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[Ipe3enTanums no TakKuM Ha3BaHUEM ObLIa cienana MHOU 1 mapta 2012 r. B MI'Y Ha dakymnb-
TeT BeruncnurenbHON MaTeMaTuku U KuOepHeTukd. OCHOBHASI LIENb BBICTYIJICHHS — ITOKa3aTh,
yTO ypaBHeHUs Puznueckoro Bakyyma (Iipu onpeneneHHbIX OrpaHUYEHUSIX) IPUBOISAT K ypaB-
nennto O.lIpenaunrepa, 3anmvcaHHOMY B BUJE€ YpPaBHEHHUU KBAHTOBOM  «THUIPOJUHAMUKHI,
npeioxenHoit 3.Mazaenyarom B 1926 r.. [Togxonsr 3. Manenynra u O.1lIpeaunrepa k omnuca-
HUIO KBAaHTOBBIX CHCTEM MAaTeMaTH4YeCKH SKBHBAJIECHTHBL. B 50-ThIX rojax mpouuioro CToJeTus
J.bom, T.Takabascu u XK. Bikbe NpuILIM K BEIBOLY, YTO (PU3HUECKOE COAEPIKAHUE «THAPOIHU-
HAMUYECKOW» Mojaenu MajenyHra NpuBOJIUT HAaC K JEeTePMUHHUPOBAHHOMY OMHMCAHUIO KBAHTO-
BBIX CHCTEM, B KOTOPOM BOJIHOBasi (DyHKIHS Y/ MposBIseT cedsl Kak HeKoe peanbHoe (pusmde-

ckoe nosie. M3 ypaBHenuit ®dusnyeckoro Bakyyma cienyer, 4To TaKUM TOJIEM SIBIISIETCS noje

i . .
unepuuuT jk , compoBoXKIaroIIee 00N HU3HMIECKUN OOBEKT.

Teopus ®usnueckoro Bakyyma, ocHoBaHHas Ha BceoOieM npuHIune oTHOCUTENbHOCTH U 10-
TH MEPHOM IPOCTPAHCTBE COOBITHIA, MPENCTABISET COOOW paJMKAIbHOE W3MEHEHHE HAaIluxX
MIPECTAaBICHUIA O CUCTEMaX OTCUEeTa, MPOCTPAHCTBE BPEMEHH, 00 OOIIENPUHSATHIX B HACTOSIIIEE
BpeMs (DyHIaMEHTaIbHBIX TEOPHUSIX U CIYXHUT albTepHAaTHBOU Teopuu Bceero (teopuu Cymep-
ctpyH). [Ipennaraercst He TOIBKO 00OOIUTH W3BECTHBIE (PU3MUECKHE TEOPHH, HO U TIEPEUTH OT
npuHATONW mapagurMel HetoToHa k Oosiee mmpokoil mapanurme [lekapra, B Komopou 6cskoe
08udiCeHIe ecmb 8paljeHue.

3a nocneanue noutu 350 JieT pa3BUTHS HAYKU TaKoe pajuKaibHOE U3MEHEHHE KapTUHBI MUpPa
MIPOU3BOJIUTCS BIEPBBIE. DTO OBLIO CIIETaHO, B OCHOBHOM, POCCHUMCKHUMH YUYE€HBIMH U TOITOMY
SIBJSIETCS. JOCTUXKEeHUEeM Hayku Poccun.



Teopust ®usnyeckoro Bakyyma Obuia co3gana B Poccun, a ee OCHOBHOW (U3WYCCKUN TIPUH-
un BeeoOmelt OTHOCUTENLHOCTH M QaHAIMTUYECKUE YPABHEHHsI OBUTH OKOHYATEIHHO chopmy-
JUPOBAHBI U OMYOJMKOBaHEI B 1988 T. (Toa mpa3mHOBaHMs ThICSYeNeTHs KpemeHus Pycn). B
9TOM e TOoAy Oblia onmyOJaMKOBaHa mepBas MOHOTpadusi U CIeIaHbl JTOKIAIbl Ha IBYX KOH(]e-
penmusix ( B Mockse u EpeBane) Bcecorosznoro macmitaba no npo6iemam OO1iiei TeOpuu OTHO-

CUTCIIbHOCTHU.

BceoOmmii mprHIMT OTHOCUTENFHOCTH THacuT: «Bce du3mueckue moist OTHOCHTEIBHBI. JTO
O3HayaeT, YTO CYIIECTBYET CHCTEMa OTCYETa, B KOTOPOW TOT MM MHOW BUJA (PU3NYECKOTO IMOJIs
obpawaemcs 6 Hyw. llouck ypaBHenuii ®usnueckoro Bakyyma mpopomxkancs (mpumepno) 20
JeT, HauuHas ¢ pemeHus llepBoii mpoGneMsl DiHIITEHA — TeOMeTpU3aLus dIEKTPOIMHAMUKH
(1972). Teopuss ®Pusnueckoro Bakyyma siBisieTcs aabTepHATHBHOM MO OTHOIIEHHUIO K CYILECT-
BYIOIIICH HayYHOU mapagurMe (mapaaurme HeroToHa), KoTopas 6a3upyercst Ha MOHATHU MaTepH-
TBHOW TOYKM (TIpaBas 4acTh ciaiya). Pazsutue pyHIaMeHTATLHOW (PU3UKA HAYMHACTCS C Me-
xaHuku Herotona. B 1915 r. A.DWHIITEHH co31an MOCIEAHION (QYHIAMEHTAIBLHYIO TEOPUI0 —
OO0m1yr0 TEOpHI0 OTHOCHUTEIHHOCTH, C KOTOPOM MHE MPHIIJIOCH CTapToBaTh. YpaBHeHUs [llpe-
nuHrepa u Jlupaka mpuBeId K CO3/IaHUIO MOTY(PEHOMEHOIOTHYECKOH KBAaHTOBOW TEOpUH Belle-
CTBa. 3a 3TUM IOCIeA0BaIN (HEHOMEHOJIOTHUECKHNEe U KOHCTPYKTUBHBIE TEOPUH, BEPUIMHON KO-
TOpBIX OKa3zanach M — teopust wiu Teopus Beero. OcHOBHBIE HEIOCTATKH 3TOM Teopuu - HE0OO-
3pUMOCTh M OTCYTCTBUE (PYHIaMEHTAIBHOTO (PMU3UYECKOT0 MPUHLIUIIA.

Teopust ®uznueckoro Bakyyma 6azupyercs Ha MOHATHN OPUEHTUPYEMOU MaTepHATbHON TOYKU
(TOYKa CO CIUHOM), TIPY 3TOM BCE JIBIKEHUS B HEM CBOJATCS K BpallleHuIo (mapaaurma Jekapra)
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UPABHEHHA ®UIWYECKOT0 BARYYMA
KaK paclivpeHHas cucTema YpasHeHui
JiHwTenHa-Anra-Nunnea
(1988 1.]

