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TJIABA
BBEJEHHUE

§ 1. 3nauenne npoOGJEeMbl COOTHOILEHHS
MexJy AHHAMHYECKHMH M CTATHCTHYeCKMMH
3aKOHOMEPHOCTSIMH B (pu3MKe

[Tpo6neMa COOTHOIIEHHS] MeXAY AMHAMUYECKHMH M CTa-
THCTHUECKUMH 3aKOHOMEPHOCTSIMH BO3HUKJIA OJHOBPEMEHHO
C nosiBleHHeM B (pU3HKe CTAaTHCTHYeCKHX 3akoHOB. C Tex
IIOp OHAa He TepecTaBaja IPHBJIEKATh BHHUMAaHHe KaK (DH3HU-
KOB, TaK U (puiocooB U B HACTOsLIEe BpeMsI ABJsIeTC 0JHON
3 Haubojiee aKTyadbHBIX (UIOCOPCKUX NpoOJieM ecTe-
CTBO3HAHHS.

B cooTBercTBHH C JIOTHKOH Pa3sBUTHS HAYKH IOAXOJ K
npobjeMe ¥ Jaxe ee IOCTAHOBKA H3MEHHJIUCH C TeYeHHEM
BpeMeHH cCyuecTBeHHeHmuM o6pasom. IlepBonauanbHo
OCHOBHBLIM B Ipo6JieMe COOTHOIIEHHS JHHAMUUECKHX U CTATH-
CTHYECKHX 3aKOHOB Obl1 Bompoc 06 000CHOBAHHH KJacCHUe-
CKOH CTAaTHCTHYECKOH MeXaHWKH Ha 0ase AMHAMHUYECKHUX 3a-
KoHoB HpbloroHa. [IbITanuck BLISICHHUTB, KAaKUM 00pa3oM 3a-
KOHBl CTaTHCTHYECKOH MEXaHHKH, CYLIECTBEHHOH uepToH
KOTOpPOH $IBJISIETCST BEPOSITHOCTHBIA, HEOAHO3HAUHLIA Xa-
pakTep yTBepKAeHHH, AOJKHBL OBITh CBSI3aHBL C 3aKOHAMH
HploToHa, OHO3HAYHO ONpEeJEeNSIOMIUMY 10 3alaHHOMY Ha-
YaJIbHOMY COCTOSIHHMIO BCe JasibHeillee MOBEJEHHEe CHCTEMBI.
Bonpoc 3ToT u 1o ceft IeHb HeNb3sl CUUTATh PEIUEHHBIM, He-
CMOTps1 Ha 6OJIblIIHe yCneXu, AOCTHTHYThle HA 3TOM NYTH.

B nacrosiee Bpemsi, 01HaKo, HauOOJBILIHI HHTEPEC MPU-
obpena coBceM JApyrasi NMOCTaHOBKAa BOIIPOCA, IPOTHBOIO-
JIO)KHAsI B HEKOTOPOM OTHOLIEHHH II€PBOHAYaJbHOH. ITO
IIPOM30LIJIO TOCJIe TOT0, KaK BHISICHHIOCH, YTO 3aKOHbI IOBe-
JeHnsi 0OObeKTOB MHKPOMHPA, 3aKOHBl KBAHTOBOH MeXaHHKH,
HMEIOT CTaTHCTHYECKHH XapakTep. SIBisieTcsl JH CTaTHCTH-
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YECKO€ ONKCaHHe HHAHBHAYaJIbHBIX MHKDOCKOIHYECKHX MPO-
IIECCOB €IMHCTBEHHO BO3MOXKHBIM HJIH K€ CYHIECTBYIOT AMHA-
MHYECKHE 3aKOHbI IBHKEHHUS 3JIEMEHTAP HbIX YaCTHIL, CKPHIThIE
MOKa TMOJA IOXKPOBOM CTATHCTHYECKHX 3aKOHOB KBaHTO-
BOii MEXaHUKH?

Takum o6pasom, eciu paublue OCHOBHYIO IpoGieMy BH-
Jlend B TOM, YTOOBI NMOKa3aTb, KaK CTATHCTHYECKHE 3aKOHBI
noBeJieHHs1 60JBLIONH COBOKYITHOCTH OOBEKTOB BHIPACTAIOT U3
JIUHAMHYECKHX 3aKOHOB IIOBEJEHHS OTIENbHBIX €e 3JeMeH-
TOB, TO Tenepb Mpejsaraercsi BEISICHUTb, 0053aTeIbHO JIH 32
M3BECTHBIMH CTaTHCTHYECKUMH 3aKOHAMH CKPBIBAIOTCS ONpe-
JeneHHble IHHAMHYECKHEe 3aKOHB! HIIH 2Ke OHH IPeJCTaBJISIoT
co00i1 BIOJIHE CAaMOCTOSITENbHBIl THII 3aKOHOMEDHOCTH, He
TOMLKO He HYXJAalowwuiicss B 0OOCHOBAaHHMH, KakK IoJiaraju
B koune XIX Beka, HO ¥ npeTenaywouMi Ha GoJee Ir1y6GoKoe
oTpaxkeHHe OOBEKTUBHBIX CBsi3ell B IPHPOJAE, UeM JHHAMUYe-
CKHe 3aKOHHI.

Cnenyer cxasaTb, YTO KaK NepBOHAuajbHasi, TaK H COB-
peMeHHasi IOCTaHOBKa MpPOOJIeMbl COOTHOILIEHHSI MeXLy HH-
HAMHYECKHMH M CTATHCTHYECKHMH 3aKOHOMEPHOCTSIMH IIpsi-
MBIM 06pa3oM CBsi3aHA C MOHCKAMH HANpaBJeHHs] Pa3BUTHS
¢usuku. Crpemnenre 000CHOBaTh CTATHCTHYECKYIO MeXaHH-
KY (MJIH MOJIEKYJISIP HO-KHHETHUECKYIO TEOPHIO CTPOEHHUS Be-
IeCTBAa, KaK Torja roBOpu/M) Ha 6a3e KJIaCCHUECKOH Mexa-
Huku Helotona Beipaxkano B XIX Bexke HaunGosee mporpec-
CHBHBIE TeHACHIHMH Pa3BUTHs HAYKH M OBLIO CBS3aHO C yT-
BepKJAEHHEM T'HIOTe3bl 00 aTOMHOM CTPOGHMH BeIEeCTBa.
Heno 06¢cTosi10 TaK: 1160 pa3BUBaTh TOABKO (DEHOMEHOJOrH-
YECKYI0 TEODHIO TEIIOBHIX HPOLECCOB — TePMOJAUHAMHUKY,
OCHOBAHHYIO Ha MOHATHH SHEPIHH, ee NPEeBpalleHUsIX U Ie-
peflaye,— 100 »Ke MONBITATHCS NOHSITh, YTO PasbIrpPhIBa-
eTcsl 3a KyJaucaMd HaGO/I0faeMblX NPEBPAIEHHA 3HEPrHH.

B namre Bpemsa npoGnema 060OCHOBaHHSI CTaTHCTHUECKOH
MeXaHHKH JaBHO yTparuia Obuiylo octpory. Hukrto nHe
COMHEBAeTCs1 HH B PeaJlbHOCTH aTOMOB, HH B TOM, YTO CTATHC-
THYECKasi TPAKTOBKA TEIUIOBHIX INPOLECCOB TIy0xke Tepmo-
auHampueckoi. Eciu mpo6sema u He moJydusia IOJHOTO
pelleHusi, TO 3TO BOJHYeT He Takoe yz GO/blIoe YHCIO HC-
cliefioBatesiell. AT0 LOBOJNBHO IyGokHi ThIT HayKu. Hcuep-
NbIBalolee pelieHne NnpodjeMbl, KaK NpeAnoJaraercsi, Bpsil
JIM 3aTPOHET JApYyrue pasiesbl (USHKH.

Ocobyio akTyanbHOCTh Hpo6jieMa COOTHOLIEHHS MEXAY
JUHAMHYECKHMMH ¥ CTATUCTHUECKUMH 3aKOHOMEP HOCTSIMU HMe-
eT ceffuac B CBS3M C Ge3yC/IOBHO aKTyaJlbHOH HeOGXOAUMO-
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CTBIO [TOCTPOEHHS TEOPHH 371eMeHTap HBIX YaCTHI], BEIXOAIIEH
3a paMKH CYLIeCTBYIOLIeH KBaHTOBOH Teopuu nojs. Obumii
HOAXOA K IIOCTPOEHHIO TEODHH HENOCPEACTBEHHO 3aBUCHT OT
TOro, JONYyCKaeTcst JiM, 4YTO CTaTHUCTUYECKUH  3aKOH
MOXKeT JOCTaTOYHO MOJIHO OTpa3uTh B3aWMOCBSI3H B MHK-
poOMHpe, HJH XK€ 3TO HEBO3MOXHO H YrayOseHye HaIux
3HAHUA C HEH30eXKHOCTBIO NPHBEAET K OTKPBHITHIO JUHAMH-
YeCKHUX 3aKOHOB.

B sTOM ceffuac cOCTOMT BaxHOe 3HaueHue npobyeMsl Co-
OTHOLIEHHs JMHAMHYECKHMX M CTaTHCTHYECKUX 3aKOHOB. Ha-
npaBJIeHHe HCCIe0BAHUA B (pU3HKe 3/1eMeHTaPHBIX YaCTHIL B
ONpeJieJIeHHOM CMBIC/Ie JUKTYeTCSI MMEHHO TeM, KaK OTHO-
CHTBCS K MECTY, POJIY H 3HaUEHHUIO CTATHCTHYECKHX 3aKOHOB B
¢u3nKe CPaBHUTENIbHO C JHHAMHYeCKUMHU. Bribop «auHamu-
YECKOro» HJaH «CTaTHCTHYECKOI'O ITyTH» JOJIKEH OBITh clliejslaH
HE3aBHCHMO OT TOrO, 3aHMMAaeTCsl JH yYeHbIH ClellHajJbHO
aHAJH30M COOTHOLIEHHS] MeXJAy 3aKOHAMH DasJHYHOTO TH-
na u JieslaeT BbIOOP Ha OCHOBE 3TOTO aHANH3a UM 2Ke HHTYH-
THBHO OCTAHABJIUBAETCS Ha ONpEeNeJEeHHOH TOUKe 3peHHs.

Koneuno, Techefiliass cBsi3b BOIpPOCa O COOTHOLIEHUH
JMHAMHYECKHX M CTAaTHCTHYECKHUX 3aKOHOB C HANpaBJEeHHEM
pa3BUTHUSA GU3UKH HE SIBJASIETCS HCKJIOYUTENBHOH NpHBUJIE-
rueil IMeHHO RaHHOH (pusnocodckoi npobseMbl COBpeMeHHOH
¢usuky. [IpHMepHO TO Xe MOXKHO CKas3aTb H O NpobseMe
NPOCTPAHCTBA M BPEMEHH, NMPEPLIBHOCTH M HENPEePLIBHOCTH
U T. I., XOTS1 B 3TUX Npob6JjeMax ¥ HeT JOCTaTOUHO Ompefe-
JIEHHOH INOCTaHOBKH BOIIpOCA, CBOAsiLIEH pellleHWe K apry-
MEHTHPOBAHHOMY BbIOOPY M3 JBYX HJIH TPeX KOHKPETHBIX
BO3MOXKHBIX pemrenuii. [Ipo6jeMa CTAaHOBUTCS IO-HACTOS-
IIeMy akTyaJbHOH He CTOJIbKO NMOTOMY, YTO €e HYyKHO pe-
LIUTh, CKOJIBKO IOTOMY, YTO Ha3pesH yCJOBUS, IPH KOTOPHIX
€e MOXHO PelIUThb.

I'naBHOe 3HaueHHe MpOOGJEMBI COOTHOIIEHUS MEXAY AHU-
HAMHYECKHMH U CTAaTHCTHYECKHMMH 3aKOHOMEPHOCTSIMH, BHI-
JIBHTAIOILEE ee Ha NEPBHIH IJ1aH 110 CPAaBHEHHUIO C APYTHMH Me-
TOAOJIOTHYECKHMH IpobsieMaMu (PU3UKH, COCTOUT B TOM, 4TO
HAKOIVIEHHBIH HA NMPOTSKEHHH BCeH HCTOPDHU Pas3BUTHA (U-
3uKu OoraTeHIIHH MaTepual B HACTOsllee BpeMsi, KaK HaM
IpejcTaBJ/iseTcss, NOANAeTCsl OJHO3HAYHOMY OOCOOIIEHHIO Ha
OCHOBe (uI0cOpUU AualeKTHYeCKOro MaTepuanusma. Pe-
mexye npo6seMbl B OOIHX YePTaX MOXKHO c(hOpMy/1UPOBaTh
BIIOJIHE JIOKa3aTeslbHbIM 0Opa3oM. Ele Heckonbko JecsT-
KOB JIeT Ha3aj, HeoOXOAuMble (pakThl He ObLIM MOJYyYeHBI H
Helb3si OBLIO BEICKa3aTh HHYEro, KpoMe Oosiee HJIU MeHee
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npaBAo noA06HBIX AoraoK. CO MHOTHMH MeTOAOMOr HUeCKUMH
npobseMaMu IesI0 OOCTOUT cefiyac HMEHHO TakK.

3nauenue uccaefyeMoil npobseMbl, OXHAKO, COBEPILEHHO
HE HCYEpNBIBAEeTCs COOOpaKeHMsSIMH INPAKTHUECKOH MoJses-
HOCTH ee BHIBOJOB IPH BbiGOpe HampaBJjieHHst pasBUTHS Teo-
PHH 3JIeMEHTAPHBIX YacTHIl, O YeM Ljia peyb. AHAMH3 COOT-
HOLIEHUS] MeXAy AWHAMMUYECKUMH MW CTaTHCTHYECKHMH
3aKOHOMEDHOCTSIMU B (DU3HKE ABJSETCA OAHOH M3 LEHTPalb-
HBIX (uI0cOpCKUX mpobseM, TaK KAaK KacaeTcsi CyllecTBa
OCHOBHBIX THIIOB 3aKOHOMePHOCTel 3Toi HaykHu. VIMeHHO co-
NIOCTaBJIEHHEe JBYX BO3MOMHBIX THIIOB 3aKOHOB IO3BOJISET
BCKPHITh CYyTh OOBEKTUBHBIX CBsi3eH B NpUpOJeE.

Metoponioruueckuii aHajdu3 CPaBHUTEJIbHOTO 3HAYEHHS
CTaTHCTHYECKHX M AHHAMHYECKHX 3aKOHOB IMO3BOJIsieT 00b-
SICHHTb Ty 3aMeyaTeJbHYIO TeHAEHLHUIO K YBEJTHYEHHIO POJIH
CTaTHCTHYECKHUX 3aKOHOB, KOTOpPasi OCOGEHHO OTYETJIHBO Hal-
JII0JlaeTcsi B COBpPeMeHHOH ¢u3uke. BCkphbiTHE NPUYHH 3TO-
ro mnporecca — ofiHa M3 BaxKHEAIIHX CTOPOH paccMaTpHBae-
MOH mpoOseMsl.

HccnenoBanne COOTHOIIEHUS AHHAMHYECKHX M CTATHCTH-
YeCKHX 3aKOHOB HepPa3pLIBHO CBSI3aHO C NMOHUMaHueM KaTe-
ropuii HeoOxofuMmoro H cayuva@imoro. Ha ocHoBe atoro
HCCJIeIoBaHKS ¢ HaHOObLIeH TOTHOTOH MOXKeT OBITh PacKpHI-
Ta JMajieKTHKa HeoOXOAMUMOTO M Cy4aiHOro, IPOHHU3LIBAIO-
1asi MPOLECCHl OKpPYzKalollell Hac npupoAsl. EAnHCTBO mpo-
THBOIIOJIOKHBIX KaTeropuii HeoOXOAMMOro M CJy4alHOro,
yTBepxkAaeMoe B ¢unocobuH JHaTeKTHYECKOro Marepua-
Ju3Ma, B CTAaTHCTHYECKMX 3aKOHOMEDHOCTSX (PU3HKU BBIC-
TynaeT HeNoCPeJCTBEHHO. B HHX MBI MOXKeM NpOC/eAuTb,
TaK CKa3aTb, <MEXaHH3M» CBsI3H HEOOXOAMMOro M CJydyaiHo-
ro, NpHYeM caMa OHA IpejCTaBlieHa B CTPOrO0 KOJHYECTBEH-
HOH ¢opMe. InanekTuka e CBS3H, K IPHMEPY, NpepLIBHO-
ro M HeNnpephIBHOI'O XOTSl M YCTAHOBJIEHA B (yHAaMeHTalb-
HbIX 3aKOHaX KBAHTOBOH MEXaHWUKH, HO Qu3uyecKas ee CyIl-
HOCTb OCTAeTCsl HesICHOH U BBRI3BIBaeT HHUCKYCCHH IO CeH JeHb.
PaccmarpuBaemasi mpo6JieMa # B 3TOM OTHOIUIEHHH BEITOAHO
OTJIHYaeTcss OT JAPYrHX ¢unocopckux mnpobneM ¢UIUKH.

Kak nunamuueckue, TaK ¥ CTaTHCTHYECKHE 3aKOHBI BHI-
paxaloT HeoOXOAUMEIe CBsI3H B npupofe. Ecin octaBuTh Ge3
BHHUMaHHS KOJIMYECTBEHHYIO CTOPOHY, IJIaBHOe pasjiuHyuue
MeXAy HHMH — pasiuyue B (puIOCOPCKOM OTHOLIEHHH —
COCTOUT B CMBICJIe, BKJIaJLIBAEMOM B IOHSATHE HEOOXOXHUMO-
cTd. B cratucTHuecKuX 3aKOHAX OHA HEINOCPEJCTBEHH§@ BhIC:
TyIaeT B AHANIEKTHYECKOH CBA3H CO C/Ay4ailHbIM, B JHHAMHU-
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YeCKHX — KaK abCoOJIIOTHAsl INPOTHBOINOJIOXKHOCTh CJydaii-
Horo. JlioOble 3aKOHBI, Kacaromuyecsi Gojiee CIOXKHBIX (HOPM
JIBHJKEHHS MaTepuH, yeM ¢opMbl ABHIKEHHs, paccMaTpuBae-
Mbl€ B (H3MKE, MOKHO Pa3fle/IuTh 110 XapakTepy MOHHUMAaHHUS
B HMX HEOOXOAMMOCTH Ha JBa THIa: AMHAMHYECKHE H CTa-
THCTHYECKHE.

KonnuecTBeHnnast GopMyinpOBKa 3aKOHOB He 00s3aTelb-
Ha. MOXXHO Ha3BaTh CTATUCTHUYECKUM JIIOOOH 3aKOH, B KOTO-
pOM HEOOXOAMMOCTb BBHICTYNAeT B TECHOH CBSI3H CO CHY-
YaiiHbIM.

IIpoGneMa COOTHOLIEHHS] OCHOBHBIX THIOB 3aKOHOMEp-
HocTell B (hu3uKe TeCHeHANM 06pa3oM cBsidaHa ¢ ¢yHAaMeH-
TanbHOH mpo6neMoll nmpuunHHOCTH. MMenno awnanu3 auHa-
MHYECKHX H CTATHCTHYECKHX 32KOHOB [I03BOJISIET PACCMOTPETh
Te (OPMBI NPHUYHHHOCTH, KOTOPHIE BBHICTYNAIOT B COBpe-
MeHHOH ¢u3uke. [IPHYHHHOCTHL — MOMEHT B3aHMOCBSI3U
H HMeeT INpsIMOE OTHOIIEHHEe K 3aKOHY, OXBaThIBAIOIIEMY
MHOKECTBO OCOOEHHOCTeHl OOBEKTHBHOH B3aMMOCBA3H. 3a-
KOH «BBIXBATBIBAeT» LIEJBIA «KYCOK» B3aUMOCBS3H. TO MM
MHOe pelleHHne Npo6ieMbl IPUYNHHOCTH B HACTOsIIIEE BpeMst
OCHOBBLIBA€TCSI HA OIpENENEHHBIX MNMpEACTaBJEHHAX O CyII-
HOCTH AMHAMHUECKHX M CTAaTHCTHYECKHUX 3aKOHOB M MX COOT-
pouwenud. He ciyyaliHO 1mO3TOMY MOYTH BO BCEX IJIaBax
c6opuuka «[IpobreMa NPUUHHHOCTH B COBPEMEHHOM (HH3HKe»
(U3n. AH CCCP, 1960T.) peub uaeT 0 COOTHOIUIEHHH OCHOB-
HBIX THIOB (PM3MYECKHUX 3aKOHOB, HECMOTpSI Ha TO, YTO 3TOMY
BOIIPOCY IOCBSIIEHA CIelHaibHAas IJ1aBa.

Psaj yueHbIX CBsI3bIBaJl NpEACTaBJIEHHE O NEPBHYHOCTH
CTATHCTHYECKHX 3aKOHOB C HHIETEPMHHH3MOM, C OTCYTCTBH-
€M B NpPUpOJe NPUUHHHOCTH. Bo3nukmee B 50-x rogax aBu-
JKeHHe 3a «IPHYUHHYIO» HHTEpIpeTalMIo KBAHTOBOH MeXa-
HHKH HMMeJIO B CBOeH OCHOBe YBEPEHHOCTb B TOM, YTO OTKa3
OT NPHHATHS AHHAMHUYECKUX 3aKOHOB JBHIKEHHS MHKPOOOB-
€KTOB SBJISIETCS OTKa3oM OT mnpuuuHHOCTH. OOCyxkIeHHe
OTHOCHTENIbHOIO 3HAYeHHsI JUHAMHYECKHX H CTaTHCTHYe-
CKHX 3aKOHOB HMeeT, TaKHM 00pa3oM, HemocpeiCTBEHHOe
OTHOILEHHE K HHTEpNpeTalH¥ KBaHTOBOH MexaHWKH. OHO
noMoraeT BbIpaGoTaTh ONpeNeNIEHHYIO TOYKY 3peHHs Ha
NPHYHHY CTaTHCTHYECKOTO XapaKkTepa KBAHTOBOH MEXaHUKH.
Kak 13BecTHO, 3TO — OJHH H3 OCHOBHBIX BOIIPOCOB B HH-
TepopeTallid KBAHTOBOM MEXaHHKH WU OH He pellieH OJHO-
3HAa4YHO A0 CHX IIOP.

Awnanus cooTHOUIEHHS AHHAMUYECKHX M CTATHCTHYECKHX
3aKOHOB MHTEepeceH ellle B OJHOM acleKTe, BBIXOAsSIIEM 3a
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pamMku AaHHOH npoGsnembl. Ou ¢ 6ONbIIOA HArJsAHOCTBHIO
IOKa3bIBaeT HEeOOBIKHOBEHHYIO HHEPLHIO MBIIIIEHHS Kak
[PHU IIOCTaHOBKE, TAK ¥ MPH pelleHuH Gpuocodckux npobuem
COBDEMEHHOr0 eCTecTBO3HaHus . Jlaxe Teneps Bee ellle XKUBY-
YH Te HACTPOEHHS, KOTOPbIe CyLIeCTBOBANH IPH BO3HUKHOBE-
HHMH npoGreMbl, Korja rjiaBHasi U €UHCTBEHHAs 3ajaya Co-
CTOsta B OOOCHOBAHMH 3aKOHOB CTaTHCTHYECKOH MeXaHUKH
Ha OCHOBe JIMHAMHYECKHX 3aKOHOB MexaHuKH HploToHa.

§ 2. Kpatkuit 0630p
CYLIECTBYIOIMX TOYEK 3PEHHS

ITpoGneMy COOTHOLIEHHSI AUHAMHYECKMX M CTaTHCTHUe-
CKHMX 32KOHOB B HACTOsiliiee BpPeMsi HU B KOel Mepe Hesb3st
cuuTaTh pemenHOd. B suTepatype mnpeacTaBieH MOJHBIH
CIEKTD BO3MOXKHBIX TOYEK 3pDeHHsI, IPHUYEM HeJjib3sl CKa3aTh,
UTO OHHU CYIIECTBEHHEIM 00pa30M pas/iMyaloTCss B 3aBHCHMO-
CTH OT TOTO, NMPHJAEPKUBACTCS JH YUEHBIH MaTepHaJUuCTHYe-
CKUX WU UJeaJUCTHUECKHUX B3IVISLOB.

CraTucTyuueckue 3aKOHBI KaK HOBBIH THI 3aKOHOB OBbIJIH
NepBOHAYAIbLHO CHOPMYJHPOBAHLI Ha 6ase AMHAMHYECKUX
ypaBHEHHH KJIaCCHUeCKOH MeXaHHKH. [lo3ToMy AiuTelbHOE
BpeMﬂ JAHMHaMHA4Ye€CKHe€ 3aKOHbl CUHTAJUCh OCHOBHBIM, IIE€p-
BHYHBIM, THIIOM 3aKOHOMEDHOCTH, a CTaTHCTHUECKHE 3aKO-
Hbl — IIPOU3BOAHBLIMU OT HHX.

HeobxoauMocTh BBeleHHMS] 3THX 3aKOHOB BHauaje pac-
CMaTpHBalach B 3HAYWTEJbHOH Mepe Kak CJIeACTBHE Orpa-
HHYEHHOCTH HAIIUX crocoOHocTedl K mo3nanuio. HeBo3mMoxk-
HOCTb MpoCJefiuTh 3a H3MEHEHHeM BceXx cTeneneil cBOOGOMBI
CJIO2KHBIX CHCTEM BBIHYXKJAaeT HaC K HeKOTOpoMy OCPEHHeH-
HOMY, CTaTHCTHYECKOMY OIHCAHHMIO.

Xo0Tsi co BpeMeHeM CTaHOBUJIOCH Bce Oosee u Oosee oue-
BUJHBIM, YTO CTAQTHCTHYECKHE 3aKOHBI HMEIOT IOJIHOE IPaBo
Ha CYLIECTBOBaHHE KaK OOBEKTHBHBIH BHJ 3aKOHOMEPHOCTH,
NPUBLIUKA CUWTATh JHHAMHUYECKHE 3aKOHBI OCHOBOIMOJIAraro-
[IUMH YKpenuIach o4eHb Iriy6oKo.

Kak yxe roBopuioch, nepBOHAYajbHO OCHOBHYIO IpoO-
JIeMy BHJENH B TOM, U4TOOBI BEIIBHTb COOTHOIIEHHE CTaTHC-
THYECKHX 3aKOHOB IIOBEJEHHS COBOKYIHOCTH YacTHI[ U JH-
HaMHYECKHX 3aKOHOB IIOBEJEHUs OTACJALHBHIX ee ujileHoB. He
obpaiiasi BHUMaHHS Ha OOCTOSITEJILCTBO HEMAJIOBAXKHOIO
3HaueHHs AJig Bced mpobOseMbl. Bellb craTucThuyeckasi Me-
XaHWKa BHayasle (OpMyJIMPOBajach KaK MeXaHHYECKasl T€O-
pus Temja, T. €. KaK TeOpHusl, KoTopasl HOJKHA Oblia Tpak-
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TOBaTh Te e SIBJIEHHS, YTO M TEPMOAMHAMHKA — TEOPHs
cyry6o aunamuuyeckas. CnejoBaTesbHO, BO3HHK €lle OIUH
AclekT npoOJeMbl CBSI3H CTATHCTHYECKHX W JMHAMHYECKHX
$AKOHOB: CBSI3M CTATHCTHYECKOH MEXaHUKH H TepMOAMHA-
MHKH — TEODHH, TPAaKTYIOUIUX OXMH U TOT 2Ke KPYT sBJe-
1M, OAHY M TY ke (opMy CyilleCTBOBaHHS MaTepuu. Bro-
CNICACTBHH HMMEHHO 3TOT acleKT, PaJuKaJbHbIM 06pa3soM
OTJIHMYAIOWMACA OT NepBOro, NPUOOpeN HCKIIOUUTETHHO
BaXKHOE 3HAYeHHe JUISl UCCIefyeMOi MpoOJieMsl.

Her coMuenusi, 4To Ha mepBOM 3Talne CpPeid (HH3UKOB He
MOIJIO OBITh TOUKU 3peHHsI, OTJIMYHOH OT NPHU3HAHUS NIpHMa-
Ta AMHAMHYECKHX 3aKOHOB. Ha mpoTsikenuu nosyBeka 3TH
NpeACTaBleHus], Ka3ajaoCh, YKPEMJIsIUCh. XOTS CTAaTHCTH-
uecKHe 3aKOHBI npuobperanu Bce GoJiblllee W GoJbliee 3Ha-
yeHue, BTOPrasichb B HOBble 00j1acTH (yuenue o6 djexTpomar-
HeTH3Me, MEXAHHKA CIVIOLIHBIX CPEN), HA HHX HPOLOJIIKANHU
CMOTPETh KaK Ha HEKYIO HaACTPOHAKY Hah (yHAaMeHTaJb-
HHIMH TPUHLUHIAMH KJACCHUECKOH MEXaHHKH M, IO3JHee,
KJ1accuueckoil Teopuu moasi MakcBemna — Jlopenua. Cuu-
TaJNOCh, YTO TOJIBKO JMHAMHYECKME 3aKOHBI IOJHOCTBIO OT-
pa)kaloT NPHYKHHOCTh B MPUPOJE.

OTu npeAcTaBjIeHHsT O BLIPAXKEHHH NMPUYHHHOCTH B (yH-
JAAMEHTaNIbHBIX 3aKOHaX MPUPOABI, YHAC/IENOBAHHbIE OT
NPOLJIOT0, NMPOSIBJISIOT ceBsi U ceifyac npex/e BCero B Tep-
MHHOJIOTHH, KOTOpasi BCErjla OXas3nlBaeTcsi BeCbMa yCTOHYH-
BOH M YacTO MPOAOMKAET NPUMEHSIThCS [OC/IE PELIUTENBHOrO
M3MEHEeHHs COJepKaHUS YNOTPeOIsIeMbIX TEPMHHOB, YTO
liepeJKo MellaeT IIOHMMAHHIO CyIecTBa Jena. Bmecto coBep-
UIEHHO KOPPEKTHBIX MOHATHH «IHHAMHYECKHE» W «CTATHCTHU-
YeCKHE» 3aKOHbI MHOTAA YIOTPeOISIIOT TeP MU HBI TP YU HHASIY
H «cayyaiiHasi» 3aKOHOMepPHOCTH. MmeHHo Tak, Hampumep,
nocrynaet Bowm ([1], cTp. 8), npoTuB yero cnpaBefnTuBO BO3-
paxaior Akuypus u CaukoB B pelen3uu Ha ero kuury [2].

AnanoruyHele TEPMHHBI «JETEDMHHUCTCKHI» U <BEPOST-
HOCTHBI» 3aKkoHb! npuMmensieT ok [3], a Takxke [eMKOB u
Jlowax [4] u nap.

Bo3HuKHOBEHHE M pa3BUTHE KBAaHTOBOH TEODHM IOCTe-
11C HHO NIPUBEJIO K IEPECMOTPY HPEICTaBJIEHHH O COOTHOIIEHUH
JHMIAMHYECKHX H CTaTHCTHYECKUX 3aKOHOB. IJTO IIPOH30-
11J10 B CBSI3H C T€M, YTO HEOMKHJAHHO JJIsi CAMHX yUYEHBIX, CO3-
JaBIIMX KBAHTOBYIO MEXaHHKY, Obl1 OOHApyXKeH CTAaTHCTH-
UCCKHA XapakTep ee 3aKOHOB, CTaTUCTHYECKUI XapakTep
IOBCAEHHUST OTHAEJbHBIX 3JEMEHTAPHBIX YaCTHUIL — NPOCTeH-
IUHX HM3BECTHBIX CErofHsi 06pa3soBaHuil MHKPOMHUpA.
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[losTomMy He TONBKO KPYNHEHNIHMH YUYEHBIMH, TAKHMH,
Kak Bop, I'eiizen6epr, Bopu u Zp., HO ¥ TaKUM BHIJAO-
IIUMCSl YYEHBIM M IOCJeJoBaTelbHBIM MaTepHaJHCTOM, Kak
JlanxeBen [5], OB BeIABHHYT Te3HC O NMEPBHYHOCTH CTa-
THCTHYECKHUX 3aKOHOB.

[IpunaTHe 3Toro Te3uca OOMBLIMHCTBOM Y4YeHbIX-MaTe-
PHAJHCTOB C CaMOro Havaja ObLIO 3aTPyJAHEHO TeM, 4TO
Bop, leiizenbepr u HekoTOpbie Apyrue CBsA3BIBAJAH MOJO-
JK€HHE O MEepBUYHOCTH CTATHCTHYECKHX 3aKOHOB C HHAETep-
MHHH3MOM, C OTCYTCTBHEM B NPHpOJE NPUUYHHHOCTH. [IpHH-
IUIIHAJILHO CTAaTHCTHYECKUH XapakTep 3aKOHOB MHKPOMHDA
03HayaJl, 110 X MHEHHIO, HeJIOCTUKHUMOCTDb /IS HETO IPHBLIY-
HOrO Hfleasla MIPUYHHHOCTH. EcTecTBeHHO, npsiMo cHOpMyJIH-
POBaHHBIN BHIBOA 00 OTCYTCTBHM NPHUYHHHOCTH BEI3BAJ pe3-
KH€ BO3DaXKeHHsI KaK CO CTOPOHBI KPYNHBIX YYEHBIX CTapLie-
ro noxojenus (diuwreitn, I1nauk, Ulpennurep u Ap.), He
Bcerja NpUAEPIKHUBABUINXCSA YETKOH (QUIOCOPCKOH IO3H-
UMH, TaK U CO CTOPOHBI yuyeHbIX-MaTepuaaucToB. CyUIHOCTH
BO3DaxEeHHH 3TUX yYeHBIX 3aKJO4Yanach B TOM, YTO OHH Ha-
CTaMBaly Ha HEOOXOAMMOCTH OTBICKAHHSI JHHAMHYECKHX
3aKOHOB B MHKpOMHpe, BOCIPHHHMAasi CTaTHCTHUYeCKHe 3a-
KOHBl KBAHTOBOH MEXaHHKHM KaK IIPOMeXYyTOUHbIH 3Tar,
TI03BOJISIIOLIMH ONUCHIBATh NOBEJEHHEe COBOKYIHOCTH MHKpO-
0OBEKTOB, HO He MAIOLIHH elle BO3MOXHOCTH TOYHO ONHUCATb
NOBEJICHHE OTHAEJNbHBIX MHKPOOGBEKTOB.

B Harefi cTpaHe BecbMa akKTHBHO H NOC/IEJOBATEIbHO OT-
CTauBaJ JaHHYIO TouKy 3penus TepJenkuii. [1o ero Muenuro,
«3J1eMeHTap Hble 3aKOHBI, 110 CaMOi CBOeH CYTH, AOMKHbI 0TOO-
paxkaTb Bce JBHXKEHHE NOJHOCTBHIO U HE MOTYT COfiepKaThb B
cefe HEM3BECTHBIX, CIYyYaHHBIX 3J1eMEHTOB...» [6]. CooTBeT-
CTBEHHO 3aKOHBI KBAHTOBOH MEXaHHKH He 3JIeMEeHTapHLI U 32
HUMH JOJXKHBI CKPBIBATbCSl 3JIeMEHTapHble JAHMHAMHYECKHe
3aKOHHI.

Bonbiioit BemjiecK ABMXKEHHS 3a «IPHYHHHYIO» HHTEp-
IpeTaluyio KBAHTOBOH MEXaHHKH B NPOTHBOBEC OOBIYHOH
CTaTUCTHYECKOR BO3HMK B Hauase 50-x rojoB. HawubGosee
HEPTHYHBIM IPOBOXHHKOM 3TOH CHCTEMBI B3LJISIOB CTaJ
BoMm, monyuuBmuii noanepxky ae Bpoitns.

OZHaKo CTaTHCTHYECKUl XapaKTep NMOBEAEHHS MUKPOOOD-
€KTOB C TNOJIHOH OYeBMAHOCTBIO BBITEKaeT U3 BCEH COBOKYII-
HOCTH H3BeCTHBIX (pakToB. VIMeHHO cTaTHCTHYecKHe Ipel-
CTaBJIeHHS B TOYUHOCTH COOTBETCTBYIOT SMIIUDHYECKOH CHTY-
anuy B aTOMHOH U s1lepHOH ¢u3MKe, TAe BCe SKCIePHUMEHThI
CYILECTBEHHBIM 00pa30oM OCHOBAaHbI Ha MOACYeTe COOBITHH.
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[TosToMy pasBuTueé «HPUYUHHOH» HHTEpIperauun DBomoM,
Bukbe ¥ Ap. IPHBENO X, MO CYIIECTBY, K OTKa3y OT NOMH-
HUpylomeil ponud AMHAMHYECKHX 3aKOHOB. OcobeHHO moka-
3aTe/llbHA B 3TOM OTHOIWIeHUH KHura Bowma [1], Bo3nukmas B
pe3ynbTaTe ero paboT 1o MHTepIpeTaldHd KBaHTOBOH Mexa-
nuky. OH NpH3HAeT B Heil, UTO HYXKHO paccMaTpuBaTh JAH-
HaMHYeCKHe H CTaTHCTHYeCKUe 3aKOHH (Y Hero Apyras Tep-
MHHOJIOTHSI) «KaK, B CYIIHOCTH, JOIOJHSIOWKE IPYr Apyra
pasjiuHble TOUKH 3PEHHs] Ha JII00OH JAHHBIA ecTeCTBEHHbINH
npouece, Takue, UTO MHOrAA /sl CXBAaThIBAHHS CYILECTBEH-
HOrO HaM HyXHa TO OAHA, TO Apyrasl TOUKa 3pEeHHs, a Bpe-
MEHAMH MBI JOJIKHBI COOTBETCTBYIOIMM 00pasoM coueraTh
o6e Touku 3penus» ([1], crp. 207). 3pech MoxHO Haxe yc-
MOTpETh BiHsiHHe GOPOBCKOH HJAEH AONOJHUTENTbHOCTH, pac-
[POCTPaHAeMOl Ha COOTHOILEHHEe AMHAMHUECKHX M CTATHCTH-
YeCKHX 3aKOHOB.

Pepakrop nepeBoja kHuru boma Tepsenkuii cuntaer,
YyTo, pa3BuBasl NOJOXEHHS «O B3aMMOCBSI3H INPUYMHHBIX
M CJy4yaiHbIX 3aKOHOMEepPHOCTeH M T. A., BboM ¢akTHyecku
H3jlaraeT HEKOTOpble OCHOBHBIE MOJIOMKEHUS JUaJeKTHUEeC-
KOro matepuanusma» (cM. [1], ctp. 8).

Ha nepBriii B3risii AaHHAs uJess KaxeTcs 3aMaHYHBOH
H JeHCTBUTENbHO COOTBETCTBYIOILEH AHATEKTHYECKOMY Ma-
TepuanuaMy, 60 OHA NOAYEPKHBAET €JUHCTBO HPOTHBOIO-
JIOXKHOCTel B OOBEKTHBHBIX B3aUMOJeHCTBUAX. OMeNbSIHOB-
CKHil, HalpHUMep, TaK NPSIMO W roBOpus: «JlHHaMuueckas
H CTaTHCTHYeCKass 3aKOHOMEPHOCTH — opMbl HeoOxoau-
MOr'0, CYLIECTBEHHOIO OTHOLICHHS SBJIEHHH TNPUPOMBI —
He TOJIBKO CBSI3aHBEI C MepexoJaMu OJHa B APYTyl0, HO elH-
Hbl B nipoTuBonosioxuoctuy (71, erp. 394). o ero MueHuro,
NpU3HAHME IEPBHYHOCTH AMHAMHYECKHX 3aKOHOB «TaK JKe
HEBEPHO, KAK NPHU3HAHHE NEePBUYHOCTH CTATHCTHUYECKHX 3a-
konoB» ([7], crp. 405).

MoxHO cunTaTh, TaKkuM 06pa3oM, uTO B HACTOsIiee Bpe-
M5l GoJibllIasi YacTh YUEeHBIX OTKa3anach OT MpelCTaBJeHuH O
NEepBHYHOCTH AHHAMHYECKHX 3aKOHOB.

IlpotuB mpencraBjeHdst 06 OCHOBHOH POJIM CTAaTHUCTHYE-
CKHMX 3aKOHOB, KOTOpOe BO3HMKJO IOCJe NOSIBJIEeHHSI KBaH-
TOBOH MeXaHWKH, Obljla BBIABUHYTa TEODHS «PAaBHOIPABHS»
JMHAMHYECKUX M CTaTHCTHYECKHX 3akoHoB. OHH paccMart-
pPHBAIOTCSl KaK 3aKOHBI, OTHOCSIIMEcsi, BooOue roBsops, K
Pa3/IMUHBIM SIBJIC€HHUSIM, HMEIOlINe KaXAblA CBOIO chepy NpH-
MEeHeHHUsI, He CBOAUMBIE APYT K APYTY, HO COCOOHBIE APYT
JApyra JONOJHSATb.
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Onuako AaHHAs TOYKA 3PEHHSl HE YUHTHIBAET LENBIH PAX
MoMeHTOB. [Ipexne Bcero, ona me OOBSICHSIET, MOYEMY CTa-
THCTHYECKHEe 3aKOHOMEPHOCTH IIOJyyartr Bce OoJbllee H
6oJblilee pacnpocTpaHeHHe KakK B (pM3HKe, TaK M B JPYTHX
Haykax. Kpome Toro, ona uraopupyer TOT ¢byHAaMEHTa/b-
HbIH (paKT, 4TO BCe CTAaTHUCTHYECKHE TEODHH COBpPEMEHHOMH
¢H3uKH (KBAHTOBASl MEXAaHUWKA, KBAHTOBAasl 3JIEKTPOJAUHAMH-
Ka, CTaTHCTHYeCKasi TeDMOJMHAMHKA M T. A.) coiepikaT B
KauecTBe NPHONHIKEHHSI COOTBETCTBYIOIIHE AHHAMHYECKHE
Teopuu. Henb3st ykasaTb HH OAHOrO Kpyra siBjieHHH, KOTO-
phIii Obl Gosiee MOMTHO ONMCHIBAJNCS AHHAMHYECKON TeopHel,
YeM COOTBETCTBYIOIIEH CTaTHCTHUECKOH.

[TosToMy ecTecTBEHHO, UTO HE MaJjIO CTOPOHHHKOB HMeeT
ceflyuac Touka 3peHHs, PacCMATPHBAIOUIASl CTATHCTHYECKHE
3aKOHBI Kak Haubosiee ray6oxyio, saubosee oburyio ¢opmy
3akoHoMepHocTd. Tak, Hanpumep, Pok B cratee «O6 HH-
TepIpeTalud KBaHTOBOH MeXaHHkM» nuiuer: «HaBsi3biBaTh
NpHPOJe HMEHHO AETEPMHHHCTCKYIO GOpPMY 3aKOHOMEpHOC-
TeH, OTKa3blBasiCh, HaNepPEeKOpP OYEBHAHOCTH, NPH3HATH 60-
Jiee oOLLYI0 BEPOSITHOCTHYIO HX (OPMY,— 3HAUHT HCXOAHUTH
M3 KaKHX-TO AOrMaToB, a He CBOHCTB caMoi mpupojsn [3].
ITono6uast xe MEBICJbL COAEPIKUTCS B cTatbe BoHCOBCKOro u
KypcanoBa «O cBsi3M AMHAMHYECKHX W CTATHCTHUECKHX 3a-
KOHOMEDHOCTeH B aTOMHBIX sIBJeHHsX» [8].

PaccmartpuBasi BecbMa OBICTPYIO 3BOJIIOLHIO B3IVISIIOB
Ha COOTHOLIEHHE AMHAMUYECKUX U CTATHCTHUECKHX 32KOHOB,
MOXKHO NPHHTH K MBICJH, YTO NPEACTaBIeHHe O PABHONPABUH
JVHAMHYECKHX M CTAaTHCTHYECKHX 33KOHOB sIBJIseTCS INepe-
XOMHBIM OT MpPEeACTaBJEHHH O MepBHYHOH POJNH AMHAMHYe-
CKHMX 3aKOHOB K IPE/ICTABJIEHHIO O CTaTHCTHYECKHX 3aKOHaX
KaK HauboJjiee IOJNHO OTPaXKAIOUIUX B3aHMOCBA3H MPHPOABL.

JIBe mepBBIE TOYKM 3peHHsI BeCbMa OOCTOATENbHO H3JO0-
JKeHB B IUTHPOBAHHLIX Bhlllle KHUrax TepJerkoro u BoMma.
IonbiTKa e BcecTOPOHHEr0 060CHOBAaHUS NOC/EAHeH TOUKH
3peHHs 00 OCHOBONOJIArawLledl PO/ CTaTHCTHYECKHX 3a-
KOHOB C MarepHaJMCTHYECKHX MNO3HIHUH JenaeTcsi B STOH
KHUTE.

§ 3. Mertoa uccaeposanus

[pu U3yueHHH paccMaTpPUBAaeMOi HaMH CJIOKHOH, B 60Mb-
IIOH CTEeNeHH AUCKYCCHOHHOH NpPOGJeMbl OUeHb CYLIeCTBEH-
HbIM, MOXKeT ObITh Jlajke CaMbIM CYIIECTBEHHBIM, SIBJISETCS
NPaBH/IbHBIN BBIOOP MeTOJa HCCJIEJOBaHHA.
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[Mpexpe Bcero, MeTof HAOMKeH OGeCNeuHTh HOCTATOYHO
00beKTHBHBII MTOAXOM K H3yuyaeMoit npobseme. He cnenyer ¢
caMoro Hauana 6paTh 32 OCHOBY KaKOe-THOO HCTOJKOBaHHE
CyHiecTBa HcCCJellyeMblX 3aKOHOMEepHOCTeH, Bcerja B TOH
HJIH MHOH Mepe HENoJIHOe U OJHOCTOpoHHee. Henp3st Takxe
TNpH peIlleHHH CTOJb BaXKHOH M MHOTOCTOPOHHEH NpobaeMsl,
KAaK COOTHOLIeHHe MeKAy AWHAMHYeCKAMH M CTaTHCTHYe-
CKHMH 32KOHOMEPHOCTSIMH, HCXOAHUTD U3 NIONBITOK HCTOJIKOBA-
HHSI TIOHSITHSI BePOSITHOCTH, T€CHO CBSI3aHHOT'O CO CTaTHCTH-
YeCKHUMH 3aKOHAMHU, BEIpaXKaeMbIMH Ha MaTeMaTHUeCKOM SI3bI-
Ke Teopuu BeposiTHocTel . CKopee caMO NOHSTHE BEPOSITHOCTH
cnelyeT UHTepHPETHPOBaTb HA OCHOBE TOTO COOTHOLIEHHS
MEXKAY 3aKOHAMH, KOTOPOe CYLIeCTBYeT B AeHCTBHUTE/NbHOCTH.

Metoz uccnenoBanus JomkeH OBITb B NPHUHIHIE TaKUM
XKe, KaK U IPH H3yyeHHH J100OH ecTeCTBEHHOHAYUHOH MpO-
6nembl. MMeercsi 00BEKT HcCIel0OBaHUS — (U3HUECKHE 3a-
KOHBI, IUHAMHIYECKHE U cTaTucThHYeckue. [Ipu u3yuenuu co-
OTHOIIEHHST MeXAY HUMH HeoOXOJAMMO B NHepBYIO ouepelb
NPOAHANU3HPOBAThL TY CBfI3b MeXAY HMEIOLUIUMUCS B (U3H-
Ke 3aKOHAaMH, KOTOpasi peanbHO CJOXKMJIACh B HACTosllee
BpeMs. OueHb Ba)KHO NPH 3TOM IPOCJAENUTb HCTOPHUYECKH
CMEHY TeOpHH, TPaKTYIOIHUX OJMH M TOT XKe KPYT sIBJEHHH,
OHY U Ty ke ¢opMy cyliecTBoBaHHs MaTepHH. MMenHo Ta-
KHM 00pasoM MOXXHO COBEPLIEHHO OTYEeTJIHBO YCTaHOBHUTb
TeHJEHIHI0O B Pa3BUTHH OTHOCHTENbHOH POJIM CTaTHCTHYE-
CKHX M JAVHAMHYECKHX 3aKOHOB B (pu3HKe. 31eCh Ke MbI
HalieM ¢akThl, HeOOXOJAUMBbIe IJsi OOBSCHEHHS 3TOH TeH-
Jennuu. Takass mocTaHoBka Bompoca obecreunBaeT OGBEK-
THBHBIH NMOAXOA K mpobsieMe, IPU KOTODOM HH OJMH H3 ee
acreKTOB He BhINajaeT C CaMOTo Hayasla W3 MOJs 3peHHs .

B oTainune oT 06LIYHOrO AJIST eCTECTBEHHBIX HAYK 0GBEKTa
HCCIeIOBAHNA — OKPY2KaIOIIero Hac MaTepHaJbHOTO MHpa,
NPH METONOJIOTHYECKOM aHajn3e mnpobieM OOBEKTOM HC-
C/1eJIOBaHUS CTAHOBUTCS HE caMa Npupoja HernocpeiCTBEHHO,
a Te (U3HUUECKHE 3aKOHBI, KOTOpBIE OTPAaXKAaIOT NPHUCYIIHE
eit B3auMocBa3u. Beap ¢umocodpus — 370 He 0coOBIH POR
HAayKH, KOHTAKTHPYIOUIeH C CaMOH NPHUPOAOH, a OCMBIC/IHBA-
HHe Tex OOIHX B3aHMOCBsI3€H, KOTOPHIE OTKPHITHI Pa3/jHy-
HBIMH KOHKDETHBIMM HAayKaMH.

He Hy»XHO mHTaThCA aHaNH3UPOBATh BCE T'POMAaLHOE
MHOroo6pasmie 3aKOHOB, HAKOIUIEHHBIX (PH3HKOH 3a MHOrO
BEKOB ee cyuecTBoBaHus. CieflyeT BHIAENHUTH JHIIb GyHAa-
MeHTaJbHble (PU3HYeCKHE TEOPHM, T. €. COBOKYIIHOCTh OC-
HOBHBIX JVIsl JAHHOH CTyNEeHM Pa3BHTHS HAayKH 3aKOHOB, HE
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CBOAMMBIX K OoJiee 06iiuM nosmoxeHuAM. Takux ¢yHAaMeH-
TaJIbHBIX TEOPHH, ONMHUCBHIBAIOLIUX OTPOMHOE KOJHYeCTBO MpO-
1[eCCOB, OTHOCSIIMXCA K OMpejeseHHbIM (GopMaM JABHKEHHS
MaTepHH, CPaBHHTEJbHO HEMHOTO: KJaCCHYecKass MeXaHHMKa
HelotoHa, TepMoAunaMHKa, KjacCHYecKasi CTaTHCTHYeCKas
MeXaHHKa, MaKDOCKOMHYECKass 3JeKTpoAuHamMuka Mak-
CBeJUIa, KBAaHTOBasi MEXaHHKA U T. . DTH TEOPUH COJepKaT
B cebe B KOHIIEHTPHPOBaHHOM BHfIe BCe HANIH 3HAHUS O pHU3H-
YECKHX 3aKOHOMepHOCTsiX. HecMOTPS Ha TeCHble CBS3H MeX-
Jly HUMH, OHHM HOCTATOUHO OTYETIHBO 000cOO6JeHbl APYT OT
Jpyra nu6o npeaMeTOM HCCIeNOBaHHs, JHGO METOJOM.

3aKOHOMEPHOCTH B (yHIAMEHTANbHBIX (HU3HUECKHX Teo-
pHSX COBEPIIEHHO ONpefieJleHHBIM 00pa3oM JelsATCs Ha
AMHAMHYECKHE M CTAaTHCTHUECKHE 10 BeChbMa OGBEKTHBHOMY
KPHUTEpPHIO: /ISl CTaTHCTHYECKHX TEOPHH XapaKTepHO Be-
POSITHOCTHOE onucaHue siBjeHHH. OBBIYHO 3TO JeleHHe CIo-
pOB He BbI3bIBaeT. TOUHO TaK ke BIIOJIHE OJHO3HAYHO MOXKHO
BBIIENIHTh HMMEHHO (yHAaMeHTanbHble TeopuH. B ¢u3uke
ye HMeeTCsl TOTOBasi CXeMa, ¥ MEHSITh ee (BO BCSIKOM CJY-
yae B Hayase HCCIE€NOBAHHS) HET HUKAKOM HYXKIBI. JTa cxe-
Ma HEIIOXO OTpa)keHa B Kypcax TeopeTHYeCKOH (PHU3HMKH.
[IpaBla, ¥ 3ieCb MOT'YT BCTPETHTHCSI 0COObIe TOUKH 3PEHHS.
Tak, OmenbsiHOBCKHH CYHTAET, UTO, B OTJIMYHE OT KJaccHye-
CKOH CTaTHUCTHUECKOH ()M3HKH, B KBAHTOBHIX «3aKOHAX Hepas-
IeJIbHO COYeTAIOTCS] CTAaTHCTHYECKass W AMHAMHyecKas CTO-
POHBI 3aKOHOMEDHOCTH aTOMHBIX sBJeHui» ([7], ctp. 384).
OnHako C NMOJOGHBIMH CYXIEHHSIMH TPYAHO COTJIACHTHCS.
B geiictBuTenbHOCTH, KaK NoApoGHee OyJdeT CKa3aHO BIO-
CNeCTBHH, AMHAMHYECKHE 3JIEMEHTHl NPHCYTCTBYIOT B JIO-
60# CTaTHCTHYECKOH 3aKOHOMEP HOCTH.

Crenyer, nanee, OTMETHTb, UTO B Hayase HCCJEIOBaHHS
JoJkHa OBIT NpPOBEJleHa COOTBETCTBYIOIIAS KJaacCHpHKa-
1nusl u3ydaeMblx 00beKTOB. JIOBOJBHO HEOXKHIAHHO BBHISIC-
HHJIOChH, YTO, HECMOTPsI Ha GOJBILOE KOJHYEeCTBO paboT no
MHTepecyiolleil Hac npobseme, Ha KJaacCupUKauuio He 06-
pamasnoch JOMKHOrO BHHManus. Knaccudunuponars, pasy-
MeeTCs, HY>KHO He CaMH 3aKOHbI 110 IPH3HAKY HX AHHAMHUe-
CKOTO HJIM CTaTHCTHYECKOI'0 XapakTepa. DTO yiKe CHeJaHO B
¢usuke. KnaccupuuupoBaTb HY:KHO peajlbHO CYIIECTBYIO-
mue B (pH3HKE CBS3H MeXKAY AMHAMHYECKHMH M CTaTHCTHYE-
CKHMH 3aKOHaMH. [IpM 3TOM BCKPHIBaeTCsl OCHOBHOH, 1O Ha-
IIeMy MHEHHIO, MOMEHT, KOTOPbIH JJINTeNbHOEe BpeMsl OCTa-
BaJICsl HE3aMEYEHHBIM, a HMEHHO HaJHYHe ABYX COBEPLIEHHO
PasJMYHBIX AaCIIeKTOB COOTHOILEHHSI  CTAaTHCTHYECKHX 3a-
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KOHOB M JMHAaMHUecKuX. [lepBhlii — 3TO COOTHOIIEHHE MeX-
Ay CTAaTHCTHYeCKMMHM 3dKOHaMH TNOBEJeHHSI COBOKYITHOCTH
0OBEKTOB U JMHAMHUECKVMH 3aKOHAMH NOBEJEHHUS OTIE/b-
HBIX UHIAMBHAYYMOB 3TOH COBOKYIHOCTH M BTOPOH — COOT-
HOIIEHWE JWHAMHUYECKHMX M CTAaTHCTHUECKHX 3aKOHOB, OIH-
CHIBAIOIIX ONpeJiejieHHEI KPYT SIBJAEHHH, OIpeleNeHHYIo
¢opmy muxennst Matepuu [9]. To, uro B siBHO# opMe 3TH
acrekThl OOBIYHO He pas3jiMyaloT, C CAMOr0 Hauaja BelleT K
CHJIbHOM MyTaHHUIE, K OTCYTCTBHIO 0OBEKTHBHOTO OCBELIEHHSA
pa3IMYHBEIX CTOPOH Npo6ieMbl, K HeOGOCHOBAHHOH KOHIEHT-
pauMH BHHMMAaHUS HA OTHENBHBIX UacTHOCTAX. [TosoxeHue
ycyryO0JisieTcsi TeM, YTO ePBHIii aClIeKT, KOTOPHIi HCTOP HUECKU
CJIOXKHUJICA paHbllle H JI0JAro ObLT eIHHCTBEHHLIM, HPUKOBHI-
BaeT BceoOlllee BHHMaHKE B CUJIY TPaJulLMK, TOTAA KaK C pas-
BHTHEM HayKH OOBEKTHBHO GoJblliee 3HaueHde npuoGpesa BTO-
pO¥i acneKT H IO CPABHEHMIO C HHUM IEDPBBI HMEeT 4acTHOE
3gauenue. [Jo cyTu nena, mepBHIH aCHEKT HENMOCPEACTBEHHO
cBsi3aH € NpoO6JeMOil COOTHOLIEHHS BHICHINX M HU3IIUX (HOPM
IBUKEHHSI MaTepHH, a He ¢ npobieMOoil COOTHOLIEHHST AHHA-
MHUYECKHX M CTATHCTHUECKUX 3aKOHOMepHOCTe!.

BuiseneHue ABYX acnekTOB HCCJAERYEMOM NpOOGJIEMBl H
aHalu3 BBLITEKAIOMMX OTCIOfA CJEACTBHH SIBJASETCS OCHOB-
HBIM B Hameii pa6ore.

CocTosiHHe HayKM ceifuac TakoBO, UTO MBI MOXKEM IIOHTH
ropasjo fajblle NpocTod KinaccupuKauuu. MoxXHO BCKPHITh
TO cyllecTBeHHoe (B caMoM ofmeM ¢unocopcKoM CMEICHE),
YTO OTJIMYaeT AMHAMHUYeCKHe 3aKOHBl OT CTATHCTHYECKMX, U
OLIEHHTb HX CpPaBHHTEJIbHOE 3HaueHHe B KagecTBe CPEJCTB
6osiee WM MeHee NOJHOTO OTPaKeHHA OOBLEKTHBHEIX CBSl-
3edl B NpHUpOJe.

Mozker mokasaThcsl, uTO cAeNaHHbIE 3aMEUaHUS OTHOCH-
TeJBHO METOJa HCCIENOBaHHS JOCTATOYHO OUEBHJHBI M HET
HyKJbl TOApOGHO HAa HMX ocTaHaBauBaTbest. OnHAKO, Kak
TIOKa3blBaeT 3HAKOMCTBO C COOTBETCTBYIOLIEH JUTepaTypoH,
3TO He TakK.

Ecnu He mocMoTpeTh BHUMAaTeNIbHO, KAKOBO e COOTHO-
ILIeHHe CTAaTHUCTUYECKHUX M JMHAMHUYeCKUX 3aKOHOB Ha CaMOM
Jese, T. €. B COBpeMeHHOH (M3HKe, TO MOXKHO C CaMoro Ha-
Yajila HanpaBUTb HCCJAEJOBAHUE N0 HENMPaBHJILHOMY pycay.
B pesynbraTe Aeso cBOAUTCH 160 K HEKUM YaCcTHOCTAM, H3
KOTOPBHIX JleJIaloTcsl TMOTOM OOIIHe BBHIBOABI, JINOO HCCIeN0-
BaTeJb HAacTOJIbKO THITHOTH3HUPYeT cebsi mepBOHayalbHON
Hjeel, Kaxkyuencss ecTeCTBEHHOH, YTO NepecTaeT BOCIIPHHH-
MaTh ()aKThl pealbHO CYILIECTBYIONIEro COOTHOIIEHH 1 3aKOHOB.
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IToABOAHBEIX KaMHel, Ha KOTOpble MOXET HATOJKHYThCS HC-
clef0BaHMe, 3/lech HeMalo.

Tak, Tepsenkuii B LUTHPOBAHHOH BHIIE MOHOTpPaduH
[6] B3stm cpa3y 3a OCHOBY COOTHOLIEHHE KJIaCCHUECKOH Me-
XaHHKM U CTATHCTHKHY U 3aHSJICS B JaNbHEHIIEeM, MO CYIecT-
BY, 000CHOBaHHEM KJACCHYECKOH CTATHCTHYECKOH MEXaHHKH.
INonyunsoch nHTEpecHoe HCcIefOBaHKe, HO TpobmeMa cooT-
HOLIEHHNS] AMHAMHYeCKHX ¥ CTaTUCTHYECKHX 3aKOHOMepHOC-
Teii B nejoM GaKTHUeCKU He peluaJiachk.

B rnaBe «CooTHOLIEHHE AUHAMHYECKHX M CTATHCTHYECKHX
3aKOHOMepHOCTell B (PH3HKe» LMTHPOBAHHOTO Bhille c6op-
Huka [7] rmaBuasi npo6neMa ycMaTpuBaeTcsi B 0G0OCHOBaHUH
CTaTHCTHUECKHX 3aKOHOMepHOCTel. Takoi noaxoA B H3BeCT-
HOH Mepe npejipeiiaeT MCXOJ Jeja B NOJb3y AWHAMHYECKHX
3aKOHOB. A BeJlb B JIE/iCTBUTEIBHOCTH €LIIE HE SICHO, YTO HYX-
HO OOOCHOBATb: CTaTHCTHYECKHE 3aKOHOMEPHOCTH WM [IH-
HaMHYeCcKHe.

Bowm yBnekcs KoHuenuuelt ypoBHel, corjiacHO KOTOPOH,
rpy0o roBopsi, 32 KaXAbIM CTaTHCTHYECKUM 32KOHOM JIEXKHT
JAVHAMHYecKHH, a 3a JMHAMHYECKHM Ha HOBOM YDOBHE —
B CBOIO OYepejb CTaTHCTHYECKHUH U T. A., TAK YTO HEpapXHus
3aKOHOB mpejcTaB/sieT co00fi HeYTO BpOJe CJIOEHOrO MHUPO-
ra. MHOrUM KakeTcsi NpHBJIEKAaTeNbHOH HAes O TOM, 4TO
HaJHyMe JUHAMHUYECKHUX M CTaTHCTHYECKHX 3aKOHOMepHoCTeH
OTpaxaeT eAMHCTBO IIPOTHBONOJIOXKHOCTefl. DTO MelIaeT
BUZETh TOT GeccriopHbiil (akT, YTO JMIOOOMY AMHAMHUECKOMY
3aKOHY COBpeMeHHOH (H3UKH COOTBETCTBYeT CTaTHCTHYe-
CKUH 3aKOH, 6osiee ryyOOKO ONHCHIBAIOMIUK Te Ke SIBJEHHS,
HO He Hao6opoT.

Huorpa cpasy nmatorcst Takue onpefiefieHHs AUHAMHUYe-
CKHX M CTaTHCTHYECKHX 33aKOHOB, KOTOpble, HEeCMOTPs Ha
CBOIO KaKylIylocsl eCcTeCTBEHHOCTb, NIPOTHBOpeYaT Kak pe-
aJbHOMY COJEPIKaHHIO CTATUCTHYECKHX 3aKOHOB (DM3HKH,
TaK H JHaJeKTHKO-MaTeDHaJIHCTHUECKOMY IIOHHMaHHIO 3a-
KOHA KaK BBIPAXKEHHSI CYILIECTBEHHBIX, HEOOXOAUMBIX, CBsl-
3eff B npupoae. Bor, HanpuMep: «3aKOHOMEPHOCTb, COrJac-
HO KOTOPOH HEKOTOpble COObITHS A SBIAIOTCH HEOOXOAMMBI-
MH N0 OTHOIIEHHIO K JaHHOMY KOMILIEKCY YCJIOBHH S,
Ha3bIBaeTCsi AMHAMHYECKOH... 3aKOHOMEPHOCTh, COIJIACHO
KOTOPOH HEKOTOphle COObITUS A SBJIAIOTCS BepOsITHO-
CTHO-CIYYaHHBLIMH IO OTHOLUEHHIO K JAHHOMY KOMIIEK-
cy ycnoBuii S, HasbiBaeTcsl CTATHCTHYECKOH HJH Bepo-
sirnocTro#» [10]. Ho Benb, K mpuMepy, pacupefeneHne Moje-
KyJ IO ckopocTsiM Makceenna (coObiTue A B JAaHHOH Tep-
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MHHOJIOTHH) sIBJisieTCst HEOOXONUMBIM NMPH TePMOAHHAMHYE-
CKOM DaBHOBeCHH (KOMIUIEKC yCJOBUA S) W JOMKHO GHITH
11a3BaHO B paMKax IPHBEJEHHBIX ONpeflesneHuil IUHAMHYe-
CKHM 32KOHOM. B NeficTBUTEJbHOCTH Ke, KAaK H3BECTHO, 3a-
KOH pacnpefiesiennss MakcBesia — 9TO IepBLIdl NpHMep
BOLIEJIIEro B HAYKY CTATHCTHIECKOrO 3aK0oHa. TouHO Tak xke
KaHOHHYecKoe pacnpeflenenne ['u66ca — paxkuHefmufi 3a-
KOH CTaTHCTHYECKOH (DU3HKH DaBHOBECHBIX COCTOSTHHH —
sIBJIseTCST HEOOXOJUMBIM JUISi CHCTEM B TepMOCTaTe, XOTH
6e3yCJIOBHO OTHOCHUTCSI K CTATHCTHYECKHM 3aKOHAM.

CraTucTHYecKUll XapakTep HMeeT U BTOPOE Hayaso Tep-
mMoAuHaMUKU. TeM He MeHee NpOueCcCH B NPUPOJE C HEOO-
XOMMMOCTbIO HOCAT HeoOpaTuMblfl xapakTep. Hucsjo nono6-
HLIX NPUMEPOB MOXKHO yBeJWYMBATh NPAaKTHUECKH HeOorpa-
HHYEHHO.

[ns Bcex mepeuuc/IeHHbIX BhIllle NDPUMEPOB XapakTepeH
(opMaNbHBEIH MOAXOJ K HCCJEAOBAHUIO, AABHO yiKe UyXKAbIHA
€CTeCTBEHHBIM HayKaM, HO COXPaHUBIUMHCS NPH aHaliu3e
dunocopckux npobnem. Ha TakoM NyTH BO3HHKAaeT peasib-
Hasi ONMACHOCTb OYYTUTBCSl B IJIEHY CTapblX JOrMaTHYeCKHX
NpEeACTaBJI€HHA M NPOCMOTPETh TO HOBOE, UTO YK€ HrpaeT
B HayKe ONpeleNsIomyio poib. Belp yyeHbli HauMHaeT HC-
clefloBaHHe, YKe YCBOMB IPEACTaBJIEHHS, KOTOpble OblIH
cOopMyJIHPOBaHBI HA OCHOBE NpEeALIAYLIEr0 COCTOSIHUS HAy-
KH. [J1aBHast TPYAHOCTb COCTOUT B TOM, YTOOBI YAepXKaThCs
OT MCKYHIEHHSI BO YTO OBl TO HH CTAJIO MPHUCNOCOOUTH K CTa-
PbIM TNIPEACTABIEHHUSAM HOBble (AKTHl, BMECTO TOTO YTOOBI
Cpa3y B3siTh 3TH (DaKThl 3@ OCHOBY M NMOCMOTDETH, He CJAedy-
€T JIM BCIO TMpoOJjieMy CTaBHTL COBEpPLIECHHO MO-HOBOMY.

YMecTHO 31eCh, MOXeT OHITh, HAMOMHUTH TMOYYHTENb-
HYIO HCTOPHIO CO3JaHHUSl CIeLUaNbHOA TEOPHH CTHOCHUTEJb-
Hoctd A. DitnmreiinoM. o DiinHmreiina yyensie 6e3ycnel-
HO TIBITA/IUCh COTJIacOBaTh HO3LIe (haKThl (ONslThl Maiikenb-
cona, Tpyrona u Hobna u T. A.) co cTapbiMil HNpeAcTaBJie-
HUSAMH. DHHIITEHH XKe Haulesl FeHHaJibHO MPOCTOR BBIXOJ U3
Bcex Tpyanoctel. OH B35 32 OCHOBY HOBbIE (PAKTHI U Cpasy
e TOJYYHJ TEOPHIO, OCBELIAIOlyI0 C COBEepILIEHHO WHOH
TOUKH 3pEHUsT TO, UTO yxke ObLIO H3BECTHO, M, CBEpX TOro,
COJlep2Kallyl0 OrpOMHble BO3MOXKHOCTH IJIsl NpPeACKa3aHHS
HOBBIX SIBJIEHHH.

[paBza, Henb3st NpH 0OHAPYKEHHHU JI0GOr0 HOBOTO (hakK-
Ta cpasy e IILITaTbCs MepecTpauBaTh TeOpHIo 3aH080. CHa-
yajia Hy2KHO YOeAUThCS, YTO ITOT PaKT JeHCTBUTENbHO HeJIb351
COrJ1acoBaTh C CYIIECTBYIOLIUMU NpelcTaBaenusiMu. [loxas-
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JISIIOAsT YaCTh HOBBIX 3KCIIEPHMEHTaNbHBIX (PAKTOB O6BAC-
HseTCsl CYLIeCTBYIOIULMMH TeOpHsiMH. (PyHJaMeHTalbHblE
OTKDBITHSI He TaK YK yacTel. Hapsiy ¢ peBOJIIOLHMOHHOCTBIO,
npucylLleHd HacTosiledl Hayke, efl e CBOHCTBEHHAa TeHJEH-
LIHUs K COXPAHEHHIO CBOMX IOJIOXKEHHH, ONpeAeJeHHbIH KOH-
cepBarusM, Ge3 KOTOPOro oHa He MorJsia Obl CYILECTBOBAaThb.

3Jech clefiyeT CHeNaTh OJHO METOJMYECKOe 3aMeyaHue.
Uacto Hapsily C YTBePKIAEHHUSIMH, KOTOPbIE MOXKHO Cepb-
€3H0 0OOCHOBaTb, TOT WJH HHOH aBTOP HPHUBOAUT MBICHH,
BooOLIe HEJOKa3yeMble B HACTOsilee BPeMs, H HUKaKoro sic-
HOT'O pasrpaHUUEHUs] MeKAY TeMH U JDYTHMHU He Jes1aeT, YToO
CHJIbHO AUCKPeJUTHPYeT ucciefoBanue. HyxHo ocobo Bbie-
JIUTb IIOJIO2KEHHUSI, IO NMOBOJY KOTODHIX HHYero, kpome cob-
CTBEHHOI'O MHEHHS] U HEKOTODBIX apr'yMeHTOB, BBICKa3aThb
HeJb3d.

Haxkonen, nocneinee 3ameuanue. IIpu paccmoTpenuu
CJIOKHBIX JAHCKYCCHOHHBIX IpP0GJeM, N0 KOTOPHLIM He BhbIpa-
6oTana elxHasi TOYKA 3PEHHs], HeNb3sl OrPAaHHYHUBATBCS H3-
JIO2KEHHEM TOJIBKO OOLIeH CHCTeMbl B3IVISIAOB, KOTOPOH NpH-
JepxxuBaercs caMm aBrop. OOs3areneH pa3bop Apyrux npei-
craBienuit. OJHOrO ynoMuHauusi, KaK 3TO 4acTo Jesaercs,
JpYTUX TOUYeK 3peHusi HeflocTaTouyHOo. OTKa3 OT KPHTHUYECKO-
ro aHanu3a CYLIECTBYIOWMX B3rVISAOB ocjabiisieT AoKasa-
TeJbHOCTb Pa3BHBaeMbIX NIPEeACTaBJIEHUH 1 JieNaeT Hecle0Ba-
HHe CYIUECTBEHHO HEMOJHBIM.



FMTABA II

HCTOPUYECKHUA OYEPK
BO3HUKHOBEHHSI 1 PA3BUTHS
®YHJIAMEHTAJIbHbIX ®U3UYECKUX TEOPUH

§ 1. Kuaccuueckass MexaHuka

Knaccrueckass MexaHuka, mocTpoeHse KOTOpOH ObLIO 3a-
pepiieHo Hpiotronom Bo Bropo#t monoBuHe XVII Beka,—
3TO mepBas ¢yHAaMeHTalbHasi (U3UUYecKasi TEODHS, OXBa-
ThHIBaWOlIas rpoMajHblii Kpyr sBiaenuit. Jo mexanuku Hrlo-
TOHA OBIJIO W3BECTHO MHOXKECTBO 3aKOHOB OOJIBLIEH HJIH
MeHblIeH OOIIHOCTH, HO TEOPMHU, OXBAThIBAaIOUled BCEBO3-
MOXKHBIE CJIyYad JBHKeHHs JIOOBIX TeJ, He CYLIECTBOBAJO.

[Ipu co3ZaHHM KJACCHUECKOH MeXaHHKU BIiepBble OBLI
BOIIOLIEH HJeas] HAYYHOH TeOpUH, CYHIECTBYIOUIUH U MOHbI-
nie. Eute jo Helotona on 6611 chopMynupoBaH psiioM ¢uio-
cooB, B mepBylo ouepelb bakonoM. Eciu JnuTesnbHoe Bpe-
Msl 3afauy OOBsICHEHHS €CTEeCTBEHHOTO XOAa MpOLECCOB B
NpUpoJe BHAENU B TOM, YTOOBI CBECTH HOBBIE, HEIPUBLIUHBIE
sSIBJIeHHS1 K TaKHM HeNoCPeJCTBEHHO OYeBHJHBIM, KaK yAap,
NPHUKOCHOBEHHE H T. ., TO C HOsIBIeHHEM MeXaHUKU HbioTo-
Ha CTaJIO C NOJHOH OYeBHJHOCTBIO U 6eCIIOBOPOTHO MOHSTHO,
YTO 3a0aua HAYKY COCMOUM 8 OMbICKAHuU Hauboaee obuyux,
KOAUHECMBEHHO OpMYAUPYEMbIX 30KOHO8 npupoder. JlehcT-
BHEM TAaKHUX 3aKOHOB HY2KHO OOBSICHATH BCe SIBJIEHHS, M B
YaCTHOCTH Te, KOTODble HACTOJBKO HDUBBIYHBI, YTO, Kasa-
Joch Obl, He HYXXAalOTcs B 00bsicHeHHH. B dyHmAamenTann-
HbIX 3aKOHaX IVIaBHOE — HX OOIIHOCTh H TOYHAsl MaTeMaTH-
yecKas (popMyJNHPOBKA, a COBCEM He HArJAAHOCTb U camooye-
BHJHOCTb.

Mexanuka HploTOHa B BBICOKOH CTeNeHH YIOBJIETBOPsia
3THUM TpeboBanusM. C caMOro Hauaja OHa IpeTeHAOBala Ha
ONHCAHHME JABMIKEHHs, T. €. NepeMellleHHs] B INPOCTPaHCTBe
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¢ TeieHHEeM BpeMeHH JIIoGbIX MaTepHaNbHbIX TeJl MM yacTeH
TeJl JPYr OTHOCHTEJBHO Apyra.

HenocpeJcTBeHHO 3aKOHBI MeXaHHKH, CHOPMYJIHPOBaH-
Hele HBIOTOHOM, OTHOCATCST K Tesly, pa3MepaMH KOTOPOTO
MOKHO IpeHeOpeub,— K MaTepHajJbHOI Touke. OfHaKO Jii0-
Goe Teso MaKPOCKOIMYECKHMX Pa3MepOB BCerja MOXKHO pac-
CMaTPUBaTh KaK COBOKYIHOCTh MaTepHalbHBIX TOUEK H, CJle-
JOBaTeNbHO, AOCTATOYHO TOYHO ONHKCATh €ro ABHxeHus. B
COBpeMeHHOH (U3UKe IOJ KJIACCHUECKOH MeXaHUKOH OObIu-
HO TNOHUMAIOT MEXAHUKY MaTepuajbHOH TOYKH, CHCTEMBl Ma-
TepHaJNbHEIX TOUEK (IJ151 KpaTKOCTH MBI OyileM FOBOPHTb: Yac-
THI)) © MEXaHUKY aGCOJIIOTHO TBEPAOTro Tesa. FIMeHHO 3TO MBI
6yJeM UMeTh B BHIY B JajbHelilueM, FOBOPsI O KJIACCHUECKOMH
MexaHUKe.

B knaccuueckoif Mexaunke coCTOsiHHE JIOGOH CHCTEMBI
OJlHO3HAYHO OMNpeJeasieTcs] KOOPAMHATAMH YaCTHI[ CHCTEMbI
U HX CKOpOCTSIMH. [I[HHAMHuYeCKHe CBOHCTBA uacTHIl XapakK-
Tepu3yeT OJHA-eIHHCTBEHHAsl BeJMYMHA — HHEPTHAs Mac-
ca, KOTopasi CUuTaeTCs Heu3MeHHOH. BMecTo ckopocrteil Ten
B KauecTBe IIePEMEHHBIX, ONpeJesIsOHX COCTOSTHHE CHCTe-
MBI, MOXHO BHIODATh HMIYJbCHl — IPOH3BEJEHHST MAacChl
Ha CKOpOCTb.

CocTosiHHEe CHCTEMBl O JHO3 Ha U HO ONpelensieTcs
KOODJAMHATAMH H CKODOCTSIMH 4YacCTHI[, TaK Kak, 3Hasl HX,
MbI MO2KEM HaHTH JII0OYI0 APYTyI0 MEXaHHYECKYIO BETHUHHY
B JlaHHbIH MOMEHT BPEMEHH: 3HEPTHIO, MOMEHT HMIYJbCa U
T. A. ['1a6Hoe oice cocmoum 6 mom, 4mo no KooOpouHamam u
cKopocmaM Hacmuy cucmemvl 8 OQHHbLIL MOMEHM 8peMeHL,
3Has Oeticmeyrouyue mencOYy HACMUYAMU CUNbL, MOXMCHO OOHO-
BHA4HO onpedesums KOOPOUHAMbL 1L CKOPOCMU Hacmuy 8 Aw-
60t nocaedyrowyuii usu npeclwecCmByrOUULl MOMEHRM 8pPeMERL
(cuurasi, pasyMmeercsd, CHCTeMY 3aMKHYTOH; HHaue HYXKHO
ellle 3HAaTh BHEIIHHE CHUJIEI).

Takum obpasom, B Mexanuke HbloTOHa ycTaHaB/IMBaeTCs
OJlHO3HAYHASl CBSI3b COCTOSIHMH CHCTEMBbI, NPHYEM CaMO CO-
CTOSTHHE CYMUTAeTCs TOUHO OMNpeleseHHHIM KOOpAHHATaMH H
CKOPOCTSIMH 4acCTHIL (HJIH TeJ) CHCTEMBI.

3axoromeproctite, 8 KOMOPOL 3a8UCUMOCTIL 6CeX ¢hu3uue-
CKUX 6eAUHMUR, 8X00AWUX 8 MEopuro, 00HO3HA4HYL, ObLAa HA3-
8aHQ OUHAMUYECKOL .

[TockonbKy HAeanoM HAaYKM Bcerja OblI0 MaKCHMasbHO
NosiHOe U TOYHOE 3HAHUE MPOLECCOB, MPOUCXOASIINX B NPH-
polle, yueHble CTPEMUJINCH K IOCTPOEHHUIO TEOPHH, AAIOHUX,
110 KpaiiHeli Mepe B MpHHIMIE, TAKOrO poja 3Hauus. Knac-
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CHueckasi MeXaHHKa MOJIHOCTBIO, KaK Ka3aloCk, YAOBJIETBO-
psia 3TOMY HAealy, ¥ B AMHAMHYECKOH opMe ee 3aKOHOB
BULENH ecTeCTBeHHOe oToOpakenve (yHAAMEHTAIbHLIX CBSI-
3CH IPHPOJHL.

[locne ycnexoB KJacCHUeCKOH ME@XaHUKH B NEPBYIO oue-
peib B acTPOHOMHMH, Ie yAAJ0Ch C 3aMeyaTesbHO# TOUHOC-
ThIO BBIYHCJIHTD [BHXKEHHS IVIaHET H KOMeT HalleH CcOoJiHeu-
110H CHCTeMEl, OOBSICHHUTD NPUINBEL U OTJIHBHI B OKeaHe M
Jlaxe 1o HeOOJIBLION aHOMaJUM B JBHIKEHHHM YpaHa mnpex-
CKas3aTh CylleCTBOBaHUe HOBOH NyaneTs! — Henrtyna, yBe-
PEHHOCTb B HE3bIOJIEMOCTH OCHOBHBIX 3aKOHOB MEXaHHKH
crana BceoOuieli. MM moAuMHANOCH [ABMIKEHHE BCeX Tel:
OT FUFaHTCKHX IJIaHeT J0 MeJbyaduidx MblJIHHOK.

CamuM HplOTOHOM 3aKOHBI MexaHHKU OblIH cHOpMyJIH-
poBaHHI B OpMe, KOTOPYIO MOYKHO Ha3BaTh BeKTOpHOI. Bee
BEJIMUUHBI, C KOTODHIMH HMeET JeJI0 TeOpHs — IepeMelle-
1UsI, CKOPOCTH, CHJIbI,— PAacCMaTPUBAIOTCS KaK BEKTOPHI.
B panbueiimeM Ha nporskeHun npumepHo 150 mer Gaaro-
Japs Tpynam Benukux yuenblx XVIII u XIX cromeruit
diinepa , Jlarpaunxka, Jlannaca u ocobenno I'amunbrona Gol-
JIY TIOJTHOCTBIO BRHISIBJIEHEI Be (PH3MUECKHE H MaTeMaTHuecKue
cneAcTBusi Teopun HetotoHa. Belnu HafiieHb! Bce BO3MOXKHbIE
(OpMyJIUPOBKY OCHOBHBIX NPUHUHIIOB KJIaCCHUECKOH Mexa-
HHKH, ¥ UM Oblla MpHUAAaHA UCKJIIOUUTENBHO 00Was 1 U3sILL-
Has MareMaTnyeckas ¢opma.

B ananutuueckoii MexaHilKe JlarpaHxa OCHOBHLIMH Be-
JIMYMHAMH SIBJSIIOTCS CKansipbl: 00001IeHHbIe KOOPIUHATHL H
0600IIeHHEE CKOPOCTH, paccMaTpHUBaeMble KaK He3aBHCHU-
Mble niepeMeHHble. Uncio 0606IeHHbIX KOODAUHAT H, COOT-
BETCTBEHHO, CKOPOCTEH PaBHO YKCJY cTeneHefi cBOGOIBI CH-
creMbl. B merolle 'aMHIBTOHA OCHOBHbIE II€peMEHHEIE —
3TO0 0GOOUIEHHBIE KOOPJAMHATH M OOOOCLIEHHbIE HMIYJbCHI.
XapakTepHO, 4TO B MeTojfax JlarpaHxka u ['amuiabTOHa B3a-
MMOJIE/ICTBHE XapaKTepU3yeTCss He CHJIaMH, a SHeprHeH.
OcHOBHasi XapaKTepUCTHKa CUCTeMbl B MeTofie Jlarpamxka —
¢ynkuus Jlarpamxka L JJs KOHCePBATHBHBIX CHCTEM —
npefAcTaBiasieT co60f Pa3HOCTh KHHETHYECKOH M HOTEHIIH-
anbHOi sHepruii. B Merone 'aMunbroHa XapakTepUCTHKOM
cHcTeMBbl CAYXKHUT ¢yHKuMs [amunbtona H. Bo Bcex mpax-
THYECKH BAXKHBIX C/yuyasiX OHAa paBHA SHEPTUHU cHCTeMbl E,
BhIpaXkeHHOH uepe3 0000ie HHEIE KOOP A HATHI K HMITYJIbCHE *).

*) Heo6xopumbiM yciioBueM paBenictia H um E sBasieTcs Komcep-
BAaTHBHOCTb CHCTEMbl M HCIOJb30BAaHHE HHEPUHANBHBIX CHCTEM KOOp-
JHHAaT.
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B pamkax camoll MexaHHKH 3TH pa3Hble METOIbl SKBH-
BaJIeHTHBl. B 4acTHOCTH, OTKpBITHE HOBBHIX (POPMYJHPOBOK
MeXaHUKH HH B MaJlefilllell CTelleHH He 3aTparuBaeT AHHAMM-
YeCKOro xapakTepa ee 3aKOHOB. [Ipu pelueHHH MPOCTHIX 3a-
Jlau MPHMEHSATh aHaJIUTHUECKHe METOABl HE MMeeT HHKAKOro
CMBIC/IA, TaK KaK OObIYHAsl HBIOTOHOBCKasi (opMa 3aKOHOB
HauGoJsiee HarasiiHa ¥ ObICTpee Bcero MpHBOAMT K uenu. Ho
aHaNUTHYECKHe MeTOJbl IyOke NMPOHHKAIOT B CTPYKTYPY
Mexanukd. Oco6oe 3HaueHue UMeeT popManuaM [aMunbTOHA.

PaBHonpaBue KOOPAMHAT U HMIIYJILCOB KaK He3aBHCHMbIX
HepeMeHHBIX JaeT Gosbinylo cBOGOAY AJIsl BLIOOpa BENHUYHH,
IPUHHMAaeMBIX 338 «KOOPIMHATHY, JIHOO 33 HMIYyJabCH». B
pe3yJsibTaTe NOJyuyaeTcsi BechMa abcTpakTHasi GOpMYyJHPOB-
Ka MeXaHHKH, Hrpaiouiasi IJaBHYIO pOJb B INOCTPOEHHH
KJIaCCHUeCKOH CTAaTUCTHUECKOH MEXAHHKH M HMeomasl Hau-
6oJsiee MpsIMOI KOHTAKT C OOBIUHOH KBaHTOBOH MeXaHHUKOH.
VpaBuenue 'amunbrona — SIkoOH A5l YHKIMHU JAeHCTBHS,
3aBUCsLLeH OT KOOPAHHAT ¥ BPEMEHH, SIBJISIETCS NPSIMBIM aHa-
JIOTOM OCHOBHOI'O ypaBHEHHSI KBAHTOBOH MeXaHMKH — YpaB-
nenns Ilpenunrepa.

HauGosee MakOHHYHO OCHOBHBIE TIOJNOMXKEHHSI MEXAHHKH
MOKHO C(hOPMYJIHPOBATH C TOMOLIBIO TAK Ha3bIBAaEMBIX BapHa-
IMOHHBIX NpuHIHNOB. OCHOBHOE 3HaueHHe MMeeT NPUHLMI
HapMenbllero JeiictBuss B ¢opme Iamunbprona. Corsacuo
STOMY NPHUHIUNY U3 BCeX KMHEMaTHYeCKH BO3MOXKHBIX Hepe-
MELIEeHHH CHCTEMBI U3 ORHOIO COCTOSIHUSI B ApYroe 3a BpeMs
t — f, peanusyercsi JUIIb TO, IJsI KOTOPOro BeauunHa S,
MMeHyeMmasi JIeHCTBHEM, MPHUHHMAeT KCTpeManbroe (0Obiy-
HO MHHHMAa/IbHOE) 3HaueHue. Bapuauus aesictBust 6S = 0.

CaMo fieificTBHE 32 IPOMEKYTOK BPEMEHH OT f no ¢ BBIpa-

kaeTcsi uepe3 ¢ymkiuuio Jlarpamxka L: S = QL dt. Us

TpeGoBanusi §S = 0 BBITEKAIOT ypaBHEHHS J'Iarpamxa, AB-
JISIOIeCs] YPAaBHEHUSIMH ABHKEHHS .

[Tpunnun HauMmenbliero AeficTBHs 06/afaeT OTrPOMHOH
o6 HocTh0. OH cripaBefliuB A1 MEXAaHUKH CIJIOIIHBIX Cpel
H MOXeT ObITb NPHUMEHEH K HEMEeXaHHYeCKHM CHCTeMaMm:
3/IEKTPOMAr HUTHOMY IIOJII0, KBAHTOBAHHBLIM TMOJSM JII0OOk
npupojnl. Bei6op dynkuun JlarpaHxa ueankoM onpefenser
(OpMy TeOpHH, €CJIH IPH ee NIOCTPOEHHH HCXOMUTh H3 NPUH-
nuna HauMenburtero fAefictBusi. Pynkuus Jlarpamxka BbI-
paaercsl yepe3 KOMIIOHEHTBI MOJSL H YAOBJeTBOPsieT 0606-
IIEHHBIM ypaBHeHHAM JlarpaHxa.
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§ 2. Mexannka CHIOIIHBIX CcPen

[TapannesnbHO ¢ pa3BHTHEM MEXaHMKHM YacTHL M TBep-
JLIX TeJ LIO Pa3BHUTHE MEXaHHKH CIVIOIUHBIX CpeX, T. €.
MECXaHHKH JKHAKOCTeH, rasoB H Je(OpMHPYeMBbIX TBepPABIX
tea. Tpyaamu DBepuyanu, Dfinepa M Apyrux yueHbIX
B mepBoii mosoBuHe XVIII Beka OblIM  3a/0XKeHBI
OCHOBBl THADOAMHAMHUKH MJeaJbHOH KHUAKOCTH *). Ypas-
nenve Jisiepa, OMNMCHIBalOlee JBHXKEHHE KUAKOCTe
Il ra3oB B CJ1yyae, KOra BSI3KOCTBIO H TEMJIONPOBOAHOCTBIO
MOXKHO mpeHeOpeub, H B HaCTosilliee BPeMsl CJYXKHT OJHHUM
M3 OCHOBHBIX ypaBHEHHH T'MAPOAMHAMHKH. Ero MOKHO BBI-
BecTH U3 3aKOHOB HbloToHa 7151 MaTepHanbHBIX ToyeK. Bmec-
T€ C ypaBHEHHEM HENMpPEePBIBHOCTH, BBIPAKAIOMIUM 3aKOH CO-
XpaHeHHs BellecTBa B M'MAPOJAMHAMHKeE, ypaBHeHHe OJijepa
1I03BOJIsieT pewaTh JioOble 3ajaud AHHAMHKH HJeaJbHOMH
XKHUJKOCTH.

la3nl, XUAKOCTH M TBepjble Tena (ynpyrue M IjacTHy-
Hble) B MeXaHHKe CIVIOIUHBIX CpPeJl pacCMaTpHBAlOTCA Kak
HEmpepbIBHbIE. YDaBHEHUS MeXaHUKH CIUIOIIHBIX Cpej
OGBIYHO OTHOCAT HE K JAHHOH YaCTHIE WM TeNy ONpejesieH-
HOM Macchl, MepeMelIanIIUMCS B IPOCTPAHCTBE C TeUeHHEM
BpeMeHH, a K Macce B efliHHLe 00beMa B JaHHOH TOYKe Mpo-
crpancTBa. BMecTo Ha6opa KOOpAMHAT M UMIYJIBCOB YacCTHIL
COCTOSIHME CHCTEMBI XapaKTepH3yeTCs] HEKOTOPHIMH (Y HK-
UMSIMH, ONHCHIBAIOLMMU pacnpefie/ieHHe PasiuyHbIX (H3H-
YeCKHX BEJMYHH B MPOCTPAHCTBE: IJIOTHOCTBIO P (X, Y, 2, 1),
IaBneHueM p (x, Y, 2, £) M CKOpOCTBIO ¥ (X, Y, 2, t). 3Ha-
YeHHN BEJUYHH 0, p, U OTHOCATCS He K ONpeleseHHON 4a-
CTHIE XKHUIKOCTH, a K JaHHOH TOYKe IPOCTPAHCTBA X, Y, Z
B MOMeHT BpeMeHH f**). CoOOTBeTCTBEHHO /AJIsi pelIeHHUs
FHAPOAMHAMUYECKHX 3aJlau Cle/lyeT 3aJaBaTh He KOHEUHoe
YHCJIO HayaJ/IbHBIX 3HAYEHUH KOOPJAMHAT M HMITYJbCOB (HJIH
CKOpoCTeil), a HayajbHble M TPaHHYHblE YCJOBHS LIS He-
NpepbIBHBIX (PYHKUMA KOODAMHAT M BpEMEHH, XapaKTepu3y-
IOLHX COCTOSTHHE Cpefbl.

OnHako, HeCMOTPSI Ha CYIECTBEHHOE H3MEHEHHE KakK
(U3HYECKOTO CMBIC/Ia CAMUX NEPEMEHHbIX, PACCMaTPHBAEMBIX
B TEOPHM, TdK U BHJA ypaBHEHHH, JMHAMHYECKHH Xapakrep

*) Ilop ruppoauHaMHKOR OGHIYHO IOHHMAIOT 3aKOHEI ABAXEHH S KaK
KHUJKOCTe, TaK H rasoB.

**) D10 TaK HasblBaeMble NepeMeHHBIE DilJiepa, NpPEHMYIECTBEHHO
HCIIOJIb3YeMBIe B THAPOLHHAMHKe. B ypaBHeHH IX THAPOAHHAMAKH B (op-
Mme JlarpaHxka x, y, 2 ABJASIOTCA KOODJAHHATAMH JKHAKOH YaCTHIEI B MO-
MEHT BpeMeHH ! (nepeMeHHble Jlarpanka).
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3aKOHOB B MEXaHHMKe CIUIONIHBIX Cpeli ocTaetcs: Hesnibne-
MbIM. PyHKIMH O, P, U OAHO3HAUHO ONpEIENSIIOT COCTOSIHHE
CHCTeMbl B JIaHHBIH MOMEHT BPEMEeHH, a YPaBHEHHUsS THAPOIU-
HAMUKH O3BOJISIIOT YCTAHOBHTH 3HAY€HHE 3TUX (DYHKIUH B
J060# MOC/MEAYIONMHA MOMEHT BPEMEHH, €CJIH OHH H3BEeCT-
Hbl B HayanbHbli MoMeHT. OJHO3HAYHBIH XapakTep 3aBH-
cuMocTell Mex1y GH3MUeCKUMH BeJIHUHHAMHE, paccMaTpHBae-
MBIMH B T€OPHH, 3Jiech HaMuLO0. Kak ykaswiBamoch BEILIE, 3TO
OCHOBHOE CBOHCTBO AHMHAMHUYECKHX 3aKOHOB.

To e MOXXHO CKa3aTh U O TEOPUH YIPYrOCTH, OCHOBHbIE
ypaBHEHHs] KOTOpO# ObLIM ycTaHOBJeHb! B Hayane XIX
Beka Hasbe u Kowu.

B XIX Beke nauana pa3BuBaThCsl 'MAPOJUHAMHKA He-
HJleaNbHOM, BSI3KOH, XKHIAKOCTH. [leso B TOM, YTO BHYTpH
JBMIKYLIEHCS KUAKOCTH (MJIM rasa) BO3HHKAIOT CHJIBI Tpe-
HHUsI, npeHeOpeub KOTOPHIMH B oOwieM clyuyae Henb3s. Kpo-
Me TOoro, MeXJy OTAeNbHEIMH y4YaCTKaMH JBIKYyLIEHCS cpe-
Jbl CYIIeCTBYeT TeljooOMeH. B pe3sysbTare 3THX NPOLECCOB
IPOUCXOJUT AUCCHIIALMS SHEPTHH, He YUHTbIBaeMasi B ypas-
HEHMSIX MIEANbHOH KUJAKOCTH. MeXaHHKAa CIJIOMIHBIX Cpej
nepecraeT OBITh 4YHCTOH Mexanukoit. [Ipouecchl Heme-
XaHHYECKOH NPHPOABI, TEIUIOBBIE INPOLECCHl, MOTYT CTaTh
CYIIECTBEHHEIMH. [J09TOMy 3aMKHYTYIO CHCTEMY YpaBHe-
HHUH, ONHCHIBAIOILYIO B NPUHIHUIIE NOBEJEHHUE CIIOUIHOH cpe-
Jbl B o0LIEM clyyae, Hesb3sl IOCTPOUTh Ha 6ase 0JHON Mexa-
uukd HploTona. Jluie nocie co3fanus Teopuu Temna (Tep-
MOJMHAMHKH) TaKasli CUCTeMa ypaBHEHMH ObljIa IIOCTPOEHa.

§ 3. Kuaccuyeckasi TepMonHHaMHKa

Knaccuueckass TepMoAnHaMKKa pojuiachk B 6opb0e C Teo-
pueil Teraopozia, B KOTOPOH TemJOoTa pacCMaTpUBajach Kak
ocoboro poja HeyHHUYTOXKMMAasl HeBeCOMasi XKHAKOCTb, CIIO-
co6Hast mepeTeKkaTh OT HArPeThIX TeJl K XONOAHBIM. DT1a 60pb-
6a npojomxanach o cepefnnnl X1X Beka, korxa MaiiepoM,
JxoyneM u I'etbMrosibiieM Gbll YCTaHOBJIEH 3aKOH COXpaHe-
HUSl U TIpeBpalleHHsi 3HePruH. BriscHmiIOCH, yTO mepeiaua
Teljla — 3TO HE Iepejaya MOpPUUH OcoBOH IKHIAKOCTH, a
Julb ocobast ¢opMa nepeiaud 3HEPrHH OT ORHOrO Tejla K
ApyroMy, NpH KOTOPOH He COBepINAeTcCsl MaKpOCKOIHYEeCKas
MexaHuueckas paboTa.

3aKOH COXPAHEHHS SHEPTHH CTaJl OCHOBHLIM 3aKOHOM HO-
BOH TEOpHH Tellla, NOJYYHB B Hell Ha3BaHHe IEPBOro Haya-
Jla TepMOAMHAMUKH. DTOT 3aKOH SIBUJICS CJe[ACTBHEM 006006-
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lIleH|s] TPOMaJHON COBOKYMHOCTH ONBITHBIX (DaKTOB: HEBO3-
MOKHOCTH MOCTPOEHHSI BEUHOTO ABHraTessi, CyIleCTBOBaHHU:A
MCXaHUYeCKOro 3KBHBajieHTa Tensia u T. 1.

Eille 10 OTKPBITHS 3aKOHA coxpaHeHus 3Hepruy Kapho,
ncceays paboTy TemJoBBIX MALIMH, MOJYYUJI pe3yJbTaThI,
110CY2KUBIIHE OCHOBOH™ J/1si (POPMYJIHPOBKH JDPYroro ¢yH-
JIAMEHTAJIbHOTO 3aKOHAa — BTOPOrO Hayaja TepMOJYHAMHUKH.
ITOT 3aKOH, BHICKAa3aHHBIH BIIONIHE OTUETIHBO TOMCOHOM U
KiaysuycoM, npeacrasJsieT co6oit 060061eH1e ONBITHBIX ¢akK-
TOB, KacalolUXCsi HeoOpaTUMOCTH mpoieccoB mpuposl. Ou
yKasblBaeT HANpaBJ/ieHHe BO3MOXKHBIX SHepreTHUeCKUX MpPeB-
pauieHuH.

Bce comep:xaHue TepPMOAMHAMUKH SIBJISIeTCS] B OCHOBHOM
1IE[IOCPECTBEHHBIM CJIEACTBHEM JBYX Hauan. OHM BBOJAT B
TEOPHIO JiBe OJHO3HAYHbIe Oy HKIMH COCTOSIHUS: BHYTPEHHIOI
yyepruo U u suTponuio S. B 3aMKHYTHIX clcTeMax BHYTPeH-
15151 SHEPTHs BCerja OocTaeTcsi HEM3MeHHOH, a SHTponus co-
XpaHsieTcsl TOJILKO HPU PaBHOBECHHIX OOpAaTHMBIX Mpolec-
cax. [Ipu HeoOpaTHMBIX IpollecCax OHAa BO3pacTaeT, H ee
pocT HauboJiee MONHO OTPAXKAET ONpPENeNEeHHYIO HANpPaBAEH-
1I0CTh MIPOLIECCOB NPHPOJBI.

CocTosiHHe B TepMOAMHAMHUKE OMpeJie/isieTCs COBCEM HHa-
e, yeM B MexaHuke. OCHOBHBIMH BEJTHYMHAMH, 3aJAlO[HMH
COCTOsIHME CHCTeMbl (OHM Ha3bIBAIOTCSI TePMOJAMHAMHYECKH-
MH MapaMeTpaMH), SIBJISIIOTCSI B MpOCTeHIleM Clyuyae JaBJe-
e, o0beM U TeMneparypa. Eciu nepBble mapameTpnl uMe-
I0T MeXaHUYeCKHH CMbIC/, TO NOCNeAHHH ero JjumeH. Mex-
Jly mapaMmeTpaMH CyuleCTBYeT CBsI3b, JaBaeMasi ypaBHEHHEM
COCTOSIHMS, KOTOpOe HeJb3s HAWTH TEeOPETHUYEeCKH, U OHO
yCTaHaBJ/IMBAETCS OMBITHBIM ITyTEM.

CoopmynupoBannas B koHue XIX Bexa Hepucrom temn-
JoBasi TeOpeMa, WJIH TpeTbe Hauyajlo TepMOJAMHAMHKH, He
HMeeT CTOJIb GOJIBLIOrO 3HAUEeHHSI, KaK MepBHIE [Ba 3aKOHA.
OHa He BBOAMT HOBBIX TePMOAMHAMMYECKHX (YHKLHH, HO
JlenaeT 3HTPOIMIO YHCJEHHO onpefeseHHol. Bropoe nauano
1103BOJISIET HAHTH SHTPOINHIO C TOUHOCTBIO A0 NMPOU3BOJBHOH
110CTOSTHHOH .

TepmonunaMnka C TeueHHeM BPEMEHHM INpPeBPaTHJIACH B
CTPOHHYIO M H3sIlIHYIO TeopHio. Bruta monyuena Bosmoxk-
HOCTb aHA/JHM3MPOBaTh CaMble pa3HOOOpa3Hble CHCTEMHI B
COCTOSIHHM TeIJIOBOTO DaBHOBECHS M paBHOBECHEHIE, T. €.
oOparuMele, mpouecchl. I'n66c paspaboran MeTOA TepMOJIH-
HaMHUYeCKHMX IOTEHLHANOB, B KOTOPDOM B 3aBHCHMOCTH OT
pola ucciefyeMoi HmpoGJsieMbl COCTOSTHHE CHCTEMBI XapakTe-
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pusyercst TOH UMM MHOH (QyHKIMeH: BHYTpeHHEH 3Hepruel,
IHTaNbnuell, CBOGOAHO!H SHEPrUell WM TepMOAUHAMHUYECKHM
HNOTEHIHAJIOM.

B knaccuueckoil TepMOJAMHAMHKE H3y4YaeTcsl COCTOSIHHE
TENJIOBOI'0 PaBHOBECHS U paBHOBeCHble mpoueccel. s He-
0o6paTHUMBIX TPOIECCOB OHA AaeT JHLIb HEPABEHCTBA, MO3BO-
Jsollile yKasaTb BO3MOXKHBIE HalpaBJeHHs TAKHX Mpolec-
coB. BriocsiencTBuu Grl1a OCTpPOEHA M TEPMOAMHAMHKA HEOO-
paTHuMbIX IHPOLECCOB, HA KOTOpOﬁ Mbl OCTA@HOBHMCS ITIO32KeE.

[ToGenHoe mecTBHEe IWHAMHYECKUX TeOpui, HauaTtoe Me-
xaHuko#i Hrpiotona, mnpogmomxkanock. TepMoAnHaMuka —
feccriopHO AWHAMHYECKAsl TEOPHsi, TAK KAaK yCTaHaBJIUBae-
MbI€ €10 CBSI3H HOCAT OJHO3HAuHLIA XapakTep. [To 3alaHHEIM
3HAYEHHSIM (TOUHBLIM, a HE BEPOSITHOCTHBLIM) OXHHUX BENTHYHH
OnpefleNISI0TCS BCe OCTaJbHBIE.

ﬂBJIeHHﬂ, OIIHChIBaeMbie JHHAMHUYECKHMH 3aKOHaAMH TeO-
pHH TemJa, TPAKTYIOTCS HMH KaK a0COMIOTHO HeOOXOAUMBIE.
Kak u B MexaHuKe, ciydaiiHoe He BXOAHT B TEOPHIO.

§ 4. MakpockonuyecKasi 3JieKTPOJAHHAMHKA

CreayolWuM U OJJHAM K3 CaMbIX BaXKHBIX 3TAIlOB Pa3sBUTHSA
IMHAMHYECKHX TeOpHHl OBLIO CO3JaHHE 3JMEKTPOAHMHAMUKH.
Bo Bropoit nonoBune XI1X Beka JyuTenbHbIH mpolecc pas-
BUTHS YueHHsI 00 31eKTPOMAar HUTHBIX sIBJEHHUAX OblI 3aBep-
med MakcBesioM, HamUCaBUIMM YpaBHEHUS MJsl 3JIEKTPO-
MarHuTHOrO NOJIS, OXBATHIBAIOLIME BCE U3BECTHbIE B TO BpeMs
(haKThl C eJHOM TOUKH 3PEHHS U MO3BOJSIOLIHE MPeJCKa3bl-
BaTh HOBLIE 3aMeuaTesbHble siBjenusi. Hapsaiy ¢ Mexanuye-
CKO#t M TemoBOH (opMamu [BHKEeHHS MaTepuH Oblia OT-
KphITa H MCC/IEJOBRHA HOBas, 3J€KTPOMArHuTHas, Gpopma.

Teopuio MakcBensna uyacTo Ha3bIBalOT MakKpOCKOIHYE-
CKOH 3JIEKTPOAMHAMUKON. B nell TouHO TaK ke, KaK U B Me-
XaHHKe CIIOIIHBIX CPeJl, Bce BeJHYHMHB], B YACTHOCTH 3apsi bl
U TOKH, DacCMaTpPHBAIOTCS KaK HempepniBHble. JlHCKpeT-
HOCTb B CTPOEHHH 3JIEKTPHUECTBA HE YUHTHIBAETCS.

DeKTpOMarHuTHOe moJie B TeopuH MakcBessia xapakre-
pH3yeTCsl TOCPEACTBOM UeThipeX BEKTOPOB: HaNpsiKeH-
HOCTH 3JIEKTpuueckoro nojs E, 3jJeKTpuyecKOH HHAYK-
uud D, HanpsKeHHOCTH MarHutHoro mois H ¥ MarHur-
HOH MHAYKUUH B. OTH BEKTOPHl SABJSIOTCH (GYHKUUSAMH
KOODAMHAT ¥ BpPeMeHH NOJ0OHO AaBJEHHIO, IIOTHOCTH H
CKOpPOCTH B THAPOJAMHAMHUKe. DJeKTpOMarHUTHBIE CBOHCTBA
BEIleCTBa 3aJal0TCS B TEOPHH TpeMsl BeJHYHHAMH (B oblieM
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ciyyae TEH3ODHBIMH): AH3JEKTPHYECKOH HPOHHIAEMOCThIO
€, MarHUTHOH NPOHHIIAEMOCTBIO P U 3J1€KTPOINPOBOLHOCTHIO
6, KOTOpBIE JOJIXKHBEI ObITh ONpPENETCHbl 3KCIIePUMEHTABHO.

Ins sextopoB E (x, y, 2, £),D (x, y,2, 8), H(x, y, 2, t),
B (x, y, 2, {) 3anuceiBaeTcs cHCTeMa JHHEHHBIX AuddepeH-
LUaJbHbIX YPaBHEHUH B YaCTHHIX NMPOHM3BOAHBIX, NO3BOJISIO-
asi 0o TOYHO 3aJaHHBIM HAYaJbHBLIM 3HAYEHHSM ImoJef
BHYTPH HEKOTOporo o06beMa H MO TPAHHUHBIM YCJIOBHSIM
HA TOBEPXHOCTH 3TOro o6beMa /ISl TaHTeHIHAJbHOH Cco-
crapasiomiel 6o E, anb6o H onpelenuTb BeTHYHHY
3JIEKTPOMargUTHOTO MOJS B JIIOOOH MOCTERYIOUIUH MOMEHT
BpEMEHH.

Xapakrepucruku nonst E, D, H u B cBsi3aHbI Apyr ¢ Apy-
roM TaK Ha3blBaEMBIMH MaTepHaJbHBIMH YDaBHEHHSIMH, B
npocTediunx cayuyasix anrebpaumueckumu: D = eE, B =
= pH. Eule oIHUM MaTepHaJbHbIM YDaBHEHHEM SIBJISIETCS
3akoH OMa B AudpepeHnuanbHol GopMe.

BaxneiuM pesyabraToM Teopun MakcBeia ObL10 JOKa-
3aTeIb,CTBO KOHEUHOCTH CKOPOCTH PACIPOCTPAHEHHS 3JIEKT-
POMarHHUTHBEIX B3auMoOJeicTBHHA. BblIo TakxKe MOKa3aHo, UTO
CBeT MMeeT 3JeKTPOMAarHUTHYIO NIPUPOAY, U TeM CaMbIM BCs
ONTHKA CTaja OJHHM H3 Pas3fleoB yYeHHs 00 3jieKTpoMar-
HUTHBIX SIBJICHHSIX. ’

OpHako Bce MPHHIMIHANBHO HOBblE OTKPBITHS, KOTOpHIE
ObIIM  CcHeNaHbl TPH IOCTPOGHHH 3JIEKTPOAMHAMUKH, He
BHECJIH KaKUX-Jn00 H3MeHEeHHH B MpeACTaBJEHHUS] O AMHAMH-
YeCKOM XapakTepe 3aKOHOB NPUPOJbl. OIHO3HAUHEIE CBS3H
BCeX BXOJASILIMX B TEOPHIO BeJHYMH U NPHHIMNIMAIbHAS BO3-
MOKHOCTb TOYHOTO OINpPEJeJIeHHs NOCJEJHHX HE OCTaBJSIOT
HHKaKHX COMHEHHH B TOM, 4TO Teopust MakcBesa siBisieTcs
AV HAMHUYeCKOH .

§ 5. YpaBHenuss MakcBeana — Jlopenua
IJIsl «3JEMEHTAPHBIX» JEKTPOMATHUTHBIX MPOLECCOB

B camom xonue XI1X Beka OCHOBaTeNb 3JIEKTPOHHOH TEO-
pHH CcTpoeHHs BelleCTBa — JIOpeHI chopMyaupOBan ypas-
HEHHs, ONHCHIBAIOIIME MHKDOCKOMHYECKHE 3JIEKTPOMArHUT-
HBlE POLECCH. DTH ypaBHEHUs, Ha3biBaeMble OObIYHO ypaB-
HeHusiMH MakcBesia — JlopeHua, OBLIM IOCTYJTHPOBAHBI
JlopenneM Ha ocHOBe ypaBHeHHH MakcBessa M ompefeseH-
HBIX TIPEACTABJIEHHH O BEIIECTBe KaK COBOKYIHOCTH 3JI€K-
TPUYECKH 3apskKeHHBIX uacTuu. [To ¢opme ypaBuenus Mak-
cBesqsia — JlopeHna aHasorH4yHbl ypaBHeHHsIM MakcBesia,
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HO 3JIEKTPOMArHHTHOE I0JIe XapaKTePU3YeTCsl B HUX ABYMS
BEKTODAMH: HCTHHHBIM (TOUHBIM, @ HE YCPEJIHEHHBIM) 3Ha-
UEHHEM HANPSKEHHOCTH 3JIEKTPHUECKOTO II0JIsl € M HCTHH-
HbIM 3HAUeHKeM MarHUTHOro noJs k. IIpuHUMaeTCs, 4TO 3TH
BEKTOPHl HMEIOT OIpe/leJIeHHOe 3HaueHue B JI000H TOouKe
MpPOCTPAHCTBA, B TOM YHCJIe ¥ BHYTDH 3apsKEHHBIX 3JeMeH-
TapHBIX YaCTHI, U IIOJIs CO3JAIOTCS BCEMH 3apsijiaMH, JAeHcT-
BHE KOTOPBIX B JAHHOH TOYKE CYLIECTBEHHO.

YpaBuenusa MakcBenna — JIopeHuna ONMHCHIBAIOT «3Jie-
MEHTapHbIe» 3JIEKTPOMAr HUTHBbIE NPOLECCH: OHH CBSA3LIBAIOT
JBHKeHHe OTAeJNbHBIX 3apSKEeHHBIX YaCTHI[ C CO3/1aBaeMbIM
MU 3JIEKTPOMAarHUTHHIM II0JIEM M HMEIOT AMHAMHYeCKHH
XapakTep, TaK Ke KakK M ypaBHeHus1 MakcBenna.

§ 6. CneuuanbHasi TeOPHSI OTHOCHTENbHOCTH

B ‘nauane XX Beka pasBHTHE 3/JEKTPOAMHAMHKH TPYAa-
mu Jlopenua, [Iyankape u, riaBHEIM 00pa3oM, DiHIITeHHA
NPHUBEJIO K CO3JAHHUIO CIELHANbHON TEOPHH OTHOCHUTENBHOC-
TH. [Ipy UCCIENOBAHUH 3JIEKTPOMATHUTHBIX IPOLECCOB OBIIO
oOHapyKeHO, 4YTO 3JIEKTPOAUHAMHKA TpeOyeT KOPEHHOTO
[epecMOTpa HalIMX NpPeACTaBJeHHUH O IPOCTPAHCTBE M Bpe-
MEeHH, — NpeACTaBJIeHn, UMeIOUX CBOIO (PH3UYECKYIO OCHO-
By B 3aKOHaxX KJIACCHYECKOH MEXaHHKH.

Ecnu npeanmonoxuTh, 4TO HPUHLUUIN OTHOCUTEIbHOCTH
Fanuunest, cornacHo ¥oTopoMy MexaHHUYeCKHe SIBJIEHHS MPO-
TEKaloT OJAMHAKOBO EU BCEX HMHEPLUHANbHBIX CHCTEMax OT-
cueTa, CnpaBeJyiuB 4 IJISl 3JIeKTPOMAarHUTHBIX SIBJIEHHH, TO
ypaBHenuss MakcBenna u MakcBenna — Jlopenua ue
JIOJI>KHBI H2MEHSATh CBOIO GOPMY IIPH Iepexofie OT OAHOH HHep-
IIMabHOM CHCTeMbl KOOPAMHAT K Apyroii. OHH HHBapHAHT-
Hbl OTHOCHTeNbHO NpeoOpa3oBaHUil KOOPAHHAT M BpPEMEHH.
OnHako 0Ka3anoch, YT0 3TO CIPaBeJJIUBO JHIIb B TOM CIY-
yae, Korja npeobpasoBaHHsl KOOpAMHAT H BPEMEHH CYIIEeCT-
BEHHO OTJIMYHEI OT Npeopaso’aHull, MIPHHATEIX B MEXaHHUKE
HrloTona.

dusuueckue npeAcTaBJeHUsT O MPOCTPAHCTBE M BpeMe-
HH GOPMYJNIHPYIOTCS HMEHHO B BuJe npeobpa3oBaHuil Koop-
JMHAT M BPEMEHM IPM Hepexofie OT OJHOH CHCTEMBI OTCYeTa
K Apyroii. CoOTBETCTBEHHO KJIaCCHUECKHe NpeobpasoBaHus
lanuness KOMKHBEI OBITH 3aMEHEHbI PEIATHBHCTCKHMH Ipe-
obpasoBanusMi JlopeHia, KOTOpble NepexoisT B KJjacCH-
YyecKue JIMIIb NPH CKOPOCTAX JABHKEHHsI, MHOTO MEHBILIHX
CKOPOCTH CBeTa.
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CnpasegnuBoctb npeobpasobanuit Jlopenna He orpanu-
yeHa PAMKaMH 3JIeKTPOMAarHHTHBIX npoueccos. [IpocTo oHH
Oblid OTKPBITHL MPH HCCJAEJOBAHUH 3JIEKTPOMArHUTHBIX $IB-
nexvi. Bellb 3eKTpOMarHUTHLIE MPOUECCH CBsI3aHbI C 60Jb-
IIMMH CKODOCTSIMH pacnpoCTPaHEHHS] B3aMMOJEHCTBHH H
TEOpHsl 3JIEKTPOMArHMTHOTO IOJISI HE MOIJIa He COJepKaTb
PeJSATUBUCTCKUX TpeJCTaBJeHUH O IPOCTPAHCTBE M BpeMe-
HH (1160 B SIBHOM, 160 B CKPHITOil (hopme).

Teopuss omHocumessHocmu — 3mo  pusuqeckas meopus
NPOCMPAHCMBA U BPEMEHU, O0X8AMbIBAIOUAS NPOYECChl Nt0-
6oii npupoder. C ee co3janueM pa3 U HaBcerja ObuIO IIO-
KOHUEHO C HE3aBHCHMOCTBIO TEOMETPHH peajibHOro MHpa
oT ¢pusuku. ['eomerpus Oblia mocraBjeHa Ha (U3HYECKHE
peJibCHI.

TeopHio OTHOCHTEJNBHOCTH HENb3sl Ha3BaThb TeOpHeH,
OIMCHIBAIOIIEH ONpefeNeHHyl0 (OopMy ABHIXKEHHSI MAaTepHH,
KaK Bce npelbifyinue (yHAaMeHTaLbHble TEOPHH. DTO Teo-
pus He 00BEKTOB, a o0uleil CTPYKTYPHI IPOCTPAHCTBA H Bpe-
MeHU — (OpM cyliecTBOBaHUs MaTepud. Ee cooTHOeHHS
HOCAT KUHEMaTHUYeCKU XapakTep, U OOBEKTOM €€ 3aKOHOB
ABJISIETCS] IPOCTPAHCTBO — BpeMsi. Tak Kak NPOCTPAHCTBO H
BpeMsl HE CYILIECTBYIOT caMM no cebe, B OTPLIBE OT MaTepH-
aJILHBIX TeJ U INPOLIECCOB, TO, MO CYIIECTBY, OTKPHITHE TeO-
PHH OTHOCHTEIbHOCTH 03HAYaJo, YTO MPH GOJBIIHX CKOpOC-
TAX ABHIKEHHs J00ast (yHIaMeHTalbHAs TEOpHUsi, OMHCHI-
BaloIlasl ONpefeseHHylo (GOpMY JABHKEHHUS] MaTE€PHH, HOJXK-
Ha OBITH PENATHBHUCTCKOH.

Cama no cefe TEOpHSI OTHOCHTENLHOCTH HE MOXKET HH-
yero OOBSCHHTH B XOJ€ €CTeCTBEHHbIX mpoueccoB. Ona
TOJIBKO HaJiaraeT OnpejeseHHble TpeGOBaHUs Ha TEOPUH MpO-
IIeCCOB, U B TOM CJydyae, KOrjia HaM U3BeCTE€H XapakTep siB-
JIeHHH, ONUCHIBAEMBIX KakOH-1#00 (yHIaMeHTaJNbHO# Teo-
puell B JaHHOH MHepPIHaNbHOH CHCTEMe OTCYeTa, TEOpPHUs OT-
HOCHTEJIBHOCTH IIO3BOJIsSIET INpeJicKasaTh, KakKUM OH OyJer
NpENCTaBJAATLCH B JPYrofl CHCTeMe, IBHXKYILIEHCS C IIOC-
TOSTHHON CKOPOCTBIO OTHOCHTENbHO TepBoii. Teopus OTHO-
CHTEJIbHOCTH OIpeesisieT XapakTep NpeoOpa3oBaHuil He
TOJIBKO KOOPJIMHAT M BPEMEHH, HO H JI000# Apyroil ¢pusuye-
CKOH BEeJHUYMHHL. .

Cpasy ke mocye co3/laHusi TEOPUH OTHOCHUTEJILHOCTH Obl-
JM CcJlelaHbl NONBITKH 3amHcaTh CYLIECTBOBABIIHE paHee
¢dynaaMenTanbable (pU3HUECKHE 3aKOHBl B PeNsTHBHUCTCKOM
¢opme. Ha ocnoBe knaccuyeckoil Mexauuku HpioTona Obliu
cpOPMYJIHPOBAHBL PENATHBUCTCKHE YPaBHEHHS IBHXKEHHS
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MUHKOBCKOrO, NMPHUrOAHBIE AJSl ONHCAHHS ABHIKEHHS Hac-
THIL CO CKOPOCTSIMH, OJIM3KHMH K cCKOopocTH cBera. CaMH ypaB-
HEHHS JIBUXKEHHS W3MEHWJHCb, HO AUHAMHYECKHH XapaKTep
ypaBHeHHH ocTajcsi HeH3MeHHbIM. K B pelATHUBHCTCKOH
MeXaHUKe HauajibHble 3HaueHHS KOOPAHMHAT U CKOpOCTeit
YaCTHI[ CHCTEMbI OJHO3HAYHO OMNpeeNsiioT ee AaJbHEHIYIO
3BOJIIOIIMIO.

C TeuenneM BpeMeHH Obl1a pa3BUTa TaKXKe PeNSITUBHUCT-
CKasi MeXaHHKa CIVIONIHBIX Cpef.

®opMyabl npeoGpa3oBaHUsl Pa3HYHBIX TEPMOAMHAMH-
YeCKHX BeJUYMH IIPU Iepexojie OT OXHOH HHepIHaJbHOH
CHCTeMBI K Apyroi Oblid HafijeHbl [lnankoM. DuTponus oka-
3ajlachb HHBapHaHTOM, a TeMIlepaTypa U KOJHUYEeCTBO nepe-
JagHOro Temia mnpeoOpasyloTCs IpH  JBHKEHHH TOYHO
TaK Xe, KaK U OObIKHOBeHHas JJIMHA.

Bropouem, kak crnpaBefauBo orMerda Angepcon [11],
TaKue TepMOJAHHAMHUYECKHe BEJHYHHBI, KaK TemmepaTypa,
MMEIOT CMEBICJI TOJIBKO TOTJa, KOrAa HX paccMaTpHBAIOT
OTHOCHUTEJIbHO CUCTEMbl OTCUeTa, B KOTOPOH AaHHAfA (U3H-
yeckass cucreMa nokoutcs. C (u3uuecKOll TOYKH 3peHHs
rOBOPHUTH O TPAaHCPOPMALHOHHBIX CBOHCTBAX TeMIeEPATy phl
He MMeeT 0cOoGOro CMBICJIA, TaK KakK MoA00HbIe npeoGpa-
30BaHMs HeJb3sl NIPOBEPUTb HA OMBITE AAXKe B MPUHIHIE.
Peaynbratr u3MepeHHs TeMmepaTypbl ABHIKYIIUMCS OTHO-
CHTEJIBHO Cpe/ibl TepMOMETpoM OyJeT 3aBHCETb OT €ro
KOHCTPYKIHH, OPHEHTAalMd OTHOCHTEJbHO HanpaBJjeHHs
JIBUXKEHHUS. U T. J.

B 60-e rogpt 3akoHBI npeo6pa3oBaHHsl TePMOAHMHAMH-
YeCKHX BeJIHUMH Obliu mepecMoTpeHbt [12]. Eciu ucxoguthb
H3 ONpeJesIeHHs] TeMIepaTyphl C MOMOLIbI0 YpaBHEHHS COC-
TOSIHU L HAeaIbHOTO rasa, To HoJyuuTcs pesynbrar [laanka.
Opunako Npu onpefieJieHHH TeMIepaTyprl KaK Mephl cpelHel
KUHETHYECKOH 3HEPrHH XaOoTHYECKOTO JABHIKEHHS MOJIEKYJI
HONYyYHTCSL APYrof pe3ynbTaT: TeMmepaTypa mnpeoOpasy-
eTcsl KaK BPEeMEeHHOH HHTepBail.

Ecnu ke ompefenuTh TeMnepaTypy Kak napaMerp, xa-
paKTepU3YIOUHUil TelI0BOe PaBHOBECHE, H MPUHSATD, UTO TeM-
JIOBO@ DaBHOBeCHe YCTaHABJMBaeTCsl NPH B3aHUMOJEHCTBHH
CHCTeM, ABMXKYIIUXCH APYT OTHOCUTENBHO APYyra, TO TeM-
nepaTypy clejyeT paccMaTpuBaTh Kak WHBapuant. Konuue-
CTBO NepeJaHHoro temnJa OyAeT npH 3TOM NpeoOpa3oBEIBATh-
Cs TakMM ke o06pa3oM, Kak BpeMeHHOH HHTepBaj. [laH-
Hasi TOYKA 3PEHHS pacCMaTpUBaeTCs cefyac Kak INpeAnoy-
THUTEJIbHAS .

32



§ 7. O6mas TeopHsi OTHOCHUTENbHOCTH .
Teopusi rpasurauuu

Kpatkuit 0630p ¢pyugaMeHTanbHbIX (PU3HUECKHX TEOPHI
AMHAMHYECKOro xapakrtepa OmusuTcess K KoHuy. Ocranoch
(Ka3aTb HECKOJIBKO CJIOB TOJIbKO 00 OAHOH TeOpHH, O Bejlu-
KOM TBOpeHHH DiHwTeiHa — OOWell TeOPHH OTHOCHTEJb-
HOCTH.

OCHOBEIBasiCh Ha paBeHCTBE HHEPTHOH M I'PaBHTAIMOH-
HOM Macc, DAHIUTEHH chOPMYyaAHPOBAN NPUHIIUI SKBHBAJIEHT-
HOCTH — JIOKAQJIbHOH HEepAa3JIHYAMOCTH IOJs TATOTEHUS H
MoJMst CHJI HHEPUHH. DTO 03HA4ajo BO3MOXKHOCTb paccMart-
puBaTh BCe CHCTEMbI OTCUETa KaK PaBHONpPAaBHEIE.

B cmeuuanbHOfl TEOPUH OTHOCHUTEJNBHOCTH Obljia BHISB-
JIeHa 3aBHCHMOCTb IPOCTPAHCTBEHHO-BPEMEHHBIX CBOHCTB
OT cocTOsIHMS JABHKeHHsi. Ho mpocTpaHCTBEHHO-BpEeMEeHHOM
KOHTHHYYM OCTaBaJicsi aOCOJIIOTHEIM, HE 3aBHCSILIUM OT Ma-
TepHU BMeCTHJHIIEeM MaTepuu. OOmas Teopus OTHOCHTENb-
HOCTH BCKpBLIa IVIyOOKYIO CBSI3b MeXAy reoMeTpueil mpo-
CTpPAaHCTBA — BPEMEHH U pacmpejesenseM B HeM Macc. Fimen-
HO MacCHI TeJl ONPEAENAIOT TeOMETPUIO IPOCTPAHCTBA — Bpe-
MeHH. KOMIOHeHTBI MeTPHYeCKOro TeH30pa, XapaKTepUsyio-
e METPHKY IpPOCTPAHCTBA — BPEMEHH, OJHOBPEMEHHO
SIBJSIIOTCS [IOTEHIHAaMH I'PaBUTAIUOHHOTO HOJIS.

[TocTpoeHHass DHHLITEHOM HOBas TEODUsS TI'PaBHTALMHU
HOCHUT JMHaMuuecKuil xapakrep. KoMIOHeHTH TeH30pa rpa-
BHTAIlMOHHOTO NOJS H KOMIIOHEHTHl TeH30pa MaTepHH, Xa-
PaKTepH3YyIOlLIHe ee pacinpejelieHHe B IPOCTPAHCTBE, MOXKHO
ONpEeeNIUTh ONHO3HAYHHIM 06pa3oM. CBSI3M MeXAYy BCEMH
BeJIMYMHAMH, BeCbMa CJIOXKHBIE H3-32 HENHHEHHOCTH ypaB-
HEHHH IIOJIsl, TaKXe HOCAT OLHO3HAUHBIA XapakTep.

Teopuss rpaBuranuu ODiHIITEHHa — 3TO  NOCJEJHHH
TPHUyM(p AMHAMHYECKHX 3akoHOMepHOcTed. [Ipomiio yxe
okosio 50 JeT ¢ MOMeHTa co3jiaHusi oOLIell TeOOPHH OTHOCH-
TeJIbHOCTH (CPOK OYeHb GOJBLION AJIs CTPEMHTENbHOTO pas-
BUTHSI COBPEMEHHOH (H3HKH), HO HOBble (hyHAAMEHTaJbHbIE
TEOPHH JHHAMHUECKOrO THIA He NOosABHJNCh. HeBosbHO BO3-
HHKaeT BONPOC: He CTaJKHBaeMCsl JIH Mbl 3Jech BooOuie ¢
KOHIIOM MOOEeAHOro LIECTBUS AMHAMHYECKHX 3aKOHOB?

dusyueckne TEOPHUH JMHAMHUECKOTO XapakTepa OXBa-
THIBAIOT IOYTH BCIO HAYKY: JBUMKEHHE TeJs, TeIlJIOBhle IpO-
LLecChl, a TaKXKe 3JIEKTPOMArHHUTHbIE U IPaBUTALlHOHHbIE B3a-
MMOJEHCTBHS, T. €. Te THIBl CHUJ, KOTOphE OBIIH OTKPBITHI
k nepBoii uerBepTi XX Beka. Ho y:ke Janee, npu OTKpHITHH
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HOBBIX THUIIOB CHJ — SIIEPHBIX ¥ cJ1abbiX B3auMOJAeHCTBUH —
nepBble IIONBITKM MOCTPOEHHUS HX TEOPHH HOCHAM CTa-
THCTHUECKHUH XapakTep. DTO MNPOU3OLLIO B TO BpPeMsi, KOrla
CTATHUCTHYECKHE 3aKOHOMEPHOCTH B HayKe CTaly OObIUHBIMH,
M II03TOMY JaHHOe OOCTOSATENILCTBO HE NPHBJIEKJIO BHHUMA-
Husg. Ofunako caepyer oco6o MOAUEPKHYTh, UTO 3[ech BIep-
Bble B HCTOPUH HAYKH NPH CO3JaHUH HOBBHIX (yHAAMEHTANb-
HBIX T€ODHH, TPAKTYIOLIHUX OnNpeleseHHYIO0 (GopMy ABHAKEHHSA
MaTepHuu, NPHIIOCL Cpa3y Ke oOpaTHUTbCSi K CTAaTHCTHYe-
CKHUM 3akoHaM. Bo Bropoil yerBepTu XX Beka AuHAMHUe-
CKHe 3aKOHBI SIBHO yTPaTHJIH CBOIO aBAHTApAHYIO pOJb B IO~
nbITKax Bce Gosiee Iy1yOGOKOr0 MPOHHKHOBEHHS B TAHHbI IPH-
POJRI.

§ 8. Crarucruueckass MexaHHKa

Hopas, cratucrtuyeckas,, ¢opMa 3aKOHOMEPHOCTH, HpO-
HU3BIBAIOIIAsl HbIHE BCIO (DH3HKY, 3apojusiach BO BpeMe-
Ha 6e3pa311enbﬂoro TOCIIOACTBA AWHAMHYECKHUX 3aKOHOMeEp-
HOCTeH.

Hauano GblI0 NOMOKEHO MOmbITKaMH Boinsi, JIomoHo-
COBa ¥ APYTHX PacCMaTPUBATh TEIUIO KaK (OPMY JBHIKEHHS
Mosiekys1. KoJsinuecTBeHHAass TeOpHsl BO3HHKJA He cpasy.
Cuauana, B3siB 32 OCHOBY aTOMHCTHYECKYIO THUIIOTE3y CTpoe-
HUsl BeNIeCTBA, YUYeHHI€ NLITAJMCh C MOMOIBIO HArJISAHBIX
npejcTaBjeHnil 0 GecOpsAOYHO ABHIKYIIUXCS MOJIEKYJIax
KaueCTBEHHO NMOHSATh, UTO IIPOUCXOAUT B BEIleCTBE IPH TEl-
JIOBBIX TIpOIeccaX. 3aTeM HAYajHCh MONLITKH KOJHYECTBEH-
HOTO aHaju3a npoieccoB. TpyAHOCTH ObLIH OUEHb BETHKH H,
BepOSITHO, MHOTHM Ka3a/JuCh HempeoAOJUMBIMH. Bejn 3aBe-
JOMO HYXHO OBIJIO CUHTATh, UTO YHCJIO YACTHII, CJAATraOIUX
MaKpOCKOIIMYeCKHe Tesia, orpoMuo. He ocraBisii cOMHEHHUs
TOT (paKT, YTO JABHIKEHHE UX NOJAYMHEHO Mexanuke Hpiorto-
Ha; HO KaK MPHUCTYNHUTb K PEINeHHIO 3aJaYd O ABUKEHHH
TeJ, eCid HX YHCJIO HeBooOpa3uMo BeJuko? Beip jnaxe 3a-
Jlaya Tpex TeJ, CBSI3aHHBIX APYr C JPYroM OYeHb MPOCTO
BbIpaxKa€MbIMH KOJHYECTBECHHO I'DABHTALMOHHBIMH CHJIAMHU,
TOUHO HE pellaercs.

Onnako ans Haubosee nmpocToii cucteMsl (rasa) bepuynnn
eme B Hayane XVIII Beka BbUMCIWI CpeliHee AaBJeHHe ra-
3a Ha CTEHKM COCYJa, CYMTasi, YTO OHO OOYCJ/IOBJIEHO MHOTO-
YHCJIEHHBIMU YJApPaMH MOJIEKYJ. DTO yAAN0Ch CHeNaTh, BBe-
Js1 IpeACTaB/IeHHe O CPeAHeH CKOPOCTH MoJsieKyJ1. Ha nepsom
3Tane pasBUTUSI KHHETHUECKOH TEOPUU ra30B (OH BHINOJHEH,
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raaBHEIM 00pasoMm, KiaysuycoM) HHuero, Kpome CpeinHux
3HaueHHH pasTUYHBIX (U3HYECKUX BEJHYHH: CKODOCTH,
YHCJIa CTOJTKHOBEHUH, JJIHHBL CBOOOJAHOr0 Ipo6era MoJeKy.JI
M T. A.,— He NBITAJIHCh HCKATh.

Pemnrenbubiit mar Buepe], Gein cienad B 1859 r. Makc-
BeJIJIOM, KOTODHIH BepBbie BBeJ B (PU3NKY MOHSATHE BEpOAT-
HOCTH, BhIpabOTaHHOE paHee MaTeMaTHKaMH INPH aHaJIH3e
asapTHeIX Urp. B jpanbuefinieM 3TO MOHATHE CTalO OCHOB-
HBIM /151 JII0OOrO CTaTHCTHYECKOTO 3aKOHaA.

UTo MOXKHO CKa3aTb O CKOPOCTSIX Ta30BbIX MOJeEKyJI,
KpPOMe TOro, YTO HX CpPelHssT CKOPOCTb NPONOPLHOHANbHA
KBaJpaTHOMY KODHIO W3 aGCOJIOTHOH TeMIepaTyphl?

OueBUIHO, MBI He MOXKeM CeHuac H HHKOrJla He CMOXKeM
B JanbHeflleM TOYHO OMPEJeNHTh CKODOCTH BCEeX MOJIEKYJ
rasa B JaHHbIH MOMEHT HJIM IpPOCJAEJUTb 3a H3MEHEHHEM
CKOPOCTH OJHOH MOJIEKYJIBI B TeueHHe GOJBIIOro NpPOMeKyT-
Ka BPeMEeHH, KaK 3T0 TpeOyeTcs IpH MeXaHHYeCKOM OIHCa-
HHUH JBHKeHHs. I3 MaKpocKonuuecKux ycaoBui, B KOTOPHIX
HaXOJWTCs ra3 (ompefeneHHEle 00beM, TeMmneparypa M AaB-
JIeHHE), He BBHITEKAIOT C HEOOXOAUMOCTHIO ONpe/ie/IeHHbIE 3Ha-
yeHust ckopocTell MoseKysa. CKOpPOCTb MOJIEKYJBl ClefyeT
paccMaTpuBaTh Kak CJy4alHYIO BeJHUMHY, KOTOPAs MOXKeT
B JAaHHBIX MAakKpPOCKONHYECKUX YCJOBUAX INPpUHHUMATbL pas-
JIMYHBIE 3HAUEHHS.

A Henp3st M NMOMYYHTH ONpefieJieHHbIH OTBET OTHOCH-
TeJbHO CKOPOCTEH MOJIEKYJ IIPH COBEPIIeHHO MHOH IoCTa-
HOBKe Bonpoca? [lycTh yepe3 HeKOTODble MPOMEXKYTKH Bpe-
MeHH ObLIO POBENEHO 7 U3MepEeHHUil CKOPOCTH JAaHHOH MoJie-
Kyabl. B kakom-To umcne cnyuaeB (6yfieM o603nauaTh ero
yepes /m) 0Kas3ajoCh, YTO HAaHJEHHbIE CKOPOCTH JiexKaT BHYT-
pu MHTepBasaoT @ 10 ? + dv. Uemy paBHO OTHOLIEHHE m/n
IJIs. JaHHOTO WHTEPBaJia CKOPOCTEH, eC/IM YHC/IO M3MePeHHUH
n HeorpanwuyeHHO Bo3pacraer? MHbiMU cloBaMH, ueMy paB-
Ha BEPOSITHOCTb TOTO, UTO CKOPOCTb I'a30BOH MOJIEKYJIHI Jie-
XKHT B ONPEJeNeHHOM MHTepBajie 3Hauenuit, u6o lim (m/n)

n—»o0

>

H Ha3bIBAIOT BEPOSTHOCTHIO?

MagcBenay yjaanoch pemuTs 31y 3agauy! [1aBuas tpya-
HOCTB, COOCTBEHHO, COCTOsA/IA HE B PEIUEHHH, a B CAMOM moc-
TaHOBKe HOBOH mpobsiembl. MakcBens BnepBbie BBes B (-
3MYECKYIO TEODUIO IIpeACTaBJIeHNe O 3aKOHOMEPHOCTSIX OCO-
Goro Tumna, B KOTOPHIX CBA3M MeXJY BeJWUYHHAMH, BXOIS-
IUMH B TEODHIO, HOCST BEPOSITHOCTHBIA, HEOJHO3HAYHBIH
xapakTep. OH SICHO OCO3Ha/J, 4YTO CJIyyaiHOe NBHIKEHHE
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OTJEJbHBIX MOJIEKYJI OAUH HEHO OMPEIeIEHHOMY CTaTHCTHYe-
CKOMY 3aKOHY.

B03MOXHOCTH MOJIEKY151D HO-KHHETHUECKOH TEOPUH Cpa-
3y Ke HeoObYaliHO pacUIMPUIUCh. 3HAHHE BEPOSTHOCTH TO-
0, YTO CKOPOCTh MOJIEKYJIBI BEIeCTBA (rasa, XKHUAKOCTH HJIH
TBEpAOTO Tesa) JIeKUT BHYTPH ONpEJeJIEHHOrO MHTepBaJa,
3Hanne GYHKUMH pacrnpeleseHusi MOJEKYJ 1O CKOPOCTSIM,
HalifleHHOH MaKcBessIoM, NO3BOJISIET HE TOJNBKO HAXORHTh
CpelHHe 3HaUeHHUS] CKOPOCTeH, HO U ONpe/ieNIATh BEPOSITHOCTh
OTKJIOHEHHSI OT CPeJHHX, PAacCUMTHIBATH (IYKTYallHH.

TpynHO mepeolLeHuTh BaXKHOCTh 3THX paboT Makcsena.
Bes mpeyBennuenuss MOXKHO CKasaTh, YTO TBOPEL[ TEOPHH
3/7IEKTPOMAr HUTHOTO MOJISI NPOSIBUI HE MEHBUIYIO F€HHAJb-
HOCTb ¥ B pa6oTax IO MOJIEKYJISIP HO-KHHETHUECKOH TEOPHH.
Ecnu npu co3faHuyM TEOPUM 3/MEKTPOMArHeTH3Ma OH Hallen
JMHAMHUeCKUe 3aKOHBI HOBOH, HEMeXaHHYecKOH, (OpPMsI
JBHXKEHHs MaTepHH, TO 31eCh OH OTKPBLI HOBHIM THII 3aKO-
HOMEPHOCTH B ()M3KKe, IPUTOAHOH, KaK 0Ka3aJ0Ch BIIOCAE]-
CTBHM, IJISl ONHCAHHUS JIOObLIX (HOPM ABHIKEHHS,— CTaTHC-
THYECKYIO 3aKOHOMepHOCTb. [IpaBia, TeOpUs 3JeKTpoMar-
HHUTHOTO TOJS Obla CO3JaHA UM B 3aKOHUEHHOM BHJE, a B
KMHETHYeCKOH Teopuu Obl1 clenaH JHIUb nmepBui mar. Ho
3TOT war ObUI NPHHIMIMAILHO HOBBIM, YTO OTYETJIHBO IO-
guMan cam MakcBenn. B poknane Kem6pumxkckomy ¢uiio-
cockoMy oOIecTBY OH cKasan: «§1 cuuraio, yto HauboJee
Ba)KHOE 3HAUeHHe MJIS1 Pa3BUTHS HAIIMX METONOB MBILLIEHHUS
MOJIEKYJISIPHBIE TEOPHH HMEIOT II0TOMY, YTO OHH 3aCTaBJs-
IOT Jle/laTh pasjipyue MexIy ABYMsl BHAAMH IO3HAHHS, KO-
TOPblE MBI MOXKEM Ha3BaTb JUHAMHYECKHM H CTaTHCTH-
YECKHMY.

Pa6orst MakcBenia ObLIH BHITOJIHEHB! B TO BpeMsi, KOrja
CYLIECTBOBAaHHE aTOMOB M MOJIEKYJ OBbIJIO JIHIIL THIOTE30H,
npHYeM Janeko He obimenpusnannoi. [TosToMy He yAUBHTENb-
HO, YTO 3Hauepue pabor MaxcBensa He OBLIO IOJHOCTBIO
OIIEHEHO COBpeMEHHWKaMH. B Haiue BpeMs, Korja CTaTHCTH-
yecKast MeXaHHKa yKe JaBHO NPHHSANA 3aKOHUECHHYIO GOPMY,
B I1€PBYIO OuYepellb BCIOMHHAIOTCSI T€ OTPOMHBIE TPYAHOCTH,
KOTOpbIe TPHIIOCh MPEONOoJeTh NPU 3aBepLIEHHH TEOPHH,
Ta Hanpsikennass 6opb0a, KoTopasi pasropejach BOKPYT
Hee, U HEBOJbHO 3a0bIBAIOTCSI MepBble LIArM 3TOH TEOPHH.
Ho umenno nocsie nanHoro MakcBesioM TOJNYKA MOJIEKY-
JSIPHO-KHHETHYeCKasl Teopusl (WM CTaTUCTHUECKAsl Me-
XaHHMKa, KaK ee CTaJlM HasbiBaTh B JaJbHeHIleM) Hayasa
CTpeMUTeJbHO Pa3BUBAThCH.
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BonpumMan nmocTpous KHHETHUYeCKylo Teopuio rasos. OT
pelIeHUs] XOTsl M BaXKHOTO, HO YacTHOI'O BOIpOCa pacmpeje-
NEeHHs] MOJIEKYJ IO CKOPOCTSIM €My yJaJloch IepedTH K c03-
JIAHHIO JIOTHUECKU CTPOHHON TEOPHH, CIIOCOOHOH OGBSICHHUTDH
camble pa3HOOOpas3Hble MpOIECCH B BeEIECTBE, HCXOAS U3
IIPE/TIOIOXKEHHS] O TOM, YTO OHO COCTOUT U3 aTOMOB U MoJie-
KyJi, JABHXKEHHE KOTOPHIX MOAYMHEHO KJIaCCHYECKOi MeXaHHU-
ke. 3anucanHoe DONbIMaHOM 3HAMEHHTOE KHHETHUECKOE
ypaBHeHHe LIS GYHKUHMH pacrnpefeneHus He YTPATUJIO CBO-
cro 3Hauenus u B Haule BpeMs. Ha ocHoBe ero, B yacTHoCTH,
BeLyTcsl pacyeThl TaKUX YJbTPAaCOBPEMEHHBIX YCPPOHCTB,
Kak siiepHble peakTopsl. C MOMOLIbIO CBOETO KHHETHYECKOIO
ypaBHeHHs: BosibIMaH BiepBhie COBEPIIEHHO CTPOrO JOKa3all
11e06XOAUMOCTh YCTAHOBJIEHHs pacnpefeneHuss MakcBemnia
TPY TePMOJMHAMHYECKOM DPaBHOBECHH.

OcHoBHast npo6sneMa, KOTOPYIO B 3HAYMUTENbHOH CTere-
M ypanoch |peunts ' bonbumany,f3akiouanacs B corsa-
COBaHWH O0ODPATHMOrO_ {0 {BpeMEHHM XapakTepa JABHKEHHS
OTIeNbHBIX MOJIEKYJ C OYEBUAHOH HeOOpaTHMOCTBIO BCeX
MaKpOCKOTIHYECKHX NpoleccoB. BBenennast uM B craTucTiye-
CKy10 Teopuio H-QyHKLHS BO3pacTaeT B 3aMKHYTHIX CHCTe-
Max nopo6Ho 3uTponuu. TepMOAMHAMUYECKOMY pPaBHOBECHIO
cHcTeMbl 0 BosbiiMaHy COOTBETCTBYeT MakCHMYyM BeposiT-
HOCTH JAHHOI'O COCTOSIHHS, a HeoOpaTHUMOCTb MpOLECCOB
CBsi3aHa CO CTpPeMJIEHHEM CUCTeM K Hanbojiee BEpPOSTHOMY
COCTOSTHHIO.

[ToBeneHUe CHCTEM, COCTOSIIMX K3 GOJBLIOrO YHCJAA yac-
THL, HOCHT CTaTHCTHYECKHI, BEPOSTHOCTHBIH XapaKTep.
Jlumb Garofapsi TOMy, 4TO B TAKHX CHCTEMaX OTKJIOHEHHSI
pasNnyHBIX (GU3MYECKUX BeJHUYMH OT CPeAHHX 3HAYeHHH
(p1ykTyanuy) HeBenMKH M BePOSITHOCTH OOJNBLIMX (IyK-
Tyauui HHUYTOMXKHBI, AMHAMHYECKHE 3aKOHLI TEPMOAMHAMUKH
BBIMOJIHSAIOTCS ¢ GOJIbUIONH TOYHOCTBIO, HE OOHAPYKKBasl 3a-
METHBIX OTKJIOHEHUWH OT JeHCTBUTENbHOCTH B SIBJIEHUSIX, lIpe-
MMYILECTBEHHO M3yuaBiukxcs ¢usukamu B xosue XX Beka.

B tpynax Bonbumana 3akOHbl TEPMOAHHAMHMKH BrEpPBbIE
IIPeACTa/H Nepe]] YYEHBIMH KaK cjelcTBHe OoJiee rayGOKHX
CTaTHCTHYECKUX 3aKOHOB MOBeJEHHsl OOJBLIOH COBOKYITHO-
CTH YacTHI, NOAYMHEHHbIX B CBOEM HHAUBHAYANIbHOM JABHIKE-
MK JUHAMHYECKHM 3aKOHAM MEeXaHHKH.

