKakyto-HHGYAb MaKPOCKOMHYECKYIO CHCTEMY, KOTOpPad
XapakTepusyercsl OJHHM WM HECKOJbKHMH BHELIHHMH fapameTpaMi,
HanpuMep, CBOUM OGBeMOM V WM BEIMYHHON BHELIHEr0 MAIHHUTHOFO
nosiss B, B KoTopoM oHa Haxoautca. [lis NpOCTOTH PacCMOTPHM cayuai,
KOTJa MEHfeTCS TOJIBKO OJHH H3 BHEUIHHX HapaMeTpoB CHCTEMbl,—
o6o3daunuM ero uepes x. OGobuieHue HAa Caydail H3MEHEHHS HECKOJIbKHX
napaMeTpoB He COCTaBHT TpyAa. Uncso € KBaHTOBHIX COCTOSIHUI TakoO#H
cHCTeMbl B 3aJJaHHOM HHTepBase sHepruit oT E no E-4-8E saBucur ne
TOJILKO OT 3HepruH E, HO M OT Tex 3HaueHMH, KOTOpble NPUHUMaET BHEIl-
Huil mapamerp x. Mbl MOXeM Hamucatbh, uto Q=Q(E, x), u nac 6yner
HHTEPECOBATh 3aBHCUMOCTD 2 OT X.

dueprus E, KaXKJIOro KBAHTOBOTO COCTOSIHHS 7 33BHCHUT OT 3HAYEHHR
BHemHero napametrpa x, t. €. E,=FE,(x). Ecau Bennuuna RHeuHero
napamerpa X M3ameHsieTcsl Ha O@CKOHEYHO MaJyi0 BEIHYHHY dX, SHep-
rust E, cocTOsIHHA r Mensiercs COOTBETCTBEHHO:

dE,=%rdx =X dr, (1



TIE ’

dx

3ajnanHoe H3MeHeHHe dx BHEUIHero napameTpa oOLIYHO MEHSIET SHePrHio
Pa3JIM4HBIX COCTOSIHMH Ha pasHylo Beanuudy. Benuuuna OE,/Ox 3aBu-
CHT TOSTOMY OT JAaHHOTO COCTOSIHHS 7, H X, LIS pasHbiX COCTOSTHHHA

HMeeT pasHoe 3HaueHue.
UTo6bl 061€ru|Th HAMIH PAcCyKACHHA, pa3oibeM HIKAJIy BO3MOXKHbBIX
3Hauenuil X, Ha Masible H (HKCHPOBaHHbie HHTepBanbl 8.X. PaCCMOTpPIM

noasoe 4ucao cocroaHuit Q(E, x),

120 SHEPTHs KOTOPHIX JEeXHT Mexay E H
— E-+OE, rorna BHewHu#l napamerp
—] _T—F‘ uMeer 3Havenne x. Cpenu sTux co-
] CTORHMH Mbl CHauaJa pacCcMOTPHM
r- TakHe (00C3HAUMM UX HHAEKCOM i),
JAns Koropeix X, JIEKUT B HUHTepBaJe
or XY po X948X. OG6osuauum
YuCAO0  TAKHX  COCTOSIHMH  yepes
QW(E, x). Bece st coctosinus  06-.

————

-

5% e . ;;;;T///"'}"///ﬂ///..,./// Xz
X

Puc. 7.1. 3aBucumocTn qucna’Q(‘) CoCTORA- Puc. 7.2. Cxema yposHell sueprum, 43 KOTOPO#
auil, AN Kotopeix X,=0E,/dx HaxoauTCs BHAHO, YTO NPOUCXOAMT, KOrAd u3MeHeHMe dx
BHELIHET0 NapaMeTpa Bbi3biBaeT H3MeHEHHe SHep-
{ {
B HHTeDBaJE MEXAY X0 g x0 +8X, ot ruy Ep KaxAoro COCTOAHHSA £ HA BeMHUHHY
unjexca i, 0003H34A0OULEro HOMeP HHTED- @)
X\)dx. (Havanbnoe 3uayenne sHeprun oGo3Haue-

2 (i - .
sana. Cymmuporause 2{) no ncem sos HO COJOWIHOH 4epTofi, H3MeHEHHOe 3HaueHue
MOXXHBIM WHTepBanaM AaeT JIOJHOe UYHCID WTPHXOBOM.)

cocTogbui © (E, x), HMeIOIUX 3HEPru oT
E pgo E--OE npuw sHaueHHH BueliHero
napaMeTpa, paBrOM X.
JIa/1a10T OJIHUM OGILUMM CBOIICTBOM: SHEPTHS KaXKHLOrO M3 HUX H3MEHSeTCH
Ha OZHY u Ty xe BeqmuuHy XY dx npu uU3MeHEHMH BHEIIHEro
uapamerpa Ha dx. Ecan X9 nosoxurenbHo, TO KaxJloe H3 3THX CO-
CTOfHMHA, JeXKauux B KHTepBase 3Hepruit XYW dx unwe E, uamedur
CBOIO 3SHEPrHIO OT 3HauyeHHsl, MeHbulero £, o 3uadeHud, GOABLIETO
E (puc. 7.2). Uucsno TakuX COCTOSTHHI Ha euHUUHLIE HHTEPBAJ SHep-
run papHo (QY/SE), nostomy Ha uHTepBan suepruum XOdx mpumercs
(QV/BE)XW dx Takux coctostHHH. Mbl MOXKeM, TaKuM OGpPa3oM, CKa-
3aTh, 4TO
I (E)=uucao cocrosinuit (cpean QY (E, x) cocTosnuii,
0003HAYCHHBIX HHIEKCOM [), 3HePrusi KOTOPHIX Me-
HAGTCA OT 3HAUEHHs, MeHbweeo E, 10 3Hauenus,
Goavtezo E,; npu GeCKOHEUHO MAJIOM H3MEHEHHH
BHEUIHero napameTpa oT X 10 Xx-+dx, 3)
paBsHO

Qo )(E,

I (E) = D X dy. @
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Ecau X% orpuuarensuo, ¢opmyna (4) ocraercs BepHoit, Ho ' or-
PHUATEIbHO: B 3TOM CJyYae NOJIOMMTENbHOE YHC/AO COCTOSIHME, paBHOE
— '), Mensier CBOIO SHEPrUI0 OT 3HAueHUs, 6oasuieeo E, NO 3Hauenus,
mervuezo E *).

Paccmorpum Tenepn Bce Q(E, x) cocTosiHuil, 3Heprusi KOTODHIX
Jexut Mexny E u E--0E npu 3HaueHHH BHeluHero napamerpa x. Uroost
HaliTM BeJHYHHY

I'(E)==noanoe uncno cocrosinufi (cpenu ecex Q(E, x)
COCTOSIHHIl), HEPrUsl KOTOPHIX MeHsleTcs OT 3Ha-
yenus, menbliero E, 1o snauenus, Goawinero E, (B)
npu GeCKOHEYHO MaJIOM H3MEHEHHU BHEIHEero napa-
MeTpa OT X Io X-}-dx,

MBl I0J12KHbl IPOCYMMHPOBATh (4) MO BCEM BO3MOXHBIM HHJAEKCaM i coc-
TOHHWA (T. €. N0 COCTOSHHUSIM CO BCEMH BO3MOMKHBIMU 3HAUEHHSIMH
OE, /0x). Toraa Mb noayuum

I (E) — 2 T (E) — [2 Qb (E, x) X‘i)] %'

HJan

r(£)=2& 9 Xy, l (6)

rae : )
_ 1 . .
X = g—————-z E. % Z Q® (E, x) XD, (7)

Besmunna X sBasercss cpelHHM 3HaueHHeM X, 110 BCEM COCTOSTHHAM 7,
JexalluM B HHTepBaJje sHeprud or £ a0 E-+-O8F, npuuem Kajoe takoe
COCTOSIHHE CUMTAETCsl PABHOBEPOSITHBIM, KaK 3T0 JOMXKHO GbiTh B paBHO-
Becun. Cpennee 3nagenne X, onpenenenHoe ¢opmyJoil (7), 3aBHCHT,
pasymeercs, or £ n x. Bocnoap3osaBwiuch onpeneenieM (2), Mbl 3ame-
HaeM, UYTO BeJUUIHA

— JE,
Xdx="51dx = aw (8)

npeicTapasieT cofofi cpelHee BO3DAaCTAHHE 3SHEPTHU CHCTEMBI, €CJaH
CHCTEMa € PaBHOH BepOSITHOCTBIO HAXOAHTCA B JIIOGOM M3 JOCTYNHBIX
COCTOSIHHI TepBOHAYANbHOrO HHTepBaJja sHeprHil. JIpyruMu cjaoBamu,
5TO NPOCTO Makpockonuueckasi pabora dW, npousBojiHMasi HAJ CHCTe-
MOH B COCTOSIHHH pPaBHOBECHsl, T. €, KOTJa U3MeHeHWe BHeUHUX Tapa-
METPOB COBEpLIAeTCsi KBa3HCTATHUYECKH.

3nana eeauuuHy I'(E), HaM OyZAeT He TPYAHO MOJIYUHTH BhipayKkeHiie
ans usmenenus Q(E, x) npu GeCKOHEUHO MaJjioM U3MEHEHMH BHEILHEro
napameTpa X u (HKCHpOBaHHOM 3HaueHuH snepruy E. Paccmorpnm noa-
Hoe ynucao $2(E, x) cocrosnuil B uHTepBaJde sHeprusi or E jo E--6E.

*) 3amerHM, uTo (4) NaeT YHCJO YpOBHell SHEPIHH, NepeceKalomux sHepruio £
CHH3Y. Cooﬁpameﬂun, KOTOphle NPHBeNH K (opMmyJe (4), aHAJOTHYHBI TeM, KOTOpbie
MBI HCTIONB30BaAHM B M. 1.6 11 HAXOKJEGHHS HMCJAA MOJEKYJ, NPOXOMAULMX ueped
3aJAHHYIO NOBEPXHOCTL B rase.
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Ecau BHepHui napaMeTp MeHsieTCs! OT X JI0 X-+-dx, TO YHCJIO COCTOSIHHUiA
B 3TOM. HHTEpBaje SHePruH MeHsiercss Ha Beauunny [0Q(E, x)/0x)dx,
KOTOpas paBHa: (YHCJO COCTOSTHHI, BXOASLIMX B MHTEPBaJ, NOTOMY uTO
WX SHEPrHsi H3MeHsieTCs OT 3HaueHHsi, MeHpuwiero E, 10 3HayeHus,
foabiiero E) MHHyC (4WHCJO COCTOSA- _

HHl, BLIXOAAIUMX U3 HHTepBaJa, *I’ (E+E)

TIOTOMY H4TO HX 3HEPTUs H3MeHsercs E+§§ ///////////////////////////

oT 3HaueHus, MeHbwero E--8E 1o

anayenus, 6Goabwero E-HS8E). 310 r(€)
MOZKHO 3anHcaTb Tak: T
0Q(E, x Puc. 7.3. llpu u3MeHeHHHW BHelllHero na- .
-—(,——-)- dx = F (E)—F(E + (SE) = pamMeTpa YHCNO COCTOAHRMI B 06JacTH SHep~
ox ruil ot E po E4OE wmensietcsl, Tak Kak
Jar ) SHepreTHYeCKHe YPOBHH PasjHUHBIX COCTO-
= —3E OE. (9) AHMi TonajaloT B 3Ty 0621aCTb H TOKUAa-
0T ee.

Toacrasum I’ u3 (6) B (9). Torna Benuwuunsr 8E H dx cokparsitcd 1
MBI TIOJIy4HM

0Q 0 va
um
0Q Q X
= X Q-
Jens o6e yacTi paBeHCTBa Ha (2, MBI MoJydaeM
dinQ dlnQ~  dX
o = 9 X oE (11)

i1t MaKPOCKOTIHYECKO! CHCTEMEl NEPBLIH 4/eH CNpaBa UMeeT NOops-
10ox fX/(E—E,), Tie [ — uncio creneneli cBOGOAb CHCTEMEl, OCHOBHOE
cocTosiHMe Kotopoi umeer sHepruio E,. Ilopsnok Besnunnbl BTOpOTO
unena npubansuteabHo paBeH X/(E—E,). Tak kak [ umeer nopsaox
yneaa Aporaapo, T. e. f~1024, To BropbiM 4eHoM B (11) MOXKHO npene-
6peub, u (11) cBoauTCs K Chaeyoimemy:

anQ AN
T = 9E % (12)
nau
a2InQ =
(—57)5:——5)(. (13)

3pech MBI BOCNIO/B30BAJNHCH OnpenenenneM (4.9) a6GCoJIOTHOTO TeMnepa-
TypHoro napaMerpa . bykpa E y 3naxa uyacTHO# Npou3BOAHONH ofpa-
HlaeT Halle BHHMaHWe€ Ha TO, 4TO, Oeps TPOM3BOAHYIO, MBI CUHTaeM
snepruio £ BeJHYHHON NOCTOSIHHON. B cOOTBETCTBHH ¢ onpefeaenueM (2)

v 9E;
X=Sr. (14)

B uactHOM ciydae, KOr[a BHEWIHHA rnapaMeTp X O3Hayaer pacCTOsTHHE,
pesnuHHa X HMMeeT Pa3MEpPHOCTb CHJbl. B ofileM ciyuae pasmMepHOCTb
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BeTHUHHBEL X Moxer ObiTh JoGofi. Beanuuna X HaswiBaercst cpednum
SHauenuem 0000LEHHOL CUAbL, CONPANCEHHOL C GHELUHUM NADAMEMPOM X.

B kauecTBe mpuMepa pacCMOTPHUM CJyuail, KOrJla BHeUIHUM mnapa-
METpOM cHCTeMHl sBasercs ee obwveMm: x=V. [lpu stom pabota dW,
coBepulaeMasi Hafl cHCTeMOH, Korja ee oGbem V KBasHCTaTHYECKH YyBead:

uusaercs Ha dV, pasua dW=—pdV, rie p — cpeisee 1aBJeHHe, OKa-
3biBaeMOe Ha clicTeMy. Jra pabora AefcTBHTe bHO HMeeT BHA (8), T. e.
AW = XdV = — pdV,
OTKY]a
5(_ = — ; . .‘!
B sTOM Catynae cpelHee 3HaueHHe 0BOGLICHHOI CHAbI X pasHo cpenﬂemy
JaBaenuio —p, AeficTBylleMy Ha cuctemy. M3 (13) Mbl noayuaem

(52), =87 =& SN
HJIH
(B) =2 (153)

tie S=kInQ — suTpONNs cHCTeMBl. 3ameTuM, 4To 3Ta GopMyJa Mo3Bo-
JfieT HaM BBIYHC/HTB CpElHee JaBileHie, HCHBITHBAEMOE CHCTEMO,
€CJIM M3BECTHA 3aBHCHMOCTb €e SHTPOMUH OT 06bema.

Mbi nonyyuan ¢opmyay (13), paccmarpusasi uuca0O ypoBHe#l cic-
TeMbl, BXOISIIMX B NAHHBI HHTEPBAJ 3HEPTHH H BBHIXOASIUMX H3 HEro
IpH H3MEHeHHH BHEUHero napamerpa. DTH COOOPAKEeHUs] HMEIOT OueHb
Ba)kHOe (H3udyeckoe 3Hauenue. loctapaemcs ayuwe MOHSATH CYTh NpiH-
Be/eHHBIX Bblllle PAacCy2KienHtil. 3aMeTuM, uto Bbipaxerue (12) sKkBHsa-
JIEHTHO CJ/efyloueMy:

ade +0(13x;9 AWV —0. (16)

31eck MBI BOCHOAb30Ba HCh Gopmydol (8), urobu Hanucatbh Xdx=d W
JJs1 KBA3HCTaTHYeCKOH paboThl, MPOH3BOAHMOH Haj cHcteMoli. Bwipa-
wenne (16) cooTeercTBYeT GECKOHEUHO MaNOMY HM3MEHCHWIO BEJHUMHHI
In Q, npoHCcXoAsineMy HOpH OJHOBPEMEHHOM H3MeHeHHHM 3Heprud E n
BHeIUHero napamerpa x cucreMbl. Takum obpasom, (16) skBHBaneHTHO
CIenyIoleMy YTBepKIeHHIO:

InQ(E+aV, x+4do—InQ(E, »="02

dw - axQ dx = 0,
Wi
Q(E -dW, x-+dx)—InQ (E, »). o (7)

Buipaxkentoe caoBami, (17) osnauaer cienysomee. Ilpeanonoxum, yro
TIPOH30LIIO HeGoubIloe H3MEHeHHe BHEILHEero napaMerpa axHabaruyeckn
H30/IHpOBaHHOH cHcreMbl. - Torna ypoBHH 3HePTHH Pas3HUHBIX KB3HTO-
BbIX COCTOSHHIA TaKMKe U3MEHSITCS H COOTBETCTBEHHO MOJIHAS SHEPTHs

254



CHCTeMbl H3MeHHUTCs Ha Beauunny d W, paBHYIO cOBepIlIEHHOI Hal CHCTe-
moii pa6ote. Ecsin napameTp x H3MeHsIeTCsl KBa3UCTATHUECKH, TO CHCTEMa

6yJeT pacnpefiesieHa IO TeM 2Ke COCTOSIHMSIM, B KOTOPHIX OHa HaXoiu-
Jiach BHadaJjie, HO SHEPTHH CAMHX COCTOSIHHH HaMmeHaTcsl. TakuMm o6pa-

30M, B KOHIIE MIPOLeCca MBI HalileM, 4TO CHCTeMa paciipelesieHa Mo TOMY

e YHUCJY COCTOSIHMH (HO- IPH 5TOM BHELIHWHA mapaMmerp paBeH x-—-dx,

a sueprus pasua E--dW), uto u B Hauaje mpotiecca (KOrga BHeEIIHHH

napamerp OblI X, @ 3Heprus E). 310 yTBepKIEHHE N SIBJSETCS CMBICJIOM

dopmyaer (17); oHO o3Hayaer, 4TO SHTponHst S=£k In Q aguabaTnHyecKi

M30/JHPOBAHHOH CHCTEMBI OCTaeTCs] HEM3MEHHOH NpH GeCKOHEUHO MaJjoM
KBAa3HCTATHYECKOM. H3MEHEHHH BHEIHUX nmapaMerpoB. Ecau takoe usme-

HeHye 1apaMeTpoB MPOJOJXKAeTCS AOCTATOUHO JOJFO, OHO B KOHIlE KOH-
IOB NPUBEJET K HX KOHEYHOMY HM3MeHeHHIO. 3Ta MOC/AefOBATeIbHOCTDL

GECKOHEUHO MAJabIX H3MeHeHHH OYXeT HMETb [O-IPeXHeMY HYyJeBoe

WU3MeHEHHe SHTPONHU. Mbl NpUxoAuM, TaKuM 00pa3oM, K Ba:KHOMY BbI-

BO/lY, 4TO €CJH B afuabaTu4yecKH H30JHPOBAHHOH CHCTEMe MPOHCXOMHT
POU3BOJIbHOE, HO KBAa3HCTATHUYECKOe H3MeHeHMe NapaMeTpoB, TO 3HT-

ponMs cHCTeMbl He MEHSETCs.

Ilpu kBasucraTHueckoM aanabaTiuecKOM Ipolecce

AS = 0. (18)

HecmoTpst Ha TO, 4TO coBepluaeMasi KBa3HCTaTHUECKH paboTa MeHseT
SHEpPTHI0 aAualaTHYeCKH H30/HPOBAHHON CHCTEMBI, SHTPONHS CHCTEMb}
ocTaercsl HEN3MEHHOH.

Cnenyer nondepkHyTh, 4TO yTBep:KieHHe (18) cnpaBeinnBo TOJLKO
JUTSl KEQBUCMQIMUYECK020 H3MeHEHHs] BHEIIHUX NapameTpoB. B nportus-
HOM CJly4ae, Kak 3TO cjefyeT U3 paccyxieHufl 0. 3.6, HTponus ajua-
GaTHIeCKH M30JAHDOBAHHOM cuCTeMbl 6yJeT gospacrname. |Pacemotpute,
Hanpumep, npouecc, onucaHupiii B npumepe 1I B xonue n. 3.6.]

7.2. O6uine cOOTHOMIEHUS JAJSt COCTOSSHMSI PaBHOBECHS

Mbl 1oArOTOBJIEHE] TenePb K PAacCMOTPenHio HauboJee oOOLWEro cay-
yasi, KOrja /IBe MaKPOCKOIHUECKHEe CUCTEMD, A n A’, B3auMOIEHACTBYIOT
JIPYT C IPYroM KaK € NOMOLLbIO oO6MeHa Tem-
JIOM, TaK U cosepluas paGoTy OjfHa Hal ApY-
roii. (Hapuc. 7.4 nokasad npuMep Taxkoro
B3auMoOAeHiCTBUs: ABa rasa, A u A’, pas-
JeJIeHbl MOBIKHOH NeperopofKofi, crioco6-
HO# MPOBOIMTHL TeNno.) AHanu3 3Toll cH-
‘TyalHH IPHBOAHMT K HPOCTOMY OBOOMIEHHIO

) Puc. 7.4. [lpa raza, A u A’, pas-
COLEepKAHHA II. 4.1. Ecan 3a/ldHa 3Heprud NleJleHHBIE - NOPIIHEM, OPOBOISIIIHM

E .cuctembl A, T0 TeM CaMbIM ompejie/ieHa i Tensio.

sueprusi E’ cucreMnl A', Tak Kak nosHas
sHeprust E* cioxHO#M cucrems A*, cocrosiuefi u3d cuctem A n A’,
nocrosiuga. Yucsno Q¥ pocTynHbIX cOCTOsSHHIA cHCTeMbl A* (1au coor-

255 .



BercTBeHHO ee suTponHs S *=£41nQ *) saBucur ot sueprun E cucreMur
A U OT HeCKO/IbKHX BHELIHHUX NAaPaMeTPOB Xy, Xg,..., X,: Q¥=Q *(E; x,,
X2,0005X,). D10 UHCHAO £ ¥ OOBIMHO MMeeT KpalHe DPe3KHil MAaKCHMYM /s
auauenua sHeprud E=F ¥ 179 3HadeHuii x,=x, KaXKAOTO BHeEUIHero
napamerpa (me o=1, 2,...,n). B paBHOBecHHN c/ioxHas cucTeMa A*
C TIOAABASIOWEl BEPOSITHOCTBIO HAXONHTCSt B COCTOSIHUHM, KOTAA SHEPTHs
cucremsl A paBua E, a BHeIHHe napameTpsl paBHbI X,. COOTBETCTBEHHO
CpeflHee 3HaueHUe E pasHo E W cpelnee 3snayeHMe BHEUIHMX Napamer-
POB X, =X,. '

Y caoeus pasHogecuss. JLast onpeaeneHHocTy PacCMOTPHM JiBe MPOH3-
BOJ/IbHLIE CHCTeMbl, A 1 A’ (Hanpuwmep, CHCTeMB, TOKA3aHHbIE HA PHC. 7.4),
Kaxkaasi H3 KOTOPHIX XapaKTepU3YyeTCsl eHHCTBEHHbIM BHEIIHUM mapa-
METpOM, a HMeHHO, CBOHM OOBbeMOM. 13 3axkoHa coXpaHeHHs] SHEpPTHH

cilenyer
E - E' = E* = const. (19

CwellleHHe neperopoiKH Bhbi3biBaeT H3MeHenie obbema V cucrembt A u
cooTBeTcTBEHHO oObema V' cueremsl A, Ho o6wem V* Beelt cucremur A*

He MeHseTcs:
V 4+ V" =V*=const. (20)

OGo3naunm uepes Q(E, V) 4ncno cocTosinuil, XOCTYMHBIX CHCTeMe A,
KOTJa ee 3Heprusi JiexKHT B HHTepBaJje or E po E--0E, a o6beM — 8 uu-
TepBase or V no V-8V, u uepes Q(E’, V') coOOTBETCTBEHHOE YHC/IO
cocrostuuii cuctemsl A’. Toraa uwucne Q% cocrostuufi, ROCTYMHBIX CO-
craBHOH cHcTeme A*, Kak 570 cienyer u3 (4.4), paBHO MPOH3BEIEHHIO
Qu Q! '
*=QE, VYQ(E', V), (21)

rae E' u V' csizannt ¢ E v V yeaosuamu (19) u (20). Takum o6pasom,
2* zaBUCUT JHIMb OT JBYX He3aBHCHMbIX napamerpos, £ u V. Jlora-
pudmupysa (21), mbl noaydim

InQ*=1InQ+In Q' (22)

WA
—S+, .

rfle SHTPOMHSA Ka>KIOfi CHCTeMbl, MO OmpeleteHHio, paBHa S=kInQ,
M3 Hamwero OCHOBHOTO CTaTHCTHYeCKOro nocryaara (3.19) cieayer Bbi-
BOJI: B COCTOSIHHH PaBHOBECHsSI HaHGO/lee BepOSITHASl CHTYALHs OTBeYaeT
TAKHAM 3HayeHHsiM napameTpoB E u V, opu xotopelx Q* uiu, 4TO 3KBH-
pajeHTHO, S* Mmaxkcumanbuo. [lonoxkenne Makcumyma onpeiensiercs

yCaoBHEM v
dinQ*=dInQ +dinQ =0 (23)

JJIs1 TIPOM3BOJIBHOLO MaJsoro usmeHeHus dE u dV sHepruu u oﬁbema.
Mui MozkeM HanMcathb ciefyloulee MaTeMaTHUIECKOe PaBEHCTRO:

d[nQ—-—aandE—i—adeV.
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Ecau Bocro/b3oBaThes onpenenerdeM  u gopmy.toit (15), 310 BhIpare-
HMe NpHMET BHI 3
dinQ=PpdE +ppdv, (24)

Ile p — cpejHee NaBJjeHHe, OKasbiBaeMoe cucTemoit A. AHAJornumo,
Iast cucremnl A’ Mbl nosyuaem

din Q' =8’ dE' - p'p'dV’
HJH .
dinQ' =—@3"dE—3'p'dV, (25)

eCJqH BOCHOJb30BaThel ycnosuaMu (19) u (20), u3 xoropwix ciegyer
uto dE' =—dFE u dV’' =—dV. Ycnosue (23) MakcHMa/IbHOH BEPOSITHOCTH
COCTOSTHUSI DPABHOBECHS Tenepb MPHHHUMAET BHI

(B—B")dE+(Bp—B'p") dV =0. (26)

D70 COOTHOLICHHE JO/KHO BLINOHATHCS IS NPOUCBOALHBIX DECKOHEUHO
maaoix srnavenuli dE u dV. Orciofa ciepyer, 4to KO3(bHIUHEHTH NpPH
ofoux Auddepenunanax NOMKHB ObITb ONHOBPEMEHHO PaBHBI HYJIO.
Mp! nosyyaem, 4TO B paBHOBECHH

p—p =0
H —_— e
) ﬁp_B'P' :O)
HJIH
p=p, :
=7 @0

B cocrosinuu paBHOBECHS NOCTHTAtOTCS TaKHe 3HAYEHHS! SHEPTHH H 00b-
eMa CHCTeM, KOTopole o0ecneyHBatOT BHIMOJHEHHe ycaoBHs (27). Itu
YCJIOBHSI O3HAYalOT, YTO PAaBEHCTBO TeMNepaTyp HEOOXORMMO Jyis Tell-
JIOBOTO PaBHOBeCHS, PABEHCTBO JaBJeHHH — A5 MeXaHHYeCKOTO paBHO-
Becust obenx cucreM. I1o/1yyeHHBIE YCAOBHSI PaBHOBECHS KaXKYTCS CTOJib
OYeBHJIHbIMH, YTO Mbl MOIVIH Obl HX HaIHCaTb cpa3y. 3HaueHHe YCJAOBHH
(27) 3akJo4aercst, OAHAKO, B TOM, YTO OHH aBTOMAaTHYeCKH CJAELYIOT H3
3HAYHTENBHO GoJiee OOILIEro NPHHIHMNA MAKCHUMYMa NOJHON SHTPONHH S*.

Deckoneuno manoe Keasucmamuueckoe uamenerue cocmosuus. Pac-
CMOTPUM COBepllieHHO OOuMil caydyafi KBasHCTAaTHYECKOro mpotecca, 3a-
KJIIOYAIOIIerocsi B TOM, 4TO cucreMa A B pesyJibraTe B3aHMOLEHCTBHS €
Kakoii-T0 Apyroii cucreMoit A’ nepexoiuT H3 OIHOrO PaBHOBECHOTO CO-

CTOsIHHS (XapakTepH3yiollerocs cpejHeil sHeprueit E H 3HaYeHHsMHA
BHEIIHHX [apameTpoB X,, Ile =], 2,..., n) B Apyroe GeCKOHEYHO
61u3koe cocTosinMe (cpennss sueprus E--dE u BHewHMe napamerpst

x,--dx,). TIpn 5TOM GECKOHEUHO MA/IOM H3MEHEHHH COCTOSIHHS CHCTe-
ma A nmnorsiowaer Tenao ' coBepuaer pabory. Kakoso usmeHenue
SHTPOIIHK CHCTEMBI B 3TOM Mpouecce? . 4
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“Tak ‘kak Q=0 (E; xy,...,x,), Mbl MOKeM HAMHCATh caelyiouiee obLiee
BBIPaKEHHE /ST [OJIHOTO H3MeHenus InQ:

IO = Xy Ol —
din Q= —= dE—[—Z o de,. (28)

«
a=1

Boipaxkenne (13) Obl10 nojydeHo 1J/si H3MEHEHHS OJHOrO H3 BHEIIHUX
napaMeTpoB, KOT/Ja BCE OCTAJBbHBIE 1aPAMETPH CUHTAJNHCh NOCTOSIHHBIMH.
Ilpumensas ero Aas KaKAOH U3 YACTHBIX MPOM3BOAHBEIX B (28), MBI TO-
JAYYHM '

InQ X, —=—pLs (29)

‘ 0x, Ox, ’
H BhIpaxkeHue (28) npumer BiA

dinQ=pdE—B D X,dx,. (30)
a=1

CyMMHpYS 11O BCEM BHEIIHHM TNapaMerpam, Mbl HOJTYUHM CpeliHee BO3pa-
CTaHHEe SHEPrHH CHCTEMbl, BLI3BAHHOE H3MEHEHHEM BHEIIHHX Napamer-
pos, T. e. pabory d W, cosepluaeMylo HaJ cHCTeMOH npu GeCKOHEeuHO Ma-
JIOM M3MEHEHHH COCTOAHHS:

ixd} EaEfd —dW.
a=1

a=1

Taxum obpasom, (30) npuHuMaer BHA
dinQ=p(dE—dW)=pdQ. (31)

HeiictButensuo, (dE—dW) paBHO GeCKOHEYHO MaOMy KOJHYECTBY
reria dQ, HOIVIOWIEHHOMY CHCTEMOW B pacCMaTpHEAEMOM [polecce.
Hmest B By, uro f=(RT)~1 n S=k InQ, mMbl nosyuaem us dpopmy.isl (31)
cleayiollee yTBepKieHue:

IIpu mobGoM GecKOHEUHO MaJOM KBA3HCTATHYECKOM
H3MEHEHHH COCTOSIHHSA
(32)

_dQ
dS—T.

Mzt nmenn yxe 310 cootHownenue M. (4.42)] ais cnenmanbHOTO Cay-
yasi, KOTJla BCe BHEHIHHe MapaMeTpbl CHCTeMB! QDHKCHPOBaHbI. 31eCh MEbl
0GOGLIMIN 3TOT Pe3yJ/bTaT U NMOKa3aJ/H, YTO OH COXpaHsieTcsl H AJIS Cay-
yasi JI060ro KBa3HCTALlUOHAPHOTO TIpollecca, AaKe ec/H MPOU3BOAMTCA
pabora. 3aMeTHM, YTO ec/H MOIJIOWeHHs Tersia Het, T. e. dQ=0 (Bo3-
pacTanne cpefHell SHEPTHH CHCTEMBl NPOHCXOAHT HCKJIOUHTENBHO H3-33
TOTO, YTO HAJ CHCTeMOH coBepiuaercsi paboTa), TO W3MeHEHHe SHTPONUH
dS=0, B ‘COOTBETCTBHH C BBICKA3aHHLIM Bbile yTBepKaeHueMm (18).:

Me1 6yneM HasbBaTh (32) OCHOBHbIM MEPMOOUHAMUMECKUM COOMHOLIE-
nuen. OBo npencTapasieT coboli OYeHb BaXKHOE M IVIOJOTBOPHOE yTBEDK-
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JAeHHe, KOTOpOMy MOZKHO ‘HlelaTb MHOTO “"3KBHBAJCHTHLIX (bOpM Ha-
npumep, . :
TdS=dQ = dE — 4w, (33)

Ec/in elMHCTBEHHBIM, HMEIOUIMM 3HaueHHe, BHEIIHHM NapamMeTpoM CH-
_ cTembl Apasercs obneM V, TO npouspoAuMasi Haj cucTeMoll paGora
paBHa — pdV, rie p — cpeadee 3Hauenue jAaBjeHHA. B sTom cayuae
(33) nmpuHHMaeT BHI

TdS=dFE 4 pdV. (39

Dopmyna (32) naer BO3MOKHOCTb OGOOIIMTH paccyjieHue m. 5.5,
TaK Kak OHa II03BOJSIET BBHUMC/AMTH PA3HOCTb IHTPOMUH .2006ix JBYX
MAaKpPOCOCTOSIHMH CHCTEMBl II0 H3MEPeHHsIM IOFVIOIEHHOTO CHCTeMOH
Tersia *), PaccMoTpuM ABa JIIOGBIX MAKPOCOCTOSIHHSI @ U b CHCTeMBI.
DHTPONHA CHCTeMbl B 3THX MaKPOCOCTOSIHUSIX HMEeT ONpeleseHHbie
3HAUCHMsI, KOTOphle Mbl 0603Hauum S, u S, coorBercTBeHHO. PazHocThb
SHTPONHH MOXKHO BBLIYHCJHTL JIIOOBIM YHOOHBIM HaM CriocoBoM, HO OHa
Bcerzia GyjileT HMeTb OJHO H TO e 3HauyeHue S,—S,. B uacTHOCTH, MBI MO-
JKeM IIepefiTH H3 COCTOSIHHSI @ B COCTOSIHHE b ¢ TOMOULbIO 105020 Keu3u-
CMarmu4ecKoeo IPouecca, KOria CHCTeMa Bce BpeMs ocTaercsi 66CKOHEUHO
6/113K0H K COCTOTHMIO PAaBHOBECHS] U BHIpaKeHue (32) crnpaBeiaHBO Ha
Jo6oi craauu mpouecca. [losTomMy MBI MOXKeM HamHCaTh, YTO HHTEpeE-
cylollee Hac M3MeHeHHe SHTPOMHH PAaBHO CyMMe HJM HHTerpafny:

b

Sb—QS = (7(2 {(IIpu KBa3UCTATHYECKOM Hpolecce). (35)

a

3ameuyaHue B CKOOKAaX HAanoMHHAeT HaM, YTO HHTErpas JAOJKeH OblTh
BLIUMCJIEH JJIst KEQ3UCMAMUYECKO20 TPOLeCcca, OCYLLECTBJSIOUIEro mepe-
xoa u3 a B b. Ha kaxjo# cragun nporuecca aGeooTHas TeMnepatypa T
SIBASETCS XOPOIUO M3MepsieMOH BEJMUHHOH; TO 2Ke OTHOCHTCA H K KOJIH-
yecTBY mnorjoweHHoro remna dQ. Takum o6pasoM dopmyana (35) naer
BO3MGKHOCTb ONpe/Ie/IHTh Pa3HOCTb SHTPONHH [0 NPOCTHIM H3MEPEHUsM
Tensa W TeMIepaTypsl.

JleBasi wacTb (35) 3aBHCHT TOIBLKO OT HAYa/bHOTO H KOHEYHOTO
MakpococTosiHud. [losromy 3HadeHHe HHTerpajda B nepBofl wacTu (35)
He 3aBHCHT OT KOHKPETHOTO XapaKTepa KBasHCTaTHUYeCKOTO Ipoliecca,
BEIGpAHHOTO Il.flﬂ nepexona us a B b. Takum o6pasom,

dQ HMeeT oduuarcoeoe 3Hauenue s JobGoro (36)

T KBasuCTaTHYECKOro Iipouecca a—b.
a

3aMETI/lM, YTO 3HaUYe€HHE APYTHX HHTErpaJjoB 34aBHCHT OT [IPHPOAL!
fipouecca. Hanpumep, [IOJIHOE  KOJHYECTBO Tellia, IIOIVIOIEHHOrQ

*) B n. 5.5 Obl10 MOKa3aHO, KK 3TO MOXHO CAeNaTh B HACTHOM CJyuae, KOrja
paccmaTpHBaeMble MaKPOCOCTOSAHHUSA XapaKkTepH3YIOTCs ONHHMU M TeMH Ke SHaUeHHs-
MH BHELIHHX" napamerpoe CHCTEeMBI. : .
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CHCTEMOIl B KBa3NUCTaTHUECKOM IIpouecce nepexoja H3 MaxpoCOCTOSHHs
a B MakpococTosiiie b, paBHO

b
Q={d0,

¥ 3Ta BeJHUYHHA 3aBHCHT CYIIECTBEHHBIM 06pa3oM OT XapakTepa mpouec-
ca, BbiOpaHHOTO A1 nepexoja a—>b. B caepymomenm naparpade Mbl mno-
Kakem 3TO Ha HeKOTOPHIX INpHMepax.

7.3. Tpumenenns K MjeajbHOMY rasy

Urobbl Jydille NOHSTb pPe3yJbTaThl, MOJYYEHHBIE B MNpPeAbILYIeM
naparpade, Mbl HPHMEHHM KX K TPOCTOMY CJYYal0 MIEaJbHOTO rasa.
Takoil ra3, HE3aBHCHMO OT TOFO, fIBJSETCS JH OH OJHOATOMHBIM HJH
MHOTOATOMHBIM, XapaKTepU3yeTcs CJAELYIOUHUMH ABYMSI CBOHCTBAaMU:

1. YpaBHeHHe cOCTOSIHMsI, CBfi3BIBalOLlee cpelfHee AaBJjeHHe, TeM-
neparypy u o6beM, 3aHMMaeMblil v MOJISIMM rasa, uMeet Buj (4.93), T. e.

pV =vRT. (37)
2. Tlpu (UKCHDPOBAHHOH TeMmeparype cpeinee 3nauenue E BHyT-
penteit suepruu rasa [em. (4.86)) ne sasucur or ero o6vema:

E =E(T) nesaBucumo ot V. (38)

Cpennee 3HaueHue BHYTPeHHel 3HepruH E HEeroCpeICTBEeHHO CBS3aHO
€ MOJISIPHOH TEMIOeMKOCTBIO ¢, (NpH MOCTOSIHHOM ofbeMe). JleficTBu-
TeqbHO, U3 (5.23) cienyer

1 [ oE

cV=—V—<—(ﬁ:>V. (39)

3nech nHAeKc V yKaspiBaer Ha To, uTo npH Au(depeHuHPoBaHHH 06BeM
V cuuraercs noctossHHEIM. K3 (38) ciexyer, urto MogsipHast TemI0eMKOCTh
TaKKe He 3aBHCUT OT ofbeMa V rasa, HO MOMKET 3aBHCETb OT €ro Teme-
parypst T. Ecau o6bem V He MeHstercst, To (39) nosBoJisieT HaM HAalHCATh

caefyiollee BHIpaXKeHHe JJIsT H3MEHEHHs CpelHell sHeprud E npu Hame-
HeHHH abCOJIIOTHOH TeMmmnepaTypsl HA BeaHuudy dT:

dE — vo,dT. (40)

W3 Broporo cBoiictBa MieanpHoro rasa (38) cienyer, yTo npupatieHue
BHYTPEHHel 3HEePrHH HJeaJbHOIO rasa MOMKeT BO3HHKHYTb TOJbKO OT'
Y3MEeHEHHS TeMIIepaTYphl H He 3aBHCHUT OT TOrO, YTO IPOUCXOMHT ¢ 00be-
oM. [Toatomy dopmy.1a (40) HMeeT obuiee 3HAUeHHe: OHA CHpPaBelJHBA
He3aBHCHMO OT TOr0o, KaKHMH H3MeHeHHAMH oGbema dl/ conpoBoxaaercst
usMeHeHHe temneparypnl dT. B cnenuanbhoMm ciyyae, KOrja ¢, He 3aBi-
cur or T, u3 (40) caenyer:

ecan ¢y He sasucut ot T, 10 E = vc, T + const. €90
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Crenannble Bbillle 3aMeyaHHsi TIO3BOJISIOT HAMKCATb OOLIEE BhIpare-
HHe Jag Ttemnia dQ, TOIVIOMEHHOrO HAea/bHLIM rasoM npH GeckoHed-
HO MaJIOM KBA3MCTAaTHYECKOM M3MEHEHHH COCTOSIHHS, eC/IH TeMIepaTtypa
rasa usmensiercs Ha d7, a o6bem — Ha dV. [lpumensisi Boipaxenue
(5.14) nns pabotbi, nmpoH3BeneHHOH HaA Ta30M, MBI HMeeM

dQ=dE—aW =dE 4 pdV. (42)
C nomomsio (40) u (37) orciona caenyer

dQ = ve,dT + L qy. (43)

Vi3aMeHenne sHTpONHHM rasa B paccMaTpHBaeMoM TMpoliecce PaBHO, CO-
raacuo (32),

., dQ dT dv
dS:—T—:ch—T——l-vR-V—. (44)

Snmponus udeassroeo zaza. Uemy pasna surponusi S(T, V) rasa,
HaXoAserocs B MakPOCOCTOSIHMH ¢ Temnepatypoit T u ob6bemom V,
€CJH Mbl 3HAeM, 4TO B JPYroM MaKpOCOCTOSHHM ¢ TemnepaTtypod T,
v o0bemom V, sHTpornus nmeer snaueHue S(T, Vo)? ast otBeta Ha 3TOT
BONPOC JIOCTATOYHO COBEPIIMTL KBa3HCTATHYECKHUHA Mepexold H3 Haya/b-
noro makpococtossHust (Ty, V) B Koneunoe maxpococrosiuue (T, V),
OCYILECTBHB 3TOT IEPEXO] KaK NOC/e10BATebHOCTD MOYTH PAaBHOBECHbBIX
MaKpOCOCTOSIHMH, B KOTODPHIX ra3 umeer TemnepaTypy T’ u obwem V'.
Hanpumep, Mbl MOXKeM HayaTh ¢ TOro, 4To HayaJpHbIH 00beM V, ocTaercs
HEH3MEHHBIM, @ TeMneparypa MeHsieTcsi KBasucraTHuecku or T, go T.
ITOro MOXKHO HOCTHUb, OCYLIECTBJIsiSi TEMJIOBOH KOHTaKT rasa ¢ nocJe-
LOBaTE/bHOCTIO TEMJIOBLIX pe3epByapoB, TemmepaTypa KOTOPbIX OTJII-
yaercss Ha 0eCKOHeuHO MaJayio Benuuuny. M3 (44) cienyer, 4ro Takoii
NPOLECC MEHSIET SHTPONHIO [a3a Ha BEJHYHHY

T ’
S(T, V)—S(T,, V)= | LClar". (45)
’ 0, 0 0 . T/
T,
Hanee, nopnepxupas Temneparypy T rasa [ocTOSHHOH M OYeHb Mef«
JieHHO MeHsisl ero obveM (nepeigBurasi, Hampumep, MOpPLIeHb), MBI [epeii-
JleM M3 HayaJbHOTO 3HadeHus Vy B koneunoe V. U3 (44) Mbl mosyuaew,
4TO B TAKOM [ipoliecce M3MEHEeHHe SHTPONHH ra3a paBHO

v ' 3
S(T, V)—S:T, Vo)=vRS"Vl,:vR (InV—InV,).  (46)
V, :
CxnageBas (45) n (46), noJjyyaem NOJIHOE HRMEHEHUE SHTPONHH:
1
T
. ey (T) , K -
S(T, V)—S(Tg Vo) =v [TS—VT— 4T’ +RIn vo] . (47)

261



Mo moxeMm paccmatpuBaTh makpococtostuue (To, Vo) Kak Hekotopoe
CTaHJapTHOE MAaKpOCOCTOsiHHe Hawero rasa. Torza Boipaxkenue (47)
JaeT HaM 3aBHCHMOCTb 3HTPONHH S J11060r0 APYTOFO MAKPOCOCTOSIHHSA
rasa or temnepatypsl T H ofbema V, KOTOpYIO MOMKHO 3dllHCaTh B cJe-
JyiolleM BHJE:

S(T, V):v[ f%r—’dwrmnwrconst], (48)

TJle KOHCTaHTa siBJjsieTcsi QyHKIHeH (hHKCHPOBAHHBIX mapamerpoB T, u
V,y cTaHgapTHOTO MaKpOCOCTOSHMSI, a HeONpelde/eHHbI HHTerpaJs sB-
agercsi dyuknueit Temnepatypnl T. Boipaxkenue (48) siBisiercst MHTe-
rpaJbHOl (opMofi pasencTsa (44). M3 dopmya (47) u (48) Henocpenct-
BEHHO CJIeJ[yeT, YTO UHCJO JOCTYITHBIX I'a3y COCTOSTHHH pacTer C yBesd-
yeryeM aGCOMIOTHOH TeMMepaTyphl {(HIH 3HEPrUH) ¥ C YBeIHYEHHEM
ofneMa, KOTOPHI MOTYT 3aHHMarh MOJIEKYJibl Tasa.

Oco6eHHO TPOCTBIM SIBJSIETCS Caydal, KOrja MOJspHAsl TenioeM-
KOCTb €y MOCTOSIHHA (T. €. He 3aBHCHT OT TeMIIeparypbl) B IPEICTaB-
asioluiel HaTepec obnactu temneparyp. [Hanpumep, ais ogHoaTtoMHOrO
rasa Mbl nokasasau B (5.26), uro ¢,=*/,R.] B stoM caydae ¢, MOxKHO
BBIHECTH 32 3HAK HHTErpaJa, H, Tak Kak d7’/T'=d (InT"), Beipaxkenusi
(47) u (48) npUHUMAIOT BUA;

€CJ/IH ¢y He 3aBHCHT OT T, 10

S(T, V)—S(T,, vo):v[cv ln%+RIn VKO] (49)

HJIH
S(T, V)y=v[cy InT 4 R InV - const]. (50)

3ameuanne OrmeTuMm, uto Bhipawenust (47) u (48) aast u3MeHEHUS] HT-

[ONHH 3aBUCHT MOAbKO OT TeMnepaTypwl H ofveMa (T, V) HauaspHOrO MakpococTosi-

HHS @ B OT Temnepatypnl u oGbema (T, V) ko-
14 , HeyHoro Makpococrosiust b. C Apyroil cTopoHs,
b ] T0JIHOe KOJIMYecTBO MNOTVIOmieHHoro Temia Q 3a-
Vi— BHCHT OT KOHKDPETHOTO NpOoLecca, ¢ MOMOILbIO
KOTOPOTO COBepILA/iCcs MNepexod or a K b. Pac-
v CMOTPHM, HanpHmep, CJelyollHe IBa mpolecca,
ol a’ KaXJIblH M3 KOTOPBIX I€PeBOJHT CHCTEMY H3

. MaKpOCOCTOSIHHSI @ B MAaKpOCOCTOsiHHe b.

1. Coxpansas mnocrosHHeIM o6bem V,, ne-
pefileM KBAa3MCTATHYECKH M3 HAYaqLHOIO MaKpO-
cocrosHust a |rouka (T, V) Ha puc. 7.5] B

T 2 s I npowexyTounoe makpococtosuue a’(T, V). 3a-
puc. 7.5, i saspera. | TEM TIPH nocTossHHo# Temneparype T ocymecr-
LS n%gﬁeg::‘”“n:;‘;‘:on';mﬂe on. BHM KBA3HCTaTHYecKoe yBeludenHe ofbeMa H
CTeMy #3 HauaibROTo MawpococTos-  TlepefileM M3 3TOTO MAKPOCOCTOSIHMS B KOHEYHOe
nus a (Temreparypa To, ofbeM Vo) B MmakpococTosiue b [touka (7, V)]. Henoassys
Koneqnoe ;“‘;;g";"c:g:e‘*»;‘ev’)’ (TeMnepa-  (43) y pomyckasl, 4TO MOJSIPHAS TEIIOEMKOCTD

’ ’ Cy OCTaeTcs MNOCTOSIHHOH, Mbl HafijeM MOJHOe
KOMHYeCTBO Temsa, IHOL/OUieHHoe B Tpouecce a—a' —b:

A . §
[ e st s e e

Q=vey (T—T¢)+vRT In -



Tlle NEepBBd 4aeH OTBeyaeT Temay, NOTVIOIEHHOMY Ha NyTH a—a’, a BTOPOH 4jeH —
TeMJ1y, HOTJIOWEHHOMY TIpH Tepexoje a’ —b.

2. Ipu nocrosnnuoii Temnepatype T, mepeiifleM KBASHCTATHUECKH H3 HAYAIBLHOTO
makpococtosuust (T, Vy) B npoméxyTouHoe makpococrositue &' (Ty, V). 3arem, co-
Xpausisi o6beM MOCTOSHHBIM, COBEPIIHM KBA3HCTATHYECKUH Mepexoi W3 COCTOAHHS b’
B KoneuHoe MakpocogtosiHue b(T, V). C nomombio (43) MBI Teflepb HafijeM, uTo IOJHOe
KOJIHYeCTBO TeNJIa, IOIVIOUIEHHOTO B npouecce a—b"—b, pasHo

Q,= vRT, In V——i—ch (T—T,). (52)
. ,

3nech mepBbiii wied cnpaBa oOTBeyaeT Tenay, MOIVIOWEHHOMY NpH Tepexofie U3 a 8 b’,
a BTOPOii 4eH — Tely, MOIMOUWEHHOMY NnpH nepexoie 43 b’ B b. 3ameTuM, 4TO KOJH-
yectBa Temsia (51) u (b2), norsollenHsle B npoueccax | U 2, He COBNAfaOT, TAK Kak
koadduunest npu In(V/Vy) B mepBoM mpouecce mpornopumoHaded 7, a BO BTOPOM
npouecce Ty. C Apyrofi cropoHs!, u3MeHenue auTponuu (49) B o6ouX Ipoileccax oau-
HAKOBO, B COOTBETCTBHH C 0oGWHM BbIBojgOM (36).

