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APEAUCJIOBHE KO BTOPOMY H3JAHUIO

1. To, uro.cocrananerT HePBYO YACTh NPEAIaraeMOro Kypcea, 1o
CYILECTBY BHIPOCAO H3 MOJEKYAADHO-KHHeTHYECKOH TEOPHH; TOU-
HEE — M3 KHHEeTHYeCKON Teoput ra3on. 1o Gulia nepeas raasa du-
3HKH, KOTOpad CHCTeMATHUYECKH IIOCTPOeHa Ha NpeanOJAOKEeHHH
0 MOJEKYJAPHOM CTPOEHHM BemecTBa u, 6osee 7Toro, AIs Ka-
XKJOTO H3ydaeMOro sBJCHHA B HeH CTPOMJACh COBEPIICHHO ompe-
AeNeHHasd KapTHRA, ONPEALJIEHHAA MOAEAb H3YyJaeMOro nponecca.
DTA BETBb, Pa3BUBaxCk BCE JAJDBIIE MW Aa/Iblle, NEpeCcTynana
TPAHUIOL TEOPUU TAa30B, PACIPOCTPAHAACL HA APYyrHe BUAH Ma-
Tepud. Kpome 1010, pacTyr H ILIMPATCA B PAAE BOMNPOCOB MO-
JASKYNAPHO-KHHETHYECKOH TEODHH NPUMEHCHHHA. KBAHTOBOH Me-
XaHHKH. A

Yacth TO 061acTH (PH3UKH, KOTOPYIO 3aXBaTHJIO 3TO yUyeHHe,
napajiesbdo H3yuaach MeTOA0M TEepPMOJHHAMHKH, KOTODasd nep-
BOHAYAJBHO IIOJ HASBAHMEM MEXAHHUYECKOH TEOPHH Tenjaad BH-
pocia B3 BONPOCOR, CBA3AHHHIX € OpeBpaleHueM TEOJd B Me-
XaHuyeckoe apuikedue W o6patHo. Paspacrasnch B €BOIO Ouepe/ib
B8Ce Jajbliie H pajbliue, TEPMOJHHAMHKA IIpeBpaTHiach B y4e-
HHE O (M3H9eCKHX Npomeccax B CaMbiX PasHo00pas3HuX 06JaCTAX
du3nKH, u3yyaeMbIX C TOUKH 3PEHHA NpEeBpPALLEHHI 2HEPIHH.

Oﬁa MEeTORA HCCJAENOBAHNA — OCHOBAHHBLIH HA MOJEKY/APHO-
KHHCTHUYECKON TEOPHM U HA ONHCATEABHOM UpHEeME TepMOAHHA-
MHKH, OITHPAKIIEMCA HA NEpBHE ABA NPHHIHIA TEPMOJHHAMHKR
H HA TaKk HasHBaeMyw Teopemy Hepucra, — noayunau ceiyac
paBHbe ,nMpaBa rpaxpaHcTsa“. M B Jpyrux obaactax (pnaukH
MBl HMEEM JeJi0 C TAKHMH XK€ ABYMJA TeueHuaAMU, PoOJib KHHe-
THYECKOH TEOPUM 3IJCKTPOMATHHTHOIO TOJSA BHIIOJHAKT TEOPHH
Mx. K. Makcseana, B, . Murkepuua, [x. k. Tomcona u
H. I1, Kacrepuna. Qpuako rocnoAcTBYIOmUM CeHyac B COBpe-
MEHHOM Y4eHHH 00 SMEKTPOMArHETH3ME ABAAETCA (HOPMAJLHBIH
MeTon, noctpoeHHHil no ofpasny TepMoLuHAMHKH. Meroz,
CXOZHHH ¢ MeTOMAOM KHHETHUECKO[l TeopHW B 06acTH yUCHHA
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06 5JeKTPOMArHATHOM 10J€, GOABITHHCTBOM TEOPETHKOB OTBEp-
raeTCs, HO 34TO COBpeMeHHOE (POPMANBHOE OMNHCAHHE BJIEKTPO-
MarHHTHOTrO IOJAS H300MAYET OTCTYIVIEHHSMH OT MATePHAJIHCTH-
9eCKOd QHIOCOPHH. DBypXKyasHhMH TEOPeTHKAMH [eJaloTCA
YTBePKJCHHA, UYTO XOTHA IOJE H €CTh HEeKOTOPOe ABHKEHHE, HO
OHO HE HMEeT MaTepHanrbHOro Hocuteasn! Ca0BOM, €CTh JBHXE-
HHE, HET TOJHLKO TOro, UT0 ABHKETCAH.

2. Bonpoc cBOZHTCA K TOMY, AOJUKHA JH HaykKa OrpaHHYH-
BATHCA OJHHM TOJbKO OIHCAHHEM, HJH 33 OOHCAHHEM J0JKHO
CJaen0BaTh NpHYnHHOE oO6bAcCHeHHe. Korjia Mpl 3HAKOMHMCA ¢ HO-
BHMH (DAaKTAMH HJIH C HOBBIMH fIBACHHSIMH, TO MH HE MOKEM
OTKa3aThcd OT ONHCAHWA ITUX ABJACHHHA. B 9TOM CMHBIC/ZE HHKTO
He MOXeT OTKa3bBaThed OT onHcanud. Ho onucanme —510
TOJbLKG NEPBHI HIAr B HAYUHOM HCCASHOBAHHH. 34 HUM ZOJAXKHO
CAE0BATE H3HICKAHHE TNPHYHHHOH CBHA3M, TaK KAK MATEPHAIH-~
crHyecKasn Qurocodua ,npusHaeT 0ObeKTHBHYIO 3aKOHOMEPHOCTh
B Opupoie, OOBLEKTUBHYI0 NPHYHHHOCTL, OTPAXKAEMYIO JHLIbL
OpHOIU3HTENBHO BEPHO 4YeJOBEYeCKHMH NpeacTARACHHAMH O NO-
paake, 3akoHe W npoy.*?!. Lcam ke MBI OCTAHOBUMCA HA ONH-
caHuy, 3asBHB, UTO HAYKA UATH HAJbIIE OMIHCAHHWA HE MONXET,
TO MHl Ion@ndéM B THCKHM TOH MJH HHOH pPa3HOBUAHOCTH SMIH-
PHOKPHTHIH3MA.

Hrak, nopotus onHcanus, gaxe GopMannLHOro BHEUIHErO OIH-
CaHHs JI00Oro Npouecca UM ABACHHHA, CIOPUTH HE NPHXONUTCH,
€CJMH 3TO SABIACTCA MNEPBOH CTYNEHBID B Npopecce H3VUYCHMS
Yero-An00 HOBOToO. bena HauuHaetTca TOJRKO TOrAa, KOLAA ONH-
CaHH¢ TPH3HAETCH OJIHHM H EJHHCTBEHHHIM INPHEMOM HCCAER0-
BaHHd, TOrgd 3a 3THM CaMOOI'pAHHYeHHEM B O006J4CTH HCCAen0-
BaHHA CJAeayer 110 AATAM T2 HJIH HHAS PA3HOBHIHOCTb SMIHPUO-
KPATHI(M3MA, IMOUPHOKPUTHIH3M JaI060r0 TOJKA HE PH3HAET
OOBEeKTHBHOH PEATLHOCTH BHEIIHEr0 MHpPAa; OH NPH3HAET TOJABKO
MOE OWYUIeHHE, MO@ NepemxUuBadHe H eAMHCTBEHHOHR 3a1agei
HAYKH [IPU3HAET KOOPAHHHPOBAHHE U CUCTEMATH3ANHUIO HOBLIX
OyIMICHHA, HuKaKoro OObACHEHHA, ONUPAIOILErocs HA TO, YTO
IPOHCXOANT B PEATLHOM MHpe, 6HTbL He Moxer! Bor nogemy
BCAKOE PE3KOe BHICTYNJEHHE [IPOTHB KAKOTO-AHOO OOBACHEHMSI,
NPOTUB BO3MOXHOCTH HOCTPOHUTH NOHATHYIO MOJAE]L, KOIHIO,
CHHMOK C JeHCTBHTEABHOCTH OOLIYHO ABJAACTCA IPU3HAKOM Ile-
pexona ¢ 0osee HAH MeHEE MOC/AEeLOBATENbHHX MAaTepHAAUCTH-
UECKHX IIO3MIUH HA JIOXKHBE IO3HUHH SMIHPHOKPHTHLUM3MA,
K sToMy mpucoenuHseTcs ele OAHO HEAOPA3YMEHHE, K COXa-
A€HHIO, BeCbMa piacmpocrpanHesnoe. CUHTAETCA, UTO BCAKAR MO-
AeJdb 0 HEeOOXOZAHMOCTH ROJAKHA OLITh MEXAHHUECKON, Kak
OyATO HEJb3A NPHAYMATH SACKTPOMAHHTHYIO MOJE@AbL KaKOro-

1 B. U, Teunn, Cou.,, 7, 14, crp. 142.



auGo nporecca HIM kaxyio-qa00 eme unylo. Bee peao B 1oM,
y1oGH MOACHAB OHIJIA KOMUEH HJIH CHHMKOM € RakoOil-JH60 yactH
peabHO CYIECTBYIOIETO MHpPA.

3. B 53TOM OTHOIIEHHH B 00J4CTH XBAHTOBOH MEXAHHKH MH
gMeeM fAPKO BHIPAXKEHHBHIE OMHKGOUHHIE NOJOXKENHs, MPOHCTE-
KAOIHe H3 JOXHBIX YCTAHOBOK SMOMPHOKPUTHYECKOH ¢ua0co-
¢uE, KOTOPOH YUOPHO NPHAEPKHBATCA KPYNHHE OypiKyasHHe
TeOpeTHKH, paspabaTHBAIOIMe KBAHTOBYI0 MexaHuKy. TeHb
SMIHPHOKPHTHIH3MAE GeXUT 3a PA3BUTHEM KBAHTOBOH MeXaHHKH
¢ camoft ee goambesn, BoT amHOTAUMA K CTafpe, B KOTOPOIi
uanaraeTC mepsuil HAOPOCOK KBAHTOBOH Mexanuxu Bepaepowm
I'eitsen6eprom B 1925 roay!. ,B paGore nenaercs nonnTKa
HAATH OCHOBH KBAHTOBOH MEXAHHKM, KOTOPAA HCXOAHT H3 CO-
OTHOLIEHUH MEX Y NPUHIHIHAALHO HAGII0AaeMLIME BEJIHYHHAMEB .
Y10, CIpAIIMBAeTCA, MOXKHO HA3BaTh B 00]4CTH H3YUE€HWA IIpU-
poI MNPHHOMNHAJALHO He HabOJ wOiaeMOoH BeJXH-
YU HOH?

[eiizenbepr 00BACHAET, YTO OH CUMTAET NPHHIUOMAALHO HE
ralnogaemuM. Bor ero co6cTBeHHmne CJOBa BCce H3 TOH XKe
- CTATBH: ,IJTH NIPAaBH.JIA ll0ACYETa (DpexHel Teopun kBaar.—A. T.)
copepxar B ce6e B KaueCTBe CYMIECTBEHHOH COCTABHOH 4YacTH
COOTHOIIEHUA MeXAy BeJHUHHAMH, KOTOpHE, IOBHIHMOMY,
NPHANHMOAAIBHO HE MOryT OHTh HabmojaeMil Kak, Hampumep,
NOJOXKEeHUe H Bpemsa 00pauieHua dJexTpoHa (BOKPYr aToMa,—
A. T.)“. ,¥Y stux npasui, TakuM 06pasoM, OTCYTCTBYeT Kaxas
OH 10 HH OLJIO HarisAgnad OCHOBA, €C/JAH TOABKO ME HE OTKa-
HKEMCA MPOACIXATE HNHUTAThH HAjNeX Ay, 4TO STH 40 CHX NOp He
Hab/aoJaeMbleé BEJHYHHL B JaapHeiuieM, ObTb MOKET, CTaHyT
JOCTYNHBIMH ONRTY“. A BOT # BWBOA: ,lIpH 5TOM NOJOMEHUH
JAYUII@ COBEPIICHHO OTKAa3aThCA OT HAAEKAR HAOAIOAATH HTH
JI0 CHX NOp He HabawiaeMble BeJHYHHH (KaK, HanpuMmep, no-
J0XKEHHE H BpeMsa o6palieHusa saeKTpoHa BOKpyr aapa.— A, T.)...
H CLenaTh NONBITKY [OOCTPOHTB MO aHAJMOMMH ¢ KJAACCHYECKON
MEXaHHUKOH — KBAHTOBYI) MEXAHHKY, B KOTOPYIO BXOAAT TOJLKO
OTHOIIEHHA MexIy HaOJI0Ja€MBIMH BeJHYHHAMHU".

dTa nporpamMma, 3aayMaHHas, KaK MH BHIHM, eme B 1925 roay,
Oblsla BoimoaHeHa. M3 ocHOB XBaHTOBOH TeOpHH OHIO BHIKHHYTO
BCE, YTO KaCaaoCh TPAEKTOPHI 9JAEeKTPOHOB BOKDYI 8TOMHOrO
Aapa.

Teopus mata BeNHKOACHNHHE METOLW BHYHCICHHS ,TPHHIK-
HHA/MBHO HAG/MI043aeMBIX BEJHYMH“ — ypoBHeH SHepruil, uacror
COCKTPAJbHBIX JHHHA ® T. X. QJHAKO TEOpHA HE MOr/a HHUYEro
CKa3aTb O TPACKTOPHAX SNEKTPOHA B Npejetax aroma; sTo OBLIO
YMHRIIIEHHO HCK/IIOYEHO ¢ CaMOro Haua/ja Kak Heuro ,MpHHIH-

1 Zeitschrift f. Physik, 1925, 38, 879,



nuaJbHo He HaOawzaemoe“. To, 310 YMbLUIAEHHO OWJAQ HCKAIO-
4eHO H3 TEOPHH, BIJIOTH A0 HEBO3MOXKHOCTH ONPENEJHTbh OJHO-
BPEMEHHO KOOPAHHATY H HMIYJBC 3/JEKTPOHA, CUHTAETCH
,KA4eCTBEHHO HOBHIMH 3BKOHOMEPHOCTAMH MHKPO-MHpa“ MO
CpaBHEHHIO CO 3HAKOMBIMM HAM XOPOIIO H3 NPOUILIOrQ 3aKOHAMH
mMakpo-Mupa. OaHako He06XOANMO BCE-TaKH NOMHHTH, YTO K NO-
3HAHHIO 9THX ,KAUECTBEHHO HOBHRIX® 3aKOHOB MH NPHUJIH OYTEM
YCJAOBHOIO MEPEBONA BpeMeHH OOpalleHHS 3JeKTpOoHda B Ipeje-
JaX 4TOMAa M €r0 TPASKTOPUH BOKPYI ATOMHOTO A4pa B HEYTO
LAOpHHIHOHATEHO He nHaOmosaeMmoe”. Koraa-to u sHepreTHia
()CTBaABLAA CTPOMAACHE HA YBEPEHHOCTH B TOM, UTO MOJEKYJH H
ATOMBl IPUHIHNOHAALHO ,He Ha0MWAaeMBl”, a 4YTO H3 9TOro Imo-
ayuuaocsk? HHIKTO HE cTadeT oTpuIAaThb BCEX YCOEeXO0B, HOCTHI-
HYTHX KBAHTOBOH MEXAHHKOil, HO HeJb3d CJAENO BEPHTb B TO,
JTO KBAHTOBAA MEXaHMKA YXe JOCTHIIa abCoJIOTHOrQ CoBep-
IIeHCTBA, ¥ HA BC@, HAa YTO OHA HE Jaer X0 CHX IOp OTBeTa,—
OTBET OPHMHUUIHAJILHO HE MOKET OniTh noayuen!

, 1€OPHAY IPUHIUNHAABHO He HalAlnlaeMHX BEJIUYHH He
BHLIEPKUBAET HA MaJeilnell KputrKH. OHAa onpoBepraercs BCeH
HCTOpUEH HAYKHW. bBUIO Bpems, KOTAA TOBOPUIH, YTO MOJICKYJH,
ATOMBI M SJEKTPOHH NPHHUMOWAABHO He Hat.moraemsl. Ho Bor
cnuHtapuckon Kpyxca, cuetynk [lefirepa, xamepa Buabcona,
ONEITH ¢ GPOVHOBCKHM JABHXKEHHeM, €CAH He CAeJ da]1H BCE 9TH
,JIPHHIHIHANLHO He Habamwgaemue” BeauydHsl BHAHMbLIMH, TO
BO BCAKOM CJOYUYd€ OHH MPEKPACHO MOKA3HBA.OT HEHCTBHA OT-
JeJbHbIX YaCTHI ¥ MOJCKYJIADUBIX ABHKEeHuiA. CoejuHEeHHe HH-
TepdepoMeTpa ¢ TEASCKONOM I[O3BOJAAET H3MEpPATL AHAMETPH
3ge3], 4r0 Ka3aIoCh paHbule ,TPHHIKIMANBHO HEXOCTYIHHM®.
B coBpeMeHHOM 3JEKTPOHHOM MHKDPOCKONE BHAHH MOJEKYJIH
Oeska, obaanaioluiero, Npasxa, OYeHb OOJLUIHMH MOJEKYJIAMH,
HO BeAb 3JEKTPOHHHIH MHUKDOCKOI eule JMAaj€KOo He JgaJ BCEro
TOr'O, 4YT0 OH MOXET JaTh, U [OTOMY HE HCKAIYEHAd BO3IMONK-
HOCTL YBHICTL NPOCTPAHCTBEHHYIO PEWIETKY Kpucraaga!

Bor noueMy ayume BQOOHIe BHMEPKHYTh H3 BCEX HAIIHX
paccyXaeHuil BCSAKHe YIOMHHAHHS O DPHHIIMIHAALHO HAOMogae-
MBIX H HeHal/JdwfaeMEX BeJAUUHHAX!

Caenyer JH paccMaTpUBaTh BCHO KJAACCHYECKYIO (PH3HKY Kak
YaCcTHHHN cJayua#t kBaHTOBOH? He npasuapiee aM NONDOJHATH
KJIACCHUECKYIO (DH3UKY TaM, I'je 9TO ACHCTBHTENLHO Tpebyercd,
KBAHTOBOH (DH3HKOH, a He paccMaTpUBaTh KBAHTOBYIO (PH3HKY
KAK HeuTo C¢aMoxOBJIIONee, YACTHHIM CJAyHaeMm KOTOpOro ss-
JAETCA BCA IIPEXKHAH KJA4CCHUeCKas (uaukar

Touno Tak xe¢ HAM KaXeTCs HEPAUHOHAJABHLIM H3YYCHHE MO-
JAEKYJAADPHO-KUHETHUECKO! TEOPHH HAYUHATD C H3JI0XKEHH] MeToAs
CTATHCTHYECKOH MexaHukH [H606ca, KaK S8TO MNHITAKOTCA HHOTAA
Je/aTh; B 3TOM OTHOIIEHUM, HAM KAXEeTCHA, NpaBUIbHEEe CJelo-
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parh HCTOPHYECKOMY XOAY Pa3BHTHA Hamed Haywd. Tem Goaee,
gy NOCAE BOCTOPXKEHHOTO OTHOMIEHHA K MeTogy ['mé6ca kak
@IMHCTBEHHOMY METONY KJACCHYEeCKOH CTATHCTMKH, HAUHHAKOT
pasnaﬂa'rbcn rojoca, yKashHBallHe Ha HeoﬁxonHMOQTb HEeKOTO-
poTO NEPEecMOTPa CaMOro METo]a ero usaoxenus. Ects M eme
OfHA NPAYHHA HE ONHPATLCA B CBOEM H3J0XEHHH HCKJIIOYHTEJIbHO
pa meron 'm66ca. Meros 'n66ca npUMEHHM TOJNLKO K pPaBHO-
BECHNM COCTOAIHHAM H He NPHUMEHHAM K. HEDABHOBECHLIM NPOIEC-
caM KAK, HAOPHUMED, K H3YYEHHIO ABJCHHA BHYTPEHHErO TDEHHS,
TeMJAONPOBOIHOCTH, AHQPY3HH # T. X. A BHUYEPKHBATH M3 pac-
CMOTDEHHA 3TH BECbMa CYINECTBEHHHE A [IPaKTHKH o00JacTh
enpa JH LONYCTHMO.

HUrak, MH cunTaeM INpaBH/ILHEIM COXPAHHTEL NpEeXKHEe pacno-
AoXenue wMmarepuasa. Mpl HauHeM ¢ TOH OCHOBH, KOTOpas
6HIa 3a/10KeHa BeAHKHM JIOMOHOCORHM, Janee mepefifeM K npu-
‘eMam Kaay3snyca, Maxcpeasna u BosabuMmana o yxe nocae sTore
AAafAM KDATKHI OYEepK CTATHCTHYECKOM MEeXaHWUKHW H KBAHTOBOW
CTATHCTHKH,

Janee OCTAaHOBHMCH €Ie HA KPATKHX YKA3AHHAX Ha 00/aCTH.
10 Cym(ECTBY HE HOBHE, HO KOTOpHEe, HayuHasg ¢ 1939 roga w
AAajblle, CTaJ¥ BHOBbL HrpaTh O00JbIIYIO POJAL. ITO BONPOCH,
CBA3AHHHC ¢ TepMofuddy3uelt, 1 TECHO CBA3AHHHE C HUMH BO-
npocsl 00 OTHICKAHHMH (PYHKIHH, BHPAXKAIOUUX 3aBHCHMOCTD MO-
NeKYJAAPHEX CHJA QT paccrofaHud. Bce sTm sonpocH npuoOpe.s
ocoGedno B Hauyauae 40-x roaos XX Bexda HepBOCTEIEHHOE 3HA-
9eHHE B CBA3H C pasfe/]eHHeM PAJHOAKTHBHHIX H3OTOIOB YP4HA.
JIio60NHTHO OHIO BHAETH, KAK BONPOCH, KOTOPHMH TOUTH Ne-
pectasm 3anuMarbea eie B 70-x rogax XIX Beka, BAPYr oka-
33J1MCh 371000 HEBHEIMH | ,

H, rakoHel, BOBce HeJaBHO GOHUIM OTKPHITH PaGOTH HCKIIO-
~ YHTEJBHO TAJAHTAMBOrO H COBEPIIEHHO 3abhITOrO PYCCKOIO TEO-
pertuka Hukxouaas Huxojyaesuua [luporosa, omy06inKOB&BIIET(
C nagazna 80-X roZOB mpOLLIOrO Ccro/eTHa W KoHuas 1891 romowm
(rox cmepru H. H. MMuporosa) paj sameuaTeAbHHX HO TayOHHe
MEICAH HCCACA0BAHHA B OOJACTH KHHETHYECKOH TEOpHH rasos,
TaK ¥ OCTABIUMXCSH [OYTH HUKOMY He m3pecTHhMu! EMy npuman-
A€KHUT Iay6oKasg MECAL, OTHOCALIANCA K PaclpejeaeHHI0 CKO-
pocrel mewxny wmosekyaaMH Makcsensna. OH nokasan, uro
OOHYHAA TPAKTOBKA 3aKOHA pacnpereaeHua CKOpocTeit MakcBeIaa
ApHIOKHMA, CTPOrO TrOBOPA, TOABKO K OeclnpeaenbHO HPOCTH-
paiomieMycst rasy. ECAH ras 3aKk/JgIOMeH B 3aMKHYTOM COCYLe KO-
HEYHHX p4asMepoB, TO IpegeJh HHTErpasa MaKCBE/MIOBCKOT(
pacnpene/ieHns Aasek0 HE BCerja Moryr Golth () U ©O; 9TH npe-
A/, BOOGIE roBOpPsA, KOHEYHH. TaxuMm obpasom, pacupepeJe-
HHE CKOPOCTEeH YacTQ BeChbMA CHJABHO OTAHYACTCK OT MAaKCBEJ-
JIOBCKOr0, B 5THX ciyyanx, KOrjaa Heab3s N0JL30BATHCSA OGHYHEM
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MAKCBEAJIOBCKHM pacnpeae]enRuem CKopocre# v Korpa oba npe-
Jesda B MAKCBE/JOBCKOM HHTErpase XOHEYHH, pachopeae/ieHue
CKODOCTEH NMPHOJHKACTCH K TEM, KaKne JAIOTCH Teopuel KBauT '
B patorax H. H. [Inporosa uMeetcs MHOr0 HCKJIIOUATENBHO
GecTANHX MBICAEH, CTABALHX NO-HOBOMY LEAHH PHL BONDPOCOB
KHHEeTHYCCKOH TeopHl. MBorue Ronpochl OBIJIM UM NPEJBOCXH-
NieHH. \ .

Tak, B noasusmeficn B 1904 roxy B wGuiaeiinom cGoOpHIKe,
NMOCBAIIEHHOM DBosbumany, crarbe CMOAYXO0BCKOFO JaHa (op-

n —
mysia W (n)==—e ' —BepoATHOCTH TOrO, YTOGH B 0614CTH,

rie B CpelHeM HaXOJIUTCHA v YaCTHO, MW BCTPeTHAH YHCJAO 1, He
paBHOE v. JTO COOTHOLICHHE Besje HasnBaeTcs gopmyaoit Cmo-
AyxoBckoro. OKasslBaeTCs, utod 3TO COOTHOUIEHHe 3a 15 Jer 4o
Cmoayxosckoro B 1889 rony Owsio onyGamkosano H. H. Tlu-
POrOBHIM *,

B Hacrosmei knpure Mul OyjJeM JeaaTe CCHJIKH HA PaGoOTH
INuporosa, TaKk KAaX OHH HANe4dyaTadHH B H3BECTHOM XYpHaJe
Pycckoro ¢usuko-xuMuueckoro obmecrsa ¢ 1885 no 1891 rog.
[Tpoliger, onHako, eme He MaJc BpeMeHH, HOKA 3ITH 3a0HIThIe
paboTLl 3aMEYATeNbHOTO (H3uKa OYAYT THIATEALHO H3YUEHH,
MoxkHO W cefiyac cKa3aTh, 4YTO B OCHOBHOM 3TH paloTH He
YTPATHJAH CBOEI'O 3HAYEHHS H B HAUIH JHH.

1 Ouepkli no ueropun ¢usukn B Poccun, nog pen. A. K. Tumupazesa,
Y unenrns, 1949, cratea A. C. [lpensonutenera, crp. 220—221.

2 JK®XO, XXI, gacty usnyeckan, 1889, 232,

+ECIH lana cHCcTeMa, COCTOAMAA H3Z BeChbMa GoAnuloro ydcaa N 4actHu
(MarepHaAbHbIX TOYEK), ¢BOOOLHO JBHKYIUIHACH B NPOCTPAHCTBE, PA3NENeHHOM
Ha 7 OIHOPONHBIX H DABHWX MEKIY C0o000 ,KjAeTOouek*, To My Py, P Ps, ...
BEPOATHOCTH TOro, YToOn B Ji000OH H3 9THX KJETOYEK OJHOBPEMEHHO HAaxo-

amanck 6w 0, 1, 2, 3,... wacruu CHCTEMBbl, ONPENEARIOTCA BLIPAMEHHAMU:
-_ e EB B 33 —_—
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N
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I"'naBa nepoasd

BHIBOAbI OQCHOBHbLIX MOJOXEHUK KUMHETHUECKOI
TEQOPHUU SHJEMEHTAPHLIM IIYTEM

§ 1. OcHOBHbie BeXH HCTOPHHM KHHETHYECKOH TCOPUH MATepHh

(OCHOBH, HA KOTOPLIX CTPOMTCA COBPEMEHHAT KHHETHUECKAH
TeopuA Martepun, OblIH H3IBECTHH B NIYGOKOH apesHOcTH. Eme
Jleprun ¥ JleMOKpPHT, 3HAMEHHTHE MBICAHTENH ApeBHel I'peunyu,
yuuau npumepao 2300 aer Ha3aj, YTO BCE HU3BECTHLIE HAM BHIL
BEINECTBA HOCTPQEHLI H3 MEeAhYAHINHX YacTHN -~ aTOMOB, H 4TO
3TH aTOMBI MOTYT ObITh Pa3JHYHBIX BHAOB.

CoBpeMeHHAs KHHETHYECKAs TEOPHA HCXOAHT H3 3TOTO XKe
MpeACTaBJACHHA O 3€PHHCTOM — @TOMHOM -—— CTPOEHHH BCEX Ten,
IPHYEM STH aTOMBl HAXOJATCA B BEYHOM JBHIKEHHH, KOTOPHLIM
OHH B H3BECTHOH YacTH OOMEHHBAIOTCA JAPYr C APYroM. TOJBKO
Tenepk Mul HE TrOBOPHM O6oJee O TOM, HTO aTtoMbl abCOJITHO-
‘HeJeJHMBLI. MBI 3HaeM, 4TO AaTOMK COCTOAT H3 00Jiee MEeJKHX
HacTHU — IPOTOHOB, HEHTPOHOB, BJEKTPOHOB, NO3HTPOHOB, HEH-
TPHHO, H, OLITh MOXKET, €me IeJa0r0 PAAad APYTHX; OpAYeM Hu
OOHH, XOTA OH H CTHXWHHO, JHAJEKTHUECKH MBICAAIIHHA Hccae-
AOBATENL HE CTAHET YTBEPXKAATh HEAGJHMOCTh 3THX COCTABHHX
yacreit aroma. B H3BECTHOM ,CHATOM® OTHOCHTEALHOM BHJAEL,
OHAKO, HepeJHMOCTL COXpaHdaeTrcsas HMEHHO B TOM CMHECGAE, 4TO
PasOMEHHBIH HA SJEKTPOHBI, NPOTOHH H T. h. 8TOM Y¥Xe He
Oyner 0621a0aTh TEMH CROHCTBAMHM, KAKHMH 00JaKan HepasJso-
KEHHLIt atom L.

1 3ta MHCIL BLICKA3aHA Obtia JHredncoM: ,B xuMHH HOBAaA smoxa nagu-
HAETCA ¢ ATOMHCTHKH (CaenoBarteabHo, He Jlasyasne, a [aabTOH — OTEL CO-
BDEMEHHOH XHMHH), 4 B (PH3HKE, COOTBETCTBEHHO 3TOMY, — C MOAEKYAAPHOH
Teopuu, (B gpyroit dopMe, KOTOpas, O/IaKO, HO CYLUECTBY BHpAXaeT /HUIb
APYryio CTOPOHY 9TOro Hpolecca, — ¢ OTKPHTHA NpeBpaweHud OJHOH (GOpMH
ABHieHHa B Apyryio). HoBaa aroMHCTHKZ OTAHYAETCR OT BCEX NDEKHHX TeM,
9T0 OoHAa (eciayu ne rosBOPHTL 00 ocaax) He yTBepwaaeT, GYATO MATEPUA TOJNLKO
AHCKDEeTHa, a NMPH3HAET, YTO AMCKPETHBHIC YACTH PASAHUHLIX CTyneHeid (aToMEl
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Te we Mmmpicau, 4TO y JleMoxpura u JleBkuna, scrpedaeM Mbl
depe3 cronerue (npubansuteasHo 2200 ner Hazan) y DnuKypa
# eme gepes 200 ser y JIykpenus B ero 3HaMeHHTOH HO3Me
,Q npupoje semen* L.

ITH OJACCTANIHNE MBCIH, CKOpee RKOrafkKH, MPeBPallalOTCa B
HaCTOAILYI0 (pu3Myeckylo Tteopuio Toabko B XVII cronerunm—
B8 1738 roxy B pecaron kHure ,I'uapornnamuku”® [Jaunnaa bep-
Hyaan?, B ocobenHocrn y M, B. Jlomonocopa® B ero omnmnre
nOCTPOSHUA TeOpHM 00 ynpyro#t cuae Bo3nyxa. Ecam y bep-
HYJUIA ME HMEeM BLIBOJA YHCTO (POPMAJbHO MATEMATHYECKHH, TO
JIOMOHOCOB faeT N0 CYWIECTBY MOJHYI0O KapTHHY COBPEMEHHOH
KHHETHYECKON TeopHH. Bo-mepBux, JIOMOHOCOB pacapocTpaHser
3aKOH COXPAHEHUA JBHXEHHUS HA TCIJIOBLHIE SBAEHHUA, JEJ/J48 TAKAM
06pa3oM NEPBHH WAar K NPEeBPalleHHI0 3aKOHA COXPAHEHHA Me-
XAHUUECKOrQ IBHIKEHHS B 3aKOH COXPAHEHHs 3Heprud. Jlomo-
NMOCOB JMAET BIOJHE fICHYIO ¥ KOHKPETHYIO KapTHHY B3aumopaeiis
CTBUI MOJEKYJ Mexay coOoi.

JIOMOHOCOB HJ/LIIOCTPHPYET 3TOT IPOLECC B3EHMOACHCTBHSA
MEXKAYy MOJEKYJIaMH CTOJKHOBEHHSAMH Ha& INVIAJKOH IOBEPXHOCTH
abJa JBYX OHCTPO Bpauiaomuxcd BOAUKOB (kyOapeil), moaro-
HAEMEIX KHYTAMH B JETCKO#H mrpe B Ky6apu. Ho exsa JH He ca-
MBIM BAXXHBIM fiBAAeTCA ykKazanue JIOMOHOCOBa O TOM, YTO MO-
JIEKYJH CTAJKHBAIOTCA H OTCKAaKHBAIOT APYyr OT jpyra ,B 6ec-
NOPALAOYUHOH B3AUMHOCTH; 8TO HABJAECTCA NPEeABOCXULIEHHEM
copmMy/HpPOBAHHOH DOJbIMaHOM 4Yepe3 cTo ¢ JAUIIHHAM  JeT
,THIIOTE3B MOJEKYAAPHOTO Xaoca“. Takum o6pasom, JIOMOHOCOB
ABJAACTCA NOLJIUHHEIM OCHOBATENEM KHHETHUECKOH TeOpHH.

Ouanako eme yepes 100 jet Ha TOPXKECTBAX, NOCBAICHHHX
CTOJETHIO CO JHSl OCHOBAHHA MOCKOBCKOrO YHHBEpPCHTETa, NMpod.
duzukn H. A. Jllo6uMoB roBopus 0 TOM, YTO TeOpHs JIOMOHO-
CcOBA HMEET TOJBKO MCTOPHYCCKHH HHTEpec, Tak Kak GoJ/IhIIHH-
CTBO (PH3WKOB NpHIEPKUBAETCA TEOpPHH Tenaopojaa!

Te e MBEICAH BHOBL BCIJHBAOT B IepBoi nojosute XIX Beka
y I'epamara u Kpenuura r ocobenno y [Jxoyas u Kiaayamyca.
flocaegueMy npuBHAAIEKUT NTePBOE CHCTEMATHUECKOE U3JI0NKEHHE
KHHETHYECKOH TEOpHH rasoB. B TO BpeMa METOZN KHHETHUECKOH
TEOPHUH HE pelanuch eJle pacrnpoCcTpPaHATe HA KHAKOE H
TBEpPAOE COCTORHHE, XO0TA y JIoOMOBOCOBA2 TEOPETHYECKH BHIBO-

apupa, XUMHUeCKHe ATOMBI, Maccid, HeOecHule tend) HBIAINTCH PA3NAYHBIMH
y3A08blMU  mouxamu, KOTOpbe OOYCAOBIHBAIOT pasfHUHLIE KAYeCMBeHHbLLY
opMEl CYmecTBOBAHHMA Y BceoOuieir Marepud...” (. DHTreasc, Ananex-
Thka npupons, I'ocnoanrtusnar, 1952, erp. 236.)

1 Orpuiakd #u3 Jiykpeuua, cM. ,OCHOBATEAH KHHETHYECKOH TeOpHH".
Coopuuk nop penaxkuuned A. K. Tumupazera, Mocksa, OHTH, 1937.

2Tam we.

"Tam we.
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JATCA OTCTYMEHHA U1 3aKUHR bo#an-Mapuorra. ITH OTCTYNIE-
gud ORJH JeTaJLHO M3yueHH BaH-zep-BaaascoM B ero guccep-
ramau 1872 r. ,O HenpepnIBHOCTH rasoBOTO H XHAKOro COCTOfA-
HEa®, TOCJAYXHBHIEH HAYAJOM  PacOpPOCTPAHEHHA  MeTOAOB
KUHETHUECKOH TEOPHH C Trda30B Ha XHIKHE Tena.

Capaumiusaercs, HmoueMmy OHICTPO€ pa3BHTHE KUHETHUECKOH
TeOPHH HAYANOCh TOABKO ¢ mojoBuHbel XIX croserus? OTper Ha
910 paeT HaMm yueHHe Mapkca. B XII raase [ roma  Kamurana“
ME YHTaeM CAenyomye CTpoku: .l maxe naposasa MauHHa B
TOM BHIe, KaKk oHAa Onlia H30OpereHa B xonne XVII Bexa, B ma-
ayhakTypHH# MEePHOJ, H IPOCYMIECTBOBAA 10 HAvana 80-X rojos
XVIll Bexa, He BHI3BAA HHKAKOH TPOMLINIISHHOH pEBOJIOIHH.
Hao60opoOT, UMEHHO CO3JaHHe pabOuYuX MAMHH H Ccrenano Heob-
X0AKMOK PEBOAKIHH B Napopo# mamuHe“ !, TOJABKO € 3THX NOP
fgapoBas MallMHa CTAHOBHTCA OPYJIHEM NPOMHIIJIEHHOH peBoJIIo-
agu. M BOT ¢ 9TOH OOpPH BO BECh POCT BCTasa 3anaua 06 ee
ycoBepureHcTBORBanUH. Jiid Toro ke, wroOH sTa padora uma He
BCJACNYI0, OT CAydYas K Cay4arw, Crajno HeoO6XOLHMO AeTaJbHO
¥3YUHTh NPOLECC NPeBPAUICHUS OAHHX (OPM IBHXKEHHS B Jpy-
rue ¥ ocoGeHHO Tema B MEeXAHHHEeCKOe JBHXEHHE H 00paTHO.
A 3TH sABJAEHHA HM3YYaAWTCHA B TePMOAHHAMHMKE H MOJIEKYJADHO-
KHHeTHURCKOH TEOpHH.

Uro nofyiurenbHod UPHYMHOH K PAsBePTHIBAHHIO HAYYHHIX
¥CCIeJOBAHHHA B 9TOH 00/1aCTH MOCAYKHJIO CTPEMIEHHE YCOBep-
INEHCTBOBATL NMAPOBYK) MAMUHY, BUAHO U3 BIOJHE SCHHIX BHI-
CKA3LIBAHHA OCHOBATEJNEH COBPEMEHHOHW TepMOAHHAMHKH H KHUHE-
THYECKOH TeopHH, Kak, HanpuMep, Caxu Kapao u P. Kunaysuyca ®.

TepmoguHaMuKa U KHHETHYECKAs Teopud, PA3THYHBIMH Me-
. TOLAMM H3y4aioliHe 4acTO OJHM M T€ Ke 3a1a4ud, paspadaTH-
BaJHCh, OCOO@HHO HAuMHAR ¢ 0OOJM0BHHHR XIX Bexa, OQHHMH U
TEMH ke muocaureaaMu, [lpn atoM Heob6X0IUMO OTMETHTb, UTO
$TH MHCJATEJH HQ HPOBOIMIH KUTAHCKOU CTEHH MEXJy STHUMH
AByMa obuacTsiMu 3HAHHUH, KAK 9TO 4acTo AEJAJN0CH Ha pybexe
XIX u XX Bekos, Ja emg IOpoH Aenaercda H Cefivac. B camom
rene, Knaysuye Oblt OCHOBATEJIEM OZHOBPEMEHHO H COBPEMEH-
HOA TepMOIHHAMHKH, H COBPEMEHHOH KHHETHYECKOH TeOpHH.
Bunmuam Tomcon (aopi KeabBuH) Taxxe padora’ OJHOBPEMEHHO
B 9THX JByX oO6JactaX, W Hakomen, Bmaaapa I'm66c¢, pacmpo-
' €TPAHMBINKHA METOAR TePMOJMHAMHKH Ha LWIMpovailmyr obaacTh
PHIUKO-XHMHUECKHX TIPOLECCOB, B TO Xe BpeM:d ABJISETCH
ABTOPOM KHHI'M ,DJIEMEHTH CTATHCTHYECKOW MeXaHuKH Kak pa-
®@HOHAJbHAA OCHOBA TEepPMOIHHAMUKY®,

1 K. Mapxe, Kannras, v. I, ra. XIII, 1950, ctp. 381,

. ¥ COopHHK ,2-e Hauano TepMonuHamuxin®, non peaakuued A. K. Tomu-
Pasepa, I'TTH, 1934.
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Taxkum oOpasom, BEJHKHE OCHOBATE/H COBPEMEHHHX TeueHHM
(PH3HYECKOA MEICAH He 3aCJAYXHBAKT YOPEKA B Y30CTH MECIH
M MeNaHTH3Me, B KOTOPOM HOBHHHBI MHOTHE H3 60JIee COBPEMEH--
HEIX HAM HX IOCJea0BaTe e, :

§ 2. djemenTapHblil BbIBOJ 3aKoHa boidasa-MapuorTta

Oco6eHHOCTBIO IPHEMOB KHHETHUECKOH TEOPHH ABJAAETCS BO3-
MOXHOCTbL [IPHOJIHXEHHOIO PEHIeHHS PAAA CAOKHERMINX BONpO-
coB. Ilpu aToM moayuammuecs TaKHM I[yTeM 3aKOHOMEpPHOCTH

MaJ0 OTJAHYAKTCA OT Ppe3yabTaToB,.
F C noay4yeHHHX Ha OCHOBe 60.iee CTPOro-
TO TeOpeTH4YecKoro nojgxoga, B or-
D POMHOM GOJBHMIHHCTBE Cayvaes OoJee:
CTporas TeOpUA JAET YTOYHEHHE
B 4MCJI0BOM MHOXHTesne. Pusgnyeckas
c Ke KapTHIlA fBJICHHA BHCTYIAET 110J-
4 HOCTBbIO H B NPUOJHKEHHHX pPEIe-
HHAX. Bor nouemy nexecoobpasHo
k { HAUMHATL 3HAKOMHTBCH C KUHETHYe-
- l-—---74  cxoii TeopHeli MMEHHO Ha STHX NpH-
OankeHHEX noxcderax. Jias "Hayaaa
pPaCCMOTPHM BHBOJ, 3axoHa Do#asn-
Puc. 1. Mapuorra, npensoxenHui JlomoHo-

coBelM B 1745 ronmy .

[IpeamosioxnM, 4TO COCyld, B KOTOPOM HAXOZUTCHA Ia3, HMEeT
dopMy Kyba co croponolt a (puc. 1). Ilpeanonoxkum panee,
4YTO MBl YMEHBIIHJIH O0BeM, MPesOCTaB/JICHHBIH rasy, YMEHLIIHB.
CTOpPOHY Ky6a BaBoe, ¢ @ [0 -g— SIcHO, YTO nepBoHAuAJbLHBIR

1
ob6bem V' ymeHbIIMTCA OT 3TOrO A0 V=g V, Tak xak Takux.

yMeHbuleHHHX Ky6oB Abcdefhg noMectures B Gouabuiom kyGe
ABCDEFHG Bocems.

Ecnn pasnenue ra3a Mel, COMVIACHO OCHOBAM KHHETHUECKOH
TEOPHH, OOBACHAEM YAAPAMH MOJEKYJd O CTEHKH, TO TeNepb.
MPH yMEHbIIEHHOM 0G'beMe BCE MOJIEKY /B, VAAPABIINECH O T'DAHD
ABCD, 6ynyr ynapaThcs O BUETBEPO MEHbIIYI rpaRb Abcd,
OTYEro JaBJeHHe, T. €, CYMMa HMIYJLCOB, OTHECEHHAd K eJlH-
HALE BPEMEHH H K E€IHHANE NJIOIAajgH, BO3pACTaeT BYETBEpO.
Ho sTo emne Be Bce; pacCMOTPHM KAKYIO-HHOYAb OfHY MOJEKYy,
neTdAmy ot creuxkd ABCD x EFGH u o6patHo. [Ipn ymeHb-
HIEHHOM o0'beMe ee INyTh Tyaa # o6GpaTHO OyjeT BABOe 6oJgee

1B pameM W3MOMCHHH Mbl 3aMEHMAR WApoOOpasHyd dOpMYy CoCYHa:
KYOHUOCKOI. .
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kyA Oyaer JeTeTb HO HANPABJEHMIO K MVIOMAAKE o, NOJOBHHA ~—
B NPOTHBONOJOXHBOM Hanpas/aenud. Bce 3sTtu Moaekysad, ners-
He N0 HANPABISHHIO K MJOIIAAKE, 3a BpPeMA dl ylapatcs
0 CTEHKY 0, TAK KaK T€ MOJEKYJb, KOTODhE B HAaYaAbHHH MO-
MEHT HAXOAHJHCH HA IPOTHBONO/JOXHOM OCHOBAHHM onrdf, 3a
speMs df yCHewT A0JETeTh A0 IVIOWAAKH ¢ Ha credke. Heiau
COCTOAHHE Trasa He MEHAeTCA CO BpeMeHeM, T. €. eCJIH OQHO
CTAHOHAPHO, TO 3a JOOH NPOMEXYTOK BPEMEHH 4YHCJAO Yyja-

Sy
YAIOUIMXCA HACTHI, OyaeTr To ke camoe: —. -dtt & T. 4., a 3a
| y G

eAMHULY BPeMCHH YHCAO YAAPAOUHXCA MOJEKYS O MAOUEAKY &

- Sy u
Syner —5 . FEcay Mexay CTeHKOR W MOJEeKVJOl He NPOUCXONHT

obMeHa 3HEePruH, To MOJEKYaAad

OTCKAKHBAET OT CTEHKH C TOH

HKEe CKOPOCTBIO X, C KAaKOH OHa

Ha Hee HaJgeTaeT. B atoMm cay-

74€ H3MEeHEHHe KOJHYECTBA JBU-

-y KEHAS MOJIEKYJB, HJH, YTO T

P Ke, HMIY.JTbC, COO0WAaeMu# cTex-

P xe, 6yger papen 2 mu. Cymma.

\ MMIYJ/ibCOB, coofbuiaeMan KBa-

ADATHOMY CAHTHMETPY CTEHKH B

Puc. 2. eHHMIY BpPEMEilH, paBHa HM-

nyAbCY 2mu, YMHOXKEHHOMY Ha

UMCJIG yAaPOB MOJEKYJ B CAUHUDY BPEMEHH, H J4eT AanjJeHue p.
Hrak:

p= % wILLE, (1)
Crpornii Buigod opmyan (1) zaer TOJbKO BMECTO u* cpegHee
3HauYeHne 4%, TAK KaK MOJEKYJbh ABHIAIOTCS C Pa3HHMH CKOpO-
cTAMH. KpoMe Toro, HanpapJeHus CKOpoCTed MOryT OHTH KaKHE
YrOAHO, HodeMy B 60Jiee CTPOrOM BHIBOAE HE JeNaloT Yie
APeAnONOXKEeHHH O pa3je/eRyd BCEX MOJEKYJ HA TpU TPYIINH,
KaK 9T0 NEJAaJH MBl TOJIBKO 9TO.

Ecan Mbpl HMeeM Jeq0 ¢ cocyaoMm o0beMa v, COAEpKAIHM

n
1 MOJIEKY.I, TO, IOMHS, YTOQ v ==~., MUl 0OJAYHAM H3 POPMYJIH (1)-

po == —33- nmu, (2)

1 Drum nyTeM MB A0 HIBCCTHOH Crenedd HCKAKYAEM BAMAHHE CTOAKHO-
BeHiH. B janbnefem Mm npuaefeM 6onee UoaHoe KOKA3aTeALCTEO TOrQ, HTO:
B3AMMHLIE CTOJNKHOBEHHA MOJEKYJ He RAHSMIOT Ha PelyiAhTat HAlerd PelleHus.
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Mau, HAKOHEN, B3AB OObEM rpaMM-MoJexkyan V H 0603uauas
qHCAO MOJEKYJ B rpaMMm-MoJexkyae depe3 NNV, nonyuum:

pV = o Nmu?. (3)

Mul 3HaeM, 410 AJd# ra30s CyUeCTBYeT COOTHOIICHHE
pV=RT, (4)

oTKYy/Ja caenyer, 4ro aGCcOIOTHAA TeMmeparypa AOMKHA OblTh
APOMOPLIHONA/IbHA KHHETHUYECKOA SHEPTHH MOCTYNATeNbHOTO JIBH -
KeHds Ta3oBHX Moaexysa, B camom gese, gas Toro 4toln
y,ILOBJIETBC)pHTP:. JanHHM O0wITad, MH HO0JAXHBI HOJOXHTH!:

. 1
RT == 5 Nmu?, (D)
naa, TaK kak MmN == M-— macce rpaMm-MOJIEKYAH, TO
oy 1 o .
RI 1::==~3~Mu". (b)“

BosbMeM no rpaMm-MoJeKyJie ABYX PasJHYHEX T430B IIPH
OJHHAKOBHX TEMIEPATYPAX H NABJEHHAX; TOrjga:

1 . 1 ;
p Vl = .3_N1m1tl; u pv'..’ == T}mNgmzui . (7)

Tak KaK H3BECTHO, MTO AJA TPaAMMe«MOJEKYJIB KaKHX YTOAHO
ra3oB Vi=V, nu Ny=N,, 10 H3 dopmyanr (7) M FOJYUHM:

Ml == mgu;, (8)

T. € IPH OLHHAKOBOH TEMIUEPATYpPE CPeAHIH KH-
HeTHUYECCKAA 2HeprHs A8 BCeX Tra30B oOnHAa H
Ta #eE.

3TOT BLIBOJ 1103BOJAET HAM HOJYYHTBH H3 OCHOB KHHETHYe-
CKOR Teopuu 3akoH [aiabrona. B camom szese, nycThL B AAHHOM
00BeME U MMeercd CMech Ta30B, COCTOSINAT M3 72, MOJEKYJ
¢ Maccou my, ng MOJEKYJ ¢ maccoit m, W 1. A. [lycte Temne-
parypa cMecs ogHa M TAa Xe BO BCOX vacCTAX; Torjpa o ¢op-
Mysre (8) nmeem a4 BCEX MOJEKY.J B CMECH:

2 2
2 T 2 T

B U8 CMECH HMEeM:
1]
PO=-emu*(n 4 ny+ng+ ... )=v(py+p,+p,+...), (9)

TAe Py, Pg P,, .. —T4K HABKBAEMHE HAPYUAAbHbE OQABACHIS
NEPBOH, BTOPOH M T. M. COCTABHHIX YacTell CMCCH T'a3d, T. €. TO
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AABJAEHHE, KOTOpOoe Mul Halmoaad Ou, ecan OH B 00beMe ¢
6:12 TONBKO MepRafd COCTABAAIOLAA CMECH rasa, BTOpad U T. I.
Qbmmee nasreHne CMECH p NOJYHaeTCs KaK CyMMa NapuHa/ibHbiX
IABJEHRH BCEX COCTaBAAOLMX yacTefi cMech rasos. B rpybux
YepTax 3TOT 3aKOH ONPaBABIBALTCH.

M3 ypasaedus (1) Mu €3 Tpysa MO#KeM BHYHCAKTL CPEAHION
CKOPOCTh ABHXKEHHA MOJeKky/1. B caMoM gene, vm = p-~—IJOT-
HOCTH [asa; BCTABJIAS 3TO BHpaxenWe B popMmyay (1), Mu Ha-
XOJHM:

R
p = plt’. (10)
bBo/see ¢Tporas Teopus haet:

= 3 o, (1)

T. €. B (DOpMYyJy BBOJHMTCA HE €AHHASN CKOPOCTh, ¢ KOTOPOH, OO
HaOIeMY YIPOMIEHHOMY NpeANONOKEeHHIO, ABHKYTCH BCE MoOJe-
KyJul, 4 TAK Ha3HBAeMas CPeonsas Keaodpamuynas ckopocnis. Jas
1oro, 4yToGu Hafita 1o dopuyae (11) CKOPOCThL, HARXO BCTABUTH
B Hee BeJHUMHY JaBJeHHA p H ILIOTHOCTH AJA TOA TeMOepa-
TYPH, JZAA KOTOPOH MBI XOTHM OOpereJHTh MOJCKYJIAPHVYIO
cxopocTh. Pacuer paeT C/leAyIOmHE BEJIHYHHH CKOPOCTH:

—— e = e e S — ———t —

Cpennasn

Temue- | xBagpa-

Ian [ PATY{A | THUYHAES
'8 9C | ckopocis

—_——

B M/cex

Bogopox . . . . . 4] 1839
Boaauwoit nap . . 0 615
” ” S 100 719
Yraekucamh raz . 0 393
Azor .. ..., 0 493

Kak BHAHO u3 Ta0AHLLb, CKOPOCTH MOJEKYJ JAXKEe IIPH Tewm-
fiepatype 0°C u3MepaIOTCS COTHAAMH METPOB B CEKYHAY.

B Hacroamee BpeMs TPpyAHO cefe NpeICTABHTH, HACKOJILKOQ
QUISJIOMAAIIEE BHEUATIEHHE BhI3BAJR 5TH, TOAYUYEHHBIE H3
MPOCTHX pAacyeToBs, rpoMajHuie ckopocTd. MHOruM u3 QuU3HKOB
Hauana BTOpOH nososunul XIX BeKa a1 mu(ppul Ka3aJuch ONpo-
BEpKEHNEeM BCEeX OCHOB KWHEeTHUYecKko#i Teopnn. B camom nene,
MBI XOPOLIO 3HAEM, YTO BHIIYUICHHHI H3 KpaHa CBETH/bHBEIH
ra3 MeafeHHO pachHpoCTpAHRETCs MO KOMHATE,— O yeM Mbl Cy-
naM no sanaxy. To xe camoe HabaiozaeM MH CO.BCEMH Naxy-
YAMH BenecTsaMH. Bo BCAKOM eayuae ra3sl CMEUIMBAITCH —
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JRPOyHIMPYIOT APYT B ApYyTra — HA HECKOJAPKO METPOB 33 BPEMA,
MIMepHEeMOe MHHYTAMH, 2 3TO COBEPLICHHO HE BAMXETCA C BCJH-
YUHAMH CKOPOCTH, npuBeneHHmMH B Tabawue. llporHBopeune
970 Oula0 ycrpaneno KaaysuycoM, [0Ka3aBIUHM, YTO B rasax
MOJEKYJH CraJKHBawTCd Lpyr ¢ ApyroM, BCICIACTBHE HEro
Kaxnpasg MOJeKYyJia ONHCHIBAGT HCKJAUHTEJLHO CJAO0MHBIA 3Hr3a-
roo6pasneiii nyTh; DOTOMY OHa, ABUrascCb C YKa3aHHHIMH BHIIIE
OTPOMHBIMH CKOPOCTAMH MO OTAEJbLHHM 3BEHbAM JOMAHOH TpPaeK-
TOPHH, B pe3y.bTaTe NEpeJBHraercst OT CJA0A K CJAOI0 rasa co
CpaBHUTEILHO HeOO/bIIOR CKOpOCThID. K BHIACHEHHIO NOACHETA
CTOJMIKHOBCHHH MEl CE€HYaC H NPHCTYIAEM,

§ 4. Cpeannit ¢BOOOAHLIA npobGer MOJeKya H CBA3aHHbiE
C HUM (PH3IHYECKHE SIBJAEHMH

Ha pucyHke 3 cxeMaTHUeCKM HU300PaXEHH CTO/JKHOBEHHA
MoaeKyJan A ¢ mostexkyaamu B, C, J), £ u F npu ee noaere B
rase, Jlas OpoCTOTH MBI OYyA€M CUYHI4Tb, YTO CTOJKHOBEHHHA
MEXJY MOJIeKyJaM¥ HPOMCXOAAT 110 3aKOHAM YAApOB YNpPyrHx
wapos. OAHAKO HEZ0 NOMHHTL, YTO 3TO INPEANONOKEHHEe $B-
JA€TCA TOJAbKO OZHHM H3 OueHb MHOIHX BO3MOXEBbHX. KpoMe
TOT'0, BHACHEHO, YTO €CJH B3aUMOAEHCTBUS MOJEKYJ IIPU CTOMAK-
HOBEHHH IDOHCXOJAT NO KAKOMY-HHOYAbL APYroMy B3aKOHY, TO
OpH JaHHBIX PAclOJ0XKEHHAX MOJEKYJA NYTh AK00H MOJEKYJH,
ckaxem A (puc. 3), OyleT OYeHb HEMHOTOQ OTAMHATLCA OT H30-
6paxeHHOro Ha pucyHke. [1aBHOe OTAHuUHE OyAeT COCTOAIDL B
TOM, YTO He 6yJeT Pe3KHX H3J0MOB: OTASAbLHHE MNPAMOJHHEH-
HHE Y4yacTKHd OyAyT COeIMHATLCH KPHBBLIMH, BpOJe Kpupok MN
HA PHCYHKe 3

Jas npouspepedus noAcdera npuberHeM K CACAYIOWEMY
ynpouweHuio. [1oa0xuM, 94TO BCe MOJEKYJH, 32 HCKAUEeHUEM A,
OCTAHOBHJIHCh: MOJEKyJa A JBHXEICA CpejH HENOUBHXKHBIX
Moaekya B, C, D, E, F. Tak xak 1Ipd CTOJKHOBEHHH WIapOB B
MOMEHT CTOJKHOBEHHS IEHTPbl LIAPOB OTCTOAT APYr OT JApyra
HA pacCTOsIHWH, PABHOM JuameTpy (ecJad BCe Mapbl OAHHAKOBH),
TO A5 YOPOLIEHUA MOACUETA NpeRN0J02HM, UTO ¢ ABHXKYIIlEACH
MOJIeKY/I0# A Bceraa CBfA3aH JHCK pajHyca ¢, paBHOIO AHAMETPY
mapa; AHCK pacno/IOXKeH BCEerja NepneHiuKyasipi0o CKOpPOCTH U;
BCE OCTaJbHHE MOJEKY./b 33MEeHeHH ToukaMd. Ecaw 1pd ABH-
KEeHUH MOJeKYJH A JHCK KOCHETCS TOUKH, H300paxaleh 1py-
TYI0 MmoJgekyJay, 3TO 3HAYHMT, YTO IPOM3OULIO CTOAKHOBEHHE, H
€XopocTe MoJeKyJan A pe3ko usmedsercd. Ha pucyske 4, co-
OTBETCTBYIOWEM PMCYHKY 3, H300pameH0, KaK CBA3AHHBIH C MO-
#exgﬂoﬁ A JMCK ONHCHBAECT LUJAHHAPHUYECKHE MOBEPXHOCTH.

CAH MH 0003HAYHM NPOMEXYTKH BPEMEHH, B TeUEeHHe KO-
TOPHX MoJeKyJsa A mpoJjetaeT nocaezosartenvho nyta A8, BC,
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CD w ot u. (puc. 4) uepes ty, &y, L, ..., TO 338 €IUHHULY BPEMEHH
ONHKCAHHLIA AHCKOM OOBEM BHIPA3HTCH:

wefu(t,+ 6+ 6,4 ... +1,) =rdu, (12)

3reck cymma fy 4 L -1, 4 ... Hogo6pana Taxk, 4ro OHa paB-
HAETCS ORHOH Cekynze., Kpome TOro, MH npeanoaaraeMm, 4ro
CKOPOCTL MOJEeKy/an A BCe BPEeMS OCTAeTCHd HEH3MEHHOH, YT
Apyrue MOJIEKYJB HMEIT CKODOCTh, PABHYIO HYJAIO, H, HAKQHEN,
Ml npeHebperaem TeM, 4YTO OOBeMH OTACABHEX OHJAHHAPOB
YACTHYHO HAJErdloT OJMHH H& ADYTOH, KAk 370 H H300pamMEeHr
na pucyHke 4. Ilocaennee o6GCTOATENBCTBO GOJABUION POJAH HE

D
B

ﬂ -
Puc. 3. Puc. 4.

HIpaeT, TaK Kax NpaMoJuHefilble YYacTKH [yTH BEJHKH 110 CPaB-
HEHHIO C TeMHU YaCTSAMH, e UHJHHAPH OepeKpHBanTcs. CKOAbKG
ke OyleT y HAaC B CEKYHAY CTOJNKHOBEHHH MOJEKYy/n A ¢ Apy-
rHMH MOJeKyaaMu? CTOABKO, CKOJBKQO NEHTPOB MOJEKy.1 Ha-
XO0JHTCA B oObeMe wo’K, OMUCHIBAEMOM JHCKOM B .1 CeK.; 4 Tak
KaK Ha KaxAY0 eIHHHLY o6beMa HPHXOAATCA v MOJEKYJ, TO
B CeKYHAY YHCJIO CTOJKHOBEHHH BHIPA3UTCH POPMYJIOQH:

2 = wadvy, (13)
Orcioga MoJiexyJa A, UpoXoaalias B CEKYHLY NyTh i, £ pa3

H3MEHHT HAalpaBJcHUe aBuxkeHHd. B cpegHeM 6e3 CTOJIKHOBEHHSH
MoJeKyaa A 6ygeTt npoJaeratb MyTh:

. (14)

z g8y

Besnunna A nasmBaercs cpedHum npobezom wiad cpeonell
daunoll ¢60600HOZ0 nymiu MOJEKYAH OT CTOJKHOBEHHA A0
CTOJKHOBEHHA,

. Xorsa Halgeundble namd pepaxernusa (13) u (14) kaxk OyaTO
MaJO HAC NPOJBHratdT BOEpEeN, TAK KaK CPeRHAN AIuHA NYTH A
BBIPAXKAGTCA uepe3 JAHaMeTp MOJEKYJ ¢ U YHCJAIO MOJEKYJ B
CAHHHALE 00beMa v, T. €. Yyepe3 BeJHUYUHLI, KOTOPHE ML HeNo-
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CpPEACTBEHHO He MOMEM H3Mepurb, 0AHAKO QopmysH (13) H (14)
O6DLACHAIOT HAM, OT KaxkuX BEJAMUYRH 3aBHCAT z U -A. B camom
gene, ueM Goablre v, Tem Gom e & H TeM MeHbe A D710 H
fiousaTHO,— YeM O0JbLue v, TeM I'yUIe paclioJOXeHH MOJeKyJHl,
reM Yallle OHH CTAJKHBAIOTCA H TeM MeHbIle CpeaHdas NJauHd
nyta A. C Apyroit ¢Toposn, yem GoJbime NIOWAAL o, TEM 4ame
NPOUCKOAAT cTOIKHOBEHUA. [1pn OfHOM H TOM XKe uucie v Gonee
KpYIHBIe MOJEKYJb OyAyT Halle CTaJAKHBATBHCA JPYT C ADYTOM.
Otciofa 6oabUIeMy AHaMeTpPy 6 COOTBETCTBYeT MeHbINHH npober A,
UntepecHo oTMeTutb, Kaxk H3MeHHTCs QopmyJaa (14), ecan
MEH OCBOOOAHMCH OT YNPOIIEHHLIX NPEANOJOXEHHH, CAC/aHHHX
HaM{ NpH BHBOZEe ee. OKaswBaercd, €C/MW MH [OPEANONONHM,
YTO HE TOJbLKO MOJEeKYaa A ABHKETCH, HO UTO BCE MOJEKYJH
IBHXYTCA (C ONMHAKOBOH CKOPOCTBIO I, HO IO BCEBU3MOXHBLIM
HANPAaBJIEHHSIM) H 9TO MOJeKyJjJa A ABHKETCA Cpeid MOJEKY.J
€O CpesHell OTHOCHTEALHOH CKOPOCTbIO, TOTAA BMECTO (POpMyJH
(14) MH nOAYUYaeM BHpAKEHHE, BHEPBHE HARJeHHOe Kaay3uycoM:
J 1
o= e = 0,75 —5—. (15)

4oy

Ecan mu panee ocs000,MMCa OT TOro NnpesiQJoKeHus, 4ro
BEJHYHUHA CKOPOCTH V BCEX MOJEKYJ OXHA U Ta XK€, H MPUMEM
MAaKCBEJJIOBCKRI 3aKOH pacipeles]eHHsd CKOpocTell (CM. HHXKE),
TO HaWgeM MAKCBCJJOBCKOE BHpAXEHHEe ANT CpeaHeln JJIHHB
nyTH:

1 1

A== — = 0,707 —5 (16)

V 2maiy

Mu BugHM, 4TO 60J€€ CTPOrHH MOACYET NPHBOAHT TOJBKO K He-
CKOJBKO HHOMY UYHCAOBOMY MHOMUTENIO. 3aBHCHMOCTD Xe A OF
@ H v ocTaercs 0e3 usMeHeHuil. ITO €me pa3 [OKaablBaeT Ham
GoabuIy10 MOab3y OPUOGIHKEHHBIX pACYETOB, OCBOOOKHAIOUIHX
Hac npu NepBOil OpHUEHTHPOBKE B 0064aCTH HOBHIX SIBJAEHMI OT
YTOMHTEJBHEIX NOJACYETOB M TPeOyIOKX B AAJbHEHIIEM TOJABLKO
#e60bmOR ONPaBKH B YMCAOBOM MHOXHTEAE,

[Nepexoxum temepnr K HABJISHHAM, CBA3AHHHKIM CO CDELHHM
npoberom.

BHyrpennee 1perHue B radax. [Ipexsae Bcero pac-
€MOTpHM fiBJAeHHE BHyTpeHHero Tpenus. CyTb 3TOr0 sBJCHHS
MOXHO cefie OOBLACHUTE HA cJaeAviomeM npumepe. llycrs noxn
BHCKOM A (puc. 5), nonpemedHOmM HA TOHKOH mnpopoaoke C,
noMewen AucK B, npuposuMeiit Bo Bpamenne Boxpyr ocu OQ;.

epe3 HeKOTOpPOe BpeMs NoC/e HadaJsa BpalleHus aucka B Hau-
HET NMOBOPAUYMBATBCH B Ty XKe CTOPOHY JAHCK A, O YEM MOXHO
CYZHTb ¢ NOMOIUBIO Jiy4ya CBETa, OTPAXKEHHOTO 3€pPKANBIEM 4.

2

14



UeMm 06yca0BAEHO 3aTO fBACHHE? Mosexkyas BO3gyxa, yaa-
pAoKecs O BPallaUHicH AMCK B, noayyaior HEKOTOPYIO A0-
0aBOUHY) CKOPOCTb, HAIPABJCHHYIO B CTOPOHY BPAlIGHUS JIHCKA;
qepes HEKDTDPOE BPEMH BCEC MOJCKYJH CA0Hd BO34yXa, MpPUJIe-
raomero K JHcky B, noay4awTt 3TH J00aBOUHBIE CKOPOCTH B
HanpaBJA€HHH BpawleHud. [pyruMu Ca0BamHu, BEChb CHOH HadHeT
BpaillaTECA B TY XK€ CTOPOHY, KaK H OUCK. Jlaaee MOJaeKy/n
H3 6oJee OTAAAEHHLIX CJA0EB, Nonajaaf B MBHXYIIWICA CJIOH
rasa u CTOJIKHYBOIHCH C €TO MOJIE‘.‘Ky.ﬂaMH, TAKMEe TOoHECYT 06-
PATHO HEKOTOPYIO A0BABOYHYIO CKOPOCTH # T. A. TakuMm oOpa3owm,

el oy
Sy

[l

&\N‘Q -
C - e e —
B :
- 2R—~ h
E * E
N
e O
- 2R
Ty =,
Puc. 5. Puc, 6.

B IPOMEKYTKE Mexay auckamu B u A Bce nocsejosBaTebHble
CJAOW rasa OpHAYT B IBHXEHUE M HAYHYT NepefaBaTh B KOHIE
KOHIIOB CBO€ IBHKEHHE TOJBelleHHOMY aucKky A. Bor sra ne-
pejadya KOJHYECTBA JBHXKCHHA 4Yepes rasa oT CJI08 K CI0K0 H
HOCHT HA3BAHHE BHYTDEHHEro TpeHHA B rase. ['as OTHuUMAaET KO-
JUYeCTBO ABHKEHHs H SHEPrUi0 Y BpalllaloLIerocs KHCKA M Ie-
penaetT ero ece OoJjee H Ooaee OTAANEHHBIM CJM0AM rasa. Eciu
auck B Oyner [J0CTaro4Ho JOJATQ BPaliaThCAd ¢ MOCTOAHHOH
yIJIOBOH CKOPOCTBIO H MH! LOCTHFHEM CTarllHOHADHOTO COCTOSHUSA,
TO AHCK A OTKJIOHMTCA HA U3BECTHHIA YroJ H OCTaHeTcs B OT-
KJAOH@HHOM II0J0XEeHHH. Torna Mexay AuCKaMH IIpH Iepexone
OT OZHOrQ ¢J0A K APYroMy YCTAHOBHTCH OOpeieJeHHLIH rpa-
IHEeHT CKOPOCTH.

Opuako 1 pacueta yroOHee BMeCTO LucKoB 6path UHAHHIPE
¢ HeOOJBIIHMH 3a30DaMH MEX Yy HUMH, KaK 5TO I[10KA3aHO HA

20



pucyuke 6. Unannap BB, nonsemeHHui Ha TOHKO# npoBoJoke C,
¢cHabxed oxpaHHbIMH KoapnamMg M u N paa Toro, urobm usie-
XKATb YCJAOKHEHHH HA KPAaAX OUAHHApaA BE. HapyXHHH DUAMHAD
(nobif) EE mpHBOAMTCA B PaBHOMEpPHOE BpAalleHHe BOKPYr OCH
00, (BHyTpeHHHH NHAHHAD cHAb:KeH mpucmocobjeHHeM A5 3a-
TYXaHHu#, HE IIOKA3aHHOM Ha pHC. 6).

TlyCTb npH yCTAHOBHBINEMCH COCTOSHHHM BHYTPEHHHH IHJIHHAD
3aKPYUYHBAETCSA HA YroJ «; TOrJAa 3aKpY4YHBAKILHH MOMEHT OyJeTr
paseH Da (rae nanpasJawmas cuaa npoBosokn D pomaxHa
OuThL ONMpejeseHa npeiBapuTe/ bERIMH onwmTamn)!. 3akpyuuBalo-
IGHH MOMEHT, 00yCJAOBJGHHHIA BHYTPEHHHM TPEHHEM, KaK NoKa-
3HBAET TEOPHA, paBeH:

4nRIRE
o= I
Da = oy o, (17)

rae h-—BpicoTa pHAHBAPA, % — KO3hDUIHEeHT BHYTPEHHErO TPE-
HHSI, KOTOPHHA MH Cefuac cBaXeM ¢ BeJHUYHHOH CpegHero npo-
6era, Ry 1 R, — BHYTPEHHUH PAAHYC BHEUIHErO M BHEIIHHA pas
AMYC BHYTDEHHETO IHJIHHIPOB (pHC. 6) M w — yII10Basg CKOPOCTD
BPAIIEHHs] BHEIIHEro OWIHHZADA.

Uro6ul BLIACHHTE CMBICK STOr'O BHIpAXKEeHWsd, pa3oGbeM €ro Ha
cley0IHe MHOXHTEIH:

| | )
Da == Ry2n Ry k;fi"’m - fzei . (18)

[TepBblid MHOKHTEAL Ry — [11€Y0, HAa KOTOPOe AelCTByeT ,CHJIa"
TPeHHSA. IJTa CHI4 NPONOPUHOHAABHA GOKOBOR [1OBEPXHOCTH
2nR.k, K03)HHUUEHTY BHYTPEHHErO TPEHHS % M I'PAAHEHTY CKO-

R
poctu E—?—;‘;- (Row — nuHEefiHAA CKOPOCTb HAapyXKHOro IH-
27

JAuHApa, a Ry— R,—3a3op mexny uuwtmiapamu). Ilocaeguui
MHOXHTE.Tb O0O0YC/OBAGH KPUBH3HONH NOBEPXHOCTEH; npH Ry,
OYeHb MaJO OTJaHYaluieMca o071 KRy, 3T0T MHOXHTENL OJH30K
K eiHHHUe; 510 GyaeT NpH MaaoM 3asope R,— R,, Cocrapasnio-
IMeM MaJaylo 4acte paauyca R, uau R,.

Ias cayuas qByX napasjefbHEX NAOCKOCTeH MOCTeAHHA MHO-
KHTeb oOpamaerca B exuauny. Cuia BHYTPEHHEro TpeHHd,

1 Hanomunaem, xaK OnpeneiseTcs Ha OMbITE HAMPaBAAINAA CHAA TIPO-
BOJOKM [} uaH HHTH, HA KOTOPOH MOABEWEH KPYTHABHHEA npubop. CHumaeMm
NoaBewenHblH Ha NPOBOAOKE BHYTPEHHHM LMAMHAP Rj H NOCAENLOBATENLHO
'MOABEHIMBAEVM HA TY e MpOBOAOKY 1Ba HHIHHAEPA, O00aamaioiiux (10 BOS-
MOMHOCTH) BECOM UMAHHAPA Ry, HO Pa3NHYHBIMH MOMEeHTaMH unepnun I, u /[,
O603uaunM uckoMylo HanpaBAAILYIO cHay uepes D W MOMEHT HHEpHuH Mom-
Beca ¢ sepkansuem uepes /. [lonsecur onnm 3a napvruM n06GaBOYHKIe TPY3H,
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OTHEeCeHHas K KBAJDATHOMY - CAHTHMETDY I[I0BepXHOCTH, Oyjler
paBHa:

) ;
Feqd= . (19)

JTO Bhlpamenye OLIO YCTAHOBJICGHO HA OMNBLITE ¥ [IPHHHMAAOCH
38 OCHOBY B OIHCATEJALHOH, HIH ,(PEHOMEHOJOrHYecKoi* Teo-
pud, KosdpdprHuueHT n BBOAHTCA B HeH Kak aMIHPHYECKH YCTa-
HOBJICHHAA INOCTOSHHAA.

Mmul yBuauM cefigac, YTO KUHETHYeCKasd TEOpHS JAeT BHpa-
MeHHe AJA 7, CBA32HHOE C (PH3HUECKHMH OCOOEHHOCTAMHM rasa.
B cayuae aByx napatfeabHeX mJA0CKOCTe# (puc. 7), U3 KOTOPHX
0JHa IBUXKETCA CO CKOPOCTBIO ¥, a4 JApyrad — co Cckopocteio O,
pacnpene/JeHue CKOPOCTEH BHAHMOIO ABHXKECHHS MEX Y NJIaCTHH-
KaMH B OTHEJLHHEIX CI0AX rasa H3o0paxaeTcd NPaMOH JHHHEH:

. Un .
‘U p— T x ’
OTCro/1a: |
ov o
F it (20)

Brigeaum reneps cedenue B 1 cu? B caoe EF u noacumraem,
CKOABKO MOJeKyJa 6yaeT nepecexarh 5TO CeYeHHE CpaBa U Ciena
4 KAK0€ HUNOJHHTENLHOE KOJNYECTBO ABHKEHUS, 06YCA0BACHHOR
TeyeHueM ra3a ¢ pa3JuuHOH CKOPOCTBI0 @ B pa3HbIX CJ0SX,
6yayT HepeHOCHTh ¢ Cob60#t aTH MOJeKyJn. [IpuMenas TOT xe
cnocob, xaxk M npa noacdere jAapaeHHd (§ 2), Mot Haigew,
4YTO YHCAO MOJEKYJ, OpoJeTamiiuXx depe3d ATOT KBaAPaTHBIA
caHTHMeTp B 1 Cek., KaK C/JIeBad Hamnpaso, TaK U CllpaBa HaJjeBo,

Oyper %’-"' OTtkyzna O6yayT npuaertatb MOAEKYAH K 1010 EF U

citpaBa u caesa? QueBHJHO, B CpeAHEM C PacCTOAHHA, PABHOTO
cpegneMy npobery A. Ormerum aru aBa ¢1os LM u fQ no obe
cropount OoT EF, orcrosiume ot EF Ha pdccrosHHM A. B aTHX

ofaanawiue MOMeHTaMit WHepUHH [y n [, waMepseM mnepuojasl KojleGauui;

T1=2n]/’“l"; L w 1,=9n ]/le_z‘_’ﬂ.

Bossona T, u Ty B KBagpaT M WCKIOYAdA U3 NOAY4eHHBIX paBencTs [y,
Mbl HONY4A&M HCKOMYIO BEJMYHHY Hanpasasiowed cuibi:

i — 13

3nan D v uaMepHB CTalHOHAPHWI yroa MOROPOTA @, Mbl HAXOLHM HCKOMBIH
MOMEHT BpaieHun Da.
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CAOSX {IPOH3OIWJIO NOCJAEAHEE CTOJKHOBEHHE TeX MOJEKYJ, KO-
TOpHE MNpoJeTat uepes E£F u cnpasa, U cjaesa.

CKOpPOCTH BUMAMMOTO Te4YeHAfl rasa B 3THX cJa0sX (pHc. 7)
6yayT COOTBETCTBEHHO Uy H U;. Cae10BaTeNbHO, KAXKAAA MOJE-
KyJa, JAeTAUlad CapaBd, PHUHECET C CO60H KOJHYECTBO JBHIKE-
HHS mv,, 4 CIeBa Mv,; TaK KaK Uy > vy, TO PE3yJbTHPYIOULHH

L 3
s L-—A-n-|E-l.-/1—l-|P .
B
r,a"‘
, B
/ / %%
| Z
-
4 | = K
/ i : é
a I i I x | X
L M F Q@
A -

NOTOK KOJHYECTBA ABHKEHHA, NCPEHOCHMBIH CpPaBa HAJIEBO MO-
nexyJjamu B 1 cex., Oyser pases:

1 _
& v (mvy — my), (21)

Ho nmo onucare/bHON TEOpPHH 3TOT NOTOK NOJXEH PABHATHCA
K09((PUIUEHTY BHYTPEHHEI0 TpeHusd, YMHOXEHHOMY HA rpa-
AMEHT CKOPOCTH, T. €. B HameM cJyuae

12 (22)
[pupaBa#uBas oTH Ase Bejduudbl (21) u (22), maxonmum:
1 Upg— U
'E Vil (m'vg - m'ﬂl) S 7] 2 Q}l"'l"'" s
OTKY X3
n =5 hvmu, (23)
H/IH |
M = 7 puh. (24)

[MoacTaBuB Tenepb BMECTO A ero Beipaxenue no hopmyaam (14),
(15) uan (16) (paznayusa GyayT TONBKO B UACAOBEIX MHOXHTE-

ASIX), NOJYUHM:
me (25)

= g8
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T, € KOa2bD(PUUMEHT BHYTPEHHEro TpeHHR He 3a-
BHCHT OT NJAOTHOCTH HJH LABJEHHUSA rasa.

Korga Makcseast MOAYYHJA 3TOT PE3YALTAT, TO BCEM MOKA-
38JI0Cb, H B TOM uYHCJe caMoMy Maxceenay, 4TO B pacCyxje-
HHAX A0MKHA OHTh OMmMHOKA; HACTOJABKO NapajoKCalbHON Noka-
3a/aCh HE3aBHCHMOCTh I€peJaud KOJHUECTBA ABHKEHHS uepe3
NAHHHH CJ0H rasa oOT JaB/JCHHA HJAH IJIOTHOCTH CAMOTO rasa.
Opnaxko onmrh Ockapa Imuasa Mellepa u camoro Makcseana
nokKasaJH, 4TO B IIAPOKHUX nNpene/ax nepesaya KoJHYECTBa JBH-
XKEHHs He 34aBHCHT OT AaBJEHWA rasa. ECIM MH mOMeCTHM npH-
60pH, H300paeHHLe HAa pPHCYHKaX O H 6, IOL KOJOKOAOM
Hacoca ¥ Gygem OTKauuBaTh BO3AYX, TO; HauuHas OT aTMmocdep-
HOrO HaBJCHHA M BHJOTHL OO HECKOJBKHUX NECATHX J0MeH MHJI-
auMeTpa pTYTHOro ¢rosaba', MH HMKAKMX H3McHEHHH B nepe-
Aa4e KoAuuecTBa IBHUXKEHHSI HE 3aMETHM.

Kak- moxu0 cefe 00BACHHTEL TAKOH HA nepsHfl Bradjh napa-
AOKCaabHEN ¢dakT? Kak nepesaerca KOJHUYECTBO ABHXEHHHA OT
OXHOTO TBEPLOro Aucka XK jpyroMy (pHc. 8) WAH OT CTEHKH
K crenke (puc. 7)? KoauuecTBo ABMKEHHA NEPEHOCHTCHA MOJe-
kyaamu. [1o Mmepe paspexeHus rasa YucJoO 1nepeHOCUHKOB Oyaer,
IpaBJa, YMEHLIIAThCH, HO 3aTO, BCACACTBHE YMEHBLUICHHS HHC/I4
CTONKHOBenHil, KaxAHl nepeHocunK OyAeT AAaJblIe NepenaBaThb
KOJHUeCTBO ABHIKEHHA, TAK KAaK Mo Mepe YMEeHLIIeHHA jAaBJje-
HHA MOJeKYyJH OyAyT npoJerarb Bce GoJabnnin#t H OGOabuIIHi
nyTh 6e3 croaxHoBeHHH. TakuM 06pa3oM, ymeHniesine NaBAeHHR
AEHCTBYET B ABYX IPOTHBONOJOMXHWX HANpAaBJIEHHAX H 004 3TH
BAHSHUS B IIMPOKWX Npeje/ax ypaBHOBEIIHBAIOT APYr Apyra,
TAK YTO Nepejada KOJHHECTBa ABMKEHHA ocTaercs 6e3 maMe-
HEHH4,

Ho, copamuBaercs, NpH KAKHX VCIOBHAX MB CTadHEM HabJI10-
A3Th OTCTYMJEHdS OT JTOTO 33KOHE? BCOOMHMM, KaK MH BHBO-
aatH dopmyay (23): Mu cpasnHBaaH Boipaxenua (21) u (22).
OaHaKO u3 pacCMOTPEHHA PHCYHKa 7 SICHO, 4TO AJAs HAIIEro
BHIBOAA HEOOX0AHMO, UYTOOH 2A OHRJAO MEHbIIE paccTos-
HHR A Mexay OaacTaHkamu, Takum o6pa3zom, yCAoBHE A == 2k
ABJASIETCA MpPenesoM INPHJAQKHMOCTH 38KOHA O HE3aBHCHMOCTH
7 OT MABJEHHA.

Heo6xoauMo HMETh B BUAY, YTO BTOT Pe3yJabratr ¢ ocobeH-
HOH ACHOCTbLIO BHITEKAET U3 (IPHBEJSHHOTO HAMH 9JEMEHTapHOro
BWBOJA (BuiBoX npod. 2. Dacepa). Ouenn 4aCcTo B PYKOBOA-
CTBAX H 33aJQYHHKAX B KAYECTBE Npene]a NpHJIOKHMOCTH 32KOHA
Makceeasa jpawT omuboyHoe yc/aoBHe A==1; 3TO JHUIHHWA Da3
MOJTBED HAA8T BHICKA3aHHYIO HAMH MHCJAb O N0/b3e NPHOIMKEH-
HblX BLIBOZOB [/ IEPBOTO 3HAKOMCTBA ¢ KHHETHUECKOH TEO-

1 Mbl YBUIHM HHXe, oM O0YCAJORAEHM BTH TpeNeNH.
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paeit, Takoe o3snakomaenue cnoco6creyer 6osabuieMy HPOHHK-
HOBCHHIO B (PH3NUECKHE OCHOBHl H3y4aeMhX SBACHMH.
OcCraHOBUMCSH €ne HAa OAHOM BOMPOCe, KOTOPHIK MOXET Bhl-
3paTb Hepoymende. [ToaCUHTHIBAS KOAHYECTBO MOQJEKYJ, MPOXO-
ASIHX 4Yepe3 KBaJpaTHHE caHTuMmerp caoa EF, Mu cuHTaewm,
4TO UOCACAHEE CTOAKHOBEHHE MPOH30ILI0 B c¢aoe ML caeera
or £EF u B caoe P -—cnpasa ot £F, Taxum oGpasom, noay-
yaercd, 4To AJd MOJEKYJ, NpoJetanuux uepes ciaoil EF, cpen-
nuit upober papen 2A! OO6bIUHO HA 3TO HPOTUBOpeuHe He oO6pa-
wamT BHUMaHHg., OJHAKO Ha CAMOM Jieje Mbl He YUWTHBaeM
OZHOr0 BAXHOI'0 o6cToaTeabcTBa. J[leao 3a-
KJAo4aeTcss B ciaenymoumeM. Koraa Mul rosopum E
0 MOJIEKY/IAaX, DePeCeKaonX KBaAPaTHbid CaHTH-
MEeTp onpejeaeHHof nJaockoctm £F, 10 MH
HaJaraeM JONOJHHTENBbHOE YCIOBHE: MHL BO/AHH
6paTb TOJABKO T€ MOJEKYAB, UYTh KOTOPHX /
nepeceKaeTr AAHHYIO NOBepXHOCTH £F. A B aTOM g
cayuae 6onee mauHHHE npoberd OyayT BCTpe- ~—
yaTeCs Yame, H CpelHsAd BeJHUHAZ, CUYHTad -
TOJBKO Te npo6eru, KOTOpHE NepeceKkanT AaH- \
HYI0 IJIOCKOCTb, OKaXeTcs B JBa pasa GoJablue.
Te csoGogunie upobern, KOTOPHE OCYIMECTBJIA-
I0TCH B TAKHX IOJOXCGHUAX, NTO OHU nepece-
KAIOT NJOCKOCTh (pHC. 8), COCTABASIOT CNEUH-
aJbHYI0 TpyDIy, BHAEJEHHYIO H3 BCE€X I[po-
0eroB, OCYIIECTBJCHHBHX B raie, u Heab3st 6e€3 L0Ka3aTEJLCTBE
fo/arars, 4TQ CpejHAs JJHHEA 9TOH rpynon OyAeT HMeTb Ty
Ke DJWHY, KaK H CcpejHsf, B3aATas JJAs BCeX 06€3 HCKJIIOUYCHHSA
opoferos B rase, MoxeM JU MH oOOpeleJnTb, KaK BEJHKE
CpegrAs JAJAHHA HYTH MOJEKYJQ JAJafl CMeCH Tra30B, HMEHYeMOR
BO3JYXOM?

