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IIpenucioBue KO BTOPOMY pyccKOMY H3JaHHIO

Hszpannaa B 1934 rogy Ha pyccKkoM fA3blke He6Godbllad KHUTAa U3BECT-
Horo ¢usura, raypeara Hobenepckoii npemun II. bpugskmena «Ananus pas-
MepHocTel» cTana oubauorpaguiecroil peJKoCThIO.

YIUBUTENLHO TOUYHYIO OLEHKY €€ JOCTOUMHCTB JAal B MNPEIHCIOBHU
K pyccKoMy nepeBoay akageMuk C. M. BaBunoB, oTMeTHUBIIHI, B YACTHOCTH,
MPOCTOTY U KOHKPETHOCTL U3laraeMoro MaTepuana.

Pan ormeuennnix II. bpugmMeHoMm ocobGeHHocTell MeToJa pazMepHOC-
Tell NONY4YHMI CYLECTBEHHOE pa3BUTHE B MHOI'OUYHMCIAECHHBIX IMOCIEAYOIINX
nybauranuAx 3apybesHbIX M OT€YECTBEHHBIX aBTOpOB. Ucoboe MecTo cpeau
HHUX 3aHUMAalOT cTaBlline KaaccudeckuMu moHorpacduu I'. buprroda «I'uapo-
auHamukay H JI. U. CegoBa «MeToanl mogoBuA U pa3MepHoCcTEH B MeXaHUKeY,
cogepsallue 60JblI0e KOTUYeCTBO IPUMEPOB IIPUMEHEHHA TEOPUH K IIUPO-
KOMY Kpyry npo6ieM HayKH U T€XHHKU.

B To e BpeMA, AOCTATOYHO YacCTO MPOJOIMAIOT MOABIATLCA pabdo-
Tel, JJA KOTOPRIX XapaKTEPEH He MO0 CYIIECTBY CIOMHEBIH M HayKkoobpas-
HbIil CTUIbL W3J0MKEHHUA, YCIOMKHAIIMI IOHMMaHHE 3TOro NpocToro, 4acTo
YCIIEIIHO KUCIOJb3YyEeMOI'0 HayYHbIMH pabOTHUKaMH M UHKEHepaMH MeTola
HucenegoBanug.

[Tonaratw, uTo nepeusganue pycckoro nepeBojga kHuru II. bpugsimena
NpUHEeceT HECOMHEHHYIO MOIb3Y.

Hosa6ps, 2000 r. Jacayxennblll desamenv Hayru PO,
npogieccop B. Il. Kapaukos



IIpenncioBuie K pyccKoMy IepeBOaY

YdueHue o pa3dMepHOCTAX PHU3MUYECKHMX BEIUYMH JABHO BOULIO Kak 00A-
3aTclbHadA riasa B yyeOHUKM (U3UKHK BbIcLIeH mKoabl. HepgocTaTouHoeTsh 1
HEJOTOBOPEHHOCTL GOJBLIIMHCTBA TAKHUX HM3MO#EHHH obliensBecTHLI. IIpu-
HATO paccMaTpUBATL PaA3MEPHOCTH TOMNbBKO KaK YA0OHLIM MeToa ANnd Te-
pexoaa OT OJAHOH CUCTEMBI €AWHUIl K JAPYToH M B Jy4dlIeM ciaydae eme
KaKk CpeACcTBO INEPBOT0 KOHTPOJA MPAaBUJIBHOCTH PU3NYECKHUX ypPaBHEHHUIA.
CTpykTypa ¢opMys pasMEPHOCTH KaK NMpoU3BeAeHUI MEPBUYHLIX BEIUYUH
B HCKOTOPBIX CTEIEHAX lpedjaracTca B BUIE aKCHUOMBI; TpHala — mMacca,
IJIMHA U BpeMA — (QUIYpUpYeT JorMaTuyecKd. AHanu3 pasMepHOCTed Kak
IBPUCTHYCCKUHA MeTOoJ (GU3MKM B JAYyULIEM clydyac YIOMHHAeTCHA B CBA3U
¢ KaKUM-HUOYIb OJHUM NpUMepOM Oe3 MoACHeHUi, 0CTaBIAINIUM BreyaT-
JeHue MaloybeguTelLHOro goryca.

Memay TeM «B IpUBAaTHOM MOPAJAKEe» QU3UKHK MM POKO MOAb3YIOTCA aHa-
JU30M PasMEpPHOCTEH B KAUCCTBE IPOCTOr0 PCKOTHOCIIMPOBOYHOI'0 TCOPETH-
YeCKOro nmpuemMa, mo3BoAIero npeayrajatTh pellcHUe CIoMHOM 3a7adu 3a
HMCKJYECHUEM HEKOTOPOro MOCTOAHHOIO0 MHOKUTEAA. B pyKax Takux UCKy-
HICHHBIX McchneaoBaTeneil, kak Paneit, I#MuHe, QAAUHT TOH U Ap.,
MeToJ TPUBOAUI K PAAY BechbMa HHTEPECHLIX pe3ynLTaToB. B TexHHKe,
B 0COOEHHOCTH B a3poJVHAMHUKe, aHAINU3 pasMepHOCTel oAy YUl 3a [ocnel-
HHe rojpl BecbMa LIUPOKOEe paclpocTpaHeHue.

OueBuaHO, UTO NPUIIO BpeMA MJIA YIOPAAOUEHHUA MeToaa, AJA Mped-
CTaBICHUA €ro B Takol dopMe, KoTopad Oblia Okl JOCTYNHA HE TONLKO UC-
KYUIEHHOMY U ONBLITHOMY HCCICA0OBaTEN0, HO U HAYUHAIOIICMY HAayUYHOMY
pPaboOTHHRY.

KRuurall. b pu a # M e H a, HAaCKONbKO HAM H3BECTHO, ABNAETCA TePBoOii
yAadHo# ToNbITKOH B 3ToM HanpaBieHKHHU. [JoCTOMHCTBA KHUTH — B €€ poc-
TOT€, KOHKPETHOCTHU U YBJIeKaTelLHOCTU. [IToMHMMO OpUTHHANLHOTO, KPUTH-
YECKOr'0 U3JI0MeHUA TeopeTHYeCKUX OCHOB MeToja, uyuTaTellw NOpejpjara-
eTCH OOJBIIOEe YUCI0 OYEeHb UCKYCHO MOJA0OPaHHBIX HECJIOMHLIX PUMEPOB,
pa3obpaHHLIX B MOAPOOHOCTAX; B KOHIE KHUTH, KPOME TOrO, MPUJIOHCHO
32 3ajaiy Ha aHa/lu3 pa3MeEpPHOCTEN.



8 Ilpeducaosue k pyccromy nepesody

[lonoxmuTensbHOH CTOPOHON KHUTU ABIAETCA TAKMKE €€ «HEeCKOJbKO Ma-
TepuanMcTHYeckany (Mo BhIpa:keHuIo aBTopa) ycrtanoBka. I1. bpuanmen na-
CTOHYHMBO MOJEMU3HUPYET CO CTAPLIMUA U HOBBIMU (PU3UKAMH, MLITABIIMMHUCAH
YCMOTPETDL B (popMyJdax pasMepHOCTH OTKPOBEHHUA 0 «IIpeielbHONA CyLIHOC-
THY QU3NUYECKHUX BelHUYUH. AHANU3 pasMepHocTel MoKeT 1aTh 0UYeHbL MHO-
roe, KpoMe, oJHaKo, TOr0, YTO B HEM 3aBE€JOMO He MOKET COAepHAaThLCA.

B no6aBneHue K 6ubavorpaduu Mo aHaIU3y pasMepHoOcTel, IpUBeIeH-
HOi B TeKcTe, ykameM Ha Heboabinyio KHUrY A.W.Porter, The method
of dimensions, 74 ¢Tp., London, 1933, cogepkalyio moapobHOE U3M0MCHUE
HECKOJLKMX MPUMEPOB aHaluaa.

Ha pyccrom sasbike, momMuMo c¢TaTbu T.A.AdanacheBoii—IpeHdecT,
IMUTUPOBAHHOH B TEKCTE, BOMPOChLI aHalu3a pasMepHocTel paszbupanuch
H. A. MoposoBbiM B KHUTe «JCHOBBLI KaueCTBEHHOTO (GH3HKO-MaTeMaThuyec-
Koro aHaausay, Mocksa, 1908 r.

(. Basuaos



Hpe,[[I/ICJIOBI/Ie aBTopa KO BTOpoMy HM3JaHHUIO

[Ipu nepeuspanum 3Toit HeboNbIIOH KHUI'K Yepes 8 jeT norpeboBaluch
TOAbKO HebolblIMe U3MEHEHHH, YYUThIBAIOIIME U HOBEHIIYIO TUTEpaTypy.
HaubGonee cyiecTBeHHLI HCTIpaBIeHUA B loKa3aTelbeTBe II-TeopeMbl B UeT-
BepToit rnaBe. fl ouens GnaromapeH npod. Boppen Beep n3 BuckoHcHHCKO-
Io YHUBEPCUTETA, 06paTUBIIEro Moe BHUMaHUE Ha OJHY OMIUGKY MpEMHEro
JA0KasaTeNbCTBa U OKA3aBIIEMY MHe MOMOIIL MPU HOBo# GoOpPMYIHUpPOBKE.
 Bocnonb3zoBancH Tak;Kke PAJOM yRKasaHWil A-pa bskuHIraMa, XOTA yBEpeH,
YTO OH U TElepb HE COIJaceH ¢O MHOI'MM B MO€H KHUIE.

lob6aBneHbl Tabaulbl pasMepHocTed 0ObIYHO NPUMEHAEMBIX BEJIUMYHH
B 0BmienpuHATOM onpegeieHud. Haleoch, 4To 9To oKaKkeTCA M0JA€3HbIM IPY
pellleHuH 3a/1a4, HO BMecTe ¢ TEM AYyMalo, YTo HU Yy KOTO He BO3HUKHET MbIC-
JM, YTO 3TU TabIULBI NPeACTABIAIT 4To-To abcolioTHoe. ITU GHOPMYIEBI
TOJLKO PE3YNbTAT NPAKTUKU, NTOKA3aBIICH UX NMONL3Y NPU PelleHUH 3ajad.

Mue Kasanocb, UTO Mo€ U3JNOMEHUE ACHO U YOEAUTENLHO, K MOeMy
60NLIIOMY YAUBIEHUIO, OTHAKO, CO BpEMEHHU MOABIEHUA KHUTHU A 0OHAPY KU
Y MHOT'MX pacXojkjeHHe ¢O MHOIl 10 OCHOBHbIM IYHKTaM H, cleJoBaTelb-
HO, BOIIPOC HE MOKET A0 CHX Hop cuuTaTbeA HeccrnopHeiM. HuyrTo U3 Toro,
4YTO BLICKA3bIBAlOCh 38 3TH 8 NeT, He 3acTAaBUJIO MeHA NEPEMEHUTL NepPBO-
HavYalbHYI0 TOUYKY 3peHUA, KOTOpasA ocTanach B HOBOM HM3JAHUM NperKHENl.
HIna GecnpucTpacTUA U OPUEHTAIUM 4YUTATeNA B JobGaBleHHE K CTATbAM,
IIUTUPOBAHHLIM B KHUT€, A YKa3bIBaK 3[€Ch HEKOTOpbLIe Haubolee CyecT-
BEHHbIE paboThI 0 3TOMY Bompocy.

N.Camp bell. Physics. The Elements. Cambridge University Press
ra. XIV u XV, 1920. Phil. Mag. 1924; 1. 1145, 1926. Measurement
and Calculation Longmans Green and Co rn. XIII, 1928. J. Wallot, ZS.
f. Phys. 10, 329, 1922. E.Buckingham. Phil. Mag. 48, 141, 1924.
T.A.9perndpect Adpanacbena. Phil. Mag. 1, 257, 1926.

(CeblIEM Ha npemHUe BamHble padoThl T. A. dpeHdecT — AdaHacbeBoii
MOM#HO HAHTH B 3TOH cTaThe.)

Ram6pu g, Maccauycerc P.W.B.
HuBapp 1931 1.



Hpe,[[I/ICIIOBI/Ie aBTopa R InmepsoMy HM3JaHHIO

CopepmaHue 3Tol KHUTM cCOCTABHIU 5 JEKUHUi, npounTaHHblix B ['ap-
BapjicKkoM yHuBepcuteTe BecHoit 1920 r. (Graduate Conference in Physics).

Pacmivupenune obnacTy mpUMeHeHUA METOJ0B aHalu3a pasMepHocTeit
B TeXHUYECKOH (U3HKe U ero 3HAaUYeHHe JIA TeOPETUUYECKUX HCCeqoBaHuil
3aCTaBIAIOT eNaTh, YTOOLI KA Abli GU3UK OoBIagen 3TUM METO0M aHaHU-
3a. [lo cux mop He Gb110, OHAKO, CHCTEMATHYECKOT O U3I0:#eHUA TPUHITUITOB
MeTo/a.

Bo3aMozkHOIT prYHHOIT 3TOro npo6ena MOrIo CIy#UTHL MHEHHE 0 Kpaii-
Hell MpocToTe NIpegMeTa, Jelamlleil crelualbHOe H3N0MKEHUE HEHYHHBIM.
Me#ay TeM 4acTo BeTpedaloTcA OYEHb CYleCTBEHHbIE OMUOKH B OTHOIIE-
HHUY OCHOB METO0fa Y €ro MpUMeHEeHU. ITH OMIMOKU CTONL paclpocTpaHeHbl
M MMENM HACTOJAbKO FIyOOKoE€ BIMAHMUE HA XapaKkTep MHOTMX CNEeKyJIATHB-
HbIX [OCTPOEHHUH (CM. IPUMEPhl B KHUI€), UTO A CYMTAI NONBITRY YCTpa-
HEeHUA TaKHX OIIUOOK o4YeHb HYMHOW padoToil.

A npeaNpHHAN MO3TOMY cCHCTEMAaTHUYECKOE U3N0OMKEHHe MPUHITUIIOB Me-
ToJa pa3MepHocTell, UNNIOCTPUPOBAB IPUMEHEHHA MHOT'MMH IpPHUMepaMu.
[Ipumepsl coenualibHO Nogo6paHbl TaK, YTOObI 0CO60 OTTEHUTh T€ MYHKTHI,
B OTHOIIEHUH KOTOPbIX OIHOKM ABIATCA pacnpocTpaHeHHbIMU. H HMelo
B YACTHOCTH B BHY BOMPOCHI 0 XapakTepe GopMy. pa3MepHocTei, noTpet-
HOM YMCJI€ OCHOBHBIX €IMHHUIl U IPUPOJE Pa3MEPHbIX IIOCTOAHHBIX. B 10o6aB-
JeHYe K IpUMepaM B TEKCTe, B KOHIE KHUI'Y [IPUJIOKEHb] 3a4auu, KOTOpbIE,
AyMaro, OKamKyTCA MONe3HLIMHU.

BBoaHas rnaBa npejHasHayaeTCA ANA TeX JUIl, KOTOPBIE ViKe HECKONLKO
3HAKOMBI ¢ 06IUM MeTogoM. BepoATHO GoMLUIMHCTBO YUTaATEeNel OKaMmyT-
cA TakUMHU. B 3Toil riaBe Ha KOHKPETHBIX NMPHMepax A BbIABHIraw Hanbo-
7ee BajKHbIE BONMPOCHI, Tpebywomye obcy#acHua. YuTaTenb, 118 KOTOPOro
npejMeT COBEPIIEHHO HOB, MOeT 6€3 BCAKOI'O CMYIIEHUA NPOIYCTUTD 3TY
riaBy.

 ocobo obsa3aH cTaThbAM A-pa Jirapa bakuHIaMa 110 JAHHOMY BOIIPOCY
u npusHaTenen takse M. JI. Tepceto, coTpyanury biopo ctraHaapToB, KOTo-
PhIF HeCKONLKO €T TOMY Hasaj U37T0:UI B PAJE NeKIUl pe3ylbTaThl I-pa

Baxuurama.
CeHTabpb 1920 r.



'naBa 1

BBengenue

KamxgoMy (pU3MKY NpUXOAUJIOCH IPUMEHATL METOAbI aHAIM3a pa3Mep-
HocTell K IPOCTHIM 3ajayaM, B YyacTHOCTHU B obiaacTh MexaHukH. Pasbepem
HECKOILKO NPUMEPOB IJA BO30OHOBIEHMA B NAMATH CYTH [ll€la, a TaKkKe
JUIA BBIACHEHUA TE€X BOMPOCOB, HA KOTOPbLIE CIEAYET OTBETUTh NPU KPUTH-
YeCKOM PacCMOTPEHHUH MPHUEMOB H TIPENOCEIIOK MPaBUIbHOIO MPHMEHEHHU A
obulero MeToja.

HauneMm c oueHb nmoKasaTedbHOI 3ada4M 0 IPOCTOM MaaTHHEE, QUTY PU-
pylomeid B KauecTBe BBEAEHUA €Ba /1M He B KamJI0M M3N0KeHUHU MEeToja.
Hama neapr — HaiiTu 6€3 geTajbHOI'O pelIeHUA 3aJaid HEKOTOPbIe COOT-
HOLIEHUA MEHKIY pasiuiHbIMH U3MEPACMbIMH BEIUUMHAMM, NIpeACTaBIAO-
MMM JJA Hac uHTepec. O6bIUHBIM MeTo cocTOUT B caepyioumeM. Ilpesxie
BCEro BBINMKChIBAaETCA Tabnulla BEIUYHH, OT KOTOPBIX, MPEANOI0OKUTEILHO,
3aBHCUT OTBET, Jajiee COCTABIAKTCA (GOpPMYIIbl PA3MEPHOCTH ITHUX BEIUYHH
¥, HAKOHell, HalaraeTcf yciaoBuUe, YToOLI 3TH BEIWYMHLI BXOAWIU B QYHK-
MOHANLHLIE CBA3U, HE 3aBUCAIIME OT €IUHUI], B KOTOPLIX BEIUYUHBLI U3MeE-
PEHEI.

[IonpobyeM 3THM METONOM HAlTH 3aBUCHMOCTh Iepuoja KoiaebaHuA
MpoCcTOro MaATHHKA OT TEPeMeHHLIX, oNpeJelflonux ero cpoiicrra. Oue-
BHU/IHO, BPeMA KojJeGaHUA MOMET 3aBHCeTh OT AJUHLI MAaATHUKA, €ro Mac-
Chl, YCKOPEHHA TAMHKECTU U aMILTUTYAbl KollebaHuii. BeinuiinemM pa3MepHoCcTH
3TUX BEIUYHH, IPUMEHAA OCHOBHYIO CUCTEMY BEIUYHH, T.€. Maccy, IHUHY
1 BpeMA. B dopmynax pasmMepHocTell ¢cMMBOILI Macchl, JJAHHLI U BPEMEHU
MBI 6yeM 0003Ha4aThL O0JLIIKMMHU NPAMLIMYA OYKBAMHK B COOTBETCTBYIOIMIHMX
cTeneHAax. Tabavia BeIWYUH B JaHHOM cllydyae UMeeT Takoil BUJ:

Taéauma 1.

Hassanue seauyunst Cumson Popsyaa
pasmepHocmu
Bpemsa roxebanusn t T
J1uHa MagaTHHKA l I
Macca mafaTHHKA m M
YcropeHHe CUIBI TAMECTH g LT 2

YraoBasa aMmIauTya
Koaebanus 0 6e3 pazMepHOCTH



12 Trasa 1

MbI moMKHBI BbIpasuTb ¢ Kak GyHRHUO {, m, g U § Takum obGpasoM,
4yT0o0LI (PYHKUMOHAJIBHOC COOTHOILICHHE OCTABaloCh HCU3MCHHLIM MpPU JHO-
60M U3MEHEHUU pasMepa OCHOBHLIX €IUHMUIL.

[IycTh 3TO COOTHOIIEHHME UMEET BH;

t:f(la m, g, 9)

MopMynbl pazMepPHOCTeN MOKA3bLIBAIOT, KAKUM 00pa3zoM OCHOBHLIE €/1u-
HUIIbI ONIPEJeN AT YUCIEHHOE 3HaUeHUe epeMeHHbIX. YucneHHasA BemTuyuHa
nepuoja KoinebaHUA 3aBUCHUT TOIbKO 0T U30PAaHHOH eIMHNLbl BpEMEHU U HE
MEHACTCA NMPU U3MEHEHUH €MHUI] Macchl WK AJuHbI. ClegoBaTelbHO, Be-
JAMYUHBI, CTOAIIKE MOJ 3HAKOM f B IIpaBOit YacTU yPaBHEHUA, JOMHHBI ObITh
accollMUpoBaHbI TaK, 4T00bl BcA KOMOMHALUA ocTaBalach HEM3MEHHOI 11py
nepeMene eJIMHUI] Macchl ¥ JIIMALI. B 4yacTHOCTH, He JTOMMHO MPOU30UTH U3-
MEHEHUH TIpU MepeMeHe eJIMHUIlLI TONbKO 0HOH Macckl. Ho paszmep egunu-
I[bI Macchl BIUAET TOIbKO HA BeNUUUHY m. [losaToMy, eciiu BooO11[e m BXOAUT
B apryMeHT ¢ VHRIKU, TO YUCIEHHOE 3HaueHue GyHKLUM OyJeT UHBbIM [1pU
VM3MeHCHUN OCHOBHOW €IUHHIbBI Macchl, MPpUYeM 3TO U3MeHEHUE HE MOMET
KOMIICHCUPOBATLCA COOTBETCTBYIOLICH NlepeMeHoil 3HaUeHUH IpYyruX KoJHu-
4YeCcTB, IOCKOJABKY IOCHEAHUE HE 3aBUCAT OT U3MEHECHHA pa3Mepa eIHHHUILbI
Maccel. CTano 6bITH Macca Booblle He MOKeT BXOJUThL B (JYHKIMOHAIbHOE
COOTHOIIIEHUE, UHa4Ye T'OBOPH, Halla GYHRIIUA MPUHUMAET BU/I:

t:f(lv & 9)

Beanuunsi [ u & BMeCTe NoJMHHBEl BXOOUTHh B (I)yHHLII/II-O Tak, 4yTOBBI YK-
ClIoBO€ 3HAYECHHUE apryMcHTa He MCHANOCE IIPUA NMEepeMEHE eMTHHHUIBLI TJIHHEI K
MOoCTOAHHOM t, T.€. H3MCHCHHE YUCIOBON BEIUYHUHEI l, ocymecTBIAeMOe e-
peMeHOﬁ pa3Mepa €eIHHHUIbI ANHHbBI, OOJIHHO B TOHHOCTH KOMIICHCHPOBATb-
CH H3MEHECHHEM 3HaYCHHUA g, IIPOUCXOIALICM IIpH TaKoil IepeMeHe e JHHHAI.
(I)OpMyJIa pasMepHOCTH IIoKaablBacT, UTO AJIA BBINNOJIHCHHA 3TOI'O HeoOXo/1u-

MO pasjeiuTh I Ha g, T.e.
— (! )
t=1(L0).

)la.nee, H3MEHEHHE OCHOBHBIX €AMHHUL HEC MOAET IIOBJHATL HA YHUCJIOBY O
BCIHYHUHY yFJIOBOI'?'I aMILIIATY Abl, TAR KaK OHa HE UMECT PpasMECpPHOCTH H, Cle-

J0BaTCIbHO, @ MOMET BXOAUTh B HEU3BECTHY O QyHKIIUIO MTHOGLIM CIIOCOOOM.

Ho oueBupgHo, uTO i HON#HO ObITh NpeAcCTaBieHO B PYHKLUUHU TaK, UTOObI

L
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BCA KoMOUMHANKA UMena pasMepHocTh T, H60 TakoBa pasMepHOCThL t, CTOA-

IEero B JICBOM 4YacTH paBeHCTBA. OTCIO,Ha ACHO, 4YTO L JOJIHHO HAXOOHUTBCH

g
Imog 3HaKkoM RKRBaJpaTHOr'o KOpHA, T. .

—

rjae @yHRUUA ¢ HA OCHOBAHUM TOJLKO NPUBEAEHHLIX PACCYKIEHUN ele He
MOJJIEKUT JalbHERIIEMY orpaHMYeHHI0. PaKTUYECKH U3 dIIEMEHTapHol Me-
XaHHKM HaM HM3BECTHO, YTO [JIA MajbIX 3Ha4YeHuit § ¢ MoyTu NocToAHHA, He
3aBUCUT 0T § U paBHa NpHOIMMKEHHO 27,

B cBaAsu ¢ pasMepHocThio  Mo#eT BO3HUKHYTh CleIYIOMHNA Bonpoc.
Mp1 cKasanu, 4YTO # He UMeeT pa3MePHOCTH, U YTO €€ YHCI0oBafA BelUUYUHA
HC MCHACTCA IIPU U3MCHCHHHU OCHOBHBIX €JHWHHI Macchl, JJIHHBI U BPCMCHHU.
HecoMHeHHO 3T0 BEpHO, HO 0TClO/Ia ellle He clelyeT, UTO YHCI0BaA BelHYH-
Ha f ompepgenena oJHO3HAYHO, KaK JIErKO BUAETL XOTA ObI M3 TOro, 4to #
MOEeT U3MEPATHCA B rpajaycax UM pagudaHax.

Hmeem 1y MBI IPAaBO MO3TOMY CUHMTaTh § MOCTOAHHOH BEIWYUHOH, KO-
TOPAA MOKET BXOJUTh B GYHKIMOHATHHOE COOTHOIIEHHE MOOLIM crocofoM?

PaccmoTpum Temepb TeM e MeTOJ0M BOMPOC 0 MEPHOJAE MAalbIX Kole-
DaHUil RaneleK MUIKOCTH MoJ BIUAHUEM HUX IOBECPXHOCTHOIO HATAHCHUA.
IIycTh KanmenbKka HaXOAUTCA BHE TPABUTALMOHHOIO MOJIA U KojlebaHUA OTHO-
CATCA TONLKO K U3MEHECHUK (OPMBI, HAIpUMEp 0T CPepHUYCCKON K IMIUI-
cougannuoit u obpatno. Ilepuoa rKonebanusa, oueBHHO, 6YAET 3aBUCETL OT
[I0BEPXHOCTHOIO HATAAEHUA AMUAKOCTH, €€ INIOTHOCTH U pajuyca HeBO3MYy-
MeHHoH #UAKoH chepbl. CocTaBUM TabIHUILY.

Tadbnuoga 2.

Hassanue seaurunvt Cumeoa Dopayaa
pasmepHocmu
Ilepuoa wonedanus t T
IloBepxHoCTHOE HATAMNEHUE 8 MT—2
[InoTHOCTE MUIKOCTH d ML—3
Paguyc ranau r L

Ham ny:kHo HaiiTu Takyio ¢yHRIUIO f, 4TOOLI

t= f(s, d, r),

rjge f TaxKoBa, YTO COOTHONIEHME OCTACTCA YMCICHHO HEU3MEHHBIM IPH ITIO-
6oM BbIOOPE OCHOBHBIX €IMHHI, KOTOPbIMU UsMepsawoTed £, s, d u r. MeTon
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peniennda TOT Ke, RaKk U B 3aJavdyc o MaAdATHHRE. HCHO, yto M JOJIHHO CORpa-
maTLCA B npaBoﬁ HacTH YpaBHCHUA. ITO MOKET HpOHBOﬁTH TOJILKO B TOM
ciaydae, ¢ClIi s H d BXOJOAT B YpaBHCHHE B BHIC OTHOINCHMA.

Orcroaa
t= f(%, r).

lanee, I He BXOAUT B pa3MepHOCTh ¢, 103TOMYy L. He MoeT BXOAUTH
u B pyHKIUWO f, T. €. 3 U 7" JOJIMHBI HAXOOUTbLCA B TAKOM COUETAHUH, YTOOLI
L coxpawanocs. Ho L ¢urypupyer B OTHOLIEHHU 3 B TpeTbeil cTeleHu,
MO3TOMY /I ocBoboMAeHuA oT L HeobxoquMo pa3ieluTh < Ha r°, T.e.

d
t:f(ﬁ).

8 pasna T™2. ®ynknua f fonuiHa cTano G6LITh UMETh

dr®
Takyr GopMy, YToObI 3Ta pa3MePHOCTb IpeBpaTuiack B T, T.e. B pazMep-
HOCTDB JIeBO#l yacTH ypaBHeHUA. OTcioga OKOHYATEILHbIH pe3ylbTarT:

PazmepHocTh

{ = const derg

PesynbTaT moaTBep:kAaeTCA ONLITOM WM Obldl ykaszan Poaneem Kak
3agauya Ne 7 B ero cratbe B Nature, T. 95, cTtp. 66, 1915 r.

PacemoTpum Tenepb, 4To MBI ToApa3syMeBalu, TOBOPA BHa4ale, 4To Ie-
pHoa KonebaHUA GYJIET «3aBUCEThY» TOIbKO OT TOBEPXHOCTHOTO HATAMEHHUA,
NAOTHOCTH K paguyca. UMenn nu MbI NpU 3TOM B BHAY, YTO PE3YIbTATHI
He3aBHCHMBI, HAIPHMEP, 0T MOJERYJIAPHOH CTPYKTYpPhI MugxocTu? Pasy-
MeeTcCA, IJA BCAKOI'0 ACHO, UTO NOBEPXHOCTHOE HATHAMKEHHE olpeaeifeTcA
CUIIaMH MeHAY MOJEKYJIaMH MOBEPXHOCTHOTO CJofA #UAKOCTH U OyAeT 3a-
BHCETb OYEHL CJOKHbBIM 00pPa30M, He IIOJJA0IIUMCH €llle TOUHOMY pacyeTy,
OT COpTa U CTPOEHHA aTOMOB H OT CHJ MeIy HUMH. Eciu aTo Tak, To mo-
yeMy #e (paKkTophl, ONpeeNdoNiue MeMAyMOIeKyIAPHbIE CANbI, HE MOTYT
BXOOUTh B HAll NepeyeHb O0CHOBHLIX BeluunH? OHU, HECOMHEHHO, UTpalOT
NEPBOCTENEHHYO pPolib B onpeeleHuU (pusndeckux cpoiicTB. Haim BeIOoOp
MO#HO NbITATLCA ONpaBAaTh paccy:jAcHUEeM Bpofe ciaeayiomero: «BepHo,
YTO CBOMCTBA MMUAKOCTH ONpPelJeNAlTcA Ype3BhlUaliHO CI0KHOH cHcTeMoi
aTOMHBIX CHJ, OJHAKO DTHU CHUJbl BIUAKT HA pe3yidbTaT MUllb IOCTOJALKY,
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NOCKOJIBbKY 3T0O CKa3bIBaeTCA HA OJHOM CBOWCTBE — MOBEPXHOCTHOM HaTA-
REHUWY. ITO 3HAUMIO ObI, UTO NMPU U3MEPCHUM TepHoaa KoiaebaHuil Kamennb
PA3MUYHLIX MUAKOCTEH, CKOIb YTOAHO OTAUYAIOMIMXCA M0 ATOMHLIM CBOI-
CTBaM, MbI Iojiyyanud Obl OJHY M Ty € BEIUUYHMHY, €CJIM TOILKO paguyc,
NAOTHOCTb U MOBEPXHOCTHOE HATAMEHHE OLIIM TEMH e caMbIMHU. MoiHo
IpU 3TOM O06aBUThL, YTO CIpaBeAlHBOCTh TAKOr0 OTBETA MOATBep#AaeT-
cA onbIToM. Ho Hall KPUTHK MOMET He yIOBIETBOPUTLCA U 3TUM. OH Mo-
eT CIIPOCUTh, MOUEMY MBI NIPeHAe BCEro YBEPEHbI, UTO cPelr pa3iuvyHbIX
CBOHCTB #KHUAKOCTEN, M3 KOTOPLIX COCTaBlIeHA Kamjiafd, MMEeHHO MOBEPXHOCT-
HOC HATHMCHUE OJJHO BIMACT HA MepHoa KolebaHua? EMy MokeT KazaTheA
BeCbMa BO3MOMHBIM, UYTO MEPUO;] 3aBUCUT OT BA3KOCTU WM CHUMAEMOCTH,
M eclid HAM TNpPUJeTCA ane/NIMPpOBAThb K ONBITY, TO KAKYIO ke IeHY HMe-
eT Hall aHanus pasmepHocTeit? Ha 3To npujgetrcs oTBETHTb, YTO KOHEUHO
Mbl HMeeM GONLIIHe ¢cBeleHUA 00 3KcIepUMEHTe, YeM Halll KDUTUK, H YTO
IPU HEKOTOPhIX YCHOBHAX HNEHCTBUTEIbHO NepHO] KolebaHHA 3aBUCHT OT
BA3KOCTHU U CHUMAEMOCTH MOMHMMO MOBEPXHOCTHOro HaTAmeHUA. QQHaKoO,
OTLIT MOKA3LIBAET, YTO MO Mepe YMeHbIIeHUA pajuyca Kamiu JOoCTHUTracTCA
TAKOH pa3Mep, HUH#e KOTOPOro CKMMAEMOCTD IIepeCcTaeT UrpaTh KaKkyO-/1H1-
00 3aMeTHY10 poib. ToUHO TaKKe HUKE ollpeJe/eHHON BA3KOCTH U3MEHEHUE
nocneaneit 3aMeTHO He BIUAET Ha NMepuo] KolebaHud kamau. Hain aHanus
NpUMEHHUM HUMEHHO K 3TUM ycloBUAM. BMecTo anennaiuu K NTpAMoMY OTILI-
TY B IOJKpeEIIeHHe HAIIUX yTBEPKIeHUH MbI MO#eM, IOCKOJbKY Halll KPH-
THUK JOBOIbHO CBEIYI, cOCIATbCA Ha To oDoblleHNe oNbITA, KOTOPOE codep-
HUTCA B YpaBHEHHAX I'UpoaHHaMUKHK. IIpuMeHAA 3TH ypaBHEHUA K Halleil
3ajlaue, MOHHO II0Ka3aTh, YTO, HAUMHAA ¢ HEKOTOPbIX IPEeAedbHbIX YCJIAOBUIA,
[I03BOJUTENbHO NpeHedpeUh CHUMAEMOCTLIO H BA3KOCTLIO.

Tarkum o6pa3oM, HAM ylaeTcHd HakoHel yOelHTh KPUTUKA B IIPABUIb-
HOCTH HaIIero npueMa, Ho AJA ATOro NoHagoOUTCA UCMOJIb30BAaTL 3HAYH-
TelbHbIE AKCIEPUMEHTANLHLIE pECYPCHI U, KpOMe TOr0, MOTpedyeTcA HABLIK
M ONBITHOCTh AJA MpaBUIbHOrO cyx#JeHuA. HeoOyyeHHbIH! HOBUYOK e€Ba U
oKaszalcA Obl CMOCOGHBIM NMPUMEHHUTL METOJ aHalu3a pasMepHocTell K Ha-
mieil 3agavue U MoAy4YUTh yA0BICTBOPUTENbHBIE PE3YNbTATHI.

[lepeitgem K TperTheil 3agave. [laHbl gBa Tena ¢ mMaccaMM My H Mg
B IIyCTOM IIPOCTPAHCTBE, BpallaloliuecA BOKPYT 0B1Iero HeHTpa TAMKECTHU 110
KpPYroBbIM opOrTaM 1oJ AeHCTBHEM CUJIbI B3AUMHOI'0 TATOTE€HUA. Mbl XOTUM
3HaATh, KAKUM 00paszoM BpeMA oOpallleHUA 3aBUCUT OT JAPYTUX NepeMeHHDLIX.

Rak u npes#je cocTaBifaeM TabluLy BeIUYHH.
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Taooumuna 3.

Hassanue seautunv Cumeon Popay.aa
pasmeprocmu
Macca nepBoro Tena m1 M
Macca BToporo tena Mo M
PaccToAHue Memxay TenaMu T L
Bpemsa o6pamenun t T

OuyeBUAHO, 3TUM U OrpaHUYUBAIOTCA Bce PU3UUYECKHE BEIUYHHBI, CBA-
3aHHBIE ¢ 3agaveil, u6o Korjga 661 U re 6bI Mbl HA 3aCTABUJIU [IBa Tella ¢ Mac-
caMM 1711 H 1o Ha PacCTOAHUM T COBEpPIIaTh KPYTOBOE JBHMKEHUE B MYCTOM
NpOCTPaAHCTBE M0 JeificTBHEM UX B3aUMHOI'O TATOTEHHA, MbI BCerja Mnoty-
YKUM OJHO U TO ke BpeMA obpallleHHA He3aBUCUMO OT MaTepuala, U3 KoTo-
POro COCTOAT Tela, U 0T UX NMpeabIAYIIei XUMHUYECKoH UK AUHAMUYECKOH
HCTOPUH.

Hatfigem ¢dyHKIMOHANILHOE COOTHOIIECHHE

t = f(my, ma, 7).

Hanaraem ycnoBre, 4T0ObI 3TO PaBEHCTBO BLIMOIHANOCH HE3aBHUCUMO
0T BbIGOpa OCHOBHbIX edWHHUI. [lepBblii #e B3rnAd HA ypaBHEHHE IPHBOAUT
Hac B HEKOTOpPOE CMYIIEHUE, TaK KaK B JEBOH 4acTU CTOUT TOJNbKO BPEMHA,
B IpaBoil #e 4acTH BpeMeHU HeT coBepiieHHO. KpUTHK 3a Hamel cnuHon
nojackasbiBaeT: «<Ho Bhl BKIIOUYUIK He BCE BEIUYHHBI, OT KOTOPhIX 3aBHUCHT
pe3yabTaT, ACHO, YTO BaMU 3abbITa MOCTOAHHAA TATOTenufr. — «RKRar 3To
MO#eT ObITh, — BO3paskaeTe Bbl, — IMOCTOAHHAA TATOTEHUA OOJM#HA II0-
ABUTbCA cama cobo10, 00 3ToM Mo3adboTuTcA npupoaar». HecoMHeHHO, 4TO
ABa Tela ¢ MaccaMHK 1, M s HA PAacCTOAHHMU T OJHO OT APYToro BCer-
Ja BpallaloTCA ¢ OJAMHAKOBBIM NepuogoM. Mbl BKIWOUYMIK B TabIUILy BCE
(¢hHU3MYECKUE BEIUYUHbl, KOTOPbIE MOI'YT H3MeHAThCA. KpUTHK, 0jlHAaKO, Ha-
CTauBAET HA CBOEM; YCTYIlafd €My, Mbl BCTABIAE€M IIOCTOAHHYI) TAIOTE€HUA
B UMCIIO EPEMEHHBIX, YTO0OBI NONPOHOBAThL, UTO U3 3TOro BhiiijeT. HazoBem
3Ty MOCTOAHHYIO (5 O4CBHIHO, UTO ce pasMepHocThb Gyger M 1L3T 2, rak

KRaKk OHAa Ol'Ipe,[[e.TIHeTCH JA4KOHOM TAI'oTEeHHUA HI:IOTOHEI.
m11mo
G
T
((HOCTOHHHYIO», HMeEIoyIo pasMepHoCTb, T.¢. MCHAIOMYIO YHCJIOBYIO

BEJIMYHHY IpH Ilepexode K IPyroil cHcTeMe OCHOBHBIX €JUHHUI HA30BEM
«pa3MepHoity nocToaHHoit. Hanle ¢pyHKIIMOHATLHOE COOTHOINIEHUE MMPUHUMA-

Culla TATOTEHHA =
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eT BUI:

t = f(my, ma, G, 7).

JTo (QYHKIHMOHAaNIbHOE ypaBHEHHE pa3pellaeTCA yie He TaKk MpPoCTo
HelnocpedcTBEHHBIM PACCMOTPEHHEM, KaK JBa NpeablAyliue; NPUAETCA He-
MHOMKO 3aHATbcA anredpoi. [Ipeamonosum, 4To (GYyHRIIMA BbIpa:kaeTcA
B chopMe cCyMMbl MPOHU3BEAEHUI apryMeHTOB B HEKOTOPBIX cTemeHAX. MbI
3HaeM, 4To ecliu ob0e CTOpPOHbI ypaBHEHHUA IOJ#HbI OCTABATbCA pPaBHbBIMH
npu 11060M U3BMEHEHUH OCHOBHBIX €IMHUII, TO PA3MEPHOCTh M060ro U3 Mpo-
¥M3BedeHuii B IpaBoil yacTW paBeHCTBa AoMiiHa OLITL TaKoH ke Kak U B Je-
BOH uvacTu, T.e. T.

IIycTh THNMYHBLIA YJ€H CYMMBI MPOU3BEJEHUIT UMeEET BUIL:

mémi Gr?
PasmepHocTh Bcero npousBeeHUA oa#Ha 66ITh T, T. €.
MeMP(MILAT2)L° = T.

[IpupaBHuBad nokaszatenu y L, M u T B npaBoii 1 neBoil yacTH, HMeeM:

a+pB+v=0,
3y+4d=0,
—2v =1,

0TKy1a

1l s_-3. ,—_g4+1
7 29 6_27 & = 6"—2

Jnauyenus o U 6 MOMHOCTLIO HE ONIPEAcIAIOTCA, HAXOJHUTCA TOJLRKO HUX
OTHOIICHHEC, TaK RAaR Y HAaC TOJILKO TPH YpaBHCHHA NPH YETLIPCX HEU3BECCT-

nnix. OTHolmeHue o K 6 MMoRraaniBacT, 4TO 711 U 1o JOJHIHLI BXOJHUTL B CI)OP-

7
—-1/2
M¢E 1M, / (ml) , IpHYEeM 3HaA4YCHHE X HHUYeM HEC orpaHHYHBacTCH.

/= Z G1/2 21/2(2i)w’

roe £ ¥ A MoryT UMeTh NPOM3BOJLHbIE 3HAUEHHA.
3/2

OTcona

T

BbiHocH — 7 iz
G ?m3

3a 3Halk CYMMELI, MOMEM HAaIllHCaTbh

3/2

= e A ()

G2y
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Bpra}‘HEHI/IE nmog 3HakoM CYMMELI, €CJIN & H A:c HHUYEM HE€ orpaHuye-

ma

Hbl, €CTh NPOU3BOJALHAA QYHKLUA OT o=, KOTOPYIO MbI H306pa3suM B BH-

m2
ae @ ( m_1) .
Orcroga

3/2 Mo
t= i #(im)
1/2 my J’

Gl/sz/

T. €. KBagpar nepuoja obpalleHus NpolopuruoHansed KyOy pacCTOAHUA Mesk-
oy MaccamMH M o6paTHO NPONOPIHOHANEH IOCTOAHHONR TANOTEHUA, €CIIU BCE
npodee ocTaeTCA HEU3MEHHLIM.

CoobpaneHua APYroro poja NO3BONAIT IJA YacTHBIX clydaeB Olpe-
AeIUTL BUA HeusBecTHoll ¢pyHRIUM . [lycTh ogHO U3 Tea obiaagaeT odyeHb
6oaLII0i Maccoii, BTopoe #e ABIAeTCA JerKUM CIIy THUKOM; B 3TOM clydae
C AOCTATOYHBLIM MPUGIKMKEHUEM MOMHO CUUTATh, YTO HEHTPOM BpalleHUA
ABJACTCA LCHTP MacCHBHOIo Teda. fICHO, 4TO IpM 3THUX YCIOBHAX BpeMA
ofpalllcHUA He 3aBUCUT OT MaccChl CyTHHUKA. Ecau macca cllyTHUKa yJBO-
HUTCHA, TO YABOUTCA W CHNa NPUTAMEHHUA, clefoBaTelbHO, YCKODEHHe, olpe-
nenAeMoe OTHOIIEHHEM CHJbI K Macce, OCTAHETCA HEU3MEHHBIM, T. €. BpeMA
obpalleHHuA OCTAaHETCA TeM ke caMbIM. IIpH 3THX cnenuanLHBIX YCIOBHAX
HeusBecTHad QYHKIUA ¢ obOpamaeTcA B MOCTOAHHY O BeIUUUHY, U MbI Hali-
aem

3/2
t = const — .
G ?my,
JTo COOTHOIIEHUE, KAK U3BECTHO, COTNIACYETCH C aCTPOHOMHMYECKUMHU

hakTaMu.

Tarxum oOpa3oM, Hall KPUTHK OKasalcA, I0-BUAUMOMY, IIpaBbLIM, Ha-
cTaMBad Ha BRIKYEHUM IIOCTOAHHOM TArOTEeHHMA B Tabauny. Y Hac ocTa-
€TCH, OIHAKO, HCNPUATHOE OLIYIICHHE, MOCKOILKY MBI HE INOHUMAaeM ACHO
olIMO0YHOCTU MEPBOHAYANLHOIO Halllero paccy#aeHud. Hac HaumHaeT Tpe-
BOKUThb [IpeauyyBCTBHE, 4To B OyayleM oOHApy#UTCH elle KakaAa-HUOy b
pasMepHad MOCTOAHHAA, KOTOPOH Telneph MBI ellle He 3HaeM U B OTHOIIIEHU!U
KOTOpPOH He OyAeT CTOJb 0YeBUAHON HEBO3MOMHOCTh NpeHebpesennua, KaK
3TO OBLIO B ClIyvae NMOCTOAHHOM TAroTeHUA. Mbl onacaemcA, 4To IpU TaKOM
MIOJMO#EHN N Bellleil IONYUYUTCA HEBEpPHLIN 0TBeT, U He 3HaeM, He pYXHeT IH
BooOlle Bce CTPpOeHHUe.

I[lTomuMoO HEJOYMEHHUH C Pa3MEPHBIMU [IOCTOAHHBIMHU, NOCICAHAA 3a/1a-
ya ecTeCTBEHHO BbI3bIBaeT W Apyroil Bonpoc. Ha KaKkoM oCHOBAHUM MOMHO
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npeanoaaraTh, UTo Heu3BecTHaA QYHKIMA Joiaxia ObIThL NpeAcTaBleHa Kak
CyMMa MpoX3BeieHH T HE3aBUCHMBIX MEePEMEHHBLIX B HEKOTOPBIX CTeneHAx?

PazymeeTcsa, B MaTeMaTHRE CYMECTBYIOT QYHKIMHU, KOTOPLIE HENb3A
BbIpPa3uThL 3TUM crnocoboM. Heyskenu npupojga orpaHuuuina BHI JeHcTBU-
TeNLHO CYMECTBYIOIUX ¢GYHKIUI TodbKo Tol HeGONbINOI YacThbIO, KOTOpad
JerKo ycBauBaeTCHd 4el0BEKOM?

PaccmoTpum deTBepTyio 3ajady, pa3obpaHHylo Paneem B ToM ke
HoMepe Nature. dTo 3HaMeHUTAaA 3ajJaya o IEpeHoce Tenna, KoTopoil no Pa-
nena 3anumanca by ccuue K. TBepaoe Teno onpeaeneHnol reoMeTpuyec-
Ko# (opMbLI, HO MepeMeHHLIX abCOMIOTHLIX pasMepoB, HAXOAMTCA B HEMO-
JABHUHOM COCTOAHUU B TIOTOKE JKUJKOCTU U MOJAEPHUBAECTCH MPU MOCTOAH-
HOIl TeMmepaType, NMpeBLIMNAONE TeEMIEpaTypy #UJKOCTUA HA HEKOTOPOM
paccToAHUU OT Tena. TpebyeTcd HAllTH CKOPOCThL MepeHoca Temnaa oT Tena
K #ugrocTH. Kak u npespge, coctaBnaeM Tabnuuy 4 pasnuyHbIX BXOJALINX
B 3aJavy BeIHUYUH U HX pa3MepPHOCTEIi.

Taonuna 4.

Hassanue seauvunst Cumeon Popiyaa
pasmeprHocmu
CropocThb mepeHoca Tela h HT1
JvHelHBIE pa3Mepsl Tela a L
CKOpoCThb MOTOKA v LT-!
PasznocTh TemnepaTyp 9 0
TennoeMKoCTL MUIKOCTH —34-1
Ha eJUHUIY o6BeMa ¢ HL™¢
TennonpoBoAHOCTh #KUIKOCTH k HL-1T-19-1

DTo mepBas 3ajaya U3 o6JIACTH TEMIOTLI, ¢ KOTOPOH MBI BCTpedaeM-
CA, U Mbl BBEIH [B€ HOBbIX OCHOBHBIX €IWHUIIbI, EAMHUIY KOIHYECTBA Tell-
na (H) u eqgununy Temneparyps (). 3amernm, 4To Macca He BXOAUT B Gop-
MYIbl pasMepHoCcTell HU OJHOH M3 NepeMeHHbIX 3Tol 3agaud. Ecau Obl MbI
3aX0TeNH, €e MOHO OblIo GbI BBECTH, OTKA3ABIIMCh OJHOBpeMeHHO oT H.

Tar e, KaKk U B IocJeJHEM IIpUMepe MpearnonaraeM, 4yTo MHTEPECY -
Iasg HaC CKOPOCTh IepeHoca Telljla BhipamaeTca Kak cyMMa MpOou3BeJeHuit
apryMeHTOB B HEKOTOPLIX cTenenax. OBIui BU/ YleHa Takoi cyMMEI UMe-
eT BUJ:

const a*@%17 ke,

Hanaras ycioBue paBeHCTBA Pa3MEPHOCTH 3TOI0 MPOU3BEICHUA pas-

MepHOCTH h, Kak U B IpeskHeill 3ajade, M0oJydaeM 4YeThIpe ypPaBHEHHHA, CO-
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OTBETCTBCHHO 4YE€TLIPpCM OCHOBHLIM COHHHUITAM:

d + € = 1 (ycnoBue ana nokasatensa npu H),

B — & — e =0 (ycnoBue anda nokasaTtend npu 6),

a+ v — 30 —e =0 (ycnoBue ans nokasartend npu L),
—~ — e =1 (ycnoBue ans nmorasatensa npu T).

/lnA NATHM HEUW3BECTHLIX Mbl MMEEM TOJLKO 4Ye€ThIpe ypaBHEHUA; Ta-
KUM 00pa3oM 0JHO M3 HEM3BECTHLIX OCTAHETCHA MPOM3BOALHBIM. IIycTh 3To
oyaer «.

Paspeman ypaBHeHHUA OTHOCUTEILHO ¥, UMeeM:

a=1+v B=1 d=7v9 e=1-—1,

OTRYJa BbIlI€EHANMHCAHHLIN OOIIMI 4jeH CYMMELI IpHHHUMAaeT BHUIO:

7y
const a 8 k(%) .

[lonHoe permenye ecTh cyMMa YJI€HOB TaKkoro THMa. Kak u paHbIne 3Ha-
YeHUAl KOHCTAHTLI M Y HUYEeM He orpaHMYeHbl, I03TOMY BCE 4leHbl CyMMbI
MOT'YT ObITH CIUTHI B €JUHYIO IPOU3BONLHYIO (GYHKLHUIO, U PE3YILTAT MOH-
HO 3a1ucaTh B TAKOM BH/IE:

h:kaaF(%).

CrnepoBaTelbHO, CKOPOCTDL MepeHoca Tella IPOoIlopUUOHalbHA PasHOC-
TH TEMIIePaTyp, HO OT JIPYTHUX MepeMeHHbIe 3aBUCUT He BIIOIHE ONPE/IeNeH-
HBIM 06pazoM. XoTA dopMa GyHKIMU F' HeU3BecTHA, 0JIHAKO BU/l apTyMeHTa
3ToH (GYHKIUHK JaeT o4YeHL TleHHbIe cBefeHUA. Hanpumep, MBI BUUM, 4YTO
H3MeHeHHe CKOPOCTH MOTOKA HMUAKOCTH INPUBOJUT K TAKOMY € TOUHO U3-
MEHEHUIO, KAk W3MEHEHUE TEeMIOEeMKOCTH: YABOECHHE CKOPOCTH HUIKOCTU
P4 HEM3MEHHOCTH [IPOYUX [I€EPEMEHHbIX OKa3blBaeT TAKOE e BIHUAHUE HA
CKOPOCTH IlepeHoca Telja, Kak U yJBOeHUEe TellIOEMKOCTH #HUJAKOCTH.

JTa 3ajlaya MOMKET TaKMe BbI3BaThb pAxg BolpocoB. OUMH M3 HUX ObLI
noctaBineH . PadymuHckxum B nucbMe B Nature 95, 591, 1915 r. On
nucan: «B Nature ot 18 mapTta nopa Paneit gaet dpopmyny

h:kaﬂF(%),
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paccMaTpHBafA KOIUUECTBO Tellla, TeMIepaTypy, JJIUHY U BpeMA Kak ue-
ThIpe «He3aBUCHUMbIX» BeJIHUYHHLI.

Ecau npeanonosuTh, YTO TOILKO TPH M3 3TUX BEJIHYHH «IefiCTBUTENb-
HO He3aBHCHMELI», MBI IIONYUMM Jpyroil peayinbrar. HanpuMmep, eciu temile-
paTypa olnpefieleHa depe3 cpelHION KUHETUUYECKYIO SHEPTHIO MOJEKYI, TO
analia pasMepHocTelt MO3BoONAAET YTBEPKIATh TOAbKO TO, YTO

CL2

h = kaHF(kL, ca3),

T.e. BMeCTO HeH3BeCTHOH (YHKIMM OT OJHOIO apryMeHTa IoJdy4daeTcd
GYHKIMA OT OBYX apryMenToB. RoHeuno, Takaa GYHRLWUA 3HAUNUTENbHO
MeHee orpaHudeHa, yeM (GYHKUUA ToNbKO OJHOro aprymMeHTa. Hampumep,
B JaHHOM clIyuae yike Helb3f cAelaTh BbIB0JA, UTO M3MeHeHHe CKOPOCTH
BIMAET TaK e, KaKk U3MeHeHNe TenidoeMKocTH. Takum odpasoM, 3aMedaHue
PabymnHcKoro cyuecTBeHHO.

Pauaeit orBeTun PadymudHckomy B ToM e ToMe Nature (cTp. 644) cre-
AYIOLUM 00pa3oM:

«Bonpoc, nogHATLIH PAGYNIMHCKUM, OTHOCUTCA CKOpee K JTOTHUKe, YeM
K croco0y IpHMeHeHHMA aHa/lM3a pasMepHocTeil, HHTepeCcORABIIEMY MeHHA.
Bonpoc oueHb 3acny:muBaeT JalbHeiilllero paccMoTpeHuA. Moe 3arioyenie
MOJYUYeHO Ha OCHOBe OObLIUHLIX ypaBHeHUH Pypbe AJ1A TeNIONPOBOIHOCTH,
B KOTOPBIX TeMIlepaTypa M KOJWUYeCcTBO Tellla NIPUHUMAaIOTCA KaKk BelHYH-
HBI Sui generis. Ml uMenu Obl Jeso ¢ mapagoKkcoM, eciau Obl yriayOieHue Ha-
WKUX 3HAHHUIH 0 IPUPOJie Tella B MOJeKYAAPHOH TEOPpHUU NPUBOAUI0 ObI HAC
K XYy/JlIeMy TOJ0eHHI0, YeM paHblilie TPU paccMoTpPeHUM YacTHol 3ajaumn.
Pemenune napagokca cocTOUT, MO-BUANMOMY, B TOM, 4TO B ypaBHeHUAX Py-
pbe COepPUTCA TaKkoe NpeINodoseHie 0 MPUPoJe TelJa H TeMIepaTyphl,
KOTOpPOro HET B apryMeHTanuud PAOYIMMHCKOTOY.

f aymaio, uTo 3TOT OoTBeT Pa3neA eapa nu Koro yaoBieTBoputT. Pa-
3yMeeTcdA, HeT HUKaKMX COMHeHUil B HcKyccTBe Paned B gelle moiaydeHUd
[IPAaBUIILHOT'O pe3yJbTaTa IpiMeHeHUeM aHajll3a pa3MepHocTeil, Ho HalieT-
CA 1M Yy Hac HaBbIK M duU3ndecKad UHTYUIMA Paned, dyToObl caMUM TaK:He
NoIy4YaTh NMPaBUAbHBIA pe3yanbTaTr? He gacT nu HekoTopoe paccMoTpelue
JOTHUKHM MeTojla HaJle:HbIH clMocod pelleHUA Bompoca, ABIAIOTCA TU TeMIie-
paTypa U KOJAHWYECTBO Tellla «JeficTBUTENbHO» He3aBUCUMbBIMU eJUHHIIAMH
UK HeT, U KaK cleyeT BLIOMPATh HAlLlU OCHOBHLIE BEIMUMHBI?

IlomuMo neproro Bompoca o HajJexallleM BbIfope ducia efUHUL NMPH
cocTaB/JeHUH PopMyJ pazmMepHOCTei, 3Ta 3ajlaya 0 TellJIONPOBOJAHOCTH BbI-
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3bIBaeT W APYrUe BONPOCHl Tak#e ¢du3nyecKoro xapakrepa. Hampumep,
MMeeM N1 Mbl OCHOBaHHe NMpeHeOperaTrh MIOTHOCTLIO, BA3KOCTLIO, CiKUMA-
€MOCThLIO, TeMJIOBLIM pacluliipeHreM MUIKOCTH UMK alCol0THOH TeMIlepa-
Typoii? BepoATHO, MHOI'HE CKaMyT, YTO Takoe IpeHebpeeHe ollpaBIaHo,
HO 3TO YTBep:ijieHne OYAeT OCHOBLIBATLCA HA KOHKPETHLIX apryMeHTax U
OCHOBaTeIbULIX (U3UUECKUX CBeJeHHUAIX 0 paccMaTpuBaeMoi ¢UuiudecKoil
cucteMe. IlpobiaemMa He MomeT OLITh paspeliieHa ¢uadocodboM Ha Kadenpe,
HeoOXoAVMble 3HAHUA NJOCTUTHYTLI KOrJa-TO KeM-TO, 3allaukaBLIMM CBOU
PYKU OPAMBIM ONBITOM.

B 3armiouenune octaHoBUMCA Ha NMATOH 3ajayde, HECKOAbKO OTJIMYHO-
ro xapaktepa. llonpofyem HaliTu, KaKk 3aBUCHUT 3IJIEKTPOMarHUTHafA Macca
ANeKTpUUeCKoro 3apaja, papHoMepHo pachpejielleHHoro mo chepe, oT paau-
yca chepbl U BelnuuHsbl 3apajaa. [lonaraem, uTo 3apAja pacnoloseH B myc-
TOM IIPOCTPAHCTRE, U, cleloBaTellbHO, eIUHCTBEHHLIMU [lepeMeHHLIMU fAB-
JAI0TCA 3apad u paguyc coepol. [IpuMenaeM npemuui Mmerosa. PazmepHocTs
3apAfa (BhIpameHHOro B 3NEeKTPOCTATHUECKUX eIUHULAX) NOTYIaeM U3 3a-
Kona Kynona. Takum obpasoM uMeeM TabauIy H:

Taénuma 5.

Dopmyaa

Haseanue seanuyvunsl Cumeon Py

pazmeprHocmu
3apan € ML/213/2p-1
Paguyc chepnl r L
JieKTpo-MarHuTHadA m M
Macca
Hamumem

m = f(e, r)

U HaligeM BUJ QYHRIHH f, OCHOBBEIBAAChH HA TOM, UTO COOTHOLIEHHE J0JHHO
ObITh HE3aBUCUMBIM OT pa3Mepa OCHOBHLIX equHHI. HcHo, uTo T He MoeT
BXOJAUTh B MpaByIO YacTh paBeHCTBAa, TAK KaKk OHO He BXOAUT B JleByio. Ho
T BXOAUT B IPaBYIO YacThb TOJAbKO Uepes €, I03TOMY U € He MOeT BXOAUTh
B NMpaByio 4YacTh. OfHaKo, ecIM B NMpaBoil 4yacTU HET e, TO TaM He MOMKeT
OpITh U M, Tak Kak M BXoauT ToabKo uepe3 ¢. Mbl BcTpeuaeMcH, TAKUM
06pa3oM, ¢ MPOTHBONOJOKHLIMU TpeOoBaHUAMH, JeNalOlUMH pelleHne 3a-
oauyd HeBo3Mo:HLIM. Ho cHoRa Ham KpuTHUK-MeducTodenb noacrasbiBaeT,
YTO MBI 3a0LIIM KAKYIO-TO pa3MepHYIo NocTOAHHYIO0. MBI HeJoyMeBaeM: Ha-
1ia cCUCTeMa paclojiodeHa B MyCTOM NMpocTpaHcTBe, KaKkoii pazMepHoil mo-
CTOAHHOH MOMKeT XapaKTepu3oBaThbcA IIycToe NpocTpaHcTBo? KpuTUK Ha-
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cTauBaeT, 0JlHAKO, HA TOM, YTO Y MYCTOro NPpoCTpaHCTBa UMEIOTCA cBOCT-
Ba, ¥ MPU HEKOTOPOIl HACTOMUYMBOCTH ¢ Halllell CTOPOHBI NMOACKA3LIBAET, YTO
CBeT paclnpocTpaHfeTcd ¢ onpeaeleHHol, XapakTepHCTHYECKOI CKOPOCTLIO.
Mbg1 cHoBa Bo3BpallacMceA K 3ajayde, BKJAWOYKMB B TaOIULY CKOPOCThL CBETa ¢
¢ pasmepHocTbio LT ™!, umeem:

m = f(ey, r1, ¢).

[IpemHue 3aTpysHeHHd cpa3y MCUe3alOT, U Ha OCHOBE ONbITa pelleHUus
npeJblAynX Gojlee CIOMHBIX IPUMEpPOB Mbl IOIyYaeM cpasy:

o2
m = const —.

rc?

ITy dopMyay MbI HaiijleM B JIIOOOM Kypce 3JeKTPpoJHHaMUKH, H, Cle-
JoBaTelbHO, HAll KPUTHUK CHOBA OKaszaicd npaB. Mbl yyBcTBYeM cebsf cMy-
II[eHHbIMHU, He ACHO MOHUMAA POIb Pa3MepHBIX MOCTOAHHBIX, U HECKOJbBKO
VCIOKaUuBaeMCH, BCIOMHUB, UTO ¢ ONpefenfdeT OAHOBPEMeHHO OTHOINeHHe
RNEeKTPOCTATUYECKUX eJUHUI] K dNeKTpoMarHuTHBIM. OJHaKko HaM eme He
o4YeHL AICHO, KAKUM 00pa3oM BXOJIUT 3TO OTHOIIEHUE.

PasMbIlnfAd o pelieHUAX paccMOTPeHHBIX 3ajiau, Mbl BecTpedaeMcd U
c Apyrum BomnpocoM. IloueMy ypaBHeHMe, IPaBW/IbHO CBA3bIBAIOLIlEEe pas-
JMYHbIe U3MepUMble QU3NYeCKHe BelWUYMHbl, JOJ#HO 110 cBoeld (popmMe He
3aBHCeTb OT pa3Mepa ocHOBHBIX eguHun?! Kax 6yaro Obl JJA 3TOro HET HU-
KaKoil He0OXOAUMOCTH, TUKTYEeMOH IPUPOA0I caMoro GpU3NUEeCKOr0 U3Mepe-
HHA. BecAKoe ypaBHeHMe ecTh olucaHde ABJCHUA WIH Kaacca AbieHuil. OHo
YTBep#iJaeT B KOMNAKTHOH GopMe, UTO ONEPUPYA ONpeeleHHbIM TMpenu-
CaHHLIM CcIocoOOM Tak, YTOOLI MOAYYUTL PAJ YHUCEN, ONMHUCLIBAIOUIAX pe-
3yJALTAThl onepanuii, MLl AOM#iHBLI TPHU MOACTAHOBLE 3TUX YHUCel B ypaBHe-
HHE VAOBIeTROPUTH NocdegneMy. Boobpasum ceGA, HanpuMep, B MOJOsKe-
Huu [anuies, npiTaomeroca HaiiTH 3aKoH najeHud Tea. MaTepuanom A
HalllUX HaOMIOJeHUH MOryT CIYUTh Bce cBOOOJHO Majalolide Tella Ha Mo-
BEPXHOCTH 3eMIU. B KauecTBe U3MepHTeAbHOI0 HHCTPYMEHTAa Mojib3yeMcA
HEKOTOpPON eIVHHIEH NJIHWHLI, HAlPUMep METPOM, U HEKOTOpPOl eduHHIEH
BpeMeHHU, HanmpuMep MUHYToi. MbI mpuMeHAeM 3TH eIUHUIIbI MO OMNpeje-
JeHHBIM NMpaBUlIaM KO BceM NajaloluM TellaM M MoJydaeM Nnapbl Yuced A
pasnuYyHbLIX Tel, OTHOCAUIMXCA K MPOCTPAHCTBY, NPOHJeHHOMY 38 HEKOTO-
poe BpeMA, IPoTeKIllee 0T Hauala najgeHuA. Mbl JenaeM Ipu 3TOM BEIHKOE
OTKPBITHE, 3aKI0Yaloleecad B TOM, UTO UHCI0, BhIpamiatoiee paccToAHue
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najeHusd nodoro TEmna, noboro paaMepau CBOﬁCTBa, HaxoguTcCA Bcerga B IIo-
CTOoAOHOM OTHOHMICHHWH K KRBajgpaTy 4YHC/a, Bblpamaloniero InpoTeniee bBpe-
M. HBMepeHHBIe yucja, BCTaBjlAeMble B 9T0O COOTHOIICHHE, ObIIMN NMoJay4YeHbl
IMp1 IIOMOIOH HEKOTOPLIX COBepPIICHHO OlIpeie/eHHLIX €¢JHUHHIL. Tem He Mme-
Hee olMMcaHve BepHo, H Hallle OTKPLITHe OYeHL BasiHO Jadie NpH VCIOBHH,
UTO pacCcToAnre U BpeMA JOIMHLI UM3MepAThbCH IIepBOHaAYalbHO HBGp&HHLI-
MW YACTHBIMHW e JHHUIOaMM.
Hame OTKPLITHE MOMIHO 3allMCaThb B BHU/e YpPaBHeHUA:

s = const - 2.