ITpu noucke ypaBHenuii dusnyeckoro Bakyyma aBrop onupancs Ha paOOThl TaKUX T'MTaHTOB
HayyHOU MbIciM Kak J.Kapran, A.Onnmrein, P.Ilenpoys u M. Kapmenu. Ha cnaiine npencras-
neHsl ypaBHeHus Pusnueckoro Bakyyma, 3amucaHHbIE B BUJIE PacCUIMPEHHON I€OMETPU3HPO-
BaHHOW cHucTeMbl ypaBHeHUI OHmTelHa-AHra-Musuica. 24 ypasHenust (A) ( mpu npeaBapu-

~ a.
TCIbHOM BBI60pe KOOpPAWHATHOU CUCTEMbI Xi CrIeqruaJIN3all TCTPalbl € ) B Ka4CCTBC HCU3-

i
BECTHBIX COJICPKAT 24 HE3aBHCHMBIX KOMITOHEHTEI TOPCHOHHOTO mons | jk - ko3 dHImenTos

BpaieHus: Puyun. 10 monHOCTBIO TeoMEeTpU3NpOBaHHbIX ypaBHeHUH (B.1), momoOHbIX ypaBHe-

. . i
HUSIM DWHIITEHHa, COfep aT (TOMONHUTENBHO K | jk ) B KadecTBe HeM3BeCTHHIX 10 KOMIIO-
HenT Temsopa Puaunr R jk. 10 mommocTsio reomerpusuposanmbix ypasHennii (B.2), momo6-
i
HBIX ypaBHEHHAM SIHra-Muiica, coaepikaT (IONMOJHUTETLHO K | jk ) B KAUeCTBE HEM3BECTHBIX

o i
10 xommonent temsopa Beitns  C' jkm. IIpu orpanndeHnsx Ha MCKOMbIC BETHUHHBI CHCTEMA

ypaBHeHui Bakyyma (A),(B) MoxeT ObITh perieHa, HampuMep, ¢ MOMOIIBI0 METOJIa CITMHOBBIX
koa(urmentoB Hetomena-Ilenpoysa.

Haiinennoe kKOHKpeTHOE pelieHne CUCTeMbl ypaBHeHHH (A),(B) mo3BoseT BBIUYHUCIUTL TEH30D

SHEPTrUU-UMITYJIbCA MATEPUH T jk B ypaBHenus (B.1) u Ten3op Toka J ijkm B ypaBHEHUAX (B.2).

VYpaBuenns Ousndeckoro Bakyyma 6aszupyrorcs Ha 10-TH MepHOM MHOT00Opa3uu, KOTOPOE CO-

JEepKUT 4 TPAHCIAMOHHBIX KOOPAMHATHI X; U 6 yrioBbIX nepeMeHHbIX Xij = — X



O6vexT apuxercs
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NPOCTPAHCTBE NOA
AedcTBMEM cun.

O6vexT pawxercs 8 4D
NPOCTPAHCTRE- BPeMEHU,
UCKDUMBINEHHOM MATepleld.
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NPOCTPAHCTEO
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Shipov: curved and twi d vacuum P is pefcelved

by us as objects’ motion.

VYpasuenus (B.1) npencraBisitoT coboit mpuHIUMNHAIbHOE 00001IeHNe YPaBHEHUI TEOPUU Tpa-
BUTauu DiHITelHa 1 HpoToHA. B 00enX 3THX TeopHsX HCTOYHHUK TOJIs, B OOIIEM CiTydae 3a-
JlaeTcsl pyKaMu, a He HaXOJHUTCS U3 PEIICHUS KaKuX-TH00 ypaBHEHUH. A . DHHINTEHH cuuTam Ta-
KO€ TIOJIOKEHHE Bele BpeMeHHBbIM U 30 JIeT mbITajics HaWTH Takoe 0000IIeHNe TEOPHH TPaBH-
Taluy, B KOTOPO TEH30p SHEPTrUU-UMIIyJIbca UICTOYHHUKA MOJII UMET OBl MTOJIEBYIO T€OMETpHYE-
CKyI0 mpupoxay (BTopas mpobOiema DifHmTeiiHa). YpaBHenus (B.1) cHumaroT 3Ty mpobGiemy
OlHIITeHa, MPUHLMINAIBLHOE pellleHHe KOTOPOH ObLI0 HAWIEHO W OMyOJMKOBAaHO aBTOPOM
B1976-77 romax. Ha cnaiine npeacTaBieHO CpaBHEHHE TEOPUM TI'DAaBUTAllMM, OCHOBAHHOM Ha
ypaBHeHMsX (B.1) ¢ reopueit Hetorona u DitHiuTeiina. [To HetoToHY, TrpaBUTalMOHHBIE O0BEK-
ThI (Macchl) ABukyTcs B 3D muiockom mpocTpaHCTBe MMOA AEHCTBUEM T'PaBUTAMOHHBIX cuil. [lo
OWHIITENHY, Macchl MUCKPUBISIOT BOKpYr cedst 4D mpocTpaHCTBO-BpeMs, B KOTOPOM JApyrue
Macchl JABMXKYTCSI B COOTBETCTBHM C YPAaBHEHHUSMHU T€0J€3WYECKUX 3TOro IMpOoCTpaHcTBa (IO
uHepuun!).

CornacHo ypaBHeHusiM (B.1), 6 mupe nem nuuezo, kpome uckpuenieHno2o u 3aKpy4yeHHo20 npo-
i
cmpancmea, TIPA TOM HCTOYHHKOM KPUBH3HBI R jkm siBisiercst kpyuenue npocmpchmeaT jk

(mopcuonnoe none). I'paBUTalMOHHBIE OOBEKTHI — 3TO UCKPUBIIEHHOE U 3akpydeHHoe 10D mpo-
1
cTpaHCcTBO coObITHH. [lepernucriBas ypaBHeHus (B.1) xak R;, ~3 gxR-v T, =0, MBI mouy-

yaeMm npuHuun [lamamGepa /Ui ypaBHEHHM MOJs, KOTJa KPUBU3HA BCEr/la KOMIIEHCHUPYETCS
kpydennem. [losTomy npaBast u ieBas yacth ypapHeHu# (B.1) Bcerna cornacoBana.



TopcuoHHaA npupoaa

* Macca ectb Mepa Konu4vecTea martepuu
* OAHAKO, MOXHO Takxe yTeepXaaThb:

- Macca ectb Mepa Tena ConpoTHUBNATLCA ABUXKEHUHO
M CoOnpoTUeieHME UIMEHEHUHO ABUXKEHUA.