BonbiMaH COBEpLIEHHO YETKO IOCTaBWJI H BO MHOTHX
OTHOLIEHHSX DelMa npobjeMy COOTHOLIEHHSI MEXAY 3aKo-
llaMH, YTPaB/SIOUUMH TOBEJEHHEM OTAENbHEIX YaCTHII
(MexaHHMKa), H BEPOATHOCTHBIMH 3aKOHAMH IIOBEJEHHUS
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COBOKYIHOCTH 3THX YAaCTHIL (CTaTHUCTHUeCcKas Mexanuka). On-
HOBPEMEHHO C NOsiBIeHHeM TeopuH DBosbumana — nepBoit
NOC/IEIOBATENbHOM CTaTHCTHYECKOH TEOPHH — OOHApYXKHU-
JIOCh, YTO CTATHCTHYECKasl TEOPUS TEIJIOBLIX IIPOIECCOB
ray6xe ¢GeHOMeHOJIOrHYeCKOH TepMOAMHAMHKH M HHM B Ka-
KHX OTHOUICHHSIX HE YCTyIaeT eH.

Tak OZHOBPEMEHHO BO3HHKJH JIBa acmekTa IpobaeMbl
COOTHOUIEHHST AMHAMHYECKUX U CTAaTHCTHUECKHX 3aKOHOB:
COOTHOUIEHHE MexAy MexaHHkod HbloTOHa u cTaTHcTHYe-
CKOMl MEeXaHHKOH M MeXAy CTaTHCTUYECKOH MEeXaHHKOH U
TepMoAuHaMuKoi. Ho LeHTp TsKecTH BHayaje MPUXOLHUJI-
Cfl MOYTH HCKJIIOUUTEJIBHO Ha NepBhlil acnekT. HyxHo ObLIO
OCMBICJIUTH CaMOe CJIOXKHOe: KakKHM 006pasoM Ha OCHOBe (H-
3MUYECKHUX 3aKOHOB JBHMIKEHHS OTHENBHBEIX YaCTHI MOXKHO
IIOCTPOUTh TEOPHIO MAaKpoCKomuyeckux mnpouecco? Cosep-
IIEHHO OYEBHMAHO, YTO MPOCAENUTH 3a ABHIKEHHEM BCEX Yac-
THI CHCTeMBbI HEBO3MOXHO. Ho Hajno 6bu10 MOHATH, YUTO AN
00BbsICHEHHST CBOHCTB MaKDOCKONUYECKHX TN 3TO M He Tpe-
GyeTcsi, a HYXHO pacCMaTpPHBaTh BEPOSITHOCTH MOBEJEHHS
Bcefl COBOKYITHOCTH 4acCTHIL B IleJIoM. B To Bpewms, 1o co3na-
HHsI KBAHTOBOM MeXaHWKH, HUKOMY He MOIVIO NPHHATH B ro-
JIOBY, uTO npo6sieMa, Haj pelleHHeM KOTOpOH Hauas pabo-
TaTb BOJIbI_LMaH, BOBCce HE COCTaBJIsA€T CYLIECTBA BOIpoOca
O COOTHOUIEHHH AWHAMHYECKHX H CTATHCTHYECKHX 3aKOHOB,
a sIBAsieTCsl mpoOieMON CBSI3M MeXAy MOBEJEHHEM OTJIEJb-
HBIX OOBEKTOB M IOBefleHHeM OOJbLUIOH HX COBOKYITHOCTH.

CBoe 3aBeplueHHe CTAaTHCTHYECKAash MEXaHMKA MOJYYHJIa
B paborax ['m66ca, cO34ABUIEr0 MOIIHBIN H U3SIIHBIA METOJ
pacuera Jis1 JIIOObIX CHCTEM (a He TOJIbKO I'a30B), HAXOASALINX-
Cs1 B COCTOSIHHM TEPMOAMHAMHUYECKOrO paBHOBecus. Teopus
HEPAaBHOBECHBIX  IIPOLECCOB — (pU3NYECKass KHHETHKA —
HOJTHOCTHIO €llle HE MOCTPOESHA U MO Cef AEHb.

Vimenno I'm66c mnpeanoxusn Haubojee 3(heKTHBHbIHR
MeTOJ, BHIUHCJ/IEHHSI CPelHUX 3HAYEHHH (PU3HUYECKHX BEJTHUUH
IUisi JoObIX cucTeM. BMecTo HemocpencTBEHHOrO BHIUHC/IE-
HHSI CPENIHMX IO BPEMEHU JJIS Pa3iuYHBIX BEeJHYHH, KOTO-
pble XapakTepH3yIOT CBOHCTBA CHCTEMBI U3 0OJIBLIOrO YHCaa
YACTHIl, CPEJHHX, HENOCPEeJCTBEHHO PErHCTPUPYEMBIX MpH-
GopaMd WJIH HAIIMMH OpraHaMH YYyBCTB, CJeJyeT HCKAaTh
CTAaTHCTHYECKHE CPeJHUeE.

Onna peanbuasi cucreMa B Teopun I'm6G6ca mpexacraBis-
ercsi OOMBLIMM  YHCJOM €€ MBICJIEHHBIX KOMHH — aH-
cambnem. Bce cucreMel ancaMbisi TOXAECTBEHHBL JApYT
IPYry M SBJSIOTCS TQUHOH KONHMeH peanbHOH. TO O3Haya-
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¢T, YTO BCe OHM HMEIOT OJUHAKOBOE CTPOEHHE W HaXOAATCS
I OJMHAKOBBIX MaKPOCKOIHYECKHX YCJAOBHSX, T. €. BHEI-
lii€ TapameTppl, ONpeAeNsIolHe MaKpOCKONUUYeCcKoe COo-
CTOsIHHE cucTeMbl (00beM, HANPSIKEHHOCTb BHELIHHX MOJel
I T. ), U TemmepaTypa HMeIOT OJMHAKOBble 3HAYEHHS.
l1o MHKDOCKOMHUUYECKHE COCTOSIHHSI CHCTEM, OmpejesisieMble
HMIIyJIbCAMH U KOODAHWHATAMH BCEX MOJEKYJ, Pa3JIHUHBL,
IIPHYEM KaxA0e MHKPOCOCTOsiHHEe, B KOTODOM MOXKeT Ha-
XOMUTLCS peasibHasi CHUCTeMa, MpeACTaBjeHO B aHcambie
HEKOTOPBIM KOJipuecTBOM cucreM. CuCTeMbl B ancamosne
pacrpefieleHbl 0 MHKPOCOCTOSIHHSIM XAaOTHYECKH.
Craructuyeckoe cpefnee 1o aHcaMOJI0 (MaTeMaTHYECKOe
OXHJAaHMe, BBIYHC/SEMOe C MOMOLIbI0 (YHKUMU pacrpeje-
JieHus) 3aMeHsieT, o ['u66cy, cpefnee mo BpeMeny. [1Jist Teo-
[)€THYECKOro BBIYUCJIEHHS CPEJHHX IO BPEMEHH HYXKHO OBbLIO
Obl pemuTb CHCTEMY TPOMAJZHOTO YKMCJIA MHKPOCKOIMYe-
CKHX ypaBHEHUH JBUKEHHS C ONpefe/IeHHbIMH HayaJbHBIMU
YCJAOBUSIMH. DTy 3aJlayy HEBO3MOXKHO HE TOJNbKO PeIHTh,
110 Jaxe nocTaBuThb. JlOKa3aTeabCTBO COBMAJEHHS CPeRHHX
110 aHCaMOGJIIO M CPEHUX IO BPEMEHH COCTaBJIsSIET COAepKaHue
TaK Has3blBaeMOH 3profiuyeckoii npoOieMel, He pelIeHHOH
IIOJIHOCTBIO B OOLIEM CJyyae H JO HACTOSILEro BPEMEHH.
3uass ¢yuxkuuo [aMuabTOHA CHCTEMBbI, ONpejessieMyio
XapakTepoM B3aUMOJEHCTBUS CJararmliHX ee yacTHLl JPYT C
JIPYIOM H C BHEIIHUMH TeJIaMH, a TaKXKe YCJIOBUS, B KOTOPHIX
IAXOMUTCST CcHCTeMa (HanpuMep, afnabaTuueckasr H30Jd-
IlUsl WK MJeaNbHBIA TeIVIOBOM KOHTAKT ¢ OOMbIIUM pesep-
ByapoM MOCTOSIHHOH TeMIepaTyphl — TepMOCTaToOM), MOXK-
1o Ha#tH ¢yHKumio pacnpefenenusi. OHa onpefensieT Be-
)OSTHOCTb TOr'0, YTO KOOPJAMHATHI ¥ MMIYJbChl BCEX YACTHI
CHCTEMBI IPH TEPMOJMHAMHYECKOM PaBHOBECHH JieXaT BHYT-
U OmpefieIeHHbIX HHTepBajoB. PYHKIMA pacHpeleseHus
JajaeT aHcamOib.
Hns cucreMsl, cocTosmieil u3 N uacTHll, BepOSITHOCTD
11afiTH CHCTEMY B ONpeJeJIeHHOM COCTOSIHUH paBHa
AW = f (X1, Y1y 214+« s XNy YNy 2N5 Pixs Piys Pizy -+ -
<y PNxy PNy, PNz)dXdydz, . .. dxydyydzndprdpiydprz - -
e dedeNydez,
rl\e Xi, Yi, 2; — KOODAUHATHL i-H 4aCTHLBl, Pix, Piys Piz —
¢ UMIYJbCHI, f — QyHKUMS pacnpeleNeHus.
Beposatnocts dW MOXHO paccMaTpuBaTh Kak OTHOLIe-

e ypcdsia cucreM ancambOmsi I'm66ca dN, HaXOASUIUXCS B
olpe/ieNIeHHBIX MUKPOCOCTOSIHUSIX, K TOJHOMY YHCJIy CHCTEM
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AHCAMOMs1, KOTia 5TO UMC/iO CTPeMHTCS K OBCKOHEUHOCTH, T. €.
. _dN
dW = lim = .
N—

3Hanue QyHKUUH pacrnpefiesieHus: M03BOJseT BEIYMCAUTD
Jio0ble TepMOAMHAMUYECKHe GyHKIUH (MO0 OHH SABJSIOTCS
HE YeM MHBIM, KaK CTaTHCTHYECKHMH CPeJHHMH PasjH4YHBIX
(GU3HYECKHX BEJIHYHH), a TaKXKe BEPOATHOCTb OTKJIOHEHHS
OT 3THX CPeAHHX.

HecMoTpst na Gosblupe ycrmexu, CTaTHCTHYeCKas Mexa-
HHKa He cpa3y noayuuia obuee npusnanue. Jlumws B 1905 r.,.
nocje Toro, kKak JinmrefinoM 1 CMoayXx0BCKUM Oblj1a JaHa
KOJINUeCTBEHHasl Teopusi OPOYyHOBCKOrO ABHKEHHMS, MOCJ]EN-
HHe COMHEHHS B PealbHOCTH MOJIEKYJ H, COOTBETCTBEHHO,
CNpaBeMIMBOCTH CTaTUCTHUECKOH MeXaHHKM ormanu. Jeno
B TOM, 4YTO CJayyaiuble OMyXXIaHUA MeJbYyaHIIMX TBepABIX
YacTHl, B3BeLIEHHHIX B JKUJAKOCTH HJH Tras3e, KOTOpbIe
Oblii OTKPHITHL 60TaHnKOoM BpoyHoM eure B 1826 r., Beeleno
00yC/IOBJIEHBl CYYalHEIMH OTKJIOHEHHSIMH JIaBJeHHS B Ma-
JbIX 00BbEMax OT ero CpelHero 3HaueHHsl — QIyKTyanus-
MH JaBjeHusi. BpoyHOBcKkasi yacTuiia NPHHHMAeT yyacTHe
B TEIJIOBOM ABHKEHHH MOJIEKYJ H, IIOCKOJbKY OHA BHAHA
B MHKDOCKOII, C HECOMHEHHOCTBIO JEeMOHCTPUPYET HalHUYHe
3TOoro ABHKeHHs. [IBHKeHne OPOYHOBCKHX YaCTHIL] HeNlb3sl
OOBSCHUTDH YHCTO TEPMOAMHAMHYECKH, TAK KaK PaccMoTpe-
HHe QIyKTyauuil BHIXOAUT 32 PAMKH TepMOAMHAMHKH. Bpo-
YHOBCKOE JIBUXKEHHEe — 3TO [ePBOe JeTaNbHO UCCIEf0BaHHOR
sIBIeHHe, BbI3BaHHOe (uyKTyauusMu. BrocneactBuu Gblio
o0HapyeHO oOueHb GOJNbIIOE YKHCIO MOJOGHBIX sIBJEHHUI,
NpUYEM MHOTHE M3 HHX HMMeIOT IIPAaKTHYECKOe 3HauyeHHe.
[Ipu paccMoTpeHnu OpOYHOBCKOTO ABHXKEHHSI BLISIBJISIETCS
ONlHA Ba)KHasi OCOOGHHOCTb, OUEHb CyIIEeCTBEHHAsl AJISl Ha-
IIero HccieloBaHusi. 34eCh CTaTUCTHUECKHH 3aKOH B ompe-
Jle/IeHHOM CMbIC/IE SIBHO IIPHUCYLY ABHKEHHIO OJHOM YacTH-
upl. MMenno, ancam6ap I'n66ca B JaHHOM Cilyyae COCTOUT
M3 TOXJECTBEHHBIX CHCTeM, KaKAas M3 KOTOPHIX IpeJCTaB-
JiseT co00f GPOYHOBCKYIO YaCTHIy B COCYyZAe. DTO OOBSICHS-
eTcsl MPOCTO TeM, YTO B3aUMOAeHCTBHE APYT ¢ Apyrom 6po-
YHOBCKHX YacTHL{, B3BeLIEHHbIX B XKHUAKOCTH HJH rase, He
BJHAET CKOMbKO-HUOYIb CYLIECTBEHHHIM 00pa3oM Ha HX
IOBEJIEHHE .

Hrax, coBepLICHHO OYeBHAHO, YTO CTATHCTHYECKAsl Teo-
pHsl TEIIOBBLIX MPOLECCOB, KOTOPYIO YacTO HAa3LIBAIOT CTa-
THCTHYECKOH TepMOJAMHAMHUKOH, OKasajnach HeCpaBHEHHO
riy6:xe OOBIYHOH TePMOAMHAMHKH.
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§ 9. Pusuyeckas KHHETHKA

B kiaccuueckoil TepMOAMHAMUKE H CTATHCTHYECKOH Me-
XaHHKe PacCMaTPUBAIOTCS PaBHOBECHBIE COCTOSIHHS MakKpo-
CKONMUYeCKUX cucteM. Bospiunii muTepec Aisi coBpeMeHHOM
(GU3NKH IpeACTaB/sieT M3yUeHHe IPOLECCOB, BO3HHUKAIONUIMX
B CHCTEMaX, BLIBEJCHHbIX U3 COCTOSIHHA TEINIOBOTO (TEpMO-
JIHHAMHYECKOTr0) PaBHOBECHSI. DTH INPOLECCH HEOGpaTHMEI,
MU HX HCCJIeIOBaHHWe COCTaBJIseT NpeAMeT (PU3HUECKOH KH-
HETHKH.

Kak u B ci1yyae paBHOBeCHBIX COCTOSIHHMH, B (pU3HUECKOM
KHHETHKE BO3MOXKHBI JBa CI0co6a ONHCaHHS: (eHOMEHOJIO-
THYECKHH, WIN TePMOAUHAMUYECKHH (TepMOJAMHAMHKA Heol-
paTHMBIX TIPOIECCOB), H CTAaTUCTHYECKHH (CTATHCTHYECKas
Teopusi HEOOPATHMBIX IPOLECCOB).

[Ipy TepMOAMHAMHYECKOM ONHCAHHH HepaBHOBECHBIX
IPOLIECCOB paccMaTPUBAETCsi M3MEHEHHE C KOOpAHHATAMH
r 4 BpeMeHeM f TaKHX MaKPOCKONMHYEeCKHUX yHKIHH coCTOs-
HHsI, KaK IUIOTHOCTb MAccHl O (r, f), IJIOTHOCTb MMIyJbCa
ow (r, t)(# —cpefHssl JOKaJbHAasi CKODPOCTb), TEMIEpaTy-
pa T (r, ?), naBaenunep (r, f), IJOTHOCTb IIOTOKAa BHYTpEH-
Heil 3Hepruu wau sutponuu S (r, ¢). OTH QYHKUHH 4acTo
Ha3bIBAKTCSI JIOKAJbHBIMH TEpMOAHHAMHYECKUMH ('pyHK'
nusiMH. B paBHOBecHOM cocTOsiHUM P, T ¥ T. A. HOCTO-
SIHHBI.

Baxnefiiefi xapakTepUCTHKOH HepaBHOBECHBIX MHpOIleC-
COB SIBJISIETCS] BpeMsl, B TeYeHHe KOTOPOro CHCTeMa U3 HepaB-
HOBECHOTO COCTOSIHMSI HepPeXOAUT B COCTOSIHHE TeIJIOBOro
paBHOBecHsl. DTO BpeMsi Ha3blBaeTcsi BPEMEHeM peJjiakca-
IIMH; OHO He 3aBHUCHT B NEPBOM NMPHOJIHKEHHH OT XapakTepa
OTKJIOHEHHS] CUCTEMEI OT COCTOSIHUSI paBHOBECHSI.

TepmoauHamMuueckoe ONMCAHHE HepPaBHOBECHBIX IPOLleC-
COB BO3MOXKHO JIMIIb NPH HOCTATOYHO MENJIEHHOM H3MEeHe-
HAU QYHKUUHA COCTOSIHUS, KOTJa BpeMsl pesllaKCallUu BeJH-
KO MO CPAaBHEHHIO C BpeMeHeM B3aHMOJEHCTBHS 4YacTHIL,
XapakTepHBIM JJIs1 MCCIeAyeMO cucTeMbl. Tak, HampuMep,
LTSl Ta30B BpeMsI PETaKCallU{ BeJHKO 110 CPaBHEHUIO CO Cpel-
HHM BpeMeHeM cBoOoJHOrO mpobera MoJIeKyJ, T.e. CO CpeA-
HUM BpeMeHeM Mexk1y ABYMsSI IOCJeJ0BaTeNlbHBIMH CTOJIK-
HOBEHH SIMH.

Y MHOrHX CHCTEM B MaJbiX OOBEMax JOCTATOYHO OHICT-
PO YCTaHaBJHBAETCSI COCTOSIHME HEIOJHOTO paBHOBECHS
3a cueT ObICTpBIX mnpoueccoB. [losToMy Jns1 ManbiX uya-
CTell CHCTEMbl NPUMEHHMbI TEPMOAMHAMUYECKHE MOHSTHUS

41



TeMIIEPaTyphl, SHTPOIIHKU U T. A., HO 5TH BeNUYHHBI MEHAIOTCA
OT TOYKH K TOUKE HJIM H3MEHSIIOTCS BO BPEMEHH.

Js1s1 OCHOBHBIX XapaKTEPHCTHK Cpefbl 3alHCHIBAIOTCS
TaK Has3blBaeMble YpaBHEHHMS MepeHoca, BhIpaxkarollue co-
60fi 3aKOHBI COXPAHEHHs] MacChl, HMIYJbCa M SHEPrUU B
ABHXKYIIEHCS cpelle. 3aKOH COXPaHEHHs] MacChl ONHCHIBA-
€TCsl yDaBHEHHEM HeNpepLIBHOCTH. YpaBHEHHE ABUXKEHHS,
BbIpaKaiolllee INEPEHOC HMITyJbCa, MpeAcTaBasieT co6oi
o6ofuieHne ypaBHeHHs Diliepa B MeXaHHUKe CIIOUIHBIX Cpejl
Ha cJayyail yueTa BSI3KOCTH cpelbl. B ciyuae mpeneGperke-
HHS CXKaTHEM KUJAKOCTH IOJIyyaeTCs TaK Ha3blBaeMoe ypaB-
Henne Haspe — Crokca. K MexannyeckuM ypaBHEHHSM
Jo6aBasieTcss ypaBHeHue 6Gasnanca SHepruu (WM ypaBHEHHe
nepeHoca 3HTponuu). Bce 3TH ypaBHeHUs SIBJSIOTCS INOJNY-
SMIIHPHUYECKHMH H COJepKaT TaK Ha3blBaeMble KHHeTHYe-
CKHe KO3(ppHULMEHTH, 3aBHCAIIME OT CBOHCTB cpefnl. Bax-
Hedlye M3 HUX — NEepPBBId U BTOPOH KO3(pGhHLUUEHTH Bsi3-
KOCTH ¥ KO3(HIHEHT TerIonpoBojHocTH. [locnennue 101XK-
HBEl OBITH ONpeJe/eHbl SKCIEPUMEHTANbHO. [l Toro uTo6s!
CHCTeMa YpaBHEHWI VIt OJHOKOMIOHEHTHOH cpelipl Oblia
3aMKHYTOH, HeoO0XoAuMO JH06aBUTH JBa 3MIOHUPHYECKHX
YpaBHEHHSI: ypaBHEHHE COCTOSIHHSI, CBs3blBalollee JaBJie-
HHe p, IUIOTHOCTH P U Temmepatypy 7T, M KaJOPHYECKOE
ypaBHEHHe, Jalollee 3aBHCHMOCTb HEPTHH HJIHM 3HTPONHH
or p uT.

Taxum o6pasoM, JHLIb [OC/IE TOCTPOEHUST TEPMOANHAMHU-
KH HeoOpaTHMBIX IPOIECCOB MOSIBHIACH BO3MOXKHOCTbL 3a-
nucarb MOJHYIO CHCTEMY YPaBHEHHUH MEXaHUKH CIIIOHIHBIX
cpen B o6uieM ciyyae. FIMeHHO B MeXaHHKeE CILIOUIHBIX Cpej
HCCJIEAYIOTCSI pelleHHs] CHCTEeMBl ypaBHEHHH ISl JIOKalb-
HbIX TePMOAMHAMHYECKHX BeJHYHH, O KOTOPBIX LA Deyb.

CratucTuueckass TeOpusi HEPaBHOBECHBIX IPOLECCOB
Gonee meranbHa U ray6oka, uyeM TepMoAuHamuyeckasi. OHa
B NPUHLHIE IT03BOJSIET PACCUHTHIBATH KaK OBICTpPbIe Ipo-
IlecChl, TaK M MelJyieHHble. Eciu ¢ mMOMOIIBI0 TepMOAHHAMHU-
YeCKOro MeToJa HeBO3MOXKHO HaHTH KHHeTHYeCKHe KO3(hdH-
IMEHTHl, ONpelensiiolye HHTEeHCHBHOCTh TaKHX IPOLECCOB,
Kak Jaudysusi, TemIONpOBOAHOCTb, BHyTPEHHee TpEHHE,
3JIeKTPOIPOBOJAHOCTh M T. ., TO CTAaTHCTUYECKas TeODHS
NO3BOJISIET UX BBIUHCJAMTH Ha OCHOBE ONpeEJeJIeHHBIX INpel-
CTaBJIEHUH O CTPOEHUU BeleCTBa U JeHCTBYIOIIUX MeEXAY
MOJIEKYJIAMH CHJIAX.

OpHako CTaTHCTHUECKasl TeOpHsI HEPABHOBECHBIX IIpO-
IlecCOB BechMa CJIOXKHA. [l paBHOBECHBIX COCTOSIHMEA
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MMeloTCs yHHBepcalbHble PYHKLHH pacnpefieNenus Aas ko-
OpAMHAT W MMIYJBbCOB (WJIH CKOpOCTeil) BCeX YacCTHIL, Onpe-
Iessliolye BepOSITHOCTh TOrO, YTO JAHHble BeJIHYMHBI MpH-
HEMaloT (DUKCHpOBaHHble 3HaueHus. Jlns cucreM B TepMoc-
Tate — 3T0 KaHOHHYeckoe pacnpejenenne [m66ca, ans
H30JIMPOBAaHHBIX CHCTEM — MHKDOKAHOHHYECKOE pacmpese-
nenue. Ilociennee pacnpefesneHHe IOJHOCTBIO ONpefessieT-
Csl 3HeprHe#l CHCTEMBI.

VamMeHeHHS] HepaBHOBECHBIX COCTOSIHHH B ropasfo 6osb-
el CTENEeHH 3aBHCAT OT MHMKPOCKONHMYECKHX CBOHCTB CH-
CTeM: CBOKCTB aTOMOB H MOJIEKYJ H CHJI B3aMMOAEHCTBHS
Mexny HUMH. COOTBETCTBEHHO He CYIIECTBYET YHHBEpCalb-
HOH GYHKIHUHM pacnpeleseHds, ONMCHIBAIOIEH MNOBeAeHHe
BceX TeJ HJH Bce NPOLECCH], NPOTeKawllhie B OXHOM Teje.
[TosToMy ynaeTcsi yCTAHOBHTH JIHMIIb HeGOJBILOE YHCJIO CO-
OTHOILEHHH, HMEIMHUX OOMH XapakTep AJis BCEX CHCTEM.

Kunernyeckoe onucaHue MeIJIeHHbIX IIPOLECCOB AaeTcsi
ypaBHenueM DiiHuTefina — Pokkepa — [lnanka ans mior-
HOCTH BEPOSITHOCTH COCTOSIHHSI CHCTEMBbI B 3aBHCHMOCTH OT
BPEMEHHM M COBOKYIHOCTH NapaMeTpoB, XapaKTepH3YIOMHX
JaHHOe COcTOosIHMe. DTO ypaBHeHHe ob6majaeT GoMbLION OOIL-
HOCTBIO (CTNIPaBEAJIMBO IJS1 BCEX MeJUIEHHLIX IIPOLECcCOB),
HO He JlaeT JieTa/lbHbIX CBEJEHHU O INOBEJeHHH CHCTeM yac-
THIL M COJAEPKHUT K03h(PULHEHTHl, KOTOpble JHOO HYKHO OIl-
pefessiTh SMIMPHUYECKH, JH6O NOMYyuaThb C IMOMOLIbIO 60-
Jiee JIeTaAbHOH CTaTHCTHYECKOH TEOpHH.

HaunGonee nosHblit METoA ONHCaHKS HEPaBHOBECHBIX TIPO-
LIECCOB OCHOBAaH Ha HaXOXJAeHUH GYHKIMH pacnpejeneHus.
[Tonp3ysicb UMM, MOXHO ONpENeNUTh JIoOble MaKpOCKOIH-
YyecKHe BeJHYHHBI, XapaKTepH3YIOIHe COCTOSIHHE CHCTEeMB,
¥ TpocJeuTh 3a UX M3MEHEHHeM B IPOCTPAHCTBE C Teye-
HUeM BpeMeHH. DTO JOCTHTaeTcsl MOCPEACTBOM BHIUMCJIEHHUS
CTaTHCTHYECKHUX CPENHHX.

Haxoxnenne QyHKUMM pacnpeieneHus, 3aBHCALled OT
KOOpAMHAT U HMIIYJbCOB BCEX HacTHIl, SIBIsIeTCS] Hepaspe-
IIKMMOH 3ajlauyefi, TaK KaK OHO 35KBHMBAJEHTHO pelIeHHIO
ypaBHEHHMH JABHXKEHHS AJsl BCeX yacTHL cucteMbl. Okasbl-
BaeTcsl, OAHAKO, YTO A5 NMPaKTHYECKUX Liesell HeT HeoOXo-
JYMOCTH B 3HaHMH TOYHOrO BHJA 3TOH (pyHKIMM pacmpere-
Jerust. OHa COfEpKUT CJAHMIIKOM NOJAPOOHYI0 HHPOpMANUIO
O JBHMIKEHHH OTAJbHBIX YacTull, KOTopas HecyllecTBeHHa
JJIs1 ompejieIeHUsl TOBeJieHHsl cucTeMbl B LesoM. [lostomy
HCTIONb3yeTcsl NPHOJMKEHHOe CTaTHCTHYeCKOe ONHcaHue
¢ nomomplo O6osee TNPOCTHIX (YHKUHE pacrnpejesneHus
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f(r, p, t), lalOLKX CPEIHEE YKCIO YACTHI{ C ONIPeNeSeHHbIMH
3HaYeHUSIMH HMITYJIBbCOB P (MM CKOPOCTEHl ¥) U KOOPJH-
HaT r (0fHOYaCTHUHbIE pyHKUHMHU pacnpepenenus). OOwuii Me-
TOJ, MOJTyUeHH sl ypaBHeHHUH AJ19 TaKuX GyHKIME OblT paspabo-
tad H. H. Boronwo6oBeiM, BopHom u I'punom u ap. dru
ypaBHeHHSl HasbIBalOTCSl KuHeThHueckuMu. K ux umeay or-
HOCHUTCSl KHHeTHUecKoe ypaBHeHue Bonbnmana aas paspe-
MEeHHBbIX T'a30B, O KOTOPOM yIOMHHanoch Bhlime. PasHoBuA-
HOCTAMH ypaBHeHHs DosibmMana Jijisi HOHM3HPOBAHHOTO rasa
(nnasmbl) siBJASIIOTCA KHHeTHuecKue ypaBHenus JI. 1. Jlan-
nay 1 A. A. Buacosa.

B xuHeTHyecKHX ypaBHEHMSX HapsAy C BHELIHWUMH BO3-
IeHCTBUAMH YuWThIBaeTCs B3auMoOfeHCTBHe uwactuim. FIMeH-
HO OHO NPHBOJHUT K YCTAHOBJIEHHIO DABHOB2CHbIX COCTOSIHHH,
npuyeM B3aMMOJEHCTBUSA YaCTHILl paccMaTpPHBAIOTCsl OOBLIYHO
KaK CTOJKHOBeHHs. B cTalnoHapHOM COCTOSIHMM H3MeHeHHe
(YHKUMH pacnpefieNleHHsl BCJeACTBHE BHEITHHX BO3JAeHCTBHI
KOMIIEHCHpYeTcsl ee M3MEeHEHHeM B pe3yJbTaTe CTOJKHOBE-
HUH. B mpocTeIX cayuasix nocjejHee NPOMNOPIUOHATBHO
OTKJIOHEHHIO (YHKLHUM paclpeleseHnsi CHCTEMBI OT pPaBHO-
BECHOM, TaK KaK TOJbKO IIPU HapyIUeHUH PaBHOBECHS CTOJ-
KHOBEHH Sl MeHsSIIOT ¢GyHKUuIo pacnpejenenusi. Koagbunuen-
TOM NpPONOPIMOHATBHOCTH CJAYXKHT BeJHYyHHA, oOpaTHas
BpPEeMEHU peJIaKCalUH, T. €. BpEMEeHH Iepexofla CHCTEMBI B
paBHOBeCcHOe cOCcTOsiHHe. B o0mieM ciiyyae yuecTb B3aHMO-
IefCTBHE YaCTHIl TAKHM IIPOCTEIM 00pa3oM HEeBO3MOXKHO, U B
KMHETHUECKOe ypaBHEHHE BXOJAUT TaK Ha3bIBaeMblii MHTer-
pal CTONKHOBEHHI, KOTOpHIi Oo/Nee TOYHO YUUTHIBAET
pesyJabTaT H3MeHeHUus pYHKIMH pacrpeleseHus] BCJIEACTBHE
B3aMMOZEHCTBHS YacTHIL.

OcHOBHble NpPHUHLUKUNBEI TEOPHH HEPABHOBECHBIX IIpolec-
0B B HacTosiee BpeMsl HAJEXHO YcTaHoBjeHbl. OfHa-
KO cO3flaHue JOocTaTouHO 3¢GdeKTUBHBIX METOMOB NpHOJIH-
JKEHHOIO pelIeHUs] CJIOXKHBIX 3ajau TpebyeT HJalbHeAIINX
YCHJHH.

Has vamero ucciefoBaHusl HauGoJiee CYIIECTBEHHO TO,
YTO CTaTUCTHYeCKash TeOpUsi HepaBHOBECHBIX IIPOLLECCOB
N03BOJISIET MOJNYYHTh OCHOBHBIE JAHHAMHYecKue YpaBHEHHS
TePMOJMHAMHKH HEPaBHOBECHBLIX IPOMECCOB (B 4YaCTHOCTH,
YPaBHEHHUS MEXaHHKH CIUIOLIHBIX CpeR) ¥ II03BOJISIET, HO
KpaiiHefi Mepe B NpPHHIMIE, TEOPEeTHUYECKH PaCCUHTaTh pas-
JINYHBIE KHHETHYeCKHe KO3((UIIMEHTHl, KOTOphie B )eHOMEHO-
JIOTHYeCKOH TEODUH JOJIKHBI OIpENENSIThCS HKCIEepUMEH-
TaJbHO.
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§ 10. Mukpockonuyeckasi 9JeKTPOJAHHAMHUKA

B xonne XIX — nauane XX BeKa CTaTHCTHYECKHE Me-
TOABl ObIIM PpaclmpoCcTpaHeHbl Ha 3/eKTPOMarHMTHBIE IIPO-
necchl. JlopeHieM ObUIH 3a/102KeHBl OCHOBBI 3J1EKTPOHHOI Teo-
pHH, Ha3bIBaeMOH ceffyac yaile MUKPOCKONHYECKOH 3J1eKTpOo-
JuHaMHKOH. OHa OTHOCHTCS K MaKpOCKOIHYECKOH 3JIeKTpO-
JuHamMHKe MakKcBe/Jia TOYHO TaK JKe, KaK CTaTHCTHYeCKas
TepMOJMHaMHKa K (PeHOMEHOJIOTHYecKOii.

HeoGxoauMocTs IOCTpOEHHS 5TOi TEOPHH BhITEKana M3
TeX HeNOCTaTKOB, KOTOpbIe ObLIH CBOHCTBEHHBH! TeopuH Mak-
cBeJIa BCJIEICTBHE ee (PEHOMEHOJOTHYECKOrO0 XapakTepa.
DlIeKTPOMAarHUTHLIE CBOACTBA BeLIeCTBA B MHKPOCKOIHYE-
CKOM 3JIEKTPOJAMHAMUKE 33JaloTCsl TPeMs BeJIMUMHAMH: JU-
3JICKTPUYECKOH €& W MAarHuTHOH | NPOHHUIAaEMOCTSMH H
YAeJNBHOH NpPOBOAUMOCTBIO G. DTH BEJIMUHHBI HENb3sl HaUTH
B paMKax teopuu Makcsesuia.

Yxe caM (aKT BBeJleHUS] B TEOPHIO SMIMPHUECKH OIpe-
Je/isieMblX BEJMUKMH, HE MHPOBEBIX KOHCTAaHT, a (pyHKUHH
KOOpAMHAT U BpeMeHH, CHHXKaeT ee IeHHocTb. OfHAKO Jelio
OOCTOHT ellle CJIOXKHee. DTH BeJHUHMHBI JajeKo He Bcerja
OCTalOTCSl NOCTOSIHHBIMH, He 3aBUCHIIMMH OT 3JIeKTpoMar-
HUTHOTO MOJISi XapaKTepHUCTHKaMH BeliecTBa. JLisi MHOrHX
BeIleCTB OHU SIBJSIOTCS QYHKIHSIMU HANpP S2KEHHOCTH TOJIEeH.
B mnepeMeHHBIX nNoasix OGHApYXKMBaeTCs HMX 3aBHCHMOCThb
OT YacTOThl (BpeMeHHas JUCHepcHusi), a JJIs TaKHX Cpef,
KaK IiasMa,— U OT JJIMHbI BOJIHBI (IIPOCTPAHCTBEHHAS JMC-
nepcus). B teopuu MakcBesia 3TH 3aBHCHMOCTH HE MMEIOT
oObsicHennsi. Haxonel, B (eHOMEHONOTHYECKOH TEOpHH
HeJb3sl HaAWTH 3aBHCHMOCTH 5JEKTPOMATHHTHBIX CBOHCTB
BelllecTBa OT TeMIepaTyphbl, a TaKas 3aBHCHMOCTb B psje
ClyyaeB OueHb , CyllecTBeHHa. PeppoMarHHUTHbIE TeJa,
HalmpuMep, NpPH HarpeBaHHU TEPSIOT CBOU SIPKO BbIpaXKeH-
Hble MarHMTHble CBOHCTBA ¥ NpeBpallaloTCsl B IMapamar-
HETHKH.

INopo6HO TOMYy, KaK HpH NOCTPOEHHH CTATHCTHYECKOH
MEXaHHKH Jeaercsl MNpeANosioKeHHe 00 aTOMHO-MOJIEKY-
JISIPHOM CTPOEHHHM BelllecTBa, NPH NOCTPOEHHH MHUKPOCKOIIH-
YyeCKOH 3JIeKTPOAHHAMUKH JieJlaeTcsl NPEANOIOKEHHE O JUCK-
PETHOM CTPOEHHH 3JIEKTPUYECKUX 3apsiOB, T. €. O TOM, UTO
BellleCTBa NOCTPOEHBl M3 3JIEKTPHYECKH 3apsKEHHEIX Yac-
THIL, HajeJeHHBHX Maccoi. VX JIBHiKeHHe B KJ1aCCHUECKOH
3JIEKTPOJAMHAMHKE OINUCHIBAETCS TEMH K€ YpaBHEHUSIMU
HeiotoHa.
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3apsiKeHHble YaCTHIbl B3aHMOAEHCTBYIOT APYT C ApYyroM
He HeNocpeACTBEHHO, a uepe3 sjneKTpoMarsuTHoe nose. Co-
OTBETCTBEHHO B TEOPHH NOSIBJISIETCS HOBBIH (IO CpaBHEHHIO
c OOBIYHOH CTAaTHCTHYECKON MeXaHMKOH) KJacC MHKPOCKO-
NHYeCKHX YypaBHeHHH — ypaBHeHHs Makcsensna — Jlopes-
na A8 3JeMEHTAapHBIX 3JeKTPOMAarHUTHBIX IIPOLECCOB.
[Tocne Tofi GopbObl, KOTOpYIO NpPHULIOCH; BbIAEPIKAThb
OCHOBaTeJIsSIM CTaTHCTHYECKOH MeXaHHKH, ujen JlopeHua
OblIM BCTpeYEHbl B OCHOBHOM COYYBCTBEHHO M He BBI3BaslU
ocobbIx auckyccuii. CraTHCTHUECKHE METOABL OBbUIH YKe pas-
paboTraHbl, U peub, lL1a JHIIb O PACIPOCTPAHEHUN HX Ha
HOBYI0 00jacTb. PaMKM CTaTHCTHYECKOH TeopHH ObLIH
HAaCTOJbKO IIMPOKHMH, YTO OKas3aloch BO3MOXKHBIM pac-
CMaTpHBaTh B HeHl M 3JIEKTPOMArHUTHBIE IPOILECCHI.

BopoueMm, BHayane, Kak U B NepBbIX paGoTax mo MoJe-
KYJsSIpHO-KHHETHUECKOl TeOpUH, OrpaHUYMBANHCh BbIYHC-
JIEHHEM CPeJHHX 3HaueHUil TOKOB, NoJIell U T. A. U HE HcCe-
JoBald HX ciay4afiHoro pasbpoca, KOTOpHI 0OOYyCJOBJIEH
TENJIOBbIM IBHXKEHHEM. Y2Ke Ha 3TOM IIPOCTOM NyTH ObLIH
NoJyyeHbl  3aMeyaTeJbHble  pe3yJbTaThl. Y CpelHEHHEM
CBOE{l CHCTEeMBbl ypaBHEHHH JIOpeHIL MOMyuuJa MaKpOCKOIH-
yeckue ypaBHeHHst Makcsessna. Ilpu sToM OBLT BhISICHEH
GU3HUeCKH CMBICJ 3JeKTPOMarHHTHBIX  XapaKTEPHUCTHK
BelllecTBa €, W, O M CTajla NOHATHOH (H3uyecKas NpHpoAa
BexTopoB E, D, H, B. HeoxuaanHbIM 060pa3oM BbISICHUIIOCH,
YTO OCHOBHBIM BEKTOpPOM, OINpeAe/siolUM BO3JefCTBHE Mar-
HHUTHOTO MOJIsI Ha JABHXKYLIMEeCS 3apsifbl, sBJASETCS MarHuT-
Hasl HHAYKIMS B, a He HampspKeHHOCTb mons H; Hamnps-
JKEHHOCTb MarHHTHOTO MOJISi — 3TO BCIIOMOTaTeJIbHBIN BEK-
TOp, BBEJEHHE KOTOPOTo I03BOJISIET HE paccMaTpuBaTb B
sIBHO# (popMe TOKH, BHI3BaHHBIE NepeMellleHHeM CBSI3aHHbIX
3apsj0B, MOJA0OHO TOMY Kak BBeJieHHe BeKTopa D) 1mo3BosisieT
UCKJIIOUHTb M3 CHCTeMbl ypaBHeHHil MakcBessia cBsi3aHHbIE
sapsabl. Jlanee JlopeHI MOCTPOMJI TEOPHIO HOPMAJBbHOIO
s¢dexkra 3eeMana (pacileniieHHe CINeKTPaIbHBIX JHHHHA B
CHJIBHOM MarHMHTHOM IIOJIe), HCXOAS H3 NPelIoOoXKeHHS,
YTO M3JIyyeHHe CBeTa aToMaMH OOYCJIOBJIEHO JBHKEHHEM
B HUX 3J1eKTPOHOB. OH 2Ke MOCTPOUJI TEOPHIO JHUCIIEPCHH CBe-
Ta B pa3peKeHHBIX rasax.

OTH TeopHH, IO CYLIECTBY, Helb3s Ha3BaThb CTATHCTHYE-
ckuMH. COOTHOIIEHHS MeXAY YCPEeAHEHHBIMH XapaKTepHc-
THKaMH, KOTOpbe PacCUMTHIBAIKCH B Teopuu Oe3 yuera
1€[VIOBOrO JIBUXKEHHSI, HOCHJIM [OfHO3HAYHBIA XapakTep,
OOBIYHBIH JJIsl 3JIEKTPOJHHAMHKH MakKcBesia, a HHuYero,
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KpOMe HHX, He BBIUHC/ASJIOCH. JIMIIb MOTOMY, YTO TEMJIOBOE
JIBUKEHHE He BJIMsieT CYLIeCTBEHHO Ha TaKue sIBJeHHs, Kax
IUCIiepcHs cBeTa WK 3¢deKT 3eeMaHa, NMofo6HOe paccMoT-
peHHe TPHUBOAMJIO K HeIJIOXHM pe3yJbTaTaM.

HoBonbHO napafoKkcaabHbIM 00pa3oM MeTOAbl KJacCH-
YeCKOM CTAaTUCTHYECKOH MEeXaHUKH B TEOPHH 3JIeKTpoMar-
HHUTHBIX [IPOIECCOB NPHMEHMJIY IIpexJe Bcero K npobieme,
KoTopasi BooOllle He MMeeT PellleHHs B KJacCHYecKol ¢usu-
ke. M 310 B TO BpeMs, KOTAa MMeJCs LeJbiil psf mpobment
3JIEKTPOAMHAMHUKY, JeXKalluX B cepe KOMIETEHLHH KJac-
CHUECKOH CTaTHCTHYECKOH TeOpuHM M OXMAABIUMX CBOEro
pelueHud.

CraTicTHUeCKYI0O MEXaHMKY NpHUMEHHIH K npobieMe
TEIIOBOTO PaBHOBECHSI MEXAY BeLIeCTBOM ¥ 3JeKTpoMar-
HUTHBIM H3Jy4YeHHeM, YTO B KOHEUHOM CueTe IpHUBeJO K
Beluyaiillel peBoJIOUMN B 06jacTH (DM3UKU — IOSIBIEHHIO
TEOpUH KBaHTOB.

B Tom, uTO HMeHHO AaHHas npobJeMa Hayana H3yyaThCs
B NIEpBYIO oyepesib, Obl1a cBos Joruka. CocTosiHHe TensoBo-
ro paBHOBecHSl NMOAYHHEHO OOIMM 3aKOHAM TepMOAMHAMH-
KH, CIIpaBeJVIUBbLIM U151 JII060H (QOpMBI ABHKEHHUS MaTepHH.
Mx npuroaHocTh Belb HHKaK He CBSI3aHa CO CIELU(UKON
cBojicTB Marepuu. [Tostomy nocsie oTkpbiTisi MakcBenioMm
3aKOHOMEPHOCTeHl 3JIEKTPOMarHUTHBIX MNPOLECCOB CTalH
NPUMEHSITh 3aKOHBl TEPMOAMHAMHKH K 3/1€KTPOMarHHTHOMY
TOJII0 B YHCTOM BHJe, K H3jyueHHio. PakT cyliecTBOBaHUS
TEPMOJMHAMUYECKOTO PaBHOBECH ST MEXKAY JIIOObIM BeIeCTBOM
¥ M3JyueHHeM MNpHUBeJ K CJAeAyIolieMy BBIBOAY: IJIOTHOCThb
5Hepruy u3nyueHust u (v, T), HaXOAsLIErocsi B TEMJOBOM
PaBHOBECHH C BeIeCTBOM, B Y3KOM MHTepBaje YacToT OM-
pelensieTcsl TOJbKO TEMIIEPATYPOH HM3JYUEHHS, PABHOH TeM-
nepaTtype BelLlecTBa, M COBEPLIEHHO He 3aBHCHUT OT CBOHCTB
pemecTBa. UncTo TepMOAMHAMHUYeCKHM IyTeM DBousbiMaH
Hames, YTO NJIOTHOCTb 3Hepruu u (7), NpuUXoAsuiasics Ha
BCE€ YaCTOTHl, NPONOPLHOHANbHA YETBEPTOH CTENEeHH TeM-
nepatypbl. OfHaKo (eHOMEHOJOTHYeCKHH XapaKTep TepMo-
IVHAMUKH He MO3BOJISUI PacCYdTaTh paclpefesieHHe 3Hep-
THH 1O yacToTaM. DTa 3a/iaya COBEPUICHHO OTYETJIHBO |BCTa-
sa nepef ¢pusnkamu K camomy Korny X1X Beka.

[TpenmyliecTBo ee nepes ApYrHMH: mpoGieMaMH COCTOS-
JIO B TOM, YTO AJISl CTaTHCTHYECKOTO PacCMOTPEHHS 3ajauu
He HY>XHO ObLTO 3HATb JAeTald CTPOEHHS aTOMOB, H3Jyyaio-
IIUX M TOIJIOWAIOMNX 3J1eKTPOMarHuTHbIE BOJHBL. Benb
npu JIoOOM CTPOEHHH BElIecTBa, CHOCOGHOrO M3lydyaTbh U
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NOrJIoMaTh BOJHBI JiI00OH JJHHBI, JONIKHO CYIIECTBOBATh
paBHOBecHe MeXJy BeIecTBOM M H3nyueHueM. Eciu cTpoe-
HHE aToMa HEW3BECTHO, TO TaKad 3afaua Bcero Gojiee mof-
XONUT IJISl pellleHUs B PaMKax CTaTHCTHUECKON MEXaHHKH.
MoxHO BOCHOJIB30BaThCS INPOCTeHINel MONENbI0  aToMma,
obecrieynBaroleil H3jyueHHe M MOIVIOLIEHHE BOJH J0Goi
JJIMHBI, HaPUMED paccMaTpUBaTh BEIIECTBO KaK COBOKYII-
HOCTb JIMHEHHbIX FapMOHHYECKHX OCLUJLIATOPOB.

3aKOHBI CTATHCTHYECKOH MeXaHWKH ObUIM NpHMEHEeHBl K
TEMJIOBOMY H3JIYUEHHIO U NIPHBEJIH K HEBEPOSTHOMY pe3yJib-
TaTy. PaBHOBecHe MeX]y BEUIECTBOM H H3JIyUeHHEM BO-
ofie HeBO3MOXHO: u (v, T) = oo mpu v — oo. Bhiio or
Yero NPHHATH B pacTepsSIHHOCTb: Ha OOJNBIIHX YacTOTax Be-
IIECTBO JOJKHO KaracTpodhHuecKH TepSTh SHEPTHIO, OT-
JaBasi ee TOJI0O M OXJaxKAasicb JO abCOJIOTHOTO HYJIS.
an'{HHa 3TOro COCTOMT B KOHEYHOM CcueTe B TOM, YTO
Ha OJIHY CTeneHb CBOGOABI, COIVIACHO KJIaCCHUECKOi CTaTHCTH-
Y4ecKOl TEOpUH, TPUXOJUTCS IPH TENJIOBOM paBHOBECHH SHEP-
rust mopsifka kT, rae £ — nocrosinnas BonbuMana, a none
npexcTaBisier coboft cucTeMy ¢ 6eCKOHEUHBIM YHCJIOM CTele-
Hefl CcBOOOMHL.

K cuacTbio, MofoGHBI BHIBOA He NMOJOPBAal JAOBEpPHS K
cTatucTHuecKoMy MeTofy. Bcekope Ilnank nokasan, npuuem
NOKa3ajl, OCHOBBIBAsICb Ha CTaTUCTHYECKOM BbIpaXieHHH
JUISl SHTPONHH, NOJyyeHHOM DBosbliMaHOM, YTO Jeso 3Mech
HE B JIOXXHOCTH CTAaTHCTHYECKO! TEOpHM, a B HEIPHUMEHHMOC-
TH K OTAEJIbHBIM OCHHJIISTOPAM 3aKOHOB KJIacCHUeCKOi
MeXaHHKH H KJaccuyecko# anekTpoanHamuku *). IToctynupo-
BaB JIUCKDPETHOCTh 3HAYEHH{l SHEPIUH OCUMIASTOpA M, CO-
OTBETCTBEHHO, IIPEPLIBHOCTL M3JIYYEHHS] SJEKTPOMarHUT-
Ho#t sHepruu, Ilnank, HCNOAB3ys CTAaTHCTHUECKH# METOZ,
Hallen pacrpefieleHde 3HeprHy HU3JY4YeHHs IO 4acToTaM,
MPEeBOCXOHO COBNAjalollee C 3KCIepHUMEHTaJIbHEBIM.

OTKphITHE HEMPUMEHHMOCTH 3aKOHOB KJjacCHuecKoi ¢u-
3UKU JJISI HUCCIIENOBaHUST HHANBHJYaNbHBIX MHKPOCKOMHYE-
CKUX TIIPOIECCOB — BeJHUYAHIINA TpUyM} CTAaTHCTHYECKHX
Teopuil, HAXOAUBIUKXCS B TO BpeMs elle B CTaiHM CTAHOB-
Jenns. Eciu 6bl cTaTHCTHYECKHE 3aKOHB! He OBIM OTKPBITHI,
TO BO3HHKHOBEHHe KBaHTOBOHYTeopuu 3afiepikanoch Obl Ha
HeomnpefieleHHoe BpeMsI ¥ BPSIA JIM IPOW30IIo OB paHblile,
yeM Obuto GBI B JleTansix M3yYeHO CTPOEHHE aTOMOB.

*) Bce 3T0 GBIIO MOHATO He Cpasy B OTUETVIHBOH (hopme, YTO, OJHA-
KO, JJIsi Hallero pacCMOTPEHHS HEeCYIeCTBEeHHQ,
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Jnsi o6bsACHEHHS 3JEKTPOMArHUTHHIX CBOfCTB BelllecTBa
CTaTUCTHYECKHE METOJIbl BO BCeH CBOEH IOJHOTE, C YYETOM
TEIJIOBOTO JIBMKEHH s, GbUIH pUMeHeHHl Brepsble B 1905 r.
JlaHKeBeHOM NpH MOCTPOEHHM TEOPHH TapaMarHeTH3Ma.
[Tapamarseruam, B OTIHYHE OT AMAaMarHeTH3Ma, CYLIECTBEH-
HBIM 06pa3oM 3aBHCHT OT TeMIlepaTypbl, U NpeHeOpeub 31ech
a(peKTamMy, BHIBBAHHBIMH TENJIOBLIM JBHMKEHHEM MOJIEKYJ,
MPOCTO HEJb3S.

JlaHxeBeH McHoJBb30Bal pacnpeneiesne DBonbnMana,
ABJSIOLIeeCST YACTHHIM cjiyuaeM pacnpefenenuss I'm606ca,
KOTjJla B3aHMOJEHCTBHEM YacTHIL APYT ¢ APYrOM MOXKHO Iipe-
HeGpeup 10 CPaBHEHHMIO C B3aHMOJAEHCTBUEM HX C BHEIUHHMH
nosisiMM (B JaHHOM CJlyyae C BHEIIHMM MarHHTHBIM MOJIEM).
BaecTsimuit ycmex comyTCTBOBal PELIEHHMIO STOH Ie€PBOH
CTAaTHCTHYECKOH 3aJayd MHKPOCKOIIMYECKOH 3JeKTPOIMHa-
MHKH BelllecTBa. Dnuia HajijleHa MarHMTHAsl TNPOHHILAEMOCTh
1 KaK QYHKIMS TeMIIepaTypHl.

B Teopun JlaHKeBeHa TOJIBKO OPHEHTAlMs MOJIEKYJ pac-
cMaTpHBajach Kak cjayuaiiHasi BequunHa. CaMo MaruuTHoe
rnoJsie BEICTyNasio B ¢opMe onpefiesieHHoro cpesiero. B pane-
HeHILIeM 3J1eKTPOMAarHUTHbIE NPOIECCH! IETHKOM OBIH BKJIIO-
YeHBl B PAMKH CTAaTHCTHYECKOH TeopuH. MrHoBeHHblE 3Ha-
YeHHS] MUKPOCKOIIHUECKHX Hallp sPKeHHOCTEH 3JIEKTPHUYECKHX
¥ MarHUTHEIX TIOJIEf CTaJlH paccMaTpMBaThCsl KaK CJlyuaiHble
¢byHKuMY.

B mukpockonuueckoil 3JeKTPOAMHAMUKE MOMKHO BRIUHC-
JIUTh He TOMBbKO CPeAHHEe 3HAUeHH S JIIOOLIX 3JeKTPOJHHaMH-
YeCKHX BeJIMYHH, HO M BEPOSITHOCTH OTKJIOHEHHS HX OT cpel-
HUX 3HaueHu#i. Dblia cosfpaHa Teopus QAYKTyauud sjekt-
pPOMarHHTHBEIX BenHuuH. B denomeHoMmornueckoi anekrpopu-
HaMuKe MakcBessia 3ToT Bonpoc GakTHUeCKH HeIb3si OBbLIO
Jlaxke MOCTaBHTb.

B vactHocTH, ObTa CO3JaHa TeOpHUS PacCesiHUs CBeTa
Ha MHMKPOCKOIHYECKHX HEOJHOPONHOCTSX CpEAbl, Bhi3BaH-
HBIX (UIYKTyallsiIMH TJOTHOCTH cpelbl B MaJbiX o0neMax
(nopsinka AJIMHBEI CBETOBOH BOJHEI). MIMeHHO TakuM o6pasoM
6611 0OBsiCHeH ronyGoit uBer HeO6a U PAX APYTUX SIBJEHHUH.

Cefiuac ocoboe 3HaueHHe NpPHOGPENO HCCJIENOBAHKE
GaykTyauuii TOKa ¥ HanpsuKeHHS B PasMYHBIX PajHoTeX-
HHYECKHX ycTpoHcTBaX. UyBCTBHTENBHOCTH aNmapaTyphl
BO3pOC/ia HAacTONBLKO, YTO OHAa CrnocoOGHa perucTpHpoBaTh
CHTHAJIbl HUYTOXHOH MomHocTH. IIpy aToM TenyoBble dayk-
TYal¥d, WIH MyMbl, KaK X OObIYHO Ha3bIBAlOT, MOTYT Ipe-
BOCXOJIUTh 1O MOILHOCTH NPHHHMaeMbl#i curHajn. Passumach
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nenasi oTpacib 3HAHUS — CTATHCTHYECKas paJHOTEXHHKA,
OJIHOH M3 OCHOBHBIX 3aJau KOTOpOH SBJSIETCS BBIAE/EeHHe
cnabBIX CHTHAMOB M3 IIyMa.

Bce Gosbmee 3HaueHwe mnpHco6GpeTaeT HccJiefOBaHHE
YyeTBepTOrO COCTOSIHHS BelleCTBA — IJIa3Mbl, NPENCTaBJSIO-
uieit coboft COBOKYNMHOCTH 3JIEKTPOHOB, HOHOB M HEHTpasb-
HBEIX MoJieKyJi. B aToji cpefie OCHOBHYIC POJIb UTPAIOT BJIEKT-
DPOMAarHMTEBlE B3aHMOJCHCTBHS 3apsIKEHHBIX 4YacTPL, W
JIMIIL CTaTUCTHUECKasl TEOpHs, KaK MpaBWIoO, crnocoOHa
JaTb OTBET HA pas3NHyHBEe NMpoOJeMbl, CBSI3aHHBE C TIOBEJE-
HHEM I1J1a3MBl,— OT BONPOCA O CIenUPUYECKHUX NJiasMEeHHBIX
KosneOaHusIX U JI0 BONPOCOB YCTOMUYMBOCTH BHICOKOTEMIIEDa-
TYpPHO# TJIa3Mbl BO BHEIIHEM TIIOJIe, CTOJNb AKTYalbHbIX
NPH HCCINOBAHHH BO3MOMKHOCTH OCYIIECTBJIEHHSI YIPaB-
JISIEMBIX TEPMOSIIepPHBIX peaKIHi.

Ilpu pemenuu psiga npobieM KJaaccHyecKasi MHKPOCKO-
nUyecKas 3JeKTPOANHAMUKA CTOJKHYJAch C HEIPeofo HMBI-
MH TPYAHOCTSIMH. Teopusl 3JIEKTPOIPOBOAHOCTH M TEIJIO-
€MKOCTH METa/IJIOB NPHBOAMJIA K BBIBOJAM, HaXOASIIHUMCS
B pe3KOM NpOTHBOpeuHH ¢ onbiToM. HeoGbsicHumol ocraBa-
Jlack mpupozna ¢eppomarHerusma u T. A. JIump nocjie cos-
JlaHUSI KBAHTOBOM MEXaHWKH CTaJO SICHO, UTO JEJO 3JleCh B
HENpPYMEHHMOCTH JHHAaMHUECKHX 3aKOHOB KJacCHUeCKOMH
MeXaHHKH, HCNONb3YyeMbIX IPH NOCTPOEHHH CTATHCTHYECKUX
TEOpPUil COOTBETCTBYIOUIMX MAaKpONpPOLECCOB. ITH INpoLec-
CHl, PABHO KaK ¥ paBHOBECHOE TEIJIOBOE H3JyueHHe, MOXKHO
Obu10 OOBSACHUTH JIUIIL IOCJIE NMOCTPOEHHS! KBAaHTOBOH CTa-
THCTUKH.

Kpatkuii 0630p pa3BHTHS MHKPOCKOMIMYECKOH 3JIEKTpO-
JIVHAMHKH HE OCTaBJISIeT COMHEHHS B TOM, UTO 5Ta CTATHUCTH-
yeckasi TEOpUS sIBJAsieTCs HaJbHEeHIUNM IIaroM Briepe] IO
CpaBHEHMIO ¢ 3JeKTpoiuHamukoi Makceensna. Ona roy6-
e MPOHMKAET B CYIIHOCTL SIBJIEHUI U OXBaThIBaeT GOJIBILMH
Kpyr npobneM. Kak u B Teopuu Temsa, 3/iecb COOTHOILEHHE
MeXJy JVHAMHYECKMMM H CTaTUCTHUECKHMH 3aKOHOMep-
HOCTSIMM BBICTYyNaeT B JBYX IJaHax. [lepBEif — COOTHO-
neHue AMHaMUUYecKoil Teopun MakcBensia U MHKpPOCKOMHUe-
CKOll TEODHH 3JIEKTPOMarHHTHLIX SIBJIEHHH ¢ yuyacTieM GoJb-
LIOTO YHCJIA 3ap SPKEHHBIX YacTHIL, ¥ BTOPOi — COOTHOILEHHE
JMHAMUYECKHX 33aKOHOB 3J1€MEHTapHBIX 3JIEKTPOMArHHTHBIX
MPOLIECCOB M CTATHCTHYECKHX 3aKOHOB MOBENEHHS CHCTEM,
BKJIIOUAIOIMX TPOMaJHOE KOJHUECTBO TAKHX MPOIECCOB.

Kak npu 3apoikIeHuH TeOpHM, TaK U cefiyac OCHOBHEIE
TPYAHOCTH COCTOSIT B OTHICKAHHH CTATHCTHYECKHX 3aKOHO-
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MEPHOCTEH 3JIEKTPOMArHUTHBIX [POIECCOB B MAaKpPOCKOIH-
UeCKHX TeJlaX Ha OCHOBE XOpOLIO H3BECTHBIX MHKDOCKOIH-
YeCKHX ypaBHEHMH M OnpejieJIeHHbIX NpefCcTaBJdeHUH O CTPO-
CHHM BelllecTBa. 3JileCh HeNpepblBHO BO3HUKAIOT HOBHE 3a-
JauM (HanpuMep, B TEOPHM IJIa3Mbi) U KJieT Gosiee CTPOroro
pelleHuss psj crapblX. BHUMaHMe NPHKOBAHO KHMEHHO K
JAaHHOMY KpYTY BONpOCcOB. BhisicHeHHe e COOTHOLIEHM S
CTaTHCTHYECKOH TEODUH 5JIEKTPOMATHUTHBIX MaKpOCKOIU-
yecKMX INpolLeccoB M (heHOMEeHoJorvueckoi Teopuun Mak-
CBEJIJIa He COCTaBJISIeT CJOXKHOH IIpo6jieMbl, U CBSI3b MEXAY
HUMH JaBHO y2Ke BCKphITa JIopeHueM.

Cpennue CTaTHCTHYECKOH TEOPHH — 3TO KakK pa3 Te Be-
JIMYHHBI, C KaKUMH HMeeT fesio Teopust MakcBenia.

Hapo ckasaTs, uTo, HecMOTpsi Ha GeccriOpHOe C COBpe-
MEHHOH TOYKH 3pPEHMS OCHOBOIIOJIaraloliee 3HaueHue MUKpO-
CKONIMYeCKUX ypaBHeHM# Makcsenna — JlopeHua, 1o cux
nop BCJIeACTBHE HEKOTOPOH MCTOpHYecKoft abeppauyy OCHOBY
BCeH 3JIeKTPOANHAMHKH 4acTO BUASIT B (eHOMEHOMOTHYeCKOH
Teopur MakcBesna. 3TO HaXOJUT CBOE OTpaXKEHHE YyXKe B
TOM, YTO IIPENOJaBaHUE 3JieKTPOAUHAMUKH OOBIYHO HauM-
Haercsl ¢ Teopuu MakcBessia. CooTBeTcTBYIOLIMM 0Opa3oM
NOCTPOEHO OOJBIIMHCTBO Yy4yeOHHKOB. JIMIUb B mOc/HefHHE
rojibl B M3JI0KE€HHH TEOPHUH 3JIEKTPOMATHHUTHBIX SIBJIEHHH
yIop C caMoro Hayasa JeJ1aeTcsl Ha MUKPOCKONHYecKHe ypas-
HeHus. VIMeHHO Tak, HanpuMep, IOCTPOEH KYpC TeopeTHue-
ckoii ¢usuku Jlangay u Jludmuna *).

IlpuunHbl, MO KOTOpPBHIM HE BCErja BIOJNHE SICHO Hpef-
CTaBJSIOT ceGe COOTHOLIEHHE MUKPO- ¥ MaKPOTEOP Uit 3JIeKTPO-
MarHHTHOTO TOJISI, OYeBHAHBI. McTOpHYECKH NepBBIMH ObLIH
OTKPBITEl MaKpOCKONHUYecKHe ypaBHeHUs nonasi. Mukpocko-
NHYecKHue ypaBHEHHS OBbIIM NOCTYJIHPOBAHBEI ¢ TaKUM pac-
yeToM, 4yToObl yCpeAHEeHHe MX NPUEOAMJIO K TeopuH Mak-
cBesia. OZIHAKO 5TO HU B Koefi Mepe He JO/IXKHO 3acjOHSTh
TOro ¢akTa, 4To B JEHCTBUTEIbHOCTH NEPBHYHBIMU SIBJSIOT-
cs MHKpPOCKOIIMuYecKHe ypaBHeHusi Makcsensa — JlopeH-
1a, a ypaBHeHHsI MakcBesjia — NpOM3BOAHBIME OT HHX.
Tax, B uactHocTH, 3aKoH KysoHa jnsi B3auMoOAeicTBUS
MaKpOCKONHYECKUX 3apsfioB BHINOJHSETCS TOJIBKO INOTOMY,
YTO OH CIPaBeJJIUB JJisl 3JEKTPOHOB U JPYIUX 3apsKeHHbIX

*) B aToM Kypce HH TepPMOAMHAMHMKa, HHM (eHOMeHosorHyeckas
Teopusi MakcBeJ1a He BBIIEJNSIIOTCS B oco0ble pasjiesibl. TepMoauHnaMuKa
BKJIOYeHa B ToM «CraTHCTHUeCKas (DH3HMKa», a MAKPOCKOMHYeCKast dJeK-
TPOAHMHAMHKA H3/1araeTcsi Ha OCHOBE TEOPHH MHKDOCKOIHYECKHX IoJel
B TOMe «DJIeKTPOIMHAMHKA CIJIOMIHBIX Cpei».
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YACTHIL, XOTS HAlllM CBEJCHUs O XapaKTepe B3aHMOJEHCTBHA
3apSIKEHHBIX 8JIEMEHTapHBIX YacTHI[ MBI TepBOHAYaJbHO
NOJYYUJIH, H3Yydasi CHJIBl MEXJAY Makpo3apsijiaMu.

MuKpocKonuuecKye ypaBHEHH I 3JIEKTPOMarHUTHOTO NOJ st
¢dopMyJIIpYIOTCS COBEPILIEHHO OAHO3HayHO. PeHomeHoMOrH-
yecKHe e ypaBHeHus MakcBessia He MMEIOT OJHO3HAYHOH
¢dopmel. B 3aBucuMocTH OT BhHIGOpa (OpMBl MaTepHaNbHBIX
ypaBHEHHUIi, CBS3BIBAIOLIMX pas3JHuyHble XapaKTepPUCTHKH
nosieft Apyr ¢ APYroM, YpaBHEHHUS IO MPUHUMAIOT TY WIH
uHyIo dopmy. d1a dopMa IMKTyeTcss cooOpaxKeHUsIMH YH06-
ctBa. OyeHb yacTo ypaBHeHHst MakcBe/ia 3anMCHIBAIOT Cefi-
yac CoBceM He B TOM BHJe, Kakoi uM mnpugan [epu H
KOTODBIM TOJIb30BAJIMCh Ha NPOTSIKEHUH HECKOJNbKHX Je-
CATUJIETHH .

§ 11. KsanToBas MexaHnuka

Tenepr mepefifieM K cjefyiolieMy, BO MHOTHX OTHOLle-
HUSIX CaMOMY Ba)KHOMY 3Tany NPOHHKHOBEHHS CTaTHCTHYe-
CKHMX TeOpHH B PU3NKY — K KBAHTOBOI TEOPHH.

Eciin npoHMKHOBEHNE CTATHCTHUECKHX METOJOB B 3JI€KT-
PONMHAMHUKY OBUIO COBEpIICHHO eCTeCTBEHHEIM H He BLI3bIBa-
JIo JUCKyccHil, To oOHapyxeHHe B 20-X roflax Halllero BeKa
CTaTHCTHYECKOro XapakTepa ABUXKEHHS MHUKDOOOBLEKTOB (B
IEePBYIO Ouepellb 3JIEMEHTApHbIX YaCTHI[) BBI3BAJO HACTOS-
IIYIO CeHCANHIO U MOPOAMIO AUCKYCCHH, He NpeKpaliarouije-
Cs1 IO HalllMX JHEeH.

IIpeacraBnenue o cyImecTBOBaHMH MHHMMAaJbHOTO KBaH-
Ta geictBHA % = 1,05-107% ape -cex 3apopMJIoCh B paMKax
CTaTHCTHYECKOH TEOPHH paBHOBecHoro uaayuenusi. Ho cra-
THCTHYECKHH XapaKTep 3TOH TEOPHUH He OblT HelocpeACTBEH-
HO CBSI3aH C KBaHTOM HAEHCTBHS.

IlepBblii HaMeK Ha TO, YTO NOJOXKEHHE 31eCh JAOBOJbLHO
CJIOXKHO, COfiepKajicsl B pa3BHBaeMblX ONHIUTEHHOM INpel-
CTaBJIEHUsIX 0 POTOHAX — KBaHTaX 3JIEKTPOMAarHUTHOTO NOJI 5.
OH nokasaji, yTo TenyoBble (QAYKTyalMH IJIOTHOCTH 3Hep-
THH 3J€KTPOMATHUTHOTO H3Jy4YeHHs OOYCJIOBJIEHB JBYMs
npuunHamyd. OfHO cjaraeMoe B BbIpaXK€HHH AIA QaykTya-
UH} HMeeT UACTO BOJIHOBOE NPOHMCXOXKAEHHE, Apyroe — Kop-
nyckynasipHoe. Hu uncTo BoHOBOE, HM YHCTO KOPMYCKYJSp-
HOe MpeJCTaBle€HHe O CBeTe He COOTBETCTBOBANO JAEHCTBH-
TenpHocTH. Hauana npocTynaTh JABOHCTBEHHOCTb CBOHCTB
cBeTa, HO NpHpoAa (IYKTyamMil CYHTalach INO-NPEXHEMY
KJlaccuueckoi, TermyioBoli. CoBepIeHHO MO-HHOMY, BHE Ka-
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Kol-1u60 CBSI3M C TEIJIOBHIM JBMKEHHEM, CTATHCTHUECKHUil
XapakTep H3JyuyeHMs oOHapYKMJCS IpH aHaju3e B3aHMO-
IeACTBHSI CBeTa C BeLIEeCTBOM B Ipolieccax, NPH KOTOPHIX
TEeNJIOBOe IBHKEHHe He HrpaeT poJu. MCKpeTHOCTb CBe-
TOBOTO H3JIyueHHs, MNpoaBJsOILYyIOcs npH (oToatdeKTe
(BLIDHIBAHHH CBETOM 3JIEKTPOHOB C IHOBEPXHOCTH Bellle-
CTBa), MOXKHO OBLIO, KaK 3aMeTH/ DHHILUTEeHH, COIJIacoBaTh
C BOJIHOBBLIMH €T0 CBOHCTBaMH, OOGHApYKHMBAIOIMMUCH TNPH
HHTepdepeHIMH U AH(PaKUHH, JHIIb B TOM Cjlydae, eCcsH
paccMaTpUBaTh ypaBHEHHs! 3JEKTPOMAaHHTHOTO MNOJST Kak
BEPOSITHOCTHbIE 3aKOHBI, ONPeJesIoHe CTaTHCTHKY IOBe-
IeHds1 (GoTOHOB. BriBoABI DfiHIITElHA MOKA32aJMHCh CJHIIKOM
HeOOBIYHEIMY He TOJbKO GOJIbLIEH 4acTH YYeHHIX, HO H CaMo-
My aBTopy. Ha mpoTsi:KeHHHM MHOTHX JIET OHH He TOJYYHJIH
CYLIECTBEHHOTO PasBUTHS *).

Ha ocHoBe npexcraBieHuil [1naHka o IHCKPETHBIX 3Ha-
UeHHSX 3SHEPTHH OCHHMJVIATOpPA Hayajla pasBUBATbCs KBaH-
TOBasi CTATHCTHYECKAs] TEOPHUsl INOBeNeHHs] GOJBIIOH COBO-
KYNHOCTH yacTHll. KpynHbIM ycnexom ee siBUIOCH OGBsic-
HEHHe 3aBHCHMOCTH TeNJOEMKOCTH TBEPIBIX TeJ OT TeMIle-
patypel — (paKT, HENOHSATHBHIH B paMKax KJAacCHYeCKOH
CTaTHCTHYECKOH MEeXaHHKH, HCXOASIEH H3 JONYILIEeHHs, YTO
aTOMHBIE CHCTEMBbl TORYHMHSIIOTCSI KJIACCHYECKOH MeXaHHKe
Hplotona.

B pesysbTaTe 3THX YCIeXOB CTaHOBHJIOCH Bce GoJiee
SICHBIM, YTO JBMXKEHHe 3JIEKTPOHOB B AaTOMHBIX CHCTeMax
He TMORYMHsIeTCS KJaaccuyecKoil Mexanuke. Ilocae akcmepu-
MeHTOB Pesepdopna, npuBeIIHX K CO3JaHHIO ILIaHeTap-
HOH MOJeNH aToMa, HayaJd NPHMEHSITb KBAaHTOBble INpPHH-
IMIbl K JIBHXKEHHIO aTOMHBIX 3JIEKTPOHOB (IO 3TOrO yMeJH
KB3aHTOBAaThb TOJIbKO 3JHEPTHIO OCLUHJJISTOPa), NpHYeM Iep-
Bble TEODHH HOCHJIH B OCHOBHOM JMHAMHUECKHH Xapakrep.

Bop mocTpons KBaHTOBYIO MOJEJb atoMa IHHAMHYECKO-
ro Tuna. Teopust Bopa, B KoTopo#i ynayHO cCKOMGHHHPOBaHHI
HOBble KBaHTOBble IIPHHIHIIBI C 33aKOHaMH KJacCHYecKOH
MeXaHHKH, yHacJeloBala IMHAMHYECKHH XapakTep Mmocjen-
Heil. Bop Hamies MeTol BLIYHCJEHHSI CTAllHOHAPHBEIX 3Haue-
HUIl SHepPrHH B aToMe BOJOpOia. Bmocnencrsum 3ommep-
¢esrpy ¥ BHJIbCOH MOMYYHsIM NpaBHJIa KBAHTOBAHUS IPYTHX
NEePHOAHYECKHX H KBa3HIIEPHONMYECKHX CHCTEM.

*) Bpul yCcTaHOBJIEH JIMIUb OAMH BaXKHHI pesyJsbraT: JiHIUTEeHH
noayuus ¢opmyay Ilnanka Ajisi paBHOBECHOTO HSJyYeHH s, HCXOAS U3
npeicTaBJieHH st 0 GOTOHAX M BBEAS SIBHO NMOHSTHS BEDPOSTHOCTH H3Jyue-
HMS W TIOTJIOLIEHUSI CBETA aTOMaMH.
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Hano sameruth, uTO yKe B Teopuu Dopa nepexonbt
CHCTEM M3 OIHOTO COCTOSIHHS B JpPYroe sIBHO He IOIYHHS-
JIMCh, KAKUM-TH60 AMHaMHYecKMM 3akoHaM. Bompoc o mepe-
Xollax CHCTeM BOOOLIe OCTaBaJICsl B Hell HesICHBIM; €r0 MOXKHO
OBLIO aHAJIM3HPOBATh, TOJNBKO ONHPAsCh Ha MPUHIMI COOT-
BETCTBHS.

[TpOHMKHOBEHHE CTaTHCTHYECKHX MeTONOB B MeXaHMKY
MHKPOOOGBEKTOB IIPOM3OILIO B 3HAYHTENbHOH CTENeHH BHe-
3anHo. [lepBrle ycmexH, a 3aTeM HenpeojOJHMble TPYA-
HOCTH NOJyKJIaccHYecKoi Teopun Bopa BbIBHHYJH B Kaye-
CTBe [I/IaBHOH 3ajaud (H3UKH MHKPOMHpA [OCTpPOEHHe
HOCJIe[JOBaTe/IbHOH KBAaHTOBOH TEOPHHM [BHIKEHHS MHKPO-
yactul. Takass TeopHs — HepeJsITHBHCTCKasi KBaHTOBas
MeXaHHKa — Obljia co3[laHa OJHOBPEMEHHO B (popMe MaTpHy-
Hoit Mexanuku ['efisenGepra ¥ BosHOBOH Mexanuku Ipe-
IMHTepa, OKa3aBIIMXCS BIOC/JENCTBHH Pa3HYHBIMH Mpes-
CTaBJIGHHSIMH OIHOH TEOpHH.

OCHOBHBIM ypaBHEHHEM HepeJITHBHCTCKOH KBaHTOBOM
MeXaHHUKHU siBisieTcsl ypaBHeHue lllpenunrepa jyisi BOTHOBOM

yukuun ¥ (x, y, 2, £). C aBu:keHueM cBOGOAHO YaCTHIBI
3JeKTpOHa) BoMHA Oblna cBsi3aHa BIepBble B paborax
e DBpoins. [pexunrep o6GoGuiun pesynbrarsl Ae bBpoiiis
Ha cyyail JABHMKEHHUS 4YacTHIl B NPOM3BOJBHBIX BHEIIHHX
noJasx.

YpaBuenue Ilpepunrepa no3BOJMSIET ONHO3HAYHO ompe-
Jenuth ¥ B 11060 MOMEHT BpeMeHH, €C/Ii M3BECTHO 3Haye-
Hue ¥ B HauanbHBII MOMEHT BpeMeHH. B 3TOM OTHOLIeHHH
OHO HOCHT JuHaMu4yecKuil xapakrep. Ho kako#l ¢usuue-
CKHIl CMBICJ MMeEeT BOJIHOBas (YHKUHS? YpaBHEHHE IJis
Hee ObUIO HANMCAHO IyTeM pacIlMpeHHsl ONTHKO-MeXaHuye-
CKOll aHajoru 'aMuibTOHa 0 TOrO, KaK cTan siceH ¢usu-
yeckuii cmeican V.

EcTtecTBeHHble IPEANONOKEHUS O CBSI3K BOJIHOBOH (yHK-
IIMM C HENpephIBHO pachpeje/leHHOH MaTepueil yacTHIbl B
NPOCTPAHCTBE HJIM C YUCJIOM YacTHIL B AaHHOH 06sacT Inpo-
CTPaHCTBa OKa3alUCh HECOCTOSITeNbHBIMU. IIbiTasich moct-
pPOHMTb TEOpHIO IBUXKEHHS 3JIeMEHTAPHBIX UYacTul, KOTopasi
OTHOCHJIach Obl K KJaccuueckoil Mexanuke HeloToHa Tak xe,
KaK BOJHOBasl ONTHKa — K reomerpuueckoi, ILlpexunrep
TIOJIYYUJT HEOXKHJAAHHO CMAmMUCMULecKyto meopuio.

Ee crarucruueckuii xapakrep Gbu1 ycTaHOBIeH BopHoMm,
BCIIOMHUBIIUM paHHHe paboThl DfiHIUTeliHA MO TeopHH (HOTO-
HOB U TLIaTeJbHO NPOAHAJH3HPOBABILKM KBAHTOBYIO 3afiauy
o paccestuuy yactull. Okasasnock, uto dW = YY*dV ume-
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€T CMBICJI BEPOSITHOCTH OOHapyKeHHsS YacTHUIBl B JAaHHOM
obbeme npoctpancTBa dV. KBaHTOBasi MexaHHKa IO3BOJSIET
onpefeNsiTh He CaMH KOOPAMHATH, a JHIIb GepPOAMHOCTb
TOTO, YTO KOOPAMHATHI YACTHIb! JIEXKAT BHYTPU ONpeJeseH-
Horo uHTepBasa. IlonoXkeHHe 3Jlech B IPUHIMIE OKa3biBa-
eTcsl TAKUM 2Ke, KaK M B KJ1aCCHYeCKOH CTaTHCTUUECKOH Teo-
pHH, TOCKOJBKY B OOEHX TEOPHSX OJHO3HAUHBIM OOpa3oM
ONpENeNSIOTCS] BEPOSITHOCTH 3HAUEHUH pasnyHbIX ¢usnye-
CKUX BEJHYMH, a He caMH BeJIMYMHBEL. TakuM obpasoM, «Iu-
HaMHYyecKHe 3JIeMeHTB» NpeJCTaBJeHEl B KBAHTOBOK MeXxa-
HMKe He B Oosibliefi Mepe, ueM B JII0OOH APYTOH CTaTHCTHYE-
CKOHl TeopuH.

Ilocne wucTonkoBaHHSI (PU3UYECKOTO CMBICTA BOJHOBOW
(yHKUMU JalbpHefillee pasBUTHE MHTEpNpeTaluy HOBOH
Teopud mnouuio ObicTpo. Dblio HokasaHo, uTo GyHKuHS
¥ (x, y,z, t) IOTHOCTBIO XapaKTepH3yeT COCTOSIHHE YACTHIbI
B KBaHTOBOH MEXaHWKe, TAaK e, KAK HMIYJIbCH H KOOPHH-
HaThbl HEJEKOM ONPEAeJIsIOT COCTOSIHNE B KJI2CCHUECKOH Me-
xaHuke. Ilpexie Bcero, oHa no3pojisieT HafiTH BEPOSITHOCTD
TOTO, UTO He TOJBKO KOOpJAWHATa, HO M Jicbas dusmyeckas
BeJIMYMHA (UMIYJbC, SHEPTHS, MOMEHT HMMIYJbCA WU T. 1.)
HMeeT omnpejiejieHHOe 3HaueHue. B oTivuue OT CUTyauuHu B
KJIaCCHUECKOil MeXaHHKe, HEKOTOphie BEJHUMHBEI (MOMEHT
HUMIyJIbCA, SHEPrUs NPH JBHXKEHUH B OorpaHuueHHOi obnac-
TH NPOCTPAHCTBA M T. A.) MOT'yT NPUHUMATH JIUIIb PSL JHCK-
peTHBIX 3HaueHui. BoamoxkHble 3HaueHu st GU3NUECKUX BeJIH-
YHH SIBJSIIOTCS COOCTBEHHBIMH 3HAUEHHMSIMH OIEpaToOpOB, KO-
TOpble COMOCTABJASIOTCSI B KBAHTOBOM MeXaHHKe KaxJoH
¢dusuueckoil BenvunHe. BesnunHa MOXKeT MpHUHHMATh Ompe-
JileieHHble 3HaueHWs] C BepOSITHOCTEHIO, PaBHOH eIWHHIE,
JULIb B TOM CJyYyae, ecjy CHCTeMA HaXOJMTCS B COCTOSIHHH,
nsobpakaeMoM COOGCTBEHHOH (YHKLHeHl COOTBETCTBYIOLIETO
onepartopa. Toraa BeposITHOCTh NIpeBpallaeTcss B JOCTOBEP-
HOCTb. C R

3Hasi BOJNHOBYIO (YHKIWIO, MOXKHO TaKKe BHIUNCIHUTb
cpeliHee 3HaueHUe J11060i (DU3HUECKOf BEJIHUHNHB ¥ OTKJIOHE-
HHE OT CpellHero — AUCIIEPCHIO.

B Muxpomupe HauGosee nopasuTebHbIM [1PEACTaBIseTCs
TO, YTO CTaTHCTHUYECKHH XapakTep HMeeT IIOBEJileHHe OT-
JleTbHOM YacCTHIB! U TNOsIBJIEHHE BEpPOSITHOCTHBIX 3aKOHOB He
CBSI3aHO ¢ HaluyueM GOJIbIIOrO YUHC/Ia YACTHIL.

IIpu dopMysupOBKe KBaHTOBOH MEXaHMKH MJs CHCTEM
OJMHAKOBHIX, TOXK/JECTBEHHLIX WYaCTHI, HeOOGXONUMO BBECTH
ele OfHH HOBhHIN (PYHAAMEHTAJbHBI NPHHIWI, KOTOPHI He
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BHITEKAeT M3 PAcCMOTPEHHS ABUIKEHHSI ONHOH YacTHIbI, a
HUMEHHO NPHHIMI TOXJECTBEHHOCTH, HJIK HEPa3JHYMMOCTH,
YacTHL.

B knaccuueckoii MeXaHHKe OJMHAKOBBIE YaCTHLbI BCEr-
Ja MOXHO DasMYUTh IO MX COCTOSIHMSM. YacTulaM npwu-
CyIIa onpejeseHHast HHANBHAYaNbHOCTb. X MOXKHO B NpHH-
IMIe MPOHYMEPOBaTh M CJENUTH 3a NepeMelleHuneM Jro6ok
M3 HUX, TAaK KaK OHM MMEIOT CTPOTO ONpeJieIeHHBIE TPAeKTO-
puH. B KBaHTOBOII MexaHMKe Jake B NpPHHIMIE NMPOAENATh
3TO HEBO3MOXHO, TaK KaK KBAHTOBasl YacTHIa HE HMeeT
Tpaektopuu. Ecim BonHOBHE GYHKUMH JBYX YacTHI| mepe-
KpPBIBAIOTCSI, TO B OOJAcCTH MepeKpHITUS GYHKUME HHKAKOMH
(GU3HUECKHUiT METOJ| He MO3BOJISIET OTJIMUUTH OJHY YacTHIY OT
IApyro#i, VHAMBHAYyaau3upoBaTh vactuubl. Ilostomy, xoTs
TOXKIECTBEHHOCTb YACTHI He BEITEKAaeT HENMOCPEJCTBEHHO U3
KBAaHTOBOH MEXaHHKH OJHON YaCTHIbI, OHAa IIEJIHKOM COOT-
BETCTBYET AYXY 5TOH TEOPHH.

TOXIeCTBEHHOCTh MHKPOUACTHI COCTOMT HE TOJBLKO B
TOXKAECTBEHHOCTH CBOHCTB, HO U B TOXKJECTBEHHOCTH COCTOSI-
Huil. B npupode peaausyromes auwe me cocmosmus cosokyn-
HOCMU OOUHAKOBbIX HACMUY, KOMOpble He UBMEHAIOMCs npu
obmere odurarosvlx uacmuy mecmamu. COOTBETCTBEHHO CO-
CTOSIHHSI CHCTEMBI ONHCHIBAIOTCS JIKGO CHMMETPUYHBIMH,
Au60 aHTHCHMMETPHYHBIMU BOJTHOBEIMU QYHKIIMSIMH, IPHYEM
XapakTep CHMMETPHHM BOJIHOBOI (YHKUHH ONpefesnsieTcs
COGCTBEHHBIM MOMEHTOM MMIYJIBCA YACTHIBI, €€ CIIHHOM, CJY-
XKalyM BaXKHefllefi XapaKTepUCTUKOH 3JeMeHTapHOi uac-
THIBL. YacTHIbl CO COMHOM, KPATHBEIM 7, ONMCHIBAIOTCS CHM-
METPUUHBIMH BOJHOBBIMM (YHKIMSIMM, YaCTHIBI C TONYyLe-
JIBIM CIIHHOM — AHTHCHMMETPUYHBIMH (GYHKLHSIMH.

Jnst yacTui co CMHOM 7/2 B mpuUO/MIKEHHH HeB3anMo-
JIEeACTBYIOIMX YacTHI BRIMONHsieTcss npuuHnun Ilaymu, cor-
JIaCHO KOTOPOMY B CHCTEME OAMHAKOBBIX YaCTHIL JBe yac-
THIBL WK GOJIbILee MX YHCJIO HE MOTYT OJHOBpEMEHHO Ha-
XOIUTBCS B OLHOM U TOM K€ COCTOSIHHH.

O npuuKHe CTaTHCTHYECKOTO XapaKTepa KBaHTOBOW MeXa-
HUKH (KaK OJHOM 4YaCTHIBI, TAK U HX COBOKYMHOCTH) MOXKHO
cKasaTh cienywomee. Ecau nmosiBienye CTaTHCTHUECKHX 3a-
KOHOB B TEODHMH TeIIa CBSI3aHO C AUCKPETHOCTBIO B CTPOe-
HUM Tes (HanuuWeM aTOMOB U MOJIEKYJ1), a HOSIBJEHHE cTa-
THCTUYECKHX 3aKOHOB B KJIACCHYECKOH 3JIeKTPOAMHAMHKE —
C JIMCKPETHOCTHIO 3JIEKTPUUYECKHX 3apsh0B, TO MOSIBJEHHE
CTATHCTHYECKHX 3aKOHOB JBHKEHHS OTJEJbHBIX 3JIEeMeH-
TapHBIX YaCTHL[ CBS3aHO C JUCKPETHOCTBIO AefiCTBHA, C Ha-
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JiiudeM B NpHpoOAe MHHHMAJbHOrO, NPEfeNbHOr0 3HAYEHH S
IeiicTBUS — mocTosiHHo# [lnanka 7.

B xiacchueckoil cTaTHCTHYECKOH MeXaHUKE M 3JEKTpo-
JMHaMUKe OTHOCHTeNbHble (IyKTyaluH, T. €. clydaiHble
OTKJIOHEHHSI OT PaBHOBECHBEIX 3HAUEHHi, OTHECEHHBHIE K Ca-

MEM paBHOBECHBIM 3HAUEHHSM, NpomopuuoHanbHsl 1/}/,i
rje [ — 4ucyo creneseil cBoboas! cucteMbl. s HempephiB-
HBIX CHCTEM [ —> oo B JIoG6oM obbeMe u BBIBOJBI CTaTUCTHUE-
CKHX TeOpHH NpHOOPETaIoT BIOJHE OJHO3HAUHBIA XapakTep.
VmenHo Tak obcTosio Gbl €10 NpH HenpephLIBHOM CTPOEHHH
MaTepHH, npu ee 6eCKOHEYHOH HEJIHMOCTH.

Ananoruyno, npu % — 0 Mbl nosyyaeM U3 KBaHTOBOI Me-
XaHUKH KJIACCHYECKYIO C ee OfHO3HAYHbIMU cBsA3saMH. [luck-
PeTHOCTD AeficTBUSA 00ycI0BINBaeT ocoObie KBAHTOBbIE (uIyK-
TyalMHd HETenJIOBOH NPHPOJABI, KOTOphle HE HCYE3aloT HPH
CTpeMJieHHH aGCOJIIOTHOM TeMIepaTypel K HYJO. DTO CBHU-
IeTeNbCTBYeT 00 ocofoil crenuuKe NPUYUH, ONpPEAesio-
UIMX CTaTUCTHYECKH{i XapaKTep KBAaHTOBOH MEXaHHKH.

§ 12. KsaHuroBasi cTaTHCTHKA

[Topo6Ho ToMy, KaK Ha OCHOBE KJIaCCHUECKHX 3aKOHOB
JBHKEHH I OTAENbHBIX YacTHL 6bIa MOCTPOEHA TEOPHS MMOBe-
JeHust 60JBIION UX COBOKYNMHOCTH — KJaccHyecKast CTaTH-
CTHKa, Ha OCHOBE KBAHTOBBLIX 3aKOHOB JBHIKEHH S OTENbHEIX
uyacTHL, ObUIa [IOCTPOEHA KBaHTOBas crartucTHKa. [loc-
Je[Hs ONMHUCHIBaeT IMOBEAECHHE MaKPOCKOMHUYECKHX OOBEeK-
TOB B TOM cJy4ae, KOrjia KJaccHyecKas MeXaHuKa HempuMme-
HUMA JJIS ONHCAHHA ABHXKEHHS CJaraloliiX HX YacTHIL.

CoGcTBEHHO roBops, pasBUTHE KBaHTOBOH TEODHH Hada-
JIOCh C TIOCTPOEHHS CTATUCTHUYECKOH TEOPUH TEeIIOBOrO U3-
nydenusi. Ho sto eme Obliu mepBrie monbiTkH. KBanToBas
CTAaTHCTHKA KAaK CTpoiiHasl, mocjefoBaTenbHast Teopus Obuia
CO3/laHa IocJie OTKPHITHSI KBaHTOBOH MEXaHHKH.

Henp3st ckasaTh, YTO NmpH NOCTPOEHHH KBaHTOBOH CTa-
THCTHKH BO3HHKJH ocoOble 3aTpyaHenus. PaspaboraHubie B
KJIACCHMYECKOH CTATHCTHKE METOAL OKa3aJoCh BO3MOXKHBIM
IPHMEHHTD ITOYTH BO BceM UX oObeMe W MPU CO3JaHHH KBaH-
TOBOH CTaTHCTHKH.

KoneyHo, MaTeMaTHuecKHil anmapaT KBaHTOBOH CTaTHC-
THKH CYIIECTBEHHO OTJIHYaeTcs OT ammapaTa CTAaTHCTUKH
kiaccuyeckoii. Ho comep:kanue camoft cTaTHCTHYECKO! Teo-
PHH He TpeTepnesio I1yOOKHX H3MeHeHHH. PakTHUecKH Gril
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BBIIBHHYT JHIib OfMH HOBbI GyHIaMEHTAIbHBIH PHHIUIT —
TOXKJ€CTBEHHOCTb OJAMHAKOBBIX YaCTHIL.

Ipexze Bcero Hafio OTMETHTh, YTO PSA BEIHYHH B KBaH-
TOBOH MeXaHHKe (JHeprus, KBalpaT MOMEHTa HMIyJabca H
T. I.) IPHHAMaeT JUCKpeTHble 3HaueHus. ONHAKO 5TO NpHU-
BOJAHT JIMIIb K TOMY, 4TO OObIYHBbE JJIS1 KJIaCCHYECKO# cTa-
THUCTHKH HHTErpasibl, C IIOMOIIBIO KOTOPBIX BBIYHCJSIOTCS
CTaTHCTHYECKHE CPEJHHE, 3aMEHSIOTCS B KBaHTOBOH CTaTHC-
THKe cymMMamu (cM., Hanpumep, [13]).

Bonee cepnesnoe pasnuuue KJaccHYecKod M KBaHTO-
BOIl CTaTHCTHK CBSI3aHO C TeM, YTO KBAHTOBasl MeXaHHKa, B
OTJIHYHE OT KJAaCCHYeCKOH, caMa sBJseTCs CTaTHCTHYECKOH
teopueil. CocTOsiHME CHCTEMBl B KBAHTOBOH MeXaHHKe OI-
pefiesisieT He CaMH MeXaHHYecKHe BEeJMYHHBI, KaK B MEXaHH-
ke HrlotoHa, a saxoner ux pacnpedesenus. Dta TPHUHLHIH-
albHO CTATHCTHYecKasi NPHPOAA KBAaHTOBOH MeXaHHKH CO-
BepILEeHHO He 3aBHCHUT OT CIelHaNbHEIX METONOB (PH3HYECKOM
CTAaTHCTHKH, B KOTOPHIX CPeAHMMH 3HayeHHSIMM BCErja CuH-
TalOT Pe3yJNbTaThl YCPEAHEHHSI MO DASAUYHOIM COCTMOAHUAM
cucmemor. B KBaHTOBOH e MeXaHHKe HJET peub TOJNbKO O
CPEOHUX 3HAHEHUAX 8 OQHHOM @QUKCUPOBAHHOM COCMOSHUU
cucmemst. KBaHTOBasi CTaTUCTHKA OKasblBaeTcs, TaKUM 00-
pasoM, CTaTHCTHYECKOH TeopHell B ABOSIKOM 3HAaY€HHH 3TOro
CJI0Ba.

OnHAKO CTaTHCTHYECKHH XapakTep KBaHTOBOH MeXaHHM-
KM He MMeeT HHYero oOliero, KpoMe BEPOSITHOCTHBIX CIIO-
co00B ONHCAHUSA, CO CTAaTHCTHYECKUM MeTOJOM TPaKTOBKM
COBOKYNMHOCTH OOJNBLIOrO Y{C/JAa YacTull, M MOITOMY Iepe-
XOI OT KBaHTOBOH MeXaHWKH K KBAaHTOBOH CTaTHCTHKE
OCYIIECTBJISIETCS TaK e, KaK M Nepexof, OT KJacCHYeCKOH
MeXaHHUKH K KJI1aCCHYEeCKOH CTaTHCTHKE.

CaMoe cyIecTBeHHOE OTJIHYHEe KBAaHTOBOH CTATUCTHKH OT
KJ1acCUYeCKOH CBSI3aHO ¢ (yHJaMEHTaJbHLIM MPHHIHUIIOM
TOXKJECTBEHHOCTH YacTHI, B KBaHTOBOH MeXxaHuke. B kxac-
CHYECKOH CTaTHCTHKE NEpecTaHOBKA JBYX ONMHAKOBBIX Yac-
THI, MeHsleT MHKpOCKONMYeckoe cocTosiHMe cucTeMbl. [lo-
3TOMY, €CJIH UMeeTCsl COBOKYMHOCTb N OAMHAKOBBIX YacCTHIL
B Pa3JUYHBIX COCTOSTHUSAX, NPHYEM A, o, ..., N — YHCIA
YacTHI[ B 3THX COCTOSIHHMSX, TO YHMCJIO BO3MOXHBIX COCTOS-
HUJ CHCTEMBI, MOJMYYAIOUMXCS NPH MepecTaHOBKE OfHMHAKO-
BBIX YacTHUI (TaK HasblBaeMasi KPaTHOCTb COCTOSIHHS CHCTe-
Mbl), paBHO .

!
Q (nl’ flz, Tt nk) = mlngl. .. I’lkl :
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B KBaHTOBOH CTAaTHCTHKE COCTOSTHME CHCTEMBI HE H3Me-
nsercsl NPH TNepecTaHOBKe OJAWHAKOBHIX YAaCTHI, NPHUEM
CCJIM YACTHIBI HMEIOT LeJBIH CIHH, TO B OAHOM M TOM K€ CO-
CTOSIHUM MOXET HaXOAUThCHl JI060e HX UYMCJIO; KPaTHOCTb
COCTOSIHMSI B JdHHOM Cjyyae paBHa

Qny, ny,y .. ne)y = 1.

310 TAK HasbiBaeMas CTAaTHCTMKa Dose — SDfiHmTeiina.
Eif MoAuMHSIOTCS, B UaCTHOCTH, (DOTOHHL.

s yacTvI ¢ MOJAYUeNbIM CIIMHOM BHIIOJNHSIETCS] TIPHH-
mun Ilaynu, coryiacHo KOTOpOMY B J@aHHOM COCTOSIHMM He
MOXKeT HaxoAuTbcsi Gosee ofgHoll uwacTuubl. IlosTomMy kpart-
HOCTb COCTOSIHHSI I/l HUX paBHa

1, ecnu Bce n; < 1
Q(nl,n27...,nk): ’ == ’
0, ecsoin xotst 6bl ogHo n; > 1.

Jast 3THX yacTHLl cnpaBejsiuBa COBCEM ApYyrasl cTaTHc-
THKa, cTatuctika Oepmu — Iupaka. Eil nopumusiorcs
3JIEKTPOHBI, NPOTOHE], HEATPOHBI U T. I.

Takum o6pasoM, BCEACTBHE TOXKAECTBEHHOCTH YacCTHIL
HMeIOTCS! JBe pasHble KBaHTOBblE CTAaTHUCTHKH, CHJIBHO pas-
Jyyaonyecss No cBoefi GopMe, HO ONMHAKOBBIE IO CBOMM
o6ImHUM MeToAaM.

Ilocsie co3jaHus KBAHTOBOH CTATHCTHKH Pl HESCHHIX
BOIIPOCOB, O KOTOPHIX YIIOMMHAJOCh PaHee, IOJYYHJ HAKO-
Hell peleHHe. Bruia nocTpoeHa TeopHsi 3JeKTPOIpPOBOAHOC-
TH ¥ TEIVIOEMKOCTH METasJIoB, TeOpHs ¢eppoMarHeTHsMa M
T. I. B Hacrosimiee BpeMsi KBaHTOBasi TeOPHS PaBHOBECHBIX
IpPOLIeCCOB NOCTPOEHA B CTOMb XK€ 3aKOHUEHHOH Qopme, Kak
M KJaccuueckas.

Kpome Toro, 3ajio)keHBl OCHOBBI KBAHTOBOH CTATHCTH-
YecKOil TEOpUM HEPABHOBECHBIX MPOLECCOB. Ira TeOpHS
ABJAseTcA  00OOIIEHHEM KJacCHUeCKOH  CTaTHCTUYECKOH
TeopHH HeoOpaTUMBIX MpPOLECCOB Ha ciayuail, Koria s
HMOBEJIeHMSA CHCTEMBbl CYLIECTBEHHBI KBAHTOBHIE 35(MQEKTH.
YpaBHeHHe, ONHKCLIBAIOIlEE HepaBHOBECHBIE IIPOLECCH B
KBaHTOBOﬁ CHCTeMe, HOCHT Ha3BaHHe OCHOBHOI'O KHHeTHue-
ckoro ypaBHenusi. OHO no3BossieT B IPHHIMIE NPOCAEIUTD
3a 3BOJIIOIMEN BO BPEMEHH BEPOSTHOCTH TOTO, UTO CHCTEMA
HAXOAMUTCSI B ONpeNe/EHHOM COCTOSIHWH, XapaKTephu3yeMoM
[OJTHBIM HAG0pOM KBAaHTOBHIX uHcesl (BEPOSITHOCTb 3aMOJIHe-
HHS KBaHTOBOrO coctosidsi). HMHTerpupys OCHOBHOE KH-
HETHYECKOe YpaBHEHHE 10 BCeM IepeMeHHLIM (KBaHTOBBIM
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ypCJaM), KpoMe Habopa OIHOYACTHYHBIX NepeMeHHBIX, MOX-
HO TMOJIYYUTh KBAHTOBbIE KUHETHUECKVE YPaBHEHUS TOTO XKe
THIIA, UTO U KJaccHyeckoe ypaBHeHue Bonblmana.

Jlns Bcero Hamero Ucc/eloBaHUSI CpaBHEHHE OTHOWIEHHU S
KBAaHTOBO! MeXaHUKM K KBAHTOBOH CTaTHCTHKE, C OJHOH CTO-
POHBI, M KJIacCHYeCKOH MeXaHMKH K KJacCHyecKofi CTaTHC-
THKe, C APYroii, HMeeT NepBOCTeNeHHOe 3HaueHHe. AHanu3
STHX COOTHOILUEHUH JaeT IVIaBHBIE apTyMeHT IPOTHB INTYOOKO
YKOPEHHBLIETOCs NPeACTaBIEH!S O TOM, UTO OCHOBHBIM BOII-
pPOCOM B HCCJIEJOBAHHH COOTHOLIEHHS] AMHAMHUECKHUX M CTa-
THCTHYECKHX 3aKOHOB (M3HKH SIBJISIETCS] MCCJENOBaHHE OT-
HOLIIEHUS] AWHAMHUYECKHX 3aKOHOB IIOBEJEHHS OTHEJNbHBIX
YACTHI K CTATHCTHUECKNM 3aKOHaM IOBELEHUS] UX COBOKYI-
HocTd. C mosiBjeHHeM KBaHTOBOH CTATHCTHKHM CTalo oye-
BUJIHEIM, UTO COOMHOUEHUE MeH 0y BAKOHAMU NoBeOeHUs UH-
OJusudyanbhbix 00BeKmo8 U 3aKOHAMU noseOeHUs GOAbULUX
ux cosoKynHocmeti coscem He 00s3amenbro cosnadaem c coom-
HowleHuem OUHAMUHECKUX U CMAMUCMUMECKUX —3QKOHO8.
CBsi3b MEXIY KBAaHTOBOH MEXaHHKOH M KBAaHTOBOf CTaTHC-
TUKOH B NPUHIMIE Ta e, YTO U MeXIy KJacCHYeCKOHd Me-
XaHHKOH M KJIaCCHYeCKOH CTATHUCTHKOM, XOTSl o0e mepBble
TEOPUH OTHOCHATCSA K CTAaTHCTHUECKUM. B janbHeiimmeMm mpu
BBHISICHEHHH PasJIMYHBIX acleKTOB HcclelyeMoil npobmeMbl
MBI TpOBeieM GoJiee NeTanbHoe oOCyXKAEHHe.

§ 13. Bo3HuKHOBeHHE PessiTHBHCTCKOM
KBaHTOBOH MeXaHHKH

CKOpOCTH [BMXKEHHS 4YacTHL MHKDPOMHpPa OIDOMHBI H
yacTo OJIMSKH K CKOpOCTH cBeTa. [103TOMy mpH NMOCTPOEHHH
KBaHTOBOM MEXaHHKH C CaMOro Hauaja NbITAJHCh CTPOHTH
TEOpPHIO, ypaBHEHHS KOTOpPOii ObliM Obl MHBApHaHTHBI OT-
HOCHTENbHO mpeoGpasoBanuil JlopeHua. Ye mepBbie COOT-
Howlenus fie Bpoiins a5t cBoGOAHOTO 3JIeKTPOHA MeJH peisi-
THBUCTCKYIO dopMmy.

MpenyHrep oHOBPEMEHHO CO CBOMM 3HAMEHMTHIM Hepe-
JIATUBHCTCKUM ypaBHEHHEM HalMcall Takxke (HO He omybmu-
KOBaJl) PeNsITHBHCTCKOE ypaBHEHHE, KOTOpOe BIIOCJeACTBHE
ObuTO " He3aBUcHMO mpepyoxeHo KieiinoM, Pokom u T'opro-
HoM. Ceiiuac ero o6bIYHO Ha3bIBAlOT ypaBHeHueM Kiefina —
Topnona — ®oka.

% KsaHToBasi MexaHHKa (JOTOHOB He MOXKET He GbiTh peJssi-
THBHCTCKOH, TaK Kak (OTOHBI Bcerja ABHXKYTCS CO CKOPO-
cToio cBera. TeM He MeHee, XOTs CO3JlaHHe KBaHTOBOH Teo-
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PHH Ha4yaJloCh C IONBITOK MOCTPOEHHS HMEHHO PeJISITHBHCT-
CKOJ TEODHH U OTKPHITHE XOTSI KOPNYCKYJIADHBEIX CBeTa sIBH-
JIOCh OIHMM H3 IepBbIX (aKTOB, JIETIIMX B OCHOBY BCeH
KBaHTOBOH TEOPHH, CHayaJia Bce 2Ke Obl1a IOCTPoeHa Hepess-
THBHCTCKASl KBaHTOBasi MeXaHHKa JBIXKEHHS 3JEKTPOHOB,

B KOHIlE KOHIIOB, 3TO CBSI3aHO C TEM, YTO HEPEJSTHBUCT-
cKasi TeopHs 3HAYUTEJbHO INPOILIE PEJATHBUCTCKOH KaK IO
cBoeMy GoOpMaJLHOMY anmnapary, Tak U 1o GU3HYecKOMY ero
nicronkoBaHuo. IlocnenHee 06CTOATENBCTBO HEMaJOBaXKHO
1IPM Pa3BUTHU CTOJb CJOXKHOH TeOpHH, KakK KBaHTOBas Me-
XaHHKa, HHTepHpeTalusi KOTOPOH Ja)Ke B HepeNsiTHBHCT-
CKOM cJIyyae [0 CHX IIOp IOpOXKAaeT OCTpPhble NHCKYCCHH.

OcHoBHast TpyaHOCTb (OPMYJHPOBKH DeISTHBUCTCKOMH
KBAaHTOBOH TEOPHH IO CPABHEHHIO C HEpeJATHBHCTCKOH 3a-
KJIFOUA€eTCs B TOM, YTO IPH PENSATUBHCTCKUX HEPIHsX, T. €.
IIPH 3HEPTHAX YacTHL, NPEBOCXOASUUX 3HEPTHIO MNOKOs
MyC2, YHCJIO YACTHUIL IlepecTaeT GhITh NOCTOSIHHBIM. B pesyJib-
TaTe TOJNBKO NMPHGIMKEHHO, B TaK Ha3BIBaeMOM KBasupe-
JIATHBHCTCKOM TPUGIMXKEHHH, MOXHO paccMaTpHBaTh dac-
THIY KaK CTPOro OIpejesNeHHYI0 HHIUBHAYaJbHOCTD.

B uacTHoCTH, NpH Mepexofe K PeNSATHBHCTCKOMY ONH-
CaHHIO CYLIECTBEHHO MeHsieTcs NOHSTHe KOOpPAUHATHI Yac-
THIBEL. B OT/IHYHe OT HepeJNSITHBHCTCKOH TeOpHH, JIOKaJIH3a-
IlUsl YacTHIBI B IPOCTPAHCTBE CO CKOJIb YTONHO GOJIbINOH
TOYHOCTBIO CTaHOBHUTCA HEBO3MOXKHOH. Jlokajausaunusi gac-
THUBl B MPOCTPAHCTBE MPOTSKEHHOCTHIO MOPSAKA KOMIITO-
OBCKOM JJIMHBI BOJHBl Ap = fi/m,¢ TPUBOAUT K cooOIIe-
HUIO efl, B COOTBETCTBHHU C NPHUHIMIIOM HeONpeleSleHHOCTH,
SHEPTHH TOPAAKAE 2moc? H, cJeoBaTelbHO, K 06pa30BaHHUIO
lap YacTHLA — aHTHYacTHIA.

PensTtuBucrckoe ypaBHenue Kieitna — I'oppona — ®o-
Ka MOXKHO 3amucarth N0 aHaJoruu ¢ ypasHeHueM [llpenunre-
pa, HO TOJbHKO BMECTO KJIaCCHYECKOI'O COOTHOLIEHHSI MEXLY
9Hepruell U HMIYJbCOM CBOGONHOH uwacTHibl E = p2/(2m)
CNIelyeT HCII0JIb30BATh DPEJATHBHCTCKOE BhlpaxeHHe E2 =
= p%? + mgct. CooTBeTCTBYIOLIee YPaBHeHHe AJIs1 cKaJfaap-
no#t ¢pyukuun ¥ 6yner comepKaThb, B OTJIHYHE OT ypaBHe-
uus llpenuHrepa, BTOPYIO NPOU3BOAHYIC TI0 BpEMEHH.
3To NPUBOAMUT K TOMY, YTO BEJHYHMHA

),

in s OF ¥ v
2moc? ot

aHaNorHuyHasi MJOTHOCTH BEPOATHOCTH B HepeasiTHBHUCTCKOH

TEOPHH, TlepectaeT ObITb TNONOXXHTENBHO ONpeJeNeHHOI.

ot
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Nmenno no nanHoit npuuuHe lllpenunrep He omyGJaHKOBal
cpasy ceoeli paboTHl, MOCBSAIIEHHOH BEIBOLY 3TOTO ypaBHe-
HUSl, H AJINTeJBHOE BPEMs CUHTAJOCh, YTO OHO He CIOocoGHO
OINCEIBATh pPeaJibHble Npoilecchl. JINIIEb yepe3 HeCKOJBbKO JIeT
6bl710 NOKa3aHo, uTo ypaBHeHHe Kuefina — I'opnona — ©oka
cleflyeT paccMaTPHBaTh KaK ypaBHeHHe KJIacCHYeCKOro TH-
na s nossl, KOTOPOMY COOTBETCTBYIOT YacCTHIBI HYJeEBO-
ro cnHHa (7-Me30HBI B NEPBYIO cuepelb), MOJOGHO TOMY
KakK KJaccHueckKHe ypaBHeHUs] MakcBessa sIBJSIIOTCS ypaB-
HeHHSIMH J/I51 2JIeKTPOMarHHTHOI'O 10JIs, KOTOPOMY COOTBET-
CTBYIOT (DOTOHBI.

IlepBBIM peJATHBHCTCKH HMHBapHAaHTHBIM YpaBHEHHEM,
KOTOpOe MOJYYHJIO NOJHOe NPU3HAHHe M ObLIO JeTaJbHO
HCCJeOBaHO, ABUJIOCh ypaBHeHHe [lHMpaka, NpefjoKeHHOe
uM B 1927 r. Jlupax cTpeMHJICSl NOJNYYHTh yDaBHEHHE, CO-
JlepaKaliiee JIMIIb I€PBYI0 NPOU3BOJIHYIO IO BPEMEHH, C TEM,
4yTOObl BOJTHOBOH (PYHKIIHH MOXHO OBUIO NPHIATh TOT XKe
CMBICT, YTO M B 06blyHOH Teopuu Illpenunrepa. Cummerpus
NPOCTPAHCTBEHHEIX KOODAHAT U BDEMEHH, XapaKTepHas A
TEOPHH OTHOCHTENBHOCTH, TpeGoBasa, YTOOLI NMPOH3BOAHbIE
[0 KOOpJMHATaM B ypaBleHUH TakxKe GLUIH NepBOro nops-
Ka. Jlupak MoHsJI, 4To 2amucaTb NOJOGHOE YparHeHHe JJIst
OJHO! CKaJApHON BOJHOBOIl (pyHKLUHM HeBO3MOXHO. KBaH-
TOBOe De/ATHBHCTCKOE IBMKEHHEe 3JeKTPOHA OINHChIBAeTCs
YeThIpbMsI CBA3AHHBIMU JPYT C NIPYrOM ypaBHEHHSIMH, U CO-
CTOSIHHE €r0 XapaKTepu3yeTcsl BOMHOBOH (yHKUHeH, HMe-
rouell 4eThipe KOMIIOHEHTHI, T. €.

L)

Py
¥ = Vs

Vs

KoMnoHeHTE BOJIHOBOH GYHKUHM ¢; 06G1analoT coBep-
[IEHHO 0COObIMH TpaHC(OPMAUHOHHBIMU cBolicTBaMHU. [lpu
nepexofe OT OXHOH CHCTEMbl OTCYeTa K JAPYro#l OHU Npeos-
pasyroTcsl Kak KOMIIOHEHTHI TeH30pa NOJOBHHHOIO paHra —
CIIHOPHI.

Ilpn ananuse ypaBHeHHSs1 [[Mpaka BHISICHHJIOCH, YTO OHO
aBTOMaTHYeCKH INPUBOAHUT K CYIIECTBOBAHHIO y 3JEKTPOHA
He3aJlo/Nro Iepefl TeM OTKPHITOr0 COGCTBEHHOTO MOMEHTa
UMIynbca — cnuHa. IloaydueHHoe ypaBHeHHe ONHCHIBAET
JBHXKEHHE YacTHI €O CMHHOM !/, %. Hanuume yeThlpexKoM-
MIOHEHTHOH (GYHKIHH CBA33HO C TeM, HTO BO3MOMKHBI COCTOA-
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IIMS1 3JleKTPOHA C NMPOEKUMAMH criuHa -+ /h u — 1,75, a
‘taKzKe COCTOSIHHSA C MOJIOXKHTeNbHOM H OTpHLaTe/IbHOH 3Hep-
IHAMH.

CHayaJia TpyHO OBblJIO IOHATh, KAKOH CMBIC/J MOXKET HMETD
COCTOSIHHE CBOGOJHON YacTHLBl C OTPHULATENbHOH SHepruei
1, cJefoBaTeabHO, Maccoi. Ecau 6bl nepexombl U3 COCTOSI-
HHA C TIOJOXKHTENIbHOH 3Hepruell B COCTOSIHHE C OTpHILa-
TeJbHOH 9Hepryell ObUIM 3anpellieHbl, TO HUKAKUX TPYJHOC-
Tell He BO3HHKaJo O6bl. Ho KBaHTOBasi MeXaHUKa He MOXKET
3anpPeTHTL NOJOOHbIe Nepexonsl.

Jupak mpeojosien TPYAHOCTH C NOMOLIbIO TaK Ha3blBae-
Mol «TeopHH AbIPOK». Cor/s1acHO 3TOH TEOPHH BCe BO3MOXKHBIE
COCTOSIHHSI C OTPHLATEJIbHOH 3Heprueil yxe 3anoJHEHBI
2JIeKTPOHAMH U INepeXoflbl B TaKHe COCTOSIHHS 3alpelieHbl
npuHuunoM Iaynau. Eciu onuH U3 3/IeKTPOHOB OTPHLATENb-
1oro ¢oHa NepeHeT B COCTOSIHHE C IOJOXKHTEJIbHOH 3Hep-
rueff, TO oCTaBlUeecsi He3aNnoJHEeHHBIM COCTOSIHHE C OTpHIla-
TeJLHOH 3Heprueil nposBaseT cebsl KaK YacTHIA C MOJIOXKH-
reJlbHOH 3Hepruefl M c 3apsJoOM, NPOTHBOIOJOXHBIM IO
3HaKy 3apsily 3JeKTPOHAa, T. €. MOJOXHTeJNbHBIM. Takum
obpa3oM, TeopHs, ONHCHIBaOLlAsi JaxXe OJUH 3JeKTpoH,
JIOJKHA YYHUTBIBATh COCTOSIHHA C OTpHLATeJbHBIMH 3Hep-
'HSIMH, H, MO CYIL(ECTBY, T€OPHUS JABIPOK» — 3TO TEOPHSs
MHOTMX, COGCTBEHHO I'oBOPsI, GECKOHEYHO MHOTHX YaCTHIL.

HTak, QplpKa COOTBETCTBYET 3JEKTPOHY C IOJOXKHTENb-
IIBIM 3apsgoM — No3uTpPoHy. CTONKHOBEHHIO 3JIEKTPOHA C
MO3UTPOHOM B 3TOH TEOPHH COOTBETCTBYET IepeXoj, 3J1eKTpo-
la Ha BaKaHTHOE MeCTO B COCTOSIHHE C OTpHLAaTeNbHOMH
JHeprueH, CONpOBOXKAAIOIIUICS pOXIeHHeM JABYX (poTo-
110B 60JIbLIOH YacTOThl, H, 06paTHO, POTOH GOMBIION 3HED-
MM B T0JIe sipa MOXET MOpPOAUTh Napy 3JeKTPOH — Io-
3HTPOH.

Takum o6pasom, Teopusi [lupaka mpefcKasblBaja cyLie-
CTBOBaHHE HOBOH YaCTHII — IMO3UTPOHA, OTKPBITOIO B
1932 r. B KocMHuyeckHX Jyuax. Eile BaxkHee, UTO Teopus
ycTaHaB/HBa/la OOLMH (aKT CyLIeCTBOBAHMS YaCTHIl-JBOH-
1uKoB. IT03UTPOH siBJIsIETCS aHTHYaCTHLEH 3JeKTpoHa.

ITepBoHauanbHass «TeopHusi JBIPpOK» JlHpaka npHBOAUT
K TPYJIHOCTSIM, CBSI3aHHBIM C 6€CKOHEYHOH IJIOTHOCTBIO 3J/1eK-
TPUYECKOro 3apsia B COCTOSHHAX C OTpHIATeJbHOH 3Hep-
ruell. TlosiBjleHHe TaKUX TpYyIHOCTel, OYeBHAHO, OOYCJIOB-
JIeHO TeM, YTO B Teopud Jlupaxka jejaeTcs IONBITKA OMNH-
caTh IPOUECCH C HePEeMEeHHBIM YHCJIOM YaCTHL Ha f3bIKe
KBAHTOBBHIX NEPEXOJIOB ONHOH YacCTHIBL. IDTO FBHO HemocJje-
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loBaTe/bHO. B coBpemeHHOH (OpMYJ/IHPOBKE TEOPHH (xBaH-
TOBOI 3JIeKTPOJHHAMHKE), O KOTOPOH NOHAET peub HHXKE,
CYIIECTBYET IOJIHAasi CHMMETPHSI MEXAY 3JIeKTPOHaMH H Io-
sutpoHaMu. Kak 3/IeKTPOHHBIM, TaK H MO3HTPOHHBIM CO-
CTOSIHHSIM COOTBETCTBYeT IOJIOXKHTeJIbHasi SHeprus. [lupa-
KOBCKMIl OTpHLATeJbHbl (OH OKasbiBaeTcss He Goslee 4eM
HarJsAHOH KapTHHOM, IMO3BOJISIOMEH NpocThiM 06pasoM pa-
306paThbCs B NPeBPAIlEHHSAX 3JIeKTPOHHO-NIO3UTPOHHBIX Map.
Hukakoil peasibHOCTH COCTOSIHHSIM C OTPHIATEJbHOH 3Hep-
ruefl mpujaaBaTbh He ClenyerT.

Hekoropoe Bpemsi cuuTaloch, 4To ypaBHeHue Jlupaka —
9TO €JMHCTBEHHOE peJNSITHBHCTCKOE KBaHTOBOE YypaBHeHHe
IJIS1 4acTHl, ofJajaroimux Maccoi nokos. JIumsp mocsie To-
ro, Kak BBISICHHJOCH, YyTo ypaBHeHHe Kieiina — doka —
TopmoHa siBisieTcss peNATHBHCTCKH HHBADHaHTHBIM ypaBHe-
HHEM JIJ151 4acTHIL CO CIHMHOM HYJIb, CTajla SICHA HENpPaBHJIb-
HOCTh TaKOTO IIpeACTaBJeHHUS.

OnHako ypaBHeHHe [lMpaka no-npexHeMy HMeeT BaX-
Heilluee 3HayeHHe. OHO ONMCHIBaeT ABHXKeHHE He TOJbKO
3JIEKTPOHOB, HO M JIIOGBIX YacTHI[ € MNOJYLEJIBIM CIIHHOM
(3/; %). DOJBLIIMHCTBO e CTa0MJBHBIX H MeTacTaGHJbHBIX
4acTHI (4aCTHI CO BpPeMeHeM XKH3HH, 3HAUUTeJLHO IIPeBhI-
LIAIOIUM XapaKTepHOe BpeMf CHJbHBIX B3aHMOJEHCTBHH,
0 TIOPSAAKY BeJqH4HHB paBHOe 10728 cex) nMeer MMeHHO Ta-
Koe 3HaueHHe criiHHa. KpoMe 3/1eKTPOHOB CIHH 1/, 72 HMeloT
J-ME30HBI, HEHTPHUHO, NMPOTOHBI, HEATPOHBI M MHOTOYHCJIEH-
Hasl TPyINa THNEPOHOB. ¥ BceX STHX YaCTHI[ CYLIECTBYIOT
COOTBETCTBYIOLIHE aHTHYACTHIHL.

OpHa H3 3aMeyaTeJbHEHIINX 0COGEHHOCTEH PEeNSITHBHCT-
CKOH KBaHTOBOIl MeXaHHKH COCTOMT B TOM, YTO JaHHOMY
THIY 3JIeMEeHTapHOH 4acTHIBI B 3TOH TEOPHUH COOTBETCTBYET
cBoil TUN ypaBHeHHs. OCHOBHOH BeJMYMHOH, oONpejesio-
Iedl TeH30PHYIO DPasMepHOCTb BOJIHOBOH (yHKUUH (T. e.
ee TpaHcOpMalHOHHbIE CBOHCTBA), SIBJIseTCA CHHH. Eciau
4acTHIaM C MOJYLEJNbIM CIHHOM COOTBETCTBYET CIIHHOPHOE
ypaBHenne [upaka, a ¢ HyJeBHIM CIIHHOM— YpaBHEHHE
Kieiitna — ®oka — I'opmona [y cKajasipHOH (TouHee,
nceBJocKalasApHO# *)) Bo/HOBOH (QYHKUMH, TO YacCTHIAM C
LEJBIM CIIHHOM COOTBETCTBYET ypaBHeHHe JJA BeKTOpHOH
BOJIHOBO# (pyHKIIHH.

*) IlceBnockansp oTaMYaeTcst OT CKansipa TeM, YTO MPH TPOCTPAH-
CTBEHHOM OTPaXK€HHH OH MEHfeT 3HaK.
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EnuncTBeHHOR cTa6uibHOM uyactHued, o6Janaoueit
ueabM CIIHHOM, DaBHHIM 7, fIBJISIeTCA 4acTHLla ¢ HYJeBOH
maccoii mokos — ¢oToH. I[IpH nNOCTpOEHHH TEeOpHH JIBH-
’KeHHs GOTOHOB 3a OCHOBY 0epyTcsi ypaBHeHHsi MakcBeaJa
B 06blyHOH ¢opMe. BosHoBble cBoiHcTBa (OTOHOB MOXKHO
y4ecTb COOTHoUIeHHeM E =7/®, CBA3LIBAIOUIUM 3HEPTHIO
tdoroHa E u ero yacroty ©. YpaBHeHHH MakcBe/sia BMecTe
C 3THM COOTHOLIEHHEM COBEPIIEHHO JOCTAaTOYHO JJIsi OCTpoe-
HUSI TEOPDHH JIBHXKeHHf (DOTOHOB.

Hano 3aMeTuTb, YTO HamnpsXKEHHOCTH 3J1€KTPOMAarHHT-
HOT'O MOJST He SIBJASIIOTCS BOJHOBOH (yHKIHeH B KBaHTOBO-
MeXaHHYecKoM cMeicie. Ho MoXKHO BBECTH BEKTOPHYIO BeJH-
YHHY, CBfI3aHHYIO C HaNpsSDKEHHOCTSIMH 3JeKTPHUYECKOTo
nojss E u MarHutHoro nojsi H, Kotopas CJyXKHT aHaJorom
BOJIHOBOH (YHKIIMH 3JIeKTPOHA B KBaHTOBOH MeXaHHKe. [las
Hee MOXHO 3anHcaTh ypaBHeHHe THNA ypaBHeHusi llpenun-
repa. OfHaKo JiuIIb B UMIYJIbCHOM NpeJCTaBJeHHH 3Ta Be-
Ju4YrHa (TOYHee, KBaJpaT ee MOAYJS) HMEET CMBIC/ BEpPOSIT-
HOCTH OOHapyXeHHsl (OTOHa C oInpeleseHHbLIM 3HaueHHeM
uMnyJabca. BosHoBoH ¢yHKUHMH A/si GOTOHA B OGBIYHOM
cMbIC/Ie (B KOOpAMHATHOM NpPeICTaB/JeHHH) He CYLIecTBYeT.
Helo B TOM, 4TO BepPOATHOCTb OGHapy»XeHHS ¢(OTOHA, B
OT/IHYME OT 3JIEKTPOHA, B onpeleJeHHOH 06JacTH MPOCT-
paHCTBa 3aBHCHT OT MJIHHB BosHBL. IloHsiTHe Ke MJIHHBI
BOJIHBI B TOYKE JIHIIEHO cMbicjia. MHBIME cioBamH, ¢GOTOH
HeJb3sl JIOKaJH30BaTh B 06J1aCTH, MeHblIeH JJHHBI €r0 BOJ-
Hbl. B 3TOM OTHOLIEHHH OH MeHee HaNOMHHAeT KOPMYCKY-
JIy, 4eM 3JIEKTPOH H JpYrHe YacTHUbI, objajaroiine Maccol
nokosi. TeopHsi MO3BoOJIAET JHIIb BBLIYHCIHTH BEPOSATHOCTD
NOrJIOLeHHST WM U3JIy4YeHHs GOTOHA aTOMOM, PacloJIOKeH-
HBIM B laHHOH 06/1aCTH NPOCTPaHCTBA.

KBanroBasi TeopHs JBHKeHHS (OTOHOB, TaK XKe KaK H
JIPYTHX 3JIeMeHTapHBIX YacTHI, HMeeT CTaTHCTHYeCKHH Xa-
pakTep. JIuib npH mepexofe K KJ/JacCHYECKOMY mnpeaeny,
Korja B mpoleccaX y4acTByeT odeHb GoJIbLIOe YHCIO (OTOo-
HOB, BePOSITHOCTb NPAKTHYECKH NpeBpallaeTcsi B JOCTOBEp-
HOCTb H 3aKOHBI 3JIEKTPOMarHHTHOTO MOJsi MPHOGPETAIOT
IMHaMHuyecKHil XapakTtep *).

*) Hago oT™MeTHTB, YTO KJacCHYeCcKasl TPAKTOBKA MOJsi NpH GoJb-
IIOM YHCJE YacTHI BO3MOXKHA TOJNBKO TOTA3, KOrJa YacCTHIUbI HMET
UeJabIH CMHH U NOAYHHSAIOTCA cratHcTHKe Bose — Jiinwresina. Crnpasen-
JMHBOCTh NpHHUKNa [Taysu 115 4acTHIL C MOJIYLeNLIM CIMHOM, HalpUMeEp,
JIUISL 3JIEKTPOHOB, JieJlaeT HEBO3MOXHOMA KJaCCHYECKYIO TPAKTOBKY 3J/1€K-
TPOHHOTO NOJ S, TOTAA KaK KJacCHYeCKas TPAKTOBKA 3J€KTPOMarHHTHOIO
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YacTtuubl ¢ HYJEBHIM CHHHOM (B IMepBYylo odYepeib
71-ME30HBI) ONTHCHIBAIOTCS, KaK YKe TOBOPHJIOCh, YPaBHEHHEM
Kaefina — Poka — loproHa. dromy ypaBHeHHIO, KaK H
ypaBHeHHsIM MaKcBeJ/1a, MOXKHO NPHAATh KOPNYCKYASPHYIO
HHTEpIIpeTaLHIO.

§ 14. KBaHTOBas 3JeKTPOIHHAMHKA

Haunnas ¢ 20-x rogoB XX BeKa, nocje co3faHus Hepe-
JIATHBUCTCKOH KBAaHTOBOH MeXaHHKH, BCe JaJibHeiillee pas-
BUTHe (PH3HKH MHKDOMHMPA LIJIO NOJ ¢1aroM KBaHTOBLIX TeO-
puii cTatHcrtHyeckoro Xapakrepa. HauGosee riyGokue
OTKPBITHS GbIIH clelaHbl HMeHHO 3Jlecb, B (U3HKe 3JeMeH-
TapHbIX YacTHI.

IloGeaHoe LiecTBHE CTaTHCTHYECKHX 3aKOHOB, HauaBliee-
cs Bo Bropo#l moJsoBuHe XIX Beka, mpuBesio K TOMY, UYTO
JIMHaMHYecKHe 3aKOHBI COBEPLIEHHO YTpaTHJIH Gblioe 3Ha-
YyeHHe OCHOBHOTO, a MOPOH M eIHHCTBEHHOTO MeToja HccJe-
JnoBaHHA (YHIaMEHTaJbHBIX MPOLIECCOB NMPHPOJHL.

ITocTpoeHne KBaHTOBOH TeOPHH NoJleH — XOTs H JajleKo
He 3aBeplIEHHOe — 3TO MOCJAeJHHH Ha CerofHsIlUHUH JeHb
3Tal B Pa3BUTHH CaMbIX IVTyGOKHX, caMblX (yHIaMeHTalbHBIX
npenacraBJeHul o npupone. 3xech GH3HKH BILIOTHYIO NOLO-
UVIH K pEIIEHHI0 BONpOCAa: B KAKHX He PaCUJeHHMBIX yxkKe
Jnajiee GopMax MOMKET CYIeCTBOBATh MaTepHsi?

Henp3si cunrath, 4TO OGbIYHAS KBAaHTOBAasi MeXaHHKA,
Jaxe B ee PeJSITUBUCTCKOH ¢opMe, 0 KOTOpoH y Hac uuia
peub, OXBaTbIBaeT BCe MHOrooOpasHe NpoleccoB MHKPOMH-
pa. Bosiee Toro, oHa He BHOJIHe Noc/efoBaTelbHa. TpakToB-
Ka B3auMOJIEHCTBHA B OJHOYACTHYHOH TEOPHH OCTaBaJjlach,
N0 CYIIeCTBY, KJaCCHYECKOH H, COOTBETCTBEHHO, HMelolle
JUHaMHUYecKHH XapaKTep. [IBH:KeHHe KBaHTOBOH YacCTHIHI,
HanpHMep 3JeKTPOHa B aTOMe BOJAOPOJA, paccMaTpHBaJjoOCh
Kak JBHXKeHHe B KJIaCCHUeCKOM KYJIOHOBCKOM moJe. Teopus
He MorJia JaTh IOCJ€eJ0BaTe/]bHOTO ONMHCAHHS TaKOMY BaXK-
HelllieMy mporueccy, Kak H3/JyuyeHHe CBeTa aTOMaMH.

CyTb gena B TOM, 4TOo OObIYHAsh KBaHTOBas MeXaHHKa
OIMHCHIBAJIA CHCTEMBI C HEM3MEHHBIM YHCJIOM YaCTHIL H TOJIBKO

NOJist HMEeT CMBICJ. DTO CBSI3aHO C TEM, YTO ONEPaTophbl POXKAEHH S H YHH-
YTOXKEHH S1 KBAHTOB 3JIEKTPOMArHHTHOTO MOJ S, O KOTOPHIX 6Y/JeT CKa3aHo
B JajbHeillieM, NpH uucje yactuy N = 1 KOMMyTHDPYIOT ADPYT € APyroM
H, CJeloBaTeJbHO, BelyT ce6si Kak OObIYHble KJacCHYeCKHe BeJIHYHHBI.
OnepaToprl Ke POXAEHHS H YHHUTOMEHHS YacTHL, MORYHHSIOIMUXCH
npuHuuny Ilaysnu, Bceria aHTHKOMMYTHPYIOT, H A HHX mpH N 3> 1
HeT MnpelesbHOro mnepexofia K KJAaCCHYECKHM COOTHOLIEHH SIM.
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JUIsl TAKHX CHCTEM OHa NpeJCTaBJsiaa coboil cTpoilHy10, JIOo-
rMYeCKH 3aMKHYTYIO TeopHio. B jneficTBHTENbHOCTH XKe YyHC-
JIO YaCTHI{ B CHCTeMaX He OCTaeTcs MOCTOSIHHBIM, OCOOE€HHO
NpH BBICOKHX 3HEpTHSX.

Bonee Toro, mpouecchl poXAeHHS, YHHUTOXKEHHUS H Ipe-
BpallleHusl YaCTH HMeloT (pyHJaMeHTaJbHOe 3HauyeHHe IJIs
MUKpoOMHpa. MIMeHHO HempepbiBHOE HCIIyCKaHHe H TOIJo-
[leHHe OJHHX YacCTHIl APYTHMMH SBJIsSeTCS OCHOBHOH dopMoit
©KH3HENESTEeJbHOCTHY MUKPOOOBEKTOB, NPHBOASALIEH K
B3aUMOJIEHCTBHIO MEXKIY HHMH.

Chnenymoluii 3Tan B pasBUTHH KBaHTOBOH TEOPHH COCTO-
sJ1 B paclIpoCTPaHEHHH KBAHTOBBIX METOJOB Ha CHCTEMBI C
nepeMeHHBIM YMCJIOM YacTHI, H B HOBOM, COOTBETCTBEHHO,
noaxolie K TPaKTOBKe HX B3auMmojnelicTBus. IIpu pa3Butuu
TEOPHH B3aUMOJEACTBHS YacCTHI[ NMyTeM o6MeHa KBaHTaMH
NOJS-NIOCPEIHUKA ObUIH H3KUTHI CYLIECTBEHHO KJacCcHue-
CKHMe 4YepThl TEOPHH MHKDOINPOLECCOB.

HoBas Teopus, mojyuuBliasi BHayaje Ha3BaHHe METOla
BTOPHYHOIO KBaHTOBaHHs (ceHiyac NpeANOYHUTAIOT ee Ha3bl-
BaTh KBaHTOBOH TeopHel MoJsi), Gbl1a NepBOHAYaJbHO pas-
BHTAa TMPHUMEHHTENIBHO K B3aHMOJEHCTBHIO 3JIEKTPOHOB, IIO-
BUTPOHOB U GoToHOB. B To BpeMsi (KoHel 20-X rofioB) GbIIH
H3BECTHBI, HOMHMO TpaBHTaUMH *), TOJIbKO 3JEKTpOMar-
HUTHBIE CHJIBL. [103TOMY, ecTeCTBEHHO, NpexXjae Bcero Oblia
NOCTPOEHAa KBAHTOBaf 3JeKTPOAHHaMHKA.

CyTb HOBOrO 3Tana pa3BUTHS TEOPHH COCTOHT B TOM, 4TO
Hapsily C onepaTopaMH 3HEpPTHH, HMIYJbca H T. X., Npel-
CTaBJSIOUMMH B OOBIYHOH KBAHTOBOH MeXaHHKe 3TH BeJH-
YHHBI, BBOASITCS OIEpPaTOphl POXKIEHUS H YHHUYTOXKEHHs dac-
THL, IPHYEM CTapble BOJHOBbIE (DYHKIUH B ONHOM H3 Ipel-
CTaBJIeHHH TEODHH SIBJSIOTCS TaKWUMH omepatopaMu. Ecin
Ha NepPBOM 3Tale IMOCTPOEHHS TEOPHH IPOLECC KBaHTOBa-
HHSI COCTOSI/I B 3aMeHe (M3HUECKHX BEJHYHH ONepaTopaMH,
TO Tenepb caMH BOJIHOBble (DYHKIHH CTQHOBSITCSI OIEpato-
pamu. Otciofa ¥ Ha3BaHMe MeTOfa — METOJ BTOPHYHOrO
KBaHTOBaHHS.

Hau6omnee npocto MoXHO JaTh NMOHATHE O CYLIHOCTH TeO-
PHH, €CJTH BOCIIOJIb30BATHCS OIMMUCAHHEM INPOIECCOB B KOH-
¢urypaunoHHoM npoctpaHcTBe (npoctpaHctBo Doka). drto
ONHMCaHHE SIBJISIETCS ONHHMM M3 BO3MOXKHBIX IpeJCTABJIEHHH

*) I'paBUTALUOHHEIE CHJBI, MPEANOJIOKUTENLHO, HE HIPAIOT CKOJb-
KO-HHOYIb CyIIeCTBEHHOH POJIH B MHKDOMHpe H3-3a CBOeH KpaiiHe MaJioft
BeJIHYHHHI.
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TEOpHH, BBITOJHO OTJIMYAIOUIHMCS OT JAPYTHX GoJblueit
HarasgHoctblo. CoCTOsiHHE CHCTeMbl XapaKTepHayercst He
OfHOH BOJIHOBOH ¢yHKuHell IJas (PUKCHPOBAaHHOTO YHCJa
4acTHll, a (pyHKLHOHAJOM, HIpeACTaBISIONHM Cco6OH COBO-
KYITHOCTb BOJHOBHIX (YHKIIHH, KaxJas U3 KOTOpBIX ompe-
JeJisieT BePOATHOCTbL TOTO, 4YTO CHCTeMa COCTOHT H3 H3-
BeCTHOTO YHCJa YacTHL C 3aJaHHBIM pacnpejejieHHeM Be-
posiTHOCTel HX OGHapy»KeHHS B Pa3/M4YHBIX 06JacTSAX mpo-
CTpaHCTBa.

Takum 06pa3oM, Ha HOBOM 3Talle Pa3BHTHS TEOPHII 6epo-
AMHOCMHbIE 3aKOHbL ONPedensiom He moAbKo 3Ha4erue Koopou-
Ham, uMnyabcos, 3Hepauu U OpYyaux 6eAULUN, HO U CaMO HUC-
20 yacmuy. TIpH CTONKHOBEHHH, K IPHMePY, YacTHI[ BBLICO-
KOH 3HeprMH YHCJIO POXK/JEeHHBIX YacTHL He onpelessieTcs
OJIHO3HAYHO Haya/JbHBIMH COCTOSIHHSIMH CTaJIKMBalOLIMXCSA
MHKPOOOBEKTOB.

Oneparop poxJeHHS 4YacTHL, AeHCTBYS Ha (yHKLHOHAJ
doka, yBenHuHBaeT YMCJIO YACTHL Ha €IHHHLY B KaXIOM
COCTOSIHHH; ONepaTop YHHUYTOXKEHHs], HallPOTHB, yMeHbllaeT
ero Ha efuHHLY. Teopusi He BCKPHIBaeT «MeXaHHU3Ma» POXK-
JleHHsl, VHHYTOXKEHHS] U npeBpauieHus yactil. Jlo6oit npo-
Iecc B Hell paccMaTpHBaercsi KaK YHHYTOXKEHHMe OLHHX yac-
THIL B ONPEJEJeHHOM COCTOSHHH H NOSBJEHHE APYTHX B HO-
BHIX COCTOSIHHSIX.

B ocHoBe TeopHH JIEXHT npe,uCTaB.neHHe o cBoGogHOM
3J1eKTPOMAarHUTHOM Iojie (B OTCYyTCTBHe 3apsilioB) H, COOT-
BETCTBEHHO, CBOGOJHOM 3JeKTPOHHO-NIO3UTPOHHOM IoJle,
He B3aMMOJEHCTBYIOLIEM C 3JI€KTPOMAarHUTHBIM.

KBaHTOBaHHOe 3/IEKTPOMarHHTHOe IoJe paccMaTpHBa-
€TCsl KaK COBOKYMHOCTh YacTHi — ¢oToHOB. CooTBeTCT-
BEHHO 3HEPrHsl 3JeKTPOMAarHMTHOTO IOJs1 3alHChIBAaeTCs

B opMe
W = D) (ns + 's) hoog,

k=1

rje fn, — YHCJO (GOTOHOB C 3Heprueil fiwy.

CocTosiHHe C HauMeHbleH dHeprueil Ha3blBaeTcsl BaKy-
YMHEIM H HrpaeT BO BCell TEOPHUH OYeHb BAXKHYKIO POJb.

BakyyM B KBaHTOBOH TeOpHM — cOLceM He Ge3jlHKOe
Huuto. Yucno vactuy (GoToHOB) 7, B BAKYYMHOM COCTOS-
HHH PaBHO HYJIIO, HO 3TO COBCEM He O3HauaeT, YTO 3J1eKTPO-
MardHuTHoro noas Her. CylleCTBYIOT Tak HasblBaeMbie HYJle-
Bble KoJieGaHHS NoJs (GUIYKTYaUHOHHOrO XapaKTepa, 3Hep-
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o0

rust KoTopeiX W, paBHa ) 1/, hwg. Tak Kak uHcao cTeneneit
k=1

¢BOGOJIbI NOJISI GECKOHEYHO BEJIHKO, TO W 3HEPrHSl HYJeBBIX
KosieGaHuil Toxke GeCKOHEYHa, HO ee HeJb3s NIPOCTO OT6po-
CHTb, KaK JIHIIEHHYIO (pU3HYecKoro cMeicja. KBaHTOBHIE
(DIYKTyaUMH TNOJs HEYCTPaHHMBI, M IIPH B3aHMOAEHCTBHH
3JIEKTPOMarHHTHOI'O NOJIS C 3apsXKEHHBIMH YacTHLaMH OHH
1pHUBOAAT K 3ddeKkTaM, Ha6G/M0IaeMbIM 3KCIEPHUMEHTaJbHO.
Mer 06 3TOM GylieM rOBOPHTH B JaJIbHEMHIIEM.

Iloka cnenyer noguepKHYTh OQHO OGCTOATENBCTBO, OUEHD
CYlleCTBEHHOe JJIs1 Bcelt HHTepecylomel Hac NpoGJaeMbl.
Teopusi NpUBOXHUT, B COFJIACHHU C IKCIIEPUMEHTOM, K BLIBOAY,
YTO 8 npupode He MOALKO He cyijecmeyem abCOAOMHO NYCMOo-
20 npocmpancmaa, 20e Hem noied, HO He cyujecmeyem y4acm-
K08 RPOCMPAHCMBA, 8 KOMOPLIX He npoucxoduru Obt haykmy-
QUUOHHbIE USMEHERUS IAEKMPOMAZHUMHAHO020 noas. JJocmamou-
HO obpamump GHUMAKUE HA BAKYYMHbIE (aykmyayuu noas,
U cpasy e CmaHem NOHAMHbIM, YN0 OUHAMUYECKUE 3AKOHB
OBUINCEHUS HACMULY, MO2YIM BLINOAHAMBCA MOALKO NPUOAUNCEH -
HO. [Ias ux evinoaHerus mpebyemcs no Kpainel mepe maxoe
npubauxcerue, npu KOMOPOM SMUML DAYKMYAYUAMU MOHCHO
npetebpe4s.

IlpH KBaHTOBaHHH CBOGOJHOIO 3JIEKTPOHHO-TIO3HTPOH-
HOTO MOJISt OJTYYAIOTCS CXOJIHbIE pe3yJbTaThl. B uacTHocTH,
Hapsily ¢ BaKyyMHBIM COCTOSIHHEM 3JIeKTPOMarHHTHOroO Mo-
JISl CYIECTBYET 3JIEKTPOHHO-TIO3UTPOHHBIH BaKyyM, KOTOpPO-
MYy TaKXXe COOTBETCTBYeT GecKOHeWHasl SHeprus.

PaccMoTpeHHe B3auMoneHCTBHSI (OTOHOB C 3JEeKTPOHa-
MH H IO3HTPOHAMH H3-3a 6ECKOHEYHOr'0 YHCJa cTeleHel ¢BO-
6olbl Y MOJIsT TPHBOIUT K 3aJiayaM, KOTOPhIE Hellb3sl PellHThb
TouHo. OfHAKO B TEOPHH 3JIEKTPOMArHHTHBIX B3auMoAef-
cTBHH 3TO He co3jaeT Ge3BLIXOAHOro moJjoxeHus. Jlo6yio
3ajjayy MOXXHO DelINTh NPHOJHXKEHHO, eC/IM PacCMaTpHBAaTh
B3aHMOJleHicTBHe noJefl Kak Majloe BO3MylLleHHe CBOGOAHO-
ro COCTOSTHHA. DTO IONMYCTHMO, TaK KaK Oe3pa3MepHasi Be-

e 1 »
JIMYHHA O = 2= = =5, XapaKTepH3YIOlasi B3aHMOLeHCTBHE,
3HAYUTENBHO MeHbIle eJHHHLE *).
*) B nepsoM nopsiake useH B3aMMOZEACTBH 1 PONOPLHOHATIEH NPO-

H3BEAEHHIO Othy, THe Ao = e — KOMITOHOBCKASt IJHHA BOJIHBI J€K-

tpona. IToaToMy B mepBomM nMpuUGTHKEHHH B3aHMOIEHCTBHE MOMHO OMH-
caThb KJaCCHYECKOH 3neKTponMHaMuKo# Makcsesa, He coiepxkauiedt %.
Tonbko mMONMpaBKH BTOPOrG MOpPSAKa MO C - OPraHHYECKH cojepxar fi.

69"



Perenue mo60# 3anaun HIETCS METOJLOM Teop HH Bosmy1
IIeHHH B BHJEe Pa3JiOXEHHs IO cTeneHsaM o. Baaumonefict-
BHe NPHBOIMT K H3MEHEHHI0 YHCJIa YAacTHL, UX 3Hepruf,
HMIIYJIbCOB H T. 1. B HEBO3MYLIEHHOM cOCTOsiHMH. Bce pe-
3yJIbTaThl, IMOJYYeHHbIE B NEPBOM MPHOIHXKEHHH, XOPOLIO
COTJIACYIOTCS C SKCIepUMeHTOM. [lepBoe npubIHKeHHe OIH-
CHIBaeT MpOLecChl, B KOTOPBIX Y4acTBYIOT OfHH (OTOH H JBa
3JIEKTPOHA (3/IEKTPOH B HayaJbHOM H KOHEYHOM COCTOSTHHH
paccMmarpHBaeTcsl Kak JBe pas/MYyHble YacTHIbl), a HMEHHO
H3JyyeHHe (DOTOHA 3JeKTPOHOM HJIH TO3HTPOHOM, a TaKxKe
pPOXKJIeHHe WJIH aHHUTHJSLMIO nap.

