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YHuBepcallbHas CUMMETPHSI, WM COXPaHEHHUE, ANHAMHUYECKOH CIIOKHOCTH CHCTEMBI HIIH
nporecca B3auMOACHCTBUS JI€KUT B OCHOBE JF000T0 (hPH3MYECKOro 3aKOHA MM NIPUHIUINA
M ONKCBIBACT HCHPEPBIBHOC IPEBPAIICHUEC JII/IH&MI/I‘I@CKOﬁ I/IH(i)OpMaHI/II/I B JUHaAMHU4YC-
CKYI0 OHTPOIIMIO KakK eﬂHHCTBeHHBIﬁ IMyTh COXpaHCHUA UX CYMMBI, MMOJIHOM JUHAMHYC-
CKoll crmoxHocTH. B 3T0it paboTe MBI paccmMarpuBaeM BO3ZHMKHOBEHHE W JUHAMUKY
CTPYKTYpPBI peabHOTO MHpPa KaK IPOSBICHNE YHUBEPCAILHON CHMMETPHH CIIOKHOCTH Ha
e€ HU3IINX YPOBHAX (OT 3JIEMEHTapHbIX YaCTHUI] JO HAHOCHCTEM), HAaUMHAsl C OHOPOIHON
CHCTEMBI JABYX B3aMMOJICHCTBYIOIIMX MpoTonojied. OHa pacKphIBaeT €AMHYIO CIOKHO-
JMHAMHYECKYI0, Kay3aJbHO HOJHYIO MPUPOAY GU3HMYECKH PeasbHOrO TPEXMEPHOTO Mpo-
CTpaHCTBa, HEOOPATUMO TEKYILEro BPEMEHH, HIEMEHTAPHBIX YaCTHIl, UX BHYTPEHHHUX
CBOMCTB (TaKMX Kak Macca, 3apsj U CIIMH), KBAHTOBOT'O, PEISITHBUCTCKOTO M KJIacCHUe-
CKOTO IIOBEAEHMs, a Takke (PyHIaMEHTANbHBIX CHJI B3aHMOJCWCTBHS, BKIIOYAs €CTe-
CTBEHHO KBaHTOBAaHHYIO rpaBuTaiiio. Ctapble W HOBBIE KOCMOJIOTMYECKHE MPOOIIEMBI
(Bximrouas “TéMHYIO” MacCy M SHEpPTrHi0) M3HAYaJIBHO pa3pelieHsl UL TOH Hemocpen-
CTBEHHO BO3HHUKAIOIIEH, CaMOHACTPAMBAIOUICHCS CTPYKTYPhl MHpPa, XapakTepU3yeMOH
CTPOTO TO3WTHBHBIM (M OOJBIIMM) 3HAUCHHEM JHEPrHH-CIOXHOCTH. [lomydeHo obmiee
COOTHOIIEHHE MEXy YHCIIOM W3MEPEHUI MUpPa M YHCIOM €ro (yHJIaMEHTAIbHBIX CHII,
MCKITIOYAOIee PeajbHyl0 BO3MOXKHOCTH CKpPBITBIX HM3MepeHui. OObenHEHHbBIE, Kay-
3aIbHO OOBSICHEHHBIC KBAaHTOBBIE, KJIACCUUECKHE U PEISITUBHCTCKHE CBOWCTBA (M THIIBI

! Jloxmaz, npexacTtaBieHHbI Ha [llecToi MexyHapoiHO# KoHdepeHnun “Symmetry in
Nonlinear Mathematical Physics” (Kues, 20-26 urons 2005 r.),
http://www.imath.kiev.ua/~appmath/part2005.html .



2 A.Il. KHPHUIJTIOK

noBefeHns1) 0000mIeHsI Ha Bce OoJiee BBICOKHE YPOBHH CIIOKHOW TUHAMHKHA MHDA.
CrpykTypa, JTUHAMHUKA ¥ BOJIIOIUS PEAbHOTO MUPA TOYHO OMHCHIBAIOTCS BEPOSTHOCT-
HBIM TUHAMHYCCKUM (PPAKTaTIOM, KOTOPBIH MOJyUYeH KaK UCTUHHO MOJIHOE 00Iee pele-
HHUE HEPEIyLIUPOBAHHON 3a/laydl B3aMMOJICHCTBHUS MHOTHX TEJl U €IUHAs CTPYKTypa HO-
BOW MaTeMaTHKH CIIOXKHOCTH. MBI KPaTKO OIMHUCHIBAEM KOHKPETHBIE, pa3pellarolie mpo-
OJeMbl MIPUIOXKEHUST BCET/Ia TOYHOW, HO HEPEryJSIPHO CTPYKTYPHPOBAHHOW CHMMETPHHU
HepenyLUPOBAHHON TMHAMUYIECKON CIIOKHOCTH K AWHAMUKE MUKPOMHpA, BKIOYas Gu-
3MKY YaCTHI], HICTUHHBIA KBAaHTOBBIN Xa0C, pCalbHYI0 HAHOOMOTEXHOJIOTHIO M HAIEKHYIO
TCHOMUKY.

VYHiBepcanbHa cumeTpisi, a0o 30epexeHHs, JMHAMIYHOI CKIaIHOCTI CHCTeMHU abo Tporie-
Cy B3a€MO/Iii JI@KUTH YB OCHOBI OyIb-sIKOTO (Pi3MIHOTO 3aKOHY a00 MPUHIINITY Ta OIHCYE
Oe3nepepBHE NMEPETBOPEHHS JUMHAMIYHOT iH(pOpMallii y TMHAMIYHY SHTPOIIIO K €IUHUN
HUIIX 30epeeHHs X CyMH, TTOBHOT AMHAMIYHOI CKJIaqHOCTI. Y Liif CTaTTi MU pO3IiIsiiac-
MO BUHMKHEHHS Ta AWHAMIKY CTPYKTYpH PEajbHOTO CBITY SIK IPOSIB yHIBepcajbHOI CH-
METpii CKIaTHOCTI Ha 11 HAMHKYNX PIBHAX (BiJ eIEMEHTapHUX YacTOK J0 HAHOCHCTEM),
MOYMHAIOYHM 3 OJHOPIIHOI CHCTEMM JBOX B3a€EMOJIIOUMX MpoTomnoiiB. BoHa po3kpuBae
00'eqHaHy CKJIaJHO-AMHAMIYHY, Kay3albHO MOBHY HPHPOAY (i3NYHO peasbHOTO TPUBH-
MIPHOTO MPOCTOPY, Yacy SKUH HEOOOPOTHO CIUIMBAE, €IEMEHTAPHUX YaCTOK, iX BHYTpi-
IIHIX BJaCTHBOCTEH (TaKMX sSIK Maca, 3apsiJ| Ta CIiH), KBAHTOBOI, PEIATHBICTCHKOT Ta Kila-
CHYHOT MOBE/IHKH, a TaKOX (PYHJAMEHTAIBHUX CHJI B3a€MOJIi, BKIIOYAIOUU MPUPOTHO
KBaHTOBaHy rpasitarifo. Ctapi Ta HOBI KOCMOJIOTiYHI MpoOieMH (BKIOYAI0UH “TEMHY
Macy Ta HEprii0) MepBiCHO BUpIMICHI I Iiei O0e3nmocepeIHh0 BHHUKAIYOi, CaMOHaa-
TOMKYBAHOI CTPYKTYpPH CBITY SIKa XapaKTE€PH3YEThCS BUKIIOYHO MO3WTHBHUM (i BEnu-
KHM) 3HAUEHHSM eHeprii-ckiagHocti. Onep)kaHo 3arajbHe CIiBBIIHOIICHHS MK YHUCIIOM
BUMIpIB CBITY 1 4MCIIOM HOro (yHAaMEHTAIBHHUX CHII, SIKE€ BUKIIOYAE PEalbHY MOXKIIHU-
BICTb NpuXoBaHUX BUMIpiB. O0'eHaHI, Kay3aJIbHO TOSICHEHI KBaHTOBI, KJIACHYHI Ta pe-
JATHBICTCHKI BIIACTHUBOCTI (Ta THUIH HOBGI[iHKI/I) y3arajbHEHI Ha BCi OUTBII BHICOKI PiBHI
CKJIQIHOI TMHAMIKH CBlTy CrpyxTypa, JUHAMIKa Ta €BOJIOLIA peasbHOro CBITY TOYHO
OTHCYIOTHCS IMOBIPHICHUM JWHAMIYHUM (l)paKTaHOM SIKHH OJIEpKaH SIK ICTHHHO TIOBHE
3arajibHe PillIeHHs HEePeAyKOBaHOI 3aJa4l B3aeMoIii 0araTthox TiJl Ta 00'€JHAHA CTPYKTY-
pa HOBOi MaTeMaTHWKH CKJIJAHOCTI. MU CTHCIIO OIUCYEMO KOHKDETHI, Bnpimqui npo-
GremMu 3aCTOCYBAHHS 3aBXK/IHM TOUHOI, alle HEPErYJIAPHO CTPYKTYPOBAHOT cUMeTpil Hepe-
JYKOBaHOI JTMHAMIYHOI CKJIaIHOCTI 10 AMHAMIKM MIKpOCBITY, BKJIIOUAIOUN q)lsmcy qac-
TOK, CITPaBXHilf KBAHTOBHUH Xaoc, peaibHy HAaHOOI0TEXHOJIOTIIO Ta HAJAIHHY T€HOMIKY.

The universal symmetry, or conservation, of complexity underlies any law or principle of
system dynamics and describes the unceasing transformation of dynamic information into
dynamic entropy as the unique way to conserve their sum, the total dynamic complexity.
Here we describe the real world structure emergence and dynamics as manifestation of
the universal symmetry of complexity at its lowest levels (from elementary particles to
nanosystems), starting from homogeneous interaction between two protofields. It pro-
vides the unified complex-dynamic, causally complete origin of physically real, 3D
space, time, elementary particles, their properties (mass, charge, spin, etc.), quantum,
relativistic, and classical behaviour, as well as fundamental interaction forces, including
naturally quantized gravitation. The old and new cosmological problems (including
“dark” mass and energy) are basically solved for this explicitly emerging, self-tuning
world structure characterised by strictly positive (and large) energy-complexity. A gen-
eral relation is obtained between the numbers of world dimensions and fundamental forc-
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es, excluding plausible existence of hidden dimensions. The unified, causally explained
quantum, classical, and relativistic properties (and types of behaviour) are generalised to
all higher levels of complex world dynamics. The real world structure, dynamics, and
evolution are exactly reproduced by the probabilistic dynamical fractal, which is obtained
as the truly complete general solution of a problem and the unique structure of the new
mathematics of complexity. We outline particular, problem-solving applications of al-
ways exact, but irregularly structured symmetry of unreduced dynamic complexity to
microworld dynamics, including particle physics, genuine quantum chaos, real nanobi-
otechnology and reliable genomics.

KioueBble ca0Ba: CIOXHOCTB, XaoC, caMOOpraHm3amis, (¢paxran, mpobdiemMa MHOTHX
TeJ, AUHAMHYECKass MHOTO3HAYHOCTh, MMPUPOAA BPEMEHH, CUMMETPHS CIOXKHOCTH, KBaH-
TOBasi MEXaHHWKA, TCOPHS OTHOCHUTEIHHOCTH, KOCMOIIOTH, MpoOjeMa HepapXxud Macc,
(hm3nKa BBICOKMX SHEPTHHA

([Tonyueno XX masn 2013 2.)

1. BOSHUKHOBEHUME CTPYKTYPHI BCEJIEHHOM
BJIATOJAPA CUMMETPHUHU CJIOKHOCTH

1.1. HepenyuupoBaHHasi AMHAMHKA B3aUMO/IeiicTBUS U CTPYKTypa
3JIeMEeHTAPHBIX YACTHUI

Yuueepcanonas cummempus (coxpamnenue u npespaujenue) Cro*CHOCMU
JIKUT B OCHOBE pa3BUTHsI JIIOOOT0 peanbHOro Ipoliecca B3auMOIeHCTBHS
(T.e. IMHAMUKHU W DBOJIIOLUH JHOOOW CHCTEMBbI) U SIBJISETCS KaK UCTOYHU-
KOM, TaK U pe3yJbTaTOM BO3HUKHOBEHHUS CTPYKTYphl Ha JIFOOOM YpOBHE
TMHAMUAKHA MHpPa, BKIIOYAs pedanbHble HAHOCUCMeEMbl, 9TO NA€T pelieHue
3aja4 B IMPOKOM CIieKTpe mpuiiokeHuit [1-15]. B nmpoTHBOMOI0XKHOCTH
BBIPQKEHUIO OOBIYHBIX CHMMETPHI C IOMOIIBIO BBOJIUMBIX U38He (POp-
MaJIbHBIX onepamopog [16-18], cuMMeTpusi CIOKHOCTH BBIPaXKaeT OUHA-
MUKY peanvbHo20 83aumoolelicmeusi B BUJIC HETPEPHIBHBIX XaOTHUYECKUX
nepexo0og Mexny (TakuMm o0pa3oM CUMMETPUYHBIMH) peaau3alusiMu CH-
CTeMBI M YPOBHsIMHU ciokHOCTH [1,2]. B 3TO# paboTe Mbl paccMarpuBaem
HEMOCPEJCTBEHHOE BO3HUKHOBEHHE HIDKAHIINX YPOBHEH CIOXKHOCTH
Bcenennoit (0T 3IeMEHTAPHBIX YaCTHI[ 10 HAHOCTPYKTYP), MPEACTaBICH-
HBIX YaCTHIIAMH, TOJSIMH, BCEMH WX CBOMCTBAMH U B3aUMOJICHCTBUSIMHU, a
TaK)Xe TMOSBIICHUE TJIO0ATBHBIX CBOWCTB BceleHHOW W KOCMHUYECKHX
cTpyktyp (kocmosorusi) [1,4,7-10]. Msl moka3siBaeM, KakuM 0Opa3oM
CUMMETPHS CIOKHOCTH OTIPENIEISIET CBOWCTBA CTPYKTYP peanbHO20 MUPA
U 1aéT pewsenue pyHAaMEHTAIBHBIX M MPAKTUUYECKUX 3a7ay, OCTAIOIIUXCS



4 AII. KUPUIJTIOK

HEpEIIEHHBIMU WIN JIKE HApacTaIOMMUX (HapuMep B KOCMOJIOTHH, KBaH-
TOBOM U KJIACCUYECKOI rpaBUTALIMH U TEOPUH T10JIS).

DIEKTPOMAFHUTHOE MPOTON0JIE

(“nérknin” n “ynpyrmnin” a/m acump)
oAHOpoAHoe 5/1EKTPOH KBapK poToH oAHOpoAHoe
npuTaXeHue (nernToH) (a4poH) npuTaXeHue

T N A — i

MpaBuUTaUMOHHOE npoTonosne (cpeaa)

(\\ AL A

TSHKENBIN™ 1 " ANCCUAATUBHBIN KBapKOBbII/I KOH,CI,eHcaT)

Puc. 1. Cxema koH(UTypauuu ¥ pa3BUTUS HEPEIYLHPOBAHHOTO B3aWMOJIEUCTBHUS MPO-
TOMOJEH, IPUBOJALIETO K ANHAMUUECKOMY G03HUKHOGeHUO (IIOCIEI0BATEIbHO BBIBOIU-
MBIX) 2JIEMEHTaPHBIX YaCTHIL, TOJIEH, UX CBOMCTB U B3aMMOACHCTBHIMA.

“@yHIaMeHTaIbHbIE” CTPYKTYphl MHUpPAa HAWHU3LIEH CII0XXKHOCTH
BO3HUKAIOT HEU30EKHO U3 Haunpocmeuuieli BOZMOXKHON KOHPUTYpaluu
B3aUMOJICHCTBHSA, KOTOpas YHUKAIBHO NpEICTaBJeHa, B Maciirabe Bce-
JICHHOM, IBYMS OJHOPOAHBIMU, (DPU3UYECKH PpEAJbHBIMU IPOTOIOJSMH,
pasHomepHo npumsazusaiowumucs pyr k 1pyry (puc. 1). IlnotHoe n auc-
CUIIaTUBHOE T'PAaBUTALMOHHOE IIPOTOIOJIE, WU Cpeda, WIpaeT poJib
MHEPTHOHN “‘MaTpuipl” MHUpa U B KOHEUYHOM CUETE CIIY>)KUT HCTOUYHUKOM
(TMHAMHWYECKH BO3HUKAIOUIEH) YHUBEPCAJIbHOM IpaBUTALMU, TOTJa Kak
JNErKOEe M DJIACTUYHOE BJIEKTPOMAarHuTHOE (3/M) MIPOTOMOJE SBISETCS
“ObICTPON” KOMITOHEHTOH CHCTEMBI, Onpeienstoneld /M cBoiictBa. Pas-
BUTHUE B3aUMOJIEUCTBUS B CUCTEME MPOTOIOJIEH PUBOAUT MPEXK]IE BCETO K
BO3HUKHOBEHUIO Hanbosee (yHIAMEHTAIbHBIX CTPYKTYpP MHUpA, 3JIEMEH-
TapHbIX YacTHUIl (U TOJIEH), 1 Mbl cOOMpaeMcs MOJYUUTh UX 8 A6HOM GUOe
KaK HepeoyyuposanHvle peuieHusi ypaBHEHUs JOBOJBHO OOIIEro BUJA,
Ha3bIBAEMOTO ypagHeHUueM cyujecmeosanus N (HaKTUUECKU JIUIIb ONUCHI-
BAIONIET0 HAYaJIbHYIO KOH(UIYpaIMIO CUCTeMbl (OHO Takxke o0oOIIaer
pa3Iu4HbIe “MOJIeNIbHbIE” YpaBHEHNUS):

[ hg(&)+Veq (€.9)+he () [W(&,0)=E¥(&,q) , (1)

rae W(E,q) — QyHKIMS COCTOSIHUS CHUCTEMBI, HCUEPIBIBAIOIIE BhIpaXKaro-
mas e€ CoOCTOSIHUE M pa3BUTHE (KOTOpoe TpedyeTcs onpenenutsb), Ng(§) u
h.(q) — 0000mIEHHBIE FAMIIBTOHHAHBI CBOOOMHBIX (HEB3aHMOCHUCTBY-
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IOIIHMX) FPaBUTAIIMOHHOTO M 3/M MPOTONOJIEH (BBIpaXKaroIue Mepy JHHa-
MHYECKOI CIIO)KHOCTH, ONpeAeiéHHYI HUKe), Veg(&,Q)- moTeHiman
IPOM3BOJILHOIO (HO (DaKTHYECKM NPUTATMBAIOLIETO U CBA3BIBAIOIIETO)
B3aUMOJICHCTBUA MeXay HojsiMu & U (, a £ — cOOCTBEHHOE 3HAYCHHE
0000MIEHHOTO0 TaMUJIBTOHHAHA (PHEPTusl) Bcel cuctembl. | aMHUIbTOHOBA
dopma ypaBHEHHsI CYIIECTBOBAHHUS 00OOIIACT Pa3TUYHbIC JIMHEHHBIE U
HEJIMHEIHbIE MOJIEJIN M CaMOCOIJIACOBAHHO ITOATBEPXkKAaeTCsl HUXKe (pas3a.
1.2) kak ynugepcanvroe BbIpaXEHUE cummempuu ciodxchocmu. VI3Hadamb-
Has popMynupoBKa 3a7ayu B ypaBHeHHHU (1) HE COAEPKUT HHU MPOCTpaH-
CTBa, HU BPEMEHHU, KOTOpBbIE OyIyT MOJIy4EeHBI KaK go3HuUKarowue, hpuznde-
CKU peaJibHble IPOSIBIECHUS (POPMUPOBAHUS CTPYKTYPhl BCEIEHHOH (pa3z.
1.3.1).

Bripaxas W(&,() ugepe3 coOcTBeHHBIE (DYHKIIMH CBOOOTHOTO 3/M
nporomnoiis, {,(q)} , moaydaem:

P(E0)=D vn(€)en(a), he(a)en(a)=enpn(a). )

YTO IOCJIE MOACTAaHOBKU B (1) U cTaHHapTHOrO pa3jenceHusi COOCTBEHHbIX
byHKIMI 1aéT cucreMy ypaBHEHUH s (&), SKBUBAJIIEHTHYIO HaYallb-
HOMY ypaBHeHHIO cymiectBoBanus (1) [1,2,7-9]:

[N () +Veo ()W) + D Von ()W () =mwe (8),  (38)

I:hg (Z}) +Vin (i):l\l’n (&) + Zvnn’ (é)\l’n’ (2’5) =MhV¥n (é) ~Vho (‘t:)\lfo (&) )

(3b)
rae Mn = E —¢n,
Vnn’ (&) = .[ dCI(P; (q)veg (&a q)(Pn’ (q) )
Qq

U ypaBHEeHHE AN ,(E) OTHENIeHO OT OCTANbHBIX, TaK UTO 3/IeCh U Jaiee
nN'#0 u n=n, =E —¢g,. OrMerum, 4T0 Takas ke cUCTeMa ypaBHECHUIA
(3) momydaercst u3 abCoOMOTHO OOIIEH HaYaIbHOW (HOPMBI ypaBHEHUS CY-
[IECTBOBaHUS, IBHO YYHUTHIBAIOIIETO MApHbIE B3aUMOJICHCTBUS BCEX KOM-
MIOHEHT CHUCTEMBI (IBYX MPOTOIOJIeH B HatieM ciydae) [3,4,6,12-14]:

ho(§)+i hk(Qk)+Vok(§an)+inl(Qkafh) T(@Q)ZE‘P(QQ)'
4)
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rae N — nonroe yucio kommnoneHT U Q ={d,,...,qy }. OTOT dakt He 107-
JKEH Ka3aThCsl YIAUBUTEIBHBIM, HOO MPOU3BOJIBLHOE B3aUMOJCHCTBHE MEXK-
Iy 3JIEeMEHTaMU NpoTonojeil noapazymenaercs B (1) (HO onpenensrommum
ABIISIETCS IPEJICTABICHHOE 3/IeCh B SIBHOM (hopMe B3aUMOJECICTBHE Medcoy
nporonoisiMu). OH Takke IEMOHCTPUPYET JICKAIIYIO B OCHOBE TIYOOKYIO
VHUBEPCAanIbHOCMb BO3HUKHOBEHUSI CTPYKTYPBI PEaJbHOrO MHpa Ha BCEX
YPOBHSIX, aJIeKBATHO OTPAXKAEMYI0 HACTOSIIMM HEpEeAyLUPOBAHHBIM OMU-
CaHHEeM.

VcTuHHAS CIIOKHOCTH B3aUMOJICHCTBUS MOSIBIISIETCS B SIBHOM BH/JIE,
€CJI BMECTO OOBIYHOI'O NEPTYypOATHMBHOIO YIPOLIEHUS ‘‘HEMHTETPHUPY-
eMoit” cuctembl (3) MBI MOMbBITaeMCs “pemuTh’ €€ MyTEM BBIPAKEHUS
v, (&) uepes yo(E) u3 ypaBHenuit (3b) ¢ moMorbio cTaHAapTHON TEXHU-
K QyHKIHH ['prHA ¥ TIOJICTAaHOBKY B ypaBHEeHHE (33) st ,(§) , uTo na-
€T agpgpexmuenoe ypasnenue cyujecmsosanus 0000MEHHOTO MeTOAA d-
dexTuBHOrO (ONTHYECKOro) nmoreniuana [11,19]:

[ 0y (&) +Verr (€:m) Jwo (&) =mwo(€) (5)
rie agppexmusnviii nomenyuan (A1), Vg (E;1) , 1aéTcs BhIpakeHUEM
Var (&01) =V &) +V (&m). V (Em)wo(e) = [ AV (E&mmwo(),
Qg

V (é’a,m) _ Z Von (E,»)\V?ﬂ (é)vno (é')\lf?u* (5’) _ (6)

0 v €no=¢&n—&p,
=i —€no

n,i

a {yli€)},{md} — momHbIe HAGOPHI COOCTBEHHBIX (QYHKIMA U COOCTBEH-
HBIX 3HAYEHHU JUJI IPOU3BOJAHOMN, YPE3aHHOW CHCTEMBI YPAaBHEHUI:

I:hg (é) +Vnn (é)]\ljn (é) + Zvnn’ (&)\Vn’ (é) =MNnhV¥n (’i) : (7)

@yHKIMSA COCTOSTHUS (2) MCXOIHOTO ypaBHEHUS CYILECTBOBAHUS
(1) nomyuaercs 3arem B Buze [1,4,10,11]:

#(0)= 26 0o(0)+ Yon ()0 (2) v (2).

Wni (&) = Gni (é)\lfoi (é) = j d&'gni (&i') Woi (&I) )

Q¢
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, (8)

0 (62) =Vio () Y Wi €)

0
i’ nl _nni’ _Sno

rae {yoi(§)} — coocTBennble GpyHkuuu, a {n;} — cOOCTBEHHbIC 3HAUCHHS,
HaliZIcHHbBIE U3 ypaBHEHUS (5), Torna Kak KO3QGUIUEHTHI Cj OMPeIesIoT-
Csl CIIMBKOM (DYHKIIMM COCTOSIHHS Ha TpaHuLe, riae 3¢ (HeKTUBHOE B3aUMO-
neiictBue ucuezaer. HaGmomaemas miuotHocTh cucteMbl p(&,Q) nmaércs
KBazpaToM Moy GyHkimu cocrosnus, p(&,Q) =|P(&,Q) [ (ans “kpan-
TOBBIX” M JIPYTUX “BOJIHOBBIX” YPOBHEW CIIOKHOCTH), WM CaMOil (yHK-
nueit cocrosaus, p(g,Q)=Y(E,Q) (ans “KOpIMyCKYJISApHBIX~ YpPOBHEH)
[1].

®opmanuszm HepeayuuposanHoro JII (5) packpbiBaeT KiroueBoe
CBOWCTBO QuHaAMU4eCKol MHO203HauyHocmu (WA u3Oblmo4Hocmit) 100020
peanbHo20 B3aUMOJEUCTBUS, KOTOPOE OCTa€TCs CKPBITBIM B HAyaJIbHOM
BbIpakeHUH 3a1aun (1)-(4) ¥ UCKYCCTBEHHO COKpamaercs B OOBIYHBIX,
nepTypOaTUBHBIX TEOPHAX (BKIIIOYAs TPAJAULIMOHHBIE mpuMeHeHus Ol
[19]). Ono cBsi3aHO € CcaMOCOTJIACOBAHHOM, OuUHAMUYECKU HEITUHEHHON
3aBUCUMOCTBIO HepeaylupoBaHHOro OII (6) OoT MCKOMBIX COOCTBEHHBIX
pELICHUH, BBI3bIBAIOIIEH CUIBHBIA POCT MAKCHUMAJIBHOTO ITOKa3aTels cTe-
NIEHH COOCTBEHHOTO 3HAUYEHUS B XapaKTEPUCTHUECKOM YPaBHEHHUU M COOT-
BETCTBYIOILIEE BO3pAaCTaHUE YKciIa COOCTBEHHBIX 3HAYEHUI TaKoil Hepeay-
LIUPOBAHHOM 3a/1a4yl OTHOCUTEIBHO MX OOBIYHOrO Habopa B “‘€JMHCTBEH-
HoM pemenun” [1-11]. EanHCTBeHHOE, HEMOIHOE pelIeHUe MepTypOaTHB-
HBIX WHTEPIPETAIMN 3aMEHSCTCS Ha MHOMCECB0 0OUHAKOBO DEANbHbIX,
(U3UYECKHU TIONHBIX U TMIOTOMY 83AUMHO UCKIIOYAIOWUX PEIICHUN HEpeIy-
LUPOBaHHOM 3a/lauM, Ha3bIBa€MbIX peanusayusmu (CUCTEMBI), KOTOpHIE
BBIHY)KJICHBl NOCMOAHHO CMeHAmb Opye Opyea B ONPENEIEHHOM TaKUM
00pa3oM OuHamuuecKu cay4anuHoMm, WIA Xaomudeckom, Topsaiake. B no-
MOJTHEHHE K ITOMY aireOpandecKoMy BBIBOAY IWHAMHYECKOW MHOTO-
3HAYHOCTH (MOATBEPKAEHHOMY reomerpudeckuM anammzom [1,10]), ona
MOXET OBITh Takke OOOCHOBaHa B paMKaX €CTECTBEHHOH (u3nueckoi
KapTHUHBI, PHC. 2, OTPAXKAIOIMIEH KITF0UeBbIe 0COOCHHOCTH HEPEAYIIMPOBAH-
roro DT (6). M3mepsiemas mioTHOCTh cucTeMbl p(&,Q)=|¥(E,Q) [ mo-
Jy4aercsl 3aTeM B BUJAE OUHAMUYECKU BEPOAMHOCMHOU CYMMBI TUIOTHO-
creit Bcex peanmuzanui, {p,(§,Q)}, rae kaxmas r-s peanusanus cHaOKeHa
OUHAMUYECKU 6bI6EOCHHbIM, ANPUOPHbIM 3HAUYCHUEM 0, BEPOSTHOCTH €€
TIOSIBIICHHS:

Ngg

p(EQ) =D pr(Q), pr(6Q)=|¥ (&Q) . ©)
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le’:& erl,._.,Nm;ZNr:Nm , Zar =1, (10)
Ng -

r

rae Ny — mogHOe 4YuCiOo AeMEeHTapHbIX peanu3auuil (paBHoe uuciay N
B3auMoiecTByommx moxa mporonosied, Nk =N, cMm. puc. 2), N, —
YUCJIO AJIEMEHTAPHBIX pealn3alliii BHYTPH peaibHO HAOII0JaeMOM, “co-
CTaBHOM’ I-#l peaym3aluy, a 3HaK @ CIYKUT JJis1 0003HAYEHUS CICIUATb-
HOTO, TMHAMUYECKH BEPOSITHOCTHOT'O CMBICIIA CYMMUPOBAHUS.

[AMHaMUYECKMN M3BbITOUYHDBIN

MepBbin Bropon pesynbTaT B3aUMOAeNCTBUA:
06beKT 06beKT HECOBMECTUMbIe
N won N mon peanu3ayuu cucTembl
(Touek) (Touex) MNepsasn Btopas TpeTba
a O 1 al a2 a3
b O 2 | p1 b2 b3
c O 3 cl c2 c3

> <>

&
<

N
>

(NxN) KombuHaumi

CBA3AHHbIX MOA, MNocTosHHasA CMeHa peanusaLuim
(a1,a2,a3,bl, b2unT.a.) B OUHAMUYECKU (Kay3anbHO)
\A cayyaliHom nopsaoke

N-KpaTHasa M36bITOYHOCTb

Puc. 2. Bo3HUKHOBEHHE AMHAMHYECKONH MHOTO3HAYHOCTH B JIIOOOM peabHOM MPoIecce
B3auMojieiicTBus. HepenynupoBaHHOE B3aUMOJEHCTBHE MEXAY IBYMs OOBEKTaMHU
(marmpumep nporonosiMu) ¢ N B3aUMOJICHCTBYIOIIMMHI TOYKAMH WIIM MOJAMHU KajKIbIi
(cnmeBa) maér N? xomOuHAIuMil MO, 4TO BEIET K N-kpatHOU u36LIMOUHOCMU 00Pa30-
BaBIIMXCSI TaKUM 00Pa30M HecogMmecmuMblX Pealu3alluii CUCTEMBI (B COOTBETCTBUH C
ypasaenussmMu (6), (11)). OHa cBsi3aHA C cummempuell cloxcHocmu, 6o “ducio mect”
JUIS KOMIIOHEHT M TPOAYKTOB B3aWMOJCHCTBHS, OMPEACISIEMOE IMOJHON CIO0XKHOCTHIO
CHCTEMBI, He MOJicem usMeHumucsi B pouecce B3aumoeiicteust. [loatomy Bce Ng; = N
OJIMHAKOBO PEaJIbHBIX Pean3aliii CHCTEMBI BBIHYKACHBI, IO/ ACHCTBHEM TOTO XK€ IBU-
JKYIIETO B3aUMOJICHCTBUS, NOCMOAHHO 3amewjams Opye opyea B ONPEIHCIEHHOM TaKUM
00pa3zoM JuHamuuecku cy4aiinom Topsiike (Crpasa).
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JunaMuuecku BEpOSITHOCTHAsA cyMMa (9) Mo peanu3aiusiM CUCTe-
MBI (BMecTe ¢ e€ (ppakTalbHBIM pacmupeHueM (17), cM. Hmke) n1aét yHH-
BEpCAIbHOE BBIPAKEHHUE HOJIHO20 00We2o peuieHus 3aauu, B IPOTUBOIIO-
JIO)KHOCTb €r0 OOBIYHON BEPCUH CYNEePRO3UYUL COBMECHMUMbIX COOCTBEH-
HBIX (QYHKIHIA, TOA00HOH (2), KOTOpas He COACPKUT BHYTPEHHETO, JUHA-
MHUYECKH BEPOSTHOCTHOTO M3MEHEHHMs U IMOJIyueHa KakK pelleHue Nepryp-
0aTUBHOTO YIPOLICHUS 3aJla4 TUIA “CpEeIHEro Mmojs’:

[ho (é) +Vin (é) +\7n (&):I\Vn (&) =MnV¥n (&) .