Aduabamuueckoe cocamue uan pacuuperue. PacemorpuM aguabari-
YeCKH M30/HPOBAHHBIN HjeasbHbf ras. OH He MOXKeT MOTJIOWATh TeIlIo.
Ilpeanomoxum, 4o o6bEM TOrO rasa MeHsiercsl Kpasucratiuueckd. [Ipu
9TOM JOJI2KHA MEHSTbCA H TeMneparypa rasa. [leficTBUTeNbHO, PaBeHCTBO
(43) AOJIKHO BBLINOJIHATBCS HA BCeX CTAJUsIX KBasHCTATHUECKOTO [PO-
neeca, naa koroporo d@Q =0, Tak Kax NorjolmeHus Tensa He IPOHCXO-
aur. Hrak,

cy dT —}— dV 0.
Heuss o6e uactu paBenctBa Ha RT, Mbl nosyuaem
cy dT+ 4 —0. (53)

JlenycTuM, YTO TEMJIOEMKOCTb Cy; HE 3aBHCHT OT TeMIepaTypel, 0 Kpali-
HEH Mepe B OrpaHHYeHHOM TeMIepaTyPHOM HHTepBaJje, COOTBETCTBYVIO-
lieM Haluemy' npouleccy. B sToM ciyyae ypaBHeHue (53) MOXKHO cpazy
[IPOHHTErPUPOBATL H MBI NOJyYaeM

Cy N N

7{)‘— InT 4 InV = const #). (54;
Taxum o6pasom,

InTYR finV=const, In[TV'RV]= const,

HIH

TV/RY — const. (5

Ut
—~—

ra ¢opMmyna NoxasblBaeT, KakKuM 00pas3oM Temmeparypa TePMHUYECKH
U30JIMPOBAHHOTO HJIea/bHOTO rasa 3aBHCHT OT o0bema.

Ecan nac vHTEpecyeT 3aBHCHMOCTb [aBJieHHs rasa or ofbema, To
JIOCTaTOUHO . BOCTIO/IL30BATLCS] ypaBHEHHeM cocTostHus (37), H3 KOTOPOro

*) 3ameTnM, 4To (54) cefyer HenocpeAcTseHHO 3 (50), écam Mb HCnOAB3yeM OG-
muit pe3yabrat (18), COrACHO KOTOPOMY SHTDONMHA W3O/IHPOBAHHOM CHCTEMEI HE Me-
HseTcs B JI0GOM KBa3HCTAaTHUECKOM Ipolecce.
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caenyer, uto T pV. Tloncrasasa pV mecto T B (55), noaydum
(pV) V'RV = const.

BosBons ofe wacTH paBeHCTBa B CTelleHb R/c,, MOAY4HM

pV' = const, (56)
rne
vy=1-| ﬁ = R . (57)
Cy Cy

Bripaxkenue (56) MHTepeCHO CpaBHHTb € YypaBHEHHEM TaKOTO KBasH-
CTaTHYECKOTO NPOLecca, KOTAA ra3 He sABjsfercs TepMHHYECKH H30JH-
pOBaHHBIM, @ YAePKHBAeTCs IIPHU MOCTOAHHOM TemniepaTtype 7' ¢ NIOMOILbIO
KOHTAKTa ¢ pe3epByapoM, HaXONAIIMMCH NpH TOH KE Temmeparype.
B sToMm cayuae (37) paer

pV = const. (58)

Cpasnenue (56) n (b3) moka3blBaer, YTO eC/U ra3 TEPMHUECKH H30JHPO-
BaH, ero JaB/eHHe najaer ¢ yBeJHueHHeM oObema Gonee GBICTPO, ueMm
B TOM CJyuae, KOIJla TeMOePaTypa rasa MOAJEPKUBAETCS [OCTOSHHOH .

HHaTtepecubiv npujoxenueM ¢opmydbl (56) siBjsgeTcs 3ajgaya o pac-
NpocTpaHeHHH 3BykKa B rase. Ilycrb uactoTa 3BYKOBBIX KOJefaHHH
paBHa ©; TOTAa MHTEPBaJ BPeMEHH MeXy MNOC/eJ0BaTe/IbHBIMH CXKa-
THSMH M paspexeHHsMH JaHHOrO MaJaoro o6bema rasa GyZAeT Hopsiika
1~1/w. Yactora ® oObI4YHOTO 3ByKa AOCTATOYHO BeJHKa ¥ BeJHUYMHA T
COOTBETCTBEHHO MaJjia., 32 BpeMsi TNOpsJKa T He yCHeBAeT HPOHCXOAHTb
O6MEH TEIVIOM MeXJY HaIiMM MajJbiM OGbEeMOM rasza H OKpYyXKaioHied
rasoBoil cpenoii. IlosTomy Kaskapll Ma/blii 71eMeHT ra3a HCHBITHIBaeT
CKaTHe M paciuMpeHHe, KOTOpHle SBJAIOTCA afHabaTHYECKHMH, W ero
yIpyrHe CBOHCTBAa ONHUCHIBAIOTCA ypaBHenueM (56). B pesysabrare
0Ka3blBaeTcs, YTO CKOPOCTb PAcNpOCTPAHEHHS 3BYKa B I'a3e 3aBHCHUT OT
KOHCTaHTHI ¥, T. €. OT YJeJbHOH TeryioeMKocTH rasa. Takum o6Gpasom,
H3MepeHHe CKOPOCTH 3BYKd fBJISETCA NPSMBIM METOJOM OINpeesieHust
BestuMHbL  [popmyna (57)1.

»

7.4. OcHoBHbIE NOJOXKEHUA CTATHCTHYECKOR TEPMOAMHAMMKY

Mol Hava/In €O CTaTHCTHYECKHX MOCTYJ/IATOB H. 3.3, a 3areM NOAPOGHO
HcCIe10Ba/H TellJIOBOe M MeXaHHYecKoe B3aHMOJEHCTBHE MEXTy MaKpo-
CKONNYECKHMH cHcTeMaMH. B wactHocTH, MBI paceMOTpesid OCHOBHbLE
TIOJIOZKEHHUA TEOPHH, KOTOPas HOCHT HasBaHHE CMQMUCMUYECKOL Mepmo-
Ounamuru. Tenepp Mbl npepBeM Haile H3JOXeHHe, C TeM, YTOGH Bep-
HYTBCSL K STHM OCHOBHBIM [IOJIOXKEHHSIM. -
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[lepBbie yeThipe NONONKeHNS HASbIBAIOTCS SAKOKAMI MEPMOCURAMUKY .
Mbl nepeyncanuM HX B OGBIYHOM NOpSsiiKe, 4 AJIS TOTO, YTOOLI COXPaHUTh
TPaJAMIHOHHbIE HA3BaHHS, HaUHEM HX HYMepaUHio ¢ HyJas *).

TTosoncenue 0. Ono 3ak/i0yaeTcss B C/IEAYIOLEM IIPOCTOM pe3yJib-
Tare, pacCMOTPeHHOM B 1. 4.3. ,

Hyaesoii 3axon mepmoduramuru. Eci JBe cHCTeMB! Haxo-
ISITCST B TENJIOBOM PaBHOBECHHW C TpeTbeH CHCTeMOH, OHH OVAYT
B TellJIOBOM PaBHOBeCHH H JAPYT C JIPYTOM.

JTo yTBepxJieHHe BecbMa BaXkKHO, TaK Kak 6Jarofapsi eMy  BO3MOYKHO
IpHMeHeHHe TepMOMeTPa H Ha HeM OCHOBaHAa KOHIEIIHsS TeMieparyp-
HOTO IapaMerpa, XapaKTePH3YIOLIero MaKPOCKONHYeCKHe CHCTEMBI.

Iloaoxcenue i. B m. 3.7 Mbl paccMOTpesy pas3jiH4yHble THIBI B3aHMO-
JeHCTBHH MeXXNy MAaKPOCKONHYeCKHMH CHCTeMaMH, YTO TNpPHBENO HAac
K CJIeYIOIEeMy I0JIOKEHH!IO 00 HEPIHH CHCTEMBL.

[lepevui 3axon mepmodunamuxy. PaBHOBECHOE MaKpOCOCTOS-
HHEe CHCTeMBl XapakTepH3yeTcsi BeJHuHHOH E (oHa HasslBaeTcst
sHympenreil 3nepzued), obaajawowieil CJAeLYIOUUM CBOHCTBOM:
IJisi ¥30J1H POBAHHOI CHCTEMBI

E = const. (59)

Ecnn cucrema e3aumodeiicmsyem ¢ APYTHMH CHCTEMamH H Iie-
PEXOANT U3 OJHOIO MaKPOCOCTOSIHHS B JPYroe, OKOHYaTeJbHoe

n3meHenne £ moxer GbiTb 3anucaHo B dopme
AE=W +Q, (60)

rie W — makpockonuueckasi pa6ora, NpoOH3BeJeHHAss Haj CUC-
TeMOH B pe3yJbTaTe H3MEHEHHsl ee BHEIUHHX NapaMeTpoB. Be-
JuunHa Q, onpepesemMast (60) Ha3bIBAETCHA- HeNA0M, RO2A0-
LUEHHBLM CUCTEMOU,.
[Nonoxenue (60) Bbipaxaer 3aKOH coxpaHeHHﬂ SHepriid, KOTOpHlil pac-
cMarpuBaeT TEIJIO KaK ¢GopMy 3HEPTHH, He CBSI3aHHYI) HH C KaKHMH
H3MEHEHUSIMH BHemHHX napamerpoB. [losoxeHue (60) Takxke BBOZMT
NOHsITHE O HOBOM NapaMeTpe — BHYTPeHHeH SHepruu CHCTeMbl,— KOTO-
phlil XxapaxkTepusyer ee mMakpococrosinne. Kpome roro, oHo jpaer cnocob
onpejesieHss BHYTPEHHeH 3HEPTHH H NOIJIOUIEHHOTO Telia 4epe3 H3me-
peHne MakpocKomuueckoii paGornt (cM. m. 5.3).

Hoaoxcerue 2. Mbl BHIeNH, YTO YHCJIO COCTOSIHUI, JOCTYIHBIX CHCTeMe
(MM, YTO SKBMBAJIEHTHO, €€ SHTPOINHs), SIBJASETCA BEJHYHHOH, HMelo-
wmeit GpyHAaMEHTaJIbHOE 3HaYeHHe IIPH ONMHCAHHH MaKPOCOCTOSHHSI CH-
creMpl. B nm. 7.2 6bWI0 ROKa3aHO, YTO H3MEHEHUE 3HTPOINHH CHCTEMbI
CBSI3aHO C TOIVIOWIEHHBIM el0 TemaoM no ¢gopmysae (32). Mbl noxasanu
TaKke B I. 3.6, 4TO H30JMPOBAZHHAST CHCTeMa CTPEeMHTCH JOCTHYb HaM-
Go/iee BEpOATHON CHTYauMH, B KOTOPOH YHCJO AOCTYNHBIX COCTOSIHUI
(nJan, 3KBHBAJIEHTHO, 3HTpPONMs) 6oJibile HavyaibHOro. (B creunasbHOM

*) IlepBrifi H3 3THX 3aKOHOB OOLINHO HA3LIBAETCS HYfAe65LM SAKOHOM. Ero sHauenune
6HLI0 OMEHEHO JIMUIL NOCAE TOro, Kak NepBuifi B BTOPO 3aKOHAS no.nyqn.nu 'CBOE YHC~
nenyoe e6o3nauenue. :
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cl1yyae, KOTAa CHCTeMa CHadajla Haxofusaack B Haubojee BepOSITHOH
CUTyalluH, OHA OCTAeTCst B PABHOBECHH H €e SHTPOIHSl OCTAeTCs: HeH3:
MeHHO#). Mbl NpUIIN, TaKUM OGPasoM, K CJAEAYOUEMY MOJ0XKEHUIO.
: Bmopoti saxon mepmoduramuxy. PABHOBECHOE MAK POCOCTOAHHE
CHCTEMBl MOXKHO XapaKTepPH30BaTb BeJHYHMHOH S (HasbiBaeMoi
aumponuell), Kotopasa o0Jajaer CjaelyOIHMH CBOHCTBAMH:
1. Tlpu sm060M OeCKOHEUHO MaJoOM KBAa3HCTATHUECKOM H3MEHe-
HHH COCTOSIHHSI, KOTJla CHCTeMa morJomaer terio dQ, ee 3HTpo-
¥ MEHRETCS Ha BEJUYHHY

_aQ
dS~—7r, (61)

rie T — mapaMeTp, XapakTepHIYIOWINA MaKpOCOCTOAHHE CHCTe-
MBI, KOTODBIH Ha3biBaeTcH ee abcoaomHol memnepamypoil.

2. B .mobom mpoiecce, KOTJa TEPMMYECKH H30JIHPOBAHHAA CH-
CcTeMa MePexXOJUT H3 OAHOTO MAaKPOCOCTOSSHMS B Jpyroe, ee
SHTPONUS MMEET TEeHJEHUHMIO BO3PACTath, T. €.

dS=>0. (62)

3nauenne dopmyssl (61) 3akmaoyaercs B TOM, YTO OHA JaeT BO3MOXKHOCTb
OnpeleNuTh PaA3HOCMs SHTPOIHEA MO M3MEPEHHSIM MOTJIOUIEHHOrO TerJa
M CJAYXKAT LIS XapaKTePUCTHKH aGCOMIOTHON TeMIepaTypbl CHCTEMBI.
Cmuica GopmyJbt (62) B TOM, YTO OHa YKa3biBaeT HanpaBjieHue, 8 Koto-
pOM JIOJIXKHO NPOHCXOMHTE DA3BUTHE HEDABHOBECHBIX CHTYALMH. -
Tloaoocenue 3. B n. 5.2 MBI YCTAHOBUJIH, YTO SHTPOIIHS CHCTEMEL CTpe-
MHTCSl K OTpEe]eHHOMY MpeAeJbHOMY 3HAYEHHIO, KOrAd alCoJlioTHAs
TeMIepaTypa NpHOMNKAeTCs K HY.JO. 210 nosoKeHHe, 3aKJIIOYeHHOe
B opyyde (5.12), umeer cienyomuil BUA.
T pemuii 3akon mepmodunamury. Jurponua S cncT‘emu otna-
JaeT CAeAYIODIHMHU NpesiesbHbIMH CBOHCTBAMY:

apu T —0, S— S, . (63)

rie SO -— MOCTOSIHHAS!, HE 3aBUCSIIAS OT CTPYKTYpPbl CHCTEMBl. 3HadeHHe
$TOro 3aKOHA ‘B TOM, YTO OH' YCTAHABJMBAeT CYLIeCTBOBRHHE B’ CHCTeMe,
CoCTOsIILell W3’ ONpeleeHHOro - YUCaa YaCTHU JAHHOTO THMa, BOJIH3H
T=0 HeKOTOPOTO CTaHAAPTHOTO MaKPOCOCTOsHHSA, O0/aNaIoLIero onpe-
JenenHbM 3auenyiem sHTpomuu. [lo oTHomweHmio X 3Toff 3HTpONHU
MOT'YT ObITh H3MEDEHBI SHTPOMHH BCEX APYTHX MAKPOCOCTOAHHIL. Ta-
KuM 06pasoM, BMECTO pasHocrmu SHTPONHH, ompesensiemoit dopmysioh
(61), MBI MOXKeM NOJYYHTb aGCOJMIOTHLIE M3MEPEHHS nencmmenbﬂoro
3HAYEHHS! SHTPOMHH CHCTEMBL.

- Ioaodicentie 4. Qucno coctosHuit &, AOCTynHBIX cHCTeMme (MM ee
SuTponnio S=Fk In{2), MOXKHO CUHTATH q)yﬁxuueﬁ psiia MaKpockoiiuye-
CKMX Napamérpos (Y, Ya,...,Y,). ECIH CHCTeMa ‘U30AHPOBAHA ‘U HAXO-
JUTCA ‘B PABHOBECHH, TO HAW{ OCHOBHbIE CTATHCTHYECKHE MOCTYJIAThi
TNO3BOJISIIOT HaM BBIYAC/JHTb BEPOSITHOCTb C TOMOLIBIO 'COOTHOLIEHHS!
{3.20).. Bepo;mxocrb P HaxoxeHHS CHCTEMBI B CHTYalHH, xapaKTepu-
3ylOIIeACH JaHHBIMH 3HAUEHHsIMH €€ HapaMerpos, npocm NPOIIOPLHO;



Ha/JbHA YHCJY COCTOSIHHI, JOCTYNHBIX CHCTEME NpH 3THX 3HAYEHHSIX Ma-
pamerpoB. Tax kak S=#%InQ, uan Q=¢e5*%, 310 npuBOAMT K CAERyIO-
HIeMy TOJIOKEHHIO,

Cmamucmuyeckoe coomrouterue. JIns H301MPOBaHHOH M Ha-

Xozsmeficss B PaBHOBECHH CHCTEME BEPOATHOCTh €€ HAXOXKICHUS

B ONpeJie/ieHHOM MaKpPOCOCTOAAHHU, XapaKTepH3YIOWeMes SHTPO-
nueit S, uMeer BHA

P oc eSik, 64

3HayeHne 3TOrO yTBEPKIAEHHS B TOM, YTO OHO JAeT BOIMOXKHOCTD BBIYHC-
JHTb BEPOSITHOCTH OCYILIECTBJEHHSE Pa3/IHUHBIX CHTyauHd. B wactHocry,
¢ noMoIbo (64) MOXKHO BBIMHC/HTB CTATHCTHUYECKHE Q)ﬂymyamm BO3-
HHUKawle B JOGOM pPaBHOBECHOM COCTOSTHHH.

Toaoocernue 5. CratHcTadeckoe onpefeleHue SHTPONHH HMEET (PyH-
JaMeHTaJbHOe 3HaueHHe. OHO MOKeT OBITb BLIPAXKEHO CJedYIOUIHM
ofpa3om.

6536 ¢ MuKpockonuseckoli usuxod. DHTponus S cHcTeMbr

CBSA3aHa C YUCHAOM 2 JOCTYIMHEIX COCTOSIHMH CHCTEMBI COOTHO-
nleHHeM /

S=kInQ. (65)

3HayeHHe 3TOrO TOJOMKEeHHs1 B TOM, YTO OHO TIO3ROJSET BBIYHC/AUTH
SHTPOIHIO . N3 JAHHLIX O MHKPOCKOHIHUYECKMX KBAHTOBHIX COCTOSHHSIX
CHCTECMBI.

ObcymcOerue. 3aMeTUM, YTO TIOJOXKEHHUS 0——4, T. €. UeTwIpe 3aKoHa
TEPMOJHHAMUKH H CTATHCTHYECKOE COOTHOIIECHHE, SABJAIOTCH BECbMa 06~
{IHME  YTBEPXKIEHUSIMH, HMEIOIUMH MaKpockonuueckud xapaxrep. Owu
HE CcojlepKaT HHKAKHX CChLIOK Ha 4TOMEI, H3 KOTOPBIX COCTOMT paccMmar-
puBaeMasg cucrema. Takum 06pasoM, 3TH NOJIOKEHUS NOJHOCTBIO He-
3aBUCHMB] OT MHKPOCKOTIHUECKHX MOJEJeH, KOTOpBe MOryT OhITh Mpej-
JIO’KeHB! ISt aTOMOB M MOJEKYJ CHCTeMbl M 06J1ajaloT 60bIIoH o0 -
HOCTbIO. KX MOXHO WCHONBL30BATL Ja)ke INPH MOJHOM OTCYTCTBHH
3HaHUH 00 aTOMHBIX CBOHCTBAX paccMaTphBaemoit cuctemel. Heropu-
YyeCcKH 3aKOHB! TEPMOAMHAMHKH OBbLIH BBeJ/leHbl KaK YHCTO MaKDOCKONH-
YecKHe MOCTYJAaThl, 3a40/r0 JO MOSIBJAEHHS aTOMHOH TEOPHH BEIECTBA,
[TosHOCTBIO MAKPOCKOMHYECKOR PacCMOTpPEHHE STHX 3aKOHOB TPHBOAHT
K OOJBIIOMY HHCAY CJEACTBHI. I/Isyqeﬂne 3THX CJENCTBHI ~— &0
crendanbHOH M OYeHb ILIOJOTBOPHOH oTpacau GHU3HKH, KOTOpast Hasbl-
Baercss mepmodunamurol. He mensst oGUIHOCTH ee MaKPOCKOUIHYECKOTO
COJepKaHNsl, TEePMOAMHAMHKY MOXHO pACIHPHTb, BK/IIOUHB B Hee
CTaTHCTHYECKOE COOTHOILEHHE (64) TakuM 00pasoM, Mbl npnxozmm K Tax
Ha3bIBAEMOH  Cramucmuieckol mepmoouramuKe.

Pasymeeres1, creneHp Hallero NOHHMAHHUS M BOSMOXKHOCTH npe,rx-
CKA3aHWA 4PEe3BLIYANHO BO3PACTYT, €cAu Mbl CMOMKEM COENMHHTb CTaTH-
CTHYECKHH NONXONL CO 3HAHHEM MUKDOCKOMUHECKUX CBOACTB a4TOMOB H
‘MOJIeKYa cHeTeMB. Takol NOAXOX M cOCTaBASIeT CYTh Crmamucmuueckon
MeXaQHUKU, KOTOpas BKJoYaer B ceOst u coorHowenue (b5). Cratuctuye-
cKasl MEXaHHKa'JJaeT HaM BO3MOXKHOCTb BBbIYHC/IMTb SHTPOITHIO CHCTEMb
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H cleslaTb MHOXKECTBO KOHKDETHBIX BEePOATHOCTHBIX  YTBEPIKACHHUIA,
OCHOBaHHBIX Ha (opmysie (64) MM Ha ee CleACTBUAX (HanpHmep, Ha
KaHOHHYECKOM pacrnpelie/ileHHH). Mbl OKa3nlBaeMCsi B COCTOSIHHH BhIYHC -
JIHTh CBOHCTBA MAaKPOCKOMHYECKOH CHCTeMbl Ha OCHOBAHHH €€ MHKpO-
CBOHCTB.

~ OcHoBHoe coneprkaHHe 5TOH KHHIH GBUIO NMOCBALIEHO CTaTHCTHYECKOMH
MeXaHHKe, KOTOpas sIBJAETCS, TAKMM 06pa3oM, BecbMa BceoGbemTioulei
nucuinIKHof. OHa coaepkHuT B cefe, KaK YacTHBIH cayyail, TePMOLHHA-
MHYEeCKHe 3aKOHbl, KOTOPble He 3aBHCAT OT aTOMHBIX CBOHCTB paccMar-
PHBarMOH CHCTEMbI.

7.5. YcioBusi pasHoBecHst

OcHOBHbIE CTATHCTHYECKHME INOCTYJIaThl, PACCMOTPEHHble B 1. 3.3,
MMeau B BHAY JMGO paBHOBECHOE COCTOSIHHE H30JHPOBAHHOH CHCTEMbI
JIH60 NpUGNHKEHHE CHCTEMbI K TAKOMY COCTOSIHHIO. DTH [OCTYJATh,
COCTaBJIfIOIIHE OCHOBY HAUIMX DacCyXKAeHui, 6ol cpopMyHpoOBaHbI
B TOHATHAX YHCJAA JOCTYNHBIX COCTOSIHRAL MWJH, YTO 3KBHMBAJICHTHO,
B MOHATHH SHTPONNH. Mbl BepHeMcs Telepb K OCHOBHBIM HJAESM, C TeM
4ro0bl BbIPAsHTb HX B JAPYyrod ¢opme, Gosjee ya06HON AIS MHOTHX
NPAKTHYECKUX TPHUIOXKEHHH.

Hzoauposannas cucrmema. HauveM ¢ paccMOTpeHUsi CMbIC/Id yKas3aH-
HWIX HOCTYJAaTOB AR H30JHPOBanHoi cucteMmbl. Ilonnas sHeprus taxoi
S cucremsl ocTaercst nocrosinzoi. Ilpen-
MOJIOXKHM, UYTG CHCTeMa MOXeT ObiTh
OllHCaHA MAaKPOCKOMHYECKH C NOMOULLIO
napamerpa y WIH HECKOJbKHX napamer-
poB. (Hampumep, y mMoxer o3HauaTh
3Hepruio nofcucreml A Ha puc. 3.9
HJIH TIOJIOXKEeHHE [epPeropofikH Ha pHuC.
4 - 3.10.)- Uncao cocrosHuil, TOCTYIHBIX CH-
Pric. 7.6. Tpauk, nokasmmaiouii sa-  CIeM€, 3dBHCHT OT . Paanenny  Bos-
BHCHMOCTb SHTPOMHMH S OT nekotoporo  MOKHbBIC 3HaYeHHS y Ha HeBoJbLIHe paB-

VAKPOCKONUUECKOTO NAPAMETPA ¥ Hile unTepBa/inl Oy M O6O3HAUHM uyepes
Q(y) uHCN0 COCTOAHMI, JOCTYHHBIX CHCTeMe B TOM CJydae, KoOrja
napaMeTp y JIEXHT B HHTepBaJe 3HaueHHd or y no y-+-Oy. Coormercr-
BEHHO 3HTPONHSA CHCTeMbl paBHa, 10 onpelelenHio, S=kInQ. Hauw
(yHzameHTaabHBIH noctyaaT (3.19) yTBep:KaaeT, YTO KOrAa cHcCTeMma
‘HAXONHTCA B DABHOBECHH, €€ C PaBHOH BePOSITHOCTHIO MOXKHO HalTH
B JIOOOM H3 JOCTYIHBIX COCTOSIHHE. ECJH napamerp y MOXKeT MeHAThCH,
TO BepoATHOCTb P(y) 06HAapYXHTh CHCTEMY B CHTYALHH, KOFAA ee mapa-
MeTp y JIeXHT MexXARy y U y+ Oy, onpenensiercsi cooTHoOlEeHHeM:

Ly | R

B PaBHOBECHOM COCTOAHHH ! (66)
Py x Q(y) =eSwik, J




IlycTb B HEKOTOPOM CTaHAAPTHOM MAaKPOCOCTOAHUH [apaMerp y umeer
3HaYCHUE Y, TOrAa Hu3 (66) caeayer

PO _ swirppsiwore

P(!?’U) “e Y le . ) ’
HJH

P (y) = Ped5%, (67)

rae

AS = S (y) —S (yu)

u Py=P(y,). OtHOlIeHHe BepoATHOCTefl onpeaensieTcst HEMoCpeACTBEHHO
PASHOCMIbI0 SHTPONHUH.

Mz (66) cienyer, YTO B COCTOSIHHH PABHOBECHS [1apaMeTp y ¢ HaH-
Bouibillefi BEPOSITHOCTBIO MPHHHAMAET 3HAyeHHe, NPU KOTOPOM 3HTPOIHA
OKasbiBaercst HauGoabitefi. Jlaxe nyaBHBI MaKCHMYyM BeJIHYHHBI
S=kInQ cooTBeTCTBYET OYEHb pE3KOMY MaKCHMYMY BeJHUHHB (2,
a TeM caMbIM H BepostHOCTH P. Orciozia c/efyeT, 4To 0ObIYHO BeJHYHHA
Y ¢ NOJABJSIOWEll BEPOSTHOCTBIO NPHHHMAET 3Ha4YeHHs!, OUeHb OJH3KHe

K TOMY 3HAYEHHIO y, IPH KOTOPOM 3HTPONHst S NOCTHraeT MaKCHMyMa.
Urak,

PaBHoBecHoe coCTOsIHHe H30JIHPOBAHHON  CHCTeMb
XapakTepusyercst TaKUMH 3HAyeHUAMH CBOHX Napa- (68)
_ MeTpoB, [IPH KOTOPBIX

S = maximum.

B cocrosiHuu paBHOBecHdA BeposiTHOCTh P(y) HaGaiofieHus B aHcambJe

CHCTEM 3HAYeHUs! Yy, 3aMETHO OTJHYHOTO OT y, o4yeHb Mana. C Apyroi
CTOPOHBLI, Mbl MOXKEM 3apaHee, C MOMOLILIO BHELIHErO BO3AeHACTBHS HJ/IH
KaK-HHOY/1b HMHave, TaK MPHUTOTOBUTH CHCTEMY, YTO B MOMEHT BpeMeHH
{, OHa ¢ OoJbiiel BePOATHOCTHIO OKaxKeTcsl B MAaKPOCOCTOSTHHMH, [
KOTOPOro napamerp y NPHHUMAeT 3HayeHHe, CHJIbHO OTJIMYAKOLIeeCs OT

y. Ecan nocJie 3T0r0 MOMEHTa BPeMeHH £, Mbl CHOBA H30JIHPYEM CHCTEMY,
4 1apaMeTp Yy CMOXKET MeHATHCH, TO CHCTeMA YiKe He Oydem B COCTOSTHHH
paBHoBecusi. B coorBeTcTBHE ¢ nocTysaatom (3.18) cocrosiHHe CHCTEMb
OyzeT Tenepb MeHSTHCA BO BPEMEHH, NOKa He GyAeT JOCTHTHYTO paclpe-
lleJledHie BeposiTHOCTedl (66), OTBevalollee COCTOAHMIO paBHoBecuda. JIpy-
HMH CJIOBAMH, CHCTEMA Pa3BHBAETCH B TAKOM HATIPABJIEHHH, UTO 3Haye-
HUS Yy, oTBedarolmue OOJbLiell 3HTPONMHH, CTAHOBATCA Gosiee BEpOST-
HbIMH. DTO 3HAYMT, YTO SHTPONHMSA YBEJIHYMBAETCA H Pe3yJbTHpYIOUlee
#3MEHEHHE JHTPONHH YJOBJETBOPSET HEPaBEHCTBY

AS>0. (69)
HsmeHenne sntponHn GyaeT NPOAOIHKATHCS, TOKA He OYAYT AOCTHTHYTHE
yCJ/lOBUsi paBHOBeCHsl, NPU KOTOPbIX napaMerp y C MOZABJIAIOLIEH Be-

POATHOCTbIO GyAeT MMETh 3HaYeHWe, OTBEYIOUWee MAKCHMYMY 3HTPO-
nuu S, :
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3amMeuanne oo MeTacTabuabLHOM PasHoBecCuH. Bosmoxno,
4TO 3HTPONHA S, KAK 3ITO NOKA3AHO HA puc. 7.7, Gyler ofnafats Gojnee ueMm ofHHM

MaKCHMYMOM. ECJIH MAKCHMyM SHTPOIHH NPH Yy GOJBIIE MAKCHMYME NDH ya, TO COOT-
BeTCTBYIOLIME BeposTHoCTH P(y) 8 (66), 6sarosaps KCNOHEHIHMANBHON 3aBHCHMOCTH
ot S, OKaxyTcs HAMHOro Gosblue NPH Yy, 9eM MPH y,. B MoQjHHHOM COCTOSTHHH pas-

HOBeCHSI CHCTeMa [IO3TOMY IIOYTH Bcerja Oyder

S . 'o6janaTb 3HayeHHeM NapaMeTpa, pPaBHbIM Yp.

[Tpeanonoxun Tenepb, 4TO CHCTEMA CrIELH-
aJbHO NPHTOTOBJEHa TakuM 00pasoM, 4ToObl ee
napaMeTp B HEKOTOPBUI HayasibHblli MOMEHT
BPEMEHH HMeJ 3HaueHHe, He CAHLIKOM fanexoe

oT y,. Toraa nansHedlas 3BOMIOUMS CHCTeMbk
NpUBEIET K OCYILECTBJAEHHIO BeCbMa BepogTHOH
CHTyauu#, npH Kotopoll napamerp y G6yler
G g ouenn 6IH30K K Yo Hecmotpst Ha TO, uTO CHTY-
anHs, npH KOTOPofl mapaMeTp y odeHb OJIM30K

vrue. 7.7. Tpaduk, uanocTprpylomuii K Yp, Topa3no Oosiee BepOsiTHA, HTa HOCAEANSAS
ga JudMe IBYX MakCHMyMOB SHTDOMNUH  cyTyauds MOKeT OHITL JOCTHIHYTa JHLIb B TOM
OTRCHAIONER ABYM DASTUMARIM SHA-  onyyae, ecad cucTeMa nepeiieT ueped o6aacTb

YeHHAM MaKpOCKOITHYECKOro mapamer- N
pa 4. 3HayeHHdH, rue

fm e )

U — e

=

Yo <Y < Yo
Jra ob6NacTp OTBeuaeT, OJHAKO, BECHMA MANOBEPOATHON CUTYAlnH, W BEPOSITHOCTH
TOro, 4To 6e3 NMOMOIM H3BHe CHCTeMa NpOHJeT yepe3 Hee, HACTOILKO Maja, YTO MO-
TpeOyercs querb 60AbLIIOE BpeMsl, NMOKA CUCTEMA NPUHGAHIUTCS K OKOHYATeNLHON pas-

HOBECHOH CUTYaluy, KOrAa ¥ GJHU3KO K yp. 34 BpeMsl, NpeACTaB/sionice NPAKTHIECKHU

uHrepec, COCTOSTHHE CO 3HAYeHHSIMH, GJIH3KHMH K.Yp, MOXKET 0Ka3aThCsl 3(GeKTHBHO
HeJIOCTYIHbIM Hamell cucTeMe. B TO e BpeMms CHCTaMa CMOMKeT AOCTHYb PABHOBECHOTO

COCTOSTHHSL BOJMM3H 3HAYeHUS Y, OJH3KOTO K Y,. Takas CUTYalHsl Ha3blBaeTCS mema-
cmabunoHoim pasrosecuesm. ECHN OKaxKeTcsl BO3MOXKHBIM HaHTH KaKofi-HHGYAb Croco6

NIOMOYL Nepexoly CHCTeMBl M3 COCTOSIHUI, Tlle nmapameTp y OMH30K K Y,, B COCTOSIHUS,
rie od GNH30K K Yp, TO CHCTEMA OBICTPO BHIMiNIET M3 COCTOSIHUSA METACTaCHABLHOTG paB-

HOBeCH$, YTOOB! OCTHIb COCTOSIHUST HCTHHHOTO DPAaBHOBECHS, B KOTOPOM Yy OJIM30K K Y.

Tlpumeper Taxoro pona pecbMa 3ddextHel. Hanpumep, Bola B COCTOSIHHM He-
THHHOTO paBHoBecus1 BOaH3H 0° C cymectByer B dopme abaa. Ec/H, olHako, MelleHHO
OXJIAXKIUTL OYeHb YHCTYIO BOLY, Mbl MOXeM HMeTb XMAKOCTL B COCTOSIHHH MeTacTa-
6HILHOrO PaBHOBECHS! BIMIOTb A0 TemmeparTypsl —20° C, uau ewe MeHbliei. Ecu
MBI TeNepb BBeleM B TaKYi0 BOLY 3epHA WaH NbLIb, TO TEM CAMBIM MBI TIOMOXKEM Hayaay
pocTa JIe[siHBIX KPHCTA/NJIOB H KHIKOCTb BHe3alHO 321Mep3HeT HOCTHTHYB TeM CaMbiM
CBOENQ HCTHHHOTO PaBHOBECHOTO .COCTOSIHASL.

Cucmema 8 Konmarme ¢ pesepsyapos. Jlonycrim, uro nHTepacyionas
nac eucrema (06o3HauuM ee A) He U30HPOBaHA H MOMKET B3aHMOLEHCT-
BOBATb ¢ APYrofl MM MHOTHMH CHCTeMaMmu (KoTophle Mbl 06o3HauuM A').
Coctagnas cucrema A*, cocrosimas n3 A u A’, ABASETCH N30JAHPOBAH-
HO#l CHCTEMOH. Yenosns paBHOBECHSI CHCTEME! A MOTYT GbITb MOJIyYeHbE
¥3 PacCMOTPEeHHsI CBONCTB H30MMPOBAHHOA cucTemsl A%, yxe H3BeCT-
HBIX HaM.

. BosbumHcTBO JIa60paToprIx OILITOB  BBIIOJIHSAETCS B  Y€/JIOBHSAX
NOCTOSIHHBIX TeMIepaTypsl u fasjeuis. O6LMHO paccMaTpHBaeMast
cuicreMa A HaxofuTCsl B TEPMHUECKOM KOHTAKTe C TEIJIOBBIM -pe3epBya-
poM (HM. MOXET GHITh, OKpYKalwllast atMocdepa WJH - BOAsiHas OaHs),
TeMITepaTypa KOTOPOTO NOCTOSHHA,- a. ofbeM cucTeMbl A. He sBJSETCS;
¢urcHpoBaHHEIM. CHcTeMa OGBIYHO HaXOJHTCH NpH NOCTOSTHHOM [aBJies:
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HUH (MM MoKeT GbITh JaBjeHHe okpyxamlied atMocdepri). [Tonbraemcs
YCTAHOBHTb YCJIOBHSI pPaBHOBeCHs CHCTeMbl A, Haxofsinelicd B KOHTaKTe
€ pesepByapoM A’, KOTOpHIH ocTaercst IPH IOCTOSHHOM J@BJIEHHH p’ H
MOCTOSIHHOH TeMHepaType T’. Cucrema A MOxKeT OGMEHHBATHCS TEILIOM
¢ cucreMoit A’, HO pasvephl NocjefHell CToJb BETHKH, YTO 3TOT OOMeH
He BJusieT Ha ee TemnepaTypy T”. Cucrema A MOXeT MEHSITh CBOf 0GBEM
3a cueT cucreMbl A’ U npou3BoAuTb paGoTy Hax 3TOH cHCTeMOH; HO,
aHAJOTHYHO, M3-33 GOJbiliHX pasMepoB cHcreMbl A ati OTHOCHTE/HHO
HeGOMbIlHEe U3MEHEHHsT o6beMa *) He BbI3OBYT H3MEHEHis aBjeHus p’.
HomyeruM, yro cucreMa A ONUCHIBAETCS HEKOTOPBIM MaKPOCKOIH-
YeCKHM napaMeTpoM y (HiH HeCKOJbKHMH napauemmm) [Tpu sTOM
YUCJ0  COCTOSIHUE Q*(y) JIOCTYTHbIX :
coctaBHOll cHcTeMe A%, 6y11eT PaBHO
NPOM2BENCHHIO YHCaa cOoCTOSTHUE Q(y),

JIOCTYIIHBIX cucTeMe A mpH AaHHOM 3Ha-
YeHUH NapameTpa Y, Ha YHC/I0 COCTOAHUH A A
Q'(y), nocrynHeix pesepByapy A’ B 3THX
yeaousix. Taxkum obpasom, ! 7
QF = QQ, AT70) ' ' i
U3 omnpenenenns 3HTponHd S=*kIn Q e, 75,
He. 7.8, Cuciema A, Haxodsiuascs B
CJICAYET, lITO KOHTaKTe € TelnL.nosbm peaepaﬂyasg; A"
Npu TMOCTOSIHHBIX TeMilepatype T’ u
S‘i_S, (703) P NaBAeHHR p’. pamyp N

rie S* — SHTpOHI/IH COCTABHOH CHCTEMbI A+A’ aSuS — surponun
cucteM A 1 A" coortBeTcTBeHHO. BhiGepeM HEKOTOpOe HCXOAHOE MAaKpo-
COCTOsIHME, JJsf KOTOPOTrO llapaMeTp Y MpPHHUMaeT B3HAYEHHE Y.
anMeHHB K cocTaBHOll cucreMe A*, Kotopas sBJsiercss M30JHPOBaH-
HOH, dopmyJy (67), MBIl IOsIy4UM BeposiTHOCTb P(y) Toro, uro mapamerp
Y NpHHHMEET 3HAYEHHe, JexKalllee B HHTEpBase OT y Jo y+dy:

P (5) = P57k, @
3necs AS*=S8*(y)—S*(ys); a us (70a) crenyer, uto
=AS+AS’, : ST A72)

[lonbitaemcst ynpoctuthb (72), BHIpa3uB H3MeHeHHeE SHTPONHH Pe3epBya-
pa uepes BeJHUHMHBI, OTHOCSLIMECS K HHTepecylwlledl nac cucreme A.

Pesepeyap A’ oueHb Be/JHK, NO3TOMY, Ja)ke IOIVIOTHB HEKOTOpOe
KOJIMUeCTBO Telsia Q' OT cucTembl A, OH OCTaeTcsl B PZBHOBECHOM CO-
CTOSIHHH C HEH3MEHMBLIMMHCH. 3HadeHMsMH TeMmneparypel 7' u jaBije-
Hus p’. VI3MeHeHHe 3HTPONHH -pe3epByapa B TakoM KBaSI/ICTaTH‘{eCKOM

“*) Cucrema A’ MOXKeT ObITb HEKUM pe3epBYapoM, C KOTOPbIM cucreMa A B3aumo-
ZedCTBYeT GOMEHOM Telvia U coBeplueHHeM paGoOThl C IOMOLLbIO :AaBJieHHs,. Ho A'
MOXHO NpeJCTaBHTh ceGe ¥ Kak KOMGHMHALMIO JBYX pe3epBYapoB; OXMH W3 HHX HMeeT
‘TeMnepaTypy T' ¥ ero B3auMojeicTBHe ¢ A OrpaHHYHBaeTCH nepefauedl Tenyia, Lpy-
Toii pesepByap HAXOAHTCH NPH AABJIEHHH pu BsaHM.)J.‘LeHCTByeT cd coaepmemxem Me-
XAHHYECKO# . paGoThL. .+ * - g : G B O
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npouecce corsacHo (32) paBHO

.
AS’ == (73)
Ho renvio Q’, norsonienHoe pe3epByapoM A IPH H3MEHEHHH IlapaMerpa
OT Yy, 1O Y, PaBHO _
Q' =AE'—W". (74)

3nech AE’ — usmenennie cpenneit sueprun cucremust A’, W’ — patora,
coBepiaemas Hap A’, Korna o6beM cHeTeMbl A MeHsieTcsl Ha BeJHYHHY
AV=V(y) — V(y;). OO6nem pesepByapa MpH TOM MeHseTcs Ha BeJH-
upny — AV, a paGora, coBepinaemast cucreMoit A NpoTHB CHJI AaBJAeHHA
pesepByapa, corsacho (5.14) pasua W'=p’'AV. [lanee n3 3akona coxpa-
HEHHSl SHEPrMH s cocTaBHOM cuctemul A* cnenyer, uro AE'=—AE,
rie AE=E(y) — E(y,) npencrapasier coboit u3MeHenue cpeisell snep-
run cucrembl A. Takum ofpasom, (74) npunEMaer Buj

Q'=—AE—p’AV.
Hcroapayst (72) u (73), MBl nosgydaeMm

AS,,:AS_AE?: AV _ T AS+TA’E+,9 AV

(75)

Yrolhl YOPOCTHTL CTOSILLEE CIpaBa BhIpaMeHHe, BBEAEM HOBYIO (YHK-
M0

G=E—T'S+pV, (76)

KOTOpasi CofiepKuT Beuunubl E, S # V, orHocaumecs K cucreme A,
H JaBjerne p’ u TeMmnepatypy 7 pesepByapa. Tak kak nocieinde JBe
BEJIHYHHBl TOCTOSIHHBI, Mbl HMeeM

AG = AE—T'AS-+ p'AV.

Tenepn Bripaxkenue (75) NMpHHHMaeT NPOCTOA BHJ:

. AG
AS* =—2, an

rie AG=G(y)—G(yo). Pynkuus G, onpenensiemas (76), HMeer pasmep-
HOCTb 3HePrHH M HOCHT HasBaHHe 2ubOCOBCKOL c60D0OKOIL anepeuu cH-
cTeMbl A 1as JaHHON TemnepaTyphl T' M IOCTOSIHHOTO AABJIEHHs p.
W3 ¢opmyast (77) crnenyer, 4To ecsiu SHTpONHS S* noJHO# cHeTeMb! A *
Bo3pacraer, To ru66cobekas cBoGoaHast SHEPrHs noAcucTemsl A ymeno-
waemes. Yosromy maxkcumym BepositHocTH (71) HIH MAKCUMYM SHTPOITHH
S* jas coctaBHOH M30MHpPOBaHHON cHCTeMbl A* COOTBeTCTBYET MUHU-
Mymy THOOCOBCKO CBOGOHOI 3HepTiH AJIst IIOACHCTeMbI A. Mbl np ALY, .
K I
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TaKHM ,oépaaom, K =CJACAYIOIIEMY YTBEPIKACHHIO!

PaBHoBecHasi cHTyalHsi B CHCTeMe, Haxojsliedcs

B KOHTAKTe C pe3epByapoM, -TeMleparypa H JaBJje-

HHM€ KOTOPOrO MOCTOStHHBI, XapakTepu3yeTcs TaKHMH (78)
3HaYeHHAMH MapaMeTpoB, TPH KOTOPBIX

G = minimum.

dro. yTBRepKIEHHE COOTBETCTBYET yrBepkaenuio (68) aas uzonupo-
BaHHOH cHcremel, JlomycTuM, 4T0 yeiaoBHe (78) He BBIMONHEHO, TaK 4T
cucremMa A He HaXOJuTCH B paBHOBeCHU. B 3ToM caiyuae cutyanus 6yger
Pa3BHBATHECH B TAKOM HallpapJieHHU; YTOGH SHTponus S* COCTaBHOH CH-
creMnl A* Boapactana. Poct surponun 6yIer IPOUCXOAHTb IO YCTAHOB-
JIeHH st OKOHYATeJNbHOH PaBHOBECHOM CHTYAIHHU, [IPH KOTOPOH NapaMeTphh
cucrempt A npHOGpeTalor, ¢ NOJABASIONIEH BEePOSTHOCTBIO, 3HAUEHHS,
COOTBETCTBYIOIHE MakcuMymy S¥. 3to. yTBepiieHHe yio0Hee Bhipa-
3UTh C OMOHIBIO. THGGCOBCKOH CBOGOAHOR Hepruu cHcTemul A: curya-
nHs-OyJeT. pa3BHUBaTLCS B-TAKOM HanpPaBJjeHHH, YTOOBl cBODOJHAS 3HEDP-
rust G cucreM A ymexbwiasocs, 1. €.

AG <0. (79)

D10 yMeHbIIeHHe OYAET HPOAOJKATBCH 10 YCTAHOBJEHHS OKOHYATE/b-
'HOTO PaBHOBECHS, IIPH. KOTOPOM HapaMerpbl cucTembl A ¢ nojaBasiolet
BepoATHOCTBIO TpHOGPETaor 3HaueHHe, COOTBETCTBYIONlee MHHHMYMY G.
IMoacrarnaa (77) B (71), mbl nosyyaem cnefyiouiee poCToe yYTBEPXK-

JieHue:
P = Pe-AG/RT" (80)

Tak kak AG=G(y) — G(y,), rae G(y,) — KoHcTanTa, Onpele/isieMast Bbi-
GOpoM CTaHAAPTHOTO COCTOsIHMSA, pesyabTar (80) mMoxer ObiTh BhipaXceH
B CJeLyioleM BHIe:

B PaBHOBE€CHOM COCTOSITHHH (8 1)
P(y)x e=G(/kT

30T pe3yabTaT aHaJOTHYeH pe3yJbrary (66) IUIst H304HPOBaHHON CH-
crempl. M3 (81) cienyer, uro BepositHocTb P(y) HMeeT MakCHMYyM, KOTla
G(y) MHHHMaJIBHO. . .