Bce nporeccel KBaHTOBOH TEOPUH OIS MOTYT GBITH Npes-
CTaBJ/IeHbl HarJsfHO ¢ nomoiipio auarpamMm PefinmaHa, Ha
KOTOPBIX OGBIYHO 3JIEKTPOH HJIM IO3HTPOH H306pakaercs
CIVIOIIHOH JIHHHeH, a ¢oToH — nmyHKTHpHOH. Ilpouecch
nepBoro nopsifika u3obpaxarTcs JuarpaMMoi ¢ oqHOH Bep-
wpHoH (puc. 1). BepuinHe A cooTBeTCTByeT TOuKa, B KOTO-
poil mpomsollio B3aumojelcTBHe. Teopusi MO3BOJISET BhI-
YHCJIUTH BEPOSITHOCTb 3TOI'O B3aHMOJEHCTBHUS.

Hano ckasaTb, 4TOo mpoleccel MOXOGHOrO poja JJis CBO-
GOIHBIX YACTHIl peasjbHO NMPOTEKaTh He MOTYT, TaK KaK OHH

Puc. 1. Puc. 2. Puc. 3.

He Y/OBJIETBODSIOT ONHOBPEMEHHO 3aKOHAM COXpaHeHHs
3Heprud U uMmmyJbca. Ho Bo BHelrHeM moJe, HanmpHMep
B ToJle siipa, OHH HATH MOTYT.

ITpouecchl BTOpOro mnopsaka, MPONOPLHMOHAJbHBIE a2,
ONHUCHIBAIOT paccesiHHe (POTOHOB 3JIEKTPOHAMH, paccesHHe
3JIEKTPOHOB JpYr Ha Jpyre (¢pakTHYeCKH INpolecC B3aHMO-
JIeACTBHSI 3JIeKTPOHOB), DOXIeHHe nap JABYMs (hOoTOHaMH,
aHHUTMJISLHIO C pOXJeHHeM Iapbl raMMa-KBaHTOB H Jp.

Bce st mpouecchl paccMaTpHBAIOTCS B TEOPHH Kak Ie-
pexoJ U3 Haya/bHOIO COCTOSHHSA B KOHEYHOe He H eIl O C-
peacTBeHHO.

CHava/la cHcTeMa NepPeXOIHT B HEKOTOpPOe NPOMERYTOY~
HOE COCTOsIHHE, 2 3aTeM yKe U3 Hero B KoHeuHoe. C moMolipio
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yuarpaMMm DeliHMaHa npouecchl BTOPOro MOPAAKA MOXHO
1306pa3uth rpadMkaMy JBYX THIIOB C JBYMSl BepUIHHAMH.

Ha onHoii fnarpamme (puc. 2) B NpOMeXYTOYHOM COCTOS -
Huu Haxoputcsi ¢otoH (muuus AB), Ha apyroii (puc. 3) —
37eKTpoH. [lepBasi juarpamMma onmuchiBaeT NPOLECC B3AHMO-
JIEACTBHS 3apsIKEHHBIX YaCTHL, CyTh KOTOPOTO COCTOMT B
TOM, YTO OJIHA YacTHLa HCycKaeT (JOTOH, MepeXOoAs B 110BOC
COCTOsIHHE, a BTOpasl ero norJoiyaer. Baaumoneiictsue uac-
THL, CBOLMTCS, TakKuM o6pasoM, K HenpepblIBHOMY OOMcIly
¢oToHaMH. B 3TOM cocTOMT nepeBOJ Ha KBaHTOBLIA SI3bIK
KJaccuuyeckol KoHUenuuu GnuskopeiictBus Papajiest —
Makcaedna.

JuarpamMMa, H3o6pa)keHHass Ha pHC. 3, OMHCLIBACT,
B YacTHOCTH, Ipollecc paccesiHHs (OTOHA Ha 3JEKTpolic.
B BepuinHe A npoucxonut norJouieHue ¢oToHa, a B 3 pox-
JlaeTcsi HOBbIH (DOTOH M 3JIEKTPOH NEPEXONHUT B KOIHCUHOC CO-
crossHue. Ta »Ke nuarpamMma onuchbiBaeT aHHHTHJISILLHIO M
pOXKJIEHHE Maphl C Y4aCTHEM JBYX (POTOHOB B KOHEUIIOM HJIH
11a4aJIbHOM COCTOSIHHH.

CaMoe npuMeuaTenbHOE B MeXaHH3Me 3THX IIPOLCCCOB
COCTOHT B TOM, YTO M3JIyYeHHe HJIH morJouleHHe ¢orola ¢Bo-
GONHBIM 3JIEKTPOHOM MOXKET IPOHUCXOLHTb TOJBKO C HAPYIIC-
HHEM B OIIpeJie/IeHHOM CMBIC/Ie 3aKOHA COXPaHeHHus aueprun®),
Takoro poga npouecchl NIPUHATO Ha3LIBATH BUPMYAADNLIMU.
YacTHIBI B NPOMEXYTOYHOM COCTOSIHHH TaKXKe HasbLIBaloT-
¢l BUPTYaJIbHBIMH. BHPTya/IbHBIM 4acTHIIaM COOTBETCTBYIOT
BHYTpPeHHHe JHHHM auarpamMm QefiHmaHa, a peaviLblbiM
KOHIIEBblE JIMHHH, H3006paxalolide YacTHIEI B HauajbLlibix
i KOHEUHBIX COCTOSIHHSAX.

He caenyer aymarb, 4TO BHPTYaJbHbIE NIPOLECCH Il CO-
CTOSIHUSI TMOSABJSAIOTCS BCJEACTBHE HECOBEpPLUEHCTBA BCCHH
TEOPHH B LI€JIOM HJIH 2Ke BCJIeJCTBHe IIPHOTHAKEHHOT0 MCTO/14
BBIUHCJIEHHH B TEOPHH BO3MYLIEHHH W HHKAKOT'O OTHOUICIIHS
K peaJbHOH JeHCTBHTEJIbHOCTH He UMeloT. TaKoH BLIBOjL GblJl
Obl HeusbGexeH B KJacCHYecKOH (pU3HKe ¢ XapakKTeplibiM
JUIsi Hee JHHAMHUYECKHM XapaKTepoM BceX CBsidcH, 10 HE
1 KBaHTOBOH. BeJlb B KBaHTOBOH MeXaHHKe 3HEPTHS olipejle-
JieHa B HHTepBaJie BPEMeHH T B COOTBETCTBHH C MPHIHLHUIIOM
11e0TIPEIeIEHHOCTH ¢ TouHOcThio AET 2= Fi.

Hmeetcss cratHcTHueckH# pasbpoc 3HaueHHi anepruu. B
CHJIy 3TOr'O MOXKHO paccMaTpuUBaTb BHPTYyasbHble NPOLECCH

*) YkasaHHbIE IPOIECCH BTOPOTO NMOP KA HAYT MeXAY CBOGOAHBIMH
YaCTHILAMH B OTCYTCTBHE KaKHX-JTH6O BHEIIHHX moJsel.
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KaK npoTrekarwlqne BNONHe peallbHO, HO CYHTATh ClpaBex-
JIUBbIM 3aKOH COXPaHeHHUsl SHePIHH B TOH Xe Mepe, B KaKoH
BBITIOJIHEHKE COOTHOlIEHUs] HeomnpeaeienHoctedl AE > h/v
He 03HayaeT HApYLIEHUs 3TOTO 3aKOHA, BHpTyanbHble Mpo-
LIeCCHl OCYIIEeCTBISAIOTCS 3a OYeHb Manoe BpeMsi. [[J1s1 3JIeKT-
POMarHHTHBIX NpOleccoB 3TO BpeMms nopsigka (072 cex
(xapakTepHOe BpeMsl 3JE€KTPOMATrHHTHBIX NPOLECCOB).

CorslacHO KBaHTOBOH 3/IeKTPOJHHAMUKE BepPOATHOCTD
H3JIy4eHHs] CBOGOHBIM 3JIEKTPOHOM (pOTOHA OT/IMYHA OT HYJIs
NIpH MaJblX HHTepBajaX BpeMeHH. I1pH crpeM/eHUH BpeMeH-
HOTO HHTepBaja K 6eCKOHEYHOCTH BePOSITHOCTb 3TOrO IMpO-
mecca CTPOro paBHa HyJIo *).

Takum o06pa3oM, TepMHH ¢«BHPTYaJbHBIR» ¥*) MOXKHO
paccMaTpHBaTh Kak 3SKBHBAJIEHTHBIH TEPMHHY «IIPOMeXY-
TOYHEIA» H He CYHTaTh, YTO BHPTya/bHble YaCTHIHI MeHee
peasbHHl, yeM OOBbIYHEIE, KaK 3TO 4acTo JlesaeTcs.

Ecau 3apskeHHO#l yacTHlle COOOIHTL SHEPTHIO H3BHe,
TO BHPTYaJIbHbIe (DOTOHBI MOTYT IIPEBPATHThCS B peajibHble U
6yner 3aperucTpHpoBaH (aKkT POXKJIeHHs HOBBIX YacCTHIl —
H3JyuyeHHe cBeTa **¥),

PaccmarpuBas B3auMofeficTBHe, MBI NOKa He Kaca/lHCh
TaK HasblBaeMbIX BaKYYMHBIX 3(peKTOB.

HyneBbie KoneGaHuS 3JeKTPOMArHHTHOTO MNOJS OKasbl-
BalOT onpeJie/ieHHOe BO3JeHCTBHE Ha ABHXKEHHE 3JIEKTPOHOB,
YTO NMPHBOAHT K HeOOGXOZHMOCTH BBeJeHHs CHelHpHUYecKHX
pajgHalHOHHBIX NONPABOK B 3HaYE€HHS IHEPI'HH, MAarHHTHOIQ
MOMeHTa H T. 1. BMecTe ¢ TeM peasnbHoe 3/1€KTPOMarHUTHOE
noJjie BO3MYILAeT HyJeBble KoleGaHHS 3JeKTPOHHO-NO3UT-
POHHOrO MOJsSA, KOTOphble MOXKHO paccMaTpHBaTh Kak Mpo-
1ecc 06pa3oBaHHsl H aHHUT'HJISIHH BUPTYaJbHBIX 9JIEKTPOH-
HO-TIO3UTPOHHBIX nap. IloJe 3apskeHHOH YacTHIb llepepac-
npefe/sieT onpeie/JeHHbIM 00pa3oM BHDPTYaJbHble [aphl, YTO
BelleT K YacTHYHOH 3KpaHHPOBKe 3apsja, Mopo0HOH To#,
KoTopasi BO3HHKaeT NPH INOMeUeHHH 3apsiia B JUJIEKTPHK
BCJIEICTBHe INOJApH3aUuH mnoclefHero. [lostomy sddext
5KPaHHPOBKH 3apsifla BUPTYaJbHbBIMM NapaMH HOCHT Ha3Ba-
HHe TNoNspH3auHd BakyyMa. [loasipusaunus BakyyMa, KaK H

*) ®H3uYeCKUH CMBICJ BHUPTYaJbHHIX NpoleccoB Gosee MOAPOGHO
paccMotpen B cratne [14].

**) 3amerTHM, u4TO B KJACCHYECKOH MeXaHHKe TEDMHUH «BHPTYyasibHbIEY
NPUMEHHTENIBHO K NIePeMELeHH) IM HMEeT COBCEM HHOM CMBIC], YeM B KBaH-
TOBOM Teopuu. B Kiaccuueckoif MexaHuKe «BHPTyaslbHbe» O3Hauaer
BO3MOJKHble, JONMYCTHMblE CBSA3SMH INepPeMelieHH .

'**)vl'lonpo6ﬂee 0 BHPTYaJbHBIX YacTHIAX M Mpoleccax Noiaer peys
B ra. V.
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B3aUMOJIeHICTBHE C HYJIEBBIMH KOJIeGaHHSIMH 3JIeKTPOMArHHT-
HOTo NoJsl, NPHBOAMUT K NONpaBKaM B 3HAUeHHSX 3HePrHH
aTOMHBIX 3JIEKTPOHOB H T. I.

INonspusauuss BakyymMa oGyCJ/IOBJIHBaeT CYLIECTBEHHO
HeJIMHEHHBIH 3JIeKTPOAHHAMHYeCKH 3¢deKT, a HMEHHO pac-
cestHHe CBeTa Ha cBeTe B BakyyMe. I1paBna, adibekT 3TOT Ha-
CTOJIBKO MaJl, YTO SKCIIEpUMEHTAaJILHO OH NOKa He 0GHApYyXeH.

Yyer pagHalHOHHBIX NONPAaBOK H NOMNPABOK, BLIBBAHHBIX
nosisipu3alueil Bakyyma, BooOie roBopsi, HEOOXOIHM IpH
pacuete Jio6oro s¢dekra, NpHYeM B3aUMOLeHCTBHE YaCTHLIBI
C BaKyyMOM MBI MOXKeM paccMaTpHBaTh KaK B3aUMOJleHCTBHe
4acTHUBl caMoit ¢ co6oi, kKak camonelictBie. Benb, kpo-
Me HCCJIeNyeMOH YacCTHUbl, JPYTHX peaNbHBIX YacTHIl NpH
3TOM HeT.

PanuauuoHHblM NompaBKaM COOTBETCTBYET HCNMYCKaHHe
H MOIVIOILEHHE YacTHlleHd BHPTyanbHbIX ¢oToHoB. Ha nuar-
pammax QeiliHMaHa 3TOMy OTBeuaeT MOsIBJIEHHE ABYX JONOJI-
HHTEJbHBIX BepLUMH, CBSI3aHHBIX MYHKTHPHOMH JHHHEH, H30-
6paxaromelt ¢oton (puc. 4). BupryanrHomy o6pa3oBaHHIO

7 :q S ;

Puc. 4. Pue. 5.

napel 3JIEKTPOH — MOSHTPOH TaKXe COOTBETCTBYIOT J(Be
JOTOJIHUTE/NbHbIE BepLIMHLI (pHC. 5).

YueT BaKyyMHBIX 3(}peKTOB NMO3BOJIHJ 0GBACHHTD 3KCIe-
pUMeHTa/IbHO HabJioaeMoe pacliel/IeHHe NepBOro BO36y K-
AEHHOrO YpOBHsI aToMa Bofopoia (6e3 ydyeTa BaKyyMHBIX
3¢}eKTOB NOMKHO HaGMONAThCS BHIPOXKJEHHE M YPOBeHb
OKa3bIBA€TCs HepacllleN/leHHBIM) H aHOMaJbHOe 3HaueHHe
MarHHTHOTO MOMeHTa 3JleKTpoHa. TeopHs jaeT NOJHOE cOr-
JlacHe C ONBITOM B IpeJieJlaX TOYHOCTH 3KcnepuMeHTa. Mmen-
HO 3TO 3aCTaBJ/sieT NPH3HAaTh PeaJbHOCTb BaKYYMHBIX 3¢-
(exToOB.

Onnako nonoxen’e B TeOPHH JajleKo He GIaronogyyHo.
Heno B TOM, 4TO NpH HENOCPEACTBEHHOM pacueTe NONPABOK
BTOPOro MOpPSAKA IO 0., CBA3aHHBIX C BHPTYaJbHbIM pOXJe-
HHeM (POTOHOB H 3/IEKTPOHHO-TIO3UTPOHHBIX Nap, NONYYaloTcs
pacxoasiunecs: uuterpasbl. CoGCTBeHHasi SHEPTHS 3J€KTpPO-
Ha, 06yCJ/IoB/IeHHAs] B3aHMOJEHCTBHEM C BAKYYMOM 3JeKTPo-
MarHuTHOTO NoJis (caMofieHiCTBHE), M cOGCTBEHHAst SHePrHs
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¢dortoHa, OOYC/IOB/IEHHAss B3aHMOJEHCTBHEM C 3JIEKTDOH-
HO-ITO3HTPOHHLIM BaKyYMOM, OKa3hbIBaloTCs 6ECKOHEYHO 60JIb-
wuMH. TOYHO Tak »Ke OKasbBaeTcsi GeCKOHEYHO GOJIbIIOH
NJIOTHOCTh 3JIEKTPHUYECKOTo 3apsila BUPTyasbHBIX Nap, 3K-
PaHHPYIOUHX B BaKyyMe peasIbHblil 3apsil. ‘

[Toutn 20 JeT 6bUIO NOTPAYeHO Ha NPeONOJIeHHe 3THX
TpYAHOCTEH NPH pacueTax 3¢dekToB BTOpOro nopsaaka. Jiuib
B 1948 r. GbIM HalileHB! METOAB! HX YCTPaHEHHA.

dopMmasbHas NPHUYHHA NOSABJIEHHS OeCKOHEYHOCTeH CO-
CTOHUT BOT B 4YeM. B NpOMeXYTOYHBIX COCTOSIHUSIX, COOTBET-
CTBYIOIIHX MpolleccaM BTOPOro MOpPsiiKa M H306pakeHHBbIX
Ha auarpammax puc. 2 u 3, BHpTya/lbHas 4acTHlla HMeeT
CTpOro omnpejeleHHBIA HMIYJbC, 3aJaBaeMblH HMIYJbCAMH
peaqbHBIX YacTHL B HayaJbHOM H KOHEYHOM COCTOSIHHSX.
Ha auarpamMax ke puc. 4 ¥ 5 uMnyJibc BHpTyaJbHOro ¢o-
TOHaA ¥ BHPTYa/bHOH maphbl MoXkeT GhITh JiIoObIM. Ha KoHIe-
BbIX JIMHUSIX UMIYJbChl HMEIOT OMNpeleJ]eHHYI0 BeJHYHHY,
HO B TouKaX A juarpamm puc. 4 U 5 3JIeKTPOH MOXKET IOpo-
JIHUThb OTOH C JTIOOBIM HMIYJILCOM, IIepeXofisi B HOBOE COCTOs-
HHe, a (HOTOH MOXKeT NOPOAMTh Mapy C HMIYJbCaMH JIIO-
6oii BesnuuHbl. [locie 3Toro ¢oToH WK mapa nmorJaouaercs,
H B KOHEYHOM COCTOSIHHHM HMIYJhC peajbHOH YacTHIBI OKa-
3bIBaeTCsl paBHBIM HauajgbHoMy. McmyckaHHe BHPTYasIbHBIX
(oTOHOB M map ¢ GOMBUIHMH HMIYJIbCAMH H, COOTBETCTBEHHO,
¢ GOJIbIIMMH 3HEPrHsIMH TIPUBOJUT K IOSIBJEHHIO pacXo-
IAUIHXCST  HHTErpasos.

Taxum o6pa3oM, coBpeMeHHasl TeOpHS He clocoOHa npa-
BUJIBHO ONHCATh B3aHMOJEHCTBHE 3JEKTPOHOB H (HOTOHOB
Ganbloi 3Hepruu. B ueM 3jech neso, CKa3aTb C MOJHOM
ONpeJe e HHOCTBIO HeNb3s1. BrocaeAcTBHH Mbl 06CYAHM BO3-
MOXKHBIE TPHYHHBL MOSBJIEHHS PaCXOLHMOCTEN.

Opnako Kak ke yJaercsi, YYHTHIBasi BaKYyMHhle IIO-
IIpaBKH, MOJYyYaTh KOHEUHEIE Pe3YJbTaThl, COrJIacyoUIHecs
C ONBITOM? 3TO JOCTHraeTcsl ¢ IMOMOLLbIO TaK HAa3biBaeMOMH
TEXHHKU NEePEHOPMHPOBKH 3apsfia U MacChl, TEXHHKH, KO-
TOpasi Mo3BOJIsSIeT BHAEHUTDh U3 GECKOHEUHO GOMIBIINX BeJH-
YHH KOHEUHYIO 4acTh, AAWILYyl0 100aBKy B TOYHOM COOT-
BETCTBHH C 3KCIIEPUMEHTOM.

HcxonHBIME B TEOPHH, KaK YK€ FOBOPHJIOCH, SIBJSIOTCS
CBOOOJHbIE, HU C YeM He B3aHMOJAEHCTBYIOLIME HOJS (HJIH
YaCTHIBI), HAPUMED, 3JEKTPOH, JHIIEHHHH CBOEro OKpY-
JKEHHS] — 3JIEKTPOMArHHTHOro noJsisi. Yacto Takue 4acTHIBI
Ha3bIBAIOT TOJILIMH. [OJILIM YacTHIIaM IIPHUMHCHIBAIOT HEKO-
TOpble 3HaYEeHHs] Macchl m’ W 3apsaja e,. IT0 TaK Ha3blBa-
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éMblé 3atpaBouiiie Macca i 3dpsp. Mernnmoe 3nauerine
Macchl YaCTHUB onpefensieress u m', U Toii goGaBkoit 6m,
KOTOpasi BbI3BaHa B3aHMOAEHCTBHSMH C COGCTBENHBIM
3JIEKTPOMArHUTHLIM NosieM, T. €. m = m’ + dm. Ananoruu-

HO, HCTHHHOE 3HaueHHe 3apsja e = ) Z e, rie Z — 3kpa-
HUpYyomHuH (akTop, OOYCJOBJEHHBIA NOJMSpU3aLUCH Ba-
KyyMa. Pacxoaumocty Bo3uuKaiooT motomy, uto ém u 7
B COBDEMEHHOH TEODHH OKAa3bIBAIOTCS GeCKoHeuHo GoJib-
mpMu. Ouenb BaXkHO OTMETUTH 3J€Ch, UTO Bce GeCcKOiICHo-
CTH B TCOPHH 3JIEKTPOMArHUTHBIX B3aUMOJACHCTBUI CBOAAT-
Csl K yKa3aHHBIM JBYM THNaM. J[pyrux Her.

[Ipu pacuete 3¢¢eKTOB BTOPOro M BLICIUKX IIOpsIAKOB
B KOHEUHBIH pPe3yJ/ibTaT BXOAAT TOJBKO /1 U €, HO Ol HHKO-
raa ge cofepxut m’, m u ey, Z B oraenbHocTH. |loyromy
MOXKHO pacCyKJaThb TaK: Mbl IIOKA HE yMeeM BbLIUHCJSITh
BaKyyMHbIe NONPaBKH K Macce M 3apsly, He MOXeM Teope-
THYECKH ONpeJieNIsiTh /1 W €, HO 3KCIIePHMEHTaJbHbIC HX
3HayeHHs XOPOIIO M3BeCcTHbl. EC/IM B KOHEUHBIH pe3y/bTaT
Jioboro pacyera BMeCTO JaBaeMblX Teopueil 6eckoiicutnixX
3HaueHHH INOJACTaBHUTb 3MIHpPHYECKHE BeNHYMHLl m H ¢,
TO BCe YJeHBl Psfia TEOPHH BO3MYLIEHHH Oy AYT KOHCUHLIMH.
SroT npouecc 3aMeHbl OTCeNapHpPOBAHHBIX GecKoeu1ocTex
KOHEYHBIMH 3HAYEHHSIMH M Ha3bIBAeTCsl NIePEHOPMHPOBKOMH.
Takasi npouefiypa BO3MOXKHa He JJIs1 JIIOObIX THIIOB B3aHMO-
JeACTBUH; He A5 JI000ro NoJisi KBAHTOBAsl TEOPHSI OKA3bl-
BaeTCsl NEePEHOPMHPYEMOH.

HMrak, Hanuuo nopasutenbHasi cutyauus. C opnoit cro-
POHBI, TEOPUS NMPUBOAUT K SBHO GECCMBICAEHHLIM PC3yJib-
tataM — OeckoHeyHocTssM. Ho, ¢ Apyro#i ctopoinl, yuer
MaJiofi yacTH 5THX GEeCKOHEUHOCTel JaeT NPeBOCXOAloe COo-
rjacye C OIBITOM.

He u3BecTeH HHM OAMH 3KCIepHMEHTANbHbIA (PakT B 00-
JIaCTH B3aUMOJEHACTBHUS 3J1€KTPHUUECKH 3apsIIKeHHbIX YACTHIL,
KOTOpbifi He Obla Obl OOBSICHEH TeOpHeH KOJHUecTBEHHO,
npHYyeM ¢ TPOMaJHOH TOUHOCTBIO. Tak, monpaBKka K MarHHT-
HOMY MOMEHTY 3/IeKTpoHa & = a/2n — 1,312 (a/2m)?, BHI-
YHCJIeHHAs TeopeTHYecKH, obecreynBaeT COBNajelue c 3KC-
NepUMEHTAJbHbIM 3HaueHHeM ¢ owuOKoil, Menblueit 1078,

CratucTHyeckasi TeODHsl JaeT BBICOKYIO CTeneHb TOY-
HOCTH; He AOCTHKHUMYIO HH B OJHOH Ny HaMHYeCKOH TEOPHH.
HmenHO, npH H3yueHHM ONTHYECKHX CIIEKTPOB aTOMOB, a
B ellle OosblIel CTeNeHH P HCC/IENOBAHUH SAEPHBIX CIEK-
TpoB (3¢pekT Meccbayspa) mosydaeTcs HenpeB3OiHAeHHAS
TOYHOCTb COIVIACHSl OIbITa M TeopuH. Psan sddekros ceituac
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paccuuTal ¢ TOYHOCTBIO, IipeBOCXOAsied COBpeMeHHbie
SKCNepUMeHTaJbHble BO3MOXKHOCTH. HO HHKTO He cOMHe-
BaeTcsl, 4TO KOTJa MOXKHO OyZeT mocTaBuTh 6ojiee TOUHBIE
3KCINepHUMEHTHl, TO HX pe3yJbTaThl TOXKE COBHAAYT C NpeA-
CKa3aHHSAMH TEOPHH.

CnepyeT OTMETHTb, YTO IPHYHHA BHLICOKOH TOYHOCTH
3KCIIEpUMEHTANbHLIX Pe3yJbTAaTOB NpPH H3YUYEeHHH TaKHX
KBaHTOBBIX CHCTEM, KaK aToM, COCTOMT B MaJIOCTH BHeLI-
HHX BO3JEHCTBHI, He CHOCOOHBIX H3MEHHTb COCTOSIHHE
KBaHTOBOH CHCTeMBl H3-3a JUCKPETHOCTH €€ 3HeprerHye-
CKHX YpOBHeH.

§ 15. Caabbie B3aMMoONeHCTBHS

Crenyromyi 3Tan B pa3BUTHH KBAHTOBOH TEOPHH MO —

npUMeHeHHe pa3pabOTaHHBIX B KBAHTOBOH 3JIEKTPOJAHHA-
MHKe MeTOJIOB JJisi pacyeTa NPOLECCOB He3JeKTPOMAarHHUT-
HOH MIPHPOABI, T. €. IIPOLECCOB, B KOTOPHIX IJIaBHYIO
pOJIb MrpaioT ocoCble THIbl B3aHMOAEHCTBHIl, OTJIHYHbIE OT
3JIEKTPOMArHUTHBIX, — c/ialble U silepHble (HJIH CHJbHbIE)
B3aHMOJEHCTBHUS .
"~ OOuise NPUHIMILI TEOPHUH 3HECh OCTAIOTCS TEMH XKe,
YTO H B KBAHTOBOH 3jeKkTpopuHaMuke. OJHAKO KOJHYeCT-
BeHHas TeopHs cnalbblx W sIAEPHBIX B3aHMOJAEHCTBHH, IO
cyuiecTBy, He nocrpoena. Hapsilly c TpyAHOCTsIMH, BcTpeya-
IOIMMHCS B TEODHH 3JEKTPOMArHUTHBIX B3aUMOAEHCTBUH
(6eCKOHEYHOCTH H T. A.), BO3HHKAIOT HOBblE cheluduye-
CKHe TPYJNHOCTH, He NIPEOJIOJIEHHbIe U 10 ceil AeHb. Koaunue-
CTBEHHble NpeACKa3aHUs TEOPHH, eCcJH HX BooOILe MOXKHO
ClesaTh, 3ayacTyl0 OTIHYAIOTCS OT 3KCIEePHMEHTaJbHbIX
3HayeHHH HAa OJAUH-IBa MOpsJKa.

BrnepBrie MeTOABI KBAaHTOBOH TEOPHH 3JeKTpoMarHHT-
HbIX B3aHMOJEHCTBUH NPHUMEHHJ K HOBOMY THNY B3aHMO-
AefictBuii Pepmu B 1934 r. [Ipouecc ncnycKaHus sApOM
3/IeKTpOHA H HEHTPHHO, (aKTHUYeCKH CBOAsALIHHACA K mpe-
BpalleHHIO HEHTPOHA B MPOTOH C HUCIYCKaHHUEM 3JIeKTpPOHA
U HEeHTPUHO (TOYHee, aHTHHEHTPHHO), DPepMH NPeLIOKHJI
CYMTaTh AHAJOrHYHBIM [pOLecCy HCOYCKAaHHSI (POTOHOB
3apsXKeHHBIMH YaCTHIAMH, HO BbI3bIBAIOIUMCS CHJIAMH,
KoTophle npuMepHo B 10'! pa3 ciaGee 3/1eKTpOMarHUTHbIX .

QPynAaMeHTaAbHBIM NpoleccoM B TeopHn PepMu sB-
JSeTCsl BHPTyaJbHOe HCIHyCKaHHE HEHTPOHOM Ilap 3JeK-
TPOH — aHTHHEATPHHO C mpeBpaleHdeM B NpoToH. IIpu
NOTJIOIEHNH NPOTOHOM 3JIEKTPOHA M AHTHHEHTPHHO BHOBb
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obpasyetcst neHTpoH. XapakTepHOe BpéMsi 3T0ro rpouecea,
cJIy2Kaiee Mepoit CHIIbI B3auMo/ieicTBHs, mopsaaka 107° cex.
Tak kak cymMMa Macc MOKOSI MPOTOHA, 3JIEKTPOHA H aHTH-
HeHTpUHO (Y aHTHHEHTPUHO Macca MOKOsi Boobuie paBHa
HYJII0) MeHbIlle MacChl TOKOsl HeATpOHAa, TO 3TOT mpolece
MOXeT HATH peanbHo. CBOOOJAHbIH HEATPOH AEHCTBUTEIBHO
pacnajaercsi B cpefueM 3a 17 mur. [IpuunHa cTabHIBHOCTH
HeHTPOHOB BHYTPH OOJIbLIMHCTBA siiep He HMMeeT CTaTH-
YeCKOr0 XxapaKTepa: OHa CBsI3aHa C HENPEPLIBHLEIMH NpeBpa-
LIEHUSIMH HEHTPOHOB M NPOTOHOB JPYr B Apyra npu sjep-
HbIX B3aHMOJEHCTBHSX.

[aBHOE, YTO BBIICHHUJIOCH CHYCTs MpHMepHo 15 Jjer
nocne nepBhix paGor DepMH, COCTOHT B ClHEAylOLieM:
cnabble B3aUMOJEHCTBHS HOCST yHUBepCaJbHBIR xapakTep.
K HHM oTHOCSITCSI Bce B3aUMOJIEHCTBHS C Y4aCTHEM HEHTpPH-
HO M BCe B3aUMOJAEHCTBUS, MEHSIOIHE KBAHTOBOE YHCJIO
«cTpaHHOCTb» *). Boo6iue rosops, cinabele B3aUMOAEHCTBHS
NPHCYIIH BCeM 3j1eMeHTap HeIM uacTiuaM. Ho B Tex cayuasx,
KOrJia mpollecc npoTeKaeT 3a CueT 3JeKTPOMAarHHUTHBIX HJIH
CHJIBHBIX SIAEPHBIX B3auMOJeHCTBUH, cnaChiMH B3auMopei-
CTBHSIMH IIPU TeX SHEPTUsX, C KOTODHIMH HMEIOT JeJI0 CoBpe-
MEHHbIe 3KCIIEDHMEHTATOPh!, C IIOJHEIM OCHOBAHHEM MOXXHO
npexnebpeub. HeHTpHHO e He HCHBITHIBAET HHKAKHX
B3aHMOJEHCTBUI, KpoMe c1aboro, ecliy He TOBOPHTL O Jei-
CTBHH elie Gosee caabblXx rpaBUTAlHOHHBIX cuJ. MMenHO
NO3TOMY BCe IpOLecChl, CBS3aHHbE C HeHTpHHO, 00yC/0B-
JIEHBI C/1a0LIMH B3aHMOJEHCTBHAMH, H HX H3yUeHHe HauIyyu-
MM 00pa3oM NpOJIMBAeT CBET Ha XapakTep B3aHMOAEHCT-
BHH TaKoro Tumna.

3HaueHue caabbiX B3aHMOJEHCTBUE B IPOLIECCax C H3Me-
HEHHeM CTPaHHOCTH ONpefiesisieTcsl CleAYIoUM 06CTOoSATeNb-
CTBOM: 3TO KBAHTOBOE YHCJIO COXPaHAeTCA NIPH siJepHBIX U
3JIeKTPOMAarHUTHHIX B3aHMOJAEHCTBHAX H MOXET MEHSIThCS
JHWb NpH caabbix.

Cnabble B3aMMOJEHCTBUS NPH TeX SHEPTHAX, KOTOphle
MOXHO HOMYYHTb C COBpEMEHHBIMH YCKODHTEJNSIMH, NpaK-
THYECKH He OKAasblBalOT BJHSIHHS Ha JABHXKEHHe YacTHI.
EnuncrBenHoe, B ueM oHu ceGsi POSIBASAIOT, — 3TO pacmafpl
(v Zpyrde npeBpalieHHS) dJMeMEHTapHBIX uacTHi. MMeHHO

* *) KsaHTOBOE YMCJ/IO «CTPAHHOCTb» GBUIO BBELEHO AJS OGBSCHEHH S
POXJEHHS Map M aHOMaJbHO GOJIBIIHX BPEMEH XXH3HHM CTPaHHBIX Yac-
THI — K-Me30HOB ¥ THnepoHOB. MIMEHHO 5TH YaCTHIbI HMEIOT CTPaH-
HOCTb, OTVIHYHYIO OT HYJSl. ¥ HYKJIOHOB H Ji-ME30HOB OHa PaBHA HYJIO.
Moznpo6ro 06 sToM GyAeT CKazaHo B AajibHefilneM.
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OHH 00yCJIOBJIMBAIOT PacHaj BCeX OTHOCHTENbHO CTabuib-
HBbIX YaCTHI[ C BpEMEHAMH XKM3HH, 3HAYHTEJbHO NpeBbIlIa-
omuMu 10728 cex. Hckmiouenne cocTaBisiioT —pacnajsl
n®-Me30Ha Ha JBa y-KBanra U X°-runepona Ha A%-yactuimy
M Y-KBAaHT. DTH NPOLECCH He CBA3aHbl C HEHTPHHO H H3Me-
HEHHeM CTPAHHOCTH M IPOTEKAalOT B pe3ysabTare 3JEKTpPO-
MarHuTHBIX B3auMojeiicTBuii. Pacmag p*-mesonos, wnt,
K°, Kt-Me30HOB ¥ BCeX T'HIIEDOHOB (OTHOCHTEJIbHO CTa-
GUIBHBIX YacTHMI[ C Maccoil, OOsbliel MacChl HYKJOHA),
KpoMe 2X°-rHnepoHa, BbI3BaH
£ cJ1a6BIMU B3aUMOACHCTBHSIMHE *).
[TosToMy OHM YyacCTO Ha3bIBAIOT-
Csl pacmajHsIMH B3aHMOfeHCT-
BUSIMH MJIH CHJIAMH.
Koncranra cnabbix B3auMo-
JIeHCTBHH M CaM HMX Xapakrep
(marpaHxuaH B3aHMOAEHCTBHS)
OJIMHAKOBHI JJISI BCEX Nepevyuc-
JIEHHBIX BhilIe pacnafos. MiMen-
HO B 3TOM COCTOHT YHHMBePCaNbHBIH XapakTep calblx}B3an-
MOJIEHCTBHH, YCTAaHOBJIEHHBIH B INOCJEAHHE TOAbI.
CornacHO OOIIENPHHATOMY ceffuac yTBep:KAEHHIO B cja-
ObIX B3aHMOAEHCTBHSIX JOJKHBI yuacTBOBATb UeThIpe 4acTH-
bl C MOJIYIIEJIBIM CIIHHOM, YacTO Ha3biBaeMble ()ePMHOHAMH.

B cnyuae pacnaja, Hanpumep, HEATpOHa M W-Me30HA 3TO
OUEBHJHO; B CaMoOM JeJie,

Puc. 6.

n—p4e+v.u p—e + v+ vp

HunarpamMma QdefinMana Ansl pacmnaja HeHTpoHa H3o0pa-
»KeHa Ha puc. 6. 3Jlecb B OAHOH TOYKE, BepIUHHE AHarpaMMsl,
B3aMMOJEHCTBYIOT 4YeThipe ¢epMHOoHa *¥).

B cayuae ke pacnana, K npumepy, mt-Me3oHoB (nE —-
— pt+ vy) uwam A’runepona (A°— p + m”) KapTHHa
CTAHOBHTCS Iopasfo cjoxkHee. Mcxons u3 umien ynuBep-
CaJIbHOCTH CJ1a0bIX B3aUMOAEHCTBUH, CJeLyeT NPeArnoao-
JKHTb, YTO B 3THX PEaKlHsAX B IPOMENKYTOYHOM COCTOSIHHH
BHPTyaJIbHO BO3HHKaeT Iapa HYKJOH — aHTHHYKJIOH, KO-

*) Crna6bie B3aHMOJENCTBH S OTBETCTBEHHLI TAKXKe 33 3aXBaT SAPOM
-Me30HOB M 3JjeKTpoHoB (K-3axBar).

*X) V. — MIOOHHO® HEATPHHO, pOXKJaioleecss B Mape C |i-Me30HOM.
Heiitpuno v,, poxparouieecss OJIHOBPEMEHHO C 3J1EKTPOHOM, Ha3biBa-

0T 3JIEKTPOHHLIM HEATPHHO. DTH HEHTPHHO, KaK JOKAa3aHO NP IMBIMH OIlbI-
TaMH, HE TOMXKIECTBEHHBI.
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Topast 3aTeM aHHHMTHANpyeT. HyXHo cuntarth, yTto peakuus
pacnaja n*-Me3oHa NPOHCXOIMT B ABa 3Tana. Ha nmepsom
sTane nu*-Me30H NpeBpaIlaeTCs BAPTYalbHO B 1apy NMPOTOH —
AHTHHEHTPOH B pe3yJbTaTe CHJbHBIX B3aUMOJEHCTBHE, U3
KOTOPO#l 3aTeM BCJIEJCTBHE CMabbIX uYeThIpeX(epMHOHHBIX
B3aHMOJEACTBUA 00pa3yloTcs p*-Me3oH U vy (MIOOHHOE Hei-
TPHHO) HJIM MO3HTPOH H 3/J€KTPOHHOE HEATPHHO. Jluarpam-
Ma QeiliHMaHa A/ 3TOrO IpoOIEcca I0Ka3aHa Ha PHUC. 7.

/0 ‘L&f(e+)
”i-

n lfa/Ve)

Puc. 7. Puc. 8.

IIpu pacnaje A’-yacTHipl OHA 3a CueT CJabblX B3aHMO-
JeHCTBUH MpeBparaeTcsi BUPTyajdbHO B NPOTOH M Mapy Hei-
TPOH — AQHTHUIPOTOH C H3MEHEHHEM CTPAHHOCTH. 3areM
napa aHHUTHJIHPYeT C HCIyCKaHHeM 7 -Me30Ha (puc. 8).
Koneunble NmpoORyKTH peakUHH — OPOTOH M 7t -Me30H.

CyuiecTBeHHO, yTO cjabble B3aHMOJEHCTBHSI HApYLIAIOT
He TOJIbKO MOCTOSTHCTBO KBaHTOBOIO YHCJ1a — CTPAHHOCTH,
HO U 3eDKaNbHYI0 CHMMETPHUIO IPUPOJHL, T. €., TOBOPS KBaH-
TOBBIM SI3bIKOM, IIPHBOJSAT K HECOXPaHEHUIO YeTHOCTH. B mpo-
Heccax C yyacTHeM HEHTPHHO 3TO CBSI3aHO C TeM, YTO H3Jy-
yaeMble NPH CnabbiXx B3aHMOJEHCTBHSIX HEHTPUHO MU aHTH-
HEATDHHO HMEIOT pasjHyHble 3aKpyyeHHOCTH. HeHTpuHO
3aKPYy4Y€HO TakK, YTO HaNpaBJIeHHe ero BpalleHHsl COCTaBAseT
JIeBbIH BHHT C HalpaBJIeHHEM JBHKEHHsI, a Y aHTHHEHTPHHO
HanpabJieHHe BpallleHHs COCTABJISIET IPaBhIil BUHT C HANpPaB-
JeHHeM JBHkKeHusi. B pesysbraTe B mpoueccax ¢ yyacrHeM
HEHTPHHO HapyIlaeTcsl 3epKajbHasi CHMMETPHS: IPOUCXOJS-
IIMHA B IPUPOJe NPOLECC BHITJISIUT HHAUe, YeM ero orpaxe-
HHe B 3epKaje. CHMMeTpHS COXpaHseTcsl, eClii ONHOBpe-
MEHHO C 3epKaJibHbIM OTDaxKeHHEeM 3aMEHHTb BCe YaCTHIB Ha
apTuyacTuubl. CoxpaHseTcs, Kak TrOBOPSAT, KOMOHHHPO-
BAHHAYl YETHOCTb.

Hecoxpanenue ueTHOCTH M CTpaHHOCTH — HauboJee Xa-
pakTepHble UepThl MPOLECCOB, IIPOUCXOAAUINX B pe3yjbTare
cnabblX B3aHMOJAEHCTBHIA.

B Hacrosiilee BpeMsi Ha OCHOBe HEJaBHO YCTaHOBJIEHHBIX
IKCMEPHUMEHTAIbHO (PAKTOB HECOXPAHEHHS YETHOCTH M CyIle-
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CTBOBaHMA ABYX THIIOB HEHTPHUHO CO3/laHa BechbMa yIOBJeT-
BOpHUTe/NbHAs KOJNUUECTBEHHAsl TeopHs cJabblx B3aWMOJeH-
CTBHH, B KOTOPHIX HE YYacTBYIOT CTPaHHble WYAaCTHIHI.
Xopo1o H3BeCTHO, KaK BHIYHCIATL 3(peKThl B [EPBOM INIPH-
GHKEHHH TeOpHH Bo3MyieHuil. [IpaBja, B OT/IMUHE OT KBaH-
TOBOH 37IEKTPOAMHAMHKH HEJIb351 BLIUMC/IHTH MOMPABKH B CJIe-
Aylomux nopsifikax. J[eno B TOM, uTo Teopus OKa3ajsach
HenepeHopMupyemoii. OTcenapupoBath H YCTPAHUTh NOSIBJIS-
IoliHecs 3/lech GECKOHEYHOCTH He yAaeTcsl. MoxHO, BIpoueM,
6bITH yBEpEHHBIM, YTO OMPABKH BO BTOPOM MOPsIIKE TEOPHH
BO3MYUIEHHH OUYEHb MAaJbl.

Topasno xyxe o6cToHT Heno B ciayyae cjaabblx B3auMO-
JeHCTBUH C yuyacTHeM CTPaHHBIX YacTHI[, KOrja NMpH peak-
IHAX HM3MEHSAETCS HX CTPAHHOCTb. TOrAa TeopeTHYecKHe
NpeACKa3aHUsi He COBMAJAIOT C 3KCIEPHMEHTOM Jaxke MO
NMOPSIAKY BEJNHYUH.

Teopust cnabrix B3auMojaeicTBHil BooOle JajseKka OT 3a-
BepureHust. Cam depmu npefnonaran, 4To B3aHMOAEHCTBHE
yeThipeX ()EPMHOHOB OCYIIECTBJSIETCS B ONHOH TOUYKe, JIO-
KanbHO. COOTBETCTBEHHO HE CYILECTBYET moJjisi cjalblx B3a-
HMOJeHACTBU, MOJOGHOrO 3jaekTpoMarHutHoMy. OnHaKo
MMEHHO YHHBEPCAJbHOCTh YeThIpex()epPMHOHHOTO B3aUMO-
JeHCTBHS, a TakMkKe OOLUIHOCTh XapakTepa B3aHMOZEHCTBHH
Pa3nUYHON NPUPOABI JEeNaloT IHPHBJEKATeIbHOH ML CY-
IIeCTBOBaHHA MNOJsl cnaGhix B3auMOAEHCTHH, OOMEH KBaH-
TaMH KOTOPOr'O BbI3bIBa€T B3aWMOJEHCTBHE Pa3IUUHBIX (ep-
MHOHOB. B3auMosieficTBHe TepsieT IPH 3TOM CBOIi JIOKaNbHbIHA
XapakTep.

Macca gBanTa nossi cyiabblx B3auMOJeHCTBUH, Ha3blBa-
€MOr0 IPOMEeXYTOYHHIM G030HOM *), HOJIKHA HPEBOCXOJMTH
Mmaccy K-me30H0B. MHaye K-Me30HBI JOJIKHBEI ObLIH ObI pac-
najaThCs C U3JyuyeHHeM 3Toro 6o3ona. [3 3akoHOB coxpa-
HEHHS BbITEKaeT, YTo GO30H JOJI’KeH HeCTH 3apsii H HMeTb
cnuH, paBHHE %. Boabmo#i Macce kBaura moJssi, ocymecrt-
BJISIIOIIETO B3aHMOJEHCTBHE, COIJIACHO KBAaHTOBOH TEOpHH,
COOTBETCTBYET MaJblil pafiuyc B3auMojeiicTBusi. Paauyc
c1abbix B3aHMOJEHCTBUH, €CJIM OH BOOOIIEe OTJIHYEH OT HyJs,
OYeHb MaJl; OH 3HAYHTEJIbHO MeHbIIe pajuyca KOPOTKOAEH-
CTBYIOIIHX SIIEPHBIX CHJI. [To3TOMY npH Tex 3Heprusx, ¢ Ko-
TOPBIMH Ccefuac HMEIOT JIeJI0 SKCIepHUMEHTATOPhI, HeJOKaJb-

*) BosoHaMH Ha3bIBAIOTCA YaCTUILLI C LIEJIBLIM CIHHOM: (POTOHBI, -
H K-Me30HH.
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1i0€ B3aUMOJIeHCTBHE JNOJIKHO NPUBOAHTb PAKTHUYECKH K TeM
XKe pe3yJbTaTaM, YTO M JIOKalbHoe.

Ho npu Gonblinx 3HePrusix B3aMMOJEHCTBYIOLIMX vac-
THI[ CYIIECTBOBAHHE INPOMEXYTOYHOro 6030Ha OyJeT yike
onpeleNsTh XapakTep npoueccoB. [Ip¥ 3Heprusx YacTuu
nopsiika 300 I'386 MOXKHO OXHAATh, YTO Clabble B3aUMOJEH-
CTBHSI MepecTaHyT ObTh caabbIMH H CPABHSIIOTCS MO CBOEH
BeJIMUMHE C 3JIeKTPOMArHHTHBIMH.

du3nKK 0XKUAAIT OYEHb MHOI'Or'O AJIsl BCEHl TEOPHUH 3Je-
MEHTAapHBIX YacTUL OT GoJiee ryy6oKOro MOHHMAaHHUS TNPH-
poabl cnabbix B3aumoJeficTBUH. Bnore fo pemenust Tpyn-
HocTeH ¢ GeCKOHEYHOCTSIMH. 3araflox 3fech BooOlle OueHb
mHoro. HesicHo, moueMy TOJMBKO mpu cj1abbix B3auMoJeficT-
BHSIX HE COXPAHSIOTCS YeTHOCTb M CTpaHHOCTb. CyliecTBo-
BaHMe TAKOHM YaCTHIB!, KaK [,-ME30H, COBEPIIEHHO HEMOHST-
Ho. [ToueMy m-Me30HBI npejBapuTeJbHO pacmajaloTCss Ha
1-Me30HBI, a He Cpa3y Ha 3/JeKTPOH H HeHTpuHO? B pamkax
COBpPEMEHHOH TEOPHH CJieflyeT CUNTaTh, YTO MPHpPOJa CBOGOA-
HO Morjia Obl 0GOMTHCHL Ge3 [-Me30HOB.

Heckonbko ner Hasaj, B 1964 r., npu ucclenoBaHHH
pacnaga K°-Me30HOB ObLIO IKCIEPUMEHTANbHO OOHAPYIKEHO
HapyIUIeHHe He3aJ0Jro MepeJ, STHM YCTaHOBJEHHOTO 3aKOHA
COXpaHeHHs KOMOMHHDOBAHHOH 4eTHOCTH. [IpHuMHA 3TOro
OCTaeTCsl HEeSCHOH 10 CHX IOp.

Haxkonen, Aaneko elie He BRISICHEHA POJb cJ1a0blX B3aHMO-
nefictBUH ¥ uefiTpuno Bo Bcesienno#i. [Ipeanmosararor, uTo
Ha PaHHUX CTaAuaX 3Bojouud BceeneHHOH U nmpH 3BOMIOLUH
3Be3J| cyabble B3aNMOJEHCTBHUSI HIPaJIi U UTPAIOT ONpeesieH-
"y poab. He HcKilOueHO, 4TO paccesiHHbIE B MEXK3BE3JHOM
IPOCTPaHCTBE HEHTPHHO 00/1aJAI0T CTOMb GOJBLION SHEprueit
H, COOTBETCTBEHHO, MaccoH, YTO HMEHHO OHH OMpeje/soT
CTPYKTYpy Bcenennoit B wuenom.

B pamkax uHTepecymole#i Hac npoGieMbl BaXKHO IOAYEp-
KHYTb, YTO MpPOYeCCbl pacnada 3AeMEeHMAapHbX Yacmuy, 3a
Komopble omeemcmeerts. crabble 63aum0oOe iCmeus, umerom
cyeybo cmamucmuuecku i xapaxmep. s KaXKAOH YaCTHILBI
CYIIeCTBY€eT ONpefesieHHass BepDOSITHOCTh pacmaja, He H3Me-
HSIIOLIASACS C TeueHHeM BpeMeHH. [Iisi neATpoHa, TOMBKO UTO
o6pasoBaBluerocsi B pe3yJibTaTe Kakoi-1100 peakuuu, 1 AJs
CBOGOJHOTO HEATPOHA, CYLIECTBYIOLIETO, K NMPUMEPY, YiKe
yeTBepTb Yaca, BEPOSITHOCTb pPAacmacTbCsi B OJHKAMHIIYIO
MHHYTY OJMHAaKOBA.

K TakoMy 3ak/i0ueHHIO IIPUBOAAT M TEOPHS, U JKCIEPH-
MeHT. Huxakoro crporo onpesiesieHHOro BpeMeHH XKH3HU - Y
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yacTHUbl HeT. MMeeT CMBICK TOJNBKO CpeJiHee BpPeMS KH3HH
YaCTHIHI.

[Ipupoja CTaTHCTHYECKOro XapaKTepa IIPOIECCOB pacma-
Jla 4acTHI| Ta e, YTO M B OObLIYHOH KBAHTOBOH MeXaHHKe.
[Tono6HO TOMY, KaK CYIIECTBYET ONpPEAeNEHHAst BEPOSATHOCTh
nepexoja aToMa BOAOPOAA U3 OJHOTO CTALHOHAPHOr'O COCTO-
SIHUSL B Ipyroe C H3jgydyeHHeM ()OTOHA, CyLIeCTBYET Ompeje-
JIEHHasl BePOSITHOCTb NpeBpaleHHst HeHTPOHA B IIPOTOH C HC-
NyCKaHHeM 3JIeKTPOHa H aHTHHEHATPHHO.

Or0 BaxkueHuuil pakT: cBo6OAHAS YACTHIIA, T. €. YACTHIIA,
HE B3aHMOJEHCTBYIOIIAs C APYTHMH PealbHBIMH YaCTHLAMH,
HE HMeeT CTPOro OmpeJieJIeHHOr0 BpeMeHH XH3HH. MoxHO
OTHECTH CTaTHCTHYECKHH XapaKTep pacnmajia 4YacTHUBl 3a
CueT ee B3aUMOJEHCTBHUSA ¢ BakyyMoM. Ho Takoe B3aumofieii -
CTBHE COBEPLIEHHO HEYCTPAaHHMO, H NO3TOMY HH C UeM He
B3aHMOJEHCTBYIOIKX,, TOJIBIX YACTHI HET M He MOXKeT ObITh.

Hrak, cam ¢ghakm cywecmsosanus mamepuu 8 onpedeser-
HOU ghopme Ha camom 2aybOKom YpoBHe, YPOBHE INEMeHmap-
Hblx 4acmuy, onpedessiemcs CMAMUCMUYECKUMU 3AKOHAMU.
BonbiyHCTBO YacTHI MOXKET pacnajaThCsi PasiHYHBLIMH CIIO-
cob6aMHu, WM, KaK roBOPST, N0 Pa3NHYHBIM KaHanaM. Tak,
Hanpumep, K*-Me3on Moxer pacmajaTbcsi Ha Pt 4 vy,
at+ a0 at + at 4+ a7, at+ a%+ a® u 1. 1. Kaxkgomy ka-
HaJly COOTBETCTBYeT CBOSI BepOSITHOCTh. MO2KHO ompefieInTh
OTHOCHTEJNbHYIO HOMI0 (B %) pacmaja mo onpefeneHHOMY
kanany. Pacnangy K* na p* -+ vy coorBerctyer 63,1 4-0,5%,
a wa n*+ n®+ a®—1,740,1%. 3acraBurh uacTHIy
pacnagarbcs ObicTpee WM MelJieHHee Hesb3si. Henb3st Tak-
JKe HanpaBHTb pacnaj INo KakoMy-iubo onpeleseHHOMY
KaHany. CTaTUCTHUeCKHHl XapaKTep pacmajfia 4acTHI Opra-
HHYECKH TNPHCYLL MX NPHPOJeE.

Orciona, OfHAKO, He CaefyeT, uTO BooOule Heab3st
yNpaBJATh NpPEBPAIIEHHSIMU YacTHI. JacTHIbl MOXKHO «3a-
CTaBHTb» B3aUMOJEHCTBOBATh C APYTUMH PeaNbHbIMH YacTH-
nami. Torja OTKpOIOTCS HOBBIE KaHAlbl BO3MOXKHBIX IIpe-
BpalleHH#, KOHKYPHpPYIOLl{e C KaHajaMH, NPUCYLIUMH CBO-
6oaunoit uactuue. Ho mo-npexxHeMy BceMH NpeBpallleHUSIMH
O6yLyT YNpaBiATb CTATHCTHYECKHE 3aKOHOMEPHOCTH.

Mgl BrpaBe ¢ mNOJIHBIM OCHOBaHMEM YTBepxkJaTh, YTO
COBpEMEHHAasl KBAHTOBAsi TEOPHUSI OTPaAXKaeT CTaTHCTHYECKHH
XapakTep peasibHbIX MpPOLECCOB NpeBpAILEHHSI 3JeMeHTap-
HBIX YacCTHUll, NO3BOJsISl BEIYUC/ISATH BEPOSTHOCTH Pa3jIMUHbIX
npeBpalleHU#, HO HH B KOeH Mepe He HaBsA3blBaeT 3TOT Xa-
paktep npupoAe. MHBIMH cj10BaMH, HeJb3S CYHTATh, YTO JHILbL

82



HenosHOTa HALIMX 3HAHMH HE [iaeT BO3MOXKHOCTH Of{HO3HAU-
10 YCTAHOBHTb HANpaBJieHHe NpPeBpalleHuil B MHpe 3JieMeH-
TapHbIX YacTHIL.

OTMeTuM ellle BaxKHYIO /ISl HAILErO UCCJAEeJOBaHHS OCO-
6eHHOCTB csabbiXx B3auMofeiicTBHi. KBanTOoBasi Teopusi Ta-
KHX B3aUMOJEHCTBHH, B OTJIMYHE OT 3JEKTPOMAarHHTHBIX
B3aUMOJEeHCTBUH, He MMeeT KJ1acCHUecKoro aHajaora. TouHee,
OHa He MIMeeT KJIacCHYecKOH obsacTy mpUMeHUMOCTH. Pasuyc
HeACTBHS €nabbIX CHJ, T. €. PACCTOSIHHMS, Ha KOTOPBIX OHH
cyuiecTBeHHbl, He npesbimaeT 1071 cx. Ho Ha Takux Maabix
pacCTOSHUAX KJacCHYeCKHe 3aKOHbl BOOOlle HenpHUMEeHHMbI.
J10 crneuMdUyecKH KBaHTOBast 00/acTh.

DNeKTPOMAarHUTHbIE CHJIBI MMEIOT KJacCHUeCKHi aHajor
JHIIb Ha OONBIINX PAcCTOSHUSAX, TAe OHH TaKKe HIrparoT
BaXXHYIO pOJIb BCJIEACTBHE CBOEro JaJibHOJEHCTBYIOIIErO
xapakrepa. Kpome Toro, HeHTpHHHOe THoOJe, Hrparolee
6oMbIIYI0O POJIb B TEOPHUH CJabblX B3aUMOAEHCTBHI, HMeeT
HEKJIACCHYECKHH XapakTep IO TOH HPHUYHHE, YTO CIIHH HeH-
TPHHO noayuensii. O6 3To#t 0cO6eHHOCTH NOJiel C mogayue-
JbIM CIHHOM YIOMHHAQJOCh B IpejblaylieM mnaparpage.

Ho ecain Teopust cnabeix B3auMOAEHCTBHE He HMeeT KJjac-
CHYECKOTO INPHONMKEHHSI, TO, 3HAUHT, 3aKOHaMu OuHa-
Mmudeckoeo muna cirabele 83aumodedicmeus, 8 omauuue om
SAEKMPOMABHUMHbLX, 8000W4e onucames Heabds. DTO TNPHUHLH-
NMHaNbHBLE MOMeHT. BriepBhie, Kak y»Ke OTMe4ajioch panee, Mbl
BCTPeYaeMCsl CO CTATHCTHYECKOH TeopueH, He MMeloled IH-
HAMHYeCKOTO aHajora B KauecTBe IepBOro NMpUO/IHKEeHHS .
Ecnn o6bIyHO cTaTHCTHYECKHI 3aKOH MOSBJISIETCS] HA BTOPOM,
Gosee riyGOKOM 3Tame pasBUTHSl HALIKX 3HAHUH BCJeA 3a
IHHAMHYECKHM, TO IPH HCCIeNOBaHHH HanOojiee HHTHMHBIX
NPOLECCOB MbI CPa3y e JOJIKHBl HAUYMHATh CO CTaTHCTHYe-
CKOH TeopuH. JlMHAMHYECKHX 3aKOHOB 3[eCh IIPOCTO HeT.

§ 16. CuabHble B3auMoJeACTBHS

CymecTBoBaHHe elile OLHOTO THIA CHJ, HAPsIAy C IPaBHU-
TAllUOHHBIMH, 3JIEKTPOMAarHUTHBIMH M CJ1a0bIMH, BBITEKaeT
H3 yCTOHUMBOCTH aTOMHBIX siflep. Hu oauH M3 nepeuucies-
HBIX THIIOB CHJI He B COCTOSIHHHM OOBSCHHTDH NPOHUCXOXKAEHHE
TOH OTPOMHOH SHEPr'HH CBSI3H, KOTOPOH 00J1aJaloT YaCTHLbI
B sjpe.

B 1935 r. snounckuii ¢pusuk IOkaBa BEICKa3as runoresy
O TOM, YTO CHJbHBIE B3aHMOAEHCTBUSA (sAepPHBIE CHJIbI)
OCYILIECTBJIAIOTCH MOCPEACTBOM OCOOLIX, HEH3BECTHBIX B TO
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BpéMsl Hactull, KOTOPHIMH HyKNOHB OOMeHMBawTcst Apyr
¢ apyroM. M3 TeopeTnueckux cooOpakeHH# BHITEKaslO0, YTO
Macca 3THX YaCTHll, Ha3BaHHbIX ME30HAMH, AOJKHA OBbITH
NPOMEXYTOUHOH MeKAy MaccaMH 3JIeKTPOHA M HYKJIOHA H
cocraBasaTh 200—300 3/MeKTPOHHBIX Macc.

B 1936 r. nogo6nas yactuua ¢ Maccoii, B 207 pas npeBbi-
maomed Maccy 3JeKTpoHa, Oblia oTkphiTa. Ho okasasocs,
YTO 3Ta YacTHUa (l-Me30H) COBEpLIEHHO He ydyacTByeT B
CHJIbHBIX B3auUMOfieHcTBUsX. B Teopun IOkaBbl BOSHMKIM
GosbLIHe TPYAHOCTH, MOKa B 1947 r. He ObLIM dKClEpHMEH-
TaJbHO OOHapy’KeHbl YacCTHIbl, KOTOphie 00Jajajy BceMH
HeOOXOAHUMBIMH CBOACTBAMU JJIS1 TOrO, YTOOBI OCYILECTBISATH
CUJIbHbIE B3aHMOJAEHCTBHS. DTO ObLIM JT-ME30HBI TpPeX COp-
TOB: IOJIOXKHTEJIbHbIE, OTPHUIlaTe/NbHbIE U HeHTpanbHue. Mx
Macchl COCTaBJAIOT npUMepHO 270 31eKTpOoHHBIX Macc. OnbiT
N0Ka3aJ, YTO 7-Me30HBI CHJIBHO B3aUMOJEHCTBYIOT C HYKJO-
HaMH aTOMHBIX SIEep.

[Tocsie OTKPHITHS TT-ME30HOB Hayajach SHepruyHas pas-
paboTKa TEOpHH CHJIbHBIX B3aHMOJAEHACTBUE. DTO CTal0 0CO-
GeHHO aKTya/lbHBIM B CBSI3H C TeMH OOJIBIIMMH YCNeXaMH,
KOTOpble OblIM TOrJa JOCTHLHYTHL B KBAHTOBOH 3JIEKTPO-
JAUHaMHKe.

C caMmoro nHayajia GbLIO SICHO, YTO TEOpHs HOJIKHA ObITh
KBaHTOBOM H, CJI€NOBaTeIbHO, CTaTHCTH4ecKO#. Kmaccuue-
CKasi TeOpHsl Me30HHbIX B3aUMOJEHCTBHH, KOTOpAsl MOMYTHO
pasBuBajlaCh, MOIJIa HUrpaTb TOJBKO HJIJIIOCTPAaTHBHYIO
poas *). BceiescTBue KOpPOTKOAEHACTBYIOLIErO XapakTepa
AJlepHbIX CHJ KJaccuuyeckoe NpuOauxKeHHe 3JeCh HempuMe-
HMMO, KaK H B cjyuae ciabhix B3auMojedcTBuii. Jluump
6narogapsi TOMy, YTO CIIHH 7t-ME30HOB paBeH HYJIO H CaMH
OHHM MOAYHHSIOTCA cTaTucTHKe Bose — DiiHmTeliHa, Me30H-
HOE I0JIe UMEeT HEKOTOphle KJ1aCCHYECKHe UepThl.

O6wuit MexaHu3M siep HEIX B3aUMOJEACTBHI BIIOJIHE aHa-
JIOT'HYeH COOTBETCTBYIOLIEMY MeXaHU3MY 3JIEKTPOMarHHTHBIX
B3aUMOJEHCTBHH U pacCMaTpHBaeTCs B paMkax oOLielt KBaH-
TOBOH TEOPHUM NOJIsi. Me30HBI ABJSIOTCS KBAHTAMH SIAEDHOTO
nosasi nofo6HO TOMY, KaK (OTOHbI — KBAaHTaMH 3JIeKTpoMar-
HuTHoro. CyliecTBeHHOe pa3NuuHe MeXAY HHMH COCTOHT
B TOM, YTO 7-ME30HHI HMEIOT 3HAUHTEJIbHYIO MacCy IOKof,
TOrjJa KaK Macca 1mokosi oToHOB paBHa Hyuo. C 3THM CBS-
3aH KOPOTKOAEHCTBYIOIMH XapakTep siiepHuX cui. Paauyc

*) IlogpoGuee 06 3ToM MOXKHO npoyecTs B KHHre [15].
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HX JeficTBus mopsifika pasMepos nykaona —1072 cu (ceasb
MeXJy MaccOoH YaCTHI-NePEHOCYHKOB B3aHMOJEHCTBHA H
pajHycoM JeHCTBHSI CHJI MOXKHO IPOCTHIM MYTEM NOJYYUTh
M3 NPHMHUMNA HeonpeieseHHOCTH [eiisenGepra).

O6MeH Me30HAMH, pa3yMeeTcsi, IPOTEKaeT BHPTYaJlbHO.
BpeMst aToro o6MeHa — xapakTepHOe BpeMs SAEPHOro B3a-
uMoZelicTBusi — nopsiika 10728 cex, uyro mpuMepso B 100
pa3 MeHbllle BPEMEHH 3JIeKTPOMAarHHTHBIX B3aHMOJAEHCTBHUI.
Bpemst o6MeHa KBaHTaMH, COrJIaCHO KBAHTOBOM TEOPHH noJis,
CJYKHMT TIOKa3aTeJleM MHTEHCHBHOCTH B3auMoJeiicTsusi. Co-
OTBETCTBEHHO sifiepHoe B3aumojeiictBue B 100 pas cunbuee
3J1eKTpOMarHUTHOro. ITocTosiHHast B3aUMOAEGACTBHS s1/iep HbIX
cun g/hc (The g — KOHCTaHTa CBSI3M HYKJIOHOB C 7-Me30-
HaMH, BBOAMMAs 10 aHAJIOTHHU C 3JIEKTPHYECKHM 3apsJioM e)
paBHa npumepHo 14, BMecto €%/hic =~ 1/137 Ana snekrpo-
MAarHATHBIX CHJI.

Eume ofHHM MepHJIOM HHTEHCUBHOCTH B3aMMOJLEHCTBHS,
COrJIaCHO KBAaHTOBOH TEODHH NOJS, sIBJsieTCS YHCNIO KBAHTOB
N0JIsl BHE HCITYCKAIOLUMX HX YacTHL. $1fepHble CHIIBI HACTOJb-
KO BEJIHKH — 3TO CaMble MOIIHble H3 H3BECTHBIX CHJ NpH-
pOIbl,— YTO 7-Me30HBl JOJIXKHBI HCIYCKAaThCA HYKJIOHAMH
ouYeHb 4yacTo. B kaxAblil JaHHBIH MOMEHT BHE HYKJIOHA JOJ-
XKHO ObITb 6OJIbLLIE OAHOTO T-Me30Ha.

[lo coBpeMeHHBIM MpEACTABNEHHSIM, HYKJOH COCTOMT
H3 CepAleBHHBI (TaK Ha3blBaeMbli KepH Pa3MepoM OKOJIO
0,8-10® cm), OKPYKEHHOH MyJbCHPYIOWIHM 06/1aKOM
71-Me30HOB — Me30HHOH «i11y60ii», aHaJIOrHYHOA CTaTHYECKOMY
3/IEKTPHYECKOMY [IOJIO, OKpYXKalomeMy 3JIEKTPHYeCKHe
3apsbl.

Xapakrep Me30HHOro 06JlaKka MOXKHO HCCJIEN0BaThb IKC-
NepHMEeHTaJIbHO yTeM H3yueHUs] pacCesiHHs OBICTPBIX 3/eK-
TPOHOB Ha NPOTOHAX. DJIEKTPOHbI HE HUCILITHIBAIOT sifiepHbIX
B3aUMOJEHCTBHIH, H HX paccesHHe ONPEANAETCS TOJNbKO
3/IEKTPOMArHUTHEIMH CHJaMH. [TosToMy KapTHHA paccesiHus
N03BOJISIET CAeJaTh ONpefie/IeHHble 3aKJIIOUeHH O pacnpeje-
JIEHHH 3apsiia BHYTPH HykJioHa. HocutesneM Xe 3apsjia H
HYXKHO CYMTaTh Me30HHOe o06mako. B 3ToM cMbic/ie o6Jako
BHPTYaJbHBIX ME30HOB BIIOJIHE DEaJbHO. OJIEKTPHYECKH
3apsiKeHHbIe CJ1I0H OOHapY2KeHbl SKCIIEPUMEHTANIBHO H BHYT-
pH JIHLIEHHOTO 3apsja HeHTpOHa.

- Ecau coobwuTh HYK/IOHY AOCTAaTOYHYIO 3HEPrHio, TO
ME30HBI MOT'yT HCIIyCKAThCSl peasibHO, IPHYEM €CJIH 3Ta IHep-
rHsl BeJIMKa, TO HX yucio OyAer oueHb GosbiuiuM. [Ipu moA-
XOIAIMX YCJAOBHSIX MOXKET POHCXOAUTD POXKAEHHE nap npo-
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TOH — AHTUNPOTOH MJIM HeHTPOH — awTumediTpon. [1pu aH-
HUTHJISILMY T1ap HapsiAy C Y-KBAHTAMU POXKJIAIOTCSA -ME30HHI.

Pasnuunble npouecchl, 06yc/10BaHBaeMbie s1iep HIMH B3a-
HMOZeHCTBHSIMH, H300paxeH:l ¢ noMoibio auarpamMm Peiin-
MaHa Ha puc. 9.

Ha muarpamme puc. 9, a moxkasan npouecc HCIyCKaHHs
IIPOTOHOM Tt *-Me30Ha C MpeBpaileHHeM B HEHTPOH 7; HA AHa-
rpamMMe puc. 9, 6 — mpolecc B3auMOAEHCTBHS HYKJOHOB
(BHYTpeHHsIsT BOJIHMCTasi JIMHUS — BHPTyalbHbIl ME30H),
Ha Juarpamme puc. 9, 8 — mpolecc MorJomeH:s T -Me30Ha
NPOTOHOM C NIpeBpalieHHEeM B HEATPOH.

7
at

)

Puc. 9.

Teopusi CUABHBIX B3aHMOACHCTBUH CTPOMTCS B NPHHIH-
ne TaK e, KaK U TeOPHsl 3JeKTPOMarHHTHLIX BSauMOjeii-
ctBuit. CHauajia KBaHTYIOTCSI CBOOOJHBIE MOJIsI, 4 3aTeM BBO-
IuTcs uX B3auMojedictBre. HykiOHBI OnHCHIBaIOTCS ypaBHe-
HHEM, aHAJIOTHYHLIM ypaBHeHHIO [lupaka IJisl 3JeKTpoHa, a
n-Me30Hbl — ypaBHeHueM Kineitna — 'opaona — Poka, Tak
KaK Y HYKJIOHOB IONYLEJbIH CIHH, a y 7-Me30HOB OH paBeH
HYJIIO.

CKonbKO-HuOYAb MOAPOOHO Ha TEOPUH CHJIbHBIX B3aHMO-
JefiCTBHI OCTaHABJIUBaTbCs HeT HeoOxoAumocTH. JlocTHrHY-
Thle 3[eCb yCIeXH BeCcbMa CKpPOMHBI. KosmuyecTBeHHasi Teo-
pHsi, IIONPOCTY TOBOPSI, HE MOCTpoeHa. Jles0 B TOM, UTO KOH-
CTaHTa CUJIbHBIX B3aHMOAeHCTBUH oueHb Beluka (g¥/fic ~
~ 14), 4 M03TOMYy AJisi HUX HEIPHMEHHUM METOJ TeOpHU BO3-
MYILEHHH, OCHOBAaHHBIH Ha MPEACTaBJIEHHH DelIeHHS B BUJe
psAa MO CTemeHsM 3TOH KOHCTaHTHl. Takoe pasjioxeHHe
3¢heKTHBHO JJIS 3J1eKTPOMArHUTHBIX B3aUMOJEHCTBHUH C KOH-
CTaHTOM, nmpuMepHo paBuo# 1/137, Ho He 3fech. IloaToMy
TeOpHs PAaKTHYECKH He crocoOHA AaTh KOJHYeCTBEHHbIE pe-
3yJbTaTEl, XOTA M TIO3BOJIS€T KayeCTBEHHO pa3o6paThbCs
B CYTH MHOTHX siBieHHH . Ec/i npejcKa3aHus TeOPUHU B 371€K-
TPOAMHAMUKE, HANpPHMep JJis BeJHYHHbl MarHUTHOI'O MO-
MeHTa 3JIEKTPOHA M [1-Me30Ha, BO3MOXKHBI ¢ OmHOKOH, He
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npeBpimatomei 1078, TO MONBITKM BBHIYUCINUTH MarHUTHBIHA
MOMEHT IPOTOHA MNPHBOASAT K pPaCXOXKIAEHUAM, OOABLINM
100%.

Pa3putHe MeT0J0B, NO3BOJSIONHX MONTY4aTh KOJIHUECT-
BEHHbIE Pe3yNbTaThl U3 YPaBHEHHH MOJsA, He npuberas K Me-
TOAY TEOpPHM BO3MYIIEHHH, NPOHCXOAUT OYEHb MeJIJIeHHO.
OnpeJenennble pe3yJbTaThl He MOJydYeHbl A0 CHX NOp, U
N03TOMY, IO CYIIECTBY, OCTAeTCS He BIIOJIHE SICHBIM, BEPHBI
JIH BOOOIIle UCXOZHbIE PEANOCHIIKH KBAHTOBOH TEOPUH MOJS
NPUMEHHTENIbHO K CHJIbHBIM B3aHMOJEHCTBHSIM.

[Tonoxenue B nocielnee BpeMs elle Gosiee YCIOKHHANOCH
B CBSI3H C OTKDBITHEM OYeHb GOJIBIIOrO KOJHYECTBA CHJIBHO
B3auMoOJeHCTBYIomHMX vyacTull. Cpefll HHUX €CTb U UYaCTHUILBI
C LIeJIBIM CIIHHOM, CIIOCOOHBIE CMTYKUTh NIePEHOCUHKAMH sep-
HBIX B3auMofeiicTBuii. Hapsily co cpaBHHTENbHO JOJATO-
KUBYIUMH K-Me30HaMH, 00aJalOLUMMH CTPaHHOCTHIO, H
1°%-MEe30HOM OTKPBITHI KODOTKOMKUBYLIHE ME30HBI, MJIH Me-
30HHble PE30HAHCHl, C SlleDHBIM BPEMEHEeM KHU3HH MOopsAKa
1072 cek, X°, p°-, p*-, ®°, @°-Me30HBI, TakKe HMeOLIYE OT-
JIMYHYIO OT HyJsl cTpaHHocTb *). Bce 3TH Me30HBI BHOCSIT
CBOH BKJaJ B siiepHble B3aUMOJEHCTBHUS, YUacTBYIOT B o6pa-
30BaHUH ME30HHOH «yObl» HYKJIOHOB. [lo3TOMy, MOXeT
6bITb, He TakK yXK YAUBHUTEJIbHO, UTO NMOIBLITKH NOCTPOCHHUSA
KOJIH4eCTBEHHOH TeOPHH sleDPHBIX CHJI, YYHTHIBAIOILEH JHIIb
7i-Me30HbI, He UMeloT ycnexa. Kak xe yuecTh Bce MHOXKECTBO
BHOBb OTKDHITBIX YAaCTHI[ — IIOKa OCTaeTCsl HesCHBIM.

§ 17. CoBpeMeHHOE COCTOSIHHE TEOPUH
3JIeMEHTaPHbIX YaCTHI W MX B3aUMOJeHCTBH

[IpeanpuH¥MaNOCh ¥ NPEANPHHUMAETCS MHOXECTBO IO-
MBEITOK NPEOJ0NETh TPYAHOCTH KBAHTOBOH T€OPUH NOJS NyTeM
BbIXOJ@a 3a PaMKH CyIIeCTBYIOWEH TEOpUH.

[Ipex e Bcero cneflyeT OTMETHTb BBeJEHHE HeJOKalbHbIX
B3aUMOJeHCTBHI. B o6bIuHOM Teopun B3auMoAeiicTBue mosei
JOKanbHO. BsauMopeiicTBylomue mnons (mpoH3BeleHHe HX
BEJHYUH IIPONOPIHOHATLHO 3SHEPTHM  B3aHMOJAEHCTBHUS)
B JlarpaHxuaHe 6epyTcs B OJHOH TOYKe. DTO COOTBETCTBYET
KJIaCCHYECKOH KOHIEMUUH OJH3KOAEHCTBHUS: OJHO IOJE He
MOXKeT JeHCTBOBaTh Ha Jpyroe Ha paccTosiHuH. Bpeflenue
HEJIOKANbHBIX B3aUMOJECHCTBHH O3HauaeT OTKa3 OT KOH-
uenuuu G6nu3KoleHcTBus. ITIOTHOCTE 3HEPrHH B3aHMOJEH-

*) TlonpoGree 06 3THX YaCTHUAX MBI GyZieM TOBOPHTD BIOCEACTBHH.
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CTBYIOUIMX IOJIeH 3aBHCHT OT BEJHYHHBI 1MOJieH B ABYX MpO-
CTPaHCTBEHHO-BPEMEHHbIX TOYKAX.

Ha stoM nyTs ypmaercsi ycTpaHuTb GeCKOHEYHOCTH, HO
TEOpHsl OKa3blBaeTcsi BHyTpPeHHe NpoTHBOpeunBoii. Hemo-
KaJlbHOCTb B3aHMOJEHCTBHSI O3HA4YaeT BO3MOMKHOCTb CBEpX-
CBETOBBIX CKOpOCTEHl M, CJeNoBaTe/bHO, HapylIeHHe MpH-
yHHHOCTH. He yAaercst mocTpouTh TEOPHIO TaK, YTOOLI Hapy-
HIeHHe NPUYHHHOCTH B MHKPOMHDE (B TPHHIHIE 3TO elle
MOXKHO JONYCTHTH) He MPUBOAHNO Obl K HApYLIEHHIO MaKpO-
NPUYHHHOCTH, YTO 3aBEJOMO HeJONyCTHMO.

Ilanee, aAns ycTpaHeHuss OeCKOHEYHOCTeH NLITANHCh
BBOJAHMTb TaK Ha3biBaeMylo HHAePHHHTHYIO MeTpHKY ([eft3en-
Gepr u Ap.), YTO CBSI3aHO C TAKUMH TPYAHOCTSIMH, KaK NOSB-
JleHHe OTPHUATeNbHHIX BeposiTHOcTed. BosmokHoCTh JIOrH-
YeCKH HelPOTHBOPEYHBOH TEOPHH B ITOM CJIyyae He JOKa3aHa.

Hakownel, Aenanuch NONBITKH KBAHTOBAaHHS INPOCTPAH-
CTBa U BpeMeHH. B 3TuX Teopusx mocTyJHpOBaloOCh, 9TO HA
NPOCTPAaHCTBEHHO-BPEMEHHBIX HHTEPBAJIAX,, MEHBIIHX HEKOETO
npefie/IbHOrO 3HAUeHHsI, CBOACTBA NMPOCTPAHCTBA ¥ BpeMeHH
pamMkaabHO u3MeHsoTca. CTaHOBHTCS CYLIECTBEHHEIM Ha-
JIHYHE 3JIeMEHTADHOH AJIMHBI.

Bce nepeunciienHble BhIlIe MONBITKH HE IPUBENH K CKOJb-
KO-HHOYJb CYyILIeCTBEHHHIM pe3yJibTaTaM, W B HacTosllee
BpeMsi STHMH BOIIPOCAMH 3aHUMAaeTCs CPaBHUTE/NbHO HeBOJb-
1oe YHCJI0 HCCejoBaTesel.

To xe otHocuTcs W K pasBuBaemoil IBaHeHko,
leiizenGeprom c corpyauukamu [16] u Ap. Tak HasbiBaeMoit
eIHHOH TeopUH NOJsI. B ee OCHOBY MOMOXKEHO HeluHEHHOe
ypaBHeHue ocoboro Tunma. OHO 3amHCHIBAaeTCs AJISi €XHMHOTO
CIMHOPHOTO TOJIsI (MaTepHH), BO3MOXKHBIMH (opMaMu cymie-
CTBOBaHHs KOTOPOrO SIBJSIIOTCSI Pa3/MYHBIE 3JIeMEeHTapHble
yacTHipl. [lo ulee 3T0 ypaBHeHHe JOJIKHO ONpefesTh,
KakHe HMEHHO 3JieMeHTapHble YaCTHIlbI MOT'yT CyLIeCTBOBATh
B NPUPOJie, T. €. AaBATb CHEKTP MacC 3JIeMEHTapHBIX YaCTHILY,
NpHYEM OHO JOJIXKHO OIMHCHIBATH B3aHMOJEHCTBYIOIIHE yac-
THuH. HeB3auMoAeACTBYIOUMX HU C YeM YaCTHI[ B TEOPHH
ObITH HE JOJIKHO, KaK HX HEeT B PeajbHOH JeHCTBUTEILHOCTH.
Ara o6uIMpHAs U BeCbMa MPHBJIEKATeJlbHAsA CO MHOTHX TOYEK
3peHus IporpamMMa, KasajloCh, yxe MpHBeNTa K onpele-
JIEHHBIM yCIleXaM, HO OHH OKa3aJHCh MJII030pHbIMHU, M "HH-
TepeC K TEODHH 3HAUUTEJbHO CHH3HJCH.

Hano moauepkHyTh, uTO BCe NepeuHC/EHHbE BhIlIE IO-
OBITKH BBEIXOJA 33 PaMKH CYLIECTBYIOWIEH TEOPHH JexKaT
B DyC/ie CTaTHCTHYECKHX KOHIEMUHH.
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IMpasna, ne tak naBio BoM, Ae Bpoiin, Buxbe u ap.
cflenand OTYasiHHYIO TOMIBITKY BEPHYTBhCS K JHHAMHUEC-
KOMY OIHCAHHIO MPOLECCOB MHKPOMHPA H BBIABHHYJH
COOTBeTCTBYIOILYI0 nporpammy. Hapsiay ¢ Bo3BpaTtoM K
JAMHAMHYECKHM 3aKOHOMEPHOCTSIM MHKPOMHpa OHa BKIIIO-
YaeT NPEOJOJIEHHE CYIIECTBYIOUMX TPYAHOCTEH C Pacxo-
AuMocTsiMu ¥ Ap. OJHAKO HHKAKHX OCS3aTeNbHBIX pPe3yJib-
TaTOB 3a BpeMs, NpeBLILIAloLIee JAeCATh JIET, NOJYYEHO He
6b0. He 006bsicHeH HM OJAMH HOBBIH 3(¢eKT, U He mpej-
CKa3aHO HH OAHO SIBJIEHHE, KOTOPOe MOXHO Obl10 Obl HabJIO-
JlaTh 3KCIEPUMEHTAbHO. ¥ OOJBLINHCTBA YYEHBIX 3TO Ha-
npaBjeHHe He NMOJY4YMJIO MOANep:KKH. Jla H caMH aBTODHI,
B YaCTHOCTH OJMH M3 CaMblX aKTUBHHIX — DBoM, yxke He yT-
Bep2KAAIOT HEeOOXOAHMOCTH IOCTPOEHHS HMEHHO JHHAMH-
YeCKOH TeODHH NpOLECCOB MHKPOMHpA.

Ceifiyac Mbl He OyJeM JeTajJbHO OOCYKAATh, HACKOJIBKO
IpaBOMepPHAa caMa HOCTAaHOBKA BONMpPOCAa O HEOOXOAHMOCTH
OTHICKAHHS JAHHAMHYECKHX 3aKOHOB B MHKPOMHpe. ITO
OYeHb BaXKHO M HAUIEro HCCJAeJOBaHUS H OyJeT noAapoG-
HO oOcyxJaTbcsi B JanbHelimeM. [Ioka Mbl orpaHuYuMcs
JIMLIL PacCKa3oM O TOM IIOJIOXKEHHH, KOTopoe (aKTHYeCKH
co3jajoch B (pH3MKe.

[lepeiizeM k Hanbosee HHTEHCHBHO DPAa3BHBAMOLHMCS
HanpaBJIeHHsIM, KOTOPHIM IOCBSIIEHO MaKCHMaJbHOE YHCJIO
nybsukyembix pabor. Peub mnofiiler npeHMyIeCTBEHHO O
pa6orax IO TEOPHHM CHJIbHBIX B3aUMOJEHCTBHH, TaK Kak
HMEHHO CHJIbHble B3aHMOJAEHCTBHSI NPHKOBLIBAIOT HAHOOJb-
wee BHUMaH#e. C OJHON CTOPOHBI, COCTOSIHHE TEOPUH 3JeCh
ocoGeHHO HebsaromojiyyHo, a ¢ ApPYyrod CTOpPOHbI, HMEHHO
B 3TOH 006/1aCTH HMeeTcsi OTPOMHOe KOJHYECTBO SKCIIepHMEH-
TaIbHOI'O MaTepuasa, HYyXHAAlollerocs B TeOpeTHYECKOM
OCMBIC/THBAHHH, TPHYEM KOJHYECTBO €ro pacreT HeoObluai-
HO OBICTPLIMH TeMnaMH. VIMEHHO B CHJIbHBIX B3auMOJefi-
CTBHSIX, KaK cefiuac AyMaloT, CKpHITHl HauboJiee ri1yGokue
3aKOHOMEDHOCTH MHpa 3JieMeHTapHhIX uvacTul. KoneuHo,
HE CJefyeT 3a0bIBaTh MPO 3JEKTPOMAarHUTHbIE H OCOGEHHO
cnabble B3aMMOIEHCTBHS, HO MOXKHO HafeATbCs, YTO U CBA-
3aHHble C HUMH npoGseMbl OYAyT pelieHbl, €ClIH YAacTcs
pas3obparhbcsi B CHIbHBIX B3auMofeHcTBHAX. OOunne HOBBIX
(akTOB, OTKDHITHE OrPOMHOTO YHCJa KOPOTKOXHBYIIHX
CHJIBHO B3aUMOJEHCTBYIOUINX YacTHL, pPEe3CHAHCOB, I03-
BOJITET AyMaTh, UYTO yclex NpHAET C 3TOH CTOPOHHI.

OpHo 43 mepBHIX MeCT B HCCJEJOBAHHMH CHJIbHBIX B3aH-
MOJEHCTBUH 3aHHMMaeT cefiyac MeTOA JHCHEPCHOHHBIX
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coorxouenufi. Eme B 1949 r. IefisenGepr mpeanoxun HoBbIA
NOAXOJ, K pacCMOTPEHHIO MHKDOINpPOLIECCOB, OCHOBaHHBIH
Ha caelylomux cooOpaxenusx. Ha oneite gakTHueckH Mbl
MOKeM Hal/i0JaTh TOJBKO HaualbHble H KOHEYHBIE COCTOSI-
HHS YacTHL[ WJIH CHCTEM YacTHl, pasjie/ieHHbIX NMpOCTpaH-
CTBEHHO TakKHM o00pa3oM, 4YTO HMX MOXKHO CYHTaTh He-
B3anMoJeHCTBYoIMMH. COOTBETCTBEHHO MOXKHO JONYCTHTD,
4TO BO BpPeMEHH HayaJibHble H KOHEYHble COCTOSIHHSI TOXe
pasjiesieHbl CKOJIb YrOAHO OOJBIINMH HHTepBasaMmu. Togo6-
HOE IpeIINoJIOXKeHHe CIpaBelJIHBO JJIsl BCeX 3KCIepHMeH-
TOB, KOTOpble OblNKM NpofesNaHbl 0 CHX Hop. B Kauectse
THIHYHBIX JKCIIEPHMEHTOB NOAOOHOrO poJa HA30BEM OIIbI-
TBl C paccesiHHEM YacTHl. B HayalbHOM COCTOSIHHH, IO
paccestHusi, YacTHULBl MOXHO CUHTaTb CBOOGOAHBIMH; HOC/E
paccestHHsI YacTHILI CHOBa paccMaTpPUBAIOTCSI KaK CBOGOA-
Hble. DKCIIEPUMEHT I03BOJISIET YCTAHOBHUTb TOJMBKO BEPOSIT-
HOCTH Ilepexojia M3 AAHHOTO HAaYaJbHOTO COCTOSIHHA B pas-
JIMUHble KOHEeYHble, HO He JaeT BO3MOXKHOCTH NPOCIEIUTDb
pa3BHUTHe Bcero mpouecca paccessHuss Bo Bpemend. Cama
«KYXHSI» TIpoliecca COCpeJOTOYeHa B CTOJb MasbiX MPOCTPAH-
CTBEHHO-BPEMEHHbIX HHTepBa/iax, 4To, ObITb MOXKET, Takoe
Npoc/exyuBaHie B IPHHIMIE HEBO3MOXHO. [losTomy enuH-
CTBeHHasi peajibHas 3ajiaya TeOpHUH, corsiacHo ufesim [ei-
3enfepra, COCTOHT B BBIYHCJEHHH BepOSTHOCTeH Iepexoja
M3 HAyaJbHOTO COCTOSIHHS B KOHeuHble. Eciu HauanbHOe
cocrosinue 0603HauuTh ¥'(— o0), a KoneuHoe uepe3 V' (4 oo)
(3HaYKH —o00 U -} 00 03HAYAIOT, UYTO COCTOSIHUSI CUHTAIOTCSA
pasfieneHHbIMH OeCKOHeYHO OOJBUIMM HHTEPBAJOM BpeMe-
HH *)), TO MOXKHO BBeCTH olepaTop — S-MaTpuuy paccesi-
HHUS, WIH S-MaTpHIy, TMEepeBOASILLYI0O BEKTOpP COCTOSTHHA JO
paccesiHHsl B BEKTOD COCTOSIHHSI IOCJie paccesHus, T. e.

¥ (+ 00) = ST (— oo).

3ajaya TEOPHH COCTOMT B HAXOXKJAEHHH MaTpPHYHKIX
s7eMenToB S-Matpuubl. TakuMm o6pa3oM, Teopusi C CaMoro
Hayaja orpanduuBaer cBou uend. OObluHBIA (opManu3M
KBAHTOBOH TEOPHUM TOJIsSI B IPUHLHUIIE IIO3BOJISIET NIOJHOCTHIO
HCCJIeIOBAaTh TeUeHHe Tpolecca BO BPEeMEHH, XOTS NpaKTH-
YECKH B CHJIY MePEYUCIeHHBIX TPYAHOCTEH B C1y4ae CHIbHBIX
B3aMMOJEHCTBHA 3TOrO M He yJaeTcs CHAeNaTh.

*) B cayyae, HanpuMep, CHIbHBIX B3aUMOJeHCTBHII MHTepBaJ Bpe-
MeHH GyAeT pu3MuecKH GeckoHeuHo GoJbMM Yxe mpu T = 1073 cex,
a NpOCTPaHCTBEHHBI HHTepBal — mpu r =~ 107! ¢cu, Korma CHJIbHbIE
B3aHMOJICHCTBHS NepecTaloT CKa3biBaThCH.
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Ho kak HaxoQuTh MaTpUuHble 3jeMeHTH? Mx MoxKHO
onpejensTh, HCNOJb3Ysl KBAHTOBYIO TEOPHIO MOJS, €CJH OHA
paGoTaer, Kak B 3jeKTpoiuHamuke. Ho eciam maTpuunble
5JIEMEHTHI MOXKHO MCKaTh TOJbKO B paMKax OObIYHOM moJe-
BOIl TeOpHHM, TO Bcs mporpamma [‘eiisenHGepra Jsumiaercs
cMbicsia. [JosTOMy AnuTeNbHOE BpeMsi, Korja ObLIM elme
HaJieXKAbl HA TO, YTO TEOPHUs MOJS CocoOHa AaTh KOJIHYECT-
BEHHble pe3yJbTaThl U JJIs1 CUIbHBIX B3aHMOJAEHCTBHUH, Mpo-
rpamma ['efisen6epra npejcTaBsNa coBoi paKTHUeCKH myc-
TYI0O PaMKY, BHYTPH KOTOPOH He COAeP2Kajioch HHYero. JIuib
MoCJIe TOrO, KaK CTaJo SICHO, UTO TEOPHS MOJIS He MPHBOAUT
K HY>XHBIM pe3yJibTaTaM, HauaJUCh YCHJEHHbIE IIOUCKH Me-
TOJOB OmNpefieJieHHs] S-MaTpHIBI, U OHU NPHBEIH K 3HauH-
TeJIbHBIM yCIleXaM.

Oxasanoch, 4TO, HCIOJNB3ysl BecbMa OOIIHE NpPHHIHUIIBI,
MOXKHO HAHiTH, He mpuberasi K ypaBHEHHAM Ions, oOugue
CBOHCTBa, KOTOPHLIM JOJXKHBEI YJOBJETBOPHTb MaTpHYHbIE
3JIeMeHTBhl MaTpHibl paccesiHusi. st 3TOH LeNH CayxKaT
TaK HasblBaeMble JAUCIEPCHOHHBIE COOTHOIIEHHS .

JlucnepCHOHHBIE COOTHOLIEHHSI MO3BOJSIIOT Pa3yMHBEIM
06pa3oM CONoCTaBUTh Pa3HOOOpa3Hbie CBeJEHHs, MOJYUeH-
Hble U3 HaO/IOfleHHs PeakUHH C Pas3MYHBIMH YaCTHILAMH.
OHH CBsI3bLIBAIOT BEJIHYHMHBI, XapaKTEPH3YIOLU[HE pacCesiHHe
YacTHLl, C BEJIHYMHAMH, XapaKTePH3YIOUIUMH HX MOIJIOLIe-
HHe. [Ins moONyyeHHs] IMCIEPCHOHHBIX COOTHOLIEHWH Ha
MaTpHYHblEe 3JIeMEHTHl HakJajwBaercsi psifi TpeGoBaHuil.
[pexxzie Bcero, OHM HOMKHBI OBbITh PEISITUBHCTCKH MHBapH-
anTHeIMH. [anee, MaTpuma JHoMkHAa ObITh yHHTapHa ¥),

T. €.
8§ =8'S=1.

TpeGoBaHue YHHTapHOCTH HMeeT NpPOCTOH (u3nUecKHi
CMBICJI: BEpOSITHOCTb TOTO, UTO CHCTEMa MOcJe B3auMOJeH-
CTBUSI OyfleT HAXOIMThCS B KaKOM-IHOO (J1o60OM) coCTOS-
HHM, paBHa efuuule. J[aHHBIE YyCJIOBHSI, COPMYJHPOBAH-
uele enle [efiseH6eproM, HENOCTATOYHBI JJIST HAXOXKIECHHS
MaTPUYHBIX 3JeMeHTOB. JIpyroe KecTKoe OrpaHHYEHHE,
HakJ/JaJablBaeMOe€ Ha MaTpU4YHble 3JIEMEHTBI,— Tpe6OBaHHe
MaKCHMAaJbHOH AHAJHTHYHOCTH 3aBHCHMOCTH MaTPHYHBIX
3JIeMEHTOB OT 3HEPTrHH. AHAJHTHYHOCTL Tpebyercs Besge,
KpoMe Tex obJjacTei, rje OHa NPOTHBOPEUHT YHHTAPHOCTH.

*) S* — 5pMUTOBO-CONpSIKEHHAs MAaTpHUA: CTOJNOUBL 3aMeHeHhl
CTPOKaMH M MaTPHYHblE 3JIEMEHTB! SBJISIOTCS KOMIVIEKCHO-COID SXKeH-
HBIMH 3JIeMeHTaM MaTpHUMH S.
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[IpuyeM HHKaKuX NpPEANOJIOKEHHH O BHJe B3aHMOJACHCTBHS,
Kak B MOJIEBBIX TeOpHSIX, He JeJaercs.

M3 stux BecbMa oOwuXx TpeGOBaHHi MOXKHO INOJYYHTb
JMCIIepCHOHHbIE COOTHOLIEHHSI, KOTOPblE OKa3bIBalOTCSI BeCh-
Ma TOJIe3HBIMH TIPH HCCJIEJOBAHUH B3aHMOJAEHCTBUS HYKJIO-
HOB C NHOHAMH He CJHIIKOM G0JbIIMX 3Hepruii. [IpHrofHsl
OHH OTYAaCTH H LISl ONMHCAHHUS NPOILECCOB € YacTHLaMH, oba-
JaloWuMH CTpaHHOCThI0. OfHaKo B HauboJiee HHTEPeCHOH
obnacty GOMbUIMX IHEPTHHl Pe3yJbTaThl MeHee OGHAJEKH-
Baolue. B Hacrosimee BpeMst OCTaeTCsi HESICHBIM, MOXKHO JIH
BoOOLIE, HAS MO 3TOMY NYTH, MOCTPOUTH 3aMKHYTYIO Te€O-
pHIO, NO3BOMSIOLLYIO B paMKax S-MaTpHYHOro Nojxoja pe-
HIMTh JI00yI0 3ajauy.

Hano nmoxguepkHyTbh emie pas, 4To nNpH S-MaTpHYHOM NOA-
X0lle K HCCIeJOBaHHIO B3aMMOJIEHCTBHH (pakTHYECKH C ca-
MOro Hayajla NPOBOAUTCS HAesl OTKa3a OT NPOCTPAHCTBEHHO-
BPEMEHHOI'0 PAcCMOTPEHHs MPOLECCOB, TaK YTO NPOCTPaH-
CTBO M BpeMsl B MHKPONpOIleccax NpeACTaloT B BUAE HEKOH
¢uKIMH. B JefcTBUTEeNBHOCTH 2Ke, KOHEYHO, JaJleKo He
OYeBHJIHA HEBO3MOXHOCTb BCKDBITHSI JMHAMHKH IIPOLECCOB
B3auMmojeiicTBuil. Tak, ecTb BCe OCHOBAaHHSI mosaraTb, 4TO
NPH 3JeKTPOMArHUTHBIX B3aHMOJEHCTBUSIX TaKHe CBepX-
TOHKHE 3KCIePHMeHTHI, Kak 3(dekT MeccOayspa, HeNb3s
IIEJIHKOM MCTOJNKOBaTh (HOPMaju3MOM S-MaTpUYHOH Teo-
pun [17].

B cBsA3H c 3TMMH 06CTOSITE/ILCTBAMH, @ TaKXe C OTCYT-
CTBHEM MaTeMaTHYeCKH BIIOJIHE KOPPEKTHOro JOKasaTe/b-
CTBa CNpaBeMMBOCTH JAUCIEPCHOHHBbIX COOTHOLIEHHH, B Ha-
CTOsillee BpeMsi pa3BHBAeTCs TAK Has3blBaeMblH aKCHOMAaTH-
YyeCKHil NMOAXOJ K TEOPHH 3JIeMEHTapHbIX wacTuu. Llenb ero
COCTOMT B TOM, UTOOBI, HCXOAS M3 Haubojiee OOLIMX IPHUH-
LMNOB (TaKHX, KaK PENSITHBHCTCKas KOBAPHAHTHOCTb, YHH-
TapHOCTb, JIOKAJIbHOCTb, JIMHEHHOCTh MHKDONpOLECCOB H,
HAKOHell, CYLIeCTBOBaHHe BeKTOpa cOCTOSIHHA — ¥-yHK-
LMH), NMOJYYHUTh Kakue-iuOO CJeICTBHUS, B UaCTHOCTH JHC-
TNePCHOHHbIE COOTHOIIEHHS, KOTOPble MOXKHO Obl10 Obl IPO-
BepHTb Ha onhbite. Corsiacue C 3KCNEPHMEHTOM YyKaxeT Ha
NPaBHIBHOCTb 3THX OOI[MX NPHHIUMIOB, H HA HUX MOXKHO
GyZeT omupaThCsl NPU MOCTpoeHHH OyAyuieit Teopuu. Bmpo-
yeM, NyTed NOCTPOEHHS] TAaKOH TEeODHH NOKa He BHIHO.

CaMmoe CYiileCTBEHHOE, UYTO OTJIHYaeT JaHHbIA TNOAXOA
OT INpeablAyLlero,— 370 TpeboBaHHE MHKPONPHYHHHOCTH,
T. e. TpeOoBaHHE BBbINONHEHHS NPUHLHUNA MNPHYMHHOCTH
(HayaabHOE COCTOSTHHE CHCTEMbI OAHO3HAYHO ONpEAesseT
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KOHEYHOE COCTOSIHHE) Ha JIIOOBIX CKOJMb YrOAHO MaJbiX
IIPOCTPAHCTBEHHO-BPEMEHHBIX HHTepBanax. B  oO6biuHOM
S-MaTPpHYHOM MOAXOJe C €ro OTKa3oM OT IIPOCJIeXKHBAHHSA
1IPOLIECCOB BO BpeMeHH TpeOGoBaHHE MHKPONPHYHHHOCTH
otcyTcTByeT. C IIOMOIIBIO aKCHOMATHYECKOr0 MOAXOAA YyKe
lOJIy4eH PSR KOHKpPeTHhX pesyabraTtoB. Tak, H.H. Boro-
J000BYy yZanoCch COBEPIIEHHO CTPOTO JOKas3aTb CHpaBel-
JIUBOCTb JUCNEPCHOHHBIX COOTHOLIEHHH AJIsI THOH-HYKJIOH-
HOTO paccesHHs Ha TPOU3BOJIBHBIA YroJ.

MoxXHO cKa3aTh, YTO aKCHOMAaTHYeCKHUil MOAXOA SBJS-
crcss HauGosee ¢yHAamenranbHeIM. Ho, Kak TakoBoH, OH
NMoKa elle He crnocobeH o6ecneynuTh MosydyeHHe AOCTaTOYHOro
KOJIMYeCTBA KOHKDETHBIX pe3yJIbTaToB.

Hakonen, MHOXecTBO paGOT NOCBSIIEHO JHIIEHHBIM
ocoObIX TNpeTeH3uil MONMBITKAM pacCUHTHIBATH B paMKax
TEODHH BO3MYLIEHHH MOJNOXKEHHSI W THUI CHHIYJSPHOCTeH
AMIVIMTYJA peakuuil, KOTOpble H ONpPeAeNsioT, Hapsify ¢
KO3(pULIHEHTAMH NPH CHHTYJSPHOCTSX, aAMIIMTYAB pac-
CesTHHS] M CBsI3aHHble COCTOSIHHS.

Her Hyxapl 0co60 MOAYEpPKHBATh, YTO KAK METOA AHMC-
1IeDCHOHHBIX COOTHOLIEHHH, TaK H aKCHOMaTHYeCKHH IOJ-
XOJ pPasBHBAIOTCS B paMKax CTATHCTHYECKHX 3aKOHOMEp-
HOCTeH. DyieMeHTHl S-MaTPHLBI HMEIOT CMbICJ BepOSTHOCTEH
nepexojoB, a B aKCHOMaTHYECKOM INOAXOJie C CAMOro Hayaja
NMOCTYJIUPYETCS CYLIECTBOBAHHE BEKTOpA COCTOSIHHS, KBaj-
paT MOAYJIs KOTOPOrO B KOODJAUHATHOM HpeACTABJEHHH
HMeEeT CMBICJI BEPOSITHOCTH OOHApYKEHHs YaCTHLHI.

Tenepb ocTaHoBHMCS Ha ellle OAHOM MeTOJle, HCIIOJIb3Ye-
MOM B HaCToOsilliee BpeMsi B TEOPHH CHJIbHBIX B3aHMOJIeH-
ctBuii. Ero mpereH3uH 3HAUMTEIbHO CKPOMHee NpeTeH3HH
MeTOAa JMCIEPCHOHHBIX COOTHOIIEHHH H aKcHoMaTHyec-
KOro IOAXOJAAa, HO OH INO3BOJNUJ HOCTHYb OOJMBIIMX NMPaKTH-
yecKHX ycnexoB. MMeeTcss B BUAY mMpHMeHeHHe NPHHIHIIOB
CHMMETPHH H, COOTBETCTBEHHO, 3aKOHOB COXDaHEHHs NpH
M3YUeHHH CHJIbHBIX B3aUMOJEHCTBHI.

§ 18. IpuHuMNB CHMMETPHH H CHCTEeMAaTHKA
3JIeMEHTAPHBIX YaCTHIL

[IpHHIUIBI CHMMETPHH, HJIH HWHBAaPHAHTHOCTH, HIrpaloT
BaXKHYIO POJIb BO Bcell (pU3HKe. 3HAueHHe UX IO Mepe pas-
BUTHSA (U3UKH YBEJIHYHUBAETCSsl, U B HACTOsLIEe BPEMsS OHH,
0CO0EHHO B TEOPHH CHJIbHBIX B3aHMOAEHCTBHH, 3aHUMAIOT
HCKJIOYHTEJIbHOE MOJIOXKEHHE. o
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3aKOoHBI PUPOABI, O KOTOPHIX y HAC LIa peub, BCKPHI-
BAIOT PeryJisiPHOCTH, CYLIECTBYIOIIHE B SIBJEHHUAX NPHPOXHL.
Hapsaay ¢ navalbHBIMH yCJIOBHSIMM OHH B NIPHHIMIIE OIpe-
JIeisIOT NoBeJieHHe OGBeKTa C TOH CTENEHBIO TOYHOCTH, C
Kako# 3TO BoOOLIE BO3MOXKHO.

TIpUHUMIB MHBADHAHTHOCTH, HJIH CHMMETPHH, HOCAT 60-
Jee oOmui Xxapakrep, yeM 3akoHbl Hpupoibl. OHH TPOHH-
3bIBAIOT Bce (hU3HUECKHe TeOopHH. 3aKOHBl (DH3HKH CIHy-
JKaT ChIpbeM /ISl YCTAHOBJEHHSI 3THX IPHHIMIOB, MOA00-
HO TOMY KaK COOBITHSI — ChIpbeM /IS YCTAHOBJIEHHS 3aKO-
nos [18].

IIpUHUMNBL CHMMETPHH, WJIH HHBAPHAHTHOCTH, II03BO-
JISIOT OOHAPYKUBATh HOBbIE KOPPENSALHH MEXAY COOBITHSA-
MH Ha OCHOBE YK€ HaiJeHHbIX Koppensiuui. PakTHUECKH
K 3TOMY CBOJAHMTCSI COJAEpIKaHHE CIelHaNbHOH TEODHH OT-
HOCHTEJIbHOCTH, KaK YKe roBopuyoch panee. Koppensuuu
MeX1y COOBITHSIMH OJWHAKOBHI BO BCEX KOOPJAHHATHLIX
CHCTeMaXx, ABHXKYUIMXCS PABHOMEPHO H MPSIMOJUHEHAHO APYT
OTHOCHTENBHO ApYyra.

3HaueHHe TPUHIUIOB HHBAPUAHTHOCTH B HX OOILIHOCTH,
6narojapsi KOTOpPOH OHH CJYXKaT NPOOHBIM KaMHeM AJas
3aKOHOB NpHpoAbl. HenpenoXHbeIM yclioBHEM CHpaBelIHBO-
CTH 3aKOHOB NPHPOJBI SIBJISIETCS KX COOTBETCTBHE 3THM IIPHH-
LHIaM.

Ouenb BaxKHA CBSI3b NPUHLUIOB HHBAPHAHTHOCTH C 3a-
KOHaMM COXpaHeHHs, ycTaHaBjuBaeMmass TeopeMoii Herep.
QagTHYECKH BO MHOTHX C/y4asiX 3aKOHbI COXpaHeHHs Ipoc-
TO BBHITEKAIOT W3 NMPUHIMIOB HHBapHAHTHOCTH. s mosy-
YeHHs] 3aKOHOB COXPDaHEHHSI He HYXKHO TOYHO 3HAThb CaMH
3aKOHBI JBHKEeHHS. [10CTaTOUYHO UMeTh CBefleHHsi 06 OCHOB-
HbIX CBOMCTBAaX MaTeMaTHUeCKOr'o ammapara TeOpuH: Ja-
rpamxeBa @opMajgHu3Ma B KJAaCCHYECKOH MeXaHHKe HJIH
¢opmanuama runbbepToBa NMPOCTPAHCTBA B KBAHTOBOH Me-
XaHHKE.

CymiecTBylomuye NPHHIKIL HHBAPHAHTHOCTH M OIHCHI-
BalOIIHE HX [PYNNBl CHMMETPUH JeJATCS Ha NPOCTPaH-
CTBEHHO-BPEMEHHbIE (HA3bIBaeMble TAKKE IeOMeTPHUECKHMHU
WM BHEIIHHMH) M BHYTPEHHHE CHMMETPHH, OMHCHIBAIOLIHE
cneuyupHyecKue CBOHCTBA 3JIEMEHTAPHBIX YACTHLL.

K npocTpaHCTBEHHO-BPEMEHHBIM CHMMETPHUSIM OTHOCAT-
csl B MEpPBYIO Ouepefb CHMMETPHH, ONHCHIBA€Mble HEOIHO-
porHo#t rpynmo# JlopeHua.

a) EBknunoBe npeobpa3oBaHusi: CABHT H MOBOPOT CHC-
TEMhI OTCYETA NMPOCTPAHCTBEHHBIX KoopAuHar. C 3THMH mpe-
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06pa3oBaHUSIMH CBSI3aHB! 3aKOHK COXPAHEHHS HMMIlyJbca H
MOMEHTa HMIyJibCa.

6) CaBur BpemeHH, T. €. H3MEHEHHE Hayaja OTCYeTa
BpeMeHH. M3 HHBapHaHTHOCTH OTHOCHTEILHO 3TOrO IHpeos-
pa3oBaHUS BBHITEKAET 3aKOH COXPAHEHHS SHEPTHUH.

B) Ilpeo6pasoBanus JlopeHua NmpH Nepexoae OT OAHOH
HHEPLHAJbHON CHCTeMBI oTcyeTa K Apyroi. OTcioja BhiTe-
KaeT 3aKOH JBHXKEHHS IIEHTPa MacC H30JIHPOBAHHON
CHCTEMEI.

K manebIM cuMMeTpusM HO0aBJAIOTCS €Ile TPH.

r) O6pawenne BpeMmenu (onmepauusi 7). ®yHaaMeHTasb-
lible 3aKOHBI MPUPOJBI HE U3MEHSIOTCS NPH 3aMeHe ! HA —f.
Bce ¢ynaamentanbHele mpouecchl NPHPOAbI OOpPaTHMBI BO
ppeMend. HeoGparuMocTs, HaOmofaeMasi B MakpoMHDe,
HMeeT CTaTHCTHYeCKOe NPOUCXOXKJEHHE M CBSI3aHA C Hepas-
1I0BECHHIM COCTOsIHHEM BcesneHHO#.

1) 3epkanbHasi CHMMETPHs MPHPOAb (OTpakKeHue mpo-
CTPAaHCTBA, WJH onepauus P). 3aKOHBI NPUPOALI HE H3Me-
HSAIOTCSL nIpH 1mpeoGpasoBanuu r— —r. B KBaHTOBOH Mexa-
lIMKe 3TOH CHMMETPHH COOTBETCTBYET COXpPaHeHHe 0coboro
KBAHTOBOI'O YHCJIAa — Y€THOCTH, KOTOPOE MOXKHO MPHIHCATh
KaXXJIOH uYacTule.

e) 3apsinoBoe conpsixenue (onepauus C). 3ameHa Bcex
YaCTHI[ Ha aHTHYACTHUIIBl He H3MeHseT XapaKTepa IpoLeccoB
B TpHpOJeE.

C noc/ieAHHMH TPeMsi CHMMETPHSIMH JIe10 0GCTOHT CJIOXK-
Hee, 4eM C IpeAblAyIIUMH: 3epKajJbHasi CHMMETPHS M 3a-
psIIoBOe CONpsIZKeHHe - COXPAHSIOTCS TOJNbKO MPH 3JIEKTPO-
MarHATHBIX H CHJbHBLIX B3auMofeHCTBHsiX. [Ipu ciabbix
B3aUMOJIEHCTBHAX 3epKajbHasi CHMMETDHA H 3apsjoBoe
CONpsi)KeHHe HapylialTcsi. 3aKOHbl ITPHPOALI HHBAPHAHT-
Hbl TOJIBKO NPH OJHOBPEMEHHOM NpPeO6pa3oBaHUH r—>—r
1 3apsi0BOM compsixkenud (CP-uHBaDHAHTHOCTD).

M3 campix oOmux nOCTy/1aTOB KBaHTOBOH MeXaHHKH,
JIOTIOJTHEHHBIX IIPEJINOJIOXKEeHHeM O JIOKaJbHOCTH B3aHMO-
HeHCTBHH M DEeJISITHBHCTCKOH HHBAPHAHTHOCTH TEOPHH, BbI-
TeKaeT HHBapHAaHTHOCTb OoTHocuTeslbHO CPT-npeo6Gpa3oBa-
Hua (teopema Ilaynu — Jliogepca). Ho ofuye npuHUunet
He TpeGYIOT HHBapHAaHTHOCTH oTHOCHTelbHO C- H P-npeobpa-
30BaHUi NMOPO3Hb H OfHOBpemeHHOro CP-npeo6pasoBaHusi.
Hapymenne CP-uHBapuaHTHOCTH O3Hauano Obl OTCYTCTBHE
CHMMeTPHH IIpaBOro H JIeBOro B BaKyyMe, H IO3TOMY [0
HocjeHero BpeMeHH HHKTO He COMHEBAJICS, YTO 3Ta HHBa-
puaHTHOCTB cymiecTByeT. Opuako B 1964 r. jaHHbE o
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pacnage poaroxuBymux K°-Me3oHoB Ha ABa f-Me30H3,
a He HA TPH YaCTHUBI, KaK OOBIYHO HAGIIONAETCS, OCAOKHHIH
curyanuio. [lepBuifi mpouecc MOMKeT HATH, COIJIAaCHO CY-
IIECTBYIOLIUM TPEJCTaBJE€HHAM, TOJNbKO C HapylIeHHEM
CP-unBapuantHocTH. Eciu 3TO JefCTBUTENBHO TakK, TO
BMeCTe C TeM CTaBHTCSl MOJX COMHeHHe oOpaTHMOCTh MpOlec-
COB BO BpeMeHH MM orcyTcTBHe CPT-HHBaPHAHTHOCTH,,
4TO O3HayaeT KPYUIeHHEe OCHOBHBIX NMPHHIMIOB, HA KOTOPHIX
OCHOBAHbI BCe COBDPEMEHHbIe NpeAcTaBaenusi. [1oka, ofHAKO,
JaHHBIA BONPOC OCTAeTCsl HesICHBIM, U MBI He OyleM ero ob-
cyxJarh noppoOHee. Bosmoxno, uro Hapymenune CP-
HHBapHAHTHOCTH OOYCJIOBJIEHO OCOOLIM CBepXCJaObiM B3aH-
MOJEHCTBHEM.

OG6paTuM BHHMaHHE Ha MPOSBJISIOULYIOCS C MOJNHOH Oue-
BUJHOCTBIO HEPApXHI0 NPUHUUNOB cuMMeTpuH. ORHU H3
HHX BBINOJIHSIIOTCS IIPH JIIOOBIX B3aHMOJEHCTBHSAX, APYTHE Ke
(C u P) — TOJNBKO IIPH CHJbBHBIX H 3JE€KTPOMarHHUTHBIX.
Ora uepapxusi HMeeT GOJIbILOE 3HAYEHIE H NIPOSIBJISIETCS eLle
OTYyeT/iNBee BO BHYTPEHHHX CHMMETPHSIX H COOTBETCTBYIO-
IIHX MM 33aKOHAX COXpPaHEeHHs, K KOTOPHIM MBI cefiyac me-
peiiieM. Cpefn HHX HaC Npexje BCEIO0 UHTEPECYIOT 3aKOHB
COXPaHeHHSI 3JIeKTPHYECKOro, GapHOHHOTO H JIENITOHHOI'O
3apsJ0B, BBINOJIHSIOUWIHECS NPH JIOObIX B3aHMOAEHCTBHSX.

[Ipu Bcex npeBpalleHUsIX 3JE€MEHTApHBIX 4YacTHL, aJ-
rebpayyeckass CyMMa 3JIEKTPHUECKHX 3aps0B 4YacTHI, Oc-
TaeTcsi HEeH3MeHHOH. B 3TOM COCTOHT 3aKOH COXpaHeHHS
3/IeKTPHYECKOro 3apsifa. B KBaHTOBON MexaHHKe COXpaHe-
HHIO 3apsjia COOTBETCTBYeT rpajfHeHTHoe npeobpasoBaHue
BOJIHOBOH (DYHKUMH, H3MEHsoIee ee a3y Ha NOCTOSHHYIO
BeIMYHHY A, T. e.

¥ Peid,

Ksagpar mopynsi ¥ He u3MeHsieTcsi, M, COOTBETCTBEH-
HO, HOBasl BOJIHOBAas! (bYHKIIUSI OMUCBHIBAET Te XK€ COCTOSIHHS,
YyTO W crapas.

Ianee, ONMBIT MOKA3bIBAET, YTO SAepHOE BeLIeCTBO COXpa-
HSIETCSI: PA3HOCTb MEXKJY UHC/IOM TSXKEJIbIX YacTHIL U YHCIOM
UX aHTHYaCTHI[ He H3MeHsIeTCs NpH JI0OBIX Iporeccax.
BapnoHel MoOryT poOXKAaThCS TOJBKO NapaMM 4YacTHua —
anTHyacTuua. Pacnagarecss Ha Oosiee Jjierkve dacTulbl Oa-
PHOHBI HE MOTYT. DTO MOXKHO HCTOJKOBAThb CJELYIOHM 00-
pasoM: KaxJaoMy GapHOHY HYKHO NMpUMHCATh 0coboe KBaH-
TOBOE YHMCJI0O — OapHOHHBI 3apsijf, paBHEIA -1, a KaxaAoMYy
anrubapuony — 3apsig —1. Torpa omnpeleneHHbli TakuM
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00pa3oM GapHOHHBLIA 3apsii COXpaHsSETCsl, NMPHYEM €ro CO-
X]PaHEeHHIO TaKKe COOTBETCTBYeT IpaJiueHTHoe mpeobpas3oBa-
11116 BOJTHOBOH (YHKIHH.

AwnanornyHeiM 06pasoM OOCTOMT JEN0 M C JIENTOHAMH.
[’a3HOCTb YHC/IA JIENTOHOB (3/7€KTPOHOB, HEATPHHO U M-
MC30HOB) M aHTHJIENITOHOB HE HM3MEHSETCS HHU THPH KAaKUX
peakuusax. [losToMy KaxkIOMy JIENMTOHY MOXKHO MpPHIIUCATh
COXpaHswolleecs: KBAHTOBOE YMCJIO — JIENITOHHBIA 3apsf,
paBHBIM 1, a KaxJIOMy aHTujJeNnToHy — 3apsig —I1.
()IHaKO IOcje OTKPHITHS JBYX COPTOB HEHTPUHO CTaJo
OYEBUJHBIM, YTO HeOOXOAUMO BBECTH JBa COXPAaHSIOLIHNXCS
11e3aBUCUMO APYr OT JApyra JIENTOHHBIX 3apsijla — 3JIeKT-
|POHHBI# JIENITOHHBIA 3apsj Yy JEKTPOHOB U 3JIEKTPOHHOIO
IIGATPUHO U MIOOHHBIH JIENTOHHBIA 3apsiJ Y W-Me30HOB H
MIOOHHBIX HEHTPHHO.

Teneps nepeiifieM K BHYTPEHHHM CHMMETPHSIM aHAJOTHY-
1IOTO XapakTepa, HO BBIMOJHSIOIUMCS TOJABKO INPH B3au-
MOJAEHCTBUSIX OINpeJeNIeHHOro THIa.

Onana ¥u3 [JaBHO U3BECTHBIX CHMMETPHE — H30TOIHU-
ueckast MHBapHaHTHOCTb. OIBITHEIM IyTeM Obljia yCTaHOBJIE-
1a ¢ GONbLUIOH TOYHOCTHIO 3apsiAOBasi HE3ABUCHMOCTL CHJIb-
IBIX B3auMOJeHCTBHH. SlAepHble B3aMMOJAEHCTBHS NpPOTOHA
¢ NPOTOHOM W HEHTPOHA C HEHTPOHOM COBEPIIEHHO OJMHA-
koBbl. [Joatomy eme B 30-rogax IefiseHb6epr mnpemyioxKui
paccMaTpuBaTh NPOTOH M HEATPOH KaK JBa pAas3jHYHBIX
KBAHTOBLIX COCTOSIHHSI OJHOH YacTHUBl — HyKJoHa. Pa3s-
JINYAIOTCSI NMPOTOH M HEUTPOH TONBKO 3JIEKTPHUECKHM 3a-
psgoM. HeGosbliioe pasinyme ux Macc 00yCIOBJIEHO 3JEKTPO-
MarHUTHBIMH B3aUMOAEHCTBUAMH. [IpU CHJIBHBIX B3auMoOJeH-
CTBHSIX OHH BBICTYIAIOT Kak OJHa uacTuua. g onucanus
JAHHON CHTYAalUH BBOAWTCS IOHSATHE H30TONHYECKOTO CIU-
11a. MOXKHO XapaKTepH30BaTh HyKJIOHBI OJIHOH BEJTHYMHOH —
H30TOMIHYECKHM CIHHOM /, IpPOEKIHsl KOTOPOr'O Ha HEKoe
BpIOpaHHOe HampaBJjieHHe 2 B M30TONMMYECKOM MPOCTPAHCTBE
IIPUHHMAaeT JiBa BO3MOXKHBIX 3HayeHHsi. [IpOTOHYy mnpumnu-
CblBaeTcsl 3HAYeHHEe NPOEeKUMH chnuHa [, = + 1/, He#Tpo-
Hy — 3Hauenue — Y/,. C/IOBO «H30TONHYECKHH» OTpaxKaeT
NpUMEPHOe PaBEHCTBO MacC HYKJIOHOB, a caMa BeJM4MHA
Ha3BIBAETCS CIIMHOM IIOTOMY, UTO (OpMaJjbHEIE arapaThl
ONKCaHUsI 3apsiJOBOH HE3aBHCUMOCTH M OOBIYHOIO MeXaHH-
YECKOT0 CIIMHA TOXKJAECTBEHHBI. M TaM M 3Jech Mbl MMeeM
JieJI0 C BeJHUHHOH, NMPUHUMAKOLIeH JBa AMCKPETHLIX 3Haue-
HUSl (IPOEKLHUsI MEXAaHHUUYECKOTO CIIMHA JJIS1 YaCTHIEL C IOJY-
LeJBIM CIIHHOM TPHHHMAeT 3HaueHus —- /,h).
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Msoronuueckas muBapuanTHOCTb 3akmiouaercs B TOM,
TO BOJTHOBBIE DYHKLUH HyKJIOHOB MOXKHO NOJIBEPTHYTh IPO-
H3BOJBHOMY YHHTapHOMY npeoGpasoBanuio *) ¢ MaTpHueil
BTOpOro mopsifika, AeHcTBylomel Ha HHJEKC [POEKIHH
H30TONHYECKOrO CIIMHA, U JeTEDMUHAHTOM, PaBHbIM eHHHLE
(Tak HasbiBaemas SU,-cummetpus). Bennuuna wusoronu-
1€CKOro CnMHa coxpaHsieTcst, HO TOJIBKO B MPOLECCAX, Bbl-
SBAHHBIX CWJIbHBIMH B3aUMOJCHCTBHAMU. [Ipu 3J1eKTpOMar-
HHUTHBIX Y C/1a0bIX B3aUMOAEHCTBHSIX H30TONHYECKHil CIIHH H3-
MeHseTcs .

Hsotonuueckas unsapuanTHOCTS MO3BON WA 00BeIHHUTD
CHJIbHO B3aMMOJAEHCTBYIOIIYE YaCTHILI B TPYNIB!, Ha3biBae-
MbI€  3apANOBHIMH MyJbTHIUIETaMH. UacTHubl, BXOASIIHE
B MyJBTHIUIET, HMEIOT Giu3KHe MacChl M pasiuuaiorcs
SNIEKTPHYECKUM 3apsiioM. HyxmoHsl 00pasyloT 3aps0BLIK
AyOner. 3aMeyaresbHLIM 00pa3om AJist BCeX CHIbHO B3aHMO-
JeHCTBYIOIMX YaCTHIL XapakTepHa 3apsiloBas He3aBHCH-
MOCTb. OHH IPYNIHPYIOTCS B 3apsi/IOBLIe MYJbLTUIIETHL C OI-
PENCICHHEIM 3HAUCHHEM H3OTONHYECKOro CuHa. Tak, TpH
7-Me30Ha 06pa3yIOT 3apsAOBHIH TPHIVIET C H3OTONHUECKHM
CIIHHOM, DaBHBIM €HHHIe. DTOMY CIHHY COOTBETCTBYIOT TPH
SHAYeHUs] MNpOeKUMH, paBHble 1, 0, —1 u OoTBeyalolue
a*-, 7% u n"-mesomam. C MOMOILBIO H30TONMHYECKOH HHBA-
PHAHTHOCTH yCTAHABIMBAETCA Psifi COOTHOIIEHMUIT Mexny
CEUCHUSAMH NPOLECCOB C YYaCTHEM YACTHI, BXOAAMINX B OLUH
3apSAA0BLIA MYJIBTHIIET.

Ewe onna cummerpus, csizannas ¢ COXPaHeHUeM CTpaH-
HOCTH, BEITIONHSACTCS, KaK yXKe YIIOMUHAIOCh, TOJABKO NpH
CHIIbHBIX H 3JIEKTPOMarHHTHBIX B3aHMOACHCTBHAX, HO Hapy-
lWaercst cnabbIMH B3aHMOLEHCTBHSIMH. SKcnepUMeHTaIbHO
9TO0 GblIO OGHAPYKEHO C/IEAYIOLIHM obpazom. C 1947 r.
HAYalu NOABJATHCS COOOLIEHHSI O CYLIECTBOBAHUH LIEJION0
PAla TAMXKEJBIX YaCTHL, POXKAAIOMHXCS B GONBIIOM KOJH-
YECTBE NPH 3HeprusiX NEPBHYHOrO MyuyKa, MPeBBIUIANLUX
HEKOTOpLIi npefies1. Bonbmoe wueso o6pasyiomuxcst yac-
THI{ yKa3pIBAJIO HA TO, YTO POXKAEHHE UX BHI3LIBAETCS CHJIb-
HBIMH B3aHMOJEHCTBHSIMH, TaK KaK CEuyeHHe peakuui pox-
ACHHSI I0CTATOYHO BEJIHKO JIMIIDb A/ STHX B3aHMOJEHCTBHH.

O €CJIK DOKJIEHHBIE YACTHIIBI OTHOCATCS K CHJIBHO B3aMMO-
AeHCTBYIOIUM, TO MX pacmaj TOke JOMKEH HPOHCXOMHUTD
B pesysprare sJeDHBIX B3aUMOAEHCTBHH C XapakTepHbIM

*) To ectb npeoGpasoBauuio, COXpaHsIUeMy KBaApaT MOAYJs
(Hopmy) BosHOBOH (yHKIUH.
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speMeneM KusHM mnopsaiaka 10722 — 1072 cex. Hukakue
M3BECTHBIE 3aKOHbl COXpaHEHHsl He 3ampellany pacnaja Ta-
KX yactui. Pacmajg M mpoucxoiua B AefCTBHUTENBbHOCTH,
HO TONBKO IO KaKMM-TO IpPUYHHAM CYLIECTBEHHO TOPMO-
suscst. YacTuIp! JKUH B COTHU THICSY MUJIJIHAPAOB pa3s J0Jb-
IIe, YeM MoJiaraeTcsi CHIbHO B3aUMOJEHCTBYIOMUM YaCTHIIaM.
UTo6bl 00BACHHTD 3TH (AKTHl, NPEANONOKHUIN CYIIeCTBO-
BaHHe 0cO00ro 3aKOHa COXPaHEHHS — 3aKOHA COXDAaHEeHH$
ctpaHHocTH. K-Me30HBl M rumeponbl (A%, X+-, 20-, X7-,
E7-, B%yacruipl) 006/1a4al0T 0COOBIM KBAHTOBBIM YHCJIOM —
CTPAHHOCTHIO, KOTOPOE COXPAHSETCS IIPH CHJIbHBIX M 3JIEeKT-
pPOMAarHUTHBIX B3aUMOJEHCTBHSX *) (CTPaHHOCTDh HYKJIOHOB H
7-ME30HOB pPaBHA HyJ10). [103TOMY 32 CUeT CHJIbHBIX B3aUMO-
NeACTBHH OIHOBPEMEHHO POXKAAIOTCS HaPhl YACTHLL C TPOTHBO-
TOJIOXKHBIMM 3HAKaMU CTpaHHOCTH. Pacmap :xe yacturl npo-
UCXOAUT IOJ BJHSHHEM Cj1aOblX B3aHMMOJEHCTBMI C NPHCY-
UMM €My XapaKTepHeIM BpeMeHeM, NpHYeM CTPaHHOCTb
4acTHL, MeHsleTCsl Ha eNUHUILY.

Fenn-Manny ¥ Humwuaxume yjaanocs OCYIIECTBUTH
KJaCCH(HKAIMIO CTPAHHBIX YaCTHI| IyTeM paBUJAbHOH IPyII-
IUPOBKH HMX B H30TONHYECKHE MYJIbTHILIETH M BBEICHHS

crpanHocTd. K- n K%uacruuptl o6pasyior ay6aer co CTpaH-
HOCTBIO S = —1. TaKyio ke CTPAaHHOCTb HMEIOT CHHIJIET
A u rtpumier 2°, X2° Z*. Crpausocts AyGaera E,
E’paBHa —2. CoOTBETCTBYIOLIME AHTHYACTHIIbI HMEIOT CTPaH-
HOCTb NMpPOTHBONOJIOKHOrO 3Haka. OueHb BaXHO, 4TO Hai-
neHHoe [l'enn-MapnoM u HUmIMIKHMOH sMIMpHUECKOe B
CBoel OCHOBe NMpaBUJI0 pa3breHH s CTPAHHBIX YacTHI Ha 3aps-
JOBble MYJBTHIIETHI IO3BOJIMJIO NPEACKa3aTh CYIIeCcTBOBAa-
HH€ HOBBIX YaCTHI[ H HX OCHOBHbIE cBOHcTBa. Bosabiuas uacTs
IePeYHCIeHHBIX Bhle yacTHL Obuia mNpejckasaHa Jo0 HX
9KCIIEPHMEHTAJLHOTO O0HADYIKEHHUS.

OnHaKo NOJJIHHHAS CHCTEMAaTHKA 3JIeMEHTApHBbIX YacTHI,
0a3upyroascs Ha BBEJIEHHH HOBOTO KBAaHTOBOI'O 4YHCIHA,
CTPAaHHOCTH, OblJIa MOCTPOEHAa MO3ZHee, Korja OblIo OTKPHI-
TO OrPOMHO€ KOJIHUECTBO COPTOB YAaCTHI[ C aHOMAaJIbHO MaJsIbIM
BpemeHeM xu3HH 10722 — 1078 cex, monyunBLIMX Ha3BaHHE
pe3oHaHCOB. BpeMs KH3HU PE30HAHCOB CTOJIb MaJO (IO TO-
PAAKY BeJHUYHHB OHO PaBHO BpEMEHH MPOXOKAEHUS UaCTHLL!
C OKOJIOCBETOBO CKOPOCTLIO UYepe3 HYKJIOH), uTo oOHapy-
XKHUTb UX B Kamepe Bunbcona neBoamoxkuo. UMx nHaxonsrt

*) Bnpoqu, COXpaHE€HHE CTPAHHOCTH 3KBHBaJIEeHTHO COXPAaHEHHIO
NPpOEKUUH H3OTONMHYECKOro CHHHA.
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N0 pPEe30HAHCHOMY IHKY Ha KPHBOMH, Aalouiel 3aBHCHMOCTb
YMC/a paCCessHHbIX wacTull or 3HepruH. lllupuna peso-
HAHCHOI'O IHKa IO3BOJISIET OLEHHTb BpEMSI JKH3HM YacTH-
bl C NOMOILbIO MPHHIHUIIA HeonpejedeHHOCTeH [efizen-
Gepra.

Pe30oHaHCH BO3HHKAIOT NPU PACCESTHMH CHJBHO B3aHMO-
AEACTBYIOIIMX YaCTHIL IPYT HAa APYre W CaMH NPHHAAJIEKAT
K CHJIbHO B3aHMOJIEHCTBYOIMM YacTHLaM. [lepBriil pesonaHc
OblT OTKPEIT PepMH NPH PACCESTHHH ME30HOB HA HYKJOHAX.
B janbhefilieM 4MCIO BHOBb OTKPHITHIX PE30OHAHCOB, Me-
30HHBIX M OapHOHHBIX, HAyaJO OueHb ObICTPO HAPACTaTh.
B macTosmee Bpems ux umcsio npesbimaer 200.

Ilocre OTKPHITHS PE30HAHCOB BCsi MPobJeMa 3JeMeHTap-
HBIX YaCTHI| IOJTy4HJIa HOBOE OcBellleHne. XOTsl Y pe30HAHCOB
BpeMsi XKH3HH Ha 6—8 NOPSKOB MeHbIIE, YeM Y OTHOCHTE b=
HO CTalOMJIbHBIX YACTHII, B NPHUHIMIE OHA HHYEM He OT/IHYa-
I0TCSL OT mocCJiefHuX . Pesonauck o61afaloT Maccoii, CiiHOM,
5JIEKTPUYECKUM H OapHOHHBIM 3apsiioM, CTPAHHOCTBIO H
YETHOCTBIO, KOTOPblE MOKHO ONpPENENHTh 3KCIEPUMEHTA/b-
HO. Bce onu rpynnupyrorcs B 3apsifioBrie MyJIBTHILIETH C Ol
pelieJIEHHBIM H30TONHYECKHUM cniHOM. Ho uncso ux cronb Be-
JIMKO, YTO MOHSATHE 3JIEMEHTAPHOH YaCTHIbI IIOTEPS/IO HPeXK-
HHUH CMBICJT. B Teop1H sJ1eMeHTap HEIX YaCTHIL BO3HUK/A CJIOK-
Has, 3anyTaHHas cuTyauus. Hukakoro werkoro kpurepus
3JIEMEHTAPHOCTH YaCTHUBI B HacTosimiee BpeMsi HeT. He Mo-
KeT CJIyXKHUTb, B YaCTHOCTH, TAKUM KDHTEDHEM BpEMsl KH3-
HH YacTuupl. Tak, IEATPOH HMeeT GeCKOHEUHOE BpeMs JKH3-
HHM, HO HHKTO He DacCMaTPHUBAeT €ro KaK 3JIEMEeHTapHYIO
yactuny, a n’-Me30H kuBeT 1071® cex, Ho cupraercs sie-
MEHTapPHHIM 00pa3oBaHMeEM.

Ho neno ue Tonbko B 3toMm. UacTuipl, HasbiBaeMbie MO
TPafULUK 3/IEMEHTADHBIMH, OOJAJAIOT B AeHCTBUTEILHOCTH
CJIOXKHOH CTPYKTYpO#. TaK, MPOTOHBI M HEHTPOHBI OKpYyIKe-
Hbl 00/1aKaAMH MHOHOB U IPYTHMX Me30HOB. [THOHEI CTPYKTYp-
HO BXOIAT B HYKJ/IOH. B CBOIO ouepeip m-Me30HBI MOT'YT
BHPTYaJIbHO NPEeBPAILAThCS B APy HYKJIOH — AHTHHYKJIOH
u T. I. [ToaToMy HcciieoBaHie CBOACTB YacTHIL KAKOT0-J1i60
OJHOTO COpPTa HEBO3MOXKHO 03 W3YUeHHSI CBOHCTB APYTHX.
Hactuusl kaxzaoro copra, no Bblpaxenmo M. A. Mapkosa,
HAUMHAIOT MPEACTABIATHCS KOMMO3HIHEH yacTuI] BceX oc-
TaJIbHBIX COPTOB. [loyyaeTcs 3aMKHYTBIA Kpyr: CBOHCTBa
OHOH M3 YaCTHI[ ONpeJeJsIOTCs] BCeMH OCTaJIbHbIMH. Pas-
MBIKA€TCsI JIU Tie-1u00 STOT KPYT, T. €. UMEIOTCsT JIH YaCTHI(bI-
apUCTOKpaThl, H3 KOTODHIX IIOCTPOEHBI BCE OCTaJbHbIE,
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WM 2Ke B MpHpoJe BOOOIIE HE CyLIECTBYeT YacTHll MOA006-
HOTO pOJa, IOKa He M3BECTHO.

Takum o6pasoM, mpobnema CO3[aHHS AMHAMHUKH 3Je-
MEHTapHBIX YacTHUI[ MPEACTaBASAETCS KpalHe CJIO0XKHOH U Ha
1lepBHIl IJIaH BBbIABUraeTcs 3ajaya CHCTeMaTH3aluM 3Je-
MEeHTapHBIX YacTHL, NOoJ0OHOH TOi, kKoTopas Oblna co3faHa
B cBoe Bpemst [I. M. MenjeneeBrIM A/ aTOMOB XHMHUYECKHX
3/1IeMeHTOB. lIMeHHO NpHMeHeHHe NPHUHIUIIOB CHMMETPHH,
vepapxusi 3THUX NPUHLHUIOB, IO3BOJMINH JAOCTHYb OUYEHb
GosbLINX ycrexoB. B onpeneneHHOM cMbIc/ie MOXKHO CKa3aTh,
4TO CHCTeMaTHKa CHJIbHO B3aHMOJEHCTBYIOLINX YACTHI yKe
co3faHa ((OTOH U JIENTOHHI B 3Ty CHCTEMATHKY He BXOJAT).

HoBas cucrematuka ocHoBanwa Ha pacuiupenuu SU,-
FPYNMBl CHMMETPHH H30TONHYECKOT'O CIIHHA. 3HAKOMCTBO
¢ Tabnuuelt 3/eMeHTapHbIX YacTHI] [OKa3blBaeT, YTo y uac-
THI[ C OJUHAKOBHIMH OapHOHHHIM 3apsjoM B, Mmexanuuec-
KHMM CIIMHOM H YeTHOCTBIO Pa3HOCTH MacC MaJjbl IO CpaBHe-
HHIO C MaccaMH caMux yacTui. Macchl afpoOHOB (TaK 4yacTo
HA3bIBAIOT CHJIbHO B3aHMOJEHCTBYIOLIME YaCTHIBI) MaJo
YYBCTBHTENbHBI K BeJIMUHHE H30TOIIMUECKOro CIMHA U CTPaH-
HOCTH (BMECTO CTPAHHOCTH YacTO BBOJSIT TaK HasblBaeMbIH
runepsapsifi, paBHeIE cyMMe GapHOHHOrO 3apsiia M CTPaH-
HOocTH: Y = B + S). MiMeHHO 3TO 06CTOATENBCTBO HABEJO
Ha MBICJIb, UTO CYIiecTByeT Oosee wmpoxasi, uem SU,,
rpynna BHyTpeHHe#l cuMMeTpHH. 3oTomuueckue MyJbTH-
IVIETBl YacTHL C OJMHAKOBBIMH B, CIMHOM H YE€THOCTBIO
MOXKHO OOBeAMHHUTH B CynepMyJIbTUIIEThI, B KOTOPBIX Yac-
THLBl Pa3MYyaloTCsl H30TONMUYECKHM CIIMHOM, €ro NpoeKIH-
efl U runep3apsiioM (MJIU CTPAHHOCTHIO).

dusnueckass uies, Jexaias B OCHOBE IOCTPOEHHS HO-
BOH, GoJiee IIMPOKOMH I'PYNIBLI CHMMETPUH, COCTOMT B Ipel-
MOJIOKEHHH O TOM, YTO aJpOHBl Y4YacTBYIOT B CHJIBHBIX B3aH-
MOJEHCTBHAX ABYX THUIIOB: OU€Hb CHJILHOM B3aHMOAEHCTBHU
U yMEDeHHO CHJbHOM B3auMofelicTBuu. [lepBoe He BaHsET
Ha M30TONMYECKHUHl CIHH ¥ CTPAHHOCThL. VIMEHHO OHO ompe-
JeJisieT B OCHOBHOM MacChl YacTHI[. ¥ MEDEHHO CHJILHOE B3aH-
MOJeficTBHe NPUBOAUT K 3aBUCHMOCTH MacC OT H30TOIHYec-
KOT'O CITHHA U CTPAHHOCTH TOYHO TaK e, KaK 3JIeKTPOMAar H|T-
HOE B3aMMOJEHCTBHE — K 3aBHCHUMOCTH MacC 4YacTHI[ OT
3JIEKTPUYECKOr0 3apsilia BHYTPH 3apsiIOBOr0 MYJIbTHILIETA.

MatemarnuecknM BhIpaxKeHHeM 3TOH HIeH sIBJSIETCS YT-
BepikieHHe 00 MHBADUAHTHOCTH CHJIBHBIX B3aHMOAEHCTBHHA
N0 OTHOIIEHHIO K NPOM3BOJbHLIM YHHTAPHBIM Ipeo6pasoBa-
HHAM C MaTpUIeH TpeTbero INOpsiAKa H JeTePMHHAHTOM,
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paBHbIM 1 (rpynna npeo6pasosanust SU;). M3 SU,-cummerpuu
HETIOCPEJICTBEHHO BLITEKAeT BO3MOXKHOCTb OOBelHHEH S Yac-
THIL B CYNepMyJIbTHILIETH], IPHUYEM UHCIO YACTHI] B KaXKAOM
M3 HHX OINpEJe/IsIeTCs] Pa3MEPHOCTBIO HENPHUBOXMMbIX IIpej-
CTaBJIE€HUA TPyNNbl. 3TH YHCIA OKAa3bIBAIOTCS PaBHBIMH 1,
3, 6, 8, 10, 15 u T. A. Vi3eecTHble celiuac 4acTHIpBI LEJHKOM
3aMOJIHAIOT CyIepMyabTHIETH 1, 8, 10. 3To B nepByio oue-
peab Mesonmubiil (puc. 10) m Gapuonmsldi (puc. 11) OkTeTsl,

LhuH U : Loy 1 /2
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-1 W20 et
[TpoeKyus U30MONUYECKOZD CIUHE
MesonHell okmem

1 O pe
/lpoeruus usomonuyeckoeo cruta
bapisorssil oxmen,

Puc. 10. Puc. 11.

ME30HHBIH pe30HaHCHLIH OKTeT M OapHOHHLII pe30HaNCHbIH
IekynJjer (puc. 12).

CyurectBoBanne 27-4acTHLB! U3 PE30HAHCHOTO GapHOH-
HOTO JeKyIljieTa U Bce ee BaKHeiiliie CBOHCTBA, BKJIOYAS
Maccy, ObLiu mpejckasaHel Ha ocHoBaHHH SU g-cuMmeTpuu.
AkcnepuMenTanbHoe obHapyKenne Q2 -yactuusl B 1964 r.
CHYKHT OJHUM M3 CaMbIX CHJbHBIX JOKa3aTeslbCTB CHpa-
BEJVIHBOCTH KJAcCH(UKALKK YacTHL, OCHOBaHHOH Ha SU,-
CHMMeTpHUH *).

Ilpyroe Baxueiimee ciaencrsue SU j-cHUMMeTpUH — Tak
HasbiBaeMble MaccoBble opmyasl. Ecau 6b1 SU ;-cummeTpus
Ob1a CTPOroi, TO MacChl BCEX YaCTHI[ CyNMepMyJbTHILIETa
OblH Obl TOUHO OAMHAKOBHI. HO yMepeHHO CHIbHOE B3aH-
MOZEeHCTBHE HapymaeT CUMMETpHIo. CunuTasi 3TO HapylleHHe

*) Q -yacTHua pacmajaercst B pesyJibTaTe cJ1abblX B3aHMOJEHCTBHHM.
3aKOHBI COXPAHEHH 1 3aMPeNIAloT eff pacnaj 3a CyeT CHIbHBIX B3aHMOJieH -
cruit. ITosToMy Q™ -yacTHIa KHBET JOJNTO, H B 3TOM CMbICJIE €€ HEeJib3 A
CYHTATD DPE30HaHCOM.
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MaJibIM, MOXKHO C IIOMOIIbIO TEOPHH BO3MYILEHUH IO H3BecT-
IILIM TPaHC(OPMALMOHHEIM CBOMACTBAM YJIeHA B TaMUJbLTO-
liiaHe, OTBETCTBEHHOTO 3a HapylIeHHe CHMMETPHH, HAHTH
3aBUCHMOCTb MacC 4acTHI B CYNepMyJbTHIUIETaX OT H30-
TOMMYECKOro CIIMHA M FHnep3apaja. YiKe B HEPBOM MOPsiA-
ke MaccoBasi ¢opmyna Ory6o — lenn-Manua A1s1 Me3OH-
HOIO OKTeTa COIJIACYETCS C SKCNEPHMEHTOM C MOT PELIHOCTHIO
55%, a Ana OGapuonHoro — ¢ morpemsocteio 0,5% *).
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Pesoianciisil - derynnem

" Pac. 12.

TounocTh 31ech HEOXUAAHHO BLICOKA, XOTS Pa3HOCTH Macc
YacTHI CYNepMyJbTHIVIETAa HE MaJsbl M JOCTHraioT CoTell
Mas6. dro 3acTaB/sieT HojaraTh, YTO OYEeHb CHJIBHOE B3aH-
MOJIeHCTBHE 3HAYUTENbHO MNPEBOCXOAUT yMepeHHoe.
HecMoTpst Ha mopasuTesibHbE yCIEXH HOBOH CHCTEMATH-
3al{H, TEOPHd BCTPeuaeTcsl C psloM TpyAHocTei. B wacr-
HOCTH, OCTAIOTCSl HE3aNMOJHEHHBLIMH CYIEPMYJbTHILIETH ¢
TPeMsl U LIEeCThIO yacTuuaMu. Ho TyT e ciefyeT oroBOpHUTh-
Csl, YTO MMEHHO C TPHIUIETOM CBsi3aHa HOBAasi HHTepecuasl
ujies, NO3BOJSIOMIAst, C OAHOH CTOPOHbI, OYEHbL MPOCTO H
HarAsiiHO TpeACTaBUTH cebe CYTh CHCTEMAaTHKH aJpOHOB,
a ¢ Ipyrofi CTOPOHbI,— NPHOMU3UTLCS K PELIEHHIO BOMpoca
O TOM, YTO K€ HMEHHO — JIeMOKDPAaTHs UJH apUCTOKPATHS —

*) MiMenno MaccoBast ¢opmyJsia mo3Boausia ¢ GOJBIIOH TOYHOCTHIO
npeickKasath Maccy ST-UaCTHIHL.
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FOCNOACTBYET B MHpE 3JeMeHTapHbX uactull. WHeiMu cio-
BaMH, BC€ JIM 4aCTHIbI 3JIEMEHTAPHBI B paBHOﬁ Mepe UM XKe
CYLIEeCTBYIOT (pyHAAMeHTa/lbHble YACTULBI, M3 KOTOPBIX CO-
CTaB/IeHbl Bce ocranbHble. [enn-Manu u Llpefir BbicKasanu
THIIOTe3y, YTO BC€ CHJbLHO Bsaumou.eﬁcmy}om‘ne YaCTHIbI
[IOCTPOEHbl U3 HEKOTOPbIX (hYHAAMEHTAJNbHHIX 4YacTHi, 00-
pasyoiux TpPUIJIeT. DTH TUIOTeTHUECKHEe YacCTULLl Obliy
Ha3BaHbEl KBapKaMH.