MpsI umeeM 371eCh AET0 C OUHAMUYECKU OOHOZHAYHBIM, WU YHUMADHBIM,
NPUOJIMIKCHUEM WM MOJECIBIO 8cell OOBIYHOM HAYKH, KOTOPas OCTaBJISICT
MOILKO 00HY, YCPETHEHHYIO pealln3aliio CHCTEMBI U3 BCETO UX PEabHO
CYIIECTBYIOILIEIO MHOKECTBA. MICTUHHASI CII0O)KHOCTh HEPEIYLIUPOBAHHOTO
pelIeHHs 3aJa4il CTAHOBUTCS OYEBUIHOW W3 CpPaBHEHHUS JTOH CBEpX-
YIPOUMIEHHON YHUTAPHOW MOJICIH C COOTBETCTBYIOIIMMH BBIPAKCHUSIMHU
Ui HepeayuupoBaHHoTo D11 v GyHKIIMHM COCTOSHUS, TOTYYSCHHBIMHU I10-
CJIe IPSIMOM MOICTAHOBKH COOCTBEHHBIX 3HaUCHHUU ypaBHeHHs 1yt D1 (5)
B BeIpakeHust (6) u (8):

Vet (ﬁé’flir )\Ilgi (&) =Voo (&) wai (&) +
Van (£)w50(8) [ 2B (Voo (€) v £)

+ E 2 , (11)
Tl{ - Tl?\i’ —&no

1!

n,i

w,q)=Zcf[wsi<a)<po(q)+

WA (©)on(0) [ A€W (ENoo (€ (&)
+ o (19

r 0
ni Ni —MNni’ —€no

I7ie TocjeHee BhIpaXeHue Uil (QYHKIMU COCTOSIHUS JOJDKHO HCIOJIB30-
BaThCsI B BEPOSITHOCTHOM 00111eM perieHnH (9).

Beipaxenus ans r-it peanuzauuu OI1 (11) u pyHkuun cocrosHus
(12) ommuceiBaOT KOH(MUTYPALUIO MOSBISIOMIEIHCS pealn3alnuu, KoTopas
XapaKTepU3yeTCsl aBTOHOMHBIM OUHAMUYECKUM COKpaujeHuem B CUCTEME
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nporonoiei. OHO onpenenseTcss pe30HaHCHBIMU 3HAMEHATEISIMU B cOYe-
TaHUM C OOPE3aOIMMH HHTETpajlaMH B YHCIUTENSX (opManu3ma He-
penyuupoBanHoro Jll, nmpuBoasmMMU K “KOHUEHTpauuu” r-il peanusa-
LIMK BOKPYT HEKOTOPOTO COOCTBEHHOTO 3HAYEHUS 1) , YTO MOKHO MHTEP-
IPETUPOBAaTh KaK OuHaMuyecky BO3HUKAIOIIYIO HPOCMPAHCMBEHHYIO
mouKy W siIpo syeMeHTapHou vactuibl [1,4,7-9]. UuaTepBan mexay coo-
CTBEHHBIMU 3HAYEHUSMU AX =AM I11 pa3HbIX I' 1a€T >IeMEHTapHBIH
(KOHEYHBIN) pa3Mep PacCTOSHUS MEXKIY TaKMMH ‘“‘TOYKaMH -4aCTHIIAMH,
KOTOPBIN (U1 3JIEKTPOHA) OKa3bIBaeTCs OJNM3KHM K “peaylHpOBAHHON”
KOMITOHOBCKOW JUTMHE BOJHBI, AX =AMl =X =Ac /27, TOrAa Kak UH-
TepBaJl MEKAY COOCTBCHHBIMH 3HAYCHUSAMH Ul Pa3HbIX | HaéT pasmep
CKaTOr0 COCTOSIHMS, COBMAAAIOIIUNA C “KJIACCHYECKUM™ PaUyCcOM dIIEK-
TpoHa Amf =T, (cM. mogpoOHOCcTH B pazzaene 1.3.4). Kak cienyer u3 (11)-
(12), nuHamMu4eckoe COKpalleHHEe UMEET CaMOCOIIaCOBAaHHBIA XapakTep,
JEMOHCTPHUPYS TaKUM 00pa3oM IMpPoLecC U MEXaHU3M peallbHOH “‘camoop-
rauu3anuu’  (CTpyKTypooOpa3oBaHus), Tle 4YeM OOoJblle JOKAIU3aIHs
¢yHKIMU cocTosHUS B BOo3HUKaromied sime DI, Tem rimy0xke sTa sima BO-
KpYT LIEHTpa JOKaJIN3auuu QyHKIUH COCTOSIHUSA (M HA000poT). DTO CTpO-
IO BBIBEJICHHOE CBOMCTBO MMEET SICHYIO (DM3HUECKYI0 HHTEPIPETaIUIO:
JIOKQJIbHOE MOBBIIIEHUE TJIOTHOCTU (JIOCTATOYHO CUJIBHO) MPUTSATHBAIO-
HIMXCSI TPOTOIIONIEH OyeT pacTu BIUIOTH 710 HACKHIIIECHHSI, KOO YeM OoJIbIie
JIOKaJIbHAs TJIOTHOCTh MIPOTOMNOJIEH, TeM OO0JbIle UX JOKAJIbHOE IPUTSHKE-
HUe, U Ha000poT.

JluHamHnueckoe COKpalleHUe MPOTOIOJIEH HachIIaeTcs Toraa, Ko-
I/1a MPUTSKEHUE MPOTOIOJIEH YpaBHOBEIIMBAECTCSI BHYTPEHHUMH CUJIAMU
OTTAJIKMBAHUS MEXIYy 3JIEMEHTaMu MpoTomnojei (o0ycraaBIuBaOIIMMU
KOHEUHYIO CKUMAEeMOCTh JIt000# peanbHOM cpenbl). [locne yero camoycu-
JMBAIOIIMICS KOJUIANC, WK “peayKIHs’, CUCTEMBI TepsieT Cuily U Oiaro-
Jlapsi TOW K€ HEYCTOMYMBOCTH B3aMMOJECHCTBHS MPOTOMOJIEN B COCETHUX
y4acTKax Pa3BUBAETCSl MPOTUBOIOJIOKHOE pacTshKeHHe nporonoser. Cu-
cTeMa BpPEMEHHO BO3BpalllaeTcsi B CBOE IEepBOHAuYalIbHOE, KBa3H-
CBOOOJTHOE COCTOSIHUE, C TIOCJIEAYIOLIMM MOMaaHueM B CIenyroImyto (asy
PeAYKLMH, JAIOIIYI0 CIEIYIOIIYIO, CIY4ailHO BBIOpaHHYIO peaM3alluio
(busnyeckyro “rouky”). Mel momydaeM TakuM 00pa3oM 0€30CTaHOBOY-
HBII TIPOIIECC KBAHMOBBIX OUeHUll, COCTOSIINN B TTIOBTOPSIOIIMXCS ITUKIIAX
COKpAILLEHUS U PACTSHKEHHUS BOKPYT Pa3HbIX, XaOTHUYECKH MEHSIOLIMXCS
LEHTPOB, YTO SKBHBAJIEHTHO IUHAMHYECKU CIIy4allHOMY OJIyKIaHUIO
CKAaTOro, KOPIYCKYJIIPHOTO COCTOSIHUS, HA3bIBAEMOIO GUPIYATbHbIM CO-
aumoHom (B TPOTUBOIOJIOKHOCTb OOBIYHBIM, NOCMOSAHHO JIOKAaJIN30BaH-
HBIM U PEryJIsipHbIM coiuToHaM). [lonyueHHbII TakuM 00pa3oM mporecc
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KBAaHTOBBIX OMEHMIA B CHCTEME CBSI3aHHBIX MPOTOMOJEH COCTABISACT Phusu-
yecKu peanvHylo cmpykmypy J000W (MacCUBHOI) 3JIeMEHTapHON 4acTH-
11bl, Ha3bIBAEMOM TAK)KE€ noje-uacmuyell B CUIy 3TUX IOCTOSIHHBIX Oya/iu-
cmuyecKux TIEPEXOAO0B MEXKIY KOPIYCKYISPHBIM (JTOKAaTU30BaHHBIM) U
BOJIHOBBIM (IIPOTSDKEHHBIM) cocTosiHusIMH cuctembl [1,4,7,8]. Otmernm,
YTO 3HAYUTENILHOE M3MEHEHHE KOH(UTypaluy 3aTparuBacT B OCHOBHOM
3/M MPOTOMOJIE U3-32 €ro ropaso OOJNBINEH CKUMAEMOCTH (MEHbBIIEH (-
(GeKTUBHOI MIOTHOCTH), B TO BpeMsl KaKk OTHOCUTEJIbHO IUIOTHAsA U c1abo
C)KMMaeMas TpaBUTAllMOHHAs Cpela-MaTpulia MPOsSIBJISIET ropa3fo MEHb-
IIYI0O CKJIOHHOCTh K BHEUIHUM H3MEHEHHUSM CBOWCTB (ITOJOOHO KUAKO-
CTH), 4TO BEAET K CYIIECTBEHHO 3/M MPHUPOJE HENOCPEICTBEHHO HAOIIO-
JAEMBIX CTPYKTYpP U CBOMCTB.

[lepexonHoe MPOTSHKEHHOE COCTOSIHUE IOJIE-YaCTHULIbl MIPEAIaraet
Kay3aJbHYI0, (U3NYECKH PEATHCTUYECKYI0 HMHTEPIPETAII0 KBAaHTOBO-
MEXaHUYECKOU 80.1HO601 (hyHKYUU, KOTOPAsS B TPOTUBHOM Cllydae OCTaéT-
Csl TIOJTHOCTBIO 3araJiIoYHON M aOCTPaKTHOM B paMKax YHUTApHOM TEOpHUHU.
Haiinennast Takum 00pa3om peanucTuyHasi BOJHOBAsE (PYHKLMS COCTaBIIsA-
€T OTZEIbHYI0, 0COOYIO peaIn3aliI0 CUCTEMbI, KOTOpasi Ha3bIBAECTCS Npo-
MeJCYMOYHOU, UMY OCHOBHOU, peanuzayueli N CyIIECTBEHHO OTIMYAETCA
OT BCEX OCTAJIbHBIX, “pEryJsipHbIX’, JIOKAJIU30BaHHBIX peanu3anuii. OHa
nonyuaemcs 6 s6HomM 6ude B (hopmanuzme HepenayuupoBaHHoro OII kak
ocoboe pemieHne ¢ 3PpPeKTHBHO caadbIM, MEPTYpOATUBHBIM B3aUMOICH-
ctBueM (“‘cpemHee mose”), Ui KOTOPOTO CYIIECTBEHHO HEINWHEHHBIE J0-
0aBKH K VOO(E_,) B oOmeM Bolpakenuu s 11 (11) camocoriacoBaHHO
Manbl (B IPOTHUBOMOJIOKHOCTh CIIy4al0 PETYJISpPHBIX, JIOKAJIN30BAHHBIX
peanuzanmii) [1,4,7]. TloaToMy UMEHHO 3Ta OCHOBHAs, SOPEKTHBHO JIH-
HelHas peanu3anys ciaboro B3anMoOJIEHCTBUS OCTAETCs B OOBIUHOM, JU-
HaMMYECKH OJHO3HAYHOH TEOpHUH, B KBAaHTOBOW MEXaHUKE U JPYrux 00-
JacTsIX, TOT/Ia KaK BCE PEryJsipHbIE, CYIIECTBEHHO HEJIMHEMHbIE peanusa-
UM CUJILHOTO B3aUMOJICHCTBUSI UTHOPUPYIOTCS, YTO BeAET K OOIIen3-
BECTHBIM “‘TaifHaM” ¥ HEPEUIEHHBIM TPOOIEMaM.

Hunamuyecku ouckpemmas, Wi K8AHMOBAHHAS, CTPYKTypa CMEHBI
peanu3anuii moJyie-4acTUIbl B MPOIECCEe KBAHTOBBIX OMEHUMN MPOUCXOIUT
OT YeloCmHO20, CaMOCOTJIACOBAHHOTO XapakTepa HepeoyyuposaHHo2o
B3aUMOJICHCTBHUS, /1€ JH000€ JTOKaTbHOE CMENIEHHE KOMIIOHEHTHl CHUCTe-
MBI BBI3BIBAET CMEUICHMSI COCEJHUX KOMIIOHEHT M PACIpOCTpPaHAETCS Ta-
KUM 00pa3oM Ha BCIO CHCTEMY, BKJIIOYas TOUKY Ha4aJIbHOTO BO3MYILIEHUS.
[ToaTomMy cucTeMa MOXET UMETh TOJBKO OIPaHUYEHHOE YHCIO JAUCKPET-
HBIX, 0OJiee YCTOMYMBBIX, CTPYKTYPOOOpa3yoUMX KOHPHUTypaluii, Toraa
KaK BEChb “KOHTHHYYM  JIPYTHX BO3MOXKHBIX KOH(UTrypauuii Urpaer poib
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OBICTPO MEHSIONINXCS MPOMEKYTOYHBIX (Pa3 BO BpeMs MEpPEeX0J0B CHUCTE-
MBI MKy TAKUMHU PETYISIPHBIMH peau3anusiMu (1 OCHOBHOU peann3a-
nueil BonHoBoW (yHKuuM). Ecnau nmpousBoauTcs u3MepeHHe HaJl CHCTe-
MOM Ha HWXKailleMm, “KBAaHTOBOM’ YPOBHE CJIOXHOCTH, TO OHa MOJKET
OBITH “TIOMMaHa” TOJILKO B OJJHOM M3 CBOMX pealHn3aluid, HO HE “MEXIy’”’
HUMHU. M3-32 3TOTO MyNbCcallii KBAaHTOBBIX OMEHUN HE MOTYT OBITH IPO-
CJIeKEHBI B JIETAJIAX, HO OHM MOTYT OBITh 3apETHCTPUPOBAHBI B LIEJIOM,
HaIpUMep C HCIOJIb30BaHHWEM Pe30HAHCHOro 3¢ dexTa, U crenuaaIbHbINA
9KCIEPUMEHT 10 KaHAIUPOBaHUIO 3IeKTpoHOB [20] maét sicHoe yka3aHue
TaKoro pojia, MOATBEPKIAIOIIEE peanrbHOCmb K8aHmogvlx OueHutl (CM.
Takke paznen 1.3.2).

OTa AMHAMUYECKU BBIBEJIEHHAS! JUCKPETHOCTh MpoIlecca KBAaHTO-
BBIX OMCHHII COCTABIISCT Kay3aJIbHYIO, (U3NYCCKU PEATbHYIO OCHOBY IS
BceX O(PQeKTOB W CBOHCTB ‘‘KBAaHTOBaHUS U “‘HEONMPEICIEHHOCTH
(BKJTIOYAsl TMPOMCXOKIEHUE U YHHUBEPCAIBHOCTh MOCTOsSHHOW [lnmanka)
[1,4,7,8], kOoTOpbIE MOCTYIUPYIOTCS KaK HEIOKAa3yeMble “TaliHbI” B OOBIU-
HOM Teopuu (cM. Tarke paszaenst 1.3.4, 1.3.7). Cneayer oTinuuarh JUHA-
MHUYECKYI0 JTUCKPETHOCTh OT MEXaHHCTHYECKOW, HEIMHAMUYCCKOM IHC-
KPETHOCTH, UCTIOJb3YEeMOW B YHUTAPHONW UMHUTAIIMH KBAHTOBAHHOTO TOBE-
JeHud: “maru’”’ JUHAMUYECKH JUCKPETHOM CMEHbI peallu3aluil Kay3aibHo
onpeoensomcs MPOLECCOM HepeOYYUPOBAHHO2O B3AUMOOCUCMBUsL U He
Mo2ym OBITh 3aMEHEHBI NPOU360JbHLIMU BenWUMHAMU. Ha Hipkadmem
YPOBHE CIIOKHOCTH JUHAMHUYECKasi TUCKPETHOCTh MpeJcTaBlieHa Gpuznye-
CKU peaTbHBIMU K8AHMOBLIMU CKAYKAMU BUPTYATHHOTO COJIMTOHA HA pac-
crosiane AX =AM =Ac U T0JIe-4aCTUIBI B COCTOSIHUH TII00AIBHOTO
TIOKOS.

Mgl monydaeM Takke Kay3allbHO OIMpeNelEHHbIE coOblmus COKpa-
HICHUS] ¥ PACTSHKEHUSI POTOMOJeH (CMEHBI peain3alnii) 1 BMECTEe ¢ HUMU
B03HUKAOWee UsMeHeHue U 8pemsi, XOTsI HUYEeTO U3 ITOTO HE MPUCYTCTBO-
BaJ0O M HE OBUIO BCTABJIICHO B HAYAJIbHYI KOH(HUTYpaAIUIO CHCTEMBI U
bopmynupoBky 3amaun (cM. ypaBHenus (1)-(4)). ITocne momydeHus: coobl-
TUW COKpalleHHUs-pacTsbDkeHus B (opmanusme HepenyrupoBaHHoro 11
BpeMs CTAaHOBHTCS JHHAMHYECKH ONPEICICHHBIM KaK UHMEHCUBHOCHb
(BBIpaXXEHHAsI Yacmomoil) ITUX MPOIIECCOB CTPYKTypooOpazoBanus. Kon-
KpPETHO, YacTOTa KBAHTOBBIX OMEHUI MPSIMO CBsI3aHa C YIIOMSHYTOH BHIIIIE
JIUIMHOM KBAaHTOBOro ckauyka, At=Ax/c= KC /c=1t=1/v, roe C — cKo-
POCTh paclpoCTpaHEHUsI BO3MYIICHUH B (husuuecku peanvbHol cpeae 3/M
MIPOTOIIOJIS, CBSI3aHHOTO C TPABUTAI[MOHHBIM MTPOTOTIOJIEM, YU TaKUM 00-
pa3oM xayzaibHo BBEAEHHAS ckopocmb ceema, Al =T — mepuoa KBaHTO-
BbIX OWEHHH, a V — uX yacToTa. [Ipormecchl KBaHTOBBIX OMEHHI 6HYmpuU
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KaX/10i (MacCHBHOI) 3JIEMEHTApPHOIN YaCTHUIIbI SBISIOTCS TaKUM 00pa3oM
(GyHIaMEHTABHBIME (U3UUYECKUMU yacamu BeeleHHow [1], “mexanusm”
KOTOPBIX NMPHUBOAMTCS B JBM)KEHUE HEPEAYyLIMPOBAHHBIM B3aMMOJEHCTBU-
€M JIByX IEpBOHAYAJIILHO OJAHOPOJHBIX MPOTONoeH (rae BeIMuuHa B3au-
MojeiicTBus onpenesier AX=Am u At =AX/C coriiacHO ypaBHCHHSIM
(5)-(6)). YHuBepcaabHOCTh TAKOIO BPEMEHH BO BCEH BCEIICHHOM oOecrie-
YUBAETCS €CTECTBEHHOW CuHXpOHU3ayueli BCEX SJIEMEHTapHBIX 4Yacos,
TaKke 0aroapsi B3aMMOJICHCTBHIO ITpoTomnoie (cM. pazaen 1.3.2).

[ToguepkHEM, YTO MBI pPAaCKpbIBaeM 31eCh (yHIaMEHTAIBHYIO,
YHUBEPCAIbHYIO U GU3NYECKU PEATIBHYIO npupoody gpemenu KaK TaKoBOTO,
MPEJICTABISIIONIYI0 COOO0M CTapyrd HEPEHmIEHHYI0 TpoOJieMy YHUTapHON
HayK{, HECMOTpsl Ha 0oJjbllue 3aTpadeHHble ycuiinsa. PU3HUecKu peajb-
HOE BpeMs, KOTOPOE MbI IOJy4yaeM, 00JIaJJaeT IJIaBHBIM CBOICTBOM no-
CMOAHHO20 U GHYMpEeHHe HeoOpamumo20 TeUeHus onaroaaps becnpepuls-
HOU CMEHE MHOMCECMEEeHHbIX PeA3alluil B pe3yJbTaTe caMoro Hepeny-
LUPOBAHHOTO B3aUMOJECHCTBUS U OUHAMUYECKU CNYHAUHOMY TIOPSIIKY I10-
ABJICHUSl pealu3aluii, coOOTBETCTBEHHO. OHO JMHAMHUYECKU CBS3aHO C
€CTECTBEHHO KBAHTOBAHHOM MPOCTPAHCTBEHHOM CTPYKTYpOMH, ONHUCAHHOMN
Bblle. Kak KBaHTOBaHHOE NPOCTPAHCTBO, TaK M HEOOPAaTUMO TEKYyIllee
BpeMs (cM. Taxke pazzaen 1.3.1) obiagaror nocnenoBaTenbHO BO3HHUKAIO-
WENH MHO20YPOBHEBOU CTPYKTYpPOU, CIIElysl TAKOM K€ CTPYKType HEpeny-
[IMPOBAHHOM TMHAMHYECKOM clloskHOCTH (pasaen 1.3.7).

KirroueBoe CBOMCTBO TMHAMHYECKOW MHOTO3HAYHOCTH HEPELyIIH-
POBAHHOIO IIpoLEecca B3aWMOAECHUCTBHS JIOMOJIHAETCS CTOJIb JK€ BaXKHBIM
OuHamMu4eckum nepenjiemeHuem B3aUMOJIEUCTBYIONINX KOMIIOHEHT (3/1€Ch
MPOTOMNOJEH) BHYTPU KaXk/10i BO3HUKAIOIIEH pealn3aluyd cucteMbl. Ma-
TEMaTUYECKH OHO OIMCHIBAETCS JUHAMMYECKH B3BEILICHHBIMM, ‘Hepasjie-
JUMBIMU” TIPOU3BEJIEHUSMHU (PYHKIMM, 3aBUCSIIUX OT B3aUMOJICHCTBYIO-
MIKUX cTeneHel cBoOoAb! & U (, B BBIPAKEHUAX JUIA MOJHON (QYHKIUH CO-
crosHus (8), (12). IlpuHumas BO BHUMaHHE MHOXECTBEHHOCTh peayin3a-
U, MOTydaeM OuHamuyecku MHO203HAYHOe nepeniemenue Kak pe3yiib-
TaT ¥ CMBICII HEPEYLIMPOBAHHOTO B3auMOAeicTBUS. DU3HUECKU PeATbHOE
neperuvieTeHne NpoTonojiel (cTeneHb KOTOPOro BapbupyeTcs A pa3HbIX
BUJIOB YaCTHUI[) COCTAaBJISIET OCSA3aeMO€ MaTepuaibHOE HaIlOJIHEHUE, WU
“TeKCcTypy”’, BOSHUKAIOLIUX MOJIE-4aCcTHULI, OTIpeieNsas HalIo1aeMoe Kaye-
Ccmeo WX MaTepuu, KOTOpPOe IMOJIydaeT TaKuM 00pa3oM CBOE CTPOTO€ BBI-
pakeHHe (B MPOTHBOIOIOXKHOCTh YUCTO aOCMpakmHuim, “OeCIUIOTHBIM
BEJIMYMHAM YHUTAPHBIX MOJENENN).
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JlMHaMu4ecKr MHOTO3HAUHOE MEPETyIeTeHUE JONOTHUTEIBHO YCH-
auBaeTcss Onarojaps OuHamMuuecku 6eposmHOCMHOU QpPaKmanbHoCmu
pelcHus HepeaynupoBanHoi 3amaun [1,4-6,13], xoTopas CylieCTBEHHO
pacuupsieT MoHATHE OOBIYHOM, TMHAMUYECKH OJHO3HAYHOU (hpakTanibHO-
CTH U Ja€T HAYalo BAXHBIM CBOMCTBAM CHUCTEMBI, TAKUM KaK OuHaAMuYe-
ckas adanmupyemocms. HepenynupoBanHas (GppakTalbHOCTb, OIpEAes-
I0IIasl TAK)KE MOHATUS HecenapabeibHOCmu W HeuHmezpupyemocmu Jo-
00ro peasbHOTO B3aMMOJEHCTBUs, OepEéT HaYallo OT ype3aHHOW CHUCTEMbI
ypaBHeHu# (7), pelieHuss KOTOpol BXOAAT B BelpakeHus (6), (8), (11),
(12) OI1 popmanmuzma nepBoro ypoBHs. [IpUMeHss TOT ke yHugepcanibHulil
meron OIl k yceu€HHoit cucreme (7), momydaem e€ 3¢ddexTuBHYIO,
BHEILIHE “pa3[elI€HHYI0” BEPCUIO:

[ 1g(&) + Vet (&) [wn (&) = Mo (&) (13)
re DI1 Broporo yposhs Ve (£, ) monoben Bepcun neporo yposas (6):
Vet (&0 (8) = Vi (8) v (8) +
Vo (&) wmi (& j de'yii (&)Vinn (&) wn(€)

+ Z , (14)

o — Mt + €no — Ery
n'=ni NMn — MNr'i no n'o

a {wi(&),n} — monHbIi HAGOp COOCTBEHHBIX PEIIEHHUN YCEUEHHOM CH-
CTEMBI BTOPOTO YPOBHS:

hg (&)\Vn’ (2;) + Zvn'n” (i)\lfn (2;) =NV (2;) , nN"#n,0. (15)

n"#n’

[Tonobno nuuamuveckoi MHOro3HauHocTU JI1 mepBoro ypoBHS, €ro Bep-
CHs BTOPOIr'0 ypOBHSA PACHICIIACTCA HAa MHOXKCECTBO HCCOBMECTUMBIX pea-
au3aiuii (HyMepyeMBbIX HHAEKCOM ') M3-3a CaMOCOTJIaCOBAHHOM 3aBHCH-
MOCTH OT MCKOMBIX COOCTBEHHBIX PEIICHUH, YTO BEAET K COOTBETCTBYIO-
HIEMY PACHICIUICHUIO PEIICHHH cucTeMbl (7):

{\v%i (&).m% } -yl (é),n‘n’{'} - (16)

Iloacrasisss Tenepp 3TU JUHAMHUYECKH DPACILEIIEHHBIE PELICHUS
yceu€HHo cuctemsl (7) B Beipaxkenus D11 ¢hopmann3ma nepBoro ypoBHs

(6), (8), (11), (12), monyuyaem IBYXypOBHEBYIO CTPYKTYpPY C AHMHAMHUYeE-
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CKOM MHOTO3HAa4HOCTBIO, U 3HAUUT CIIy4allHOCTBIO, HA KAJICOOM YPOBHE.
ITo mMepe mpoAoKEeHHs POLEcCa HaXO0XKAECHUS UCTUHHO IOJHOIO peuie-
HUS 3aJa4u, [oJydaeM JAajbHeillee pacllelUIeHue pPeleHUH yceuEHHON
cucTeMbl BTOporo ypoBHs (15), koTopoe 1aéT TpeTHil ypoBeHb pacTyILEero
BEPOSTHOCTHOTO (hpaKTaia, u Tak aajuee, 10 TeX MOp MOKa He MOIyIUM BCe
N ypoBHel TuHaAMHUYECKH BEpOSTHOCTHOH (pakranbHOCTH (N >1 — ync-
JO B3aMMOJAEUCTBYIOUIMX MOA 3/M mporonouns). [lonnoe odwee pewenue
3aJjaud HepelyLIMpPOBaHHOIO B3auMojeiicTBusa (9) MoxeT Tenepb ObITh
IPE/ICTABICHO B BUJE OUHAMUYUECKU BEPOAMHOCIHO20 PPAKmMana:
NER

p(ea)= D “pr. (2.0). a7)

roen

r,rr..

re UHACKCH I, I, r"... HyMepyIoT MoJydeHHbIC pear3alid Ha MMOCIeI0-
BaTEJIBHBIX YPOBHSAX JIMHAMUYECKH BEPOSTHOCTHOH (PAKTATLHOCTH.
Cpennee, oocudaemoe 3HAYCHHUE TUIOTHOCTH JMHAMUYCCKU BEPOSTHOCT-
HOTO (pakTana (CIpaBeMIUBOE IS JOCTATOYHO JIJTUTEIHLHOTO BPEMEHH
HAOIIO/IEHUS) TIOTY4aeTCs B BUIE
N‘Jf
Pex (ia q) = Z Qe Prere... (‘t:’ q) 1 (18)

r,rr'..

rae {Oy .} - Ounamuyecku onpedenénHvle 8epoAMHOCHMU IIISL COOTBET-
CTBYIOLIMX YpOBHEH TuHaMudeckoro ¢gpakrana (cp. Beipaxenue (10)):

Nrr’r” 2 :
arr’r"... = , arr’r”... = 1 . (19)
Nm r,rr"

[TosryuyeHHBI TUHAMHYECKH BEPOSITHOCTHBIM (pakTal HepemayLu-
poBaHHOrO o6miero peuieHus (17) cymecTBEHHO OTJIMYAETCsl OT JItoOOTro
YHUTAPHOTO “psifia TEOPUU BO3MYILEHUN’, TaK KaK JII00OH WIEH U YPOBEHb
JMHAMUYECKH BEPOSATHOCTHOU cyMMblI (17) BblpakaeT TOYHYIO, A€HCTBU-
TEJIbHO CYLIECTBYIOILYIO CTPYKTYpYy 0OBbekTa. Bcé€ yHuTapHoe perieHue B
JTy4qIIeM cllydyae IpUOIM3UTENIbHO COOTBETCTBYET OJJHOMY WIEHY JAWHAMU-
YECKU BEPOATHOCTHOM CyMMbI. BaxxHbIM (DHU3HUECKUM CIIEICTBUEM IOITY-
YEHHOT0 MHOT'O3HAYHOTO paCIIMpPEHUs] OOBIYHOW, JWHAMMYECKH OJHO-
3HaYHOU (PAKTATILHOCTH SIBJISIETCSI CBOMCTBO UHMEPAKMUGHOU OuHamuye-
cKoll aoanmupyemocmu HepeayLUPOBAHHON CTPYKTYpPbI CUCTEMBI, KOTO-
pasi criocoOHa asmoHoMHO ATANTHUPOBATHCS K MEHsIoLIeiicss KoHpurypa-
MU B3auUMOJEHCTBUS U 3(()EKTHBHO HAXOAUTH CBOM “NyTh’ Hamboiee
MOJIHOTO Pa3BUTHA IpoLecca B3aUMOJICHCTBUSL Oiarogapst nocmosiHHOMY
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Xa0THYECKOMY, “TIOMCKOBOMY ™’ JIBUKEHHIO BETBEH MHOT0O3HauHOTO (hpax-
Taja B J000M Maciurabe (JarolieMy CTPYKTypy THIIA “)KHBOTO jaepeBa’).
MHoroypoBHeBasi, MHOTO3HauHas ()paKkTaigbHasi CTPYKTypa JMHAMHYECKO-
ro MeperuieTeHus: B3auMOJCHCTBYIOIIUX CYIUTHOCTEH A€t ghusuuecku pe-
AbHYI0 BEPCUI0 M UCTUHHBIA CMBICT MaTeMaTHYECKON “HecemapabenbHO-
CTH” peasIbHOTO (TUIIUYHOIO0) MpoIecca B3aUMOJICHCTBUS, TOT/1a KaK gpe-
MeHHoe pa3lieleHue (pacIuIeTeHUE) KOMIIOHEHT JIOKAJIbHO MPOMCXOAUT
MOCTOSIHHO, BO BpeMs IIEPEX0JI0B CUCTEMbI MEX/ly peanu3auusMu (B ¢aze
TaKOW JIMIIb K8A3U-TUHEUHOL BOIIHOBON (DYHKIIUH).