IIyeTo HeKToO, 06UTaTelNL APYToi cTpaHbl, MONb3YIOWKiicA IpYTroi crc-
TEMOI eTMHUI], CTOIb e HeHay4Holi, KaKk Halll MeTp U MUHYTa, MPOCLIaB
0 HalleM OTKPBITUH, BOCIPOU3BOAUT ONBITHI CO CBOMMU U3MepPUTeNbHbIMU
HHCTpyMeHTaMu. OH NoATBep:kAaeT Hall pe3y/abTaT, HO 3HaueHHUE I0CTO-
AHHOI B ero ypaBHeHUU [pyroe. JTo 3HAUYUT, YTO IOCTOAHHAA 3aBHCUT OT
pa3MepoB IPUMEeHeHHbIX €JUHHUII, T.€e. ABIAETCA pa3MepHOIi 1I0CTOAHHOIM.

Y3HaB o peaynbTaTax MpPOBepKHU Halllero oTKPLITHA B Apyrotfi cTpate,
Mbl HAYWHaeM pa3MbIlIATh. HakoHen, MBI IPUXOAUM K BBIBOAY, UTO TaK U
OOMMHO OLITE W He MoTrJo 6bITh WHade. MbI GepeMcA Npejcka3aTh Hallepel,
KaKk U3MEHHUTCA MOCTOAHHAA B 3aBUCUMOCTHU OT TOH UJIU UHOH CHCTEMBI U3-
MepeHuil. [lenu Hac HauMHAOT paccnpanuBaTh O JeTalfdX, TO MbI AaeM CO-
(pUCTUYECKUI1 OTBET, YTO Mbl MeHAeM IIOCTOAHHYIO TaK, 4T00bl B TOUHOCTHU
KOMIIEHCUPOBaTh BCAKOE H3MeHeHHe 4YMCel, NpeAcTaBIAKIUX AIUHY WIU
BpeMfl, B peayJ/bTaTe NOJyUyaeTcH 110 CYILIecTBY IpekHee ypaBHeHue. Fcau
eJMHULA JJIHHBI BABOe MeHblIEe [lepBoHAUANLHOM, TaK YTO YHCJI0, U3MepH-
I0lllee HEKOTOPOe paccTofAHWe NajleHA, CTAHOBUTCA BABO€ OONbIINM, TO MBI
YMHOMaeM NMOCTOAHHYIO Ha 2, 4yToObl KOMIEHCHPOBATh JHIIHUH pakTop 2
B NeBoif yacTu ypaBHeHUA. ToUHO Tak e, ecliu eJUHHIIA BPeMeHU BTpoOe

Oolnblile nepBOHaqaanoﬁ, T. €. UHCJ/0, BeIpamaroiuiee AJUTEJBHOCTE IIaae-

HHUA, UMeeT TOJIbRKO l neppoHavYalbHOI'O 3HAYE€HUA, MOCTOAHHYIO NIpHUeTCA

3
VMHOMKUTh Ha Y, 4To6bl KOMIIEHCHPOBaTh (aKTop %,
ABHIICA ObI B NepBoif yacTH paBencTRa. HHLIMH cloBaMu, MBI TPUNUCHLIBAEM
nocToAHHOH pazMepHocTb LT ™2 u TakuM obpasom mnoaydaeM GopMyily, He

3aBHCAIIVIO 0T pa3aMepa OCHOBHLIX e€IUHUII.
JdTa yaaua oboipAeT Hac, U MBI IepeHoCUM Ipollecc U Ha Apyrue, Hollee
cloxHble cucTeMbl. Hanpumep, Mbl HabIi0JaeM BLICOTY NMPHIJIKBOB B MOPTY,
[0Jb3YACh JJA H3MePEeHHA BLICOTHI BoJbl Py TOBOI NUHENKOH U YacoM, Kak

HOTOpBIﬁ HHaue I1o-
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eIuHUIlell BpeMeHu. B pesynbTaTe MHOrMX HabMOAeHUH HAaXOJAWM, YTO BbI-
coTa BOAbl MoxieT OLITh NMpeAcTaBleHa GoOpMYJIoii:

h = 5sin0, 5066 ¢.

MpbI nepenuchiBaeM 3TO ypaBHeHUe B Takoil opMe, YToOLI BeAKUI apy-
roii HabawgaTeNb, MPUMeHAIONIUN ANA U3MepeHUH IPYTYIO CUCTEMY eIu-
HHI[, MOT el0 Boclodb3oBaThbcA. A 3Toro BBOAUM B ypaBHeHUe IBe pa3-
MepHble NOCTOAHHBIE:

hC'y = 5sin0, 5066 - Csat,

rae C; uMeet pasmepHocTs L™ u (5 pasmeprocts T71L.

OTcioaa, ecTecTBeHHO, cleayeT obobuieHe. Jlioboe ypaBHeHHe, KAKOTO
YIOAHO BUJa, MPaBU/bHO BOCIPOU3BOIAIIee pe3ylbTaThl U3MepeHUil, BbI-
MOJHEHHBIX TPU MOMOIIHM HEKOTOpPOoil cHCTeMbl eIUHHUIl B (PU3NUECKOH cHc-
TeMe, MomeT ObIThb MpPHUBEJeHO K TAaKOMY BHAY, B KOTOPOM OHO BEpPHO U
IJA Apyrux cucteM egunui. Jna sToro K Kamjoil Habm0gaeMol BeJduunHe
HY:KHO BBECTH B BHJe MHOMUTENA pasMepHYIO TOCTOAHHYIO, pa3MepHOCTh
KOTOpPOI Joa#HA OLITh 00paTHOH Mo OTHOIIEHUIO K pa3MepHOCTH caMoil Ha-
onogaeMoii Beanyuinl. YicloBasa BeJdUYMHA 3ToH NOCTOAHHON JomKHa OLITh
TaKoii, 4ToObl B TepBOHaYalbHONU cUCTeMe eIUHUIl OHAa UMella 3HaueHHe 1.

PazyMeeTcda, BO MHOTHX clIy4afaX ¢opma ypaBHeHUA Mo}eT ObITh Ta-
Koif, 4YTo ABe, WA OoJbIllee UUCIO TAKUX pasMepHBIX MOCTOAHHBLIX CJIHMBAa-
IOTCA B OJUH MHOKHUTENL. BhlllenpuBeAeHHLIA IpUMep NajJeHusd Tela 0THO-
CUTCA K 3TOMY ciyuaio. TolbKo 4TO NMpUBeAeHHOe 00llee NPaBUiIo TpedyeT
BBe[leHNA IBYX pa3MepHBIX MOCTOAHHBLIX, OJHON NpH § cleBa, ApyToil npH 2
clpaBa; nocpelcTBOM IePeMHOKEeHUA UX MOMHO, 0JHAKO, CIUTh B OOHY.

Ha nam Bomnpoc noayuen oTBeT, Mbl BUAWUM, YTO BCAKOE YpaBHeHHE
MOHO NMPHBECTU K TAaKOMY BHIY, YTO OHO BBIMOJHAETCA HE3aBHCHUMO OT
pasMepoB OCHOBHBIX eanHUIl. Hallla HeyBepeHHOCTb B OTHOIIEHMU pa3Mep-
HBIX IIOCTOAHHLIX OT ITOr0 He CTAHOBHUTCH, OjHaKo, MeHbllel. He cymect-
BYIOT JTH CBOM pa3MepHble MOCTOAHHBIE IJIA KamJ0ro TUNA 3aja4y U Kak
MOKHO CKa3aTh Hanepe] ¢ Kakoi pa3aMepHol MOCTOAHHON MBI BCTPEeTUMCH?
Ilonomenne nakerca elje Oolee Oe3HageMmiHLIM, YeM cHayala; Mbl MOTJIH
C I'pexoM IoloJaM MOHAThb, MOYEeMY I'paBUTallMOHHAA MOCTOAHHAA JOJd#HA
BXOJUThL B 3a/auy 0 IBYX BpallalollliXxcA TedaX, MOMHO COrMacuThCA ¢ HEKO-
TOPBIM Iog0061eM 000CHOBAHMA MPH BHECEHUU CKOPOCTH cBeTa B 3ajauy 06
PIeKTPOMAarHuTHOIl Macce, HO HECOMHEHHO O4eHb TPYIHO OTKPBITh ofllee
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ocHOBaHMe HJIH chmocol mpeacKkazaHufA A NPUCYTCTBUA HIH OTCYTCTBHUA
paszMepHLIX MOCTOAHHBIX B KaUuecTBEe MHOMHTENel Y H3MepAeMbIX BeIUYUH.

Pemana namu 3agayun, Mbl BCTPETHIKCEH €€ ¢ OOHUM 00CTOATENbLCTBOM,
TpebylomuM noAcHenuii. Mbl 3aMeTuIN, 4To Kamjgaa dopMyia pa3MepHoc-
TU HU3MepAeMOoil BelMUYUHLI COAEP:MUT OCHOBHLIE eJHHUILI B BUAEe MPOU3-
BeJIeHUA 3TUX eJUHUI B cTenenax. HacKkoidbKko 3To HeoOGXOAUMO, H MOTYT
AU CyIecTBOBATL Apyrue GopMyIbl pasMepHOCTH IIA KoIUYecTB, H3Me-
pAeMBLIX APYTHUM crnocoboM, a ecjii TaKk, TO Kak cledyeT NPUMeHATL HaIU
MeTOJbl K TAKUM KolndecTBaM?

B uTore, B 3T0i BBOAHOH IraBe MLl HATOJNKHYJIUCH Ha PAJ Ba:{HBIX BO-
NpoCcOB, HA KOTOpLIE cleJyeT AaTh OTBET, NpeisJe YeM Yy Hac obpasyerca
VBEPEHHOCTh B MPaBHIBHOCTH Pe3yILTATOR, MOAYYaeMbIX MeToJaMU aHa-
TU3a pasMepHocTeil. 3TH BOMpPockl clIeAyIOmHe:

[Ipempge Bcero, Korga BXoAAT pa3MepHLIe MOCTOAHHLIX U KAKOB UX BUO?

Hacroabko neo6xogumo, 4Toonl popMyda pasMepHOCTH JI0OB0ro H3Me-
pAEMOro KolMuecTBa ABJIANAChH NPOH3BeleHHeM OCHOBHLIX eIHHUIl B COOT-
BETCTBYIOIIUX CTeNeHAX?

B yem cMmbIch BelMUYMH, He MMEIOIIUX pasMepHocTei?

MoryT nM GYHKIMU, ONKCLIBAIOIINE ABJIEHUA, OrPpaHUUMBATLCA KJAac-
COM CYMM TpousBeJenuii HeKOTOPLIX MepeMeHHLIX B cTenenax?

Kanroro pojga noandecTBa HoMMKHLI BLIGUPAThCA B BHOE OCHOBHLIX, NMPH
MOMOIIN KOTOPLIX OcYyIIecTRAASTCA U3MepeHue IPYyTrHX KoaudecTB? B yact-
HOCTH, CROJIBKO A0J#HO OBLITb BHUIOB OCHOBHLIX efuHun? IlpaBuiabno au
YMEHbIIATh HACKOJIbKO BO3MOMHO YMCIO OCHOBHBIX €IMHMI] BBejeHUeM
olpejieIeHUH B COOTBETCTBHHU C 3KCIEPUMEHTAIbHBIMH hakTamMu?

Hakonen, B ueM cocTOUT KpHUTEpUil NpelebpemeHnd HEKOTOPLIMH Ile-
peMeHHLIMH B 3a7ade, HallpuMep BA3KOCThLIO B 3ajlade 0 TeIJIONPOBOAHOCTH,
U KaKkoB XapakTep MoJyudaeMoro pesyinbTata? Apngerca nu o NpuOIHMKEH-
HBIM MM TouHLIM? Ecnu pesynbraT npubnmmennniii, To KaKkoBoO 3To MPH-
Onumenue?
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@opMy bl pa3dMepHOCTH

B BBomHO! riaBe paccMOTpeHO HeCKONBKO OTAE€NbHBIX 3alad, Bo3Dy-
OUBLIMX PpAJ BOIPOCOB, HA KOTOpPLle HEOOXOOMMO OTBETHUTL, Ipexje deM
CTPEMUTLCA K JeHCTBUTEIbHOMY OBJIaJeHHI0 MeTOJ0M aHalnuda padMepHocC-
Teil. Mbl IpUCTYNIUM Tellepb K IocieJoBaTeIbHOMY U3NM0MeHHI0 IpeMeTa,
IIOMHA [I0CTaBJIeHHbIe BOIIPOCHL M IIOCTEIIEHHO HAa HUX OTBeYa#d.

lleab anagusa pasMepHocTeii 1aTh HEKOTOPbIE CBeJIeHUA O COOTHOIIEHU-
fIX, CYIMECTRYIOMUX MeNiY U3BMEePUMLIMU BeIUUMHAMH, CBA3aHHLIMHU C pas-
TUYHBIMHU AiBNeHUAMU. [IpenMylniecTBo MeToaa B ero OLICTpoTe; OH U30AaBR-
afgeT 0T HeoOXOOUMOCTH IPOU3BOAUTL IOMHBIA anajiu3 3ajayu, HeT Ha-
OoOHOCTHU, HaAllpUMepP, BBINUCHIBATL YPaBHEHUA IBHMEHUA MeXaHUYeCHKOIA
cucteMbl. C apyroii cTOpoHBI, aHalW3 pa3MepHOCTell JaeT JaleKo He Bce
CBeJJeHUA, KOTOpble MOI'YT OBIThH I[IOJYUEHLI IPU JeTalbHOM pacCMOTpPEHHH.

PaccmoTpum npesxijie Bcero IpHpoAy COOTHOIIEHUR MemIy H3MePHUMbI-
MH BeJMYHHAMU, HHTepecYIIHMH Hac, Onepupya ¢ HEKOTOPLIM ABJEHHEM
WA TPYNnoil ABNenuii, MLI MPpUMeHAeM Halll MeTO/, MPUOIUIUTENbHO, Tak:
cHavala MLl uaMepsfeM HeKoTophle KOIUYecTRa, B OTHOIMEHUH KOTOPLIX €CTh
OCHOBaHMA CUMTATh MX BamKHBIMHU NMPH ONHCAHUM ABJEHUH. ITH HU3Mepse-
Mble BEIUUHHBI — PasluuUHOr0 poaa; AJIA KamI0il BeIUUYUHBI Mbl UMeeM
ocoOble TpaBuia IJd U3MepeHUA, T.e. JJA CONPAMEHUA UX C HEKOTOPBIMHU
yucaaMu. [lonyuuB gocTaTouHoe KOAMYECTBO TAKMX H3MEpPEHHBIX UHCEe,
Mbl HII€M CBA3H MejkAy HaiilleHHLIMH BednuyuHamMH. Ecau Mbl JocTaTouHO
OIBITHLL U YJA4iIWBbI, TO HAXOJHUM COOTHOIIEHHA, KOTOpPble MOMHO BhIpa-
3UTh B MaTeMaTHuecKoil ¢dopme. OOLIKHOBEHHO oco0eHHO MHTepecHa OgHA
U3 BEeIUUYHH, KOTOPYIO U NBITAIOTCA BLIPa3uTh KaK (PYHKIHWIO oCcTaldbHBIX.
Huaue roropfA, Mbl UIIeM COOTHOIMEHUA:

x1 :f(3727 L3, )7

rge xrp, £ 1 T. 1. — YHCJIA, BhlIpadalolie paslin4YHbIe H3MepeHHbIe (pI/IBI/I-
HeCchiHe BeJINYMHELI. TaH, HanpumMep, rq1 MomeT COOTBETCTBOBaAaTL CKROPOCTH,
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T2 — BA3KOCTH U T. 1. /In1A KpaTKoOCTHU 3TOT J0OBOJbLHO JJIUHHLIA 060pOT pe-
YU MOMKHO 3aMeHHUTDL YCIOBHLIM YTBEpHIeHueM, 4YTo £1 — CKOPOCTh, B Aeli-
CTBUTENLHOCTH 3TO HE TaK, 3TO TOILKO YHCI0, U3MepPAIoIee CKOPOCTh.

IlepBoe 3ameuanue, KoTopoe clegyeT cAenaTb B OTHOLIEHUU QYHKINO-
HalLHOTO COOTHOIEHUA TUNA HAMKUCAHHOT0, COCTOUT B TOM, UTO apTyYMeHThI
pacnajgaloTcA Ha JBe TPYINbl B 3aBUCMMOCTH OT clocoba, KOTOPhIM 3TH
yHcaa nodydeHbl ¢arTHyeckd. IlepByio rpynny KodudyecTB Mbl Ha30BEM
nepeuiHbiMU U OCHOBHBIMH. JTO T€ KONUUYecTBa, KOTOpPhle COOTRETCTREH-
HO clelhalbHbIM MpaBUiaM oneparuii, ConpAraioiuuM dKcia ¢ ABIeHUAMHU,
paccMaTpHBalOTCA KaKk OCHOBHLIE M 061a1aloT HecBoAUMOoI Gollee cTeneHbIo
NPOCTOTLI.

Tak B 06b19HOl cHcTeMe MeXaHHKW OCHOBHLIMHU MEepPBUUYHBLIMU BelHUH-
HaMHu AIBAAIOTCA Macca, JMUHa U BpeMA. B QyHRUUAX paccMaTpHBaeMoro
BH/a HEKOTOpPhIE apryMeHThI MOTYT ObITb UMCAaMU, ABIAIMIAMUCA Mepoi
OJAWH, Macc UIW BpeMeH. MLl ycloBUMcA HasblBaTb TaKHe BENWUWHBI Mep-
BHYHBIMH.

[Ipu u3Mepelnny MEPBUUHBIX KOIUYECTB JOMMHLI CYNIECTBOBATh HEKO-
TOpble IIpaBuia onepaiuii, ycraHaBIiuBawllie GpU3HIECKYIO IPOIeJYPY, 110~
CpeACTBOM KOTOpPOH BO3MOMIHIO U3MEPATH MIMHY IPU IIOMOIUM CIIelHalb-
HOlt ANMHBI, U30MpaeMoli B KauecTBe €MHUIILI, UIH BpeMA MPHU MOMOIITH
crenyanlbHOr0 HHTepBana BpeMeHH, n3bupaeMoro cranaapToM. Boobire ana
NePBUYHBIX BeNMYWH XapaKkTepHo, UTO cyLecTBYIOT paBu/ia, NocpeAcTROM
KOTOPLIX NMepBHYHAA BelWUHHAa HelocpelcTBeHHO M3MepAeTcAd eIUHUIIAMU
TOTr'0 #€ poja. Jlerko ybequrbcd, 4To IpH BbIfope TAKKX MpaBUIl MbI Mol 4a-
JUBO HanaraeM HekoTopoe TpeboBaHue. Hanpumep, npu usMepeHUU JIUHbI
3T0 TpebGoBaHHMe IpH 3aMelle [IepBOHAYa/AbHOH €JUHMIbl MJIHHLI, CKajKeM,
II0JOBUHHONA elnHumeli cBoguTcA K TOMY, 4To6bl UHcJa, IpeAcTaBlAaonye
Mepy ni0o0oif KOHKEpeTHOH JIWHLI B HOBBIX eJMHHIIAX, ObLITH BABOEe Oonblile
nepBoHAYaNbHBLIX Ukcel. MeTooloruu cucTeM U3MepeHUil Jo cux mop yje-
JA4J0chk 0OUeHb Mallo BHUMAaHUA; A He 3Hal0, HalpuMep, $opMyaupoRanack Ju
Kora-1u6o TONLKO YTO MPHBeJeHHAA XapaKkTepUCTHKA BceX HallluX CUCTeM
usMepenuda. H3 paccmoTpeHua no6oii NpakTUUECKHU MPUMEHAEMOH CUCTe-
Mbl U3MepeHHul oueBUJHO, OJHAKO, UTO YKa3aHHOe CBOHCTBO UMeeT MecTo.
Hanuuune aToro cBoiicTBa CBA3aHO C Ype3BblUalHO Ba;KHBLIM Cle/CTBHEM,
COCTOALeM B TOM, YTO OTHOIIEHHe 4YHce], BblpajkalolluX U3MepeHHd, Ha-
npuMep, JBYX KOHKPETHHLIX JJMHH, He 3aBUCHT OT pasMepa eIMHUILI, TTPU
IOMOIIN KOTOpoi Mpou3BeneHO W3MepeHHe. ITo clelAcTBHe, HeCOMHEHHO,
cpasy oueBMOHO, 60O, MeHAA pasMep OCHOBHOH e€IWHMIBI B 1 pa3, Mbl, CO-
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I1acHO cjejlaHHoil I'unoTe3e, MEHAEM Mepy Ka#iJoil JJIVHBI B % pas u Ta-
KMM 00pa3oM ocTaBIfAeM HeM3MeHHLIM OTHOLIeHWe Mep MIOLIX IABYX JTAH.
JTO 3HAYUT, UTO OTHOLIEHWE JJIUH JABYX IPOM3BOJbHBLIX IPEIMETOB UMe-
eT abcolloTHOe 3HaUueHUe, He3aBUCHMoOe OT pa3Mepa equHull. CnpaBeaninBo
1 obpaTHoe 3aKjlOueHUe, KaK 3TO ABCTBYeT MNocie HeGONBIIOrO pa3MbIl-
denud. Ecium mbl TpebyemM, uToGbl Hallla cHUCTeMa M3MepeHHil NMepBHUUHBIX
KONWYECTR MOCPEJCTBOM €JAWHUI] TOTO e BUja Obla TaKoil, YTOOLI OTHO-
meHue Mep IBY X MI0ObIX 00HEKTOB He 3aBUCEN0 OT pa3Mepa e IWHUII, B TAKOM
cryyae Mepbl KOHKEPETHBIX 00BEKTOB JOMMHBI U3BMeHATLCH 06paTHO IIPOIop-
LHOHANBHO pazMepaM e€JUHHUIILI.

[ToMuMo NepBUYHBIX BeIMYHUH CYLIECTBYeT Apyrad Ipylina BeludlH,
KOTOpble MO HO Ha3BaThb emopuiHbimMu. UX uicioBble 3HaUYeHUA He MOJdYua-
I0TCA ollepallieii HelocpeACTBEHHOIO CPaBHeHHMA C JpYTroil BeAIHUYUHONH To-
ro e BHJa, IPHHUMAaeMoil 3a eMHUILY; MeTOd U3MepeHUA B 3TOM clydae
OKONBHBIN U Golee cloHBI. BTopruHble BeNIMUMHBI U3MEPAIOTCH MOCPE/-
CTBOM TpoMepa HEKOTOPBIX MEPBUYHBIX BETWYWH, CBA3@HHBIX C paccMaT-
pPHUBaeMbLIMHU, COINIACHO IIpaBUiaM, AalOUMM YUCI0, Olpelle]AeMoe KaKk Mepa
naHHO# BTopuuHoii BenuuuHbl. HanpuMep, ckopocTh 0GLIYHO ONpeenaeT-
cA KaKk BTOpPHYHAaA BeluuuHa. Mbl monydaeM ee Mepy, U3MepAfA ANHUHY U
BpeMA (T.e. IBe MEePBUYHBLIX BENHWUYUHBI), COOTBETCTBYIONIEE NAHHON INU-
He, U pa3feddd 4HCIA0, U3MepsAlollee JIUHY Ha UHC/I0, U3MepAlollee BpeMA
(MM, YCIOBHO TOBOpA, pa3genfd JIUHY Ha BpeMA).

CymecTByeT HEKOTOpOE OorpaHWYeHUe B OTHOIIEHWH TeX MpPaBUI OTe-
pauuii, KOTOpbIMU MBI CBOGOJHO MOKEM paclopf:KaTbCA IPU onpeaeneHnu
BTOPUYHBIX BenuuuH. Mbl HamaraemM To e camMoe TpefoBaHWe Kak W Ha
NepBUYHbIE BEeNUUUHBI, T.€. OTHOIIeHHUe 4Yucel, U3MepAlOIUX No0ble ABa
KOHKpPEeTHBIX o0pa3ua BTOPUYHOIT BelUUHHBI, JOMMHO He 3aBHCETh OT pas-
Mepa OCHOBHBIX e€JUHUILl, IPUMEHAEMbIX IPHU BBINOJHEHUH TpebyeMbIX Mep-
BHUYHBIX HU3MepeHHUil. Eciu, craxeMm, ofHO BelllecTBO 00iafaeT BA3ZKOCTHIO
BABOe DoJblleil YeM Apyroe, U oMH aBTOMOOWJIb ABHMETCA BTPOE CKopee
ApYroro, To 3To0 YTBEpP#IeHHe 0N HO UMETh aDCOIIOTHOE 3HAUYEHUE He3a-
BHCHMO OT pasmMepa OCHOBHBIX, IIEPBUYHBIX €JIMHUII.

JdTo TpeGoBaHWe He HABJIAETCA HEOOXOAWMBIM A NPOM3BOACTRA W3-
MepeHHUil Boobiie. J106ble MpaBuia onepaiuii MOTYT CIYMHUTh OCHOBaHUEM
CUCTEMbI U3MepeHUil, conpAralIuxX Uucia ¢ ABIeHUAMH TakuM obpasoM,
yTo0bl CBoeoOpasue JaHHOIo ABJIEHUA OJHO3HAUHO ONpedeidaloch UYHUCIAOM
B CBA3W C NnpaBuiamMu onepainuii. OgHaxo tpeboBaHue MOCTOAHCTBA OTHO-
MEeHWA, WU, KAK MOMHO CKazaTh, AOCOANMHG20 3HAYEHUA OMHOCUTEAbHO-
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20 Koauvecmea, CylmecTBEHHO 1M BCeX CUCTeM U3MepeHuii, MpUuMeHAeMbBIX
B HayKe. AHanu3 pa3MepHocTell HE MPUMEHUM K CUCTEMaM, He YJOBJIETBO-
PAIOMIUM 3TOMY TpPeDOBaHUIO, MOITOMY B 3TOH KHUre MLl paccMaTpuBalu
TOJIbKO TAKHEe CUCTEMBLI.

CrneayeT B ocoGeHHOCTH 3aMeTHUTh, UTO JTHUHUA pasfena Memkay mnep-
BUYHBIMM U BTOPUUYHLIMH BelMYUHAMHU He ABIAETCA pPe3Koil U pa3s H Ha-
Bcerjga YCTAHOBIEHHOW ecTeCTBEHHLIMU YCIOBUAMHU; OHA B 3HAUUTENbLHOM
CcTelleHU MPOU3BOJAbHA M 3aBHUCUT OT TOIO UMW MHOIO pPAJa paBUIl oNepa-
U, KOTOPbLIE Mbl HAXOJAUM YIOOHBIMU MPUHATH, ONpeaeNnad Hally CUCTEMY
usMepenus. Hanpumep, B Hallleii 00bIYHOI cUCTEMe MEXaHUKHU CUNa ABIAET-
cfl BTOPUYHON BeIUYHHON, U Mepa ee Mmojy4yaeTcs NepeMHoMeHreM 4Yucia,
U3MEPAIONIEro Maccy Ha YHCTo, U3MepAlollee YcKopeHUe (KOTopoe U caMo
AIBIAETCA BTOpUYHON Bennuuuoii). Ho ¢usnuecku cuia BHonHe JocToiiHa
3aHMMAThb MecTO NepBUYHON BEIWYHHBL, [I0TOMY YTO MBI [IOHUMaeM CMBICJI
YTBep#IeHUA, UTO oJJHA CUlla BABoe OoJbllle IPYIoil, U HAM M3BeCTeH Npo-
Hecc, Ipyu OIOMOIH KOTOPOro cUlia MoMeT U3MePAThCA MIPU IOMOIIM e TUHU-
IbI ee #e cobcTBeHHoro BUAa. To e caMoe MOMIHO CKa3aTh OTHOCUTEILHO
CKOPOCTH: BO3MOKHO HallTU clocol HelloCcpeCTBEHHOI0 CAOMEHUA CKOpOC-
Teil U TakuM o0pazoM KM3MEPATL CKOPOCTh €JIUHUIIAMU ee COOCTBEHHOIO
BU/4, T.€. BO3MOMHO paccMaTpPUBATEL CKOPOCTL KaK MEPBUUYHYIO BEIUUUHY;
MOM#HO, MoManyil, YCOMHUTbCA B TOM, UTO N00afA ¢pusuyeckana BeludyuHa
NpUrojiHa B cilyuyae HagoOHOCTH W yA0OCTBa B KavyecTBe NepBUUHOi. Cpa-
3y, HallpuMep, HefICHO, MOMHO JIM NpUIyMaThb (pU3NUecKUe IPUEMBI A
HellOCPeNCTBEHHOIO CpaBHEHUA ABYX BA3KOCTell 0e3 M3MepeHUA BEAUUWH
apyroro poaa?

Ho »ToT Bonpoc He cyuiecTBeHeH AJA JalbHelillero U He Jo#eH Hac 3a-
AepuBaTh, X0TA caM 110 cede OH oyeHb UHTepeceH. KoHcTaTupyem TolbKo,
UYTO COMpAKeHNe YUcen ¢ U3MepAeMbIMUA KOINUecTRaMU TpedyeT HEKOTOPOH
CHUCTEMBLI MPaBUI oNepanuii Takoro pojaa, 4TO BEIWUYMHLI pacnaaalTceA Ha
IBe IpyINbl, KOTOpble MBI HA3bLIBaeM NePBUYHBIMU U BTOPUUHLIMHA.

Mpu1 roBopunu yue, utTo TpeboBaHue «abCoONIOTHOrO 3HAYEHUA OTHOCHU-
TeJbHOI BelWUUHLI» HalaraeT ONpelelleHHbIe OrpaHUYEeHUA Ha omnepaluu,
[I0CPEeACTBOM KOTOPLIX BTOPUUHLIE BEJIWYUHLL MOI'YT ObITb U3MepeHbl Ue-
pe3s nepBuuHble. PopmynupyeM 3To orpaHuueHue aHanuTudecku. HazoBem
[lepBUYHLIe BEIUYUHLBI, [IPU [OMOIIHA KOTOPLIX H3MEpAITCA BTOPUYHLIE,
yepes «, B, v ¥ T.A. U3MepeHUd NMepRUYHBIX BelUUMH KOMOUHUPYIOTCA
onpejgeleHHLIM 00pa3oM Tak, UTOOLI MOJyuyMiach Mepa BTOPUYHOH Belu-
yuHbl. IIpeneTaBuM 3Ty KOMOHHAIMIO QYHRIMOHATBHBIM CUMBOJOM f, HO-
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naras, ciegoBaTeNbHo, UTO BTopuuHaa Benmuuuna = f(a, 3,7, ...). Eciu
HMeIOTCA [JBa KOHKPETHLIX 00pasia BTOPUYHON BEeJHYUHLI, TO CBA3AHHLIE
¢ HUMH NepBHYHLIE BEIMYMHLI MMEIOT pasindible YMcleHHble 3HaueHusd.
OGo3HauyuM 3Ha4YeHMA, CBA3AlHLIE ¢ IIePBLIM 00pa3snoM, HHiexcoM 1, co
BTOpeIM — wuHAekcoM 2. Torma f(ai, B1, y1,--.) 6yneT Mepoit meproro
oGpasua, f(asz, B2, Y2, ...) — Mepoii Broporo. I3MeHUM Tenepb pasmep
OCHOBHBIX enunuu. BosbMeM eqnnumy, uaMepaIomyio o, B & pas MeHbIIISH.
Torpa, Kak MLl BHIEIH, YHCI0, U3MepAKIee ¢, OyIeT B & pas 6olblie,
U xa. TouHo TaK;#e BO3bMEM eAUHHIY, H3MepAlomyio 3 B y pa3 MeHb-
meil, 1 COOTBETCTBYIONIEe YMCIO cTaneT paBHbIM ¥3. IlockonbKy mpaBuio
onepanuy, MoCpeAcTBOM KOTOPOro YHCIeHHOe 3HAYEHHE BTOPHYHON BelH-
UMHBI MONYYeHO U3 MePBHUHLIX BEIHYUH, He 3aBHCHUT OT pasMepa mepBHUU-
HBIX eIMHHI, YUCIO0, U3MepAIollee BTOPUYHYIO BEIHUHNY, AelaeTcA Tenephb
paBHRIM f(za, yJ, ...). MepaMu OBYX KOHKPeTHHIX 00pa3noB BTOPUUHOTO
KonuuyecTBa Tenepb 6yayT f(xay, yBi, ...) n flzasz, yBa, ...).

Hame mpet6osanue abcosomiozo sHa4eHus OMHOCUMEAbHOL GeAUYUHbL
aHalMTUYEeCKH BLIPA3UTCA TaK:

f(alaﬁla ) _ f(iL'Cl(l, yﬁla )
f(a29/629 ) f(iUOéza Y32, )

JTo OTHOIIEHHE AOJHHO OLITH CNpaBeJJUBLIM AJ1A NI0OLIX 3HAUeHH ¢y,
/613 eeey (2, /623 e BT, Yy 2y .0

Mbl xoTUM oTclOa HaWTH BUJ HeusBecTHO#H ¢yHEuUU f. [lepenuinem
Halry GopMyny B TaKoM BHJe:

f(alyﬁla"‘)
f(a29629"').

lTudpdepennupya no x u oboznavaa yepe3 f; YaCcTHYIO MPOHU3BOIHYIO
OTHOCHTEIBbHO MepPBOTro apryMeHTa U T. J., UMeeM:

f(xalvyﬁla .--):f($a2,y/62, ) X

f(alaﬁla )
f(a231823 ).

[lososum Teneps &, 4, 2 U T. . paBUBIMU 1, Toraa

N filas, By -.0) _ . filas, Bs, ...)
1f(ala/613°-o) 2f(a2,,6’2,...)

a1 fi(zas, yB1, ... ) = azfi(was, yBa, ...) X
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JdTa ¢opMyna JoM:HA BLIIOAHATLCA AMA MO00LIX 3HAUYEHUH aq, B, ...

H 2, )62, e
Orcroma, nmonaraa s, 32, ... MOCTOAHHLIMU W MO3BOJAA vy, 31, ...
H3MCHATLCAHA, HMeeM.
gd—f = const
f da
HUIn
1df _ const
fda @7
OTKRYJAa MHTerpupoBanrueM HaXodMM:
f — Cl aconst.

MuomuTens € ecTb GYyHRUUA JPYTUX DepeMeHHBIX 3, ¥, ...
JTOT npueM MOMKHO HOBTOPHUTh, YaCTHUYHO AuQdepeHIIMPYA OTHOCH-

TeNbLHO Y, Z, ... W 3aTe€M HHTerpupys.
OxoHuaTenbHBIN pe3ynbTaT, O4eBHIHO, Oy IeT:
_ anb_c
f=Ca"p"y°...,
roe a, b, ¢, ... u ¢’ — NnocToAHHELIE.

Tarum obpaszom, kaxcdoe smopuinoe koiutecmeo, ydosaemeopaiouiee
YCA06UN0 AGCOAOMHO20 3HAYEHUA OMHOCUMEAbHOU 8eAUtUHbl, JOAHCHO 6blpa-
HCAMBCA KAK HEKOMOPAs NOCMOAHHAA, YMHONCCHHAA HA NepeudHble 6ealYl-
Hbl 6 Hexomopstr cmenenaxr. Mbl yie TOBOPHINU, YTO TOJbLKO BTOPUYHbIE
BeJAHUYMHBI TAKOTO polia IPUMeHAKTCA B HAYUHBIX U3MepeHUAX, BeAUUHHEI
WHOTO XapaKkTepa 3[ech He paccMaTpHUBalOTCA.

HTark, MbI OTBETHJIM Ha OAMH W3 BOMPOCOB BBOAHOI TlaBLI: MOueMY
B hopMyiax pasMepHOCTell OCHOBHbLIE €JIUHHLILI BXOJAAT BCerja KaK IIPOH3-
Be/leHUA B CTelleHAX?

HcHo, uTo onepaunu, NocpeJcTBOM KOTOPhIX BTOPUYHAA BelUUYUHA U3-
MepAeTcA MPH MOMOIIN MePBUYHBIX, MaTeMaTHYeCKHU oNpeaeneHbl Koaddu-
pueHToM C' M NMoKasaTelAMH cTeleHell pasiNUYHLIX NMEePBHYHBLIX BeIHYUH.
lna ynpomeHua Ko PuUIMeHT MOUTH Beerja nojaraeTcAa paBHLIM e JUHUIE,
XOTAl HeT HeoOXOAUMOCTH UMEHHO AJ1A Takoro Beidopa. CymecTBYIOT CUCTE-
Mbl, UMeloIlle TpUMeHeHHe, B KOTOPLIX K03 QUIIMeHT He Bcera NpupaBHHU-
BaeTcA ejuHuie. Hanpumep, Tak HasbiBaeMble pallMOHAIbHble M OOLIUHBIE
SMEKTPOCTATHYECKHE e INHULbI OTIHYAIOTCA MHOKHTeneM v 4w, Taroe pas-
AWYYe B YHCJIOBOM K03 dHullMeHTe He CYIMECTBEHHO U BCerja Jerko YUHThI-
BaeTcA, HO cTelleHHbIe MMoKa3aTeqH UMelOT OCHOBHOe 3HaueHUe. (meneHHotl
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noxasamensd NEPeUtHOl 6eAUYUHb. N0 onpedencHUI0 ABAAEMCA (PA3IMEPHOC-
Mbioy 6MOPULHOL 6eAUYUHBL 6 OMHOULeHUL JdaHHOoTl nepeuyHoll.

«@PopMya pa3MepHOCTHY BTOPHYHOH BEIMUHHLI €CTh COBOKYITHOCTD T10-
KazaTelell pas3lUYHbLIX [NEPBHYHBIX BeJAHWYUH, QUrypUPYIOLUIUX B IpaBHUiIax
oneparuii, Ipy MOMOIIA KOTOPLIX U3MepAeTcA BToOpUUHAaA Benuunta. Bo us-
Oemane NyTaHULbl [oKazaTelu cTaBATCA Bcerfa MpU cUMBoNax TeX Mep-
BUYHLIX BeJIUUHH, K KOTOPLIM OHU OTHOCATCA B BUJe cTeleleit.

Hanpumep, criopocTb U3MepfieTcA, Mo olpedelNeHHIO, AeleHHeM HeKo-
TOpOH MIMHLI HA HEKOTOpPOe BpemA (He clieqyeT 3abbIBaTh, YTO B IeHCTBHU-
TeNbHOCTH DTO O3HavaeT AeleHHe UHcla, ABIAIOLIErocAd Mepoi HeKoTopoi
AMHHBI Ha Ydcao — Mepy Bpemenn). [loaToMy axcnoHenT miaunbl +1 1 aKc-
TMOHEHT BpeMeHU —1, a BeA dopMmyna pasMmepHocTH UMeer Bug LT 1. Cu-
1a B o0LIYHOH HbLIOTOHOBOH MeXaHWke onpeenfieTcA KaKk Macca, YMHOMeH-
Hafd Ha ycHKopeHuWe. PazMepHOCTb cUIbl HO3TOMY paBHa Macce, YMHOMEH-
Hoif Ha pa3dMepHOCTb YcKopeHuA. PazMepHOCTb YCKOpPeHUA MonydyaeTcA U3
ero onpejeileHd KaKk U3MeHeHUA CKOPOCTHU B eIUHUITY BpeMeHU, T.e. pap-
Ha LT 2. Otcioga pasmepHocTb cuiabl 6ymer MLT 2.

3aMeTHM, YTO pa3MepHOCThb 1000l NepBHYHON BelMYMHLI HA OCHOBA-
HHMHU IpocToro ofobUeHUA onpe/eleHUA COBIajaeT ¢ CUMBOJIOM DTOH Iep-
BUYHOI BeTUYUHLI.

Hy:mno ocobo oTMeTHTh, UYTO pa3MepHOCThL MepBUYHON BeIWYUHLI Ha
OCHOBAHUM JAHHOTO ollpeleNeHUA He HMeeT abcoMIOTHOrO 3HaUeHUA U ollpe-
OeleHa ToOAbKO MNPUMeHHUTeNbHO K TeM IIpaBU/aM ollepaunuii, nocpeict-
BOM KOTOPBIX MbI IIOJyYaeM UYNCIa, CONpPAMEHHbIE ¢ (QU3UUECKUM ABJe-
HHeM, (opMyia pasMepHocTell He oBGA3aTellbHO Jlame J0JH#Ha YKa3blBaTh
cyllleCTBeHHble CTOPOHLI INpaBua onepanuit. Hanpumep, B dopmyie pas-
MEPHOCTH CHJIbl KaKk IPOU3BeNeHMA MacChl Ha YCKOPEHHEe He COJdepKuT-
cA yKasaHufa Ha To, YTO CUJIa U YCKOpeHHe cYThb BEKTOPbl, U UTO Cpap-
HUBAIOTCA UX KOMMNOHEHTLI B OJHOM W TOM ke HampaBleHHu. bonee To-
ro, IpaBuia onepaiuii npu AeHcTBUTENbHBIX U3MepPeHUAX HAXOJATCA B Ha-
meil BIacTH U MOTYT U3MEHATbCH, U Mbl, pa3yMeeTc, NOCTYNUIU Obl He-
pasymMHoO, He MeHAA HX B 3aBHCHMMOCTH OT NpeUMYIIecTB, NMpejacTaplifie-
MBbIX cllellualbHbIM XapaKTepoM [HaHHOH (pH3MUYeCKoil cHcTeMbl MU MPob-
JeMbl. B nocneaymoileM H3M0eHUM Mbl BCTPETHUMCA CO MHOIMMU 3aja-
yaMH, B KOTOPBIX BBRII'OJHO BLIOpPaTb 0cobyi0 CHCTEMY H3MepeHHui, T.e.
npaBunl onepanuii. PasnuuHble cHCTeMbLI H3MepeHUfi MOTYT OTIMYaThCA
KaKk Mo XapakTepy BeIWYHWH, KOTOpble YAOOHO CUMTATL HepBHUUYHLIMH U
ONpeledAIOUIUMU Ipyrie, TaK W Mo YUCIy BelWUHl, U30MpaeMbIX B Ka-
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yeCcTBe NepBHUYHbIX. Bce 3aBUCUT OT XapanTepa 3ajauu, U Hauia oof-
3aHHOCTL — BBIOpaThH CcUCTEeMY, HAUIYUIIUM 00pa3oM MpUCHOCOOIeHHYIO
K 3amaue.

BeccMbic/eHHO 103TOMY TOBOPUTBL: «Takafd-TO pa3MepHOCTb (GU3U-
YeCKOW BeNWUYUHLI», eclIU OJHOBPpEMeHHO He YyKazaHa cUcTeMa H3Mepe-
HHUiI, B OTHOIIEHUW K KOTOpOi olpejeleHa pasMepHOCTb. JTO He Bcer-
Oa ACHO [dae TeM, KTO OpU IPYTUX YCIOBUAX IPU3HAET OTHOCHTENb-
HYIO npupoay dopmyn pasMepHocTH. Hanpumep, Bax unra M B Physical
Review, 4, 357, 1914 r., ropoput: «Paccyuigenve ToanlbMaHa oOCHO-
BAHO HA MPEINoJo:eHUU, UTO adcolloTHaA TeMIlepaTypa UMeeT pasMep-
HOCTL BHEpPruM, 4TO HedomycTUMo». ToabMaH AomycKaeT MPaBUIbLHOCTH
tTanoit Touru szpenud. (Physical Review, 6, 226, 1915 r., mpuMeuanue).
f nonaraio, yto TonbMaH HUMeeT MpaBO MOMOMUThH Pa3sMepHOCTb TeM-
nepaTypLl paBHOl pasMepHOCTH 3IHEpPruu, ecld TOIbKO 3TO COBMECTHU-
Mo ¢ puaNYecKHMH QanTaMH (KaKk 3T0, MO-BUOAMUMOMY, HUMeeT MecCTo)
U yao0Ho.

JTa To4YKa 3peHHA HaA TNpHpPoAy (GOpMYyNbl pasMepHOCTH NPOTHUBO-
peuuT OOLeNpUHATON M YacTo BbICKa3blBaeMoii. MHorue pymaror, 4To
(GopMylibl pasMepHocTeid UMET HEeKHH COKPOBEHHLIN CMBICH, CBA3AHHLIN
C «moclefledl CcYMHOCTbIOY MpeaMeTa, U 4YTO, Hamnucas (GpopMyly pas-
MepHOCTHU, MBI HeCKOILKO ONUike MOAXOJAUM K TOCTHMMEHUIO 3ToH co-
KpoBeHHoil cymHocTu. C 3Toli ToukM 3peHUA B Gopmyde pa3MepHoc-
Teil ecTb UTO-TO aGCoOAOTHOE, U CJIOBA Bpolde «pealdbloil He3aBUCUMOC-
THU» B BoapameHuax PadymuHckoro Paieio 1o noeogy 3agauu o Temo-
npoBogHocTu (ri. 1) npuobperaioT cmbicia. C 9TOH TOUKH 3peHUA Bam-
HO HaillTU MUCTHHHYIO pa3MepHOCTh, a ecJu TaKkoBafA HalijeHa, ToO BO3-
HUKaeT Halemila oOHApPY}UThL HEUYTO HOBOE OTHOCUTEIbHO (PU3UYECKUX
CBOHCTR cHcTeMbl. /InA Takoro Bo33peHUA BO3MOMHOCThL CYIIeCTBOBa-
HUA [ABYX GQOpMYI pasMepHOCTH JIA OJHOH U ToH me dusnyecKoil Be-
AUYUHLL ABAdeTcA uy:kIoi. I[Ipumupennda c QarTamMu HIIYT Ha OYTHU
BBeJIcHUA TaK Ha3blBAeMbIX CHKPBITHIX pa3MepHocTeill. CHeKyIAIUU TaKo-
ro pojaa Oblnd oCOGEHHO B MOJle B CBA3W ¢ NpUpojoi 3dupa, HO, Ha-
CHOJIbKO A 3HAl, HUKOI'Ja 3a 3TUM He CleJ0oBajo HUKAKOIro (GU3UYeCKOo-
'O OTKPBITUA, MBL U He MOM€M ero O}H1aTh, €CclIU TOIbKO Hall B3IIAJ]
[IpaBUJIEH.

B npunomenuu k sToli rnare npuBefieH pA] NUTAT, XapaKkTepU3YIONIAX
ATY TOURY 3peHHA, UIA ONU3KUX K Hell.
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MurtaTel, UANWOCTPpUPYIONUEe pa3luUYHbIe pacnpo-
CTpaHeHHbIe TOUKHU 3peHUA HAa NPpPUpPoOoAy GdopMyn pas3s-
MEPHOCTH

P.TonbMau (Phys. Rev. 9, 251, 1917): «... Hama uied o pasMepHOCTHU
BEJIHMYUHBI, KaK 0 caToil GopMyIUpPOBEe ee OlpefleleHU U, CleldoBaTelbHO, Kak
O BBIPamKeHUH CYIECTBEHHbIX YepT ce Gpu3ndecKoil NpUPOALD.

A.Pw ke p (Philosophical Magazine 27, 104, 1889): «Ilpu BeluMclieHUU pas-
MepHOCTel hHU3UYecKUX BeIUUYHH MbI HEPeJKO BCTpeyaeMcH ¢ HeollpeJeleHHBIMU
ypaBHEHUAMH ¢ IBYMHA U OOIbIIAM YHCIOM HEeU3BeCTHbIX. B Takux cryvaax Hy##-
HO cAelaTh J06aBOYHOe NpeANoo#eHNe, KOTOPOe COCTOUT OObLIKHOBEHHO B TOM,
YTO OJHa U3 BeIUYUH ecTh oTBledeHHoe yuclo. UHBIMH clioBamu, »Ta BeludMHa
He HMeeT pasMepHOCTH.

PasMepHOCTH 3aBHCHMBIX MeMIY c060I0 e ITUHHI], BbIBOAUMEIE Ha OCHOBe Ta-
KOro TpeanoloeHna, 0YeBHIHO UCKYCCTBEHHBI B TOM CMBbIce, YTo OHH He 00A-
3aTelbHO 0GHAPYAUBAIOT CBOIO UCTHHHYIO CBA3b ¢ JITHHOIN, Maccoll U BpeMeHeM.
OHU MOryT CIy#HUTb IJIA NPOBEPKH NpaBUILHOCTU 00elX YacTell ypaBHeHUM, HO
He YVKa3bIBalOT Ha MeXaHHMUYeCKYIO IIPUPOAY NPOH3BOJHBIX eqWHHUIl, K KOTOPBIM
oHn oTHocATcd. [lo »Toit NpUUYNHe cMbICI HX YacTO HEACEH).

B.Buabawmc (Phil. Mag. 34, 234, 1892): «cKyccTBEHHOCTb 3THX CHC-
TeM (3MeKTPOoCTaTUYeCKOH U 3lIeKTPOMArHUTHOM) ABCTBYET U3 TOr0, UTO Kamaaf
U3 HUX Kak O6yaTo 6bl BblpamaeT aOCOMIOTHBIE PA3SMEPHOCTH pa3IUYHBIX BeIUYHH
B TepMuHax L, M u T. Memay TeMm MEl oxiuaeM, 4T0o abCOMIOTHAsA pa3MepHOCTh
bU3NYecKkol BeIHYHHBI MOeT ObITh TOJABKO eJUHCTBeHHOH. U3 3akoHa ana me-
XaHHYEeCKOH CHIbl MeKAY ABYMA MOIIOCAMHU MBI MOTYYaeM:

2
m
— um m =7/ puf,
2

f:

==

YTO UMeeT KaK KaudecTBeHHoe, TaKk U KolW4decTBellHoe 3HauyeHHe, U c¢Talo ObITh,
JON#AHO UMEeTh MecTO paBeHCTBO pasMepHocTell oGeux cTopoH. TakuMm cnocofoM
Mbl [IOTyuaeM ABe pasidu4Hble aGcOMIOTHbIE pa3sMepHOCTH OJNA ONHOH U Tof e
¢pUusiveckoll BemHMUlHbI, IpUYEeM KaskJafd OOMYyCKaeT CBOIO (H3UUYeCKYIO UHTED-
npeTanuio.

dopmyna pa3aMepHOCTH $U3UUECKON BeIHYHHbI BLIpasiaeT YHCJIEHHYO 3aBH-
CUMOCTB e JUHUIILI JaHHOI BeqUUUHbI OT IePBHUYHBIX U BTOPUYHBIX eJUHUIl, U3 KO-
TOPbIX OHa BbiBedeHa. [lokazaTenn pasniuHBIX eJUHUI B GopMy/le U Ha3blBalOTCA
pa3MepHOCThIO BeIMYHHBI B OTHONIEHUH K 3TUM eIUHUNaM. B 3ToM y3KoM CMbIcie
¢ OpMY bl YKa3bIBalOT TOAbKO YKCAeHHble CBA3HU Me Ay Pa3IudHbIMU eJUHUIAMH.
Boamo#Ho, oqHako, paccMaTpHBaTh Bompoc U ¢ 6olee MUPOKON TOUKH 3peHUs,
Kak ObL10 YKa3aHOo B craThe 1podeccopa Prookepa. @opMyabl pasMepHOCTH MOL'YT
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HHTepIpeTHPOBATLCA KaK BbipaMieHHe QU3NYECKHUX TOM/AeCTB pa3lUYHBIX BelH-
YHH, KaK ToKasaTelb HANIUX MpeJicTaBleHUil 06 UX (U3UYecKoil mpupose (pasy-
MeeTCA, B TEPMHHaX APYTUX, 6olee OCHOBHBIX IPeACTABIEHUIl), OHH MOCTPOEHbI
TaKMe Kak XuMudecKue ¢oOpMynbl, YKa3blBall[le cOCTaB U XUMHYECKOe TOM-
JecTBO. Takafd TouKa 3peHUA Goiee riy6oka U GyHIaMeHTa/lbHA, H TIPUMUTHBHOE
YHCI0oBOe 3HaueHWe GopMyT pa3sMepHOCTH, KaKk IPOCTOro OTHOIIEHWA Me# Iy elu-
HULlaMH, CTaHOBHTCH BTOPOCTElleHHbIM.

BosHUKaeT BoIlpoc, KaK YAOCTOBEPUTHCH B IPABUAbHOCTH BbIpaxeHUA GH3H-
YyecKoH BenMUYUHbI? Y3HATh 3TO BO3ZMOMHO 0 (BHY TPEHHEMY ) CTPOEHUIO e IMHUIIB
JaHHOH BeIWYMHBI U3 OCHOBHBIX edWHUI L, M U T, a He TOJBKO 0 U3MEHEHHIO
BEJIHWYHHBI B 3aBUCHUMOCTH OT 3TUX eJHHHUII.

To, uyro GopMyiasl pazMepHOCTH JeHCTBUTEILHO pacCcMaTPUBAKTCH € 3TOH
folee BBLICOKOH TOYKHM 3peHHUA KaK He4To Golblllee, 4YeM IMPOCTLIe «OTHONICHUS
U3MeHeHHA» Medy eJMHUI[aMHU, BUJHO U3 olllyIMeHUA 3aTpyaHeHHA, Korga pas-
MEPHOCTH JBYX pPa3iduYHbIX BEJIUYHUH, HATIPUMEP MOMeHTa U paboThl, cOBIAJAKTy.

C.ToMncoH. JdileMeHTapHble YPOKH 0 3IeKTPUUYECTBY U MarHeTU3MY
cTp. 352: «RameTca OeccMBICIEHHBIM, UTO MOTYT GBITh JBe pa3IUUHble eJQHHUITHI
3MeKTpUYecTBay.

P.®deccenpgen. (Phys. Rev. 10, 8, 1900): «Pasnuune Memay GopMynoi
pa3MepHoCcTH U KadecTBeHHOH dopMyIoil HIU KauecTBOM HeKoTOpo# Belllu cocTo-
UT cOoTlacHO olpejielleHUAM Bblllle MUTUPOBAHHbLIX aBTOPOB B TOM, UTO pasMepHoC-
TH «IPOU3BOABHBIY, ¢<ABIAIOTCA TOIbBKO PEe3yILTAaTOM oOlpeleleHHA U IIOJHOCTBLIO
3aBUCHAT OT NPUHATON cucTeMbl edHHULY. Mem Iy TeM KauecTBO eCTh BhiparkeHHe
aGcolloTHOR NpHpoabl, 0OHO HUKOIJ[a He MeHAeTcA NpH M0G0 cUcTeMe eqUHUII.
Hdna Toro, 4Tobel 3T0 G6bLTO TaK, MBI He JOM#HLI NIpeHebperaTh HU OJHUM KadecT-
BOMD.
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O npuMeHeHHUU dopMya pa3sMepPHOCTH IPU
M3MeHeHUHU eIHMHUII

Mgl BHOeau B nociefHell riaBe, Kak MoJdy4varwTcd GOPMYINBI paszMep-
HOCTH HEKOTOPOH BeJWYUHBI IPU NOMOIIKA BeJAWYHUH, U3OpaHHBIX IO Olpe-
neneHuio mepBUYHBIMU. Hall mMeTo/ aHanuiza mokazan TaKike CBA3b Meik-
Ay YUCTOBBIM 3HAYEHHEM IIPOU3ROAHON BeJUUMHBI U BEJUYUH NEPBAYHBIX.
Ecnu, nanpumep, JauHa BXoJAUT B GOPMYIY pa3MepHOCTU B NepPBOil cTele-
HHU, TO Mbl 3HaeM, UTO UYMCIO, U3MEPAIOIIee 3TY BelWYUHY, VIBauBaeTCH,
eclnyd eJWHHIIA ANWHBI YMeHbINAeTcA BARBOe; WHaue TOBOpA, UYUCIOBble Me-
pbl HaXoAATCA B 0OpaTHOM OTHOIIIEHHH K pa3Mepy €JUHHIIbI, BO3BEeHHOH
B CTelleHb, YKa3aHHYI0 B (popMylle pa3sMepHOCTH.

PaccMoTpuM KoHKpeTHBbINH nmpumep. KakoBo OyneT uuclieHHoe 3Haye-
HHEe CKOpocTU 88 GYTOB B CEKYHAY, €ClIU ee BLIPa3UTh uepe3 MHIU B yac.
dopmyaa pasMepHocTH ckopoet — LT 7L, Ecau egnnuna oauHbL yBeTnYn-

BaeTcA B OTHOUIEHWU MHUIN K YTy, T.e. 5280 : 1, To ckopocTh Hajlo YMHO-
1

5280’
crenenu. Touno TaKk#e, €ClIM edMHHALa BpeMeHH VBelllUeHa B OTHOIIEHUH

yaca K cekyHge, T.e. Kak 3600 : 1, To ckopocTb Joa#Ha OLITH YMHOMeHa
Ha 3600, u6o BpeMaA BXoOUT B popMyay pa3dMepHocTH B cTeneHu —1. Hdnna
nepexoja oT ¢YTOB B CEKYHAY K MUWJIAM B 4ac Mbl JOMMHBI, cleJ0oBaTelb-

MMUTH Ha TaKk Kak JJAUHa BXOJAUT B (HOpMYITy pPa3sMEpHOCTH B MepBOM

HO, YMHOMHUTbE YHUCJIOBYHK BeJIHUMHY CKOpPOCTH Ha %j B HallleM cly4ae
88 x 3600 _
CKOPOCTb BBIPA3UTCA Kak — oo — = 60 Mmuab B yac.

Pe3ynbTaT 3THX jfeficTBUI MoMeT ObITh 3HAUMTENbHO KOHI[EHT pUpOBaH
W YIpOIleH [0 BUAY clelyiouleil 3anuckio:

QyTer 28 « I dyr 28 x 1/5280 Mmum gg 3600 MHIH _ o MHIHT

88 Cer. 1 cerx. 1/3600 uaca - 5928() 4achbl — yacwl

HecKkonbKo BOYMBIBafAch B CBA3b GOPMYILI pa3MepHOCTH ¢ JeiicTBUA-
MH, [IOCPeCTBOM KOTOPBIX IOIy4YalOTCA YUc/aAa, U3MepAnue ooy ¢u-
3UYECKYIO BEIUUUHY, Mbl cpa3y BHAUM, UTO YKaszaHHbLIA NpueM ABJAAeTCA
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o6muM. MoxHO moay4duTh Nio6oe HOBOe 3HAaUeHHe B HOBBIX €JMHHUIIAX U3
NpeHUX 3HadeHUid, IpUMeHAaa GopMyady pasMepPHOCTH TOUHO TeM i€ CIo-
coboM.

JTOT MeTo/l IpUMeHeHUA GopMYJ Pa3MEPHOCTH YacTo BecbMa yao0eH
U ABIAETCA NPOCTEHIIUM U Haubolee HAJeMHBLIM cocoboM U3MeHeHUA eH-
HUI] U3 TeX, KoTophble MHe W3BeCTHEI.

Onepupyda Tasum odHpazoM ¢ popMyJaMU pa3MepHOCTH, MBI IIPUINIHCLIBA-
eM MM HeKOTOpPYIO BellleCTBEeHHOCTh, N0ACTaBAAA BMeCTO CHMBOJA IepBUY-
HOil eAMHUILI KOHKPETHYIO MPUMeHAeMYIO eJUHUIY W 3aMeHsfl ee APYToii,
el duandecku sKBUBaleHTHoH. MHade ropopsa, Mbl obpamaemed ¢ QopMy-
J10H pa3MepHOCTH Tak, KaKk 0yaTo Obl oHa M3o0pakaeT omepalnuu, JeHCTBHU-
TellbHO NMPOU3Be/leHHble Hal GU3UUeCKUMU NpegMeTaMu, Kak OYATO ObI MbI
B3AIHU ollpeflelleHHoe YAcIo GYTOR U MOJelIHUIU ero Ha omnpejielleHHoe YHUCI0
cekyHO. PazymeeTcs, Ha caMoM felle Bee 3To He AenaeTcA. He uMeeT cMbicna
FOBOPUTH O JelleHUWU NJIUHLI HAa BpeMA; B AelficTBUTeIbLHOCTH MBI OllepUpyeM
C YMCAaMU, ABIAIOMIUMUCA Mepoii 3TUX BeJIWYUH. JTOT YCIOBHLIH clocod
BbIpa;keHUA MO3BOJKMTENEH, oAlaKo, B TOM cilydae, eClHM OH AaeT 3HAUH-
TelbHble IpeuMYyIlllecTBa; He cledyeT, BIIpoyeM, AyMaTh, UYTO IIPH 3TOM MLI
olepupyeM ¢ PU3HUYECKHMHU MpejMeTaMH He CUMMBOIHYECKH, 4 KaKk-HU0Y b
nHaue’.

JTo cBolicTBO HopMYyN pa3zMepHocTel YKasbiBaTh U3MeHeHue UHCIOBO-
I'o 3HaUeHUA B KamI0M KOHKPETHOM cly4ae, Korja uaMeHAeTCA pa3Mep nep-
BUYHBIX e€JWHUI], MO3B0JAET GOPMYIUPOBATE CIeAYIOMIVIO TOURY 3peHud
Ha npupoay ¢opmMyJibl pa3MepHOCTH, BbICKa3aHHY HauboJ/ee [IPOCTPaHHO
dmemcom Tomconowm B Tpynax bpuranckoii accouunanuu 3a 1878 r.
ctp. 451. Ero Baranaj coraacyercda ¢ ¢opMyJaHpoBaHHLIM Bbllle B CJAedyIO-
LleM: He HMeeT CMbLICJa roBopuTh OyKBalbHO, YTO, HallpuMep, CKOPOCTh
paBHa JNMHe, JeleHHOIl Ha BpeMA. MLl He MoKeM NMPOM3BOAUTL anredpau-
yecKkHe omnepalluv Haj PU3IMUYECKMMHU ATMHAMHU, TOYHO TaKk:Ke KaKk MBI HHU-
Korja He Mo:ieM pasieluThb UTo-HUOYIb Ha ¢pHu3HUecKoe BpeMsA. [ meme

JJHHAa
A Oolee

TomMmcoHn npednoyruTaeT 3aMeHHUThb BbIpameHe: CRKOPOCTb = W

IpoCTPaHHBIM YTBepHJeHUeM:

Ha3MeHeHHUe OTHOUNIeHWA OJH1H
H3MeHeHe OTHOLIeHUA BpeMeH’

H3MEeHeHle OTHOIIeHHUA CHOpOCTeﬁ =

PEBYMGBTCH, TowMcon He cran 6l HacTauBaTh Ha NpUuMeHennuHn 3To-
ro JJiIMHHOI'O U HeYRIIIOMiel'0 BbhlpasieHA Ha [IpanTHRe, HO JOI'OBOPHBIIMCH

'D.L.Webster, Science 46 187, 1917: O.Lodge, Nature 38, 281, 1888.
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OJWH pa3 U HaBcerja, paspemuia Ol HaM nucaTtb GopMyibl pa3MepHOCTH
N PUBLIYHLIM CIOCOOOM.

Tarana Touka 3peHus KamieTCA BMNOJHEe BO3MOKHONI, a B OTHOINEHUHU pe-
3yIbTaToB ee He/lb3fl OTIWYHUTL OT B3IVIAAOB, H3JI0MKEHHLIX Mo, QlHaKo,
MHe KameTcfl, UTO paccMaTpUBaATL CUMBOJILI GOpPMYIN pazMepHOCTH, KAk
HanoMHHaHWe o IpaBUiax olepaluil, PU3NUeCKH IPUMEeHEeHHLIX IPH MOJdY-
YeHUU YUCIOBOW Mephl BEJWUYUHLI, — 3TO 3HAUUT YIepKUBATh HECKOIbKO
follee TeCHYIO CBA3b ¢ AelicTBUTeAbHOUN PU3HKoIl nodomenua. CuuTaTh cUM-
BOJIbI (POPMYJ Pa3MEPHOCTU TOJIbKO MPEACTABUTENAMU MHOMKUTENEH, MpU-
MeHAEMbIX NPU U3MEeHEeHUU OJHUX eIUHUIl HA APYTHUe, eCTh B Ooabliel UIu
MeHbIIEd cTenmeHW CoPU3M, HEemocpeJACTBEHHO He MHTEepecyIoNuil Hac npu
MePBOM O3HAKOMIEHUHU C ABIEHUEM.

ITomumo Knacca M3MeHeHUA eIMHUI], pacCMOTpPeHHOro BLIllle, T/le U3-
MeHAKTCA TONbKO pa3Mepbl NEePBUUHLIX €JWHUL, HY:KHO paccMoTpeTh U
Ipyroil kKiacc U3MeHeHMd, B KOTOPOM IepBHUYHLIE €IUHHULLI MEHAITCA He
TONBKO 10 pa3Mepy, HO U Io xapakTepy'. Hanpumep, B Hameil oOLIYHOI
CUCTeMe eJUHUIl HbIOTOHOBOM MeXaHMKU MBI CUMTaeM NePpBUYHBIMH eTUHU-
LaMH Maccy, JJWHY U BpeMA, Me# 1y TEeM XOPOIIo U3BEeCTHO, YTO MBI C paB-
HBIM IIpaBOM MOjkeM CUYHUTAaThb IIePBHYHLIMH CHIY, JAJUHY U BpeMf. Takum
00pa3zoM MOKHO BCTPETUTLCA, HAPUMep, ¢ 3a/laueli Takoro pojia: Kak BLI-
pasuTb KHHeTHYecKylo sHeprHio B 10 2z en? cex.”? B cucreme, B KOTOpOIt
eIUHULaMU ABIAIOTCA: JuHd, cm U cexr.?

3dech oUeBUIHO NMepenneTaloTcA IBe 3ajaun. OgHa cocTOUT B TOM, UTO-
Ob1 HAHTHU ¢GoOpMYJ/Y Pa3MepHOCTU KUHETHUUYECKOH 3HEPI'Wd OTHOCUTEILHO
CHJIBl, JJIMHBL U BpeMeHU, ApyTlad 3aKkjIl04uaeTcd B HaX0#/JIeHUHW HOBOI'O 3HA-
YeHUA 4YUCI0oBOIo Kod(dHIMeHTa MJA TOH 4YacTHOM CHCTEMLI, B KOTOpPOii
eJUHULla CUJbI eCThb JWHA, eJUHULA JJIUHbLl — CAaHTHUMeTp U eJUHHILA Bpe-
MeHUu — CekyHaa.