JleiCTBUTENbHO, Bce ME30HBI, 6P MOHBL H PE30HAHCHI MOXK-
HO IIPEJCTaBUTb COCTOSII[UMH K3 KBaPKOB, HO JAJISI 3TOTO IIO-
CEeJHMM HYXKHO NMpPUIOHCATh APOOHLIE 3jeKTpUuecKHe u Oa-
PHUOHHBIE 3apsiibl — IIIar', Ha KOTOPHIA PEIINTbCA HeJerko.
KsauroBbie uncsnia KBapKoB (#X 0003HAualOT CHUMBOJIAMH
p, n ¥ A) npeicTaBieHbl B Tabjuue. ¥ aHTHKBAPKOB 3HAKH
3apAJOB W CTPAHHOCTH TPOTHUBONOJNOXKHBI. Kaxaeli Me-
30H WJIM Me30HHBIH Pe30HAHC COCTOHT U3 KBapKa 1 aHTHKBap-
Ka, a 6apHoH u OapHOHHbIH Pe30HAHC — U3 TPeX KBAPKOB
MM TpeX aHTHKBapkoB (moipobuee cM. [19]). Pasuuna
B Maccax YacTHI[ CyHepMyJbTHIIeTa OOBSICHSETCS TeM,
uTO A-KBapK TsizKejlee p- U n-KBapkoB Ha 146 Mss. PaBHo-
LIEHHOCTh BCEX TPEX KBAPKOB NPH CUJIbHBIX B3aHMOJEHCTBH-
SIX ¥ 03HayaeT CylecTBoBaHHe YHUTaPHOH SU 3-CUMMETPHH.

_ | dnekrpu- _| Bapuon-
K}Bglp yecKui ?3;1 Hbilt 3a- | Cnud
3apsip PIA
p 2/3 0 s s
n —1/3 0 13 e
A —fs | —1 l s Yo

Jlo cux mop, HECMOTPS Ha HACTOHYMBLIE TMOMCKM, KBap-
Kd He OOHApy»KeHbl B IIPHPOJE M HX He YAaJ0Ch NMOJYYHTb
C TOMOIIBIO CyLIecTBYIOIMX yckoputenei. [Tocnennee o6-
CTOSITE/IbCTBO T'OBOPHUT O TOM, YTO Macca KBapKOB JAOJIKHA
ObITh OueHb OOJIBILOH; OHA JOJXHA B 6—7 pa3 IpeBHIATD
MacCy HYKJIOHOB, W 3HEPrHM COBDEMEHHBIX YCKOpHTeNedl
NPOCTO HE XBaraer.

Takum o6pa3oM, Macchl YaCTHI, COCTOSIIIMX H3 KBapKOB,
B HECKOJIBKO pa3 MeHbIIe MAacChl CaMuXx KBapKoB. JledekT
Macc npH o00pa3oBaHHUM YACTHLL H3 KBapKOB MOHCTHHE
rpasauosed. Brpouem, Bo BceM, uYTo Kacaercsl KBapKOBOM
MOJIeJI YaCTHLl, OCTaeTcss MHOTro HescHoro. He sicHo, Kakue
CHJIBI MOT'YT YJEepIKHBaTh KBapKH APYr BO3je JApyra U Kak
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5TH CHJIBI CBSI3aHBI C HM3BECTHBIMH SIIePHBLIMH B3aHMOJEH-
cTBUAMH. PaKTHUECKH CO3[aHA TONBKO CTaTHYECKas MO-
Jlefb 4acTHI[ M3 KBAapKOB, a AMHAMHUYECKAsl ee OCHOBA OT-
cyTcTByeT *). SICHO JIMLIb OJHO — HE3aBHCHMO OT TOTO,
CYLIECTBYIOT iU KBapkH, SU z-CHMMETpUs COAEPKHT MHOrO
palnloOHATBHOTO ¥ B TOH WM HHOH (OpMe BBIAEPKHUT Aalb-
lefiliee VCIbITAHHE BPEMEHEM.

3aMeTuM, HAKOHElL, YTO ceH{uac [eJalTCsl MOMBITKH
pacunpennsi rpynnel SUg-cUMMETpUH nyTeM oObeAHHEHHS
BHYTPEHHHX M IIPOCTPAHCTBEHHO-BPEMEHHBIX CHMMETPHH.
Buyacthocty, rpynny SU 3 00beIUHSIOT € TPYIION IPOCTPaH-
CTBeHHBIX BpalleHui. [lonyyaromascs rpynna HOCHT Has-
Banue rpynnsl SUg-cummerpuu. 3Jiech yKe B OJHOM CYHep-
MyJbTHIIIETe OOBEeJUHEeHBl YacTHUBI, OTIHYAIOLUINECS He
TOJIbKO 3apsJJOM, U30TONHYECKHUM CIMHOM H CTPaHHOCTHIO,
HO H MeXaHuYeCKUM cnuHOM. Bce Gapuonsl u GapuOHHbIE
pe30HaHChl OOBEAUHEHB! B TPYNIY U3 56 4aCTHIl, a ME3OHHI
¥ Me30HHbIe DE30HaHChl — B rpynmy u3 35 uacTui (B pam-
Kax KBapkoBOH wmojenan uwactui SUg-CUMMETpHS NPOCTO
03HauyaeT, 4TO B3aHUMOJEHCTBHE KBAapKOB He 3aBUCHUT OT
B3aHMHOH OpHEeHTAlHH WX MeXaHWUYECKHX CIIMHOB).

[IpencraBnenyde 0 Tako# paclIMpPeHHOH rpynne CHMMeT-
pPHH yXe o0Ka3aloch IUIOJOTBOPHBIM. Tak, YCTaHOBJIEHBI
CBSI3H MexAy MaccaMH YacTHIl C pPasHbIMH cinuHamu. [Tomy-
YyeHa IpoCcTasl CBA3b MarHUTHBIX MOMEHTOB HEATpOHAa H
npotona. CoryiacHO TeOpHH OTHOIIEHHE MOMEHTOB DaBHO
—2/,4, uto ¢ omwKbKoi 10 2% COBMAAaeT C FIKCIEPUMEHTAIBHO
HaliflenHo# BeauunHOi. Ho BMecTe ¢ TeM umerorcss U GoJb-
mue TPYAHOCTH. B 4acTHOCTH, OCTAIOTCS HE3aMOJHEHHBIMH
CynepMyJabTHIJIETE U3 6 u 15 yacTui, KOTOpBIe IOJIKHBI
CYIeCTBOBATh COTJIACHO TEOPHMH, U T. I.

Kak 66l To Hu ObLIO, HECOMHEHHO, YTO yCIleXH B KJac-
cupHKauMH 3JeMEeHTapHBIX YacTHI[ HA OCHOBE MPHHIHUIIOB
CHMMETPHHM U HePapXHH NMOCAENAHUX OUEHb BEJTHKH, XOTS MbI
HEe MOXKeM CKas3aTb, II0YeMy 3STH CHMMETPHH CYLIECTBYIOT.
[ToueMy cymiecTBYIOT NpUOJHMKEHHRIE CHMMETPHHM C COOT-
BeTCTBYIOIIEH uepapxueil? OObsicHeHue 3TOro — jeno Oy-
AYLIErO.

B 3akjioueHHe HYXKHO IOAYEDKHYTb, 4YTO ANPUHYUNbL
Cummempuy HOCAT OLHO3HAUHBIHA (B 3TOM CMBIC/IE — JHHAMH-
YeCKHil) XapakTep, He NONYCKAIOUIUH Kakoro-nubo craTuc-
THYeckoro pasbpoca. TakuM o6pasoM, oxu AoascHbL paccmanm-

*) 3pmech TEPMHH «[MHAMHYECKHIl» 03HAYAET IPOCTO — ABHKYIIUACS.
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pusamscs Kak OuHamudeckue snemenmol 8 00wem-mo cmamuc-
mu4ecko i kapmunbt mupa *). Yike B CHIy CBOEr0 OAHO3HAU-
HOI'O0 XapakTepa IPHUHIMIE CUMMETPHH, Kak Obl YCIEIIHO
HUM IPOABHMrajioch HX 0000mieHne B AanbHeHIIeM, HHKOrJa
He CMOTYT 3aMEeHUTh TEOPHIO, JeTalbHO OOBSCHAIOULYIO IPO-
LIECCH! B MUKPOMHpE. DTO HECOBMECTHMO CO CTAaTHCTHYECKHM
XapaKTepOM NOBeJleHHsI MUKPOOGBEKTOB.

OO0HO3HAUYHOCMb NPUHYUNOE CUMMEMPUL HU 8 MAAOLL cme-
NeHW He Npomusopedum CmamucCmu4ecKomy xapaxmepy ca-
mux meopuii nogedenus murxpoobvexmos. JlocTaTouHo OT-
MeTHTb, YTO MMEHHO B KBAaHTOBOH MeXaHHKE, CTaTHCTHUeC-
KOH B CBOell OCHOBe, NPHHIMILI CHMMETPUH UIPAIOT HECpaB-
HeHHO 6oJiee BaXKHYIO pOJib, JAIOT BO3MOXKHOCTb NOJYUYHTH
Gonblie CAeACTBHH, YeM B KJIaCCHYECKOH MeXaHUKe, TEOPHH
cyry60 AHMHAMHYECKOH.

B kauecTBe nmpumepa ykakeM, YTO B KBaHTOBOH MeXxa-
HHKE H3 CUMMETPHH OTHOCHTENbHO NPOCTPAHCTBEHHBHIX OT-
pakeHHH BEITEKaeT 3aKOH COXPaHeHHS YETHOCTH, TOI'Ala KaK
B KJIACCHYECKOl MeXaHHKEe OTCIONA HEeJTh351 BHIBECTH HHUKAKHX
CYIIECTBEHHbIX CJIEJCTBHH.

Bonbiuast ponb NPUHIUIOB CUMMETPHH B KBAHTOBOH Me-
XaHuKe, corsiacHo Brrnepy [18], cBsasauna c TeM, uto B Heil
BBINOJIHSIETCS HETPUBHAJBHBIH NPHHIHKI CYyHepro3HLUH CO-
CTOSIHMH, NMO3BOJSIOIIMA U3 JBYX BEKTOPOB COCTOSHHUS IO-
CTPOUTb 0OeCUHCJIEHHOE MHOXECTBO HOBBIX BEKTOPOB.

% %k ok

Ha sToM MBI 3akOHUMM 0030p (yHAaMeHTaNbHbIX QU3H-
YyeCKHX TeOpHH M nepedlieM K Hawe#d rJaBHOH 3ajaye—
HCC/IEJIOBAEUIO B JIeTajlsiX COOTHOLIEHHSI Mex<Ay AHHaMH-
YeCKHMH H CTaTHCTHYeCKHMH 3aKOHOMEpHOCTSIMHU.

*) IMonpoGree Ha 5ToM BOMpOCE Mbl OCTAHOBHMCS B JaJbHejilleM.



TJAABA 1

JABA ACIIEKTA NMPOBJIEMbl COOTHOMWEHMHSI
MEXXY TUHAMHUYECKHUMHU U CTATUCTHYECKHMH
3AKOHOMEPHOCTSIMH

§ 1. O6was cxema B3aHMocBsi3eil
(yHpaMeHTasibHBIX (PU3HUECKHX TEOPHiA

B npenpinymeii riaBe Mbl KPaTKO PacCMOTPEJH B HCTO-
pHYeCKOM acnekTe (hyHAAMeHTasbHble (PM3HYEeCKHEe TEOpHH,
COCTaBJISIIOIHE OCHOBY (pU3HKH. Tenepb Mbl NMpeLicTaBUM Ha
eMHON cxeMe BaykHefllMe (PM3HUEeCKHe TEODHH U IPOCTENHM
COOTHOLIEHHS MeXIY HHMH. DTO NO3BOJHT B HauboJsiee Har-
JAs0HOA (opMe NO3HAKOMHTbCS C TIJIaBHBIMH (aKTaMH, Ka-
CaIOIMMHUCS] COOTHOILEHHs MeXAY [HHAMHYeCKHMH H CTa-
THCTHYECKHMH 3aKOHOMEPHOCTSIMH.

Ilpucrynas K nocTpoeHHIO OOLIeH CXeMbl, Mbl TeM CAMBIM
JOJKHBl 3aHATbCS KJacCHbHKalMedl (U3HYEeCKHX TeOopHi.
Koneuno, s06asi MONBITKA KJIacCH(PUKAIUH C HeH36€KHOCTBIO
COZIEPXKHUT 3JIeMeHTBl YCJIOBHOCTH M caMa 1o cebe Takasl cxe-
Ma BpsiJ JIH MOXKeT NpPeACTaB/sATb 3aMeTHYI0 LeHHOCTh. OT-
naBasi cebe B 3TOM IOJIHBIH OTYET, Mbl TEM He MeHee pellaeM-
csl IpelJIOKUTb BHHMAaHHIO 4YMTaTessl MNOAOOHYI0 CcXeMy
(cM. Hike). OnpaBranue 5TOro yxe IPHBENEHO B NPeLBbILY-
meM a63aie. Ero MOXHO paciMpHUTB.

Cxema B3auMocBsi3ell (HU3HYECKHX TEOpPHH, KaK HaM
NpeJcTaBJ/sieTcsl, N03BoJisseT Haubosee ecTeCTBEHHBIM O6pa-
30M NpHUATH K (OPMyJHPOBKE OCHOBHOTO Te3Hca, 3allHiiae-
MOro B HacTosilieifl pabore. lleno B TOM, YTO 3Ta CXeMa,
HEeCMOTPSI Ha CIOPHOCTb OTAEJbHBIX, OBITh MOXKET U CYIIeCT-
BeHHBIX, TOJIOKEHHH, B ONpefleleHHBIX OTHOLIEHHSAX BaXHbIX
KaK pa3 MJs Hallero HCCJefOBaHHSA, OTpPaxKaeT HeNocpel-
CTBeHHBle (DaKThl, Kacalolllecsi COBPEMEHHOI'O COCTOSIHHSA
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Haykd. B nanbHelfimeM WMeHHO Ha Takoro poja ¢akrax
MBI M COCPelOTOYHM BHHMaHMe.

Tenepp chenaeMm nocjeiHee NpelBapHTesNIbHOE 3aMeua-
HHe. OCHOBHOH Te3UC Halllero HCC/leOBAHUS O COOTHOLIEHHH
IVHAaMHYeCKHX M CTaTHCTHYeCKHX 3aKOHOMEPHOCTeH ¢ He-
H306eXHOCTBIO CJeAyeT M3 CYIIeCTBYIOLIHX (DaKTOB, H3
peasbHOTO cofepKaHHs (U3HUecKHX TeopHii. Paccmorpenue
oflieli cxeMbl B3aHMOCBSI3eH (DU3MUECKHX TeOpHH He $B-
JisieTcsl LEeHTPaJIbHbIM, HeOOXONWMBIM 3BEHOM B IeNH Ha-
IIMX JOKa3aTeJbCTB. BBOAMTCS OHAa HCKIIOUHTENBHO /IS
Gosbliell HarMsiAHOCTH. [IpH6eraThb K MakCHMa/lbHO ILHPO-
KOH H BCECTOpPOHHeH apryMeHTaUuH Hac noGyxJaeT JHIUb
TO, YTO CJHIIKOM GOJbIIOE YHC/IO aBTOPOB, 3aHHMAIOLIUXCS
HCc/leOBaHMeM JaHHOTO BOIpOCca, He 3aMeyaeT, Kasasoch
Obl, BIOJHE OYEBHMIHBIX (PAKTOB.

ITepefineM Tenepp K cymecTBy Aesa. Kak nauGosee ne-
Jlecoo0pa3HO PacloJIOKHTb B ONHOH cXeMe pa3HooOpasHble
TEOPHMH, C KOTODHIMH HMeeT JeJI0 COBpeMeHHasi (H3HKa?
OueBuIHO, He CJIeAyeT OCTAHABJIHBATbCS HAa €NMHCTBEHHOM
kJIaccuukanioHHoM npunnune. «OIHOMepHas» cXeMa He
MOXKeT BMeCTUTb B cebs1 Bce 6OraTcTBo W pasHoobpasue ¢H-
3UYeCKHX TeODHMH M HMX B3aHMOCBSI3eH.

HauGosnee ecrecTBEHHO NPOU3BOIHTL KJIACCHPHUKALHIO
TEOPHH MO NBYM NPHU3HAKaM: ¢ropmam 0BUCEHUs mamepul
U YpOBHAM eAYOUHbL NOBHAHUS OKpYxcaioueeo mupa (cM.
cxemy). O6a 3TH NpHHIMNA KJacCU(HKaLHH, pasyMeercs,
He HoBHl. Kiaccudukanus npoueccos 1o ¢hopMaM ABHKEHHUs
Matepuu npousBoxuniach eme ®. Durenscom. Konuennuio
ypOBHelt mupoko mnponaraHaupyer Bom. HoBeiM siBasiercs
JUIIb KJaaccudHKanyus Mo TeM M APYTHM IIpH3HaKaM OJHO-
BPEMEHHO, YTO OKa3blBaeTcsl BecbMa YHOOHEIM. MHaue B
KaxIoi KJ1acCH(PUKAIUOHHOH KJIETKE COJepiKanoch Obl He-
CKOJIBKO BeCcbMa DPa3/IMUHBEIX TeOpUH H «BHYTPHKJIETOYHOE»
Iejenne TpeboBaso Obl K cebe ocoforo BHUMaHHs. [laxe
B Hamell «IByMepHOH» cXemMe B psiie CJyyaeB HYKHbI
«BHYTPHKJIETOUHble» NOAPa3JeNeHHss H INPOCTPaHHbIEe MOsC-
HeHHs. Mbl orpaHHuMBaeMcsi ABYMepPHOH KiaccHpHKaLueld
IOTOMY, YTO OHa JOoCTaToyHa AJIf HamHuxX uedell. Ilepexon K
6oJiee JieTalbHBIM TPEX- WM YeTbIpeXMepHBIM KJaccH(pHKa-
IMSIM JIMIIb OCJOXHHJ Obl Ge3 HyXIbl HeoOXOAHMOe IJisi
JAHHOTO HCCJe[IOBAHHUSA BbISICHEHHe CYTH JieJa.

[Ipexxne Bcero, TEOPHH MOXHO paslejUTb B caMOM 00-
IleM CMbIC/Ieé Ha TeODHH MaKPOCKONHMYECKHX CHCTeM H Teo-
PHHM MHKDOCKONHYeCKHX 00BeKTOB. TeopHH mepBOH IPYMIHI
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pacCMaTpUBAIOT SIBJIEHHS B CHCTEMAaX M3 OYeHb OOJIBLIOTO
YHCJIAa YacTHL, K KOTOPBIM NPHMEHHMO MOHSITHe TeMIepa-
1ypel. Takoe pasneseHHe BIIOJIHE eCTeCTBEHHO, H IIPOTHB
HEro TPYyJIHO 4TO-1H60 Bo3pa3uTb. Kak mpaBuio, MakpOCKoO-
NMYecKHe CHCTeMBl H OTHesbHble 3/eMeHTapHble IIPOLEeCcCH
C yyacTHeM HeGOJIbILOIO YHCJa MHKPOOOBEKTOB ONMHCHIBAIOT-
Csl COBEPILEHHO Pa3JIHYHBIMH TEOPHSIMH.

Jlanee, TeOpHH IPOLECCOB B MAaKpOCHCTEMax BIIOJIHE OT-
YeTJIMBO PasJe/IsAOTCS 10 YPOBHSM Ha MaKPOCKONHYECKHe
(mn heHOMEHOMOTHYECKHE) U MHKpocKonnueckue. Ha mak-
POCKONHYECKOM ypPOBHe Bce Tesla M I0JIs1 CYHTAIOTCs Herpe-
poiBHBIMM. Ha 3TOM ypoBHe He YYHTBIBaeTcsi HH aToMHast
CTPYKTypa BelllecTBa, HU AUCKpeTHble cBoHcTBa noJel. B oc-
HOBe TeODHH MHKDOCKONHYECKOrO YPOBHS, HalpOTHB, Jie-
XaT NpelCcTaBJeHUsl O IMCKPETHOM CTPOEHHH MaTepHH.

Ilpu mccnefoBaHMH MHKDOCKONHMYECKHX OOBEKTOB LeJie-
€o06pa3sHO BBIIEJIUTb KJIaCCHYeCKHMH H KBAaHTOBBIH YPOBHH.
Ckauok npH nepexoie OT KJacCHYeCKHX NpeICTaBJeHHH K
KBAaHTOBbIM OueHb BeJiHK. OTIeNbHO ClefyeT TakK:kKe Bblie-
JIUTb PEJSTHBHCTCKYI0 KBAaHTOBYIO TEOPHIO — CaMylmo IJIy-
OOKYI0 COBPEMEHHYIO TEOPHI0O MHKPOINPOLECCOB — TEOPHIO
3JIeMeHTapHbIX YacTHLl M HX npeBpauenuii. OHa kauect-
BEHHO OTJIHYaeTcsi OT HepeJIATUBHCTCKOH KBAHTOBOH Mexa-
HHUKH.

Ilpyroe «usmepeHHe» Haluell cxeMbl — KJaccH(pHKaLus
no opmaM [IBHKeHHsl MaTepHM, WJH, MOXKHO CKa3aTb, MO
THIIAaM B3aNMOJEHCTBHS ABHXKYILelicsi matepud. Ha mepsoe
MecTO cJellyeT IOCTaBHTb OOBIYHOE Mexaruveckoe Oguicerue,
a TakKXe menaosoe 0sujerue, KaK HEKOTOPYIO HAICTPOHKY
HaJ MeXaHUYeCKHUM JABHIKEHHEM, JIeXKaI[HM B €ro OCHOBE.
ITajee GeccriopHOe MeCTO NpPHHAAJIEXKHT 3J€KTPOMarHHTHO-
My HOJII0, KaK 0co60# ¢opMe IBHKEHUS MaTepHH, OCYILeCT-
BJISIIOLLEH B3aHMOJEHCTBHE 3/IEKTPHUYECKH 3apsiKeHHBIX 4Yac-
THI. Hajno oTMeTHTh, 4TO MeXaHHYecKasi M 3JeKTpomar-
HUTHast (OpPMBl IBHXKEHHSI MaTepHH LIS MaKpPOCHCTeM Ha
MHKDPOCKONHYECKOM ypPOBHE M AJIi MHAMBHAYANbHBIX MHKPO-
CKOIIMYeCKHX OOBeKTOB Ja/leKO He TOXIecTBeHHH. B nepsoM
cjlyyae MeXaHWyecKasl U 3JIeKTpOMaTHUTHasA GOPMBI ABHXKe-
HHs1 KOMOHHHDYIOTCS € TEIJIOBOH (opMOit, a BO BTOpOM — HeT.

Ha MakpocKOnmHYeCKOM YpOBHE HMEIOTCS ellie TpaBHTa-
IHOHHLIe B3auMofieHcTBHs. Ho Ha MHKPOCKONHYECKOM YypOB-
He Mbl BCTpeuyaeMcsl JOMOJHHUTEJIbHO C TEOPHSIMH CHJIbHBIX
u ca1alblx B3auMoneHcTBUH. B KBaHTOBOH TeopuM NoJs OHH
3aHMMAIOT TaKOe Ke MOJIOXKeHHe, KaK U 3JIeKTPOAHHAMHKa.
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31ech MOXKeT BOSHHKHYTH cllenylomuit Bompoc: e Aod-
JKHA JIM KJaccHpHKausa TeopHuil no ¢popmMam JBHUKEHHUS] MaTe-
puH OBITb NMPOCTO KJaccHMKalHel 1o THIY 3JeMeHTapHBIX
wactu? Bemp TO, yTO cefiuac Ha3bIBAIOT 3JeMeHTapHBLIMU
YaCTHIAMH, MOXKHO CYHTaTb Pa3JHYHBIMH (OpDMaMH Cylie-
CTBOBaHHs HJM ABHKeHHs MarepuH. OfHako oT nomoGHOH
HONBITKM HYXKHO Cpasy ke OTKasartbcsi. Bo-mepBbix, 1o To#
NpoCTOfl NpHYHMHE, YTO Jaxe CTAGHIBHBEIX H OTHOCHTENBHO
CTabMJIbHBIX YaCTHI, OYeHb MHOro. Bo-BTOpHIX, M 3TO TI.1aB-
HOe, HMeeTcsl OueHb BaxKHBIH, OOBENHHSIOMMH T'PYINBl Ya-
CTHL, TPH3HAK — CHOCOOKOCML K 63aumoldelicmsusm moeo
uau unoeo muna. Ilo THIIaM B3aMMOZEHCTBHSA H CJIeLyeT IPo-
H3BOAMTDb KJacCHbHKAILUIO.

IlepefineM Tenepp K caMoi cxeMme, K OOBbSICHEHHIO ee Jie-
Tanefl, He YNOMSIHYTBIX BO BBOJHHIX 3aMeuaHHUsix. Bynem
JBUTaTbC CBEPXY BHH3 OT OJHOH FOPH3OHTAJIbHOH I0OJIOCHI
K JpYTOH.

[.L.MakpocKODHYEeCKHH YypOBeHBb, Ha
KOTOpPOM He YYHTHBaeTcss aTOMHa#f
CTPYKTYP a. B nepsbix IByX KJeTKax HaxomsTCsl Me-
XaHHKa M TepMOAHMHAMHMKA DaBHOBECHBIX NpOLECCOB. ITH
TEOPHH ONMCHIBAIOT ABA TECHO CBSI3aHHBIX THIA IBHIKEHHS:
MexaHuyeckoe M TemoBoe. Mx mesecoo6pa3Ho noMecTHTb
pSIIOM He TONBKO M3-3a TECHBIX CBSi3ed MexkIy HHMH (Ha-
npUMep, MeXaHHKa CIVIOIIHBIX Cpel HeMblcinMa Ge3 TepMo-
IVMHAMHKH, a TepMOIMHaMHKa — 0e3 TaKUX MeXaHHUeCKHX
NOHSITHH, KaK JaBJeHHe, cHia, pa6ota U T. A.), HO H MNOTO-
My, YTO Ha cJefylolleM YDPOBHe MeXaHHuecKasl M TelsoBas
(opMBl IBHXKEHHSI MaTepUH yXKe He pasfessioTcs AOCTaToy-
HO pe3Ko. -

B MexaHHKe ecTeCTBEHHO BBLIIENUTb MEXaHHMKY TBEPIOTO
TeJa ¥ (DeHOMEHOJOTHYECKYIO TEOPHI0O HeoOpaTHMBIX IIpo-
1eCCOB (MAaKPOCKOIHUYECKUH acreKT (PM3HUECKOH KHHETHKH),
BKJIIOYAIOLLYI0 B ce0s1 B NMEPBYIO OYepeilb MEXAHHKY CIJIOLI-
HbIX cpell. [locnennsis paccMaTpuBaeT Kak HjeanbHBle cpe-
Ibl, TaK M peajibHble, B KOTOPHIX IPOUCXOAUT AHCCHIALUA
MeXaHHYeCKOH SHepTHUH.

Crenymolyio KJIeTKy 3aHHMaeT MaKpPOCKOIIMYeCKas 3JeKT-
ponuHamMuka MakcBesia, BKJouawomasi B cebs Kjaacchyec-
KYIO ONTHKY.

CusibHble U cnabble B3aMMOJEHCTBUSI U3-3a CBOETO KOPOT-
KOLEHCTBYIOIIETO0 XapakTepa He INpPOSIBJSIIOTCS M HE MOTYT
NpPOSIBUTbCSl Ha JaHHOM ypoBHe. KoHeuHO, BelllecTBO B TOM
BHJle, B KaKOM OHO CYLIeCTByeT, HeMBICIHMO O0e3 35THX
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B3auMozedcTBuil. Ho mpu henoMeHOMOrHUecKoM paceMoTpennn
NPOIECCOB B MAaKPOCKOMHYECKUX Teslax CBOACTBA MOCJEIHUX
CUHTAIOTCS] U3BECTHHIMU H3 SKCNIEDPUMEHTA H HUKAKHe TIOTHIT-
KH OOBACHHTb NPOHCXOXKIEHHE 3THX CBOHCTB HE AENAIOTCS.
IlosToMy Ha ypoBHe, Ha KOTOPOM HTHODHPYETCS MHKDOCKO-
NHYecKass KapTHHA CTPOEHHS BellecTBa, CHJbHBIE H caabble
B3aHMOJEHACTBUS He paccMatpuBaioTcsi. Clef0BaTeNbHO, IBe
CJIefyIOlHe K/IETKH NPH NMPHUHATOH CHCTeMe KJacCH(DHKALMK
JOJIKHBEI BCET/la OCTaBaThCsl IYCTHIMH.

Haxkonen, B nocsnenneil kieTke HaXONHTCS TEOPHS TSATO-
TeHust. B xiaccuueckoil ¢usHke — 3T0 3aKOH BCEMHPHOrO
Taroreiust HoloTona, a B coBpemennoii — Teopus Tsro-
TeHHs1 DHHINTefiHA, CO3JaHHAsg HAa OCHOBe ero OGLiEH Teo-
PHH OTHOCHTEJNBHOCTH.

Bce Teopun naHHOTO MaKpOCKOMHYECKOrO YpOBHS siB-
JIAIOTCA NMHAMHYECKHMH. Bce OHM BO3HHK/H paHblIe Teo-
PHii, OIHCHIBAIOWIAX Te e (OPMEI IBHKEHHSI MAaTepHH Ha
Gonee Tay6OKMX YpPOBHAX. McKiouenuwe cocTaBiseT Teo-
pusi TpaBATAllMH B TOM CMBICJIE, YTO efl Ha GoJjiee TMTyGOKHX
YPOBHSIX IIOKa YTO He COOTBETCTBYET MOYTH HHYEro.

II. MakpocKOmHYUeCKHEe CHcCTEeMb Ha
MHKPDOCKONMHYECKOM YypOBHe (Bropas Io-
Joca). 31ech BO3HHKAIOT ONpele/eHHble 3aTPYNHEHHS B
KJIacCHHKAUKH. 3]1ech HeT CTOJb SICHO H OJIHO3HAYHO OuYep-
YEHHbIX TEOPHH, KakK Ha NpeiwIylieM ypoBHe. Bce meopuu
MAKPOCKONUYECKUX CUCIEM HQA  MUKPOCKONUYECKOM YPOBHE
MOJCHO Haséamy cmamucmu4eckol usukold mamepuu —
sewecmsa U noseti. B ocuoBe ee siexar ypaBHeHHS HHIHBH-
AyasJbHBIX MHKPOCKOIHYECKHMX IIPOIECCOB C YacTHIIAMH U
nossiMi. CTaTHCTHUECKHH METOX MO3BOJISET HA OCHOBE ypaB-
HEHHH LIS 3/IeMEHTaPHBIX NPOLECCOB MOCTPOHTh TEOPHIO I10-
BeJIeHHsI CHCTEM C OYeHb GOJIBILHM YHCJIOM CTeNeHeH CBOGOIbL.

Takoe pasGueHne mpexcTaBisieTcss HaM JOCTATOUHO Oye-
BHAHBIM U JIOTHYHBIM. Ho nanbmefimast kiaccudukamus no
GopmMamM [BHXKEHHS MM THNAM B3aUMOLEHCTBHH He OLHO-
3HauHa. Bo BcakoM ciydae, Her o6MmenpHHATOrO LeNeHHs
CTaTHCTHYECKOH (DU3MKH Ha OIpele/ieHHbIe pPa3lebl.

HaunGosee ecrecTBeHHa, mo-BUIMMOMY, Takasi KJacCH-
¢ukanusi. CHayala HYKHO BBIUIEJNHTH CTATHCTHUECKYIO Me-
XaHHKy, B KOTODOH C MHMKPOCKOIHYECKHX MNO3MUHH H3Y-
YaTC MEeXaHHYeCKOe M TellJioBoe nBuxeHUsA. OcHoBHas
NpHYHHA ee BhIIEJIEHHs B OCOObIH pasjiesl COCTOMT B TOM, YTO
B Hell He pacCMaTpPHBAIOTCS NoJs. J[BHMKeHHe 4acTHI, Cja-
TFAlOLIMX CHCTEMB!, IPOUCXOAHUT NOJ AeHCTBUEM 3aJAHHBIX CHJI,
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KOTOpHIE TIOHHUMAIOTCS B 1yXe MeXaHHKH HbloToHa (majbHO-
JefictBre). COOTBETCTBEHHO TEOPHUsI MOXKeT ObITh CHPaBeLIH-
3O B TOM cCJlyyae, KOTrla 3anasiblBaHHeM B3auMOJEHCTBMIA,
KOHEYHOH CKOPOCTbIO HX PacIHPOCTPAHEHHs! MOXKHO IIpeHe-
Gpeub. VcTopHuecKH npexie BCerO BO3HHKJ/A CTAaTHCTHYEC-
kasi MexaHuka. CraTHCTHUYeCKasl TEOPHS 3JEKTPOMArHHUTHOIO
1ionis1 Oplj1a MOCTPOEHa MO3JHee.

CraTHCTHUECKYI0 MeXaHHKY YMECTHO NOApas3le/NuTh Ha
CTAaTHCTHYECKYIO TEOPHI0 HeoOpaTHMbIX IMPOLECCOB B pas-
JUYHBIX cpefax (rasax, MXHUIKOCTAX H JAeopMHpPYeMBIX
TBEPIBIX TeNaX) U Ha CTAaTHCTHYECKYIO TEPMOAWHAMHKY —
TEOPHIO PABHOBECHBIX TEIVIOBHIX IIPOLIECCOB HA MHUKPOCKOIIH-
yeckoM ypoBHe. [lepBast TeopHs npexacTaBiasieT co6oil CTaTH-
CTHYECKUH acreKT (pU3M4ecKOH KHHETHKH H BecbMa WHTEH-
CHBHO Pa3BHBaeTCsi B NOCJEIHHE TOIbI.

MOKHO ObLIO Obl BBIIEJHTb B CTATUCTHUECKOH MEXaHHKe
ellle KJIacCHUeCKNH ¥ KBAHTOBBHIH NMOLYPOBHH, HO MBIl UX pac-
cmatpuBath He OyneMm. Kak oTMeuasoch Bhllle, NMPHHIUIH-
aJlbHOTO Pa3JMYHsi B MeTOAAX KJACCHYeCKOH H KBaHTOBOH
cTaTHCTHKU HeT. HauGosee nocsenoBaTe/bHBIM MpeNCTaB-
JsieTcsl HauMHaTh TOCTPOEHHE CTaTHCTHYECKOH MeXaHHKH
C KBaHTOBOI CTATHCTHKH. VIMeHHO Tak, Hampumep, CTPOMT-
cst Kype Jlanpay s Jludmuna. Kmaccuyeckyio CTaTHCTHKY
HaJ0 paccMaTpUBaTb KakK IpeleJbHBIH C/lyyall KBaHTOBOM.
Torma ynmaercs OOOHTH PpSiA CYIIECTBEHHBIX TPYNHOCTEH
KJIACCHUECKOH CTaTHCTHKH, CBSI3aHHBIX C HeNpPephIBHOCTHIO
KJIACCHUECKHX COCTOSIHUH M, €eCTECTBEHHO, GeCKOHEUHBIM
YHUCJIOM MHKPOCOCTOSIHMH, pealH3yIoUHX Joboe MaKpoco-
CTOSTHHE CHCTEMBI.

BTopyio KJIeTKy BTOPOH MNOJIOCHl 3aHMMAaeT MHKPOCKOIH-
yeckasi JeKTPOAMHAMHKA. 3]1eChb, B OTJIHUHE OT CTATHCTH-
4yecKOH MeXaHUKH, HApsALy C YacTHIIAMHM pacCMaTpPUBAETCs
U 3jeKkTpoMarsutHoe noje. @ynknus I'amunbToHa conepkur
KaK u4ieHbl, OTHOCSIIIMECS K YacTHIaM, Tak H MoJIeBble uJie-
HBl. BRiloyenve B anmapar CTaTHCTHYECKOH TEOPHHU 3JIEKTPO-
MarHMTHOTO II0JIsS SIBJISIETCS CYIIEeCTBEHHO HOBHIM IIIaroM.

MoxxHO pasiesuTb MHKPOCKONMHYECKYIO 3JIeKTPOIHHAMHU-
Ky Ha CTaTHCTHYECKYIO TEOPHIO COOCTBEHHO 3J1€KTPOMArHHMT-
HOTO IOJI1 M CTATHCTHYECKYIO TEOPHIO IIOBeNeHUs] CHCTEM
3apsKEHHbIX YacTHLl, B3aMMOLEHCTBYIOUIMX MOCPEICTBOM
3JIeKTPOMATHHTHOTO I10JISI: TBEPAOTO TeJa H IIa3Mbl *).

*) Bripouem, O6OJbIIYyI0 YacTb pasfenoB (H3HKH TBEpAOro Tesa
MOMHO OTHECTH K CTaTHCTHUecKoii Mexanuke. [I/st Hammx wLesneil Her
HEOBXONUMOCTH JeTalbHO 00CYXJaThb 3TOT BOMpOC.
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Knaccuueckuft 1 KBaHTOBBIH NMOJYPOBHH Ha Halledl cXeMe
ONmATb He paccMaTpuBaOTCA. [IpeHMyIecCTBEHHYIO pOJb
HrpaeT KBaHTOBas CTAaTHCTHKa. KJaccHueckas cTaTHCTHKA
CnpaBelJiMBa B TeX clAydasiX, KOTAa JIJIHHA BOJHBL fe Bpoii-.
Js IS 4acTHI, 3HAUHTeJbHO MEHbIle PacCTOSTHUS MeXLY
HHUMH.

HakoHern, 2/1eKTPOMarHuTHbIE, CHJIbHBIE, clabble H rpa-
BHTalMOHHblE B3aUMOIEHCTBUS OOBEIUHEHHl HAa MHKPOCKO-
IHYEeCKOM YDOBHE B CTaTHCTHUECKOH TeopHU 3BoJioLHH Bce-
JeHHOH M 3Be3ll. OCHOBaHHEM JJIsl STOTO CJYXKHT TO 0GCTOSI-
TeJbCTBO, YTO BCe B3aUMOJelHCTBHA B TOH WJH HHOH Mepe
HrpaloT 3HaYUTEJbHYIO POJIb B TEOPHH CTPOEHHSI H Pa3BUTHSA
KOCMHYeCKHX 00beKTOB. [IpH OrDOMHBIX NJIOTHOCTSX M TeM-
neparypax, KOTOpble BCTPeYaloTCsi BHYTPH 3Be3l M, MO-BH-
IMMOMY, CYIIECTBOBa/lH Ha PaHHUX CTalUfAX 3BojionuH Bcee-
JIEHHOH, siiepHble M cJjabble B3auMOfeHCTBHS, Hapfdy C
3JIEKTPOMarHHTHBIMH H T'DaBHTAlMOHHLIMH, CTAHOBATCS OIl-
peLeNSIOmUME 111 GOJIBIIHHCTBA MPOLECCoB (CM., HampH-
mep, [20]).

Onucate ¢eHOMEHONOTHYECKH MPONEeCCH, B KOTOPHIX CY-
IIeCTBEHHYIO POJIb HT'PAlOT B3aHMHBIE NpeBpalleHHs SJeMeH-
TAapPHBIX 4YacTHI (a OHH TPOHUCXOLAT BHYTPH 3Be3d H
NPOUCXOZHNH BO BcesneHHON B menoM Ha paHHHUX CTafUAX
ee 3BOJIIOIHUH), HEBO3MOXKHO. TOJIBKO CTaTHCTHYeCKasi Teo-
pHsl, NpUHHMAWOIIAs BO BHHMaHHE HHIMBUAYyaJbHblE aKTHI,
crnioco6Ha B NMpHHIMMNeE JaTk TpeOyeMoe onHcaHHe.

Teopuio aToMHOro siipa BpsiA JIH ClelyeT OTHOCHTb K
TEOPHSIM MaKPOCKONHYECKHX CcHcTeM. XOTS UYHCJIO YacTHIL
B TSXKENbIX fPax CPaBHHTENbHO BEJHKO, OHO BCE Xe He-
IOCTaTOYHO JJIsl TOTO, YTOObI K HHM MOXHO OBbIIO (€3 KaKHX-
JIH60 OroBOPOK MPHUMEHSITb TaKoe INOHSTHE, KaK TeMlepary-
pa. Bor aromnble peakTopnl M TpoGieMa OCYIIECTBJIEHHUS
yIpaBJsieMbIX TEPMOSIAEPHBIX peaklUuil JOJKHBEI paccMaT-
PHBaTbCsl B JaHHOM pasjie/ie CTATHCTHUECKOH (HH3HKH (pasy-
MeeTcsl, I'PaBHTAlHOHHBIE B3aHMOJEHACTBUA B TEOPHH Deak-
TOPOB He MIPalOT HUKAKOH DPOJH).

IlepefinemM Tenepb KO BTOPOH NOJIOBHHe Hallled KJacCH-
(UKAaNHOHHOH CXEMBl, K TE€OpPHSAM MHUKPOCKDO-
NHYeCKHUX 06BeKTOB. DTOT Nepexol INpelcTaB-
JsieT co6of pe3KHil CKauyoK, CBSI3aHHBIH CO CJELYIOLIMM.
Eciu Bo Bcex mpoueccax, pacCMOTPeHHBIX Bbillle (32 MCK-
JIIOUEHHEM J(BIIKEHHSI TBepAbIX TeJI H IPaBHTAIIHMH), TelJIOBOE
IBHXXEHHe HTPaeT CYIIeCTBEeHHYIO POJib, TO HA HOBOM YPOBHE
TOBOPHTb O HEM He NMPHXOAMTCH.
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[Il. Kiacenuecku#h yposenn Ha srom
ypOBHE NePBYIO KJETKY 3aHMMaeT KJaccHyeckasi MeXaHHKa
MaTepuaJbHOH TOYKH H CHCTeMBl MaTepHaJIbHBIX TOUeK.
[Tos MeXaHHKOH MaTepHaJbHOH TOYKH MOXKHO IIOHMUMATh
KAK KJAcCHYeCKyl0 MexaHHUKYy HblotoHa, Tak u pensT-
BHCTCKYIO MeXaHHKY. [IpHHIMIIHANBHOrO Da3UYus MeXLY
HUMH HeT. B peqsaTHBHCTCKOH 06/acTH HYXKHO TOJBKC
VUUTBIBAaTb 3aBHCHMOCTh Macchl OT CKOpocTH. Bo BTo-
poil KJIeTKe HAaXOIHTCS TeODHs 3JIeMeHTapHBIX 3JeKTpoMar-
HHTHBIX TIPOIECCOB, ONHCHIBaeMbIX ypaBHeHHsMH Makcsen-
na — Jlopenua. CunbHble H c1alble B3aUMOJEHCTBHS He
MMEIOT, KaK Yy2e TOBOPHJIOCH, KJIaCCHYeCKOH ctephbl npHMe-
HHMOCTH, U IO3TOMY CJeAYIOUIMEe KJIETKH OCTAlTCsl MYCTHI-
mu., COrJIacHO CYLUECTBYIOLUIMM NpeACTABJIEHHSIM, IpaBHTa-
IIMOHHBIE CHJIbl NPH B3aHMOJEHCTBHU MOJIEKYJ, aTOMOB H
s/leMEHTapHBIX YaCTHI, He HIPAIOT HUKAKOH POJIH BCJIENCTBHE
CBOEH MAaJIOCTH.

Boo6lie Ha KJIaCCHYECKOM YPOBHE BhIAeNEHHE Pa3JHUHBIX
TeOpUH BIOJIHE ONHO3HAUHO H BPsJ JH BBI30BET pasHOrJa-
cusi. IlpaBra, onHcbiBas ABHXKEHHE aTOMOB H MOJIEKYJ C
HOMOIIBIO KJIacCHYeCKOH MeXaHMKH, He BCerja MOXKHO pac-
CMaTpPUBaTh MX KaK MaTepHajbHble Toukd., HyXHO B Heko-
TOPBIX CJIY4asiX YYUTHIBATh MOMEHTHI MHEDIMH aTOMOB H MO-
JIEKyJ, T. €, CYHTATh UX TBEpPABIMH TeJlaMH OYeHb MAaJbIX
pasmepoB. Ho B kiaccHyecKolt MeXaHHKe 5T0 HeCyLIeCTBEHHO.

C nomolpio TeOpUH RAHHOTO YPOBHSI pelIaeTcs ILeJbli
psiL 3ajady 3/7eKTPOHHKH M CTPOMTCSI TeOpHs YCKOpUTened
s7eMeHTapHbIX YacTHII.

IV. KBasToBr#H ypoBeHb, Ha kBaHTOBOM
ypoBHe HeOGXOZHMO YiKe BBUIEJNUTb HEPENSITHBUCTCKHH (a)
u pensTuBHcTcKui (6) monypoBHH. [lepexon OT HepensiTu-
BUCTCKOH TEOPHHM K pEJATHBHCTCKOH 3HaMeHYyeT CyLIecT-
BeHHble U3MEHeHHs.

a) Hepenartusucrtckas Teopusd 3lech
3aHsTa JIMLIb OJHA KJeTKa. B Heli pacmonaraercsi Hepess-
THUBUCTCKass KBaHTOBas MexaHMKa Illpenunrepa — Teiisen-
Gepra. TeopHH 31eKTPOMarHUTHBIX M cJaGbIX B3auMoOjel-
CTBHIl, a TaKXKe IPAaBUTALHOHHLIX B3aHMOJEHCTBHI He MO-
T'YT He ObITb PEeNSITHBHCTCKHMH, TaK KaK (POTOHBI, HEHTPHHO
¥ TPaBHTOHBI (€C/M OHH CYLIECTBYIOT) IBHXXYTCSI CO CKOPO-
ctbio cBera, CHJIbHBIE XKe B3aHMOJEHCTBHS MPOSIBJSIOTCH B
CTOJIb MaJiblX 00/acTsIX NPOCTPAHCTBA U CBA3aHHI CO CTOMb
3HaYUTeNbHBIMH SHEPTHSAMH, YTO, 32 HCKJIOYeHHeM OT/[e/b-
HblX CJly4aeB, OIHMCaHHe NPOLECCOB, OOYCJIOBIEHHBIX
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5THMU B3aUMONEHCTBHSMH, NOMKHO ObiThb PeATHBUCTCKHM.
[ToaToMy Bce OCTasIbHBIE KJIETKH 3TOTO NMOAYPOBHS NMYCTHI.

HepensiTuBucTcKasi KBaHTOBasi MeXaHMKa OXBAaThIBaeT
NOYTH BCIO TEOPHIO aTOMOB M MoJiekys. OnHa cocTaBisieT oc-
HOBY aTOMHOH (DU3HKH.

6) PeanstTuBucTCcKas TeopHSs—3T0 Teo-
pUsl IBUKEHHS, B3aUMOJAEHCTBHSI ¥ B3aMMHBIX NpeBpalleHuit
sJleMeHTapHBIX yacTHL. Ha nansoM, camom riiyobokom, ypoB-
He TepsieT CMBICH JeJeHHe Ha TEOPHU IBUKEHHs 4YacTHI[ Be-
[1eCTBA M TEOPUH B3aMMOJEHCTBHH 5THX YacTHIl APYT C APY-
roM. [ToaTomy Becb OLYpPOBEHb 3aHST PEISTHBHCTCKON KBaH-
TOBOH Teopueill mossi. BceM uacTHaM cOOTBETCTBYIOT ompe-
JIeJIeHHble TIOJIST M BCEM MoJisM — yacTHuel. YacTunam (uau
NOJISIM) Ka)KJIOTO TaHHOTO COPTa COOTBETCTBYET CBOE YpaB-
HeHue JBuxkeHHs. KiaccuduuupoBats TeopuH nesecoobpas-
HO IO THUNAM B3aUMOJeHCTBHH, KaxKIbli U3 KOTOPBHIX OTBeT-
CTBEH B KOHEYHOM CcYeTe 3a OlpeleseHHble NpeBpalleHHUs
3JIeMEHTAPHBIX YaCTHIL.

B nocsnenneil knerke, 3aHATOH KBAaHTOBOH Teopuel rpa-
BHTAIlUH, CTOUT 3HAK BONpOca.JTa TEOpPHUs elle He MOCTPoe-
Ha. M3-3a CBsI3M rpaBHTAallMH CO CBOHCTBAMH NpPOCTPaHCTBA
U BpeMeHH IOJIOXKEHHE 3]1eCh 0c000€ M0 CPaBHEHHIO ¢ APYTUMH
THNaMH B3auMogeficTBHil. K TOMy Ke moka HeT HHKAaKHX
9KCIEepPHMEHTAJbHBIX (aKTOB, NOATBEPKIAIOIINX KBAHTOBYIO
NpUpPOLY rpaBUTanyu. BripoueM, B JTUHEHHOM PUOTHKEHUH
KBaHTOBasl TeOPHsl I'DaBUTALUM cyluecTByeT. KBaHTEI rpaBu-
TAIMOHHOT'O TOJISE — TPABHUTOHBI JIOJKHBI, COIVIACHO 3TOH
TEODHH, MMeTb HYJEBYIO Maccy IOKOSl U CIOHH, PaBHBIH 2
(B enunMUAX 7).

BepositTHO, c TeyeHHeM BpeMeHH GyneT OGHapy:KeH elle
6osiee TaIyOOKHUH ypoBeHb: OYIeT MOCTPOEHA efHMHAs TeopHUs
noJssl. ‘

* % ok

IlepefizeM Temepb K COOTHOLIEHHIO (hyHIaMeHTaJIbHBIX
(GU3UUECKHX TeOpHH, INpeACTaBleHHHIX Ha cxeMe. CBf3H
MeXJy TeOPHSIMH BecbMa pasHoo6pas3Hbl. Mbl He cTaBHM cebe
IeJIbI0 HCC/IeloBaTh BCe BO3MOXKHBbIE CBSI3H M OTPaHHUMMCS
TOJIbKO HHTEPeCcyIOLIHMH Hac COOTHOLIEHMSAMH MeX1y HH-
HAMUUYECKHMH M CTAaTHCTHYECKHMH TeopusiMH.(CBssell Mexn1y
pasJHMYHbLIMH IMHAMHYECKHMH TEOPUSIMH M PasJIMUHBIMHU CTa-
THCTHYECKHMH TEODHSIMH Mbl KacaTbCsi HOYTH He OyeM,
XOTs, KOHEYHO, caM Mo cebe 3TOT BOHNPOC, HECOMHEHHO, 3a-
C/IyKMBaeT BHHUMAaHHS.
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Ha wnamefi cxeMe rnasHoe pasneneniie fo ypoBHAM Hos
Ka3aHo IBOMHON JIMHHeH; 3T0 pasjesNeHHe Ha TEOPHH IIOBe-
IeHHS] MaKpPOCKONHYECKHX CHCTEM H TEOPHH IOBELeHHS OT-
JleJIbHBIX MHKPOCKOIHMYECKHX 00BeKTOB. /s TeX M Ipyrux
XapaKTepHO, YTO JIHHAMHYeCKHe TEOPUH, 3aKJIOUeHHblEe Ha
CcXeMe B CIVIOIIHble PaMKM, 3aHHMAlOT BEPXHHH «3Taxky,
a CTaTHCTHYECKHe, MOMEIleHHble B NMYyHKTHDHblE PaMKH,—
HUXXHUH.

Ha nepBblit B3r/Isfl KaxkeTcsl, YTO MOXHO OGHApPYXKHTb
TPY THNA CBs3eldl MeXKIY IHHAMHYECKHMH H CTATHCTHUYECKH-
MH TeopusiMH. K mepBoMy THIY OTHOCATCS CBSI3H TeOpHIi,
OIHCHIBAIOIUX ONHH H TOT 3XKe KPYT SIBJI€HHH, OfHY H Ty Ke
¢opMy IBHKEHMS MaTepHH, INPHUCYILYI0 MAaKPOCKONHYECKHM
CHCTeMaM Ha MaKpo- H MHKDOYDOBHSIX; KO BTOPOMY —
CBSI3H TEOPUH, ONMCHLIBAIOLIMX Ha PAa3/HYHBIX YPOBHAX IO-
BeJleHHe OTHEeNbHBIX OOBEKTOB, M, HAaKOHEll, K TPeTbeMy —
CBSI3H JUHAMHYECKHX TeOpHH INOBeleHHS WHIUBHIYaNbHBIX
OOBEKTOB CO CTAaTHCTHUECKUMH TEOPHSIMH TOBENEHHSI CHCTEM
U3 GONBLIOTO 4YHC/Ia 3THX 00beKTOB. Ipyrux THHOB cBsseil
HeT.

CBsi3y nepBHIX IBYX THUNOB OGO3HAYEHHI Ha CXeMe JKHp-
HBIMH CIUIOIIHBIMH CTPENKaMH, HIYIIUMH BEPTHKAaJbHO
cuusy BBepx. CBfI3H Xe TpPeTbero THNAa H306paKeHbl KHUP-
HBIMH NYHKTHDHBIMH cTpesikaMH. B TakoMm cmocoGe o6o3Ha-
geHHH 3aKJ/IIOYaeTcsl CJIeLYIOUUH CMBIC/I: NepBble JIBa THINA
cBsidedl TMIyGOKO POACTBEHHbI, a TPETHH npelcTaBisieT cOGOH
HeYTo COBEpIUeHHO HHOe.

JleficTBHTENBHO, CBS3M TIePBHIX IBYX THIOB— 3TO CBSf-
31 MeKAY TEOPHUSIMH, OIKCHIBAIOIIUMH C PasHLIX NO3UIHH
OIHMH H TOT e KPYT SIBJIeHHH, OIHY U Ty ke (opMy ABHKe-
HUsI MaTepHH. [IMHaMHYeCKHe M CTAaTHCTHYECKHE TEOpHU
HMEIOT OJMH M TOT 2Ke IIpeJiMeT MCCJEeNOBAaHHUS H pas3/inyalor-
csl TOIBKO METOZlaMH.

Xapakrep cBsi3efl TpPeTbero THIA MeXILY NHHAMHUYECKHU-
MU H CTATHCTHYECKHMMH 3aKOHOMEDHOCTSIMH WJIH, BepHee,
OMH M3 ABYX aCleKTOB 3TOH CBsI3H (IIOCKOJIbKY CBSI3H Mep-
BBIX IBYX THIIOB Mbl OOBEIUHUJIH) KOPEHHHIM 00pasoM OT-
JIUYaeTcst OT NpPEefbAYIIEero acmekra. 3hech Mbl paccMaTpH-
BaeM CBSI3M MeXAY TEeOpPHSIMH, ONHCHIBAIOIIUMH SIBJIEHUS
pPasHYHON TNPUPOABI, pasyHyHble (OPMbl ABHIKEHUS Marte-
pHH, He CBOAMMEBIE IPYT K APYTY. DTH TeOPHH 3aHUMAIOT pas-
Hble YaCTH Haulel cXeMsl.

Hano mopuepkHyTh ellle pa3 cjefylOUMH MOMEHT, BaX-
HBIH 51 HaIllero HCC/eJOBaHUsS: Hapsily CO CBSI3bI0 IUHAMH-
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ueckuX 3sakoHoMePHOCTEH HHAMBHAYAJbHBIX TNPOLECCOB H:
CTaTHCTHYECKHX 3aKOHOMEPHOCTEH MpOLEeCcCOB KOJJIEKTHB-:
HBEIX, UMEITCs JONOJIHUTENbHbE NapaJjijelbHble CBSI3H Me-
K1Y CTAaTHCTHYECKHMH TeOPHSIMH MHIMBHAYaJbHEIX NpOLeC-
COB (HepesNSITHBUCTCKasl KBAaHTOBAasi MeXaHHKa W KBAHTOBasi
3JIEKTPOJMHAMUKA) M CTATUCTHUECKHMH TEOPHUSMH O60JbIIOH
COBOKYIHOCTH OGBEKTOB (KBaHTOBasi CTATHCTHKA M KBaHTO-
Basl CTAaTHCTHYECKasi TeOPHs JeKTPOMATHUTHBIX NPOLECCOB
B MaKporTeJax). DTH NOC/JeIHHe CBS3H MOKas3aHbl Ha CXeMe
TOHKHMH NYHKTHPHBIMH cTpesikaMd. OHU BO MHOrOM mOn0G6-
Hbl CBSI3fIM MNpeIblAyIIero THIA, HO TOJbKO IPHBOAAT K
KBAHTOBBIM CTaTHCTHYECKHM TEOPHSIM BMECTO KJ1acCHYECKHX.

ToHKHe rOpH30HTaJIbHBIE CTPEJKH Ha cXeMe H3006paxaioT
CBSI3H KJIACCHYECKHX M KBAHTOBBIX CTAaTHCTHYECKHX TEOPHH.
Ha cxeMe nokasaHo ellie HeCKOJIbKO CTPeJIOK, 0603HaYaIOLIUX
CBSI3H, KOTOpble MBI B JasbHelilleM He OyneM OGCYKIaTh.
JKupHasi BOJMHHCTasi CTpeJiKa CHMBOJIM3HPYeT CBsI3b peJisi-
THBHCTCKOH M HepeJSITHBHCTCKOH KBaHTOBHIX Teopuii. O6e
OHH SABJSAIOTCA cTaTHCTHYecKHMH. KiaccHueckass MexaHHKa
TBepJOro Tejla HENOCPEJCTBEHHO BLITEKAEeT M3 MeXaHUKH CH-
CTeMBbl MaTepHaJbHBIX TouyeK. CBA3b MeXIy STHMH IMHAMH-
YeCKHMH TeOpHSIMH H300paxeHa TOHKOH BOJHHCTOH cTpen-
KOH.

Ha sTOM npenBapurtenbHyl0 NOATOTOBKY GylieM CUHTaTb
3aKOHUEHHOH M nepelifieM K LIEHTPaJbHOMY NYHKTY HCCJHe0-
BaHHUs: (QOPMYJHPOBKe H OOCYXKIEHHIO 3HauyeHHsl pasJjiHy-
HBIX AacleKTOB COOTHOLIEHHs] MeXJAy IHHAMHUECKHMH H
CTaTHCTHYECKHMH  3aKOHOMEDHOCTSIMH, HENOCpPeNCTBEHHO
BBITEKAIOLMMU U3 (PaKTHUECKOTO MOJMOKEEHs BelleH, cylecT-
BYIOLIIETO B COBpeMeHHOH ¢u3uke. [lepBhlii BLIBOX HMeeT
XapakTep IPOCTOIO pe3lOMe CKa3aHHOI'O paHee.

§ 2. ®PopmyanpoBKa ABYX acHeKTOB NMPOGIeMbl
COOTHOLIEHHS] KMHAMMYECKHX M CTATHCTHYECKMX
3aKOHOMepPHOCTE#

Bcst cCOBOKYMHOCTD H3JI0XKEHHBIX Bhlllle ()aKTOB COBEpILIEH-
HO GeccriopHO, KaK HaM NpeACTaBJ/seTcs, OKa3blBaeT Cylle-
CTBOBaHHe JBYX acNeKTOB BONPOCAa O COOTHOLIEHHH MEXIY
IVHAMHYECKMMH M CTaTHCTHYECKHMH 3aKOHOMEPHOCTSIMH,
Pe3KO OTJIMYaloIUXCsl IPYT OT Apyra.

B nepBoM acmekTe 3TO COOTHOLIEHHE BEICTYNAeT B CJe-
AyIolleM IVIaHe: 3aKOHbL NnosedeHus UHOUBUOYANbHBIX 00TeK-
mos asastomes OuramusecKumu, a nosederue 60AbUIOL C060-

118



KYNHOCMU 3MUX 00BeKmo8 NOOYUHAEMCS CMAMUCMUYECKUM
3aKOHAM.

B ¢u3uke, KaK HeNnoCpPeACTBEHHO CJeLyeT H3 INpeablny-
IETO PacCMOTPEHHUsI, Mbl HMeeM B YHCTOM BHIe JBa TAKHX
ciyyasi, a HMEHHO: 1) COOTHOLIEHHE MeXIY KJacCHUeCKOH
MexaHHKOH HbIOTOHa H KJacCHYeCKOH CTaTUCTHYEeCKOH Me-
XaHHKOH M 2) COOTHOLIEHHe MeXAY IMHaMH4YeCKOH TeopHei
MHIMBHIYaJbHBIX 3J€KTPOMarHUTHHIX IPOLECCOB M MakKpo-
CKONHYECKOH 3/IeKTPOJMHAMHKOM, ONHCHIBAOLIEH NOBeIeHHe
GOJIBIION COBOKYIHOCTH 3apsieHHBIX YacCTHII.

Haub6osee cyiecTBeHHO A1 ZAHHOTO acHeKTa MpOGIeMbl
¢ oOmell TOYKH 3peHHs TO 06CTOATENbCTBO, YTO 3/IECH COOM-
semcmsyrouue OUHAMUYECKUE U CMAMUCMUYECKUe 3aKOHbL
onuceiBaom pasHole opmol OBUNCEHUS MAmepuu, He c600u-
mote Opye Kk Opyey. Tak, Kiaccuyeckass MeXaHHKa paccMmar-
pUBaeT YHCTO MeXaHHYeCKYI0 (opMy HIBHIKEHHS MaTepHH,
a CTaTHCTHYeCKass MEXaHHKa — TelJIOBYIO GOpMY IBHKEHHS,
IJisT KOTOPOH MeXaHHYecKoe [BUXKEHHe COCTaBJISeT JIHIIb
Heo6XOAUMBIH (YHAAMEHT, HO He HcueplbIBaeT ee. TOYHO Tak
JKe 3JIeKTPOMarHUTHbIE NMPOLECCH B MAKPOTEIaxX OTBETCTBEH-
Hbl 32 Takylo (OpMy IBHXKEHHSI, KOTOPYIO HeJb3sl INOJIHO-
CTBIO CBECTH K 3JIEMEHTapHBIM 3JIEKTPOMAarHUTHEIM siBJIe-
HHUSAM.

CyiecTBoBaHHe JAHHOI'O aclekTa HpoOJieMbl HE OCTaB-
JsieT HUKaKHX coMHeHHH. O HEM NHINYT MpakTHYECKH Bce
aBTOPHI, HCCIENYIOLIHe COOTHOLIEHHe MeXAy AHHAaMHYEeCKH-
MH H CTATHCTHYECKHMH 3aKOHOMepHOcTsMH. DBosee Toro,
Yy MHOTHX aBTOPOB OH BBICTYIIa€T KaK €IHHCTBEHHBIH acIekT,
H OHH CBOJAAT HCCJIeLOBaHHe NpOO6JIEeMbl COOTHOLIEHHS pPas-
JIMUHBIX THIIOB 3aKOHOMEDHOCTeli K aHa/H3y CBSI3H KJacCu-
YeCKOH MeXaHHKH M Kjaaccuueckod crathHcTHkH. (CratHcTn-
YeCKUM H JMHAMHYEeCKHM 3aKOHOMEPHOCTSIM 3JeKTpoMar-
HUTHBIX NPOLECCOB YIEJSIOT MeHblliee BHHMaHHe.)

Ho xpomMe copMyJHpOBaHHOTO BBIlEe acleKTa mnpobJe-
MBI CYLIECTBYET ellle COBEepIIeHHO HHOH ee aclekT, Ha KOTo-
phlit 06BIYHO He 06pallaloT To/KHOro BHUHManHaA. O6paliasch
KO BTOPOMY acneKTy, Mbl OyneM HHTepecoBaThCsl CJeAylo-
ILAM: KAK080 COOMHOulerue mencly OUHamMuYecKumMu u cma-
MUCMUYECKUMU 3AKORAMU, ONUCLIBAIOWUMU 00UK U MOm e
Kpye serenuti, 00RY u my oce opmy OBUNCEHUA mamepuu?

B knaccuueckoii, 10KBaHTOBOH (DH3HKe MOXHO yKa3arThb,
KaK yKe TOBOPHJIOCH paHee, TPH NPHMepa ONHCAHHSA OLHOTO
H TOTO Ke Kpyra sIBlIeHUH 3aKOHOMEPHOCTSIMH pPa3JHYHOrO
tHna. K HuM oTHOCcATCA: 1) KNaccHYecKasi TeDMOAHHAMHKA H
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CTaTUCTHYECKasl MeXaHHKa (TOYHee, CTaTHCTHYECKas TepMO-
IMHaMHKa), AaloliHe TEOPHIO TEIVIOBBIX SIBJEHHH; 2) Mexa-
HHMKa CIIOIIHBIX CPell B CTaTHCTHYeCKasi TeOpUs nepopMH-
pyeMmbix cpell (unH, B Gosee oblieM BHIe, (eHOMEHONOTHYEeC-
Kasi M CTaTHCTHYeCcKast TEOPHHM HePaBHOBECHBIX MPOLECCOB);
3) MakKpoCKONHYecKasi 3JeKTpoiuMHaMuka Maxkcsenia H
MHKDOCKONHYecKast 3JeKTpoanHaMuka. C NosiBjieHHeM KBaH-
TOBOH TEODHH UHCJIO TaKHX obJiacTell 3HAHUS HE TOJBKO
YBEJIHYHJIOCH, HO, KaK HaM KaxeTcs, co3fajachk 06CTaHOBKA,
NOCTaBHBIIAs IO COMHEHHe 3HayeHHe MepBOTO acneKTa
npoGJiembl. Bo BcsikoM ciyuae, B ero CpaBHEHHH CO BTOPBIM.

[lpu Takoil cHTyalUuH COBepIUEHHO HENONYCTHMO HTHO-
pHUpOBaThb CYLIECTBOBAaHHE IBYX DPa3/HUYHBIX aCHEKTOB IpO-
6JieMbl COOTHOLIEHHS] IMHAMHYECKHX M CTATHCTHYECKHX 3a-
KOHOMEPHOCTeH M BeCTH aHaJH3 Tak, Kak O6ynro Obl cylue-
CTBYeT HJH SBJseTC Ba)KHbIM TOJbKO ORHH. Bwudesernue
Jdsyx acnexkmos npobaemvt COOMHOUEHUS OUHAMUYECKUX U
CIAMUCMU4ECKUX 3QKOHOMEPHOCMEL ABASEMCS YEHMPAAbHbIM
MOMEHMmOM 6ce20 Hauteeo uccredosanus. Ha cymectBoBanue
IBYX acneKkTOB npobseMsl 10 CHX NOp He obpariaeTcs JOMXK-
HOr0 BHUMaHHSA *).

[Tonoxenue eme Gosee ycyryGisiercss TeM, 4YTO HepBbId
aCTeKT, Ha KOTOPOM OOGBIYHO M COCPENOTOYMBAETCS BCE BHHU-
MaHHe, OTHIONb HeJb3sl CYHTATh IVIABHLIM NPH aHAIH3e CO-
OTHOIIEHHS] 3aKOHOMepHocTel IByX THnoB. [JonuepkuBaHHe
OCHOBOIIOJIATAIOLIET0 3HAYEHHsI BTOPOTO AachekTa (COOTHO-
LIeHHe MeXAy 3aKOHOMEPHOCTSIMH, TPaKTYIOLMMH OAMH H
TOT e KpYr $sBJeHUH) — CJefyIOIHE OCHOBHOH MOMEHT
Halero HCCJeNOBaHHS.

K nokasatenbcTBy (pyHIaMeHTaJbHOTO 3HaYE€HHsI UMEHHO
BTOPOTO acnekTa NpoG/ieMbl Mbl M IepefiieM B fajbHefileM.

§ 3. CBSI3b HM3WHX M BHICWIMX (OPM HBHIKEHHSA
MaTepyM M COOTHOLUEHME MEeXAY AMHAMHUYeCKUMH
U CTAaTHCTHYECKHMH 3aKOHOMEPHOCTSIMH

OcraHOBHMCSI CHayajla HECKOJIbKO IOApoGHee HA cozep-
¥KaHUH ¥ 3HaYeHHH TNIePBOTO acneKTa MnpoGJeMbl COOTHOIIEHHS
JIVHAMHYECKHX M CTaTHCTHYECKHX 3aKOHOMEpHOCTeH, co-
IJIaCHO KOTOPOMY IHHAMHYECKHe 3aKOHBl ONHKCHIBAIOT IIO-
BelleHMe HMHIMBHAYaJbHBIX OGBEKTOB, a CTAaTHCTHYECKHE —

*) Cyl1ecTBOBaHHE ABYX aCMEKTOB NMPOGIeMbl COOTHOIIEHH ST AHHAMH-
YeCKHX M CTATHCTHYECKHX 3aKOHOMEPHOCTEH GBLIO BIEpBbe NIOAYEPKHYTO
B craTbe aBTOpa [9].

120



nosefieHre GOJIbIION COBOKYITHOCTH 5THX OOBEKTOB, B3a-
UMOJEHCTBYIOIUX APYT C APYIOM.

Hcropruecky HMEHHO 3TOT aCNEKT BO3HHK IIEPBLIM CPa3y
XKe Tocje co3fanus BoJsbiMaHoOM KHHEeTHYecKoi TeopHH ra-
30B. MHaue, ecTeCTBEHHO, U HE MOIJIO OBITh, MOCKOJbKY HH-
KaKHe IpyTHe CTaTHCTHYeCKHe TeOpHH, B KOTOPBIX Obl HC-
I10J1b30BAJIOCh MOHSITHE BEPOSITHOCTH, KPOME CTATHCTHUECKOH
MeXaHHKH, He Oblid M3BecTHH. Ho, K coxaseHHIO, OueHb
9YacTo M B HACTOsilee BpeMsi HMEHHO ero HMelT B BHIY,
KOTZa TOBOPSAT O COOTHOLIEHWH AMHAMHYECKHX M CTaTHUCTH-
YeCKHX 3aKOHOMepHocTeil. [lasiee nenaeTcst BLIBOL O MEPBHY-
HOCTH JHUHAMHUYeCKUX 3aKOHOMepHOCTell, CTaTHCTHUeCKHe
3aKOHOMEDHOCTH BOCIPHHHUMAIOTCS KaK HeKas HaACTpOMKa
HaJ AHHaMHYecKMMH. KapTHHa COOTHOLIEHHSI JBYX THIIOB
3aKOHOB IIpelCTaBjsieTcss Ha NepBbI B3M/ISIA C 3aBHAHOM
SICHOCTBIO, He JOIyCKalolleli HHUKAKHX HHOTOJKOBaHHI.
Hauunaer kasarbcsi, 4TO H3y4YeHHE COOTHOLIEHUS CTAaTUCTH-
YeCKHX 3aKOHOB M JHUHAMHYECKHX €CTb OJMH H3 MOMEHTOB
o01LIero MCCIef0OBaHUSA OTHOIIEHUS BLICIIHX (GOPM JBHKEHHS
MaTepHH (B JaHHOM cjlyyae — GOJIBIIHUX KOJIJIEKTHBOB OOBEK-
TOB) K HU3IIUM (opMaM (IBUKEHHUS OTHENbHLIX YacThl). Bot
5Ta Kaxylascs NPOCTOTa M OYEBHIHOCTb, BEPOSITHO, NpPH-
Bejla K TOMY, YTO IO CHX IOP COXpaHsieTcsl BJIHMsiHHe HJei
CTOJIETHEH NaBHOCTH, JHUIIEHHBIX, B CYI[HOCTH, J0CTaTo4-
Horo o6ocHOBaHUsA. Benp naxe myTreM BHMMATEJbHOTO aHa-
JIH3a TONBKO KJacCHYeCKHX (HU3HYECKHX TeOpPHH MOXKHO
6bIO Obl NPUHATH K BBHIBOAY, YTO NAHHBIA acrneKT mpolGJeMbl
(Ha3BaHHBIA Y HAc NEPBLIM) HE TOJIBKO HE SIBJISAETCH €IHHCT-
BEHHBIM, HO €0 Jaxe HeJb3sl CUNTATb IJIABHBIM.

OnHako B HacTosiliee BpeMsi IIPOBOJHMTb TaKOH aHaju3,
He BBIXOSl 32 PaMKH KJIaCCHYeCKHX TeOpHil, yiKe HeT HUKa-
KOro cmbicsia. Jlo mosiBleHHs] KBAHTOBOH MeXaHHKH elile
MOHO OBLIO AyMaTb, YTO MMEHHO IEPBBIH acHeKkT siBJISeTCS
HauboJiee OOLIMM H, CJIENOBaTeJbHO, Haubojiee BaXKHBIM,
a He BTOpPOii. MOXKHO 6blJIO CUHTATh, YTO IOBeleHHE HHIHBH-
IyaJbHBIX OGBEKTOB BCETNa NOAUMHSETCS JIHHAMMYECKHM
3aKOHaM, a IIOBelleHHe COBOKYIHOCTH OOBEKTOB HMEET CTa-
THCTHYecKMH Xapakrtep. Husmue, npocrefimune ¢opMmbl ABH-
JKEHHsl TONUUHSIOTCS NHHAMHUECKMM 3aKOHAaM, a BBICILIHeE,
6oJiee CJIOXKHBIE — CTATHCTHYECKHM. TO 3Ke 06CTOSATENLCTBO,
YTO COBOKYITHOCTb GOJBLIOTO YHCJAA YACTHI[ ONHCBHIBAETCS
Kak ()eHOMEHOJIOTHYECKUMH JHHAMHYECKHMH 3aKOHAMH, Tak
1 Gosee TTyGOKHMH CTaTHCTHYECKHMH, HECYIECTBEHHO B Ie-
JIOM /ISt BBISICHEHHS] BOIPOCA O COOTHOLIEHHH 3THX 3aKOHOB.
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INpaBna, ¥ 0 NOSIBJIEHHsI KBAHTOBOH MeXaHHKH GbLT OLHH
c/lyyai, He BIOJIHE COOTBETCTBYIOWIHMI NaHHOH TOuKe 3pe-
HHsi. Peub uzier 3iech 0 GPOYHOBCKOM HBHXKEHHH, IIPH KOTO-
POM MOBENEHHE OTJENbHBIX YaCTHI[ MOXYMHSAETCS CTATHCTH-
YecKOMy 3akoHy. Ho TosbKO ¢ mosiBjieHHeM KBaHTOBOH Me-
XaHHKH TMOJIOKEHHe KapJAMHAJbHBIM OGPa3sOM H3MEHHJIOCH.
Kak yxe ormeuasnoch B ra. 11, 6buio YCTaHOBJIEHO, 4TO CO-
OTHOLIEHHE MEXIY 3aKOHAaMM MOBeJIeHHS HHAMBHIYaJbHBIX
OGBEKTOB M 3aKOHAMH IIOBEJEHHs] X COBOKYIHOCTH COBCEM
He 00513aTe/IbHO COBNIAJaeT C COOTHOLIEHHEM MeXK1y AMHa-
MHYECKUMH H CTaTHCTHYECKHMH 3aKOHaMH. Jlis coomwo-
wierus. mescoy HUSUUMU U Sblcuiumy opmamu 0BUICERUS 8
(usuke He xapaxmepro, 4mo nepeas onucblaemcs OuHaAMU-
4ecKUMU 3aKonamu, a emopas — cmamucmuseckumu. To
O0CTOSITENIbCTBO, YTO 3TO CIPABEMIMBO M KJIaCCHUECKOH
MEXaHHKH H KJacCHYeCKOH CTATHCTHKH, HHKAK He CBS3aHO
C COOTHOIIEHHEM MeX]y HU3IIMMH H BBICIIHMH (OpPMaMH JIBH-
XKeHHUs] MaTepuH. TOYHO Takoe ke COOTHOIIEHHE, KaK ObLIO
NOKAa3aHO paHee, CYIIECTBYeT MeXX1Y KBaHTOBOH MEXaHMKOM H
KBAHTOBOH CTAaTHCTHKOH. DTH TEOPHH ONHCHIBAIOT Pa3jiHUHbIE
GopMbI IBHIKEHHSI, HO 00e OTHOCSITC K CTaTHCTHUYECKHM.

OcHoBHO# BONpPOC, BO3HHKAIOWIHE NPH BHISICHEHHH CO-
OTHOLUEHHUS] BBICLIMX M HU3IHX (GOPM IBHIKEHHs /s pac-
CMaTPHBAEMOTO CJy4yasl MEXaHHKH M CTATHCTHKH, COCTOMT B
CNeNYIOIEM: KAK CBA3AHO Nno8eOeHUe COBOKYNHOCMU 6 yeaoM
U nosedenue eOURUYHLLX 06BEKMO8 OQHHOL COBOKYNHOCMU?
WM Bor 11 3TOH CBSISH OKA3HIBA€TCH HeXapPAKTEPHLIM, YTO
COBOKYIHOCTb BefleT ce6si COrJIacHO CTATHCTHYECKHM 3aKo-
HaM, a OTHe/bHble OOBEKTH — IMHAMHYECKHM. 3aKOHHI II0-
BeJIeHHs1 KaK COBOKYIHOCTH, TaK H OTAEJNbHBIX YaCTHI| MOT'YT
ObLITh CTaTHCTHYECKHUMH.

B ¢unocodpckoM oTHOIIEHHH OWIHGKA MpPH BhIABHIKEHHH
NEPBOro acnekTa NpobJeMbl COOTHOLIEHHS] MEXAY AHHAMH-
YeCKHMH H CTaTHCTHYECKHMMH 3aKOHOMEPHOCTSIMH B KayecTBe
OCHOBHOTO 3aKJ/l0yaeTcsl B BO3BelleHHH 6e3 BCSIKOTO Ha TO
OCHOBaHHSl HECYIIECTBEHHOr'0, CJy4afHOTO B PAHT CYINECT-
BeHHOro, Heo6xoaumoro. K TakoMmy BBIBOLY MOMKHO ObLIO
npuATH (M K HeMy JAeHCTBHTEJbHO NPHUUIM) B NPOLLIOM,
B KoHlle XIX Beka, KOria KiaccHueckasi CTaTHCTHKA TOJbKO
uyTo ObljIa CO3[aHa, a APYrHe CTATHCTHYECKHE 3aKOHHI elle
He ObLIH H3BECTHHI.

Jla, GeccnopHO, COOTHOIIEHHE 3aKOHOB KJacCHYeCKOH
CTaTHCTHKH M KJIacCHYeCKOH MeXaHHKH €CThb COOTHOLIEHHE
CTaTHCTHYECKUX 3aKOHOB IIOBeleHHs] COBOKYNHOCTH M JHHa-
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MHYECKHX 3aKOHOB MOBeJleHHs1 HHAHBHAyaNbHBIX yactul. Ho
CTOJIb 3Xe GecCropHO, YTO COOTHOLIEHHe 3aKOHOB KBAHTOBOM
CTATUCTHKH H KBAHTOBOH MeXaHHKH eCTb COOTHOLIEHHE CTa-
THCTHYECKHX 3aKOHOB KOJIJIEKTHBA M CTaTHCTHYECKHX 3a-
KOHOB TIOBEJIEHHSI YJIEHOB 3TOI'0 KOJIIEKTHBA B OTAEIbHOCTH.
B cBeTe cKa3aHHOro yTBePKJIEHHE O TOM, YTO NEPBBIH aCleKT
npo6yieMsl SIBJISIeTCS] OCHOBHBIM, IIPefcTaBIsieT cO60H PAMYI0
OIIHOGKY.

Hrak, npo6seMa COOTHOLIEHHS NMOBENEHHS] COBOKYITHOCTH
U NOBeleHHs] OTIe/JbHBIX ee 3JIEMEHTOB IO CBOell NpHpoie
COBCEM He COBINajiaeT ¢ MpoG/IeMON COOTHOIIEHHSI CTAaTHCTH-
YyecKHX 3aKOHOB M AHHaMHueckux. BoJjiee Toro, mepBast mpo-
67eMa ropasfo CJIOXKHee BTOPOH, €CJH HOCJEIHIO IOHH-
MaTb NPaBHJBHO, T. €. KAK COOTHOLIEHHE MeXIY 3aKOHaMH,
TPaKTYIOUMMH OIHH H TOT XKe KPYI sIBJIeHHH, OXHY H Ty XKe
topMy ABHKeHHMA MaTepHH. DPakTHUecKH Bropas mpoGiema,
B OOlIEM-TO, MOMKET CYHTaTbCs pelreHHOH. TPYyIHO ycMOT-
peTb KaKue-THOO NMPUHIHUNHAJIbHBIE HESICHOCTH B Ipobieme
COOTHOLIEHHA MeXLy TepMOAMHAMHKOH H CTaTHCTHYECKOH
TEDMOAMHAMHKOH HMJIM MEXAY KJIaCCHUeCKOH MeXaHUKOH H
KBAaHTOBOH.

IIpoGnemy ke COOTHOLUIEHHS BBICIIMX H HHU3MIHX (OpM
IIBHIKEHHSI M, B YaCTHOCTH, 0cO00 BaXKHYIO [/ Hallero Hc-
cleloBaHUsSI mNpo6seMy OTHOLIEHHSI TOBENEHHS COBOKYIH-
HOCTH YAaCTHI K NMOBEJEHHIO OTHEeNbHBIX UACTHUIL ellle HHKAaK
HeJIb3s CUHTaTbh peLIeHHOH, HeCMOTPs Ha HecOMHeHHBbe ycC-
IeXH B 5TOM HalNpaBJeHHH, Hayalao KOTOPHIM OBbLIO MOJIO-
xkeHo Bosnbumarom.

OrcyTcTBHE SICHOCTH B IpoGJieMe 0GOCHOBaHHS CTATHCTH-
yecKoll MeXaHMKH JIeTKO OGHAPYKHTh, IPOCMOTPeB Psif yuel-
HHKOB H MOHOTpa(Hii M0 CTaTHCTHUECKOH MexaHHKe. B cBoet
HesakoHueHHO# MoHorpaduu Kpouios [21] yrBepxkaaer, uro
OCHOBHBIE TIOJIOXKEHHSI KJIACCHYECKOH CTATHCTHKH He TOJBKO
HeJib3s1 O6OCHOBaTh Ha 6a3e KJacCHYeCKOH MeXaHHKH, HO
HeJb3s1 M corviacoBaThb ¢ Heil. B kypce Jlannay u Jludmuua
[22] conepxkurcsi Gosee OCTOPOXKHOe BbICKasblBaHHE O TOM,
YTO B HACTOsIIlEEe BPeMsi He SICHO, MOXHO JIH 060CHOBaTh C
MIOMOIIBIO KJIACCHYECKOH MeXaHHKH 3aKOH BO3pacTaHHs
suTponuu. Tep-Xap [23] cumraer, 4Tto MOXHO OGOCHOBATb
KaK KJ/aCCHYeCKYI0, TAaK M KBAHTOBYIO CTaTHCTHKH, €CJIH
cleJiaTb HEKOTOpPble INPEAINOJNOXKEHHs!, KOTOphle XOTA H He
BLITEKAIOT H3 MeXaHHKH (KJACCHUECKOH HJIM KBAHTOBOH),
HO NPEACTaBJISIOTCS CAMOMY aBTOPY HOCTAaTOYHO €CTECTBEH-
HbiMH. TepJienkuit Boo6lle He YCMaTPHBAET B IAHHOM BOIpO-
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ce KakKuX-Ju60 TNPHHUMOMANbHBLIX TPYAHOCTefl, cuyHTas,
yT0 paboTthl BosblnMaHa B OCHOBHOM HCUepIBIBAIOT Npobiie-
My *). B ofliemM, 10BOIBHO TPYAHO HAATH IBa PYKOBOICTBA
[0 CTATHCTHYeCKOH (PU3UKe, B KOTOPBIX Obl COOTHOILIEHHE Me-
XKy CTATUCTHYECKOH (PU3UKOH H MEXaHHKOM CHCTEMbI YaCTHIL
OCBeIIaJI0Ch COTJIaCOBAHHBIM 00Pa3oM.

[lpyx 06OCHOBAHMH CTaTHCTHYECKOH MEXaHHKH BCTpe-
yaloTCs TPYAHOCTH IBYX THMOB. Bo-mepBhIX, TpyAHOCTH B
COrJIacoBaHHM OOPaTHMOCTH 3aKOHOB JBHMXKEHHs MHKpouac-
THI ¢ HeoGPaTHMOCTbIO MaKPOCKONHYECKHX MPOLEeCCOB B
M30/IMPOBAHHBIX MJIM NOYTH H30JHDOBAHHBIX CHCTeMax **)
Y, BO-BTODHIX, TPYJAHOCTb IPHMEHEHHs CTaTHCTHYECKOH Me-
XaHHKH K MHPY KakK LeJIOMY.

CraTtucruyeckasi GH3HKa NMPHBOJAHT K COTJacyloLleMycs
C OonbITOM (haKTy BO3PACTaHHS SHTPONHH B TOM CJyyae, eC/H
JONMYCTHTh PABHYIO BEPOSATHOCTb BC€X MHKPOCOCTOSIHHH, OT-
BEYAIOIUX JaHHOMY MaKPOCOCTOSIHHIO B HEKOTOPBIH MOMEHT
BpeMeHH #, W30JHPOBAHHOH HJIM IOYTH H30JHPOBAHHOM
cucTeMbl. IlojaBJsolllee YHCIO MHKPOCOCTOSIHHH COOTBeT-
CTBYeT SBOJIOLMH CHCTeMbl B HaNPaBJICHHH YCTAHOBJICHHS
paBHOBECHSI, H NO3TOMY C BEPOSITHOCTb:0, OYEHb MaJlO OTJIH-
yajolneiicss OT €IMHHLEBI, SHTPONHS CHCTeMbl OyZeT Bo3pac-
cTaTb, KaK TOTO TpeOyeT BTOpPOe Hayalo TePMOAMHAMHKH.

Ho maHHOe MaKpOCOCTOSIHHE B MOMEHT BDEMeHH [, B
CBOIO Ouepelb BO3HHMKJIO M3 KaKOro-TO MpeIIIecTBYIOIEro
COCTOSIHHSI B pe3yJ/bTaTe NPOHCXONALIMX B NPHPOIe Mpolec-
coB. Bcuencrtsie o6paTHMOCTH 3aKOHOB MEXaHHKH CJeLyeT
OXKMIATh, YTO SHTPOIHS CHCTeMbl 6yJeT BO3pacTaTh He TOJMb-
KO 1pHu ¢ > t,, HO H npu ¢ <f,. lHBIMH cJlOBaMH, NpH ¢ =
= {, SHTPONHUS JOJKHA UMETb MHHUMYM (pHc. 13, criomHas
kpuBasi). OIHAKO B JEHCTBUTEJHHOCTH €r0 HeT. DHTPONHs
B pea/ibHO OCYLIECTBJIAIOLUUXCS B NPUPONE 3aMKHYTBHIX CH-
cTeMax Bceria BO3pacTaer.

YToGHI NONYYUTb BO3PACTaHHE SHTPONHUH B IIPOLLIOM, KaK
ot™euaer JlaBbioB [24] B muckyccuu ¢ TepJenkum, npujer-
CSl OTOJBHMIaTh MOMEHT #, BCe JaJibllle H JaJbllle B MPOIIIOE.
Ecoiz MBI OCTAHOBHMCSI Ha KaKOM-TO MOMeHTe, OTCTOSILIEM Ha

*) Mul umeem 3feck B Buay Kuury 1. I1. Tepmeuxoro «Cratucti-
yeckas (uauka» (u34-Bo «Bricmas mxona», M., 1966 r.).

*#*) Tloj mNOYTH H3OJHPOBAHHOI CHCTEeMOH IIOHHMaeTcs CHCTeMa,
B3aUMOJEHCTBHE KOTOPOH C OKPYXKAIOIMMH TeJlaMH HacTOJIBKO MaJo, 4TO
Ha TPOTSDKEHHH AOCTaTOYHO GOJILIIOTO MHTEPBAJa BPEMEHH ee MOXHO
cuntaTh H3onuposaHHOH. [TONHOCTBIO M30MMPOBAaHHBIX CHCTEM, CTPOrO
roBops, He CYIIECTBYET.
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KOHEYHOe BpeMsi OT HACTOSIILEro, TO HaM Bce-TaKU NpHIETCS
CKa3aThb, YTO JO 3TOTO MOMEHTa SHTPONHS YOblBala B Mak-
POCKONHYEeCKUX Maclurabax.

Takum 06pasoMm, XOTsl NyTeM NPEANONOKEHHS O PABHO-
BEPOSITHOCTH COCTOSIHHE B H30paHHBI MOMEHT BpEMEHH #
MBI M MO2KEM B CTaTHCTHUYECKOH (hU3HKEe MOJYUUTh 3aKOH BO3-
pacTanus HTPONUM B BUAMMOH uacTu BcenenHo#, Ho Tor-
Ja ona JoJixkHa Oblia Obl yORIBATH B TeueHHe AJUTENLHOTO
BPEMEHH B CTOJIb Ke OOmMpHOH yacTu BcenenHoil.

Corsiacio Kpelosy, nmosoxenue okasbiBaeTcs eme 6osiee
CJIOXHBIM. JlomylieHne paBHOBEPOSITHOCTH MHKPOCOCTOSI HUH
B obsacTu HasoBOro MpocT-
pauctBa Al'y, BBHIJeNEHHOH
3alaHdeM MaKpOCOCTOSIHHUS,
He TOJbKO Heab3si 0BGOCHO-
BaTh C MOMOLIBIO KJacCHue-
CKOH MEXAHKMKH, HO €T0 HeJlb- /
34 Jla)ke BBECTH B ee paMkax /
B KaUeCTBe JOTOJ HUTENbHOTO
nocrynara. B camom gene, A Bpeus ¢
Ha/liYye PaBHOBEPOSTHOIO
pacnpejesieHuss ~ MHKPOCO- Puc. 13.

CTOSIHMH, paBHO.KaK H JIO-

6oro Apyroro 3aKkoHa pacrnpejesieHdsi, He MOXKeT ObITb 3a-
KOHOM TNPUPOABI, BBITEKAIOMIUM U3 KJACCHYECKOH MEXaHUKH .
Benb ¢dakTHuecKH yTBepXKJAEHHE O CYIIECTBOBAHHM OIpefe-
JIEHHOI'0 3aKOHA pacrpejefieHusi B MOMeHT f, O3HauyaeT Ha-
Jpuie 3aKOHOMEPHBIX CBsI3efl MexIy HayaJbHBIMH 3HaYe-
HHSIMH KOODJAMHAT H HMIYJBbCOB uacTHl cucTembl. Ho Ha-
yasjbHBIE YC/JIOBHS KaK Pa3 U OTHOCATCS K TeM 3JeMeHTaM
NOBeleHHs1 CHCTeM B MeXaHHKe, KOTOpDHE COBEpIIEHHO He
3aBUCAT OT ee 3aKOHOB, T. €. 3aKOHOB IPUPOABI, YHDaB-
JISIIOIIUX JBHXKEHHEeM. DTH YCJIOBHSI MOTYT OBITh JIIOGEIMH.
Kax otmeuaer Buruep [18], caMoe yauBuTeNbHOE OTKPHITHE
snoxu HbioToHa cocTostio B Ge3yCc/IOBHOM OTHENEHHH 3aKO0-
HOB IPUPOJBI OT HaYaNbHBEIX YC/IOBH . [TepBhie HEBOOGPa3uMo
TOYHBI, a2 O BTODBIX MEI, B CYIHOCTH, HUYErO HE 3HAEM.

Hpyroit apryMent KpbljioBa mpoTHB BO3MOXKHOCTH 060C-
HOBAHHSI KJIACCHYECKON CTAaTHCTUKH Ha 0ase KJacCHUeCKOMH
MeXaHUKH, He3aBHCUMBIH OT [IePBOT0, COCTOUT B CJIEAVIOIIEM.
Hab6mionaemble Ha OmBITE CHCTEMBI, HAXOMSIIMECS B OJHOM
H TOM K€ MaKpOCOCTOSIHHH, KaKUM-TO 00pa3oM pacmpejele-
HBI 110 MHKPOCOCTOSIHUSIM, IPHYEM B IIPHUHIIMIIE MOXKHO yCTa-
HOBHTb HUX paclpeleneHye 3MIupuHuyeckd. B pesyabrarte

Fumponua §

~

125



SKCNEPHMEHTOB MO ONpeeNEeHHIO MHKPOCOCTOsIHME o6pa-
3yeTcsi HEKOTOPHIH aHCaMO/b, HasbiBaeMblit KpBUIOBBIM pe-
anbHeIM. Tak BOT, pacnpesiesieHre B 3TOM aHcaMbiie HE MOXKET
ObITh paBHOMepHBIM. Jleno B ToM, 4TO 00/1acCTH (ha30BOroO
npoctpaHcTBa ATy, BblfiesisieMble MAaKPOCKOIHYECKHM OIbI-
TOM, BCJEJCTBHE BO3MOMKHOCTH Pas3JHYHOTO BeIGOpa ompe-
JeJisieMEIX TTapaMeTpoB, a TaKXKe TOUHOCTH H3MepeHUl MOTyT
B JIOCTaTOYHO ULIMPOKHUX MpeJenax MeHATb CBol ¢opmy;
OHH MOT'YT YaCTHYHO NepeKphIBaThCsA. ITosTomMy sobyio napy
obGacTeH, BbIAENSIEMBIX Pa3JHYHBIMH MaKpOCKOIMHYECKUMH
ONBbITAMH, MQXKHO COCJAHMHHUTDb LEMbIO NMONAaPHO NMEpeKphIBAIO-
muxcsi obnacteil. A 3T0 O3HAUAaeT HAJHMUHE PABHOMEPHOrO
pacmpefie/ieHds] N0 BCeHl NOBEPXHOCTH 3aJaHHOH SHEPrHH,
T. €. HaJIMUHe TeNJIOBOr0o pPaBHOBecHs . TakuM o6pasom, rnpef-
MOJIOXKEHHE O PAaBHOBEPOSTHOM paclHpele/NeHHH MHKpPOCOo-
CTOsIHMH B oOnacTu (a3oBOro NpOCTPAHCTBA, BhIAEJ]sIEMOH
MaKpOCKOIIHYECKHM OIILITOM, IPUBOAUT K 3aKJIOUYEHHIO O
HEBO3MOXXHOCTH HEPaBHOBECHBIX COCTOSIHMH M TEM CaMbIM K
HENOCPE/JICTBEHHOMY NPOTHBOPEUHIO C OMBITOM.

ManoxeHnHoe BhIlIE CHYIKHT €llle OAHHM apTyMeHTOM B
NOJb3y TOrO, UTO COOTHOLIEHHE MEXAY KJacCHYeCKOH Me-
XaHUKOH M KJIaCCHYECKOH CTATUCTHKOH HE MOXKET CJIyXKHTh
00pasioM Npu MONBITKAX PeleHust NpoGJeMbl COOTHOLIEHHST
MeXIy IAMHAMHUYECKHMH H CTaTHCTHYeCKHMH 3aKOHOMepHO-
CTSIMH B 1eJIOM. VMetoTcst, Kak MBI BHJENH, HEKOTOPbIE OC-
HOBaHHsl CYHTaTh, YTO KJIACCHYECKasi MEXaHHKAa MHKPOOOB-
€KTOB He TOAMTCH Al OOOCHOBAHHSI CTAaTHCTHYECKOH
¢usuku. Bo Bpemena Bosbumana, Korja He JONMyCKaaoCh
MBICJTH O BO3MOXKHOCTH CYIIECTBOBAHHUSI MHKDPOMEXaHMKH,
OTJIMUHO¥ OT MeXaHUKHU HbI0TOHA, HUKAKHX COMHEHHH B TOM,
4TO CTaTHCTHYEeCKass MexXaHuka OasupyeTcss Ha 3aKOHAX
K/1aCCHYeCKOH MeXaHWKH, eCTeCTBEHHO, He MOIVIO BO3HHK-
HyTb. Ho nocne cosjauuss KBaHTOBOH MEXaHWKH, HE3aBH-
CHMO OT YOeIMTEJIbHOCTH BBICKA3aHHBIX ApTyMeHTOB, BbI-
BOJ O TOM, UTO CTAaTHCTHYECKYIO MEXAHHUKY M KJAaCCHUECKYIO
MeXaHUKY HEBO3MOXKHO COIJacoBaTb, CTAHOBHUTCS B IIPHH-
IAIEe JONYCTHMBIM.

[lomuepkHeM, 4TO peyb MOKeT HATH HMEHHO TOJBLKO O
co2aacoéanul, a He O BHIBOZE 3aKOHOB KJIACCHYECKOH cTa-
THCTHKH C nomouiblo 3akoHoB Hrelorona. Ilpu nepexoje ot
JAMHAMHYECKHX 3aKOHOB K CTATHCTHYECKHM HEOOXOIMMO Je-
JIaTb Te WM HHBIE BEPOSATHOCTHBIE IPEIINOJIOKEHHS O Ha-
YaJbHBEIX pacHpelesieHHsIX KOOpJAUHAT 1 HMIYJbCOB YacCTHIL,
TaK KaK B OCHOBE OJHOI0 CTAaTHCTHYECKOI'O PaclpeJieeHHus
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BCerja JexuT Apyroe pacnpefenexue. BepositHocTh Bcerja
cielyeT TOJNbKO M3 BEPOSITHOCTH, H €CJH IIOCTYJaTHBHO HE
BBECTH B TEOPHIO BEPOSTHOCTHBIX MPEAIIONOXKEHHH, TO B paM-
KaX JMHAMHYeCKOH TeOPHH OHU CaMH COO0il HE BO3HHKHYT.

Buixoa u3 TpyAHOCTel 00BsICHEHHSI HEOOPATHMOCTH Mak-
DPOCKONMYECKHX IIPOLIECCOB HAa OCHOBE 33aKOHOB JBHIKEHHUS
MukpouyacTun KphljioB BrofHe onpejenenHo, a Jlanmay u
Jlupwun u psA APYrHX aBTOPOB MNPEANONOXKHUTENbHO Ha-
JleloTCsl HAaWTH B KBaHTOBOH MexaHuke. CorjacHo KpruuioBy,
HY2KHO YUYMTEIBaTb, YTO MaKpOCKONHUYECKas XapaKTepUCTH-
Ka COCTOSIHHSI CHCTeMBI U MUKPOCKONIHYECKOe ONHCAHHE CBsl-
3aHbl GOPOBCKHUM HIDHHIMIIOM JONOJHHTENBHOCTH. ¥ TOYHE-
HHE COCTOSIHHSI CHCTeMbl BHYTPH 00siacTH ¢a3s0BOro mpocT-
PaHCTBA, BHIJEJIEHHOH MaKpPOCKONMHYECKHM OIBITOM, HEBO3-
MoxHO 0e3 HapymeHusi MakpococtosiHus. OfHako 3Ta ujes
He MOJIyuyMJia Hajjiexalrero pasButusi (cam KpreLioB ckoH-
4ajicsl, He 3aKOHYHB HCC/IEJOBaHUS).

Jlaunay u Jlucdmnu, JaBeiJoB M JAp. CYUTAIOT, YTO pe-
mieHye npobsieMbl HEOOPAaTHMOCTH CBSI3aHO C HESKBHBAJIEHT-
HOCTBIO 060MX HampaBjeHHH BpeMeHH B KBAHTOBOH MeXaHH-
ke. Xorsa camo ypaBuenue lllpenunrepa o6paTuMo BO Bpe-
MEHH, [IPOLIeCC U3MepeHHUsl, CB3aHHBII C IIEPEX0A0M CHCTeMbI
U3 YUCTOr'O COCTOSIHMSI, ONHCHIBAeMOI'0 BOJNHOBOH (pyHKIMeH,
B CMELIAHHOE COCTOsIHHE, XapaKTepH3yeMoe HabOpOM BOJI-
HOBBIX (YHKLIHA C COOTBETCTBYIOLUIMMH CTaTHCTHUECKHMH
BecaMu (MaTpHIel MIOTHOCTH), BO BpeMenu HeoOpatuMm. Ho
JI0 CHX NOp OTCYTCTBYIOT KakHe-1u00 yOeluTenbHbie J0Ka3a-
TeJIbCTBA HANHUMs CBSI3M MeXAy HeoOpaTHMOCTBbIO MaKpo-
CKONUYECKUX MPOIECCOB U He3KBHBAJNEHTHOCTHIO OOOUX Hal-
paBjieHMH BpeMEHH NP KBaHTOBOMEXaHHYECKHX H3Mepe-
HHUSX, CBOMASIIUMXCS K B3aUMOAEHCTBHIO MHKPOCHCTEMBI €
npubopoM — GONBIIOH CHCTEMOll, (YHKIHOHUPOBAHHE KO-
TOpPOH NOJYUHEHO 3aKOHAM KJIACCHYECKOH MEeXaHUKH.

EcTth Bce OCHOBaHMSI COMHEBAaThCS B IpPaBOMEPHOCTH
HONBITOK 00BSCHUTh HEOOPATHMOCTb MAKPONPOLIECCOB CChII-
KaMH Ha KBaHTOBYIO MEXAHHKY, T. €. CUUTATh, 4TO NpH /i — 0
3aKOH BO3DaCTaHHS SHTPONHH INepecTaeT ObITb CHpaBelJu-
BbIM. Belb, B KOHIIE KOHIOB, NYCTh AJIs YACTHBIX 3ajay, HO
KJIacCHYecKasi CTaTHCTHYeCKass MeXaHHKa BIIOJHe CTPOro
NPUBOAUT K BO3PACTAHHUIO SHTPONHUY B 3aMKHYTBIX CHCTEMAaX.
U TpyAHO NOBEPUTb, YTO BO3PACTaHHE SHTPOMNMH, CKaKeM
IIPH MIepeMeIHBaHUH ABYX ra3oB, B KOHEUHOM CyeTe CBs3a-
HO C KBaHTOBBIMH 3¢¢ekramu. B cymnoctn, npu 3ToM npo-
HCXOAUT IpoLecc yBesandeHust Oecnopsiika BHyTPH CHCTEMBI,
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HUMeIOIUH MPUHIKMIKAIBHO TOT XKe XapaKTep, uTO U «Iepe-
MellluBaHHe» KHUT B OuOnmoTeke, ecju 3abbiBaTh CTaBUTh
KaXJIyl0 KHUI'Y Ha OTBEJCHHOE el MecTo. ¥YTBepxKJeHHe O
TOM, YTO, Ka3ajoch Obl, KJAcCHUeCKUil 3pdeKT BO3pacTaHUs
SHTPONHUU €CTh, IO CYyIIeCTBY, 3(QeKT KBaHTOBHIH, Npej-
CTaBJISIETCS CMIIKOM CHABHBIM AJIsI TOTO, YTOOLI OTCTaHBATh
noaoOHYI0 TOUKy 3peHust 6e3 NOAKPENJIEHHsT €€ KOHKPETHBIM
aganu3oM. Tem Gosee, YTo, KaK Mbl YBHIAUM B Ja/bHeHIeM,
MOKHO HAMETHTb APYI'OH BBIXOJ U3 HMEIOIIUXCSI TPYJHOCTeH .

PacnpocTpaneHHoe 000CHOBaHHE KBAaHTOBOMH CTaTHCTHKH,
JauHoe B paborax ¢on Heitmana, [Taysnu u Ap. u nmoapoGHO
paccmorpenHoe B o63ope Tep-Xapa, nmpHHIHUIHAJIBLHO He
OTJINYAETCS OT NMOMBITOK OOOCHOBAHUSI KJIACCHYECKOH CTaTH-
CTHKH Ha OCHOBe MexaHuku Hplorona. OnsiTe HYXKHO BBO-
IUTb NPEINOJIOKEHHE O PABEHCTBE aNPUOP HBIX BEPOSITHOCTEH
JJIsi paBHBIX 00BEMOB (ha30BOro NMPOCTPAHCTBA, IKBUBAJIEHT-
HOE NPEIOJIOKEHHIO O PAaBHOBEPOSTHOCTH MHUKPOCOCTOSI HUH
B HauaJbHBIH MOMeHT BpeMeHu . KpoMe Toro, npu o6ocHOBaHKH
KBaHTOBOH CTaTHCTHKH AONOJIHUTENbHO IPUXOIUTCS Tpel-
noJjiaraTh, YTO HayajibHbE (pa3bl AMILIUTY I BEpOSTHOCTH pac-
npeaeNnensl cayyaiiHeM 00pasoM,

Urax, cyuecTBylomue NONBITKM OGOCHOBAHHS KJacCH-
YeCKO# U KBAHTOBOH CTaTHCTHK He OTJIMYAIOTCS MPHHIUIU-
aJibHO APYT OT APYTa, ¥ BCTPEYAIOLIUECs IPH 3TOM TPYAHOCTH
HMEIOT, B O0LIeM-TO, OAUHAKOBEI XapakTep. DTO NPOUCXOAUT
MOTOMY, YTO NPHMEHeHHe CTAaTHCTHYECKOro MOAX0Ja K HC-
CJI€ZIOBAHNIO MAKPOCKOIMYECKHX TeJ KaK B KJACCHUYECKOM,
TaK 4 B KBAHTOBOM CJy4ae BO3MOXKHO TOJbKO Garogapst Ha-
JIUYHIO OTPOMHOTO YKMCJIa YACTHUI[ B CUCTEMAX.

[Tocsie. mosiBsiennss Monorpaguu boroso6oBa [106] ua-
YaJICsl HOBBIH 5Tal Pa3BUTHs KHHETHYECKOH Teopuu Heobpa-
THMBIX TpoleccoB. B pesynbrate paGor BoromoGosa, Bau
Xosa, [Ipuroxuna u Ap. NpHpoia HeoOpPaTUMOCTH IPOIEC-
COB mOJyunsia HOBOe ocBeluenue [25]. dtu pabotel, OTHO-
csmuecss K (U3HYECKOH KHHETHKE, HMeNH CBOEH LENbIo
pasButue Gojiee CTPOUHX METOJOB BBHIBOJA KHHETHUECKHX
yPaBHEHUH Ha OCHOBe YDaBHEHHH ABHIKEHH s, OIHCHIBAIOIIIX
HOBeJieHHe OTJAENbHBIX YacTHIL.

[IpenurecTByomyie MeTOAb! NMOJNYYEHHsT KaK KJaccuyec-
KOI'0 KHHETHYeCKOTro ypaBHenusi DosbiMana, Tak U OCHOB-
HOr0 KUHETHUeCKOro ypaBHeHus [laynu cTpajanu cyuiect-
BeHHbIMH HeJocTaTkamu. Eme IT. u T. DpendecTsl 3ame-
THJIH, YTO TP BBIBOJE ypaBHeHust BosbiMana (akTHYeCKH
HCHOJb3YyeTCsi JONYLIEHHE O TOM, UTO ABHUKEHHS MOJIEKYJI r'asa
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116 KOpPeJHpOBaHbl Mexkay co6oil mepesl KaIbIM CTOJIKHO-
BeHHeM (T. €. MX JBHKEHHsI COBEPIIEHHO HE3aBHCHMBI).
COOTBETCTBEHHO NPH BBIBOJAE OCHOBHOI'O KBAHTOBOIO KHHETH-
YEeCKOI'0 ypaBHEHHs HCIIOJIb3YeTcsi THIOTe3a CJydyalHbiX (a3
HE TOJIBKO B HAuaJbHOM, HO M B IPOMEXYTOUHBIX COCTOS-
HUSIX. DTO 06CTOATENBCTBO NPeJCTaBsieTcs: cTpaHueM. OT-
CYTCTBHE KOpDpeNsUMi TNepel KaxAbIM B3aHMOJeACTBHEM
03HAuaeT, YTO CHCTeMa «3abbIBaeT» CBOIO NmpeapicTopuio. Tor-
Ja HENOHATHO, KAaKHM 00pa3oM BO3MOXKHA OXHOCTOPOHHSS
HANpPaBJEeHHOCTb 3BOJIOLUM CHCTeMbl Bo BpeMenu. M geii-
crBuTeNibHO, Ban XoB mokasan, uto eciu ¢asel pacnpejese-
HBI CJIyUafiHO BO BCE MOMEHTHI.BPEMEHH, TO CHCTEMA JOJIKHA
HAXOJUTBCSI B COCTOSIHHM TOJNHOrO paBHOBecusi [26].

B nanbpefimem Boroso6oB B paMkax K/IacCHUECKOH Me-
xaHukd, a Ban XoB u Ap. B paMKax KBaHTOBOH MeXaHHKH
BbISIBUJIM TPeOOBaHHsI, BHIIIOJHEHHE KOTOPHIX Heo6XoAuMO
AJisg HOJNyYeHHs] KUHETHUECKUX YpaBHEHUH, ONHCHIBAIOIIHX
HeoOpaTiMble mpoleccsl. B uncio 3Tux TpeboBaHuil He BXO-
IUT JONYIneHHe 06 OTCYTCTBHM KOPPENSILUH Nepel KaXAbM
CTOJIKHOBEHHEM. Bo-mepBbiX, HEOOXOAUMO NpPeANOIOKUTb,
YTO 4HCJIO yacTuil N B cHcTeMe GECKOHEUHO H OHA 3aHHMAaeT
Geckoneunblit 06beM V, Ho oTHowenue N/V ocraercst KOHey-
HBIM; KpOMe TOr0, HYXKHO JOHNYCTHTb, YTO CBOHCTBA pealb-
HOH GOJBILCH, HO KOHEUHOH CHCTEMBl HE OTJIMYAlOTCS 3Ha-
YHTENbHO OT CBOMCTB OECKOHEUHOH CHCTeMbl. Bo-BTOpBIX,
HaJIaraloTcsl HEKOTODhlE YCJIOBHS Ha TFaMHJIbTOHHAH CHCTe-
MBI B3aHMOJEHCTBYIOIIUX YaCTHIL.

Jass Toro utoObl MOJYUYMTb YPaBHEHHsI, ONMHCHIBAIOIIHE
HeoOpaTHMbIe IPOIECCH, HEOOXOAUMO, KpPOMe TOro, Haljo-
JKHUTb ONpeJie/ieHHble OrPaHHYeHHs] HAa BO3MOXKHble Hauaslb-
Hble COCTOsIHMs cucTeMbl. B ¢opmynupoBke Boromo6oBa
3To TpeGoBaHue CBOAUTCS K JOMYLIEHHIO TaK Ha3blBaeMOro
ocJsiabnenust Koppensinuii. Puanyeckas CyUHOCTb 3TOTO yCJI0-
BHSI COCTOMUT B TOM, YTO BBOZHTCSI MPHHIMIHAJNBHOE Pa3JH-
ype Mex]y NMOBeJleHHEM CHCTEMEI 1O BHIAENEHHs HauaJbHOr'o
MOMEHTa BpeMeHM U Tmocjie Hero. [0 BbIZeN€HHOTO MO-
MEHTa BpPeMeHH B HHTepBaje {— f, rie f{. — BpeMs CTOJIK-
HOBEHHMs1, Jio0asi napa YacTHI[ CYMTaeTCss HeB3aHMOAEHCT-
Byiollled, M COOTBETCTBEHHO B HAUYaJbHOM COCTOSHHH CH-
CTeMBI OTCYTCTBYIOT Koppeasiuuu. [locne B3anMoAeACTBHS
YaCTHI[ BO3HHKAET KOPPENSILHUS COCTOSTHHI, H HUMEHHO IO-
3TOMY HX NOBEJeHHE 10 ¥ NOCJe BbIeJeHHOrO MOMEHTa OKa-
3bIBaeTCsA pasiuuHbiM. HeoBpaTuMocTh mnosyuaercst H3-3a
Toro, uto ofpaiiesHe BO BpPEMEHH «COCTapHBILEroCs»
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COCTOSIHMSL JlaeT JApYroil pe3y/bTaT, TaK KaK Telepb yxKe
B3aUMOJIeHCTBHSI (CTOMKHOBeHHs1) Oy Ay T MPOHCXOAUTD MEXKIY
MOJIEKYJ1aMH, COCTOSIHHSI KOTOPBIX HE He3aBHCHMBHI.

B kBaHTOBOHl TeopuM B NPHHUMIE HHYETO HOBOTO HET.
Tonbko OTCYTCTBHE KODPeNsiIMH B HAYaJbHOM COCTOSIHHH
03HAyaeT HEKOrePeHTHOCTb (ha3 BOJHOBBIX (YHKLHH, IPU
KOTOpOil MOXHO IpeHeOpeub HHTePQEepPEHIMOHHRIMH YJle-
HaMH.

TaxuMm o6pa3oM, C JaHHOH TOUKH 3peHHs] HeOOPaTHMOCTh
CBsI3aHA C TeM, YTO MBI HHKOT'/la He HMeeM JIeI0 C CHCTEMaMH,
B KOTODBIX CYIIECTBYEeT KODDENSIUSl MeXIy HauyaJbHBIMH
COCTOsIHHSIME. B pamMkax KBaHTOBOH CTATHCTHKH 3TO .03HA-
YaeT, YTO B HAYaJbHOM COCTOSIHHHU (asbl BCerja HEKOrepeHT-
Hpl. Takoe mpeinosioxeHHe MOXHO CUHTATh SKBHBaJIEHT-
HbIM TIPEJIOJIOXKEHHIO O DaBHOBEPOATHOCTH MHKPOCOCTOSI-
HUI B HayaJbHBIH MOMEHT, O KOTODOH Ija peub BEHILIE.

Hecomuenno, uTo nepeunciensbie paGoThl HMEIOT OYEHb
BaXKHOE 3HaueHHe /sl Pa3BHUTHS CTAaTHCTHUECKOH TEOpUH
HepaBHOBECHBIX IponeccoB. Ho cuuTarh, YTO OHM peIIHIH
npoGsieMy cOrJiacoBaHHsi OODAaTHMOTO XapakTepa ABHMKEHHS
OTJETbHBIX YAaCTHIl C HEOOpPaTHMBIM XapaKkTepOM IIOBEJEHHUS
GOJIBLIMX COBOKYITHOCTEH 4acTHI[ HeNMb3si. PakTHUeCKH Ha-
YaJIbHOE COCTOSIHHE KaXABIl pa3 JOJKHO ORITh CIelHabHO
«IIPUTOTOBJIEHO» TAK, YTOOB OHO OKAa3bIBAJIOCh HEKOPPeENH-
pPOBaHHBEIM. A BeJlb, HECMOTPSI HA OOPATHMOCTD JBHIKEHHUS OT-
Jle/IbHBIX YacTHI, Bce NMPOIECCH B OKPY2KaIOLIeH HAC NPHPO-
Jle MMeIOT OnpejiefleHHYI0 HanmpaBJIEHHOCTb 6e3 KaKoro-jiu-
60 «IIPUrOTOBJIEHHS» HAYAJbHBIX COCTOSIHHH. [IpUXOAHTCS
BBOJUTb <«IIOHAITHE O HaO/I0JaTesle, HCKYCCTBEHHO «H3ro-
TOBHBIIEM» B HEKOTODBIHl MOMEHT BPEMEHH 3aMKHYTYIO CH-
cTeMy TaK, 4TOObI BOIIPOC O ee NMpeAbIAYIIEM MOBEAEHHH BO-
ofie ornajn; Takoe CBsi3biBaHHE (H3HYECKHX 3aKOHOB CO
cBOHcTBaMH Halmofarelsi, pa3yMeeTcs, COBEPLIEHHO He-
zonyctumo». 1o ytBepxaenue ([22], crp. 471) Jlaumay u
Jlupmnna npeacrapisieTcsi HaM COBEPLIEHHO CIIPaBeNJIHBEIM.

Tenepp ocTaHoBUMCsI Ha BTOpOH mNpoGjiemMe — TP YAHO-
CTAX, CBA3AaHHBIX C NPUMEHEHHeM BTOPOrO Hayaja KO Bcei
Bcenennoii. Eciiu NpHMEHHTb IIOIOXKEHHS CTaTHCTHYECKOH
MeXaHHKH K BcelleHHOM, CylecTByoImell HeorpaHHIEHHO BO
BpeMeHH, TO Mbl, Ka3aJoCh Obl, ¢ HEOOXOJHMOCTBIO JOJXKHbI
NPUATH K BHIBOAY, YTO Bcenenuass (uau, TouHee, Jobast
CKOJIb YTrOAHO Gosbliasi ee yacTb) JOJKHA HAaXOLMTHCS B
COCTOSIHHM TEePMOAMHAMHYECKOTr0 paBHOBecusi. Bpemst pe-
JIaKCallMH JI000H KOHeYHOH 06JacTH He MOXKeT GhiTb GecKo-
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neunsiM ([22], cTp.. 45). B 1efiCTBUTENBHOCTH XK€ HMYEro
nogo6Horo He naOmiopfaercsi. Bes Ta vacts Beenennoit, ot-
KyJAa NocTynaeT K HaM HHpOpPMaLus (BIVIOTh JO ee yacTel,
yJaJieHHbIX Ha OrPOMHbIE PACCTOSIHHSI, NMPOXOAUMBIE CBETOM
3a MHJIIHAPABI JIET), HAXOAUTCS B OUEHb JAJEKOM OT PaBHO-
BeCHOro cocTosiHiy. CKOHLEHTPUPOBaHHAsl B rajllakKTHKaX W
3Be3JlaXx MaTepHsi HENpepLIBHO TepsieT 3SHEPrHIo, pacceu-
BAIOIIYIOCST B NPOCTPAHCTBE, YTO BEJeT K CJOXKHOH Lenu
SBOJIIOIMH 3BE3HbIX CHCTEM, 3Be3]] M mi1aHeT. Bee mpoueccht
NPOUCXOJAAT C Bo3pacTanveM suTponuy. Ha ocHoBanuu aTHX
(hakTOB BBICKA3BIBAeTCSl THIOTe3a (BIEpBble BHLIABHHYTAs
Knaysuycom B XIX Beke)

0 Hen3GeKHOCTH TEIJIOBOH S
cMepTH  Bcenennoit.

Koneuno, MOXHO BBIpa-

3UTh YBEPEHHOCTH B TOM, YTO
10 HEesICHHIM HaM IIOKa MNpH-
YHHAM TemjIoBasg CMepThb He
HACTYIIHUT HUKOTAA, TTOCKOJIb-
KY OHAa He HACTyIMJa JI0 CHX
nop 3a GecKOHeUHOe BpeMsl Puc. 14.
CymecTBoBaHusi BeeneHHoH.
Ho uto npusesio Beenennyio B Tenepetisee HepaBHOBECHOE CO-
CTOSTHHE U YTO MOKET TIPEJOTBPATHUTD €€ IIEPEXOX B COCTOSTHHE
paBHOBeCHs B JajibHeAeM? DTO OJMH M3 CaMbIX IPaHAHO3-
HBIX BONPOCOB, KOTOPBIE MOXKET MOCTaBHTh YeN0BEUEeCTBO.
Bo03MOxHOCTE B Halile BpeMsi HAy4YHOrO MOAXOAAa K HCCHAeN0-
BaHHIO 3BOJIOLMH BcenenHoit — camoe sipkoe CBHIETeNb-
CTBO OIPOMHBIX YCHEXOB HayKH.

ITpoepecc 6 peweruu npobaemet 36ortoyuu Beeaenrnoti, kax
Ham npedcmasasiemcs, NnO360AUM OKOHHYAMEAbHO BbIACHUMb
801P0C O CO2AACOBARUL 00PAMUMbLX 3AKOHO8 MUKPOMEXAHUKU
¢ Haba00aemo i Heobpamumocmoro MaxKpoOnpoYeccos.

[lepBasi mombITKa Hay4yHOro Mojxofia K npobneme 3BO-
mouun Beenennoit npunannexutr Boasumany. HepaBHoBec-
HOE COCTOSTHHe BHJMMOH uacTH BcesieHHOH BO3HHKJO, COT-
JacHo BosbiMaHy, B pe3ysbraTe THMaHTCKOH (UIYKTYyalHH.
[lopaBnsiomyio uacTb BpeMeHH BceneHHast HaxofuTcs B
COCTOSIHUM DPaBHOBECHSI C MAaKCHMAJbHbIM 3HaueHHEM 3HT-
ponuu S. Ho uMeercss KOHEUHasi BEPOSITHOCTb CIIOHTaHHOTO
BBIXOJia U3 COCTOSIHHSI PaBHOBECHs OI'POMHOrO yyacTtka Bce-
JIEHHOH, NIPH KOTOPOM SHTPONHsI yMeHblLIaeTcs. 3aTeM, HAO-
CTUTHYB HEKOTOPOTO MHHHMMAJIbHOrO 3HAueHHsl, OHAa BHOBb
HayHHAeT Bo3pacTaTb (puc. 14).
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Koneuno, Takasi QuIyKTyauusi — HCKJIIOUHTENBHO MaJso-
BeposaTHoe coObitHe. Ho yauBASTBCS TOMY, YTO MBI TeM He
Menee ec HabmiofaeM, HeT ocHOBaHHs. JKH3Hb MOXKeT BO3-
HHKHYTb TOJBKO B IIpOMeKYTKH Bpemenu AB, A'B’, koraa
sgrponus pacrer. DaykTyanus — HeoOXO4uMOe yCJIOBHe
NOSIBMEHHSI PasyMHBIX CYLIECTB, KOTODble Morau Obl ee
HabJII0JaTh.

Crnegnyer ocobo MOAUEpKHYTb, uTO rumore3a bonbumana
HE TOJBKO Mpejjiaraer peleHue npobieMel 3Bojionud Bce-
JIEHHOH, HO ¥ MO3BOJISIeT B MPHHIIMIIE COTJIacOBaTh HEOOPATH-
MOCTb MaKpOIPOIECCOB C 0OpaTHMOCTbIO MHKPOIPOLECCOB.
B camoM gene, Ansi oObsCHEHUS HeoOpPaTHUMOrO Xapak-
Tepa HU3MEHEHHS] COCTOSIHHSI IOUTH H30JHPOBAHHOH CHCTe-
MBI COBCEM He 00s13aTejbHO TPeGOBaTh DPaBHOBEPOSTHOCTH
MHKDPOCKOTIHYECKHX COCTOSIHMH, OTBEUAIOUIMX JAHHOMY MakK-
POCKOIIMYECKOMY COCTOSTHHIO CHCTeMBI (corsiacHo KpwlioBy
3T0 HefomycTHMO). i oOBSCHEHHS OQHOCTOPOHHEro H3-
MEHEHHsI 3HTPONMH (ee Bo3pacTaHHsi) HEOOXOAUMO JIHIIb
TaxKoe pacnpejiejieHHe N0 MHKPOCOCTOSIHUSIM, HPH KOTOPOM
OOJIBIIMHCTBO TOCTEAHHX OTBeYano Obl POCTY SHTPOIHH B
OyLyLIeM H YMEHBIIEHUIO B IPOIITOM. 3aKOHBI K1aCCHYECKOH,
a pPaBHO W KBAaHTOBOl MEXaHHKH He MO3BOJISIOT JeJaTh Ka-
KuX-1H00 3aK/IOUeHHH O HAYaJIbHOM COCTOSTHHH CHCTEMBI.
Ono onpeJensieTcsi 3aKOHOMEP HOCTSIMH pa3BuTHs BeenenHoil.
DHTPONH s BO3pacTaeT BHYTPU OKP Y2KAIOIKX HAC CUCTEM IIPO-
CTO MOTOMY, YTO 3BOJIIOLUSI MHPA KaK LeJoro (HIH GOMbIIOro
y4yacTKa, 3aXBaueHHOro OOJIbLIMAHOBCKON (uyKTyaLuueit)
NpuBeJa K CHJAbHO HEPABHOBECHOMY COCTOSIHHIO CHCTEM C
COOTBETCTBYIOIUMH MHKpococTosinusiMu. CraTHcTHYecKast
MexaHWKa cama 1o cebe He criocoO6HA OOBSICHUTH HaJMHUHE
B HACTOsIlliee BpeMsi B CHCTeMax TAKHX paclpeleseHud Mo
MHKDPOCOCTOSIHHSIM, KOTOpble BEeAyT K OAHOCTOPOHHEMY H3-
MeHeHHI0 3HTponuH. Ho ecnn cuurarh cyuiectBoBaHue Ta-
KUX pacnpefiesieHuii ¢akToM, 0OyCJIOBJIEHHBIM 3BOJIIOLHEH
Bcenenno#l, TO HMKaKMX NPOTHBOPEUHHl MexKAYy MHKpOMe-
XaHUKOH U cTarucTuueckod ¢usmkoil ne Oyner. O6paTimoe
H3MEHEeHHe SHTPONHH BLITEKAET TOJIbKO U3 MpPEANOJIOKEHHUS
O DaBHOBEPOSITHOCTH MHMKPOCOCTOSIHWH B HayajibHbIil MO-
MEHT. '

[TpuBeJeHHbIe apI'yMeHThl CHUMAIOT COMHEHHS B TOM, UTO
3aKOHBI KJIACCHUECKOM CTATHCTHKH MOMKHO COIJIacoBaTh C
KJlacCHuecKoi MeXauuKoi. OrTnajaer ¥ yHOMsIHyTOe BhIIle
Bo3paxkenue JlaBeiioBa. MoMeHT #,, KOrja BCe MHKPOCO-
CTOSIHHSL PaBHOBEPOSITHbI,— 3TO MOMEHT, KOrZa 3SHTPOINHS
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BceneHHOH uMeJa MMHUMYyM HpPH GOJILIIMaHOBCKOH (uykK-
TyaiuH.

Takum oGpasoM, mnpo6seMa OOGOCHOBAHMS CTATHCTUKH
JOMXKHA ObITh CBSI3aHA C pelleHHeM NpoOieMbl 3BOJIOIMH
Bcenenno#t B uenioMm. M3onuposaTs Apyr oT Apyra TpyAHOCTH
B (¢yHIAMEHTaJNbHbIX BONPOCAX CTATUCTHUECKOH (PU3HKH —
3HAUMT 3apaHee OTKAa3aTbCsl OT NPEOJOJEHHsT ONHOH U3 HHX.

LlenTpanbHoii, clleoBaTeNbHO, OKasbiBaeTcsi mpobieMma
sposonuy Bceesnennoit. M 3mech Hajno npusHaTh, YTO, He-
CMOTPfl Ha NPMBJIEKATENbHOCTb (PIYKTYaUHOHHOH TMIOTE3HI
Bonbumana, cnocoGHOH Ha TNepBbI B3rJsiA pelIMTh Bce
TPYAHOCTH, €€ BCE K€ HYXKHO CUHTATh HECOCTOSITETLHOH.
Onua u3 NpUYMH e€e HeCOCTOSITeNbHOCTH Impocra. Daykrya-
uusi TeM Gosiee BepOsiTHA, YEM MeHbllle pa3Mephl OXBaThiBae-
MO# €10 CHCTeMBI. B 00sacTH mopsiika pasMepoB COJIHEUHOH
CHCTEMBI BEPOATHOCTh (GMIYKTyauuil 3HauYHTeNbHO Gosblie,
yeM B BUIAMMOH uacTd BceneHHOH. A Ais1 BO3HHKHOBEHHMS
JKH3HHM JIOCTATOYHO B NMpPHHUMIE (QIYKTyauuH B Macurabax
cosiHeuHOH cucTeMbl unu anaktuxu. Tlostomy ruiaBHbif ap-
rymedt Bosblmana B NOsjb3y BO3MOXKHOCTH HaGJIOIEHHUS
KpaiiHe MaJlOBepOSITHOrO COOBITHSI — KOCMHYECKOH (IyK-
Tyallld — OKa3biBaeTCsl HeCOCTOATeNnbHRM. M Bpsin sm cna-
caeT NoOJIOXeHHe 3aMeyaHue TepJenKoro o ToM, 4TO (IyK-
TyalyH{ IJIOTHOCTH H APYTHX BeJHYHH, 6ECCIOPHO, CTPEMST-
Csl K HYJIO NIPH CTPEMJIEHHH YHCJIA YacTHI K OECKOHEYHOCTH
TOJILKO JJIS1 MJeanbHOro rasa. [Jst cucreM ke Tes, B3aHMO-
JefCTBYIOIIUX TIOCPEACTBOM JANbHONEHCTBYIOIKX 'PaBuTa-
IIMOHHBIX CHJI, MOXKHO OXHJAaTb, 4TO BeJuuMHA (JYKTya-
1Ml OyZeT yBeJHYHBATBCS C POCTOM UHCJA YACTHIL.

BECHJIOIU-[OCTB NONBITOK BO3POKACHHUA W MOJEpHHU3ALUU
runore3sl BosibiMana crana BIOJHE OUEBHAHOM MOC]E CO3-
Jauus diHmrednoM Ha 6ase oOlell TEOPUH OTHOCHTENbHOCTH
PeNSATUBUCTCKOH KOCMOJIOTHH. JIHIIL Ha OCHOBE HOBOH TeO-
DHH TpaBUTAIMH CTAJO BO3MOXKHBIM OBICTPOE Pa3BHTHE TEO-
puu 3pomouun Bcenenunoit. Teopust 5BOMIOUMH, HE YUHTHI-
Balolasi PeNSTHBUCTCKYIO KOCMOJIOTHIO, B HACTOsIILEE Bpe-
MsI HEMBICJIHMA.

['1aBHOE OTKpHITHE B 3TOi 00JIaCTH — CO3JaHHE OCHOB
Teopuu  pacuiupsiomefics  Bcenennoit — Gputo  clenano
©®puamanom B 1922 r. [Ipeanonoxus, uto B cpeineM Bce-
JIeHHasl OAHOPOJHA U H30TPOIHA, OH HAaIlleJl HeCTAaLMOHAap HOoe
pelleHe ypaBHeHHH TPaBHTAIlMOHHOTO moJAA DiHIITEHHA
ana Bceenennoit B mesoMm. BrocjeAcTBHH BBIBOA O pacily-
pennn Bcenennoifi Obl1 MOATBEPXKIEH 3IKCIEPHUMEHTATBHO
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X a66n0oM nyTem HaGIOAEHHST KPACHOrO CMEIIEHHsI CBETA OT
JlaneKux ranakTuk. HelaBHee OTKDEITHE pPaBHOBECHOI'O KOC-
MHYECKOT0 (PEeNHKTOBOI0) H3JIyYeHHUs C TeMIepaTypoi OKOJIO
3°K, npeicKasaHHOrO TeopHeH, 3HAUHTEILHO YBETHUUIIO
YBEPEHHOCTb B €e CIpaBeJJIHBOCTH.

B nmnepsonavanbHoii koHuenuud PpuaMana 3BOJIOLMSA
Bceenennoit BHIMISAUT ciedyiomuM obpasoM. B Hacrosmuft
MoMeHT Bceenennas, oueBuano, pacumpsiercsi. Ho uro mpou-
30iifieT B JanbuefimeM? CorjiacHo Teopuu ee OyAyliee 3aBH-
CHT OT COOTHOIUEHHS] MeXIy CpelHeH IJIOTHOCTBIO P MaTe-

puu BcenleHHOH B JaHHBIA MOMEHT U HEKOTOPOH KPUTHUECKOM
2

By’
cTosiHHast, a H — nocrosiuHas Xa66sa B JaHHBIA MOMEHT
BpPeMeHH, KOTOpasl ompeJe/nsieT CKOpPOCTh pacuiupenus: Bee-
JIEHHOH.

Ecnn p << px, To pacumpenne Bcenennoil Hukoria xe
npekpaturcs. [anakTHKH pasoiAyTcsl HA CKOJBKO YIOAHO
GonplIMe pacCTOSIHHUS, U KaKas-lu6o CBSI3b MexIy HHMH
npaxkTHyecku ucyesner. Ho ecnu p > pg, TO C TeueHueM Bpe-
MeHH pacmupende BcenlenHoli cMeHHTCS CXKaTHeM M MeCTO
KPacHOT0 CMelleHHUs 3aiiMeT ¢uoneroBoe. HMTak, yTo6b! 3HaTh
6ynymee BceneHHo#, HAJO 3HATH CPELHIOID IJIOTHOCTH Ma-
TepuH (KPHTHYECKasl IJIOTHOCTb Px =~ 2-107% 2/cm®).

[To nocnienuum ranubM (ouerka Qopra), p ~5 -10™%/cm?,
T. €. p<< Py, €CTH VYYHUTHIBAIOTCS TOJBKO MAcCCHl ra-
JakTiK. ONHAKO B JIEACTBUTENILHOCTH IJIOTHOCTb GOJIBLIE 32
CYyeT MeTarajJakTHYeCKOrO0 HOHH3HPOBAHHOIO BOAOPOJA,
HEHTPUHO M mnoracmux (KosJjancupoBaBmux) 3Be3f. Oue-
HHTb 3KCIIEDHMEHTAJIbHO BKJIaJ MeTarajakTHYecKOoro rasa,
HEATDHHO M NOracuiyx 3Be3] I0Ka HeBO3MOXHO. [lostomy
OTHIOAb HE HCKJIOYEHO, UTO O > Pk.

OrMeTHM NOMYTHO, YTO 3HAYEHHE CPEAHeH IJIOTHOCTH
MaTepHH OIpelesisieT NMPOCTPAHCTBEHHYIO CTPYKTypy Bce-
JIEHHOH Kak wnesoro. [Ipu p > px cpelHsiss KPUBH3HA MHDA
nonoxurenbHa u Bcenennasi, octaBasick Ge3rpaHMuHOM, KO-
HEYHA II0 CBOMM pa3MepaM (3akpeiTass Molenb). Ipu p <<
< px KPUBHM3Ha oTpHuaTenbHa U Bcenennass Geckoneuna
(OTKpBITast MOJEND).

Yro mMoxKHO cKas3aThb 0 npouuioM Beenennoit? ITo Teopun
®puamana korja-To B mpouuioM Bcenennas Oblia ckaTa B
OueHb MaJIOM 00beMe, B TOUKY, COMJIACHO PEIIEHHIO HCXOXHBIX
ypaBHEHHH, NPUYEM INIOTHOCTb MaTepuHd Oblia GECKOHEUHO
Besquka. Ecnu nmpuHATH 3Ty 0co6yio TOUKY B pELIEHHH YpaB-
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leHuH 3a Hayauno orcuera £ = 0, TO MOXKHO OLEHHTb BpeMsi
pacuupenusi Bcenennoii. OHO OKasblBaeTCsli PaBHBIM INPH-
mepHO 10 MustinapaaM Jier. [Ipu p > Pk CXKaTHe ONsATh JOJIK-
1O MpuBecTH BcenenHylo B cOCTOsHHE ¢ OECKOHEUHOH ILIOT-
HocThio. Ha puc. 15 n300pa<eHO HU3MEHEHHE NPOCTPAHCT-
BEHHBIX MAcIITa60B B OTKPHITOH (@) B 3aKPHITOH (6) MOJeNsX
dpuamaHa.

O6e Mojieny yIOBJETBOPHUTENbHO ONHCHIBAIOT 3KCIEPH-
MeHTa/bHble (DAKTHl OTHOCHT@IbHO KPACHOrO CMEIleHHs,
OGBACHAIOT INPOUCXOXKIEHHE COBPEMEHHOr0 HeCTalMOoHap-
HOro coctosiHusl Bcenmennoi,

HO BCTPEUAIOTCS CCYLIECTBEH- A
HBIMH TP YJAHOCTSIMH.

I'naBHast TPYAHOCTb CBSI-
3aHa ¢ 0co6oii TOYKOH B Ha-
YaJbHBIH MOMEHT 3BOJIOLHH
H B KOHEYHBIH (WIS 3aKphI- P
To# Mojenu). ['unoresa o co-
TBODEHHH MHpA B MOMEHT Prc. 15
t = 0, oueBHAHO, aGCOTIOTHO e
HeHayyHa. OfuH H3 myTed
00Xx0/la TPYJHOCTH COCTOHT B JONMYIIEHWH, YTO JO Hauajb-
Horo MoMenta f = 0 MOHATHE BpeMeHH BOOOLIE JIHIIEHO
CMBICJIa, TAaK KaK NPOCTPAHCTBO U BpEMsI HEOTHEIHMBI OT
MaTepud. MoOXKHO TaKxke CUMTATh, YTO IpH f, OJHU3KOM K
HYJIIO, HEJb3s MOJNb30BAThCS H3BECTHBIMU NPEACTaBJIEHUSIMU
O IIPOCTPAHCTBE H BpEMEHH, TaK UTO YTBEPKIEHUS O KO-
HEYHOCTH HJIM GECKOHEYHOCTH BPEMEHH TepsioT CMBICI.

Jlaunbie cooOpaKeHUsi, HE OueHb YOeluTeJbHble CaMH
mo cebe, He CHHUMAIOT TpyAHOCTe# Ans Bcenennoit B 6yay-
meM. [IpaBpa, B HecTauHOHapHOH Mofenu Bcenenuoii Ten-
JIOBasi CMepTh ef HemocpeACTBEHHO He yrpoxaeT. Ho 6yay-
mee Beenennoit 10BobHO 6e3paJOCTHO H €€ BCe PABHO OXKH-
JaeT cMepTh. B 3akphiToii Mofenu BcenenHas coxmercsi B
TOUKY M (DAaKTHUECKH IepecTaHeT CyllecTBoBaTb. Ecuau
p < Pk, TO OHA OyJleT HEOrPAHHUUYEHHO PaCIIUPSATHCS, B3aH-
MOJEHCTBHE MEXIY ee Pa3NUUYHbIMH YaCTSIMH TNPaKTHYECKH
NPEeKPaTHTC M HACTYNHT KauyecTBEHHOe BhIpOxAeHHe Bce-
JIEHHOH, KOTOPOE HHYYTb He JIyYllle ee TEIIOBOH CMepTH.

B cBs3u ¢ yKa3aHHBIMU 3aTPYAHEHHSIMH TPEINpHHUMA-
JIUCh ¥ TpPEANPUHUMAIOTCS MHOTOYHCJEHHbIC NOMBITKH MO-
AupyKauuy INepBOHAYAJBbHOH MOJENH paclHpsioleics
Bceneunoit. Ilpexne Bcero, ofpamasoch BHUMaHHE Ha TO,
uyTo BOJM3H OCOOOH TOUKH CaMH ypaBHEHHS] I'paBHTAlMH
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MOT'YT OKa3aThCsi HECOCTOATENbHBIMH, XOTS 5TH ypaBHEHHS H
He COJlep2KaT BHYTpH ce0st KaKue-JIu6o OrpaHHYEHHS HA BeJIH-
UHHY IUIOTHOCTH MaTepuu. Beap ofwias Teopus oTHOCH-
TeJIbHOCTH HE YYHTHIBA€T KBAHTOBBIX 3((eKTOB, a OHH 06s-.
3aTe/IbHO JIOJIXKHBI NPOSIBUTBCSA HA CBEPXMAJLIX PACCTOSIHHU-
ax. Jlanee, ocoGennoctu B pelenun OpuamMana ypaBHEHHI
AJisl TPABUTAIIHOHHOrO MOJIsI AJ1S1 IPOLIIOTO ¥ st Gy AyIIero
TNOSABJIAIOTCS TOJNBKO IPU TPeOOBAHHH OJHOPOLHOCTH M H30-
TponHoCcTH Beenennoii. Onnako 1 npy caMbIx o6LIMX HAYAN b-
HBIX "yCJIOBHSIX, COrJIacHO paGote Jlugummia n XanaTHukoBa
[27], ocoGeHHOCTH B pelieHuH ypaBHeHHH rpasuTalUHu OCTa-
1otcsi. [TnotHocTs Beenennoit o6pamaercst B 6eCKOHEUHOCTD,
HO TOJIbKO pajuyc BceseHHO MeHsieTcsl He MOHOTOHHO, a
HCIBITEIBAaeT GeCKOHEUHOe YMC/IO OCUMJMALMI BOJIH3H CHH-
TYJISIp HOH TOUKH.

TakuM oGpasoM, npoGieMa B LeNOM OCTaeTcsi HepelleH-
HOH. MOXHO MOMyCTHTb, UTO cxkaTHe BceenenHoil LOMKHO
CMEHATBCSA €€ PACIIMPEHHEM, HO HENOHSTHO, B CHMY Ka-
KHX NIDUYHMH 3TO MOXKET NMPOHU30HATH. [TocselHee Mos0KeHHe
nojuepkHyTo B MOHOrpacuu [20] u B xuure Xoina [28].
YBe/lHueHHe AaB/IEHUS TP CHIBHOM CKATHH B OJHOPOIHOH
BcestenHolt He MOXKeT GbITh MPHUYHHOI ee NOCJIeAYIOLETO pac-
IUHPeHHs, TaK KaK B HeH JlaBJieHue pacrpe/ieJieHO CTPOro pas-
HOMepHoO. Mexay pasnuunbiMi yacTsimu BeenenHo# mostomy
HET PA3HOCTH AAaBJIEHHH H HeT CHMJIbI, KOTOpasi MorJa Obl oc-
TaHOBHTb CxKaThe. Bompoc o B03MOXHOCTH mpoOXOXIeHHS
Bcenennoit uepes ocoGylo TOUKy ocTaercs HepeleHHbIM.
YpaBuenus rpaButauyud OHHWTEHHA TAKOTO pPELIEHHS He
AatoT. Ho 3To, KOHEYHO, He 03HAYAET MPHHLUIHAILHON He-
BO3MOJKHOCTH CMEHBbl CXKAaTHSl DaCLIMPEHHeM, TaK KaK HeT
HUKAKOH TapaHTHH, YTO INIPH CBEPXIUIOTHBIX COCTOSIHHSIX
BEIeCTBA 3TH YPABHEHMSI OCTAHYTCS CIIPaBENJHUBBLIMH.

K Gonee pasnooGpasueiM momensiM 3Bosonuu Bceesen-
HOH NPHUBOIAT ypaBHeHUs C TAK HA3LIBAEMOH KOCMOJIOTHYEC-
KO#l MOCTOSHHOH A, BrepBble BBefeHHOH JifiniureiinoMm. Ee
(U3MYECKHA CMBICI — OTTa/IKMBaHHe, CBOHCTBEHHOE MYCTO-
My NPOCTPaHCTBY. [IpH yueTe KOCMOJIOrHUECKOH MOCTOS HHOM
TNOTyyaloTCsl YPaBHEHHUS! MOJISl, YacTh PelleHHH KOTOPHIX He
COJIEPKHT OCOOEHHOCTEH, a yacThb 06jafaeT OCOOBLIMH TOY-
Kamu. Ha puc. 16, a npusesiena Mofens sBomouun Beesen-
HOH, yuHTBIBalomas A-ujieH, ¢ KOHEYHBIM BpPEMEHEM H Ha
puc. 16, 6 — MoaenH ¢ GeCKOHEY HbIM BpeMeHeM. B nepBoii
MOJIeIM COXPaHSIIOTCA TPYAHOCTH C HAayajoM H KOHIOM Bce-
JIEHHOH, & BO BTOPOH — TO/MBKO TPYJHOCTH C €€ KOHLOM.
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HTepec K JaHHBIM MOJEJISIM NOBBICHJICS B NOC/IEHEE BPeMs]
B CBSI3H C OOHApy2KEHHEM HeOOBIUHBIX JeTajied B CIeKTpPax
TIOTJIOIIEHHSI KBa3apoB, KOTOPHIE MOXKHO OOBACHHTDH, AOMY-
CTHB, UTO Ha KaKOM-TO 3Tamne pacuupenue BceyeHHoll Gbl1o

R

A / ~_] 7

a) &)
Puc. 16.

CHJIBLHO 3aTOpMOkeHO (cM. puc. 16, a). Takoit xapaxrep pac-
wypenusi BeesleHHOM MOXKHO TOJTYYHTD JIMIIbL B MOAENH ¢ A-
Y4JIEHOM. ‘

HaxkoHel, mnpennoeHsl MOJeNH IyJabcupylouled Bcee-
JIEHHOH, B KOTOPBLIX CKaTHe U paclIHPeHHe NOIepPeMEHHO
CMeHSIOT JApyr Apyra. Ecnu JonycTuTh, Kak 3TO jJenaer
3enbaoBuu [29], uto 3uTpomus pacTeT OT LHKJIA K IHUKIY,

Puc. 17. Puc. 18.

TO NPH OCUMJUIAUMSAX JOJKHO IPOUCXORHTH IMOCTENEHHOE
yBennueHne paanyca Bcenenno#f M Hakouen neoOpaTHMOe
pacumpenue (puc. 17).

Tax kaK 9HTpONHUsI KOHEYHA, TO B MPOIIVIOM MOXKHO JOMY-
CTUTb CYIIECTBOBAHHE TOJNBKO KOHEYHOTO YHCJA IIUKJIOB.
Takum 00pa3oM, TPYAHOCTb C HAYaJbHBLIM COCTOSIHHEM He
ycrpansiercsi. CoxpansieTcs U BbIBOJ O HeoOpaTHMOM Kauye-
CTBEHHOM M3MEHeHHH CBOHCTB BcesieHHOH npu HeorpaHHueH-
HOM ee pacuiupeHuy B OyayumeM. TOJbKO B MOAENH OCLHJIH-
pywouieit Beenennoit ¢ coxpausiioimeicss B CPeHEM 3IHTPO-
nueil nyJabcaluM AJIATCS HeOrpaHHyeHHO noiro (puc. 18).

B nacrosiuiee Bpemst npsiMble 3KcnepiMeHTalbHbIe (haKThl
(HampuMep, KpacHOe CMeIleHHe) He NO3BOJISIOT CAeNaTh Ol-

137



HO3HAUHBIH BHIGOD MEXIY PasH4YHBIMH KOCMOJIOTHUECKHMH
MojensiMH. Bce onu Gosee wiu MeHee YJOBJIETBOPHTENBHO
06BsACHAIOT 3TH ¢GakThl. ONHY MOJeNH (MOAENTH C KOHEUHBIM
BpEMEHeM) HEeNOCPEJCTBEHHO BBITEKAOT U3 CYLIECTBYIOUIUX
ypaBHeHU# rpaBUTAIIOHHOTO NOJs, APYrue, AOMyCKalollne
TepexoJ uepes CHHIyJIsIPHYIO TOUKY ¥ B OCOOEHHOCTH OCL{HJI-
JHpYIOIKEe MOJENH, He HMEIOT cefyac CTPOroro mareMaTH-
yeckoro o6ocHoBanusi. TeM He MeHee, HCXOAA U3 O0WUX (U-
JocopcKUux coobpakeHui, NpeAnoYTeHHe HYXKHO OKasaTb
OCLMJTHPYIOLIEH MOJENH C TOCTOSHHOM B CPefHeM IO oc-
HHIANANUAM sHTponuel. VHaue MBI ¢ HeH30EXKHOCTBHIO MpH-
JeM K BBIBOIY, UTO COBpeMeHHOe cocTosHue Bceenennoi —
3T0 He GoJsiee, yeM OTHENbHbIH 3MH30/ B €€ 3BOJIOLHH, KOTO-
DBIil y2Ke HHKOrJa He MOBTOPHTCS Jaxe NPUOIUBUTENBHO, H
Jerpamauusi BcenenHo#, a C/1el0BaTeNbHO M MaTepHM, He-
n3bexHa.