Tenepb Mbl MOXEM JaTh KAY3albHO NOJHOE W YHUBEPCATLHO NPU-
MeHUuMoe OIpe/ieJieHue OCHOBHOW (PU3MYECKON BEIMYUHBI, (OuUHAMUYe-
ckott) cnoxcnocmu, C, Kak pacTymed yHkmun moHoro yncia Ng (1mo-
JyYEHHBIX B IBHOM BMJIE) peal3aluil CUCTEMBI UM CKOPOCTH UX CMEHBI,
paBHOM HyIO 175 (HepealbHOro) ciiydas TOJIBKO OAHOW peanu3alid Cu-
CTEMBI:

C=C(Ng), dC/dNg >0, C(1)=0. (20)

B Ka4yecTBe KOHKPETHBIX pUMEPOB MOYKHO IPUBECTH
C(N®)=CoIn(Ng), C(Ng)=Co(Nx —1), 0000ImEHHbIE AeiiCTBHE U SH-
TPOIHI0, 0000IIEHHBIE YHEPTHIO/MAcCy (BPEMEHHOW TEMIT CMEHBI peaju-
3aiuil) M UMIyJabC (IPOCTPAHCTBEHHBIH TEMIT CMEHbI peaau3aliuii)
[1,4,7,13] (cm. Taxke pasaenst 1.2, 1.3). ITockonbKy 11000€ peasbHOE SB-
JICHHE, CHCTEMA WM O0BEKT SIBIISIETCS PE3YIIbTaTOM ITpoIiecca B3auMo/Iei-
CTBHSI XOTSI ObI HECKOJIBKUX KOMITOHEHT U JTUHAMUYECKUX MOJI, CTAHOBUT-
Csl TIOHSATHBIM, YTO JI00Asl PeanbHds CYWHOCHb, HaduHas ¢ (MAacCHBHON)
DIIEMEHTAPHON YaCTHIIBI, TAKOW KaK AIJIEKTPOH, UMEET CTPOTO HOLONCU-
menbHyl0 TUHAMHYECKYIO CIOXHOCTh (M Ha caMOM Jiesie OOJIBIIoe YHCIIO
peanuzanuii, Ng >>1). B cuny Toro, 4ro iuHamMuyeckasi MHOTO3HaYHOCTb
(N% >1) cocraBnsier OCHOBY UCTHHHOM, BHYTPEHHEH xaomuynocmu (-
HAMHYECKOW CIYyYaifHOCTH), TPUXOJAWM K BBIBOAY, YTO TakUM 0Opa3oMm
onpenenéHHas JUHAMHUYECKAs CIIOKHOCTh 6KJIHOYAenm XaoTHYHOCTh Kak
CYIIECTBEHHOE COJIepKaHME U NPOsIBIEHUE (B CIENYIOIIEM pazjiesie Mbl
YBHUJIUM, YTO XaOTUYHOCTh HETIOCPEICTBEHHO BBIPAXKAETCsI OJJHON U3 JIBYX
GhopM CIIOKHOCTH, QuHamuieckou sumponueti). O4eBUIHO TAKXKE, YTO BCSA
YHUTapHas, AMHAMHUYECKU OJHO3HAauyHas Hayka u mapagurma (Ng =1,
C =0), Brimouas €€ BepcUM “CI0XXHOCTU” M “XaOTUYHOCTH, pacCMaTpH-
BAEeT UCKIIIOUUTENILHO CBEPX-yNPOUIEHHbIE, pPeryIsspHble MOJIEIH AUHAMU-
KA PEATbHOTO MHUpPA C HYJEBOW CIIO)KHOCTBIO M XAaOTHYHOCTBHIO, SKBHBA-
JeHTHbIE ero 3 (EeKTUBHO HYJIbMEPHOU (TOYEUHOI) mpoekuuu (KoTopas
MHOTI'/Ia MEXaHWYECKH PACIIUPSAETCs A0 OJHOMEPHOMN MPOEKIUH C UCTIONb-
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30BaHMeM (OpMaIbHO BBEAEHHON nepeMeHHol BpeMeHu). [loaTtomy yHu-
TapHbIE OINPEAEICHUS HAIIPUMEP “XA0TMYHOCTH KaK SKCIIOHEHIMAIbHOM
PACXOJUMOCTH OJU3KUX TPAEKTOPUI MM OECKOHEYHO JI0JIFOro MepHoAa
JIBYDKEHUS (HE FOBOPSA YK€ O IMOJHOCTBIO IPOUTPAHHOM Cllyyae KBaHTOBO-
ro Xaoca) OIKCHIBAIOT B JIYYIIEM ClIy4ae JIMIIb ‘‘3alyTaHHbIE”, ‘“XaoTHue-
CKHE€ 110 BHEIIHEMY BUAY Cily4dal PEryJsIpHOCTH, T€ OTCYTCTBYET HC-
TUHHAS, JUHAMHUYECKasl CIIy4allHOCTh U CIOXHOCTb (BHYTPEHHSS IIPOTH-
BOPEYMBOCTb TAKUX YHUTAPHBIX ONPEICIICHUN, HCIOJIB3YIOIUX B YACTHO-
CTH HEKOPPEKTHOE pacIIUpeHUe NPUOTMKEHUS TEOPHH BO3MYILEHHH,
Ipe/ACTaBIsieT cOOOH OTAEIBHYIO TEMY, PACCMOTPEHHYIO B APYroil pabote

[1]).
1.2. YﬂnBepcaanaﬂ CUMMETPHUSA U NIPEBPALICHUE CJI0KHOCTH

[Tockonpky moaHOE YKCclo peanu3anuil cucreMbl Ny, onpexaensiomiee eé
nonHyto cinokHoctb C(Ng) (cm. (20)), 3aBHCHT TOJIBKO OT HAayalIbHOU
KOH(HUrypanuu cucTeMsl (Hampumep, oT yucia N B3auMoJeicTBYIOIUX
mox niporonosierd, Ny = N, cMm. puc. 2), To noanas croxcnocms cucmemol
ocmaémces HeuzMeHHOU B TeUeHue pa3BuTus B3aumoneicteusi, C =const,
AC =0 [1,2,4-9,13]. DTOT yHusepcanvHuvlil 3aKOH COXPAHEHUsL CILONCHO-
cmu COCTABIIIET KaK pPe3yNbTaT, TaK M HMCTOYHHK HEPEIylHPOBAHHOTO
B3aUMOJICHCTBHS, OIpENeNsis TaKUM 00pa3oM BO3HHMKHOBEHHE W CyIIIe-
CTBOBaHUE JIIO00H peanbHOM CTPYKTyphl. B 3TOM cMbIcie OH 3KBUBaJICH-
TE€H YHUBEPCAIbHON CHUMMETPUU NPUPOJBI, HA3BIBAEMOU cummempuetl
CNI0JICHOCMU: B TIPOTHBOIIOJIOKHOCTh YHUTAPHBIM 3aKOHAM COXPAaHEHUS, B
YHHUBEPCAJIHHON HayKe CIIOXHOCTH, OIMCHIBAIOIICH s6HO0e (M OecrpecTaH-
HOE) paszsumue cmpyKmypsl, HET Pa3HUIBI MEXKAY 3AKOHOM COXPAHEHUs
CIIOHOCTH U cuMMempueti BOSHUKAIOIIEH B pe3ynbTaTe CTPYKTYPHL.
HemnocpencrBennoe, “ropu3oHTanbHOE” MPOSIBIICHWE YHUBEPCAIb-
HOW CUMMETPHH CIIOKHOCTH — 3TO CUMMETPUS MEX]ly BCeMHU (3JIeMeHTap-
HBIMH) peaJIM3alysIMi CHCTEMBI Ha JJAHHOM YPOBHE CJIOKHOCTH: OHHU OJIU-
HAaKOBBI 110 NMPOUCXOXKJICHUIO U TOATOMY BBIOMPAIOTCS CUCTEMOU B Kay-
3anvHo cayuatinom nopsanke (pasgen 1.1), Tak yTo (MCTUHHAs) Ciydai-
HOCTb A61A€mCs NposasileHuemM CUMMETPUH CIoXHOCTU. [locnennsas yHu-
KaJbHO M TIOJHOCTBIO PEaM3yeTcs] B BHIEC CaMOW OUHAMUKU OBUNCEHUs
(mporecc CMEHbI peanu3anuii), a He ¢ MOMOUIbI0 KaKUX-JINO0 (popmaib-
HBIX “‘OrepaTopoB”, MpeoOpa3yroluX OAHY aOCTPakTHYIO CTPYKTYpY B
Jpyryio (KOHIENUUsl YHUTapHOH cuMMeTpun). Bceerna mounasa (Henapy-
[ICHHAs1) CHMMETPHS CIIO)KHOCTH MEXKIYy HepecyIspHO CIMpPYKMYpPUposan-
HLIMU WU XAOMUYecKy CMEHSIOIUMUCS 3JEMEHTapHBIMU peaTu3alHusIMu
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IPUBOJIUT, B YACTHOCTH, K HEPABHBIM, HO XOPOULO ONpedeiEéHHbIM BEPOST-
HocTAM (10) cocTaBHBIX pealn3aluii, COIEpKalIMX pa3Hble KOJIUYECTBa
AJIEMEHTAPHBIX pealu3aui.

CylllecTByeT U MEHee MpsMoe, “BEPTHUKAIBHOE™ MPOSIBJICHUE CUM-
METPHUH CJIOKHOCTH, BKJIIOYAIOIIEE Pa3BUTHE IMpollecca B3aUMOACHCTBUS
HA MHOTHUX YPOBHAX CNONHCHOCMU. J|eACTBUTEIBHO, OSIBISIOIINECS CTPYK-
Typbl CUCTEMBI (CIPYNIIMPOBAHHBIE peAM3allii) HAUYMHAIOT B3aUMOJEH-
CTBOBaTh MEXIy COOOM, cO3/laBasi MHOTO3HAUYHYIO CTPYKTYpPY ClIEqyIollle-
ro ypoBHs U T.1. Kaxknoe Takoe kauecmseenHoe u3MeHeHUE KOHUTYpaIIH
CUCTEMBI (TaK)Ke MPHU KAXKJIOM MEepPexo/ie MEX]y pean3alusiMHu) COOTBET-
CTBYET npespawjeHuio, W pa3BUTHIO, WIH Pa3BEPTHIBAHUIO, CIOHCHOCTIU
U3 NOCMOAHHO YMeHbulaouelics TOTEHIIMAIBHON, CKPBITOM (OpMBI Ou-
Hamuyeckou ungopmayuu | B nocmosanno eospacmarowyro peanu3oBaH-
HYI0, TIPOSIBJICHHYIO (OPMY OuHamuueckou sumponuu S, TOTAa KaK UX
CyMMa, noaHas ounamudeckas cinoxcnocmv C=1+S, ocraérca Heus-
mennoii: AC=0, Al =—AS <0 [1,2,4-7,9,13]. D10 MOCTOSIHHOE IIPEBpa-
HICHUE CIIO)KHOCTH W3 JHHAMUYECKOW WH(MOPMAIMU B TUHAMHYECKYIO JH-
TPOIIHIO JISKUT B OCHOBE JIFOOOTO Ipoliecca B3auMOJICHCTBUS, U TOITOMY
cummempusi (coxpareHue) CIOKHOCTH MOXET OBbITh peain30BaHa TOJIBKO
qyepes KavecmeenHoe uzmeneHue €€ (QOpPMbI, OIpeaessioniee AMHAMUKY
CUCTEMBL.

Jlnst Toro, 4ToOBl BHIBECTH YHHUBEPCAIBHOE BBIPAKEHUE ITOTO CO-
OTHOIIEHHMSI, OTPENEIUM CHAualla VHUBEPCANbHYIO UHMESPAIbHYIO Mepy
OuHamu4eckou cioxchocmu B Buje (0000IEHHOTO) Oeticmeuss A Kak
npocreinield (yHKIWU, MpHpalieHue kortopod AA OIHOBPEMEHHO H
HE3aBHCHUMO MPOIOPIHUOHATEHO BO3HUKAIOIIUM 3JIEMEHTaM MPOCTPAHCTBA
AX u BpemeHH At, nmoiydeHHbIM BbllIe (pasfen 1.1) Kkak yHuBepcallbHbIE
MIPOSIBIICHUS TIPOIECCa CMEHBI pealin3anuii (TO €CTh Pa3BUTHS HEPETyIIH-
poBanHoro B3aumoeicTeus): AA = pAX—EAt, rne E u p koo dunmen-
ThI, KOTOPbIE€ HEMEIJIEHHO OTOXKIECTBIAIOTCS KaK JHepeusi U UMNyisC B
pe3yabpTaTe CpaBHEHHUs C KJIacCHYecKoW MexaHukou. Ux o0000méHHbIE,
VHHUBEpPCATbHBIC OINMpPENCICHUS B TEPMHHAX CJIOKHOCTH-ICHCTBUS IONY-
YalTCs B OuHAMudecku ouckpemmoti (KBAHTOBaHHOM) dopme:

AA
E :_E|x=const ) (21)
AA
P=—"|t=const » (22)

AX
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IJIe SHEPrus U UMIYJIbC IPUOOPETAIOT HOBOE YHUBEPCANbHOE 3HAUYEHUE
T epeHMaIbHbIX Mep cloxicHocmuy (SHEPTUS BBIPAKAeT BPEMEHHOH, a
UMITYJIBC MIPOCTPAHCTBEHHBIN TEMIT MpeBpallleHus CI0KHOCTU U3 AUHAMHU-
Yyecko MHQpOpMAIK B IMHAMUYECKYIO SHTpoOIHUI0). JluHamuueckas auc-
KPETHOCTb NPBDKKOB CHUCTEMbI MEXKIy pealu3alHsiMU OOBSICHSACTCS ye-
JIOCMHbIM XapaKTEPOM IpoLEcca peanbH020, HEPEAYLHPOBAHHOIO B3au-
MOJICHCTBUSL M MPUBOJUT K Kay3aJbHOHM (IMHAMUYECKOW) U yHUBEpCAlb-
HOH Bepcuu “(KBAaHTOBBIX) COOMHOWIEHUL HEONpeOeiéHHOCmuU’, €CITA Mbl
IIPOCTO TIEPENUIIEM BBIILICIPUBEACHHBIE OINPEACICHUSI SHEPIUU U HUM-
nynbca kKak PAX=|AA| u EAt=|AA| [1].

[Tockonpky Kak nuHamudeckas MHGoOpMaIus, TaK U CIOKHOCTh-
NENCTBHE MOTYT TOJBKO YMEHbUambCs TPU Pa3BUTUU JIIOOOTO B3aMMO-
neiictBust (cp. (21)), To 0000mEHHOE IEHCTBUE BBIPAKACT HAIPSIMYIO
UMEHHO MH()OpPMALMOHHYIO, MOTCHIMAIBbHYIO (opMy cioxkHocTH, | =A4 ,
Torga Kak e€ ayanbHas Gopma JTWHAMUYECKOW SHTPOIHH HU3MEPSETCs B
TeX K€ eIMWHHUIAX, HO BBIPAXKAET MPOTUBOMOJIOKHBIA MO 3HAKY, BCEr/Aa
[IOJIO’KUTEIbHBI MHKPEMEHT CII0KHOCTH:

AS=-Al >0, AA=-AS. (23)

DT0 yHHBEpCAIbHOE BBIPAKCHNUE COXPAHEHHS U MPEBPAIICHUS CII0KHOCTH
NPUBOJUT K YHUBEPCAILHOMY THHAMHUYCCKOMY YPaBHCHHUIO, €CIHM pasjie-
JIATH €r0 Ha At|X:const [1,2,4,7,9,13]:

AA| AA

E x=const+H(X,Eh:const;tjzo ) (24)

rae amuromonuan, H = H(X, p,t), paccMaTpuBaembIii Kak QyHKIUS KO-
OpIVHATHl BO3HHUKAIOIIEH MPOCTPAHCTBEHHOH CTPYKTYPBI X, HMITYJIbCa
P=(AA!AX)|t—const (cM. (22)) 1 BpeMeHH t, BhIpa)kkaeT BOILIOMEHHYIO,
SHTPONUNHYIO bopmy b depeHIHanbHOMI CJI0’KHOCTH,
H =(AS/ At)|X:ConSt . [lonmyuyeHHoe 000OIIEHHOE, YHUBEpCAIbHOE VPAGHe-
nue 'amunemona-Axobu (24) peanuzyeT UCKOMOE NUHAMHYECKOE BbIpa-
YKEHHE CUMMETPUHU CII0O)KHOCTH U MPUHHUMAET eé 0osiee MpocTyro popmy
JUTSI KOHCEPBATUBHBIX CUCTEM, T1ie 0000IEHHBIN ["aMIIIbTOHNAH HE 3aBU-

CUT OT BpeMeHI/I SABHO:
AA
H(X.— t:const):E , (25)
AX

¢ 0000ménHoi sHeprueit E onpenenénnoii cormacuo (21). OtmeTum, 4T0
pacnpenenenue aeictBus A(X,t) COOTBETCTBYeT IOMYYEHHOH BBIIIE
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¢ynkuu cocrosiaus W(X,t) (cMm. (8), (12)) s peryispHbIX, JOKaIU30-
BAaHHBIX pea3alnil.

YuaudunupoBanHoe nuddepeHnaibHoe BbIpaXKeHHE CUMMETPUU
CJIO)KHOCTH ypaBHEHHSMU (24)-(25) ObuIO OB HEMOTHBIM 0€3 SIBHOTO BHI-
paKeHHsI CBSI3aHHOTO C HEU npespaujeHuss CI0KHOCTH U €r0 HanpasieHus.
(oT nuHAMHYECKOH MH(OpMAIIMU K JUHAMHYECKOH sHTpornun). U3-3a bec-
npecmanHo20 TOSIBICHUS peallu3alliii B KaY3albHO CIYYAUHOM TIOPSIIIKE
UH(OPMALHS-CIOKHOCTh CHCTEMBI | =4 MOXET TOJBKO yMeHbuambcs,
YTO O3HAYAET, YTO HE TOJIBKO €€ (AUCKpeTHas) yacTHas nmpousBoaHas (—E
), HO Tak)Ke W IOJIHASL IPOU3BOIHAS, WU (0000MEHHBIN) tacpancuan L,
OoTpuLaTeNbHA!

AA AA AA AX
L:E=E|x=const+gt:constﬁzpU—H <0, (26)
E, H(X,—AA t=constat)> pv >0, (27)
AX

rae v =AX/At — ckopocTh INI00AJIBHOTO, YCPEIHEHHOTO JBMKCHUS CH-
cTeMbl (T.e. e€ ABMKEHHUs KaK €IUHOTO 11eJoro). B cooTBercTBUM C pac-
KpPBITOM BBIIIE JUHAMUYECKONM IPUPOJOW BPEMEHM, ITO JHMHAMHYECKOE
BbIp)KEHUE MNPEBpALLEHUs CIOXXKHOCTU (B paMKax €€ CUMMETPUH), WIN
ouHamuuecky 0000wénnvli emopoi 3axon mepmoounamuxu (“aerpaga-
s sHeprun’’), ypaBHeHue (27), maér taxxe GyHAaMEHTAIBHOE, CTPOTO
BBIBEJICHHOE BBIpaxkeHue cmpenwvt epemenu [2,4,7,9]: mockomsky AA <O,
BpeMms pactér, At >0, B HanpaBiIeHUHU pacTyuiel (JMHAMUYECKOI) SHTpPO-
nuu S u ymenpliatomieiics uapopmanuu A (1.e. L<0). MbI BuguMm, 4to
Hallla TMHAMUYECKH OCHOBAaHHAs CUMMETPHUS CII0KHOCTH BKJIIOYAET MpO-
HCXOXJ/ICHUE BPEMEHM U Kay3aJbHO BBIBEJECHHOE HalpaBiieHuEe ero 0es-
OCTaHOBOYHOI'O TE€YEHMsI B BHUJIE Pa3BUTHsI CIOXKHOCTU B3aUMOJACHUCTBHS.
JluHaMuueckoe npoucxoxcoenue @pemeHnu W €ro TE€UEHHUs, MOCTOSHHBIHN
pocm HepedyYupo8aHHoU OUHAMUYECKOU COACHOCMU-IHmponuy (3a CUET
YMEHbIIAOLIEHCS JUHAMUUYECKON CIO0XHOCTU-UH(POpPMALUU) U coxpane-
HUe NOIHOU OUHAMUYECKOU ClodcHOCmU (HaKTHUECKHU MOJyYeHbI KaK mec-
HO c6:3aHHble TIPOSIBIICHUS e0UHOL, IEJIOCTHOW CUMMETPUHU CIIOKHOCTH.
VYHuBepcanpbHoe ypaBHeHHe [ amunbroHa-fAkobu (24)-(25) pasy-
MeeTCsl COXpaHsET CHPaBEUIMBOCTh U JJISl Cilydas TUHAMUKU 3JIEMEHTap-
HOU mose-yacTuibl (paszgen 1.1), HO yuuThIBaeT €€ HepeaylIUpOBaHHYIO
cl0KHOCTh. [TocnenHss BKIIOUAeT Kay3ajdbHO OOBSCHEHHBIN K6aHmMO6bIll
oyanusm, TA€ JOKaJIM30BaHHBIE, KOPIYCKYJSPHBIE COCTOSIHHS Ipoliecca
KBAHTOBBIX OWEHUHN 4YepenyloTCsl C MPOTSXKEHHBIMU, BOJHOBBIMU KOH(U-
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TypauusiMi MPOTOIIONeH B (aze 60110601 hyHkyuu (IPOMEKYTOUHON pe-
anu3anun). COOTBETCTBEHHO, IMOJIYYEHHOE BBIIIE ‘“‘KJIacCHUecKoe”, KOp-
NYCKYJIIpHOE paciidpeHue ¢opmanuzMa [amMuibToHa-SIKOOM JOIKHO
UMETh TyalbHOIo napTHEpa B (JOpMe SIBHOI'O BOJHOBOI'O ypaBHEHUS JIs
BOJIHOBOH (pyHKIMU. OHO MOXKET OBITh MOJIYYEHO C TIOMOIIBIO POy P
KAy3aibH020 KEAHMOBAHUSA, KOTOPas OMUCHIBAET KaK pa3 T€ CaMble MpO-
CTPAHCTBEHHO XAOTHYECKHE MEPEXO0Jbl MEX]Y PEeryJsipHbIMU (JOKaIU30-
BaHHBIMH) pEATM3ALUAMU UYepe3 MPOTHKEHHYIO pealu3alMio BOJHOBOM
(GYHKIIMM ¥ BKJIIOYAET COXPAaHCHHE NTUHAMHUYECKOW cioxuoctu [1,2,4,7-
9,13]. Uepapxuyeckas CTPyKTypa MHOTOYPOBHEBOTO Pa3BUTHS CIIOKHO-
CTH MOAPA3yMEBAET, UYTO MOJIHAS CI0KHOCTh HECKOJIBKMX COCEAHUX YpPOB-
HEll paBHA MPOM3BEACHUIO CIIOKHOCTEH OTAeIbHBIX ypoBHEH. ITockonbky
IpoIecC KBAHTOBBIX OMEHUI MOXET pacCMaTpUBATHCS KaK IMKINYECKUE
NEePEeX0abl MEXITY COCETHUMH MOTYPOBHIMHU CIIOKHOCTH JIOKAITU30BAHHBIX
peanu3anuii 1 BOJIHOBOW (DYHKIIMM, TO €ro IoJiHas clokHOCTh C maérces
HPOU3BEICHUEM CIIOKHOCTH JIOKAJTU30BaHHBIX peanu3aiuii A U CIoXKHO-
CTH MPOMEKYTOUHON peasin3alliy, BbIpaxxaeMON BOJIHOBOM (QyHkuuen Y,
C=AY. B COOTBETCTBUH c COXpaHEHUEM CJIO’KHOCTH,
AC = A(AY) = AAY + YAA =0, nnu

AY AP
A=A 2F — _ipBE 28

Ao~y P (28)

F,Z[G.Ag = _lh — XapaKTepI/ICTI/I‘{eCKoe 3HAUYUCHUC CHO)KHOCTI/I'I[CI\;ICTBI/IH, KO-

TOPOE MOXKET COJIEP)KaTh TaKKE YMCIIOBYIO KOHCTAHTY (B JaHHOM Cllydae
MHHUMYIO €IMHUILY 1), OTPaXKalolIylo Crernuduyeckue 4epThl JBYX pac-
CMaTpHBaeMbIX TOAYpPOBHEH cioxHocTH, a A =h/2n — mnocrosHHas
IInanka.

OTMeTHM, 4YTO HCHOJIb30BAHHOE BBIIIE COXPAHEHHE CII0KHOCTH
npoliecca KBaHTOBBIX OMEHMH OTpaxaeT (DU3MYECKM OYEeBHIHBIN (hakT
BO3BpAIlICHUs CUCTEMBI B MO dice camoe COCTOSHUE BOJIHOBOM (pyHKUMHU
nocie Kaxjaoro 1ukina ouennit. KayzansHoe kBanToBaHue (28) BbIpaxkaer
TaKUM 00pa3oM JETajau CI0KHO-IMHAMUYECKOW CMEHBI peanu3alui, nin
Kay3aJbHO YTOYHEHHBIX “KBAHTOBBIX CKAYKOB”, B IIPOLIECCE KBAaHTOBBIX
OMeHMII BHYTPHU AJIEMEHTApHOH MOJe-4acTHIIbl, KOTOPbIE OOBSICHSIOT TaK-
&Ke TMPHUCYILYI0 el “KBaHTOBYIO HEONPEAEIEHHOCTH  (COOTBETCTBYIOLIUE
IpaBuUJia HEONpeAeNEHHOCTH U KBAHTOBAHUS JIHILIL (JOPMAIbHO MOCTYIIH-
PYIOTCSI B OOBIYHOI KBAaHTOBOM MEXaHUKE M €€ YHUTapHBIX MOIU(PHUKAIIU-
X, ONUCHIBAIOIINX (PU3UYECKH pealbHbIe YACTUIIBI C TOMOIIbIO YHCTO a0-
CTPaKTHBIX “BEKTOPOB cocTosiHus’). Vcmone3yst cootHomienue (28) B
ypaBHeHUU [amunbToHa-SAkoOM (24), moydaeM Kay3anibHO 6bl8e0eHHOE
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ypasuenue Llpeduncepa M pearucmuyecku uHmepnpemupyemou BOJ-
HOBOU (YHKITUH:

L dY (D
IhW_H(X’GX'tj\P(X’t) : (29)

rae oneparop lamunsrona H(X,Z,t) momyden u3 gyukuun Famunsrona

H =H(X, p,t) ypaBHeHus (24) ¢ MOMOIIBIO TOTO e Kay3aJIbHOI'O KBaH-
ToBaHU (28) ¥ MBI UCITOJIB30BAIN 0003HAYCHHSI HEMTPEPHIBHON MMPOU3BO/I-
HOMU 11 KpatkocTH. 3HameHnuToe ypaBuenue lllpenunrepa, coaepixaiiee B
OOBIYHOM TEOPHH IEIBbIA P HEOOBICHUMBIX “KBAHTOBBIX TailH’, HCKITIO-
YaIOMIMX KaKyI0-TH00 PEATHCTUIHYIO (PU3UKY, TIOJYyYEHO TeIeph KaK noJi-
HOCMbI0 KAy3albHOe CIEICTBUE YHUBEPCAIBHON CHUMMETPHH CIOXKHOCTU
[1,4,7,8].

Yuueepcanvuas Bepcus ypaBuenus llpenunrepa, npumMeHumas Ha
J11060M YPOBHE CIIOKHOCTH, MOJTYYaeTCsl C MMOMOIIBIO TOTO ke Kay3albHO-
ro KBaHTOBaHUs 00001mEHHOr0 ypaBHeHus ["amunbroHa-Akoou:

Ao% x=const = H (Xlﬁhzconst !tij(Xat) ) (30)
r7e X 0003HauaeT COOTBETCTBYIOIIYIO JUHAMHYECKH BBIBEICHHYIO KOH(U-
rypamuio cucteMsl (pa3aen 1.1), a o6o0mEnHast BoaHOBas (GyHKIUSA, WIH
(ynkuusa pacupenenenus, W(X,t) ommMchIBaeT COCTOSIHHE MPOMEKYTOU-
HOM peanm3aunu. /lnHamudeckn BbIBeIeHHOE ypaBHeHue lllpenuHrepa
(29)-(30) compoBokmaeTcsi 000OIIEHHBIM, KAY3AIbHO NOJLYYEHHbIM NPAGU-
nom Bopna nns BepostHOCcTel peanm3anuii {o,}, BBIpaXEHHBIX dYepe3
BOJIHOBYIO ()YHKIIHIO, KOTOPOE JIOTIONHSET JMHAMUYECKOE IMPOUCXOXKIIe-
HUE BEPOSTHOCTEH B TEPMHHAX PETYJSPHBIX (JOKAJIM30BAHHBIX) pean3a-
it (10):

ar =¥ (x|, (31)

rae X, — KoHpurypamus r-oi peanusanuu, U Juisi 0ojee BBICOKHX, KOp-
MYCKYJISPHBIX YPOBHEW CIIOKHOCTH B IIEPBOM YaCTH MOMKET CTOSITh CamMo
3HaueHue 0000menHoN hyHKIMU pacnpenenenus. O600mEHHOE TPABHIIO
Bopna, pacmupsitoniee COOTBETCTBYIOIINI (HOPMaIbHBINA MOCTYyIaT 00bIY-
HOM KBaHTOBOM MEXaHMKH, CIPaBEJIMBO JJIsl TUHAMUKH JTIF0O0T0 B3aUMO-
JeicTBUSL Ha JTI0OOM YPOBHE CIIOKHOCTH U SIBJISIETCS PE3yJIbTaTOM YCIIO-
BUM JUHAMUYECKOU CIIMBKU PETYJISPHBIX PEAIM3alUNd U IPOMEXKYTOYHOU
peanu3alnuy BOJHOBOM (DYHKLMHU, KOTOPBIE OMPENEISIIOT 3HaYSHHUS KO3 (-

‘2
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(unuentoB ¢{ B Beipaxkenuu (8), (12) mus pynxuun cocrosaus [1,4]. Dra
MaTeMaTHUYeCcKas MpoIelypa UMeeT sICHOEe (PU3UIECKOE TPOUCXOKICHUE B
JUHAMHUKE KBAaHTOBBIX OWEHUN U OCHOBOIIOJIAralollel CUMMETPUU CIOXK-
HOCTH: ITOCKOJIbKY JIOKQJIW30BaHHBIE, “KOPIYCKYJSIpHBIE® peaau3aiuu
BO3HUKAIOT B PE3YJbTATE MPSAMOro JMHAMUYECKOTO COKpAILLEHUS MpPOTS-
KEHHOM peanu3anny BOJIHOBON (DYHKIIMM K OHOMY M3 W30BITOUHBIX ICH-
TPOB PEAYKLUHU MOJI ACHCTBHEM B3aUMOJICHCTBUS, TO BEPOSTHOCTH BEIOOpA
onpeAenéHHOro 1neHTpa OyneT MponopIHoHaAIbHA UHTEHCUBHOCTH Qu3u-
YyecKu peanbHoll BOITHOBON (PYHKIIMHU B €T0 MECTOIONIOKeHNH. CUMMETpus
CJI0KHOCTH OIpEAENsieT 3/1eCh CaMO YCJIOBUE CIIMBKU B BHJIE €CTECTBEH-
HOTO TpeOOBaHUs HenpepvigHoCcmy TPEBPAILEHUs CI0XHOCTH B Ipoliecce
CMEHBI peanu3aluii.