IIpeobpazorannan popmMyina pa3MepHOCTH MONTyJyaeTcA Nerko, ecliv pac-
CMOTpeTh locleJoBaTeNbHbIe CTaAUN Ilepexoda 0T oJHOH CUCTEMLL K IpY-
roii. [lepexon, pasymeeTcd, JoneH NPOU3BOAUTECA TAKUM 00pa3oM, UTOOLI
IBe CUCTEeMBI OLIIHM COBMECTHBI OJIHA ¢ Apyroii. Tak, ecliu cujia paBHa Mac-
ce, YMHOMEHHOI Ha YCKOpeHHe B OJHOH cHcTeMe, OHa JOJ#Ha paBHATLCA
TOMY e IIPpOU3BeJeHUI0 U B Apyroii cucreme. Eciau 6b1 3T0 6b110 HE TaK,
Mbl UMenud Obl Jej0 TOJLKO ¢ popMallbHLIM M3MeHEeHHeM, U BelUuuuHa, Ha-
3bIBaeMaf CUIod B OJHONH cHCTeMe, He COOTBETCTRORAaNa OLI TOMY e caMo-

1A.Buchholz. Annalen der Physik, 51, 678, 1916.
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My PU3MUECKOMY KOMIIIEKCY B ApPYToii cHcTeMe. JTa CBA3b CHIbI U MAacChl
B IBYX CHUCTeMaX BBINMOJHAeTCA MpUMeHeHHeM NMpocToii anredpnl. B nepBoit
CUCTEeMe MbI ollpelelfAeM CHIY KaKk Maccy, YMHOMEeHHYIO Ha ycKopeHue, BO
BTOPOil — Macca onpellendeTcA KaKk ciia, lejdeHHad Ha yckopeHue., Takum
o6pa3oM, BTopHUYHAaA BeMHMUMHA B Kam ol cucTeMe BhIpasaeTca dyepes nep-
BHUYHLIE BEIMUHHLI CUCTEMbI U 00€ CUCTeMBI COBMECTHDI.

[IpaBuibHOE COOTHOIIEHUE MekAY hopMyTaMHu pasMepHOCTH IBYX CHUC-
TeM MOMHO IPOCTO YCTAHOBUTL CleAVIOMHUM 00pa3oM: cocTapiadeTcA dhop-
MyJa pa3MepHOCTH B MepBoii cucTeMe U paspelaeTcA OTHOCUTENIbLHO Belu-
YHMHLI, KOTOpafA BO BTOPOi cucTeMe cUUTaeTCA BTOPHYHOM.

B namem uacTHOM cliy4ae

B IlepBoii cucTeMe : cuna = MLT 2,

Bo BTOpOif cucTeMe : Macca = FL™1T2,

ijeOGPEBOBaHHe YUHUCJOBOI'O 3HaUYE€HHUH IIPOUCXOIHUT TOYHO TaR e, Ral
H B pacCMOTpPEeHHOM IIpHMepe, ECJIIM CHUTaTb CUHMBOJILL pasMEepHOCTHU HadBa-
HHA MCTHUHHLIX BeJHYNMH WM BeJIMUYHHY, IIOoAJeAallyio HCRIIOUYEeHHKD, 3aMe-
HUTL ee 3HaUeHHeM B HOBEBIX eIHHHUIIAX. IMonnoe pellleHHue HMeeT, clieJoBa-
TeHbHO,TaHOﬁ BHUA:

12(1ecm)?
(1 cen.)
Ham HyHO mpesae Bcero 3HaTh pasMepHOCTh 1 2 B euHUIAX JuHa,

CM H CeK.

Hmeem:
1duna = LCW;,
(1 cex.)
T. €.
1 duna (1 cer.)?
1 2=
1 em
OTryna:
12(1 2 10 1 .)? 1 2
1OM =10 una (1 cex.) X (1 cn) = 10 dun. cm.
(1 cex.)? 1 cn (1 cex.)?
PesynbTaT — B IpaBWIBLHOCTU KOTOPOro Mbl yOGesijaeMcA Hemocpeq-

CTBEHHO.
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PaccmoTpum Teneph o6muii cayuyaii, Korja Ham HYKHO OT CHCTEMBI
C OCHOBHLIMH egununamMu X, Xo, X3 mepeifiTu K cucTeMe ¢ OCHOBHBLIMHU
eguHunamMu Yq, Ys, Yj.

IIpesige Bcero Hy#iHo HailTH (opMy.ibl pasMepHocTH Yr, Yo, Y3 B enu-
Hunax Xq, Xo, Xs.

IIyeTh pasmepHocTh Y; OyOeT ay, as, ag; Yo — by, ba, b3; Y3 — ¢q, €2,
c3 OTHocuTelbHO X7, Xo, X3.

B ram oM onpeneneHHOM ciydae MOMHO HalKMcaTh:

CIYI — X?1X§2X5?3,
CoYe = XU X2 X0,
C3Y; = XP XS XS,
rage ' — uuciioBble MHOMHUTEIH., ITU ypaBHEeHHA HeoOX0IMMO paspeliaTh
OTHOCUTeJdbHO X.
JorapupmMupyem:
5] lg X1—|- Cl.zlg X2—|- as ng3 = lg ClYl,
b1 ng1—|— bo ng2—|— b3 ng3 = 1g Czlfz,
1 ng1—|— Ca 1gX2—|— Cs ngg = lg C3Y;.
JTOo JerKo paspemnMble JUHEHHbIe YpaBHEHUA OTHOCHTENLHO Jorapud-

MOB.
Ina X, nonydyaeMm

bz b3 Ca C3 a2 dg
Ca Cg az a3 b2 63

X1 =(C1Y1) & (ChYe) A& (CsYs) & .

B sTtom pemennu A ob6osHauaeT JeTepMUHAHT:

ay az ag
A =|by by bsl.
€1 C2 C3

3Hauenusa Xs u X3 nmonyuatoTcA KpyroBoii MoJicTaHOBKOM.
PacemoTpum npuMep. Kakoe 3HaueHWe MpUMeT KOJIUYeCTBO JBUMEHUA

B 15 monn (Macca), yMHOMKEHHBIX Ha Y -'C B cHCTeMe, OCHOBHBIMH eTHHH-

namMu KorTopoit apaAioTea 2 HP (momaguueix cuiel), 3 ¢yTa B CeK. U H 3pr.
JTO JOCTATOUHO CIOMHBIN cayuaii.
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Obo3mauum:

1 gynr (cuna) 1 gyt
1 MuH. ’

Y1 =2HP =2 x 33000

Y2_3¢)YT,

=3 e Y; =5 a3pr.

CHauana Hy#HO HepeBecTH GYHThI (cuibl) B GyHTbI (Macchbl). PyHT
CHJIBI 3TO €eCTh CcHia, coolllalIad Macce B OJHH (YHT YCKOpeHue

B 32,17 2T
CCHK.

T.e.
1 ¢yur (macesr) 1 gyt

(1 cex.)?

1 ¢yuT (cuapr) = 32,17

Hanee:

1 ynr (macewr) 1 dyr. 1yt

Y1 =66000- 32,17

(1 cer.)? 1 mum.
52180 TOHHBI (5;% MI/I.TII/I) ’ 9
= 32,17 66 000 — 2,962 .10* TOHHE - MAIb
(55 ae )2 -1 ae
3600 ’ " 60 '

UIu B 0ObIYHON opMe

3,380 - 107°Y; = Tounsr ' mMuauZuacer °.

TouHO TaKxke

1

——— MUJIHU

Y, =3 dyT _3 2280 _ 45 Muau

2 CeR. 1 COK 22 yacsel
3600 )

NI

0,4889Y> = Touus® Muau' uyacer L.
b

TouHo Tak®e

lLe(lem)3? . 2,103 - 10~ %toun (6, 214 - 10_6MMJIH)2
(1 cexr.)” ( 1 qac)2

3600

Ys =5n3pr=5
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NI

3,622 - 10%Y; = Tounpr! munn? wacer 2,

[lepenuiem elle pa3 Hamy cUcTeMy YypaBHeHUI:

3,380 107° Y] = Tonns" Muan’® 4acel 3,

1 qaCbI_l,

3,622 10® Y3 = ronnbr’ muan? vacer 2,

0,4889Y, = ToHHBI" MILIH

Pemaem ypaBHeHHA OTHOCHTENhHO TOHH, MUJIb U 4acoB, BbIpamafd HUX
qepes Yla Yv27 Ys.
Hafizem cHava/la geTepMHMHaHT MOKasaTeJeil:

1 2 -3
A=101 —-1]=1.
1 2 -2

[lonyuyaeM oueHb oTpagHblit pocToOil pe3yabTaT.
Ha ocnoBanuu obiero Metoja pelieHHA UMeeM:

1 Tonma = (3,380 x 107°Y7)? (0,4889Y5) 72 (3,622 x 10° ¥3)1!,
Imuna = ( » )Y » ) » ),
lyac = ( » ) It G S S » ),
WU, YTIpOIIas, HaXo uM:
1 Tonna = 15,16 - 10° ¥, 2Y3,
1 Muna = 5,223 . 1012 Y1_1YzY3,
luac = 1,069 10" Y, 'Y;.

OroH4YaTeNnbHO noJdy4vaeM:

{5 Tommbl Muan _ 15,16 x 5,223 x 1070 Y, CY3Y, 'Y, Y5
Yachbl 13 -1
1,069 x 10 Y, Y3

D 3pr
oy1/(3 cor.)’

B 3TOoM ¥ cOCTOUT UCKOMBIH OTBET. BaMBTHM, UTO B pesyJJbTaTe cogep-
AaTCH TOJBRO IBC HOBBIX €IWHUWUIIBI BMECTO TPEX, BBINIAJIO «2 HP». PaSYMe-
eTcA, 3TO BO3MOMHO TOJIBKO B YaCTHOM C.Jy4ae. MosHo 6bLi10 GbI AYMAarThb,

=1,112x 10" v, 'Y; = 1,112 x 10*°
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YTO 3TUM OOCTOATEILCTBOM ClieJ0BaJ0 BOCIONL30BATLCA AJfl COKpalleHu
BbIUHCIeHHH; 3TO oAHaKko He Tak, Bce MHOKHTEIH, CBA3bIBAlOIIHe TOHHY,
MU0 U Yac ¢ HOBbIMM eqUHHIIAMH, GUTYPUPYIOT B pe3yiLTaTe.

Creayer cpiejaTh JBa 3aMedaHHA 10 IIOBOJY YKa3aHHBIX Ipeobpaso-
Banuii. Bo-nepBbIX, He Bcerjla BO3MOsKeH Mepexod OT OJHO¥ cUCTeMBI elH-
HUIBI K Apyrofi, HeoOX0A1UMO, YTOObI BHIMOJHANOCH ONlpejedeHHoe yCloBUe,
OHo cocTOUT MPOCTO B TOM, UTO ypaBHEeHHA, BbIpaxaroiue e JUHUIbI 0gHOH
CUCTEMbI Uepe3 eIWHHUIBI Apyroii, JOJMHLI UMeTh pellleHHe. JTO yCIOBHE
paBHOCHJILHO TOMY, UTO NpeoOpa3oBallble ypaBHeHUA MOcie Jorapupmu-
poBaHKA UMEIOT pellleHNe; TOBOpA MHaue, 3TO yCIOBHE COCTOUT B TOM, UTO
cUcTeMa JUHeHHbIX YpaBHeHUI HMeeT pellleHKe, T.e. UTO JeTepPMUHAHT KO-
3¢ GUIIMeHTOB 3TUX NTUHeHHBIX ypaBHeHUH He paBeH Hynwo. Tak nar Ko3d-
GUIMEHTHI HAIIUX TUHEHHBIX YpaBHeHHH (Mocne norapudMHUpoOBaHUA) ABIA-
I0TCA NoKa3aTelAMHU B NepBoHavYalbHbIX GOpMYylax pasMepHocTei, To Hallle
yclIoBHe PaABHOCWIBHO clelylolleMy: demepmunanm noraszameadetl dopmya
pasmeprocmetl O0CHOBHLIT seaudur odnoll cucmembvt He doaxceH PABHAMbBCA
nyaio 8 dpyzoil cucmene.

IloaToMy, enana BbINOJHHUTL NpeoOpasdoBaHue, Mbl JON#HbI cHava/a
ybeguThbCcA, BO3MO#IHO JHU OHO BooOlle, JJIA Yero Hy#HO COCTaBUTb JeTep-
MHWHaHT NokasaTeneii. Ecau mocneanuit paBeH HynIo, To NpeobpasoBaHiie
HEBO3MOKHO. ITO 3HAUNT, UTO O/]HA U3 HOBBIX €IMHUI], HA KOTOPBIX MbI XO-
TUM MOCTPOUTH HOBYIO CHCTeMY H3MepeHHi, He ABJAAeTCA He3aBUCHUMOM OT
ocTalbHbIX. Ecan Obl, HaipuMep, B Halllefi 3aJ1aue MbI B3fIM BMECTO ¢ 3Py
B KauecTBe TpeThel e JUHHIbI HOBOH CUCTEMbI «d AWH», Mbl GbI HAMIIH, UTO
JeTepMHHAHT paBeH HYIIIO, U IIpeoGpasoBaHue cTalo Obl HCBO3MOMHBIM, JTO
fICHO M M3 JPYI'uX coobpaeHuii: NollajuHaa cuja ecTh paboTra B e JUHULY
BpEMEHM U HMeeT pa3MepPHOCTb IPOU3Be/leHHA CHIbl HAa CKOPOCTh, I03TO-
MYy TpejjaraeMasa TpeThf eIUHHUIIa, UMelollaA pasMepHOCTL CUINIbI, MOMET
OBIThL MoONyUeHa AeleHUeM MepBoit HA BTOpPYIO eIMHUIY, U, cleJoBaTelLHo,
3aBUCUT OT HHUX.

BTopoe 3ameuanne cocTOUT B TOM, UTO HOBaA CUCTEMa eHHUI JOJIKHA
co/iepskaTh TaKoe ke UKMCI0 OCHOBHbIX e JMHMI], KaK U NepBad cucTeMa. Eciau
3TO He TaK, TO, 38 UCKJIAIYEHUEM OT/IeNbHbIX C/Ay4daeB, Mbl OyJeM HMeTh
fonblliee WIKH MeHblee UHC/I0 ypaBHeHUl, ueM TpebyeTcA ANA BbIpameHUA
HOBbBIX €IMHMI] Yepe3 NnpexiHue. B nepBoM ciyyae pellleHre HeollpeeleHHO,
BO BTOPOM pellleH’ s BOBCe HeT.
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II-Teopema

Bo BTopoit raaBe Mbl BUAenu, 4To GopMyibl pa3MepHOCTH BceX Belu-
YHUH, ¢ KOTOPbIMU MPUXOJUTCA UMETh [1€J10, MOTYT ObITh MpeAcTaBleHbl KaKk
Npou3BedeHUA OCHOBHBIX eIUHUIl B HEKOTOpPbIX cTeneHAX. [Iepeiinem Tenepsb
K pacCMOTPEHUIO BbIBO/JOB, KOTOPbIE MOMHO clellaTh Ha OCHOBAaHHU 3TOr0
OTHOCHUTEIbHO (POPMbI COOTHOLIEHUH Me# 1y pa3jJHYHbIMH H3MEePUMbIMU Be-
JAMYMHAMH ABJIEHUH NPUPOMbIL.

Bo BTopoit rnaBe MbI BUeNU Tak:ke, UYTO 3THU PYHKIMOHANLHBIE COOT-
HOIIEHUA MOTYT, Mo Kpaiiieil Mepe B HEROTOPBIX clyuyafX, MOMUMO H3Me-
PHUMbIX BEJWYUH, cOepKaTh TakMe Tak HasbiBaeMble pa3MepHble MOCTOAH-
Hble. MbI BCTpeTUNHCEH ¢ ABYMA TAKUMHM MOCTOAHHBIMM — MOCTOAHHON THA-
roTeHHUA U CKOPOCThLIO CBETa B MYCTOM IMPOCTpaHCTBe — M NPUIKCAIN UM
Take pasMepHocTh. OYcHb cylleCTBEHHO OTMETHTb, UTO (hOPMYJbl pas-
MEPHOCTHU 3THX INOCTOAHHBIX ObIIM TOrO e THIIA, KAK U YV HU3MepHEMbIX
BEJAHYHMH, T.€. OHM UMeId BU/ NPOM3BEJeHHI OCHOBHbIX BeIUUHH B HEKO-
TOPBIX cTeNeHAX. ITO He cAydaitHoCcThL, HO ABIAETCA MPAaBUIOM JJA TI0OBIX
pasMepHbIX MOCTOAHHBIX, ¢ KOTOPBIMHU MNPUXOAUTCA UMeTL Jeno. /lokasa-
TeAbLCTBO 3TOT0 MbI AaJUM MO3Hee, MOJYUUB HeCKOIbKO Gojlee 0TUETANBOE
npeicTaBleHle 0 NpHPOJe pa3sMepHbIX MOCTOAHHBIX. TouHO TaK e MO31-
Hee MbI pasfepeM U Kamylleecs UCKIIOUeHUe, TaK Ha3biBaeMylo Jorapud-
MHUYECKYIO NOCTOAHHYIO. OHAKO y#e Telepb MOMHO 3aMeTHUThb, UTO OJHH
KJlace pasMepHbIX MOCTOAHHBIX JoJ#eH ObITh HECOMHEHHO yYKa3aHHo# (op-
Mbl. Mbl 3HaeM, UTO 3MIHUPHUYCCKOC YPaBHEHHE, 3KCIePHMEHTadbHO NPOBE-
peHHOe U3MepeHUMAMHU B ollpejeNeHHoil cucTeMe eqUHUI, MOMET ObITL pac-
NpocTpaHeHo Ha eOMHULbI JI060r0 pasMepa, ecili Kk Kamaoi u3MepeHHOIt
BeJUUYMHE BBECTH MHOMKHTeNb — pasMepHY0 MOCTOAHHYIO C pa3MepHOC-
Tbl0, 06paTHOl pa3MepHOCTH H3MepeHHO! BenuuuHbl. [lockonbKy (Gopmy-
71a pa3MepHOCTH Kasaoi M3MepeHHOIl BelWUHHbI eCTh IIPOU3BeleHHe Mep-
BHYHBIX BEJUUHH B CTEINEHAX, I0CTONbKY MX oOpaTHble BeJMYUHbl JOJAHbI
oblagaTh TaKMM #ie CBOHCTBOM, T.e. TeopeMma JoKasaHa AJA JaHHOI'0 clle-
I[HaTbHOTO Klacca pa3MepHBIX MOCTOAHHBIX. MbI mpeanono:kum, noka oes
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AoKaszaTelbCTBa, YTO BTO MOJIOKeHHEe BEPHO B OTHOIIEHUM BCeX pasMepHbIX
MOCTOAHHBIX.

IIycth umeercsa GyHKIHOHAIbHOE COOTHOIIEHHE MEMAY HEKOTOPbIMHU
M3MCPEHHBIMH KOJHUYeCTBAMHU U pa3MepHBIMU MOCTOAHHbIMH. [Ipeanonara-
eM, 4To PopMyIbl pasMepHOCTH BCeX ITHUX BeTWUYWH, BRIIOYAA U pasMep-
Hble MOCTOAHHBIE, U3BeCTHbI. lIpednoaoxcum dasee, wmo coomuoweHue ume-
em maroil sud, komopwill dopmaivbHo ocmaemca HeuzMeHHbM npu Awobom
U3MEHEHUU pa3Mepos nepsudnslr edunuy. YpaBHeHHe Taroil dopmbl OyaeM
Ha3bIBaTL «noanstmy’. Mbl BHAenu, 4To BoBce HeT HeoBXOAMMOCTH, UTO-
Gbl ypaBHEeHHe MpaBUILHO W aJeKBaTHO Bbipakaloliee puzndeckue GarThl,
ObLIO MOJNHBLIM, XOTA 00paTHOE MOJIO}KEeHUe AelaeTcA MOUTH BCerja U dac-
TO CUMTaeTcA OCHOBAHHWEM /1A MPpOBEePKU MPUHIIHIA OTHOPOJAHOCTH «PU3U-
yecKHUX» ypaBHenuii. XoTA aJekBaTHoe ypaBlHeHHe He 00A3aTelLHO JOIMKHO
OBITH MOJHBIM, OJHAKO, KAK MBI BUIENM, KamOoe aJeKBaTHOe ypaBHeHHe
MOEeT OBITH OUeHb MPOCTO cilelaHo NoiaubiM. Takum oGpasomM, mpeanoo-
eHUe 0 MOJHOTE He ABJIAETCA AJA Hac cyllecTBeHHbIM Or pAHHYeHUEM, XOTA
OHO U BbI3bIBaeT HeOOGXOIUMOCThL GoJjiee THIATENLHOTO UCCIe0BaHUA BOIpPO-
ca 0 pa3MEpHbIX MOCTOAHHBIX.

IIpednocviara o noanome ypasHenus a6corwmuo Heobroduma din 3aday
Hawel KHU2U, aHaiu3 paamepiocmerl NPpUMEHUM MOALKO K YPASHEHUAM Md-
rozo muna. ClefiyeT 3aMeTHUTh, UTO U3MeHeHUA NepBUYHO eIUHUIIBI B MOJ-
HOM YpaBHEeHMH HeCKOJbKO orpaHu4veHbl. Moo U3MeHATh TONBRO pasMep
NepBUYHBIX €IWHUI], HO He UX XapakTep. Tan, HanmpuMep, MoJHOE ypaBHe-
HUe, CIpaBeIuBoe MpH JObIX U3MEHEHUAX pasMepa NMepBHUYHBIX eJUHHIL
Macchl, [NIKHbI U BPEeMeHH, IlepecTaeT ObITh BEPHBIM U TEpPHAET CMBICIH JIA
APYTroi cucTeMbl eJUHHI, B KOTOPOil NepBUYHbBIMHU ABIAIOTCA Macca, CHuia,
NJHHa U BpEMA.

CrenaB 3TH OTOBOPKH, MPEANON0MKUM, YTO Mbl HMeeM HeKoTopoe ToJ-
HOe ypaBHeHWe ¢ onpefeleHHbIM YHCIOM H3MePUMBIX BeIHUUYHH M pasMep-
HBIX MOCTOAHHBIX, cIpaBeAJUBOe ANA JaHHOH cHCTeMbI MEPBUUHBIX €JUHUIL.
Hmen geno Tonbko ¢ popMydaMu pa3MepHOCTH BeTUYHH, BXOJANIUX B YpaB-
HeHHe, Mbl MO/Ke€M He Pas3iuyvaTb MU3MePUMbIX BEIUYHH OT pa3sMepHbIX IO-
cToAHHbIX. O603HaUUM IepeMeHHble GyKBaMu «, (3, v, ... U NPEINOJOMUM
Hanuuue $yHKIHOHAIBLHOIO COOTHOIICHHA:

ola, B, 7, ...)=0.

1HpHMeanHH CM. B KOHIIEC TJIaBEI.
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CMbICT 3TOr0 BbIpa#ieHHUfl COCTOUT B TOM, YTO MPH MOACTAHOBKE UH-
cell, ABIAIONIMXCA Mepoi BeIUYHH a, 3, ..., QyHKIHOHAIbHOE COOTHOIIeHHe
ynosineTBopAeTcA. Mbl npuMeHAeM CHMBOJI ¢ Kak /A 0003HAYEHHA caMoi
BE€JIUUYKMHbI, TaKk U JJA ee YUCIeHHOW Mepbl, Kak 006 3TOM I'OBOPUJIOCH BbI-
me. [fTonHoTa ypaBHeHHA 3HAUUT, UTO PyHKI[MOHANLHOE YpaBHeHHe oCcTaeTcA
CIpaBelNUBBIM MPU MNOACTAHOBKE B HEro UMcel, UBMEPAIUX «, 3, v, ...
B cUcTeMe eJUHUIL, KaKk YyroJHO OTAWYaIoWUXCeA [0 pa3dMepy oT eIHHHI] OcC-
HOBHOH cHcTeMbl. MbI yike NpUMEHAAH MeTol, OCHOBaHHbIN Ha dopmynax
pasMepHOCTH, A ONpeaeleHus u3MeHeHUua TOH UIU UHOW BeJUUHHbI NPH
nepexojge K APYTUM NepBUYHBIM eJUHUIIAM. JTOT BONpOC pasbupalnca Bo
BTOPO# riase.

HaszoBeMm ocHOBHBIE eIUHUIBI M1, Mo, M3, ... U 0003HAYUM pasMep-
HOCTH «x Yepes ay, 3, A3, ..., pasMepHocT 3 4yepes (31, 2, B3, ... (0THO-
CUTENLHO BENUYUMH M1, M2, M3, ... ).

YBenuuuM pasmMep OCHOBHBIX €IWHMII My, Mg, M3. ... B L1, L2, L3
u T.n. pa3. Torga uncieHHble 3HaueluA «, J, ... B HOBBIX eIHHULAX, KO-
TOpble MbI 0003HauuM dYepes «', (', ... OyAyT, KaKk JoKazalo B TpeTLel
riabe: ’

— Xy 2

a = (z] 172 co)a,
r_

6 ("El 332 : )163

YpaBuenue @(a, 3, ...) = 0 ABIAETCA MOTHBIM, OHO JOJNKHO BBIMOI-
HATbCA MO3TOMY H NpHU NopcTanoBke «, 3, ... na Mecto a, 3, ..., T.e.

1ot .
pla, @, ...) =0 (A)
WK
1 e
ol ay? ..., 55'1 5172 By ...)=0.

JTO ypaBHeHHe J0I#HO ObIThb CIIPABEINUBBIM jJIA BCeX 3HAUEHWH 7,
Z2, ... Bo3bMeM YacTHYIO NPOU3BOJAHYIO OTHOCUTENBHO 1, MOJOMUB HOCHe
auddepeHUpoBaHHA Bce x paBHBIMH 1. MBI nonyumuM cieayiolee ypaBHe-
HHUE:

Jy

alaa—+ﬁ1ﬁ 35 = 0. (B)

BBB,HBM HOBblIe HE€3aBHCHMbIE IIEPEMEHHEIE!:

o = al/cu’ 16” — 61/ﬁ15



48 Tasa 4

3Hadenye 3TOH MOJACTAHOBKU COCTOUT, OYEBHIHO, B TOM, YTO BeIHYH-
uel o', 8", ... 3aBUCAT TONLKO OT MEPBBIX CTeNeHell UCXOJHbIX MePpBUYHBIX
Benuuni. Ecnu kakue-uubynnL U3 BelUuuHd aq, J1, ... PaBHBI HYIIO, TO CO-
orTBercTBYIOIHE WieHbl (B) Beinagaior u HeT HaJoOHOCTH B nepexoje k o,

8", ...

[Ipu 370l 3aMeHe mepeMeHHBIX ypaBHeHWe (B) mpunuMaeT BUI:

O Oy
n n
a@a”+ﬁ Ba,,+...:(]. (C)
HasoBem uepes £” nocaenHow us n nepemennbix o', 8”7, ... u BBegem
(n — 1) HOBBIX MEPEMEHHBIX 21, 22, --- , Zn—1, ABIAIONIUXCA OTHOMIEHUA-
vu o, 37, ... & €7,
Huaue roeops:
"o " 7 " 1o en
o' =zn€", B=n, ..., §&=E.

HOI{CT&HOBH& B (I)YHHIII/IOHEHBHOG COOTHOIIIeHVe JaeT:

@(a”’ B”? e 5”) = 90(215”3 225”7 tre 5”)°

Teneph MO#HO 0Ka3aTh, YTO PYHKIMA ¢ IpaBoi CTOPOHBI paBeHCTBA
ne 3aBucuT oT £”. JTo cnegyeT U3 TOro, YTO NPOU3BOAHAA OTHOCUTENLHO £/
paBHa HYJIO.

eficTBUTENBHO,

o"or+ s+ -+ s
f” *

[ocneanee BbIpamedde PaBHO HYJIIO, TAK KaKk UYHCIHTENL ABIAETCA
MpocTo NeBoit YacThio ypaBuenusa (C) B Apyroit dopme.

Hostomy dyHrIUA ©(z1E", 22&", ...) AeHCTBUTENRHO 38BUCUT TOIBKO
oT (n — 1) 2-TOB, M MBI MOKEM HaMUucaThb:

so(a”’ /6”7 et 5”) — (10('215”3 225”7 AR 5”) — w(zlﬁ 227 MR zn—l):

rje v ecTh QyHKUUA TOMLKO (n — 1) apryMeHTOB, B TO BpeMf Kak ¢ 3a-
BHCHT OT 7. apryMeHToB. Bojee Toro, Tak Kak Bce Benuumns! o'/, ..., &7
Mo onpejelJeHHI0 3aBUCAT TOJABLKO OT NMepROH cTelleHU — NepBOi NepBUYHOI
BEJIUYMHBI, TO BCe OTHOMIEHUA 21, 22, ... HE UMEIOT Pa3MEPHOCTH OTHOCHU-
TeJIbHO IIePBUUHON BeJIUYHHBI.

890 ! I ! !
3 =Z1p] T 220y + T Zp_1@, g TP, =
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Paccy}ﬂneHI/Ie MOsRHO Telepb MOBTOPATL cHavdalna, eClIH IIONMOMIUTDh:

’l,b(Zl, L2 s ue s Z'n,—l) — O,

uro crenyeT u3 (A), IOCKONBKY J0Ka3aHO, UTO 1P TOMIECTBEHHO (.

Ho ypasuenue ) = () ecTh ypaBuenue Toro e Tuna, xax (A) ¢ Tem
OTJUYHEM, UTO OJMH apryMeHT Ucde3 U3 QYHKIUH U OJHa NepBUYHAA Be-
nuurHa u3 aprymedTtoB. [loBTopenue npesnero npuema ¢ auddepeHiupo-
BaHKUEM 1) OTHOCUTEILHO T9 UCKIKOUaeT BTOPYIO IEPBUYHYIO BEIMUYMHY U3
aprymMenToB M CHH@eT 4MClI0 apryMeHTOB elle Ha ojaHo. Ilpouecc, oue-
BU/HO, MOKeT HOBTOPATLCA A0 MOJHOTO HCKIIOUYEeHHA NePBUUYHBIX BelHYUH.
Ramgoe UCKIOUeHNE MepBUYHON BelMUYMHbBI COMPOBOMIAETCA yYMEHbIIeHU-
eM 4Hc/a apryMeHTOB Ha 0JHO, U TaKUM 06pa3soM oKoHUaTelbHad PyHKIHA
ctaHoBuTCA dyHKIMEH (n — M) apryMeHTOB.

PaccMmoTpende xapakTepa N0ACTalOBOK, IPUMEHAEMbIX [IPH OCYIIEeCT-
BIEHUN peJyKLIUU 0OHApYMUBaeT XapakTep apryMeHTOB OKOHYaTelLHOil
¢yHruun. Mbl UMeau j1e10 ¢ AByMA TUNAMH 3aMelbl IIepEMEeHHbIX, ¢ BO3Be-
INEHHEM B CTeNeHb WU C COCTaBJICHUEM OTHOIIeHUA. flcHO, YyTO0 KOMOUHANUA
TaKUX MMOACTAHOBOK MOMET JaTh TOJbKO NPOU3BeJEHHUA IepBOHAYATbHBIX
IepeMEHHbIX B HEKOTOPBIX CTENeHAX.

OTcroga Mbl OIy4YaeM OKOHYATEALHBIA pe3yiLTar.

Ecnu ypasuenue p(a, 3,7,...)=0ecThL nonnoe ypas
HenWe, TO peliedNde HMeeT BHUJ:

F(I;, I, ...} =0,

rae Il ABIAWTCcA He3aBUCHMBIMU MPOU3BeleHUAMU
apryMeHTOB a, /3, ¥,..., KOTOpble He UMMEIT pasMep-
HOCTHU OTHOCUTENbHO OCHOBHBIX €JIHUHUI.

PesynbTaT, GopMyaupoBaHHbIiI TAKUM 00pa3oM, U3BeCTEH M0 Ha3Ba-
HueM II-TeopeMbl U B ABHOH (opme GBI BhICKa3aH, O-BUJUMOMY, BIEpBbIe
Baxunramom (4), 3xBUBaleHTHbIH pesyibraT npumendanca Imuncom (3),
ojlHaKo 6e3 oTYETIAUBONH GPOPMYAUPOBKU.

[locaegnee ypaBHeHHe MOKeT ObITh paspellieH0 0THOCHTENLHO JI060I0
13 NMpou3BeieHUH, U HoBad GopMa MpexiHero peayinbTaTa OyAeT:

O(_l = ﬁml’ym2 (I’(Hz, H3, ),

rjie & TaKOBbI, UTo ff~¥1y~%2 ... He UMeeT pa3MepHOCTH.
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B aT0ii popme pe3yaLTaT ecTh MaTeMaTHUYeCKoe BbIpakeHHe TIpUHI[UIA
pasMepHoit onHopoaHocTH. IlpousBonbHaa GYHKIMA B MpaBoil yacTH e€CTh
(GYHKIIMA apTyMeHTOB ¢ HYJNeBoi pasMepHOCTbIO, H, TAKUM 00pa3oM, Kas-
Ablii 4jleH pe3yabTUPYIOMel PYHRUUN OoNi#eH caM 1o cebe He UMeTh pa3-
MepHocTH. Ramapiit unen 3Toit GyHRIUU A0M:eH ObIThL YMHOKeH Ha 4ileH
TO} e pasMepHOCTH, KAKOBYIO UMeeT JeBafd cTOpoHa YPaBHEHHUA, ¢ TeM,
yToObl KaMAbIi WjieH MpaBoil yacTH UMel TaRYIO e pa3MepHOCThL, Kak M
JAeBaf yacTh. UneHbl MOTYT ObITEL NeperpyniupoBaHbl JI0ObIM cIocoBoOM, HO
Npu Kakoil yrogHo meperpyniupoBKe pa3MepHOCTh BceX ujleHoB OyaeT Ta
ke caMaf. JTO MoJoMeHHe U3BECTHO Mo Ha3BaHMeM MpPpUHI U IAa pas3-
MepHOH OMHOPOAHOCTH.

YacTo pgenaloTcA MONBITKM JaTh HemnocpeJcTBeHHOE J0KA3aTelLCTBO
NpUHIUNA pa3sMepHOH OJHOPOAHOCTH ¢ TOUYKHM 3peHUA Ha dopMyny pas-
MEPHOCTH HKaK Ha BbIpamkeHne «bOH3HUECKOH CYIIHOCTH» HEKOTOPOH Be-
anuunbl. Tak roBopAT, HanpuMep, 4YTO ypaBHeHHe, ABAAIOINIEECA allek-
BATHBIM BbIpameHueM (uanueckux (ParToB, JOJHHO OBITh BepHBIM INPHU
110060M H3MeHEeHHH pasMepOB OCHOBHBIX eJUHUI, HOO (U3UUeCKOe COOT-
HolleHWe He MOMKeT 3aBHUCeThb OT I[POU3BOALHOrO Bbibopa eguHul. Ec-
JAH e ypaBHeHHe BepHO IIpu JM06oM Bblibope e€dMHUL, TO pPa3MepHOCThb
BCeX UNeHOB J0/MHa ObITL oJHOH W To# e, WHAYe Mbl MpHpPaBHUBAIU
ObI APYT APYTY BelIUMUYNHbI pasiuuHoro ¢pusudeckoro xapawTepa. Hampu-
Mep, COrIacHO 3TOMY B3TNIAAY Mbl He MOMeM HMeTb ¢ OJHON CTOPOHBI
ypaBHeHUA BeJIWYHHY C pPa3MEpPHOCTBIO JNHHBI U BeIWYHHY ¢ pasMepHoc-
ThIO IMIIOMmAAW Ha APYroidl cTOpOHE ypaBHeHHA, MO0 paBeHCTBO ILION[AAU
niaune faApiaderca abcypaoM. IlllaTkocTek 3ToH TOUYKM 3peHuA OyjeT Hc-
HOM, eCJHM BCIOMHHUTb, YTO ypaBHEHHEe MO#ieT ObITh TOJLKO YpaBHEHH-
eM MEeMJy 4YuciaMu, ABIAIMIKUMUACA Mepoil HEROTOPLIX (QPU3UUECKHUX BelH-
YHH.

Oco60 BamHO OTMETHUTL, UTO BbIUIENpUBeeHHbIe paccy#eHUA MoalNe-
Many KpaliHe cyniecTBeHHOMY, He BhICKa3aHHOMY ABHO OTpaHMUYEHUIO.

[lonarasa ¢(a, 3, ...) = 0, Mbl HEABHO MpeaNoONaraliy, YTO 3TO eJUHCT-
BeHHOe COOTHOIIeHue MeMAy «, (3, ... W YTO H03TOMY 4HacTHbIe NPOU3BOJI-
Hble MOT'YT GbITh HaiiJleHbl 06bIYHBIM 06GpasoM. Ecnu «, 3, v, ... CBA3aHbI U
HWHBIMH ypaBHeHUAMHU NOMUMO (cx, 3, ...) = 0, TO HaLIK pacCy#JIeHHA Ie-
pecTaloT ObITh CIpaBeJJUBbLIMU U pe3ylbTaTbl He BepHbl. B obuiem ciayyae
HeBaskHO, YTO MoJHOE YpaBHeHUe, T. e YpaBHeHHe, ocTaloleecq clpaBelu-
BBIM NPU M3MeHeHWM pa3Mepa NMepBUYHBIX eIUHUL, pa3MepHO 0ZHOPOIHO.
Taxroe ypaBHeHHe He0DX0IUMO pa3MepPHO 0JHOPOAHO TOIBKO B TOM ciayuae,
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eclid HeT JPYTUX YUCIeHHbIX CBA3ell Mexsay NepeMeHHbIMH, KpOMe caMoro
ypaBHEHUA.

PaccmoTpuMm B Buje npuMepa nagenue Tena. llycTh v — ero ckopocTh,
8§ — Iy Thb, NIpOHIeHHBII NajaloWKuM TeloM, { — BpeMs NajeHuA, g — yCKo-
peHHe CHIbI TAMECTH. DTH BelIUUUHBI CBA3aHbI MEM Y cob0it U cylllecTBYeT
He TOJbLKO OJHO ypaBHeHUWe CBA3HM, TaKk Kak v M § oNpejeleHbl, ecAy JaHbl
t n g. CooTHOILIEHN A, CBA3bIBAIOIINE 3TH BEJIUUHHbBI, CYTh:

’U:gt; S:T.

Ha ocHoBaHUU BbINIECKA3aHHOTO, Mbl MOMEM OMHMAATH, UYTO MOJHOE
ypaBHeHUe, CBA3bIBaloOLIEE v, S, g ¥ {, He ORAMETCA pa3MepHO 0JHOPOAHBIM.
Pe3ynpTaT nonyuaeTcA cpa3y, MMEHHO:

g.tz
v+ s=gt+ =
2

JTO0, OUeBUAHO, MOJHOE YpaBHeHHe, NMOTOMY YTO OHO BepHO U OcCTa-
HeTCA BEpPHBIM MpHU JOG0OM H3MeHeHWH pa3Mepa OCHOBHBIX eJUHHWIl AJTHHBI
1 BpeMeHu. Ha ocHOBaHMH 3THX 3J€MEHTOB MOMHO MOCTPOUTH ypaBHeHUeE
3HaUUTeILHO Dolee HeoObIUHOE U OUYEHDL ClIOsKHOe, HallpuMep:

sh(s—gt?/2)
v [Sin HTgt] = gt ch(v — gt).

JTo — cHOBa MOJHOE ypaBHeHHe, OHO He ABJAAeTCA pasMepHo 0gHOPO-
HBIM U HapyllaeT Hallle PeAB3fiTOe MHEHHE 0 BO3MOMHBIX TPaHCIeHJeHT-
HbIX QYHKIUAX.

BosMo:HOCTE ypaBHeHUIT Takoro pojaa camMa mo cede onpoBepraeT HH-
TYUTHBHBII MeTOJ JoKa3aTeJbCcTBa MpUHIUNA pa3MepHOH 0JHOPOAHOCTH.

2

YpaBHenue v + s = gt + gtT HalOMHWHAaeT OJUH U3 MPHEMOB, NpUMe-
HAEMbIX B BEKTOPHOM aHa/lun3e, B KOTOPOM TPH CKaJAPHBIX YpPaBHEHUA MO-
r'yT ObIThL 3aMeHeHbl OJTHUM BeKTOPHbIM. Pa3zyMeeTcl, MOMAHO CKIaAbIBATh
BMecTe JIo60oe YHUCI0 TIONHbIX YpaBHeHUH, Moydana paBUlbHbIN pe3ynbTarT.
Ecnu pasMmepHocTH nepBoHavalbHbIX YpaBHEHUH Bce pa3lH4yHbI, TO TMOJIY-
yaeMoe CloMHoe ypaBHeHHe (MoNHoe, HO pa3MepHO HEOTHOPOJHOE) MOMKET
ObITh pa3noxeHo NoJ0OHO BEKTOPHOMY YpaBHEHHIO HAa HEKOTOpoe 4Hnciio 6o-
Jee NPOCThIX ypaBHeHHUI, ecld BbIGUpaTh YacTHU ¢ paBHbBIMH pa3MepHOCTA-

MH. I He 3HAW, BIIpO4YCM, MOMET JHU TAKOM MeTo/l CBeJCHUSA pe3yJaeTaToB
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B 06IIyI0 KOMINAKTHYIO opMy MpHHECTH Kakue-TuOO NMpaKkTUUecKHUe TIpe-
HMYyIecTBa.
Bepuemcna Tenephs K meppoii opMe Halllero pes3yibLTaTa:

F(Hl,Hg,...):O.

PacecmoTpum npousBegenun Il u ux cTpykTypy u3 nepemMeHHbix. Ha-
nuiiem TunuyHoe II B ¢opme.

agb_c
aBy° ...
a, b, ¢, ... HOMMHBI ObITh BbIOPaHbl TaK, YTOObI 3TO BbIpaxieHHE He HUMEIO
pa3aMepHocTH. [logcTaHoBKa pa3MepHBIX CUMBONOB «, (3, ... [Ja€T CTOIBKO
e ypaBHeHUM Memay a. b, ¢, ..., CROIbRO UMeeTcA BUJOB OCHOBHBIX eU-

HHUII.
JTH ypaBHEHHA TaKOBbI:

'ala—l—ﬁlb+’ylc+...—0,
20 + P2b + y2c+ ... =0,
\ U@+ Bmb+...=0.

HmeeTcAa m ypaBHeHUil, Kamjoe ¢ n uieHaMu. TeopHio pellleHHA Taroii
CUCTeMbl YpaBHEHUN MO#HO HAaWTU B Kypcax aaredpsl.

Boo6me rosopsa, n > m. llpu aTom ycnoBuu B obuieM cinyuae GyneT
(n — m) He3aBUCHMBIX pelleHUH, T.e. 6yAeT (n — m) He3aBUCHMbIX NPOU3-
BeJleHHIT Ge3 pa3MepHOCTH, U NpPOU3BoALHaA GyHKEIUA F OGyaeT QyHKIHeH
(n — m) mepeMeHHBIX.

B HexoTopbIx chmelMalbHBIX CIyYaAX 3TO 3aKNOUYeHHE JNOMMHHO ObITh
BUJou3MeHeHo. Ecau, Hanpumep, n = m, To pelleHUf, BooOlle roBOpA, He
OyloeT; OHO UMeeTCH, OJHAKO, B TOM cliyuae, Korja JeTepMHUHAHT NoKa3aTe-

el
1 51
X2 /82 0
O P .-

Hanee, MoeT GBITH Gollee 4eM (1 — m) HE3aBHCHMBIX pelleHuit. ITo
npou3ofileT B TOM cilydae, Korja sce m-pAjHble JeTepMHHaAHTHI NOKa3a-
Teneil paBHBI HYJI0. Pazymeercd, 3To peakuil ciyyail, HoO Mbl BCTPETHMCH
C OJHUM TaKHUM IPUMEPOM.



II-meopena 53

B o6mem ciayuae, korjga umMeeTcA (n — m) He3aBUCHMBIX pelIeHU, Bo-
o0lile TOBOPSA, BO3MOKHO BbIOpATh (n — M) U3 BeNUYUH a, b, ¢, ... TMOAXO-
AAMKAM 00pa3oM, IpUIHCAaTh UM (n — m) He3aBHCUMbIX 3HAYEHWH W pas-
PEUIMTh OTHOCHTENbHO OCTAIIIUXCA BelnunH. TakuM o6pa3oM noJydaerca
(n — m) 3HaveHuit, onpefenfAOMUX (n — m) MpoU3BeleHUt, He UMeONHX
pasMepHocTH. HOTaa 3T0o He BO3MOMHO, M cMcTeMa BelW4YWH a, b, ¢, ...,
KOTOPOH MOKHO NpUNUcATh NPOU3BOJAbHbIE 3HAYEHHA, HE MOMKET ObITh BbI-
Opana BHojJHe cBOOOAHO. ITO UMeeT MeCcTO B TOM cillydae, Korja HEKoTopble
JeTepMHUHAHTbI U3 pAJA MokaszaTeneit paBHbl HYII0. Mbl He GygeM pa3BH-
BaThb 3Jech 00lleil TeopuH, TaK Kak UCKIIOUeHUA Mo3aboTATCA caMu o cebe,
KaKk 3To Bcerja ObIBaeT MpU pellleHUH KOHKPETHbIX 3agay.

3amMeTuM, uTo II-TeopeMa He cofep:RUT HUYEro cylecTBeHHO HOBOTO,
oHa He JlaeT HaM HOBBIX cMocoGOB aHalu3a 3ajad, cnocodoB, OTAWUYHBIX OT
TeX, KOTOPBIMU MbI e MoJAb30Ballch BO BBeJeHUU.

[IpeumyiiecTBa TeopeMbl — B ee yIo0OcTBe, OHA NpeAcTaBAAeT Pe3yilh-
TaT B Tanoi gopme, B KOTOpPofl UM MOMKHO MOTb30BATLCA ¢ MEHLIIAM yM-
CTBEHHbIM HaNpfAmeHHeM M B BecbMa I'MOKoit ¢opme. Ilpu momomiu »Toit
TeopeMbI pe3ylbTaTbl aHa/dAK3a pasMepHocTeil MOryT GbITh IpeicTaB/leHbI
B pa3Hoo0Opa3HbIX (opMax, 3aBUCHIIUX OT llepeMeHHbIX, KOTOPble HAC HaH-
fonlee UHTepecyIloT. Bee 9To cocTaBnAeT BaskHoe NMPpedMYIIECTBO.

PesynbTaT aTOT0 ananusa pasMepHocTell He cTABUT KakUX-NTUGO orpa-
HUUYeHUH B OoTHOLIeHUW GopMbl PyHKINIH, BbIpamaonuX pe3ydbTaTbl OIbI-
TOB, OTPAHUYUBaeTCcA TOIbko ¢opMa aprymenTon. Kak 6b1 HU caoHa Oblia
(YHKI[MA, eClH OHA TOIbLKO YIOBJAETBOPAET OCHOBHBEIM TpeOOBAaHUAM pPa3BH-
TO# Bblllle TEOPUHU, TO Bceria BO3MOMHO IeperpylinHpoBaTh UleHbl TAKUM
obpasoM, 4To6bl PYHKUMA 3aBHUCe]a TOJALKO 0T apryMeHTOB, HE HMEIOIINX
pasmepHocTH. Iloab3yack TeopeMoit, Mbl 00bIUHO 3aHHTCPECOBAHbI B TOM,
yT0Obl BBIPA3UTL OAHY U3 BeIUUWH B GYHKIIHUU ocTalLHbIX. ITO JOCTHIra-
eTcA pellleHHeM GYHRIUU AJA YacTHOT'O Tpou3BeAeHus Oe3 pasMepHOCTH,
B KOTOPOM COAEpPMUTCA MHTepecylollasa Hac NepeMeHHaf. 3aTeM 3TO Mpo-
u3BeJeHue 6e3 pa3MepHOCTH YMHOskaeTcA (Tak ke, Kak U Apyrasa cTOpoHa
ypaBHeHUA) Ha 06paTHYIO BEIHUHHY TeX MepeMeHHbIX, KOTOpbIe COeIHHEeHbI
B NIpou3BejieHun 6¢3 pasMepHocTH. B pesyibTarte Ha 0JJHOH CTOPOHE ypaBHe-
HHMA OCTaeTCH eJUHCTBEHHAA lIepeMeHHad, B TO BpeMA Kak Ha Ipyroit pacno-
JaraloTcf Npou3BeJeHHA oCTalbHbIX NepPeMEHHbIX B HEKOTOPBIX CTEINeHAX,
YMHOKeHHbIe Ha MPOU3BONLHYI0 GYHRIIUIO OPYTUX NpousBeaennit 6e3 pas-
MEPHOCTU. JTa NPOU3BOALHAA GYHKIMA MOMET ObITh CKONL YTOAHO TpaHc-
IleHAeHTHAa; OHa HUYeM He orpaHHyeHa, TONbKO ee apryMeHTbl He JOJAHBI
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o61agaTh pasMepHOCTBLIO. JTO COrNIacyeTCA ¢ HallUMHM MPUBBIUHBIMHU CBe-
AeHUAMU OTHOCHTENLHO BO3MOMHBIX (YHKIMOHANLHBIX COOTHOIIeHU. Mbr
NPUBBIKIAA K TOMY, YTO BCAKMI apryMeHT MOJA 3HAKOM TpamlcleHaeHTHOH
(GYHKUUYU He JoJi#eH UMeTh pasMepHocTH. OObIYHO I'OBOPAT, UTO GeccMblc-
TeHHO OpaTh, HAalpUMep, THNepOoNUUecKUi CUHYC OT BpeMeHH, BO3MOMEH
TONBKO FHIep6oIMUecKUil CHHYC OT Yucia [5]. 3aMeuaHue o TOM, 9T0 00bIY-
HO apryMeHT THIepHoJdHYecKoro cuHyca B HallleM aHalu3e He WMeeT pas-
MepHOCTH, BepHO, OJJHAKO INpHBeJeHHOe TOIbKO YTO O0ObACHEHHE ITOr0 —
HenpaBuiIbHO. HeT ocHoBaHuA, Mo KOTOPOMY Mbl He MOTJIH Gbl cOCTaBUTH sh
0T 4Yucia, U3MepsAlollero HeKOTOPbIi MpoMeskyTOolk BpeMeHH B yacax, WU
OoT uMcia fABIoK, moMemaloniuxca B Mepke. O6e omepanuy BMoJiHe MbICIU-
MbI, OJTHAKO OrpaHHYeHl I, HanaraemMsle I1-TeopeMoii, TakoBBI, UTO MbI 0UeHb
pe/liko BcTpedaeMcAl ¢ sh oT BeIWYUHBI, UMeloIleil pasMepHocTh. Ecau 6b1
Mbl HaTOJKHY/MCh BCe e Ha TaKoii ciyuail, To NeperpynnupoBKoii YieHORB,
KaKk y#e oObACHEHO, MOMHO 0cBOGOOUTHCA OT TpaHcleHAeHTHOH QYyHRLUWU
C pa3MepHbIM apryMeHTOM, CAWB ABe WIH DoJbliee YUcI0 TakuX QyHRLIUI
B sh equHCTBEHHOr0 apryMeHTa, He UMelolero pasMepHocTu. Tak, HampH-
Mep, HeT HUKaKMX NpelATCTBUN K HalMcaHUIO ypaBHEHUA Najalollero refa

B TaKoli (opme:
shv = sh gt,

HO 3TOT'0 HUKTO He cTaHeT AellaTh, IOTOMY 4YTO Takaf jopMa MHOTO cllosKHee
0ObIYHOMH.
JTo ypaBHeHHe MOMHO HanucaTh U B TAKOM BHE:

shvchgt —chvshgt = 0.

B 3Tom ciayuyae neperpynnupoBra, TpeGyemMad And ocBOGOMIEHHUA OT
TpaHcLeHJAeHTHOH (YHKLUWU pa3MepHOro apryMeHTa, y#e He cToJdb ficHa,
ocobeHHO ecnu Obl TpUTOHOMeTpUYeckadn popMa cTana npuBbluHOi. OgHaKO
U 3Ta (popMa BNOJHe MPUTOAHA A YUCIeHHBIX pacyeToB B TOM CMbICIe, UTO
oHa Bcerja 6yleT JaBaTh BepHbIA pe3ylbTaT U OCTaHeTCHA cIipaBelJIUBOM
Npyu U3MEeHeHUU pa3Mepa OCHOBHBIX eJMHMUII.

Eirle oguH BBIBO/ B OTHONIEHUM TOKasaTelell B CBA3U ¢ 3TUMH 3aMe-
YyaHUAMU 0 TpaHcleHJeHTHbIX GyHrNUAX. HcHo, uTo B obleM cnydae He
MoseT ObITh NIOKa3aTellf, UMelollero pasMepHocTs. Ecnu TakoBoii npucyT-
CTBYET, er'0 BO3MOMHO KOMOMHMpPOBAaTh C APYIMMU Tak, YTO pa3MepHOCThb
rncue3dHeT. Ho He cymecTByeT HUKAKOro orpaHM4YeHWA B OTHOIIEHUH 4YUC-
JOBBIX 3HaueHUN IMOKa3zaTeleil, OHU MOryT ObITh LelbIMU, APOOHBIMU HUIU
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uppaluoHanbHbIMH. YacTo mymaioT, uTo ¢opMyna pasMepHOCTH HEKOTO-
poii BelMUYMHbI HE MOMKET COAepaTh OCHOBHBLIX eJMHHI] B ApOOHBLIX CTe-
nenax (6). ITo s3anMOYeHHEe CBA3AHO ¢ 06IIell TOUKOH 3peHUA Ha GOPMYIIbI
pasMepHocTell Kak Ha BblpameHHe ollepauuil ¢ KOHKpeTHbIMU (PU3UYECKUMU
npeAMeTaMH: TIpU TaKoM B3TIfi/le Ha /lello TPYAHO NMPUNHCAThL, HaNpuUMep,
KaKkof-a1ub0 cMbIc BpeMeHH B cTelleHM IBYX TpeTeil. Mie RameTcs, ollHa-
KO, OIMHAaKOBO TPYAHBIM HafiTH pusnuecKuit cMbIca 414 BpeMeHH B cTelleHU
MUHYC ABa, MeM Iy TeM BO3MOMHOCThL TAKUX cTeleHell NonyckaeTcAd BCeMU.

II-Teopema B usnos;keHHoil ¢opme cogep:KUT Bce BIeMeHTbI, HE0OX0aHU-
Mble 151 Hamux neneil. OgHaKo B IpUMeHEeHUAX UMeeTcA 60NAbIIoit MpocTop
717 BbIGOpa apryMeHTOB PyHKIIUH, UYTO ABCTBYET U3 BO3MOKHOCTH pa3iny-
HBIMU cniocofaMi BbIOpaTh He3zaBUCHMble pellleHUA cUcTeMbl anredpandec-
KuX ypaBHenuit. Hsbpannbiit nyTh onpefenseT hopMy NpousBejgeHHil, He
UMeEIONIUX pa3MepHocTH, U Hauaydiana dopMa AJNA 3TOro HaXOAUTCA B 3a-
BHCHMOCTH OT XapakTepa npob6aemsl. B riaBe mecTtoit Mbl paccMOTPHM He-
CHOJAbKO KOHKPETHBIX IIPUMEPOB, KOTOPbIE MOKAMKY T, KAKUM 00pa30M HYHHO
BbIOMpaTh NMpoU3BeJeHHUA B ClelHalbHbIX CIy4danX.
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W.Willams. Phil. Mag. 34, 23, 1892: «Ilockonbry L, M u T aBns-
IOTCA OCHOBHBIMH eJUHHIAMM, Mbl He MOJKeM OHUIaTh JPOOHBIX CTe-
nedeii... Temepbh Bce AMHAMHYECKHe KOHIEMIHMH CTPOATCA B KOHeY-
HOM cueTe Ha OCHOBE ITHX TpeX MOHATHI: Macchl, JIMHbI U BpPEeMEHH,
a MOCKONLKY Mpollece ABIAETCA CUHTETHUYECKHM, CTPOAINIUM CIOMHHOE
H3 MPOCTOro, Bce MPOUCXOIUT B COOTBETCTBUM ¢ MPUHLHIAMU alreophl
nocpegcTBoM uenabix creneneit L, M u T... Pazymeercs, ecnin Macca,
IauHa U BpeMfl — IpejelbHble (GU3UYeCKUe KOHLENIUN, MBI He MOMeM
HUCTONKOBATL aApobHble cTenedud L, M u T, moToMy 4YTo MbI He B COCTO-
AHUY CBECTHU 3TU MOHATHA K YeMy-1160 6ojee IPOCTOMY.

OcTaradck Ha mouge n1000i Pusnveckodl TeopruH, Mbl He MOKeM UHTEp-
npeTUpoBaTh (OPMYJbl, codepalliie ApobGHbIe MOKa3aTelld OCHOBHBIX
eJUHHUIY.



['JIABA D

Pa3MepHble NTOCcTOAHHbIE U YHCJ0 OCHOBHBLIX
e JUHUI]

CyuwecTBeHHbl pe3yabraT II-TeopeMbl COCTOUT B OI'PAHHYEHWU, Hala-
raeMoM el Ha YHCJI0 apryMeHTOB NpPOoH3BoALHON PyHERIUU. Yem MeHbIne
aprymMenToB, TeM Ooilee orpaHuyena Qynruusd, TeM Holee UcUeplblBAIOMNH
OTBeT MbI MoidyyaeM. [icnu B 3agade yeThipe MepeMeHHbIX U TPU OCHOBHBIX
eJUHUIIBI, TO HAIll aHAIKW3 MOKAa3bIBaeT, UTO UMeeTCHA eIUHCTBEeHHOe POU3-
BeJeHUe 0e3 pa3MepHOCTH, KOTOpPOe MOKHO ONpeJeluTh, U UYTO HEKOTOpAasd
(GYHKUUA 3TOr0 NPOU3BEJeHUA paBHA HYNIH. JTO YKBUBAIEHTHO YTBEP#Hile-
HHUIO, UTO B JAaHHOM YacTHOM C/yuae caMo IpOU3BeJcHUe AIBIAETCH HCKO-
TOPO¥M MOCTOAHHONH, U MBI UMeeM I0JHble CBeJIeHUfl 0 XapaKkTepe pelleHusd
3a UCKJAIOUYEHHUEM UMC/JeHHO! BelWUYWHBbI NOCcTOAHHOH. Tarkoe pellileHHe MbI
MMelld B NepBoii riaRe NPH paccMOTpeHUM 3ajauyd o MaATHHUKe. Be3 npu-
MeHeHUfl aHalu3a pa3MepHOCTeld BCAKOE HelPOTUBOpPeUWBOe COOTHOIIEHUEe
MeM Iy YeThbIpbMA apryMeHTaMU MOIJ0 Kas3aThCA BO3MOMHBIM, U MbI He
MOTJIH 6bI JoragaThcA 06 MCTMHHOM pellleHUH. lcnu uncio nepeMeHHbIX HA
aBa 0oabllie, yeM 4YMC/J10 OCHOBHBIX, TO OyJeT ABa npousBejeHus 0e3 pas-
MepHOCTH, pellleHreM OyjeT Npou3BoibHAA GYHKIKUA ABYX BTUX MPOU3BeE-
AeHuit, paBHafA HyNO. ITa QYHKIUA MO:KeT ObITL pa3spelleHa AMfA OAHOTO
13 NpousBeleHnit B GyHRIUM Apyroro. C TakuM cilydaeM Mbl BcTpedalnch
B 3aj7a4ye 0 TeloNpoBOJHOCTH. Pa3dyMeeTcH, cyllecTBeHHO 3HaTh, UTO pe-
neHve UMeeT UMeHHO Takylo ¢Gopmy. He npumMeHad ananusa pasMepHocTeld,
Mbl MOTJM Obl TONLKO YTBep#AaTh, UTO CYIIECTBYeT HeKOTOpafd (PyHKIUA
[ATH [epeMCHHBIX, paBHasg HYJIO.

OueBuaHO, B HAIIUX UHTepecax, YToObI UMCIO0 apryMeHTOB, CBA3aHHBIX
(GYHKIMOHANLHBIM COOTHOTIEHUEM, 6b1JI0 MUHUManbLHbIM. [lepemMennbie, Bxo-
AfANMe B ypaBHeHUA, K KOTOPbIM NPUMEHfICA Halll aHanu3, U ABIAIOTCH
BCeMH IlepeMelHbIMU, KOTOpble MOT'YT U3MEHATHCA YUCIEHHO [0 YCIOBUAM
3alaud. Jmu nepemenuvie mo2ym Obvimsd pasdeenv. Ha dse 2pynnst. [lepBan
rpynna — giuzuieckue nepemerHsle, ABIAOIMECA MepPOil HEKOTOPBLIX (U3U-
YeCHUX BeJUYHMH U MOI'yIlHe U3MeHAThCH [0 BeJUUYKWHE BO Bceil obaactu,
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Ii KOoTopo¥l MpUMeHHMMbl HaMKM pe3yiabTaTbl. Yucna, uaMmepsomue 3TH Gu-
3uyecKre BeJIWYWHbI, MOTYT MEHATLCA NMPU U3MEHEHUUM pasMepa OCHOBHBIX
eJUHHII.

Ko BTopoii rpynne oTHocATCA ApyTrUe apryMeHTbl, HMEIIINe XapaKTep
roodduyuenmos 6 ypasiernuu, OHU He U3MEHAIOT YUCIOBOI BelUUYHMHBI, ec-
AU MeHAeTCA ToAbKO PU3HUUecKana cUcTeMa, HO IpuobpeTal0T HHOe 3HaUeHHe
NpHU MnepeMeHe pasMepa OCHOBHBIX HU3MepAMIINX edWHUL. Mbl Ha3Banu ux
pasMepHbIMU MOCTOAHHBIMU. B peadLHbIX clyuaaXx Mbl HHTepecyeMcCA TOJb-
KO (pu3nuUecKol 3amayveil U cTpeMUMCA HAlTU CBA3bL MemKAY PU3UUYECKHUMHU
nepeMeHHbIMH BelHUYWHaMU. PazMepHble nocTOAHHbIe AOMAHBI paccMaTpH-
BaThCA TOJIbKO Kak Heu3bexiHOE 3710, TEPNUMOE MMOCTONbKY, MOCKOJIbKY OHHU
CMocoBCTBYIOT MONYUYUTL HYHHbIe cBeJleHHA 0 PU3UUeCKHUX TTepeMeHHbIX.

Hrar, mbl BuauM, uto II-Teopema mpumMmenfieTcA K arperaTty (pusu-
YeCHKHX NepeMeHHBIX M pa3MepHBIX NOCTOAHHBIX, IPUUYEeM HAC MHTEPECYIOT
npee Bcero ToALKo pUu3uUeckHe NepeMeHHbIe. Eclu uhciao pasmMepHbIX Mo-
CTOAHHBIX CTOJb BEJAHWKO, UTO UMCIO apryMeHTOB MPOU3BOJbHONH QYHRUNH,
nonycTtumoe II-Teopemoii, paBHo uau 6oiabIne YyKUciaa OJHUX PUIHMUYECKHX Te-
PEMEHHbIX, TO NIpuMeHelne ll-TeopeMbl HHYero He gaer.

MbI ye BHjenHu, YTO B HAUXY/IIIeM BO3MOM#HOM Cllyuae YuciI0 pa3Mmep-
HBIX MOCTOAHHBIX HE MOMET NpeBbINIAThL uKcla PU3HUYecKHX MepeMeHHBIX,
16o moboe sMNHUpHUYecKoe YpaBHeHWe MOMeT ObIThH c/ieNaHo TMOTHBIM BBe-
OeHUeM II0 OJHOH pa3MepHoil NOCTOAHHON Ha RamIyio (H3HYecKYHO Nepe-
MeHHY10. [lajiee MoUYTH Bcerga yuc/ao (U3NMUECKUX IepeMeHHbIX paBHO WU
GoabIle, YeM YHCI0 MepBUYHLIX eaduHHIl. [ToaTomMy, ecnu unciio pa3mMepHBIX
[IOCTOAHHBIX pPaBHO MU 6oJblle 4hcia (U3MUYEeCKUX NEPEMEeHHbIX, TO YHC-
J0 Npou3BejleHHH 6e3 pa3MepHocTH GoMbllle UM paBHO YUCTY PU3UYECKHUX
nepeMeHHbIX. B o6mem cinyuae II-Teopema He jaer, ciegoBaTe/bHO, HOBBIX
cBeJleHu . [loaToMy KpaiiHe BamHO cCBECTH 10 MUHUMYMa YHUCIO pa3MepHBIX
NMOCTOAHHBIX B YpaBHEeHUH.

Korga e cnenyeT oMuIaTh pa3MepHBIX MOCTOAHHBIX M KaKMM obpa-
30M B KOHKPETHOH 3ajaye y3HaTb, UYTO OHU c0DBOIO MPEACTABIAIOT H KAKOBbI
ux ¢popmynbl pazmepHocTu? OTBeT TecHO cBA3aH ¢ BbIGOpOM Tabnuibl ¢u-
3UYECKUX BEIMUMH, MMy KOTOPbIMH Mbl HileM cBA3u. Mbl yie BugeqdH,
YTO HEJ0CTATOUHO CINPOCHTE: «3aBHCUT JIM pe3ylbTaT OT TOH WM APYIoi
(hu3nYecKoi BeMUYUHbIy. Mbl BUjienu, HalpuMep, B OJIHOH 3ajaye, 4TO XO-
TA pe3ylbTaT HeCOMHEeHHO 3aBUCHUT OT AelCcTBUA aTOMHBIX CHI, OJJTHAKO MbI
obouarch 6e3 BREIIOUeHUA UX B Halll aHalW3, U OHU He BOIIAH B (DYHRIIHO-
HalbHYIO 3aBHCHMOCTb.
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OTBeT Ha Bompoc 0 TOM, Kakue IMepeMeHlble cleyeT BKIIOYaTh, Tpe-
HyeT Goapmol (usndeckol onbITHOCTH. [Xenu MbI XOoTUM pasobpaTh HeKo-
TOpYyIO NpobieMy MeToJaMU MeXaHWKH, Mbl JOM#HbI UMEThL JO0CTATOUHYIO
yBepeHHOCThb, UTO 3ajavua AelcTBUTE]NLHO MeXaHH4ecKaf U He COHepHUT
3eMeHTOB, M0 CYIeCTBY He pas3pelllMMbIX MPH MOMOIH 00bIUYHBIX ypaBHe-
HHUiT MexaHUKW. MbI JOJ#HBI IOHATh, KaKHe CTOPOHbI ABJIEHUA MOTYT ObITh
ocTaBlieHbl 6e3 BHUMaHWA, a Kakle, Ha0B6OPOT, cyllecTBEHHBI IJA JaHHOTO
Bonpoca. HunTo, koneuHo, He cKameT, YTO B MeXaHWYecKol 3ajaue aToOM-
Hble CUJIbI HE UMeIOT 3HaueHus, HO ONbIT MOKAa3bIBaeT, YTO 3TH CHIIbI cJjara-
IOTCA B HEKOTOpble KOMIUIEKCHI, JOCTATOUYHO XapaKkTepHu3yeMble aHaJIHU30M,
He omycKaloNMMCA JI0 pacCMOTpeHHA AeTalell. Pe3ynbLTaTbl Takoro anamiu-
3a, NpeHebperalolero MHOIMMH faske cylecCTBeHHBIMH CTOpOHaMU TON0Me-
HHA, UMeIOT CHUIY NMPH HEKOTOPBIX yCIOBHUAX, HE CAUNIKOM CTECHUTENIbHBIX.
OnbITHOCTL, NPOABIAEMAadA B CyIeHUAX TAKOT0 pola, IPpOCTUPAETCHA CTOMNb
nanexo, YTO MbI IOUYTH MHCTHHKTHBHO 3HaeM, JOCTYIIHA T4 JaHHaA 3aJayda
MexaHuuecKoit TpakToBKe, UIU HeT. Ecnu 3amauva mognaeTcA MexaHudec-
KOMY pelleH’10, Mbl 3HaeM y#e M0 caMOMy oIllpefelleHHI0 CMbIC/a MeXa-
HHYeCKOll cHCTeMbl, KAKOI'0 poja YpPaBHEHHUA COOTBETCTBYIOT ABHMKEHHIO
COCTaBHBIX HacTell cHCTeMbl H KaKkoBa (popMa 3THX ypaBHeHH.