BoabpninHcTBO cHeTeM, npezxmannmomnx mnepec AN QH3MKH WM
XMMHH, H3YYaeTcsl B YCJIOBUSX NOCTOSTHHBIX ¥ 3aJaHHBIX TEMNEpPaTypHl 1
AaBJIeHHA . HoaTomy dopmyant (78) u (81) sBasiorca BecbMa yAOGHOM
(opMo#- yCJIOBHI PABHOBECHS H MCXOAHBIM MYHKTOM PacCMOTPEHHS pas-
JWYHBIX PU3MYECKHX H XHMHYecKHX cHcreM. CooTBeTCTBYIOMMA NpHMep
6yier PAaccCMOTPEH B CJELYIOWEM TNYyHKTE,
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7.6. PaBHoBecue mexay dasamu

JlioGoe BewlecTBO MOKeT CYINECTBOBATL B PA3JIHUYHBIX H ONpEAeseH-
HLIX COCTOSHUSIX, HA3bIBAeMBIX (hasamu, KOTOPLIE COOTBETCTBYIOT DPas-
JIHYHBIM CHJIaM CLEIVIEHHs] MeX1Y MoJeKy/JaMH ofHoro Tuma. Hawm
XOpOUIO H3BECTHO, YTO BELIECTBO MOXKET ObiThb B BH/E TBEPAOrO TeJa,
KuAkoctH M rasza ¥). ([asoo6pasHoe cOCTOSIHHEe HHOTAA HA3BIBAIOT
napom.) Hanpumep, Boja cyluecrsyer
B (JOpMe JIbJla, KUIKOCTH HJH BOASHOI'O
/ napa. PasnvuneM ¢azam oTBedaioT pas-

JHuUHble 06/1acTH TEMIEPATYPEl U [aBJe-
7 Hust. Kpome toro, ofHa ¢asa MoxeT ne-
¥4 PeXOAUTh B APYTYIO NMPH Ofpele/eHHbIX

}7535//75yﬂ,/]

: 3HAYEHHUSIX TeMIepaTyphl H JABJEHHA.
] Hanpuwmep, 1ipu naasienuu TBepaoe Teo
/7.0,71114’#5\ CTAHOBHTCSH KUAKOCTBIO, JKHAKOCTH, UC-
napaace, obpasyer nap, a TBeploe Tejao
Jaza 2 MOZKET NepeXOfuTh B rasoo0pasHoe Co-
N CTOsiHME, H STOT TePeXol Ha3bIBaercs
cybaumayuerr. B stom mnaparpade Ml
> uomene c/lefiaeM TIONEITKY JOCTHYb MOHUMAHHS
Paze T TaKHX ()a30BbIX IEPEXONOB C [OMOLIBIO
Hawell oOuledi TEopHH.
oo e Sy ae  Bydew - paccuarpusats cicrey,
poM, uTO OOecileyHBaeT MOCTOAHHYIO COCTOAILYIO H3 JIBYX HpOCTpaHCTBeH-
Teuneparypy T o Aamaenue p- HO pasjie/leHHBX (a3 HEKOTOpOro Be-
IIECTBA, COCTOSIIIETO M3 MOJIEKYJ OJHO-
ro thna. Takue asbl MOTYT, Hanpumep, GuLIThb TBEPABIM TeJOM HJIH
FKMIKOCTBIO WJIH JKHIKOCTBIO H rasoM. B ofmem caydae Mut GyfieM 060
3HauaTh ux uwuppamu / u 2. Mel OyneM H3ydath 3TH (a3bl NPH HEKO-
TOpoll onpeneeHHoll Temnepatype T H JaB/J€HHH p, KOTOpbIE JOCTH-
raloTcsl KOHTaKTOM € HEKOTODHIM TEIVIOBHIM pe3epByapoM, HMEMOLHM
sTH napamerpsl. O6o3HauuM uepes N, u N, yucjaO MOJeKyJ Hallero
BelllecTBa, HaxoAsmiuxcsi B ¢asax I U 2 cooTBETCTBEHHO. Tak Kdk Be-
HIECTBG HE MOXKET HCUe3HyTb, TO TIOJHOE YHCJAO MoseKya N 10/KHO
OCTABATBHCSI NOCTOSIHHBIM, HE3AaBHCHMO OT TOrOo, KakuM 06GpasoM Mo-
JIEKYJbl  pacmpefienieHbl Mexay ofeumu ¢asamu. Taxkum o6pasom,

N,-+N,= N =const. (82)

Hac untepecyer cnenyiomuii sompoc: GyAer. JH Hallle BELIECTBO NPH
JaHHbIX J4BJeHHH W TeMiepaType B YCJIOBHSIX DaBHOBECHS CYILECTBO:
BaTh B Buie a3kl I, HaAH B BHAE Pasbl 2, X B (popme o6eHx ¢as oAHoO-
BpEMEHHO?

Tak Kax JaBieHHe W TemiepaTypa Haimel CHCTeMb! 3aJaHsi M OCTa-
IOTCH HEU3MEHHBIMM, BCe 3TH BOIIPOCHI CBOAATCH K HCCAEOBAHHIO THOG-

*) MoryT Ja)e CyWECTBOBAaThH Pas/iudHbie GopMbl mepnoro cocro;mm, oraeqaio-
mHe pasuYHON KpHCTaJIHYeCKOH: CTPYKType. P o
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COBCKOI cBOGOIHONH 3HepruH G cucteMbl. dta cBofojHas 3HEPTHA SB-
agercs ¢ynkumed N, u N, H3 obweit dopmyauposku (78) yciaosuik
paBHOBecHs cJefyer, uto napamerpsl N, u N, IOJKHB ObITh TAKUMHU,
4To6bl pyHKUMs G, onpefeasieMast PopMyJiol (76), HMe1a MUHEMANbHOE
3HaueHue, T. e.%)

G =E —TS- pV = minimum. (83)

IMonnas cpemusia sHeprus E B 3Toll dopMyse paBHa cymme CPETHHX

sHeprufi o6enx (as; TO JKe MOKHO CKasaThb U 06 surpomun **). [os-

Hblll o0beM CHCTEMbl paBeH CyMMme o0beMOB, 3aHHMaeMblx oGeHMH (a-
samy. Orcioja caelyer, 410

G=G,+G, (84)

rie G, u G, — cBoGonusle sHeptuu dasul / M a3l 2 COOTBETCTBEHHO.
Ilpu 3a1aHHBIX TeMIepaType H AaBJeHUH TaKUe BeJUYMHBI, KaK CPelHsIst
3Heprust, HTponusi M O6bEeM KaxJoH ¢aspl NPONOPLHUOHABHBI KOJIH-
gecTBY BelectBa B ¢ase. (IOTH BEIHYHHBL SBJISIOTCSH 3KCTEHCHBHLIMH
BeJMUHHAMH; cM. M. 5.6.) Tlostomy Mbi Moxkem Hanucath G,=N,g, n
G.=N.g,, Tle g, ¥ g, 3aBucat or T u p, HO He OT uucen N, u N,.
Beanyuna

g (T p) = cBobozHan SHEPTUf, NPUXOAAMAACA HA OAHY
MoJiekyay i-ft da3bl mpu gaHHo# Temmepa-  (85)
Type M JaBJeHHH,

XapakTepusyeT BHYTPeHHHe cBofcTBa (-ii (asnl. Temepb MBI MOXKEM
sanycath ¢opMmyay (84) B TakoM BHIE:

G:ngl + Nog,. (86}

Ecan obe ¢aspr Haxonarcst B pasHosecuu, N i N, AOJKHBI HMETH
Takue 3HadeHMsd, 4TOOH QyHKUUs (G Obwia corsacHo (83) MUHHMab-
Hofi. Ecan q)yHKmm G nMeer MHHHMYM, OHa He JOJKHA H3MEHSATLCS

pn 6eCKOHEYHO MaJjblX H3MEHEHHSX N v 0 Ny

, dG =g, dN, —{—gZ dN, =0,
Hiu v
» (g1 —&.) le'—'O,

TaK KaK M3 .YyCJI0BUS coXpaHeHusi martepuu (82) caenyer, dro dN, =
=—dN;. Takum 00pazoM, Mbl [OJYYHM HEOOXOAHMOE  YCJOBHE

) *) Hltpuxn y HepeMEHHbIX ‘T n p, crosiune B dopuyae (76) 3J€eCb ONYHIEHb], TaK
KaK ‘MbEl 0GO3HAUMIH TeMmepaTypy H IaB/enue pesepByapa uepes T H p COOTBETCTBeH-
Ho. Temmneparypa n aasieHHe o6eHX CHCTeM Takske Npefnoaarawrcs pashnivu T o p,
TaK KaK Mbl npeHeGperaeM HeGOAbIIMMH (QIYKTyaunsiMd TeMmoepaTypbl H AaBaeHust
B CHCTeMax. - -

+*¥) D10 0GbACHSIETCS paéeucmom (70), KoTopoe YTBepkK[aeT, YTO UHCJO COCTOS-
Hufl; JOGTYTHbIX: COCTaBHOH cncreme, PaBHO NPOH3BENEHHIO YHCeN AOCTYMHbIX CO-
CTOSIHMI IS sKaxo# (hasbl. ; . - .
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pasHOBECHSI 1BYX ha3:

A1 PABHOBECHOFO CYIECTBOBaHWA
(a3 HeobXoauMO, YTOObI 87)

81=8s-

Ecan 370 yc/0BHe BBIMOJIHEHO, MEPeXoi MOJAeKYJbl BellecTBa H3 OfHOH
<asbl B APYTYIO He MeHsIeT 3HaueHHs BeJnunnbl (86), KoTopast, TakKHM 00-
pasoM, HMeeT 3KCTpeMyM *).

Hccaenyem Tenepb nonsitHe cBoGOXHOR 3Hepruu (86) Go/ee noxpoGHO.
Benomunas, uro .cBoGonHast sHeprusi g;(T, p), Npuxonawmascs Ha OAHY
MOJIEKYJY B JaHHOM ase i, siBJsIeTCSl onpenejeHHOH (yHKUHeH, Xa-
pakTepu3yollell cBOHCTBA (Paskl MPH JaHHOH TeMrepaType H JQaBJEHHH,
Mbl MOXKEM CleaTb CJeAYIOUIHe YTBepXKIeHHS.

Ecin T n p TakoBwl, ut0 g;< g,, TO MHHHMa/JbHOe 3Hauenue G
8 (86) Gyner IOCTHTHYTO B TOM CJjyudae, ecan Bce N MoJeKyJ BelilecTBa
nepediayt 8 dasy /, tak uro G=Ng,. 310 3HayuT, YTO B COCTOSIHHUH
¢cTabuJibHOrO PAaBHOBECHSI MOXKET CYIIeCTBOBATh TONBKO dasa .

Ecan T v p Takosbl, 4T0 g,>>g», TO MHHUMAnbHOe 3Hauenue G
cootBerctBYeT G=Ng,; B COCTOAHHY CTA0HJIBHOTO PABHOBECHA MOXeET
HAXOANTbCA JHUL ¢aza 2.

Ecau ke T W p TakoBbl, 4TO gy=g,, TO yca0BHe (87) BLINOJHEHO
u so6oe uucjo N, MoJdekysa ¢aspl OyneT HaXOIHTbCA B pPaB-
HOBeCHH C ocTtaBlimMcesa 4HcaoM N,=N — N, MoJexkyn Bropoii ¢assl.
Takum o6pasoM, 1npu u3meserud N, BeqnunHa G ocraercss HEH3MeHHOI.
['eomeTpHueckoe Mecrto TOHUeK Ha JAHa-
rpamme (T, p), 1751 KOTOPBIX BBITIOJIHSAET-
cs1 ycaoBHe (87), HaswiBaeTcsl Kpugol ga-
308020 pasHosecus. B n000i Touke BAO/Ib
3TOH KPHBOH BO3MOXKHO DPaBHOBECHOE
cyuectBoBaHue obenx a3. Kpusas da-
30BOTO DaBHOBeCHs, BJOJb KOTOpPOi
g1=g,, pa3busaer niockocts (T, p) Ha
ape obnacTu: B nepBOH M3 HUX g<{Z,
"Puc. 7.10, Kpunan sapwcumocrn man- 1 CTAOH/IBHOM siByisieTCsi TO/bKO (asa [,
Jlesds p oT Temmeparypu T, pasze- BO BTOpPOH o6iactTH g, =>g. U 3/[ech cTa-

Asoulas o6aacTh, Mie Kaxaas H3 ABYX .
@23 B oTAenbuoCTH MOMeT naxomtsea  OWJIBHA JHmb (asa 2.

7

8 pasnoBecud. Baoap KpHBOil BO3MOXK-
uopcoamec‘moe pannoaegﬂoe COBCTOSIH):G Kp”ByK’ (basOBoro paBHOBeCHH“ MOX-
obeux das. HO Bbipasuth B Auddeperiiuaisioi Gop-

me. PacemorpuM (puc. 7.10) Hekoropyw
TOYKY @, KOTOpas JIeKHT Ha KPHBOH (pa30BOro PaBHOBECHS H COOTBeET-
cTtByer Temneparype T M RaBjeHHio p. YcaoBus paBHoBecus (87) o3Ha-

4aioT, 4YTO
& (T' p) =4 (T’ p) (88)
*} Ycnoaue (87) amasercs Jiuumb HEOGXOAUMHM YCIOBHEM CYHIGCTBOBAHUS MWHM-
Myma. Hayuenne RonosHHTeAbHBIX YCHOBHH, rapaHTHPYIOWMX,4TO BeaHuitia G HMeer

MUHHMYM, A& He MAKCHMYM, He OpeAcTaBiseT AIA Hac CylecTBeHHOIO HHTepeca.
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Paccmorpum cocenHIol TOYKy b Ha KPUBOH, OTBedalollylo Temrepa-
Type T-+dT u naBnenno p-+-dp. U3 ycaosus pasnosecus (87) caeayer,

e g (T-+dT, p+dp) =g, (T +dT, p+dp). (89)
Bowunras (88) u3 (89), abl noayyaem

dg, = dg,. 90)
3nech dg; — n3MeHeHye npUXoasAlleficss Ha OXHY MoJsekyay i-# (a3t

€cBOGOJHOH 3HEprHH NPH H3MEHCHHH TeMNEPaTyphl M JaBJeHHs OT 3Ha-
yeruit (T, p), orBedaolUX ToukKe a, po 3Hauenuit (T-+dT, p--dp), or-
BeYawliux ToYKe b.
Hcnonbaysa (83), Mbl MOXKeM HamucaTb ClAefylollee onpeleeHHe Be-
JIMYHHBL CBOGOAHON SHEPTHH Ha OfHY MOJeKyJay i-i (asbl:
Lo fi_Ei“TSr'+ Vi
&=, Ni

aan
gi=¢;—Ts; + pv;,

rae e;==E,/N, — cpennas sueprusa, §=S,/N;— sHrponus u v ==
=V/;/N; — o0beM, NpUXOAAIIHecs: Ha OHY MoJseKyay i-if ¢da3sl. Takum
o6pasom,

dgi = dB[—T dS[—S‘- dT "l— p dvi +Ul' dp.

OCHOBHOe TepMOIMHAMHYECKOE COOTHOIIeHHe (34) laeT HaMm BO3MOXK-«
HOCTb CBf13aTb H3MEHEHHEe SHTPONHUH dS; C KOJHUYSCTBOM TerlJa, MOr/IOWeH-
Horo ¢asoff mpy TOM H3MEHEHHH:

T dSl' == de,- + p dv[,
{ Mbl HaiieMm, HOACTaBJAs 3TO BhIpakeHHe B Mpelbllyllee PaBeHCTBO:
dg;=—s;dT +v; dp. 91)
IlpuMeHHB 3TOT pe3yJbTaT K KaxKIoH (ase, Mbl MoJayyaem
~—s,dT +v,dp =—s,dT +v,dp,
($e—8) dT = (v,—v,) dp,

Hau

dp As

T = A (92)
e As=s, — s 1 Av=v, — v,.

Coornowtenne (92) naspiBaercs ypasnenuem Kaaysuyca — Karanei-
poHa. PaccMOTpHM HEKOTOPYIO TOYKY ‘Ha KPHBOH (pa30BOro paBHOBECHH.
3toit Touke coorBercIByeT Temneparypa 7T u JaBjieHue p. YpaBHeHue
(92) cBsi3bIBaET HAKJIOH KPHBOI B 3TOH TOUKe ¢ u3MeHeHHeM AS 3HTpOnUH
u Av o6peMa (Ha ONHY MOJEKYJy), NPOUCXOAALIUX NPH H3MeHeHUHu da-

30BOrO paBHOBecHA BO/MM3M JaHHBIX 3HayeHuit T u p. 3amerum, yro
€CAH Mbl “HMeeT JAe10 He C OJHOHA MOJAEKYyJ/oii, a ¢ NPOH3BOJbHBIM
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KOJIM4ECTBOM. BellecTBa, COCTOALMM M3 N -MOJEeKys, TO COOTBETCTBY-
IOUlHe M3MEHeHHs SHTPONHH H obbeMa paBHHl AS=N As nAV=N Av.
Ilostomy (92) MoxHO 3anucatb B Bue

(93)

- Tax kak npu $az3oBOM [Iepexoie H3MEHAeTCs SHTPONHUSI, TO NOMKHO
NPOHCXOAUTh M MNOIVIOUEeHHe Temvia. Ckpuimoi menaomot nepexooa L,
Ha3bLIBAETCA KOJHYECTBO TEMJIa, MOIJIOLEHHOTO JaHHBIM KOJHYECTBOM Be-
mectBa ¢asbl | npu ero nepexojie B a3y 2, xoraa obe dasul cOCYHIeCT-
BYIOT B DABHOBECHOM COCTOSIHHH. TaK Kak Mepexoi NPOHCXOAHT NpH
NOCTOAHHOA TeMmnepaType 7T, COOTBEICTBYIOLlee H3MEHEHHE 3HTPONUH
CBSI3AHO ¢ BeauuuHoOH L,, BoipaxkenveM (32), # MBI nOfy4aeM

AS=$,—S, =22, (94)
rie Ly, — 3HaueHne CKpbITOH TEMJOTH IpH JaHHOH Temmeparype. Mol
NPUXOANM, TaKHM 06pasoM, K APYro# ¢gopme ypaBHeHHd Knaysuyca —
Kaanedipona:

i =T (93)
Ecan V osnauaer o6bem onnoro moas, 10 L, paBHO CKPLITON Tenjore
I/is OIHOTO MOJisl, ecjid V — o6bem OLIHOI‘O rpamma, 7O Ly, — CKpbITas
TenJ0Ta AT OJHOTO TIpamma.
Paccvorpum HexoTOpble BaXkKHble NMPHUMEHeHHs] STHX Pe3y/bTaTos.
Daszosvie nepexodor 0ast npocmotx eewjecma. Mbl yke YIIOMHHAIH, YTO
NpOCThiE BEIeCTBa MOrYT CYUIECTBOBAThL B BHJE TpeX (a3: TBepAOoH, KM1-
Kofl 1 rasoobpastoii. (TBepabix das mo-
XKeT OblTb HECKOJIbKO, COOTBETCTBEHHO
pasJiHYHOil CTPYKTYPe KpHcTadaa.) Kpu-
Bhle (ha30BOTO PABHOBECHSI MEXKIY BCEMH
Thepie \ : Tpems ¢GazaMi - Ha {JJOCKOCTH *(TeMnepa-
Typa — JaBlleHle) HMEIOT XapakTep, ro-

KasaHHbI Ha puc. 7. 11, u peasit amna-

rpaMMy Ha Tpu CMEIKHBIE 06A2CTH: 06-

JI2CTh TBEPJOTO, XKMJKOTO M Ta3oo0pas-

HOTO COCTOSIHHSI, nepecekasich B oOLel

TOYKe, Ha3bBaeMoW mpodHol moukol.,
T IlpousBosbHBle KOJIHYECTBA BCEX Tpex
Puc. 7. 11, ®asopan mnarpawma seme-  (PA3  MOFYT' COCYIUECTBOBATH, - HAXOAACH
I SIDIorS e, eres Loests B DABHOBECHH APYT C APYTOM, ML MDY

Touka. €XHHCTBEHHBIX 3HAYEHHSIX TeMIepaTypbl

U JaBJ€eHUS TPOHHON TOUKH. (DTO CBOHCT-

BO TPOIHOH TOUKY JieJlaeT TPOHHYIO TOUKY BOJbl yROOHBIM H JIETKO BOCIIPO-
U3BOJHMbIM 3TA/JOHOM TeMmnepartypel.) KpnBas paBHOBeCHS: RHAKOCTE —
ra3 OKaH4YHBaeTCa B TOUKe ¢, HasblBaeMoll kpumuueckoll- mouxoi. B s1okh

Xuldracms
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TOUKe pasHOCTb 00beMoB AV JaHHOrO KOJIMYeCTBA KMAKOCTH M rasa
CTAHOBHTCSI PABHOH HYJO. 3a TOYKOH ¢ HeT (pa30BbIX NEPEXOA0B, 3/1€Ch
CYIIECTBYET JIMIIb OJflHa «KHAKas» (asa (AaB/jeHue 374eCh CTOIb BEIHKO,
4TO NJIOTHBIA ra3 U KHAKOCTb HEPa3JJHUHMEI). :

[lepexox BeutecTBa M3 TBEPAOro COCTOsIHUS (S) B Kuakoe (/) mouTH
BCerja COHPOBOKJAETCsl yBeJHUEHHeM ero 3HTPONMH *) (WJAH CcTelleHH
Gecriopsanka). [Tostomy ckpoitTas Tensora L, NoJoKHTeNbHEA H NlepeXon
TPOHCXOAHT € TOIVIOMIEHHEM TelJIoThl. Bo MHOrMX caydasx mocne
n/aB/1eHHsT OOBeM BelllecTBAa yBesaHuHBaercss, Tak uyto AV>0. B stom
caydae u3 ypaeHeHns Knaysnyca — Kaanefipona (93) caeayer, 4T0
HAK/JIOH KPHUBOH PaBHOBecHsl TBEPJAOE TeJ0 — KMAKOCTh INOJOXKHTEJNEH.
Hpyrue Beuiectsa, Nofo0HO BOJE, NOCJe MJABJEHHst CKUMAKOTCS, H
AV<Z0. ¥ Takux BelllecTB HAKJIOH KPUBOH OTpUlATENEH (NONOGHLIA CAy-
yafi mexaszad Ha puc. 7.11).

11 pub auscennoe goitiicaerue Ongrenus napa. ¥ pasHentem Knayaunyca—
KsanefipoHa MOXHO BOCIOJIB30BaThCA IS BbIBOJA MPHOAH3HTENBLHOTO
BBIDAYKEHUS, [AIOMEr0 JaBJeHHe [apa, HAaXOAsIIerocst B PABHOBECHH
C XKUIKOCTBIO (HJIM TBEPABIM T€JIOM) NpH TeMmepatype T. 210 NaBaeHue
HasblBaeTcs 0agieHuem napa Hajl XKUAKOCTBIO (HJIM TBEPIBbIM TeAOM) NPU
JaHHOH Temneparype. ¥ paBHenue (95), HanucaHHoe J/isi OJHOTO MOJis
BelllecTBa, HMeeT BHJ

o _ L (95)

‘ dar — TAV
rae L==L,, — CKpbITAast TENJOTAa MCIAPEHUS OJHOro MoJsi, a V — mo-
JsapHeil obveM. IlycTs unAekc 1 OTHOCHUTCH K KHAKOCTH, mmexc 2—

& napy.- Toraa
: AV:VZ——V1 ~V,,

TaK KaK IUIOTHOCTh Mapa ropasao MeHbiile MJOTHOCTH 2KHAKOCTH (WM
TBepAOTO BellectBa), H V,>>V,. JlonycTum TakKe, Y10 Nap MOXKHO
CYMTATL HIEadbHbIM Ta30M, TaK YTO yPaABHEHHE COCTOSIHHUS OJHOTO MO.isk
napa, umMeeT BHEL = - -

. pV,=RT.
Torza
AV =V, ="~
B THX npnﬁmnxeﬂpmx (96) npuHuMaer BHA
1d 1
pd; RT?" (97

OObI4HO MOXHO NPHOJIHIKEHHO CcuuTaTh, 4T0 L HE 3aBHCHT OT TeMliepa-
Typbl. Toraa (97) Jerko NpoHHTErpHpoBaTh. Ml nosayuaem

Inp z——li——'}—const ,

*) I/chmoqeﬂueM ABJigeTcst Taepubm He® npu oueHb HH3KoOll TemmepaType. Kpan-
ToBoMexaHHieckue SpdeKTH B 5TOM ‘Clyuae NPHBORAT K TOMY, 4TO sijepHble CHUIiHI
8 KHAKOCTH ODHEHTHPYIOTCSH amunapanne.nbﬂo,wrorna KaK B TBeplloM Tene Hx opnen-
Tanus - cIyuaina, R RN L TR S S L
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HJIH

P~ pe~ AT, (98)

Tlie po — HEKOTOpasi NOCTOSTHHASI. MBI BHIHM, TAKHM OGPa3oM, YTO TeM-
nepaTypHasl 3aBHCHMOCTH JaBJ/eHHsl mapa omnpelessieTcs BeJHYHHOR
CKDHITOH TEILIOTEl. DTd CKPBITAsl TEIJOTa NPHOJU3HTEILHO PaBHA SHEp-
I'HH, HeOOXOAUMON I/ pasleseHHsi MOJIst KUIAKOCTH (HJ1M TBepJOro Te1a)
Ha OT/eJbHLIE MOJIEKYJBl, YAaJjeHHble Apyr or gpyra. [lostomy Bean-
upHa L Jo/KkHa ObiTh 3HAYMTETLHO GOJIBILE TENJOBOH SHEPrHH KHAKO-
cTH (WM TBepAoro Tena), nMetoulefi nopsjok RT na moab. Tak kaxk
L>RT, 10 paBnenne napa, onpexensemoe ¢opmysonn (98), sBastercs
odeHb OLICTPO pacryuleil. pyHkuuell temnepatypsl 7.

3aMeTHM, YTO JaB.eHHe Napa MOXKHO Gbl1o Gbl BBIYMCJIHTb, HCXOUS
H3 HalIHX OCHOBHBIX YCJIOBHH paBHoBecusi. JlefiCTBUTENBHO, 3HATd MHKPO-
CKOIMHYecKoe YCTPOHCTBO KaKAOH (a3bi, Mbl MOXKEM BBIUHCAWTHL IS Hee
YHCJO JOCTYHHBIX COCTOSIHMM, YTO J[aeT BO3MOXHOCTL ONpefesiTh
SHTPONHIO H CPENHIO 3HEPTHIO, 3 CJEIOBaTeNbHO, BHIUMCANTb CBOGOI-
HYIO SHEpTHIO, NPHXOAALIYIOCA HA OAHY MOJEKYJYy, B 3aBHCHMOCTH OT
TeMmepaTyphl H JaBienus. HanucaB OCHOBHOe ycCJOBHE DPaBHOBECHS

& (T, p)=g, (T, p),

Mbl TIOIYYMM YypaBHEHHe, KOTODOE MOXHO pellNTb OTHOCHTeJabHO 7.
TakuM 06pasoM, MOXKHO HaliTH BBIpaXKeHHe, CBSI3LIBalOllee JNaBJjeHHe
napa ¢ TeMIeparypoil, KOoTopoe He OyleT COlep:KaTb HEH3BECTHBHIX NO-
CTOSIHHBIX (TaKHX, KaK p,). MHKpOCKONHYeCKHe BhIYHCJEHHS] TaKoro
THIIA MOTYT GbITh ClesaHbl B NPOCTHIX CJydasiX.

7.7. Nepexon Gecnopsiaxa B nopsjoK

Jlio6ag u30jMpOBAaHHAS CHCTEMA CTPEMHATCS JOCTHYL CHTYAUHM,
oTBevaomell HanbosbileMy GeCiOpsiKy, T. €. CHTYAIHH C MaKCHMAajb-
HbIM 3HaYeHHeM SHTPONHH. DTOT KJ/OUYEBOH NPHHUMI BKJIOMEH B HallH
OCHOBHBIE CTATHCTHYECKHE IIOCTYJIaThl H NPOXOAHT 4Yepe3 BCe paccyikie-
HHSl B 3T0lf KHHre. Mo:KHO npHBecTH GoJblioe YHCIO HJLIOCTPHPYIO-
HAX ero npHMepoB. Mbl OrpaHHYMMCs ABYMA.

I. PaccMOTpHM CHCTeMy, COCTOAIILYIO M3 HANOJHEHHOrO BOJOH CO-
cyza, Kojeca C JIONacTM{ H rpy3a, COeJHHEHHOrO C OCbio KoJeca
BepeBkOH (cM. puc. 5.6). JlonycTiM, 4TO 5Ta M30AMPOBaHHAasi CUCTEMa
npenocTassena camoit cebe. I'pya Moxer nepememarbesi BBepX HJH BHH3,
Bpamas KoJjeco H oOMeHHBasicb 3Heprieil ¢ Bomoh. Ecau rpys omy-
CKaeTcsl, TO NOTEeHNHaJbHas SHeprus rpy3a B I'PaBHTAllMOHHOM IoJe,
CBsI3aHHAN € €ro eJAHHCTBEHHOH crereHbI0 CBOGOAH (T. €. C BBICOTOH
Tpy3a Haj 10JIOM), NlePeXOIHT B SKBHBAJIEHTHOE KOJHYECTBO BHYTPEHHER
SHEPrHM, KOTOpasi OKasblBaercsi pacnpefefeHHOH MexIy OrpoMHBLIM
YHCJIOM MoJieKyJ Boabl..Ecau rpy3 6yfer cam no cefe NOABMMATbLCS, TO
SHeprus, ciayyafiHo pacnpeleneHHas MeXAy MOJeKy/laMHu BOAH, Oyner
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1IepeXONUTh B TMOTEHIHANbHYIO SHEPTHIO, CBSI3aHHYIO C YNMOPSAOUYEHIIBIM
noibeMoM rpysa. Tak Kax 3HTPONHA CTPEMHTCH BO3DACTH, PeajbHbLIM
NpPOLECCOM, KOTODBHIi NPOUCXOAHT C IOAABJSAIONIEH BEPOSTHOCTBIO,
Oyzer onyckaHue rpysa. Takum 06p330M CHCTEM2 NEPEXOJMT B MeHee
YIOpSiIOYEHHOe, HaAH 6ojee ciydailHOe, COCTOSTHHE.

2. PaccMOTpHM KHBOe CYLIECTBO HJIH JI0OOR Apyroii GHOJOTHYECKHH
opranu3M. OH TakXke COCTOMT M3 NPOCTBLIX ATOMOB (Hampumep, W3 aro-
MOB yr.1epoja, BOLOPOJA, KHCJIOpOJa, a3oTa), HO 3TH aToMbl He oOpa-
3y10T caydaitnolt cmec. OHM coGpaHbl B CHCTEMBl € HCKJIOYHTENLHO
BBICOKOH CTeneHblo OpraHu3anuy. [IeficTBHTeNbHO, NPeXKIe BCEro aroMbl
OoOBeliHeHbl B ClelHa/bHble OPraHHdYecKHe MOJIeKYJbl (Mbl 3HaeM, Ha-
npiMep, okoio 20 pasiMyHBIX THIIOB AMHHOKHCJOT). 3aTeM 3TH opra-
HUYeCKMe MOJIEKYJIbl HCNOAB3YIOTCS B KauecTBe CTPOUTEJbHBIX O/I0KOB,
COelHHsIEMBIX B CTPOrofi noc/ejoBaTesNbHOCTH ISl 06pa3oBaHus pas-
JIYHBIX THIOB (OABUIHX MOJEKYJ, HasblBaeMblX MAKpPOMOAEKYAAMU H
ofajaloimnx BechbMa clielHaJpHbIMUM cBofictBamu. (Hampumep, amuso-
KHCJIOTH! SIBJISIIOTCSI CTPOMTENBbHBIMH GJIOKaMH 11 0o6pa3oBaHHsi pas-
Jauyrex 6enkos.) Ilpennosoxum Temnepb, UTO Halle CYIIECTBO [OMe-
UieHO B SIIMK H IOJHOCTBIO H30JHPOBaHO. B 3TOM ciywae BbicOKas
CTelleHb OPraHM3alnU He CMOXKET COXPaHUThCs. B coOTBeTCTBUH € IIPHH-
HHIIOM BO3PACTaHUst 3HTPONUM HAIlE CYHIECTBO He BBDKHBET H €ro yIo-
psJoueHHasi OpraHU3alus CJIOXKHBLIX MAKPOMOJIEKYJ B KOHIE KOHIOB
pacnajaercs Ha HeyINOPSAJOYEHHYIO CMeCb NPOCTBIX OPTaHHYECKHX Mo-
JeKyJl.

TlpuHnun BO3pacTaHus SHTPONUH CO37aeT BIieYaTJeHHe, YTO MHP
npubanKaercst K CUTyallHd, XapaKTepH3yiollelcst BCe BO3PacTaioliuM
GecnopsiikoM. He Jnenast HHKAakuX yTBepKAeHHH OTHOCHTeNbHO Bcee-
JIeHHOH (KOTOPYIO, MoXeT OLiTh, HE3aKOHHO CYHTAaTh H30JHPOBAHHOH
CHCTEMOH), Mbl MOXKEM C YBEPEHHOCTBIO CYHMTATh, Y4TO A1 KAXKAOTO CIIOH-
TAHHO BO3HUKAIOWIETO B H30JMPOBAHHON CHCTEME IIpoLecca IIPeHMYLie-
CTBEHHLIM HampaB/eHHeM Oyfler mnepexof or Oojiee yHOpslOu4eHHON K
MeHee YMOPSAOYEHHOH CHTyarHH. MBI MOXKeM TNO3TOMY IIOCTaBHTL cJe-
JYIOUH BONpPOC, NPeACTaBAAOUUHA GOJIbIION HHTEPeC: 8 KaKol mepe
BO3MONCHO OOPAMUNL HANPABACHUE MAKUX NPOYECCO8, 4mobsl nepesecmis
cucmemy u3 6oace cayuntinoil 6 meHee cayuatinyo cumyayuo? HUTOGH!
110Ka3aTb, HACKO/bKO BeJHKO 3HAUeHHe 3TOH NMpobJeMb!, Mbl BHIPa3uM ee
B OoJsiee KOHKpeTHOH dopMe, oTBedaroliell ABYM PaCCMOTPEHHBLIM BhIIIe
npuMepam.

1. B Kakoii Mepe BO3MOMXKHO NpeBpallileHHe BHYTPEHHefl SHeprHH,
cayyaiiHbIM 00pa3oM paclpeie/eHHOH Cpely OrPOMHOTO KOJHYecTBa
MOJIEKYJl BelllecTBa (HanmpuMmep, BOAbL, 6€H3HHA, YIVIS), B SHEpTHIO, CBi-
3aHHYIO0 C CHCTEMAaTHYeCKUM H3MeHEeHHeM BHEIIHHX MapaMeTpoB (IpHMe-
POM TAKHMX M3MEHEHHH SBJSeTCsl JABHXKEeHHe IOpILHA MJIM BpalleHue
ocH), T. €. B paboTy MOAHATHSI TsKECTEH HAH JIBHKEeHHs! TPY30B? MHbiMu
C/I0BaMH, KakoBa Mepa a¢xpexTHBHOH paGoThl pa3/HYHBIX JBUTATenel H
MaLIMH, CO3JaHHEe KOTOPHIX O03HAYaJO IPOMBIIVIEHHYIO PEBOJIOLHIO?

2. B Kakoil mepe BO3MOXKHO INpeBpallleHHe CAyYaifHOH cMecH mpo-
CTHIX MOJIEKYJ B CJOXKHBIC H BHICOKOOPTAHH3OBAHHBIC MaKPOMOJIEKY.JIbI,
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H3 KOTODLIX COCTOHT XHBOTHOe WJIM pacTeHHe? HMHbMM cjioBamH, B Ka-
KOH Mepe BO3MOXKHO CYLIECTBOBAHHE KHBLIX OPraHH3MOB?

Ilocrasaennble BONpockl Ja/eKo He NPOCTh; Mbl BHAMM, Y4TO OHH He-
HOCPEJCTBEHHO CBA3AHEBI CO CTOMb IPaHAUO3HLIMU NPo6JeMaMH, KaK BO3-
MOKHOCTb KH3HH HJH BO3MOXKHOCTb NPOMBILIEHHOA PEBOJIOLHH.

Copmyanpyem Hamu Bonpocsl B Gosee ofied dopme. B kaxoii
Mepe BO3MOXKeH lepeBof crcTeMbl A H3 Gosee cayuafiHol B MeHee cary-
YaHHYIO CHTYyalHIO? TOMY BOMPOCY MOXHO NPHIATH KOJHYECTBEHHbII
CMBIC/I, NMOCTABHB €ro CJeAyIOWHM 06pa3oM: B KaKOH Mepe BO3MOXKEH
nepexoz cucteMbl A U3 MAKPOCOCTOSIHHA @ ¢ SHTPONHedl S, B Makpococ-
TosHHe b ¢ surponuefi Sy, ecin AS=S, — S,<<0?

Mnbl He cMOKeM OTBETHTb Ha 3TOT BOMPOC C TAKOH Ke OOIHOCTBIO.
Ecan cucrema A nsonuposana, To ee SHTPOIHS C [0AABJSIOUIE! BEpOsIT-
HOCTBIO OyleT BO3pacTaTh (MM, B KpalHeM cjydae, OCTaBaThCH M[O-
crosiHnoi), Tak uto ASZ=0. B 3TOM cayuae oTBer Ha Hall BOMPOC 32KAI0-
YaeTCa B TOM, YTO XeJJaeMoe YMeHbLUeHHe OeCcrnopsiIOuHOCTH He MOKeT
GuiTh ocymiecTsexo. Jlomyerim, oxHako, uro cucrema A He H30aMpO-
BaHa, HO MOXKET B3aHMOJEHCTBOBATL C HEKOTOPOIH Apyrofi cucrenmod A’.
Torzna, aranoruuHo, sHTpONHsS S* H30IHPOBaHHON COCTABHON CHCTEMBI
A*, cocrosimeit u3 cucrem A u A’, 6yzer Bospactath 1 AS*>=0. Ho

S*=8-1 8,
rae S’ o6o3HavaeT SHTPOMHIO crcTeMbl A’. YTBepieHHe 0 BO3pacTaHK

SHTPONHY, [pHMEHEHHCE K W30/JHpPOBAaHHOH cHcTeMe A*, mossoaser
HanUCaTh:

AS*=AS-+AS" =0. 99

U3 sroro ycnoua coBceMm He caedyem ¢ HeOOXOAHMOCTBIO, uTo ASZ=0.
JleficTBUTE/IbHO, BIOJHE BO3MOXKHO, 4TO 3HTponus S cucrembl A Gyier
YMeHbLIAThCS, TOTAA KaK 3HTPOITHS CUCTeMbl A’ BO3pacTaeT HACTO/ILKO,
4yTO6El O MeHbUIEH Mepe CKOMIIEHCHPOBATh 3TO yMeHblLUeHHe n oecre-
YHTBb BHINOJHEHHE YCI0BHS (99) ana noarnoid cucremsl. T1pH 910M cTenenb
Gecniopsiika B HHTepecylomlell Hac cucTeMe A yMeHBIUHTCS 3a CcueT
Ipyro# cucremsl A, ¢ Kotopo# cucrema A Bsaumozedcreyer. Mut npu-
XOIUM, TakHM 00pa3oM, K CJeIVIOUieMy BBIBOLY, KOTOPBII MOXKHO Ha-
3BaTh «HOPHHUHIIOM KOMIIEHCAIHH SHTPOTIHHY.

SHTPONHS CHCTEMbl MOMET OBITb YMEHbIIEHa TOJIBKO

B TOM cJjyuae, €CcJi CHCTeMa B3auUMOJeHCTBYeT ¢ ApY- (100)
rofl MJM ¢ APYTHUMH CHCTEMaMH TakuM o0pas3oM, YTO

B NPOLNECCe B3aMMOACHCTBHA NPOUCXOAUT KOMIEHCH-
pywollee yBeJHUYEHHE HSHTPONHH.

Y1Bep:xkaenue (100), BocnpousBossiiee B c10BecHOH dopme COnepKa-
Hue HepaseHcTBa (99), gBasercs ofuM oTBeToM Ha Ham Bompoc. Jo-
TYCTHM, YTO HaM HYJKHO BLISICHHTb, KaK MOYKHO YMEHBIIHTb SHTPOIMHIO
HEKOTOPOH CHCTEMbl Ha ONpeJie/IeHHYI0 BEJHYHHY, DTa LeJb MOXKeT Obllb
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JOCTHTHYTA PA3JUYHEIME CNOCOGAMH C TIOMOUIBIO PA3JHUHBIX JNOMOJHH-
TeJbHBIX cucTeM ¥ mpoueccoB. [Ipu stom ytBepxkpenue (100) moxker
OKazaTb HaM CYIIECTBEHHYIO NOMOIUb.

1. OHo no3BoOJIsIeT HeMeIVIEHHO OTBEPIHYTh HEKOTOphe CIIOCOOHI Ha
TOM OCHOBAHHH, YTO OHHM He OCYLIeCTBHMBI (€CJH OHM TaKOBbl, 4YTO
AS*<<0).

2. OHO Jl@eT BO3MOXKHOCTb BHIOpaTb M3 MHOTHX a/ibTePHATHBHBIX
ApotleccoB mpouecc Haubosee s5hdpeKTHBHBIA.

Yreepxaenue (100) ne cozmepxur, oanako, HHGOPMAUUH O MpPONEC-
€axX M MeTOJaxX, ¢ NOMOLbI0 KOTOPBIX MOXHO JOCTHYb YMEHBILEHHs SHT-
POTUH CHCTEMBI. TO €710 TATaHTOB, KOTOPbIE BpeMs OT BpeMeHH H3o6pe-
TAIOT NapoBble MallliHbl, GeH3WHOBbIC ABHraTeaH, ABurarTenu Ilusenst u
Ipyrue CHCTeMbl, [IpeoOpasyIouiie BHYTPEHHIO0 3HEPrHio B palory.
Amnajiornusgo, 6HOJIOTHUECKAs] 3IBOJIOLHS, JASINASCS MUJJIHOHH JIeT,
TIPUBOJIUT K OTOOPY TaKHX GHOXHMHUYECKHX PeaKiui, KOTOpble NPHBOAAT
K CHHTE3Y MaKpPOMOJIEKYJ], NeJalollyX KU3Hb BO3MOXKHOM.

PaccmorpnM mpuMepn! Hcnogab3oBaHus ofmero npununna (100)
JUIs1 HECKOJBKHX KOHKPeTHBIX CHTyalui.

Jsuzamenu. JIBUuratesneMm HasbiBaeTcs YCTPOHCTBO AJs1 HPEBpalleHus:
HEKOTOPOH YacTH BHYTPEHHE!H 3HEPrUM CHCTEMb! B paboTy. B mupoiecce
npeppamenus (puc. 7.12) cam mexanusm M 1pHrarenss (OH COCTOUT
M3 psijla NOpUIHeH, NHAHHAPOB H T. A.) AOJIMeH OCTaBaThCs HEH3MEHHBIM.
[Tosromy MexaHu3M pafoTaeT CACAYIOIUMH OIHH 3a ApPYIHM LHKJaMH,
TaK YTO K KOHILY Ka)KJ0ro IIMKJa MeXaHH3M NPHBOIHUTCS B TO »Ke MaKpo-
COCTOSIHUE, B KOTOPOM OH HpeGhBal B KOHIle NpPelbllyllero 1HKJa.
IBurare/sb MOMKeT TaKuM 06pa3oM pa6oTarh HempepbiBHO, NPOXOIs Mo-
CJ1eJI0BATeNBHOCTb NOBTOPSIOMINXCS LMKJIOB., DHTPONHUST CAMOTO MeXxa-
HI3Ma 33 IUKJ He U3MeHseTcs, TaK KaK OH BO3BpalllaeTcsl B CBOE Ha-
yaJbHOE Makpococrosune. CoBepliaemast JsurareneM pabora w uaine
BCEro AT HA HU3MEHeHHe BHEIIHero napaMerpa Kakoi-au6o cucre-
MBl B (manpumep, NMOJHATHe TIpy3a HJAM CMewlenHe mnopuiHs)., Exun-
CTBEHHBIM H3MEHEHHeM SHTDONHH, BOBHMKILEM [OC/AE 3aBeplieHHs
uHKia paGoThl JBHraTe s, ABJSETC U3MEeHeHHe SHTPOMHHM CHCTeMbl A,

absi BHYTpeHHssl 9Heprust £ 4acTHYHO mpeBpaTH/Iach B MaKpOCKOI-
YyecKkyio padoty.

Ipocrefiunm cnyuaem 6pl1 66l Takoil, koraa cucreMa A sBasercs
€/HHCTBEHHLIM TEIIOBLIM pesepByapom ¢ Temnepatypoit T. Hneanvnoit
Obl1a 6bl MalIKHA, 3afUparollas B TeueHMe IHKJA H3 TeIIOBOrO pesep-
Byapa A HeKOTOpOe KOJHYECTBO Tenna ¢ (MPH 5TOM BHYTPEHHSS 3HEPTHA
pesepByapa yMEHbLWACTCA HA ¢) H HCIIOJAB3YIOLAs TO TENI0 ¢ A5l coBep-
HICHUSl Haj cucremoilt B Hekoropo#t paboThl w *). UTo6H BHNOMHSICS
3aKOH COXPAHEHHA SHEPrUMH, HeoGXOAUMO, 4TOOB w=¢q. Mbl HMeaH Gbl
«COBEPLIEHHYIO MAllIMHY», CXeMa KOTOPOo# 1oKa3aHa Ha puc. 7.12. Jlerxo
BHJIeTh, YTO, HECMOTPS Ha BCIO ee MPHB/EKATENbHOCTh, OCYIIECTBHTL TA-
Kyl0 MALUHHY HeBo3MOXHO. JleficTBHTe/NbHO, pesepByap A norjomaer

*) Mzl ncnonssyem Manele GyKBW ¢ B @ st 0603Haqeuuﬂ MOJIOKHUTENIbHBIX 3HA~
YeHHH Tefl1a H paboTbl. .
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3a UMKJA KOJHYECTBO Temna (—g), YTO COOTBETCTBYET YMEHbLUIEHHIO
SHTPONUH pe3epByapa Ha BeJHUMHY

)

A =—r. (101)

310 elUHCTBEHHOS NPOHCILeAee 32 HUKA H3MeHeHHe SHTPOIHH B COCTaB-

HOM M30JHPOBaHHON cucteMe A,, NOKazaHHoR Ha puc. 7.12. M3 namux

0OWMX paccyxNeHUH caefyeT, 4TO TaKYI0 COBEPLIEHHYIO MALIHHY He-

BO3MOXKHO IOCTPOUTb. JleficTBUTE/NBHO,

4 €[MHCTBEHHDIM HTOTOM €e JeHCTBHSA OblIo

Obl yMeHbilleHHe cCTeneHu Gecrnopsiixa

A TEIIOBOTO pe3epByapa 3a CYer OTHATHA
Yy Hero sHepruH.

T Ecau Mbl xoTiiM 106MThCH ycnexa B

NpeBpalleHHH HEKOTOPOH YaCTH BHYTpPEH-

gl Hell sHepruu pesepeyapa A B padory,

Mbl JIO/ZKHBl B COOTBETCTBHH € NMPHHIH-

@ { mom (100) mnponsBecTH KOMHOEHCAIHIO

———d

—_—a 1 B ymedblienns surpomus (101). Jias storo
cJlefyeT BBECTH JONOJHUTEIbHYIO CHCTe-
_______________ 1 My A’, ¢ koropoi cucrema A, puc. 7.12
w=g Morvia Obl B3anMoneiicTBOBaTh. Bo3bMem
B KauecTBe A’ HeKOTOpHIfi TellioBOH pe-

Panc. 7.12. Mgeanvnan mamuna A,, co-

4
ccl'omuaﬂ u3 zgmxymerocﬂ ‘l’:lexaunsma 3epByap npu rTemmeparype T. HyCTb
M, CHCTeMBl £3, Hal KOTOpPOoHl NpOU3BO- '3 -
e O Topoll mPOYsr0"  B3aHMOJICHCTBUE STOTO pesepByapa ¢ C
JIOBOTO pe3epByapa A, 0T KoToporo CTEMOH Ao 3aKkJyaercss B TOM, UTO pe-
OTGHPAETEH TenAo. 3epByap NOIJIOWAeT B TeYeHHE [UKJa
HekoTopoe koauuectso Tenaa ¢'. Ilpu stoM surponust cucrembl S° Bos-

pacraer Ha BeJlHYUHY

as =-L. (102)

JL1s roctuxKeHNs kelaeMOi KOMIIEHCALNH SHTPONUH HEOOXOANMO, YTOGH!
M3MEHEHHE SHTPOTHH CJIOKHOA H30/IHPOBaHHOM cHeTeMbl S*, cocTosiieli
u3 cucreM A, 1 A’, YAOBJETBOPSAO YCJAOBHIO

AS* =AS+AS =0, (103)

Urofh BHIOAHNATD 3T0 YCJA0BHe HauGosee JerkiM crnocofon, Mbl JOMKHBE
YMEHbWIUTb IHTPOMHIO CHCTeMbl A Ha BO3MOXKHO MEHbIUYIO BEIHYHHY,
a 3HTPOMNHIC cucTeMbl A’ YBeJHYHTb BO3MOXHO GoJiblue. I1pu sananHOM
KOJIMYeCTBE Telljia § yMeHbluenue sutponuu S cucreMel A Gyjer Tem
MeHbilie, YeM Boiie Temnepatypa 7. Takum oGpasom, Temneparypa A
JOJKHA OBITH BO3MOXKHO GoJlee BbICOKOH. TouHO Tak ke, 4TOOBI NPH
3aJlaHHOM KOJHYeCTBe Tenaa ¢’ JOCTHYb BO3MOXKHO 6OJIBLIETO yBeslHye-
HHA SHTPOIHH S’, Mbl 1OJUKHBE TeMnepatypy 7' pesepByapa A’ cienartb
BO3MOKHO ©oJiee HH3KOH.
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Mbl TIPHILIH, TaKHM 06pasoM, K BO3MOMKHOMY OGLIEMY YCTPOHCTBY
ABHraTess, l0OKa3aHHOMY Ha pHc. 7.13. Ilpexxne deM U3yuHTb €r0 CBOM -
cTBa, 3aMeTHM, uTo ycaosde (103), ecau npunsth Bo BHHManue (101) B

(102), mpuoGperaer BHI 4

9.7 A S— 5

AS* = T+T,>0. (104) r- '

Janee, U3 3aKkoHa COXpaHEHMs 3HEPTHH : A ;

cienyer, uto paboTa, NPOU3BOAUMAS JIBH- : T %

rareJeM 3a UHKJ, DaBHA | H

w=qg—q'. (105) { gl :

Yto6bl MOMYYHTH OT JBUTATENS MaKCH- | t

MaJlbHOE KOJIMYeCTBO paboTh, HaM cJje- } },

Jlyer Tepefath JONONHUTEbHOMY pesep- | i B {4

Byapy A’ BO3MOXHO MeHblllee KOJH4e- {_ _E
— ]

CTBO Temsia ¢’, corJacywolleecs e, ;

O[HAKO, H C Hailefl [eJbl0 KOMIeHCAllnH g
Boapactanns surponun AS’. Iloacraeass
(105) B (104), naxonum A
g ,9—w 7’
—7 7 =0

HJIKR w=g-g"

w _ ( 1o ) 74

T <4 T’ T Puc. 7.13. PeanbrHast MallHHA COCTOHT

u3 cucteMbl Ay (cM. puc. 7.12), coean-
HeHHOll ¢ AOMOJIHHTE/NbHBIM TenJoBbIM
w pesepsyapom A’, abcogoTHas TemMnepa-
—_ g ] — = (106) Typa KOTOPOTO MeHblle TeMIepaTypbk
q

T T : TefJIOBOro pesepryapa A

B HepeaJibHOM cJ/iyuae COBEpIIEHHOTO ABUTaTess BCe TEIJO, B3ATOE
u3 pesepsyapa A, AOMKHO GbLIO0 Gbl mpeBpaTHThCA B pafory, Tak 4To
w=¢. B peaJbHOM JBHraTejie, KOTOPHI Mbl cefiyac obcyxKiraeM, w<lq,
TaK KaK HEKOTOPOe TeilIO ¢’ JOJIKHO ObiTh NepefaHo JIOMOJHHTEIbHOMY
pesepeyapy A’. OrtHoleHue

v _9—q
n=- 7 (107)y

Ha3kIBAeTCsT Koaghgpuyuermom noaesnozo Oeticmeus (K. M. 1.) ABHraTess.
Jlsis1 coBeplLIEHHOTO ABHraTe/lst K. M. A. Obll Obl paBeH elHHHULE, a A%
peasibHBIX ABHrartejefi OH MeHblie enuHuubl. ®opmyna (106) naer sHa-
YeHHe MaKCHMaJ/bHO BO3MOXKHOIO K. 1. M. TeMJIOBOH MallHHHI, paboTaro-
el MexAy ABYMs TEIIOBLIMH pe3epByapaMH ¢ 3afaHHbBIMH abCcoioT-
HBIMH  TeMIlepaTypaMu:
r

ng izl (108)
Kak # ciefyer 0:KHIATh IPH yyeTe CleJaHHBIX Bblllle 3aMeYaHni, K. 1. A.
TEIJIOBOIO JABHMIaTensl TeM Bhille, ueM G6ojblie Pa3HOCTb TeMIepaTyp
oboux pesepByapos. ‘
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Hawe Boicoko uHAYCTpHAAbHOe OOIMIECTBO HCHOAL3YET OrpoOMHOE
KOJIHYeCTBO JBHraTejeil pazauunoro Tuna. Ho' cpemst HuX Her cosep-
{lIeHHOro JBHraTtesst, TaK Kak B JOGOM JBHraTes e MPOUCXOAHT Nepefada
TemJjia B HEKOTOPbIH pe3epByap ¢ HH3KOH TempepaTypol. O6bMHO TaKHM
pesepByapoM siBasieTcs atmocgepa. Boipaxenne (108) naer reoperuvecku
BO3MOXHBI BepxXHHHA npejies K. 0. 4. ABUTaTeqsl.. XOTd HA INpaKTHKe
STOT MAKCHMAJBHBHI K. M. I. HeloCcTHXKHM, dopmyaa (108) onpenenser
HanpaB/AeHHe MHOTHX HHKeHepHEX crpemsennii. Hanpumep, wucnob-
30BaHHe CBepXMeperpeToro napa B NAPOBLIX ABHTATENAX BMeCTo O6biu-
#oro napa ¢ remnepatypoit okoao 100° C ocHoBaHO Ha TOM, UTO GOMBIIAS
PA3HOCTh TeMnepaTyp neperperoro napa u atMmocdephl noskHa obecre-
YYUThb JABHraTe i0 B COIVIACHH ¢ BblpaxkeHuem (108) Gosbwmil K. 1. A.