OtmeTuM, 4TO OuHamuyecKkue TpaBUiIa sl BEPOATHOCTEN peanu-
sammii (10), (19), (31), conpoBoxaaronIMecss UX OUHAMUYECKU PPAKMaib-
Hotl CTpyKTypoi (pazaen 1.1), omuChIBAaIOT UX ‘“‘CIOHTAHHOE’, HEPEAYIIH-
POBaHHOE, HO UHMEPAKMUBHOE, YelleHanpaesiennoe, ‘‘pazymmuoe’’ BO3HUK-
HOBEHHE, KOTOpPOE JIKUT B OCHOBE BAYKHOTO CBOMCTBA OUHAMUYECKOU
(6epossmHocmuol) adanmupyemocmu PEATbHOTO Tpolecca B3auMOJICH-
crBus [1,4]: cucrema “aBromMaTHuYeCKH’ MPOHHMKAET MOBCIOMAY, TJ1€ MOXKET,
Y BBIOMpAET HAMIYUIINil BO3MOKHBIN CIOCOO pa3BUTHS CBOEH CIOKHOCTU
NyTéM €CTECTBEHHOW “KOHKYPEHLMH JUHAMHYECKU I10JIy4aeMbIX BEpO-
ATHOCTEH. DTO OuHaMuyecku 6epOsimHOCMHOe PA3BUTHE CIOXHOCTU OT
TUHAMHUYeCKON MHGOpMaIMu K JTUHAMHYECKON DHTPOIUU COCTABISET Ta-
KUM 00pa3oM CTPOrO OMNPEIEeNEHHYIO yelb CUCTEMBI U Meleon02UtecKyio
CHILY/CBOMCTBO YHMBEpPCAIbHOW CUMMETPHUU CIIOKHOCTH.

VYpaBuenus (24)-(31) 00pa3yOT OCHOBY YHUBEPCAIbHO2O hopma-
auzma Iamunemona-Llpedunzepa, KOTOpbIl 00BEIUHSAET paCIIUPEHHBIE
BEPCHH 6CeX YaCTHBIX (MOATBEPKIEHHBIX) IUHAMUYECKUX YpPaBHEHUI,
NOCTYJIUPYEMBIX B PA3JIMYHBIX O0JIACTAX YHUTAPHOM Teopuu (Torjaa Kak
Jexamasi B OCHOBE CUMMETPHUS CJIOKHOCTH OOBEIMHSAET Kay3aJlbHO pac-
HIMPEHHBIE BEPCUH BCEX OOBIYHBIX, TOCTYIUPOBAHHBIX 3aKOHOB U “TIPHH-
unoB” [1]). DTo MOXKHO MPOAEMOHCTPUPOBATh MyTEM pasnoxeHus I a-
MUJIbTOHUAHA B CTENIEHHOW psAJ O UMIYJIbCY U JEHCTBUIO, YTO MPUBOAUT
K cruenyromnieil ¢opme yHuBepcambHOoro ypaBHeHus I[llpemmnrepa (30)
[1,2,4,13]:

m A"
AX"

AY N
?t|x_const+mzohmn(x1t)[\y(xat):| |t:const =0, (32)

nz_l
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riae ko3¢ GuiuueHTsl pasnoxkeHus g, (X,t) MOryT ObITH IPOHM3BOIEHBIMU
(GYHKIUSMHU U MBI TIPAHSUTA BO BHUMAHHE JIOTIOJHUTEIBLHYIO 3aBUCUMOCTh
["amunbTOHMAaHA OT AEUCTBUS (MM BOJHOBOM (DYHKIIMH) Yepe3 “TIOTEHIN-
ANbHYIO PHEPrUI0” WM B 00IIeM ciyyae Onarogaps AUHAMHYECKU HETH-
HeltHoW 3aBucumoctu JlIl oT pemenuit 3axaun (cMm. ypaBHeHus (6), (11),
(14) B pazgene 1.1). B ynuBepcanbHOM HayKke CIIOKHOCTH Ba)KHO, YTO BCE
JUHAMHYECKHE YpaBHEHUS JOJDKHBI MONTYYUTh HEPEIYLIUPOBAHHOE, OUHA-
Mu4ecku MHO203HAYHoe W BeposTHOCTHOe obmiee pemenue (17)-(19), B
MIPOTUBOIMOJIOKHOCTh JHHAMUYCCKH OIHO3HAYHBIM DPEHICHUSM OOBIYHOMN
Teopun. Kay3anbHO BBIBEJCHHAS TaMIIbTOHOBA (DOpMa YHHBEPCATBHOTO
dopmanu3ma Ma€T Takke peularoiiee MoATBEP)KICHHUE HAYaIbHBIX ypaB-
HeHuil cymectBoBanus (1), (4), 3akpbiBasi TaKuM 00pa3oM JIeKaluii B oc-
HOBE CaMOCOTJIACOBAaHHBINM LIUKJI CAMMETPHUU CII0KHOCTH.

Mpb1 BUIUM, YTO pa3InyHbIC TUHEUHbBIC U “HETMHEHHBIE” MOJIETU U
yYpaBHEHHUS, KOTOPBIE YACTO JIMIIL MONYIMIIUPUYECKH ‘‘YraabIBaroTCs |
MOCTYJIUPYIOTCSL B YHUTAPHOW TEOPHUM, HAa CaMOM JeJie MOJIYy4yaroTcs Kak
oOpe3aHHble BepcuM OOUIET0 pa3joKeHUs B psan ypaBHeHus (32) (wnu
AQHAJIOTMYHOI'O pa3JioKeHus i ypaBHeHus [‘amuibroHa-Skobu (24)) u
MOTYT TO3TOMY paccMaTpUBaThCs Kak (peaylHpOBaHHbBIC) CIEICTBUA
€IMHOTO, YHUBEPCAIIBHOT'O 3aKOHA, CAMMETPHH CIOXKHOCTH. BuiHo Takxke
SACHOE pa3jIMuuie MEXAY UMUTAUMOHHON YHUTApHOW ‘“HEIMHEHHOCTHIO
3a/1aBaeMoil (hOpMaTbHBIMH BBICITUMH CTETICHSIMH 00pPE3aHHOTO pa3iioxke-
HUS B P/, © UCTUHHOM, OuHAMU4ecku BOSHUKAIOUIEH, cyuecmeeHHol He-
Junelnocmylo Onarojapsi 3aBUCUMOCTH HepenyuupoBaHHoro OII or uc-
KOMBIX pelIeHHi. B MpOTHUBOMONIOKHOCTh MOMYJISIPHOMY 3a0I1yKIESHUIO
OOBIYHOM “HAayKH CJIOKHOCTH ’, TepBas, UMUTALUOHHAS ‘“HEITMHEHHOCTH
He Modcem NaTh UCTUHHYIO CJIOKHOCTh M XaOTHYHOCTh cama 1o cebe, 6e3
HaJJIeXalllero, HepeaylMpOBaHHOTO aHajIN3a peajbHOro Ipolecca B3au-
MOJICHCTBHUS, OTKPBHIBAIOLIETO JAMHAMUYECKH BEPOATHOCTHBIN (hpakTal
MOJIHOTO OOIIEro perieHus. JTa 00bIYHasi HEMTUHEHHOCTh HAIIOMUHAET HC-
KYCCTBEHHO, CJIOHO 3allyTaHHYIO OJHOMEPHYIO HHUTh, KOTOpas MOKET
O/IHAKO OBITh TOJHOCTBIO pacllyTaHa M HE M3MEHSET CBOMX OCHOBHBIX
CBOICTB MpH JHOOOM IIaJKOM U3MEHEHUHU KoHburypauuu. Ho mockomnbky,
C JIPYroil CTOPOHBI, CYIIECTBEHHAs HEJIWHEHHOCTh BO3HHMKACT JaXKe IS
dopmanbHO “THHEHHON” HavadbHOH (GopMyIHPOBKH 3amauu (pasaen 1.1),
TO MOXHO MPEANOJNIOKHUTh, YTO 100as 00bluHasA, hopManbHas “HeluHEen-
HOCTB” SIBJISIETCS JTUIIb PEAYIIMPOBAHHBIM 00pa30M HCTUHHOM, TMHAMUYE-
CKOM HEJIMHEWHOCTH PEATbHOTO MPOIIECCA B3aUMOICHCTBUS.
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Kak oTmedeHO BbIlle, CHMMETPHUSI CIOXKHOCTH OOBEIUHSECT Ka)-
3a1bHO pacliiupeHHble, YHUBEPCAIbBHO MPUMEHHMbBIE BEPCHH PA3IMYHBIX
PAa30enéHHblX, THIUBUAYAITBHO NOCMYIUPOSAHHLIX 3aKOHOB M “‘TIPUHIIU-
1oB” 0OBIYHOM (PyH/ITAMEHTAJILHON HAYKH, TAKMX KaK COXPaHEHHUE SHEPTHH
(unu “nepBbId 3aKOH TEPMOJMHAMUKHU ), pPOCT dHTponuu (“‘BTOpPOM 3aKOH
TEPMOJMHAMHUKH ), BCE “KBAHTOBBIC W “PEIATUBHCTCKHE TOCTYJIAThl U
npuHIUel (cM. pasaen 1.3.7). MHorue u3 HUX CBSI3aHBI C COOTBETCTBYIO-
HIMMH YHUTAPHBIMU, a0CTPAKTHBIMH CUMMETPHUSIMH, KOTOPBIE KPOME pa3-
JIeTIeHHsI MEXTy COOOM OKa3bIBAIOTCS MPAKTUUECKU BCETAa “‘HapyIICHHBI-
MHK” TIOJTHOMACIITA0OHOW TUHAMHUKOW peajbHOTO MHUpPA, YTO OIPAaHUYMBACT
UX CTaTyC A0 HEpEAIbHbIX, “TIPUOJIMZUTEIBHBIX U IOITOMY JIOHCHBIX
CUMMETPUH, KOTOPbIE MOT'YT OBITh JUIIb “‘O0Jiee UM MEeHee” CIpaBeIH-
Bbl B IpejiesiaX Y3KOro, IJIOXO ONPENEe]IEHHOIO JAMalia3oHa IapaMeTpoB.
JleiicTBUTENBEHO, OUEBUHAS HEPETYISAPHOCTh CTPYKTYp U AUHAMHKH pe-
QIBHOTO MHUpa (yHIaMEHTATBHO OTJIMYAETCS OT ‘“‘CIMIIKOM CHMMETpPUY-
HBIX’, PETyJISPHBIX W TIAJKUX CTPYKTYp B MapajurmMe yHUTApHOU, ab-
CTPaKTHOM HAYKHM. YHUBEpCaJbHas CUMMETPHS CIO0KHOCTH DPa3periaet
npo0sieMbl pa3ieNEHHOCTH, HApyLIEHUS M YPE3MEPHOM pEryispHOCTU
OOBIYHBIX CHUMMETpPHIA MMyTEM BBEICHHS HE TOIBKO BHYMPEHHEe 00beOUHEH-
HOUl, HO TaKXe 6ce20d MOYHOU, HEeHAPYUleHHOU CUMMETPUH, OIHUCHIBAO-
1Ieil HeperyaspHOCTh PEaNbHOI0 MHpa C MOMOIIbI0 CBOGH COOCTBEHHOMU
ounamuyeckou caydavnocmu (61aronapss XaOTHYECKUM MEPEX01aM Mex-
Iy aCUMMETPUYHBIMU peanu3anusmu). [loaTomy Tenepb 6ce CTPYKTYpHI
peanbHOro Mupa (ONnuchIBaeéMbl€ CYIIECTBEHHO CIIy4allHbIM OOLIMM peliie-
HUEM BEPOSTHOCTHOTO JAuHaMudeckoro ¢pakrana (17)-(19)) momyuarorcs
B SIBHOM BUJIE€ KaK aOCOMIOMHO CuMMempuitble pe3ylbTaThl COXPAaHEHUS U
pa3BUTHS CIOKHOCTH, TOMAJEPKUBAEMBIE BCeli COBOKYNHOCHbIO CylUje-
CMBYIWUX HAON0OEHUI.

Baxnoe oO1iee nposiBIeHHE YHUBEPCAIbHOM CUMMETPUHN CIOXKHO-
CTH NMPUHUMAET (POPMY npuHyuna coomeemcmeus Cl0HCHOCMU, KOTOPBIH
MO’KET UMETh PAa3IMUHbIE KOHKPETHBIE NPOSIBJIICHNUS, HO BCETJa NOTYEPKH-
BaeT TOT (haKT, YTO pe3yJbTaT JHOOOr0 B3aUMOJEHCTBUS 3aBHCUT IOJIHO-
CTBI0O U KPUTHUYECKH OT OTHOCHUTENBHBIX CIOKHOCTEH B3aMMOIEHCTBYIO-
mux cymHoctei [1,4,13]. KoHkpeTHO, B3aUMOCHCTBHE MEXTY HECKOJIb-
KUMH (CJIOXHBIMH) CHCTEMaMU MOET OBITh “d(h(peKTUBHBIM” (BBI3BIBATH
CYILIECTBEHHbIE M3MEHEHMsI) TOJBKO U B3aUMOJECUCTBYIOIIMX CHCTEM
CpaBHUMOH CIOXXHOCTU. bonee Toro, cucrema ¢ GOJbIIEH CIIOKHOCTBIO
CTPEMUTCS “KOHTPOJUPOBATH , WM “NIOAYMHATH , MEHEE CIOKHBIX IMapT-
HEPOB  B3aUMOJEUCTBUS, UYTO TPUBOAUT K  MeOpuu  CLONCHO-
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OUHAMUYECKO020 KOHmMPOJisl, KOTOpasi 00BbEANHSET U CYIIECTBEHHO paCIIM-
psieT OObIUHBIC, YHUTAPHbIE KOHIEHIMU KOHTPOJIS, IEMOHCTPUPYS B YacCT-
HOCTH, 4TO PE3y/IbTaT U MEXaHH3M JIOO0T0 PeasbHOr0 KOHTPOJIS 6HYM-
PpeHHe XaomuyHbl N TI0ATOMY KOHTPOJb HUKOTJa HE MOXET ObITh abco-
JTOTHBIM. ECIIM CIOXKHOCTH B3aUMOJICHCTBYIOUIUX CHCTEM JOCTaTOYHO
OJIM3KU MEXAYy COOOH, TO MOXKET BO3HHUKHYTH PEXKUM CHUJIIBHOTO, “TIIO-
OaspHOr0” Xaoca.

Bce vactHbIe ciydan peasibHOU (CII0KHOW) TMHAMHUKN B3aUMOJICH-
CTBHSI MOTYT OBITh YAOOHO KJIACCH(PUIMPOBAHBI U OOBETUHEHBI B €TUHOMN
CXeM€ M KPUTEpPHH HJisi Pe3yJbTaTOB HEPEAYLUPOBAHHOTO B3aUMOCH-
creust [1,3,4,10,11,13]. Ecnu kio4eBbie mapamMeTpbl B3aWMOJICHCTBHS
(HagexxkamuM o0pa3oM MpeACTaBICHHBIE XapaKTEPUCTHUYECKUMH YacTo-
TaMH) JIOCTaTOYHO OJM3KU APYT K JAPYTry, NOJTydaeM MpeAeTbHbIN ciaydan
00HOPOOHO20, UM 2100AIbHO20, XA0CAd C OBICTPO CMEHSIOIIUMUCS, CYIIIe-
CTBEHHO OTJIMYAIOUIMMUCS pealu3alUsiMU CUCTEMBI U OJHOPOAHOE pac-
npelelieHne UX BepoATHOCTel. Eciu ke xapakTepucTHUecKHue rmapameT-
PBI CUCTEMBI CYIIECTBEHHO PA3JIMUHbI, TO UMEEM MPOTUBOMOIOKHBIN Mpe-
JENBHBIN cllydail 0000MEHHON, OuHAMUYECKU MHOLO3HAYHOU CAMOOP2d-
Huzayuu, unu camoopeanuzosannol kpumuunocmu (COK), koTopslii 00b-
eIMHSET, KPOME 3TUX ABYX MOHITHH, paCUIUPEHHbIC BEPCUU APYTHX CIY-
yaeB “yrnopsiIOY€HHON NHHAMHKHU, TAKUE KAK CUHXPOHU3ALMs, KOHTPOJIb
Xa0ca, CHHXPOHHU3AIUS MOJ M (paKTAIbHOCTh (OHU OCTAIOTCS pa3enéH-
HBIMH B CBOMX YHUTapHBIX, JUHAMUYECKH OJHO3HAYHBIX Bepcusx). OH
BKJIIOUAET HEOOJIBIIOE YHUCIIO PEIKO MEHSIOIINXCS “COCTaBHBIX peayn3a-
I[UH, KOTOPBIE OJHAKO CO/IEPKAT B ceOe MHOKECTBO OBICTPO M XAOTHUUYECKU
CMEHSIIOUIUXCS, HO BHEIIHE MOJOOHBIX ‘‘AJIEMEHTapHBIX pealu3anuil.
[Toutn monHasi GHewiHss pPerynsapHOCTh npeaenbHbix ciaydaeB COK mo-
CTEMEHHO (XOTs U HEPABHOMEPHO) MEPEXOIUT B MAKCUMAIIbHYIO HEpEery-
JSPHOCTH TJI00ATBHOTO Xaoca MPU COOTBETCTBYIOLIEM HW3MEHEHMHU OTHO-
IIEHUSI XapaKTEPUCTUYECKUX YACTOT, TaK YTO TaKUM 0O0pa3oM MOKHO
omucath U Ki1accu(UIMPOBATh B MPUHIIUIE 6ce BO3MOXKHBIE JTUHAMUYE-
CKHE PEXUMBI B CUCTEMAX JIDOOTO THUIIA.

bonee kOHKpeTHO, TOYKa MepexoAa K CHIBHOMY, OJHOPOIHOMY
Xa0Cy BBIPAXKAETCS YHUBEPCATbHBIM KpUmepuem HACMynjieHus 2100a1bHOo-
20 xaoca.

k=DM _ Oy (33)
Ae, g

re K — BBOJUMBII napamerp xaomuunocmu, a An;, oz u Ag,, ®q — pac-
CTOSIHHUSI M@Ky SHEPTEeTUUYECKUMH YPOBHSIMH U YaCTOTHI JIJIsI MEKKOMIIO-
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HEHTHBIX M BHYTPUKOMIIOHEHTHBIX JIBHJKEHH COOTBETCTBEHHO. Ilpu
K <1 mony4yaem BHEIIHE peryisipHbli pexxuM MHorosHauHoil COK, ko-
TOPBII Jlerpagupyer 10 ri100aJbHOro Xaoca Mo Mepe TOro, Kak K Bo3pac-
taeT oT 0 1o 1, a MakcuManbHasi HEPETYJIAPHOCTh NMPU K ~1 cHOBa mpe-
Bpamaercst B cTpykrypy THna COK (Ho ¢ “oOpaménnoii” koHpurypamu-
eil) npu k> 1.

Hcnonp3ysi 3TOT yHUBEpCAJIbHBIN KpPUTEpHIl Xaoca, HETPYAHO B
YaCTHOCTH YBHUJETh JWHAMHYECKYIO TPUPOAY DHYHOAMEHMANbHOU KEAH-
moeotl cryuarHocmu, Wi “Heonpenea€HHOCTH , TIOSBIISIIONTYIOCS B (op-
Me Heuz0edicHO CWIBHOU (TJI00AIbHOM) XaOTUYHOCTH TpOIecca B3aUMO-
JICUCTBUS MPOTOIOJEH Ha TAaKUX HUdMCAuwiux, U MOTOMY ‘“‘KBAaHTOBBIX’,
YPOBHSIX CIIOKHOCTH MHUPOBOM CTPYKTYpBI. Jl€MCTBUTEIBHO, XapaKTEpH-
CTHUYECKHE YacCTOThI WM PACCTOSHUS MEXy COOCTBEHHBIMU 3HAUCHUSIMU
Ha HIDKAWIIMX TTOAYPOBHSX CJIOKHOCTH, COACPIKAIINX TOJIBKO 3JIEMEHTap-
HBIE CTPYKTYPBI (II0JIE-4aCTHUI[bI), COBIAIAIOT 10 OCTPOCHHUIO, TOCKOJIbKY
JIpyrue, CyIeCTBEHHO OTJIMYHBIEC 3HAYEHHUs I1apaMeTpPOB IPOCTO “‘elmié He
MOSIBUJIMCE” B TaKOM cywjecmeeHHo K8aHmosou PeanbHOCTH (MX YBEpeH-
HOE IIOSIBJIGHHE XapaKTepu3yeT BO3HUKHOBEHHE CIIEIYIOIIETO0 YpPOBHS
AJIEMEHTAPHBIX KIACCUYECKUX, NOCMOSHHO JOKANU308AHHBIX CTPYKTYp C
ropazzio 6osee perymsapaoi auaamukoi tuma COK [1,4,7-9], cM. Takxke
pazznen 1.3.8). B wacTHOCTH, YacTOTa KBAaHTOBBIX OMEHUI ONpeneNseT Kak
BHYTPEHHIOIO JUHAMUKY I10JI€-YaCTHUIIbI, TaK U €€ “BHeIIHee” BIKCHHUE U
B3aMMOJECUCTBUs. bosee BBICOKMI MOIYPOBEHb KBAaHTOBOW CIIOXKHOCTH,
BKITIOUAIOLTUHN (UCMUHHBII) KEAHMOBbIL XA0C U (KAY3dlbHOe) KBAHMOB0e
usmepenue (pazaen 1.3.8) [1,4,9], yxe COmepKUT BO3MOKHOCTh HECKOJIb-
Ko Oounee perynspHoit nunamuku tuna COK, kotopas B nanpHeiiieM me-
pexoauT B emE Ooiee peryasipHbIN cllydail KIIaCCUYECKOI0 MOBEICHUS.

1.3. CBoiicTBa BeesleHHO# ¥ YacTHI] HCXOSl U3 CHMMeETPHUH
CJIOKHOCTH

Hcnone3yst monvko HepeayUUPOBaHHBIN, YHUBEPCAIBLHO HENEepTypOaTHB-
HBIM aHaJau3 JOCTATOYHO CHUJIBHOIO NPUTATHBAIOLIETO B3aWMOJAEHCTBHUSA
JIBYX (pU3MYECKH peaJbHBIX, NEPBOHAYAIBLHO OJHOPOJHBIX MPOTOMOJIEH,
MBI TIOKa3aJi BhIIIE, B paszene 1.1, uto B o0iieM ciyyae (pu HaJuiexare
BbIOpaHHBIX, HO HE 3K30THUYECKUX ‘‘MaTepuayiax’ MPOTOMNOJIei) U3 3TOro
B3aMMOJECHCTBYUS BO3HUKAET JJIEMEHTapHas I0JIe-4acTULA B BHJIE HPO-
CMPAHCMBEHHO XAOMUYEeCKO20 TPOLECCA KBAHMOBLIX OueHul, KOTOPBIH
MOXET OBbITb ONHUCaH KaK 0e30CMAaH080YHble IHMKIbl COKpallleHUs-
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pacuIpeHus MPOTOIOJEH UM, AIbTEPHATHUBHO, KaK XaomuyecKkue O1ydxc-
O0amnus HEYCTOMYUBOTO KOPIYCKYJISIPHOTO COCTOSIHUSL GUPMYANbHO20 CO-
aumona. Ilomyyaromasicss B pe3yiabTare JUHAMHYECKH MHOTO3HAYHasl,
BHYTPEHHE 00beO0UHEéHHAs W TIOJHOCTBIO Kay3anbHas (pealucTHYecKas)
KapTHHA JUHAMHUKHA MHKPOMHpA Ha3bIBACTCS KGAHMOBO-NONEBOU MEXAHU-
kot (quantum field mechanics) [1,4,7-9], B oTiauume OT pa3jIMyYHBIX He-
YCTPAHUMO pa30e/iéHHbIX BETBEH Hepeanucmuunou (aOCmpakmuoi) u B
OCHOBE nocmynuposannoti (popMalbHO HaBSI3aHHOW) YHumapHoi, NuHa-
MUYECKH OJJHO3HAYHON TCOPHH, TAKMX KaK KBAHTOBAash MEXaHHKA, TCOPHUS
noJts, (hu3uKa 4acTuIl (BBICOKUX SHEPTHH), CIEIHaIbHAS U 001as Teopus
OTHOCHUTEJIBHOCTH M KOCMOJIOTHS, BKIIIOYas WX HENaBHUE ‘‘TiepenoBbIe”
BEPCHH, KOTOPHIE BCET/Ia OCTAIOTCS OJHAKO B MpEJesax OJHOW U TOH Ke,
3G(HEKTHBHO HYIbMEPHOU NpoeKyuu pPeanbHOCTH (HApPUMEp TEOpHH
“MHOTMX MUPOB”, “UCTOpHIL” U Apyrue “UHTEpHpEeTaliy’ KBAHTOBOW Me-
XaHWKH, KOHCTPYKIIMH CTPYH U CIIUHOBBIX CETEH B COBPEMEHHOUN TCOPHH
MOJIsl, UMUTAIIMKM TUIIA MUPOB Ha OpaHax, OECUMCICHHbIE “KOCMOJIOTHYE-
CKHE” TPIOKU CO “‘CKpPBITBIMU~ MaTepUAIbHBIMU CYLUIHOCTSMHU, U3MEPEHU-
AMH WJIW TENBIMUA “MYJIBTUBCEICHHBIMU W T.1.). YHugepcanvhas cum-
Mmempus crodcHocmu (pasaen 1.2) MoNHOCTBIO ONpeAeNsieT pa3BUTHE He-
PEAYIUPOBAHHOTO B3aUMOJICHCTBUS, U MBI TIPOJOHKAM BBIBOJIUTH JIajlb-
HelIIMe BO3HUKAIOIIUE CTPYKTYPhl MUPa M UX CBOMCTBA, IEMOHCTPUPYS
TEM CaMbIM BO3MO>KHOCTH CHMMETPHH CIOKHOCTH IO M30EraHuio u pas-
PEIIEHHI0 HAKOMUBIIUXCS MPOOIEM YHUTAPHOW TEOPUU U €€ YIPOIIEH-
HBIX, PETYJISIPHBIX (M OTOMY “HapyIIEHHBIX ') CUMMETPHIl.

1.3.1. lmnamMuyecKoe MPOUCXOKIeHNe TPEXMEPHOI0 MPOCTPAHCTBA,
BPEMEHH H YJIECMEHTapHBIX YacTul: OpurBa Oxkama

Mpbl HauvMHaeM Hall aHaJW3 Kay3aJbHOM, (U3MUECKU peabHOM, SBHBIM
00pa30M BO3HMKAIOILEH U 6ce20a 6 mOoYHOCMU CUMMEMPUUHOU CTPYKTYPBI
MHUpPAa C HallOMMHAHHSA O JMHAMUYECKOM IPOHUCXOKICHUM €CTECTBEHHO
KBaHTOBAaHHOW, ocsA3aemou cmpykmypbl NpOCMpAHCmea W HeoOpamumo
MeKyuje2o, Ho HemMamepuaibHo20 épemeHu, TIOTYYeHHbBIX BbIlIe (pa3zeln
1.1) u3 onucaHus B3aUMOCHCTBUS MPOTOMOJEH KaK COOTBETCTBEHHO pac-
cmosHue medncoy coocmeenHviMu 3Havenusmu dHHEKTHBHOTO YpaBHEHUS
cymectBoBanus (5), AX=Aml =R, 0 unmencusnocms (KOHKPETU3UPO-
BaHHas KaK yacmoma, V) TOSBICHUS/CMEHbI peann3aluii KBaHTOBBIX Oue-
Huil, At=Ax/c=Rc/c=1t=1/v. llpoctpanCcTBeHHas ‘“KoopauHaTa” X
BBIpa)KaeT, B 00IeM ciydae, KOHQUTYpaluio B SIBHOM BHJIE BO3HUKAIO-
meil peanuzanuu cucteMbl (B (OpMe JIOKAIM30BAHHOTO BHPTYAJIBHOTO
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COJINTOHA), TOTJIa KaK ‘“TedeHue BpeMeHHu  (NMOCTOSIHHO pactyiiee t) oTpa-
JKAET HEOTBPATUMYIO CMEHY MHONCECMEEHHBIX U HECOBMECUMbBIX PEATU-
3anuil. IIpocTpaHcTBO M BpeMsl MOSIBIIAIOTCS TAKUM 00pa3oM Kak yHUBEp-
CaJIbHBIE, OCHOBHbBLE NPOAGNEHUS CLOICHOCMU HEPENLyLIUPOBAHHOIO B3au-
MOJCHCTBUS U €€ CUMMETPUH/TIPEBPALICHUS, 6Mecme ¢ camoll CmpyKmy-
POl U OUHAMUKOU CUCTEMBI (MPEICTABIICHHBIMU 3/1€Ch 3JIEMEHTAPHOH MO-
Je-4acTULeH, TaKOM Kak 3JIEKTPOH, C OUHAMUYECKU ONPeOenéHHbIM pas-
mepom A =T,, COBEpUIAIOIIECH K6aHMOGble CKAYKU HA PACCTOSHUE
AX=Am =K c nepuogom At =Ax/c, cMm. pazzgenst 1.1 u 1.3.4).

YHuTapHblE CUMMETPUHU IIPOCTPAHCTBA-BPEMEHU CUIIBHO Hapyuie-
Hol (M TIOTOMY ULIIO30PHbBL) OUHAMUYECKOU OUCKpemHocmbio (KBaHTOBa-
HUEM) IPOCTPAHCTBA U HEOOPATUMBIM, OPUEHMUPOBAHHLIM MedeHUeM
(Bo3pacTaHMEeM) BPEMEHHOW IIEPEMEHHOM B XOpOIIO OHpeAeIEHHOM
HaIpaBJIECHUHU PACTYIICH CIOKHOCTU-3HTpONHH (CM. ypaBHeHue (27)), To-
r7la KaKk CUMMETpHS CIO0XKHOCTH KaK pa3 JIGKUT B OCHOBE ATHX CBOICTB
IIPOCTPAHCTBA U BPEMEHU U nopodcoaem UX, OCTaBasCh aOCOJIIOTHO TOY-
HOW cummerpued. Takoe (GyHAaMeHTalbHOE HapylleHHE HeyCTpaHUMOH
“rmaakoctu” (peryjaspHOCTH) YHUTApHBIX MPOEKUUN HPOAODKAETCS U
BKJIIOYAeT 0ojiee BBICOKHE YPOBHHU CJIOXXHOCTH M CUMMETpPUH, HalpuMep
U3 TEOpUN OTHOCUTENIBHOCTH, I'PAaBUTALMU M KOCMOJIOTMM (CM. pa3ieibl
1.3.5, 1.3.7 u 2). B wactHOCTH, JNFO0As npsimas cmecb TPOCTPAHCTBEHHBIX
U BPEMEHHBIX CYILHOCTEH B paMKax €IMHON CUMMETPHUH (COCTABIISAIOIIAs
OCHOBY CTaHJapTHON OTHOCHUTENILHOCTH) (PU3HUECKH OeccmbicienHa, YxKe
M3-3a 0CA3a€MOU, MAaTEPUAIIBHON CTPYKTYPBI PEAIBHOIO IIPOCTPAHCTBA U
HeMaTepUalbHON MPHUPOJBI BPEMEHHU: peajbHbIE NMPOCTPAHCTBO U BpeMs
CBSI3aHbI MONbKO OUHAMUKOL CUCMeMbl, KOTOpasl SBJISETCS HE YEM HHBIM,
KaK npsAmoll peanusayueri CUMMemMpUul C10#CHOCMU.