TouHo TaK:ke MO WHCTHHKTY Mbl yraabiBaeM, ABIAETCA TH CHCTeMa
TepMoJAWHaMHUUecKoli, allekTpUUecKoit HIM XUMHUUYecKoit, U B KasJOM CIy-
yae, 3Hafl CMbICJ YTBEDPHKIEHHUA O TOW UJIH WHOIT IpUpoje ABAEeHUA, MBI IIpe-
oycMaTpUuBaeM 3aKoHbI, YIIPABIAKIINE U3MEeHEHHAMHU CHCTEMBI, U 3JeMeH-
Thl, KOTOPHIC HY#HO NPUHATH BO BHUMAaHHe MMpH (OpMYJIHPOBKE COOTHOIIIE-
HHA. [lorpeBoBajioch OrpoMHOe HaKOILJIEHHWeE OllbITa HECKOJIbKHUX IIOKOJEHHIH,
npes#ijie 4eM cTalo BO3MOMHbIM cKas3aTh, YTO JalHHaA KOHKpeTHaf Ipylna
fIBJeHUI eCTh MeXaHHYecKaf, aekTpuYeckana WK jaxe Boobiue dpusuyec-
Kaf.

$I monaraio, 4To B cCyNIHOCTHU Te e CBeJleHUA, KOTOpble TpebyloTCA
IJIfl pellleHUA Bollpoca 0 MeXaHWUeCcKoil U 3MeKTpHUUYecKoii NpUpolie CHCTe-
Mbl, HY/KHbI U [JIA aHalu3a pa3MepHoCTeil. JTH CBeJeHHUA MOJCKAa3bIBaIOT
HaM Ipe#ije Bcero, Kakue (pusrdyeckre BeJUUHUHbI J0J#HbI ObITh BRI UEHbI
B TabauLy, U 3aTeM [I03BOJAIOT ONpeAeluTh, KaKkue pa3MepHbIe IIOCTOAHHbIE
TpebGylOTCA B JaHHOH 3ajaue.

dabygeM Ha MHHYTY Bce, UYTO Mbl 3HaeM 00 aHa/ju3e pasMepHoCTei
U OpejcTaBUM cebe, YTO MBI NMOAXOAUM K HoBoIl mpobiaeMe. Ilpe:ije Bce-
ro, Ha OCHOBe HAKOILIEHHOTO BeKaMH OIbITAa MBI pelllaeM, KakoBa NMpHUpoaa
npobaeMsbl. IlpeanoqoxuM, UTO Mbl PellIWIH, UTO Ilepel HAMHU MexaHudec-
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Kafd 3agada. M1 3HaeM, Gojee TOro, UTo ABUKEHHE CHUCTEMbI YIpAaBIAET-
CAl 3aKOHAMH MeXaHWKH, U HaM HM3BECTHbI caMU 3aKoHbl. MbI BBIMHCBLIBA-
eM olpejeleHHble ypaBHEeHUA NBUMEHUA CHCTeMbl. Mbl 3a00THMCA 0 BKIIO-
YeHUU BCceX ypaBHEHHi ABHMEHHA, Tak 4YTO cHcTeMa ypaBHeHWH, IIpU I10-
MOIIM KOTOPOIl ycTaHaBIWBaeTCA CBA3L Me:KJy YacTAMU CHCTEMBI, UMeeT
eJUHCTBEeHHoe pelleHne. Mbl yGemaeHbl, Ha OCHOBAHUU HAIIero IpexiHe-
I'o ONbITa, UTO B cylIeCTBEHHOM HaMM MpeAcTaBleHbl Bce 3IeMeHThI 3a1a-
YM, YTO HallM YpPaBHEHUA COOTBETCTBYIOT JelficTBUTENbHOCTH 10 KpaliHeii
Mepe B OTHOIIEHHHM HEKOTOPBLIX CTOPOH AIBIEHUA M 4YTO pellleHHe ypaBHe-
HHMI NpaBUJILHO ONHIIET CBoMcTBa pasoOpaHHoit HaMU cHcTeMbl. Ilpeano-
JO#HUM, UYTO Mbl He OMUOJHCHL, (PAKT BBIMOIHEHUA HAIIMX NpeAckasaHuii
3HAUUT TOJLKO TO, UTO Mbl OBIaJelH HekoTopoii Tpynmoil ABNeHUit MpHu-
pOJABL.

[IponunatenbHblfl HAGMIOJATENh (TAKUM UCTOPUUECKH BIIEPBEIE OKa3aln-
cA Dypre (1)) 3aMeuaeT, UTo ypaBHeHHe, IOCPEICTBOM ROTOPOT0 aHalU-
3UpyeTcA CBA3b MeM 1y 4YacTAMU CHCTeMbl, BbipamaeTcA B odmed dopme,
ocTalolleiicA copaBelIUBOH NMpH HM3MeHEeHHWHM pasMepa OCHOBHBIX €JMHMIL.
Hanpumep, ypaBHeHHe, Y TBepa#gatollee, YTo cH/a, AeHcTBYIOAA HA TY WJIH
HHYIO YacTh Haulleli MeXxaHWYeCKOHl cHUCTeMbl, paBHa Macce, YMHOMEeHHOM
Ha ycKopeHHe, CIpaBeJAUBO A1 JI0OBIX OCHOBHBIX €JIWHUIl, MOTOMY UYTO
B Kamaoit cucTeMe elUHUI], TPUMeHAeMolt 1A MexaHMuecKuX Ielneit, equ-
HMIA CUJIBI oNpeliefifgeTcA UMEHHO TaKk, UTO BBIMOJHAETCA YKa3aHHaf CBA3b
CHJIBI, Macchl U ycKopeHus. Jioboe U3 0OCHOBHBIX YpaBHeHUH NBUMeHUA AB-
JfeTCA B TOM #e€ CMBbICJ€E MOJHBIM. OKoHYaTe/dbHOEe pelleHHe NoJaYyYaeTcd
U3 ypaBHeHU# JBUMEHUA YHUCTO MaTeMaTUUeckH, 6e3 KaKkoro-i1udo oTHoOLIe-
HHA K pa3Mepy OCHOBHbIX eguHul. OTciojga cilegyeT Booblie, YTO 0OKOHYA-
TelbHbIH pe3ynbTaT Toe OyAeT MOMAHBIM, T.€. YpaBHeHHe, Bblpaialoliee
OKOHYAaTeNbLHbI! pe3ylbLTAT ecTh MOJHOE ypaBHeHUe.

Taxum obpasoM, aHanus pasMepHocTeil MOKeT IPUMEHATLCA K pe3yib-
TaTaM, MOJydYaeMBIM [pH pelleHHd ypaBHeHuit OBHeHUA. (MbI roBopum
06 ypaBHeHHAX ABUMeHHUA B oOIleM cMbicie, IPUMeHAA UX K TepMOAUHA-
MHUYECKUM, BIEKTPUUECKUM, TaKk ¥ MeXaHHUeCKHMM cHcTemMaM). ApryMeH-
TaMU QYHELNH, KOTOPYIO Mbl OKOHUYATENbHO [0JAYUaeM, pellad YPaBHEHHA
ABHUMEHNA, MOT'YT ObITb, OUEBH/HO, BEIUUKNHBI, [10J0O#EHHbIE B OCHOBY Ilep-
BOHAYalbHbIX YpaBHeHUI ABUMeHHA, 60 MaTeMaTHYECKHe ollepallid caMu
no cede He MOTYT BBECTH HOBBIX apryMeHTOB.

B wacmunocmu pasmepnbvie nocmosHmbie OKOHYAMEALHO20 pe3yibmama
doaxcHbl Oblmb mMeMU He U MOAbKO meMU XHce, romopvle @uzypuposaiu
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& ypasnenuaxr deudcenus. B omom sca cyuinocms sonpoca o pazmepHuvlr no-
CIMOAHHBLT.

B otHomenuu ¢opMyn pasMepHOCTH pa3MepHLIX MOCTOAHHLIX MBI MO-
#eM TOJNbKO ONMpAaThbCA Ha OIbIT, NOKA3bIBAIOI[MIl, YTO BCe TaKHe I0CTO-
AHNLIEe UMeIOT POopMY NPOU3BEAeHUN 0CHOBHBIX BEIUUYHH B HEKOTOPLIX CTe-
neHAx. Hebonbinoe pasMbllinende MoKa3bIRaeT, ONHAKO, YTO JA1060H 3aKOH
npUpoAbl Mo#ieT ObIThb BbIpaseHn B dopme, B KOTOpod (GopMyILl pasMep-
HOCTH MOCTOAHHBIX OYAYT OTHOCUTBLCA UMeHHO K 3ToMYy Tumy. 1A 3Toro
HYA#HO BOCIOJIb30BAThCH Y€ U3BECTHLIM HaM MPHEMOM, BBOJAA pa3MepHbIE
MOCTOAHHBIE B Ka4eCTBe MHOMHUTENEH NMPpU U3MepAEMbIX BelHYMHaX TaKUM
obpasoM, UT0OLI JOCTUTHYTL IMOJHOTHI ypaBHeHuA. IloaToMy MbI OpUHH-
MaeM B AanbHelllleM, YTO ypaBHEHHA JIBH:EHHA (BbIpa:kalollde 3aKOHBI
MPUPO/ILI, YIIPABIAIOMINE ABTEHUAMMU) yiKe MPUBEAEHBI K Takoit hopMe, UTO
pasMepHbIe MOCTOAHHLIE OTHOCATCA K YRA3aHHOMY THUILY. Jlerko BUAeTh, UYTO
3TO He BHOCUT HUKAKUX peaidbHLIX OrpaHuYeHuid.

OTcioga AcHoO, YTO aHaAu3 pasmeprocmetl no ceoemy cyuiecmsy ecmb
amaaus anaauza. Mpl JoamHBI JocTaTOYHO NMOHMMAThL CHTYAaIlHMIO, YTOOLI
cyauThb 00 ofumeM xapakrepe npobieMnl U 00 3jeMeHTax, KOTopble JOJA-
HLI OLITh BBe/lleHDLI IPU COCTaBIEHUH Y paBHeluil, ollpeledAlou X IBUHKeHne
(B 0611eM cMBICTe) cHCTeMbl. 3HAfA XapaKkTep 3MEeMeHTOR, MOKHO MONYYHTh
HEKOTOPLIE CBeJeHUA 0 HeOOXOJAUMBIX CBOMCTBAX COOTHOUIEHUH, KOTOpPLIE
MOryT OLITh BLIBEJeHLI IIyTeM MaTeMaTH4YeCKHMX MaHUIYIALUI ¢ 3eMeH-
TaMHu.

MgI Mo3eM JOBEPATHh pe3yJbTaTaM, I0CKOIbKY J0CTOBEPHBI HAIlU CBe-
JeHUA 0 3aK0HaX IPUPOALI, ¢ KOTOPLIMH IIPUXOJUTCA UMETh Jelo B 3ajaue,
HO pe3yJ/bTaTbl He MOI'YT cojep:arb 4dero-i1u0o, He UMeEIOIIEroCH B ypaB-
HEHUAX [IBUMEHMA, U HA 4YeM He OTJAMYAlOTCA OT MNPOYUX HALIUX 3HAHUM.
ITU pe3ynbLTaThl NPpUONHAEHHLI HACTONLKO ke, HACKOJbKO TMPUOTHHEHHDI
3akoHbI JBH:keHHUA. Tarkoe orpaHnyeHue onpegeldAeTcA caMoil CYIIHOCTLIO
HalllUX 3HAHWMH.

IIpumenaa ananusz pasmepHocTell, HeAL3A 3agaBaThcA BompocoM: «OT
KaKHUX BeJIHYKMH 3aBUCHT pe3yabTaTy, MO0 3TOT BONPOC HUKYJA He NIPpUBEeT
1 Hello3BoauTeleH. BMecTo 3TOro Hajo npejcraBuTh cefe, YTO MbI Jeilc TBH-
TeILHO cOCTAaBIACM YpaBHEHUA [IBUHEHUA 110 KpaiilHell Mepe 10 Takoi crTa-
OUH, 4YTO B COCTOAHUY IepedyrcJuTh BXoaAlue 3ieMeHThl. HeT HajoGHOoCTH
(haKTU4YeCKH cOCTaBIATL ypaBHeHHA U TeM (olee MX paspemiaTh. AHanu3
paaMepHoCcTel gaeT Torja omnpeneleHHbIe CBeJeHNUA 0 HeoOXOJUMOM Xapak-
Tepe pesyibTara.
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B aTOoM necomMiennoe npeMMyIlecTBO MeToAa, MO0 ero pe3yiIbTaTLI IPH-
MEHUMBI K TaKHUM CIOMHBIM CHUCTEMaM, I KOTOPBIX MBI HE B COCTOAHUU
HanWcaTh YpaBHEHUA ABUKEHUA CO BCEeMHU eTalfAMU.

Heo6xonumo ocoGeHHO NMOAYEPKHYThb, YTO pe3yibmambl aHAAUIA PA3-
MmepHocmell He Mmo2ym OblimMb NPUMEHENbL K CUCTIeMAM, OCHOGHblE 3AKOHbI
romopulx Jdo cuxr nop me ewvipaxcensvt 8 gopme, Heasucumoll om paimepd oc-
nosublx edunuy. HanpuMep, ananus pazmMepHocTell HecoMHIeHHO oKazalacA Obl
HelIpUMeHUMBIM K OONbIIMHCTRBY pe3yabTaToB OMOMOriyecKUX U3MepeHHid,
XOTH 3TU pe3ynbTaTbl MOTYyT o6naaaTh MoJHON ¢U3MYeCcKOH 3HAYMMOCTLIO,
Kak onucanue ApneHuii. Ham KameTcs, 4To B HacToAllee BpeMA OMOJOTHYEC-
KHUe fIBJeHUA MOr'yT OLIThL ONMcalbl MOAHLIMU YPaBHEHUAMU TONLKO C IOMO-
MBLIO CTONLKUX Ke pazMepHLIX MOCTOANHBIX, CKONLKO UMeeTceAl QU3UUYeCKUX
nepeMeHHbIX. MBI BHOEeNM, 0JHAKO, UTO B 3TOM cJIyYae aHallu3 pasMepHocTelt
He JaeT HUKAaKUX HOBBIX cBeleHMil. OBilageHHe rpynnoil ABNeHUH NpUPOALI
1 GOpPMYIUPOBKOI MX B BHe 3aKOHOB [0 U3BECTHOH CTelleHU PaBHOCHUIIb-
HO OTEPBLITHIO OTPaHHYEHHON I'PYINLI pa3MePHBIX MOCTOAHHLIX, IPUTOJHBIX
o714 KOOpAUHAIMKM BCEX ABIEHU.

[IpyuMenuM 3TOT B3rJdAL Ha NPHPOAY pPa3MepPHLIX IOCTOAHHLIX K Y€
3aTpoHYyTOH 3ajiaye 00 JeKTpOoMarHUTHON Macce cheprudeCcKH paclipelleleH-
HOTO 3JIeKTPHUUYECKOro 3apAaaa. JTo, pa3yMeeTcd, — 3NeKTpoAuHaMHUYecKasn
3ajavya, KOTOpPYIO HaJ0 pellaTh, MONb3yAch YpaBHeHHUAMH TONA. YpaBHe-
HUA I0JA cojep:aT HeKoTOopble MaTeMaTH4YecKHe olepaTopbl, IpUMeHA-
eMble K olnpefeleHHLIM COYeTAHUAM NIEKTPHYEeCKON W MaruiuTHOM CHILI
U K CKopocTH cBeTa. B Hameit yacTHO 3a7a4ye MbI XOTUM PEIIUTh ypaBHe-
HHUA B Takoi ¢opMe, 4TOOBI OlIpedeqHTh FIeKTPOMarHHTHY O Maccy., JT0 —
00beMHBLIA HHTerpa/d OT HEKOTOPOH MOCTOAHHOW, YMHOMEHHOH Ha IIOT-
HOCTH 3Hepruu, NpUYeM IMOoCHeIHAA OlpelelfAeTcHa paclpejeleHUeM CHJI,
00y clIOBIUBAeMbBIX pacnpefeleHneM 3apAna. Eclu MMeeTcA cOOTHOIIEHHe,
nojo3peraeMoil naMu (GopMLI, TO CHUIBLI JOM:KHLEI UCKRIAIOUYUTLCA B OKOHYa-
TelbHOM peayibTaTe. HeT, ogHaKo, ocHOBaHMH AyMaThb, UTO XapaKTepHuc-
TUUecKad MOCTOAHHAA ¢ ypaBHEHHH TaK:ke dIMMUHHDPyeTcA. MBI JOIKHBI,
¢clleloBaTelbHO, UCKaTh CBA3U MEHAY O0LIUM 3apAIoM, Maccoi, paguycom
M KOHCTAHTOH ypaBHEHUA II0JA, T.e. CKOPOCTbIO cBeTa. Takoe coOTHOIle-
HUe HaMM ViKe HailJleHO U CBEpPEeHO ¢ pe3y/ibTaTaMH JeTalbHOI'0 pelleHUA
YpaBHeHUH 110JA, IPUMEHEeHHbIX K JaHHOH npolieMe.

Mul BUJenu, 4TO pa3MepHble MOCTOAHHBIE BXOJAT B OKOHYATENbHBIMH
pe3yaLTaT HOCTOABRY, NOCKOILKY OHH UMEIOTCA B YpaBHeHUAX JABUMEHUA.
Ho pasMepHas noctoAnnasa B ypaBHeHUU IBHKEHUA ecTh BLIpaseHue YHHU-
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Bepcalbloil GpU3HYeCKON CBA3M, XapaKkTeploll OafA BcexX ABIEHHH, BXOaA-
MUX B paccMaTpuBaeMylo rpynmy. Moskio JBOAKO TpakToBaTh TaKkHe YHH-
BepcalbHble u3nveckre cBA3H. MoikIlo 0CTaBUTL pasMepHyIO MOCTOAHHYIO
B YpaBHEHUAX KaK ABHOe BblpasieHHe CBA3U, 110J400HO TOMY, KaKk 3TO Aela-
eTCA B ypaBHeHHAX 3NeKTpoAuHaMHUKH. C Apyroil cTOpOHBLI, MOMKHO OIlpe-
OeMUTh HAllW OCHOBHLIE eJUHULLI, UMed B BUAY 3Ty CBA3b; TaKUM o00pa-
30M IOJAYYUTCA CHUCTEeMa eJWHUI ¢ UCUYe3HYBIIeH pa3MepHOW NOCTOAHHOM,
B KOTOPO, 0IHAKO, YHCI0 eJUHUL, KOTOPbIe MOMKIO CUYATATh NEePBUYHBIMU,
OTpaHU4eHO TEM, YTO BCe eJUHULLI, OTHOCAIIUEeCA K cHUcTeMe, aBTOMaTHU-
YeCcKHM rapaliTHPYIOT dKcIepuMeHTalbHYIO ¢BA3L APYT ¢ ApyroM. CucTema
eJUHUI] TAKOr0 pojla uMeeT IIeHHOCTh TOJbLKO MPU PacCMOTPEHUU T'PYIIbI
ABIEeHUN, K KOTOPOW JTAHHLIHA 3aKO0H MpUMeHAeTCH.

Tak, HanpuMep, Ha oTNbITe MBI HaX0AUM, UTO Macca, YMHOMeHHad Ha
YCROpeHHe, NpolopluoHadibHa culle, AeficTByollell Ha Hee. B 3ToM 3Kche-
PUMEHTaJbHOM YTBepPHIeHUN He COOepHUTCHA orpanuyeHUil B OTHOLIEHUU
eIUHUIL Macchl, JJAUHLI, BpeMeHH U cUllbl. DaKTop NponopliuoHalbHOCTH 6y-
OeT MEHATLCA [0 YUCIOBOMY 3HAUEHHUIO NIPU U3MEHEHUHU pa3MepoB KaxkIou
M3 OCHOBHLIX eAWHHI. BMecTo TOro, 4yroOnl 3aHMMaTbCA CKYYHLIM JE€JI0M
HelIPpEPLIBHOIO M3MeHeHUA dakTopa NpolopLUUOHAABHOCTH, MOMHO I[IPOU3-
BOJNLHO NMOTPe00BaTh, YTOOLI OH paBHAICA eITUHHUIle BO BCeX cUCTeMax, Ko-
TOpble MBI OY/[IéM paccMaTpUBATL; 3TOTO PE3yNbhTaTa MOMHO JOCTHTHYThH,
olpefe]uB eJUHALY CUILI B Hallleil HOBOH cUcTeMe Tak, 4To OLl cula, geit-
CTBYIOLIAA Ha Tello, paBHANAChk Macce, YMHOMEeHHON Ha ycKopeHHe. Takum
o0pa3oM MbI IOIYUYUM CUCTEMY eJUHUI, [IPUCIIOCO0JeHHYIO K OllepalludM co
BCeMH (PU3NUEeCKUMHU cUCTeMaMHi, B KOTOPHIX 3aKOHbI [JIBUMEHUA coJep:Kar
VTBep#ieHue 0 QU3UYECKOH CBA3H MeE1y CHJ0H, Maccoil U yCHOpeHHeM.
Ho ecau 6n1 ¢usuuyeckas cucreMa Oblila TaKOBO#, YTO yKa3zaHHO€ COOTHO-
MmeHue He BXOJUIO B ABHMKEHHEe CHCTEMBI, MBI ObI 6ecrnone3no orpaHuuuiu
celd, TpUMeHAA MeXaHHUYeCKYI0 CUCTEMY eIUHUI].

JTu coobpameHA 0 BO3MOMHBIX cHcTeMaX eJMHUI 0OTBeUYalOT Ha paHee
MOCTaBJEHHLIA BOMPOC B CBA3U ¢ YETBEPTOM 3aiaueil BBeJeHUA 0 UHcCle eTU-
HHI], KOTOpPbIe HYKHO BbIGPATh B KauecTBe NepBUYHBIX. OTBET LelNKOM 3a-
BHUCHUT OT XapakTepa 3allayd Hu olipejeidercd PU3nyeCKUMHU CBA3AMU, HEOO-
XOJAUMBIMH JJA NOJIHOTO BhipasmeHnusd yacrteii. Hanpumep, B n11060ii 06b14HOH
3ajlaye JMHAMMKHU CBA3b Me# Yy CUJIOH, MacCoil U YCKOPEHHUEM CYLIeCTBEHHO
BXOJUT B YpaBHeHUA JBH:keHHUA. JTa cBA3b MO:KeT OLIThH BHeceHa B ypaBHe-
HUA U000 IpUMeleleM YeThIpeX NepBUYHLIX eIWHHUL CUIbI, MacChl, JIUHLI
¥ BpPeMeHHU ¢ COOTBETCTBYIOLIE pasMepHoil MOCTOAHHON NponopLAoHalb-
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HOCTH, TH060 HA OCHOBE MPUBBLIYHBIX MeXaHHWYEeCKHUX eIUHHUI] MacChl, JIHHBI
1 BpeMeHlH, B KOTOPLIX CHJa onpefeleHa TaKk, UYTo 3KclepuMeHTalbHO€E COOT-
HOIllEHWe BCerja BLINOAHAETCA, U pa3MepHas MOCTOAHHAaA uc4yesaeT. B 060-
HX cly4yadax pe3yibTarhbl aladni3a pasMepHocTH OJHKU U Te e, H0o pasnula
MeH Y YUCIOM TTepBUYHBLIX eIUHHMI] U YUCIOM TlepeMeHHBIX, onpelelAtonan
YHMCJI0 apryMeHTOB Heu3BecTHOH (GYHKINHU, Ta e caMad B 000oUX ciaydadx.
Rorga unMcno eJMHUAIL YBeJdWYHBaeTCA Ha OJHY BRAIOUYEHUEM CHIbLI, TO YHCJI0
[lepeMeHHbIX TaK#ke Bo3pacTaeT Ha OAHO, BRIIOUAA PasMepHYIO MOCTOAH-
HYI0, pa3HUIla NPH 3TOM OcTaeTcA MoCTOAHHOH. Kenu 6b1, ogHaKo, npobie-
Ma Obljla TaKOH, UTO 3KCNepUMeHTalbHAaA CBA3b CHIILI, MAacChl U YCKOPEHUA
He BXOJWUJIa B YPaBHEHUA ABUKEHHUA CUCTEMbI, TO OObIYHLIE MeXaHUYeCKUe
€ JUHUIIBI OBIIM OLI HEMMOAXOAAIIUMH, MO0 ¢ HUMH MBI NONYUUIN Obl MeHbIle
cBeJleHUi. B a3ToM cliydyae MO:KHO TONL30BATHLCA UETHIPbLbMA MEePBUUYHBIMU
eJMHULIaMH, He BBOAA COOTBETCTBYIOIIEH pasMepHOH NMOCTOAHHON B TabaH-
LYy IlepeMeHHBbIX, TaKk YTO pa3Hula MekOy YMCIOM IepeMeHHBIX U eJUHUL
¢TaHeT MeHbllle Ha e IMHULY, U UM CIIo apryMeHTOB PYHKLU UM cTaHeT MeHblle,
4yTo sKelaTenbHo. MBI BeTpeTHMCeA Janblile ¢ IPUMEPOM, HIAIOCTPHPY IOIIUM
3TO.

Jureparypa

[1] Fourier. Theorie de Chaleur, 160.

Ilo OﬁLL[GMy BOIIpOCY O palHOHAJbHOM YHC/Ie OCHOBHBIX €IMHHI MOMHO
YHRa3aTb 3aMeTHH.

2] E.Buckingham. Nature. 96, 208 u 396, 1915.
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IIpuiMmepsbl aHalu3a pa3MepHocTe

IloBTOpUM npesje Bcero pesaynbTaThl NpefumecTRyolleld rnaesl. [Ipu-
cTynafd K aHalu3y pazMepHocTeil, Mbl JON#HBI IIpeACTaBUThL cebe, YTO Iie-
pell HaMH 3agava o6bIYHOT0 aHa/lKh3a, KOTOPYIO HaJo BBINOJHUATE 10 KpaiiHel
Mepe 10 cTaAuU cy#JeHusA o npupode npolieMbl U 10 BhIACHEHUA BeeX (u-
3UYECKUX I[lePeMeHHbIX, KOTOpble JOJHDLI BONTH B ypaBHeHUA [BUMEHUA
(B 00LIeM cMbIcIe) M Take BCeX pasMepHbIX KoahdHUIHeHTOB, TpeGyeMbIX
A71d HancaHuA ypaRHeHWH ABUMeHHA. 3aTeM HYy#HO BhIMUcAaTh pa3MepHOC-
TH BCeX MepeMeHHbIX OTHOCHUTEIhHO OCHOBHBIX €MHUI. ITU eTMHUIIL] AJA
KamJgod KOHEpeTHOH mpobileMbl HOM#HBLI BBIOHpaTbCcA TAK, YTOOLI YHCJI0
X 6bLIO BO3MO#HO GOJBIIUM NPU yCJIOBHH OTCYTCTBUA KOMIEHCUPYIOMMNX
pa3MepHbIX MOCTOAHHBIX B YpaBHeHUAX ABUmeHUA. lalee, B COOTBETCTBHU
¢ II-teopeMoii goaskHbI ObITH 0Opa3oBaHbl NPOM3BEJEHUA NIEpeMeHHbIX, He
MMelole pa3MepHOCTH. ITHU IPOM3BelleHuA cilejyeT BbldUpaTh U3 G0JbIIOo-
ro BO3MOKHOro paznoo0Opas3uda TakuM crioco6oM, 4YToObLI lepeMeHHble, B KO-
TOPBLIX MBI 3aMHTepecoBRanbl 0co60, (PUTypHpoOBaNy BINOJIHe 0TYeTIURO. [loe-
ne ¢opMupoBanua npousBeaenuil II-TeopemMa HemocpeacTRBeHHO TPUBOAUT
K QYHKIIMOHANLHOMY COOTHOIIEHUIO.

B Humecnegyromux npuMepax MbI 0co60 0CTaHOBUMCA Ha BOMpocax
0 MOAXOJAIIEM 4KciIe OCHOBHBLIX eIWHUIl U Haubolee y1o6HOM BLIOOpe Mpo-
nu3BejleHuil 6e3 pazMepHocTU. Bollpoc 0 pasMepHBIX MOCTOAHHBIX Mbl CUH-
TaeM BLIACHEHHDIM.

B rayecTBe nepBoro npuMepa Bo3bMeM IEPBYIO 3ajavy, pasofpalHy
Paneem B Nature (1). PaceMoTpuM BonHy, pacnpocTpaHAIOMYIOCA 110 Iy 6o-
KOBOJHOMY pe3epRyapy o feficTBUeM THMKeCTH. ITO, OUeBUAHO, TUIPOIH-
HaMHYecKad npobieMa, T.e. IPOCTO MeXaHHuyecKasd B IPUMEHEHUU K HUI-
KOCTHU. 37ech NPUMeHUMbI, cleqoBaTelbHO, YpaBHeHUA MeXaHUKH. [Lciau
KUJKOCTh cMellleHa W3 T0J0#eHUA paBHOBecHfA, OHA BO3BpallaeTcA B He-
ro noj JeiicreueM TAmecTU. Takum oOpa3oMm, B 3aja4y BXOAAT ILIOTHOCTh
JRUOKOCTH W cuia TaxecTH. OueBUAHO, 3TH Ke BeNUYMHBL J0JKHBI BOIi-
TH U B ypaBHeHufl ABU:KeHUA. HUKaKHe ApyTHe cRoiicTBa MUAKOCTH Bpo/e
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CRUMaeMOCTH He BOWAYT, MOTOMY 4YTO W3 paccMOTpPEHHl ypaBHEHHH TUj-
poaMHAMUKHM HaM M3BeCTHO, YTO TakMe CBOHCTBA He CyIeCcTBEHHBI A AB-
Tenuil 3Toro macmtaba. Pusnvecku, pasyMeeTcH, CHHUMAEMOCTb MOdMHA
10 M3BECTHOH cTeleHW BIMAThL Ha pe3ylbTaT, TaKk 4YTO Hall BblBoJ OyneT
HEeTOYHBLIM, OH Oy/leT MpUOIUHEHHBIM B TaKkoH e cTeNeHM, KaK W ypaBHe-
HUA TUAPOIHHAMUKU. B ypaBHeHUA rMApoJUHAMHEN He BXOAAT pasMepHble
NOCTOAHHLIE, €CIH TOJbKO MPUMeHATh 00LIUHLIe MeXaHHUyecKue eIUHHUIILI,
B KOTOPBLIX Macca, JJHHa U BpeMsdA ABIAKTCA OCHOBHBIMHU BelMYMHAMM; 3a-
KOHBI JIBHKEHUA BOINIH B 3TY CHUCTEMY €IWHUIl Uepe3 onpeaeleHUe CUIBI.
YpaBHeHHA, KOHEUHO, CyThb ypaBHeHHMA MeKIy CMelleHUAMH U JpYTHUMU
snemenTaMu. MoskHO TIpeAcTaBUTb cefe, YTO MbI B COCTOAHHU HUCKIIOYUTh
U3 ypaBHeHMil paslnuyHble cMellleHUA W B KoHIle KOHIOB MOAYYHUTh CBA3b
TONBKO CROPOCTH paclpocTpaHeHUA, MAOTHOCTH U HaNpA#EHUA TAMKECTH,
nogo6HO TOMY, Kak 3To OLLIO B 3ajade 0 MaATHUKE.

Ilonpo6yeM nT0 cilenaThk. BoinuileM nepeMeHHble U UX (GOPMYIIbLI pas-
MepHOCTH, KaK 3TO yiKe [Ielajoch BO BReIeHUU.

Tabonupa 6.

Hassanue seaudumvl Cumeon Popuyaa
pazmeprHocmu
CHKOpOCTb BOJIHBI v LTt
IInorHocTh UaAKOCTH d ML—3
YeKkopeHue CUIbL THHECTH g LT2

[Tpumenum Ttenepn II-Teopemy. ¥ Hac TpH IepeMeHHBIX U TPU OCHOB-
HBIX eIMHUIbI. PasHuna Meskay 3TUMHU 4YHCIaMM paBHa HYyITIO W, clefoBa-
TeJIbHO, COrNlacHo TeopeMe, He MOKeT ObLITh NMpou3BeieHuil Ge3 pazMepHoc-
TH. ITO 3HAYUT, UTO MBI cjefald KaKYyIO-TO OWUOKY, U COOTHOLIEHUA He
CyllecTByeT, eClUd TOJbKO 3[ecb HET 0JHOr0 U3 TeX UCKIUYHUTENbHBIX CIy-
yaeB, B KOTOPBIX MpoU3BeeHNe Mo#eT GbITh 06pa3oBaHO U3 MEHbIIIEro YeM
HOpMallbHOe YKcio MHOKUTeNnell. bolee BHUMaTelbHOe paccMOTpeHuUe OKa-
3bIBaeT, OJJHAKO, UYTO 3TO He UCKIIOUYEHHE, a YTO [JeificTBUTENbHO He CylLlecT-
BYyeT Mpou3Be/leHNA 0e3 pa3MepHOCTH. JTO MOKa3bIBaeT, UTO Tpejmonarae-
Mafl MUMUHANNA HEBO3MOXKHA, U UYTO B OKOHYATENbHBIN pe3ynbTaT JIONHK-
Hbl BOHTH Apyrue 3JeMeHThl WIW KoMOMHanuA 3neMenToB. Hecomuenno,
JeTanbHBIH aHalu3 JOJHeH NMPUBECTH B UTOre K NOJHOMY ONHCAHWUIO JBH-
sKeHHUA BOJbl, Ha OCHOBAHUHW KOTOPOTr0 NMOTYYUTCA BOMHOBOE ABHKEHUE U €r0
ckopocTh. HHaye roropsA, NOMHMO CKOPOCTH B OKOHYATE/JAbHBII pe3yabTar
JON#HO BOHTH ellle HeUYTO, XapaKTepuaylomee JaHHble BOoaHbI. CKOpPOCTh
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BCeX BOJMH He o0A3aTelbHO JoJ#HA ObITh TOM Ke caMoii, OHA MOMKET 3aBH-
ceTh OT AAWHLI BOJHDLI. PU3MYECKH, pa3yMeeTCcHd, Mbl 3TO 3HAIM 3apalee U
NPUTBOPANNCH HEBeKIaMH TOJbKO AAA AUJaKTHYecKUX 1enei. Hamu cBe-
JeHUA [0 3TOMY BOIIPOCY J0M#HDLI OLIIN 3acTaBUTh HCKaTb CBA3H MEKIY
CKOpOCTBIO U JNUHON BoNHLI. BBegeM mosToMy B Hamy TabIHIy BeTUUYHH
OJAUHY BOJMHEI A, pasMepHOCcTb KoTopoii L.

Teneps y Hac deTbhIpe nepeMeHHBIX. II-TeopeMa ykasbiBaeT, 4YTO UMe-
eTcd OoJHO NpouaBelenne 6e3 pazMepHOCTH, KOTOpoe HOJMHO PABHATLCH
MOCTOAHHOI BelIMYHHE.

llokazaTenbcTBo 1I-TeopeMbl moKazano Taki#ke, UTO OJHUH K3 MOKa3aTe-
Jeid B nmpousdBegeHUH 0e3 pasMepHOCTU MoseT ObITh U30paH IPOU3BOJLHO.
M&u1 ocoOeHHO 3aMHTepecoBaHbl B CKOPOCTH v, MOTOMY BblI0epeM TNoOKa3aTe-
IeM 114 Hee eTUHUIY U COCTAaBUM TMpou3Beiele 6€3 pasMepHocTH B popMe

vd~%g PAT7,

[losaras Bee 3TO paBHLIM NIOCTOAHHON BeJAWYWHE W paspellad 0THOCH-
TebHO v, MOTYyYaeM
v = const d%g®\7.

PasMepHocTh MHOkUTeNell B NpaBoii cTopoHe dol#Ha ObITb B UTOre
TaKo# #e, KaKk y CKOPOCTH, CTOAIlell U30JMPOBAHHO ¢ JeBOl CTOPOHHI.
IlogcTaBuM thopMynbLl pazMepHoCcTeldl MmepeMeHHbBIX:

LT™! = (ML™®)*(LT~%)"L".

Brinuiem nocnemopaTennbHo yelloBUA paBeHcTBa nokasateneidt M, Lu T
¢ 006enx cTOpOH ypaBHeHUA.

JTO faeT:
a =0 (ycinoBue nna M),
—3a+0F+y=1 (ycaosue nis L),
—203 = —1 (ycnoeue gns T),
OTKya

a=0, g=

b | =
-2
Il

B =

OKoH4YaTenbHO UMeeM:

v = consty/ Ag.



68 Tiasa 6

CKOpoCTh rpaBUTALMOHHON BOJHBI B MNTyG0KOBOJIHOM pesepByape (riy-
O61Ha He BXOAUT B KOHEYHBIH pe3yibTaT, IOTOMY YTO MBI NOCTYIHpOBall,
4TO BOja OovYeHb IN1yGoKa) MpOTOpIHOHANIbHA TAKUM 06pasoM KOpHIO KBaj-
pPaTHOMY U3 JAHHLI BOJHBI M YCKOPEHUA CUILI TAMECTH HIU IPOIOPLHO-
HallbHa CKOPOCTH, MpuobpeTaeMoi TeloM, cBODOIHO TafalolliM Mo AeiteT-
BHEeM THMECTH Ha paccTOAHWH, pABHOM AJHHE BOIHBL.

3aMeTUM, UTO INIOTHOCTL KMJIKOCTH HcUesla B OKOHUATeNbHOM pe-
3ynbTaTe. 9TO MO#HO OLIJIO NMpedBUAETh: €ClId INOTHOCTb yIBauBaeTcH, TO
yaABauBaeTCHA M cHjla TAMECTH, JeficTBYIOMAA Ha KaskIbIi 27€eMeHT, 03TO-
MY YCHKOpeHHe, a cliefjoBaTellbHO, U BCce CKOPOCTU oCcTalOTCA HEU3MEHHBIMH,
TaKk KaKk yYABOeHHad cujia KOMIeHCUPYeTcA YABOeHUEM Macchl KasiIoro dlle-
MeHTa.

[lockonbKy MIOTHOCTL He (GUTYPUPYET B OKOHUATENBLHOM pe3yihTa-
Te, MLl HMMeeM IMpou3BedeHUe Oe3 paszMepHOCTH, cocTaBleHHOe TONbKO
U3 v, A, g. ITo NpouaBelleHre 6e3 pa3MepHOCTH TpeX NlepeMeHHLIX, BhIpa-
HeHHoe Yepe3 TPU OCHOBHLIe BEJAHWYHHLI. B 06leM clydae 3To HeBO3MOMHO,
1A Toro TpedyloTcA cneluanbHble COOTHOMIEHUA MeRay GopMylaMu pas-
MepHOCTelH NepeMeHHbIX.

CocTaBUB IpOHU3BejleHHE C HEUM3BECTHLIMH IOoKa3zaTeJAMH U HallkcaB
3aTeM alredpanydeckue ypaBHeHUA, KOTOPLIM JOMMKHLI YAOBIETBOPATL MO-
KazaTeld, Mbl MOKeM cpasy BUIEThL, UTO YCIOBHe CYIeCTBOBAHUA MPOU3-
BelleHUA 6e3 pasMEpPHOCTH ¢ YHUCIAOM MHOMHTedell, paBHbIM 4YHCIY OCHOB-
HBIX eQUHHUI], COCTOUT B TOM, UTO JeTe€pMHHaHT MoKa3aTeleidl B ¢dopMynax
pasMepHocTell MHOKUTE/NEH paBeH HyJ10. fIcHO, YTO 3TO He orpaHUYHMBaeT-
CA cjlydaeM TpeX OCHOBHBIX €JHHHI, HO IPUMEHHMO K JH000MY MUX UYHCIY.
OGpaTHO, yClIOBHE TOr'0, YTO TOT MJIM MHOH DIeMEHT BXOJUT MHOKHTENeM
B IIpou3BelleHe 0e3 pa3MepHOCTH ¢ YUCIOM APYTUX MHOKUTeNeHd, paBHLIM
YHUCIY OCHOBHBLIX €JMHMI[, COCTOUT B TOM, 4YTO JleTepMHHAHT MoKa3aTelNeit
APYTUX MHOMHTeNell He JoN:keH paBHAThbCA HYNIO; B MPOTHUBHOM clydae
ocTallbHble MHOMUTEIHN caMU 1o cebe cocTaBuan Obl Mpou3BedeHe 6e3 pas-
MEepPHOCTU, B KOTOpOe He BXOAuI Obl MHTEepecYIUUui Hac MHOKUTENb.

JTOT NpuMep — IpeBOCXoAHAaA WIIIOCTpaluA HeoOX0AUMOCTH coUueTa-
HHUA 3J0POBOH (hU3MUYEeCKOH UHTYHUHU ¢ YUCTO opMaibHBIMH MaHUILYA-
uuAMH. IIpenebperas rayOuHoi, Mbl apryMEHTHPOBaId TeM, 4To IpH Oec-
KOHEYHOM Bo3pacTaHuH IyOHHBI CKOPOCTb CTPEMHUTCAH K IIpeleJbHOMY 3Ha-
YyeHHulo, He 3aBUCANIEMY OT ryOuHbl. EcTh ganee apyroil ¢anTop, KOTOPLIM
MbI TIpeHeOperyu B HalleM aHalu3e, — 3TO aMILIUTyIa h BolHbLI, KOTOpad,
0UYeBUIHO, aHaJOTMYHa aMILNIUTY e KoleOaHUA B PocToi 3agaye o MaATHHU-
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Ke. Ecnu 6b1 MBI BRIIOYHMIIM €€ B Hamy IrepboHavdalbHyY10 Ta6mr1uy BeJIN4YnH,

ObL10 OBI ellle 0OTHO NnpousBelcHHe Oes pasMepHOCTH A eciau ObI HAM 3TO CO

v 3
h
3JIO0CTHEIM HaMepeHHeM IodcKa3ali, MBI [I0JYYHUIH OBl pe3yiabTar:

= 1(3) v

rae f — npouaBodbHaA GyHKLUA.
JTa ¢opMa coBepllieHHO He MPOTHBOPEYUT MepBoii, Kak MO HO BUJETh,

TMOJOMXKUB
£(2) = const 2,

HO, pa3yMeeTCH, OHA [1aeT 3HAUYUTEJbHO MeHee CBeJeHMUil.

PaccmoTpum Teneps gpyryio zagauy. UMeeTcd ynpyruii MaaTHHE, OCY-
II€CTBJEHHBIN U3 HEeBeCOMOH NMpPYKUHLLI ¢ YIPYroid NocToAHHOH k M ¢ Noj-
BellleHHBIM ANKMKOM 00beMa v, HaloJHeHHBIM #HJKOCThIO ¢ MIOTHOCTBIO d.
Ha maccy skHIKOCTH B AlllMKe JeliCTBYeT TAKecThb. T pedyeTcA HATH BhIpa-
KReHUe JNA nepuoga Koaebanuii. Kak Bcerga, coctapinfgeMm Tabnuny BedWUHH
U UX pazMepHOCTeM.

Tadtawunga 7.

Haseanue seaununni Cumeon Popauyaa
pazmepHocmu

Yupyras nocrosgHHas

(cuna Ha egMHMITY k MT—2

CMelleHNA)

Bpemsa ronebanus t T

06beM AlNKa v L3

IInotHOCTL HUIAKOCTH d ML—3

YcropeHue cUiIbl TAKECTH g LT—2

3ajava, 04eBHJHO, MeXaHHuyecKafd, U Mbl HMMeeM IOJIHOE OCHOBaHHe
NPpUMEHATh MeXaHMUeCKYI0 CHCTEMY eJWHMI], IpUYEeM pa3MepHBIX MOCTO-
AHHBIX He GyaeT. IllepeMeHHbIe TaOMUIIBI ABIAIOTCA, TAKKUM 00pa3oM, eUH-
CTBEHHBIMH, OHU COBMAJAalOT ¢ lepeMeHHBIMH, IPU MOMOIIH KOTOPbIX 3agayda
¢bopmynupoBaHa. Mbl HMeeM NATH BeJMUYUH [IPU TpeX OCHOBHLIX eIUHHULAX.
IloaToMy JON#HBl cyllecTBOBaTh ABa lpou3BejeHuA Oe3 pazmepHocTH. U3
NpeAbIOyInel riaaRbl Mbl 3HaeM, UTO JJfi HaXOmJeHHA Npou3BedeHuit Oe3
pazMepHOCTH MBI JOJKHBI pelllaTb cHcTeMy anredpanuyecKMX YpaBHeHHI.
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HexoTopble U3 pelleHHH MOTYT ObITh BbIOpaHbl MPOHU3BOJbLHO, OCTAalbHEIE
onpefenfAloTcA Yeped HHX. B manHoil 3amade Hac oco6o uHTepecyeT t, H, 1O-
nouM, k. BeiGepeM nmoaTomy mokasaTenu AnA ¢t U k B npousBegeHUAX (e3
pPasMepHOCTH MPOK3BOJAbLHO, KAK OCHOBY A pacyeTa ocTalbHbIX. Anredpa-
H4yeckad TeopeMa MoKasala HaM, YT0 CYHMeCTBYIOT iRe NUHeNHO He3aBUCH-
Mble cMcTeMbl [TIoKaszaTedell, KoTopble MOTYT OLITh NpUNKUcalbI L U k, TpUYeM
ATU ABe cHUcTeMbl MOTyT OLITh BhIOpaHbl 6eCKOHEUYHBIM UMCIOM cHocoO0B.
Ilonpo6yeM BLIOpaTh ABe mpocTelilux cucTeMbl. [IpuniiiemM nokasatento ¢
3HaveHue 1 u moxasatenio k sHadenue () OnA ogHOM cucTeMbl, H ofpaTHO,
T.e. 114 ¢t Hynb U ANA k eAUHULY B ApyToii cucteMe. PazymeeTcs, 9T0 04eHb
MPOCThIE MAPhl, KOTOPbIE MO3BONAIOT U k GUrypHpPOBATh TOILKO B OJHOM
npousBefAeHH Oe3 pasMepHocTH. TakuM oGpa3oM, MBI JOMKHLI HAUTH ABa
Npou3BeeHIA 0e3 pazMepHOCTH:

to a1d61g71, kv a2dﬁ2g’)’2.

Mgbi uMeeM Telepb JBe TpyNNLI anreGpanyecKuX ypaBHeHUH NaA OBy X
rpynn HeM3BecTHLIX NMoKasaTenel oy, 1, y1 ¥ A2, (2, V2.
JTH ypaBHeHHA TaKOBHI:

0y + Pf14+0v+0=0, Oag+ [B2+0v2+1=0,
3oy — 301 + ’}’1+0=O, 3ag — 382+ ’72+0=0,
Oa1—|—0ﬁ1—271—|—1=0, 0&24—0/82—272—2:0.
Pemennsa TakoBbI:

(ar=—L,  (ap=-2

6’ 3’

< 61203 < )62:_17

_ 1 _
[ 71 =55 | 72 = L.

[losTomy npousBenenus 6e3 pazMepHOCTH UMEIOT BHJ:
—~1/6 1/2 —2/3 -1 —1
to~ 1/ g 2 u k%34 g,

H pelnlenre BbhIpAa3MTCH TaK:

;- Ul/sg_l/zf(kvg;;/g)’

rjge ¢yHruuA f HeonpejeleHHa.
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[lonyyennnlii peayabTaT HecOMHEHHO MpaBUieH, Kak ACHO U3 BLIBOOA;
Mbl MO#eM JO0CTHUIHYTbL, OJHaK0, U Jyulllero U Ao6UTbcA $opMbl, TAe He
ocTaHneTcA Heompeaenennoit pynniuu. Taxoe yayuiniende Mo;eT OLIThL MO-
JYy4eHo yBeduYeHUeM JHcia 0CHOBHLIX e JUHUL. Mbl OL114 paBbl, IPUMeHAA
oOBIUHbIe MeXaHWUYecKHe eTUHUIILI, TOTOMY UTO YpaBHeHUA BUAKEHUA MOJI-
pazsyMeBaloT JMHAMHYeCKYK cBA3b MeKIY CHIOl, Maccoil 1 YyCROpeHHEM.
HaMmeHeHMe HaJo BHecTH B HallpaBlleHWU, He cpa3y OpocalolieMcsA B riaza,
INOCKOJBKY Mbl IPUBBIKIHA K MeXaHW4ecKUM eguHunam. OIHAKoO Mocle He-
KOTOPOr0 pa3MbIllIeHuA CTAHOBUTCAH ACHLIM, UTO B YpaBHeHUAX ABUMEHUA,
yIpaBiafAoONIUuX cHCTEMOI, MBI He BOCMNOJb30BaluCh TeM (hakToOM, YTO HHC-
TenHada Mepa o6heMa fl[uKka paBHa KyOy ANWILI 0JHOr0 U3 ero pebep. Du-
3WYEeCKH BIOJHE BO3MOMHO U3MEPAThH 00heMbl Yepes TOT UMK MHOH 06heM,
u30paHHbIil B KauecTBe eIMHUILI. J[[1A 3Toro Hago paspesaTh 00AbINOH 00h-
eM Ha MeHbllHe, KOHTPYAHTHRIE ¢ e JUHUILENH, U cOCUNTATh YMCI0 TAKHUX I0-
Ay4uBLIMXCcA 00HEeMOB. 3aTeM MOKHO JOKa3aTh, YTO MONYUYEHHOE TAKUM 00-
pPaszoM 4HcA0 NpPoNopluoHalbHO KyOy uHcilla, H3MepAOIIero JiHeliHble pas-
Mepbl. [leficTBUTeNbHO, B 3TOM COCTOUT MeTO] NoKa3aTelbCcTBa, MIPUHATLIH
nepBoHavyanibHo EBKAWIOM I[IpUM paccMOTpPeHUM IoBepxHocTed U 00LEeMoB.
Ilocne Toro Kak reoMerTpuydeckuii GakT JoKasaH, eCcTeCTBEHHO ONpeleluTh
eIMHUNY 00heMa Kak o0heM, paBHLIH Ky0y €O cTOpoHaMH, PABHLIMHU €U-
nuie. OaHarko Takoe onpefieleHde U orpaHHueHe UMeeT IeHy TONhKO MIA
3allau, B KOTOPHIX CBA3b MeKAy 00HeMOM M JJIMHOH [0 cyllecTBY BXOAWUT
B pe3yibTaT. B HallleM ciyuae 3T0o He Tak NOTOMY, YTo o0heM AlIWKAa Ba-
}KEH TONBKO B COYETAHHM € INIOTHOCThIO MUAKOCTU IJA ollpedeleHud Mac-
chl AlNUKA. MBI BIIOTHE MOMEM HM3MepATh QJAMHY B 3TOH 3ajauye B JloiMax,
a 00’beM B KBapTax, eclii TOJIbKO 0JJHOBpeMeHHO OllpeJelUTh INIOTHOCThL Kak
Maccy Ha KBapTy.

BepHuemes onATh K Hallell 3ayiade, cuuTad Telepb 0GheM He3aBUCHMOIt
equHuIeii. Mp1 monydJaem:

Tadtoonumna 8.

Hassanue seaudumni Cumson Popamyaa
pasmeprHocmu
Yrpyrasa nocnfiHHasa k MT—?2
Bpemsa ronebanusa t T
O6beM AlINKA v Vv
IInoTHoCTE MUAKOCTH d MV-1
YeKopeHHe CUIbl THMKECTH g LT2
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Tenepr y Hac NATbL NepeMEHHBIX, HO 4YeThIpe OCHOBHBIX €AHHHIIBI,
U, cllefloBaTelbHO, UMeeTCA TOIbKO OAHO NpoH3BejleHHe De3 pasMepHOCTH.
Hac ocofenno untepecyeT ¢, Mbl BbIOHpaeM MoKa3aTelb NPU HEM PABHBLIM
eluHULe; TpedyeTcA HAUTU NpoyHe NoKa3aTelu, Tak 4To0bl IPOH3Be/eHle

tkvBd7g?

He KMMelo pasMepHocTH. IIpo6iemMa HacTONbKO NpocTa, UTO HEeM3BECTHEIE
MOHO YKa3aTh cpa3y W3 IPOCTOro pacCMOTPEeHUA WU e, eclId YroiHo,
MO#HO BBIIIMCATh ypaBHEHHUE:

a+ v =0,

d =0,
—2a—-2+1=0,
p—y=0.

Pemenne »Toii rpynnnl ypaBHeHUH TaKkoBO:
1 1 1
a=g5; B=-5 y=—5 ¢=0

IIpousBegeHne 6e3 pasMepHOCTH IIPHHUMAaET BUI:

tkl/Zv_l/zd_1/2,

U MBI UMeeM

d
t = const v__
k

CRefeHNA, cojepsallueca B 3TOM pelleHWH, 04eBUJHO, 3HAYNUTENbHO
Gonblle, yeM B MeHee ollpe/leleHHOM pe3yabTaTe, I0JYYEeHHOM ¢ TPEMA eU-
HUIlaMK. 13 HOBOTO pellleHHA BUAHO, HAIpUMeEpP, YTO BpeMA KoleGaHUA He
3aBHCUT OT yCKOpEeHUA THMECTH, (U3UYECKU DTO, KOHEeYHO, 3HAUUT, 4YTO
THKEeCTh BIUAET TOJbKO Ha M3MeHeHUe cpejHero IoJOKEHUA paBHOBECHUA.
IIpu Bo3pacTaHWM THAMKECTH Ipy3 TOHUHKAETCA U KoleOIeTcA OTHOCHTENb-
HO TIoNo#eHH A, Oolee ONU3KOro K MeHTpy NpuTAxenud. [lepuon Konebanus
NpH 3TOM, OJJHAKO, HE MeHAeTcA. ITOT pe3yALTaT ObLI BOBCE He OYeBHUJIEH,
unu HeoOxoauM IpH NepBoil dopMe pelieHuA. BMecTe ¢ TeM nepBoe pellle-
HHe He NMPOTHUBOPEUYHUT BTOPOMY, MOMHO JOCTHUIHYTh HX TO#JAecTBa, ecld
I0JIOUThL HEU3BECTHYIO GyHKIMIO paBHOH HEKOTOPOH NOCTOAHHOM, YMHO-
}KeHHOH Ha oOpaTHbIH KBaJpaTHbIil KOpeHb U3 apryMeHTa.
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BMecTo yBennyeHUA 4yHcaa OCHOBHBIX €IMHUI[ ¢ TPeX A0 YeThbIpeX, MbI
MOTJTH ObI TONYYUTh TOT i€ pe3ynbTaT, 3aMeTHUB, YTO B YpaBHEHUAX JBUe-
HUA GUTYyPHUPYeT TOJAbKO MOJAHAA Macca Ha KOHIIE CTPYHEI, a clieloBaTelbHO,
06beM M INIOTHOCTb MOT'YT BIMAThH HA pe3dylbTaT TOJbKO B BHje NPOU3Be-
AeHudA, T.e. Macchl. [Ipi TakoM crnocoGe penieHHUA MBI MOTIH Obl CBA3aTb ¥
U d B OJHY B&JIMUMHY U UMelH Obl JAelo TOJAbKO ¢ YeTBhIPbMA BeJAHUYMHAMH
U TpeMA OCHOBHLIMM eAWHUNAMHU. MBI moayduiaun 6bl OpU 3TOM MpemHUH
peayabTaT. TakuM o6pazoM, Nodb3yAchk clelldalbHBIMU JaHHLIMH, Kacalo-
IMUMHCA 3aJa4dH, 4YacTO MOKHO MOAYYUTEL Oollee AeTalbHble cBeJeHUA, YeM
Npy IOMOIIH 061[ero aHalu3a.

Ecnu Bri6paTh Maccy Kak oJHY U3 IepeMeHHbIX, pe3ylbTaT IPUHUMAaeT

dbopmy:
f = ty jm.
cons kf

Eie pa3z mbl monyuaeM npousBefeHne 6e3 padMepHOCTH ¢ UHCIOM MHO-
MuTenei, MeHbIIUM HOPMallbHOI0.

PaccmoTpum Tenepb 3ajauy, HILIIOCTPUPYIOUIYH) HEM3MEHHOCTb pe-
3ynbTaTa NpH YBelUUeHUU YHclIa eJUHUI], eclii OJHOBpeMeHHO yBeIudH-
BaeTCA UYHUCAO pasMepHLIX MOCTOAHHLIX. Bo3zbMeM Ty e 3ajaudy, Kak U
paHbIlle, ¢ TeM pasjinudleM, YTO Telepb Mbl 6yaeM rOBOPUTh MPOCTO O Mac-
ce Ha KOHIle MPYMHUHBI, He JeTalu3upyA ee Kak NpousBeleHHe IJIOTHOC-
TH Ha oObeM. llepemennbiMu 6yayT macca m, BpeMA KoleGaHud ¢ U yII-
pPyrocThb Npy#HHBI k. YCKOpeHHe THMKECTH MOKHO ONYCTUTh, TAK KaK MbI
yiKe BUAEIH, YTO OHO He BIHMAET Ha pesayilbrar. BozanMeM HATHL OCHOBHBIX
e/JMHUI], BHIGpAB MOMHMO OOGBIYHBIX Macchl, ITHHLI U BpeMeHU elle CUIY
U CKOpOCTL. 3ajladya 0UeBMAHO MeXxalWyeckasd, U B3aUMOOTHOIIEHHEe Me:N-
Oy 4aCTAMHM CHCTEMbI JOMMHO ONpeJelAThCA BRCIepUMeHTalbHBIM 3aKOHOM
NpPONOPLHOHAALHOCTH CUILI Macce, YMHOMEHHOH Ha ycRopeHue. ®opMynu-
pyA ypaBHeHMA ABMKEHUA, Mbl JONMKHBI, cllefoBaTellbHO, BBECTH (aKTop
NpPONOPIUOHATEHOCTH, KOTOPLIM MOABUTCA B BHe HOBOI pa3MepHOIl MoCTo-
AHHOH. JTOT GaKkTOp CBA3LIBAeT CHIY, Maccy M yckopeHue. Ho yckopenue
JOJIKHO OBITEH ONpeAeNeHo Mo-HOBOMY, €ClIH MBI IMT0Jb3yeMCA CROPOCTRLIO KaK
OCHOBHOM efluHuIel, ero pasmeprHocTh Gyjger VT ~1. Ypapueuue apusenus,
HanucanHoe TaK, BhIpamaeT CBA3L MeHIy CHI0N, CKOPOCThIO U BpeMeHeM.
Ho cuna cBAzaHa co cMelllenneM 4Yepes YIPYrylo MOCTOAHHYIO U IJA pellle-
HUA ypaBHeHUA TpeOyeTcA COOTHOIIEHHe MemOy cMellleHHUeM, CKOPOCThIO
U BpeMeHeM. PazyMeeTcH, MO#HO HCXOIUTh U3 DKCIIePUMEHTalbHOTO (haK-
Ta HAJMYUA [PONOPUHOHATEHOCTH MeHAY CKOPOCThbIO U OTHOIIEHUEM IYTHU
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KO BpeMeHU. B oKoHUaTelbHOM pe3ylbTaTe hakTop MPOMOPIHOHATLHOCTH
NOABUTCA B BUe pa3MepHOll MOCTOAHHOIM.

Tenepr Haima Tabnuila BEIUYHH 3aKoHYeHa, OHA COCTOMT M3 TpeX (u-
3UYEeCKHMX lIepeMeHHBbIX U [IBYX padMepHbIX IOCTOAHHBIX.

Tadonunpga 9.

Haszsanue seaudunt Cumson Popayaa
pasmepHocmu
Bpems KonebGanus t T
Macca Ha KoHIle TIPYRHUHBI m M
YNpyrocTh Npy#UHBI k FL—!
PazMepHad mocTofHHAA CHIEI f EM-ITV-!
PazmepHana nocToAHHAA CKOPOCTH v LTV

3neck F — pasMepHbiii ¢cUMBON cHIIbI, UBMEPAEMOH B e TUHUIIAX CUILI
U V — pa3zMepHBIi cMMBOJ cKOpPOCTH. POpMYLI pa3MepHOCTH COCTARIEHDI
no o6LIYHBIM NpaBWIaM, MOKHO OTMETHTb TOJbKO, YTO YIOpPYrocThb Ipy-
JKUHBI OlpelleleHa Kak cHlia, IPpOABNAeMad Npy#KUHOI NIPU pacTAx*eHUU Ha
eJUHHUIIY.

Mpl fomHBLI Tellepb HaUTH Ipou3BeJeHUA 0e3 pa3MepHOCTH, cocTaB-
JeHHble M3 DTUX NATH NepeMeHHbIX. IIpeskage Bcero 3aMevyaem, 4TO y Hac
NATHL NepeMeHHBIX NMPU MATH OCHOBHBLIX eIUHHIIAX, T.e€. BooDIlle ToBOpA, He
MO:keT ObITb PpOH3BeAeHuA Oe3 pazMepHocTU. MomHo ybequThbeA, olHaKO,
COCTABUB JeTepMHUHAHT NoKaszaTeneil ¢opMyn pasMepHOCTH, UTO OH paBeH
HY/IO, T.€. B JaHHOM 4acTHOM ciay4ae cyllecTBYeT Npou3BeeHne Oe3 pas-
MEpPHOCTH ¢ YKUCIOM MHOUTeNedl MeHbIle HOpMaiabHOro. PazyMeeTrcd, MbI
3Hanu o6 »TOM 3apaHee, Ha OCHOBAHUU TpefllecTBYOero anaiusa. Rax u
npe#je, Hac HaubGoJ/lee UHTepecyeT BeJWUYUHA ¢, 1 Mbl BBIIIHCHIBAEM IIPOU3-
Be/leHUe 0e3 pa3aMepHOCTH B Takoil (opMe:

tm® kP f7 0.
Hanarasa YCloBHe OTCYTCTBHA pasMeEpPHOCTH, HAXOJHUM!

a — v = 0 (ycnoBue ana M),

—3—-6=0 » L,
y+0+1=0 » T,
B+~v=0 » F,
vy+0=0 » V.



IIpumepnt anaausza pasmeprocmetl 75

Peman »>Tu ypaBHeHuA, MONy4YaeM:

Loy 1 s 1
o = 23 6_27 v = 23 5_ 2'

IIpousBegeHue 6e3 pasMepHOCTU NPUHHUMAaET BUJ:

trn—1/211/2 f—1/2,U—1/2’

OTRYIa OKROHYaTeJbHO:

mfv
k

t = const .

Ecaun nodoxuTs pazMepHble NocToAHHBIE f M ¥ paBHBIMU eIMHUILE, KaK
3TO UMeeT MeCTO B 0OBIYHON MeXaHH4YeCKOoH cucTeMe e TUHUI, MbI [OJYYUM
MpexHUNA pe3yibTar.

X0oTA 3TOT NpUMep He Jal HOBLIX pe3ylbTaToB, OH MOYyUUTeleH TeM, YTO
[I0KAa3bIBaeT JONYCTUMOCTh JHO00H cHUcTeMbl OCHOBHBLIX €JHHHUI IIPH YCIO-
BHU BBeJEHUA COOTBETCTBYIOIIUX PAa3MeEPHBIX IIOCTOAHHBIX.

Teneps paccMOoTpHM 3ajauy, B KOTOpPO# BLITOAHO paccMaTpUBaTh CH-
Ay KaK IMepBHUYHYIO BelWUYHMHY. JTo 3ajadya (ToOKca 0 MaleHbRKOHU cdepe,
nagaiouieil noa geficTBUeM TH:KeCTH B BA3KOH MHIKocTH. Cdepa HACTONb-
KO Malla, 4TO ABHMeHHe BCIOAY MeljleHHOe, U HUTJe B MHUAKOCTH He BO3-
HUKaeT TypOyJleHTHOCTHU. JNeMeHThbI, ¢ KOTOPLIMHU NPUXOAUTCA HMeTh fe-
J0 B 3TO# 3ajade, 3TO — CKOPOCTh MajJeHUA, MIAOTHOCThL cdephl, JUAMETP
cpepnl, NIOTHOCThL HHUIKOCTH, BA3KOCTh #MHUIKOCTH U YyCKOpeHUe CUALI TH-
MecTHU. 3ajlaya, 0UeBHIHO, MexaHHn4decKana W, NpUMeHAA o0bIYHble MeXaHHU-
yecKHe eJUHUIIbI, MbI He 0yJeM HMeTb pasMepHBIX MOCTOAHHLIX. MBI 3a-
MedaeM, OJHaKo, UTO 3ajaya 1A MeXaHUKH HecKoJbKo HeoOnlunad. /[Bu-
HeHMe MelJelnHoe U CKOpoCTh NoCcToAHNAanA, CWILl, JelcTRYIOLHe Ha chepy
1 KRUJKOCTh, BCIOJAY YPABHOBENIMBAIOTCA CUIaMU, BhI3bIBAEMBIMH BA3KOC-
ThIO #KHIKOCTH, T.€. XOTA MBI UMeeM [eJl0 ¢ JABHMAeHHeM, OJJHAKO 3ajaua
OTHOCHUTCH K ClIy4Yal HEYCKOPEHHOI'0 ABUMKEHUA, KOorjga CU/bl BCIOLY ypaB-
HOBeNKBAaITCA.