3aMeTuM, 4YTO TeOpPeTHYECKH BO3MOXKHOE MAaKCHMaJjbHOE 3HAYeHHe
K. [I. 1. JBHrarens, paGoTawllero Mexiy ABYMs pe3epByapaMi ¢ QK-
CHPOBAHHOH TeMIepaTypoi, [OJydaercs TOrja, KOTJa B BblpakKeHHH
(108) crour 3HaK paBeHCTBA. IJTO BO3MOXKHO B TOM CJYYa€, €CJIH TOT
JKe 3HAK paBeHcTBa CTOMT ¥ B gopmyle (103), T. e. ecan npouecc npowuc-
XOLUT KBA3UCTATHYECKH U He BeZeT NOITOMY K H3MEHEHHIO 3IHTPOMHH.
GDopmyaa (108) mokassiBaeT, TakiM 00Pa30M, UTO HUKAKOH ABUraTels,
paboTalomnil MeKAY ABYMS pe3epByapami ¢ 3afaHHOH TeMmmnepatrypoli T
u T’, He MOKeT HMeTb K. . A. OOJbILEro, ueM K. II. . JABHUTATE]s,
COBEpUIAIONIETO MeXKAy STHMH pe3epByapaMu KBa3HCTAaTHUYECKHH [1DO:
uecc. bosee toro, u3 (108) caenyer, uro Jo6ble ABUTaTeNH, paGoTarOLIHE
MeMJTY ITUMH ABYMSI pe3epByapaMH KBa3HCTATHUYECKH, HMEIOT OAHHAKO-
Bbie K. 1. A., T. €. LJs KBa3HCTATHYECKOTO ABUraTe/s

T--T'

nN=—. (109)

buoxumuueckuii cHHTe3. [lpusesem npoctofl npumep, AawoulHil
fpeicTaBieHie 0 GHOJOTHYECKHX Ipoleccax, MFPalOUWUX po/lb B CHHTe3e MaxKpoMoJe:
kva. Monexyaa caxapa — 24/0K03a — UMeeT 1IeCTH aTOMOB YIJ1ePoJa, PacrnoiomKen-
HBIX [0 KOJbLY. DTa MOJIeKYyJa HrpaeT GOIBUIYIO POJIb B Npoleccax oGMeHa BellecTs.
Jlpyrass MoJeKyJaa caxapa — @pyxmosa — uMeeT JDPYTYI0 KOJbLEBYIO CTPYKTYpY
W TaKxe COCTOHT H3 ILECTH aTOMOB yIJiepoja. STH [BE MONEKYJbl MOTYT ObiTh oGbesn-
HeHbl B GoJlee CHOXKHYIO MOJEKYJy caxapa— caxaposy, KOTopast COCTOUT H3 COelMHEeH-
HBIX BMECTE YIVIEPOIHBIX KOJell IVIIOKO3bl B GpyKTO3hl. COOTBETCTBYIOULAsT XHMUUECKAA
peakunss MoxeT OblTb 3amycaHa CIeAYIOUHM 00pasoM:

riII0K03a +- hpyKT0o3a 7= caxaposa - H,O. (110)

B 6o/plUHHCTBE C/1y4aeB XHMHUYECKHe PEAKIHH MOMKHO CYHTATh ITPOUCXOASILHMH I[1PH
fIOCTOSHHEIX TEMIEepaType ¥ JapieHud. B 3THX yClIOBHAX H3MeHeHHe 3HTpONHH BCed
U30MMPOBAaHHOH CHCTeMbl (BKJIIOYAsl M pesepBYap, C NOMOLIBIO KOTOPOrO HOIIEpIKH-
BAIOTCA TIOCTOSIHHBIE 3HAYEHHS] TeMIIePAaTyphl H JaB/eHHs) yZoGHee BCero BBIPA3NTH
gepes CBOOOZHYW 3Hepriuio G paccmaTpHBaeMo# cucTembl. Vi3aMepenust, BbINOJHEHHbE
HaJl CHCTeMOI, KOTopasl COCTOHT H3 MOJIeKYJ, BXOASfIINX B ypaBHeHHe peakuuu (110),
MIOKa3aJIH, YTO eCJIH 3Ta peaKilHsl NMPOHCXOJHMT B HANpPaBJeHHH C/eBa HAaNMpaBo, oHA
CONpOBOXJaeTcs H3MeHeHHeM cBoGoiHoii sHepruM, pasHeiM AG=-0,24 s6. Ho u3
paccyxkAeHHil 0. 7.5 HAM H3BECTHO, YTO B CHCTeMe, HaxoAdulefics NPH NOCTOSHHEIX
JABJEHHH W Temnepartype, cBOGOAHAS 3HEPrus HOMKHA yMenbmarbest. [losromy pe-
akuust (110) Gyzer mpotekaTh cama no, cebe B :{IDOTHBONOJOXKHOM HanpasJeHHH, T. e.
CnpaBa Hajieso. 3TOT NpoLecc NPUBOAUT K o6pasoBanmio Gosjee ,TIPOCTHIX MOJEKYI
TJII0KO3b H OPYKTO3H 32 CYeT paspylleHHs 6oJee CJ0KHBIX MOJIeKyJ caxaposel. Takum
obpazom, peakuust (110) cama mo cefe He MOMeT GLITb HCAO/IL30BAHA AJISI CHHTe3a '
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caxaposnl. JleficTBHTeNLHO, B pacTBope, coleprkamieM MoJaeKyssl u3 peakunn (110),
B COCTOSIHHH pdBHOBeCHS GyJleT ropasfo GoJibllle MPOCTHIX MOJEKYJ FJIOKO3H H (GPYK-
TO3bl, YeM MOJIEKYJ Caxapo3bl.

K3 nawero npununna komnercauuu sutponuu (100) crepyet, uto A OCYmeCTs~
JIEHHS Ke/1aeMOr0 CHHTe3a caxapo3sl Mbl JOKHBI COedHHHTL peakuuio (110) ¢ xaxoii-
HHOYIb JpYrofi peakliieH, CONPOBOXJAIOMIENCA TaKHM mnpupameHHeM cBoGOIHOM
9HEPTHH, KOTOpOe HMeJo Obl OTPHUATeJbHBIH 3HAaK M Oblio 6bl AOCTATOUHO BEJHKO,
yTOGHI NOJIHOE H3MeHeHHe CBOGOJHOH 3HeprHH B 0GeHX peakKUMsIX BMECTe YJIOBAETBO-
psIO YCJIOBHIO

AG+AG' < 0. (1t

Jlnsi poCTHXKEHHS ITOrO OTPUUATENbHOTO 3HayeHust AG OGHOJIOTHUECKHE OPraHH3Mb
Hanbosee MHTEHCHBHO UCIONbL3YIOT MoJekyanl AT (azerosun tpudocdar), Koropble
JIeTKO TepsiloT OJIHY M3 CBOHX €/1a60 CBS3aHHLIX (ocATHBIX TIPYII, NPEBPAILasiCh
B Moaekysasl AIl® (agexosun mudocdaT). COOTBETCTBYIOIMAsT peaKIHs MMEeT BUI

AT® -+ H,0 — AZI® -+ docdar. (112

V3Menenne CBOGOZHON HEPIHM (IPH NOCTOSIHHBIX TeMIepaType W JABAEHUH) B 5TOIL
peakunn cocTasisieT AG=-—0,30 s6. DToro KOCTATOUHO ST KOMIIEHCAUMH ITONOKH-
TEALHOrO H3MeHeHHSI cBoGoAHol sneprmu AG B peakunu (110). eficTBuTeabHO,

AG + AG' =0,24 36—0,30 36 =— 0,06 38. - (113)

Met xoTenu On cessath 3TH ABe peakuuu (110) m (111) u ocyulecTBHTE HX ONHOBpe-
MeHHOe IIPOTeKaHue C Lelbl0 JOCTAYL FeJIAeMOro CHHTe3a caxapoasl. ITO MOKHO OCy-
IeCTBHTb C MOMOUIBIO NMPOMEXYTOUHOrO COCTOSIHUS, KaKHM SIBJSIETCS MOJEKVAA 2410
ro3a l-gpocpam, cocTosmas M3 MOJEKYJ IJIOKO3B C NpHCOeIHHeHHOH ocdaTHoil
rpynnoii. B npucyTcTBHYE NOAXOAAIMX KaTanu3aTopos (depMeHTOB), 0O0ECTIEUHBAIOMINX
IOCTATOUHYIO CKOPOCTh DeakilHl, MeXaHH3M JKeNaeMOro CHHTe3a B GHOJOIMYeCKHX
OpraHu3Max 3aKJIoudeTcd B 10CeJOBAaTeJBHOCTH CJAEAYIOMX ABYX Peakuuil:

AT® -+rmokosa — AI® 4 (ramoxosa 1-pocdhar),
‘ (rmoxosa 1-docar) - bpykrosa—s caxaposa - gocdar.

Hrtorom 3THX ABYX peakuuil sBJIseTcs CeAyKilee NpeBpalieHie:
AT + rimokosa 4-Gpykrosa — caxaposa -+ AP + docdar.

Srta peakuus skpuBajenTHa peakuusM (110) u (112), nporeKkamWuM OZHOBpEMeHHO..
JlefCTBHTENEHO, Haya/lbHbIE H KOKeUHble COCTOSIHHS 3TOH peaklUHH COBNAJalOT C Ha-
yaJbHBIMH M KOHEUHLIMH COCTOAHMAMH. B peakuusax (110) u (112). Cunrtes Gosee crowxk-
HEIX MOJIEKYJ OKa3aJcCs CKOMNEHCHDOBAHHBIM MpeBpamieHHeM Mo/iekyd ATP B Gosee
npocryio Moaeryay AND.

DTOT NMpPHHUHI, NMOSICHEHHBI HaMHM Ha BeCbMa MPOCTOM IPHUMEpPe, JEXKHT B OCHOBE
cunresa Geskop u3 amuHokueaor (waum JIHK' Mosekys, Hecymyx reHeTHueckyio
WHpOPMALHIO, M3 HYKJEHHOBBIX KMCJOT).

Cpoixa onpenereHuit

Ob6obwennasn cura. Obobwennas cuna X ., CONpsKeHHas ¢ BHEUTHUM NapaMeTpoM X
CHCTeMEl, Haxojsilefics B KBAHTOBOM COCTOSHHH r ¢ sHepruefi E,, onperensercs kak:
X ,==0E ,/ox.

Ceobodnan smepeus no I'u66ey. ECiu cncTema HaXoguTcsi B KOHTaKTe € pesep-
ByapoMm NPH NOCTOSIHHBIX Temnepartype 7’ B naBjenru p’, To rH66CORCKas CBOGOZHAs:
3HePTHS CHCTeMHl paBHa

G=E—-T'S4p'V,

rie E — cpennsia sHeprug, S — sutponus u V — oGbem cHCTeMbl.

aza. Popma arperaTHOr0 COCTOSSHHSI MOJeKYJ JAQHHOTO BeliecTBa.

Cxkpoimas menaoma. TenacTa, KoTopas TOIJICHIAETCS NIPH NepeXofie JaHHOTO
KOJIHYeCTBA BelleCTBAa, HaXojsierocst B dopme ogmoil ¢asw, B mpyryio dasy npu
ycoBuH, 4TO ofe (hasnl HAXOAATCR B PaBHOBECHH IPYT ¢ Jpyrom.
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Hasrenue napa. Jlapaenne rascobpasnofi ¢as3sl, HAXOAAWEACH B PaBHOBECHH
¢ XKHpKoft (MM TBepHOH) MpH AaHHOH TeMmmeparype.

Kpusas pasnosecusn ¢pa3. Kpusas 3aBUCHMOCTH JaBNeHHA p oT Temnepatypsi T,
onpejieJfioNas COOTBETCTBEHHEIe 3HaueHHs p W T, MpH KOTOpHIX jBe a3kl MOryT
HaXOAUTLCH B DaBHOBECHH [APYT C ApYroM.

Kaoysuyca — Kaanedpona ypasuenue. Ypasuenne dp/dT=AS/AV, cBs3uiBaio-
dllee HAKJOH KpHBO#H paBHOBecHsi a3 dp/dT, c usmenenueM sHTponHH AS u H3MeHe-
tHeM obvema AV ofenx ¢a3 npH AaHHBIX TeMNepatype H KaBJeHHH.

Mawuna. YcTpoiicTBo AN NpeBpaiieHHs BHYTPeHHeH SHePTHH CHCTeMbl B padoTy

OcHosHble Hopmyan .
B moGom KBasucTaTHuecKoM mpolecce
dS:i;,Q. n
I H30AXPOBAHHOM CHCTEMBl B  PaBHOBECHH:
8§ =maximum, (I1)
PoeSk, (111

IIns cucTembl, Haxoisiyefics B paBHOBeCHH C De3ePBYapoM MIPH [OCTOSHHLIX
’
emnepatype T’ u pasjaenun p':

G = minimum, (Iv)
PX e~ GIET" W)

Ycnosue pasHoBecHs ABYX has:
81=4- (Vh

Ycnose paBHOBeCHsl BJOJIb KpHBOH pasHoBecus (as:
—_—— e e (Vi)

3anaumn

7.1. Hosoill evi600 ypasrerus cocmosnus udearsioeo 203a. VI3 otsera Ha 3ajauy 3.8
cnexyeT, uro 4uciao Q(E) cocTosinuil, ZocTynHbIX N aToMaM HICAJIbHOTO OJHOATOMHOIO
rasa, 3akJ/IO4eHHbIM B 06beM V' u o6nafaomuyM 3uepruelt B8 kHtepsane or E o E-+OF,
J2eTcsl COOTHOLIeHHeM:

QUVNEC/DN,

" Bocnoabayiitech 9THM pe3yibTaToM U obmed hopmyioii (15), uTofsl BEIMHCTIUTD Cpeftes

ZaBileHHe p 3TOTO Tas3a.
7.2. Aduabamuuecxoe cicamue easa. PaccMOTPHM TepMHYECKH H3OJHPOBAHHEL
HieadbHEI OJHOATOMHBIA a3, HaxoJsmuiica BHauale npd Temnepatype 400° K
# jaBieHHH B oguy atmocdepy. a3 meamenso cxumaior Ao Y5 HayanbHOro o6bema.

a) Yemy paBHO KOHeyHOe HaBJeHue rasar .

6) KakoBa KkoHeuHas TemiepaTypa rasa?

7.3. Paboma, cosepuiaeman Had uOeasvHulMm 20304 NPU KBA3UCMAMUMECKOM GOUG-
Garnueckom npoyecce. TepMHUeCKH H30JAKPOBaHHLIL ra3s. oGlafaer MoasipHON Tersio-
€MKOCTEIO Cy (IPH HOCTOSHHOM 0Obeme), He 3aBHCAmed OT TemmepaTypsl. B peayas-
Tare KBA3HCTATHUECKOrO C)KaTHA TIad3 MePEXOAHT W3 HAYaJbHOIO MAaKpPOCOCTOSHHS,
tje ero o6beM paBeH V; W JaBneHue p; B KOHeYHOe MaKPOCOCTOSIHHE C OGbeMoM Ve

# JaBJesuem p;.
a) Boluncante paboTy, 'COBepHIAEMYIO HaJ [a30M B 3TOM [POLECCE, H BHPA3UTe
OTBeT Yepe3 HauyafibHble H KOHEUHble [aBJeHHA H OGbEeMBL
6) Boipasure nosyyeHHwit oTBeT Yepes. HauaibHylo T; ¥ koueunyio T, aGeosmor-
Hble Temrepatypsl ra3a. Ilokaxkure, 4To 3TOT pe3ysnLTAT HENOCPEACTBEHHO CJAEAyeT U3
paccMOTpeHHsT . BHYTPEHHeH 3HepTHH rasa B HayalbHOM H KOHEYHOM COCTORHHSAX.
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7.4. Pasnoctns yOeavhnix menacesxocmed ¢ ,—cy 045 uGeaibroeo 2a3a. PaccMOTpHM
deanbHbiil 1'a3, HAXONMUMICH B BEPTHKAJLHOM cocyle, 3aKphiToM nopuiHes. [Topiiers
MOKET CBOGOHO NepeMeliaThest U NOAAePIKHBAET Ipys; TAKHM 06pa3oM, ra3 HaXORHTCS
TIPH MOCTOSHHOM AABJIEHMM (PABHOM BeCy TOpIIHS C IPy30oM, JeJEHHOMY Ha MmIomans
TIOPLIHS).

a) Butaucaure ¢ noMomsio (43) Tenso dQ, morJouenHoe ra3oM MpH yBelHYEHHR
TeMnepaTypsl Ha BeauunHy d7. Bocnonnsyfitech NOJY4eHHHIM pe3yJabTaToM, 4TO-
6bl 110Ka3aTb, YTO MOJSIPHASI TEIVIOEMKOCTb MpH IOCTOSHHOM JaBJeHHH C,CBA3aHA
¢ MOJISIpHOH  TEIIOEMKOCTBIO ¢y MNPH NOCTosiHHOM ofbeme dopMynoi Cp:CV+R-

6) Uemy pasHO Cp Al OJHOATOMHOTO ra- - o
3a, uanpumep He? F

B) [lokaxure, 4TO OTHOMWeHHE C,/Cy PABHO
BeJiHuuHe 7, OrnpejensieMoii paseHcTsoMm  (57). 8

b
Uemy paBHA 3T& BeJIMYKHA AJ15 ORHOATOMHOTC
HIeaJbHOrO rasa?
7.5. Ksasucmamuueckud npoyecc, cogeptuae- ) z \
—

sould ¢ udeaavrois 2a30M. BHYyTpeHHSsT SHeprua
MOJIsI HealbHOTO JABYXaTOMHOTO Ia3a paBHa

E=3%/,RT. Monb Takoro rasa paciiupsiercs
KBA3HCTATHUECKH, [IepeXols CHayala M3 cocTos-
HHSL @ B COCTOsIHHe b, a 3aTeM U3 b B ¢, Kak
370 [TOKA33HO Ha pHc. 7.14.

a) Uemy paBHA MOJSIpDHAas TelIOEMKOCThb
5TOrO ra3a NPH TOCTOSHHOM ofbeme? g 1 2 3 3 4 v

6) Uemy paBHa paGora, cosepiiaeMasi ra- 10°cmé
30M Ha yH4acTKax a—b=c? Puc. 7.14. HexoTopsit npouece, H306-

B) Ueny PABHO TEHJO, INOTJIOMEHHOE T30M  pascHHBIE Ha AHATDaMMe: CpedHee AaB-
8 3THX mpOLEccax? AenHe p. obmem V.

r) Uemy paBHO M3MeHenue SHTPONHH B 3THX
fpoueccax?

7.6. Usmenerue suwmponuu ¢ Heobpamumom npoyecce. Pacemorpum ras sagaun 5.8.
BbIUHCAHTE €0 KOHEUHYI0 3HTPONHIO M BbIpa3sHTe ee uepe3 HaYalbHYI0 SHTPOIHIO,
CYIUECTBOBABILYIO 10 OCBOGOXKJAeHHs nopuins. [TokaxuTte, 4TO H3MEHEHHE SHTPONHHU’
AS=S—8, n0JOKHUTeILHO.

7.7. Ycaosus pasnosecus O0AR CUCHIEMD. € NOCMOAHHLIM 00TEMOM, HAxo0awelics
8 KOHmaKme ¢ menaossim pesepsyapom. Paccmorpum cucteMy A, BHEIIHHM mapaMer-
poM KoTopoli siBasiercst ee ofbem V, coxpaHsiompuitcs- HeusMeHHbHIM. ChcTeMa Haxo-
JIUTCSI B KOHTAKTe C TelIOBHLIM pe3epByapoM. A, Temmeparypa KOTOPOro NOCTOSIHHA
u papHa T'.

a) Bocno/sb30BaBUIMCL COOGPAKEHHAMHU, dHANOTHUHBIMA BHICKA3aHNHIM B I. 7.5,
MOKa)HTe, 4TO eC/AH CHCTeMa A HaXOJAMTCs B PaBHOBeCHH, TO QYHKIHS

F=E-T'S

1083un-om~2

> N

uMeceT MHHHMYM. 37ech E — cpennsa sneprus u S — surponus cucrembl A. Pynk-
uus F HasuiBaetcsi cs0600HOi sHepeuell cucmemot no edbmeoasiy.

6) TToxaxure, uto cBoGofuas 2Heprusa no [u66ey (76) ans cuctemsl, Haxonsmeficsa
OpH INOCTOSIHHOM JaB/ieHHd p’ B KOHTaKTe C TeNJIOBLIM Pe3epByapoM € MOCTOSHHOH

Temneparypoii 7', pasHa
G=F4p'V.

7.8. Tpoiinas mouxa dan ammuaxa. JlaBleHHe nmapoB TBepAOro amMMHaka p (s
MHJUIMMETPAX PTYTHOTO cTonGa) BhHpaxaercs (opMyJol -

In p=23,03—3754/T; muxkoro Inp=19,40—3063/T.

BocnonbayfiTech: STHMH JAaHHBIMH, YTOGHl OTBETHTb Ha "CJEAYIOLIHE BOIPOCEHL

4) UeMy paBHA TeMmepaTypa aMMHaka B TpOHHOH Touke?

6) Uemy paBHa CKpBITast TenoTa CyGIAMAIUM H HCIADEHHS aMMHaKa B TpolfiHof
TOuKe? ’ : .

8) UeMy paBHa CKphITasi TelJloTa I/1aBjieHMR aMMHaka B TpoilHofl Touke?

46 p, peitd . 289.



7.9. Kpueaﬂ naasaerius eeaus. 66ausu abeoatomnoeo nyas. Ilpu atMochepHoM
RaBJeHiH Teiuit OCTAETCH - KHUAKOCTBIO BIJIOTH IO 8GCOMIOTHOrO HYJst TeMIeparyphl,
HO TIPH [OCTATOYHO BHICOKOM JABJIEHHH OH 3atBepieBaeT. Kax 06GbIYHO, NJOTHOCTb
TBEPAOTO Tefiksi GOJBLIE MIOTHOCTH JKHIKOro. PaccMoTpHTe KPHBYIO-PaBHOBECHS KU~
Koil u TBepnol ¢a3. KakoB HaK/OH 3TOH KPHBOH (MONOMHT2AbHBIN, OTPHLATEALHEIH,
HyneBof) B mpefete T—0? (Y xasanHe. Bocnonbayn'rer NoBeJeHHeM SHTpOHHI/f
npy T-0.) .

7.10. Hnuméncustocme amomrozo nyuxa, cozdannozo ucnapenuem. Tlpu chapem{l/l
wuakoro Hatphs (Na), Haxogsulerocs npH Brlicokoli Temmeparype T, obpasvercs
AYYOK atoMoB HaTpusi. JKUAKHA HATPUI HAXONHUTCS B COCYAE C Y3KOH LIEJIBIO, H aTOMB,
BhIXOAsIME W3 wenu, Gnarogaps sddysur o6pa3yioT NYYOK € HHTEHCHBHOCTHIO /.
(UnrencuBHocTb / paBHA YHCIY aTOMOB TIyYkKa, NPOXOMSMIMX Yepe3 eHHHUIY NOBepX-
HOCTH 3a eIMHHLY BpemeHH.) CKpbLITas TENVIOTa HCIAPEHHs MOJst kuakoro Na paena L.
YUTo6bI, OLIEHHTh YYBCTBUTEABHOCTh WHTEHCHBHOCTH MYUYKa K QIYKTYAUUH TeMIepatypol
COCYJa, BEMUC/IUTE OTHOCHTENILHOE M3MeHeHHe HHTeHcuBHocTH [ —Y(d//dT) u Beipasure
31y Bequyuuy vuepes L u T.

7.11. Hoayuerue wuskux memnepamyp omxauxoid scudxocmu. JKuikuil reawmit
kunut npu rtemneparype Tg (4,2 °K), xoraa nasjenne ero napoe pasHO pg=1 atyo-
cthepa, uau 760 ma pr. cT. [Ipu 3THX YCJA0OBUSIX CKpHITasl TemJIOTA HCTIAPEHHSA OJHOIO:
MOJISL KUAKOTO TeJiHA parHa L85 Ow/mors 4 UOYTH He 3aBHCHT OT TeMIEparypbl.
JKHIKOCTD NoMellieHa B Ibi0ap, KOTOPHIH H30AHPYET ee OT OKpyKalouell cpefbl, Haxo-
Isiedics TpH KOMHATHOH Temilepatype. FI3-3a HecoBepIIEHCTBA M3OJISIIEH  KaXKAYIO
CEeKYHAY B [bl0oap [POHMKAeT HEKOTOpoe KOJHuecTBO Teniia @, 4TO MPHBOZMT X H#Cna-
penuo wacty renusi. (Mbl cuifTaeM, 4TO TIPHTOK Tera (@ NOCTOsSIHEH M He 3aBHCHT OT
KoJIeGaHHil TeMIepaTyphl JHIKOCTH OKOJO 3HaueHusi T,). LSl HOCTIXKEHHS MeHbINHX
TEMIIEPATYD MOMKHO YMeHBIUATh JaBjeHMe NapoB He Haj KHUAKOCTbIO, OTKAYUBASE
Napel ¢ TIOMOM{bIO HACOCA, HaxoAduierocsl npu KomuaThol temmeparype 7. (Hocturas
Hacoca, napel He HarpeBaioTesi 1o KOMHATHOH TemrepaTyphl.) MakcHManbHass CKOPOCTH
OTKauyKM paBHa /3 0ObEMOB asa B CeKYHAY H He 3aBHCHT OT JaBJeHHs rasa. (Jro —
0cOGeHHOCTh OBBIYHOr0 MeXaHHYEeCKOIo HAcoca ¢ BPAMMAIOMMMC POTOPOM: 32 KaMIbii
06CpOT OH yJadasieT ollpefe/eHHYI0 4acTb [a3oBoro o0bema.)

a) Boluuc/auTe MHHHMAJIbHOE JaBJEeHHe Ia3a p,,, KOTOPOE MOXKHO MOJIEpIKHBATH
C TIOMOIHBIO TAKOIO HACOCA HaJ MOBEPXHOCTBIO KHUAKOCTH, €CJIH NPHTOK Tera paBed Q.

6) BoiuucanTe Temneparypy sunkocty T, eciy OpH NaBJIeHHU p,, OHA HAXOMUTCSH
B DaBHOBECHM CO CBOHM [apoM.

B) Otennte, CKOJb HU3KOI Temmepatypsl T, H NaBJICHUS P, MOKHO NOCTHYL H2
NpaKTUKe, eCIH BH pacroJaraere GOJBLIHM HACOCOM CO CKOPOCTbIO OTKauku 70 4/cex,
a NPYTOK Tenla TAKOB, YTO NPOM3BOAUT ucnapedne 50 cu? KUIKOTO requss B uyac
(miotHocTh resist pasHa 0,145 e/cex®).

7.12. Vearosue pasrosecus mexOy hasamu, SbIPANEHHOE HEPE3 XUMUMCCKUE NOMOH-
yuaavt. PaccMoTpuM cucTeMy U3 JBYX a3, 1 ¥ 2, Haxopsimtyiocs 6Jarojapsi KOHTaKTY
C COOTBETCTBYIOUIHM TEILIOBRIM De3epBYApOM IIPH MOCTOSIHHOH Temmepartype T W Jag-
getud p. TlomHasa ru66coBckast ceoGoiHas SHeprus G TakoH CHCTeMBI TIPH 33JaHHBIX
TeMnepaType H JaBJeHHM 3aBUCUT OT uucaa N, MojekyJs nepsoit ¢aspl w umeaa N,
MosieKys BTopoit (aswl; Takum ofpasoMm, G=G(N,, N,).

a) [TokaxuTe ¢ MOMOHUIbIO HECJIOXKHOH MaTeMaTHKH, uTo HameHeHHe AG cBoGOIHOMR
IHeprHH, NPOHCXOJsdllee H3-3a HeGoapAX uaMeHenuil AN, u AN, uxcna Moderyst
B 00eHx Qaszax, paBHO

AG=p AN+ p,AN,, 9y
e aG
H[EBTV;. (II)

.

BeavuHHA [1; Ha3BIBAETCS XUMUHECKUM NOMEHYUGAOM TepBOH (asbl.

6) Korza ¢asbl HaxopsiTcst B paBHOBecHM, (i JIOVDKHO HMeTb MHHHMAaJbHOe 3Ha-
yenne. [Ipu srom AG fo/mxHO GbiTh PABHO HYJ/I0, €CTH MOJIeKYJIa NEePeXOmHT H3 ORHON
asel B ApYIyIo. Hoxa)xme, YTO U3 (popmynm (I) BoTeKaeT caefyiolliee YCJIOBHE PaB-
HOBECHS: , -

‘ Pi==pa (1)
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B) Bocnonbaosasiuces - popuynofi (86), mokamure, 4To p;=g;, T. €. PaBHO NpPH-
Xolsulelicst Ha OAHY MoOJeKyny ru6G0coBckofi ,cBOGONHOMN sHepruu ¢asel {. Pesynbrar
(I1I) cosnapmaer c (87). .

7.13. ¥caogue xumuueckozo pagHosecus. PaccMOTpUM Kakyio-HHOYIb XHMHYECK VIO
peakuuio, Hanpumep, .
2C0, 7= 2CO}-0,.. .

Ias ynpowenns sanucu o6oshaunnm Monexyay CO, uepes A;, CO — uepes A, u Oy —
uepes Ay, B 3TMX 0oG03HayeHHAX HMeeM

24, = 24,+ A,. (I

:
[Ipennomoxkum, uTo cHcrema, cocrosmiast 3 Mojekya A;, A, u A, HaXOAUTCA NPH
TOCTOSIHHBIX TeMmnepatype B Jasiennu. Ilyers N; — uncio modexkya THna i; Toraa
rub6coBekast .cBOOOJAHAS SHEPTHsi CHCTeMhl OYAeT 3aBHCEeTb OT TpeX UHCead:

G=G (Ny, Ny Ny).

B paBhosecun G JODKHO uMeTh MHHHMYM, a AG AO/DKHO 06pAlathesl B HYJb,
€CJIM B COOTBETCTBUY ¢ peakinueii (I) ase mosnexyast Ay NMpeBpallalOTCs B ABE MOJIEKYJIbI
A, 1 ozny mosnekyny Az C nomoumbio TeéX ¥Ke paccyxieHMil, ute H B 3ajaue 7.12,
fIOKa)KuTe, 4TO YCJIOBHE DpABHOBECHS KMEET BHA

20 =21 p, (1)
rae
=96
He=3x;

HA3LIBAETCSH XUMUMECKUM NOMEHYUQAAOM, TIPUXQISIIHMCS HA OJHY MOJAEKYJy THOoa i,
7.14.  Xoaodusvrux. XONOIUILHHKOM HAashIBaeTCsi YCIPOHCTBO, OTGHpaillee
Terms10 y cucTeMul A U nepejatowee ero apyrofi cucreme A’ npu Gosee BHCOKOH a6co-
JuoTHOH Temmeparype. [lpeinonoxus, uto A siBAseTcs TelJOBHIM PEe3epBYapoM ¢
Temnepatypoit T, a A’ — Ipyroii pescpsyap Hpu TeM- :
neparype T'. A
a) IToxaxure, yto ecmn T'>T, To nepexof Temsna
gor A x A’ conpoBoxKAaeTcss yMeHbUIeHHeM TIOJHOI 77
IHTPONHH COCTABHOH CHCTEMBI M YTO TaKoi nepexoj He

MOX€ET ObIThb, C/IEJOBATEAbHO, Peanlu30BaH Ge3 KakoH-To
ff

JOTIOJTHUTEJIBHOH  CHCTEMBI. .

6) Eciu mbl oTGHpaeM OT cucTeMbl A Temiao ¢ H
TeM CaMBIM YMeHbLIIAeM ee 3SHTPONHIO, HaM MNPHIeTCs
CKOMIICHCHPOBATh 5TO YMeHbIICHHe SHTPOIHH, Nepefas B
cucteme A’ tensio ¢°, 6dnbiliee, yeM g. 2TO MOXKHO OCY- W
I{ECTBATb, 3aCTABHB HEKOTODYIO CHCTEMY COBEPUIHTDH
paboTy w Hajx MeXaHHW3MOM XOJMOAW/IbHHKA, paloTaio-
1W¥M B LHEKJe. ITOT IpOIECC [oKasaH Ha puc. 7.15, ZT
#3 KOTOPOrO CTAHOBHTCSI TOHSATHBIM, ITOYEMY KYXOHHBIX
XOJIOAUMbHUK HYXKJIAETCH BO BHEIIHEM HCTOUHHKe 3Hep-
ruu. Bocnonbsylitech NOHATHEM SHTPONHH, 4TOOB IO- A
Ka3arp, YTO T

g _T
e S 7.
q T

7.15. Tenaosoli wHacoc. XOJOAWIBHLIC NHKJBLI HC-
MOB3YIOTCS. AJst HakomieHuda Temaa. Ilporece 3aximo-
yaeTcsi B CO3JAHMH YCTPOUCTBA, 'KOTOPOE IOrJIOHIAeT
TemI0 H3 oxp;ufx(axomeﬁ NOYBEL MJIM BO3AYXa BHe IOMA, @ 3aTeM [ePefdeT Telio Mp:
Gosiee BHICOKOH TeMIepaType BHYTpeHHHM uacTsm anavusi. (Takoe ycTpoiicTBo Hashi-
BAETCH MENAOBLIM HACOCOM.)

a) Ilycrs napyxuasi Temneparypa pasia T, a BryTpewnss T; Yemy pasno
MaKCHMAaJbHOE WYHCJIO. KHJIOBATT-4aCOB Telsa, TiepefaHHOE BHYTPL 3JaHHH, IPHXoO-

g=g+w

Puc. 7.15. Cxema paboTsl xo-
JIORMJIBHEKA.
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AsiiHecsl. Ha jKax bl KMJIOBATT-yaC 3JEeKTpHUeCKOH SHeprum, 3aTpaunBaeMoH Ha pa-
Gory ycrpoicrea?. (¥ k a3 a u ke, HenoabsyiiTe noHsTHe SHTPONMH.)

6) IToayunre uuc/qeHHBIH OTBeT IJst caydasi, KOTJAA Hapy:Has TeMIlepaTypa
passa 0 °C, a suytpeunsis 25 °C.

B) CpaBHHTe CTOMMOCTb SHeprHH, HeoGXOXMMOI X151 paGoTel paccMaTpHBAEMOTO
TEMVIOBOTO Hacoca, CO CTOMMOCTHIO SHEPTHM, 3aTpauMBaeMoii Ha CO3faHHe TOro e
KOJHYECTBA TelJsla BHYTPU 3J3HHS C MOMOILBIO JeKTPHyecKoro oforpeparesis Ha co-
NPOTHBJEHHH.

7.16. Maxcumarvuan paboma, noaywaemas om deyx oduuarosvix cucmess. Pac-
CMOTPHM [IB3a HAEHTHUHBIX Teaa, A, H A, Hx tensoemxocts C He 3aBUCHT OT TeMile-
paTypsl. BHauase Tena Haxonstcst npu Temnepatype T u T', cOOTBETCTBEHHO, IpHUen
T:>T,. Mbl X0oTHM BKJIIOYHTb HEKOTOPYIO MallHHy, KOTOpas JeficTBoBaJa Obl MeXaLy
Tenami A; H A, npeBpaiias 4yacTb UX BHYTPeHHeil 3HeprHH B paboty. B mpenensHom
ciyyae JOJMTOTO NeHCTBHS MAllHHBI TeMNepaTypbl o0OHX Tel BBIPABHHBAIOTCA H CTa-
uyt Ty

a) I-Ie'wv paBHO TosiHOe KojuuectBo W paGorhl, npoH3BeAcHHON MamMHO{? Boi-
pasure otser uepe3 C, Ty, To ¥ Tp.

6) BOCHONb30BABLINCh  TIOHATHEM IHTPOINHH, [OJIYYHTE HepaBeHCTBO, CBsI3LI-
paomee Ty c HauaipHeMH Temnepatypamu Tqp u Ty

8) UeMy pasBHO MakCHMAJILHOE KOJIHUECTBO PabOTHl, KOTOPYIO MOMKET COBEPIINTH
MalTHHa NPH JAHHBIX HAYaIbHbIX Temmeparypax Tp u Ty?

7.17. Mawuna Kapro ¢ uleasvrbis 2a3os. Mbl XOTHM pacCcMOTpeTb OJHH H3 CrO-
cOGOB OCYHIECTBJEHUS HJeaJbHOI MAIIHHBI, KOTOpAasi MOXKeT 33 IMKJ CcBoell paGoThr
OTHATb Y HEKOTOPOrO pesepByapa, HAXOJSILETOCS NMpH Temneparype T, Temno g,
riepeJaTh APYyroMy pesepByapy A npu Metsiiell Temmepatrype 77 Termsio ¢’ H cosep-
ILIHTh T0Je3HyI0 pabory w=¢-q . Tlpocreiilueil H3 TaKuX MalUHH FABJISETCA MAlIHHA
(uepBuie paccmorpensas Cazan Kapno B 1824 r.), paGortaiomias KBa3HCTaTHUECKH.
Ee uura COCTOMT M3 ueTHIpeX 3TarioB, KOTOPhie NMePeBOAST MallMHY H3 HAYaJbHOTO
. COCTOSIHHSI @ B COCTOsTHUE b, ¢, d B 06paTHO B a.
} Mammua cocTonT M3 v MoJjlell HieanbHOTO rasa,
3aK/JIOUEHHOIO B HUJIHHID, 3aKpHTHHI nopin-
neM. O6beM rasa o6oaHaunM uepe3 V, cpennee

JaBjeHHe yepe3 p. PaccMoTpun nocsenosBatenn-
HO yeThipe 3Tanma paGOTHl MAMIHHBL

3ran | (@—b). Mawnna TepMHUECKR H3GJH-
posBana M HaxozuTcs mpH Temmnepatrype T’. Ee
06beM MeAJeHHO YMEHBLIAeTCss OT HadaJbHOIG
3Havenns V', 10 KomeyHoro 3nauenus Vy, nps
KOTOPOM TeMnepaTypa MailuHHbl pasHa T.

Jran 2 (b—c). MamuHa HaxoQuTCs B Tell-
JIOBOM KOHTaKTe C pesepByapoM A INpH Temne-
Puc. 7.16. Cxema wixaa Kapso s parype T.Ee o6beM MeleHHO H3MEHSIETCST OT Ve
epeMeHHbIX: Cpelee NamieHue P 1o V.. OcraBasch 1npH NOCTOSHHOH TeMmepaType

obmem V. T, mawnna 3abupaeT oT pesepByapa A HekoTopoe
KOJIMYECTBO TeMa g.

3ran 3 (c—d). Mamuna chHosa TepMuHyecKM u3oaMposaHa. Ee ofbeM npopos-
xaeT weljeHHo Bo3dpactath or V. no V. Ilpu ofveme V4 TemnepaTypa MauiuHst
pasua /.

Sran 4 (d—a). Mamuna npuBOIMTCA B TemoBoil KOHTAKT € pesepByapom A’
npu temmeparype T’. Ee 06bem MeAeHHO yMeHbluaercsi oT Vi IO HauaJbHOTO 3Ha-
qeHust /,,, MpU 5TOM MallMHa OcTaeTcs NpH Temnepatype 77 1 mepeiaer pesepByapy A’
Temno ¢’

OTBeTbTe HA CleyIOUIHE BOMNPOCH.

a) Uemy paBHO Temo g, TOIJIOLIEHHOE Ha 3Tare 2? BbxpasuTe quepea Vy, V u T.

6) Uemy pasHO Temso ¢', oTAaHHoe Ha sTane 47 BripasuTe ' uepes Va, Va G

B) Buiuncaure otHowennst Vy/V, na srane 1 u Vy/V, Ha s1ane 3 u Haymme, KakK
9TH OTHOUIEHHsl CBSI3aHbl ADYI C JApYrom?

r) Bocnonbsymecr, OTBETOM Ha MpelpAYmHUH BONPOC, YTOO! BEIPA3UTh OTHOLUEHHE
glq' uepes T u T'.
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1) Boruscante Kos(pHIMEHT MOJE3HOrO AefiCTBHS 1) MalUMHBl H HOKAXKHTE, 4TO
OH HaxojuTcst B coraacHu ¢ ofuum peayavratom (109), mpuromueiM s jo6oii
KBA3HCTATHYECKOH MAaLIHHBL.

7.18. Koappuyuenm noae3noeo Oelicmsus Gensunosozo dsuzamean. Paboaast cmech
GeH3HHOBOTO ABHTATeJsl COCTOMT H3 BO31yXa, K KOTOPOMY HOGaB/eHO HeGOJIbIIOE KOJH-
yecTBO Gensuua. CMech HAaXORHTCA B UMJIMHApE, 3aKPHITOM HopliHeM. PaGouuil umki
TAKOrO ABUraTe/]sl CXeMaTHUeCKH MOKasaH Ha puc. 7.17, riae V oBosnauaer ofben,

a4 p — cpelHee JaBieHue pabouefl cMecH. Y4actok a—b COOTBeTcTByeT ajHabaTHye-
CKOMY CXKaTHIO CMeCH, b—C — BO3DACTAHHIO [aBJIeHHs H3-3a B3peiBa pafioueill cmecH,

7

|
|
|
|
|
i
v, v, v

Puc. 7.17. ¥Ynpowenuas cxema padoThl Get31HOROIO ABRCATEJNS B IeDCMEHHBIX!
cpelree Aasielne p, obvem V.

TIPOHCXOZSILILEr0 NPH MOCTOSHHOM 00bene (B3PHIB MPOHCXORHT OUeHDb GBICTPO U TOpIIeH)
He YycreBaeT CMeCTHTbesl), ¢—d — anuabaTHYeCKOMY DACIUHPEHHIO rasa, B TeueHue
KOTOPOTO MNPOU3BOIMTCH paGoTa CMelleHHS NODUIHS, H d-+@ — KOHEUHOMY OXJax-
JeHNIO ra3a NpH MOCTOSTHHOM oO0beMe Ha 3aK/IOUHTeJNbHOM 3TaNe LHKJA.

Uto6bl O6/ETYHTH BLHIUHC/IEHHS, NPEANONOKNM, UTO PACCMOTPEHHBIH IHKI oCy-
LECTBJSIETCS] KBA3HCTATHYECKH C ONpelleleHHbIM KOJHUeCTBOM HJealbHOro rasa,
MOJISIPHAST TEMJIOEMKOCTb ¢y KOTOpPOro nocrosinna. Onpeaenute KoshduuHeHT noJes-
HOro AeliCTBHS ABUTaTesst 1) (CTHolieilMe MPOM3BeleHHOH JABHraTeneM paboTh! K 1mo-
IVIOUIEHHONMY MM Teray ¢y). Bripasute oreT uepes V,, Vi, u Bemuuuny y=l--R/cy.



r1ABA 8

JJIEMEHTAPHASl KHHETHYECKASi TEOPUA
NPOLECCOB NMEPEHOCA

J10 cUX NOp MBI TOYTH BCETAA PACCMATPUBAJIH CHCTEMBI, HaXOSIIHeCs
B COCTOstHHM paBHOBecHs. [locTyniar paBHOH anpHOPHOIH BepOsSITHOCTH
OBl OCHOBOH 00INero KOJMUYEeCTBEHHOTO aHaaM3a TaKuX CHCTeM. B yacr-
HOCTH, Y Hac He ObJIO HeoOXOJAHMOCTH [eTajJbHO PacCMaTPHBATH CaM
MEXAHHM3M B3aHMOJEHCTBHH, VYCTAHABJIMBAWOUIMX pABHOBECHE; JOCTa-
TOUHO 6bIIO 3HATh, YTO Takoe BaaumojefictBue cymecrsyeT. Ho, He-
CMOTpSI Ha Ba)KHYIO POJIb PABHOBECHBIX COCTOSIHU, OHH BCE iKe SIBJSI-
10TCS1 OCGORIM C/TyYaeM H BO MHOTHX 3ajadax, PeICTaBsIOmHX OT POMHBIH
(uanueckd HHTepec, MbI HMeeM Jel0 C CHCTeMaMM, He HaXOASHIH-
mHcst B paBHoBecHH. [losToMy MBI NMOCBSTUM MOC/AEAHIOND IMIABY Kpat-
KOMY PAacCMOTPEHHIO TIPOCTeHIINX HepaBHOBECHBIX [1POILECCOB.

Tlpy nsydyeHMH CHCTeM, He HAXOAAINUXCH B PABHOBECHH, Mbl OOLIUHO
OKa3uiBaeMcsi Tepefl HeOOXONMMOCThIO HCC/IeoBaTh —ClEHHpHUIeCKH
XapakTep B3aHMOJEHCTBHH, NPHUBOJMIINX B KOHlIe KOHILOB CHCTEMY B
paBHOBecHoe cocTosiHne. [Jo3ToMy paccMOTpeHHe HepaBHOBECHBIX TIPO-
L/eCCOB OKAa3bIBAETCs JIC/IOM BeCbMa CJ10XKHbIM. CHTyanus, OJHAKO, CHJb-
HO yrpoliaercsl B ¢Jyuae pa3pekeHHbIX I'da30B, ¢ KOTOPBIMHM Mbl H 6yaeM
HMETh J1e/10. Mbl pacCMOTPHM 11po6aeMy ¢ OMOIIBIO TPOCTEHIINX pHOau-
JKEHHBIX MeTof0B. HecmoTpsi Ha NpHOIMMKeHHBIH XapakTep HALIHX BHI-
UNCJEeHNH, MBl BCE JKE€ CMOXKEM, HCXOJs M3 BechbMa NMPOCThIX coobpaike-
HHUH, MOJYYHTH SICHOE IpeAcTaBleHHue O (U3HUECKOHl CyTH Jena. T4
coolpaxeHnss HAXONAT NPHMEHeHHe B INHPOKOH 00MacTH  sIBJEHHEH.
Bo-nepBhiX, BX MOXHO NPUMEHHUTh C PaBHLIM YCIEXOM K PACCMOTDEHHIO
HepaBHOBECHBIX NPOIECCOB B TBEPABIX Tesnax. Bo-BTOpHIX, ¢ HX HOMOILBIO
YacTo yjaercs IOJYYHTb XOpOLUME UHC/EHHble OIEHKH H IIPaBHJBHO
npeAcKasaTb 3aBHCHMOCTH OT BCEX CYIIECTBEHHBIX NMapaMeTpoB (TakHX,
KaK TemmepaTrypa u JAaBJeHHe) B CJIyYasiX, KOTOPble HACTOJIbKO CJIOMKHEL,
YTO TOYHBIC BBIMUC/AEHHS CTAHOBSATCA BeCbMa 3aTPyJHHUTEIbHBIMH.