Macca - 3TO 3Hepr§ﬂ
E=we
Macca = 3TO0 prquHe l'lpOCTpO.HCTBCI

E=w( G))e:2
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TeH30p sHEeprun-uMIlyJabca MaTepuu B ypaBHeHUsIX (B.1) Bbpaxaercs uepe3 TOPCUOHHOE MOJI€.
Wnterpupys no 3D 00beMy MIOTHOCTh TOPCUOHHONW MaTe€pUH, HAXOAUM MAcCy UCTOYHHUKA Ipa-
BUTALIMOHHOTO NOJIs (cM. popmyiny BHM3Y cnaiifa). CornacHo HploTOHY, Macca ecTh Mepa KOJu-
YyecTBa MaTepHH, 3aKJII0OUeHHOI B 00bekTe. CornacHo DHHIITENHHY, Macca ecTh sHeprus. 13 teo-

pun @usnueckoro Bakyyma cinegyer, 4To Macca — 3TO Kpy4eHHE IPOCTPAHCTBA A4 (6) . B 1976

i
I. O6H&py>KI/IJ'I, 4TO TOPCHOHHOC IIOJIC T jk MHTEPIIPECTUPYETCA KaK II0JI€ MHEPLMM, BO3HH-

Karouiee 1npu BpallCHUU MaTCpUH. HOBTOMy macca ucdesaem, eciu ucwesaem Kpydenue (6pau4e-

Hue) npocmpancmea A4 (6) . OI[HOBpeMeHHO HCYC3aCT U I'PABUTALUOHHOC IIOJIC, TTIOPOKIACHHOC

Maccoil. DTOT pe3yabpTaT corjacyercs ¢ uaeeid D.Kaprana, mpeanosararoiieid, yTo BpalleHUE
MaTepuu MOPOXKIAET KpydeHHe MpocTpaHCcTBa. [10CKONBKY B HalleM cirydae Jr00e IBUKEHUE
npeAcTaBisieT coO00i BpaiieHue B 6 YIJIOBBIX KOOPAMHATAaX, TO HBIOTOHOBCKOE OMpeJeTICHUE:
«Macca ectb Mepa Tela COMPOTUBIATHCS M3MEHEHUIO JBUKEHHUS» MOXXHO WHTEPIPETHUPOBATH
KaK COMPOTHBJICHUE U3MEHEHUIO HarpaBiaeHuss ocu 4D rupockoma. YckopeHue, BOSHUKAOIIEE
MOJ1 BHEILIHUM BO3JIEWCTBHEM, €CTh BpPAILlEHUE B IPOCTPAHCTBEHHO-BPEMEHHBIX IJIOCKOCTSX B
COOTBETCTBUH ¢ (HOpMYIIOH

D ——
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rne W — nocrynarensHoe yckopenue, (d (9) - mud depeHImansl yriaoB B IPOCTPAHCTBEHHO-

BPEMCHHBIX IIJIOCKOCTAX, C- CKOPOCTh CBETA.

CnnHopHas cTpykTypa npocTpancTea A, (6)
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B reopun ®usmyeckoro Bakyyma mpoctpamcteo A, (6) wumeer 10-tu MEPHYIO CIMHOPHYIO

CTPYKTYpY. 4 TPaHCISAIHOHHBIX KoopauHatel X, Y,Z,Ct  o6Gpasyror 6a3y mpoctpaHcTBa, a 6

BpallaTeIbHBIX KOOPAUHAT @, @, , @5, 6, 0,, 0; | 3ananHbiX B Kaxmoii Touke X;o6pasyioT
BHYTPEHHE BpallaTeJbHOE MPOCTPAHCTBA Cios (CcM. ciaifn). Ha MHOXECTBE TpaHCISIIIMOHHBIX
KOOpJMHAT JAEMCTBYET rpyla TpaHCIALUUOHHBIX ITpeoOpazoBanuil T(4) u 3amaHa TpaHCISALMOH-
Has MeTpuka ds’ = g, dx'dx", onpenensromas paccrosHHe MeX Ty GECKOHEUHO GIM3KMMH TOU-
kaM A u B. Ha MHOecTBe HETOJJOHOMHBIX BpalaTelIbHBIX KOOPAWHAT AEHCTBYET Ipymmna Bpa-
mennit  SL((2.C) wu 3agama  (BmepBble B (U3MKE)  BpamiaTeabHas ~— METPHKA
dr? =dyhdy s = —De?iDe'a =TT "an dx*dX" , koTOpast ompexemsier GECKOHEYHO MaIbIil

MOBOPOT BO BHYTPEHHUM MPOCTPAHCTBE. JTa MeTpHUKa o0pazoBaHa TOPCUOHHBIMH MOJSMHU U 00-

i
pamaeTcst B Hy/Ib, eclii Ko3(hHUIHeHTs Bpamenus Puaun | jk (KOMIOHEHTBI OIS MHEPIHH)

PaBHBI HYJIIO.

Kaxk n npegnosnaran M. Kapmenn, IMEHHO C BHYTPEHHMMH BPAIlATEIbHBIMUA KOOPAMHATAMH U
C BpalllaTeJIbHON METPUKOM CBSI3aHbl KBAHTOBBIE (AUCKPETHBIE) CBOMCTBA MaTepUaIbHBIX 00BEK-
TOB.



OANHAMWYECRaAAININD
HTOBONIMENAHH JZ0| %]

ih—y +—Vy —Uy =0

yw(x.1) =/ p(x.0) exp(aS(x.0) /1) BV = Vo/m

L (pv)- 0.
A= +7v7 |- EVU-Evo (R

B 1926 r. D. Magenynr nyonukyer pa0oty, B KoTopoi ypaBHeHue lllpeaunrepa ¢ komiuiekc-

HOW BOJIHOBOW (pyHKIMEH ¥/ 3aMEHEHO JIByM ypaBHEHUSMHU KJIACCHUYECKON (PU3MKM — ypaBHEHU-
€M HENPEpBIBHOCTH U ypaBHEHUEM Oujepa. OTH YPaBHEHMs 3allMCaHbl OTHOCHUTEIBHO IBYX
JNEHCTBUTENBHBIX (PYHKIHIA: CKOpocTH V u motHoctH L . BremHuil Bujx ypaBHeHUH Maje-

JIyHTa COBIAJIAET C YPABHEHHUSIMU THIPOIMHAMHUKHN, KOTOPHIE OMUCKHIBAIOT JBMKEHNE OECKOHEYHO
MaJioro o0beMa IUIOTHOCTH «KBAaHTOBOM JKHIAKOCTHY. J[OMONHUTEIHRHO K KJIACCHYECKOM IMOTEH-

nuansHoi sneprun U | ypaBHeHms MajenyHra comepsKaT KBAaHTOBYIO MOTEHIMATBHYIO dHED-
TUIO

o-_IAp
S o2m Jp

- CBOGOOPA3HYIO MOTEHIMANbHYIO SHepriio camoneiictaus. IIpu /2 = 0 sta sueprus ucuesaer u
ypaBHEeHUs MajienyHra CTaHOBATCS YHCTO KJIaCCUYECKUMU.

Ecnn ucnonb3oBatk ypaBHeHUs MajenyHra sl pacdeTa KBaHTOBBIX YPOBHEH aToma BOAOPO/aA,
TO MBI TIOJTy4aeM TaKue K€ pe3yJbTaThl, KaKk M NpU HCNoib3oBaHuM ypaBHeHUs Lllpeaunrepa.
D10 ToBOpUT 00 SKBUBaJIeHTHOCTH ypaBHeHul [lIpenunrepa u ManemnyHra.