B ocuunnupyromeii Mogenu (puc. 18) coBpeMeHHOe He-
pPaBHOBECHOe COCTOsiHHe BcesleHHOH He sBJISETCS] HCKIIOYH-
TeJIbHBbIM, a NOBTOPSIETCS C TeYeHHEeM BPEMEHH HeOrpaHHYeH-
Hoe upcyIo pa3. Hu B Kakoii popMme cMepTh He yrpoxaer Bce-
JIEHHOH. DTa U moAbKo 3ma modeab no3sorfem 8 npuryune
cozaacosams 06pamMUMOCL 30KOHO8 MUKPOMUPA C HaOA00ae-
MOLi 8 HacmoAee 8peMs HeOOPAMUMOCTbIO MAKPOCKORUYECKUX
npoyeccos 60 Bceaenroil. BospacTanue SHTPOMUH HA y4acTKe
pacupenust BeeneHnoll B paBHO# Mepe corsiacyercs ¢ 3a-
KOHAMH KaK K/IaCCHYeCKOH MHKDOMEXaHHKH, TaK W KBaH-
ToBO#. TOJBKO B CBEPXIVIOTHBIX COCTOSIHHSIX BceneHHOH,
0 BCell BepOSITHOCTH, OKaXKeTcs HEOOXOAUMBIM yueT KBaH-
TOBBIX 3((EKTOB, H, CJleJOBAaTeNbHO, XapaKTep H3MeHe-
HHSL SHTDONHMHM TNIPH COBDEMEHHOM COCTOSIHMM Mupa ofyc-
JIOBJIEH CYIECTBEHHO KBAHTOBLIMH 3aKOHaMH TNOBEJACHHS
YacTHIL Ha ONpeJe/IeHHBIX 3Tamax 3BOJIONMH Haied Bce-
JIEHHOH.

BakHO OTMeTHTh, YTO TEOPHIO MyJabcupyouled Beenen-
HOM MOXKHO pacCMaTpHBaTh KaK COBPEMEHHBIH aHAIOr (aIyK-
TyanuoHHOH runoresbl BonbiMana. B neit BMecTo GaykTya-
IIHOHHOI'0 MeXaHH3Ma, ePHONUYecKH BO3Bpalaromero Bee-
JIEHHYIO K XHU3HH, AeHcTBYeT 6osee riyGOKHMi MEXaHH3M rpa-
BUTALMOHHBIX B3aMMOJAEHCTBHA COBpEMEHHOH TEOPHH MNOJs
H, BO3MOXXHO, HEH3BECTHbIE ellie HaM 3aKOHBI OBEAEHUS Ma-
TepHH B CBEDPXIVIOTHBIX COCTOSHUAX. OOuiue e BBIBOABI
O IPHYHHAX HEOOPATHMOCTH MAKPOINPOLECCOB B OKPYKaroLIeM
HAC cefiyaC MHpe M O HEBO3MOMKHOCTH TeILIOBOH (H J0GO#H
Ipyroii) cMepTé BeenenHoit HOCAT cxofHbld xapakrep. Ilo-
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5TOMy MOBTOPSITh NpUBeleHHble BhIle COOOpPaXKeHHs Ha 3TOT
CYyeT HeT HYKHBl.

K coxxanenuto, cefiuac npu Bei6ope Mozeseit BeenenHoit u
IeTanbHOM pa3paboTKe ONpeleseHHBIX Mojenell PeAKO MOMb-
3yloTcsl cooOparkeHHsIMH 00lero nopsifka. [1pu Toit Heomnpe-
JleIeHHOCTH B BhIOOpe MojeJsieli, KoTopasi CyLecTBYyeT B COB-
peMeHHO! Hayke, HaM INpeJcTaBJsieTcss Haubosee mepcrek-
THBHOH pa3paboTKa OCHHJJIHPYIOUIEH MOJAENH. DTa MOAENb,
B YaCTHOCTH, MPHBOJUT K BHIBOAY, YTO OTHOLIEHHE KOJIHYECT-
Ba Bojopoja BO BceneHHOH K KO/NHYeCTBY rejius paBHO
2:1. JlaHublil BBIBOJ NpPHOIU3UTENBHO MOATBEPXKAAETCS
3KcnepuMeHTanbHo. MMerompecss pacxoxAeHHST MOXKHO 00b-
SICHHTB TPYAHOCTSIMU OLIEHKHU coflepKanus renus. CTOpOHHHK
HENPEpLIBHOrO DOXKJIEHHS BellecTBa B CTalMOHapHOH Bce-
JenHo#t Xola (ero B3rVIsiAbI MBI He OOCYXKJaJH) IMILNET:
«[ToucTHHEe yAHUBHUTEJIBHO, YTO JIUTP COJNHEYHOTO BelECTBa,
ecaii Obl MBI MOTJIH JOGBEITH €ro, Mor Obl ONMPOBEPTHYTh KOC-
MoJioruio nynncupyrowei Bceenennoi» ([28], ctp. 92) uaw,
J06aBUM Mbl OT cebs, Clie1aTh ee B BHICOKOH CTEIeHH BEpOsiT-
HOH. BmpoueM, aHanu3 pa3iHYHBIX KOCMOJIOTHYECKHX MO-
Jlenell He HMeeT HENOCPEACTBEHHOro OTHOLIEHHS K NpeaMeTy
Halero HccjaefoBaHus. MBI OCTaHOBHJIHCH JOBOJIBHO MHOJ-
pOGHO HA HEM JIMIIb HJISI TOrO, YTOOLl MOAYEPKHYTh BaXKHYIO
MBIC/Ib O TOM, YTO BOIIPOC O IIOJIHOM COTJIaCOBAHUH 32KOHOB
HOBeJieHHs1 MaKPOCKOIIMYECKUX Tesl C 3aKOHAMH JBHKEHHUS
MUKpOYaCTHIl, BEPOSITHO, CBSI3aH B KOHEUHOM cyeTe C mpob-
JieMo#i sBomouuu BeenenHoi. Jluuie paccmMaTpuBasi 3BOJIO-
uuio Beesennoi, MOXKHO B NpPHHIHINE MOHATh MPHYHHBL BO3-
pacTaHusi SHTPONMH B OKPYXKalOLleM Hac MHpPe H COIJaco-
BaTh 00paTHMOCTh MUKPOIIPOIIECCOB C BHAUMOM HaNpaBJ/IeHHO-
CTBI0O MaKpOCKONHYeCKHX sBaeHHi. Kpome Toro, ciaexyer
elle pas NoJYepKHyTh, YTO B HACTOsILEe BpeMs Bce MOJEIH
BcenenHo# ocraloTcsi B BBICIIEH CTENEHH THIOTETHYECKHMH.

[Ipu TakOM IIMPOKOM NOAXOJE MOMNbITKA BHIAATH COOT-
HOLIEHHE MeXJY KJacCHYeCKOH MeXaHHKOH H KJaccuyec-
KOH CTaTHCTHKOH 3a oOpasel] COOTHOLIEHHS AHHAMHYECKHX
H CTAaTHCTHYECKHX 3aKOHOB BBINVIAUT JOBOJBHO HAHBHO.
CBsI3b 3aKOHOB CTaTUCTHUECKOH (PU3HKH H 3aKOHOB JIBHIKe-
HHS1 OTAEJIbHBIX MHKPOOOBEKTOB — 3TO YacTHBIH BOIpoc 06-
el mpo6seMbl B3aHMOOTHOIIEHUS BLICHIMX H HHU3LIHX HOPM
JBIXKeHHs1 MaTepuH. M, Kak Mbl BHJe/H, OH He pelleH B Ipo-
CTeHIlIeM c/yuae TeIJIOBOA U MeXaHHYeCKOH ¢OpM JBHIKEHHS .

Eme coxHee NpOCAeNUTh COOTHOLIEHNE MeXIY 3aKOHa-
MU IBHXKEHHsI CPaBHHTENBHO NPOCTHIX (HOPM MaTepHH, KOTO-
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pbIe paccMaTpuBaloTCcs B (hu3LKe, U 3aKOHAMH, YHPABASIONIU-
MM TakKUMH CJIOXKHBIMH (pOpMaMH MaTepuu, Kak GHOJOrHYec-
Kasi. COrylacHO OCHOBHEIM IIOJIOXKEHHSIM MaTepHaHCTHuec-
KOH JAHalleKTHKH BbICUIME (QOPMBI JBHXKEHHMS MaTepUH He
cBoAATCA K HU3LKM. Ho KakuimM 06pa3oM y CI0KHBIX CHCTEM
BO3HHKAaIOT CBOACTBA, KOTOPble BOOOILE HE MOT'yT MMEeThb Mpo-
CTble OOBEKTBI, COCTaBJSIOIIME 3TH CHCTEMbI (B KOHEUHOM
cyeTe 3/IeMEHTap Hble YaCTHIBI)?

B ¢unocopckoM miiaHe MOXKHO BBICKAa3aThb YBEPEHHOCTb
B TOM, YTO NpOCThie OOBEKTH B NOTEHLHMAIBHOH (popMe 06-
JIajaloT CBOHCTBaMH, KOTODHI€ MOTYT NpPOSIBUTHCS B MOJHOM
Mepe TOJIbKO B YNOPSJIOUEHHBIX KOJJIEKTHBAX TAKHX OOBEK-
ToB. OZlHAKO MpoOC/TeAUTh 3a 3THM Ha OHOJIOTMYECKHX CH-
cTeMax NMOKa He yJhaercsi. B wacTHocTH, MoJekyJ/sipHast 61o-
JIOTHsSI, HECMOTPSI Ha OIDOMHBbIE YCII€XH, ACCTUTHYTHIE 3a
HOCJIeIHHEe TOAbl, JajeKa OT IOHHMAHHSA OCHOBHBIX XKH3HEH-
HBIX NPOLECCOB HAa MOJIEKYJsipHOM ypoBHe. Eime cnoxuee
Jies10 0O6CTOUT C MBILIJIEHHEM.

[TocTpoeHne TeopHM BLICIIHX (HOPM ABMKEHHSI MaTepHH
TOJIbKO Ha OCHOBE H3BECTHBEIX 3aKOHOB HU3IIHX (GOPM — BPSIA
JIM paspellnMasi B uesoM 3ajava. Crnenuguueckue 3aKOHO-
MEpPHOCTH BBICIUHX (pOPM ABHXKEHHS MaTepUH B NepPBYIO oue-
pelb JOJIXKHBI HCCJIEeJOBAaThCS SKCIEePHMEHTAIbHO.

Tenepp 3afiMeMcsl I'1aBHBIM ITPEAMETOM HaLIero HCCJel0-
BaHHSl — COOTHOLIEHHEM JWHAMHYEeCKHX M CTaTHCTHYECKHX
3aKOHOMEpP HOCTeH, OMUCBHIBAIOILMX OJHY U TY 2Ke popMy ABHU-
JKEHUSl MaTepHuH.

§ 4. CooTHoueHHe AMHAMHYECKHX M CTATHCTHYECKHX
3aKOHOB, ONMMCBHIBAIOWIMX OJHY H Ty Xe dopmy
ABHIXEHMS MaTepHH

IIpy ananuse TUNHYHOTO COOTHOLIEHHSI MEXAY AMHAMHU-
YeCKHUMH H CTaTHCTHYECKHMHM 3aKOHOMEDHOCTSIMH JJIsl BbI-
SICHEHHS] UX OTHOCHTEJIbHOH pOJIM B OOILEM CJyuyae HYXKHO B
nepBYIO ouepesib PacCMaTpPHBATh 3aKOHHI, TPAKTYIOLINE OAHY
H Ty e ¢opMy IBHKEHHS MaTepuH, OJUH M TOT XKe KPyr
siBjieHui. TOJBKO TaKUM 00pa3oM MOXKHO YCTaHOBHUTb OIIpe-
JlesleHHble 3aKOHOMepHbIE OTHOILEHHSI, UMelolHe BecbMa 00-
KA XapakTep, U NMPUHATH K MPaBWIbHBIM IIPEACTABJIEHUSIM
O CYIIHOCTH CTaTHCTHYECKHX 3aKOHOB M UX 3HaueHumH. Kak
OBIJIO MOKAa3aHO B IpeAbAyIIEM naparpade, nepBblil acnekT
npo6sieMbl COOTHOLIEHHSI ABYX THIIOB 3aKOHOMEPHOCTEH He
TOJIBKO He SIBJISIETCS] OCHOBHBIM, HO ¥ BOOOLIE He HMeeT CKOJb-
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KO-HHOYAb CYLIECTBEHHOIO 3HauéHusi HO CPABHEHHIO €O
BTOpbHIM. McciienoBanue COOTHOLIEHHS! BBICIIMX M HH3IIHX
(opM IBHIKEHHS] MATEPHH HeJb3sl CMELIMBaThb C M3yYeHHEM
COOTHOILEH!S AHHAMUYECKUX H CTATUCTHYECKHX 3aKOHOB.

- OcHOBHO!t Te3HC, KOTOPHIA MBI OyfeM CTpeMHThcsl 06Goc-
HOBaTb, 3aKJIOYaeTcs B CJeAYIOLEeM: OuHamuuecKue 3aKoHbL
npedcmasaaom coboli nepeviil, Huswuil sman 8 npoyecce
NOSHARUS OKPYNCAIOWL20 HAC MUPQ; CMAMUCMUYecKue 3a-
KOHbL Ooaee cosepuieHHo omobpasiarom 00 BeKmusHble cea3u
8 npupode: OHU A8AAIOMCS CAeOYrOUWUM, bosee BoICOKUM dma-
NnOM NO3HAHUS.

Harr ocHoBHOH Te3UC HenmOCPeACTBEHHO BHITEKAET U3 pac-
CMOTpEHHS] UCTODHYECKUX (DAKTOB Pa3BUTHs (PU3HKH, HAYHU-
Hast OT NOsIBJIeHUs] MeXaHHnKH HbioToHa U 0 BO3HUKHOBEHHU S
KBaHTOBOH Teopud. Ha npoTskeHHH BCero 3Toro nepuoja
pasBUTHSI (PU3HUKH MBI BHIHM, KaK IEPBOHAYAJbHO BO3HH-
Kalollye A1 HaMAYeCKHe TeOPUH, OXBAThIBAOILHE ONpefe/eH-
HBIH KPYT sIBJ€HUH, ONpefiesieHHYyI0 GopMy ABHKEHHS] MaTe-
PHH, CMEHSIIOTCS 10 Mepe Pa3BHTHsI HAYKH CTAaTHCTHYECKHUMH
TEOPHsIMH, TPAKTYIOLHMU TOT Ke KPYr BOIPOCOB C HOBOH,
Gosee rayGOKOH TOUKH 3pEHHS.

CxeMaTHuyeCKH 3TOT NPOLIECC MOXKHO H300pasuTh CJIeaylo-
UM 00pa3oM:

Kunaccuyeckast MexaHuka —> KBanTtoBasi MexaHuKa

TepMoznHamuka —> CraTHCTHYeCKas TepMOAH-
HaMHKa

MexaHuka CIVIOUIHEIX Cpej —» CraTuctuyeckast  Teopus

JeopMHpPYEMEIX Cpej
Knaccuueckast MaK pocKonuyecKast sjiek- —> MHKpocKonuyecKast 37eKT-

TpPOAMHAaMHKa (Teopust Makcpesa) poiuHaMHKa (3JIEKTDOHHAs
TeopHst)

Kuacchyeckasi TeopHsl 37eMeHTapHEIX —> KBaHTOBas 3/1eKTPOAHHAMH-

3/7IeKTPOMarHUTHEIX IpolleccoB, Gasupy- Ka

Iomascs Ha MHKPOCKOMHUYECKHX YpaBHe-
HuAX Makcsenna — Jloperna

K aT0#i cxeMe MOXKHO elle A0OaBUTh COOTHOILEHHE:

PensiTuBUCTCKAsh MeXaHHKa —> PenfiTHBHCTCKasl KBaHTOBasA
MeXaHHKa

PaccmatpuBaTh mnociefiHee COOTHOLUEHHE OTAGNbHO He
HMeeT 0coO0ro CMbIC/IA, IIOCKOJIBKY KJ/accuyeckasi pesisiTH-
BHCTCKasi MeXaHHKa (ypaBHeHUe ABHkKeHHS MuHKOBCKOro)
TOYHO TaK € OTHOCHTCA K PEISTHUBUCTCKOH KBAHTOBOH
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MexaHuke, Kak Méxanmka HplotoHa k HepelsaTHBHCTCKOH
KBaHTOBOH MeXaHHKe.

[IpuBefieHHbIE B Hallle CXeMe TeOPUH B OCHOBHOM HCUep-
NMBIBAIOT COAEPKAHHE COBPEMEHHOH TeopeTH4YeCKOH (DU3UKHU.
W3 Hee TONbKO BHINAAAIOT TEOPHS I'PaBUTALHOHHOIO MOJS H
TeopuH c1abbIX U CHJIbHEIX B3aNMOJeHCTBHi. Brinaaot ouu
MO COBEPIIEHHO PA3JHYHLIM IIPHYHHAM, He CMasAuyum noo
COMHeHUe Cnpasedausocmb OCHOBHO20 Me3uca, 3allHlaeMoro
B Hacrosiiel pabore.

JluHaMUuecKn#l xapakTep TeODUH TSTOTEHUsI MOXKHO BCe-
LEJIO OTHECTH 3a CYeT TOrO, YTO OHA SIBJISETCS MaKpOCKOMH-
YyeCKOH Teopuell, T. e. TeopHed B3aNMOJEHCTBUS Tel,
COCTOSIMX U3 'POMAJHOr0 YMcJa yacTHl. Teopusi TAroTeHUs
DfiHmTeiiHa — rpaBUTALMOHHBIA aHANOr 3JIEKTPOJAUHAMHKH
MakcBensna. Ho, B oTiaHYMe OT  3J€KTPOMarHHTHBIX
CHJI, TpaBHTALlHOHHbIE CHJBl YyJAbTpacaabbl, H MHOITOMY
TPaBHUTALHOHHBIMH CHJAaMH B3aHMOJEHCTBHSI OTHEJbHBIX
3JIEMEHTapHBIX YaCTHI[ MOXKHO HOJHOCTbI0 npeHeOpeub. Co-
OTBETCTBEHHO MHKPOCKOIHYECKasl CTaTUCTHYECKasr TeOpHs
rpaBHTallid, B OTJHYHE OT MHKDPOCKOIHMYECKOH 3JIeKTpO-
IMHAMHKH, TPOCTO He HyxkHA. He mmeer cmbicia muTEpeco-
BaThbCs, K NpuMepY, PAYKTYauusiMH IPaBUTALHOHHOTO MOJS
COBOKYIHOCTH 3JIEMEHTapHBIX YacTHI, €CJH CpelHHe 3Hauye-
HHSl TaKHX MOJiel npeHe6pexUMO MaJibl,

JIMb TpH B3aHMONEHCTBUU Tel KOCMHYECKHX MacIUTa-
6OB rpaBHTAlMOHHBIE CHJIBI OKa3bIBAIOTCS CYLIECTBEHHBIMH.
3Be3]ibl B raJlakTHKaX MOXKHO paccMaTpHBaTb KaK T'DaBHTH-
pYIOIIH#A ra3, HaXOAALIMHACS B HEPaBHOBECHOM COCTOSIHHH,
H TPHMEHSITb K HEMY M3BeCTHBle 3aKOHbl CTaTHCTHYECKOH
(U3MKH HEepPaBHOBECHBIX IPOIECCOB.

KBanToBasi Teopusi TPaBHTAIlMOHHOTO NOJISI, pa3yMeeTcs,
nomxkHa ObTh cratHcTHYeckKod. Ho 3ajgaua nocrpoenus
KBaHTOBOH TEOPHH CHJIBHOTO I'PaBHTALIHOHHOTO MOJISI, ONH-
ChIBAaEMOTO HeJIMHeHHbIMH YpaBHEHHsIMH, B HacTosiliee Bpe-
Ms He perieHa. B snuHefiHoM npuGnuxeHHH cjaGoe rpaBHTa-
IIHOHHOe noJie npokBaHToBaHO. O6 3TOM roBopusoch B § 1
IaHHOM I'7aBbl. B coBpeMeHHO! (H3HKe 3JeMEHTapHBIX Yac-
THIl IpaBHTanuedl mpocto npeHeGperator. CoryacHo cyiie-
CTBYIOIIMM I[peJCTaBlI€HHsIM, KBAHTOBbIe CBOHCTBA TIpaBH-
TALHOHHOTO NOJS JOMKHbBI NPOABMAATLCS JHIMb Ha PaccTosi-
Husix nopsiaka 1073 cm, HELOCTYIHEIX COBpEMEHHOMY 3KC-
NepUMEHTY (HLOCTHXKHMbIE paccTosiHus Topsigka 10715 cm).

Teopus cnabblx M CHIBHBIX B3aHMOJEHCTBHHA He HMeeT
KJaccuyecKoil o6sacTH NPHUMEHHMOCTH, KaK yxKe OTMeua-
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JIOCh paHee, U NMO3TOMY OHA MOXKET ObITh TOJIKO KBaHTOBOM,
T. e. cTaTHcTHYecKoH. PaxT 3TOT BecbMa NokasatesneH. He
H3BeCTHA HHU OflHAa TpyINa siBjieHHH, KOTOPYIO Hesb3sl GBIIO
6Bl ONHUCHIBATh CTATHCTHYECKHMH 3akKoHamH. Ho anas mesoro
KJjacca SIBJeHMH Kakue-JHOO JHHAMHYeCKHe 3aKOHBI Jaxe
B CaMOM Tpy6oM NpUOGIHKEHHH HENPHTONHEI.

Takum o6pasoM, Halle yTBepPXKIEHHE O MOCAENOBATENb-
HOH CMeHe IMHaMH4eCcKHX TeopHH Gosnee TJyGOKUMH CTaTH-
CTHYECKHUMH HMeeT COBepliIeHHO oOmuil xapakrep. Cnenyer
elle ClelHalbHO YTOYHHTD, YTO MBI NOJPa3yMeBaeM, rOBOPS
0 cMeHe JHHAMHYECKHX TEOPUH CTATHCTHYECKHMH. DTO, KO-
He4YHO, HH B KOell Mepe He O3HAYyaeT, YTO «CTaphble» AHHAMH-
YyeCKHe TeOpDHH OTXKHBAlOT CBOH BeK H CHAIOTCA B apXHB.
[IpakTHueckass HX IEHHOCTb HHCKOJBKO HE yMaJsieTcs
(akTOM CO3IaHHUs HOBBIX TEOPHil, a BO MHOTHX Cly4asix (Tep-
MOIMHAMHKa, 3JEeKTPOAHHAaMHKa MakcBesja), HaNpOTHB,
npuo6petaeT elle Gosbiuee 3HaueHHe. ['oBopst 0 cMeHe Teo-
pHii, MBI HMeeM B BHIY B IIePBYIO ouepellb CMeHY (PH3HUeCKHX
NpeiCTaBJeHHA O CYLIHOCTH fIBleHHH, ONHCaHHe KOTOPHIX
JlaeTcsl  COOTBETCTBYIOUIMMH  TeopusiMu.  OJHOBpeMeHHO
CO CMeHOH (PU3HUECKHX  NpeACTaBJeHHH pacIiHpsieTcs
obsactp npuMeHHMOcTH Teopuu. OHa pacmpocTpaHsieTcs
Ha OG6osee IIMPOKHH KpYr fBJEHHH, HENOCTYNHBIH IJst
JIMHAMHYeCKOH TeOpUH, BO3HHMKIIEH Ha NepPBOM 3Tane Io-
3HaAHHUS.

HoBrle Teopuu HaxonsiTcsi B Jy4llleM KOJHYeCTBEHHOM
COIJIaCHH C SKCIIEpUMEHTOM, UeM cTaphble, IpHYeM HOBas CTa-
THCTHYECKasi TeOPHUS COEeP:KHUT B cebe KAK YacCTHBIH cilyda,
CNpaBe[JIUBLIl NP HEKOTOPBIX YCJAOBHSAX, COOTBETCTBYIO-
UIyI0 IMHAMHUECKYI0 Teopuio. B corsiacuu ¢ HCTOpHYECKHM
XOIOM Pa3BHUTHSA (HH3HKH IPOCTENIHM 3TO HECKOJBKO NMOAPOL-
Hee INpexIe BCEro Ha COOTHOLIEHUH TePMOAMHAMHUKH H CTa-
THCTUYEeCKOH (u3uku. PasyMeeTcs, KpaTko, Tak KakK HCTO-
pHYecKasl 1ocJe/[0BaTeIbHOCTb BO3HHKHOBEHHS (PU3HUECKHX
TEOPHil H HX COlepKaHHe H3J0XKeHHl B ri. II.

ITockonbKy coliepKaHHe TEPMOAMHAMHKH TpeAcTaBJseT
co60# COBOKYNHOCTb CJIEACTBHH H3 ee OCHOBHLIX (PeHOMEHO-
JIOTHUECKHX 32KOHOB, SIBJISIIOHIHXCS HENOCPEACTBEHHBIM 0600-
IIIeHHeM ONBITHBIX (PAKTOB, M NOCKOJbKY CAMH 3TH 3aKOHBI
BLITEKAIOT U3 CTAaTHCTHUECKOH (PU3HKH, MOXKHO CKa3aTb, YTO
cTaTHCTHUecKasi (U3HKa BKIIOYaeT B celsl BCIO TepPMOAHHA-
MHKY B KayecTBe YaCTHOro cjydas. YacTHOro B TOM CMbl-
cJie, 4TO TIOJIOXKEHHSI TEPMOLHHAMHUKH CIpaBeJIHBbLI TOJNBKO
TOTZA, KOTZa OTKJIOHEHHS OT CPeJHHX 3HaYeHHH PasIHYHBIX
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BeJIHYMH — GITYKTYalld — npeneGpexkuMo Majisl *). HMubiMu
CJIOBaMH, OHH CIPaBeJJINBLEI He/IUIsi BCEX CHCTEM, He IS
Bcex sBJeHHH. DUYKTyanusMd Henb3s NpeHeOpeub IpH
MaJoM pasMepe CHCTeMbI, TaK KaK TOTAA OHH BEJNHKH, HJH
JKe B TOM cJyyae, KOT[a pasMepbl CHCTeMbl He MaJkbl, HO 1JIs
paccMaTpHBaeMOro sIBJIeHHSI UMeIOT CyLeCTBeHHOe 3HaueHHe
Masple ¢Gaykryanus. IIpuMepoM 3HAuHTeNbHBIX (IyKTya-
IMH B MaJbIX 00beMax MOTYT CJAYKHTb QIYKTyalUH NaBJie-
HHSl B O6JlacTAX MOpsiika pasMepa GPOYHOBCKOH YacCTHIEI,
KOTOpPbIE H BHI3HIBAIOT €€ JIBUXKEHHE.

B ornenbHbIX cyyasix 3HayHuTeNbHBE (MJIYKTyaluH Ha-
6monaoTcs H B OosabiuMX oObeMax. Tak, €ClIH TeJoeM-
KOCTb CHCTeMbl BesHKa (cTpeMHuTCSl K GeCKOHEYHOCTH), TO
9HeprHsl NPaKTHYeCKH He 3aBHCHT OT TeMIepaTyphl U (QIyK-
TyalUHH NpHOOPETalOT MaKPOCKONHYecKHil xapakTep. Hwmen-
HO TakoH cJyyall Ha6ionaercss NDH PaBHOBECHH MeXAy Ina-
poM M xkHIKOCTbIO. Tak, mpouecc KHINEHHsST HOCHT XaoTHYec-
KHH XapakTep, 4TO JIeTKO OGHAapYXHTb, 3aIVIsIHYB B KHIIf-
WHH YaiHUK,

CraTHcTHYecKast (U3MKa MO3BOJIMJA BCKPHITH MOJIEKY-
JAPHYIO CYIIHOCTb TEIVIOBBIX IPOLECCOB H BLIACHHUTb HC-
THHHYIO NDHYHHY HeOGPaTHMOCTH siBjieHHUil B npupose. bruia
JaHa MHTepIpeTanyus BTOPOrO Hayaja TepMOIAMHAMHKH.

Kpome yuera daykryauui, cratuctuueckas ¢H3HKa He-
CPaBHeHHO «6oraye» TepMOJHHAMHKH B TOM OTHOIIE€HHH, YTO
N03BOJISIeT ONpPEeNeNIUTh  3HAUeHHs] TepPMOAMHAMHUECKHX
GYHKUMA TeOpeTHYeCKH Ha OCHOBe 3HAHHUS MOJICKYJSIPHBIX
CBOMCTB CHCTEMBI.

CooTHoLIeHHe MKy TEPMOAMHAMHKON M CTaTHCTUYECKOH
($H3HKOH OTJIMYHO OT TOTO, KOTOPOE MOJYYHI0 HaHMeHOBaHHe
NPHUHIHUNA COOTBETCTBUS M HMeeT MecTO MeXAy KJaccuuec-
KOH M KBAaHTOBOH MeXaHMKOH HJIM MeXIy KJacCHYeCKOH H
PeJATHBHCTCKOM MexaHHKOM. [Insi nmpuHUMIA COOTBETCTBUS
XapaKTepHO, YTO cTapas TeOpHs, cojepiKaliascs B HOBOH
KaK MNpeleJbHBIA ciyyail, NpoRo/KaeT HMeTb B Npefesaax
cBOell NPHMEHHMOCTH TOYHO TaKoe Ke 3HadeHHe, KOTOpoe
OHa KMMeJa JI0 CO3JaHHs HOBOH TeopHH. BRISCHAIOTCS TOJLKO
FPaHHIBl IPMMEHUMOCTH TEOPHH, M CTAaHOBHTCS SICHBIM, B

*) OrmMerum, 4TO, BOOGLIE TOBOPS, 3aKOHH TEPMOANHAMHKHN XOTSI H
CelyIoT U3 KJIaCCHYeCKOH CTATHCTHKH, HO 06safaioT GoJbliefi o6LIHO-
CTbIO, YeM mociefiHsisi. B caMom nene, 3akonbl TepMOJHHAMIKHI ClipaBefi-
JIHBBI M VIS CHCTeM, COCTOSIIIMX 13 COBOKYMHOCTH OOBCKTOB C SIPKO BHI-
paxKeHHbIMH KBAHTOBBIMH CBOHCTBAaMM, ABHIKCHHC KOTOPLIX HEJNb3si OMH-
caTh B paMKax MexaHuKHM HbioToHa.
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KaKUX cJy4asx TNoJb30BaThbCsl €10 HeT cMbicia. B paccmar-
pHBaeMOM cJiy4yae noOJIOKEHHe HEeCKOJbKO HMHoe. CTaTHCTH-
yeckass (M3HKa B YaCTH CBoeH, Kacaloumelcs TemJoBBX
CBOHCTB TeJ, TPAKTYET Te JKe SIBJIEeHUs, YTO H TepMOLHHAMH-
ka. OIHAKO OHa He TOJNBKO JdeT TO XKe, YTO H TePMOAHHAMH-
Ka (mioc GJyKTyaluH), HO U BKJAaJbiBaeT HOBOE COJAep¥Ka-
HHe B 3aKOHBbI TEDMOAHHAMHUKH H NO3BOJISIET BHIYHC/ISATD TEp-
MOJMHaMH4ecKHe (YHKUHH, C KOTOPBIMH TepMOAUHAMHKa
uMeJsa JeJ10 3al0JIF0 O NMOSIBJIEHUs CTaTHCTHYEeCKOH (QU3UKH.
3T0 NPUBOAHT K TOMY, YTO POJIb TEPMOAMHAMHKH HE TOJBLKO
He YMeHbLUaeTcsl C MOsIBJ€HHeM CTATHCTHYeCKOH (HU3UKH,
HO, HaNpoTHB, BO3pacTraeT, NpHYeM JafbHelllllee ee pa3BH-
THe NPOMCXOLHT B TECHOM KOHTaKTe ¢ mnocjenseil. [leno
B TOM, 4TO Bce (popMaJibHble COOTHOILEHHS, oJyyaeMble crie-
uhHUIeCKM TepMOJMHAMUUECKHM METOIOM, COXPAaHSIOT Bce
CBOE 3HayeHMe M B CcTaTHCTHUecKol ¢usuke. [loatomy Tepmo-
IMHAMHYECKHH MeTOJ MOJy4YeHHsl CAeACTBHH M3 Hauaja Tep-
MOJAUMHAMMKH H CTaTHCTHUYECKHH MeTOJ HHMaJI0O He MPOTHBO-
peyar Apyr ApYry, a, HampoTHB, MIONOJHSAIOT APYT ApYyra,
o6pasys enuHoe neyoe. CoBpeMeHHas TeOpHUs TEMJIOBBIX MPO-
IIecCOB B MaKPOCKONHMYECKHX TeJaXx TaK M Has3blBaeTcs:
CTaTHCTHYecKasi TepMopuHamuka. CrefCcTBUSI U3 Hayas Tep-
MOJIMHAMHKH BHIBOJSATCA H OYAYT BLIBOAHTLCS TEPMOJHHAMU-
YeCKUMH MeTOaMM, a TepMOJAMHaMHYecKHe (YHKUHH pac-
CUMTHIBAIOTCS CTaTHCTHYECKMMH MerofamH. He caenyer
TOJBKO 3a0blBaTh, YTO CaMH Hayaja TePMOAHHAMHKH BbITe-
KalOT M3 CTATHCTHYECKOH TEOPHH M TONbLKO OHAa BCKPLIBAeT
HCTHHHOE (PH3HUecKoe COAepiKaHHe HauaJl.

Taxum o00pasoM, cBfI3b MeXAy TepMOJMHAMUKOH H
CTaTHCTHKOH Topasjo TecHee CBSI3H, XapaKTepH3yeMoii
NMPUHLHUIIOM cooTBeTcTBHsl. CraTHcTHueckass ¢H3UKa (Kak
KJlaccHyecKasi, TaK M KBaHTOBasl), 3aK/aioyasi B cefe 3aKOHBI
TEPMOJIMHAMHKH ¥ YyKa3blBas TPaHHUUBI UX NPHMEHHMOCTH,
OIHOBpPEMEHHO Ype3BLIYaHHO YTJyO/IsieT colep,aHHe 3THX
3aKOHOB U JlaeT BO3MOXKHOCTb C MX IOMOLIbIO TPOH3BOLHUTH
pacyeThbl TEMJIOBBIX NPOIECCOB IO KOHIA, A0 YHcel.

Hrak, B OTHOIIEHHH TEPMOAMHAMHKH M CTATHCTHYECKOMH
(U3MKH Hall Te3UC LEJHKOM onpapibiBaercsi. CraTHCTHYec-
Kasi (U3HKa sSIBJIsieTCs] HOBBIM, GoJiee TJIyGOKUM 3TanoM H3y-
YeHHs TelJIOBHIX CBOHCTB BelllecTBa.

CooTHoILIEHHe MeXAy MeXaHUKOH CrjowHBX cpel (Ko-
Topasi, 10 CYIIeCcTBY, He dBJSETCH YHCTOH MeXaHHKOH,
MOCKOJbKY B HeH YUHThIBaeTcs TemJionepenadya M JApyrue
TenJIoBble IPOLECCH) M CTATHCTHYeCKOH TeopueH HepaBHO-
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BECHBIX MNpOLECCOB, HJH (DH3HYeCKOH KHUHETHKOH, B INPHH-
LHIIe TaKoe XKe, KaK H MeXJYy TepMOAHHAMHMKOH H CTaTHCTH-
yeckoit MexaHuKoii. [ToaToMy moipo6GHO Ha HaHHOM BOIPO-
ce MOXHO He ocTaHaBjuBaTbesl. CileflyeT TOJMBKO MOAYEpPK-
HYTb, YTO CTaTHCTHYeCcKas TeOpHsl HepPaBHOBECHBIX IIpO-
LlecCOB pa3BuTa ropasgo cjalee, uYeM DPaBHOBECHHIX.
OcHOBHble IPUHIHUNBI TEOPHH 3THX IIPOLECCOB pa3paboTaHbI
C JIOCTaTOYHOH MOJIHOTOH, HO YCrelIHOoe pa3BUTHE METONOB
pellleHHst pasjHYHbIX 3afad HauyaJoCh CPaBHHUTEJbHO He-
JaBHo.

OGblyHble MAaKpDOCKONHYECKHe YPaBHEHMsI IBHXKeHHS
CIJIOIIHOMA cpelbl (HampuMep, YpPaBHEHHs THAPOLHHAMHKH)
MOXKHO BBIBECTH U3 KHHETHYeCKHX YypaBHEHHH JJs1 OAHO-
YacTHYHOH QYHKUHH pacnpenesnerus f, (r, p, f). PaBubiM 06-
pPasoM MOXKHO 3anucaTh U ypaBHeHHs GasnaHca sHepruH. Ku-
HeTHUYeCKHe YpaBHEeHHUs IJIsi OJHOYACTHYHOH (PYyHKUHMH pac-
npenejeHHs B CBOIO OYepelb IOJYYaIOTCS NyTeM OOGpHIBa
nernouyky ypaBHenuit BoromoGoBa 15t dyHKuMi pacnpenede-
HHSl Pa3JIMYHOTO NOPSAAKA:

Fi2 (71, Pi; 72y Doy B), Fres (71, P13 oy Pos P3y Pay t)

HT. A. Best nenouka sKBHBaJIeHTHA TOYHOMY ypaBHeHHI0 JIny-
BHJLJISE JU1si QYHKIMH pacnpefiesieHuss BceX N yacTHI{ CHCTe-
MBI

f(ri, P« -5 P, Py b).

CyluecTBEHHO, YTO PAa3/IMYHOrO pOJA KHHETHYeCKHe
KO03(phHIHeHTE — KO3(h(HIHEHTH BA3KOCTH, TPeHHs, Aud-
¢ysun u T. A.,— HeoGXOAMMBble IJIs ONHCAHUS INPOLECCOB,
MOKHO B NIPHHIIMIE HAATH, NOJb3YSICh TOJMBKO CTATHCTHYEC-
Kol Teopuell. B Makpockonnyeckoil ((eHOMeHOJIOrHYeCKOH)
TEODHH OHHM JIOJMKHBI ONpPENeNATbCS 3IKCIePUMEHTAJbHO.
[lpaBna, npaKTHYeCKH CTAaTHCTHYECKHMMH MeTOJaMH yia-
erTcsl B GOJIbIIMHCTBE CJy4aeB OLEHHTb JIMIUb MOPSIOK 3THX
BEJIMYHH, HX CBOHCTBA CHMMETDHH H 3aBHCHMOCTH OT pas-
HOTO poJa NapaMeTpoB (HanmpHMep, TeMIEPaTyphl).

Bo MHOruXx ciryyasx npuMeHsieMoe B MeXaHHKe CIJIOUIHBIX
Cpel ONHCaHHe NPOLECCOB C IOMOUIBI0 PAasjJHYHOrO pozaa
GyHKUMA KOODAMHAT M BpeMeHH — IVIOTHOCTH p (7, f),
cKopoctH @ (7, £), naBienus p (r, t) u remneparypsl T (, £)—
OKa3blBaeTcsl He0CTaTOYHbIM. Tak, HanmpHMep, MOJHOE OMH-
CaHMe MPOLECCOB B IJ1a3Me BO3MOXKHO TOJIbKO NPH HCHOJMb-
30BaHMH KHHETHYECKHX YpaBHEHHH 1Js (DyHKLHH pacmpe-
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nesensin. ['uppoiuHaMuueckoe oriHcanie fpHMeHHMO Ge3
0coOBbIX OTOBOPOK JIMIIb JJISl JHOCTATOYHO IIOTHOH MJIa3MEI,
Korja JyIMHa npofera yacTHL, 3HaYHTebHO MeHblIe pa3Mepa
CHCTeMbl M CTOJIKHOBEHHSI YacTHI[ HTPaiOT OIpEeesIOILyIo
pOJib.

Hakonern, Helb3si He OTMETHTDb, YTO NPH ABUIKEHHU XKHI-
KOCTel H rasoB ¢ JOCTaTOYHO GOJIBIIAMH CKOPOCTSIMH B G0JIb-
LIMHCTBE CJYyuYaeB, BCTPeYalOLIMXCsl Ha NPAKTHKeE, PeryJsip-
Hoe (7aMUHapHOe) TeYeHHE CTAHOBUTCS  HEYCTOHUHBBHIM.
Bosnukaer Tak HasbiBaeMoe TypOyJIEHTHOe TeueHHe, IpU
KOTOPOM pa3JIHYHble XapaKTePHCTHKH Cpelbl — MJIOTHOCTD,
llaBJieHHe, CKOPOCTb, TeMIepaTypa — HCILITHIBAIOT 3HAYH-
TeJbHble (IYKTyauuH, ObLICTPO M HeperyJsipHO H3MeHsisiCh
OT TOYKH K Touyke. OnucaHue TypOyJEHTHOTO TeyeHHs BO3-
MOXKHO TOJIBKO B PaMKaxX CTaTHCTHYECKOH TEOPHH, (... OIH-
pamomeficss Ha H3yueHHe cHelH(PHUECKHX CTAaTHCTHYECKHX
3aKOHOMEPHOCTeH, NPUCYINX GOJNBIIAM COBOKYMHOCTSIM OX-
HOTHNHBIX 00BbeKTOB. TakuM 06pas3oM, Teopuell TypOyJeHT-
HOCTH MOXKeT OBbIThb JIMIUb CTATHCTHYeCKasl T'MApPOMeXaHHKa,
H3yyawollas CTaTHCTHUeCKHe CBOHcTBa aHcaMOjell TeueHUH
JKUAKOCTeH HJIHM Ta30B, HaXONALIMXCS B MaKPOCKOIHMYECKH
OIMHAKOBBIX BHEIHHUX ycnoBusaxy [30]. Ilpu aToM Hano uUMeTh
B BHLY, YTO B TEODHH TYpOYJIEHTHOCTH He paccMaTpUBaeTcs
IBHKEHHe KHIKOCTeH M rasoB Ha MOJIEKYJSIPHOM YDOBHe.
Kak u Boofie B ruapoMeXxaHHKe, 3/leCb peub HIET O ABHKe-
HHH HeNpepLIBHOH Cpefbl, KMHETHYeCKasi SHeprus KOTOpOoH
HePeXOlHUT B TeIIO NOA JeHcTBHeM cHJ Bsi3kOoCTH. Typ6y-
JIEHTHOE [[BHXKEHHE ONHCHIBaeTCs TeMH Ke ypaBHEHHSIMH THI-
POAMHAMHKH, YTO, U JIaMHHapHoOe.

Kak u B cnyyae paBHOBECHBIX IPOLECCOB, NOSIBJEHHE
CTaTHCTHUECKOH TEOPHH HEPaBHOBECHBIX NPOLECCOB HUMAJO
He yMaJsieT UEHHOCTH COOTBETCTBYIOUIMX JHHAMHYeCKHX
3aKOHOB MeXaHHKH CIVIOIUHBIX cpel. CaMH ypaBHeHHs Me-
XaHHKH CIVIOIIHBIX Cpefl He MeHsIOT cBoell ¢opmel. Ho cra-
THCTHYeCKasi TeOpHs NO03BOJIIeT B INPHHIMNE pPaccYHTaTh
BXOJfIlIle B 3TH ypaBHeHHs KHHeTHYeCKHe KO3(OhHIHMEeHTHI.
Kpowme Toro, craTHcTHuYecKasi TeOpHS HepaBHOBECHBIX INPO-
[eCCOB YKAa3blBaeT TIPaHHIBI NPUMEHHMOCTH IHHAMHYECKHX
ypaBHEHHI MeXaHHMKH CIUIOWIHBIX cpel. OHa crnpaBefHBa H
TOrja, Korja OOblYHOEe THAPOJHHAMUYECKOE OIHCAHHE CH-
cTeMbl GOJIBLIOIO YHMC/Ia B3aHMOJEHCTBYIOLIMX 4YacTHI, He-
P HT'OZHO.

Ham ocHOBHOH Te3HC B JaHHOM c/ydyae LeJIHKOM Ofpas-
JIbIBaeTCA.
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[TepelineM Teiiepb K 3aKOHOMEPHOCTAM 3JeKTpoMarHut-
HBIX ABJeHHH. HecoMHeHHO, YTO MHKPOCKOIHYecKasl 3JeKT-
pooMHAMUKA COJEPXHUT ypaBHeHHA MakcBenja KakK 4acT-
HBIf ciyuali; 5TO Halo NMOHHMATh B TOM CMBIC/IE, UTO YyCpel-
HeHHe YpPaBHEHHH MHKDOCKONHYECKOH 3JIeKTPOAMHAMHKH
(ypaBuenuit Makceasia — Jlopenua) faer cucreMy ypaBHe-
HeHuii MakcBeasa. CTonb e HECOMHEHHO, YTO MHKPOCKO-
NHYecKasi TEOPHs ropasjio «Gorage» 10 CBOEMY COIEPIKAHHIO
TeopHH MakcBessia. MOXHO TeOpeTHUECKHM IIyTeM Ha OCHOBE
npeicTaBleHHil O CTPOEHHH BelllecTBa HaHTH 3JeKTpoMar-
HHUTHble CBOHCTBA BelleCTBA — JMIJIEKTPUUECKYIO H MaTHUT-
HYI0O TPOHHMLAEMOCTH H YAeJbHYIO NPOBOAUMOCTb,— TOTHAA
Kak B 1eopuy MakcBesia OHH ONpeleNsiioTCs H3 SKCIepH-
MeHTa. B COOTBETCTBHH ¢ ONMBITOM 3TH BeJHYHHBl YXKe He
CUHTAIOTCS TNOCTOSIHHBIMH., TeopHsi NMO3BOJSIET ONpENeNHTh
HX 3aBHCHMOCTb OT J&BJICHHSI, TEMIIEPATYpPHI, YaCTOTLI Mepe-
MEHHBIX IOJieH, HampsiKEHHOCTEeH 3JeKTPHYeCcKoro U Mar-
HHUTHOTO NOJeH.

Kpome TOro, Mukpockonuueckasi 3JIEKTPOAMHAMHKA B
COCTOSIHHHM OIHCHIBATh 3JIeKTPOMArHUTHBIE SIBJIEHHS, B KOTO-
PBIX CYIIECTBEHHYIO POJIb MIpaioT (GUIYKTyauuH (OYeBHIHO,
4TO XOTs (PIIYKTyaunuH UMeloTcs BcerAa, HO He JJISL BCeX sIB-
JIeHHH OHH CYLUECTBEHHBI).

Ognnaxo Bce 3TO HH B KOell Mepe He O3HayaeT, YTO POJib
TeopHH MakcBessla YMEHBIUHACh C NOSIBI€HHEM 3JeKTPOH-
Hoit Teopuu. CoBceM HaoGopor. [lo cyliecTBy, OmnucaHHe
3JIeKTPOMAarHUTHLIX sIBJIEHUH, faBaeMoe TeopHeil MakcBesna,
OCTaeTcsl B CHJIE M TOJBKO JIOMOJHSIETCS] METOLOM, NO3BOJIfA-
IOIIMM PAcCYUTHIBATh BXOJSIIHE B Hee KKOHCTAHTHIY. Y paBHe-
HHS1 MakcBesia H3MEHSIIOTCA M NPH PacCMOTPeHHH (PayK-
Tyauui, HO Torja BXOAsLIYE B HUX BeTHYMHBEI NPHOOpETaIoT
6osee rnyboxkuii cmbicyi. Hanpumep, Ajsi BbIYHC/AEHHS HH-
TEHCHBHOCTH CBeTa, PacCesIHHOTO cpeloi, IOCTAaTOYHO pac-
cuuTath (JIYKTyaUHUH IUJEKTPUYeCKOH NPOHMIAEMOCTH €,
a 3aTeM HalTH HCKOMYIO HHTEHCHBHOCTb.

Jnst BakyyMma ypaBHeHHsi MakcBesa H HCXOJHBlE YpaB-
HEHUS 3JIeKTPOHHOH TeOpHHM — ypaBHeHHs1 Makcsesnsna —
JlopeHiia — mpocTo COBNANAIOT.

CooTHOLIEHNe MeX1y OGEHMH TEOpPUSIMH TOLOGHO COOT-
HOLIEHHIO MeX/ly TepMOIMHAMHKOH M CTaTHCTHYecKOH MeXxa-
HUKOH. TaMm Mbl UMeJH Hes0 ¢ (eHOMEHOJIOTHUECKOH H MoJle-
KYJISIpHO-KMHETHYeCKOHl TeOpHSIMH Telja. 3Iechb Mbl HMeeM
Jiesi0 ¢ (beHOMEHOJIOTHUeCKOH TeopHeH 3JIeKTPOMarHHTHOTO
nossi (reopusi MakcBensa) M 3JeKTpOHHOU TeopHeii. OGe
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TEOpUH He HCKJIIOYAIOT, a IOMNOJIHAIOT APYT APYra, HO HAMH-
GoJiee T1y6OKasi TPAKTOBKA 3JIEKTPOMArHUTHBIX MPOLECCOB
laeTcs MHUKPOCKONMHYECKOH 3JeKkTpoAuHamukod. Ham Te-
31C U B cJyyae TeOPHH JEKTPOMArHUTHOTO IMOJIS HOJydaer
npsiMoe MOATBEPKIEHHE.

UTo6bl 3aKOHYHUTH BONPOC 0O 3JE€KTPOMArHUTHOM IOJe,
OCTAaHOBHMCSI Cpasy e, OTCTyNasi OT HCTOPHUYECKOH MmocJie-
JOBaTeJbHOCTH CMEeH 3aKOHOMEpHOCTell, Ha JajbHelleM
pPa3BUTHH TeOPHH, 3HAMEHYIOIEM ele Gosee Tiy6OKoe mpo-
HUKHOBEHHME CTaTHCTHYeCKHX 3aKoHOB B TeopHio. O6 aTom
paHee ObLIO CKa3aHO NOCTATOYHO MOAPOGHO, TaK 4YTO TeNepb
MOXKHO OT'PaHHUYHTbCA HECKONbKHMH (Ppasami.

Kanaccuueckass MHKpOCKONMYecKasi 3JeKTPOJAHHAMHKA
OKasajach HecrnocoOHO#l OGBSICHUTh NPOLECCH H3JYYeHHs U
TIOTJIOLIEHHST KOPOTKHUX 3JIEKTPOMarHUTHbIX BOJH. H3yue-
HYe 3THX BONPOCOB IIPHBEJIO B KOHEYHOM CYeTe K MOsBJICHHIO
KBAaHTOBOH TEOpHH, NMPHYEM OKa3aJoch HeOOXOLUMEIM Iepe-
CMOTpPETb KaK 3aKOHbI JIBUXKEHHS OTAENbHBIX YACTHIL, TaK U
3aKOHbl 3JIEKTPOMAarHHUTHBIX IPOIECcOoB. JIHIIb OCHOBHbIE
NPHUHIMIBL TIOCTPOEHHSI CTATHCTHYEGCKOM MeXaHHUKH OCTa-
JIICb B OCHOBHOM He3aTPOHYTHIMH.

Bmecro auHamuyeckux ypaBHenuit Makcsensna — Jlo-
peHIa, OIMCHIBAIOMIHX 3JIeMEHTAapHLIE 3JeKTPOMArHHUTHblE
Npolecch, TNOSIBUNCh YPaBHEHHsST KBAHTOBOH 3JIEKTPOLH-
HaMHKH, ONHChIBAIOLIEH Te 3Ke Ipolecchl, HO ¢ HOBOH, 6Gosee
riy60okoH TOYKH 3peHHs. [Jisi Hac CyliecTBEeHHO, UTO 3TH
HOBble ypaBHEHHUSI HOCST CTAaTHCTHUECKHH Xapakrep, a CTa-
pble IMHAMHYeCKHe ypaBHEHHsS OKa3a/HUCh NePBLIM NPHOIH-
JKEHHEM K JeHCTBUTEJNbHOCTH.

"CooTHOILIEHHE MeXNY KJaCCHYECKUMH M KBAHTOBHIMH
YPaBHEHHSIMH ISl MOJISI JAeTcsl HMPUHIMIIOM COOTBETCTBHS:
HOBasi TeOpHS1 NEPEXOAUT B CTAapyio NpPH O6OJbIIOM YHCJe
(oToHOB. B 3TOM cayuae ¢ HOCTATOYHOH TOYHOCTBIO BBINOJ-
HRIOTCA JHHAMHYECKHe 3aKOHBI, T. €. YCPeLHEeHHLle ypaBHe-
HHsl, CIpaBe[JIMBble JJisi GOJILLIOTO YHCJIA YacTHIL.

OcraHoBUMCSsI, HAKOHEll, Ha COOTHOIIEHHH MeXAY KJjac-
CcHYecKOH MexaHHKOH HBIOTOHAa M KBaHTOBOH MeXaHHKOH.
ITonpo6HO MBI paccMOTpUM 3TOT BONpOC No3jHee, B ri. IV,
Ha ocHOBe (DelHMAaHOBCKOI'O NpeACTaBJeHHS KBaHTOBOH Me-
xaHHKH. [loka orpaHuyuMCcst JIMIIb 3aMeYyaHHEM, YTO COOT-
HOILEHHe MeXAy KJacCHYeCKOH M KBaHTOBOH MeXaHHKOH
YAOBJIETBOPSIET INPHHIHNY COOTBeTCTBHs (moapoGHee cM.
[31]). Tlpu % — 0 ypaBuenue IllpemuHrepa nepexomur B
ypaBHeHue I'aMmapToHa — $IKOCH, siBAsiIOLieecss ONHOH H3
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BO3MOXKHBIX GOPMYIHPOBOK Kiaccuueckoil Mexanuku., Mox:
HO U HeNoCpeJCTBEHHO NepelTH K ypaBHeHHIO HreloToHa.
JlunaMuueckue ypaBHeHHsi HbloToHa npHGIUKEHHO crpaBel-
JIUBBI NPH GOMbIINX KHHETHYeCKHX SHEPTUsiX YacTHll, IBH-
KYIHUXCS B MeIJIEHHO MEHSIOIIUXCS IOJIAX, KOTAa H3Me-
HEHHeM IO0JIs1 Ha PacCTOSTHUSX NOPSAKA JJIMHBEI BOJIHBI Jie
Bpoiins A = 2nk/p (p — uMnyJbc YacTHIB) MOXKHO Mpe-
HeOpeyb.

Taasroe 3radenue KBAHMOBOU meopuu € urHmepecyroujeli
HAC MOMKIL 3PERUS BAKAOHALMCS 8 MOM, 4ImO NOCAE ee Nnossae-
Hus 8 meopuu aobbLX NPOYECCO8 «NOCAEOHEee CA080» OCMALMCS
3G cmamucmu4ecKUMU 3aK0HoMepHocmany. Tenepsb yke Hellb-
351 CCHIJIATbCH Ha TO, YTO B OCHOBE H3BECTHBIX CTAaTHCTHYeC-
KHX 3aKOHOB JIe}KaT T0Ka HeH3BECTHbIE AHHAMHUeCKHe 3aKOHBI.

HmeHHO 3TO B nepByIO Ouepeib NOAPHIBAET JOBEpHE K
YTBEDXKAEHHUIO O TOM, YTO JUIIaMHYECKHE 3aKOHBbI ABJIAIOTCS
NepBUYHBIMHU, H BbIIBHIaeT CTATHCTHYECKHE 3aKOHOMEPHOCTH
Ha MepBbIH NVIaH.

3lech Mbl CTaJKHBaeMCSl C BecbMa XapaKTepHOH CHTY-
anueii. HoBoe (yHnameHTasbHOe OTKPHITHE MEHSIET OYeHb
oflye npecTaBleHHs], CIOKHUBIINECS HA OCHOBE BCEro npef-
IIECTBYIOLIErO Pa3BUTHS HayKH. B Tako#l cUTyaluu MOXKHO
IOCTYNaTh ABOSKO. MOXHO mbiTaTbesi JiI06OH IeHOH AOKa-
3aTh, 4YTO HOBasl TEOpHsl, OMNHCHIBAIONIASL 3TO OTKPHITHE,
coBceM He HaxOOUTCS B HENPHUMHPHMOM INPOTHBOPEYHH C
¢yHIaMeHTaJbHEIMH MOJIOXKEHHSIMH, JIEXKAIUMH B OCHOBE
KJIaCCHUeCKOH HayKH, H SIBJISIETCS JIULIb HOBBIM, HEOOBIYHBIM
no c¢opMe sranoM ee pasButHs. B panbreiimeM GyneT c oue-
BHIHOCTBIO IOKa3aHO, 4YTO ObLIHe TPeLCTaBIeHHs, JaBHO YKe
BblpaboTaHHble B Makpogu3HKe, JOJKHBI OCTaBaTbCs Mpa-
BUJIbHBIMH H B HOBOH 00J1acTH, B MUKPOMHpe.

Bwmecte ¢ TeM MOXHO IepecMOTPETb BCIO IOCTAHOBKY NPO-
6seMbl, pacrnosiarasi HOBbIMH, GoJjiee TJIyOGOKHMH 3HaHHAMH
3aKOHOB IIPHPOIHI.

Hawm npepncraBisiercsi BecbMa HelGJlaroJapHbIM HeJIOM OT-
CTauBaTb NEPBYI0 TOYKY 3peHHsi. [losiBleHHe KBaHTOBOH
MeXaHHKH IpHBeJ0 K KOPeHHOMY Npeo6pa3oBaHHIO OYeHb
6OJIBLIIOTO YHCJIa KOHKPETHBIX (PU3MUECKUX NpeACTaBJIeHHI.
Her ocHoBaHui jonyckath, 4To 3TO He 3aTparuBaer M oOulHe
(r3nyecKHe MONOKEHHUS.

[naBHBIM Ke 37ech NpelcTaBisieTcsl TO 06CTOATENbCTBO,
YTO C TOYKH 3peHHs, HENOCPEACTBEHHO AHKTYeMOH CTaTHCTH-
YeCKOH CYIIHOCTBIO KBAHTOBOMeXaHHYeCKHX 3aKOHOB, NpO-
HCXOXJEHHe M CMBICT CTaphiX IpeACTaBJeHHH BIOJIHE fC-
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1bl. TIOHATHB MPHYMHE], 00YCJIOBUBILHE ONpeJiesieHHble BO3-
3pEeHHs] Ha COOTHOUIEHHe AHHAMHUECKHX H CTaTHCTHYECKHX
3aKoHOB. Ha ocHOBe BO3HHKIIHX B IEPBYIO odepelb «IPy-
OblIx» AHHAMHYeCKHUX Teopu#l THna MexaHMkM HbloTOHa BHI-
paGoTaluCh COOTBETCTBYIOILHE «Tpy6bley KPUTEPHH CMEICIA
M 3HaueHHs 3aKOHOMepHocTeH. XOTS caMH JMHaMHYecKHe
3aKOHbl M HMEIOT CBOIO chepy NPUMEHHMOCTH, BbITEKAIOLlHe
U3 HUX 06OOILEHHs MeTOAOJOTHYeCKOro XapakTepa OKasbl-
BalOTCA NMPOCTO HeBepHBIMH. Jleno B TOM, YTO 3TH 0606-
meHuss GasupyroTcss Ha ab6COMIOTHOH 3HAYHMOCTH JHHAMH-
YECKHUX 3aKOHOB, KOTOPOH B NEHCTBUTEJIBHOCTH HET.

CoOTBETCTBEHHO OGBSICHUTh BEAYLIYIO pPOJb CTaTHCTH-
YeCKHX 3aKOHOB B MHKPOMHpe, HCXOJs1 U3 IIpPHMara JHHAMH-
YeCKHX 3aKOHOB, BPSiJ JIH BO3MOXKHO, XOTSl TaKHe IOIBITKH
npeanpunuManuck Hukosberum, Bomom u np.

O6p1yHO BHAAT po6JjeMy B TOM, YTOOH! MOHSITh NPHYHHEL
CTaTHCTHYECKOT'O XapakTepa Toi MM MHOH Teopuu. OTKpH-
THEe CTAaTHCTHUECKHX 3aKOHOB, YIPaBJSIOLINX HHIUBHIY-
aJbHBIMH TpoleccaMd B MHKPOMHpe, HABOILHT Ha MbICJb,
4TO 3TO BpPSIA JiM npaBusibHO. C He MEHBIIUM, a CKOpee C
GOJIBIINM OCHOBaHHEM HYXKHO CTaBHTb BOIPOC: B YeM NPHYH-
Ha IMHAMHYeCKOro XapaKTepa 3aKOHOB KJ/1acCHYeCKOH Mexa-
HUKH W JPYrHX IWHaMHYeckux Teopuii? Ecau 3apanee, 10
JIeTaNbHOIO HCCJENOBaHHSI Ipo6JeMbl, He CKJIOHAThCA K
NPENNoJIOKEHNIO O NEPBUYHON POJIM TUHAMHYECKHX 3aKOHO-
MepHoOcTel, TO TaKylo IIOCTaHOBKY BOIpOca HHM B Koeld Mepe
HeJb3sl CYUMTATh HaJyMaHHOH. B cienyroweii riase o6 sTom
6yner cKa3aHO NojxpoGHee.

[IpaBU/BbHBIN NMOAXOR K Npo6seMe COCTOUT B BEISICHEHUH
TeX YCJIOBHUH, NPH KOTOPHIX MOXKHO TPUOJHKEHHO OINHUCHI-
BaTh NpOLECCH AMHAMHYECKHMH 3aKOHaMH, M TeX, NPH KO-
TOPHIX JlesIaTh 3TOTO Hesb3si. MIHBIMH c/10BaMH, HeOGXOAHMO
YCTaHOBHTDb, B KAKHX CIy4yasX Ba)KHa CTaTHCTHYECKass NpH-
pola H3yuaeMbiX SIBJEHHH.

To o6cTosATeNBCTBO, UTO C Pa3BUTHEM HAYKH CTaTHCTH-
yeCKHe 3aKOHOMEPHOCTH NMPHOOpeTaroT Bee GoJibliiee M GOJb-
Ilee 3HayeHHe H B HacTosilllee BpeMsl NPEACTABJSAT co60H
caMble I1yOOKHe M3 U3BECTHHIX HaM 3aKOHOB, YTO OHH SIB-
JISIIOTCSl TNepBHYHEIMH, pa3yMeeTcsi, OTMeuasjoch MHOTHMH
Y4YeHBIMH, (U3HKaMH B NEPBYIO OdYepellb.

Bo BBenenuu yxe NpHBOIMJIOCH BhicKasbiBanne Poka o
CTAaTUCTHYECKUX 3aKOHaxX Kak Haubosiee oOMIMX 3aKOHax
npupoznsl. MOXHO NpPHBECTH B KauecTBe IpuMepa psii BbiC-
Ka3blBaHUH ApYTHX YYeHbIX.
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Boinatompmiics. ¢usuk-matepuanucr JlaHmeBeH TOBOPHT
crenywomee: «TOYHOro 3HaHUsI HaGMONaeMOH BeJHUHHBI B
IaHHbBIH MOMEHT BpeMeHH BOOGIIe HeJOCTaTOYHO, YTOOHI
TNpeABHIETL C NOCTOBEPHOCTbIO 3HaueHHe, KOTOPOEe OHa MpH-
MeT B CJeLYIOLIHUH MOMEHT.

Heonpenenennocrb, Bo3HHKaIOIAsi U HenpephlBHO pac-
Tyllas ¢ TeYeHHEM BPeMeHH B3aMeH NOCTOBEDHOCTH, ecTb
OOHKH U (yHNaMeHTa/JbHEIH (DaKT B BOJHOBOH MeXaHHKe H
B CTaTHCTHYECKOM JIeTePMHHH3Me, H OHA NPOHU3LIBAET BCIO
¢usuky. Ho u Bo BceM uestoBeueckom ombite HaGuogaercs,
YTO NpPHOOpeTeHHash B JAaHHBIH MOMEHT JOCTOBEPHOCTb JO-
NyCKaeT TOJbKO NPEANOIOKEHHsS OTHOCHTEJBHO MOCJeNYIo-
IWAX COOBITHH, TMOCKOJBKY pAacIIbIBAHHE BepPOSTHOCTEH
YBE/IHUHBAETCSI CO BpEMEHEM, eC/IH TOJbKO MOC/eNyIouas
MH(OpMaLKsl, S5KBUBAJIeHTHAs YCTaHOBKe BTOPOTO SKPaHa C
OTBEPCTHEM Ha NYTH (DOTOHA, HE BOCCTAHOBHT HALIM BO3MOXK-
HOCTH TOYHOTO IPE/IBUIEHHS H He MOIH(PHUHPYET BOJHOBYIO
GyHKUHIO ¢ yyeToM HOBO¥ uHboOpManuu» [5).

Paccen nonuepkuBai, uro ¢usuka XX Beka «3aMeHHsIa
CTAaTHCTHYECKHMH CPEeJHMMM 3HAYEHHSIMH CTPOTO JETePMH-
HHCTHYECKYIO INPHYHHHOCTb, OGYCJOBIHBAIONIYI0 KaXKIoe
HHIMBHAYa/NbHOe coOhITHe» [32].

«CraticTHYeCKHEe MeTOIbl B (H3MKe MO Mepe Pa3BHTHS
HayKH,— noauepkuBaer  BopH,— pacnpocrpansauce Bce
Gosble M Gosiblile, M CETONHS MOXKHO CKasaTb, 4TO COBpe-
MeHHasi (PM3HKa MONHOCTBIO ONHPAETCs HA CTATHCTHYECKYIO
OCHOBY. JTOT (aKT CBsi3aH C NoGefol atromMucTHKH. Tena
COCTOSIT M3 MOJIEKYJ M aTOMOB, IOCJeNHHe — W3 siiep H
37IeKTPOHOB, a siipa — H3 NPOTOHOB H HelTpoHOB. Becko-
HeYHOe YHCJIO YACTHIL JielaeT HeBO3MOXHBIM HHKAaKoe JeTep-
MHHHCTHYECKOE OMHCAHHE M BbIHYXKIaeT Hac NPHHATH CTa-
THCTHYECKHE METOJEI.

Panbuie 3TH MeTombl GbIM JOBOMBHO c/1a60 CBSI3aHbI C
NOCTPOGHHEM MEXaHHUECKHX M 3JIeKTPOAHMHAMHYECKHX Teo-
puit. Ceronns KBaHTOBas TeOpHsi MPHBeJIa Hac K Gosee TJy-
GOKOMY TIOHMMAHHIO: OHAa YCTaHOBH/Ia GoJee TeCHYIO CBSI3b
MEXIY CTAaTHCTHKOH M OCHOBAMH (DH3UKH.

310 sBMASETCS] COOBITHEM B HCTOPHH UEJOBEYECKOro
MBILIJIEHHS], 3HAYEHHE KOTOPOro BBIXOIUT 3a Mpejeibl ca-
Mo# HaykHu» [33].

[Tomo6Horo poxa BbICKa3bIBalUHg 06 OCHOBOMOMATAIO-
e POJH CTATHCTIYECKHX 3aKOHOB MOXHO HalTH y Bio-
xunuena [34], Museca [35], Bpunmosna [36] u Muornx
IpYTrHX.
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Takum o6pa3oM, Hallle yTBEp:KZeHHE O TOM, YTO CTATHC-
THUECKHE 3aKOHbI OTPAXKaIOT {oJiee BLICOKUI 3Tall [I03HAHHUS,
yeM AHHAMHYECKHe, KOHEUHO, leJb3H CudraTh ueM-TO CO-
BeplUIEHHO HOBBIM. MBI TOMBKO CTapaeMcsi MPOC/IEIUTb B Jie-
TaNSIX 332 BCeMH (DaKTaMH, KOTOpPble MOKa3biBAIOT HeH3Oex-
110CTh JJaHHOTO BbIBOZA. Heo6XomuMMOCTb B 3TOM, BHIHMO,
umeetrcst. [IpocToit KoHcTaTanmuu (akTa pacnpocTpaHeHHs
CTATHCTHYECKHX TEOPUH Ha HOBble 00J4aCTH HELOCTATOYHO
JUIsi OCOCHOBAHHS OCHOBOIIOJIATAIOMIEH POJIH CTATHCTHYECKHX
3akoHOB. IlpaBHiibHEIe caMu N0 ceGe BLICKA3LIBAaHHS THIA:
«Heo60CHOBAHHBIM SIBJSIETCS] YTBEPXKAEHHE O TOM, 4TO Be-
POSITHOCTHBHIH CcMOCOO OMUCAHUS MPUPOABI B KAKOM-TO CMbI-
clie XyxKe, ueM CTapblil, IeTepMHHUCTCKHUI, JaBaBLIUil OHO-
3HAYHBIE NpENCKA3aHUs O MOBeleHHH oGbekTa. Cephe3HbIX
(buI0copCKUX NOBOJOB B IOJIB3Y 3TOTO YTBEPKIEHHS MNpH-
BecTH Hesb3s» [37] — me MoryT noxoseGarb Bepy B peUMy-
[IeCTBEHHOe 3HAyeHHe JIHMHAMHYECKHX 3aKOHOMEPHOCTEH Yy
CTOPOHHHKOB 3TOH TOYKH 3peHHs.

Kaxk uu cTpaHHO, 3HaYHTe/bHAsl YacTb He TOJBKO (HIIO-
codoB, HO M (PU3HKOB NPOJOMKAET HTHOPHPOBATh JIOCTATOY-
HO OYeBHIHLIH B Hallle BpeMsi (akT: HauGosee r1y60Koe OMHU-
caHHe JIIOOOTO mpoLecca JaeTcsi CTaTHCTHUECKOH Teopuel,
a COOTBETCTBYIOLIAS AHHAMHUYECKasi TEOPHUS (ecyu OHa BOOG-
e BO3MOXKHA) sBJseTcsi Gosiee TpYyObIM HpPUOIHIKEHHEM
K uctuHe. [To-npexHeMy 4acTo OTCTauBaeTCsl TOUKA 3pEHHUS
0 MEePBHYHOCTH AHHAMHYECKHUX 3aKOHOB WJIM O PABHONPABHH
UX CO CTATHCTHYECKHMH.

Opnako HeJb3si CKa3aTb, YTO KaKHe-TO (aKThl OCTAIOTCS
HensBecTHeIMU. KapTuHa okasbiBaercsi Gojiee CTpPaHHOM:
(haKTEl HTHOPHPYIOTCS B NOJIb3Y NPeNB3sSITHIX TOUEK 3PEHHS.
D10, HaNpUMep, MOXKHO BHIETh U3 OGCYXKJIEHUSI B JIUTEpaTy-
pe Hauweft pa6otsl [9] «CooTHOLIEHHE MEXKIY THHAMHYECK HMH
H CTAaTHCTHYECKHMH 3aKOHOMEDHOCTSIMH H KBaHTOBas Me-
XaHMKa», onyGIMKOBaHHOH B XypHaje «Bompockl ¢umoco-
¢un» B 1958 r. B Hell KpaTKo H3/1aranuch QakThl, IpecTaB-
JIeHHble Bblllie B 0oJlee pa3BepPHYTOM BHAE, H Obla cHOpMYJIH-
POBaH TE3HC O TOM, YTO CTATHCTHUECKHE 3aKOHBI SBJISAIOTCS
BBICIIAM 3TanoM No3HaHHA. [IpHOIH3HTeNbHO Te XKe HIeH
passuBanuch B pa6ore [38].

Hapsiny ¢ nosmoxurensusiMu ot3eiBamu [39, 40] o samu-
IaeMbIX B 9THX paboTax uuaesx, IOSIBUIHCH U Pe3KO OTpHUlia-
Tesblible. XapaKTePHO, YTO aBTOPHI, He COIJIaCHble C IOMH-
HHUPYIOLEH POMBIO CTATHCTHYECKMX 3aKOHOB, COBEPILIEHHO He
NBITAIOTCS OTPULATH (PAKTHYECKYIO CTOPOHY Jesa, a HMEHHO
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NOCJIe0BATe/IbHYIO CMEHY JMHAMHYECKHX 3aKOHOMepHO-
CTell CTaTHCTHYECKHMH N0 Mepe pa3BuUTUA ¢u3ukH. O6 3TOM
NPOCTO He TOBOPHTCS HH CJIOBA, KaK ecJid Obl NpelcTaB/eH-
Hble apI'yMeHTHl He MMeJNH He TOJBbKO pellaloliero, Ho U BO-
o0llle HUKAKOT'0 3HayeHUs1. BMecTo Bo3paxeHuil NpoTUB J0-
KasaTeJbHOH CHJ/Ibl aHAJAW3a CYLIECTBYIOLLETr0o B (H3HKe CO-
OTHOLIEHHsT 3aKOHOMepHOCTeHl  u3jaraercsi COGCTBEHHbBIH
B3IJIsiL Ha npob/eMy, BHITEKAIOMHUH, KaK NPENCTaB/IseTCs
aBTOpaM, W3 HEKHX OYEeBHAHBIX JUISi HHUX OOLIUX MOJIOXKe-
HH#l. CBOHM B3IVISI[bl aBTOPHl He MOJKPEMNJISIOT KOHKPETHBIM
HCCJIelOBaHHeM MOMHOH KapTHHBI COOTHOLIEHHS AHHAMUYec-
KHX H CTaTHCTHYECKHUX 3aKOHOB B (DH3HKe.

Tak, B crarbe [10] Ha ocHOBe ompenpeneHusi AMHAMHYeC-
KHX M CTaTHCTHYECKHX 3aKOHOB, IPHBEIEHHOrO HAMU paHee
BO BBEJEHHH, NPHXOIAT K 3aKJ/IOUEHHIO, YTO OHH «He CBO-
IATCS APYT K JPYTY B TOM K€ CMBICJIE, KAK He CBOASTCS APYT
K ApYTy pa3/iuuHble GOpMbl ABHKeHUs1 Matepuu». C 3THM
TPYAHO COIVIaCUTHCS, TaK KAK TeDMOJAHHAMHKA M CTATHCTH-
yecKasi TeDMOJUHAMHKA ONUCHIBAIOT OAHY H Ty e TeIlIo-
Byi0 OpMy ABHXKEHHS] MaTepHH, 3JeKTpoiuHaMHKa Maxc-
BeslJla H MHUKDOCKOIIMYeCKasi 3JeKTPOJAMHAMHKA TaKkKe Of-
HY — 3JIEKTPOMAarHuTHyIO ¥ T. 1.

To, uro nuMHAMHUYECKHe 3aKOHBI NPEACTaBJAIOT COOOH
nepBbli, HU3IIUK 3Tal B IpolLecce NO3HaAHHS MHPa,a CTaTH-
CTHYecKHe — GoJsiee COBepIleHHBbIH, BHICUINH, NpencTaBiseT-
ca PyTtkeBuuy, HIBapuy u Ocunosy [41] HeBepHbM. Tak, aB-
Topel mumyT: «B 06beKTHBHOH JEHCTBUTENBHOCTH €CTb
CBsi3H pa3Horo popa. CyiecTBeHHbIE CBSI3H €IHHUYHBIX 00b-
€KTOB CYTb JHHaMHUYeCKHe 3aKOHOMEPHOCTH; CyLleCTBEeHHbIe
CBSI3H OYyeHb OOJIBLIOTO YHCJA CPABHHTENBHO OLHOPOXHBIX
06BEKTOB — CTATHCTHYECKHe 3aKOHOMepHOcTH. 1 Te u npy-
rue 3aBUCAT OT NPHUPOAEI OOBEKTOB U IIOTOMY B3aHMHO CBSi-
3aHbl; 3TOT ()AKT HAXOJHUT CBOE BbIPaXKEHHE B CYIIECTBOBAHHH
pasnuyHbIX cTaTHCTHK (MakcBensia— Bonbimana, ®epmu —
Hupaka, Bose — DiiHmrTeliHa) I/ yacTHI, pa3HOro poja,
OTVIMYHBIX MO CBOMM JAHHAMHYECKHM 3aKOHOMEpPHOCTSIMY.
Kak BHIHO U3 3TOro BHICKA3bIBaHHS, aBTOPHI PelIAlOT Npo6-
JIEMY TI0-CBOEMY C IIOMOLIbIO NPHAYMaHHOX MMM T€PMHHOJO-
run. Hanuuue y o6bekTa onpeneseHHOro CBoicTBa (HampH-
Mep, LEeJOTO WJIH MOJYLEJOro COMHA Y YaCTHIBI) ecTb, MO
MHEHHIO aBTOPOB, HEKOTOPHIH JHHAMHYeCKUl 3aKOoH. Buaro-
Japsi 3TOMY TOpUeMy JIO00H CTATHCTHYeCKHil 3aKOH (na M
IUHAMHYECKHH B TOM CMBIC/IE, KAK €ro NMPHHITO MOHHMATh)
OKa3bIBAa€TCSl COCTOSILIMM M3 MaccChl IHMHAMHYECKHX 3aKOHOB

154



B CMbicsie aBTOpOB. Hanpumep, mpoekiiH CIHHOB YacTHIL
HaJo OTHECTH K «CYIIEeCTBEHHBIM CBSI3fIM €IMHHYHBIX OGB-
exToB». HO3TH mpoekuuu MOr'yT NMpPHHHUMATh Te HJIH HHBIE
3HayeHHUs] B COOTBETCTBHH CO CTATHCTHYECKHMMH KBaHTOBOMe-
XaHW4YeCKMMH 3akKoHamu. Jlonyuaercsi, 4YTO BO3MOMHbIE
3HayeHHsl MNPOEKLHH JAIOTCS AHHAMHYECKHM 3aKOHOM, a
BO3MOXKHbIE pealH3aUHH TOTO MJIH HHOIG 3HayeHHs] — CTa-
THCTHYECKHM 3aKOHOM.

Takum 06pa3oM, KPHUTHKa OCHOBOIOJATAIOLIEr0 3Haue-
HHSl CTATHCTHYECKHX 3aKOHOB He IIpeNCTaBJIseTCS] CKOMbKO-
HUOynb yGenurenpHoil. Ho Bompoc o ToMm, nouemy xe B
60JbIIOM YHCJAe paboT HTHOPHPYIOTCS (DAKThI OYEBHAHOTO
NPeBOCXOJCTBA CTATHCTHYECKHX 3aKOHOB, 6e3yCJOBHO 3a-
cyKuBaeT BHUMaHHst. MBI BepHeMcsl K HEMY B JaJbHeHIeM.

MOKHO ¢ TMOJIHOH ONpeneNeHHOCTbIO YTBEPXKIATh, YTO B
COBpPeMeHHOH (HU3HKe CTATHCTHYECKHE TEODHH SIBJAIOTCA
BBICUIMM 3TaloM IO3HAHMA O CPaBHEHHIO C JUHAMHUECKH-
MH. OnHako 3TOT (DaKT ele He MOMKET CJIYXKHTb HEOCHOpH-
MBIM 10Ka3aTeJbCTBOM TOTO, YTO JaHHOE COOTHOLIEHHE MEeXAY
3aKOHOMEPHOCTSIMH OTpaxkaeT oOmyl0, a He IepexofHYIo
CHTYalHIO, XapaKTepPHYIO TOJNBKO /151 COBPEMEHHOTO COCTOs-
HHS Hamlero sHaHusi. Jss nOKasarteJbCcTBa Hailero OCHOB-
HOTO Te3HCa HYXKHO JaTb eMy (uiocodckoe 060CHOBAHHE.

OcHOBHBbI€ HJIEH 9TOT0 0GOCHOBaHHS TPUBELEHHl B CTaTbe
[9] u kpatko moBTOpsitoTCst B paGote Baxkenosa [42]: O mpu-
YHHAaX TJIaBEHCTBYIOMEH pPOJIH CTaTHCTHYECKHX 3aKOHax
yIOMHHaeTcd W B HHTepecHOH craTbe BoHcOBckOro H
Kypcanosa [8]. «[lepBuuHbIii XapakTep CTATHCTHYECKHX 3a-
KOHOMepHOCTeH,— FOBOPSIT aBTOPbl,— CBI3aH C HaJHYHEM
MHOXKECTBEHHOCTH INPHYHH, OOYCJOBJIHMBAIOIUX NPOTHBOpeE-
YMBLIH XapaKTep CBsi3efl Pas3/IMUHBLIX (PAKTOPOB B IBHKEHHUH
MHKpP0OOBeKTOB». C pasBUTHEM HAayKH CTAaTHCTHYECKHH Xa-
pakKTep 3aKOHOB OCTaeTCsi He3blOJIEMBIM, TaK Kak MO Mepe
yrayOGneHns HalluX 3HaHU#l OyneT oOHapy»KHBaTbCs elle
6oJibliee 60raTCTBO OGBEKTHBHBIX CBsi3el.

B nanpHefitieM Mbl NOAPOGHO PacCMOTPHM BO3MOXKHO-
cTH GoJtee rary6oKOro ¢puiI0cohcKoro 060CHOBAHHsI OCHOBHOI'O
Te3uca O NepPBHYHOM XapaKrepe CTaTHCTHYECKHX 3aKOHOB.
CHauaJia e NonbITaeMcst IeTajlbHee BBISICHHTB BOINPOC O TOM,
KaKHe SIBJIEHHSI COBEPILEHHO yJ0BJeTBOPHTENbHO TPAKTYIOT-
¢ JHHAMHYECKHMH 3aKOHaMH M B KaKHX CJlydasiX Heo6xo-
JHMO YUYHTBHIBATH CTAaTHCTHYECKMI XapaKTep paccMaTpHBae-
MBIX SIBJI€HHH.



TMTABA 1V

JAUHAMHYECKHE 3AKOHbDI
U PAHHULIBI UX MTPUMEHHUMOCTH

§ 1. lNpusuun HauMeHbiuero KeicTBUS
Kak NMPHUHLINN MaKCHMaJbHOW BEPOSTHOCTH

Hccnenys 3HaueHue, CMBICT M TPaHHUB IPUMEHHMOCTH
JIMHAMHYEeCKHUX 3aKOHOB, MBI B [IepBYIO ouepenb GyieM UMeTh
B BHIYy 3aKOHbI KJaccuueckoll Mmexanuku. C OQHOH CTOPOHHI,
3jlech cUTyanusi Hambosee npo3payHa, a C JPYrod — Bce
OCHOBHbIE BOIIPOCHI, CBSI3aHHBIE C TPAHHUAMH IIPUMEHHMO-
CTH IHHAMHYECKHX 3aKOHOB IJISI CHCTEM C MaJbiM 4HCJIOM
06BEKTOB, MOXKHO BBISICHHTb Ha NpHMepe MeXaHHKH Hbioto-
Ha. [Ipunercs nuib 0co60 MCCNENOBATH NPHIOAHOCTb JHHA-
MHYECKUX 32aKOHOB J/IsI ONHCAHHUSI CHCTEM C OYeHb GOJLILUM
YHCJIOM YACTHI[. DTOMY NOCBsiiell § 3 HaHHOH TJIaBbl.

Mt1 He 6yeM ocTaHaBIIIBAThCsI HA B3AUMOOTHOILIEHHH Me-
XxaHuKd HblOTOHA U peNsITUBHCTCKOH MeXaHHKH MHHKOB-
ckoro. OGe 3TH TeOpHH OTHOCATCS K JHHAMHYECKHM.
JIBuxKeHNe e MHKDOYaCTHL, NOLYHHSETCS CTATHCTHYECKHM
3aKOHaM KBaHTOBOH MeXaHHKH, H IIO3TOMY cCJenyeT GoJee
JleTaJlbHO, YeM B NpelblAYyIIHUX I1aBaX, pacCMOTPeTb TI'PaHHU-
bl NPUMEHHMOCTH MeXaHHKH HbIOTOHa U ¢ 3TOH CTOPOHLI.

He G6yner GobliuM npeyBeJHYeHHEM CKa3aTh, YTO MOJ-
Hasl SICHOCTb B BOMpoce 006 OTHOLUIEHHH KJIACCHYECKOH Mexa-
HHKH K KBaHTOBOIl nosiBujach rnocjie ¢popmynupoku Peiin-
MaHOM B 1948 r. HOBOro npencTaBieHyst KBAHTOBOH MeXaHUKH
C HCIIO/Ib30BAaHHEM MHTerpasios no tpaekropusiv [43]. Mmen-
HO B u3joxenun PeflHMaHa KBaHTOBasi MeXaHMKA Tpel-
CTaeT Kak HemocpeicTBeHHOe 0000IeHHe — KJaccHuec-
Kol MexaHHKH. OJIHOBpeMEHHO CTAHOBHTCSI COBEPLIEHHO
MOHATHBIM, TIOYEMY CTaTHCTHYECKHE MO CBOeH NMpUpoje 3aKO-
Hbl ABMXKEHUS Tesq npu OoJbliMx Maccax (o6sactb mnpu-
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MEHHMOCTH KJACCHUECKOH MeXaHWUKH) NPUHUMAIOT ¢ G60Jib-
IIOH TOYHOCTHIO JUHAMUUeCKHH Xapakrep. TeMm caMbiM
yCcTpaHsAeTcsl UMelolasicsi Ha MepBHIH B3IVISIL HPONACThb
MeXy (U3NYeCKHM COJepKauHeM OCHOBHBIX IPHHIUIIOB
KJIAaCCHYECKOH M KBAHTOBOH MeXaHHUK.

QeilinMaH NOKasas, YTO COOTHOIIEHHE MeXIy KJaccuuec-
KOH MeXaHHKOH W KBAaHTOBOH CTAaHOBUTCSI HauboJjee sICHBIM,
€CJIH NIEPEKHHYTh MOCT OT KBAHTOBBIX NPHUHLHUIOB HEMocpen-
CTBEHHO K KJIaCCHUeCKOMY IMpPHHIUNY HaHMEHBILIEro aei-
ctBus B ¢opme 'amunbroHa.

[IpuHIMN HaWMeHbIIEro AeHCTBHS MpeACTaBJ/sieT co6oi
Hau6oJee SKOHOMHYIO (POPMYJIHDPOBKY 3aKOHOB MeXaHHKH.
XoTs1 €ro ¥ MOXHO NOJYYHTb C IOMOILBIO JAPYrHX (GopMy-
JIHPOBOK MeXaHHKH (B YACTHOCTH, HbIOTOHOBCKOH), HO ¢ak-
THYeCKH 10 pabGor PefiHmaHa ryy6okas BHYTpPEHHSIST MpH-
poxa 3TOro INMpHHLUMNA OcTaBanach cKpbuITOi. [losromy He
YIUBHTENILHO, UTO B CBOE BpeMsl JeslaJliCb MHOTOYHCJIEHHbIe
MONBITKH TeJEOJOTHYECKOTO HCTONIKOBAHUSl NPHHIMNA Hau-
MEHBILLEro JefiCTBUS KaK BblpaxeHus: 6ECKOHEYHOH MyIPOCTH
«TBOpLA» M LesecooOpa3HOCTH ycTpoHicTBa BceeneHnoil Ha
OCHOBE MaKCHMaJIbHOH 5KOHOMHH JeHCTBHs. ABTOp mepBO#
(hOpMYyJHPOBKY 3TOro HmpuHHHMIA MonepTion HacrauBaja Ha
ero TeyeoJsioruyeckoit ocHoBe. C HUM OblT corjaceHn Disep.
B Bosumkwei#l puckyccun yuacTBosan [lanamGep u xaxke
Bonerep [44]. IlocTenenHo yueHble MOJHOCTBIO OTOLLIH OT
TeJIeOJIOTHUECKOro B3IJIsiAa Ha NMpHpPOAy npuuuuna Monep-
TIOH. B 4acTHOCTH, CYIIECTBEHHYIO POJIb 3[eCh CHIrpaso To,
4TO Ha CAMOM JieJI¢ eHCTBHE OJKHO ObITh He MUHHMAJLHBIM,
a 3KCTPeMasIbHBbIM, T. €. MOXeT OBITb M MaKCHMAJbHBIM.
Ho c uem cBs3aHO TO 00CTOSATENBCTBO, YTO OOLUIHI WU JaXKe
Haubosee OOIIMH 3aKOH NPHPOALI YTBEPKAAeT 3KCTpeMalib-
HBIH XapakTep HNeHCTBUs IJi peabHbIX TPAEKTOPHi IBH-
JKEHHS TeJl, OCTaBaJOCh HESICHBIM.

[lepsasi moragka Oblia BbicKazaHa ImuuHrToHOM [45]
ele NPH 3apOKACHUH KBAHTOBOH TEOPHHM, A0 CO3JaHHA MOC-
JIelOBaTeJIbHOH KBAHTOBOH MeXaHHKH. VI3BecTeH Obli JHLIb
caM (baKT CyLIecTBOBAaHHSI KBaHTa JeHCTBHUSI— IIOCTOSIHHOH
[lnanka.f.

Ecnu pasnenuth nefictBHe cHcTeMbl S Ha KBaHT JelicT-
BUA 7i, TO MOJNyUHTCA Ge3pasMepHOe YHCJIO0, KOTOpoe , KakK
U caMo JielicTBHe, OyleT UIrpaTh B TEOPUH BaxKHeHIIyIO POJb
Gsarojapsi HaJM4YMIO TIPHHIMNA HaMMeHbIero AeHCTBHS.
Kakas gnpyras Ge3pasMmepHasi BeJUYHHA HIPaeT CTOJb Ke
(yHIaMeHTaNbHYIO posib B pusuke? OueBUIHO, BEPOSITHOCTD.

157



Torna, coryacHO DIUIHHTTOHY, MOXHO IPENNOJIOXKHTh, YTO
MPHHLIHN HaUMeHbLUETo AeHCTBUSI AO/DKeH GbITh TOXIECTBEH
NIDUHIUIY MaKCHMa/lbHOH BepositHocTH. Pefinmany yna-
JIOCh 3TO JOKa3aThb.

B ocHoBe HOBoro, ¢elfHMaHOBCKOro, TmpeNCTaBJeHHS
KBAHTOBOH MEXaHHKH JIEKHT eIMHCTBEHHBIH IIOCTYJAT,
MO3BOJIAIOIIUA ONpeNessiTh BEPOSITHOCTh [EepeXona YacCTHIIbI
U3 OJHOM TOYKH IPOCTpaHcTBa B Apyryo [46]. [Tycts uac-
THLIA B MOMEHT BpeMeHH f, HaXOHHTCS B Touke @. Crpaiu-
BaeTcsl, KakoBa BepositHOCTb P (b, a) Toro, 4To B MOMEHT
tp OHa monafieT B TouKy b? [l OTBeTa Ha 3TOT BONPOC HYXK-
HO DacCMOTPeTb 6ce 803MOJCHbIE MPAeKmopuu, BeLyIlHe H3
a B b, npuueM kanmoas mpaexmopus BHOCHT CBOH BKJIaj B
HCKOMYIO BeposATHOCTb. COIJIacHO OCHOBHOMY IHOCTYJaTy
QefiHMaHa BKJIaJbl OTHENbHBIX TPAaeKTOPHil paBHBI IO Be-
JIMYKHE U OTIMYAIOTCS TONbKO dazamu. Pa3a BkJaga oT Ka-
KOH-MH00 3aJaHHOH TPaeKTOPHH paBHA KJacCHYeCKOMY
JedcTBHIO S IJf JAHHOH TPAaeKTODHH, BBIPAaXKEHHOMY B
eluHuuax JAeicTBUs %. KosmuecTBeHHO 3TO (hopmynupyerTcs
clenyoomuM o6pa3oM. AMIVIHTYJa BepOSITHOCTH JAHHOH
TpaekTOpPHU PaBHa

rie S — KJaccuyeckoe JeHCTBHe LISl JAHHON TPAaeKTOPHH
r (9.

AMHJIPITYI[a MOJIHOK BEPOATHOCTH paBHa cmee Mo BCeM
TpaEKTOpPIHM, T. €.

A(b, a) = Xa:lr (),
a BepPOATHOCTb —
P(b,a)=]A(b, )P,

T. €. KBajpaTy MOAYJsl aMIVIHTYZAH. ¥ CJIOBHE HOPMHPOBKH
omnpejie/isieT KOHCTAHTY B BhipaxeHuu s ¢ [ (9)].

U3 manHOro mocrynara, Kak mnokasan PeliumaH, BbiTe-
KaeT Bcsl OOblyHAsi KBAaHTOBasi MeXaHHKAa M, B YacTHOCTH,
ypaBHenue Llpennurepa. Takum o6Gpasom, Hapsay c mat-
PHYHBIM DpeICTaBJeHHeM KBAHTOBOH MeXaHHKH [eiiseH-
Gepra u BoaHOBbIM Illpenunrepa, QPefinMaH Hallen HOBOe
npejcTaBleHde KBAHTOBOH MeXaHHKH, IOJHOCTBIO HJIEH-
THYHOE U3BECTHBHIM PaHee.

®opMyJNHpOBKa KBAaHTOBOH MEXaHHKH C IIOMOLIbIO HH-
TerpajoB N0 TPAeKTOPHSIM NMO3BOJSET OYEHb MPOCTO Mepeii-
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TH K TNPHOJIMKEHMIO KJacCHYecKoil MeXaHMKH, Korja jse
TOYKH B 3alaHHOM CHJIOBOM II0J1€ MOTYT ObITh CBSI32HbI JIUILb
eJMHCTBEHHOH TpaeKTopHeH, BAOAb KOTOpOH JAEeHCTBUE 3K-
CTpeMalbHO.

B k/maccuueckoMm ciyuyae JeficTBHE OYeHb BEJHKO, T. €.
S > h. IlosTomy dpasa S/hans Kax o TpaeKTOPUH OUEHb Be-
Juka. Ilo ¢opmyae Diepa

exp (iS/h) = cos (S/k) + i sin (S/k),

IpuueM Kak JeHCTBUTeNbHAsl, TAK ¥ MHHMAasl YacTH aMILIH-
TyAbl @ [7 (f)] MoryT okasaThCsl U MOJOXKHTENIbHBIMH, H OT-
punatesbHbMA. Ecim cierka cABHHYTb TpaeKTOpHIO, JO-
6aBHB K Hefi MaJloe IO KJacCHYeCKUM MacuTabaM cMelneHHe
87 (¢), To n3MeHeHHe NeHCTBHA OKaxeTcsl GONBLINM B CpaB-
HeHud c A. CrefoBare/bHO, Masible BO3MYIIEHHMS TpaeKTo-
pUM BeAyT K OoJbIUMM H3MeHeHHsIM ¢asel, W (yHKUUH
cos (S/%), sin (S/%) 6ynyT coBepuiaTh ObICTpble KoJeOaHHs
MeX]Jy MOJIOXKUTEIbHBIMA M OTPHLATEJbHBIMH 3HAYEHH SIMH.
Ecau oHa TpaeKTOpHS JaeT NOJNOXHUTEJNbHBI BKJIaJ B aM-
IVIUTYAY BEPOSITHOCTH, TO Apyrasi, GecKOHeYHO Onu3Kas,—
OTpHIIATeNILHBIA BKJIAZ, U B LEJIOM BKJIaJ OKa)ercs MpocTo
paBHBIM HyJ0. [losToMy JaHHYIO TpPaeKTOPHIO MOXKHO
NPOCTO HE YUUTHIBATh, €CJH COCEJIHNE C HeH HMeIOT Apyrue
3HaueHUs AedcTBHS. WX Bksaabl OYAyT B3aHMHO YHHYTO-
JKaTbCA.

Onnaxo HeGoJbilloe cMeleHue 87 (f) oAHON TpaeKTopHH
Py (£), A1 KOTOPOH JeficTBHE 3KCTPeMallbHO, B IEpBOM
npHuOJIMKEHNH He MeHsleT flecTBUS S (3TO U O3HayaeT Hajlu-
upe skcTpeMyMma). Pasbl Bcex BKIaJOB OT TPaeKTOpHH, Ha-
XOASIIUXCS B 3TOH 0G/NAacTH, MajJo OTIHYalOTCS JApYr OT
Ipyra; OHH paBHBl Sys/fi ¥ B3aNMHO He YHHYTOXKAIOTCH.
B knaccuueckoM npuOaHKeHHH S > A MBI JOJXKHBI pac-
CMaTpHBaTh 3Ty TPaeKTOPHIO KaK €AMHCTBEHHO BO3MOXKHYIO.
Takum oGpa3oM, NPHHIMII HaUMEHBIIEro NefCTBHS B KJac-
cuyeckoit dopme

6S=0

clleAyeT U3 KBaHTOBoro mpuHuumna PeiinMana.

Ec/m S cpaBnuMo ¢ %, TO Haflo yYHUTHIBaTh BCe TPAEKTO-
puu. Hu omHa u3 Hux He GyJeT HMeThb NpeHMYILeCcTBEHHOrO
3HaueHus.

Urak, HaMm Julb KaxKeTcsl, YTO NMPHUPOAA BuIGHpaer Ofi-
HO3HAyHbI} Kaaccuyeckui nyTb. Ha camom jene yuacTByioT
BCe BO3MOXKHBIE€ YTH M CNpaBeJJINB CTaTUCTHYECKUH 3aKOH.

159



Knaccuueckasi TpaekTopnsi mpocto naubosiee BepOSTHA;
OHa OCYLIECTBJISIETCS] B KAUeCTBE eJUHCTBEHHOH TOJBKO NpH
yenoBud S > . ®yniaMeHTaNbHbIH AMHAMHYECKHIi NMPHH-
N — NPHHIUI HAUMEHbIIEro JefiCTBU ST — HMEET, 110 cylie-
CTBY, CTaTUCTHYECKYIO HPHPOAY.

Ckazannoe OTHOCHTCSI He TOJbKO K MeXxaHuke. Tak,
AMHaMHYeCKHe 3aKOHBI reOMEeTPHYECKOH ONTHKH (Hampumep,
B ¢opMe BapHallMOHHOro NpuHuuna depma)ycTaHABINBAIOT
€INHCTBEHHYIO TPAEKTOPHIO CBETOBOIO J1yua, COENHHSIONLYIO
ABe moCble ToukH npocTpaHcTBa. Ho 3Ta euucTBeHHas
TPaeKTOpHsl B HEHCTBUTEJBHOCTH OKa3blBaeTcsl JHIIb HaH-
Gosnee BEPOATHOH M3 GECUMCIEHHOTO MHOXKECTBA APYTHX
BO3MOXKHBIX TPaeKTOpHH. ['OBOPUTH O eIMHCTBEHHO BO3MOK-
HOH TPAEKTOPHH MOXKHO JIHIUb B TOM cjlyuae, KOria AJIHHA
BOJIHBI MHOI'O MeHbLIE MNPOCTPAHCTBEHHBIX pasMepoB HEOJ-
HOPOJHOCTEH CpeAbl, B KOTOPOH pacnpocTpaHsieTcsi CBeT.

ITocnie o6Hapy:KeHHsI CTaTHCTHYECKOil MPHPOAbI (yHja-
MEHTaJIbHOr'0 NPUHILKIIA KJAaCCHUECKOH MEXaHHKH, O4EBHHO,
JIMIIEHBl CMbICJIA TONBITKH OTCTAaHBaTh IPEJCTABIEHHE O
NEPBHYHOCTH JHHAMHYECKHX 3aKOHOB, OOpasloM KOTOPBIX
KaK pas u siBsiercsl MexaHuka Helotona.

§ 2. Knaccuyeckass MexaHMka
KaK CTaTUCTHYecKasi TeOpHs

Ilo cux nop, roBopsi 0 AUHAMAYECKHX 3aKOHOMEPHOCTSIX ,
B YACTHOCTH O 3aKOHOMEDHOCTSIX KJacCHUECKOH MeXaHHKH,
Mbl HEe OCTaHaBJHBANHCh HA OJHOM OYeHb CYLIECTBEHHOM
obcrositensctBe. Jlaxke B cepe cBoeli NpPHUMEHHMOCTH Te
abCoNIOTHO TOYHBIE, OAHO3HAyHble CBS3H, KOTOpbIe Cl)I/IKCH-
PYIOTCSl CYIIECTBYIOIIMMH JAMHAMHYECKHMH 3aKOHaMH, SiB-
JISIIOTCSL TOYHBIMH TOJNIBKO JJIs MeTapU3HUECKH MBICISIIETO
yma, Ho He B npupofe. Mmeercs eme oana rpanuna npume-
HHMOCTH 3aKOHOB KJIaCCHYECKOH MeXaHUKH, He CBsI3aHHas
HH C TeOpHel OTHOCHTENbHOCTH, HU C KBAHTOBOH MEXaHHKOI.

IlpuBenem BHauane BhickasbiBaHue Bpuiiiosua, xopomo
nokasbiBawuiee cytb aena ([36], ctp. 150): «3akoHBl Kiac-
CHYECKOli MEeXaHMKH NPEeJCTaBJSIOT cOG0H MaTeMaTHYECKYIO
HJealn3alMIo, KOTOPYIO HeNb3si CUMTATh COOTBETCTBYIOIIEH
peaNbHBIM 3aKOHaM NpHpOAHL... Kiaccuueckasi Touka spe-
HHS TpeHeOperana JAeHCTBUTENBHOH POJBIO 3KCIIepUMEH-
TaJbHOH norpemHtocTd. OUHOKY CUHTAIUCH CIYYaiHOCTHIO.
Otcrona Bcerza npeAcTaBAsIOCh, UTO MX MOXKHO CAEIATh
CKOJIb YTOAHO Ma/lbiMH M B KOHIlE KOHILOB HMH MOXHO GLLIO
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npeneGpeus. dra yNpoWIEHHAN KapTuHA NpuBena K npef-
TOJIOKEHHIO O TMOJNHOM JeTepMHUHH3Me B KJIaCCHUECKOH Me-
xaHuke*). Ml cefiuac JOMKHBI SICHO NPEACTaBAsATh cebe, uTo
SKCIIepUMEHTaIbHble OMOKHM Heu30exHbl, oOHapyxeHHE
yero JesnaeT CTPOrHMil JeTepPMHHH3M HEBO3MOXKHBIM. OmnG-
KH — CYIleCTBeHHasi yepTa KapTHHBl MHpa, MNoOAJexainas
y4YeTy B TEOpHH.

JetepMuHn3M HeOOXOAMMO 3aMEHHUTb CTATHCTHUECKHMH
BEPOSITHOCTSIMUY.

JlauHblii Bompoc mpuBieKaeT K cebGe ocoboe BHHMaHHe
VIMEHHO B CBSI3H C JUCKYCCHell O COOTHOMIEHUH H pPOJNH JHu-
HaMHYeCKHX M CTAaTHCTHYECKHX 3aKoHoMepHocTeii. CTOpOH-
HUKH NpUMaTa CTaTHCTHYECKHX 3aKOHOMepHOCTel o6paliaiot
NpUCTaNbHOE BHHMaHHE Ha caM IO cebe He HOBBIH (akKT:
3aJaud KJ1acCHYeCKOoi MeXaHHUKH — LUTafiesIl AMHAMUYeCKHX
3aKOHOMEpHOCTell (WIM JeTepMHHH3Ma) —B JeHCTBUTE/b-
HOCTH SIBJISIIOTCSI CTATHCTUYECKUMH ¥ WHBIMH HE MOTYT OBITb.
Oco6eHHO THIaTeNBHO NpoaHaJH3MpoBad 3TOT Bonpoc Bop
B CBOMX MHTepecHbIX pabGoTax «Bo3MoKHO /i mpeacKasaHUH
B KJlaccHueckoi Mexanuke?» [47], «[leHcTBUTENBHO JH Kiace
cuueckasi MexaHHKa jerepMuHHCTHuHA?» ([33], ctp. 385)-
«3aMeyaHHsl O CTaTHCTHYeCKOH MHTepnperalyy KBaHTOBOH,
mexaHuKn» ([33], cTp. 440). Tomy ke Bompocy NoCBslleHa
JIbBHHasi JOJMS LMTHPOBAHHOH Bbllle KHUIH DBpuiiosHa
[36]. B onHoii W3 CBOHX CpaBHHUTENBHO HeJaBHHX paGoT
BioxuHIeB CylecTBeHHBIM 06pa3oM JIONOJHHI HCCIef0Ba-
nust Bopua ([34], ctp. 5—21). Llennbit ananus crarucrny-
HOCTH 33jJjay KJI1acCHYeCKOH MeXaHHKH C NO3ULUI MapKCHUCT-
CKOH JauanekTuku mnpogesaH CyBOpPOBHIM B MOCJECJHOBHH
k kuure Bopha ([33], ctp. 516—521).

Kak usBecTHO, Henb3st ¢ aGCOMIOTHONH TOYHOCTBIO 33]1aTh
HayanbHble yeaousi. Ho peno He Tonbko B sToM. B npouecce
JBHKEHHST CHCTeMbI Ha Hee Bcerja JEHCTBYIOT HEKOTOphie
ClyyailHble CHJIbl, ¥ MX HEBO3MOXHO HH MNpeAcKas3aTb, HH
NoApoGHO MCCIeNoBaTh 3KcnepuMeHTaiabHo. Jlaxke Kkorxa
5TH CHJIBl MaJibl, UX BJIHSTHHE MOXET OKa3aTbCsl 3HAUUTEJNb-
HbIM, eCJId BpeMsl JeiicTBHS BeJuKo. HakoHel, HeT rapas-
THH, 4TO B TOT NPOMEXYTOK BpeMeHH, B TeueHHe KOTOpOro
Mbl HHTepecyeMcsl ABMXKEHHEM CHCTeMbl, IIOCTeNHSsIsT Bce

*) BBuIy HEOZHO3HAYHOCTH TEPMHHA «Je€TeDMHHU3M» IOXUEPKHUBAEM,
YTO Mbl B JaHHOM KOHTEKCTe GyJeM MOHHMarTh NMOJ NMOJHbIM AeTePMHHU3-
MOM NOJYMHEHHe MHpa JWHaMMYeCKHM 3aKOHaM, a He Ha/lHuue oGbek-
THBHBIX 3aKOHOMepHOCTeil BooGiie. M TOMBbKO B TAKOM CMbIC/Ie TIPHBEJieH-
HOe BbICKa3biBaHHe Bpuiiiosna MOXKHO CUHTaTh BEPHBIM.
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BpeMsl ocTaeTcsi HM30nHpoBaHHOW. [lomkHbl GBHITH 3afiaHBl
(omATH K€ C KOHEYHOH TOYHOCTBIO) I'PAaHHUYHBIE YCJIOBHS Ha
NOBEPXHOCTH 00/1aCTH, BHYTPH KOTOPOH HaXOMUTCS CHCTe-
Ma. Ha ponp 3tHX 06CTOSTENBCTB, HTHOPHPOBABLIUXCS
BopHoM, ykaseiBaer CyBopoB. JletasbHO OHH ObUIH NpoaHa-
JIN3UPOBaHbl BJOXHHLEBLIM.

T'oBopuTh 06 OfHO3HAUHBIX CBSI35IX, JaBaeMbIX AUHAMH-
YeCKHMH YPaBHEHHSIMH KJIaCCUUYeCKOH MeXaHHKH- (TO XKe,
BIIPOYEM, OTHOCHTCS M K MHKPOCKONHUYECKHM YpaBHEHHSIM
TEOPHUH 3JEKTPOMarHUTHOTO TOJisl), MOXHO, JIHIIb 3aKphbl-
Basi rjiasa Ha Iepeyuc/eHHble Bhie obcrositenbcTBa. Ho
OHU SIBJISIIOTCS MPUHIUIHAIbHBIMU.

Jas npocToTel MBI B AaibHejimeM OyfeM (uKCHpOBaTh
BHUMaHVe TOJIbKO Ha HeONpeJeJIeHHOCTH HauyalbHBIX YCJO-
BHUi1, He Kacasichb POJH APYruX o6CTOATENBCTB.

Wrag, ¢ camoro Hayaja HYXKHO YYHTHIBaTb, UTO MOTYT
peany3oBaThcsl He TOYHBlE 3HAuUeHHUS HayaJbHEIX KOOpAH-
HaT ¥ WUMIYJbCOB, a HeKasi KOHeyHasi o6acTb COCTOSIHHH
Ay = AgyAp,, BHYTPH KOTOpOH JieXaT HauaJbHBIE KOOp-
JMHATHl ¢, U HauaJbHble UMITYJbCH P, CHCTEMBI, IPHUEM BHY-
TPU 3TOH 0OGNACTH OHM pacrpefiesieHbl IO KaKOMY-TO Bepo-
SATHOCTHOMY 3aKoHY. B KauecTBe Takoro 3akoHa ecTecTBeH-
HO BBIOpaTb TrayccoBO pacrpefiejieHHe, XapakTepH3yemoe
CPeAHHMH 3HauyeHHSIMH KOOPJAMHAT M MMIYJIbCOB, a TaKkKe
JUCIepPCHSIMM 3THX BeJIUYHH (CPEIHHMH KBaipaTHYHLIMH
OTKJIOHEHHSIMH), ONpefeJsiomMy pasMep obnacta  Ag.
~ 3pech HauOoJbllee 3HAayeHHe MMEeT TO 0OCTOSITeNbCTBO,
YTO JIBUXKEHHE TeJ B KJacCHYeCKOH MeXaHUKe He CTaOHJIbHO
[0 OTHOILIEHHMIO K HayalbHBIM yca0BUsAM. OHo Obuio OBI CTa-
6unbHBIM, eciu Obl 00J1aCTb COCTOSIHUE cucTeMbl A = Ag Ap
B 060 MOMEHT BpeMeHH HMeJa KOHeuHble pasMephl.
JIump B 3TOM c/iyyae MOXKHO Gbl10 Obl OMKMCHIBATD JBM2KEHHE
CHCTeMBI C 3aJlaHHOI ONpeJieIeHHOH TOYHOCTBIO Ha Heorpa-
HHYEHHBIX OTpPe3Kax BpeMeHH.

Oznnako Ha caMoM Jefie MOJIOXKEHHE COBEpLIEHHO HHOe,
4TO JIETKO NOKa3aTb Ha MHOTOYHCJIEHHBIX NMpuMepax. Tak,
€cJIM paccMaTpuBaTh BpalleHHe 6e3 TpeHHS TBEpJOro Tesna
C MOMEHTOM HHEpUMH J BOKPYT HENOJBHKHOH OCH, TO YIOJ
10BOPOTa ¢ B J1I060H MOMEHT BpeMeHH ¢ GYJeT onpeaessiTbCs
ypaBHEeHHEM

® = @0+ Mot/J,

rie M, — Haua/lbHBI MOMEHT HMIyJbca Tesla. Tak Kak Ha-
YaJIbHBIH Yo/ @y MOXKHO ONpeNeNHTDb JHIIb C KOHEYHOH TOY-
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HOCTBIO Ay, 8 HauyaldbHbIi MOMEHT UMIYJbCa — C KOHEU-
HOH TOWHOCTBIO AM,, TO HeompeleNleHHOCTh B 3HAYEHHH @
O6yzerT BO3pacTaTh JIHHEHHO CO BpeMEHeM IO 3aKOHY

Ap = Agy - AM,t/J.

CymecTByeT Takoii MOMEHT BpeMeHH Iy = 21 J/AM,,
HauuHas c KoToporo (T. e. Npu ¢ >>£,) yroa noBopoTa Tejna
CTAHOBUTCS MOJIHOCTBIO HEONpele/eHHbIM, TaK Kak A cTa-
HoBUTCSl GoJbie 27,

[TonyueHHBI pe3y/nbTaT SBASIETCS COBEPILEHHO OOLMM
B TOM CMBICJIE, YTO /s JI0OOi CHCTEMBI CYIIECTBYET HEKOe
KpPHUTHUECKOe BpeMsl f,, HauWHasi C KOTOPOrO He BO3MOMKHBI
HUKaKue OIpeleNeHHble MNpeACKa3aHUsl NOBEeJeHHs Mexa-
HHUYecKo# cucTeMbl. Kputuueckoe BpeMst onpejensieTcs: pas-
MepoM HauaJlbHO! ob6JacTH ()a30BOro NMpOCTPAHCTBA U Xa-
PaKTepOM CaMoii CHCTEMBI, B OCHOBHOM €€ CJIOXKHOCTBIO, T. €.
YHCJIOM CTeneHell cBOOOAB! WJIM YHCJOM He3aBHCHMBIX BO3-
IeACTBU B Clydae OJHOrO TeJja.

Tax, HanpuMep, eciM BBIBECTH M3 IOJIOXKEHHS paBHOBe-
CHSl HE3aTyXaIoWUii CeKYHAHBIA MasATHUK IyTeM cOoOIeHHs
€My HEKOTOpPOH YIVIOBOH CKOPOCTH, 3aJ@HHOH C TOYHOCTBIO
OJHOH TBICSIYHOM, TO €ro IOJOXKeHHe HeMb3sl OyHeT mpei-
cKasaTb cnycTts BpeMs £, = 20 uac. CoBepLIeHHO MHO# pe-
3yJIbTAT MONYYUTCSH JJISl TAKOH CJIOXKHOH CHCTEMBI, KaK ras.
Corsacio Bopenio [48], uaMenenne HaualnbHEIX KOOpAMHAT
U CKOpOCTell MOJIeKyJ Ha BeJHuuHy nopsiaxa 10719 penaer
HEBO3MOXXHBIM Npe/icCKa3aHue JBHXKEHHS MOJIEKYJ rasa yxe
CNYCTS] MWIJHOHHYIO JOJNIO CeKYHJAbl. A Beib H3MeHeHHE
HauyaJbHBIX YCJIOBHE Ha CTOJAb Manyio BeauuuHy (107100)
NpoOM30fileT NpH nepemellleHHH 1 e BemmecTBa Ha | cm Ha
Cupuyce.

HecraGuabHocTh ABUKEHHS JJIsI IPOM3BOJILHONH MEXaHH-
YeCKOH CHCTeMbl BHITeKaeT U3 3HaMeHHToi TeopeMbl A. Ily-
ankape. CornacHo IlyaHkape, ypaBHEHHS KJacCHUECKOH
MeXaHHKH JUIsi KOHCEPBATHBHOH CHCTEMBI He JONMYCKAIOT HH-
KaKHX aHAJIMTHYECKUX HHTErpajioB ABHXKEHHS, KpOMe W3-
BECTHBIX TPHUBHAJbHBIX: SHEPTHH, HMIYJIbCAa U MOMEHTA HUM-
nysnbca. MHorue fipyrue BeJMYHHBI MOTYT BBICTYNAThb KakK
IIOCTOSIHHBIE TOTO WJIM MHOTO JBHXKEHHs, HOO YHCIO HHTer-
paJiOB ABHKEHHSI JJISI CHCTEMBI C [ CTENEHsIMH CBOGOJb paB-
HO 2 — 1. Ho ux Henb3si BBIpa3uTh B BHJI€ aHATUTHUECKUX
¢dyHKuuii. 10 03HaYaer, yTO JNI060E BHAOH3MEHEHHE MOCTa-
HOBKH 3aJlayd MOXET IIOPOJAHTbL pe3Koe H HEeOXHJaHHoe
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H3MEHEHHE 3THUX «IIOCTOSTHHBLIX». PaprIB MOXKeT ObIThb cnen-
CTBHUEM CaMOro He3HauMTeJbHOro U3MeHeHMs Jioboro mapa-
MeTpa YypaBHEHHH JBHXKEHHMS MJIH HaualbHBIX YCJIOBHE.
Tlyuok TpaekTopuil, BHIXOASIIUX H3 HEKOTOpOH Mamoi 06-
Jactd (a3oBoro NpOCTPAHCTBA, CIYCTSl BpeMsl fy «B3pbl-
BaeTcs» U pacllenisieTcss Ha HeCKOMbKO MeHbLIHX NYYKOB,
pacXoAsIIUXCS B pasHble CTOPOHHL.

[IpocThiM npuMepoM BO3HUKHOBeHHS! «paspbiBa Ilyan-
Kape» CJYXKHUT ABHIKEHHE 3JIeKTPOHHOrO NyYKa B 3JEeKTpH-
yecKOM rosie, obsajaiolieM MMHMMYMOM INOTeHLManxa (mose
OOBIKHOBEHHOI'O JMOAa HpU OOJBbIIOH IIOTHOCTH TOKa). B
3aBUCHMOCTH OT He3HauuTeJbHBIX BapHalUMil CcKopocTed
3JIEKTPOHBI C NOJNHOHA 3Heprueil, O6MHM3KOH K NOTEHLHANbHOM
3HepTHH B MHHUMYMe NOTeHLHana, Jubo npeofoneBaT mo-
TeHUMaNbHBI Gapbep, J100 OTpa)KkaloTcsl OT Hero.

HecrabunbHocTh ABHKEHHS, CYLIECTBOBaHHE KOHEYHOTO
NpOMeXXYTKa BpeMeHH, B TeueHHe KOTOPOTrO 3aKOHBI MeXaHHu-
KU CIOCOOHBI OMUCHIBATh JBHXKEHHE, O3HAYaloT Hajuyue
ele OfHOM I'PAaHUIBI NPUMEHHMOCTH KJIacCUUeCKOH MeXaHH-
KM, He 3aBHUCSILEH OT OrpaHHYyeHUH, HaAKIaAblBadEMBIX Teo-
pueil OTHOCHTENBPHOCTH M KBaHTOBOH MexaHuko#i. Kiaccu-
4ecKas MeXaHUKa NPpUMEHUMQ K peulenuto OarHol, onpede-
NeHHOl 3a0a4u, ecau MOXCHO 3a0ame HavarbHee Ycaosus (m. e.
obracme A, = Aqy,Ap,) ¢ makod mounocmeto, 4mobbl 3a
paccmampusaemoe 8 3adaue 8pems T MOHCHO 66110 npedckasame
nosederue cucmemer ¢ mpebyemoli mounocmeto. Pazbpoc Ha-
YaJbHBIX JaHHBIX JOJIKEH MO3BOJNATh IpefcKa3aHHe 3Ha-
YeHHH KOOPAMHAT M HUMITYJIbCOB CUCTEMEI C IOIPELIHOCTHIO,
He TpeBHINIAIONIEH HEKOTOpoe MNpefesbHOe 3HaueHHe A =
= Ag Ap. D10 BO3MOXKHO JHUIb NPHU ¢ < tx.

MHorue npakTHYecKH OYeHb BaXKHble 3aJlaud peralTcs
B paMKax KJacCUYecKOH MeXaHWKH B JBa HJIH HECKOJBKO
3TanoB. XOpOIINM IPHMEPOM CJYXKHT 3ajiaua 00 ompejee-
HUH TPAEeKTOPHH KocMuuecKux Kopabseii. M3-3a HeTouHO#
¢uKcanuyu HayalbHBIX YCJIOBHH U JefCTBUS pasiUUHBIX CIY-
yaliHbIX (DaKTOpOB (HeperynsipHocTH B paboTe JBHraTeseil
M T. JI.) MOXKHO NpeJCKa3aTh TPAEKTOPHUIO ABHKEHUS Kopal-
JISL MMLIb C ONpeJeseHHOH TOYHOCTbIO, KOTopasi yMeHbIlaeT-
csl O Mepe yBelHueHHs BpeMmeHu mnosera. Ho vacro (Ha-
NpHMep, NPU BXOXKJAEHUH Kopabus B aTMocdhepy 3eMiu nocie
obnera JIyHb) TpaekTOpHusl HOJKHA OBITH 3afiaHa HCKJIO-
ynTeNbHO TouHO. IlosTOMy TpeOyeTcst MpOH3BOAUTL YTOUHE-
HHe MOJIOXKEHHS M CKOPOCTH Kopabissi, C TeM YTOObl MOMKHO
6blJI0 BBECTH HEOOGXOAMMYIO KOPPEKUHIO TpAaeKTOpHH Ads
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BHIXOfla Ha HYXKHYI0 op6uTy. B nanHoil 3ajaue KpuTHUYeCKoe
BpeMsl f JOCTaTOYHO BEJUKO, U MOSTOMY YHCJIO HEOOXORH-
MBIX KOppeKUu# Mano.

ITocTaHoBKa M pelleHHe AMHAMHYECKHX 3ajay HMeIOT
CMBICJI JIMIUb JJISl HE OYeHb CJIOXKHBIX cucTeM. Eciu xe cu-
cTeMa B3aHMOJICHCTBYIOIIMX YacCTHL HMeeT OrPOMHOE YHCJIO
creneHeit cBOGOAbI, KakK, HampuMmep, ras, TO KpPHTHYECKOe
BpeMsI CTOJIb MaJlo, YTO IPUMEHSITh K TAKHM CHCTEMaM 3aKOHBI
KJIaCCHUeCKOH MeXaHHKH yxke GeccMblcyieHHO. DaKTHuecKH
HbIOTOHOBCKasl MEXaHHKa IpUMEHUMa JUIsi DPacCMOTPEHHS
c/lyuyaeB, KOTAAa CPABHHUTEJIBHO IIPOCTHIE CHJIBI BHI3BIBAIOT
IBY2KEHUSI, KOTOpble MOI'yT OKa3aTbCs BeCbMa CJIOXKHBIMH.
Tak, Hanpumep, NpOCTbIE CHJIBl BCEMHPHOIO TSITOTEHHS
00YCJIOB/INBAIOT OYEeHb CJIOXKHBIE TPAEKTOPHH IIAHET, ecaH
YUYHTHIBATh HE TOMBLKO MpuTsKeHUe uX K ColHIY, HO U B3a-
HMHOe BJHsIHHe IpYT Ha Apyra.

JIn51 c7OXKHBIX 2Ke CHCTeM JOCTaTOYHO TOYHAS TOCTaHOBKA
3ajaun (OnpefieleHHe HayaJbHBIX YCJIOBUE M 3afiaHHe CHJI
MeXAy TesaMH) He npoule ee pewenus. s mnosemeHust
GOJIBIIOrO YHCJ/IA YACTUL, XapaKTepHB! HOBBIE THUIIEI 3aKOHOB,
He CBOJMMbIE K 3aKOHAM MeXaHHUKH,— 3aKOHBI CTAaTHCTHYEC-
Kol ¢u3uku. B 3Tolf TeopuM Mcnonbp3yercs JHIUbL OAHH HH-
Terpaj ABUKEHHSI — 3HeprHsi, KOTophii, coryacHo Ilyan-
Kape, o6JafiaeT YCTOAYMBOCTBIO IO OTHOLIEHHIO K BapHa-
HVSIM HayaJbHBIX YCJIOBHH M IapaMeTpoB B YpaBHEHHSAX
J\BHIKEHHU S,

JlBrxKeHue OTAENbHBIX TeJd M, B YaCTHOCTH, aTOMOB HMe-
€T CMBICJI paccMaTpUBaTh C MOMOLIbIO ypaBHeHUit Hrlotona
B TOM CJyuae, KOTJa YUCJIO TeJ, B3aMMOJAEHCTBYIOUHX C
NAaHHLIM, He CJHIIKOM BejMKo. HeoOxomumo, 4ToOBI YHCIIO
CBsi3el JAaHHOrO TeJla C OKpPYMKAlOUMM MHPOM, CHOCOGHBIX
3aMeTHbIM 00pa3oM H3MEHHUTb COCTOSIHHE ero ABHXKEHHs, He
6b10 oueHb OonbliuM. JIJIs1 MaKpOCKONMYECKHX TeJ 3TH
yc0oBUSL OOBLIYHO BBINMONIHSIOTCS. [IpuMeHeHHe Xe 3aKOHOB
KJlacCHueckofi MeXaHUKH K MoJieKyJe HJIH OpOoyHOBCKOH
YacTHLe JTHIIEHO CMBIC/IA.

BopH, BioxuHIes u Apyrue cnpaseAjanBo NOAUEPKUBAIOT,
YTO KJIACCHUECKYIO MEXaHHKY MOXHO H HYXKHO NPEACTABISATh
B CTaTUCTHUECKOH (opMe He TOJNBKO JJIsl ONHUCAHUS JBHKe-
HHs1 OOMBINOA COBOKYIHOCTH YacTHL, HO U JJis ONHCaHHS
IBUXXEHUS OTAENTLHON 4YacTHIBl Aa)e B NPOCTEHIINX YCJIO-
Busix. HauanbHble yc/ioBHSI JOVIXKHBI 3afaBaThCsl NOCpel-
CTBOM pacrpefie/leHdsl KOOpAHMHAT H HMITYJbCOB, a He HX
TOYHBLIMM 3HayeHHsIMH. VIHHIMM clOBaMmH, HYXKHO 33J2BaThb
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dynxuuio pacnpenenenus f(g, p,t,) B MOMEHT BpeMeHH fo¥).
BMecto cucTembl ypaBHeHHH I'aMuibTOHa (MJIM aHaJOrHy-
HBIX UM) Gosiee MOCJsefloBaTeNIbHO HCNOJNb30BaTh ypaBHEHHE
JluyBusnst ayisi GyHKIUE pacrpefieseHust

N
9 2(2_’! of _oH 0_f)
ot w—t dq; op, 9p; 9q; /|’

npejcTaBisonee cofoll ypaBHeHHe HeNpephlBHOCTH B (aso-
BOM NpocTpaHcTBe (3fech H — raMubTOHHAH CHCTEMBI).

CooTBeTcTBYyIOIAs 3TOMY YpaBHEHHIO MOCTAaHOBKA 3aja-
YK 5KBHBAJEHTHA PacCMOTPEHHIO JBHXKEHHS! COBOKYIHOCTH
6O0JIBILIOTO YHC/Ia MAEHTHYHBIX MEXaHHUECKUX CHCTeM, OTJIH-
YaWKUXCs APYr OT Apyra HayaJbHBIMHU ycioBusiMu. [lepe-
XOJl K OOBIYHOH NOCTaHOBKE JMHAMHYeCKOH 3aJayd C TOYHO
(HKCHPOBaHHBIMH HauaJbHBIMU 3HAUEHHSIMH (g, Po OCYIIECT-
BAsieTCs] 3aJlaHNeM HayalbHOH (PYHKLUHHM pacmpeleNeHHsl B
Buje npoussefenus §-pyukunit Jupaka, T. e.

f @, p,to) = 8(q —qo)d(p — po)-

Ho Henb3st 3a6rIBaTh, YTO TaKOe TOYHOE 3aJlaHyie HauyalbHBIX
‘YCJIOBHiI HEBO3MOKHO.

BriBoJi, KOTOpBI MOMKHO CAlesiaTh W3 NPOBENEHHOro pac-
CMOTpEHHSsI, KaXKeTcsl Ha MepBBIH B3IJIs] NapajoKCaJbHbIM,
XOTS AOCTaTOYHBIX OCHOBAHHUM AJISi COMHEHHI B €r0 NpaBH/Ib-
HOCTH HeT. I'a1a6H0e omaudue K6AHMOBO MeXaHUKU Om KAQC-
CU4eCKOl 3QKAIOMAEMCS COBCEM He 8 CMAMUCMUHECKOM Xa-
paxmepe nepsoii. Y1 Ta m japyras Teopusl, B CYIIHOCTH,
JIOJIXHBI (OPMYJIHPOBATLCSI HAa SI3BIKE BEPOSITHOCTEH.

OcHoBHOe pasnnuuve o6euX MeXaHUK COCTOMT B TOM, UTO
B KBaHTOBOH MeXaHHKe NepPBHYHOH BEJMUYHHOH CJYXKHT He
BEPOATHOCTb, a ee aMILIMTYAa — BosnHoBass ¢ynkuus V.
STo npUBOAUT K HMHTepdepeHINH BepOsSTHOCTEH —  siBJIe-
HUIO, HE HMeIOLleMYy aHajora B KJIaCCHYeCKOH MeXaHHKe.
CkyafpIBaloTCsl NPH HANOXKEHUH BOJIHOBBIX ITIOJIEH HE BEpo-
SITHOCTH, @, B. COOTBETCTBHU C IPHHIHUIIOM CYIEpIO3HIHH,
BOJHOBble GyHKuuH. Il0STOMY IUIOTHOCTH BEpPOSITHOCTH
| VP =¥y + ¥ = [¥ P+ Vo + ¥, Y, + ¥ F,* co-
JepxKuT uHTepdepeHnronnsle wiennl ¥ *¥, 4+ ¥, ¥,*, or-
CYTCTBYIOIHE B KJIaCCHYECKOH TEOpPHH.

*) 3neck nox g H p caeayeT noHumatb 6N nepemenubix, rae N —
YHCIO CTeneHedt CBOGQIbL
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Eme oano cyiuecrBennoe pasauume cBa3aHo ¢ NpUHLIKI-
noM HeonpefeneHHocTelt I'efiseHGepra, COrJIacHO KOTOPOMY
pacnpefieJieHHsl BepOATHOCTEH JJ/Isi KOOPAMHAT H HMIYJlb-
COB He MOr'yT OhiIThb HE3aBHCHMBIMH, KaK B KJaCCHYECKOM
caydae.

O6a s(dexrta 3aBUCAT OT nocTosiHHol [lnauka %, u on-
HO MX HaJlHyHe, COIVIACHO 3aMeYaHHI0 DOpHa, NPUBOMHUT
K HeOOXOIHMMOCTH CTaTHCTHUECKOH TpPaKTOBKH TeopuH. B
KJIaCCHYEeCKOH Ke MeXaHHKe OTKa3 OT CTaTHCTHUECKOMH TpaK-
TOBKH HJIM ee INIpHBJIE€YEHHE 3aBHUCAT OT TOrO, CUHMTATh JIH
noHATHe GECKOHEUHO TOYHOrO H3MepeHHS$ (PH3HUECKH OCMEIC-
JIeHHBIM HJIH HET.

Koneunoe sakJ/iloueHHe, K KoTopoMy npuxonut Bopw,
Ha HaIl B3IVISZ, B CBOeH OCHOBe MPAaBHJILHO, €CJH NOJ Tep-
MHHOM «JIeTEDMUHH3M» MTOHHMATh TOCIOACTBO JHHAMHYECKHX
3aKOHOB, a MOJ TEPMHHOM <«HHIETEPMHHH3M» — OTpHIA-
HHe HX OcHoBomoJaraoiieli poat. «OGBYHOE YTBEpXKIEHHUE,
YTO KJacCHYecKasi MeXaHHKa JETePMUHHCTHYHA, SIBJSETCH,
TaKHM 06pa3oM, HempaBHUJIbHBIM. Bo3paxkeHHs NPOTHB cTa-
THCTHYECKOI HHTepIpeTalluy KBAHTOBOH MeXaHUKH, KOTOpast
OCHOBBIBA€TCA Ha MHIEeTEpMHHH3Me, JHMIIAIOTCSH BCSIKHX OC-
HoBaHMil. Kak mnoJsiyyaercsi, 4To 3TOT JIOXKHBIM HJeas TaK
IPOYHO YKOPEHHMJICS B rOJIOBaX Ja)Ke MPEBOCXOJHBIX HccJe-
JoBaTeJleH,— 3TO He (u3HyecKass pobaemMa, a NCHXOJOTHU-
yecKasi, KoTopasi, BeDOSITHO, MOXKeT ObITb IIOHSITA U3 pas-
BUTHSI (PH3HUECKON KapTHHBI MUpa co BpeMeH HbloToHa»
([33], crp. 450).

OnHosHayHble CBSI3H, BBOAMMBbIE B MeXaHuke HrroToHa,
0 CYILECTBY JIMILb CO3JAI0T HJ/IIO3HI0 abCOMIOTHOIO JeTep-
MHHH3Ma H He MOI'YT CUMTAThCSl CaMbIMHU IVIyOOKHMH 3aKO-
HaMH NIPHPOJHL.

MoxHO nblTathesl (KaK YacTo M JeJlaeTcsi) ONpoBeprHyTh
JIAaHHBIH BBIBOJI, CChLIafCh HA TO, YTO B NPHBEJEHHLIX BHILLE
paccykIeHUsIX YNop JeslaeTcsi Ha BO3MOXKHOCTH INpeACKa-
3aHHH JBMXKEHHUS, Ha BO3MOXHOCTH TOYHOH (PMKCalHUH Ha-
YaJbHBIX YCJIOBHH U T. 1. Heslb3si , MOJI, NyTaTh BO3MOXKHOCTH
npeackasaHud (OHH Bcerja OrpaHHyeHbl) C TeM, 4TO «Ha
caMoM Jieie», B MPHHLIHIe, JBH:KeHHe TOYHO NOAYHMHsETCS
JMHAMHYECKUM 3aKOHaM.

OpHaKo ecJid ¢ 3TUM COTVIacHTbCS, TO TOTAA Y2Ke CJAefyeT
TBEPJO CTaThb HA TOUKY 3peHHs JIOAeH, CYMTAIOMX, 4TO B
NPHPOJE «...['OCIOACTBYET JIHIIb IPOCTasi, HeMOCPeACTBeHHas
HeoO6XofuMocTb. UTO B 3TOM CTpYYKe NATH TOPOLIMH, a He
YeTblpe HMJIM IIECTb, UTO XBOCT 3TOH coGakH IAJIMHOH B NATh
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JIIOHMOB...— BCe 3TO (GakThl, Bbi3BaHHble He MOAJeKallHM
U3MEHEHHUIO CLellJIeHHeM IPHYMH M CJeJCTBHH, He3blbJes
Mol HeO6GXOIUMOCTbIO, H IPHTOM TaK, YTO Yy2Ke ra3oBbli 1uap,
U3 KOTOPOrO MPOHU30LJIA COMHEUHAasi CHCTeMa, Obll yCTpPOoeH
TakKHM 06pa3oM, YTO 3TH COGBLITHS JOJIKHBI GBLIH CIYUHTHCS
HMEHHO TaK, a He HHade»... OpHako «C Heo6XOQHMOCTbHIO
3TOr'0 POJia MBI TOXKE ellle He BBHIXOJUM 3a NpeJiesibl TeoJOorH-
4eCcKOro B3rJisiia Ha npHpony. Jl/is HayKu nouTH 6e3pasiny-
HO, Ha30BeM JIH MbI 3T0, BMecTe ¢ ABrycriuHoMm u KaJbBu-
HOM, H3BEUHBIM pellleHHeM GOXKbHM, HJIH, BMeCTe C TYPKaMH,
KHCMETOM, HJIH Xe Heob6XxoxumocThblo. Hu B ogHOM H3 3THX
cly4yaeB HET H PEYH O IPOC/EXKHBAHMH NPHYHHHOH LEMNH.
TlosToMy kak 8 mom, mak u 8 Opyzom cayuae mbl HU4Ymb He
cmarosumces ymuee. Tax Haseieaemas Heobxo0umocmos ocma-
emca nycmoti ¢ppasoli, a emecme ¢ IMuM U Cay4all ocmaemcs
mem, dem oH 6oy [49] (xkypcuB Haw.— I'. M.).

KoHeuHo, BceM 3HaKOMO 3TO BhickasbiBanHe ®. DHrelsb-
ca. Ero cyTh uMeeT npsiMoe OTHOLIEHHE K IONBITKAM BBIIATh
JUHAMHUYECKHEe 3aKOHBl 3a BBINOJHAWOUIHECS B NpPHHIHUIE
COBepIIEHHO TOYHO H, CJeJoBaTeqbHO, C KeJe3HoH HeoO-
XOJUMOCTBIO MPHUBOASAIILNE K CTPOTO OHpeeNeHHBIM CIeACT-
BHSM. B feficTBUTE/bHOCTH XKe oGpallleHHe K C/I0BaM «B [IPHH-
[HIe» He «JlelaeT HAC YMHee» 1 HHCKOJbKO He MPHOIHXKaeT
K TIOHHMaHHIO OKpY2Kalllero Mupa. 34ech CJOBa «B NPHH-
[HIIe» 03HAYAIOT Ha CaMOM Jiele OTXOJ OT NMPaKTHKH ecTecT-
BEeHHBIX HayK C HX CTPOrHM TpeGOBaHHEM HeOGXONHMMOCTH
SKCIIepHMEHTAJbHbIX NOATBEPXKIeHHH BceX CBOHX YTBepXK-
IeHuid. OHY TONPOCTY He HayYHBI ¥ CIIOCOGHBI MOPOAHUTD JIHIUb
6ecnionHble JUCKYCCHH, B KOTOPBIX HUKTO HHYErOo H HUKOMY
He MOXET J0Ka3aTh OKOHYATeJbHO.

§ 3. I'panuubl NPUMEHHMOCTH AMHAMHYECKHX 3aKOHOB
ANs cMcTeM ¢ GOJbIIHM YHCJOM YaCTHIL

K nvHaMHyecKHM TeOpHSIM, ONHCHIBAIOUIHM MOBEJeHHE
CHCTeM H3 OTPOMHOTO YHCJa YacCTHIL, OTHOCSITCS TEPMOJHHA-
MHKa, MeXaHHKa CIJIOLUIHbIX CPell, MaKPOCKOMHYECKast 3JeK-
TpogHHaMHKa MakcBessa H Teopus rpaBuTauMu. Eciau qu-
HaMHyeckHe 3aKOHBl JJIsl CHCTeM C HeGOJIBLIMM YHCJIOM TeJl
WM yactuy (KJaccHuyeckasis MeXaHHKa, KJaccHueckas Teo-
pHsL MHKponoJel, 6Ga3upyiollasici Ha ypaBHeHHsSX Mak-
cBesvia — JlopeHLa) BBINOMHAIOTCS TEM JIydlle, YeM MeHb-
Ile YacTHIl B CHCTeEMe MJH 4YeM MeHblle YHCIO He3aBHCH-
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MBbIX BO3J€HCTBHH, HCIBITLIBAEMBIX HMH *), TO JJs JHHAMH-
4yeCKHX 3aKOHOB, paccMaTpPHBaeMbIX B JaHHOM mnaparpade,
Je/10 OGCTOUT COBEpLIEHHO HHave.

Ecau cucmema cocmoum u3 o4eHb 6046UI020 HUCAQ 4aC-
muy, mo onucoblarouue ee nosedetue OUHAMUYECKUE 3AKOHbL
BbINOAHAIOMCS Mem mouKee, Yem 6oabule 4acmuy co0epICUmcs
8 OanHoU cucmeme. DTO CBSI3aHO C TeM, YTO JHHAMHYeCKHe
3aKOHOMEPHOCTH B TEOPHAX THIA TePMOAMHAMHKH MpPeJCTaB-
JISTIOT coO0H ycpelHeHHble 3aKOHHI MOBEJIeHHsI KOJIEKTHBOB
U3 OTrPOMHOro yHc/aa 4YacTuu. JUHaMHYecKHe »Ke 3aKOHBI
THIAa 3aKOHOMePHOCTeH KJIacCHYECKOH MeXaHHKH, HalpOTHB,
npucnoco6JieHbl /s ONIHCAHHS NIOBEJleHHS OTAEIbHBIX 00beK-
TOB HJIH CPaBHHTEJNbHO He6OJbLIOrO HX yHcJa. B sTHX ABYX
THIAaX JAMHAMHYeCKHX 3aKOHOB pacCcMaTpHBAIOTCS KpalfiHue
c/lyyau o4eHb GOJIBILOTO H OYeHb MaJoro yucsaa teia. Orme-
THM, KCTaTH, YTO HauboJiee TPYAHBI JJIS1 ONHCAHHS NPOMe-
XKYTOUHLIE CIYyYaH, Korja, ¢ OfHOH CTOPOHBI, YaCTHIL{ CJIMII-
KOM WMHOro, YTOObl K HHM MOXHO ObLIO YCIIEIIHO NpHMe-
HSITb 3aKOHOMEPHOCTH MOBEJeHHs OTAeNbHBIX OOBEKTOB
(6yb TO 3aKOHBI KJIacCHYeCKOH HJIM KBaHTOBOH MeXaHUKH),
C JPYroH CTOPOHbBI,— CJHIIKOM MaJjo, YTOGH! NOJHOCTBIO
06HapyKHBaNHCh XapakTepHble JJ/s1 GOJbLIIHX KOJJIEKTH-
BOB 0COGEHHOCTH NoBefieHHs. K MOZOGHBIM cHCTeMaM OTHO-
csTCsl, HanpHUMep, AaTOMHBIE SIpa TSXKeEJbIX 3J€MEHTOB H
CJIOXKHBIE MOJIEKYJbl, B IepPBYIO oYepeib OpPraHHYeCKHe.

JluHaMHUecKHe 3aKOHBI, ONUCHIBAIOIIHE NOBEJIEHHE COBO-
KYIHOCTH GOJIbLIOTO YHCJIa YaCTHL, HNPUI'OAHBI B TeX CIY-
4asx, KOrjia JJIs HCcCeflyeMbIX IPOLECCOB He CYHIECTBEHHHI
HH QJIYKTyalHH NapaMeTPOB CHCTeMBl B LIeJIOM HJH B ee
GosbLINX YacTaX (0GbIYHO 3TH (UIYKTY allHH MaJsibl), HH 3Ha-
yuTe/bHble QJIYKTyalUud B MaJsblX YacTSIX paccMaTpHBaeMOH
cucteMbl. FIMeHHO B TakHX ciydyasiXx ClpaBe/IHBEI 3aKOHBI
TEepMOJAMHAMUKH H MeXaHHKH CIVIOMIHBIX Cpefl, a 3JeKTpo-
MarHuTHble SIBJeHHSI MOXHO ONHCaThb B paMKaX MaKpOCKO-
NHYECKOH 3JeKTPOAMHaMHKH Makcsenna. B npembinymiux
ryiaBax o6 3TOM TOBOPHJIOCH JOCTATOYHO NOAPOGHO, H Tenepb
MOXHO OIpPaHHYHUTBHCS HECKOJIbKUMH CJIOBaMH.

JluHaMHYecKHe 3aKOHBI pacCMaTpHBAaeMOro THIA OKashl-
BalOTCA CHOpaBeVIMBLIMH B Cp el H e M I oueHb 60Jib-
IIOTO YHCJIA YaCTHI{ U TEPAIOT CUJIY NIPH NepeXxojie K MaJoMy

*) B Teopuu nossi HMeeTCs B BHAY MaJIoe YHCJO 3ap IKEHHBIX yac-
THL. YHC10 GOTOHOB JOMKHO GBITh GOIBLINM, JJ1sf TOTQ YTOObI GHIIO IPHe
TOJAHO KJIacCHYECKOe NPHOJHIKEeHHe.
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YHCJly 4YacTHL, KOrJa HeoOXOAHMO MOJ/1b30BaThCA CTATHCTH-
4eCKHMH 3aKOHaMH. DTO CBSI3aHO C TeM, 4TO (PIYKTyaluH
($u3HYeCKUX BeIWYHH OOYCJOBJEHB KOHEYHOCTBIO 4YHc/Ia
yacTul U cucreMmbl. CpenHuil KBagpaT (QIYKTyaluH aijiu-
THBHOK BesHyMHBl ¢ nponopuHoHaleH YHCHy yacTHi N,
T. €.

(ADYP = (D — D)2 er N,

a OTHOCHTENbHAs ee BIYKTyalus o6paTHO MPONOPLHOHANE-
Ha Y'N:

V @ox 1
T w-]/—N_— .

YMeHblIIeHHE OTHOCHTEJIBHBIX (IYKTyalHd ¢ pOCTOM
41CJIa YaCTHIL 06CYJIOBJIEHO CTAaTHCTHYECKOH HE3aBHCHMOCTBIO
OTJIeJbHBIX MaJbIX YacTed CHCTEMBL.

Ilpu manoM umcie yacTHU (QIYKTYallMH CTAHOBATCS Ha-
CTOJIbKO 3HAUUTEIbHBIMH, YTO HUHAMHYeCKOe ONHCaHHe Te-
psieT cMbICT.

Panee y»e NpPHBOAUJINCH NPUMEPHI CYLIECTBEHHBIX MakK-
pockonuueckuX 3¢deKToB MJIs CHCTeMbl B 1l€JI0M, BbI3biBa-
eMbIX (UIYKTyalUHsIMH B MaJIbIX ee 00beMaX U He OOGBSACHS-
eMBIX JUHAMHYeCKHMH. TeopHAMH. Tak, roqy6ol LBeT He6a
UEeNIUKOM 00yc/aoBAeH (GUIYKTyalUsiMH NJIOTHOCTH BO3lyXa
B MaJIbIX of6beMax.

Ilpu ompepeneHHBIX YCJIOBHAX (GAYKTYallHH IJIOTHOCTH
MOTYT CHJILHO Bo3pacTarh. Hanpumep, B KpHTHYECKOM cOC-
TOSIHHH, KOTJla JaBJeHHe OueHb c¢j1abo 3aBHCHT OT o6beMa,
HOSABJSIOTCA He TOJAbKO 6oJjibiiye QIyKTyaluH, HO H BO3HH-
KaeT KOppeslus MeXNY HUMH. DTO NPUBOAHUT K aHOMA/IbHO
GOJIBILIOMY pacCesiHUIO CBeTa (KpUTHYecKas ONaJlecleHLHs]),
H3MeHEHHIO NOTVIOIIEeHHSI U CKOPOCTH pacnpocTpaHeHHUs YJlb-
TpasByKa U T. [I.

IlpuMepoM, NOKa3bIBAIOIUM BJIHMSHHE MajblX (QuyKTya-
LUHA Ha napaMeTphl CUCTEM B LIeJIOM, CJYXKaT LIYMbl B pajHo-
TeXHHUECKHX ycTpoficTBax. M3-3a ¢aykryauuii He cyliect-
BYET «TOYHOI'O», MOCTOSTHHOT'O 3HAUEHHS TOKA WUJIU Halpsike-
‘HHS, YTO 0COOEHHO BaXKHO NPHU cJabblX TokaXx. OaykTyannu
TOKa, Hanpsi:KeHHS U MOLIHOCTH HMIpaloT NPUHIUHUNHANBHYIO
pOJIb B COBPEMEHHOH paiuoTeXHUKe, Hajlarast onpejieJieHHble
npejessl Ha 3¢(eKTHBHOCTb U HaJIe?KHOCTb KaHAJIOB pPajHo-
cBsI3H. YyBCTBHTeNLHOCTb COBPEMEHHOH pajyuoannaparyphl,
npUMeHsieMOH, HalpHMep, B PafiMQacTPOHOMUH M JJISl KOC-
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MiuecKol pagvocBa3u HA NecsTKH MUMTHMOHOB KHJIOMETDOB,
CTOJIb BeJIMKA, 4To 6opbba ¢ IIyMaMH, TOMeXOYCTOHYHBOCTh
CHCTeM, INpejcTaB/isieT BaxKHeiliryio sagauy. CoBpeMeHHas
TeopeTHUYecKasi pajUOTeXHHKa yKe He MOXKeT 6a3HpOBaThCs
Ha OJHHMX JAMHaAMHYecKMX 3akoHaX. OHa HeMbicaIMMa Ge3s
HCIIOJIb30BaHHSA CTAaTHCTHUYECKUX 3aKOHOMEPHOCTEH.