M3 dopmy.n (24), nonaraa p=0,001293 (010THOCTE BO3AYXE

aasa 0°C n 760 mu Hg) u u == 4,7-10* % (cpenusis CKOPOCTH AAs

MOJICKYJT A430T4& H KHCIOpOJd) H B3AB, HAKOHEN, H3 ONKITOB
n = 0,00018 (u3 onunroB ¢ npuGopom, H3OGPAWKEHHEIM Ha PHC. 6;
pacder mo ypaBHeuuio (18)), M waxogum gas A npu 0°C H
760 su Hg nasnenus Beandnuy A==0,7-107° cu, uau npu6au-

sutenpHo =107 cu. Tak KAk MOJEKYJAbl BO3AyXa ABHXKYTCA

F
Puc. 8.

M
[IpH BTHX YCIOBHAX CO CKOPOCTBIO NPHGAN3uTeNBHO 1 == 000 — =
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[Ipuaumas BO BHHMAHHE, YTO CpeAusA AJUHA OYTH o6paTHQ
HpoONOpPIHOHAALHE JABJACHHIO, H OKPYrAAsd A OPHOAHKEHHOrO
pacyeta 760 mx B 1000 #x Hg, MH DOJIyunM CaeyoOmymo
NOJIE3HYI0 TaOAHIlY AJifi ONPEAELACHHA BEJWYHHH CPEIHEero npo-
Oera [pH pa3HuX JABJACHHAX.

Taxum o6pasoM, NpH HAUGOJLUINX K3 MOJAYUaeMHX Ceiluac
paspexenHit mopsaxa 107° mem Hg M HaxoAuM cCpemHion0
Aaudy nyt nopsagka 10 xa.

HAA BEJHUMHY A, ME MOXEM ONpPEIEJHTb TOJBKO IIPOH3BE-

1
JeHHe oy, Taxk Kaxk A == Has toro 4to6bl HaliTH v H o2,

HAJO HAUTH eule ,OZHO ypaBHEHuE, CBS-
Massie- Cpengan  3biBaiowee v ¥ o°, IT0T War 6bII Boep-

HHe aaMEA nytd  Bble BhINOJIHEH JlomMuaroM B 1860 roay.
JIOIIMHAT HCXOAWJI H3 CAEAYIOMHX NpH-
OaMKEHHHX cooOpaxenuni. [onycram,
760 mm | j0~5,.,  HADPHMEpP, YTO MPH lepexone BOASHOIO

L, 10-2 _  Tapa B XKHUAKOCTH H3 €AMHHON Ofbema

a7
10_; » . 10! .  napa moaydaerca o0rem V xuAKOCTH;
10_3 » 1 1 . MOXHO NPEANOJOXHTb, 4TO B XKHEKCCTH
}0 " l 10 ,  MOJEKYJaH Jexar IIOTHO APYr K ApYTY.
0, 4 3
10-% . - 10(1) M TAaK 4TO Vz—g_frw (%) . M3 sroro ypas-
10-¢, ' 10 xkm HEHHSl W W3 BhIpaxmeHHd aaa A JlomMuIT

namesg H ¢ 4 v. Tenepb MH 3HaeM, 4TQ

eCTh BesquuuHa nopsaxa 10-%cu, a v 10 cOBpeMEHHHIM NaHHHIM
Muasukesa pasuserca (2,7057-0,002) 10%1L

Bosee cTporue BHBOAL® JAaIOT 3aBHCHMOCTE 7 OT TEéMHOepa-
Typhl; OXHAKO 3aBMHCHMMOCTH OT JAB/ACHHA OCTAETCH T4 XKe caMmasg,
KaK H B NIDHBEASHHOM BHIIIE 3JEMEHTAPHOM BHBOLE.

TenaoonpoBogHOCTh B raszax. PaccMoTpuM Temeprn
BKparne nomo6HLIA e s/JeMeHTApHuLIA BHBOJ KospdHIHEHTA
TemJIONPOBOLHOCTA. TlycTh MEXAy ABYMs TBEPABIMH IJACTHH:
KaMH, HAXOASAINMMHCA OPH PA3HBIX TeMmeparypax, HaXORHTCH
ras, nepe,aalomﬂﬁ Tenno. [IpoBegeM, Kak Ha pHCyBKe 7, HJQC-
KOCTh £F H MOJCUHTAEM SHEPIHIO (TEHJIOByIO) nepeHoOCHMYIO
MOJICKY/JAMH B 1 Cex. wepe3 KaXAbli KBaJpaTHHA CAHTHMET)
wiockocTe EF. TlposeseMm onathk aBe mIoCKocTH LM u PQ, oT-
crosiige ot £F Ha paccToOAHMH A.

1 Tenepb 9TO KAWKETCA BECHMA NMPOCTHM, HO B TO BpeMs paccykiaenus Jlou-
VHATA MPOHSBOLZHIH OrPOMHOE BriedaTieHHe. HeBoabHO BCIOMHHRIOTCR CAOBA
JHrensbca: 4A 306Ch BAAeH HeBOAEH MPHXOMUTCA MBICAMTE: ATOMbI H MOJAEKY MK
H T. A. He/b3A HAGMIONATH MHKDOCKOMOM, a TO/IbKO MbiulaeHHeM™ (K. M a pKc
i . Dureasc, Cou, 7. XIV, crp. 392).

2 DTH BbIBOAK naHu Ha ocHose Teopuit Chapman # Enskog u B ocoben-
HOCTH HA ocHose pador Hasse a. Cook, Proc. Royul Society, 1925, A 107,
463; 1926, A 112, 1567; 1924, A 106, 214.
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Ecou gepes ¢, Mu 0003HAYAM YAEJALHOE TEmA0, T. €. TEIJIO,
paccuurannoe Ha' 1l 2 # na 1°, To mc, O6yner ,yjaeabHBHIM Temn-
JOM MOJAEKY/HY NpH YCJAOBHH, UTO n1—- MAaCCca MoOJekyJn. Jla-
nee, mec,1y n mc, 7, 6yayT BHPAKATH SHEPTHIO KAKAOH MOJe-
KyJo B c10ax LM un PQ, ecau Temneparypsl 5THX CJIOEB raaa
6ynyt Ty u T,.

Taxkum o6pasoM, IOTOK Tenja, T.e. U36HTOK TeNnJOBO sHep-
THH, IPOXOAANIHE uepe3 eAuHHIY NOBEPXHOCTH ciaoa EF B egu-
HELY BpeMenu, Oyaer

% me, (Ty—Ty). (26)

Ho no onucareJabHOH TEOPHH MOTOK Temsia JAONKEH DaBHATLCH
(no aHaxnorum ¢ dopmyaoit (22))

To— T;
K2t (27)
[IpupaBukBas suipaxenusa (26) u (27), naxogum:

K = +hvmuc, (28)

Heo6xonuM0 - 06paTHTh BHHMAHHE HA TO, YT0 IPH BHBOAE
dopmyan (26) Mm penaem owmuHOKy. B camoMm jgese, seap B
cnogx ML u PQ temneparypul paszusie (77 m 7,), a Mu, nox-
CYHTHIBAA 4YMC/Iad MOJEKyJ, npoJdertaiomux B 1 cex. gepes 1 cu?
nA0CKOCTH LF, cyuralH, UTO MOJEKYJSpHAA CKOPOCTh H B TOM,
H B JAPYrom cjaoe paBsa &, Takum o6pa3oM, HAlll BREBOX TOAHTCH
TOJBKO HJS OYEHbh MAJBX pasHHn teMmoepatyp. [losydeHHBIA
HAMH Pe3yJabTaT OCOOEHHO HHTEpeceéH B TOM CMHC/AE, UTO Mbl
moJiydaeM NPAMYIO CBA3Sh MEXAY KOA(D(PHUIHEHTOM TENJIONPOBOA-
HOCTH H KO03(p(UIHEeHTOM BHYTPEHHEr0 TPEHHA; ONUCATENLHAA
KE TEOPHA e YCTAHABJIHBAET MEXAY 3ITHMH K03 dHUIHEHTAMH
BOOOIIE HHKAKOH CBasH. B camom pese, pasaenuB BupakeHHe
(28) na Bupamenue (23), MBl MOJAYyYAEM:

K == ne,. (29)

Takum oGpasom, KHHETHUECKast TECOPHS YCTAHABAABAET OIpe-
JNeJCHHYI0 CBA3b MeXAy K u v, IpHueM B8Ta CBA3b TNOJTBEP-
KAACTCA HA ONmbITe. MH BHAHM HA 5TOM NpHMEpe, KAKOe OrpoM-
HOE NMPEHMYyIEcTBO MpeacTasaseT cOo00il KHHETHYECKAdA TeopHs,
AMEHHO K&K TeOpHd, 110 CPABHEHHIO ¢ SMOHPH3IMOM Tax Ha3HBae-
MHIX ONUCATEJNBHHIX TEOPHHA, nepes KOTOPHIMH [IPEKJIOHASTCH
IMIHPHOKPHTHYUECKANA (HJI0CO(HUS.

boJiee crporas Teopua NPHUBOAHT K TOMY, 4TO B dopmyae (29)
nosBAsAETCA YHCAOBOR KOappuiueHT A:

K= A'!]C"v. (30)
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Uenmen ! B 1912 roay Ha ocCHOBE QUEHB CAOKHHX BHYHCACHHH
IpHmeJ K BHBOAY, UTO IJAs CPEepHUECKH CHMMETPHYHHIX MOJe-
kya A=23. Enskog, Jeans u Eucken takxke npousseau Teo-
peTHYECKHE noacueTsl Koadhdunuenta A, gawmye AaA pasHHX
ra3oB BeJHYHHH OT 2,0 10 1,44-—1,50 B 3aBHCHMOCTH OT CTpoe-
HHS MOJEKYJ rasa, IJTH BHBOAHK COrJacyKTCH C ODBLITOM 2,

dudpdyaunsa razon CXonHHM nIyreM MH MOXEM NOJy-
YHTE BHIpaXKenue Kosdduuuenra ruddysuu, npasjpa, 1as cay-
yag, korga oba auddysaupyomue Apyr B Apyra raza HMeIOT
OJIHHAKOBHIE MacChl MOJEKYJ U OAMHAKOBLIE HHAMETPH MOJIEKY.I.
DToT caydal OOWKHOBEHHO HOCHT HasBaHue duddysun zasa
wcamozo g ce6a”. Takolt caydait 6yner uMerb MecTo npu gud-
tdysuu Ny 8 CO n CO; B NO,. YenoBue ofHHAKOBOTO AuaMeTpa
ynpoluaer BHBOL B TOM CMHC/AE€, YTO CPeNHAfA IAJIHHA NYTH A B
aTOM CJAy4Yae O4HA M Ta e, KaKOBO Oun HH OHJIO NMPOIEHTHOE
CcOoAepkanne cMvecd. PaBeHCTBO Mace gger YCJA0BHE NOCTOAHHOM
IAQTHOCTH IOPH KAKOM YIOAHO COCTaBe CcMeCH M He aaer BO3-
MOXHOCTH 00PA30BAHHIO PA3NAHYHSA B NJIOTHOCTH, KOTOPOE BH-
3BaJ/10 Obl JOINOJHUTEJABHEIE TEUEHHSH.

Ecan B cnoax LM m PQ (puc. 7) 4ucjaa MoJeKys nepeo#
COCTABHOH 4aCTH c¢MecH Oyayr v, H v, Ha 1 cud, TO noTok And-
Gy3HR 9TOH COCTABHOH YaCTH CMECH BHIPA3UTCA TaK:

Yall My lL 1
m (=) = 1 (e~ cy), (31)
rie Cp U €4 —— KOHOEHTPAaUWH, T. €. MACCH JAHHOH COCTABHON 4a-
CTH rasa, Opuxoasmueca na 1 ex® s cnoax LM u PQ. Onucarenn-
Hasg TeopHA Iud@y3uy mKaeT Aas8 3TOr0 Xe NMOTOKA BHPAXEHHE:

Oo=——
Da=f (32)

Cpasuupas sopaxkenus (32) w (31), MH Haxogum:
D=1 (33)

OcTaHOBHMCSL HAa JIOOOUBITHHX ONHTAaX, ONYGJIMKOBAHHHX B
1937 ropy B OKTAGPBCKOH KHMXKe XypHaaa Jlonmpouckoro ¢u-
spueckoro obuecrsa bBopamadom ¥ YalinbaoM, [OOCTaBJAEHHHX
AJIA NPOBepKH cayuas auddyanu rasa B caMmoro cebs. Oxasupa-
eTcA, MOXHO 0A06PaTh TaKHe NAPH Ta30B, KOTOpHE, 0012444 pa3-
JUYHHMH XHMHYEeCKHMH CBOHCTBaMH, B TO XKe BpeMs 00a13ior
MOYTH OJAHHAKOBHIM MOJEKYJAPHbIM BECOM H B TO Xe BpeMmd
MOYTH OJHHAKOBHIM CpenHHM npoberoM. OCTAHOBUMCA HA OIHOH
TaKo#d mape, Koropaa 6nl1a H3yueHna JlenrMmopoM (CM. XKYypHaX

i1 Chapman, Phil. Trans., 1917, A 217, 166.
2 Cum., Hanpumep, L. Loeb, The Kinetic Theory of Gases, 1], Ed., 250.
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AMepHKEHCKOTO XHMHYeCKOro ofimecrsa 328 HIOHL 1919 r.).
3ta napa-—— MOJCKYJAAPHHNA a30T N, (MOJekyJaApHHH Bec — 28)
H okuch yraepoga CO (moJekyJaspHuifi Bec—28). [lpuBoaum
Ta6auny (QU3HKO-XHMHYECKHX [OCTOAHHBLIX AJAd STOH mapel, B3f-
TYI0 M3 YKa3aHHOH craTbH JIenrmiopa.

CO Ny

Temneparypa saMepsashsa . 66 ¢K 78 °K
Kpntuueckan remueparypa .| 122 , 127
Temneparypa KHOenHda , . , 83 . 78 .
Kpurnueckoe gaeaeuue . .| 35 amu 33 amm
KputHueckudt obrem . . . . 2,05 217
PacreopumMocrs B BOME . . . 3,5 2,4
[I1OTHOCTL NMPH KHNERWH . . 0,793 0,796
KosdduuneHr BHYTpCHHErO

tpenna upu 0°C . . . .1 163.1076| 1,66.10¢

[Tpu6op ans usyueuus guddysuy raza GLII DOCTPOECH CJe-
AywouwxM ofpaszoM. [lpe CcrekasHHEE TpyOKH OLLJIH BCTABJCHEL
BO Bpallaromuecs BOKPYr CBOEH OCH

C,C, mucku (puc. 9). Tpy6bka A Ha- M
noausercs uepes £ OKHCBIO YIJICPOAA; B
Tpy6ka £ —azorom. Temneparypy TOrO c
rasa, KOTODHIM HAmOJHRIOT TPYOky A, o

YCTAHABJIMBAKOT HA HUYTOKHYIO Bemqu%y
BLIIE TEMIEPATYpH rasa B TpyGke B, 7 >
91008 NPEJOTBPATHTL KOHBEKuHm.yprGKH f{////\\ //\
COO0AKTCA MexAy coB0H TOABKO B Te SN
NPOMEKYTKH BpPEMEHH, KOorja JHAHMCKH 3a-
HUMAIOT [OJOXeHHe, YKa3aHHOe Ha pH- i
CyHke, Bce BpeMs teMneparypy BepxHed Co A
TPYOGKH COXPAHAIOT HA BEJIMYHHY B JIECH-
TYI0 JOJI0 TPajyca BHING HHXKHEH, 3areM c:)‘é(ljﬂ&'
H3BJACKAKOT CMECH r'a3oB H3 TPyOOoK Au B u -
[IPOU3BOLAT aHaau3 HX. Mbil He Oygem ocra-
HaBJAHBATBCSA HAa METOAAX pacyeTa NPOLIecca
EudpysrH, MNO3BOJAKIIHX HA OCHOBAHHH Puc. 9.
DAHHBIX aHAJN3a NPOBepPUTE X0 Auddy3suu.

Kak Mmu Bugeau (cM. ¢opMyay 33), 2/leMEHTApPHHE BHBOJ

1
xoadunuenra aupdysnr camoro B ce6s naer D = ul. Bera-

1
BAAA CIOJ2 KOB(DHHUIHEAT BHYTPEHHErO TPEHHA v ==-3 4Ap, Mul

HaXOoum:
Dt%. (34)
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Bonee crporuii nmoacuyer NpHBOAHT K BEJHUHHE
D=C,=, (35)

rae C,-— 4HCA0BON MHOMXHTEAb. ECaIH Doacyer HPOU3BOIHTD,
MOJL3YACE MOJEAbI0 MOJEKYyJ B BHAE YHPYLHX IDIAPOB, TO
C,=1,20. Ecan xe BOCIOJL30BATLCA TeOpHeli Makceeea1a, npH-
HUMAIOUIEH B3aMMHHE CHJAH OTTAJKHBAHHA MEXKAY MOJEKYJAMA
06paTHO MPONOPLHUOHAILHEIMH O-H CTeNeHH pacCTOAHHS, TO
C,=1,504. Oaa ndpu razoB N, g CO onwr paer C,==1,44.
OnuiT NPOU3BOAK/CH €LLe M C APYTro# napoii rasos — ¢ 3aKUCBIO
aszora NgO u yraexucianm rasom CQ,; noayuedo C,==1,39.
OnuiTe, KaK BUAMM, AAJIH BIOJHE YIOBJCTBODHTEIBHEE PE3Y/Ib-
TaTHL.

3axod Bugemana— Ppanna. Cormacno npeicrasie-
HUAM KJACCHUYECKON »ACKTPOHHOA TEOpPHH 9JEKTPOHBI B Me-
TaANaX ABHXKYTCA B HPOMEKYTKAX MEXKIAY NOJOXKUTEJNBLHO 3aps-
KEHHEIMH a8TOMaMH, COXPaHSIOIIAMH B O0IIEM CBOH NOJOXKEeHHA
B NPOCTPaHCTBE, HANnoxoOue ra30BHX MOJEKYJA. B3auMHLIMH
CTOJNKHOBEHHAMHY BJEKTPOHOB MH NpeHEeOperaeM, Td4K Kak BBHIY
H60JBMWINX pPa3MEPOB AaTOMOB 0O CPABHEHHIO ¢ 3JIEKTPOHAMHU
CTOJKHOBEHHSA 3JAEKTPOHOB € aTOMAMR NIPOUCXOAAT ropasao yaie,
yeM CTOJKHOBEHHS 9JEKTPOHOB ApPYr ¢ Apyrom. Bcaeacrsue
TQFO, 4TO 3JJEKTPOHH I'0pa3f0 MNOABHXKHEE AaTOMOB, nepenaya
TeNJaa NPOMSBOAUTICA NO NPEUMYINECTBY 3JeKTPOHamMu. Tax Kak
no HAWIEMY INPeAfloN0KEHHIO 3MEKTPOHE B METaIe BeAyT cels,
KaK ra30Bbl€ MOJIEKY/Ibl, TO Aa5 KOs (pHIneHTa TeIIONIPOBOJHOCTY
Mbl [HOJAYy4Y4deM TO XK€ BHpaxeHHe, Kakoe OwJ0 HaMH ye Hafi-
JeHo (28), 1. e.

i
== 5 lmﬂ\’fw.
3aechy oL A HajA0 NOIpasyMmesaTb CpeaHHi mpobder 9JeKTpOHa
OT OJAHOrO CTOJAKHQBEHHA C aTOMOM 10O ,ILPYPOI‘O.

TMoacuntaem Teneps x03PPUIHEHT HAKTPONPOBOLHOCTH,
Ecau manps:KenHOCTh BHellHero nosst 0o003HayHM uepesd £, TO
HAOTHOCTE TOKA

j=AxE, (36)

ThE Y — YAeJbHAA S/eKrponpoBOAHOCTh Metanna. C Apyro#l CTo-
POHH, AONOJHATEALHAA CKOPOCTH ¥, BhI3BAHHAA NOJEM H NPH-
6apafOWAACE K MOJGKYJIADHOH CKOPOCTH @, BHIPA3HTCA CJe-
AYIOWUM 06pazoM:
‘ o F
V= -1, (37)

™

. . ek
3aneck ek -~ cuna, JEACTRYIONAN HA 9TEKTPON, — ~~YCKOpeHue,
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a [—TIpOMEXKYTOK BPEMEHH, B TEUYEHHE KOTOPOr0 3JIeKTPOH
BHINOJNHACT CBOH npober, T. e.

fom (38)

Ctporo roBops, lpH BHYHCJAEHHH [ HANO OHJIO 6Bl y4€CTh
TO, 410 Ojaronapsa HeiCTBHIO NOJAH CKOPOCTh X H3MEHAETCH) HO
OpH TeX NOJAX, ¢ KAKHMH MBl HMeeM OOLIYWHO JeJ0, V<& I, H
5TOH 10NPABKOH MOXKHO NpeHebpeusb. Ta4K KaK HLONOJHHTEJABLHAR
CKOPOCTb INIDHMET 3HayeHHE U TOJbKO B KOEOE mpofera H Tak
KaK MH Oyjnem npexnonaraTb, 4TO ,HampaB/JeHHAss CKOPOCTL
U NpH CTOJKHOBEHHH HCUYE3HET H NpH CleAylowmwem npolere sce
NMOBTOPACTCA CHI3HOBA, TO B KAYECTBE MLONOJRUTEABROK CKOPOCTH,
noJjydvalouiedca B peayabrate ZeHcTBUH Ioasd, mul 6epeM HEKo-
TOPYI NOCTOAHHYI BeJHYHMHY, 4 HMMEHHO— CcpegHee 3HAYeHHe

mMexay O u o, 1. e, .
ek L

v, =2EL (39)
[10THOCTL TOKA / MOKHO BHIPA3HTh CICAYIOLHM 06GpPa3oM:
J = U,yve. (40)

B camom gene, eCau MH' HMeeM v JEKTPOHOB B KaXA0M KyOH-
YECKOM CAHTHMETpE, IBHKYIIMXCHA CO CKOPOCTRIO ¥y, TO B 1 cexk.
yepe3 1 c#® npodayr BCe vv, 9IEKTPOHOB, PACHOJIOMKEHHHX B
npu3Me C ocHOBaHueM B 1 cm? U BHICOTOH B ¥y, 2 KOJHUECTBO
npomenmero yepea 1 cu® ajnexkrpHuecTBa GyH€T BHIPAKATHCH
¢dopmyaaoir (40). Berasue B gopmyay (40) snagenne @, no dop-
MyJae (39), Mw noayuum:

. = |

J=v5-E, (41)
OTKYJAa A1 K0o3(DPHUHeHTA 3AeKTPONPOBOAHOCTH, NPHHHMASA BO
BHHMaHHe BrIpamenune (37), HAXOIHM:

e2vA

1= Rmu " (42)
mid N .
JHEPTHIO DACKTPOHA -5~ MOXHO NpPHHATB paBHO# mc,l, rAc

mc, — pacCMOTPEHHAA HaMH BHINE ,yAe€MLHaa Tenjaora“, pac-

CYHTaHnasg Ajas OAHOH YaCTHUH,-— B [JAHHOM Cjyuae AJS OJHOrG
ayeKTpoRa., HMrax:

et e2viu
e 1?}2‘: _ 4mc-r) T

A ——-

(43)

e

PasfenauM Tenepb BhipaxeHue IaA KOIQDHIHEHTA TEHAOUPC-
BOJHOCTH (28) Ha Bupamenne nas 7 (43):

K _ % (mey)? o (44 ;

y 3 g
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10 H eClb BBHIPAKCHHC HAHAGHHOrO ONLITHBIM MyTeM 3aAKOHU
Budemana — Pparya,
K

I. A, Jlopesry pemua Ty Xe 3aady HAXOXICHHA s HC-

X0omoA M3 3HauyuTeabHO OGoJjee CTPOrod TEOPHH, OCHOBHIBAafiCh,
OAHAKO, HAa KJIACCHYECKHX IMpenCTaB/JGHHAX; pe3yJ/bTaT OH IO-
JAYYHJ TOT € CAMBIH, KOTOpBIH MOJYYHJIH H MK, C TOH eJHH-

. 4
CTBEHHOH TOJABKO pasHHne#, yro BMecTo KoadwpHTHenTa 7

on Hamea kxoddduuuenr 2.

Keanrosaa cratucraka PepMu paer To Ke BolpaxeHnne (44),

2
HO ¢ KoaddHIHEeHTOM - - ITocaensee uucao GaHKeE TOAXOMHT
K TOMY, YTO [OAaeT OIHT.

§ 6. DaemMenTapHast Teopus TepMoaudppysun,
palHoMeTpHYeCKHA 3(d(deKT, SBJIECHHE CKOJbXEHHH
pa3peeHHbX ra30B H 4BJCHHE TEMIEPATYPHOro CKayka

Tepmonuddyauna IllpeacrasuMm cede cocyn, pasiechn-
HHA Ha gBe uacTH B M C mopuctol miacTHHKOi A (puc. 10).
[lycrs x crenke M cocyna 6 HOpPHCTABJAEH COCy[ € TaKOLIHM

N
abgoM npa Temneparype 0°C (no Hamemy o6Go3uauenunio 7 ),

a4 cO CTOpOHH cocyla C okoJio creHkH N TpHCTaBJaeH COCYQR
C ropadeii BOLOH Npu TeMiepa-

¥ 4 M rype T,. Uepea nexoTopoe Bpe-
c 1TV T B Md HA Dﬁeﬂx CTOPOHAX IIOPH-
1= 0 !

CTOH NIACTHHKH A yCTAHOBATCA

Temueparypu 7y u T, HpHYeM

T, > T,. Ecin MH ypaBHsieM JaB-

NeHHa 1o o0e CTOPOHH OT A,

OTKpHE Ha KOpPOTKOE Bpeémd

KpaH K H 3aKpueB €ro OlATh,

TO Yyepes HeKoTOpOe BpeMs Tocae

9 3AKPHTHA KpaHa Mbl HauHeEM

' 3aM€4YaTbh B MaHOMETpE OmyCka-

HHEe YPOBHA KHIKOCTH B KO-

JeHe p H NOJHATHE YPOBHA B

KoseHe ¢. JlpyruMH Cc/AOBaMH,

BO3AYX OYZET neperexkarb OT Me-

Pac. 10. Hee HarpeTofl noBepxHoCTH A Ue-

pe3 nopel neperopodku B Goaee

HATPETYIO YacTh cocyza C. SIBneRue 5T0 HaA3WBaeTCA MepMo-
dugppysueil.

JerannHas TeopHs 89TOr0 fABJEHHUS, 8 UMEHHO: BHISICHEHHe,

Ho4eMy B KaHaJ/1aX MOOPHCTOro Tte/a ra3 O6yaeT ABHrathbca o1

|

|

|
o

LI
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Melee H4arperoro KoHna k 6QJaee HarperoMy, IpeACTaBIser co-
ol nemano TpyaHocteil. QaHaKo AJI8 CIyUas YCTAHOBHBLIE-
rocd COCTOAHHA OXKQOHUYaTeJNbHHH PE3YJABTAT MQMKHO BRYHCAHTL
9/1IeMEHTAPHEM nyTeM. EcAH MH 0003HAYHM YHCAO MOJEKYJ B
KAXAOH enuHHie obneMa npu remoeparype 7, yepes v, a NnpH
teMmneparype T;—wu4epes vy H CKOPOCTH MOJEKYJ IPH 9TUX
TeMIepaTypax COOTBETCTBEHHO — uepes #, H 4;, TO PABHOBECHE
HACTYIOHT TOILLA, KOrjna B 1 cex. yepe3 eAHHHNY NOBEPXHOCTH
[100epeyHOro CEUeHHsa KAHAJIOB B MOPHCTOH IJAacTHHKE Oyner B
o0e CTOPOHH Mnpolberare OAMHAKOBOE KOJHUECTBO MOJEKYJ,
T. e, 6yjaeT UMeTh MeCTO COOTHOLIeHHEe:

Yollp Yily
5 =76
HAH
Voltg == Villy. (49)

JaBsjenust 8 cocyiax 3 u C BhIpa3ATCS HA OCLHOBaHuMH up-
Myan (1) caeayioluM o6pasoM:

1 2 1 2 LB
Py==7 nil A Py= 7 Yynii (46)
OTCI0/8 HEX0MUM:
3 )
— '\'u,‘i' —= Yyl
PP ; v (47)
Po o ;5

Hiw, npuinMas BO BHHMAHUE pPABEHCTBO (4D), 1ouayuum:

Pi—Po_ 1y — 1
T T m (48)

Hanee, tak wak a0COMIOTHAA TeMneparypa IpolOPHUOHASLHA
KHHEeTHYECKOU BSHEPrHH Tras3oBHX MOJEKYJa, a (CTano OunTh—
KBaJIPATY CKOPOCTH MOJCKYJAAPHOrO ABHXEHHA, dopmyay (48)
MOXHO HAHCATL B TAKOM BHJE:

fL—F e VT] “““‘\/T:J (49)
Po VT, ‘
Takum o6pazom, 3Haa  reMueparypw 13 H T, Mbl MOXeM Bbi-
YHC/ANTL PasHOCTHL AaBA€HHH p;—p, €CJIH HAM U3BECTHO A4B-
. JeHHe p,.

SiBnende repmoaHpdysuu urpaer 60JabUIYI0 POJab B CAMBIX
WHPOKO PacmpoCTp aHeHHBX NOpoueccax, NPOTEKAIUHX B OpPH-
pome. Tak, TepmosHpdysns BH3mBaeT OOMEH BO3AYXa B nopax
Ioussl KJAH TAK HAa3HBaeMmMoOe , JpiXanHe® 0nouBH. B yrpennue

' B 1939—1942 rr. teopuefi repmopnddyaun YCHAEHHO SAHHMANNCH B
€8A3H C 3aMaveli pa3leneHds H3OTONOB YPaHA AJA BHJEICHHHA ypPaHA ¢ BTOM-
HEM pecoM 233, HCOAB3YeMbBIM NPH NPHTOTOBJICHHH ATOMHOH GOMGLI.

3 A K. Puanpracs : 33



YACH, KOrja NOBEepXHOCTL HOYBLI HAUPEBARTCH CONBIEM, BO3AYX
u3 6oaee IMIyOHOKHX H XOJAOAHHX CJ0EB NOYBH [PHTEKAET K Ha-
rpeTofi MOBEPXHOCTH NOYBH H YHOCHTCA BeTpoM., B HOuHHe
YACH, KOrAa IOBEPXHOCTH NOYBH XOJOAHEE NPOrpeBUIHXCH 3a
JeHb 6Gosee riayOGOKHX CJOEB, BO3AYX € NOBEPXHOCTH TEHRT
Bray6b NOYBH. TakuM 06pa3oM NPOHCXOAHT OGMEH BO3JZyXa B
mOYBE, KOTOpPKII HCPAeT OrPOMHYIO POIb A BCeX MNPONECCoB
OpraHuyecKkoro MHpa. :
Pagunomerpryeckuil a29dexrt. B TtecHod cuasm
¢ TOJABKO YTO DPACCMOTPEHHHM fBJICHHEM TepMOAHDDYIHH CTOHT

s

T Tl
C A
B
T T,
nEgy, A
_ e
Puc. 11. Pue. 12.

TaKk HagwBaemuil paduomempuyeckuit 3@gperm. llpeacrasBum
cefe, YTO 4YaCTh HOPHCTON TLIACTHHKE B npubope, H300paxeH-
HoM Ha pucynke 10, Boipe3ana ¥ BCraBacHa oOpaTHO B BHOE
mopuwHs HA cBoe MecTo (pue. 11). Tak xak co cropoun C,
rge Temoeparypa Boiule, AasieHHe OoJblle, TO nopilesbs 6y-
LeT HCHHTHBAThH JaBJjeHHe, Hanpasjaennoe o C k B, Ecan
HarpeBanue Miomaykn, ofpawesnofi B cTopony cocysa C, BH-
3BAHO NOTOKQOM JIYYUCTQOH BSHEPrHH, TO NOJy4aeTCs BreyarJe-
HHe, KaK OyATO NOTOK JYYHCTOH SHEPrHH A3BHT HA IOPLIEHD.
Ha caMoM jJese 3TO— HE [4BJCHHE NYYHCTOH PHEPrHH, 8 MO-
MeKYJAAPHBIH NPOLECC ¥ IPHTOM O4eHb CAO¥KHHIH.

PacecmoTpuM HEOAMHAKOBO HACPETYIO C ABYX CTOPOH IJa-
crauxy (cnaomrylo, 6e3 nop) (pue. 12). Tlycrs remieparypa
I, > T, torpa ras Oyjer, K&K B NnOpax IJaCTHHKH B IpPELb-
nylieM mpumepe, CKOAb3WTL BAOAbL kpaes AC u BD oT X0J0%-
Ho#t 4YacTH K ropaued, H MO 3aKOHY p4BEHCTBA JAEHCTBHA H
NpOTHBOACHCTBHA CKOAb3AUIME ra3 (puc. 12; cTpeskn a u b)
BLI3OBET CHIH P, B P, npuaoxenHue k nJiactaike ACDB,
AT0 — O0ZR2 K3 COCTABAAIIIAX PARHOMETPUYECKOrO ahdexra;
oua Jerxo nabal0naeTCA NPH BHICOKHX J4BJAGHHAX. -
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Ilpyrag CcOCTaBJAfAKINAA HACTL pajHoMerpudeckoro sdexra
COCTOHT B TOM, YTO MOJACKYJbl, - yaapadach o0 GoJee Harpetyio
creiky CD, OyayT OTCKAKHBATH C GOJBIIEH CKOPOCTBIO, deM
MOJEKYAH, OTCKAKHBAIOUIHE OT OoJee XOJAOTHOH <CTeHKkH AB.
Orpaua B nepBoM ciayuae Oyjer Ooablle, YeM BO BTOPOM. DT0
HepaBeHCTBO B OTAAUAX JAET CAATANLY IO, IPHAOKEHHYIO K ABCD
B Ty JX€& CTOpPOHY, T. €. OT HArpeTol CTOPOHW K XOJOIHOIL.
JTa COCTABHAA Y4CTB PAAHOMETPHUECKOro adbdexra urpaer
npeo61a1aoulyi0 PoAb NPH CPABHHTENLHO GOJbINHX paspexe-
HAAX.

Paznomerpuyecknii addext (pH 60JbIIHX paA3pEKCHMAX,
KOTKA Npeobaafalomyio polbs HI'PAeT HEePABEHCTBO OTAAY MoJe-
KyJ H@ TeIJOH H XOJOJAHOH CTOPOHAX IVIACTHHKH pajuoMeTpa,
6ua u3yueH Knyncenom u JlopeHTHOM, npUYEM HA OCHOBE 5TOr0
shdexra KHymceH MNOCTPOMJ TAK HASHBACMHIH QOCOAIOMHbLT
manomemp. B 970#t 06/1acTH GOAbLIIMX pa3pexesHit cuad, npH-
JOXKEHHAA K MJACTHHKE pATHOMETpa, NPONOPIHOHAILHA Rg4B-
ACHHAIO:

R,., = Ap. (50)

Kosdpunnent A BuBELEeH Ha OCHOBE G0JEE CTPOrOH KMHETH-
yecKkoll Teopud, Kax OHJO YykKe ykasano Kuyiacesom?! u Jlo-
pPeHTIOM .

- Jlaa 6GoJiee BHICOKHX [OaBJeHHH, KOTrAa npeodaasaonmel cra-
HOBHTCA CHJA, 00YyCAOBJeHHAA OGTEKAHHWEM rasa Ha Kpaax nJia-
cruHkH (puc. 12), Teopus OHua paspaGuraia [ernepom. B atoi
o6J1acT JABJEHHA CHJIE, IPUIOKEHHAA K NIACTUHKE PATHOMETPS,
o6paTHO NPONOPUHONALLHA AABJACHHIO p:

1
Rp—ﬂn ﬁﬁ-}*; ' (51}

Koadpunuenr £ 6n Boiuncsen [eTHepomM Ha ocHOoBe Gonee
CTPOTQH TEOPHH.

B npomexyTo4HOi 00aCcTH urpaioT poJab oba aBaeHHdA. ['er-
Hep, KOTOPOMY TNpHHAAJEXKHT ofcToATeabHnlt 0630p? paor mo
paguoMeTpHyecKoMy adeKTy, npexiaraeT SMIAPHUECKYIO (op-
MyJay ajda oflero ¢Jayyas,, HMEHHO:

R=

- — (52)
ap -+ Bp

1 M. Knudsen. Ann. d. Phys., 1910, 32, 809; 1911, 36, 876.
2 H. A. Lorentz Jlekuds no teopetnueckoit usuxe, Kinetical prob-
lems, London.
. BG.Hettner Ergebnisse der Exakten Nuaturwissenschaften, r. VII,
209, Springer, Berlin, 1928,
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Hpu. Ooapiux 3HAayeHuaX p Mt H3 QopMmyanl (52) nonayuaem
Beipaxenne (51), mpu mannx 3HAYeHHAX — BhIpaxkenue (5H0).

B 1934 roay A. TumupsaseB® mokasaJ, uTO Ha OCHOBE pa-
6ot Cé3epaeHga MOXHO TEOPETHUYECKH NOJYYHTb COOTHOIIEHHE:

1

]i)2 1 B Ty
:4_5”_{_- p -+ C

(53)

rae xoagunuedtsl A H B cOBNajzalor ¢ BRUHCJACHHHEMH [erTne-
poM u KayacenoM, a Beanuynna € (o4erb MaJjaf) IO CYLIECTBY
OYeHbE MAJ0 H3IMEHAET XOJ KpHBOM, OOHAKO BOJH3H MaKCHMyMa
KpuBoit R = f(p) no dopmyJse (53) maer ayuiiee COOTBETCTBHE
C ONEITOM.

PaguoMmerpuueckuM 3PhEeKTOM OOBACHAETCA OCEnAHHE NBLIH
Ha XOJO0AHHX CcTeHKax BO.H3nM Oarapeifl IMEHTPANLHOrO OTOIJIE-
HHA W HA XOJOAHHIX CTEHKAX OKOJO JAYUIHMKOB TOJJIaHICKHX
neyeit. B3BeWEHHNE B BO3AYXE MBLIAHHKH OTTAJKHBAIOTCA [OpA-
YHAMH TeJ2MH H NPHTATHBAIOTCA XOJOAHBMH. DTO SB/ICHHE, PUBHO
KaKk A TepMOIHDPY3Hs, NPOUCXOZUT HPH ATMOCHEPHOM JaBJe-
HUH TOTOMY, 4TO PasMepn [MEJAMHOK H Pa3MEpPLl OTBEPCTHH B
IOPHCTOI NJACTHHKE COH3MEPHMH CO CpeAHelt aauHolt CBOGOI-
HOTO TYyTH NpH armMocdepHoM masaeHHH. JJIA KDPHIJIBEB Ke
pazdoMeTpa B OYECHb PACHPOCTPAHEHHOI B KOHIE IIPOLIJIOTO
CTONEeTHA ¢opMe, B BHAe TAK HasHBaeMoOll KpYKCOB0A Menb-
Huget, TpeGoBaJOoCh A1 IOJYYEHHS MAKCHMAJBbHOTO paLuo-
METPHHECKOrO opexrTa NOMELIATL 3TH KPHJIBS B pa3pexk eHHOM
rase 2,

Pannomerpuuecknit apext urpaer BaXKHYIO pOAb B XKHBOM
opranusme, Korga Mbel BALXaeM OBLIbHHIA BO3AYX, TO, TAK KAaK
BO3AyX XO/J0AHEe Jero4ynhx TKaHeH, NblIb HE TaK Jerko oce-
JaeT B Jerkux, Oaaroxaps deMmy JIErKHE U IIPeOXpaHAnTCA
OTYACTH OT 3aCOPEHHA MbIALI0. TOUHO TAK XKE 10Je3HO BO BpeMs
XHPYpPTrHYECKHX ONepanMid OCBelATh TY 4acCTh TeJa, I'ie OPOH3-
BOAUTCS OOePANUA, MOMIHEMH HCTOUHMKAMHU CBETA: NOBEPXHOCTH
oneprpyemoro Teqa OyAeT OT HTOr0 HarpeBaThCsi H OTTAJKH-
BaTh MHJb M HOCALIHECA B BO3AYyX€ MHKDPOOPraHW3IMHI, 9EM L0 -
cruraercsa OOJBIIAA YHCTOTA, H pagpe3d IpPeAOXPAHAETCHA OT
3apaKeHHs.

1A. K. Tamupnasen, 3IT DL, 1934, 4, 416.

& Camaddule KPWAbHA, 344€PHEHHse ¢ OJHOH CTOPOHLl, UPHUKPEUAATCA
K KOJAMaykKy, HATETOMY HA Hriy, H moMel(aloTcAa B GalloHe ¢ Pa3spexeHHbIM
soanyxoM. Ha cBery mam B cocencrse ¢ ropsuaM TEIOM CHCTEM2 KDHIALEB
HAa4YHHaeT BPAMATLCH, QTTANKHBAACH OT HCTOYHHKA CBETA H TEIIA 339epHeH-
HOIl CTOpoHO# Kpnifpes. PandoMerpoM MOX4Q € YCIEXOM H3MEPHTh, TOTOK
AYUHCTOH sHeDrHu. '
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"CrOJAbXEHHEe DPA3PeXMEeHHHX ra3os. B § 4, rosops
O [epesade KOJAHYECTBA JABHIKEHHA HJAH Telaa uepes cJao# rasa,
M TpPUHHMAJH, UYTO CKOPOCTb ra3a OKOJO CTEHKH COBNAiaeT
CO CKOPOCTBIO TBEPAOro-reJa, To Xe camoe, MH IIPELNOJAra/IH,
HMeeT MeCTO U IO OTHOINeHMIO K TeMIeparype, T. €, MH Npejx-
flosiaraJn, 4TQ TeMIeparypa TBep,aoﬂ CTeHKH COBOALAET C TEM-
nepaTtypoil npuaexamero caos rasa. [Ipy BHCOKHX Z4BJICHUAX,
nopsiaKa atMocdepHoro, sT0 nNpHOAH3HUTENBHO H HMEET MeCTo,
OpHako npH GOoJbIIMX pa3peXeHHaX, Korja cpeiusas AJaHHa
¢BOOOAUOro NYTH A yXe GoJblIe PACCTOSHAA A MEXAY AByMA
napaJjje bHHMA IiacTHakamMi  (pHc. 7), caof rasa JOJMKeH
CKOJIb3UTE BIOJL TBeproro teaa. 3 camom jneJe, ecau A 6oabuie
A —paccToAsHsa MeXAY IVIaCTHHKAMH, TO MOJEKYJAH - 6yayT
nepeaeTaTb OT CTeHKU K CTeHKe 6e3 ¢roJKkHOBeHHA. [losoBHHA

- 3 - ;

MOJIEKY1 3, NPUXOAAIMXCHA HA KamAMH KyOWuecknii cauTH-
meTp, OYLET JETeTb OT CTCHKH A, 3aHMCTBOBAB Yy HEe€ CKOPOCTh
BHAHMOro ApH:xenus 0, u % MOJZIEKYJ Oy J€eT JeTeTh OT CTeHKH B,

BAMMCTBOBAB y HEe CKOpOCThb ¥, B cpejaHeM MOJeKyJs Ipome-
KYTOUHOIrO ¢a10A OYyAYT HMETE CKOPOCTH:

y
5047 -1

b

rtui¢

T. €. CKOPOCTh NPOMEXYTOYHOTO /04 rasa Oyaer CpemHei
MeX Y CKOPOCTAMH TBEPAHX CTEHOK., IJTO ABAEHHE CKOAbBICE-
Hus Oyjaer ra6GaI0AATLCA HE TOJALKO B 3TOM
npefesbHOM CJaIydae, HO H TOrza, Korja A
6yzer conamepumo ¢ A. OJHak0 CKOJb-
xeHue Gyjer BOOOILIE MEHbIe BBIYHCIEH-
goro no gopmyae (54); Bupaxenue (54)
JaeT HaHOOJABIIee CKOJBXKEHHE.
TemMnepaTypHHH cKauoK, AHa-
JOTOM fBJEHHK) CKOJAbXEeHHA Oyner nais
C/Aydast TelJIONPOBOLHOCTH ABJCHHE TeMIle-
parypHoro ckauka, Iycre A (pme. 13)
H300paxaeT B pa3pese HaKaJAeHHHH BOJO- Phe. 13.
COK B JaMIie HAKAJHBAHHA C CHABHO paspe-
JeHHHMM rasom B GaioHe B, Ecam cpegusis J/idHa nyTH CBO-
Goanoro mpoGera A sHa4nTeNbHO OosblIEe JHaMeTpa cocyza B,
TO MOJEKYJH OyAyT BHJETATH C BOJOCKA B COCYH H oﬁpaTHo
H3 6aJJ0HA HA BOJOCOK, H H3 OAHOH YacTH OajqoHa B APYrylo
6e3 CTONKHOBEHHMH. HCHO, 4TQ KAaMXJad MOJIEKYJa, BuJ/eTEeBlas
¢ BoJOCKA A u 06aajanias CKOPOCTHIO, COOTBETCTBYIOUIEH BHI-
COKOMN TeMIepaType HAKaJeHHOTO BOJIOCKA, TONAJET Ha CTEHKY
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GasnoHa B. OpHako M3 MOAGKYJ, JETHIMX CO CTEHKH 0aj-
AOHA B, TOJALKO oYeHb Manas AoJs J Oyzaer nonagath Ha A,
‘Goabmas xe wacte (1--f) Gyser momazats na crenxy B. Ta-
KHM 0O6pa3oM, cpeiHfad TeMOepaTypa rasa B GaajoHe 6yner:

=BT (55)

rie 7,—remMneparypa creHkd 6announa B, a 7, — remneparyps
HaKaJleHHOro BOJOCKA. Tak kak f— magaaa apo6b, T0 7 ropasxo
binxe K T,—remneparype CreHKH, 4eM K TEMNepaType Haka-
AEHHOTO Boaocka. OTciofa siCHO, 4YTQ NPH Nepexone OT Haka-
JACHHOrO BOJIOCKA K a3y A0/DKeH HAGMIOIAThCA TAK Ha3hiBaeMHHA
MmemnepamypHstii ckayor .

§ 6. Daemenrapubiii BBOJ ypasHenua Ban-pep-Baaanca

Jlomonocos s cBoelt gucceprauun 1745 roga ,IlonsiTka Teo-
PHH YOPYIOH CHJIH BO3AyXa“, B NPHJIOXEHHOM K 5TOH Juccep-
TaNHH [00ABJEHHY, IOKA3HIBAET, YTO Np# 60/b-
HIOM CXATHH HOJKHO HAOJI0LATLCS OTCTYIVIE-
HHe OT 3akoHa bolas-Mapuorra: /3 ckasan-
HOTO AICHO, HACKOJBKO IMpH O4YeHb OOJAbIIOM
CKaTHH BO3AYXa OTHOIIEHHE YIPYyrocreid Bo3-
AyxXa AOJKHO OTAMYATBCA OT OTHOIIEHHA MAQT-
HocTel “. DTO TeopeTHuecKoe npeackazanue 6u10

T (dhaKTHYeCKH JNOKAa3aHO B Auccepranmua Ban-gep-

, Baaibca B 1872 ropy, T. e. uepes 127 uxer.
S K snemenrapHomy BuBoay (opmyan Bau-gep-
' Baannca MBI cefivac M NMpHCTyNAeM.

Puc. 14. BoabMeM, KaK H IipH BHBOJE OCHOBHOI'O

ypaBHEHHS KHHETHUecKOd teopum rasos (1),
cocyus KyOudeckoi (OpMH H BHAeAMM HA OXHOH H3 CTEHOK
maowaaxy S (puac. 14). Tlocrpoum Ha S npamMod UHJAHHID
¢ OGeCxoHeyHO MaJnoil obpasywoueh ur, raie u#— CKOPOCTb JBH-
HEeHHd MOJeKyJ (MH TONPeXKHEMY CUMTaeM, YTO BCE MoJe-
KYyJbl JABHXYTCA ¢ OZHOH M TOH K€ CKOPOCTBIO B pa3je/ICHH
Hd TPH TPYONB) H T~——OYEHb MaJLIA IPOMEKYTOK BpPEMEHH.
Toraa, ecnn obwee YHCAO MOJEKYJ B JaHHOM cocyde pasHO N,
a obbveM cocyaa pased V, To cyMMa HMIYyJbCOB, coobmae-
MBIX MOJIEKY/J8MHW 3a BpeMms t ILIomwanke S, 6yjner BHPaKaThCH
dhopMyI0ki:

N uz Sux ,,mu

P.. =85 2mu= . a6

Sy v g =N (96)

1 BOJIE:ILIO& SKCIIEPHMEHTAABHOQ HCCASLOBAHHE IO H3YUEHHIO JABHCHMO-

CTH TeMOepaTypHoOro ckawka Owao sutnoaneso akan. [, [, Jlasapemwim B
1910 rony.
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i
BHPAMEHHE —7— MOMKHO HCTOJKOBATH TAK: 3TO €CTh BEPOAT-

HOCTh HAXOXAEHHA B 0O0beMe Syt HeHTpa MOJEKYJn H3 BCEro
YHCAA MOJEKYJ, HaxomAmuxcsa B o6bveMme V'; ymHOxeHHAs HA NV,
9Ta BEPOATHOCTb JdeT BEPOATHOE UHCJIO MOJEKYJ] B ofbeme Surt.
Ho aTO BEpPHO TOJLKO B TOM CJjayuae, ecad 06beM CaMHX MO-
JAEKyJ HCUesaioue Majd [0 cpasHenHlo ¢ ofbemamu V u Sut.

Tax xax mewtp JO60H MOJEKY/IH MOKET OTCTOATHL OT LEHTDA
ADYTHX MOJEKYJ] 1O MeHbIneit Mepe Ha PAaCCTOfHHH 6, PABHOM
AHAMETPY MOJCKYJAH (MH Jjs NIPOCTOTH IpeAnoJaraeM Iapo-
06pasiyo GopMy MoJieKya), TO B 06beme V — cBoOoaHEN 00bEM,
B KOTOPOM MOXET HaxOZMTBCA IeHTp N-f Moaexyabl, OyAer

g
ne V, a V—=-(N—1). Cunras, uro N ouens BEAHKO 1O

€PaBHEHHIO C 1, UOJAYYHM BHIPAKEHHE:

V- 2ratV, (57)
B odweme we Sut ¢poBOAHBIM OCTAHETCH OOhEM:
4 < \
Stz 2205 o, (58)

Quauako B dopmyay (b8) Hano BHecTH mnonpapky. Eciay Mbl
BO3LMEM IMJAMHAP Sut AaJ€KO OT CTEHKH, TO NpH YCJOBHH,
YTO 4t OYEHb MAJN0 MO CPABHEHHIO C PAgHYCOM IJIOUIAJKH S,
Gonbias 4acTb HEHTPOB MOJEKYJ, NPHXOAAIKEXCA Ha 06bem Sur,
fygeT moMemarbesl Ha 06OMX OCHOBaHHAX S uuaunjpa. Ecian
UHJIHHAP NPHUMBIKAET K CTEHKE, TO Ha OOPALIEHHOM K CTEHKE
OCHOBAHHH LHJIHHADA LUEHTPH MOJACKYJ J€KaTh HE MOryT (TOria
0N0BHHA 00BeMa MOJexyJd Cpes3ajach OH TBepaofl CTEHKOI).

4
Moatomy B BHpaxesHH (58) HaZ0 KOS(DPHUHEHT & 3aMEHHTH

2
MHOMCHTENEM - .
Hrak, BMecto GopMyan (D6) noaydum HPHOJIHKEHHO:

\ 2  Ng¥
Nmu: 7377V Nmue | 1 .
pS’T - S h1% v 11_ N;é_ - “_;f;v_ St TE—E . (59)
—FTTY _ s S

PaccuHTHBAH HMIY.ILC He 18 maow@axy S, a mas 1 cyx” u aad
I cex., HAXOJIHM;

J___!_Vmui 1 B
P=="3n R
-y
rie
2 . 4 g \3 2
hm-:§vn\a“$4*3~ﬂ(?) N, (60)
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H.TH
1 s .
p =g Nmuw o=y, (61)

T. €, b paBHAETCA Y4YETBEPEHHOMY OOBEMY MOJIEKYJ, HAXOLd-
muxca B o6sveme V., Orciona noaydaem:

p(V—b) =+ Nmu’=RT, (62)

UrobGr noayuurb ypasHeHue Bau-jgep-Baaabca, najno emge
YYeCTH B3AUMHOE npuTamenHe Mogexyd. Omumewm uz rtouku C
{puc. 15) y caMoit crenxn MN, rje HaXOZUTCH Kakas-AHOO MO-
AeKyna, mwapooGpasnyio NOBCPXHOCTE PARHYCOM P, PABHHM TOMY

PACCTOSHHIX), HA4 KOTOPOM CTaHO-

BUTCH VHE HE3aMEeTHHM B3aMMHOE

MPHTAXKEHHE MOJeKyJ . Bce moJc-

KyJul, 3aKJAIOUEHHEE BHYTPH TO-

aycpepst A, 6yayT TPHTATHBATH

mosexkyay C BRYTpL rasa. 210

_ OPHUTSAXKEHHE JACT HeKOTOPYIO pas-

HOHLEHCTBYIOIYIO f7y, KOTOpasg Oy-

JeT MNpADABAATRCA K JLas/JeHHIO p

CTEHKH Ha ras. 3ro pobasounoe ja-

P, BJAGHHE, KAK HETPYAHO COOOPA3HTE,

OyJer NpoNoPUHOHANbHO KBAAPATY

Puc. 15. OJAOTHOCTH Fasa 8. B camoM jgeae,

€cJn TJOTHOCTH BO3pacTer BABOE,

TO [I0/KHE YBECIHUUTLCH BJABOE PABHOAEHCTBYIOMIAA py; HO H

YHCA0 MOseKysn C, mpuIewamwux K CTeHKe H K KOTOPHM NpH-
noxena nobapounaf CHaa, yeeauuutcs sapoe. Mrax:

pl = aaz Y
HJAH
&l

= 7z
Toatomy dopmyaa (62) npuHuMAaeT BRA:
(P + ) (V—b)=RT. (63)

PaccmOTprM 0aH0 BHpamende, KOTOPOE HA REPBBIA BalARA
6pocaercss B raasa. [lpm noacuere gaBjAeHHSA P; MB HE MPHHAIH
B pacueT NPHTHAKEHHA MOJeKyJn ¢ MOoJeKyJaaMd CT@HKU B IIO-
Aymapuu B, CHMMETPHUHO PACHOJOKEHHOM MO APYTryI0 CTOPOHY
credkn MN. Orciona xak 6yATO BHTEKdeT 33BHCHMOCTb YJI€HA

a .
vz OT CBOACT® cTedku, Oprako ato wuenepHo. llpeinonomum,
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Y10 MOJCKYJbl KAKOH-JBO0 TBEpPIOH CTE€HKH HE [IDHTAIHBAIOT
BORCE MOJIEKYJ ra3a; Torxa 4/JIeH -—g,:_;oﬁy(:nomea TOJABKO B3AWM-
HHIM NPHTAXEHHEM ras’oBHX MOJekyJ . [lomecTHM Tenepr ras B
COCYI, MOJEKY/JH CTeHOK KOTOPOrc [OPHTATHBAIOT MOJEKYAY
ra3a ¢ TAKOW JKe CHJ0H, KAX ¥ JPYyrue MOJEKyJh TOTr0 Xe
rada; Torza Ha MNepsbd B3rJASL KAaXETCH, YTO HAL0 H3 PaBHO-
AeficTBYIOUIEH NPHTHAXKEHHs rasCBHIX MOJEKYJ BHIUECTH paBHO-
AEeUCTRYIOIIYIO MNPHTAXKEHHA MOJEKYJ TBepmol cTeHKH. QaHaAKO
BCJACACTBHE MPHTSKEHHS TA30BHIX MOJEKYJ MOJEKYJAAMH TBEp-
AOH CTeHKH IIOTHOCTh Ta3a B IpujexameM K CTeHKe cJjoe
YBEJHYUTCH, a4 CASAOBATEABHO, HOJMKHO YBEJAHUHUTHCA H MPHTA-
KeHne MOJMeKYyJaMH ra3a. IDTH [ABa NPOTHBOIOJOXKHO Hanpas-
JA€HHHIE H3MEHeHHA CHJH, Kak [I0K43bBaeT pacder, B3aUMHO
YyPaBHOBEUIHBAIOT Apyr apyra. [losroMy pesyabTar nosyuaercs
TaKOH, KaK OyATO CTeHKa He OKAa3HBAeT HHKAKOTO BJAHSHHA HA
gaBJeHNHe rasa; TakuMm o0pa3oMmM, JaBJIeHHe rasa He 3a-
BHCHT OT BemecTBa CcTeHnokK, Mp nuimeM ypaBHEHHE
Ban-nep-Baannsca asa ragoB u xuaxoctedl, B KOTOpLIE 9TH Ta3bk
aepexoisr, 6ea BCAKOH OTOBOPKH OTHOCHTENLHO (PH3HUECKHX
CBOHCTB CTE€HOK COCYIOB, B KOTOpPHIX 3T4d XKHWIKOCTH HJH TIas
HAXOAATCA.

Ha sTOM MB 3akanynBaeM 0030p sABJEHHA B raszax, B KOTO-
POM MH AJ5 OOBACHEHHH MOJB30BAJHChH KHHETHYECKOH TeopHel
B CaMOH 3JeMeHTapHOoH ee dopwme.



Naasa BTOpasd

PACNPEAENEHHE CKOPOCTEA MEXAY MOJIEKYJAMH

§ 7. NMpocrefliunit BHIBOA pacnpeieneHuss CKOpPOCTen
MaKcsenaa

B nokaapze, upouunranHoM MakceeasoM na ¢besge bBpuras-
.CKOH accoumanyd B 1859 rojy, IpHBOAMTCA BHIBOX 3aKOHA pac-
ApeJeeHHs CKOpoCcTel Mexay MOJEKyJaMH— 3aK0HA, CBA3AH-
HOro ¢ uMeHeM Maxcpeaa. ITOT BHIBOI SIBJAACTCH LPOCTEHUIINUM
H3 BCeX CYUECTBYIOUIHX, HO B TO X€ BPEMA OH HE NpHBaLIe-
KHT K UYHCAY Crporux. Tem He MeHee BBHAY HUCTOPHUECKOTO
uHTepeca (MaxcBems, WAA 5THM IYTEM, BIEPBHE Hamies CBOfi
3HAMEHHTHIA 3aK0oH) W GOJLIIOH NPOCTOTH pAaCCYKAEHHH IO-
Je3HO HAUHHATH 3HAKOMCTBO C 3aKOHOM pAaCnpeseseHus CKOpo-
‘cT€ HMEHHO C 3TOro BHIBOJA, |

BepoaTHoCTh TOro, YTO MOJEKyJaa 00/aRaeT caarajpiEei cxo-
pPOCTH, CKaxem, MO OCH X, Jexalled B mpexeJax OT «& RO
u -+ du, Mul 0o603Hauum uepe3d f(u)du, rae f— aHaK HCKOMOM
HaMH (QyHKUWH. Takoe BHIpaKeHHE CTAHOBHTCA MOHATHHIM Ha
OCHOBe CJAeIVIOHIHX coobpakeruil. BepoaTHOCTH TOro, 4TO MO-
JEKYJB 06Ja3IaI0T TeM HJHM HMHbIM 3HAaUeHHEM BEeJHYHHH CKOpPO-
CTH, AOJ/KHA OBITh (YHKHHEH STOH CKODOCTH, TdK KaKk HE BCe
BeJHUYHHB CKOPOCTH BCTPEYAIOTCA OAHHAKOBO YACTO; HalpHMep,
BeJHUHHLl CKOPOCTH, OYE€Hb jaJjexde OT CPeIHEro 3HaueHHS,
NOnasaloTea peako, TOUHO TaK XKe BePOATHOCThL, 4TO CJAATAIOIIAN
CKOPOCTH MOJEKYJBI IO OCH X J€XKHT B npelenax or # jo u + du,
HOMXKHA GBHITH NPONOPIHOHAJLHA HHTEpBaay du; 4YeM HHTEp-
BaJ Goubuie, TeM Goubliee YHCJAO MOJAEKYA OH 6YA1eT OXBATHBATH.

Hukakux npeobnagalomuX CKOpocTed B rase He CYHIECTBYET,
TaK KAk Mbl NPejlO/araeM, YTo ra3 Kaxk lejoe HHKakoro o6-
[IIEro HABHXEHHA HEe HMEeT; MO3TOMY BEepPOATHOCTH TOTO, uTO
MOJEKYJa 006JajaeT CaaralQmHMH CKOPOCTH 110 IPYTHM OCAM —
Y u Z, nexamuMu B mnpejesax Ot ¥ 4o vU-+-dv H OT @ [0
w -+ dw, Bupasarcsd To# xe yukuuedt f(v)dv n f(w)dw.
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BEPOHTHDCTL, HTO M(}JIEKYJIH Oﬂ,HDBpEMEHHO HMEET BCE TpH
clAaraiimge, JAeXalude B yKA3AHHHX NpeNeJay, BHpasurcs Qop-

MyJI0kh:
f(u)f(v)f(w)dudvdw. (64)

TIpu sTOM NpPeinoaoXeHO, 4TO BCE TPH BEPOATHOCTH MEXIY CO-
60l HE3aBHCHMEl; 3TO NPEAIOJIOKEHHE KAK Pa3 ABAAETCA CAA0HM
NIYHKTOM BCEro aokasateqabcTBa. OAHAKO 3aKOH Makcmesna, kax
Mbl YBHIHM, MOXeT OHTbL [J0KA3aH H
©e3 5TOro NpexnoJOXeHHA; NOITOMY
B KOHEUHOM HTOI'e CJEJTAHHOE HAMH
upesnojoxeHne He HabPacelBAET TEHH
f#a caMBlif 3aKOH, a BCEero JHIIL Ha
{IepBOE JOKa3aTeAbCTBO €ro, Ipes-
JIOKEeHHOe MakceeannoM.

Ec/in 4uca0 MOJEKYJ B eLUHHIE
ob6bema Oyper v, TO UHCJIQ MOJIEKYJ B
SIUHUIe 06neMa, 00/1a5a10HKHX OJHO-
BPEMEHHO CJAAraioiiuMe CKOpPOCTeH,
JIKAUUMH B HHTEpPBaaax oOT 4 40
#-+duvworo o v4+dv u or w
A0 @ -}- dw, BLIPA3UTCA TaAK:

v (1) f(v) f(w) du dv dw. (65)

[Tpeacrasum ce6e, uTO BCE v MOJEKYJ, JAKJIIOUEHHHX B @/(#-
HHIEe 00heMa, HAXOANTCA B Haua/e KOOPLHHAT NPAMOYTrOJLHOMH
CHCTEMH &4, U, W, W IYCThb Kaxaad U3 HEX ofJjajaeTr To#d CKO-
POCTBIO, KOTOPYIO OHA& HMeeT B 3ToH ejgundue ob6pema. Iae Oy-
AYT MoJekyarn (65) uepes 1 cek.? Tak kak MoJexyan {(65)
JETAT CO CKOPOCTHIO (4, ¥, U W) ¢ TOUHOCTHIO B0 du, dv U dw,
TO 4epes eJHHUIY BPEMEHH OHH BCe OGyIAYT HaXOAWTHCH BHYTPH
obvema du, dv, dw (puc. 16), T. e. B napanierenudneie ofpema
dudvdw, B KOTOPOM OHH pACHPEAEAAIOTCS € ,MAOTHOCTBIO®
of (@) £ (0) f (w). |

Oaoumem ase chepw AA; w BB, Tax, 4ToOK OHH OXBaTHJ
napaanenenunes dadvdw. $ICHO, 4TO BCJAEACTBHE OTCYTCTBHA
®AaKHX-1H00 npeodJaganINUX HAOpPaBAeHHH B Ia3e NJOTHOCTH
vf(u) f(v) f(w) momxHa OHTB OZHA ¥ Ta XKe IJd BCEX Ha-
npasienuit paguyca QA, 1. e, maorrocte vf(u) f(v) f(w)
JOMKHA OBITh (DyHKIHEH pacCTOAHMA OT HauaJa KQODAMUHAT; 3TO

paccrogae OA=1V u® + v? - w?; orcrona
fu) £ ) f(w)==F (4 4 2* + ©?). (66)

PYHKIHOHAABHOMY ypaBHeHHK) (66) MOKHO yAOBJACTBOPHTS,
NOJOXHUB

F(w)=Ae’™ u F= Asg" W0+ (67)
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Tax KdK BEpPOATHOCTL HAAMUHA OeCKoHeyHo OO0JBIMOH CKO-
POCTH NOJAKHA OBITHL HCYL3AIOLE MaJjaa, NOCTOAHHAA NOAXKHA OGHTE
OTPHIATE/JEHOH BeanuHHOH, BBejgeM oGo3HaueHue

& == hm, (68)

rie m -— Macca MOJEeKYJAB H f— HOBAas [OCTOAIHHAS, TOrA4a
- Rmig _
f= Ae ; (69}

4 9TO H ecTb 3axkoxH Marcseaaa.

Uncao dv MOJIeKysl B paHHOH eiuHuue 06beMd, y KOTOPHX
caaraiomas CKOPOCTH JIeXHT B Ipejenax Ot # a0 u--du, BH-
pasutca QOpMyJioi

dv=vAe~ """ du. (70}

Ecad MBI NPOMHTErPHpPYEM 5HTO BHPAXeHHWE N0 4 B lipenenax
OT — 00 A0 |00, TO MK NOJACUYHTAEM UHCAO BCEX MOJIEKYJR
B eHHHNE 00beMa, T. €. NOJAYYHM v. IDTO JaeT HAM BO3MOXK-~
fIOCTL ONPEeNEJHTh NOCTOAHHYO A:

v-—-—vAI e "M = vd hm :, (71)

ol Y e (72)

“ Wasectno, 4ro [ e ¥ dx= 1y n; mnoraras B sroit opmyie, uTO

—_

X ~1/ hmu, HailneMm sHpaxende, NPHBEJEHHOE B TeKcTe. B aaabvHedinem no-—
TpeGyIOTCA HHTETPAAL BHAA
+ o

f oM yan gy

anm 03

MH BX MoxeM [OOAYYMTL, [OCICAOBATEALHO AHQdEPeHUHPYA Bbipawenne

+ —_ (
T

f e "M qy :Vm no napamerpy Am. B camom pcae, nepaoe 1nhnpge-

e DD

PeHUHpORANBE naeT
4= na

f g~ e ut du == V’n ‘.3 (hm)— —
nTopoe xndidepeHuposause Jaer
+ 2 {
f e MM yady — 'w ) (hr) ™" u 1

Fead uuterpaa Geperca mewny npegeaamn 0 u oo, T0 HaA0 Oparb nOAQ-
HRHY MOJYYeHHWX Wamu suHaucHnH. TIpuxommurcs Takxe UPH BHUHCNEHHH Cpen-
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Hafizennoe sHaueHwe 4 nosBoJsier OfpPeLeAuTbh 4YHCAO MO-
JexKy/s B endHule 00beMa, 00/ajaloUiux CJA4araioi¥Mu CKOpo-
CTEH, JMEKALKMMH B Opegeaex Oor u 10 u-+du, or © 1o v + dv
# OT @ o w 4 dw.

DTO YUCAO BuIpasUTCA QOpMYJOH:

hi3md 21 e .
dv - e MY gy do dw. (73)

v, W 3

Uneao MOJGKYJ, Y KOTOPBIX CKOpOCTh ¢ =)/ u? 4 o? + w?
JICXHT B NpPELeaaX OT ¢ A0 ¢+ dc He3aBHCHMO OT HANPABJGHHS,
TOJLY IHTCA (puc. 16), ecqn MH 00beM cdepHUECKOro 0%
4nc’de ymuoxnm na vf () f(v) f(w). Mu noayunMm Toraa

BB p
dn, — 4mc?v ]/%’;i e "¢ de. (74)

QO0unuHo Kxpugoit Marcéeasa Ha3HBAIT KPHBYIO, BHpaKAal0-
ULYKOCA YpaBHEHHEM:

y— .L‘.I_”..E 4 '/h’-‘mﬂ ~hme (75)

Kpunan sta (puc. 17) acdMMeTpHYHA; OHA KPyde MOLHHMAETCH
€O CTOPOHH MAJHX 3HAaUeHHH W 3aTeM, HOCTHTHYB MaKCHMyMa,
MenJeHHee OINYyCKaeTcsl B CTOPOHY OOJBUIHX 3HauyeHuid ¢. Q0b-
ACHACTCA T4 ACHMMETPHUHOCTL LPHCYTCTBUHEM B dopmyae (75)
MHOXHTEAA %, KOTOPHH NOSBHACH NOTOMY, 4TO NIPH PaBHBIX d
MB  OTHOCHM MOJIEKyJIbI K I1apOBHM Ca08M 4rnc?de, KOTOpHIE
Ipd Bo3pacraHud ¢ OyAyT pacTd. TOYHO TaK Ke NpH crpeanbe
B LeJb, €CJH Mbl OyleM 4uCJ0 NONaJaHHHE OTHOCHTH K MOJ0CAM
paeHod mupuHH AB, BC, CD u 1. x. (puc. 18), M nmoayuymm
‘CHMMETPHUYHYIO KpPUBYIO ¢ MAKCHMYMOM B O (kpusasa /). Ecau xe
M OyIeM OTHOCHTH YHC/IO NOmAgaHuil X xoasuam 1, 2, 3, 4
H T, A.,, TO HOJYYHATCA ACHMMETpHUHAA KpHBaH 1, nommy 4YTO
upy AB=BC=CD naowasn xoney 1, 2, 3, 4 u 1. 1. Henpe-
PHBHO BO3PACTAIOT.

1
—hma Y . Bee omu  noay-

HHX 3Haqennﬁ Opath BHTErpaibl BH,[I.&J
0

o0

YalTca 43 pasCHCTEA f&'
0

UHpOBaHREM 1O Am. Hanpumep:

1

—hmut = Shm MOCAe/0BATEALHBIM Auddepen-

oo

1 . i
—hmy oa e —Amut 5 [
fe utdu = 9 (hm)z ; JLadee Je ir du == 5 (}Uﬂ)ﬂ .
B
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OTHIIEM CKOPOCTH, NPK KOTOPOHt ¥ B dopmyae (75) noay-
HaeT MAaKCHMajJbHOE 3HayeHue; HAAJeHHA Takum 06pasoM CKO-
pocthk OyAeT HanGoJee BEPOAT-

Has CKOPOCTh; Ha MHTEpBaJ dc, ABCDEFGH
[IpHACraINUi K 9TOH CKOPOCTH,

OyaeT npUXOZUTHLCH HAHOOJB- -

mee YyHCaA0 MoJeKyJa. Hau6o- / \

J€e BEPOATHAA CKOpPOCTH ompe-
JENIUTCA KAK CKOPOCTh, HpH KO-
TOPOH BHpamkenne t= ¢ "™ ¢2
NPHHHMAET MaKCHMAJbHOE 3HA-

2] 314

4

—

{7 N
===SN
e

g
n
Sk
Q,
ol3

9

i . S ———————

Puc. 18.

UeHHE; 3TQO 3HAYE€HHEe HAHLEM H3 YDABHEHUA
dt — humer .. |
o =206 "™ (1 — hmc*y =0, (76}

ExuHcrBeHHHE KODEHb, KOTOPHH COOTBETCTBYET MaKCHMYMY
QyHKUHN, €CTb

¢ = VL: (17)

310 U Oyaer Kauboaee seposamuas cxopocms (puc. 17).
BeegeM B ypaBnenne (75) BMECTO ¢ OTHOLIEHHE :—1=z;
torga dopmyaa (75) npuHuMaeT BHA:

N dz = i/_;t: é 22, (78)‘

3aKOH MaxcBeAna He COAEPIKHT Tenepb MOCTOSHHOW; B HEM He-
3aBHCHUMAas TEpPEMEHHAas BLIPAXKEHAa B BHAE OTHOUICHHA CKOpPOCTH
MOJIEKYJH K ee HanboJee BEeposTHON CKOPOCTH.
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floacunTaem Tenepb cPeoHIO ApUPMEMRLECKYIO CKOPOCTE
¥ TAK HAa3HBAEMYIO CPELHIOI0 KBAAPATHUHYIO0 CkOpocTh, TlO ompe-
JeJeHHIO CPesHss apudpmeTHHeCKas CKOpPOCTh Oynert!:

f cdn,

- ' REmS o hme 2
,::0 . 4]/____ ‘Cdﬂ' hrrxrﬂch_

" T o Vrhm'

Hrax:

- p)

€= —=, 79)

Yy nhm ( }

AHANOrHYHHM COOCOGOM BHIUHC/IACTCH U CPEONsid Keadpamui-
HAA CKOpocms. ITAa CKOPOCTb BXOAHUT, KAK Mbl YBHIHM HHIKE,
B ypasHenus (1), (2) u (3) (rnasa nepsas, § 3).
Hrax:

=, =]

_ = S
c"’mfil]/ h—’fz—[c*e L P (80}

™ = th_
0
Korja Mbl ynpomeHHHM CIOCO00M BRIBOAKIH OCHOBHOE ypaB-

1
Heune pl/ == aa—Nmug, MBl [OJAraJjqH, 410 CKOPOCTh Y BCEX MO-

JEKYJ 04HG B Ta XK€, Opd CTPOroM BLIBOAE ME YBHAHM, 4TO:

BMecTo #° BoHzer ¢* TloacTaBuM BMeCTO 4° naiiieHHOe BHpa-
KEHHe A/ CpejHero 3HaueHust Kpajpara ¢t

3

pV=RT=— Nmc = Nin 5,—

I
=Naws

QTCIOAA IOJAVUHM CAGAYIONHE BAXHBIE CcooTHOMenus. [lpexae
BCETro

me2 3R 3, o |

= =kl (81)
rie k— TaKk Ha3wBaeMmas MOCMOsHHas boabymama, npeicTas-
AA0MAas co00H TrasoByI0 NOCTOSHHYIO R, BBYHCAEHHYIO M5
rPaMM-MOJIEKYAH 4 AeJeHHYIO HA YHCI0 MOJEKY.T B rpaMM-MoJe-
KyJe. KpoMe Toro, Mbl HMeeM:

L

R ;

I1a QOpMy.a4 yCTAHABIUBAET CBA3b HOCTOAHHON A ¢ a6coMoTHOM
TeMIepaTypoll H NOCTOsHHOK DBoapnMana,

[loacunTaem eme OZHY CPENHIOID BEAMYHBY, HIPAIOILLYIO
O4YeHbs OOJBIIYIO POAb B NEJAOM PAAE NPAKTHYECKHX noaCde-

TOB, — CDEJHEE UHCAO MOJAEKYJ] n, KOTOpOe TpoJIeTaeT B OAHY

Jr——

1 Cw npumeuanue k hopmyae (71).
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CTOpOHY Mepes NAOIAAKY B.l ¢, PUCUOJNOKEHHYIO BHYTpH
rasa uJid Ha HOBEpPXHOCTH CTEHKH. IT0 XKe yuCao 7 6yJAeT Bhul-
PAXATH UHCAO MOJICKYJ, JeTAIHX ¢ | cM® CTEHKM BHYTpPb rasa,

DTO UMHCJAO OnpeleaaeTca caenynuum obpasom: GepyT cpea-
HIOI0 CKOPOCTb 0O OAHOH W3 ocell (B ZAHHOM cayuae ock X)
BJIA MOJEKYJ, ABHAYIIUXCA B OZHY CTOPOHY, H YMHOXKAa01 Ha
YHCJIO0 MOJEKY/J B €NHHHOe o6bema (caarawomybe no IPYTHM
OCcAM Mory?T OBITH Kaxkue yrozuo). Ilpouspegenue cpegHeit Cko-
POCTH Ha YHCJOQ MOJEKYyJ B enunuie oObeMa [aeT cpejHee
YHCJI0 MOJEKYJ, NPOXOAANNX yepes eJHHUNY IIOMIAH B OLHOM
HANpPaBACHHH

_ }1-3 3
o=y @ Iy (] J‘ hmwd‘vff’ hmmdwfue et du—-—

hdml% 1T 1 b N ¥
b hm'th_QVm_ 4 - (83)

BerasuM B Beipaxenue (83) sHauenue
dopmyse (82), Torsa uoayuum:

o BLIUHCJACHHOE 11O

n=v) &, (84)

riae M= Nn — MoiexyJapHHIi Bec.

ECaH n yMHOXHM HA m (MACCY MOAGKYJH), TO TIOAYUHM
MACCy MOJIEKYJ TIa3d, €XKeCeKYHIHO yJapAloluXca O Kax i
KBAAPATHBIH CAATHUMETP OOOACUKH, OXBaTHBAlOmEHd ras, wuJad
‘O KBaAPATHHH CAHTHMETP JA10O0T0 TBEPLOro NPEIMEeTa, HAXOLA-
merocs BHyrpu rasa. l[lpurumas BO BHEMaHHE, UYTO MY €CTh
IOTHOCTHL rasa p, MOJAYYUM:

Q—-hmrz_.p]/

9%M (85)

RT

Bocmoab30BaBUIACE YPABHEHHEM COCTORHAN p==p =,

paxeane (85) npaBexem x BuAy:

0=r Y/ 2o o

Hakonen, ecan Mu pasgeaum pupaxende (85) na p, To noJay-
unM O0BEeM rasa, Najaomiero B KaXAYIO cexyHAy Ha 1 cu? nio-
IMALH CTEHKH, HJIH, YTO TO XK€, 06beM rasd, npoxoJdilero B OxHy
CTOPOHRY B 1 cex. yepes a060e CEYEHHE BHYTPH rasa HJA0INAABI

B 17caM®:
o=/ BT (87)

M

MBI Bbhi-
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Bee noayueHnme HaMd Bupaxenns (84), (85), (86) u (87)
MCNOAB3YIOTCA [J51 BHCHEHHS pAld (PH3HKO-XMMHYECKHX I1PO-
neccoB, Iporekawux B rase. Tak, HanpuMep, Korjga B J1aM-
[HOUYKEe HAKAMHRAHHA HMEETCH BOLOPOX, TO HA HAKAJeHHOH HHTH
MOJEKYJa BOAOPOAA pacnagaeTcd HA ATOMbl H NOAYUHBHIHHCSH
TAKHM TYTEM aTOMHEI BOAOPOJ NONAXAET HA CTEHKH JAMMNOUKH
H MOKPHIBAET X CJ0EM B OJHH aTtoM (JaMmna ALOJIKHA CONepKaThb
HACTOJIbKO PA3pEKeHHbill r'as, yToOH CpeaHsaf AJuHa cBOOOAHOTO
nytH Oblsia GoJblne praMerpa Tpy6km). Korpa creHkm TpyGku
IIOKPOIOTCH CJAOEM OJHOATOMHOIO BOAOPOAA, NpPOUECC NOrJOLIE-
HHfl BOAOPONA CTEHKAMH MPEKPAllaercs, TAaK KaK AajbHelliee
MOCTYNJEHHE ATOMHOTQ BOJOPOJAA HA CPABHUTEALHO XOJOIHYIO
CTeHKY Beger K 06pa30BAHUI0 MOJEKYJapHOrO BOLOPOJ&, KOTO-
gﬂﬁ yAaJAeTCsa €O CTEHKH M cefiyac ¥Xe 3aMeINaeTCA aroMaMHu.

akuM 00pa3oM, MAKCHMyM BONOpOJa, MOTJIOUIAKINETroCs CTEH-
KAMH, ONpeneasiercs C/J0eM aroMHOro BOAOPOAA, PABHOMEPHO
NOKPHIBAIOIIAM CTEHKH, ITOT noacuer Ouma nposeped Jlenrmo-
pOM KAK pas ¢ MOMOINLIO NPHBENCHHBIX HAMH (POpPMYJI.

Eciv B coCyn cO CT@HKAMH, IOKPHITBIMH &TOMHEIM BOIODO-
JAOM, BBECTH KHCJIOPOJX, TO B XOJOZHOH saMme uIeT o0pa3oBaHHe
BOJAHOrO napa. Koauuecrso napa ONATH NOACUHMTBIBAETCS TO
npuserenneiM hopmynam, Hakorem, ecau B TpyOKYy, I'le Ha Ha-
Ka/JI€HHOM BOJOCKE MOJAYuaeTCsi aTOMHHHA BOAOPOA, NOMECTHTh
docdop, TO MOXHO nOJAYyuuTe HenocpeacrseHso PH,; uogcuer
KOJHYeCTBa noJayuyaemMore ¢qocdopuctoro BOIOPOAA HURT YK4-
3aHHEM CHOCOOOM.

Hurepecro samMerTHth, uTo 00BEM ¥, BBIUMCACHHHE 110 (oOp-
myae (87), 6yaer nopaska 12 IUTpoB, T. €. B KAXAYIO CEKYHLY
HA KaXARH KBAaAPATHHI CAHTHMETD CTEHKH COCydd nopajaer
CTOJABKO MOJIEKYJ, CKOJBKO COAEpPKHTCH B 12 JIMTpax rasa mpu
JAHIBIX YCJAOBHAX, '

Bee cmenanHbie B HacrosileM naparpade pacueTH OCHOBAHH
Ha 3akoHe MaxkcBesasia. A Kakue y HAc JaHHBIE, YTO STOT 3aKOH
NpaBHALHO H3o0paxaeT TO, YUTO HMEET MECTO Ha caMoM jeqer?

B Hacrosmee BpeMs y HAC MHOI'O CNOco00B IPOBEPKH STOTO
saxoHa. OcTaHOBHMCA Ha OoJsiee TINATEJbHO CHESJAHHBIX ONBITAX
UapTtmana u K°, BHIOAHEHHKX B JaGopaTOpHH npodeccopa J1é6a.

IMpubop mnoctpoen caenymomuMm o6pasom. B alexkTpH4ECKOH
neyxe nomemaercs 4HCTeA BucmyT (O Ha pwc. 19). Tlapn suc-
Myra (Hago 3aMETHTh, uTO Bee H3oGpaxeHHoe Ha puc. 19 Haxo-
JHTCA B OUYE€Hb CHJABHO Pa3peKeHHOM BO3AyXe) B BHAE Y3KOro
Nyuka NPOXOJAT uEpes JABe Y3IKHE INeIH $; M 8§ (MIHpHHY
HIE/MH §3 MOXKHO peryJHpoOBaTh) H MONAAAOT BHYTPh BPAILAIO-
Merocs HuJAHRApa AB B Te MOMEHTH, KOrjAa OTBEpPCTHE §; Ha-
XOAHTCA HA ONHOW HPAMOH € WIEJIAMH §; H S, Ecad 0wl moje-
KyJau Jjeresn ¢ 6eCKOHEYHO GOJALUIONH CKOPOCTBIO, TO OHH HO-
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najgyd Obl B TOUKY A H# NPOTHBOLOJIOMXKHOM KOHNE AHAMETpA,

NpOX0OJAIIero 4Yepes OTBepeTHe 85 OAHAKO NOKAa MOJEKYJa,

JBHKYILAACA, CKAXKEM, CO CKOPOCTBIO #, OPOJETHT PacCTOfHue,
| 2R

paBHoe nuaMerpy 2R, B TeueHHe {==="- cek., mobasg TOuKa

CTEHKH IHJAHHADPA, BPAIAIOUIErQCs cO CKOPOCTBIO X 060pOTOB
B 1 cex., OpoiaeT myTk

4
'n'.R'ﬂn

X=2tRnt, uan x= ”

(88)

TaxuM o6pasoM, MoJekyaa, JABHIKYIIAACH CO CKOPOCTBIO K,.
nonajaeT He B TOUKY A, a B TOUKYy, OTCTOAILYIO0 OTF Hee Ha
PACCTOAHUHE X CAUTHMETPOB, OTJIQKEHHOM [PO-
THB HAaNpaB/JACHHS BpalleHHs UHAHHApPA. Uem
CKOPOCTh MOJIEKYJH O0JBLIE, TEM X MEHBIIE.
Tak kax B mapax BHCMyT4 MEl OygeM HMerhb
OCHOBAHHE OXHJATH MAaKCBEJNJOBCKOTO pac-
npejeaeHnsd CKOpoCcTei, To, OYEBHAHO, MOJe-
KyJbl AOJIXKHBI PacHpene/sHTbCA N0 COrHYTOHR
B Ayry CTeKJsHHON maacTunke (, Yrobn 3a-
Iepiarh MOJEKYJAB BHCMYTd, CTEKJISHIAA
[JIACTHHKA [IpeABapHTEbHO MTOKPHIBAETCH TOH-
KHM CJIOEM BHCMYTa, TIIATEABHO OTOMETpH-
pyercsl H yCTAHABJAMBAGTCA B MHJAHHIPE B HO-
JOXEHHH (7. 3aTem IyCKalOT B XOH JABHIaTeJb
H TPEJKY H 3acTaB/]AI0T Oapbl BHCMyT4 na-
J4Th HNEePHOAMUYECKH UYepe3 OTBEPCTHE S, B TE-
yerHe 10 yacos, BuHYB ILIACTHHKY, ¢ HO-
MOIBIO (POTOMETpa OUPeAeasTIoT, CKOJILKO
BUCMYTa OCEJQ B pasJHyYHBX MeCcTax IJja-
cTHHKH (: B6AH3N A paclioNOKATCA T€ aTOMBI
BHCMYT2, KOTOpHE 00Ja8adH Haubo.biiel
CKOPOCTHID (yeM x MeHblIe, TeéM & 00Jb-
me), MoXHO 3dapaHee pacCYHTaTh, YTO TO-
AYUHTCH TIPH MAKCBEJIOBCKOM paclpeie/]eHHH CKOPOCTEH /4
4TOMOB BHCMYTa HOpH JaHHO# Temneparype. [loayunaocs Be-
JHKOJICIIHOE COBNAACHHE Pe3y.abTATOB OIHITA C TEOPETHYECKHMH
AaHaeiMu, CHCTEMAaTHUYECKHEe OTCTyNIeHUA, HaOA0AaBHInecs B 06-
J4CTH MEJIJIEHHO ABHKYIIHMXCS MOJIEKYJ, OOBACHAIOTCA TEM, UTO,
HECMOTPSl HA CHJABHOC DPA3PEKEHHE, HEKOTOPHIE ATOMH BC@-TAKH
CTAJIKVBAIOTCA C OCTATKAMH TIa3a, TepsAwT IPH 3TOM CBOIO CKO-
POCTh ¥ HONOJHAIOT PRAbl MEAJEHHO JABHXYIUHXCH ATOMOB;
KpOMe 'TOT0, B He60JBIIOM KOJHUECTBE B MOTOKE MPHCYTCTBYIOT
uyacTuukl Big; HAKOHEn, 3aTpyJHEHHE Bbl3HBAET HAKOIJIECHHE MO-
JIEKYJ HA IIRJH S, M ee  3apacraliye” BHCMYTOM, Taxum 06pa-
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30M, 3aMEUEHHbe OTCTYNJIEHHs BUHOJHE OObACHUMb. BO BCAKOM
cayuae 3TH pabOTH ABJAAIOTCH 3AMEYATEAbHEIM NOATBEPXKAEHHEM
OPAaBUABHCCTH 3aKOHA MakcBeaa.