IVARNBEhBdRIOBOVRITNABUAYVIR
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XpdV, <v>=<—>=|3pdV um.o

<x>= |y *Xydl = [Re(y *xy)dl",  <v>=| | Re(y *vy)dT

x=—Re(y*xy), v =—Re(y*vy)

KBaHTOBYIO0 MOTCHIMATBHYIO SHEPTHIO MOXHO BBIPA3UTh Yepe3 CIUH YaCTHIBI S = hil2. To-
9TOMY NPHUPOJIa KBAHTOBOW MOTEHIIMAIFHONW SHEPTHH, CKOpPEe BCEro, CBs3aHA C COOCTBEHHBIM
BpAIllCHUEM KBAaHTOBOM YacTULbl. PelreHue ypaBHeHuid MajenyHra no3BojisieT Hautu £ u V.
C noMoupo MIOTHOCTH £ KBAHTOBOM «THUJIPOJWHAMHMKNY» BBIYHMCIISIETCS KOOPIAWHATA U CKO-

pocth neHTpa mace (LIM) kBaHTOBOI yacTH1Ibl IO (opMyIie, PEeACTaBICHHON BO BTOPOH CTpOU-
K€ Ha Clane.

B KkBaHTOBOI MeXaHMKE KOOpPAMHATA U TPYMNIIOBas CKOPOCTh LEHTPAa MAcc BOJHOBOIO ITAKETa
BBIYUCIISAIOTCS COTJIaCHO (popMyIie, MPeACTaBICHHON B TpeTheil cTpouke. [IpupaBHUBast 3TH co-
OTHOILIEHUSI, HAXOAUM (POPMYJIBI ISl KIIACCUYECKUX MapaMeTpOB KBAaHTOBOW YacTHUIIbI, U3MEpsie-
MBIX B DKCIIEPUMEHTE.

Hamo otmeruTsh, uTo Mojens ManenyHra (OYeHb BaKHas Ui JAETEPMHHUCTHYECKOW MHTEP-
IpeTalii KBAaHTOBOM TEOpHH) HE MpejcTaBlieHa B y4eOHHKaX 10 KBAaHTOBOM MexaHHKe. [103T0-
My OOJIBITMHCTBO (PU3UKOB HE 3HAIOT O €€ CYIIECTBOBAHHHM, a T€ KTO 3HAIOT HE BBIIEISIIOT MO-
xoa Manenynra cpenu 10-Tu Ipyrux HHTEpIpeTaliii KBAaHTOBOUW TEOPHH.



SMHILTEWH

Tppoky

JlucKyccuy 10 OCHOBaM KBAaHTOBOHM (PM3MKHM PACKOJIONO BEAYIIMX TEOPETUKOB TOTO BPEMEHH
Ha JiBe Ooubllne rpymnmsl Bo riase ¢ A.DiHmTeliHOM (kona DiHmreliHa) u H.bopom (konen-
rareHckas mkoia). Ha mpencraBineHHoil oTtorpaduu yyaCTHUKM TPYNI OOBEAMHSIOTCS Jaxe
IIPOCTPAHCTBEHHO.

OcCHOBHBIE BOTIPOCHI, KOTOPBIE IPUBEIU K PACKOIY 3TO:

=

Uro takoe BoHOBas pyHKIMS B ypaBHeHHH LlIpenunrepa?
KaxoB ¢usnyeckuii o6pa3 KBaHTOBOIO OOBEKTa, KOTOPBIM OMUCHIBAETCS ypaBHEHUEM

N

[penunrepa?

CymiecTByeT 1 00pa3HOE MBIIUICHHE B KBAHTOBOM Teopun?

CoxpansieTcst 11 KI1aCCUUYeCKUH TPUHIIUI IPUUYUHHOCTHU?

[Tonna 1 kBaHTOBasE TEOPHUS?

SIBsieTcst 1M BEPOATHOCTHAS TPAKTOBKAa ¥/ — (YHKIMH , BHIABUHYTAs! KOTIEHTareHCKON

o gk w

IIKOJION, €IUHCTBEHHO BO3MOXKHOI?



TdK0CIKBAHTOBAA N3 K|

VSt

¥ - ato none noxa
HEU3IBECTHOM MPUPOALT.

Bor He urpaet B KocTU.

Otka3 oT obpasHoro
MBILNEHUA - 3TO
“UHTEIUIEKTY A bHBIA

Ypaererue LpeauHrepa
ONUCLIBART AMHAMMUKY
noneid uHepuMKM
(TopcuoHHLIX Nonei).

Cam D.1Ipenunrep paccMatpuBai moje ¥/ Kak peaibHOe GHU3MYECKOE T0Je, KOTOPOE OH Ha-

3bIBAJI TIOJICM MATCpHUU. OI[HaI(O Ha3BaTb KOHKPETHO, YTO 3TO 34 IOJIC, OH HC CMOT. Makc BOpH

2
MMPEIJIOXUI UHTCPIIPETUPOBATD IJIOTHOCTDH ,0 = |W| KaK BCPOATHOCTH HalTH KBAaHTOBYIO 4HacC-

TULly B JaHHOW TOYKE MPOCTPAHCTBA, B JJAHHBIM MOMEHT BpeMeHHU. Takas mHTeprpeTanus BOJ-
HOBOH (yHKIMM OblIa HpUHATa OONBIIMHCTBOM (u3uKoB. OpHako A.DWHIITEHH 10 KOHIA
KU3HU BO3Pa)kall MPOTUB BEPOSTHOCTHON TPAKTOBKM BOJHOBOW (DYHKIIMH, CUUTAs, 4TO ¥/ 3TO

HEKOE pealibHOe (PM3NYECKOe MOJIe 0K eIlle HeM3BECTHON IMPHUPOJIBL.

JIBurasch 1o myTd pa3BUTHA uaeld A.DWHINTEWHA, COIVIACHO KOTOPBIM CYLIECTBYOIAs KBaH-
TOBast TEOPHUS HE MOXKET OBITh MCXOJHOW TOYKOH /IS TajbHEUIIEero pa3BUTHs (GU3UKH, S HAIIEI
B 1979 r. Takyto ¢popMy KBaHTOBOH TEOpWH, B KOTOPOH BOJHOBasi (PYHKIHUS OKA3bIBAEMICA pe-
ANbHBIM (uU3UYeCKUM nojeM — noiem uxHepyuy, HOPMUPOBAHHBIM Ha €UHUIY. AHATUTHYECKH
ToJie MHEpIMH OTICHIBACTCS KpydeHueM npoctpanctea A, (6) , II03TOMY KBAHTOBBIE SIBJIICHHUS

nosiBisitoTcsl B Teopun dusnueckoro Bakyyma Omarogaps Tomy, YTO YIJIOBBIE IEepEeMEHHbBIE

o, 9, @y, 0,, 0,, 0, paccmaTpuBaroTCs Kak 31EMEHTHI BHYTPEHHETO TIPOCTPAHCTBA.
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1TAFAAB VTG RN AIIIUIRO GO IA)

lunoe MM, «TTpoGnemul TeOpUuK 3NEMEHTAPHLIX BIAMMOAGACTEMIA®.
1979. Mockea. MI'Y, c.146.