B HekoTOpHIX c/ayyasix, HanmpuMep NpH TypOYJEHTHOM
TeYeHHH B rasax, XKHAKOCTAX WJIH NJIa3Me, clydalHble Hepe-
IYJSIPHOCTH TeYeHHsI He 3aTyXaloT, Kak INpH JaMHHapHOM
TEYeHHH, a, NOCTEeNeHHO HapacTas, NMPHHUMAIOT MaKpOCKO-
nuyeckde Maciwra6bl. s onMcaHHS TAKOro TeueHHs, Kak
y2Ke TOBOPHJIOCH BHIlIE, CJAeIyeT HCIOJNb30BaTh CTaTHCTH-
yeckne MeToibl. Kak H B K/accHueckoil MexaHiKe, JJs1 Bpe-
MeH, OOJBIIMX KPHTHYECKHX, IPHU TYpOyJEeHTHOM TeYeHHH
JMHAMHYECKOe ONHCaHUE TepsieT CMbICJ, HECMOTPSl Ha JHHa-
MHYECKHH XapaKTep CaMHX YpaBHeHUfi [IBHXKEHHs CIJIOLL-
HOH cpejbl.

B Teopuu rpaBUTaLlHOHHOTrO NOJS yueT GayKTyauut noss
B MaJblX o6beMaX, BhI3BAHHBIX (DIYKTyalUsIMH MJIOTHOCTH,
He MOXeT OBbIThb CYLIEeCTBEHHBIM HH NP KakKHMX mHpoleccax,
TaK KaK TIPaBUTALHOHHBIE CHJIBl SIBJISIIOTCS yJbTpacJalhl-
mu. Ho B KocMHueckuX MaciutaGax, BCJAEACTBHE HeaJUTHB-
HOCTH 5Heprufl TpaBUTHPYIOLIUX CHCTeM, GIYKTyaluH MOTYT
0Ka3aThbCsl 3HAUHTENbHBIMH IPH YBeJHYEHHH YHCJIa B3aHMO-
JEeHCTBYIOIUX Tel.

Brnpouem, comMHeHHH B TOM, 4TO JUHAMHYeCKHe 3aKOHBI
IUIST CHCTEM, COCTOSILIMX H3 OOJIbLIOro YHCJa YacTHll, SIBJS-
10T MpHOMMXKEHHBIMH, a 6oJiee TOYHOE ONMHCaHHe JAaercd
COOTBETCTBYIOLIUMH CTaTUCTHYECKUMH 33KOHaMH, OOBIYHO
HH Y KOTO He BO3HHKAeT. 3Jiech cuTyauus GoJiee po3pauHa,
yeM B cJyyae JHHAMHYECKHX 3aKOHOB, ONHCHIBAIOIIMX HO-
BeJieHHe OTAeIbHbIX 0GBEKTOB.

§ 4. Nerepmunnsm Jlannaca Kak BbipaxeHnue
npuMara AHHAMHYECKHX 3aKOHOB

ITpu o6CcyXNeHHH COOTHOLUEHHS MeXIYy AMHaMHYeCKHUMH
U CTATHCTHYECKMMHM 3aKOHOMEDHOCTSIMH HeJb3sl O0GOHTH
MoOJIYaHHEM 3HAMEHHUTYIO (OpMYJTHPOBKY NPUHLMNA NPHYHH-
HOCTH, JaHHYy0 JlanmnacoM: «YM, KOTOpOMY ObLTH Gbl H3BECT-
HBI /IS KaKOr'o-J1H60 JaHHOTO MOMEHTa BCe CHJIBI, OfyLIEB-
JsllolIMe NPUPOAY, M OTHOCHTEJNbHOE MOJIOKEHHE BCEX ee
COCTaBJSIOLIUX yacTell, ecad Obl BJOGAaBOK ©H OKasaJjcs
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J10cTaTOUHO OGIIMPHBIM, 4TOGH! OAYHHHTD 5TH falHble aHalii-
3y, OGHsJ Gbl B OfHOI (popMyJie IBHKEHHS BeTHYAHILIHKX TeJl
BcenenHolt HapaBHe ¢ JBHXKEHHEM MeJbYailINX aTOMOB: He
ocTajioch 6Bl HUYEro, 4TOo ObIJIO Obl J71s1 HEI'O HEJIOCTOBEPHBIM,
u Gynyilee, Tak XXe Kak H Ipoluwioe, npejpcrano Obl nepeq
ero B3opom» ([50], ctp. 9). Jlanaac npexacrasiasi cebe pa-
6GOTy 3TOro «OGIIMPHOTO pasyMa» NoXoxeHd Ha paboTy acT-
poHOMa, IpeACKa3blBAIOLETO IOJOXKeHHe HeGeCHBIX Tell
Ha OCHOBE 3HaHHS HX KOOPJHMHAT U CKOpOCTeH B Haya/JbHbIH
MoMeHT. Ho TOJIbKO «OOMIHDHBIH pa3ym» MOXET ONepHpO-
BaTh C JIIOGBIM YHCJIOM TeJsl, B3aHMOJIEHCTBYIOLIHX IPYT C APY-
rOM HOCPEACTBOM JIIOOBIX CHJI. «¥YM YeJoBeYecKHH,— mpo-
no/mxkaer Jlamjac,— B cOBeplLIEHCTBE, KOTOpPOe OH CYyMeJ
NpUAATh acTPOHOMHH, JaeT HaM MNpeACTaBJeHHe O c1aboM
HaGpocKe 3Toro pasyma... Bece ycuaus n1yxa B mouckax HUc-
THHBI TOCTOSIHHO CTPeMATCS NpPHGIH3UTHL €ro K pasymy,
0 KOTOPOM MBI TOJbKO YTO YIIOMHHAJH, HO OT KOTOPOrO OH
ocraHeTcsi Bcerja GeckoHeyHo panekuM» ([501, crp. 10).

B Hame#t suTeparype MHOIOKpAaTHO OTMeyaJscsi MeTadu-
3HYeCKHUIl XapaKTep AeTepMHHU3Ma JlanJjaca U npHBOoHJIACh
€ro BCECTOPOHHSIST KpuTHKa. [lostoMmy, 4TOoGH H36GexaTh
MOBTOPEHHS] H3BECTHBIX Belllell, Mbl OCTAHOBHMCSI NOAPOGHO
Ha OJHOM MOMEHTe, CYLIECTBEHHOM JJIsi Halllero Hccaefo-
BaHUSA.

ITpenBapurenbHo, BipoueM, Xodercsi o6paTHTh BHUMaHHe
Ha JoGonbiTHOe 3aMedanne Ppanka no nosoxy ¢popMyJIHPOB-
ku Jlannaca. Jlanaac, ormeuaer ®pank, BBoas B GOpMYJIH-
POBKY NPHYHHHOCTH HEeKHH «BEpXOBHLIH pa3yM», KOHEUHO,
IyMasd, 4TO 3TO TOJBKO YAOOHBIH cnoco6 BhIpaXkaTbC H
YTO «BEPXOBHBIH pa3yM» MOXHO YCTPaHHTb, a NpPHHLHI
NPHYHHHOCTH MOXHO c(pOpMYJIHPOBATh, CCHIIASICH TOJIBKO Ha
yesoBeyeckne cnoco6HocTH ([51], crp. 404). OnHako 3to He
TaK NpOCTO. YUHTHIBAasi HEYCTOHUHBLIH XapaKTep MeXaHHYe-
CKOT'O JIBHXKEHHS, O KOTOpDOM MNOAPOGHO TOBOpHJIOCH B § 2
JaHHOH IJ1aBbl, Mbl — JlaXe IPH JONYLIEHHH HeNpeNoX-
HO#l CHpaBefJIHBOCTH HBIOTOHOBCKOH MeXaHHKHM JIJf BceX
¢Hu3HYeCKHX $SIBJEHHH — He BIpaBe JeJaTb 3aKJIOYEHHE O
TOM, 4To Gynylnee COCTOSIHHe MOXHO OLHO3HAuyHO onpefe-
JIUTb U3 NPOU3BOJBHOIO Haya/JbHOTO COCTOSIHMS, KOTOpOE
Mbl HabmiogaeM. Ecau nmpHHATH BO BHHMaHHe INOC/efHee
3aMeyaHHe, TO MPeACTaBJsIETCS MaJONpaBloONofA0GHbIM, YTO
JIaNJIacOBCKHH «BCeBeyILHH pa3yM» MOXXHO 6yJeT 3aMeHHThb
yesoBeueckUM. «HMaesti Bceobliero mnpenonpeneneHus,— 3a-
Meuaer jnajee ®paHk,— Mo-BHIUMOMY, CBSI3aHa C CYLIECT_
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BoBaHHeM «CBepXue/iOBEUECKOTO HJIH CBEPXbeCTecTBeHHOI0H
cymectsa» ([51], crp. 417).

Tenepb nepelineM K OCHOBHOMY /11 Hac MOMeHTY B (op-
MYJIHpOBKe JAeTepMHHH3Ma no Jlamiacy. Meradusuueckas
CYLIHOCTb NPHHIKNA NPUYHHHOCTH B JIaNJIacOBCKOH ¢opMe,
Jlesaloliasi ero HenpuemJeMbIM JJ1s1 GU3UKH BOOGLIE, COCTO-
HT He B NPOCTOM paclpocTpaHeHHH 3aKOHOB KJIACCHYECKOH
MeXaHHKH Ha Bce SIBJIeHUsT IPUPOJBI, KaK 3TO YaCTO CUHTAIOT.
ITo cymecTBy, BMECTO KJIaCCHYECKOH MeXaHHKH MBI MOXKEM
paccMaTpUBaTh 4100yi0 OUHAMUHMECKYID 3AKOHOMEPHOCHb W
¢opMy/THpPOBaTh KJIaCCHYECKHH NEeTePMHHH3M TakK: 10 TOY-
HO 3aJlaHHOMY Ha4yaJbHOMY COCTOSIHHIO CHCTEMBI (HMIYJIbCaM
¥ KOOpPAHHATaM B YacTHOM cJydae KJacCHYeCKOH MeXaHHKH)
MOXKHO OJ[HO3HAaUYHO ONpPEeNEeJHTh ee NOBEJEHHE B NPOILIOM H
G6ynymeM. MMenHo Takast ¢opMy/JHpOBKa Bhlpaxaer CyII-
HOCTh BHICKa3blBaHUs Jlan/iaca, XOTSl H He COBIafaeT C HUM
6ykBasbHO. [loaToMy omkas om 6ceo6Bemarouiez0 3HaA4eHUs
KAQCCUYECK020 OemepMUHUSMA  SBASEMCA OMKA30M OM Npu-
BHAHUR 8CEO0BEMAIOUYL20 BHAUCHUS OUHAMULECKUX 3AKOHO08, HO
He omkazom om OemepMUHU3MQ U NPUYUHHOCML 8000We.
OTKa3 OT KJ1aCCHYEeCKOro JeTepPMHHH3Ma HeOGXONHM He TOJIb-
KO B MHKPOMHpE (TaM 3TO OUeBHAHO BCJEJCTBHE CTATHCTHYE-
CKOr0 XapaKTepa KBaHTOBOH MeXaHMKH), HO U NPH HCCIENO0-
BaHHH MaKPOCKONHYECKHX SIBJEHHH.

HecoMHeHHO, YTO J1an/JIacoBCKHH IeTEDMUHH3M OTpazKaeT
onpejieNieHHble CTOPOHBI JIBHKEHUSI MAaKPOCKOIMHYECKHX Tel,
H B 5TOM OTHOIIEHHH HeJb3sl CUHTATh €r0 COBEPILEHHO JIOXK-
HbiM. Ho abcomorusanus ero Kak mouno20 ymeepowOerus
HellonmycTHMa. JlamJacoBCKUH JeTepMHHH3M BBIpaXKaeT TO
NNOHUMaHHue HeO6XO,I[HMOCTH, KOTOpO€ HMeeT CMEIC/ B JIIOOBIX
JMHAMHYECKHX 3aKOHAX, H OH NMPHGJHKEHHO CIPaBel/IUuB B
TO# Ke Mepe, KaK U JuHaMuyecKkHe 3aKoHbl. C yTBepXKIeHHeM
IVIaBEHCTBYIOLIET0 3HAYEHHS CTAaTHCTHYECKHX 3aKOHOMep-
HocTeli Hcye3aeT cBepXue/loBeyeCKHH HJeall, NOCTaBJeHHBIH
nepel HAyKOH KOHUeNueHd abGCoJIOTHOTO JeTepMHHH3MA,
U HcYe3aeT caMa HAesl «BCEBEeIYLIEro CO3HaHUA», JJIA KO-
TOpOro 3apaHee JeTePMHHHDPOBAHBI CYAbOBI MHpa.

IlepefineM Tenmepb HeNOCPEACTBEHHO K (puaocodckoMy
060CHOBAHHIO Halllero OCHOBHOIO Te3HCa O IePBHYHOCTH
CTaTHCTHYECKHX 3aKOHOB.



FTABA V

CTATUCTUYECKHE 3AKOHbBI
KAK HAHUBOJIEE I'J1YBOKOE BbIPA)XEHHE
HEOBXOAMMbIX CBA3EW B NMPHUPOJE

§ 1. AnanekTHyeckasi B3aMMOCBA3b HEOGXOXMMOro
M CJY4YaidHOTO B CTATHCTHYECKMX 3aKOHOMEPHOCTSX

Bo BcskoM peaslbHOM MHpoliecce HIH SBJIEHHH HEOOXOAH -
MOCTb, NpHCYIass HX Hpupoje, IpobuBaeT cebe LOpOry
CKBO3b TOMMYy caydaiiHocTell. MHbIMH c/oBaMH, MeXny
HeOOXOAUMBIM U CJAYUYaHHBIM BCerza OObEKTHBHO CYILECTBYET
TeCHasi CBAA3b, CJIOXKHble B3aHMOOTHOLIEHH S, KOTOPhIe BCKPbI-
BaIOTCS OCHOBHBIM, IO BhipaxKeHuio B. U. JleHuHa, 3aKoHOM
AUaJeKTHKH — 3aKOHOM €IHHCTBA IPOTHBONOJIOXHOCTEH.
Bor 3Tu-TO c/l02KHble B3aHMOOTHOLIEHHS] H He BCKPBIBAIOTCSA
B paMKaX JAHHaMHYeCKHX 3aKoHOB.(CBs3b HeOGXONHMOIO H
cJy4yaHHOro He MOXeT ObITb OTpad(eHa B paMKaX JHHaMH-
YeCKHX 3aKOHOB, TaK KaK OHM COBEPLIEHHO HTHOBHPYIOT
caydaiiHoe. B puHamMuueckoil 3aKoHOMepHOCTH (OPMYJIHPY-
€Tcsl TOT CpeJIHUHA HeoOXOMUMBIH pe3yJibTaT, K KOTOpOMY NMpPH-
BOJIMT T€UEHHE NPOLECCOB, HO CJIOKHBIA XapaKTep yCTaHOBJIe-
HHUSl JaHHOTO pe3yJibTaTa He paccMaTpUBaeTcsl, NOCKOJb-
KY BBIXOJMT 32 PaMKH 3aKOHOMEPHOCTH AaHHoro THna. Ilpu
paccCMOTpeHHH JOCTaTOYHO OOIIHMPHOrO Kpyra BOIIPOCOB,
KOr/la OTKJIOHEHHS OT HeoOXOJNMOro CpefHero HUUYTOXKHBI,
TaKoe OIIHCaHHe IIPOLECCOB BIIOJIHE YAOBJETBOPHTE/IBLHO.
OnHako H B 9TOM cJy4ae OHO MOXKET CUHTAThCsl yJOBJIETBO-
pPHUTENbHEIM IIPH YCJIOBHH, UTO Hac He HHTEPECYIOT Te CJ0XK-
Hble B3aVMOOTHOIIEHHS, KOTOPble IPHBOAST K HEOOXOLHMBIM
CBfA35IM, U Mbl OIDaHHYHBAEMCSl KOHCTaTalueH 3THX cBs3eH
B JAMHaMHYecKHX 3aKoHaX. Hajio oT4eTsHBO HpeACTaBJATHb
cebe, 4TO a6GCOMIOTHO TOYHBIX, OJHO3HAYHBLIX CBsA3eH, (PUK-
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CHPYEMBIX CYLIECTBYIOUIHMH JAHHAMHYECKHMHM 3aKOHaMH, B
npupoje npocto HeT. B peanbHBIX npoueccax Bcerga npouc-
XOAAT HeusGeKHble OTKJIOHEHHS OT CPeIHUX — CayudalHble
GIyKTYaluuH, KOTOPBIE TONBKO NPH ONpeJieNeHHbIX YCAOBHAX
He HrpalioT CYIIeCTBEHHOH DPOJIH.

JluHaMuueckHe 3aKOHBI He CIIOCOOHBI OMHCHIBATH sBJIe-
HHS$l, KOTAa QIYKTYyalul 3HAYHTEbHB], H, YTO TaKXKe BaXKHO,
He CIIOCOGHBI MpeficKa3blBaTh, IPH KAKUX HMEHHO YCJIOBHSAX
OHH CTaHOBSITCSI CYIECTBEHHBIMH, T. €. IIPH KaKUX HMEHHO
YCJIOBHSIX MBI yXKe He MOXKeM paccMaTpHBaThb HeoOXOiHMoe
B OTPbIBe OT cJydaiiHoro. B nHHaMHyeckuX 3akoHaX HeoG-
XONHUMOCTb BHICTYNaeT B MeTau3HueckoH ¢opMe, orpy6-
JAlleH ee NeHCTBUTENbHOE COLEpKaHHE.

Orcioa MBI NPHXOAUM K BLIBOLY, YTO CTaTHCTHYECKHE
3aKOHBI I'My6XKe JHHAMHYECKHX, TaK KaK OHH CBOGOAHHI OT
OTMeYeHHOH OorpaHHYeHHOCTH nocieqHux. He cayuaiiHo cta-
THCTHUECKHE 3aKOHbl BO3HHMKAIOT BCJEJ 338 THHAMHUECKHMH.
OHH jeficTBUTE/NBHO SIBASIOTCA Goslee Ty1yGOKHM 3TaloM Io-
3HaHHSA.

IlosicHuM cKasaHHOe Ha JBYX mnpumepax. JIBHKeHHe
TBEPAOrO TeJia B rasaX HJH XKHJKOCTAX C MaJoH CKOPOCThIO
BIIOJIHE YJIOBJIETBOPHTEJBHO OMHCHIBaeTcsl MeXaHHKoH Helo-
TOHA MyTeM BBeleHHusi cusbl TpeHus F = ko, rae v — cko-
poctb Tena, a k— KoadhUUUEHT TpeHHS. Y paBHEHHE JBH-
JKeHUS] JaeT B 3TOM CJydyae OJHO3HAUYHYIO CBS3b MEXIY
yCcKOpeHHeM M cKopocTbio. Ilpoiecc JBHXXeHUSI paccMaTpH-
BaeTcss Kak abCcoMIOTHO HeoGXonuMbIH. BHyTpeHHsaAs cyln-
HOCTb SIBJIEHHH, IPHBOASILUX K YCTaHOBJIEHHIO TaHHOH CHJIBI
TPeHHs, He paccMaTpHBaeTcs.

B nmeficTBUTENLHOCTH Ke 37lech ieno o6eTouT Tak. Cuia
TPEeHUS INOSIBJISIETCS B pe3yJ/bTare CTOJKHOBEHHIH C TeJOM
MOJIEKYJ1 OKPYIKalollell Cpefibl, IBHKEHHs KOTOPBIX Cayyai-
HBl [0 OTHOLIEHHIO K JBIKEHHIO TeJa. DTH COyAapeHHs C
HeOGXOJUMOCTBIO NMPHBOASIT K BO3HHKHOBEHHIO CHJIBI, IIpO-
NOPLHOHA/IbHOH cKopocTH. CHJla — HEeKOTOpblH cpenHHui
pesyJibTar yaapoB MoJekyn. Heob6xoxuMoctb (ycTaHOBJIeHHE
omnpefieieHHOH cpegHell cuJb) TnpoGuUBaeT cebe Jopory
CKBO3b TOJINY caydaiiHocTeH (CMydYaHHBIX IO OTHOLIEHHIO K
JIBUXKEHHIO Tejla JBHXeHHH Moseky.a). B nunaMuyeckom
3aKOHe 3TOT CJOXKHBIH IPOLeCC COBEPLIEHHO He OTpaeH.
IlaH TosbKO cpenHHi HeoGXOMUMBI pesynabraT. OmnucaHue
JKe B paMKaX CTaTHCTHYeCKHUX 3aKOHOMEpPHOCTell BCKpHIBaeT
CYHIHOCTb TIpoLlecca, INPHBOASILEr0 K IOSIBJIEHHIO CH-
JIBl, TIPOMOPLHOHANbHOH cKopocTH. OJHOBPEMEHHO MOXHO
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BBIYHC/IHTh HE TOJILKO CPEIHIOI0 BEJHYHHY CHJIbL, HOH ee OT-
K/JIOHeHHe OT Cpe[HEero, a TaKXe yCTaHOBHTb, NIPH KaKHX
YCJIOBHSIX JUHAMHYECKOe OINMCaHHe Mpoliecca CTaHOBHTCSA
HeBO3MOXKHBIM. I1Ipu oueHb Majoii Macce Teslo MpPeACTaBJIseT
co6oi GPOYHOBCKYIO YaCTHIY H JHHAMHUYECKOe ONMHCaHHe ee
NoBelleHHs1 yXKe HeBO3MOXKHO.

Jpyro# npumep. BTopo#l 3aKOH TepMOJHHAMHKH, HMe-
IOIHH NUHAMHYecKyl0 ¢opMy, BEPHO OTpakaeT NoOBeleHHe
COBOKYMHOCTH 00JIbLIOTO YHcJa yacTHl,. Ho oH He BckphiBaer
CYIIHOCTH INPOLIECCOB, NPUBOASLIMX K BO3pacTaHHIO SHTPO-
MY, a JlaeT TOJbKO HeOOXOMHUMbL CpeNHUl pesy/bTar. STOT
3aKOH He NOKasbIBaeT, KaK BCJEACTBHE CJOXKHOTO Ipolecca
B3aHMOJIeAiCTBHSA MOJIeKYJ HeoOXoIHMoe, 3aKJodalieecs
3Jlecb B CTPEMJIEHHH CHCTEMEl K HauGosee BEpOSITHOMY CO-
CTOSIHHIO, mpoOuBaeT cefe JOPOry CKBO3b TOJMY Caydaid-
HOCTeH, COCTOALINX 37ech B CIy4yaHHOM IOBEJEHHH MoJie-
KYyJ O OTHOLIEHHIO K TOBEIEHHIO BCell Macchl BellleCTBa
B L[eJIOM.

KpaiiHe cyliecTBeHHO (3TO y2Ke 0TMeYaJIoch BO BBe[leHHH),
YTO CTATHUCTHYECKHE 3aKOHBI OTHIONb He SIBJISIIOTCS 3aKOHAMH
cayqaiiHoro. Kak u arobbie 3akoHel npupolsl, cmamucmude-
CKUe 3aKOHbL 6blpascarom HeobXxo0umble c633u 6 npupooe.
[ToaToMy BpSiA /M AOMYCTHMA TEPMHHOJIOTHS, NPUMeEHseMas
Bomom_ 1 zp., corjiacHO KOTOpo# JHHaMHUeCKHe 3aKOHOMep-
HOCTH Ha3bIBAalOTCs NMPHYMHHBIMU (H CYHTAIOTCS OTpaKalo-
LIMH HeoGXOJUMble CBSI3H B IIPHPOJIE), a CTATHCTHYECKHE —
3aKOHOMEPHOCTSIMH c/Iy4yalHoro. 3jechb Jejo He TOJAbKO
B HenmpaBHJbHOH TepMuHOJoruu. OTCioNa yKe OJHH Liar Jo
SIKOGBI JIOTHYeCKH HeH30eXKHOTO BbIBOJA O TOM, YTO JHHAMH-
YeCKHe 3aKOHBI IVyGXKe CTaTHCTHYECKHX, HOGO MMeHHO OHH
SIBJISIIOTCS «IPHYMHHBIMHY, HIH «HEOOXOAHMBIMHY.

I'1aBHOe OT/IMYHE CTATHCTHYECKHX 3aKOHOB OT JAMHaMH-
YeCKUX — B yueTe cayuaiiHoro (dnykryanuit). I'1aBHoe ke
coflepXKaHUe CTAaTUCTHYECKHX 3aKOHOB — B OTPa’KeHHH He-
006X0AMMBIX cBsidell B npupoje. Takum obpa3oM, YKa3aHHas
TEPMHHOJIOTUSI NpPABUJIBLHO OTpPa)kaeT CYLUIECTBEHHOe pas-
JIMYHe AMHAMHYECKHX M CTATHCTHYECKHX 3aKOHOB, HO TIJIaB-
HOe coflepKaHHe CTaTHCTHYECKHX 3aKOHOB [MpeJCTaeT
NpU 3TOM B HENPaBUJIBLHOM OCBELIEHHUH.

HepmocratouHoe MOHHMaHHE TOrO, YTO CTATHCTHYECKHE
3aKOHBl BBIpQXKalOT HeoGXONHMble CBSI3H, SIBJASETCH, IO
HallleMy MHeHHIO, OfiHOH M3 HauboJjee CyHEeCTBEHHbIX NpH-
YHH HeJOOLUEHKH DOJNH H 3HaueHHsi 3THX 3aKOHOB. Kak
JHHaMHyecKHe, TaK M CTaTHCTHYeCKHe 3aKOHBI BHIPaxaioT
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eo6xonumbie cBsi3d. Ho B cTaTUCTHUECKHX 3aKOHax, B
OTJIHYHE OT JHUHAMHYeCKHX, HeoOXOJHMOCTb BBICTYNAET
JMQIEKTHYECKH, B Hepa3phIBHOH CBA3H €O CJAy4YaidHBIM.
13 ompeseneHHOM CMBIC/JIE OHA OCHOBaHA Ha CJOY4YalHOCTH, a
caMa c/IyyalHOCTb B CBOIO Odepellb BHICTYNaeT Kak ¢opMma
11pOsiBIeHHsT Heo6XoauMocTH. CTaTHCTHYECKHE CPEJHHE, BHI-
YHCJIEHHE KOTOPBIX H COCTaBJ/sieT IVIaBHYIO 3ajayy CTaTH-
CTHYeCKOH ¢GH3UKH, ¢ HeoOXOAHUMOCTHIO YCTaHaABJIHBAIOTCS
IIpH ompeneneHHbIX yciaoBusix. Ho uro mpexmcraBisier co-
Go#t 310 HeobxonuMoe cpepHee? B Kaxablil JaHHBIH MOMEHT
COCTOSIHHE CHCTeMBI He COBNajfaeT TOUHO co cpeaHuM. Bcer-
Jla BO3HHUKAIOT CJTydaiHble OTKJIOHEHHUSs! OT cpefiHero — ¢WIyK-
tyauud. OHaKO OHH NPOUCXOAAT B TY H JAPYTYIO CTOPOHY
OT CpeJiHero, ¥ HMeHHO M03TOMY CaMO CTaTHCTHYECKOE Cpefl-
Hee YCTaHaB/IMBAaeTCsl ¢ HeoGXONUMOCTbIO. B 3TOM cMbicsie
MOXHO CKa3aTh, UTO HeOoGXONMMOEe cpelHee oOIpeessier
ce6s Kak cayuailHocTh, TaK Kak Ji000e MTHOBEHHOe COCTOS -
HHE CHCTeMBI ciyyaiiHo. M3 yc/1oBuHi, B KOTOPEIX HaXOAHTCH
cHcTeMa, U U3 ee CBOHCTB C HeoOXOAMMOCTHIO BHITEKAeT
TOJIBKO OIpee/ieHHOe CpefHee.

OTKJIOHEHHSI OT cpefHero — (IYKTyaluuu — caydai-
Hbl B TOM CMBbICJIEe, YTO H3 YCJIOBHH, B KOTOPBIX HaXORHUTCS
CHCTeMa, COBCEM He CJe[yeT, YTO B JaHHBIH MOMEHT OTKJIO-
HeHHe OT CpefHero HMeeT onpefeleHHYl0 BeauunHy. Cra-
THCTHYECKHE 3aKOHBI MO3BOJISIOT TOJNBLKO BLIYUCTIUTL BEPOSIT-
HOCTb TOI'O MJIH HHOTO OTKJIOHEHHS, a TaKXKe JHCIEepPCHIO,
T.e. CpeJHee 3HAUeHHEe KBajparTa OTKJOHEHHS BEJHYHHBI OT
ee CpejiHero.

BMmecTe ¢ TeM, B CTaTHCTHYECKUX 3aKOHaX cJydyahHoe —
¢aykTyauun — BhICTynaeT Kak (opMa NposBJeHHS Heo6-
XOAUMOCTH, VIMEHHO COBOKYNHOCTb C/Ay4aHbIX MIHOBeH-
HBIX COCTOSIHHIl CHCTEME! BHISIBIsSIeT HeoOXO[AHMOe CpejHee.
Cam ¢akr cymecTBoBaHus QIYKTYaUHH B paMKaX CTaTHCTH-
YeCcKHX 3aKOHOMepHOCTeH Heo6XOpHM.

TakuM o6pasoM, XapakTep CTaTHCTHYECKOH 3aKOHOMep-
HOCTH INpPSIMO TOATBEPXKIAET KOHIENUHI0O O BHYTpPeHHelH
CBsI3U HeOGXOJUMOro U Cl1y4aiHOro; OH NOATBEpXKAAeT 3Ha-
MeHHTOe BhicKasbiBaHHe ['erens, mpuBeneHHoe @. DHrenb-
coM B «JIHa/leKTHKe NPHPOJLI», O TOM, UTO clydaiiHoe HeoO-
XO[[MMO, YTO HeoGXOJHUMOCTb caMa oInpefensieT ce6s Kak
clyyaiiHoe M 4TO, C JPYroH CTOPOHHI, C/Iy4aHHOCTb €CTb
cKopee aGCoJIOTHAst HEOGXOAUMOCTb. BBHY OueHb BaXKHOroO
3HAYeHUs TOCJAEHEro MNOJIOXKEHHs AJIsi MOHUMaHHA CTaTH-
CTHYECKHX 3aKOHOMEPHOCTEH pacCMOTPHM B JleTa/lfX B3aHMO-
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CBsI3b He00XOAMMOro M CJAy4YalHOro Ha NIPOCTOM IIpHMepe
CTaTHCTHYECKOTO 3aKOHAa — paclpefieleHHsT MOJEeKyJa 10
CKOPOCTSIM, OTKPHITOr0 MaKCBeJIIoM.

‘Eciu B cocyie MMeeTcs ra3 3aJJaHHOH TeMIlepaTyphl, TO B
HeM ' C HeoOXOJMMOCTBIO YCTaHaBJIHBAaeTCs oONpefeneHHoe
pacnpefenieHyie N0 CKOpocTsAM. DTo HauBepoOsTHelilIee pac-
TIpefelieHHe JaeT CpefHee YHCJIO MOJIEKYJ, CKOPOCTH KOTO-
PBHIX JIeXxaT B JI0GOM JaHHOM HHTepBaje. 3jiechb, KaK H BO-
oflie B CTaTHCTHYECKHX 3aKOHOMEDPHOCTSIX, HMEHHO CpelHHe
3HAUeHHUS MOTYT paccMaTrpUBaThcsi Kak HeoOxonumble. Ho
KaxJasi MOJeKyJia B pPe3yJbTaTe TeX WJIH HHBIX CTOJKHOBe-
HHU# MoxeT npeofpectH JoGyio ckopocTb. CKOpocTh M0G0
MOJIEKYJIBI cJy4yaliHa 110 OTHOILEHHMIO K CPeJiHeMy pacnpeje-
Jenuo ckopocrefi. IToaToMy M caMo pacnpeneneHue MoJe-
KYJI 110 CKOPOCTSIM B JIaHHBIHl MOMEHT BpeMeHH cJyYaiHo Mo
OTHOILEHHIO K HeoOXONHMOMY CpelHeMY pacnpele/eHHIo,
Tak Kak B J1060H MOMEHT BpeMeHHM 3TH paclpelesleHHs He
COBMajfaloT APYT ¢ apyroMm. Bcerja HMeloTcsd OTKJIOHEHHS
OT CpeHero, Ho OHM BO3HUKAIOT C PaBHOH BEPOSITHOCTHIO IO
o6e CTOPOHBI OT CpeJiHero pacnpesieleHHsi, H HMEHHO M03TO-
MY B CpelHeM CyLIecTBYeT onpelejeHHOe pacnpeseneHHe 110
CKODOCTSIM, KOTOPOE MOXKHO 3aperucTpHpOBaTb 3KcHepH-
MeHTaJbHO. UHCI0 MOseKyJl CO CKOPOCTSIMH B JJAHHOM HH-
TepBasie To GoJblile, TO MeHblle cpeaHero. B aToM cmeicae
MOXHO CKa3aTh, 4TO Heo0xodumocme (CpelHee 3HaueHHE)
onpenensieT cebsl Kax caydatinocmy, H60 J060e MrHOBEHHOE
pacmpezienieHHe 110 CKOPOCTSM CydyaiHo.

dopmyaupoeka K. Mapkca — «Heo6X0qUMOCTb NPOGH-
BaeT cebe AOPOry CKBO3b TOJMIY cAydaiHOCTel» — HaHIydY-
WHM 06pa3oM XapaKTepH3yeT OTHOLIeHHe HeoOXOXHMOro H
cy4aHHOro B CTaTHCTHYECKOM 3akoHe. M3 cBoicTB gaHHOH
COBOKYITHOCTH YacTHI[ ¢ HeOGXOIUMOCTBIO CJIelyeT YCTaHOB-
JieHUe ONpejle/IeHHOr0 pacrpenesNeHusi, HECMOTps Ha Henpe-
pbIBHBlE QMIYKTYyalUHH. JTO NPOHUCXOAHUT MOTOMY, UTO CYLle-
CTBYeT OJHO-eIMHCTBEHHOE pacnpejeleHHue, sBASIOLeecs
HauboJee BEePOSTHBIM H3 BCEX BO3MOXKHBIX.

C npyroit CTOpOHBI, ciaydYyallHble MrHOBEHHblE pacnpese-
JIEHUS] [0 CKOPOCTSIM B CBOEH COBOKYMHOCTH BBISIBJISIIOT
HeobXxonuMoe cpefHee. TeM caMbIM cay4adHOe BBICTYMaeT
Kak ¢opMa nposiBjieHHs1 HeoOxoxumocTd. Ho BMecre ¢ TeM
¢AyKTyauuH ciaydaiHHl B TOM CMBIC/Ie, YTO H3 YCJIOBHH, B
KOTOPBIX HaXONMTCS 'a3, COBCEM He CJelyeT, YTO B JaHHBIH
MOMEHT OTKJIOHeHHe OT CpeJHero JO’KHO HMeTb KakKylo-
1H60 onpeleNeHHYIO BeMHYHHY, TOIAa KaK CaMo cpeaHee
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3HadeHMe H3 3TMX YcJOBHH BBITeKaet ¢ HeoB6XomXHMO-
CThIO.

Onnako Takas ciaydafiHocTh (QuIyKTyauuu) ectb ckKopee
abco/moTHass HeOOXOAUMOCTh, TaK KaK TO HJIH HHOe 3HaueHHe
CKOpOCTeH MOJIeKYJI ONpelensieTcsl COOTBETCTBYIOUIHMH ya-
paMH COCEIHHX MOJIEKYJ; OHO NPHUYHHHO 0GYCJIOBJIEHO.

HuanekTHyeckasi cBsi3b HEOGXOAHUMOIO M CJAYYaiHOro B
CTaTHCTHYECKHX 3aKOHAaX sIBJISIETCS OTpPaXKeHHeM OObeK-
THBHOrO NoJoXeHHsi Beillefi. Heobxopumoe B mpoueccax
NpHpoabl BcerAa TecHeHIIMM oOpa3oM IepelJieTaercs co
cnyyaitHbIM. TloaToMy cooTHoLIeHHe MEXKAY AHHAMHYECKHMH
M CTaTHCTHYECKHMH 3aKOHAMH He NMPHHAJJIEXKHUT K TOMY XKe
THIIY, YTO U COOTHOLIEHHE MeXAY HeoOXOAMMBIM H CJayyai-
HbIM. Kak Te, Tak M Ipyrue 3aKOHBl BBIP@XKalOT NPUCYILIYIO
npupone Heo6xopumocTb. Ho nuHaMHyecKue 3aKOHEI OTpa-
JKaloT ee B abCTPaKTHOMH, CHJBHO orpy6iueHnHol ¢opme. He-
06XONMMOCTb, BBICTYNAIOIlAasi B CTATHCTHYECKHX 3aKOHaX
Kak cpeaHee 6eCUHC/IeHHOTO MHOXKECTBA CJIYYaHHbIX COCTOSI-
HHH, B IMHAMHYeCKHMX 3aKOHAX paccMaTpPHUBAeTCst KaK HeuTo
CTPOTO H OJHO3HAYHO omnpejpeneHHoe. ToT ¢akT, 4yTo Bece
¢dbyHnaMeHTabHble TEOPHH COBPEMEHHOH (U3HKH SBJSIOTCH
CTAaTHCTHUYECKHMH H COJepXaT B KayecTBe NPHUO/IHXKeHHS
COOTBETCTBYIOLIME JIHHAMHYECKHE TEOPHH, HEOIPOBEPKHUMO
CBHUJIETEJIbCTBYET 00 OTpaXKeHHH CTaTHCTHYECKHMH TeOpHUSIMH
HMEHHO HeOOXOIUMBIX CBsi3el.

B crarucTtHyeckoii 3aKOHOMEPHOCTH HEOGXOIHUMOE H CJIY-
yallHoe CTO/Mb TECHO INepemJieTeHHl MeXJAy co6oH, UYTo HX
MOXHO paccMaTpHBaTh KaK OTpaKeHHe B HallleM CO3HaHUH
NPOTHBOPEYHBLIX TeHJeHUUH OOBEKTHBHOH 3aKOHOMEPHO-
CTH. 3aKOHOMEDHOCTD K€ NPEACTaBJsAeT CO00i HX eIHHCTBO
C NPEUMYIIeCTBEHHbIM 3HayeHHeM HeoGXOJHMOro.

Heo6xogumoe U ciyvafiHoe B OGBEKTHBHBIX IIpolieccax
Haxo[fAT CBOE OTpakeHHe B paMKaX 3aKOHOB OIpeje/eHHOro
THIIA — CTATHCTHYECKUX 3aKOHOB. PaccMoTpeHHe e NHHa-
MHYECKHX H CTAaTHCTHYECKHX 33aKOHOB KaK 3aKOHOMepPHO-
cTell HeOOXOAUMBIX H CJAYYaHHBIX COOBITHH, IO CYIIECTBY,
03HayaeT, YTO €eCJd B NMPHUPOJAE MEXKAY HeOGXOTUMBIM H
CJIy4a#HBIM H eCTh O6beKTHBHAsA CBfA3b, TO OHA He HAaXOZMT
OTpaXkeHusi HH B OJHOM (pu3nuyeckoM 3akoHe. Heuabss, Ha-
NpHUMep, COIVIACHTLCS C YTBep2KJAeHHeM, NpPHBEeJeHHBIM BO
BBefleHHH (cM. cTp. 13), 0 ToM, YTO peajibHO CyllecTBYIOLIHE
JUHAMHYeCcKass W CTaTHCTHYECKasi 3aKOHOMEPHOCTH IHpel-
CTaBJSIOT cOo0OM eJUHCTBO MpoTHBoNoJMOXKHOCcTel. IlpoTH-
BOIOJIOXKHBEI HEOOXOZHMOe U c/ydaliHoe, a He JHHaMHYecKHe
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#t cTaTHCTHUeCKHe 3aKOHBI. Bce H3BecTHBle B ¢H3MKe AuHA-
MHYECKHE 3aKOHbl SIBASIIOTCS NPUGIMKEHHEM CTaTHCTHYE-
CKHX 3aKOHOB.

B craTHCTHYECKHX 3aKOHaX CTaBUTCS 3ajJaya BhlUHCIIE-
HHUSl BepOSITHOCTH OOHapyXKeHHs CHCTeMBI B ONpejeseHHON
o6/1acTH $a3oBOro HJIH KOH(HUTYpPauHOHHOTO NMPOCTPaHCTBA.
Ecau He 3anaBaTh Haya/bHOE COCTOSIHHE B BHJe GecKOHed-
HO Y3KOro JeJbTao6pasHOro pacnpejeseHHusl, TO BepOsiT-
HOCTb TOYHOI'O 3HayeHHS JIIOGbIX NapaMeTPOB CHCTEMBI paB-
Ha Hymo. B ominune OT JUHaMHYeCKHX 3aKOHOB, 3JIeCh C
caMoro HavaJja CYHTaeTcs, YTO HeJlb3sl TaK 33/aTh COCTOS-
HHe CHCTeMbl (IenbTaoOpasHoe pacnpeneneHHe), UToObI
JaJibHeHIasAs ee 3BOJIOLHMS OblIa OJHO3HAYHO INpejpelleHa.
Takass mocTaHoBKa 33Jjaud O3HayaeT, 4TO NMPHUCYyliass NpH-
pozie o6BbeKTa HeoOXOAUMOCTh NPOSIBASETCS TOJAbKO B BHIE
CPERHero.

B npumeuanuu K oxgHoii u3 crareil Bopua [47] Cysopos
CIpaBelJIMBO OTMeyYaeT: «MapKcHU3M He NPHU3HAET JETepMH-
HH3M, HCKJIIOYAIOLIHH C/y4alHHOCTb, €T0 CKYJOyMHe KPUTHKO-
BaJ DHreibc eme 80 JeT Hadan, a MapKc NpH paccCMOTPEeHHH
5KOHOMHYECKUX IIPOLECCOB B KaNUTaJHCTHYECKOM OOLIECTBE
MO CYLIECTBY JaJ aHaJH3 COOTHOLUEHUS JHHAMHYeCKHX
M CTaTHCTHYECKHX 3aKOHOMEpPHOCTeH». I3TO  BBICKa3bl-
BaHHE, HECOMHEHHO, 3ac/yXKHBaeT NOAPoGHOro paccMoTpe-
HHSL U Da3BHTHS.

B ocHoBe BhIpa60OTaHHBIX KJacCHKaMH MapKcH3Ma BO3-
3peHHH Ha HeoOXoiMMoe H cJy4yadHoe JIeXXHT HCCAef0Ba-
HHe 3aKOHOB KaK eCcTeCTBEHHBIX HayK, TaK U B IIepBYIO oue-
pellb 3aKOHOB, YNPAaBJSIOIUX pas3BUTHeM oOllecTBa. XOTHA
caM ¢aKT YCTaHOBJEHHSI CBSI3M HeOOXOAMMOro M cJyuaH-
Horo npuHaunexuT [eremo, Hanuuue 3TOH CBSI3H He GLLIO
JIOCTaTOYHO 06OCHOBAHO B €ro paboTax (pakKTHYeCKHMH JaH-
HBIMH H JJaHHBIMH, KacalolUMHUCSl HCTOPHH Pa3BHTHS HayKH.
ITosTomy, mo ciaoBaM @. DHrenbca, COBpEMEHHOE €My ec-
TeCTBO3HaHHE IPeJIoYJ0 HTHOPHPOBATh JAMAJEKTHYECKYIO
CBSI3b HEOOXONHMMOro H CJAy4YalHOro, Kak NapajoKCalbHYIO
UIrpy CJOB, Kak IPOTHBOpeyallylo cebe caMoil 6eCCMBIC/IH-
ny. HenoolieHka o6LieTeopeTHYeCKOro 3HaYeHHs CTAaTHCTH-
YeCKHX 3aKOHOMEDHOCTeH B HallM JHH CBHIETEIbCTBYET O
NPOJOJIKAIOLEMCS - HEJOBePHH K CYIIECTBOBAHHIO Hepas-
PBIBHOH CBSI3H HeoOXOJHMOro H cJy4yaHHOro B J1IOGOM siBJie-
HHH, B JI000M mpolecce.

Jas @. DHrenbca TeopHsl ecTecTBeHHOro otGopa [lap-
BHHa, TeopHsl 06pa30BaHHUSA BHJIOB, ABHJAch NPSIMBIM JOKa-
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sateibCTBOM AMa/leKTUYEeCKOH CBA3H HEOOXONHMOTO H CJiy-
yaiiHoro. «[lokasarh, uto Teopuss JapBHHa sBAseTCA
NpaKTHYECKHM JIOKa3aTeJbCTBOM rere/ieBCKOH KOHILEMUHH O
BHYTPEHHEH CBfI3U MeXAY HEeOOXONAMMOCTBIO M CJy4YaiHO-
cTbio» [52],— 3anucriBaer oH B cBoeM KoHcIeKTe. MeTapusu-
yecKoe INOHHMaHHe HeOOXOJAMMOCTH Kasaloch eMy, Kak H
K. Mapkcy, HECOBMeCTHMBbIM C HCTOPHUECKHMH 3aKOHaMH,
B KOTOphle BXOJHT TaKOH 3JIEMEHT, KaK 4eJOBEYECKOe CO3-
HaHHe.

B HacTosiiee BpeMsi, KaK HaM IPeACTaBASIE€TCS, JYUILIUM
JIOKa3aTeJIbCTBOM BHYTPEHHeH CBSI3H HEOGXOAMMOrO H CJy-
4yaliHOro SIBJISIIOTCS CTATHCTHYECKHE 3aKOHBI (DH3UKH, KOTO-
prle Bo BpeMeHa @. DHrenbca elne He GblIM OTKPHITHL. B ¢u-
3HKe 3Ta CBfI3b OTpaxeHa B TOYHO cOPMYJIHPOBAHHBIX
KOJIMYECTBEHHBIX 3aKOHAX, YTO, KOHEYHO, BeCcbMa CYLIECT-
BeHHO.

B3anMocBsiab M B3aMMOINDOHUKHOBEHHE HeOGXOLHUMOr0
U CJAy4yalHOro IPENCTaBJASOT CO60H OCHOBHYIO KauyecTBeH-
HY10 0COOEHHOCTb CTaTUCTHYECKHX 3aKOHOB, B KOTOphIE OHU
BOLIIK CTHXUHHO, 6€3 CO3HATENBHOIO YueTa 3aKOHOB JHaJIeK-
THKH, XOTS NOCJIeHHE yKe GblIU OTKPHITHl K TOMY BpeMeHH.
Ho oHu Bouwu ¢ HeH3GeXHOCTBIO, HOO TaKOBa CYLIHOCTh
NpHUPOAB], U 3aKOHBI, e BhIpaXKalollue, He MOI'YyT HTHOPHPO-
BaTh JHAJNEKTHKY HeoOXOAMMOro H cJiydyalHoro.

JuHaMH4yecKye U CTaTHCTHYECKHE 3aKOHH (PU3UKH — 3TO
JlBa BO3MOXHBIX THIIA 3aKOHOMePHOCTeH, KOTOpble HMEIOT B
Hell cTporyio MareMaTuueckyio ¢opmy. I'yiaBHoe pasmiuuue
MeX1y HUMH, €CJIH He TOBOPHTb O KOJIHUECTBEHHOH CTOpOHe, —
pasiuyde B PUIOCOPCKOM OTHOUIEHHH — COCTOMT, Kak
HaM NpejcTaB/sieTcsi, B IOHHMaHHU BHYTPEeHHeH CTPYKTYpHI
HeoGXOJMMOCTH; B CTATUCTHUECKHUX 3aKOHAX OHA BBICTYNAaeT
B IHAJIEKTHUECKOH CBSI3H CO C/IyYaHHBIM, B JMHAMHYECKHUX —
KaK abCoJIIoTHasi MPOTHBOINOJIOXKHOCTh CJAy4aHHOro.

Ecnn 3to Tak, To JoOble 3aKOHBI, Kacarolpecs Godiee
CJIOXKHBIX (OpPM IABHXKEHHSI MaTepHH, ueM (opMbl ABHKEHHS,
paccmaTpuBaeMble B (H3HKe, MOXHO paslie/uTh Ha JBa
THINA B 3aBUCUMOCTH OT XapaKTepa NOHMMaHHUSI B HHUX He-
06xoauMocTH. OTCYTCTBHE KOJHYECTBEHHOH (POPMYJIHPOBKH
33aKOHOB 3JleCb HecylLlecTBeHHO. MOXHO Ha3BaTb CTaTH-
CTHYECKHUM JII0601 3aKOH, B KOTOPOM HEOOXOXHMOCTb BBHICTY-
HaeT B TECHOH CBSI3H CO CJAYYaHHBIM.

KoHeuHo (3T0 HYKHO MOQYEPKHYTh B MEPBYIO OdYepelb),
CTAaTHCTHYECKHE 3aKOHbI B (H3HKe HMEIT MaJjio OGLIEro co
CTaTHCTHUYECKHUMH 3aKOHaMH B JPYIHX HaykaX: GHOJIOTHH,
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SKoHOMHEKe, HCTopii 1 T. 1. CorstacHo HawmeMy onpegefeinto
OGIIUM /151 BCeX TaKHX 3aKOHOB JIO/IKHO GLITH OHO: JHAJeK-
THYeCKOe MOHMMaHHe HeoO6XONMMOro, BBIPaXKaeMoro JaH-
HBIMH 3akKoHaMH. [y1aBHOe oT/iHYMe U3HYECKHX 3aKOHOB OT
3aKOHOB APYTHX HayK 3akKJOyaeTcsl B TOM, UTO NepBhle pac-
IPOCTPaHSIOTCA Ha IpocTeiiliie (opMmbl IBHXKEHHA MarTe-
pHH, BKJIOYAOLHe MHOXKECTBO OJHOPOAHLIX, CPAaBHHTEIbHO
IPOCTHIX Ka4eCTBEHHO 3/1EMEHTOB. Y CJIOBHS, B KOTOPBIX NPO-
TeKalT (H3HYECKHe sIBJIEeHUS, YCTOHUUBBHI HJIU MOTYT OBITh
clleNaHbl YCTOHYMBBLIMH, H, CJEJOBAaTENbHO, MOXKHO IIPOBO-
JHUTb CKOJbKO YTOIHO NMOBTOPHBIX SKCIIEPHMEHTOB C KaKHM-
Jan6o onHHM oObekToM. DusHyeckHe 3aKOHBl JOMYCKAIOT
CPaBHUTENBHO INPOCTYIO MaTeMaTHyecKyl (opMYJIHPOBKY,
MO3BOJISISE ONPEAeIATh KOJHUYECTBEHHO KaK BEeJHYHHBI cpel-
HUX, TaKH BEPOATHOCTH Te€X WJIH HHBIX OTKJOHEHWH OT
CPelHHX.

B GuoJsiornyeckux M TeM 6Gojlee B OOlLeCTBeHHBIX HayKax
JIes10 0GCTOUT Topasio c/oxkHee. 31ech KaueCTBEHHOE COJep-
JKaHHe OOBEKTOB, NOMJIEXKALINX M3YUYEHHIO, HEH3MepHMO
cloXkHee, yeM B (pu3aHMke. KpoMe Toro, 4acTo 4MCJO caMHMX
00BbEKTOB CPABHHUTEJBHO MaJio MJIH OGBEKT BOOOLLE CYIECT-
ByeT B eIHHCTBEHHOM HEMOBTOPHMOM SK3eMIisipe. Y CJ0OBHH,
B KOTOPBHIX NMPOTEKAIOT NPOLECCH, caMH 110 cebe ToXe oueHb
CJ0XHBI U OOBIYHO He SIBJAIOTCS YCTOHYHBLIMH Ha NpoTAXKe-
HuH Goslee UK MeHee GOJBIINX OTPe3KoB BpeMeHH. [Tostomy,
KaK [paBHJIO, OCHOBHbIE 3aKOHbBI GHOJIOTMH H OBLIeCTBEHHBIX
HayK He HMeIOT B HacTosiliee BpeMst KoJnyecTBeHHOH (popME,
YTO, OJHAKO, He HCKJIIOYaeT NMPHHLUHIHAALHOH BO3MOXHOCTH
MaTeMaTHYecKo# (GopMyJHPOBKH 3THX 3akoHoB. Ha Bos3-
MOXHOCTb MaTeMaTHueckol (opMyJTUDOBKH 3aKOHOB 3KO-
HoMukH YyKaseiBad K. Mapkc.

OrcyTcTBUHE KOJNUUECTBEHHOH (OPMYJHPOBKH OCHOBHBIX
3aKOHOB GHOJIOTHM M JPYTHX HayK NPHBOAUT K CHJILHOMY
pasJIHyHIo 10 (GopMe CTATHCTHYECKHX 3aKOHOB B (DH3HKe H B
3tux Haykax. Ilo cyluecTBy, OCHOBHBIE 3aKOHBI GHOJIOIHYE-
CKHX B OOIIECTBEHHBIX HAayK YKashIBalOT TOJBKO CpefHHH
HeoGXONMMBIH pe3y/bTaT HMEIOIUUXCSI B HAMUYHHU ONpefe-
JIEHHBIX YCJIOBHH. 3aKOHOMEPHOCTb 2Ke B CJAyYalHbIX OTKJIO-
HEHMSIX OT CPelHero He BCKpBIBaercs B ofiiell popme. B 06-
el dopMe He onpefe/AOTCA OOBIYHO HH HX NMPHYHHEI, HH
yCJIOBHSI, B KOTOPHIX OHH MOTYT BO3HHKATh, HH MX BO3MOX-
Hasl BeIMYHHA. B KaXXJ0M OTAeNbHOM clyyae OTKJIOHeHHe OT
CPEeIHEr0 MOXET MMeTb CBOH chelydHyecKHe NPHYUHBI, KO-
TOpBIE M HYXKHO HCC/JIeloBaTh MMEHHO B JaHHOM KOHKpeT-
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HoMm ciydyae. OLeHHTb BePOATHOCTb TaKHX OTKJIOHEHHH B
NPHHIMIIE MOXHO, HO JJISl 9TOrO HECOXONMM TIIaTeNbHbIH
aHa/JM3 YCJIOBHH, XapaKTePHBIX ISl NaHHOTO Claydas, Ko-
TOpbI MpPaKTHUeCKH He Bcerja YJaeTcsi NpOBecTH, HOO
NPHYHHBl TOTO MJIH HHOTO OTKJIOHEHHS B HACTOSALIYIO MH-
HYTy MOIYT OKa3aTbCsi OYeHb IJyGOKO CKPHITBIMH.

3akoHbl, HampuUMep, B OOLIECTBEHHLHIX HaykKaX, 4a-
CTO BHelllHe HMeIOT QopMy JHHAMHUECKUX 3aKOHOB, TaK KakK
B CaMOM 3aKOHe COJIEepXKUTCS HeOoOXOLHMMBIH cpenHHH pe-
3ysbTar H Toabko. OfHAaKo 3Ta Heo6XOAMMOCTh PaccMaTpH-
BaeTcs He MeTapU3HUECKH, a B CBeTe JHAJEKTHKH: IIPUHHMA-
I0OTCS B pacyer HeH3OeXKHble OTKJIOHEHHS! OT HeoGXOLHMOro
cpeliHero B Ty HJIH HHYIO CTODOHY, paccMaTpHBaeTCsi HX
cBfAA3b CO CJYyYaHHBIM, KOTOpasl, NpaBia, HHOIAA TOJBKO
koHcTartupyercsi. Cunuraercsi, 4TO HeoGXOIHMMble CpefHHE B
3aKOHaX NpoOuBalT cebe NOPOry CKBO3b TOJNY CJAy4aHHO-
cTeli. B 5TOM OTHOIIEHHH 3aKOHBI OGLIECTBEHHBIX HAYK MOXKHO
Ha3BaTb CTAaTHCTHYECKHMH B COOTBETCTBHH C IPHBEIEHHBIM
BhlIIe OOIIHM PacIIHPEHHBIM ONpeJieJeHHEM CTaTUCTHUECKOTIO
3aKoHa, He MOAPa3yMeBalOIHM 06513aTebHOH KOJHYECTBEH-
HOH (popMyJNHPOBKH. 3aKkoH 3Boaouuu JlapBHHA, 3aKOHBI
006l1eCTBEHHOTO Pa3BUTHS OYAYT B 3TOM CMBICJIE CTaTHCTH-
yecKMMH. XapakTepHO, 4YTO fIBJEHHS, DPaccMaTpHBaeMble B
o0l1LeCTBEHHBIX HayKaX, CTOJb KauyeCTBEHHO CJOXKHBI, YHCJIO
cBfi3ell, NMPHYMH, B3aHMOLEHCTBHH, ONpefeNIOHX JaHHbIH
npolecc B 3THX HayKaX, HacTOJIbKO BeJIHKO, YTO (opMyJIH-
POBKa 3aKOHOB JMHAMHYECKOrO THIa, B KOTOPBIX HEOOXOMNH-
MocThb INOHHManach Gbl MeTau3HuecKH, Oblia GBI HPOCTO
HeBo3MoxHo#. He ciyualiHo mo3aToMy, YTO TOJILKO HCIIONb-
30BaHMe JHaleKTHYecKoro MeToja nossoiuio K. Mapkey u
®. Duresbcy NOMOXKUTH HAayaslo HAYYHOMY NMOAXOAY K 3aKO-
HaMm pasBHTHS obuiectBa. Kak nmonuepkuBan B. U. Jlenus,
ananu3 o6liecTBeHHBIX mpoueccoB K. Mapkc ¢ caMoro Ha-
yaJsia BeJl B paMKaX PacCMOTPeHHS MacCOBBIX 9KOHOMHUYECKHUX
NPOLECCOB.

[puBeneM HECKOIBLKO NPUMEPOB, MOATBEPXK AKX CKa-
3aHHOe O XapaKTepe 3aKOHOB B OOIEeCTBEHHBIX HayKax.

3akoH cTouMocTH. ToBapel nponaworcs mno
LleHaM, He COBNAJAOIUM C HX CTOUMOCTBIO, HO 3TOT (akT He
NPOTHBOPEYHT CAMOMY 3aKOHY CTOMMOCTH, TaK KaK HeoGXo-
NUMOCTb, BbIpaXcaeMasi MM, MOHHMAeTCs AHaJeKTHYECKH.
Bort uto roBoput o6 stoM B. U. JleHuH: «... cBefieHHe CTOUMO-
ctd (06LLECTBEHHOMH) K LieHaM (MHIMBHIYyaJbHBIM) HPOHCXO-
JHT He NPOCThIM, He HEMOCPeACTBEHHBIM, a OYeHb CJIOKHBIM
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nyTeM: BIIOJIHE eCTeCTBEHHO, YTO B OOLIECTBE Pa3pOo3HeHHBIX
TOBapONpPOM3BOAHTENeH, CBS3aHHBIX JHIIbL PHIHKOM, 3aKO-
HOMEPHOCTb He MOXKeT MpPOsIBJIATECS HHaue, Kak B CpepHel,
OOlIeCTBEHHOH, MaccoBOH 3aKOHOMEDHOCTH, IIPH B3aHMO-
noralieHHH HHAWBHAYaNbHBIX YKJIOHEHHH B Ty WJIH APYTYIO
cropony» [53].

3aKOH NpPOrpecCcCHPYIOIE€ro NOHH X e-
HHA HOPMB nNpHOGBJH DopMyaupys 3TOT 3a-
kKoH, K. Mapkc nuuer: «3to He TONbKO BO3MOXKHO. Ha
OCHOBe KaNnHTaJHCTHYECKOTO NPOU3BOACTBA TaK O0ANMHO
ObITb, €CJIH OCTaBHTb B CTOPOHe IpeXoislliue KoseGaHHs»
[54].

Unco npHMepoB MOXKHO GbLIO Gbl HEOTPAHHUEHHO YBe-
Juuyuth. TakuM 06pa3oM, 3aKOH B OOLIECTBEHHBIX HayKax
onpefieisieT HeOOXOAHUMOe CpelHee, NpPHYEM YYHUTHIBAIOTCSH
Hen30eXHbIe 110 pa3HBIM IPUYHHAM OTKJIOHEHHU S OT CPEHETO.

Kpome Toro, B 6uosIorHHU U B 06LIECTBEHHBIX HayKaX yKe
TIOJI0XKEeHO HayaJlo KONMHYeCTBeHHOH (opMY/THPOBKE 3aKOHOB,
U OHM HOCSIT CTATHCTHYECKMH XapakTep, HCIOJb3YIOT METO-
Il MaTeMaTHYecKoH CTaTHCTHKH. Tak, BO MHOTHX clydasX
BBINOJIHAIOTCS NPOCThble CTAaTHCTHYeCKHE 3aKOHbl MeHuens
ISl Tepefaud HacJe[CTBEHHBIX IPH3HAKOB, HMelollHe
KosnuecTBeHHYI0 ¢opmy. IlosoxkeHo Hayaslo ycTaHOBJe-
HHIO KOJIMYECTBEHHBIX CTAaTHCTHYECKNX 3aKOHOB, YNPaBJsIO-
ILHX H3MeHYHBOCTBIO OPTraHH3MOB — MYTalHSIMH.

KonnuecTBeHHasi CTOPOHA IpoLEcCOB B OOLeCTBEHHBIX
AIBJIEHHAX YIKe JaBHO HCCJlellyeTcsl, XOTs IpUMeHseMble 3[ieCh
MareMaTHUeCKHe MeTOAbl HIDAlOT ropasfio MeHbIUYIO DOJb,
yeM B GHOJIOTHYECKHX H TeM GoJlee B (HM3HYeCKHX HaykKax.
Sra 3amaya OTHOCHTCS K OOLIECTBEHHOH CTaTHCTHKe *).
OnHako HCNOJMb30BaHHE OOLIECTBEHHOH CTaTHCTHKH OKa
3blBaeTCs1 BO3MOXKHBIM TOJIBKO NP HCC/IeJOBAHHH 3aKOHOMep -
HocTeH, KoTopble, 0 cJioBaM IHeMuMHOBa, SIBISIIOTCS «Ha-
uboJiee CBSA3aHHBIMH C JJaHHBIMH KOHKPETHBIMH YCJIOBHSIMH
BpeMeHH H mpocTpaHcTBa» [55], HO HeBO3MOXKHO BOOGLLE,
TaK KaK CaMH YCJIOBHS NPOTEKAaHHS TNPOLECCOB MEHSIOTCS.
CraTuctHka npejcraBisier co6oil B 06IIeCTBEHHBIX HayKaXx,
no onpegnesiennio B. U. JleHuHa, aHanu3 Tak HasbiBaeMbIX
CTAaTHCTHYECKHX (AaKTOB C MOMOIIBI0 MaTeMaTHYeCKHX Me-

*) Eme pas mojyepKuBaeM, YTO y HAac TEPMHH «CTaTHCTHYeCKas
3aKOHOMEPHOCTb» YTOTPeGsieTcsl B CaMOM OGIIEM CMEICTE: 3TO 3aKOH,
B KOTOPOM HEOGXOAMMOCTDb IIOHUMAETCsI B AHAJIEKTHYECKOM CMBICJIE, H ero
HeJb3sl CMEeLIMBaTh C TEPMHHOM «CTaTHCTHKa», YNOTPeGJsieMblM, KOrAa
FOBOPAT O KOJHYECTBEHHOH CTOpOHe sIBJIeHHH B OOIECTBEHHbIX HayKax,
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TONOB #, B YacTHOCTH, 3aKOHa GO/BIINX YHCE. iToaTOMy s
aHajii3a KayeCTBEHHOH M KOJIHYECTBEHHOH CTOPOH ofLiecT-
BEHHBIX MPOLIECCOB HeoOXOAUM He eIHMHBIN MOAXO0J, KaK B
¢u3uKe, a JBe caMOCTOsITe/IbHble HAYKH, KOTOphle, NpaBJa,
TECHO CBSI3aHbl MeXIy co60H, IOMOJNHSIOT APYI Apyra.

YcnemHass pa3paboTka MaTeMaTHYECKHX MeETOJOB Ofll-
THMaJbHOTO MJAHHPOBaHHSl KaK B paMKax OTHEJNbHOH OT-
pac/¥ MPOU3BOJACTBA, TaK H B 0O6LIerocyiapcTBeHHOM Maclil-
Tabe TakXe CBUJETEJNbCTBYET O NMPOHHKHOBEHHH KOJIHYECT-
BEHHBIX CTATHCTHYECKHX METOJOB B 3KOHOMHUECKHE HAyKH.

Jlo6aBuM ellie, 4TO Jaxke H3BecTHas nocJsoBuLa: «HMckJo-
YeHHe MOATBEPIKAAET NPaBHJIO» — IIOKAa3bIBAeT, KaK KHUTel-
CKasi MyApPOCTb BepHO (AHaJleKTHYECKH) MOHHMaeT HE06X0-
JUMBI{ pe3y/bTaT, KOTOPHIA BBITEKAeT M3 TOIO HJH HHOIO
npaBHJa.

OrpoMHOe 3HayeHHEe CTATHCTHYECKHX. 3aKOHOB JJIS HC-
cJ1efioBaHUS TPUPOJBI H JJ/Is1 COBpPeMeHHOH TeXHHKH GBLIO yC-
TaHOBJIEHO B Noc/efHee BpeMs. BO3HHKJ/IO HOBoe HayyHoe
HanpaBJ/ieHHe, 3aHHMarolleecsi OOLMMH BOIPOCAMH CBSI3H H
ynpaBJieHHsl B aBTOMaTHYeCKHX MallHHaX, XKUBBIX OpraHH3-
MaX H oflectBe, — KU GepHETHK a.

3aKOHOMEpPHOCTH, BCKPBIThleé NEepBOHAYaNbHO MpPH H3Y-
YeHHH aBTOMAaTHYeCKHX YCTpPOHCTB, KaK OKasauioch, 06-
JIaflaloT TaKoH G0JIbIIOH OGIIHOCTBIO, YTO HX OTYACTH MOXKHO
pacmpocTpaHHTb M Ha KHBble opraHuaMmbl. OGbelHHSET
CTO/Ib Pa3sHOpPOAHBIE OGBEKTH, KAK MALUHHBI H OPTaHH3MBI,
NPUHUMI yNpaB/leHHA: JIBHXKeHHe H JeHcTBHe O6OJbIIHX
Macc U Hepruil KOHTPOJMUPYIOTCS NPH MOMOLIH MaJsblX Macc
U 3Hepru#l, Hecywiux HHpopmauuro. [ToHATHS KoauyecTBa
H KayecTBa HH(pOpMAaLUH HIpaloT B KuGepHeTHKe dyHIaMeH-
TaJbHYIO POJIb.

OcyI11eCTBHTb CTOJ/Ib YHHBEPCAJIbHbIA CHHTETHUECKHI MOJI-
XOJl 0Ka3aJlocb BO3MOXKHBIM TOJIEKO Ha 6a3e CTaTHCTHYECKHX
3akOHOB. B ofmieM clyyae kKoJau4ecTBO HHPOpPMAUMH O Ka-
KOH-1M60 cHCTeMe C Pa3/JHYHBIMH BEPOSITHOCTSIMH BO3MOX-
HBIX MCXOJIOB ONpeje/sieTcs] SHTPONMUEH TaK Ha3biBaeMoH KO-
HEYHOH CXeMbl, T. €. 33JaeTcsl CTATUCTHYECKH (KOHeuHOM
CXeMO# COGBITHH HasbIBaeTcsl NoJHas HMX CHCTeMa, 3ajaBa-
eMasi BMecTe C BEpPOSTHOCTSIMH HX mosiBieHHus)). Oraesb-
Hble BapHaHThl BO3MOXHBIX JaHHBIX, HalpuMep OTAe/bHble
COOOLIEHNSI B TEOPHH CBSI3H, pacCMaTPUBAIOTCA He Kak
3afaHHble PyHKUHH BpeMeHH, a KaK COBOKYIIHOCTb PasJHy-
HBIX BapHaHTOB, ONpPELENEHHBIX BMECTe C BEPOSTHOCTSIMH
ux nosiBieHus. He Tonbko KomuyecTBo MHQoOpMalHH, HOH
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€e KaluecTBO, ee HalleXKHOCTb, ONpefiefsorest ¢raTieTiideckh.
Teopusi vHdopManKu OlLeHHBAeT KayeCTBO HHpOPMaUUH He
N0 OTHOLLIEHHIO YPOBHeH CHrHaJja U NOMeXH, a CTaTHCTHYe-
CKHM METOIOM — [0 BEPOSITHOCTH NOJYYeHHS NpaBHIbHOMH
nHbopmanuH. Jlio6as umHGOpMauHs paccMaTpHBaercsi Kak
pesyJbTaT BO3JeHCTBHS JBYX IIPOLECCOB: peryJasipHOro
npouecca, INpefHasHayeHHOTo MJIs Iepeladd TpebyeMoi
HH(pOpMaLKH, U cAy4aHHOro mpoliecca, BHI3BaHHOIO JelcT-
BHEM IOMEXH.

Obuemeopemuueckoe sHaueHue KUbePHEMUKU 3AKA04AeMCA
8 CMAMUCMU4ECKOM PACCMOMpPeruL 83aumodelicmsus ungpop-
Mayuu u cucmemst, nputem Heobxo0umocme 8bicmynaem Kax
cmamucmu4eckoe cpeOHee Ha (hoHe CAYHQAUIHbIX Nomex.

Ilpu npuaneKTHKO-MATEPHAIHCTHYECKOM aHalH3e CYII-
HOCTH M COOTHOLIEHHSI JAMHAMHYECKHX H CTaTHCTHYECKHX
33aKOHOB, a TaKXe B3aHMHOH CBSI3H HEOGXOQHMOIO H CJayyai-
HOTO B NPHpOJIe HYXHO, PasyMeeTcsi, HeCMOTPS Ha BCe CKa-
3aHHoe BhILIE, B [IEPBYIO 04epeib pacCMaTpHBaTh 3aKOHbI (-
3HKH — HauGOoJlee TAy6OKHe 3aKOHBl OKPY2KAIOIIEro Hac
MHpa. 3Jech B3aHMOCBSI3M HauGoJiee NPOCTH U JOMYCKAIOT
KOJIH4eCcTBeHHYI0 GpopMyTHPOBKY. McTOpHsl BO3HHKHOBEHHS
pasjiMYHBIX (PU3HYECKUX TeOpHiHl C OYEBHIHOCTHIO JEeMOH-
cTpupyer GoJiee IiiyGOKMH XapakKTep CTaTHCTHYeCKHX Teo-
pHI MO CPaBHEHUIO ¢ AHHAMHYECKHMH, KOTOPBIM OHH INpH-
XOAIT Ha CMeHY.

MMeHHO craTHCTHYecKHe 3aKOHBI copepKaT IpeacTas-
JIeHHe O CJay4YalfHBIX M HeOOXOAUMBIX NPHYMHHBIX B3aHMO-
CBSI35IX KaK O JByX CTOpPOHaX Ji0GOro peaJbHOro MNpolec-
ca, HO He COBOKYMHOCTh JUHAMHYECKHX H CTaTHCTHYECKHX
3aKOHOB, KakK moJiaraer, HanpuMep, Bom. «...Mnl paccmar-
puBaeM o6a KJjacca 3aKOHOB,— NHIIeT BboM,— Kak npu6.u-
JKEHHSI B TOM CMBICJIE, YTO TaK JKe, KaK INPHYHHHBIH 3aKOH
MOXKET BO3HHKATh B BHJE CTATHCTHYECKOTO NPUOJIHKEHHA K
cpefHeMy IMOBeleHHIO GO/IbLIOH COBOKYMHOCTH 3JIEMEHTOB,
IIpeTepneBaloX HeYyNopsAoUeHHble (QIYKTyauuH, caydai-
HBIY 3aKOH MOXKET BO3HHKATh B BHJIE CTATHCTHUECKOIO NMPHO-
JIKEHUS] K JEHCTBUSM GOJIBILIOTO KOJHMYEeCTBa NMPHYMHHBIX
(akTopoB, ABHXKYLUIMXCS CYLIeCTBeHHO He3aBHcumo. Of-
HaKO B JEHCTBHTENbHOCTH HH MPHYHMHHBIE 3aKOHBI, HH CJY-
yalHble 3aKOHBI HUKOT/1a He MOT'YT GbITh a6COMIOTHO NP aBUJIb-
HBIMH IIOTOMY, YTO KaKJblil U3 HUX YTPauHBaeT HEKOTOPYIO
CTOPOHY TOTO, YTO NMPHUCYTCTBYeT B Gojee LIMPOKHX Kpyrax
siinenuil. [Ipu onpeneseHHbIX YCIOBHSX OJUH HJIH ADYToH
U3 3THX BHJOB 3aKOHOB MOXKET Jyullle BbIpaXaTb AeHCTBHSA
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(akTopoB, KOTOphle SIBJSIIOTCA. npeobiajaloliuMyd H, cJe-
JoBaTelbHO, O6ojlee XOPOLUMM NpPUOJIMKEeHHeM HIJs 3THX
yactHbiX ycaosHi» ([1], ctp. 206, 207).

C 3tuM MHeHHeM DBoma o Ha/luuuu JBYX THIOB 3aKOHO-
MepHOCTel, B3aHMHO JONOJHSIOIUX ApYr Apyra, IpHueM
B ONHHX CJyuYasiX CYLIeCTBeHHOE CXBaThIBA€T OJHH 33KOH,
a B JIPyrHX — JApYyro#i, corJacuTbcsi Heab3si. PyHAaMeH-
TaJbHble JUHaMHYeCKHe TEeOPHH — KJlaccHueckas MeXaHH-
Ka, TePMOIMHAMHUKA, 3JIeKTPOJMHaMUKa MakcBesia— MOTYT
paccMaTpuBaTbcsl KaK INPHOIMXKEHHA COOTBETCTBYIOLIMX
CTAaTHCTHUECKHX Teopui. IIpocTo oueHb yacto GIyKTyauuH
HECYyLLeCTBEHHBl, H Mbl C MOJHBIM OCHOBaHHeM MOXeM
HCMoJb30BaTh GoJee MNpOCTble JUHaMHyeckKHe 3aKOHBI
BMecTo GoJsiee TOUHBIX, HO 3aTO M GoJsiee CJOXKHBIX CTa-
tHcTHYecKHX. Hu onHoro sicHoro mpuMepa JonofaHeHHs 3a-
KOHaMH Jipyr apyra Bom He mpoBonur. Her y Hero H InpH-
MepoB, IOKAa3bIBAIOIIHUX HEOOXONMMOCTb COOTBETCTBYIOLIErO
CcOoYeTaHHSI O0eHX TOYEK 3PeHHSs.

BosMmoxHO, Bom HMeeT B BULY NOBOJMIBHO 4acTo BCTpeya-
IOIIYIOCS CHUTYalHIo: B psijie 3JeKTPoJHMHaMHYecKHX 3ajad
JIOCTaTOYHO CTAaTHCTHUECKUM IyTeM HaHTH BeJHYHHBl, XapakK-
TepU3yIOllHe 3J1eKTPOMAarHUTHBIe CBOHCTBA BellecTBa (3JeK-
TPHYECKYI0 M MarHUTHYIO NPOHHIIAEMOCTH, 3JeKTPOIpo-
BOJHOCTb), U TOTAA INpH JalbHEHIIMX pacyeTaX MOXKHO
HCIIO/Ib30BaTh (peHOMeHoMornYecKUe ypaBHeHus MakcBella,
HMelollue JHHaMUYecKHH Xxapakrtep. TouHO Tak xe TepMOIH-
HaMHyecKHe PYHKIUH MOXXHO PacCYHTaTh TOJIBLKO C IOMOLIbIO
cTaTucTHueckoll Mexanukd. Ho B nanbHefiieM Bce COOT-
HOUlIeHUS MEXAY HUMH MOXKHO NOJYYHTb YHCTO Te€pMOJHMHA-
MHYECKHM METOJIOM Ha OCHOBe JBYX HayaJ TepMOJMHAMHKH.
31ech B onpelieJJeHHOM, Y3KOM CMBbICJIEe IOMyCTUMO TOBOPDHTh
0 B3aHMHOM JONOJIHEHMH 3aKOHOB pasjHyHoro THIA, HO
OHO BecbMa YCJIOBHO, €CJIH yYecThb, YTO KaK 3aKOHBI T€DPMO-
IMHAMHKH, TaK M ypaBHeHHsi MakcBesa BEITEKalOT H3 CTa-
TUCTHYECKOH (DH3UKH.

O HecOCTOSAITENLHOCTH DPAacCMOTPeHHs] 3aKOHOB CTaTH-
CTHYECKOH MeXaHHKH KaK MNpPHOJHXKeHHs K «IeHCTBHSIM
GOJILILOrO KOJIHYEeCTBa NPHYMHHBIX (aKTOPOB» y»Ke I'OBOPH-
gdock B § 3 ron. III. Eme pas Mbl BepHeMcsi K 06CYXAEHHIO
3TOro BOMpOca, pa3bupasi npensoxeHHyilo BoMoM KOHIen-
I[HI0 YPOBHEH, COIrJIacHO KOTOPOii 0 Mepe YTOUHeHHs HalMX
3HaHHH JHHaMHUYecKHe 3aKOHB! ITOC/eJI0BaTeJbHO 3aMella-
IOTCA CTaTHCTHYeCKHMMH H, oOpaTHO, CTaTHCTHYeCKHE — JH-
HaMHYeCKHMH.
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§ 2. luHaMHuYecKHe 3IJIEMEHThI B CTATHCTHYECKHX
3aKOHOMEPHOCTSIX M 3aKOHbI COXPaHEHHs

CrartucTHYecKHe 3aKOHOMEDHOCTH 3HAUHTENbHO CJOXKHEe
No CBoOel CTPYKType, 4eM IMHaMHYecKHe. IDTO BIIOJHE ecC-
TeCTBEHHO, TaK KaK JHHaMHUeCKHe 3aKOHBI SIBJSIOTCS NPHO-
JINXKEHHSIMH COOTBETCTBYIOIIMX CTATHCTHYECKHX 3aKOHOB.
B m06oM cTaTHCTHYeCKOM 3aKOHe C HeM30eXKHOCTBbIO IpH-
CYTCTBYIOT 3JeMeHTH 3aKOHOB JHHaMHuecKHX. Ho 310 He
JlaeT HUKaKoro IpaBa CUHTaThb, YTO B KaKHX-JH6G0O CTATHCTH-
YyeCKHX 3aKOHAX, HallpHMep KBaHTOBBIX, HEpa3JeJbHO coye-
TAlOTCA CTaTUCTHYeCKass U AUHAMHUYeCKasi CTOPOHBI 3aKOHO-
MEpHOCTH sIBJIEHHH.

HyxHo coBepuieHHO OTYeT/IMBO NpEeACTaBJATL cele,
npexje Bcero, B Y4eM COCTOHT OTJIHUHE CTaTHCTHYECKHX 3a-
KOHOB OT JMHAMUYECKHX U B YeM IIPOSIBJISIETCS EIHHCTBO HX
CTPYKTYpH. Bomnpoc 3TOT A1 MOHHMaHHS CTaTHCTHYECKHX
3aKOHOMEPHOCTeH OYeHb BaKeH, H, ObITb MOXeET, cJeloBa-
Jio 61 Ha HEM OCTaHOBHTbCs paHblue. Ho jocraToyHo yno6-
HO 3aHSITbCSI UM M ceiyac.

CraTHCcTHYeCKHe 3aKOHBI OTJIMYAIOTCS OT AHHAMHYECKHX
COJlep>KaHUeM IIOHATHA COCTOSIHHA cHCTeMbl. B nuHamuye-
CKHX TEOPHSX COCTOSTHHE 3aJaeTcsl TOUHBIMH 3HayeHHSMH
NOJIHOI'0 Ha6opa BceX OCHOBHBIX JJISi JaHHOH TeOpHH (pHU3H-
YyecKHUX BeJHYHH. B Mexanuke HploToHa 3TO0 KoOpAMHATH H
HMIYJIbCH BceX YacTHIL, B 3JeKTpojHnHaMHKe MakcBennia —
3HayeHHUsl HaNpsDKeHHOCTeH 3J1eKTPHYECKOro H MarHHTHOro
nosiefl B KaXK10# TouKe NPOCTPaHCTBa M/ JAHHOTO MOMEH-
Ta BpEeMEHH U T. A. B cTaTHCTHYeCKHX XKe TEOPHAX COCTOS-
HUe 3ajiaeTcs He 3HAUeHHAIMH caMiX ¢H3HYeCKHX BEJIHYHH, a
3aKOHAMH HX pacnpelieleHusi, KOTOpble JalOT BEPOSTHOCTH
TOrO, 4TO Kakue-IHOO (pH3HYeCKHEe BETHYHHBI MPHHHMAIOT
onpefieneHHble 3HaueHHs. CaMu Ke BeJHYHHBI CYHTAIOTCSH
Cl1y4adHBIMH, T.e. He 00S3aTeJbHO NPHHHUMAIOIUMH OInpe-
Jle/leHHble 3HaueHUsl NpPU 33J]JaHHBIX BHELIHHUX YCJIOBHUSX.
B 3ToM cMblc/ie HUKaKOH NPHHUMIHANBHON Pa3HHUILI MEXIY
KJ1aCCHYECKHMMH CTaTHCTHYECKHMMH TEOpHSMH M KBaHTOBOH
mexaHukoi Her. CyliecTBeHHOe pasjiHuHe MeXJIY HHMH CO-
CTOHT B TOM, 4TO B KJIACCHYECKOH CTATHCTHKE COCTOSIHHE Xa-
pakTepusyercsi camMod (yHKUHEH pacnpeeseHHus, Jaioliel
HEMOCPEACTBEHHO BEPOSTHOCTH OMNpEe/eHHbIX 3HaueHHI
(pM3HYEeCKHX BeIMYHH, a B KBAHTOBOH MeXaHHKe — BOJIHOBOH
¢yHkuueit ¥ (r, f), He uMeloweld NpPsIMOro (PH3HIECKOTO
cMeicaa. HenocpencTBeHHbIH CMBICH NOTHOCTH BEPOSITHOCTH
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umeer kBazpar Mopyas | ¥ |2, Orciona caepyer cyry6o
KBaHTOBbIH 3(eKT HHTepdepeHIUH BEePOATHOCTEH, UTO B
KOHEUHOM cueTe onpefienseT ocobble, HeKJacCHYeCKHE CBOM-
cTBa OGBHEKTOB MHKDOMHpA.

XapakTtep ke CBSI3M COCTOSIHHH B Da3/IHUHble MOMEHTHI
BpeMeHH (ypaBHEeHHs JBUXKeHHs) B OCHOBE CBOell OCTaercs
OGIMM H 17151 AMHAMHUYEeCKHX H J/Is1 CTATHCTHYECKHX TeOpHil.
[Tpu 3apanHOl ¢yHKuMH ['aMu/IBTOHA HauaavHee cocmosrue
cucmembl OOHO3HAUHO onpedenserm KOHeYHOe COCMOAHUE KaK
8 OuHamudeckux, mMaK U 6 CMQMUCMUYECKUX MeopuUsx.
B craTtucTHYecKoil MeXaHHKe KOHEUHOE COCTOSIHHE MOXKHO
HafiTH Y3 YypaBHEHHA M (YHKUHH paclpelesieHHs
f (g, p, t), a B KBaHTOBO} MeXaHHKe — M3 ypaBHeHus lllpe-
nunrepa aas ¥ (», f).

Ho pas yxe 3aKOHOMePHOCTH, B KOTOPBIX COCTOSIHHE Xa-
pakTepu3yeTcst BEPOATHOCTHBIM 06pPa3oM, a CBSI3b COCTOSIHHH
OIHO3HAYHO onpefie/sieTcsl ypaBHeHHeM JBHXKeHHU s, Mbl Ha3bl-
BaeM CTaTUCTHUECKHMH, TO HET HUKAKOrO CMbIC/Ia TOBOPHTD O
COUETAaHUH JUHAMHYECKHX M CTaTHCTHYECKHX 33KOHOB B
paMKax Heko# ofleil 3akoHoMepHOCTH. OOHO3HAYHYIO CBA3b
COCMOAHULL credyem cyumame Auwb OUHAMUHECKUM 3e-
MeHmom crmamucmu4ecko2o 3akora. VIMeHHO OHa B CTaTHCTH-
YecKOH TeOpHHM O3HayaeT Ha/lMuMe onpelesleHHOH BHYTPeH-
Hell Heo6GXOMUMOCTH B pa3BUTUM cHcTeMbl. Be3 Hee cTaTHCTH-
yeCKHe 3aKOHOMEDHOCTH He BBIpaXKaiu Obl HeOOXOIHMbIe
CBSI3H B NIPHPOJE, T. €. HX BooOllle Hesb3s1 ObLIO Gbl CUHTATh
3aKOHaMH.

JIpyrumMu BaXKHeHIIMMH JMHaMHYeCKHMH 3JIeMeHTaMH
CTATHCTHYECKUX TEODUH SBJSIOTCH 3aKOHBI COXPaHEHHA H
CBSI3aHHBblE C HUMHM NPHHUUNBI CUMMETPHH, O KOTOPBIX y2Ke
rOBOpHJIOCH B KoHue ra. II.

BeposTHOCTHBIE 32KOHBI, B YaCTHOCTH 33aKOHBI KBaHTO-
BOH TEOpHUH, He B COCTOSIHUH OJHO3HAyHO NpeJcKas3aTb, YTO
HMeHHO NPOU30HET C ONpeJeseHHOH CHCTeMOH BIaHHOM KOH-
KPETHOM cJiyuae, T. €. Kakie MMeHHO 3HePrdH H HMIYJbChI
HoJiy4yaT YacTHLUB! I0c/Je B3aHMOIEHCTBUS, KaKHe YaCTHIbI
NOSIBATCS IOC/TE CTOJNKHOBEHHS JBYX IPOTOHOB BbICOKOMH
SHEPTHH, KOrja MMeHHO M Ha KakHe YaCTHIbl pachajercs
K*-Me30H u T. 1. CTaTHCTHYECKH T XapaKTep SIBJEHHUH OKpY-
JKalollero Hac MHpa He MO3BOJSIET 3TOTO CAENATh.

OnHako, ecqM CTaTHCTHYecKas 3aKOHOMEDHOCTb H He
JlaeT BO3MOXKHOCTH OJHO3HAYHO ONpENeIHTb, YTO HMEHHO
NpOM30HAET, OHAa TeM He MeHee COBEpILIEHHO OOHO3HAYHO
npedckasbisaen, 4mo He moxcem npousodmu. KiMeHHO, He
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MOTYT IPOHCXOIMTbH IpPOLECCH, Hapyllaliie 3aKOHH CO-
XpaHenusi. MHaue roeopsi, BepOSITHOCTb NpPOLECCOB, Hapy-
IIAKOLIMX TOT HJIH HHOH 3aKOH COXPaHeHMs, paBHa HyJ0. B
Mupe, corjacHo 3ameuanuto Qoppa, napuT cBoero poxa ae-
MOKpaTus: «Bce, 4TO MOXeT NPOUCXOAUTh 6e3 HapyILeHUs
3aKOHOB COXpaHeHHsi, JeHCTBHTENbHO NpcHcxomut [56].

B pamkax /6ol cTaTHCTHYeCKOH TeopUH, HanpHUMep
KBaHTOBOH 3JIEKTPOAMHAMHKH, J060H mpoliecc, KOTOPOMY
OTBeYaeT BepOATHOCTb, PaBHas HYJI0, 06513aTeIbHO HapyIla-
€T OIUH HMJIM HEeCKOJbKO 3aKOHOB COXPaHEHH s, H [I03TOMY OH
NPOUCXOAUThL He MoxkeT. EcaM B JaHHOM npollecce B3aHMO-
JIeHCTBHUSI U B3aHMHBIX IpeBpallleHHH 3JeMeHTapHbIX YacTHI]
( a K 3TOMY CBOASITCS B KOHEYHOM cueTe Bce COGHITHSI B MHDE)
He HapyluaeTcsl HM OMH M3 3aKOHOB COXpaHeHHs, TO TaKoH
npoLecc ¢ TOH WX HHOH BepOSTHOCTBIO, KOTOPYIO O3BOJISAET
BBIUHCJIHUTL TeopHs, GyaeT uatH. C 3TOH TOUKH 3pEHHS JI0-
-60H 3aKOH COXpPaHeHHUs NpeACTaBJaseT COO0H MMEeHHO JUHa-
MUYecKHH (B CMBICJIe OJlHO3HAUHOCTH HaJsaraeMblX HM yCJO-
BHH) 3JIEMEHT CTAaTHCTHYeCKOH Teopuu. BrinonHeHue 3a-
KOHOB coXpaHeHHsl ofecreudBaeT INpOTEeKaHHe Mpolecca C
- OTJIMYHOH OT HYJSl BEPOSATHOCTHIO.

JlanHasi TouKa 3peHHs, [0 HAlleMy MHEHHIO, B IPHHLHUIIE
npaBHJIblia. Tem He MeHee oHa He OTpaxaeT INOJIHOCThIO 3HA-
YeHHUSs 3aKOHOB COXPaHEeHHSsl B COBPeMeHHOH (pH3HKe JIeMeH-
TapHBIX YacTHL. BaxkHeijilllee 3HaueHHe 3THX 3aKOHOB 00-
Hapy»KHBaeTcs NpexJie BCero UX B CBA3H C CAMBIMH OCLIMMH
NPUMHUMIIAMH, YIOpPaBJAOLMMHE [polieccaMHd B IIpHpoOJe,—
C NPHHIMIIAMH CHMMETPHH. 3aKOHBI COXpaHeHHs HOCSIT Bce-
OOIMH XapaKTep, NMPOHU3LIBAIOT TEOPHU BCEX THIIOB B3aHMO-
nefictBuii. EcaM, K npuMepy, 3aKOH COXpaHeHHsS 3HEPTHH
COJIePIKUTCA B KaXKA0H KOHKPETHOH TEOPHH 1 MOXKeT GBITh BbI-
JleJleH H3 Hee B IBHOH (opMe, TO yTBepXKAeHHEe O COXpaHEeHHH
Y TpeBpallleHHH HepruH Boollie sBisieTcsi GyHNaMeHTalb-
HBIM, T. €. OXBaThlBaeT BCe NMPOLECCH B NIPHPOJE U He BLITE-
KaeT U3 KaKoH-iubo onpeJiejleHHOR TeopHH, Bcerja TpPakTy-
I0IeH JIMIIb OTPAHHYEHHBIH KPYT SIBJAEHHH.

He o3Hayaer s1n 3710, 4TO 3aKOHBI COXPaHEHHS NPEACTaB-
JAI0T co6oit HauGosee ryOOKHe 3aKOHBI IPUPOXBI H K HHM
-B 6ynyieM cBefercst Bcsl pusuka *)? UM Ttak KaK 3aKOHBI CO-

*) dopi B UMTHPOBAHHOM BhHIIe KHHTE JaeT MOJOXHTEJbHEIH OTBET
Ha TOCTaBJIeHHbIl BONPOC H TOTOB JAEPKAaTh NMapH Ha 3TOT cueT. XoTa
OH W IIHIIET, YTO MHOTHEe QH3HKH Pa3JeNAIOT ero TOYKY 3peHHs, BCe XKe
He MPOCTO HaHTH CTOJIb XKe SIPOro CTOPOHHHKA BCEOGBHEMJIIOLIETO XapaK-
Tepa SaKOHOB CoxpaHeHHs, Kak cam dopa.
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XpaHeH#Hs, 110 o0lLeMy MHeHHUIO, OTHOCATCH K AMHaMHYECKUM,
TO He 03HAYaeT JIM 3TO, YTO B KOHEUHOM CUETE IePBHYHLIMH
cJIeyeT CUMTaThb BCe Ke JHHaMHYecKHe 3aKOHBIP

MoxkHO yKasaTb TPU apryMeHTa IIPOTHB TaKoH TOYKH
3peHusa. B o - ne p BB X, npeacraBiasercss BecbMa COMHH-
TeJIbHBIM, YTO COBOKYMHOCTH YK€ M3BECTHBIX 3aKOHOB CO-
XpaHeHHs U TeX, KOTopble O6YAYT OTKDHITH B OYyAylleM, OKa-
JKeTcs JOCTAaTOYHO JJIA TMOJHOrO ONHCAHHS BCEX MPOLLECCOB.
ITo caMoMy cBoeMy CMBICJIY 3aKOH COXpPaHEHHS — 3TO He-
KHH 3anpeT, HajaraeMblii Ha BO3MO2KHOCTb NPOTeKaHU S JaH-
Horo mpouecca. M mocKoNbKY IpOLEeCCH 3aBeIOMO HMEIOT
CTaTHCTHYECKYIO NPHPOLY, COBepIieHHO HesiICHO, KaK 3aKo-
HbI COXPAHEHHUA C HUX «1a» UJIH HET» CMOTYT IIOJHOCTHIO OIH-
caThb CTaTHCTHUYecKHe siBieHHUs. [lpumercss roBopuTh 06 on-
peieIeHHOH BepOSITHOCTH COXPaHEeHUsI HEKOTODBIX BEJHYHH.
Ho sTo yxe He GyAyT 3aKOHBI COXpaHEHHSI B TOM CMBICJIE,
KaK MBI HX IIOHHMaeM ceHuac.

Ilcuxosoruuecky NMOHATHO, NOUeMY B HacTosliee BpeMsl
MHOTHe (PH3UKH YCMAaTpPHBAIOT B 3aKOHAX COXpaHeHHs Te 3a-
KOHBI, K KOTOpPBHIM, MOXeT GbiTh, B OyAylleM cBeleTcsl BCs
Hayka. Ceiluac, Korja He NOCTPOeHa elle INOJHAsi TEOPHUS
3JIeMeHTapHBIX YacTHl, Han6oJbllHe ycreXH B 3ToH obaactu
NPUHEC/IO UCIIO/Ib30BaHHE y2Ke H3BECTHBIX U BHOBb OTKDHI-
THIX 3aKOHOB COXpaHeHHsI (BCJAeNCTBUE CBoeH OOIHOCTH
OHH OKa3aJIUCh CIpaBeNJUBBIMH U 3Jechb). Eciu paHbiue oT-
KpbITHE OCHOBHBIX 3aKOHOB JaHHOH TeOpHH NPeAIIeCTBOBAJIO
OTKPBITHIO COOTBETCTBYIOIIUX 3aKOHOB COXpaHeHHs (Mexa-
HuKa HrbloToHa, anekTpoguHamuka MakcBensa), To B CO-
BpeMeHHOH (pM3HKe 3JeMeHTapHBIX YacTHI| 3TO He Tak. 3a-
KOHEI COXpaHeHHs] GapHOHHOrO M JIENTOHHOI'O 3apsifoB,
3aKOH COXPaHEHUsI CTPAHHOCTH H JIp. CTO/Ib IPOCTHI 110 opMe
(cyTb UX HaM MOKa ellle MaJIo U3BECTHA), YTO HX yJaJioch He-
NIOCPENICTBEHHO BBIBECTH H3 OIDOMHOI'O KOJIMYECTBA 3KCIe-
pUMeHTaJbHOrO MartepHana. Temepb TeopHIO € caMoro
Hayaja HY>XHO CTPOMTh TaK, 4ToGbl OHa cojepKaJja B cebe
H3BECTHble 3aKOHbI COXpaHeHH .

OnHako faejaTh OTCIOfia BBIBOAB! 06 0COGOM, NEepBHYHOM
3HaYeHUH 3aKOHOB COXPaHEHUS BPSAL JIH clelyeT. DTH HOBble
3aKOHBI, BBIIOJHAIOLIMECS NPH NpeBpalleHUsAX 3JeMeHTap-
HBIX YaCTHI, OTKPBITH NEPBBIMH CKOpee BCErO He INOTOMY,
YTO OHH SIBJISIIOTCS OCHOBHBIMH, a BCJIEACTBHE CBOeH IPOCTO-
Tel. OHU ropasjo mpolle TeX KBaHTOBOMEXaHHYECKHUX 3aKO-
HOB 6yAyllero, KOTophle OKaXyTcsl CIOCOGHBEIMH KOJHYecT-
BEHHO ONHCBIBAThH MPOLECCHl C YYAaCTHEM CHJIBHBIX H ¢J1abbiX
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BaakimogieticTeuil. U TonbKo Takile TeopuH, a He 3aKOHbI ¢O-
XpaHeHHs TI03BOJISAAT HAKOHel| pellHTbh (pyHIaMeHTaJlbHYIO
npobJeMy cleKTpa MacC 3JeMeHTapHbIX YacTHIL.

B T o p oe coobpaxkenne. Buaumo, paHO HJIH NO3IHO
6yneT nocTpoeHa HeKasi eiMHasl TeOPHS 3JeMeHTapHBIX yac-
THL B JyXe runotesnl ['efizeHGepra WM Ha OCHOBe ApYTHX,
HEH3BECTHBIX IOKa runore3. B Takoil efuHoO# TeopuH (a 4to
OHa JIOJKHA GHITh CTATHCTHYECKOH, Majio KTO COMHeBaeTcs)
6yLyT opraHM4YecKH COJep:KaTbCsi BCe 3aKOHBl COXpaHe-
HHUfl, a He OTAe/JbHBlE UX COBOKYIHOCTH, KaK B HacTrosliee
BpeMsi, KOria, K NpHUMepYy, 3aKOH coXpaHeHHs 6apHOHHOTO
3apsija He HMeeT HHUKaKOIro OTHOUIEHHSI K KBaHTOBOH 3JIeKT-
ponuHaMuKe. 3aKOHBl COXPaHEHHs B eMHOH TeopuH OyIyT
BBICTYNIaTh JIMLIb KaK 3anperbl Ha BO3MOXHOCTb MpOTe-
KaHHA onpejieJleHHbIX NPOLIECCOB, T. €. KaK yTBePXKJAeHHs O
paBHOH HYJIIO BEePOSITHOCTH IIPOLECCOB, B KOTOPHIX KaKas-
Ju60 BeJHYHHA He coXxpaHsieTcsl. B 3ToM cMbic/e Bce 3aKOHBI
COXpaHEHHsl OKaXYTCHA He UeM HHBIM, KaK JHHaMHYECKHMH
3JieMeHTaMH, BooGlle IroBOpSi, CTaTHCTHYeCKOH TeopHH. By-
Ayuias pyHAaMeHTalbHasi TeOpHUs JO/KHA BKJIOYaTh B ce0s
BCe CHMMETPHH, NpHCYILHe MPUpPOJe, H TeM caMbIM 6ce 3a-
KOHbL COXPAHERUR, KaK YCA08US, 00pawaroujue 8 HYib 6eposm-
Hocmb  onpedeseHHbIX NPOYECCOs.

M HakKoHel, ocTaHOBHMCH Ha mocJejXHeM apry-
MeHTe, CTaBsillleM IIOJ] COMHeHHe JHHaMHYECKHH XapakTep
3aKOHOB COXpaHeHHs] MeXaHHYeCKHMX BeJHuMH. Eciau 3TH
COMHEHHS] OKaXKyTCSl ONpaBJaHHbIMH, TO JBa NEepPBHIX apry-
MeHTa CTaHyT MOYTH H3JIHILHHMH.

§ 3. MNpuHUMN HeompefeNeHHOCTH M CTAaTHCTHYECKH#
XapakTep 3aKOHOB COXPaHEHHsI MeXaHHYeCKHX BeJHYHH

B KBaHTOBOI TeOpHH NHHAMHYECKHI XapaKTep 3aKOHOB
COXpaHEeHHsI MeXaHHYeCKMX BeJHYHH OTHIOAb He CTOJb
KaTeropuyeH, Kak IpeACTaBJseTcsl Ha NepBbld B3rasal. 3a-
KOHBl COXPaHeHHsl HePTUH, UMIYJbCa U MOMeHTa HMITYJIbCa
He BBINOJHAIOTCA (€c/IM HX NOHMMATb NPSAMOJIHMHeHHO) Ha
MaJblX TNPOCTPaHCTBEHHO-BPEMEHHBIX HHTepBaJjax.

HauneMm c npoctoro u oueBuaHoro npumepa. I1pu Bbuuc-
JIEHHH BEPOSITHOCTH Iepexojia U3 HayaJbHOI'O COCTOSIHHS C
sHeprueit E,, NpHHaj/IexKalllero JUCKPETHOMY CIIEKTPY, B KO-
HeyHoe cOCTOsIHHe c 3Hepruell E,, npuHaiJjexalliee Henpe-
PHIBHOMY CNIEKTDY, IOJ BO3IeHCTBHEM I1ePHOAHYECKOTO BO3-
MYIIeHHs] YacTOThl ® 3a BpeMs ! IoayyaeTcs ciefpyoliee
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BbipaxeHue (cM., Hanpumep, [57]):
4 sin? [¢ (E, — E,, — hw)/2h]
Pan=C [(E, — E, — ho)/h]? ’ Q)

rje C — HeKOTOPBIA K03 DHIHEHT nponopiuHoHaasHocTd. Co-
rJ1acHo 3Toi (popMyJie BepOSATHOCTb IlepeXofia OTJIHYHA OT
HyJsa gaxe npu E, 5= E, + #o, T. e. Korja KOHeuHas
5HepTHs He paBHA CyMMe HayaJbHOH SHEPTHH H SHEPrHH
BO3MyLeHHs Aw. JIHwb npu £ — oo GyAeM HMEThb

4sin? [t (E, — E, — hw)/2k]

M —(E, — B, — ha)jiF

t—o00

= [2¢8 (Ex — En — ho)|/A,

rae 86 — nenbra-oyHKuMA [Jupaka, oTIHYHAS OT HYJS TOJb-
Ko npu E, =E, + hw.

B yacTHoCTH, ec/ld 3aMKHYTasl CHCTeMa COCTOHMT H3 JBYX
B3aMMO/IeHCTBYIOIUX MOJACHCTeM C 3HeprusiMu E U g, To
cnycTs BpeMsi Af IOBTOpPHbIe H3MePeHHS SHEpruil HaloT HO-
Bble 3HadeHds1 E' u &', He coBnagatwinme ¢ £ u . CorjacHo
¢dopmy.ie (1) npu ® =0 (4TO COOTBETCTBYET HE3AaBHCHMOCTH
SHEPTrUH B3aUMOAEHCTBMS OT BpeMeHH) Mbl HOJYYHM, YTO
BEPOATHOCTb Nepexofia U3 Hayua/JbHOTO COCTOSIHHS B KOHeU-
HOe TpONOopLHOHATbHA

sin? [Af (E' + &' — E — €)/2h]
(E"+¢e —E—e)p ‘

HauGosee BeposTHBlE 3HAUeHHSI Pa3HOCTH SHEPTHH KO-
HEYHOTO M HayaJbHOTO COCTOSIHMHA paBHBl IO TNOPSJKY
BeJUYHHBI /i/Af. UeM MeHblue HHTepBal BpeMeHH Af, TeM
GosbluMie M3MeHEHHS] SHePIHH 3aMKHYTOH CHCTeMbl MOXHO
0GHapyXHUTb. WHLIMH c/I0BaMH, B KBaHTOBOH MeXaHHKe 3a-
KOH COXpaHeHHsl SHePTHH MOXKHO IIPOBEDHUTH IOCPEINCTBOM
IBYX H3MepeHH ¢ TOYHOCTBIO 10 BeJHUYMHH ii/Af, Tie At —
HHTEpPBaJ MeXAY JBYMs IOC/]eL0BaTelbHEIMH H3MEPEeHHIMH.
Takum 0Gpa3oM, 3aKOHbl COXPaHEHHsI SHEPIHH TOYHO BHI-
MOJNHAIOTCSA JHIIb 1A GecKoOHeYHo OGOJBbLIMX HHTeDBaJ/OB
BpeMeHH.

B uactHoctH, ecau E u E' — 3HaueHHs] SHEPTHH HccJle-
JyeMOH CHCTEMBI, a € B &' — 3HaYeHUs SHePIHH H3MepUTENb-
Horo npuGopa, C KOTOPBIM cCHCTeMa B3aHMOLeHCTBYeT Ha
oTpe3ke BpeMeHH Af, TO B caMoM 6J1arOnpHATHOM cJiydae,
KOTJa 5HepruM npubopa X0 U mocje H3MePeHHs TOYHO H3-
BecTHH (Ae = Ae’ =0), nonyuum

AE—E)=~ 2. ©)
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CrenoBatesibHO, SHEPTHIO CHCTeMbl Ha OTpeske BpeMeHH
At 6Ge3 HapylueHHsl ee BeJIMUUHBI HeJIb3si H3MEPHUTDb C OLIHG-
KoH, MeHbluelt /Af. Tak, npH KBaHTOBOMEXaHHYECKOM aHa-
Ji3e H3MepeHMil CTalHOHAPHBIX 3HayeHHUH SHEPTrHH aToMa
MerofoM Illtepra — I'epnaxa HJIM MeTOZOM CTOJNKHOBEHHH
roJIyyaeTcsl Kak pa3 cootHoweHnue tuna (2) ([58], ctp. 372—
380). Ilast Toro utoGhl y3HaTh, Kakylo sHepruio, E, uin Ep,,
HMeJl aToM JO CTONKHOBEHHS, HeoOXOZHMO BBINIOJIHEHHe He-
paBeHCTBa

| En — Em | At >,

rie Af — npOXOMKHTENLHOCTb OIBITA.

AnajloruyHo OGCTOMT JieNI0 B KBAHTOBOH TEOPHH MOJIS.
Martpuua nepexonoB AJs MpOLECCOB NMEPBOro nopsinka (uc-
NYCKaHHS HJIH NOrJoleHHs GOoTOHA CBOOORHBIM 3/IEKTPOHOM)
HMeeT BHI

V(s,00) = {H(x)d%,

rae H (x) — omepaTop 5HeprHH B3auMopeicTBHS, déx —
6EeCKOHEYHO MaJblii 4eTbipeXMepHBII 06beM, a O, H ¢ —
NpPOCTPAHCTBEHHONOAOOHLIE TI'HNEPNOBEPXHOCTH, { — MHH-
Mas eIMHHLA.

Ecnv cunTaTh HadajJbHOE COCTOSIHHE 3aJJaHHBIM NpH
Op —>— 00 1 OTHOCHTb KOHEYHOE COCTOsSIHHE K ¢ — - oo,
TO JlaHHOe BbIpaXkeHHe PaBHO HYJ0. B caMoM jene, IpH HH-
TeTPHPOBAHUH IO KOOPAHHATaM H BPEeMeHH MOABJAIOTCS
0-¢pyHKuMH, YTO obecreuHBaeT BHINONHEHHE 3aKOHOB CO~
XpaHeHUS] MMNyJbca H 3Hepruu. ITocKoJBKY IJif paccMart-
pHBaeMOro Impoluecca 3TH 3aKOHBI HECOBMECTHMHl, TO
V4 (00, — o0) = 0. OnHako ecnu uHTEpBaJa {0y, G) COXpa-
HATb KOHEYHHIM (HampuMep, NmpH TpexMepHoii ¢opme 3a-
IHCH CYHTaTh {y U { KOHEUHBIMH), TO JJIS MaTpHYHOro 3Jje-
MeHTa nepexofia OJYYUTCSA BBIpaXKeHHe, OTIHYHOE OT HVJIA,
a MMEHHO:

1— E’— Eo) t/h
I Vi Ia -~ CO:E[S__ Eo)zO) ] ’

rae Eo u E' — HauaJbHOE M KOHEYHOE 3HAYeHHs SHEPTHH.

Takum o6pa3oM, B JaHHOM cJlyyae H3 PacyeToB BHITe-
KaeT TOJIbKO 3aKOH COXPaHeHHs MMIYJbca, TaK Kak HHTEr-
pHpOBaHHe BefieTcsl 110 BceMy NpOCTpaHCTBY. UTo ke Kaca-
eTcsl 5HepPTHH, TO BePOSITHOCTb Iepexofia HMeeT 3aMeTHYIO
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senuunny s E' — E, =~ F/x. UnbiMu cnoBamu, B KBaH-
TOBOH TEOpHH NOJA SHEPTHsi Ha HHTepBale BPEMEHH T OI-
pemeieHa c¢ norpeuHoctbio AET 2= .

PaccMoTpeHHBI 3Jleck NpoLecc HCNYCKaHHS HJH TOr-
JIOLEHH S CBOGOIHLIM 9JIEKTPOHOM (OTOHA CJYKHUT OJHHM M3
NPHMePOB BHPTYAJbHBEIX NPOLECCOB, O KOTOPHIX GLIIO pac-
cka3aHo B ria1. 1. IToHATHS BHPTyaNbHBIX MPOLLECCOB H BHP-
TyaJIbHBIX YacTHI, POXKAaeMBbIX B 3THX NpoleccaXx, 3aHHMa-
IOT LIEHTpaJIbHOEe MECTO B COBPEMEHHOH KBAaHTOBOH TEOPHH.
B Heft B3auMosieficTBHE OGEIYHBIX PeajibHbIX YacTHIl B NOJaB-
JsiomeM GOJNBIIHHCTBE CJIyyaeB pacCMaTpHBaeTcsl Kak pe-
3yJbTAT POXAEHHS H TNOIJIOIIEHNS] CBOGOMHBIMH YaCTHIIAMH
BUPTYaJbHHIX YacTHI, NPHYEM SHEPTHS M MMIYJbC YaCTHIL
IO U TocJie peakilHH OCTaloTCSl HEH3MEHHBIMH, a BO BpeMs
peaklHH 3aKOHbI COXPaHEHHU A 9THX BeTUUHH He BHINOJIHSAIOTCS.

MEI FrOBOPHJIH JI0 CHX NOP TOJBLKO O HapyIIeHHH 3aKOHa
COXpaHeHHsl SHEPTHH IO TOH NMPHYHHE, UTO NPOCTPaHCTBEH-
HbIi HHTEPBaJ, Ha KOTODOM NPOHCXONHMT B3aHMOJEHCTBHE,
ocraBajcsi HeHKCHPOBaHHEIM. Ec/H Xe npocTpaHCTBEHHBI
HHTEpBaJl B3ATh KOHEUHBIM, TO 3aKOHHBI COXPaHeHHA He GYAYT
BHIIOJNHATLCA HH JUI HMIYJbca, HH /s 3Heprud Ha mpo-
CTPaHCTBEHHOM HHTepBale AX He/lb3sl NPOBEPHTh 3aKOH
COXpaHEHHs] MMIyJbCca C OWIHGKOMN, MeHbllel Ap =~ Fi/Ax.

7CuurTasi, YyTO BHPTYaJbHblE NPOLECCH NPOTEKAlOT B Jel-
CTBHUTEJILHOCTH, MBI C HeH36€KHOCTbIO IPHXOAUM K BHIBOLY,
YTO 3aKOH COXPaHeHHs] SHEPTHH BHIIOJHSETCH CTPOro JIHIIb
B cpenHeM Ha GECKOHEYHOM HHTepBaJle BpeMeHH, a 3aKOH CO-
XpaHeHHs] UMNyJbca — B CPefHeM Ha GeCKOHEYHOM IIPOCT-
paHCTBeHHOM HHTepBaJe. TouHee (MBI MOAPOGHO OCTAHOBHM-
cs1 Ha 3TOM HEeCKOJIbKO I032Ke), SHEPI'Hs HMEeT ONpefiesIeHHoe
3HayeHUe B cpeHeM IO GOJIBIIOMY HHTEepBaly BpeMeHH, a
HMIYJIbC — B CPeHeM 1o 60JIbIIOMY HHTEpBaJdy NPOCTPaH-
cTBa. B TeueHHe e MaJBIX NPOMEXKYTKOB BDPEMEHH MOXeET
«BPEMEHHO HapyIaThCA» 3aKOH COXPaHEHHS 3HEPTHH, a
NpOLECCH], NPOTEKalolHe BHYTPH MaJbIX OGBEMOB, MOTYT
CONMpPOBOXIAThCSI «MECTHBIMH HapyIIeHHSIMH» 3aKOHa CO-
XpaHeHHs UMnyJbca. TakoBH BLIBOAB!, K KOTOPBIM MPHBOLUT
anmapar KBaHTOBOH TEOpHH.

IlpaBaa, ¢opMajibHO BHpPTyaJbHBIE MPOLECCH MOXKHO
HCTONKOBaTh HHaye. VIMEHHO, MOXXHO CYMTaTh, YTO SHEPTHsA
H HMIYJILC COXPAHSAIOTCS M B IpoueccaX, MISAUHUXCA CKOJMb
YTOMHO Masoe BpeMs, HO OOblYHAas CBS3b MeXAy KHHeTHdYe-
CKOll Heprueil 9acTULB!, ee UMIYJbLCOM H Maccof, BhIpaxa-
eMasl COOTHoleHHeM E = p?/2 m, Hapywaercs; npH GoBLIAX
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CKOPOCTAX  JBHXEHHMSl HapyllaeTcsi COOTBETCTBYIOLlee
PEeJSITHBHCTCKOE COOTHolleHHe E2 = c2p? 4+ mict. Tak, B
YaCTHOCTH, NMPH H3JyYeHUH CBOGOJAHBIM 3JI€KTPOHOM BHPTY-
aJibHOro (HOTOHA MOXKHO CUHTATb, YTO SHEPTHS COXpaHseTcs,
HO XBaipaT Macchl Takoro (0ToHa KakK Obl CTAHOBHTCS OT-
pHLarensHbIM, a caMa Macca — MHHMOM, T. €.

E2

m2———p2<0

O6e TOYKH 3peHHs (¢opMajbHO paBHOLEHHB. OnHaKO
¢usnuecku Goslee npHeMJeMa, 10 HallleMy MHEHHIO, epBas
TOYKa 3peHHS.

IIpeaBapuTe/bHO CHENIaeM ellle OAHO 3aMeuanue. Moxer
6bITh, B JIE€HCTBHTEILHOCTH HHKAKHX BHPTYasbHBIX IIpollec-
COB He CYIIECTBYeT H HX INOSIBJI€HHE B TEOPHH €CTb JIHIIb
C/IeiCTBHE NPHOIHXKEHHBIX METOJIOB pacueTa B3aMMoJeMHCT-
BHS YacTHI ¢ IIOMOIIBIO TeopUH Bo3MylleHuH? Takoe npen-
NOJIO}KeHHEe BBICKa3bIBAIOCh HeofHOKpaTHo. Mrak, cyuiect-
BYIOT JIH BHPTyaJbHble YaCTHIILI?

ITo n1ByM nmpuYnHaM OTBETHTb Ha 3TOT BOIPOC AajJeKo He
npocro. ITepBast TpyAHOCTb CBsI3aHa C T€M, YTO B MHKPOMHpE
Bce HabJ/IIoieHU A 110 He06X0AHMOCTH UMeIOT KOCBEHHBIH, IPUH-
LUIHANBbHO CTATHCTHYECKHH XapakKTep UM OCYIIECTBJSIOTCS
Ha O6OJIBIIMX NPOCTPAHCTBEHHO-BPEMEHHBIX MHTepBaax.
MuxkpouacTuubl MOXHO PErHCTPHPOBATb TOJNBKO IOCPEACT-
BOM HaGJII0[leHHs] MAKPOCKOIIMYECKHX sIBJIE€HUH, KOTOpble OHH
BBI3HIBAIOT B GOJIBIINX CHCTeMaX, HaXOASLIUXCHA B HEYCTOMH-
yuBOM cocTossHUH. IlonyuuTh HanexHylo HHpopMauHio o
XapaKTepe NPOLECCOB U CBOHCTBaX MHKDOYACTHIEI MOXKHO,
JIMIIb TIPOJie/]IaB CEPHIO SKCIIEDHMEHTOB, B KOTOPHIX ONHHA-
KOBble 4acTHIBl HaXOAATCS B OJAMHAKOBBIX MaKpOCKONHYe-
CKHX YCJOBHSAX.

Bropast TpynHOCTb cBsI3aHa CO CJeNYyIOMHM 06CTOATeb-
ctBoM. Ecau j/is foKasaTenbCTBa CYIIECTBOBaHHS BHPTY-
aJIbHBIX, K NPHUMepY, MHOHOB B «i1y6e» CBOGOAHOTO HYKJIOHA
MbI BbIObeM K3 Hee (DOTOHOM MJIM JPYroil yacTHLEeld NHOH, TO
MBI y2Ke GYyZeM HMeThb J1eJ10 He CO CBOGOJHBIM HYKJIOHOM, a C
peakuweii, B npouecce KOTOPOX NMHOH MOT Obl POAHTHCS, €CIH
Obl ero B «w1yGe» B He OBLIO.

CTOpOHHUKH TOUKHM 3pE€HHs, OTpHLaIoLIel CyIecTBOo-
BaHHe BHPTYaJIbHBIX YaCTHIl, HCXOAST U3 TOrO, YTO HX HeJlb-
3% OGHAapY>XUTb OGBIYHBIMH PErHCTPUPYIOIUMH YCTPOHCT-
BaMH: CUeTYHKOM, KaMepoit Busibcona u T. A. B uacTtHOCTH,
NpH OTJIMYHOH OT HYJI Macce NMOKOSl OHH NPOCTO He MOTyT
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TIPeoioJieTh TO MAaKPOCKONHMYecKoe paccTosiHHe (GecKoHeu-
HO 6oJIbILIOE IO MacITabaM MHKPOMHpa), KOTOPOe OTAeJsieT
06/1aCTh, T'le NPOHCXOJHT peaklHMs, OT MecTa, IJie pacrioso-
JKeH npHuoop.

OTH paccyXIeHHs, OHAKO, N0 PAAY NPHYHH HENOCTa-
TOYHO YyOeiuTeJbHH. Bo-mepBhIX, HOBOJBLHO NPOH3BOJIBHO
yCJIOBHe, BBHINOJHEHHE KOTOPOTO INO3BOMNSET YacTHUe (MJIH
BooOLIe JIIO6OMY OOBEKTY, [ieJlo He B Ha3BaHHUH) IpeTeHNo-
BaTh Ha THTYJI «pealbHOH», a UMEHHO: OHa JOJIXKHA HMEThb
BO3MOXKHOCTb NPOXOAHTb MAaKDOCKONHYeCKHE PpacCTosi-
HHsl M TIPUBOIUTH B JeHCTBHe ONpejiesleHHble PEeTHCTPHPYIO-
1IMe YCTPOHCTBa.

Bo-BTOpHIX, €C/IM MBI OTK2XeM B IpaBe Ha peasbHoe Cy-
IIeCTBOBaHHe BUPTYaJbHbIM (pOTOHAM, KOTOPHIE, B YaCTHOCTH,
00yCJ/IOBJHBAIOT KYJOHOBCKOE B3aUMONEHCTBHE 3apsi’KeH-
HBIX YacTHll, TO NOJYUHTCS clenylollee. B paMkax KBaHTO-
BOH TeOpHH KJlaccHUecKoe HenpephbiBHoe nose Papages —
MakcBes1a 3aBeJoMO He COOTBETCTBYET JeHCTBHTETbHOCTH.
TloaToMy OTKa3 OT peaJbHOCTH BHPTYa/bHBIX (OTOHOB, 00Y-
CJIOBJIMBAIOLIMX, COIVIaCHO KBAHTOBOH TEOPHH, KYJOHOBCKOE
B3aUMOJIeHCTBHE, 03HaUaeT (paKTHYECKH BO3BpallleHHe K KOH-
LeNuUUH 1albHONEHCTBHSA, T. €. K NPEICTaBIeHHI0 O B3aHMO-
JefiICTBHH YacTHI APYT C APYTOM Ha paccTosiHUM 6e3 KaKoro-
au6o nocpegHuKa. B naHHOM ciyuyae BUpPTYya/bHble YaCTHILBI
MOT'yT IPOXOIHTb MAKPOCKONHYecKHe paccTosiHus. Ilpasaa,
BHPTYaJbHBIM (POTOHAM NPHUXOAUTCS INPHUIHUCHIBATH OTPHU-

N E2 p2
LaTeJbHbI KBaJpaT Macchl (0—4 —-£< 0) , a TaKHe yac-

THIIBI HeJIb3S1 3apeTHCTPHPOBATH CUETYHKOM HJIM JPYTHUM
aHAJOTMYHBIM YCTPOHCTBOM. 3TO 03Hauajo OB Hapylle-
HHE 3aKOHA COXPaHEeHHs SHePrHH B MaKPOCKOIHUECKHX Mac-
mrabax.

TakuM 06pa3oM, Mbl IPHXORUM K BHIBOJLY, YTO XOTS BHp-
TyaJIbHBle YaCTHIBl M OTJHMYAIOTCH OT peasbHBbIX TeM, UYTO
IJ1sT HUX He BBINOJHSIETCS DENSTHBHCTCKOE COOTHOLIEHHE
MeXJy SHepruell H HMIYJIbCOM, HO OTKa3bIBaTh MM IO 3TOH
NpUYHHE B NpaBe Ha CYLIECTBOBAHHE HET OCHOBaHHMH.

B moJsib3y naHHON TPAKTOBKH BHPTYAa/bHEIX MEPEXOI0B U
BHPTYaJbHBIX YacTHL MOXHO N0GaBHTH elle, YTO OHH CO-
BepIIEHHO €CTeCTBEHHO MOMBJSIOTCH B anmnapare TeOpHH
BO3MYLIEHHH, H OTpHLaHHe HX (PU3HYECKOTO COJepKaHHus
O3HayaeT HEKOTOpOe, He HMelolllee NOCTaTOYHBIX OCHOBAaHHH
HeJloBepHe K annapaty TeopuH. KpoMe Toro, HHKaK He/b3si
CYHTaTh CJAY4YalHBIM, YTO JVISl BCEX BHPTYaJbHBIX IPOLIECCOB

197



BBITNIOJIHAIOTCA 32KOHBI COXPaHEHUs 3JeKTPUYECKOro 3apsia
H BCeX APYrMX KBaHTOBBIX YHCEJ, XapaKTepH3YIOLIMX yac-
TR, Eciau Ol TakHe nepexonbl GbUIM BOOGPaXKaeMbIMH,
TO BHINOJNHEHHE JJIsi HHX NaHHBIX 3aKOHOB COXpaHeHHsl He
6blI0 6bl O6Gs3aTenbHEIM. B HaGumopaeMBIX npeBpaleHUsIX
peaJibHBIX YacTHIL 9TH 3aKOHBI BCE€ PABHO BBIMOJHSJIHCEH GbI.

Hrak, kBaHTOBast TeOPHS NMPUBOAUT K BEIBOLY, YTO COX-
paHeHHe SHePTHH M HMIYJbCa Ha MaJbIX MPOCTPAHCTBEHHO-
BpPeMeHHBIX HHTepBa/aX B ONpeleJeHHOM CMBIC/IE He MMeeT
Mecra. Bo BcsikoM cilyuae, 3aKOHE! COXpaHeHHsi STHX BEIHYHH
NPHHUHUNHANLHO HeJb3sl IPOBEPHTh B 3KCIEPHUMeHTe C
omu6Ko#, MeHpliell Ap =~ h/Ax u AE =~ Fk/At. OnHako 3to
He BBI3bIBaeT KaKoro-iu6o GecnokofictBa. Bo-neppmix, Be-
JUYyHHa i HacTO/MBKO MaJjla, 4To JJISl MaKPOCKONHYECKHX HH-
TepBaloB Ax H Af 3aKOHBl COXpaHeHHMS NMPAKTHYECKH BEHI-
MOJIHSIIOTCS B TOYHOCTH. Bo-BTOpHIX, H 3TO I'VIaBHOE, HMITYJIBC
Ha oTpesKe AX, COIVIaCHO COOTHOLIEHHIO HeompeJeJeHHocTeH
I'efizen6epra, onpesie/ieH C NOrpelIHOCTbIO, KaK pa3 paBHOM
Ap =~ F%/Ax. TakuM o6pa3oM, 0 HapyIIeHHH 3aKOHA COXpa-
HEHHsI HMIyJbCa, NO CYIIECTBY, MOXKHO He TOBODHTb, IO-
CKOJIbKY CaM HMITYJIbC Ha oTpe3Kke AX He UMeeT GPUKCHPOBaH-
Horo 3HaueHHs. OTCTYIUIEHHS OT 3aKOHA COXPaHEHHS TOYHO
YKJIaQBIBAIOTCA B PAMKH COOTHOLIEHHS HeompefesleHHOCTeH.

C sHeprueii 1e10 0GCTOMT HECKOJBKO CIOXKHee. Bpems B
KBaHTOBOH MeXaHHKe, B OTJIHUHE OT KOOPJHHAT, He fBJseTcd
oneparopoM. Onepatop 3HepTHH — 3TO omeparop I'aMHJ/Ib=
TOHA, 3aBHCALIMH OT ONEpPaTOpPOB KOOPAHHAT H HMIYJbLCOB.
CooTBeTCTBEHHO BpeMsi M JHEPTHIO Hellb3sl PacCMaTpHBAaTh
KaKk HEeKOMMYTHDYIOLIHEe ONepaTophl, H, 3HAYHT, Helb3sl IO-
JIYYHTb COOTHOLIEHHE HeolpeJeJeHHOCTell MeXIy sHeprue
H BpeMeHeM TaKHM e MEeTOIOM, KaK IJs KOOpPAHHAaTHl H
HMIYJbCa U APYTHX KaHOHHYECKH COIpSIKEHHBIX BeJHYHH.
IMostomy coorHowenue AE =~ #/At¢ yacTo uHTepNIpeTHpYeT-
cs (cm., Hanpumep, [57], [58]) ;muwb kak yTBepXKpmeHHe O
HEBO3MOXXHOCTH NPOBEPKH 3aKOHA COXPaHEHHS SHEPTHH Ha
HHTepBaJle BpeMeHH Af ¢ morpemHocTblo, MeHbluell %/Af.
Ho B naHHEII MOMEHT BpEMeHH 3HEPrHIO MOXKHO ONpeeNUTh
(MU3MepHTb) CKOJb YTrOZHO TOYHO. VIHBIMH c/oBaMH, B jJaH-
HbIH MOMEHT BpeMeHH SHepTHsI HMeeT olpe/ieJieHHoe 3Haye-
HHe, B OTJHYHe OT HMIYJbCa, KOTOPHIH ONpefe]eHHOro
3HaueHHs B TOYKE He HMeeT.

Ecnu nepBoe yTBep:KieHHE O TG, UTO BpeMsl He siBAsieTCs
onepaTopoM, BO3MOXKHO, CTPaBeJJINBO, TO TOCJIEAHee, 0 Ha-
IIeMY MHEHH!I0, TPOCTO HENPaBUIbHO. DHEPTUS B JAHHBIH MO-
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MEHT BpeMeHM WMeeT He GOMbIIHHA CMBICA, YeM HMIYAbE
B Toyke. Ha sToM MBI ocTaHOBHMCS moppoGHee.

[pexxpe Bcero oTMETHM, YTO IO BONPOCY O COOTHOIIEHHH
HEONpe/leJIeHHOCTe! MeXJy SHeprueil U BpeMEHeM OTCYTCT-
BYeT eJMHasi TOUKa 3peHHs. DTOT BONpOC M3jaraercsl (eciH
OH BooOlIe H3yaraercsl) B PasiHUHBIX yyeOHHKaX IO KBaH-
TOBOH MeXaHHKe He TOJbKO COBEpILEHHO IO-pasHOMY, HO
4acTo W INPOTHBOMNOJOXHBIM 06pasoM. IloBoNbHO CTpaHHas
CHTyallMsl JUISl TaKOH CJIOXKMBIUEHCH HayKH, KaK KBaHTO-
Basi MeXaHHKa.

B yueGuuxe ludda [59], kak u B kuurax Boma [60] u
®epmu [61], BooOwe He Aenaercss NMPUHLUKMNHAILHOLO pas-
JMYHS MeXJYy COOTHOLIEHHSIMH HeonpeleleHHOCTel

Ap*Ax ~h u AE At =~ 7.

Hackonbko HaM n3BecTHO, TOJNBKO B yueGHukax Jlanaay
u Jlnpumua [57] u Bnoxuunera [58] yrBepxkmaercsi, urto
SHEpTHSl B ONpEJENEHHbIi MOMEHT BPEMEHH MOXKET HMEThb
TOYHO (UKCHpOBaHHOe 3HaueHuHe. B yueGuuke JlaBhmoBa
[62], kak ¥ BO MHOrHX APYTMX, HET HHKaKHX ONpeJeJieH-
HBIX BBICKa3blBaHW#i Ha 3ToT cueT. Hakonen, u cam Bop
HE CYHTAJl HYXXHBIM TOJAUYEPKUBATL Pa3jiUuMe MeXAY COOT-
Howenusima Ap Ax =~ % u AE Af =~ F [63]. Bo Bcskom
clyyae, OH He JeNaeT CTOJb KaTerOpHYeCKHX yTBepKIe-
Hufl, kak Jlangay u Bioxunues.

B 1945 r. 6buia ony6nukoBaHa craThst ManjenbiuTamMa u
Tamma [64], cnenuanbHO MOCBSIEHHAS COOTHOIIEHHIO HEOI-
pelle/IeHHOCTel MeXJy 3Heprueii M BpemeHeM. B Hefr yT-
BEpKAAeTCs, UTO eclu 3a BpeMsi Af cpenHee sHauenue L
HEKOTOpo#i (pusnueckoll BeTHUHHB! L MeHsieTcsl Ha BeJHYHHY
AL = |L (¢ + Af) — L (f)|, To untepBan Af cBs3aH C He-
omnpefeneHHocThI0 B 3Heprun AE coortnomenuem AE At 2
== h. 3arem nosisunace cratbss Poxka u Kpbutosa [65], B
KOTOPOH, Hap sy C 3aMeuaHHeM O TOM, UTO CTaThsi MaHe bLI-
TaMa 1 TaMMa BecbMa HHTEpECHA, JAeTCsl COBEPLIEHHO HHOE
TOJIKOBaHHE COOTHOIIEHHIO HEONpefieJIeHHOCTell MeXAY SHep-
THel W BpeMeHeM W BooOlle CMBbICJAY paboThl NMpeAbAYLIMX
aBTOpOB. Mbl He GyfeM JeTalbHO paccMaTpHBATh COMEepXKa-
HHE MepeuHCcIeHHBIX Bhille cTaTefi, 6O TIiaBHOe, YTO H3
HHX MOXHO BBIHECTH,— 3TO OTCYTCTBHE SICHOCTH B paccMat-
puBaeMoM Bompoce. CyLieCTBEHHO 3aMETHTh JIMIIb, YTO B
cratee Poka 1 KpbiioBa 0TMeyaroTcst IBa TOJKOBAaHHS COOT-
HOILIEHHSI HeOoNpefe/eHHOCTE MEXAY SHeprueil 1 BpeMeHeM.
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Oxgo, B cMEice Bopa, siBnsieTcst nocTynaToM U ceicTBUEM.
OGCYK/IeHHS MBIC/IEHHBIX SKCNEPHMEHTOB M HE 3aBHCHT OT
dopmanbHOTO annapara KBaHTOBOM MeXaHUKH. COryIacHO Bo-
PY, HEONpeleJeHHOCTb B NPHpalleHMH 3HeprHH oGbeKTa 3a
Bpems H3MepeHusi A/ yJOBNETBOpSIeT HEpaBEHCTBY ’

A(E'— E) At

rae E u E’' — sneprusi 06beKTa A0 U TOCHE H3MEpEHHSI.

Bropoe TonkoBanue, Mangenvirama — Tamma, He
HMEET HEMOCPEeJICTBEHHOIO OTHOIIEHHS K SKCIEPHMEHTaM Mo
HU3MEPEHHIO SHEepTHH.

Ilo HameMy MHenuio, xoTsi cooTHowienue AE Af ~ h
HeJIb3s NMONYYHTh C NMOMOLIbI0 opManii3Ma KBaHTOBOH Me-
XaHHKH CTO/Ib 2Ke INPOCTO, KaK COOTHOWeHHe Ap Ax =~ 7,
€ro BCE JXe MOXKHO HCTONKOBATb B TOM CMBIC/IE, UTO SHEPTUS
HE MMeeT ONpeJe/eHHOro 3HayeHHs! B (DUKCHPOBAHHBIH MO-
MEHT BpeMeHH. B monbsy nocsennero yTepizenusi (kpome
YKa3aHH# Ha N006HYIO TPAKTOBKY cooTHomennst AEAt =~ F,
M3/JIOKEHHBIX B psile pacnpoCTPaHEHHHIX  yueGHHKOB)
MOXHO NPHBECTH HECKONbKO apryMeHTOB, pasJHyHbIX,
BIPOYEM, IO CBOEMY 3HAUYEHHMIO.

CaMbii TpocToli ¥ HArdAAAHBG ApryMeHT
COCTOHT B ClefyroumeM. Kak H3BecTHO, 3Heprusi cpsizana
¢ uacroroii popmyunoii Ilnanka E = ke, nogo6Ho ToMy Kak
UMIYJIbC CBSA3aH C AJIMHOH BOJNHBEI COOTHOLIEHHEM e Bpoiias
p = 2mh/A. Tak Kak NOHATHE AJIHMHbI BOJHEI 1O CaMoMy CBO-
€MY CMBICJTY. OTHOCHTCS K ONpeJeJIeHHOMY HHTEpBaly H yT-
BEpXKJIEHHE O TOM, YTO AJHMHA BONHH B AaHHOH TOYKE paBHA
KaKoi-J1u00 BeNUyKHe, JHUIEHO CMBICIA, TO H NOHSTHE HM-
yJ1bCa B TOYKE JIMIIEHO CMbIC/Ia. DTO 03HAYAET, YTO MEXKAY
MMIYJIIbCOM M KOODAMHATOH CYLIECTBYET COOTHOLIEHHE He-
onpefesienHocTeli. Ho, coBepuienso ananorumuno, noHsiTHe
YaCTOTHI OOSI3aTeIbHO HYXKHO OTHECTH K HEKOTOPOMY Bpe-
MEHHOMY MHTepBa/y. BolparkeHue «yacToTa B JaHHBII MOMEHT
BpeMeHn» OGeccMbicieHHO. ClieloBaTeNIbHO, GECCMBICJEHHO H
TNOHATHE SHEPTHH B JAHHBIA MOMeHT BpeMeHH. [IpaBaa, B
HEKOTOPLIX paboTax yKasblBaeTCs, UTO CBSI3b SHEPTHH, OIl-
PEACNIAEMOl CTallMOHapHEIM ypaBHeHHeM Illpenuurepa, ¢
4acTOTOH KoJeGaHuii JIMIIeHa (H3MYECKOro cMbicia (CM.,
Hanpumep, [64]). Oxnako HHKAKHX CepbE3HBIX apryMEHTOB
B IIOIb3Y TaKOH TOYKH 3pEHHS] He NMPHBOAWTCs. Hamportus,
AOCTaTOYHO OYEBHAHO, UTO AJisi GOTOHOB ¢ sHepruedt E mo-
HATHE 4acToThl ® = E/% uMeer siCHBI (DHSHUECKHH CMBICJ.
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CnefoBatenbHO, ISl HHX TIOHATHE SHEPIHH B JAHHBIH MO-
MEHT BPeMEeHH COBepLIEHHO GeccojiepKaTeNbHo.
Cnenyromut aprymenrt. Ecau cucrema cy-
1IeCTBYeT KOHeYHoe BpeMs Af (HaXONMTCSI B KBa3HCTAIHO-
HapHOM COCTOSIHHHM), TO SHEPTHIO CHCTEMEI HE TONILKO HeNb3st
ONpEJIeIUTh C MOTPEIIHOCThIO, MeHbluel /i/Af, HO, KaKyKa-
spiBatoT Jlanaay u Jludmmun ([57], crp. 181), ona npocro ne
nmeer ¢urcupoBanHoro 3HayeHusi. ®ox u KpboiioB B uuTH-
poBaHHOH BhIIe cTaThe [65] nMokasanu Hanuuue AJIs CHcTe-
Mbl B KBa3HCTAIlMOHADPHOM COCTOSIHMH (YHKUHU pacrpenesne-
HUS TI0 SHEPTHSAM, NIPHYEM ee BHJ 3aBHCHT OT 3aKOHa pac-
najga JaHHOro cocTostHusl. PakTHuecKu Bce IHCKPETHHIE

T~ T —_ L —~ ——\(_—\ —_—-~
———d—‘f.——‘\_(b "_(;_‘(i. PANS AK\..“ A\—A

Puc. 19.

COCTOSIHMSI, paccMaTpUBaeMble B KBAHTOBOH MeXaHHKe KakK
CTallMOHApHbIe, TAKOBBLIMHU B IeHCTBUTEILHOCTH He SIBJISIIOTCS,
32 MCKJIIOYEHHEeM OCHOBHOTI'O COCTOSIHHSI C MUHHMAJIbHOH Hep-
ruefi. TakuM o6pasoM, sHepPrus, 3a HCKIIOYEHHEM SHEPTHH
OCHOBHBIX COCTOSIHMI, HE HMeeT M He MOXKEeT HUMeTb CTPOro
onpeJieNIeHHYI0 BeJHYHHY, JUIS KOTOPOH TOYHO BBINOJHSJICS
OH 3aKOH COXDaHeHHs] HAa KOHEYHOM HHTepBaje Bpe-
MeHH.

[TocmeaHuuit apryMeHT OCHOBaH Ha KBaH-
TOBOH TeopuHu nous. Jliobas yacTula, HampuUMep 3JEeKTPOH,
HEMNpepbIBHO MCIYCKaeT U MOIVIOLiaeT KBaHTBHI NoMed, ¢ KO-
TOpbIMH OHa B3auMojeiictByeT. Ha puc. 19 npouecc ucmyc-
KaHHS U MNOIVIOIEHH I CBOOOJHBIM 37IEKTPOHOM BHPTYaJbHBIX
¢doToHOB H300paxeH ¢ nomompblo auarpaMmel PefiHMaHa
(3MeETpPOH — CIJIOIIHASA JUHHU S, GOTOHBl — NYHKTHPHBIE JIH-
HUM). 3[ech, KOHEYHO, NOKa3aHbl He BCe BUPTyaJbHbE NPO-
1lecCHl, HO ¥ M300paKeHHOro BIOJIHE J0CTaTOYHO JUISl HAalIKX
ueneft. M3 auarpamMMel BULHO, 4TO B J11000H MOMEHT BpeMeHH
WIH Ha JIo00M HHTepBaje BpeMEHH 3JIeKTPOH HaXOAHUTCS B
BHUPTYaJIbHOM COCTOSIHMM, TpHYeM, KaK cjlelyeT M3 KBaHTO-
BOH TEOPHH NOJIS, HAa OYeHb MaJiOM MHTepBa/le BpeMeHH 5Hep-
TUsI €0 MOXKeT OKa3aThcs Kako#t yroaso. ITostomy yTBepx-
JleHMe O TOM, 4TO YacTulia o6ajaeT B onpejeeHH bl MOMEHT
BpeMeHH TOYHO (MKCHPOBAHHOH 3Heprueli, He MOXKeT COOT-
BETCTBOBATh NEHCTBUTEJBHOCTH. JIMiub B cpeiHeM mo Gec-
KOHEYHOMY HHTepBany BpeMeHH 3Heprus Oyaer BronHe
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onpenenenHoii BenuuuHofi. W cama wactuma npezcraer

KaK pealbHBl OOBEKT C (UKCHPOBAaHHLIMH SHaUeHHSIMH

SHEPTHMH W UMIIyJbCa JIMIIb NIPU YCPEAHEHUH 1O BCEBO3MOXK-

HBEIM BHDPTyaJbHLIM NpolieccaM. KoneuHo, Ha camoM Jene

3TOT MHTepBas He 0053aH paBHAThCSA GecKOHEUHoCTH. V3-3a

MaJIoCTH /i KBaHTOBLIE (p/1YKTyalluy SHEpTHH Ha HHTepBaje, K

npuUMepy, B MUIMApPAHYIO JOMIO CEKYHAB! YK€ HUYTOMXKHBI:

AE =~ i/At ~ 1078 3pe, 1 3HEPTHIO MOXKHO CYUMTATh BIOJNHE

ONpeJeJIEHHO BeJHUHHOM.

Tenepn HecKOMBKO CJIOB O TOM, KaKHe OCHOBAaHHS MOBYXK-

Raiot Jlanaay, BiioxnHieBa i Apyrux aBTOPOB yTBEpKIaTh,

ot 1 Muobas 4YTO SHEPTHS B AAHHBIA MO-

TUHILY . MEHT BpEMEeHH MOMKeT HMETb

| (Bl onpenenenoe suavenme, a

——t+—93—-L4—""  ummynsc B Touke He MOXeT.

: ¢ =const Buanmo, Zies1o B caegyoomeM.

; 3a GoibIIOH NPOMENKYTOK

i BpPEMeHH SHepTHI0 MOXKHO H3-

L MEpHTb TOYHO, HEe BO3MYIIasi

4 | ¥ - npuGopom ee 3HaueHue. ITo
{

GeccriopHo. Ecnu ke coctos-

Z=canst HHMe cTanuoHapHO (cBOGOA-

y \ Has 4acTHLA WJIH OCHOBHOE

COCTOsIHMe, NpUHajJexKalnee

Puc. 20. JUCKPETHOMY CIEKTpPY), T. €.

SHeprusl TNOCTOSIHHA, TO B

J000#t MOMEHT BpPEMEHH IIOC/e H3MEepeHHS YacTHLa WIH

cucreMa OYAyT HMETb Ty e SHepruio. Benp B J11060# MOMEHT
BpPEMEHH YacTHIa CYWECTBYeT U MMeeT SHepTHIO.

C umnynscoM nonoxenune nxoe. Ha GonbioM unTepBane
AXx MOXHO TOUHO W3MEDPHTh HMIYJALC, He BO3MYINas €ro
3Hauenusi. BenuunHa MMIysnbca B RanbHefIIEM ocTaHeTCs
HEH3MEeHHOH (KOHeuHo, y cBoGoxHO# uactuusl). Ho B mpo-
H3BOJIbHOM TOUKE X YaCTHIIA OTHIOAL He 06I3aHa HAXOAUTHCS.
B 5ToM coCTOMT, B YacTHOCTH, pasiuume MpOCTPaHCTBEHHON
M BpeMeHHOH KoopiuHaT. CeyeHHe YeTHIPEXMEPHOrO Mpo-
CTPaHCTBA TUIEPIIOBEXHOCTBIO ¢ = const o6ssaTenbHO me-
peceyeT MHPOBYIO JIMHHIO YaCTHIbI, @ CEUeHHE UNepPToBep X-
HOCTBIO X = const coBceM He 06sI3aTeNbHO Mepeceyer ee.
OTO NMPOHMCXOIHUT NOTOMY, YTO BPeMs TeUeT TOABKO B OJIHOM
Hanpas/IeHHH, 2 KOOPAWHATA MOXKET KaK YBEJIMYHBAThCS, TaK
H ymeHbmateest (puc. 20). Ms-3a panHOro pasnuums um-
MyJBC B TOUKE HE MMEET CMBICJIA, 2 SHEPTUA B JAHHBIH MO-
MEHT BPEMEHH MOXET €ro HMeTh,
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Onnako Takue coobpakeHHs HE OueHb YOemuTesNbHbI.
Beap uMNyJibC 1 KOODAMHATY TaKXKe MOXKHO ONpPEAeHTh OA-
HOBPEMEHHO M C/leJIaTh 3TO B NIPHHIMIE HeTpyAHO. [lonycTuM,
YTO HaM TOYHO H3BeCTeH MMIYJbC 31eKTpoHa. Eciu Tenepb
H3MEPHUTh €r0 KOOPAHHATY, TO Mbl OyZieM 3HaTh OXHOBpEMEH-
HO MMIYJIbC H KOOpJAMHATY ¢ OoJbIlefl TOYHOCTBIO, 4eM J0-
IIyCKaeTCsl COOTHOLIEHHeM HeomnpeleNeHHocTel. st MoMeH-
Ta BPEMEHH HeIOCPeACTBEHHO Mepejl H3MepeHHeM KOOpJAH-
Hatel Ap Ax MeHblIe OObIYHOM IpaHUIbl. «OXHAKO,— IHIIET
I'eiisenbepr,— 3To 3HaHHE NPOLLIOrO MMEET YHCTO YMO3PH-
TEeJbHBII XapakTep, TaK KaK OHO (BCJEACTBHE H3MEHEHHS
HIMIyJIbCa NPH H3MEpPeHHH IOJIOKEHH ST) HUKOMM 00pasoM He
BXOJUT KaK HayaJbHble YCJOBHS B KaKoe-THGO BBHIUHC/AEHHE
Oyayieil cyAbObI 3M1€KTPOHA H BOOOILE He HIPAeT PONH HH B
KakoM ¢usuyeckoM skcrmepuMmeHTe. CTOUT JIH Ha3BaHHOMY
BBIYHC/IEHHIO IIPOINIOrO 5JE€KTPOHA MPHIHCHIBATH KaKyIo-
J160 (U3HUECKYIO pPeanbHOCTb, SIBJSETCS MO3TOMY TOJMBKO
zenom Bkyca» ([66], ctp. 21). K coxanenuio, Ha 310 06CTO-
ATENLCTBO OOBbIYHO He o6pallaloT BHUMAaHUS, XOTSI CHTYyalusi
OKasblBaeTcs BecbMa HeOOBIUHOM M Jlaxke HECKOJIbKO 3ara-
nouHoii. KoopHATy B HMIYJIBC 2JIEKTPOHA BCE KE MOXKHO
OnpefeNuTh OJHOBPEMEHHO M TOYHO, XOTSl 3HaHHE 5THX Be-
JIMYMH U OTHOCHUTCS K npouuioMy. Cosnaercsi, Bonpeku oGhy-
HBIM BBICKa3bIBaHHSIM, BIeYaTJeHHEe, YTO OHH CYILIECTBYIOT,
HO TOJBKO HX HeJb3sl HCIONb30BaTh B KauecTBe HauyajbHBIX
YCJIOBHH.

CxopHbIM 06pa3oM u sHeprus, no Jlanaay n Bioxuuuesy,
HMeeT B JIaHHbII MOMEHT BpeMeHH ONpefieJieHHOe 3HaueHHe.
BoT TO/IBKO NMpOBEpPUTh 3aKOH COXPaHEHHS SHEPTHHM HA HH-
TepBane At ¢ omnOKoi, menblieii AE ~ 7/Af, He npexcTaB-
JISIeTCS BO3MOXKHEIM.

Bce nepeunciienHble TPYAHOCTH HCUE3QIOT, €CJH HCTOIKO-
BBLIBATh NMPUHIKI HEONpeeJeHHOCTel KaK (aKT, OTHOCSLIHE-
csl B NEpPBYIO ouepefib He K BO3MOXHOCTSIM M3MepeHHil, a K
00bEKTHBHBIM CBOHCTBaM KBAaHTOBHIX 00bekTOB. Takoro
pola ToMKOBaHHE B OTYETIHBO# opMe AaHo B paGorax Bac-
cans [67] u aBropa Hactosimeir kHuru ([9, 102]). Cxopuble
MBICJIM BBICKa3biBasnuch Bysmom [68] u apyrumu aBTOpamu.