§ 8. JlonoaHuTeabHbie CBeAEHUA O cpelHeil AJHHe
CBOoOOAHOTO NyTH

[NocraeuMm nepen coOOfl BONpPoC, KaK BeJWKa BEPOATHOCTD,
' YTO MOJEKY.JIa OPOJETHT 6€3 CTOJAKHOBEHHS myTh X, T. €. CTOJ-
KHETCS ¢ APYyro#i MoJexkyao#, npogaertes Oes CTOJKHOBEHHA HO
kpaifineii Mepe nyth X. O003HAYHM 3Ty
HCKOMYI) BeposaTHecTh uepesd W (x),
rae W — QyHKIRs, BUI KOTOPOH W O x-
JEXHT ONpPEIeALHHIO,

[locrasnm Tenephb BOOpPOC, KaK BEJAHKA
BEPOATHGCTR, YTO MOJEK Y18 IPOJETHT Ge3
CTOJAKHOBEHUA MNYyTh, N0 KpaihHei Mmepe
PaBHHII X~} d.X. DTy BEPOATHCCTD MblL MO-
HEM NOACUYUTATE, KAK MEl 3TO CEHYAC YBH- Puc. 20.

AHMM, JBOSIKHM cnccobem. Ilpupasngs

HaielHble ABA BHIPAMEHHS A8 OAHOI H TOM XKe BepPOATHOCTH,

Mbl [OJYYHM -YPaBIEHHUE, KOTOPOe MO3BOJMT HAM HAlTH BUA

pynxnun W, JelicTBHTeABHO, BEPOATHOCTD lipo/IeTa 6e3 CTOAKHO-
ow

BeHHs HYTH X -1 dX MOXHO npeacraButs kak W (x) + -—aéi) ax,

ecain Ml JOMycK2eM, Y10 (YHKIUI0O MOXHO DAasJIOXKHThL B P,
W €CIH Mbl OPH STOM DPU3JIOKEHHH OTPAHMYHBAEMCH MEPBHIM
YJeHOM PA3JI0KEeHHS.

Ho sry e BepOSTHUCTbL MOXHO IPEACTABATE KAK BEpOHT-
HOCTb CJIOXHOTO COOGHITHA: BEPOATHCCTE IpoJaeTeTL €3 CTOAKHO-
BEHHSI IIyTh X M BEPOATIIOCTL CEHYAC XKe BCJAes 3a 9THM INPO-
JdeTeTh eue 06e3 CTOJKHOBeHHA nyTh dx. DTH ABa CoOLITHA
MOXHO DPACCMATPHUBATL KAaK HE3aBHCHMEIE, TOTOMY YTO PACIO-
JOXEHHEe MOJeKYJ, ¢ KOTOPHMH AAHHAS MOAEKYJa, NPOJeTao-
mad nyTh X - dX, CTAJKHBAeTCH Ha PA3JHUIIbIX YAaCTAX OYTH
HJAA DPOXOAHT MHMO, MOMHO CUHTATh 32 COORITHH, MeXAy coOoi
He CBs3anHble, DBepoATHOCTE NPOHTH nYTE X NONpEKHEMY
pasHa W (X); BepOSTHOCTDL XK@ NPOHTH 6€3 CTONKHOBEHHSA NMYTh d.X
MOXKHO NOACYHTATL CAEAYIOUM cOpazom.

Paccmorpum nuampapudecknit o6bem rasa ABCD (puc. 20)
¢ NMACIAABIO OCHOBAHHA B 1 em? U BrcoToll dx. B sToM o6neMe
AyCTh 32KJIYaercd vdX MOJEKYJA. ITO UHCIO JOJKHO GHTh
HeBEJHKO, JACCTHTHYTH 9TOTO MOMKHO COOTBETCTBYKOUIHM BhOO-
poM dx ¢ T1eM, uyto6n NPH pPacCMATPUBAHHM OCHOBaHHM: AB
wid C no HANPaBJEHA) HOPMAJAH K HHM MOJIEKYJbl APYT
Apyra ,me sacthaaan“, TloacunraeM cyMmy monepeyHux cege-
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HHH BCex vdX MOJEKYA, TpHyeM Mbl Oyiem GpaThb y MOMeKya
pazgyc BABOE OOJABINE, A Y NPOJETAIOUICH MONEKYJAW O6yneM
Cuntate pasHyc paBHuM 0. Toraa ofmas cymma nonepedsmnix
CeueHHil MoJexkyn Oyper wa?vdx; MJIOLIAAL Ke HA OCHOBAHUH,
KOTOPYIO MOJAEKYJhl ,HE 3aCTHAAOT, OyueT paBHa | — molvdi;
MOSTOMY BEPOATHOCTh, UYTO MNPOJETAONAT MOJAEKYJAa HE CTOJ-
KHercsl, OyNeT paBHA OTHOINEHHIO ,CBOGOAHON® NJACLIAAH KO
Beel maowasu AB, 1. e. ¥k eanrue, Hrtak, BEPOATHOCTE CHAOK-
HOTrO COGBLITHA NPeNCTABAAETCH KaK MPOH3BEICHHE: |

W (x) (1 —no?vdx).. (89)
Cpasuusas (89) ¢ HafifeHHHIM paHee BHIPAXEHHEM, HAXOLHM;

W (x) + E‘%—x"l dx = W (x) — ne?fvdx W (x);

OTCIO A
1 dW (x)
Wi dr dx == — na*vd X, (90}
[Mocre uurerpupoBaHus HOAYYHM: |
W(x)=Ae ™", (91)

Tax KaK NpOXOKAeHHE TIYTH, PABHOIO HYJIO, ABAAETCA COOLI-
THEM LOCTOBEDHEIM, TO, HOJOXHB X=0 u noxaraas W(0)=1,
Haxonum A ==1; oTCloAd NOJNYYae€M OKONYETeNbHYIO (hOpMyJy :

W(x)=e """, (92)

3TO €CThb BEPOSITHOCTh, UTO MOJAEKYJ/Aa MPOJEeTHT 0e3 CTOAKHO-
BeHHs IIyTh, 110 KpaideH Mepe paBHBIH X.

Uro6pl HOACUHTATH CPEAIOI0 mJuHY CcBOGoiHOro npobera,
' ONpeAeauM, KaKoe KOJMUECTBO MOJEKyJ CTaAKuBaeTcs fa Npo-
TAXKENHH dX, npoiiasd panbmie 6e3 CTOJAKHOBEHHst UyTh X. Jlas

9TOrO Had0 U3 v, = vW (x) =ve ™" Bhuects
v, + dv, =y W (x + dx) == ve" ™% (1 — walv dx),

H MH QnDOJYUYHM YHCIO0 MOJEKYJ, LUPOJeTARIHHX ¢ TOYHCCTLI

L0 dx nyTh X:
T dx, (93)

Urobnl uafiti 3Hauenue cpepHero lpofera x==Ai, Haj0O Bbipa-
Hedne (93) yMHOMKHTBL HA X, OpPOHHTerpuposarh or 0 g0 0O H
pasgesurn Ha v, llponesaB ato, HaijgeM:

Tave

1 1
k=m6fze ‘Ao == ~—- (94)

ng2v
(HHTEPPEH BRIYHCAAGTCH METOAOM HHTEUPHPOBAHHA OO YACTAM ).
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DTOT pe3yabTaT COBMIANAET C NOAYUEHHLIM HAMHK panbuie (§ 3).
DTOro H CAEA0BAJNO OXKHMAATh, TAK KAK MK JEJaJH TE XKe CaMHe
yOPOLLAIUIAE TPEANON0KEHHA, KAK H PAHbIIE; HMEHHO Mbl CUH-
Ta/JMH, YTO BCE MOJEKY/Abl HEMOJBHXKHB, KPOMe OJHOH, KOTGPas
JBHKETCH CPeAH BCEX OCTaJbHHX. -

Jasi nac BaKeH NpPOJNEJAHHBLII HAMH HOACYET [OTOMY, UTO
OH J8eT HaM BO3MOMKHOCTh CKa3aTb, Kakas jJoas o6wero yuc/aa
MOJIEKY v NpoieT 0e3 CTOJAKROBEHHA TOT WJIM HHOH OYTh,

B »TOM OTHOLIEHWH DOYUYHTeAbLHa cCJaeaywuas Tabanua, rae
X

— I Y

¢ noMoublo popmynn W=e == * BRIuMC/IeH npoinenT Mo-
JeKyJ, Npoxousiux 6e3 CTONKHOBeHHUsS Pa3JH4HbIe NYTH, Bhpa-
WEeHHHIE B A0OJAAX A.

Ecad Mbl OyCTUM B Ta- o . . i
1 = pCiileHT OT YTk, NPOHACHHEL
KOH pBSPEH(EHHbIH Hﬂp HOTOK BCero 4ucja 6e3 CTOAKHOBEHHA

9J€KTPOHOB, TO BBHLY TOTO, MOJEKY B NOAAX )
UTO CpeAHui npober 34eKTpo-
HUB O4YE€Hb BEJIUK, UHCJIO

CTOJIKHCBEHHH Ha npoTaxe- 99 0,01 &
HHH BCeft AJIHHBI CBETAIEHCH 90 0,1 *
TpyOkH Oyaer Malo H CBe- g%, (1)’(5) ;t
yeHdue He OYyAeT APKHM BBHAY 14 20 A
MAJOr0 UYHCJHA CBeTALIHXCH 1 4,6 %

aTOMOB, B KOTOphHIE yJapPATCSH
3JCeKTPOHL. YTo0w yBEJIH-
YATH 4YRCAO CTOJKHOBEHHH, IpAMEIIUBAKT Kakoi-1ubo Heli-
Tpajablibli ras (HEOH, &proH), aroMbl KOTOpPOT0 OPH STHX
YCAOBHAX CBEUEHHs He MA4I0T H OT KOTOPHX 3JEKTPOHHl OT-
CKAKMBAIOT NmOuyTH €3 [OTEepH CKOPOCTH, Toraa NYyTH 5JeK-
TPOHOB O6Jarozaps YAacrblM CTOJKHOBEHHAM ¢ HeHTPaJbHLIMH
ATOMAMH JaXe B KOPOTKOH TpyOKe OKAMXYTCs JOCTATOUHO JIJIHH-
HLIMH; HA TPOTHKEHHH TAKOTO MJIHHHOTO IMYTH 3JEKTPOH HMeeT
ropasae OoablIe LIAHCOB YJIApHTLCA O MOJIEKYJAY [1apa H BH-
3BaTh B Hell mpouecc cBevenuss, Taxum oO6pas3oM, CAMBIE HIEMEH-
TApHLIE NpeNCTABACHHS KHHETHWECKOH TEeOpHH MAAaiT HAM BO3-
MOXHOCTL 3ar/JfHyTh B T€ HBJAGHHA, HAJ H3YUeHHEM KOTOPHX
cefiyac paborawr ¢usnky xak y nmac 8 CCCP, tak n 3a rpa-
HHIEH.

§ 9. BANAIOT AH CTOJKHOBEHMR MEKIY MOJEKYJIaMH
Ha BeJHYHHY JaBJICHUA ra3a?

[lycrr Ha pacctosguu 2 or Touku O (puc. 21), npoH3BOABHO
BRIODAHHOH Ha CTEHKEe COCyna, 3aKJI0Yaloero Kakoi-au6o ras,
BhIIEJEH TOHKHH CJ0i ra3a TOMMHOE B d2 ¢ MAOLAaAdMH OCHO-
panus AA; u BB, pasuuiMu 1 cx®. Boxpyr rouxn O BHIEIHM
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rakylo ke naomaiky C,D; ¢ nromasbo, Taxxe pasHOH | ca’.
Ilycre pacerosuns O,Cy u OyD, pasrsiorcs nh. Kax Mul BuaeH,
BEPOATHOCTE, YTO MOJEKYJa MPOJETHT 6e3 CTOJKHOBEHHA NYTb,
3AKJAIOUAIOIIMACA B Tpexenax oOT X 0 X-}dx, BeIPaAXaeTCA
dopmyoit me’ve ™" dX waW, UpuHUMAA BO BHUManue ¢Op-
X
dx — 5
myay (94), noayuaem —-e * W OTCIOA3, nojaras X==fA H
dx=\dn, HaxoAHM JAJNS 3TOH BEPOATHOCTH BHIPAKEHUE

-1

e dn. (95)

[lycTh CKOPOCTB, ¢ KOTOPOH ABHXKYTCA MOJEKYJbl (MK B 9TOM
pacCyXAEeHHH NPHHAMAEM, YTO CKOPOCTH Y BCEX MOJEKYA OnHA

Pue. 21. Puc. 22.

H Ta xe), 6yaer u. Torma B 1 CeK. Kamaas MOJEKYJ/a B CpeA-
u 133
HEM HCIBITAET -5~ CTOJKHOBEHHH, a BCe vdz MOJIEKYJa CJOR

dz (ABA,B,) —

iU
vdz ~— | (96)
CTOJKHOBEHHHA.

Teneps mojacuuTaeMm, CKOJABKO M3 atHx (96) MoJeky/a noje-
THT 10 Harnpaejeddio O, T. €. BHYTPH KOHyCa C OTBEPCTHEM .
Tlocrpoum map (puc. 22) ¢ papnycoM, PaBHLIM eAnHHUE. ECas
MBI H3 LEHTpPA NPOBELEM BEKTODH, PaBHHIE eAHHHIE H Mapax-
AeJbHBIE HANPABJACHHAM CKOPOCTEH MOJEKYJ, TO BCA TNOBEPX-
HOCThL IIapa MOKPOETCs PABHOMEPHHMM CJA0EM TOUEK: TOUKH pac-
NpeeasTCa 110 LIAPY PABHOMEPHO, TAK KAK HHKAKHX npeo6.a-
LANMX HaupaBJeHHH AJd CKOPOCTH He cyuiecTByer, Ytobu
Y3HATDb, Y CKOJLKHX MOJEKYA CKopocTy OyAYyT JekaTh B HAmpas-
JEHHAX, 3aKJII0UeHHBIX Mexay % u 8- d¥, HanOo OOBepXHOCTH
mapoeoro nosca BBCC, 1. e, 2xsin ¥ d pasgenants Ha 06iyto
MOBEPXHOCTE 1Iapa 4w. MH noJayuae:

b dd
dn, =02 E (97)

=



Takum 00pa3om, H3 BCEX MOJEKY., CTOAKHYBUIMXCA B cave 4z,
NOJETAT N0 HAMPABJAECHHIO, Jexamemy mexny B u & -+ %, Bcero

u sin 9 4%
vdz: - —5—— MOJeKy; (98)

a4 H3 HUX JOJeTHT A0 cTenkH Cl) TOABKO

vdz L S8 o g, (99)

T8K KaK e " dn ecTb BePOSTHOCTH, UTO MOJEKYJIa NPOHAET NyTh,
AeXalHA B npedenax nh U nh- A dn,

Tenepr nojCyATaeM, CKOJABKO e MOJACKYJ/ NONAajaer HA BCHO
naomwanky Ci0),. Hua atoro Hapo BupaxenHe (99) npouuterpu-
posate no % or 0 go #,:

3
1 ¢ . |
—Q-T! smt}di}zT(l—cosf}l).

z
Ho cos f}ir—mﬁ, MO3TOMY HCKOMOE 4HCJAO MoaekyJa 4NV, nona-
aawmnx Ha creHky C,D);, sripasurca dopmynoit:

ANy = vide L TRZZ o gy, (100)

[loacunraem Teneps CpeaHUN UMOYJ/ILC, COOBIIAEMBIH MOJIEKY -
A0t cTrenke. g Ranpaeaedus # sror uMny/abc Oynetr 2mu cos #;
YHCJAOQ MOJAEKYJ, YIAAPAIONHXCA O CTeHKY, PaBHO:

sin{}df}
5 -

i

v 5 dze "dn

YMHOKHB 3T0 NOCAEZHEE BHpAXKEHHe HA 2mucosd U npouH-
TerpupoBae or 0 go %, MB HalAeM 3Ty CYMMY HMIYJbLCOB,
co06IAaeMy0 CTEHKE MOJeKyjiaMH. Jta cyMMa Oyjier papua:

#
{ *
v {— dze "dnmu j cos 4 sin b di =
0

(nh)2 — 22
2(nh)2 -

OCBOGOIMMCH TENePb OT BCeX HAMOKEHHLIX HAMH OrpaHHYe-
HHH, 8 UMEHHO, YTO PACCTOSIHHE CJIOfA, OTKYJAA JMETAT MOJEKYJH,
paBuo 2, yro O Cy==nk H T. 4., T. €. HAM OPEACTOHT 3aJ84a
NPOHHTEIPHPOBATE Buipakende (101) mo 2 u 10 n. MHTerpupyem
cravasa 1no 2 ot O no nA. llocste HHTErpHPOBAHUA TOJYUHM:

ey 1
R 2(m)e

~

— 0 de e "dn mu

—_—
——

(101)

3 —
e”"dn I_(nl)“ — (E%)—_] — }Tmu?vne “dn.

R



[ %]

Hanee, HHTErpHpy s no nor 0 40 00 ¥ 3aMeyasn, uTo I e "ndn=:1,
. . )
Mbl TOJAYYAeM AJdd# OOILero HMNyJanca, Coo0UIaemMoro CTeHke,

AR OJIA JLaBJEHHS ra3a 3HaKoMoe HaMm cootHollenHe (§ 3)

p = —~vmu’. (102)

B TOJBKO UTO BBIIOJHEHHOM NOJCYETE Mbl CHHTAJIHCHL C TEM,
YTO TOABKO 4HaCTh MOJEKYJ JOJeTaeT A0 CTeHKr 0e3 CTOJIKHO-
BeHHMs, H TEM He MeHee [OJYUHJIA NpPEeXHHH peadyJapTar. ITO
JOKA3LIBAeT, YTO B3AHMHHE CTOJNKHOBEHHUA MOJEKYJ
HE BAHUAIOT HA BeJHUYHHY JAaBAEHHATra3a Ha CTEHKY.

§ 10. BoiBOA BeMMYMHBI JABJAEHHs! rasa Ha CTEHKY COCyja,
npeAJoOXeHHbA boJabumaHom .

I3 aak/iouenne 9TOH IJaBbl Mbl, BLiBeas Ty xe Gopmyay (102)
no merony Doabimana, nokaxem, 4TO BTOT pe3yJakTaT He 3a-
BUCHT OT pacnpeney€Husg CKOopocTel
MEKILY MOJEKYJaMH.

[TpencraBpM  cebe  HEKOTOPLIH
o6beM raza A (puc. 23); BHAETHM
HA CTEHKe CCCyJAa IJIoWaAKy de.
Ocp X HAnpaBuM neprueHIHKY/IAPHO
stoi maomaaxe. Ilycrs A umeer
o6beM, pasHbifl €IHHHLE, H CO-
AepxuT v Moaekya. [Honyctim,
Puc. 23. YTO H3 3TOTO YHCJIA v MOJIEKYA Y HAC

GynyT:

vy MOJIEKYJ CO CKOPOCTBIO ¢ (§1, 7y %)

‘JH » » » CE( 2y 732! r“:ﬂ)

_VH " 1 1 CB (E:h TJB? Ed)

H T, A.,; HPUYEM IOHATHO: v==v; + vg-+ vy~ ... Hasosem atn
MOJIEKYJIBl MOJEKYJAaMH NepBolf, BTOpod H T. K. Fpyni.
[ToacunTaeM YHCIO MOJEKYJD TEpPBOH rpyNiuh, [IONAJANQIIHX
3a Bpemda df Ha Oaowaiky de. Slcno, 4ro BCe MOJEKYJH NepBOH
rpynnbl, 34K/JIOUEHHbIE B UHAHHApe O6nema dofdf, 3a BpeMa
df MonaayT HA CTEHKY; OHH BCE ABHXKYTCH CO CKOPOCTBIO Cy,
napaaaenbHo O0pasyomei HHIARLpa, a df MOXHO BHOpaTh Ha-
CTOARKO MajAbM, UTOOH CAEAATH YHCAO CTOJNKHOBEHHH B npene-
JAax STOrO IHAHBAPA HUYTOXKHO MaJbiM. YHCHO0 STHX MOJEKYJ
neppoil rpynne Oyaer vdof, df. Ecan cocrosinne rasa CTalHo-
HapHO, TO B J06G0# sJeMeHT BpeMeHnd df MH MOLYYRM TO Xe
YHCAO CTOJAKHOBEHHH# co crenxoii, [loatoMy uHCHO MOAEKVJ
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NepBoi TIpynmsl, HONAJAWUIMX HA CT@HKY de¢ B eNMHMLY Bpe-
MEHH, Oyner v dof;, a COOGWEHHKIT HMH HMIOYALC PABEH QmEfvldﬁ,
Cuaa, npuaoxeHHas ¥ d¢, 6yaeT papHa

p=2% mvE ds,
a JAaBJCHHE
p==2Y mvk . (103)

3aech CyMMd paclpoCTPaHAeTCss HA Te TPYNObl MOJAEKYJ, KOTO-
puie JeTsaT K nroliaake de. Ecanm Mbl yeaosuMmea cyMmy pac-
MPOCTPAHATL HA BCE IPYNNH, TO HaA0 OYAST pasie]urh Buipa-
#wenue (103) wa aBa, TAK K&K B uucae BCeX BOOGINE Ipynm
MOJIEKYJ vy, V4, Y3, ... BBHAY OTCYTCTBHA NpecO1aialQliux HA-
npasJeHHi 6yaeT CTOJALKO Xe Tpyni MOAEKYJ, JAeTAUIHX B CTO-
pOHY do, XaKk W B OODATHYIO CTOPOHY, a4 STH NOCJAEIHHE MOJE-
Kyl He MPOH3BEAYT LaBJEeHHA HA CTeHKY. Mrak:

p= Y mvk = m. (104)

2 2 ‘ 2
Jlasee, raK KaK ¢, ==& -+ 4, -5, TO, B3AB CpeAtiee 3HA-
YyeHHe, NnoayuuM ¢° = 3§* = I = 3{?; BBUAY OTCYTCTBHA KAKHX-
au6o mpeobaapaommux HanpasaeHnh & =n?=7_% otkysa =

== 38 == 393 == 3(% TlpuHAB BO BHMMAHHe 5TH DABEHCTBA, Mbl
noayuuM u3 dopmyan (104):

p =5 vmc (105)

Mrak, B BhIpaXKeHHe AJA JAaBJACHHAA 434 BXOALUT CpeAHss
KBAJAPATHUHAS CKOPOCTb; 5TOT pE3yJabTAT, K&K MH BHIHM, He
3@BHUCHT OT TOI'0, K&K pacOpeneasiioTess CKOPOCTH MEXAY MoJe-
kyJaami, BOT noueMy M U NOJYYHJH NOpH IrpyObIX NOACUETAX
NPABHJALHBIA pPe3yabTAT AaXe B TOM CAy4Yde, KOrA8 CYHTAJH,
YTO CKOPOCTH BCEX MOJEKYJ QAHHAKOBHI MO BEJHUHHE,



Farama TtperLs

OCHOBHOE YPABHEHUE KHHETUYECKOW TEOPUH
N BOJIEE NETAJBHOE U3YYEHHE
GYHKUUU PACNPEAEJEHHSI CKOPOCTEN

§ 11. BbiBOA OCHOBHOIO ypaBHeHHS

[MepexoinM K OAHOMY H3 BaXHEHIIHX BONPOCOB KHHETHYE-
CKOH TEOPHH-—K BHBOJLY OCHOBHOTO YPABHEHHS KUHETHYECKOI
TEOPHH, PENIEHHEM KOTOPOro aABAfeTCA BhYHKIUS pacupee/eHus
CKopocTeil, Hano 3aMeTHTh, 4TO MAKCBEJ/IJIOBCKOE pacnpeieneHue
AB/JAETCA TOJbKO UACTHRIM CJAy4YaeM, HMEIOUIHM MeCTO TOrjaa,
KOTJA ra3s HAXOJAHTCA B CTAIIHOHAPHOM COCTOSIHHH H KOTJa B rase
HET NepeCceKaloliHX €ro NOTOKOB TelJId HAH ABHXEHWH — CTPYH,
B KOTOPbIX IPHHHMAIOT Yyu4acTHe 060Jee HJAH MEHee 3HAYHTEJL-
HhHIE Maccol. rasa. B cayuae HaauwuMsa B rdse nNOTOKOB TenJa,
cTpy#t u T. A. B0 H3BECTHOH CTENEHH OYAYT BLIASAATHCA HEKO-
TOpEIE OCOOeHHLIE HANPABJCHHS H CPEeNHHA CKOPOCIh Ne BO BCEX
HapasJeHpsix Oyaer OAHIAKOBA. MH NPHCTyN4eM K BBIBOAY
TAKOr0 YpPaBHEHH#, KOTOPOE JOJJIKHO HaM J4Th (QYHKNHK pAaC-
apeJeJeHNss CKOpOCTel /I CAMBIX pAasHOOOPA3HBIX CAyuaes;
KAK YACTHBIHA CAy4Yal MH [10JyudM H pacnpeaencenue Maxcsenana.
YpaBHEHHE, K BHBOAY KOTOPOro MH npucrynaem, Oblio JaHO
BoasuManom B 1872 rony, npuueM 6HJA maH CKOpee HE CAMHIH
BLIBOJ, €0, 4 TOJbLKO YKAa3aH NYyTh, CJIEAYH KOTOPOMY MOXHO
IOJY4YnuTh 3TO ypPaBHEHHE,

PaccMOTpHM rpyniny MOJMEKYJ, YAOBAECTBOPAIOULYIO CAELYIO-
LUIHM YCJOBHAM. |

YcaoBue A: KOOpAUHATH BCEX MOJEKYJ JEKAT B TPAHA-
nax Mexay X u X--dx; yu y-+dy;, 3 n z-+dz, Kopoue-
MOJIEKYJIBN HAXOASATCH BHYTpd napanaenenunena dxdydez ==d-,
OJlHA M3 BEPUIHH KOTOPOI'O HAXOAHTCH B TOuke (X, ¥, ).

Yenopue B: CKOpOCTH paCCMAaTPHBAEMHIX MOJEKYJ JICIKAT
8 rpannuax Mexay &t w E-+a8 nun-tdy; {un {440 Ecowm
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Mbl DNOCTPOHM J[AHATPAMMY CKOpPOCTefl (NpPOCTpPaHCTBO & 7 H G),
TO B 9TOH JWarpaMMe BCE€ MOJEKYJAH AAHHOH Tpynnn 3afiMyT
obnacts dfdndl=doe, npuueM oaHA H3 BepmIHH OGYAET HMETH
B 2TOM OPOCTPAHCTBE KOOPAUHATH §, %, & HHCI0 MOJAEKY.T 3TOH
rpynIsl MOXMHO BHIPA3UTL CAEAYIOIHAM OOGPA30M:
ﬁﬂvf(x, Vv, 2, 6 n & f)dxdydzdtdydl=vfdodr. (106)
3aech v— uuCaI0 MOJEKYJ B €RHHHIE 00beMa, KOTOPOEe MOMKET
#3MEHATLCA OT TOYKH K TOYKEe M, KPOME TOro, NpPH HEYCTaHO-
BMBIIHXCA COCTOSIHHAAX MOMKET 3aBHCETh OT BpeMeHH. PyHKuua f
€CcTb HCKOMAA (QyHKIUA pacnpejenends. Bmecro f MH MOXeM
3a HCKOMYI0 (YHKIHKI CUHTaTbh vf,

Uepes npoMexyTOK BpeMeHH df YHCIO MOJAEKYJA, YAOBJE-
TBOpAOINX ycaoBuaM (A) u (B), BooOme H3IMEHHTCH; HOBOE
YHCAO MOJIEKYJA TPYNOH MH MOXEM BHPA3HTH QOPMYJOii:

dvi=vf(x, v, 2, 5 v L t4d)ydxdydzdidndl. (107)

Torga H3mMeHeHHE B UHC/AE MOJEKYJ JAaHHOW TPYINIL BHpA-
3HTCH TaK:
d

doy — dv="C0 dt do ds. (108)

d

JTO H3IME@HEHHE MOXET NPOH30HTH OT TPEeX Hg)ﬂ‘-IHH; npexme
BC eTr 0 MOJEKYJAH, COXPaHsisd CBOH CKOPOCTH, O.1aT0AAPS CBOEMY
ABHXEHHUIO MOI'YT BHIUTH H3 9J1€MeHTAa 00BbeMa dt; B TO Ke BpeMs
APyI'HEe MOJEKYJAH, 00/4/a0IlHe CKOPOCTAMH, YAOBJIETBOPSIO-
HEMH ycaosuo (B), Moryr siaetrets B aaeMmenr dr. 3TO — nep-
Basg NPHYHHA HaMeHeHus yHcad vf de dr.

Bropasa npHuHHa H3MEHEHHA COCTOHT B TOM, YTO HAa.
MOJIEKY/ILl MOXET NeHCTBOBATH BHELIHEE NoJe, KOTOpPOEe H3Me-
HAET CKOPOCTH ABHKEHHA Mojaeky., [103ToMy MOJeKyJ/abl, HAXO-
Jam@ecs B aJaeMedTe ofbeMa di, HO HE YJOBJAECTBOPAIOIIHE
ycaoBuio (B), MoryTt noa BausHEeM HOJAS NOAYYHTE CKOPOCTH,
COOTBETCTBYIOIHE YyCcA0BHIO (B); TOWHO 18K e HEKOTOpLIE Hi
MOJIGKYJI, KOTOpble YACBACTBOPSAH ycaoBH10 (B), Bcaencrsue
H3MEHEHHsl CKOPOCTH MOTYT UEpecTaTb YAOBJAECTBOPATEL 9TOMY
yca0BH0. Bor — BTOpasa npuuMHa HaMeHeHus upcaa vf de dr.

HakoHen, TpeThss NPpHYHHA H3MEHEHHA — 5TO B3aHMHDIE
CTOJKHOBEHHS MOJEKYJ, NPH KOTOPHIX CKOPOCTH CTAJKHBAaN)-
IUXCS MOJEKYJ Pe3KO H3MeHSIOTCA. Beaeacrtene aTux H3MeHe-
HU# CKOPOCTH MOJEKYJ, A0 CTOJKHOBEHMA YAOBJIETBOPABIIHE
ycaoBrio (B), mocie CTOJNKHOBEHHA MEPeCTaHyT YAOBJIETBOPATH
3TOMY YCJIOBHIO, ¥ 3TH MOJEKYJB BHHAYT H3 COCTaBa AaHHOH
Irpynnnl; HO MOXeT ObTh W OOpaTHBIA CAydai, KOTAA MOJEKYIA,
KOTOpas HaxogujJach B HAaHHOM s/JeMeHTe 00Beéma dt, HO HMeJa
CKOpOCTh, HE COOTBETCTBYIOHIYIO ycaoBHi0 (B), mocae cToskuo-
BeHHA B o6beme dt MOTJA NMOJAYYHTH CKOPOCTB, VAOBJIETBOPHAIO-
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Ly ycaoBuio (B); Takas MOJAEKYy.a BOHLET B COCTaB paccma-

TPHBAa€MOil rpynnme. PaccMoTpeM HOCAENOBATEABHO 8TH TPH.
H3MeHeHHna uncaa vfdo dr.

[Tocrpoum mnapaaaexennnes dxdydz (puc. 24). Ha rpanm

ABCD nocrponm napannenenunefs c pe6pom (8df, ndt, Ldt).

$IcHO, uTO BCE MOJIEKYJH, YXO-

AN BJICTBOpAOIIHE YCI0BHIO (B) »

|

A S s

AN
PN
I

\ 34KJAIOUEHHEIE B [DapasieJeny-
nene dydzEidf, sa Bpema dt
N BOUAYT B napaaJdenaennnes,.
{ dxdydz=dr, a 4YHACIO TAKHX
|19z monekyax Oyaer vfdodydzidt.
! Uukcao MoJeKy, HPOXOnxs-
A A IEX TAKAM Ke OGpasoM uepes
- \»_..W_L’i___f c pais EFGH, 1. e. BHXOZAIHX
N N M3 napasesendnesa 3a BpeMs
N e Y dt, 6ymer (vf) dedydztdt.
A o H IMox (vf) Mm mnoppasyme-

BaeM 3HayYeHHe DYHKUOHH vf D%
Puc. 24. KOOpPAHHATH X, UPUHABIIEH 3HA-

ueHue x--dx, T. e. OpH uepe-
xone B3 A B H. Pa3narag Qysxkumio (vf)' B pan 10 cTeneHaM dx,

Mpl poayanm  (vf) = (vf) 4 i%fliix. [ToaroMy H3GHITOK yHCaA®

MOJIEKYJ, BolleXmIHX B dt, HAN YHCIOM BHIIELMHX MOJEKYJE
BLIDA3HTCS Tak:

sqfdmdydsdt—-[vf+?-%§-dx]sdmdyda dt =

0
o e § glﬂ dw drx dt. (109)

AHAJOCHYHHM NOYTEM HOAYyYHM OaJanc BOWEAIIHX H BHIIEAIIHX
MOJIEKYJ JJ5 OCTaJBLHBIX JBYX nap TPAHEH HAaulero napajaene-
1 (S EH

Hrak, H3Menenne, o0ycaAOBACHHOE [IePBOH NPUUHHON, BhIpa-
3UTCA;

X8
|
(
|
!
|
l
[

I
|
I
{
i

mdtdtdm<E£—+n%+ﬁ%—)vf. (110)

[Mepexoanm KO BTOPOH TUPUYHHE H3MeHeHHRA uncaa vf divdo,
Hannmem ypaBHeHHE JBWKEHHA MOJEKY/LI, HJH, TOUHeeE, Ipo-
eKIIHH BTOTO ABHKEHHA Ha KAKYIO-AHGO OChb:

ds
Ho
Peo=.mkX, (112}

ol



rAe X — Claraou@s HanpsxeHHOCTH [oJH, PACCUHTAHHAA Ha
©JIHHUILY Macch MOJeKkyaw. Bcrtasus seipaxedue (111) B dop-
myay (112), My naxopum:

di

‘E_' ’
QTKYJa:

di = X dt. (113)

Hrak, non aeficteveM 1048 CAATAIOIHE CKOPOCTEH U3MEHAKTCA
Ha Xdt, Ydt u Zdt. TloctpouM No aHAJAOTHH C 9JeMEHTOM dt
saeMenT de==didvndl B npocrpancrse £, % Hu L [loBropsas
Te Ke pacCyXMeHHs, YTO U IpH BHBOAe BHpaxeHds (110), mu
NOJYYUM [JJ5i H3MEHEHHs1 4Hc/aa Moaexkya vfdedr caemyiomee
‘BHPaXeHHe, BOOJHE aHajJorgunoe pejmunne (110), nMmeHuo!

Mwmm%ﬁ%+%%+z%%ﬁ (114)

[MepexoauM K TpeTbeill IpUUYMHE, BHI3LBAIOUIEH H3IMCHEHHC
guena vf de dt, o6yCcHOBJAEGHHOH B3aHMHBIMH CTOJKHOBEHUAMH
MoAekya. HHCa0 CTOAKHOBEHHH MOJAEKyJ paccMaTpuBaemoii
rpynnsl OyJeT IMpPONOPUHOHAJALHO YHCAY MOJEKYA B rpynie
vf dodt, TaKk KAK B CpeiHEM 33 eIMHHLY BpPEeMEHM Kaxaas MO-
JIieKyJd CTAaJIKHBAETCA OAHHAKOBOE UMC/I0 pa3d; KpoMme TOTO, YHCAO
CTONKHOBeHUH 3a BpeMms df Oyner mponopuuonanbso df. Hrak,
YHUC/JI0 CTOJAKHOBEHHH paccMaTpuBaeMof Ipynne MOJeKyJ/ 3a
Bpemsi df MOXKeT OHTh BHpaXXeHo (PopMyJtoii:

adodrdt. (113)

Tax xkax 1npu KaxaA0M CTOJKHOBEHHH CKODOCTH TaK PE3Ko Me-
HSAOTCA, YTO NOJYYEHHBIE MQJAEKYJAOH MOCAE CTOJIKHOBEHHS CKO-
POCTH BO BCAKOM Cayuae He Y/IOBJAETBOPSIOT ycaoBHiO (B), To
Bupaxenue (115) mokaseiBaer, CKOALKO MOJEKYJ H3 UHCJAA
vfdedt 3a BpeMst df nepecraer yAOBJAETROPATL ycJaoBHWO (B)
HAAT0AAPA CTOAKHOBECHHAM.

(0603H3YUM TeNeph uepes

b dt do ds (116)

YHCAO TAKHX CTOJAKHOBEHHH 3a BpeMsa df, NpH KOTOPHX oAHa
#3 CTAJKHBAIONIAXCA MOJEKyJ, HAXOoAsdch BHYTpu o00beMa dfr,
fIONYYHT CKOPOCTh, YAOBAETBOPAWULYI0 yca0Bui0 (B). o croa-
KHOBEHHA OHAa HMeJa HHYI CKOpOCTh, HE YIOBJETBOPAKULYIO
yciaosuo (B).

Ha dopmyawt (116) BHTEKaeT, UTO YHCAO CTOJKHOBEHHH, IIe-
PEeBOAALIHX MOJEKYJAE 060beMa dt B rPpyniny MOJEKYJ, YAOBIAETBO-
paomux ycaosuio (B), nponopunoHaabro dwdrs; B JaAbHEALIEM
MH  YBHIHM, YTO TaK4d MPOHOPIKOHANBHOCTL AEHCTBHTENBHO
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cyuiecTsyer. B pesyaprare KaxAOro H3 STHX CTO/JIKHOBEHHMR
JHCIO MOJEKYJ paccMaTpHBaeMoil rpynnb vf de dv yBeJHUYHTCH
HA eJMHHILy, TaK K€ KAaK B pe3y/]bTaTe KaXJOro H3 CTOJKHO-
geaud (115) 9TO UMCAO YMEHBUIHTCH Ha elunMny. lrak, npu-
paBHuBag Buipamende (108) cymme suipaxenuii (110) u (114) »
pasgocTn BHpaxenu#t (115) u (116), Mp nmoaydaeM ypaBHeHHe:

D qudrdt =— (55 +1 g5+ oz ) of dodedt —
d d ey d
— (X E+ Y_E'ﬁ e Zd—c)vfdm drdt + (b-—a)dodedt. (117}

DT0 H eCTh OCHOBHOE YPABHEHIE KUHeMu4ecKol meopuu,
puBenennoe BoabuManom eme B 1872 roay. OaHako AJAd TOro
4TEeGH MOXKHO OHJIO NOJBL30BATLCS HTUM YPABHEHHEM, HeoOXo-
IMMO BHIpa3uTh b ¥ @ kak GyHKUHH (vf), uTo U Oyler COCTaB-
AATh HAmy OJRKaillyio 3ajnauvy.

§ 12. Onpenenenye yucaa CTOJIKHOBEHHHA

[IpeanosoxuM, 4TO MOJIEKY.IH NpPEACTABASIOT CO60H ympy-
rue mMapel (Ml YBHIHM, 4TO 5TO NPEJIOJI0KEHAE ABJIAECTCH OLHHM
H3 BO3MOXKHRIX), 4 NYCTL JHAMETP WX pased ¢. Pacemorpum
CHAua)a ABE TPylUNEl MOJIEKYJA; MYCls 00€ rpymibl yIOBJAETBO-
paior ycaoedio (A), T. e. ofe rpyunsl HaXOJATCA B BJeMEHTe
o6bema dr. llycrs, Aanee, nepsas rpynina Moaexkys yJIOBICTBO-
paer ycaosuio (B), T. e. CKOPOCTH MOJIEKYJ 3TOH Ipynibl HMEoT
cJaarajonide, Jexanue p npejgeaax ot & 1o &€+ 4t u 1. 1. Hucno
MOJEKYJ 3TOH rpyuns GyneM Honpe:xHeMy 0003HAYATE

vfdw dr,

CKOpPOCTH MOJIEKYJl BTOPOH FpyNNu n0yC¢Tb YIOBJAETBOPSIOT
yeaoBao (By), T. €. cjaaraomige CKOpOCTeH Jexar B [penenax
S, uE +di o uoy Fdyy; Gu G dS. Uacro Moaekya aTod
'PYINB 0003HAYAM 4depes

vfdo, dr. (118)

LA BhiicHeHHS YHC/aIA CTOJAKHOBEHHH Mbl MOXEM NOCTYIHThH
TAK, KAK MBl 9TO YyX€ Jeiald paHpiue, 4 HMEHHO: NpeicTaBHM
cefe, UTO MOJEKYJH Nepsofl Ipylnsl UMEKT AHAMETP, PABHLIA
20, a MOJIeKYJH BTOPOH rpynns MH OyJem paccMATPHBATHL Kak
TQukH. CTOJKHOBEHHE NpOH30#AeT TOr/Aa, KOrja oJHa u3 TOUYEK,
H3006paxkAWHUX MOJEKYJAY BTOPOH IpyIanl, nolajeTr Ha MOBEpX-
HOCTEL IlHapa ABOHHOrO auaMmerpa (IlepBOH rpynnksl), TAK KaK
TOTJAa PACCTOAHHE MEXJAY IEHTPAMH CTAJKHBAIONIHXCA MOJEKYJ
Gyner o, T. e. 6yueT PABHO THAMETPY, KdK 5TO H JOMKHO OHThL
B MOMEHT CTOJKHOBEHWA JABYX MOJEKYJ C [AUaMeTpPAMH, PaB-
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Homu o, OAHAKO Mbl CHAYa/dd OyuaeM PpaccMATPHBATL He Jloboe
CTOAKHOBEHHE MCHKJY YKa3aHHLIMH ABYMS TDYNImaMd MOJEKyJ.,
a TOJBKQO TAKHE CTOJAKHOBEIHS, NDPH KOTOPHIX JAMHUA LHEHTPOB
o0pasyer ¢ OCAMH KOODJAHMIIAT YIJAbl, KOCHHYCLI KOTOPHX ¢ TOY-
HOCThIO A0 OCCKOHEYHO MaJhiX BEeJMYHH pasHu [, m u n (puc, 25)
(zanpasJjenne OyJAeéM OTCYHTHIBATL OT MOJEKYJ NEePBOH Ipynmh
K MOJIEKYJe BTODPOH Ipyninht),

IToctpouM BOKpyr HanpasleHus [, m, n HAa NOBePXHOCTH
nrapa paguyca o, CBA3AHHOIO € MOJeKyJoH nepBOH rpynmw,
nromanky o°dy, rae dy— renecHH yroa (6€CKOHEUHO MaJiui),
OXBATLIBAOWMA HanpasjaeHne [, m, n. Ecau TOuka, u306paxan-
mas IeHTP MOJIEKYJAbl BTOPOH TI'pynns, MONaier Ha 5Ty MLIO-
mAIKy, TO NIPOH30HAET CTOJK-
HOBEHHE HMEHHO TOI'0 THNA,
KAKO@ Mbl HILEM, TaK KaK JH-
HHA LeHTPOB OYLET HMEThH Tpe-
6yemoe nanpasJaeuue f, m, n.

[lyets o (A, @, v)— Hampa-
BJICHHE OTHOCHTE/JLHOH CKO-
pocTH Kaxo#-aub0 H3 MoJe-
KyJ BTOpPOH Ipynmnsl Mo OTHO-
WIeHHI0 K KaxkoH-1HGO MoJe- Puc. 25.

Kyae nepsoi rpynan. Ilycrs

yIJIoM MexAay npaAMoMH [, m, n wu A, w, v Oyaetr 6; rtoraa,
IPHHMMASA BO BHHMAHHE HANMPAB/JICHHA STHX MOPAMHX, GyjgeMm
HMETh!

L,mn

cos fl = — (I\ 4 myp + nv). (119)

[locTpouM Ha naomanxe ¢*dy HakIOHHLIA LMAHHAP C 06pasyio-
wel vdf, OfbeMm storo umauuipa 6yaer o?div dfcosb. SlcHo,
9TO TaK KaK Kaxaas MOJEKyJ/ida BTOPOH TIPYUIH JABHXKETCA CO
CKOPQOCTBI) T OTHOCHTEJAbLHO MOJEKYJ IepBOH TIPVYIINHE, TO BCE
MOJEKYJ/ILl BTOPOH I'pynne, HAXOJAIHecs BHYTPH $TOTO IH-
JHHAPA, 38 BpeMA df CTOJAKHYTCA C MOJEKYJ0# NepBOH Ipymnisl
(Tak xax OHH MPOHAYT 32 BpeMs df NyTb, PABHHIYN UM MEHBLUIHH
obpasyromell MHIHHAPA 'vdg).

Hro6e NOACYHTATL BCE CTOJKHOBEHHA OIPeLe/eHHOro THIA,
T. €. T2KHe, IPH KOTOPLIX OJHH K3 NapTHEPOB VJOBJETBOPAET
yeaosusm (A) w (B), apyroii — yenopuam (A) u (B,) # JaHHHA
UEHTPOB HMCET BHIOPAHHOE HaMW NAalpaBjeHue, HaAO HA Beex
vf do dv MOJeKy/IaX NOCTPONTL UMAMHAPL o°dbvdicosd B no-
CMUTPeTh, CKOJbKO B STHX LUJAHHApaX GY/LeT MOJEKyJ BTOpOH
rpyniel. O6mmit o6beM BCeX HUAHHIPOB PABEH:

vof de dte® dd v dt cos . (120)
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Jajee, eCaid MH IIPEANOJOMUM, 4TO MOJEKYJ BTOPOA I'pyldOH
Ha JIO6YI0 efHHMly ofbema mpHxoautcs vf; do;, 10 B 06DbeMe
(120) moaexya Bropoil rpyman Gyner:

v vf, dw do, de* di cos B v dt, (121)

a crajo ObiTh, CTOABLKO Ke OyjJeT W CTOJAKHOBEHH{I OlIpeneneH-
HOTO THMA,

OAHAKO BTO pPAacCCyKIEHHE, ONPABALIBAINEE YMHOMXEHHE
vf; do; HA Buipaxenwe (120), BOoBCE He Tak OYeBHIHO. KputHKe
3aKOHHOCTH TAKOr0 YMHOXEHHA NOCBALLCHA IpOMajHas JHTepa-
rypa. [lpeanmonoxende, no3soaamee ¢aeaarb TAKOM 1mar, HO-
CHT HA3BAHHUE NPeONONONCEHNT O MONEKYARPHOM Xaoce. OCHO-
BLIBASICH HA 3TOM NPENNOJNOMEHHH, MbI- CUHHTAEM, YTO MOJIEKY/JIH
BBHAY OTCYTCTBHH KAaKOTO-JAH00 ONpeAeJNeHHOrO  IOpsAiKa
B CpeglHeM pacnpeaesyeHb pPaBHOMEpPHO. A 3TO
UPEANOJAraeT, 4To B3aHMOLEHCTBUAMH MOJEKYJ MOXHO INpeHe-
Opeyb ¥ 4YTO lIAAHUYHE KAKOH-11060 MOJCKYJH B AaHIIOM MECTe
He BJaeuer 34 co6ofi BBHAY BO3MOXUBLIX B3aWMHHX NPHTAXKEHHH
MEXJY MOJeKyJaMu OOJblUIel BEpPOATHOCTH HAX0XKIEHHA OKOJO
Hee ApYyroid mojexy.au. [losroMmy Beipamenne (121) Hapo cud-
‘TATh NPABHJBHLIM NOCTOJAbBKY, I1OCKOJALKY MH MOXEM HE IIpH-
HHMAarh B pPaCyeT B3aUMHLIX NPHTIKEHHH MeXALY MOJeKY./JIaMH.

Ecan mb sripaxenune (121) npounrerpupyeMm no di u do;=
== &, dv, dCy, TO MH TEM CAMBIM lIQJICUHTAEM YHCIO BCEX CTOJK-
HOBEHHH MOJIeKy/ NepBOi rpynnu ¢ JA000H APYrol MOJIEKY A0
H npd aA060M HanpapJAeHuH JHHWKM [OEHTPOB. MH MoJy4yuMm Toraa
Haure uucao adedcdt. W3 Bupawxenust (121) Mu BuguM, YTO
YHCAIO HCKOMBIX CTOJKHOBEHUN N efiCTBHT@NARHO NPONOPIHOHANBHO
dodr. OaHako MH He 6yaeM BHIOJHATHL TOAbKO HTO YKa38HHBIX
pacyeTos, a 3aiMeMCs H3yU€HHEM H3MEHEHHH CKOPOCTEH IpH
CTQAKHOBEIHAX ¢ TeM, 4TOOH IIQIQHTH K BONPOCY O TMOACYETe
CTOJKHOBEHHH TakK lasuBaeMoro ,00pardoro THna“, T. €. CToJK-
HOBEHHH, NPH KOTOPHX IOCAE CTOJAKHOBEHHA OJind H3 MOAEKYJ,
YYacTBYIOUIHX B 5TOM CTOJKHOBEHHH, OyIer ylOBJETBOPATH
yeaosuio (B).

§ 13. Kak H3MeHs0TCca CKOPOCTH NPH CTOJKHOBEHHAX

[TyeTh A0 CTOJKHOBEHHH CKOPOCTH MOJIEKYJ NEPBOH H BTO-
poii rpynn H3o6paxainTca Bextopamu ¢ u ¢, (OA u OB nua
pac, 26). Otpeaox AB, cuyuras HanpasjaerdHe ero ot A k B,
mpeiCTaBaAsieT co60il CKOPOCTh MOJEKYJAH BTOPOH FPYIIIs MO
OTHOIIEHHI) K MOJEKyJe neppod rpylnnu. IJTO BHAHO H3 CJe-
AYIOIHX Coobpaxenuii: mpubaBEM K MoJaexyaaM O6GEHX rpynn
CKOPOCTH — ¢, TOTAA MOJeKyJaa neppoi 0yaer UMETh CKOPOCTH,
pasayie 0, a MoJexyJaa BTOpPoOft rpyNmnh — reOMETPHYECKYIO
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CYyMMY € H —¢, T. €. V. Pagneaum v==AB nononam (rouxa g).
I[lokaxem, uro Og eCThb BeIHMYUNA CKOPOCTH OOUIErO MEHTPA
TAMECTH 06edX MOJeKy./1. [118 8TOro COpoekTHpyeMm Touku A,
B ¥ g Ha nanpabiaesde X, Tak kax Bg==gA, 1o §{,—8§ =
=& —§, HIH

€11
B —2"— . (122)
Hanee, TaKk KaK KOOPAWHATA X, LEHTPA TAXKECTH ABYX MO-
JACKYJI, VHACTBYION(UX B CTOJNKHOBEHWH OIIpCaeJeHIoro THIA,

X, — mx4-mxy x4 x
" mdm 2

TO, AHQPEPEHUHPYA NMOJYyYEHHOE BLIPAXKEHHE IO BPEMEHM, Ha-
xoaum popmyay (122). Ecar Og ects ckopoCTb O6IIETO UEHTpPA

xY

Puc. 26,

TAMECTH, TO £8B u gA, paBeple Ipyr Apyry, NPeiCTaBAfOT CO-
60i1 CKODOCTH MOJI€KYJ BTOPOH W LEepBOH rpynll N0 OTHOUWEHHIO
K HX O0mWeMy UENnTpy TAXECTH.

[Iposeaem renepn IIOCKOCTL 4Yepes Hampam/jenne AgB u
Hanpas/leHHe JAHHHU ueHTPoB [, m, n (puc. 27). Ilpoemem Ju-
Huio PP B sToft NJIOCKOCTH, NEPNEHANKYAAPHYIO JHHHHE UEHTPORB
(!, m, n). Kamnyio u3 cxopocrefi gB v gA MOMHO pa3IONKKTL
HA JBE CAArdroluue: MO0 HAUPABJEHWIO JWHHM LEHTPOB U B Ha-
NPABASHHH, NEPNEHIUKYJIADHOM JHHHH WEHTPOB.

[Ipu yopyrom yaape craraioumue, nepunesjuKyaspiHe JAHHH
UeHTPOB, COXPANAIOTCH, a4 Caaraipuye, COBNAAAI0INME 10 HANPAB-
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ACHUO C JHHWe! IEHTPOB; HPH CTOJNKHOBEHMEH OGMEHHBAIOTCS
mecramu. Taxum 0GpasoM Mbl HOAYYMM 3HAUEHHS OTHOCHTER-
HELX CKOpOCTEH (110 OTHOINEHHIO K OCLIEMY HEHTpY TAKECTH),
€C/In TOCTPORM 3€PKANbHBLIC H306pAKEHus s TOuek A u B OTHO-
CHT€/BHO ILIOCKOCTH, NPOXOMNMINEH yepes JHHHIO PP MepIeH K-
KYJAPHO ILIOCKOCTH 4epTexa; 310 OyAyT Touku A, u By. M3
MOCTPOCHHS ACHO, uTO A,B; eCThb OTHOCHTE/IbLUAA CKOPOCTL Uy
BTOpPOM MOJCKY/H 1O OTHOINEHHIO K TEpBOH ¥ HO a6CONIOTHOMN
BE/MHHHE DABHA OTHOCHTE/NBHOH CKOPOCTH TEX Ke MOJIEKYJ ¢

(t,mn)
A |
B, dew ‘ A
Ce— 4 = I
p—Jb a_p
74
Fode i
Puc, 27.

AO CTOJNKHOBEHHs; yroa b,g8A4; paseH yray a,g4, T. e, BeJau-
YHHe 0,

Kpome Toro, m3 pmcyuxa 27 acwo, uro AA, = vcos 8, uiy,
NpuoHMAA BO BHHMazue Qopmy.ay (119),

AAy = — 0 (I + mu - nv), (123)

Hanpapaenne A4, cosnaaaer c nanpasienuem ({, m, n), NO3TOMY
npoexknus AA; va ock X (puc. 27) 6yuer pasna:

— v (I mp + nv), (124)

Hanee, Tax xax BA= v (nanpasichue v oupene/sercs pe-
AnduHaMy A, g, v), T0 Opoeknya v Ha oce X (puc. 27) 6ymer
papsa:

Vh=§ —&;
OTClOnA!:
e L
v
Tound Tax e :
M=y o R E
p=Tg— Hove=m o=

[losromy Bmpaxenue (124) nocie NOACTAHOBKH B HEro 3qaye-
HUK A, ¢ H v ODUHHMAEET BHJ:

e [{ o) 0 (my )+ 1 (G — E)]. (125)
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[Tepenecem renepnr NOCTpOEHHE pHCYHKa 27 HA PHCYHOK 26
(puc. 28). [Ipamoyroasnuk AA,B8, B nepcneKkTHBe HW300pasHTCA
B BHAE [apajaesorpama. Ecad Mul Tenepe COeauHUM TOuUKH A,
H By ¢ O, TO MBI NOJIYYHM CKOPOCTH MOJEKYJ HepBOH H BTO-
pPOA TPyNN MNOCAE CTOJAKHOBEHHH; MO3TOMY lpoekuHio AA; Ha
ocb X, KOTOPYI0 Mbl yxe Bupasutn dopmynoid (125), moxsuo
IpeaCcTaBuTh Kak £—& u Mu 6yjgeM HMeThb:

V=t I{IEG—)+m(n—n) +n(~—0)).  (126)

HMHave 970 XKe BbIpaXeHH® MOXHO IEPEHHCATh TAK:

(= — I, —8) +m(n—mn) +n(L—10)].

Ilpu euiBoae Buipamends (124) mbl Gpasd NPOEKUHIO OTHO-
CHTEJBHOH CKOpOCTH AB Ha nauHHIO neHTpa; AB GhlIa OTHOCH-
TCAbHUS CKOPOCTE A0 CTOJKHO-
BeHHA; HO BelL W3 pUCYHKaA 24
CIeyeT, UYTO 3TOT XKE oTpe-
30K MOXXHO pacCMAaTpHBATL KK
NPOEKUHK) OTHOCHTEABHOH CKO-
POCTH mocJae CTOAKHOBenH A A, By;
cAaraim#e CKOpocTed MOJEKYJ]
nocae CronkHoBenus Oyayr &,
v, ¢ u &, n; u §; Kpome TOTO,
3HAK I[POEKIHH CKOPOCTH u3-
MEHHTCA Ha o0parnbid, TAK Kak
CKOpOCTh (OTHOCHTE/IBHAs) [0
CTOJKHOBEHUA Ova AR, a
IOCJI€ CTOJKHOBeHM: Oynet A, By,
¥ Ipoexuua OyizeT HampapJaena Pac. 28.
oT B x B;, B To Bpems Kax K0
CTONKHOBEHHMs oHA Onsia Hanpasiacna oT A x A;. [lostomy mo-
CAefBee ypaBHeHHE MOXHO 3aMEHHTL HPYTHM:

b= L)+ m(n—) + R (G—C)]. (127)

Ypasuesne (126) ¥ aHaNOrHuHbie ypPaBHEHUHA, COCTABJACUHLIC
JJsl caaraloiux v H §, mal0T 3HAY@HH CAaraioupx Hocae CToJaK-
HOBEHHA Yepes cJaaraiuiHe 1o croakiosenus. HaoGopor, B ypas-
nenun (127) caararoumme 0 CTOJKHOBEHHSl BHIPAXKEHH depes co-
OTBETCTBYIOIIHE 3HAYEHHA NOCJE CTOJKNOBeHHA. M3 comocTras-
JeHus gopmya (126} m (127), T. e. QopMys Aas NPAMOTO M
00paTHOro NpeoGpasQBaHKH, cjaelyer, uTo 5TH npeoOpazoBaHU
CKOpOCTeHl TOXIecTBeHHH. B camom jmeae, w3 ypaBHeHus (126)

(9 /
MEL HMEeM -%: 1 —[2, a ua ypaBaeuus 127: a—g,ml——lg; 0T-
C10Ja, KaK Mb! CeHYac yBUAHMM, BHTEKAET OUYEHbL BAXHOE cJjaen-
CTBHE,
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[Ipennonoxum, yTo B KaKOH-HNOY A HHTErPaAT ¥ HAC BXOJAT
nepemennne &, v, ¢, €, 0 u & u nx pguddepennuann dt’, dv’,
ar’, d&, dn;, di, a MH XOTHM 3aMENNTb 3TH [IEDEMEHHHE NEpe-

MCHHEIMH &, % ¥ T. JA. TOrAa fiCHO, UTO ¢ IIOMOIULIO BhIpaKeHuH,
AHAJOTHYHBX Bolpaxenu (127), M BO BCE#l NOAUHTErpaJbHON
(yHKIHH 3aMeHuM Bce & yepes &, Bce v’ wepes n u T. 4. HTo m;e
Kacaerca IAud@depeHnuanos, TO, KaK H3BECTHO, HeJb3sl NMPOCTO

3aMeHUTh do’ dw, yepes dwdwe,; nago eme dodo, yYMHOXKUTH Ha

TAK HA3BBAEMbIl QYHKNAOHAJBHHE AeTepMuHaHT L), T. €.

(dw’ do.); == Dduw dml, (128)
rje
oy QEr o8 08 i o
0 an? oL O&’ Oq' 04
D=} oy (129)
IR

- L] - -

Ty
‘;f

Hain:HHOC HAMH BHIIIE PABEHCTBO BCEX IMPOHU3BOLHLIX o€ ==
.

oG

= &7 IO3BOJAET 3apaHee cxaszarb, wemy Oyaer pasen [). B ca-
MOM neje, u3 ¢opmyau (128) caenyer:

do da, = 75 du’ do, (130)
a4 C Jpyrod CTOPOHLL:

de do, = Adw’ do|, (131)
rne

A== OE’ oy "o * - (132)

Ha ocuoBannm dopmya (126) n (127) nerepmunaurs (129)
n (132) pasust jpyr apyry, T. €. [)=A, a H3 CONOCTaBICHHA

1
dopmya (131) u (130) caexyer, uto A==, T. € D=1, or-
kyra: D==1. Urak, A=D n no abCONOTHOH BEJHYHHE pa-
BeH 1. [losromy MH Be3I€ B KpPaTHEX HHTETPa/jaX MOXEeM 3a-

MEHHTh dwdw, uepes
do’ dao (133)

Buipaxenne (133) ects uwactHult cayvall TaK HasmBaeMOH
meopemu Jluysuasn, Koropot MH OGymeMm 3aHHMATBCR B TJ4Be,
NMOCBANUIEHHON METOJaM TaK HA3LIBaeMOW cmamucmudeckoli me-

XAHUKL,
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BosMoxI0CTL 3aMennl dodo, uepes do’ do; BLiTEKaeT TaKxke

¥ W3 reoMerpH4eckHXx coobpaxennit (puc. 27). Tak KaK TOUKM
A; u B, CTPOATCA KAK 3€PKAJbHLIE H306PAXeHus, TO 1 06/1aCTh do,
OKpyXawlas TO4YKy /1, JaeT CBOe 3epkadbHOE H300paxenue
B BHAC do ==dw, TouHo tak Ke H do, jgact do, =do,.

§ 14. ,[lpambie n ,00parHbie* CTONKHOBEUHS

C nomoweo Gopmyan (126) mad guarpaMMel prcyHxa 28 M
MOSKEM, 3HAA CKOPOCTH A0 QTOJKHOBEHHS, BEIYHCJIATL 3HAYCHHUSA

ckopocteil nocae ctoxaxuosenus &, v, ¢ n €, vy, §. Tlpoxenaem

TeNephb CACAYIONEE TOCTPOCHNE: 3a48A0MCa aHaueHusIMu &, 7, o,

Puc, 29.

€, M, & M H3MEHMM HANPABJAEHHE JHHHH NEUTPOB Ha NPAMO

1

npoTuBonooxHoe. [Ipogennean BCe nocrpoenus {kortopee Oy-
OYT TEMM Ke [OCTPOCHHAMH, KaKHe Mbl NPOJENaJd Hd PHCYH-
Kax 27 u 28, Ho B O0paTHOM MNOPSJKe), MBI IOJYUUM LOCIE
CTOJKHOBCuUMA Beaudunn &, 7, C, &, m, &. Takoe crogxHoBeHIe
OyoeM HAa3HBATE 0OpamHusim CTOJAKHOBENUWEM 110 OTHOIIEHHIO
K PACCMOTPEHHOMY HAMH IIOJPOOHO APAMOMY.

Ha pucynke 29 mn3ofpaxeHrl o0e cxemH TPAMOro H obpat-
HOT'O CTOJKHOBEHUI.

Mu BuguM, 4TO CTOJKHOBEHHE OOPATHOIO THIA NPOHCXOAHMT
BCAKHK pas, Korja Npu yCAOBHH, YTO MOJEKYJH NepecTaBJ/ein,
CKOPOCTH [ O CTOJKHOBEHst OYyUYyT TAKUe, Kakue NpH NpiMoM
CTOJIKHOBEHHH MOJYHAaTCs DO Cae croakuorenud (puc. 29). lo
BCErAa JIH BO3MOMHA Taxas IepecTdHoBkar [as mapos B LA
paga APyrHX Tea 3T0 BO3MOxHO. 1A Toro uTOo6H mOKa3dth,
YTO YCJHOBHE 3T0 He BCErAa BLIMOJHHMO, PacCMOTPHM CAEYyIO-
Wi rpy6ni npuMep. [1ycTs 0Ha U3 MOJEKYI HMEET BUL I PH3MBI
(puc. 30). M3 pucyuka BujaHO, 4re O0paTHOE CTOJKHOBEHHE HE
AdeT obpanienus NpAMOr0 CTOJAKHOBEHMI.,

[MogcuyutaeM Teneph 4YHCJIO OGpaTHBIX CTOJKHOBCHHI. Pac-
CYHJAAs TAKWM jKe 006pa3oM, Kak npH noacyeTe NPAMLIX CTOMK-
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HOBEHHH, MH HAHIEeM I8 CYyMMH OOBEMOB BCEeX IHJIHHIPOB
BHIpaKEHUe
dys¥(vf) do’ v cos b di,

a OJAs 4YHCAd CTOJKHOBEHHH
(FY (v @* dyv cos b dt do’ do;. (134)

3amenasn do’ do; yepes dode, u Buudtas H3 Gopmyan (134)
dopmyay (121), Mul moayyaem:

dods dt [(of) (o) — (o) ()] * dy v cos O doy.  (135)

Ho 3710 ne 6yner eme BHpaxennem Maa (&—a) dodrdt,
TaK Kak AJs HOJYy4YeHHS BTOTO BHIPAMEHHA HANO OCBOBOAWTHCH
OT OrpaHHYeHHs, ONMPEeENAILEero HANPABJACHHS JHHHH IEHTPOB,

EQ Ik _ﬂhﬂ@‘hme

llocne
Puc. 30.

M OT OI'DAHHYCHHI, HAJOXKEHHBIX Ha CKOPOCTH MQOJEKYJ BTOPO
PPYNNE; KOpOYE, H&ZO NPOHHTErpHpomats no dY H do,, Hrak:

(b—a)dodedt—dodrdt [ [ v (ff,— ff,) v cos be? d do,. (136)
¢ oy
[ToaTOoMy OCHOBHOE ypaBHEHHE HPUHMMAET BHI:
o0OF) 0 d 0 J 0 d
i = (et gy ) (XY G 2o o+
+ [ [ (ff, — Ff,) vcos le* dy do,. (137)
b oy

Ilpn BrBOJE ATOr0 ypaBHEHWS MBl UPERNOAATATH, 4YTO ra3
COCTOMT M3 OZHOPOAHKIX MoJseKyha. Ecan MH uMeeMm nxeso co
CMEChIO JIByX Ta30B, TO HEOOXOJHMO yyYecTh B3aHMHLIE CTOJK-
HOBEHUST MEXKIY MOJICKYJIAMH ABYX PoA0B. EC/IH macca MoJexy.
BTOPOR COCTaBAAOmIEed CMECH Oyper iy, AHAMETD G6;, & YHCJIO
MOJeKyJa B 1 cu® Oymer v, u QyHKOHS pacnpepeesus F, TO
K npaBoit yacrty gopmyas (136) Hano mobGaBuTh ugex

[ [ vy (f F, — fF,) v, cos 0,0 d¥, dw,,

d g
rae ¢ —moJycymMMa AHaMeTpOB NEpPBOH W BTOPOH MOAEKY
/’ r_ G+01>
& = o
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Mu He 6yaeM OCTaHAB/JIMBATLCA HAa BOOPOCE O TOM, K3K BHI-
YHCJAHTH CKOPOCTH O0CHX CTAJKHBAIONIMXCH MOJEKYJ/, HMEIOUHX
pasauyMHy0 Maccy (MH J0 CHX IOp MIpejNoJarald OJUHAKOBYK
Maccy y BcCeX MoJexya), HMHTepecymomumcs MOXKEM YyKasaTh,
yTo 3T0T Bompoc pasobpad B kuure A. K, Tumupasesa ,Kune-
taueckas reopud marepuun“, 'TTH, 1933 (zoGaprenne X TpeTnei
JeKnun, ctp. 45—47), Jas dysxmun F Mbl 10JKHH OyaeM Ha-
NKCATh TAKOE Ke ypaBHeHHe, KaK u 1as ¢, T. e, Gopmyay (117)
c 3aMeHOH B Hel vf wepes vF,. Kpome TOro, Heo6XOoLHMO eme
a00aBuTL, 4ro ypapHenue (137) BoBce He CBSI3aHO C IPEJICTaB-
JeHHeM o0 yhape YIOPYrHX IapoB, LeaH MBI OPEeRUOIOXKHM,
yTo MEXAY MOJeKyJaMH aeiicTBYIT DeHTPaJLHHE CHJAH, TO
dopmy.ra (136) 3aMCHHUTCA BLIPAMCHACM!

2r a

dodcdt [ [ [v2(F'f,—ff,) dojo dsb db, (138)

wy

CMbICJI KOTOpOro MH cefidac pasbepem.
JpuxeHue nojJ AeHCTBHEM OTTAJAKHBATEALBHHX HNEHTPAJLHEIX
CAJ B JAUHOM CJAYdYae BCEro MNpoIle pPacCMOTPETh CJAEAYIOIUM

A D

obpasoM. PaccMOTpHM OTHOCHTEJNBHOE MABHXEHHE KaKoH-1H60
MOJIEKYJH BTOPOH I'DYMNL IO OTHOIIEHHI) K MOJeKyJe OepBol
rpynod. IlycTs JanHad MOJEKyJaa nepBod Ipynnhl HaXOZUTCH
B Touke O (puc. 31). Ilycts npubiamxanmasca MOJEKyJa BTO-
polt TpynnL ABHXKETCA MO mpsamoir AB. 2ta MOJACKyJa Tak H
npojoaxana Owm xsurarecs 1o AB, ecin 6w mepBas MoJeKyJa
B Touke () He Hayala no Mepe NpubJaHKEHHs OTTAJKHBAThR MO-
Jexyay !, ppuxymylocs 1o AB. TpaexropHs gBuXelHs B 3TOM

1 boabuMan moxazana, 4TO MOXHO [OCTPOHTH BIOJAIE CTPOTYIO TROPHIO,
Npeanoaaras, uro MOAEKYJsl ACHCTBYIOT JIPYT Ha ApPyra me ¢ OTTaJiKNBaTeabs
HBIMH, a ¢ DPHTACATEALHLIMH CHAAMH.
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ciyuae Oyger CHMMeTpHuUHA NO OTHOmWeHHKw K OP — auHuH,
COEJMHAMEN UEHTP HepBOH MOJEKYJAB € TAK HA3HBAEMLIM
nepuzeauem (TOUKOH TPACKTOPHH, OJAHXKE BCETO PaCnoJOKeHHOH
K OTTaJKHBawnleMy UenTpy). [lo mepe yjpazneHus ot touku O
MOJIeKyJaa BTOpoH rpynobnl OyieT HPHOAMKATBCS K HanpabJe-
anie CD. Uepes & Mul 0603HaYHM JJHHY TepHeHAHKY/IIpA, OIy-
ILEHHOI0 U3 OTTAJKUBAIOILErO UEHTpPA HA NEPBOHAUYAALHOE HA-
nmpaBJeHue, MO KOTOPOMY ABHXETCS BTOpaf mMmoJexkyha. Mu
OTpaHHYMBACMCH STHMH YKAa3aHHsIMH, NoJaras, 4To TEOpPHsA ABH-
AKEHUA MOJ ACHCTBHEM NEHTPAJbHEX CHJ J0JKHA OLITH H3BECTHA
H3 KypCa TEOPeTHYECKOH MEeXaHHKH.

[lepeiigem k nosicuenuio dopmyan (138). [lycrs nepnensu-
Kysaap, onymensni u3 O na nHanpasaenune AB, wMenHo b = 0S5,
oOpasyeT yroJ & ¢ HCKOTOPHM HanpasaeuneM OF, femauiuM
B MJOCKOCTH, HEPHCHAMKYAAPHOU AL H upoxopamed ugepes 0.
[lopepHeM & Ha yroa de w ganum O npupamenue db. Mub
10Ay4uM IOALKY bdedb. YwMpnoxwe oty niomanxy na vdf,
Mbl TOAYuHM o6bem vdtbdedh. Bcee wMoaexyam  4ucaOM
viidowdtbdbde (vfide;, Moaekyn HPUXOAATCH Ha e)NHHUILY
obbeMa) npohayt MumMe O ¢ TOYHOCTBIO A0 GECKOHEWHO MajAnX
NpH OJHHAKOBHIX YCJAOBHAX H OYAYT OTK/JOHEHH OJHHAKOBLIM
ofpasom, T. €. Ha OAMHAKOBHA yroa {3. Ilpm wekoropom 3anayge-
HMM 0 = o OTkJoHeHHe Oy[AeT Tak Majo, uTo MOXHO OyneT HM
npesebpeus M CKasath, 4ro AJf TAKUX BCTPEY CTOJAKHOBEHHMSA
ne npousouno. Crano OwiTe, ofuiee YHCJIO BCTPed MOJEKYJI
MepBoil 4 BTOPOA TPYII, NPH KOTOPHX OTKJOHEHHE OTHOCH-
TeJILHOR CKOPOCTH ¥ paBHO §, Oyxer vfdwdrwwdtb dbdevf, de,.

AHajOTHYHEM MYTEM NOJCUMTHBACM HHCA0 OOPATHHX BCTPEY
MOJeKyL. 3To "ucio OyzaeT vf dw’ drvv dth db’ devf, de;, npuuem
BCAGACTBHE CHUMMETPHMH TPAeKkTOpuH v=2" H b=0', a orCcoja
ICEH W CMHCaA Buipaxerus (138).

§ 15. [lpocTteiliune pewieHUA OCHOBHOrQ ypaBHEHUS

1. Ilpeamosioxum, 94TO MEL MMEEM CMECh JABYX ra3os, U IIyCTh
COCTOSIHUE — YCTAHOBHBIICECH, T. €. QYHKUHH pacipene/eHus vf

g (v/) :
7 v, FF co BpemeHeM He MeHsOTCsA. Torga —s~~ # COOTBETCTBYIO-

uee sHpaxende pas v F O6ynyrt paBam 0. [lycte jganee nu v/,
HH v, F HE 3aBHCAT OT KOOPJHHAT, & TAKXKE IIYyCTh BHEIIHEE IIOJE
orcyTerByer, T. €. X=Y=7Z=0, Torga or BCEro OCHOBHOTO
ypaBHEHHS OCTAHETCH

[ [ w (£ F,—£F,) o"dd,v, cos ¥ do, +
wy Uy
+ [ [ @f,—ffyvcostoidydo,=0.  (139)

g ¢k
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Ho MM cuenaem ecme oRHO npexnoxo:xeude. [lycrb Brpa-
weHne (139) ob6pamaercs B HyJb UOTOMY, UTO KAXIAKH 2J¢MEHT
MOAHHTErPANLHON (QYHKIMH 00PamaeTcss B HYAb, T. €. NyCTb:

[P, —fF,=0u ffi—ff,=0. (140)
J u F—dynkuun cxopocrei, [lpeanonoxum, uro f=e" (me)
B F=e® ™% 5 rorapudmupys seipaxenue fiF, = fF,, HaX0AHM:

v (e ) - ® (myc?) =@ (mc*) 4- D (mc3). (141)

Beoas oGosuawenusi: me=x, mci=y u mc’==2, MH Ba

OCHOBAHHH 33KOHA COXPAaHEUHA XKHBOH CHJALI TPH YUPYToM yjape
umeem m ==X - y—g, Tlogcrapasg 5ru 3HaYeHHs B Qop-

myay (141), nmosiyupm:
| ?(2) + @ (x+y—2)=9(x)+O(y). (142)

Iuddepennupys papencrso ([42) nocaerosatenbHO MO X, V U

Z, HAXOOHUM:
P (x+y-—-z)=¢ (x)

O (x+y—2)="2"(y) : (143)
¢ (2)— P (x+y—2)=0

WMs paBenctsa (143) snirekaer, uto Tpu dyHKmMH ¢ (x), O’ (y)
d ¢’ () OT Tpex pasHaX HE3aBHCHMBIX [EePEMEHHHIX PaBHH O/-
HOH H Toit We BeauunHe D' (x4 y—z2). D10 MoxeT OuThb
TONBKO B TOM CJayd4de, KOrja BCe 3TH TPH (QYHKIHH PABHE OJHOH
H TOH Xe nocrositgofl. Haszosem 31y nocrosuuyo £, [locae uH-

TErpEpPOBaHUA NOAy4uM ¢(x)= —hAx-+4+nA n ®(y)= —hy-}
+ InA,; nosromy:
f=Ae " =Ae™"" 0 F= A1, (144)

Ho sro ecrb pacnpepenernnme Maxcseauna. Hrak,
MaKCBEILIOBCKOE PACHPRILICHHE CKOPOCTEH €CTh 4dCTHOE pemre-
HHe OCHOBHOTO YDAaBHOHHS KHHOTHUYECKOH TEODHH, T. €. ypas-
HeHust (137). Opuaxo dopmyaa (144) naer Ham HeqTo GoJblee,
Ilast cpemnero 3HAYEHHH KBAaApATA cxopogcm Ml (§ 7, (80))

L e 9 2 .
MOMYuHAH BHDAKERHE: ¢f== g B Cf=m. ; OTCI0A8, BBRLY
TOTO, YTO A—OJHO M TO K€ B 06eHX (HOPMYJIAX, HAXOIUM:
me? = me?, (145)

Hanncas ypaBHCHHE COCTOSIHHA A4 I'PDAaMM-MOJJIEKYJIL 3THX
ABYX I'a30oB AJAd OAHHAKOBHIX TCMIEPATYPbI H JABJACHUSA, HOJYHHM!

pV = Nmc* u pV ==+ N,mc? . (146)
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Ho wa ocnopauuu gopmyan (145) N = N;. Takam 06pa3om, H3
HAITHX PAacCyXIEHHI BHTEKaeT 3aKOH ABoOragpo.

2. PaccmorpuM Tenepr BTOpoe pemeHHe. [lycTh MH HMEEeM
OLHOPOAHHI ra3, COCTOAINHMH H3 MOJEKYJA OJHOro H TOI'O Xe
tuna. 1lycrs onaTte BCe uiaeHw ypasuenHss (137) obpamaiorcs
B HYJb, KPOME TOCJELHEro HHTerpana:

[ [v2(F'f,—ff,) v cos ta? d dw, == 0. (147)

owy

[TycTs QUSITE MBI pacCMarpHBAEM TAKOE PEUICHHE, IIPH KOTOPOM
pce agaeMeHTH f'f,— ff,, BXoasuiHe B NOAHHTErpaabRyIo GyHK-
uuwo (147), obpauraorca B HyJb. F3 910T0 YCI0BHA H U3 YCIOBHI
PACCMOTPENHOTO HAMH YiKe peIennss BHAHO, YTO Xapaxrep
B3aHMOAEHCTRASL MEXJAy MOJEKyJaMu Ha pacnpexesesnn Makc-
BeJia He oTpamkaercsa. B camom aene, 3amenus dopmy.ay (147)
dopmynoii (138) u npunss to e mpeanonoxenue f'f = ff, =0,
MB OPUAEM K BRIBOAY, UTO HHKAKOI'0 H3MEHEHHA IO CPAaBHEHHIO
¢ ¢opmyaoli (147) ne ppoumsomJio. Takum o6pazoM, MakKCBeJ-
JIOBCKOE pACHpereeHHe COBEpPIIeHHO HE 38BHCHT OT XapaKTepa
B3aHMOJEHCTBUNA B NPOIECCE CTOAKHOBEHHS MOJEKY.JI.
[Mponorapudmupyem supaxenue f'f, — ff,, noayyaem:

Inf/+Inf,=Inf-+linf,. (148)

Jra (hOpMyaa MOKA3HBAET, WTO HEKOTOpas ¢YHKIuA cKopocTed
ne uaMmengercd. Kakne Mol 3HaeM QYHKIHH CKOPOCTEH, KOTOPHE
HE H3MEHSIOTCA TpPH CTOJKHOBEHHH? llpewxiae BCEro-— KHHETH-
gecKaa sSHeprus; pupaxenue m (8- n®- (%) He uaMensercs
OpH CrOJKHODEeHHH. [aJjee, He u3MeHAeTCA IIPH CTOAKHOBCHHM
KouuecTso aAsmxenus mé, my, mb, Hrax, obuiee BHpaxeHHE
dyHKIHY CKopocTeli, e Menaiouieeca IpH CTOJAKHOBEHUH, OV IET:

Inf==nm (8 + ¢ + ) + awmt -+ agmn + a,ml + a5, (149)

TAE &y, &y 4y, %, o,— HocToAHHue, [pyrux GyHkuuiz cxopo-
cTeit, KOTOpLHEe Ghl COXPAHAIH CBOK BEJHYMHY I[PH CTOJIKHOBE-
HUH, MBl HE 3HAEM.

Hetpyzuno mokasarb, yTO, BBOAS HOBHE mocrosnune U, V),
W, n a;, Momno dopmyay (149) nmpusecTH K BHAY:

[nf=aym [(§—U,)" 4 (q-—Vo)* 4 (G-~ Wo)?] + a. (150)
Packpeipas cxoOkxu 5 Bepamendax (149) u (150) u cpasuusas
HX APYF € JIPYTOM, HAXOJIUM:

oy mE? 4 agmk 4 aymy? -+ agmn 4 aymb: 4 aml 4 a, =

= o, k> — 2o, mEU, -+ agm (U2 - V3 4 W2) 4 aymn? —

— 2a,mnV y + aymQ — 2a,mL W, 4 a,.
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COHDCTHBHHH IIpaBy> H JEBYIO JACTH, MBI HPHXD,Z[HM K Bhbl-
BOLY, UTO

Oy = —2a, U,
= —2u,V, u ag=am(UZ4+V3i4 W)+ 1. (151)
ty = — 2a, W,

YpapHenua (151) mo3BoaAI0T ONpeseSHTh HOBBE NOCTOSHHHE
U, V, W, 1 25 ucpes crapeie NOCTOAHHLIE: a4, %y, @,, O, H .
lNoaaras a;— —h 1 a;—= A, HAXOLUM:

f — Ae—mh [(& — UplP4(n ~— Vo)r4(C — Wyl ' (152)

Mu moayunau pacopemenenue, OTAHUAIEECS OT MaKCBE/IJIOB-
crOoro Haauwuuem nocrosuuamx U, V, n W, Ilocrosanas A4 no-
JAYYHTCH W3 YCIOBHA

+m .’-m
[[[fazandi=1nm [[[fdG—U)d (n—V)d (t— Wp) =1,

rak kxak U, V, W,—mnocroauaue. 2T0 YyCI0BHE NPUBOLHT

h3m?

K HaxoxaeHuw A: A= —5 Orcrozna:
B 3 — — 3 — T J— b
f: htm e mh (€ — Upy+(n — Va2 — We)?] . (153)

=3
dusnueckuit cmuea nocroaunsix U, Vi, W, Buscasercs

BCEro JIEI‘IIE‘, CCJAH MH ODOACUHTACM CPEIHHEC 3HAUCHHS E 7],

Beiuncaum £ Tlo yc/OBHIO, OnpeseasiomeMy CpPeAHEe 3HAUYCHHE,

HMEEM:
3 +

E (M7 L[ 1) 4 U i Bt v W
XAdE—U)d(n—V,)d(—W,).

[eppuit wuTerpan, coaepxamui (§— U/,), pact Hy b, TaK Kak
MO AHATEr paJibHAasA G])yHI{IJ,HH-—HeHETHHH; BTOPOH HHTErpan Jae
3

- hm
E _._( > Uy (hm> = U,
TOUHO TAK KE MOJYUUM:
:ﬁ.ﬁ V H C_m Wﬂ.

[Mocrosnume U,, V, u W, npexncrasaaior co6ol, TakuM 0G6-
pa3oM, 3HAYEHHS CHAramiHx CcpenHeil CKOpPOCTH IO ociAM X,
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Y, Z. Hrak, Hahipennoe Hamu pacmpeyesnerde (153) coorper-
CTBYET PAaCIpPeAeJCHUIO CKOPOCTEH B rase, ABHMYUIEMCH Kak
nejsoe ¢ nocrosHHofi ckopocrwio (U, V,, W,). 3rta ckopocts
HAKAQALIBAETCS HA TEIIQBOE ABUMEHHE BCEX MOJeKyJ, COCTAB-
JAIOOIHX OJAHHBIH raas.

3. Paccmorpum nonpo6nee pyuknpoOHAJIBHOE ypPaBHEIUE

f'F == fF, (154)

npuueM GepeM ero B obmeM BHZe. Mu yxe paccmortpenu ua-
CTHBIA cayuyafi pemenus ypasuenus f'f —ff,, noayuawompuiics
NPH CTOJKHOBEHHH MOJEKYJ, OOMafawiuiX OLHLIAKOBHMH MAac-
camMi. Ho B noaydeunom namu pemennu (149) mul He yBepeHn:
ABJSIETCS JiM 3TO PEUICHHE €AHHCTBEHHBIM; 5TA MBICAL NEBOJLHO
apuxoaur Ha yM. OpHako B OOLIUHBIX KHHIAX 110 KHHETHYeCKOf
TEOPHH BTOT BONPOC 11¢ pasbupaercsa BooOmie, TO/JLKO B KHHUre
Kennapna, noasuBmieiica 8 1938 roay, maerca J10Kas3aTe/abCTBO,
YTO NOJAYYEHHOE PCHICHHE ABAACTCH €IHHCTBEHILIM.
IMposorapudmupyem ypasuesne (154); Torza Mul MOJYYUM
Inf +Inf'=Inf-+Inf. Obo3nauum sru Pyuxuud uepes g,
U g, DBerasass o603HaueHus CIaralomux CKOpOCTed, moayuaeMm:

&G D+2GE )= E 7, V) 4@ 7, ). (155

Mmu 3laeM, 4TO MCHEALY IICPeMEeHHLIMH CYMEeCTBYIOT elue cJe-
AYIOLHe COOTHOMICHUA !

mk - mi =mi +mpk,

my + mpm, = my, + my,, (156)
ml+ mbl =mt 4+ mC,

@)+ @t D=
= ) Al 4 ) (157)

Kpome Toro, usmelieHue KOJMHUCCTRA ABHMKEHHA KawAoH Modae-
KyJbl HATPABAEHO BCErjaa 1o JHHHH neHTpop. Ecad HalpasJe-
HHe JUHUM NEHTPOB ONpejpeqncHO BeauumHamu /, m, n (9T Be-
JHUMHH MOLYHHMIOTCS YCAOBUHIO [* 4~ m2 4 n?==1), TO MBI HMeeM
A H3MEHEHMA KO/IMUeCTBA ABMIKEHUS NepBOil MOJEKYJIH Cie-
JAYIOUIEE COQTHOLIEHHC!