MoueKynel rasa B3aHMOASHCTBYIOT, CTANKHUBAsSICh MeXy coboii. Ecin
BHayasle ra3 He Obl1 B PaBHOBECHH, 5TH CTOJKHOBEHUS B KOHLE KOHIIOB
IIPUBOAST I'a3 B COCTOSIHHE PaBHOBECHS, THe OCYIleCTBJseTCs MaKkcBes-
JIOBCKOE pacripefie/ieHHe CKopocTeii. PaccMoTpeHye rasa CHJABHO ympo-
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IAETCst, €CIH OH HACTOJNbLKO PA3PENEH, UTO BLIMOJHSIOTCS CJeyoule
VCJIOBHUS,

1. Béapmyio 9acTb BpeMeHH Ka)kias MOJIEKYJa HAaXOAUTCA HajieKo
OT APYTHX MOJIEKYJ U HE B3aUMOJIEHCTBYET C HUMH. ['0Bopa Kopoue, Mbi
npeanoJiaraeM, uTo BPeMsi mexcdy COyIapeHHsIMH ropasio 6oJblle Bpe-
MEHH, 3aTpauuBaeMOro Ha coyJapeHue.

2. BeposiTHOCTb TOTO, YTO TPH MOJIEKYJIbI OOHOBPEMEHHO OKAMXKYTCA
TaKk GJH3KO APYT OT Apyra, 4rto OYAYT B3aHMOACHCTBOBATH, IpeHeGpe-
JKAMO MaJsa 110 CPABHEHHIO C BEPOSITHOCTBIO TAKOrO COJIHMKEHHS IBYX
MOJIeKyJl. VHade, TPOHHLIe CTOJNKHOBEHHS MPOHCXOAAT Topasiao pexe
aBoiiHbIX. Ilo3TOMY aHanu3 CTOJIKHOBEHHH CBOAHTCS K OTHOCHTE/JBHO
NPOCTOHl MeXaHHUeCKOH 3ajaue B3aHMOIEHCTBHS TOJNBKO 0JByX HacTHL.

3. CpesiHee paccTosiHHe MEXKAY MOJEKYJaM#{ BEJHKO [0 CPABHEHHIO
€O cpenHell AJHHON BOJIHEL Ae Bpofisns Mosekynl. B atoM cayuae nose-
JCHHE MOJIEKYJbl MEXIY CTOJKHOBEHUSIMH MOXKET ObITb OIHCAHO KJac-
CHUECKOH TpaeKTOpHeH, HeCMOTDPS Ha TO, YTO CaM IPOLECC CTONKHOBE-
HMSL MEXIY JBYMs MOJIEKyJaMH TpebyeT KBAHTOBOMEXdHMUECKOTO pac-
CMOTpeHHS,

8.1. Cpenusas paunHa csoGojaHoro npoGera

Haunem ¢ paccMOTpeHMs CTOJNKHOBEHUH MeXAy MOJEKYJaMH paspe-
JKeHHOro rasa. Hawm sameuaHus OyayT He GoJiee ueM MOBTOPEHHEM i
HEKOTODbIM YTOUHEHHeM 3aMedaHull, cAesianHelX B 1. 1.6. CroskHoBeHuE
MOJICKYJIBl € JIPYTHMH MOJIEKYJaMH Tasa MOXHO CUHTaTh CaydyaiHBIA
npoteccoM. ITpu 3TOM MBI cUuTaEM, YTO BEPOSITHOCTh TOrO, YTO B TEUEHHE
HeKOTOPOro MaJioro HHTepBaJja BpeMeHH df MOJIEKY/a HCMBITAeT CTOJiK-
HOBEHHE ¢ KaKoH-aH60 JAPyrof MOJeKYJI0il, He 3aBUCHT OT HCTOPUHU TIpe-
JBILYIIETO CTOJNIKHOBeHHA. PaccMOTPHM AaHHYIO MOJIEKYJY B HEKomopeill
MOMEHT BpeMeHH. ¥ Hee CVIIeCTBYeT HeKOTOpast BeposaTHOCTL P(f) toro,
4TO IO CJIELYVIOLIETO CTOJIKHOBEeHMsI mpoiiner BpeMs f. Cpedree BpeMst T
IBHKEHHSA MOJIEKYJbl 10 CJAEAYIOLIero CTOJKHOBEHHS Ha3blBaeTcs cped-
HUM 8peserem c60600H020 npobeea mMosekynbl. (Tak Kak npoluioe He
OTJAHYAeTCH OT OYAYLIEro, T MOXKeT ObITb TAKXKe CPCAHHM BPEMeHeM [0
NpeIplIYIIero CTOJNKHOBeHHs.) AHa/MOTHYHO, cpedHee paccTosiuue. [ |
MEXKAY TOUKAMH JAHHOTO U MOCJELYIOLEr0 CTOJIKHOBEHHH MOJEKYJIbL
(MM MeXAY JAHHBIM H TIPEABIAYIIHM CTOJKHOBEHHEM) Ha3blBAEeTCs!
epedreli Oauroli ce0600H020 npobeza moJiekyabl. Tak Kak BCe pacCyK-
JIeHUSI 3TOH TJIaBbl HOCAT NpHOAHKEHHBIH Xapakrep, Mbl lpenefperaem
JeTalisIMU, CBS3aHHBIMH € paclpejiejleHHeM MOJIEKYJ [0 CKOPOCTSIM.
[TosToMy Mbl GyleM CUMTaTb, YTO MOJSKYJbLl ABHXKYTCA B CAydafiHBIX
HafIpaB/JeHHAX C OAMHAKOBOH CKOPOCTBIO, PaBHOH HX CPEIHEN CKOpOoCTH
v. B s1oM npubsuxennu cpeassisi AAMHa M cpeaHee BPeMsl CBOGOZHOTO
npobera cBsi3aHbl dopmyon

| =ur. ' ()

Uto6sl OLEHUTh CPERHIO AJMHHY CBOGOAHOTO 11pobera, MBI JOJIKHbI
NIPOCAEAUTD NPOLECC CTOJKHOBEHHS MOJIeKYa 6oJiee MoAPOoOHO. Pacemor-
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PHM onpesiefeHHYI0 Moekyay A, cOaHKalyocs ¢ ApYyroii MoJeKyJoi
A’ ¢ omuocumenvrol ckopoctbio V. JlonycTaM, YTO paccTossHHe MeXAy
LeHTpaMH 00eHX MOJIeKYJ INpH HX MaKCHMAaJbHOM CO/HXKEeHHM (€C/Id
6bl OHH HE OTKJOHMJIHCB) Gbl1o 6B paBHO b (pic. 8.1). Ilpennonckum
Jlajiee, 4TO CHJIbl, JIEHCTBYIOIIHE MEXAY MOJeKy/amM, NOAOOHBI CHJaM,
BO3HHKAIOIHKM TIPH CTOJKHOBEHHH JBYX TBepIBIX IIAPOB C PaJHyCaMH a
1 a’. Torga MosieKyJsipl He OYAyT NOABEpraThes AeHCTBHIO CHJI, €CJH pac-
cTosiHHe b MeX1y HX LeHTpamu U>>(a--a’), H 6y4yT HCNBITHIBATE AEHCT-
BHe GOJBbIION CUJbI, ecan b<l(a--
-a’). B nocaepnem cayuae cko-
pPOCTb MOJIEKYJI NPH CTOJKHOBEHHH
3aMETHO HM3MEHHTCSI H Mbl [OBO-
DHM, YTO MOJEKYJIbl pacCeHBaloT-
CAl, HJAH UCNbIMbIBAION CIOAKHOgE-
HuA. Mbl MOxkeM chopMyaHPOBaTh
YCJIOBHS, HeOGXOHMEIE J/Is1 CTOJIK-

Puc. 8.1. Cxema., HOAJIOCTPHPYIOIAsA CTOJKHO-
Befve MeXKAY MABYMS TBeDJALIMH UlapaMH, pa-
A1ychl KOTOPHIX paBHEl @ W a’. YUepHoli BepTH-
KajbHOi uepToft o6o03HaueH BoOOGpaXaeMBbtii
RHCK; ero paguyc papen (a4-a’) ¥ on pacnono-

HOBeHHUsl, TNpeicTaBHB cebe, 4TO
Monekyana A Hecer Ha cebe AHCK
papuycom (a-+a’). Lenrp aucxa-

KeH Ha chepe € papnycom a. COBNAJAeT C LEHTPOM MOJEKYJIb,
¥ IUIOCKOCTb JHCKa TepPNeHAHKY-
JiipHa K BEKTODY OTHOCHTeJbHOH cKopocTH V. CTOJKHOBEHHE MeXIy
ABYMSI MOJIEKYJ1aMH IPOH30HET TOILKO B TOM CJlyuae, eCliH LEHTP MoJe-
KyJael A’ oKaxercss BHYTPH 06BbeMa, 3aHATOrO BOOOPAKAEMbIN JUICKOM C

NOBEPXHOCTBIO . BeJuunna 3Toii NOBEpXHOCTH
c=n(a-ta'y (2)

HJIH, €CJIH MOJIEKYJbI OAMHAKOBBI, Tak yTo a=a’,
o = nd?, (3)

rie d=2a — AnaMeTp MOJeKyJbl. BeluynHa ¢ Ha3bIBaETCA NOAHBIM
nonepeuHsiM CederucM, XapaKTepPH3YIOUIUM CTOJIKHOBEHHE MeXKAY ABYMs
MOJIEKYJIaMH.

Cuiiel, JeHCTBYIOLIHE MeXAY peasbHBIMH MOJEKYJanH, Tropasio
CJIOXKHEE CHJT MeXKly CTAJKHBAWIIUMHCH TBepPALIMU cepamu. Auasorust
€ TBepAbIMH chepamMy yAauHa B TOM CMBICJIe, YTO TIPH OUeHb TeCHOM COJIH-
JKEHHH JABYX MOJIEKYJ] BO3HHMKZIOT GOJIbllHe CHJBLI OTTanKMBaHusi. Ho,
B OTJIMYHE OT TBePALIX cep, IIPH HEKOTOPOM YBEAHYEHHH PacCTOSHUA
MEXKJIy MOJeKyJaMH BO3HHKaeT cnaboe mnpursikeHHe. CTOJKHOBeHHE
MEKLY ABYMSI MOJIEKYJaMH MOXKHO CTPOrO ONHCaTh ¢ NOMOLIbIO addek-
THBHOH MOBEPXHOCTH O, XapakrepHaywolled 3bhdexkTHBHOE cedyeHne
cTONKHOBeHHs:. KBaHTOBasi MeXaHHKA JlaeT BO3MOXKHOCTb BBIYUCAUTD 3TV
BEJUYHHY, €CAM H3BECTHBl CHJbl, LEHCTBYIOLIHE MeXAYy MOJEKYJaMH.
Ho npy 3ToM npocThie cOOTHOWEHUs THna (2) i (3) yKe TepsitoT CBOH
CMBICJ, H B 00lleM cJyuyae NONepeuHoe ceueHHe G 3aBUCHUT TaKxkKe OT
OTHOCHTEJNBHOH CKOPOCTH MoJsekya V. OnHako 145 fpHOJIHAKEHHBIX
OLIEHOK Mbl BIIOJIHE MOXKEM HCMOJIL303aTh COOTHOWeEHHs (2) u (3) (ue-
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CMOTpPA Ha TO, YTO MNOHATHE O pajuyce MOJIEKYJbl He fIBJS€TCH BIOJHE
ofnpeneeHHbIM).

BuiuicsanM Tenepb IPHOIKEHHO cpelHee BpeMs T CBOGOJHOIO
npo6era MoJeKyJ bl B pa3pexkeHHOM rase. [lyctb B exnnuue obbemMa Ha-
LIero rasa COAEPXKHUTCS A OAHHAKOBHIX MOJeKyJa. llpearnonoxum, uto
TMIOJIHOE . TIONEePEeYHOe CcedyeHHe paccesiHHs ¢ H3BecTHO. Paccmorpum B
JaHHBIE MOMEHT BpeMeHH HEeKOTopyio Mosekyay A. Jra modexyaa
JBHKETCA ¢ KaKofi-TO cpeiHell OTHOCHTeNBHOH cKOpocTbid V' 1o oTHO-
HIEHHIO K JIpyro#i MogexyJje A’, ¢ KOTOpo# OHa MOXKeT B3aHMMOAEHCTBO-
BaTh. BooGpazkaemblil JUCK C HOBEPXHOCTBIO O, HECOMbIH MOJIeKYJ0k A,
ABMIKETCH K MOJeKyJsie A’ U 3a BpeMs [ BbIPE3aeT B NPOCTPAHCTBE OOTLEM
o(Vt). Bpemss ¢ Oyaer paBHO T, eciH
BbIpe3aHHbIll 00bem OyleT cozep:kaTbh B v
CpeiHeM OJHY MOJeKVay, T. e. ecJH 6;@).._}

(GV‘E)I‘L‘: , &

OTKYJa -~V —

Puc. 8.2. CxeMma, wuJJIOCTpupYylouLast

. CTOJIKH OBeHMe MoJeKyasl A ¢ apyroii

(4) MOJIEKYJIOl, LenTp KOTOpoit nomafder

B 00beM, O6pa30BAHHBLI ABHIKEHHEM

[[OBEDXHOCTH O BOOGpaKAEMOro AHCKE,
HEeCOMOTO MoJleKyaoit A

ITOT pe3ynbTar BrOJHe HATJISAEH: CpelHee BPeMsl T TeM MeHblue (HJau,
3KBUBAJIEHTHO, UHCJO CTOJKHOBEHHH 3a CeKYHAy T~ ! tem GoJbllle), 4em
OoJIbllIe YHCIO MOJEKYJ B eIHHHIe o6beMa £ (T. e. yeM ¢ GOJbIIHM YHC-
JIOM MOJIEKYJl MOXKeT CTOJKHYTbCH paccMaTpUBaeMas MoJieKy.a), dem
GoJlplle NOMNEepPeYHoe CeueHHe MOJMeKYJbl (T. . yeM ¢ GOJIbILero paccrosi-
HHS MOJICKYJIbl PAcCEHBAIOT APYT APYra) H dem GoJbiie OTHOCHTEIbHAS
CPEIHsISA CKOPOCTb MOJIEKYJ (T. €. 4eM 4Yallle NPOHCXOISIT CTOIKHOBEHHS
MOJIEKYJT).

B coorserctun ¢ (1) cpenHsis pauna cBoGoaHoro npo6era ! pasHa

l=vt == . (3)

Tax kax ABIKVYTCH ofe CcTaJKUBAlOIHECS MOJIEKYJIbI, HX CpeAHsAsT OTHO-
CHT(,JIbHaﬂ CKOpOCTDb V HECKOJIbKO OTJ/IHHAEeTCsA OT cpe,rmeu CKOpOCTH

U OTAe bHON MOJIEKY.bl, H OTHOLIeHHe v/l He paBHO eaHHHIE. qTO()bl
BBIYHC/ANTE 5TO OTHOUIEHHE, PACCMOTPHM JBE MOJIEKY.Ibl, Aun A,
OTHOCHTEJ/IBHBIMH CKOpOCTAMH vV M V', Ckopoctb MosekyJisl A omocu-
TeMLHO MoJeKyas A’ paBHa

V=v—v’,
OTKYZa cJielyer, 4TO
V2=vi v —92v.v. . ' (6)-
[pu ycpenseHun o6eux 4acrell 3TOro paBeHCTBa CJedyer HMeTb B BHAY,
410 V-V’ =0, TaK KaK KOCHHYC YIj1a MEKAY V H V' MOKeT NPHHHMATH

297



TIOJIOXKHTeJIbHBIE 1 OTPHIATE/bHbIE 3HAUeHHsI ¢ PaBHOH BEPOSITHOCTBIO.
Iloatomy u3 (6) caenyer

Vi—vyilvy”?
ITpeneBperasi pasiuynem MeX1y CPeIHHM KBaJpaToM CKOPOCTH H KBaj-

patoM cpeinefi CKOpPOCTH (T. €. MeXIy KODHeM M3 CPelHero Kpajpara H
CPelHHM 3HaYeHHeM), Mbl MOJYYHM NpUOIHKEHHOE PABEHCTBO

Vi vr -0, » (7)
Ecnu Bce MoOJ€Ry/IB OOHHAKOBLL, TO v=0" U (7) ceomuTCH K
_ J——
V=12¢ (8)

nocje vero (opmyna (5) npHHEMaer Bua *)

!
! , |
:
|

)

I~ VrQ—IlG )
, I
YpasHepHe COCTOSIHUS MJEAJbHOIO rasa M03BO/JSET HaM BLIPA3HTb 72
yepes cpelHee JaBieHHe: ﬁ u abcoqtoTHyio Temneparypy 7T rasa. Tak
Kak p=nkT, paBenctso (9) npHHHMAET BHI
RT

Taxkunm o6pas3oM, npu 3anaHHon TemIiepaType cpezmsm JUIHHA csoﬁoﬂ;ﬂoro
npoSera OGPAaTHO NPONOPIIHOHA/bHA IaBJIEHHIO Tasa.

V3 popmyant (10) eTKo OLEHUTH CPEJHIOI NJIHHY CBOGOAHOTO IIPO-
Gera B rase, HaxXOAsUeMCsl M KOMHATHOH Temnepartype (7&300° K) u
arMochepHOM JaBieHun (p~10° dun/cm?®). B3aB TuNHuHOE 3HAYEHHE pa-
Juyca MoJIeKYAbl a~107% cat, Mbl noayuuM o~12-10718 cu? u

[ ~2.107% cn. (11)

Cpeansa CKOPOCTb U MOJEKYJbl NPH STHX YCAOBHAX HMEeT TNOPHAI0K
4-10% cmjeex lem. (6.33) nan (1.30)], u w1 cpeanero speMenn cBoGos-
HOro frpodera - Mbi' IOJyuaeM
: Cd
T—=—~ 5' 10_10 Cex.
v
Taxum oépasoM nlonekwa CTaJIKI/IBaeTCH O0K0JI0 T71~10° pa3 B CeKRyHRY
C IPYTHMH MOJIEKYJaMH; 3Ta YacTOTa COOTBETCTBYET MUKPOBOJHOBOH
obaacty aJjekTpoMarautroro cmnexkrpa. Ms (11) mbl nosyuaem

>, e (12)

rie d~10"% cu — nuamerp mosekyasl. V3 mnepasencrsa (12) caenyer,

*y Dra dopmyna Touniee ouenku (1.30) noavuenuolt B ra. 1, 4 SBISiETCS TOUHEIM
pesynbTATOM JUIA rasa H3 MOJIEKYJl B BHJE TBEPABIX C(pep, Oﬁﬂaﬂa}OHJ,HX MaKCBe/JI0B-
CKHM pacnpefe/leHHeM CXopocTeil.
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YTO rasbl NPH OOLMHBIX YCAOBHAX AEHCTBHTENLHO SBJSIOTCS JAOCTATOYHO
Pa3pe:KeHHbIMH, TaK YTO, NPEXJE YeM CTOJKHYTBCS C APYTOH MOJIEKY-
Jofi, JaHHas MOJeKyJaa IOJIKHA HpOJIETeTb OTHOCHTEJIbHO 60J1bILoe
paccTosiHue.

8.2. BszkocTh M nepeHoc MMNyJbca

PaccMoTpiiM MaKpOCKONHYECKHH 0OBEKT, HaXOASAUIHHCH B KHUAKOCTH
nnu rasze, [lyctb cpesa, B KOTOpy1o MOMENICH OOBEKT, HAXOAUTCA B [IOKOE
M HA Hee He JIeHCTBYIOT HUKAKHE BHEIUHHE CHJILL. Ecai 00beKkT HaXOaHTCS
B DaBHOBECHOM COCTOSIHHMH, OH TakKe nokoutcs. C JApyro#l cropoHsl,
ecau oO0bekT OyJeT ABHraTiCsi B cpefe, oHA He OyLeT B paBHOBECHH.
MoniekyasipHble B3aHMOJEHCTBHSI, OTBETCTBEHHBIE 32 YCTAHOBJACHHE
paBHOBeCHS, NPOABAT cefsi B MAKPOCKOMMYECKHX CHJIAX TPeHHs, jef-
CTBYIOHIMX Ha [BHKYIMHACA OOBEKT H BLISBIBAIOLHX €TO TOPMOXKEHHE.
B xopoweM npuGIHXKEHHH 3TH CHJbI
NPONMOPIUHOHANBHBL CKOPOCTH 00beKTa; . | x
OHHM TIOJTHOCTBK) MCUE€3al0T, KOTA4 JABH- L Pz
KeHne o0bexkTa mpekpaiiaercd. Bemu-
ugHa CHJI TPEHHS 3aBHCHT OT CBOHCTBA | .~ L 2F |
cpelbl, Ha3bBaemoro aasxkocmoro. Ha
OI¥H M TOT Ke OOhEeKT B NAaToKe HJIH ,
Méjle AedcTBYIOT GOJbLIHE CHJBI, Yem B »
BOJIE. COOTBETCTEieHHO, natoka obJjajgaer Egccﬁf'iia g&g‘f;:;:; iff{‘;"ﬁo?i HH-
ropasio 6oJiblIed BS3KOCTHIO, UeM BOAA. CKOCTH KHUAKOCTb AefiCTBYeT € CHioiL
Mbl 3aiiMeMcst Tenepb Gojdee TOuHpIM '@ ' KHAKOCTE HAA MIOCKOCTsIO.
HecleloBaHHeM TOHATHS BA3KOCTH M TONbITAEMCS OGBSCHHTH MHKPO-
CKOITHYECKOe [TPOUCXOXKJIEHHE BS3KOCTH B CJydae paspexeHHOro rasa.

Onpedeaenue roapuyuenma ssskocmu. PaceMoTpum a06yio cpeay
(3kMJIKOCTb WJH Ta3) # BOOGPA3NM B Hell HEKOTOP VIO MI0CKOCTh, HOPMAJIb.
K KOTOpOfi HamnpasJ/eHa BAOJAb ocH z. Cpesa HHXKe 3TOH IWIOCKOCTH (T. e.
Ha CTOPOHE C MEHbLIHMH 3HAUEHMSIMH Z) HCOLITHIBAET HEKOTOPYIO Cpell-
HIOKO CHJY Ha eIHHHIY IOBEPXHOCTH (HJH cpelHee HanpAasenue) P,
CO CTOPOHBI XKHAKOCTH, HAXOAALIEHCH NO APYIYIO CTOPOHY IJIOCKOCTH.
COOTBETCTBEHHO M3 TpeThero saxoHa Hplorona caeayer, uto Ha cpeny
Bblllle IJIOCKOCTH JeHCTBYeT cpeauss cusa —P, co croponst cpefpt,
PACHONOKEHHOH HUXe MIoCKOCTH. CpefHsis HanpaKeHHOCTb, HOPMaJjb-
Hast K IJIOCKOCTH, T. €. Z-KOMIOHeHTa P, oKa3wBaeT cpenHee gaBjeHHe
B cpene, Toynee, P,,=p. Eciu cpesa HaxOQHMTCA B PABHOBECHH, T. €.
MIOKOHTCS HJIM ABUIKETCS C NOCMOARHOL CKOPOCTBIO, TO U3 COOBParKeHH it
CHMMETPHH CJielyeT, 4TO CPejHee 3HaueHUe CHJ, NEHCTBYIOMUX napaa-
ACABHO MOCKOCTH, paBHo Hyao. Takum obpasom, P,,=0. 3amerHM, 4TO
BennuuHa P, cHalxeHa IByMs HMHIeKcamH. IlepBrifi M3 HUX oTBeuaer
OpHEHTALHUH IJOCKOCTH, 4 BTOPOH 03HAYaeT KOMIIOHEHTY CHJibl, JIeXKa-
HIyI0 B 3TOfl IVIOCKOCTH *). '

*) Beauunna P (rae @ M 7y O3Ha4aeT X, y WM 2) HA3BIBAETCH MEHIOPOM
Oasrerua. L
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PaccMoTpum Tenepb NPOCTYIO HepaBHOBECHYIO CHTYAIIHIO, KOTOPast 3a-
KJII04aeTcst B TOM, UTO CPeJHsAA CKOPOCTb U Haulell cpeiabl (T. €. MaKpoO-
CKONHYecKass CKOPOCTb MOTOKA) HEOAMHAKOBa B pa3HbIX ee TOYKaXx.
Il KOHKDETHOCTH pacCMOTPHM CJy4all, KOTAa COCTaBJ/sioliasi CKO-
POCTH 4, B HaNpaBJeHHH X He 3aBHCHT OT BPeMEHH, HO BEJIHYHHA i,
3aBIHCHT OT 2, T. €. u,=1, (z). Takoe nosoxenne MOXeT BOZHHKHYTE,

z €C/IH CPejla 3akJ/loueHa Mexay JBY-

L - Ml MJaCTHHAMH, HAXOASIIHMHUCS Ha
z=L T U4rly —s U4l paccTosiunu L, Tpuyem ImacTHHa,
T P = s Kotopod  z=0, mnokourcd, a
L T2 NJacTHHa ¢ z=L JBIKeTCS B HAaNpaB-
[ e g JNEHHH X € TOCTOSIHHOH CKOPOCTbIO
V=0 : uy. C xopowny npuGAmKeHHeM MOX-

w0 4= ~ HO CYNTATh, YTO CJOH KHAKOCTH,

‘ HEMOCPEACTBEHHO MpHUJeTaloHiHe K

D neewny  [I1ACTHHAM, WMEIOT CKOPOCTb ILIA-

B s manonn v i wbpa.  CTHH. TOrIa ciom cpesbl MeXIy mia-

30M, B JKMAKOCTH cyulectByeT rpagueut CTHHAMH 6y1ly1‘ HMETb pPasHble CKO-

cKopoeTHH Juglz. pocTH u,,, MeHsiolecss oT 0 IO u,.

B sTOM .cayuae cpefa Oyier NeHCTBOBATL Ha IIACTHHY C TAHTEHIlH-

aJbHOH CHJIOH, CTpeMsiueiicss 3aMelJINTh ee JBMKEeHHe H BOCCTAHOBHTh

PABHOBECHYIO CHTYAaLHIO.

QOuepyzHO, uTO, BOOOILE, JI060OH CIOH KMAKOCTH, PACNOJOKEHHBIH B

IJIOCKOCTH z=const, Gy/JeT HCIMBITHIBATL CO CTOPOHBL JekKallied Bhille
JKMAKOCTH TaHTeHUHanbHOE Halpsixeuue P,., T. e.

P, ==cpejnas cuja B HanpaBJeHuH X, NPUXOAALAACS
Ha eJAWHULY TNOBEPXHOCTH, C KOTOPOH muikocTb nojg (13}
MJIOCKOCTBIO IEHCTBYET HA 3KHAKOCTh HAJ I1JIOCKOCTLIO.

Ms! yiKe BUJeAH, UTO B COCTOSHUU DABHOBECHS, KOIAA U, (2) HE 3aBUCUT
or z, cuna P,.=0. B namem nepaBHOBecHOM CJaydae, Koraa Ou,/0z40,
cJelyeT OXHAaTh, YTo P,, ByJleT HeKOTOpOH (yHKIHEHA OT MPOU3BOAHOM
t, 10 2. D1a QyHKUHA J0/KHA 00DPAIAThCSA B HYJIb, KOTAA U, HE 3aBUCHT
or z. Ecau npousBonuast 6u,/0z NOCTATOMHO Maja, TO NEPBLIEA UYjeH
B pasaoxeHHH P, B psifl Teflsopa MOXKET 0Ka3aThCsl IOCTATOUHO XOPO-
UM npuGamKenneM. Toraa Mbl IMeeM JHHERNYIO 3aBUCUMOCTD CJAEAYIO-
Iero Buja:

zx

0
P.=~—n3=. (14)

Bxopstmias B 3Ty (GOpMyJy NOCTOSIHHas 1 HasblBaeTcst KoagguyueHmom
enskocmu Hamiefi cpebl. Ecan ¢ yBesnueHMeM z BeanuMHa Ou,/0z BO3-
pacraer, TO Cpeia, HaXOAALAsICs NOJ CNoeM z, OYNeT 3aMeAsiiTh cpely,
HAXONSULYIOCS HaJ 3TUM CJoeM, T. €. AefCTBOBATb HAa Hee C CHJIOH, Ha-
npapaeHHofi no — x. Takum ofbpasom, ecad du,/0z>0, To.P,,<<0.
Urtobbl cAeaTh KOIQPUIMERT BASKOCTH 1| TOJ0KHTENbHBIM, B GOPMYJY
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(14) BBesen 3uax munyc. Ms (14) caenyer, 4to KospduUHEHT 1) HMEeT
B cHcreme CI'C pasmepHOCTb 2-cm™'-cex™' *). I1ponopUHOHANBHOCTH
(14) mexny cmao#i P,, W rpaiHeHTOM CKODOCTH Ou,/0z XOpOILIO Hox-
TBEPKAEHA IKCIEPUMEHTANbHO A48 OOJbUIOTO YHCIA JKHUIKOCTeH U ra-
30B IIPH YCJOBHH, YTO IPAJMeHT CKOPOCTH HE C/IHIIKOM BeJIHK.

3ameuanne PaccMOTPHM CHIB B pasNHYHBIX CedeHHsX 2, JAeHCTBylolHe
B HaIpAaBJeHHH X B MPOCTHIX reOMeTPHUECKHX ycaoBuAX puc. 8.4. Cpeja, pacnojoxed-
Hasg HHXe IUIOCKOCTH 2, JeHCTBYeT ¢ CHJIOH. P,, Ha eIHHHIy NOBEpXHOCTH Cpejbl
suiue 2. Cpena, pacno/ioxeHHass MEXKY C/10eM Z H JoGbIM APYTHM cjioeM Z', IBHIKETCS
6e3 yckopeHHs. [To3ToMy KHAKOCTb, PAacHoJioKeHHas Boiile 2, JOJAXKHA JAeACTBOBaTh
C cis1oft —P,, Ha efHHHILY NOBEPXHOCTH CPejbl, PACIONOKEHHON HUXKe MIOCKOCTH 2.
Ilo Tperbemy 3akoHy HbiOTOHa KHIAKOCTb, PACHOJNOKeHHAs HHKe z’, HelicTByer ¢
cuaofl P,, Ha eJMHHUIY TIOBEPXHOCTH cpefnl Boile 2'. Takum o6pasom, B mwbom ceue-
HHA, B TOM 4uc/e H HA BepXHeil nuacTuse, AefcTBYIOT paBuble cHisl. Tak xak P,
SIB/SIETCH He 3aBHCSIEl OT 2 NocTosHHOM, u3 (14) cienyer, uro Ou,/0z=const, a nveuno

gty
dz L
i
Uy
sz:—n—f‘-

Bowucaenue kosgpuyuenma  esisxocmu 048 PABPENCEHHO20  203a.
B mpocrom caydae pasperkeHHOro rasa Koa(pHIHEHT BSI3KOCTH JErko
BHIUMC/IHTD HA OCHOBE MOJIEKYJSIPHOTO paccMorpeHus. Jlomycrum, uro
CPEIHSI KOMITOHEHTa CKOPOCTH rasa paBHa i, (NIPEIoioKHM, YTO 3Ta
CKOPOCTb MaJja MO CPaBHEHWID CO cpefiHell TeIIOBOH CKOPOCTBIO MoJie-
KYJ) U 9TO i, 3aBHCHT OT 2. PacCMOTPHM HEKOTOPYIO fJIOCKOCTb Z==
=const. KaxkoBa mosexy./isipHag npupoja cuibl P,., JeficTByioieli B
1J10¢KOCTH 2? UTOoOH AaTh XOTS Obl KAYeCTBEHHLIH OTBET Ha 3TOT BOMPOC,
3aMETHM, YTO MONEKYJIbl HaJl HJIOCKOCTBIO 2 Ha PHC. 8.4 MMEIOT HeCKOJIbKO
GOMBIIYI0 CKOPOCTh, Y4€M MOJEKYJbl, PACIONOMKeHHble MoA Heii. Koraa
ABYDKYILHeECS BBePX ¥ BHH3 MOJEKYJbl Nepecekalor NJIOCKOCTb 2, OHH
NepeHocsT ¢ coGoi M X-KOMIIOHEHTY HMNyJabca. [Ipu sTom ras, pacnodo-
JKEHHbIH HYKE ILIOCKOCTH 2, NI0JYYaeT NpHpallleHHe X-KOMIOHEHTH MM-
ny/bcd, TaK KaK OPOHHKAIOUIHE CBEPXY MOJIEKYJbl IPHHOCAT ¢ COoGOH
N36LITOK X-KOMIIOHEHTHl HMOY.1bca. TOYHO TaK 3Ke ras, pacrojoKeHHbl
Hajl z, TepsieT CBOH HMITYJIbC K3-32 TOrG, YTO IIPOHHKAWOMME CHH3Y
MOJIEKY/IB! [PHHOCAT YMEHbLIEHHYK X-COCTaB/ISOULYI0 HumiyJbca. [lo
BTOpOMY 3akoHy HbroroHa cuaa, JeHCTBYIOMAS HA CHCTEMY, paBHa CKO-
POCTH M3MEHEHHsT UMITyJibca cucTeMsl. TloaToMy cuaa, ¢ KoTopoii ras mnoa
IUIOCKOCThIO JEHCTBYET HA ra3 HaJ, NJOCKOCTbIO, PABHA HU3MEHEHHIO 3a
€IMHUILY BPEMEHH UMITY/IbCA I'a32 Haj| IVIOCKOCTbIO, BBI3BAHHOMY. Ia3cM
mox maockoerpio. Takum obpasom, cuaa P,, n3 (13) pasua

P,,.=cpeiHeMy BO3pacTaHMIO 3a €IUHHLY BpeMeHd M Ha
.eMH{IY TIOBEPXHOCTH MJIOUWIALH X-KOMIIOHEHTH HM-
nyJbca rasa Haj MJIOCKOCTbIO, Bbi3BaHHOMY mepeHo- (15)
COM . UMIY/bCA MOJEKYJIaMH, IICPECEKalOWHMH 35Ty
[JIOCKOCTb.

*) J1a KOMOHHAIMs eNMHHI, HOCHT ‘Ha3BaHHe nya3a B vectb ¢u3nka Ilyaseins,
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Mosncusgomee 3aMeuaHHe UToOb nNOACHHTL MEXaHH3M BA3KOCTH
nepeHOCOM UMIYJIbCa, NMpPHBedeM CIEYIOMYyIo aHanoro. IlyeTs lBa »eJe3Hofopox-
HbIX BaroHa JABHXKYTCA DSNOM N0 NapaliejbHBIM NIYTAM, IPHYEM CKOPOCTh ONHOTO
BaroHa GoJblie CKOPocTH fxpyroro. IlpeacraBum cefe, “4TO IPY3UMKH H3 KaXKAOro
BArOHA 3AHUMAIOTCH TeM, YTO MepeGpachIBAIOT SIIHKH C TMeCKOM HA COCeJHMH BaroH.
D10 nepebpachlBaHHe BhI3LIBAeT IepeHOC MMITYALCA, NPH KOTOPOM Gojee MeNJIeHHBI
Baron GyJeT HCOBITHIBATL YCKOpeHHe, a OoJee ObICTPHI — 3aMelJieHHe.

Y0611 OLieHHTh BEIMUHMHY KRO3(OUINEHTA BA3KOCTH, AONYCTHM, 4TO
BCe MOJIEKYJB Tasza JBHXKYTCS € OIHHAKOBOH CKOpDOCTbIO, PABHOH HX

CPEIIHeﬁ CKOPOCTH I—)— Ozma TPeTh H3 BCeX HaAXOAAUIHXCS B ¢IHHHIIE 06be-
Ma 7 MOJICKY.] HMCKHT COCTaBJsAG-

.TZ _ lue CKOPOCTH, HanpaBieHHble BIOAbL
; Uy(2+1) OCH Z; V NOJOBHHLI 3THX MOJIEKV.1

. IZ”—”- TT 7777 CcKOpOCTH Hampas/eHbl BIOAb -z,

Y 8 . ay Ipyroil NOJOBHHBI BIOJb 2.
1 ig,nv PacemoTpuM MJ0CKoCTh, 0603HAUYeH-
——————— ——\ "~~~ Hywo OykBoil z. 3a eaHHHIly Bpeme-
Uy (2~1) HY €JHHHIY TOBEpXHOCTH 3TOH IO~

Puc. 8.5. Monexymi. mepecesawmné  cKOCTH nepeceder (1/6) nv  Mosery.
NJAOCKOCTh, OCYIULCCTBASIOT FHCPEHOC HM- -—

nysca. cHH3y H (1/6) nv Moserys cBepxv.
M3 onpenenenus cpeanero csofpiaHoro npotera [ cieayer, 4To MoOJe-
KYyJbl, IPHUICIUINE CHH3Y, HCIOBITAMH TOC/CIHee CTOJKHOBEHHE Ha pac-
CTOSTHHYE [ TIOJ TJIOCKOCTBLIO, & MOJIEKYJIBl, NpHieTiIHe CBepXy,— Ha Ta-
KOM K€ PacCTOSIHHU [ HaJ TIOCKOCThI0. Tak Kak cpennsisi CKOPOCTb U=
:=4,.(z) 3aBHCHT OT KOOPJAHMHATHl 2, TO MOJEKYJLI B MJICCKOCTH (2 — /)
GyAYT HMeTh CPEIHIO X-KOMIIOHEeHTY cKopoctH u (2 — [). Kaxknas ra-
Kag MOJeKyJa C MAacCcod m [epeHOoCHT Yepe3 TJIOCKOCTh CPEeAHIon X-
KOMIIOHEHTY HMNyJabca mu(z — I). Mol NpUXoANM K CIedyioleMy Bil-
BoNy *):

HOCHMAasi B €IMHHIY BpeMeHH lzepe
€IMHULY NOBEPXHOCTH TMJIOCKOCTH
B HalpaB/JeHHH CHH3Y BBEpX, J

rCpesuas KOMNOHEHTa HMMYJbca, fiepe-T)
[
| =

- no{mu, (z—0].  (15)

Touno Tak ke, paccMaTpHBasi MOJIEKY/bl, MEpecexamllie MJIOCKOCT:
CBepXYy, Ile KOOpJAuHaTa HX TOCACAHEr0 CTOJAKHOBeHHsi Oblia (/+z2),
MBI = MOZKEM ~ HalHcarth:

rCpenHss x-KOMIOHEHTA HMIyJabca, Te-T|

peHOCHMasi B €IMHHILY BpEMEHH de-| 1 ,

pes e€IMHHUY MOBEPXHOCTH B Haipas- |~ 6 v [mug (240, (17)
L JIeHHH CBepXy BHH3, _,
Bounras (17) us (16), Mbl nosyyaem OKOHYaTesbHOE CPeJHee 3HAaueHHe

X-KOMIIOHEHTBl HMITYJIbCa, NePeHeceHHOil MOJEKYJaMH Yepe3 eNHHUILY
MOBePXHOCTH IIOCKOCTH Z 33  €IMHHIy BPEMeHH, T. e. HalpskKeHHe

*) UroGbl n3bexaTh MyTaHHUBI, 3allOMHHM, YTO CHMBOJIH iUy (2—I) He o3nauaer
fIpou3BelieHie; TO CpeflHee 3HaUYeHHe CKOPOCTH Uy B IIOCKOCTH (2—I).
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P, . onpenensiemoe 8 (15) uau (13). Hraxk,

| 1~
P o= mmu,(z—)— nvmu,(z+1),
I : , ;
sz:—é- nom [u, (z—1)—u, (24 1)]. (18)

Tax rak cpeansas Anuxa cBoboaroro npobera / BechMa MaJa (1o cpasHe-
HHIO C PACCTOSTHHSIMH, HA KOTOPbIX T'PAAHEHT CKOPOCTH Ou, /07 MeHsieTcs
3aMeTHbIM 06pasoM), Mbt MOKEM C XOPOWHM NPUOMHIKEHHEM 3aMHCaTh
TaK:

U e+ D) =1, (2) + 2,
u
ux(z—[):ux(z)——%fz’fl
Takum ofipazom,
L= g0ue N Ouy
, Pm~~6—nm\ Q—a?l>‘_ 55 (19
e : ,
!
T e —é— romi. i (20)
I

113 dopmyanl (19) caenyer, uto P,, AeHCTBHTENbHO MPOMOPUHOHANLHO
£DaAMEHTY cKOpocTH du,/dz, yro coraacyercs ¢ (14). Kpome Toro, dop-
ayaa (20) Bbipaxcaer KOd(QOULHEHT BISKOCTH 1) 4€pe3 MOJeKYJsipHbie
11apAMeTPBl, XaPAKTEPU3YIOIUUe CBOHCTBA Ta30BBIX MOJEKyN.
Hawm BoucieHus vmenn BecbMa YNpOIIEHHBIH Xapakrep. Mpl He
fILITA/ANCh BBIUHC/IATD CPelHNe 3HAUCHHS Pa3JHUHLIX BeanuuH. [Tostomy
MHOXKUTeNo '/, B dopMyne (20) He caenyeT npuIaBaTh 6OJBIIOTO 3HAYe-
Hust. KoadpduimedT nponopuioHanpbHOCTH, NOJSyUeHHbIH npH GoJee Tia-
TeJIbHBIX PacyeTax, MOXeT HMEeTh HECKOILKO APYroe 3HaYeH#He. 3aMeThM,
O.HAKO, UTO MOJy4YeHHast HAMHU 3aBHCHMOCTD KopdHiIIeHTa BI3KOCTH OT

MOJIeKYASIPHBIX TIAPaMeTpoB 1, m, v u [ ZOJKHA OBITh BEPHOH.
Obcysicderiue. s opmy.inl (90) clleflyeT psil HHTEPECHBIX NPeIcKa3a-
nui. Hafing n u3 soipaxenus (9), o

[—_ L o ' (21)

V2o’
# ToAcTaBUB ero B (20), Mbl MOAYYHMM CJelylomnlee BhIpaXKeHHe I 1):
L g = o .
=y - (22
N @)

KOTOPOE yKe He CONEPIKAT A. Hpnﬁnnx(eﬂﬂoe 3HaueHUe v MOXKHO MOJLY=
YHTb U3 TEOPEMHL O paBHOMep‘XOM pacrpene/esuu:
— kT
5

1 2
3mvx~3kFT,v. HIH U= —.
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Ho

— 3kT
’_‘UA" 0‘,—*—02‘31&’:7,

TaK Kak (_Ji—ﬂ?-v_z u3 cooGpaKeHHil cUMMeTpHH. B NpHOIHKEeHHbIX
BLIYHCAEHHSX STOM [/IABbI MbI MOXKEM He [IeN1aTh Pa3/HuHs MEXy cpel-

Hell CKOPOCTbIO U W KODHEM H3 CpEIHero KBajpara CKOPOCTH @) .
[NosToMy € HOCTaTOUHO!H CTENEeHbl0 TOYHOCTH MOMKHO MOJIOXKHTb

- 3T
v 1/77- (23)

HezaBrcHMO OT TOYHOrO 3HAUeHUs! KO3(pDHIHEHTa MPONOPIHHOHAJBHOCTH
B (23), cpenHsisi CKOPOCTb MOJIEKYJIbl 3aBHCHT TOJIbKO OT TeMneparypol T,
HO HE OT 7 — YHCAa MOJIeKYJ1 B efinHHIe ofbema. Taknm o6pa3omM, Koad-
dunuent Baskoctd (22) oxasemaercs He 3asucsuM ot . [lpu ganHo#
temneparype T OH He 3aBHCHT TaKxXke H OT JaBjeHHd raza p=nkT.

Mbi mosyuusu 3aMedaTesbHBIA Pe3y/bTaT, NMOKAa3biBAIOUlH, 4TO B
cHTyaluu, H3o0pakeHHOH Ha puc. 8.4, TopMo3dilasd cHia, ¢ KOTOPOit
ra3 jefictByeT Ha JABHXKYILYIOCH BEpPXHIOWO - NJIacTHHY, Oyler oxHO# U
TOH e, HE3aBHCUMO OT TOTO, PABHO JU JABJEHHE rd3a Mex1y M1acT-
gamu 1 um nau, Hanpumep, 1000 mu pt. cr. Ha nepBblil B3r/isi1 370T Bbi-
BO/l K2XKeTCsl CTPAHHBIM, TaK KaK HHTYUIHS NMOACKA3LIBAET HAM, YTO TaH-
reHIIHa/JbHAS CHJAA TOPMOXKEHHS B rase J0/RKHA ObITh HPOHOPUHOHANbHA
YHCJAY. Fa30BBIX MOJEKYJ, MEPeHOCSUIMX WMMVJBC C OAHONU MIACTHHLE
Ha apyrvio. Clenyer, ofHaKO, UMETb B BHAY, YTO [PH 3TOM CPeIHAs
JUIMHA CBOGOIHOrO mpobera YMEHbIUAeTcss U MOJEKYJbl ITEPEHOCSIT HM-
HyJbC C PACCTOSIHHSA, COCTABJAIOLUIEIO TONBKO 4acTh IePBOHAYAJIbHOIO.
TlosToMy KOHE4HOe 3HaueHHEe MEePEeHECeHHOTO MMIYJAbCA OCTAETCS HEeHs-
MenHbIM.. He3aBucHMOCTE BSI3BKOCTH 1) rasa OT MJOTHOCTH (TIPH TOCTOSIH-
HOH Temreparype) Obi1a npeackasava MaKCBeJmow B 1860 I. M 3Kcie-
PHMEHTAJbHO NOATBEPHACHA HM Ke.

OueBHIHO, UTO 3TOT Pe3YJLTAT HE MOXKET OCTaBaTbCsl CIpaBelIHBLIM
ISl TPOU3BOJILHO GOJLINOTO WHTEPBAJa H3MEHEHHS [JOTHOCTH Ta3a.
HefictBuTenpHo, npu BeiBoAe opmyJinl (20) Mbl cAes1a/14 ABA JONYLIEHHS ;

1} MBI mpeamoJaradu, 4TO Tra3 JOCTATOYHO pa3pemxeH IJIsl TOrO,
4TOGB! MOXKHO OBIJIO [OJHOCTBIO NpeHebpeub OJIHOBPEMEHHBIM CTOJIKHOBE-
HIIeM TpeX uau GOJbLIerO YHCaa MOAEKYA. Mbl OTPaHHUMIMCH PACCMOT-
peHueM IBYX MOJEKYJa. DTO orpaHHYeHHe JOMYCTHMO, eC/IM IJIOTHOCTh
MOJIEKYJ JIOCTATOYHO Maja, T. e.

[>d, (24)

Tle BelHYMHa d ~ ¢'/: XapaKkTepusyer AMaMeTP MOJEKYJibl.

2) C apyroit cTOpOHbl, MBI NpeAnoaaraiy, 4T0 ra3 IOCTATOUHO IIJIO-
TeH, TAK HTO MOJeKyJlb! FOpasjo 4Hauie CTAJKHBAIOTCA APYTr C ApYrom,
HYeM €O CTeHKaMH cocyla. JTo NpeinoJioxeHHe O03HAYaer, 4YTo 7 Ha-
CTOJBKO BeJHKO, 4YTO

I<LL, (25)
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rie L— nHaumeHblnuil THHeHHbiA pa3mep cocysia. (Hanpumep, Ha puc. 8.4
L — paccrosHue Mexay niacTuHami.) B npenenabHoMm ciyyae MHOJHOro
‘Bakyyma n—-0 TaHIeHIHa/IbHAA CHJIA, JNEHACTBYIOLLAs Ha JABHXKYILYIOCH
NNAaCTHHY. (pHuc. 8.4), JOJXKHA HCYE3HYTh, TAK KaK B 3TOM C/ayuae HeT
rasa, KOTOpbiii nepeHocHa Gbl uMuysbc. Ecan n sHacrosibko majo, 4To
ycJoBHe (25) He BHIMOJHSIETCS, BSSKOCTb JOJXKHA YMEHbUIMTbCS H CTpe-
MHTBCS K HYJIO 10 Mepe AaJjbHeflllero yMeHbileHud fi. lefcTBUTENBHO,
ec/id cperHss LaHHa cBofoqHoro npobera (21), cBsi3aHHAasg CO CTOJKHO-
BEHHEM C JIpYTHMH MOJIEKYJIaMH, CTAHOBHUTCSE GoJIblIe pa3Mepa cocyaa L,
MoJieKya OVIeT NpenMyLIeCTBeHHO CTAJTKHBATbCS CO CTEHKaMH cocyna,
a He C JPYTHMH. MOJeKyJaMHu. DpdeKTHBHOE 3HAUEHHE CPeXHeHl AJHHbLI
cBoGoAHOro npofera MONEKYbl B 3THX YCJAOBHSAX CTAHOBUTCH MPUOAU3H-
TeJIbHO paBHBIM L (BequunHa [ GoJsibile He 3aBHCUT OT 4YHC/IA MOJIEKY.
rasa B cocyje) u Ko3(ppuiueHT BA3KOCTH 1] B (22) 0KasbiBaercs npomnop-
UHOHAJbHBIM MJIOTHOCTH Al

3aMeTHM, ONHAKO, 4TO. o6JjacTb. maQrHactel, rae ycaosus (24) m
(25) ynossieTBOpSIOTCS OJHOBPEMEHHO, BeéChbMa BeJHKa. JleficTBUTeIbHO,
B OOBbIUHBIX MaKPOCKOMHYeCKHX onbitax L3»d. Takum oGpasom, Koaddu-
LIMEHT BSI3KOCTH Tra3a 1 He 3aBUCHT OT JaBJeHUs B BeChMa 3HaUHTEJbHOM
HHTEpBaJe JAaBJEHUH.