IlosTomy, no cymecTBy, 3ajadya cTaTudeckana W, paspeliad ee, Mbl He
00A3aHbI MOJb30BaThCA (PAKTOM MPONOPIHUOHAILHOCTH CHIIBLI TPOU3BEAEHHUIO
Macchl Ha yecKopeHHe. MbI MoskeM paccMaTpHBaTh, cTalo ObITh, B 3TOMH 3aj1a-
Yye CUNY KaK [IepPBUYHYIO BEIMUNHY, lle BBOAA KOMIIEHCUPYIOeil pasMepHoi
II0CTOAHHOM.
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Ilepexoaum K aHanusy:

Tatanuma 10.

Haseanue seauyunnt Cumeon Poparya
paszmepHocmu

CKopocTh najeHus v LT 1
JuameTtp coephl D L
IInoTHOCTL cheprl d ML~-3
I[InoTnoeTh MUAKOCTH do MIL—3
BAszkocTh suaAKROCTH 7 FL—2T
YeRkopeHUe CUIBI TAMKECTH g FM—!

MopMyila pazaMepHOCTH BA3KOCTH I10JYy4YaeTcA HelloCpejcTBEeHHO U3 ee
olnpecje/leHUA KaK CHAbl HA eJHHULY ILIOIAaAu U Ha eJUHULY I'pajueHTa
CKOpOCTH. YCKOpPeHHe CW/Ibl THMECTH BXOJUT ¢ YKa3zaHHOH pa3MepHOCTbIO,
NOTOMY 4YTO B ypaBHeHUAX JBHKEHHA, 0YEBUAHO, He HAWJeT OTpamkeHuA
YCKOPUTENbHBIN XapakTep JelficTBUA TAKECTH, U BOHAET TOMLKO CUIIa, IPo-
AIBAAieMan TAMeCThIO Ha eIUHHIY Macchl.

Mgul uMeeM Temephb 6 mepeMeHHLIX H 4 0CHOBHBIX eguHUIbI. ClegoBa-
TelbHO, CYLIECTBYIOT JBa NMpou3BeaeHusd Gez pasmepHocTd. OmQHO U3 HUX

d
cpady o4deBHIHO U paBHO d—2 H3 ocTalwIUXCA BEJIUYUH MBI 0c000 3aMHTe-
1

pecoBaHbl B CKOpPOCTH v. [ndA nony4veHUA Npou3sBejleHUA 6e3 pazMepHOCTHU
MbI JOJI#HbBI TOJbKO KOMOMHUPOBATL €€ ¢ YeThIpbMA IPYTUMUA BeTUUMHAMU.
Bribepem D, dy, 1 U g 1 cocTaBUM Npou3BeJleHUe B opMe:

vD O‘dfp'Yg‘s.
Cpasy BMIHO, YTO NMOKa3aTeNlu PABHBI:
a=-2; g=-1; y=1; d=-1
U TpousBeeHud 6e3 pa3MepHOCTH TTPUHUMAIOT BH/

va_zdl_lug_l U @
di

OronyaTtenbHoe peleHue TAROBO:

. Dzﬁlgf(g_j)'
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dyHruuA f HeompeaeneHHa, U Mbl He MOjKeM CKaszaTh, KAk 3aBHCHUT
pe3ynbTaT OT MIOTHOCTEH cdephbl U RUAKOCTH, HO MbI BUAUM, YTO CKOPOCTD
najeHuA MpoNmoplHHoOHalbHA KBagpaTy AuameTtpa cdepbl, YCKOPEHHIO CHIbI
TAMECTH U 06paTHO NMPONOPUHOHAIbHA BA3BKOCTH HUIKOCTH.

dTa 3ajJada, pasyMeeTcA, JaBHO pellleHa MeTOJaMU THAPOJIMHAMHUKH,
npuyeM oTBeT UMeeT Bup (cp. Hanp. M illika n, Phys. Rev. 2, 110, 1913):

g D?
(3}

=

N=lle ]

(dy — da).

TouyHoe pelieHVe nony4aeTcA U3 Oosee o01lero, eciu NONOKUTh GYHE-

uuio f paBHoil %(1 — g—i)

Ecau 6b1 MBI peliaau 3Ty 3agady ¢ o6LIYHBIMHA MeXaHuUYeCKUMU e TUHHU-
IJaMH, B KOTOPLIX CcHJla olipelieieHa KaK Macca, YMHoeHHana Ha yecKopeHue,
MbI UMeNlu Obl BMECTO ABYX TpPHU NpoH3BeAeHHA Oe3 pasMepHOCTH, U OKOH-
yaTelbHbII pe3ynbTaT BhIpasuica Obl B TaKkoil dopMe:

o= apel(%) P 7

KRoHeuHO, N0 TAKOMY pe3ylbTaTy Helb3A OblN0 Obl CKa3aTb HHUYEro
0 BJIWAHWKA Ha CKOPOCTb Kamkoro dJeMeHTa B OTJeJdbHOCTH, TaK KaK Bce
3JIeMeHTHI BXOOAT apryMeHTaMi HeomnpeaeleHHoH QyHKIUU.

Ecth mnoro 3agad, B KOTOpPbIX KOHKpeTHLIe AoGaBodliblie CBeAeHUA
0 [pupoje puU3nvYecKol cucTeMbl Tak JOIOJIHAKT pe3ynbTalhbl aHalu3a pas-
MepHOCTel, 4YTo MoMeT ObITh NMolydeHa Golee onpeaeneHHaa gopMma perie-
HUA, YeM Ha OCHOBe OJJHOr0 TOJLKO aHalu3a pasMepHocTel, H HeCOMHEHHO
HUKTO HaM He 3alipelllaeT KOMOHHKMPOBATL aHaln3 pazMeprocTeil ¢ IpyruMu
OaHHBIMH, UMEIOIIUMHUCA B HallleM paclnopa#eHuu.

B Buzge npocroro npuMepa paccMOTPUM Bollpoc o nporube 6aidku. ITo
3ajaya W3 TeopHH ynpyroctu. llonbiTaeMcA HalTH, KaKk 3aBUCHT (HKeECT-
KOoCTb» 0alKU OT ee pa3MepoB U JPYIrUX BeJUYHH.

YpaBHeHHA YIIPYIOCTH — YacTHBINA clay4yaidl ypaBHeHUH 0ObIYHONH MeXa-
HHKHU, 3TUM ONpefieNAeTcA MeXaHUUecKad cucTeMa eJUHUIl. ¥ paBHeHUA YII-
PYTOCTH, U3 KOTOPLIX MOMET ObITh MOAYYEHO pellleHue, JON#HLI BRIIOYATh
B cebA MocToAHHbIE YOPYTrocTU MaTepuana. Ecau MaTepuan W30TpoONHLIHA,
TO BOUIYT ABe YIPYyIUe NOCTOAHHLIE, KAKOBLIMU MOAHO BhIOpaTb MOILYIb
IOura u mogyns casura. llpuctynaeM K ananuasy.
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Tadtnuma 11.

Haseanue seaununwt Cumeon Popmyra
paameprocmu
HecTroeTh (%) S MT 2
nporub

Nauna [ L
IIupuna b L
BricoTa d L
Moayae HOHra E ML-1T-2
Moayib ciBHra T ML~-1T-2

HmeroTeAa 6 mepeMeHHBIX U TPU OCHOBHBIX edUHUIBI. COOTRETCTBEHHO
ofLIeMY TpaBUIy JOJMHO ObITH TPU NMpoH3BedeHHA Ge3 pazMepHocTH. OHU
MOTYT 6bITH COCTaBJEHbI Cpa3y B pe3y/lbTaTe MPOCTOro paccMOTpeHUA:

b, d. I
1" 1" E

Hu onHo 13 3TUX TpOU3BeIeHUIl He cOAepRUT S, KoTopad Hac Haubollee
WHTepecyeT W, cleJoBaTelbHO, B 3ajaye ecTb Kakafa-To ocobeHHocThb. OHa
OeldCTBUTeNbHO U 0OHApYHKUBaeTCA, eCliM BepHYThCA K cHcTeMe alredpau-
YeCKUX ypaBHEHHI, OT KOTOPhIX 3aBUCUT pelIeHHUe.

Eenu coctaBuTh MaTpuily U3 KoddUINEHTOB, TOJYUEHHBIX U3 MOKa-
3aTeneil GopMyn pazMepHOCTeN, TO OKa3bIBaeTCA, UYTO KaKkAbIA U3 TpexpAa-
HBIX JeTePMHHAHTOB, OJAYYeHHbIX U3 MaTpPHUIbl, paBeH HYJIO:

1 000 1 1
o 111 -1 -1
-2 000 -2 -2
JTO 3HAUUT, YTO B JaHHOM YacTHOM cly4ae uMeeTcA OOnblllee Yuc-
J0 Npou3BejeHuil 6e3 pasMepHOCTH, YeM YKazblBaeTcd OOILIMM IIPaBUIOM.
JTo MoxHO OBIIO MpeABRHeTh 3apaHee. [Ipesyie Bcero paccMoTpenue dop-
MyJl pa3MepHOCTH ToKasbiBaeT, uTo M u T Bcerpga BXogaT B BHje coyeTa-
uua MT™2, u, caegopaTelbHo, 3Ta KOMOMHALUA BMecTe MO#eT CUMTAThCA
3a ocHOBHYO eaununy. Tarum oOGpazom, B 3ajaye UMeHTCA BCEro [BE 0OC-
HOBHBIX eIMHHIIBI BMECTO TpeX U YeThIpe MpouU3BeJeHUA 0e3 pa3MepHOCTHU
BMecTo TpeX. lanee maHHad 3ajaya OTHOCHUTCA K cTaTHKe, B KOTOpOil Macca

H BpeMH B pe3yJbTaT BXOOIUTE He MOT'YT. PaBMepHOCTI/I BceX BeJIHUYHUH A0~
HbI OLITh HANMCaHLI B TepMHMHax CUIbl 1 JJIWHbI KaKk OCHOBHLIX € TUMHHAII. ITO
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3amMedaHue ABIAeTcA PU3IUYECKUM IKBUBAIEHTOM MaTeMaTU4eCKOMY c006-
paskenuio o ToM, yto M u T Beerga BeTpedaioTea B Kom6unamuu MT 2
(cuna pasna MT 2, ymuoskennomy na L).

J3Haf Telepb, YTO CYLIECTBYET elle 0JHO [Ipou3BeleHre Oe3 pa3MepHOC-
TH, MOHO HalTHU NMpo0oii, YTO OHO pPaBHO

S
El

H OKOH'YaTelbHoe pelleHle IIpUHUMaeT BHUI:

g = Elf(ﬁ, d ﬁ).
' 1 E
TaHoe pemienre He gaeT BOSMOMHOCTH CAellaTh BLIBOALI O 3@BUCHMOC-
TH HHeCTROCTHU OT pasMepa Oanku. HO H3 3JlIeMeHTapHLIX COO6paH‘ieHI/Iﬁ Te-
OpHH YIPYTOCTH ACHO, YTO [OJHA TOHKRUX 0alloB #eCcTKOCTh JOJIMHA OLIThH
NpUGIN3UTENbHO IPONOPIIMOHANLHOI ee MKUpHHe, IPU IPOYHX PaBHLIX YCIo-
BHUAX. FpaHI/IIIHbIe YCIOBHA TAKOBLI, YTO pelieHHe OIA dankru ﬂBOﬁHOﬁ I~
PHHBI IPUGIUHAEHHO MOMKET ObITh HOTYYEHO HPOCTHIM PAaCHIoIOKeHNeM pH-
JOM IBYX OOIHHaKROBLIX GaHOH HepBOHaqaﬂbHOﬁ ITHPHWUHELI. HOBTOMY f HOJ -

HO UMETh TaKyIlo GopMy, YTOOLI lf(%7 %, %) MPUBOJUIOCH K bzp(%? %),
T. €., OUYEBUIHO, YTO [ 0JI#HO PABHATbCA %)cp(%, %)
Bonee orpannyenHoe pelleHre UMeeT, cleloBaTelbHO, TAKOH BUI:
d H
s =Hbp(4, ).
AT E

ITo pellieHHe IIOKA3bIBaeT, 4YTO Oalka yHBOGHHOﬁ JIUHEI 6y,[[eT HMeThb

IPeMmHIOW MEeCTROCTDb, €ClIM OJHOBPpEeMeHHO YABOUTL €€ BLICOTY. I[eTaJIbHOG

pellileHle, ToNy4yaeMoe B TEOpUH YIPYTOCTH, IOKa3blBaeT, UTO OTHOLIEHHE d

[
BXOOUT B HYGG, B BHAe MHOMRHTEIA, U, ClleJOBaATelIbHO, HeCTROCTDb danku

IpAMO IIpOlOpLUOHA/JAbHA KYOy BbICOTHL M LIMPUHE, 00paTHO NPOIOPLHO-
HanbHa KyOy JJMHBI U MPAMO NpONopliMoHalbHa HEKOTOPOM Heu3BeCTHON
GYHKIUU YIPYTHUX MOCTOAHHBIX.

Taroit MeTo MonoIHeHUA pe3ylLTaTOBR aHalu3a pa3MepHocTell Apyru-
MW CcBeleHUAMH UHOTJa 04YeHb None3eH. ¥ P 3ne A MMelOTCA MHOTOUHC-
JeHHble IPUMephl 3Tor0. Pasleil He Bcerja pasiendeT aHalu3 Ha pa3MepHBIH
U KaKoH-nubo UHOIl U TOBOPUT, UTO pe3yJ/bTarl MO#eT ObITh HOKAa3aH aHa-
JAM30M pa3MepHOcTel, XOTH B JedcTBUTeNbHOCTU TPeOylOTCA Te UIU UHbIE
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no6aBoyHble cBeleHMA. XOpomKi TpUMep 3TOT0 MOHO HaliTH B ero pa6oTe
0 paccefnuu csera HeGoM (2). BbiBom, uTo paccesHHbIM CBeT W3MEHAETCH
o6paTHO MPOMOPIHOHAIBHO YeTBepTOH cTeleHH IMUHBI BOJHBLI Majalollle-
ro cBeTa, nojdyyvaercf jgo0aBlieHHeM K aHaAU3y pasMepHocTeld ciaeaylolle-
ro ¢arTta: «<Ha ocHoBaHUU TOTO, YTO HAM M3BeCTHO O AWHAMHEE BoMpoca 4
(0THOIIEeHHe aMILIUTY ] Najalomero U pacceAHHOr0 cBeTa) U3MeHAeTCA Ipo-
nopuuoHansHo 1" (06beM paccewBaromieil yacTHOLI) U 06paTHO NPONOPLHO-
HanbHO r (paccTOAHMA TOUEM HabGMioleHHWA 0T paccerBaloNleil YacTHILI)p.

llo cux mop MbI pazdupany TOJbKO MeXaHWYeCcKHe 3ajgayd, HO, pa3sy-
MeeTcA, MeTOo[ He OrpaHMUMBaeTCA TOJNbKO BToH 06JacThio, OH TPUMEHHUM
K MI00LIM cucTeMaM, 3aKOHBI KOTOPBIX MO#HO BLIPa3uTh B (popMe, HE3aBH-
CUMOM OT pazMepa OCHOBHLIX €JMHHI] U3MepeHU.

PaccMmoTpum, nHanpuMep, 3agady M3 KHHETHYeCKOH TeopUH raszoB H
HalifleM JaBlleHHe MIealbHOro raza. ATOMbLI B KHHeTHUecKOH Teopuu pac-
CMaTpHUBaIOTCA KaK coBeplieHHLIe cdephbl, UiealbHo YIpyrue H obiaagar-
iYe Hcueaalolle MaJdbIMU pasMepaMM B cpaBHeHHH ¢ X B3AUMMHBLIMM paccTo-
AHMAMU. EnuHcTBeHHanA pa3MepHas MOCTOAHHAA, Tpelylomanaca Ald onpe-
JleleHUA NOBeJeHUA aTOMOB, 3T0 UX Macca. UBoiicTBa arperara TakMX aTo-
MOB OYE€BHIHO XapaKTepu3yloTcd IJIOTHOCTbLIO r'a3a U YMCJAOM aTOMOB Ha
eqununy o6nemMa. llpodneMa ABHO Mexanudeckad, U JaBieHie Mo:KeT OLITh
HalileHo U3 pacdeTa H3MeHeHHA KoIW4YecTRa JBHIMKEHUA aTOMOB, yAapfio-
MIUXCA 0 CTeHKHM cocylla B eIMHULY BpeMeHU U Ha e IMHHIY miomanu. Me-
XaHUYecKafA cHUcTeMa elHHHI, clelloBaTeldbHo, NpeAnouyTHTelbHa. OJHaKo
B JoOaB/leHre K 0ObIYHLIM MeXaHHYeCKHMM CBOHCTBaM 3Jechb NPUXOIUTCA
paccMaTpHBaTh dJIeMeHT TeMIIEPaTy Phl.

Kakr BxoauT TeMnepaTypa B ypaBHeHHA ABH:eHHA cucTeMbl? OuyeBu-
HO, 3TO OCYIeCTRIAETCAH I0CPEeJACTBOM ra3oBoii NocTOAHHON, KOTopas ollpe-
JenfieT cpeAHIOI KNHeTHYECKYIO 9HEPTHIO KaMJIoro aToMa B GyHRIIUYN TeM-
nepaTyphbl. Ham ananus pacnonaraeTcA MO3TOMY Tak:

Taonuma 12.

Hassanue senuqumnl Cumeon Popamyaa
pasmepHocmu
Jlapaenue rasa P ML-1T—2
Macca aToma m M
Yueao aToMoB B e1HUIE 00BeMa N L3
A6conioTHaa TeMIepartypa ¢ 0
lazoBad nocTOAHHAA HA aToOM k ML2T—26—!
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Mbl UMeeM NMATL NepeMeHHLIX U 4YeThipe eAuHUILI. CyIllecTBYeT, cle-
JoBaTelLHO, 0JHO Npou3BegeHue 6e3 pasmMepHocTu. Hac untepecyet p, no-
PTOMY €ero nokasaTellb BblOMpaeTcA paBHLIM eluHune. Mbl JoMKHLI HAATH

[pou3BeeHue:
pm *NPOVE?®,

Pemenune mocTuraeTca Kak Bcerja. 3HaueHUA NMoKaszaTelell TaKOBLI:
a=0 f=-1;, v=-1; dé=-1.
[Iponssegenune Ge3 pazMepHOCTH HpHOGpeTaeT BHUA:
pN~lo~ 1L,
U oOKoHUaTeNILHoe pellenne OyIeT:
p = const - Nk6,

T. €. JaBJ/eHue NPolopUHOHATLHO Ia30Boii IOCTOAHHOMN, IJIOTHOCTH rasa, ab-
COJIIOTHOMH TeMIlepaType U He 3aBUCHT OT Macchl 0T AejbHoro aToma. Popmy-
Ta A AaBleHuA, IodydyaeMana B KHHeTHUecKkoli TeOpuUH, oTIHUaeTcA OT Ha-
NHcAaHHOM TOJbKO T€M, YTO BIIOJHE olipelelifeTcAd YHCIOBOEe 3HaUeHWe KOH-
CTAHTHI.

B aT0ii 3agade, kak U B OpyTrUX npodieMax TOro e THIA, Mbl MOLIH
ObI, ecld 3aX0TeNH, HCKIIOUUThL TeMIepaTypy Kak He3aBHCUMYIO epeMeH-
HYIO, OTIpe/ieIUB ee KaKk 3HEPrUi0 aToMa. JTO BLI30OBET TOJIbLKO M3MeHeHUe
pa3Mepa rpajyca, Ho He U3MEHUT OTHOIIEHUA KaKUX-TH60 JABYX TeMIepa-
TYP, Kak 3T0 U TpedyeTcA HAMUMHU HUCXOAHBIMU TpeanocklnkamMu. [Ipu Ta-
KOM olipeJieeHNH TeMNlepaTyphl Ta3oBad NOCTOAHHAA, pa3yMeeTcA, A0k Ha
OBITH MOJ0MeHa paBHOI eJHHULE.

Mgl 6yoeM UMeTh B TAKOM cliyuae TPH OCHOBHBIX €JWHHUILI U UYeThIpe
nepeMeHHbIe, T.e. CHOBA CYIIECTBYeT TONLKO OJHO Ipou3BedeHHe 0e3 pas-
MepHOcTell, U MbI IOAYYUM NPesHUil pe3ynbTaT.

[Ipocnenum, olHAKO, 3TO B JeTalAX, UTO JOCTATOYHO [I0YUYHUTEILHO.

Tadoaouga 13.

Ha3zesanue seaudunst Cumeoa Dopmyara
pasmepHocmu
llaBieHue rasa P ML-lT—2
Macca aToma m M
Yiciao aToMoOB B elliHHIe 06'beMa N L3
A6conioTHan TeMneparypa 0 ML2T—2
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Ham Hy#HO HaiiTH npou3BeleHue O€3 Pa3sMepHOCTH:
pm N Pg7,
Haxoaum oOGBIUHBIM CcIIOCOOOM MOKa3aTelu:
a=0 g=-1 y=-1,
U pellleHe 3a]a4d UMeeT BH:
p = const - N6.

JTo pellleHHe cOBOAAeT ¢ NPeAbIAYIIUM, 3a UCKIIOYeHUeM OTCY TCTBUA
ra3oBoil mocToAHHoMH, HO MOCKOALKY B HOBOH cUcTeMe efUHUIl Ta3oBaf Mo-
cTOAHHAA paBHa eJHHUIlEe, 00a pelleHUA TOMJAeCTBEHHbI, KaKk 3TO U cleJo-
BaJI0 OMUAATh.

Taraa nponegypa npuMeHHMa, oueBHAHO, K JMo0oi 3agaue, B pelle-
HHE KOTOpOit BXOIUT ra3oBaf NnocTofHHad. TemilepaTypy MO#HO CUUTATh
He3aBHCHUMOM eluHULEH, ec/H #eqaaTellbHo, UT0ObI ra3oBaf [I0CTOAHHAA (u-
r'ypupoBa/a B ABHOH (opMe, U Ha0B0pOT, TEMIIEPATYPY MOHIHO ONpeAeliuTh
Tak, 4YTO razoBas NOCTOAHHAA OyneT paBHol equiinie, a TeMiliepaTypa OyaeT
UMeTh pa3dMepHOCTL 3Hepruu. ToT e NMpueM MO3BOJWTEeNeH W B 3ajavax,
pellleHHe KOTOPLIX He COAepUT razoBoit mocTtoAaHHoH. OgHaKo onpedendsn
B TAaKUX 3ajJauax TeMlepaTypy Kak KHHETHYECKYIO PHepPruio aToma (Miu,
Golee obie, SHEPTUIO, TPUXOAANMYIOCA HA OAHY CcTeleHb ¢BOGObLI) U HoJa-
rafg TeM caMbIM I'a30BYIO IIOCTOAHHYIO paBHOI e IMHULE, Mbl Ol paHUYUBaeM
OCHOBHBIE eJUHHIbI 6e3 KoMIeHcauuu. IloaToMy pesayabraT XoTf U OyieT
BepHLIM, MOCKONbRY TeMIlepaTypa JeiicTBUTeNbHO NIpoNopliioHalIbia dHep-
I'MU OJIHOH cTelleHH cBoOOIbI, 0AHAKO OH OyAeT JaBaTh MeHbllle cBeleHU,
yeM [PH MeHbleM orpaHuyeHud eJUHUL.

Hcno, uTO »TH 3aMeuaHUA HemocpeICTBeHHO NMPUMEHUMEI K 3agaue Po-
7Ted 0 TeNJIONPOBOAHOCTH, pa3oOpaHHO B BBOAHOI riaBe.

MHorue 4yBCTBYIOT KaKylO-TO HeomNpeaeleHHOCTb B OTHOIIEHHWU pas-
MEPHOCTHU TeMIlepaTypbl. 3TO IPOUCXOUT, BEPOATHO, OTTOr0, 4To Ha dop-
MYy pa3MepHOCTH CMOTPAT Kak HA HEKOTOpoe YTRep:kaeH e 0 GU3UUYecKoit
Npupoje BeINUNHLI, cofiep:alieec B onpeenenu. AdconioTHaa TeMepa-
Ty pa, KOTOPYIO MbI TOAbKO UTO IPUMEHANM, ecTh TepMoUHaAMKYecKkad ab-
cOJIIOTHAaA TeMIlepaTypa, onpeelaeMan Ha 0CHOBAHUU BTOPOro Havaja Tep-
MoOAMHAMHEU. TPpyaHO NpeicTaBUTh cebe, KakUM 00pa3oM CIOMHBIR KOMII-
Teke (pU3HUYECKUX oNepaluii, cBA3aHHLIN ¢ NpHMeHeHHeM BTOPOro Hadala
(B Toit opme Kak 310 JaHo Keib BHHOM IpHU onpefeneHund abconior-
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HOI TeMmepaTypbl) MOMET HAWTH oTpameHde B NpocToit hopmylne pazmep-
noctu. C Apyroii eTopombl, 0UeBUAHO, UTO, HApUMep, U3MepPeHUA IHEPTUHU
BXOJAT B NpUMeHeHHA BTOPOro Hayala, U 00LIUHLIe MeXaHudecKkue eJuHu-
[Ibl, MOET ObITL, BOHAYT TeM WJIKM MHbIM IIyTeM B (FOpMYIlbl pa3MepHOCTH.
Ho MBI Bujenu, uto ¢opMyla pasMepHOCTH TOJbKO BecbMa OTpaHUUYeHHO
oToOpa;aeT pasiuuHble pU3HUecKHUe ONlepallM, BXoAAlINe B oNpeleleHle,
VHKa3bIBaAd TOJAbBKO U3MeHeHUA UMCI0BOH Mepbl BeTUUMHBI IIPH BapUalllH OC-
HOBHBIX e JHHUI. Jlerko MOHATH, UTO BCAKHE OIlepalii TOro e poja, kakue
npuMenan RenbBuH, onpeaendad aGcoliOTHYIO TeMIepaTypy Ha OCHOBe BTO-
poro Hauana, He HalarailoT HUKAaKoro orpalMyeHys Ha UHCI0, U3MepAIoIlee
JaHHyI0 KOHKPETHYIO TeMIepaTypy NocpeacTBOM eJUHUIl, B KOTOPLIX, Ha-
npuUMep, BhIpameHo TenJo UIH dHepPruf.

Benuunna rpagyca TepMoauHaMHUuecKoll TeMIepaTypbl MomeT (PUK-
cHpoBaThcA BIOMHE NPOM3BOJALHO; MekAy Toukoif 3aMep3aHUA M TOUYKOH
KHUIIEHUA BOJbl MOKHO, HallpUMep, paclodo:kUTh J000e UHCI0 TpajycoB,
COBepIIeHHO He CBA3LIBAA 3TO C pa3dMepoM KaKHX-AU00 APYyTuUX eJHHMI.
B ¢opmyae pazMmepHocTH MbLI UMeeM Jlello ¢ onpefeleHdeM Ha 0CHOBe BTO-
poro 3akoHa JHMUIb [I0CTONLKY, IOCKOJbKY 9TO OllpejeleHue yJ0B/leTBOpAeT
INPUHUUILY abCcoJqTHOIO 3HaUeHH OTHOCUTENbHON BeJAHMYUHbL, T. €. IPHHIH-
ny, YTBEP:KAAIONeMY, UYTO OTHONIeHWe Mep ABYX KOHKPETHBLIX 00heKTOB He
3aBHUCHUT OT pazMepa eiuHuI. HcHo, oJHaKo, YTO TepMoJUHAMUUeCcKOe ONpe-
OeneHre adCOMIOTHON TeMIepaTypbl cOXpaHAEeT OTHOIIeHHE ABYX KOHKPET-
HbIX TeMIlepaTyp He3aBHCUMbBIM OT pa3Mepa eIuHHI. DPopMyna pazMepHOC-
TH TeMIlepaTyphl [I03TOMY MOMET U He coJlep:KaTh KAaKUX-TUOO0 HHBIX die-
MEHTOB, U TeMIlepaType MOKHO IIpUIIIcaTh ee cOGCTBEHHYH) Pa3MepPHOCTh.

Het nHeobxoaumMocTH NPpUMEHATL UMeHHO abCoMIOTHYIO TeMIepaTypy.
Moo, HanpuMep, olpeJeTuTh YUCIO I'PajycoB B JaHHOM TeMIlepaTypHOM
WHTepBale Kak UMciIo eAUHHUI] ATWHBI, HA KOTOpOe NepeMeliaeTcA 1Mo Kanui-
TAPY KepocHH W3 OYTHINM NpPU MU3MeHEeHHU TeMnepaTyphbl OYThIIH. Onpe-
OeneHHAA TAKWUM cloco0OM TeMIlepaTypa, OUeBUIHO, YAOBJIAeTBOPAET NPHH-
1uny abcoqoTHOrO 3HaUeHNA OTHOCHTENLHOH BelWUWHBI, U00 €cld yMeHb-
MIUTL BIBOE eIUHUIY NJIHHLI, U3MePAIOIeil Kanuaifap, TO YUCI0 TpaaycoB
B Kam/JOM TeMIlepaTypPHOM HMHTepBalle cooTBeTCcTBeHHO yaBouTceA. [Ipeumy-
lleCcTBO TepMOJUHAMU YeCKOH 1IKa/bl — B ee 1pocToTe. CBOCTBa HealbHO-
ro rasa Ha OoCHOBE KepOCHHOBOH ILIKaJ/Jbl He MOI'YT ObIThb XapaKkTepH30BaHbl
¢ TOMOMIbIO OHOW TONBKO TMOCTOAHHONW, W YpaBHeHHUA TeNJONpPOBOJHOCTH
Dyphe MOTYT OBITHL HaNWcaHbl ¢ €THHCTBEHHLIM KO3(DPUIHEHTOM Tello-
IPOBOAHOCTH TOALKO IJIA 0UeHb OrpaHHUeHHOH o6JdacTH.
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[Iomumo pazMepHOCTH TeMNepaTyphbl, €CThL APYTroii Bonpoc, cBA3aHHLIH
¢ IpUMeHeHHeM aHallu3a pa3MepHocTel K npobieMaM TepMOJAUHAMHEH, KO-
TOpLIit cnocofel NMPUBECTH B CMYIeHHe. ITO BONPOC 0 Tak Ha3LIBa€MbLIX
JorapudpMHUUeCcKHX KoHcTaHTaX. B Kypcax TepMoIMHAMHKM 4acTo BCTpe-
yaloTeA ypaBHeHWA, Ha NMepPBLIA B3TIA He ABIAIONMKECA NMOMHLIMA U pas-
MepHO OJHOPOAHBIMHU. ITH YPaBHEeHHUA colep:iaT NMOCTOAHHbIE, KOTOPbIe He
MOI'YT U3MEHATLCA 110 YACITOBOH BeJIUUMHEe HA HEROTOPLIA MHO M U Tel b
[IPH [lepeMeHe pa3Mepa OCHOBHLIX eIHHHL, HO U3MEHAITCA CA 0K e HU e M
¢ HeKkoTopo# Bennunnoii. [lpumep Monino HaiiTu Ha ¢Tp. 6 nexnuii Hepuc-
T a «llpuMenenua TepMoguHaMHKNd K XUMHU». TaM HanucaHo ypaBHeHHE:

Ag a b c
2 -
lgC=——=+S g+ ST+ 517 —i.
RT R R 2R
B sTom ypaBHenuu C' — KOHIEHTpalKA AaHHOTO rasa, Ag — HEKOTOpoe
KONMYeCcTBO Telnna, a, b, ¢ — pa3MepHble OCTOAHHbIE B OOBIYHOM CMbIC-
Je (xapaKTepu3oBaTh WX MOJPOGHO HAM HeT HANOOHOCTH, MOMKHO TONLRO

yKaszaTb, 4TO % He UMeeT Pa3MEepHOCTH), a i €CTh TNOCTOAHHAA WHTErpH-

poBanuAa. HcHo, 4TO B HanucaHHOil (popMe 3TO ypaBHeHHe He JONYyCKaeT
U3MEHEHUA pa3dMepa OCHOBHbIX eJWHUI| IyTeM 0ObIYHBIX NepeMeH pa3Jiiy-
HbIX BeJin4iH. O1HaKO MO#HO Tak leperpynnupoBaTh WieHbl, UTo opMyila
npumMeT o6brunbIit Bug. Coeaunum unensl lg C, % lgT" v 4 B 0jlHO BbIpaie-
HHe:

C

lo ———
& Ta./Rz'f

rae i’ — HoBasA nocrodHHada. MbI oJaydyaeM TakuM 06pa3oM I0JHOE ypaBHe-
HUe B 00bLIUHOM CMbIcC/Ie ClIOBa, IpUueM i’ MMeeT pasMepHOCTh TaKVIO e,

Rak
CT-R,

[leperpynnupoBKU TaKoro poja Bcerja BO3MOMHBI, €ClIH TOJIbKO (Pop-
MyJ/la BbIBeJeHa TeopeTHUYeCKH, KaK 3TO HMeeT MecTO B OTHOUIEHUHN BeexX
(hopMynl YKazaHHOU KHHUTH, U N03TOMY JorapudMudeckad MOCTOAHHAA AR-
afAeTcA TOAbKO (opMalbHLEIM HMCKIIOUEeHHEeM.

Jlorapupmudecke NOCTOAHHBIE YacTO BCTpeUyaloTcA B TepMOAWHAMU-
yecKHX dpopmynax BelaeJcTBHE TOr0, UTO B H0JbLUIMHCTRE TepPMOIMHAMUYEC-
KHX BblpameHUH QUTypUpyeT NPOU3RBOILHAA IOCTOAHHAA UHTErPUPOBaHUA,
NOABIAIONAACH [I0TOMY, UYTO dHepruf, paboTa, SJHTPONUA UIU TePMOIUHA-
MHUYeCKUH NOTeHLUal He UMelT adcoJdIOTHOr0 3HAauyeHHHA, a CyTh TONLKO
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pasHOCTHU ABYX 3HA4YeHUi; KOOpAUHATHLI HaualbHOHM TOUKHU, (PUKCHpPYIOIIEH
3HaUueHHe SHTPONUU, MOTYT ObITb, HAaNPHUMep, BLIOpPaHLI 10 IPOU3BOIY.

MopMy bl TEPMOJAMHAMHEYN MO3TOMY YacTO MMEIOT CTPaHHLIM BUI, 3a-
RIOYaAd KOHKpeTHble BeIWYHMHbI ¢ pasMepHOCTAMH B apI'yMeHTaX TpaHC-
HeHAeHTHBLIX GyHRIui. Ha cTp. 5 Toit e kuuru He p H ¢ Ta MBI HAXOUM,
HanpuMep, Takyio GopMyny:

2d1gp
dT

JTa ¢popmMyna noaydaeTca nocjae NpuMeHeHUA ypaBHeHuA K nmameii-
poHa K BEmecTBY, lap KOTOPOro MogUYHHAETCA 3aKOHY HjealbHOTO rasa
U uMeeT o0'beM 3HAUYUTENLHO DoJbLINM, YeM Yy KHjKocTU. HeemoTpsA Ha
TO, UTO jJaBleHHe CTOUT Mo/ 3HAKOM lg, 3To ypaBHeHHe, KAk HETPYAHO BHU-
AeTh, IONHOE U cpaBeAdUuBO A MI0ObLIX pa3MepoB OCHOBHLIX e UHHUIl. JTO

dl d
BP yanucarn l—p, OTKyJa BHJHO, 4UTO

dT pPdr
pa3dMepHOCTh BhipameHUIt OTHOCUTENbHO p paBHA HYIIO.

BripaseHnua takoro pojga, B KOTOpPBIX (QUTYpUpyeT Jorapudm oT pas-
MepHO BelWUYMHbl, 0ObIUHbI B TepMOJAWHAMUKE U 4acTO NOABIAITCA NPU
npuMeHeHUM ypaBHeHUIl MaeanbHoro raza. Hanuuue »Tux norapudpmudec-
KHMX YI€eHOB, MHe Ka:eTcd, TPYJAHO 0O0bACHUMO /1A TeX, KTO CKIOHEH pac-
cMaTpuBaTh GOPMYITY pa3MepHOCTU KaKk BhipaieHUe KOHKpeTHo# dusuyec-
KO onlepaluM Haj KOHKpPeTHBIM (PU3NUeCKUM ABJIEHUEM.

OrcyrerBie NpoTHUBOpeUUd Me1y TaKUMH Bblpa;ieHuAMHU u II-Teo-

A=RT

ABCTByeT cpa3dy, eclli BMecTO

. 1 dp dp
peMoit BUAHO U3 NMpeobpazoBalus AT Hagknon racaTennbHOI, Pk Oyner

oiHo¥ U3 MepeMeHHLIX, Yepe3 KOTOpLIe BhIpakaeTcA Npou3BeeHne Oe3 pas-
MepPHOCTH, U BTOT caydall He cocTaBlAeT KaKoro-aubo nckiaodeHvsa. Hama
TeopeMa eJUHCTBEeHHO YTBeP:#JaeT, YTO Pe3yAbTaThl MO2YM OblMb BblpAHCe-
Hbl B BiJle TIpOU3BeleHHI 6e3 pazMepHocTeil. ¥ Hac HeT HUKAKUX OCHOBaHMIA
npeanonaraTh, YToObl 4YelloBeK, MOJYUMBIIUIT (opMyny, cpa3y Hamucal ee
B TaKOM BHUJe, YTOObI 3TO jJOCTUraNOCh 03 HEKOTOpPOH meperpylnupoBKU
YJIeHOB.

3aKoOHUYHMM T'7IaBy HECKOJILKUMH IIPUMepaMH U3 001acTH 3AeKTPpUUeCcTBa.

IIpemsae Bcero paccMOTPUM BIEKTPUYECKYIO I[ellb ¢ eMKOCTLIO U ca-
MOUHAYVKUUEH; B Hell Bo30yIaeTcA djeKTpudeckuii paspan. Kak 3aBucutT
HepUuoj paspAga oT MNOCTOAHHBIX Hemu?

Pemenue aToii 3agaun nogayyaerca U3 NoapoOHOT0 paccCMOTPeHUA ypaB-
HEeHU 3jIeKTpUYecKoil nellu, HalliCaHHbIX B 00bIUHONA (opMe B dieKTpoMar-
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HUTHLIX eOunuIax. B YpaBHeHHH He YUHTLBIBAlOTCA JNeRTPOCTaTUUeCKhHe
JelicTBMA TOKA U B3aUMOJeHCTBUA ¢ MAarHMTaMH. ypaBHeHI/Ie HMeeT TaKoH

BU/: ) )
di wdt
Ldt + / . — 0.

IIpu ycraHOBIeHWUW OCHOBHBLIX €JMHHUIl A 3TOr0 ypaBHeHUA, OUEBHU/-

HO, J0CTAaTOUYHO paccMOTpPeTh TOJILKO TPH BelUUMHbI, HMEHHO KOJHUYeCT-

BO 3JeKTpHUUeCcTBa, BpeMA W 3Hepruio. Tor onpefendeTcA Kak KOJIUUECTRO

BIEeRTPUUEeCcTRa Ha eIUHHUITY BpeMeHH, KOAIDIUIIUEHT caMOUHAYKIIUU oNpe-
.2

JeligeTcda TeM, 4TO IPpH YMHOMEHHUU Ha %, OH JaeT aHeprvuio: a’HaloTn4YHO

eMKOCTb, JleleHHaA Ha KBaApaT 3apAja, JaeT IHepruio.
[IpucTynaem K 06LIYHOMY aHATU3Y:

Tadaonumga 14.

Haseanue seaudunst Cumeoa Popnyaa
pasmepruocmu

KonuuecTBo 3ileKTprYecTBa q Q

Toxr 7 QT

Ko} puLueT caMONHIYyKLUH L Q212K

EMEocTB c Q?E~1

Ilepuion { T

Ilepyion KonebGaHuA Ao0NHEeH, OUEBUIHO, 3aBUCEThb OT KOHCTAHT IEeNH
U HavalbHOTO 3apAja KoHAeHcaTopa. WHaue roBopA, HYMHO HMeTh CBA3bL
Memay ¢, L, ¢ u t. Hac untepecyert ¢, noatomMy nonpodyeM HaliTH npous-
BegeHHe Oe3 pazMepHOCTH TAKOro BUJA:

tLcPq7,
Cpasy moinyuyaeM MOKa3aTeqn:

1. a1 _ _
a = 27 6_ 23 7_03

t = constv Lec.

JTo, pazyMeeTcA, TO ke pellleHUe, KOTOpPoe MbI HalIAWA Obl, JAeHCTBH-
TelbLHO pelllafd ypaBHeHUe IeNH, 3a HCKIIOUeHHeM HeonpeaeleHHOr0 3Haue-
HMA [I0CTOAHHOH Hallero pellleHUA. 3aMeTHM, YTO HavalbHbIA 3apAj B pellle-
HHE He BXOJAMUT. JTa 3aja4da, 0UeBHAHO, ABIACTCA dNEeRTPUUYECKUM aHAIOTOM
MexaHuuecKoil 3a1adui o MaATHHUKe.

[Tonesno 0OTMETHUTH ellle pa3, UTo 1A NpUMeHeHUA aHalu3a pa3MepHoC-
Tell ¢ NoJb30H U B 3TOM cily4dae NoTpedoBalnch HEROTOPbIE cBeJeHUA O Xa-

OTKY/Ja
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pakTepe pemienua. HoBuuok, npucTynafd Kk 3Toit 3ajade BHepBble, NLITAJ-
cA 6bl MCKATb COOTHOIEHHE Pa3MepPHOCTH BPeMeHH ¢ MOCTOAHHLIMU IelH,

MI'nopenHbIM TOROM M 3apAJoM B ROHIOeHcaTope. Ha TabIUIbI nepeMenHnbIxX

OH Hamel 6]::1, 4To % Tark#e MMeeT padMepHOCTH BpeMeHH, U ero pelleHHe

HMeJlo Obl TaKylO QopMy:

1= Ve f(TLO).
q

JTo NpaBUJAbHO, TaK KaK IPUBOAUT K IpexHEMY pe3y abTaTy, eclu
I[IOJIOMHUTD f noctodHHoil. Ho Takoe pelleHHe JaeT MeHblie CBe,[IeHPIﬁ, yeM
IpeniHee.

Tenepb paccMOTpUM OJHY 3ajauy H3 3deKTpocTaTUkU. Konuennusa
cpelbl, BBeleHHad (I)apa;[eeM, INO3BOJIAET CUUTATL cpeldy MeCTOM OCHOBHBIX
CBOHCTB ANMeRTpocTaTHYeCROIO 11014, IIpHU4YeM YVCJIOBHA B cpelie B n060i Mo-
MeHT OJHO3HAYHO oNlpeJe/AI0TCA JeKTPpHYeCRIM BERTOPOM B 3TOW TOUYKe.
Haﬁ,ﬂeM CBA3b Memay HpOCTpaHCTBeHHOﬁ IINIOTHOCTBLH) 9HEPIHH B JJIERTPO-
cTaTUUYECKOM I10JIe ¥ CUJIOH II0JIA. HOCHOJ’II:P{y aTa gagayda craTu4decrad, AB-
JeHle MO3KeT OLITh OMUcaHO IIpH NOMOIIIN ABYX OCHOBHLIX € TUHHUI — CHIILI
M OJWUHEI. I[a.nee, VpaBHeHUA II0JIA B 3JIeKTPOCTATHRe He colep:iaT pasMep-
HBIX IIOCTOAHHELBIX, U CROPOCTDB CBeTa He HOMKHa BXOAUTL B pe3ydbTaT, Kak
ITO HﬂOGOpOT ObLIO B dajgavde o Macce C(I)epI/I‘{eCHI/I pacipeaelleHHOT'0 sapfana.
Ha ocHoBe ABYX eIHWHHWI, CAJBI U JJIWHBbI, MBI MO ieM BBeCTH CleJVIOIIHe
onpejgeleHud. EI{I/IHI/IHB JINeRTpocTaTHdYeCRoro sapaaa ecThb dapai, ROTOprﬁ
Ha paccTOAHWU, PABHOM eQUHUIEe OT TAKOI'0 ke 3apfa/ja B IYyCTOM IIpocTpaH-
CTBe, IPOABIAET CUIY, paBHYIO eIUHUIE. IeKTPUUeCKHUH BEKTOpP eCTh BeK-
TOP, KOTOPLIA NPpU YMHOMEHHUU HA 3apA JaeT CUNy, JeHcTBYIONIYIO Ha 3a-
pHO. I[I/IB.IIeI{TpI/IUIeCP{aH MoCTOANHAA €CThb OTHOIIEeHHe CHUIbl Mexidy OBYMA
sapajaM¥ COOTBETCTBEHHO B IIYCTOM INPOCTPAHCTBE U B paCCManHBaeMOﬁ
cpene. PHBMepHOCTb ,[[PISJIBHTpI/I‘-IeCEOﬁ MMOCTOAHHOM O4YeBHIOHO paBHa HY.J/H).
PasmepHoCThL aHepruu Npu 3Toi ccTeMe eIUHULl, pa3yMeeTcHA, paBHa CHIle,
YMHOPHGHHOﬁ Ha paccToAHHE.

MopMynupyeM Telephb 3aauy:

Tadonuma 15.

Haszeanue seauvunst Cumeon Popuyaa
pazmepHocmu

Japan e Fl/21,

Cuna nonsa E Fl/21,-1

IlnoTHOCTL 3HEpPTUM U FL—2
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Mur uiem cBa3b Me:xay I u u. Boofie ropops, Takoii ¢cBA3H He MO HO
OLI CYIIeCTBOBATL, HOTOMY UTO YV Hac MMeIOTCA JBE€ OCHOBHLIX BeJIHUHMHLI
npu ABYX NepeMeHHbIX. Ho nmpu cnenuanbHLIX YCJIOBUAX 3TOM 3agaul Takaf
CBfI3L BCE Ke CYLIeCTBYeT, U pe3ynLTaT, kak ABCTBYeT cpasy, BblpaikaeTcA
TaK:

4 = const - E2.

B sierTpocTaTike JoKasbIBaeTcA, YTO NOCTOANHAA paBHa %

Ecnu 651 BMecTO MIOTHOCTH 3HEPTUH B MIYCTOM MPOCTPAHCTBE MBI MO-
Mmenany 6L HaWTH TIOTHOCTh BHEPTHUH B cpefe ¢ AU3NeKTpHUeckoi mocTo-
AHHOM £, TO NIPUBeJeHHBIH pe3ynLTAaT U3MeHHICH ObI BeleIcTBHe MOABIeHUA
HOBOT'O0 MHOMUTENA, HEKOTOPOH NPou3BONbHON GYHKIMU OT €. AHAIU3 pas-
MepHocTeil He MoskeT pacKpLITh BUI 3ToH GyHRIuU. U3 IpyTUX HCTOYHUKOB
Mbl 3HaeM, uTo (PYHKOUA paBHa caMoil AU3JIEKTpPHYeCcKOl NOCTOAHHOII,

JTa 3ajaya NoyuyHTe/JbHa TeM, UTO IOKa3biBaeT pasHooOpasue CIoco-
60OB, KOTOPLIMH MOTYT OLITL BbIOpAHLI 0CHOBHLIE eTUHUILI. [lockonLRY 3a-
Aaua MokeT OLITL cBefeHa K GOPMYIHPOBKe B MeXaHMUECKUX TepMHUHAX
(ompesenenye MERTPUIECKUX BETUUHMH JAIOTCA HENOCPENCTBEHHO Uepes Me-
XaHMUeCKHe BeINUHMHbI), Mbl MOeM N0Jb30BaTheA 0OLIYHBIMY TPeMA MeXa-
HUYECKUMH eIUHUIIAMH KaK OCHOBHLIMHM M NUcaTb GOPMYIbI pa3dMepHOCTH
B TepMHHAaX Macchl, JJUMHLI H BpeMeHH. B TakoM ciyuae, MbI TOAYUYHIN GBI
TaKkyo QOpMYJIHDPOBRY:

Taonuma 16.

Hassanue seauvurnovt Cumeoa Dopmyaa
pazmepHocmu
3apsaj e ML/2p3/2p-1
Cuna mond E M1l/21,-1/27-1
II10THOCTL 3HEpPTHU U ML~1T—2

CHoBa MILleM COOTHOIIEHUA MeHAY INIOTHOCThIO 3HEPIUH U cHIIOH 1oJA.
Tenepp y nac ABe nepeMeHibie U TPU OCHOBHLIX €AWHHUILI W MO OOIIHM
IpaBHJIaM [Ipou3Bellele He3 pa3MepHOCTH HEBO3MO3KHO, a clelloBaTelLHO,
HEBO3MOHO U UCKOMOe cooTHollleHHe. OJIHAKO CBA3L MeM /Y NoKa3aTeJlaMU
TAKOBA, YTO NpPOU3Be/leHHe Oe3 pa3sMeEPHOCTH OCYUIECTRIAECTCA, OHO TaKkoe
e, Kak U paHblile. HoBada popMynupoBKa B IpyTHX OCHOBHBIX eTMHHUTIAX He
M3MeHAeT pe3ylbTaTa, Kak 3TOro 1 cle/loBalo 0MUIaTh.

MHorue 6y1yT KpUTHKOBATh HalllicaHHbIe (GOPMYNbI pasaMepHoCTel aaAa
3IeKTPOoCTaTHUYECKUX BeIUYMH Ha TOM OCHOBalWM, UYTO AUIIEKTpHUUYecKafn
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nocToAHHAA MyCTOr0 NpocTpaHcTBa NPOU3BOJIbLHO NOJN0#eHa paBHON e TUHH-
11e, XOTA MBI HUUEro He 3HaeM o ee pupoje. BenegeTBre 3Toro Mel onyckaem
HEKOTOpble Pa3MepPHOCTH, KOTOpPLIE CYIIeCTBEHHLI 1A NOJNHON MoCTaHOBKHU
npobiaemsl. Takad Touka 3peHUA He coObeT uUMTATENf YTOM KHUI'H, YCBO-
UBIIET0, YTO B pa3MepHOCTAX HET HUYero abcolioTHOTO, UTO pa3dMepHOCTHU
MOTYT ObITh JKOBIMU, JUIb ObI OHU COMVIACOBAAUCH ¢ ONpedeleHUAMHU, CO-
OTBETCTBYIOIMMHU dKcepUMeHTalbHbIM dakTaM. PazbepeM 3ToT Bompoc,
0JHAK0, HA KOHKPETHOM IIpUMepe, BRIIOYAIONeM JUATEKTPpUUeCKYIO TOCTO-
AHHYIO NYCTOTO NpOoCTpaHCcTBa B AIBHOM (hopMe KaKk HOBLIIT BHA OCHOBHOI
BeJIHMUKMHbI, KOTOPYIO HENIL3f BLIPA3UTh Uepe3 Maccy, ANMUHY U BpemAa. 06o-
3HAYUM ee uepe3 k, IpUMeHAA TY e OYKBY M B popMyiie pa3MepHOCTH.
Enununa siekTpocTaTUUeCKOTO 3apAaa onpeeluTcA Telepb YpaBHe-

HUeM:

2
CHhUlIa = 6_

k2

Cuna nmond onpejeduTcA, Kak U paHbllle, BblpakeHHEM
el = cuna.

Ecau ¢opmynupoBaTh 3ajayy B TepMHHaX 3THUX OCHOBHbIX BelHYHUH,
To k AABHO MOABUTCA B YPaABHEHUAX 3NEKTPOCTATHUECKOTO NOMA, U pazMep-
HafA noctoAHHaA k BolieT B Tabnuny nepemMeHHbIX. 3ajaua GopMynIupyeTca
Tellepb TaK:

Ta6auuma 17.

Hassanue seautumn Cumeoa Popnyaa
pasmeprocmi
3apan e M1/213/27-1K1/2
Cuna nond E M2, -1/2p—1K—1/2
[In0THOCTEL 3Hepruu u ML=1T—2
IusnekTpudeckan TOCTOAH- . I

Hafg IIycroro 1pocrpaHcTBa

CHoBa cocTaBlfeM Ipou3BefeHHe De3 pa3MepHOCTH U3 BeduduH E, u, k.
[lonyyaem pesynbTaT:

u = const - kFE>2.

JTO CBOAUTCA K IIpesHeMYy BBIBOJY, €CJH HOMO#UTh k = 1, Kark u ne-
Jajoch B Ipelblgyieil ¢opmMynnpoBke 3agaun. Ha nepsblii B3rnfaj HoBaf
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(bopma KaskeTcfl 6onee oOiiell, Tak Kak oHAa COAEP:UT MHOkUTenL k. On-
HaKO 3TOT MHOMUTEIb HUYEro HOBOrO He TOBOPHUT O NPHUPOJe MOCTOAHHOMN,
OH MOKa3biBaeT TOJbKO, Kak MeHAeTcA PopMaliblioe BhIpajkieHue pe3ylbTa-
Ta [IPU M3MeHeHHU ollpe/lelieHHi, N0J0KeHHbIX B OCHOBY Hallell cHcTeMbl
ypaBHeHUil. Brimiouene MHomHUTeNnd k& B pe3ynbTaT U B onpefeleHua He
MMeeT MO3TOMY AJA HAc MPeUMYIecTB U He MOMET WX UMeThb, €ClIH TONLKO
Hall¥ cooDpaseHUA NPaBUILHLI.

Ouent MHOro nucajdoch 00 «MCTUHHOIY pazMepHOCTH k ¥ OBLIO BBICKA-
3aHo0 Hemalo Aorajok o pa3iUyHbLIX (PU3UUECKHUX MOJAeNAX, MeXaHuudeckoii
CTPYKTYPLI 3¢ Upa, BbITERAIONIUX U3 TeX UIN MHLIX Npeanonoxkenuii od «uc-
TUHHOI» pa3meprocTu. o, HackoaLKko f ocBegoMieH, HUKTO He Ao0OuiIcA
ATUM MeTOJIOM pe3ylbTaTa, KOTOPbIH NMpHUBel Ob K OTKPBITHIO HOBLIX (ak-
TOB, XOTAl Helh3fl OTPUNlaTh, UTO coolpameHUA TaKoTo poja MoOy:maanu
K pALY ONBITOB, KAk, HAlpUMep, 3TO UMeJI0 MecTo B olbITax Jloaka, Kaca-
IOIIUXCA MeXaHuuecKUX cBOHCTR adupa.
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HpI/IBO,HI/IM NOJHYIO DUTAaTy U3 noclieqHe cTaTbu: «3a noclegnee ppeMHd
HEROoTOpoOoe BHUMAHHKE OL1710 OﬁpEII_HEHO Ha BONpPOC O pasMepHOCTH JJIelh-
TpOMaruvMTHLIX eJMHHUL, OJHaKo, NMNo-BUIUMOMY, 3a0LITHU clleqyloiiece:

JdneRTpocTaTUUeckad cuUcTeMa eJUHHI] MOMeT ObLITh olpejelieHa Kak
CUCTEMA, B KOTOPOIi IpeIoNoxkeH0, YTO JU3IeKTpUYecKas [ocTOAHHAA
HMeeT HYJIEBYI0 pa3MepHOCTb, a JIeKTpoOMarHMUTHafd cUCTeMa — Kak
clcTeMa, B KOTOPOIl MarHUTHaA NMPOHUIAEMOCThb TONoMeHa HMMelomei
HYJIeBYIO pa3MepHOCTh. el B3AITL cUCTEMY, B KOTOPOl pa3MepHOCTH
06erx 3TUX BEIUUYMH OJUHAKOBLI U paBHLI pa3MepHOCTH BeTUUWHBI 00-
paTHoii ckopoctu (TL™1), To 06e cucTembl feaaloTca ToHIeCTBEHHBIMHI
B OTHOLIEHWHW pa3MepHOCTH, OTANYAACh TOJLKO YUCTOBLIM KO3 QP PUIIAEH-
TOM, TOUHO TaK e, KaK 0TIUYaloTCA CAHTUMETPhl U KUJIOMETPbI. ITOT
pe3yabTaT KameTcHd ecTeCTBEHHbIM U ONPaBIbIBAIOIINM NPellooMHeH e
0 TOM, UTO JUITEKTpUUYecKad IOCTOAHHAA U MarHUTHaA IPOHULAEMOCTh
obranaloT NpUpPOON BelMUMHLI oO6paTHOI ckopocTu. Bo3momiHo, 4uTo
OHU CBA3aHLI ¢ oOpaTHOW BenUUYWHON KBajJApPaATHOTO KOPHA U3 dHEPTUU
3(UPHOTO BUXPHA».
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HpI/IMeHeHI/IH daHa/jaHr3a pasMEepHOCTH
KR MoJde/IbBHBIM OIIbITaM. I[pyrue TeXHIHn4YeCcrHue
IIPUJIOMECHHUA

Ilo cux nop Mbl NPUMEHANHU aHaJAu3 pazMepHocTell K 3aJayaM, KOTOpPbIE
MOI'YT ObITb pa3pelleHbl W IPYrdMH cnocobaMM, [03TOMY HMelach BO3-
MOKHOCTDL NPOBEPATEL HAIlKM pe3yiLTaThbl. B uHmeHepHo#l IpakTHKE BCTpe-
yaeTcA OOJLINTOE YKCIO 38744, HACTOILKO CIOMKHLIX, UTO TOUYHOE pellenne
X HeocylecTBUMO. [Ipy 3TUX yclIOBHAX aHalu3 pasMeplocTell JaeT BO3-
MOMHOCTEL MOJAYYUTEL HEKOTOPbIe cBeJeHHA 0 GopMe pesyabTaTa, KOTOPOro
MOMHO JOCTUIHYTb Ha NpaKTHKE, TOAbKO KCIEPHUMEHTHUPYA ¢ HeoObIuaiiHo
O0NBLIIMM KOJTUYECTBOM apryMeHTOB HEeM3BeCTHLIX PYHKIME. Ina npuMene-
HUA e aHalu3a pazMepHocTeii TpebyeTea TOALKO 3HaTh, ¢ KaKoH cUCTEeMOI
Mbl UMeeM JIeJ0 U KaKOBbl IlepeMeHible, BXOJAININE B ypaBHeHHe; HeT Ha-
O0OHOCTH Jaie BbINHCLIBATL YpaBHEHUA B pa3zBepHyToil dhopMe, ellle MeHee
HY:KH0 WX pemaTb. Bo MHOTHX cliyyafxX Takoro poja yacTHYHLIE cBejle-
HHA, JOCTUTaeMble ocpecTBOM aHalu3a pasMepHocTelH, MOMHO KOMOUHU-
poBaTh ¢ M3MepeHUAMH, KacalolUMUCA TOAbKO 4YacTH Beell (pU3MUYecKoi
CUCTEMBbI, OXBaThIBaeMoH aHanuszoM. TakuM o6pa3oM Bce HY:HHLIe JaHHLIE
NoJyYaloTCA €0 3HAUYHTEIbHO MeHbIIUMHY 3a00TaMHM W 3aTpaTaMHu, ueM 0e3
aHajii3a pasMepHocTell. IToT MeTol npuHobperaeT Bcee 0oJiblliee 3HaUYEHHE
NPy TEXHHYECKHX HCCJAeJOBAHHAX M 3a NocliefHee BpeMA MOAYUHI ocoboe
pasBUTHE B CBA3U ¢ HYKJaMHU caMoJeTocTpoeHusAa. MeTol MIUPOKO NMpuMe-
HAeTcA B HanuonannHo#t ¢usudeckoil madopaTtopuu B AHTIUM U B Bropo
crangaptoB CAIIl u usiomen B MHOro4uclIeHHBIX ¢TaThAX. B Biopo cran-
JapToB 0coGeHHO AaKTHBEH B 5TOM HampaBlJeHUH ap. darap Bos KU HT B M,
eMy yJaloch JaThb pe3yibTaTaM aHajlu3a pasMepHocTell Takyio hopMy, Ko-
Topaf Jlerko NpuMeHHMa M yike NpHuBeja K PAAY BamKHBIX pe3yibTaToB.

XapaKTep [oJqydaeMbIX 3THM MeT0J0M Pe3y/bTaTOB MOKHO HILIIOCTPHU-
poBaTL 04eHb IPOCThIM IIpuMepoM. Ilomo;kum, Tpedyerea NOCTPOUTL 0YeHb
GonLIIoN MagTHUKR ¢ BechMa TOYHO ONpefeleHHLIM NepHooM Koledanuit.
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AHanu3 pa3MepHoCTell Moka3blBaeT, UTO BpeMA KolleOaHUA Bcell CHCTEMBI
MafATHHRKa onpeaendeTcAa hopMyoit

_ l
I = const \/;

[losaTomMy anAa omnpefieleHUA NepHoAa KaKoro YTrojJHo MafATHHKa [o-
CcTATOYHO ONpeJe]WTh Ha ONbITE TOJbKO 3HAaueHHe KOHCTAHTBI, BXOJALIEH
B ypaBHeHUe. OUueBHIHO, YTO 3Ta KOHCTAHTA MOMET ObITh HalijleHa U3 eIMH-
CTBEHHOTO ONbITA ¢ MAATHUKOM /060N MJIHHbI. JKclepUMeHTalbHbIH Ma-
ATHUK MOeT OLITb celaH 0ueHb NMPOCTLIM, H N0 U3MEPEHHIO epUO/a ero
KoJNebGaHuA MOJYUYHTCH EePHO/ IPOEKTHUPYEMOT0 DOJbIIOI0 MAATHHUKA.

Cnyuaili MagTHURa 0coBeHHO NPOCT TEM, YTO B pe3yiAbTaT He BollJa
npousBoilbHaAd QyHRIUA. Telepb paccMoTpuUM Honee oBIMUil cnyyail, yeaom-
HeHHbIH Hanu4dneM Takolt GyHRIMU. O603HAYUM NepeMeHHbIe 3afauu Oy K-
BaMH (01, (Q2, Q3 U T. . U IPEANONOMUM, YTO NPOU3BEIEHUA, HE HMEIOIIHEe
pa3sMepHOCTH, HaliJeHbl U NMpHBeJeHbl K TAKOMY BUAY

Qr = QO ... F(Q2QF ..., QQ .. ).

IIpu sToM aprymMenThbl (YHKIMHA MU MHOMKHUTENb, CTOANIUI OTAedLHO,
0XBaThIBalOT Bce MPOU3Be/leHUA Oe3 pa3MepHOCTH, T. €. pe3ylbTaT JaH B 00-
meM Bujme. IIlpu nepexoge oT oaHoll ¢uauyecKkoil cucTeMbl K Apyroit npo-
U3BOJNLHAA GyHKIUA, Boobllle rOBOpA, MeHAeTcA HEeM3BeCTHBIM HaM obOpa-
3oM. [loaToMy ONBITHI €O clydYafiHbLIMHA MOJJAAMH JaAyT Majlo I0Je3HBIX
ceegennii. Eciu, ognako, Mojenb BoIOpaTh Tak, YTOOLI BCe apryMeHThI He-
U3BeCTHOM PYHRIUYU UMETH 0JHO U TO e 3HaueHHe Kak IJA MoAelH, Tak U
IJ1A OpUTUHANAa, TO IPU Nepexoje OT MOJeNH K OpUruHaldy OyayT MeHATbCA
TONLKO MHOMUTENU, CTOANNe Nepel cuMBoJgoM GyHKIMU. Cnocod u3Mene-
HHA DTUX MHOMHUTeNell JaeTcA aHalM30M pa3MepHOCTed.

JIBe cucTeMbl, cBA3aHHLIe OfHA ¢ ApPYTroil Tak, YTO apryMeHThbl HEU3-
BeCTHOH PYHKINU B 00e1X 0JINHAKOBLI, HAa3bIBalOTCA G U3 HUUYE CKHU 110 -
JOOGHBIMU CUCTeMaM H.

OueBUAHO, YTO ONLITHLI C MOJAEIbIO MOTYT AaTh IleHHbIe CBeJIeHHA, eClU
MoOJIellh KOHCTPYyHpoBaHa (pu3ndecku noJo0Hoi opuruHany. YcioBue GU3H-
YeCcKoro mogodmuA BKAIOUaeT, BooOlle TOBOPA, He TOJAbKO pazMepbl MOJEH,
HO U Bce IMpodde pU3UUecKHe NepeMeHHbIe.

B Buje npumepa paccMOTPHM CONPOTHUBIEHHE, UCIBIThIBAEMOE TelOM
HEKOTOpO# omnpefeqeHHol (GopMbI NpU ABUMKEHHU B OecKOHeUYHOH Macce
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MUIKOCTU. YacTHRIMU cay4daAMHU dTOH 3ajayuM ABIAIOTCA CONPOTHBIEHHA,
BCTpevaeMble cHapfAioM, a3ponjanoM, NoABoAHON NoAKo# B rIyb0okoM MoO-
pe UIM nafatomeit BoaAaHoli rannei. Ilpobiaema, oueBUaHO, MeXaHHUUecKas
1 CBA3aHa ¢ ypaBHEHHAMH I'HJApOoJMHAMUKHU. YCIOBUA 3ajlaul Ype3BblyaliHO
CIOMHUBI, UX TPyaAHO PopMyIupoBATL B TOUHOW MaTeMaTHUecKoil opme,
HO MOHO B0O0OpasuTb cebe, UTO OHU KeM-TO ocyllecTBJeHbl. BamHo oT-
MeTHUTL, UYTO B YpaBHEeHUAX I'UAPOINHAMHUKYN HeT pasMepHbIX MMOCTOAHHBIX,
eclii TONLKO [pUMeHeHbl 00ObIUHbIe MeXaHHUecKHe eJUHHUIbl MAacchbl, OJIU-
HLI U BpeMeHH; pe3yiaLTaT OyIeT codepsiaTh M03TOMY TOJNbKO M3MepfleMbLIe
(pHU3UYecKUe TIepeMeHHLIe.