F—t _vw—n_ L (158)

Bce sTH ypaBHEHWT [O/KHHL COXPAHATHCS HPH MOOHX 3HAYe-
HusX nepemenswx. Ilosromy nonoxum, yro &/, ..., § —3Ha-
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YeHud EePEMEHHHX [OCTE CTOJKHOBEHHS HE HU3MEHAIOTCS, MeHs-
I0TCA TO/bKO BEINUHHB 40 CTOJAKHOBEHHSA, 3TOTO MOXKHO JO0GHTHCA,
uaMmenaa [, m, T. €. HanpaBJeRHe JWHHH IEHTPOB, NOAGHPAA
npd 95ToM n Tak, 4tobm 24 mi-+nri=1'. Uz (156) B srom
cayuae fnoJayqdaem:

mdé + m,dé =0

mdn —+ mydn; =0 ¢, (159)
mdl+ m,dt, =0
yomn
B, A
P P
g
B A,
Pac. 32,
OTKya noaydaem:
L m )

dty == ~m dt
mﬂu%@} (160)
dly = — - dt

M3 (155) u (157) nMmeewm:

o8 02 g, dg. 0y 082 v A
e G+ U PR 4 oy + (R =05 (161)

1 JT0 MOKHO BHIETH HA upocrom npuMepe. [Ipesnoioxam, uro obe
CTAAKMBAWOMHECA MOJEKYJs 06aTaioT ONHOH B ToOi e Maccod. PaccMoTpuM
KaKo#i-Ar00 npouece CTOAKHOBEIMS B IMOCKOCTH, I JCKAT OTHOCHTEIbHBIC
CKOPOCTH ABYX CTalKHBaomuxcA Moaekyr A i B (puc. 32). Tloayuwacum aty
IIOCKOCTE cAelylomuM ofpazoM. [IposolHM uepes g (UCHTDP MaccH IBYX
CTAJKIRAIOMHUXCA MOAEKY) HanpanieHHe JHIIMH IENTPOB B MOMEHT CTOAKHO-
peaua (I, m, n). Jdre nepccexaiwwmuecd audud AL n (I, m, n) obGpasywoTt
IIOCKOCTh. YTOOB HAHTH KOHIH BEKTOPOB CKOpocTed Ay v By AByx cran-
KHBAaOmMMXCs MoJexysa, npuberaeM x CaeiylouieMy MOCTPOEHHIO! IIPOBOAUM
yepe3z g neprneHnuxkyaap PP k nunud nedrpos (I, m, n) i cIPOUM B HEM
sepxaipnuie usobpancnns Ay, By Touex A, B.

Mzmensg HanpasJcHAe JHHHH [IEHTDPODB B MOMENT (TOJNKIOBCHHA, MbI MO-
WEM KaK YroaHO H3MeUATb Noaoxennsn A u B, coxpaunsas nouaoxenuan Ay 0 By
Taxkum o6pazoM BIIOJHe BO3ZMONKHO MENATh 3HAYCHHA CKOPOCTEH MO CTOJAKHO-
BEHHA, COXpPaHAd 3HauyeHud CKOPOCTEH [OCAe CTOJKHOBEHHA, KaK 3T0 BHIHO
8 pucynxka 33. (Mm npennoJoKHAH, YTO Macchl A9 ABYX CTaIKHBAIOIIHXCA
MOJIEKY/ ONHUAKOBH, TOABKO HAA NMpPOCTOTEI pHCYHRKOB 32 u 33.)
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[Toacrapasia B (162) peanunun (160), noayuaem:
mE—)di+mn—n")dn4+m(@E—)di=0, (163)

a nogcraw/iga (160) B (161), saxomum:
081 m o0gy dg1  m 0g; dgr _ m 0gy
(E m10’5> E+<”“ / )dn+(f)€. )dﬁ—-U

my Oy my 6%

Iloapsyace meToaoM HEONPEAENCHHRX  KO9()(DHLHEHTOB,
yMHOzKaeM (163) 5a npoHsBOIBHLHE MHOKHTEIL Q M npubasaseMm
K (164); HaxoauMm:

H—mB L Qm—y) | | m ey

m

+Qm(n~m)] dn+ G — o B Qm (- 8) =0

[lonGupaem Q TaK, urobb KaKOH-AWGO M3 MHOXKHTEAEH IIpH
Tpex auddepenuranax o6paTHACA B HYAb. 14K KAK OCTAIONLHAE Cs

{{,mn

Pnc. 33.

Auddepennnaisl TPOU3BOJLEH, TO M ABA APYTHEX MHOXKHTEAA
00palmanTcs B HYb.
Hrax, MH noayyaewm:

0g1  m 0gy o 08y __ M08y
A m f)" "’“Qm (E__El)__of 6?} my g

0 m 08y
+ Qm (1 —my) = - G4 Qe (L) =0,
OTKyJa HAXOJHM:

0gy _ mOogs 0%1  mddy 0, m 0gs
dE m1 ()El L (3'] m, f)q . C?C m] d;l
£ —§ 1= (—G
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Jlanee ﬂonyqaem

0g1  mogs\ dé—ﬁ m gy

"11)( . ml a_) (E El) —_"“- E"aa) (165)
n 0gy

(C—18) (6;;:1 = dg) = ({—¥&) (gcil ny 0 ) )

m; 0y

HaddepennpyeM nepnoe U3 TUX ypaBHenuil no C, a pro-

poe mo 7:
02g o2 J2g o2
(n—m) e = CE—E8) 5%, (~W5%=(—8) 5.

OTH BHOBb NIOJYYEHHHE YDaBHEHHS ILupQepeHmupyem: nep-
BOE [0 7, 4 BTOpoe N0 §; MBI HAXOAHM:
0%y 02g1  n,
=0 # 55="0

0g1
5TO 3HAYHT, HTO -~ HE 3aBHCHT HH OT ¥, HH OT L. Hanee

nupepennupyem (160) mo §:

o Pg 98 mogy
("] 711) 05)" dTi ml a.,] + (E T .l)

Py
Grde "

Ho mu Byaean yxe, 4T0
Rgy
Fan =0

TakuM 0o0pasom, Mnl HMeeM:

2y 0gy m 0
(n—m) Gt =B LK (167)

OTKYZAA HaXouuM, apuddepeHnupys 1o 7,

gy gy
dez T o (168)

AnanoruuaneiM nyteMm u3 (166) moryugem:
A
okt T o
Hanee, u3 (167), nupdepennupys no & umeewm:

gy __ 0%8y __
(1 ~—"M1) 0E3 T OndE 0;

OTKYZAa HOJIYyYaeM:
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Hiuterpupya nocsefnee ypaBHeHHe, IOJAYYaeM NOCAEeLOBATEAbHO:

%:261 H a_g;—'QCIE“'i_ Ci)
H, HAKOHEI,
g==CE+Ctlt+g(n 5).

C; He MOXeT OnTb (yHKUHeHd n u [, TaKk Kak

g 0%gy
(3Ed-q_"'0 o e =0

BBHJIY TOroO, 4TO BCE IIEpEMEHHBIE BEXO/JAT CHMMETDHYUIHO, MH

OAyUaEM:
g=CEFCE+ g (n, 0),
g =Cgm*+Cm+ g2 (8, %),
g1=C+ Cl+ g5 (& 7).

0%gy g P& _
Ho BRunmy TOro, 4ro 2 = g — g 0 MH HMeeM:

Ci=C,=C,=uq,
gr=aB 4+ +0)F Cf -+ Cn+ C;;C~|—C‘7.

Takum 06pa3zoM e 1HHCTBEHHOCTDHb pCIIEHAA JOKA3aHA.
4, Tlepexomum Teneps K c¢iaydaw, KOTAA (YyHKOUA paclpe-
ACJEHHA 3aBHCHT OT KQOpPAMHAT, KOTJAa H&JHIO BHECIIHCE nOJC,
HO KOTJAA [ONPEeXHeMY COCTOAHHE CTanUOHApHO. [lajee MH ele
IpeanoNOXKHEM, YTO HCKOMAS (DYHKIHA HMEeT BHI

of == vofpe M TS, (169)

rie /7—NOoCTOAHHAsA, & OT KOOPAMHAT 3aBHCHT TOJABKO v4f,.
HecmoTps Ha 9TH ClIeUHAJbLHHE YCJIOBHA, Mbl ITOJYYHM pelie-
HHE, OXBATLIBAOIIEE BeChbMa IIHPOKYK 06.JacTb ABJEHHH.

Tax xak BHpaxcuue (169) 3aBHCUT OT CKOpOCTEH COBEp-
LWIEeHHO Tak Xe€, kak (yHxknua Makcsenna, TO A/ HEFO HMeeT
Mecto vyeaosre vif'f, —viff,=0. llostomy mnpu noacTaHoBKe
BuIpakenusa Xas vf B Qopmyay (137), T. e. B OCHOBIOE ypaB-
HeHVe, NOCJACIHHI WIeH, Coaepxaluuii HHTerpas, obpamaercs
B HyJb; TOUHO TdK e BCJIeACTBHE YCJAOBHSI CTAIHOHAPHOCTH
0 &)

ot -

HUrak:

ofpamaercs B HYJ/ib K

Tloaromy pesysabTaT NOJACTAHOBKHM 1IPEJCTAaBHICA B CJAAYIOIIEM
BHJIE

p—hm (Eﬂ+~:‘=v+c?).[ G(Vofn) 4+ 0 (vofp) 4t 0(er0)

c)v

—wf, [XthE+Y2hmn+22th] i) _ —0. (170)
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Coxpamas ypasHenne (170) mna e "™®+7+® u orbupas
wieHn, cojepxanide & v, {, HAXONHM:

2 [qu) 2hm Xv,f, ] + [a Cafo) _ 9pm YvaO]
+- c[ ICofo) __opm zv(,fol —0.

Tax Kax 3TO ycCJOBHE NOMKHO BHIOAHATHCH IPH JIOGHLX 3HAYE-
HUAX &, v, §, TO HEOOGXOIUMMO MOMKHH HMETh MECTO YCJAOBHA:

1 a('\}()f(})

oo ox 2hmX,
1 d (ngg) e

ol Oy = 2hmY, (171)
19 (wfe) _

W03 = 2hmZ.

Ecnn cuner mMeror noredmman, to pasencrso (171) moxHO

NPpHBECTH K BHAYV:

1 4 (fo,]} ob
— 2hm
'V(}f(} ax ax ’
A gp 9
vofo Oy LA (172)
10 oy, 00
foo ()5_ - 2}1171 -_(E )

YMHOXan pasencrsa (172) na dx, dy, dz, ckragnBasgs ¥ HHTEr-
PHPYsl, MH IIPUXOAHM K BLIBOAY:

-2hmd
VO 0 —= CE ;

(173)

NO3TOMY HCKOMAsl (PYRKIMsA pacOpelesieHdst BHPA3UTCS TaKUM

ob6pa3sowm;

of = Ce™Hme g T BHTHE) (174)

lloacunraem cefivac ¢ noMompio Gopmyan (174) BeJHUHHY

MJIOTHOCTH ‘
b ' ——
—_ . — 2hmd T
p= f f j myf dw == mCe V-kmﬁm“_ .

Ilycts psa HexOTOpoOro 3nauenus nmenunanbuoﬁ (byHKIIHH
IIOTHOCTh OYAET p,; TOT/AA

(175)

_ —2hmdy, 3

p, = mle el

0TCI04A:
b — —_

_E__: BRI 2hm (D — D) ) (176)

PO 0
JTO pelIeHHe HOCUT HA3BaHHe pewenus Loasymana.
6 A, K. TuaMmupuaer 81



Paccmotpum pap npumenenuid gopmyas (176).

A. PaccmorpuM noJsie CHJAH TaXecTH B ofGaacty,
6AH3K0H K NOoBepPXHOCTH 3eMan Torza X=0, Y=0
U Z=g. Orcioga: ®==gz 4 6. anee, popmyaa (82) naer nam
3HAYCHHE A:

1 __RT
2 T N
Kpome roro, moaaras, wro Ha yposue 3eman 2=0 u P
=@, =0, mu no ¢opmyae (176) naxomum:
__Nmgz Mgz
—2hmgz Rr RT -
p—=p,€ =, = P,€ . (177)

Mel DonyuuJH TakKk Ha3HBaeMyio Oapomemputeckyro Gop-

myay. C momolnpio Bbipaxendsa (177) mo:xHO onpegeauTb, Ha

KAKOH BHICOTE #; ILIOTHOCTH cTamer pasmofi p= £-. [onaras

IJas Boaayxa M==29,8, MH HAXOAHM 2,==06 KM; OJ8 KHCIO-
poja—M=32, 2,=95 Kkm ¥ gja Bogopora—M=2,016 u
Z; =80 xun.

B. Pacnpenenenue GPOYHOBCKHX HacTHI. To xe
cootHomenne (177) MOXHO NPUMCHHTb K H3YUEHHIO pacupeje-
Jennss OpOyHOBCKMX 4YAaCTHI, YHMCJIO KOTOPHX v MH HENOCpen-
CTBEHIO MOMXEeM IOACYATATL. Maccy 8TUX Y4CTHI /72, 3Has IIOT-
HOCTh H ONpPEeAe/HB II0J MHKDPOCKOMNOM paiuyC STHX YaCTHIL,
MH MOXEM TaKXe ONpeaeNuTh HeunocpepcrBeHHo, [lpu 3THX

" 1
YCJOBHAX, ONPEAENHB BHICOTY 23, [ KOTOPOH V=5 v, MH

MOMXKeM HalTH uucao Asorazpo N. IToT cmocob onpeaenenns N
BO3MOXEH TOJBKO TOrAA, KOUJAA HAPSAY C H3IMEDCHHEM p HJIH v
BO3MOMKHO €I H HENOCPEJCTBEHHOE H3MepeHue .

[lpeanosaras, 4to ¢opMa OPOYyHOBCKMX 4acTHI, CdepHue-
cras, H 0003HA4YAA PaJHyC HACTUIBEL Hepe3 r, NJOTHOCTh BeIle-
CTBA HACTHIOH 4epe3 d H IIOTHOCTh CPEAH, B KOTOPOH YaCTHIEI
B3BEHICHE, yepes d,, MBl NOJy4aem:

4

_NE e (d — ) (2~ 20)
g R : (178)

A{i]
s GpOyHOBCKHX YaCTHI[ H3 T'YMMHIYTd JHAMETPOM B 0,21
(1 muxpon (p)=0,001 sx) IleppeH NOAYYH/]I H3 CBOHUX H3MEpE-

. 1
HHH [/ BHCOTH & —2,== 2, 12 KOTOPOH ¥ = %~ v, YHCJIO, paB-

noe ToiaLko 30 p, uwan 0,03 am.
3amMernM, MEXAy OpouuM, YTo BeipamenHe (178) MOXKHO
MOJNYYHTh HENOCPeACTBEHHO, Npeanojaras, 9YTo COOTHOHICHHE

pm% vine? TPUMEHHMO K OPOYHOBCKHM YacTHIAM TdK ke, KaK
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M K ra3oBLIM MOJEKyJaaM. BospMmem ciaofi dz (naomasb OCHOEA-
HUH papHa €IHHHIE), B KOTOPOM HAXOLMTCH vde HacTHm, Mx
BeC C monpaBkoil HA 3aKoH Apxumena Gyner:

_g. wrd (d —d,) gv da. (179)

Uro yaepxusaeT 91 HAaCTHIR HA JAHHON BecOTe? Iloucmy ownu
e onyckamores? Tak kag 4M¢a0 yactuil B | ca® yObIBacTt ¢ BH-
COTOH, TO 4YHMCJAO YHAPOB, NPOH3BOJAHNMEIX B3BCIICHHLIME YACTH-
1aMy, Oygmer 60JbIHE CO CTOPOHH HHIKeNEeKAIero ¢Josd, Tax
KaK YHCJA0 YacTHIL B 1 ca® B HHXHeM cioe 6yaer na dv Goabie,
UCM B BepxHewMm, Haxojmfuiemca Hap caoem dz (179). dror wa-
OBITOK 9HCAA YacTHN (v NPCH3IBOIHT A0GABOUHOE RaBJeHHE

dp = + mcdb. (180)

[IpupapHupas supaxennsa (179) m (180) m momns, yro mpupoct
BLICOTDI HA dZ CONPOBQXKAACTCS YOBIABIO YHCJAA YACTHL, HMEEM:

_%ﬂrﬂ(d—do)gwds_—“%m?dv. (181)

1 = 1 = RT
alnee, TaKk KaK - Nme?=RT, To + mc? = 5+ : BCTaBAEM
’ 3 3 N ?

gTO BHIpAXKeHHe B (opMmyny (181) m, pemas mosydeHHoe BHIpa-

v

HECHHEe OTHOCHUTEJALHO —‘V , IIOJIYUgaeM:
dv 4 . N
Lm g (d—d,)

Y

o

Murerpupysa u 3ameyas, 4910 0pU 2==2, v=—yv, LOJIyYaeM
TO Xe camoe BHpawenme (178).

C. BueMeHTapHHH BHBOAL HopMYyJaH Puuapa-
cona. Ecam b yepes © 0fo3naunM He BENHUMHY TMOTENNHALA,
a TMOTEeHUHAJILHYIO 3HEPTHIO, Torja ypapdedue (176) nago Oyger
HAIMCATEH B TAKOM BHjJE:

S
v e——Eh (@ D) __ R7

¢ . (182)

Vo

[Mpeanonoxum, uto P — ¢, =el/ npeancrasiser coboit padorty
BHIXOJAd BJNCKTPOHA H3 MeTaJs1a B IpHACKAINHH CA0H KpadHe
paspeskennoro rasa (¢ —3apsg, V' — pa6oTra BHXOA4 HA COHHUILLY
3apANa, BLIPAXEHHAsA B BoJALTAaX). Torma v mpeAcT4BHT COGOI
YHCIO 3AEKTPOHOB B 1 ¢4 B cioe BOUH3N NOBEPXHOCTH METAJNIR,
a4 vp—-UHCIO 3AEKTPOHOB B 1 CM* BHYTPH CamMoOro MOCTa/Ii.

g% 83



NeV
O603uayas pis KPaTKOCTH —%—:b, MEL BMecTO dhopMy.in (182)

HOJYYHM BEIpaXKEHHE:

N
T

V=—y_.¢ . (183)

0

Huemo 3/JI€KTPOHOB, BHJIETAIONHX ¢ NOBEPXHOCTH METAla,
MOMHO BHYHCIHTE, 3HAS YHCJAO SJEKTPOHOB ¥, NPHXOLANIHXCH
Ha 1 cm®; 3710 wncao BEpaxaercs opMysoi (84):

e 1

~ /RT3
—_VV‘;‘;UW"-——-AVI »

Berasaas ciona puipameénre (183), Mol nomywaem gopuyay
Pudapocona:

_s L b
b _

=A'T?e T, (184)

1
n== AT *ve

[lTosb3yack ocCHOBaMH TepMOXHHAMHKH, PHYapAcOH Hamien
JJIA 1 APyroe BuipaXeHHEe:
b

n=A"T% . (185)

ozHaxo Qopmyan (184) u (185) ne pporwsopewar Apyr ApyTYy,
TAK Kak HEM3BECTHO, KAK H3MEHSeTCa v, C TeMIeparypoi, a
' B (hopmyre (184) npeano.a-

— —Ja—
raetcs, YyroO v, OT TeMmuepa-
. TYDPH HE 3aBHCHT,

- re D. Teopus Jlanxe-
E A{'\ BeHa H eC npHMeHe-
= 7 —  HHe K TeOPHH NOoJAf-
—ec/ PH3aLHU AHMIJNEKTPH-
- —* KOB C XECTKHMU JH-

NOJSMH,
- — - PaccMOTpHM HECTKHE AH-
Pnc. 34. nosab (pue. 34) ¢ MOMEHTOM

p,=1e, rne !—mocrosunoe

pacCTodhne Mex Ay 3apsgamd + e u —e. [lycTh ZHIOAB Ha-
XOAUTCA B NOCTOSHHOM W OJHOPOAHOM noJge £. BpamareAnHui
MOMEHT, JEHCTBYIOIUMA HA AMNOJL B 3TOM CJayuae,

L =elEsina==p,Esina, (186)
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[Tpu moBopore noj AeficTBHEM NOJAA HA yroa du IIOTEHU,HdJIb-
Hasi SHEeprHi YMEHbIIAEeTCs HA

— p, L sinada = —dD, (187)
Otcrofa, UHTErPUPYS, OJYYACM:
® = — p,L£ cosa -4 const. (188)
dyHxuusa pacupejesedds B MAHHOM caydae MOJY4HTCH:
N NpoE cos o

Wf==Ce RN g MmN g KT pmhmEmea) - (189)

Mogcuuraem pomo oO0Liero 4dcia Aunojaell (mpejanoJarad, 4To
OHHM pACIpeseNeHH pAaBHOMEPHO IO BCEM HANPABJICHHSM), an-
XOAAIIVIOCA Ha yroJ, JexamHui B npefesax orT = 10 % == dx,
Ito O6yler:

2sinada sinada

———a———
[y

4 2

Mrak, uncao moJsexkya (Aunojef), y KOTOPHX Yrod & JI@KHT
B npejesax ot 2 10 « -+ da, 6yner:

Npo cos m,-' "
dv = Ase R sinada. (190)
Baegem 0003HAUECHUE:
NpoE
RT b.

Toraa
dv, = Aae” “* “sin e da.

O6uree YHCIO AMOOJEH, paccuntauHoe Ha | cu®, 6yper v = A,J,,
roe - .
Jo— [¢****sina da.

[NlopcynraeM Tenepsb OOLLYI0O BEJHYHHY IOJAPH3AIUH:

J= fpu cosad e “**sin a daﬂAopreb €0 %082 sin @ da =
0 ]
o 0 . y, ] V3
== Aupo ﬁ‘,{) == APD azare ©*"sin a da. (19[)

Bpenem B dHTErpaJa J, IepeMeHHyI0 COS & ==g; OTKyna
dz = -~ sin a da.
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HMrak:
b —! . e
Jo= [ “sinada=—[e"de= [e"dz =5 (192)
0 1 -1

Orxyna:
b b

v=A, 5. (193)

Hast penruuubel OOINeH NOAAPU3ATHH MBI HAXOAHM:

J % — b b b+ ~N___ (P P
J=Adpos; f‘Tg“mADPo (ef+e )b2 (b —e?) |
= ppvL (b), (194)
rae L {(f) — ¢yukuua JlanxereHa:
e? ;=% 1 1
L (b)=m“ 3 = ctghyp b——;
b —b b__ ,—b
€_~_|~2im_ =coshypb =n f__T@_____ =sin hyp b.
PaccMOTpHuM [ipefeIbHHE CJAYy4YaH.

a. Tlyets b— 00. Tak kak b= N%’TE, TO 9TOT CAYHY&H MOXET

OHTb MH TpH abconTHOM nyae 7 =0, ui npu GeCcKOHEUHO
Goapwiom noae £ -— oo

L(b)=[1+—e‘é’3 +|=1.

[—e20 7}

Urax, J==pyv, T. €. noAApu3anusa DaBHA CyMME MOMEHTOB BCeX

b7
4UCTHIl, IDTO H GOHATHO: NPH GEeCKOHEYHO OOJBLIOM 110JE BCE
MOMEHTH [AUIIOJEH MOBEPHYTH B OAHY CTOPOHY; TEIJOBOE ABH-
XKelne He B CHJAX pAaCCTPOHThL OPHEHTAIHI0, BHI3BAHHYW Gec-
KOHEUHHM nojaeM. [1pu abco1iorHOM HYJe TEMJIOBOE JBHXKeHUE
HE B CUJAX MPEOAOJETh OPHEHTALHIO, BH3BAHHYIO JIOOHM NOEM.
Dra reopusa Gulaa paspabotana Jlanxesenom B 1905 roxy aus
O6BACHEHUA TMPOILecca HaMarHWueHus (B TO RpeMd yCJIQKHEHHE,
BH3BAHHOE TeopHel KBaHT, eme He OWJO H3yueHo). B Hacrosmee
ppeMs Teopuw JIaHAeBeHa B IPUMEHEHHH K NPONECCY HaMaruu-
yeHHA HeoOXOAUMO JOMOJHHTH 3aKOHAMH KBAHTOBOH (DH3HKH,
Oxnako Teopwust JIaH:XeBeHa NOJNHOCTBLIO NIPUMENHMa B TOH (hopme,
Kakylo e npuaal aeTop, K TEOPHH [IHAJEKTPHKOB B CJAyuac
KECTKHX JHUOJICH,
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b, PaccmoTpum apyrofi mpenensnumii cayuai: b-—0, rae

1420 1
b= N—}g%é-. MH BHgeaH, 4YTO J=pyy [ lﬁjfg-:gg-—- “5—] Paaroxum
IOKAa3aTeNbHHE (PYHKINA:
4
11264202 — b3 ...
2 —2b2 -y~ BB —. ..
2 4
—— b3 — -
3 3 Vool
—_— \)po — ng —= pg . (195)

Hraxk:

__ wPol Py NpoE
lim J = Zg=-gt .

B30

Ob6o3nauum J = K E, rae k — xospHuurent s1eKTpu3an iy, aHa-
JOTHUHLIK KO3(PDUIHEHTY HAMACHHYCHHS, HIH KO3(hpHuHEHTY
BOCUPHUMUYMBOCTH, Teopus Jlanwesena gaer nag 3toro kospdu-
vag
3RT
MeHTadbB0 Ilbepom Kiopn (obparHas IpOnOpPHUOHAABHOCTD
K03 QHuHEenTa BOCIPHHEMUYHBOCTH abCOMIOTHOH TeMmueparype).
KiopH OTKpHJ 31y 3aKOHOMEpPHOCTH €IIe A0 OuyO/JHKOBaHHSA
pabotn JlanxeBena. 3aKOHOMEPHOCTE, OTKpHiTas Kiopu, otpasau-
BAETCS B OYEeHb MHOIHMX CJY4Yadx, OXHAKO €e HEJb3s] CYHTATD
TBEPNO YCTAHOBIEHHEIM 3aKOHOM, TaK i pgja MeTasntos (me-
JOYHHIX) MATHHTHAA BOCIHPHUMYMBOCTE B IIKPOKHX IIPEAEIAX
HE 3dBHCHT OT Temneparypul. [TapaMarHeTusM BHI3LIBAETCH B 9THX
C/AYy4asiX He MATHHTILIMH MOMEHTAMH HOHOB DEINETKH, a CBA3aH
CO CRRHOM BNEKTPOUOB NPOBOAUMOCTH, T. €. MAargHTHHM MO-
MEHTOM 3JIEKTPOHA.

¢. B reopun Jlan:xepena mpenunojaraercs, 4ro HanpapBJeHHEe
MArgfTHOr0 MOMEHTA MOXET OBTh J000e. OaHaKo coBpemenHas
TCOPHA KBANT LUOKA3BIRAET, WTO HALUPABJAEHHUA MOTYT OHITE TOJABKO
BIIOJIHE OnpefeneHHLie U 970 PyHKoHA JIaHXKeBeHA BHIpamacres
HE HHTErpRJOM, a4 CACAYIOWEeH CYyMMO#H:

[IHEHTA BeJIHYHHY & — , T. €. BeJUYHAY, HAHIEHHYIO BKCIe PR~

‘}'j bi

T &
v,

e S=—J
Ly(@) = =T —
YT

£

§=~J
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TakuM 06pasoM, MATHUTHHE MOMEHTLI MOIYT OHITH TOJLKO

CJIE‘.H.YIOI_LLHE: |

Jj— 1 . _j_:E j—2

_j b {""0 j yoroah + P-n j
Jj—1

+ > T_ ’ "I_ o5

— o], o

X YHC/JAQ ONpexeasercs BEeJHUuHOH 2/ 4 1. Ecag peun uper o
. 1 '
nCHOHHE®, 10 j=—-. Uueao BO3MOKHBIX HaOpas/JenHd TOrAa

Gyaet 2- ;— 4+ 1=2, 0 mbl OyJeM HMerb:

1
SN | -5 -
Po—q ==ty H lPo—T] =1t

2 2

Takum o6pa3oM, ML UMeeM B O0JaCTH TEOPHHM IapaMariuern3Ma
Teopr1o JIaHxeBeHa, JONOIHEHHY ) COBPEMEHHOH TEOPHEH KBAHT,




I'naBa ucrBeprasn

3AJIAYA CMOJIYXOBCKOI'O (ITMPOTOBA)

§ 16. 3anaua Muporora u HauGoJee BEPOATHOE
pacnpejejeHHe MOJEKYJa B NMpoCTpaHCTBe

MH pACCMOTPHM OJHY 33444y, KOTOpas GOJBUIHHCTBY (H3H-
KOB H3BeCTHa Kax 3aga4ya M. CMOJYXOBCKOTO, ONyOGJHKOBAHHYIO
B KOOHJIEHHOM COOpPHHKE, NOCBSAIIEHHOM INECTHAECSTHIETHIO
JI. boabnmana, B 1904 roay. Opnako HccaegoBanue paboT
H. H. Iluporosa moxasano, uro sTa 3ajnaua Orlia yxe peilena
3a 16 sner 10 onyOaukoBaHus pa6ote CMmouayxosckoro H. H, Ilu-
POTOBHIM.

3ajaua 3Ta COCTOHT B caexymieM. B Hekotopom oOneme V
BHAEJ/NECH MaJleHbKHi o00beM @. Ecau MoneKy/abl pacupejeseHn
Xa0THYHO, TO OPH YCJOBHH, YTO BO BCeM OOBeme V 3akiioyeHO
N MoJaekyJ, B 00be€Me ¥ HX OYyIeT

N
V=02 (196)

MH XKeJaeM ONpeeNHTh BEPOATHOCTL TOTO, YTO B 0Gheme © 6y-
JeT He v MOJEKY/, a Kakoe-JubO YHCAO 1 /- v.
3ajpava pemaercs CaelyOmHM obpasom, BepostHocTe mnpe-

v
OLIBAHHA MOJEKY/H B OOBEME T GymeT -

BONPOC, KAK BEJHKA BEDOSATHOCTb, YTO /2 MOJEKYJ HAXONATCH
B LaHHOM oObeMe, 0 OYIEM CUMTATL, UTO MOJIEKYJH He3aBH-
CHUMB APyl OT APYra, TO HahAeM A/ BEPOATHOCTH OpeGLIBAHHA

. EcJH MBl CcTaBUM

p\n
OJHOBPEMEHHO 1 MOJIEKYJ B 06BbEME U BEJAHUHHY (V) . Ocrans-
Hple /N —n MOJExXyJ HaxoAATCA B OcTaBwmieiics yactH oObema

Ve p\N-1t
V — o; 1 BeposATHOCTb HX NpednBaHHA TaM Oyjer (—V—) .
Taxam 06pasoM, BEPOATHOCTb, YTO KAKHE-TO ONpeIe]eHHHE
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J1 MOJIEKYJ ¥ OIHOBPEMEHHO OCTajibHbie /N-—# MOJeKyJ Haxo-
AsTcAd COOTBETCTBEHHO B o0neMax v u V—9, Gyaer

p \n/V—\N—n
() (=" (197)
Jlaa nac He BaXHO, KAaKHe HMEHHO N MOJIEKYJ HAXOAATCA
B ofbeMe @, JUUIE OB 3TO YUCJAO MOJEKYJ pPaBHSAAOCH n. M3
ob6wero uucaa N MOJeKyJ BHGPATb KAKME-HHOYAb 12 MOJEKYJI
MOKHO £ cnocofaMu, rae

N1
P= - (198)

Hro 8TO Tak, MOXKHO YOEAMTRCA CaeAYI0IHM o6pa3oM. [1ycTh
HHCIO COOCOOCB, KAKUMH MOXHO OCYHIECTBHTB TaKOe pacmpeje-
JEHUC, & UMEHHO 71 MOJeKYJ NOMecTHTh B o0beme © u N—n
MOJIEKYJ B OCTaabuoM oO6meme V — o, Bripamaercsa uuciaom P,
TlpouseeneM BCe NepeCTAHOBKH B rpynnax £ U4 N—n MOJIEKYJI,
BXOJAIMHUX B COCTaB Kaxkaoro n3 P pacnpenencHafl. B kaxaoMm
us P pacnpejeaenuit MOxHO caeqatek nl (N—n)! nepecTaHoBoK.
Bo Bcex P pacnpeneneHnsx MoxHo caenats Pn!(N-—n)! nepe-
cranoBok. Ho Prnl(N—n)!=N!, rae N! ecTb 4HC/IO nepecra-
HOBOK Bcex /NN sseMeHTOoB (MoJekyJ.). MTax, uckomasi BeposAT-
HOCTh IOABJACHUA B 00beMe ¥ He v, a 7 9acTHUI[, BHPA3HTCSH TaK:

W =n!(!\a’N!— ﬂ)!< ;’/)” (V;t,)N ) n' (199)

Fla ocriozaunu dopmylin (196) 370 BEIpaXEHHE MOXKHO INepe-
oHcaTh CAeNYIONHUM 00pasoM:

W,m1-‘2-3...(Nu-—_rz—l)(Nmn)(N—-n—!—l)...N'v_"(1 _Ly\f—n
nT nl.2.3. . . (N—n—1)(N—n) N" N ?
HJIH :

f N—n

v v N N—1 N-—-2 N—ni1 .
fo?!@"?) TR TN e - (200)

o cux nmop MH HHKakuX ylpoumesnHii ne saocuau. [lpen-
HOJOKHM TEMePs, 4TO #2 ¥ v 3HAUMTEABHO MeHbnie NN, 2Toro
BCerjga MOKHO A00HTLCA, 0eps ¥ OUeHb MAJHM 10 OTHOILIEHHIO
k V. Torna mocaemuuii pajg muoxuteseit B popmyie (200) pacr

ne 1y/ 2 Ay
-5 —%) (-5 )1,

Kpome rToro, Herpymiuo y6eauTbcs, 410 IPH 7 H v, MAJHIMHE
N0 CpaBHEHHK ¢ [V, MLI HMeeM:

v \N —n v —N;ﬂn(—"‘) v “NT(”““)m —
== "=0—%) =(1—) =e
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Hraxk:

V!‘Z —_
Wn="&—!”€ . (201)

Korga ator pesysnhTaT NOsBHACA B IOOWIEHHOM CGOPHHKE
B uUecth bosbnmana (paboTe [luporoBa He OuIM TOrga Hs-
BECTHH!), TO HE OLIO €lIe H3BECTHO TAKHX SIBAGHHH, HA KOTO-
PHX MOXHO OmLIO OH 3TOT pe3yJabTaT NPOBEPHTh. Brnocaencreuu
Cpealepr ¢ noMoliblo YJABTPAMHKPOCKONA, HM3Yyuas B3BEUICHHHIE
KOJ/VIOWAAJbHLIE YACTHIB 30/10Td, MACCa KOTOPHX Obl1a Mopagka
2,1-107" ¢, mposepun dopmyay (201) m names xopomee cob-
OaieHue ¢ OOBTHHIMH AAHHBIMH, AHAJOTHYHHE ONBITH OB
nocTap/lensl Cpea6eproM ¢ pacnblA€HHOR B BOJAE PTYTHIO (CPE AR
macca 2,06.107% 2).

B noMmemennofi pume Tabaune B OePBOM croalie naercd
YHCJI0 N, BO BTOPOM CTO/AONE — OTHOCHTEbHLIe uwHcaa (nabJro-
AAeMO€e  UHCJ0 MNOSABJEeHHT ..

4aCTHL, ACJEHHOE Ha 00- OTtHocuTeuaslae {OTHOCH TEAbHBIC
mee uvuciao HaGaopenui). B 7 | unicaa M3 Ba- |[4HcAa 1O (op-
TpETLHLEM creadie onpeneJeHH 6moneHuH amyae (201)

YHCJAd, BEIYHCJACHHHE 110 QOp-
myne (201), [as noJassoBa-

0 0,03 0,03
ausg dopmyaoit (201) nago na 1 0,11 0,10
OCHOBE H3MepeHufi HafiTH v. 2 0,14 0,18
[Moacuer pexaercs ¢ NO- 053 0.21
MOIIbIO MOMEHTaJbHOI'O 3a- 5 0.13 0,14
TBOpa, OCBeWAKeroe noJe 6 0,08 0,08
3pEeHUA MHKPOCKONA uepes Ie- ; 8,83 8.83
PEPBIBH B HECKOJBKO CEKYH]L. 9 0,02 0°01

[TopcueT MpoOH3BOLHUTCA HENO-
CpeaCTBEHHO HAOMI0NATEeJeM
M penaercs gororpaduuecknil CHEMOK, HA KOTODOM IIOJCYH-
THIBAETCH HHCAO v, M3 Tabuuupl BHAHO, KAaK XOPOIIO CXOAATCH
HaOJ0feHIbIe 3HaueHdd C BHYHCIEHHHIMHA N0 ¢opmyae (201),
Mu 3ece BCTpeuaeMcsl ¢ THIMUHHM CAYyYaeM TaK Ha3bBae-
MHX (DAl0Kmyaguii, T, €. ¢ OTCTYNJIeHHAMHA 7 OT CPEAHEro 3Ha-
yeHusi. B panpuefimeM ME BCTPETHMCS €€ ¢ moA0GHLIMHE fBJAE-
HUSIMH IIPH H3yUEHHH TEOPHH HeOODAaTUMHEIX IIPOIECcOB, JAaHHOH
CmoayxonckuM, Tenepp ke Mu MCHOAB3yCM Bupaxenue (199)
A5 OAcCUeTa HaHboee BEePOoATHONO pACHpPeNe/eHHA MOJEKYJ
B IIPOCTPAHCTBE, .
[Tpencrasum ceGe, uto o6beM V paszjes]eH Ha n MAJBIX O0b-
eMOB ¥, Tak uto V' =77v; TOrnAa BE€POATHOCTB, YTO KaKafA-JaHOO
onpejeseHHas MOJEKYJAa HAaXONHTCd B KAKOM-THOO ompeneseH-

T 1
HOM O06beMe v, Gyler - = -~ Ecinm xaxzas MOJeKyJa HaXo-

4]



AATCA B KAKOM-JHOO OIpeneJeHHOM OOBEME U, TO BEPOATHOCTH
1
TAKOr'o pacnpeneeHusd 6Y,H,ET n—: _"N_ HEpr,ﬂ,HO y6e1uTh A,

4TO 8TO €CTh 0600UICHHE Cly4as,, BHPaxkaeMoro gopMy.oi (197).
TaM OHJAO 1Ba HEpPaBHHEX o00BEMa, 316Ch A OIHHAKOBHX
ob6beMoB, [laziee, npeANnoJsOXKAM, 4TO B IePBOH sSYeHKe ¥ HAXO-
AHTCA @y MOJEKYJ/, BO BTOPOH ay, B n-U a,;

@G+ at+a+...+a,=N. (202)
Taxkoe pacnmpejesieHHe MOXHO OCYIlECTBHTH
N!
il as . o] cnocoGamH. (203)

[TosToMy BepoaTrocTh cocrosnua (202) BHpasnTCs Tak;

0, — Ak V. (204)

a_(_! 0’2! a;;! P fln!

Herpynuo yOeantbca, uto Buipaxenue (204) spagercsa o6obuie-
HUeM BHpaxeHdsa (199).

Tenepr wameit sagaued OyjeT HalTH Takoe paclpejaese-
Hue (202), xoropoe obparut BHpaxerne (204) B makcuMym, T. €.
HaidtTy Haubosee BEePOATHOE pacnpegenenue. Bosmb-
MeM OT Bhipaxesus (204) HarTypaibHuit JjgorapudMm. Bee N! u
@;! MH BHpa3uM N0 ynpoumeHRo# Qopmysae CTupaiuHra:

Nl=V2aNN"e Y. (205)

Gopmyny CTUPJHHIA MOXKHO MHNOJYYHTH NPUGIHKEHHO CJAeAyIO-
IHM 06GpasoM. Bo3pMeM MHT :rpaJt:

flnxdxmlflnx-x—fdx‘:lfxlnx'—l:x{mnlnnﬂrz—l— 1.

[MpeanosoxuM, YTO MH HMEEM MOCIEA0BATEJILHOCTh YHCE]
X1, Xgy, Xgs + 00y X,y OTJHYAIOWHXCSA APYCL OT APYTa HAa e€HHHLY.
Toraa B3ATHH HAMH HHTErpaJ MOMXKHO NOPeACTaBHTh KAk npesen
CYMMH:

(g — ) Inxy 4 (x5, — ) Inx, +- '
+ (%, —x)nx ... 4 (£, —x,)lox,
HJIH
Inty+Inx,+...+Inx,=In(1:2.3-4 ... n),
Hrak:
In(1-2:3-4...n)=nlnn-—n. (206)

Ilpu strom MH npeneGperaem -+ 1, Tak Kak BooOule TeopeMa
CTHPJAMHrA B 3TOM NPHUOJHXEHHOM BHJE BepHa TOJALKO AJA 00JIb-
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mux sHauenu#l n. [lepexons o (206) or JIDI‘apHCpMOB K 4HCJaM,
Mbl HMEeM:

1-2.3...n=n\=n"e". (207)

OOBYHO B yOpOueHHOM NpHOJIHXKEHHOM BEAC TeopeMy CTup-
auira GopMyJaHPYIOT B caAeAylouleM BHAe (KaK OHA H NpHBEJeHa
B TEKCTe):

=V 9NN eV,

Opnaxo npu OOJBIIHX 3HAUEHHAX N JONOJHHUTEJALHBIH MHOMKH-

teab V/ 2zN mo cpasuennio ¢ NV # e " cymecTsensoro snave-
HAA He uHMeeT. B pacuerax DoapmMana MH 4acTo npeHeOperaem
MOJIOBHHON B BbipaxeHuu Jsorapupma N

In N!z—%—ln O - -;;—-InN+NlnN-~N~———~“
1 1
o= -1 2n —I—(N—I—T)In N—N.

1 J—
Ecau Ml OTOPOCHJIM =, TO 3TO 3HAYHT, YTO Mbl OTGPOCHJIH V N.

[Tocae samenn Bcex N!u a;! no ynpomenuofi opmyste Crup-
JIUHrA Jorapudm seipaxenusi (204) npumer BHA:

In8,=—Nlnn+-In N+ NlnN—N—$1n e —
—2%111(1 a,lna ~|—2al

3aMeuad, uro Ya;= /N, MH UOJYy4YEHHOE BHIPAXKEHHE INPUBO-
JHM K BHLY:

In ©, ==

Ninn4+NInN +

4+ InN— M, + +) Ina;. (208)
1
Hamree 3ameydem, 4TO
(a2, +-)In N=NInN+-5 In N,
2((1i +T}3r)lnn=Nlnn—l——g-- Inn

MostoMmy, 3amessis Nlnz u Nin N B dopmyae (208) uepes ux
3HAYENHA N0 cpopmy.naM (209) MBl NOJYYHM:

(209)

n—1

In ngm— In2w ——— ln N - 2(::1‘-—%%') e ~ T - In n.
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Orcoj2, nepexons OT JOrdpuPMOB X UHC/IaM, HAXOAHM:

_n=1 =~
2 g = NK,

8, = (2xN) nte Ma (210)
roe
NK -—i(a + ) In 2 211
a i 9 N ( )
1

PaccMotpes Bupaxenne (210), Mul 3amMeuaem, 4to TOAbKO NK,
3aBHCHT OT XapaxKrepa pacnpencaenys, TaK Kak Toabke NK, 3a-
BHCHT OT 3HayeHus @, lTosToMy R4 BHACHeNHS, Kakoe H3 CO-
crosHufi Oyjger HauboJee BEPOATHHM, H4ARO OYZeT HCCIemOBATDL
Beipaxernue (211). Ecau cocroanue rasa yCTaHOBHBIIEECH, TO BCE
usMeHeHus 8a@; NOJKHE yIOBJAETBOPATL TPeGOBAHUIO, COCTOSIIEMY
B TOM, YTO OHH He HOMXKHH H3MeHATL BennunHn NK,. Hrax,

sappupysa Beipaxenue (211) m nprpaBHHBAag BapHaNKIO HYJIO,
MBI TIOJyYaeM:

o VK, = L ad, (ln L1 - ~——> (212)

2a;

MMpu obcyxaenun dopmyau (212) Hago uMetrs B BHAY, UTO

BApHANAH @, CBA3AHE YCJOBHEM, 4TO Y@, = N, H moTOMY
1

Yoz, —0. (213)

Yumuoxaem Beipaxenue (213) HA TPOH3BOABHHIT MHOXKHTEADL &
H CKJagniBaem ¢ BepaxenueM (212). Ilonyuaem:

n

Y da; (In " + 1+ k- Fm) 0. (214)

1

B ypaenennn (213) BuOcpeM IpPOH3BOJLHO BCE€ BapHaLHH,
KpOMe OJHOH, 3HAYEHHE KOTOPOil MOXKHO OUpele/iTh W3 ypaB-
nenus (213). IlycTs aTa saBHcHMan Bapuanua Oyzer 6ay. llox-
GepeM 3HAuUeHHE R TaK, YTOOH MIQKHTEJL npu 8a; B GUIYypPHEIX
ckobkax ¢opmyan (214) olpaTtuiacsa B HyJb, T. €. YTOOH UMEJIO
MECTO PaBEeHCTBO

arz,

1n--—+1+k—|-—-o (215)

BeH1y NPOH3BOJLHCCTH 3Ha4YeHHi Bcex Ba, (xkpome &a,) ycioBHE
(214) MoxeT OCyLUIECTBHTBCH TOJABKO TOI/A, KOTAA BCE MHONXH-
TeJAd NPH KANIOM 60; B OTAEJbHOCTH 00paliaioTcs B HYJb, T. €.
I KOxLoro 8aq, (8 TOM HHCAE H A48 6Q4) AOJKHO HMETh MECTQ
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ypasHeHue BAAa (215). Urak, BCe @; ONpeaeastioTCa M3 TOXKIe-
CTBEHHHIX YDaBHGHHHA M, CJIEZOBATENBHO, BCE ¢; NPH -CTAllHOHAP-
HOM COCTOfIHHH OJMHAKOBHI, T. €.
N
— —_ o ey — _ —_ 2

0y = a,= a, = (216)

(Bce a, paBHEl MexAYy Co0OM, 4YHCJAO HX #, a cymma HX V),
[lokaxem Tenepn, 4To npu cobuaonenun yeaosuit (216) NK,
O6yneT HMETb MHHHMAJIbHOE 3HAYEHHE, a, CTaJIQ OLIThL, O, 6y,u:e"r
NpHE STOM HAUOOJBLIIUM. l‘lpe,monoxmm UTO @; He y;nomemo-

PAIOT B TOYHOCTH ycaosusiM (216), H gomycTiM, 4ro

=2t a, (217)

n

rje o,— MaJble BeAHYHHB, NPHYeM Y @ =0, TaK Kax 3 2a,=N.
1 1

1
,[LHJIEE NOJOXKHM, YTO BCE 4; BLJHKH IO CPAaBHEHHIO C 5" H 9TO

no3TOMY B BupaxcHuu (211) mososBuHO# MOXKHO OpeHeGpeun,
Hrak:

NK, = E( +oc)ln<1 +~—oz) (218)
HAN
NK = 1 (1 + 5 (1 + 5. (219)

Pasnaraem sorapichm B pdafl, OTrpaBAdY4BASIChL YJICHAMH C a4

BerasuB 310 pasJoxeHHe Jjorapudma B dopmyay (219), noay-
qyaeM:

1 ¢ ;
NK,= Y2+~ N fm-——(%) Y@ (220
1

{lepsuifi uwren X=; o0pamaercs, KaK ML BHACAH, B HYJb.

Ianee m3 paccmorpeuns psiaa (220) MH DPHXOAUM K BHEBOZY,
4TO OTHOLIEHHE MOCAEAYIOMEro Y/A€HA K CBOEMY IPEILILYILEMY

OyjeT NopAanKa L a
3 2 AW
i <’V) %

jv
&) ¥
N n

- . N '
Ecan oy <E 0 TO H3 NOOJYHEHHOTIO BLIBOJAAd BEITEKAET, Y0

L Ll |

o

3HaYEHHE pAxad B €r0 3HAK ONPCICNAIOTCA MEePBLIM 4YJICHOM (HE

th



. . E # 1 1 n . 2
cuuras ¥a;), @ BTOT MEPBHEl WIeH —- () Y] af— cylllecTBeHHO

o N
NOMOXHATELHEH. VTak, npu Bcex @;=—- pce a;=0 1 NK,=0;
npd ; MaJuXx, HO He pasHux Hya©, NK, > 0; clenroBaTelbHO,
N
pemeHHe «;=-_- COOTBETCTBYeT MUHHMYMY NK, n wmaxcu-

N
vymy 8,. Jlanee, ecid o; nopsaiaxa —-, TO BCC UJEHBI (kpowme

N
1IEPBOTrO, MONPEXHEMY DABHOTO HyJw0) OyAyT NOPAAKA -, T, €.
OyuLyT Beauku; oT 3toro H NK, Oyaer BeJHKO W OYIeT HMEThH

N
sHaK maoc. OTcoga npe GOJBIIHX OTCTYIVIEHHAX OT -~ BEJIM-

— NK
gyuia NK, O6yaer 60.Jbluas, a, CIeLOBATEJLHO, € Ma  Gyner

OYeHb MaJo, C/enoBaTeabHO, BEPOATHOCTh CKOJALKO-HHOYyLb 3HA-
YUTEJbHHX OTCTYINJIEHHH OT PAaBHOMEPHOro pacipenesieHust Mo-
JeKkyJ B TNPOCTPAHCTBE, B KOTOPOM J[AAHHBIH ra3 HaxXOAuTCH,
MCUe3aloIe MaJa.

Wrax, Hauboace seposmuoe pacnpedescrnue MOAECKYA 8 LPO-
cmpancmee — pacnpedeschue pasHoMeproe.

§ 17. PacnpenencHue ckopocTein Makcseaa
Kax HaunboJee BeposiTHOE

[TpeanonoxuM, uTo ras B oobeme V, cogepxammit N yacTu,
obaagaer sHeprueit £, Kakue MOTYT IIPH 3THX yCJOBHIX HA0./10-
naThCa HAHOOJAbIIMe 3HAUEHHA caarawoimx £ n ¥ { o118 ckopo-
cTeli ra3oBHX MoJerya? Hanbosbmee 3pagenne A5 CaaraiomeH,
ckaxeM &, MOJYUHTCH, €CJIH BCe Caaramwinue nJjs BCeX MOJEKYJ
3a HCKJIOUEHHEM OJHOH cJarawmoief & gasd OLHOH H3 MOJEKYJ
o6paTs1Cad B HyJb, TOr4a KAK 3HEPrust rasa JAOJIXHA némpem-

m
HeMy paBusteca £,; B 3TOM C/Ayuae Mbi JOJAYUHM —é”—f:Eo,

OTKY A" o
==+ e (221)

Ecan M nOCTPOHM BCIOMOTATeNbHYIO JLHArpaMmmy — npo-
CIPARCMBO CKOPOCMEN — ¥ OTJOXKHM HAa BCeX TPEX OCAX Koop-
NMHAT B 3TOM npoctpaHctse =/, Mu noayuum 006beM 8% B KO-
TOPOM JNOJKHE YJAOXKHUTHCS BCE BEKTOPH, H300pamaiomue
CKOPOCTH BCeX MmoJekya. PaspenuB Bech 00beM 8L° Ha n paBHEIX
06beMOB U, MBE MOKEM pacnpeneaeHHe CKOpOCTed IPEACTABHTH
KaK pacnpejeseHne TO4YeK (KOHIH BEKTOPOB, H300paKAIOUHX
CKODOCTH MOJEKYJ) MEXAY OTAeMbHBIMA Auelkamu v. O6o3Hauas
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YHCJIO MOJEKYJ, CKOPOCTH KOTOPHX MOLAXA0T B NE€PBYIO, BTO-
PYIO H T. I. AYEHKH, COOTBETCTBEHHO Hepe3s a,, @y, ..., @, MH
OOJYyYHM TO Xe Bhpaxenue ajaa 8, uto u mo gopmy.re (210).

Teneps O, BHpaxaeT BEPOATHOCTH pACHPEALTEHHT CKOPOCTEH.
st uccregoBanusa, Kakoe W3 pacipeneneHdit 6ynet HanGoxaee

BEPOATHOR, HaM NpHOCTCH HCCAeTOBATDH Bmpameme
L na; 1
NK,= Ya,In " ". (222)
1

OAHAKO B JAHHOM CIydYae BMECTO OZHOTO Mut 6yieM HUMeTh ABa
AQUMOJIHHTE/ILHEIX YCAOBHS

Ya,=N n Xag=F,,

rA€ & —3HEPrdsg KaXA0d MOJIeKYJbl, COOTBETCTBYIOUWECH £-if
AueliKe; BTOPOE YCJAOBHE O3HAaYaeT, 4YTO ofumas SHEPrus Bced
CHCTEMBI NMOCTOSHHA,

CocraBasieM BapHALHIO:

ANK, = Yoa,{In"g + 1] =0 (223)
1
H ABa JONONHHTEJHLHHX YCJIOBUS:
¥ 8a,=0, (224)
5 850, = 0. (225)

YMHOXKAE BHpaxeune (224) wma k; u pupaxenne (225) wa k&,
U OPHIOXKHB NPOH3BEAEGHUA K dopmyJse (223), MH NPHIEM K BH-
BOALY, KOTOPBIH JacT pesy bTaT, CXOAHBIH ¢ BHpaxeduaMu (214)
# (215), T. e. MH moayyaeM cieAyIOLIHE 1 YPABHEHHH NO YHCIY
AYeer:

In 25 1+ ky + kot = 0. (226)

Hanee zameyaeM, UTO OO HNPEXKHHM HAMNIHM OOO3HAUECHHAM
@, = Nfdo, Tak xax @, eCTb YHCJIO MOJEKY.I, CKOPOCTH KOTOPHIX
Ha AHarpaMMe CKOPOCTeH monagaioT B I-10 i4eliky, 06beM KOoTo-
po#i pABEH U; KPOME TOTO, IIPH NEPBOM BHBOAE paACNpeaeNeHust
Makcseasa (rnasa  BTOpasi) poab U Hrpajo NpPOH3BEAEHUHE
duodvdw=dv, umn do==dtdndi Janee, don—=_8[* rne 83

1 BBuay TOro, MTO @; BETHKH MO CPAaBHEHHIO ¢ eAHHHUEH, ME [peHelpe-

raeM —5- B BHPAWKeHWH (211).
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ecTh 0GbEM BCEro npocTpancrea ckopocrtelf. Ilonaras Tenepn
— (14 &) =In ABP n ky =2k, Mt u3 popMyan (226) moayuswy:

Nfﬂ.dm
In - 37

OTKYJ)a HAXOJUM:

=Inf-8%= InA 85 — hm [&7 -} w7 - 02}, (227)

f_'":—" Aeuﬁhm (E"-i-'f,"*'-}-f';“)‘ (228)

Mul BufinM, uTO AaA GOJABIIMX CKOPOCTEl 3HAUEHHE [ Gyaer
OYeHb MaJ0. ITO KaK OyATO HAXOAHTCA B NMPOTHBOPEYHH ¢ HC-
XOAHHM IPEANOJOXKEHHEM, COTJE8CHO KOTOPOMY npeGuBaHue
MOJIEKY .1 B JHOOOM 9N1E€MEHTE U = dv QJWHAKOBO BEPOATHO, CTAJA0
OLITH, OLHHAKOBO BEpOSATHA Ji06as CKOPOCTh.

lTpotuBopeune paspemiaerca caeayloniM o6pazoM, Mu uc-
XOJUM JACHCTBHTEABHO M3 NPEAIONOXKCHUAS, UTO Jtofad CKOPOCTL
A MOJIEKYJbl OAHHAKOBO BEPOATRA, BO MOJYREHHHIE TaKHM
00pasoM pacnpeenelua NOoABEpPraTes COPTHPOBKE] TOJBKO Te
paciipeeneHus, KOTOpHE YJIOBJACTLOPAIOT YCIOBHIO Ye,a;==F,,

ABASKOTCA ACHCTBATE/BHHMH, COBEPIIEHHO SCHO, YTO TAKHE PaC-
UpenesiCHus, MPH KOTOPHIX GOJALIIOe 4YHCAO MOJEKyJ o6Jjaiaer
OOMLIIHUMH  CKROPOCTAMH, HE YAOBJAETBGPAIOT MNOCTABACHHOMY
YCJAOBUIO H JOKHH OnITL OoTOpomensl. TakuM o6pazoM, Mu BH-
AUM, UTO MaKCBE/NIOBCKOE DaCHpeae]eHHe CKOpOCTeli sBAAercs
inanfosee BEPOATHHIM IIPH YCJIOBHH, YTO (PYHKNHS pacupene.e-
HHS HE 3dBHCHT OT KOOPJAMHAT H NOAUHNIEHA TOJABKO YCJIOBHIO
NOCTOSHCTBA BHEPTHH,

Tax wax M3NOMCHHOC B JaHUOM TNaparpade MOMET BH3BATL HEKOTODLIE
COMHEUHs, MBI PACCMOTPUM CeHYAC NOKA3aTeancTrO BosnliMaua B dopme, npi-
Aauiod eMy JlonesuoMm B ero JennstX (HTPOMHA ¥ BCPOATHOCTH] NPOYHTANLO
g Jlefinene 19101911 rr.). Boanmem OQHOATOMELIH 43 ¢ YACIOM MOJEKYX /L,
{locMOTpuM BeOMOTaTEALHYIO AHATPAMMY: OT NPOMAIBOALHOH TOUKM NOCTPOHM
BekTOP OF, nMPONOPUNOHANBHBIH CKOPOCTH KAKOH-IHGO H3 NAHHBIX MOJEKYJ;
KOHEU BekTopa P OyleT HAaZHBATLCR mouxon cxopocmu mosexyaw. Ilpenuo-
AOKHM, UTO 00beM HAIICH AMArpaMmbl (CHAYaka MOJIOMHM KOHEUHKH) pazGur
Ha R gnemeHToB: dsy, dSs, dSg, ..., dss.

[lycts B nexoropolt ypue nexut & wapos. Jing Kaxnol MoJeKyAn Mbl
BHIHUMAEM I1ap, OTMEYAaeM COOTBETCTRYIOWEH HHIeKC £ M KaaieM uap oGpartno.
[lopropreM sty onepaudic Aag BCeX MoJexyd. Mpl MOJy4uM cAeAyiomee Pac-
pEfeNieHne; fy ONPEAGNEHHNY MONEKYN HaxonsuTca B obheme ds,, Hy — B dsy,
My B dsgmT. ]

Bepoatnocts Takoro coOBTHI

W= (”e)” (229)

TAK KAK BCE BEPOATHOCTH ORRHAKOBHL.

Jlanee, paccMOTPRM cAYHad, KOTAA 7y ONpeIeAetHbHX MOJEKYN HAXOMHATCH
B dsy, Ng—B dSy, ... N —9-—B dSp — 4, HO My — MOGBIX MONEKY (H3 OCTaB-
Wnxca)—s dsy — . BepoaTHOCTE TAKOTO pacnpeneaeunsa NOAYUHTCH OT YMHOMXE-
hur (229) Ha 9HCAO CMOCOGOR, KAKIM MOXHO COCTABHTHL YKaZAHHYIO TPYRNY HA2
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Hj -} MONEKYN H8 OCTABIUHXCA Mg mmq 4= Hp = 10— Ay — fig == Jlg — ... -~ Hf — g
MOJIEKYA; ATO UHCAO CHOCOGOB Pasuol |

(ng—y+ it
(np— ) 1!

¥itax, HCKOMan BepOATHOCTE Oyner:
{1 —1 -+ )t ( 1 )'2
(rp — 1) np! k
Totpebyem, urobei 8 dsy, ... Jds, _ 5 O ONpeliefeHHbe MOJEKYADL, HO

b dSp — o OhH MOOHE K3 OCTABUIHXCA; 3TO MOXKHO OCYIMECTBHTE CASAYIOUHM
YHCJAOM Cnocofon:

. (230)

(ne — o+ ng — 1 - ng)!
(np — ) (N —1 - np)V”

4 TTOGM MOAYYHMTE BEPOATHOCT S, HALO YMHOXKHTE HalIeHYI0 BeJHIHEY Aa (229).
TMocrenudit B3 9THX MHOKHTEJNeH aaa 71y u3 o6Ilero uncna fy-+...-4-ng

Gyner:
mtmtngt. A m)!
(g 4. .. )t '
TlponaseieHne W3 BceX nOaydeHHsx MHOMHTENeH, 110KasbiBatomee, CKOAbKHMH

ctiocoGaMi MOWHO TOAYUHUTE My MOXEeKya B ds, H3 JOOOTO 9UCAa N MOJEKY ],
a NOTOM Mg N3 OCTABINMXCA 33 BHIEAEHHEM /13 K T. L, Oyner:

nl
mtng... ng!t

(231)

a BepoaTHoOCTbL Oyner:

1! 1 7

gl g (HF) '
Boipaweune (231) sieanerca  OGHHOMHANGHBIM  KOSQOHUUEHTOM  pH
X xgy L xgk B pasnoxenu (x; -+ x5+ ... -+ xz)" Pacupoctpanss cymmy

Ha BCE 3HAYEHMA 71y, ... , Mp, MBI NIOAyuUaeM &7 (1OCTABHBE BMECTO BCEX X; ellH-
winn). OTkyna swTexaer LW == 1. DTuM noATBepkAaeTcA HEOOXOAMMOE

VCIOBHE, UTO CYMMA BCEX BEPOATHOCTEH AOMKIIA PABHATLCA €NHHHILE.
Hau6o.ee sepoaTuoe pacnpeescune Gyier takoe, npn kotopom (231) Gy-
1eT HapboariuMM. M yu(e 3naeM, 9rQ 9TO ycaoBue OYAeT BHTOJIHEHO NpH

n
ny= fg=s...="%, T. €. IDH DABHOMEPHOM DaCTIPe/IEeHHM TONEK CKOpOCTe#H

no Beeil awarpamme. Ho 910 ycxoeue ie MOXET CODTBETCTBOBATH AcHcTBH-
TeAbHOCTH. Mbi ceduac yeujguM nouemy. B camMOm gese, MB He MPHHAKH
B pacuer, yTO CYMMa sHepruil BCex MOJEKYJ HE MOKET NPeBOCXONHTh 3a/AH-
HOii BeAWUMHBL [1yeTh &, — sHEprus 31060f MOJEKYALl B 48y, sg— B dSy U T. R
Torga MoAxRKO CobAIATLER Caenywouee yclroBhe:

niep - Motz ngey 4. .. - Mpsp = 5, (232)

rie — 0OoJHad 3eprus, JaKAYEeHHAA 8 J1aHHOM KOJHMeCcTBE OJHOATOMHQI'O
rasa.

Tlycte Mbl APDOH3BOAMM MOACMET NO METOAY BHITHCHBAIIHA mapouucoxg)a-
HAEM TOJLKOQ Te PAAB YHCEH 12y, Mg, M3y..., Mg, KOTODEHE yA0BACTBOPAIOT (232)
T. €. TPeBOBaHIIK NAHHOTO KOMHYECTBA IHEPTHH.
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n!
ﬂ].! flg! P ﬂk!

Ecad Mu Hawau g8a 0OgOGHMX  pacipeneetus 7

n’l
T 77 » TO BeDONTHOCTH B8THX [ABYX pacnpenesesnii OyAyT OTHO-
”1! nz-’ - .HR[
CHTbCA APYr K APYTY, KaK TOABKO 4YO IpHBeleHHble Bupawenud. Ho xaxosa
GyneT BepPOSITHOCTb KAWAOINO M3 3THX COCTOsHWA? COCTaBUM CyMMY BCEX
n!
nl! ﬂg! L Y nk!
Gyner or6pomeHa Kak HEeyAOBAETBOPAIUAA TPeGOBaHHI0 SHEPIHH, TO SICHO,

1A\
4TO cymma seipaxeHnii (231) 6yner MeHLIme (-k—) . [lycts 81O uscao Gyasr

. Tak Kak H3 CyMMH BceX BOOGLIE BO3MOXHBIX BEIAHUHH 4acTb

1 \n
AL (T) . Toraa ucKoMana BepoOATHOCTH OymerT:
1 n!
W = A .
n]! ng! P— nk[
Kaxoso xe Oynzer HanGonee sepoarHoe pacnpenensedue? Tak kak AU n —

NOCTOAHHHE YHCAA, TO HaHbOnee BepOATHOE pachnpeleienxe 6Gymer coOTBET-
CTBOBATh MHHHMYMY Bblpaxenua mylngl...ng! llogcrasasem Bmecto my! ux

&
BHIDAXKEHHR 1O Teopeme CTUPAMHIra, OTPAHMSHMBASACH A U T. A. B3sB mmecto
QPOH3BEACHHA N7 Ag% ... JAOTAPH{M 3TOrO BHIPAKEHHA, MH MNPHXOHM K Bhi=
BOJY, YTO HANO0 HCKATL MHHUMYM BLiDAMeHUd

H=nInny+4-malnna ... 4-nelnng

ApH yCAOBHAX:
mt+m-..tng=nH meidNosat ... HpsE = ce

Ho aro cosnagaer ¢ paccmorpedqnM HaMH yxe peilexdeM BoasliMasa O pac-
npeneleHnd Makcseana kax Haubo.ee BepOATHOM pacOpeleleHun,

§ 18. H-teopema boabuMana

3aMenum B Bhipaxernun (222) a, depes. vfdo (MH Tenepb Ge-
peM eauuuny o6beMa ¢ YHCAOM MOJEeKyJa B Hel v). Tak Kak
MaJabe 06beMB ¥ 3aMEHAIOTCA TeNeph Npon3selenHeM nHdde-
PCHIMAJIOB, TO W 3HAK ¥ HAXO GyseT samenHTsh 3uakom [. Wrak:

n
VKamEVfdmw,
1

HJIN
v[(a = f\lfdm Invf f‘!{fdw In El;ﬂ— . (233)
Tak kax nocAefHWN HHTErpaJ €CTh BeJHYHHA NOCTOSHHAH, TO
vK, = H - const, (234)

rae
H=[vfdolnvf. (235)

Bupaxenue (235) upepcrasaser coboi dynknuio H BoannMada.
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Bripaxenue naa vK, ecan B3ATb €r0 CO 3HAKOM MHHYC,
AIBIAETCA C TOYHOCTBIO A0 MOCTOAHHOH JOrapuMoM BepOSATHOCTH
cocroalua 8, Takum 00pazom:

—vK,=1n 0, -} const,
— H=1n8_ 4 const. (236)

Orcioaa scHO, Tak Kak YCTaHOBHBIIEECA COCTOAHHE Trasa
AO/XKHO OHTh HauboJee BEPOATHHM, O, JOJXHO AR YCTAHO-
BHBINEIOCH COCTOAHMA CTPeMHTbCA K MakcHMyMy. Haobopor,
¢Gynkuua f npH 3TOM nponecce J0/IKHA CTPEMHTLCA K HAUMEHb-
memMy CBOEMY 3HAYEHHIO. JTO M COCTABAAET KAK pPas COACPKA-
Hue (0JbIMAaHOBCKOH TeopeMu f.

MTtax, BO3bMEM NPOH3BOAHYIO MO BPEMEHH OT (PYHKIIHHM

H= [vfdolnof.

HJIH

Mu noayvaem: ;
L= [nv4+ 2D g0,

L]

COrsacHO OCHOBHOMY YPAaBHEHHIO KHHETHYECKON TEOPHH
0 (vf) , SO
| { (PFf, — v2f1,) Uicos Ba? d da,,
1103TOMY

@ ={ ] JOnsf+ 00 (7, — 1) v cos 8y do . (237)

w wi

Onnako npy BoIYMCACHHH (yRKBHEH H w0 ee npoussBosHOH nO
BPDECMCHH MH MOTJIH OB 3a TUOHYCCKYIO MOJIEI{ley B3ATh MOJIE-
Kyay BTOPOH TPYNNH H HAIHCATh:

H_: Vfl 111 Vfl d(ﬂl

wry

H

& = [+ 1) 28R 40, (238)

wi
Uro ke KacaeTcs a(c;:q) , TO Mbl MOMEM HANHCATH BhIPAKEHHE
9TOH NpOH3BOAHOMN TAKHM Ke NyTeM, KaK Mh PaHbINe H306Daxa/H
IPOH3BOAHYIO Q%Q NpH BEIBOJAE OCHOBHOT¢ ypaBHeHHs. B camom

eJje;

a{vfy) [ , .
"—(afi) 4 J v (f'fy —J1h) v cos Be* dy do, (239)
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taKk Kak v¢(f'f — ff,)vcos Be" dy do dw, dt ecTb 4HCAO CLOJKHO-
BeHHMH Mex Ay MOJEeKV.JIaMH DepBOH H BTOpOil rpynn. Mel paHbiie
NOACYATHBAJHA H3MEHEHHEe YHC/AA MOJIEKYJI NepBoi rpynnu B pe-
3yJbTaTe CTOJKHOBEHHH HE TOJBKO € MOJIEKY/IaMH BTOPO# IpynmlEL,
HO M C MOJEKY/JaMH HHbIX TPYyQl; MOITOMY MBI HHTETDHPOBaJH

y 0 (vf1) :
no dwy. Tenepn, BHYHCAAA —5,~~, MBI IOACUATLIBAEM H3MEHEHHE

YMCaAa MOJeKYJ BTOPOH IPYNOEl B PE3YJbTATE HE TOJALKO OXHHX
CTOJIKHOBEHHH € MOJEKyJaMH Nepsoft rpynne, HO U C MOJEKY-
JAMHM KAKMX YFOAHO APYTHX TPYQOIN; [O3TOMY ME Telepb BbIPA-
Kenue (239) uuterpupyem 1o do, 8 He no do;.

dH
HMrak, me MOXeM HANKMCATh TO Xe CAMOe BhIpaKenue il — ,

B3fiB BTOPYIO I'Pynny MOJEKYJI 88 THIMUECKYIO I'pynny, caeiylo-
WHM 06pa3oM:

W [ [ [nsfy 4 1) » (£ —ff) veos 86" di do day. (240)

w wy
df
Otcrofa AcHO, YTO 334 MEPY —r Mbl MOXEM B3ATL TOJYCYMMY
Bpaxkennit (237) u (240), 1. e.:

%“‘*;‘I‘II (2 + In vf 4 Invfy) v* (f, ;___ffl)q;cos@ﬂ” % dm(gt?f)
&

_ dfH " .
O,E[HBKD IIpy 1oacuere ar H caMmMoil Beanuduel ff MWl MO

Obl HCXOAUTH H3 CTOJKHOBEHWH 00pAaTHOro THIA; TOTAA IO aHa-
Joruu ¢ dopmyaoli (241) MH woayuuM, 3aMEHAA IO TEOpeMe
Jlayeuis (133) do’ dw; uepes dwdw,, ClepylwEe BLHIPAKEHHE:

. q;f (2 -+ WV ff)V (ffy —F /) veos 8o’ d do dm“(2452)

th

HJH, B3SB CPCAHION apH(PMETHUECKYI0 AJis Belpaxenuid (241) n

(242), naxoaum maa % elle OAHO BhIPaKeHHe:

a ' £
e [ [ ety — 1avff) v (', — £1,) veosBo*dpdodo.
@ ay (243)

Uz dopmyam (243) sicho, uto ecam vif'f, >4f, 10 o
Inv¥f’f; > la v¥ff,, Tak Kax, ec/H OfHO Yuca0 Gojbuie APYroro,

T0 U I0rapudMbl UX HAXOJATCA B TAKOM Xe oTHoweHuH, K o6parHo,
ecad Bropad ckoOka B Buipaxeuwud (243) medbule HyJf, TO H
meppan TAKKE MeHbuie HyJsa. [loaroMy uHTErpals, COCTOAIMHA
H3 MOJOKHUTEAbHHEX 3JeMeHTOB, OYAET BCErjna BOJIHYHHOH MOA0-
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u _ ati
JUTEAbHON, 4 Nepejy HHM CTOWT 3Hak MHHYC. [lostomy — (U

H %’-mo TOJABKO TOMJA, Koraa vif'fi=v¥ff, 1. e. korna y Hac
6yaeT pacnpeneseHde ckopocreil Makcseana. Vlrak, crapuonap-
HOE pacmpemeseHHe ecTh pacnpeuneseHne MakcBessa (npH 1o-
CTABJEHHHX YCJOBHSX; €CJIH MBI IOCTABHM YCJAOBHS, KOTOPHE IpH-
HHMAIOTCS KBAHTOBOH CTATHCTHKOM, TO CTAIMOHAPHLIM pacnpene-
aeaueM OYyAyT pacopegeseHna Pepmu uwiaH bBose-DHnmretina).
Takum obpasoMm, pyHkunua fl scerga ybmpaeT; CTa-
UOHApPHA OHA TOJABKO NpPH pacnpegegeHuny
Makcseana.

Teopema H nopoauia 604bMYyl0 NONEMAKY. MHOrse cunTtaJs,
uto H-meopema ectp CACHCTBUE OJHUX TOJNbKO YPaBHCHHA MeXa-
BHKH. A TaK K4K ypaBHEHHS MEXAaHHKH H306paxaloT o0paTHMHE

nponecchl, TO BBHAY HEOOpPATHMOIO Xapakreépa H3IMEHEeHHH, T. €.

d
BBHJAY TOrO, 4TQ BCerda Tg' <. 0, noJsaraJji, 4yTO B JOKA3aTE/JIbCTBE

910 TeopeMbl Irae-HHOYIb KpoeTcd oumnbka. M 3HaeM, OJHAKO,
uyro ¢yukuus A (236) cBuzana ¢ BEPOATHOCTBIO COCTOAHMA Iasa,
a ¢JenoBaTeNbHO, Teopema f7 He MOXKer OCHOBHIBATHLCH HA OJHHX
TOJBKO YpPAaBHEHHAX MexaHuku. e xe, cupammusaercsa, nNpH

1'.
WIQO, MBl BHOCHJH uroQ-JaH00, He
BXOAfLlee B 00J4CTh TEODETHUYECKOH MEXaHHKH?

OTBer Ha 3TOT BONPOC 3aKAIOYAETCS B CACAVIONIEM: BHIPAKE-

o00vf) , 90Gh) .
15 U 3~ H T. I ONPEJRIAI0NCA U3 OCHOBHOPO ypaBHe-

HUSA KHHETHYECKOH TeopHH, a B 5TOM YypABHEHHH ALJAECTCA NOA-
CyeT H3MeHEHWE BeJHUHHW vidodv U T. A, DOAYYaIOUUXCH B
pe3yabTaTe CTOJAKHOBeHHH. UMCHO Ke CTOAKHOBEHHH NOACUMTHI-
BAETCH HA OCHOBE CTATHCTHYECKHX MeToxoB. Kpome Toro, B 110604
MEeXaHHYeCKON 3ama4e BCErja UMEKTCHa IPOH3BOJLHHE NOCTOAH-
HBle, ONpeaeMAcMEle HA4YAJbHEIMM CKOPOCTAMH H HAYaALHKM II0-
J0XeHHeM, a 3TH JAaHHbe HEe BBITEKAIT H3 OCHOB MEXAHHKH;
3TH HAYaJbHHE YCJIOBHA B pasbéupaeMom BOipoce 006pabaTH-
BAIOTCA CTAaTHCTHUeCKH. Bor nouyemy f/-Teopema He ABJASETCHA
CAeCTBHEM OJHHX TOJNLKO YPaBHEHHH MEXaHHKH.

[Mopo6HOE OAHOCTOPOHHEE TEYEHHE INPOoLecca, COCTONIEE B
npuG/vIKeHHH K HEKOTOpOMY CTAIHOHAPHOMY COCTOAHHUIO, BoJbiL -
MAH 15 HargagAHOCTH LEMOHCTpHPYyeT HA CAEAYIONEeH MOJAEJH.
[Mpencrasum cebe (pHc. 3D) B 3aKPHTOM fAUIHKE LIAPH, YJO-
KEHHHEe B JBa psja,—— BHH3y Oe/Jne Iapu, BBEPXY YEPHHIC,
[Ipencrasum cebe fganee, 4yTO HIIMK HAUHHAKT BCTPAXHBATH.
CoBepHIEHHO HACHO, YTO € TEeYeHHEeM BPEMEHH paclupeneneHue
11apoB O6yger CTPEMHTLCA K HOJHOMY NepPeMeilHBaHHIO YEPHRIX
4 Oenlx mnapos, T. €. MH O6ynem Ha6AI0JaTH KaK OH CTPeMJAEHHE
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K HEKOTOPOMY CTAUHOHAPDHOMY COCTOSHUIO B Hallel MeXaHuye-
ckoi cucteme, CyTs Aena 31eCh B TOM Xe, O 4EM Y Hac ymxe
Ohaa pedb: AAHHAA CHCTEMA IOAYHHSIETCH HE OJLHHM TOJAbKO
YpPABHEHHAM MCXAHHKH; Ipu OGOJBIIOM YHCJ/IE ILIapoOB MBI HMEEM
Jeso ¢ 6OJABMIHM 4YHC/JAQM HAUAJBHHIX YCJAOBRH, € HAYAJbLHBEIMH
CKOPOCTSIMH, KOTOphe¢ OyAyT pa3jHYHH Y PA3HHEX 1AapoBR H
OylyT 3aBHCETh OT XapPaKTepPa BCTPSAXUBAHHA AIUHKA.

"~ B saxmoueHse 0CTAHOBHUMCH HA JBYX BO3PaXelHHgX, KOTOPHIE
Oblnl caenaHnl HBoablIMAHY; OAHO BO3pakeHne OLJIO CAETAHO
JlomMmunrom, apyroe — [lyankape.

OcradosHMca cHAuana Ha Bo3paweHud Jlommuara. Ilycrb Mu
HMEeeM COCTOfHHe rasa, JaJexKoe OT cocrofnud Makcsensa, H
NyCTh STOMY COCTOSHHIO COOTBETCTBYET 3HAueHHe (yHKuuu fiy;
Tak Kak ¢ysxpus F MOXKET TOJNBKO
y6uBaTh, TO C/AEAYHOUHE COCTOAHHUA
raza OyayT XapaxkTepH3OBATbCA BEJH-
aunam H,, Hy w 1. 5. no H,, npuuem
nycts H, COOTBETCTBYET AOCTHTHYTOMY
B KOHIE KOHIOB pacnpenenenHio Makc-
peasa, Ecaw MB B rase, cocTofHue
KOTOPOro  XapakKTepH3yeTcd  BeJIKYH-

Pre. 35. Ho!t F,, ©3BMEHHM BCE CKOPOCTH HA NPAMO
MPOTHBONOJNOXKHHE, MH MOAYYHM CO-
crosHHe rasa f, CTONb Xe BEPOATHOE, KaK H TO, KOTOpoe xa-

pakTepuayeTcs BeJaHuHHOK [f,, TaKk Kak BeAb BOOOmE HHKAKHX
npeobJagaiomMX HaNpaBJgeHHi JJf CKOpPOCTeH He CYUIECTBYeET.
Ho uto xe Oymer panpmer Pa3 MB H3MEHHJM CKOpPOCTH Ha
NpAMO NPOTHBONOJOMXHBIE, TO M3 COCTOSIHHA, XaPaKTepPH3yeMOoro
H', Mpl B 00paTHOM MNOPAAKE AQJIKHH TNPOATH BCe COCTOARMA

O COCTOAHMMA, XapakTepudyeMux 3uadeHusamu [, H, H, Haxo-
ner, /f;. Tax kak cocrosuua f1, u f, 0IWHAKOBO BEPOATHHI,

f

T0, CJIeZ0BATENBHO, CTOL KE BEPOATHO, UTO MBI OT COCTOAHHA [1;,
He COOTBETCTBYIOLIErO COCTOAHHIO Makceejja, NpHAECM K Makc-
BEJIJIOBCKOMY COCTOSIHHIO, CKOJbL BEpOATEH H 00paTHHEA NMepexol
OT cocToAHuA [, COOTBETCTBYIOLIErO pacupe Aenenno Makesea,

K COCTOsiHuO ffy, oraHuaomeMycd OT MAKCBEAJOBCKOIQ pacipe-
AeJIeHu .

DTO BO3PAXKEHNE, OCHOBAHHOE HA H3MEHEHHH BCEX CKOPOCTEH Ha
NPAMO IPOTUBONOJOXKHEIE WJAH HA O6paLleHHH BCEX CKOPOCTEH, IO-
HEMEIKH BHPAXAETCH KOPOTKO OAHuM ciaoBom Umkehreinwand.

Bropoe po3paxeuue, sBnepBue chopmyanposantoe Ilyankape,
CBOAUTCA K caeayiomemy. [lycrs ras 3ak/jai4eH B HEKOTOPOM
o6peme V. Uucao Moaekys O4yeHb BeJHKO, HO HE GEeCKOHEUHO.
[1ycts MH ROCTHIVIH MaKCBeJAJOBCKOrQ pacilpeneseHus, oTnpas-
JAAACH OT COCTOSIHMA, CH/ABHO QTIHMYAIOIIEFOCH OT pacnpeaeeHus
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Maxcsen1a. CKOPOCTH H [HOJOKEHHA MO.eKYJi 6YLyT HENPePHBR(
H3MEHATBCH, TOMAR COCTOsAHME Trasa 6yneT TaKKe HeNpepHBHO
H3MEHATHCH, OCTABasACh B OCHOBHOM pacnpeiesaedneM Maxciea,
Ho uepe3 n0oCTaToyHO MJIMHHHA DPOMEXYTOK BPEMEHH NEPBOE
COCTOAHHE, OT KOTOPOro Mbl MCXOAHJH, MAOJKHO IOBTOPHTRCH:
IIPOU30HIEET HTO NOTOMY, YTO paclpereneHHe, COOTBETCTBYIOLEe
HCXOMHOMY COCTOAHUI), XOTA H PEAKO CAYYAoUleecs SB/IenHe,
HO BCE XE€ 3TO pacupefeenHe ABJAACTCH OAHHM H3 BO3MOKHLIX.
[Toaromy, €CIH Mbl HCXOAHMM H3 Maj0 BEPOITHOTO COCTOSHHS,
TO 4epe3 JOCTATOYHO AJHHHLHH NMPOMEXYTOK BPeMEHH 3TO Maao
BEPOATHOE COCTOAHKE HOMKHO NOBTOPUTHCS, H MbI, CJIE1OBATEALHO,
OT Maj0 BEPOATHOFQ COCTOSAHHA B KOHI@ KOHIOB NPHXOAUM ONHTh
K MaJa0 BEDPOATHOMY; 3HAYUT, HHKAKOrQ YCTAHOBHBIIETOCH CTA-

H

0
Puc. 36.

LHOHAPHOI'O COCTOfIHHS, O KOTOPOM TOBOPUT bBoabnmaH, OHTbH
HE MOMET.

boibiiMad onposepr 06a 3TH BO3PAXKEHHS TEM, YTO OH B
OCHOBHOM MNPH3HAJ WX NPABHABHBEME, Af Toro urobu dAcHee
BHAETH, B 4€M CyTb Bo3paxenu#l boabnmana, paccMoTpuM rpadux
dbyuxknpu H, uzobpaxenHblli Ha pucyHnke 36.

[lycre mu B npumepe JlommuATa HCXOANM H3 MAJIO BEPOSAT-
HOro cocToAnna A, Koraa 3HaueHue / 3HAYHTeJBHO OTJHUAETCH
OT MHHHMAaZLHOTO, H HE€PE3 HEKOTOPHI NPOMEeXYTOK BpPEMEHH
NPHXOAMM K MHHHMaJAbHOMY 3Hauenuio Al lMamenus nanpasse-
HAA BCeX CKOpOCTed, MH Hem30eXHO npuaem obGpaTHo B A;
B 9TOM OTHOINEHHH DBoubuman He cnopur ¢ JlommuatoMm. Ho
410 ke Oyaer jmaiasme? Haapure 6yaeT TO, 4TO, HAS NO IHA-
rpaMme B oOpaTHOM HANPaB/JAE€HUH, MBl IPDHXOAHM B 004acTh L,
COOTBETCTBYIOLLY IO pacnpeaeenuio Maxcseaaa! Takum o6pasom,
Boabuman se BO3pamxaeT NPOTHB BO3MOKHOCTH [OABJICHHA CO-
CTOfHHSA, KaK YroAHO OTJAHYAIOIErocs OT pacnopeneaeHun Makc-
Beisa. OH yTBepXKAAeT TOJABKO OAHO, UYTO CHCTEMA B TEUYEHHE
HCH3MEPHUMO OoJree JOJTHX NTPOMEXKYTKOB BpeMeHn 6y et npedut-
BATb B COCTOAHHAX, OAM3KHX pacnpejgeneHno Maxcpensa, H
TOJMBKO B TeUEHHE HE3HAUYHMTENLHOTO BpEeMEHH COCTosiHpe Oyner
OT/AHYATHCH OT pacnpeleerHnst Makceeana; nIpUTOM 3TH npoMme-
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MYTKH BpeMeHHd OYLyT TeM MEHbuIe, YeM 00AbLIEC 5TO COCTOAHHC
OTAAYAETCHA OT paclpenenenns Maxcpeaaa.