To ke OCHOBaHHOE Ha B3aUMOJICHCTBUU MPOUCXOXKIACHHE (hr3HUe-
CKU pealbHbIX IMPOCTPAHCTBA M BPEMEHM IOKA3bIBA€T, YTO BPEMsl HE MO-
KET “UCKPUBIATHCA WU AePOPMHUPOBATHCSA, B KAaKOM ObI TO HU OBLIO
CMBICJIE, TOTJ]a KaK MPOCTPAHCTBO (OPMUPYETCS Kak IiodaybHO (B cpei-
HEM) IJIOCKAsi U OJHOPOJHAs CTPYKTYpa, B COOTBETCTBUH C HAOIIOACHU -
MU U B NPOTUBOIOJIOKHOCTh HM3BECTHBIM YHHMTAapHBIM TeopusM (oOras
TEOpHUsi OTHOCUTENBHOCTH M KocMmoJjorusi). bomee Toro, mo6as HeoIHO-
POJHOCTH NPOCTPAHCTBA, BOSHUKAIOLIAs HAa BBICIIEM YPOBHE CIIOKHOCTH,
aBIseTcss MonuduUKaIe cpeHel MIOTHOCTH/HANPSKEHHOCTH MPOTOIIO-
aei (cM. Takxke pasaen 1.3.7), KoTopas MOXeT ObITh ONMHUCAaHA “TEOMEeTpu-
YeCKU’ TOJIBKO (OPMAIBHO (U 04€Hb MTPUOIU3UTENBHO), TOI00HO 1I000MY
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JIpPYroMy JajJbHOJEHCTBYIOIIEMY B3aUMOAECHCTBHIO 4Yepe3 (JOCTaTOYHO
IUIOTHYI0) HEIIPEPBIBHYIO CPELY.

CuMMeTpus CIOKHOCTH MPSIMO ONpEeNsieT Takke HadllogaeMoe
yucno (mpu) npocmpancmeeHnvlx usmepeHuil, a TAKKe yCTaHaBIUBAET €ro
YHUBepcanbHoe usuieckoe npoucxodcoeHue N CBsi3b C UHMEPAKMUBHOU
OCHOBOM 1700020 peanabHOro Mupa. JleficTBUTeNIbHO, HaYalIbHAsT KOHPUTY-
parus B3aMMOAEUCTBUS BKJIFOYAET Mpu U TOJIBKO TP 2100AIbHbIX CYIIHO-
CTH, JIBa MPOTONOJISA U UX GU3NYECKU PEANbHYIO CBA3b (B3aUMOACHCTBUE)
Kak TakoBYyHO (puc. 1). CuUMMeTpHs CI0KHOCTU FOBOPUT O TOM, YTO YUCIIO
CTOJIb K€ IJI00AJIbHBIX CYLIHOCTEH, MOSABISAIOIIUXCS B PE3YJIbTaTe 3TOr0
B3aMMOJIEHCTBUS IPOTONOJIEH, T0JIKHA ObITh TAKOM XK€, T. €. PAaBHOU TPEM.
Ho enuHCTBEHHOH mNOSBIAIOLICHCS CYHIIHOCTbIO HUCTHUHHO 2100a1bHO20
MmacmTaba sBiIsgeTcs camMo (PYHIAMEHTAIbHOE HPOCMPAHCMEO, KOTOPOE
00/19/CHO TAaKUM 00Pa30M UMETh mpu U MOAbKO Mpu MOObL, Ul “‘usmepe-
HUs”', COTJIACHO 3aKOHY COXPAHEHHUS CII0XKHOCTH, CTPOro 0OOCHOBAHHOMY
U MOATBEPKIEHHOMY COBOKYITHOCTBIO BCEX IKCIEPUMEHTAIbHbBIX HaOII0-
nenuit [1]. I1pu 3TOM MBI IOJTy4aeM TaKXKe UCTHHHOE, usuieckoe npouc-
XoocOeHue 3TUX TPOCTPAHCTBEHHBIX ‘“U3MEPEHHUH” KaK TaKOBbIX, COXpa-
HSIOIIMX JIMIIb SMIMpPUYECKOoe U (hopManbHOE ONpeseieHne B 0ObIYHOM
Hayke. [TockonbKy ocsizaeMblil “Marepuall’” MPOCTPAHCTBA MOIy4aeTcs B
pe3yibTaTte JUHAMMYECKH MHOTIO3HAYHOTO nepensiemenusi TI00aTbHBIX
KOMITOHEHT B3aMMOJICHCTBUsI, TIpoTonoiien (cm. pasaen 1.1), To ero eno-
banvHble cmeneHu c800600bl, NN “U3MEPEHUs”, TIPEACTABISIIOT cO00i He
YTO UHOE, KaK (u3uiecku peaibHvle, 3JKBUBATEHTHbIE “MOJbI’, UJIN peasu-
3alliu, TaKOH C10J#CHO-OUuHaMuyeckou cmecu B3auMOJICHCTBYIOIINX /M U
IPaBUTALMOHHOIO MPOTONOJEH (BKIIOYAOIIEH caMO CBA3BIBAIOIIEE B3au-
MOJICHCTBHE).

[TomyueHHOE TPaBUIIO AJIS YMCIIA MPOCTPAHCTBEHHBIX W3MEpPEHUI
U uX GU3NYECKO MPUPO/IbI CIPaBEATUBO U s 1000 APYroit cucTeMsl,
BKJIFOYasl BBICIIME YPOBHU IIPOCTPAHCTBEHHOM CTPYKTYphl BceneHHol u
JIpyrue BO3MOKHBIE BCEJICHHbIE. B yacTHOCTH, uncio (riaobanbHbIX) Ipo-
CTPaHCTBEHHBIX U3MEPEHUN MPOU3BOJIBHON BCEJICHHOW PAaBHO YHCIY KOM-
MOHEHT HayaJbHOTO B3aMMOJICHCTBUA (BKJIIOYAs CBSA3BIBAIOIIME CYIIHO-
ctu). B 3aBUCHMOCTH OT JeTasneil IBIKYIIETO B3aMMOICHCTBUS, BO3ZMOXK-
HO M JaJbHEHIIEE paclleIIeHNEe Ha HEOAHOPOJHO CTPYKTYPHUPOBaHHbBIE
“cocTaBHble” HM3MEpPEHHs, TAe “MOAYIb  TPEXMEPHOIO IPOCTPAHCTBA
ocTaéres “MUHMMaIbHON, Hanbosee ycToiiunBoil koMOMHaLuMel (B cuity
HEe8O3MOJCHOCMY B3aUMOJIEUCTBUS C YHCIOM KOMIIOHEHT MEHBIINM
JBYX). XOTs B 00ILEM BO3MOXKHBI pa3HbIE CIOXKHBIE CIy4au, CUMMETPHS
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CJIO)KHOCTU Ja€T pealucTHUYHBIA U 3((EKTUBHBINA MPUHIMIT YIOPSAOUE-
HUSl U NOHUMAaHMs, B IPOTHUBOIOJIOXKHOCTb MPOU3BOJIBHBIM YHUTAPHBIM
JI0TaJIKaM T0 3TOMY MpEAMETY, OCHOBaHHBIX Ha “TpeOOBaHMIX” YHCTO ad-
CTPaKTHOIO, nOCMYIuposanHo2o (popManu3ma, KOTOPbI B KOHIIE KOHIIOB
OKa3bIBaeTCs JUIIb 3()(PEeKTUBHO HYIBMEPHOH Mpoekuuel 100l cTpyK-
Typbl peajibHOro mMupa. Takum o0pa3oM, COINIACHO CUMMETPUH CIIO0XKHO-
CTH, BCEJICHHBIE OOJbIIEH Pa3MEPHOCTH BO3HHUKAIOT U3 63AUMOOEUCMBULL
Oonvwetl crodicHocmu B BUAE CBOETO Pojia “BO30YKIEHHBIX COCTOSHHMN’
HaJl UCKITIOYUTENBHO CTAOMIIBHBIM (M [TO3TOMY Hanboliee pacipocTpaHEH-
HBIM, a2 BO3MOYKHO M €IMHCTBEHHBIM) “OCHOBHBIM COCTOSTHUEM  TpEXMeEp-
Horo mupa. [locienHee MOXKeT UMETh MOIbLKO 0OHO HEOOPAaTUMO TEKYIlee
épemsi, YTO MOXKET TaKXe OBbITh CIPaBEUIMBBIM IS JIFOOOTO 00beOUHEH-
Ho20 MHUpa BbIclIed pa3MmepHocTU. OHako Oosee ycIoKHEHHAs MOA-
CTPYKTypa IJIOOANbHBIX MPOCTPAHCTBEHHBIX H3MEPEHUH MOXET IaTh
HA4aJl0 MHOXXECTBEHHbIM BPEMEHHBIM IIOTOKAM B MMpE BbICIIEH pa3mep-
HOCTH, KOTOpbIE MOIJIM Obl peaqu3oBaTh ropas3io OOJIBIIYIO CI0KHOCTh
“BO30YKIEHHOTO COCTOSIHUS B TakoM “‘MHOToBpemeHHOM” mupe [1]. He-
CMOTpS Ha “YUCTO TEOPETHUUECKUN XapaKTep 3TUX BO3MOXKHOCTEH, MOXK-
HO JIETKO IOJYYUTh CUTYallMU C “BBICIIEH Pa3MEpHOCThIO” U “MHOTMMH
BpeMEHAMU™~ JJIsl CTPYKTYPBI JIOKAIbHbIX PEANU3ALUI HA 8bICUUUX YDOBHAX
CJIO’)KHOCTH, IPOCTPAHCTBA U BPEMEHHU CYILECTBYIOLIETO, 2100a1bHO TPEX-
MEPHOI'0 MUDA.

Hwxe mbl yBuauMm (paszaen 1.3.3), 9to yucino cuil pyHAaMeHTalb-
HBIX B3aUMOJICHCTBUH (M BUJIOB YaCTHUIl) ABJIETCS YACThIO TOTO ke (PU3u-
YECKH MPO3PavyHOro MPOSBICHUS CHMMETPUH CIIOKHOCTH, YTO NPUBOAUT K
3HAUUTEIBHOMY COKpAIEHHUIO (MPAaKTUYECKH HEOrPaHMYEHHOIO) YuCIia
@opmanbHbix BO3MOXKHOCTEH YHUTApHOW TEOPUH, TAKUX KaK ‘“‘CKpPBITHIE”
U3MEpEHUS U JIpyrue CTpaHHO “HeBUAUMBIE” CyIIHOCTU. CTaHOBUTCS siC-
HO, YTO TMPOCTPAHCTBO M €ro M3MEPEHHUs] UMEIOT @hu3uuecku peanbhyio
IPUPOAY B INIOOATIBLHOM npoyecce 83auMo0elcmsuss U I0O3TOMY He JOJIK-
Hbl BBOJUTBHCS MCKYCCTBEHHO, C MOMOIIBIO MPOU3BOJIBHBIX JOMYIICHUH,
HAIpaBJIEHHBIX Ha CIAaceHHWE MNPOTHBOPEYMBONM HMMUTALMU PEATBbHOCTH,
KaK 3TO JIeJIaeTcsl B YHUTApHOM Teopuu. CUMMETPHS CIIOKHOCTH Ipeaa-
raer, B 3TOM CMBICIIE, cmpo2oe U npakmuyecku 2¢)ghekmugrnoe pacumpe-
HHUE XOpOIIO U3BECTHOU Opumevt OKKama, uiu NpuHyuna dKOHOMUU, T10-
CKOJIbKY OHa YTOUHSET KaK UMeHHO KaXzas peajbHas, HaOmrogaeMas
CYIIHOCTb BO3HUKAET B npoyecce 83aumooeticmeuss u3 Apyrux, CTolb xKe
peaNbHBIX CYIIHOCTEH, uTO AT HaA&KHbBII criocod ux ompenenenus [1].
Mpsl nonyyaem TakXke peanrucmuynoe PaCUIMPEHUE meopuu HenoaHOmbl
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I'édens, rae “HemoNHOTA” JTFOOOTO pe3ysIbTaTa B3auMOJICHCTBUS CBsI3aHa C
€ro BHYTPEHHEH HEOIpenesIEHHOCThIO (MHOTO3HAYHOCTHIO) U (YACTUYHO
HeI/ISBCCTHbIMI/I) KOMITOHCHTaMU BSaHMOﬂeﬁCTBHH.

1.3.2. YHuBepcajibHO€e THHAMHYECKOE MPOUCXOKIEHIE MACCHI,
3apsiia ¥ CIIMHA YaCTHIL

[TockonbKy MUpPOBBIE CTPYKTYPBI IIEPBOIO YPOBHS, 3JI€MEHTAapHbIE IOJIe-
YaCTHIIbI, BOSHUKAIOT BMECTE C (PU3NYECKHU pEabHBIM MPOCTPAHCTBOM U
BpeMeHeM (CM. puc. 1), TOT ke caMblil CIOKHO-TUHAMUYECKHI TMpoIiece
KBAaHTOBBIX OMEHUH JO/DKCH N1aBaTh ‘‘BHYTPEHHHME CBOWMCTBA YaCTHIIHI,
TaKue Kak macca, dJIeKTPUYECKUH 3apsi, CIMH U WX HaOIrolaeMble 0co-
O6enHoctu. HaunHas ¢ OCHOBHOI'O CBOWCTBA Mdacchbl, MOXKHO YTBEPKIATh,
YTO €ro KJIIYEBOE IPOSBICHUE B BUJE UHepyuu YHUBEPCAJIbHO M COIJIa-
COBAHHO OOBSCHAETCS OUHAMUYECKU XAOMUYECKUM XapaKTepoM Ipo-
CTPAHCTBEHHBIX OJIy)KAaHUH BHUPTYAJIbHOTO COJMTOHA BHYTPU JIFOOOM
(MaccuBHOM) moJe-4yacTuilbl (TIpoliecca KBAHTOBBIX OMEHUM), cmpo2co BbI-
BeJICHHBIM BbIIe (pa3zen 1.1). JlelicTBUTENbHO, UMEHHO 3TO YoKce cyuje-
cmeyioujee, HUKOTJa HE MCYE3AIOLIee 6HYmMpeHHee TBUKEHUE ‘MaTepua-
Ja” YacTHIbl onpeneiser e€ “compoTuBiieHue” M000i BHemHeH cuie (T.
€. TIONBITKE U3MEHUMb €ro) ¥ TAPAHTUPYET KOHeYHble 3HAYCHUs IPHoOpe-
TaeMoro yckoperusi. OTCroJja CTAHOBUTCSL OCOOEHHO OYEBHJIHO, YTO HUUTO
OTJIMYHOE OT YUCMO OUHAMUYECKOU, SHYympeHHel XAOTWUYHOCTH He MO-
Jcem PElINTh MpoOIeMy MPOUCXOXKICHUS gHympeHHeli UHEPIIMU B TIPUH-
1uIe, BKJII0Yas JI000€ BHELIHEE BO3/IeHCTBUE (HAIpUMeEp, “N0JIs HYJIEBbIX
Kosie0aHuil”’), 4acTo MPOU3BOJIBHBIM 00pa3oM JOMYyCKaeMoOe B YHUTApHOU
Teopun. boriee Toro, Mpl NokasblBaeM, YTO MHEpPLUAIbHAA Macca, TAKUM
00pa3oM OJuxamuyecku 603HUKAIOWAs B HEPEIYLIUPOBAHHOM B3aUMOJIEH-
CTBUM TIPOTOTMOJICH, aHAJIOTMYHA, WK “OKBUBAJICHTHA” (C TOYHOCTHIO IO
KO3 duIMeHTa WIK €AUHMIIBI W3MEpPEHUs), MOJHOU, “pernsITUBUCTCKON”
9Hepauy W BBIpAXaeT Mo3TOMY U depeHInalbHy0 GOpMY CrodHcHOCHU
cuctembl (cM. ypaBHenue (21)) [1,4,7-9]. Cnenyst yHUBEpCATIbHBIM OIpe-
JIEJIEHUSIM CIIOKHOCTH-IEHCTBUS, SJHEPTUM U ummyibcea (21), (22) B pa3ne-
ae 1.2, MBI mojydaeM JUisi TOJe-4acTuibl B cocmosnuu nokos (P=0):
AA=-EAt u

AA h
Eo=———=—=hyvy=my? , 34
0 At 2_0 0 0 ( )
rae E, — oHeprus mokost 4acTuIibl, AA=-h — ounamuuecku ouckpem-

Hblll TIPUPOCT CIOKHOCTU-IEHCTBUS, PAaBHBIM Ha 3TOM nEp8OM YPOBHE



CAMOCOTI'JTACOBAHHASI KOCMOJIOI'MA 1 CUMMETPUS CIIOXKHOCTHU 33

CIIOKHOCTH yHUeepcaivhol noctosiHHoi I[lnanka h ¢ orpurarenbHbIM
3HaKoM (Tak kak Ey, At >0), 7, — mepuon, a v, — 4acTOTa KBAaHTOBBIX OH-
€HUIl JJI MOoJie-4acTUIbl B MIOKOE, My — Macca nokos 4acTHLIbl, BBEICH-
Has BBINIE, U C2 — MOKAa YTO MPOCTO KOA(PQPHUIMEHT, HO TO3XKE CTPOTO
MPUPABHEHHBINA K KBAJApPaTy CKOPOCTH CBeTa. MBI TaKXKe MOJy4aeM 3/1eCh
SIBHOE BBIPKEHHE 3JIEMEHTAPHBIX TUHAMUYECKHUX Yaco8 Bcenennoii BHYT-
pu Kaxaon (MaccuBHOM) dacTuilbl (pasznmen 1.1), KOTOpele UMEIOT J0CTa-
TOYHO BBICOKYIO 4acToTy (v, ~ 10?° Hz st 51eKTpoHa) M 00€CIIeuMBAIOT
Kay3aJdbHYI0, GU3MYECKU PEATbHYIO OCHOBY JIJIsi 3HAMEHUTOT'O COOTHOIIIE-
Hust hvy =myC2, ucnonb3oBanHoro Jlyu ae bpoiisiem B ero opuruHaibHOM
BeIBOZIE (“‘I1eOpOiiICBCKOI™) MIMHBI BOJIHBI YacTHibl [21,22] u HemaBHO
HOATBEPKAEHHOTO B SKCIIEPUMEHTE 110 KaHATMPOBaHUIO 351eKTpoHOB [20].
Hwxe mbl pa3BuBaeM 3Ty OOBESAMHEHHYIO Kay3albHYI) HHTEPIPETAIUIO
MacChl, SHEPTUU ¥ BPEMEHH Ha CITy4ail JBMKYIIUXCS YACTHIl M ITOTyIaeM
OuHamuyecku BbIBeICHHBIE A(DQEKThl (CrenuaabHON) TEOPUHM OTHOCH-
TeapHOCTH (pazaen 1.3.7).

HaGmromaemoe pasrnoobpasue 4acTull, OTPAKAEMOE B MX CHeKmpe
Macc, TOIy9aeTcs Kak CleJICTBHE PYHIAMEHTATLHON OuHAMU4ecKol MHO-
203HAyHOCMU TIpollecca B3aUMOJICHCTBUSL MPOTOIOJIEH, TIe CEeMeWCTBO
NETKUX J1enmoHo8, MPEJCTaBICHHBIX a0CONIOTHO CTAOWIIBHBIM AJIEKTPO-
HOM, TOJYYCHO KaK COCTaBHAsl peaju3alis ¢ OTHOCHTEIHHO HEOOJBIION
aMIUTMTY/ION KBAHTOBBIX OWEHWH, TaK YTO MYJIbCAIIMH 3/M TPOTOIOJIS
OCTalOTCS OTHOCUTENBHO ‘‘Helajeko” OT HEBO3MYUIEHHOTO COCTOSHUS
nportonois Ha puc. 1. [IpoTuBOMONOXKHBIN ciydail Hanboliee CHUIBHOTO
3¢ (HEeKTUBHOTO B3aMMOJCHCTBHS MPOTOIOJIEH MOJIydaeTcsl KaK COCTaBHas
peaym3anys THKENBIX YacTUIl, a0pOHO8, TIPEICTABICHHBIX CTA0MILHBIM
npoToHoM. VX mocTpoeHne U3 He pa3fiefsieMbIX HETOCPEICTBEHHO KBap-
KOB COOTBETCTBYET COCTAaBHOH CTPYKType IMpoliecca KBaHTOBBIX OMEHMIA,
KOTOpBIC OJTHAKO HE MOTYT OBITH pa3/iejicHbl Ha WHAMBHUIYyAJIbHBIC B3au-
MOJICHCTBYIOIINE OWEHHUs I OTIAEIbHBIX KBAPKOB. DTH OCOOEHHOCTH
KBapKOB, MX YHUKaJdbHas pPOJib B CHUJIHHOM B3aMMOJACHCTBUHM YaCTHII, a
TaK)K€ OTCYTCTBUE CHIBHOTO B3aUMOJICHCTBUS JUTsI JIEITOHOB MOTYT OBITh
00BSCHEHBI HCKJTFOUUTEBHO TeM (PAKTOM, YTO TPaBUTAIIMOHHOE ITPOTOIIO-
Je, WIM cpena, MPeCTaBIeHa TUIOTHBIM KBapKOBBIM KOHJEHCATOM (BO3-
MOXXHO C “KBAHTOBBIMH~ CBONCTBAMH THUIIA CBEPXTEKYUYECTH U C HEU3-
BECTHOW CTETNCHBIO MHIWBUYaTbHOCTUA OTJEIBHBIX KBAPKOB KaK JIOKATH-
30BaHHBIX, KOPITYCKYJISIPHBIX COCTOSTHUN). HeTaBHIE SKCIIepUMEHTAITbHBIC
yKa3aHUs B MOJBb3Y KEAPK-200HHOU dcuokocmu [23] kak MHOTro4acTHY-
HOTO KBApKOBOTO COCTOSIHUS (6 omiuyue om nia3mvl, OXKUIAAEMOH B
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OOBIYHOH TEOPHH) MOATBEPKIAIOT 3TOT BBHIBOJ M BCIO KAPTUHY KBAHTOBO-
IIOJIEBOM MEXAaHUKH.

[TockonbKy Bce MaCCHUBHBIE YAaCTHUIII )KUBYT BHYTPH OJHOTO U TO-
ro xe, ¢uzuuecku 06veounénHoeo 00bEMa TpoTomoJield (BOCIIpUHUMAE-
MOTO B OCHOBHOM CO CTOPOHBI 3/M T10JIs1), UX WHAUBHyalTbHbBIE IPOIECCHI
KBAHTOBBIX OWMEHHH JOJKHBI OBITh CUHXPOHU3UPOBAHLI BO BPEMEHH, YTO
HEOOXOUMO KaK [UIsl CAMOCO2IACOBAHHO20 B3AUMOOeNCMBUs YaCmuy
(0cOOCHHO OYEBUIHOTO B CIIydae Npumsdicenus), Tak U Uil eOuHo20 me-
yenus epemenu s Bcel BeenenHnoi. Takasi ClOKHO-IMHAMUYECKasi CUH-
XPOHU3ALUS COCTABJISIET IPEIMET OTAEIBHOIO UCCIIEI0BaHMs, HO HE3aBU-
CUMO OT €€ JeTayeil, U3BeCTeH KOHEUYHBIM pe3yNbTaT: BpeMeHHbIe (a3bl
MyJbCAIil BCEX MPOIIECCOB KBAHTOBBIX OMEHUN co8nadarom ¢ TOYHOCTHIO
10 obpameHust pas3wl (TO €CTh MOTYT UMETh MECTO JIMOO COBITAJIAIOIINE,
1100 MPSIMO MPOTHUBOIOJIOKHBIE (ha3bl KBAHTOBBIX 6MeHHﬁ).2 Kpowme Ttoro,
9Ta BaKHasi OCOOCHHOCTh MPHUBOJUT K JUHAMHYECKON HHTEpIIpETAlUU
CJIEIYIOIIETO OCHOBHOTO CBOMCTBA, 371eKMpUuecko20 3apsaod, KOTOPBIH
BUANTCSL TEIEPb KaK (haz080-yyecmeumenbHas mepa TOU XKe Ounamuye-
CKOU CNOACHOCMU K8AHMOBbIX Ouenuti. JIeWCTBUTEIbHO, CUHXPOHU3UPO-
BaHHBIE C TOYHOCTBIO J10 oOpalieHus (asbl MoJe-4acTUIIb €CTECTBEHHBIM
00pa3oM Moapa3AeNsoTCs Ha 1B U TOJIBKO JIBa “TIPOTHBOIIOJIOKHBIX ™ BH-
Jla B COOTBETCTBHUE ¢ (Pa30i MX KBAHTOBBIX OMEHHI, YTO OOBSCHSET CYIIIe-
CTBOBAaHHE POBHO JIBYX “HPOTHBOMOJIOXHBIX~ AIIEKTPHUECKUX 3apsI/IOB.
OpnuHakoBBIE TIO 3HAKY 3apsi/ibl, MPEACTABIEHHBIC MPOILIECCAMU KBAHTOBBIX
OueHuil omgHoil (as3bl, OyIyT €CTECTBEHHBIM 00pa3oM OmmanKueamvcs
MeXy cOo00M M3-3a CBOEH NpsSIMOM, “‘MEXaHMYeCKON KOHKYPEHIMH 3a
o0t MaTepuan 3/M MPOTOMOJISA, TOTJa KaK MPOTUBOIIOJIOXKHbBIE 3apsbl
OyIyT CTONb kK€ €CTECTBEHHO npumscugamuvcs APYT K IpYyry Omaromaps
B3aUMHOHN “‘TIOMOIIM” MX MPOLIECCOB COKpPAIllCHUS-PACIIUPEHUs, HaXOds-
muxcs B npotuBodasze [1]. 3HameHuTast “AUCKPETHOCTH” AIIEMEHTAPHOTO
3apsina (ero (UKCHpOBAaHHOE HAOMIOJAEMOE 3HAUEHUE), OCTAIOMIAsICS

2 Takast CHHXpOHH3ALWS JAéT, B YaCTHOCTH, BO3MOYXKHOE JHHAMHYECKOE POHCXOKICHHIE
HalOoaeMoit acummempuu medxncdy (MPUCYTCTBYIOIUMU) YaCmMuyamu U aumuiacmu-
yamu, TpOTHBOpeYaniel GopMaabHONl CHMMETPUU UX CBOMCTB. PacmpocrpaHnsromiascs
“BoJIHA” Heu3DedcHOU CII0KHO-TUHAMUYISCKON CHHXPOHHM3AIMK TPOIECCOB KBAHTOBBIX
OveHni Ha HAYAIBHBIX CTAUSAX BO3HUKHOBCHHUS CTPYKTYpPHI MHpa BO B3aUMOJICHCTBUHU
MPOTOMNOJIEH aBTOMATUYECKH OCTABHT IIOCNE ce0sl TOJIBKO YacCTHIBI (HO HE WX aHTHYa-
CTHIIBI) C OJWHAKOBBLIMH/TIPOTHBOIOJIOXKHBIME ()a3aMU KBAHTOBBIX OHMEHUIA, CBSI3aHHBIX
TaKXKe CO CHMHOBBIMHU BUXPSMHE (CM. HIDKE B 3TOM pasjeine). OTa HeoOxoaumas (aza mu-
HaMHMYECKOT0 “yHopsiioueHus’” COAEPKUMOro MarepuanbHoil Becenennoil noxpasymena-
€T TaKXe CYIIECTBEHHBIC MOTU(PHUKAINU B (POPMYIHUPOBKE U pPEIICHHH TpoOIeM Bo3pac-
Ta, pa3mepa, n30Tpornuu BeeneHnoi u ap. (cM. Taxke pasaeln 2.3).
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HEOOBACHEHHOH B OOBIYHOW TEOPUH, MIPOUCXOIUT U3 TOU K€ TI00aTBHON
@azosoll cunxpoHusayuy BCEX TPOLIECCOB KBAHTOBBIX OMEHMH (CKOpee
BCEro Ha YaCTOTE 9/1eKMPOHHbIX KBAHTOBBIX OMEHHIT) U B KOHEYHOM CUETe
K6AHMOBAHUsA UX CJOXHOW NWHAMUKU (T. €. JUHAMHYECKU TUCKPETHOU
CTPYKTYPBI CHMMETPHUH CIIOKHOCTH).

OnwucanHas mpsiMasi CBSI3b MEXKJTY 3JIE€MEHTapHBIM JIEKTPUYECKUM
3apsA0M € M KBAaHTOBAHHOM CIIOKHOCTBIO IpoIlecca KBAHTOBBIX OMEHUN
(BBIpa’kaeMoil B COOTBETCTBUU C ypaBHeHHEM (34) KBAaHTOM CJIOKHOCTHU-
neiictBust ii=h/2m) cocranser HCTHHHOE, Kay3aJbHOE COJICPIKAHKE XO-
POILIO M3BECTHOTO COOTHOIIEHUS MEXIy € U /i, €2 =ach, e o — ImocTo-
STHHasl TOHKOW CTpYKTypbl. Hroke Mbl yBuaum (pasnen 1.3.4), 4ro oHo na-
€T Takke HOBYIO MHTEPIIPETALMIO MOCIETHEH (BMECTe ¢ YHHBEpPCaIbHO-
cThio nocTosiHHOM [Inanka). CTaHOBUTCS TaK)Ke OYEBHUJIHO, YTO 3AKOH CO-
XpaHeHus 21eKmpuyecKo2o 3apsaod, NOSIBISIIOIIMICS B BUIE 0MOen1bHO20 1
HOCMYIUPOBAHHO20 (IMITUPUYECKOI0) 3aKOHA B OOBIYHOM TEOPHUH, MOIY-
YaeT Terepb Kay3aibHoe U 00beOuHEéHHoe PACIINpPEeHre KaK YaCTHBIN CITy-
yail ounamuuecku 000CHO8AHHOU, eOuHOU CUMMETPUM (COXpaHEHUs)
CJI0KHOCTH.