CyTb NaHHOH MHTepHpeTauMH NPHUHLKMNA HeonpeaeseH-
HOCTeH CBOAMTCSA K caepymomeMy. CoGcTBeHHble 3HayeHHS
oliepaTtopa MMIYJbca CYTh CpefHHe Mo GecCKOHeYHOMY Ipo-
CTPAHCTBEHHOMY HHTepBaly, a He TOYHO (UKCHPOBaHHbIE
BeJIMUHHBI. AHAJIOTHYHO, COOCTBEHHblE 3HAUYEHHsI omepaTopa
SHEpPTHUH — 3TO CPEAHHE 1O BpeMeHH 3HaueHHs dHepruu. Y
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JHIIb B CPEIHEM N0 GEeCKOHEYHbIM HHTEpBa/aM YKA3aHHbIE
BEJIMYHHbl MMEIOT CTPOTO ONpejie/ieHHble 3HAYeHHS, T. €. UX
JUCNIEPCHH B COCTOSIHMSX, OIMCHIBAEMBIX COGCTBEHHBIMU
(YHKIHSAMH COOTBETCTBYIOUIMX ONEPaTOPOB, PaBHBI HYJIO.
Ha KoHeuHBIX »e HHTepBalaX HH HMIYIbC, HH SHEpPTHS
cTporo (QUKCHPOBAHHBIX 3HayeHHii He HMeIOT. Jucrmepcuu
5THX BEJIMYUH OTJIHUHBI OT HYJI Sl X MMEIOT NOP SII0K, 1aBaeMBblil
COOTHOILIEHHEM HeonpeesenHocTell. Takum o6pasom, Ap =~
~ h/Ax onpepessieT HHTEHCHBHOCTb (MYKTyalHi HM-
nynbca Ha oTpeske Ax, a AE =~ /At — pasGpoc sHepruu
Ha MHTepBane Af.

JlanHoe TonKOBaHHE COOTHOLIEHHS! HeONpele]eHHOCTeH
NpeACTaBJIseTCs] HaM HEOOXOAMMBIM B pPaMKaX KBaHTOBOMH
TeopuH moasi. BeseacTBre BHPTYaNbHBIX NPOLECCOB H3Jy-
UEHUS U MOTJIOUIEHNs] JAHHOH YacTHLeH APYTHX, ee SHepTrHS
¥ IMIYJIBbC HE MOTYT OCTaBaThCsl NOCTOSIHHBIMHE. Bosee Toro,
Kak nokasaHo B paGore Cokomosa u Tymanosa [69], yuer
B3aHMOJIC/ICTBU S KJIaCCHYECKOH YacTHIbI B NapabosuyecKoi
TNOTEHLHANBHO siMe (OCUMJIATOP) C IOJNEM BHPTYasbHBIX
(hOTOHOB B TOYHOCTH NPUBOAHT K COOTHOLIEHUIO HEOTpeie/eH-
HocTelt Ap Ax == 4.

C 1aHHO#H TOYKH 3peHHs] MHOTHE NOMOKEHUS CTAHOBATCS
Gosiee MOHSATHBIME H JlaXe B H3BECTHOH Mepe HarJs{HBIMH.
OueBuaHO, HanpuMmep, uTO KBA3HCTALMOHAPHBIE COCTOSHHS
HE MOTYT HMETh ONpeJe/leHHOH SHePTHH, TaK KaK 3HepTHs
HMeeT (MKCHPOBAHHOE 3HAYeHHe JIHIb B CPeJHEM IO Gec-
KOHEUHOMY MHTepBaly BDEMEHH, a B KBasHCTALUOHAPHBIX
COCTOSIHMAX CHCTeMa CYLIECTBYeT KOHEWHOe BpeMs.

He npexcrabnsier TpyaHocTeit n Bompoc 0 COOTHOWIEHHH
HEONPEJIENICHHOCTeH MEXAY MMNYJbCOM M KOOPJAHMHATOH
AJsl MPOWIENIINX MOMEHTOB BpeMeHH. Ecin umnysbc ToyHo
M3BECTEH, TO 3TO 03HAYAET, YTO H3BECTHO CpeJiHee 3HaueHHe
uMIyabca Ha GonbiIoM HHTepBase. ETo, HanpuMep, MOXKHO
NOJYYHTb, U3MEPHB JABaXK/BI [IO/IOXKEHHE 3JEKTPOHA M 3HAsS
BPEMSI MEXJy ABYMS IOC/€0BATeJbHEIMH H3MEpPEHH MM .
Ho 570 coBcem He osnayaer, uTo B mpouwtoM uMmyJasc umes
ONpEAEe/IeHHOe 3HaueHHe B Kax/0i Touke. OH QMyKTyHpyer.
Cpo6oziHast 4acTHIIA He MMeeT IOCTOSIHHOIO HMIIyJIbCa Ha
NPOHZICHHOM €I0 YyacTKe MyTH. A JIMLIb PH NOCTOSIHHOM HM-
MyJIbC€ MOXKHO FOBODHUThL O €r0 ONPeNeNe€HHBIX MTHOBEHHBIX
SHAYEHHSAX B NPEILIECTBYIOIHE MOMEHTHl BpPEMEHH.

Tax xe o6cTout nento u ¢ sHepruedt. OnpeneneHHoe 3Ha-
Y€HHe SHEePTHU B CTAllHOHAPHOM COCTOSIHMH COBCEM HE O3Ha-
4aer, uTo B JIIOGO/ MOMEHT BPEMEHH OHA HMeeT OfHY H Ty
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)Ke BeJIHUHHY. JIUlIb B cpeflHeM 1O BPEMEHH 3HauéHHe 3Hep-
'K BIOJIHE oNpeJeneHHO. BO3MOXKHOCTB 2Ke «TOYHOro»
M3MepeHUs] SHepTHH B JAHHBIA MOMEHT BpPeMeHH OCHOBaHa
lia PEANONOKEHHH, YTO B CTAllUOHAPHOM COCTOSIHHM 3Hep-
rsi OCTaeTCsl MOCTOSIHHOH  BO BCe MOMEHThl BpEMEHH.
Ho 3To npeanosoxkeHue B MpPUHIMIE HENb3s INPOBEPHTD
Ha OMbITE C MOTPEIHOCThIO, MeHblell //Af. V1 yxxe noatomy
MOXXHO COMHEBaThCSl B €ro CIPaBelJIMBOCTH.

['naBHBIE aprymeHT B IOJAb3Y YKa3aHHOH TPaKTOBKH
COCTOMT B TOM, YTO NPUHIMUI HeoNpeleseHHOCTeH OTHIOAb
HE CBOJMTCS K YHCTO HEeraTHBHOMY YTBEpXKIEHHIO O Npeje-
Jlax TPHUMEHHMOCTH KJIaCCHYeCKUX NOHATHH KOOPAHHATHI,
VMIyJbCa, HEPTUH U T. A. K KBaHTOBbIM oObekTaM. OH
CAYXKHUT pabouMM MHCTPYMEHTOM TEOpHUH, IO3BOJISIOWKM
OYeHb NPOCTHIM IyTeM JenaTh BaxKHble olleHKH. Kak usBect-
HO, C TMOMOLIbIO COOTHOIIEHHSI Ap Ax =7 MOXKHO C TOYHO-
CTBIO J0 KOo3(h(HIMeHTa OLEHUTb MHHHMAJbHOE 3HaueHue
SHEPrHH YacTHIBl B OCUMJJIATOpE, aTOMax BOAOPOAA M Te-
ausi uT. 4. [Ipu atom Benmuunna Ap ~ %/ a, riea — nopsipok
pasMepoB CHCTeMbl, BBICTYNaeT HENOCPeJCTBEHHO KaK pas-
6poc BO3MOXKHBIX 3HaueHHH HMIyJbca, a (Ap)?/2 m — Kak
pa3bpoc 3HAYEHHH KHHETHYECKOH 3HEpIUH.

W3 npunnuna HeompejeseHHOCTeH BLITEKaeT HEBO3MOXK-
HOCTb CYIECTBOBAHUS 3J1eKTpoHa B sifipe. Ilpu orpaHuueHun
€ro JBUIKEHHS CTO/Nb Majloll 06JacTbio (QIYKTyaluH KuHe-
THYECKOH HEpIHH HaCTOJNBKO BEJMKH, UTO HHKAKHE CHJIBI He
CrOoCOOHBI ero TaM yjepxarb. IOkaBa ¢ NOMOLIbIO NIPHHIMIA
HeoINpeJiesIeHHOCTell HalleJ NOPSAOK Macchl Ti-Me30HOB —
TMepEeHOCYUKOB silepHbIX B3auMofeiicTBuii. C paBHBIM ycIe-
XOM B 3TOM IIOAICYETE MOXKHO HCIOJNB30BaTh COOTHOILEHHE
HeoTpefle/IeHHOCTel HMMIYJbC — KOOpAHHATa WJIH SHeprHs
— BpeMmsl.

Ecinu B yyeOGHHKaxX N0 KBaHTOBOI MeXaHHKe OObIUHO M3-
6eraloT muMcath O COOTHOWIEHHSIX Ap == I/Ax u AE Zz h/At
Kak o pasbpocax (uwad (UIYKTyalHsX) COOTBETCTBYIOLIMX
BEJIMUUH, TO QU3UKH Ha CBOeM JeJOBOM f3blKe JaBHO TakK
roBOpSIT. OTO MOXKHO OOHapyXHTh, Hampumep, B «PeiiHMa-
HOBCKHX JeKIusix no ¢usuxe». «Pasbpoc B uMmmyancax, B
COOTBETCTBHH C COOTHOLIEHHEM HeoNpejeJeHHoCcTel,— NHu-
wer efinMan,— fomKeH ObITb paBeH IpHMepHO #/a»
[70]. Y1 nanee PejiHMaH pasbsCHSET C NOMOIIBIO IPUH-
HHNa HeompejeneHHOCTef, IOYeMYy Mbl MOXEM XOIUTb, He
npoBajJuBasichb CKBO3b nosit. Horu maBar Ha monm u cierka
CMHHAIOT €ro aTOMbl. D/NEKTPOHBI BBHIHYKAEHBI TECHHTbCS B
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MeHbllleM o6beMe, M NO MPHHLMIY HEOflpeAeJeHHOCTeH HX
HMITYJIbCHl, a 3HAYHT, H SHEPTUS B CPEAHEM YBEJIHUMBAIOTCS.
BospacTaeT HHTeHCHBHOCTb 3J€KTPOHHEIX TOJYKOB O MOAOLI-
BBl HOT', ¥ MbI 6/1aronos1ygHo ocTaeMcsi Ha IOBEpXHOCTH 1osa.

BepHemcsi Temepb K 3aKOHaM COXpPaHEHHs SHEPTHH H
umnyiabca. Kak oTmeyanoch Bhlllle, Ha MaJblX IPOCTpaH-
CTBEHHO-BPEMEHHLIX HHTepBajJaxX HH MMIYJbC, HH SHEprus
He HMEIOT CTPOTO OonpefieJIeHHbIX 3HaueH!, U N03TOMY HeJlb-
351 TOBOPUTb O CTPOIOM BHIOTHEHHH 3THX 3aKOHOB Ha Ma-
JblX HHTepBaiax. Hesib3si, pasymeercs, u yTBepKAaTh, UTO
OHH HapylaioTcsl, TaK KaK CaMH BeJHMUYMHBl UMIYyJbCa H
SHepruu He ¢uKcHpoBaHbl. Hapymenue Ge3ycioBHO HMeJO
66l MecTO, ecay Obl HOC/e[jHHe NPHHHMAaNH CTPOro ompefe-
JICHHbIe 3HaueHHsA B JAHHBIH MOMEHT B JaHHOH TOUYKe.

Hrak, 3aKOHBI COXpaHeHUSI UMIYJbCA U 3HEPTUH CTPOTO
BBIMOJIHSIIOTCS 15l CTATUCTHYECKUX CPENHUX M Ha JOCTaTOY-
HO OOJIBIIMX NPOCTPAHCTBEHHO-BPEMEHHBIX HHTepBalax.
CnenoBaTeNIbHO, 3aKOHBI COXPAHEHHUS BaKHEHIIHX MeXaHH-
YeCKHX BEJTHYHH HMEIOT He JITHaMHUUeCKHi, a CTaTUCTHYECKHH
xapakrtep. TouHee, JUHAMUYeCKUH XapakTep 3TH 3aKOHBI
npuobpeTaoT TONLKO Ha OOMBIIMX HHTepBajax.

HyxHo 3amMeTHTb, 4TO CTaTHCTHYECKHI XapaKkTep 3akKo-
HOB COXpaHEHHsS MeXaHMYeCKUX BeJHYHH Ha MajiblX HH-
TepBalax COBCEM He O3HayaeT COTBOPEHHUS! 3HEPTHH, HM-
nyJabca U Ap. U3 HUUYETro HJM Ke, HaNpOTHB, HX HCYE3HOBe-
Hus. Ero ciepyer paccMaTpuBaTh Kak pe3ysnbTarT oOMeHa
SHepryei, HMNYJbCOM H T. . YaCTHIBI C «OKp yXKalollel cpe-
Joii», KakoBo# siBisiercsi (usuueckuit BakyyM. Ho mpocie-
IUThb JeTajbHO 3a TeueHHeM 3TOoro o6MeHa He MpeAcTaB-
JISileTCs] BO3MOXKHBIM.

Bce ckasaHHOe paHee OTHOCHTCS U K 3aKOHY COXpaHEHHS
MoMeHTa uMmmyJbca. OnepaTopbl MPOEKNMi MOMEHTa Ha OCH
KOOP/IMHAT He KOMMYTHPYIOT C COOTBETCTBYIOIHMH YINIaMH
nosopora. Tak, M,p — ¢M, =0, tae M, — onepartop
NPOEKLMH Ha OCh 2, @ ¢ — YIoJ IOBOPOTA B INIOCKOCTH XY,
nepneHAuKyasipHOii 2. COOTBETCTBEHHO CIpaBeMJHBO CO-
OTHOIUeHHe HeompefeneHHocTed AM,Ag = £, M, 3HauuT,
(puKcHpOBaHHOe 3HaueHHE HMEeT TOJLKO KOMIOHeHTa M,,
ycpenHeHHast mo Bcefi obsacTi H3MeHeHus yryia ¢ ot 0 Jo
2n. WM 3akoH coxpaHeHHS] MOMEHTa MMIYJbCa BBHINOJHSETCS
JUIsl 3THX yCpeJHEHHBbIX 3HaueHuii. [lofoOHOe ycpeiHeHMe B
3KCIIeDUMEHTe JOCTHraeTcsi, HampuMep, NpPH NpeueccHH
BEeKTOpa MOMEHTa HMIyJibca BOKPYT HanpaBjieHHsS MarHuT-
Horo nous. [Toapo6GHee 06 5TOM MBI IOrOBOPHM B AaJIbHEHILIEM,
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Ecin o6paTuThes Tenepb K 3aKOHAaM COXpPaHEHHS TaKHUX
BEJIMYHH, KaK H30TONHYECKHUF CIIHH, CTPAHHOCTb U YETHOCTE,
TO (paKTHUECKH HX CJIeLyeT CUHTATh «3aKOHAMH COXPaHEHH s1»
B KaBblukax. Cinabnle B3aMMOJAEHCTBHS MEHSIOT 5TH BEJHUH-
Hbl, 8 U30TONMUYECKHH CIIHH H3MEeHSIeTCs W NpPH 3JIEeKTpoMar-
HUTHBIX B3auMojeficTBusix. PeanbHo, B sKcrepuMeHTe, 3TH
BeJIMYHHBI He coxpaHsiorcsi. IIpocTo mpomecchl, compoBox-
Jarolyecs: KX H3MeHeHHeM, MaJOBEPOSITHHL H VISl UX HalJlio-
IeHHs TpeOyIoTcsl 3HAUHTEJbHBIE 10 MHKPOCKOMHYECKHM
MacmtaGaM NPOMEXYTKH BpEMEHH.

CymuecTByeT JIMIIb TP 3aKOHA COXPaHEHHsI, KOTOphIe Bhl-
NONIHSIOTCST  a6COMIOTHO CTPOrO, OJHOSHAYHO, a MMEHHO
3aKOHbI COXPaHEHHS 3JIEKTPUUECKOro, GapHOHHOTO U Jiel-
TOHHOro 3apsjoB *). IloueMy KMMEHHO OHM BBINONHSIOTCS
aGCoNIIOTHO TOYHO, MHI cefiuac He 3HaeM. Ho, pasymeercs,
JenaTh OTCIOAA BHIBOJ O Gojiee (hyHIAMEHTANbHOM DONH AHU-
HaMHYECKHX 3aKOHOB 1O CPaBHEHHIO CO CTAaTHCTHUECKHMH
HeNMb3sl. TH 3aKOHBI COXPaHEHUS SIBJASIOTCS JIMINb AWHA-
MHYECKHMH 3JIeMEeHTaMH, BOoOlle TOBOpS, CTAaTHCTHYECKOH
TEO PHH. :

§ 4. Cratucruueckass npupopa
¢yHnamMeHTaAIbHLIX (PU3HYECKHX 3aKOHOMepHOCTedl
H creuyualbHasi TeOPHsS OTHOCHTENbHOCTH

OcHoBHasl LleJIb HAIllero HCCJEOBAaHHUS 3aKJIOUaercsl B
JI0Ka3aTeJIbCTBE TOro, uto Haubosee rnyGokue ¢yHIaMeH-
TaJbHbIEe (PU3HYECKNe TEOPHH UMEIOT CTaTHCTHUECKHH XapaK-
Tep, a JMHaMHUyecKHe TEOPHH, ONHCHIBAIOLIHE TOT Ke KpYyr
ABJIEHHH, CYTh NepBoe NpUONHKEHHE K JeiCTBHTENbHOCTH.

Hapsiny ¢ TeopusiMH, ONNCHLIBAIOIIMMH ONpeNeNeHHbI
KPYT SIBJIEHHUIH, cylIecTBYIOT Gosee oOLIHe NPUHLHIBL, TPOHH-
sbiBaonye Bclo ¢u3HKy. K HUM OTHOCSITCSI, KaK yKe roBo-
pWIOCh, BapHalHOHHBIE NPHHLUIBLI H 3aKOHBI COXPaHEHHS.
Cioza ke MOXKHO OTHECTH CIIellHalbHYIO TEOPHIO OTHOCHTEb-
HOCTH, GopMyJupylomylo obuye ¢usHuecKue INpeAcTaB-
JIeHHsl O MPOCTPAHCTBE U BpEMeHH.

Kak Gbwio nokasaHo, BapHalHOHHBII NPHHLIHI B €ro
HauGosiee ofmeit ¢opme — npunHuMn I'amunpTona — u oc-
HOBHbI€ 3aKOHBI COXpaHeHHS (KpOMe 3aKOHOB COXPaHEHHS
dJIeKTpUYecKoro, OGapHOHHOTO H JIENTOHHOIO 3apsi/OB)

*) Tounee, ABYX JIENITOHHBIX 3aPAAOB: 3JEKTPOHHOTO JIENTOHHOTO
3apsAlA ¥ MIOOHHOTO JIENTOHHOTO 3apsja.
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HMEIOT CTaTHCTHUeCKYIo npupoAay. Ho coBpeMeHHEbIe nIpecTaB-
JIEHHS O TIPOCTPAHCTBE U BpeMeHH, BhIpakaeMele npeobpaso-
BaHUsSMH JlopeHla, HOCSIT SIBHO AMHAMHUECKHIl XapaKTep.

KoneuHo, fonyckas npumat cTaTUCTHYecKol (opMbl 3a-
KOHOMepHoCTefl, 3TOT (aKT MOXKHO OOBSCHHUTH JOBOJBHO
npocto. B camom jnene, TpeGoBaHHe peNATHBUCTCKOH HHBA-
PUAHTHOCTH B PaBHOHN CTENEHH OTHOCHTCS M K AUHAMHUECKUM
H K CTaTHCTHYECKHM 3aKOHOMEpPHOCTSIM.

Bnarofapsi ToMy, 4To TaKHe CTaTHCTHYECKHe, B 0OlleM,
TEOPHM, KaK peNsITUBHCTCKAas KBaHTOBasi MeXaHHKa, pe-
JSTHBUCTCKAsh CTATUCTHKA, WHBApDUAHTHB OTHOCHTENLHO
npeobpa3oBannii Jlopenna, Mel B IIPHHLHMIIE ¥MeeM INPaBo
paccMaTpuBaTh AMHAMHYECKHH XapakTep 3THUX IpeAcTaBie-
HUH KaK TMposiBJieHHe elle OAHOro AMHAMHYecKoro sJe-
MEHTa B CTaTHCTHUECKHUX TeopHsiX. TakuM BBIBOAOM MOXKHO
OblI0 OBl YAOBJIETBOPHTHCS.

OnHako B JeHCTBUTENBbHOCTH, BHUAHMO, JeJO OOCTOUT
He Tak mnpocto. JluHaMHUeCKHi XapakKTep COOTHOLIEHHH
TEOPUH OTHOCHTEJbHOCTH, BO3MOXHO, HECeT OTBETCTBEH-
HOCTh 32 Te TPYIHOCTH, C KOTOPBIMH cefuac BCTpeuaercs
KBaHTOBasi Teopusl nNossi. OueHb OTYETVIMBO CYTh Jena
nosicusier ['efisenbepr. «C nepBoro B3IMsia KaxKeTcs,—
numer [eiisenGepr,— OyATO IBe TeOpHH, KBAaHTOBast H
TeOpUsT OTHOCHTENbHOCTH, OTHOCATCA K CTOJNb Pas3jiHyHbIM
CTOpPOHAM NPHPOABI, YTO NMPAKTHYECKH OHM HHKAK He MOTYT
BIUSATb JPYr Ha ApYra, U 4To No3ToMy TpeGoBaHHsS obenx
TEOPHUH JOJKHBI OBITH JIEFKO BBINONHEHBl B OXHOM H TOM
xe ¢opmanuame. Ho Gosee TouHoe HccefoBaHKe NOKa3alo,
uyto 00e 3TH TEOpPHU BCTYNAIOT B ONpENEJeHHOM IYHKTe B
KOHQUIMKT, B pe3yJbTaTe yero ¥ IPOHCTEKAIOT BCe AalbHel-
we TpyaHoctw» ([71], ctp. 132). «CrpykTypa mpocTpaHcT-
Ba W BpeMeHH, BblpaxKeHHas CIeHUaTbHOH TeopHel OTHO-
CHUTEJIbHOCTH, CO3LaeT COBEPIIEHHO Pe3KYIO0 PaHULY MEXAY
00/1acThI0 OJHOBPEMEHHOCTH, B KOTOPOH He MOXKeT ObITh
nepeflaHo HUKAKoe BO3JeHCTBHE, U APYTUMH 00nacTsIMH, B
KOTODHIX HEIOCPeACTBEHHOe BO3JeficTBHE OAHOTO Ipolecca
Ha Jpyrofi MoXeT ¥MeTb MeCTo.

C Ipyroéi CTOpOHBI, COOTHOLLEHHE HeoIpeiesleHHOCTe
KBAaHTOBOM TEOPHH YCTAHABIHBAeT XKECTKYIO TPaHHLY TOY-
HOCTH, C KOTOPOH MOT'YT ObITh OJJHOBPEMEHHO H3MepeHbI KOOp-
JIUHATHl U UMITYJIbCH UM MOMEHTBI BPEMEHH H 3HEpTHH *).

*) Ormerum, uto u I'efizenGepr cUHTaeT HEBO3MOXKHbBIM OJHOBPEMEH=
Hyl0 (HKCAlHI0 3HEPTHH H MOMEHTa BpeMeHH,
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Tax Kak coBepIueHHO pe3Kas I'paHHIa 03HayaeT 6eCKOHEUHYIO
TOYHOCTb (PMKCALMH TIOJOKEHHS B IPOCTPAHCTBE U BpEMEHH,
TO COOTBETCTBYIOIIKE HMIYJbCHl U SHEPTHH JOJIKHEI ObITh
NOJIHOCTBIO ~ HeoNpelefieHHbHIMH, T. €. C  COBepIIeHHO
NOJABMSIOMEH BEPOSATHOCTBIO JOJMKHBI BBICTYNIaTh Ha
NepBBIH IJIaH JaKe NMPOLECCHl CO CKOMb YrOJAHO GOJBIINMH
uMnynbcaMu M 3SHepruamu. IlostomMy Bcskas Teopud,
KOTOpasi . OAHOBPEMEHHO BLINONHSET TpeGOBaHHS ClelH-
anbHOH TEOPMH OTHOCHTeNILHOCTH M KBaHTOBOH TeOpHH,
BelleT, OKasblBaeTcsl, K MareMaTHYeCKUM IPOTUBOPEUH siM,
a HMEHHO K DAacXOAMMOCTAIM B 006/JacTH oOueHb OGOJBbLIHX
JHEpPTHHl U UMIYJbCOB. DTH BHIBOALI HE 0053aTETBHO MOTYT
HOCUTb HeoOXONMMBIi XapakTep, TaK KakK BCSKHH ¢opMa-
JII3M PacCMOTPEHHOTO * 3JleCh pojia sBJjseTcsl Bellb OUEHb
CJIOXKHBIM, U BO3MOXKHO emie, uyTo OyAyT HaiifleHb MaTeMa-
THYecKHe CDeJCTBa, KOTOpHIE IIOMOTYT YCTPaHUTb B 3TOM
NYHKTe MPOTHBOpPeYHe MeXAY TEOpHeHl OTHOCHTENbHOCTH
H KBaHTOBO#i Teopueii. Ho Zo cux mop Bce-Taku Bce MaTe-
MaTH4YecKHe CXeMbl, KOTopble OBUIM HCCJIENOBaHBI, IPHBO-
WM B caMOM JieJie K TaKHM pacxoiuUMOCTSIM, T.e. K Mare-
MaTHYeCKUM IPOTHBODEUHSIM, HJIH 2Ke OHH OKasblBaJHCh
HeJIOCTaTOYHbIMH, YTOOBI YOBNETBODUTH BCeM TpeGOBaHHSIM
o6eux teopuit. KpoMe Toro, 6bl10 OU€BUAHO, YTO TPYAHOCTH
B CaMOM JleJlé NPOUCTEKAIOT U3 TOJBKO YTO PacCMOTPEHHOrO
nyakra» ([71], ctp. 133, 134). Ha nam B3rssig, ¢ 3THUM MHe-
HueM [efisenfepra MOXHO LEJHKOM corjacutecst. M He
OKaxkercsl JIH BO3MOXHBIM IIOJHOE COIVlacOBaHME KBaH-
TOBOl TEOPMH M TEOPHM OTHOCHUTEJBHOCTH JIMIUbL IIPH CTa-
THCTHUeCcKOl QopMyaypoBKe nocnennefi? Mmenso sto, Mo-
XKeT ObITb, MO3BOJNUT CIVIQAUTh Te XeCTKHe OrpaHHYeHHs
Ha (QUKCcaluMIO TOJIOKEHHS B IPOCTPAHCTBE U BPEMEHH, KO-
Topele TpeOyIoTCSl TeopHefl OTHOCHTENIBHOCTH H KOTOpbIe
BCTYNAIOT B IPOTHBOpEYHeE C NPHHIMUIIOM HeonpeleeHHOCTeH
B KBaHTOBOH MeXaHHKe.

CXOfHOH TOUKH 3peHHsl npuiepKUBacsTCs TepJelkuii.
OH nopuepKHBaeT, YTO TEOPHS OTHOCHTENbHOCTH SIBISIETCS
«[0 CYIIECTBY MaKPOCKOMHYECKOH Teopuell (T. €. Teopueit
INS1 CTATHCTHUYECKHX CPEJHUX OT MHKPOCKOMHMUECKHX Be-
JauuuH)...». [To ero MHeHMIO, «HEOOXOLMMO IpEXJAE BCEro
IIpoaHaNu3upoBaTh, B Kakoii Mepe TpeGoBaHUS, Ipelb-
sIBJisieMble TeOpHell OTHOCHTEJNBHOCTH K 3aKoHaM, yIpas-
JSIIOIYM CTATHCTHYECKUMH CpeIHMMH (T.e. K Makposa-
KOHaM), o0s3aTeJbHbl A1 MHKPOMHpa, HHauye TroBop4,
HaZl0o KPHUTHYeCKH NMepecMOTPeTb TEOPHIO OTHOCHTeNBHOCTH
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¢ TOYKH 3PEHHS NOCJEJOBATEILHOH CTAaTUCTHUECKOH (PU3NKH.
TonbKo mocje 3TOro BO3MOXKHO CTPOHTb €JUHYIO TEOPHIO,
YAOBJIETBOP AIOMLYIO KaK Tpe6oBaHUSIM KBAHTOBOH MEXaHHKH,
TaK H TNOJIOXKEHUSIM TEOPHH OTHOCHTEILHOCTH IPH Nepexofie
B MakpooGnacte» ([6], cTp. &5 u 6).

Taxumo6pasoM, IMeIOTCS HEKOTOpbIE OCHOBAHH I CUHTATD,
YTO TEOPHS MPOCTPAHCTBA — BpeMeHH, npucnocobneHHas Al
ONHCAaHHS] MHKDOCKONHYECKHX MPOLECCOB, B KOHIE KOHIOB
JonXKHa OBITH CTAaTHCTHYECKOH, Kak H Jpyrue ¢yHaaMeH-
TajJibHble TEODHM M TPUHIHUIMBIL.

Ho cux mop Bce ycunusi GbUIM HampaBjeHHl IVIaBHBIM
o6pasoM Ha To, uTOObl, He 3aTparuBasi CYIIECTBYIOIIHMX
TNPEACTaBJEeHHH O MPOCTPAHCTBE M BPEMEHH, CAesaTh KBaH-
TOBYIO MEXaHHKY PeJIITHBUCTCKH WHBapHaHTHO#. DTH ycH-
JIUA JlaNH LeNbd psA HEeHHEHIIUX pe3y/abTaToB, HO 3aKOH-
YeHHOH TeOpHH, JIMIIEHHOA MNpPOTHBOpPEYHH, CO3AaTb He
yAanocb. B cBsisH ¢ 3THM mpeAcTaBisieTcsl 3aMaHYMBBIM HC-
NoJb30BaTh NPOTHBOINOJOXKHBIA NOAXOA: MONBITaTbCH AATh
KBaHTOBOE (H COOTBETCTBEHHO CTaTHCTHYECKOE) ONUCAaHHe NPO-
cTpaHcTBa — BpeMeHH. [loflo6HOro poja NMONMBITKH HMEIOT-
cs; yKaxeM, Hanpumep, Ha pabotel Ilupokoma [72, 73].

B stux paborax BHIGOp CHCTEM KOOpPAMHAT ONHCHIBaeT-
CA CHeNHalbHBIM ONEPaTOpOM, UTO JeNaeT BO3MOXKHHIM
CYIIECTBOBAHHE COCTOSIHMH C HeonpeJeNeHHOH CHCTeMOi
KoopauHar. Jleso B TOM, YTO NPH KBaHTOBOM NOAXOAE H3-
MepeHHsl PAacCTOSTHUA M NPOMEXYTKOB BpEMEHH JOJIKHBHI,
B COOTBETCTBHH C NPHHIHUIIOM HEONpEeeIEHHOCTH, H3MEHATh
cocTosiHMe M3yuaeMoil ¢usnueckoir cucrembl. HeBoamoxk-
HOCTb HapYILEHHS COOTHOIIEHHSI HeonpeleseHHOCTeH MOMXK-
Ha obecrneynBaTbCsl COOTBETCTBYIOIIMMH MepecTaHOBOUHLIMH
cooTHomenusiIMM. ONHAKO aBTOp 3aMmeuyaeT, 4YTO <«NpHBe-
IeHHble cooBpaeHusl 0 HeOGXOAMMOCTH yueTa HeonpeaeaeH-
HBIX CHCTeM KOOPAHHAT, N10-BHAHMOMY, CYLIECTBYIOT TOJBKO
B oOuiefi TeOPHH OTHOCHUTENbHOCTH. JleficTBUTeNbHO, €CaH
He YYHTHIBaTb IPaBUTallHOHHBIX CBOCTB MaTepHH, TO MHl
MOXKEM CUHTaTh, YTO YeTHIpEXMepHOe NPOCTPAHCTBO 3aroJ-
HEHO He B3aHMOJEHCTBYIOIMMH C HCCIEAyeMBIMH YacTH-
IaMH YacaMH H MaciutabaMH, JOCTaTOYHO TSIXKENBIMH H
IOCTaTOYHO KOMIAKTHBIMH, YTOOBI CJies1aTh BO3MOXHBIMH
HU3MepeHHsl AOCTATOYHO MaJbiX JUIMH ¥ IPOMEXYTKOB Bpe-
MeHH.

B Teopuu ¢ yuyeToM rpaBHTalMH TakKoe NOMYIIEHHE He-
BO3MOXHO, IOCKOJBKY I'DaBHTAallMOHHBIM B3aHMOJEHCTBHEM
JonxHEl o6najath Bce 6e3 MCKJIOUCHHS BHJAB MAaTepHH,
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[lockosibky rpaBuTanuoHHbIEe 3ddekTbt HAUMHAIOT cKadbi-
BaTbCSl HA PacCTOSIHUAX, Ha MHOTO (Oosee, ueM Ha JECSHTH)
NOPSAKOB MEHBIIUX TeX, KOTOpble HOCTYNHBI A5 H3ydYeHH s
Ha CYILIECTBYIOMIUX YCKODHTEJSX, TO B HacTosillee BpeMs
MOXKHO paboTaTb B ICEBJOEBKJHJIOBOM NPOCTPAHCTBE C
¢uKCHpPOBaHHOH cHcTeMoll KoopauHat» ([73], ctp. 71).
Ham nocnepsee saMeuanue He KaxeTcsi ocoOeHHO yOenu-
TeJIbHBIM, IIOCKOJBbKY, COIVIACHO TEOPHH, BHPTYalbHbIE
TnpoLecchl MOT'YT NpoTeKaTb Ha CKOJb YFOAHO MasbX Ipo-
CTPaHCTBEHHO-BPEMEHHBIX MHTepBajaX M HMEHHO 3a CUeT
5THX IIPOLECCOB MNOSBISIOTCS GECKOHEYHOCTH, OO dHEpruu
H HMMIYJbCH BHPTyaJbHBIX YacTHIlL OKa3bIBAIOTCH CKOJb
yrogHo GosabmuMu. MckimoueHHe HX, BO3MOXKHO, TpeGyer
yXKe cefiyac M3MeHEHHSI TPAKTOBKH IPOCTPaHCTBEHHO-Bpe-
MEHHBIX COOTHOIIEHHH. v

Hrtak, pesioMupys, MOXHO CKa3aTb, YTO, XOTS K HacTosi-
meMy BpeMeHH BONpPOC 00 OMNMCAHHM INPOCTPAHCTBEHHO-
BPEMEHHBIX COOTHOLUEHH{i B MHKPOMMpPE OCTaeTCsl HesICHBIM,
HMeIOTCS OINpefie/leHHble YKa3aHHs Ha HeoGXOAMMOCThb CTa-
THCTHYECKOrO NMOAXOAa M B JaHHOH obnactd. Teopus mpu
3TOM MOJy4aeTcs OYeHb CJOXKHOH, H JO CHX NOp JAaHHas
uies He paspaboTaHa J0 KoHLa (cM. Takxe [74]).

§ 5. Ocobasi opMa CTATHCTHUECKHX KOPPelsiuuil
B KBAHTOBO/ MeXaHWKe H 3aKOHbl COXpPaHeHHS

B wuccnemoBanum, NOCBSIIEHHOM 3HAYEHHIO CTAaTHCTH-
YeCKHX 3aKOHOMEPHOCTEH M HX CBOHCTBaM, YMECTHO OCTa-
HOBHTbCSI Ha OJIHOH 3aMeuyaTe/IbHOH OCOOEHHOCTH KBaH-
TOBOM MEXaHUKH CHCTEMBI YacTHI. DTa 0COGEHHOCTb MOJ-
yepKHUBaeTcss B «mapajiokce DiiHiuTeiiHa, Posena u Ilo-
JIOJIBCKOT0», [IOPOAUBIIEM OXKHBJIEHHYIO AUCKYCCHIO, IPOAOI-
JKaBIUYIOCST HECKOJIbKO JEeCSTKOB JeT, Ja W cedyac ere
He oKoHueHHYy0. OOcyxJAeHHe «Iapajokca», HHTepecHoe
camo no ceGe, MO3BOJISIET ellle pa3 MOATBEPAUTb H YIYOHTH
Hally TOYKY 3peHHs Ha 3aKOHBI COXpaHEHUS] MEXaHHYEeCKHUX
BeJIHUMH, COOTHOLIEHHE HeonpefesieHHOCTed M cMbics ¢u-
3UYeCKHX BeJIMUHH B KBAaHTOBOH MeXaHHKe.

B cBoeii pabGore «KBaHTOBOMEXaHHYECKOE ONHCAaHHE
¢u3nueckoit peanbHocTH» [75] aBTOpHI cTaBAT BOmpOC O
NIOJIHOTE KBAaHTOBOMEXaHHUECKOTO ONHCAHUSA (PHU3HUECKOH
peabHOETH. B OCHOBY CBOMX pacCyXKAeHHH OHH MOJOKHIH
KpHTEpPHH TOro, uTO CJeAyeT .NOHHMaThb NOA (pH3HUecKoi
peanbHocThio. «Eciiu Mbl MoxeM 6e3 Kakoro-ju6o Bo3My-
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{EeHUs cHcTeMbl fipefickasaTh ¢ floctoBepHOCTBIO (T. €. €
BEPOSITHOCTbIO, PaBHOH eJuHHIle) 3HAYCHHE HEKOTOpoi Be-
JIMYMHE], TO CYLIECTBYeT 3JIeMeHT (PM3HYeCKOH peaJbHOCTH,
COOTBETCTBYIOLIME JaHHOH BenuunHe». Ha KOHKpeTHOM
npuMepe OHHM INOKasadH, UYTO KaK BeJHYHMHY MMIyJbca
3JIeKTPOHa, TaK U ero KOOpAMHATY MOXKHO TOYHO NpeAcKa-
3aTh 6e3 KaKoro-iu6o BO3MYLIEHHS CHCTEMB! (3J1€KTPOHA).
Bxkparue cyTh Hx npuMepa coctosina B caefymomeM. IlycTs
JiIBe YaCTHLB B3avMOAeficTBOBajM OT MoMeHTa { = 0 Jo
mMomenTta £ = T. Ilpu £ > T uacTuusl yxe He B3aHMOJel-
cTByIOT. BosHOBasi (yHKIMSA CHCTEMBl IIOCTI€ OKOHYaHUSA
B3auMojieficTBHSl BbIOHpaeTcsi B cjeaymoomeil Qopme:

¥ (g1, 92) = C8 (91— g2 + a), ()

rie 8 — pmenbra-pynkuus Jupaka, C — HOpPMHPOBOYHAs
nocrosinHas. JlaHHas BoJiHOBasi QYHKUMS OMNHCHIBaeT CO-
CTOSIHME CHCTEMbI C ONpEJeNEeHHOH PasHOCTBIO KOOPAHHAT
YaCTHL, ¢, — ¢y = @ H OIpPENEJEHHbBIM CYMMapHHIM HM-
nyJascoM py -+ ps = 0.

HsMepsisi KoOpAHHATY Gy, MBI TEM CaMbIM, He BO3MYyLLast
COCTOSIHUSI NEepBOH uYacTULbI, HAXOAUM ee KOOpAHHATY ¢,
a u3Mepsisi UMIYJbC py, HAXOJUM HMITYJBC p;, He BO3Jeii-
CTBYS Ha nepBylo yacTuly. Ilo BHIABHHYTOMY paHee KpuTe-
pHIo (U3MYECKOH peaNbHOCTH KakK ¢;, TaK U p; GHU3HYECKH
peanbHbl. CieloBaTenbHO, KBaHTOBAash MeXaHHKa, No JiH-
WITeiiHy, He IOJMHA, TaK KaK COCTOSIHMS C ONpeAe/IEHHbIMH
3HAYEHHSIMA ¢ H p OJHOBPEMEHHO HEe OIHCHIBAIOTCA €lo.

IlpoTuB TouKM 3peHUs DiHWITEHiHA HEMEJJIEHHO BLICTY-
nua Bop [76]. On ob6paTun BHUMaHHE Ha TO, YTO NPUBEAEH-
Hbli B cTaThe DiHIUTEfiHA C COaBTOpPAMU KpHTepuil (u3H-
YeCKOH peaJibHOCTH COJEPIKHT 3JeMEeHT JABYCMBICIEHHOCTH
B cjoBax «0e3 Kakoro-jnu6o BO3MyleHHS] cUcTeMbl». IIpu-
poAa ¢u3nuecKoi peanbHOcTH, No Bopy, TakoBa, uto on-
pefesienrie ¢ (WIM p) ORHOH 4YacTHIBI OKa3blBaeT BO3MY-
IleHHe Ha YCJIOBHS, NMO3BOJSIOLNE ONPEASNHUTh ¢ (WIH CO-
OTBETCTBEHHO p) APYro HacTHILBL.

Bop mnpemnoxua 3sKCHEPUMEHTANbHYIO YCTaHOBKY, IO-
3BOJISIIOLLYIO peau30BaTh COCTOSIHHE YacTHI[ B paccMaT-
puBaemMoM DifHIuTeliHOM mpuMepe. HacTHiia IPOXOAUT CKBO3b
1eJab B cBOGOAHO NMOJBENIeHHOH Auadparme ¢ TOYHO H3BECT-
HOH M paBHOH HY/I0 HayajJbHOH KOMIIOHEHTOH HMMIyJbca
B HanpaBJieHHH caMoil Auadparmbl. PaBeH Hy/I0 M Hayalb-
HBIHl UMIYJIbC YacTHIB! B TOM XKe HanpapbJjeHuH. Toraa Mel,
roBopuT DBop, uMeeM CBOGOAHBII BHIOOD MeXAYy ABYMS
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BO3MOXKHOCTSIMH 4 MOKeM Yy3HaTb JiH060 KOHeyHoe 3HayeHue
UMIYJbCa YacTHLbI, JHOO ee HaualbHOE IOJIOXKEHHE IO OT-
HollleHUIo K npubopy. B mepBoM ciyuae AocTaTOYyHO H3Me-
PUTHb UMINYJAbC AHadparMel- ocje NPOXOKAEHHS YaCTHUILHI,
BO BTOPOM — II0JIOKeHHe AuacparMbl B MOMEHT [IPOXOKAEHHU 5T
YaCTHUIBI Yepes 1edlb, XKeCTKO CBs3aB Auadparmy, Hanpumep,
¢ nojctaBKoi. TeM caMbiM MBI JiHIIaeM ceGsj BO3MOXKHOCTH
HU3MepUTb HMIIYJbC YaCTHUILHI.

Ilo Bopy, Aeso 3jech He B HENOJHOTE ONUCAHUSA, a B
palUOHaNbHOM pa3rpaHiyeHUH 3KCIEeDPUMEHTaJbHBIX Yyc-
TaHoBOK. Ilpu paboTe ¢ KaxkAOH YCTaHOBKOH NPHUXOAMTCSH
OTKa3aTbCs OT OAHOH M3 JABYX JONOJHHTEJbHBIX CTOPOH
onucanns. Hukakue cpaBHeHHS H aQHAJIOTMH C KJacCH-
yecKoll (PpU3MKOH He MOTYT INepelaTb cyllecTBa Bompoca.
Heno He TONBKO B HE3HAHMH HEKOTOPBHIX BEJIHYMH, HO H
B HEBO3MOXHOCTH JaThb HMM OJHO3HAuHOE OIpejieJieHHe B
CHJIY OTCYTCTBHSI PE€3KOr0 pasrpaHHYEHHUs] MexXAy IoBe-
JeHUeM caMHX OObeKTOB W HX B3aHMOJEHCTBHEM C H3Me-
pUTeNbHBIME HpuUOOpaMH.

Ecan Obl MBI MMeNH BO3MOXHOCTb, 3Hasl KOOPAMHATY
IIeJH, OJHOBPEMEHHO YYecTb IlepeJaHHbli ef yacTuieH
HMIIYJbC, TO Mbl y3HaIM Obl HampaBjeHHe IBIKEHUS yac-
THIBI MocJie AuadparMel © Moriii OBl yKasaTh, B YacTHOCTH,
yepe3 Kakylo 11elb AUPpPaKUUOHHOH peleTKH, YCTaHOBJIEH-
HOH 3a Auadparmoii, npofijer yactuna. Ho sto HeBo3moxk-
HO, TaK KaK BEPOATHOCTb OOHApYKEHHs 4acTHLbI 32 pelleT-
KOH omnpefie/isieTcsl pacnoJio;KeHHeM BceX Iesiell, a He Ha-
JIMYMEeM OJHOH M3 HHUX.

[IpubanusuTesnbHO Te e A0BOAbI OblH noBTOpeHbl BopoM
MHOTrO JIeT cOycTsl B cTaThe «JlHCKyccHs C DHHIITEHHOM
o mpoGneMax TeopuM mosHaHus» [77].

Hecomnenno, Bop mnpas, yTBepxjasi, uTO KBaHTOBO-
MexaHHUYecKoe ONHUcaHue siBisercs nojHeiM. OZHaKo apry-
MeHTanusi bopa MHOrMM HcciefioBaTeNsiM NOKasanach He-
JOCTaTOYHOH.

Bop paccyxpan Tak, Kak ecid Obl KOOPAHHATHl U HM-
NYJbChl YaCTHILI OAHOBPEMEHHO HMEJH OIpefe/eHHble 3Ha-
YyeHH s, HO TOJNBKO B CHUJY NPHUHUUIHANBHO HEKOHTpOJHpYe-
MOro B3aHMOJEHCTBHS oObeKTa ¢ NpuHOOpOM HaliTH HX He-
Bo3MOXHO. OH He mnbITaeTcd BHISICHHTb, C 4eM CBS3aHO
H B 4eM COCTOHT (PM3HUYECKOe pasivyue MeXAy NOHATHIMH
HMIy/IbCa, 3HEPTHH U T. J., C KOTOPBIMH Mbl ONEpHpYeEM
B MUKpOMHpE, H TEMH K€ BEJIHYHHAMH B KJaCCHYECKOH Me-
xaHuke. Bop oTmeuyaeT TONBKO ONHY CTOPOHY CHTYyallHH.
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KoopAuHaTel M MMOyJbChl 3J€KTPOHA, BhICTYMaiomue B
IKCMepUMeHTe, TPaKTYIOTCsi UM KaK Kaaccuueckme, Hx
KBaHTOBAasl CYIIHOCTb MNpOsABJAsieTcss B OAHOM — B JOHOJI-
HHTENIbHOCTH. B OfHMX 3KclepuMeHTax BLICTYNaeT OAHA
Kjaccuyeckasi CTOpoHa oObeKTa, B ApYrHx — jpyrasi, HO
HHKOTJla OHH He BBICTYNalT o0e OAHOBpPEMEHHO.

Bop nmpocTo oTka3biBaeTcsi TOBOPUTH O CBOACTBaX MHKpO-
00BbeKTOB, He B3aHMOAEHCTBYIOIMX C ONpEAeNEeHHBIMH H3-
MEepHTeJbHBIMA NpUOOpaMH, H, He JaeT HHKaKoro OTBeTa
Ha BONPOC: HMeeT JIH 3JIeKTPOH (PMKCHPOBAHHBIH HMIYJbC
WIM 3Hepruio Jo Hu3MepeHusi? B cBf3M ¢ 3THM yMeCTHoO,
MO:KeT ObiTb, TOBOPHTb O HEMNOJHOTE HHTEpIpeTaludl KBaH-
TOBOH, MEXaHHKH KOIEHIareHCKOH IIKOJIOH.

dnexTpoH B MHTepnperauuu Bopa Bejer cebsi nopo6HO
reposiM MHOTHX paccka3oB XeMmuHryss. ¥ XeMUHryss
JIIOAM 4acTO MPHXOAAT HEH3BECTHO OTKYJAa M 3aTeM ONATh
YXOAAT B HEU3BECTHOCTh, KaK Obl IlepecTaBasl CyLeCTBOBATh.
Tonpko oTAenbHBIE Y3/0BBle MOMEHTHl HMX JKH3HH SPKO
OCBelleHbl TalaHTOM nucartend. TouHo Tak xke H y Bopa
3JIEKTPOH Kak Obl BO3HHKaeT U3 HeOBbITHS B 3JKCIepHMEH-
TalbHOH YCTaHOBKE, H TOJIbKO 3JeChb €ero MNoBeJeHHEe H30-
OpaxaeTcs C BO3MOXKHOH IMOJHOTOH. 3aTeM OH YXOAUT H
Kak Obl NepecTaeT CYIIeCTBOBaTb [0 B3aHMOAEHCTBHS CO
cJeAyIomeH 9KCIIEpUMEHTaNbHOH YCTaHOBKOM.

B cnope ¢ diinwreiiHoM Bop TosbKO Aoka3al, 4To B paM-
Kax KBaHTOBOH MEXaHMKH aHalW3 H3MepHTEJIbHOH Ipo-
HeAYpHl [OKa3blBaeT HEBO3MOXKHOCTb HAXOXKJECHHSA HMIYJb-
ca 3JIEKTPOHA OJJHOBPEMEHHO C KOODAMHATOH H B Clyuae,
paccmotpeHHoM DjiHmTefiHoM. Ho oH He Jokasan, uro
y 3JeKTpoHa OObEKTHBHO HeT OINpeJe/leHHOro HMIYyJibca
B Touke. [ Jo3ToMy oH paKkTHYeCKH He ONPOBEPT TOUKY 3PEHHs
DiHIITeHA U 1eJleco00pa3HOCTb €ro KpuTepus (PH3HYECKOH
peasibHOCTH. DHHIITEHiH [0 KOHILA 2KM3HM OCTaBaICs IIPH
CBOEM NepBOHayalbHOM MHeHun (cM. [78], [79]).

Henocratounocts aprymenrauuu Bopa npoGyauna Man-
ZenblutaMa, DaoxunueBa, Poka, AnekcanppoBa, Dboma
H Jp.[pHHATH yYyacTHe B JUCKYCCHH NOCTaBJIeHHOH DiH-
mwreiiHoM npo6jeMbl. K o6cyxpiennio HX paGoT MbI Ceii-
yac U MepenjieM.

ManjeabmitaM B «JIeKIMSIX IO OCHOBaM KBAaHTOBOH
mexaHuku» ([80], ctp. 347) pan crporoe peleHHe 3ajauu
O TNpOXOXKJEHHH 3JeKTpoHa (cucreMa II) cKBO3b HemoA-
BI2KHYIO Auadparmy co wieirto (cucrema I), Kotopas MoxeT
CMeIaThCsl TOJIbKO B OXHOM HamnpaBleHHH. ITOT ciydail
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KayecTBeHHO Obu1 paccmoTpeH DBopom. Pemenwe craumo-
Hapaoro ypasHerus IllpefuHrepa X715 CHCTEMEBI 3M1€KTPOH —
Inadpparma uMeeT BHA

v (qlt q2’ qS) =

= 2—;,;8 exp [;‘(qu — P +]/2mE — —p"qs)]dp.
- @

rae ¢, — KoopAuHarta AauadparMel, ¢,, s — KOOPAHHATHI
3/IEKTPOHA BJONb AuadparMel ¥ NEpHneHAUKYNSPHO K Hel,
M u m — maccel puabparMel ¥ yacTHubl, E — ux nonuas
sueprus. Ilpu g; = O Belpaxenue (2) nepexomutr B (1),
ecnd noNoxuTh @ = 0. CyMMapHBII HMIYJbC 3JEKTPOHA
u Aradparmsl B HaNpaB/IeHHH ¢, PaBeH HYJIIO NPH JIIOGBIX gg.

CyImHOCTh TOYKHM 3peHHss MaHJenbmTaMa COCTOHT B
caenyiomeM. IIpy HU3MepeHHM pPa3NUYHBIX BENTHYHH, OTHO-
CAIIMXCS K 3JEKTPOHY, MBI BhIIENsieM H3 HCXOAHOH COBO-
KYIHOCTH Tap 3/7eKTPoH — Auadparma pasiauuHble MOACOBO-
KYMHOCTH. B Ka)JoH NOACOBOKYNHOCTH CNpaBeLIHB NMPHH-
mwun  HeonpeneneHHoctedi. «Ho onHOBpeMeHHBIE TOYHEIE
3HAUEHHS] UMITYJbCa H KOOPAHHATHl B PA3JIUYHBEIX NMOACOBO-
KYIHOCTSIX BIOJIHE JONMYCTHMBI, H HAKAKOTO NPOTHBOPEUHS
¢ BoJHOBO# Mexanukoi Her» ([80], ctp. 388). Ilo Mmuenuio
ManpenpiitamMa, DiHWTeH He NpaB, KOTAA YTBEPXKAAeT,
4TO MBI NPOBOJUM H3MepeHHs Haj cuctemoit II, He 3aTpa-
ruBas cucremy I. «CnpammBaercst, otkyga cucrema II
nosiyunsa cBoii umnyabc? OT CTOJNKHOBeHHS C cucTeMoit 1.
3HauuT, ecnu Mbl 6epeM TOJBKO Te Clyuyad, KOrja CHCTeMa
II ob6najmaer HEKOTOPHIM ONpeleNeHHBIM HMIYJIbCOM, TO
Mbl GepeM, TeM CaMbIM, JIHIIb ONpeleeHHbe yaaphl CO CTO-
ponbl cucremel I. Ecnu xe y cucremn Il ompenenennas
KOOpAMHATA, TO OHA TMOJYYMJIa OT cucTeMbl | Ipyrue ymapsl,
WK, TOUHee, YIaphl, MOJYYeHHbE €l0 OT CHCTEMHI I, He siB-
asiorcst onpefenennsiviy  ([80], crp. 389). He Brnosme
MOHATHBIM 00pa3oM Bcsl mpobseMa mnpefacraBnsietcsi Man-
IenbliTaMy TPHUBHAILHOMN.

BiroxuHIeB B CBOeM HM3BECTHOM Kypce KBaHTOBOH Me-
XaHUKH TNPUCOEAMHSETCS K TOUKe 3peHHs Mawupenbinrama
Ha cymectBo npobaems ([58], ctp. 551). Bce TpyauocTH,
[0 €ro MHEHHIO, CBSI3aHBl C 3a0BEHHEM CTaTHCTHUECKOTO
XapakTepa KBaHTOBOH MexXaHUKH. 3abhIBalOT, YTO COCTOS-
HHEe YacTHLbI B KBaHTOBOH MeXaHHMKe XapaKTepHayercs
He «CaMo 1o cebe», a NPUHANIEKHOCTBIO K TOMY HJIH Jp yrOMY
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aHcaMOJII0, KOTOPasi HMeeT COBepIeHHO OObEKTHBHEIN XapaK-
Tep ¥ He 3aBHCHUT OT CBeleHHil Halsiofaresns.

- TlpoTuB jaHHOTO peIIeHHs «<«mapajioKca» MOMKHO BHI-
IBHHYTb CJefylolmye Bo3paxKeHusl. ABTOpH LUTHPOBAHHBIX
Bhillle paboT M0JIaraloT, YTO H3MEPEHU s MPOU3BOJASTCS INOC/Ie
NpeKpaieHus B3aUMOJEHCTBUS 3J€KTPOHA C Auadparmoil.
[Toatomy BHIGOp TOrOo MJIM WHOTO M3MepUTeNbHOro npubopa
He JIONJKeH BJIMSITh Ha XapaKTep B3aUMOAEHCTBHS CHCTEM.
Ho ecnn 310 Tak, To MBI MOXKEM IPOU3BOJLHO OTHECTH CHC-
teMy | K ToMy unu Ipyromy nojaHcambmio, HHKak He BO3-
IeACTBYs Ha Hee. Bce ompepenisieTcst npou3BoJIbHBIM BHIGOPOM
MeXAy M3MepeHHeM uMnysabca cucteMsl 11 uinu naMepenuem
ee KoopAuHATH. [IpHHANJIEKHOCTh CHCTEMBI K TOMY WJIH
MHOMY aHcaMOJio TepsieT OObeKTHBHOE COfiep:KaHue M OIl-
pefiensieTcst cBefleHUsIMM Habmionatens. Bmecte ¢ Tem u
Bcs npo6iieMa OKa3blBaeTcsl B MePBOHAYaNIbHOM COCTOSTHHH.

Takum ob6pasoM, Kak chpaBelJiMBO OTMETHJ AJjieKcaui-
pOB, 3JleCb apryMeHTauusi ¢HakTHYeCKH COOTBETCTBYET TOY-
Ke 3penusi Bopa, ¢ TeM squimb pasnuuyueM, 4TO BMECTO eIH-
HIYHBIX OINBITOB PacCMaTpPHUBAeTCsi WX COBOKYMHOCTbL [81].

CoofpaxeHHs O KOppeNsiiUsX KJIacCHYecKoro THIa
MeXAy CHCTeMaMH HHyero He oObsicHsOT. [IpuBrneuenue
KOHIENIMH aHcaMmOnell 3Jech, Kak, BIPOYEM, H B JAPYTHX
ciyyasix, He BHOCHT SICHOCTH B MHTepIpeTalyio KBaHTOBOH
MeXaHUKH.

Bom paccMaTpuBan MBICTIEHHBIH SKCIEPHMEHT DHIUTEf-
ua, ITomoneckoro n PoseHa Ha ocHOBe MpeACTaBJEHUl O
TaK HasblBaeMblX «CKpHITBIX napamerpax» [82]. CorsacHo
pasBHBaeMOll MM KoHIeNuH coctosiHuio (1) oTBewaer cary-
yaji, Korja o6e YacTHLBl IOKOSATCS, a UX KOOpAHHATHI 00-
pasyIoT CTaTUCTHUECKHI aHcaMO/b, B KOTOPOM gy — §; = .
VlameHeHne COCTOSTHHSI OZHOH 4YacTHILI TP HM3MepeHHH,
NPOBEIEHHOM HaJl BTOPOH YacTHlleli, MPOUCXOAUT, o Bomy,
332 CYeT B3aMMOJEHCTBHSI YacTHI[ MOCPEICTBOM THIOTETH-
YeCKHX «KBAHTOBOMEXaHHYECKUX cus». BosgelicTBue npu
M3MEpeHHH Ha OJHY M3 YacTHI[ HEKOHTPONHpYeMbIM oOpa-
30M M3MEHSIET 3TH CUJIbl U COOTBETCTBEHHO H3MEHSIeT COCTOSI-
HHE BTOpPOH UYAaCTHIB!, NpPHYEM B3aHMOJAEHCTBHE YacTHI]
pacnpocTpaHsieTcs: MIHOBEHHO.

OcTaHaBNHBaTbC HAa KPUTHKE NAHHOH TOUKH 3pEHHS
BpsA Ju LenecooGpasHo. C OJHOA CTOPOHBI, BCS HHTep-
nperauust KBAHTOBOK MeXaHMKH DOMOM nouTH HecoMHEHHO
HeCOCTOSsITeNIbHA, a C APYroi CTOPOHHI, B HacTosllee BpeMs,
no-BUAUMOMY, U caM Bom 0TKa3ajics OT npuBeIeHHOTO BHILIE
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péuienus npobanemsl. Kak ormMeuaercst B craThe «OGCyXAEHHE
3KCNepHMEHTAJIbHOIO JOKasaTelbCTBa HNapajokca DiiH-
wreitHa, IToponbckoro u Posena» [83], B onbitax By [84]
No paccesiHNI0 (OTOHOB AHHHTUJSIUH BHEPBBHIE SKCIEpH-
MEHTaJIbHO J0Ka3aHo, YTO MapafoKcalbHble B paMKaX KJac-
cvuecKoil M3HKHM OCOOHHOCTH KBAHTOBOH MeXaHHUKH, MOJ-
YepKHYTble DHHIUTEHHOM, NMPABUJIBHO OTPaXkalOT CBOHCTBA
MHKpooObeKToB. IlyTH o0ObsicHeHHSI 3THX OCOGEHHOCTelH
clefyeT HcKaTh, Mo MHeHuio Boma, B Teopum «cyGKBaHTO-
BOrO ypOBHS», HEOOXOAUMOCTb HOCTPOEHHSI KOTOpPO# 060-
CHOBbIBaeTcsl B LMTHpOBaHHOH paHee Kuure [1]. OpHako
CCBUIKM Ha paboTy, ony6iuKoBaHHYIO B cOopHuke «Bo-
Npochl NPUYMHHOCTH B KBAHTOBOH MexXaHuke», boM He jaer,
a B kuure [1] ynomunanue o «napagokce» diHITeHA BooOwIE
OTCYTCTBYET.

Eme omna Touxa 3peHusi Ha o6cyxxAaeMylo mpoGjeMy
Gouia BeyiBUHYTa AnekcanipoBbiM (cM. [81]) u Pokom [85].

Ilo ux MHEHHIO, B clyyae, paCCMOTPEHHOM DHHIITEHHOM
H ADYTHMH, MEXAY NpPOCTPAHCTBEHHO OTAAJE€HHBIMH YacTH-
IlaMH CYLIeCTBYeT pealbHOe B3aHMOJEHCTBUE, YTO OT-
paxaercsi B HaJHYHH OOLICH BOJNHOBOH (GYHKIHH, ONHCHI-
Baiolieil Ux coctosiHue. MMeHHO mociiesiHee 06CTOSTENBCTBO
NPHUBOJAUT K HU3MEHEHUIO COCTOSIHHSI OJHOH M3 YacTUIl NpH
BO3JIEHCTBHM Ha JADPYTyI0 TeM WJIH HHBIM H3MEPUTENbHBIM
npubopom. Ommbka aBropoB (diHwTeiiH, Ilomonbckuii,
Posen, Bop, ManuensiutaM, Bioxunues), of6cy:KAaBlinx
3TOT BONPOC, B TOM, YTO OHH NpEANOJaraid OTCYTCTBHE
BCSIKOTO B3aUMOJEHCTBUSI MEXAY NPOCTPAHCTBEHHO pas-
IeleHHbIMH OObeKTaMH ¢ oOmied BOJHOBOH (yHKIMEH.

CBsi3p yacTHIl, MMelOIHUX OOILYI0 BOJHOBYIO (GYHKLHIO,
OTIMYHA OT MEeXaHHYeCKOH, CHJIOBOf CBS3H. AJleKcaHIpOB
HasblBaeT ee «ocoboii HopMoit CBSI3H B 3aBUCHMOCTH OT YCJIO-
Buit». TeM He MeHee 3T0 peajbHast, 0OGbEKTUBHO CYIIECTBYIO-
mas cBfi3p, a He (TeJleNnaTHs», KaK HasblBal NOJAOOHbIE CBSI-
3u DAHIUTElH.

Uro e Bce-TakH 3TO 3a B3auMojeiicTBue? ABTOpH! Or-
PaHUYMBAIOTCH NpHBEJEHHEM NIPUMEPOB HECHJIOBBIX B3aHMO-
JefictBuii. T'm6enbp NOAYMHEHHBIX MEHSIET COCTOSIHHE Ha-
yaJbHUKA IIPOCTO INOTOMY, YTO OH HepecTaeT ObITh (aKTH-
YecKH HayaJbHHKOM, XOTS OCTaeTcsl LENbIM U HeBpeANMbIM;
s¢exT TenmerpaMmbl He CTOHT HM B KaKOH CBSI3H C 3aTpa-
YeHHOH Ha ee nepeflayy 3HepTHell; HaKOHell, CaMblfi BaXKHbBIH
THI HECWJIOBLIX B3aUMOAEHCTBHA — B3aUMOJECHCTBUS, BHI-
paxaemble npuHuunom Ilaymu.
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Hano ckasath, uto nannasi Touka 3peHusi fo MeHbiueit
Mepe Hyxkzaercss B Gosee pasBepHYTOM, Gojiee KOHKPETHOM
uanoxenuu. Cunutaercs, 4TO NpU BO3JAEHCTBHU Ha ORHY yac-
THILy MeHsieTcsl He Halia HHQOpMalHsi O BO3MOXHOM HOBe-
JEHHH APYroil 4acTHLbl, a CaMo ee 0ObEeKTUBHOE COCTOsIHME,
NpHYeM H3MEHEHHE COCTOSIHMS BTOPOH YacTHIbI He CBSI3aHO
C HaJuyueM Kakux-au6o noneii. CBs3b Belb HeCHJOBas.
«HoBriii THn B3auMopneiicTBuS» 06sajaeT MHOTHMH YIAHBH-
TeJbHBIMH CBOHCTBaMH: OH OCYIIECTBJISIETCS MIHOBEHH: INPH
JOGBIX PAaCCTOSIHUSIX (YBeJIMYeHHe PAacCTOSIHUS He ocsiabnsieT
B3aUMOJEHACTBHA!) M Tocsie H3MepeHHs Hal OfHOM 4YacTH-
nefi GeccnenHo HcuesaeT. [lia ero BoccTaHOBJIeHH s HEOOX0-
JIMMO CUHJIOBOe B3auMojeiicTeue. Bee 3To HanmoMuHaeT KoHIen-
nuo Bowma, ¢ Toii pasnuuefi, uto Bom OTHOCUT JaHHOE B3aHMO-
RefiCTBHe Ha CYeT NMOpasHTeJbHBIX CBOMACTB creludHuecKoro
«KBaHTOBOMEXaHHYeCKOro nossi», a no Poky — Asekcanzipo-
By OHO ocyuiecTBiasiercsl 6e3 KaKHX-JIHGO MPOMEKYTOUHbIX
areHToB. HasblBaTh 3TOT THI B3aHMOJEHCTBHUS «TeJlenaTHei»
HIH OOBEKTHBHO CYLIECTBYIOMIEH «CBfI3bI0 B 3aBHCHMOCTH
OT YCJOBMii»,— IO HalleMy MHEHHIO, JeJlo BKyca¥).

MozxHo no-uHoMy [86] momoiiTi K npoGneMe, MoCTaB/eH-
Hoii DiiHmTtefiHoM. Jlnst 3TOro HYXHO AaTh NPHHLHIY
HeonpeJie/IeHHOCTe!l TO TOJNKOBaHHME, O KOTOPOM Ljia pedb
Bhille (cM. § 3 xaHHO# raaBbl). KpoMe Toro, B u3naraemoi
HHXKe apryMeHTallud II0-HOBOMY TpPAKTYIOTCS MOHATHSA
«IOTEHIIMATbHO BO3MOXKHOTO» M «JefICTBUTEILHOTO, CYLIe-
CTBEHHBblE NIPH MHTepIpeTaluy KBaHTOBOH MexaHukH. Ha sto

*) Ecan npusHath OGBEKTHBHO CYLIECTBYIOLEH «CBSI3b B SaBHCH-
MOCTH OT YCJIOBHI», TO MOXKHO CMeJIO CTPOHTb TEODHIO TeJIenaTHH, pac-
CcMaTpHBas ee Kak pealbHbifi hakT. B camom sene, B HayanbHBIA MOMEHT
HHAYKTOD H PELHNHEHT B3aHMOAEACTBYIOT APYT C APYroM OGLIYHBIM CH-
JoBbIM crmocoboM. Ckaxkem, mpocto GecenyioT. Ilpu sTom cocrostHue
KJIETOK HX GOJIbIIMX MOJYLIapHi (MM YacTH 3THX KJETOK) GyLeT OMHChHI-
BaTbcA o6leil BOMHOBOMA pyHKuMel (MOACHCTEMA HE MMeeT CBOEH BOJIHO-
BoOff (GYHKUHMH). 3aTeM PeLHIHEHT yeaxaeT B Apyroil ropox. Ho cocros-
HHe YacTH KJIETOK FOJIOBHOT'O MO3Ta DEelMIHEeHTa H HHAYKTOPa MO-Tpex-
HeMy XapaKTepuU3yeTrcs OJHOH BOJIHOBOf ¢yHKuueldl (ZONMYyCTHM, YTO
B MO3ry €CTb TaKHe YYaCTKH, COCTOSIHHE KOTOPHIX OGbIYHbIE BHEIUHHE
CHJIOBHIE BO3/efCTBHSI MOTYT He pa3pyarts). MHAYKTOpY B clielHaJbHOM
ONbITE MOKAa3hBAOT HIPYIIEYHYIO KOIIeUKy. B peaysibrare cocrosinue
€ro Mo3ra H3MeHfeTCs H 3a CYET HECHJIOBOrO B3aHMOZIEHCTBU ST MTHOBEH-
HO MeHseTcsl cocTosiHMe Mosra peunnuenta. OH ysHaeT, YTO ero maprt-
Hepy NMOKa3aJIi MMeHHO KOIIeYKY, H ONACHIBaeT ee BHewH U Buj. Jannas
«TeopHsA» ABJNSETCS €JUHCTBEHHOH, KOoTopas 00bsACHSET IKOOB! CYILeCTBY-
IOl onbITHEIA (akT: Tesenatnyeckuit apdexT He 3aBHCHT OT paccrosi-
HHSl MeXAY HHAYKTOPOM H PeIlHIHEHTOM.
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obcrositenseTBO  obpamaioT BHUMaHue Iefizentepr [87] u
dox [88].

Tonbko BomHoBasi ¢byHKIMS THna (1) mosBonsieT ompe-
IENUTD ¢ WIH p; TIO U3MEPEHHBIM g, HIH p,. Ho 312 dyHKIMS
OMMCHIBAET COCTOSIHHE ABYX YacTUIl B J1060H MOMEHT Bpe-
MEHH JIMIIbL B TOM CJydyae, eclM YacTHUbl JHG0 BooOuie
JKEeCTKO CBSI3aHBI APYT € APYroM, JH6O NMPH HATUYMH CBSI3U
MeX]Jy HUMH B HEKOTOpOH NJIOCKOCTH, cojepxkameit q, u
g,. B mocnenneM cnyuae, paccMoTpeHHOM MaHpenbITamMoM,
BOJTHOBYIO (pyHKIMIO BUAA (1) MOXKHO HCIONB30BAaTh TOJBKO
npu gz = 0.

Ecnn wuMeercss cymecTByiomasi Bce BpeMs JKecTKasi
CBS3b, TO HUKAKOTO Mapajiokca B TOM, YTO H3MEpEHHe KO-
OpJMHATHI OfHOH YaCTHIHI MEHSIET UMIYJbC APYroi, KoHeu-
HO, HeT. Y DfHITeHHA peyb UJeT O HeB3aUMOJEHCTBYIOMMX
yactnuax. Ho Torna 6-o6pasHblii ABYMepHBIi BOJHOBOM
naker GYyZeT, B COOTBETCTBUH C 3aKOHAMH KBaHTOBOH Me-
XaHHKH, paclibBaThes. B HepenaTHBHCTCKOM NPUO/IKEHHH
CKOpOCTh ero pacrmibiBaHusi GeckoHeyna. CmycTst cKodb
yrolHO Majnoe BpeMsi OH 3afiMeT Bce npocTpancTBo. Ecnn
B HauyaJbHBII MOMEHT NaKeT HeCKOJbKO pa3MasaH, TO pac-
mibiBaHHe OYAeT TNPOMCXOAUTh C KOHEYHOH CKOPOCTHIO.
CnefoBaTenbHo, TONBKO B HAuadbHEIH MOMEHT MEXAY ¢y
U g, B npuMepe DiiHIITe/iHA UMEETCS OAHO3HAUHAsl CBS3b.
B mioGoji cnenyoonyii MOMEHT MBI yKe BooOLie He CMOXeM
HaliTH KOOpIAMHATY ¢; TPH ' HM3BECTHOM SHAUEHHH (),
(ans 8-o6pasHoro nakera) uaM (/s pa3aMasaHHOTO IaKeTa)
CMOXEM HaHTH JHIb Ty WIH HHYIO BEpPOSITHOCTb ONpe-
JENIEHHOM KOOpAMHATHl ¢; TOCNe U3MepeHus ¢,. Ilpu
t — oo BO BCEX CJyuasX COCTOSIHHE H3MEHHUTCS] HacTOMb-
KO, UTO TpU M3BECTHOM ¢, BCe 3HAUEHHA ¢; CTAHYT paBHO-
BEpOSITHBIMH.

C mpyroit CTOpOHBI, B HauaJbHbIi MOMEHT Mbl HE B CO-
CTOSIHHM TOYHO ONPENeNUTbh UMNYJALC p,. s ToyHOTO ero
U3MepeHHsT HeoOXOIMMO, B COOTBETCTBHH C NPHUHIMIIOM
HEONpe/Ie/IEHHOCTel, ONpeNeNUTh . er0 Ha HEOrpaHHYeHHO
GonbiioM oTpe3ke Ag,. BepHee, H3MepUTh €ro MOXHO H
Ha MaJioM OTpes3Ke, HO NMONYyyeHHOe 3HAueHHe p, He NO3BO-
JIUT HafiTH TOYHOe 3HaueHue p,. leno B TOM, uTO Ompenene-
HHEe UMNyJibca npeoOperaeT TOUHBIH CMBICH (HanWyue 3a-
KOHa COXPaHEeHHS) TOJbKO B CPeJHEM Ha HeorpaHBueHHO
GoabuioM HHTepBane. Wmnynwsc, mnepenaBaeMblli  Makpo-
ckomuueckoft cucreme (npubopy) Ha orpeske Ag, HuMe-
er pasbpoc nopspka 7i/Ag. CnemoBaTenbHo, NMOJMYYHTB
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HMeolIee CMBICH (CoXpaHsoeecs)) 3HaAUEHHE UMIYIbCA Dy
1 ONPEeJIeJIUTh 110 HEMY p; MOXKHO TOJBKO Ha GONbLINX HHTEp-
Banax. Ho, Bailins 310 3HaueHue p,, MB yxe He oGHa-
PYXUM ONHO3HAUHOM CBSI3H KOODAMHAT ¢, U g,. [laker 3a
5T0 BpeMsl paclibBercs *).

Urak, nsmepss g, Ui p,, Mbl aKTHUECKH He BO3JEH-
cTByeM Ha mnepByio uwactuny. Ho cocrosiHue cucreMel He-
NpepHBHO H3MeHsieTcsl. B HauanbHBI MOMEHT OGHLEKTHBHO
CYIIECTBYET KOppeNfllUSl MeXAy KOOpJAWHATaMH, a 1o
NpOIIeCTBHH GOJBLIOr0 NMPOMEXKYTKAa BPEMEHH MBI MOXKEM
TOBOPUTb O KOppeNsiluH MexAy umnyiabcamu. Koppensuus
MexJy KOOpAWHATaMH K 3TOMY MOMEHTYy Gyler yTpaueHa,
Tounee, cnenyer cKasaTb TaK: 8 HQAUAAbHbIL MOMEHM KOp-
perayus umnyascos (8 CMbiCAe 3aKOHA COXPAHEHUR) Cyuie-
CmeYem KaK <HOMeHYUAAbHAS B03MOXCHOCMbY, KOmopas 8
OQHHbUL MOMEHM BpeMEHU He MOxcem nepelimu 8 «Oeiicmeu-
meabHocmey. JInmp Mo mpomecTBHMH GONBLIOrO HHTEpBaia
BpEMEHM OHAa W3 MNOTEHIHAJTbHO BO3MOXHOH MNEpPEXONHT B
JefictBuTenbHy0. Ecnu n3aMepuTh mMnynbchl o6eux yacTHl,
3acTaB/isisl MX B3aUMOJEHCTBOBATh C HEKOTOPOH Makpo-
CKOIMYECKOH CHCTEMOMH, TO Mbl OOHAp yKUM 3Ty KOp peJISILUIO
KaK JeHCTBUTENHHO CYIIECTBYIOILYIO.

Ananoruunble paccyXIeHHsI MOXHO NPOBECTH B ciyyae,
KOT/la BONTHOBAs GYHKIMSA HE 3aBHCHUT OT BpEMEHH, HO MEXY
CHCTEMaMH HMMEETCS JKEeCTKasi CBSI3b B ONpeNeNeHHO# MJIoc-
Koct (mpuMep Bopa — Manaenwiurama). B cootsercTBHE
C BOJTHOBOH GYHKIMel (2) MOXHO HaliTH TOUHOe 3HaueHue
KOODAUHATH! AxadparMsl §; TOABKO NP H3MEPEHHH KOOPAH-
HaThl YacTHLBl ¢, B miockocTH auadparmel (g3 = 0). Ilpu
g; — o0 KODpeNsilusl KOOpAMHAT ucuesaer. Hampotus,
TOYHOE 3HAueHHe HUMIYJbCAa YacTHUUHl p,, a 3HAUUT U HM-
nyJasca auadparmel py, 0 NPHYHHAM, O KOTOPHIX OBIIO CKa-
3aHO BbIllle, MOXHO HafiTH TOJNBKO TOTAA, KOTJa 4YacTHIa
‘GeckoHEUHO Hajieko yijer or jauadparmel. B mimockoctu
IvabparMel CYIIECTBYeT KOppessiusi KOOpAWHAT, a Kop-
pensiunysi UMIYJIbCOB B opMe JeHCTBUTENIBHOTO OTCYTCTBYET.
ITo mMepe ynanenust ot auadparMel KOppensiiusi KOOpAHHAT
TIOCTENEHHO YTPauMBaeTCs, a KOpPesiiis UMIYJIbCOB U3 IO-
TEHIIHAJILHO BO3MOXKHOH NpeBpaniaeTcsi B AeHCTBUTENLHYIO.

Oco6GeHHO HATJISIAHO CUTYyalMsl B KBAaHTOBOM MeXaHWKe,
paccMatpuBaemasi diHmTefiHoM, [TomonbckuM u Posenowm,

*) 3amerum, uto Bop Tak:ke roBopHT 06 onpejiesieHHH JTHGO Haua b
HO KOOpAMHATH, JH60 KOHEYHOTO HMIYJbCa.
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BLICTYIaeT B npuMepe, npuBeneHHoM Bomom B kHure [60]
(ctp. 702). dra Kuura Oblna HamucaHa eme JAO TOro, Kak
BoM oTkasaincs OT OObIUHOH WHTEpNpeTanyud KBaHTOBOH
MeXaHUKM M TONBITAICS paccMaTpuBaTh KOOPAMHATH H
UMIYJIbCHI MHUKDOOGBHEKTOB KaK CKpHITHIE MapameTphl.
B neit enie MoxHO HaiiTu. naparpad «JlokazarenbCTBO HECOB-
MECTHMOCTH KBAHTOBOH TEODHUHM C ITOHSATHEM CKPBITHIX MNa-
pametpos» ([60], cTp. 712).

PaccMOTpUM MoJeKyJsly, COCTOSIIYI0O W3 ABYX AaTOMOB,
B COCTOSIHMH, B KOTODOM ee CIIMH paBeH HyJo. ITycTh Kaxk-
Iblii M3 aTOMOB 00/ajaeT MoJyuenbiM cnuHom !/, 7. Toraa
B MOJIEKYJI€ CITUHBI aTOMOB ODHEHTHPOBAHE! aHTHIApalIeNb-
Ho. [lamee, MpeANONOKUM, UTO MOJEKyJa pacilenisercs B
pesy/bTaTe HEKOTOPOTO BO3JEHCTBHS, He MEHSIOUEro Mo-
MEHTa MMIYJbCa MOJEKYJbl, IIOCJHE Yero aToMbl pacxo-
AATCS Ha OOJIBILIOE pacCTOSIHHE W MepecTaloT B3auMOJeHCT-
BOBaTh ApYT ¢ ApyroM. Ilpoekuust cnuHa KaxkAoro aToma
Ha JI060e 3aJjJaHHOe HamnpaBJieHHe, OYeBHIHO, HeolpeJeseH-
Ha. Ho ecim Mbl M3MepHUM NPOEKIMIO ClIMHA atoMa 1 Ha He-
KOTOpO€ HanpaBJieHHe 2 U NOJTY4YHM 3HaueHue, K NpHMepYy,
-+ 1/, %, To mpoeKUH s CIIHHA aToMa 2 Ha TO XK€ HampaBleHHe
cpa3y »Ke CTaHeT OmIpeJleNeHHON M paBHO# — 1/, i B cuay
3aKOHa CcOXpaHeHHS umnyiabca. Ho 1o u3Mmepenuss sta
NpoeKIUsl ANs atomMa 2 He Obwia onpefeneHHoi. [Tpuuem
rocJie U3MepeHHsl MPOEKIMH CIHHA aToMa | Ha och 2 mpoek-
U CIMHA aToMa 2 Ha Jpyroe HamparseHHe (Hampumep, X)
OCTaeTcsl HeolpeleNeHHOH H HalTH ee 6e3 NMpsSMOro u3Me-
peHHsl yKe NpPHHIMIHANTBHO HEBO3MOXHO. B mpoTuBHOM
cayyae Ob110 OBl Hap yIIEHO COOTHOILIEHHE HeolpefleseHHOCTeH
MeXIy NMpOeKUHSMH MOMEHTa HMIYJIbCa Ha PasjUYHbIe OCH
koopauHaT. Hanumo napamokcanbHast B paMKax OOBIYHBIX
KJIaCCHYECKHUX TPEJACTAaBIEHHH CHUTYyalus.

Hama Touka 3peHusi, KoTopas HoBONbHO ONH3Ka K
pa3BuBaeMoii BoMOM B IUTHPOBAHHO! Bbillle KHHUTe, TAKOBA.
Jlo n3MepeHHsl yacTHlle C NOJAYLeNbIM cnuHOM (atoM 1)
'HeJIb3S1 NPHUIMCATb HUKaKOH ONpeleneHHOH NPOeKUHH Ha
TO WJM HHOe Hanpas/ieHHe, NMOJOOHO TOMY KaK 3JIEKTPOH
He HMeeT KaKOro-Tu6o ONpeNeNeHHOro HMIy/abca Cpasy
nocje NPOXOXJAeHHS JuadparMbl B pa3o6paHHOM paHee
npumepe. JIump 1ocie ycpeAHEHHs MOMEHTa MMIYJabca
Mo asUMYTaJbHOMY YIVIy B CHCTeMe OTcueTa, MOJsipHast
OCh KOTOPOHl OpHEeHTHPOBaHA OmpefleJieHHbIM o6pa3oM (Ha-
npuMep, B HampaBlIeHHM MarHUTHOTO MOJS M3MEepHUTENbHOM
YCTaHOBKH), H3 ABYX NOTEHUHANbHO BO3MOXKHBIX 3HaUeHHH
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NpOEKIMH MOMEHTa OJHO CTaHOBUTCH HeACTBUTENBHEIM (B
HaweMm mnpuMepe - 1/,%). Ilpu 3TOM cO BTOpHIM aTOMOM
oOBEKTHBHO He InpoucxoiuT HHuuero. Ho ecam 3acraButh
€ro B3aHMOJEHCTBOBaTb € H3MEPHTENbHOH YCTaHOBKOH (C
TeM XK€ HanpaBjeHHeM MarHHTHOTO NOJs), TO U3 ABYX IMO-
TeHIHAJbHO BO3MOXHBIX 3HAUEHHH MpPOEKINU peannsyercs
(nepeiiner B ¢opmy AeficTBUTenbHOro) oxro. Mmenno, mpo-
€KI[HS CIIHHA OKaXXeTcsl pPaBHOM —1/, i B CHJY KOppeJSIUH
MeXAY TOTEHIHANTbHO BO3MOXHBIMH 3HAUEHHSIMH MO-
MEHTa HMIYyJabca, OOGYCJOBIEHHOH 3aKOHOM COXpaHEHHS
MoMeHTa uMnyJabca. Ho 3TOT 3aKOH BBIMONHSIETCS B CpeHEM
no yrny. B ofmux yepTax MHTepHpeTanys XaHHOIO OMNbITa
ocTaeTcst TOW e, YTO M NMPU HU3MEPeHUH KOOpAWHAT U MM-
nynbcoB. OOHapyXHBaeTcs JIMLIb HeKoTopas creunuduxa,
CBsI3aHHAS CO CBOHCTBaMH AAHHOH (PU3HUeCKOH BEJHYUHB —
MOMeHTa HMITyJbCa.

Takum o6pasoM, Bop coBepimieHHO mpaBWJIBLHO HacTau-
BaJl Ha IOJIHOTE OMHMCAHUS (PU3NYECKOH peaNbHOCTH KBaH-
TOBOj#t MexaHHKo#i. OfHaKO KPUTepHil peanbHOCTH DHHILTEH-
Ha He COJEpKHUT OTMeueHHOH DopoM ABYCMEBICJIEHHOCTH.
Ecny MOXXHO 0ZHO3HAUHO MpeAcKas3aTh 3HaueHHe HEKOTOPOH
BEJIMUMHBI, He BO3JEHCTBYS Ha CHCTEMY, TO CYILIECTBYeT
3/eMeHT (HU3UUeCKOf peanbHOCTH, €f COOTBETCTBYIOLIMH.
Bce nesio B TOM, 4TO HMNYJILC B TOUKE He sIBJISETCS ONpele-
JIeHHO# ()M3HYECKOM BEJHUHHOH M HHKAKOro 3JIeMeHTa
PeasibHOCTH €MY COMOCTABHTH HeJIb3st. AHANOTHYHO, NPOEK-
M CMHHA Ha Kakoe-THGO HanpapB/jieHHe He HMEeT OIlpeles
JIEHHON BeJMYUHEBI, €CJAH He CYIEeCTBYeT YCJOBHH, OObex-
THBHO BBISJSIIONIUX JaHHOE HanpasjeHHe Cpefy NpouHuX
(HampuMep, MarHUTHOT'O NOJ S BROJb JAHHOTO HANPABJIEHHUS).

Kak HaMm mpezcTaBisieTcsi, M3/0XKEHHOe Bblllle TONKOBa-
HHe <«rnapajiokca» DHHIITeiHa CONPHUKAacaeTcss ¢ MNO3UIMel
ManpenbiuTama, pasBuBaeMoii BoXHMHLEBEIM, a Takxke ¢
npexcrabnenusivu Poka u AnexcanapoBa. B coorBeTcTBHH
C TOukoH 3peHusi ManjenbliTaMa IEHTP TSIXKECTH Hepe-
HeceH Ha KOppessluH, BO3HHUKAIOLHE BO BpeMsl B3auMO-
nefictBus cucteM. OIHaKO KOppeNsilMM HeJNb3sl TOJKOBATh
CJIMIIKOM NpPSMOJNHMHEHHO B KJIacCHYeCKOM Jyxe, KakK 3TO
MOXeT TMOKa3aTbCsl NpPH 3HAKOMCTBe ¢ paboTaMH ymnoms-
HYTBIX aBTOpPOB.

Hanuuyre noteHuManbHO BO3MOXHBIX KOppessiluii, Ie-
pPeXOASIIHX B HeACTBUTENbHBIE NPH ONpefeNIeHHBIX YCJo-
BHSIX, BEpPOSITHO, TOXE MOMKHO Ha3BaTb «0COOLIM THIIOM
CBSI3M B 3aBHCHMOCTH OT YCJOBHI.
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B sakniouenue eme pas chopMyaupyeM Hainy Touky
spenusi. Haauuue obuieil 604H080U yrKyuw y npocmpar-
CMBEHHO pasdeneHHbix cucmem ceudemesbcmsyem o cyujecm-
B06AHUU NOMEHYUAABHO BO3MONCHBLX KOppeasyuti mexncoy
coomeemcmeyowumy gusudeckumu eeausuramu. Ilpu on-
PECeNEeHHbIX YCAOBUAX MaKUe KOppeAsyuu cmanoesmcs Oeli-
CMBUMENbHUIMU .

§ 6. TlpuunHHOCTD B AMHAMMYECKHX
H CTaTHCTHYECKHX 3aKOHaX

Co6biTHSI WJH SIBIE€HHS B OKDPYKalOIEM HAc MHpE He-
NpepbIBHOH 4YepeNoil CMEeHSIOT APYT Apyra. Jlio6oe coObiTHe
NOpOXKIaeTcsl NPeNIIeCTBYIONUMH H B CBOIO OuYepelb Mo-
poxnaer nocienymomue. CyllecTBOBaHHE TakOH CBSI3H siB-
JIeHHii BO BpeMeHH Ha3biBaeTcsi OObIYHO NPHYHHHOCTHIO.

Onnako 4TO Ke NMOHMMAaTb IIOJ HACTYIUIEHHEM OIpele-
JIeHHOTO coOBITHA? JI0 CO3MaHHS KOJHYECTBEHHOH TEOpHH,
o6GbsicHsIOUIEeH pa3HuHble sIBJIeHUS! (QYHAAMEHTaJbHBIMH 3a-
KOHaMH, 1O CO3[aHHs MexaHHKH HploTOHa, Ha 3TOT Bompoc
He GbUIO NaHO, Ja U Heab3si ObLIO HaTh, SICHOTO OJHO3HAY-
HOrO OTBeTa, JONYCKAIOIIer0 CTPOTyi0 MaTeMaTHUECKYIO
¢dopMynnpoBKy. Mexannka xe HbloTOHa gHajla Ha Hero
BNiepBble BIOJIHE OINpeJieJIeHHbIH OTBET.

Ecnu B JIaHHBIH MOMEHT BpeMEHH TOYHO H3BECTHBHI KO-
OpPAHHATHl M HMIYJbCH BCEX YacTHL, CHCTEMEHI, TO, COIJia-
CHO KJIacCHYecKOHl MeXaHHKe, OJHO3HAYHO ONpEJENIeHO ee
cocrosinde. Bce mpoliecchl B MHpe CBOIATCS K NEpexony
CHCTEM YacTHI{ H3 OJHOI'O COCTOSIHHSI B JPyroe, H HacTyI-
JieHHe JaHHOTO COOBITHSI — 3TO HPHUXOJ CHCTEMEI B COCTOSI-
HHe C JaHHBIMH 3HaYeHHUSIMH KOOPJHHAT W HMITYJIbCOB YaCTHII,
¥ HHyero Gousblue. 3Hast XapaKTep 3aBHCHUMOCTH CHJI B3aHMO-
IeACTBHSA OT KOOPAHHAT, MOXKHO C MOMOIIBIO yPaBHeHHH ABH-
JKEHUST KJIACCHYECKOH MeXaHHKH MO COCTOSIHHIO CHCTEMb
B HayaJbHBII MOMEHT BpeMEHH OMNpPeNeNHTh ONHO3HAYHO
ee COCTOsiHHe B JI060il mocsenyommii MoMeHT. [lostomy
COCTOSIHHE MeXaHHYeCKOH CHCTeMBl B HauyallbHBIH MOMEHT
BpeMeHH (Habop ee HMMMYJbCOB H KOODAMHAT), HapsiLy C
H3BECTHBIM 32KOHOM B3aMMOJEHCTBHSI YacTHI[, MOXKeT pac-
CMaTpHUBaTbCs KaK NMPHYHMHA, 8 COCTOSIHHE B MOCJIEAYIOLIUH
MOMEHT — KakK CJeAcTBHe. B 3ToM cyThb mnpeicTaBJeHHH O
Ounamuueckoti, WIH, O0OHO3HAYHOU, NPUMUHKOCMU B Kjac-
cuueckoii (usMKe, CyTh KJaCCHYECKOTO JeTePMHHH3Ma,
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[Tonsitne npuunnHOCTH, CcHOPMYIHPOBAHHOE B Haydle
naparpaga, CylecTBeHHO OTJH4YaeTcs OT TOro, KOTOpoe
BO3HHKJIO B (H3MKe B CBfI3M C DPa3BUTHEM MeXaHHUKH.
dakTHUECKH peub HIET O MOHATHAX NPHYMHHOCTH HA pas-
HBIX YDOBHSX.

Ouenp XOpOIIO, MO HALleMy MHEHHIO, BCKPBIT H 0GOCHO-
BaH BONPOC O JBYX YPOBHSIX NPHYHHHOCTH DBaxkeHOBHIM
([42], crp. 208). IlepBoHAYa/JbHO MOHATHE NPHYHHHOCTH
BO3HHKJIO B CBSI3H C IPAKTHYECKOH JesITeJbHOCTBIO JIIOJeH,
U VISl HeTO XapakTepHbl TPU NpU3HaKa: 1) BpeMeHHOe Npen-
IIecTBHe NDUYHMHBI CJAEACTBHIO; 2) OflHA H Ta Ke NpPHYHHA
Bceraa oOyCJOBIHBaeT OJHO H TO e CJeICTBHe; 3) IpH-
YHHA — AKTHBHBIH areHT, INPOM3BOISIIHHA CJEICTBHE.

[Io BaxkeHOBy, COBOKYNHOCTb BCE€X TpeX IIPH3HAKOB
XapaKTepH3yeT NPHYHHHOCTb, KOTODYIO OH HAashIBaeT Ha-
2as0Hod. D10 mnpocrefimas ¢opMa mnpuuynHHOCTH. «OHa
JIOCTaToyHa cama 1o ceGe TOJbKO Ha YpOBHE NO3HaHHUSA
e[HHHYHBIX fIBJEHHH M HX cBssed Apyr c¢ apyrom. [loka
MBIl HCCJIENlyeM OTAeJbHble COOLITHS, CTaBsl BOIPOC, OT 4Yero
OHH 3aBHCSIT U NIOYEMY CYIIECTBYIOT, MBI HMeeM HeKOTOphle
6oJiee MM MeHee KOHKpDeTHble (DaKTODbI, KOTOpble BHI3bI-
BalOT, NPOH3BOIAT 3TH cobeitusty ([42], crp. 211). 3necs,
MOXKHO CKa3aTh, NPHYMHHOCTb JIHIIb KayecTBEHHO Xapak-
TepH3yeT CBsI3b fiBJeHHH. FIMeHHO Mo3TOMyY, Ha HaIl B3TJIAL,
6oJsiee nesnecoo6pasHO AAHHYI (ODMYy NPHYHHHOCTH Hasbl-
BaTb HE HAIVISAHOH, a KauecmeeHHowd, C TeM YTOOHl MOX-
YepKHYTb OTJIHYHE ee OT TOH (OPMBI TNPHYHHHOCTH, B
KaKOH OHa BBICTYIIaeT B KOJHYECTBEHHBIX (PU3HYECKUX TeOo-
pHSAX, KOTJa COCTOSIHHE MOMKHO OIpeleJHTb CTPOro Mare-
MaTHYECKH.

«B pasBUTBIX HayYHBIX IUCUHIVIKHAX, NOCTUTIIHX BBbI-
COKOH CTeleHH HCHOJBb30BaHMS MaTeMaTHYeCKOro ammnapara
H JalolX OTKPHIBAEMBIM 3aKOHOMEDHOCTSIM MaTeMaTH-
4ecKylo (OpMYJIHPOBKY, NOJ NPHYMHHOCTBIO NpexJAe BCEro
NIOHHMaeTCsl CBfA3b COCTOSIHHH BO BpPEeMeHH, Takasi, 4TO Ha
OCHOBE 3HaHHSl MPEeNIECTBYIOIET0 COCTOSIHHSL —CHCTEMBI
MOXKHO IIpe/CKa3aTh ee MOCJenymolHe cocrosiHus. Mmenno
B TaKOM CMblcje (haKTHYeCKH M TOBODUT O NPHUYHHHOCTH
¢usuk» ([42]), cp. 211). Takywo ¢dopmy npuunnnoctH bBa-
JKEHOB Ha3bIBaeT meopemuueckoli, XOTsl 3ecb, ObITb MOXKET,
Goslee yMecTeH TepMHH HpuduHKocmb 8 usuxe (H60 HH
B KaKOH JpYyrod HayKe Mbl HE HMeeM TOYHO (opMyJiUpye-
MOTO TNOHSITHSI COCTOSIHHA), HIH KOAUHECMBEHHAS NPUHUH-
Hocmb.
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Tenepy mnepefineM x OGCYXIEHHIO NMPHYHHHOCTH B JH-
HaMHYeCKHMX M CcTaTHcTHUecKHX 3akoHax. CchopmynupoBan-
Hasg Ha OCHOBe MexaHUKH HbIOTOHa OIHO3HAyHAs NPHUHH-
HOCTb XapakTepHa MJIs IHHAMHYECKHX 3aKOHOMepHOCTel
Jmo6oro Buia. B yacTHocTH, OTKpbITHE MaKCBEJNIOM CHCTEMBI
ypaBHEHHH VIl JE€KTPOMarHUTHOTO MNOJIs HH B MaJjefiued
CTENEHH He M3MEHMJIO MpeicTaB/ieHHsd 00 ONHO3HAYHOH MpH-
uyunHOcTH. Kak M Mexanuka Helotona, teopust Makcenna
N03BOJIsieT MO TOYHO (PUKCHPOBAHHBIM 3HAUEHUAM BEJIHUHH
(HanpsIKEHHOCTEH 3/IEKTPHYECKOTO M MATHHTHOTO ToJiel)
B HavyaJbHbBIA MOMEHT BpPEeMEHH OJHO3HAYHO HaHTH HX B
nocjenywolpe MOMeHTHl. [HoBble BeJHUYUHBI ONpenesioT
COCTOSIHHE CHCTeMBI (M0JIT BMECTO KOODIAHMHAT M HMITYJILCOB),
HO B OCTaJIbHOM BCe OcTaeTcsi no-crapomy. (Mel He Gynzem
KacaTbCsl CYILIECTBEHHOTO caMoro mno cebe 111 MPHYHHHOCTH
(hakTa — KOHEUHOCTH CKOPOCTH PacnpOCTPaHEHHS B3aHMO-
IefcTBHA. DTOT (HaKT He H3MEHHJ CYLIHOCTH KJIaCCHYECKOro
IeTepMHHHU3Ma. Mbl Ke CTaBUM CBOedl [EJBbIO HE BCECTO-
DPOHHHUH aHaJH3 NOHSATHS] MPUYUHHOCTH, a [VIABHBIM 06Pa3oM
COMOCTaBJIeHHe TNPHUYHHHOCTH B JAHHAMHYECKHX U CTaTH-
CTHYECKHX 3aKOHaX.)

Hanee, yxe B pamkax kJjaccuyeckod ¢H3UKH ObLIa Mo-
CTpOeHa TeOpHSsl, XOTs M He pa3pylIHBLIasi KOHLEMNLHH
KJIaCCHYECKOTO JeTePMHHH3Ma, HO B 3HAYHUTEJbHOH Mepe
nofopBaBiiasi Bepy B ero abcoMOTHBIH xapakTep. Peub
HIeT O CTaTHCTHYECKOH MeXaHHKe.

B cratucTuueckoil MexaHHMKe, KaK yxKe TOBOPHJIOCH,
COCTOSIHHe CHCTeMbl XapakTepu3yeTcsi He HaGOpOM TOYHBIX
3HaueHHH KOOPAMHAT U UMIMYJbCOB BCEX YACTHIL, a8 HDyHKIHeH
pacnpeliesieHusi, Jaioliell BePOSITHOCTb TOTO, HYTO KOOPAH-
HaThl M HUMIYJIbCHl YACTHI CHCTeMBl HMMeEIOT ONpelesieHHbIe
3HayeHusi. Mnaue roBopsi, COCTOsSIHHE CHCTeMbl B JAaHHBIH
MOMEHT OIpefiesISIIoT HE KOOPAMHATHI M MMIYJbCHl BCeX
YacTHIL, @ TO, KaK 4acTo B aHcaMOJie TOXKIECTBEHHBbIX CHCTEM
BCTPEYAIOTCS Pa3/IHYHble 3HAUEHHs KOOPAMHAT H HMIYJIb-
COB YacCTHI.

[To ¢yHruMH pacnpeneseHyss B JaHHBIH MOMEHT BpeMEHH
(n, KOHEYHO, H3BECTHOH 3HEpPTHH B3aHMOLEHCTBHS) MOXHO
OJHO3HAYHO HAWTH BEpOSITHOCTb ONpeleseHHbIX KOOPAHMHAT
H HMNYJIbCOB B M0G0 mocaenyouuii MoMent. KoopaHHaThl
M HMIYJbChl WACTHII CHCTEMbl paccMaTpHBAlOTCA KakK Cly-
yafiHble BEJHUHHBI, HE ONpelessieMbie OIHO3HAYHO MakKpo-
CKOMHYECKUMH YCJOBUSIMH (TeMnepaTypoi, AaBjieHHeM, 00b-
€MOM M T. 1.), B KOTOPbIX HaXOAUTCS cucTeMa. IIpHUMHHO
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CBSI3aHK BEPOATHOCTH KOOPAHHAT M HMNYJILCOB, ITo HOBas
(hopMa OPHYMHHOCTH, KOT'PYI0 MOMKHO HA3BATb REPOAMHO-
cmuoll npusurHocmero. BupoueM, B OCHOBHOM MNGHUMaHHe
OPHUMHHOCTA OCTA€TCH NPEXHHUM: COCTOSIHUE CHCTEMBl B
JNaHHbIH MCOMEHT OJHO3HAYHO ONpelensielcss COCTOSTHHEM
cHCTeMbl B npellwiecTBytonHi MomeHT.  Tosmbko  cnoco6
ONHUCAHUA COCTOSHHSA CTAHOBUTCA HOBBIM, BEPOSITHOCTHBIM.

BeposiTHOCTHAS NPHYMHHOCTL NEPeXOAMT B ONHO3HAY-
HYIO B MpeleJIbHOM clydae, KOTla QyHKIHA pacrnpeieseHHs
CTaHOBHTCS AeNbTao6pa3Holf, H, CJeloBaTeJbHO, OTIHUHEI
OT HYJsi BEPOSITHOCTH TOJBKO CTPOTO ONpelesIeHHBIX 3Ha-
YeHHH KOOPIHHAT W HUMINYJbCOB.

C BepOSITHOCTHOH NPUYMHHOCTBIO MI1 BCTpPeYaeMcs He
TOJNLKO B CTaTUCTHYECKON MeXAHUKe. HO M B o6O#H crartu-
CTHYECKOH TEOPHH, B YACTHOCTH B MHKPOCKOTHYECKOH 3JeK-
TPOLAMHAMHKE.

Bce ke 10 nosBieHHs KBAaHTOBOH MeXaHHKH MOMKHO
6bIJIO, KaK MpeACTaBJsJIOCh, AyMaTb, YTO B OCHOBE MHPO-
sIaHUs JiexaT AWHAMHYECKHe 3aKOHBl C HX ONHO3HAYHON
NPHYHHHOCTLIO. [1ycTh HE3HAUHTeNbHLIE H3MEHEHUS] Hadalb-
HBIX YCJIOBHH B CJIOXHBIX CHCTeMax MPHWBOAST K CHJBHBIM
M3MEHEHUSIM HX KOHEUHbIX COCTOSIHHH, T4aK 4YTO Manble
OMKUOKH B HAyaJbHHIX YCNOBHAX PABHOCHJBHBEI MOJMHGMY
He3HaHUWIOo JaJ/ibHefllero nopeleHHsl CHCTEMBl H HEBO3MOX-
HOCTH OAHO3HAUHBIX npenckasaHuii. Bce ke, kasanoch,
MOXHO ObLIO CYHTATb, 4TO BTOPIKEHHE STUX OWHOOK HMeeT
npakTHYecKoe, a He NpuHnUnuanbHoe 3HauyeHne. Knaccu-
yeckuH feTepMHHU3M, XOTsi Obl B KauecTBe HeKOH abeTpakT-
HOH BO3MOXKHOCTH, KaK /[yMajd, OCTaBajCs.

[TonoxeHue KopeHHBIM 00pa30M M3MEHWJIOCH MOC/e OT-
KPBITHS CTaTHCTHYECKOTO XapakTepa 3aKOHOB [BHXXKEHHS
OTAEeNbHBIX MHKPOYACTHIL, AOCJ€ CO3JA3aHHSl KBAHTOBOH Me-
xanuku. Okasanoch, YTO BEpOSATHOCTHAs (PHUHHHOCTh
MOXeT cyllecTBoBaTb cama no cebe, Ges crosilled 3a Hel
ONHO3HAYHOH JWHAMHYECKON  npuudHHOCcTH. CraTucTH-
UeCKHE 3aKOHOMEPHOCTH C npucyliueil um ¢GopmMOiR npuuHH-
HoCTH ry0Oxe oTOOPAXKAIOT OOBEKTUBHLIE CBA3U MPHPOIDI,
gyeM JuHaMuueckue. COOTBETCTBEHHO W 6EPOAMHNCCTNAA
gopma npuuunHocmU  OedCmBUMENbHO AGASEMCH OCHOBHOLL,
a ODHOBHAUHAS — AULUY € BOIPONCOBHHBIM HYACMHbIM CAYHOEM.

B KBaHTOBOI MeXxaHHKe COCTOsSIHHE CHCTEMBbI f10JIHOCThHIO
xapaxtepusyercs BonxoBol dyukuveid W (x, y, 2, f), on-
pefensitolleli pacnpejeneHue BepOATHOCTEH Aas  J1060#
(hH3UUECKOH BeAMYHHBL. DTa hYHKIHS YIOBIETBOpSET ypas-
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uenvto [penuurepa, uMelolleMy MNPOH3BOJAHYIO TMEPBOro
nopsiika no BpeMeHu. [1oaTomy, ecjin H3BECTHBI BOJTHORAs
¢yukuusa ¥ (x, y, 2, 4) B HAyaNbHBIH MOMEHT BpEMEHH
fp W raMHIbTOHMAH CHCTEMbl, ONpeJeJsieMblii 3HepTrHeh
B3aUMOJEeHACTBHs yacTul, TO ypaBueHue lllpenunrepa nosBo-
JisieT OJAHO3HAYHO HAHTH BOJIHOBYIO (DYHKIIMIO B HPOU3BOJIb-
HBI MOCJelyloulHii MOMeHT BpeMenn f{. Beaencrsue storo
HauajbHoe coctosinne ¥ (4,) BMecTe ¢ onpejeJieHHbIM 3a-
KOHOM B3aHMOJEHCTBHS 4YaCTHL MOXHO paccMaTpHBaThb
Kak [pHYHHY, a COCTOsIHUE B mocjenyromuii moment ¥ (f) —
KaK CJeACTBHE.

OrBeprasi JJIsi MUKPOMHPa NHHAMHYECKYIO NPHYMHHOCTD
TOro THNA, KOTOPHIA CYIlecTByeT B KJIaCCHUECKHX MeXaHHKe
H 3J1eKTPOAMHAMHKe, KBAHTOBasi MeXaHHKa JEMOHCTPUPYeT,
YTO BEPOSITHOCTHAsi MPHYMHHOCTb CNpaBel/IMBa 3/leCb B TOH
Ke Mepe, YTO U 1711 O6beKTOB KJIaCCHYECKHX CTaTHCTHUECKHX
TeOpHH.

Hanpumep, 3Has HauaibHOe COCTOSIHHE 37eKTPOHOB,
najamolX Ha AMGPaKUHOHHYIO PelleTKy, 3allaHHoe B BHjle
IJIOCKOH BONIHB fle Bpofias (cocrosiHHe ¢ onpeneneHHbIM
HMNYJbCOM), MOXHO OJIHO3HAUHO IIpelCKa3aTb XapakKTep
pacnpezienieHHsl 3/M€KTPOHOB Ha KpaHe — NU(PPAKLHOHHYIO
KapTHHY. Bua audpaxuvoHHofi KapTHHB, 0Gpa3oBalHOM
YaCTHLAMH C 33JJaHHbIM HMIYJbCOM, OMpENe/sieTcss OfIHO-
38HaYyHO, HO TNOBelleHHe OTJEeNbHBIX 3JEKTPOHOB B paMKax
HeoOXONMMOCTH (BO3HUKHOBEHHSI JaHHON KapTHHBI) ocTa-
eTcsl cly4yaiiHbM. DIeKTPOHB B OJIHOM H TOM K€ COCTOSIHHH
nonajamT mnocje AMGPaKUMHM Ha pas3JHYHble YYacTKH 3K-
paHa. YTOYUHHTb KakHM-THGO o0pa3oM HauasbHOe COCTOS-
HHe YaCTHLbl C TeM, YTOOBl MOXKHO GbIJIO NPOC/IELHTh B JeTa-
JAX 3a ee JBHXEHHeM W NpelcKasaTb, KyJa OHa MoNajer
nocje NpoXoXJAeHUs AH(MPaKUMOHHOH pelleTKH, NPHHLH-
IMaNbHO HeBO3MOXKHO. JIl0Gas mnonbiTKa (UKCAlMH Koop-
JMHAT YacTHU A0 AHPPAKLHHM Tak H3MEHHT HX HMMIYJbCHI,
YTO BCA AM(PPaKLHOHNAsi KapTHHA OKaXeTc CMa3saHHOH.

OcofeHHO OTYETJIHBO CTaTHCTHUECKHH XapaKTep sIBJIeHHH
MHKpOMHpa oGHapy»KHBaeTCcs NpH pacnajie pajiHoakTHBHBIX
fllep U HeCTaGHJIbHBIX 3JeMeHTapHbIX yactHl. Ctporo QuK-
CHPOBaHHOE 3HaueHHe JJs1 PaJHOAKTUBHbIX siep HMeeT
cpelHee BpeMsi XXHM3HH, ONpeleJisieMOe BepPOATHOCTBbIO pac-
najpa, KOTOpYIO B NPHHLHIIE MOXXHO BBIYHCJHTL C NMOMOLLBIO
KBaHTOBOH MexaHHkH. Tak, cpefHee BpeMsi XH3HH H30TO-
NOB ypaHa C MacCOBbIM uHCIOM 238 npHMepHO pPaBHO
6,4-10° ser. Ho sTa BeMuHHa HMYero He TOBOPHT O TOM,
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Koraa pacnanercss naHHbii atoM. OH MoxeT mposexkaTh
B YPaHOBOH pyJe MHJJIMAPA JeT H BAPYT B ONHO MI'HOBEHHE
6e3 Kakoro-iu6o BHelIHero noBoja pacnacthes. pyrue
JK€ aTOMBl MOTYT CMOKOHHO CYIeCTBOBAaTh ellle MUJITHOHMI
JeT. BeposiTHOoCTb pacnajga aroMHOro sigpa He 3aBHCHT OT
€ro Bo3pacTa.

AnasnornuHblM 06pa3oM NPOHCXONHT pachaj sjeMeHTap-
HBIX YacTHL, HanmpHMep HeHTpOHOB. B aToMHBIX peakTopax
HeHTPOHB! POXKJAAIOTCA B OTPOMHBIX Ko/HYecTBaXx. Mx cpen-
Hee BpeMs XH3HH 17 mun. Hekoroprle HeliTpoHbl pacnana-
I0TCS1 Cpa3y e Mo BHIXOJE M3 sipa ypaHa, a ApYyrHe MOTyT
NpoXHUTh U nosyaca. Kak ¥ sigpa, HEHTPOHBI «Iie CTapEioT».
BeposTHOCTb HX rube/H OCPEACTBOM pacnaja He H3MeHseT-
ca co BpeMeHeM. Pacmaj HefiTpoHa — 3TO He «CMepTb OT
CTapOCTH», @ «HeCUACTHBIH cJydaily B >KM3HH YacTHUB, H
TO3TOMY €ro HacTyIJieHHe HeJib3s TOYHO NpencKasarhb.

KBaHnToBass MeXaHHKa NPHHALJIEXKHT K CTATHCTHYECKUM
TEOPHSIM COBCEM He [I0TOMY, YTO ellle He yaaloch pa3obparTs-
¢ B JleTajsAX TMOBeJleHHsT MHKPOOGBHEKTOB H  NPHXOAMUTCS
JIOBOJILCTBOBATbCA HX BEPOSITHOCTHBIM onHcaHHeM. CrartH-
CTHYeCKHHl XapakTep NOBeJIeHHS MHKPOYACTHL fBJAsIETCS
00beKTHBHBIM ()akKTOM, H TeopHs INPOLECCOB B MHKPOMHpe
He MOXeT He GbITb CTAaTHCTHYECKOH.

CkasaHHoe BbIlle COTJacyeTcsi ¢ TeMH MNpeicTaB/eHHs-
MH O MPHYHHHOCTH, KOTOpble H3JOXeHbl DaXeHOBBIM B 1LH-
THpOBaHHON BblIUe KiHre. Bri3biBaer JHILb BO3pakeHHe
€ro KplTHUeCKoe 3aMeyaHHe o B3rasgax doka Ha NMpHYHH-
HOCTb, COIVIaCHO KOTOPbIM TNPHHUMI MPUYHHHOCTH (HENO-
CPEACTBEHHO OTHOCHTCH K BEPOSITHOCTSIM, T. €. K MOTEHLH-
a/lbHO BO3MOXHbIM, a He K JEHCTBHTENLHO OCYLLEeCTBJSAIO-
mwuMest coGeitusamy ([89], crp. 174). «Haspsig snu,— nnwer
BakeHOB,— CTOMT OTHOCHTb MPHYUHHOCTH HEMNOCPENCTBeH-
HO JIHIIL K BEPOSITIIOCTSAM, a He K JeliCTBUTENbHO OCYIIECT-
BUBILIHMCSI COOBITHSAM, HGO 3TO ONATb CBS3LIBAET NPHYHH-
HOCTb TOJIBKO € OJIHO3HaUHOCTLIO, MPOTHB Y€ro BO3pakaeT
(u cpacennnBo) cam B. A. dox» ([42], ctp. 238). Ho Bens
H DaxeHOB cuyuTaer, 4TO «NPHYHHHO OGYCJIOBIEHHbIE
NPOLLECCH TeM M XapaKTepU3YIOTCsl, YTO B HUX 3ajaHue lHa-
4aJbHOTO COCTOSIHUSA onpefenseT Moc/efyioulHe COCTOSHHA,
U VMEHHO B Ha/IMYHM TaKOH NOCJENOBATeNbHOCTH COCTOSI-
HUH U 3aKJi04yaeTcsl HauboJsiee BaxKHOe 1715 HayKH Bblpaxetire
npuHuuna npuuuHHocTHy ([42], crp. 212). Bcee 3to cosep-
HeHHo cnpaBelgHBo. OfHAKO COCTOsiHHE B KBAHTOROMH
MeXxaHHKe Xapakrtepusyercs V-dyHkiued u CBA3b coclos-
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HHU# mpencTaB/sier co0ofi ONHO3HAYHYIO CBSI3b HauyaJIbHOTO
U KOHEYHOTO BEKTOPOB COCTOSIHUH CHCTEMBI.

IlpaBna, Bpsin s ciaenyer oco60 NoOAYepPKHBATh, Kak
nenaan ©ok, yTo NPHYHHHOCTL B KBAHTOBOH MeXaHHUKe He OT-
HOCHTCSI K JeHCTBUTEIBbHO OCYILECTB/AIOUIUMCS COGBITHSAM.
Ecnu  paccmarpuBaeTcsi HMHIMBHIYANBHBIA aKT, CKaXeM
NPOXOXJeHHe OJHOro 3JeKTPOHa CKBO3b JHM(PaKLUHOHHYIO
pelleTKy, To 3T0, KOHeyHo, Tak. Ho Becb cMblc/ CTaTHCTH-
4YeCKOT0 3aKOHa COCTOMT B NpeICKa3aHHM NOBeJeHHs KOJ-
JekTHBa. Eciiu yepes peleTky NpOXOQUT KOJJIEKTHB 3J€K-
TPOHOB, TO BO/THOBasl GYHKLHS HEIOCPEACTBEHHO ONHUChIBAET
pacnpeziesieHHe 3JeKTPOHOB IO 5KPaHy, T. €. JeHCTBUTENBHO
ocylecTBUBIIeecs] COObITHE (HO yKe He HHIAMBHAY aJbHOE).

OcTaHOBHUMCSI Ha ellle OJHOM acleKTe IPHYHHHOCTH
B KBaHTOBOH TEOPHH NoJf, NpeBpallaiollleM NPHHIHUI NPH-
YHHHOCTH B aKTHBHOE HayaJso, HCIONb3yeMoe B COBEPLIEHHO
SBHOH (popMe MpH pasBUTHU TEOPHH.

CoO6bITHS JOMKHBL GHITH YIIOPsI0YeHbl TaK, YTOGbl MpH-
YyHHa BCerja npepulecTBoBasla chaeacTeuio. s storo, co-
[71aCHO TEeOPUH OTHOCHUTENBHOCTH, HeO6XOQMMO HaJIOXHTb
3anpeT Ha pacnpocTpaHeHHe KaKHX-JIH6O CHTHAJ0B HJIH
JeHCTBHH €O CKOPOCTbIO, NpeBblLIalolled CKOPOCTb CBeTa
B BakyyMe. Tako¥#l 3anper Jlerko ocyLIeCTBJAseTcs B KBaH-
TOBOH TEOPHH B3aUMOJEHCTBMS TOUEUHBIX yacTHL (T. e.
B TEOPUSAX, PACCMaTPHUBAIOLUX YaCTULb!I KaK MaTepHalbHbIe
0OBEKTHI, He HMelOllie NPOTSAKEHHOCTH), B TaK Ha3blBaeMbIX
JIOKaJNbHBIX TeopusaX. OHAKO TOYEUHOCTh YacTHLl MPHBOAHT
B KBAaHTOBOH TeOpHH (TakK Ke KaK H B KJlacCH4YeCKOH) K pany
TPYAHOCTEH, CBA3aHHBIX C NOSBJIeHHEeM GeCKOHeYHbIX BhIpa-
>KeHHH 11 Macchl, 3apsifa u T. A. [lostoMy, Kak yxe ro-
BopuJsiock B ra. II, nmpeampuHHMalOTCs HOMBITKU MOCTpoe-
HHSl HeJIOKaJbHBIX TeOpHH — TeopHH, B KOTOPHIX B TOH
HJIM MHOH (dopMe MpoOBOAMTCA HJes OTKa3a OT TOYEUHOCTH
yactuu. Ho Takoilf 0Tka3 NMpHBOAHT K MOSIBJEHHIO CBepX-
CBETOBbIX CHTHAJ/0B Ha MaJ/iblX PacCTOSIHUAX M NPH MaJjbiX
NpOMeXyTKax BPeMeHH, YTO B CBOIO ouepelb O3HayaeT Ha-
pylieHHe MHKDONPUYHHHOCTH, NPHHATOH B COBpPEMEHHOMH
KBaHTOBOH TeopuHM mMoJAs M O3HadalwolleH, YTO COCTosHHE
CHCTeMBI B laHHBIH MOMEHT BpeMeHH OJJHO3HAUHO onpefeJiseT
COCTOSIHHE B JII0GOH NOCAENYIOIHUH CKOAb YeoOHO OausKuil
€My MOMEHT.

[lpaBna, ansi corjlacusi TEOPHH C 3SKCNIEPHMEHTOM JI0-
CTaTOYHO JIHILbL, 4YTOObI MNpeAblayllee COCTOSIHHE CHCTEMBb
QNpefessiyio MoC/eaylollee CnycTs KOHeYHBIH HHTEpBa
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BpeMeHH. [lo3ToMy MOXHO OTKa3aTbCsi OT YMOpSIOYEHHO-
CTH COOBITHH BO BpeMeHH HPH oOueHb MaJsblX HHTepBajax
¢ TeM, pasyMeercsl, YToObl OHa COXpPAaHHJAacb NMPH MaKpo-
CKONHYECKHX HHTepBaJaX, ¢ KOTOPbIMH HMeeT [eJIo 3KcIe-
pHMeHT. OJHAKO 0 CHX TOp YJOBJETBOPHUTEJILHOH TEOpHH,
KOoTopas NnpH OTKa3e OT YNOpAXOYEHHOCTH COGLITHH BO Bpe-
MeHM Ha MHKPOCKONHMYECKHX HHTepBa/jlaX CoXpaHs/aa Obl
TaKylo YHOpSJ04eHHOCTb /ISl MAaKpOSsIBJEHHH, IOCTPOUTH
He yHanoch.

Hakouen, Gosbiyio poib IpHHUMI NPUYMHHOCTH UIPaeT
B aKCHOMaTHYeCKOM IMOAXOAe K MOCTPOEHHIO KBAaHTOBOM
teopul. (cM. ra. [I). ['1aBHoe, uTO OTNMYaeT akcHoMaTHue-
CKHH NOAXOA OT APYrHX IOMBITOK BHIXOJA 32 PaMKH cylle-
CTBYIOIIMX TeopHil,— 3T0 TpeGoBaHHe MHKPONPHYHHHOCTH.
Takum oOpasoM, ecad Bo BpeMeHa HbioToHa KJ/accHuyecKas
MeXaHHKa BIlepBble I03BOJIHJA NPH/ATh NPHHLUNY MPHYHH-
HOCTH TOYHYIO (popMy, TO B HacTosililee BpeMsl caM 3TOT NPHH-
LMD (B M3MeHEHHOM BHJE) CTAHOBHUTCA OIHHM H3 HCXOJHBIX
NYHKTOB IPH NOCTPOEHHH HOBOH (DU3HYECKOH TeopHH.

Bce ckasaHHoe 10 cHX MOp O MPUYHHHOCTH MpPEACTABJA-
eTcsl HaM JlocTaTouHo oGocHoBaHHBIM. CrenaeM Temepb Mo-
cleflHee 3aMedalHe, HoCsllee XapakTep MPEANO/IOXKEHHUS,
CTpaBel/INBOCTb KOTOPOro 000CHOBAaTh NOCTaTOuHO YyOenu-
TeJIbHO B HacTosilliee BpeMsl BpsJl JId BO3MOXHO.

TouHo dopMyaHpyemas KoJiHYeCTBEeHHast (MJIH TEOPETH-
yecKasl) BEPOATHOCTHAS MPHUMHHOCTb B KJaCCHYECKHX CTa-
THCTHUYECKHX TeOpHSIX He HCYepnbiBaeT NPHYHMHHOCTH MOJ-
HocThlo. KpoMe Toro, MoXKHO cKasaTb, COXpaHseTCs NOHsITHE
KaueCTBeHHOH (MJ/IM HarJsagHOH) NPUYMHHOCTH B TOM CMBICJIE,
YTO T€ WJIH HHBlE CJyyaliHble 3HaYeHH s KOOPAHHAT, UMY Jb-
COB M. JPYrMX BeJHUYHH NMPHYHHHO oOycsoBiaeHbl. Hampu-
Mep, NPHYHHOH ouyepefHOro cJydaiiHoro 6pocka 6poyHOB-
CKOH 4YacTHLbl B ONpEAeTeHHOM HanpaBJeHHH fBJAAIOTCA
IApYXKHBle yJnapbl MOJMEKYJ O YacTHLY C OAHOH CTOPOHBI.

CoBepuIeHHO OUeBHIHO, YTO Ha/JHYMe B CTATHCTHUeCKOH
MeXaHHKe BepPOSITHOCTHOH INPHYHHHOCTH, HEBO3MOXHOCTb
OJHO3HAuHbIX NpeACKa3aHUH 3HaueHHH KOOpAHHAT H HUM-
NYJbCOB HE 0O3HayaloT HEBO3MOXHOCTH KayecTBEHHO YcTa-
HOBHTb, C 4YeM HMEHHO CBSI3aHO pa3/HyHe B [IOBeAeHHH
OTZEe/NbHBIX OOBEKTOB CHCTeMBl, HaXopsllelca B (PHKCHpO-
BaHHLIX MaKpPOCKONMHYECKUX ycsaoBusax. Bce sto, pasymeer-
cfl, CIpaBeNJHBO NIPH YCJAOBHH, YTO THHAMHUYCCKHIT 3aKOH
IJ11 IBHXKEHHS HHJUBHAYaJbHOro od0beKkTa, HampHMep 6po-
YHOBCKOH 4acTHL(bI, JIMIIEH CMbIC/A.
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Henb3sn sapaHee 1O/MHOCTBbIO MCKJIOYHTh BO3MOXKHOCTh
TOro, YTO H B KBAHTOBOH MeXaHHKe KayeCTBEHHASl MPHUYHH-
HOCTb BCe Ke ¢oco6Ha O6bsICHUTh JeTald TOrO WJIH HHOTo
noBeJieHu st MUK PooGbeKTa. OnpenesieHHoe OTKJIOHEHHE AJIeK-
TpoHa npu audpakuMH, pacnaj 4YacTHUbl B A4HHBIH MoO-
MEHT M T. . UMEIOT KaKHe-TO MpH4uibl, Tak, B YacTHOCTH,
B3auUMoOeHCTBHE YacTHU C BAaKyYyMOM MOXHO paccMmaTpH-
BaTb Kak NpOSIBieHHe YHHUBEPCalbHOH CBS3H MHKPOOOBEK-
TOB, HCKJIOYAOUeH BO3MOXHOCTb HX IOJHOH HHAMBHALYa-
NU3aLHH. 21O B3aHMOellCTBYE CTATUCTHYECKOI'O XapaKTepa,
ObITE MOXKET, U 00YCJ0OBNHBAET JeTaJH MOBENEeHHs OTHENb-
HBIX MUKpooObeklioB. flo oTciona, KOHeuHO, HH B KOeM
clyuae He BbITeKdeT, YTO AJA MUKPOOGBEKTOB NOMYCTHMBI
8aKOHbl JHHAMUYECKOro THIMA. ,

[eit3enGepr Ha npuMepe o-pacnajga cjelylolumM o6pasom
¢dopMyaupyeT 1Ba BO3MOXKHBIX M0AXOHa K OOBACHEHHIO
€IHHHYHBIX CJAY4YallHbIX coObITHH B MHKpomupe. «Baaronaps
SKCNEpPUMEHTY Mbl [PUXOAHM K yOemJeliHlo, 4TO 3aKOHbI
KBaHTOBOI TEOPUU NPABUJbHEI, €C/AH Mbl IPH3HAEM UX mpa-
BUJILHOCTh, TO, CJIENOB4TENbHO, AOJ/KHBI CUMTaATh, YTO HET
HUKAKOTO MNpelIecTBYOWEro cobbiTHs, U3 KOTOPOro ¢ He-
00XONMMOCTbLIO JUJXKHO B ONpele]eHHOe BpeMf MOC]aeNo-
BaThb H3Jyuetide.

Jlpyroii Bo3mo:HbBIR OTBET: Mbl .3HaeM lpelllecTBYOLlee
coObiTHe, HO 3HaeM HeTOuHo. Mbl, KOHeuHO, 3H4eM CHJIbI
B aTOMHBIX fipaX, OTBETCTBEHHble 33 Q-pacnaj, HO 5To
S8HaHHE COAEPXKMT Heolpele/IeHHOCTb, KoTopast 06ycyoB/eHa
B3aUMOJIEHCTBHEM 4TOMHOIO sJipa C OCTAJbHbIM MHPOM.
Ecin Mbl XOTHM 3HATh NPUYMHY, [IOUEMY Q-UACTHIlA U3JIY-
4aeTcsl HMEHHO B AaHIbII MOMEHT, (0, MO-BHAHMOMY, HOJ-
KHBI /IS $TOTO 311aTh MHKPOCKOIMHYECKOe COCTOsIHUE BCEro
MHPa, K KOTOPOMY Mbl H CaM{d NPHHAIEKHM, 4 9TO, o4e-
BUAHO, Heposmoxilos ([71], cTp. 65).

§ 7. BepositHocTh M npHuktbI
CTAaTUCTHYECKOro Xapakrepa (PU3IMHECKUX Teopui

B paGorax, nocesLlelnHBIX CTATHCTHUECKUM 3aKOHOMEp-
HOCTSIM M HX CBSI3H C AHUAMHUeCKHMH, OGbIMHO 3HauMTE/b-
HOe BHHUMalile YAeJsieTcsl npiuitiaM CTaTHCTHYeCKOro Xa-
paKkTepa pasauyHbIX GHU3HYeCKHX TeOPHH W aHaJlu3y [OHS-
THA  BePOSITHOCTH  NPHMeHUTe Lo K u3uke. 3alimencs
9THMH BOIIPOCAMH H MBL
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C camoro Haua/la HY»KHO OTMETHTb, YTO caMa UX MOCTa-
HOBKa B TOH ¢opMe, B Kakoi 3T0 OOBIYHO AeJaercs, He
BIOJIHE NpaBOMOuHa. Bo BcsiKoM ciydae, oHa HyXXaaeTcs
B YTOUHEHHH.

Ecnu cyutath aMHaMHyecKHe 3aKOHBl HauboJee [rJy-
GOKMMH, HJIH NepBHYHBIMH, TO, padyMeeTcs, BONPOC O NpPH-
YyHHaX MNOSABJEHUS B HEKOTODbIX cJy4asiX BePOSTHOCTHBIX
CTaTUCTHYECKHX 3aKOHOB HMeeT OYeBHJHBIH HeroCcpeACTBeH-
HBEIH cMbica. M ecsin NOHATHe BEPOSITHOCTH He SIBJsIeTCS OC-
HOBHBIM JJ/151 caMblX (yHAaMeHTaJbHbIX (PH3HUECKHX 3aKO-
HOB, a JMHAMHYeCKHM 3aKOHAM BePOATHOCTb 4yXKia IO
CcaMOMy CBOEMY CMbIC/y, TO 3TO MOHATHE HYXKHO Kak-TO
060CHOBaTh C MO3ULHMH [V1aBEHCTBYIOLLEH DOJH JHHaMHue-
CKHX 3aKoHOMepHocTel. Ho Bbliue Mbl nokasanu (4, HajeeM-
csl, 1OCTAaTOYHO y6eAMTe/bHO), YTO B JeHCTBUTENbHOCTH I1O-
cJleJIHHe COBCEM He UTPaloT Takol posu. MIMeHHO CTaTHCTH-
yecKHe 3aKOHOMEDHOCTH, HCMOJIb3YIOIHE NOHSATHE BEPOSiT-
HOCTH B KauecTBe OCHOBHOTO0, NpeAcTaBJsoT coboil HanboJlee
coBepllIeHHOe O0ToOpaXKeHHe 00beKTUBHLIX CBsI3ell B IpHpole
H B 3TOM CMbicjie fBAAIOTCA NepBHYHBIMH. [losTomy Ham
M KaxeTcs HeoNpaBAaHHOH oOblYHAs MOCTAaHOBKA BOIIPOCOB
00 aHa/nM3e NPHYUH CTATHCTUUECKOro XapakTepa (H3uue-
CKHX TeOpDHH H NOHSATHA BEPOATHOCTH.

MHorue HccnenoBaTesnH, 3aHHMalOLIMECs] aHalUM30M NO-
HSITHS1 BEPOSITHOCTH M COOTHOILIEHHS JMHAMHYeCKHX H CTa-
THCTHYECKHX 3aKOHOMepPHOCTeH, OTYeTIMBO NOHHMAIOT, YTO
HY2KHO HauHMHaTb HCC/efoBaHHe 3THX npobieM He ¢ o6ocHO-
BaHHUsl NIOHATHSA BEPOSATHOCTH H He C MpPeAB3SATHIX MpejcTaBn-
JIeHHHl O 3HayeHHH TeX WJHM HHBIX 3aKOHoMepHocted. Ha-
npumep, B cratbe AMcrepaaMckoro «O6 OGBEKTHBHbIX
HHTEepPIpeTauHsaX MOHATHA BEPOSITHOCTH», ONyOJHKOBaHHOMH
B HHTepecHOM cOopHHKe cTaTell NOJbLCKUX YyuYeHbIX, TOBO-
puTCa caenyomee: «Mbl XOTUM NOHATE H HHTEPNPETHPOBAThH
CMBIC/T BEPOATHOCTHBIX CyX/eHHH B COOTBETCTBHH C (YyHK-
uMeH, KOTOPYIO OHHM BBIIOJIHSIOT B NpefesnaX HayUHBIX CH-
CTeM, Npex[e BCero B TeopeTHYECKHX CHCTeMaX 3MIHpHue-
CKHX HayK, a He TNOATOHSTb 3TOT CMBIC/] K KaKoiH-TO HHTep-
npeTalMy, NPUHATOH He3aBHCHMO OT 3TOH (GYHKLHMH, JaxKe
B TOM cJly4ae, eC/I1 OHa NOJIKHA Gblia Gbl ObITh B (hopMaJib-
HOM OTHoleHud npasuabHoM» ([90], ctp. 47). W nanee:
«[1po6Gnembl, siBAAIOLIMECA MPEIMETOM CIIOpa MeXLy AeTep-
MHHH3MOM W HHA€TepPMHHH3MOM B (U3MKe, pewLialoTc He
HHTEpNpeTaluusAMH DepPOATHOCTHBIX CyXAelHil, a ¢H3Hue-
ckMMH TeopusMH. OT COCTOSHUSI HX Pa3BUTHA H 3aBHCHT
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B KOHEYHOM cyeTe OTBeT Ha BONPOC O XapakTepe OObeKTHB-
HBIX 3aKOHOMepHOCTeii B MNpPHPOLE, a TaKxkKe Ha BOINpPOC
0 CMBICJIE BepPOSITHOCTHBIX cyxaenuii» ([90], ctp. 67). B stux
IBYX BBICKa3blBaHMSIX BCe I[PaBU/bHO, 3a HCKJIOYeHHEM
TepMUHOJOTHH. MHIeTepMHHUCTCKUMH aBTOpP HasbiBaeT CTa-
THUCTHYECKHE 3aKOHOMEPHOCTH, XOTSl B OCHOBHOM NpPaBHJILHO
NOHMMaeT HX cMbicl M 3HaueHHe. Takas TepMHHOJIOrHs
crnoco6Ha JIMIIb BBI3bIBATh HeNOBepHE K CTAaTHCTHYECKHM
3aKOHOMEPHOCTSIM Kak Haubosee (yHIaMeHTaJbHbIM 3aKO-
HaM MNpPHPOLBIL. '

OnHako psii aBTOPOB NpHJIEPIKHBAETCs MHEHHS, 4YTO
TOIbKO aHa/lH3 MOHATHS BEPOSITHOCTH MO3BOJISIET YCTaHO-
BUTb NPHPOLY CTAaTHCTHYECKHX 3aKOHOB H HX OTHOLLUEHHE
K IMHaMu4yecKHM. HacToHuHBO 3Ty MbIC/Ib NPOBOIMJ B psje
paGor CaukoB. Tak, HanpuMep, IO €ro MHEHHIO, B Haluel
cratbe [9] oTcyTcTByeT aHa/HM3 MOHATHSI BEpPOSITHOCTH H
No3TOMY HeT aJleKBaTHOro JeHCTBHTENbHOCTH HCTOJNKOBaHHS
CYULHOCTH OTHOIUEHHSl CTaTHCTHYEeCKMX H JHHAMHYECKHX
sakoHoB. [lonpoGHo Touka 3penusi CaukoBa H3JIOXKeHa B
paGote, onyGauKkoBarHOH B c6ophuke [7] (cTp. 257). Ana-
JOrHYHBle MBICJIH O HAacTosATebHOH HeoGXONMMOCTH aHa/lIu3a
MOHATHA BepOATHOCTH BbICKa3blBaeT M pa3BuBaeT [laxoMoB
B cratbe «O NpUpOJe CTaTHCTHYECKHX 3aKOHOB» [91].

B ocHoBe pabor CaukoBa u IlaxoMoBa JIEXKHT CTaTbsl
XuHunHa «MeTo npou3Bo/bHLIX QYHKUUH ¥ Gopb6a NPOTHB
HleanusMa B TeOpPHH BeposiTHocTei» [92]. Dra craths co-
3jaja y HHX, a TakXe, BePOSITHO, H y MHOTHX JpYIHMX
aBTOpOB O6OMaHYHBOE BIleyaT/eHHe O NOsIBJeHHH COBEPIIEHHO
HOBOI'O MaTepHaJIUCTHYeCKOro MOAXOAa K HCTOJKOBaHHIO
NOHATHS BEPOATHOCTH, a C HUM BMeCTe H HOBOTO CTPOTOro
pelieHuss npoGJieMbl COOTHOLIEHHSI CTATHCTHYECKHX M [JH-
HaMHuecKHX 3akoHOB *). Ha camoM ke Jlejle HHKAKHX OCHO-
BaHHH I/ NONOOGHLIX 3aKJ/I0OYeHHH cTathbs XHHYHHA He
naer, ¥Y6eluMcsi B 3TOM, pPacCMOTpeB ee NOAPOGHO.

B Hauase crarbu XHHUHH OTMeYaeT, YTO BEPOSTHOCTDb
COObITHSl H0JKHA ObITb GJHM3Ka K 4YacToTe €ro NosiBJeHHs
npH GONBIIOM YHC/IE HCIBITAaHUH. 3TO yTBEpXKIEHHE JIEXKHT
B OCHOBe 4acTOTHOH HMHTepnpeTallMH BeposiTHocTell Mu3seca
H, OeccriopHo, cnpaseanuBo. [lanee XHHYUHH OCHOBHYIO

*) B nactosimee spemsi CaukoB epecMoTpes CBOIO TOUKY 3peHHs.
B cBoeii nocaepnedt kuure (94] ou uphcoennnserca K meicau o 60bLuei
OOGLLHOCT! M COAEPXKATeJbHOCTH CTATHCTHYECKHX 34KOHOB M0 CPABHEHHIO
¢ LAMHAMLYeCKHMH.
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npobJeMy B 0OGOCHOBaHHH IIOHATUS BEPOATHOCTH BUAHT B OThI-
CKaHHUH YCJIOBHH, KOTOPBIM LOJMKHO YHOBJETBOPATh SIBJIeHHE
111 TOrO, 4TOObl 4acTOTHl CBSA3aHHBIX ¢ HUM COGBITHH 06Ja-
nanu Obl YCTOMYMBOCTHIO. DBosiee TOro, oH cTaBuT 3anauy
onpeliesleHHA STHX 4acTOT U3 AUHAMHYECKHX 3aKOHOB MO-
BEleHUs] OTAEJNbHBIX 3JIeMEHTOB CTATHCTHYECKOH COBOKYII-
HocTH. PelleHne TakMX 3ajay, COMJIaCHO aBTOPY, NOJIKHO
Jledb B OCHOBY MaTepHaJIHCTHYECKOH HHTepnpeTauuH Bepo-
ATHOCTH, a MNONBITKH YKJOHUTBCS OT HUX OH paccMaTpHBaer
KaK CKJOHHOCTb K HJeaqu3My, a TOuHee, K MaxXH3My.

C camoro Hayaja BO3SHHKAIOT COMHEHHsI B BO3MOXXHOCTH,
HCIIOJIb3Y S TOIbKO «O0bEKTHBHbIE OCOOEHHOCTH CaMUX siBJe-
HUil» W He npuberas K MNOCTYJNAaTHBHOMY BBEIEHHMIO TOTO
UJIH MHOFO CTaTHCTHYECKOro paclpefeseHus, NOJIY4YHTb HO-
Ka3aTeJbCTBO YCTOHYHMBOCTH 4acTOT, T. €. CYLlecTBOBaHHE
CTaTHCTHYeCKOro 3aKoHa. XHHUHH Ke YTBepXKIaeT, YTO 3TO
He TOJMbKO BO3MOXKHO, HO M HeOoOXOAMMO, H Ipeajaraer
pa3paboTaHHBIl UM MeTOA MNpOH3BOJbLHBIX (yHkKuuil. Ero
CYTb OH IeMOHCTPHpYeT Ha OJHOM IIPOCTOM MOJeJbHOM
npuMepe, BBIUHCIAS C NOMOLLbIO CBOETO METO/1a BEPOATHOCTD
coObiTHS Oe3, KaK eMy KaxeTcs, KaKUX-I1100 onpeaeaeHHbIX
rUnoTe3 O HadalbHOM CTAaTHCTUYECKOM pacnpejeseHu .,
Ianee rosopurcsi, 4TO U B APYrUX MPOCTBIX CAy4YasiX Mojy-
YaloTCsl CXOJHbIE PE3YJIbTaThl, a B CJOXKHBIX Ae/0 YIHpaercs
TOJIKO B MaTeMaTH4eCcKHe TpPYAHocTH. Booblie xe MeTon
NPHMEHUM K CKOJIb YTOLHO CJIOXHbIM KOHCEPBAaTHBHBIM Me-
XaHHYeCKHM cHcTemMaM. TeM camblM mpeanoJaraercsl, 4To
HaljleHO 00OCHOBaHHEe BCeH CTaTUCTHYECKOH MeXaHHKH.
OnHako B JeHcTBHTEbHOCTH YxKe mpoctofi npuMep XHHYH-
Ha, pasoOpaHHbIil UM PopMasIbHO NPaBUJ/AbHO, He MO3BOJSET
Jleslarb Te BbIBOJbl, O KOTOPBIX FOBOPUTCs B pabote,

B xauectBe Momenu XHHYHH paccMaTpUBaeT YMpOLIEH-
Hyto pynaerky. Illlapux (MaTepnanbHas TouKa) ABHXKeTCS
110 OKPY>KHOCTH eIHHMYHOro pajauyca. [IBH:KeHHe HauHHa-
ercs Bcerna B ofHoH Touke O B OIHOM HampaB/IeHHH, HO Ha-
yabHas CKOPOCTb pas3/jH4YHa B Pa3/JHUHBIX HCMbITAHHUAX.
OKpyKHOCTb pasjefeHa Ha 21 paBHbIX uacTeH, [OMepPeMeHHO
OKpalleHHbIX B KpacHbll U uepublil user. CnpaluuBaercs,
KakoBa BeposTHOCTb P (A) Toro, 4to WapHK ciycTs BpeMms ¢
oKa)keTcsl Ha KpacHoM noJe? M3 cooGpakeHHi cHMMeTpHH
oYeBHJHO, 4T0 P (A) =1/,, HO TpeByeTcs 3TO TEOPETHUECKH
000CHOBATb C MOMOLILIO H3BECTHOro MexXaHi3Ma fBJeHIA.

Ha nepBhuiii B3r/isja, samedaerT XHHYMHIL, TPY/HOCTH Ka-
XKyTes HenpeojonuMbiMH. YacroTa coGbitig 4 (WapHK OKa-
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sbiBaeTcsl Ha KpacHOM MoJie) 3aBUCHT OT TOro, Kak 4acTo 1pa
SKCIepUMeHTe peau30BajJUCh T€ WJIM HHble HadanbHble
CKOPOCTH, T. €. OT 3aKOHa paclpefie/leHUsi Haya/lbHbIX CKO-
pocreii. Ho sToT 3aKkoH GyneT MeHATbCS OT HHCTPYMeHTa
K uHcTpyMeHTy. Kak e, He 3Has 3aKoHa paclpeneneHHs
HayaJIbHbIX CKOpocTed, HaHTH HeKoe YyHHBepcajbHOe 3Ha-
YeHHe 4acTOThl HACTYIIeHHA coObITHA A, CyluiecTBeHHbIM
00pa3oM 3aBuCsililell OT HEeM3BECTHOrO HaM 3aKoHaP

X HHUYHMH MPUCTYNAET K ey, BBOAS POH3BOJIbHYIO (PyHK-
uuto f (v) pacnpenesieHHn HaualbHBIX cKopocTell. ExiHCTBeH-
Hoe TpefoBaHHe, Ha/laraeMoe Ha Hee,— HeNpepbIBHOCTD.
Hasee ucmonbsyercsi TONbLKO KHHEMaTHUeCKUH 3aKOH IBH-
xeHHa s =vf. [lyTeM He OdYeHb CJOXHBIX pacyeToB, KOTO-
pble Mbl He GyIeM 31ecb MPHBOAWTb, XHHYHH [OKa3blBaeT,
4TO

IP(B)—P(A)Iéglf(v—l— —2%)-—f(v)|dv,

rae P (B) — BeposiTHOCTb HacTymJleHHs cobuitHa B, co-
CTOsILLIErO B TOM, YTO LIApHK CNYCTs Bpemsi { nonajaer Ha
yepHoe noJe. OuesujHo, yto P (A) + P (B) = 1. ¥YBenu-
yuBas HeorpanudenHo f, monyuum | P (B) — P (4) | = 0,
H, ciaenoBarenbho, P (A) =1/,. KakoB Gbi HH Obl1 3aKOH
pacnpefenieHHs Haya/bHbIX CKOpOcTeH, HaliieHo 3HaueHHe
BeposTHoCcTel cobbitHil A U B npu { — oo.

OznHako LeHHOCTb NOJy4eHHOro pe3y/bTara ouyeHb MaJa.
Jeno B TOM, 4TO OH CIpaBEN/IUB TOJMLKO IIpH { — oco. A Belb
ecJIM BpeMd JIBHKel sl OueHb BEHKO, TO CKOb YTOJIHO MaJfas
HeOoNpe/leJIeHHOCTh B HayalbHOH CKOPOCTH BeleT K NOJHOH
HeonpeleeHHOCTY MOJIOKEHUS 4YacTHUbl Ha OKPYXHOCTH.
Ecan pacnpenenenue HayaJbHBIX CKOPOCTeH Ha GeCKOHEYHO
MaJioM HHTepBaje paBHOMEePHO (a 3Ta JIOKalbHas paBHO-
MePHOCTb M O3HauaeT HenpepblBHOCTb (QYHKUHH pacnpene-
Jeuus f (v), TpeGyemylo B noKasaTenbcTBe XHHYHHA), TO
BCe MOJIOXKEHHS 4acTHUbl HA OKPYXKHOCTH NpH [ — oo, oue-
BH;HO, PaBHOBEPOSITHb!, H TOCKOJ/BKY MOJOBHHA OKPYXHOCT |
“MeeT KpacHBIil UBET, TO BEPOSTHOCTb COObITHSI A paBHa /,.
Huxakux pacueroB A/s ee HaXOX[eHHSl JeaTb He HaJO.

Ecin Bpemsi { KOHeYHO (YTO COOTBETCTBYET OGbIYHBIM
yCJAOBHAM HMIPbl B PYJIETKY), TO AJA MoJydeHHs Hab/awonae-
MOH Ha OMbITE 4acTOThl HY2KHO HONYCTHTb, YTO paclpefe-
JleHHe HauaJ/lbHbIX CKOpPOCTeH paBHOMepHO Ha KOHEYHOM
uHTepBaje. MubIMH clOBaMH, KaK M CJe10BaJO OXH]ATb,
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HeoOXOIMMO TNOCTYJ/JHDPOBaTb YCTOHYMBOCTb YacTOTHl [/
HauasbHoro coctosiiusi. HeobxonumocTe Takoro gonylieHus
y XuHuYMHA 3aMacKUpoBaHa TpeGOBaHHEM HeNpPephIBHOCTH
Haya/JbHOH (YHKUHH pacnpelesneHUst H YCJIOBHEM ¢ — oo,
He peajM3YIOLIHMCA B peajbHOM dKCIepHMeHTe.

IIpuBesennble coobpaxkeHus, pasymeercsi, OTHOCATCA H
K ApYyruM, Gosiee C/IOXKHBIM C/IYy4asiM, B 4YaCTHOCTH K TeM,
KOTOpble pasbHpaloTcsl KadyeCTBEHHO B YHNOMSIHYTOH Bhlllle
cratbe [laxomoBa. OcTaHaB/IMBaTbCs Ha HHUX HeT HYX[bL.