TakuMu nepeMeHHLIMH ABIAIOTCA: CONPOTHBIEHHE JABHMEHUIO, CKO-
pocThL ABUikeHWA, fopMa Tella, KoTopafa Mo:ieT OLITL XapakTepH3oBala
HEKOTOPLIMHU abCONIOTHLIMH pazMepaMu M X OTHOIIEeHWeM K HEKOTOPLIM
OpYrUM AMuHAM (Hanpumep, GopMa 3IIUICOMJA MOMKET ObIThb XapaKkTepu-
30BaHa OINWHON HanbonbLlled ocHU U OTHOLIEeHUEM K Heill Jpyrux ocel‘fi) u 1o-
CTOAHHUBIMU MMUAKOCTH, T.€. INIOTHOCTBIO, BA3ZKOCTLIO U CHUMAEMOCTLIO.
BmecTo nocneaneii BeAIMYMHLI MO35HO BBECTH CKOPOCTh 3BYKA B #HUIKOCTH.
Mp1 npepnoJsiaraemM, 4To TAMSECTb B pe3yabTaT He BXOJAHMT, T.€. 4TO TeJo
HaAXOJUTCA B COCTOAHHUU PaBHOMEPHOI'0 ABHEHHA HA MOCTOAHHOM YPOBHE,
U paboThl Mo AeiicTBHEM CHIbl TAMECTH He coBepliaeTcA. PopMynHupyeM
3amavy.

Tadbaupga 18.

Haseanue seauqurnt Cumeon Dopmyaa
pasmeprHocmu

ConpoTuBIeHNE R MLT—2
CKopoCTh V LT !
AbcontoTHbIH paszmep [ L
[InoTHOCTE HMUIKOCTH d ML 3
BA3KOCTD MUIKOCTH s ML-1T-1
CropocTh 3BYKa B HHJKOCTH v’ LT-!
@axTopbl GopMbl, GUKCHUPY-

1, T2, ... 0

e popMy Tena

Mul uMeeM, cneoBaTenbHO, 6 TepeMeHHLIX, He cuuTad darkTophl pop-
MbI, YUCIO KOTOPbLIX MOKeT ObITb KAaKMM YTOJHO B 3aBUCHUMOCTU OT Teo-
MeTpHYeCcKOHd clomHocTH Teda. TakuMm obpa3zoM, JONHBI CyllecTBOBaThb
TPU Npou3BeeHUA Oe3 pazMepHOCTU NOMUMO (pakTopoB (POPMEbI, KOTOpPhIE
caMH 1o cebe He UMelOoT pazMepHocTH. O1HO U3 TAaKUX NPoOU3BeleHU, Kak
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HelloCcpedCTBeHHO BUOHO, €CThb %’ M1 HONMIHBI pasbICRATL OCTAaJdbHbBIE NIPO-
13BeJeHUuA 0e3 pasMepHOCTH CHOC060M, Haubolee MOAXOAAINIUM K KROHEpeT-
HOH 3agaue. Hac HHTepecyeT CONMpOoTHB/IeHHe IBHMEHWIO, MBI BblﬁepeM OJA
Hero MoaToMy IToRasaTtellb, paBHbIﬁ eInHHIe, 1 BbIJelINM R H30/IUPOBaHHO
B JIeBOW yacTH VpaBHeHnu. HpI/I noMon MeToga, ROTOPbIM MEI ViHie T0/Ib-
30BaluCL MHOT'O pad, MLl HAXOAUM IIPpOU3Be/JeHUA Oe3 pasMepHOCTH B BUJe
TaKRHuX BprBH‘iGHI/Iﬁi

Rv 217%™ n po Y Y41

OKROH4YAaTellbHOE pelleHUe UMeeT TaRY1o CI)OpMy:
!
_ 272 oo
R ="l df(m, TR T14 T2, ...).

JTa ¢opMyna BecbMa 00111a U 0XBaTbIBaeT MUPOKYIO IPYINY SKCIEpPH-
MeHTalbLHLIX yeloBui. Ecnu ckopocTb Malnla, To npobieMa cBOAUTCA K 3aja-
ye 0 paBHOBECHHU CHIJ, AeHCTBYIOIINX Ha TBepJoe TeJ0 B 3KUAKOCTH, U CHUJI,
onpefenfaeMbIX BA3KOCTLIO MUAKOCTH. CoMmpoTUBIeHHe B 3TOM cllydae He
3aBHCUT OT MIOTHOCTH MUAKOCTH U OT CKOPOCTH 3BYKa B Helt. Eciu nnoT-

HOCTBb HUcHe3aeT U3 ypaBHeHHA, TO aprryMenT OYeBHIOHO, OOJJMMEeH BbIATH

M
vid’
13-3a 3HAKa QYHKUNMH B BHAE MHOMKUTENA, U J1A MeIeHHOT0 JBUMEHHA 3a-
KOH CONPOTUBICHUA NPUHUMAET cleJyIOMYIo GopMy:

R=vlpf(ry, ra, ...,

TaruMm oOpa3zomM, NpPU MalbIX CKOPOCTAX CONPOTHBIEHHE NMPOMNOPIHO-
HalbLHO BA3KOCTU, CKOPOCTH U JTHHelHBLIM pa3zMepaM U NOMHUMO 3TOT'0 3aBH-
CUT TOJbKO OT reoMeTpHUYeCcKoil (hopMbl Teda. Mbl yi#e HMedH Aelo ¢ 4YacT-
HbIM ClIyuyaeM 3Toi 3ajaul B BBOJHOI I'iaBe Ipu paszbope npobdiemsl CToKca
0 JBHMeHUH cdephl.

B obaacTu 60abIIMX cKopocTell IOTHOCTDL MUIKOCTH UTpaeT Ba:KHYIO
poJb, TAK KaK 4acTh CWUJbI, JelicTBYIONIell Ha Telo, olpenendeTcd MOMEH-
TOM, OTBOJAMIUMCA OT NOBEPXHOCTH Tela MHUIKOCThbIO B opMe BUXpel
(3TOT OTBOJUMLIHi MOMEHT, 0U€BHIHO, 3aBUCUT OT MJIOTHOCTH MHUAKOCTH).
IIpu aTOM cKOpOCTb 3BYKa ellle He cKka3bIBaeTcA Ha pe3yibTaTe, T.e. cpea

BejeT ceDA Bee elle NOoJ00HO HeC;KUMaeMoil KHUIKOCTH. dTa 00JacTh CKO-

!
pocTell ocobeHHO BasiHa A1A camoneToB. llpu 3THX yeloBHUAX apryMeHT %,
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OYeBUAHO, BLiNagaeT U3 QPYHKIMH, U pe3yiLTaT npuobpeTaeT BHI:
212 1
R = vl df(m, ri, T2, )

OcTaHOBUMCA Ha 3TOH cTaiUM H MOCMOTPUM, KaKkHe cBelleHUA AaeT
HaM 3TO ypaBHeHHe OTHOCUTeNbHO BO3MOMHBIX ONBITOB ¢ MoenAMU. Ha-
mia [elb — U3MePUTh cONPOTUBIEHUEe, UCIBIThIBAEMOe MOJelbi0 MIPHU ollpe-
OeleHHbIX YCIOBHAX, U BLIBECTH OTCIOJa 3aRJIOUeHHE O CONPOTHBIEHUH,
BCTpevyaeMbIM NOJIMHHBIM 00bekToM. Ilpeniae Bcero AcHo, 4YTO HEU3BECT-
HaAd ¢yHKUUA, a cleJoBaTelbHO, U Bce €e apryMeHThl, T.€. T1, F2, ... H

OTHOLIEeHHE %lj JOMMHBI UMEeTh OHO M TO e sHaucHue aiad MoJelIl 1 OpH-
v

ru"ana. M3 OJHHaKOBOCTHU T1, T2, ... BbIT€RaeT TreoMeTpHUUYECROe nojgo6ue

MOJIelIn U OpHUTI'MHAalAa. H3 OOHUHaAKOBOCTH ol cllenyeT, UTO €CIH OIIBIT ¢ MO-

vld
AellbI0 IIPOU3BOAHUTCH, Rak OﬁquHO, B Bo3yXe, TO [t d OJUHAKOBLEI 4JIA MO-

JAend U OpUrHHana, no3ToMy vl IOmKHO ObITH OJJHUM M TeM He. TO 3HAUUT,
YTO eciIu MOJeNhL Mo JWHEHHLIM pasMepaM B JIECATH pa3 MeHbllle OpUTUHA-
71a, TO ee CKOPOCThb JoJ:Ha ObITh B JIecATh pa3 Oonblile. ITo TpeboBaHUe
npakTHUYecKU KpafiHe 3aTPYyIHUTENbHO, OHO PaBHOCHILHO OCYINeCTBISHUIO
cKopocTell MoJenu opAAKa ThicAY KUJIOMeTPOB B Uac, MIO3TOMY Ha NepBhIii

B3I'lld0 RasieTcA, YTO MbI JORaTalu HeEeBO3IMOMHOCTb MOJeJbHBIX OIIBITOB

Takoro ponaa. Ho npakTtuuyecku GpyHRIUA OT #_ okaspiBaerca obnapgaroieii

vld
TAKMMH cliel[HalbHBLIMH CBOMCTBAMHE, UYTO BCe e U3 ONbITa ¢ MOAEbI0 MOM-

HO MOJYYUTH BakHble AaHible. EciH MPpoU3BOAUTL U3MEPEHUA CONMPOTUBIE-
HHMA, UCNILITLIBAEMOTO MOJEbi0, IPH Pa3JHUUHLIX CKOPOCTAX U BBLIUMCIATh
COOTBETCTBYIOIHEe 3HAYEHHA (QYHKIUU (pas3fenAfd M3MepeHHbIe CONMPOTUB-
nenusn Ha v212d), To oKasbIBaeTCA, UTO NPH GONBLIIKUX CKOPOCTAX GYHRIUA f
aCHUMITOTUYECKH NPUOIUMKAeTCA K IOCTOAHHOMY 3HaUeHHio. JTO 3HAYUT,
YTO NpHU HOJNBLIIUX CKOPOCTAX CONPOTHBIEHUEe CTAHOBUTCH [IOCTENEHHO I1PO-
NOPIHOHANLHLIM KBapaTy ckopocTu. I[loaToMy gocTaTouHo ocYIecTBUTH
MOJeNLHBIH OMBIT IPU CKOPOCTAX, IPU KOTOPBIX MO#HO HAHMTH aCUMITOTH-
yecKoe 3HaYeHHe QYHKLIUM, TAK Kak TeM caMbIM MOJdyYaTcA Bece HeoDX0aHU-
Mble CBeJeHHA 0 CcBOMCTBax opuUruHana. 3To BO3MOMHO MOTOMY, YTO HaAM
HM3BEeCTHAa NPONopLIUOHAIbHOCTEL CONPOTUBIEHUA KBaJpaTy CKOPOCTH, a MO-
JOelNbHBIH ONBLIT AaeT 3HaUYeHHe (aKTopa NponopHruoHalbHOCTH. KAUHCTBEH-
HbIii COMHUTENLHBIA IIYHKT INpeljaraeMoro InpuemMa 3akjJluyaeTcd B TOM,
BO3MOMHO U JOCTHUTHYTH ¢ MOJEIAMHU CKOPOCTell, 10CTATOUHLIX AJIA olpe-
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OeleH’ufl acCUMITOTUYEeCKOT0 3HaueHHA. ONLIT MOATBEpP:HAaeT 3TY BO3MO:K-
HOCTbD.

ToT ¢arT, 4TOo NpPH CKOPOCTAX COBPEMEHHLIX adpOINJIaHOB CONPOTHUB-
JeHue CTAaHOBUTCA IPONOPHUOHANLHBIM KBajpaTy CKOPOCTH, IOKa3blBaeT
Ha OcHOBAHMU aHANM3a, UTO BA3KOCTb NepecTaeT UrpaTh JOMHHUPYIONIYIO
poab. ATO 3HAUYUT, UTO BeA padoTa MepeMelleHUA a3polliaia TpaTUTCA Ha
co3zgalue BO3OVIIHbIX BHUXpeil. B aHanuse He3aBUCHUMOCTL OT BA3KOCTH U
NoJIHAA TYpOYIeHTHOCTh paccMaTpUBalOTCA KAK HKBUBAJEHThI. JTa TOUKA
3peHUA Ha ABIeHUEe NOATBEep:HiIaeTcA ONbITOM C Pa3idHYHLIX CTOPOH.

PaccMoTpuM BO3MOKHOCTE OCYIlEeCTBIEHUA MOJeNbHLIX ONLITOB B IPY-
r'UX cpejax, IoMUMO Bo3ayxa. BbiOpaB B KauecTBe cpefbl Il MOJENN BOY,

MBI JIOKHBI AaTh MOJIeM TAKWe pa3dMephl U CKOPOCTL, YTOOLI % AIA MO-
v
eIl paBHAJIOCH %ﬂ 148 opurusada. JIas sogbl 0 ~ 1072, d = 1, B 10
v

BpeMA Kak ana Bosayxa g = 1,7-107" u d =1,29-107% (npu womnaTHo#
TemnepaType). [Ipy nogcTanoBke 3TUX 3HAaUEHHI MBI TONYYUM, YTO vl A71A

MOIOelIl JOJMHO COCTaBIATEH OROJIO % TOH #e€e BeJMUYHHbI IJIA opuryHala.

JdToT darTOp NOAXOJUT /A COKpalleHHbIX pa3MepoB MoJAeNd, OJHAKO NPU
ATOM MOJelb JoJ:Ha Obl ABUraThCA B BOJE € TAKOH e CROPOCTLIO, Kak
opurvHal B Bo3ayxe. Takue Gonbllie CKOPOCTU B BOjle 3aTPYAHUTENbHLI U
N03TOMY, MO-BUJUMOMY, HeT NMperMYIllecTBa NpUMeHeHUA BOJLI B cpaBHe-
HUHU ¢ BO3AYXOM IPU NOJAb30BAHUU BhINIeYKa3aHHBLIM 0PHEMOM.

[lepeitzemM Temepb K ellle GOMbIIMM CKOPOCTAM, Kak, HaAlpuMep, CKO-
poOCTh cHapAa, KoTopaa MoMeT ObIThH HoabIle, UeM CROPOCThH 3BYyKa B cpefie.
IIpu aToM cpefia ¢ TPY/JIOM ycneBaeT pa3oiTUCh epe] TENOM, U BO3HUKAIOT
s¢derThl HOBOro xapakTepa. [Ipu TaKUX CKOPOCTAX BA3ZKOCTH COBEPIIEHHO
rvcue3aeT U3 pe3yibTaTa, KOTOPhIA Teneph NpUHUMaeT popmMy:

!
R= vzlzdf(%, r1, T2, )

Ecnu ana aTux ycloBHi TPOU3BOAUTE MOJeNbHEIR ONBIT, TO ACHO, UTO
MoOJelbHbIH cHapAd JolxeH UMeThb GopMy opUTHHANa, U MOMHMO TOTO %’
OOJMHO UMeTh OJHO M TO e 3HaueHHe AJA MoJelu U opuruHana. Ecau
MOJENLHbIH ONBIT MPOU3BOAUTCA B BO3ayXe, To v/ AnA Mojeau GygeT TeM
e caMbIM, Kak U JJf OPUTHHANA, CIeJoBAaTeILH0, U ¥ JOMMHO OLITL TaKkoe
#e. Nnaue ropopAa, opuruHan U Mojelb A0JMHBI ABUTaThLCA ¢ OJUHAKOBOMH

cKopocTho. [Ipu 3TUX yeaoBuAX popmyiia IOKa3bIBaeT, YTO COIPOTUR/IEHNE
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nponopixdoHaibHo NonepevyHoMy cedelnio cHapfga. TpeboBanue paBeHcTBa
cROpocTell MoJeny W OpUTHHAaJa MpakTHUYecKUd o3HaydaeT, YTO Mojelblble
ONLITLI HY/HO NPOMU3BOAMTL Taksie ¢ AeHCTBUTENbHULIMH cHapfAaMu, HO
MeHlblero kanubpa.

Mo:Ho ObITaTheA HU3GemaTh 3TOTO 3aTPYAHEHHA, TPOU3BOJAA ONLIT
B Ipyroit cpefe, HanpuMep B Bolle. Ho ckopocTh 3ByKa B Boje MpPHMepPHO
B IATH pa3 Oolblle, YeM B BO3JYyXe, cldeJoBaTeldbHo, NoTpeboBanach 6bl CKO-
pocTh cHapAda, B NATh pa3 NMpeBocXoJAllaf cCKOPOCTh cHapAda B BO3/yXe,
TpeboBaliie — fABHO HeoCYIeCTBUMOE.

[lomMumo npuMeneHuit K MoAeALHLIM ONLITAM, Pe3yJibTaThl aHanKM3a
pa3MepHocTeii MOTYT OLITL pHMeHeHbI U K APYTMM TeXHHUUYecKUM obiac-
TaAM. B Biopo cTanapToB oHM MHOTOKpaTHO MPHUMeHANNCH PU U3YUEHUU
pa3siIMUHbLIX BHUAOB TeXHHUYECKHX WHCTPYMeHTOB. ['pynna WHCTPYMEHTOR,
NpedHa3HAYEHHbIX A OJHOM U TOH e LleqH, UMeeT MHOIro OOIIUX UepT,
M 4acTO BO3MOMKHO NPOU3BECTH JeTaJbHblii aHadn3, IpUMeHUMBIH KO BceM
WHCTpYyMeHTaM JaHHOro THna. AHaIu3 pasMepHocTeil 1aeT HEROTOpble cBe-
AeHuA 0 BO3MOMIULIX pe3yiabTaTaX TaKOro JeTalLHOTO aHanus3a, U Ha oc-
HOBaHHMHU CBOMCTB OJAHOIO0 MHCTPYMEHTa MO;KHO clelaTb BbIBOJAbI, Kacalo-
muecA Jpyrux MHCTPYMEHTOB HECKOALKO MHON KOHCTPYKIUH. ITOT BOIpOC
pazodpan ¢ 6oabInoit NOIHOTOM W pPAAOM NMPUMEpPOB B IUTHPOBAHHOIN HUMe
BTopoii paboTe I'ep ce A.
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['1ABA 8
HpHMeHeHHH aHa/M3a pa3MepHocTeH
K TeopeTHUUYeCcKON PU3UKe

MeToabl aHa/lM3a pazMepHocTeit oMM HbI UIpaTh 6ojee BasiHYO Poib
B TeopeTHUYeCKOM HcclegoBaHHM, 4eM 3TO UMeldo MecTo Ao cux nop. Hu
OJUH HceleloBaTelh He NoJKeH Obl MO3BONATHL cebe NepeXoJuTh K JeTalb-
HOMY pellleHHIO 3aJaul, He IPou3Bedd MpeBapuTelbHOr0 aHATHU3a pazMep-
HOcTell, Kacalolerocd xapakTepa pelleHUuA, U He yOeAuBIIKch o0palleHueM
K JaHHLIM ONbITa, YTO TOYKA 3PEHHA, NM0OJIOMEHHAA B OCHOBY COCTaBlIfieMbIX
ypaBHeHUI, JoNycTUMA.

BeposTHo, Haubonbiee 3aTpyjHeHHEe B TeOpeTHYECKUX 3a/lauyaX BbI3bI-
BaJ BONPOC 0 pasMepHLIX NocToAHHLIX. Ho nMenHo B 0o61acTu TeopeTudec-
KHMX HcelelloBaHUll cKopee Bcero MOMHO OMUAATh NMOABIEHUA pa3MepHLIX
nocToAHHbIX. He uMesA Actoro npeacTtaBleHHA 0 IPUPoe ITUX MOCTOAHHBIX
U 0 TOM, Korja clelyeT iJaTh UX HNOABJEHHA, ecTeCTBeHHO COMHeBaThCA
B IpUMeHHMOCTH MeToga. Ho mocnie pasbopa Ha npeAnecTBYIOUIUX CTPaHHU-
IIaX BONPOC O pa3MepHbIX MOCTOAHHBLIX MoMeT 0e3 3aTpPYAHEHUH pellaThcA
B NI0OBIX clielUalbHbIX 3ajavax.

HeonpeaenennocTh unceloBoro gakTopa NPoNnopHUOHATBHOCTH Takie
yacTo BOCOpHHUMAaeTcA KaKk HeJOCTATOK aHalu3a pasMepHocTell, ogHa-
KO BO MHOTHX TeopeTHUecKHX 3ajauaX 4YacTo BO3MOMHO MOJYUYUTh CBe-
OeHUfA o MNopAAKe BeJWYUHBI pe3yiabTaTa. Halle paccMoTpeHHe aHAadH-
3a pasMepHocTell MOKa3bIBaeT, YTO 4YHcA0Bble KO3 ODHIMEHTHI B KOHEU-
HOM pe3ylbTaTe CYTh UTOTM MaTeMaTUUecKUX omepaluii Hag NoJJIUHHBLIM
ypaBHeHUeM [BHieHUA (B obileM cMbicie) cucTeMbl. M 3BecTHO, 0[-
HaKo, Ha OCHOBaAaHUU OO0JNbIWON NPAaKTUKU, YTO TaKHue
MaTeMaTHUeCcKHUe onmepaluyd He TPOBOAAT K NoABIe-
HUIO HU OYeHb OONbBMUX, HU OUYEeHDL MANALIX YHCIOBEIX
¢ a Kk Topo B. borblue U Manble Yicla B HANIKMX YPpaBHEHUAX NOUYTH Beer-
Ia ABIAIOTCA UTOTOM MOJCTAHOBOK YWCIOBBIX 3HAUEHHUH HEKOTOpPhIX (u-
3UYeCKMX BeJIHYMH, HapHMep 4YHclIa aTOMOB B KyOuuecKoM caHTHMeTpe,
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pIeKTPOCTaTHUeCKOr0 3apfaa dMeKTpoHa UIM CKOPOCTH cBeTa. KKcnu coxpa-
HUTDL 3a TUMH BeludyniaMu OyKkBeHHoe obo3navuenue, To, IpuMeHAA aHaIN3
pasMepHocTeil, MOKHO pacCUMTbLIBATh HA TO, YTO OCTalbHble YUCIOBLIE KO-
a¢pPpuLKeH Tl He BYAyT G0NLIUMK WIH MadbIMHU.

JTo HabIoJeHHe MOKHO U 06paTuTh. IIpeanonoskum, 4To Mbl OA03PeE-
BaeM HaJW4Mle CBA3W Me:kJy HEKOTOPBIMHM BelHMUYHHAMH, HO ellle He JoCTa-
TOYHO 3HaeM (PU3HWYECKYIO cHCTeMY, UToObl HamHMcaTh COOTBETCTBYIOIIEE
ypaBHeHHWe, WU Jake He yBepeHbl B TOM, KakHe >IeMeHThI JOJKHbI BOIi-
TH B ypaBHeHnue. MLl nmpeamnonaraeM, 4To MeikIy HEKOTOPLIMU BelHMYMHAMHA
cyIecTByeT COOTHOIIeHKHe, a 3aTeM IpH MOMOIIM anaiu3a pa3MepHocTell
HaxoguM (popMy aToro cooTHolnenus. IlogcTaBiafgeM 3aTeM B COOTHOIIEHHE
YHUCIOBbIe 3HAUYeHUA (U3NUYEeCKHX BeIMYHUH U TaKUM 00pa3soM HaXoJHUM UH-
CIOBYI0 BEIHUNHY HEeM3BeCTHOro Koddduiuenta. Eciu 3ToT KoaddUIIUEHT
UMeeT BETHUMHY NMOPAAKA eIWHHULLI (UTO WHOTHAA, MPH HOCTATOYHOH CHHC-
XOOUTEIbHOCTH, MOKeT 03HauaTh TOJbKO, UTO0 Ko3(QPUIIHUEeHT He ABIAET-
ca penrnunHoil mopaaka 101°%), To nogoapesaemoe cooTHomenne cunTaerca
npapaonoJ06HLIM, ¥ MBI IpoJod:;kaeM paboTaTh B TOM HamnpaBieHHH, pa-
3LICKMBafA TOUHYIO CBA3b MemkAy djeMeHTaMu. Eciu, naobopor, Koappuuu-
eHT 0Kka3blBaeTCH 04Y€Hb BOJLIIUM HIK 0YeHL MalblM, Mbl 0TKa3blBaeMCH OT
Halllero NpeJnofo:eHdA Kak 0T HEBEPOATHOrO.

HN3noskeHne 3Toro MeTojJa U OJWH MHTEpPECHLIH NpuMep ObLIMH JaHbI
dilamTeiinoM (1) Ha 3ape U3yUYeHUA YIEeNLHBIX TEIIOT TBEPOBIX Tell
U CBA3H UX C KBAHTOBBIMU ABIEHUAMHM.

Bomnpoc 3akniovadica B ToM, He CAy#HAaT JH MeKAyaTOMHbIE€ CHILI, OIpe-
nelndiouiue o6bIUHbIE YIIPYTI'He CBOMCTBA TBEepPAbIX Tell, TakAKe U CHIaMHU, OT
KOTOPLIX 3aBHUCAT XapakTepucTHYeCKHe 4YacToThbl B HH{ipakpacHOM CIEKT-
pe. JTo npelnoJoxeHre, pasyMeercda, UMell0 BasiHOe 3Ha4dyeHHe /A BCei
KOHIIENMIIMHA CUJI B TBEpPJOM Tele U ANA BOMpoca 0 IpUpo/ie TeNIOBLIX U OI-
THUYeCKHUX KolleDaHUH.

IIlna rpy6oro, IpudinxeHHOr0 aHajlu3a MO#HO NpeAcTaBUTL cebe TBep-
noe Telo, KaKk UepeJoBaHHe aTOMOB, paclofoMKeHHbIX [0 BepiHiMHaM KyOO0B.
IIna ananuza HaM, OUeBUAHO, HY:KHO 3HATh Maccy aTOMOB W UX paccTofAHUEe
aApyr ot apyra (Wi umciao atomMoB B kyf. ca.). lanee, ecnu Haiie npej-
[0JI0/KEHHE 0 NPUPOAEe CHJ NPABWIbHO, TO 3TH CHJbl AOCTAaTOYHO XapaKTe-
pH30BaTh HEKOTOPOH yIpPYyroi IOCTOAHHON, B KauecTBe KaKoBOH BblOepeM
CRMMaeMOCTh. JTH 3JIeMeHTLI JOCTATOUYHLI ANA onpejeleHUA HHPpaKpac-
HOH XapakTepHcTHYecKkoil yacToThl. [IpouzBoagnM 0BLIUHBIN aHaAU3 3a]aUuM.
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Taonuma 19.

Hassanue ceaudunwt Cumeoan Dopmyaa
paszmepHocmu
XapakTepHcTHYecKad yacToTa v T-!
CHUMaeMOCTh K M~1LT?
Yueno aToMOB B KY6. cMm N L3
Macca aToma m M

TonxHo cymecTBOBATh O1HO NMpou3BeleHHe 6e3 pa3MepHOCTH OTHOCH-
TenhbHO 5THX Beanunt. OHo paBHo K2 N3,
IMoaToMy oKOHYATeNLHBIH Pe3ynbLbTaT UMeeT BUA:

K =const - v 2 N~ 31,

Bo3zbmeM uncioBble BeIMUHMHBI, OTHOCALIUECA K KaKOMY-HUOyIb Aefi-
CTBUTENLHOMY BeIecTBY, W, MOJACTAaBUBR B ypaBHeHUe, HalileM 3HaueHHe
noctoauHoi. [Jna mequ K = 710713, v = 7,5 - 10*2, m = 1,06 - 10722
u N =7,5-10%2. llpu nojcTaHOBKe 3TUX uKcel nmoaydaem 0, 18, T.e. pemu-
YUHY TOpAJKa eUHUIILI B COTIACUU ¢ TPeANoNoHeHHEM.

KoHeuHo, B HacTodAlllee BpeMA 3TOT Pe3yAbTaT NpeAcTaBIAeT TONbKO
HCcTOpUYeCKUil UHTepec; Kak OCHOBa TEOPUM TeMJIOeMKOCTH TBepAoro Tela
lebad, oH namMATeH GJeCTAMKMM NOATBEpPHIeHUEM Ha OINbBITE.

Ipyroil npuMep apryMeHTalUuH TaKoro poja OTHOCUTEAbHO BeJAUUHHBI
noctofAHHbIX Aad [lmubcoMm (2). Bompoc 3akmouanca B TOM, NEpekuBala
A 3eMJIfl 38 BpeMA CBOel MCTOPHUU COCTOAHWE TPaBUTAIMOHHOI HEycCTOli-
YUBOCTH M MMeNa JIM 3Ta HEeyCTOMUMBOCTh Kakoe-HUOY b AeficTBUTEIbLHOE
OTHOIIIeHHe K X0ay 3Bontonuu. llpeiBapuTenbHoe UccleoBaHle TI0 MeTOAY
pasMepHocTell mokazano [JKUHCY, KakoBa Jol#Ha ObITh popMa CBA3U Mek-
oy TaKMMU NepeMeHHbIMU Kak cpeAHAA NI0THOCTh, paguyc, yIpyrie mocTo-
AHHBIE W Ip. B MOMEHT I'paBUTallUOHHOH HeycToiiunBocTH. Ilocnenyroman
NoJcTaHOBKA YKCIOBBIX 3HaUYeHUN 1iA 3eMiu dala KodpPHUUUEeHT MopAlKa
eITMHUIILI. JTO MpeiBapHUTeNhHOEe pacCMOTPeHNe, TAKUM 06pa3oM, MoKasano
Hanyu4yle OCHORAHUA B NPENONOMKEHUN O POJNH I'PABUTAIMOHHONH HEYCTOHYH-
BOCTH B McTopuu 3emun. Ha 3Tofl ocHOBe MO#HO GbLIO NPUCTYIUTHL K jle-
TalbHOMY HCCIeJOBaHHID MpoOaeMbl.

PaccmoTpum ellle npuMep Takoil e apryMeHTallu, HA 3TOT pa3 ¢ OT-
pullaTelbHBIM pe3yiabTaToM. [lonbiTaeMcA NOCTPOUTH ANEKTpoAUHAMUYEC-
KYIO0 TEOPUIO TATOTEHUA, MoJaraf, 4To IpaBUTallMOHHOE ToJle, CBA3aHHOe He-
M3BECTHLIM HaM 00pa3oM co CBOHCTBAMU 3JeKTPOHA, MOKET ObITH MOy YeHO
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npuMeHeHeM dIeKTpoAUHaMUYeCKUX ypaBHeHHH nonad. B aTux ypaBlenu-
AX UMeeTcA oflia pa3MepHasn MOCTOAHHAA ¢, OTHOIIeHHe 3NeKTPpOMar HU THLIX
eJUHHUI] K dIeKTpocTaTHiYecKkuM. 3BecTHO, YTO ¢ MMeeT pa3MepHOCTL CKO-
POCTH W UMCJ/EHHO cOBllajJaeT co CKOPOCTLIO cBeTa.

B mouckax mpeanonaraemMoit cRA3M MbLI paccMaTpUBaeM 3apAl U mMaccy
BIeRTpoHa, XapaKkTepHU3ylollKue ero cBoiicTBa, CKOPOCTh cBeTa U I'paBUTa-
IHOHHYO NOCTOAHHY . [IpouzBoauM aHanus.

Taoaupga 20.

Hassanue eeaniumsl Cumeoan Popmyra
pasmepHocmu
MMocToAHHAA TATOTEHUA G M~—IL3T—2
3apAj 31eKTpoHa e M/21.3/27-1
Macca 3nekTpoHa m M
CkopocTh cBeTa c LT-!

Y Hac yeThIpe IepeMeHHLIX U TPH OCHOBHLIX eIWHHILI, CileJOoBaTellb-
HO, MLI OiJaeM eIJHHCTBEeHHOe IIpOH3BCIeHHeE be3 pPasMeEpPHOCTH. JTo oye-
BHIHO Gm26_2, T.€¢ CROPOCTE CB€Ta B IM'MINOTETHYECCKOC COOTHOUICHHE HE

BxoquT. OKoHYATEILHBIH Pe3yabTaT HMeeT MHOIO3HAYUTEABHYIO [IPOCTYIO
Gopmy:
G = const - (£)2
TR
[logcTaBnfaem yMcIOBLIe 3HAYEHUA:

G = 6,658 1078, =5,3-10"7,

£
m
cleoBaTeNbHO, MOCTOAHHAA paBHa 2,35 - 10743,

IlocToAHHaA oKa3LIBacTCA HEMO3BOJAUTEIbHO Malloil, U Mbl OTKa3bIBa-
eMcCA 0T IpeAmnoaraeMoro cCoOoTHOIICHHA, XOTA NPOCTOTa pa3MepHOT0 COOT-

HOIIIeHHUA U OCTaHaBJ/JIHUBaeT BHI/IMaHI/Iel.

lTaﬁJmua, [IOJIOEHHAA B OCHOBY pPAaCCyYMCHHMH, HE I10JIHd, HE BRJIAHKUCH «CIIMH» 3JICK-

. 1 h "
TpOHa paBHBIH = ~— (h — HKBAHTOBAHA HOCTOHHHBH), OlNpedeJARIIHNY MArHHTHEIC €r'0

227

CcBOlicTBA. ,I[OﬁaBﬂeHl/Ie «CIIMHA» OaeT [poCcTOop COCTABAEHHEKY OPYTHX HpOI/IBBe,E[eH]/I]';[ fes
62
Pa3MepHOCTH, CBA3AHHBIX HJ/IH HEeCBA3AHHEIX C NOCTOAHHOMI TATOTE€HHHA, HallpHUMep ——

he
(seamunna nopagka 1072), him~—2g~! (Benuuuna nopagka 10~*°) u 1. 1. CocrabBnne-
Mble TIPOU3BEJEHUA OKA3bIBAIOTCA WIH BeCbMd NaJeKMMH OT eJMHHLBI [0 YHCIOBOMY
y hc
3HAYCHUIO, WK e ONU3KUMHU K Heil (HanpuMep, —), HO MMEIOMUMH Pa3MepPHOCTD.
2wge
HIpum. ped.
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[losToMy HMAeHTHUUHOCTL (POPMYJN pa3MepHOCTH He JodiKkHa CUUTATLCA
anpuopHbLIM MoKa3aTelleM cyllecTBOBaHUA puandeckoit ceasu. [lpu cyinect-
BOBaHUM CTOILKUX pasHooOpa3nbiX BUAOB (PU3HUYECKUX BeIUUYNH, BhIpaske-
HbIX IIPY [IOMOINK HEMHOI'MX OCHOBHLIX €JUHHL, BIOJI€E BO3MOsKHbl BCAKUE
cnyydatiible COOTHOIIEHUA MemAy HUMH. bes jganbHeiilnero ucclieloBaHuA
Helh3fl CKa3aTh, pealhblo pa3Meploe cooTHolleHHe uin cayydaiino? Tar, Ha-
npuMep, cam 1o cebe PaKT copnajeHWA pasMepHOCTH KBaHTa JOelCTBUA U
YIrIOBOTO MOMeHTa ellle He JaeT IpaBa IpeAnoJaraTh Halu4ide MeXaHH3Ma,
o6LACHAIONEr0 KBaHT TeM WKW UHLIM BpamaTelLHLIM JABUKeHHeM.

Ob6paTHoe yTBepskaeHUe, 0JHAKO, BCerja clpaBeanuBo. Ecau cyiect-
ByeT UCTUHHAA pu3uUeckas CBA3L Meskay HEeKOTOPLIMHU BelUdMHaMH, ToTAa
MMeeT MeCTO U COOTHOIlIeHHe pazMepHOocTell. ITOT BLIBOJ MOKET CIY#KUTh
MoJNe3HLIM OpyAreM HccleJoBaHuA.

PaccmoTpum 3ajauy, NMoKasblBalollyio, YTO BcAKoe JelicTBHTedhHOe
(bM3KnYecKoe COOTHOLIEeHNe NIpeNonaraeT U pazMepHoe cooTHomeHue. [Ipen-
MOJIORUM, UTO MbI IIbITaeMeA MOCTPOUTL TEOPUIO TeIIONPOBOAHOCTH H pa-
3LICKMBAaeM CBA3L MejKAy MeXaHW3MOM TelJONPOBOJHOCTH W MeXalHu3MOoM,
olpejeJqAolUM 00LIYHbIE TepMoJUHaMH4YecKHe CBoiicTBa BellecTBa. JTH
CBOHCTBA MOKHO KOHKPETU3UPOBaTh Kak C/KMMaeMoCTh, TeIlJIOBOe pacllu-
peHue, yeIbHYIO TENIOTY (Bce Ha eAMHUILY 00heMa) U abCoNOTHYIO TeMTie-
paTypy. Kciu TonbKko 3TH cTOPOHBI MeXaHM3Ma, peryiaupyloniie TepMo1-
HaMH4YecKHe cROHcTBa, 0JHOBPEMEHHO ONpeleldAlNT W TellIoNpoBOJHOCTS,
TOrJa BO3MOKHO HallTH pasMepHYH CBA3bh MekAy TepMoIWHaMHYeCKUMHU
sleMeHTaMUd U TenaonpoBogHocThio. DopMynupyeM 3agauy.

Taonuma 21.

Gopmyaa
Hassanue seautunsi Cumeon PMY
pazmeprHocmu

TennonpoBoAHOCTD it MLT—39~1
CruMaeMoCTh Ha e JUHUI]Y MAacchl k M—2LAT2
TemioBoe pacuMpenne Ha e JUHU-

p p A M-1L39~1
Iy Macchbl
YiennHaf TemnoTa Ha efMHHULY Macchbl c 2T 291
AbconwTHaA TeMIepaTypa ¢ 0

Ha,uo HAUTH IpoH3BeOeHnue be3 pasMepHOCTH M3 3THUX IIepeMeHHBIX.
Y Hac HAThH [IepeMEeHHbIX H YeThbIpe OCHOBHBIX €OHHHUILI, IIO3TOMY MOMHO
oMM IaTE €JUHCTBCHHOI'O IIPOU3BCIACHHNA oes Pa3MEpPHOCTH. Hac HHTEpeCcy-
eT p, IoJaracM I1oaTomMy IoRaaarelb €ro B [IPOH3BCIeHUH paBHBIM e JHHHULEC,
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IIpousBenenne UMeeT BUI:
kNP el .

[Ipobyem onpegenuTL MoKasaTeld 0OLIYHLIM NmyTeM. MbI BcTpeuaem-
cA, 0iHAaKO, C 3aTpyAHeHHeM: YpaBHeHHA 0Ka3bIBalOTCA He COBMECTHLIMHU
apyr ¢ apyroM. MbI npoBepsieM 3To, cocTapiAd AeTepPMHUHANT MoKa3aTenek
B (popMynax paszmepnocteii k, A, ¢ 1 6. JleTepMHHaHT 0Ka3LIBAa€TCA PABHLIM
HYJIO, T. € NMpou3BegeHnA 6e3 pasaMepHocTH He cyllecTByeT. [loaToMy Mosk-
HO 3aKJIOYUThL, UTO T'MIOTETHYECKOH CBA3KM Me:KAy TeIlJONPOBOAHOCTLIO U
TepMOJMHAMUYEeCKHMHU CBOHCTBAMM HeT, U TBepjoe Tello J0oJ#H0 06JagaTh
elle JApPyruMHd CBOMCTBAMH IOMHMO Te€X, KOTOpLIE JOCTATOYHLI NI TE€PMO-
OUHaMHKH.

[lepexoauM K MpoCTOMY aHaANIM3y NpodIeMLI U3JIYUYeHUA UepHoro Teja.
Bonee noapo6GHo 3anada paccMorpena y Imunca (3). Ctatha [Imunca un-
TepecHa TaK:;ke TeM, UTO OH MOJb3yeTCA CHUCTEMOIl DIeKTPUUYEeCKUX eJHHHII,
B KOTOpOii JUdAeRKTpUUecKasa NOCTOAHHAA MMyCTOro NPoCTPaHCTBa BBOIUTCA
B ABHOI (opMe. Jlerko BHAeThL, OAHAKO, MOCIE HEKOTOPOTI0 Pa3MbIIIIeHH,
YTO OH MOJAYYMJ ObI TOT 7K€ Pe3ydbTaT M ¢ CHCTeMOH eJUHHUI], B KOTOPOM
AUAIEKTpUYeckan MOCTOAHHAA TYCTOr0 IpoCcTpalcTRa onpeenela Kak eu-
HHIIA.

PaccMoTpuMm monocTh co cTeHKaMH, HE UMEIOUIMMH HMKaKHUX CIeIH-
bUUYECKHUX CBOHCTB M MOJHOCTLIO OTpamaloliX BCAKYIO NaJalonlyr paau-
anuio., BHYTpY N0OJ0OCTH HaXoJUTCA pa3peskeHHbIH 2MeKTPOHHLINA raz. Ecau
ras paspesieH J0CTaTOYHO, TO Mbl 3HaeM U3 paccymaeHHil, aHaJOTHMYHBIX
TeM, KOTOpbIe NpuBegeHbl Puyapgco oM IpU paccCMOTPEHHH TEPMO-
MOHHOH 3MHCCHH, YTO IIEKRTPOHLI By T ceba mogobHo MoleRyiaM Hjealh-
HOTO rasa. dpderToM MPOCTPaHCTBEHHOr0 pacupejeleHds 3apAga MOMKHO
npenedpeydlL B cpaBHeHUH ¢ CUIAMHU, ONpeeAeMbLIMUA CTONIKHOBEHUAMH Yac-
Tull. IlycTh 3AeKTPOHHBINA ras B HOJOCTH HAXOAUTCA NpH TeMmepatype 6. Ha
BAEKTPOHLI AeCTBYIOT CHILI BYX POAOB: CUJIbI CTONKHOBEHHUA ¢ OPYTUMHU
DAeKTPOHAMHU, IPUPOJa KOTOPBIX TaKkad ke, KAk Y aTOMOB B 00LIYHOH KHUHe-
THYECKOHl TEOPHH U CHJbI I0JIA palualui B a¢dupe. JIEKTPOHbI IOCTOAHHO
VCKOPAITCA, NOSTOMY OHH HEINPEPbIBHO HU3NYYalOT U IOIVIOIIAI0T SHEPTHIO
u3 adupHoro noaa paauanuu. CucTeMa JoJ:mHa paHo UIH MO3AHO MPUATHU
B paBloBecHe, JOCTHUTAA HeKOTOpoH MIOTHOCTH BHEPrHU B 3dupe, NpHUEM
BAEKTPOHLI JOJKHLI 001a1aTL KMHeTHUYeCKoH dHeprieil, cBoficTRenHoi aTo-
MaM rasa nIpu TeMiepaType nodocTu. [logpobHoe pemenne 3agaun Tpebdyer,
pazyMeeTcd, BeCbMa CI0HOT0 CTATHCTHYECKOT0 aHalu3a, Ho U aHalu3 pas-
MEePHOCTEeH NPUBOAUT K HEKOTOPLIM 3aK/JIIOYeHHAM o opMe peayibTarTa.
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Peman sty 3agauy, Mbl JOJAHBI TI0JIL30BAThCA YPaBHEHUAMHU 3JIeKTPO-
IUMHAMHUEKH, cleJoBaTelbHO, CKOPOCTL CBeTa BoiJeT KaKk pa3MepHas MOCTO-
AHHAaA B pe3ynbTaT. Hys#kHo yUuThIBATL 3apA, Maccy 3JMeKTpoHa, abcolloT-
HYIO TeMIlepaTypy U ra3oByl0 IOCTOAHHYIO, OIpelelAIlyI0 KHHeTHUeC-
KYIO 3HEPruio JABU:MKeHUA 3NeKTpoHa Kak (QyHKIHIO TeMiepaTypbl. Yucno
BNEeKTPOHOB Ha KybO. cm He BOHAET, TaKk KaK MLI 3HaeM U3 KUHeTUYecKoH
TEOPHH, UTO CPeJHAA CROPOCTL HMEKTPOHOB He 3aBUCUT OT MX 4uciaa. Bro-
poe Haydalo TePpMOAMHAMHUKHU TaK:;e [OKa3blBaeT, YTO INIOTHOCTh DHEPrUU
B IOJIOCTH e€CTh (PYHRIUA TeMIepaTypbl, HO He IJIOTHOCTH 3IeKTPOHHOr0
rasa.

Tadbanuma 22.

Hazsanue seautunvt Cumeon Popy.aa
pasmepHocmu
[I10THOCTL 3HEepPruu u ML-1T—2
CropocTh cBeTa c LTt
Macca anekTpoHa m M
3apaj slieKTpoHa e Mi/213/27-1
AfcoqioTHasa TeMnepaTypa f 0
T'azoBas MocTOAHHAfA k ML2T—24-1

HpHMeHHeTCH 00ObIYHaA JJeRTpocTaTHYeCRaAd CUCTEeMa €dHHHI. B 3za-
dade 0 [epeMeHHnblX IIpH 4 0OCHOBHBIX cauHnMunax, rnmo3aToMy AOJKHEI CYLIeCcT-
BOBaTh [JBa IpoH3BeleHHUA Oe3 pasMepHoOCTH, eC]IM TOJNBRO He UMeeTCH Clle-
HI/IaJTBHOﬁ CBA3H Mexy MoRaszaTeJAMH. HOCI{OJIBI{Y Hac MHTcpecyeT U, MBI
BbIﬁHpaeM €e RaR 4JieH ¢ MMoKrasaTel/leM, paBHLIM e/JWUHHIIE B IIpOM3BEeJeHHH.
OOLIYHBIM nyTeM MbI HAXOOUM JBEd NNPOH3BeJeHUA

welk™407* u kOm e,
IlosToMy pesyabrar NpUHUMAaeET clelyrouyo bopMy:
u = ke %0 f(kOm ™ c7?).

M&bI Huyero He 3HaeM o npupoje ¢yarnuu f. OgHaro BUJIHO, UTO apry-
MeHT QYyHKI[MM UMeeT onpejleleHHoe puanyeckoe 3Havyenne, kfm ! cocran-
JAAeT IOJOBUHY KBaJpaTa cCKOPOCTH JIeKTPOHa, I0OATOMY apryMeHT B LelloM
cOCTaBJAeT KBaApaT OTHOLIEHHA CROPOCTU BIeKTPOHA K CKOpPOCTU CBeTa.
B mpartuueckoil obiaacTu TemMilepaTyp 3TO OTHOWIEHWE OCTaeTCA YpPe3BbI-

yailHO MalbIM U, cjleoBaTelhHO, HE3aBUCUMO OT GOpMbl PYHKUHU HAM U3-
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BeCTHO, YTO Nepe] HaMKM (pYHRIIMA BechbMa Maloro aprymenTa. PacnpocTpa-
HAA paccy:;KkaeHUA, IPUMeHABIINeCA HaMK OTHOCUTENLHO YHCI0BOM BeIudHU-
HbI TI0OLIX K03 PHUIIMEHTOB, ¢ KOTOPLIMU MOKHO BCTPETHThLCA NPU aHalll3e
pasMepHocTeil, MO:KHO yTBep#jJaTh ¢ 00/blleil BepOATHOCTLIO, YTO YHCJIO-
BO€ 3HaueHUe Hallledl GYHRIHUU NpakTUUeckd UMeeT TO iKe 3HaueHHe, KaKk U
IOJ1A HylneBoH BelHUYMHBI apryMeHTa, T.e. UT0 GYHKIHA MoKeT ObITh 3aMe-
HeHa HeKOTOPOoH MocTOAHHOH AnA Beell MpakTHUYeCKOH oOlacTU M3MeHEeHUA
nepeMeHHbIX. [ToaToMy MOHO 0KHIATh, UYTO Pe3yaLTaT OyIeT UMeTh cle-

Ayoimyio popmMy:

u = const k*e %61,

0 — emuncTBeHHAaA GU3NYecKad MepeMeHHad IPaBoil cTOPOHLI YPaBHEHUA,
MO3TOMY MOMHO HAlUCATh:
u=ad

MbI, pasyMeeTcs, y3HaeM B 3Toi ¢popmyne 3akon C Te ¢ a H a, onpas-
ApiBaonuiica Ha onoiTe. [loaToMy pe3ynbTaT A0 U3BECTHOH cTENeHU OTpaR-
JALIBaeT HaIlllM YT POIIEeHH .

Hamu cooGpamenusa o pasMepax YUCIOBLIX K0P PUIHEHTOB MO3BOIAIOT
NpeanofoRUTh, YTO KOHCTAHTA B IepBoii hopMe pe3yabTaTa He Mo:keT ObITh
HHM CIUIIKOM 60JbIIoi, HU cIMIIKOM Manoi. HHaue rosopd, monaras

a = const ke,

MOMHO OMUAATh HW3BECTHOW MPOCTOTHI pe3ylbTaTa, K KOTOPOMY TpPUBEIU
Obl KOHKPETHbIe MaTeMaTHUecKHe onepanuu. JIbiouc U A g1amc obpa-
TUJIU BHUMaHUe Ha TO, UTO B IpejeliaX OUIMOOK OoNbiTa MOCTOAHHAA 3aKkoHAa
CTedana MomeT ObITh HallcaHa B cledylollei ¢hopme:

k4

azw.

XoTsA (47re)6 JajleKo He MaJjoe YKC/0 B CMbIcie llepBoHavYadbHOR popMy-
JTUPOBKM JAHM Te il Ha 0 BEDOATHOM KPUTEPHU AJA UUCIOBLIX KO3 du-
[UEHTOB, TEM He MeHee ero MosKHO CYMTATh MallbIM, eclii yYeCTh 3HaueHue
nokasaTelell BeIWYMH, ¢ KOTOPLIMH OH acconuupoBad. Henb3sa oTpunarh,
YTO pe3yanLTaT obnagaeT GoJbLIIOH NPOCTOTOH M NMO3TOMY ABJIAETCA Bepo-
ATHBIM, YTO YKazaulubLlfi KoadPpUUHeHT MoeT ObITL pe3ylLTaToM MarTe-
MaTHUYECKHX ollepaliii, a He TOJLKO C/Jy4YalHO!l KOMOUHAaIUEN 3/eMeHTOB
B (popMmyile, KOTOpad lIpaBUibHA TOJbBKO B OTHOWEHUH pa3MepHOCTH.
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Bo BcAKoM cayyae, kKakoBo O6bl HM OLLIO Hallle MHEHHE 0 MPaBUILHOCTH
apryMeHTalluM, yIMBATEAbHLIN XapakTep pe3ylbTaTa ocTaeTcA B Halllel na-
MATH, U Mbl BO3/Iep:KkHBaeMcCA OT OKOHYATEIbHOI'0 CYRAESHUA 10 MOy YeHHA
oJiHoro peieHrA. To4Ho Takze NnepHojH4YecKafd cHCTeMa IJIEMEHTOB CY-
ImecTROBaNA MIPU U3BECTHOM cAepmRaHHOCTU CyMRIeHUA 0 Hell Jo Tex mnop, mo-
Ka He HaspeJo noaHoe pemenne. CilegyeT yIoMAHYTh, YTo JJop e H II U ero
YUeHUKH Ge3ycHellHo NbITAluCh MPOU3BECTH deTalbHLIH aHalus BoIpoca.

[IpuBenennnie coodpameHua Aal0T MOBOA K pa3MbIllleHH0. 3HaMeHa-
TeAbHO, YTO KBaHT AelicTBUA h He (GUT'YPUPYET B pe3yiabTaTe, XOTH, I0-BU-
IUMOMY, OH Hepa3sjelbHO CBA3aH ¢ ABIeHUAMH U3JIYyUYeHHA, N0 KpaiiHei Me-
pe B BemecTBe. Mbul 3HaeM, uTo A BXoguUT B opMyay ANfA CHeRTpalbHO-
ro pacrupejeleHuf dHepTUU, HAM HU3BECTHO TaKi#e U3 TepMOJHMHAMHUUYECKUX
paccy:jaeHuii, uTo pacnpejelenne S3HeprUuM B CIeKTpe B MOJOCTH, HATOJHEH-
HOIT ANIeKTPOHHBIM T'a30M, TaKoe #e, KaK U B YEePHOM Telle, MOCTPOEHHOM
U3 aToMoB. [loaToMy B 3akoHe pacnpeleleHUA 3Hepruu B cleKTpe Hallei
CUCTEMBI JOJKHO GUIYpUPoBaThL h. 3HAUUT OU 3TO, YTO h MOMET OLITh
BhIpasieHo 4Yepe3 dIeKTpPOHHbIe MOCTOAHHbIE, Ta30BYI0 MOCTOAHHYIO U IIO-
CTOAHHBIC 3(Hpa, H YTO Ji1A 00bAcHeHUA h He TpebyeTcA HUKAaKOI'0 HOBOI'O
MexaHuaMa, HaM [10 cHX INop HeusBecTHoro? Pasymeercda, JI b o u ¢ npu-
paBHAN MIaHKOBCKOe Bhipa:mkeHue A1A i HaMMcaHHOMY BbITIIe A MONYyYeHUA
UUCNOBOTO 3Ha4YeHUA h Ha 0CHOBAHWU APYTHUX NMOCTOAHHBLIX!. BosbMeM ele
OJ1H MpUMep NpUMeHeHNA aHalu3a pasMepHocTell B TeopeTUYeCKUX Hccle-
noBaHuAx. PazbepeM BO3MOMHOCTL 0ObACHEHUA MeXaHHYeCKUX CROHCTB Be-
MecTBa Ha OCHOBE cHelnualdbHO OopMbI CHJIOBOIO 3aKOHA MEH 1Y aToMaMu.

51.4
lKBanToBaA TeOpHA M3MTy4YeHHA OdeT 8”—3165 (cp. M.P lanck. Wirmestrahlung,
15¢°h
k4
ctp. 183, 1921). MpupaBuuBana 3To 3HaUYeHHe BBIBEJEeHHOMY B TEKCTe, T.€. g = — %
(d7e)
HaXoOUM
_ 32 _a/3€”
= w =
v
he . "
Hnaue roBopsa, —; 0KkasbIBaeTcA NOCTOAHHON BelMuMHoH, He CAUMIKOM CUJILHO O0TANYA-

2
[
fomedica ot 1 {cp. npumeuanue Ha cTp. 103). 3a nocrenHue rogel 3Ta NOCTOAHHAA Hrpana
OONBITYK) POJML B CNeKYAATHBHBLIX MOCTPOeHUAX A.DJJAMHT ToHa, NpUdeM cjelaHa

he
NONBITKA €e TeOPeTHYeCKoro BblBojd. IMnupuveckn — = 137.3, 00 9 AAMHTI TOHY
e

TouHo 137. pus. ped.
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MosHO NpeAnookKUTh, YTO ITOT 3aKOH UMeeT CleAYIoy GopMy:
F=Ar~2 + Br .

A — Bcerga oTpunaTenbHO U NMpeACTABIAET NPUTATATENbHYIO cuny, B —
[I0JIOFRUTEILIO U COOTBETCTBYET OTTalKMBAaHHIO, CTAHOBALIEMYCH OYEHDL
3HAYUTENhHBIM TPU TECHOM CONUMKEeHHH aTOMOB. ATOMBI paslWUHbLIX Be-
MecTB MOTYT OTIAMYAThCA MO Macce M MO YKUCIOBOMY 3HaueHHIO KoadpH-
HeHTOB A M B, Ho MoKasaTelb n MycTh OyJeT OJHUM M TeM e JJIA BCeX
BemecTB. [IpegnonaraeMm Tak:xe, UTo TeMIlepaTypa HacTONbKO BblcOKa, YTO
KBaHT JelcTBUA h He WMeeT cylllecTBEHHOro 3HaueHWA B paclpeleleHHH
BHEPIUM 10 pa3iMiyHbIM cTeleHfAM cBO6GOAbI, HO YTO AJA ITOI0 JOCTATOY-
HO O HOH ra3oBoil ocTOAHHON. BHelHMe nnepeMeHHble, UMeOLIHe 3HAUEHNE
IJIA CBOHCTB CHUCTEMbl: JaB/eHue U TeMilepaTypa. Eciu oHu gaHbl, TO olpe-
AeneH o0beM W Tpoule cBoiicTBa. MBI MolydyaeM MO3TOMY Takyk TabIUIy
nepeMeHHbIX, HAa OCHOBAHHWM ROTOPBLIX HY#KHO OTIpelelUTh N0Oble cBOMCTRA
BelllecTRa.

Tadnuma 23.

Haszsanue eeauvunvt Cumeon Popayra
pasmeprHocmil
llaBnenue P ML-'T—2
TeMmnepaTypa 0 ]
Macca aToma ™m M
T'azoBad mocToAHHaA k ML2T—24~1
A (U3 3aKoHa CUIBI) A ML3T 2
B « B ML7+1T—2

B no6aBnenue K 3TUM BelWUYKMHaAM MbI 6yJeM UMeTh TO UIH WHOE CBOH-
CTBO BellleCTBa, NoJJjezkalllee aHanuzy. B Tabaune 6 BeauuuH npu 4 oc-
HOBHBIX egnHUnax. [loaToMy M3 3THUX [lepeMeHHbIX MOM#HO COCTaBUTh [Ba
npousBefeHnd 0e3 pazmepHocTu. Hafifem mx. OgHo n3 HUX BhiDEpeM cojiep-
MRalWKUM p, HO He BRIIOYaoWuM ¢, 1pyroe Haob0poT, Tak Kak p U ¢ ABJIAIOT-
cA pU3UYECKUMHU IepeEMEeHHBIMH, HAXOAAUMMUCA B HAllEM paclopA#eHuH.
Jlerro cpasy HaliTU 3TU NPOUIBEJEHUA:

pA—( /(=) p1/(n=2)  4—(n=1)/(n=2) p1/(n=2) g

ITHU MpoU3BCACHHUA Cpady galoT HaM CBEJJCHHA O CBOWCTBAX Tel B TeX
clIyduadax, Rrorja gaBjJeHHe M TeMIlepaTypa He ABIAKTCA He3aBUCHUMBIMH,
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HanpumMep, OJA KPpHBLIX JaBJIeHHA IMapa, KPHBLIX IIIMaBlIeHlnAa HUIH KPHBLIX
paBnobeCHAa Mexr 1y OBYMA aJlJIOTpOIMHbIMHA MO,HI/I(I)I/II{EII_II/IHMI/I TBepOoro Tela.
HpI/I ITHUX YCIOBHAX MbLI UMeeM:

pA=(n /(=) p1/(n=2) _ ( A= (n=1)/(n=2) g1/(n-2) kg) ?

raie f — ofHa U Ta ke GOYHKIUA I1A4 BceX BellecTB, A u B MeHsawoTca
B 3aBHCUMOCTH OT BelllecTBa. Halll aHanu3 MoKka3bIBaeT MO3TOMY, UTO eCld
BBECTH HOBble NepeMeHHble p(y AnA maBieHuA u #C OnA TeMmepaTyphl,
TO ypaBHEeHUA AJA KPUBLIX paBHOBECHUA AJA BceX BelllecTB 6yAyT OJHUMU
u TeMu ¢e. HoBble mepeMeHHBble AaBAeHUA U TeMIlepaTypbl NMOTydamTCA
nepeMHoReHHeM 0ObLIYHOTO JIaBIeHUA U TeMIlepaTyphl HAa NOCTOAHHbIE Pak-
TOPbl U MOT'YT ObITh HAa3BAHLI HIPHUBBEJEeHHBLIMU JaBIeHUEM U
TeMnepaTypoii. YpaBHenue Ban nep Baanbca AapnfAeTcA yacTHBIM ciy-
yaeM TaKOTO ypaBHeHUA, cTaHOBAIErocA YHUBepcalbHbIM B MPHBedeHHBIX
nepeMeHHbIX.

PaccmoTpum Teneph Kakoe-HUOYOb HHoe (uU3UYeckoe CBOHCTBO Be-
IecTBa, KOTOpOe MelaTelbHO BBLIPA3WThL 4Yepe3 HaIU NepeMeHHbie. Mbr
JAON#HBI COCTARUTH A 3TOr0 HOBOE Mpou3BesieHue 6Ge3 pasMepHOCTH, CO-
neps:kailee paccMaTpuBaeMylo Bennunny. Haubodee yj1o06HO BbIpa3uTh 3TO
NpousBe/leHie 4epes BeJWUYuHbl m, k, A u B, Tak Kak o QU3MYECKHU He
U3MeHHAIOTCH Al JaHHOTo BelllecTBa. Boipamenue atoboli pusznyeckoii Benu-
YHHBI ¢ TOUKH 3peHHudA pazMepHocTell Yepe3 3TU BelMUYWHLI BCerja BO3MOk-
HO, ecii TOMbKO AeTepMHWHAHT MokasaTeneil m, k, A u B He paBeH HYIIO.
JTo paBeHCTRO, Kak JleTk0 BUAETh, HMeeT MecTo TONbKO B clydae n = —+2,
T.e. B TPUBHUATLHOM ClIydae OJHOr0 TOonbKo mpuTA:mkeHuA. [loaTomy B 00-
meM ciiyyae Ra:joe ¢U3NUYECKOe CBOHCTRBO, HA30BEM ero (), MOMeT ObITh
BbIpameHo B (opme:

nt2 4 nol 1
() = const - F(pA n—2pn-2 A n-2pn-2 kﬁ),

rie const MomeT cofep:kath m, k, A u B, Ho ue BrioudaeT p u 6. Onpepe-
nmuM () /const Kak «puBeeHHoe» 3HayeHne (). Torja Mbl IPUXOAUM K Ba#-
HOMY BBIBO/IY O TOM, UTO /I BCeX BelllecTB 3TOT0 TUIA ypaBHeHHEe, CBA3LI-
Balolllee NpUBeJleHHOe 3HayeHHe () ¢ NpHUBeJeHHbIMH [aRjJeHHeM W TeMlle-
paTypoi, 0lHO M TO #Ke. ITO IPUMEHHMO He TOJALKO K TepMOJAUHAMHUYECKHUM
cBolicTBaM, HO U KO BCEM CBOHCTBaM, 3aBUCAIIUM OT TOU e CTPYKTYPHI,
HallpuMep K TellIONPOBOJAHOCTH WU BA3ZKOCTH.
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JHaHue MHO;UTeleH, NepeBOIANINX U3MepAeMble BeIUUUHEI (pusnyec-
KHUX TepeMeHHBLIX B «[pHUBeJeHHbIey, MO3BOJAET BRIUUCIUTL A, B U m nid
paccMaTpUBaeMLIX BellleCTB, eClId TOJILKO 71 olpefAelieHo U3 APYTUX UCTOY-
HUKOB.

W3 npuBegeHHOro aHanusa BUAHO, YTO eIMHCTBEHHOE MpeNolokeHle
OTHOCHUTEILHO 70 COCTOANO B TOM, UTO 7¢ He MMeeT pasMepHocTH. Mul He
[I0JIL30BAMUCE O CUX NOp IPEINoNoMeHNEM, BRICKa3aHHLIMU BHavalne, uto n
0/1HO U TO e JJd4 Bcex BemlecTB. OT Hero, ciaegoBaTeldbHO, MO*KHO OTKa3aTh-
cA, ¥ MbI IPUXOAUM K cleAylolleil Teopeme: diaf ecexr seujecms, ceolicmeda
KOmMopulr onpedeisiomca amomMamit ¢ MACColl m U ¢ 3aKOHOM 83aumodell-
cmeua Ar~? + Br™" daa awobux snavenudl A, B u n cywecmeyem 3aKkoH
COOMGEMCMBEHHHT COCMOAHRUL daa scex uauteckur ceoticme.

PazymeeTcsi, MO:#HO OBTOPUTEL Te e paccy#mJAeHUA, 3aMeHUB BHeIl-
HHe NepeMeHHble p U ¢ MOOLIMH ABYMA JPYTHMH, NIOAXOAAIIUMHU ANA Hallei
LeJH, HallpuMep, HEKOTOPbIMH TepMoAWHaAMUUecKUMHU NoTeHnuanamMmu. Ilo-
AYYUTCA TOT #e pe3ylLTarT, ecau TOALKO HeT cllelHalLbHBIX COOTHOLIEHUIA
Me# Yy pasMepHbIMU MokazaTedfiMu. Hanuuue unu oTCyTCTBHE TaKUX Clie-
LUAILHLIX CBA3CH JErko olpejenfieTcA B KaiI0M OTJeJLHOM CiIyuJae.

Rampgomy, npucrynamwueMy K jAeTalbHOMY PasBUTHIO TEOPUU CTPYK-
TYPhI BellleCTBA TAKOTO pojia, MOJe3HO BLINOJIHUTL TpeaBapUTelLHOE HC-
cllefjoBaHMe, BLIACHUThL, MOAYUHAIOTCA M B JEiCTBUTENLHOCTU CBOWCTBA
BelllecTBa 3aKOHY COOTBETCTBEHHLIX COCTOAHHWNA M B 3aBUCUMOCTU OT pe-
3ynbTaTa NpellpUHMMAaThL cleyloljie Waru. 3HayeHle Takol NpelBapu-
TEILHON pa3BelkU GecclopHo.

[IpuBepeHHble paccymJAeHUA B HEKOTOPBIX CBOMX 4YacTAX HallOMHHa-
for aHanu3 Mecnsna (5), Ho oHu 3HauUMTeNbHO Gosee o6, Mecaau
IIPUMEHAJ CBOIl aHa/ln3 TOJALKO K ypaBHeHUIO COCTOAHWA, IpernoJiarasa cy-
IMeCTBOBAHNE KPUTUYECKOH MU JPYTUX 0COOLIX TOYEKR.

B ravecTBe nocnegHero NpuMeHeHUA aHaluza pa3aMepHocTell K Teope-
TUYecKoil pU3HKe paccCMOTPUM ollpeJeleHne TaKk Ha3bIBaeMbIX abCONIOTHLIX
CUCTEeM eJUHUII.