Tem xe nyTeM MOKHO ONpOBepruyTs BO3paxkenne Ilyanxape.
BoaenMan corjamaercs, 4910 cocToanue A (uCxoaHoe, OTAHYAN)-
ueecs OT MAKCBE/AJIOBCKOro) mopropserca (cocroanus B U C na
puc. 36), HO NOBTOpsAETCA 4pe3dBnyalHO peaxo. Camoe BaxkHOe,
4To 110CJAE NOsABAeHHA cocTosiHuili A, B w1 C M yepes oOueHb
KOPOTKHH NMPOMEXKYTOK BPEMEHH BO3BpAlIAeMCd ONATH K pac-
npejeJeHH0 MaxcBe 18; HAll ra3 B TOUEHHE MOAABAAIOILE JAHH -
HE X NEePHOJOB CBOCH MCTOPHM HAXOIWUTCA B COCTOAHMM, COOTBET-
‘CTBYIOLIEM pacnpenensenuic MaxcBesia, H TOJbKQ B TEYEHHE
OYeHb KPATKHX NEPHOLOB CBOEH HCTOPHH €I'0 COCTOSHHE 3aMETHO
OTJHMAETCA OT pacnpejenerus Makcpensa; MpH STOM 3TH [1e-
PHOAL TéM MeHbIUe, dem OoJblne OyAeT OTJIHYHE OT Pacupene-
Jienda Makcseaaa,

Iaa toro 4rtobH paccyxkjaeHus bojJbnMana uMeau CHJIY, HAAO
JOKasarb, 4TO BO3BpallieHHe CocToAHHE A, B n € npodcxoiHt
uepe3d oYeHb Goapliue NPOMEXYyTKH Bpemenu. Boannman moxa-
34/, YTO BCE YAaCTHIH rasa BO3BPALAIOTCA OJHOBPEMEHHO K
CBOEMY HEPBOHAYAJBHOMY COCTOAHHIO Yepes OTPOMHEHIIHe [npo-
MEeXKYTKH BpeMenu. Oaunako boabknMan HE JOKa3aad, YTO MAJAQ
BEPOATHLIE COCTORHHA, KOTOpHE HE 06433TEJBHO MOTYT OCyuie-
CTBJATLCA 0€3yC/AOBHO TEMH HE CAMHIMH MOJIEKYJNAMH, 1IOBTO-
PAIOTCH TAKXKE TOJBKQ YECPE3 OCPOMHHE NPOMEMYTKH BPEMEHH.
Beap BOBCe He HagQ, 4ToOH IPU KAKOM-JAHOG0 MaJ0 BEpPOATHOM
COCTOSHHM KaAas MOJeKyJaa nonajaa Ha npexuee mecro. OiHo
H TO Xe COCTOAHHE ra3a MOXKHO OCYHMIECTBATb PA3JIHYHHMHA CIO-
cobamu. Jlas OOJHOH YOELHTEeNABIIOCTH HAA0 JA0OKAa3aTb, YTO H
€ 9TOH ITONPABKOI M40 BEPOATHHIE COCTOSHHA BO3IHKAIOT KpaitHe
PEAKO. DTOro AOKA3ATEALCTBA DoJbuUMan He naJj; 3TO AOKa3ad-
TEALCTBO OLIJIO XAHO, KAK MB YBHAHM B JaapHEUUIEM, 11OCHELO-
BareJem Boabmmana — M, CMOJMyXOBCKHM.

§ 19, Dnrponus M BepORTHOCTH

PaccMorpennas HaMu B IpeAnlAyIIeM naparpade 3HAMEHHTANA
H-reopema bBoJsbuMmana TecHe#lium o6pa3oMm CBA3aHa CO CTaTH-
CTHYECKHM HCTOJKQOBAHMEM BTOPOrO MPHHIHIA TEPMOAHHAMMKH.
[ToxaxeM 3710 HA mpuMepe OLHOATOMHOTO razd, COCTOAHUE KOTO-
poro onpejeasercd pacupeieJeHueM cxopocted Makcpennxa.
Beriyacium cHavana dyeknHw H pas s1oro caydas.

Berapaas B ripanenne H = [vfdwlnvf dysknuo Makcpersa

himB  _ pme g
of=v V‘“”a“e "I W 3aMeuds, YyTo B ATOM CJAyvae
frr-
hﬁrni&
Invf=Inv ]/- 5 —hmc?,
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ME [TOJYY3EM:

H =-j llnv l/ E:%a-———hmc“J vf do.

Tax kak
_j vfdo=v u chvfdm == v,
TO
g 3
— / md =N
H==vin ?]/ m2nd vhin 2hm?
HIH
R 8hSmb o ¢
H==v1ngp ]/8:1:97;3_ —+ const. (244)

Orcrona Ha ocHOBaHuu (opmyan (82) umeem:

K

;M
H=vInp ]/ SRR T -+ const,

HJAH

[
3

H=vinpT * -+ const.

Kpome roro, MH yxe 3HaeM, uTo F ¢ TOYHOCTBK) AC NO-
CTOAHHOR PABHAGTCH CO 3HAKOM MHUHYC JOTApHDMY BEpOATHOCTH
cocroanns 8, (236):

— H=In9, 4 const, (245)

HPHUEM
3

H=-—vlnp 'T? 4 const;
OTCIOA4:

h':" Lo

InQ, ==vinp 7 * + const. (2486)
Hojacuntaem Teneps BeJUYHHY SHTpOnuH. BosbMeM A, rpam-
MOB OZHOATOMHOTIO rasa. KHHEeTHYECKas SHePrus TemjIoBOTO JIBH-

KeHHsa OGyIer:

rae Ry = ¢V (p — mirornocth, V — oGbem £, rpamMoR raaa), Beras-
A 9TH BHIPAKENWsi B YDABIEHHE NEePBOTO NPHUHIKNE TEPMOJIH -
#aMuke 3Q=dV + pdV, umeem:

6Q == %L dct 4- phyd (%) .
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-2 SRT T
Berasaas ciofa ¢? :j%_ Hp= -‘[-j‘—d—p, HAXOJHUM:

.~ 3 . R RT , dp W _ . R /34T ap
OQ_Tkl_ﬂTdT_—:‘Hkl_p—- H dS—-——?:-w-klu( —_ ).
Orcopa:
3
Se==#R -%ln 7T o~ + const. (247)

BEHYHCJIHM Teneph BeAHUAHY SHTPOIHY AJA efHHHUH 00beMa
rasa, Torna & =p=mv, u Gopmyaa (247) NpuHUMAET BHIL:

R o=
S==v-3rln 7% -+ const,
HJIIH
3
S==4AvinT?p - const.

CpasHHBas NOJYUEHHOE HAMH BHpaxmeHde ¢ dopmyaamy (245)
u (246), MB HAXOAUM:

S =— kH + const,
S =kIn 8,4 const, (248)

HJ/IH

T. €. BHTPOIHA OJHQATOMHOIO rasa OPONOPUHO-
HaJdbHA JOTAapUdMy BEpPpOATHOCTH, & MHOMHTEAD IIPO-

NOPUHOHANLHOCTH k-z—%- ecTh NoCTosiHHasg boJbliMana.

Takum 06pa3oM, NPHHIMI BO3PACTAHUA BHTPOUHH C 9TOH TOUKH
3pEHMA IOKA3LIBAET, YTO HAlla CACTEMA NEPEeXOLHT OT COCTOAHUHE
MEHEee BEPOSTHHX K cocTosiHAfAm 6o/dee BepodaTHHM. [IpaBaa, Mu
9TO JOKA3aJH TOJNBKO JIJd CAy4ad OJHOATOMHOro rasa. QAHAaKo
NajpHeiiye o0OOIMeHNS yxKe He OpelcTaBasioT coOOoH Tpyna,

Ecay MH HA OCHOBE JAOKA3AHHOH HAMH CBA3H IHTPONHH OJHO-
ATOMHOT'O T'a3a ¢ BEPOATHOCTBIO €ro coCTOfAHHA OyneM HCXOMMTH
13 TOTO, UTO BHTPONUA KaKOH-AHO0 CHCTeMKl ABASETCH PyHKIHeH
BEPOATHOCTH COCTOAHHUS 3TOH CHCTEMBI, TO HAa OCHOBE OOIIHX
CBOMCTB ®HTPONHH H BEPOAHOCTH JIETKO HAHTH BUA QYyHKIMOHAIb-
HOH 3ABUCHMOQCTH:

S=f(w),

rae S-—9HTPONHS H W -— BEPOATHOCTD.

B camoM jpese, mycTh JAaHHAA CHCTeMd pAasneJeHa Ha ABe
yacte. Toraa sHTpOnHA BCel cucremn OyaeT paBHA, KAK 3TO
W3BECTHO M3 OCHOB TEPMOJIMHAMHKH, CYMME BSHTPOUNHA e€e Co-
CTaBHHX 4acTel, T. e. 8 =S, + S,. Ho, ¢ apyrofi croponn, 060-
3HAUAA BEPOATHOCTH COCTOAHWH COCTABHHIX 4wacTelt depes @, W
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Wy, MBI AJA BEDOATHOCTH COCTOAHHA BCEH CHCTEMB AQJKHH IO-
AYUHTh W= W,Wy (KAK BEPOATHOCTH CJOKHOr0 COOHITHH, CO-
CTORUIETO H3 OAHOBPEMEHHOIO OCYIWIECTBACHUA HABYX COOBITHH,
BEDOATHOCTH KOTOPHX w; M @;). Fl3 ckasannoro umeem:)

f (@) + f (wy) = f (ww,).

HuddepeHnupysa n0AyUEHHOE PABEHCTBO OAHH pa3 N0 @W; U APY-
roi pa3 no @, MbB HAXOAHM CJAE€OYIOINHE ABA DPABEHCTBA:|

F(wy) =Jf (wywy) w, u [ (w,)=f" (w,7,) wy;

OTKYy A4, YMHOXAas Neppoe H3 MNOJYUCHHLIX YpABHEHBH Ha w,,
4 BTOPOG HA Wy H CPABHHBAdg HX, HMEEM:

wy [ (wy) = wof" (w,). (249)

Janee, Tax KaK Wy H W, HE3aBUCHMH JAPYT OT APYra U Tak
KaK pasjneneHue Hallell CHCTEMBl HA €€ COCTABHHIE YacTH BHOJHE
NPOHM3BOJALHO H CHCTEMA HAMIA MOXET COCTOSATh H3 KAKUX YTOIHO
TeJ, MH B 06IeM CIyyae pMeeM: .

wf' (w) =k, (250)
rjae R-— yHHBepCaNAhHAS NOCTOsAHHAd., Tax kak f (m)=—g%, TO
H3 ocHopaHuH dopmyan (250) caexyer:

S=Fklnw+c. (251)

Tak xak k-—nocTOoNHEAS YyHUBEpPCAaAbHAA, TO JMAOCTATOYHO
HalTH ee JAAA Kakoro-nubo YyacTHOrO CAyYad, & 9TO Mbl Benb
H CHeNaNd And CAydas OAHOATOMHOrO rasa; H MEI BUACJAH B
BEpaxkenun (248), yTo aTa NOCTOsSHHAA PaBHA NOCTOAHHOH BoJbu-
MaHa, TakuM 06pasoM, BTOPOH NMPHHOHMM TEPMOAUHAMHKH C 3TOH
TOUKH 3PCHHS ABAAECTCA BHIBOAOM H3 MOJEKYJAAPHOH CTATHCTHKH;
BTOPON HNPHHIMN NOKAa3blBaeT HAM TO, YTO JAOJXKHO OWThL B IO-
AaBJAMEM O0JAbITHHCTBE CAYYaeB, HO He O€3yC/JAQBHO BCerid.

Takam 00pasom, sBJAEHHA, KOTOPHE BEAYT K YMEHLIIEHHIO
BEPOATHOCTH H CTAJNO OBTE K YMEHBIISHHIO SHTPONHH (NMPH He-
o6paTHMOM axHaGATHOM Inponecce), He ABAAITCA AGCOJIOTHO
HeBO3MOHKHMH, 8 BCErAAa TOABKO OUEHB Mal0 BEPOATHRIMH,

BuiBOA 9TOT HMeeT orpomHoe ¢UIOCOPCKOE 3HAUEHHUE H B
KOPHE IOAPHBAET TAK Ha3bIBAEMYIO TEOPHIO TEINOBOH CMEPTH
BcejenHol. K aTOMy BONpOCy Mbl elll¢ BepHEMCs B CBA3H C H3-
JIOXEHHEM TEOPHH HEOOpaTHMHX siBAeHnit M. CMOJIYyXOBCKOTO.



I'naga nuatan

3AJAUN [TO BHYTPEHHEMY TPEHHIO
M TEINIONPOBOAHOCTH, MO BOJIbHMAHY

§ 20. Meros, Boabumaua

Mu Bupean B § 17, UTO MaKCBEAJOBCKOE pacnpeaeNcHHe
CKOPOCTCH IIpH CAEJAHHBIX HAMHU UDPE/IICA0XKEHHAX ABJAAETCA HaH-
dosee BEpPOSTHHEIM pacnpenesenneM ckopocrcii. B Hacrosamef
rJase Mbl IIOKAXeM, YTO IpHBEAEeHULIl TaM MeTon JOKa3areab-
CTBA MOXeT ObiTb 00001LEH, H TOrZa €ro HEeTPYIHO HCNOJb30-
BaTh AJ/IA HAXOXJEHHA UACTHLIX PEHIeHHII OCHOBHOIO ypaBHEHMHSH
KHHETHUECKOH TEOpPHH.

Jast roro 4todwl NyTh, O KOTOPOMY Mbi HOlueM, ORI Goaee
ACeH, npecbpa3syem BupaxeHna (222), (224) u (225), noaaras,
uro a;=Nfdo, rape N, f u do UMPIOT Te Ke 3HAUEHHSH, UYTO W
B IJaBe, NOCBSAUWEHHOH OCHOBHOMY YypaBHEHHIO (I/1aBa TPETh:).
Brapaxenne (222) npuHumaer toraa BuA:

NK, = Y Nf do(In Nf +1n 5 ).

Janec, rak kak do npyHuMaercs 38 GECKOHEUHO Majyio
BeJMYHHY, MBl 3HAK CYMMHE MOXEM 3aME@HHTh HHTerpajJoMm, a
rorpa NK, npunumaer sua [H-pyHkuun Boabimana:

NK,= f Nf dw tn (Nf) - const, (252)

PAe HHTerpaJs pactpocrpanes Ha obaacrts, cozepxawyw N Mo-
JCKY.IL.

JT0 Ke BEHIpPAaXEHHE MOXHO OpeobpasoBaTe, COXPAHHB OJ
3HAKOM HHTETrpaja ToJbKO QYHKIHIO f. B camom amene, BHpaxke-
nue (252) MOXKHO NpPenCcTaBHTh B TAKOM BHIE:

H-= folnfcim--[--foln N do + const,
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H.TH

H = folnfdm -} const, (253)

rae KOHCT3HTA HMEeT HHOE 3HAUEHHe H, KPOME TOro, fflnj'dm

i}
yMuoxaerca Ha noctosiHayio N, Taxk kak HaM OT BeJAHUHHBE
BCerja npuaercs GpaTh BAPHAIHIO H NMPHPABHHBATL €€ K HYJIO,
TO YKA3aHHHE U3MEHEeHHs IOCTOAHHHIX HHKAaKOH PONH HrpaTe
ne OyunyT.

Veaosust Ya,=N u Ye¥; ==& NPHHHMAOTIBY /L

N == fodm HIAH ffdm = (254)

133

[eNf do=¢, (255)

rae
m : ” .
== 5 (8 7* 0.

Takom o0pasoM, paccmorpensnidt B § 17 cuocol® HaXOMXAE-
iHUsi HAHG0JEE BEPOATHOrO paclpeleseHHsl CKOPOCTeil IPH HOBBIX
o603HAUEHHAX NPUBOLHTCA K caeayioulell cxeMe: ¢yHKIHA f 1no-
JAY4acTCst Y HAC, KOI'Ja MBI IPHPaBHAEM K HYJIIO BapHanuio QPyHK-
WM H nipy HAJHUKH ABYX JOOOJHHUTENbHLIX YCJAOBUH, & HMEHHO!
OoOpalleHUA B HY b BapHanuid (264) u (255). Mrak M uMmeem:

SH = [(Inf 4 1) 8f do =0, (256)
(&f do=0, (257)
fepfdo=0. (258)

YMHO¥Kas Bupaxenne (257) na HeoUPeaeNeHHYIO I1IOCTOSH-
HY©O %y 1 pHpaxedne (258) Ha k&, CcKJIaALIBAEM 3TH [ABa HPOH3-
BEeHHA C Bulpaxenuem (2056) H HAXOMHM:

FnF A1 4 by fae pf do =0, (259)

[IpH npowsBoaLHOM 3HaueHHH Af paseHciBo (259) Moxer OBITI
Y JIOBJETBOPEHO TOJALKO MPH YCAOBHH, YTO

Inf4 14 &y + ke, =0.

[Monaraa 142 =—IgA n ky=2h W BCTARIAS 3IHAYEHHE &,
Mbl HAXOIHM:

Infe=InA-— hAmE 4 0% + ), unn fo= AL~ MEHEEE
T. €. 3aK0oH MaxcBeaaa.
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§ 21. 3agauv o BHYTPEHHeM TPEHHH M O TeNJONPOBOJHOCTH,
pelrcHHbie MeToAOM bBoabiMaha

ITOT NpHEM, KOTOPHIE MH TOJBKG YTO PACCMOTPE/IH, MOMKHO
HAHTH B OAHOH M3 pabdoT boJbOoMaHna, oTHocAmHXcA K 1872 roay.
Ho mbl HHrAe He HAXOAUM YKA3auH# HA HCMOJL30BAHHE UM BTOTO
npueMa s HaXOXASHKA pacppene/eHuil, OTAHYHBIX OT MaKCBeJi-
JIOBCKOTrO. Pacnpeenedns cKkopocTeit Xis CJAy4YaeB HAJHUHS BHYT-
pPEHHErC TPECHHSA H TEOJICIPOBOJHOCTH NPHBEAEHL B YIOMSHYTON
pabote bosapuMana 6e3 foKa3aTeABCTBA, H [IOTOMY HEM3BECTHO,
KakuM 00pasoM Hames BoabUMaH aTH penreHHs.

B 1919 roxy I1. 3. nmTe#iH yCnemHo NPHMEHUI STOT HPHEM
AJSA pellleHus OLHOH H3 3a-

I g Jau B 00JaCTH SJeKTpUYe-
] 7 CKOro paspaia B rasax:
2 C | HOTOM OH  HCIOOJB30BaJ
47 7 STOT NPHEM IJIA HAXOXKAE-
'f*f uéé v HUfl (DYHKIUUA pacrnpenee-

Z v 2 HHH CKOpocTed B rase, B

] 72 . y KOTOpOM IBHXETCH TBEp-
X C OIoll WaIn XKHLKWA map, #
- A . TakuM o6paszoMm Hamie, no-
Puc. 37. IpaBKY HA CKOJbXCHHE K

dakoHy Crokca. Hakonemn,
8 1922 ropy 2. DiinmTediH HCIOAL30BAA HTOT nHpHEM AT HA-
XOXAeHus1 (QYHKOHM pacOpefeseHda CKOpoCTed B 3a1a4e o
paauoMeTpe.

[MoxkameMm ceftyac, Kak MOXHO YykaszauuuM B § 20 mpueMom
HaliTh GQYHKUHH pacnpefefeHus CcKopocreffl, mpuBeleHHne 6e3
AokasaresiberB! BoabnManoM B ero pabdore 1872 roga.

A. 3apavya oBuyrpeunem TpeHuW. [lycrs MB HMeem
ras, 3aKJIOUEHHBIH MeXJYy HEMOABHWKHOH TBEpLOi CTeHKoid A H
CTeHKOH B, apuxymedca co ckopocreio @, (puc. 37). Torxa
B rase yCTAaHOBHUTCSH JIHHEHHOE paclpeje/eHHe BHIHMOHR CKOPOCTH,
HJIA CKOPOCTH CTPOWHOrO JBHKEHHA:

— == — HJH ra=-?.x:. (260)

Bmecre ¢ rem, B rase 6yAeTrT yCTAHOBHBHIHHCA HOOTOK KOJIH-
4ecTBA JBHKEHHS:

___“QEHS__“_”_U. (261)

1 JTH pemeHds OniaM JOJOXKEHB ARTOPOM HACTORMEH KHMTH HAa OO6uEM
KONA0KBHYMe PuU3Hueckoro uacturyra MI'VY.
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Taxum o6paszom, B JaHHOM Caydae CpeisHAs CKOPOCTh MOJEKYAfAP-
HOro ABHIKEHHSI B HampaBJeHHu ocH Y 6yner ue 0, a ,z,r;.ﬁ;_n X,

KOTOpas caMa siBJseTcs JuHeRHOH dynxuuedn xX. Taxum o6pasom,
K yeaoBusMm (2567) n (258) npubasasercsa ycC/a0BHE:

[nfdo=0= Lo x, (262)

wr

Vpasuenne (261) pmaer Ham YeTBePTOE YCJOBHE, HMEUHO HO-
TOK KOJHYECTBA JIBHAKCHHA pPaBeH:

) ,
prinfdwm—u—%”":=~—u{,§. (263)
Bapoupyn Bhipaxenus (262) u (263), mpl noayuaem:
[ f dw (264)
41
J S do==0. (263)

Taxum o6pazom, npubasass x 8H sripaxkeuns (257) u (258),
VMIO®XEHIEE Ha By H £, =— 2A, a Takke Boipamennas (262) u (265),
YMHOXK@IIHbie HA NOCTOSHHbIE & H g, MB NOJyYaeM:

1+ Inf+ & -+ 248 4- by 4 g0t =0.
OTcroza:

f= Agm ) b, (266)

Ecau b u £ MaJe 10 CPABHENHIO ¢ €JHHHICH, 8 MB IIOKAXeM
gaJplIe, 9TO 5TO MMCHHO TaK H €CTh, TO MOKHO B (hopmyJe (266)
BTOPYI0 [IOKA3aTENBHYIO (DYHKIWIO PA3JIOXKHTh B psijl, OTPaHH-
uupasich nepsbhiMi crenedsmH b u g. Toraa Bupawxenne (266)
MPEHAMAECT BHJ:

f=Ae” "M ETYI (] — by — gh), (267)

[TogcraBuM TeNeph HaliAeHHHE HAMH BLIPAMEHNS AA5 QyHK-
iuH f B yeaosue (254), Uaensl, conepxaiue b u g, o6paTaTes
B HyJb BBHLY TOr'0, YTO B HHX BOALYT HEUETHBLIE CTENECHH 7 H
nt. Tlpu HHTErpHpOBaHUH B Ipegeaax —= o nodyyaem Hyab. Pe-
h3m3

3

3YJIBTAT HHTETPUPOBAHMA A4ET: A:::V , T. €, MBl NOJIY-

A€M NpeKHee 3HAYeHHe M7 BeJHYHHLL A.

BerapuM Teneps shipaxende (267) B ycaosne (262). Ceduac
‘KE 3aMedaeM, Y10 TOJBKO wied, COTepXRalnui b, naet orTMHUHbL
OT HYAfl Pe3y/IbTAT, TAK KaK OCTAJLHBIE WIECHW OyAyT CONEpPXaTh
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OA HHTErpaJoM HedeTHHE 3HadeHus 7 u 7°5. TaxuM 00pasom,
y HAaC OocTaercs:

_ +
v hims — hm (2] 24t
== PSR ) e s ac

. wmd , w Ve _ b

T =8 hm 2 g T 9m

(hm)
3 P ‘ B 3 . 3v
Tax kax Shm = ¢ TO Qhim = = OTKYAa b == -

[Tpunamas Bo BHuManne, uto )/ ¢? ju1st GOABIIHACTBA [a30B- -

HOPSAAKA MOJNYKHJIOMETPAa B CEeKYHIY, TO IIPH CKOPOCTAX BHJIH-
MOT'Q JBHIKEHHS NOPAAKA HECKOJbKHX METDOB B CEKYHIY BEJH-
unHa b <€ |; TakuM 06pasoM JloKa3awa 3aKOHHOCTbL Pas3/iOXKeHHA

B psg e ', oCHOBaHHAS Ha TpesloIOXKeHHH, uTo b < 1.

BoiuuciarM reneps 3HadeHHE nOCTOSHHON g. Jlas aroro noa-
craBasicm 3Havyeunue f no gopmyne (267) B ycaosre (263). B pe-
3yJbTaTe NOJAy4daem:

-
ov l/-lﬁm3
B R
voox 5
| ‘l/-h5m* V _
TP hm 4(hm)ﬁ £=— 4h=3m2 '

du 4!19771‘3
“ox p

]F

j o MmN a gt i di,

EL——':.E

OTKyJa:

(268)

[Toacrasasa Halia@HHBIE HAMH BHpaxceHus Aist A 4 g B ¢op-
myny (267), noayuaem:

f= h!!,?;a o= hm (E.ﬂ-{--.]:-i-n'.')(l -+ ka% XN - dv 4h:m2 E'r‘) . (269)

xi ox

TaxkuMm ofpasom Mu noxyunMm QyHKLHIO pacipene/eHHs CKO-
pocreil jjas Cayuas, KOraa ras nepecekaeTcs NOTOKOM KoJHde-
CTRA JBMYKEHHA, T. €, KOrja MOJEKYJAApHOEe [ABUKEHHE Ccoue-
TAETCHA C ONpEeaACJEHHEM CTpUﬁHbIM JIBHKEHUEM rda3a Kax neaoro.

Mowxuo noka3aTb, Kak 510 jgenaeT boabuman, uto f, 3agaHuoe
BoipaxeHneM (267), yooBaeTsopser OCHOBHOMY ypaBHeruio (117)
(§ 11) npr yci0BHH, 4TO MOXHO npeHefpeub BHCIIHMH CTene-
HAME b W g, a TakkKe HX NPOH3BEJAEHHEM, YTO, KaK MH BHJEJH,
onpapaHBaeTcad. PesyabrarT noACTaHOBKH B OCHOBHOE YpaBHEHHE
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JACT HAM BHIpAXKeHHe KO9(h(HIHEHTA p uepe3 BEJUUHHY Am; Mg
3TOI'C HAA0 IPOHM3BECTH BHIUHCJICHHE IO Qopmyne:

+
71 e ao

i )
ox

Bca rpyAHOCTE 5TOTO BHIYHCJAECHHA CBOAHTCA K HAXOXIEHHI)
YJI€HA OCHOBHOIO YPaBHEHUA, CONEPKALLEr0 HHTErpaJ W BHIPA-
KAOILEr0 H3IMEHEHHE YHCAA MOJEKYJ B pe3yJbTaTe CTOJKHOBE-
HHH, IPHYEM BEJAHYHHA HTOrQ HHTETpajsa 3aBUCHT OT XapakTepa
B3aUMOAEHCTBHA: MBI NOoJayuaeM pasyiHyHbie pe3dyabTaThl B 3aBH-
CHMOCTH OT TOTO, IPHMEM JIH MBl B3aHMOJEHCTBHE MOJEKYJ MpPH
CTOJAKHOBEHHH, IPOHCXOAAIUEM MO THNY YHPYTOro yaapa ABYX
HIaPOB HJAH COTJIACHO KaKomy-Jub0 ApyroMy 3akoHy. Maaoxen-
HEIH HAMH CU0CO0 HAXOXKAEHHUHd (PYHKIHUH PACTpeAL/ICHHs ITOrQ
HaM JIdTb HE MOXETr N0 TOd NPUYHHE, YTO KO3D@HNHEHT TPEHHA
BBOJAMTCA HAMH KaK MIUPHYECKas INOCTONHIIAA B ypaBHeHue (2F3).

B. 3anaya otenanonposonaHocTH. PaccMorpuM cay-
yafi mepejadyd TenJad MEKAYy MABYMA NApASNeNbHEIMH IJIACTHH-
KdMH, H3 KOTOpPLIX OA1a MOoJAJLep:KHRAeTCs NPH Temnepartype 7y,
Gonbliei, ueM temnepartypa 7, BTOpo# NMI4acTHHKE. Mu npeaguno-
JOXKHM, YTO pasHuua remnepitypw 7y — 7, — HeOoJbWAsA B NO-
TOMYy TEImJIOBad SHEpPTHs#A, pacCUHTAHHAA HA | cM®, XOTHa H Oyzer
dyuknHe# X (paccrosHne MexAy NAaCTHHKAMH AYCTb OYAeT IO~
npexHeMy 4j):

T @t ) do=E, (14ax),  (270)

HO HPH YCJOBHH, UYTO @ €C1b BEJMYHHA MaJas [0 CPABHEHHIO
¢ €JHHHIELH,

Ypasuenne (270) samenser ypaBaenue (255) B 3anauve
0 BHyTpeHHeM Tpenun. [lpexae Bcero ycaosug (256) n (257):

6Hmf(]ﬂf+ ])demm() H fafdmjo

coxpansiorcs. B ycaosuu (258) falaf dw = (0, 3nayénue & onpe-

Aeaserca opmyJson (270).

[lanee B xauecTbBe cnenuMdHYECKHX YCJAOBHH AAf TAHHOH 3a-
Aaud umeeMm caepywowme, [lpewae Bcerc mNpH yCTAHOBHBIUEMCH
COCTOAHHH TENJAOBOH MOTOK He CONpPoOBOXKAAETCA TCUEHHEM Tala
B HalpPABJIEHHH TOTOKA, NO3TOMY

[efdo=0 (271)
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M, HAKOHEl, AJS HOTOKA TelNa MMeCM yp4BHEeHHe:

T EE ) fdo=— K G, (272)

rae K —koagpuyuenm menaonpogoinocmu.

Peutenne 6ynCT BHOJIHE AHAJOCHUIINM 3aJaye, YHE HAMH
paccMoTpeHHOH, TOJBKO BBHAY TOCO, YTO SHEPTHA, PACCUHTAH-
Haf Ha 1 cM®, a caefoBaTesibHO, M TEMIIEpaTypa B AAHHOM CAY-
yae Oyuyr cbyHKU,HHMH X, Mbl ypaBHeHue (258) yMHOXHUM Ha
(Z2hm 4 28}, rae p’ mMano 10 cpaBHeHHIO ¢ eAHHUIEH. YMHOXKAHA
Jajice Bapuaudu Belpaxenufl (271) u (272) COOTBETCTBEHHO Ha
Y ¥ 0, Mbl 1101y43eéM [O AHAJOLHH C NPEXHHM pEUICHUEeM:

Inf-b(1-+Rk)+hmE 0208 Fp B+ 92403+
+ ok + 8% (8 4 17 + 1) =0,
Ortkyna, nonaras B', v u 8 MagnMM 1O CPaBHEHHWIO C €NUHHIEH,
HAXO/LUM

f=Ae™PETTE (G (g 03) g — 8% (8 ot o ).
(273)

HeoO6XoaHMO OTMETHTB, UTO B JAHHOM CJAy4de mOCTOANHAA A
HE COXPAHSeT CBOET0 MPEXHEero 3HAUCHHA., ITO OO0DBACHACTCH

TeM, 9TO NOCJe MOLCTAHOBKH B popMyay | fde =1 HaiigeHHOTO
3HAYCHHST / U BHIIOJHEHHA HHTETPUPOBAHHA Y HAC QCTAETCH UJEH
¢ B'. [loatoMy pesyabTat nopcraHosku Oyaer HMETh BHI:

(hm)
Beuay Toro, uro P <& 1, nosyyaem:

A= Vll“m“ 13 = VT ( 2hm B’) (274)

—ar
hmB

Hanee pudpepenlapys BRIPAKEHHE
' '-3 5

[ fermermo @y g oy didydi= g (hm)

no napamerpy (Am), Mbl NOJAyHHM:

F =T |

3 -
I,r f‘?_ o ) B+ +3)PdEdnydl= % =? (hm)

116



DTH BLIPAXEHHA HAM HEOOXOIMME! /s BRIMHC/AEHHSA (hOpMYIIb
(270). ToacraBasiem HafipenHble BeaHuuHn B ¢opmyay (270),
MOMHS, YTO [’ — BeAWuYHHA MaJiasi N0 CPABHEHHIO C €IHHHIEH.
[Tlocne cokpameunii HaxOLHM:

.0 B’
Orciona: £ =_F TaK KaK & = ¢?, CnefoBaTensHo, E - ¢?
ST e 2hm ' » Lo==7g P
Qim:" ----- «X, Takum 00pasom noJsyuacm Bepaxenne maa fB:
B == -—2hmax. (276)

Hasa soiuncaenus opmynan (271) npenBapuTenbHO HAXOLHM:
3 5

-

+ o J— -—
[ [ [eremtm @0 g gy @t o 7 (hm)
Hanee pudgepeHnypyem 3TO BHpaxKeHHe o hm, 410 JAaer
dopmyay:
3 7
fffez (52 + .,12 + f;a) e hm(E2+72+(2) dt d'fi dr =_2“ - 2 (/mz) 2 )

Berapasa HakgeHuble BCJIHUHHLE B BeIpaxkenue (271) » mpm-
paBHHBAA €r0 HyJI0, HAXOJLHM:

58
Yt 5hm = 0;

OTCH A4 :

o

Y= — 5= 9. (277)
Hakouen, BuYHCAfeM BhIpaxenve (272) ¢ nOMOINbIO NafLeH-

HHX HAMH HHTErpasoB. DTO BHIUHCJIGHHE, KAK HETpPYAHO yobe-

JHTHCA, NPUBOJHUT K YyPaBIEHHIO!

5 3\ 1 /., T A1\ _ 0T
T(l + QIzm) h‘-‘-‘mg(‘,_'— 5" hm)_Kf)?’

OTKYyJd, OPHHUMAs BO BHUMaHHe, 4r0 B, v 1 & MaJH no CpapHe-
HHIO ¢ ©LHHHIEH, a TAKXKEe NPHIHEMAA BO BHUMAHHE QOpMyJy
(277), HAXOAHM: |

5 5 —KIT (278)

Takum o6pa3oM MBI MOXEM ONPENENHTDb BCE KOIDPHUHEHTH, BXO-
AAIIHE B NOJAYYEHHOe HAMH pacnpenenenue ckopocred. K xoag-
¢unuenty K npAMEHMMO CKa3aHHOe HaMH B KoHne m. A § 21,
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C. PaccmoTrpuM emie 3anawy, pemenuyio 1. 3, dnmTe -
noM B 1919 roay; sajgaya sta KacaeTcs paspsfjga B rasax.
PaccMOTpuM ra3oBHil ¢/10% TOMmHHON [) Mexay 6eCKOHeUHBIMH
napaniebHHMH META/IHUeCKMMH maacthHaMmu (pHc, 38). Tak
KaK 3aaaqya CBOJHTCA X (),ILHOMEI)HOH TO pacCMOTPHM CJIOH TOJ-
muanok D ¢ ceyennem S B 1 cul.

BepeMm asa panHOrO Ccay4asg (QYHKIHIO

- H=[[fInfadbdo; (279)
A/ (l)yHKII.HH f Y/JOBJIETBODSAET YCJAOBHIO:

D | L

Z/ﬁ?}’ | | [ INfdode=1. (280)
K PaccMOTPHM SHEPTHIO JETAIIAX 3aPsKeHn-
Y i HEIX YAaCTHII

4 i

r 75!' '[) ‘
a7a U= ff( V25V fabde.  (281)
7

g Py DHEPrusl COCTOHT H3 KHHETHYECKOH SHEPrHH,

CAQKEHHOH ¢ sHepruefi, 0OyC/I0BJEHHON IIO-
Jaem (pa3HOCThp novenmuanos V), AefcTBYIO-
Prc. 38. IIAM HA 3apsKeHHnle yacTunhl, [lanee non-
CYUHTAEM CH/IY TOKA:

[y == eNfEf do,
OTKY A4 :
[edv= [ fefdodo="1 =
MTak:
i={ [tfdb do. (282)

[Mnmem teneps yeaoBue Aast QyUKUHE f ¢ AOHOJHATEABHBIMMK
YCJAOBHAMH, KAK 3TO MH JAGJAJAH B NPEIHAYINHUX 344444X:

Inf+ 1+ A+ 2k {eV + 7 T2 4 vk =0
OTKYAE:

f_ = (1+) . - E-li (€V+£1~;—1) L

Beraeaas naigennoe peipaxenne 8 | [fdbde=1, naxogum:

v
N (B P 408) — vE L8
e “”’fffe T dt d dﬁf? Tax =1,
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Rea HV
~&T
BeoauM of603HdaUEHHE f e “"dx=b; toraa

X

T tre M
M kTh [ BT T ar=

s BHYMCAEHHS OCTAUIErOCA HHTErpaja BBOIHM 0003HA-

-+ oz
m — 4§
YEHHE 7o == a; HHTErpaj NPHHHMaeT BHJ __f;e dt. Noaa-
raeM E=u -+ v u P =u?4 2uy 4% dro gaer
au? + 2amy - afj? - v 4+ vy.

[Mox6upaeM y Tax, 4TOOL MHOMKHTEAL OPH & OGPATH/CA B HY/b:

v
T = 5T y HOJAyUaeMm:

4+ oo v - o
_ . — BT - kT — kT 2 k!
J'e ak? vﬁdezeﬂm j a du—_e ]/— gzn 2nR ¥ .

o Vi T
HUrax:
211:kT 2or
e~ “*”( be™™  =1. (283)
CocrasaseM renepn BeJHUYHHY TOKA:
i==pe (1+M <2ﬂkT) f ta™ bt — vEdE

enaeM Ty XKe NMOACTAHOBKY § =4 -} ¥ H NOJAyYaEM:
' 3

93
. — by
[ = e~ 1T )eg'" kT(

QﬂkT) (284—}
W3 (283) 1 (284) mveem: i=—"51  pum ves— L g (283)
HAXO0IHUM:
e k_l-ﬂ ;

~q+»__ 1 7 om ( m )
€ =3¢ 2nkT

[locsie HecOXHHX npeo6pasoBaHuil B NMOKA3aTese B KAUECTRE
OKOHYATEJNbHOTO PELIeHHS HAXOAUM:
' 3
=" ev

__ m \* e iyt
f-- T(W) e k?f" 25T . (285)
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[lonyuaercs pacnpenesende MakcBeana ¢ DOCTOAHHOH CKO-
POCTBIO I, COOTBETCTBYIOUIEH MOTOKY BAGKTPOHOB NO oCH X,
Ecau Mmbl npeacrasuM cefe HabMogare s, ABHKYLIETQCH IO
ocH X BMECTe C IOTOKOM ®JACKTPOHOB, TO PACOPELE/JEHHE CKO-
pocrel MemAy 3JEKTPOoHAMH OYAET MAKCBEJNJOBCKOE,

Mbl paccMmoTpesid pag YacTHLIX pemieHdl OCHOBHOrO ypaBHe-
HUS KHHETHYeCKOH 3Heprud., Ho cmpammusaercs, rge Jexar rpa-
HHIBE DPHJIOXKHMOCTH ypaBHenus Doasumana? Paj seypausmx
HOMBITCK IPHMEHUTh YpaBHEHHE BOJbIMAaHA K YACTHIIAM, B3AHMO-
AEHCTRYIOIIMM NO 3akoHy KyJoua, 3acTaBH/A 3aiyMaThesl Haj
npefesaMu MpWJIOKHMOCTH ypaBHerHsa BoJablMana,

Ecin BCNOMHHTB, KaK MB BBIBOJHJ/IH 3T0 YDaBHEHHE, KOTOpOe
HA3BIBAJM CCHOBHLIM YPaBHCHHEM M KOTOPCE OBLIO BLIBEAEHO
boabumanom eme B 1872 rogy, TO HeBOJABLHO GpocaeTes B IJasa,
YTO MBI YUHTHBAEM [IeHCTBHE BHEIIHEro noJasA (cxaxem, IOJs
CHJBl TAXECTH) H PACCMATPHBAEM IMApHBIE CTOJKHOBEHHA, Pac-
CMATPHBATL CTOJKHOBCHHA TPOHHBIE M MIOTOKpPAaTHHE HE HMeer
CMEICJIA, TAK KAaK 3T0 -—— COOBITHR upe3BLHIYABHCG peaxue. Haubo-
JA€€ KPYNHHIM HELO4YeTOM Teopuu boabumana geasercs 10, UTO
B HEH HE YUHTHBAKTCA JdJeKHe B3aumonedcTsus. [1o cymiecTBy
B3aUMOJEHCTBHE MEIKAY MOJEKYJaMu B Teopun Boanimana orpa-
HHYHBAETCSH NMPOLECCOM CTOMKIOBEHHA MEXKAY ABYMS YACTHIAMH,
CB#3b KaX/A0H YaCTHOH CO BCEM OKPYXKAMHM KOJLIEKTUBOM
YACTHI COBEPIMEHHO OTCYTCTBYeT, BOT nouemy reopus
bo/buMany ABARETCS NPUOAUKCHHON, TOTHOM 1/ pa3pexeHHoro
ra3a, Korja OKpPYIK4IOIIHE YacTHIREI HAa JAHHYIO COBCEM ue JeH-
CTBYIOT.

Uro6ul yuecTh B3aHMOIEHRCTBHE KaXIO# MOJEKYJBl ¢ OKpY-
HAIHM €€ KONIEKTUBOM, HeOOXOAHUMO CO3JATh HOBYIO TEOPHIO,
KAd49eCTBEHHO OTAHYHYIO OT Teopud boabnMana. Taxas Teopus
6uiia cosnana B CCCP npoceccopom A. A. Baacopum. Qrasm-
B2ETCH, UYTO IIPOUECC CTOJKHOBEHHS MEXIY MOJEKYyJ8MH, KOTO-
PbIi MTPAeT OCHOBHYI pPOJABR B TEOPHH boJsbnmana, B TEOpHHM
Bracosa He urpaeT MHKAKOH POJIH; YJM€H, BEIPAXKAOIUA PE3y.lb-
TAT CTOJKHOBEHHA JBYX MOJCKYJ, OTCYTCTBYGT B YDPABHEHHH
Baacosa. 3aTo nosBafeTCA YIAEH, XapaAKTEPH3YIOIHH B3aHMOLEH -
CTBRE JAHHOH MOJEKYJAB CO BCEM KOJAMEKTHBOM. TaK CO3paach
. Leopua Muorgx gactui*! A. A. Baacosa.

Teopus BuaacoBa sRAsSeTCS COBEPIIEHHO HOBHM TeUEHHEM
B CoBpemennofi reoperHyeckoi (usuke, xoropomy, 6e3 cCMHe-
HHA, CYXaeHOo B OyayweMm Oojabunioe passurue. Opllako Mare-
MATHYECKHH annapaTt sToH TEeCpHH BechMa CJOXKHHEH H HOTOMY
B Kypce, NOAOOHOM HANIEMY, MH HE CMOXKEeM H3NOKHUTh TEOPHIO
Baacosa.

Bl

LA, Al Buaracos, Teopus muoray uactuil, Pocrexuinar, M,--J1., 1950



I'napa wecran

AJEMEHTbI CTATUCTUUECKOH MEXAHUKHU

§ 22. [IpocTpancTBo (a3

B wacrosime# raase ML H3JI0KHM OCHOBH Pa3paGOTAHHOTO
Bu/srapaom I'n66coM BecbMa 08IEr0 H B TO XKe BpeMs a0CTpaKT-
HOrO METroga, NPH MNOMOINM KOTOPOTO B HACTOSINEE BPEMS Be-
AyTCsi HCCaeJOBAHHA B 00saacTH HAubOJMee O6IMHUX H CAOXKHBIX
BOIPOCOB CTATHCTHYECKOH (DHIUKH,

Donepseie sTOT IpHEeM B CHCTeMaTHYecKol (opMme Ouia H3JI0-
KeH ['H66CcOoM B ero KHure ,3jgeMeHThl CTATHCTHUYCCKON MeXaHuKH
KAK pannoHanbHas OCHOBA TepMOAMHAMHKH®. Knura sta nossH-
nack Ha pybeme XIX m XX Bexos., I'm66C HCXOMMUT H3 npeano-
JOXKEHHA, YTO Kawaaa MOJCKYJa U3y4aeéMOH UM CHCTEMBl Olpe-
AEM9eTCA HEKOTOPHM YHCJIOM O0O00INEHHBX KOOPAKHAT H PAaBHBIM
YHCJAOM COOTBETCTBYIOLIMX HTHM KOOPZHHATAM CKOPOCTEH, @ BCH
CHCTEMA COCTOHT U3 /N noao6HHx MoJexya. [lanee npemnoJsa-
raeTCd, YTO BCE YaCTH CHCTEMbl H BCA CHCTEMA B IEJ0M HOI-
UHHACICA ypPaBHEHHAM MEXaHHKH, NPHUEM, KaK 3TO OOLIUHO ne-
Jaercq B CJAydaax, KOrpa peub WAET o nandogee oOIAX 3a5avax,
B KA4eCTBE YPABHEHHA MEXAHWKH OepYTCA ypaBHEIIHA MEXalHKH
B (opme l'amuabTOHA, BAM TaK HA3bIBAGMBIE KAHOHUHCCKUE
ypasrenus MexaHHKH. Takue cHCTeMbl Onpelensiorcsi, Kak H3-
BECTHO, HE KOOpPAHHATAMH U CKOPOCTAMM, 2 KOOPJAHHATAMH M
MOMEHTAMH (HMOYJALCAMH).

[as Toro uroObl HanOMHHTH BHA YypasHeHult [laMuabTOHA,
NpUBeEeM KPAaTKHH BHIBOJ WX, UPHTOAHBI, NpaBla, TOJbKO A1:
YACTHOI'O CJAYy4as CHCTEMBI, COCTOAINENR H3 OTAEJbHBEIX MaTepHaJhb-
HelX TOUeK. OObLIUHBE YpaBHEHHS JBHXKEHHS MOMKHO HaIlHCaTh
B TAKOM BHJe:

Ly (286)
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rae [l — norenuuanpuas sHeprus. 3aMensa X, y, 2 4epes ¢; ¢ ¢y,
MH HAXOAHM /18 KHHETHUECKOH BHEPrHH MAaTepPHaJbHOH TOUKH
CAEAYIOIHE BHPAMKEHHA:

i e ag 1 RN

K=— m(x*+y*+2%) = 5m(¢+ &+ %) =557 (P + P2
+ Ps)»
0K

rae BeJHYHHLL =mg,==— H T. J. OPEACTaBJAAIOT COGOH
! 0

UMY MbCH. BBOAS 5TH 0603Hauenus: B ypaBHeHue (286), Raxoauwm:
oz g o— P __ 01
NW=P"="r = " oq"

Jasee, Tak Kak KHHeTHYECKAs SHEPrHfl, KaK 5TO BHIHO W3

2 2 2
P+ py - py
BHipaxenus K= m He 3aBHCHT OT ¢, TO TOJYyYEeHHOe

YPaBHEHHE MOXHO NpeAcTaBHTh TaK:

s d d (I )E
p1=7£1=__,_(_+10h=__‘_w, (287)

rae £ —noanag aHeprus.
Bropoe ypasuenue 'amuabTOHa moAyqaeM, npopudhepeHIH-
POBAB KHHETHYECKYIO 3HEPruio Imo p:

0K _p _ dq
ap; m ~ dt’

JTO ypaBHEHHe NpeBpauiaercss no QopMe BO BTOPOE YpaBHeHHE
TFamMHIbTOHA, €CJH MH 3aMETHM, YTO [OTeHIHaJbHadA aHeprua Il
HE 38BHCHT OT MOMEHTOB p;, H NOTOMY:

0K O(K+T) _9E _ dg
== = (288)

[TpuBepenHni HaMH BHBOX ARNEKO He sBJASETCA QOUIHM, HO
OH NOJe3eH AJd Toro, 4ToOB HANOMHHTE BHJ KAaHOHHUYECKHX
ypaBuennii, (CTporuii BeIBOJ JAaeTcs B YyUEGHHKAX MEXAHHKH.)

Mrak, MH mnpenmnoJaraeMm, 4TO Halla CHCTEéMa COCTOHT H3
MOJEKyJ, KaxAaAa H3 KOTOpPHX onpepensiercd r 0000lLeHHEIMH
KOOPNHHATAMH H COOTBETCTBEHHO r MomeHTaMmH. Ilpu sToM mo-
MEHTH H KOOPAMHATH onpenendirca 2r/N ypaBHeHUSAMH BHJIA:

dgg OE dp, __ _ OE

i "o M dr T oq (289)
Jta cucTeMa OyJAer onpefeneHd, eCIH MH OyleM JJsf Hee B Ka-
KOH-JIH60 MOMEHT BpeMenH f 3HaTe caejylowuii pag 2riV pe-

AHYHH;

“qi: n G5 -~ » qrv pp pgs eon sy P, ql.J,.,-r H-!pl_“: ey p,-N' (290)
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DTOT pAj MOXHQ HANHCATh elle HHaue, 0603Hayas KauJAyim Be-
JAYHHY ABYMA HHIEKCAMH, IpHUYeM BepXHull uujgexc 6yger o6o-
3HAYaTh NPHHALJCKHOCTh MNaHHOH BEJAHYHHH K TOH HJH HHOMN
MOJEKYy/Ie:

1 L m (1) (1 (2 (V)
g g, g B Y, R, o, P (201

Ecaa cocrosnue kakoi-InG0 CHCTEMH ONpefensieTcd JBYMS
napameTpamMu (HampHMep, COCTOSHHE AAaHHOM Macch rasa ofrpe-
Jensercs ofbemoM V' W xaB/jeHHEM p), TO COCTOSHHE 3TOH CH-
¢TeMbl MOXeT OHTh HATVIAAHO H306paMeHO TOYKOH HA MIOCKOCTH.
LcaM cocTonHEE 6YIET H3MEHATLCA, TO COOTBETCTBYIONAA €My
TOYKa OyAeT MepeMemarbcs 10 mAOCKOCTH, 06pa3ys HenpepHs-
HYI0 [0CNeA0BATENbHOCTE TOHEK—— TPAeKTOPHIO. [lo aHaorme
C 3THM CJIYYaEM MH MOMEM CKa3aTh, 4TO HAalla cHcTEMa, Ompe-
AeaseMast 2rlN mapaMeTpaMH H MOMEHTAMH, MOMXET OLITh H30-
OpaxeHa TOYKOH B npocrpaucrse 2r/N uiamepenuit, M3MeHeHHS
COCTOfIHUA HALIEH CHCTEMH cO BpeéMeHeM OyayT u300paxarbes
NepeMeleHHeM STOH TOYKH B MHOrOMEpPHOM mipocTpasctee 2riN
H3MepeHHH N0 HEeKOTOPOH TPAeKTOpHH, T. €. N0 HEKOTOPOMY
»,00pa30BaHKI0” OLHOTO H3MepeHus B mpocrpaHcTee 2rN Hame-
pednit. MaoromepHnoe npoctpasctso 2r/N HaMepeHH#i HaswiBaeTCs
O6GHYHO (PA308bM NPOCMPAHCMBOM, 4 COBOKYNHOCTL BeJHYHI
(291) — ¢pasoir dannoi cucmemet.

FHe Bcakag Touka npocTpaHCcTBA (Pa3 COOTBETCTBYET PeaJibHONM
cacreme. Tak, manpumep, ecJd HAWA CHCTEMAa NPEACTAB/IAET
co6o#t ras, 3aKJWYEHHBIH B COCYya, TO KOOPAMHATH, XapaKTepH-
3YIOUIHEe TMOJOXEHHe KaKOH-JTHOO MOJEKYJh, COOTBETCTBYOLLUE
[IOJIOXEHHI0 MOJIEKYJH BHE COCYa4, He HMEIOT (QH3HUYECKOTO
CMEIC/IA, TAK K&K MOJEKYJH HE MOTYT BBHIXOHLHTL 33 1peaeJhl
cocyna. [loaroMy npocrpascTBo ¢a3 JOJXKHO GHTBH OrPaHHYEHO
TOJIBKO TeMH TQUKAMH, KOTOpHE COOTBETCTBYIOT PEAJbHHM CO-
CTOSIHHARM CHCTEMH,

MoxHO noka3sath, YTO TPAEKTOPHH B HPOCTPAHCTBE a3 me
MOTYT mepecekarbcs. B camom gese, Bo3apMeM TOUKYy mepeceye-
HHA 3THX ABYX TPAEKTOPHH —9TO JACT HAM [JA MOMEHTa mepe-
ceqgenus paf (291) naun (290), a sT0T pAg COBMECTHO C ypaBHE-
auAMy (289) onpeneaser OAHO3HAUHO COCTOAHHE CHCTEéMH A
J1060ro nosgmeimero Momenra. Takum o0pa3oM, OTOPABAAACL
OT 3HAYEHHH, COOTBETCTBYIOIIHX TOYKE NEPECEUYEHHS, ME MOXEM
fONAacTh 4Yepes3 oupefe/eHHHH NPOMeXYTOK BPEMEHH TOJbLKO B
OJHY TOYKY, 4 €CJH TPA€KTOpHH AcHCTBHTEJALHO MEepPeceKarTCd,
TO TAKHX Touek Oyaer jnse., Mrtak, Bcaencrsue ONHO3HAYHOCTH
- PeIIeHHH YpaBHEHHH MeXaHHKH MH IIPUXQJHM K BHBOAY, 4YTO
TPAeXKTOPHH B IpOCTpaHCTBE a3 HE MOTYT nepe-
CeKAaThCA.
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(Q6rYHO BCE NPOCTPAHCTBO (Pa3, COOTBETCTBYIOLIEE pPealbHbiM
COCTOSTHUSIM CHCTEMbI, PeLCTABIAOT CeJe 3aN0JHEHHHM CIIOHIbL.
TOYKAMH, H3 KOTODHIX KaxJas COOTBETCTBYET KAKOMY-JHOO H3
BO3MOXHBIX COCTOSIHHH JNABHOH cucTeMHl. Ilpu atoM Mu 6Gynem.
CJAeIUMTh 33 [ABHKEHHEM BC@X HTHX TOUYEK (O BPEMEHEM. ITO
3HAYHT, YTO MBI OyJaem NpeaCcTaRasTh cede Hamy CUCTEMY MO-
BTOPEHHON OrpOMHOE YHCaAO DAa3, NPHUEM Kaxaad NOBTOPEHHAd
TaKkuM 06pas3oM cucTeMa..Byler HaXOAHThCH B JAHHHHA MOMEHT
B HHOM COCTOAHHH, Mmu Oypem, TakuM 00pa3cM, NpeACTaBIATH
cefe Hamy CHCTEMY B CaMHEX pa3sHOO0pPa3HEIX COCTOAHHAX M
dyneM CAeIHTL 33 BCeH 3TOH COBOKYMNHOCTBIO CHCTEM H CMOTPETD,
KaK OygeT H3MEHATHCA HX COCTOfHHE CO BPEMEHEM, NOMHH, HTO
TPAGKTOPUH HE MOTYT MEpPeCceKaTh s,

§ 23. Teopema JlnyBuasa

IMpencraBum cebe B npocTpancTse (a3 Hexompmi’i MaJILif
obvem Ag, ... Ap = Ar, HAM HEKOTOPYIO ,NpOTAMEHHOCTH

¢az“. Taxk xax ™Mb Opeacrasidem cebe Bce npocTpaHcTBO das
3aMO/JTHEHHEIM TOUKAMH, H300paKaIOIIWMH HAUly CHCTEMY B pas-
JHUHBIX €€ COCTOAHHAX, TO H 3jaeMenT Ax 6yler 3anoJHeH Ta-
KHMH TOukaMH. (O003HAYHM HHCJAO HX, CTHECEHHOE K EAMHHIE
ofbemMa B 006JaCTH, A€ HAXOAUTCHA Art;, uepe3 p; H OyaeM Ha-
3LIBATh ATO p; AAOMHAHOCMEIO, C KOTOPOH TOYKH pacnperesoTCs
B IpocTpaHcTBe ha3. Ira njAOTHOCTh, Boo6UIE TOBGpPA, OyHeT
(dyuknnei scex ¢ u p. Hrak, uuc/jao To4ex, 3akJAmueHHbX 8 Ay,
6y.H.ET PIAT]_.

[lpeanosoxum Tenepb, 4YTO MH PaCCMATPABAEM COCTOSHHE
HAMEeH CHCTeMbl Yepe3 HEeKOTOPHH NPOMEeXyTOK BpeMeHM, Tak
KAK COCTOSHHE HalleH CHUCTeMbl HENPEpPHBHO MEHAAO0Ch, TO BCE
TOYKH JOJKHE OBLIH NepeMeCcTHTLCs; OHH OY1yT 3aHHMATh TeNeps
IpYyrofi sjemedT oObeMa Av, H pacnpeieasThCd B HEM C JAPYro#
IIQTHOCTBIO Pg.

Taxk xak mMB paccMaTpHBaeM OIHM H T€ XKeé TOYKH, TO He-
06X0AMMO JOMKHO HMETh MECTO YCJHOBHE p At ==p,At,, MOXHOG
A0KaszaTh (H 2TO COCTABJAET COLEpKaHHe TeopeMH JIMyBHAf),
4TO P, ==pg, 4 OTCIOZA Aty ==Ar,.

Ias poka3areqabCTBa 3TOH TEOPEMBl BCIIOMHUM BRIBOJ Y pPaBHE-
HHSl HEIDePBBHOCTH B A3p0O- WAH IHApPOIHHAMHKC. llpencrasHm
cebfe B TEKyWEH XHUAKOCTH HENOJABHIKHLIA 3AeMEHT (ObeMma
At = Ax Ay Az (puc. 24, cTp. O8) H pacCMOTPHM NOTOK XKHAKOCTH,
NpOTeKawInell Yepes rpaHd, NepHeHAHKyAApsbie K ocH X. 3a
BpeMsi ¢t uepe3d rpaup ABCD kO/auuecTBQ mNpoTekimed XKUA-
kocty 6yaer (pu)df Ay 42, TOUHO TAK XKE KOJUUECTBO HKHAKOCTH,
nporekiee 4epe3 IPOTHBONOJOXKHYIO Ipalb (Takxe MNepIeHiH-
Kyaapayio k X), Oyner (pu) dt Ay Az; (pu)’ Gymer OTAHYATBLCA
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OT (p#) NOTOMY, YTO U IJIOTHOCTh, U CKOPOCTh (i, ¥, W) MOTOKY
MOxeT ObTb (pyHKImHeHd koopAunar. lloraras, wro (pu) ecrs
{PYHKUHA, DA3JLOKHAMAA B pAf, U OFPAHHUHBASCH IepBOH cTe-
fICHBIO PA3JIOMEHHH, MH MOXKEM INPHHATH:

(pu) = (pu) + J gl”) AX. (292)

[ToacuuTniBas H3OHITOK BOWIEAIISH KHUIKOCTH HAJ BHRIISAIIEH,
A1OJIyvaeM /151 3TOro W3OHTKA BHIDAXKEHHE:

__O(pu) 5
S AxdyAzdt.

TloBTOpAs anaAOTrHUYHHIE pACCYXKIECHHA IS JBYX OCTAIOLHXCs
flap rpaHeH, neprneHARKYJAAPHbLIX OCAM Y W Z, U CKJaIbBAA, MBI
Haigem A5 W3GLITKA MUAKOCTH, BTEKAIOULEH B saeMeHT 00beMa
AxAy Az Haj BLHITEKAIONLEH, BHPAXKEHHE: |

d (ou d (L d (pw
_[ () 1 {;;Hq-—g;—’] ax Ay bz di.

Ho pas muaxocTe BTeKaer B H3BLITKE, TO HTO 3HAYHUT, HUTC
# o0beMe AxX Ay Az JO/KHO NPOH3OHTH yBeJHYEHHE NJIOTHOCTH dv
¥ 33 BpeMA df LOMAKHO NPOH3OHTH YBEAHUCHHE MACCH HA BEJH-
uuAy dpAx Ay Az, [IpHpaBHMBAEM 3TO BLIPAKEHHE IOJIYUEHHOMY
paHee BLIPAXKENHIO M7 H30LITKA BTEKAIOIEH XMIKOCTH HAL
suTekaowedl. Cokpaumiaa Ha Ax Ay Ag u neas Ha dJdf, nOoAyuaem:

o)y | 0(pw) | ] dp .
"*[75_;;'4‘—@ 0 ]‘"W’ (298)
HIAH
op , 0(ew) , O(pr) | O(pw) .
ot ox T ey T =0 (294)

Bripaxenue (294) MOXHO NPeICTABHTH €1I1e B CIeaylolel hopme:

op dp op dp ou dv |, ow
d_t_f_ﬁ"u—}*(_li_\'r@-'_ﬁzm_l_P(ﬂx_F +6z>=0’

dy

HAH

.

Dy ou |, Ov , dwy o
pe te (et oy T oz ) =0, (295)

_ D
B nocaexnem Bupaxeuwn (295) 77 ©3HaYaeT TaK HA3HIBAEMYIO

CYOCMARGUOHAABHYIO NPON3BOOHYK), BHIPAKAINLYI0 HIMEHCHHE
KaKOH-JTHOO BETHYHHK, B JAHHOM CAYYAe IJOTHOCTH, A4S CHCTEMBE
JACTHIL, XBHXKYIIHXCA CO CKOPOCTbIO (X, ¥, @). B camoM zeJe,
€CJIM IJIOTHOCTb eCTh (PYHKOHA £ ¥ KoopauHaT X, V¥, 2 JBHKY-
NMHXCH YaCTHI, TO 3a BpeMA df LIOTHOCTB U3 p(f, x, y, #) npe-
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ppatuTca B p({+ df, x4+ wdt, y+4 vdf, z+ wdt), n1oroMy 4ro
KOODAMHATHL X, VY, 2 KAKOMH- M60 YyacTHUBl 38 BpeMa df uaMme-
HATCA Ha udt, _wdt H wdl.

[Tpu u3yuenuH nepemMeiieHusl Touex B (Pa3oBOM IPOCTPAHCTBE
MBI HMeeM aeqo ¢ 06001eHueM ypasdeHus HenpepusHoceTH (293),
(294) nau (295). Tpumenas paccyxaeHus, HCNUIb30BAHHEE MHpPH
BHIBOJE YPaBHEeHHH HeNpepbIBHOCTH, MBI HOJYYaeM:

40 g () g (Bap) =0, (296)
HJTH

Y bGP (R S By g,

dql )
(297)

Ecau MH BBeIEM AAHHOE Bhile 0003HaueHHe AIA CyOCTAHIHO-
HAMLHOH NPOH3BOAHOH, TO NOJYYHUM!:

Dp oqs 6p1 \ \

E-+p(0q11—0pl =0, (298}

He*rpyime MOKA34Th, YTO BHIPAKEHNUA, 3AKJIOUEHHLIE B CKOOKY.

opmyJaax (294) n (290), ecrd NpUHATH BO BHUMAHHE YDaBHE-

HHE 289), obpawatorcst B HyJb, B camoM jeae, Aast KaKoro-
AR60 HHAEeKca i HMeeM:

'dﬁl

s =9k 5 _ _ 9E
L= M T T ag
OTKYJa.
g PE_ . op .  PE
dq; 0p; — Op; aq; 0p;
H, C/leN0BaTEAbHO,
0q; , 0Py
+ opr

MTtak, B ypaBHeHHaAX (297) u (298) Bce useHH MHOIOUY/NEHOB,
3aKJIOYEHHBIE B CKOOKAX, NONapHO YHHUTOKAIOTCA; 5TO NPHBOAHT
K TOMy, 4TO OT ypasuennil (297) u (298) ocraercs

dp |, + 0
65 I‘?H;; i pla - (299)
H.IH
Dp __
2 =0, (300)

Mbl BUIEAH, YTO eCJAH Mbl GyjneM CJeAHTh 334 ABHXEHHEM
rpynnsl TOYEK, 3anOJHAIOIMIKX 9J1€MEHT Aty, TO 9TH TOUKH AJIf He-
KOTOPOro 6o/iee MO3NLHEr0 MOMEHTA 3afiMyT JAPYTrOd BIEMEHT ATy,
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npH4eM, BBHAY TOTO, YTO MHEl CJAEAMM 34 OJAHHMY H TEMU Ke
TOYKAMH, OYJeT HMETb MECTQ YpaBHEHHe:

p1 ATy == paAT,. (301)

D
Ho Mb ToABKO 4TO AOKasaiy, uto 7t =0, 1. e. ecnn pac-

CMATPUBATD JABUKEHHE KAKOH-JIH0O Ipynmsl TOUEK B NPOCTPAH-
cree (a3, TO ¢ TEUYECHHEM BPEMEHH ILIOTHOCTh, ¢ KOTOPOH 3Ta

rpynna pacnpenesercs B NPOCTpaHCTBE ¢as, co BpeMeHeM He
U3MEHAETCA, MMO3TOMY Py == pa; OTCIOAA:

yTO. 4 NpeiacT4BafieT co00H conepxanue meopemor Jluysunsi,
4 HMEIHO: €CJH B HEeKOTOpDHH MOMEHT BPEMEHH I
rpynna tToyeK 3@HHMaJa HEKOTOpPpHH 00BbeM At
npocrpadcrsa a3 ToO B NO3AHEeHMWUE MOMEHT [/,
3T4 rpynma OyjaeT 3aHuMaTh TOT Xe o00Bewm
(A1y=47)),

Y pasuenue (296), KOTOpOE MbI OJAYUHJH 1O aHAJOTHH C YPaB-
HEHUEM HENPEPBIBHOCTH &3p0- M THAPOLUHAMUKH, MOXKHO IOJY-
YHTh HENOCPEACTBCHHO CJeAyloinuM 00pa3om. BeueiuMm B npo-
CTPAHCTBE }a3 HEMOABHIKHO PACNOJOXEHHLIA 3/1eMEeHT o0bema Ar,
cojepxamuil pAt TOUEK, n300paxawiuMx Hamy cuctemy. C Te-
YEHHEM BPEMEHHM 321TH TOYKH, JABHXYIIHECHA Kamaad IO CBOeH
TPREKTODHH, BHIHAYT H3 3JeMeHTa At, a ApyrHe TOYKH, JIEKAB-
IHe paHee BHE 3JeMeHta o6beMa Ar, BOiAyT B Hero. HM36HTOK
BOINEAIIHX HAJ BHIICALHMH Mbl MOXEM MOOACYHTATE AJAS KaX-
JOH M3 rpaHeH, NepneHIHKY/AAPHBEIX KaXmol H3 ¢ H p.

[aomaap rpanw, nepnesguxkyJasApHON ¢y, BbIPA3HTCA dYepes

a%;—l- , 10J00HO TOMY KaK ILJI0MALb TpaHHl, NIePHNeHAHKYAAPHON OCH X,
At — Ax Ay Az
Ax Ax

Urc/10 BOIIG AKX TOYEK 3a BpeMs df 6y aet (pq, ) dt ;{;—1 ; GHCJO
TOUEK, BRIIIEAUINX 4Yepe3 I[POTHBONOJOKHYIO TpaHb, Oyjer
(Pé:)'dt ;%' Pasnaras B pajp 1 OrpaHuyMBasch NEePBHIMU CTEE=
HAMH, TOJYYHM:

B TPEXMEPHOM NPOCTPAHCTBE GyIeT = Ay Az,

. d(sq) 4.1 <,
[P%"_—““—aql A‘h}ga‘”-

HMrak, H30HTOK YHC/JIA BXOAAIIHX TOYEK HAJ YHCJAOM BHIXONALIHX

TOYEK I/ OAHOH Nape MPOTHBONOJOXHHX rpaHeft sjeMeHnTa
oyaer

— (3 (P(;I) Af dr
oqy h
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CyMMHapysa aTH H30BITKH [JA BCEX IpAHEH »JAEMEHTa At M
MOMHS, YTO 5Ta CyMMa M3OLITKOB HA€T YBEJAHYEHHE MJAQTHOCTH
B sJeMeHTe 06beMa At, Mul NPUXOAHM K Bepamenuw (296).

[TokaxeM Ha KOHKPETHOM [IPUMEpe, YTO NpU ABHKEHUH TOUEK
B pocrpancTse a3, #306paxalnmuX HALLY CHCTEMY, SAEMEHT Ax
MOXKET U3MEHATh CBOK (PO PMY KaK YLOAHO, HO YTO OPH 3TOM,
coraacHo Teopeme Jluypuas, o0sweM At ocraercd 6e3 HiMme-
HeHHH, T. e, At = At, = A1y, I'1e 8J€MEeHTH 00DbeMA B3ATH 114
KAKHX-1HO0 MOMEHTOB BpEemeHH I, [y, L.

B xa4ecrse Takoro npuMepa BO3LMEM TeJN0, IBUXKYINEECa PABHO-
MEpPHO yCxKOopeHd0. Toraa, ecan Mel Npeanoa0xum it t==0 Ha-

qa/bHOe TOJM0XKeHHe TeJd ¢, W HAa4adbHYI0 CKOPOCTh ¢p 4 COOT-

=)
. Py .
- — — —= - ey T WW AT o — — — — — J— '_.-._4 - ——
Ap, }/}E—/T
T ""—“_““?f—_l‘é' |
o]
34 N
dp T | P
oot e
- L
Po | : { Lo
}Aqol _’[‘ﬂ%l I
7 | . -
QL -V R
T+ tmt ol
Puc. 39

BeTCTBYIOIIHAE MOMEHT p, == M, TO B KAYECTBE YPABHEHHS ABH-
KEHHS MBI MOJYYUM!

g=q,+ Lt +, (a)

m

p=p,+ mat. (6)

Tak xKaK CHCTEMA HAIIA ONPEAE/SeTCA TOJAbBKO JABYyMs mapa-
METPAMH P H ¢, TO COOTBETCTBYyIOIEe NpocTpaHcTBO (a3 byaper
RBYXMepHbIM. HayasasHue ycuaoBus ¢, H Py MOTYT OBITH KaKHMH
yroMHO. B KauecCTBe ajgeMedTa At Bo3nMeM Ag,Ap,, T. €. Oynem
paccMaTpHBaTh TOUKH (puc. 39), Jexaniue B MOMENT £ = 0 MEXAY
Po U p,+ Bp, B Mexay g, H ¢,+ Ag,. DIeMEHT At B MOMEHT
=0 onpeaennercs CcACAYOUUMH 3HAYEHHUAMH, OTMEYEHHLIMH
HA PHCYHKE TOUKAMH:

I(qg Po); 2(qe =+ 8q0 po); 3 (g, Po+ Apy); 4(qo -+ Aqy, Py + Ap.).
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[To mpomecTBuH Iy CEKyH/A, COrJaacHoO ypasHenusam (a) u (0),
MH NOAyYaeM LI TOYKH / 3HAUEHHE KUODAMHAT:

at 1

Gy -—f]o+ + tl' Dy = p, -+ mat,,

H COOTBETCTBECHHO IJAS TOUKH 2:

14
q(ﬂ)zqo+AQQ+ 9 + Ot

Poy=2"0,+ mat,.

at®
Taxum o6pasoM, o6e TOUKH TepeMECTUAHCH MO OCH ¢ HA -2—1-4——”; t

B N0 ocH p Ha mat,. CJegosaTeJbHO, OTpesok | —2 nepeme-
CTHJCA B APyroe Mecro, He nedopMHpyACk.

Koopaunatel Touexk & H 4 NPHHHUMAIOT BHA:

ati | pot | Apot
q(:jf)mqo"l" 'l_l“pD + pﬁl H P,y == Do - Apy + maty,

at? t, Apt
Ty =10+ G LA 80, 8 py=po-+ dp -+ mats

M3 morydyenHHX BHpaxeHH{ BHAHO, UTO TOUKM 3 H 4 no
CpPaBHEHHIO ¢ TodxkaMu I’ u 2’ cMmeuleHul no ocu p Ha Ap,. Ta-
KM 06pa3oM, saement (OTpe3oK OpaMoi) 3'—4’ OTCTOHT Mo OCH P
OT asemeHTa I'—2" HAQ TOM KC PACCTOSHHH, YTO H SJACMEHT
1—2 or saementra 3— 4. Ho B To xe Bpemsi OTpe3ok & — 4
CMeIeH BJAOJL OCH ¢ IO OTHOIIEHHIO K OTpesky /—2 Ha Be-

AWYHAY p"tl, T. €. Ha BeJH4HHY, 3aBHCAILYI0 OT BPEMeHH f.

- Takum 00pazoM, NPSIMOYroJbHHK Ap,Aq, npeBpamaeTca B pe-
3y bTaTe ABHXKEHWA B NapajgjenorpaMm, COXpaHAwuHi, 0LHAKO,
AeCMOTPA HA HeOpepHBiIYIO AedOpMAanHI, CBOIO HAOWALb Ap,Ag,,
TAK K4K OCHOBAHHE H BHCOTA [apadnenaorpaMa oOcTalolcs
NOCTOSAHHBIMH.

§ 24. YcaoBug CTAaTHCTHUECKOIO PaBHOBECHS

Mu Buzenn B Bupaxenusx (296), (297) n (298), uro miIoT-
HOCTb, ¢ KOTOPOH pacmpeiensTcs TOUKH, H300pakaoouiye co-
CTOAHHE HameHd CHCTEMHE B IpocTpaHcTBe a3, usMeHsercd Co
BPEMEHEM IO CACAVIONIEMY 3aKOHY:

D * v
E‘:=O HAY +\(aq,q*+0p,pl) 0. (302)
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Tax rax Pa@BEHCTBO HYJIIO % He HCKJAWUYAET BO3IMOXKHOCTH

0
%#:0, TO OTCIOAA BHAHO, uUTO BOOOWIE ['OBOpPH, IJIOTHOCTD p,

HE MEHSIOWAACST CO BpeMeHeM AJA OUpeJefeHHOR IPyHONkl TO-
yeK, H300paxalllux COCTOAHHE Halled CHCTEMH, MOXET H3Me-
HATHCA CO BPEMEHeM B Jo60H 064acTH IPOCTPAHCTBA (a3,

Oauako, ecjan %%;bo, TO MB OyneM HMeTb LeJ0 ¢ HeCra-

?io 6yJeT YKa3uBAaTh

Ha TO, UTO UHCJIO CHCTEM, y KOTOPHX (Da3bl 3aK/JIOUEHH B He-
MOABHXHOM 3JeMeHTe At, uaMeHserca co spemeneM. Ecam xe
MNJAOTHOCTh P €CTh (hYHKIHSA, HE MEHAIOIAACH CO BpEMEHEM, HJIH,
APYrHMH CAOBAMH, €CJIH Mbl OyA€M HMETh AeJ0 CO CTRTHCT H-
YeCKHWM paBHOBecHeM, TO p, KAK CJACAYET H3 PABEHCTBA
(302), monxHO YIOBJAETBOPAThH ypaBHEHNIO:

0
LHOHAPHEM C/lyuaeM. B camom nexe, o

N
. ] a . {ji .
NG dit5s p) =0, (303)

fo=1

Taxum o06pasom, ypasrerHe (302) BoipaxcaeT ycCJOBHE CTATHCTH-
"1@CKOT0 PABHOBECHS.

PaccMorpam 910 yeaosue 6osee noapobho. Ilocmorpum,
KakoBo Oyaer HanbGosee o6uwee BrpameHHe [JA p, KOTOpOe
ynosxeTBOpPUT ypasHeuuio (302). [Mpexnae Bcero dAcCHO, 9TO p
AOKHO ObITh (DyHKIHEH OT p H ¢, KOTOpas HE HU3MEHAeTCA CO
BpeMeHeM. Ho Hocro/bky, MOCKOJBKY BCE p H ¢ ONPeRe/AIoTCH
yepe3 NOCPeACTBO YpaBHEHHH ABHIKEHWA, BCAKAA (PyHKIHA P H ¢,
OCTAIILAACA HE3aBHCHMOH OT BpeMeHH, 10J:KHA OLITh HAH OAHHM
M3 HHTETPA/IOB YDABHEHH ABHMKEHHUs, HIH KaKoH-A1n60 QyHKOHEH
OT 3THX MHTerpaop. MsBecTno, 4To KAHOHHYECKHE YPABHEHHHA
MEeXaHHKH Aa0T 2r/N— 1 HHTEerpasos, He 3aBHCALMX OT Bpe-
Mend, I10aTOMy Haubosee OGIHMM BHPAXEHHEM AJA MJIOTHOCTH p
6yaer npousBoabHan GyHkuua F or stux 2r/N—1 uurerpanos:
Piy Poy +o+ » Pov—1. [lOK@WKEM cHAYasJa, KaK [OJAYy4YalOTCHA 3TH
HHTErpaJsH.

Pasnenum Bce 2rN —1 nepBhix ypasHennii (289) ra nocaen-

dg,;y  OE
Hee —— = TR, TOr'AA NOJAYYHM DAJ YpABHCHHHN:

OE 0E
ap, 01 oq 0Py
ﬂquF: T 9E) g,y =<0E K T. L

dp N ap rN




JieBrle uacTH NOJYYEHHAHX YPABHEHUH npeacTaBas0T CO60H PynK-
nuH napametpos ¢ # p. [lpeanonQ:xuM, 4TO HAM yJ&aa0Ch OPO-
HHTETPUPOBATh 3TH ypasHeHHA., MB NOJYyUHM CJAEAYIOWHHA DAL
pyHKUUH:

P1 (pa q) mcl: (PE (p: Q) — CBJ vy (Png._l (P, Q) :""".C:!rN—l' (304)

UTO STH YPaBHEHHS HE OYAYT CONepHaTh ABHO BPEMEHH, BHTE-
KA€T K3 TOrO, YTO ypaBHeHuWA [aMuABTOHA MOXHO HAMUCATh B
takofi dopMe, KaK 3TO CAeJaHO Y HAC, TOJAbBKO B TOM CJayuae,
ec/Id BHEIIHEEe [0Je, B KOTOPOM HAXO/MMTCS Hald cucteéma (onpe-
pendemMas STHMH YypPaBHEHHAMH), He 3aBUCHT OT BpemenH. Tlo-
cleiHee ypaBHERAUe H3 cucremu (289),

IE_ (305)

nocJje HHTEerprpoOBaHUA JaeT!
Porn (0 q)=Cop + 1. (306)

B uncae pasa unrerpanos (3M4) pouaxen OHITh M HHTErPan
sueprun £ (p, ¢)=const. Bce unrerpasn (304) npencrasagoT
co00#t MOBEPXHOCTH B NPOCTpaHCTEBE (a3, norioGHO TOMY Kakx
BCAKAs (PYHKIHA TPEX KOOpLWHAT X, V¥, @ €CTh ypaBHEHHE MO-
BepxRroCcTH. [IpH 8TOM, KaK B pea/bHOM MPOCTPAHCTBE TPEX H3ME-
peHHil BCYKaa NMOBEPXHOCTh OyJeT BTOPOro H3Mepeuns, Tak U
B OpoOCTpaucTBe (az 2r/N u3aMepeHHH Kax/JAad U3 MOBEpPXHOCTEH
(304) 6ymer umerr H3mepenue 2rNV-—1. Bce 9TH ypaBHeHud
onpejesnalT CHCTeMY To4yeK, O0mylo HM BCeM, T. €. JHHHIO
epecedeHus, HIH TPAEKTOPHK B npocTpaHcTBe ¢das. INocnielnee
ypasaenne (305) onpenensier NoNOKEHHe TOUKH HE BTOU Tpaex-
TopuH. TaxuM 00pasom, HHTErPHPOBAHHE YPABHEHHH MeXaHHKH
H03BOJIACT HAM ONpPEeAE/JHTb TPAEKTOPHA B NPOCTPAHCTBE (Pas H,
HCXOAA H3 KAaKoro-an0o HAYa/JLHOIQ COCTOfIHHHA, ONpeleaHThb
OOCeA0BATE/NBHOCTb COCTONHHN NAHHON CHUCTemHI, CAEAA 33 JBU-
WeHWeM TOUYKH BJ0Ab TPAaeKTOPHH, OnpelenseMOil ypaBHe-
auamu (304).

M3 cx43aHHOrO AAICHO, YTO TPAEKTOPHA NOJKHA JeKaTh Ha TO-
BEDXHOCTH 3Hepruu £ (p, ¢)=const. Ho sacHo Takxe, 9T0 OHA
HE MOXeT NpOHTH depes a6y TOYKY STOH HOBEPXHOCTH,
TAK K8K TOYKH TPACKTOPHUH OJHOBPEMEHHO JOJIKHH JeXath H
W HA OCTaJbHBIX NMOBepxHocTAX pana (304).

PaccmorpuMm npocreiimuii npuMep. IlycTes Hama cucrema Co-

CTOHT M3 npocrefimero suOpaTOpa, COBEPMIAIOIErQ rapMOHBUE-
CKHE KOJeOaHud.
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DHepraa Takoro sudparopa Oyzner:
2 2 x2
E—.m; +L
Ecag MH BBeLEM B 9TO ypaBHenne napaMeTpH ¢ 4 p, TO

.‘Zm +

a?q 3

YpapHeHua ['aMHIbTOHA B JAaHHOM CJydde CBEAYTCH K JABYM:
dp O o dq oE
dt— " og O di op’

HJIH B PACKPBITOM BHJIE!

d
A2 dqg _p
= A = (a)

EAdNCTBEUHKH WHTEerpask, He 3aeHCAIHI 0T Bpemenwm, Oyier
CAYXHTE HHTErpajaOM ypaBHeHHd, [HoAyuyanumeroca OT LAeJACHHA
nepsoro H3 ypasHesH# (a) Ha BTopoe:

dp __ a’qm

d
dp— T p B E_m_P + a*gdg == 0.

Hurerpupysa, HaxOAHM:
a -l
| q

Murerpas, 3aBUCAMHE OT BpeMeHH, MOJAy4aeTcs U3 ypaBHeHuH
d
(a), MUMEHHO H3 ypaBHeHHS Fq——u-df. Fa ypaBHesns 3sHeprHH

m

HAXOLUM : |
p*=2m (E—-— , OTKYyla p ===t V om (E--—~ ——) BeraBases
HaliACHHOE 3HAYEHHe p B ypaBHCHHE ‘i—) — dt; noaydaem:
m
—_—dt,

dq
VTV
m p

(74

1/25 1q

2E V a’q?
2E 2E

HJIR

m—

It
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a02
BBoAuM HOBOE NEpPEMEHHOE V?q_E — X W 3aMeyaeM, 9TO

::—:=m2, rae o®—KBaApaT LHMKIHYECKOH dYacTOTH KOJeBaHHH
mﬂz%‘. Torpa ypaBHGHHE NDHHHEMAET BHI:
=+ — dx_=dt, HJIH i—i%=mdt.
v yi—xt

Ecan BO3EMEM 3HAK NJIOC, TO HHTETPHPOBAHHME JAET:
arc sin x = of 4 C;, nau x=sin (of + C,);

BO3BpamiadCh Xe¢ K NPCXHHM INCDEMEHHHM, MOJYUaeM:

2F
g = Va—g— sin (of 4+ C,).

Ecan On M B3SJH 3HAK MHHYC, TO NOJAyYHJIH BBl SIC COS,
4YTO npUEeN0 OB TOJBKO K APYroll HauanbHOM hasze xoaebaumus.
Taxum o6pa3om, 3aBHCAIHUA OT BPEMEHH HHTErpaJ ONPELeJseT
NOJIQKEHHE TOYKH H& TpPaeKTopu# B (a3CBOM TPOCTPAHCTBRE.
Bun TpaexkTopHH oOIpeieaseTcs He3dBHCALLMMH OT BpPEMEHH
HHTErpajaMH JBUAEHHA, 4 B JAHHOM caydae 9170 GyAeT ATHIC.
B camoM gnese, u3 ypaBHEHHS 9HEPrHHM MH HMEeM:

N oA
omE ToE =1
a:

(6)

T. €. IoAYy4dJacM JJJIHIC € [NOJAYOCAMH!:

]/i:f— 0V 2mE, (B)

[lonpcunraeM Teneps BEJHYHHY NJOMAAH I10JYYeHHOTO
g/aunca. Kak H3BeCTHO, NJIomAaAb 3JAJIWNCA paBHA =a,b,, rae
a, 1 by —noayocu saaunca. BeraBHB TOABKO 4TO HalJJ@HHHE
BEJHYUHH AJAA @y H Dy, MBl foJydaem:

VE | roer— 9nE 9mE 2znFE E
S=nap,=n /2 ViEm= ZE SHE_ZE_E (g

a o 2my v
m
'] . ' aﬂ
1 M3 ypaBHeHus mx = — a¥x CAEAYET: X = - — X == — odr, OTKYHa

m
x == A cos wf + B sin of.
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[Halkipennoe BhipaMeHHE A0 H3BECTHOH CTEIUCHH MOXKET NOACKA-
3aTb BEJHWYHHY KBAHTA BHEDPCHU v, 0 4YeM y Hac peub Oyner
BHiEPEesH.

HM3n0xeHHblll HAMH OpPHMED HHTEPECEH €Iieé B OJHOM OTHO-
uienud. [lpuBesennass HAMH CHCTEMA — H30JHDOBAHHBIA BuGpa-
TOP — OTJAHYALTCH TOH OCOOEHHOCTBIO, UTO [PH 381aHHOU BHEp-
THH TPAEKTOPHA IPOXOINUT Yepe3 BCE TOYKH NOBEPXHOCTH 3HEp-
THH, WJIH, N0 TEPMHHOJOTHH boJbliMana, jaHHAas CHCTEMA sAB-
JAAeTcA apo0uueckoit cucmemoll. SIpasiorcs Ju BOOOWIE H3yyae~
MBI€ HAMH CHUCTEMBl SpProAHYecKkuMu — 6oabuIofl Boupoc. Mu yxe
BUJE/JIH B HACTOAULEH IJaBe, 4TO NpH HAaJIHYHK HECKOJNBKHUX He-
3aBHCAIIMX OT BPEMEHHM HHTErpajoB ABUXKEHHA (4 B cucreMax
C YHCAQOM KOODAMHAT H MOMEHTOB, GOJbIIHM J[BYX, 3TO BCErna
OyAeT HMETh MECTO) TPAeKTOpMA B (Ha30BOM NPOCTPAHCTBE
BOQOIE He MOWKeT NPOHTH uyepe3 BCE TOUKH HOBEPXHOCTH 5HEp-
THH, MOTOMY UTO QHA HBJAACTCA JHHUEH MNEepecedueHHs HeCKOMAb-
KHX MOBEPXHOCTEH B NPOCTPAHCTBE (DA3 C MOBEPXHOCTHIO HHEPLHH.