HetpyaHo BuAeTh, 4TO THMHAMUYECKOE COKpalleHue (Ckatue) ghu-
3UYecKU peanrbHo20 3/M MPOTOMOIS B paMKaX KaXXJOTro IUKIA KBAHTOBBIX
OMeHUI 3JIeMEHTapHOW TOJIe-YaCTHUIIBl JIOJKHO BKJIIOYATh CHUIIBHOE BHX-
peBOE 8paujenue CKUMAaEMOl MaTEpUU TPOTOIIONIA, YXKE B CHIly €€ KoHeu-
HOU cofcumaemocmu. ITO SIBJICHUE MOXKET ObITh ONHCAHO KaK CHJIBHO He-
JAUHEeNHas (CaMOYCHJIMBAIONIAsACs) BEpPCUsl BOJAOBOPOTA, BO3HUKAIOIIETO B
KHUJIKOCTH B X0JI¢ €€ BBIHY)KJICHHOTO BBITEKAHUS, OOBIYHO TIOJ] JICHCTBHEM
rpaBUTaLlMU, Yepe3 HeOONbIlIoe OTBEpCTHE. YHukanvnoii 0COOEHHOCTHIO
Hepeoyyupo8aHHo20 B3aUMOJICUCTBUS KBAaHTOBBIX OMEHHUI M B 4aCTHOCTHU
CaMOYyCHJIMBAIOLIETOCs AMHAMUYECKOro neperuierenus (paszaen 1.1) sBius-
€TCsl TO, YTO OHO TIPOU3BOJUT, YUCMO OUHAMUYECKUM, ‘‘CTIOHTAHHBIM™® 00-
pa3oM, OECKOHEUHYIO CEPHUI0 TaKUX “OTBEPCTUI WJIM LIEHTPOB COKpallle-
HUs nporornosied. JleTanabHbIil MEXaHW3M CaMOro BO3HMKHOBEHHS BUXPS
IPOTONOJS MOJ00EH OOBIYHOM HEYCTOHYHMBOCTH OTHOCHTEIBHO JIOKab-
HOM CIBUTOBOM nedopMaiiuu moToKa >KUJIKOCTH/Ta3a, Tlie ObIcTpee JBU-
Kymrecst yactu (Oarke K “OTBEPCTHIO) UCIBITHIBAIOT OOKOBBIE “3aKpy-
YUBAOLIMe” OTKJIOHEHUS MOJ JeMCTBUEM OAHOBPEMEHHO BO3HMKAIOIIUX
pasnuyMii JaBieHHUs] B HEOAHOPOJHO JBMXKYILEMCs BelecTBe. Bo3Huka-
IOllee BpallleHHe MPOJ0IDKAeTCsl U B (a3e paclIMpeHusi, U B LIEJIOM TOJY-
yaeM ¢Qusuuecku peanvHoe, TUHAMUYECKOE U CYWECMBEHHO HeNUHelHoe
IPOMCXOXKAECHNUE YHHUBEPCAIIbHOTO BHYTPEHHEIO CBOWCTBA CHUHA DJIEMEH-
TapHOi uactuibl. Cllo)KHasi, MHOTO3HAuHasl JAMHAMHUKA B3aUMOJICHCTBUA



36 AIl. KUPUIIIOK

IIPOTOIIOJIEH NA€T KaK pa3 yHUKaIbHOe COYETaHUE CBOWCTB I 3TOM caMo-
COIVIACOBAHHOM Kay3aJIbHOM HHTEPIIPETAllMU CIIMHA, B IPOTHBOIIOJIOXK-
HOCTB JIFOOBIM YHUTAPHBIM MOCIISIM ‘BPAIAFOIINXCS IIIAPUKOB”.

Bonee TOro, KOIMYECTBEHHOE BBIPAKEHUE CMHMHA, S (M JHOOOTrO
JIPYroro yriioBoro MomeHra l), B eJMHHIIAX KBaHTa yriIOBOrO MOMEHTa /i
(s=h/2 nnsa smexTpoHa) MPEACTABISET €ro Kak opyeylo ¢opmy (ecte-
CTBEHHO KBAaHTOBAHHOW) C0JCHOCMU KBAaHTOBBIX OMEHUN M BBISBISET
npupoay TiyOOKON JUHAMHYECKON CBA3M MEXKIy KBAaHTOM CIIOKHOCTH-
nevictBus h 1iist nyivcayuu KBaHTOBBIX OMCHUN W KBAHTOM YIJIOBOTO MO-
MEHTa /i Ul CIIMHOBOTO 8paiyeHusi B paMKax 00HO20 U mMo2o Jice IPOoLec-
ca KBaHTOBBIX OueHuil [1]. YHuUBepcaabHOE BBIp@XKEHHE ISl MPUPOCTA
CIIOKHOCTHU-IEUCTBUS OyAeT B OOIIeM ciiydae COAep)KaTh ‘‘BpalllaTeib-
Helii” dned, AA=—-EAt+ pAX+I1A¢, rie A¢ — HHKPEMEHT YTIOBOMH
MEPEMEHHOM, Tak uTo »Heprus nokos ( p =0) mist, HampuMep, IEKTPOHA
OyZIeT copepkarh BKJIAJl OT SHEPTUU CIIMHOBOTO BPAICHHUS:

EO=M+S%=M=hVO=ha)O ,
2

r7ie KpyroBasi 4acTOTa CIHUHOBOTO 8paujeHusi @, IOJDKHA COBIAIATh C
KpPYroBOW 4acTOTOW myibcayuu KBAHTOBBIX OWEHUH, @y =27v,, TaK Kak
9TO 0OUH U MOM dHce npoyecc, Tak YTO pacHpeliesieHue ero HEpruu Ha
BKJIQJIBI OT “TyJibcaluu’ M ‘“CIMHOBOTO BPAIICHHS MOXET WMETh JIHIIIb
YCIIOBHBIA CMBICII, KaK MOKa3aHO BbIIIE. “AHOMabHbIE” 3HAUEHUS] CIIMHA
U THUPOMArHUTHOTO OTHOIIEHHUS IS DJICKTPOHA TMOJydYaloT Teneph Kay-
3JIbHYI0O UHTEPIPETALMIO C TOYKHU 3peHUs NBYX(ha3HOU CTPYKTYpHI MPO-
1iecca JJIEKTPOHHBIX KBAHTOBBIX OueHuil [1]. MHAyIHMpPOBAaHHOE CIHHOM
BpalllecHUE BEIIECTBA 3/M MPOTOMOJS MOXKET TEeNeph pPacCMaTpPUBATHCS
TaKkkKe Kak QyHIAMEHTAIBHOE uzuueckoe npoucxoxcoenue MacHumHoz2o
nons u s¢ppexmos [1]. Y momoOHO BBILMICOMMCAHHOMY CIYYal0 dJICKTpUYe-
CKOTO 3apsjia, BCE 3aKOHBI COXPaHEHHS, BKIIOUYAIOIINE YTIOBOW (CIUHO-
BBl U OpOUTAIBHBIN) MOMEHT, TEEPh YHUBEPCAIHHO PACHIUPSIOTCS HA
Kay3aJbHO O0OOCHOBAHHYIO, €IMHYI0 CUMMETPHIO CI0KHOCTU. MBI MOKeM
SCHO, HETIOCPEJCTBEHHO BUJETh, KAKUM 00pa30oM BCe pa3HOOOpas3HbIE Be-
JTUYUHBI, COXPAHSIONINECS COTJIACHO (POPMANbHO HABA3LIBAEMBIM (IMNU-
pudeckum) 3aKOHaM COXPAHEHHUS YHUTApHOW HAayKH, MOJYy4YarOTCs U CO-
XPaHSIOTCA KaK Mepbl JIUITb 6HeuHe PA3TNYAIONUXCsl PA3IMIHbBIX MPOSB-
JeHu (WM ypoBHEH) OIHON M TOW XKE€ OUHAMUYECKOU CIONCHOCMU He-
PeOYYUPOBAHHO20 Npoyecca 83aumoodelticmaus, 9T0 ONpeAeseT gusuie-
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CKU pedJjibHoe, 00veounénnoe npoucxoofcdeHue KaK COXPaHAIOIIUXCA BC-
JIMYXH, TaK U CaMOI'0 UX COXpaHCHUA.

1.3.3. IluHamMuyecku 00beAMHEHHBIE (PYHIaMEHTAJIbHbIE
B3aMMO/eHCTBUS YaCTHI, X YHCJI0 U CBOMCTBA

[TomrydeHHbIC BbIIIC BHYTPEHHUE CBOMCTBA YaCTHI] CBS3aHBI C (DyHIaMEH-
TaJIbHBIMU B3aUMOJICUCTBUSAMU MEXKY YaCTULIAMHU, KOTOPbIE €CTECTBEHHO
BO3HHMKAIOT B KBAHTOBO-TIOJICBOM MEXAaHUKE B UX OUHAMUUECKU 00beou-
HéHHOM COCTOSIHUU W ¢ HaOmomacMbiMu cBoiicTBamu [1,4,7,8]. O6benu-
HEHHBIM JTHHAMUYECKUM HUCTOYHUKOM BCEX B3aUMOJCHCTBUI 4YACTHUL SB-
JSIeTCsl cUCTEMOoOOpasyroliee MPUTSIKEHUE IMPOTOMNOJei, B ero ‘“BOIUIO-
nIEHHOK” (hOpMe MPOIIECCOB KBAHTOBBIX OMECHHI BHYTPH KaXKJIOH 9acTH-
upl. [lockonbKy Kaxaas Takash YacTHIA-TIPOLIECC H3MEHSIET CBOMCTBA
OKPY>KaIoIIero mpoTomnoisa (u3-3a ero neopmaiun), oHa OyJaeT BIUATh HA
napaMeTpbl KBaHTOBBIX OWEHHUHN 000N Ipyroi 4yacTtuilbl (B HEKOTOPOU
aHaJIOTHH C “‘1eOpMaIMOHHBIM B3aMMOICHCTBHEM ™ MEXAY Ae(peKTaMu U
BO30YKACHUsIMH TBEpIOro Tena). B pesynbrare momyyaem JBa TaKHUX
JTATBHOACHCTBYIONNX (DyHIAMEHTAIBHBIX B3aUMOJICUCTBUSA, /M U TPaBU-
Tal[MOHHOE, Yepe3 COOTBETCTBEHHO 3/M M TPaBUTALIMOHHOE MOJIS/CPEbI,
YTO Tenepb OOBsACHsAET MX Ha3BaHws. CWIBI 3/M B3aUMOJCHCTBUS TIPEII-
CTaBJICHBI B MIPEIBIAYILIEM pa3ielie, a MoJy4aeMblil TaKuM o0pa3oM JAuHa-
MHUYECKUI MEXaHW3M TpaBUTAMH JNAET Kay3albHYIO, (uszuuecku peaib-
HYl0 OCHOBY SIBIIGHUSI YHUBepcalbHOU epasumayuu (OTCYTCTBYIOIIYIO B
m000M €€ YHUTapHOM OIHMCAHHMH), KOTOpas 00JiaJlaéT BCEMHU CBOUMH
HAOMIOTaeMBbIMUA KJITACCHYECKHUMH CBOMCTBAMH, 6HYMPEHHE KBAHMOBOU
npupooil (6arogaps AUCKPETHOMY XapaKTepy KBAHTOBBIX OWEHU), JTu-
IEHHO# MPoOsIeM 0OBIYHON KBaHTOBOMU rpaBurtaimu (cp. [24]), u persmu-
sucmckumu dpdexramu, 0e3 UCKYCCTBEHHOM ‘‘reoMerpusanuu’’ Quznye-
CKHM PEaTbHOr0 MPOCTPAHCTBA M TEKYIIErOo BpeMeHH (JalbHEUIINe Io-
npoodHoctu cM. B pazzene 1.3.7). JIBe apyrue, KOPOTKOACHCTBYIONIUE CH-
JIbI B3aUMOJIENCTBHUS, U3BECTHBIE KaK ‘“‘ciiaboe” M “cHiIbHOE” B3aMMOIEH-
CTBUS, BO3HUKAIOT MPOCTO Oyrarojapsi KOHTAaKTHBIM CHJIAaM B3aWMOJICH-
CTBUSI MEXJy COCTaBISIONIUMH JIEMEHTaMU 3/M U TPAaBUTAIMOHHON cpef
COOTBETCTBEHHO (OCTAIOIIUMUCS B OCHOBHOM 3 MpeeiiaMy Pa3pelieHHs ).
TakuMm 00pazoM, MbI TIOJTYYaeM B mMOYHOCHU HAOI0O0AeMoe YUCIO (Yembl-
pe) (pyHIaMEHTAbHBIX B3aUMOJCUCTBUS C UX HAOAOO0AEMbIMU CBOli-
cmeamu (BKITIOYAs JBa KOPOTKOACHCTBYIOIIMX W JIBA JaJbHOJCHCTBYIO-
[IMX B3aUMOJACUCTBHUS ISl IBYX MIPOTOIIONEH).
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Bonee toro, Bce yeThipe B3aUMOJCHCTBUSL ecmecmEeHHbIM 00pa-
30M 00beOuHeHbl C CaMOT0 Havyalla BHYTPH Ka)KJ0ro Mpolecca KBAaHTOBBIX
Ouenuil (monHoe 00BbETUHEHNE NOCTUTaeTCs B (pase MaKCHMMalIbHOTO CO-
KpalleHus Ui HauboJiee MaCCUBHBIX aJPOHOB), YTO pa3pellaeT npoodiemy
3HAMEHHUTOTO “‘BETMKOr0 0O0BeAMHEHHs (M3BECTHOTO TAaKXKe KaK “TEOpHs
BCEro”’), WM JaXKe MO3BOJISACT u3bedcams KaKuxX-1u00 OOIbIIMX TpodiemM
BOKPYT TaKOro OOBEAMHEHUS, UYTO Kadcemcsi CBOETO poaa ‘“‘BONeOHOMN
MEUTOM” M HEBO3MOXXHOU ‘“‘CBepx3ajayeil’” B YHUmMapHou TEOPUH UMEHHO
u3-3a eé cneyuguueckoil, 3p(HEKTUBHO HYIbMEPHOU, 8HYMpeHHe pazde-
JIEéHHOU W TIOCTYJIMPOBAHHOM, aOCTPAKTHON umumayuu (npoexkyuu) peaib-
HOCTH. Hike MBI IEMOHCTPUpPYEM CTPOTO€ BBIPAKEHHE ITOTO JUHAMUYE-
CKOro OOBEAMHEHUS B3aUMOJICMCTBUM, narollee MPAKTHUYECKH Ba)KHOE
pelieHre cepun nmpooIeM, CBSI3aHHBIX CO 3HAYCHUSMU W MHTEPIIpETalneH
IUTAHKOBCKUX eAuHULl (paszzen 1.3.4). Mbl MOkeM Takke MOJATBEPIAUTh U
OOBSCHUTD Kay3abHylo, GU3NIECKYIO IPUPOAY “4aCTUIHOTO” 0OBbeduHe-
HUS 3/M U c1abo2o 83aumooericmseuti Yepe3 nx OOIyI0 MaTepUalbHYIO Ie-
pENarouIy0 OCHOBY 3/M MPOTOIOJS U MOXKEM npedcKazams aHaTOTHIHOE
(XOTs1 BO3MOXKHO M OTIIMYHOE B JCTASIX) 00beOUHEHUE ePaBUMAayOHHO20
U CUNBHO20 63AUMOOEICIEUll YePe3 UX 00WyIo 2pasumayuoHHyIo cpeoy
(mpoTorosne), GaKTHUECKH MPEICTABICHHYIO, KaK YIIOMHUHAJIOCh B MIPEbI-
JyIieM paszjene, INIOTHBIM KBapKOBBIM KOHJeHcaToM. Cunbl B3aMMOJIEH-
CTBHSI YaCTHII KaK TAaKOBBIC BO3HHKAIOT KaK 00IIee CICICTBIE CHMMETPUHU
CJIO)KHOCTH, B (popMe pazeumus croxicHocmu om OUHAMUYECKOU UHPOp-
Mayuu K OUHAMUYECKOU YHMPONUU, T. €. YaCTHUIIBI BBIHYK/ICHBI IBUTATHCS
TaKUM 00pa3oM, 4TOObI COXPaHWUTh MOJHYIO CIOKHOCTh CHCTEMBI C IO-
MOIIBI0 OMTUMAIIBHOTO B03PACMAHUA OUHAMUYEcKOot dHmponuu (TTyTéM
CTPYKTypoOoOpa3oBaHusi) 3a CY€T OuHaMudeckoil wuHpopmanuu (wnu
“0000IEHHON TMOTeHIUATBHON 3Heprun”). CTporoe BBIPaXKEHHE STOTO
3aKoHa AaéTcsl yHUBEpcalibHbIM GopmanuzMoM ['amunbroHa-Ilpeannrepa
(24)-(32), xoTopbIit MOXKET OBITh YTOUHEH Uil OOBSICHEHHS PEISITUBUCT-
CKHUX, TPaBUTALMOHHBIX U KBAaHTOBBIX 3 dekToB (pazaen 1.3.7).

JuHaMuveckass CTpyKTypa TakuM 00pa3oM Kay3allbHO BBIBEICH-
HBIX (DyHIaMEHTalbHBIX B3aUMOJEWCTBUI YacTUI[ MOXXET OBITh Jaiee
yTOYHEHA, BKJIIOYAas HApUMEp @usuyecku peanbHoe PACHIMPEHUE IPO-
11ecCOB 0OMeHa nonHoyerHnviMu HOTOHAMU TS 3/M B3auMojercTBHid [1],
KOTOpPBIE B OOBIYHOI TEOPHH ONHCHIBAIOTCS C TIOMOIIBIO YUCTO a0CTPaKT-
HBIX MHCTPYMEHTOB JIMILb KaKk 0OMEeH “BHpPTyanbHbIMU (OTOHAMHU. 37€Ch,
OJIHaKO, MBI CKOHIICHTPUPYEMCs Ha BaKHOM OOIIIEM COOTHOLIEHUU MEXITY
yyucramu Hambonee gynoamenmanvHuvlx cywHocmeti (A3MEPEHUM, CHII U



CAMOCOTI'JTACOBAHHASI KOCMOJIOI'MA U CUMMETPUS CIIOXKHOCTU 39

YacTHI]), CIPaBEAJIUBBIMU ISl 17000U peanbHOol BCEICHHOU U CIIETYIONIH-
MU U3 CUMMETPHUU CII0KHOCTU U €€ Kay3aJbHbIX IIPOSBICHUN. B cooTBET-
CTBUU C TMHAMUYECKOW MPHUPOJOHN pealbHBIX MPOCTPAHCTBEHHBIX H3Me-
penuii (pazaen 1.3.1), Mup, BO3HUKAIOUIUMH W3 B3aUMOJCHCTBUS N M3HA-
YJaNbHBIX CYIIHOCTEH (mpoTomoneii), Oyner umetb Ny, =N+1 erobans-
HbIX TIPOCTPAHCTBEHHBIX M3MEPEHUN (M OHO HEoOpaTHMoO TeKyllee Bpe-
Ms1), UTO SIBJISIETCS MPSIMBIM CJIEICTBUEM CHUMMETpPHH clokHOCTH. Kak mo-
Ka3aHO BbIIIE, Takod mup Oyaer umeTh Ng =2n “dyHIaMEHTAIbHBIX
CHJI B3aUMOJICHCTBUSL MEXAY €ro (JUHAMUYECKH OOpa3yIOIIMMUCS) Ya-
CTHLIaMU, (pU3MYECKH TMepeaBaeMbIX Yepe3 3TH N MPOTOMONIeH U MoIpas-
JNENEHHBIX Ha N KOPOTKOJCHCTBYIOIIMX U N AaTbHOACHUCTBYIOIIMX CHIL.
TakuMm 006pa3oM, Mbl MOTy4aeM CIIEIYIOIIee COOTHOLIEHHE MEXIy Yuciia-
MU crI U (TIPOCTPAHCTBEHHBIX ) H3MEPEHHH (JII000T0) MUpa:

N
Ne :Z(Ndim _1) v Ngim =—-

+1, (35)
rae Ny, —1 cun B3aumozeiicTBus (MOJOBHHA MX TOJHOTO YKCIIA) UMEIOT
JAJIbHOJICHCTBYIOIMI XapakTep, Toraa kak ocranbHble Ng, —1 cui sB-
JSIFOTCSL KOPOTKOJACHCTBYIOIIMMU (KOHTAKTHBIMU). DTO COOTHOIIEHUE MO-
*KeT ObITh Oosee oOmuM, yem ucxonHbie 3aBUCUMOCTH Np u Ny, OT
Yyucia npoTomnoseit N. JleficTBUTensHO, BO3MOXKHAS 0oJiee ClIokKHasi, “‘Her-
no06anpHas” CTPYKTypa B3aUMOJIEHCTBHS MPOTOINOJIEH MOXKET IMOPOXKIATh
pasnyHble “yacTU4HbIE”, (OTY-) CKPBIThIE U3MEPEHUS U “peaKue’” CUIIbI,
HO COOTHOIIeHHUE (35) MeXIy YuclaMu GO3HUKANOWUX CYITHOCTEH OyneT
0CTaBaThCs CIPABEIMBBIM OJiarojapsi €ro XOpouo onpeaenéHHON gu3su-
yecKkoll OCHOBE U CBSI3aHHOM aOCONIOMHO YHUBEPCANbHOU CUMMETPUN
cioxkHocTu. [lockonpky nr00asi M3HAaYalbHasl CYIIHOCTh HPOTOMOJIS MO-
JKeT B MPUHLUIE UMETh Oojiee OJHOro OJM3KO-, CpeAHe- U AAbHOMAEH-
CTBYIOIIETO TUTA BO3OYXKACHUH U MyTH TIepeaddl B3aUMOICHCTBUS, Clie-
JyeT y4yuThiBaTh U Oozee oOmiyto ¢opmy cootHouenus (35), B Buie
HuodicHe2o npedena ans uucna cui, N >2(Ngqy, —1), xoTs cTporoe Hepa-
BEHCTBO 37€Ch HAJI0 paccMaTpuBaTh Kak 0oJjiee SK30THYECKYIO BO3MOXK-
HOCTh. TakoBasi HaBpsA JIM pealu3yeTcss B HAIIEeM MHpE, Ui KOTOPOTO
N=2, Ngim =3 u Ng =4, B cornacuu ¢ paBeactBoM (35). Jlns cnemyro-
IIUX BCEJICHHBIX C OONBIIUM YHCIOM U3MepeHui Oynaem mmeTh {N =3,
Ngim =>4, Ne>63} {n=4, Ngn,>5, N.>8} u . 1. Emé omno coot-
HOIIIEHHE, BbITeKarImiee u3 (35), Moker OBITH ero emgé Oosiee yHHUBEp-
canmbHbiM  cienctBueM:  Np —Ngim = Ngim =221 (=n-1), wm
Ng = Ngim +1, rae yHuBepcaabHOE HEPABEHCTBO CIEAYyeT U3 TOro (akra,
910 Ngim =3 (W N> 2) ams 11000r0 peasbHOr0 MUPA, OCHOBAHHO20 HA
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83aumooelicmeuu, U TIOKa3bIBACT, UTO 11000€ OONOIHUMENbHOE, PealbHOe
usmepeHue npuHOCUm OONONHUMENbHbIE CULbl 83aumoodelicmeusi (M CBs-
3aHHBIE C HUMU YaCTHULIbI).

[TocnenHee yTBepakIeHUE MPEACTABIAET BaXXKHOE NPUMEHEHUE pa-
BeHCTBaA (35) U aHATOTMYHBIX COOTHOIIEHHUM. [I0CKOIBKY YMCIIO CUll B3a-
UMOJICHCTBUS MOXKET OBITh YCTaHOBJICHO 3KCIIEPHUMEHTAIILHO, OHO JCEéCH-
KO o2panuuueaem 4YUCIO o0bix peanbbix (“00apIIUX”, “MaNbIX” WM
“ckpbIThix”’) uaMepeHu#t ( Ngim < (Ng/2)+1) u oOycnaBiuBaer JOMOHU-
TEJIbHBIE COMHEHHUS B pe3yJIbTaTaXx OOBIYHON TEOPHH, CBSI3aHHBIE C €€ I10-
NYyJSIPHBIMU HapyIICHUsIMU NpuHIUNa OpuTBel OKKama (credyrouezo u3
CUMMETPHUHU CJIO)KHOCTH) B BHUJE IPOU3BOJILHO BBOJUMBIX JIONOJHUTEb-
HBbIX M3MEPEHUI, B COOTBETCTBUU C BHYMPEHHUMU, ‘‘MATEMATUYECKUMU
NOTPEOHOCTAMH abcmpakmHuix “Mojeneil” (Hampumep B TEOPHH CTPYH,
KBaHTOBOM I'paBUTAIMM, MOJEISAX MUPOB Ha OpaHax U T.A.). DTU COMHe-
HUs emé Oosee yCUIIMBAIOTCS, €CIM MPHUHIATh BO BHUMAaHME, YTO KaxJas
HOBas CWJa MOJpa3yMeBaeT HOBble (HaOmronaemble) YacTUIbl (MM BO3-
Oy>xneHus), Tak 4To ynucio yacTull Npart OyaeT B JIr0OOM citydae OoJiblIe,
YeM YHUCJIO0 KOPOTKOAECMCTBYIOUIMX CHUJI (MM MPOTONOJIEH), TO €cCTb
Npart > NF /2= Ngim —1 (4TO COOTBETCTBYEeT HEpEATUCTUYHOMY, aOCO-
JIOTHOMY MUHHMYMY OOMEHHBIX YacTHil). Tak, B HAIlIeM MHPE C Yenbipb-
M5 CUJIaMU B3aUMOJEUCTBUS U mpems U3MEPEHUSIMU Mbl UMEEM JEUCTBU-
TENbHO 08e TAKUX “‘JAEUCTBUTEIBHO HEYCTPAHUMBIX™ (M MO3TOMY YCTOM-
YMBBIX) YAaCTHIBI B (POPME FJIEKTPOHA M MPOTOHA, MPOUCXOAIUX U3 CO-
OTBETCTBYIOUIMX NpoTomnoiel (He cuurtas Oosee rpemepHOro GoTroHa u
BCE HECTAOWJIbHBIC YAaCTHUIBI M “BO30YXKAEHHBIE COCTOSIHHS ). Mup, BO3-
HUKIIUN B pe3ysibTaTe B3aUMOJIEHCTBUS N MpoTomnojei, OyAeT UMeTh IO
kpaifHeit Mepe Ng=2n QyHAaMeHTaIbHBIX CHUJI B3aUMOJEHCTBHS,
Ngim =N+1 npoctpaHcTBeHHbIX M3MepeHUH M Npat =N “HeycTpaHH-
MbIX” (T.€. JOBOJIbHO CTAaOWMJIBHBIX M “‘yBEPEHHO HAOJ0/1a€MbIX) YaCTHII.
CoBepilIeHHO OYEBUAHO, YTO BCE YHUTApHbIE, “@HTHU-OKKaMOBBI TEOPHH,
IIPOU3BOJSALINE HOBBIE CYHIHOCTH, NPSMO M CHIBHO HapyIIAOT JaKe
HauMEHEE OTPaHUYUTENbHBIE, HEPEATUCTUYHBIE BEPCUM ITHX COOTHOLIE-
HUHN MEXJly YncIaMHi U3MEPEeHUH, (PyH/1TaMEHTaIbHBIX CUJI U YacTull. Bme-
CTO HEKOPPEKTHOTO HaBA3BbIBAHUS MPOU3BOJIBHBIX (haHTa3UN U3 YUCTO ab-
CTPaKTHOHM ““pealbHOCTH’, MOYKHO MCIIOJIb30BaTh CIEACTBHS YHHUBEPCAIIb-
HOW TEOPHH CIIO)KHOCTH, KAY3albHO OOOCHO8AHHble BBIIIE, JIIS 6616004
MOJTHOTO YHCIIa U3MEPEHUI (JIF000T0) MHUpa M3 YKcia ero HabIto1aeMbIX
(GbyHIaMEHTaIbHBIX CUJ M “OCHOBHBIX 3JIEMEHTApHBIX YacTHIl (B MPOTH-
BOTIOJIOKHOCTh JTIOOOMY “HHTYUTUBHOMY WM (POPMAIBHOMY CIOCOOY
OTpeieNIeHus] MPOCTPAHCTBEHHBIX U3MEPEHUI U UX YHCIa).
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1.3.4. CioxkHOo-THHAMHYECKOE MPOUCX0KTeHHEe YHHBEPCATbHBIX
MOCTOSIHHBIX ¥ PeATUCTHYHBIX MJIAHKOBCKHUX eINHHII

bnarogaps BHyTpeHHE CO3UIATEILHOMY, CTPYKTYpOOOpa3yloIIeMy Xapak-
TepY CUMMETPHH CIOXHOCTH (pazaen 1.2), 6ce pyHaameHTasbHbIe CTPYK-
Typbl U CBOMCTBa MHpa UMEIOT B KBAHTOBO-TIOJEBOW MEXaHHMKE MPSIMOE
KaysanvHoe, OuHamuyeckoe TPOUCXOKIEHUE, BKIOYas TaKue “UCTUHHO
abcTpakTHBIE” BEMUYMHBI OOBIYHON TEOpHH, KaK yHUBEpcalbHbIC ((pu3u-
yeckue) nmoctosiHubie [7,9]. Hampumep, ckopocms céema C BBOAMTCS B
HAIlleM ONMUCAHUM KaK (pu3uuecKu peanibHdas CKOpOCmb PACIPOCTPAHECHUS
BO3MYIICHUH B 3/M MPOTOIIOJIE, CBA3aHHOM C IPaBUTAIIMOHHBIM MIPOTOIIO-
nem (cm. pazzaen 1.1), a He Kak “JOruyYecKoe” CIENCTBUE NOCMYAUPOBAH-
HO20, abcmpaxmuo2o “NPUHIUIA OTHOCUTENLHOCTH YHUTAPHOU TEOPHH,
MOCJIE Yero MbI CTPOTO BBIBOJAMM OCHOBHBIE “PEISATUBUCTCKUE” IPPEKTHI
KaK Kay3aJbHbI€ IPOSBIIEHUS OCHOBOIOJAraroleil CI0KHOM TUHAMUKU
B3aumoeictBus (pazaen 1.3.7). dpyras yHuBepcaidbHas KOHCTaHTa, HO-
cmosinnas Ilhanka h, TOABISETCS B HAIIEM IMOIXOJAE KaK OUHAMUYECKU
Ouckpemuas TOPIUS, UIN “KBAaHT , YHHUBEPCAJIbHOU MEpHl CIIOKHOCTH,
cinoxknoctu-aeicreust A (pasmenst 1.2, 1.3.2). E€ yHuBepcaibHOCTD Clie-
IyeT U3 obwel, guzuuecku 00beOUHEHHOU CTPYKTYpPhl OCHOBOIIOJIATA0-
e CUCTEMBI CBSI3aHHBIX MPOTOMNOJEH U TOro (pakTa, YTO KBAHT CIOKHO-
CTH-EHCTBUSA h TOABIISIETCSI HA CAMOM TIEPBOM, HAUMEHee CIpPYKMYpPUupo-
6aHHOM YPOBHE CJOXHOCTH Mupa. OJHaKo, NEHCTBUTEIBLHO HEOTpPaHU-
YeHHasl, TOPa3UTEILHO MHPOKask YHUBEPCATbHOCTH N, OT sHEepruu doToHa,
JI0 SIIEPHBIX, CYOBSIIEPHBIX U JaKe BHYTPEHHUX CBOMCTB YACTHI], HMEET
Oonee nerasbHOE OOBSICHEHHME B paMKax 3TOW OOIIeH HMHTEepIIpeTaluH,
BKJIIOYAIOIIEE TAK)KE CII0KHO-TMHAMUYECKOE MPOUCXOXKIACHUE NOCMOSIH-
HOU MOHKOU CMPYKmMypbl O. U 2JIeMeHmapHo20 3apsda € (CM. Takxke pas-
nen 1.3.2).

XOpoIo M3BECTHOE COOTHONIEHUE Mexay h, e u o, €2 =ach/2mw,
MOJKET OBITh MPEJCTABICHO B BUJE:

2 2

mOCZZZ_TEe_:N%e_! )\'C:L! N%:ll EC:_, (36)
o Ac EC myC o

rae My — Macca MOKOs AJIEKTPOHA U A c — KOMITOHOBCKAs JIJTMHA BOJIHBI.