ABcontoTHbIE pa3Mephbl 0OBIYHBIX eAUHUIl PUKCHPOBaHbI IPOU3BOJILHO,
[IpUYEeM MOI'YT CYLIECTBOBATEH JOIHYCCKUE CBA3U MCKIY PA3IUYHBIMH BU-
AaMu eguHul. EjiuHuna JiuHbl, caHTUMETp, Oblila, HAllpUMep, lepBOHAaYAlb-
HO ollpejiejieHa B CBA3U C YCTBEpTLIO AJIUHBI 3¢MHOI'0 MepHIHaHa, a e JuHuLa
Macchl Obla BhIOpaHa KaKk Macca KoluuecTBa BOJbI, 3aHUMAlOMeil eI1uHu-
ny ob6neMa. BoiGop 3eMaM M BoJbl Kak 00LEKTOB, GUKCHUPYIONIUX pPasMep
eIUHULLI, KOHeYHO, COBEPIIEHHO [IPOU3BOJIEH.
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B naimem u3noskenuyd MbI MHOTOKpaTHO BCTpeydaluch € pa3MepHbLIMHU
NOCTOAHHLIMHU. OOLIYHO 3TU MOCTOAHHLIE BXOAAT B Kakoii-uubyab ¢arTop
NpPONOPIHOHANLHOCTH B BhIpaskeHUH 3MIUPUYECKH OTKPLITOTO 3aKoHa MpHU-
poabl. TakUMU IOCTOAHHBIMU ABAAIOTCA: NOCTOAHHAA TATOTEHNA, CKOPOCTh
cCBeTa, KBaHT JelicTRUA, MocToAHHaA 3akoHa Ctedana u T. 1. UYnucnoran Be-
JAWYHHA pa3MepHbIX NOCTOAHHBIX 3aBHCHUT OT BeJIWUYHHBLI OCHOBHBIX €JHUHMUI,
npryeM BHJ STOH 3aBUCHMOCTH BhIpamaeTcA (GOpMyJaaMH paszMepHOCTH.
MeHAA BeNWUNHY OCHOBHBIX eJHHUI, Mbl MO#eM U3MeHATh KaKk yroJHo 4uc-
JOBYIO BeIUUMHY pa3MepHLIX NOCTOAHHLIX. B yacTHOCTH, NpUNKCLIBAA OC-
HOBHLIM eIMHUIIAM MOAX0AANINe BeIMUYNHbI, Mbl MOKeM MPUPaBHATL YUCIIO-
Bble 3HAUYEHUfl HeKOTOPLIX pa3MepHLIX MocToAHHLIX eguinune. Ho pasamep-
Hble MOCTOAHHbIE OOLIKHOBEHHO AIBAAKOTCA BhipaskeHHUEM HEKOTOPOTO YHuL-
6epcaivHo20 3akoHa Mpupobl. Ecnu ocHoBHbIE e IMHUILI BLIOPAHBLI TaK, YTO
pa3MepHble MOCTOAHHBIE paBHbI €JUHHIE, TO TeM CcaMbIM MBI OlpejelaeM
pasMep eAWHUI 110 OTHOUIEHHIO K YHUBepCcalhHBIM ABJeHUAM BMECTO TOrO,
yTOObI CBA3LIBAThH UX C TAKUMH CJAy4YaiiHBIMH ABAEHUAMH, KaK, HallpuMep,
NI0THOCTDL BOALI MPU aTMoc(epHoM JaBleHUU U OolpejelneHoll TeMnepaTy-
pe. BeaegcTBue aToro Hallv eJHHULbLI CTAHOBATCA 60Jee 3HAYUTENLHbIMU.

Bcaraa cucremMa elMHUL, ollpejeleHHad TakuM CIIoco00M OTHOCHUTEb-
HO ABNEHUI YHUBepcalbHOH pacnpocTpaHeHHOCTH U 3HaUeHHA, MO:KeT ObITh
HazBaHa abcoNWTHOHWH cucTemMoi eauHwui. [leppaa Takaa cuc-
TeMa nana [lnankoM (6) B ero KHHMTe 0 TellloBoM Hu3aydenuu. OH cBA3al
CBOIO CHCTEeMY C KBaHTOM JeHcTBHA, W N0 U3NomeHHIO IlaHKa Mo#KeT mo-
KazaThCA, UYTO 0 OTKPLITUA KBaHTa He ObIJ0 U3BECTHO JOCTATOUHOI'0 YKC/a
pa3MepHBIX NOCTOAHHBIX NOAXOJALIEr0 XapakTepa, YToGbl IOCTPOUTh YHU-
BepcaldbHyIo cCUCTEMY eJUHHL. JTo He Tak. llnaHKy npuHagne;kuT neppan
Hjesd 0 BO3MOMHOCTU abCOMIOTHbIX eJVMHML, W OH IPpUMEHHI KBaHT AeicT-
BUA JIA UX olpejeleHlA, ofHAKO HUKaKoil HeoGXOAUMOCTH ONMEepUPORATh
MMeHHO ¢ KBAHTOM HeT, Kak OyJeT BU/IHO U3 AalbHelnmero U3nomeHN .

OnpepgeauM no ¢opmynaM pasMepHOCTH Ipylny adcoJIOTHLIX eIUHHUII,
nanubix I[lnankom. [Ina ¢urcanuu efUHHI Mbl BLIGHpaeM MOCTOAHHYIO TH-
roTeHud, CKOPOCTh CBeTa, KBAHT [AeiCTBUA U Ta30BYyIO MOCTOAHHYIO. MbI
TpebyeM, UTOOLL OCHOBHbIE €JHHUIIbI 06Jajadl TakuMU pa3MepaMu, YTO6bI
3THU YHHBepca/dbHble IOCTOAHHBIE BCe HMeH 3HaueHre 1 B HOBOil cucTeMme.
3ajadyy MOKHO YIPOCTHUTL AJiA Hallero W3JoMeHUs, OIycTUB 'a3oBYIO I10-
CTOAHHYIO, TOTOMY UTO TONbLKO B Hee BXOAUT eJIMHHUIIA TeMOepaTyphbl. AeHo,
o/lHaKo, 4TO Mocie onpejedeHdA efUHUI] Macchl, JJINHbBI U BpeMeHH MO#HO
cjejaTh Ta30BYy0 MOCTOAHHYIO PaBHOH eJUHHIIE COOTBETCTBYIOIUIUM BLIDO-
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pOM BeJMUUHLI rpagyca. lIpu omnpejeleHHH BeIMUYUHbLI HOBLIX €IHHUI MbI
nonaraeM yA0OGHLIM MOJL30BATLCA NMpHUeMaMH TMaBbl 3, NPUMeHABIIUMHUCH
Npu U3MeHeHUH eIUHUI.

Hanuwem: nocrosHHad tarotenud G = 6,658 - 10782 Leacer. ™2 Yu-
cloBOe 3HadeHMe B HOBOH cHCTeMe eMHUI HaiifeTcaA MOACTAHOBKOI B dop-
Myay A1A (G Belpameniil HOBBIX elMHUL 4yepe3 cTapble. Ecay HoBaf efluHU-
la Macchl TaKkoBa, UTO OHAa paBHa xZ, HOBafd eiMHHLA LJIMHLI paBHa y CAM,
a HOBad eJMHWIla BpeMeHH paBHa z CeK., T0 MLI OJy4YUM ypaBHeHHe [JIA
onpejelNelusl T, y U z, B KOTOPOM UYHCIOBOe 3HadenHe NOCTOAHNOI TAroTe-
HMA NPUpPaBHEHO eIMHHIE B HOBOI CHUCTeMe:

6,658 - 1078271 car® cer.™? = 1(x 2) " (y em)® (2 cen.) ™%

IIBe gpyrue pasmMepHblie OCTOAHHBIE JaiyT ABa A00aBOUHBLIX ypaBHe-
HHA, TpebyeMbIX A OollpejeldeHuA T, ¥ U z. 3HAaA UYHUCIOBbIe 3HAYEHUA H
bopMyILI pasMepHocTell cKOPOCTH cBeTa U KBaHTa elicTBUA, cpa3y Hallu-

1eM:
3-10"cm cen.™! = 1(y em)(z cer.) ™!,

6,55+ 10727 2 ew® cer.”! = 1(z 2)(y em)?(z cen.)” .

JTa cucTeMa TpeX ypaBHeHHU Nerko paspelaeTcA, H Mbl UMEeM:
r=543-107% y=4,02-10"%3; 2=1,34-10"".

JTO 3HAYUT, UTO:

HOBAaA e€JHHUIIA Macchl paBHa b5,43-107° ¢,
» » JJTUHBL » 4,02-10733 cm,
» » BpeMeHU » 1,34-10™% cex.

o cux nop Mbl ABUraluch BIepell, Bce ACHO U He BO3HUKAaeT HUKAKUX
BonpocoB. OgHako MHoOrda JenaloTcA MONLITKM WATHU Jalblile B MoUcKaxX He-
KOTOPOT0 abCONTHOTO 3HaUEHUA Y MOJNYUYeHHBIX HUPP; HA HUX CMOTPAT Kak
Ha XapaKTepUCTHRY caMoro MexaHM3Ma, CBA3AHHOTO C VHUBepcalbHbBIMU
IOCTOAHHBIMHU. DAAUHITOH (7), Hanpumep, nuuet: «CymecTBYOT TPU II0-
CTOAHHBLIX MPUPOALI, 3aHUMAaIOIIUX AOMHUHUPYIOIee MoJoKeHne: CKOPOCTh
cBeTa, MOCTOAHHAA TATOTeHWA U KBRaHT JieficTBuA. Ha nx ocHoBe MOKHO MO-
CTPOUTH €UHNIY AJUHLL, paBHyo 410733 cu. CymecTByIOT U Aipyrie ec-
TeCTBEeHHbIe eJUHUIILI AJHUHBI, PAAUYCHI MOJ0KUTEAbLHLIX U OTPULATENLHLIX
3apAJ0B, HO UX pa3Mepbl COBEPIIEHHO APYTroro, BLICHIEro NOpAIKa Beludu-
HbI. 3a BO3MOMKHBLIM MCRJAIOYeHHEeM Teopuu mMaTepuu OcBopna Peitnonnp-
ca HM OJiHA Teopud He MbITajdack JOHATH 10 ¢TOb TOHKOro apobaenus. Ho
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O04YeBUAHO, YTO Ta AJHHA JOJsKHA CIYMHUTL KIIOYOM K HEKOTOpOIi, BechMa
CyIecTBEeHHOH CTPYKTYpe».

CnerynfAnuM Takoro poja He MOTYT BO30YAUThL CUMIATHU B TeX, KTO
pasjenfieT HECKOILKO MaTepUANMCTHYECKY IO TOYKY 3PEHUA MOEro M3J0:e-
HuA. EguncTBeHHBIM GaKkTOM HeKOTOPOT0 3HAYEHUA BO BCEM 3TOM ABJAeTCA
TOJNLKO TO, UTO pa3MepHble GOpMYJbl TpeX MOCTOAHHBIX MO3BOJIUIN ONpee-
JAUThL HOBBIE €IUHUIIbI, BMECTE C TeM 3HaueHHe 3Toro PaKTa He MOsKeT ObITh
OONLIIUM, IOTOMY YTO €CTh HMIAHCLI IPH M1060H KOMOUHAIUU TpeX pasMmep-
HBIX MOCTOAHHBIX, U30pPaHHBLIX Hayaady, JOCTUTHYTh Toro ike camoro. o
TeX Mop, MoKa He Oy AeT packpbiTa BHY TpeHHAA CBA3L MeKAY MeXaHu3MaMHu,
onpefeNfONUMHU MOCTOAHHYIO TATOTEHHNA, CKOPOCTL CBeTa W KBaHTa Aefi-
CTBHA, pasMepbl eUHHUII, HAaliJeHHBLIX YKa3aHHLIM cocodoM, e/iBa 11 MOTY T
UMeThL Kakoe-THGo HHoe 3HaYeHHe MOMUMO CBA3M 3THUX eIUHUI] ¢ YHUREp-
cajllbHbIMU ABJI€HUAMU.

[Ipogoa:kuM Tenepn BbIBOJ aBCOMOTHBIX e JUHUI] U NepefiieM K rasoBoi
nocToAHHOH. 1A Hee MLI UMeeM ypaBHeHHe:

T'azopas noctosnnaa® k =2,06-1071% 2z cu® cer. 2 07! =

=1 (z 2)(y cn)?(z cer.) *(wh)™;

T, Y, 2 y#e olpeleleHrvl, W, cleqoBaTelILHO, U3 YPaBHEHUA CPa3y Haxo-
autesa w. Momydaem 2,37 - 1032, 3To 3HayuT, 4To HOBBIH Tpagyc JoM#eH
paBHATbeA 2,37 - 1032 o6biunnix rpagycos lemncus.

Ilame B caMbIX (paHTACTHYECKUX CIEKYIANUAX acTPOPU3UKK HUKTO HU-
KOr[la He TOBOPWUJ O TAKHUX TemIepaTypax, u 6yaeT nu npogeccop IAOUHT-
TOH yTBep#JaTh, UTO 3Ta TeMliepaTypa A0J#Ha ObITh KIKYOM K KaKUM-TO
OCHOBHBIM KOCMUYCCKHUM ABJIEHUAM?

Teneps gonsHa cTarb 0UeBUAHONA BO3MOMHOCTD 1I0JYYEHHUA cUCTeM ab-
COMIOTHLIX eJUHUI] paznoobpasubLIMU NYTAMU B 3aBUCUMOCTU OT YHUBep-
CaNLULIX MOCTOAHHLIX UIW AIBIEHUI, YhcleHHOoe 3Hauelre KOTOPLIX iKela-
TellbHO YIPocTUTL. [Ipu nwoboM BbhIDOpe MOCTOAHHBIX MeTold B 0o0ImeM Oy-
JIeT TeM e caMbIM, Kak 1 B pa3obpanHoM cay4dae. Boobie roropA, J0MAKHbI
OLITh YeThIpe OCHOBHBIX eUHUIILI, €CJIH TOJILKO MLl YIOBIETBOpAEMCH dJeK-
TpoCcTaTU4YCCRONM CHUCTeMOl H3MepeHUA 3apAd0B U olpejelseM BelUYUHY
3apdaja TeM, 4TO CUJ/JIa MEKIYy ABYMA 3apAjaMUu paBHa UX IPOU3BEeICHUIO,

1F630Baﬂ [IOCTOAHHAaH, I[pHMEHACMad 30€Cb, OTIHYAECTCH OT HpHHHTOﬁ Ha MHOMIH-

Telb =, T.e. COOTBETCTBYET TPeM cTeleHAM cBobonbl. Hpum. ped.

27
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JelleHHOMY Ha KBajpaT pacCTOAHWA MemAy HUMH. Eciu Mbl He rkelnaeM
OTPaHUUMBATLCA AIEKTPOCTATHYECKOH CUCTEMOI, TO MOTYT CyIleCTBOBATh
NATL BUAOB OCHOBHLIX equnuil. Hluyero cymecTBeHHOTo B 3TOM 4HCIe 5
HET, OHO BO3HHUKAET TOJLKO IIOTOMY, UTO 0ObIYHO MbI IIpUMEHAEM MeXaHHU-
YeCcKY CHCTeMY eJMHHIl, B KOTopo#l (haKkTop NMponoplHOHANTLHOCTH Me:k-
oy CWIoi U NMpou3BedeHdeM Macchl Ha yCKopeHHe Bcerja NpHpaBHUBaeTcA
eJUHULE. YA0OCTBO TAKOH CHUCTEMBI B clly4yae MeXxalnuecKUX ABJIEHHH oue-
BHIHO, Onarogapfa UX YHHUBepcalLHOH pacnpocTpaHenHocTH. Ho ecnu 6Ll
TeMIlepaTypHble 3P (PekThl OLIIKM ObI CTONL 7K€ paclpoCcTpaHeHbl U TPHUBLIU-
HbI, TO MBI C PABHLIM MpaBOM MOIJU Obl HACTAaWBaTh Ha CUCTEMe eJMHMII,
B KOTOpPOI#f razoBad MocToAHHAA UMeeT 3HAUeHUE €IUHUIIbI.

JoropopuBMNUChL TAKUM 06pa3oM 0 Haubolee yA0OHOM YHUCIe OCHORHLIX
e/ITMHUI] U BLIOpaB Te UHCIOBLIE MOCTOAHHbLIE, 3HAYEHHA KOTOPLIX #elaTelb-
HO YNIPOCTUTL, MBI IOCTYyIaeM KaK W paHblle.

OueBUAHO, YTO HAM HY#HO BLIOPAThL CTONLKO e MOCTOAHHLIX, CKOIbL-
KO MMeeTcA OCHOBHBIX €JWHHI, MHaUe He XBATUT ypaBHeHUil HJIA onpeje-
JeHUA HEeW3BeCTHLIX. Tak, HanmpUMep, B TOJNLKO YTO pa3lo6paHHOM clyuae
Mbl (PUKCUPOBaIN 4 KOHCTAHTBI: I'PaBUTAIHOHHYIO, IOCTOAHHYIO, CKOPOCTh
cBeTa, KBaHT JeHCTBHA U ra3oBYIO IIOCTOAHHYH); B COOTBETCTBHU C 3THUM
y Hac 6bL110 4 ocHOBHLIX eAHHHUIbI. CylllecTBeHHO MOMHUThL OJHAKO, UTO He
BcAKUe 4 anrebpavyeckKuX ypaBHeHUA ¢ 4 HEeU3RECTHLIMH UMeEIOT pellle-
HHe, 1A 3TOT0 UX KO3QPUUMEeHTLI HoJ#HbI YIOBIETBOPATL HEKOTOPOMY
yeaosuio. B npuMeHenuu K dopmynaM pa3MepHOCTH, B KOTOpPbI€ BXOIAT
HEU3BECTHBIE, 3TO YCJAOBHUE CBOJUTCA K TOMY, UTO JeTepPMHHAHT Il0Ka3aTe-
Jefi He JOJKEH paBHATBCA HYJ0. Booblie ropops, Helb3A 0KUAaTh, YTO
cAyyaiHo B3ATBIA YETbIPEXCTPOUYHLIA AeTepMUHAHT GyJeT paBHAThLCA HY-
Ji0. B cay4yae geTepMHHAHTOB, cOCTaBJAEHHBIX M3 [IOKasaTelleidl popMyJ pas-
MepHOCTel MoCTOAHHBLIX TPUPO/LI, 3TO, 0AHaKko, He Tak. CooTBeTCTBYIONTHE
hopMyILI pasMepHOCTH MOYTH Bcerja ouelb MPOCThl, M MOKa3aTenu MOYTH
Bcerja Madble lelable uucdaa. [Ipy Takux ycloBHAX paBeHCTBO HYNIIO geTep-
MUHAHTAa MoKa3zaTeleii — ABIeHHe 0ObIUHOE, U YacTO Mpeaio;KeHHaA cXxeMa
onpeneleHuA abCONIOTHRIX eIHHHUII OKa3biBaeTcA HeBo3MoskHOH. Hcue3HoBe-
HHMe JeTepMHHaHTa YKa3blBaeT, UTO BCe BEJIUUMHBI He ABIAIOTCHA pasMepHO
He3aBUCUMBIMU, T.€. BMECTO UYEThbIPpeX He3aBHCHMMbIX BeJAMUYHUH, [IPH [IOMO-
Y KOTOPbIX HAJ0 OlpeleldTh HeM3BECTHbIE, Mbl UMeeM MeHbllee YHCIIO.
Hanpumep, Mbl HaMIAH, YTO MOCTOAHHAA TATOTEHUA UMeeT QopMyny pas-
MEPHOCTH, COBNMAAAIOIIYIO ¢ pasMepHOCTLIO KBagpaTa OTHOIIEHUA 3apAga
K Macce dJIeKTpoHa. ITO 3HAUUT, UTO MLl He MOKEM IOCTPOUThL CHCTEMY
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abCcoMIOTHBIX ¢INHNUI, B KOTOpOﬁ NnpHpasHelbl eJHHHUNOE ITOCTOAHHAaA TAIO-
TenHuda, 3apfaqd U Macca JJIeRTpoHa.

Brinuinem T86JTI/IIIy HEROTOPLIX BasRHLIX ITOCTOAHHLIX IIPHUPOALI H IIO-
CMOTpHM, KarkHe MUMCIOTCH BO3MOMHOCTH B OTHOINECHHWH OIIpcac]ICHUA CHUC-
TeM abCcoNIOTHLIX eJUHUII.

Tadauyga 24.
Yucaosasa seauquta

Hassanue nocmoauHoil Cumeon

6 CM 2 Cek.
[locToANHAaA TATOTEHUA G 6,658 - 1078 271 cm® cer.™2
CropocTh cBeTa c 3-109 em cer.™!
KeaHT fneiicTBUA h 6,547 -10727 2 cm® cer.”!
l'azoBas mocTOAHHAA' k 2,058 - 10716 2 cm® cer.”2 °C~!
MocToaunaa Credana a 7,60-107% 2 em™! cer.”2 °C~4
IlepBad cneKTpaabHad MO- C 0,353 2 cau* cex.”3
CTOAHHAA ,
BTopana cnekTpanbHas mo- a 1,431 em °C
CTOAHHAA 15 .
Iloctoannaa Puabepra R 3,290 107 cer.™
3apdAj aNeKTpoHa e 4,774-10710 21/2 emP/? cer. !
Macca snekTpoHa m 8,8-107%8;
Yucno ABorajapo N 6,06 - 1023 271
BTopoe uneno ABoragpo N’ 7,29-10* 271 em™? cer.? °C

HewroTopble u3 npuBeleHHbIX BEJIUUNH HY:AKHO MOACHUTH. [locToAHHAaA
Cre(ana a omnpejeiaserca cooTHomenueM u = af?, rae u ecTh mMIOTHOCTL
SHEPTHH B MOJOCTH IPH paBHOBECHHU CO CTEHRAMU npu TeMnepatype 6. «Ilep-
Basf» U «BTOpafAy clleKTpalbHble IOCTOAHHbIE CYTh KOHCTAHThI (hOPMY/JIbI

Ey = Q [8a1/(A9) . 1]
AS
IJA paclpefeleHUA 2Hepriu B clleKTpe uepHoro Tejda. Yucio Aporagapo N

onpefendeTcA Kak YUCIO MOJeKyl Ha 1 rpaMM-MoJeRyJly BelllecTBa M ero
pasMepHOCTh ModyyvaeTcA U3 HOPMYJIbI:

Macca MOJeRY bl
Macca aroma Bojgopoja’

N = (uucao ModeKyl Ha 2) X

Mocroannan, npuBogumMad BpH 1 M eH 0 M, OTJAMUAETCH OT NPUHATOH MOCTOAH-
HOlf BoabTiiMaHa Ha MHOMHUTEID 57 T.&. COOTBETCTBYET TpeM cTelleHAM CBOOOJHI.

IIpum. ped.
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PazmepnocTh 6yaeT, oueBHHO, paBHa oG6paTHO Macce, a UHMCJIOBOe 3Ha-
yeHHe paBHO 06paTHOM Macce MoOJIERYJ BOJOpo/a.

Bropoe umcio Aporagpo NN’ ompegmendercAa Kak YHCIO MOJEKyJ Ha
Ky0. CM B HJcajJlbHOM l'a3e IpH TeMIllepaType W laBieHUH paBHBIX 1. MbI
3HaeM, 4YTO ATO YUCIO He 3aBUCHUT OT MPUPOJALI rasa U MO3TOMY MO:KeT
CUNTAThLCA YHHMBepcaldbloil mocroaunoi. Pasmeprnoctn N’, odeBuano, 6y-
neT obsem ~1, dasaenue ~1, memnepamypa, UMca0BOe ke 3HAUEHHE cpasy
Haxoaurea us N.

Ilepen namu Tabauia U3 ABeHaAAIATH pa3MepHLIX MOCTOAHHLIX, HA OC-
HOBe KOTOPLIX KeJaTelbHO ONpeJeluTh adCONIOTHYIO cucTeMy eaunuil. Ilo-
CTOfIHHbIe oTpefAenelbl Yepe3 4 OCHOBHLIE €JUHHUIILI, TO3ITOMY, BoobIe Tro-
BOpPA, A0CTATOYHO YeTLIpeX MIOOLIX KOHCTAHT W3 ABeHaAllaTH AJA oNpeje-
TeHuA abcomoTHOU cucTeMbl. O HaK0O MOKazaTeln HACTOMbLKO MPOCTHI, UTO
B JefiCTBUTENLHOCTH BO MHOTHX clyuafx AeTepMHUHAHT NokasaTedeil papeH
HYJI0, U JalHHoe coueTaHle KOHCTAHT oKasbiBaeTcA HelpUrogHeiM. Tak, Ha-
npumMep, C' ¢ TOUKH 3peHUA pasMepHOCTU onpeelAeTcA Tol ke GopMyloi,
Kak M hc?, MO3TOMY HeNpHrofHa HU OofHA KOMOWHAIMA, B KOTOPYIO OJHO-
BpeMeHHo BxoaaT (', h u ¢. [locToAannana k uMeeT Takylo e pa3MepHOCTD,
KaKk cha’_l, 1, ciepoBarelblo, coderanue k, ¢, h 1 a’ Tome He rogurcs.
N’ u k~!' pasnopasMepHbl, clefoBaTelbHO, UCKIIOYAIOTCA Bce KOMOGHHa-
UM, B KOTOpLIe BXOAAT k U N'. DTUMU NpUMepaMH UYHCIO0 HelpPUToHLIX
clyyaeR He orpaHuunBaeTcA. Mopaib 3akno4daeTcAd B TOM, UTO He clieiyeT
NLITaThCA CTPOUThL abCONIOTHYIO CUCTEMY eIWHHUI] Ha OCHOBe KaKoi-1udo
KOMOMHAIMA MOCTOAHHLIX, He yOeJUBIIKCE CHAUajla B BO3MOMHOCTH 3TO-
ro. HeBo3amMoHBIMU MOT'YT OKazaThCA codyeTaHHA, KamyLMecd Ha IepBbIi
Barifal ocobeHHo noaxoaamumMu. HeansAa, HanpumMep, oJHOBpPeMEHHO IIPH-
PaBHATL €IMHHLE CKOPOCTL CcBeTa, KBaAHT JeiicTBUA, 3apAll dJeKTPOHA U
rasoBYIO MOCTOAHHYIO.

B yTelienue npupegeM HeKOoTOpble BO3MOHLIe coueTanusa. OrasniBa-
eTcH, YTO JeTEePMUHAHTLI cAedYIOUIUX KoMOMHalUui He paBHBI (:

( G,e h, k
G,c, ek
N.ce,h, k
L N.c, e,k

N

Ecan y roro-uubyab nmoABUTcA npeaybemacHue M0 OTHOIIEHUIO K He-
KOTOPBLIM M3 HalMX 12 MOCTOAHHBIX, U OHU GYAYT HCKIKOUYEHbl, TO MOI'YT
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MOy YU TLCA HeoskuAaHuLIe pe3yabLTaThl. IlpeanonosxumM, 4To Mbl OTKa3LIBa-
eMcA paccMaTpuBaTh noctoanubnie £, m, N u N'. Ocrarorea G, e, h, k, a, C,
a’, e. ORaspIBaeTcA, UTO U3 CeMU MOCHeHUX, HAMUCAHHLIX B 3TOH CTpOKe,
HEBO3MOKHO [IOCTPOUTL HHM OJHONH KOMOHMHALIMY, JJA KOTOPO JeTepMUHAHT
nokasaTteneil He papuanca 6nl nymo. ClefoBaTelnlo, T06oe TPUTOAHOE CO-
yeTaHde U3 YKa3alHbLIX BOCLMH A0MMHO BKIIOUATL I'PABHTALMOHHYIO IO-
CTOAHHYIO. DTUM PakToM ob6bAcHAeTeA BoaMomHOCTEL «[IpuHIMIa Hog06uAY
TonnbMana (8). Mue raskeTcl, HeNnb3fA NPUIHCLIBATL Kakoe-ITUGO 3HaUeHHE
CYHIeCTBOBAHMIO TAKUX COOTHOMIEHUH Meskay pasiduyHbLIMU pasMepHLIMU
MOCTOAHHLIMHU. JTOT (GaKkT JOJKeH paccMaTpUBaTLCA KaK YHCTafA clydaii-
HOCTL, 00LACHAeMan orpaHMyelHLIM YUCIOM 3JeMeHTOB, KOTOpLIe BXOJAT
B cocTaB GOPMYT pa3sMepHOCTH U UX OTHOCHTEILHOH MpocTOTOMH.

JIpyrasa unTepecHas CHeKkyIANUA, Kacawlaaca MPpUPoALI aBCoOTIOTHRIX
elUHUL, TpebyeT komMeHTapuer; . H. JInione (4) yTBep:kiaeT, 4To Mo ero
yOe:mIeHn0 dioboe coueTaHWe abCOMIOTHLIX eIMHUI AOJ#H0 HAXOOUTLCA
B IPOCTOM YHCIOBOM OTHOIIEHHH KO BCAKOMY IPYCOMY BO3MOMHOMY CO-
yeTanuo abCoMIOTHLIX eAUHUIl. ITa TOUKa 3peHUA B HacToAllee BpeMA He
HMeeT Kakoro-jau0o onpaBjaHuf Ha OCHOBE TOYHLIX Pe3yJLTaToB H3Mepe-
HUH M 110 CBOEMY XapakTepy fB/IAeTCA IOYTH MUCTHUYECKOH. YKasanHoe
npeanoioxkenue npuseno Jnionca kK o6HapyHeHUIO 3aMedaTelLHo MPOCTOro
COOTHOIIEHUA Mexay noctoAannoii Ctedana, 3MeKTPOHHLIM 3apAJOM U raszo-
BOW MOCTOAHHOMN, HO, HACKOJILKO MHe U3BeCTHO, 3Ta TOUKA 3peHud oKkasalach
GecmmoaHoi B ApyTUX HalpaBleHUAX, W A y:ie YKasblBajl MHoe BO3MOMHOe
3HaueHHe NMPOCTOTHLI HAfiJleHHOI'0 COOTHOLICHHUA.

Paz6epem sty runoresy JIbouca Ha yncioBoM npumepe. Mul yae onpe-
HeNMIIA BeJMYUHY OCHOBHBIX €IMHUII, II0JYUYaeMblX Ha OCHOBE I0CTOHHHOI
TATOTEHHA, CKOPOCTH CBeTa, KBaHTa JieficTBUA U IazoBoil nocroannoi. Haii-
AeM Teleph, KakHe eJUHUILI MOJyYaTeA Ha ocHoBe ¢, ¢, k u e? 3agada Bo
BecexX JeTalfAX Takad ke, Kak M Tpe:mje, U HeT HeoOXOAHUMOCTU CHOBA BhI-
NUCBIBATL Y paBHeHUA.,

MbI HaX0OUM clefyIOU[ie e IUHUIIbL:

HOBasl eJIMHHIIA MAaccChl 1,849-1079 2,
» » AIUHLI 1,368 - 10731 ¢,
» » BpeMeHH 4,56 - 1074 cer.,
» » temneparypnl 8,07 - 1030 °C.
OTHolleHHe BceX 3TUX €JUHHI] K paHee oNpeledeHHbIM OKa3blBaeTCA
PaBHbIM 1 Camo no cebe uncao 29,36 He Mo#eT KasaThcA OUEHb MpPocC-

29,36
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TbIM, HO MpOCIeUB My Th ero Nofizjlenud B fopMyinax, MoskeM HalTH, YTO

MPUOIHREeHHO
29,36 = 4w(@)3/z.
15

JTO0 HECKONLKO CIOHOe UKCJI0BOe BbIpaskeHUe MonydaeTcd W3 MIaH-
KOBCKOT'O COOTHOIIEHHUA MemAy nocToAHHoil CTedaHa M CIeKTpalbHBIMU
KOHCTaHTaMU HU3dydeHUA. [leficTBUTeNbHO, mpuMeHAd Gopmyny Jbiouca
148 a, nonydaeM!:

h = ()’ (@)3/@.
15 c

MHe gymaeTcs, UTO TONLKO ¢ OOJNBIINM COMHEHHEM MOKHO Ha3BaThb
STOT UHUCA0BOH K03(QPULIHEHT «IIPOCTHIMY.

Ecau 370 «1pocToy, To TPYAHO NOHATH, KAKOB ke KPUTEPHIl IPOCTOTHI U
npunnun Jnionca gase B KauecTBe 3BPUCTUYECKOro, NpHoGpeTaeT BechMa
coMHUTeNLHYI0 NennocTh. Cam JInionce (9) He cuMTaeT NpUBeAeHHbIA K03 (-
GUIUEHT MPOCTLIM U BHAMT B 3TOM 06CTOATENLCTBE BO3MOMKHOE yKa3aHue
Ha TONLKO NPUOIMKEHHYO NIPaBUILHOCTE popMyanl [lnanka; Korga-Huby an
cTaHeT BO3MO#HOI GoJlee cTporad TeopHs, B KOTOpPOil UKcio, NpUpaBHUBae-
Moe Telleph, B Npefenax oLIMOOK OmbITa, 29,36, okaseTcA MOCTPOEHHBIM U3
IPOCTOr0 coYeTaHUA T U MPOCTHIX LEIbIX YHCE.

TakuMm o6pa3oM, olpaBlaHUe NPHBeJeHHON CIeKYJIALHH OTKJAaIbIBa-
eTcA Ha Oyayinee. XapakTep TaKUX CIEKYIANWi, 09eBUIHO, MPOTUBOPEUNT
XapaKkTepy Hallero U3Jo:eHnf, U MbI Tpool#kaeM TBEPA0 CTOATL Ha CBOeil
TOYKe 3PEHHf, ¢ KOTOpOil He ycMaTpHUBaeTcHd YTo-11b0 MHUCTHYECKOe, WK
3arajjouHoe B aHanuse pasMmepHocTeil (10).
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HobaBieHle peJaKkTopa K riase 8

CHcTeMBl a6 COMIOTHBIX €IUMHHUI
OJdA aTOMHOH GUBUKU

Mo:kHo MocTpouTh GoAbIlIOe UMCIO ecTeCTBEHHBLIX abCONMIOTHBIX CHUC-
TeM eAuHUuI (cp. TekcT). [IpuHNIUNUATLHLIE TPEUMYIIECTRBa OJHOH TaKoii
cHUCTeMbI Ilepej Apyroi Jo cero BpeMeHHU He fAAcHbl. IIpH TakoM MoJoxeHuH
noella MperMMyIllecTBa, OUeBHAHO, NOMHLI UMETh CHUCTEMBI, MpeJcTaBlIAlO-
mye npakTuueckue Bbiroabl. CucTeMa Ilnanka onuinakoBo HeyaoGHa Kak
oA obJacTH aTOMHOW (PUIUKHK, TaK M JJIA Kpyra MoJApHbIX ABIeHHN. Liau-
Huua aauHbl llianka npumepHo B 102° pa3 MeHblue pazMepoB camMblX MalbIX
00HLEeKTOB U3BECTHLIX JI0 CUX MOp (ATOMHBLIX filep W 3IeKTPOHOB); eUHUIA
BpeMeHU NpaKkTHUeCcKH HecoM3MepHMa ¢ caMbIMH HUUTOKHBLIMH IepHOAa-
MH, ¢ KOTOPLIMHU MPUXOJUTCA UMETh AeN0, JOCTATOYHO cKa3aTh, UTO NMEPHO]
BHAHWMLIX CBETOBBIX KoJebaHuil BeipazuicA 66l B enunnnax Ilinanka Benuuu-
Hoit mopagka 10%Y. Equnauna macenl v Ilnanka Moria 6ul OLITL pealn3oBaHa
BOJAHOH KamelbKoi ¢ paguycom okoso (0,15 mm, 6ecrmone3Hoil B KauecTse
Taj/loHa B J1000H 0061acTu 3HAHHKA.

Hepasuo Py apk (A.E.Ruark. Phys. Rev. 38, 2240, 1931) npeuo-
sKUT JIBe ecTecTBeHHbIe abCOMIOTHLIE CUCTEMLI eIUHHUI], NMPeAcTaBIAIOIINE,
HeCOMHEHHO, pAJ MpedMYIlecTB Mo KpaliHell Mepe 1A aTOMHON (PU3MKH.
B nepgoii cucteme (A) equHuIle TPUPABHUBAIOTCA CROPOCTL CBETA ¢, pajil-
yc mepBoil opGUTHI aToMa Bofopoja (¢ IpeHeGperaeMLIM JIBUmeHHEM fAgpa)
h2

2 2
47 me

pPaBHBIM 1 Macca 3leKTpoHa m. Bo BTopoii cucteme (B) 3a exununy
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JJIHHDI HBf)pElHO KROMIITOHOBCROE€ H3MeHcHHe AJHHLI BOJHLBI ITPH pacCeAHHH

_h
2mTmc
Kak U B cUCTeMe (A), ¢ U m TpHUpaBHeHbI equHUIle. B pesynnTaTe noayua-

I0TCA Takue sHa4YCHUA OJA HOBBIX e TUHUII.

CBeTa 3JIeKTpoHoM Ha yroa 90°, neireHHoe Ha 27, T. e. ; TOUHO Tak e,

Hassanue eeauvunnt Cucmema A Cucmema B Cucmema
lLaanka
Mauua 5-107° 3,9-1071 4.10-33
Bpems 1,7-10719  1,3-10721  1,3-104
Macca 3.1028 9.10-28 5,410~

Jlerko BUAeTb, UTO eIMHHUILI cUcTeMbl A ocoOGeHHO yA0GHBI 114 Xa-
PaKTEePUCTUKU NepudepuyecKoil CTPYKTYPLI aTOMOB U MOJERYJI U CIEeKT-
poB onTuveckux obnacreii. Cucrema B Gosee ynoGHa AJaf AgepHbIX ABJe-
HU, BHYTPEHHUX MEKRTPOJOBR U KEeCTRUX pafguanuii. ITU cUCTeMEI JeiicT-
BUTENLHO YNPOIal0T CUMBOJUKY TeOpPEeTUYECKUX YpaBHeHUWH W pacyeThl.
Hanpumep, B ciicTeMe B akcnoHeHIIHAALHBIH ¢akTop B BOJHOBOH GyHRIIUU
yipouaeTcsa, BMecTo e 2™ cpenyer nucars e EE,

YpaBuenue Illpeaunrepa

A¢+8’;L#(E—v)¢:o

B cucreMe B npuHuMaeT BHJ
A+ 2(E — v)yp = 0.

Tor e Bup ypasuenue [lpenunrepa npunuMaer B NodyduBmeil us-
BecTHOCTEL cucTeMe XapTpu (Proc. Cambr. Phil. Soc. 24, 89, 1928), rae
noJoiennl eAUHHUIE 3apA/ 3IeKTpoHa, ero Macca U pagauyc 60poBcKoit op-
OUTEL

[IpeumymecTna cucteM Pyapka u XapTpu o4eBUAHLI, TIPH UM U3 3TO-
ro mpuMepa ACHO, YT0 KOMOUMHUPOBAHHEM TeX WJIH MHBLIX MOCTOAHHBIX MO~
HO CTPOUTh €CTECTBEHHbIe abCOMIOTHLIE CUCTEMBI, CIeHalbHO MPUCITOCO6-
JeHHble [JIA ABIeHUH paHHOTro MacmTaba. HecoMHeHHO, M3BeCcTHOe Mpak-
THUecKoe 3HadeHnue Morja 6Ll UMeThL lejas cCUCcTeMa ecTeCTBeHHbIX abco-
JIOTHBIX CHCTEM eIMHMUIL, MOoCcJe0BaTeNbLH0 0XBAThLIBAIOMAA MPoIecchl pas-
HLIX MaciiTaboB. [Iaa 3Toro MOTyT MoHamoOMTLCA HOBLIE YHHUBepcalhHLIe
MOCTOAHHLIE, HO OHU, TTO-BUAUMOMY, €CTh He TOJbKO B 06J1acTU MHKPOMHU-
pa, HO U B acTPOHOMHYECKHUX 061acTAX (MOocToAHHAA KPacHOTO CMeLleHUd
CIUpaldbHBIX TyMaHHocTeit). Exaunas abcoqoTHad ecTeCTBEHHAfd CHCTeMa
BCcerja oKkameTcA TYT WIH TaM HeyJoOGHOI.
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Jamauu

1. I'azoBasa moctoAHHasA B ypaBHeHHH pv = RT umeer BeauuuHy 0,08207,
JaBpileHue P BbIpaxeHo B arTMocdepax, ofbeM © B MeTpax, 3aHUMaeMbIX
1 rpamM-Moieryiloii, u T' B abcomoTHeIX rpagycax. KakoBo G6yaet 3HaueHue R,
ecild p BbIpasKeHO B JMHAX Ha M, a v B cM>?

2. TennonpoRogHOCTL Meau paBHa 0,92 ka.a Uepes ca’ B cek. MpU TeMIlepa-
TYpHOM rpaaueHTe 1° Ha cu. KaroBa Gymer temiaoupopogHocts B B.T. 1. (Gpu-
TaHCcKkad TellloBas eI[I/IHIrII.[a)l yepe3 KBaJpaTHbIHA (GyT B 4ac 1pH TeMIllepaTypPHOM
rpapuente B 1° MapeHreiita Ha ¢yT (aHTIUCKaA TeXHUUYeckasd euHHIa)?

2
3. Ecau unciieHHOe 3HaUYeHHe e—h pasHo 0,001161 B cu 2 cek., kakoe 3HaYeHHe
ch

Oyaer MMeTh 3TO BbIpasjieHWe B TOHHax, MUIAX M Hacax? e — 3apflj 3JeKkTpoHa
B 3. c. eJUHHIAX, ¢ — CKOPOCTbL CBeTa B IIYCTOM IpocTpaHCTBe, i — KBaHT Jeii-
CTBUSL.

4. Hamop, mpou3BoAUMBIH BO3AYIMHLIM TpONelIepoM, U3MeHfleTCAl B 3aBH-
CHUMOCTH OT 4YHcia 060pOTOBR B CEKYHAY U 0T CKOPOCTU IlepeMellleHUA BAOIb OCH
BpameHuna. [lokasaTh, 4To KpUTHYecKkafl ckopocTh MepeMemeHUsA, TPH KOTOPOM
Hamop uc4yesaeT, NpomNopliHoHalbHa YHCIy 000pOTOB B CeKYHAY.

5. IlorasaTh, UTO ycKOpeHHe K LIeHTPY, HcHbIThIBaeMOe YacTHIlel, paBHoMep-

2

HO Bpamaromeiica mo Kpyl'y paauyca r, paBHO constv?.
6. llorazaTh, UTo MepHoj MoNepeuHbIX KoleGaHW TAMelo0il HaTAHYTOI Npo-

IHuHelinada naoTHoCcTh
HarfaseHue

7. llokaszaTh, uTo nepwuo/j NpojoaLHEIX KoleGaHWil 6Ganku paBel

BOJOKH paBeH const X AnvHa x (

obbeMHaA HJIOTHOCTI:) 1/2

const X AIMHA X (ynpyraﬂ IIOCTOAHHAA

8. [lokasaTb, 4T0 CKOpPOCTL 3BYKa pPaBHa

IJIOTHOCTD
const x ( ) X

MOAYJ/Ib CHHUMaeMOCTH

9. 3akpyuHBaHMe HUIMHApPa Ha eJUHUIY IJHUHbBI U3MeHsAeTcA ofpaTHoO IIpo-
MOPLHUOHAABHO YTIPYT0i MOCTOAHHOW UIH MPAMO MPOMOPIIMOHANBHO MOMEHTY MPU-
JToskeHHo# cuiabl. [Jokasarb Ha 3TOM OCHOBaHMM, YTO 3aKpyUYHBaHUe M3MeHAeTCA
oOpaTHo nponopiioHaaibHo YeTBepTOi cTelleHH AHaMeTpa.

10. CymecTByer HekoTOpasA KPHUTUYECKAs CKOPOCTh BpalmleHUA, IPH KOTOP O
Macca HecyKHMaeMol TAMeNoll UAKOCTH cTaHOBUTCA HeycToiuuBoil. [JokasaTh,
4To yIIoBasl cCKOpocTh NMpH HeycTOWYUBOCTH He 3aBUCHUT OT AHMaMeTpa U MpOoHop-
I[MOHalbHa KBaJpPaTHOMY KOPHIO U3 [LIOTHOCTH.

!BpuTanckan Temiopasa enuHuna (npu 60°) papna 1054.6 naoyneit nam 1054,6 - 107
spros. Hpum. ped.
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11. CymecTByeT HeROTOPbIi pa3Mep, IpU KOTOPOM TBepIblil He BpalaioniHii-
cfl map cTaHOBUTCA HeycTOHYHMBBIM NoJ AelicTBUeM cofcTBeHHoro TAroTeHus. [Jo-
Ka3aTb, UTO paguyc HeycroliiuMBoro mapa U3MeHfAeTcA INPAMO IPONOPIMOHAIBHO
KBajpaTHOMY KOpHIO M3 OTHOMEHHA YNpyTroil MoCTOAHHOI K MIOTHOCTH.

12. CropocThb pacnpocTpaHeHUA BOJH B MelKoii Bolle He 3aBHCHUT OT JJAWHbLI
BOJHBI. [IokazaTh Ha 3TOM OCHOBAHWM, UYTO OHA M3MEHAETCA TPOMOPIMOHAIBLHO
KOPHIO KBaJpaTHOMY M3 I'NIYOHUHBIL.

13. JorasaTb, UTO CKOPOCTb KAILIAPHBLIX BOJH IIPOIOpIHOHAAbBHA KOPHIO
KBaJpaTHOMY U3 OTHOINIEHUA TOBEPXHOCTHOTO HATA¥EHWA K AIMHe BOTHbI, YMHO-
MMEHHOI Ha ILIOTHOCTb.

14. Macca, npuBA3aHHas K HeBeCOMOIl CTPYHe, HCILIThIBaeT TOPMO3AILYID
CUIY, TIPOTIOPIMOHATBHY 0 €€ CKOpPOocTH, B TO e BPeMA Ha Maccy JeicTBYeT Te-
puoguueckasn cuna. [lokasarth, YTo B ycTaHOBUBIIEMCH COCTOAHUM aMILTUTY/a Ko-
neGaHuit TponopIHoHAILHA CHIe.

15. Bpemsa conpukocHOBEeHUA [BYX paBHBbIX IIAPOB INpPHU Yjape HPOIOPIHO-
HalbHO UX panuycy. laree gaHo, YTO 3TO BpeMs oO6paTHO MPONOPITMOHANILHO KOp-
HIO TIATOH CTeNeHU U3 OTHOCHUTeNbHO# cKopocTH cOaumskeHUAa mapos. llokasaTh,
YTO0 BpeMA CONPUKOCHOBEHUA MPONOPIHOHATBHO

ILJIOTHOCTD 2/5
yupyras 110CTOAHHAafA

16. JoraszaTh, 4To yJgeinbHas TelloTa HJealbHol'o I'a3a, aTOMbl KOTOPOro Xa-
pakTepU3YIOTCA TOMbKO Maccoil, He 3aBHCUT OT JaBlIeHUs U TeMIlepaTypsbl.

17. [logasaTb, UTO eclIHd ra3 pacCMaTPHUBACTCA KAK COBOKYIIHOCTb MOJEKYI
KOHEUYHBLIX pasMepoB, He MPOABIAKOIMX B3aUMHBIX CUJI IOMHMO MOMEHTOB COIPHU-
KOCHOBeHHA, To BA3SKOCTh 6yIeT He3aBUCUMOMH OT JaBIeHHA W MPOMNoPIHOHAIbHOM
KBajipaTHOMY KOpHIO M3 abCOMKTHOH TeMIlepaTyphl.

18. IlokasaTh, 4TO eciM TEILIONPOBOJHOCTb ra3a 3ajaud 17 He 3aBUCHUT OT
JaBIeHHA, TO OHa TAKKe MPOoI0pIHoHAalbla KOPHKD KBaIpaTHOMY H3 aGCOJIOTHOI
TeMIepaTypbl.

19. Ha TBepaoe Teno, 6ecKOHEeYHO IIpocTHpPAIOIIEEeC B 0JJHY CTOPOHY, HaKJ/a-
IbIBAETCA MepUoIUYeCKH U3MeHMolancA TeMiepaTypa. llokasaTb, uTo ckopocTh
pacnpocTpaHeHHA BO3MYIIeHHA B TBepA0M Tele HMpPOoHmopHHoHAJIbHA KOPHIO KBal-
paTHOMY W3 YacTOThl, a JUIMHA BOJHBI 06paTHO TpPONOpPIHOHAlIbLHAa KOPHK) KBal-
paTHOMY U3 yacToThl. BoamymeHue najaer g0 1/e (e — ocHoBaHHe HaTypalbHbIX
norapu(MoB) 4acTH CBOEro Ha4yailbHOro 3HaYeHHA HA PACCTOAHUM B TAKOE YHCIO
BOJIH, KOTOpOe He 3aBUCUT OT YacTOThl U TePMHUYECKUX MOCTOAHHBIX MaTepuala.

20. JaunHHaA TOHKAaA [IPOBOJOKA MOTPY#eHa B cpejly, KoTopaH Io/jlep#uBaeT
BHEIIHIOK) II0OBEePXHOCTh IPOBOJOKH IPH IHOCTOAHHOIN TeMmmnepatype. Harpesanue
NPOBOJNOKU TPOU3BOIUTCHA MepeMeHHbIM TOKOM TeledOHHOH YacTOThl, TIPU UeM
MOARO/IMMOE KOIMUYeCcTRBO Tellla U3MeHAeTCA 0 3aKoHY () cos wi Ha eJUHUITY 06b-
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eMa. [lorasaTh, 4TO aMIIMTYda TepHoIHYecKUX KoJleGaHUil cpegHell TeMIepaTy-
pbl IPOBOJOKU MU3MEHAETCA [0 3aKR0HY, UMeloNeMy BHI:

rjae d — nqUuaMeTp NMPOBONOKU, k — ko3¢ dULlMeHT TEMI0TPOBOAHOCTH U ¢ — Tel-
ToeMKOCTh Ha eIUHHUITY oO6beMa. llokazaTh, npeinonarad NpoBoloKY TOHKOI, Ha
OCHOBaHHUM YHCJIeHHBLIX 3Ha4YeHUil k U ¢ Al MeTalioB, 4YTo f He 3aBUCHUT OT W U C
U MPUHUMaeT clefyolee 3HaueHHe:
@ = const () d—z
k

21. BuyTpeHHAIA 3HepruA olipeJeleHHOT0 KoJAU4YecTBa HUJealbHOT0 rasa, 0T-
CUMTbIBaeMas 0T abcoMIOTHOro Hynsa U gaBieHus (), HezaBUCHMa OT JaBleHHUA H
nponopliioHanbHa aGcoloTHOM TeMmnepaType. [lokasaTh, YTo BHYTpeHHsAA 3Hep-
I'UfA, OTCYHUTbIBAEMAA OT AI000r0 HAYaNbHOI'0 COCTOAHWUA (IPOU3BOIBHAA TeMIle-
paTypa ¥ JaBleHUe) He 3aBUCUT OT JABJIEHHS U [PONOPIHOHATbHA U30BITKY a6-
COJNIOTHOI TeMIepaTrypbl HajJ HavyaJlbHOH TOUKOIL.

22. llouemy BbIBOA 3agauM 21 Helb3A NPUIOKHUTEL K BHTPOIHUH ONIpeaeJeHHOT 0
KOJHYeCTBA HaealbHOI'o rasa’

23. Puuappac (Journ. Amer. Chem. Soc. 37, 1915) sMuupuyecku Halien
clegyiomee COOTHOUIeHHe AJA Pa3duUYHBIX XUMUYECKUX BIeMeHTOB:

8 =0, 00021%(1’,“ — 50°),

1,25

rae 3 = %(g—;)T ecTh cykUMaemocth, A — aTomHBI Bee, ) — MIOTHOCTD,
T,» — TeMIlepaTypa IIaBleHHA To abcoloTHoM MEate. Kakoe MUHMManbHoe Ko-
THYecTBO pa3MepHBIX NMOCTOAHHBIX TpeOyeTcdA ANA «MOJHOTHI» 3TOT0 ypaBHeHUf,
U KaKOBbI UX pPasMepPHOCTH?
24. HorasaTh, UTO cHJa MarHMTHOTO TMOJA BOKPYr MarHUTHOro JUIONA MPo-
nopHnuoHaaTbHa MOMEHTY JUT0NA U o6paTHO NpomnopliMoHalbHa KyGy paccTofAHUSA.
25. RakoBa pazMepHocTh gU3leRTpHUeckoii TOCTOAHHON B IIyCTOM IpocTpall-
CTBe B BIeKTPOMarHUTHOM cucreMe efrHul? KakoBo ee 4ncieHHoe 3HaueHMe?
26. KaroBa pasmepHocTh MarHHTHOH IPOHHUIIAEMOCTH B IIYCTOM IIpOCTpPaH-
CTBe B 3MeRTpocraTUdeckoil cucTeMe enHUN? KakoBo ee uHclenHoe 3HaueHue?
27. Ha nnockoit noBepxHoCTH «noly0eckoHEeUHOr0» NPOBOJHUKA UHAYIHPY-
ercA NlepeMeHHbIH Tok. [lokasaTb, YTo cKOpPOCTb pacnpocTpaHeHUA BO3MYIIEHUA
B cpeay MpolopIlHoHalbHa KBajpaTHOMY KOpPHIO U3 YAelbHOro cOnpoTHBIEHHS,
JeleHHOTo Ha Mepuoj, a paccToAHMe, Ha KOTOPOM aMIUIMTyJa YMeHLIIaeTcA B €
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(ocHOBaHMe HATYpAalbHbIX J0TapHU(GMOB) pa3 MIPOMOPIHOHAILHO KBaJpaTHOMY KOp-
HIK) U3 MPOU3BEAEHUS YAEIbHOr0 CONPOTHBIEHHU HA MEPHOI.

28. Ilorasarb, 4YT0 cCAMOMHOYKIHA TAUHeNHOH el NpoloplHoHalbHa TuHel-
HBIM pasMepam.

29, CunycougaibHas 3./1.C. IPUA0KeHA K OJHOMY KOHITY 3JeKTPHUYeCKOi JIH-
HUU ¢ pacrpefeleHHBIM COTPOTUBIEHUEeM, eMKOCThI0 U caMouHgykiuei. [loka-
3aTb, YTO CKOPOCTb paclipocTpaHEeHUA BO3MYLIeHHA o6paTHO IIpollopUHOHA/IbHA,
a N0CTOAHHAA 3aTYyXaHUA LPAMO IPOIOPIHOHAIbHA KBaJpaTHOMY KOPHIO U3 eM-
KOCTH HA eIUHUIY JIUHBI.

30. JueKTpoH, ABUMKYIIHICA €O CKOPOCTbIO v, IlollajaeT B MarHHUTHOE II0-
Je, HallpaBJeHHOE I10[ IPAMbBIM YIJIOM K CKOPOCTH. 3HafA, YT0 pajuyC KPHBU3HbI
O0pOUTHI BIeKTPOHA MPAMO TPOMOPI[MOHANIEH ero CKOPOCTH, MOKAa3aTh, YTO OH 0J-
HOBpEeMeHHO MpolopliloHaleH Macce 3lIeKTpoHa U 06paTHO MponopIiHoHalIeH MOJI0
U 3apAngy.

31. B anexTpoguHaMuUecKkUX 3a/lavyax, B pelleHHe KOTOPbIX BXOIUT CKOPOCTh
cBeTa, eJIMHUIIAa BpeMeHU Mo:keT OBIThL omMpejeleHa Tak, YTo0Obl CKOpPOCThL cBera
paBHAIach 1, M J0CTaTOYHLIMHU OKRa3bIBAIOTCA JIBe OCHOBHBIE €JUHUIILI, Macchl U
JIAHbl. HanmumuTe pasMepHOCTH Pa3TUUYHBIX 3JIeKTPUUYECKHX M MATHUTHBIX BeJH-
YHH B 3THUX eguHuNaXx. [lonyunre GopMynry Q1A Macchl 3IeKTPOHA Yepes ero Maccy
U paguyc. 3agayil, BRIOYalMmuye NocTOAHHYIO TATOTeHUsl, MOT'YT ObITh TOUHO TaK
e pemeHbl TONhKO MPU MOMOMU eJIWHUIl Macchl U AJWHBLI B KauecTRBe 0CHOBHBIX.
Pastepute dopMyny aada Macchl 3leKTpoHa ¢ I'PABHTAIMOHHBIMY e JMHHIIAMH.

32. lloctosinHas P u 16 e pr a, uMelomwasa pa3MepHOCTb 4acTOThI TI0 TEOPHHU
B o p a, nna aTtoma Bojopojga UMeeT BH:
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JorazaTh 3T0, UMesl B BULY, UTO e, m — 3apfil U Macca 3leKTpoHa, h — mocTto-
fAHnas llramka.



PaszMepHocTH HEeKOTOPLIX BEJIHUUYHH B 0ObIYHOMI
cucreMe eJIuHUL]

MexanuyecKue BeJUYHHELI

Beauywuna Dopuyaa pasmeprocmu
Yron 0
Mnomanb .2

O6neMm I3
KpuBnana L1
YacToTa T-1
CKopocThb LTt
Yeropenue LT 2
YrioBas cKkopocThb T-1
YrioBoe yckopenue T2
[InoTHocThb ML 3
MomeHT (KonMUuecTBO ABUIKEHUA) MLT !
MoMeHT KOJAWYecTBA ABUMEHUA ML2T-!
YrioBoit MoMeHT ML2T~!
Cuaa MLT 2
MoMmeHT napa ML2T—2
Pa6ora, sneprus ML2T—2
MoiHocTh ML2T-3
HeitcTBHE ML2T—!
Hatsmenue, narienue ML~1T~2
Yeunue (Strain) 0

Mojenb yOpyrocTu ML-1T-2
IloHCcTaHTa YIPYTrOCTH M-1LT?
BaskocThb ML-IT-!
I{uHeMaTHuecKasd BA3KOCTD L2T-!

Ramunnspuaa moctognuan MT 2



Tabauua pasmeprocmeil 127

TennoBble BeJdAUUYHUH LI

Beauwuna Pasmeprocma
Tenaoevie Hunamuyecrue
eduUHUL b eduHUL b
Temnepatypa 0
IlonuvecTBO Temla 51 ML2T—2
TeTIOOCT, e MU0 MLt
e oLy Macob HMTILOTO™ MOLAT 267
['pagieHT TeMIepaTyphbl HOM L, ~1T% MCL~1T0%
TennonpoBoTHOCTb OMCL-!T-1p—t MLT34-!
JHTpoNUA HM°LoT%¢~1 ML?T 26!

SJIGRTpI/ILIeCRI/Ie BelIHWNYHHEI

Beauwuna Paameprocmo
Jaexmpocmami- Jaexmpomaz-
Yecras cucmema HUMHAA cucmema

KonuuecTBO ATEeRTpUYeCcT- M1/2L3/2T_1 M1/2L1/2T0

BAa
O6beMHad JIOTHOCTE M1/2[,-3/2p-1

[loBepxHOCTHaA mioTHocTs M/2L—1/27-1
Cuia saekTpudeckoro mora MU/2[-1/2p-1
PaznocTh moTeHnuanon Mt/211/2p-1

M1/2L—5/3T0
M1/2L—3/2TU
M1/2L1/2T—2
M1/2L3/2T—2

JluanekTpryeckas MOCTO-  yrof 0o MOT,—2T2
AHHAA

AneKkTpHUecKoe cMemenne  M/2[-1/27-1 M1/2],—3/2T0
EMRoCTB MOLT¢ MOL-1T—2
Tok M1/2L3/2T—2 M1/2L1/2T—1
[InorHOCTHL TOKA MY/21,-1/27-2 M1/21,-3/2 -1
ConpoTHUBIeHNe MOL-1T MOLT-!
[IpoBOAUMOCTh MOLOT—! MOL—2T

Cusia MaruuTHOro mojioca  MY/2[,1/2T0 Mi/213/2p-1
MarHuTHBIH MOMEHT M1/21,3/20 MLi/215/2-1
Cuna MarHuTHOTO TOdf Mi/21,1/2p-2 M1l/21,-1/2-1
MaruuTtHas MOL-2T2 MOTOTO
IPOHUI[AEMOCTh

MarauTHas UHIYKIHA M1/21,-2/3T0 ML/21,-1/2p-1
CaMo- MM B3aUMOMHIYK- NOT,~ 172 MOT 0

58; !



O6mui1 0630p HEKOTOPBLIX Pe3yJIbTaTOB
B 00J1aCTH PU3HUKU BBICOKUX maBJieHHii!

Ho6eaescran aeruyusa, 11 deradpa 1946 2o00a

B aToit nekluu A MocTapaloch caedaTh 001K 0030p TeX obnacTeil Gu-
3UKH BLICOKHMX JaBJAeHUI, KOTOPLIMU fl HemocpeACcTBeHHo 3aHnuManca. B nep-
BYlO oyepedb OynyT paccMaTpPHBaTbcA TEXHHMYECKHUE BOIPOCHI CO3JaHHA M
U3MepeHUA BLICOKOTO JaBjleHHA, a 3aTeM — (u3ndecKkue ABJIeHHA, HMelo-
e MecTo MPHU TaKHUX JaBIeHUAX.

UTo KacaeTcAa TeXHOJOTUH, TO 3eCh HYMHO BhIJeAATh HECKOJbKO Ha-
nasoHoB pgarienud. Ha nepBom aTalle Hy:HO ObLIo paszpadoTaTh YIIOTHe-
HHe, UCKJoYalollee YTeuKy, MOCKOAbKY MMEHHO OHA orpaHHuyMBana gHa-
Ma30H B MpeJllecTBYIOMUX sKcnepuMenTax. U3 puc. 1 BHAHO, 4TO ObLLIO
CKOHCTPYHPOBAHO YIIOTHEHHE, KOTOPOEe aBTOMaTHYeCKH CTAHOBUTCA IJIOT-
Hee NPH YBeJHM4YeHUHM naBieHUA. TakuM obGpa3oM, cTaJo BO3MOMHO CO31a-
BaTh JaBjJeHHA, BeJW4YMHA KOTOPHIX OrpaHHUYHUBaETCA JHIIb NPOYHOCThIO
HCIMONb3yeMbIX cocyaoR. Kcau cocyibl MpeAcTaBIAIOT NeIbHYI KOHCTPYK-
U0 U3 JYUYIIAX TepMoobpaboTaHHBIX JeTHPOBaHHBIX cTajdell, To B 0blleM
clyvyae MOMHO JocTUraTb gaBieHud B 12000 RZ/C.Mz, a Ha KOPOTKHUe MH-
TepBajbl BpeMenu — a0 20000 rce/cmz. B Teuenue HeCKONbKHX JeT MOHU
HuccaeJ0BaHuA ObIIM CBA3aHbl MMEHHO TaKMMU BelWYHMHaAMHU JaBJeHUA U
B 3THUX YCJIOBHAX OKa3ajJoCch BO3MOMKHBIM M3MEPHUTL IO4YTH Bce OOLIYHBIE
¢bu3Mdyeckue cBoiicTBa BemlecTB. ClenylomuM ImaroM ABJIANOCh obecleve-
HHE COCYA0B BBICOKOTO J1aBleHHUA BHEUIHUMH KpenJeHHAMM, JAelicTBHe KO-
TOPBLIX Bo3pacTaiu Obl MPU yBeAUMUYeHUH BHyTpeHHero aaBieHud. Haubonee
NpOCThIM 0Opa3zoM 3TO MOMKHO OCYLECTBUTH C MOMOINBLIO CO3JAHUA COCY-
Ja BBICOKOTO JaBieHHA KOHUYecKOH ¢opMbl M BAaBIHBaHHE 3TOr0 B Mac-
CUBHYIO Maidy ¢ cui0i, MponoplAOHalbHON BHY TPEHHEMY AaBIEHUIO, KaK
3T0 HU300pameno Ha puc. 2. Ha ycTpoiicTBax Takoro THUla MOKHO NMPOBO-
OUTb 3KCIEPUMEHTHI CO cTaHAApTHBIM AablenueM o 30000 ;w.:e/c./n2 npu
ob6bemMax nopsagka 1o c./n3; Take K annapaTy MOMHO M0JBECTH 3IeKTpPH-
YyeCKH M30JMPOBAHHbLIE KOHTAKTHI U MOBTOPUTHL BCce MpeJllec TBYIOIINE DKC-

Mepepog ¢ anrauiickoro H. . [aceinkosa.



O6uwuii 0030p HEKOMOPHLT PEeIYAbMAMOs 129

N\
NN

Puc. 1. Oﬁll.laﬂ cXeMa VIINIOTHeHHA, I'Je JaBJeHHe B MATKHMX INPOoRJIago4YHBIX Ma-
TepHa/laxX aBTOMaTHYeCRH MMoadepxiHBacTCHA Ha CIJI/IRCPIPDBaHHDG YHUCJI0 IIPOIEHTOE
Bblllle, YeM B MHUJIKOCTH

MepyMeHTHI M3 auanaszona mo 12000 xe/csu®. Ha paunniii MOMeHT A eme
HE 3aKOHUYUI 3Ty MPOrpamMMy 3KclepuMeHToOB. TaKkylo e MeTOOUKY MO:K-
HO MepeHecTH Ha MeHblide 06beMbl (10 0,5 ¢#®) U NONYUHTh JaBleHdA go
50000 rs:e/c./nz. B »ToM guanazone Bce oObIUHbIE MMUAKOCTH MpeBpallaloTcA
B TBepjble Tela, K KOTOPLIM Yi#e Heb3d MOJBECTH eKTPUUYEeCKU U30JHPO-
BaHHbIe KOHTaKThI. [loaToMYy Bce ABIeHH A, KOTOPbLIe MOMHO U3YUUTh, Orpa-
HHYEHLI Pa3JHYHbIMH 00'beMHBIMHU 3 HeKTaMU, TAKHUMU KaK CHHUMaeMoCTh
U cMena da3, a Takme MIaRjleHne U MoJUMoOpdHbIe Nepexoabl.