Ha stom xe npumepe MOxHO ¢ OGOABUWIOH OTYETAHBOCTHLIO
BHIETH, KAKQE TPEHMYIECTBO NOJAy4#/Juch Onl, eciau O6H B ¢a-
30BOM IIPOCTP4HCTBE CyLIECTBOBAJd OAHA EAMHCTBCHHAS TPACK-
TOpUs, MPOXOAALAY UEPe3 BCe TOYKH NOBEPXHOCTH BSHEPTHH.
B 1naHHOM C/lyyde 3TO UMEHHO TAK ¥ €CTh: 3AECh, KAK MLl BH-
AENH, BCE TOUYKH, PACNOJOKEHHHE HA TPACKTOPHH — HA SJJHIICE,
ABHXKYTCA C OAHOH W TOH Xe CKOPOCThIO, ONPEIeAseMOl BeJH-
YHHOH © — OJHOH H TOH e, KaKOBH OWl HHW OblId HA4YaJAbHLIE
ycaosuda. B camom jpene, mpeicranpuM cefe, 4TO B HaYaJAbLHHH
MOMEHT TOUYKH, H300paKalollHe HAllly CHCTEMY B Pa3HuIX COCTOA-
HHAX, DABHOMEDHO paccesdubl MO BCEMY IJJIHICY; TOrAA Kam/ad
H3 HUX OyNeT ABHUrATLCH NO 3AAKACY, CALLYS APYF 34 IpPyrowm,
M DPaHO WAH NO3xHO OO00AAeT BCE BO3MOXKHBIC HA 3/LIHICE HO-
JIOXECHHUSA,

[Ipencrasum cebe, 4TO MBI XOTHM NOLCUHTATL KaKyio-aHO0
(YHKIHIO CKOpPOCTEHi W MOMEHTOB Hallell CHCTeMbl H , B3aTh
cpeaHee 3Hadedde 3TOH (PyHKHUHM aJ8 BCEX BO3MOMHBIX [OJO-
MEHHA Hamed CHCTEMB Ha ee TPAeKTOpPHH. IJTa CPeIHffl BeaH-
4YiHa, CPEeAHAA MO BpeMeud, OYLeT B TOUHOCTH paBHA CpeaHel
BEJAHYHHE, B3ATOH He AJad OMAHOH CHCTeMHl, a JJd BCeX CHCTEeM
HaIei COBOKYIHOCTH JJA KAKOTO YroAHO MPOH3BOJLHO B3ATOTO
moMenTa. Takum ofpa3oM, ecau cuCreMa HenpeMeHHO JOJIKHE
IPOHTH Yepe3 BCE TOUKH MOBEPXHOCTH BSHEPrHH, TO N0 CYTH
Jeqa MH JOMKHE HMETh OAHY €LHHCTBEHHYIO TPAeKTOPHIO (Belb
TPEEeKTOPHH NepeceKaTbCA, KAK Mbl BUIAEJIH, HE MOrYyT), H Toraa
BCe PABHO, B3ATb JH CpejHee 3HAUeHHe /A TOUeK, PAaBHOMEPHO
pacnpegefedHBX M0 TOH Xe TPAeKTOPHH, HO B3ATHX AJA 0JHOTO
H TOTO XK€ MOMEHTAa, HJH JAAf OAHOH ABHXKYLUEHACH TOYKH, HO
3a Bpems ee IOJHOrO 00X0Ja BAOJL N0 TPACKTOPHH,
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Jas aaHnoro cayuas sTo 0e3pasJauyHo, T. €. CPEeAHHA IO
BpeMeHH paBHa cpenHell no coBOKynHocTH, Ho
OOBIMHO ONpPENeNHTh NOBEPXHOCTb SHEPI'HH TOPAa3L0 Jerue, ueM
OOpeieuTh TPAEKTOPHIO, H MOSTOMY FOPAa3sf0 Jerde B3sTb CPeA-
HIOIO BE€JHYHHY 10 COBOKYNHOCTH.

Bor nouemy mnpeacraBaano O OOAbLLOIOE 3HAYCHHE HMEThb
BO3MOKHOCTL 3apaHee YTBEpPXAATh, YTO CpPelHAd NO COBOKVII-
HOCTH CHCTEM, B3ATHIX JJAf PpPa3HblX COCTOAHHMH, TOXKASCTBLHHA
CO cpeaHeidl Mo BpeMeHH A/ AAHHOH CHCTEMAE HJAH O4Yelib MaJo
OT HEe OTJAHuAeTCH,

[Io nosoay oOUEHKH 3HAYEHHH BPrOAHYECKOH THIIOTE3H
B y4eOHOH JIHTEepaType HET COIVIECHR MeXJAY OTAEALHBIMH dBTO-
pamd. Tak, B ¢BOe BpeMs B JHTOrpadHpOBAHHNX JNEKIUAX aKal.
M. A, JleouroBuu nwucan: ,B nocaeanne roam (1931) bupkrod
H HeliMay BHACHMH yCJIOBHA, KOTOPLIM AQJIKHH Y10BAETEOPATD
(a30BHE TPAEKTOPHH, YTOOH TpeOOBAHHA IProJHYHOCTH OBIIH
BHIOJHEHH. HyXHo, 0qHako, HMeTh B BHIY, YTO KaK pa3 jaf
paufosee NPOCTHX CHCTEM YCJAOBHE SPrOAHUHOCTH 38BeL0MO
He UMeeT wmecra... TeM He MeHee W K TaKHM CHCTEMaM MH
6yaeM TpPUMEHATHL BBIBOALI KJACCHYECKOH CTATHCTHKH, KOTOpPHIE
N0 CYICCTBY HMEIOT CMLICA TOJBKO AJf CHCTEM, YAOBJIETBO-
PAIOILHX YCJAOBHAM 3PTOLHUYHOCTH.

Jleno B TOM, YTO €C/AH HPHHATh, YTO CHCTEMA YJIOBAETBOpPAET
STOMY YCJOBHIO, TOrA3 KAK CJeACTBHE BBLITEKAET BLIBCJA, 4TO
CcpenHas BEJHYHHA 10 COBOKYNHOCTH COBOAJacT CO cpenHen
- BeJAHYMHOK N0 BpeMend. Axkanx. M. A. JleouToBud nosaaraer Bo3-
MOXHbIM CYHMTATh, YTO 3TO YCJOBHE HMEET MeCTO Jaxe TOorid,
KOrja 370 3asenomMo Herepro! Boodumie ke o6paTHOro CKasaThb
HENb3A: eC/AH YCJAOBHE 3ProAMYHOCTH HE BRIMOJHEHO, TO HE/JIb3s
YTBEPKJATH, UTO YVIOMAHYTOE pAaBEHCTBO CPEIHUX BE/IHYHH HE
6yner UMeTh Mecra. A OyAeT /U OHO BHIIOJHEHO HJM HET, MH
NOKa HE HMEeM cnoco00B peuInTh 3T0T Bonpoc. [pusHasarts xe
Kakoe-a1u00 NOJOKEHHE, KOrjJa OHO 3aBeIOMO HE BHINQJHACTCH,
HAM NpPEACTABJACTCH HEIONYCTHMbBIM.

CoBepIIE€HHO Ha WHOH NO3ULHM CTOAT B CBOeM YueOHHKE
JI. Jlangay u E. Jlupmun !, B aroft xHure sanucano: ,lIpu H3j0-
HEHHH OCHOB CTATHCTUKE MBI HAMEPEHHO He YIOOMHHAAH Tak
HAa3LHBAEMOH 9proauueckoii runoresnl. [as obocHoBaHuA CTa-
THCTHKH Boobwie wHe TpebyeTcs HHKAKUX AONOJHHMTE/JABHBIX I'H-
HOTE3, KPOME NMPUHUHIOB MEXaHHKH. B YacTHOCTH, COBEPLIEHHO
He HYXHa W sprojuueckas rungoresa. llocieanee BUAHO, BOpOYEM,
H H3 CaMOro (axTa BEPHOCTH CTATHCTHKH: €CAH OBl CTAaTHCTHKA
HYXA444Ch A/ CBOEro QO0CHOBAHHA B JONOJHUTEALHEIX THIOTE-

1JI, Maggay # E, Jupwwuu, Craructuueckas ¢uauxa, H3L 2-€,
I'ocTexuzngar, M.--J1., 1940,
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3ax, T. € B YTBEPWKACHHAX, CHPABCAJHUBHX HE JUVI BCEBO3MONK-
HbiX MEXBHHYECKHX OOBEKTOB, OHa He Mor/Ja Ol OHTb BepHOM
BO BCEeX c/ayvanax”“.

Iasg 000CHOBAHHA CTATHCTHKH HYXHA HE TOJbKO MEXAHHKA.
CTaTHCTUYECKHE 3aKOHA NPHMEHAIOTCH K HAYAJIBHBIM JaHHLIM
TOTO OTPOMHOrQ 4YHC/1d MEXaHHUYECKHX CHCTEeM, KOTOphe pac-
CMATPHBAIOTCA B CTAarHCTHUECKOA (QH3UKEe. DTO M COCTaBJIAST
KauyecTBeHHOE cBoeofpa3ne Mo/eKyAapHOR PU3HKH, oTAeAsolee
. 8Ty o6J1acTh (DU3HMKH OT MEXaHMKH. A KpomMe TOro, passe Bce
BONPOCH! CTATHCTHYECKOH (PU3HKH pa3 W HaBcerja peuicHu ? A TO,
4YTO DAL BONPOCOB CTATHCTHYECKOH (PH3HWKHM € N € He pellneH, He
MOKET NOBECTH K COMHEHHIO B TOM, 4YTO CTATHCTHKA 1€ BO BCEX
cIyuaax BepHar!

§ 25. KanoHuuyeckoe W MHKPOKAHOHHUECKOE paclpenenense
| a3 nodca

Mul Bugend, q9ro HauboJee ofduiee pacopereeHHe TOUYeK
B OpocrpadcTne (a3 B Caydyae CTATHCTHYECKOTO pPaBHOBECHS
MOXeT OHTh NPeICTaBACHO MNPOH3BOJLHON dyHxnued F ot
2riN—1, He 3aBUCALIMX OT BPEMEHH HHTEerpasoB JBHXKEHHS.
Onnaxo nafiTH 3TH HHTETPaJH AAJeKO He BcerJa yaaercd. O6HYHO
Ham Oe3 Tpyhda YyAdeTca HAATH HHTerpas sHepruu, a Jawobas
(yHKHHS OT 3TOr0 €IHHCTBEHHOTO MHTErpasa HeCOMHeHHO Gyjer
YAOBJAETBOPATE OCHOBHOMY TPEOGOBAHHIO CTATUCTHUECKOrO PABHO-
BeCHsd, H NO3TOMY ME OyJAeM HMETh YaCTHHIH Cayuail mocTas-
xesHoft sagaud. Ho 6yner qu 810 MMEHHO TOT CJAyudaii, KOTOPLIH
JACT HAM NPABHAbLHBIA DPE3YABTAT? '

OOWYHO NMIOTHOCTL pacnpene/eHnsa das, onpeneaseMasn QyHK-
nHed F, HaM HyXHA AJA NOACYEeTa CpPEeJHEro 3HaueHWd KaKOH-
anbo QYHKIHH ¢ OT KOOPAHHAT H MOMEHTOB JAHHOH HaM CH-
CTEMBbI:

e [ 9 (p, Q) F(p, @) dv
Cp(p’ q)_ j'F(p,q)dT '

rae F(p, q) dt— 4HCI0 TOUEK B HpOcTpaHcTBe a3 B 06JACTH
(1) WY __ g,
dql LI 2 ] dpr "—"dt,

(307)

B 5TOH 06/1aCTH 3HAUEHHE MAPAMETPOB Y MOMEHTOB PABHO C TOY-
1
HOCTBIO 10 GECKOHEUHO ManuX 3nauenusM ¢\ ... p™. Takum

o6pa3omM, HHTErpas B yucaureae dopmyant (307) ecrp obmas
cyMMa 3Hadenuii Qyskmuu ¢ (p, ¢) LA BCEX CHCTEM Haleil
COBOKYNHOCTH, T. €. A/ JAHHOH CHCTEMH, MOBTOPEPHHOH 60.b-
HI0e YHCJIO pad AJaf Pas/JHYHHX HAYAJbHLIX YCJAOBUH. B 3Hame-
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HaTeJe paerca obmee Yyueao cucreMm, COBEPIIEHHO ACHOQ, 9TO OT

piusa Gynknua F Gyner 3aBHCeTh cpejHee 3HayeHHe ¢ (p, q).
Bor noueMmy He BCaxas QyHKIRHS, YIOBASTBODPAIONANA YCJIOBHIO
CTATHCTHYECKOTO PaBHOBECHA, OyJeT ABJATLCA NPABHABHEIM pe-
DIEHHEM . NOCTABJACHHOH 33144H.

Hanbonee pacnpoCTpaHeHHHWIM paclipelegesueM NJIOTHOCTH
¢a3, KOTOPHM uallle BCera NO0Ab3VIOTCS B MOJEKYJ/ASPHO-CTATH-
CTHUECKHMX HCC/AeNOBaHHAX B OOGJACTH KJIACCHUECKOH CTATHCTHKH,
ABJISIETCS TAK HA3HWBAEGMOE KAHOHUYeCKOE pacnpelenexue as,
BBejenHoe ['uG6com. [lroTHoeTe (a3 corsacHo 3TOMY pacmpe-
ACJNEHHID HMEEeT CAeLVIOWHH BHA:

$—E | '

L]

rpe N,——ofmee 4uCJIO TOUEK, PASMEIIEHHHIX B HAIIeM npo—
cTpancrTee (a3, a £ ecThb NOJHAA 3HEPrHA CHCTEMBI.

B Bolpaxenue sHeprum £ MOCyT BXOJHTb HE TOJBKO KOQOp-
AHHATH H HMOYJABCH, KOTOPHIMH OnpeAe/faeTcs AAHHAad CHcTeMa,
T. €. BCe ¢; U p, HO H NMaApPaMEeTpH ry, KOTOPLIMHU ONpeALAaeTCs

CBA3b JAHHOH CHCTE@MBI € OKDYXKAIOWMMH TeJaMH. Beanunua ¢
eCTh MCCTOSIHHAA B TOM CMHC/E, YTO OH4 HE 3aBHCHT OT KOOp-
AUHAT H HMOYJABCOB, ONPEIEasOHX JAHHYIO CHCTEMY, HO OHA
MOXeT OnTh (yHkuueit napameTpos r,. Hakonen, 0 ecry Takxe

IOCTOSIHUAs, HE 3aBHMCALIAd OT KOOPAWHAT H HMIYJALCOB; OHA
HOCHT Ha3BaHHe MOOYAR PACHPEOCACHUA.

PaccmoTpaM npex /e BCero, KaK BEIPA3ZHTCH CPEAHAA BEJH-
YHHA KaKOH-JHOO QYyHKIUHH BEJHYMH ¢ W P OPH HAJUYHHY KAHO-
HHYeCcKoro pacnpeyesenus, [1o onpejenenuio cpeaHell BesH-
YHHE HMEEM!

cp E
4 (: dx Mle 8 (q
c@ =1 r} qdf) - SART (309
fNQE b dr

Ho rak kak N, swiasercd o6HM YHCJAOM TOUEK, 3aM0JNHAIOUIHX
NPOCTPAHCTBO (pa3, TO
h—E

No= [ No¢ ¥ ar. (310)

Bupaxxenne (310) MoxHO BBHAY sTOro npeo®pas’oBaTh H NpH-
BECTH K CJIELYIOIUEM (hOopMaM:

"'"1_:

$—E
1= .. fe T dg® g e g (1)
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HJH, TaK KaK ¢ U 0 He sABAOTCA (YyHKIHAMH TeX ULepeMeH-
HBIX, 10 KOTOpHM GepeTcs HHTErpal,

-t _E _E
e Y[ fe tagn L dpm=[¢ Ta (312)

Hcnonnays nafinennnie Ramn Buipaxenns (311) m (312), Ma Mo-
xeM npeolGpasoBath Bopaxenue (309) nas cpesuell BeNHUHHH
(yHKIMH TakuM 06pazoM:
4_F $—F
_ r—= e 9 . q) dx
FTH=[ .. [T o ga=Lo L T 2@
f f e 0 dt

(313)

CMoTps 10 06CTOATENALCTBAM, MH GYJAEM MOJAL30OBATLCA B NAJTh-
HelnieM oxnuM U3 suipaxkedndi (309) wau (313), emorpa 10 TOMY,
KAKOC¢ H3 HHX MO3BOJIHT HAM OHICTPEE H NPOLIE NOAYYHUTH Ke-
JaeMHH pesyJbrar.

[lokaxem Tenepn, XKaKk, NpHMEHsAss THGGCOBO KAHOHHYECKOE
pacnpenesenne (a3, MH CMOXEeM YCTAHOBHThL TECHYIO CBSI3b
MEKIY CpPEeJHHMH BE€JAHUHHAMH JAJd COBOKYNHOCTH CHCTEM, BBI-
YHCJAAEMBIMH TaKHM CflOCOﬁOM, H OCHOBAMH TepMOJIHHAMHKH.

A. Paccmorpum Dpexnae BCEro Cuaml, ¢ KOTOPHMM JanHas
CHCTEMa JEHCTBYET HA OKpyxawoomue reqaa, Kak mMu yxe BAgeH,
CBA3b € OKPYXKAIOUIHUMH AJaHRYI0 CHCTEMY TeJaMH ONpeacAAeTCH
napamerpamu r,, Toraa cuia, ¢ KOTOPOH JaHHAA CHCTeMa JAeH-

CTBYET Ha BHELIHEe TeJI0, XapaKTepU3yeMoe NapaMeTpoM 1y, 6yaeT:

oll oE
R ——— J— == .
\ o7, o, . (314)

HaoGopor, suemnEe Teéxa OyAyT HEHCTBOBATL H& CHCTEMY

¢ CRJOHA

_OE
ory

._R)\

Besa pa6ora, nmpoH3BeieHHAS BHEIIHHMH TEJaMH HAL A AHHOD
CACTEMOH, BHPA3HTCY BEJIHUYHHON

AA= — YR An, (315)

Onnaxo 10, uto MH OGyzeM HabA04aTh, SIBAAETCA CPELHHM
3HAYEHHEM, KOTOPO€ JACT HAM AaHHAS CHCTeMa 3a GOJALIION HH-
TEePBaJ BPEMEHH, 4 9TO CpeflHee No BPeMEHHM ME 3aMeHdeM, Kak
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6HJI0 YKA3aHO, CPEJHHM 110 COBOKYIHOCTU. Mul BHIEIHM BHUIE,
ur0 870 OHJO 6H BepHO, €C]H Oh HALIA CMCTEMA IPHHAJMEKATa
K 4HCAY TaK Ha3wBaeMblx aprojguwueckux (§ 24). K sromy BoO-
Jpocy MH €lle B Aa/MbHEHILIEM BEpPHEMCH.

MTak, HaM Hago nas Buipaxenns (314) nafitu cpenHee 3Ha-
genue, Ha ocuopanuu dopmya (309) u (313) umeem:

$—F ,
$ — K $ - E
— RN & Az — oE o
T — = 6)'&
f Nﬂe 6 AT

Oaa Buunciaeus R, 6yaem ucxoauts u3 popmyas (311).

& —F
[MpomuddepeHnupyeM paBeHCTBO l=f... fe ¥ dqy...dp,,
1 0
mo r,; COKpalllas Ha ~— H 38mevas, 4TO 2 ue saBucmr or ne-

Y
PEMEHHHX ¢ ¥ p, MH HAXOIHM:
G B —
oy 0E —— ok oY
L= ... |=e b A== _R.,
on, f or, or, ’“

Otcioga A8 CHJAB, ¢ KOTOPOif Hama CHCTeéMa JefCTByer Ha
BHEIIHEE TeJ0, B3aUMHOE pACHOJAQKEHHE KOTOpPOro ¢ Hauwen
cHCcTEMOH ompesensaeTCs NapaMeTpoM F,, HaXOAHM Be/JAHUYHHY:

5 o
R=—2 (316)

dfk.

B. B xayecrse nepeoro npHMepa HA BLIYHCACHHE CPeJHHX
BeJHYMH C NMOMOWBK THOGCOBA KanOHAYECKOrQ paciipeaeneHus
NOJACYHTAEM BEJHYHHY KHHETMYECKON SHEPruH, NPUXOoaILedics

Ha Mi000H H3 HMNYJAbCOB. [lycTh KUHETHUeCKas Sneprus Oyner
2

Pi
OpeACTABIEHA B BAJE CyMMH YIEHOB BHA4 ,—', M NOTEHIHATb-

Hag sneprus pasua [1. Torpa Bcsa aneprua moxer OHWTB Ipef-

¢raBaeHa B (popme:
2 T
PL s

ot 7; Py (317)
_2m+2m - ... +§Tn+ +‘§rh'+ .

1 EcAn KHHETHUECKAsl JHEePrHs BLIPDAWEHA HE B BHIEC CYMMLI KBAJpaTos
OTAEALHLIX UMMYJALCOE, 4 B Bule oOmiell ORHOPOKHOH (YHKUHH BTOPOH CTE-
NEHH, TO MOXHO 10KA3aTh, 9TO AWdElHOH MONCTAHOBKOH, HalAexailAM 00pa-
20M BuIOPAHHOA, MOXKHO OPeOOPA3OBATH KOOPAMHATHI TaK, YTOOB TPHBECTH
BLIPANEHHE KHHETHYECKOH sHepTuK K BHAY (yHKUnY, NPeLCTABIRIOMED CyMMY
KBAAPATOB. JTH KOQOPIUHATHE, B KOTODWX AAd JHEPrud MNOAYyYaeTCH CyMMa
&BaipatoB, BonbuMad npeagoMuad HA3BATh MOMCHMOLOAMU.
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OrHileM cpeinee 3Hauende g p;. Mas Hamux neaeh
yroOHee Bcero OYyAEeT MPeACTaBuThL BHpaxeHHe (317) B ciesyio-
HIEM BUAE:

pe
= -2?; ~~ g
pz
rje &~ COKpamennoe ob6osnavyenune aas II u Bcex -ch HWHACK~

CaMH, OTJAMUHHIMH OT {; BeJHYHHY CpeAHero 3HdYeHHs NPeacTa-
BiM B ¢opMe (313), Tak KaK TOrja BhYUCAEHHE OYAeT BCEro

npoue. B camom gene:
2

Y m " L, P
’ Py b ) (W) J'Pi amd 4
s _te d v d e Fi
A_d A b
Qm — pf — .
b=, — 73

¥ - 2mb
dq%l) dp&m J e dp;

[ e

B xavectse npenesoB MuH 6epem =, BriyncaeHnue NpHBOAHTCSH
=+ oo

K H3BECTHOMY HHTErpasy f e~ ““dx u K BHTErpaNy, noJIyvao-

HeMycCsl U3 Hero nyTeM AHQQPEepeHIMpPoBaHEs NO napamerTpy <.
Bruuciedns KawoT:

-—

2
Pi , (318)

2m 2

T. €&, CPeJAHAA BEJUUYHHA 9HEPIrUH, IPHXOAANAACH
Ha Kaxaylo cTenedb cBobOIL, OygeToOqHA HTA Xe
AJS BCeX p;, IJTO U €CTh 3HAMEHHTAsl HIEOPEMA O PABHOMEp-
HOM pacnpedescHun 3Hepzull 1O CMEneHAm c80000sL.

Mul QakrTdueckn yXe MO3HAKOMHJIMCE € Y4CTHHM CJAydaeMm
oroll Teopemul (§ 7, ypasneune (81)), rae niast cpensell sHepruy
NOCTYNATEJAbHOTO ABHMKEHHS A48 410600 MOJEKY/JH MH HALLIH,

—r -

3 - 3 :
5 __ 2 _ 3 — = 9N
mE-—an-_-Qm ——-Qlﬁ srd

t«&[w

e
Pl

rae ktg eCTh TAK Ha3lniBaeMas nocmosxuas boasymara.

Ecin mawa cucrema HaxoAHTCS B TEPMHYECKOM paBHOBECHU
¢ razoM (OfHOATOMHEIM), TO MBI MOXEM TOMOXKUTD'

V= kT =T (319)
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[To mosony cAesAHHOI'0 HaAMH pacqMeTa MOXHO CAENATh Cae-
Jyiollee Bo3paxenue. Mo OGpaad uHTErpas B NPEAesax OT — oo
A0 - 0o, @ MEXKAY TEM BHEPrHs, NPHXOAAIAACA HA AONI0 K3K-
JOr'0 UMIY/bcd, HE MOXeT OPeBOCXOAMTh HUKOIrAa TOrO 3Haye-
HHA /,, KOTOpOE NPUXOAHUTCA Ha BCIO cueremy. Kpaluuit npe-
neJ Oymer TOT, IpH KOTOPOM SHEPTHA, IPHXOIAAAACH Ha AaHHBIA
HMIOYJALC p,, paBHa BCei sHeprud £, a HA BCE OCTAJILHLIE HM-
NyAbCHl [PHXOAUTCA BeJHYHHA, paBHasa Hyaw. OgHaxko 310 06-
‘CTOATEJALCTBO HE HIPAeT CYIIECTBEHHOH pDOJH. B camoMm jzede,
eCJIH NPeARJLHOe 3HAMEHWE JJAA p; == P, W 3HAUHTEJBHO MEHBIIE
B3TOTO HAMH, T. €. 0, TO 3TO 3HAYEHHE p, HACTOABKO BeJHKO,

+ Pe +a
- X2 —_— %
YTO f e~ " dx nmpakTHYeCcKH MaJO OTJAHYAETCH OT f e " dx.
_pe -_—

-IaﬁJIHIJ,bI CDYHKH,HH
F(x 9 % _, '\

TIOKA3HBAloT, UT0 NpH x =3 F(3)=0,99998, 1. e. pasHa BeaH-
YHHe, MPAKTHUECKH He OTJHvyaiomledcd OT 3HauYeHus [foo==1.

I{pome TtOro, xax nokasaar Maxceeaa B boabnMan, MOXKHO,
HE jesas NpealosoXKeHus o 0eCKOHedHBIX npenesax !, noay4uTh
TOT K€ pPe3yJ/bTar,

lopaspo 6ojsce COMHHTENBHO TO OOCTOATENLCTBO, YTO ONE-
$—E

pupysa ¢dyurnueit I'nGoca ¢ ¥ , MB  (QaxTHyeCkn NPUMEHANH
YacTHHIA cay4dall BMmecro oOwero BhIpaXKenus AJd IVIOTHOCTH
pacnpenenenua ¢as. Tax, B 1924 rogy I. Sdde? ynanocn
MOKa3aTh, 4TO €CJAH NJIOTHOCTh pacinpefeqeHHd a3 BuIpa3HTh
KaKk (YHKIWIO He O4HOTO TOJABKO HHTErpa/na BsHEPrHH, HO H
HHTErpaJa, BHIPAXKAIOUIErO [pPHHALHKO COXpaHeHnHd ABHIKEHHA
WeHTPa TAXKECTH, TO 3Heprud He OyAEeT pacapereNaTsca yxe
paBHOMEDPHO Mo creneHsm cBobogel. Oanako »Ta paboTa, He-
CMOTDSI HA €€ KalMMTaJAbLHOE 3HA4YeHHE, NPOILIA COBEPLICHHO HE-
3aMEeUECHHOH,

HeeMoTpsa Ha 3TO CYILECTBEHHOE BO3PAXKEHHe, Mbl BCE-TAKH
JoaxHBl OyaeM NpH3HATb, YTOQ [0JIL30BAHKE THOOGCOBLIM pachpe-
Je/MeHHEeM B OMPOMHOM YHCJAe CJAy4aeB [aeT pe3y.bTaTh, COo-

1 Pacuer Maxceensa wuanoxeH B kHure A. K. Tumupsasesa ,Kuneruve-
€Kasn lnlsopuﬂ Marepud®, usg 2-e, M3, 1933, aekuus VI, nobasaenne,
crp. 101,

2G. Jaffé, Ann. d. Phys., 1924, 74, 528 u 76, 1925, 680. fA¢p be B 9THX
pafoTax yaaloch mOKasarb, 9To And B4OpPatopoB B HEKOTODHWX caydaiX no-
AYH2eTCA BedvuHHa 9HCPrUH, MPOMOPUHOHAABHAA $aCTOTE €ro KoacOaHuii,
T. €. Mbl MMeeM NogX0A U3 06AacTH KAACCHYECKOR (IH3HKH K TEOpPHUH KBAHT.
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IJIACHHE ¢ AEHCTBHTEALHOCTHIO. [lan 5TOH wue d pas6GepeMm ele
HECKOJbKO NPHMEPOB,

C. Nokaxem tenepp, UTO, IPHMEHSA H3J0KEHHBIE TOJNBKO
YTO IPHEMH K CHCTEME, COCTOALIEH H3 pAaa MaTe€PHAJbHREX
touek (uucaom N), mMexay coGoli HE CBA3AHHHLIX H 3aKJIOUEH~
HEHX B ofbeMe V, MBI MOJAYyuYMM YpaBHEHHE COCTOSIHHA AJI9
HieaJBHOIO rasa,

[loanarasa, 4TO KHHETHUECKAs SHEPrHsa KaxAoH MaTepHa bLHOR

TOUKY, BXOAAIIEH B COCTAB HAmIEH CHCTEMH!, paBHA -g'—(.xa + y2+

+ 2%), MBl HAXO/HM, UTO dp, = pdx; Kpome roro, dq, dq, dq, =
= dx,dy, dz,. Tlpumenaa pnsa gauwuoro cayuas cdopmyay (311),
ME MOJYYaeM:

_¥ C
e ° =fffdx1dy1dzl ijd.xa dy,dz, .

. fff dxy dy, dszf e %B—Ipdfcl .

Pz

[lepsue N mnHrerpaoB npexcrapasior coboit o6reM V,
OCTaJAbHBIC HHTEIpatb HPHBOASTCH K BHIY:

+ o __1_
[ e de=Vra °.
—

[TlosToMy
¥

N 3n/20x M N
T PRI (i) IR 7
e 1 ( " ) 2 V7 F(0).
B3aas norapudgs, Mp HAXOJHM:
——%————-—Nln V + In F(8),

[lapamerpoMm r,, CBA3HIBAIONIMM HAIly CHCTEMY C OKPYIKAIOMHMA

TeJIAMH, B JAHHOM CJydae ¢ COCYLOM, B KOTODOM 34KJIOUeHa
Hama cucrema, 6yger V. Orcioga Ana cuad, AeficTeylomefi co
CTOPOHKL CHCTeMH, OYAEM HMeTh BHIPAMEHHE:

0 1
lepm ‘“—_L]iﬂjw"i}“.

oV
Tax xax
g — RT
= 55
TO
pV =RT.
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AHanOrHYHBIM 00Pa30oM MOXKHO OuAO OH NOJAYYHTb M YpaB-
HerHe DBan-gep-Baanbca, €clH 3a3aThCA TEMH CHJAAMH B3aHMO-
AeHCTBHA MeXIYy 4YAaCTHUAMH, KAaKHE COOTBETCTBYIOT TEOpPHYU
Bau-nep-Baaanca. Taxofi pacuer 6w/ OpOH3BEAEH BHEpPBLIE
OpHuTefiHOM B €r0 JOKTOPCKOH AHCCepPTAnHH, ONyOJUKOBAHHOMN
B 1908 roay.

D. PaccmoTpuM Tenepn ropasno Oojee ofulyio 3anauy —
cBA3k MeToj1a ['n66ca ¢ OCHOBAMH TePMOAWHAMHKM. Byjem, Kax
H paHbUIC, HCXOAHTH H3 BHpa}KQHHH:

_ a

I f f e dql con dp

[IpeanosoxuM, 4TO B CHCTEME& MHPOHCXOAHT H3meHenue 0, cvsi-
3aHHOE C H3MEHeHHeM BCeX r,, T. €, IapaMeTpPOB, YCTAHABJIH-

BAKOIUX CBA3L JAHHOU CHCTEMbl C BHE €@ JeXAaNUMH TeJAMH.
[locae ,uucpq)epEHquOBaumﬂ ﬁy,z.LF.‘M HMETh!

0=/ .. fe ‘E—“ﬁarq1 ..dp, (320)

r

B packpbiTOM BHIE

b—E _ Ab. Y AE | EA
AT =T 0P
_ N\
[lonaraga, 410 9=—=£%7, U 3Has, uT0 AL = 5 A7y, HAXOAHM:
F- )l.
b—F ¢ OF EAT
A XLy F—»TAT—-E Ar, o (321)

l

Bupaxenue (321) Hano renepb NOACTaBHTL B Bupaxernue (320)
d NPOU3BECTH HHTErPUPOBAHHE, T. €. N0 CYUIECTBY HAZO B3ATH
or Bupaxenua (320) cpeanee snauenne, Tax kak ¢ u T He 3a-
BHCAT OT ¢, ... P, TO CPEAHAS BEJAMYKHA HAM J4€T BHDA-

HMEeHHE:

. E
Alp-—--#TA.['"\ Ar)L —-AT__W-ZRA — = AT,
Beegem Temepp BMecCTo Lp CACAYIOIYI) BEIHUHHY!
$=F—TS,

rge S-— HeH3BeCTHAS HaM (10KA BeJduquHA. BeraBHM ®To 3HAde-
HHe $ B HafileHHOE HAMH CcpejHee 3HAYEHHE H noAcuHTaem A¢g:

AE —~T88 —SAT—2 AT+ 54T = — }:}?,\Ark_g AT.
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Tlocne coxpamenuii umeem:
AE —TAS = — YR, Ar,;
HJIA, HAKOHEI, 3AMEHHUB
ERA’} — AA,

rae AA ecth paboTa, MPOH3IBOAMMAH NAHHOH CHCTEMOM, MH 00-
JYyYaem;
AT AE 4;AA |

T, @, MH BHIWM, YTO BBeJEHHAd HAMH QYHKIHA S o6aamaer

¢cBOficTBaMHU sHTpONHH. A Ttorjaa ¢ = £ — TS noayuaer 3HaueHue
cBobogHO#H sneprud. TakuM oOpa3oM Mbl yCTaHaBAHBAEM (HU3H-
YeCKHH CMBICA MOCTOAHHOH ¢ B pacnpexaenenuu [ubOca.

[MpousseseHELI HAMH pPAaCcyeT NOKA3bLIBAET, KAKYI) TECHYIO
CBA3E C TEPMOJHHAMHKON NMpEeACTaBAseT COO0H CTATHCTHYECKHUH
MeToj, pa3padoraHHblii 'HOOGCOM.

E. lNokaxeM, KaK MOXHO BHYHUCIHTL CBOOOLHYIO SHEPrHIO
Iad Kaxoi-nu6o cucteMmul. OTHPaBASEMCA ONATb OT H3BECTHOTO
Ham cooTHoweHHa (311):

= fIf T g ap,

OTKYA2a f0JayuaeM OOBIYHBIM cnocoﬁoM:

L
T—-f fe Ma!q1 ... dp ..

Hanee, norapadmupyeM 3TO BHpPaKEHHe H NOCAE HECAQKHOIO
npeo0pa3oBaHUs HMECM:

q)m —leﬂf ‘o J' e_%d‘h “vo. dprN‘

DTHM BHIPAXEHHEM YacCTO NMOJAL3YIOTCA JJIs BEIYHCAEHHA CBOOOJ -
HOH 9HEprHH, UTO JE.1aeTCH BeCbMa JEerKko, e€CJH H3BeCTHO Bbl-
paxenue E uepe3 BEAHUHHH p H ¢,

OcraHoBuM Teneph Halle BHHMAHHE HA JAPYTroM pacmpene’e-
HUH a3, TakKe npumenasmeMcs [uO6GcOM, HME@HHO HAa MHKDO-
KaHOHUUECKOM pacnpene/eBHH.

[lpeanosoxuM, 94TO MB H3Y4YaeM CUCTEeMy, SHEPrHfd KOTOpOH
noctodasHa, Torja coBeplIeHHO fCHO, YTO BCE TOQYKH B {IPO-
cTpaHcTee (pa3d, KOTOpuie MOryT H3olpa)arb HaUly CHCTEMY B
KaKkoM-JHO0 H3 BO3MOXHHX €€ COCTOAHUH, JAOMKHH JMeXATb HA
nosepxHoctH £ == const. QOarako oOLIYHO MH CTABHM B KA4eCTBe
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ycaosds TpeGoBaHue, 4TOOH 9HEPrHf CHCTEMB PAaBHAMACL £
¢ TOYHOCTBIO 40 OeckoieudHo MaJolt Beawuudel dF, Torpa Touky,
H300paXKawIliue Hauly CHCTEMY, OVAYT JieKaTh Mexay JABYMA
moBepxHOCTAMH E == const W £ + 4dF == const. [Ipumenenue Teo-
peMul JIuyBHJA K 3TOMY Cayuya0 TpefyeT OCTOPOKHOCTH, TaK
KAK PACCTOSHHE MEXLYy NOBepXxHoCcTAMH £ U £+ dE, oTcunTan-
HOE I10 HOpMaJaH K £, mMoXeT B o0wmeM c/ayuae H3MEHATLCA OT
MeCcTa K MecTy.

O6Go3HauuM YHCAO TOYEK HA BJIEMEHTE HOBEPXHOCTH As; ue-
pe3 o;Asy, rae ¢, — IJAOTHOCTb, HQO YXE TENepb LIOBEPXHOCTHAA.
Yepes nexkoTopoe BpeMs 5TH CHCTEMbl MePEMCCTATCS BIAOJAB (10«
BePXHOCTH (OHH COHTH C NOBEPXHCCTH HE MOTYT, TaK K4aK CH-
CTEMA CBOK) HHEPI'HI0 COXpauseT) H 3aiMyT ob0aactb As,, Tak
KaK 9TO-—— T KE CHCTEMBl, TO MBEl HMEEM:

a-l.A'Sl = 52A32. (322)

Ho orcioga 6p10 661 OMIHO0YHO 34KJIIOUATEL, YTO OO Teopeme
Jlnysuns As, = As,. Ha camom jgene, As Any == As;An, (puc. 40)
H paBeHCTBO AS; — AS, HMEEeT MeCTO TOJAbKO NpH An, = An,.
B ofmeMm xKe cayyae HMeeM:

As1Any _ Ass4ng

TAE 7T TAET
OTCHaa:
é.i’_— éﬂ ASI . [35‘2_
A N AN T
Any  Ang on/1 on /s
HJH
Asy ASq Y
grad £ |; |grad Elgd (323)
TAK KakK

ok _ -« /[0 7 OE
On o (c)ql ) +...+ \c)prN> '

Jean nowien€o paseHCTBO (322) Ha paBeHCTBO (323), Oyxem
HMETh:

o, |grad £ |, = qa,| grad £, = const, (324)

const

W. ECJIH

IMpocrefiinee pacnpepnenesupe O6yjeT, KOraa o ==
Any =An,, TO o =0,=const.

Takoe pacrpeneseHne HOCHT Ha3BaHHe MUKPOKAHOHUYECKOZO.
- Ipadmuyeckn miIOTHOCTE H306pawaeTcs COJAOMIHOH KPHBOA
QABCDE (puc. 41). Herpyano y6eauTbes, 40 MOXKHO BCerna
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noao0pare Haj/eXamuM BeiGOpoM ¢ H 0 Takoe KaHOHH4Ye-
CK O € pacnpeneleHHe, KOTopoe noutH OyfeT COBNAAAThH € JAH-
HHM MHKPOKAHOHHYECKHM' (CM. HYHKTHDHas KpuBasg).

Ha npaxTuke BHYMC/ICHHA C KAHOHUYECKHM PACHpeNeJeHHEM
yaobGuee, weM ¢ MHKDOKAHOHHYECKHM, H NOTOMY YKA3aHHAx
TOJNBKO 4YTO 3aM€HA OOHYHO H I POH3BOIUTCS.

Tax e Kax ¥ paHbllle, BCTA€T BOUPOC O TOM, UYTO AeHCTBH-
TeNLHO JiM Haula CHCTeMA, B KakOM Obl COCTOSIHHH MH €€ HH
B3SIM, C TEUEHHEM BPEMEHH noNajzaer B Ty 006JacTb NOBepX-
HOCTH OSHEDPrdM, TOUYKH KOTODPOH COOTBETCTBYIOT YCTOHUHBOMY

a5 o
-~ An? B s C
as,fvan 1)
/ \
E N, .
0 A D
Puc. 40. Puc. 41.

pacnpenenentio, # €CJAH pedb HHUET O T'43€, TO ~—K COCTORHHIO
Makcpenaa.

LeilicteuTensHO, AONYCTHM, 4YTO T[a3, 3aKJIOYeH B Cocyjue
C TJIaJKHMH CTeHKaMu, uMewlleM ¢GopMy NpAMOYTONBHOrQ na-
pasienennnena, H MOJEKYJAB BCE HaXOAATCA BUOAL OJHOH H3
rpaHefi, 8 CKOPOCTH HANpPaB/J€HH NEPREHAHKYAAPHO 3TOH TPAHH.
Torna, eciu oTBAEuYLCA OT CHAB TAXKECTH, MOJEKYAH OyayT
HCONPEALJIEHHO AOJr0O NepeneTatb OT CTEHKH K CTeHKe, W CH-
CTerva Hawa He OyaeT NpuOJHKATECS K COCTOSHHIO PABHOBECHSH
Makceeasa. Opnako NOZOGHEE HCKAIOUKTEJLHbIE COCTOSHHS
eJBa JH CJAeAyeT NpPHHUMATL B pacuer. [1oaTOMy MH MOXeM
CKa3arb, 4yTO (38 HEOOJBIINMH HCKJIKYEHHSMH) KAKOBO OHl HH
6L HaYaABHOE COCTOSIHHE CHCTEMEl, OHO Uepe3 KOPOTKOe Bpems
CME@HHTCSA COCTOAHHEM PABHOBECHA, H B 5TOM COCTOSAHHH CuHCTEMA
OyZneT mo npeuMymecTBy HaxoauThCcd. Kak MH yxe TOBODHJH,
€CTh MHOIO BO3PaXKEHHH NPOTHB TOro, uTOOH CHCTEMA Henpe-
MEHHO InpOoXo/iHJa uepe3d BCE COCTOsAHHA, COBMECTHMHE C ypae-
HEHHEM 3HEPrHH.

[lpuBeneM eme HekOTOpHE W3 NOJOGHHIX COOOPANKEHHH.
[lycTe, HAanpuMep, Mu HMeeM CHCTEMY, COAEPKAMYIO KOJae6/10-

1 Mu npusenem B npHMedamHu pokazateascTso 9toro (ctp. 141), IMe-
Apo6HO cM. B kuure K. Llledepa .Teopusa tenaa®, u, 1I, ctp. 156 — 158,
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muecs yactd. Ecam cucreMa npoxoAnr uepes Bce (asH, co-
BMECTHMHE C YDPaBHEHHEM 3HepruH, TO B YHCJAE BTHX (ha3 Oyner
M Takas, IpH KOTOPOH BCH 9HEPTHA NpUAeTCA HA KaKyio-AH60
KO/NeGA0INYI0CS YacTh, Toraa xoJefanne JO0MXKHO NPOHCXOLHTD
¢ Takoft aMImJHMTYAOH, KOTOpad NpUBEAET K pa3pyUIeHHIO CaMOk
CHCTEMHL.

Takum o6pa3oM, BCe 3TH COOOpaAKEHHsS NPUBOLAT K TOMY,
YTO 9ProJHYECKHX CHCTEM, CTPOro roBops, OnTL He MOXeT,
O[HAKO, HECMOTPA HA 3TO, CpPeAHAA TO BPEMEHH MOXET OYeHb
MaJi0 OTIMYATLCA OT CpejiHeli mo coBOKynHOCTH. Bea Gena B TOM,
4TO MH HE MOXEM 3apaHee CKas3aTh, B KaKHX C/l1ydyadax 5TO He

OyAeT UMETb MecCTa.

MTpumeganne. TycTs CpenHee 3HAYEHHE BIHEPIHH CHCTEMBI, NONYH-

HAKWEHCA KAHOHHYECKOMY pacnpelenennio, Oyser £; 0003HAYHM OTCTYNAE-
HHE OT CpeaHero 3Haueunusa uepes §. Ilostomy

E=FE4E, (a)
Tak xax oTkKfOHEHMA OT CpeHHCH 9Heprud ¢ OJHHAKQOBOH BEPOATHOCTHIO
ecTpeyanTcd B 00e CTopoHL, TO & == (. Cpelrdee ke KRaADATHYHOE OTKAOHE-
HHEe BOOGIE OTAHYHO OT Hyas. YrTobul 8TO OTKIOHENHE OT CPenued SHEPrHH
O6BIAO BOAMOKHO MeHslle, CPCAHAA KBaipaTaddas §? gomkHa ObTh Majaa 1o
cpaBHenuio ¢ (E), 1. e.

Ea

G

1.
@ © “”

M3 (a) umeem:
E8 — (E)z 4824 2%E,
HAH BBHLY TOro, 9to § == 0, uMeeM:
E2 = (E)*+ &

OTKYNa, NpuHHMAaA 8o BeuManue (0), Haxommm:

E3—(EQ ,
(Ey
Tax xax MB HMEEM €40 ¢ KAHOHHYECKHM pAaCHpeiecieHHEM, TO
E _E
_  JEe 84 _ [Ee P
- — E H .E2 — E -
f e %Az f e Y
Brenesm oo3Hauenue:
1 - — Ex
x:-ﬁ—nfe BAT:——“IE At = /. (r)

HOudpdepenunpys [ no x, HaligeM CaefyOMUe BHPAMESHHS:

dl — Ex del — Ex
ﬂ:mfge by = [Ete A

10% 147



Orcona noayuaem:

- 1 dI — 1 dgl
E=—7T& " B=+Tga
Moncunraen Teneps Beauumpy &2 = E2 — (F)X
sl (d[)
1425 1 /dl2 dx2~ \dx
Et—(Ef = TJ 7 'ﬁ(?ii = Iz =

dl
<d,x> di7 0 g_l:i_
=dx\T/ = " dx —

Taxum 06pazoM, HaM HamO HAaHTH BeJHUYHHY

o dE
Fa2 —- (E)?-_ﬂﬂz 70 ,
Ep (B )

M OKAa3aTh, YTO OHa MOWeT OLITh CAEHaHAd OYeHb MAJOH.
PHCCMOTPHM CpE‘.ﬂHlOIO BHE‘.[J[‘HEO A1d H1eadJIbdoro raia, HPHHHMEH BO BHH-~

K
MaHHE TEQOPCMY PABHOMEDHOIO paclupeneicHusd dHeprHH NT f, rae f-— Yucio
¢reneHen csodonm. Fmeem:

dE Nf
aE N, P _ P _ o
do — 2 (E)z (N gﬂ_:_ Nf
HUrak, na ocHosanun (1)
B2
(Ep N

8 BEJAHYMHA JMCHCPCHH!

& = 1 .
Ex VN

3
Tak xax qucA0 Moxekya N QueHb BEIHKO, TO l/ _&' eCTh OY&Hb MaAad"

£y

BEAHUHHA.




I'raBsa ceanmMman

TEOPHS YIEJLHON TEINVIOEMKOCTH

§ 26. Knaccuueckas Teopusl yIeabHBX TEIMJOT

HemocTaTOYHOCTE KJACCHUECKOH CTATHCTHKH OHJIA BHICHEHA
HAa NPHMeEpe pacuera yxeabHHX Tenaor. Bmecre ¢ tem Teopus
yaeldbHbBIX TEeMJOT [0Ka3aAd, YTO KJAaCCHUeCKas CTATHCTHKA B
H3BECTHOI CTENeHH ONpPAaBABIBAETCA HA ONKTE, HO B TO K€ BPEMSA
OHA He B COCTOAHHH JATH DOJHOH KApTHUHE! ABJAeHHA. MH Hau-
HeM H3J0XeHHe TeODWH YAEJbHHX TEMJOT ¢ NPOCTeAIInX cay-
qaer. Mu Bufenu, YTO Ha KAXKJAYIO CTeneHwb cBoboan (§ 7, (81))
IPHXOAMTCA ONpPEAENEHHOE KOJHUYCCTBO SHepruH. B camom jaene:

Nme _
OTKY1a: )
m?2 3 R o 3
S-=g NI =7kl
Tak xax 6aarogaps OTCYTCTBHIO Npeo6Gialaioimux HanpaBJeHuR
2 =32=3"=30,

TO HA KaXIYIO CTEeOCHD ¢BOOOMH NIPpHXOAUTCA KQIHYCCTBO 9HEPTHA

mi_ kT
2 -2
4 Ha rpaMM-MOJICKYJIVY. _
NmB _ RT
2 2"

[Mpu pacuere sHeprun Ha 1°C MBl DOJAyuaeM A8 CHCTEMH
MATEPHAJIBLHBIX TOUEK (OZHOATOMHMWA ras) TenA0eMkOCTb MPH
NOCTOAHHOM ob6neMe:

3
C,=<R,
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rae R — yHuBepcaabHan rasosas NoctosHHas. Bapaxas R B ka-
Aopusx Ha 1°C, MH nojydyaem, 4TO

Kaa
[?‘=£Zzpa0 )

HUrtak, yiaeabHas Tengora LIa OLHOATOMHOrO rasa ({pu noctosH-
HOM oObeMe)

3 Kan
C"H?R = 3 zpad *

Yro6st MONYUHTL YAEJABHYIO TENJIOTY NPH HOCTOAHHOM JHaB-
AeHud, Hago npubaputh paGotry, paccyutannyro Ha 1°C. Has

ypapHeuus pdV = RdT noaydaem p:i—l;mR. Hrax:

C,=C,+R=b

Kaa
2pad

ATO NpeACKa3aHHE KHHETHYeCKOH TeopHH Obwio Gaecramnie
NOATBEPNACHO ONbITHHMEA uccaenoBanuaMu Kyaara u BapOypra,
NOKa3aBuiKX, 4TO LJAS PTYTHOro napa, KOTOpHd fABAAETCH OAHO-

C

aTOMHEIM, NOJYYaeTcsi BeJH4HRa —2 = 7= 1,66.
v

OnmuTh JA0T CJASLYIOIEE:

Cy Cp 1

TeopeTnueCKoe 3Ha9eHHE 114
ONHUATOMHLIX Ta30B . . . 3 5 1,667

He 3,002 5,004 1,67

Fig
(napy | 300 | 5,00 1,66

DKCNepUMeHTadblike
JAaHHLIe

Ne - 5,00 —

2,937 5.00
Ar {3,07 {5,07 1,65

[Mepexoswm Teneps K AByXaTOMHEIM rasam. [lpocrefimelt mo-
JeJNBI0 MOJIEKYJR ILBYXATOMHOIO rasa #ABJAAECTCH CHCTEMA JABYX
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wapos A H B (puc, 42), KOTOpHE Mbl PaccMATPHBAEM KaK OZHO
TBEpAOE Teno., Ha nocrynaTe/bHOE ABHXEHHE TAKOM CHCTEMBL
gONPEeKHEMY NPHAETCA TPH CTENEHH CBOOOAB, K KOTOPHIM NpH-
COCJMHATCA €euwe JBe CTENeHH CBO-
6oanl A8 BpPAWATEABHOTD JBHKE-
HHA BJOAb JABYX ocell (B3auMuo
nepuesiukyaapuux) X, Y, nepnes-
AUKYNSPHEIX OCH Z, BIO/b KOTOpPOMH
pacnojgoxens mapa A u B.

[lpu Takofi MOpmeam BCAEACTBHE
CTONKHOBEHHMH HE MCTrYT NMOJAYyuaThCa
BpallleHusi ¢ OCbI BRLOJAbL Z. Boobie
ropops, TBepAOHd CHCTEMBI, KaK Y HaC
yKa3aHo, OHTBL He MUXEeT: YaCcTH MO-
AEKYJH MOTYT KOJAe6aTbCd BAOAB Z.
OxHako B LeJOM pale Cayuaes
MOIKHO OTBJEULCS OT 3THX KoJjela- Puc. 42.

HHH, H TOrjga y Hac OCT4eTCs O cre-
neneil cspoboan. Takum o6pasom pxa C, norydaem 5 K4/ Ha
1 rpaMM-MoJeKyay, T. €.

Kaa KaA ‘ 7
Co=b 5, Co=T .= H 1=g=14

PaccMOTpHM, YTO JaeT OINLIT:

. Temneparypa
a3 Co C‘P 1 oe;mrapa %E
Ny 5,00 6,501 1,410 20
Oq 5.00 6,989 1,399 20
HCl 5,09 7,08 1,39 —
Hg 4.84 6,87 1,407 13—100
Ha 3,00 - — —2173
Hj 333 5,338 1,566 —181

Mul BHAHMM, UTO B OCHOBHOM TEOPHA PAaBHOMEPHOrO pacnpe-
LENCHHA SHEepruy Mo crTeneHsM cBoboabl onpaBaniBaeTcs. Of-
HAaKo ANsi 60Jee CAOKHHX THIOB MOJAeKyJ HabawaawTcd 60Jb-
e OTCTymaeHHs. Kpome Toro, corJaacHo [puUBEfeHHOH BJle-
MEHTAPHONI TEOPHY, YAe]bHAfA TemIoTa He AOJKHA 3aBUCETh OT
TEMNEPiTypPhl, YTO ABHO OPOTHBOpEYMT dakTtam. OTCTynAEHHA
OKA3LBAIOTCH TEM CHJAbHEe, 4eéM GoJbliIee BAHAHHE HA YACAbHYIO
TENJOTY HMEWT KosebaTesbHhe W BPAUlATE/IbHHE NPOUECCH B
npeienax MoJaeKyJu. B Tab.aupne 3acayuBaeT BHHMAHHA NPH-
Mep BOaOpoaa. Mu BUAHM, YTO IPH OOGLIYHHIX TeMneparypax
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(ot 13 mo 100°C) BOLOPOA BEAeT ceGd KAK ABYXATOMHHH ras,
npH temnepatype——213° C oH OKa3WBaeTCH yxKe Kak Ohl OLHO-
aroMHuM. QO0bacneHne 3»TOMYy (akTy MH Hafaes, pasodpaB
KBAHTOBYIO TEOPHI0 YACJLHhX TEMJIOT.

Ho npexjae ueM npHCTYDHTh K H3JIOKEHHIO KBaHTOBOH TEO-
PHH YAEJBHHIX TEIJAOT, NOACUHTAEM 60jee OOCTOATE/NLHO 3aBH-
CHMOCTb OTHOIIEHHA YIeJbHHBX TEILIOT ¥ OT YHCIA CTEneHeH
cBOOO L,

Ecan Mo coo6miaem rasy KOJHYECTBO Temaa dQ, To 8TO
TeNJa0 HAeT NPeXKAE BCEro Ha YBeNdYeHHE MQCTYIATEABHOIO
IBHKeHHA MoJeKya dQ;. KoauuecTso Temja, HAYIIEE HA BHY-
TPUMOJIEKYAAPHHE ABHKEHHs, MOMKHO IPHHATH pasHuiM BdQ,
TAe f— oTHOIIeHHE Tem/Ia, NOUeUIer0 Ha BHYTPHMOAEKYIS PHOR
ABHXEHUWE, K TEMJAy, HAYIEMY Ha YBEJHUYEHHE MOCTYyMaTeALHOTO
ABUIKEHHA, Kpome Toro, koiudecTBO Ttensa d@, wmaer Ha co-
Bepilenne padOTH., Hrtak:

dQ=dQ (1 +p) +dQ, (325)
M3 ypasnenns B
Nme2 :
—3-=R1
MBI TIOJ1yqaeM _
o8 == SRT
M H

NO3TOMY
dQ =22 de* =3 Nm = aT.

Hanee, dQ,=pdR, rae dR-— nuddepennuanr obbema, co-
AepiKamero maccy miN; nostomy

2d2 == pm Nd (%) :

L __RT I\_R (T
voMp " d(p>_M d(p)'
Berapndad ote BesuduHH B dopMmyay (325), Mal nodyuaem:
3 R T
dQ=(148)5 mN dT-l—pmNan(—F).
Haxoaum BHpamenus aad C, 0 past C,:

CodT == dQ, =3 (1 + B) Nm= dT;

KpOMe TOTO,

3 :
CAT=dQ, =[5 (1 +§) Nm =+ Nm £ ar.
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Orciona:
3
Cp 7 +8) -+
5 (14-9)

2

[TocTapaemesa Tenepn BhIpa3dTh B yepes 4YHCJO - CTENMeHEH
cBOGoanl. [losoxum, uTo uncao cremeHefi ceodOOALI A8 BaHHOH
MOJIEKYAH OyAET r, myCThb YHCJO MOJiEKYJ paBHO NV, a BejHuHHA
BHEPIrUHW, NPHXOARIIARCA Ha KaXIYI0 creneHb CBOOOALI, NYyCTh
6yner e, Toraa KOAH4YECTBO 9HEPrHH, DAaCCUMTAHHOE Ha OAHY

MOJIeKYyay, Gyner L -=re;, KOAHYECTBO SHEpPTHH, NPHXOAAUICECH

HA NMOCTYNaTeJbHOE ABHKeHHe, Gyaer S = 3e; oTcrola HaXOJ UM,
YTO SHEPTHs] BHYTPUMOJIEKYIAPHOIQ ABHKEHHA HAa ONHY MOJEKY.NY

6yner L—S5. [laaee, npennosomuM, 4TO DOTEHIHAJILHAS BHEP-
rvdA, OPpUXOJAIIASCA HA BOJI0 Kaxnoi moJexyasl, OyjeT cocra-
BJAATH $-10 4ACTh SHEPTHH OOCTYNaTeALHOTO HIBHXkERHA. Torja
OTHOLIEHHE [ BHYTPHMOJEKYJAAPHON SHeprud maa Bcex N moge-
KyJ K SHEPTHH KX IOCTYNAarTeJhbHOTO ABHKEHHS Oyner:

L—8)N+NS L
p= E=ZEI L by — 144,

NS
OTKYAa:
1 +B=3+1.
Berasasia 310 3Hadenue B opmyay (326), MH HaxoauMm:
2
=1+ FEET (327)

dta dopMmy/a B 001IeM BHAE HAE€T HAM 3aBHCHMOCTB Y OT YHCJIa
creneded Ceo0oAB H OT NOJH, NPHXOAAMEHCA HA NOTEHIHAJD-
#yw sHepruio. [losaras ¢=0 H r=3 HJH O, MH HaliaeM No-
JYUEHHbIE YKE HaMH paHblIe 3HAYEHUA 7 AJA OAHOATOMHHX H
H JABYXaTOMHBIX MOJEKYJ, HMEeHHO:

11=1,667 u 1v,==1,40

§ 27. Heo6xoAMMOCTb IONOJHEHUsI KJACCHUYECCKOA TEOpPHH

PaccmorpuM BKpaTme, KakHM TMyTeM pPa3BHBaJach KBAHTOBas
TEOpPHA YAeJbHbIX TemoT. [ 3Toro moAcuHTaeM CHavaJja,
OCHOBHIBASICh HA KJACCHYECKOH TeOpHH, yIeJbHyl0 TEIJIOTY n/id
AHHERHOrO rapMOHHYECKOro ocuujuiaropa. [1pn stoM MH Oyjnem
0JAb30BaTbCA THOOCOBLIM KAHOHHUECKHM pacopeletenueM ¢as.
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Jlafl TpocTeiero rapMORKYECKOro OCUHJIATOPa ME ByneM
HMETh:

7 = o (A 4 ), (328)

npHYeM:
xX=Acos(nt+4a) u X==— Ansin(nt4q). (329

[LrothocTe pacmpegenennss ¢a3 B $a30BOM HPOCTPAHCTBe
O6yaner:

E

~ £

Co (330)
¥

ecd B KOHCTAHTY C BBECTH W TOCTOAHHHH MHOMXHUTENb €' .
O6osnauns Cm uepes €', MH GyneM HMeTh:
E

C'e® dx dx. (331)

BeeneM Temeph BMECTO X H X HOBHe nepeMeHHne A u «. Toraa
¢opmyaa (331) npeobpasyercs CaeAyOWHM 06pasomM:

_£E . —£a(x x
/e ﬁdxdx:Cfe ] 3 (4, a)dA dﬂ, (332)

dxmdx,

rae
. ax  ox
d(x, x) P41 0a
0(A, o) | ox dx
0A '  Ou

€CTh QYHKIHOHANBHLIA AeTEPMUHAHRT. BCTABAAA B Hero BeJJHUHHH,
NOJYYEHHHE U3 (popMya (329), ML HaxoAuM:

0 (%4 %) _

TA ) — An.
Hrak, dxdx—= AndA da,

Berasaas 3naueHus X M X 1o dopmyae (329) B BhpameHue
sHepruH (328), Mbl HaxoauM: |

E = -é* mAn?,

OTKy Ja:
dE — mn2A dA. (333)
Berasaas B Gopmyny (332) Hailnensoe BAMR 3HAYeHHe 3—-*((:' ’3

H BBOAJ BMECTO A nepeMenHyio £, MB NOJydaeM:
E

274 i}
(e daﬁ.

mn

154



HuTerpupya no «, Mo Hafgem JaA udcaa d/V, CHCTEM, SHEpPrHA
KOTOPbIX JEKHT B upepesax or £ xo E 4 dE, crenywomee BH-
paxeHHe:

E
AN, =Cie ' dE. (334)

C [OOMOIbIO HTOr0 BHPAXKEHHA HAXOAMM CpeiHee 3HAYCHHE
BHEPTHH:

}Cﬁe—%dﬁ‘ }xe ¥ dx
E=" —— =0 2 === 0,
f('.'le 8 4F fe * dx

0 0

YTO MOJIYYAeTCA HHTETPHPOBAHHEM JTO YACTAM,
Ecan ocuuniftop HaXOZHTCA B TEPMHYECKOM paBHOBECHH
€ OIHOATOMHHIM rasoM, TO

=rT==X
6 =kT=T.

Pesyabrat noayus/cs TAKOH, KAKOro H CJAeMOBAJNO OXHUAATDH
'C TOYKH 3PERUA TEOPHH PABHOMEDPHOTO PACHpPENeNEeHHS SHEPruH,
TAaK Kax OJad CHCTEMHI, CDBE‘DIII&[OLL[Eﬁ rapMoHd4ecKoe Koseda-
HHE, [H0J0BHHA 9HEPrHH OyaeT B dopMe KHHETHUYECKOH, NOJO-
BHHA — B (QOpME NOTEHIIHAABHOM, 8 HA KAXKAYI0 CTeleHb CBOOOAH

0
UPHXOLUTCA DHEPTHA 5, CEA0BATENbHO, BCA HHEPrH OCHUI-

Jatopa Oyxaer pasHa:
RT | kT R
T—‘—T - kT=_N T.

B TRepmoM TeJsie MBI MOXEM CUHTAThH, UTO KaXAHH aTOM MO-
HET COBepuIaTh KOo/ebGaHuA M0 TPEM B3AHMHO TEPHeHIHKYIApP-
HBIM HaOpPaBAEHHSIM, TO3ITOMY I/ TBEPAOro rteJa OyneM UMeTh
CPeJHIO SHEepPruio, IPHXOAAULYIOCS HA KAXKAYI0O MOJeKkyay, 3kT.
JHeprud, NPUXOAAiILaAcsa Ha rpaMMm-atoM, 6yaet pasua 3RT, oT-
kyga C,=3R =6 kax, T. €. T0, uTO Tpebyerca 3axoHom [[i0-
soxza u [Imu.

Taxkam of6pa3oM, B OCHOBHOM MH IOJyd4deM peIIeHHe Mnpa-
BHILHQE; OJHAKO BCEM XODPOUIO H3BECTHO, uTQ 3axoH [lionoura
¥ [ITH BLINOJHAETCH TOJABKO NMPHO/IM3UTEBHO, IPpHYEM, UEM HUKE
TeMneparypa, Tem 6oJee 3HAUUTe bHLIE OTCTYMJIEHUA MH Oy1eM
HaOA04aTh. Beixoa M3 3arpyAHeddd Owln HafigeH A, Diduirel-
HoM B 1906 roay, xoraa OH B TEODHH YJAEAbHBLIX TEIIOT MPH-
MEHUa MpHHOUn, Halleddufl [TnaHKOM B TEOpHH HIJIYUYEHH,
4 MMEHHO, 4YTO dHeprds OCHUAIATOPA HE MOXET NPHHHMATH Ka-
KHE YrOAHO HEOPEepPHIBHO MEHAIIHECA 3HaYeHHUA, & TOJALKO JHIIb
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3HA4YEHHSA, KPATHHE ONpeAeNeHHOl BENHUYHHE & — KBAKMbL HHEP-
FHH, KOTOpas Aad OCUH/AAATOPA, 00/amaloliero 4actroro#t v, 6y-
Ret hv, rae h — yunsepca/ibHas DOCTOAHHAA (nocroantan [ianka).
Mrak, BMecTo BHipamenns (334), HAIOUIEr0o YHCIO CUCTEM,
06/1aJa101AX SHEPrHeH, JAexalled B npeaeaax ot £ go E + dE,
MBI OyAeM HMETb PHAJA BHIPAKENHH, AAI0MHUX YHCI2 CHCTEM,
BHEPriA KOTOPHX pPaBHA COOTBeTCTBeHHO O, e, Ze, 3¢ H T. A.:

£ _21 b

et —

N,=N, N,=Ng ¢ N=Ne °, N.=~Ne °,....(335)

OO0mee 4uCIO CHCTEM pPaBHO

e 2

~ 5 - N
Ny=N,+Ne "4+ Ne "...=—"2 .  (336)

QO6mias CyMMa BHEPru#t BCeX cHerem GyZeT paBHa:
2s

E=N,-0+Ne "et+Ne °2%. =
= 25

— —— — — - —

(-"'"e 6——-6‘ T—...)m

-5
0 — A e
S e - NUE‘ v * (337}
o(7) \1_. (1—e 0Y
Pasgenus obuiyno CymMMmy sHepruil Ha UMCAO CHCTEM, T. €. pas-

AenuB Boipaxenud (337) Ha Buipaxenue (336), MH Haxonum
BAs CpelHel 3HEPrHu BeJIHYHHY:

)l
!
|

— = (338)
1—e 8 e —1

Has ocuuaAnaTopa ¢ 4acroToll v HMeeM:

- h

kT |

(339)

Ecnu B KavecTBe oCHHAASTOPA Y Hac OYAVT ATOMH TBEPAOI'O
T€/1a, MOTYIIHE KOJeOATbCA NO TPEM B3AHMHO NEpNeHAHKYJsp-
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HBIM HAOpaBJACHHAM, TO 4/IA Cpe,LlHEﬁ SQHCPrdd atroma Mbl IIOJYy-
gHM BRDAMXEHHE! .
v
= kT
E=3hT—>l ,

EreT__l

a Ajs OOmeR SHePrHH rpaMM-aToMa MH GYAeM HMEeTb:
hv
U=NE=3RT—"—. (340)

e —-nl

2Ry
~4E

{lpenuonaras renepw, yro Av<& &7, T. €, 4TO CpPeAHAN BUEPTHA
TENJIOBOTO ABHXKEHWUA BT 3HAYHTEABHO GOJbIIE KBAHTA SHEPTHH,
A0y YHM:

el =1 +% H U==NE =3RT,
€JIe J0BATEeAbHO,
C, =% —3R =6 rau.
=37

Taxum oOpa3zoM, 1py STOM YCJAOBHH NOJAYUHTCH 3axoH Jlo-
Joura " [Itd; nosromy a4 a0doro Av MOXKHO HalTH TAKYIO
Temiueparypy 7, npu KOTOpPOH GyAeT HMETh MECTO YCJOBHE
hvez kT, a caegosaresbHO, ¥ 3akod [diwoJodra v [ltH.

Ecnu, maoGopor, Av - kT, TO npu jaHHOH TeMmepartype
‘BHEPrud MOJEKYJAAPHOrQ JABUXKEHNHd HEegOCTATOYHO, uTONH ,3a-
pAIMTBE® KBAHTOBYIO CT€OEHb ¢BOOOAW fiv, 4 TOTA& 3Ta CTEHEHb
cBOGO/AK Kak On ucyezaet. [lpumep sToro MH BHAEJH A5 BO-
nopona. Ilpu temneparypax~—160 u —213° C BOLZOpOZ Bexer
€e0s KAK OMHOATOMHLIA ras, T4¥ KAK AJA BPALICHHUA MOJEKYJH
BOIOPOJA HE XBATAET CpelHeH BSHEPrHH TemJOBOro [ABUKEHHA,

Mrak, Aaa yjaeapHOR TenaoTH B O6UIEM CAydyae Mbl A0/KHE
MOJAYYHTD!

hv
rze Q=3N€VT ,“” : (341)
eﬁ—l

C,=

Q|
IS

h
Breaem caexywimee o0003HAYEHHE: Tmﬁ. Torpa gas Q MH
NOJAYUHM BHpaKEHHE:

(342)
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OTKYyJa:

7o
T
B

(ef —1)*

310 cooTHOoWeHHe Ono maHo JiHmrTelHoM B 1907 roay.

IlpuBeaem npumep, NOKa3uLBAKMKMH, HACKOALKQO XOPOIIo
dbopmyaa (343) uzobpamaer TeMmmepatypHHH XON H3MEHCHHD
yaeabHoil Tenaortel. BosdpMeMm cayuait meau. [loaoxus fv= 240,
noJyyaem CJACAYIOIIHE J(AHHBIE:

C, =% =3r (343)

] Cy. BHIUHCJCHHAS
Temgef ?‘Typa Cor Hidﬁ:ﬂmﬂ‘de' no opmyie
- (343)
88 3,38 3.31
34.4 0,038 0,234
22,5 0,223 0,023

Mu  BuauM, 9TO OGIMHH X0 u3MeHenHs C, NPaBHJIBHO
orpaxen cooTHomendHeMm (343). Onwako OTCTYN/JeHHS OT BH-
YHCJCHHOH TeopeTHueckw BesuudHul C, Oogablle, yeM OLWHBOKH
nameperHdii. [lpuudna arux orcTynacuuil AJA HAC JOAKHA OHTHL
noustHoil, B camoM gese, B TBepAOM Ten€ HE MOKET CYe-
CTBOBATh TOJMBKO OAHA YACTOTA4, ¢ KOTOPOH HNPOMCXOZAT KOJe-
6aHHA HAXOAMILUMXCA B HEM aTOMOB. Mul, HECOMHEHHO, HOMKHH
HMETb LeJbIH CHeKTP yacToT. OAHAKO ycnex mpoctoi dopmy.au
DHHINTeHHA 3aCTaBuJ MHOTHX 8BTOPOB HCKaTh o6obuienns ¢op-
myau (343), npaBaa, AJgsf caydad HeQOJAbILOTO YHUC/A4 YaCTOT.
Tax, Hepucr u JlunzeMan mnpeAsoXHAM BMECTO COOTHOLIEHH:

(343) apyusennyo ¢opMyay ¢ AByMs YaCTOTAMH v H —;— , IpHYEM

nocaeauio gacrory HepHer H JldpgemaH OTHOCHJAH Ha J0JK0
NOTEHUHANbHOH 3HepPruH 6e3 CTpororo TeopeTHuyecKoro 060CHO-
Bauusd. Torna smecto GopMyan (343) MH DOJAydHM:

ikl By
7 (BN 27 ( By
c 3R é ( T) & et (27‘) (344)
v 2 By 2 B
(e —1)° (2T —1)?

Ha crenymomefi TtabiMIe nokasaHo AAd caywas cepebpa
(Bv=221), Hackoabko Ouau3ko dopmyaa (344) wusobGpamkaer
peajbHLIH XOH RBJAEHEHSA.
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Temneparypa | Cp, BBIMHCIEH- Cp, Habawpae-
B°C nas Mas |
35,0 1,99 1,58
39,1 1,92 1,90
42,9 2,12 2,26
53,8 2,48 2,90
77,0 4,11 4,07
100,0 41,77 4,86
200,0 5,77 5,78

HecMoTpa Ha BrosiHe yJOBAETBODHTIENBHOE COBNALEHHE HA-
O101aeMBIX BEJHUMH C BBIYMC/JEHHBIMM, MH JO/NKHB CKa3aTh,
4TO 0€3 TOYHOrO 3HaHHA CHEKTPa YacTOT MHEl He MOXeM JaTh
CKOJBKO-HUOY/b CTPOrO 0GOCHOBAHHOM TEOPHH YI€AbHBIX TEMJIOT.

§ 28. Ytounenne NOJyYCHHBX pe3yJbTaTOB

[Ipu moncyere cpeXHeii dHEPrHH MHB HCXOJMAH H3 IOAOXKE-
HAs, 4TO 2HEPIrus, NPHXOAAIIAACH HA JLOJI0 Hamero BuGpaTopa,.
paBHfeTCA IEeAOMY KPaTHOMY OT 3JEMEHTApHOro KOJHYecTBa
sHepruu e [1ocMOTpHM, KaKOf HNOJYYHTCA pPe3y abraT, €CIH MH
MpeANnOJI0KEM, UTO B O0meM CJIyude YHCJAO KBAHT € BHPA3UTCA
YUCIOM M o, IAe f—ueoe 9uca0, a @ — Apobb. B jaanhei-
meM MH YBHAHM, HTO COBPEMEHHAS BOJHOBAS MeXaHHKA JaeT

1
aiaa sudparopa aApobs « =7,

Ecau MH 3ameHuM 72 4epe3 n -+ @, TO AAd CpeaHel 9HEpPruw
BHOpATOpPAa ME [OJYUHM:

P B ) O
E (n+ a)ce 2 ne
E= n=0n=m ntrme T n:im T + as. (345).
Se Y.
n=0 n=0

[Tepsuit yaen dopmyan (345) maer mpexnee suipaxenue (338):
_._5__’ nPH 8 =FkT, CTPEMANICMCA K HYJAH, BHPAMEHHE (338)
ezw 1
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ofpaniaeTcs B HYJ b, 4 MH HaxomuMm £ =aes. TaxkaMm o6pa3oMm,
Gg €CTb 9HEDPrusa BUOpATOpa npH adCOJMIOTHOM HYJIEe TeMIIepaTyphl.
PaccMorpiM Tenepb, 4TO JaeT BOJNHOBAA MEXaHHKA A CAy-
yasg poCTOro BHOpaTtopa.
Ypaguenune lllpeaunrepa, oupejenswuiee Pynkuuio ¢, umeer
CACNVIOLHH BHI:

8x

V¥ + o (E—U)§ =0, (346)

rre £ ob6o3Havyaer noanyIio sHepruw, U —NOTeHOHANBHYIO BHEp-

rui, h-—nocrosauuyio [lranka u m — Maccy suGpatopa. [as
a

BubpaTopa HOTEHOMANIbHAA 2Heprds ==

2
—5— == 2=*vimx®. Bauny
TOr'O, 4TO HAmAa CHCTEMA ONpeneaseTcA OAHOH KOOpIWHATOH X,
ypaBHenue (346) ynpomaercs M IPpHHUMAET BHA!

02 | Sr2m

-+ e (E— 211:2‘.'2”1.7(?2) b= 0.

0x2
Bsesem caepyiomue coxpamieHnasie 0003HaueHHs:
8r2m 4m2my
= £ P=—=
Torna ypasHeHue lllpesudarepa npuHuMAaeT BuA:
0%
=+ (e —px%) ¢ =0. (347)
Beepnem HOBOE nepeMenHoe & = x]/'(ﬂ-; HMEeeM:
oy 0w o O 0%
ox = VP gmT P

Ypapaeune (347) nupHHHEMAET TOrAa CAELYIOUIHH BHA:

o ) E a o
B+ (e—E)y=0, mm Fa4(5—8)y=0. (348)

Moxio nokasats, yTo ypapHeude (348) naer pemenue pas
dyHKUHi ¢ BO Bcell o6Jactd nepeMeHHOH TOJABKO HPH YCHAOBHH,

42
4T “;5":‘2”"'1' rae n—uucao nejsoe, ITokaxem 310, pac-
Xl

—_———

cyxpasd caeayiomam obpazoM. BosemeMm dyekmmio yv=e

H BHYHCJIHM €€ NepBYI H BTOPYIO NPOH3BOXHHE!

e TR
H/AH
I 22y
2 -
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e

lNoaygensull HamMu peayanal NOKa3uBaeT, 4ro y==g
€@CTh HHTerpajg ypaBHeHHf dx,+(a x?)y=0 npm YCJIOBHH,

qyTQ a ==1.

Jlajee, ecqii MH BO3BMCM OT y == 2X¢€

BOJHEIC:
2 » _»
ye==92¢ * —92x%° =2(1—ax¥)e °
H
_» L
y=—2(1—x%e *x-—dxe *=
= —2xe °[(1—x%) 4 2] =—y(3-—x%),
TO NOAYYUM:
T+ (3—xh)y =0,

X

OTKyAa OusTh CAEAYeT, 4TO y—z.)ce * ecTb uHTerpas ypas-

HEHHH——{—(& x2)y=0 npu a=S3.

dx?
OKaBbIBaETCH, 4yTO BJA PAA3 HeYeTHHX 4HCea, HMOACTaBfgde-
MbIX B ypaBHE€HHE

dx2+(d“'—x )y_mo

BMECTO G, Mbl MOXeM HAa#TH B Ka4yeCTBe HHTerpaJa (QyHKUHH
AT

puaa: y==He *, rne H ecTb Taxk Ha3HBaemuil noAuHOM Ip-

muma, KOTOpHH A1a a==1 6yger H,=1, a qna a=3 Oyaer
H, —2.16 OO6muil BHI TMOJHHOME E)pMHTa 15 a==2n - 1 6yper
CAeAYIOUTHE:

H== (2x)" — 20D (gpyn—2 4
+ n(n-—l)(fll'-g—g) (fl——s) (Qx)n—‘l._.._‘._’

npadeM paj oOpHIBACTCA Ha TOM WIEHE, KOTOPHH o0pamaercs
B HY/b.

d 2
CpaBEHBafA ypaBHeHHE — Y (@a—x)y=0 c ypaBHEHHEM
(348), MH BHIHM, UTO OHH TOXJAECTBEHHLI, €C/IH q == _ﬁ_ =21 4 1

B atoM cayuae MH HMeeM peuledHHe JJs $, TOAHOE BO BCeH
o6JIaCTH nepemMeHHHXx £ HIH X.
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BcraBasisi BMECTO @ W B HMX BEJUUYHHB, Mbl HAXOHHM:
2 o 41
== 2n -1, OTKyna

E=(2n+1)%

TakuM o6pa3oM, pas = B BupaxeHHus (2495) BoJHOBad Me-
1 +
XaHKKa AaeT BeJUYHHY, pPaBHYIO 5 . Halinennoe namMu yrounenne,

BHTEKAIOUIEE H3 OCHOB BOJHOBOH MEXAHMKH, OJIHAKO HHYETO He
H3MEHHT B NPHBCAEHHBIX HAMU BEIPAXKEHUIX A8 Y ACABHBIX TENJIOT,
TaK K4K YJAEeJbHAA TenaoTa BHPAMKAECTCHT UEpes NPOH3BOAHYIO
no 7 oT sHepruu, H npubaBjeHHe K SHEPIHH NOCTOSHHOH BEJIH-

hy
YHHBL 5 (9HEpruM atoma Ipu alCOJIOTHOM Hy/a€) HE MOXeT
OKa34aTb B/JUAHHS Ha npOHBBOﬂHym.

§ 29, MNMousarue o reopuun [dedad

Kax mm Bpae.an, 3agaua c6 yice/pHOH TemaoTe Kakoro-aubo
TEId CBOAHTCA X HAXOWJAEHHIO €ero cnekrtpa. [ebaii caenan
O4e€lb OCTPOYMHYIO IONLITKY oOnpe-
JE€JHTh OCHOBHOH XapakTep sToro
cnexrpa, YTOOwl BHACHUTL [pHEM
IleGas, paccMOTpHEM MNOpPEX e BCEro
CAeRYIOINHA IIPOCTOH Caydai.

C,

. A\ \02 ilycte B cocyae kybGuueckoii gop-

B, MBI MBI Habuwogaem obpa3oBaHuHe
\ \ \ CHCTEM CTOSIUHX BOJAH. QnpenenuM,
4, B8, G KAKHE M3 HHX MOTYT CYHTATHCA yCTa-
» a | noBuBmuMAca. llycrs A4, BB, u CC,
: (puc. 43) nmpeacraBasior coboi nepe-
CeYeHHe Y3JA0BHX MIOCKOCTeH BOJH

¢ MJIOCKOCTRIO vepTtexda. IIpd kaxkux
YCJAOBHAX ©TH BOJHE 00pa3yioT YCTAHOBHBIIYIOCH CHCTEMY?

[Mpexne Bcero: AB=BC= 5.
HeTpyaHO ¢oo6pasute, UTO CHCTEMa O6yner ycraHoBusmIekcs

Prc, 43

i
TOABKO B TOM CAydae, korga AB, = BC, = B,(C, =, Tle a—

cTOpoHa KyO0a, a #—nejoe 4uce10. CucreMa BOJH MOXET ycTa-
HOBHTbCS B TOM CJAyd4ae, €cJH MNpOAOTKEHHe Y3MOBHX ILTOCKO-
credl pasodbber pebpo xy6a Ha IeJ0€ UHCJA0 YacTed.

M3 tpeyrosbinka ABB, noaydaem:

A a
=008 % (349)
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HO nJoCKOCTH BOJIHLI TEPECEeKYT HE TOJbKO YKa3aHHOE€ HaMu
pe6po KyGa (CkaxeM, HANPABJACHHOE MNAPALILJIbHO OCH X), HO
¥ pe6pa, mapanienbHHe ABYM HAPYTrHM OCAIM, KOHEUHO, wuc/aa
yacTel, Ha KOTOpme Oyayr pasfieseHsl 3TH pedipa, MOryr, BO-
obuie ToROpd, 6HTH APYTHMH,— 3TO 3aBHCHT OT HAKJAOHA y3.a0-
BLIX ILIOCKOCTEH K COOTBETCIBYIOWIEMY pedpy,— HO BO BCAKOM
clyyae INpPH HAJIAYMH YCTOHYHBHX KO.J€0aumH W 3TH 4HCJA DoJ-
XKHH ObiTh meanMu, FlTak, yc/aoBHE yCTaHOBHBILEHCH CHCTeMH
BOJH OyAerT:

A a

o ';?ECO& ﬁ, [ (350)
ho_a

2 - HB CO T-

Tak kak @, § 4 y— yraB, KOTOphHE 00pasyer HOPMalb
K BOJIHE ¢ OCAMH KOOPJIMHAT, a AJA Hee, KaKk H 1A BCHKOrO
BOOGUIE Hanpasienud, cos?a -t cos?fl 4 cos®y=1, 10 U3 dop-
mMyJaul (350) MBI HAXOAMM:

A a 2a
L AR 5= 1/ 2 L2 L n2 (351)
2 5 : 3 A py 1yt ng,
an+71g—|—r13 V L
a A5 KOCHHYCOB IIdXOJLAM!.
n ‘
COS o = - —, Cos fl= —— ”"2 =,
th + 5414 V”1+”2+”3 (352)
my

COS ¥ ==

Vil 4ond+nd

Takum 06pa3oM, He BCe HAIpaB/ICHHSA PACHPOCTPAHEHHS BOJH
BoOOIIE® BO3MOXHLL. YHC/JA0 BO3MOXHBLIX HanpapJjennit onpene-
Aserca Beamuyuuame (352), B KOTOpPHIX 7y, 7y, ., AOJXKHB OHThb
HENPCMEHHO NEelhMH uYHcJaMu, [Ipd eToM [s KAXAOH TpyNib
1QJBIX HHCEJ] Hy, M, U Mg BO3MOXKHA BOJHA He J/MIOO0H AJHHI,
a TOJABLKO TOH, KOTOpasn odpeleasercs coornomenuem (351.)

[Togcunraem Teneprp, CKOALBKO TAKKX YCTAHOBABUIHXCH CUCTEM
CTOAYHX BOAH IPUAETCS HA KaKof-AuGO HHTEpBaJ CneKTpa
MEIKAY HacToTaMH v u v--dv. [locTpouM BCIOMOraTe€AbHYIO
AHarpaMMy, ri€ Ha Tpex ocAX Mbl Oyaem OTKJAa[biBaTb 4YHCIA
1y, Mg A Ng. Mbl DOJAy4yuM TOrAa KyOuH4ecKylo peumerky. Bepmuna
KaWa0ro Kyfa COnpHKAcaeTcd ¢ BEPIUHHAMH CEMH COCEJHHX
Ky6oB. Takum o6pasom, 6yaeM K xaxaomy KyOy npuypoussarh
OZHY H3 BePIIMH, OTHOCH CEMb OCTAJbHBIX K COCENHHM, TOTZA Ha
Kax il kKy6 Oymer npHXOJHTHCA IO OJHOH BeplluHE H, CTAJO
GHTL, MO OAHON rpynme sHaueHuit rny, n, 1, (puc. 44).
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2 :
Beuunua Taﬂ* Vni+n;+n; HAa HAOIeH auarpamMme MOpef-
CTAaBUTCS] PACCTORHHEM 7 OT HaYa/Jia KOOPAKHHAT A0 AaHHOH TOYKH
nl, ng, ’Zﬂn
BospMeM 0AHY BOCEMYIO C(DEpHUYECKOro CJIod MEewxay paaay-
caMu r ¥ r -+ dr, 1. e,

+dmridr. (353)

BEJIHLIHIIY y MOXKHO BHIDaA3HTh 4e€pe3d YHCJA0 BOJIH, NPAXOIAIHXCA

1
Ha eNMHHIY AJHMHBl & ==, H 4e€pe3 4HCJI0 kosnebaunit v. B ca-

o '
MOM Zeje, A==—, Ijle¢ ¥-~CKOPOCTb PACUPOCTPAHEHHS BOJH.