[Tockonbky E,=myC?2 mnpencrapiser co0oil Kay3aabHO ONPEAEIEHHYIO

DHEPrui0 MOKOosl dMeKTpoHa (cMm. ypaBHenue (34)), To ypaBHeHHe (36)

O3HAuaeT, 4To Beau4yuHa AX = Ac MOXKET ObITh MHTEPIPETUPOBAHA KaK

ONUHA CKA4Ka 8UPMYanlbHO20 CONUNMOHA B TIPOLIECCE KBAHTOBBIX OMEHUU
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(cBsA3aHHAs C :—)JIeMeHTapHon MPOCTPAHCTBEHHOM UIMHON AX, BBEAECHHOU
B pazzene 1.3.1), Ng =1/ 0 ~137 kax uucio peanusayutl d1eKmpona (e2o
KBAHMOBbIX OUeHUll) U 0L KaK 8epOsSmMHOCIb NOSGICHUS KAJNCOOU peanusa-
yuu (B COOTBETCTBUU C €€ OOIIMM JUHAMUYECKUM OIPE/ICICHUEM, YPaB-
Henue (10)). To ke KaHOHMYECKOE COOTHOINCHHE MEXay h u e moxer
Tak)Ke OBITh 3aITUCAHO B BUJIC:

2
h= N“ﬁ__ichi iC:Nﬂe?re ) (37)

re Po=meC=Ey/C, a r,=€2/myC? — 06bIuHBII “KIaccHUecKuil pajau-
yc” anekTpoHa. YpaBHeHue (37) ma€t tenepr NMpo3padyHyrd (PpU3NUECKyIO
UHTEpIIpeTanuio nmocrosinHor [lnanka u e€ yHuBepcanpHocTH: /i (wm h)
u3MepsieT “o0bEM” (B €AMHUIAX CIOHCHOCMU-ACUCTBUS) MOTEHIIUATBLHON
ssMbl DI1 KBaHTOBBIX OMEHHI, KOTOPBI 0Cmaémcs noCmosHHbIM IS J1i0-
6020 BUIA YacTull (BKIOYasi 0e3MaccoBble BO3OYXIeHUSI TUIIA (POTOHOB)
U WX KOMOMHAIMN C KOTEPEHTHBIMU OMEHHUAMH, Ojarojapsi Kak coxpaHe-
HUIO CJIOKHOCTH, TaK U IMOCTOSHCTBY CBOWCTB CBSI3aHHBIX IPOTOTIOJCH,
torna xak wupuna I, Ac (Ac) mma Ng (¢ TOYHOCTBIO 10 2T), M €ro
enybuna, P, wim €2/C, eapbupyomcs AN pasHbIX YaCTHII, HO TaK, 4TO
IPH 3TOM OCTAETCSI IOCTOSHHBIM 3HAYEHUE WX OMPEACIIIEMOTO CIOXKHO-
cThl0 npousBeneHus, oobéMa OIl. TlockonbKy Bce paBHbIE peanu3aluu
KBAHTOBBIX OMEHUH OJDKHBI 3aHUMATh OJIKANUIIYI0 ABYMEPHYIO OKPECT-
HOCTBH TEKYIIEro LEHTpa PeAyKIUH, T. €. JBYMEPHBIA Kpyr pamuyca Ac,
TO TIOJTy9daeM OIIEHKY pa3Mepa BHPTYaTbHOTO COJHTOHA (B COCTOSIHHUH
MaKCHMaJIbHOTO JUHAMHUYECKOro cxkarus), D, = 2nr, = nd, , koTopas coB-
najaeT, ¢ TOYHOCTHIO 70 Kod(h(dUIIMEHTa T, ¢ KIACCHYECKHM JUaMEeTPOM
anekTpoHa, O, =2r, (MBI HUCIOJB30BAIN ITOT PE3yJIbTAT MPHU omnpeziee;
HUW DJIEMEHTApHOW JJIMHBI M pa3Mepa MoJie-4yacTUllbl B pasnaene 1.3. 1)

% 3amerHM, UTO CXONHBIH Pe3y/IbTAaT s pa3Mepa BHPTYaIbHOTO CONHTOHA CIEIYeT
HETIOCPEJICTBEHHO M3 ypaBHEHHs (36), MOCKOJBKY MOJHAS SHEPrHs YacTHIBI JOJDKHA
OBITH paBHA SHEPTHH KYJIOHOBCKOTO CaMOJEHCTBHS BHYTPH C)KAaTOTO COCTOSIHHS II0JIe-
YJacTHIB! (Kak aHBTepHaTI/IBHOFO BLIpa)KeHI/IFI e€ CTOJb K€ CIIPAaBEAJIMBOTO TIPE/ICTaBIIC-
HUS B BUJIE DHEPTUU nHHaMqucxoro B3aMMOJIEHCTBHSA Uepe3 MPOTHKEHHOE COCTOSIHUE
HOJIe-4aCTHULIbI PH N @ CKauykaxX BHPTYaJbHOTO coyMTOHa). Takum o0pa3oM, MBI HOIY-
YyaeM IpAMOE pacUIMpeHHe OObIYHOTo, OPMAILHOTO OIpPEAEIEeHHs KIaCCHYecKOro pa-
JIyca 3JEeKTPOHa, TJIe Mbl YTOUHSIEM KAy3d/ibHOe, u3uyeckoe npoucxodicoenue “cxarto-
r0” COCTOSIHUSI JIEKTPOHA (TaKKe KaK M ero JMHAMHYECKOH HEyCTOHUYMBOCTH M ITOCTOSH-
Horo oOHoBienust). Hano takxe NPHHUMATL BO BHUMAHHE, YTO MOJydeHHAs HHTEPIpe-
Talysl He U3MEHUTCS, €CIIM U3MEHUTH N\R, AX = Ac ¥ I OPOMOPUHOHAIBHO, B COIJIa-
cur ¢ ux cooTHomeHusMH (36)-(37). DTo 03Ha4YaeT, 4YTO TOUHOE YHCIIO peaNn3alnni mo-
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VpaBuenue (37) ga€t Takxke emé OJHY, 3aBHCSIIYIO OT BUJA YACTHUIIbI
eIMHUILYy KBAHTOBAHHOMN CJIOKHOCTH-AeHCTBHs, /1, =/ N§ =€?/c, koTo-
pas.  COOTBETCTBYET o0OHOU  peanu3anuu  (UUKIY  COKpAalleHUs-
PaCIIMPEHHUS ).

CyIIecTBeHHO TO, YTO IOJIyYEHHBIC BBIIIE COOTHOIICHUS, 3aIld-
caHHble (POPMAIBHO IJIsl AJIEKTPOHA, HEMTOCPEICTBEHHO PACIIUPSIOTCS Ha
Jr00ble MPOCTPAHCTBEHHO KOI'€PEHTHBbIE (WM K6aHmMO6ble) YaCTHULbI, UX
CUCTEMBI U BO30YXIEHUSA. DIEKTPOH COOTBETCTBYET JOBOJBHO MEJIKOH U
mmpokoit sme OII, B KoTOpol “ropu3onHTanbHO” momemaercs Ng >>1
“KOpPILYCKYJIApHBIX ~ (JIOKaJIM30BaHHBIX) COCTOSIHUN YaCTHIL, YETO U CIIEN0-
BAJIO OXKUJATh AJIS ATOH J1€2K0ti YaCTHIIBI CO CIa0bIM BOBJICUEHUEM TPaBH-
TallMOHHOHM (KBapkoBOil) cpenpl. B mpoTuBononoxxHom ciydae Haubosee
TSOKETBIX aIPOHHBIX YacTHIl ¢ 3((HEKTUBHBIM 3apsaoM (, Maccod Mp u
“KITacCHYeCKUM” PATHyCOM [p, TIOTYYUM OYEHb Y3KYIO M TIYOOKYIO SIMY
DII ¢ mmpunoit ~ 1 (wmu Ny ~1) u rayéunoit Po = MpC (umu ¢?/c),
4TO COOTBETCTBYET HauBbICHICH AedopManuu/aMIUIUTyAe B3aUMOJCH-
CTBUS MpoTonojiell u Ap ~h (KBaHT CIOKHOCTHU-ICHCTBHS B pacuyére Ha
oJHy peanu3auuio). Takum 00pa3oM Mbl MOJTy4aeM Kay3aJbHO IIOJIHOE,
CJIO’KHO-JITMHAMUYECKOE O0BSICHEHUE YAMBUTEIBHOW YHUBEPCAIBHOCTH (U
(GU3MUEeCKOro MpPOMCXOXKIEHUs) MOCcTossHHOM [lnaHka, KOTOpoe HaxoauT
JIOTIOJIHUTEIbHOE TOATBEPKIACHUE B CIly4ae MHOTOYACTHYHON KBAHTOBOU
CHCTEMBI aTOMHOT'O $5i/ipa, B BUAE TOro (hakTa, YTO HaWOOJIbIINE SACPHBIC
Macchl OnM3KM K HauOojbllell Macce 3JIE€MEHTapHbIX  YacTHII,
Mpc? ~200GeV [7-9].

DTOT ciydail Hambosiee TSHKENBIX YaCTHI] MOJBOJAWT HAC K Kay-
3aJbHO TIOJTHOW WHTEPIPETAlNU TPEThe M3 OCHOBHBIX YHHUBEPCAIBHBIX
HOCTOSIHHBIX, 2pAsUmMayuoHHOU NOCMOSHHOU Y U3 KIIACCUYECKOT0 HbIOTO-
HOBCKOI'O 3aKOHA I'paBUTAlIMU, U CBA3aHHBIX C HEHl peanucmuunvix, Moou-
@uyuposannevix 3HAUEHUN naankogckux eounuy. I1ocKombKy HHKakKas
YHUTApHasi TEOpHs He NAET PealbHOT0, (PU3NIECKOTO MEXaHH3Ma I'paBH-
TallM, TO KJacCHYecKas TPaBUTALMOHHAS MTOCTOSIHHAs UMEET YUCTO (op-
MaJIbHOE MTPOUCXOKACHNE B OOBIYHOM TEOPUH, KaK MPOCTON K03 HUITUEHT
B HBIOTOHOBCKOM 3aKOHE TSTOTEHUS U €ro CTOJb Ke (OPMaTLHOM PACIIH-
PEHHH Ha PENATUBUCTCKHE W KBAHTOBBIE NPWIOXKEHHUS. B KBaHTOBO-

JIe-9acTULBl U pa3Mep €€ BUPTYanbHOIO COJUTOHA MOTYT B MPHHLUIE HECKOJIBKO OTJIU-
4aThCsl OT HAWIEHHBIX BbIle 3HaueHWi. OJHAKO MOCIEAHNE JOIDKHBI OBITH BEPHBI MO
KpaiiHell Mepe NPHOIN3UTENBHO, C TOYHOCTBIO 10 IM(PPOBOro KO3 UIMEHTa MOpsIKa
27T, TaK KaK B IPOTHBHOM clly4ae Oy/eT TpyAHO OOBSICHUTH CYIIECTBEHHOE OTIMYHE pPa3-
Mepa BHUPTYaIbHOTO COJIMTOHA OT (PU3NYECKH pasyMHOro (M Teneph Kay3aJbHO 000CHO-
BAHHOTO) KJIACCHUECKOT'0 pajyca (JUisl 3JeKTPOHa).
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[I0JIEBOMI MEXAaHUKE I'PaBUTALMOHHOE B3aUMOJCHCTBHE Kay3aJbHO BbIBE-
JICHO Kak jae(opManioHHOE BIHMSHHE OJHOTO Ipoliecca KBaHTOBBIX Oue-
HUIl Ha JpyroM, nepenaBaemMoe uepe3 (PU3MUYECKH peallbHYI0 MaTepHIo
IpaBUTAllMOHHOTO mpoTonods (pasznen 1.3.3), u rpaBUTalMOHHAs IOCTO-
SIHHAsI TIPEJICTABISET CO00N “KOHIACHCHPOBAHHOE , Pe3YJIbTHPYIOIEe BhI-
pa’KEHHE 3TOTO CIOKHO-AMHAMUYECKOTO (M (pyHAaMEHTAIbHO KBAaHTOBAH-
HOI0) Ipoliecca Mneperadyn 4epe3 I'PaBUTALMOHHBIA KBAPKOBBIA KOHJICH-
car. CTaHOBUTCSI OYEBUJHBIM, UYTO ITO HENpsAMO nepedasaemoe B3aAUMO-
JEICTBUE NMPOUCXOIUT, HO OCTAETCA OMIUYHBIM, OT JIEKALIETO B OCHOBE
NPAMO20 NPUMANCeHUsl IByX MPOTONOJIEH, KOTOpoe NAaéT Hayaylo Mpoliec-
caM KBaHTOBBIX OMEHUH 6Hympu KaxA0H 4acTHLBl. DTO 03HAYaeT, YTO
dopmanbHble KOMOMHAIMM TPEX YHUBEPCAJIBHBIX KOHCTAHT B IJIAHKOB-
CKHUX €JUHMIaX (PaKTUYECKH ONMCHIBAIOT MapaMeTpPbl 6HYMPEHHUX KBaH-
TOBBIX OMEHUN 00HOU YaCTULBL, T. €. NPAMO20 TPUTSKEHUS IPOTONOJIEH,
U HO3TOMY JOJDKHBI COAEp)KaTh APYroe, MOAU(PHUIMPOBAHHOE 3HAYECHUE
“IpaBUTAIMOHHOIN” MOCTOSTHHOM, 7Y,, Yb€ OOBIYHOE 3HAYEHHUE Y OTHOCHUTCS
K 2opazoo bonee cnabomy, HenpsamMomy B3aUMOJIEUCTBUIO MEXKIY pasiuy-
HbIMU YaCTULIAMHU-OMEHUsIMU. MBI TIOJy4yaeM TakuM 00pa3oM HOBBIE, MO-
JUGUIMPOBaHHbIE (WK “pEeHOPMAIN30BaHHbIC”) 3HAYEHUS IIAHKOBCKUX
enuuul aauHbl Lp (=1p), Bpemenn Tp u Macchl Mp, KOTOpbIE Kak pa3
(mpuMepHO) COBMNANAIOT C IKCIEPUMEHTAIBLHO HAOII0JAaEMbIMU MPEEIib-
HBIMH 3HAYECHHUSIMH COOTBETCTBYIOIIUX BEIUYUH lexp , texp M Mexp :

LP = ’YLh = 10_17 _10_16 Cm = Iexp )

c3
TP — @ :10727 —10726 S= texp ) (38)
C
hc 2 21 2 103
Mp =, |[—=10722-10"2' g (10%-10° GeV) = Mgy, ,
Yo

TJIe COOTHOIIEHHE MEXIY Y, M Y MOXKET OBITH ONpeNeeHo, Hapumep, ¢
UCIIOJIb30BAHUEM 3HAUCHUN 0ObIYHOU TITAHKOBCKON €IUHUIBI |p U n3Me-
psaeMoit UIMHBI lexp © Yo = (lexp/1p)2y = (103 —103)y .

Takast cywecmeennas, Kay3anbHO BBIBEJCHHAS (T. €. Heomepamu-
Mas) Momau(UKanUs TUITAHKOBCKMX EIWHHII U MX HOBOE, PEAMCTHYHOE
POMCXOXKAEHUE IPUBOJIAT K CAMOCOTIIACOBAHHOMY PEIIEHUIO Pa3JInYHbIX
cTarHupyooumx npodnem. OxHa U3 HanboJiee 3aMETHBIX MPOOJIEM 3TOTrO
poJia — 3TO TaK Ha3bIBaeMas npooaema uepapxuu (B CIEKTPE YacTHIL), T. €.
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npo0JemMa TUTAaHTCKOTO Pa3phiBa MEXKAY 3HAUYCHUSIMUA OOBIYHBIX TUIAHKOB-
CKUX €IUHHII U HaOJII0JJaeMbIMH BETMYMHAMH, OCOOCHHO 3aMETHOTO ISt
CHEKTpa Macc 4acTuil. Mbl BUAUM, UYTO 3TOT pa3pbiB B HEPAPXUU CBOWCTB
YaCTHUII MTOJIHOCTBIO MCUe3aeT A1 MOAUDUIIMPOBAHHBIX, KAY3AIbHO 000C-
HOBAHHBIX TNTAHKOBCKHUX €IMHHUL, KOTOPBIE MTOKA3bIBAIOT, YTO 8€Chb CIIEKTP
YaCTHI yorce (PYHOAMEHMANbHO NOKPbleaemcs: CyUIECTBYIOIIUMHU HKCIIe-
PUMEHTAJbHBIMU JIaHHBIMU U YCTaHOBKAMH, C OYEBHIHBIMHU U MpaKTHYe-
CKU B@KHBIMH CJICICTBUAMH IS usuku evicokux snepeuti [7-9]. Orme-
TUM OTJIIMYHE HALIETO GHYMPEHHe OJKOHOMHO20 PEIICHHUs TPOOIEMBI
UEepapXUH OT aHTU-OKKAMOBBIX, YHUTAPHBIX UMUTALUN B MOJIEIISAX “MHPOB
Ha Opanax” [25-27], npoHM3BOIBHO MOCTYJIHUPYIONIMX HAJIMYUE JOMOJHH-
TEIbHBIX (M MOJIHOCTBIO AOCMpaKmHbiX), HO CTPAaHHO “‘CKPBITBIX HU3Mepe-
HUI, KOTOpPBIC TOJKHBI ObUIM OBl TIOPOAWTH TOMOIHUTEIBHBIE, YKCIEPH-
MEHTaJIbHO HabJr0gaemMble cuilbl ¥ yacTullsl (pa3zgen 1.3.3). HerpynHo Bu-
JeTh, YTO TaKUE€ HUCKYCCTBEHHBIE, HEpeaIbHbIE CYITHOCTU U3 3TOH U MHO-
TUX JPYTUX MOJeNeld YHUTapHOW HAayKH BO3HHKAIOT KakK HeusbedicHoe 3a-
MEILEHHE HeKOPPEeKMHO OTOPOIIECHHBIX pedanbHbIX, ECTECTBEHHO MHOXKE-
CTBEHHBIX CYIIHOCTEH U (AMHAMUYECKUX) “U3MEPEHUN”.

Hpyrue npuMeHeHus MOIU(UIKMPOBAHHBIX TUIAHKOBCKUX €IMHHUIL
BKIIIOUYAIOT BAXKHBIE U hamaibhbie CIACNCTBUS ISl KOHILICTLUNA CTaHAapT-
HOW TEOpWH, CYIIECTBEHHO OMHUPAIOMIMXCS Ha OOBIYHBIC IIIAHKOBCKUE
€MHUILIBI, TAKUX KaK TEOPUU KOCMOAOSUYECKOU UHDIAYUU U K8AHMOBOU
epasumayuu. Mbl oJTy4yaeM TakkKe CaMOCOIIaCOBaHHOE, (pU3HUecKu mpo-
3padyHoe O0bSICHEHHE OTHOCUTENbHOU crabocmu epasumayuu (Kak ciel-
CTBHSI MAJIOTO OTHOIICHUS Y/, ), IMHAMUYECKOE 00beOUHeHUe BCEX (YH-
OaMEHMANbHBIX CUN U KAY3QAbHYI0 TEOPUI0 “dEPHBIX ABIP” W IPYTUX
IUTOTHBIX “KBaHTOBBIX KOHIeHCATOB” [1] (cM. Takke Hipke, pasaen 1.3.5).
B uwacTHOCTH, OnMCaHHOE BBIILIE Kay3aJbHOE pa3Iuuue MEeXay Y U Y, 3¢-
(EeKTUBHO HCUYe3aeT B ¢haze OuHamuyecko2o oO6veoureHus (aIPOHHOTO)
BUPTYaJIbHOIO COJIUTOHA (pa3zaen 1.3.3) 1 Ha COOTBETCTBYIOIIMX PACCTOSI-
HUsIX nopsaka Lp (=1p), rae pedb UAET o MpeAeibHO IIOTHOM COCTOSI-
HUM UCXOJHOW KBapKOBOM MaTepuM TpaBUTAL[MIOHHOIO MPOTOMNOJIsA (Tak
4910 Lp =Ip JOMKHO OBITH OJM3KO K “KIACCHYECKOMY Pajnycy KBapka”).
CTaHOBHTCS TaKXKe SICHO, YTO MOIU(MHUIIMPOBAHHBIC TUTAHKOBCKUE €TNHU-
bl U WX MPaKTUUECKas peajau3alys BHYTPU MPOIECCOB KBAaHTOBBIX Oue-
HUM Ui Gosiee TSHKENBIX YACTULl MPEACTABISIIOT COOON pealibHyl0, Kay-
3aJbHO TIOJIHYFO BEPCHIO PAa3IMYHBIX ‘‘MHUKPOCKOITMYECKHX/KBAHTOBBIX
yépHbIX JpIp” (pemenus Keppa-HpiomeHa u T. 11.), popmalibHO BBOAUMBIX
B YHUTApHOM TEOPUH KakK 0COObIE, IK30TUYECKHE BO3MOKHOCTH M MOJIENH,
HyJeBas JUHAMUYECKasl CII0KHOCTh KOTOPBIX YacTO COMPOBOXKAAETCS J10-
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MOJIHUTENIbHBIMH, “HEO00BSCHUMO MHOKECTBEHHBIMU H3MEPEHUSIMU (CM.
Hanpumep [28,29] u nanbHelIIMe CChUIKH B 3TUX paboTax).

1.3.5. CamonacTpaunBawmascs, azanTupyemasi Bcesiennas
HA OCHOBE CO3HATeJbHOI CHMMETPUH CJI0KHOCTH

Ternepb Mbl MOXKEM MOJBITOKUTH 3TH MEPBBIE ‘““‘MaTepUaNIbHBIEC”, CTPYKTY-
pooOpazyrouie pe3yabTaThl pa3BOPAYMBAaHUS CUMMETPHUM CIIOKHOCTH B
“kocMmonorudyeckoM’ maciTtabe gceti Beenennol, 3aMeTuB uTo Omarogaps
BHYMPEHHe CO3U0amelbHOMy XapakTepy Mpoliecca HepeaylIMPOBAaHHOIO
B3aMMOJICHCTBHSL M €r0 CUMMETPUH CII0)KHOCTH, BO3HHUKAIOIIAs U3 HEro
Bcenennass Oynmer aBTOMaTHYeCKH O0JIAATh CAMOHACMPAUBAIOUENCS,
BHYTPEHHE COIJIACOBAHHOM CTPYKTYPOM M CBOMCTBAMHM, B IIPOTHUBOIIOJIOK-
HOCTb BHYTPEHHE “@HTPOMHBIM”, KaK OYATO OYEHb CHEIUAIBHO “NOJICTPO-
eHHBIM CBOMCTBaM J1000i yHUTapHOUN KapTuHBI Bcenennoii. Jrta auHa-
MHUYECKasi CaMOCOIVIACOBAaHHOCTb  CTPYKTYPbl  pE€ajbHOW,  CIOKHO-
JUHaMH4ecKoi BcenleHHO# BbIpakaeTcsi OOIIKMM CBOMCTBOM OuHamuye-
cKolU adanmupyemocmu Tpoliecca HepeAylUPOBAHHOTO B3aWMOICHUCTBUS
(pazmen 1.1), koTopast IPOUCXOAUT OT CAMOCO2NACOBAHHOU 3ABUCUMOCTIU
bopmanuzma Hepedyyuposarnrozo 11 0T UCKOMBIX perieHul (ypaBHEHUS
(5)-(12)), ycuneHHON 8epossmHOCMHOU OUHAMUYECKOU (PPAKMATILHOCTbIO
UHTEPAKTUBHOTO CTPYKTypooOpazoBanus (ypaBHenus (13)-(19)). Baxwo
TO, YTO TaKoe ‘‘CaMOHaCTpauMBarOUIeecsi’ pa3BOPAYMBAHHE CUMMETPUHU
CJIO’)KHOCTH BKJIIOUAET Jaxe Hauboee ¢pyHoameHmanvtole, “BHYTpECHHUE
CTPYKTYpPHl U CBOWCTBA (TaKWe KaK YHUBEPCAIbHBIE KOHCTAHTHI U BHYT-
pPEHHHE CBOWCTBA YacTHUII), KOTOPBIE MONyYaloTCsa TeNeph Kak OuHamuye-
CKU B03HUKAOWUe, 2100aNbHO 00beOUHEHHbIE U (DUIUUECKU pedibHble
cymHocTy (pazzaenst 1.3.1-1.3.4), B IpOTUBOMOIOKHOCTh UX MTPOU3BOIBHO
HABA3aHHOMY, TIOCTYJUPOBAHHOMY U abCmMpakmuom)y CTaTycy B JHO0OM
BEPCHH YHUTAPHOU TEOpHUH.

Huddepenumanbias ¢dopma “HOTEHIMATIBHON CIOXXHOCTH B
Hayaje mpolecca B3auMOJEHCTBYS, TO €CTh JUHAMUYECKOW HHPOpMaIH,
naércsi 000OIMIEHHOU, nOI0MHCUMENbHO OTPEACIEHHON NOMEeHYUaIbHOU
onepeuei Vi = —(AA/AL) |y_const ¥ BXOTUT B HAYaJIbHOE ypPAaBHEHHE CY-
miectBoBanus (1) uepe3 noreHmman Veg(&,q) . [losBinenue peanusanuii cu-
CTEMBI B BUJIE MPOIIECCOB MPOCTPAHCTBEHHO XAaO0TUUYECKUX KBAHTOBBIX OH-
€HUW BHYTPH DJIEMEHTAPHBIX YACTHIl MIPEBpAIIAeT MOTEHIIUATBLHYIO YHEP-
TUI0 B HOIHYK MacCy-3HEpPruI0-CI0KHOCTh Beenennoit M, C%, ¢ GyH-
JAMEHTAIFHBIM PAaBEHCTBOM MEXAY HUMH CIEAYIOIIUM W3 CHMMETPUHU
(coxpaHEeHHs ¥ TIPEBPAIICHUS ) CJIOKHOCTH:
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Vinit = I\/Iunivc2 . (39)

3TO 03HAYaET, YTO B COOTBETCTBUH C OCHOBOMOJAralOMNUM (popMann3Mom
OIl (ypaBaenus (5)-(19)), BO3HUKHOBEHHE 3JIEMEHTAPHBIX TOJIE-YaCTHI]
MPHUBOJIUT K POCTY BHYTPEHHETO HATSHKCHUS /M MPOTOMOJS 0 TeX TOp,
MOKa OHO HE CTaHOBHTCS OOJIbIIIE, YeM (JOCTATOYHOE) MPUTSHKCHUE MEXK-
Jy IPOTOMOJISIMHU, TAK YTO HOBBIE YACTHUIIBI OOJIBIIIE HE MOTYT BO3HUKAThH U
JaNbHEHIee Pa3BUTHE CIIOKHOCTU TIEPEXOMUT Ha €€ BBICIINE YPOBHH,
ompeseNiieMble B3aUMOJICHCTBUEM MEXIYy OOpa30BaBIIMMHUCS TaKUM 00-
pa3oM yacTUllaMH (CTPYKTypaMH TIEPBOTO ypOBHS) (CM. Takxke puc. 1).
DT0 MHOTOYpOBHEBOE, (PpaKTaTbHO CTPYKTYPHUPOBAHHOE PA3BUTHUE CIIOK-
HocTH BceeneHHOH, Bceria coxpaHsoniee CBOo¢ INiaBHOE CBOMCTBO CaMOHa-
CTPOMKH, MOXKET OBITh CXEMAaTHUECKH MTPEICTABICHO KaK

Vf nd Vchem
M univ Z Npartmpart + % - ZNatommatom + CZ >y (40)

part atom

rae “part” u “atom” 0603HaYarOT MOCJIEI0BATEILHO BO3HUKAIOIIUE BH]IbI
AJIEMEHTApHBIX YacTUll (M uX B3auMojencTBuil Vy,q), aTOMOB (U UX B3au-
MOACUCTBUHN Ve ) Y TAK JIATICE.

VpaBuenus (39), (40) mokassiBarOT, YTO 4YeM OOJIBIIEC IIEPBOHA-
YanpHas BEIMYMHA B3aMMOJCHCTBHS MPOTOMOJEH, TeM OOJbIle MaTepuu
MOSIBUTCS B TIOJTy4aeMol TakuM oOpazoMm BceneHHOM, UTo sSBIsSETCS IJ1aB-
HbIM TIPOSIBJICHHEM CBOMCTBa CaMOHACTPAaMBAEMOCTH HWHTEPAKTHUBHOIO
dopmupoBaHus CTPYKTypbl Bcenennoil. OTMeTHM, YTO HEBO3MOXKHOCTh
ynoBieTBopeHus: cooTHornenuit (39), (40) MrHOBEHHO BO 6cex MecTax
Bcenennoii u Ui 3TUX BHYTPEHHE Xaomuueckux MPOLECCOB B3aUMOJEH-
CTBUS Ja€T Kay3aJbHOE OOBSICHEHHE CYILIECTBOBaHUS (OpMalbHO “U30bI-
TOYHBIX BUJOB U MOKOJICHUMN Heycmouuugvlx SIEMEHTAPHBIX YaCTHI], KO-
TOopble MOTYT 3 (HEKTUBHO ‘“3aMONHATH (Majble) MpoOensl” B CUMMETPUHI
CJIO)KHOCTH, B COOTBETCTBUM C €€ OuHamuuecku paxkmaibHOU CTPYKTY-
poH.

Taxum oOpa3oM, obpa3 “anTponHoii” BceneHHO# yHUTapHOM Teo-
PUH C HEOOBACHUMO YHUKALHBLM BBIOOPOM MapaMeTPOB 3aMEHsIeTCs, Kak
B PEAIbHOCTH, TaK U B Kay3aJIbHO MOJIHOIM KapTHHE YHUBEPCAIbHOW HayKu
CII0KHOCTH, MUNUYHO YCHEeuHbIM BOSHUKHOBEHHEM U pa3BUTHEM BceneH-
HOM, HO C €CTECTBEHHO, CAMOCO2NACOBAHHO 8APbUPYIOWUMUCS CTIENUDU-
YECKMMH CBOWCTBAMU U KOJMYECTBOM €€ MaTe€pHAIbHOIO COJEpPKaHUS.

4 o o
OTMeTuM, OIHAKO, YTO sl JKU3HECHOCOOHOW BceneHHOW ¢ robbivu mapaMeTpaMu
B3aUMOJICHCTBHS MPOTONOJIEH HEOOXOMUMBI ONMpeJeIEHHbIC “‘MEXaHUYeCKHe” CBOHCTBA
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DT munuynvle cydyau HEPEAYLUPOBAHHOIO B3aUMOJIEHCTBUS MPOTOIIO-
Jeil MOTYT OBITh elI€ JIydllle IOHATHI Yepe3 UX Kay3aibHO ONpeAcTIEHHbIC
HemunuyHvle npeoenvl CO CTOPOHBI KaK MAaKCHUMAJIbHO CUJIBHBIX, TaK U
CIIMIIIKOM CJIa0BIX B3aUMOIEHCTBUN.

Upe3MepHO cubHoe MIPUTSHKEHUE TPOTONOJEH co31a10 OBl Maxkpo-
ckonudecku 601buiyl0 006JIaCTh KOJIIarca MpoToroie (B MpOTHUBOIOIOXK-
HOCTh MPEXOJAIIEMY MUKPOCKONUYECKOM)Y KOJIJIANcy BHYTPHU JI0OOTro
npolecca KBaHTOBBIX OueHuil). XoTs Takoe 0co00e COCTOSHHE Kade-
CTBEHHO OTJIMYAETCS OT JIIOOOH “O0BIYHON~ MaTepuH, OHO MOXKET OBbITH
Kay3aJIbHO OINHCAHO KAK YACMUYHO KO2epeHmHbll, NAOMHbIU KOHOEHCam
NyJIbCAlli KBAaHTOBBIX OMEHUH CO MHOTMMH JUCKPETHBIMH COCTOSIHUSMHU
(“dazamMun”) pa3MYHON MIOTHOCTH, JAONIMMHU Kay3aJlbHO MOJHbBIC, (usu-
YyecKu mouHble BEPCUU TAKUX “TPOTHBOPEUYHBHIX’ 3BE3IHBIX OOBEKTOB KaK
4EpHbIC JBIPbI U HEHTPOHHBIC 3BE31bI [1], KOTOpBIC BBOAATCS JHIIbL “de-
HOMEHOJIOTHUECKH ™ (MaKpOCKONHWYECKH) W OIUCHIBAIOTCS JIULIb ¢hop-
ManbHo B OOBIYHOW TEOPHM, OCTaBISAS CIMIIKOM MHOIO MeCTa JUIsl He-
ONpeAeIEHHOCTH U CBA3aHHBIX C HEW (4acTO OIpaBJaHHbIX) COMHEHU. B
Mpeaee HEOrPAaHUYEHHO CHUJIBHOTO B3aMMOJICUCTBUS MPOTOIOJEH TaKue
JIOKaJIbHBIC IUIOTHBIE COCTOSHHMS IEPeXOAUT B II00AibHBIN (BEpOATHO
“KBapK-TJIFOOHHBIN ) KOHJCHCAT HEPA3ACIIEHHBIX MPOTOMOJICH.