@dopmyIibl Ha ciaie B3sAThl U3 Moel nepBoit MoHorpaduu, omydaukoBanHoi B MI'Y B 1979 1.
Ecnun umeetcst kakoe-1M00 KOHKpeTHOe pelieHue ypaBHeHMH dusnueckoro Bakyyma (A) u
(B), mmoTHOCTH MaTepuu L HCTOYHMKA OIpPEAeTseTCs] B COOTBETCTBHH C BepxHEH dopmynoii. B

(xBa3u)uHeprmanbpHOM cucteme orcyera (CO) MIOTHOCTh L 3HAYUTEIBHO YIPOIIAETCS U BBI-

i .
pakaeTcsi depes KBapaT ot HHepuud | jk . OJHOBPEMEHHO, JUIsl HCTOYHHKA C IIePEMEHHOM
maccon U (t) IUIOTHOCTb I'PaBUTALMOHHOI'O UCTOYHHUKA B PEEIie ,Ll(t) —> L =const  BuI-

paxaercst uepe3 O (r)- ¢ynkuuto Jupaka (Bropast popmyna crpaBa), Iie - HOpPMHUPOBAHHOE
Ha eAMHUNy nojie uHepuuu. [IpuMeHss K MOJTHOCTBIO T€OMETPU3UPOBAHHBIM YPAaBHEHUSAM OIS
(B.1) ToxnectBo buanku, moayuyuM ypaBHEHUS JBUKEHUS MTOJICBOM MaTepuu B BUJIC:

1. VpaBHeHHs HEMIPEPHIBHOCTH IS MTOJICBOTO CI'yCTKA OISt uHepuuu (*).
2. YpaBHeHus Diinepa s MOJIEBOTO crycTka (**).
3. VYpaBHeHHE HE CKUMAEMOCTH IMOJIEBOM «OKHIKOCTH» (***).
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JIbRIMOYECHHOWIRUACT I

NIVGCRYNANHO0:E0NTHOBONEAYAIIN

c'00=(0.1.0.0). &'1i=01.U.0.0). c'0i=p(0.0.P.iP).

% _1.0.0,0). oM =(v,0.0.0. oll——— (0.1,
i i i 2pP

w0900y, vw=—12+9%uw/r. P=2)V20+£Z14). c=x% i3,

p=-1/r. tx:—E:aOIr, }'z‘PO(u);'Zrz, ﬂ=—1f2r+'~1’0(u)fr2, a0=§f4,

&

-1
2452 —{1— 26 ] dar? —12(d6? +sin? 8do?)
AT

Ha cmaiine npexncraBneHo peuieHue ypaBHeHud ®Pusmyeckoro Bakyyma, KOTOpOe ONMMCHIBAET
HE CTaloHapHOE c(EepUYECKH CHMMETPHUYHOE MOJIEBOE 00pa3oBaHKE, ¢ TPAHCIALMOHHON MeT-
pUKoOif TOT0OHOI W3BecTHOW MeTpuke Baiinsa. Ha sxeaTom mose BeITMCaHBI CIUHOPHBIE KOMIIO-
HeHTbl MaTtpull Ilenpoysa, o6oOmarone cnuHopHble MaTpullel [laynu. Ha Gupro3oBom moine
BBINKCaHbl KOMITJIEKCHbIE KOMIIOHEHTHI TOJIsl UHEpLUU (TopcHoHHOro nojst). Ha mone canaroso-
IO 1IBETa MPEJCTaBICHBI OTINYHbIE OT HYJs KOMIOHEHTHl TeH3opa Pumana. Ecnu ¢yHkums uc-
tourmka nons P° IIPEJICTaBUTh B BUIC PO t) = )G/ c’ , TO MBI IIOJIy4aeM METpHUKy Baii-
I PaccunTaHHbBIl TEH30p »HEPrUU-UMITyJIbCa MpEACTaBIeH BHH3Y cieBa. B  (kBa-
3M)UHEPLUAIBHON CUCTEME OTCUeTa U B IpeJiene ,U(t) —> L = CONSt miIoTHOCTh MATEPUH 3a-

MUCHIBAETCS KaK MJIOTHOCTh KBAaHTOBOM YacTHIIBI (CHPEHEBBIN ()OH) M TOT/Ia B YHCTO KJIacCHUYe-
CKOM MOJIEBOW TEOPUU 803HUKAEH KOPNYCKYAAPHO-60THOBOU OYATUIM.

B sTrom npubnmxennn MHOXKUTENH B ypaBHeHUsIX (B.1) onpenensercs kak
4
v=82G/c" ,

npu 3ToM ypaBHeHus (B.1) npuHuMaroT Bua ypaBHeHUNA DHHIITEHHA.
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NS AUNAIIIICHRIBO AN Rl SNz

IeomeTpuszauma noteHumaria KyrnioHa

[Iporpamma DiiHIITEHA 11O TeOMETPU3ANH (DU3UKH MIPEIIOIaraeT peuieHrne IByX Ipooaem:
1, 'eomeTpu3anys ypaBHEHUH KJIACCUYECKOM 3JIEKTPOIUHAMUKH.
2. 'eomeTpu3anys KBAaHTOBBIX MOJeH (MM TEH30pa SHEPTUU-UMITYJIbCa MAaTEPUH).

[IpuHnMnManbHOE pelieHre nepBoi npobseMsl ObLIO MpenioxkeHo B padbore aBropa OBILIE-
PEJIATUBUCTCKAS HEJIMHEMHAS DJIEKTPOJMHAMUKA  C TEH30PHBIM IIO-
TEHILIMAJIOM. WzBectus By30B, ®usuka, 1972, No 10, c. 98- 102.

O6IJ_[I/II71 noaXxoJ K reoMeTpu3ainnuun (l)I/ISI/I‘ICCKI/IX B3aHMOHCﬁCTBHﬁ MOKHO OCYyHIECCTBUTH C ITOMO-
b0 HHTETpAJIa HCﬁCTBHH S, I(OTOpBIfI BBIPAXKACTCA YCPC3 TPAHCIHILIUOHHYHO MCETPUKY IIPO-

CTpaHCTBA U MOTEHIMANBHYIO dHepruio B3anmoneiicteuaU (dpopmyna ma xenrom done). I1a
(opMmysa UCHONB3YyeTCs Ul T€OMETPU3ALNU JIFOObIX (PU3NYECKUX B3aMMOJAEHCTBHM, Y KOTOPBIX
NOTEHIMAJIbHAsl SHEPTUS 3aBUCUT OT PACCTOSHUS TaK, YTO OOpaIaeTcs B HyJlb Ha OECKOHEYHO-

ctu. Ha 6eckoneunoctu B Jlarpamknane L, noTeHrmansHas SHeprus paBHA HYIIO, IOITOMY

PA3HOCTb MCKIAY Loo n L JacT 3HAUYCHUC I’ COMCTpPI?»PIpOBElHHOfI MOTEHIIMAIbLHOMN OHCPTHUHU.