Hrak, r = 2{' =20z =2q -:- . Bcrapasas aTh BesnyuHun B QOpMyay
(353), naxozuwm:

2dv
§4n (20) 5202 =4xaP T3 = Q.. (354)

Uueao eapaun mo dopmyae (354) pasHO YHCAy EAMHHUYHHX
Ky0OOB Hamel AMarpaMmu, a IO NPeJbIAYIUEMY 3TO YHCIO €JH-
i HUYHBIX KYOOB PaBHO HHCAY TPYNN
3 3Havedud n,, Ha W N, YXKJAdIH-

Py BAIOMIHXCA MEXAY r U r -} dr, nin,
YTO TO XK€, Mexay v U v dv
HMrak, pupaxenue (354) naer Ham
UUCAO Tpynn my, My H 1, HIH,
YTO TO XKe CaMoe, YucJa0 yCTOH-
YUBLIX CHCTEM  BOJIH, KOTOpHE
DPAXOAATCH Ha HHTEPBaa COEKTpa
ot v 1o v+ adv.
Pac. 44. MOXHO [0OKa3aTh, YTO HTOT
pe3yJibrar OyAeT BEPEH HE TOJALKO
anast obrema Ky6Ga a®, HO W mas Jawoboro obbvema @ gpyro#
tdopmer. Mrtak,

Qv = 41'CQ

v2dy
ekl

(355)

npeiscTasaieT co60i UHCAO YCTAHOBHBIIHXCA THUIOB YCTOHYHBLIX
konebauud B obbeMe @ W B HHTEpBaJge YacTOT v H v - dv.
JTOT pe3yabTaT rOZHTCA KAK AJS DPOAOJBHBIX BOJH, TaK H
AJs MONEPEUHBX, NTPHYEM, €CIH pPeub HIAET O NONepeYHHX BOA-
HAX, TO HEOOXOAHMO CUHTATLCA C BO3MOMXHOCTBIO [MOJAApPH3ANHH
BoJaHbEL B ofmem cayuae mMu 6yneM HMeTh IO KaXJOMy Ha-
NPAaBACHHIO ABe CHCTEMH MNOUEPEeYHHX BOJH, MNONAPHIOBAHHHX
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noa OpAMBEIM YrJaoM Apyr K apyry. Takum oOpasom, A/ CH-
CreMhbl NMONEPEYHHIX BOJAH MLl OyleM HMETh:
vedvy

Q‘v- trans — &= i T (356)

Eciu Mbl OT 4acTot v nepefifeM K AIHRAM BOAH A=, T0 ¥
2 v
HapO 6yAeT 3AMEHUTh 4epes iy, a dv— uepes -, dh (3HaK MHURYC
MH ONYCKAaeM, TAK KaK OH TOJAbKO IIOKA3KIBAET, YTO YyBeauue-
HUE YACTOTH PABHOCHALIO YM¢HBLIEHMIO AJHHE BoOJHE). Toraa
dopmyaa (355) npusumaer BuJ:

A
Q. trans == 872 % (357)

Ecan mu npumem, Kak 210 meganad Penel w [JwuHC, UTO Ha
KXY CTeledb CBOOOAH NPHXUAMTCA 0AHHAKOBOE KQJAHYECTBO

9HEprud —-, @ Ha KAXALIH TAND KOJAC0aTeJNbHOTO ABHMEHUs TIPH-

XOAHTCA NO JBe crenend cBoboaw (CUnTafg OTAE/AbHO KHHETH-
YeCcKylo H NOTEHIIH4JbHYIO BHEpPruH), To o6ilee KOJHYECTBO
9HEPrHH, NpHUXoAduieecd Ha eaHHUBy obbema, Oyner:

u= L (358)

T. €. MH IIOJAYYd€M H3BECTHYIO gopuyay Peaes-Hmcunca. Kax
M3BECTHO, 5TO . COOFHOIIEHHE XOpPOUIO H300paxaeT IJAOTHOCTD
SHEPrHH YePHOTO U3aydedHsa Aad O0JaCTH AJHHHBIX BOJIH — LIS
HHppaKpacHUr0 KOHNA cnektpa. s KOPOTKHX ke BOJH IVIOT-
HOCib HENPEpPHIBHO BO3PACTAET, CTPEMACh K oo NO MePe YMCHb-
menus A, 70 NPOTHBOpEeYHe TEOPHH DAaBHOMEPHOro pacmpene-
JeHdss ¢ JAeHCTBHTEIbHOCTLIO KAPTHHRO H300paxanoch B CBOE
spemMa npodieccopoM DpeudectoM, waxk rxamacmpopa Peaes-
Hounca.

AHAJIOCAUHLIM pPacyeToM Bocmoab3oBancs [le6ai. OH npepmo-
JAOXKuJA, 4TO B JioGoM TBepaoM Teae obLema ¥ MOryr ycraHas-
JAHBATLCH KAK INPOAOJALHbIE, TAK H NOMNEPEYHHE YCTaHOBHBUIHECH
CUCTEMBl CTOAYHX BOJH. Torza Ha OCHOBE CKa3aHHOrO, Cu{dras
H BO3MOXHYIO NOIAPU3AUMIO AJsl [ONEPEUYHHIX BOJH, MHl OyleM
HMEThb IJS BO3MOXHHIX COCTOAHHH KOJAeOGATEABHOTO ABUIKEHHA
8 HHTEpBaJje OT v A0 V- dvy YHCIO:

Q, = 8=2v'dy L%}— + Q_IUZJ . (359)

rae ¥,-—CKOPOCTb NONepeuHHX BOJIH, 4 U, IPOLOJDbHEX,
Uro6u noayuuth o0wWee 4HHCAO YCTOHYMBHIX CHCTEM KOJE-

OaHuit KaKHX YrOgHO YacTOT, HaA0 Obl0 Obl BHIPAXEHUE {359)

npoHuTerpaposate 0T 0 80 co. Ho umarterpan y #Hac NOJY4HTCH
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acxonsuuica. 3pech noaydaeIcs 1O ke, uTo B reopuu Peses-

®uuca., W3 storo sarpynuenna Jlefait Bemed ¢ DOMONILIO
CACAYIOWEro HCKYCCTBeHHOro npuema, OH uwHTerpupyer He OF
0 10 0, a or 0 10 HEKOTOPOrO MaKCHMAJLHOrQ 3HAYEHHS VY,
'KOTOpOe OUpeaensercsa Tak, 4rTo0b HHTErpaJj BupaxeHus (359)
Jaj JucaoBoe sunauesue 3N, rae N — uncJ0 ATOMOB, 3aKJAIOUEH-
HHX B o0beme Q.

CMBIC/I BCETO 3TOTO BHITEKAET U3 CACAVIOLMX cooOpaxeHny.
Boipaxenue (359) BHBeseHO HA OCHOBE NpPENCTABACHHA O He-
OpPEepPLIBHOA Cpeae, HO COrJacHO aTOMHOH TeopuH B oTOH Henpe-
PHIBHOH cpene umeerca /N atomoB. Cuctema ke N aToMoB, H3
KOTOPBIX Ka)XIBH MOMXET KONeGaThbCA B TPEX B3aHMHO NEPNeH-
THKYJAAPILIX HAMpPaBJeHUAX C TPEMs pPa3JHYHEIMH YACTOTAMH,
MpH HAAHYHMH B3aHMHOH CBSI3H MOXKET Aarb ToAbkO 3N pasauu-
HEIX BHAOB KoJe6Gauuit, Chepnoarenbno, 3/N u 6yner HaubOAb-
IIHM YHCJIOM, KOTOPOMY MOXET DABHATHCH HHTerpajs BHIpaXe-
Hus (359). Koneuno, 570 — ouens rpy6mil npuem AJfi yCTAHOB-
JEHHS CBA3H NPEICcTABJIEHHH O NPEpHBHON 4TOMHOH CTpPyKType
C OOBLIYHBIMH pacCyX/JeHUAMH, HCXOASIINMHE H3 NpeaCTaBjieHuH
O HENpEePLIBHONW cpefne,

Huterpupys suipaxenne (359) no v or 0 50 v, H mpHupas-
HUBAA MOJYYEHHOE BuipaxeHue 3N, Mbl HaXoJUM:

H i Vi
e ( o+ 27) ~n—3N, (360)

Hanee, Mu yie 3HaeM, 4TO CpPejHsist 9HEprus AJas KoJebaHus,

o hv
ofaanamwiero wacroroi v, Oymer -————1 Tloaromy obutas
kT
e’ —1

sHeprusi HyneT Bmpaxarbes CACAYIOIHM o0pasom:

Y /1, 1\ h
Em‘F&rQUg + 'zvg> fz_vv vidy, (361)
0

"l -

H/JM, BCTaBAAA Cloja Bupaxenue (360), naxoaum:

h3dy

Y
E =: 9N f - (362)

0 (ekrﬁ 1) “';:

PaccMOTpaM ABa npeLe/bHEX caygasa: A u B.

hv
1 Mul MOMeM OTOPOCHTH 5, TAK KK JAA  HAXOKIEHHS yAeabHOH Ten-

h
AOTH HaM OpHIETCA GpaTh NPOH3BOAHYIO, H TOCAA 9ieH, 3aBHCAUHHA OT D} d

BCe PABHO OThagaer,

166



Av

A. Tlycts hv<& kT, toraa eﬁ= i -+ % H, CJEJ0BATE/JbHO:
E=9N|"™ 2~ kT = 3NkT = 3RT: (363)
0 \

OTCIOAA AJIA TIPESJBHOIO 3HAYEHHA yAeabHO# Temaotsl C,., 1o-
ayqaem:
dE Kaan
Cow= g7 =3R=0 70,

T. @, YHC/JI0, COOTBETCTBYIOWEe 3akoHy JlwoJaoura u [Ty, eciad 2,
a ctano 6mTh, H [V— 3HaueHHs, B3ATHE JJa8 1 rpamMmM-aroma.
Taxum 06pa3oM, B npegesie MH 10JYYaeM BeJHUYHHY, BLITEKRIO-
IYI0 H3 KJIACCHYECKOH (PH3HKH.

. . A
B, Ilycre Tenepe T mand, TOraa BHAYeHHHA k—; 6yayT Be-

JHKH 33 HCKAIOUEHHeM TeX CJAyuyaeB, Korjga v MaJu. [lostomy
npH GOJBIRKX v NOAHHTErPaNbHAA GHYHKIMA obpamaercs B HYJb,
W TOTJA Mpejes v, MOXHO 3aMeHHTb 4epes oo, CpesaB 9Ty 3a-

MeHy M BBOZLS HOBOE IEpeMEHHOE X ==
Ayomee npHOIHKEeHHOS 3HAYCHHE:

h
F;" MH MOJAyUaeM cie-

wanr (BT o xidx _
E = ONG=5; af 7 - (364)

[Iponssoga B HHTErpase (364) NOJCTAHOBKY

1 —_— — 2y - 3x
ex*_1=£ +€ —l—& +r

Mhl HaXOJHM;
Jx"’ (€ e ¥ e > 4. )dxe
1 1 1 eh
=6(1+ mtmtgat ) =1z=6495"
BCTaBafAa 9TH JaHHHE B Buipawenue (364), Mu uMeem:

(kT _
E = 9N -5 -6,495;

1 MHTErpais BHYKCAAIDTCH C MNOMOUILK IPHEMAa HHTErpHPOBAHHA TIO
qacTAM. CyMMHpOBAHHE pAna Jpaer:

%

1 1 1

.(CM., nanpamep, Maakon, Hcancaerne KorewHslx passocted, ra, 1,
& 11, Oaecca, 1911.)
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oTCIola:
C, = —-—--36Nk( ) 6,495,

HAH
C, -~=36R( ) .6,495.

h
BBOAUM 1OBYI0 BeamyuHy §=""-, WM TAK HA3LBACMYIO
XAPAKMEPUCTIUNECKYI) MEMNEPAmYPY, TOTAa

C,=T7,94-Cu (1) (365)

[Moayuyennana ¢oOpMyJsa BHPAKAET TAK HA3KIBAEMbIH 3AKOH
mpemeoell cmenexn Hebas. C, = 3R o3navyaer npelenbHOE 3Ha-

YeHHe yaeabHOH TeNJOTH.

[peoGpazyem Tenepn obmee Beipaxenue (362). BrelneM ge-
hy . Iy v
PEMEHHYIO 7o ==X IPH V==V, ;= NPEBPAIAETCH B o == .

Bpens 9TW B@IUYHHLI, MBI QAYYaeM:
B

T

E = ONKT (-5 ) [ 255 = ONET - F (T
0

MuTterpa/ MOXHO BHYHCAUTD I/ PA3AHUHbIX 3Haqeﬂﬂﬁ . Touno

TaK e W yJAeanpHas TeIJoTa, paBHad NpPOH3BOJHOH 0T E no 7,
BEIPA3HTCA BeJMUHMHOA 9NE, yMHOXEHHOH HA HEKOTOPYyH (yHK-

8
NHI0 OT o=; TaKk Kak 3Nk =(,  eCTh Npeie]bHOe 3HAYEHHE
VEEABHON TEIJIQTH, BHTEKAIIee u3 3aKkoHa [roaonra u iy, To

C,=C, . f(7): (366)

[Mpusosum Tabaunmy, cocranaedsyw [HeGaem jpas dyHxudu f.

T /6 T 0 T 6
3 ”{"T) 5 f(‘r‘) S f(“r)

- 1,000 { 0,8 0,926 | 0,20 0,369

4 0,997 { 0.7 0,904 | 0,15 0,213

3 0,994 | 0,6 0,872 | 0,10 0,0758
2 0,988 | 0.5 0,825 | 0,075 | 0,0328
1,5 0,978 | 0.4 0.745 | 0.050 | ©,00974
1,0 0,952 | 0.3 0,607 | 0,025 | 0,00122
0,9 0,941 0,25 0,503 | 0,000 | 0,0000
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Ha pucyske 40 noxa3aHo, HaCKOAbKO OJH3KO BHYHC/AEHHAN
KPUBasg CXOJHMTCA C HAOGAOACHHLIMH BEJHUHHAMH.

[lpoBepKa TEOPHH NPOH3BOAMTCH chelyiowlMM myreM. Onur-
HHe JAHHHE A1 KAKOro-au0o Tead npu PasHblX TeMlIepatypax
gHanocATCs Ha xpuBylo [leGas npu pasHmx 3Hauenuax 6. [lox-
bupaeTca Takoe 3Hadedue U a4 KaHHOrQ BELIeCTBA, NMPH KOTO-
POM TOUKH JOXKATCA BCEro JyHlle Ha KPHBYW. DTO HAHAEHHOE

f[ﬁ

X )

0.8F

C 6% — Anromuruit

- o Meds

04} » Cepedpo

02

0 1 | | B S N | bmedd i I 1 i u
02 04 06 08 10 12 4% 7

Puc. 45,

3gagende 0 comocrapjasierca ¢ BHUHACHEHHLIME HENOCPEACTBEHRO

no ¢opmye:
] 1 v?nha &
81:9( - ) Z 9N,

3
L 2y

ey

TaK Kak 8= -—%, 10 |
, ONRY
65 — L L (367)
820 [ — + —5 | &8
§ (v‘;‘ + 57 )

B caeapyouel tradaune JaHo conocrasiaeHue 8, noayyeHHHX
¢ MOMOLBI0 KpHBOH Jle6ad, ¢ BHUKCIEHHLIMH 10 hopmyae (367).
Kak Buggo u3 Tabaullbl

¥ TIpUBEIEHHOH KPHBOH, TeO-

pas [ebas, HeCMOTpPSA HA pH-  Merana Hafﬂi’gﬂé‘e‘ B”;;‘:“GEH“
CKOBaHHOE [AONYINEHHE, Ka-

camieecs v, N4eT Xopomee -

Hi00paxeuue xola npouecca. Al 396 399
[anpHeflee pa3BUTHE STOH Cu 309 399
TeopuH HaHo . boprOoMm, KO- Ag 215 212
TOpLl pPaccMaTpHBAET HEIO- Pb 95 72

CpeaCcTBEHHO KOJ/ebaHHA B
OPOCTPAHCTBEHHOH peileTke, He Mpuberas K TEOPHHU KoJaeGaBHM
8 HempephBHOH CPene, U3 KOTOPOH ucxoiu/a [lebad.
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B nocaeanee spama (1942—1950 rr.) upod. B, B. Tapaco-
B8HM OHLTO CeNTaHO UHTEpecHOe paseHTHE Teopuu [ebad. B Ha-
HIeM H3/J0MEeHHH (CM, BHILE) MEH pacCcMaTpHBaJAH, clenyda [eGaro,
CHCTEMY CTOAYAX BOJH (ONEpPeUYHHX M NPOLOJbHHX) B TpeX-
MepHOM npocTpancTee. Tapacos paccMOoTpesa CayuaH, KOrAa
H3ydaeMmoe TeJO pacaafaeTrcs HA CUCTEMY CJOEB HJAH OTAEJIbHEIX
nenoyeK; TOraa 3agada MNPHBOIMTCS K ABYMEPHOH H OJZHOMEp-
HO. MH He MOXeM CeluaC H3JOXKHTE 3TO HHTepeCHoe HcCIe-
JoBauue noApoGHO H NOTOMY OTCHJIAEM YHTATENS K NOAJHHHUKY .
QAHAKO OCTAHOBUM BCE-TAKHM HAIlE BHHMAHHE HA TOM, KAK CBf-
SHIBAETCA 9TO HOBOE HCCJACLOBAHHE C PACCMOTPEHHOH HAMH TEO-
pueit Jebas.

Mu Bugenn (crp. 163), uTO 2HEPrHsA H3yYAEMOrc HaMH TeJA
b

T
TN\ x%dx
E = QNkT(T> afex—__'“i ,
H/H 6 (a)
il A bd
- XUax

YpaenpHas rensora nojsyuaercs audgepennuposanuem £ no 7.
Ha crpanune 116 muruposannofi pa6ote TapacoBa MH HMeeM
060011eHHOe BhIpakesne (a) gaa Ja00ro Yucjaa H3MEpPCHHI.
DHeprus £ B ynoMadyroift pabore o6o3naucna wuepes [/,
YHC/JAO H3IMEDPEHHH Yepe3 m, HTak:

Bm
o T
Tm xMdx
Uﬁl e 3mR Bg ‘/.et- ..._.. 1- (6)

0

[Moaarasa 8 ¢opmyne (6) m=3, Mu nonyuaem (a); 8, o3Ha-
4aeT, 4YTO XapaKTepucrHueckas Temmepatypa Oepercd AJs Tpex-
MepHOH cucteMul, [las yIeAbHHX TEIJOT HMeeM:

Om

:
Cmm3m(m+1)R(%—>mf'§g_f—l—m—3mR %
0
AL B
><<Tm> Om re

e —1

1 B.B. Tapacoas, Teopua Tefl10eMKOCTH UENHHX H CAOKHBIX CTPYK-
1yp, Myprar uduteckod xumuw, 1950, . XXIV, mum. 1, crp. 111--128;
TaM Xe AuTepaTypa Bonpoca.
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HJ/AH

Om 0
T

| - _ m 7 =1
C,=3m{m+1)R (B—f;*mf% — 3mR (g’}‘—) le g IJ . (B)

Ecap Mpl mosioxxum m=3, 10 noayuum ¢ysxkouwo Jlebas,
B mpameM H3/i0XeHHH BMECTO GyHkuuu (B) naHa dyuknusa Jebas

0
C,=C.f (7—) rpe (. —IpeaeqbHOe 3HAYEHHE YAEJLHOR Tell-

JIOTH, COOTBETCTByIOLIEE 3akoHy [waoHra u Iy,
[lpuy m=2 n m==1 u3 (6) u (B) MHE MOJTy4YaeM ypaBHeHHe
SHEPIHH N TEMAOCMKOCTH JJAA CJA0€B M Ieneii:

93;.
T TS S Py RS
by
5 .
(:1:61\3(—'{,31—)‘0“—&1&*313(?; [ .-—1]"1 (ty)

IDTH JaHHBIE OTHOCATCSA K CJOSM H OenaM 6e3 yuera BX B3aHMO-
AeficTBus, B pabore, Ha KOTOpYIO CAeMana CCHJIKA, YKA3blBASTCS,
KAK HagO YUUTHIBATH B3AUMOAEHCTBHS MEXAY CJAOSMY H IENAMH.



Fanasa socpMai

DJIEMEHTAPHbBIE OCHOBbl KBAHTOBOM CTATUCTHUKHU

§ 30. Buiron thyrkuuu pacnpenenenus depmu

B npenwigymieft raage Mbl BHAEJH, YTO TPYINHOCTH IPH 11pO-
BeIEHHH KJACCHYECKOH TEOPHH YyAeNbHBX TeIIOT OblM yCTpa-
HeHK THIOTE30H NPEePLIBHOTO, KBAHTOBOrO pacnpeleieHus 3Hep-
FHH, [PHYEM B&TUM DPEANOJOKEHKEM AONOJAHANUCh OOBYHLIE
KJaCCUYECKHE MNPHEMBl CTATHCTUKHM. B jganshefimeM paaBuTHe
KBaHTOBOW TeOpHH NpPHBEJO K TOMY, 4TO B CaMele OCHOBH CTa-
THCTHKH CTaJd BBOJAHTBH CPa3y OCHOBHHE IOJOXKEHHA KBaHTOBOM
TEOPHH. ITHM YCTPAHAETCA HEOOXOJHMOCTb B JaJjbHelmieM BBO-
JUTL B CaMBIE XOJ pacCyXIeHHH Kakde-au00 AOUOJJHEHAH,
TeopeTuueckn noayuaercs Gosee CTPOHHAA CTPYKTypa BCero
3MAHNA. |

Mb OCcTaHOBMM Halle BHUMaHHE Ipeie BCero Ha CTaTH-
ctTHke Pepmu-Ilupaxka, ¢ ycnexoMm NpPHMEHAEMOH B /€K~
TPOHROMH TeOpUH MeTals0B, B 310l 00.aacTd craructuka PepMu-
Jlupaxka ycTpaHseT LUPOTHBOPEUHE NPemHed TeOPHH 3JEKTPOHOB
¢ omblToM. Ona AaeT NPABHJALHBIN XOi yA€JLHOU TenJoTH B 38-
BECHMOCTHE OT TeMOepaTypn BOJH3H a6COJMIOTHOrO HYJA.

MEl yXé Buaenad B peJuayIlell riase, uTo YHCJAO YCTOHYH-
BHX CHCTEM BOJH B JIOO0OM Tene o6beMa & B HHTePBaJe CleKTpa ¥
U v dv BHpaxaercda udcioMm (355):

v2dv

Q324RQ‘_Z;?‘

MOXHO AW IPHMEHUTH STOT BHIBOA, AAHHHIHA aas xoseba-
TEJbHBIX I[IPOLECCOB, K NOCTYNAT@AbHEIM JABHKEHHAM 9JCKTPOHOB
B Merauaqae? OTBeT HA 9T0O AT BOJAHOBAYN MexaHuka. B camom
aeje, coorHomeiue ne Bpoiaa,

v
S

(368)

-
[
)

—ry—rry

h
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AT BO3MOXMHOCTL AI060MY ! 3HAYEHHIO UMNyJAbCA P = mu I
JBHKYIIETOCA 3JAEKTPOHA NOA0IPATE COOTBETCTBYIOLIEE 3HAUEHHE
YacTOTH v. ITO JAaeT BO3MJIXKHOCTB pAaCHpOCTPAHUTB MOACUET
YCTOAUMBHEIX CHCTEM BOJU HA YCTOHYHMBHE 3HAUEHHA HMIIYJALCA.
IlpuMeHesue 3akoHAa ne Dpoias npuBogHT HAC K TOMY, 4YTO
HMIYJABCH JBHXKYIIUXCA B9JIEKTPOHOB MOTyT OLITH HE Kakue
YrOAHO, 4 IS 3alaHHOrO WHTEPBAJa HMIOYJABCA p H P -+dp uX
OyJeT COBEpPIIeHHO ONPeeEHHOe UHCIO.

Muaue roBops, HMIOYJbC MOMXET HPUHHMATL TOJBKO OIpee-
JI@HHblE JUCKPETHHE 3HdYEeHUS,

Bcrapum Tenepp B BhpameHde (355) coorromenue (368),
ME NOAVUHM:

__Amhedy AnQptdp
va - o - e - Qp;

W LA eJIHHHULL O0beMa:

drpid .
AP — Q. (369)

3neck Q) — 4HCIO MUCKPETHIX COCTOAHMA HMIYJbCA B AHTEP-

Basc p U p+ dp Bupaxenue (369) MOXHO HCTOJIKOBATH CJ€-
AywomuM  ofpasoM: 4npidp ecrb o0beM chepuyeckoro clIos
B IPOCTPAHCTBE HMOyJabcoB (npocrpancrso ¢as), h*-— pasmep
sgdeiikd; Toraa me ~— YHCJIO AYEeK, NOMEeIAUHXCS B YKa3aH-
#oM Buime cdepuyeckom caoe. Pasmep sAuefiky A® ABJgETCH
XapAKTePHHM A/ KBAaHTOBOH CTATHCTHKH; B KJACCHUYECKOM Cra-
THCTHKE fA4eliKH HUYEeM He perJaMeHTHpOBaJuCh. [lajaplie wnier
Pa3BeTB/EHHE KBAHTOBOW CTATHCTHKH HA jBe BeTBH! PepMmi-
Jupaxa ¥ bose-Dinnireina,

- ‘[lepBas craTHcTHKa, NPUMEHsAEMaa K SJEKTPOHHOMY Trasy
8 MeTaalax, NIpHHuMaer, KpoMe toro, npuunun [layad, coraacHo
KOTOPOMY He MOMKeT GHITL JIBYX 5JEKTPOHOB, KOTOpLIE OH Ha-
XOJHJIMCh B OBMHAKOBHIX COCTOSHUAX; MOSTOMY KaKA0H sUehKe
¢$a30BOrO NMPOCTPAHCTBA MOMXKET COOTBETCTBORBATL HJH OAMH 3JEK-
TPOH, HJHX HH OLHCTO,

Crarucraka Do3e-2I#umrTefina 9T0r0 OrpainH4eHnsa HE 3JHAEeT,
KaK 5TO MH B AaJbHEHIIEM H yBHIHM,

Mul cKasaJH, 4TO cOrJacHo npaununy Ilayam xaxzoMmy co-
cTosIHUI0 (Kaxaoh siuefike OpoctpaHcTsa (ha3) MOKET CCOTBET-
CTBOBATH TOJBKO OAHH 3JEKTPOH, T. €. TOJABKO OJHH 3JEeKTPOH
MOeT ObiThb B COCTOSHHH, COOTBETCTBYIOIICM 3TOH siyeflke. 1O
NOJOKEHHEe HAZO HEeCKOJbKO paclidpHTh, €CJAH MBl COCTOfHUE

} Coorrowenue Ae Bpoidd MPHAOWUMO K MHKDOMHDY; RAd MAKPOCKOOH-
qeCKHX INS8HXEeHHH OHO He [aeT HHYMEro HOBOrY nO CPaBHEHHIO ¢ KAACCHYE-
«CXOH TecpHeh.
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BJEKTPOHA Oy 1eM XapaKTepH30BATh €10 TAK HA3BBACMEIM CHUHOM,
T. €. BpPamaTeJbHEIM ABHXEHHeM, 00yC/ACB/MBAIOLIUM €ro Mar-
HUTHHH MOMeHT. KBaHTOBas TEOpPHA NPEeRyCMAaTpPHBACT AJ14 dJeK-
TPOHA BO3MOMKHOCTL JBYX IMPOTHBOINOJOMXHLIX CHHHOB. C 3TOR
TOYKH 3peHus MOXeT OblTh YETHPE BAPHAHTA BMECTO [JBYX,
HMEIOIIHX MEeCTO B TOM CJAydae, KOrAa CNUHE HE YYHTHIBAIOTCH.
ITO paszauuyde CXeMaTHUECKH H300paxkeHO HA pUCYHKe 46.

B camom nene, 6e3 yuera CnuHA BO3MCKHHI TOJILKO jBa Ba-
PHAHTA: €CTh B JAHHOM COCTOAAHHH OMHH 3JEKTPOH HJH €r0 HeT.
[lpy yueTte cnuHA BO3MOMHBI CACAYIOUIHE BAPHAHTHL 10O OJHOMY
3JMEKTPOHY B AAHHOM COCTOAHHH C IPOTHBONOJOXHBIMH CIHHAMH,
ABd 3JEKTPOHA B JAHHOM COCTOSHHH, HO ¢ MPOTHBONOJOXHLIMH

ClIMHAMH, H, HAKOHEeI, OTCYyT-

be3 yyema C yuemom CTBUE 3MCKTPOHA (Bcero 4 pa-
cnuna cnuna pranta). Takum 06pasomM, NpH
yyeTe CcIiMHa YHCJAO BO3MOXK-

L* 1 % 1 lv HblX KOMOMHATUH Bo3pacTaes

B ABa paza, 170 OOWYHO OT-
Puc, 46. MeuyaeTcd B (OPMYJAX TeM,
4YTO BLIPAKEIHs, COCTAaBJIEH-

Heie 0e3 yuyera CIHHA, YMHOXAIOTCA Ha (PakTop g = 2.

BmecTo BhIpaxmeHwda HUMIyJbca B PopMe (369) mMOXHO BBeCTR
3
BeJMUHHY SHEpCHHM, MCXOAf W3 Toro, uto E =/

57— OTKyJa

! ]

=y

1,:5--

p— (Qm_)zEH H c!p:% (2’171)2 E  dE. BcraBassa 3TH BeJH-
ugHH B (369), noayvaem:
3 1
y=2 2m)” ES dE. (370)

Ecad Mu 6yaeM y4HTHBaTh COHH, TO AOJXKHE OyJeM BHpaxe-
Hue (370) yMHOXHTbL Ha g==2.

HMrak, B naTepBaJe sHeprun or £, go £, -+ dE mu nameem Q,
BOSMOXHBbIX COCTOSIHHH; AJ8 KaKOro-iub6o Apyroro HHTEpBaJfa
ot £, 10 E4+ dE noaydsm jgpyroe 4ucao Qg, KOTOpce Ha-
XOIUTCA nyTem aameHHl B dopmyJae (370) £, Ha £, u T. &,

OcTaHOBHM Halle BHHMAHHE HA KAakCGM-aub0 ONpeJeseHHOM
nHTEpBaJe, AJMf KOTOPOro nmeeM Q, cocrosnuii, CorjacHo npuH-
uuny Ilayad, B KaXAOM M3 5THX COCTOSHHH MOXET OHTH WJH
N0 OJHOMY SAEKTPOHY, MJIH B 9THX COCTOSHHUAX JEKTPOHOB HET.
HMTak, nycrs H3 (.i COCTOAHHH [V 33HATH 3JEKTPOHAMH, OCTAI0-
mHeca Q,— N, nycrhe. Tak Kax 3aHATHMH ¥ HE3AHSTHMH MO-
['YyT OKA3dTbCA pPAa3JHUHBIE BJAEMEHTH (), TO YHCJ0 CnocoboB,
KOTOPHIMH MOXET ObITh OCYILECTBJIEHO COCTOfIHNE, COCTOALIee
B TOM, 4TO uMeeTcs Q,— N, cBOOOAHLIX f4eeK W NV, 3aHATHIX,
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: Qs!
BHIDA3UTCA BEJAHUHHOMH N0, — N7 AHaJ0THUHBIE BHDAKEHHR

MOJYYHM JJfl APYTHX HHTEpBaJOB sHeprum or £, po E, -+ dE
H T I

Cynrast, 4TO pacupeie/eHHsl [0 OTAENbHHM HHTepBaJIaM
MEXK Y coﬁoﬁ HE3aBUCHMHE, Mhl AJd BEJHYHHH, IPONOPIHOHAAE
HOH BepoATHOCTH ! COCTOSIHMA AJst BCEX UHTEPBAAOB, B3ATHX

BMECTe, [NOJYIHM: 0
!
P= w0y (371}
Qs

Bea H BepoatHoctTaM. [lpn
eAHYHHE N (0 =N NPONOPIHOHAJLHLL BEp C P

HAXOXACHUH Haubosee BEPOATHOro pacnpepeteHns no Qop-
myJae (371) Hano uMerb B BHAY, YTO

YN, =N, (372)

e. YN, moaxa PaBHATbCA COMEMY UYHCIY 3JEKTPOHOB H,
KpoMe TOro:

Y NE, = E, (373}

T. €. 00Ian SHEprHa eCTh 3474aHHAa BEJAMYHHA.

Jag naxoxieHus HAW60./1€€ BEPOSATHOIO PACNPeNeNeHHs MH
BO3bMEM CHauyana jorapudM supamkenua (371), npeodpasyem
ero, Npueefs K BO3MOKHO 00J€ée NpPOCTOMY BLIPAXKEUHIO, H IPH-
paBHMBAEM HYJIO Bapuanuio 01 InP; nprueMm HecOXOAMMO HMETDL
B BHAY, YTO BapHaunu 8N, He ABJAAKTCA HE3UBUCUMBIMH; OHH
CBA34HBH YCJOBHEM, BLITEKAIIIMM M3 PABEHCTBA HYJIO BApHALWIl
oT BHpamenni (372) u (373).

Cocrapasiem InP; In P = -~ M[In Q! —In N —In(Q,~—N)I].

[IpecOpasyeM 1noJayuye€HHOE BHIpAXEHHE, MOJB3YACH HPHOJHKEH-
HOH ¢opmyaoft CTup/IuHTA: QS!meSe*_QS. B pesyabrare npe-
ofpazoBaHui HaKIEeM:

— Ny Os—Ns
In P == LNans_NﬂLng T

[lpy BapbHpOBaHHY HEOOXOAUMO HMeTh B BHAy, 4uTO 6Q,=0,
TAK KAK YHCJQ CTALHOHAPDHHX COCTOSHHH 3apanee ONpeme/eHo.
[Tocoe nekOTOpPHX npecOpascBanHi mogayyaeMm:

3In P=— Y|8N, ans‘“‘Ns = (374)

1 STR BeJHTHIIA, l'lpOl'[OP[[HOHﬂJIbH&H BEPOHTHDCTH, Ha3LIBAETCA HHOTILA
MEPMOCURAMURECKOIL BLDOHMHOCTHBIO.
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Nnpa caeldyrmux JTONOJHHTEJBRBIX VCJIOBHAX:
YN, =0 u Y EIN =0, (375)

Has naxomaendss HauboJee BEPOATHOTO pPACHPENEAEHHA MK
TAK Ke, KaK IPH HAXOXKACHUHA MAKCBEJAJOBCKOrO patupeneseHus,
KaKk HanboJee BEPOATHOTO B KJAACCHMYECKOH CTATHCTHKE, YMHO-
¥aeMm Bblpaxenus (375) Ha a u B H npubasageM K paBen-
ctBy (374). Ioayuaem:

N
VN, (ln o, +a+ BES) —0, (376)
HJAH HHAue:
b(—InP-4aY N+BY EN,)=0 (377)
Yeaosne (376) NMPHBOAUTCA K DABEHCTBY:
In Q—s“j\{'LN;:__d“—BE‘“
OTKY1a;
NS — — :.“r_ﬂs
Qs—Ns 7 ’
HJIH
e &
N.s‘ "'”” Eu+BE-S‘ + 1 - str (378)
rae
= ! C
F= (379)

ecTe Pynxyus Pepuu.

§ 31. HcroaxkoBaHue 3HaueHUH Ko3dhdhuueHTOB = B B
thyuknuu Pepmu

[Tpexxne 4yeM nNpPUCTYNHTBL K HCTOJKOBAHMIO 3HAYEHHH N0O-
CTOAHHHX B (yHKnuN PepMu, AEOOX0AHMO CHPATHTL BHHMAaHHE
Ha OAHY NapamgoKCaJbHYI OCOOEHHOCTBL NPOJAEJaHHOrQ HAMH Bh -
BO/Ja, KOTOPAas MPH DOBEPXHOCTHOM 3HAKOMCTBE MOXKET YCKOJB3-
HYTb OT Hu3yyamolero. Korza MH OOACYMTHBAEM pas3JWyHHE
Cnoco0Ll, KOTOPHIMH MOXKHO OCYLIECTBHTL pacnpeleneHue, Xa-
paxTepusywieecs TeM, 4To [V, 9JeKTPOHOB 00.134310T BO3IMOX-
HhIMY COCTOAHHAMH B yncae N, (M3 ¢Omero uncaa Q,), a B ocraro-
muxea Q; — N, BO3MOMHBIX COCTOAHHAX He HAXOANTCHA HH OAHOIO
S/JIEKTPOHA, Mbl CUHTAJMChL C BO3MOXHOCTBIO, 4TO 3TH N, MOryr
OHTL BHOpaHn H3 JIOGHX @, TO Xe OTHOCHTCA H K HEe3aHATRIM
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IMEKTPOHAMU COCTOSIHUAM Q,— N,. OLHAKO MBI [IpH 3TOM COBEp-
IIEHHO He CYHTANNCh C TAKUMH BO3IMOMXHOCTAMH, KA4K nepecra-
HOBKA 9JEKTPOHOB Mew Ay IV, 3aHATEIMH 3JIEKTPOHAMH AYECHAKAMH.
ITO — xapaxrepHaa OCOOeHIOCTL KBAHTOBOH CIATHCTHKH: 3JeK-
TPOHBl CYHUTAIOTCA aGCOMIOTHO HEPAITHUHMBIMH MEMKLY COOOH,
TAK YTO [BA COCTOAHHA, OTJWYAKIHEcHd TOJBKO TEM, HTO JBA
ACKTPOHA B ABYX 3AHATHX 3JEKTDOHAMH AYEHKAX HEPECTABACHH
Mex iy cofoil, TPUHUMAIOTCA 3a OJHO COCTOAHHE. |

Pa3yMHO HCTOJKOBATb STY OCOOEHHOCTL KBAUTOBOH CTATH-
CTHKH MOXHO TOJAbBKO TAK: B AAHHE X BOIHNpPOCAX Mepecra-
HOBKA 3/JeKTPOHOB MEXAY AYeHKAMH HE HI'PaeT CKOJIbKO-HHOYIb
3aMeTHOH pOJH. BHBOAHTE XK€ OTCIO4A C/ACACTBHE, KAaK 3TO jAe-
JAI0T SHTY3UACTEL COBPEMEHHOH KBAHTOBOH (DU3HKH, 4YTO 3JIEK-
TPOHBL a5COMIOTHO HEPAa3JU4UMBl APYT OT JApyra H 4TO 3TO
JOKA3aHO COBPeMEeHHQOH KBAHTOBOH TeOpued, 3HAUUT BIAJATH
B 06J1aCTL MeTapH3MKH B cMHC/JIe aHTUAWAJAeKTHKH. Boobuie He
MOXKET OHITh JABYX a0COJTHO HepasdJHUHMMHX OOBEKTOB; MOMKET
6MTb TOJMBLKO OJHO, YTO B LEJOM pslle BONPOCOB 5TH HECOMHEHHO
CYIIECTBYIONME PAa3JIHUHA MOTYT H He HMrpaTh CKOJLKO-HHOYIb
3aAMETHOH pPOJIH.

[MepexoguM TemephL K BHIACHEHHIO CMEIC/AA MOCTOAHHHX « H P
8 Pyuxkuuun Pepmu. Ypasuaeuue (377), ecad B HEM BHPAIHTb
A0rapudM BEePOSTHOCTH uepe3 BSHTPONUI0 S, MOXKHO HANHCaTh
B CJAAYIOUIEeM BHAL:
6{%-—«N—ﬁ50):0.

OTcroga cJaenyer, 4To

L, =
H
'!lz_ (c%:—)w, =B (381)

rpe uHgexce £, 2, N upu npOU3BOLHEIX O3HAYAIOT, YTO B BHI-
paxenud (380) Hamo cudrath 3HEpPru ¥ obdbeM wMeTanja Mo-
CTOAHHBLIMH, & B BolpaxeHuu (381) — 4HCAO 9MeKTPOHOB H 0ObEM
MeTaana. Temmeparypa W JaBjeHHE YCTAHABJIHBANOTCA W3 TEPMO-
IUHAMHUYECKOTO COOTHOIIEHHS:

Tds == de 4 pdo, (382)

roe mManue OYKBH OTHOCATCHA K €AWHANEG MACCH, 33 KOTOPYIO
MOMHO BuiBpaTh Maccy sjektpona. Toraa E,=Ne, @=No wu
S = Ns, orkyaa noaydaem:

dE,~—edN=Nde; d2 =0dN=Ndv;dS = sdN=Nds. (383)
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BerasJsst 9TH BeJHYHHE, YMHOXKEHHEE Ha N, B dopmyay (382)

T. €. B Qopmyay
NTds = Nde -} Np do,
MBl HAXOINHM:

TdS —sTdN=dE,—edN - pdQ — pw dN,
TdS =dE, 4 pd2—dN (e— Ts 4 pw),

HJAH

rae
e—Ts4po=g9g
ecTh TAK HA3LHIBAEMLIH mepmodunanmudeckuii nomenyuar, Yitax:
TdS=dE,+} pd2 —odN. (384)

OTcoza HaXoJHUM BeJHYHHH, BXogauiue B Bepamenue (380) u

(381), a uMeHHO:
0S i

(7)o, = T (386)

Berapasisa pupaxends (383) u (386) B ¢opmyan (380) u (381),
HOAyUAeM:
1

Bo=rr B a=— ;% (387)

kT

R

HTax, MH BLISICHHJH 3HaYeHHE NOCTOAHHHX B pyHkuun Pepmu.

§ 32. OcHoBHbie cBoficTBa yHKuHB Pepmu

Berapasa soipaxenwe aaa B no dopmyae (387) B BHpaxe-
gue gyuxndu Pepmuy, MH DOAYyYAEM:

1
f= —E . (388)
. ar+1
Broaum o603HaueHne e“=—}4-, oTkylla A=¢e " u —a=InA;
FOT /4
1 389
f=—F (389)
! &7
ki -+ 1
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£
, kT
[Tpeanoaoxum, uro A <& 1, Torma % > 1, B exnununei

B ¢opmyse (389) MoxHO npeHebGpeub; MBI [OJIYYHM:
£
f1=Ae kT:
T. € MH OpUIIAY K QyHKUMM pacnpeeneHds Maxceeasa, Or-
ciopa caeayer, 4ro npw A< | pyHxknus PepMu OepexoauT
B pyHkuuo Maxceeana., CaMo co6oit pazyMeercs, 4TO B 3TOM
npeijelbHOM cayvae @yskuus Pepmu He JpacT peayJbTaToB,
CKOJIbKO-HHOYAL OTAHYAIUXCS OT KJACCHUECKOH CTATHCTHKH.
Taxum o00O6pa3om, nHaunbosee XapaKTepHHE [Jad CTATHCTHKH
GepMu pe3yabTaTH MH NOJYYHJAH B TOM cayyae, xorga A 1.
ITCT KpHUTEPHHA HOCHT Ha3BaHue xpumepus 8uLpONCOeHUS. DJeK-
TPOHHLIH Ta3 B MeTaje npa COOMIOACIHH ITOTO yCJAQBUA HAZH~
BAETCHA BLIPONCOEHHM. [l BLIACHEHHA TOTO, B KAKHX HMEHHO
cryvagx MH noaydaeM A 3>1, "Ham uHeo0xofumo GoJjee ne-
TaJbHO O3HAKOMHTBCH C BHIAOM dyHKuuM Pepmu.

BostMem dyrxouio Pepmu B Buae f=

E H IOJO-
T+l
KUM, 410 A =1,

[lycte suweprusi £ Boapacraer ot 0. Korga sneprus 6iusxa
E

,q_--

K HyJI0, 3HaueHHe e'' GaH3Ko K epHHHIe, 84 OyLVvud pasgeneno
Ha A > 1, oo aaer jnpobb, MAAY0 NO CPABHEHHIO C € AMHMIEH,
)

1
[Mpn £ ==0 1 Manux 3naueHudx £, noxa "}-TEH MaJo IO cpaBHe-

HHIO C eJHAUNEH, (yWKNHg f NPAaKTHYECKH HHYEeM He OTJu-
yaerca oT eauHHMInL Ilo Mepe yseauuennis sdeprau £ MB MO-

XeM HaWTH TAaKOe 3HAueHHe sHepruu £, NpH KOTOpOM
£ |
T
e* =A, (390)
1
Toria f= -5 -

Ecan Mbl BHecem 3Hauenue A Bupaxenns (390) B dop-
Myay (389), To nonyunm Qynkuuio depmH B BHAE:

1 1
f==—=ar1- (391)

E
&,RT+1

Bo Bropom H3 Beipaxenuit (391) BBeseHa HOBAas nmepeMeHHasn 4,

E—E
CBA33HHAA C BHEPIHEH COOTHOLIEHHEM ¥ ==~ Ecan E Oy-
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AeT BO3pactaTh Zajblie, mpeBocxoida E, To ¢yukuws f Gyner
GrcTpPO yOBIBAThL, CTPEMACH ACHMIITOTHYECKH K HYJ10. XOX CIAQII-

HOH KpHBOH HA pucynxe 47 wusofpamxaeT u3MeHeHHe (QYHK-
ouu f B CBA3M C U3IMEHEHHEM sHepruu £,

Lasn Oonee HETaALHOTO M3y4eHRA X044 u3MeHeHus (VHK-

1
HHR f BOMH3M 3HAUEHMS f= —~ PACCMOTPHM NPOH3BOAHYIO MO X

ot eolpaxenus (391).

of e?
[IpouasomHasa —- = — AF e o0JaamaeT ¢1egyIonnM CBOH-

7
_-f,:i
£ E £
Puc. 47. Pac. 48.
af -
creoM. Ecuin MH YMHOXHM YHCJIHTENb U 3HAMEHATSND - HA €
TO NOJY4YHM:
of et e
ou [(e* 1) ™) (e

of
Mocnreanee BupaMxeHHe NOKA3HBAET, 4TO (PYHKUHA 3 - HE H3-

MEHSIeT CBOCTO 3HAYEHHS NMPH 3aMEHe H Ha -—u4, T. €, LPYTHMH

) E—E
ca0BaMH, QyHKIAA gﬁ—qemaﬂ byusxnua. Tak KaKk &=

kT °
0 "
TO 3TO NOKa3bLIBAET, qm,—(% Gyler u306paxaThca CHMMRTPHYHOH

————

KPHBOt MO OTrHOmEHHW F, yTo M H306pamend Ha pucydxe 47
NYHKTHPHON KpHso#h ',
CoCTaBHM Terephb BhHIpaXeHWe 1Jf NPOH3BOJHOH f mo E:

of _ of du __ et 1
PE = OudE (14" kT - (392)
of

1 Tak Kaxk 3HaK H—-DTpHuaTEHhHHﬁ, TO TTPABHABHO Gala0 Onl H306pA-

3UTb KPHEYIO (IYHKTHPHYIO) B BHAE 3ePKaALHOrQ H306PaXEHHA IO OTHOMIE-
HHIO K MJIOCKOCTH, npoxoasitedl uepe3 och abcumce. Jna SKOHOMHH MeCTa Ha

‘ of
pucyske H300PAKEHA KPHBAR ~— o .
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[TocMoTpHM, HeMy 6YAET paBEATLCH % npu E=E, Ilpu stoMm

d
3HAYEHUHU sHeprud u =0 u e“ =1 W, cJAeJOBaTEJbLHO, d’; AT}?T‘*
of

flcno, 4YTOo ®TO 3HadeHHe EY2R €CThb TaHreuc YyrJa HakJ/J0Ha

KacaTebHOll K KpuBoi f=o (£), npoBeJeHHoll B Touke FE=F.
Ilpexune Bcero scHo, uTO B 3TOH oOOJactu f yOmiBaeT, KpoMe
TOro, cnajanne GyAeT TeM Kpyde, ueM HHXe Temneparypa. [lpwu

d
a6CcoO/MOTHOM HyJI€ a—éz—-—oo T. €. KacaTeJbHas O6pasyeT mps-

MOA yroa ¢ oceio abcuuce. XoA KprBoH npu aGCOAIOTHOM HYyJe
H300pAuEeH CXEeMATHUECKH Ha PUCYHKE 48,

§ 33. Kpurtepuii BHIpOMACHHR
Mu Bugean (cm. dopmyay (370)), 41O

3 1
DroQ
Q=222 (om)” E dF;

panee, N,=Q.f, a ceepx Toro N+ IN, Tax kak Q, Bbpa-
KEHO uepe3d auddepesnuan dE, To CyMMy B BHpaxXeHHH LN,
MBEl MOJUKHEI 3aMeHHTh MHTerpasom, HMrtak:

2

3
=8 (2m)" [ E° fdE.
0

HMurterpupya 1o yactssM H 3ameuyas,, 4To GYHKUHA f npu E-— o0
CTPEMHUTCA .K HYJI0O KaK fokasaresbHas QyHKmHA, a4 npu £-—0
papHa exMHHNE, BCJAEJCTBHE Yero 4jeH ¢ MOACTAaHOBKOH 00pa-
HIaeTCd B HyJb, MH NOJAYYAEM:

N=Z52 (2m ){ fE ﬁ{ i%afb‘ dE . (393)
0 0

Mayuup xon ¢yHKIHH f, MH 6€3 Tpyja HaiiieMm cBfA3b A ¢ OJOT-
HOCTBIO, TeMIeparypod H MaCCOH B3JEKTpoHAa H TAKHM HOYTEM
CMOXEM OnpelesHTh, NPH KAKHX YCJOBHUAX SJEKTPOHHHHA raa

BHPOX/AA€TCs B YKa3aHHOM BHIIE CMHCIIE.
of

Tax xak a5

OnMU30CcTH K ofaactd £, TO NpHOAHKEHHO MOMXKHO CYHATATEH, HTO

——

2
B o6.aacTH, rae 5‘%:7&0, £ uMeer 3Havenne £, W NOTOMY MpH

HE DPAaBHO HYJIO0 TOJBKO B H&HDCPE,H.CTBEHHDﬁ
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3
BLIYMC/ICHHM HHTErpasa — ([:) MOXHO BHHECTH 3a 3HaK HHTe-
rpajsa. Torna Bbxpameune (393) nmpusumaer Buj:

_'Emm

£ 3 8
(2m ) f S dE =B (2m)* (E)7. (394)
0

N — Qﬂguu

JlBofiHAS TOACTAHOBKA, K4K Mbl BHAENH BRINE, paBHA HYJIWO,
a If;-—_-* 1, Tak KaK npu BepxHeM npefene f==0, a IPH HHXK-
HeM f=1. [laaee, no dopmyne (390) umeem:

L—inA wim E=kTInA. (305)
BeraBasem snauenune (395) B dopmyay (394) u, xpome TOro,

BBOJHM 0O0O03HAUEHHE N === o » /A€ #—UHCJIO 3JIEKTPOHOB B 1 cm,

Tornga:
3

(lﬂ A)g"”-.:.".. ank?® 1 - — 3 nh33 ' (396)

3
ang-2 7 (maT)?  4ng-2® (mkT)®

3
BenuuHHa ———— npejcTaBaseT coﬁoﬁ yucaoBo#t dakrop, He

4T:g2
urpalOufi cymecTsenHo# posau, Bompoc o Tom, 6ymer au A
60/bMIOH HJAH Man0il BeJWYHHOH 1NO cpaBHeHHiO ¢ eJHHHIeH,
pewaeTcd TeEM, KaKQB OyJeT BTOPOH MHOXHTENh, HMEHHO:.
nk®

- (397)
kmT)*

Taxum obpasoM, A 6yzxer TeM Qoablue, 4eM NJIOTHOCTh 7 60JBIIe
H YeM ME@HbUIe Maccad vacTull m H TeMmnepatypa 7.

Ecar MB nogcuutaeM 3HadcHue psupaxenus (397) mra ce-
pe6pa, cudTas, 4UTO Ha KaXJIBIH atom cepebpa NPHXOUUTCA WO
0JHOMY cBOOOAHOMY 3JEKTPOHY, TO 3HAYEHHE BupaxeHHs (397)
O6ynrer pas temoeparypw T =300° nopsaiaka 10° Taxum obpa-
30M, Jamxe [aA cpexHHux temnepatyp nopsixa 30°C anexTpoH-
HLIfi ra3 B cepebpe 6yAeT B COCTOAHHH BHPOXACHHSA. ITO 06b-
CHAeTCA MaJsoft Maccolt ssnexTpona, Hao6oport, ecaun Mul cae/aem
nojcyeT A OOBYHBIX I'a30B, TO AaXe NJ1A OU€Hb HH3KHX TeM-
nepatyp ycaosue A 1 we 6yner senosHero. TaxkuMm o6pasom,
B TEOPHH ra3oB CTaTHCTHKa PepMH HE JaeT HHYEro HOBOI'O H
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B TO X BPEMs OHAa JAET CYLIeCTBEHHO HOBOE, KAaK Mbl YBHIHM,
B 0014CTH 9JEKTPOHHOH TEOpHUH METANJIOB H HMEHHO MOTOMY,
4TO yKa3aHHOe yCJAOBME B 3TOM Cayuyae BHOoJAHAeTCA: A 1.

Yeaopue A 3>1 i 3JCKTPOHHOrO rasa MOXET ObiTh BHI-
NMOJHEeHO OpH CPABHHTEALHO OYEHb BHICOKOH TeMHepaType, eCiH
IMOTHOCTE OY€Hb BEAHKA, HANPUMEp, Y TAK Ha3hBaeMBX O€JHX
KapJMKOBHIX 3B€3[d, Y KOTOPHX IJOTHOCTh, €CTh BE€JAWYHHA NO-
paaka 50000 (r. e. 1 ca® wMeer Maccy B D0 x2). OmHako BO-
IPOC O HAAUYMM TAKHX BBHICOKMX IIOTHOCTEH HE MOXET CHH-
TAThbCA OKOHYATEJAbHO BBIACHEHHHIM, TAK KaK PacuCT NJIOTHOCTH,
TIIATE/LHO BHMNOJMHEHHHA ISt crnyTHUKa CHpHyca, HCXOAMT H3
npexuosoxenns, uto Cupuyc— 3Be€3Aa ABoinad. B TO e Bpema
eCThb JaHHbe, uytro cHcrema Cupuyca He ABOHHAas, a TPOHHAA.
Ecawu ato Tak, TO pacuers HaZo BechbMa CYLIECTBEHHHM 06pasoM
HCNpaBUTh. [{poMe TOro, pacueTnl OCHOBHIBAIOTCA HA KOJHUYECTBE
CBETA, HCIYCKAEMOTrO 9TOH Kap/aukoBoOil 3Be3noH. IlpucyrcrBne xe
BOJH3H KAPAHUKOBOH 3BE3JW JApyroil 3Be3jul FPOMajHOH ADKOCTH
MOXET JaTh BecCbMa OOJBINQH NPOHEHT OTPANKEHHOrO CBETA,
KOTOPKH NPHHEMAETCS 38 COGCTBEHHBI CBET KAPJAHKOBOU 3BE3/HL.
{lo 2710l npuuHHE BOOPOC O BO3MOMXHOCTH THTAHTCKHMX MJIOTHO-
cTed, DPUNHCHBAEMHX HEKOTOPHM 3Be3jlaM, elle TOAAeKUT
danbHelimeMy oOcaegoBannio. OaHako, HECOMHEHHO, UTO €CJH
OyzeT JOKAa3aHO HAJMHYHE TAKUX IJIOTHOCTEH, TO 3TO NOBACUET
K TOMY, 4TO B 3THX CJydasiX¥ 5JEKTPOHHHH rasd JO/KeH Haxo-
AUTLCSH B COCTOAHHH BHIPOXAEHH.

§ 34. INoacuer cpeaHell aIHepPruu CRBOGOAHOro JEKTPOHA
B MeTalie

Brpaxenua: N=2YN, u E,=EN,E, npu ycAOBHH, 4TO

3 1
Q=752 (2m)" E” dE

OPHHMMAIOT BHJA UHTETPAIOB:
3 1

) 31 3, 3
N=28 om)’ [E® fdE n E,="82 (2m)" [ E'fdE.
0 0

hB
(398)
BeoguM aas coxpalniends oGo3HaucHHe

3

3
eg (2m) @ ‘ -
h3 = —_— Cl
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Torpa Buipaxenus (398) DPpHHEMAIOT BUA:
3

N=—C[E" fdE w E,=—C [ E° FdE.  (399)
' 0 0

VIHTerpupys N0 wacTAM H 3aMeyasi, UTO WIEHH ¢ NOACTAHOBKOH

o6pallaTcsa B HYJb, TaK Kak f npn £ — 0O CTPEMUTCA ¥ HYJIIO

10 3aKOHY [I0Ka3aTe/JbHOH (QYHKUHH H DOTOMY yOHBaeT Oki-
3 5

- 2 2
crpee, ueM £ wm E , mo Oynem umers BMecto (399) caenyio-
IHE BHIPAXKEHHS:

'3 5
2 CfE Y wE =2l Y
Q 0
. E—E
Bsoaum Teneps BMecTo £ nmepeMeHBYIO U=-—pz, TOLAA
Of ypr_ OF 0u pr _ Of
oF UE =5y 5E 4E =5, au.

[Tepexoas x HOBOH mnepeMeHHOH, MBI 3aMe4aeMm, 4YTO BEPXHuH
npenes Tak M OCTAGTCA IIPEXKHHM, HTO XKEe KacaeTcs HHXHETrO,
TO npu E£=0

E

H=M="%7

a
OnpHaxo nPOH3BOJHAA -(% He paBHA HYJ/IO TOABKO BOIH3N =0

B Ipelenax #==:t-e, rfe ¢— Manasg BeJHUYHHA; NOSTOMY, €CJH

=m—0.)2_

E
Z7 1O aﬁco.JnoTH_c_)ﬁ BeJHUYHHE 3HAYUTENBHO OOJBIIE & TO — 0

MOIKHO 3aME@HHTL UEpPE3 — 00, & TOTAA BCe BHIYHC/JICHHS 3HAYH-
TeApHO ynpomaiorcs, [lpn 5THX ycaoBusX Bepaxerus (400)
NPUHKMAIOT BHI: |

i - ._.I'J)'._ + E_.
2 2 of 92 2 df

Hrax, Bhuncaenne pHpaxenuit (401) npHBOAMTCA K BHUMCIEHHIO
HHTErpaJa BHAA:

kT’
EmE(l +%u),

[ToMH#A, YTO u = MBI HaXOQJIHM:
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OTKyja:

Ef=(E)|1 —l—n( )u.+ il ’("LT>*°” 0?2 +|

IloaToMmy i
_(EpE kT +p(p-~1) T\ Of 1o\
LI %o(7) 3 () it fan.

My OrpgHnyMBaE€MCHl BTOPHM UYJEHOM PAa3NOXEeHHS BBUAY TOrO,
4yTO 4YJaeHbl pAja OblcTpOo yO6uBaoT, Toraa uHrerpas / MOXKHO
u300pasuTh B CJACAVIOHNIEM BHAE:

_ fgp)p [no—kp(ﬁ )ul—f-P(P_U(E) u2+---], (403)

r/e
+ oo 6]’

—qau, 0= S

— — K

-+ =a
uwdu, u,=— f%u“’du. (404)

TakuMm 06pasoM, Bce €0 CBOAWTCS K BHUMC/CHHIO HHTE-
rpa.non Bupaxenuit (404). HUro xacaerca nepsoro MHTErpana, To

1, = [ f==-—1 Ha OoCHOBaHuH OGIHX cBolcTe hyHKmun [ (§ 32).

- d
Mvul Bupesn, yTo df —ueTHad ¢yuakmua (§ 32), orcwona u%—

eCTnr (PyHKIHA HeueTHdd, & TOrLa BBUAY TOrQ, YTO NpeAe
y nHac =00, u,=0. Ocraercg, C/Je40BATENbHO, BHIMUCAUTD
TOABKO IOCAENHRR H3 UHTErpajoB Bhipamenusa (404),

T 2 Of
dK KaK u° 5—-—YeTHAf dyHKnusa, TO Uy MOXHO TIpejcTa-
BHTh TakK:

OTCIOAA:
d 1 d —u — 2 —3u .
dtz(l-l"E"”)ﬂdu (l—e"+e"—e " +...)=
r_,;_e—u__HQE—Eu_'_Beﬂau;ﬁ_
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Hrak:

9 [ut b
e fu e ———— u:
2 g (et 1)y

=2 [ (uPe™"— Qute™ " 4 BuPe ™ m dute™ ¥ 4 || ) du.
0
BruHca¥M nepeHi H3 HETErpaoB:

o0 oo o

fuge—" dn = , — u¢ " - QI e tudn =

D 0 0
o0 L -] 2

_’—Que +2fe du=—3.
0 0
OcCTaJbHuE HHTETPaJIH IPHBOMATCA K TOABKO YTO BEYHC/IEHHOMY :

(]

20~Z 1 .
e de--—g;é—i?,

ﬁ[ -
[T

f?ue 2 Ay =

- 1 —
f?mze 3udu=—- 52 Z e e 12.2 2T A
0

32

Hrak: _
_ i

1 1 ]
mllgw?(la -'-2—2"-'—-37“;—-"4—2-”{-):4--1—2-.

BcraBaas HalimenHsle HAMH 3HAueHus u,, Uy, 4y B dop-
myay (403), Mu noayyaem:

/m%ﬁ[i_l_w—l)(?)zf +] (405)

1.2 E

Tenepp OCTAGTCA TOJNBKO MOACTABHTL BMECTO p 3HAUEHUA

3 ]
&~ M —-, TOTd MH NOJAYYHM COOTBEICTBYIOUIUE 3HAUEHHA WH-

Terpaia I AAs BHYHC/ICHHA Bmpamennﬁ (401):

V=B @1 +4 (]

@ [+ 4o ()
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[Tonaras, uto BTOpPHE wienn B CKOOKAX MNpeaCTaBJIAOT CO-
OOf BEJHUMHBLI MaJLE [0 CPABHEHHIO C €AMHHIEH, MBl MOJIYyYHM
AJST CpEAHEH SHEPTHH JJCKTPOHA:

=L S F L BTV A2 F 43 B
ENT S E[_1+ 2 (’"ﬁ-‘)]“ st v g T
H1H
;
ey =Ey+ 577 (406)
rie ;
o 2 2 R
T=g e (407)
Jjaa ynmesinHOR TEMJOTH, PACCYMTAHHOM JJA OXHOTO 3JEK-
TPOHA, HAXOJHM;
¢, =1T. (408)

Takum o6pasom, mo mepe upnbuamxkenns k I'=0 ¢, crpe-
MHTCA K HYJ10, DTHM YCTPAHARTCA TO MPOTHBOPEUYHE, KOTOPOE
HE@ yAa/oCh YCTPAHMWTE B KJACCHUECKOH TEOpHU BJCKTPOHOB,
FimMeHHO, €Or.IaCHO KJACCHYECKOH TEOPHH, HEPrHus SJEKTPOHA

oyner 12—57“, HAH 25 ] FPaMM-a1oMa aMeKTpOHOB E = -k TN =
oE Kxan

3 3
== 5-RT, a ype/bHas Tenora Co=j57 =5 R=3 e T &

ylejabHag Temsiora BTWOTHL AQ abco-
JIOTHOTO HVJA COXpaHsieT CBOe noCTo- ¢
STHHO® 3HAYEHHE, TOTAd KAK ONHT daeT
BEJUYHHY, CTPEMAILYIOCA K HYJIO.
310 Kak pas # jaer dopmy.aa (408),
paccudTaHHag no crarucruke depmu,
IHeprua Kak (YyHKUHS TeMIepaTyphl
H300paxeHa rpapuyeckd HA PHCYH-
ke 49, mpHueM cniomHag JHHHS H30-
O6paxaer H3MeHCHHe »9HepruH xkak O T
tbynxunn T 1o KJIaccuueckol reopuy, a Puc. 49.
NYyHKTYPHAA — N0 cratuctuke depwmu, |
Ecau BHUMCIATL 1O CTAaTHCTHKE @epMH TEILIONPOBOLHOCTH
METa/Ia K €ro 3JEKTPONPOBOAHOCTL, TO MOXHO ONpPENeNHuTh HX

OTHOUIEHHE {i JT0 OTHOLIEHHE OTJHUYAeTCs OT HaHJCHHOrO

HAMH TYTEM CAMBEIX 3JEMEHTapHHX paccyxaeHuit (rui. 1) TOALKO
3

UHC/IOBHM KO9(DGhHIHEHTOM, HMEHHO, BMeCTO Koa((HUHEHTa —,

MOJIYYEHHOr0 HaMH, H 2, HOJYYeHHOrO JIOPEHTHOM Ha OCHOBE
CTPOTHX pacyeToB, HPOBEIEHHMWX MO KAACCHYECKOR TEOpHM; CTa-
n3

3

THCTHKE PepMH maer 3HaueHue , KOTopoe O/Huke NOOXOLHT
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K TOMY, YTO HAIOT ONHTHHWE RaHHWE., BBuay T0Or0, UTO pacCyerH
OYeHh CJOMHHE ¥ JAJHHHB, MH He OyJeM HA HUX OCTAHABJH-
BaTbCA. Pacyer uyucaa s4eKTPOHOB, HCIyCKaeMblX HaKaJdeHHbLIM
TEA0M, TOUHO TaxK XKe NPUBOAUT K pPe3yabTaTy, MaJj0 4eM OTJIH-
HJAIOULEMYCH CT BHBOAOB KAACCHUYECKOH TEOpHH, BBHAY STOTO MEL
TaKXe He OyaeM Ha HeM OCTAHABJKBATHLCH.

§ 36. Cratuctuka bo3ze—DiiHmTeiina

Ecau pasc6paunas namu cratactuxa $epmu — [lupaka pas-
pemnJa IpOTHBOPEUHE, ¢ KOTOPHM CTOJKHY/IACL KJACCHUeCKad
TEOPHS 3JEKTPUHOB, H HMEHHO B Bonpoce 06 yaeaLHOH Temiore
METAJLIOB, TO B OGJACTH TEOPHH H3JyueHus, B 06.aCTH CTaTH-
cTHKH (porOHOB, Hanbosee NOAXOAAINEHR ABJINETCH CTATHCTHKA
Bosze — Ditamireitna. MH 1W3/10XKUM C IOMOINBIO STOH CTATHCTHKH
BLIBOJ, PACNPEIEAEHHS] SHEPrHU B CHEKTPe a6COMIOTHO HYEPHOTG
TeAa. ITO pacupeneente OO MOJAyueHO BUepBue [laankoM w
MOCTYXHIO0 HAYAJIOM YUeHHS O KBaHTax. MH ZaguM TOT BREIBOJ,
npexsoxenini bose, B KOTOPOM OBIJIO ZaHO TEPBOE H3IOKEHHE
9TOrC BapHanTa KBAHTOBOH CTATHCTHKH !,

Hcxoanth mbl 6yneM, KaKk M B cratacTnke depmu, U3 004~
C4eTa YMCJa yCTOHUHBBIX CUCTEM BOJH B HHTEPBaJe CIEKTPa OT v,

J0 v, + dv, T. €, OT BEeJHUYHHEI i:TQ vidv (§ 29, ypasuenue (353)).

CKOpOCTL ¥ MHI 3JeCh 3aMEeHHJH CKODOCTBIO CBETA ¢, TAK KaK
GOTOHH ABHKYTCH CO CKOPOCTHIO cBeTa. [lanee, Tak Kak peup
HIEeT O nonepeuHblX BOJHAX, TO N0 KaXAOMY H3 BO3MOMKHHX
HANPABJCHHH PacnpoCTpaHeHHsl Kosebanua MoryT OulTh Pasani-
HeM oOpa3oM noJspu3oBadbl. Hauwboaee obwwmit caywalt cso-
AHUTCS K ABYM CHCTEMaM BOJH, [OJsPU30BaHHKX BO B3aHMHO
NepneHinKyAapHEiX NAOCKOCTAX. HMrak, Mu npumeM 3a 4ucJa0
yCTOHUMBBIX CHCTEM BOJH B MHTEpBa/e v, v, -} dv BeJHYHHY

SIQ‘VE ™
Qs=—7—. - (409)

Ecau B cratucreke depMH UHCIO 3JI€KTPOHOB N, COOTBET-
CTBOBABIUHX YCTOHYMBHIM COCTOSIHHAM @, AOKHO 6bA0 VIOBJE-
TBOPATh yCA0BUIO Ny <& @ (€CHH OTBIEYBCA OT ChyHAa), TO A4
craTHCTukH bose soamomuo N, > Q.. TMostomy kam ol suelike
3 uucaa (; MOXET COOTBETCTBOBATH MO HECKONBKY (OTOHOB.

OGosnauuM uepes p; HHCJO SUEEK B HHTepBaje v, v_ -+ dv, KO-

TOPHIM COOTBETCTBYET I (OTCHOB, TiAe i MOXETr OTh TOABKO
NeJAbIM YHC/AOM, B TOM HHCJIE H HYJEM.

1 3101 BHBOA 6o nanowen Bose B muceme kA, Ditnmreitny or 2.VII
1924 r. (nuceMo 6uiaO OnyGAHKOBAHO B Zeitschr. f. Phys.).
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Urak:
Q=pytpi+pr+...+p,
HJH ' ‘

2 P, = Q. (410)

raf

Yucao BO3ZMOXHEX COOCOG0B OCYILECTBHTE 3TO paciipefeJeHHe
O BCEeM HHTepBaJsM Q, Gyner:

o Qs!
P=1I R (411)

3nech, Kak W NpH BHBOJAE pacnpeneqends depMu, npepnona-
raercs, uTo pacnpezeneHde B KaXAO0M H3 HHTEpBAJOB HE 3aBH-
CHT OT pacmpefefieHHs BO BceX CcCenHnx Q.

Jlorapudmupyem Brpaxedue (411); B peayianTare noaydaem:

InP=YInQ!~Y¥ lnp (412)

3amenan Q! n p! mo dopmyse CTHPARHIA, HAXOXUM:
nP=Y QInQ— YQ,— XX p lnp +X¥¥p'. (413)
5 iy s r .

[MpuruMmas Bo BHHMauue dopMyay (410), noayuaem:

nP=3 QlnQ— XYY p lnp. (414)
¥ s r
Bepem papuanuio:
3In Pe==-—- Y} 8p’ (In pi 4 1) (415)
NpH CJIEAYVIOOIHX JOIOJMHHUTC/JABHEX YCJOBHAX:
YY ip]=0, (A)
Y'Y hvgrdp =0. (B)

[Mepeoe U3 8THX yC/JAOBHH BHpamaeT TY MHCAB, 4TO YHCAQ
YCTOMYHBHIX COCTOAHMA Q, u Y, Q, HEeH3MEHHO, BTOpOE J4eT

OCTORHCTBO SHeprud YN hvrpl=E,. Tak xax p’ecTsuucio

L

A4eeK $, KOTOPHM COOTBEeTCTBYyeT r (OTOHOB, UTO AJSA LOA-
CU€TA SHEPTMH ITUX (OTOHOB HAZO HHCAO p° YMHOKHTL 1A
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3HEPTHIO r (POTOHOB: rhv,, YwmHOXaem cooTHolleHue (A) Ha A,

1
H cooTHomeHune (B) na § U OPHKJALIBAEM K PABEHCTBY (415).
[TonyueHHOMY YPABHEHHIO MOMHO YJIOB/JETBOPHTb, NpPHHSB /A
BCeX KOa@muwenTos npH 3p’ ycaosue:
frvgr

1+1np! -+, + 555 =0, (416)

[TponsBoss ‘B 2ToM BHpaxesnuu noACTaHOBKY (14 A,) ==
= -—1In B,, ME HAXOJHM;

Inp’ =In BS——%EC :
HIH
rhv“.r
pi=Be °. (417)

Berasasasg Boipaxenue (417) B ¢dopmyay (410) m sameuas,
4TO TOAYYANIMACA PRA €CTb COBKHOREHHAN FEOMETPUUECKAsn
yOuBaiomias IPOrpeccHs, Mbl MPHXOAUM K BHBOLY:

1 _
Q,= B, — (418)

l—e .

Tenepn CCT@ETCH TOABKO NOLCUHTATH BEJHUHRY SBHEPrHH:

rhv r

T\ s R
E,=Y Y hvrp = Yhv B, Vre : (419
5 7r ' 5 F

a5 TOro 4ToOH NOACUHTATE BTOPYIO CyMMY B Bupaxenun (419),

A
Npexae BCEro 3aMeHseM B Hell —ﬁ—s yepes o, TOrAa CyMma IIpH-

MEeT BHJI:

Y re ", (420)

N 1
Jlasee 3ameuaem, 4TO Ze"'”:ﬁm, OTKyAa Zudepenin-

i
POBALHEM IO ¢« HAXOIHM.

d © —ra . __\" o *_d 1 . g— o
i = e

CpasuuBan ¢ ¢opmyno#t (420), HaxoonM:

E re~"™ = e’

(=)
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BcraBasa majsee 8Ty BeAMUHHY B Bupaxenne (419) n 3amenss
B, yepea @, cornacHo Qopmyne (418), MH HaXOLUM: 5

E,= Qs . (421)

hvs

ea—~1

Jta opmysa gaer HaM CNEKTPaAbHOE paclpeielieHve sHep-
run E,. TakuM XKe nyTeM, KdK U B C/Iy4Yae CTATHCTHKH depmH,
MH HaxoiuM, uto F= k7. 3amensas B dopmyae (421) Q, uepes
ero BHIpaKeHHe, HAXOAHM JJId HHTEpBaJa CHEKTPa 0T v KO

v dv BeJIHYHHY:
Bnhwadv
h_“_ >
(et —1)

E dv = (422)

T. €. opmyay [Mranxka. V3 dopmyanl (421) Mol BHAHM, YTO
B JaHHom chyudae (GyHKOHS pacnpejeneHus Oyner:

1 1
f=—m—=—— (423)
eB--l ekT-—-l

ATO U ecTh GyHryus pacnpedesenuss bose — Jinuwmeina
IPpH YCJAOBUM, UTO BDHEPrHA Boipamaerca uepes Av. HanbOonee
CYLECTBEHHOE OTJAHYHE OT pysxuuu PepmMu CBOIHTCA K 3HAKY
upu 1.

Ecar Av<g kT, dopmysa Ilranka nepexoauT B GopMyay
Pesen - [lxanca:

Edv = kTv:ab, (424)
BHIPAXKEHHYI0 B 4acTOTax; 3aMeHAs v depes -';— H OTCIO/A
[dv|=-—§2—[dl l, Haxodum OOLIYHOe BHpaxen#e 3aKoHa Pejesg—
JXKHHCA:

Edh= 3% kT dh. (425)

Mu ne 6yneM OCTAaHABJIMBATECA Ha TOM, KAKWM PELICHHAM
BOJIHOBOro ypaBbienusa LlpeiguHrepa cooTBETCTBYIOT CTATHCTHKH
bose — inmreiina 1 Pepmu — Nupaka. MoxkHO noka3zate, 4TO
coCTOsIHMA, H306paKaeMple CUMMETPHYHBIMA (QYHKLHAMH, COOT-
BeTCTBYIOT cTarucTuke bole — diumrelina, a cocrosuus, n3obpa-
XKaeMele AaHTHCHMMETPHYHEMH ! (hyHKUHSMH, COOTBETCTBYIOT CTa-

1 Ecau B Haweil CHCTeMe TNpPH MNEpeCTAHOBKE HBYX WYACTAI BeAHYHHA
GYHKUHKH He M3MeHsAeTCA, TO Mbl HMeeM [EeJO € CHMMETDHUHOH (yHKUNEH.
Ecad npH 5TOM H3MEHAETCH 3HAK, TO (yukunsa 6yleT acHMMETPHUYHOH.
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THCTHKEe PepMu — Jupaka, 0 yTo o0a 3TH THIA PEIEHHUH BEAYT
K OTKasy OT HHAMBHAYAJAW3AINHH uacrum. Mo ne 6yjem roso-
pUTh 06 3TOM 316Ch IOTOMY, YTO BOIIPOC Kacaercs HCTOMAKOBaHHM
PacCMOTPEHHHX HAMH CJIYY4€B ¢ TOUKHW 3PEHHA BOJHOBOH Me-
X4aHUKH H [0 CYIIECTBY HE KACARTCH CaAMHMX HPHEMOB CTATH-
CTHKH KaK TakosBblX, Kpome TOro, kak Mu ViK€ TOBOPHJIH,
OTKa3 OT HHIMBUAYAJU3ATHMH waCTHL, MOXKHO pPACCMaTpPHBATHL
TOJBKO TaK, YTO B AAHHOH 00JiaCTH TEOPHH HHIHBWILYANH33aLHH
YACTHI, HE HPOSABIAETCA B KaKHX-AIu00 OCA3aTE/bHLIX pPE3VJh-
Tarax,




I'nana nengTad

TEOPUS PIOKTYALUNA

§ 36. ObGmue cooGpaxenus 0 UOKTyauusx

B 3amauax, penraeMuxX MeTOLOM KHHETHUECKOHW TeOpHH, KAK
OPAaBH/IO, OTEHICKHBAIOTCA CPEAHHE 3HAUCHHA YHCAA MOJEKYJI,
HAXOAMIUIUXCA B TOM HJAH HHOM OO0beMe, HJH OThICKHBAETCH
YHCJAO MOJEKYJ, 00/ga1aMHX CKOPOCThIO, Jexaled B oupeae-
JeHHuX npejenax. OAHAKO ACHO, UTQ [IPH HAJMUHA XaoTuye-
CKOTrO IBHXEHHS MOJIEKYyJ B ABYX OMAMHAKOBHIX O.IH3/J€XKALUHX
oObeMax He MO:xKeT OLITh B TOYHOCTH OJHHAKOBOIO YHCAA MO-
AekyJa. PaBHo, Kak B ABYyX rpynnoax MOJAEKY., CKOPOCTH KOTO-
PHIX JICKAT MEXAY 3aJallHEIMU NpeJeJaMu, He MOXKET ObLiTh B
TOYHOCTH OAHOTO H TOTO XE YHCJAA MOJEKYJI.

OpHaxKo [0 Mepe YCOBEPIIEHCTBOBAHUA METOLOB SKCIEPHUMEH-
TAABHOTO HCCJAeN0BAHHA UTOSABHJIACH OOTPeOHOCTE B HNOACUETE
HMEHHO STHX OTCTYIJICHHHA OT CpeIHHX BeJHYHH, KOTOPHIMH
O6HYHO npeHeOperaan. KjaccuyeckAM HpUMepoM MOAOGHBEIX
OTCTYILIEHHHA fABAAETCA TAK HA3LIBAEMOE OPOYHOBCHOEe Odsudce-
Aue. Meapyaillige YacTHYKH KAaKoro-anbo BellecTBa, CKaXeM,
KPACKH, B3BeUIGHHLIC B BOJAe, OOHApYXWBAIOT NOJL MHKPOCKONOM
HelpepLBHEE nBuxkedHd. TlyTeM CAOXKHHX M KpalHe OCTpOyM-
HEIX HCCAefOoBaHHH OBIIO AOKA3aHO, WTO STH JABHKEHHs 06nbic-
HAIOTCA yIapaMHd MOJIEKYJd XHAKOCTH, B KOTOPOH B3BCLIEHH
NAHHBIE YacTHOH. Yame Bcero Anaa 3TOH meau yoorpebasior
HeATYI0 Kpacky: ryMMmuryt (uwiam kamboxxa), KOTOpYw pa3s-
6aJaTHBAlIOT B Boje. [lpmixenune oO6BACHASTCH TEM, 4YTO YHCAO
yIAapOB MOJEKYJ O A3HHVIO YACTHIY C Pa8JHYHEIX CTOPOH 3TOH
WACTHIOH HENpepHBHO Medderca. HacTHua gsuxercs Tyjda, Kyna
B JAHHBI# MOMEHT HAUpasAeH #3OWTOK B wHCAE yaapsomuxcs
yacrual. Hanpasaeaude 5TO HeNMpepuIBHO MEHSAETCA, H MOTOMY 4a-
CTHYKH KaKyTCA JABHXyIuuMHCA 6e3 BCAKOro mnopsifka Ha-
noJobHe MOIIECK B poOe.

O TOM, 4TO 5TO IBHXKEHHE, OTKPHTOE AHIJAHACKHM OOTaHH-
KoM BpoyHOM, ROMKHO OHTH MOJEKYVJASPHOrO NMPOHCXOXKIEHHS,
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BHICKA3HBAJCH PAA YUEHHX B Hauajae BTOPOH NoJOBHHH XIX Beka
(Burep w K. A. Tumupsaszes). OxHako ¢TpOroe M0KA3aTeJNLCTBO
MOJEKYJAAPHOI'O NPOHCXOKACHHA 9TOTO ABHXEHHA ORJIO lpOBe-
peno yxe B nepeee roan XX Beka (A. Ditunmreilin, M. Cwmo-
ayxosckuii, XK. Ileppes v B. B. HMabun).

Besikde oreTyniesds OT cpefHero 3HAYEHHH, B YHCIE JH
YACTHI[, NPUXOTALIUXCSH HA JaHHbifi 06bEM, HIH B CKODOCTH
JBHIKEHHS, HJH B HANpaBJde€HUH JABHKECHHH, HOCAT Ha3BaHHEC
paoxmyayni, Mol yxe ¢ nonoOHbBIMH BOOpPOCaMH CTaJIKuBa-
JMCb, WMEHHO, KOTJa MH H3ydaJd Hau6GoJiee BEPOSITHOE pacape-
JEeJNIeHHe 4YacTun B AaHHOM O0npeMme.

[Nycts M uMeem N moaekya B HexoTOpoM obbeme V., Ecian
MBI NpeAnogaraeM, 4TQ MOJCKYJR B CpPeJHEM Pacnpeie/ifioTcH
PABHOMEDHO, TO AJIs YHCAA MOJEKYJ v, HAXQAAUUXCH B MaJoi
jone v Bcero o6bema V, Mb Hafijlem u3 5/1€MCHTAPHEX coobpa-
HKEHHR:

y== 4 (426)
> .
MH cTaBuM BOIPOC, KakoBa BEpPOATHOCTE W, UTO B XaHHOM
o6beMe v OYJET He v YacTHI, a Kakoe-AH00 4uCaA0 72z v. Mu
Hamwjad (cMm. cTp. 91) -
Wu="ﬂ"e_“ (427)
OpH YCJA0BHH, 410 v<¥ N. Dra (Qopmysna 0OLUHO MPUIHCHIBA-
aace M. CmoayxoBckOMy, OAHAKO, H3ydas TPYAB 3a0LITOrO
pycckoro teopetuka H. H. [luporosa, yaaznock ycrasHoBHTE,
YTo CooTHomedHue (427) O6wl10 ycrasoBJaeno [luporoBnm 3a
16 ner no CmO/IyXOBCKOro.

YpaBuenue (427) jaeTr HaM BEJIUUYHHY BEpOATHOCTH OTKJIO-
Henua (n-—v). [logcuntaem teneps cpennee (HanboJee BepoAT-
HOE) OTKJIOHEHHE ;1 OT CcpejHeTo uucaa v. Tak Kak orcrymnie-
HUE 71 OIHHAKOBO BEPOATHO B OOC CTOPOHH OT v, TO AJAfA HAH-

6osiee BEPOATHOTO OTKJAOHEHHWA HAno OpaTth S_V(n—vP
Onpe gessieM:

(n—v)? =X (n—v) W, =X n*W, =} 20vW, + v W,

Briuucaenus HaioT:

=0 flm= oo

T vy,
Z W =e"Y — =¢ e =1,
=0
Fwm 2 Hex o0 v 17 = oo n-'“'l
——'QVLHW = — 2 2!1--~-—V”=“—-2V22€ e
(n—l)!
n=( n=0 ={
= — %" e’ = — 2%,
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T3K KaK

S amr=6t
m—1) —dv© -
f1e=0
Hanee:
QW — oY 2 Y ‘“.ﬁ(i’. YN
anﬂ_e ZI‘L al = € Vs vdvzn! _—
— d’ .vﬂ
=e X g,
¢ Jpyroft CTOPOHH:
-7 d d v —y d N o ¥ ¥ v
e rvaYo=e vve'=¢"v(e +ve)=v4 V.
Hrak:

(n—9)P ==y vV —292 - vl==y,
Taxkum o6pasom,

3=V (n—v)2 =Vy.

Cpennee OTHOCHTEJILHOE OTCTYIJIEHHE eCTh

5 Yy 1
v T -_V-V-.
UeM OoJplie 4YHCAQ v, TEM OTCTYIIEHHe MeHbIIe, [lycTs,
] 1
ganpumep, v=100, 8=10, Torma =g BCAR v== 10 €00,
G 100 1

8 =100, 10 — = {5506 = 100"

Brmpaszum Tenmeps W, uepes 9, ="—:'—v. Jlorapudmupyem Bul-
paxenue (427):
In W, =nlnv—yv—Inpl=nlnv—y— %ln 2rn—nlan+4n,
HIH

In W,=— 5 ln2mn+(@—v)+alny—~nnn=

= ——%-ln 2rn 4+ (H—v)—nln -.,':— .
[1peoGpasyem noc/ieaHHiA 4ieH:

—nlnZ= (1 + 27 =— [P 5 B L _]:

v v 2 V2
n—vy 1 (n—v)? n—v 1 (n—v)?
Y A ]
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Berasasem HalgeHHoe BHpaxkenue B in W

In W, = — & In 2xn 4 (n —v) —
n—wv 1 (n—v)2 n—v 1 (n—v)2] .
e [ | [ ],
In W, = M%In‘zwrz —%— (—n—:;—)g
Orkypa:
(n—)?
1 ~Tew :
W = ——F ! . 428
" v/ 2rn (428)
Beragasa 8 =""—, mmeem:
5?\1
W,=o-€ ° (429)

(3ameHseM n depe3 v, TaK KAK OT 3AMEHB [OJ KOPHEM IpH
VCJAOBHH, YTO 12 MaJ0 OTJHYAETCS OT v, H3MCHEHHE NOJIYUAeTCH
Masoe).

OcTaHOBUM Tenmepb HAIle BHUMAHHE HA TEX (DU3HUCCKHX
SIBAGHUAX, TAe HabgioaarTCa QJKTyanHH.

1. KaaccHueckuM OPHMEPOM, KaK MHE YXE€ TOBOPH/IH, fB-
aseTcsl 6POYHOBCKOE JBHXEHUE, IJTUM ABHXKCHUEM MH
3aiMeMCH Tpexjae BCero. '

2. OTCTYIIEHHSIMH OT DABHOMEPHOrO pacupefeenns ob6bsac-
gaeTcsa roay6ol nser Hefa H gBJeHHE TAK HA3LIBAEMOH oma-
JIECIIEHIIMH NPH KPHTHYECKOM COCTOSHHH, KOTAa Oaarofapsf TOH
e NpHuuHe, T. e. 6JArofaps OTCTYNJIEHHAM OT PAaBHOMEPHOTO
pacmpeleneHds 4aCTHN, CHA4AJ8 [PO3payHAR CPela CTaHOBHTCH
MYTHOH H3-38 HEOAHODOJHOCTH MOKa3aTeJs NPCJOMJICHHUS.

3. Jlanee, B HAWIUX paguonpuéopax QUIIOKTYyanHH CTAHOBATCA
3aMeTHwWMU Grarogapsd OrpoOMHOMY YCHJAEHHIO HEPABHOMEDHOCTH
[IOTOKOB ABHKYuIMXCA SJAeKkTpoHOB. Ilpejcrasum cebe npamMo-
JAupedHbI MeAHHN H30IHPOBAHHHHA mnposoA. Ecan K HeMy HE
NPHAIOKEHO HAUPsIKeHHe, TO MH B HEM He LO/UKHH HMEThb NO-
TOKa 9JeKTpoHoB. Ho 91eKTpOHH B MeTa/lle ABHXYTCA Xd0TH-
YeCKH, H B OTHAEJbHLEIE MOMEHTH B OTAEJbHHIX MECTaX BO3HH-
Kai0T TOKM BEChMa KPATKOBPEMEHHLIE, HAMPABJCHHHE B TY HJH
APYTYIO CTOPOHY. DTOT CAMOMPOHM3BOJIBHO BO3HHKWIHA TOK, BO
MHOTO pa3 YCH/JEHHEIH, BH3HBaeT B pajHoTetedoHe mMyM H
npeacrapaneT cofoii HeNPHATHYHO NOMEXY B pajgunome-
perauax Ha 60AbIIOE DPACCTOAHHE, TJE MO HEOOGXOAUMOCTH
rpebyercs GOJbIIOE YCHJICHHE.