Buemnee BoageiicTBUe Ha cocypn ABIAETCA JMHMIIb OHUM U3 (PaKToO-
pPOB, KOTOpbLIe NO3BOJAIOT paclIMpUTh puanazon papienuit ¢ 12000 po
50000 xe/cm?. Huraroit cTaabuoil nopmenb He BLIAEPHUT TAKOTO YCUIUA;
ofHaKo Kapbolioli — HeJaBHO OTKPLITOE BelIecTBO, UCMOJAb3YeMO€e B IIPOU3-
BOJCTBE HHCTPYMEHTOB, — KOTOPbLIIl MoJy4YalOT MIyTeM CIeKaHUf MeJKOoro
nopoliKka Kapéuja BojlbdpamMa ¢ koGanbToM, 061agaeT J0CTATOUYHO BbhICOKOH
NPOUYHOCTBIO HA CKATHE.
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Puc. 2. UnmocTpanua ofmero NpUHIKIA BHENTHEr0 KpelieHUs cocy/la BEICOKOTO
JaBlIeHHUs], cHja KOTOpPOro Bo3pacTaeT ¢ yBelldeHHeM BHYTpeHIero JaBleHUs

Puc. 3. MunuaTiopHoe ycTpo#cTBo JIA NolydeHUA gaBaenuda B 100 000 H:Z/CM2

lna caegylouiero mara mo paciuiupeHuio auamnasona gabiaenHuit ¢ 50000
1o 100 000 RZ/C.M,2 Hy:iHa ellle 6ojee 3 HeKTUBHO elCTBYlIOIee KpelleHne
oA cocyna. To TpeboBaHUe YAOBIETBOPAETCA 3a CUET MOTPY:HEHUA BCEro
coCy/a HeTHKOM B MUIKOCTE MoJ AaBienueM o 30000 x2/ca’. YeTpoiicTso
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Puc. 4. Harnagueiit npuMep BIMAHKUA JaBJIeHUA Ha yBelHueHNe KOBKOCTH CTalH.
Creeq — yacTH obpasia U3 MATCKOH cTalW, pa3pylleHHble IIPU PacTHAMKEeHUU IIPH
armMocdrepHOM slaBreHuU. (npasa — oOpasel] U3 TOW Ke cTalu, pacTAHYTHIN Ge3
pa3pylmleHHA B FKHUIKOCTH 10 3HAUYMUTEJILHOI0 YMeHLIIeHHA ero IJomagu ceuyeHHs
npu gaBaeHuu B 25000 x2/ca’

1A co3AaHUA BbLICOKMX AaBleHUil ModiHO OLITh eme 6ojee KOMIAKTHBIM;
nopiueHb Tenepb MMeeT Jdullb 1,6 mm B guaMeTpe, a 06’beM KaMePLI COCTAaB-
JAET HECKOJbKO KyOMYECKUX MWLIHMeTpoB. Kak UMJAMHAP, TAK U IOPLIEHb
H3roToBJAeHbLl U3 Kapbo/0A; KpOMe Toro, Ha UWJIHHAP ycTaHaBIMBaeTCA ¢ Ha-
TACOM MeTallIMuecKiil KomyX, KOTOPBI NpHUAaeT JONOJIHUTEIbHYIO IPOU-
HocTh. [IbedoMeTp MokasaH Ha puc. 3. OqHaKo Aame TakaAd KOHCTPYKIHA He
NI03B0JM/IA 6B pacllUPUTh gHana3oH aasieHuit ot 50000 go 100 000 rce/c./uz,
ecau ObI He yaauyHOe U3MeHeHHe CBOHCTB MeTAaNIOB IIPU BLICOKUX JaBJeHHU-
ax. Illpu gasnenun 25000 rse/c./u2 00bIYHbIE MAapKH CTaJu CloCoOGHbBI Bblaep-
}KUBaTb 6e3 paspylleHHA [OYTH HeorpaHudyeHnible dedopmMauuu; yBeJnde-
HHE MUX KOBHKOCTH NpOMLIIOCTpHpoBaHo Ha puc. 4. Jame rkapOosoii TepseT
CBOIO HOPMaJbHYIO XPYIKOCTbh M Bblaepi#iHuBaeT Ge3 pa3pylieHUA Iopasno
Oollee BhICOKHEe HANPAMKEHUA pacTAMeHNA, YeM cTalb.
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K HacToameMy MOMeHTY ObLIM H3YY€HbI CKHUMAaeMOCThb U MOJUMOP -
Hble mepexoabl ¥ 30-TH »AeMeHTOB M NMPOCTHIX COeIHMHEHHH B AuanasoHe
nasaeuuiit 7o 100000 rs:a/c./nz.

NaBaenusa soeime 100000 H:e/cm2 MOI'yT ObITb IOJYYEHBLl JUIIb 4
0o4eHb MalbiX 00LEMOB € MOMOILIO YCTPOUCTB, MOAHOCTBIO H3TOTOBIEHHLIX
u3 Kapoonoa. Ho K macToAmeMy MOMeHTY B 3Toil 00JacTU gaBleHuil He OLI-
70 TOJMYYeHO HUKAKUX Pe3ydbTaToB, IpeacTaBlIAIoMKX 0coObLIil duaHdecKnii
UHTepec.

IIomuMoO co3manufa onpeAelHHOr0 JaBleHH, CYIIeCTBYyeT 3agadya u3aMe-
PEHUA DTOr0 AaBJeHUA U ONpeleleHHUA ero BIAUAHUA HA COCTOAHUA Bemec-
TBa. B mepByio ouepegb HE0OXOAUMO ONpPEAeNHMTh HEKOTOPLIE paszIHuuHbIe
HEMOJABMMHLIe TouKKU. B auamnazone mo 30000 rce/c./n2 OLLT0 HaiijeHo mo-
CTATOYHOE YHCJAO0 TaKUX TOYeK, UTO MO3BOJAET BLINOIHATE H3MepeHUf
¢ TounocTbio o 0,1%. HMoaumopduniii nepexol BUCMYTa B OKPECTHOCTH
25000 re/cm’ amaserca opHol W3 ygobHbIX Todek. IlpemenbHo BamiHOM
yacThIO TeXHOJOTHH U3MepeHHA ABAAeTcA HabldlogeHe 3a U3MeHeHUeM co-
NPOTHUBIEHUA MaHTaHWHA I[PH BO3pacTaHMU JABJE€HHA, YTO BIEpBble ObI-
a0 npepaoieno Jluzeaem B Yncane (Lisell at Uppsala). Juanazon Bbime
30000 n:e/cm2 IPOMApPKUPOBAaH He TAK XOPOLIO; BO3MOMHO, UYTO U3MEPCHUA
B unTeppane 1o 100000 xz/cu® uMeloT TouHOCTE mpuMepHo 2%.

EcTecTBenno cyuTaThL yMeHbhieHHe oOLeMa Kak caMBIM TPOCTHIM
U caMbIM dyHIaMeHTalbHLIM cJaeJCTBHEM TUAPOCTATHYECKOr0o JaBleHUA.
HmeHno mo 3Toll npuunie ono 6ygeT paccMOTpeHo B MepByIo ouepedb. O-
HAKO ero HeMPOCTO U3MEPHTH IKCIePUMEHTalbHO, MOCKOILKY BCe HElocpe-
CTBEHHO I10JyYeHHble U3MEPEeHUA 3aBUCAT OT yiep:HUBalolero cocyaa, Ko-
TOpLIit caM MoseT jJedopMupoBaThea. BoaMonxHo, noTpebyoTca geTalbHO
paspaboTaHHbIe IPOLELYPLI JJAA TOI0, YTOObI IOJHOCTHIO HCKJIYUTEL BIH-
fAHHMe ITUX UCKaMmeHui.

H3aydenue c:maTUA Ta30B HAXOAUTCA 3a paMKaMH 3ToH JeRIUH; TPU
pasinenun 1000 xe/cm? Wam 6olbine MIOTHOCTE TA30B UMeeT TOT e MOps-
0K, YTO U UX INIOTHOCTH B MUAKO# ¢aze, I03TOMY 3[eCh yiKe HET CYIecT-
BEHHOM pa3HUIbLI MeMIY ra3zoM H MHUIKOCThIO. Eciu BbIUepTHTL 3aBHCH-
MOCTb OO0beMa 060 0OLIYHOM MUIKOCTH OT HABIEHHA IPH MOCTOAHHOMH
TeMieparype, To IMOJYUYHM KPHUBYIO, KOoTopafd B 00JacTH HU3KUX AaBICHUH
6yneT UMeThb BbICOKYIO CTelleHb KPUBU3HbI U KPYTYIO KacaTelbHYI0, — 4TO
03HAYAeT BLICOKYIO CHHUMAaeMOCTL; TPU Mepexoje B 00JacThL BLICOKUX JaBjie-
HHIl KPUBHU3HA pe3K0 yMeHbIIaeTcA, 4 KPUBafa CTAHOBUTCA Dolee MOJ0ToM.
Ha puc. 5 uzobpamena 3aBUCHMOCTbL oObeMa OT JaBleHUA A 0OLIYHOLH
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JlaBsenue, B Thic.Kr/ cM?

Puc. 5. O6beMm wak ¢GyHKIMA 0T JaBIeHHs AIf TUMHYHOH KUAKOCTH — 3dupa.
Tak:ie TpUBe/leHa COOTBETCTRYIONMAA KpUBaf Alfl Me3Uf — Haubolee cicuMaeMo-
ro BellleCTBa B TBepJOM CcocTOAHMU. M3HauvalbHO sUAkocTb obnagaer Gonblieil
CKMaeMOCThIO 0 CpaBHeHUIO ¢ TBepIbIM COCTOSHMEM BelllecTBa, OHaKO NPU
Gojee BbICOKHX JaBIeHUAX CUTYalllf MeHfleTcH

MUAKOCTU — 3dupa. /laa cpapHenua nNpruBeieHa KpuUBasa caMoro cikumMae-
MOI'0 TBepoI'o BelllecTBa — Le3UA. JBa pasinyHbIX GU3MYECKHX MeXaHU3-
Ma JiedaT B OCHOBe pasJuYHOro MoBejeHMA B 00JaCTH BBICOKMUX M HU3KHX
3HAYEHU JaBjeHUA. Y3Kad o6aacTh BBICOKOH CHHUMAEMOCTH COOTBETCTBY-
eT Auana3oHy, rje JaBleHle MIaBHBIM 00pa3oM YIUIOTHAET MOJERYJbl B Be-
HlecTBe, HCKIloYasd cBobogHOE IPOCTPAHCTBO Meay HUMU. B aToft obnacTtu
pasauuilble BellecTBa MOTYT NPOABUTDL CBOWCTBeHHLIE UM CYNeCTBEeHHbIe
U XapakTepHble pazaudufA. B Gojee BbhIcoKOoM Hana3one AaBjieHUil Molie-
KyJAbl BCTYIAalOT B HEMOCPEACTBEHHDbIH KOHTAKT, U CKUMAaeMOCTb YyBedu-
yuBaeTcd BelleJcTBUE yMeHbIeHUA o6beMa caMiuX MoJeKY . IToT 3 heKT
COXpaHAETCH € OTHOCHUTENbHO HeOOJBIMMM yMEHbIIeHHUEM B IIMPOKOM WH-
TepBalle faBieHuii. PazymMeeTcA, 3ToT 3dPekT UMeeT MecTO U TIpU Hosee
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HU3KUX 3HAYEHUAX NaBlIeHHs, OAHAKO 3[eChb OH CKPLIT HAMHOIrO 60JbIINM
3¢ PerToM, BOHURAIOMUM BeleJCTBHE YMelnbIleH| A cBo60AHOro NpoCcTpaH-
CTBa Me;ay MojeRyJdaMu. Ilpu monuiTKe BhIBECTH 3aBUCMMOCTL 00hema OT
AaB/IeHUA, OUPAaACh JUMb Ha pe3y/bTaTbl H3MepeHHsA B Juala3one HU3KHX
NaBjeHHii, ¢ 6oNbIIoH BepoATHOCTEIO Oy1eT YIyIeHo BIUAHKE CHUMaeMoc-
TH MolleKyil. B pesyibTaTe PakTuveckiie 06beMbl IPU BLICOKMX AaBJAeHHAX
OynyT 3HaYUTeIbHO MeHbllle, YeM TeopeTHYecKHe 3Ha4YeHMA, IKCTpPAIodu-
poBaHHble U3 (QopMyJ aJA AHaNa3oHa HU3KUX naBleHuid. PakTUUeCKU 3TO
KacaeTcA BceX GopMyil, BLIBEJEHHDLIX ¢ IOMOINbLIO JaHHbIX, 0]y YeHHLIX NPH
HU3KUX [JaBJIeHunx.

YIUBUTENILHO, HO HECMOTPA Ha NepBoHaYadbHble pasAu4uf, 00bLeMbl
OOBIUHBIX OpPraHUYecKUX :KUAKOCTeH MPH BHICOKUX AaBJeHUAX NMPUHUMAIOT
OauskHe 3HauYeHUsA. [aAa Toro, 4ToOLI MPOWIIOCTPUPOBATEL OLICTpOE Maje-
HUe C:KUMaeMOCTH [P pocTe AaBjleHHUA, OTMETUM, YTO U3MeHeHUe ofbema
B auanaszone 1o 5000 xe/cmM® npuBIU3UTENBHO PABHO CPeIHEMY H3MeHe-
Huio obbeMa B guanasone ot 5000 x2/cu® no 50000 re/cm?; aT0 ABIenve
nogyepkuBaeTca TeM (akToM, 4TO yMeHbllenue obbemMa [Jf MocaelHero
aHuanasona 3adacTylo BKJAIOYaeT M CKavykyd obbeMa [IpU 3aMep3anuiu.

B obaacTy HU3KHX naB/leHUH, rjie IPOUCX0JUT YINIOTHEHHEe MOJIEKYJ 10
HelocpeIcTBeHHOT0 KOHTaKkTa, MOMHO 0:UAaTh 3¢ (PeKToB, 3aBUCAIIUX OT
¢opMBI MOJEeKY], U TOr0, YTO 3TH fABJAeHUA OyyT CUILHO 3aBUCETh OT KOH-
KpeTHBIX AuJKocTed. Jeno o6cToUT UMeHHO TakuM obBpasoM. B obnactu
HU3KUX [aBleHUll paszHooOpasHble MUKPOCKOIMYeCKHe aHOMAIUU HaKJa-
ABIBAIOTCA HAa KpyNHOMacmTabHYl0 OJHOPOAHOCTh, M 3TH MelKomaciiab-
Hble 3p@PeKTel. ITH MUKpPOCKoNHUYecKkre 3(QeKThl CUIbHO pas3/inyaloTcd
miA pasublX #ujrocredl. Takum obpazom, MOryT cyllecTBOBaTh IOAJHa-
nasoHLl B MANazoHe JaBleHUil J0 HECKONLKHX ThICAY K2/cM°, Ile CHH-
MaeMOCTh, BMeCTO yMeHblIeHUsl NIPU pocTe JaBlieHHf, BAPYT BO3pacTaer.
B sTUX mojgauanasoHax Npu BO3pacTaHWM AaBleHUA TaKk#e MOMeT HabIlo-
maTbCA pPocT, & He yMeHbllleHHe Ko3(pdUlUeHTa TeMIlepaTyPHOT0 paclinpe-
Hud. Jllobasa ynosieTBopUTelbHaA TeOPHA MUAKOCTeH HojdxHa obA3aTelb-
HO yYUTBIBATb 3TH MUKPOCKONHUYeCKHe 3 PeKThl, HO B HACTOAIMUNA MOMEHT
BHUMaHUe B [IepBYI0 ouepe/lb JI0J#HO ObITh yleleHo Makpoddderram. or-
na HpHujer BpeMA CO3JaHUA TeOPHH MHUAKOCTeH, TO NepBbIM LIAaroM Mo-
/eT oKazaTbCA ollpeje/lenne (MjealdbHoiy HMUIKOCTH, aHaJOIHYH0 Hjeallb-
HOMY Ta3sy, KOTOpbIH chITpaj oYeHb Ba:HYIO poJib B TeOPHH rasoB. JKc-
MepUMeHTalbHble pe3ylbTaThl MOKa3bIBAlOT, YTO MPU BBICOKUX AaBJeHHAX
Bce 00bIYHBIE OpraHuYecKkHe UAKOCTH I POABIAIOT JOCTATOYHY O OAHOPOJ-
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HOCTL B MOBeJeHHH; Tak 4TO HAeadbHaf ;KUJKOCTb He TaK Jajleka OT pe-
albHOCTH.

O6aacTh CiKMMaeMOCTH BeNecTB B TBEPAOM COCTOAHUM 3HAYMTEIbLHO
mupe ToH ke obaacTH y OOLIYHLIX ;KHAKOCTel; HAalpHMep, CHMaeMoCTh
11e3dd B 350 pa3 Bbllle cikUMaeMoOCTH aiamasa. Mcxoaf M3 KOCBEHHBLIX J0-
Kas3aTelbCTB, HAUBLICIIAA CHUMAEMOCTb CPeId BeIlecTB B TBEPJOM COCTO-
AHWUU, BEPOATHO, IPUHALIEHUT BOgoOpoay U rennio. Rak u B ciaydae ¢ Kuj-
KOCTAMM, CHUMAeMOCTb BellleCTB B TBEPJAOM COCTOAHHU NajaeT MPH YBe-
AuveHUH Aapienufl. B obmem caydae 3Toro cilegyeT oKjJaTh W3-3a 3aKoHa
«COKpallaioleroc 10Xoaa»; 0UeBUAHO0, 3TO Heo6X0AUMO B TOM CJIyuae, Korja
JaBielilie HeorpaHudeHHo Bo3pacTaeT — ecad ObI 06heM MpoJoKal yMelb-
maThCcA ¢ HAYAAbHOW CKROPOCTBHIO, TO Yepe3 HEKOTOpoe BpeMsfA OH cTal Obl
oTpullaTeabHbIM. Hampumep, o6beM 1leanfi MOT ObI CTATh OTPUIIATEIbHBIM
y#e npu gapienun 14000 xz/cH?®, ecan 6bI OH MPOAOIKAIL YMEHbIIATbCA
C NMepBOHAYAIbHONH CKOPOCTHIO.

HecmoTpa Ha To, YTO CHUMaeMOCTh BellleCTB B TBEpPIOM COCTOAHUM
B cpeJHeM J0JiHa YMeHbIIaTLCA MPH POCTe AaBJelHf, Y HUX CYIIeCTBYeT
APKO BBIpakieHIloe KadyeCcTBEHHOEe OTJHYHE OT MMHUAKOCTEeH — OTCYTCTBHE
HavyanbHOH (a3bl pe3roro NajcHUA CHHMaeMOCTHU; caMa KpuBafd cuiuMae-
MOCTH Gollee paBHOMepHA Ha BceM HMHTepBalde AaBieHuit. Takue paszanuud
onpefeNfAloTcA KpUcTalduUeckoli pellleTKoil TRepAbIX Tel; MPHU POCTe AaB-
JeHUA aToMbl COXPaHAIOT CBOe MOJIoMEHHE B pellleTKe U, KaK cJaeJcTBUE U3
BLIHYH{JIEeHHOT0 cOMMMeHNA HeHTPOB aTOMOB, 066beM CBOOOJHOTO IPOCTpaH-
CTBa MeMJy HUMH YMeHbIIaeTCH.

YMeHbIIeHNe 00 beMOB /I HEKOTOPLIX HanboJ/lee CHUMAaeMbIX TBEPIbIX
Tell Kak QYHKLHA OT jJaBleHWA IpejcTaBicHo Ha puc. 6 B guanazoHe o0
100000 rs:e/c./nz. B o61ieM ciydyae nopegeHde KPUBLIX HOCUT APKO BblpaieH-
HLIN XapakTep.

XoTA HEeCKOJLKO pa3 BhICKAa3bIBAJOCh MHEHHE 0 TOM, YTO YMeHbIeHHe
C:MMMAaeMOCTH MPHU pPocTe gaBleHUA clegyeT U3 NPUHIUIOR TepMOgUHAMHU-
KH, 3T0 He Tak. 3BecTHBI TBep/ble BelllecTBa, YbAd CHHUMAEMOCTb pacTeT
C yBeJU4YeHHEeM JaBjJeHUA Ha CpaBHUTEAbHO BobIIoM AuanaszoHe. Haubomaee
APKUM MIPUMepOM ABJIAETCH KBapleBoe cTek/o. [1/14 Hero He IPOCTO yBeJU-
YyHMBaeTCA CHUMAaeMOCThb, a pacTeT CKOPOCThb ee YBeluvyeHHUA. Takoil pocT
nabuaiogaercda B quanasone go 35 000 RE/C.M2, a 3aTeM BHe3allHO IIpeKpalla-
eTcA. B 3Toit Touke HabJaI0gaeTcA pa3pbIiB MPOU3BOJHOIN, TepeXxo] «BTOPOTO
pomay mo KjJaccubUEanuu JpeHdecTa, U HAUMHAA C 3TOTO MOMeHTa CRUMa-
eMOCTh HAUMHAEeT YMEeHbIIAThCA ¢ pOCTOM fnaBideHHA. MexanusM, oTRedalo-
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Puc. 6. O0bemHoe c:#aTWe HEKOTOpPBIX 3IeMeHTOBR [MpU AaBIeHUHU
100 000 H:Z/C.Mz. CKayKk¥ HEKOTOPbIX KPHUBBIX TOBOPAT 0 NOJAHMMOPQHBIX
pexoaax

0
ne-

WA 332 3TO ABJEHHE [IpH HU3KOM [JaBJIcHWH, BHE3AIIHO IlepecTacT neicTBo-

BaTh. 3aBHCHMOCTL MoKa3aHa Ha PHC. 7.

K HacToAlmeMy MOMEHTY 61710 paccMOTpeHO BJAUAHHNE JaBJeHHUA Ha 006.-
€M H30TPOIHLBIX BelleCTB; OHH BRJMOYAOT TaKkMe BelleCTbBa, KaKk CTeR/Io H
BCe Hyﬁﬂqecrme RpHUCTAalJEI. Ecan e IIpu KpHUCTaldJdu3allll BelleCTba Ile-
pexoanaT B HGHYﬁquCHHe CHUCTEeMLI, TO UX peaKIufd Ha UsMeHeHHe NaBJICHNUH
tonee caoxnad. CxMMaeMoCTh B 3TOM cllydyae HepaBHOMepHa 1o pasiindYHbIM
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Puc. 7. OTk1oHeHUd oT TMHeIHOCTH B YMeHbIIeHHH o0 beMa JJIf1 KBaplleBOIo CTEK-
71a IpU yBelWYeHUU JaBJIeHHA ¢ efuHUIeil mkaael H 000 H:Z/C.M,z. Ilvk kpHBOIi co-
OTBETCTBYET MepexXody OT aHOMalbHOT0 MOBeJeHUA K HOpMalbHOMY

HanpapienusaiM. Rak ciegcTBHe 3TOro — HM3MeHeHHe MOJ| AaBjieHueM ¢op-
Mbl TeJ, COCTOAIIMX M3 TAaKWX KpucTalioB. Paznuna B cmuMaeMOCTH 10O
pasiuYHLIM HAalpaBleHHMAM MO:KeT ObITh BeJIWKa; TaK, CHKHMaeMOCTb I[MH-
Ka B HallpaBlIeHWH I'eKcaroHalbHOM OCH B BOCeMb pa3s MpeBLIaeT CHUMae-
MOCTh B HalpaBJeHHU, MepINeHIURYIAPHOM K JaHHOH ocu. MoMHO 0UaaThb
HEKOTOpOe OTJIUYHE B CHKUMAaeMOCTU JJIA 3TOTO HalpaBleHUf, MOCKOIbRY
paccTofiHMe MeK Ay aTOMaMHM BJI0Jb rekcaroHaibHoil ocu 6obiine, 4eM B 1ep-
NeHUKYAAPHBIX HaNpaBJeHUufX, HO HUKaKkue 3eMeHTapHble cooOpaikeHusn
HE MOTYT HPUBECTH K 00bACHEHUIO TakuX Goabmux paszauuuii. CyiecTryer
Jame TaKoe BellleCTBO, TeNIyp, KoTopoe odianaeT oTpHIAaTelbHON caiuMae-
MOCTBIO 10 ollpejelenHoi ocu. JpyrumMu clioBamMu, eciii KPUCTa/I Te/Iypa
HogBepraeTcAa I'upocTaTHuUYeckoMy JaBleHHIo, OYAYUHM MOJHOCThIO HOIpPYy-
KeH B MUJKOCTh, TO OH PacTArMBaeTCH B HEKOTOPOM HampaBJIeHUH.
3HauuTeJbHbIH ycnex 6bL1 JOCTUTHYT B TEOPETHYECKUX pacueTax B/U-
AHWUA JaBJeHrA Ha 00heM NMPOCTBHIX BEMIECTB B TBepAoM cocToAHuU. Ilep-
BBIM, KTO cyMesd MOJAYYWUTh NpHeMJeMble 3HAYEHUS Inara peleTkd W Ha-
YaJLHOM CIKMMAeMOCTH JUIl POCTOR MOHHON KpUCTaNIUYECKOH pelieTKH
tuna NaCl, 6s11 Makc bopu. Ognaxko emy He ypanochk oOlpefedWTh 3aBUCH-
MOCTb CH{UMaEMOCTH OT JaBJIeHUA, U Jame CerofHA B 3TOM OTHOLIEHUH He
yaanochb A06UTheA MogHoro yenexa. HegasHo 66111 Moy yeHbl Goslee MOTHbBIE
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pPe3yJabTaThl JAJA MET0UYHbIX METANI0B, TAe 6bUIH MpUMeHeHbLI MeTOABI BOJ-
HOBOM MeXaHWKH. YIUBHTEIbHO, UTO M 3TUX MeTalios bapaun (Bardeen)
onpeneaua KPUBYIO 3aBUCUMOCTH o6beMa OT JaBileHUA HAa BCeM DRCIEpPH-
MeHTalbHOM HMHTepBale. PacueTbl B TOM ciy4yae IpPOCTbl, [IOCKOJNbLKY Ha
Kamablii aToM MPUXOJUTCA JTHIb OJUH CBOGOIHBIN BIEKTPOH, a TIaBHYIO
poab B 3ToM 3ddeKrTe UT'paeT NOBbINIEHHe KMHETHUYECKOH 3HEPTUU cBOGO-
HBIX 3EeKTPOHOB BeAeNCTBHe YMeHbIleHHA 3G GeKTHRBHOM JIAUHLI BOIHLI IPH
yMeHbIneHUH o6beMa. [ pyrue MeTalibl, UMelOlIHe Godblllee YUCA0 cBODO-
HBIX BJIEKTPOHOB, ClodiHee MOAAAIOTCA pacyeTy; OJAHAKO OMiMAAeTCA, YTO
TPYyAHOCTU OYAYT CBA3AHBI JUIIb CO CHOMHOCTLIO BBIUMCIEHUIH.

OueBUAHO, TEOPUA ellle HE HACTOJbKO pa3BUTa, YTOOLI YCMENIHO pa3pe-
HIKUTH BOMPOC 0 HERYOMYeCKHUX KpHUCTalIax.

A cefiyac naBaiiTe pacCMOTPUM Pa3pbIBHOCTh KPUBLIX 00heMa, CBA3aH-
HY10 ¢ $a30BBIMH U3MEHeHUAMH pasiuvibiX BUpoB. [IpocTeitmumM npuMe-
poM ABJIAeTCA BIMAHWE naBleHUA HA NaaBienue. HcTopuuecKu U3yudeHue
BIMAHUA NABIeHUA Ha ILIaBleHWe ObLIO CBA3AHO C TeM, UTO OMUgaeMbIi
apPerT moakeH GLITL aHaJOTMYeH BAWAHUIO AaBIEHHUfA Ha NapooOpa3oBa-
HUe. B yacTHOCTH, OMHUgANOCh, YTO JOJHLI ObITH HEKOTOPblE KpUTHUYEC-
Kue fABlleHUd, TaKkue, YTOo [IPYU NPeBbIIIeHUH Ollpeae/]eHHbIX 3HAYEHUH j1aB-
JeHUfl U TeMIepaTypbl BO3MOMEH HelMpPepLIBHBIN MepeXxoa Memy MUAKUM
U TBepJAbIM COCTOAHUAMM BelllecTBa. OHAaKO BCKOpe CTalo fICHO, YTO HKa-
Jda JapiedHuil A mogoOHLIX ABAEHUH JOMMHA HAXOAMTBCA TOpas3fo BbIIIe
MKAaThl KPUTHUECKHUX ABJIeHUH Mem Iy MUIROCTbIO U TazoM. Hanpumep, ec-
U B MOCJAeIHEM CJy4yae AOCTAaTOUHBIMU GbIIM AaBJEHHA B HECKOJIbLKO COTEH
K2 /ca?, TO JIA HabIIoneHUA 010GHbIX ABJIEHNUH (eciiM OHU BooOOLIE BO3MOM-
HbI) MEK Y #HUIKUM M TBEpibIM COCTOAHUAMH BellecTBa TpeOyIOTCAH daBiie-
HUA B HECKOJIbKO ThICAY K2/ca®. Ilpu Ka#10oM pacliMpeHuy nuanasona jJab-
JeHUfl BEPOATHOCTDb CYIMECTBOBAHUA TAKUX KPUTHYECKHX ABJIEHUN CUIb-
HO YMenbIllaeTcA. K HacToAleMy MOMEHTY MOCTPOEHbl KPUBLIE MJIaBIeHUA
B guanasone o 40000 ke /cu?; HeKoTOpLIe U3 HUX MOKa3aHbl Ha puc. 8. Kpu-
Bble MJaBJIEeHUA BCeX BeleCTB UMEIOT olpe/eleHHbIe 001He KaueCTBeHHbIe
4YepThl, IO3TOMY 3/€eCh HACTOJbKO #e€ YMECTHO MOBOPUTh O Kpuseoll nide.ae-
HUA, HACKOJIbKO JONYCTHMO I'OBOPUTH 0 kpueoll napoobpaszosanus. OgHaKo B
APYIUX OTHOIIEHUAX CUTYaUUA ¢ [LIaBJIeHHeM KayeCcTBEHHO OTJIHYaeTCH OT
cuTyauuu ¢ napootpasoBanueM. B yacTHocTH, Bce KpUBbIe IIaBIeHUA, T. €.
KPHUBbIe 3aBUCUMOCTH TeMIlepaTy phbl IJIaBAeHUA 0T JaBAeHUA, BOTHYTHI OT-
HOCHUTEIbLHO OCH JaBAeHHM#, U UX KPUBH3HA yMeHbIlaeTcA MPU YBeTHYeHUH
napienufa. H kpuBad pasHocTH Mekny obbeMaMU *KHUIKOTO U TBEPAOTO CO-
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Puc. 8. 3aBucuMocThb TeMIlepaTypbl IUIABICHUA OT JaBICHUA JJfA Pa3id4YHbIX Be-
mecTB. [lopador eeuiecme ceepxy erusz npu 15000 H:Z/CM2: xiopodopm, xiopOHeH-
3o, xaop6enson (BTopoi Tun Mogudukranuu), eoga (aex VI), 4-6y runoestit cnupt,
rugpocyabdu yriepoaa, MeTHIeH-XJI0pUA, 1-IIPONUIOPOMH, 3THIAOPOMUA, 3TH-
JIOBbIH CIIUPT

CTOAHWIT BelllecTBA KaKk GYHKIUA OT AaBleHUA ABJIAETCA BLINY KO0 0OTHOCH-
TelbHO OCH JAaBAeHUA, TPU 3TOM KPHBU3HA YMeHbIAeTcA NMPH YBeJIHUYeHUU
naBleHUA. B sKcnepyMeHTalbHOM JHanas3oHe AaBleHUI AJA 3TUX KPHBBIX
He ObLI0 HalijeHoO HW OJHOI KpuTUdecKoil Touku. Ecau 6wl cylecTBoBala
Takafl TOUKa BHE U3Yy4YEeHHOro auana3oHa, TO CKPbITad TeIuloTa M PasHOCTh
06LEMOB HUAKOTO U TBEPJOTO COCTOAHUI BemecTBa JOMMHBI 00paiaThCH
B HYJb NPU OJHUX M TeX e JaBJeHHU U TeMIepaType. JKCTpanoifaluf
KPUBBLIX CKPBLITOH TeIJOTLI U PA3HOCTH 06'beMOB MOKA3bIBAET, YTO HHU OjHA
U3 HUX He oOpamaeTcAd B HYJb NIPHU KaKOM-A1160 KOHEeYHOM 3HAYEHWU aB-
JeHUHA WIN TEeMIIepaTyphl, He I'OBOPA YiKe 0 TOM, 4T0ObI 3TO MPOUCXOAUIO
A IBYX KPUBBIX OJHOBPpeMEHHO MPH OJHUX U TeX e TeMIepaType U JaB-
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deuuu. B HacTofIlee BpeMA BepoATHOCTh OTCYTCTBUA KPUTHUYECKHUX TOYEK
MeHiY MUAKOCTbIO U TBEPIbIM TEJOM 04YeHb Belduka. Ilo Kpaitneit Mmepe, 3T0
OTHOCHUTCA K Yi#ie H3YUEHHBIM BelecTBaM, CpeH KOTOPbIX HAXOAATCHA pas-
JMYHbIE BUABI OpraHMYecKHX BelllecTB U HeKOoTopble MeTallbl. Ta e dop-
Ma J0Ka3aTelbCcTRa N03BOJAAET UCKAIOUYUTDL CYIleCTBOBAHUE APYTHX CBOMCTB
KpHUBoIi N1aBleHUA, TAKUX, KAK MaKcUMaJdbHaA UM aCUMITOTHYeCKad TeM-
nepatypa. B obmem cnyuae KpuBaf IIaBIeHUA YXOAUT (XOTHA U ¢ yMEHb-
mamollelicd CKOpoCcTbIO) B 00J1acTh HeCKOHEUHO BHICOKHX TeMIepaTyp U He-
OTpaHU4YeHHO BO3pacTalomero JaBJeHMA U CTAHOBHTCA MOYTH MPAMOI.
Onupasch Ha TepMOAMHAMHUKY, MO#HO NOKa3aTh, YTO TEMIIEpATypa Be-
MmecTBa JoMKHA BO3pacTaTh ¢ yBeIUYeHHUEM JaBlIeHH , eclii ero 06beM yBe-
AUYHUBaeTCA MPU MJAABIeHHH, U UTO TeMIepaTypa A0JmHa YMeHbIIaThes
B NpPOTHUBHOM ciaydae. [Iaa HopMaanHoro auamazoHa JaRieHUit cylllecTBY-
eT JUIlb TPU BelllecTBA, KOTOPble MOMHO OTHECTH K HoclelHell KaTeropuu:
BOJA, BUCMYT, rajiiuii. YcTaHoBlIeHO, YTO B COOTBETCTBUU C MOJOKEHUAMU
TePMOJMHAMUKHM KPHUBbLIE ILIABIEeHUA 3TUX TpeX BelllecTR yOLIBalOT. Boiee
TOT0, X KPUBH3HA BO3pacTaeT, U KPHBble YObLIBAIOT Bce ObIcTpee U ObICT-
pee 11pu pocTe jgaBienuda. Takoe cocTofAHnre, 0OYeBUIHO, HE MOMKET AAUTLCA
BeyHo. [Iprpoia caMa BbIXOAWT U3 3TOr0 CIOMHOIO [OJOMEHHUA 1Y TEM GINK-
BUJAIMU» TMOAOOHLIX aHOMAaldbHLIX BemecTB. [Ipy npeRLIieHUU onpe/eneH-
HOT'O JIaBJAeHUA Te MPOCTPAHCTBEHHLIE pellleTKH, KOTOPLIMU obaafganu 3THU
BelllecTBa IPU NMepBUYHOH KpUcTalIN3alii, cTaHOBATCA HeyCTOHUYUBLIMU U
nepexofAT B Apyrue pemeTku. Hopas pemeTka uMeeT 06beM ropasio Melb-
muii, yeM npeabigyInaa, U Teepaad ¢aza Telepb HaMHOro Gojee MIOTHAadA,
yeM #upakad. HMeHHo ¢ 3Toro MOMeHTa KpHBad IL1aBlleHUA, KaKk U B CIY-
yae co BceMH ApPYyTrMMH BellecTBaMi, HaYuHaeT pacTH. IlpeobpaszoBanue pe-
MeTKH UMeeT MecTo IIPH gaBJeHUH: AJA Bogbl — okosio 2000 rce/ch, oA
raamua — okono 12000 xe/cm®, nan BucmyTa — okodo 25000 xe/ca?.
da30Bble U3MEHEHHUfl 3THX TpeX BelllecTB NpeAcTaBiAloT coboii oco-
ObItt npuMep nonuMopdusma. IuarpaMmma cocToAnnil BUCMyTa MoKa3aHa Ha
puc. 9. IlonuMopduaM npeacTaBiafeT oObIUHOE ABJIEHHe NMPH BLICOKUX IaB-
JEeHUAX; YHUCJ0 MPUMEepoB pacTeT NMPHU pacUIMpPpeHUH BDRCIepUMeHTaIbHOI0
JuainazoHa JaBjJdeHHA U NIPU YBeJIUYeHUH YYBCTBUTENbHOCTH MeTO[0B 00HA-
PYyMEeHHA MalbIX CKaukooOpas3HbIX U3MeHeHUil oObeMma. B auanaszoHe Tem-
nepatyp ot komuaTtHo# go 200°C u naBnenunit go 50000 Re/cm,2 npubiIn3u-
TelbHO OJiHa TPEThb BCEX M3YUEHHLIX BelecTB ABIAIOTCA MOIAUMOPPHLIMU.
lns Boee MKUPOKOTO AUANIA30HA YCAOBHH, HApUMep, TaKoTo, KOTOPLIH Ha-
OiiogaeTcAd B 3eMHOH Kope, eCTh Bece OCHOBAHUA MpeanoiaraTb, YTO HH OHO
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Puc. 9. Iuarpamma cocToAHKH BucMyTa. CTpenlky Ha AMHUU (a30BOI0 Iepexoa
III-1V onmpenensioT quanazoHbI JaBIC€HHUH, BHYTPU KOTOPBIX Iepexoj ocyInecTs-
JAETCH IIPU BO3PACTAHUU WK YMEHbIIeHUU JlaBJIeHUA

BellecTBO He UMeeT To#l pelleTKH, KOTOPYIO MOMHO HadIoAaThL B Jabopa-
TOPHEIX YCIOBUAX, €CAU TOJABKO 3Ta pellleTKa He UMeeT 04eHb IPoCToil BUI.
3HauMMoOCThL TAKOr0 BBIBOJA 1A reodU3nKu OYeBUIHA.

TepMoguHaMuKa moauMopdHoro ¢hazoBoro nepexoja Takas e, UTO H
TepMOJHHAMUKa njaBleHUd, HO, TOMUMO 3TOT0, Me#y JABYMA 3THUMHU AB-
TeHUAMH HeT MOYTH HUUero obIllero; B TO BpeMA Kak obllee MOHATHE (KPHU-
Baf ILIABJIeHHA» cylLlecTByeT, NOHATHUA obmeli KpuBoii noaumMopdgHoro mne-
pexoja He cymecrsyeT. EcTL IumbL TpH yObIBalolmie KpUBLIe IIaBIeHUA,
KOTOpbIE HcUe3aloT NMPH BBICOKMX AABIEHUAX; HO CYHIeCTBYeT MHOMKECTBO
yOBIBAIOMINX KPUBBIX MOJUMOpGhHOT0 Iepexoda, U UX YUCIO Bo3pacTaeT NMpH
MOBBILICHUU OaBieHuA. B nuanazone ot 12000 RZ/C.M,Z Jo 50000 r-:e/c./nz
41% HOBLIX KpHUBLIX HoJduMopdHOro nepexoga — yosiBaioniie. Kpusbie mo-
TUMOp¢HOro nepexoja MOTYyT UMeTh TOPU30HTa/lbHbIe MM BepTUKAlbHBIE
KacaTelbHble, KPUBLIe MJIaBIeHUA — HU TeX, HU Apyrux. Kpusnie monau-
Mopduoro nepexoga MoryT 6bITh THO0 BRINYKILIMH, THOO BOTHY ThIMHU, KPH-
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BLle IJaBJAeHUA — TOJAbKO BOTHYTLI. Pa3nuiia 06beMoB AByX MOJAUMOP(HHLIX
(a3 MoeT YBelUYUBaTbCH UK YMeHbIIAaThCA B HalNlpaBlieHUU Bo3pacTaHuA
TeMIlepaTyphbl BI0Jb KPHUBOH (a3zoBoro nepexoaa; pa3HocTh 06L,EeMOB HKUM-
KOI'0O M TBEPJOIo COCTOAHUN BellecTBa Beerja noHumaercAa. GiUMaeMoCTh
JIA 1uanasoHa BLICOKUX JIaBlIeHUl MoMieT OLITL BLINIE UIH HUMKe CiKUMae-
MOCTH OJd HU3KHUX JaBIEHUAX; CiUMAEeMOCTh MUIKOCTU Beerja BhILIe CHU-
MAaeMOCTH TBeporo cocTOAHUA BelllecTBa. BenlecTBa MoryT o6aajaTh He-
ROTOPLIM YUCIOM NOJUMOpPGHLIX PopM, a NoAHoe oTobOpamelde TeMIepaTyp
U JaBjeHUH (a3oBbLIX MepexojoB AJA BeeX PopM MoiKeT NpUBECTH K OYEHb
CI0KHLIM AMarpaMMaM COCTOANMA. Tak BUCMYT MMeeT IMeCTh pa3inudHbIX
¢da3. Boga, obnagaromniaa HeCKOJbLKUMH MOPA3UTEILHLIMUY aHAJTOTUAMH C BHUC-
MYTOM, — ceMb (a3z. Haubonee cnomHoil ¢hazoBoil AuarpaMMoii, TocTpoeH-
HOIl K HACTOAIEMY BpeMeHH, MOJKHO CUMTAThL AHArpaMMy kamMdapnl, obia-
nalonjeil oqUHHAaAUaThLIO PazaMu.

Ha ceropHamuufi geHnb cyuiecTBYeT JAHIIb ABa 00006IeHNA, KacalolNX-
cA noauMopdHbIX NepexodoB. IlepBoe roBOpUT 0 TOM, YTO He MOMET CY-
I[eCTBOBATh KPUTHUYECKHX TOYEK U HelMpepLIBHLIX MEepexXooB Mexiay pas-
JUYHBIMH ModuMopdHbIMH dopMamu. Hajmume Takux To4Yek IMojpa3yMe-
BaeT HelPCPLIBHBIN Ilepexoi 0T OJHOIO BHjAa KpPUCTANIMYECKOH pelleTHKH
Rk APYroMy — UTO KaeTcA odeHb MaloOBEpPOATHLIM, XOTA, BO3IMOMKHO, J10-
ruvecku gonycTUMbIM. BTopoe o6oblenne sakiniouaeTcd B TOM, UTO Iepe-
X0Jbl B IpocTeHIINX MpocTpaHcTBennbix pemerkax suga CsCl B ctopony
YMeHLIIeHUA oO'beMa [IPOUCXOIUT He BCIeJCTBHE pocTa IaBIeHUA; BO3MOMN-
HO, TaKafA pelleTKa HACTOJLKO IIpocTa, UTO €€ CTPYKTYPY CJIO0MHO Hapy-
wuThb. Pazymeercda, Bropoe o6obiieHre UMeeT 1oj cob0il MeHbIIee YHCJIO0
[[PUMEPOB, YeM IIepBoe, U [I03TOMY ABIACTCA MeHee rapaHTHPOBaAHHBIM.

Ilo cux mop Mbl paccMaTpHBalIU TepMOJAHHAMHYECKU oOpaTHUMBbIC Ile-
pexoabl; Korja AaBleHde yOupaeTcd, NMepBoHaAdYanbHad GopmMa BoccTaHa-
BiuBaeTcA. IloMuMo TakuX oGpaTHMbLIX NMepeXooB HeoOXOAUMO MPU3HATh
cyllecTBOBaAHUE IlepeXoJoB HeoOpaTUMBIX, T.e. W3MeHeHUH, BbI3ZBAHHLIX
MPUTIOKEeHNEM [aBleHUdA, KOTOpble, OJHAM#/bl BO3HUKHYB, He HCUe3aloT.
Haiigennr gBa sApruUX mpuMepa HeoGpaTuMbIX nepexonoB. Ilepsobiii mpu-
Mep — (docdop. Ecan obbrunbIi #edThill pochop noMecTUTh MOJ JaBie-
Hue B 12000 xe/cu® npu temneparype Goaee 200°C, To o HeoBpaTUMO
U3MEHUTCA — cTaHeT 4YepHbIM TBEPAbIM BellecTBOM, IIOXO0#{UM Ha rpadur
U 10 BUAY, U TIO 3IeRTPUUECKOd TPOBOJUMOCTH, XOTA caM MKelTLIR doc-
dhop ABIAETCA XOPOUIUM U3OAATOPOM. ITOT NPUMep ObII e JUHCTBEHHLIM HA
npoTA:eHUN pAaa jdeT. CoBceM HeJaBHO A 0OHAPYHHI, YTO 0ObIKHOBEeHHbIH
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MUAKMA 6ucyabdug yriepoma CS, npu temmepatype okoio 200°C u gas-
nenuu B 40000 r2/cH® HeoOpATHMO TEPEXONUT B BENIECTBO YePHOro IBeTa.
Onpegenento, 4YTo YepHOe BeIIeCTBO He AB/IAETCA CMechbIO cephl U YTJiepo-
Ja, KaKk 3TO MOMHO IIPEeJI0J0#UTh, 8 OUEBHHO I1PejJCcTaBAAEeT OJHOPOAHOE
BelllecTBO — TBepAyIo da3y uvepHoro 1pBeTa 6ucylbduga yriepoga. EcTh
npelnodo:iende o ToM, UTO 3Ta CTPYKTypa IpedcTaBadeT codoi oaHy r'u-
FaHTCKYIO MOJNeKY Iy, HoJ06HO y#e U3BecTHOH cTpyKType KBapna SiOs, Ko-
TOPBLIH 0Uelh ¢Xo0:i ¢ 6ucyiabduaom yraepoga CSs ¢ TOUKY 3peHHA CTPOEHUA
aTomoB. O4eHb 3axBaTLIBalollle paccyJaThk 0 TOM, UTO CyIllecTBYeT MHOTO
IPYTHX 00LIYHLIX BellleCTB, KOTOPbIE MOTYT ¢ TTOMOIILIO BLICOKUX JaBleHUit
HeoOpaTHMO NMepeXoJUThL HekHit pybe: M NpHoOpeTaTh elje HeU3BECTHYIO
dopMy. /lo Tex mop, moka He 6yJeT MoJyUeHo TeopeTUueckoe oObAcHeHUe
ATUX ABYX U3BECTHLIX HeoOpaTUMLIX TepexoJoB, B HEKOTOPOH cTeleHu pa-
3YMHO MPeAnodoUTh cylleCTBOBaHUe IPYTUX MOA0OHBIX BelllecTB. DPakTH-
YeCKH, eCcTh BKcIepUMeHTalbHoe NOATBEP:;K/IeHHe BO3MOMHOCTH OCYILIeCTB-
JAeHUA MHOTHX NMoJoOHBIX NepexodoB. B mpoBelenHbIX 3kclepUMeHTax, rjie
A kKoMOHHHUPOBAJ BLICOKHE KacaTe/lbHble HANlpAMeHHA ¢ OONbIIMM TUIpPOCTa-
THYEeCKUM JlaBlleHueM, MHOIO HabJmoJalich HEKOTOpble HeoGpaTUMbIe Nepe-
XO0/ibl B yiie M3BeCTHbIe GOPMBL, a TaK:Ke OrPOMHOE YHCJIO [IBETOBLIX U3Me-
HeHHI, KOTopLle TOBOPAT O NMepMaHeHTHOM M3MeHeHUU cTpPyKTyphl. Toraa
He ObIJI0 BO3MOMKHOCTH ONpededdTh, OLLIN JH HOBLIE BellecTBa 06pa3oBaHbl
MMEHHO MPHU JaHHBIX YCIOBHAX, MOCKOJIBKY UX KOJHUYECTBO ObLIO CIUIIKOM
Malno, 4To6bl 00eceYuTh YAOBIEeTBOPUTEAbHBINA aHadU3.

Teneps nepeiigjeM K ApYruM BHUAaM ABIEHUH, CBA3AHHBIX ¢ MpUIIOMeE-
HHCM jaBjieHudA. Bo3aMomHO, 4TO caMbIMU NIPOCTBIMH [IJIA H3MePEeHUA ABIA-
10TcA 3¢ (eKThl, CBA3aHHbIEe ¢ BIMAHKE JaBleHHUA Ha dJIeKTPUYECHKOE COIIPO-
THUBIeHHe. I3MepeHUA IPOBOJUIUCE IPU KOMHATHON TeMIlepaType U Bhlile,
B Manazone Aapnenuil 1o 30000 x2/cu® ¥ MpU TeMIepaType HHUIKOTO BO3-
nyxa u fasnenuu fo 7000 xz/cu®. Tlpu HU3KUX TeMIepaTypax CyIlecTByeT
ecTecTBeHHOe orpaHuyYeHHe Ha BEJUUYUHY co3aBaeMoro AaBleHnd, KOTopoe
ofyclaBiUBaeTCA 3aMep3aHHeM cpelbl — MPOBOJHUKA JaBieHuA. B nanHom
clyuae — 3To razoodpasHblit azoT. Ha puc. 10 mokaszano BiuAHKe AaBleHUA
(1m0 30000 xz/cm?) Ha wenouYHBIe MeTa/Llbl IPU KOMHATHOM TeMmIlepaType.

IIpexsae Bcero, B KamiJoM OTI€/JbHOM clydyae JaBleHHUe I10-pPa3HOMY
BJMAET Ha CONPOTHBIEHHE; MOPAAOK Ko3dPUIUEHTa CONPOTHBICHUA, 3aBH-
cAllero oT fgaBieHudA, B oOmieM ciydae B 10 pa3s Bblllle mopAgKa oOLeMHOI
cmuMaeMocTH. Kak clleicTBHe, BIMAHWE NaBJAeHUA HA BbICOKOCHHMAaeMble
MeTallllbl cuibliee, UeM Ha claboc:kuMaeMble., JTO BEPHO B 0DIIEM cayuae,
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Puc. 10. OTHOCUTENbHOE CONPOTHBAEHUE IEI0YHLIX METAIOB B JUAIIA30HE [1aB-
aenuit g0 30000 xz/cu’. CRauOK KPUBOIl MIH LE3HA TOBOPUT O IOIMMOpPHHOM
nepexofe. KpuBaa Mida KamuAa MMeeT HeCKONLKO Pa3MBIThI MUHHMYM B o6l1acTu
23 000 rz/cm’

HO 37lech 4acTo BeTpevaroTced UckaovyeHnd. ConpoTupieHue NIpUMEpPHO TPex
YeTBepTeil BceX MeTaqloB IajlaeT ¢ yBelW4YeHHeM JAaBleHUA; KaK OMuja-
J10Cb, CKOPOCTh yMeHbIlIeHUA COMPOTUBJEHUA MOHUMAETCA NIPU pocTe JaB-
JeHHUH, T.e. KPUBafA CONPOTHBICHUA Kak QYHKUMA JaBIeHUA UMeeT BblIlYK-
1y ¢opMy B HampaBlieHUU ocU AaBieHUA. C ApyToil CTOPOHLI, CYIIECTBYET
HECKOJLKO MeTalloB, TAKUX, KAk TUTUH, CTPOHIMHA U BUCMYT, COMPOTHUBIE-
HHMe KOTOPLIX ToJ IaBlieHueM pacTeT. Y JUBUTENLHO, YTO JJIf 3TUX MEeTalloB
JeiicTBYeT 3aKOH Bo3pacTalolleil JOXOHHOCTH, T.€. CKOPOCTL pocTa colpo-
TUBIEHUA Bo3pacTaeT IPH YBeJIWYEHHHU JaBjeHUA. JTO 3HAYUT, 4YTO A
3TUX MeTaJ/l/IoOB KpuBad 3aBHCHUMOCTU COIIPOTHUBICHUA OT JaBJCHUH UMEET
BhIIYKIYIO opMmy. U HakoHel, eCTh HECKOJAbKO METAlIOB, KOTOPbIM IPH-
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cymu oba BHAa NMoBedeHUA, T.e. Ha HavalbLHOM 3Tale HX CONMPOTUBIEHHE
najaeT, MPOXOAUT depesd MUHMMYM M HauWHaeT pacTu. IlpumepomM Takux
MeTa/lllloB ABAAIOTCA le3ui, pybuauit, kanuili u O6apuii. TakuMm obpasoM,
MOMHO cjleaTb BbIBOJ O TOM, YTO BbINYKJIOCTL KPUBO cONpOTHBIEHUA
XapakTepHa JJA BceX MeTalloB, a caMH KpPUBLIE MOTYT paccMaTpPUBATL-
CcA KaKk 4YacTH eJUHON 3aBHCHUMOCTH; MPH ITOM €JIHHCTBEHHBIM pas3anyH-
eM JJA pa3HbIX MeTa/llIOB ABIAETCA TO, YTO IJAA HUX Io-pa3HoMy olpeje-
JAAeTcA MoJoMeHHe HCTHUHHOTO HYJAA OTHOCUTEeAbHO aTMocdepHoro gaBle-
HHA.

MuzukaMu-TeopeTHRaMH ObII JOCTUTHYT 3HAYUTENLHBIA ycneX B 06h-
AICHEHUH BIMAHHA JaBleHUA Ha compoTuBieHuHe. Kak M omugantoch, MpU
paccMOTpeHHH HACTONLKO HeJUHeHHbIX ABIeHUH MOMHO 3aMEeTUTL MPUCY T-
cTBUe o KpaiiHeil Mepe BYX MeXaHU3MOR, IPeNATCTRBYIOMUX APYT JAPYTY.
Bo-nepBbiX, IpoABIAeTCcA 3aBUcAlllee oT AaBIeHUA ABJIeHUe, NpeAcTaBIAIO-
iee aHaJOT cBoBoOgHOro Npodera 3jieKTpoHa B cTapoil razo-3AeKTPOHHOH Te-
OpUK MeTallInyeckoil npoBoauMocTH. OHO ¢cBA3aHO ¢ UBMEHEeHHEM pa3MepoB
1 B ofImeM ciaydae NPHBOAUT K YBelUUeHUIO MIHHLI cBoboaHoro mpobera,
T.€. K CHUKEHHIO COIPOTHBIECHUA NIPU pocTe AaBieHUA. Bo-BTophiX, 3lech
HMeeT MecTo [eperpyIlHpoBLKa SHepreTHYECKUX YPOBHeH, T. €. HabJato1aeT-
cAl U3MeHeHUe ROTUYecTBa cBOOOAHLIX (3(p(PEeKTUBHBIX) 3MEeKTPOHOB B TOM
clyuyae, Korja 3HepreTudeckle 30HLI MOYTU MOTHOCTBIO 3aHATLI. B 3aBUCH-
MOCTH OT ocobeHHocTell aTOMHOI0 B3auMoAeHCTBUA 9TO MOKeT NPUBOAUTL
KaK K YBellMUeHUl0, Tak U K YMeHbIIEHHIO COIPOTUBIeHUA. 1A HEKOTOPhIX
[IPOCTHIX c¢/AyYaeB ObLIU cAENaHbI MPUO/IHMKEHHBIE PACUeThl, KOTOPLIE NOKAa-
3bIBAIOT, 4TO (HalpuMep, IJIA TUTHA) POCT CONPOTHUBICHUA C YBEJIHYEHU-
eM JaBlleHHA CBA3aH IPEeMMYUIECTBEHHO ¢ yMeHblleHUeM 4YMclia cBOOGOHbBIX
3IEeKTPOHOB.

BnuAanne gaBleHUuA Ha 3JAeKTpUUecKoe COMPOTUBIeHHE OJMHOYHLIX
KPHCTANIOB B HEKOTOPLIX cIyYaAaX JoBoJbHO cloxHoe. Ecau KpHceTail uMe-
eT KyOHYecKYIO IPocTpaHCcTBEHHYIO pellleTKY, TO BelllecTBO BelleT cebA Kak
H30TPOINHOE TeJl0o; HO B TOM clydae, Korfa cucTeMa obiagaeT cuMMeTpueit
follee HU3KOTO MOPAAKA, TO COMPOTUBIEeHUE O pa3HLIM HalpaBleHUAM MO-
eT orauvaThed. Hanpumep, AnA cypbMbl BIMAHHE JABJICHHUA UMeeT pas-
HbIif 3HAK B pa3HbIX HallpaBJeHMAX, UMeIOTCHA HallpaBleHUA B KpHcCTallle,
I/l KOTOPbIX KPHUBaA COIPOTHBIEHUA IPOXOJHT Yepe3 MaKkCUMYM IIPpH yBe-
TWYeHUH JaBleHHdA, B TO BpeMA Kak A JPYyTHX HalpaBleHuit Kpupasa co-
NpPOTUBIEHUA MOHUMAETCA U UMeeT KPUBU3HY, eCTECTBEHHYIO AA APYTHUX
BelllecTB.



146 HoGeaescran aeryun

ConpoTUB/IeHHA HEKOTOPLIX MOJYIPOBOJHUKOB MOTYT MajaTh HACTOIb-
Ko ObLICTpo, 4TO MpubAKMaIOTCA K abCONIOTHLIM XapaKkTepUCTHURAM COIMPO-
TUBIeHuA MeTamwioB. IlepBbie uccnegoBaHusa B 3Tol ob6nacTu ObLIIU MpPOBe-
netibl MonTenom ua Yncamna (Montén in Uppsala) nis cenena u cynbdu-
na cepebpa. Tennyp npudnau:aerca Mo cBOMM cBoiicTBaM K MeTajllaM NpHU
30000 ne/cm?. IIpu 3TOM He TOJNbKO IPOUCXOAUT NaleHue adcoqIOTHOH Belqu-
YHUHBI COMPOTUBIEHUA J0 XapaKTepUCTUYeCKH HU3KOTo 3HAYEHUA, HO U U3-
MeHeHUe 3HaKa MepBoHaYalbHOo OTPULATENLHOr0 TeMIepaTypHoro Koaddu-
I[MEHTA, KOTOPLIA CTAHOBUTCA MOJOMUTENbHLIM, Kak Y MeTalloB. Teopusa
ellle JaJeKo He B COCTOAHMU OO BACHUTL 3TH cllOKHbIE ABIEHUA Kak B clIyyae
¢ OJIMHOYHLIMU KpUCTaA/IaMU, TAK U ¢ MOJYIPOBOJHUKAMMU.

C »leKTpUUeCKOH NMPOBOJIMMOCTbBIO MeTalloB TeCHO cBfizaHa UX Tell-
JTOMPOBOAHOCTD; 3TA B3aMMOCRBA3b Bhipa:kaeTcd uyepe3 NMpUGIMMKeHHBIN 3a-
KoH Bugemana— ®paHua, onpeaelAlollero oTHoOIIeHHE IeKTPo- U TelIolpo-
BOJAHOCTH AJA BceX MeTalioB. Ilod maBieHneM TelIONpPOBOAHOCTL MeTalla
U3MeHAeTCcA BMecTe ¢ 3JeKTpolpoBoaHocThio. Ho u3aMepuTh nepByio ro-
pasgo cloxHee, YeM IoclIeAHIOD, MO3TOMY YIAOBIETBOPHTEILHbLIE H3Mepe-
HHMA ObLIY NPOBe/leHbl JUIlb 1A HeCKOJbKUX MeTa/NIOB M IIPH JaBlleHUH 10
12 000 H?E/C.MQ. JTHU 3KCIIePUMEHThI [I0Ka3aJli, YTo cooTHollenue Bugemana —
(dpania NoUTH He 3aBUCUT OT JaBJeHUA.

Bnudnne gaBieHdsa Ha TeNJONPOBOAHOCTD MUJKOCTH Tropasfio culbHee,
YyeM Ha TelJolpPOoBOJHOCTL METAIJIOB; KpoMe TOr0o, OHa Jerve NojaeTcA U3-
MepeHHio. B ofiieM ciydyae TemnolpoBOAHOCTL OObIYHBIX MHUAKOCTeH yBe-
JIMYUBAETCA B [BA-TPH pasa [pH pocTe AaBienua go 12000 xz/cu®. Ins Bo-
Ibl 3TO 3HaYE€HHE HecKoJabKo Hue; npu 12 000 rce/c./n2 ee TellJIOIIPOBOJAHOCTD
ypeanuuBaeTca quiib Ha 50%. CyuecTByeT TecHasg 3aBHCHMOCTL MEHKIY
BJIMAHHUEM JaBIeHUA Ha TeILIONPOBOJAHOCTL OObIYHBIX MUIKOCTEH U BIUA-
HHEeM AaBleHHA Ha CKOPOCThb paclpocTpaHeHHA 3BYKA B 3TUX MUIKOCTAX.
TakuMm obpaszoM, TEMIONPOBOAHOCTh KUAKOCTH HUMeeT B MepPBYIO ouepeb
MeXaHUu4YeCcKYIo MPHPOIY; Telllo NepeHOoCUTCA 3a cUeT MUKPOCKOIMUYECKHUX
MeXaHUUeCKUX BOJIH, PACIPOCTPaAHAIONIUXCA CO CKOPOCThIO, KOTOpad TpaaH-
IIMOHHO oNpeendeTcA cauMaeMocThio. HeaHauuTenbHoe BIMAHUE AaBleHUA
Ha TeIlIoNPOBOJHOCTh o6yc/aaBlBaeTCA MallbIM U3MEHEHUEM CHUMAEeMOCTH
BOJIbI C POCTOM JlaB/JeHUA.

IpyrumM cBoiicTBOM MeTalJl0B, OYCBHIHO, CBA3AHHBIM C DJIEKTO- U Tell-
JTOMPOBOJAHOCTBIO, ABNAETCA UX TEPMOIJIEKT pHUdecKkaa XapakTepHucTHRA. ITO
CBOHCTBO Tak:ie MoJBep:KeHo BIUAHUIO JaBleHHA. B obmeM caydae TepMo-
3MeKTpUUYecKoe MoBeleHde MeTalla oj AaBleHueM oTJNYaeTcA OT MOBe/e-
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Puec. 11. BaufAHue naBrneHHA Ha BA3KOCTh U300y TUIOBOrO CIHpTA

HHA TOTO e MeTalla, HaxoAAlerocda Npu HopMalLbHoM gapienuu. I[loaTomy
Takoll MeTalsl Mo:eT ObIThb MCIOJb30BaH A CO3JaHUA TepMonap, rje oji-
Ha ee 4acThb COCTOUT M3 OGBLIYHOI0 MeTaJlla, HaXoJAllerocsa noj oO0bIUHEIM
JaBleHUeM, a Ipyrad — H3 TOr0 }Ke caMoro MeTa/lla, HO HaXojAllerocA
noa ruapocraTudeckumM aapienueM. Ilpu gasnennu B 12 000 RZ/CM2 Tep-
MO3JeKTpPUYecKasa MOIHOCTb TAKUX TepMolap COMOCTABHMA C MOI[HOCTLIO
TEepPMOIIAp, COCTOANUX U3 Pa3IudHbLIX MeTAalJIoB U HAXOAAMMUXCH MPU 00bLIU-
HOM JaBieHMHd. Bbllo npoBegeHo M3ydeHHe HEKOTOPBLIX TAKUX «Oaponapy
(pressure couples). flBneHue aBnAeTCA JOCTATOYHO CJIOKHBIM, [I03TOMY He
cylllecTBYeT VHHMBepcalbHOI'O IIpaBH/Ja JJA olpejeleHUA 3HaKa BoaleiicT-
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BHA, T.€. UMEIOT MEeCTO KaK lepeMeHbl 3HAKa, Tak U 3HAUMTEJbHbIE OT-
KJIOHEHUA OT JuHeliHocTU. A o6bACHeHUA 3TUX ABIEHWI HET HU OJHOH
yIOBJIeTBOPUTENLHOI Teopur. B HacToAllee BpeMA MOM#HO ¢JielaThb TOJbLKO
3aRk/jI04YeHue, YTO B JlaHHOE fiBjleHWe BHOCAT BKJAJ HECKOIbLKO pa3lM4HbIX
MeXaHU3MOB.

Jlydiuie Bcero Ha cerogHAMIHUI [JeHb H3YyUYeHO BJIAMAHUE NABIeHUA Ha
BA3KOCTL MUIKocTell. B obuieMm ciydyae BA3KOCTL ¢ poCTOM AAaBJAeHUA YBe-
AUYUBaeTCA, KpoMe TOT0, CKOPOCTh ee YBeJIHUEeHUA TaKkie pe3ko Bo3pacTa-
eT MpU yBelMYeHUH JaBlieHUA. PoeT KpHBoil BA3KOCTH 0OLIYHO TTPOUCXOIUT
SKCMOHEHMAALHO ¢ YBe/lMUeHneM JaBleHU, a MHOTAa Aame ObIcTpee, yeM
sKRcnoHeHMaAbHo. Ha puc. 11 nokazaHbl KpuBble BA3KOCTH M300YTUIOBOTO
cnupta npu aasrenun 12000 x2/cm® u Temnepatypax 30°C u 75°C. Ipu
ypenndenuu aapnenud fo 10 000 xz/cH® pocT BABKOCTH MOKET ONpe/ielATh-
ca koaddunuentom 107 (naa asrenona). CkopoeTh pocTa HelocpeAcTBEHHO
CBAI3aHA CO CIOKHOCThIO CTPOEHHA MOJEKYT U UMeeT GObIINe 3HaYeHUA A
CNOMHBIX MoNeKyad. [IaA cpaBHUTeNLHO NPocToi #UAKOH BoJbI MPU daBie-
nuu 10000 x2/cH® BA3KOCTL yBelMuKMBaeTcs B ABA MW TPU pasza, a B Cly-
Yyae ¢ MOHOATOMHONH PTYTbIO BA3KOCTL yBeln4uBaeTcd jauimb na 30%. das
METHUJOBOI'0 cllMpTa BA3KOCTb yBeandyuBaeTcd B 10 pa3s, 414 nponuiaoBoro
cnupta — B 100 pa3, a1a amunosoro cnuprta — B 1000 pas. 3a nociaegnue
rojibl GU3UKU-TEOPETUKH AOGUINCL 3HAUUTENLHOr0 yenexa B 00hACHeHUH
BIMAHUA JaBIeHHUA HA BA3KOCTL KUHKOCTeH.

Ilepcu YuabAam Bpugsmen

AHAJIN3 PABMEPHOCTEM

Huszaiinep M. B. Boma
Texnuvecrutl pedaxmop A. B. [ITupo6oros
Komnviomepnwiii nadop u sepcmra C. B. Boicoyruil
Hoppexmop 0. I0. Kyuepenko
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