O6cyaum Tenepb 3aBHCHMOCTb KO3h@dHIMEHTa BSI3KOCTH W OT TeM-
nepatyphl. Ec/iH MOJIEKYJIbl IOXOXKH HA TBEpAble HIapbl, TO MONEPEYHOe
ceyeHue 0, onpelenseMoe paBeHCTBOM (2), OGyJleT YHCJIOM, He 3aBHCAIIHM
or T. B srom ciyuae u3 (22) ciefyer, YTO 1} 3aBHCHT OT TeMIepaTyphl

Tak #e, Kak U v, T. e.
nec T3, (26)

B ofmem cnyqae OKa3pIBaeTcsd, YTO 0 3aBHCHT OT cpelmeu OTHOCHTeJIbHOH

ckopoetd V Mosexya. Tak kak VoT":, T0 6 OKa3bBaeTcsi 3aBHCSALIHM
OT TemnepaTypel. B pesyabrate 3aBHCHMOCT 1) OT TeMIleparyphl OKasbl-
Baercs GoJiee CHIBHOM, ueM B (26): 1) mpUOIH3HTEILHO NPONOPIHOHAJBHO
T, KayecTBeHHOE OGBSICHEHHE TAKOH 3aBUCHMOCTH 3aKJ/I0UAeTCs B TOM,
410, KpoMe OOJBIIHX U KOPOTKOAEHCTBYIOMIHX CHJI OTTaJMKHBaHHS, MEXLY
MoJieKyJaMu AeHCTBYIOT NPOABJSIONIHECS HA OTHOCHTE/IbHO OOMbIIHX
pPacCTOSIHHSIX cJalble CUJbl MNPHUTSXKEHHSI. DTH  CHJIbl  YBEJIHYHBAIOT
BEPOSITHOCTb PACCESHHS MOJIEKYJbl, HO C YBeJHYEHHEM TeMIepaTyphl
5(heKTHBHOCTD JEHCTBHS 3THX CHJ YMEHbINAercsi, TaK Kak cperHss
CKOPOCTb MOJICKY.J1 BO3PACTAET H Te XKe CHJIbl BbI3BIBAIOT MEHbIIIEe OTKJIO0-
Henue. [loaTomy nonepedHoe ceyeHHe paccesiHHSI HECKOJAbKO YMeHblUA-
emca ¢ yBeJHYeHHeM TeMIepaTypbl H, COOTBETCTBEHHO, BSI3KOCTb 1,
KOTOpasi B MOJEJH TBEPLbIX WapoB T/=/0 B JeACTBHTENIBHOCTH BO3-
pactaeT ¢ Temneparypoli Oeimpee, yeM T'/:.

O6paTumM BHHMaHUE HA TO, YTO C YBEeJHUYEHHEM TeMNeparyphl Bs3-
KOCTb rasa pacmien, B OTJIHUHE OT BASKOCTH KHUAKOCTH, YMEHbUIAOuelics
¢ yBeqnueHHeM TemnepaTypbl. IIpHunHOfl Takoro pasnauuusi siBASETCH
6/1H30CTb MOJIEKYJ »KHAKOCTH: Nepefiada UMNyJbca 4epe3 JaHHYIO IAO-
CKOCTb B XKHJKOCTH NPOHCXOIHT He TOJIBKO H3-3a Nepexoja MoJeKyds,
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HOo W 6Jarofapa HenoCPeACTBEHHOMY B3aUMOLEHCTBHIO MOJIeKy1, Haxo-
JSWHXCHA 10 00e CTOPOHBI MJIOCKOCTH.

B 3akgioueHve OUEHHM NOPANOK BEIMUMHBI N AJf Oﬁbl‘-IHOI‘O ra-
8a npu KoMHaTHOH Temnepatype. as azsora (N,) m=28/(6-10%%)=
=4,7-10"% 2, H cpegHHHA HMOYJIbC MOJEKYJB a30Ta NPH KOMHATHOM
‘Temnepatype T=300° K pasen mv ~ }/ 3mkT =2,4.107*% 2.ch-cex.
Jnamerp mosnexyasl azora 6ausox K d~2-10"% cm, orkyia o~adi=x
~1,2-1071% ¢ s (22) noJyyaen cnezlyiomylo OUEHKY Ias 1 &

|
Y

JUast cpaBHeHHs yKaKeM, uTo HS‘\IGPEHHO@ 3HaUEHHE Koaq)qmuHeHTa BSI3-
xocth W y asora N, np# KOMHATHOIl Tenneparype 300 K pasno
1,78-10‘42-(:»1‘1-03&“1

Mloacrasaas. (23) B (22), Mbi noaydum npnéﬂmxeﬂ_aoe Bblpameﬂne
A KoHUHeHTa BA3KOCTH . '

mv .
o~ 5.10"% zocm—t.cex—1.

1V kT ©7)

N —— .

Vs o

8.3. TennaonpoBoAHOCTE M MEPEHOC IHEPruu

Onpedenenue koappuyuenma menaonposodrocmy. PaccmMoTpuM Be-
ILeCTBO, B KOTOPOM pacnpefie/leHHe TeMIepaTyphl He SIBJISIeTCs1 ORHOPOJA-
HbM. lomycTuM, Hanpusmep, YTO TEMHOepaTypa 3aBHCHT OT KOQOPAHHATHI

z, Tak.uyto T=T(z). Hawe BewectBo He

y //// / HaXOIMTCsl, TAKNM 06pa3oM, B paBHOBeC-

HOM COCTOSIHUH, U CTPeMJIEHHe K AOCTH-

KEHHIO DABHOBECHS! NIPOSIBUTCS B cyue-

__*____f ________ CTBOBAHMH . IOTOKA TeMnsia, HampaBJeH-

(22 HOIO OT YYacTKOB BelllecTBa, 00J18]1ai0-

ILUX BLICOKOH TeMneparypoi, K- ydacr-

/ KaMm c Hu3Koil TemmnepaTypo#. Paccmor-

/ / puM mJocKocTh z=const, rue T=7T(z).

T,>T, é’z<0 Hac 6y:1.eT ’I/IHTepECOBaTb crefyrolas
. _ BeJIHYHHA:

Pus. 3.5. Bemecrso, naxogsileecs B

TCNTOBOM KOHTAKTe € ABYMsl Tejami, ., y
abco/oTHas  TeMNepaTypa = KOTODBHIX . Qz::}\OJlH_quTBO TenJa, nepetie-

pasda Ty u T,. Ecan 7,>T,, Tewio . R v
TeueT B }I!anpa;.neﬂﬂn — zz, o'rl Tena ¢ CeHHOE 34 CAMHUILY BpPEMEHH (28)
Sonpuiell TeMriepaTyYpOl 4 Tesly € MeHb- HEpEes -eAHHHILY NOBEPXHOCTH
iuefi TeMfiepaTypoi, Takum obpasom, o :

BenHYEH4 © Q, oTpHiiaTenbHa. , ¢ . B HaIllPABJEHHH —-.2. .

; X
Beanuuna @, HASHIBACTCS MLIOMIHOCTI6M MOMOKE MMENAd B Hanpasneﬂuu
ocu 2. Ecau temneparypa oznopoana, Q,==0. B nporuBHoM caiyyae pac-
CYKJeHHd , aHaJOTHYHLIE TEM, KOTOPBIE Mbl POBE/IH NIPH. PACCMOTPEHHH
BSI3KOCTH, HPHBOIAT K TOMY, 4TO BEIHYHHA Q, ROMKHA ‘GhITH (B XOpPO-
1eM APUG/IHKEHHH) NPONOPLHOHA/bHA FPAAURHTY TeMieparypsl 0T/dz,
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€CJAH 3TOT TpagHeHT He CJIHIHKOM BOJIHK. Mer HMeeM, TaKHM O6pH3OM,

Q=—n2l. | (29)

BennunHa »x Ha3LIBAETCS KOIPPUUUEHITION MEAIONPOGOOHOCITIL PACCMAT -
pHBaemoro sernlectBa. Tax Kak Teio TedeT oT obnacrell ¢ BEICOKOH Tem-
neparypoit k obaactu ¢ 6ojee HU3KOH TeMnepatypoit, To Q,<<0, ecin
dT/0z=0. [dasa Toro uroObl BeIHunHA % Obl1a MOJOXKHTENbHOH, B (29)
CTOMT 3HAaK MHHYC. Bripaxenue (29) cnpaBefsIHBO MPAKTHYECKH BO BCeX.
rasax, XuIKOCTSIX M OXHOPOAHHIX TBEpAbIX Tejax.

Botuucaenue ko3ppuyuenma menionposooHocmiL paspesertozo easa.
B npoctom ciyuae paspexensoro rasza Kos3dhbHiHeHT TeNJI0nPOBOJHOCTH
MOXKET ObITb BLIMHCJ/IEH C NOMOLIBIO TOTO K€ YIPOLIEHHOTO MOJIEKYJisp-
HOTO PaCCMOTPeHHs!, HCHOJB30BAHHOIO HAMH NP H3Y4YEHHH BA3KOCTH
rasa. Paccmorpum B rase mjockocth z==const, rie 7=7(z). Mexanusm
niepeHoca Temja 3aKJI049aeTcst B TOM, YTO MOJEKYJbl rasa nepecexkaror

TUIOCKOCTb cBepxy H cHuady. Ecau 0T/0z>>0, 10 cpenusas saeprus &(T)

MOJIEKYJI, TIPUXOASILUMX CHH3Y, MeHblie Yem £(T) y MOJIEKV.A, TepeceKaro -
ILMX IIOCKOCTH cBepxy. B pesynb-  —°

z
TaTe BO3HHKHET MEPEHOC YHEPTHH H3 T P
objacTH Hal HJIOCEOCTHO Bp06J]aCTb o Z(f *_l)_ _-—_a(_zill“
noy Heli. Kak M npu pacuere Bs3- b {_51 ng
KOCTH, Mbl MOKeM HaIucaTh, YTO 38 ZEq————————
eIMHHLY BpEMeHH uYepe3 eIHHHILY l -g-””
[OBEPXHOCTH CBEPXY BHH3 MpOMAJET —*TTYZ—HZ)—* ———E(—Z_—E_.

okoJo 1/6 nv mosnexkya *). 3necb n — ° ‘
qUCA0 MOJIEKYJ B €lHHHIlEe 00beMa  Puc. 8.7. Mosekyns, NepéceKawomune nuio-
- CKOCTb, fIEPEHOCAT 3JHEPrHIo.

BOJIM3H TJIOCKOCTH 2, @ U — CPeNHss]

CKOpPOCTb MOJIEKYJ. MoJeKyJibl, Tepecekaloilde MJIOCKOCTE Z CHH3Y,
MCTILITAJIH MOC/e[Hee CTOJIKHOBEHHe B cpefHeM Ha paccTosiiud [ oT
naockoctd. Ho temmepatrypa 7 3aBUCHT OT 2z, a CpelHfiAl 3HEPrHsA &
OT TeMnepaTyphl, MO3ITOMY CPEAHAS 3HEPrHst MOJEKYJ € 3aBHCHT OT
KOODJAHHATHL 2, T. €. £=¢(2). MoaeKyabl, NepeceKkaoillie MJAOCKOCTh Z
CHH3Y, NEepPeHOCAT CPENHIo 3Hepru £(z — [), TaK Kak Mbl CUuTaeM,
4TO MOC/ICHEee CTOJNKHOBEHHe HMeno Koopannary z — [. Taknm oGpasom,

“CpeiHsst HEPrusi, nepeHeceHHasi B eNHHULY "
BPEMEHH uepe3 eIHHHUY INOBEPXHOCTH B | ==
HanpaBJeHHH CHH3Y BBEpX,

noe(z—10). (30}

" *) Tei0npoBOAKOCTh [a3a u3yuaercs HaMu B CTAUMOHADHBIX YCJOBHAX, KOrfa
KOHBEKTHBHOe JIBHKeHHe OTCYTCTBYeT. I103TOMy IOTOK MOJIEKYJ, NepeceKarouux no-
BEPXHOCTb C OJHOFO HANpABJEHUS, DaBeH MOTOKY MOJIEKYJ C HPOTHBONONOKHOIC
HanpasJieHds, H B HallleM. 5JeMEHTAPHOM PacCMOTPEHHH Mbl MOMKEM CUHTATb, YTO HPO-
u3BefieHHe nv NocTosHHO. Taxum o6pasoM, Mu! npeseGperaeM HeOONbIIMM PasjiHIHEN
B 3HAYEHMSIX N K U HajZ H NOJ INIGCKOCTBIO, BLI3BAHHBIM CYU|ECTBOBAHHEM TpajMeHTa
TeMIepaTyphi. ’
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AHaJOrHYHO, paccMaTpHBas MOJIEKYJBI, NPHXOASHIHE CBEpXY, e moc-
JIellHeMY CTOJKHOBEHHIO OTBeYaeT KOOpAuHara (2--/), Mbl UMeeM:

CpelHAst JHeprus, HepeHecenHas B €4HHHILY | —- \
BpeMeHH uepe3 ejuHHIY IOBEepPXHOCTH B]:F nve (z-+1{). (31)
HanpaBJeHHH CBEpPXy BHHS3, i

Buunrtas (31) us (30), MBI IO/Iy4aeM pe3yJbTHPYIOWIHE TOTOK IHED-
THU (), Yepe3 NoBepXHOCTh Z—=const B HalpaBJeHHH CHH3Y BBEpPX:

Q=gnvle —h—e(+|=

= 1o [{E(z)—zgg}_—{é (z)grzg—f}] .

HIH
1 = [ de ] 1 — s dT
Qz—FﬂUL—QZFZ--——-—,—d-nZ/l—J:[‘:b‘;y (32)
Tak KaK—é 3aBHCHT OT Z 4epe3 TemIeparypy T. Beenmem o6o3nauexue:
de
c=2 (33)

Besuuina ¢ o3Hauaer TEVIOGMKOCTb (NMPH MOCTOSTHHOM OOBEME), OTHe-
CEHHYIO K 00Hoil moaexyae. Tenepb (32) mpHHUMaeT caefylouvil BHA:

oT
Q=—n%, | (3)

rne

!
%= necl. (35)

Vs (34) cnenyer, uro @, HPOMOPUHOHA/IBHO IPAJHEHTY TEMIEPATYPHE
lem. (29)], a (35) BhipaxaeT KO3DPHUMEHT TEIONPOBOAHOCTH % Iasa
uepe3 OCHOBHBIE MOJEKYJISIDHBIE BEeIHYHHBL.

O6cyacderue. KoabunueHt 1/, B'dopuMye (35) noayueH B pesyabrarte
NpUGIIIKEHHBIX BBIUMCJEHHA W HE 3aC/yKHBaeT OOJABiIOro JOBEpHs.
®dopumyaa (3b) naer, opHaxko, NPABH/IBLHYIO 3aBHCHMOCTD % OT BCEX mapa-
METpPOB, UMEIOIINX CyluecTBeHHOoe 3HaueHHe. Tak kak [« n~!, 10 mjior-
HOCTb ONATb Hcye3daer, Bocrnosb3oBasiiuch (21), Mbl [oJdydyaeM Bbipa-

KEHHC JJId %K.
1
M o= e

TEeT (36)

ale

Takum o6pa3zom, Ipu 3afaHHON TeMrepaType TemIONPOBOIHOCTE He 3a6u-
cum Or JaBJieHus rasa, JroT Pe3y/IbTaT UMeeT TO ke OObACHEHHE, YTO
1 aHaJorM4Hoe CBOMCTBO BA3KocTH. OH cnpaBezmnB B 00/1aCTH faBJie-
HH, re cpenusis JMuHA csoﬁolmoro 1npoGera MOJIEKYJibl yI0BJIETBOPAET
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yenoBuio d<€/<ZL (3necb d — nuamerp Moseky sl H L — HaHMeHbLIMH
pasMep cocyna).
J1s 01HOaTOMHOTO Tasa H3 TeopeMbl O PABHOMEDHOM pacipeieaeHHn

- 3 i "
CIAedyeT ¢ =—2-kT, fIO3TOMY TENJOEMKOCTb, OTHECEHHAss K OJAHOH MoJie-

3
Kyne, paBHa C=-k.

[Tpumenum Bolpaxkenue (36) K MOJieKy.1aMm, KOTOpble BexyT cebsi To-
Jo6HO TBepiapM wapam. Tak kak vocT%/:, a ¢ oT TemmepaTypbl He 3a-
BICHT, Mbl MOJIy4aeM, 4TO KO3(PHIMEHT TENIONPOBOAHOCTH % Nponop-
LHOHA/JEeH KOPHIO H3 abCOJIIOTHOH TeMiiepaTyphl

woc Tile, (37)

B AeficTBHTETbHOCTH O HECKOJIBKO MEHSIETCS ¢ TeMnepaTypoit. Mol 06y K-
Jasy 9TOT BONPOC B NpelbiaylleM naparpade Opu paccMOTPEHHH BSA3-
xocrd. B pesysbrate ® MeHsiercs ¢ TeMIepaTypod Gosee ObICTPO, deM
. 310 caepyer u3 (37).

C momoutsto (36) Jierko OLEHHTH MOPSIOK BeJHYHHB KO3hdHIHEHTa
TeIJIONPOBOLHOCTH % J/i9 Ta3a NPH KOMHATHOH Temieparype. 3aMeTHM,
YTO H3MEPEHHOE HA OIbITe 3HaueHHe KO3phHIHEeHTa TenJoNpOBOAHOCTH
aproHa mpu 273° K paBuo %=1,65-10"% gem-cm~1-epad=".

Hcrnoab3ys Beipamente (23) 1 v, Ml moJayduM u3 (35) caenympouiee
npuOAHKEHHOE BBHIpaXKeHHe sl KodhdHUHEHTa TeILIOHPOBOJHOCTH:

1 ¢ kT :
R e — 3/ 2L 38
Ve oV m ~ (38)
CpasuuBast Bolpaxenust (20) u (35) anst Ko3hpHUUHEHTOB BS3KOCTH 1
H TENJOMPOBOAHOCTH %, Mbl BUIHM, YTO WX OTHOIIEHUE PABHO

" c
— =, (39)
n m
Tlocne ymHOMKeHHA unC/HTeNs M 3HaMeHateas (39) Ha uHcao ABorajapo
N, wmbl nosyuaem

a

N

N ,
rie c,=N_c — MoJsIpHAs TelIOeMKOCTb I'asa NPH HOCTOSTHHOM ofbeMe,
a p=N,m — monexyasipuplii Bec rasa. Takum o6pasomM, Mex1y IABYMs
k03dduileHTaMl TIepeHoca % H 1 CYLECTBYET BecbMa IIPOCTOe COOTHO-
HIeHHe, KOTOpOe JIeTKO TpOBEPHTh HA ombiTe. Takas mpoBepka NOKa-
3aja, 9TO OTHOIUeHHe (k/vj){c/m)~* sexuT B npefenax 1,3—2.5, Ho He
paBHO efuHMULe, KaK 370 cienyer u3 (39). Mmes B BUAY, 4To HalIN OIEHKH
K03DPUIHEHTOB 1 K % ObLIH NOJYYEHbl C TOMOLIbIO BECbMA NPHOJIKEH-
HBIX METOOB, MBI MOXCM OBITb BIOJHE YAOBAETBOPEHB! TAKOH CTENEHLIO
COTJIaCHsl  MeXJIYy TeopHeil H 3kcnepumentoM. [eficTBurenbHo, dacTh
OGHAPYIKEHHOTO PACXOXK/EHHA OObsICHAETCS TEM, YTO B CBOHX paccy-
JleHHsIX MBI He NPHHHMAJH BO BHHMaHHe DPacnpeleeHns MOjeKyJa [Oo

CKGPOCTSIM, @ OHEPUPOBANH €O CPeIHIMH BeJUYHHAMH. B jeficrBuTe/b-
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HOCTH OBICTpHIE MOJIEKY /b [IePeCceKaloT MJIOCKOCTDb Yallle, YeM MeIJIeHHbe.
B ci1yuae TensionpoBOAHOCTH 3TH OLICTPHIE MOJIEKYJIB EPEHOCST 6obie
KHHETHUYECKOH SHepI'HH, HO B C/1yyae BS3KOCTH C HUMH HE CBSI3aH NEPEHOC
60JbIIETO  KOJNUECTBA X-KOMIIOHEHTH HMIOyJbca. [ToaToMy orHouieHue
%/t NEHCTBUTENbHO JOJKHO OBbITh HECKONBKO GOJBIUe, . UeM Chelyer
us (39).

8.4. Camoaudbyanss U nepeHoc MoJieKyl

Onpedeaerue koapguyuenma camodupdyauu. PaccMOTpUM BEIECTRO,,.
COCTOsILLIeE H3 OJHHAKOBBIX MOJIEKYJ, HO NPEIHOJ0KHM, YTO YacTb 3THX
MOJICKYJ1 KaKHM-TO obpa3oM nomeuena. Hanpumep, siipa MeueHBIX MoJie-
KYJ MOTYT OLITh PafHOAKTHBHBIMH. [1yCTh 71,— YHCJIO TAKHX MOJIEKYJl B-
e/ HHHLE o6bema. B cOCTOAHHH PaBHOBECHS MeUEHBIE MOJIEKYJbl PABHO-
MEepHO pacrpefe/ieHbl 110 BceMy JOCTYIHOMY 0ObeMy H, TakKUM 06pasoM,
11, HE 3aBUCHT OT KOOpAUHAT. JlOMyCTHM, OIHAKO, UTO paclpefeseHuHe He:
SIBJISIETCST OJHOPOJHBIM H #1; 3aBMCHT OT Koopiusat. Ilycrs n, 3aBucHT
TOJLKO OT KOODJAMHATHl 2, TaK 4to n,=11,(2). (Ilpu stom npennonara-
ercsl, 4TO NO0AHOe YHCJIO 1 MOJIeKYJ B eIUHUIe ofbeMa OCTaercs I0-
CTOSIHHBIM, TaK YTO pe3yJbTHPYVIOllee TiepeMellieHHe MOJeKYJ BellecTBa
orcyrctByet.) Takoe cocTostHHe He sBJSIeTCSl PaBHOBeCHBIM. Medenble
MOJIEKYAbl OyIyT rfepeMmellaTbest B COCYJe TakuM 06pa3oM, uyToObl J0-
CTHYb DP2aBHOBECHOTO COCTOSIHHS, KOrJa OHH 6YAyT pPaBHOMEPHO pacnpe-
JieIeHbl 1o BeceMy o6bemy. PaceMoTpuM niiockocTs z=const H 0603HauHM
NLAOMHOCHG NOMOKQ MEeUeHBIX MoJekya uepes J,. Ilox BeaunuuHoit J,
Mbl TIOHHMaeM cJjefyiollee:

J,=cpennee 4HCJO MeUeHHIX MOJIEKY.JI,
fiepecekaoux eAHHUILY T/IOWANH (40)
3a €IMHHILY BpEMEHU B HanpaBJeHHH - z.

Ecau 1, He 3aBUCHT OT KOOpAHHATHl (OJHOpOAHOe paclpeieseHHe),
10 J,=0. Ecau #n, HEOAHOPONHO, Mbl MOXKeM OXKHZAaTb, YTO BeJAHYHHA
J, ¢ XopolHM npuG/aH:keHHeM OyAeT NPONOPLHOHAJbLHA TpajHeHTy
KOHIEHTPAIlHU MEUEHBIX MOJIEeKYJI.

Mbl MoxeM, Takum 06pa3oM, Hamnucarb

(41)

Kosdduurent nponopilHoHasbHOCTH D HasbiBaeTcs  Kodghguyuermos
camodugpdysuu BemwectBa. Ecan dn,/02>>0, To MOTOK 4YacTHL Teuyer B
HanpasJeHud —z, T. e. J,<C0. [Tostomy, uT06Hl clenath Ko3dHIHEHT
nuddysun D BeluyHHOHN NOJNOKHTENBHOH, B ¢opmyae (41) nocrasien
3HaK MHHYC. 3T1a (opMyJa JOCTaTOYHO XOpPOLIO OINHMCHIBAET CaMo-
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Juddysmo MOJeKYa B Ta3ax, KWIKOCTAX ¥ H3OTPOMHBIX TBEpPAbIX
Tenax *).

Ypasuenue and¢yaun [lNokaxken ¢ nomombio dopmyns (41), uro
BEJIMUHHA 71y, VIOBJETBOPSeT NpocToMy JHddepeHuHATLHOMY YpaBHEHHIO.

PaccmoTpim oaHoMmepHyio 3afauy. Ilycth ny(z, #) ecTs cpeiHee YHCIO MeueHbIX
MOJIeKYJ1 B e/lNHHIE 06beMa, HAXOAAIMUXCS B MOMEHT BpemeHn ¢ B6AH3H 2. PaccMoTpum
CJIOH BelllecTBA TONUIMHOH dz W BeJauynHOH noBepxnocTH A. Tak Kak nolHoe 4YHCAO
MEYEHBIX MOJEKYJ OCTAeTCsi MOCTOSTHHBIM, MBI MOXKeM YTBepKIaTh, YTO YEeJHUYeHHe
53 eIMHHUIY BPeMeHH YHC/I3 MeyeHBIX MOJEKYyJ B CAoe JAOMKHO GbIThL PaBHO YHCAY Me-
4eHBIX MOJIEKYJI, BXOASIIHX B CJIOf 332 eIUHUIY BpemeHU depe3 NoOBepxHOCTh A MUHYC
UYHCJIO MeUeHLIX MOJIEKYJ, MOKHJAIOUWMX CJI0H 33 elHHHIY BpeMeHH uepe3 NOBepX-
Hocth A. 3anuuleMm 3TO yTBepKieuiie B

BHe QOPMYJIBI TZ T
0 z+dz,
57(;1,,4 dzy=AJ,(2)—AJ, (z-+dz). dg _i______)__._..,
Tarun 06pazou, dz An,2)dz
ang al, e KT T T
—=dze==J,— | J, (2 Z dz nogags A1
Stz = |1 )+ . 4o
i P 8.8. C
om 9 (42)  HHe 4MCna MOACHX MOMCKYA npH ABOYAHG

ot 0z

Ita hopMyaa as/sieTcst BRIPaXKeHHeM TOro (hakTa, UTo MOJIHOE YUC/I0 MeUeHBIX MOJEKYJ
He aensterca. Bocnoabs3osaBincs Gopmyaoit (41), Mbl noayuum

o, o
TP 43

I

DT0 W ecTb ypaBHeHHe B YACTHBLIX ITPOM3BO/HBIX (TaK HA3BIBACMOE YypagHeHue Oug-
Giysut), KOTOPOMY YIOBJETBOpsieT BelHuYHMHa n,(z, 1).

Botuticaenue  kosgpuyuenma camooudysuu 8  paspercerHom ease.

B npoctom ciyuae paspexeHHOro rasza KosdhuuneHT camomnpdysuu
MOKHO MOJAVYHTE € [OMOIIbIO TeX Ke coofpazkeHuil, ONMHPAIOIHXCs Ha
NOHSITHE O cpejHed . ynHe cBoboi-

TZ n,(5+]) HOro Mnpodera, KOTOPble ObUIH Hamu
_______ _ /1T ucnosib30BaHbl  NPH PACCMOTPEHHH

I Igiv— n,(2+1) BA3KOCTH U TenjonposoinocTu. Pac-

¥ 6 7 CMOTPHM B Tase HeKOTOPYI HJOC-
l ig—ﬁ (2=l kocTh z=const. Tax kag n,=n, (2),
——————— T———~—==  TO CpelHee YKCIO MOJeKYJ, Iepece-

7 (2l KaloUlMX eIMHHIY ILIOWAAH B Hafl-

] -
Puc. 8.9. [lepenoc medennix mosexysn ge- -~ DABJCHHKU CHH3Y, PABHO —Tnl'()(Z*—l),
pes MI0CKOCTh. 6
_ a B [POTHBOIOJOXKHOM HanpabJe-

1 - S . . .
HHHU En,v(z—{-l). [TostoMy pesy/bTHPYIOIIKHA NMOTOK MOJEKYJ uYepe3

*) Mbl roBopum o camonudby3ud, ecin «MeueHbley MOJEKYAbl HHYeM KpoMe OTMeT-
KH He OTVIHYaloTCSI OT OCTAJbHBIX MQJeKY.J cpeibl. bDosee ofwmumM u Gojee CJI0XKHbIM
‘ciayuaem QuddysHu aeasiercs AnQdysHA PasjuuHBIX MOJEKYs, Hanpumep anpbysus
reJIMeBBIX MOJIEKYJ B aproHe.
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€AHHHYHYIO IVIolalb TIOBEPXHOCTH B HAallpaBJeHHH -Fé paBeH

J, = ony(2—1)—-0n, (2 4-1) =

%B[n (z—10)—n,(z H)] “75‘5[ 9%? }

111U
J,—=—D ‘ (44)

rie

(45)

M3 (44) caenyer, uTo NOTOK J, NpONOPLHOHAIEH TPaAHEHTY KOHIEHTpa-
[IHH, YTO corJjacyercsi ¢ obuiell gopmysol (41). Buipameuue (45) daer
npubJiKenHoe 3HaueHHe Koa(ipHuneHTa camorudby3uH, BhIPaKEHHOTO
gyepe3 OCHOBHblE MOJeKyJsipHble BeanuynHbl. Mcnoansysa (10) u (23):

! kT

MBI TIOYYHM 33BHCHMOCTL Kosdipuuuenrta camoanddysuu D or temme-
paTypel H JaBJEHHS

1o I ;

D —s g/ )" . (46)
V6 po ¥ m

Takum oOpasom, Koa(puUHEHT camMOZH(PY3UH OKa3bIBAETCA 3aBHCA-

muM ot jaasienusi. Ilpu samanuoit temneparype T

Doelacl (47)
n p N

[lpu 3amanHoM NaBJeHHU
Do T2, (48)

€C/IH MOJIEKYJbl MOAKHO CUHTaTh TBEPAbIMH IIApaMH, CeueHHe KOTOPBIX
HE 3aBHCHT OT TEMIEPaTyphi.

M3 (45) nerxo nogayunTb NopsitoK BeMWUHHBL D npH KOMHATHOIT TeM-
peparype u armochepHom AaBaennn: D=t/ pl~1/,(5-10%) (3-107%) ~
~0,5 cm?-cex—1.

HamepenHoe Ha onnite 3Hauenue D paa asora N, npu T=273" K
u atmocgepHoM JaBaeHuH pasHo 0,185 cm?-cex1.

CpasHuBas (45) C BblpaxkeHHeM Aaf KO3dpuUHEeHTa BA3KOCTH, MbI
rnoJyyaem
(49)



T/le p — MaccoBad NJIOTHOCTh rada. OnbIT AaeT Ags oTHoweHHs (Dp/1)
:3HayeHus, Aexaiide B oonactu 1,3—1,5 Bmecto 1, caepyioweit n3 (49).
HMesn. s Bupy npuOAMKeHHBI XapaKTep HallHX BbIUMC/AEHHH, Takoe cO-
TJ1acHe MeX/y OILITOM H TeopHell cleflyeT CUHTATh BIIOJHE YJOBAETBOPH-
“TeJIbHbIM.

Hupysus kax sadaua o cayuedinom 6ayxcdanun. TIpeanonoxum, 4to
B HaYaJbHBII MOMEHT BpeMeHM { BOAU3H NJ0CKNCTH z=:() HAXOAUTCH
N; MeueHBIX MOJIEKYJ. DTH MO- niz,d)
JIeRyJbl OYAYT C TedeHHeM Bpe- !
MeHH Au(bYHANPOBATE M pac-
NPOCTPAHATLCS Ha BCE YBeJIH-
YNBAIOIYIOCST YacTh IPOCTPAH-
€TBa, KaK 3TO [MOKAa3aHo Ha
puc. 8.10. Uueao n, (2, {) mMo-
JieKya B efuHHHUe o0beMa B Jo- A
GOl TOuKe z U B JIO0OH MOMEHT Y
BpEMEHH ! MOXKeT OblThb MOJaY-
YeHO B pe3yJ/bTaTe peLleHHs
YpaBHEHUsd ZIH(I)q)y3I/H/I (43),U,py- Puc. 8.10. YHucno nl(z t) MeYeHblX MOJIGKYJ2 B
rwmmxmmme%mﬁmﬁwm%mww
KJAWUaercss B TOM, YyTO MBI paC' Jl_l_le(;;yllbl pacniosoxKeHhr BONKH3H TIJOCKOCTH 2=0.

epPXHOCTE NOJ BCeMM KPUBBIMH OfiHAa M Ta JKe

<MarpuBaem Inpotecc lU/I(i)(l)y3HI/I 4 PaBHA MOJHOMY YHCAY N; MeYeHHIX MOJEKYa.
Kak cjyuvaiiHoe Oay¥KJaHHe Me-
YeHpIX MOJIeKYJI. [IpH 3TOM, npUMEHHB PaCCYKIeHUs , H3IOXKEHHBIE B I1a-
Be 2, Mbl HEMEJJIEHHO HOMYYNM OCHOBHBIE CBOHCTBA mpotiecca Andy3Hu.
Hpeanonoxmm, 4TO CMEINEHHS MEUeHOH MOJIeKyJ/Ibl NoC/Ie KakK/I0ro CTOM-
KHOBEHHS CTATHCTHYECKH HE3aBUCHMBI, U QGO3HAUHM Yepes3 S; Z-KOMIIO-
HEHTY [-TO CMellleHHs] MOJeKy/bl. Ec/id Mosekyaa HauuHaeT ABHXKEHHe
¢ z=0, TO Z-KOMIIOHEHTA ee IOJOKEHHS Tocje [-T0 CMeHleHHs paBHa

AY .
= 25 (50)

i=1

Tak Kak cMeleHHs MONEKYJIBl cydaliHbl, TO CpefHee 3HAYEHHE CMEIile-
Hus paBHO Hyuw: z=0. AnajornuHo (2.49), Merl noaydaem u3 (50) Be-

JIMUHHY JUCHEepCHH:
=2t + 22y (51)
' i
CMeIHeRnsl CTATHCTHYECKH HE3aBHUCHMBI, TO3TOMY E,E/:S_‘:s_,-:() u (51)

npHHUMaer BHA .
= N=. (52)

Ecan CKOpOCTb MOJIEKYJIBL V, TO Z-KOMITOHEHTA ee CMeIlleH!s 3a BpeMs
' paBHa v,#'. CpenHHH KBaJpar CMEIEHHS 3a CpeiHee BpeMs cmemeﬂmx
T paBeH

— — 1 — .
$ m T =g UTh (563)
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Mo cunrann, uro pZ=vituvitui= 3vi, Tak Kak Uy=0U2=0¢ U3 Co-
obpaxkeHn#t cummerpuu. Jlasiee, TOJHOE UHCIO CMellleHHI, coBepluae-
MbIX MOJIEKY.JIOH 3a Bpems f, NpubAu3uTeabHO paBHO f/T. Tenmepb u3
(53) MBI oNyuaeM TPUGIHKEHHOE 3HAUSHHE CPeIHero KBajAparta CMellie-
HHST MEUYEHOH MOJIEKYJIbI

z? z% I/‘i '_"rz\%——: (»l— ?t) t. (54)

Iflupuna kpusnix Ha puc. 8.10 xapakTepusyercsl KBaApaTHbIM KOPHEM
H3 2%, T. €. CTAaHZAPTHBLIM OTKJOHEHHEM

Az =(22)"" c 12,

3Ta BeJIHUHHA JaeT NMpPeACTaBJeHHe 0 TOM, KakK JajieKo «PacnosaioTcsy
MOJIEK VJIbI, B HauaJ/bHbI MOMEHT BpeMeHH HAaXOMUBILHeCH Y NA0CKOCTH
z=0. Ona nponopruonagbua N'/: uau #7:. [lonyyeHHBIH pe3yabTar
OTpaxaeT CTaTHCTHUYeCKHH xapakTep mpouecca audpy3uu. MoxHO n6-
KasaTb, 4T0o opmyJa (54) HaXOAUTCS B COLVIACHU C BHIBOJAMM, CJAEAVIO-
IIMMH U3 ypaBHeHus udpdysnu (43), u ¢ BesnunHod Koshdunuenta aid-
dyzuu (45).

8.5. DaeKTponpoBOZHOCTH W NEPeHOC 3apsja

Paccmorpum crcremy (3KHAKOCTh, TBEPAOE TeNO HJH Tas), COnepKa-
LLYI0 33DSXKEHHBIE YACTHIbI, KOTOPHE MOTYT CBOGOXHO INEPeMEllaThes .
Ecau npuiokuth B HanpaBJ/eHHH 2z c1aG0e OLHOPOLHOE 3JIEKTPHUECKOe
noje &, TO BO3HHKHET HepaBHOBECHAA CHTYAIMs H B PE3YJibTaTe 8 Ha-
npaBjgeHuH z GyldeT Tedb TOK. PacCMOTPHM HEKOTOPYIO IJIOCKOCTH
z=const W onpegeanM ILIOTHOCTb TOKA f,:

|, ==cCpenHsaa BeJUYUHA 3JEKTPHUYECKOro 3ap#ia,

HepeceKarolero eAMHULY TOBEPXHOCTH 3TOH (55)
IJIOCKOCTH 3a €LMHHIY BPEMEHH B Halpas-
JeHHu -+ z.

T120THOCT TOKA B COCTOSHUM PABHOBECHH , Korna &=0, paBHa HYO,
TAK KAK HA 3apsyKeHHble YaCTHILI He JefiCTBYIOT BHelUHHe cuubl. [lpu
JIOCTATOYHO MaJoM 3JEKTPUUECKOM MOJe MOKHO 0XKHIATh CaAeLyiolei:
CBSI3H MEXJY MNJIOTHOCTBIO TOKA& M BEJIHYHHOH 3/1eKTPHYECKOTrG NOJs:

iz = 0963 (56)

KoaddHLUEeHT NpONOpLUHOHAILHOCTH O, HaSbiBAETCS 3ACKMPULECKOL 1LPO-
godumocmeto cucreMbl, a Qopmyna (56) Bulpakaer coO0H saxon Oma*).

PacemoTpum Ternepb pa3pezKeHHbIH Ta3, COCTOSIIMH 13 YaCTHIL ¢ Mac-
COil m W 3apsiloM ¢, KOTOPLIE B3aHMOJeHCTBYIOT C HEKOTODOH ApYyroi

*) He cMmemmBaiiTe ofo3HaueHme 3JeKTPHUECKOH MPOBOAMMOCTH ¢ 0603HaueHdeM
fioNepeuHOro CedeHusl paccesiHus O.
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CHCTEMOH uacTHu. Pe3y/braToM Takoro B3aUMOJEHCTBHS MOXKeT OLITb
paccesiHHe 3apKeHHbIX 4acTull. ITpocThiM IpHMEpOM ABYX TAKHX CHCTEM
SIBASIETCS] OTHOCHTEAbHO HeBGOMBILOEe YHC/IO HOHOB (MAH 3JIEKTPOHOB),
HAXONAIMXCS B rase, rje 3TH HOHBI pacceuBalOTCs IVIaBHBIM 0OpasoM
B CTOJIKHOBEHHSIX C HeATpa/JbHBIMH MOJEKYJ/aMH rasa. B kauecTse 1py-
TOTO HpPHMEpPa MOXKHO pPacCMOTPeTb 3JeKTPOHBI B MeTaJuie, T/ie OHH pac-
CEHBAIOTCH KOJEOJIOWUMHUCS aTOMAMH DELIeTKH MeTaJla MM aToMaMM
‘TIpHMecelt *). DneKTpHuecKoe TNoJe &, NPH/IOKEHHOE B HANPABJECHHH
-2, BHI3BIBAET MOSIBJIEHHE 2-COCTABJISIOMIEH Y cpefHeli CKOPOCTH 3apsi-
JKeHHBIX gacTull, CpenHee YHCJIO TAKHX YACTHI, HEPECEKANIIHX CAHHHIY
TIOBEPXHOCTH (B HANpaBJIeHHH, HNEePHeHAHKY/ASPHOM K OCH Z) 3a eiH-
HHIYy BpeMeHH, PABHO nu,, Tle 1 — CpejiHee UUCIO0 3aPSIKEHHBIX YACTHLL
B enuHHle oObema. Tax Kak KaxKias uacTHIA NEPEHOCHT 3apsii ¢, Mbi
foJiyuaem

iz =nqo,. (67)

OcTtaercst TOJIBKO BHIYHCIHTh U,. Hauuem U3MepeHue BPEeMEHH ¢ MOMEHTa
nocJielHero CTOJIKHOBEHISA, Q1A KOTOPOro =0. ypaBHEHHe JABHXKCHUA
YaCTHIBI MEeXAY 3THM H CJAEAYIOIHUM CTOJTKHOBEHHEM HMEET BHJ ’

du,
m—r= qé&,
OTKy)la CJIEAYET, qTO )
0, =% ¢ 1 0,(0). (58)

Utobbl BLIYHCAHTE CpeJHee 3HaUeHHe vU,, cHayada ycpersum (b8) no
BCEM BO3MOKHBLIM CKOPOCTSIM v, (0) yacTHIibl HEMeJJIEHHO NOoCJ/e CTONKHO-
BCHMSA, a 3aTeM MpPOH3BEleM ycpelHEHHe IO BCeM BpeMeHaM f mposera
YaCTHLEL IO CAEYIOLEro CTOJKHOBeHHs. MBI JloryckaeM, 4TO pe3yJabTa-
TOM KaXKJIOTO CTOJKHOBEHUS ABJSIeTCs] BO3BpalleHHe YacTHUE! B PaBHO-
BECHOE COCTOSIHHe; TakuM 00pas3oM, IOC/e CTOJKHOBEHUsI BCe HalpasJe-
HHSI CKOPOCTH U PaBHOBEPOATHHL U v, {0)==0, He3aBHCHMO OT HCTOPHH 11O~
BeJleHHs YacTHIBL 0 3TOTO CTOAKHOBeHUs**). CpefiHee 3HaUCHHE BPEMeHN
MEXAY ABYMS IOC/IeNOBATE/IbHBIMH CTOIKHOBEHHSMH PABHO, IO olpefe-
JICHHIO, CpeJlHEeMYy BpeMEeHH CBOOOJHOrO mpofera T, U YCpPeAHEHHOE 3HA-
yeHue (H8) paBHO

0, =16+ (59)

*) Cayuail 3/71eKTPOHOB B MeTa/ljle XAapaKTepeH HEKOTOPHIMH OCOGEHHOCTSIMH, Tak
KaK 9/1eKTPOHLI He 06/afaloT MaKCBe/JIOBCKHM pacnpeniefieHneM ckopocTe (310 GrlIO
II0Ka3aHo B KoHle 11. 6.3). OHM NOZUHHAIOTCH TaK HasbiBaeMoMY pacnpeleseruto Pep-
wmu — Jupaka, Kotopoe cjaelyeT K3 CTPOroro KBAHTOBOMEXAHHYECKOTO PAacCMOTPeHHS
3JIEKTPOHHOTO rasa.

**) MOXHO OXHJEATb, UTO 5TO HPHOMMKEHHEe OKaXKETCs OueHb XOPOIIHM, €CJH 33«
PSKEeHHAS] YaCTHIA MCHBITHIBAET CTOJKHOBEHME C YACTHUAMH, 3HAUHTENLHO Golblueld
Macchl. B npoTHBHOM cJyvae MOC/e KaXKIOro CTOJKHOBEHHS Y 38pSDKEHHOH YaCTHULL
- OCTaeTcss HEKOTOPAs «IaMATh» O KOMITOHEHTe CKOPOCTH, KOTOpOH OHa ofiafasa 0 3TOro
CTONKHOBeHUs. MEl mpeHeGperaeM BCeMH HOHpaBKaMH, CBA3AHHBIMH € TakKUMH 3dek-
“TaMH  <TIAMSTHY.
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Bruipasenne (57) Ans1 MJIOTHOCTH TOKa MpHHIMAEET BIA

jz:oeé)’ (60)
rje
o =" ] 61)

e m f

Mu noay4nan, 410 j, AeACTBHTENBHO NPOHOPIIHOHAIBHO &, KaK Caelyer
u3 (56). Popmysaa (61) naer 3HaueHHe TEKTPHUECKOH NPOBOAMUMOCTH,
BhIDaKEHHOE Yepe3 MOMeKYJASApHbe napaMerphl, XapaKTepH3yIolHe Tas.
dopmyaa (61) umeer obiee 3HaUeHHe, COXpaHsIOLEeCs AaxKe JJ5 JIeKT-
pPOHOB B MeTaJjue.

Ecan npoBoHMOCTb cO3AaeTcst HeGOJbIIHM YHCIOM HaXOALIUXCS
B [a3e HOHOB, TO CTOJIKHOBEHUS, OTPAHHYHBAIONIME CBOGONHOE ABHKeHHe
HOHOB, TNPOUCXOIST TJABHBIM 00paszoM ¢ HeHTpadbHbIMH MOJeKYJs2Mu
rasa *), O603Ha4HM yepe3 ¢ [IOJTHOE NIOMepeuHoe CeUeHHe PACCessHHS HOHa
MOJIEKYJ/I0H H IPeNNoNOXKHM, YTO B elHHHUe o6beMa HaXOAMTCA 71; MO-
Jexya ¢ maccolt m>>m. B stom cayuae TensioBasi CKOPOCTb HOHOB Oy-
ZieT HaMHOrO GOJibIle TEIJIOBOH CKOPOCTH MOJIEKYJ H CpeiHee 3HayeHue
OTHOCHTEJIbHOH CKOPOCTH HOHA — MOJEKYJpl OyreT MNpUOJH3HTENbHO
paBHa cpenHeli ckopoctd uoHa v. [TostoMy cpeadee BpeMst CBOGOAHOTG
npobera HoHa corsacho (4) 6yleT paBHO

!

T=—
n,0u

Ecau BocneabsoBathea BblpaxenHeM (23) ana o, to u3 (61) caenyer:

2 2
Cp= nq __j'—l————lzi:_—_‘~ (bZ)
nymov  V 3no ¥V mkT

Crojxa onpeieneHuit

Cpedree spess 606001020 npobeea. Cpentee BpeMs ABHXKeHHS MOJEKYJIBl MeXIY
ABYMSI CTOJIKHOBEHHSIMH.

Cpeduaa Oauna c80600H020 npobeea. CpelHee pacCTOsiHHe MEXKAY IBYMS CTOJIKHO-
BEHHAMH MOJIEKYJIbL.

IToaroe nonepeunoe cederue paccesrnus. DbHeKTHBHAS BeJHYHHA TWIOLLAJH, Ollpe-
JeJSomlast BePOsTHOCTE TOTO, 4TO MOJIEKYJ3, CTaJKHBAomasces ¢ Apyroil MoseKy.1oi,
Oyjer paccesna.

Hanpsoxenue. Cnia, TNpUXOSMAACS HAa eIHHUIY IJIOWMAIM.

Basxocmb. KosdduilieHT BS3KOCTH ONpefessieTcsl paBeHCTBOM

ou
PZ.’C =—"N T;»

*) Hdaxie ec/iM CTOTKHOBEHHST MeXAY ABYMSI OIHHAKOBBIMU MOHAMM MPOHCXOJMIN
Gbl 4acTo, OHH He NOBJMSIM Obl Ha JMEKTPHYECKYIO NPOBOAMMOCTb. [Ipuumua 3akmio-
YaeTcss B TOM, YTO B KaX/JOM TaKOM CTOJKHOBEHHH COXpaHAETCA NOJHBH HMITYJhC
CTA/IKWBAIOMMXCS HOHOB. ECAN HOHBl HAEHTHYHEI, TO UX MAacchl PaBHBl U BeKTOpHAS
cyMMa CKOpoCTeli OGOMX HOHOB He #3MeHsIeTcs1 OT cToJKHoBeHus. Tak kax ofa HoHa
HeCcyT OJMHAKOBble 3apsijbl, CTOJIKHOBEHHe He MeHsieT ofulero ToKa, IepPeHOCHMOro
O00OMMH HOHAMH.
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KOTOPOE CBSI3BIBAa€T HanpsiKeHHe P,, B ABIXKYIlEHCS cpeie ¢ TpajHeHTOM CKOpO-
CTH NOTOKA 4.
Tenaonposodnocne, KospdhuuHenT TenJonpoBORHOCTH X ONpeNesieTcsi pABEHCTEOM

oaT
Qz:_“éz‘r

KOTOpOe CBsi3biBaeT MJOTHOCTh MOTOKA Tersa {, € TpajueHTOM Temnepatypst 7.
Canoduppysus. Koaduunent camoauddysnn D onpenelsieTcss PaBeHCTBOM:
J ony
2 oz’
KOTOpOe CBs3bIBaeT NJIOTHOCTb HOTOKA J, MEUEHBIX YACTHIL ¢ TPajleHTOM HX KOH-
HEeHTPALHH 71,.
aekmponpoodrocnts.  KoauiHeHT 3JeKTPGNPOBOIHOCTH O, ONpeleiaeTCE
pPaBeHCTBOM
jz= 0.8,

KOTOPOE CBSI3bIBAeT IJIOTHOCTh TOKA j, € BEJHUMHON 3JeKTpHucckoro nods & (T. e.
C IPajHeHTON 3JeKTPHYECKOrO NOTeHIHaa).

OcHoBuple dopmyasl
Cpeansst anuna npoGera

I~y —1—— .
V 2no
3anaun

8.1. Bpocanue sonemor. Pacemorpunt Gpocanue MoteThl, 1715 KOTOPOH Beposit-
HOCTL BBINACTL JI000H M3 cropoH pasHa —- .

a) Yemy paBHO cpeiHee yucado OpocaHuii MoHeTw 10 Oamxaliliero BbTaleHHS
«PeLIKH»?

6) Hemy paBHO 3T0 cpepsee YHCA0 OPOCaHMIT Tocae JNOCTEAHEro  HOSIBJIEHHS
«PELIKHY?

B) IlpeinosoxuM, uto B npeibliyiieM 6pocaHuH BblIala «pemkas. Kak ata uH-
¢opranusa M3MeHseT OTBeT Ha BONpoc a)?

8.2. Ananoeus mexncdy paccyscdenusmu o spesierit npoteea u npedotdyweli 3adadell.
Paccmotpum ras, 4Ja KOTOPOro cpejsee BpemMsi CBOGOAROro npobera MoJIEKYJIB PABHO T.
Dynem paccmatpuBaTh onpejiesleHHYIO Mo- u
JIeKYJly B HEKOTODHII MOMEHT BpeMeHH. -

a) Uemy paBHO cpeaHee BpeMs JBH-
KEHHs 3TOH MovieKyJbl RO Gaixaiilero
CTOJIKHOBEHHS?