4. Hakonen, B 4YyBCTBUTEJBHHX NPHOOPAX MajeHbKHE 3ep-
KaJ1d, BACAL(HE HA TOHKHX KBAapUeBHX HHTHAX, M TOHYAHIIHE
MPOBOJOYKM B CTPYHHHX TraJbBAHOMETPAX H 9AEKTPOMETpax
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COBEPINAIOT ABHXKEHHS, AHAJOTHYHEIE OPOYHOBCKHM H OO6YCJOB-
JeHHBe TOH XK€ MNPHUUHOH, T. €. yIapaM# MOJEKYJ OKpYyKalo-
mel cpegsl. DTO TAKXKC SBJAAEICA B HaCTOALIEE BPEMs yXe
3HayuTeJbHOH MOMEXO0OH B TEXHHKE H3MEPEHHH,

Mu nabuarogaeM yauBHTEeALHYIO KapTHHy. CosceM eme He-
JAaBHO TOJ BJHMSHHEM SMIHDHOKPHUTHUECKOH Jxe(pHI0CODHH
yacTh (PU3HKOB yTBEPXKAAAa, YTO MOJEKYJAR H ATOMH fABAAKTCA
NpasAHO# BELAYMKOH, 4TO OHH a6COMIOTHO HEJOCTYMHEL HAG.II0+
Aennio. Tenepb yacTb 6ypaxyasHnX (UBHKOB yAapusack B ApYy-
I'yI0 KpaiiHOCTb, yTBEpXJAafA, YTO TaK KaK MBl He MOMXeMm H30a-
BHTBCA OT ATOMHOMOJEKYJIAPHOTO CTpOE-

HHA MAaTeépHH, 4 CJAeL0BATEJIBHO, OT HO- C D

MeX, 06YCJOBACHIBIX yIaPAMH MOJEKYJ

B NPENE3UOHHEIX HK3MEpPHTEAbBHbIX IIpH- e

6opax, TO camulii (haxT CyIIECTBOBAHUS T‘*— _______
>

MOJIEKYJA najaraetr abCONIOTHHIA npenen
14 TOYHOCThL HaIef] HIMEPHTEeJbHOR TEX-
Huku! COBEPIIEHHO BEPHO, TOKA MHl €IIe £

HE HAMIJIH CPeACTB H36ABUTLCH OT BTHX —
nomex. HO MOXHO /M HaWly BpeMeH-
HYi0 Heyjayy npeBpamiarh B abcomoT-
HYI0 rpaHuny? Beas CKOJIBLKO BpeMeHH E F
CYHTAJNM, YTO CAMHIH (PakT CyHUIeCTBOBA- '

HHSI BOJH CBETA HaJjaraeT aGCOMIOTHHIM Pac. 50.
npenesa Ha yBeJ HUEHHE MHKPOCKONA, a

pa3pe 9JeKTPOHHLII MUKPOCKOI HE MepelarsyJ 3Ty TpaHumy?
M passe on He cnocobed eme X pgajbHeHIeMy PasBHTHIO?P
[Mouemy a10 mpousomio? IloTomy, YTO OTKPHITHE 3JAEKTPOHHLIE
BOJIHE OK43a/JHCh MHOTO KOpOYe€ CAMBIX KOPOTKHX CBETOBHX H
yabTpaduoaeToBux, Bes ucTopus (pU3NKH [OKA3HWBAET, YTO Ca-
Mble GOJABHIME OIMHOKH MPOHCTEKANT OT HONHTOK YCTAHOBHTEH
aGCOMIOTHLIE 'PAHHIH.

PaccmoTrpuM TeopHK OpPOYHOBCKHX JABHXeHHH.
HauneM ¢ s1eMEHTAPHOTO BhIBOA2 (hOpMY.iHl DHHINTElHA, BhIpa-
Kaollell cpesHee 3HaueHHEe KBAAPATa CMENIEHHS OpPOYHOBCKOH
YACTHIN 33 HEKOTOPHIT npoMexyTox sBpeMenu [, IIpemcraBum
ce6e HeOTpaHHUEHHYIO CPEAy, COCTOSILYK0 H3 BOAH, B KOTOpOH
B3BCIICHH OPOYHOBCKHE 4aCTHUH. [IveTh MIOTHOCTH, C KOTOPOR
pacnpejpefeHH 9TH 4YacTRLH, OYyAET oIMHAKOBA B TJIOCKOCTHX,
napamisenpiux £F, AB n CD (pue. 50), u mycre NJIOTHOCTB
paBHOMEPHO BO3pactaeT 1o HampasieHuio ofr CD x EF,

[TpeanoaoxuM, 4To Kaxjad n3 OPOYHOBCKHUX 4YacCTHIl B CPeX-
HeM B npouecce Anddysud nPOXOZHT NyTh x 33 Bpems 7,
[ycts Tosmuna caos CDAB 6yner x. Ecin mIOTHOCTE BO3pAa-
craeT pasaomepro or CD k EF, To B nepsoM npul/nKeHHE MOXHO
CYHTATh IOTHOCTL YacTHI B caoe ABCLD, paBHOH €3, COOTBET-
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cTBYIOIEH cpenube cixos ABCD. TakuMm ke o6pasoM roayyaem
LAOTHOCTB ¢y Add caoa EFAB.

Taxk kax nuddyans 4YacTHI, NPOHCXOIMT OJHHAKOBO B 0Ofe
CTOPOHH, TO JJA KOJHYECTBA YacTHL, npoxoismux or CD yge.

pes AB x EF 3a BpeMa f, MH NOJy4Yaem x%"‘-, a B ofparayio

cropouny otT EF k CD-—x—‘S—. TaxuM 006pa3oMm, KOJIMUECTBO Ya-
CTHI,, npomexmux 3a ppema [ uepes AB (ma uepremxe BHH3),
Gyner:

c2—4

x 2 .

Ho no obeunofi dopmye nuddysun, noararas xosddunaest
Juddys3un paBunM [), umeeM:

D24y

. X
[TpupapuuBad nBe HAWJEHHLIE BEJIHYHMHH )

% . ph—a 4
x 2 -""_D X »

HAXOMUM: .
X == 2D, (430)

t. e. dopMyny DiHmrelHa.

$opmyay (430) M noayuynam npoctefmuM nyteM. Ilepexo-
AUM Tenepb K 00Jee CTPOroMy BLIBOLY, NPEAJOKEHHOMY 3HA-
MeHUuTeIM QPaHuy3cKuM ¢usnkom [loaem Jlanxesenom. B suBoge
Jlanxesena npepnonaraeTcs, 4T0 GPOYHOBCKAA 4YACTHILA HMeeT
Iapoo6pasuyio (GopMy W YTO NPH JABHXKEHHH Ol MCOLITHIBAET
TAKOE XK€ COIPOTHBACHHE, KOTOPOE HCILITHIBAGT MENJIeHHO MBH-
KYUHACA map B BAAKOH XKHIKOCTH.

JTa CWJIa CONPOTHBJAEHHS A JABRXKYyIIerocd mapa Onlaa
sHyucaeHa CTOKCOM:

d
P=6ma o, (431)

rie n—xo9hpUuKeHT BHYTPEHHErO TPEHUS, @ — PAJUYC 1IAPa U
dx
~7 —— CKOpOCTh ABHXKyuIerocs mapa. Kak pas sra wacTb JOKa-

sareapcTsa Jlanxeseda Bri3nBaeT OoJbIIe BCEro BO3paKeHHil.
Mo Jlanxeseny, 3akos CTOKCA HOJXKEeH HMETh MECTO He TOABKO
NpH TOM ABHMXEHHH, KOTOpPOE HEHOCPEHC’PBEHHO BOCIHPHHUMAETCH,
HO U NMPH TEX YJIbTPAMHKPOCKONHYECKHX ME/IbYAHINNX 3BEHbSX
AeHCTBATELHOA TPAeKTOPHH [BHIKEHHS, KOTOPHE YCKOJALAM0T
or Hamero nHabuaiopenus, OgHakxo BHBOA JlaHKeBeHA MOMXKHO
0Jy4HTh H HHHM TYTEM, HE JeJas 9TOrO INPeLN0JOXKEHH.
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[ToaToMy MH cMe/0 MOXEM MOJK30BATLCH BHBOJOM JlaHxepeHna,
He 0nacasCh YKA3aHHOrO BHINE BO3paXKeHHA.

Y paBHEHHE JBHXCHHA 6poyHoacxoﬁ yacTuns OVAET HMEeTh
CIeAYIOWHUH BUA:

d
rnﬂ2+6n M —F. (432)

3aech mog F Hago pasyMerh nepesec B 00IMeM YHCIe YAapos
MOJIEKYJl CO CTOPOHB OKPYKAIOUIUX AAHHYIO WACTHLY MOJEKYI
B HANpPAB/JA&HHH OCH

Caeayer 3zech pasofpaTh OJHO 3arpyaHenne. [suxyman
cusa F oOyciioBaeHa HEpPaBEHCTBOM YAAPOB MOJIEKYJ O HAILy
mapoofpa3yyIo YAaCTHLY, HO B&Jb U CH/AA CONpoTHBAeHHA CTOKCA

dx
671‘7](1 TAKXEe COCTABJAAETCA M3 CTOJKHOBEHHUH MOJIEKYJ C Ha-

e mapooﬁpasaoﬁ vactuoesi. Jad
TOro utofsl sSICHEE MPeacTaBuTh cele i
pasanyHe 3TUX CHJA, o0parHmcs K cae- :
AYIOIEMY CpaBHEHHUIO. |
Ilyctb MBI CMOTPHM HA NOBEpPX- {
HOCTh DOKogimerocs Iuapa (v=0) ,
CO CTOPOHH NAJAIMHX KANEeJIb 10K A I
(npAMoro Tpm OTCYTCTBHM BETpa). |
|
|
|
|
:
t
|

— s — o — — ——— -
—— — ——— —— — —
—— e —————
e —a ——— ——

— —— —— o — — ——— —
A . —— ey . — ——

Huxorpa mapoobpasHas 10BEPXHOCTh
He OyaeT paBHOMEPHO NOKPHITA Ka-
nanMu  goxAada. HaduToOK xameib €
KakoH-1nb60 OOHOH CTOPORH OYIET -
y HAc #300paxars CHJY, HANpPaBJEH-
HYI0 B Kakyw-a1HO0 cropony. Ilpex- Puc. 5.
crapuM cele, YTO IIap JABHXKeTCd
€ HEeKoTopofi CKOPOCThIO v cJeBa Hanpaso (prc. D1). Toraa
SICHO, 4YTOo uIap OyAer MOePeXBAaTHBATHR ¢ NpaBOf CTOPOHH
GoJabllee YHCIO Kaneah, 4eM ¢ JeBoll (3fech NOBEPXHOCTh
mapa yaajasercd OT Kalejn). IT0 Zo6ABOYHOE UMCIO Kaledb
JOXAs ¥ OyaeT H3oOpaxaTbh 'HAM TO AONQJHHTENBHOE YHCJAQ
YAAPOB MOJIEKYJ, KOTOpPO€ BXOIWT B COCTAB CHJLL CONPOTHBIE-
nus CToKca, ITO CPaBHEHHE MOSCHAST, KAaK y/JAapH MOJEKyJ
MOIKHO pa3buThL HA ABE TPYIINH.

[TomuHoxuM ypaBhernue (432) Ha X H 3aMETHM, YTO

m d2 dx\2 L dix
5 IF (x)=m ("E) —[—m.x.‘—l-ﬁ

H, KpoMe TOro, 4ro xjx éé(x"), Torja ypaBHeHne (432)

e — — i — — — —— — — — o i s atn  am

]
i
i
1
|
!
|

— o ——t— o —

MOXHO npenc:’ranmb B CaAeaywimeM BHJEC:
m (2

?wuﬂ+Mw;Mﬂmm@ + Fx. (433)
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IpejuonoxuM, 9T0 y HAC UMeeTCs GOJBIIOE KOJHYECTBO
“4CTHIL OJMHAKOBOH MAaCCH #1 M OJHHAKOBOrO pajapuyca @. Ha-
MuieM JNJsi BCEX 9THX YACTHI, YDaBHEHHE, aHAJOTHYHOE ypas-
HEHRIO (433), CJI0XKHM BCE 9TH YPaBHEHHA W DPa3neNuM HA MHCIO
HacTAU. Torja Mbl DOJYYHM YDaBHEHHE, B KOTOpPOM OyAyT CO-
ACPXKATECA CPEeJHHE BEJHYHHH

az - " dx\? :
i () +Bma g () =m () + Fx. (34)

Tax xak ogMHaKOBHIE 3HAYEHHA F CO 3HAKOM “ILIIOC H CO
3HAKOM MHHYC OYAyT BCTPEUATBCH OAUHAKOBO wacto, 1o Fx=0.

dx
Nanee, ’”(Ei&‘) N0 3aKOHY PABHOMEPHOTO PACHPEAETEeHHS SHEp-

U JO/MKHO OniTh NPOTNOPIHOHAABHO CpEJHEeH 9HepPrHH ABHKE-
HUSl MOJEKYJ, TaK KAk ABHXEHHE 4YACTHIH INOJAYUYAeTCS B pe-
3Y/JAbTATE YJAPOB OKPYHKAINHUX €€ MOJEKYJ, B Mbl COOGCTBEHHO
HMEeeM CJy4ad cMecH OOHYHEIX MOJEKYJ H OuUE€Hb KPYIHHX
MOJIEKYJ1 (HAamg OPOYHOBCKHE 4YACTHIH), KOTOPHIE HAXOLATCH
MEWKAY cOO0f B TEIJOBOM PABHOBECHH.

¢ .2
HMrTak, cnenaB NOACTAHOBKY m(j—;) z%T H BBEIA HOBOE

d —
lepeMerHoe 2= (x?), Mbn Bmecro ypaBuenns (434) nomy-

UHUM:
T A3nmas =T (435)

HacTHHIM pEHIEHHEM 32TOTO YPaBHEHHS NS CTANHOHAPHOTO
CoCTOAHusA OyaeT:

RT 1

& == N W . (436)
Ofmee pemeHHe IOXYYHM, eCId K HaWJeHHOMY YacCTHOMY pe-
menuio npubasum oOmee pemerde ypasHerHs (435) 6es BroO-
POH 4acTl, T. e,

T s ¢
2,=Ce " . (437)

Ho rak xak Mbl MOXeM Bcerma noao6path TAKOE 3HAYMTEJb-
Hoe £, 4yToOnl &, CTaJ0 QYeHb MAJOH BEJIHYHHOH, TO, B KOHIE
KOHIIOB, MBl NOJYYdeM pelIeHHe:

_d 3 RT

Otciona, npu yc/ioBuH, yto npu £==0, x2 =0, MH HAXOLUM:
5 RT
F=gRT e, (439)
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Ho mas X2 Mbl yxe BMeqau Bupaxende (430); mostomy

RI 1 .
D == N bna (440)

Korma 2K. Tleppeny ypasochL IPOBEpHTH Ha onbire Gopmy.ay
(440) ¥ noayuyuts HAa OCHOBE H3MEPEHHA CMeNeHuH OPOYHOB-
CKHX 4acTdl, 4yacao Asoraapo N, TO MOXKHO CKa3dTh, YTO0 MO-
J@KyJaApHasT TeopHs OGPOYHOBCKHX [ABHXKEHHA Obla JOKa3aHa.

§ 37. BepodaTHOCTEL OnpejeeHHOro cmeleHus OpoyHOBCKOM
4aCTHUbI MpH PA3AHYHBIX YCJAOBHSX

A. Ecis mu 6yneMm o603HauaTh Ha4ya/JbHOE TOJIOKEHHe 4da-
CcTRlL npu =0 uepes x, H KOHEYHOe, cOycTs I CeKYHJA, 4e-
pe3 x, To Aaa OOJBIIOTO YHCAA QACTUIl MH OYyAeM HMeTh MO
dopmyae (430):

(x—x,)% =201,

CrpamuBaercs, KakoBa 6yneT BePOATHOCTh, 4TO YACTHLA, B MO-
MenT £ =0 HaxoAAWASACA B X,, K MOMEHTY [ OKaxXeTcsi The-
aubo Mexiny X u X+ df. 3 Toro, 4To Mbl 3HaEM O BHIpAXKE-
HUH BEPOATHOCTEH, eCTECTBEHHO MNPeANOJIOXHUTb, YTO HCKOMYIO
BEPOSITHOCTh MOXHO NPeNCTABHTb B CACIYIOUIEM BUIE:

Wix, x tydx= Be™* * " dx. (441)
Ilo obmemy CBOHCTBY BEPOATHOCTH MEl HMEEM:

-+ oo
f Be  “UT Vg (x —x) =1,

puary ..

OTKYyaa: _
. a c
B= % (442)
Hanee, npuauMas Bo BHUmadue dopmyay (430), noayunm:

+ oo

(x—X,)° = V—g— 5 T T e x ) d (x— Xo) = 2Dt,

HJIH

. o0

a 1 — ]
wi=) & 7= e T de =g, (443)

T. €.
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Berapasg nalinensnie HaMH BelpaXesus 1A B W « B ypasne-
HHe (441), Mbl HaxomuM:

1 (X — )3

m&'_ 40/ dx. (444)

[IpocThiM BHIUMCAEHHEM MOMXHO TIOKA3aTh, 4TO HalijgeHuas
uamu ysxnus W (x,, X, £) YIOBJIETBOPHET YPaBHEHHIO Juch-
by3uu

W(Xo, X, t) d.x:-"

oW A2
ot DH}:?'

B 9TOM HET HWYErO yIHBHTEJIBHOrO, TaK KAK NEepeMelieHue
YaCTHLBI U3 X, B 001aCTh, J€KAIIYIO MEXAY X H x - dx, ecTh
BEAb HE YTO WHOE, KAaK IH(PPY3UsT yacTHI, CKBO3b MOJEKYJIH,
B KOTOpOit OHH Haxogarcsa. Ecanm Mbl ymuoxum W, 1. e. Be-
POATHOCTL NEPEeMEIIEeHud H3 X, B X, HA YHUCJAQO BCeX Boobuie
yacrtui, HAXOZAHXCA B eauddue ob6nema BOJAM3M X, TO 3TO
npou3BeJeHHe JaCT HaM YHCJAO YACTHN, NPOIUEAUIMX 3a Bpems !
OyTh X —-X, (¢ TOUHOCTBIO A0 dx). ECAH 3T0 YHCIO YMHOXHM
Ha MAacCy 4acTHN, TO MOJAYYHM BHIDAXKEHHE JJif H3MeHEeHus
KOHILEHTPAlIVK B3BEIIeHHOIO BEINECTBA, T, €. MOJYYHM TY HMEHHO
BEJMYHHY, KOTOpas BXOJUT B OOHIYHOE ypaBHeHue auddyaun.
Taxum o6paszoM, HET HHYSIO YAHBATEJBHOTO, YTO BHPAKCHHE
(444) ynosaersopser OOLYHOMY YPABHEHHIO AH(PDY3IHH.

B. Tlepexogum Temepp K caesyimomeld sagaue. [TocMmoTpum,
KaK BhIDA3HTCA BEPOATHOCTE Hepexona 6DOYHOBCKOH YaCTHIH
M3 MOJIOXKEHHA X, B 00.4aCTL, JeXAIYI) B mpesenax OT X A0
X - dx, npy ycaOBHH, YTO HA YaCTHLY [deHCTBYET IOCTOSHHAR
cuaa P, noxa geicTBHEM KOTOPOH NPH HAJHYMH COIPOTHBJACHHA
Cpein YACTHIOA MBUXKETCA ¢ HOCTOSHHOH CKOPOCTBIO ©==7P.
Mbl nokaxewm, 4TO (hyHKIHSA

1 (x—xo—TPLp

—

W]_ (xo, X, t) B W e aDt (445)

KaK pa3 yAOBJETBOPAET TEM YCJOBHAM, KaKHM HOJIKHA Y/OBJE-
TBOPATL HCKOMAafl BeposiTHoCThL. [losoxHuM, uTo

Xy 4 YPt = xy; (446)

tToria Beipakende (445) mpuHHMaeT (GOpPMANLHO TOT Ke BHJ,
yro H BepaxenHe (444). Ecau ¢ nomouibio noayyesuolt dhysk-
[

UuM BHYMCAHMTH CpefHee CMemeHne, 10 X— X =0 u, creno-
BaTeJAbHO,
X — x, =YPL. (447)
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Dro MOKA3BIBAET, MTO CpejHee cMeuenHe GJuaarogapss OGpPOyHOB-
CKOMY ABHXKEHHIO OCTAeTCd NOOpPEeXKHEMY PaBHHM HYJIIO; HUKA-
KKX npeob/afaomux Hampas/cHu# ObITh HE MOXET.

Ho, xpoMe TOro, Ha 3r0 MOJACKYJADHOE JBHKEHHE HAKJIA-
IBBAETCS ABHMKEHHE, BRI3BAHHOE AeficTBHEM MOCTOAHHOH CuJan P,
JAI0Teli B CONPOTHBARIINEHCT Cpele ABHKEHHE C NOCTOSHHOH
CKOpOCThI0 v==7F. 3a BpeMsa { B BTOM ABHXKEHWM KaWKJAad Ua-
CTHLA NPOXOJHT nyTh of = yPf{. Beluncaasd cpenHee 3HAYEHHE

KBajapara xX—.xX,; Mbl HOJy4Yaem (x-—x;)§=2Dt. Bcerasaas cio-
Aa Bupaxenue (446), MBl HAXOZUM:
(x— X, —1P1)? = (x — x,)* + (YPE)? — 2 (x — x )yPt = 2DL,

[MpunuMasi BO BHHMaHHe cdopmyay (447), MH 110JyyaeM OKomya-
TeJABHO!

(x—x,2 = 2Dt + (1Pt (448)
( )

Taxnm oGpasoM, H 3JeCh TOJAYy4YaeTcA TOT PE3yJbTaT, KOTO-
pHHA MH H JONXHbH OBJH OXHIATH: HA KB3JAPAT CPEAHETO CMe-
meHuad B OpPOYHOBCKOM ABHMKEHHH, KOTOpDOE€ OCTaeTCA TaKHM

|Iq C| 1
p&L.ype (D +yPo)+ LD yPe)dx
B dx D
\ i
Puc. 52,

We, KAKAM OHJIO U paHbINE, HAKJAAABLIBAETCH KBAJpaT CMEINCHUA,
BEI3BAHHOTO fAeficTBHeM cuawl P, T. e. (YPf)E.

Herpynso mokasarh, uto GyHKnma (445) Oynet ynoBJIETBO-
paTs 006006U1eHHOMY ypaBHEeHHUIO Juddysun. [1ycTh Ha B3BeLICH-
HH¢ B JAHHOH cpeae yacTHUH AelicTByer cuaa P, coobwas HM
B 9TO# Ccpefe cKopocTh ¥ ==7F. Toraa KOJHYECTBO BEUIECTBA,
NPOXOJAllee B €AHHULY BPEMEHHM yepes rpass A8 (NJIowanbio
B 1 cu?), 6yzer 1Pc (puc. 52), rae ¢ — KOHIEHTPAILKA B3BEIIEH-
HHX YacTHW, T. €. yucao rpammos Ha 1 cam® Ecawm HA rpanu

AB rpaiueHT KOHIEHTPANHH DaBEH %%, To 00mu# NOTOK ua-

crui yepes AB 6yger — D%—g - 1Pc, a uepes NPOTHBONOJOXKHYIO

rpaub CD, maxomsmywcs or AB wHa paccTosHun dX, MOTOK
6yjaer paBes:

(—DgetPe)+ 55 (-—— DSE+1Pe) dx.
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Yeeaunyenne ofiwel Maccs 4acTan B obJacta ABCD 3a ean-
e .
HHOY BPEeMEHH, H.IH (&Fdx)’ HOJAKHO DPABHATHCA PA3HOCTH [O-

TOKOB uyepe3 AB u uepes CD,
[IpupaBHuBAs PAa3HOCTB IIOTOKOB BEJHUYHHE [ipHPOCTA MACCH

oc
38 CeKYH/y, T. @ BCJIHUHHE —; dx, U Aess OJYYEHHOE papBeH-

CTBO Ha dX, MH NoJyuaeMm 0600uenHoe ypasuenue duggysun:

oc 0% oc

O6o0weHnEM ypaBHenne OynerT HOTOMY, uTO HPH €ro BH-
BOAS MH NPEeAUOJarajH, YTO Ha KaXKAYI0 YacTHIY, YYACTBYIO-
myw B nponecce auddysum, gefictByer cuaa P, coobmanomasn
3TOH YACTHLE MNOCTOAHHYI CKOpocTh ¥ ==17P. HeTpylno noka-
3aTb HPOCTOH MOACTANOBKOH, Y10 ypaBHenue (449) yaoBaeTBo-
PHTCH, €cld ME BMECTO ¢ TMOACTaBHM Bhipaxenue (4495).

C. Pa3oOpasHble HAMH NpPHMEPH MOCJAYXAT AJA HAC B Kade-
CTBE BCNOMOTraTe/JbHLX MAHHEIX AJAf H3J0XKEHHd c/leayolel
3anauH, pemendoir M. CmosnyxosckuMm B 1913 romy. 3anmaua
CMOJYyXOBCKOrO COCTOUT B CJAEAYIOUEM: TPEOYETCA ONPEACIHTD
OPOYHOBCKOE JBHXEHHE YACTHIA, HA KOTOPYW JeHCTByeT
ynpyras cujaa (IponopnHOoBa/JbHAaA CMEMECHHIO X), CTPEMALLAsCS
HPHBECTH 8Ty YACTHIY K IOJOXKEHHIO paBHOBecHa Xx ==0(,

Korjaa sta 3anaya 6nuta pemeHa CMOJYXOBCKHM, OHA Kasa-
JIaCh COBEPIIEHHO He CBA3aHAOH ¢ KAKUMH-AU60 NPAKTHYECKHMH
3anayamu Gu3MKiA. OZHAKO yXKe OuyeHb CKOpPO CTand HAGAIATbL
ABJIEHHs, KOTOPHE NIPOTEKAT MOpPUd YCAOBHAX, YPE3BRIYAHHO
O0U3KUX K TeM, KaKHe HMEIT MeCcTO B 3agaue CMOJYXOBCKOTO.
Tak, ecin Mbl 6yieM B MHKPOCKON paccMAaTPHBATL CBOGOAHBHIN
KOHEI, TOHYAHINEH KBAPLEBOH HHTH, HNOJBEUIEHHOH B COCYAE,
H3 KOTOPOI'0 BHKA4aJM BO3AYX, TO B8TOT KoHen 6yxeT coBep-
mwarb 0pOyHOBCKHE HNBHXKEHHS TOJL HEACTBHEM YAApPOB MOJEKY.JI
OKPY2KAIOHLErQ Pa3pexenyoro so3Ayxda. Ec/H HHTB OTKJIOHEHA
OT BEPTHKAJAbHOIO MOJ0XKEHUA PABHOBECHS, TO Ha Hee, KaK Ha
MaATHUK, OyaeT B 0epBoM MNPHOIMKEHHH AeHCTBOBATL CHJAA,
NPONOPUHOHAIBHAS CMELLCHHIO M3 HOJOXKEHUS DPAaBHOBECHM, T, €.
yea0BHs OydyT Takue ke, Kak OPOYHOBCKOH YacTHIEL B 3aJa4e
CMoayxosckoro. Hrtak, Temeps Ha GpOYHOBCKYIO HacTHRy 6yuer
AeHCTBOBATL HE TMOCTOAHHAA CHJAA, KAK B INPEABAVIUEM MpH-
Mepe, a CHaa P = —a,X, NPONOPIMHOHAJLHAA CMEINeHHIO. BMe-
CT0 yP HaM OpHAETCA Tenephb NMOCTABHTH

— a,1X = — px. (450)



Ecnw Mpl BOCHOAB3yeMCS STHM BHIPAXKEHHUEM ' IIPH BHIBO/E
000061eHHOr0 ypaBHeHns Mudy3ud, TO MH NOJYYHM YypaB-
HeHHe: ' '

0 g2 0
== Do+ Bx 5=+ Be. (451)

3ro 6yner ypaBHeHue Auddy3uu g4 yacTui, Ha KOTOPHE fAei-
CTBYeT CHJA, IPONOPIHOHAJbHASA CMEIICHHI0 4YaCTHUH H3 ee
NOJOKEHNST PaBHOBECHS.

Qaunako Mbl, caegyd CMoayxosckomMy, He Oyxem pemarb
ypaBuennsa (451), a mocrapaeMcsd CBECTH DENIEHHE 3aJa4d K He-
KOTOPOMY MHTErpaJbHOMY YDaBHEHHIO, KOTOpoe Oyzem pellarhb
METOLOM nNoCAefoparetblinix upuOanxkenud, Ham Ttpebyerca
onpeeaurTs BEPOATHOCTE W, nepexoza 4acTHIH 3a BpeMs ¢ H3
M0JOXKeHHs X, B 06/acTh, JeXAIYK MeXLy X u X -+ dx npu
HAJMUYHH JAeHCTBHs CHIbl P =— ¢ X HA HAIHYIO 4aCTHLY.

ATOT IpoIecc mepexona 3a BpeMsa [ MH MOxeM cebe mpen-
ctapuTh pa3bHTHIM Ha ABe YAaCTH: NycTh 3a BpeMmdA § wacruuoa
nepexoiuT Hu3 X, B obsactk (2, o+ da), a 3a ocramouieecs
BpeMs t — 0 yacTuna nepeiiger u3 a B o6;aacts (X, x - d.x). Coep-
IIeHHO SCHO, YTO BOOOUIE NPOMEXKYTOUHOE MOJOKEHHE & MO-
KeT HAXOJUTHCA The YroiaHo Mexay —oo u -+ oo, [losTomy
BREPOATHOCTD LMEpPexXona OT X, K (X, X + dx) 3a Bpema £ PaBHO-
CAJBHO CYyMMe BepOATHOCTEH NEeJ0ro Psafa CJOXKHHX COOBTHH.
Kaxjgoe U3 S5THX CJAOXKHHX COOLITHH BHIpAXKAETCA NPOH3BEJE-
HHEM JBYX BEPOATHOCTEH: BEPOSTHOCTH MNepexona H3 X, B
o6aactb (2, & 4+ da) W BEPOATHUCTH HEPEXOAA H3 o B 006.,1aCTh
{(x, x+ dx). CymMma xe (MaH HHTETpAN) PacupoCTPaHsETCH HA
3HAYCHHA &, COOTBETCTBYIOIIHE BCEM BO3MOXHBIM NOJOMEHHAM
npoMeskyTouHoit o6aactn (o, « + da) B npegesax OT— oo
HO %,

Hrax:

gm0
Wy (5o %, £)dx= [ Wy (%, %,8) W,(a, x,t—6)dadx. (452)

[ 3 . ]

J1a pemeHMs MOCTAB/JICHHOH 3ajdayH MH CICAYIOIIUM 00pa-
30M HCrnoab3yeM ypaBHedue (492), [Ipewae Bcero Mu Bech
nHTepBas BpeMeHn ¢ pa3buBaeM Ha n MaJHX OPOMEXYTKOB T,
TaK 4TO:

= nr. (453)

ATH NPOMEXYTKH BPEMEHH t BHOpPAHB HACTOJILKO MAJBIMH, YTO
3a sTO BpeMfl CHAY P ==—0a,X MOXHO CYHTAThb NOCTOAHHOH,
¥ MOITOMY B KadecTBe PeIIeHHA MOXHO 6paTh Bbipamenne (445).
Nanee, B ypasrenuu (452) Mul B KadyecTBe OEpBOro mpub/nxe-
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Husi Oepem £=2t, a O w {9 Gepem pasubimm t. [Toayuns
Wy (xe X, 2¢), Mo orumem W, (x, x, 3t), noacrasus nox
3HaKoM uurerpana (452) W, (x, «, 2t) u W, (%, x, t). Hetpynuo
Cpasy XKe ONHAPYXKHTh 3AKOH COCTAB/JACHHA NOCJHeA0BATEeNbHBHIX
byuxnuin Wy (x,, x, 2t); Wy(x, x, 3t) # T. A, BclexcTede
Yero Mbl CMOXEM Cpasy HanucaTb BHpaweHue : W, (x,, X, nr),
uad Wy(x,, x, f), T. e. To, uT0 HaMm Tpebyercs.

Mcnoapsys A/s KaKIOro WHTEpBana BBUAY €O MAMOCTH pe-
meHue (440), MH IIOJy4aeMm:

(x—e + Puy)2
+ o . 4D
— (& — Ng+ pag)? &
’ .LQVM{ 2ynDx ™

[pexne Bcero Mb G6beZMHAEM MOKA3ATENH MEXIY COGOH H,
PacKphIBas CKOAKH, CORAUHSIeM BMECTE BCe YWICHH, COAEpXKALLNE a
(10 KOTOpPOH NPOHU3BOIHTCA HHTETPUPOBARHE), H YACHLI, CBOGOL-~
Hhe oT «. OTGpacHBadg TOKA 3HAK MHUHYC W 3HaMeHarean 4Dr,
MLl nOJydaeM:

a? 4 x2 (1 —fr)2— 2ax, (1 — pr) + x% 4
+ of (1 — fr)* — 202 (1 — Br) = a? {1 + (1 — B£)?] — 2 (x, +
+ x) (1 —fr) + X% - xF (1 —Br)%
(0 2 (1 — pr)?

llpnGasus u BBHYTE 0O ~— T—goy > DHoayHaem:
—ame. (Kt x (-2, x—x (1 — B2
[avTHa—pr— SR LR p o nl i (454

BoiBoast u3-moA 3nHaKa WHTETPAJNA BEJIUYUHE, HE 3ABUCAINME OT o,
BBO/ASI HOBOE [IePEMEHHOE

a V1411 — fr)2 .
War =3 (455)
H clejyoliee COKpamedHoe o603HAUeHKE:
(x+ xn) (1 . Bl —
Y141 — prf ’
Mbl TIOJy4yaeM:
W, (X X%, 27) =
1 ____[_-_’f_"‘—-xﬂ(l“‘ﬁ'tzlz 1 +o
4D7% [14+{1 — 3%)2] ¢ (2
= —— — e d E—8) ==
QVRDT 'l/l —f”(l‘—ﬁ’cjg']/ﬂ Jﬂ ( )
| le— (e
4D7 1+ (1 — 37)7]
; l_..f . (456)

T oVEDe VIt —poe
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B sTOM BHIpaMEHHH XapaxTepHO TO, UTO, XOTH OHO NpelcTa-
Basier coOOH BePOATHOCTL €PexX04a, BHUUCJSHHYIO AJA npoMe-
KyTKa 2t, Nepes T HUTAE He BXOAWT MHOMXKHUTEAb 2.

COBEpLIEHHO CXOAHHM NYTEeM IOJYy4aeM:

Wg (.?CO, X, 3:) —
[ — 2 (0 — B30 :

- 1 T DR LT — PR — P 1
2V Drr Vi (1 —fe)?+ (1— fryd (37

Orciona yxke ACeH 3aKOH COCTABJACHHS MOCIENOBATENbHHX NpPH-
Oammenuit pas W, rae 3t 6yAyT nocaeloBaTeNbHO 3aMEHAThCH
4r, 5t v 1. A. mo nr. IocsepHdit uien 3toro paga 6yaer HMeTh
BUJ:

Wﬂ (xﬂl x: nt) -
[ —xo 1 — gy |2
AD% [14(1 — fopi(l — P4, ..+ (1 — fe)2 2 — D X

. -

~ ayube ©
% 1

V14— (1 — o)t teen 4 (L g2 =D

3TO BHpaXeHHe MOXHO npeolpa3oBaTh, HMess B BHLY, UTO
T-— BEJMYHUHA OYEeHbL MaJgafd. Torpa

L {(— P}

(1—Be)r=(1—pr) " m=e P (459)

Touno tak ke

L (L =P+ (A=) . (=5 T V=

— ﬁ—i (~- 28n)

. (458)

— 3

__ (luﬁt)gfzml _(1-—[31:) 1_ 1 —e ‘
(1 = ﬁtjg —1 - ] — 2@”5 - (‘31}2 -1 - 23t . (460)

Berasaasa snipaxmenusa (459) m (460) B (opmyay (4358), mn
HaXOAHM:
5 : _ Bl me R
WE ('xﬂr Xy t) —= 21‘[[5 VW e i Lo g 2 » (461)'

3alimeMCa Tenepb BHBOJAMM, KAKHEe MOXKHO CAEJaTh H3 HO-
Jy4YeHHOrO0 HaMH BHIpaxeHusd BepoATHOCTH (461). Pacemorpum
LBa TnpeleJbHbIX Cay4as Bmpawxeuus (461).

1. TlycTs ¢t ouenb Masno; tToraa 1 —e™ ¥ —=1—1 4 28¢; dop-
Myjna (461) mpuHuMmaeT BHA:

1 A —
Wg (.’CO, .X.', t) s o m—— 4Df

2V 7t ’
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¥ MB BO3BpallaeMcd K HCXOJHCMY BhipaxeHHw (444), T. e.
K cayyary OPOYHOBCKOTO JABHXEHHSI B OTCYTCTBHH CHJA, 3TO H
DOHATHO: €CJH NPOMEXKYTOK BPEMEHH [ O4Ye€Hb MaJjJ, TO 3a 3TOT
KOPOTKHA NPOMEXYTOK BPEMEHHM CHJIA HE YCHOeeT CKasaThbCA Ha
JBHXEHHH 4YACTHUNH, H Yacruna 6yper ABHTATBCA MO BAHAHHEM
OLHKX TOJBKO MOJEKYJSipHBIX TOJYKOQB,
2. Tlycrs, H2000pOT, £ OUEHb BEJHKO; TOTJA BbiPaMKEHUE AN
BepoaTHOCTH (461) npunnMaer BuA:
LR
W (x5, )=} ghze” ™. (462)

B sTOM BHIpaXEHHH HHTEPECHO TO, YTO B HEM OTCYTCTBYeT Ha-
YaJbHOE MOJOXKEHHE 4aCTHOHR X, ITO YyKa3uBaeT Ha TO, 4TO
IpH OGOABIIOM HPOMEXYTKE BpPEeMEHH TO, YTO GBJIO I CeKYHI
Ha3ajx, MNOYTH He OCTABJFET CJACLOB, M II0 Mepe BO3pacTaHHa [
9TH CJaeJbl COBEPLIEHHO CTHPAIOTCH.

[TonyuyeHHOE BHIDAXKEHHE HHTEPECHO €INe B TOM OTHOIUEIHH,
4TQ OHO' A4eT HAM BO3MOMXHOCTL BHLIMHCJAHTDL BEPOATHOCTH NOBTO-
PEeHHS TOTO XK€ CaMOro MNOJOXEeHHA X, KOTOpOe YHACTHHA 3aHH-
MaJa B Haya/le NpoMexyTka BpemeHu f. B camoMm zene, ecan
Mbl B (popmyay (462) BeraBum Xy, TO OHa GyJeT BHIPANKAThL BE-
POATHOCTb TOTQ, WTO 32 BpeMms ! (OueHb GOJAbIIOE) YaCTHIA H3
HAYaNLHOIO MOJIOXKEHHA [OOoNajgaeT B MNOJQXKEHHE, Jexamee B
npenenax Or X A0 x,-+ dx; Mbe 6yleM HMETh:

—— _ P2
W, (2o, %o ) dx—=/ sEse P70 dx, (463)

Ecsn Haya/bHOE OTCTYIVIEHHE OT NMOJOMEHHSA DABHOBECHH X, OHLJIO
BEJHKO (BEAb NOJOKEHHE DABHOBECHS COOTBeTCTByeT X =0), TO
3Ta BEPOSATHOCTDb, T. €. BEDOATHOCTH BO3BPATA B IOJOXKEHHE X,
{c TounOCTEIO 10 dX), GyAeT OYEHb MaJa, HO OHA He Oy AeT HYJIEM.

ITOT pe3yabrar, noaydesHHH Cmoayxosckum B 1913 roay
H J0J0XKEeHHbI## ¥WM Ha KoHdepeHuHH ¢u3uxkor B ['erruHrene
B anpese 1913 rona, asasercs neproii yaayHoHi MOUBITKOH BH-
YUCJAHTh BEPOATHOCTE NOBTOPCHHA MAJI0 BEPOATHHX COOLITHI.
KaKk BHYHCIAIOTCH NPOMEKYTKM BPEMEHH, Yepe3 KOTODHE NOBTO-
PAIOTCA MAaJ/0 BEPOATHEIE COOHITHA, MH cefiyac yBuaum., OXHAKO
Ipex/Je BHACHAM, KAK BHYUCIAIOTCA C NOMOLIBIO BHIpaXe-
HHs (461) cpenHue cmemeHwus.

D. Hasa Toro urobm MOOAL3OBATHLCA BhIpaxeHnueMm (461) Jaa
BLIYHCJCHHS CPEOHHX 3HAYEHHH, BBOAHM A1 COKDAIIEHHUA Be-

AMYHHY
H.,..-— B 1 [
§ = "/QD g (464)
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torga opmyaa (461) npuuumaer aum:

, 1 — & (v e P -
W.,, (JCU, X, l‘) ar == —=x fe ax, (460)

[ T

Brigucaum cHayaaa cpeHee 3HAUEHHE BHPAKCHHS (x—x,e™)
VMmuoxas 370 BhpaxeHue Ha (465) m nHTerpupyda B npeneax
oT — 00 0 -} €O, MH 3aMedaeM, HUTO BBHAY TOTO, YTO NOAHH-
Terpaablas (YHKINSA —HeueTHas, HHTErpas 6yaeT paBeH HYJIO,
H ME TIOJIYYHM:

ar at

x-——‘xoew =0, WL X = X,e ", (466)

e BEN
BorancanM, jJadee, cpeinee auauenue (& —x,e ") [lonp-
3yACh TeM e BepaxenueM (465), Mm 0e3 Tpyaa HAXOZUM:

G=xe =t B (467)

Berapass ciona Beipaxende (464), MB H4XOAHM:

(x—x,0™" )2_1_.:;‘%’_ (1-——e ). (468)

Ecau £ — 0, To Mbl 110Jy4YaeM:

(X — )% == 201, (469)
Ecau we t—» 00, TO

.
rae &,=:t I/ —?—«

“DﬂquHHHE Pe3VALTATH 34CAYXKHBAOT HCKAIOUHTEABHOTI'O
pHEMAHus. [Ipexge BCETO, €CAY £ Ma.10, TO MH u3 GopMya (466)
MOJyuaeM X =X,; TO OOCTOSTENLCTBO, 4YTO CpenHee CMELeHHe
B GPOYHOBCKOM JBHIKEHUH PABHO HY/IIO, COOTRETCTBYeT 0O paTi-
MOMY XapakTepy Mexanu4eckoro AsHXeHMd. To xe camoe BH-
TEK4eT W A3 cooTHowenus (444), Ecam ke f He MaJ0, TO COOT-
HolIeHue X == X,e” '’ npejcTaBaseT co60of THIHYECKOE BHPAKE-
HHE OJsi HeoGpaTHMOTI O Nponecca, u npu f— o0 mnpepen-
HOE TMOJOXKeHHe NMPH Jio00M HAYANABHOM X, OyueT X ==0. Taxum
o6pasoM, dopmyaa (461) Brpakaer OLHOBPEMEHHO U O6paTUMBIE
IPOLECCH ¥ HX TOJAPHYIO TPOTHBONOAOXKHOCTL — NPOLECCH HE-
ofpatuMuie, JIpyruMH CJI0BAMH, HECKOJABKO HEYKJKOXKee N0 BUAY
BHpaxenue (461) apaneT cobolt B3auMHOE NPOHHKHOBEHHE NPO-
THBOMOJOXKHOCTEHH,
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To, 4yro M CeH4ac BLIACHH/IM HA BHIPAXKEHUAX CPEAHEro cMe-
I€HUH, MOXKHO IPOJEMOHCTPHPORATE HA KpuBOH H-pyHknup'
(puc. 36). Ecau mut nposeaem BO6AH3W Bepuiud A, B nan C au-
HUIO, HAPAJACABHYIO OCH abCIHCC, TO COBEpILIEHHO ACHO, YTO ML
OyleM HMEeTb CTOJBLKO X€ MMEpPEeX0J0B KPHBOH HAa 3TOH JUHHH
K GOABIIHM 3HA4YeHUsAM [, CKOJbKO OYAET nepexonoB TON XKe
KPUBOH K MEHBIIMM 3HAYEHHAM, T. €. KpuBasg Oyler nepecexkarsb
NpAMYIO IEPEexXoja CTOJNLKO K€ Pas BBEPX, CKOJbKO pas OHA
nepexoinT BHH3. IJTO — XapPakTepHCTHKA QOPATHOTO SBJACHHA.
C nppyro#i cTOpOHH, €C/IH MH BO3bMEM TOUKY, JEKALLyIO HA Bep-
muHe Wil BOJH3H Hee, T. €. KaKylo-iu6o Touky BOJH3H A, B
u C, H MOKOXAEM AOCTATOUHO GONLINOH NPOMEKYTOK BPEMEHH 7,
TQO MbB HMEEeM OrPOMHYI0 BEDOATHOCTE CHYCTHThHCA TIO KPHBOH
K MUHUMAJBHOMY 3H3UeHHIO H;,, COOTBeTCTBYIOIEMY CTAIHO-
HAPHOMY COCTOAHHIO, DTOT CHYCK K ONPEae/€HHOMY KOHEUHOMY
COCTOSIIIMIO €CTh XapaKTepuCcTUKa Heobpatumoro nponecca, HMrak,
o0paTuMbBie U HeoOpaTHMBlE MPONECCH O0hEIHMHEHBl B TEOPHH
CMOAYyXOBCKOTO B ORHO €JHHOE IEJoe,

£. PaccmorpuMm Tenepp BhipaxkenHe A1 SHTPONHHM, COOTBET-
cTByOlLlee BoipaxeHnuio (462) Ha OCHOBe WABECTHOrO YXKe Ham
COOTHOMEHHUSA

S=Ek1In W- const.

Berapasa B HEre Beipaxkerue (462), M nosyuwaem:

£ %7 — const — - (—%—)2, (471)

S == const — 55

rze §,——cpeinHee cMeuleHHe, omnpenessiemoe dopuyaoit (470),
Ecau x 3HauuTeAbHO GoJabuie §,, TO SHTPONHA OyACT BO3PACTATD,
TdK KAK OpH O0JBLIOM HauyaJbLHOM CMEIIeNud X, ME Oy/ieM HMeThb
GOMLIIYIO BEPOSTHOCTD, YTO CMELLEHHEe YACTHILE TPACAH3HTCA K &,
Ho ecan x no.a6comoTHON BeaHduHe OyneT MeHbulie §,, TO Hau-
6oJsee BepPOATHHIM OYAET Nepexosn OT 3TOr0 3HAYCHHS, MEHbIIero
no abcoAOTHOA BeJHuHHe, yeM &, K BesuunHe E, xax Haubosee
BEPOSTHON; HO BTOT Nepexof OYIACT COOTBETCTBOBATE YMEHBHIE-
HHIO DHTPONHH, KAK 9TO SCHO BHTEKAaeT M3 Bupaxenus (471).

[TosTOMY TpHHOHO BO3PAaCTAHUA SHTPONHH HENL3 HOHHMATD
B a0COIOTHOM cMbic1e, M BooOdme TpuHIIUND BO3pacTaHuUA
AHTPONHH HAaL0 NOHMMATHL K&K YKa3aHHE HA TO,
YTO HNPOMCXOAHT B nogasiasiiomem OO0JbIIHHCTEE
caydyaes, HO He 0€3yCAOBHO BCETa.

To, o wem ceifiyac msaa peyb, MOKHQ HOKA3aTh HA SBJCHHH
TaKk HaspBaeMol cedumenmayun., ECIH MBI IOMECTHM B COCyIe
¢ MAOCKHM IHOM BOAY CO B3BELICHHLIMY B HEll OPOYHOBCKUMH

e e

1 pypxmua (461), nxzobpaxawulas nor0Menrne vacTiUse B 38BHCHMOCTH
OT BPEMEnH, HMeeT TOT ¥e Xapaktep, uTo I kpusBaa dyHkuui H.
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yacTHIlAMH (BCE OZHHAKQOBOTO paiMepa, YTO JOCTHI'AeTCH IIYTEM
WEHTPHDYTHPOBAHHA), TO MOCIE NPOROMIKHTEILHOIO BPEMEHH
YACTHIE pacnpeneyaioTcs ¢ NAOTHOCTBIO, H3MEHAMEHCA ¢ BH-
€OTO O I10KA3aTe/JbHOMY 3aKOHY. MOKHO MOACUHTATE CpepHee
cMeIUeHHe vaciuy, §, CUdTad 338 HyJ b CMELIeHUA HNOJ0XKEHHe
JACTHIL HA AHe. Ecay 66l MBI NOCTABHIH BONPOC, HPH KAKOM
NOJAOXKEIIMH YacTHl, Oy 14eT MAKCHMYM SHTPONHH, Mbl OJIYUHIH OH
eJHHCTBEHHLII OTBET: KOTJA BCEe YacTHIbl JexaT Hna MIHe,
QupHako HH B OJHOM CJydae ?TOrO He INoayyaercs; ANd ¢pen-
Hero CMEINEHNA MHl BCErJa uMeeM KoHedHoe suauenue §,. Takum
obpa3zom, nabaiogaeMoe BceTfa pacnpeae/enue ocaaka (6poy-
HOBCKIX YacTHI) YKa3bBAeT Ha OTCTYIJIEHHE OT 34KOHA MAaKCH-
MyMa 3HTDONHHU.

F. B saxmouenre pacCMOTPHM, KaK MOXHO I10/ICYUTATE Cpex-
HHH DPOMEXYTOK BPEMEHH, 4Yepe3 KOTODHE IIOBTOPSETCA TaKoe
MaJ10 BEpPOATHOE COOHTHC, KAK CMEIIeHHe YacTHILI Ha DBeJH-
YHHY X, 3UAYHTEABHO OTIMYAOILYKOCH OT HauQoJee BEPOATHOIO
OTKJOHERHS.

[Mycrs cMemende dYacTHOB U3 MOJAOKEHHS pPABHOBECHS Ha
BeJHUMHY X, LIOBTOPSETCH uepe3 NPOMEeXYTKH BPEMEHH (B cpel-
geM), pasgeie 7 nycTts Janee yactuua ocraercda BOAU3H X, IPH
KaXaI0M CBOEM I[OfIBACHHH B X, B TeuUeHHe NPOMEKYTKA Bpe-
mead Af (ouath B cpenueM). Torjla BepoATHOCTb mpelniBaHHA

, At
YacTHIK B o6JacTH, HaxojAmehcs BOIU3H X, Oyner ~ . Ho

TY K€ BEpPOATHOCTb MBl YK€ NOICYUHTAIH; 9TA BEPOATHOCTD BhI-
paxaeTrca ¢opmyaofi (463). CpaBuuBas 5TH JiBa BHIDAXKEHHS, MBI

HAXOOAHM:
R '__2% *3 At
2 —_ 472

Vznpe AX = (472)

—
Ec/ad MLl HAa OCHOBAHMHA COOTHOUIEHHSA X == X,€ f COCTABHUM

paBencTBo |Axj=x,e” "BAf u noaomum {— 0 (Tax Kax HaM
Hano OpaTth, Majbe NPOMEXKYTKH Af, B TCUEHHE KOTOPHIX 4aCTHLA
He 6yaet OTXOLHTL JAJAEKO OT X,), TO MBEL NOAYUHM: |Ax] = x ).
BeraBasa sto BoipaxenHe B ypaBHerHe (472) m pemast ero orT-
HocuTenbko 1, MBl HAXOJHM 8peMsl 8038pama, T. €. BEJAUHHY

—_— B .n
. i 2w D0 .
r=25V e (473)

dcno, wro IpH CKOJLKO-HHOYAbL 60JbLIMX 3HAUEHHAX X, BE-
anuuna T, oxasnBaeTc, NPHHHMAET OrpOMHLIE 3H4YEHHA, T. €.
6o/bIINE OTCTYIJAEHHS OT paBHOBecHA OyayT OY€Hb MaJjgo Be-
posTHbl. OJMHAKO 3TH BEepPOATHOCTH MOMKHO BCE-TaKH BHIMHCJHTB.
Brpaxenue (473) npeicranasier co60# nepeulfl rpyOuil NOAXOM
K BBIYHCJIEGHHUIO BPeMEHH BO3BpaTa. B LajpHEAIIEM MB YBHAHM,
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Kax CMOJYXOBCKOMY YJa40Ch YIOUHHTh CAMOe NOHATHE BpeMeHH
BO3BpATA, YKAa34Th Ha CIOCOOH €ro H3MepeHHs M Ha CIoCOOH
1IOJACYETa €ro B T€X CaAydasax, kKorga nad HabJaIeHHS AOCTa-
TOURO OOJBUIMX [POMEKYTKOB BPEMEGHH NPENATCTBHEM OKa3H-
BAeTCA B NepBYIO OYepeab MaJaif NMPONOIKHTEJNbBHOCTE YEJOBE-
YeCKOW KH3IHH.

§ 38. boaee TouHOe onpepeneHHe BPEeMEHH BO3BpaTa

[lepexoaum rtemepb K 6o/iee TOUHOMY ONpPEJEJEHHIO BPEMEHH
Bo3Bpara. Mol renepnr GyICM HCXOLHTh H3 APYroro, SxCHepH-
MEHTaJLHO 60.ee Jerko OcylecTsuMoro caydasd. MMenno, Mu
OyLeM MOJACYHTHIBATE B ONPEeACJICHHOA HACTH I0/1 3peHud
MHKDOCKOTIA YHCA0 OpOYHOBCKHX YacTdl. ITO Hucao Oyjer
KOJe6aThesl OKOJIO HEKOTOPOTO CpeaHero YHue/a v, NpHANMas pas-

B .
o I - I R
T7T
4 T li . T ] T 1 1 T 1 H
12345678870 171513711516
Puc. 53.

JIUYHBIE 3HA4YEHHs 7. Mhbl yxke Bure/H, kak B pa6ore 1904 ropa
(§ 16, popmyaa (201)) CMoayxoBckuii® gan METOA NOACYLTA BE-
POATHOCTH TOTO HJM HHOTO OTCTYNJIEHHA YHCJIA B OT CPEIHEro v.
Ho stor nogcyer paer TOJALKO BEpPOSATHOCTb TOTQ HWJIH HHOTO
OTCTYIVIEHHA M He AaeT BO3MOKHOCTH OQIPEIeJHTH IPOMEXYTOK
BpeMeHH (cpemHdil), OTJeJsIOUMi JApyr OT APyra srd ABa NO-
CAeN0BATE/IbHBlE MOABAeHHS udcaa #. JJf pemeHds TAKOro BO-
llpoca AAHHYIO 344a4y HAA0 NpPOAaHA/JIH3HPOBATL raybxe,

[Tycts Myl HaGII04a€M B MHKPOCKOIIE HEKOTOPOE 4HCI0 Gpoy-
HOBCKHX 4aCTHL B JAHHOM V4acTke INOAA 3PeHusl B TeUeHHe
IpOMEKYTKa BpeMmeHnd t. [lycTh, nanee, Bce moJe 3pedus MHKPO-
CKOIla 3aTEMHACTCH KAaKHM-JAHOO 33TBOPOM, 34TEM BHOBL MPOM3-
BOJNHTCA HAOIIONEHHE B TEUEHHE BPEMEHH T H T. M.

Cocrasum caenyomyio auarpammy. [lycTh paBHBe OTpeskH
Ha OcH abenHce (puc. 53) COOTBETCTBYIOT BpEMEHH HAGMIOAEHHS T,
OpAHHATH € MOKA3HBAKT 4YHC/Ia HalawjaeMbx 4acTHil. Toraa
n3o6paxeHHas Ha PUCYHKe 53 KpHBas HmeeT CIENYIOUHHE CMBICI.
B TeweHHe MepBOTO HHTepBaJia v MH Ha®Ji0faeM OAHY 4aCTHLY,

1 Mu yxe Bugean, Kak yiarocs ycradosurh B 1950 roay, 4To 310 COOT-
HoweHHe 6u10 BuiBeneno H. H. [Muporoemim 3a 16 get o CMOAyXOBCKOrO.

212



B TeYeHHe BTOPOTO H TPEeThera-— ABEe, B TE@UECHHE YETBEPTOro —
HH OAHOMH, B TEUEHHE NATOrO-—OAHY H T. A IlycTh, Jajee, Mu
NPOH3IBOLMAM HAOMIOJEHMA O4YeHb A0aro. Torna us Becero pana
gabaofernii MH MOXKeM 0T0OpaTh /V; TaKknxX HAGMIONEHHI, NPH
KOTOPHIX YHCJAO /1, CKAXKEM, 71 == 1, NOABJAJIOCH TOJBKO B Teye-
HHE OJHOTO 2JE€MEHTa BPEMEHH %, T, €, 10 9TOT0O NOABJIEHHS OJXHOH
9aCTHIB H HENOCPEACTBEIHO MOCAe Mbi HaGI10fa1l KAKOe-TO
Apyroe yucao n 3-1. . |

Ha mameit puarpamMe B uucao NV; 10MKHB BofiTH Habaone-
Hufl, COOTBETCTBYIOIIME CAEAYIOMUM HOMEpPAM HPOMEKYTKOB T:
I, 5, 12. Yepes N, mu GygeMm 0003HaWaTL YUCIO NOABICHHH
TOTO XK€ YHCJIA YacTHL (CKAXeM, OJHOH), HO B NPOAOJKEHHE
ABYX HHTEDPBA/JOB BPEMEHH t HoApsx. Jlaa umcaa uactunm, pas-
HOTO €IMHULE, MB HMEEeM HA QWarpamme TOJBLKO OJHH TAaKOH
cliy4yall, BMEHHO. IPOMEXYTKH HOMepos 9 u 10, _

Taxum oGpascm, N Gyger 0603HAYaTh 4KUCAO0 HaOHOLAEMBIX
YACTHL, 4 WHAEKC BHH3y Oyjaer 0603HauaTh UHCJIO0 IIPOMEKYTKOB
BPEMEHH ¥, B TEueHHE KOTOpPHX Gymer wabawogarnca unciao N
OpPH 9TOM STH NPOMEKYTKH T JOKHBL C/I€40BaTh §e3 [nepepHBa
OnuH 3a ApyruM. CXOojHble ke 0003HaueHusl MH NPHMeM I/
OPOMEXYTKOB M Mexny mossiaenuamu N wactuu, Tak, manpH-
Mep, Ha JnHarpamme (pHC. 53) B NPOMEMYTKE MeXAY ABYMs
NepBLIMU HOABJAEHHAMHU ORHOI YacTHUb! B MEPBOM H IISTOM HH-
TEPBAJAX, CYHTAA OT HAUAJA KOODPIAHHAT, UPOMEXKYTOK COCTON
H3 TPeX HHTEPBAJOB I, ITOT NPOMEKYTOK COCTOfJa K3 3¢, IO-
3TOMy IOJKEeH Ontb orHeced k rpymme M, u t. g Wrax, Mu
MOJYyYaeM [Ba PSJa YHCEN:

N;, N;, N, }

M, My M, ... (474)

BHUKHCAHM T€nepb, HCXO0AA H3 TOABKO YTO H3JOMEHHRX COO06-
PaxXeHHH, BEPOATHOCTL NOABJICHHSA 71 4ACTHI, T. €. TO,  9TO MH
yxe Hauid B § 16 (dpopmyaa (201)).

ITpoMEKYTOK BPeMCHYH, B TEUEHHE KOTOPOTO B JAHHOM YUACTKe
HOJIA 3pEHHA OHJIO /2 YACTHI, COTJIACHO NPEAbIAYIIEMY BBHIPAZHTCH
BEJIHUNHOH Nt += N2t 4 N, 3v, a o6masn mpogo/DKHTENBHOCTh
Ha0MIOAeHHA OYHeT paBHA HTOH XE BeJHUHHE TNJAIC CYyMMa:

er + Mggt + Mﬂ?ﬂ + .
Hrak: .
. Nyt o N2t - Ngde + ... L
W” Nt N2t N3t - M MR e M3ty L (475)
¥AH
1.
W, = —- Mx S Mydn - M3t . (476)

bt Nit |- Nl2v - N3e ...
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Hasee MH 6e3 Tpyaa COCTABJAAEM €LIE JABE CPEAHHE BeJH-
YHHH: CpeJHee BpeMf NnpeOnBaHHUA 7 YACTHIL B JAHHOM Yy4YacTKe
108 3peHusn
Nit - No2v 4 Nodt ...

N+ N+ Ny+-...

H. cpejgHee BpeMms BO3BpATa, T. €. CPEAHHH MPOMEXKYTOK MEKAY
ABYMs OOCAEHOBATE/ALHBIMH NOABACHUSMH 72 UACTHIL,

7=

(477)

Mt 4 My2+ —+ Mydz ...,

b= My 4 Mp+ Mg+ ...

(478)

Has panbHefimero HaMm NoHaaobHTCA elle oAHA BEJAHYHHA,
a4 HMEHHO, BepOITHOCTL, YBUILEB M YaCTHL, YBHAETL ONATH 7 ua-
CTHL, ¥ B caeayroleM xe uHTeppate t. COBEpPIIeHHO fCHO, YTO
HE 33 KaXXABIM MOABJAEHHEM 7 4acTHI, OyjaeT caeioBaTh NOABJE-
HHE TaxKe n vactuy,. [loaToMy BCe uucaa [V, A0MKHHE OHTL
BHIKHHYTH, TAK KAK B 3TOM CJAy4ae NpH OJHOKPATHOM MNOsBJe-
HHH 7 4acTHI( U J0 H II0C/e ATOTO IOoSB/AeHKA OyAeT HempeMeHHO
NOABJNATLCSA KAKO€-JMHO0 Apyroe 4uc/10 4acTum, /i3 ABYKpAaTHHX
HOABJEHHHA B CYET HAECT TOJABKO NEPBHIA HHTEpPBAJ, TaK KaK 38
BTOPLIM NOABJEHHEM YACTHIL VXKe C/JACAYCT Kakoe-JaH60 ,znpyroe
YHCJIO,

HMrax, BepOATHOCTD, YTO, VBHAEB / YACTHI, Mbl YBUJIUM B CJe-
AYIOWIMH HHTEpBaJ © TO Xe 4ucJao 1, T. €. BePOATHOCTL, 4TO

H3MeHeHHe yuC/aa yacTHy, OyAeT pPABHBIM HYJI0, BHIPABHTCA (bop
MYJOH

. N N2e 4 Ny3e 4.
Pn (0) — 1V21"¢ ”i"" NJQT —|— 1\}:”1 -l—« ) (479)

Orcrola noayyaeM:

L N Ny N
| =P (0) =y y 2:+m31 ’ (480)

MJIH, OPUHHOMAH BO BOHMaHHe BhipaxedHe (477), Mb HaXOAHM:
1 —P,0)= ——}f . (481)
JlaJsqee, 3aMeuaem, 4TO

NNy + Ny s M+ M, +M+..., (482

TAK KAK KOJHYECTBO MOsABAEHHH YHCIa /N paBHO (C TOYHOCTBIO
RO €AHHMILI) KOJNHUECTBY MPOMEKYTKOB, B TeueHHE KOTOPHX
IOABASAIOTCA APYTHE uHcAa, NMOA0OHO uncay 3y6uoB Ha rpebeHke
H YHCJIY NPOMEXYTKOB. Y MHOKHUB 1pobr B 3HameHatene (476)
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N4 Nyt Na .. |
H ’
HA Tt M, ., " UPMHHMER BO BHHMAHHE BLIPaXEHHS (477)

H (478), MB HAXOJUM:

1 — W .
W, = —5— nam g =- 7 *T. (483)

1
P4

Pasneqnns Tenepb Bhipamerue (483) Ha seipamenue (481), Mui
HaXOIOHM:

L 1 — Wﬂ y
By == V. T— P, ) - (484)

Mni noflyudM TakuM ©06pa3oM BblDaXKEHHE UJIA Cpeoneo spe-
MEHNL 8038pama; HO B INOJYUEHHOM BHIPAXEHHH HAM H3BECTHO
Toaeko W, (§ 16, dopmyaa (201)). Takum 00pas3oM, HaAM Npex-
CTOUT ellie HOBOJABHO CJ10KHAaA 3a4aya onpegennts £, (0). Mu ato
CAeJaeM, COCTaBHB cHauaaa Goaee obuue Bupaxkenus £, (14)
n P, (— k). DTH BHpaWEHHUsT HMEIOT CJAEAYVIOIMHA CMBICA: NYCThb
MH HalJ10/1aad 7 9acTan, Toraa P, (-4~ 2) BHpaxaer BePpOSTHOCTD,
49TO0 B CJIEAVIOUWHI HHTepPBaJ t© MB YBUIHM # -+ £ uactun, a
P, (— k) BolpaxaeT BepOATHOCThL TOSBAEHUS B CASAVIONIEM HH-
repBage n— £k gacruy. COCTABHB ATH BBEIDAXEHHA, Mbl B npe-
aexae paa k=0 nafizem ncxkomoe £, (0).

[MpencraBum cebe CJI0OH TOMMHHOH A, CoAepXKamui B3peuleH-
HEI€ YaCTHNB!, W IYCTh HA 3TOM CJO€ BHAEJEHA NOBEPXHOCTH S,
najf KOTopo# npeoussoiutcs HabGmomzende (puc. 54). Mu. BpiOu-
paeM h Tak, yTOOGLl A OH/IO 3HAYMTEABHO MEHbIUE pajuyca JS.
Torna MOXHO CKAa3aTh, YTQ WacTHHB OYAYT BXOAHTH ¥ BHIXOJHTL
TOJABKO uepes 06e MOBePXHOCTH S, T. €. Mb MOXeM npenedpedn
TéM UYHCJAOM HaCTHL, KOTOPHIE BHUALYT H3 [10JIg 3PEHUA, OCTABAACH
B TOM Xe& CJoe,

[TocMOTpHUM TE€Nephb, KAKHMH CHOCOOAMH MOMKET OCY LIECTRUTRCA
cobutre P, (- k). Tlpexpxe Bcero BO3MOXKHO, UTO HH OJHA H3
HMEIOMMXCA B [0/ 3DEHHA 1 4YaCTHH HEe BRHJZET H3 1oas 3pe-
HHA. OQ003HAUHM BepPOATHOCTbL BHIXOJAA4 UYHCJAA 4acTHl, PaBHOE
HyJi0, yepes A, Toraa B ca&AYIOUIEM HHTEPBAKE AOJKHBE BOATH
k£ gacTHn, OO003HAYMM BCPOATHOCTE BXOXAEHWH & uUaCTHIl 4ye-
pea E,. Tak xax sepoaTHocTu 4, 0 £, He3apucHMel, TO BEpPOAT-
HOCTE KOMOHHAIHY, UTO HH-OJHA YACTHI(A He BHILJIA H R 9acTHIL
BOWLJIO, BHPA3HTCH NpouaBejeHHEeM BepostHOocTell A,F,. Haree,
BO3MOXKHO, UTO BHUJAET OAHA YACTHUA H BoHmeT k-4 1 uacrum;
BEpPOSITHOCTE HTOTO BapHaHTa Bmpasurtcs AL, H T. 4. Beposar-
HOCTh P, (-+ &) BHIPA3uTCA CYMMOI:

. I 1
P+ &)= A, 4+ Afvia+ . o+ A= X A E . (485)

f=9
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TakuM xe nyreM cOoCTaBdsieM Bupaxenue naa P, (--k):

Pn (* k) = AkEn _f* fflk-t-lﬁﬂl + Ak* 25’2 + Tt ‘ArzEu -k E AI‘EE —
i-=k

(486)

tlycTe BepOATHOCKE BHIXOAA OHOH YACTHOL H3 pPACCMATPHBAE-
MOro c10oa Oyaet P, TOrAa BEpOsTHOCTL BHXOMA { ONPEAEIEHHRX
MACTHI{ U HEBBIXOA3 OCTAJABHHIX #— i YACTHI BHIPA3UTCH uepes
P(1—P)"7', Ho uam rpebyercs 3HATH, CKOJBKO YACTHI, BOILIO
B CJA0H M CKOJBKO OCTAaJOCh B HEM, H [IDH 3TOM HEBAXHO, KAKHE
HMEHHO YacTHILl BOLLJIH M KaKue BBRIIIIH; MO3TOMY MH JOJIKHEI

NOACYes MI' @ €38 “£C. B Here_IBTUHBLG M A x1.0HA



. dx
Tocaenuss BepOATHOCTE PARHA = » TAK KaK BCE MOJNOXEHHS B
cnoe h paPHOBEPOATHHL [103TOMY MHl RAxX0auM:

dx = _

ShY =Dt | € D (. (489)

QAHAKO HaM HAAQ 3HATL BEPOATHOCTb BHIXOAE HACTHURI HE-
3aBHCHMO OT TOTO MECTA, KAKOE OHA 3AHHMMAJNA B CJI0€, IOYTOMY
MBl AOJIKHE HPOHHTErPHPOBATL BHpamenue (489) no x B mpe-
geqax or 0 po A. [MonydyeHRy10 BEJIHYHHY HAZO €ILE YMHOXKHTH
Ha 2, TaK KAk Mbl J0 CHX [OOp noJarai, uTO YACTHIA MOXKET
ABHTaThCA TOJALKO B OJHY CTOPOHY, & HA CAMOM JeJ/I€ OHAa MOXKET
BLIXOMMTH H3 CJOS TOAUMHE /2 B 00e cropoHH. Hrak:

R
h o 4Dt

P= [H (o do= e J’F(x) dx,  (490)
0 X

V=Dt sz“E

rage
(2 ‘z:’!

F(x) = fe__ Dy,

X

3atimemcs npeobpasopadneM dopmyanl (490), npuMersas MeTOL
HHTETPHPOBAHHSA TIO YACTAM:

LI [\ (X)) x — j XF' (x) dx.' —

h‘Vﬂ:Dt
_. n]/n[);[h,’ ed 41)de 4_J xe 4ntd.’€]-—
. X3
= '71}?2): h Je By aj‘; D B ROV
- BBoauM :‘EIIpr BO BTOPOM HH’i‘t;‘I‘pﬂJlQ B KA4eCTBE NepEeMeH-
HOH & = i ™ MOJAAEM - = f. Torpa BrHpaxenue
Ads P NpHHAMAET BHA:
. 3 ;
P = W; RV DtV = —2h Vﬁi{e" “du + 2Dt(1 -~ e‘"‘*ﬁ)j ,
(492)
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AJIH
3

2 -d 1 -.a
P=1——= e “dy+ —=(1--&") (493)
Vg By = )

B ofmem cayuae P, xak oro suaHO u3 dopmyasi (493),
ype3BuyaliHO CAOKHO, OpHaKO, ecal £ —s» = uau ecaud {— 0, 10
P spaunTenpHO yipouaerca. B camom jaeae, ecad f-— 0, TO

h
=——' - CTPEMHUTCA K HYJIO M lImP =1, 1. €, IPH HEOTPAHHU-
2V Dt P J ’ P P

-

YEHHOM BO3PACTAHHH { 1acTHIA HABEPHO BLIHAET H3 AAHHOTO CA0H.
Ecan ke, #Haobopot, { ouens Mago, § CTpeMHTCHS K ™ H

. 1 _ ?'VDt
p__

[lepexoaum Tenepn K COCTABAEHUIO BEPOATHOCIH CA€AYIOLUETo
CI0XKHOTO co6uTHA, [lyCTh B AaHHOM CJI0€ HAXQAMTCA A YaCTHL;
BEPOSITHOCTh 3TOT0 cobmtha W, nana BHpamxenueM (201). [Tycts
U3 3TOrO YHC/Aa B TEUEHHE CJAeAYIOINEro HHTEpPBaja BPEMEHH [
BHIULIO { YaCTHI. BeposaTHOCTs 9T0r0 CA0XKHOro cobuitua 6ymerT:

—y 0

WA =" e P 1—P)Y T (495)

n! z'(rz i)

(494)

[MojgcuHTaeM, KdK BEJAHKA BEPOATHOCTH BHIXOJA [ YACTHY IIpH
YCAOBHH, YTO M -—KaKOe YTOUHO HHCIO (CHO, YTO 3TO 1 He
MOXeET 6bTh Meubmre i), O603HAUAM 3Ty BEPOATHOCTL 4epe3 4;;

OHa OyJAeT PaBHATHCA CyMMe peposTHOCTeH (495) npu n, MeHdI0-
meMeda or { 1o . HMrax:

A= 3 ()P Py (496)

.= 1

Cn ! .
e (‘; ):— ,-r(,;l_.. 5 (6MHOMHAABHEN KO(D@HLUKECHT).
Uro6n BHUHCAHTE CYyMMY, 3aMeqaem, 4TO B IIEPBOM UJEHE

j 4+ 1
CYMMH (%) z(%)m l: BO BTOpOM uneHe Gy ieT (l-—"—;-—-) Jia em,e
@i+ D1
OT =i OCTAHETCHA ;——j, IIOITOMY MH TOAYHUAEM sy iy~

(42 1
B Tpetbem uiene Oyner (ST (R S [ Tl T O'rc:fo,ua

34KOH COCTABJAEHHA 8THX KOIPPUUHUEHTOB BHOJAHE ﬁcen HUrtak,
BHpAXKEHHE (496) I“IpHHHMaET BUJI

- I—P”
, W (1—F)

A0 PR s CFEE

. (vP) e "P
.—--‘—_""-'i!—”‘-'—- .

_+_ -i

(497
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{loayuaercs Buipaxenue, cxomsoe ¢ W, ¢ sameHoR v uepes v/
A n uepes i.

[Toryuennoe BrpaxenHe (497) MOXKHO HCHOJAB30BATH 15 Bh-
paxenua E;, Tax KaKk cOBEpPIIGHHO ACHO, YTO NEPEeXO0X YaCTHI
yepe3 NOBEPXHOCTb S B NPOTHBONOJIOKHOM HAIPABJICHHH IHYEM
HEe OT/IHYAeTCHA OT PACCMOTPEHHOrO HAMH MpOLECCA BHIXOAA U3
<104 k. Ho npH paccMOTpeHuM BXOISUIHX YACTHI[ HAM HHYErO
HE N3BECTHO OTHOCHTE/ILHO TOTO, CKOJBKO GLI/IO YACTHIL B 061aCTHX,
OKPYXAIOUWHX CJI0H A, OTKyAa 5T uyacTHus npubelin. [lo sTOl
ApUUNHE HAM HaJ0 CYHTATLCH C BO3MOMXHOCTBLIO KAKOrO YrojaHO
HAJHYHOTO YHC/I4 Y4ACTHIL, HO 5TO YHCJIO IO KpaldHel Mepe A0/KHO
PABHATLCH UHCJAY BOUIEAIIHX YaCTHIL,

Wcnonssys HahjeHnne naMH BopaweHud a1a A, (487) u nis

E,=A, (497), MBI MOXEM COCTABHTH MCKOMBIE HAMH BEIPAKEHHs
Py(H k) u Py (—k):

o '\u'.p(N 1})1'-{;:'

f)wa-LAau—L\ PU~Pf”i@;@m;@%>

nei g PPk
Prz(_“'k)ﬁglAIEl—-k_—T\ )P(I‘” P) (i—-uk))!,
(499)
Qrciofa HAXOOMM B KAYECTBE YACTHOIO Cay4yas:
n .
P0) =X/ ) Pr(1—py il l—,(”fl-. (500)
U

Tak kax P uMeer CJ10kKHOe BmpameHwe, TO, Kasagoch Ohi,
BHIpAXKEHHE, HaimeHHoe Hamu mas P, (0), coBepuleHHO HEnpH-
rOAHO AJA pacyeros BBHAY ero 60JbLbnrof caoxunocru. (OaHako
B YaCTHHX CAy4asx H 0cOOEHHO, KOrIa NPOMEXKYyTKH BpPEeMeHH !
OYeHb MaJkl, TO H F OYeHb MaJ0, H CTENEHAMH ~ MOKHO npe-
#Hedpeyn. Takum oGpa3oM, IpH MajdoM P MH nMmeeM:

Po(0)=(5-) (1= P)'e™" o (1 — nP) (1 —vP) = 1 — (1) P.
(501)

[MoxcraBasia Teneps Bupawenue jgas 2, (0) 8 dopmyny (484),
MH TOJYYaeM:
: ot 1—W,
LT Wand )P

P2 Dyt (503)
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DTa BeJHuUNHA BeIuHCafercA Oes Tpyja. . NOMOmMBI Hak-
JACHHBIX BHpAaKEHRHii Mbl MOxeM nojcuurath 6, gas wabuo-
aenufl Cpeabepra, npoBepsasmero dopmyay gas W,, u nc-
CMOTPETh, KAK COrJIACyeTCs
OHa ¢ nabmonenusmMp,. Huxe

3 Hakzeno Hasneuo

{HCAO  |{IKCIIEPHMEH- TeOpeTHIE- [IpuBegenbl COOTEETCTBYIOLIHE
HACTHIL YaabHO | oy (B cen) ~ PE3YJABTATHL
L (s cex.) " M3 oToH TabaAuuBLl BHAHO,
4TO COBIIAJEHHE BLIYHCJICHHBIX
0 6,08 5,04 sHauenuli ¢ HabJgOjeHUAMB
é ﬁ}? g(ljg BECHMA  YUOBJAETBOPHTEIBLHO,
3 705 8.07 NpHHWMAag BO BHHMAlIHE CpPAaB-
4 18,6 20,9 HHTEJLHO HeGOJBILON PAL HA-
| OO ACHI,

Has 60JbMHX 3naYeHHH
dopmyaa (502) ynpowaercs, H Mbl HMEeM:

B, == - . (504)

[losToMy BelUHCAEHHS CTAHOBSTCA LPOLIE, HO 3ATC IPOMEXYTKH
BpeMenH TaKk OBICTPO PpacCTyT H CTAHOBATCA CTONb GOJBLIHMA,
uro 00 9KCNEPUMEHTANBHOH NPOBEPKE He MOXeT ObTh H peuH,
KaK 3TO BBHITEKAET H3 CJACAYIOmeH Tabaamb :

i H n f

6 2 Mun, 12 cex. 12 14/ cytok
3 2 uaca (M4 ML 14 30 aer

10 2 cyrok 15 wac. | 17 34000 aer

[Ipusegennne TaOanub YPE3BHIYAKHO HHTEPECHE. Bo3bMeM H3
uepeoll TabaHUHE Cayuall yeTHpex 4acTHi, (NMpH CpenHeM uHcAe
v=1,53), B sToM npumMepe KOHIEHTPALHSA OKAXKETCH BHILE Cpea-
Hell, B cefiuac e HavyHercs auddyaud, 1. e, HeoOpaTuMult npo-
11€CC BHpaBHHBaHHA KoHueHTpaund. OaHAKO MB BHAMM, U9TO
PUOIHIHTENBHO Yepe3 xaxane 20 ceKyHA 3T0 HepaBeHCTBO
KOHIEHTPANHIl — 3TOT HEOGPATHMEIH ponecc —caM cobof obpa-
waerca! [aa 17 e YacTHI TaKoe HOBTOPEHHE OCYIIECTBAAETCH
B cpeaueM uepes xaxauie 34000 get (1), T. e, IPaKTHUECKH s
HacC 3TO BrnOJHE HeobpaTuMuil nponecc. OaHako xapakrep 3Toil
HeOOPATUMOCTH, KaK MK BHAMM M3 OIPHBEACHHHX TalJHU,— YHCTD
OTHOCHTE/TRHHH. Bee sapucut or maciirada spemens. [lpu napg-
AexameMm Macmrade BpeMeHH Bce HeoOpaTuMHe
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fipouecchn, U0 BupaxenHio CMOAYXOBCKOr0, NpesBpala-
$0TCH B o0pamawuiuecs.

HMajowennnie Hama 3zaMmeuare/phbie paborm CMOaYXOBCKOTO
HAHOCAT COKPYUIAIOWHH yAap ,TEOpUAM® TEILIOBOH CMepTH BCe-
JIGHHOH, NOATBEpXKAas CJ/oBa IHTeabCda: ,Flo 34€Ch MBI BHIHY-
KAEHB JONYCTUTH uYyAo, JAHO0 o0paTHTLCA K INOMOILYM TBOPNA,
ArGO choesath TOT BHBOX (YTO CAyUYHBLICECH ORHAMKIAB MOXKET
CHOBA NPOH30HTH), YTO PACKAJCHHHH CHLIDOH MaTepHa] AJA Coux-
HeYHOH CHCTeMBl HaUIero MHpPOBOLQ OCTPOBA BO3HHK €CTECTBEH-
HLIM NyTeM, NYTeM NPEBPAalIeHHH ABHKEHHA, KOTOPLIE npucyuu
om npupods ABMKYyIelics MaTepHd H yCA0OBAA KOTOPHX JOMKHE,
C/1e10BaTeabH0, GHTh CHOBA NPOH3BELEHB Martepuel (o0pawan-
wuecs npoyeccet Cmoayxosckoro.— A. T.), xorg Oul nociae
MHJJIHOHOB JeT, 6oJiee W/AH MeHee cAyvyalHmM 00pa3oM, HO ¢
He00X0AMMOCTBIO, NpUCYLLEH H CIydan” !,

PaccmotrpuMm eme ogud npuMep. TlycTn HaMm B rase jgaH map
pajHyca a; UOCraBHM Teneph BONPOC, Kak 4acto Mui OyJZeM Ha-
QJI0JATh BHYTPH 9TOrQ Iapa OTCryIIeHHe OT cpeaueid Ior-
HOCTH Ha 1%/,?

i cpesnero BpeMeHH BO3BPATa MBL UMeEM BeipaXeHHe

=W,

U e o ——
1 Wn("'('“')P ’

Taxk kak W, -—BeanunHa Majsas, TO MOXKHO Oyner BECTH BHIYMN-
CJAeHHe no fosee upocToit dopmyJe:

i 1 =
01 azz W'n ZII+V) b - ) (50:.))

Beauunny W, MOXHO BHIPA3UTb KaK (YHKIHIO OTHOCHTCABLIIOCO
—— CAeIyomuM 06pasoM:

n f
HIMCHeHHdd {{JIOTHOCTH 0=
IR

2

'Vn oy ) a ' - .
Wn == T!E.’ Lo l/ —2; e . (O()())

Takum 06pasoM, HaM OCT4eTCH BHIYHUCJAHTE TOJALKO BEAHUHHY F.
Eoad mMel 0003HAYAM CPeLHION KBaUPATHYHYIO CKOPOCTh YACTHIL
Tasa wepes ¢, TO YMCJI0 YACTHI, NOoNamaliiux Ha 1 cu? moboi

HOBEPXHOCTH, BEIpaXKaercs, Kak Mul BHOe/H (I/1aBa BTOpasn), uepes
Yo w YO
Ve A HA NOBEPXHOCTH IIapa pajuyca @ ux nonajgaer 4wa’ Vor
. I3

3a BpeMs ¢ yHC/aO NONAJAIOWUX HA HOBEPXHOCTL 1Uapa MOJEKYI

(¢ BHYyTpeHHe# CTOpOHH) Oymer 4ra’ ‘7% L,
0

1 ®, Jarennc, Juanexruka npupoas, llapruapar, M., 1933, crp. 98
2Cu. A. K. Tumupn3en, KuHeTHYECKan TEOPHH MaTepuw, 13l 2,
1"TTH, M., 1933, cTp. 269.
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Bepoarsaocre Boixoza P 6yJeT paBHA OTHOUICHWIO YHCAA 4a-
CTRI, ABUTANOMUXCA H3 BHYTPEHIIOCTH 1napa H MONAJAININX Ha
MOBEPXHOCTh, K 00MmEeMYy YHCAy MOJEKY.I, HaXQLAUIHXCS BHYTPH
IHapoBOH TMOBEPXHOCTH.

Hrak: o

v ] 3
Tt T TV wm e (507)

— T’
3

P = 4ra?

Tak xak npu &=0,01 7 MaJ0 OTAMYAETCS OT v, TO MOMKHO NpH-
GJANKEHHO CcuuTaTh n -+ v=2v. Tlpn sTux ycaoBuax 0, NpuHH-
MaeT BHIL: .

va

fyom - e ? (508)

Huxe B tabaune ganni BHIUKMCICHILE 3HAdeHus 6; npm 6=
== 0,01 asst pasju4HLIX PAZKYCOB d.

e — . ———— -

1B CM H

1,0 1014 cex.
3.10 % o= (0,30p)t 11,6 cyrox

2,5.10% = (0,25p)] 1 cen.

1,010 5 == (0,100} 107" cex.

M3 npusenennoit tabuadusl BHANO, € KaKOH OTPOMHO# CKO-
pOCTBLIO yMeHbIlaetrcsas 6; no Mepe yMeHbUIEHHA pajgHyca a.
Llucppet 9T0H TabJuubl HarJaaglo 10Ka3k BalOT, NOYEMY B K/I4CCH-
YeCKOll TepMOJIHIIAMHKE YCTAHOBUJAOCL METd(PHU3HYECKOE TOHATHE
0 HeOOGpPaTHMOCTH KaK O yeM-TOo afCOMIOTHOM.

HMeenepopaaug CMoJyXOBCKOTO NOKA3BIBAIOT AHANEKTHUECCKHH
XapaKTep NOPONEccoB, NPOTEKAIONHX B HPHPOLE; OHH BOOYHIO
NOKAa3LIBAIOT OTCYTCTBHE PE3KHMX NENEepPCX0AUMBLIX FPaHeH Mexay
TAKHMH, Ka3aJ0Ch OB, MNOJAPHBIMH NPOTHBOIOJOXHOCTAMH, Ka-
KHMH gBJASIOTCS 0GpaTHMBble H HEOOpPATHMLIE MPOHECCH.
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