Bel1o 6bl BecbMa cTpaHHO, ecaiy Gbl METOJ, IPOM3BOJIBHBI €
$yHKUHH JeACTBUTeNbHO MO3BOJAJ AedaTh CTaTHCTHYeCKHe
npeicKasaHHs A4 JIOObIX MeXaHHYeCKHX cucTeM G6e3
BBelleHHfl KaKHX-1H060 BePOSITHOCTHbIX IIpeANoJIOXKeHUH.
daxTHUeCKH 3TO 03Hauaso Gbl NOJHOE JOKa3aTeabCTBO TOTO,
YyTO KJaccHyeckas CTaTHCTHKa clellyeT H3 KJacCHYeckoH
MeXaHHKH Henocpe/iCcTBeHHO, Ge3 NOMOMHUTENbHBIX THIIO-
Te3. B JeficTBUTENIBHOCTH 3TO He TaK, 4YTO U GLLIO MMOKa3aHo
B § 3 ra. IIL

Benp uyto o3Hauaer TpeGoBanHe XMHUHHA JOKa3aTb Ha-
JIMYHe YCTOHYMBBIX YacTOT NpPH OnpejfeNeHHbIX YCJIOBHAXP
Hanuuue ycTOHYMBBIX YacTOT PaBHOCHJIBHO CYILIECTBOBA-
HHUIO CTaTHCTHYeCKOTro 3aKOHa, MO0 6e3 HX YCTOHYHBOCTH
HeT MNOHSATHS BEPOSITHOCTH M HET CTAaTHCTHYECKOro 3aKOHa.
Ho cratucruyeckuii 3akoH — 310 HauGoJjlee riyGokas H
ofias ¢opma 3akoHa BoofLie. Mbl OTKpblBaeM pasJiHYHbIE
¢yHIaMeHTa/ bHBle 3aKOHBI npupoabl. Ho nbitatbest 00bsic-
HHTb, TIOYeMy OHH CYIULeCTBYIOT, T. €. Mo4yeMy COObITHAM
B [pPHpOAe NpHCYLIM omnpejesleHHble 3aKOHOMEDHOCTH, He
HMeeT cMbicnia. HannuHe cTaticTHyecKoil 3aKOHOMEPHOCTH —
I7aBHBIH, NepBHYHBbIH (pakT, Gjarofapsi KOTOpoMy BooGlLLe
BO3MOXKHA Hayka. [lpusHaHue cyluecTBoBaHHs 3aKOHOMep-
HBIX CBSi3eHl JIEXKMT B OCHOBE JHAJeKTHUYECKOrO Marepua-
JH3Ma,

B cratuctuueckoii Teopuu Jio6oe pacnpenesenne (a 3Ha-
YUT, U CYLlecTBOBaliHe YCTOHYMBBIX YacTOT) BbiTeKaeT H3
Kaxoro-nu6o apyroro pacnpeneienus. Tak, B KjaaccuuecKoH
pPaBHOBECHOH CTaTHCTHKe JOCTAaTOYHO 11OCTYJIHPOBATb MHKPO-
KaHOHHYecKoe pacnpeleseHHe, T. €. paBHOMepHOe pacrpe-
lesleHHe H300paKalolHX TOYeK CTATHCTHYeCKOro aHcambis
Ha TNOBEPXHOCTH I[IOCTOSIHHOH 3Heprud (B 3JeMeHTapHOH
MOJIEKY15IPHO-KUHETHYECKOH TEeOPUH 3TOMY COOTBETCTBYET
runoresa o MOJHOM Xaoce TelvoBOro AsxeHus). Ho no-
Ka3aTb MHKPOKaHOHHYECKOe pacrpesesieliie B paMKaX OjHOH
JIMLIb KJIaCCHYeCKOH MEXaHHMKH Heqb3f.
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AnanornuHo, 171 06bSICHEHHS ONbITA C PYJIETKOM HYXXHO
IONYCTUTb paBHOMEDHOe pacnpefielieHHe CKOpocTell Ha KO-
HeYHOM HHTepBale.

Hecmotpsi Ha Bce H3/0XKeHHOe Bblille, H3 aHaJ/M3a OMbITa
C pYJIeTKOH M JPYTUX NOAOGHBIX OMNBITOB AENAIOTCS YPEe3BbI-
yaliHO JajleKo HAyLiHe BBIBOAbI O CMbIC/IE MOHSATHS BepOSAT-
HOCTH, CTaTHCTHUYECKOrO 3aKOHa U COOTHOIIEHHS JIBYX BHJOB
3akoHoMepHoctefl. [lpemnaraercsi paxe HHTepnperauus
KBaHTOBOH MeXaHHKH, CTaTHCTHYeCKHe 3aKOHbl KOTOPOH
AIKOObl OCHOBaHBI Ha JMHAMHYECKHX 3aKOHOMEpPHOCTHX.

Merox XMHYMHA HCXOAHT W3 MOAYHHEHUS CTPOTHM JIH-
HaMH4YeCKHM 3aKOHOMEPHOCTSIM KaXKAOro MHAHBHAYaJbHOrO
npoliecca, SIBJSIONIErOCs 371€MEHTOM BepOATHOCTHOH COBO-
KynHocTH. OrTcrofa MOXKHO NPUHTH K BBIBOAY, UTO aHaH3
NPHYUH YCTOMYMBOCTH 4acTOT B 3THX aHCaMOJIAX O3HayaeT
AKOOBI, YTO KaXKblil HHANBHAYaNbHBIH 06bEKT, 06pa3yIoLLH i
BEPOSITHOCTHBIA aHcaM6Jib, MOAUMHSETCS CTPOroH AHMHAMH-
yecKoll 3akoHoMepHocTH. Tak moJiyuaercsi BbIBOX 06 OCHO-
BOMoJararolell posd IHHaAMHYECKHX 3aKOHOB.

He ynuBuTeNbHO, YTO NPUYHHY CTAaTHCTHYECKOrO XapaK-
Tepa KBaHTOBOH MeXaHMKH YCMaTpPHBAIOT B Haua/JbHOM pac-
npezesieHHH CHCTeM 110 CKPHITBIM NTapaMeTpaM. 3jech CHTya-
LSl TaKasl ’Ke, KaKk U B pyJeTke XHHUHHA, TIJle CKPBITHIMH
napaMeTpaMH CJyaT CKOPOCTH LIapHKOB.

Ilo Hawemy MHeHMIO, MJIS TOHMMaHHS JeHCTBHTENbHOIO
OTHOIIEHHS CTaTHCTHYECKHX 3aKOHOB K JJHHAMHYECKHM B I10-
HATHH BEePOSITHOCTH HYXKHO BBIIEJIUTb JBa CYLIECTBEHHBIX
00CTOSITe/ILCTBA: BO-NEPBbIX, YaCTOTHYIO HHTepNpeTalHio
BEPOSITHOCTH H, BO-BTOPbIX, OOBEKTHUBHBIX CMBICJ TIOHATHSA
BeposiTHocTH. CTpeMJleHHe Ke HHTEpNPEeTHPOBaTh BepOAT-
HOCTb KaK pe3yJbTaT JeHCTBHS JMHAMHYECKHX 3aKOHOB
(haKTHUECKH cpa3y ke O03HauaeT NMpuUHATHe (6e3slokasarellb-
HOe) 32 OCHOBY TaKOT'O MOJIOXeHHS, KOTOPOe CJYXKHT TroTo-
BbIM pelleHHeM MNpoG/eMbl COOTHOIIEHHSI NUHaMHYeCKHX H
CTAaTHCTHYeCKHX 3aKOHOB. CUMTaTh TaKUM JI0Ka3aTe/bCTBOM
MEeTOJl NMpPOM3BOJILHBIX (PYHKUHMH HET HUKaKHX OCHOBaHHH.

YacToTHYI0 HHTEpIpeTalUHI0 BEPOITHOCTH HHUKTO cefiyac
cep be3HO He oTpHUllaeT. B wactHocTH, caM XHHYHH B cTaTbe
«HactorHas Teopusa BepositHocTeli P. Museca u coBpeMeH-
Hble HMjJed TeopuH BeposiTHocteil» [93] *) rosoput 0 ToM,

*) Kcrartu, B 3T0il CTaThe EHHOCTL METOAA MPOU3BOJBLHEIX GYHKIMI
aBTOP BHIMT B TOM, YTO «HJles] PABHO3HAYHbLIX CJIyYaeB, MOJHSATAs HA Bbl-
COTY JIOKa/llbHbIX PaBHOBEPOSATHOCTEH, NPHHUUMHANBHO crocofHa NpH-
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YTO 4acTOTHAA TeOPH A He NaeT aKCHOMATHKY TeOPHH BepOAT-
HocTell, HO J0bas (opmasbHO OesynpeuHass akCHOMAaTHKa
JO/KHA [IONYCKaTb YacTOTHYK HHTepnperauuio. [lostomy
B HallleM MCC/EI0BaHHH Ha 3TOM Bolpoce HeT HeoGXoauMo-
CTH OCTaHaBJHBaTbCA noppoGHee. He GymeM Mbl ocTaHaBaH-
BaTbCsl M Ha OGBEKTHBHOM CMEBIC/I€ TIOHSITHSI BEPOSTHOCTH,
TaK Kak B HacToslilee BpeMs COMHEBAIOWHXCA B HeM J0-
BOJILHO MaJlo. DTH COMHEHHs O3HayaloT ONHOBPEMEeHHO OT-
puLaHHe OGbEKTHBHOrO CMbIC/Ia CTATHCTHUECKHX 34KOHOB
B ¢usnke. OrpaHHuMMCS JIMIIL NPUBENEHHEM OIHOIO Bbl-
ckasbiBaiua CMonyxoBckoro: «CoBeplieHHO SICHO, YTO, MO-
CKOJILKY J1e/10 KacaeTcsl IpUMeHeHHs B TeopeTuueckol ¢H3u-
Ke, BCe TEODHH BepOATHOCTeH, KOTOpble pacCMarpHBAlOT
cnyualHOCTh KaK HeNO3HaHHYI0 YacTHYIO NPHYMHY, A0J-
XHbl GbiITb 3apaHee NpPH3HAHBl HEYIOBJETBOPHUTEIbHBIMH,
dusnueckas BepOATHOCTb COGBITHS MOXET 3aBHCETb TOJbKO
OT YCJIOBHH, BJHSAIOILKX HA ero NosiBleHHe, HO He OT CTeleHH
Halllero 3HaHus» [95].

Ortnpaeassicb OT NPH3HAHHSA TOTO, YTO CTATHCTHYECKHE
8aKOHB! eCTb (oJiee coBepleHHAn (opMa OTpaXKeHHs peallb-
HBbIX CBfi3ell MPUPOJb], YeM JHHAMHYeCKHe, caelyeT Mo Jo-
rMKe Belleil OCHOBHYIO mpo6seMy BHIeTb B 0OOCHOBaHUH
NPUMEHHMOCTH B psifie ciayuyaeB GoJiee NMPOCTHIX JHHAMHue-
CKHMX 3aKOHOB, a He Hao6opoT. Ec/iM naBecTeH 06beKTHBHbIH
KPHTEpPHH TOro, KOTJ1a MOXXHO NMOJIb30BaThCs JHHAMHUYECKHMH
3aKOHaMH, a KOrAa TOJbKO CTaTHCTHYeCKHe 3aKOHbl CHo-
COGHEI ONHCHIBATh NPOLECCH B NPUPOJE, TO BONPOC O NPHUH-
HaX CTaTHCTHYECKOr0 XapakTepa 3aKOHOB B MNpHHUHUME
MOXXHO CUHTaTb BhIICHEHHBIM. [IpoG/iiema ke MpUMeHHMOCTH
IMHaMHYeCKHX 3aKOHOB ofcyKnaanack B ra. IV.

OsHauaer Ji4 5TO, YTO BONPOC O NMPHPOJE CTATHCTHYE-
CKOro xapakrepa (pU3HYeCKHX 3aKOHOB, B YaCTHOCTH 3aKO-
HOB KBaHTOBOH MeXaHWUKH, BIIOJIHE pelieH? DTo BCe Xe He
COBCeM TaK. BrionHe KoppeKTHa M 3ac/ayXHBaeT BHHMaHHA
clenylollas NOCTaHOBKa Bompoca. B ueM npuunHa ToOroO,
YTO CPaBHHTEJIBHO INPOCTble NMHAMHUECKHe 3aKOHbl € HX
TOYHBIMH ONHO3HAYHBIMU CBSI3SIMH MeXJYy BceMH ¢ .H3Hue-

HOCHTb HayKe NMpeKpacHble ionek. B cratee xe [92] Xununu orpuuaer
KaKyIo-JIH60 1eHHOCTb KJIaCCHYECKOTO ONpejeieHHs] BePOSITHOCTH Kak
PaBHOBO3MOXXHOCTH HCXOJ2 CHMMETPHYHBIX COGHITHH H HasbiBaeT ero
naeanncruyeckum. (Craths B «Bompocax ¢miocobun» Gbiia HanmHcaHa
zo crar;u B c6OpHHKe, HO ONyGIHKOBaHA MO3jHee, yXkKe Nocjae CMepPTH
aBTOpa.
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CKHMH BeJIHUMHAMM, Jalollie B M[PHHUHIIE BOZMOXHOCTH
OIHO3HAYHbIX NpeJCKa3aHHl, Ha caMOM jelie B OYeHb GoJb-
IIOM YHCJE CyYaeB HENPHTOAHbI NJfi ONHCaHHS sBAeHHH
H TO3TOMY MNPUXOAHMTCS npuberarth K GoJiee CAOXKHBIM [0
CTPYKTYpPe CTATHCTHYECKHM 3aKOHaM, He MO03BOJSAIOUHM
ONHO3HayHO TNpeacKashbiBaTb 3HaueHHA (PU3HYECKHX BeJH-
yuH? KOHeuHo, 31ech Mbl, B CYLIHOCTH, HMeeM JeIo ¢ ofpa-
[IeHHEeM TOH NOCTaHOBKH NpoGJembl, KOTOpasi yKe paccMa-
TpuBanachb Hamu B 1. 1V, U 9TO He CyJIUT HHYETrO NPHHUHIIH-
anbHo Hosoro. Ho Bce ke moJiesHO Ha 3TOM OCTaHOBHTLCH,
rJIaBHbBIM 00pasoMm AJig TOro, 4ToObl KPUTHYECKH OGCYAHThb
ony6JHKOBaHHble B JiMTepaType coolpaXceRHsi O NPHUYHHAX
CTAaTHCTHYECKOTO XapaKTepa 3aKOHOB NPHPOAbI.

Kak ycranoeseno B ra. [V, cratucTuyeckMe 3akoHBI
HeoOXONUMbl U1l OITUCAHHS ABHXKEHHS OTAJNbHLIX Tesl HUJH
UX HeGOMbIUKWX TPyNO B ABYX cjayuasX. Bo-nepBhix, ecau
nefictBHe S ~ %, TO He CyLIECTBYET elHHCTBEHHO!H TpaeK-
TOPHH, COEAMHsAIOUIEH Hayalo H KOHell MyTH YacTHUb B CH-
JoBoM nosie. CoOTBETCTBEHHO HeCnpaBelsIuBbl H JHHaMHYe-
CKHe 3aKOHBI, MpeACKasblBalollHe eIHHCTBEHHYIO TpaeKTo-
puto. Bo-BropbiX, naxe npu S > 7% Heo6XOAMMO CTaTHCTH-
yeCKoe OMNHCaHHe, eC/IM HHTepBaj BpeMeHH, Ha KOTOpOM
MOXHO C JOCTaTOYHOH TOYHOCTBIO ONpene/iuTh MOBejleHHe
CHCTeMbl, He CJAHILKOM MaJ. DTOT HHTEpBaJ TeM MeHblle,
yeM OOJIbIINM HE3aBHCHMBIM CIyYyaliHbIM BO3AEACTBHSIM
noJiBepraeTcs CHCTEMa H YeM CJoXHee CBA3H BHYTPH Hee.

Ias cucteM ¢ GOJMBIINM YHCJIOM 4acTHLL CTAaTHCTHYECKHE
3aKOHbl CTaHOBATCH CYyLIECTBEHHBIMH, KOTAa MaKpOCKOIIH-
yecKHe MpoLecchl B HHUX oNpenensiorcsi (uyKTyauusimMu
B MalblX 4acTAX CHCTEM HJH K€ KOIJa CYLLeCTBEHHbI
¢nykTyauun B OGOJBIUMX YacTAX CHCTeM HJH B CHCTeMe
B HeJoM. B JaHHBIX clyuasx OTHOCHTeNbHble QIYKTYauuu
yObIBalOT, Kak MpaBHJO, C YBeJHYEHHEM YHCJa 4YacTHLL.

KaxoBbl e o6lL1He NPHYHHbI NOABJIEHUS CTATHCTHYECKHX
3akoHOB? OcTaHOBHMCA TIOKa Ha 3aKOHaX KJlacCHUYeCKOH
(¢M3MKH, TaK Kak B Hell B NPUHUHINe MOJOXEHHe ropasio
ficCHee, 4eM B KBaHTOBOH MexaHuke. Puanueckas CTOpoHa
3lleCb NMPO3payHa, W JeJo JHIUb B UCTOJKOBAHUH BCEM H3-
BeCTHBIX Geccniophblx ¢akToB. BHayase KpaTko ocTaHOBHMCS
Ha Pa3/MYHBIX TOYKaX 3PeHHS.

1. TNosiBneHHe CTAaTHCTHYECKMX 3aKOHOB 0GYCJ/IOBJIEHO
HallUM He3HaHHeM TOYHOH KapTHHH TOBeleHHs OGBEKTOB,
HEBO3MOXHOCTBIO NPOC/IELUTL 33 ABHUXEHHEM YacTHL CHCTe-
Mbl JIHOO BCJIEACTBHE UX TPOMAJHOrO KOJHYECTBa, JHGO ke
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BC/IEACTBHE HEMOJHOTO 3HAaHHS WX HayaJbHOIO COCTOSTHHMAL.,
IMpuxoauTCs NOBO/MBLCTBOBATHCS BePOSATHOCTHEIM OMHCAHHEM.

2. CratucTHueckMe 3aKOHBl SIBASIOTCS  3aKOHOMEpHO-
CTSIMM 0COGOro THIa, OOBEKTHBHO MPUCYIIHMH COBOKYIHO-
cTAM GOJIBIIOTO YHCJIA YacCTHLL. .

B cooTBetcTBHH ¢ nepBoii TouKo# 3peHHs (ee mpHuep-
xuBajics BoM B cBOMX mepBEIX paGoTaX MO WHTepnpeTauHH
KBaHTOBOH  Mexanuku [96], a Takke Hu gpyrue
yueHble) caydafiHoe, NpHCYllee CTaTHCTHYECKOH 3aKOHO-
MEepHOCTH, paccMaTpHBAeTCsi Kak YHCTO CYObeKTHBHOE.
[Nono6Hble BO33peHHS! KPHTHKOBA/MCh MHOXECTBOM aBTO-
poB, B TOM uHc/e DHrebcoM. ColepKUTCA KPUTHKA H B
nanHoil kuure. ITosTomy Ha 3Toii TouKe 3peHHs MHI OCTa-
HaBJHUBaTbCs He G6yleM.

Boiee conepxkare/nibHa Bropast Touka 3penrsa. Onnako
OHa Bpsil JIM BIIOJIHE yJIOBJIeTBopHUTesqbHA. Ee HemocTaTKH
BUJIHBI YK€ U3 OTMEUeHHOro paHee o6CTOSITENLCTBA: OTCTYII-
JieHHe OT JHHAaMHYecKOro THIIa 3aKOHOMEPHOCTH, HaJIHyHe
cnydyadHeIX (ayKTyauuii B cHcTeMaX H3 GOJBIIOTO YHCJAa
YacTHL TeM 3HaYHTe/bHEe, YeM MeHbllle YacTHI BXOAUT B pac-
cMaTpHBaeMylo cHcTeMy. HakoHell, ya3BHMOCTb JaHHOH
TOYKH 3DeHHs BbITeKaeT H3 (akTa CyILIecTBOBaHHSI Gpoy-
HOBCKOTO JIBHXKeHHsA. 31eCb CTaTHCTHUECKHIl 3aKOH MpPHCYII
JABHXKEHHIO ofHOH YacTHUbl. JoBoA, ykasbiBawouMii Ha To,
YTO B OPOYHOBCKOM [BHXEHHH Mbl B JeHCTBHTeJbHOCTH
MMeeM J1eJI0 C OYeHb CJIOXKHOH CHCTeMOH —yYacTHLa IJI0C cpe-
na,—He/b3s1 CUHTaTh yOeauTeNbHbIM. H3yuaeM-To MBI 1BH-
JKeHHEe MMeHHO OTHeJLHOH 4acTHLbl U ]I Hee 3amHChiBaeM
ypaBHeHHe IBHXeHHs ODiiHmreliHa — Qokkepa — [lnanka
uin Jlanxesena. Cpesa ke 1Jsi GPOyHOBCKOH YacTHIbI
CJIY2KHT NPOCTO TEPMOCTAaTOM, C KOTOPHIM OHa HaXOZHTCSA
B COCTOSIHHH TeIJIOBOTO PaBHOBeCHs. TOYHO TaK »Ke cHCTe-
MBI, COCTOsIlIHE U3 GOJIBILOH COBOKYMHOCTH YACTHIL U MOAYH-
HAIOUIKEeCs KaHOHHWYeCKOMY pacnpefneieHuio ['u66ca, Ha-
XONATCS B PaBHOBeCHH C elle GoJsbluell CHCTEeMOR — TepMo-
CTaToM.

[lpuunHa BecbMa pacrnpocTpaHeHHOro 3abJyXKIeHHs O
NpHPOAE CTAaTHCTHYECKHX 3aKOHOB, M0 HalleMy MHEeHHIO,
3akJjiouaetcsi B caenylomeM. Ilo caMoMmy cBoeMy cMblcTy
CTAaTHCTHYeCKass 3aKOHOMEPHOCTb OTHOCHTCS He K OfHOH
CHCTEMEe, a K COBOKYIHOCTH HJIGHTHUHBIX CHCTeM H MOXKeT
6BITb NPOBEPEHa TOJbKO CepHell ONMBITOB Hajl HHUMH, MpUYEM
NOJX CHCTEMOH TNMOHHMaeTcsi B 3aBHCHMOCTH OT yCJOBHH pac-
cMaTpPHBaeMoil 3afaud HJIH COBOKYNHOCMbL O0AbLI020 4UCAQ
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qacmuy, WK e o0Ha dacthuya, Kak B ciydae GPOyHOB-
ckoro aBuKeHHus. CorsiacHo I'm66cy, COBOKYNMHOCTbL HJeH-
THYHBIX CHCTeM — aHcaMOJ/Ib — MOXKHO paccMaTpHBaTh Kak
MBIC/IEHHbIe KOTIHH OfHOH-eMHCTBEHHOH peasbHOH CHCTEeMbI,
KoTopasi uayuaercs. i Haiuuus aHcaMGasi COBCeM He
HY2KHO peaslbHO HMeTb 60JbLIOA (CTPOro roBopsi, GecKoHeu-
HblH) Habop HAeHTHYHbIX cHcTeM. locraTouHo oxHo#. Ilpu
SKCIIePHMEHTA/bHOH NpPOBEDKE TEOPHH TOXKEe JOCTATOYHO
pacrnosiaraTb ofjHoH cHcTeMOH, HabJ/0fas ee Ha IPOTAXKEHUH
JOCTaTOYHO GOJIBLIOTO HNPOMEXYTKa BPEMEHH HJH XKe Ipo-
BOJISl C Hell MOBTOPHBIE SKCIIEPUMEHTHI. STO BO3MOXKHO, Tak
KaK CHCTeMBl, COCTaBJsIOlHe aHcaM6Jsb, peajbHO, (H3H-
yecKH He B3auMmogeficTeytor. Hanpumep, nss onpenenenns
CpeJHEr0 KBajipaTa CMelileHHs1 GPOYHOBCKOH YaCTHIBI J0-
CTaTOYHO NPOCJIENHTb ABHXKEHHE YacTHUbl Ha GOJIBIIOM KO-
JIHYECTBE OTPE3KOB, NPOHAEHHBIX YacTHLEeH 3a HeGoJIblIHe
OJMHAKOBblE MPOMEXYTKH BpeMeHH. Jlaxe NpH HeCTalHO-
HapHOM GPOYHOBCKOM [BHXXEHHH MOXHO HCCJ/E[I0BaTh €ro
3aKOHBI, NPOJieJiaB CEPHIO ONMBITOB C OJHOH M TOH Ke 4acTH-
el B OQMHAKOBBIX, XOTS1 H HECTAUHOHApPHBIX YCJOBHSX.

Ha cmamucmuuecko20 xapakmepa 3aKOHOMEPHOCMU OaH-
HO020 A8AeHUA (BKAIOHAOWEL 8 PACCMOMPERUe CAY4ALiHbe COObL-
mus) caedyem HeoOX00UMOCMb PACCMOMPEHUR aHcambas,
m. e. 60abwI020 KOAUYECMBA UOEHMUYHBIX cucmem. Y TBep-
XKJeHHe e O TOM, YTO NPHYHHA CTAaTHCTUYHOCTH 3aKOHO-
MePHOCTH 3aKJII0YaeTcsi B HaJHYHH COBOKYMHOCTH, HecHpa-
BEIJIHBO B TOM CMBICJIE, YTO 3JeCh CJelCTBHe (HeoOXOonH-
MOCTb PacCMOTPEHHSI COBOKYIHOCTH) BBIIAeTCS 32 NPHYHHY.

3. HanGonee uenecoo6pasHo NPHYHHY CTaTHCTHYECKOIO
XapaKTepa 3aKOHOMEDHOCTH (C Y4YeTOM YKa3aHHBIX paHee
OrOBOPOK) HCKaTh He B GOJIBLIOM YHCJe YacTHI[ B CHCTEMe,
a 8 Haauyuu 60AbWO20 HUCAQ HENOCPeOCMSEeHHO He 308UCA-
wux 0pye om Opyea o3deiicmseul Ha cucmemy (céaseli cucme-
MbL) CO CIOPOHBL OKPYNCQAIOWL20 MUpa, a maxsce 604bLL020
qucaa céasell BRYMPU Camoll CUCTEeMbL, eCAU HUCAO CmeneHel
c806006L cucmemol 6eauxo. PasymeeTcs, peub 3[eCb HJIET
O BO3IeHCTBHAX, CHOCOGHBIX OKas3aTb 3aMeTHOe BJIHSHHe
Ha MOBEJ€HHE CHCTEMEI.

Jsi 6pOyHOBCKOH YacCTHIIBI 3TO COBEpILEHHO OYEeBHIHO.
MHoXecTBO BO3IEHCTBHHA CO CTOPOHBI MOJIEKYJ, NepeMelle-
HHSI KOTOPBIX OTHOCHTE/NbHO He3aBHCHMBI, OIpefiesisieT CTa-
THCTHYECKHH XapakTep IOBeJeHHs GPOYHOBCKOH YacCTHILBI.
AnajiornuHo, QUIYKTyalMH HJIOTHOCTH H APYIHX BeJIHYHH
B Ma/blX oObeMax GOJbLIMX CHCTeM OOYyCJOBJEHH MHOIO-
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YHCJIeHHBIMM BO3JeHCTBHSAME Ha HacTHubl B paccMaTpHBae:
MOM o6beMe CO CTOPOHBI OCTaJbLHOH YacTH CHCTEMH.

B o61uewm, yeM GoJbliie Bo3AeHCTBHH HCIIBITHIBAET OGBEKT,
TEM MeHbIlle TO KDUTHUECKOe BpeMsl, Ha NMPOTSXKEHHH KOTO-
pOro MOXKHO OJHO3HAYHO (HKCHPOBAaTh €ro IepeXof H3
MaJIoi HayaJlbHOH 06J1acTH ($a30BOro NPOCTPAHCTBA B KOHEY-
HYIO, TaKXe Manylo obsacTb. PaHee npuBoguicsa HarJsif-
HBIH npuMep Bopens ¢ monekyJoit rasa.

INpuBenem Tenepb apyroii, Gosiee TPUBHAJBHBIA IPHMEp:
npu Jo6of KapTOYHOH HIpe, HauMHasi C 3JIEMEHTapHOTO
NOAKUAHOTO M KOHYasi GpHIKeM, OCHOBHASl OIlepaLus —
TacoBKa KOJIOJbl — COCTOMT H3 GOJIBIIOrO YHCJIA HEe3aBHCH-
MBIX BO3JICACTBUE Ha KapThl, KOTOpble H 0GECTIEYHBAIOT NPH-
MEpHYIO DaBHOBEPOSITHOCThb JIIOGOrO pacnpeleleHHsi KapT
B KoJoje nepes caayei.

Hecko/pko nHaue OGCTOMT HeJI0 NPH MIPe B PYJETKY,
KOCTH WJIH OpPJISIHKY. B camolt npocToit U3 HUX — oOpJIsiHKeE,
rlie BO3MOXHBI Ba HCXO/la: Opesl HJIH pellKa,— IOJHOCThIO
OTpaXkeHa CTaTHCTHYeCKasi cyTb H Gojlee CJOXKHBIX HIp
3TOro THNa. TOT MM MHOH HCXOJ €IHHHYHOrO HCILITAaHHSA
onpeeisieTcss IVIaBHBIM 00pa3oM HayaJbHbIMH YCJIOBHSIMH,
T. €. HaYaJbHBIM [I0JI0XKEeHHeM MOHETH H ee Haya/lbHOH CKO-
poctbio. OnHaKo, KOrja NpH KacaHHH MoJia MOHeTa IOYTH
BePTHKa/bHA, MCXOJ HCIBITaHHH OYeHb KPHUTHYEH K BapHa-
UMsIM Haya/bHBIX ycJOBHH. Ec/M JXe OHa He BepTHKaJbHA
NpH KacaHHM, TO HETPYNHO CO3aTh YCTPOHCTBO, KOTOPOE
MorJio Gbl peaju30BaTh HayaslbHBIE YCJIOBHS C TOYHOCTBIO,
ONHO3HAYHO rapaHTHpYIOLIeH HaCTYIUIeHHe ONpefeJeHHOro
cobbitHsi. HyXKHO b, 4TOGBI BBICOTA NafileHUsI MOHETHI
He Obl1a CJIHIUKOM BelHKa. TOJNBKO NpH MNajeHUH, OYeHb
6JIM3KOM K BePTHKaJIbHOMY, HCXOJ UCTIBITAHUSA HeoJHO3HaueH
(BO3HHKaeT cHTyalHsi, HasblBaeMasi «B3phiBoM IlyaHka-
pe»). Ho B 3TOM c/lyyae Ha noBefieHHEe MOHETH CYIIECTBEHHO
BJHSIOT JlaXKe MeJbyalllide HEPOBHOCTH MoJia H B KOHEY-
HOM cyeTe Jaxe TelJoBble QIYKTyaUuuH. 31ech y¥Ke CTaTH-
CTHKa B IOBeJeHHH MOHETHl SIBHO OMpefessieTcs GOJIbLIIHM
YHCJIOM He3aBHCHMEBIX 3JIeMEHTApHBIX BO3JeHCTBHE.

J1J11 CTaTHCTHYECKOTO XapakTepa MOBeJleHHsT CHCTeMBI U3
GOJIBLIOrO YHC/IAa YaCTHI[ CYLIECTBEHHO He MpPOCTO GoJblioe
HX YHCJIO, a 604buioe HUCAO 63AUMO0CCIMBYIOUUX Hacmuy.
Ecau Gl YacTHIBI He B3aHMOJEHCTBOBAJH, TO JIeTKO cebe
NPEACTaBUTh, YTO HHKAKHX CTATHCTHYECKHX 3aKOHOMEpPHO-
CTeldl 1J1 MX MNOBeleHUS He CYLIECTBOBaJO 6bl. MoOXKHO cKa-
3aTh, YTO Ha/HYHe CTAaTHCTHUYECKHX 3aKOHOB IS GOJIbIIOH
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CHCTeMBl OGYCJIOBJIEHO CTaTUCTHYECKHM XapaKTepoM IoBe-
JIeHH s OTJe/IbHBIX ee MOJIeKyJ, KaX/asl H3 KOTOPhIX B3aHMO-
JefcTByeT ¢ OGOJBIIMM YHCJIOM BCeX OCTaJbHBbIX MOJIEKYJI.

OcraHoBHMCSl Temepb Ha INPHYHHAX CTAaTHCTHYECKOTO
XapakTepa KBaHTOBOH MeXaHuKH. CaMylo oGILyIO €ro OCHO-
By, MO HallleMy MHEHHIO, MOXHO YCMOTPeTb B CJeLyIOLIEM.
Io-BunuMomy, BooGlie NpH nepexojfe K MHKPOMHPY OCHOB-
HOH 3aKOH JHaJeKTHKH — 3aKOH €JIMHCTBa HPOTHBONOJOXK-
HocTell — nposBasercs: oco6eHHO oTtyernnBo. Henb3s pac-
CMaTpUBaTh OT/Ee/NbHble NPOTHBONOJOXKHbBIE CTOPOHBI SBJe-
HU#l TOpO3Hb, a HeoOXOZMMO HX ¢ caMoro Hayana 6paTthb
B €IMHCTBe. EJHHCTBO NpepHIBHOrO M HENpephIBHOIO Ha-
XOJIUT CBOE OTpaXKeHHe B JlyanH3Me 371eMeHTapHBIX YacTHI, —
HX KOPIIyCKYJISIPHO-BOJIHOBbIX CBOMcTBaxX. [IBHXKeHHe Kak
€IMHCTBO MNpPOTHBONOJOXKHOCTEH TaKXe BBICTyNaeT HeIo-
CPEIACTBEHHO. IIaCTHua OJHOBpPEMEHHO, MOXKHO CKasaTb, H
HaXONUTCS, M He HAXONUTCA B ONpele]eHHOM MecTe Mpo-
crpaHcTBa. Heob6xomuMo paccMaTpHBaTh —JIBHXKeHHE Ha
KOHeYHOM yuacTke. Kak cienyer W3 npuHUuNa Heonpene-
JIeHHOCTeH, TPaeKTOpHS KJacCHYeCKOH MeXaHHKH, paccMaT-
pHBalollell JBHXKeHHe KaK COBOKYITHOCTb onpelleleHHbIX NOo-
JIOXKEHHH B IPOCTPAHCTBE C COOTBETCTBYIOLIUMH CKOPOCTSIMU
B Ka>KJ10¥i TOUKe, B MUKPOMHpe He cyiiecTByeT. ToUHO TaK ke
8 KBAHMOBOL MexaruKe HeobXo0umoe u cay1aiinoe sbicmynaom
8 HenocpedCmeeHHOL CeA3U, YMOo HAxo0um ompascerue 8 cma-
MUCHUYECKOM, XapaKmepe 3aK0H08 O8UNCEHUA INEMEHMAPHbIX
yacmuy.

IlepeiineM Tenepb K Gosiee JeTaJbHOMY PacCMOTPEHHIO
Pa3/IHYHBIX TOYeK 3PeHHsT Ha NPHYUHBI CTAaTHCTHYECKOTO
XapakTepa KBaHTOBOH MeXaHHKH.

1. Bo-mepBhIX, CYIIECTBYIOT TOUKH 3DEHHs, aHAJOTHY-
Hble COOTBETCTBYIOLIMM B3IVISilaM HAa NPUYMHBI CTATHCTHUe-
CKOro XapaKTepa 3aKOHOB KJaccHueckol ¢u3uKH. Psig aBTO-
pOB moJiaraer, 4YTO CTaTHCTHYECKUH XapakTep KBaHTOBOH
MeXaHUKH OOYCJOBJeH HEINOJHbIM 3HaHHeM OOBEeKTHBHOM
pealbHOCTH (B JaHHOM cJydae MHKpPooGbekTOB). DBoiee
0/HOE 3HaHHE INO3BOJIMT HaHTH JHHAMHYECKHe 3aKOHBI
NoBelleHHsT MHKPOYAaCTHll, HO TIOKa OHO ellle He JOCTHI'HYTO
(Oitnwrefin, Bom, Tepaeukuit u ap.). Cuurtast 3Ty TOUKY
3peHHs1 COBeplIeHHO HeNnpaBUJBLHOH, MBI He OyjeM celyac
oco60 ocTaHaB/JHMBaTbCcs Ha ee KpUTHKe. Bce Hame uccie-
JlOBaHHe B IeJIOM KaK pa3 U HanpaBJeHO B NEPBYIO ouepelb
TNIPOTHB NOJOGHBIX MOMNBITOK YTBEPKIAEHHS NpUMaTa IHHAMH-
4YeCKHX 3aKOHOB.
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2. Jlanee, HEKOTOpble YU€Hble CUMTAIOT, YTO KBaHTOBas
MeXaHHKa H3yyaeT HeNOCPeACTBEHHO CBOHCTBa CTaTHCTHYe-
CKMX aHcaMOJied U HeMpHMeHUMa K ONHCAaHHIO IOBEAEeHHS
HHJIMBHIYAJIbHEIX MHKpPoOObekTOB. «Mccienys sBJeHHS,
CYLIECTBEHHO 3aBHCslIMe OT KBaHTa NeHUCTBUSA F, ... MBI HMeeM
JIeJIo CO CTaTHCTHYECKUMH 3ajayaMH... IIpuMeHeHHe KBaH-
TOBOH TEODHH K aHANU3Y OTAeJbHOI'O0 H3MepHTeJbHOro Npo-
Iiecca B aTOMHOH 06J1acTH He JIaeT IOJHOH XapaKTepHCTHKH
nocJieIHero BCJIeACTBHE CTAaTHCTHUECKOrO XapakTepa BCSIKOH
KBaHTOBO# nmpoGaemsl» [97]. K nauHoit Touke 3penus, cdop-
MYyJHPOBaHHOH BrepBble HHKOJBCKHM, B HacTosilee BpeMs
GJMU3KH B3IJISIAB JOBOJBLHO GOJIBIIONH IPYINEI YUeHBIX Hariel
ctpanbl. OHa pa3BHTa, B YAaCTHOCTH, B H3BECTHOM yueGHHKE
Baoxunnesa [58] *).

JlanHasi Touka 3peHMs GJHM3Ka K Mpenbiaylied, Xors
BHeILIHE KaXKeTCs NPOTHBOIOJIOXKHON efl: BMECTO CTATHCTHU-
HOCTH TeOpHH ECJIENCTBHEe HEMOJHOTH 3HAaHHH BHIBHTaeTcs
Ha NepBblH IJIaH HENOJHOTa CBeJeHUH, OTHOCALUXCH K HH-
JNUBHUIYaJbHOMY aKTy, BCJEJCTBHE CTATHCTHYHOCTH TEODHH.
He cayuafino TepJsienkuii, yBepeHHBII B npuMaTe JHHAMH-
YeCcKHX 3aKOHOB, BMECTE C TeM I0JIaraeT, UTo «...KBaHTOBas
MeXaHHKa SIB/JSETCS CTaTHCTHUECKOH TeopHell, T. e. TeopHeii,
NpPUMEHUMOH TOJMBKO K CTaTHCTHYECKHM COBOKYMHOCTSIM
MHUKPOOGBeKTOB... OHa OTpa)KaeT JUIIL HOBeNeHHE COBO-
KYIHOCTH TOXJIECTBEHHBIX MHKPOOGHEKTOB, MpPEICTaBJEH-
HBIX JIU6O OTHOBPEMEHHO, JIHGO B MOC/AEN0BATEJbHONH CepHH
onsitoB» [107].

Ilpu BHHMaTeNbHOM 3HAaKOMCTBE C A€TaJbHBIM aHAIH30M
KBaHTOBOH MeXaHHKH, IPOBeJeHHbIM BJIOXHHLEBBIM Ha oc-
HOBe KOHILIeNUMH aHcaMOJieH, TPYAHO OTPELIMTbCS OT YyB-
CTBa HEYJOBJETBOPEHHOCTH, BBI3BAaHHOH HEBO3MOXKHOCTBIO
IPOC/IEJUTb 32 CBSI3bIO MEXIY BCEMHU €ro BhICKa3blBaHHUSIMH.
Tak, B oxHo#l u3 cBoux crareit ([100], ctp. 379) oH nuuer:
«[IpuyuHa... HECOCTOATENBHOCTH JIANJIACOBCKOTO JETepMH-
HHU3Ma JIEKHUT B HEBO3MOXXHOCTH H30JISIIMH €MHHYHOH MHK-
POCHCTeMbl OT MaKPOOGCTaHOBKH... II03TOMY enquHHYHbIE
MHKPOSIBJIEHHS YNPaBJ/IAIOTCS CTaTHCTHYECKHMH 3aKOHOMEp-
HocTsAMH». Ec/H 970 Tak, TO He BHOJHE $ICHO, [IOYEMY Clle-
JIyeT BCeMepHO NORYEPKHBATh, YTO KBAHTOBAas TEOPHS NpHU-
MeHHMa TOJIBKO K aHCaMOJII0 YaCTHIL, HO He K OJHOH YacTHIIe.

*) Cnenyer, BnpoueM, cpasy OTMETHTb, YTO NO3HLUs BaoxuHuesa
B BONPOCE O NPHPOAE CTAaTHCTHYECKOTO XapaKTepa 3aKOHOB KB4HTOBOH
MEeXaHHKH HEe[JOCTAaTOUHQ TMOC/IeJO0BATENbHA,
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JeficTBUTENIBHO, C OJHOH CTOPOHBI, CTATUCTHYHOCTHL 3a-
KOHOB C OUYEBHJHOCTBIO O3HAyaeT, YTO OHH OTHOCATCA He
K OJHOM-eMHCTBEHHOH cHCTeMe, a K COBOKYNHOCTH HJeH-
THYHBIX CHCTEM; OHH He MOTyT GbITh IOJATBEpPKAEHHl H3Mepe-
HHeM, IPOoJleTaHHBIM HaJ| OTJe/IbHBIM HHIUBHAYYMOM, a MOJ-
TBEPXKAAIOTCS JIHIUb CepHeil MOBTOPHBIX H3MepeHuit [98].
OnHako, ¢ Apyro#l CTOPOHBI, €C/IM HEBO3MOXHA H30JAIHS
o6beKTa OT HeKOH cpejpl, C KOTOPOH OH B3aMMOJeHCTBYeT
c/y4aiiHbIM 06pa3oM, TO HHKAKOr'o HHOTO OMUCAaHHUs HOBeJie-
HMS ONHON YaCTHUIIbl, KPOME CTAaTHCTHYECKOrO, AaTh Hesb3sl.
HIMeHHO ¢ TakHM HOJIOXKEHHEM MBI BCTPEYaJHCh B TEOPUH
OGpPOYHOBCKOTO JBHXKEHHUS, TAe YacTHLla, HU3bATasi U3 CPeNdl,
y2Ke nepecraeT GLITb GPOYHOBCKOH yacTHIEH.

ITosToMy Te3HC O KBAHTOBBIX aHCaMGJISIX, SICHBIA NpH
IPEIONOXKEHHH O JHHAMHYHOCTH 3aKOHOB JIBUKEHH ST MUKPO-
yactul (mosuuus ge Bpoiiis u 1p.), Tepser cBoit aGCoNIOT-
HBIH XapakTep, eC/IH JOMYCTUTh, YTO CTATHCTHKE NOAUUHSET-
csl NIOBeJieHHe eMHUYHBIX 00beKTOB, M B 3TOM CcMBIC/IE paB
dok, cyuTas, YTO BOMHOBasg ()YHKLUHS XapaKTepH3yeT CO-
CTOSIHHE OTJe/IbHOH 4acTHLBI.

Takum o6pa3oM, KOHLENLUHS CTaTHCTHUECKHX aHcaMOJel
cama 1o ceGe POBHBIM CUETOM HHYEro He IOSICHSIET; B YacT-
HOCTH, OHA He OGBSCHSET NMPHYHH CTATHCTHYECKOTO Xapak-
Tepa KBaHTOBOH MexaHUkH. Ilo-pasHoMy pasBuBast U yTod-
HSIS HCXOOHBIH Te3UC, MOXHO MPUHTH K HeoOGXOJHMOCTH
OTHICKAaHHUSI THHAMHYeCKHX YpaBHeHH# I/ 3JeMeHTapHbIX
YacTHL, 4YTO (aKTHUECKH COBMAJaeT C TOYKOH 3peHHSsI, BbI-
nBuraeMoii ne DpofiieM M JIpyruMu, HJIM K NPH3HAHHUIO
HEyCTPAaHHUMOI'O B3aUMOAEHCTBUS CTATHCTHYECKOTO Xapak-
Tepa MeXIY MHKDOOGBEKTOM H OKPYIKAlOUIUM MHPOM, HJIH
e, HaKOHell, K MBIC/JIH O TOM, 4TO «pachajeHue JHHaMHYe-
CKHX IepeMeHHBIX Ha JBa KJacca NONONHUTETbHBIX APYT
K JAPYry BeJHYHH sBJseTcsi (yHIaMeHTaJIbHOH oCOGeH-
HOCThIO KBAHTOBOH MeXaHHKH -H BeNeT K HeyCTPaHHMOH CTa-
THCTHYHOCTH B KBaHTOBBIX aHcaMGasx» ([34], crp. 81).
TocnenHee yTBep:KAeHHe NpHHAAMNEXHUT BloXuHIlEBY, H OHO
yKe IOYTH MpPsMO, 3a HCKJIOYEeHHEeM CJIoBa «aHCaMGIH»,
nepeKJIUKaeTcs C YTBepXKIeHHSIMH KOTNEHTareHCKoH HHTep-
IpeTaliuHd KBaHTOBOH MeXaHHKU M IPHYHH ee CTaTHCTH-
yeckoro XapakTepa (mpaBja, 3/leChb ellle eCTh He OueHb
MOHATHBIH OOOpPOT peuH: «HEYCTPaHHMas CTaTHCTHYHOCTh®
B CTaTHCTHYecKoM aHcaM6ae, HOo, mo BioxunneBy, kBaH-
TOBBIH aHCaMGJb — 3TO aHcaMbab craTtHcTHueckuit). K Tou-
Ke 3peHHs KOolleHrareHCKoH LIKOJIBI MBI cefiyac U mepefinem.
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3. «B To BpeMsl Kak Bce B3aHMOCBSI3H B 00JIaCTH, OTHO-
csmelicss K Habuonarento,— roBoput [efiseH6epr,— a Tak-
xe B 00/1aCTH, cofepiKallefl H3yyaeMble OGBEKTHI, SIBJS-
IOTCSI CTPOrO OmpelieJieHHBIMH (B MEPBOM CJIydae — 3aKO-
HaMH KJaccuyeckod ¢H3HKH, a BO BTOPOM — JauddepeH-
LHaJbHbIMH yYpaBHEHUSIMM KBAaHTOBOH MeXaHHKH), Ha/jHuHe
Pe3KOH IpaHULbl MEXIY 3THMH 06/1acTsIMH OOHApYKHBaeTCs
B CTaTHCTHYECKHUX B3aUMOCBA3siX. TouHee, Ha TrpaHHIE
9TUX obsacTeil Bo3leHCTBIE CPEICTB HAGMIONEHNST HA OGBEKT
HabJIIOfleH!s] JO/DKHO paccMaTpHBaThesl KaK YaCTHYHO He-
KOHTPOJIUPYEMOe BO3MylleHHe. DTa NPHHUHNHAIBHO He-
KOHTPOJIUpYeMasi 4acTb BO3MYILEHHUsI, KOTOpasi 0653aTelbHO
CBsi3aHa C KaX[blM HalJIOJeHHeM, BaXKHa JJIsI Hac BO MHO-
rHX oTHouwleHusX. Ilpexne Bcero, oHa sIBsieTCS NPHYUHOH
MOSIBIEHUS CTATUCTHUECKHX 3aKOHOB NMPHPOJLI B KBAHTOBOH
MexaHuKe» [99]. BcreacTsHe TOro e HEKOHTDPOJHPYEMOrO
BO3JeHACTBUS, YTBEPXKIAOT CTOPOHHUKH KOIIEHIareHCKOH
LIKOJIBI, HeJb3s1 OJHOBPEMEHHO ONpENENUTh KOOPAHHATY H
HMIIYJIbC 3JIEKTPOHA.

Ianee TelisenGepr yTBepxkaaer: «B KoHeuHOM cuere
OpPOC/TENUTb KOJHYECTBEHHYIO LieNb NPUYHH H CJIEACTBHUI
MOXKHO GblIO GBI, TOJIBKO BKJIIOUHB BECh MHDP B CHCTEMY, HO
Torza ¢U3HKa yKe HCUe3a M OCTalach TOJbKO OJIHA Mare-
MaTHyecKasi cXema. PasfesneHne Mupa Ha HaGJIIOfAIOMLYIO
U HabuIofaeMyl0 CHCTeMBl NpENsITCTBYET, TakKUM o6pasoM,
TouHO# GOpMYJ/IHPOBKE 3aKOHA NpHUYHHHOCTH ([66], cTp. 21).

KpHTHKa NpHBeJeHHBIX BBILIE [OJOXKEHHI KONEHrareH-
CKOH MHTepIpeTalyy KBaHTOBOH MeXaHUKH LIHPOKO H3BECT-
Ha. CyTb ee COCTOHT B OTPHIIATE/bHOH OLIEHKE CaMoro noji-
xona Bopa u Tefizen6epra k npoGieme. Ha nepBoe mecro
OHHU BBIIBHTAIOT He (PaKT CYIIeCTBOBaHHS HOBBIX IO CBOeH
npHpore oObEeKTOB, a BO3MOXXHOCTH H3MEPHTEJNbHBIX HpH-
Gopos ([100], ctp. 364). Ha To e 06CTOSITENBCTBO YKa3bl-
BaeT Dok, KOTOpHIH, BOOGLIE r'OBOPS, HE COTJIaCeH C IOHH-
MaHHeM KBaHTOBOH MeXaHHKH BioxuHuesbM. «Y Bopa,—
nuwer Pok,— aroMHBI 06BEKT Kak Obl pacTBOpseTCs B U3-
MEepHTEJbHOM NPUOOPe U CTAHOBUTCS MeHee peasbHbIM, UeM
u3MepHTebHBIA 1puGop» [101].

U B camom nene. Pacnajg HecTaGUIBbHBIX YacTHI, K NpH-
Mepy, NOAYUHSIETCSI KBAHTOBHIM CTaTHCTHYECKHUM 3aKOHaM.
Ho Bpsig /i1 KTO-HUGYAb BO3bMETCS NPSIMO YTBEPXKIaTh, UTO
CTaTHCTHUECKHH XapakTep 3TOro pachaja onpefiessieTcst Ha-
JIHYHeM KaKHX-TH60 H3MepHTeNbHBIX ycTpolicTB. OH B00G-
e MOXeT NMPOTeKaTb W NpOTeKaeT B BaKyyMe 0e3 KaKHX-
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J160 BO3IEHCTBHH CO CTOPOHBI MPHOGOPOB MJHM BOOOLLE Ma-
kpotea. Man ob6pariMcsi K OTHOCHTENBHBLIM 4YacTOTaM pac-
Naja yacTHUbl 1O TOMY HJHM HHOMY KaHaay. MX Hamuuue
ompeeeHHO CBUJIETENBCTBYET O CTATUCTHYECKOM XapakTepe
NoBeleHHs1 00beKTa, NMPUCYLIEM eMy CaMOMY.

BripoueM, Hano cKasaTh, YTO KaTeropHuyeckKHe YTBep-
XKJeHHs1 06 ocoGoif poau npHGopa o4YeHb HACTOHYHBO IO-
BTOPSJINCh OCHOBATE/ISIMH KOIEHTareHCKOH IIKOJBl TOJbKO
Ha TepBOM 3Tale Pa3BUTHS HHTEpIIpeTallid KBaHTOBOH Me-
XaHHKH. Bop B moc/iepHue rofpl KH3HH, KaK CHpPaBefJHBO
nonyepkuBaer Dok B NPEIUCIOBHH K KHHre «AToMHasi ¢u-
3HMKa U yesoBeyeckoe nosHanue» ([63], cTp. 8), sHaUHTEILHO
OTOILEN OT MO3UTHBHCTCKOH MeTojoJorud. To ke MoOXHO
cka3ath H o ['eli3eHGepre, BHICKas3bIBaHHSI KOTOPOrO O INpH-
YMHHOCTH Mbl NpHBOAMMH Bbime (cM. crp. 231). LleHHbIM
SBJISIETCS TaKXKe OINpefe/ieHHOe H3MEeHeHHe ero B3IVISIOB
Ha NPHPONY CTATHCTHUYECKOTO XapakTepa KBaHTOBOH Me-
XaHUKH H TNpU3HaHHe OOBEKTHUBHOTO XapakTepa MpPHYHH
CTaTHCTHYHOCTH 3aKoHOB MHKpoMupa. Ho o6 sToM MBI cka-
JKEM HEMHOrO HHXKe.

4. JloBOJMILHO 4acTO B JIMTepaType BCTpeyaeTcsi yTBep-
JKJeHHe, YTO CTaTUCTHUYECKHH XapakTep KBaHTOBOH MeXxa-
HUKH — CJeJCTBHE CIeUH(pHUeCKHX CBOHCTB MHKPOOOBEK-
ToB. B onpeseneHHOM cMbIc/e 3TO, KOHEYHO, IIPaBHJBHO.
Ho Bes cnenunyHocTs MHKPOOGbEKTA COCTOUT B TOM, YTO
ero Macca Majna. [I1s yactvll MaJIoOH Macchl, JBHXKYIIHXCS
B MOJIAX, HampsKeHHOCTb KOTOPBIX 3aMeTHO MeHsieTcsl Ha
JUIMHe BOJHBI e Bpoiinsi, crnpaBeniuBbl KBaHTOBBIE 33KO-
HBI, TaK KaK CBSI3aHHOE C UX JIBUXKeHHeM JieficTBHe S paBHO
No MOPSAKY BeJUYUHBI mocTosiHHOH IlnaHka. D10 oueHb
OTYET/JIMBO II0Ka3aHO, B uacTHocTd, ®PeiiHMaHoM. Takum
o6pa3oM, yKa3aHHe Ha ClelM(pHUYHOCTb 00beKTa, 6e3ycJoB-
HO, NPaBHUJIBHO, €C/H TOJbKO NMOJ Hell NOHUMAaTh ero Majylo
Maccy, Ho cama 1o ce6e 3Ta CHelH(pHYHOCTb POBHBIM CUETOM
HUYETro He MOXeT OOBSCHUTb.

CTOpPOHHHKH e cheuupuyecKHX CBOHCTB MHKPOOGDHEK-
TOB KaK IPHYHHBI CTAaTHCTHYECKOTO XapakKTepa KBaHTOBOH
MeXaHHKH HMeIOT B BHJY HeuTO COBCceM HHoe. Tak, Hanpu-
Mep, OMe/bsIHOBCKHII CUHTAET, YTO «BEPOSITHOCTH 3HAUeHHH
KBAHTOBBLIX BeJIMYHH HMEIOT CBOE OCHOBaHHE B €HHCTBE,
TOXKJIECTBE IPOTHBOMOJIOXKHBIX KOPNYCKYJ/SPHBIX H BOJIHO-
BbIX CBOHCTB MHKpooGbekToB» ([71, crp. 417). ITogoGHbie
BBICKA3bIBaHHSI BpsJ JIM CIpaBe[IMBLL. Bo-nepBbIX, OCHOB-
Hasi OCOGEHHOCTb MHKDOMHpPa — JHCKPETHOCTb JeHCTBHS,
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tauiuke noctosiHHol Tnanka. Benuuuna kBanta geficTsust
npeactaBisieT co6oll YHHBepPCaJbHYIO KOHCTaHTY, KOTopast
yCTaHABJUBAET ONpeJeNeHHbIH Macutab B npupojie. Ecan
ne#ictreue S ~ %, TO 3aKOHBI KJaCCHYECKOH MeXaHHKH
HerpUMeHHMEI. A TaKoe COOTHoLleHHe Mexay S H % crpa-
BEIJIMBO TOJIBKO IJIsi Tesl Majoi Macchl. KopnyckyJsipHo-
BOJIHOBOII Jya/lu3M SIBJISieTCS He OCHOBHOH XapaKTePHCTH-
KOH MHKDOMHPA, a OJHUM H3 MHOTOYHCJEHHBIX NPOSIBIECHUH
JUCKDETHOCTH HAeHCTBHSA.

OcoGeHHO OTUETVIUBO HEeYOeNUTENbHOCTD TTPEANOJI0XKEeHH
0 TOM, YTO CTATUCTHYECKHMH XapaKTep KBaHTOBOI MeXaHHKH
00YCJIOBJIEH AyalHU3MOM BOJHA — YacTHla, BUAHA U3 QeliH-
MaHOBCKOI'O IpEJCTaBJeHHS KBAHTOBOH MeXaHHKH. Hanu-
YyHe BOJIHOBBIX CBOHCTB y CBOGOJHOH YacTHLBl, KaK BhITe-
KaeT U3 onpeneieHuss ammautyasl A (a, b) BeposiTHOCTH
nepexofia U3 TOYKH @ B TOUYKY b, BRICTYNaeT Kak HpPUGIH-
JKeHHe, CIPaBeJIHBOE IIPH YCJIOBHH, YTO MOXKHO IpeHel-
peub 3aBHCHMOCTbIO IPOCTPaHCTBeHHoro nepuoxa A (a, b)
OT KOOpPAMHATH X (IpU GOJBLIMX X) H 3aBHCHMOCTbIO H3Me-
HeHHs aMIIHTYAEl A (a, b) oT BpeMmeHH ¢ (npu GosblUHX ).
B sToM ciayyae npuGIHMKEHHO MOXHO Hanucath ([46],
crp. 54—59)
2nh
mx/t

~

o =~ % m (x/t)2.

Jlasee, HanuyKe BOJHOBBIX CBOHCTB Y YacTHL| BbIpaxaeT-
Cs B TOM, YTO COCTOAHHE CHUCTEMBl XapaKTepHU3YeTcsl BOJHO-
BoH (YyHKLHeH;, B c/lyyae IBHXKEHHS CBOGOLHOH YacTHIIBI
C 3afaHHbIM HMNYJbCOM — INIOCKOH BoJIHOH ne DBpoiins.
Ho Bexp 3Ta Bo/MHA — cTaTHCTHYECKasl XapaKTepPHCTHKa
MHKPOOObeKTa — BoJIHAa  BeposiTHocTH. Ilostomy yTBep-
JKIeHHe O TOM, YTO CTaTHCTHUECKHH XapakTep 3aKOHOB
KBAHTOBOH MeXaHMKH OGYCJOBJEGH JYyaJH3MOM BOJHA —
YacTHLa, BHIVIAUT JOBOJMBHO CTPaHHO. BosHOBEIE cBOMCTBa
NPOSIBJSIIOTCSl CTaTUCTHYECKH IpH HaOGJIONEHHHM Hajl COBO-
KYNHOCTBIO yacTuu. TakuM o6pasoM, HaldyHe BOJHOBBIX
CBOHCTB O3HayaeT CTAaTHCTHYECKHH XapakTep MOBeleHUs
MHKDPOOOBEKTa, HO HHKAaK He SBJSETCS €ro INpHYHHOM.
Ecau B ciiyyae 5JeKTpOMAarHUTHBIX BOJIH H NPENCTaB/ISETCS
BO3MOXKHBIM paccMaTpHMBaTh BOJIELl HanpsKeHHOCTEH nojed
E v H oT4acTH B K/1aCCHYECKOM CMBICJIE, T. €. CYHTATh, YTO OHH
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OIICHIBAIOT HeNpephIBHOE paclipeliesieHHe B INPOCTPAHCTBE
H BPeMEHH 3HePIHH H MMIYJbca, TO LJs YacTHL C MOJdylie-
JIBIM CIIHHOM TaKasi TPaKTOBKa BOJIH YK€ HeBO3MOXKHa.

Hakonen, BosHoBast pyHkuus ¥ He siBJIsieTCsl BeJHYH-
HOH, KOTOPYIO MOXHO H3MEepHTh, M, CJEI0BaTeJ]bHO, caMa
no ce6e OHa He MMeeT HENOCPeACTBEHHOro (H3UYECKOro
CMBICTIA. ,

EcrecrBeHHO, uTo y OMe/bSIHOBCKOrO, PaBHO Kak M Y
JPYTHX aBTOPOB, CTOPOHHHKOB OGBbSICHEHHS] BEPOATHOCTHOH
NpHUpOALl KBAHTOBOH MeXaHMKH JyalH3MOM BOJIHA — Ya-
CTHLA, OTCYTCTBYeT aHa/NU3 TOro, KakMM o6pa3oM 3TOT Jya-
JIU3M BeeT K cTaTHCTHKe. [103TOMYy MBI CKJIOHHBI CUHTATh,
4yTO OGBSCHEHHE CTaTHCTHUECKOI'O XapakTepa 3aKOHOB
crey(pHKON CBOHCTB MUKPOOOBEKTOB HH B MaJIOH CTeleHH
HUYero He HOSICHSAET.

ITosiHBle mMpaBa rpaxkjaHCTBa HMeeT TOYKa 3PeHHsI, CO-
IJ1aCHO KOTOPOH «B KBaHTOBOH (pM3HKe MOHSTHE BEPOSTHO-
CTH ecTh MOHATHE NepBHYHOE, H OHO UTpaeT TaM (pyHIaMeH-
TanbHyIo posib» ([89], ctp. 166). U He HyKHO nbITaThCs OTHI-
CKHMBaTh KakHe-Ji60 OOBSACHEHHS TOro, YTO B MHKDOMHDE
TOCNOACTBYIOT CTaTHCTHYecKHe 3aKoHHL. Ilo MHenuio ®oka,
«3TOT (pakT cJjelyeT paccMaTpHUBaTh KaK BhIpaXKeHHe HEKO-
TOPOTO 3aKOHa NPHUPOJB!, CBA3aHHOI'O CO CBOHCTBAaMH aTOM-
HBIX 06bekTOB...» ([89], ctp. 165). Ho Bce-Taku Xenanue
yKa3aTh HEKYI0O KOHKPETHYIO NPHYMHY CTaTHCTHYECKOTO
XapakTepa 3aKOHOB JIBIKEHHUS MHUKDPOOOBEKTOB OCTAercst
BecbMa cuJibHbIM. M uutHpoBaHHas Bhlue ¢pasa Poka
KOHYaeTCsl CJIOBaMHU: (... B YAaCTHOCTH, € NMPHCYIIHM HM Kop-
IYCKYJISIPHO-BOJIHOBOM Jyanu3MoM». 1o 3aMeuaHue Poka
MaJIo CBSI3aHO C OCTaJbHLIM T€KCTOM, HO Y OMeNbsSHOBCKOTrO
OHO CTaHOBHTCSI OCHOBHBIM.

He ykJ/IOHSIIOTCS OT NMONBITOK YKas3aTh NPHYHHBI CTaTH-
CTHYECKOI'0 XapaKTepa KBaHTOBOII MexaHHKH DBop u Teii-
3eHOepr, XOTs OHH, TaK Ke KaK 1 POk, CYHTAIOT BEPOSTHOCT -
HbIl XapakTep 3aKOHOB MHKDOMHpPa II€DPBHUYHBIM.

5. Tenepb mepefizeM K nocjenHell, HauGosee NpaBUJb-
HOH, 1O HallleMy MHEHMIO, TOUKe 3peHHUs Ha NPUUYMHBI CTATH-
CTHYECKOTO XapakKTepa KBaHTOBoH MexaHMKH. Ee npupep-
JKHBAETCs] LIENHKOM HJIH OTYaCTH (KaK OHOH M3 BEpPOSTHHIX)
JIOBOJIBHO GOJIbLIOE YHCJIO y4yeHBIX. Bhlpaxaercsi oHa 3ava-
CTYIO NO-pa3HOMY, HO B OOIIEM-TO CyLIeCcTBO ee eJHHO H 3a-
KJIOYaeTcsl B CHAEAYIOIIEM: 68 KBAHMOBOU meopuu Hu 00UH
06veKm He S8AAEMCH NOAHOCMbIO UHOUBUOYANUBLPOBAHHBIM,
HE3ABUCUMbIM OM OCMAALHO020 MUPA.
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B kuure BoMa, HanHcaHHOH HM O TOrO, KaK OH BBHIIBH-
HYJ THIOTe3y O CKDHITBIX MNapaMeTpaXx MHUKDPOOGBEKTOB,
TOBOPHTCA: B KBAaHTOBOH MeXaHHKe «...NpPeJCTaBJeHHE O
TOM, YTO MaTepHI0 BO3MOXHO IPEJCTAaBHTb B BHJIE COBOKYII-
HOCTH OTAeJbHBIX HEe3aBUCHMBIX 4acTel, ... 3aMeHsiercs
NpeACTaBJeHHeM O TOM, 4TO BcelleHHasi siB/isieTcsl HelesH-
MBEIM LeJbIM, OTJEJbHBlE YacTH KOTOPOTO HMEIOT CMBICT
abcTpakUUi UM TPUGIMKeHHH, CHpaBeNJIMBBIX JIHIIL B
KJlaccHueckoM mpubauxkenuu» ([60], crp. 170). Sty Mblc/ab
ClefyeT NMPH3HAThb IIOJHOCTBIO CIPaBelIHBOH.

Craructuuecknii XapakTep KBAaHTOBOH TeOPHMH CBfi3aH,
o6pa3HO TOBOpfA, C B3aUMOJEHCTBHEM MHKDPOOOBEKTOB CO
BCEM MHDOM. JTHM B3aHMOJEHACTBHEM Helb3sl NpeHeGpeub
BCJIE[ICTBHE KOHeYHoCTH moctosiHHOH Ilnanka. OHo deHo-
MeHOJIOTHUECKH BKJ/IOUeHO B ypaBHeHHEe JIBUKeHHS MHKPO-
yacTHIbl. DTa TOYKAa 3PEHUs] pa3BHBalacb HaMH B CTaTbe
«B uyeM mpHYHMHA CTAaTHCTHYECKOTO XapaKTepa KBaHTOBOH
mexanuku?» ([102], crp. 147). Ee Takxe mocienoBaTesqbHO
passuBaloT Baccaab B cratee [67], BoncoBekuit u Kypca-
HoB [8] u np. OrnenbHble BhHICKasbiBaHHsI BJioxuHLeBa ro-
BODSAT O GJIM30CTH €T0 B3IVISOB K YKa3aHHOH TOUKE 3peHHS
(cM. cTp. 244).

Haxe y I'efizen6epra MoxKHO HaliTH BEICKa3blBaHHeE B Iy Xe
paccmarpuBaeMoif ToukHM 3penus: «Heo6Gxoxumo obGpaTtuthb
BHHMaHHe Ha TO, YTO CHCTeMa, KOTOPYIO clelyeT paccMaTpH-
BaTh COIVIaCHO METOJaM KBAHTOBOH MeXaHHKH, Ha CaMOM
Jiesie SIBJISIETCS]  YacThIO 3HAUHTEJIbHO GOJbLIEH CHCTEMBI,
B KOHEYHOM cyere — Bcero Mupa. OHa HaXOIUTCS BO B3aHMO-
JeHCTBUH C 3TOH OOJBIION CHUCTeMOH, Mo KpalHell Mepe B
3HAYHTEJNbHOH CTeleHH HeH3BecTHOM. Jra (opMyJHPOBKA,
HECOMHEHHO, NPAaBHJBHO ONHCHIBaeT IOJIOXKeHHe Jes, HOo
CHCTeMa COBCeM He MorJyia 6bl OBITh NPeIMeTOM U3MepeHHH H
TeOpeTHUeCKHX HCCAeJOBaHHH, ecH Obl OHa BOOOILEe He NPH-
HaJuexana K MHUDY siBJeHUH, eciu Obl ee He CBSI3bIBAO
HHKaKoe B3aHMoJeHcTBHe ¢ OoJbIIOH CHCTEMOH, 4acTblo
KOTOpO# siBAsieTcsl HaGmiopartenb. BsaumopeficTBHe ¢ 3ToH
6OJIbIION CHCTEMOH, C ee HeH3BEeCTHHIMH, B 3HAUHTEJNbHOH
CTeneHH MHKPOCKOIHYECKUMH 0COGEHHOCTSIMH, BBOJHT TOrAa
B OIHCaHHEe — a MMEeHHO H B KBaHTOBOMeXaHHYeckKoe, H
B KJIacCHYeCKOe ONHCaHHe — HOBHIH CTaTHCTHYeCKHH 3Je-
MEHT, KOTOpbIil Jo/2KeH GEITh MPUHAT BO BHUMaHHe NIPU pac-
cMotperur cucremb ([71], ctp. 150).

C naHHOM TOYKM 3peHHs] NMPHYHHA CTATHCTHYECKOro Xa-
pakTepa KBaHTOBOH MeXaHHKH Ta e, UTO U B KJIaCCHUECKOH
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¢TaTHcTHYecKoH MeXaHHKe,— Hajsuyde OOJbIIOTO KoJiye-
CTBa CBsI3eH, BJAUSIOIUX Ha JBUXKeHHe ofbekTa. Hacruia,
paccMaTpuBaeMasi B KBaHTOBOH MeXaHHKe Kak CBOOOAHas,
B JEeHCTBHTEJBbHOCTH CBOGOJHA TOJNBKO OT BO3JEeHCTBHH IM-
HaMHyecKoro xapakTtepa. Ho oHa Haxonutcs nop aelictBHeM
CJy4adHBIX CHJI, BBI3BIBAIOIIMX KBaHTOBBle (QUIYKTyalHH ee
NOBEIeHHsI, OTpaxaeMble COOTHOLUEHHEM HeolpeaeaeHHO-
cTelf, 0 YeM TOBOPHJIOCH BBILLIE IPH OGCYXIEHHH HCTOJIKO-
BaHHS TNpPHHLHUINA HeonpeleleHHOCTeH.

B camoM nente, ypaBHenue lllpennHrepa MoxHO 3anucaTb
B TO# Xe (hopMe, YTO U ypaBHeHHE JBHKeHUSI GPOYHOBCKOMH
YyacTHUB!, KYyJa BXOAHT NOTEHIHAN «CAYYaHHBIX cHJI». ITO
cnenano B pabore [efitnkmana «O KopnycKyJIsipHO-BOJHO-
BOH aHaJIOrMH B KBaHTOBO# MexaHuke» [103].

Ilpu nopcranoBke B ypaBHeHHe lllpenuHrepa s
CBOGOJHOM YacTHUbl BOJHOBOH ¢yHkuuu B Bupe ¥ =
=.a exp [(i/k)St] Mbl mONyYnM 1Ba ypaBHEHHS] — J1JIs1 QYHK-

IHM S H IS IVIOTHOCTH BeposiTHOCTH p =a% =| ¥ |
s , 1 o B [V 1 (VP)"}_
S o VS — -z =0

"

dp . vS\
g—i—dlv(pw) = 0.
3peck omepatoprl V, V2 1 div HMeIOT CJAEAYIOUWHE CMBIC:
d d d
V=ig tigtEks
(2, j, B — emuHHYHBIe BEKTOPHI BIOJbL OCe X, Yy, 2);
92 92 a2 . db,, db ob
2 9 , & , . =% Y 2
Vi = 6x‘3+ 0y2+622 ; divd 0x + oy + 0z

(b — nmpon3BOJBLHBIA BEKTOP).

ITepBoe ypaBHeHHe HMeeT GOpPMY KJAcCHUYeCKOro ypaB-
HeHus [amuibroHa — SIkoOM mias QyHKUMH HeficTBUS S
C HeKOTOPOH JONOJHHTeJbHOH NOTeHLHAaJbHOH SHeprHeH

U'__E_T_P__LSV_W_}
T 4dm | p 2 e -

Bropoe ypaBHeHHe sIBJseTCS NPOCTO ypaBHeHHeM He-
NpepbIBHOCTH, TaK Kak VS ecTh HMMyJbC.
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AnanoruyHbiM 06pa3oM MOXHO 3sanucath B ¢opme [a-
MHJIbTOHA — SIKOGH ypaBHeHHe JBHXXeHHS GPOYHOBCKOMH
YaCTHLbL

1 (Vo

s 1 V2o .
a4-27(VS)2+mz)2{?—TPT} — 0.

CooTBeTCTBYIOlIEE YpaBHEHHE HENPEPHIBHOCTH HMeeT BHJ
d .
S + div (pv) =0,

Iie 0 — IJIOTHOCTb BEPOSTHOCTH OOHapyKeHHUsT OpOYHOB-
CKOH yYacTHIbl, a ¥ — ee YCPeIHeHHas N0 COBOKYIIHOCTH
ckopocTb. Koadduuuent D=%% He 3aBHUCHT OT pajuy-
ca-BeKTOpa YacTHLBl 7 U BpeMeHHU ! U NpeacTaB/asgeT coboH
kosdduumenT auddysun. Takum obpasoM, ypaBHeHHS
JIBUKEHHS] KBaHTOBOH M GPOYHOBCKOMH UacTHI, HMEIOT OfHHa-
KOBY10 ¢opMy, pas3inyasch JHUIIb 3HAKOM IOTEHIHaNa CJy-
yaiiubix cus U’. BMecTo Koad¢uumenTa mD? B KBaHTOBOM
ypaBHEeHHH CTOMT Ko3pduuuent — h2/4m.

B kBaHTOBOH CcTaTHCTHKe Hapsiay ¢ (QIyKTyauusaMu
KBaHTOBOI'O NIPOHCXOXK/EHHS, ONpee/sieMbIMH BeJMYHHOH 7,
YUYHTHIBAIOTCA H OObIYHDBIE TelJIoBble GIYKTYalHH, 3aBUCSILIHE
OT HpPOU3BeLeHUs NOCTOsIHHOH BosbliMaHa Ha aGCcoMIOTHYIO
Temneparypy. VIMeHHO moaTOMy KBaHTOBasi CTaTHCTHKA,
B OTJHYHE OT KJacCHYecKOH, sBJSeTCS CTaTHCTHYECKOH
Teopueli B JBOSKOM 3HauyeHHH 3TOro CJOBA.

Ecau nbiTatbest yeTaHOBUTH (DU3HYECKYIO NPHPOLY CaY-
yalHBIX BO3JIeHCTBHH Ha KBaHTOBYIO YacTHIy, To HauboJiee
€CTECTBEHHO CBf3aTh €€ C B3aHMOJEHCTBHEM C BaKyyMOM,
KOTOpOe HeH36eKHO BBICTYINaeT B SIBHOMH ¢opMe B KBAHTOBOH
TeopuH nosas. KBaHToBas yacTHIa, MOXHO NPEANOJOXKHTD,
B3aHUMOJIEHCTBYeT C MHPOM uepe3 BakyyM, T. €. MOCpen-
CTBOM BHUPTyasbHBIX yactull. O6 5TOM yKe JOCTAaTOYHO Io-
BOpHJOCh paHee, H Tenepb Ha JaHHOM BONpoCe MBI OCTa-
HaBJHUBAaThCs He OYyIeM.

Hackonbko HaM H3BeCTHO, Cepbe3HOH KpHTHKe Takas
TOYKa 3peHHs B JIHTepaType He noaBepranack. Ilpasia,
OHA U He MoJYy4YHuJa ofLIero NMpU3HaHHs, XOTS C TeMH HJH
HHBIMH BapHaLMsMH JOBOJBHO 4acTO BCTPeYaeTcsl B JIHTe-
parype. Bo BcsikoM ciyyae, Helb3sl CUHTaTb Cepbe3HOH
KPHUTHUKOH 3aMeyaHHe O TOM, YTO €CJIM B BOJHOBOH QyHKLHH
HesIBHO YUTeHO B3aHMOJeHCTBHE ¢ BaKyYMOM, TO He HYXKHO
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er0 YuMTBHIBaTb JOMOAINTENLIO B (BHOH opMe, KaK 3TO
JenaeT Besbton [104] npu pacuere /15MGOBCKOro ciBUTa
YpOBHeH Kak CJe[CTBHSI KBaHTOBOMeXaHHYeCKHX (UIyKTya-
LHUH 3JEKTPOMarHUTHOTO NoJsl. DTO 3aMeyaHie OCHOBAHO Ha
3JIeMeHTapHOM HejopasyMeHHH. B paGore BeabTona Hc-
XOIHBIM SBJSIETCS KJIaCCHUECKOe YpaBHEHHE [BHIKEHHs
3JIeKTPOHA, HaXoJsllerocs Moj JAeHCTBHEM BTOPHYHO KBall-
TOBAHHOT'O 3JIEKTPOMarHHTHOro nojsi. B kjacchueckoM ke
YpaBHEHHH, pa3yMeeTcs, HHKAKHX KBaHTOBBIX QuIyKTYa-
uuit Het. Ilpn KBaHTOBOM pacueTe Toro xe sgdekra Jomon-
HUTEJBHBIH yueT QIYKTYyauuil yxKe He HyXKeH: TaM OHH aBTO-
MaTHYeCKH NPHCYTCTBYIOT.

Tax xe HenmpaBHJIbHO 3ameualiiie [TaxomoBa [91] o Tom,
4TO QMIYKTY LM BaKyyMa He MOT'YT GbITh OTBETCTBEHHBIMHU 34
CTaTHCTHUECKHH XapaKTep KBaHTOBOH MeXaHHKH, TaK Kak
OHH ITO3BOJSIIOT OOBSICHUTh TOJILKO He3HAYHTEJIbHbIH JAOIoJI-
HUTEJBHBIH CJIBUT 9HEPTeTHYECKUX YpoBHell atoMa. K ckasau-
HOMY BBILIIE MOXKHO JOOGABHTB, YTO C 3THMH (QUIYKTYauHsIMH
B COBpeMeHHOH KBaHTOBOH TeOpHH IoJs cBsi3aHa Oec-
KOHeYHasl SHepIHs M JJIs1 IoJIyYeHHsI ManblX J06aBOK K SHEp-
UM TIPUXOAUTCS NpUGeraTb K TeXHHKe MepeHOPMHPOBOK.

B 3akJjioueHHe Hacrosiero naparpada OTMETHM, YTO
€C/IH MPHYHHA CTAaTHCTHYECKOI'O XapaKTepa KBaHTOBOH Me-
XaHHKH JeHCTBHTEJbHO COCTOHT B HEYCTpPaHHMOH CBfI3H
MHKPOOOBEKTa C MHPOM B LieJIOM, TO, OYEBHIHO, NpEACKa-
3aTh TOYHO HaCTyIVIeHHe Kakoro-iu6o cobbiTHsi, OyAb 71O
pacman 3/eMeHTapHOH YacTHUbl HJIH OGHapyXKeHHE 3JeK-
TPOHA B ONpeJieIeHHOM yvacTke JHU(PAaKUHOHHON KapTHHBI,
HeBO3MOXkHO. [lyig 3Toro Hago GbLIO GBI ONHOBPEMEHHO H
TOYHO YCTaHOBHTb, KaK IPOTEKAIOT SIBJIEHHSI BO BCEM MHpe.

§ 8. O npHuMHAX HENOOLEHKH POJH
H 3Ha4YeHHs CTATHCTHYECKHX 3aKOHOB

ITo Xony H3/0XKeHHSI MBI HEOLHOKPATHO KacalhCh Da3-
HOTrO poja NMPHYHH, NPHUBOASIUMX K HeNOOLeHKEe 3HaueHHs
CTATHCTHYECKHX 3aKOHOB.

[1aBHasi npHyYHHa, O HalleMy MHEHHIO, COCTOHT B METO-
JIOJIOTHYECKH HEeBEPHOM MOAXOJe K pelIeHHIO NpoGieMsl.
HyxHo mpexpme Bcero ucc/efoBaTh, Kak OTHOCSATCS APYT
K ADYTY CTaTHCTHYeCKHe M JUHaMHyeCKHe 3aKOHOMePHOCTH
coBpeMeHHOH ¢u3uku. BMecto 3TOro 06BYHO HayHHAIOT
c onpelefeHHH HX CYIIHOCTH, KOTOpble yXKe NpeapeLIaloT
HCXOJ, HCC/IeJ0BaHUA 10 TOI'O, KaK K HeMY Halo NPHCTYINATh.
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Kak npaBuiio, B CoOTBeTCTBUMH ¢ HCTOPHYECKOH MOCA€-
JI0BaTe/IbHOCTbIO JIeTa/IbHO aHANU3HPYeTCs COfeplKaHHe -
HaMHUYeCKHX 3aKOHOB KJaccHyeckod MeXaHHKH HbloToHa.
Orcrona Jenaiotcsi onpeje/eHHble BLIBOABI O 3aKOHaX BO-
ofllle, O NMPHYHHHOCTH H T. J., NIpHYEM HCCIefOBaHHE NpO-
BOJMTCS TaK, Kak GYATO aBTOp KUBeT B Havaje XIX Beka,
Korja HHUKaKHe 3aKOHbl, KpOMe AHHaMHYeCcKHX, He ObUIH
u3BectHbl. HauuHaoT o6CyKAaTh JOCTOMHCTBA JHHAMHYe-
CKHMX 3aKOHOB, COBepIIeHHO He o0pallasi BHUMaHUs Ha IJaB-
Hoe, a MMeHHO Ha To, 4To Jobble GyHIaMeHTa/lbHble IHHA-
MUYecKHe 3aKOHBl SIBJIAIOTCS NPUOJIHIKEeHHEM COOTBETCTBYIO-
IUX CTATHCTHYECKHX 3aKOHOB, ONHCHLIBAIOLIKMX TOT 2Ke KPYT
SBJEHHH, Ty e (hopMYy JIBHXKEHHs MaTepHH.

MoxHo npoc/efuTb Ha MHOTMX TNpHMepax, 4TO ecqH
aBTOp OCTaHaBJIHBaeTCsl B JeTajsfX Ha BHISICHEHHH M yTOY-
HEHHH CMBIC/IA Pa3/IMYHBIX MOHATHH, HO FOBOPHT, 4TO BHa-
qajle OoH OyHeT KacaTbcfl TOJbKO AMHAMHYeCKHX 3aKOHOB,
a K CTaTHCTHYECKUM IlepeHeT IOTOM, YTO €r0 pacCyXkAeHHSd
NpsAMO K CTaTHCTHYECKHM 3aKOHaM He OTHOcATCs U T. 1., TO
3THM (haKTHYeCKH YKe Bce npejonpelneneHo. ajee crarbio
MOXHO M He 4YHTaTb. ABTOp JMGO GyIeT yTBep:KaaTb, 4TO
IMHaMHYyeck¥e 3aKOHbl INepBHYHBI, JH60 Xe B JyulleM
clydyae, 4TO AHHaMHYyecKHe M CTAaTHCTHYeCKHe 3aKOHbI PaB-
HONPABHBI M OTHOCATCS K PasjIMYHbIM (opMaM [BHKeHHS,
He CBOIMMBIM APYT K APYry. B kauecTBe oueHb Har/JsiiHOro
npuMepa NOJOOHOrO MOAXOJAa MOXKHO IIPHBECTH CTaTblo
Asrycrunena «Pusnueckuii nerepmuansM» [105].

B ocHoBe 1onoGHON MeTONO/OrHH JIEXXKHT YBePeHHOCTDb
B TOM, YTO, OTIpPAaBJASSCb OT OJHOTO-ABYX (aKTHYeCKHX
HOJIOXKEHHH, KacaloluXcs CYyTH JAHHAMUYECKUX H CTaTHCTH-
YeCcKHX 3aKOHOB, MOXKHO C [IOMOLIBIO NPOCTBIX paccyXIeHH,
€cJM OHHM HOCTaTOYHO CTPOT'H U IIOC/TeNOBaTeNbHBI, MPHUHTH
K onpelieJleHHOMY 3aKJ/OYeHHI0O O COOTHOLUEHHHM MeXIY
3aKkoHaMH. I] 3To BMecTo TOro, 4ToGbl CHayaja BBIICHHTb,
KaK e CBsi3aHbl CYILEeCTBYIOLIMEe B COBpeMeHHOH ¢H3MKe
JUHAMHYeCKHe H CTaTHCTHYeCKHe 3aKOHBI JPYT ¢ APYTOM.
3/1eCh OTUET/IMBO BHIEH MeTahH3HUeCKHH MOAX0 K HCCIelo-
BaHMIO, Oepylluil Hayalo B Te OT/Aa/leHHble BpeMeHa, KOTa
¢usiocodbl ObLIH yBEpEHBl, YTO MOXKHO YCMOTDETb IepBO-
NIpUYMHY BCeX BellleH, pa3MBILISis BO BpeMsl IPOTYJIKH HJIH
B KaOHHeTe 3a IHCbMEHHBIM CTOJIOM, KaKHUM JOJXKeH ObiTh
mup. Kak yxe roBopusiock BO BBeJeHHH, MONOOHBEIH METO.
yXe JaBHO OCTaBJ/ieH B eCTeCTBeHHBbIX HayKaX, a BOT IPH HC-
clefoBaBUM OOMWHUX (DHIOCOPCKHX BONPOCOB OH IO-IIPeX-
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HeMy Hepeiko JAaeT o cebe 3HaTb, XOTs M He MpeJCTaer
B o6HaxeHHO# ¢dopMe. TIpu TakoM moaxojie K HCCAE0BAHUIO
JIETKO OYYTHTbC B ILIelly TPaAHUIHOHHBIX, MNpeIB3SIThIX
MHeHui. B Goprbe ¢ Nofo6GHBIM MOAXO0A0M K H3YUYEHHIO (DHIIO0-
codpckuX npobiaeM (QU3HKH aBTOp HACTOSIEH KHHTH BHIHT
OJIHY M3 I'VIaBHBHIX ee 33jauy.

Henb3s snech ellle pa3 He NoAuepKHYTh, YTO caMa Tep-
MHHOJIOTHSI, B KOTOPOH JMHaMHyecKasi 3aKOHOMEPHOCTb
Ha3blBaeTcsi NPUYMHHON HJM JeTepMHHHCTHYECKOH, ¢ ca-
MOro Havasia GpocaeT HeKyiO TeHb Ha CTaTHCTHYeCKHe 3a-
KOHbl, TaK KaK INOApa3yMeBaeT, 4YTO TNOCJeJHHE YyXKe He
MOryT GBITb NPHYHHHBIMH. He HCK/IO4EHO, YTO HMeHHO
HeyJIOBJIE€TBOPUTEIbHAS TEPMUHOJNOIHS CNocoOHa cpasy Ha-
NpaBUThb HCCJENOBaHHe IO HeBepHOMY pyciay. B atom ot-
HOILLEHHH TePMHHBl «IHHAMHYECKHH» H «CTATHCTHYECKHi»,
HECOMHEHHO, IIPEACTABJSIIOTCS NIPEAIIOYTUTENBHBIMH, TaK KaK
OHH 3apaHee He INpeNIoJaararlT KakKHX-A160 o6LiUX mpel-
CTaBJeHUH O CYLIHOCTH 3aKOHOMepHOCTeH.

W3 oTgesnbHbIX, YacTHBIX NMPHYMH, MEIIAIOMIMX MpPaBUJb-
HOMY NOHMMAaHHMIO XapakTepa COOTHOLUEHHS AMHaAMHYECKHX
H CTaTHCTHYECKUX 3aKOHOB, IOJUEPKHeM ellle CaefyIOLIHe.

OTcyTcTBYyeT 4eTKoe NOHHMAaHHe TOro, YTO CYIIECTBYIOT
JIBa aclleKTa COOTHOIIEHHS TUHAMHYECKHX H CTATUCTHYECKUX
3aKOHOB, KOTOpble MIpaioT JajekKo He OJUHAKOBYIO pOJb.
Henp3si cMelMBaTh OTHOLIEHHE AHHAMHYECKHUX U CTaTHCTH-
YeCKHX 3aKOHOB, ONMHCHIBAIOLINX OAHY H TY e (opMy IBHU-
JKEHHMS] MaTepHH, OfHH ¥ TOT JKe KPYT BOIIPOCOB, C OTHOIIE-
HUEM MeXJy 3aKOHaMH IOBeAeHHS OTAEJbHBIX OGBEKTOB H
3aKOHAaMH TIOBEleHHS UX COBOKYIHOCTH.

YacTo cunTaercs, 4TO CTAaTUCTHYECKHE 3aKOHBI He OTpa-
JKalOT HeoOXONMMBIX CBfI3efl B NpHpONE, a fABJSAIOTCS «3a-
KOHOMEPHOCTSIMU cJy4alHoro». D10 cpasy NpHHHMKAeT HX
3HayeHHe U MPOCTO HECOCTOATENbHO, TaK Kak JIOGble 3aKo-
HBEl, B TOM YHCJIe ¥ CTaTHCTHYECKHE, BhIpaXKaloT HeoGXomu-
Mble CBSI3H B IpHpOE.

He BrniosHe nmpaBHJIbHOE NMOHHMMaHHE CYLIHOCTH H 3Haye-
HUSl 3HaMeHHUTOH (POpPMYJIMPOBKH KJ/IACCHUYECKOTO JeTepMH-
HHU3Ma, JaHHOH JlamsacoM, CJyKHT ellle OfHOH NMPHYMHOH,
NPENsITCTBYIOLEH BLIICHEHHIO 3HAUEHUS] CTAaTHCTHYECKHX
3akoHOB. Kak yzke roeopu/och, JeHCTBUTe/NbHAsA CYTh Jia-
NJIaCOBCKOTO JIeTEDMHHH3Ma COCTOMT B TNPH3HAHHUHM MpPH-
Mara JMHaMHYeCKHX 3aKOHOB BooOlle, a COBceM He 006s-
3aTeJIbHO TpUMaTa 3aKOHOB KJaccuyecKoit MexaHuku. Ilo-
3TOMY, KOI'la yYeHble OTPHLLAIOT BceoGbeMIIOLIHH XapaKkTep
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JnerepMHHU3Ma JlanJiaca, a BeJlel 3aTeM BRIPaXKaloT yBepeH-
HOCTb B TOM, YTO B KOHIle KOHIIOB GYAYT OTKDHITH HOBHIE
JMHAMHYECKHE 3aKOHBl JBHXKEHHS 3JIeMEHTapHBIX YacTHIL
H C IPHMAaTOM CTATHCTHYECKHX 3aKOHOB Ha JaHHOM OTpe3Ke
BpeMeHH OyJeT MOKOHYEHO, TO U3 HX BHICKA3bIBAaHHH MOXHO
clenaTh JIMIIb OfMH BHIBOA: JeTepMHHH3M Jlamsaca oTBep-
raercsl Ha cJoBaX, a Ha JeJle NBITAlOTCA, pasyMeercs Gesy-
CIIEIHO, NPOBECTH €r0 B XKH3Hb KaK BCEOOGIIMI NPHHIMII.
Benp 3ameHa kJacCHYeCKMX HMIYJBCOB H KOODAMHAT JIIO-
GbIMH HOBBEIMHM IlapaMeTpaMH He HM3MEHHT MeTapH3HYecKOro
XapakTepa Takoro poja jgerepmunuama. Ecian 6l 370 6blIO
JI0 KOHLIA OCO3HaHO, TO cTajla OBl sicHa M MeTapH3HUecKast
OKpacka Jo6ofi JMHaAMHYeCKOH 3aKOHOMEPHOCTH, M TOTAa
HCTHHHBIH CMBICJI CTAaTHCTHYECKHX 3aKOHOMepHOCTel cTalsl Gbl
6o/lee npo3payHbIM.

Ilentp Tsizkect GOpbOBEI C HHAETEPMHHH3MOM JOJIXKEH
ObITh IlepeHeceH Ha J0Ka3aTeJbCTBO TOrO, 4YTO HaJH4YHe
MOAbKO CMAMUCMUYECKUX 3aKOHOB TIOBeJleHHs1 O0BbeKTa HH
B Koefl Mepe He O3HayaeT OTCYTCTBHS HNpUYMHHOCTH. [lo3u-
nus yuennx (Bowm, ne Bpoinb U mp.), oTcTauBarmMmuX HpH-
YHHHOCTb NyTeM CChIIKH Ha BceoOBeMJIOIIUH XapakTep IH-
HaMHYeCKHX 3aKOHOB, NpeICTaBJsieTcsl BeCbMa IHAaTKOH.

CraruHcTHuecKHi 3aKOH MOXET BBINONHATbCS KaK /s
KOJIJIEKTHBOB H3 GOJIBIIOrO YMC/Ia YacTHL, TaK H AJs OT-
neabHBIX yacTHL. OTpHLaHHE ero CrpaBelJIMBOCTH B IIO-
ClellHeM cJIyyae Ha TOM OCHOBaHMH, YTO CTaTHCTHUecKas
3aKOHOMEPHOCTb MOXeT paboTaTb TOJbKO NPH HAJHYHH
COBOKYIHHOCTH HIEHTHUHBIX CHUCTEM, NMPHBOJMUT K HEBEPHOMY
orpaHHyeHHI0 cepbl NPHMEHHMOCTH CTaTHCTHYECKHX 3aKO-
HOMepHOCTeH.

He nocnenHioo posib B HCKaXKeHUH CMbICja CTaTHCTHYe-
CKHX 3aKOHOB HMI'DaeT HellOHNMaHHe TOro, YTO AHHAMHYecKHe
3JieMeHThl (NOAYHMHeHHe CTaTHCTHYecKOH XapaKTepHCTHKH
CHCTeMbl HHAMHYECKOMY 3aKOHY, BLINOJHEHHE HEeKOTOPhIX
3aKOHOB COXpaHeHHs, HOCAIUX NHHAMHYECKHH XapakTep)
NpHUCYIH BCEM CTaTHCTHYECKMM 3aKOHaM, KakK KJiacCHye-
CKHM, TaK H KBaHTOBLIM.

OGo BceM 3TOM yxKe roBopusoch paHee. Ho wacro uc-
NOJb3YeTCs1 ellle OJHO OCHOBaHMe JJ/Is1 ONpAaBJaHHS PaBHO-
NpaBUsI TUHAMUYECKHX M CTaTHCTHYEeCKHX 3aKOHOMePHOCTeH.
dro Tak HasbiBaeMasi KoHuenuusi ypoBHeii Boma. Ee Mbl
OyxeM ofcyxaaTh B clelylollell riase, MOCBSIIEHHON nep-
CTeKTHBaM  Pa3BUTHA (DH3UKH,



FJIABA VI

COOTHOWEHHE ME)XAY NHHAMHYECKHUMH
H CTATUCTHYECKUMH 3AKOHOMEPHOCTSIMH
U OBUIME NMEPCINEKTHBbI PA3BUTHS
S®U3HUKH 3JIEMEHTAPHbBIX YACTHLY

§ 1. Konuenuusi yposHeit boma u ee xputHka

Onpeze/ieHHble 3aKII0YEHHSI O COOTHOLUEHHH MEXAY JH-
HaMHYeCKUMH H CTaTHCTHYECKHMMH 3aKOHOMEPHOCTSIMH, a
TaKXKe O IepCHeKTHBaX pa3BUTHA (U3HKM MHKpPOMHpa
lenaer BoM Ha ocHOBaHMM KoHLenuud ypoBHell. CyThb ee
H3JIoKeHa B LIUTHPOBaHHOH paHee KHMre «[IpHuMHHOCTb H
CJIYyYyallHOCTb B COBPEMEHHOH (PH3HKe».

Mr! yxe TOBOpHJIH O TOM, YTO BOM 3BOJIIOIIHOHMPOBAJ OT
NpU3HAHUS NEePBHYHOCTH AMHAMHYECKHX 3aKOHOB K yTBep-
JKJIEHHIO TIOJIHOT'O PaBHONPABHSA JMHAMHYECKHX H CTaTHCTH-
yeCKUX 3aKOHOB. OfHAKO LeJHMKOM OCBOOOAMTBLCS OT Mpel-
B3SITOTO OTHOLIEHHS K CTATHCTHYECKOMY THNY 3aKOHOMep-
HOCTH eMy He yjaJjoch. I'JlaBHast NpHYHHA 3TOrO0, 10 HaLIleMy
MHEHHIO, 3aK/I0YaeTcsl B HeXXeJaHUH BHJETb B CTaTHCTHYE-
CKHX 3aKOHaX OTpaXkeHHe HEOOXONMMbIX CBsI3eH B IPHUpPOJE.
BoM ynopHo HMeHyeT CTaTHCTHUECKHe 3aKOHbl 3aKOHaMH
«cJy4yadHoro».

CBoe MHeHHE O PaBHOLEHHOM 3HaUYeHHH 3aKOHOB OGOHX'
TUNoB BoM ocHOBBIBaeT Ha KayeCTBeHHOH OeCKOHEYHOCTH
npuponbl. MMeHHO BeJlefcTBHe 3TOH KauecTBeHHOH GecKo-
HEYHOCTH HH OJMH M3 THIIOB 3aKOHOB B CHJIy CBOEH OJHO-
CTOPOHHOCTH, YTBep2KAaeT OH, He MOXKeT AaTh IIOMHOTO Npef -
CTaBJIeHHsI O peaJibHbIX IpolleccaX. 3[ech ONATb-TaKH BoM
CUMTaeT, YTO JHHAMHYeCKHe H CTaTHCTHYeCKHe 3aKOHb!
YUHTHIBAIOT HeOOXOAMMEIe H c/y4aiHble (paKTOphl COOTBET-
CTBeHHO. B JeHCTBHTENBLHOCTH Ke HH ofHa ¢yHIaMeHTalb-
Has (U3HyecKas TeOpHs He CONEPKHUT TAKHX JAMHAMHYECKHX
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3aKOHOB, KOTOpble GoJlee 0JIHO OT paxasu Gbl onpejeleHHbe
CTOPOHBI NPHPOIL!, YeM COOTBETCTBYIOLLHE CTaTHCTHYeCKHe
3akoHHL. [IpHpona KauecTBeHHO GeCKOHeYHa, U HH OIMH 3a-
KOH He crocoGeH MCYeplBIBalOlle ONHCATh TeueHHe JGoro
npouecca. Ho B KaXXJ0M KOHKDETHOM cJydae CTaTHCTHYe-
CKHe 3aKOHBI Han0oJlee NOJHO OTPaXKaroT JeHCTBUTENbHOCTD.

Ilo mHenuio TepJsenkoro, orcyTcTBHE HpuUMara ORHOH
(opMBbl 3aKOHA HaJ APYroil BbITeKaeT M3 KOHUENLHH ypOB-
Heli; caM BoM npsiMo 3toro He roBopuT. CyIHOCTb KOHLEN-
UUM YPOBHeH B HHTEpeCYIOIleM Hac OTHOIUEHHH COCTOUT
B TOM, 4TO IO Mepe YTOYHEHHS HalUMX 3HAHHH, MO Mepe Ie-
pexoja Ko Bce 6oJiee U Gosee TIyOOKHM YPOBHSIM JMHAMHYe-
CKHEe 3aKOHBl IIOC/IEJOBATENbHO 3aMellaloTCsi CTAaTHCTHYe-
CKMMH H, 00paTHO, CTaTHCTHYeCKHe — JHHAMHYECKHMH.
ITpyueM 3TH yPOBHH H, COOTBETCTBEHHO, 3aKOHBI MOTYT OT-
HOCHTbCS K pasHbIM (opMaM JBHKeHHA MaTepHH, K siBJe-
HUSIM PasHOro Kpyra.

IlponeMoHCTpHPOBaTh CyTh KOHIENLUWH YPOBHeH U ToKa-
3aTh 3HaueHHe B Hell 3aKOHOMepHoCTell 060HX THNOB MOXKHO
caenyomuM ob6pasoM. Ha MakpocKomuyeckoM, KpYITHO-
MaciuTaGHOM, YPOBHE MBI HMeeM J1eJIo C YCPEIHEHHBIM NoBe-
JleHHeM CHCTeM, COCTOSIIIMX M3 OIPOMHOTO YHcJa YacTHIL.
3akoHbl 31eCb HOCAIT AMHAMHYECKHH («IIPHYMHHBIHY 1O Tep-
MuHosoruu Boma) xapaktep. DTo 3aKOHBI TEpMOJMHAMHKH,
MaKpPOCKONHYECKOH 3JeKTpoAMHaMHKH MakcBeqia H Jp.
BoJsiee TouHOe paccMOTpeHHMe C Y4eTOM CJy4YaHHBIX OTKJO-
HeHHH OT cpelHero JaeTcss Ha MHKPOCKOMHYECKOM YPOBHe.
3to 6osee riayOOKHH ypOBeHb, Ha KOTOPOM YUHTHIBAeTCH
JCKPETHOE CTPOeHHe BelllecTBa. 3Jech I'OCHOACTBYIOT CTa-
THCTHYECKHE 3aKOHBL. Ecisiu e MBI o6paTuMcs K 3aKOHaM
JBHXKEHHUS OTHeJbHBIX MOJNEKYJ M aTOMOB, TO OOHapyKHM,
YTO UX NOBeJieHHe JOCTaTOYHO TOYHO ONMHUCHIBAETCS JHHAMH-
YeCKHMH 33aKOHAMM KJ1acCHYeCKOH MeXaHHKH.

Hccnenys 6osee ieTajibHO ABHKEHHE aTOMOB H MOJIEKYJI,
UX CTPOeHHe, NOBeleHHe CJAaramlMX aTOMBI 3JeMeHTapHBIX
YacTHIl U B3aUMOfelicTBUE INOCAENHUX C 3J€KTPOMarHUTHBIM
nosieM, Mbl IDUXOJUM K KBAHTOBOMY YpOBHIO, GoJee riryGo-
KOMY, YyeM MeXaHHYeCKH{l. 3aKOHbI 3/leCb HMEIOT CTaTHCTH-
YeCKHH XapakTep Kak JJIsi JIBHXEHHsI YacTHI[ BellecTBa,
HUMEIOIIUX Maccy MOKOsl, TaK U AJs1 KBAHTOB 3JIEKTPOMar-
HHUTHOTO TIOJS.

Hanee, nosaraer Bom, momKen cyumectBoBaTh HeKHi
HOBHIH (Gosee TTYGOKHiH) cybx6anmosbili YpOBeHb, 3aKOHBI
KOTOpOro OnfiTb OYAYT AHHAMHYECKHMH.
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BenencrBue uepenoBaHMsi 3aKOHOB: [IMHAMMUECKHH —
CTaTUCTHUYECKHH — JUHAMHYECKHH H T. J. — HU OLHOMY
U3 THIIOB 3aKOHOMepHocTel, o BoMy, Henb3s otparte mpen-
MOYTeHHeE.

OnHako, mo HauwleMy MHeHHIO, cxeMa boma orHionb He
JIOKa3blBaeT paBHONPABUS IMHAMUUYECKUX H CTATHCTHYECKHX
3aKOHOB. JlocTaToyHO O6paTHTh BHUMaHHE Ha yiKe HEOIHO-
KPaTHO MOJYepKHYToe HaMu obcTosiTenbeTBO. s kaxpoi
(OpMBI ABMXKEHHS MAaTepHH, AJS KaKIOro Kpyra siBJieHHi,
IJIs1 OIHOTO, TaK CKa3aTb, 00bEKTa B cxeMe ypoBHeill Boma
Mbl MMeeM 3aKOHbl JBYX THIIOB: AMHAMHYECKOTO M CTaTH-
ctuueckoro. M mns kaxaoro o6bekTa cXeMbl YPOBHeH cTa-
THCTHYECKHE 3aKOHBI JIy4llle OTpaxamT NeHCTBHTEIbHOCTD,
yeM IMHaMHyecKue. FIMEHHO B 3TOM M COCTOHUT OCHOBOIIOJA-
raiomas poJb CTaTHCTHYECKUX 3aKOHOB. C pa3BuTHEM
HayKH OTKPBIBAIOTCS HOBBIE, HEH3BECTHbIE paHee sIBJEHUS,
dopmbl 1BHKeHUs1 MaTepuu. Ho mis Bcex OTKPHITHIX Ha ce-
FOAHAIUHMHA HeHb (OPM JBHXKEHUS MaTepHH IOJIOKEHHUe
HMEHHO TaKOBO.

OTMeTuM Tenepb, UTO KOHUENIHsSI YPOBHEH He BBITJISAAUT
TaKOH YK eCTeCTBEHHOH U CTPOHHOH, KaK MOMKET M0Ka3aThCs
Ha nepBbli B3risA. Tak, JajdeKo He BO Bcex  CJayvasx
BbIIEPXKUBAETCS OJHA U Ta XKe Heu3MeHHasl Noc/eloBaTelb-
HocTh ypoBHeil. Tak, /s cucTeM, IJIi KOTOPBIX HelpHMe-
HHMa KJ1acCHYeCKasl CTAaTHCTHKA (CIpaBelyIBa TOJMBKO KBaH-
TOBAasl CTATHCTHKA), BBHINANAeT «IMHAMHUYECKHH YDOBEHBbY,
COOTBETCTBYIOIHI KJaccuueckoil MexaHuke. CuibHBlE H
cnabble B3aUMOIEHCTBHA MOT'YT pPacCMaTpUBAaTbCsl TOIBKO Ha
KBAaHTOBOM H, C/1e[I0BaTelbHO, CTaTHCTUYECKOM YPOBHe H T. A.

Janee, MOKHO B MPHHIIHIE IONYCTHTh BO3MOXKHOCTB CY-
IeCTBOBaHMS CYOKBAHTOBOTO YPOBHSI CO CBOMMHM crnerupu-
4eCKHMH 3aKOHaMH. ['opa3jo MeHee BepOATHO, 4TO 3TH 3a-
KOHBl OKaXyTcsi AuWHaMuuyeckumu. Ho mycTts jaxke Tak.
Bce paBHO 3T0 onsiTh-Taku He GyIeT 03HAYATh, YTO B OCHOBE
CTaTHCTHYECKUX KBAHTOBBIX 3aKOHOB JIeXKaT HEKOTOphle JH-
HaM{yeckue 3aKoHbl. [lo aHaloruu ¢ mpemblAYLIUM, YYH-
TeIBasi 6oJiee COBePILEHHYIO (POPMY CTATHCTHYECKOTO 3aKOHA
(znanekTHYECKOE BBIpaXKeHHe HEO6XOAHMOCTH), MOXKHO YT-
BePKJATb: Ha NEePBOM 3Tane, B NepBOM NPHUOIHIKEHHH, MbI
6yzeM UMeTh TMHAMUYECKHE 3aKOHBI CYOKBAHTOBOTO YDOBHS,
HO Ha CJeLyIoLleM 3Tane IO3HaHHsS LISl TeX Ke sIBJeHHH
Oyzer Hafinen O6osee TJNyOOKHH, CTaTHCTHYECKHH 3aKOH,

BripoueM, MOXHO BBIIBHHYTb Cepbe3Hble BO3paxeHHs
BoOOILIle TIPOTHB CYLIeCTBOBAHHUS CYOKBAHTOBOIO YPOBHSA.
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CoBOKYNHOCTh BCeX SKCHEepUMEHTAMBbILIX (BAaKTOB, KaK YiKe
FOBOPHJIOCH paHee, JAeT OCHOBAaHHS pacCMaTPHBATb H3-
BECTHbIE 3JIEMEHTapHEIE YaCTHIBl KaK €IHHCTBEHHO BO3MOX-
Hble OPMBI CYIIECTBOBAHHUSI MaTepHU, He PACUJIEHUMBIE yiKe
nanee. Martepusi, HecCOMHEHHO, GeCKOHEYHO CJIOXKHA, HO ee
CJIOXKHOCTb CBfi3aHa He ¢ OeCKOHeYHOH JHelHMOCTbIO, He C
GeckOHEUHBIM uepefloBaHHMeM Bce Gosee H GoJsee TIyGOKHX
ypoBHeil. C/IOXKHOCTb MaTepHH 3aK/IO4yaercss B HeHcyep-
NaeMOCTH CBOHCTB 3JIeMEHTaPHBIX YaCTHII.

Hakownen, cienaeM elne HeCKOJbKO 3aMeyaHHU i 110 NOBOAY
npHBeleHHEIX paHee yTBepxkJeHuH Boma o paBHonpaBuu
3aKOHOMEPHOCTe#l IByX THMOB (cM. ctp. 186). CnipaBemnuBo,
uYTO JMHAMHYECKMH 3aKOH BO3HHKAaeT Kak INpHOIHXKeHHe
K ONHCAHUIO YCPeIHEHHOIO NOBeleHUsi GOJbILIOH COBOKYI-
HOCTH 3JIeMEHTOB, IIpeTepNeBalOIUX HeYNopsoueHHble
daykryanun. Ero, 6e3ycioBHO, Bcerna MOXKHO MOJYYHTh H3
CTaTHCTHYECKOTO KaK HeKoTopoe npubnuxkenue. OnHako
ob6paTHOe yxKe He CIpPaBelJIHBO.

XoTsl CTaTHCTHYeCKHe 3aKOHBI B HEKOTOPHIX Caydasix
(manpuMep, B KJIaCCHUECKOH CTATHCTHYECKOH MeXaHHKe)
H MOXKHO paccMaTpPUBAThb B ONpeNe]eHHOM CMBICJie Kak CTa-
THCTHYECKOE NPHUOIHMKEHHE «K NEeHCTBUIO 6OJBILIOTO KOJH-
yecTBa NPUYHHHBIX (DaKTOPOB, ABHXKYIIHXCH CYIIECTBEHHO
Hesasucumo» ([1], ctp. 207), orciona oOTHIOAb He ClELYeT,
YTO CTATHCTHYECKHE 3aKOHbl MOXKHO IONYYHTb H3 JAHHA-
MHYeCKHX Kak npubimkenue. PopmynupoBka boma roso-
PHT JIHIIb O TOM, YTO HaJIHYHe CTaTHCTHYeCKOro 3aKOHa
He 'CBHJETEJBbCTBYeT 06 OTCYTCTBHH NDHYHH, a, HaoGOpOT,
o3HayaeT HX obuaue. HecBOZMMOCTb Ke CTaTHCTHYECKHX
3aKOHOB IOBEJIeHHsI COBOKYMHOCTH K IMHAMHYeCKHM 3aKo-
HaM IOBelieHHs ee OTIEeJbHbIX WHIUBHAYYMOB BBHITEKaeT H3
pPaccCMOTpPeHHOH paHee HECBOAMMOCTH BLICUIMX (OpPM JBH-
JKEHHS] MaTepHH K HH3LINM.

BoM cuutaet, yTo NONO6GHO TOMYy, KaK OTCYTCTBHE y4eTa
¢baykTyanuit B AHHAMHYECKHX 3aKOHaX MOXKeT IPHBeCTH
K omubkaMm, «HeKpHTHYeCKOoe NpHMeHeHHe CJydYaHHHIX 3a-
KOHOB (ONATH Ta XKe HeyHayHas TepMuHoJorusl— I'. M.)
npu npeHeGpexeHHH BO3MOKHOCTBIO NONPABOK Ha NPHYHH-
Hble B3aHMOCBSI3H... MOXET TaK 2Ke INPHUBECTH K OLIHOOYHBIM
pesyabratam» ([1], ctp. 206). Bom He 3ameyaer, KaK HaMm
IpeNCTaBsieTcsi, CYIECTBEHHOTO Pa3/H4Usi MeX1y o0enMH
CHUTyaUUsMH. Yd4eT (QIyKTyauuHd NPHUBOAUT K MOSIBJIEHHIO
3aKOHOMEDHOCTH HPHHIIMNHAIbHO HOBOIO TUNA — CTATHCTH-
4ecKOH. YueT :Ke HOBBIX MPHYHHHBIX (GAKTOPOB NMPOUCXOIHUT
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B paMKaX B3aKOHOMEpPHOCTH OJHOr'O THIa, OH He MeHseT
CTaTHCTHYECKOTO XapaKTepa caMOi 3aKOHOMEDHOCTH H NpH-
BOJIHUT JIMUIb K ee YTOYHEHHIO. YpDaBHEHHs JONOJHSIOTCS
HOBBbIMH YJeHaMH H T. I.

Hanpumep, cnuH 37€eKTpOHa MOXKHO paccMaTpHUBaThb Kak
JONOJHHUTEJbHBIH  (PaKTOp, MONOJNHUTENBHYIO  INPHYHHY,
BJIHAIOIYI0O Ha TNoBeleHHe 3jekTpoHa. OIHAKO BBeleHHe
CIHHA B TeOpHIO ObIO mpousBeneHo [laysnu cpaBHHTENbHO
NPOCTBIM IyTeM: BBeLEHHEeM HOBOTO oOllepaTopa H IBYXKOM-
[OHEHTHOH BOMHOBOH (YHKIHUH BMECTO OIHOKOMIOHEHT-
HOH. Ilepexof OT HepeJSITUBHCTCKOH KBAaHTOBOH MeXaHHKH
K PeNsiTHBHCTCKOH TaKxe He 3aTPOHYJ OOIIero CTaTHCTH-
YeCKOro XapakTepa TEOpHH.

Mbl HeOZHOKpPATHO yKe MOAYEPKHBAJIH, YTO €CJH JIHHA-
MHYECKHM 3aKOHaM COBEepIIEeHHO 4YXKJIbl 3JeMeHTH caydai-
HOTO, XapaKTepHble /ISl CTaTHCTHYeCKHX 3aKOHOB, TO JIFOOOH
CTAaTHCTHYECKHUI 3aKOH COIEPKHUT B cebe 3JeMeHThl Cyry6o
JHMHAMHYeCKOH npuponbl. Tak, cama BepOSITHOCTb B CTaTH-
CTHYECKHX 3aKOHaX MOAYMHsETCS 3aKOHaM JIHHAaMHYeCKOro
THNa. FIMeHHO MO3TOMY CTaTHCTHYECKHe CpelHHe C Heo0Xo-
JHUMOCTBIO BBITEKAIOT H3 ONpelesieHHbIX YCJIO0BHH, B KOTO-
PbIX HaxXOLUTCS CHCTeMa.

B 3akioueHne nmoxuepKHeM, YTO BBIABHIKEHHE CTATHCTH-
YeCKHX 3aKOHOB Ha INEepBBIH IJIAH He HCKJ/I0YaeT BO3MOXKHO-
CTH OTKDBHITHSI HOBBIX ()OpDM ABHMKEHHS MaTepHH, A KOTO-
pbIX Ha NePBOM, H TOJbKO Ha NMEPBOM, 3Tamne OyAyT HaHIeHBI
HOBble IHHAMHUYeCKHe 3aKOHbl. Mbl MOXKeM TOJbKO YTBep-
JKJaTh, 4TO Ji06as ¢opMa ABHKEHHsS MaTepHH 6ojiee MOJHO
OMHCHIBAETCS] CTaTHCTHYECKHMH 3aKOHaMH, Kak BbicIed
(opMO#i 3aKOHOMEPHOCTH, YUHTBHIBAIOLIEH NHAJeKTHKY He-
OOXONMMBIX CBsi3eH B IPHpOJe.

§ 2. Bo3moxHa au AMHAMHYeCKasi Teopus
ABHXEHHS 3JIeMEHTapHBIX 4acTHl?

JluHaMuyecKHH 3aKOH LIS ABHXKEHHs 3JIeMEHTapHBIX
YacTHI[, KOHEYHO, BO3MOMXKeH. M OH JaBHO yKe OTKpHIT.
Msbr uMeeM 31ech B BHIY ypaBHeHHe ABHikeHHsi HbloToHa,
CrpaBeJ/IUBOe NPH YCIOBUH, 4YTO JeficTBHe S > fi. 10 yCi0-
BHe BBINOJNHAETCS NPH IBHKEHHH YacTHI GOJIbIIOH SHEpruH
B MeJJIEHHO MEHSIOULHXCS HO/SAX (YCKOPHUTEJH, 3IeKTPOHHbIe
Jamnel H T. A.). Ho B KBaHTOBOH 00/IaCTH IMHAMHUYECKOe
ypaBHeHHe IBHXKEHHs yXKe He MOXKeT CYIeCTBOBaThb. [Ipu
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S ~ I nBUXKeHHMe 3/IeMEHTapHBIX YacTHIl Bcerga OGyner
OIIUCBHIBATbCS] CTAaTHCTHYECKUMH 3aKOHAMH.

B Hacrosiiee BpeMst MBI He pacroJjiaraeM JIOTHYeCKH 3a-
BEpILIEHHOH TeOpHeH 3JjeMeHTapHbIX YacTHIl, JIHIIEeHHOH
BHYTPeHHHX HpoTuBopeunii. OueBHAHO, YTO TaKasi TEOPHUS
paHo MM No3AHO 6yneT noctpoeHa. M ec/i MyTH OTHICKAHHS
GoJiee coBepIIEHHOH TEOPHH MOKA He HalIeHbl, TO BO BCIKOM
clly4yae OYeBHIHO, YTO 3T TEOPHs He MOMKeT ObITb AHHAMH-
yeckof. HagmesiTbcsl Ha OThICKAaHME HOBBIX JAHHAMHYECKHX
3aKOHOB B 3TOH 006J1aCTH CTOJb e HeJIOTHYHO, KaK U NBITaTh-
csl, K IpUMepy, HalTH MJIs NOBeJIeHHsS COBOKYIHOCTH 4ac-
THL, NOAYHHSAIOIHUXCSA KJIaCCHYECKOH CTaTHCTHKe, JHHAaMHUye-
CKHe 3aKOHBI, KOTOpble OblIM Obl TOUHee H3BECTHBIX CTaTH-
cTHYecKuX 3akoHoB. Muu, ckaxeM, NbITaTbC INOCTPOHTH
JHHAMHYECKYIO TeODHIO [BHKEHUSI OPOYHOBCKOH YacCTHIIBI.

ITepexon OT CTaTUCTHYECKOTO 3aKOHA K JHHAMHYECKOMY
A1 NaHHOH (pOPMbI ABHKEHHUS] MaTepHHM HHKOTAA He ObUI U
He 6yzneT BO3MOXKHBIM. Kosb cKOpO noBeneHue yacTHUB! HIH
CHCTeMbl OOBbEKTHBHO OOHAPYIKHBaeT JEeMeHTbl CJIy4YaHHOro
H OHH CYUIECTBEHHBI, Y4e€CTb MX B PaMKaxX AHHAMHYeCKOro
3aKOHa HEBO3MOXKHO, H6O OH /ISl 3TOrO He IPHCIOCOBJIEeH.
C ¢unocopckoi TOUKH 3PEHHST 5TO O03HAYaeT BO3MOXKHOCTb
(1 Hen3GeKHOCTD) Mepexosia OT MeTadhu3HIECKOrO MPeNCTaB-
JIeHHsi HeOoOXOAMMOCTH B AMHAMHYeCKHX 3aKOHaX K GoJee
rIy6OKOMY JAHAJEeKTHUeCKOMY B CTaTHCTHUECKHX, HO He
o6paTHo.

B cBsi3u ¢ 3THUM He/b3st HH B KOeM CJy4ae COIVIACHTLCS
c bomom, korga oH HaspiBaeT yTBepxKieHHe O NPHHIHIH-
aJlbHO CTaTHCTHYECKOM XapakTepe MABHKEHHS 3JeMeHTap-
HBIX YaCTHI[ «HHAETEPMHHHCTHYECKUM MexaHHuu3Mom». Cra-
THCTHYECKOe NOBeJeHNe HHAMBUAYAJbHBIX YacTHIL sIBJIseTCs
takToM, He oTBepraeMbiM M camuMm bBomowm.

Bom mnpexncraBnser meno Tak, GYATO YTBepKAEHHE O
MPHHIUINAABHO CTAaTHCTHUECKOM XapaKTepe TeOpHH fABJS-
€TCs1 TOPMO30OM HAyKH, HaBSI3aHHBIM H3BHE NOTMaTH3MOM,
OTKa30M OT IpeJcTaBleHHs 0 GECKOHEUHOH CJIOXKHOCTH MpH-
ponsl. Mexny TeM HeoGXOAMMOCTb NOCTPOEHHS] HOBOH Teo-
pHH, CBI3aHHOH C OTKa3OM OT psjia CYIIeCTBYIOUIHX MNOJO-
JXeHHH, sicHa BceM. [ToHCKM TaKo# Teopuu BeoyTCsl Ha pas-
HBIX NyTAX, NpHYeM MOAaBAsIollee GOMbIIHHCTBO YUYEHHIX
He COMHeBaeTCss B CTaTHCTHYECKOM Xapakrepe Oyaymiei
TeopuH. M Heyxenu, HanpuMep, MOMBLITKA NOCTPOEHUS €IH-
HOo#l Teopuu mojsi I'efiseH6eproM M Ap.— 3TO NpPOsIBIEHHE
IorMaTH3Ma B HayKe, a He MHOroob6elaiollee HauuHaHUe?
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CraTHCTHYECKast TEOPHUSl 3JeMEeHTapHbIX YacTHI, He-
coMHeHHO, Oyner nocrpoeHa. CyliecTBoBaHUe e CyGKBaH-
TOBOr'O YPOBHS, MOAYHHSIOIETroCs AMHAMHYECKHUM 3aKOHaM,
XOTsi B NMPHHIHIE M BOSMOXKHO, HO OYeHb MaJIOBEPOSITHO.
JlefiCTBUTENbHO, NOCTaBHM CJEAYIOUHi BOMPOC: MOXKET JH
6LITh CIPaBeMJIUBBIM JHHAMHYECKHH 3aKOH AJIsI OMHCAHHUSA
B3aUMOJEHCTBHSA, K IPHMEDPY, 3apsKEHHOH YacTHIUBI C OT-
JIeIbHBIM KBAHTOM 3JIEKTPOMArHHTHOTO 1OJISI, OJOGHO TOMY
Kak IJisl OMHCAHHs B3aUMOLEHCTBUSI GPOYHOBCKON 4aCTHIIbI
C OTHENbHOH MOJEKYJIOH CcHpaBelJiHB 3aKoH HreloToHa,
BooOI1le TOBOPSi, HEMPHUMEHHMBIH K IBHIKEHHUIO GDPOYHOBCKOMH
yactuipl? TloguepkHeM, 4TO, HE3aBHCHMO OT BO3MOXKHOCTH
CYIleCTBOBaHMS TAKOTO 3aKOHA, HAlll OCHOBHOH Te3HUC 0 GoJlee
rJ1yGOKOM OTPaXKEHHH peaibHbIX MPOLECCOB CTATHCTHYECKH-
MH 3aKOHaMH, HeXelHd IHMHAMHYECKUMH, OCTaeTcsi B CHJIE.
3nech Benp peub HAET He O JHHAMHYECKOM YpPaBHEHHH
IBHIKEHHS, JalolleM H3MEeHEHHe COCTOSTHHS JBHMKEHHsS yac-
THUB C TeueHHeM BpeMeHH. IIpu B3aummopelicTBHM 3aps-
>KEHHOH 4aCTHLBI C KBAHTOM 3JIEKTPOMArHUTHOTO MOJISI HMEET
MeCTO HHasi hopMa JBHXKEHHS MaTepHH, NOoJoOHO TOMY Kak
IBHXeHHe B MexaHHke IHbloToHa W OGpOyHOBCKOe JBH-
JKeHHe NpPHHaJJeXaT K PpasauyHbIM (opMaM  JBIKEHHS
MaTtepuu. BpoyHOBCKOe IBHXKEHHe — 3TO TEIJIOBOE JIBHIKe-
HHE, HHTEHCHBHOCTb KOTOPOrO 3aBHCHUT OT TeMIEepaTyphHl.

MO3KHO C TIOJIHBIM OCHOBaHHEM IOCTABUTH IOJ COMHEHHE
CYIIECTBOBaHHE AMHAMHYECKOTO 33aKOHA B3aHUMOJAEHCTBHS
3apsIKEHHON YacTULBI C KBAHTOM 3JIeKTPOMAarHHTHOTO IOJIs.
Bemp ecnim uMeercss Hempekpaulaioieecsi B3aHUMOJEHCTBHE
3JIEKTPOHA CO «CPENOH» — 3JIEKTPOMATHHTHBIM BaKyyMOM,
TO IMHAMHYECKOEe PaCCMOTPEHHE OT/IeJbHOTO B3aUMOIEACTBHSA
[0 CaMOMYy CBOEMY CMBICJY TOApa3yMeBaeT HE3aBHCHMOCTb
5TOr0 B3aMMONEHCTBHUS OT HAJUYHS MHOMXKeCTBa JPYTHX
B3auMofelcTBHHA Toro ke Turna. Hukakux ocHOBaHHH HJs
3T0r0 HeT. Kak yke ynmoMHHa/lOCh paHee, COTJIACHO NPHH-
LUNY Heomnpeje/NeHHOCTell ABHXKeHHe 3JeKTpPOHa Ha Oecko-
HEUHO MaJIOM OTpe3Ke paccMaTpuBaTh Helb3s. Kpome Toro,
BOOOlIE HeMb3si NMpelNcTaBUTb cefe HH C UeM He B3auMojei-
CTBYIOLUIUH 3JIEKTPOH, 3JIEKTPOH 06e3 3JIeKTPOMarHUTHOIO
TOJIsl, TaK KaK TOT/la HaJlo CUUTATh €ro 3JIeKTPUUECKHH 3apsas
paBubiM Hyso. Ho, paccMatpuBasi B3auMojeHCTBHE 3JleK-
TPOHA C OTAEJbHBIM KBAHTOM IIOJISI, HYXKHO UMETb [€JO IO
CaMOMY CMBICJIY 33Jaud C 3JIeKTPOHOM JI0 B3auMOJeHCTBUA
C KBAHTOM (T. e. ¢ a6COJIOTHO CBOGOXHBIM JIEKTPOHOM) H
T110cJie B3aUMOJeHCTBHA.
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Hakownen, corsacHo KBaHTOBOfi T€OpHH, IO CYTH AeJa,
HeJIb3s1 TOBOPHTb 00 HMHAMBHAYAJbHBIX YacTHUAX H TeM
6ojiee 06 MHIMBHAyaJbHBIX KBaHTaX 3JIEKTPOMarHHTHOTO
noasi. ATo 06CTOATENBCTBO (OHO MPENCTABAAETCS HaM HaM-
GoJiee BaXKHBLIM), OCOOEHHO OTYETJIHBO BBHICTYIAOLee B CO-
BpeMeHHOH KBaHTOBOH 3JIeKTPOAMHAMHKE IpPH GOJBLIHX
3HEPTUsX, YXKe NaBHO MOAYEPKHBANOCH JlaHXKeBeHOM.

Takum 06pa3oM, aHa/JH3 COOTHOLIEHHSI MEXAY AHHAMH-
YeCKHMH U CTaTHCTHYECKHMH 3aKOHAMH NPUBOAUT K BEIBOAY
0 NOJIHOK 6ecrnepCneKTHBHOCTH MONBLITOK OTHICKAHHS JHHA-
MHYECKHX 33aKOHOB [BMIKEHHs 3JIeMEHTapHBIX 4YacTHI.
Bo BcsikoM ciyuae, MaTepHaNMCTHYeCKasl HMHTEpIpeTauusi
KBAaHTOBOH MEeXaHHKH He HYXKJaeTcs B JONYIIEHHH OCHOBO-
noJiararollel posiu IMHaMHYeCKHX 3aKOHOB.

§ 3. CraTucTHYeCKME TEODHHM H NMO3HABAEMOCTb MHpPa

Ecsu neficTBHTebHO CTAaTHCTHYECKHH 3aKOH Tiy6xKe OT-
paxkaerT OGBHEKTHBHYIO PealibHOCTb, YeM NMHAMHUYECKHH, H
€CJIM, COOTBETCTBEHHO, HeJIb3si HaAeATbCs, YTO IocJje obHa-
PYKEHHUS CTATHCTHYECKOTO 3aKOHA JIBHKEHHUS JIEMEHTaPHbIX
4acTHI MOXKHO 6yaeT chopMynHpoBaTh GoJiee TIyGOKHEH H-
HaMHYeCKHH 3aKOH, TO BO3HHKAeT €CTeCTBEHHBIH BOIpOC:
He O3HayaeT JIM 5TO HAJUYHS HEKOTOPbIX PAHHUIl NMO3Ha-
BaeMocTu Mupa? Bejgp ¢ HOMOILIBIO CTATHCTHYECKOTO 3aKOHA
HeJIb3s1 OJLHO3HAYHO MNpeJcKasaTb OINpeJe/eHHble 3HAaueHHs
Pa3NHYHBIX (PU3HYECKUX BEJHYHH THNA KOOPAMHATHI H HM-
nyJbca 3JeKTPOHa M APYTHX YacTHIL.

Ha camom nene, pasymeercsi, HH4ero nofo6HOrO He BhITe-
KaeT H3 MPHU3HAHHUS NMEPBHYHOCTH CTATHCTHUECKHUX 3aKOHOB.
Her HMKaKHX NPHMHIMIHANBHBEIX NpErpag JJisi HCC/IeN0Ba-
HHUS JBMJKEHHS 3JIeMEHTAapHBIX YacTHll, JJIs BO3MOMKHOCTEH
npelcKasaHusi JeTajell UX NOBEIEHHs .

JocTHxkenrue aGCOJIIOTHO TOYHOTO 3HAHHA IIOBEIEHHSA
3JIEMEHTAPHEIX YacTHI] O3HayaeT IOCTHXKEHHe abCOoJIOTHOH
HCTHHBEI B BONPOCE, OTHOCSIEMCS] K MeXaHHKe 3JieMeHTap-
HBIX vacTul. MapxkcHcTcKasi IHajeKTHKa pacCcMaTpHBAeT
aGCOIIOTHYI0 HCTHHY KaK NPHHUMIMAJIbHO JOCTHXKHMYIO,
T. €. yTBepPKJaeT OTCYTCTBHE KaKHUX-JHGO OIpeneseHHBIX
nperpal Ajsi no3naHusi. OnHaKo BeieicTBUe OGeCKOHEWHOH
CJIOXKHOCTH, OECKOHEUHOIO pPa3BHUTHS MPHUPOALI Mbl MOXKeM
TONBKO AaCHMNOTOTHYECKH MNpPHOJIMAKATLCS K aGCOMIOTHOM
UCTHHE, H 3TOT NpollecC HHKOrjAa He GyneT 3aBepuieH MoJj-
HocThio. JluanekTHKa paccMaTpHBaeT IO3HaHHe abCoJIOT-
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HOH MCTHHBI Kak GeCKOHeUHBbIl, HempeKpamaiomuiics u e
MOTYLIHH NPeKPaTHTbCS MPOLecC.

IIpuHuMNHAMbHAS HOCTHXUMOCTb abGCOMIOTHONH HCTHHBI
BbIPAXKaeTCs peajbHO B TOM, YTO pa3jiHyHbie 3aKOHBI, OT-
KpBIBaeMble HayKo#, Bce GoJiee U 6oJjiee TOUHO OTOGPAKAIOT
OOBEKTHBHYIO peajibHOCTb, SIBJASIOTCH PAa3JHYHBIMU CTyIle-
HSAMH no3HaHusi. M3 3THX yacTHBIX 3aKOHOMepHOCTeli nocre-
NMEeHHO H cJjaraeTcsi aGcosIOTHAsi HCTHHA.

Tak xe 06CTOHT A€/10 H C 3aKOHaMH, OTHCHIBAIOIMMH Me-
XaHHYeCKOe JBHXKEHHe 3JIEMEHTApHBIX yacTHIl. B 3ToM HeT
HHYEro HOBOro; OOIlee MOJIOKEHHE MOXHO NPHJIOKHTb K
yacTHOMY cayuvalo. HoBoe, BbITekaloliee H3 aHaau3a CTaTH-
CTHYeCKOHl 3aKOHOMEPHOCTH, 3aKJ/JI0YaeTcsi B TOM, YTO HC-
yepneIBalollee 3HAHHE MOBENEHHMs] OXHON YacTHUBL TpebyeT
He TOJIbKO MOJIHOTO 3HAHMSl CBOMCTB OTHAEJIbHBIX YACTHI[, HO
U 3HaHHUsA JBHXKeHHs Bcex yacTuil Mupa. K sToMy 3akiode-
HHIO NPHBOIXHMT KBAaHTOBas MeXaHHKAa, H OHO O3HAuaeT He-
BO3MOXKHOCTb HH ceHuac, HH B OyAyLIieM OXHO3HAYHO Npen-
CKa3blBaTb 3HAyeHHS NEepPeMEHHbIX, XapaKTepU3YIOIHUX CO-
CTOSIHHEe YacTHUBL. [eifiseHOepr mo 3TOMYy NOBOAY NHIIET:
«B KOHEYHOM cuyeTe MNpOC/NENUTh KOJHUYECTBEHHYIO IeMb
OPHYHH H CJHENCTBHH MOXKHO ObIO OB, TONBKO BKJIIOUHB
BeCb MHp B CHCTeMY, HO TOrza (hu3HKa yKe Hcye3Jla M OCTa-
Jlach TOJIBKO OfHA MaTeMartHyeckas cxema» ([66], ctp. 48).

CTOPOHHHKH BO3MOXHOCTH CO3JaHHSl HOBOH JHHaMHye-
CKOil TeOpHH IBHKEHHS MHKPOOOBeKTOB (1e Bpoiiab u 1p.)
IOJIATaloT, YTO IJIsi GoJiee TOUHOTO IPEeCKA3aHUs NOBEIEHHS
9JIEKTPOHA JOCTATOUYHO GoJiee TOYHO 3HATh €ro CBOHCTBa
IloaTOMy OHH M CUHMTAIOT, UTO CTYIEHSAMHM [O3HAHHSA, Bely-
IUMH Bce OJIHKe M 6JIHXKe K HCTHHE, MOTYT ObITh AMHAMuye-
CKHe 33KOHBI, KOTOphIe CTAHOBATCA Bce GoJsiee u Gosee TOY-
HBIMH 10 Mepe pasBuTHs HayKH. OHH nHoJaraioT, YTO IIPH
TOH TOYHOCTH, C KOTOPOH B Hacrosiiee BpeMsi PeTHCTPHPY-
eTCsl MOJIO}KEHHe YacTHIL, JOCTATOYHO 60Jiee JeTaJbHOTO 3Ha-
HHMSl HX CBOHCTB, YTOGBI MOXKHO OBLIO B mpefesax OMHOKH
COBpEMEHHOT0 SKCIepUMeHTa OAHO3HAYyHO NpeicKasaTb IIO-
BEJIEHMEe YACTHI. ¥ YeT XKe B3aUMOJEeHCTBHS ¢ BHEIIHHM OKpY-
JKeHHeM MOXKeT AaThb TOJbKO HeCyIleCTBEHHble IONPABKH.
Bor, B cymHOCTH, H2a KaKOM OCHOBAHHHM NOKOHTCS YBEpEH-
HOCTb B MOIIM H OCHOBOMNOJIATalolLIeEM 3HaU€HWH AHHAMHUYe-
CKHX 3aKOHOB.

Ho nnsi sneMeHTapHBIX YacTHI, MO Bceil BepPOATHOCTH,
YHHBEPCANbHOCTb  B3aMMOJEHCTBHS  BBHICTyIaeT  Helo-
cpenctBedHo. C 3THM CBfI3aHAa CTATHCTHYHOCTh TEODHH H
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HEOGXOXUMOCTb /151 YTOUHEHHS XapaKTepa ABHIKEHHs JaHHOH
YaCTHIBl BCE TOUHEE YUUTHIBATH NBHMKEHHE BCEX OCTaJbHBIX
yacTdl Mupa. s JocTHXKeHHs aGCOMIOTHOH HMCTHHBI B HC-
C/Ie[IOBAHHH TOBENEHUS OAHOH YacTULLI HEOOXOMHMMO TOYHOE
3HaHHe JBHMKeHHs Bcex yacTuy. Otciona XKe BbITEKAET H
COXpaHEHHe CTATHCTHYHOCTH TEOpPHH H TpPH JAajbHeHineMm
ee pa3BHTHH. AGCOMIOTHO TOYHOE 3HAHHE ABHIKEHHS 4ac-
THI[ — 3TO HEIOCTHXHMBbIH npenen. BoamoxHOCTb ero 1o-
CTHXKEHHSI HUKOTAA He nepefifieT B NeHCTBHUTENbHOCTb BCJE[l-
cTBHe GECKOHEUHOH CJAO0XKHOCTH BceseHHOM.

Ho He o3HauaeT /1 Bce cKa3aHHOe BO3BpaTa K TOMY ca-
MOMY JIAallJIaCOBCKOMY IeTePMHHH3MY, KOTODBIHi MBI OTpH-
naem? Hert!

Konueniusa Jlangaca ¢ ee AMHAMHYECKHMH 3aKOHAMH
MTHOPHPYeT NOHHMAaHHe HCTHHB KaK peaNbHOro Ipolecca
MNO3HAHUSI M He B COCTOSSHUM JaTh NMPaBHJIBHOIO MpPEACTaB-
JIEHHS O HanpaBJieHHH pa3BUTHA HayKd. CyThb 371eCb COBCEM
He B TOM, YTO JIMHAMHYECKHe 3aKOHbI IBUIKEHHS YKE H3BeCT-
HBl JUISl OTHAEJbHbIX OOBEKTOB M Temepb NOCTATOYHO JIHILb
006/1a1aTh CBEPXMOUIHBIM YMOM, KOTOPBIH B COCTOSIHHH OXBa-
THTb Bce Hauya/lbHblE YCJIOBHSI H PEIIHNTb COOTBETCTBYIOLLYIO
cucteMy GeCKOHEUHOro YHcsia GeCKOHeYHO NJIUHHBIX ypas-
HeHHi. Hame paccmoTrpenue no3BosisieT BBISIBUTb peallbHble
TeHAEHLMH pa3BHUTHS HAYKH, paccMaTpuBasi aGCOMIOTHYIO
HCTHHY Kak Ipolecc.

MoxHO IonyCTHTb, YTO JalbHeHLIU# Iporpecc B TEOPHH
3/IeMeHTapHBIX YacTuil OyAeT CBsi3aH KaK C YTOYHEHHeM HX
CBOHMCTB, TaK M C YTOYHEHHEM BJIHSIHHUSI HA HUX OKDYXKeHHS
B paMKax CTaTHCTHYECKOH 3aKOHOMepHocTH. B Gnuxafiniee
BpeMsi, BHE COMHEHHI, porpecc Teopuu 6yAeT CBSA3aH C Aallb-
HeHIIUM yTOYHEHHEM CBOMACTB caMoro oOBEeKTa, ¢ H3yuyeHH-
€M CTPYKTYPHl 3JeMeHTapHbIX uactun. Ho B mpuHUHIE He
HCKJIIOUEHO, UTO Pa3BUTHE HAYKH MOHAeT M 1o nmyTH GoJee
TOYHOTO M Gosiee SIBHOTO yueTa CJAydaHHBIX BHEIIHHX BO3-
JIeHcTBUE Ha HaHHbIH oOGbekT. Teopus, ocraBasicb CTaTH-
CTHYECKOH, MOMKET 0Kas3aTbCsl CIIOCOOHON BCe TOUHEe U TOY-
Hee YYHTBIBATh KAaK CBOHCTBA caMOro o0beKTa, TaK M BJHA-
HHe Ha ero NOBeleHHe IBUMKEHHUS ¥ CBOHCTB APYTUX YacTHIL,
KaK peaJbHbIX, TaK H BUPTyaabHbIX. HHKaKHX NPHHLHUIH-
aJIbHBIX Nperpaj Ha OYTH K JOCTHKEHHIO a6COMOTHON HCTH-
Hbl B OTHOLIGHHH JBHXKEHHsS 3JeMEHTApHBIX YacTHI| He CY-
ILleCcTBYeT.



TJIABA VII
3AKJIIOYEHHE

CohopMysupyeM B 3akJ/IOYeHHe OCHOBHBIE YTBePKIEHHs
Haulero HCCJeOBaHHs, KOTOPble MBI CUHTaeM JAOCTaTOYHO
CTpPOro NOKa3aHHbIMH. Hapsily ¢ 3THM nepeyHc/iUM TaKke
BOIPOCHI, O KOTOPHIX BeCbMa MOAPOGHO TOBOPUJIOCH B paboTe,
HO KOTOpble HEJb3sl CYHTAThb pPelIeHHbIMH.

Hokasannoimu Mol cuumaem caedyrougie Ymeepucoenus.

1. CywectByer nBa acmnekra Hpo6JeMbl COOTHOUIEHHS
JMHAMHYECKMX M CTATHCTHYECKUX 3aKOHOMepHOcTeHd B ¢H-
3uke. B nepBoM acriekTe COOTHOLIEHHE MeXKAy HHMH BBHICTY-
raeT B CJeLyIOlleM IJIaHe: 3aKOHbl TOBEJeHHs HHIMBHU-
IyalbHbIX OOBEKTOB HMEIOT JHHAMHYeCKHH Xapakrep,
noBeJieHHe 3Ke GOJTbILOH COBOKYNHOCTH 3THX OGBEKTOB IOJ-
YHHSETCSl CTaTHCTHYECKHM 3aKoHaM. BTopoii acnekT — 310
COOTHOILIEHHE MeX1y AHHAMHYECKNMH H CTaTHCTHYECKHUMH
3aKOHaMH, ONHUCHIBAIOIMMH OIVH M TOT XKe KpYI sIBJeHHH,
OJIHY M Ty Ke (GOpMy JBIIKEHHS] MaTepHH.

2. TlepBblii acnekT npo6JieMbl He SIBJISIETCSI OCHOBHBIM.
On ¢akTHYecKH CBOIUTCS K BONPOCY O COOTHOILEHHH HH3-
IIHX U BBHICIUHX (POPM ABHIKEHHS MaTepHH. 3aKOHbI NOBelle-
HHSI KaK HHIHUBHAYAJbHEIX OOBEKTOB, TaK H HX KOJJIEKTH-
BOB MOTYT ObiThb CTaTHCTHYECKHMH (HampHMep, KBaHTOBas
MeXaHHKa — KBAHTOBasl CTATHCTHKA).

3. U3 paccmoTpeHusi ryiaBHOro (BTOPOro) acmekTa Ipo-
6J1eMbl BLITEKAET, UTO QUHAMUYECKUE 3AKOHbL NPe0CmasAAIOm
coboli nepseLil, RU3WL L 3man 8 npoyecce NOSHARUS OKPYHaro-
wWe20 Hac mupa, cmamucmudeckue 3aKoRbL obecnedusarom 6oaee
cosepuieHroe omobpasierue 00BeKMUBHbLY C8A3eL 8 npupooe:
OHU BbLpadcarom caedyrouwuti, 60aee BoiCOKULL SMan NO3HAHUSA.

4. CraTuCTHYECKHE 3aKOHBI, KaK U AUHAMHYECKHe, BbI-
paxkaloT HeoOXOAMMble CBSI3H B NPHPOJE, MPHYEM B MEPBHX
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HeoOGXOIMMOCTh BBICTYNAeT JAHaNeKTHYEeCKH, B HEPa3PHIBHOM
CBSI3H CO cay4aiHeIM. B 3TOM cocrout duocopckoe o6ocHo-
BaHHE TOrO, YTO CTATHCTHYECKHe 3aKOHBI Gosee IMyGOKO M
BEPHO OTPaXKaloT NeHCTBUTEJNbHOCTb, YeM JHHAMHYECKHE.

5. JTio6o#t craTHCTHYECKUH 3aKOH CONEpPKHUT B cebe Je-
MeHThl IHHAMHYECKOTO XapakTepa. B mepByio ouepenb 310
NposBJAsieTCs] B TOM, YTO (DYHKIHUS pacnpesieieHHs B CTaTH-
CTHYECKOl MeXaHWKe HJIH BEKTOP COCTOSIHHSI B KBAHTOBOM
MeXaHHKe MONYUHSIOTCSI 3aKOHaM JIMHAMHYECKOTO THIIA.
YacTh 3aKOHOB COXPaHEHHS TaKkKe CJefyeT pacCMaTPUBATh
KaK JHHaMHYyeCKHUe JIeMEHTHl CTaTHCTHYECKOH TeOpHH.

6. Ilpn nanbHefimieM pa3BUTHH (DHU3HKH 3JIeMEHTapHBIX
YACTHI[ TONBITKY OTHICKAHHUSA JHHAMHYECKHX 3aKOHOB HX
JBHXEHHs1 GecrepCrneKTHBHBL. TOJIbKO CTaTHCTHYECKas Teo-
pus cioco6Ha ONMUCATh MOBelleHHe MUKPOOOBEKTOB B KBaH-
TOBOH 06J1aCTH.

Ocmaromes  QUCKYCCUOHHbIMU  Caedyrouyue  6asicHole  80-
npocet. .

1. HcuepneiBaer siu npobieMy NPHYHHHOCTH B (pU3HKe
yTBepKIeHUe: HayalbHOE COCTOSIHHE CHCTEME! IIPU 3aJaHHOH
SHEPrHH B3aUMOIEHCTBHS OJHO3HAUHO OIpernessieT ee Ko-
HeYHoe COCTOsIHHe? '

Mbr cxJ/IOHsIeMCSl K MHEHHIO, 4TO B CTaTHCTHYECKHX 3a-
KOHax CJefyeT COXPaHUTb TaK¥Ke IOHATHE KauyecTBEHHOH,
HJIM HarJSIAHOM, NMPHYHMHHOCTH, OGYCJOBJMBAIOMEH peasu-
3amyI0 TOrO HJIH WHOIO 3HAYEHHs CJAYUalHOH BEJUUHHHL

2. Ecin Bompoc O NpHYMHAX CTAaTHCTHYECKOTO Xapak-
Tepa KJAaCCHYECKUX TEOPHUH B OCHOBHOM siCeH (C TOH oro-
BOPKO#, UTO caM BOMNPOC JOJKeH ObiTb CcPOpPMYJTHPOBAH
KODDEKTHO: IoueMy OKa3blBalOTCSl HecnpaBeAJHBLIMH .Gosee
NPOCTHE JHHAMUYECKHE 3aKOHHI?), TO MPHYHHBI CTaTHCTH-
YeCKOro XapakTepa KBaHTOBOH MEXaHHKH OCTAalOTCH JUCKYC-
cHoHHEIMH. HaM mnpencrasisiercss HauGosiee HpaBHJIBHOM
TOYKA 3PEHHsI, COIVIACHO KOTOPOH CTaTHCTHYECKHH XapakTep
NOBeleHUsT MUKPOOOBEKTOB OGYCJIOBJIEH YHUBEPCAJbHOCTBIO
B3aMMOJEHCTBUSI MX C OKPYXKAlOIIUM MHPOM, B YacCTHOCTH
C BaKyyMHBIMH (DJIYKTyalHsIMH MHOJeH.

Ho He uckmoueno, 4ro cama mocraHOBKa BOIpoca O MpH-
YHHAX CTaTHCTHYECKOTO XapaKTepa KBAHTOBBIX 3aKOHOB Gec-
coflep:kaTeJbHa, TaK KaK OHU SIBJASIOTCA CaMbIMH (yHIA-
MEHTaJIbHBIMH 3aKOHaMH HPHPOAHL|
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