6) emy paBHO cpelHee Bpems JBH-
HKEeHHST 3TOH MOJIeKY/Ibl noce MmochieHero

“"tc"i

3

CTOJIKHOBEHHSI?

B) [lonycTuM, 4TO MOJeKyJaa TOJAbKO :
4TO HCHBITAA MOCHEjJHee CTONKHOBEHHE. Puc. 8.11. I'padmr 34KHCHMOCTH CKOPOCTH OT
Kak sTa HHOODMALMS M3MEHNT OTBET Ha  PorcHf AN IDOCTON MORemn Anitkexus nona
sonpoc a)?

8.3. Cpedrce epens npobeea u spems mexncdy cmoakwnoserussu. Von ¢ sapsaom q
H Maccoi /m HaXOIMTCS B Ta3€ M UCTIBITHIBAET JeACTBHE MeKTPHHECKOrO NOJs, HANPAB-
JIeHHOro 1o ocH z. PaccMoTpuM Jjsf yHpoOIEeHHsS] CAEyIOmYI0 MOAedb: nocjae CTONK-
HOBEHHs1 HOH HAUKHAeT ABHXeHMe BLOJAb OCH 2z C HAYAJbHOH HYJeBOil CKOpOCTLIO
H JABHXKETCS C YCKOPeHHEM a==g¢§/m B Teuenne onpejlefieHHOro spemenn {,. Ceayviomee
_CTOJKHOBEHYE PHUBOJUT K OCTAHOBKE HOHA H NMPOLECC YCKOPEHHSA HAUHHAETCS CHAyana.
Ha pue. 8.11 nokaszana 3aBHCHMOCTb CKOPOCTH HOHA OT BpeMeHM AJsl Hailell Molenu.
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a) Paccyorpim aHcaMG/Ib TAKHX HOHOB B IMPOHM3BOJLHBIH MOMeHT Bpemenu. Uemy
paBsHO cpedHee BPpeMs T J0 C/EAYIOUEro CTOJNKHOBeHHA MoHA? BrIpasuTe oTBeT uepes
BpeMst ., MeKAY [10C/1e0BATEAbHBIMA CTOAKHOBEHH MU,

6) I{euy paBHO cpeiaHee BpeMs, NpPOTeKIlee OT MPeALIAYLIEro CTOJKHOBEHHH?
Bripasure oreer uepes f,.

B) Ueny pasua v MAKCHMATbHAS CKOpOCTh, NpHOOpeTaeMas HoHoM? Uemy paBHa ero
cpefusist CKopocTh U? BbIpasute oTseT uepe3 f, # uepe3 cpenHee Bpema T [Bompoc a)].
CpaBuute Bawmr orser ¢ (59).

r) Yewy pasHo paccrosinie S, xoTopoe HOH npoxoauT 3a Bpemst 2 Onpefenure
Cpeau:o:0 CKOpocTh HoHA v Kak S/f,. Hemy paBHa B 3ToM ciydae Beauynia v? Bripa-
3HTe OTBET uepe3 f, U uyepe3 T. CpaBuUTe pe3y.bTaT C
OTBETOM B).

8.4. [ladenue xaneas, onoim Musauxkena. Onpit Mug-
JUKeHa, B KOTOPOM BllepBble ObLT H3MepeH 3apsifi 3JeKT-
pOHA, 3aKJIOYaercss B CPABHEHMH S/eKTPUYeCKOH CHJIbI,
neficTBylowell Ha Malyi0 3apsKEHHYIO Kalllo Macaa, ¢
CHJION TSKECTH. IDTOT ONLIT TpeGyeT onpelleseHHs] MacChl
KalJid, YTO MOXKHO CJejaTh, HalJiolas najeHue KarulH
(c MOCTOSIHHON CKOPOCTbIO) B YCJOBHSIX, KOTJa CHJIA TsxKe-
CTH CKOMIIEHCHDOBANA CHJION TpeHHst, JeficTByiomed Ha
Kario 6jarofapsi BA3KOCTH OKpyxaromlero Bosnyxa. (Boas-
AVX HAXOIMTCSI NMpH aTMOChepHOM JABJEHHH, TaK 4TO
cpefHuil npober MoJIeKyJa BO3JyXa BO MHOTO pa3 MeHplle

nuamerpa Kanan.) KoHeyHas (mocTosiHHasg) CKOPOCTh na-
Hurms ﬁﬂﬁﬁt’m’ JleHHs1 Mac/sIHOH KamiH o6paTHO NMpOMmopLMOHadbHA Bsi3~
KOCTH Boznyxa. [IyeTe Temmeparypa BO3NyXa BO3PAcTaer.
DyIeT J¥ TpPH 3TOM KOHeYHass CKOPOCTb Kamid Bo3pa-
CTaTh, YMEHBUIATLCA MJH OCTABATBCA MOCTOsiHHON? Yto
iIpOM30HAET NPH BO3DACTAHHU aTMOCHEPHOro AABJIEHHH?

8.5. Buckosumemp (usmepumend 6A3KOCMU) € 8paLia-
rougumes yuaundpom. HeobGxonnmo uaMepuTb KoahpuuieHT
BSAISKOCTY 7] BO3AyXa IpH KOMHaTHOH Temmneparype. ag
3TOr0 NpeAnosaraloT HCMo/ib30BaTh BHCKO3UMETD, COCTOSi-
Uil M3 HENOABHKHOLO BHYTPEHHErO LHIMHAPA (paauyc
R, nyuHa L), nonnep>KHBaeMoro 3akpy4yHBaioOleicss HUTHIO,
H BHEUIHEro WHARHAPA (ero pajuyc R--§), memsenso Bpa-
HIAIOLErocst ¢ YIyIoBOil CKOPOCTHIO ©. ¥Y3kas o6aacTb Mex-
Ay umanuapamu toamusof 8(0<€R) sanonHena Bo3ay-
\ i XOM, M Mbl H3MepsieM MOMEHT KpyueHus @, NefCTBYIOWHH
l‘_ﬁ_)}al(“ Ha BHyTpeHHuﬁ uuauHap (puc. 8.12).

‘ : . a) Brpasure MomeHT KpyuenMs, OefiCTByIOWHH Ha
Puc. 8.12. Buckosumerp ¢ BHYTPEHHMH LMJHHAD, Yepes 1) U NapaMeTpbl YCTAHOBKH.
BPANLAIOKMMCS M INHAPOM. 6) Ilyers aas cospannsi npoTHBOAEHCTBYIOMETO MO-

Bua cpepxy u cGoxy. MEHTA HCIIO/B3YeTcst KBapieBas HiTb. UToGbl onpefennTs

JuaMeTp NOAXOAsmed HHTH, BOCHOJIb3YEeMCS W3BECTHBIM

SHAYEeHUEM Koadmpuuuema BSI3KOCTH H BBIUUCIAMM MOMEHT KpYUeHUs, BO3HHKAOMWHH

H npn6ope Banaaumest cleryloWumu napamverpamu nprCopa: R=2 cn, 6=0,1 cu,
=15 cn u w=2n pad/cex.

8.6. Ouenra xospguyuenma éasxocmu 2azoo0pasnoe0 apeora. OueHHTe BeJHUHHY
ko3(punrenTa BsaskocTh 1 aproua (Ar) npu 25°C u atmocdeprom nasnesun. [Ipumute
ji/st OIpefieieHNs PA3MepoB aToMa aproHa, YTo NpH HU3KOH TeMIepaType OHH fABJIAIOTCSH
ToepABIMH LIapaMH, KacaloWuMucsa ApYr ApyTa B TBepjoM asoTe. M3yuenne audpakiun
‘PEHTIeHOBCKUX Jy4Yell IOKasaso, 4TO TBepAblf a30T odJajaeT T'PaHelleHTPHPOBAHHOH
KPHCTANJIHYECKOH pellleTKOH. 3TO 3HAYHT, YTO aTOMBl Ar 3aHHMAIOT BepHIHHBE ¥ LEHTP
NpPHCTABJIEHHBIX BIVIOTHYIO ADYr K ApYrY KyGos. IliorsocTh TBeproro aprosa paBHa
1,65 2/cm3, ero atomusil eec 39,9. CpaBHHTE Bawy OUEHKY C 3IKCHePHMEHTANLHEIM
3HayenneM 1=2,27-10-% z.em—1ecex—1L.

8.7. Bauanue paccesnus, ahexmiugroe cederue KOMOPO2o 3a8UCUmM OM CKOPOCMU.
[Tpenno/oxkum, 4TO MOJEKYJBI Ta3a B3AWMOAEHCTBYIOT ¢ pajHalibuoil cuioit F, xo-
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Topasi ciaeaylouuy o6pasoM 3aBHCHT OT pACCTOSHHS MEXIY ModeKyjaamu: F=CR-
rie s — iejoe [oJoXKHTeNbHoe 4Heno, a C — MocTosHHaA.

a) Haliaure, B0OCMO/Ib30BABIIKCL COOOPAKEHHSIMH  DAa3MEPHOCTH, 33aBUCHMOCTb.
MOJHOTO 3(p(HEeKTHBHOIO CEUEHHS O pacCesiHUs MOJIEKY.d OT MX OTHOCHTeNLHOH CKo-
poctu V. BennunHa G MOXeT 3aBHCeTb OT V, MacChl MOJIEKYJEl #1 W KOHCTAaHTH C (B.
KJIaCCHUECKOM MNPHONHKEHHH).

6) Kaxk 6Gyner saBucerb ot TeMnepaTypsl T Ko3hdHIHEHT BA3KOCTH 1)?

8.8. Beauuuna saxyyma, Heobxodumoeo Oas OOCMUNCEHUS MEPMUECKO U30AALUL.
Pacemorpum cocyr pioapa UHAHHAPHUIECKOH (QOPMBI, HMEIOWHI 0OLIYHOE YCTPOICTHO,.
nokazaHHoe Ha pHc. 5.3. HapyxHolil AHaMeTp BHyTpeHHero LHJAHHIpa pased 10 ca,
BHYTPeHHUH jauaMeTp BHewHero uunuuapa 10,6 cu. Cocyl HamojueH chMechbio Jbla
H BOJBI, TeMmeparypa OKpyawilell cpeas! paBHa KoMHaTHoll, T.e. oxosmo 25° C.

a) TlpeanosiozkuM, YTO B NPOCTPAHCTBE MeXKAY LHJAHHAPAMH HAXOIATCSA Tesilil
(He) npu atmocdeproM maptenun. OueHHTe MOTOK Teria (B 671 HA CAt BBICOTEI COCYAA),.
BEI3BAHHEIA TelVIONPOBOJHOCTLIO Fasa (paguyc atoma He MoKHO cuntaTs GIH3KUM K
10—-8 cm).

6) OueHuTe, X0 KAKOro 3HAUeHMs (B MM PT. CT.) HYXKHO YMEHBLIIHTb JaBJeHHe
rasa Mex1y cTeHKaMH COCY[la, yToGbl MOTOK TemJia, BBI3BAHHEI TenJOTPOBOAHOCTLIO,
ynan 8 10 pa3 mo cpasHeuio c a)?

8.9. Cpasrerue xosgputuenmos neperoca. O603HAURM KOIQHUUHEHTH BSI3KOCTH
renus (He) u aproua (Ar) npu T=273° K u oamnoft arMocdepe yepes 1], H i},, 4 aTOMHbIe
BECA 3THX OFHOATOMHEIX T'a30B — 4epes3 Wy H Wy COOTBETCTBEHHO.

a) UYemy pAaBHO OTHOLICHHE 0,/0; HOJIHHIX S(OQEKTHBHBIX CeveHHil paccesnns
aToMOB aprona Ha aprome (Ar — Ar) u resuss na reaunn (He — He)?

6) Uemy paBHO OTHOIUEHHE X,/%, TemjonposojuoctTefi aproua (Ar) u resaus (He)
npu T=273°K?

B) Uemy pasHo orHowlenne Do/D; ko3hduiunenToR inpdysusn 5THX rasos npu
=273 K?

r) AToMHBle Beca rejus M aproHa PaBHEI COOTBETCTBEHHO Wy==4 u u,=~40. M3nme-
penHble 3HaueHHs KOS(xpHIlMeHTOB BsiskocTH npn T==275° K paBHBI COOTBETCTBeHHO
1, =1,87-10~4 1 1,=2,105-10—4 2.csu~1-cex~*. Bocnoas3yiitecr 310l uudopmauueli
a5t MpuGJAHKeHHOR oueHKH 3((eKTHBHLIX CeueHHI O H O

1) [TpeinonoKiM, YTO aTOMBI PacCeMBalOTCs, Kak TBepble mapst. OleHuTe B 5TOM
TIPedNnOIOKEHHH AuaMeTprl dy B d, aTOMOB TeJIHSl M aproHa.

8.10. Cmewusarue u30monoe npu Ougdysuu. Ias onslTOB CO CMEChIO H3OTONOB
az6ta N, uMeerca cdepuyecKuis cocyn AuameTpomM 1 s, B KOTOpoMm maxomurtes ras Ni*¥
HPH KOMHATHOH TeMmueparype # arMocpepHoM Iabsienun. C NOMOUIBIO KpaHa, pacho-
JIOXKEHHOTO Y CTEHKH, B COCYJ BBOAMTCS HeOO/bIIOe KoMuuecTso raza Ni®. Ouenure,
B OTCYTCTBHE KOHBEKLHH, CKOJILKO BpeMeHH NMpPOALeT 10 PAaBHOMEPHOIO NepeMeiliBaHu s
ofoux rasos?

8.11. Bauanue mesxcnianemnozo 2asa Ha rkocmuueckud xopabas. Kocmuuecknii
Kopabib 8 (opme kyba ¢ LauHof pebpa L IBUKeTCS B MPOCTPAHCTBE CO CKOPOCTHIO U,
napajsie/bHOil OfHOMY U3 pebep. OKpyXKaloUMi Ta3 COCTOMT U3 MOJIeKYJ ¢ Maccoll m,
Temnieparypa rasa 7, & UWCJAO A MOAEKYJA B eJMHHIY ofbheMa HacTolbKO Manad, 4o
cpefHsisi LJaHHA npobera MoseKysn 8o MHOrO pas Goabille L. Ouenure, npeanonaras,
YTO CTOJIKHOBEHHS MOJCKYJI C KOpaGiem sBJAIOTCSH YUPYTHMH, CPEIHIO CHNY TOp-
MOXKEHHSI, MCHLITHIBAEMYI0 KOCMHUYeCKHM KopaGieM U3-33 CTOJIKHOBEHMI € MexKIJIa-
seTHeIM razom. Cumraiite, 94TO v Masd MO CPABHEHHIO CO CPelHeH CKOPOCTHIO Fa30BbiX
MOJIEKYJT W HTHOPUpPYWTe pacnpelieneHue MOJeKyJa o ckopoctam. [Iyere M — macca
Kopa0Jisi ¥ BHEIIHHe CHJBI OTCYTCTRYIOT. OueHnTe BpeMsi, B TedeHHe KOTOPOrO CKOPOCTh
K0pabJis  yMeHDBUINTCS HanoJOBHHY.

8.12. Beposmrocme moz0, 4mo mOAeKYAqQ npocyuwecmsyem epems ¢ 6e3 CMOAKHO-
éenys. PacCMOTPUM ONpeNe/IeBHYI0 MOJIEKYJdy Ta3a B HEKOTODhifl MOMEHT BpeMeHH.
ITycre

w df — BEPOATHOCTb TOrO, YTO MOJIEKYJA HCIHLITHIBAET
CTOIKHOBEHHE B TedeHHe HHTepBasa BpeMenu df.
PaccMOTpHM Temepb BEPOATHOCTb CYUIECTBOBAHUSE 0€3 CTOJNKHOBEHHS:
P (¢) = BepoATHOCTL TOTO,, YTO MOJIEKYN8 NPOCYIIECTBYET
BpeMs { 0e3 CTOJKHOBEHHS.
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Ouesuato, uto P(0)==1 (8 TeueHHe HCYe3alOHle MAJIOr0 HHTEPBAa BPEMEHU MOJEKYJia
He HCHBIThIBAeT CTOMKHOBeHHH), P(f)—0 npu {—co (paHo HJHM NO3AHO MOJEKYJAa3 Bee
JKe HCHLITHIBAET CTOJIKHOBeHHe). Bepositiocts P(f) HonxkHa OuiTh KAakK-TO CBs3aHA ¢
BepPOSITHOCTBIO CTOAKHOBeHuSt w df. [lelicTBurensHo, BepositHocte P({+df) cymect-
‘BoBaHHA (€3 CTOJKHOBeHUsl B TeueHHe BpemeHHu ({--df) Ho/skHa GbIThb paBHa BEpoOAT-
Hoctd P(f), HOMHOXeHHOH Ha BeposiTHGCTh TOrO, 4TO 3a Bpema oT [ 0 {+df He npo-
u3ofifer cronkuopenust. Taxum oGpaszom,

P (t+df)y="P () (1 —wdt).

TToayuure orciofa AudxpepenunancHoe ypaBHenue s P(f). Pewnte ero H, Bocro.nn-
30BaBIIACEL TeM, 4To P(0)=1, noxamxure, uyto P(f)==e-v!,

8.13. Bewmucaenue cpednezo epemenu npobeea. BepostHocts % (#) Toro, uTO MO-
JIeKYJa, He MCHBITABLIAS CTOJKHOBEHHS 3a BpeMsl f, HCIHLITAeT ere B HHTepBaje OT {
Jo {-dt, paBHa P(Hwdt.

a) IlokaxuTe, YTO 3Ta BEPOSITHOCTH YJOBJIETBOPSET YCJAOBHIO HOPMUPOBKH

SymmzL
0

‘D10 yCAOBHe O3HauaeT, YTO BEPOSITHOCTL TOro, YTO MOJEeKYJa, He HCIBITABIIAS CTOJR-
HoBeHHs, B OGyiylleM ero HCIbiTaer, pasHa 1.

6) Bocroan3oBaBUIMCh BEPOATHOCTbIO 2 (f) df, nOKaxuTe, 4TO CpejHee Bpewmst
{==T, B TeyeHHe KOTOPOTO MOJIeKyJa CyUIeCTBYeT He HCHBHITBIBAfl CTOJNKHOBEHHS!
pasio T=1/w.

B) Boipasute cpeiHHHi KBajpaT BpeMeHH {2 depes T.

8.14. Jugepenyuarvroe ypasrerue menionposooxocmy. PaccMoTpHM HEKOTOPYIO
cpeny, Temnepatypa T KOTOPOH 3aBHCHT OT BPeMEHH ¢ H OT NPOCTPAHCTBEHHOH KOOp-
auHathl 2. IlOTHOCTH cpefibt P, YAeJbHAs TElJIOEMKOCTb € H TENJIONPOBOJHOCTH X.
C nomouihi0 MaKPOCKONMYECKOTO PpACCMOTPEHHS, HCMOJIb30BAHHOTO TMpH BEIBOjE
ypasHeuns gudpysun (43), nonyunre obiee ypaBHeHHe Tel/IONPOBOJAHOCTH B YaCTHBLIX
NPOM3BOAHEIX, KOTOPOMY JOJ/KHA YHOBJIeTBOPATL Temneparypa 7.

8.15. ITpubop 0an usmeperus menionpogodHocmu eo3a. Bjaosnb ocd RINHHOTO
HUJIHHAPHIECKOTO COCYJA paiuyca b HaTsHyTa HHMTb, PaiHyC KOTOpPOH @ H 3JeKTpH-
qecKoe COMpOTHBJEHHe HA eluHULy auHel R. Cocys HAXOAHTCA TPH NOCTOSIHHOH
temneparype T, M HanojJHeH ra3oM, TelJONPOBOAHOCTL KOTOporo . BrmHcaure
PasHOCTb TEMMepPaTyp NPOBOJMOKY H CTEHKHM COCYJd, eClH 110 NPOBOJIOKe TeueT HeGosib-
wolt Tok /. Mokaxure, uto n3Meperne BesHYHHE! AT SBJSIETCS] METOJOM OlpelesIeHH T
“TCNVIONPOBOJHOCTH % rasa. [lpu pemreHun 3ajaud c/ieflyeT CYMTaTb, YTO COCTOSIHHE
pABHOBeCHSI JOCTHTHYTO, TaK YTO TemnepaTypa 7 B Mool Touke He 3aBHCHT OT Bpe-
menn. (Y ka3 aHue PaccMOTpuTe YCJOBHe, KOTOpoe JAOMKHO OBITh BHIMOJTHEHO
Jist J1I060TO LUAHHAPHIECKOTO CJ0S rasa, 3aK/I04eHHOro MeXAy pajuycaMu 7 u r+dr.)

*8.16. Teuenue easxoil scudkocmu 6 mpybe. JKuaxocTb, KO3(hGHUHEHT BSI3KOCTH
KOTOpO#l W}, TeueT B TpyGe AnuHoll L ¥ paauycoM a. TeyeHHe KMAKOCTH IPOUCXOAHT
NoA JeHCTBHeM Da3HOCTH JaB/eHHfl; HA OJHOM KOHIle TPyGbl JAaBJeHHE Py, HA JPYIOM
. 3anuiilTe YCAOBHS, KOTOPHlE AOJMKHBI ObITh BLINOJHEHB! Asis TOro, utoln TpyGKa
JKUJKOCTH PajHycoM r ABUrajach 6e3 yCKOpeHHs NMOJ JeficTBMeM PasHOCTH NABJEHHH
¥ TOPMO3SieH Cubl, BHI3BAHHOH BSISKOCTBIO cpefibl. TlomyunTe BEIpakeHHe N/ MAaccH,
npoTekaiomedl 3a CeKyHAY uepe3 Tpy6y B CIeNYIONUX ABYX CIAyyasix:

a) )KunxocTp HeCXKHMaeMa H ee IJIOTHOCTB Q.

6) B TpyGe Teuer mjeaibHbIH ra3, TeMmneparypa KoToporo T H MOJeKYJIAPHEIR
Bec . (Popmyna, kKoTopylo Bbl HOJyuHTe, HaswiBaeTcst ¢opmynolt Ilyaseitns.) Cuu-
‘rTafiTe, YTO CONMPHKACAIOUWIASICA CO CTEHKOH TpyOHl cpella HaxoiuTcst B nokoe. O6patute
BHIMaHHE Ha To, YTO Yepe3 JIo6oe ceyeHHe TPYOB! 3a eJAHHHIY BpeMeHH NPOXONHT
OJiH H TOT e IOTOK XKHAKOCTH WJIH Tasa.
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NPHJAOKEHUSA

I.1. Pacnpeaenenne Faycca

PHCCMOTPMM 61/1HOMI/IBJ15HO€ pacopelejieHHe, BhipaKaemoe Q)OpMyJIOﬁ
(2.14):

P (f’l) — ____L naN —n 1

—ni(N—n)lpq ] ()

rie g=1—p. Ecau N BesHko, To onpegeneHie sepositHocTd P(1n1) oka-:
3BLIBEETCS 3aTPYAHHWTE[NbHBIM, TAK KakK HEOOXOAHMO BbIUHC/SITH (HAKTO-
puasbl Goapwux yncea. [Ipu 10M, OXHAKO, OKA3bIBAETC BO3MOMHbBIM
HCNOMb30BATh MPUGIUAKEHHs, KoTophle npusoastT dopmyay (1) K Becobma
NpoOCTOMY BHAY.

Me! oTMedasin eme B 1.2.3, 4TO BEPOSATHOCTb P(r1) HMEeT MakCuMyM,
OCTPOTa KOTOPOTO GBICTPO pacreT ¢ yBeauueHveMm N. ITo o3Hauaer, 4to
BEPOATHOCTh P (1) CTAaHOBHTCA MpeHeOpe:KHUMO MaJsIoi, €c/d 1 3aMeTHO
OTJIMYAETCS OT 3HAYEeHHs n==11, COOTBETCTBYIOEro Makcumysy. [loatomy
3HaYeHHUs 71, AJAs KOTODPHIX BepOATHOCTL P(n) e siBasercs npeHebpe-
JKHMO Masiofi, He OTJMYAIOTCS CAUIIKOM CHJIbHO OT 3Hauenus 7. B 37oi
OTHOCHTEJIbHO MaJ/IOH 06/acTH 3HadeHHH n, OObIYHO H MpeAcTaB/sioed
HHTEpeC, JIerKo HalTH npubankeHHOe BoIpaxeHue aias P(n).

Takum ob6pas3oM, Ham BaKHO HccaeloBaThb cBoiicTBa P(n) BOJAM3H
3HaueHHsl 71, OTBEUAIOLLEr0 MAaKCHMyMY. 3aMEeTHM, YTO €C/AH TOAbKO p
WM g He oueHb OnuH3KH K 0, 9T0 3HAaYeHHE A HE MOXET JieXaTb GJIUIKO
K O wau Kk N. Takum oGpasom, ecsin N BeJIHKO, TO H n siBAsieTcs GOMbILIHM

4uCIOM, H HHTEpecyollle Hac qucia 7, OJH3KHe K 77, TAKKE BeJHKH.-
Ho ecan n Besnko, TO npH HaMeHeHHH n Ha eluHHny P (1) MeHsiercsd
He3HAUHTe/IbHO, T. €.

[P(n+1)—P(@n)|<LP(n),

u P aBasiercs MeljeHHO MeHswuneiicsd ¢yuxuuesi n. Ilostomy c xopo-
LIHM NpHOJIMKeHHeM P MOXHO cunTaTh IJ1aBHOH (yHKUHEN HellpepLIBHOK
fepeMeHHOR 11, XOTs (H3UYeCKOe 3HAYeHHe HMelOT TOJMbKO Ueble 1.
Bropoe ofcroArenseTBo, o6jerdaioliee Hamly 3ajayy, 3aK/04aercss B
TOM, 4TO JiorapupmM P sBAS€ETCA 3HAUUTENLHO MelJ/ieHHee MeHsomencs -

11 o, Peid ) 321



dyuKunei n, yem P. BMecTo TOro utofhl HMeThb JeN0 HEnoCPEICTBEHHO
¢ P, nam Jerue Hccae0BaTh NoBejdeHHe In P u HalTH A48 3TOH Besu-
yyHBl Xopoluee npHOJAMKeHHe, NPHIOAHOE B JAOCTATOYHO GOJbLICH
obJiacTH H3MeHEHHS TiepeMeHHOl 1.

Jlorapudmupysi (1), Mbl HMeeM

mP=InN'—Inn!l—In(N—n)! 4+nlnp--(N-—n)Ing. (2)

3nauenune Il“:;l, OpH KOTOpPOM P rnocturaer MaKCHMYMd, ONpeLeJAeTCs)
H3 yCJIOBHA

dP _
dn
HJH, YTO 3KBHBAJIEHTHO, H3 YCJOBHA Makcumyma In P,
din P I dP .
dn P dn =0. (3)

O6paTuM BHHMaHHE HA TO, Y4TO Bce (haKTOPHA/BI B BblpaxkeHHH (2)
ABASIIOTCS 4HCJaMH, 3HAYHTENbHO OOJbIWINMH eAHHHuB. [loaTOMY MBI
MOXKeM QA Ka@iaoro ¢axkropuana BOCNOJAb30BATbCSl MPUOIHMKEHHON
¢opmyaoit (M. 7), u3 Koropoii caenyer, 4rto st A0GOro YUCAa m, 3Ha-
YHTENbHO GOMbILEro EMHHHUBL, m>>1,

dinm!
o~ Inm. (4)

Takum o6pasom, AudoepeHUHPYs (2), MBI ¢ XOPOIIHM NPUG/IHKEHHEM

HMeeM
dinP

dn

Yro6bl Halitn MaxcumyM P, Boipaxkense (B) cielyeT NpHPaBHATH HYJI0:
(N—n
In l( ) f—] =0,
n q

=—Inn4In(N—n)--lnp—ing. (9)

Hm
N—mpr__
n q
Hoaromy
(N—n)p=nq,
nm
Np=n(p-+q).

Tax kak p-+q=1, To 3nauenne n=n, oTpevalollce MakCHMyMy P, oka-
ShIBAE€TCSl PaBHBIM

A= Np. (6)

Yrobul uccaefoBaTh nopejesHe In P BOJH3H MaKCHMyMa, HaMm cie-
ZYeT pasJoXHMTb €ro B OKpecTHOCTH ' B paj Tefljlopa.  Mbl  MOxem
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flanucarhb
In P (n)=

., [dnP] | 1[dnP] , I [dInP
=InP(a )+[ . ] y+r [-—d%—]y*j—_ﬁ[-?%«]y3+,,_, (7
Tie

y=n—Ii, (8)

a KBaJpaTHble CKOOKH 03HAYAIOT, YTO [IPOH3BOKHbIE GepyTCH B TOUKE A=11,
Tak Kak pas/oeHHe MPOU3BOAHTCA B OKPECTHOCTH TOUKH, COOTBETCT-
Byromeli MakcumyMmy P, nepsas npoussonnas [cm. (3)] ofpawaercs B
Hysb. Clenyiomue NPOH3BOAKLIE MOTYT ObITh NOJYYeHb! MOCAEA0BaTe b=
HbIM Indxpepenunposanvem (D). B wacrHocty,

d®lnP ! 1 N

dn? n N—n  n(N=n)"

3Hauenne 37Ol NPOM3BOAHON npu n=n, T.e. npu n=Np # N—n=
=N(l — p}=~Ng, paeuno

enpPy
.drt | Npg *

Tenepy BolpakeHue (7) npHHUMaeT BHI

2
InP{n)=inP (A)—~— 2/\/uq 4+ ...,
MK
P (n) = Pe-9/2N0a__ — Pp-tn=iy2Npa (9)

e ™Mbl wanucaaun P=P(n).

3aMeTum, 4TO H3-33a SKCMOHEHLNHAJbHOTO MHOXUTES BepOSITHOCTh
P(n) B (9) cranoBuTCcs npeHeGpeXXuMo Madoll MO CPaBHEHMIO CO 3Haue-
HHUSIMH BMaKcumyme P, ec/iM iy HaCTOAbKO BEJIHMKO, uTo y*/(Npg)>>1, nnu
/e, BeposiTHOCTh P(n) MMeeT 3aMeTHOe 3HaueHue TOIbKO B 06-
Jacth |yl < (Npg)'/. 3nech BeuHHa y IOCTATOYHO Masa sl TOTO, YTOOB
B pazgoxeHnH (7) MOXKHO 6bu10 NpeHeGpeyb BCEMH UJIEHAMH BHICIUHX TIO-
PSLAKOB, KPOME OCTaBJIEHHOTG HaMH 4J/eHa, [PONOPUHOHANBHOIO 4 *).
Mpr npuxonuM, TakaM o6pasoM, K BbIBOAY, 4TO Bhlpameuue (9) neiicr-
BHTEJIbHO SBJSIETCH XOPOWHM NpHOMMKEHHeM K BepogrroctH P(n)
B 00JacTy, The 3Ta BepPOSITHOCTb MMEET 3AMETHYIO BEIHUHHY.

Besnynua P 8 (9) MOMeT GbiTb BHIPAXKeHa YePes p H ¢ C NOMOUIBIO
YCIOBHS HOPMHDOBKH
2P(n)=l, 10
n

T/l CyMMHMpPOBAHHE BHIIOJHSIETCS] TO BCEM BO3MOMKHBIM 3HAUEHHSM 1.
Tak gak P{n) majso MeHsieTcs NPH H3MEHEHHH LEJIOTO 3HaYeHHs Ha efu-
HHUILY, Mbl MOKeM 3aMenuTb cymmy (10) unterpanom. OGaacth 3HaueHuil
71 TIPOTSIKEHHOCTBIO dn CONEPXKHT - dn BO3MOXKHLIX  3Hawenuii P(n).

*) 1o BepHo, moka (Npg)/e> 1. Cm. zlorrOJmmerSHylo sajauy 3.
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Takum o6pasom, ycnosue (10) mpuHuMaeT BHA

+ x

SP(n dn = S Pe~ MM 2NP g, p \ e

-
¥

—-y2/2Npg dy= 1 (1 1}

-—w
Jlast obnerdenisi HHTErpHPOBaHHST Mbl IPOH3BOJAHM €0 OT —00 J0 —-00.
Takoe npHGIIKeHHe SIBJSETCS OYeHb XOPOIUHM, Tak Kak P(n) npene-

6pekuMo MaJdié NPH A0CTaTOYHO OOJBIIHX 3HAUeHHAX |1 — n|. Bocnogab-

30BaBLIMCh Gopmy.aoi (M.23), mbt nonyuaem u3 (11)
PV QILNpq =1,

HJ/IN
p—

S (12)

V?J‘t/\/pq
Hcnoabaya stoT pesysbTar M 3HaueHue n=Np us

(6), Mbl moJiy4aem

cJe/yloulee BbipaxieHHe Aasi BePOATHOCTH P(n):

P(n)= i

V 2aNpyq

e—(/z—Nﬂ)z/QNpq .

(13)

3ameTHM, 4TO Bhiuncaenusa no dopmysae (13) ropasjo npoie BhuHCIe-

4n An
Fin)
/ A
g EVEEN
n
4
n n
Puc. I1.1. Taycconckoe pacCiipellesienie MIOT-

HOCTH BEPOUTHOCTH P{1n) Kak Gyukuus n.
BeposTHoCTs W{X) TOTO, 4TO . NPHHHMAET 3R -
uentud, JexaulHe MexAY n—zxunn -+ x, ompe-
A(‘JIHGTCﬂ nnouianbo non I(DIIB()H orpalmqeﬂ-
HOIl 3THM HHTepBasoM. BbiuHcjeHWSs floKasbl-
BAIOT, 4TO ecAH An o3madacT CTaHRApTHOE
oTKaCHEH e OT 7, To W(An)=0,683, WAn=
=0,954 u W(a\n)::O 997.

BLINIOJHAETCA TeM e MeTOJOM,

uufi o gopmyae (1), Tax rax (I13)
HE COJEPIKHT (PAKTOPHAJIOB.

Bepositnocts,  onpeneastevast
dopmyaamn (9) u (13), ussecrsa
KaK eayccosckoe  pacnpedeseHue.

OHO 6blL10 NOJYuUeHO HAMH B pe-
3yJIbTaTe PasJjoKeHHA B psl Jora-
pudma. [lostomy HeT HUuero yau-
BHTe/bHOTO, YTO TayCCOBCKOE pac-
npejejeHne B CTATHCTHYECKHX
paccy:KIeHHsaX MOsIBJAETCH OYeHb
4acTo, KOTAa paccMaTpHpaeble
YHCJ/a BEeJHKH.

Buipaxennen (13) m1a P(n) yaobSuo
BOCIOIb30BATHCSL MPH  BBIYUCIEHHH pas-
JIMUHBIX CpejHHX 3HaueHHidl n. Bsancie-
HHE CYMM MOMKeT ObIThb CBeJieHO K BblUM-
CJAeHHI0 SKBHBAJEHTHHIX HHTerpatos. 1o

KOTOpbIT OBWI HCIIOJAL30BAH NPH BBIUHC/AEHHH HOD~

mupyiomero aMuoxuteass B (11). Mel unmeen, Takum obpasom,

+w

ne= D P (n) dn=@aNpg) "2 { em i NPYVRNGT g g

-0
+ @

= @aNpg) ™2 { €U 2N Gy gy ay—

+ oo

+ o

—ii @nNpg)~ 12 S e~¥2NPa gy 1 (O N pg)~ 1/ S e—yz/zivpliydy_

- a0
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TepBLiit wnTerpan cosnajaer ¢ uuterpasom B (11). On pasen (2nNpg)'/:. Bropoii
HHTerpaJ o6patiaeTcs B HYJb; 3TO SCHO H3 COOOPa’KeHHH CHMMeTPHH, TaK KaK NOIbIH-
TerpajibHOE BLIpaKeHHe HeueTHo (OHO MMeeT MPOTHURONOAOKHbIE 3HAKH WIS + ¥ U —y),
H BKIagbl B MHTErPal MPH 3HAYCHHSIX -y M —y YHHYITOKAIOT APYr Apyra. Taxma
ofpa3oM, Mbl MOJgyuaeMm

Il:ﬁ:/\/p, (]4)

T. e. cpellilee 3HAYEHNE /1 PABHO 3HAUEHHIO == Np, PR KOTOPOM BEPOATHOCTL P mveer

MAKCHMYM.
Touno TakK e Mbl MOJYYAeM BBIpaXKeHHe M5 AUClEePCHH

(A= (n—r2= D, Pln)n—Np)'=

+w
= (2nNpg)~ 12 S e~ (n=NDY2NDPG (N pY2dn—
-~
e
=(2nNpg)~ 1" g eYVEINDT y2 gy,
-

Henonnaya (M.26), MBI mosydaem, yTo 3TOT HHTErpajd pased
(An)2=Npq. ‘ (15)
Tagum 06pazoM, CTAHAAPTHOE OTK/IOHEHHe OT it paBHO *)

An= V Npq. (16)

HesaBHCHMO OT TOro, Kak Mbl TOAYIHIH rayCCOBCKOE PaciipelieseHue, Mbl MOxKeM
onpelenuTh ero NOJNHOCTHIO ¢ NOMOMLbIQ ABYX napaxerpos nn u An [em. (14) u (16)]:

P (n) =~ exp [ L<nmﬁ>2] 17
VinAn 2\ An (17
Beezem nepemennyio ‘ :
n—n —
Z==———, TaK uro n:n{—@n)z,

C MOMOHIbIO KOTOPOH Bhipasenuio (17) MOXKHO NpuAaTh 6oJee KOMIAKTHBIN Bui:

” L~y
Pn)An=——2¢ .
h V?n

3ameTHM, YTO rayCCOBCKOE pacnpejejieHHe CHMMETPHUHO OTHOCHTENLHO MepeMeH-
HOH z, T. e. 3HayeHHs P(n) ans z H —2 COBNANAIOT.

I1.2. Pacnpepenenne Ilyaccona

PaccmoTpuM cHoBa GHHOMMAJIbHOE pacrpenenesue (2.14):
N!
P(n) =mpn(1 —p)N-n. (18)

B npenbinyiiem NMyHKTe Mbl [10Ka3afdu, 4To ecau N3>1, To BhipaxeHue
(18) MOXKHO NPUOGIHKEHHO PEACTABHTb T'ayCCOBCKHM paclipefe/eHnem,
H Takoe NPHOJMIKEHHE CHPaBelJIUBO B 0G/1aCTH 3HAYEHHH TNepeMeHHOH

*) 3amerum, uto (14) u (15) Touno cormagaioT ¢ pesyanTatamu (2.66) u (2.67),
[oNyueHHbIMH B TeKCTe Opu Gosee OOLLEM ' yCJIOBHH HPOH3BOJLHON BeaduMHb N.
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n, A5 KOTOPOH BeposATHOCTEL P(r) NMeeT 3aMeTHOE 3HauyeHHe (T. e. B 06-
JIaCTH, He CJHIIKOM YAaJeHHOH OT 3HaYeHHS r1, OTBEYAIOIEro MAaKCHMYMY
P(n). Mpr paccmorpum Ttenepb npubamkenne K (18), cnpapeniusoe B
Jpyrofl obJacTH. J10 NPHOIHIKEHHE HMeeT 3HAUYeHHE B Caydae, ecsu
BEPOSITHOCTb p JIOCTATOYHO MaJa:

p<kl, (19)
a yycJa n, npeiacrasafawlne HHTepec, TaKxKe MaJibl:
nZiN. (20)

B npoTHBONOJIOKHOCTL CHTYal[MH, pPacCMOTPeHHOHl IMpU OGCYKIEHUH
rayCCOBCKOTO MPHOMHIKEHHSA, YUCHO 11 MOMKeT GbiTh NPOHU3BOJBHO Masd.
PaccMorpum  Tenmepp npuOJIMXKeHHe, COOTBETCTBYIOUIEE YCJIOBUSAM
(19) u (20). 3ameTuM mpeXAe BCEro, 4T
N1
Y =NN—1)N—-2)...(N—n-1).
Tax kak n<<N, KaxIblii MHOXKHTeIb CpaBa Majio OT/Hyaercs ot N,

H Mbl HMeeM
NI .

QOGpaTUMcsi K MHOXKHTEJIO
' y=(>I—p="
WY K ero Jorapugmy
Iny=(N—n)In(l—p).
Taxk kak n<€N, Mbl MoxeM cuutats N—n=N. amree, ycacsue p<£li

pa3peliaeT HaM OTPaHHYHTLCS MEPBLIM WIEHOM PA3JIOXKEHHs Jorapupma
B psan Tefinopa, T. e. mMbl nosaraem In (l-—p)=~—p. Takum oGpazom,

Iny~—Np,
WIN
y=(1—p¥N-"xer, (22)
Toacrasass npubauzkenns (21) u (22) B Buipaxenne (18), Mbl nonyuaem

P(n)=37 pre,

HaH
A
P(n)=: e, £23)
9i{
A= Np. (24)
C noMombio BeMHYUHEI A ycioBHe (19) MOKHO 3anHcaTh Tak:
AZLN. ’ (25)
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dopmyna (23) HaapiBaercs pacnpedeserues [lyaccona. 3aMeTHM, 4to
H3-3a koapduluenta n! B 3HaMeHaTese BeJqnyHHa P(n) oueHb OHICTPO
yGbiBaer, KOrjad A CTAHOBUTCS AOCTATOYHO GoJblunM. JeACTBHTENbHO,
ecn h<C1, 10 A" ecTb yObiBaromast QyHKUMA 7 H NO3TOMY MHOXHTeNb
P(n) moHotoHHO yOBIBaeT ¢ poctoM n. [Ipu A>1 A” yBeJaUYHBACTCS C
poCTOM 71, TOSTOMY MHOXKHTEJb
A*/n!, a anaunt, U GyHKuUHS P(n) p(”)T
[POXOAAT Yepe3 MaKCHMyM BOJH3H
nAA W yMeHbLIATCH C JajbHel- 08
wHuM pocrom n ¥). B aobom cayuae, ’
Korga n>-A, BeposTHocTh P(n) -
CTaHOBHTCst nipeneGperkimMo MajoH. 04 o
B o6gactH 3Havenuil n<hi, rae - o
BesauyuHoil P(r1) Heab3H nOpeHe-
6peub, ycaosie (25) o3nauaer, 4ro b2
n<MZN. [pyu s1om yeaosue (20),
HCOJb30BaBIEeC  [IPH  BbIBOAE
pacnpenenenusi [lyaccona, Bbinos- 0123 45678
HSETCS1 ABTOMATHYECKH. 1
s (2.66) caenyer, 4ro napa-
MeTp A, Onipefie/leHHbii PABEHCTBOM p(n)f 1
(24), paBen cpelHeMy 3HAUEHHIO 72 04

l\)&\

A=n. @), xX=2

OrMeTHM, 4T0 JJf JAHHOTO 3Haue-

HUS A waM . ycaosue (25) nau g
(19), Ttpebyiowee, uToGH pKl, 012345678
BBIIOJIHAECTCS BCE Jyullle W Jydie j p——
no Mepe TOro, Kak N—oo. B srom (1;110- 1.2, Péﬁﬂpeneneﬂﬂe ITyaccona P(n) kak
YHRUHA f1. Ba cayuast COOTBETCTBYIOT CDpej~
npejfese MyaccOHOBCKOe pacnpene- e anatent /s W 2.

JieHne Bcerja InpHMeHHMO.

MpoBeprka TOro,4To A=n. Buipaxenue (26) pns cpepsero sHaueHns n
HefllOCPEACTREHHO caelyer U3 pacnpeaenedns Ilyaccona (23),}1cnoﬂb3yﬂ onpejleseHue
CpejHero 3nayeHHs, Mbl HMeeM

N N g
EEZ P(n)n:e—’-z Y
n=0 n=90 )

Tak kak P(n) npeneSpexuno Mano npn GOJIBIIMX 71, ML He Clesaey 3aMeTHON OLINGKH,
cCAM pacnpoCTPaHHM CYNMHPOBanHe JO_GecKOHeuHOCTH. 3amerus, uTo WieH ¢ =90
HcyesaeT H NOJOKHB k=n—1, Mbl HaileM

AE+1

ow o @O
- An AR .
— p=A e —e~)h N e Y
D Wi DAY ey
n=1 k=0 k=p :

Tak Kak NocAedusis CyMMa TpelcTaBiseT coGofi pasioxenue ISKCIOHEHUHAIbHOR
¢ynkunn. Taxkum obpasom,

n=h. @7

*) TTpu 6oapmux N 1 A>>1 pacupeenenue [Tyaccona ceogurea x pacnpesesienuio
Taycca aas 3HadeHuit n, He CJHIIKOM JaJeKHX OF A,
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11.3. Bennuuna daykryauui sHepruu

PaccmoTpuM iBe MaKpockonudeckue chetembl, A u A”, Haxonsmuecst
B TEPMHYECKOM PaBHOBECHH ApYr ¢ jApyrou. HMcrmoabszyem sameuawwst,.
cienapuble B n. 4.1, ¥ ucciaenyem 6osee noipoGHO BepostHOCTh P(E)
TOro, uto sHeprus cucremnl A Jjexur B npegenax or E po E-4OE.
B uactHOCTH, Mbl IO/LKHBEI GyJeM paceMoTpeTh MoBefenHe P(E) BGau3H
sHauenus sueprud E=E, rae P(E) uMeer MakcuMmym.
C 3T0#t HeAbto HecaenyeM MeleHHO MeHsuowmiics Jqorapupm P(E),
onpeeaeHnsiii ¢opmyaoh (4.6):
mP(Ey=InC+1nQ(E)-1n Q' (E'). (28)

PasnoxuM 5710 Bhipaxkenue B psn Teitntopa B okpectHoctn £. OGosua-
yas PasHOCTb IHEPTUH depes

e=E—F, (29)
MBI TIOJIYYHM Cilefyiomee pasnoxesue In Q (E) B psax Tefinopa:
: 7 0lnQ’ 2InQ
nQ(E)=In Q(B) + |5 e+ 5| S e (30)

3nech KBajparinle CKOOKH YKa3blBAlOT HAa TO, YTO IIPOH3BOJHEIE B351Thl

B Touke E=E. YneHsl, copepiKaliie TpeTbto U GObLIME CTENEHH &, B
Pa3/IoKEHUU OMNYIUeHb. BBOAs 0003HauYeHHS

p=[ 15" ] (31)
H
=[]~ 2]
MBI MOXKeM mepenucaTh Buipaxenue (30) B npoctom BHIE:
In Q (E)=1nQ (£) +Be— ye. (33)

3HaK MHHYC B onpeje/ieHuH (32) BBeleH AJs TOTO, YTOGH Hapamerp y
ObUl TIOJOXKHTebHBIM (B cootBeTcTBHH ¢ dopmysont (4.32)1.

Ananoruunoe pasioxenne B psifl Teitiopa MOXKHO Hamucath Ias
In Q(E’), rae E' = E*—E. Mbl nMeem

E—E =— (E—E)=—¢,
" pasJokeHue Mo CTeleHaAM &€ jaer

InQ (E)=InQ (E) +B' (—e) —5 7 (—e)* (34)

2
,__fomQ’
=[]

s {9*ImQ] [ ,
¥ =—,—[ oE™ ]_'.— [B_L—] =

«

H
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ompejie/ienbl aHajoruyno (31) n (32) yepes nponssojHbe B Touke £'=
=F’, CkaazgpBast (33) n (34), Mbl noaydaem

In {Q (E) @ (E")} =10 {Q (E) @ (E)} + (B —B) e—y (p+7) €% (35)

Ilpu snavenun E=E, rae P(E)=CQ(E)Q'(E") wuMeeT MaKCcHMYyM, H3
(4.8) cnexyer, uyro P=f3’, nosTomy uJeH, JHHEHHHI NO &, HCUE3aeT,
KaK 3TO H JOJKHO ObiThb. Temepb (28) npuHuUMaeT B

In P(E)=1In P'(E)———;— Toe?,

"HJIH

P (E)=P (E) et~ E=Ep, (36)

rae *)
Yo=v+7V. (37)
U3 (36) caenyer, uTo 1451 Toro, urobul BeposTHOCTh P{E) MMena mMak-

cUMyM (2 He MHHUMYM) NpH E=FE, BenHuuHa Y, AO/MKHA ObITh HONOXKH-
TenbHOH. [lelicTBHTENBHO, U3 (36) cpasy cienyer, 4To BepOATHOCTb P(L)
npeHeGpeXUMO Masa Mo CPABHEHHIO CO CBOUM 3HAYEHHEM B MAKCHMyME,

ecint Y, ¥o(E—E)®>1, 7. e. ecan |[E—E[>>y,~"/+. JIpyrumMu cloBamH, Bech-
Ma MaJjio BEpPOSITHO, 4TOOh sHeprus E okasajach 3a npelejaMH HHTep-

Bana E4-AE, rae *¥)
AE=yn—1/2. - (38)

Topsinok BeauunHEl AE JIerkO OLEHHTb, €CJAH BOCHOJIb30BaThCs
onpenenenueM (32) aas ¢ U npuGavKeHHbIM BoipaxenueM (3.38) aas
Q(E). Mol MoxeMm, TakuM ofpasoM, HamucaThb Aja J000H OOLIYHOH
CHCTEMBI, SHEPrHsi OCHOBHOTO COCTOSIHMSI KOTOPOI paBHa Eg:

InQ ~ f(E—E,)-+const.

W3 onpenenenui (31) n (32) mbi noayvaem aas E=E=E
__J9InQ - /
b= { ok ] E—E,

Yz__[?_@_],vz__[_,vﬁ, (39)

OE (E—Ep)r T

*) 3aMeruM, YTO HAllK apryMeHTH aRajoOrA4Hb! TeM, KOTOphle Gbli HCrnoaL308a-
Hbl B npunoxendn [1.1, 1 aro (36) sBasercs OGBIUHBIM TAYCCOBCKUM pacnpeseleHuen,

~ **) Bupaxenne (36) 3aBUCHT TOJIBKO OT a6COMIOTHONO 3HAYEHHS [E—E| u camver-
pmmo OTHOCHTe/IbHO 3Hadenus E. [Tostomy cpelsee sHauenne sneprun pasuo E, T. e.