B HepenaTuBucTCKOM NPUOIMKEHUH yJOOHO BOCIOIB30BaThCs MPUOIMKEHHON (POPMYIIOi, Kak
9TO MPEACTABIECHO B Cy4yae IPaBUTAMOHHOTO (cepblif (POH) U INMEKTPOMArHUTHOTO (OarpoBbIi
(hoH) B3auMOIEHCTBUS.
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PeLIEHIENBNBOMMNOONEMBIRMHLLTEIHATITZ]

Xopouas waes I KORAG R 55T,

% . = ", _1 & : l l .
(1 _ u) Adt? — ( s ’_) dr? — o 2(df? & sin? Bd?)
r r

-

>4 B —
R, =) Geomeutabunal G G pulaute) 1568
e KTPOIH

CTauuoHapHbie opbUThI -
UHEpUUanbHOE ABUXKEHUE,
ceasaHHas ¢ KM

A Pe =)

TTpoctpaHcTeo COBLITUN
WMckpuBneHo KynoHOBCKUM
notexumanom sapa H,
)
ACUCTBUTENBHO
Kap.qma.nbnuc
ME3MEHEHMA |
-1)/2= - ¥r €
O —— Gk =Mkt ik

+e, M Ue =me?(g,

M>>m €~ 56x10™-15m

Pemenune ypaBuenuit ®@usnueckoro Bakyyma (B.1) B ciydae, koraa ux mnpasas yacTb oOpamiaer-
Csl B HyJIb, IPUBOJIUT K TPAHCISLMOHHON METPUKE, IPEACTABICHHON BBEpXY Cllaiija, KyJaa BXO-

y r.=2e?/uc® n i
JIUT JIEKTPOMArHuTHBIN paguyc I, = HC™ . Dta MeTpHKa ONUCHIBACT B3aMMOJICHCTBUEC

3apsna — € ¢ maccoil M B IIEHTpaJIbHOM TI0JIe 3apsna € ¢ maccoit M >>u (ciydait mputs-

XKeHUs). B BakyyMHOI 37€KTpoJMHaAMUKE ABHMKECHHE HJIEKTPOHA B I0JIE s/[pa aToMa BO0poa
OTHCBIBAETCS YPaBHEHUSIMH I'€01€3MUECKUX TapaMeTPHUUECKOro pUMaHoBa MPOCTPAHCTBA, HpU
9TOM 3JIEKTPOH HE M3JIy4aeT, XOTH U JABMXKETCS YCKOPEHHO. B 3TOM ciiyyae HeT He0OXOJMMOCTH
BBOAUTH NpUHIMN bopa o cyliecTBOBaHUM CTAaI[MOHAPHBIX OPOUT AJIEKTPOHA B aTOME. DTOT
MPUHILINII €CTh CJIEACTBHE M€0Ie3NYECKOr0 IBUKEHUS B UICKPUBIIEHHOM INpocTpaHcTBe. Kpome
TOTO, perraeTcs npodiieMa OECKOHEYHOCTH COOCTBEHHOM IEKTPOMArHUTHON SHEPTUH TOUEHHO-
o 3apsija, MOCKOJIbKY B HAIlleM CiIydae IoJie 3apsija HaunHaeTcs co ceprl paanyca

r,=2e*/uc? =2r, .

I1.lupak cuuTan, 94To pemeHune MpodIeMbl PACXOJUMOCTEN Il TOUYSUHOW YaCTHIIBI B KBAHTO-
BOIl 3JeKTpouHaMuKe HernpuemieMo. [IpaBunpHoe pemieHue TpedyeT KapAUHAJIbHOTO W3MEHe-
HUS ypaBHEHUHN 3JIEKTPOJUHAMUKU. Y PaBHEHUS T€OMETPU3UPOBAHHOM >nekTpoauHamMuku ( B.1)
IPECTaBIAIOT cO00M Takoe KapAMHAIBHOE UX U3MEHEHHE.
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CynepnoteHuuan Kak peweHue BE

" Thoboe peluerue ypasHenmii R = O BaxyymHoii
3/1EKTPOAMHAMMKM MHTEPTPETUPYETCA KaK B3aMMOAEICTBUE

d d’}. 1{#2_ dir d Ey 172
dt dr P at
——LornaceH, s JYyecTeoBan 370 :

BSEI]I]I[IIII.II Ilﬁl'lill]lﬂl'l“ll IITI{I'IIII'IBH

ne 0T 3aK0HA Rynoxa
- 1

E3dMMOOEHCTBNA ObIITN Ha3BaHbI A0epPHBIM

Wow Il
TlapHu, a yTo, ecnu McnonbageaTh

pewenmne NUT pna onmucarma

mc? P, 2;
/= _ a , - Nuclear force potential

2 :'+r_,\-

ry = const, 7, = const

Eme ogHuM BaKHBIM pe3yibTaTOM I€OMETPU3UPOBAHHOM JJIEKTPOJMHAMMKHU SIBISAETCS IOJIY-
YEHHE IEeJIOr0 psjia HOBBIX (BCEro 4YEThIpE) MOTEHLMAJIOB B3auMojewcTBusa. W3BecTHO, 4TO
3D.Pesepdopn uccrienoBan ynpyroe paccessHue (X YacTHI] Ha siapax 30J70Ta U OOHApYKWI Ha
MaJIbIX OT LEHTpa S/Ipa PacCTOSIHUAX OTKIOHEHHE OT 3akoHa Kymona. OOHapyKeHHBIE HOBBIE
CHIIbI ObLTM Ha3BaHBI AdepubiMu. Vcmonb3ys pemenwe Tuma pemieHus HpromeHa-YHTH-
TamOypuHO ypaBHEHMI TN€OMETPU3UPOBAHHOM 3JIEKTPOAMHAMMKH, Mbl HAlllId KOPOTKOJEHCT-
BYIOIYIO 100aBKY K noteHiuany Kynaona. Ota no0aBka He 3aBUCHT OT 3apsjia M Ha MajbIX pac-
CTOSIHMSIX JIEMCTBYET HAa HEUTpPaJbHBIE YACTHUIIBl, YTO SIBJISETCS OJHUM M3 CBOMCTB SIIEPHBIX
B3auMozeiicTBuil. CyneprnoTeHaabHas Y HEPIust

2 2 2 2
U=mc2 re—r(r,+r,)—r°x +r-scos° o
2 r’+r2 cos’@

rg = const, r, = const, ry = const, r, = const ,

HaliIeHHas Kak pelleHue ypaBHeHU dusmdeckoro Bakyyma mo3BosisieT, Ha Halll B3TJISAT, OIH-
CBIBATH:

1. T'paBHTaIMOHHBIE B3aMMOJIEHCTBHS (IapameTp I ).

2. DIeKTpOMarHUTHbIE B3auMoJeicTBus (mapametp I, ).
3. Slnmepnble B3aumMoselicTBus (mapamerp Iy ).
4

CuaObre B3anmoeiicTBus (mapamerp I ).
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w’ Mre xaxerca, uto 3TM pebara Hawmm
uto a uckan noutu 30 ner.