E=E. Tor %e pesyastat cilefiyer ua dopmyast ([1.17) ans moGoro rayccoBeKoro pac-
npegenenus. Ananornaso, w3 (I1.17) cnenyeT, yto. AE B (38) pasHo CTaHllapTHOMy
_OTKVIOHEHHIO 3Hepruu Ev .
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W3 nocsiennero BoipaxKeHWs CJefyer, 4TO Yy — BeMHUYHHA MOJOXKHTEb-
Hasi. M3 Hero Takxe cjefyer, YTO NpH AaHHOM 3HauYeHHH P, oluleM ajs
BCeX HaXONALIHXCHA B PABHOBECHH JPYT C APYroM CHUCTeM, HAUMEHbLIAs
cucreMa (T. €. CHCTeMa ¢ HAUMEHBIIHM YHCJIOM cTeneHeil CBOGOAbI) HMeeT
HauGoablylo BesnuuHy Y. [leatomy Bennunna y, B (37) onpenensiercst
[VIaBHBIM 0Gpa3oM HaumeHsulell U3 1ByX cHcTeM. [lonycTnMm, Hanphmep,
yTo cuctema A 3HaunTesnbLHO MeHbie A’, Tak uto Y>> H yo~7y. Toraa
3 (38) u (39) caenyer
AE ~E=Eo, (40)
Vi

B cayuwae MakpocKomuueckMx cHcTeM [ — BechMa GOJIBLIOE 4HCAO, H
n3 (40) caexyer, YTO OTHOCHTE/bHAf BEJHUYHHA (JIYKTyalHH 3HePrHH

AEJ(E—E,) upessbMaiino Mana. TOT 'pe3y/ibTaT BecbMa MOAPOGHO
obcyxkaadncst B 0. 4.1, rae (4.10) caenyer us (40).

I1.4. CroaxHOBeHHS MOJIEKY/l M JaBJeHHe rasa

Paccmorpum  paspexenHslil ras, Haxoldulyiics B PaBHOBECHH, H
BBIYHC/IUM YHCJAO MOJEKYJ, YAAPSIOUIMXCS O MaJyio NoBepXHocTb dA
creHkH cocyna. HanpaBium ocb z NepreHHKYJSPHO K 3TOH NOBEPXHOCTH,
HApyXy H3 COCyla, KaK 3TO NOKa3aHO
. Ha puc. I1.3. Cocpenorounm  Hawme

/13 BHHMAaHHE Ha MOJEeKYJaX, Pacro/oXeH-
P S
z

HBIX BOJN3H CTEHKH H HMEOILHX CKOpO-
CTH B HHTEPBaJe OT Vv JI0 v--dv. 3a Gec-
-7 KOHEYHO MaJjoe BpeMst df 3TH MOJeKYJibl
cmelnatores Ha v df. TlosToMy B TeueHue
TAKOTO HHTEpBA./1a BpeMEeHH Bce paceMar-
pHBdeMble MOJICKYJbl, HaXOAsILMecs B
GeCKOHeHHO MaJoN IHJIHHIpPe ¢ OCHOBa-
HueM dA n LoHHOH V df, YAApsT O CTeH-
KY; MOJIEKYJIbl, JexKallie 3a TpejesiaMu
IHJHHAPA, 10 CTeHKH He JoiayT *). Ecan
0 — yroJ Mexi1y vV H OCbIO 2, TO 00beM
Puc. [1.3. CroaxunoBenue MOJeKyJ, un.nm—mpa paBCH

CKOPOCTb KOTODBIX JIEXKHT MeXJAYy V M
v+dv, ¢ 3JeMeHTOM NOBepXHocTH dA

crenkd, (3ameTbTe, 4YTO BLICOTA UH- dAvdtcos 0 =dAv, di,
AMHApaA CTpeMuJCﬂ o N mymo. ecmn z
t-0.)

rie v,=v cos 0 — z-KOMIOHEeHTa CKO-
poctu v. Cpeanee 8HC/IO MOJIEKYJ B HHJHHIAPE, CKOPOCTH KOTOPBLIX Jie-
JKaT MeKAy V u v-I-dv, PaBHO

[f (v) d*v] [dAv, dt], (41)

*) Jdanny unauuapa vdf MOXKHO CYHTATh MPOM3BOJLHO MAJOR — 3TO NO3BOJIAET
paccMaTpUBaTh JIMIIb MOJIEKYJIbl, HAaXOAsyecsd B HeMOCPEJCTREHHOH GIIH30CTH OT
CTeHKH. Ecin Beanunny vdf ciienaTb MHOTO MeHbille CpeiHell AJKHBI CBOGOAHOTO Mpo-
Oera, TO MOXKHO He TIPHHHMATh BO BHHMaHHe CTOJKHOBEHHS MEXKILY MOJEKYJIaMH;
JeficTBHTEIbHO, 00asi MOJIEKYJ1a, HAXOAAIMASCA B IMIHHIPE H JBHXKYINASCA K CTeH-
Ke, He OYJeT OTK/IOHEHZ H3-3a CTOJIKHOBEHHA ¢ APYrof MOJMeKyJofl H. YAAPHT O CTeHKY.
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rie f(v)d®v — cpeanee yHCJIO MOJEKYJ B €NHHHUE OGBEMa CO CKOPOC-
TSIMM B MHTepBaJe OT V Jo v--dv. Bripaxenue (41) naer uncsio MosexyJ,
ylAapsiomux B 1MoBepXHOCTh dA 3a BpeMs df, mOSTOMY BesJMYHHA

of (V) d®v == cpepee 4HCJIO MOJIEKYJ CO CKODOCTAMH OT
Vv o V--dv, yaapsiomux B edunuusyo no- (42)
BEPXHOCTb CTEHKH 3a eJuHuyy BpeMeHH,

nonyuaercs fesienuem (41) wa d4 u df. Takum ofpasom,

| JW)dv=FW)v,dv. | (43)

Besnnuuna f(v) sazaercs MakcBeJJIOBCKUM pacnpeenenuem (6.21).

UTo6bl HONYUHTL H0AHOE CPELHee 4HCI0 MOJeKY.a J,, yAapsioluux
O €IHWHHYHVIO NOBEPXHOCTb CTEHKH 3a €MHHIY BpPEMEHH, MBI JO/KHEL
NIPOHHTErPUPOBATH BhIpaxenye (42) 1o BceM BO3MOXMHBEIM CKOPOCTSIM MO-
JIeKyJ1, yAapsomux o creHky. Takum o06pa3soM, HaM CJeLyeT HHTerpH-
poBarb N0 BCEM MOJIO2KHTE/AbHBIM 3HaYCHHSAM U,, TaK KaK TOJbLKO HOpH
v, >0 MOJEKYJBbl ABIKYTCA 1O HANPAGACHUI0 K CTEHKE H YAAPAIT O
ree. Hrak, *)

Jo= § o, av. (44)

;>0

Dopmyaa (43) nozBosiseT BHYHCIHTD CPEAHIOD CHMY, C KOTOPOH MO-
JIeKyJibl ra3a AeHCTBYIOT Ha eAMHHIY NOBEPXHOCTH (T. €. JaBJIeHHe).
Jlist aTOrO cJjeayeT NOBTOPHTb pacCyKAeHHd, HpHBeldeHHble B 1. 1.6.
Mouiexysa co CKOpPOCTBIO V HMEeT 2-COCTABJSIONLYI0 KOoJHuecTBa JBH-
KeHud, paBHyw mu,. [losToMy cpenHsisi z-KOMIOHEHTa HMIMyJbca, He-
pelaBaeMasi 33 €1MHHIlY BpPeMeHU e/lUHHIle NMOBEPXHOCTH CTEHKH BCeMH
MOJIeKYJaMH, JABHKYIUHMHCH K CT€HKe, PARHA [IPOH3BEIEHHIO CpeJHero
yHesaa Mostekya J(v) d*v Ha mou,, IPOCYMMHPOBAHHOMY [0 BCEM MOJIEKY -
JaM, ABIKYIHMCSH K cTeHke. Takum o0pa3om, CpeiHHH HMITYJ1bC PaBeH

gy mo)=m § fvyoav. (45)

vy >0 9:>0

Ecan ra3 Haxoautcss B PaBHOBECHH, B HeM HeT BLIJEJIEHHOIO Haipas-
JIEHHS U CPe/iHee 3HAUEHHE 2-KOMIIOHEHTDB! HMIyIbCa MOJIEKYJI, OTpaXKeH-
HBIX OT CTeHKH, PABHO M NPOTHBOIOJOKHO CPEJHEMY 3HAYECHHIO MMITYJIb-
ca MoJIeKyJ, yAapsiomux o crenky. Ilostomy noanoe cpeinee 3HayeHHe
Z-KOMIIOHEHThl HMIYJbCa, NepejaBaemMoil eMHHLE MOBEPXHOCTH CTEHKH
3a €JIMHUILY BPEMEHH, PaBHO YABOEHHOH Beauuuue {45). B coorBercrBuM
€O BTOphIM 3aKoHOM HbloTOHaA cpenpusis cuaa, AeficTByoUlas HA eAHHUILY
naomany (aaeJienye), paBHa

p=2m g f(v) v dbv. (46)

v, >0

- . { -
*) [locste mHTerpHpoBaHHA 1O BCeM yriiaM (44) NMPUHHMAET BHX 99,0:7}- nv, Fie

i — cpefiHee 4HCIO MOJEKYJ B eJHHHNe o0beMad, a U — HX CpelHss CKOPOCTD.
331



Ho f(v) 3aBHCHT TOJBLKO OT |V|, MOTOMY MOABIHTErpa/ibHble BhIPaXKeHHs
A8 U, H—U, COBNAJAIOT, U 3HAYEHHE HHTErpaa (46) paBHO NOOBHHE
TAKOTO K€ HHTerpaja, pacrnpocrpaHeHHOro Ha 6ce 0Oe3 HCKIIOHeHHS
suayeHus v,. Takum obGpasom, HMeeM

p==m ) [ (V) v2 d*v = mnui, 4N
e
o =_ 1 .
vi=— Sf (v) v d¥v,
no onpejeneHuio, npeictapnager coGofi cpelree s3Hadenue vi. Hs cum-

METpPHH cJaexyeT, uTo
Ui =Ui=1}

H, TakuM obpasom,
' *=ui vl ui=3u;.

Boipaxenune (47) npHrumaer BHI

ﬁ:; nmo? = ‘S’lB(K)’ o (48)

— | S o "
rie &) = = mv*® paBHO CpelHell KHHETHUECKO! SHePTiH MoJeKyIbl. Pop-

myJa (48) orsinuaercst ot pesyabrtata (1.19), nosyueHHoro npu Hauiem
paHHeM H YIPO[UEHHOM pPACCMOTPEHHH, TeM, 4TO OHa COAEPXKHT U* BMe-
cro v*. Hs TeOpeMbJ O paBHOMEPHOM pacnpeliesieHHH Hepruu cjaenyer,

yro £ = kT nosToMy (48) naer
p =nkT, : (49

YTO 9BAAETCH 3HAKOMbIM Ham ypaBHeHHeM COCTOSSHHST HIAEAJbHOIO ra3sa.



MATEMATHUYECKHE 3AMEYAHHUSA

M.1. O6o3naueHns CyMMHpPOBAHHSA

OGo3Haunm Yepes X NEPeMEHHYIO, KOTOpasd MPHHHMAET AHCKpeTHHE
BHAYECHHS Xy, X4)..oy Xy TOTAA LS CYMMBI

mn

XX X, = Y, ' (1)

i=1

Mbl DpHMeHsieM COKpalieHie, NOKazaHHOe B MpPaBoil YacTH paBeHCTsa
{1). Boibop uHAEKcA [ ABAACTCA [UPOU3BOJIBHBIM; Mbl MOXKEM C PaBHAIM
ycnexoM B3fATb APYIofl HHIeKC, HanpuMep, &, H HamHucartb

" m
i=1 k=1

ITHMH OCO3HAYEHHSIMH JIETKO BOCMOAb30BATbCA H AAS ABOHHOTO
cymmupoBanns. IlpeanosoxuM, 4ro y — nepemeHnas, HpHHHMAIOUAn
JUCKPETHbIE 3HAUCHHS Uy, Ys,..., Y,- CyMMa NpOM3BENeHHIT X1/, NO BCeM
BO3MOJKHBIM 3HAYEHHAM X W y paBHa

2 2 Xilf =

i=1i=1 .
o=t ) R et e )

oot X Wyt ) =00 X e X)W Y ),

HAN

/n‘ n r/_l‘ 11‘ o ‘ 2
$3w-(E) (2. @

M.2. Cymma reoMeTpHUECKOro psiaa

PaccmoTpuM cymmy
S,=a+af +af*+...+af" (6]

flpacan 4acTb DaBEHCTB4 NPeACTaBAsieT cOGOH ecomempuseckul pad,
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Kax /bl UJeH KOTOPOro noJy4aercsi yMHOXeHHeM MpelbilyIiero uneHa
Ha f. MHOXHTeJb [ MOMKET GbiTh BEHIECTBEHHbIM HJIH KOMIUICKCHbLIM YHC-
J0M. UTo6bt BBIYHCIHTE cyMMY (3), YMHOXKHM Ofe 4acTH paBeHCTBa Ha f.

Hnmeem _
[Sy=af +af*+ ... +af*af "+, 4y

Briunras 4) u3 3), no.nyqaeM.
1-pS,=a—a"*,
HAH

. ]',le-l‘
Sn——-a-—r_—}:— . (5)’

Eemn |fi<<1 u reomerpuuecknii psia (3) 6eckoHeueH, T.€. n—>00, TO Pl
cxonures. JeficrButesibHo, B TOM cayuae [*"1—0 g 15 n—-00 BhIpaXKe-
HHe (3) DPHHHMAET BHJA

S = 6)
Se=i=}- (6}

M.3. Tlpousscnnas or In n! ana Goabwux n

Paccmorpun In 1! ana Goabiuoro u uenoro . Tak Kak In n! Mensietcst
Ha HeGoJIbUIYIO 5aCTb CBOETO 3HAYEHHA, €Can # MeHaeTca Ha He(o.bluoe
1esoe YHCo, TG In n1! MOXMHO paccMaTpHBaTh Kak HeNpephiBHVIO (yHK-
amo n. Torza MBI HMeem
dinn! In(n-+ 10— Inn! (n+l)
i~ ] =In = In(n-1).

Tax xak n>1, 1o n{1lxn. Mol nonyuaem, gro s n31

dinn!
dn

=~ Inn. (7y

sdameuanne B Gosee ofmem puie npousBoHYIO of In n! MOXHO BbIPA3UTH
qepes J06oe Majoe, HO Lejloe npHpaliende n:
d Innl ln (n+ m)! —1Inn)
dn m

Orciona chenyer

dinn! _*l_] (n+m)

dn m nl
Taxk kag m<<n, Mbl NOAy4aesm

dinnt - 1 n
i ;—ln {n#]=1In7,

ln [(n+m)y(ndm—1)...(n+ 1.

YTo cosnafaer ¢ (7).
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M.4. 3uauenue In n! aan Goabwux 72

Boruncienne n! nas GOJBIIHX 7 CTAHOBUTCS CJHWIKOM TPYAOeM-
kM. [losTomy yno6HO Mst 3TOro ciyyast HMeTb MPOCToe NPHOAMKeHHe.

Ilo onpegenentio, inm

nl=1.2.3...(nh—1)-n. J ’.

. ﬁ—J"
Orciona _ ,ﬂ"‘
mal=Inl1+In24...+Inn= 2r y
= ¥ Inm. (8) sL
m=1

Ecnu n Besnxo, 1O noutn Bee use- PANIRARAARARRARA AR
Hbl B cynmMe (8) [3a nexaioueHHeM He- 02 4 6 8 10 1214 #8m

CKOJIbKHMX MePBLIX YWIEHOB, BKIAd KO-
TOphIX B (8) MaJs1] COOTBETCTBYIOT CTONIL ~ Puc. M.1. Ioresenne In m B sasncnmo-
GOJbUINM 3HAYCHHUAM M1, 4TO ln m e ot m.

MeHSIETCSt O4eHb MaJo NP H3MEHEHHH .
m Ha enuauny. Cymma (8) (oHa paBHa cyMmme ILIOULajell 3alUTPHXOBaH-
HBIX IPSAMOYTOJbHIKOB Ha prc. M.1) ¢ HeGOJbIIOH OIHGKONH MOKET GBITh,
TakuM 06pa3oM, BbIpa)ieHa uyepe3 HHTerpaq (Aarouil nJjomiagb nox
HenpephiBHOH KpuBoH Ha puc. M.1). B takom npubamkenun umeenm

Inn! ~ S In xdx==[xInx—x]{. ’(9)
1

Mebr moayuaem ans n3>l
Inn! ~ninn—n, (10)

TaK KaK BKJAaNOM OT HW:XKHero npeiesa B (9) MOXHO mpeHefpeub.
Jlyumee npubmixenne, cnpaseniuBoe Anaa #! ¢ owuOKoi, MeHb-
weil 1Y naxe npu n=10, naer gopuysra Cmupaurea

Inn!=nln n——n+%ln (2nn). (1)

Ecan n ouenb Beqnko, 10 n3>In n u dopmyaa Crupausra nepexo-
aut B8 (10).
Ornverum, 4to u3 (10) caenyer

=lInn —l—n(-’—)—-l:lnn,

dinn
dn

n

‘410 COBMAN@ET ¢ ™.



M.5. Hepasenctso In x<<x — 1

CpaBHuM Inx ¢ X Ans NOJOXKHTENbHBIX 3HadeHu#t x. Pacemorpum
(QYHKUHIO, PaBHYIO PAa3HOCTH THX BeJHYHH:

f(x)=x—Inx. (12)
Mpn x— 0 Inx——oco, mo3TOMY f(x)—»oo.}

, - 13

MMpn x~— oo Inx<€x, nostomy f(x)— oco. (13},
Urobel H3yuuTb MOBEIEHUE f(x) Mexay 3TUMH Tpefenamu, 3aMeTHM,
i q X=

) TO npu x=1

T=l——0=0. (14

Takum ofpasom, f(x) saBasercss He-
npepoiBHON QYHKUMeH X, YIOBJETBO-
T pswoweit  yeaosusim  (13) #  umero-
{ el eUHCTBEHHBIH S5KCTPEMyM MU
|

Vij x=1.
1 z Orciona crenyer, uTO mOBeje-
Puc. M.2. Gynxuns f(=r—In x. HHe f(x) onuchiBaercd KpHBOH, I10-

KaszaHHOH Ha pHc. M.2, umeioumei
MHHEMYM npu x=1. Takum obpasom, f (x) >=f (1) (paBHO npu x==1),
HJH, ¢ noMoibio (12),
x—Inx> 1.
Hoatomy
Inx<{x—1 (paBHo npu x=1), (15)

+ @

‘M.6. BhiukcseriMe uHTErpana Se”“’ dx

-_

Heonpedeaenroui vnTETpad S e~ * dx He MOKeT ObITb BHID@’KeH depes

anemenTapubie Gynxund. O6osHaunm uvepes / HCKOMOe 3HayeHUe onpe-
. OeaeHHO20 UHTErpana

+

= S e~ * dx. (16)

-

DTOT HHTerpail MOMXKHO BLIYHCJAHThL, BOCMOJb3OBABLIHCH CBOACTBAMHU
SKCHOHEHUHapHOH (PyHKUHH. Mbl Moxem Bbipa3uth (16) uepes Hopylio
TIEPEMEHHYIO HHTETPHPOBaHHA:
. " o .
I= §evay. | a7

-
\
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Iepemuoxan (16) u (17), nonyuaem

+ o + +® +0
2= Se"‘z dx Se-yzdyz S S e~*e~v* dxdy
HIH - - o
+® +%0
I — S S =G+ dy dy. (18)

Sror nBoiHON MHTerpai cieayer 6parb no Beell MIIOCKOCTH X, Y.

Tenepb BLIIOJHEM 3TO MHTETPHPOBAHNE B NOJNAPHBIX KOOPAMHATAX
r v ¢. Mel HmeeM x2--y==r%, a 5/eMEHT IJIOWAAH B 3THX KOOPAMHATAX
paBeH (7 dr dg). UroObl 3anoNHUTE BCIO

IJIOCKOCTh, MEepeMeHHbie @ H 7 JOJIKHbI 4
MeHsAThbes B npefenax 0<<e<2n u 0<<r<oo -
cootBercTBenHo. TakmuM o6pasom, (18) npu- )
HUMaeT BHI @ 4
I z "z
® 2m

S S e~ rdrdp=2n se-’“rdr (19)

Puc. M3, floasprele KoopanHaTH

7 u @, MCnoAb3Yemble /Jisl BbIUH-
cAesnst uHTerpaaa (18)

TAK KaxK HHTErpHpoBaHHe 10 @ Aaer 2m.
MHoxurtenn r 8 MOAbLIHTErPa/1bHOM - Bblpa}KeHHI/l nenaer HHTerpupo-
BaHHe TpUBHAJbHbLIM. Hmeem-

*®

p=2nf —gde)=—ale"]f =—a 0—)=nr,
0

nJin

I=Vw.

Takum ob6pasom,

+w

S e-**dx =V m. (20)

-

Tak Kak e~*" He MeHseT CBOETO 3HAUCHUSA NIPH 3AMEHE X Ha —X, Mbl HMeeM

+ o

S e~ dx= 25 e~* dx,

OTKYJa CJELyeT:
+ 0

S e~* dx=%VR. . ' (20

0
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M.7. Bbluucaenne HHTErpasios THna Se‘c"‘” x"'dze
[

OGo3uauiyM BbIYHCAAEMBI HHTErpas Tak:

o

l,= S e~ x" dx, (22)

0
O003HAUUM TaKKe x=o '/ y, toraa ma n=0 uHrterpaa (22) panen

R j =0 dy= ‘” . ©3)
0
Mb! BOCTOJIB30BAMHCE 31ech GopMyaoil (21). AHanornuno,
7 2 | l 2| ® | -
I,zoc"‘j@‘y ydy=o 1,~—2—e‘” Jo = a’l 24)
1]

Bce ocTanbHble HATErpasbl, A1 KOTOPBIX 1e10e 1222, MOTyT GHITh BhIpa-
JKeHHl uepe3 [, uau /, noc/eA0BaTeNbHbIM HHTETPHPOBAHHEM 10 UACTSIAL.
JeicTBuTENBHO,
x® l &
(e"“"g X" dx = ——5 d{e=*") x"" 1=
o 2
Y )
s
Coext yn—2 gy
0
Tak kax npouHTerpupoBaHHOe BhiDakenne obpamaercsa B 0 4 oboux
npejieoB, Mbl NOJdYydaeM

n—l

= __.2_.1_ [e—ax~ ,Cn—l]o +

L= () e | (25)
Hanpuwmep, . '
To N, ,
e R 25)

M.8. Marematrnueckue CHMBOJLL

= parHO Gosblue uaN npuOAHKEHHO
== TOXIECTBEHHO PABHO (PAaBHO NO paBHO
ONpeACTICHHIO) MeHbIlIe

ANAAN

Ry OPHONUIKEHHO paBHO, GJIH3KO K Ha MHOTO MeHblle

~ MMeeT nop a0k < < Ha MHOrO MHOPO MeHbile

8.8 NPONOPUKHCHANLHO MeHblle WJH paBHO

eSS He paBHO MeHbllle MM 0P HOAHKEHHO
> 6oJbIe paBHO

> Ha MHoro- Godqbiile : exp u

>>> Ha MHOTO, MHOTO (OAbLIE Inu HATypafibHLIf JorapadM u (npy
=

Gonbiie Wi paBHO . . OCHOBAHUR €)

e
&



JAOMOJHHUTEJ/IbHDIE 3AJAUYH

L. Hpocmoe npunerenue pacnpedeserus aycca. Monery Gpocator 400 pas. Hai-
IuTe BeposTROCTL 215 BhinazaHuii «opaar.

2. Tayccoscxas naomuocme éepogmrocmu. PaccMOTpHM HlleasibHyIO cHcTeMmy #3 N
cnnHoB 1/2. TIycTb KaxIOMY CHMHY COOTBETCTBYET MAPHHMTHBI MOMEHT Mg, KOTOpBIil
MoOkeT GbITb HANpPaBJEH BBEPX HJH BHH3, C BEPOATHOCTBLIO p U g COOTBETCTBeHHO. Boc-
noab3yirtech Buipaxkenuem (2.74) u rayccoeekum npubamkennem (I1.13), nprroxusin
aas Goapwux N, uToObl HANHCATHL BRIpaXeHHe A4 BepoaTHoctH P(M)dM toro, uror
MarHHTHBIE MOMEHT CHCTeMbl HMeeT 3HauyenHe wmexay M n M--dM.

3. Tounocme eayccoscrozo noubauxcenus. Vicchenyiite cTenedb NpurofHOCTH rayc-
coBckoro npubankenns (11.13), ouesns suipaxenne (I1.7) ¢ ToyrocToio 20 ueros y*
BRJIIOMHTENLHO.

a) [lokaxwure, uto (I1.9) moxer GbIThL 3anUcaHO B BHIE

. - . p—q
—Pe-/m = S oo B I
P (n)=Pe exp [ 6 (Nog) 2 J (
rae
.. y n—Np 11y

Vips  ViNpg

6) [Mepruii axcnoHenuHaNbLHBIA MHOKHTENL AeiaeT BePOATHOCTL P npeHeGpeXuMo
madoil, ecay [z|>>1. Taxun ofpasom, P umeeT 3ameTHoe 3Hauenue juiib npa [2/<l.
B 37011 06aacty 3uavernil z noxasarteln BTOpoil 3kcnoHenTsl B (1) 3HauynTensHO Meliblie
eannnust, ecan VN pq > L. Ilpn 3ToM YCJOBHH BTOPYIO SKCHNOHEHTY MOXKHO pa3/o-
XuTb B CcTeneunod psia

Pn)= etz [ j——P—1 z3—|—...]. (I1ly

V 2aNog 6 (Npg)'/

8) [Tokaxure, uTo owi6Ka, BOIHHKAIOWASI OT HCMOJL3OBAHUS MPOCTOLO IaycCoB-

-1 o
CKOro npuéauxeHns, imeeT nopsiok (Npg) /2, Ona cranoBHTCH IpeHEGPERUMO MAIOH,
ecan N HacTo.1bkO BesuKo, uto Npg>-1. Tlokaxute Taxxe, 4TO B CUMMETPHUYHOM Cay-
yae, Koraa p=g¢, nonpsrounbifi uien B (1) ncuesaer u nopsRok olMGKN CTAaHOBUTCSH

paesniM (Npg)—1. )
4. Ceodicmsa pacnpedeaenun Ilyaccona. Paccemorpute pacnpenenetne [lyaccona

(11.23).
a) Mokaxnre, uto 3TO pacnpeieieHHe NPaBRABHO HODMHPOBAHO, T. €., TO

8

2P =L

n

6) Bhluuc/InTe JIHCNEPCHIO 7 M [OKAXKHTe, YTO OHA paBHA A.
5. Iossaenue onewamox. Tlpeanonoxum, uTo THNorpadckHe omuGKH, coBeplua-~
eMble HaGOPUIMKOM, MMeOT CJydaillbiii XapakTep H 4TO KHHra u3 600 crpansiu co-
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Aepkut 600 Takux onewaTok. BocnosbsoeaBumics pacnpegenennem Ilyaccona, Bui-
YHUCJAHTE BEPOATHOCTL TOTO, YTO

a) CTPaHHLE He COAEPXKUT OMeuYaTKH,

6) CTpaHHLA COJep:KUT He MeHbIle Tpex ONeyaTok.

6. Paduoaxmusnoui pacnad. PacesoTpum aaba-uacTHUB, HCNYCKaeMble pajtHo-
aKTHBHBIM HCTOYHHKOM B TeueHHe HEKOTOPOro iHTepsana BpeMend f. [lpeacraBum
cefe 3TOT HHTepBaJ] pasieeHHbIM Ha GOJbUIOE YHCI0 MAJILIX HHTEPBAaNOB MIHHON Af.
Tak kKax aabha-yacTHULl HCNYCKAIOTCA CJyuafiHbin 00pasoM, BePORTHOCTh pacmana
B TeyeHHe JI0GOTO H3 HATEpPBAJOB Af COREpPIIEHHO He 3aBHCHT OT TOTO, NPOHCXOAHJIH
JIM pacnaibl B JAPYFHX HHTepBasiaX BpeneHH. Kpove Toro, HHTepBajbl MOIYT ObITb
B3ATHl [ACTOJIbKO MAJbIMH, YTO BepOATHOCTHIO G0Jee YeM OIHOIO Pacnaja B TeueHue
HHTePBaJa NMOXHO npeHebpeub. TO 03HAUAET, UTO €CIH P — BEPOATHOCTh pacrajna
B Teuenne MHTepBaia A{ (p<€l), 1o (l—p) — BepPOSATHOCTL TOTO, HTO 3a 3TO BpPeMs
ne npousoiiger pacnaia. Kaxawll nam untepsad Af nmoxer, Takum ob6pasos, pac-
CMATPUBATLCH KAK HE3ABHCHMOe HCIbITAHHE, BCero Mbl Haees N=7/Af{ Takux HCNBI-
TaHHi 3a Bpemsl [.

a) Iloxaxnre, uto BepoaTaocTh P(n) TOro, u4to 3a BpeMs ¢ npou3ofiier n pacna-
1oB, onpefensercs pacnpeieneruem [lyaccona.

6) Ilpeanonoxus, 4To AKTHBHOCTL PaJHOAKTHBHOrO HCTOUHMKA TakoBa, 94TO
cpelHee YMCJO PAcnajoB B MUHYTY pasHo 24. KakoBa BeposTHOCTH HaGJIONEHHs n
pacnajos 3a 10 cex? [losyunre npuEauKeHHble 3HayeHus ‘BeposiTHOCTEH HAsl Bcex
neanix n or 0 go 8.

© 1. Cmoaxnosenue stoaexyn easn. Pazgenuy spema Ha Madble uutepBats Az, [Tyers
p — OueHb Majasg BePOATHOCTb TOTO, YTO MOJEKYJa [a3a HCHBITLIBAET CTOJKHOBEHHe
B TeueHHe OJHOTO H3 UHTepBaJoB Al

a) Bocnoabsosapuinck pacnpeieiénues [lyaccona, noxasxure, 4To BeposSITHOCTD
P T0T0, UTO MOJMEKYJNa He HCHbITaeT CTOJNIKHOBeHHE B TeyeHHH N MoCael0BaTe bHLIX'
HHTEPBAJIOB, paBHa Py=e~N\P,

6) 3anucas p=w A (31eCb @ — BEPOSTHOCTL CTOJIKHOBEHHS B €JIHHHILY BPEMEHH)
9 BbIpasHB N uepe3 mpoTeKilee.BPeMs {, NOKAXKUTE, UTO BeposiTHOCTL P(f) He HCNLITATD

CTOJIKHOBEHHS B TeyeHHe BpeMeHH [ paBHa P(Hy=e~"*". Cpasuure 107 pesyabTar ¢
pe3yabTATOM, NOJYydeHHLIM B 3alaue 8.12 u3 apyrux cooGpaseHHil.

8. Daykmyauuu moawuns monkozo ca0a. [lovelueHHblli Ha RakKalHBAeMYIO HHUTh
MeTaJlil cnapseTcst B BakyyMme. ATOMBI MeTa/l1a NoNajlaloT Ha KBAPLEBVIO IL1aCTHHKY,
PacoNOKEeHHYI0 HA HEKOTOPOM pPACCTOSHHU OT HHTH H o6pa3ViOT Ha Hell TOHKHI Me-
Taaauyeckui caofi. Ilnactinka HaxoaMTCs npH HHU3KON TeMumepaType, W KamAbili
4TOM, NONaBWHH HA MJIACTHHKY, He MCTILITBIBAET MHIpauHp. ATonbl ¢ paBHOil BeposiT-
HOCTBIO - [IOTJIOWAIOTCS JIOOBIN  YUACTKOM MOBEPXHOCTH IKIACTHHKH.

PaccMOTpHM 3/1eMeHT IWIOWIaAH NJAACTHHKH pasnvepom b° (b uneeT nopsiiox jaua-
merpa aroMa). [lokamHuTe, 9T0 YHCIO ATOMOB MeTall1a, KOTOPOE MOKeT MOrVIOTHTH
TaKOH 3JieMeHT, NPUGIHKEHHO ONMHCHIBaeTcst pacnpeledenuen [Tyaccona. Monycrim,
YTO HCMAPEHHOr0 MeTalda 10CTaTowo, 4To6bi 06pPa30BaTh Ha MOBEPXHOCTH ILIACTHHKH
A/IHKY €O cpefilieli TOMUHHON 8 illecTb aToMHLIX cioeB. Kakas 4acTh nosepxHocty
NVIACTHHKY OKaXKeTcsl Boobie He MOKPLITON MeTamaon? Kakas vacTh noBepXHOCTH
6Y/1eT NOKPHLITA TpeMsl H LIeCThIO CAOSIMH COOTBETCTBEHHO?

9, Cmenenv mourocmu pacnpedeaenus Iyaccona. Urobul BHISICHHTL CTeNeHb TOY-
HocTH pacnpefiesienns [lyaccoila, BocnojbsyeMcst CIeylOWHM TOPSAKOM — Pasio-
xenna, caeaannoro B ([1.2).

a) Bocrosbayiitech siBHbIM sblpaxkesrem aia NUY(N—n)! u pasioxennem ero
siorapuma, uToOb NOKa3aTb, uTo '

N1 . n{n—1)
—_—— R n —_—— |,
™ Ve [ =2 ]
6) Pasnoxus In {1—p) n0 uieHOB, NPONOPUHOHANLHLIX P2, NONYYHTE YayUileHHOe
n

upubanwxkenne At (1—p)N-
8) [lokaxute Temepsb, 4TO GHHOMMAJLHOE pachpeleieHHe Moxel ObITb  (pef-

CTaBJIEHO BBbIDpAXKeHHEM
n—(n—»)2 ]

»

P(n) Le*“exp [_ TN

340



r) Bocnoab3opaBuIuch 3THM pe3yJ/LTaTOM, MOKaXKHTe, uTo pacnpefenexue [Tyac-

COHA CcrpaBelIHBO noka A<CN': u n<N': a coepluaemasi oUIHGKA MeHbule HJH
mopsiaka (A2--n?)/N.
. 10, Dayxmyayuir sepauw cucmemvt, HaxX00AUecA 8 meniosos Koumasme. Pac-
CMOTPHM [BE MaKpocKoIhueckHe cucreMbl, A 1 A, HaXoisiuuecs B TelJoBOM PaBHO-
Becuu npu abcomornoii Texmnepatrype T. Ilycte C v C’ cOOTBETCTBEHHO TemIOEMKOCTH
ITHX CHCTeM (NP NOCTOSTHHBIX BHEIIHHX TapaMeTpax).

a) Iokaknre, Bocriodp3osasuminch peayapratamu ([1.32) u ([1.37), yro crangapi~
HOe OTKJ/IOHeHHe Heprin E cucTeMbl A paBHO

cc’ 1/2
sE=it ey ]

6) Yemy pasno AE, ecnn C'>C?

B) Tlpeanosoxun, uto cucteMsl A u A’ SIBASIOTCS OXHOATOMHBIMY HZeaJbHBIME
Tazamu, cofepxamumu N u N’ MoseKys cooTBercTBenHo. BoluHcanTe oTHOCHTE N bHYIG
Beanunny OAyKTyauui sHepruu AE/E, rae E — cpefssisn SHEPrHs cucTeMbl A.

’

r) Paccmorpute oTBeT B) B npeleanHbiX cayuasx N' >N u N’ <€ N. Coraacyeresa

JI BAL Pe3yJbTaT C TeM, Uero cjieiyer oxuAaTh L AL B npegene N'~—0Q?



HEKOTOPbIE ®U3UYECKUE KOHCTAHThI

Beanynua 3navenue Olﬁgﬁ’
P u3nieckHe KOHCTaHThI
SjiemenTapusii 3apag e=4,80298-10-19 eg, CI'CI;= +7
==1,60210.10-1 g +2
CkopocTb cBeta B Bakyyme ¢=2,997925.101% cu.cex—1 +1
[Mocrosinbasn Ilaanka fizh/?n 41=6,62559-10—% 3pe.cex +16
f==1,054494-10-27 3pz.cex 425
Macca nokosi 3aekTpoHa m,=9,10908. 10— ¢ 413
Macca nokosi npotona m,=1,67232.10-% ¢ +3
Marneton Bapa eh/2m,.c pp=9,2732:10-2! ape.pc=1 +2
SAnepubiil Marneron eﬁ/2mpc Py ==5,05050- 10~ 5pz.oc—1 +13
Yucao Asoragpo Ng=6,02252-10% xoap-1 +9
floctosinHas BoasumaHna k==1,38054.10-18 3p2.2pad—1 +4-6
[asoBast nocTosiHHAS R =8,31434.107 3pe-epad—* X +35
Mmoae~Ll==1,98717 kaax +8
Xepad—t.-moan—1
Tepexoatbie MHOXHTENR
Tpofinas Touxka BOJLI ==273,16° K
Temneparypa no Heascuio X°C==:(273,15-4+ X)°K
| atmoctepa == 760 mm pT. CT. ==1,01325-10% dun-cn—3
I axoyas == 107 spe
1 TepMOXHMHUECKas KaJoOpHS ==4,184 dx
| 31eKTpOH-BOJLT (38) =1,60210-10-12 spe 1.2
1 98 Ha uwactuny © =23,061 kKkaa-moarp—1 +1
==11604,9 °K +5

L

3unavenns KoHcTaHT B3ATH U3 0630pa E.R. Cohen and J. W. M. Du Mond,
Rev. Mod. Phys. 37, 589—D591 (okTs6pp 1965). Ilpupesenpbie OMmMOKH OTBEYaIOT
CHHOMY CTaHIApTHOMY OTKJIOHEHHIO H OTHOCSTCS K IIOCJCIHHM 3HayalguM Lubpam

COOTBETCTBYIOILBHX KOHCTAHT.

Moab ompefiefied B COOTBETCTBHH € YCJOBHEM, COIJIaCHO Kotopomy m3oron Ci2

MMEeT QTOMHLIE Bee 12.

Ofo3Hauenye «¢rpag» OTHOCHTCE K erpaiycam KeabBrua» (0603HayaeMbise

TaKkxe °K).



OTBETbI HA 3AJIAYH

Tnasa 1

1. 1/32, 5/32, 10/32, 10/32, 5/32, 1/32. 1.2. O6patnmo. 1.5. a) 3Heprus
He mensiercs; 6) py/p;=V;/V, 1.6, 2,1.10% morexya- -cex~t-cm-%  1.7. Tlpu-

6u3uTeIbHO 45 CYTOK. 1.8, 6.10-10 cex. 1.10. a) Uy /Uy = (myfmy)V2 .

L1l p=2/,(n,+ny)e. 1.12. B) Jdapaenue=p, = p,. 1.13. B) 2 ama.
1.14. 2a) 3,4-10% cujcex; 6) 2,3-10-8 cu; B) (2,9-10%) x dunfcnZ 1) 2.10-9 car.

Taasa 2
2.1. 5/54 &~ 0,092. 2.2, 63/256 &~ 0,25. 2.3. a) (5/6)® ~ 0,4; 6) | —(5/6)® & 0,6;
B8) —13—(5,/6)4N 0,16. 2.4. B) (5/6)V; r) (5/6)~V~1(1/6). 2.5. a) N![n! n'l[-1prgr’.

4 I ~27 [ \N U
2.6. a) M! [(7N>1] k—) :6)0. 2.7.6) 0; B) (/7). 2.9. a) p=(2p—1)p,.

2
fE=ul. 2.12. a) 1/c 6) (Ij0). 2.13.8) M =0, {AM)2=2Npu3. 2.15.2) N(V/V,);
6) N_(I/Z)[(VO/V)—III/‘A‘ 2.16. a) (¢{/Af) pe; 6) ({/Af) pe% 1) 4.10-12q,
2.17. (N*?/R) p* [14-(1—p)/Np]. 2.18. 0,82 ca. 2.19. a) 0; 6) NV,

2.20. (A2—x?) " V2 (dx/n) s —A<<x<C A; O AAs OCTANLHBIX X.

Inasa 3

3.1, a)P(—3p0)=—_—l—, P(p0)=§—. P(M)y=0 na% Apyrux 3HauCHHIL;

6) ( )p(,, B) TO e, 4ro B (a) u (6). 3.2, —%— 3.3. a) Nt nt(N—n)!]-1;

B) n'/n. 3.4. (n'/n)% 8.5.a) Nlnt (N—m|=1; 6) (E,—E)/2peB; 1) (n T
1 B=In(n/n')/2u,8. 3.6. a) (n2h?2m) (n¥YLY) (2/Ly); 6) F=§(E1L).
3.7. a) 1,9-10%; 6) 4,5-101%,  3.9. a) N1|n! (N—n)}~1 (BE/2u,B).

Taasa 4

4.1, a) uer; 6) Her. 4.2, 0,025 33. 4.3. a) 4%; 6) 5.104%. 4.4, 1,1.10~2,
4.5. 1,5-10-*%. 4.6. Mownocte XT=1. 4.7. a) N, ,,/N,,, ~ 0,5; 6) N3/2/N,/,,

48. a) Ian T 0, E— Ney; anan T — o0, ’E_-»—Q—N(el+62), MeHsleTCSl IpH
T ~ (Ea—2,). 6) N [e,fe,e™P @€~ ][14¢~B €—e)]=1 4.9 Nath(Wa/kT).
4.10. —2-Nea th (ea&/2kT). 4.12. a) Paccrosnue Mexay ypoBHAME BO3PACTaer;
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6) yMeHbILACTC S, B) TOJIOKHTEJbHO; T) BO3pacTaeT; A) Bospactaer. 4.13. a) Paccrosune
MEXKIY YPOBHSMH BospacTaeT, 6) yMeHbIIaeTCs; B) OTPHUATE/]bHO; I) BO3pACTaer;

x) BospactaeT. 4.14. (N, N,) ET/V. 4.21. a) efoB | o=BitoB, 6) — p o8B th (BpeB).
4.22. a) ¢~ B/ [l—e'ﬁf‘"’]‘l; 6) ho [%—}‘(e‘sﬁm—l)-l] ;1) %ﬁm, n) kT.
4.23. 2) 24/p%? 6) ET. 4.25. a) e~ B 6) NI [n! (N—n)!l]-1 B raxpom cayuae.
4.26. a) C(M/2aB)*2 (V/h%); 6)C [(M/2aB)*/2 (v/h3)] [(m/2nB)®/® (v/hi3)] =B ;
B) (mkT 22k2)¥2 Ve~ kT ;1) (/fkT/?ﬂsz)S/4 (VN2 e WkT . 1y henuccounupoBat;
) muccounmnposai. 4.27. a) (n/N)%= (m/2n)*>h=3(kT)>/2 p-1e=%*T &) 0,49.

3
4.28. a) 7NkT. 4.29. a) —Np B th (ueB/kT); 6) Nugth (uyB/ET).

Tnasa 5

5.1. a) 3°K; 6)4-10-3°K. 5.2, a) 0,62 2c; 6) 2-10-8°K. 5.3. vRT In (V4/V)e
- 5.4. 3,6-101 ape. )

85 a—-c b W=7.10? ape, =—2,9.10" spe;
a—»d--b W=21.1011 spz, Q=1,8:1011 3pe;
a--b: W =1,4.101 3pe, Q=1,1-101 gpz,

58 a) MgAi 0 T=-T+@MgVy/5vRA), V=-2V,+ (BYRATo/5Me).

5.9. 6) 14,8 Oxcjem. 5.10. a) 9,92.10% dw; 6) 1,35.103 due.
5.11. 6) E= N [y e,e™ 2= 2/kT] [ o= (Game/kT =1,
C=(N/kT2)(82-—~—81)2r‘2_(82—g’}/kr[l~}— e-(ﬁz—ﬁm)/kT]-Z_

5.12. a) —Nn,B, 0; 5) 0; 0; B)—Nu, B th{n,B/&T); r) Nk(uB/ET)2[ch (noB/ET)]-2.
5.13. a) 2Ne (4T - 9)=1: 6) (2Ne2/hT2) /T (8% T L 9)~2  (2Ne?/9kT?2) man
6oapwux T. 5.14. a) (CAT 4-+CgTa)/(Ca+Cp); B8) AS=C,sIn(T/Ta)+
+ Cpln(T/Tp). 5.15. a) 1,27 10% dmfepud, —1;12-103 duc/epad, 1,5-102% dxc/epad;
6) 1,1-10% do/epad.  5.18. a) 21,8 dm/epad; 6) 1093 1°% 517, a) 12,6°C;
6) 12,8 dx/epad; 8) 9,4-10% Joc, 5.18. a) 0; 6) 0; B) 0; r) HesaBHCHMO.

5.19. a) S,=3S;; 6) c,,:% Cs. 5.20. a) Nk (ho/kT)? kT (ha/kT 1), gy Np.
£
5.21. a) %kT; 6) -;—R=20,8 Oxc-2pad—1i.-more—4, 5.22. a) (4% In Z;0p%) -
3 ~-1/2
-+ @1n Z/0B)% 1) (-2— N) .
[aaea 6 *
8.2, a) o—B [p¥/am+mgz] 3. dp; o) om (/2) Bme? . 5) o-Bmaz g,

63. noce” P 64 @) V[n(RIrITIrTY 6 noc(r/R)TEYV/IN Rira)
B) ¥T S e®n'?. 6.5. a) w?r (m—pov); 6) e~ (V/2 B0 m=00) g, g g, a) oo (Be=B4) ;

6) ch (Bu,Bz)/ch BryBy): B) 1 (uo/kT)2 (B5— BY); 1) 1,00015. 6.7. —;-kT, HeT.
6.8. a) 2~ /2. 6) yensmenno. 6.9. Boabwe. 6.10. 4V (In2);4v. 6.11. IlpuSau-

suTeqbHO 4 cek. 6,12, a) (co/cy) (my/my)V?. 6.13. Q(I_V”He/”Ne). 6.14. a) 0;
"6) ¥T/m; 8) 0; 1) 0; 8) (RT/m) (1 4+b%). 6.15. a) v,; 6) ve (kT/mc?. .6.16. R,

6.17. p x T. 6.18. a) Mgja; 6) kT/o; B) (@kT)%/g. 6.19. a) —,;-kT; 6) —i—kT;
B) -;-kT; r) —43-12. 6.20. R. 6.21. a) E=3Nho -é-—l-,( e’“ﬂ/”—l)‘l];
6) 3R (hao/kT)2 e /T (FORT _1)=2, o) 3R (0/T)2e~®T; x) hoyk. ‘

)
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Tnasa 7

7.2. 8) 6,21 amu; 6) 832° K. 7.3. a) (cy/R) (0¥ ;—pV); _6) vey (T ;—T)).

7.4. 6) %R:?O,S Oxc-epad="1.monp—1; B) 5 7.5. a) —Q—R; 6) 1300 ouc;

B) 1300 dac; r) 23,6 dxc/epad. 7.6. —;R In [(T/TO) (V/VO)'Z/“’], rie T n V—
cM. OTBeT K 3anaue 5.8. 7.8. a) 195°K; 6) 3,12.10% doc/morp 115 BO3TOHKH,
2,55-10%  Ouc/moap  pas  ucnapeuusi; B) 5,7-10%  Owc/moas. 7.9. Hyuas.
7.10. @Rt — L 71 200 2y RT L @) 6y [ A =B (BT QN7
. . ] 2 - . . rl y 7 TO L \ Lpg u]/‘) 'Y
B) 1,4°K. 7.15. a) T /T;—Ty): 6) 11,9. 7.16. a) C(T,+T,—2T;
0) T ;2= (T, TV 8) C(TI2—TV2)2 717, a) VRT In(Vo/Vp); 6) VRT In(V /¥ g);

B) VolVo=Vy/Ve 1) ¢'Jg=T"T. T.18. 1—(V Vo)V

Fnaea 8
8.1. a) 2; 6) 2; B) se peiicrsyer. 8.2. a) 1; 6) 1; B) me neficTByer.
1 2 1 . '
8.3. a) ?z‘c; 6) —gic; B) af, ?atczat; r) 5 ate, —gatczar. 8.4. Yueun-
11aeTCH, HEH3MEHHO. 8.5. a) 2nnR3Lw/d; 6) npudnusutenvuo 25 Gum-cm.

8.6. 1,4.10~4 z.cn~lecex~l. 8.7. a) o x V" ¥E~1 ) q T+ /s~

8.8. a) 1,4 em/cm; 6) 4-10—3 mm pr. cr. 8.9. a) (1y/1) (yz/pl)‘/'z; 6) (Mo/11) (101/14:);
B) (12/My) (R1/Pe)s ) dy A2 1,9-10~8 cat, dy A2 3,1-10~8 cu. 8.10. Hpubaunanresibuo

10 yacos.  8.11. [Ipubansutensho —g’—(ln 2) (M/m) (noL3)=1.  8.13. B) 2t2

8.14. %—?—:g{?%% 8.15. AT:(IzAR/anx) In (b/a). 8.16.a) (s1/8) (pa¥/nL) (p,—ps);

6) (1/16) (na*/mRTL) (pi—pi).

Jononuurteabhbie 3agatiu

1. 0,013, 2. (2uy)~! (2nNpg)~ 2 exp {—[M—N (p—q) wo|*/8Npgug}.
5. a) 0,37; 6) 0,08. 8. 0,0025, 0,090, 0,162. 10, 6) T (kO)V2;

/2 3
8) [% NN (N 4 N’)J VE (’?{ N) VP ecan NEN, N-1EN'3)VE,
ecin N> N, ‘ ‘
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