e + 212,
(I) = —1 + L

2 2
P + ":'\r

———III (538

()1 Ak

I, ' paccumTan ¢ no

PopMyne Jl

T % % 80 10 10 vl 180 1800

KBaHTOBbIE

I'pymmoii cotpynuukoB mHcTUTYTa ®OH3nku Bakyyma (BBepxXy Ha ciaiifie) ObLIM MpPOBENEHBI U
onyOnukoBanel B 1988-1994 romax pacuersl o yrnpyromy paccesitHuO HEHTPOHOB U MPOTOHOB
Ha sJIpax pa3jIMyHbIX 3j7eMeHTOB. [ sToro Obuta ucnonb3oBaHa merpuka HYT, B koTopoit

3JIEKTPOMArHUTHBINA paauyc [, pacCUMTHIBAJICS MO NPUBEACHHOW cieBa Gopmyle, a sIepHbIH
pamuyc I, HaXOAWICSA W3 aHAJIM3a JKCIEPUMEHTAIbHBIX rpadukoB. IlomydeHHbIE YMCICHHBIE

SHAYCHHUA 3THUX BCIIMYWH NPUBCACHBI B KPACHBIX paMKaX, pa3MCIICHHBIX Ha (I)OHG I‘pa(l)I/IKOB.

bbun npoBeieHbl KJIaCCUUECKHUEe pacyeThl 10 YIPYTOMY pacCesHuI0 HEUTPOHOB Ha Apax 0JI0-
Ba, C HUCIOJb30BaHHWEM ypaBHeHHUs [‘ammibToHa-Sko6u. CpaBHEHHE TEOPETUUYECKOW KpHUBOM
(crutomiHas TUHUS) C SKCIIEPUMEHTAIbHBIMU JTAHHBIMU (JIEBBIM TpaduK), MOKA3bIBAET, UTO MOJTY-
YEHHAsl U3 PEIICHUs MOTEHIMAIbHAs SHEPIUs JTOCTAaTOYHO XOPOIIO ONHCHIBAET SACPHBIE B3aH-
MOJIEHCTBUSI HEUTPOHOB U SIEP HA MAJIBIX yIJIaX PACCESHUS.

boun mpoBenieHb! 60Jiee TOUHbIE KBAHTOBBIE PACUETHI 110 YIIPYIOMY PacCEsHUIO IPOTOHOB Ha
Apax MeAM ¢ MCIojib30BaHueM ypaBHeHus Kusitna-I'opaona Ha ¢one merpuxku HYT (mpaBbrif
rpa¢uk). 13 rpaduka BUAHO, YTO B 3TOM Cllyyae TEOPETHUYECKass KpUBasi JOCTATOYHO XOPOIIO
OTIHCBIBAET sIIEPHbIE B3aMMO/ICHCTBHS KaK Ha MaJIbIX, TAaK U Ha OOJIBIINX YIilaX PacCesTHUs.

[TomydyeHHbIE pe3ysbTaThl JAKOT HaM IIPAaBO YTBEPKAATh, YTO ypaBHeHUs1 Pusznueckoro Bakyy-
Ma OIHUCHIBAIOT CHJIbHBIE B3aUMOJCUCTBUS (YYHOAMEHMANbHLIM 00pa3om, TIO3BOIISASA OTKA3aThCs
OT CYIIECTBYIOIIETO B HACTOAIIEE BpeMsi ()eHOMEHOIOTHYECKOT0 MOAX0Aa K SACPHBIM B3aMO-
JECUCTBUSIM.
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BAddrAUHAMUEA NONEN Wk

V(o' )=8,(pu )+ p, Ty

k

—+p I ™™ =0:
Py s 2y

Vipp = aip,u = 0'

2 0 Q 0 2
e 29y » ¥ P a
-t —+ et ——=U+
2 rPt+atcos’eo s ! rorl Qo

TTpu BEINSAHEHWUM YENOBUIA

i
B = ETm

CyneprioTeHIalIbHas YHEPIHst

2 2 2 2
U=mc2 re—r(r,+r,)—r°n +rscos” o

2 r? +r2scos? @

COIEPKUT mapameTp I, =a=CoNst , KoTOpbIl CBA3aH C COOCTBEHHBIM BpalllEHUEM OOBEKTA.
Jl1s IpoCTOTHI, paCCMOTPUM MOTEHLUAIBHYIO SHEPIUI0 I0JIEBOT0 00BeKTa ¢ Maccol "
COOCTBEHHBIM BpalllEHUEM, XapakTepu3yeMbIM apamerpoM Keppa r, =a =const

2 2 2
U=mcz re—rry+a" cos* o

2 r’+a? cos?o

rae @ - yron Mexy HampaBleHHEM OCH BPAIIEHHS M OCThI0 Z . B HepelsTMBHCTCKOM IpH-
OJIMKEHUH TIPU OTPaHUUYEHUSIX, TPEJCTABICHHBIX BHU3Y Cllaiija, OTEHLIMAIbHAsI SHEPTHUs Mpe-
CTaBJISIETCS B BHJIE CYMMBI MOTEHIMAIbHON sHepruM HbIOTOHA M KBAaHTOBOW MOTEHIMAIbHOW
SHEPruu, TOPOXKACHHON COOCTBEHHBIM BpalleHueM. MoXHO T1oKka3aTth, 4TO B (KBa-
3 )MHEPIHAILHON CHCTEME OTCUeTa ypaBHEHUS KBAHTOBOW mosenuHamMuku (*)-(***) B Hepens-
TUBHUCTCKOM MPUOIUKEHUN TIOJTHOCTHIO COBMANAIOT C YPABHEHHSIMH KBAaHTOBOUH «TUAPOAMHAMMU-
ku» Magenynara. WHBIME CclOBaMH, Bpallaroluiicss KIyOOK TMoyis UWHepuud B (KBa-
3 )MHEPIHAILHON cHCTeMe OTcUeTa ONuchiBaeTcs ypaBHeHueM llpenunrepa, B KOTOPOM BOJHO-
Basi QYHKLUA Y ecTh peajbHOe (PU3MUECKOe MoJie- MoJIe HHEPLIUH.
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npeacTasnser
coboli nonesoit
rupockon co
cnuHOMm

==h/2?
TTpuuura
KBQHTOBAHMUA

. " @CTb BpawieHue
Paul Langevin aeasiiEatsunaiic 8 oo

(1872-1946) L Woasutbeal 4

Taxum o6pazom, B Teopun Ousmueckoro Bakyyma KBaHTOBaHHE TIOPOKAAETCS C COOCTBEHHBIM
BpAIICHUEM IOJIEBBIX 00pa30BaHMiA, T.€. C BpallaTeNbHBIM JBM)KEHUEM IOJIEH WHEpIUH (CBOe-

00pa3HbIX MOJIEBBIX THPOCKOIOB) B HETOJIOHOMHBIX KOOpJMHATAX @, @, @5, 6, 6,, 6, BHYT-

penHero 10-Tu MepHOro npocTpaHcTBa. B kinaccnueckoil MexaHUKe U3BECTEH SKCIIEPUMEHT, KO-
I/1a MOJIBELIEHHBIH B TPaBUTALIMOHHOM I0JI€ 3€MJIM THPOCKOI B BUJAE LWJIMHIPA C MOJOCTHIO
BHYTpH, 3aIIOJIHEHHOH KHJIKOCTBIO, CKAUKOM MEHSET HallpaBJICHUE OCU BpallleHUs NPU U3MEHe-
HUM YacTOTHI BpaimieHus. [I[pudnHa 3TOTO SBJICHUS CBSA3aHA C €r0 COOCTBEHHBIM BpAIIEHUEM —
JIBIDKEHUEM BO BHYTPEHHEM YIJIOBOM IPOCTPAHCTBE, HA KOTOPOM JAEUCTBYET (B JaHHOM ciydae)

rpynia 0(3) . Kak HU3BCCTHO, 3Ta I'pyIlIia MHOTOCBA3HAsA U UMCHHO B 3TOM IIpUYMHA KBAHTOBO-

T'0 TTOBE/ICHUS BPAIIAIOIINXCS 00HEKTOB.

Wrak, ¢ Toukn 3peHus reopun Pusndeckoro Bakyyma, KBaHTOBasi MEXaHHKA SIBJISIETCS BIIOJIHE
KJIACCUYECKON TeopHuel, ONuChIBaIOUIeH JUHAMUKY IOJIEBBIX TMPOCKOMOB, 00pa30BaHHbIX IO-
JeM uHepuuu. B Hell, kak B 1000 Ipyroil Ki1accu4eckoil Teopuu, CyIIeCTBYeT 00pa3HOe MBIII-
JICHWE W BCe JpYyrue aTpuOyThl KIacCHYeCKO (U3MKU. B Takoil Teopuu BEpOSITHOCTHAs TPaK-
TOBKA BOJIHOBOH (DYHKIIMU NOPO’KIEHA, C OJTHOM CTOPOHBI, KOHEYHBIMHU pa3MepamH Halrojae-
MOro 00BEKTa, a C JIpYyroil yCpeAHEHHBIMU 3HAUCHUSIMU (U3NYECKUX BEIMUYUM (KOOpIUHAT,
CKOpOCTeH U T.J.), U3MEPSAEMBIX B 3KCIepUMeHTe. A.DWHIITEHH OKa3aycs MpaB, KOTAa yTBEp-
KJajJ, YTO COBpPEMEHHas OOIIENpUHATAas TPAKTOBKA KBAHTOBOW TEOPHM HE SIBJISETCS MOJHOI.
IIpas Tak xe /[.boMm, mpeamnonaraBmivii CylECTBOBAHHE B KBAHTOBOW TEOPUM CKPBITHIX Iapa-
MEeTpPOB. MOXKHO yTBEpPKIAATh, YTO POJIb TAKUX CKPBITBIX I1apaMETPOB UIPAIOT YIJIOBBIE KOOP-
JMHATHL, 00pa3yroIiye BHYTPEHHEE IPOCTPAHCTBO.
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biBIGON

.

MAAHeT He UAGHTUUHBI KaK upum
U Macchl 3IGKTPOHOB B QTOMe.

TTosTomy KeaHTOBaHUE B rupockonsl, "noaseweHHsIe” B
Conmeuroir cucteme Gonee rpasuTauuonHom none ConmHua.
CNOXKHO, UEM B GTOMHOI cUcTeMe EcTb nu KeaHTOBGHUE B

u TpebyeT AONONHUTENbHEIX | ConmHeuHoli cucteme?
\ucenenceanuii '

Quantization of average distances <r> in Sclar System

<r >:r;,(n+—;—), n=123_, 15 =02851 AU

The scale for <r> is not arranged.
n=9 n=18
n=8 n=10 n=20 n=33 n=67 n=105 n=138

i
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P T SN SO IS~

1A

Neccury Venus Earth  Mars ’“p”e'HMalgo Saturn Uranus  Neplune Pluto

0 180 30 30 0 30 90 30 120

Quantization of orientation of the planets’ axes rotation

Hosas kBaHnTOBas TCOpHA MMPUMCHUMA AJId OIMMUCAaHUsA KakK 00BEKTOB MakKkpoO, TaKk U MUKPOMH-
pa. I/ICTOpI/I‘IeCKI/I CJIOKWJIOCh TaK, YTO KBAHTOBAA TCOpPHUA INCPBOHAYAIBHO ObLIa co3JaHa aJid
OITMCAHUS SIBIICHUI MHKpOMMHDPA. B CHUIy HACHTUYHOCTU OCHOBHBIX XapPaKTCPHUCTUK DJICMCEHTAP-
HBIX YaCTHUIl, TaKUX KaK 3apsald, MaccCa, CIIMH JJICKTPOHA, KBAHTOBAHWEC aTOMHBLIX CUCTEM IIPOU3-
BOOUTCS IpOLIC, YEM, HAIPUMECP, KBAHTOBAHUC B MaKpOCKOHH‘ICCKOﬁ ConHeYHOM cucreme.

Ha cnaiine nmpencraBieHbl SKCIIEpUMEHTANIbHBIE TaHHBIE 110 JUCKPETHOHN (KBAaHTOBOMW) CTPYKTY-
pe ConHeuyHol cucTteMsbl. TeopeTndyeckoe 00ObsCHEHNE TAKOr0 KBAaHTOBAHUS IIPOBOJUTCS Ha Oase
ypaBHeHus lllpeanHrepa B MOIyKIaCCHYECKOM MPUOJIMKEHUU M, KOHEYHO, C IPYTroil «KBaHTO-
BOI1» KOHCTaHTOM. 3aKOH U3MEHEHUS CpEeIHET0 paccTossHuA oT CoiHIa 10 MIaHEeT HaXOJUTCS U3
MOJYKJIACCHYECKOT0 KBAaHTOBAaHUS YIJIOBOTO MMIysibca IuiaHeT. IlonydyenHas ¢gopmyna pocra-
TOYHO XOPOILO ONHUCHIBAET JUCKPETHYIO CTPYKTYpy COJIHEUHOM CHCTEeMBl M, KOHEYHO, He palo-
TaeT TaK TOYHO (10 yKa3aHHOW paHee MPUYMHE) KaK B aTOMHBIX CUCTEMaXx.

CtpoeHue OONBIIMHCTBA IIAHET MOYKHO pAacCMaTpPUBATh KaK THPOCKOII, HAITOJHEHHBIH JKHUIKO-
cThio. Takol rupockorn, OyaydH «IIOJBEHIEHHBIM» a rpaBUTalMOHHOM mosie CoJHIa, N0JKeH
MPUHUMATDH TUCKPETHBIE 3HAYEHUS Ui HalpaBJIeHUs ocu BpaiieHus. iIMeHHo 1o Habmoaaercs
Ju1st GonbmMHCTBA TutaHeT COHEYHOU cHCTeMbl. JlanpHelInue yTouyHeHUs AUCKPETHOW CTPYK-
Typbl 3TOH BeCbMa CJIOKHOW CHCTEMbI TPEOYIOT JOMOIHUTEIbHBIX UCCIIEIOBAaHUI U YTOUHEHUS
SKCIEPUMEHTAJIBHBIX JaHHBIX.
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