[TpenenbHO craboe MPUTSHKEHHUE MPOTOMOJICH HEIOCTATOYHO JIIS
BO3HUKHOBEHUS HMCTHHHBIX, XaO0TMYECKHX KBAHTOBBIX OMEHHUH U MOXKET
JIaTh Ha4aJlo JMILIb MaJlbIM, KBa3U-JIMHEWHBIM (PIyKTyalusiM MPOTOIOJIEH.
3T0 cocTosiHME “NEPBOOBITHOrO 3(hupa” B CUCTEME CBSI3aHHBIX MPOTOIO-
Jeil, KOTOpOe MOXET UMETh COBPEMEHHYIO PEaTU3allii0 Ha JIOCTATOYHOM
yJaJIeHUU OT MAcCCHBHBIX YacTHIl, B ((PU3NYECKH pealbHOM) “BaKkyyme”,
I7Ie OHO MOXET JaBaTh PEAIUCTUUYHYIO, (yHIaMEHTAIbHO 00OOCHOBAaHHYIO
BEPCHUIO “MHKpPOBOJIHOBOro (hoHOBOTO M3mydeHus . IlocieaHee BBITTIAIUT
TakUM 00pa3oM He Kak “ABHBIN” MPU3HAK MPOLLIOro codwitus bonbuioro
B3pbiBa U CBA3aHHOIO C HUM COCTOSHMSA ropsyeil BeeneHHOH, a Kak mu-
NUYHOe 8aKyyMHOe cocmosiHue s 000l peanvrou BceneHHoi, rae Ta-
Kre (OTOHHBIE “BakyyMHbIE (DIYKTyallun” MPOUCXOAAT OT c1abozo 83au-

Marepuaga MpoTOINoJied U B YaCTHOCTH JOCTATOYHAs ‘dIACTHYHOCTH” 3/M MPOTOIIONI.
Takue TpeOoBaHUS HE KaXyTcs SK30THYECKMMH Ha 3TOM “‘CyOKBaHTOBOM™ YPOBHE pe-
aNBbHOCTH (BHYTPEHHSSI MEXaHWKa ITPOTOIOJIei) W B JOOOM cirydae (yHIaMEHTaIbHO
OTIIMYAIOTCS OT TUHAMUYECKHUX WM KOHIENTYaJbHBIX OFPAaHMYEHUH “aHTPOITHOTO™ MPOo-
nucxoxaeHus. HeoOXoaumple MeXaHUYeCKHEe CBOMCTBA MaTepuasia TpOTOIOJIeH COCTaB-
JSIIOT HEeYCMPAaHUMbIL MUHUMYM YHACTO Qu3udecKux W pearucmuyHulX “mocTyaaToB”
Halleld TeOpuH, B IPOTHBOIIOIOKHOCTE MHOCOUUCIEHHBIM AOCMPAKMHbIM U “Mucmuye-

ckum” (npomusopeuusvim) TOMYIICHUAM YHATAPHOH TEOPUH.
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MoOeticmeusi npomonofieti 1 KOHPUTYPUPYIOTCS B JIETAISIX B XOJE MX
MHOTOUYHCJICHHBIX B3aUMOJIEUCTBUN 6 npedenax 3/M TPOTOIOJS, MPUBO-
JAIIMX K PABHOBECHOMY, MEPMOOUHAMUYECKU ONPEeOeNEHHOMY COCTOSIHUIO
B JIOCTATOYHO cTapoil BceneHHOM (Takoil Kak Haia), ¢ y)K€ B OCHOBHOM
CO3JJaHHBIM HAINOJHEHUEM MACCUBHBIX dYacTull.” WHTepecHO OTMETHUTb,
YTO 06a ATUX CiIydas MPeAebHO CHJIBHOIO M cIaboro B3auMOJAEHCTBUA
MPOTOTOJNCH PEATU3YIOTCS TaKKEe 6HYMPU KaxCOOU MACCUBHOHM TOJe-
yacTULIBI (IIpoliecca KBAaHTOBBIX OMEHHIT), HO OrpaHUYEeHbl TAM OYEHb Ma-
JBIMH 00BEMAMU U KOPOTKUMH (ITOCTOSIHHO Y€PEAYIOIIMMHUCS ) IEPUOaMU
BpPEMEHH.

OrnuceiBasg KOCMOJIOTHYECKUE PE3yJIbTAaThl TMHAMUYECKON afanTu-
PYEMOCTH TIpoliecca HEepeAylUPOBAHHOTO B3aWMOJICHCTBHUSA, HA/IO B 3a-
KIIIOYEHUE YHNOMSIHYTh €€ Kay3aJlbHO OOOCHOBAHHYIO IKCHOHEHYUAIbHO
ocpomuyto s¢ppexmusnocms [4,6,12-14], koTtopast cBs3aHa C MPOLECCAMHU
A8MOHOMHO20 OUHAMUYECKO20 8eMEIIeHUsl B Uepapxuu ppakmanbHbulX pe-
anuzayutl ¥ TPUBOJUT K Ype3BbIYAHO >(PPEKTUBHOMY, GHYympeHHe 3d-
6epUIEHHOMY CTPYKTYpOOOpPa30BAHUIO C MOMOILBIO IPOLIECCOB CIOXKHO-
JTUHAMHUYECKOro Mmoucka u pocta. OHU NPUBOIAT K HAOIIOIaeMbIM “‘He-
OTpaHUYEHHBIM” Pa3HOOOPA3UIO U CIOKHOCTU CTPYKTYpP, KOTOPBIE JEMOH-
CTPUPYIOT CO3UdamenvHyo 3¢hghekmusHocmy NeXaled B OCHOBE CUM-
Mempuu CLOAHCHOCMU N HEU30SKHO BBITIIAIAT “‘CBEPXbECTCCTBCHHBIMH
(HEOOBSICHUMBIMU) B PaMKax 1700020 JUHAMHUYECKH OJIHO3HAYHOTO OIH-
CaHusl.

1.3.6. ITonokuTEIbHASI JHEPTUSA-CJI0KHOCTH BeesieHHOI
H KOCMOJIOTHYeCKAsl CTpeJia BpeMeH!

Kak nmokazano B pa3zaene 1.2, yauBepcanbHasi CAMMETPUS CJIOKHOCTHU JTHO-
00ro peasbHOrO B3aMMOJICUCTBHS HeuzbedcHo TOJpa3yMeBaeT Heobpa-

® DTa MHTEPIPETAIHs MHKPOBOJIHOBOrO (JOHOBOrO M3IydeHHs KakK (IyKTyarmii mpoTo-
MoJIeH TOKa3bIBaeT TaKXkKe MOYEeMYy ropaszio Oonvuiue HIyKTyalluu, B BHIE “‘BUPTyalb-
HBIX” MaccuHblx YacTHIl, HA CaMOM JIEJI€ HeB803MOXCHbl, B TPOTHBOIOJIONKHOCTh HX
(hopManbHOMY BBEIICHHIO B YHHTapHOH Teopuu. Takue OoJbInue, MacCHBHBIE (DIyKTya-
IIMM HE MOTYT BO3HUKHYTH YK€ HM3-32 MPSMOH, MEXaHHYECKOH HEBO3MOXKHOCTH JIOCTa-
TOYHOU IeopMalyy MPOTOIMONICH B “3penoir” BcelleHHOH, HO Takke MOTOMY, YTO UX
CYIIECTBOBAHUE MPOTHBOPEYNUT CUMMETPUH CIIOKHOCTH (B MPOTHUBOMOJIOKHOCTD CIIy4aro
(oTOHOB ¢ 3P PEKTUBHO HYJICBOH CIIOKHOCTBIO). MBI 1OJTydaeM TakKUM 00pa3oM camoco-
IJIACOBAaHHOE PEIIeHHE emE OJHON IPYIIBI CTarHUPYIOMKX MPo0JIeM YHUTapHOH Teopun
(B ¢u3nke 4YacTHI] M KOCMOJIOTMH), CBSI3aHHBIX C HEKOPPEKTHBIMH, PACXOJSIIUMHUCS
SHEPTEeTHYECKUMH BKJIQJIaMU OT TaKUX “‘CHIIBHBIX BaKYyMHBIX (ITyKTYaIlui.
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Mmumoe TEUEHUE BPEMEHU B HAIIPaBJICHUU PACTyLIEH TMHAMUYECKOW 3H-
TPOIHH, YTO IKBUBAIEHTHO CTPOTO OTPUIATEIHHOMY 3HAKy 0000IIEHHOTO
narpamxkuana L u nonoscumenvromy 3naxy noanou suepeuu E (cm. (26)-
(27)), L=AA/At=pv—H <0, E=H > pv>0. B npuMeHeHnn KO Beel
Bcenennoii (cucreme B3anMOJICHCTBYIOIINX MPOTOIOJICH) TOCIEIHES He-
PaBEHCTBO HAJIAraeT OIpPAaHUYEHHE €€ CTPOro MO3UTHBHOW IIOJIHOM JHEp-
YU, B IPOTHUBOIIOIOKHOCTh JOMUHUPYIOUIEMY YHUTAPHOMY JTOMYIIEHUIO
HYJIEBOT'O 3HAYEHUs MOJIHOU 3Hepruu BeenenHo, noiydaemMoro B pe3ylib-
Tare TOYHOM B3aMMHOM KOMIIEHCAIIMU TOJIOKHUTEIBHON “KHHETUYECKON™
SHEPruu (BMXKEHHS) U OTPUIIATEIIbHOW 3HEPTUU T'PABUTAIMOHHOTO MPU-
TskeHus. [locnennee yrBepkaeHue, 4acTo Moj Ha3BaHUEM ‘‘TaMUJIbTOHO-
BOHM CBSI3U”, IIMPOKO UCIIOJIB3YETCS B PA3JIMYHBIX KOCMOJIOTMYECKUX MO-
Jensx (Takux Kak 3HaMEHMTOe ypaBHEHHE Yuiepa-lleBUTTa B KBaHTOBOM
KOCMOJIOTMH) U OIpEAesieT BO3MOXHOCTh BO3HUKHOBEHUs BceneHHoi
“n3 HUYEro” MyTEM CaMOYCHJIMBAIOLIErOCsd ‘‘TYHHEJIMPOBAHUSA W3 COCTO-
aHuA “DaykTyanun’”’ (MCTUHHOTO) BaKyyMa.

MpbI BUAUM TENEpPb, YTO UCTUHHON OCHOBOM JONMYIIECHUS HYJIEBOU
MOJIHOM PHEPrHH B CTaHIAAPTHOM KOCMOJIOTHU SBISETCS “TIpUOIMKEHHE”
YHUTApPHOU HAyKH, CBOSIIEE CTPOrO MOJIOKHUTEIbHYIO (M 601bUyI0) U-
HAMHUYECKYIO CII0)KHOCTh PEAIbHOTO MUPA K H)/1€60U CIOHCHOCMU €T0 Ou-
Hamuyecku 0OHO3HAYHOU npoekyuu. MexaHu3MoM, KOTOpbIil o0ecnieurBa-
€T HEBO3MOXKHOCTh CYIIECTBOBAHUS JHO00U (TIOJIHOCTBIO pe2ysipHOIL)
BcenenHoii HyneBo# CI0KHOCTH, ABIseTCS QyHAaMEeHTalbHasl AMHAMUY e-
CKasi MHOTO3HAYHOCTh Ka)XJIOTO peaibHOro B3auMmoaencTBus (pasaen 1.1),
O3Hayvarolas, 4YTo KOHPUryparus Jro00ro BOOOpakaeMoro Mupa ¢ HyJe-
BOIl CJII0)KHOCTBI0O MTHOBEHHO M3MEHUIIACh ObI K BAPUAHTY C TOJOKUTENb-
HOM CJI0’)KHOCTBIO KaK TOJBKO BCE €r0 B3aUMOJACHCTBUS ObLIH ObI BKITFOYE-
Hbl B MX HEPEAYLHPOBAHHOU, OuHamuyecku xaomuyeckou (MHOTO3HAY-
HOI) Bepcuu, AAIOIIEN IMOCTOSHHO Pacmyuyio dHMpONU0 WU NOJIO0NCU-
menbHyIo TIOJIHYIO SHEPTHIO.

Ortcrofa cneayer, 4TO HUKaKas “raMHJIbTOHOBA CBS3b~ C HYJIEBOM
SHEpPrue Wi Jpyras MOJelb, OCHOBaHHAs Ha HMCXOJHOM “HUYTO”, HE
MOKET B TIPUHITUIIEC OBITh BEPHO, HE3AaBUCUMO OT JCTaJIel, YTO 1aéT BaX-
HOE OrpaHMYEHHE Ha MpHeMJIeMble KOCMOJIOTUYECKHEe Teopuu. boiee To-
T0, JlayKe €CIIU MOJIOKUTENbHOE 3HAYeHUE SHEPTHH (OPMAaTIbHO BCTABICHO
B YHUTApHYIO TEOPHUIO, OHO €/IBa JIU MOXKET NPUBECTU K IPABUILHOMY
OTMHCAHUI0, MO0 TMHAMUYECKU OJIHO3HAYHAS MPOEKIUs MUPa B TAKUX TEO-
pPHUSIX He Modxcem PAaCKPBITh UCTUHHOE, CII0XHO-AMHAMUYECKOE COJepKa-
HHUE U CMBICI SHEPIHMHU-MacChl, B NpAMOl c8Aa3u co BCE 0ojee OCTPhIMH,
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“Hepa3pelIMMbIMU IPOOIEMAMU MEMHOU MACCLl U MEMHOU dHepeuu (CM.
HWKe, pasmen 2). M3-3a BBICOKOH JOJIM CIYyYaliHOCTH B MacCOBO-
OHEPreTUYECKOM COJepKaHUuU BceneHHOM, €€ IOJIO0KUTENbHas II0JIHAs
SHEprus CTOJb )K€ BEJIMKA, KaK U BCE 3TO MaTepHaJbHOE Cofep)kaHue (1
MOSTOMY HE MOKET CBOJUTHCS K OTHOCUTENILHO HEOONbIIOMY “HecOanaH-
CHPOBAaHHOMY OCTaTKy”’).

Kak ormeuanoch Bblllle, MTOJIOKUTEIbHAS HEPTUA-Macca (MU AU-
HaMHU4ecKasl CJI0KHOCTb) cojiep:kaHusl BeeneHHol akeusanenmua cmpene
PpeanvbHo2o epemenu: TIOCKOIIbKY Jist (3aMKHyTO#) Beenennoit E = AA/At
(ckopocth rnobanpHoro apmwxeHus U =0) u AA <0 (uuxynupoBaHHas
Xa0COM IOTeps TMHAMUYECKON MH(OpMAIIMK), TO BpeMsi B peaibHoii Bee-
JCHHOU Mmoowcem napacmams, At>0 (u Takum oOpazom Bcenmennas mo-
Jlcem cyujecmeosams), €Clii U ToJibko eciu E >0 8 [Tonyuennas opueH-
TalMsl CTpelbl BPEMEHM B CTOPOHY 6cec0a pacmyujeti CIO0XKHOCTHU-
SHTpONMH (MM YMEHBIIAIOMICHCS CIOXKHOCTU-WH(OPMALUK) periact
TaK)K€ BCE CBSI3aHHBIE C SHTpOIUEH MpobdieMbl, OO OHA MOAPA3yMEBAET,
YTO SHTPONUS PacTET B MPOLECCaX 1100020 TUNA, BKIIOYas 00pa3oBaHHe
gHewHe “yropsIOYeHHBIX” CTPYKTYP (B 3TOM IMOCJIETHEM CIIydae Mbl HMe-
eM neno ¢ pexumom COK mMHOro3HayHoi n1uHamMuKy, cM. pasaen 1.2). Ta-
KM 00pa3oM CTpPOro OmpeAenéHHas acummempusi TEYEHUS BPEMEHU U
pOCTa SHTPOIUU COCTABISET OJHAKO HEOTHEMJIEMYIO YacTb U Heuzbeoic-
Hblll pe3ynbmam TI00aIbHON cummempuuy CIOKHOCTH (TOrja Kak yHUTap-
Hasi CUMMETPUSL NPOMUBONOJIOHCHA CBOEMY ACHMMETPUUYHOMY ‘“Hapyllie-
HUIO”).

[TpumeuatensHo, 4TO “cTapas’ mpobiema cTpensl BpemeHH Bcee-
JICHHOM (M MPOUCXOXKACHUS BPEMEHH) Kay3albHO pEelIeHa gmecme ¢ Ipo-
OeMaMy 3HEPruM-Macchl U SHTPONHUU-UHPOpPMaLUKU, O6e3 UTPhl ¢ “KBaH-
TOBBIMU WM JAPYTUMH “TallHaMK W CBSI3AHHOW C HUMH JBYCMBICICHHON
“¢punocopun”, HO MPOCTO OIaronaps Hepeoyyupo8aHHOMy PEUICHUIO 3a-
Jlaud B3aMMOJEHCTBUS, PACKPBIBAIOLIEMY KIIIOUEBOE, KA4eCcneeHHO HOBOE
SBJICHUE OUHAMUYECKOU MHO203HAYHOCMU W CBA3aHHYIO C HUM YHHBEp-
CAJIBbHYIO CUMMEmpUIO CI0KHOCTH.

OTMeTHM TakXke Kay3aJlbHO BBIBEIECHHYIO NPAMYIO C6A3b MEKIY
meyeHueM pearbHO20 6PeMEeHU W UCMUHHOU OUHAMUYECKOU CAY4auHo-
cmoio: QYHIAMEHTAIBHO pecyiApHbll, XOTS U TPOU3BOJIBHO 3aIlyTaHHBIMH,
“angacoBCKUil” MUP YHUTapHOM HayKM HE MOXET CYILIECTBOBATb YK€

® B ciyuae mammums (3aBeJOMO HEGOMBIIOr0) r0GAIbHOrO BpalleHHs BceneHHOMH ¢
sneprueil Exp >0 (Enp < E), momyuum 3mece E > Eyp >0, uTo He MeHseT monydeH-
HBIX BBIBOJIOB.
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MOTOMY, YTO B HEM OTCYTCTBYET JIF000€ peajibHOe, MOCTYIaTeIbHOE TeUe-
HUE BpeMeHH (BOT MoueMy 3Ta npsiMasi U pyHIaMeHTallbHasl B3aUMOCBSI3b
MEXJIy BpEMEHEM U CITy4aHOCTBIO OCTAETCs “‘CKPBITON B paMKax OOBIU-
HOM, TMHAMHYECKU OJTHO3HAYHON HAYKH).

1.3.7. O6benunénHoOE CJI0KHO-TMHAMUYECKOE IPOUCXOKIeHH e
PEJSITUHBHCTCKUX U KBAHTOBBIX CBOWCTB

B npenpinymmx pazgenax 1.3.1-1.3.6 MbI BUgenu Kakum o0pa3oM CTPYyK-
Typa U rio0anbHble cBOMCTBa BceneHHON (NpOCTpaHCTBO, BpeMsl, SHEp-
rusi), €€ yHUBEpCaJIbHbIE [TOCTOSHHBIE, AIEMEHTAPHbIE 110JIe-4aCTULIbI, UX
BHYTPEHHUE CBOICTBa (Macca-sHeprus, 3apsj, CIIMH) U CHJIbl B3aUMOJEH-
CTBHSI Kay3aJIbHO BO3HUKAIOT KaK YHUBEPCANbHBLE NPOSAGIEHUS CUMMEMPUU
CI0JICHOCMU JIEXKALLETO B OCHOBE IPOLIECCAa B3aUMOAECUCTBHS IIPOTOIIOJIEN
C TUIIMYHBIMM ITApaMeTpaMu U MPOCTEHIIEN BO3MOXKHOW HAa4aJIbHOW KOH-
¢urypanueid. Tenepb Mbl IPOJIOJIKUM OTCIIEKHUBATh €CTECTBEHHOE pa3BU-
TUE CJIOKHOCTU MO20 Jice B3aUMOJCHCTBUS K (PyHJAaMEHTAIbHBIM BHEIL-
HUM, OUHAMUYECKUM CBOMCTBAM IIOJIyYEHHBIX TakuUM oOpa3oM IoJe-
YaCTHL, B BHUIE HX OOBEOUHEHHLIX PeNIMUBUCHICKUX U KBAHMOBbIX
ceoticms, KOTopble OyyT BBIBEJICHBI KaK HOJIHOCMbIO KAY3AbHble, pediu-
cmuyHble TIPOSIBIICHUS TOM K€ HEPEAyLIMPOBAHHON OUHAMUUECKOU CILOJiC-
Hocmu 1 €€ cuMMeTpuu. bonee Toro, UMeHHO TpyObIl omKa3 OT paccMOT-
pEeHUs CIOKHOM TUHAMHKH JIeXKAIllero B OCHOBE B3aUMOJICHCTBUS B CTaH-
JTApTHOM, YHUTApHOM TEOpUHU OOBSICHSAET CTAaTyC “HEOO0BSICHUMOU TaiHbI”
JUIsl O(pUIIMaIbHBIX KBAaHTOBBIX U PENATUBUCTCKHUX MOCTYsaToB. Bee “pe-
JSTUBUCTCKUE” U “KBaHTOBBIE” 3(D(PEKTHI MOABIAIOTCI KaK HeusdedcHble,
cmanoapmubvle U NOTAHOCMbIO KAy3albHble TPOSIBICHUS WUCTHUHHOW, He-
pelyLMpOBaHHON JAMHAMUKU B3aWMOJICHCTBHS W MO3TOMY MOTYT OBITh
000011IeHbI Ha BBICIIHE YPOBHU ciiokHOCTH [1,2,4,6,13] (cM. Tarke pasaen
1.2 u HUXKE B 3TOM pazzene).

Mpb1 HauMHaeM ¢ Kay3aJbHO BBIBEJIEHHOTO BHYTPEHHETO CBOMCTBA
UHEPTHOM Maccbl noKos 4acTULBl My, onpenenéHHoll ypaBHeHHeM (34)
(paszgen 1.3.2), koTopoe yXe COIEpPKHUT €CTECTBEHHOE, OUHAMUUECKOe
00BbeIMHEHNE Kay3aJIbHOTO K8AHMOBAHUs TIPOLlecca KBAHTOBBIX OMEHUN U
CJI0’KHO-TMHAMUYECKON MPUPOJIBI pestmusucmckon “‘axkeusaienmuocmu’’
MEXy MacCOM/MHepIel U e€ FIHePreTHUECKUM co;:[epxcaHI/IeM.7 Ecau no-

’ TlostoMy He CilydaeH TOT (haKT, 4TO IBPHUCTHUECKH MOCTYIHPOBAHHAS BEPCHS 3TOTO
COOTHOIIEHH ObUIa Mcrosb3oBana Jlyn ne bpoiinem B ero opuruHanbHOM, peaTICTHIHO
000CHOBAHHOM BBIBOJIC 3HAMEHHTON (HOPMYJIBI ISt ITTMHBI BOJIHBI YacTHIs! [21,22].



CAMOCOTI'JTACOBAHHASI KOCMOJIOI'MA 1 CUMMETPUS CIIOXKHOCTHU 53

Je-yacTHlla HE M30JIMPOBAaHA M B3aMMOJEHCTBYET C APYrMMH 4acTULIAMU
IOCPEACTBOM Kay3aJbHO BO3HUKAIOLIMX CWJI B3aUMOJECHCTBHUS (pa3zien
1.3.3), T0o 3TO MPUBOAUT K (HAIBHEHIIEMY) pOCH) CLOHCHOCTU-IHMPONUU,
MPOSBISIONIEMYCS KaK OsudiceHue 4acTUllpl. JIpyruMu cioBaMu, Tenepb
MBI MOXKEM CMPO20 U YHUBEPCANbHO ONPEHEIUTh CAMO COCMOSIHUE O8U-
Jicenusi CHCTEMBI, Kak Jiro0oe cocTossHue ¢ (00O0OIIEHHON) SHEepruei-
CII0HOCTBIO, npesocxoosiuyell CBOE MUHUMANbHOe 3HAUCHUE B COCMOAHUU
nokos (Taxxe mojiydvaroniee TakuMm oopazomM GyHAaMeHTaIbHOE U YHUBEP-
casibHOE ompeeneHue). I1ockoiabKy 3HEprusi-Ci0KHOCTb SABJISETCS 1OJI0-
YKUTEJIBHO ONPEEIEHHON BENMUMHON (cM. ypaBHeHMeE (27)), TaKOH MUHU-
MYyM BCET/ia CYILIECTBYET.

W3-3a MakcuManbHOW OJHOPOJHOCTH HAuyalbHON KOH(HUTypaluu
CUCTEMBI (IIPOTOMOJIEH), Narolell Hayalo BO3HUKAIOIIEH CTPYKType (da-
CTHIIE) B COCTOSIHUU TOKOS, 3TO MOCIEIHEEe COCTOSHHUE COOTBETCTBYET
MAKCUMANLHOU O00OHOPOOHOCMU PACTIPENICTICHUSI BEPOSTHOCTEH peayin3a-
nuit (cp. o6obmeEnHoe mpaBuno bopua (31)). C nmpyroél CTOpOHBI, TO-
CKOJIBKY YHMCJIO peain3auuil GUKCHPOBAHO, TO POCT SHEPIUU-CIIOKHOCTH B
COCTOSTHUU JBMKEHHSI BO3MOXKEH TOJBKO OJlarojaps BO3HUKarOIIEH (Win
pactyieit) HeoOHopooHocmu pacipeiesieHus BEpOSITHOCTEN peanu3anui
(B TakuM 00pa3oM MepeABUTAONIEHCS CTPYKTYpPE CUCTEMBI). DTO O3Hayda-
€T, 4TO BEJIMYMHA aKIIUU-CIIOKHOCTH A JBHKYLIEHCS CHCTEMBbI IPUOOpe-
TaeT 3aBHCUMOCTh OT KOOpPAMHATHI X (KOH(UIypalMd BO3HUKAIOIIETO
npocTpaHcTBa, cM. pasmen 1.3.1), 6 dononnenue k €€ 3aBUCUMOCTH OT
BpeMeHU t B COCTOSIHUM TIOKOSI, U TIOATOMY OOBIUHAsI (IUCKPETHAs) TPOU3-
BOJIHAs JICMCTBUS MO BpeMEHU B ypaBHEHUHU (34) Ui COCTOSHUS MOKOS
JOJKHa OBITh 3aMEHEHa Ha IOJHYI0 (JIMCKPETHYIO) MPOU3BOJIHYIO AEH-
CTBUS TI0O BPEMEHHU JIJISI COCTOSIHUSI IBUKEHHUSI:

M_A A A
At AL X = const Ax t=const At
1
__ A AAAX_h b v, (41)
At AAL T A
raec
AA h
E Z_E X =const :;z hv (42)

— NOHAasA 5Hepausi TBUKYILEHCS CUCTEMBI (B COOTBETCTBMM C €€ NpEAbI-
IymuM ompeaenenuemM (21)), ais KOHKPETHOTO ClTydasi IBYDKYIIEHCS TT0-
JIe-4aCTHULIbI,
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AA h
=] et =— 43
AX t =const }\‘ ( )
— YHUBEPCAIBHO ONPEICIEHHBIN UMITYJIbC cUCTeMbI (cM. ypaBHeHHE (22)),

3ACCh IS KOHKPETHOI'O ClIydas ,I[BI/I)KYHlefICH I10JIC-4aCTHIIbI,

P

AX A

V=——m=—

At T
— cKopocmb 2n100anbHo20 08udicenus, T=Al|y_const — IEPUOJ KBAHTOBBIX
Ouenunii B (UKCHUPOBAaHHOW  TOYKE  IPOCTPAHCTBA, v=1/1,
A :AX|t=const =Ag =h/p — osnement npocrpaHcTBa (HEOIHOPOIHOCTH),

CBSI3aHHBIN C TII00ATBHBIM JBM)KEHUEM TI0JIEe-4aCTUIBI M M3BECTHBIM Kak
e€ debpoiinesckasn onuna éonst Ag, T=At — “IIONHBIN" TIEpUO] KBAHTO-
BbIX Ouenuii, N=1/T u A=AX.

VYpaBHenue (41) onuceiBaeT pacnpeeieHne MoJIHOM SHeprun ajs
r7100aNbHO JBMKYIIECHCS MOJIe-4acTUIbI (ITpoIecca KBAaHTOBBIX OMEHHIA),
oTpaxaroliee e€ peaabHy0, CI0KHO-TUHAMUYECKYIO CTPYKTYpPY, KOTOpast
ocTaércs CKpBITOM B YHUTapHOM Teopuu. HeTpyaHO BUIETh, YTO BTOPOM
4JIeH, PV, COOTBETCTBYET 2100a1bHOMY, YCPEAHEHHOMY, U MIO3TOMY pe2y-
JISIPHOMY JIBWDKEHHIO TIPOLIECCa KBAaHTOBBIX OWeHMH (OyXTaHWUN BUPTY-
JIIBHOTO COJINTOHA), TOTJa KaK IepBOe cllaraeMoe, JarpaHKuaH ¢ OTpHIla-
TenbHBIM 3HaKOM —L=—AA/At=h/T (cMm. Takxke HWKE), ONHCHIBAET
BKJIa/l B MOJIHYIO SHEPIHIO OT YUCMO CAYYAlHbIX OTKIOHEHHH B Olyxia-
HUSX BUPTYaIBHOTO COMUTOHA OT 3TOM TEHIIEHIIMU CPEIHEro, Ii1o0aibHO-
ro JABMXKEHMS (3TO HHEPrHsl CIOKHON NUHAMUKU CHUCTEMBI B €€ 08uiCy-
wetics cucmeme omcuéma). Mbl BUIUM, YTO 17060 TI00AIBHOE IBUXKE-
HUE MOSIBJIETCS TOJIBKO KaK CpeoHss meHOeHyus BHYTPEHHET0 xaomuye-
ck020 (IMHAMMYECKH MHOTO3HAYHOI'0) Mpoliecca CTPYKTypoOoOpa3oBaHusl,
r7ie AMHAMUYeCKH BbIBEJICHHAS BBIIIE AeOpOiIeBCKast BOJIHA JIBIKYIICHCS
YaCTHUIIbl SBJISIETCS COOTBETCTBYIOLIEH (peryisipHOil) MpOCTpaHCTBEHHOM
CTPYKTYpPO#l 3TON TEHICHLUHU TI100aIbHOTO ABMKEHUS. OIHAKO KaXkKIbIH
€IMHUYHBIA MPBDKOK BUPTYaJBHOTO COJIMTOHA BHYTPH IPOIEcca KBAaHTO-
BBIX OMEHMH XapaKTEpHU3YETCSl 6HYMpeHHell HeonpeoeléHHOCmbIo OUHA-
MuuecKu u30bimo4yHo20 BbIOOPA CIEAYIOIIEro LEHTpa PEAYKIUH, U II0ITO-
My 6cé coJiepaHue TOJHOM 3Hepruu E obnagaer KiroueBbIM CBOWCTBOM

§ BripaskeHust, COepKAIHe HMITYIbC-CII0KHOCT, MOTYT B OGIIEM CIydac TOHHMATHCS B
CMBICIIE COOTBETCTBYIOLIUX BeKMOPHbIX ONpeneneHuil u onepanuidl. OxHaKO B paccMart-
pUBaEMOM TIPOCTEUIIIEM CITydae JTBUKESHHS OJJHOW YACTHIIBI, MOXXHO HHTEPIIPETHPOBATH P
U U KaK MOJIYJIH COOTBETCTBYIOIIUX BEKTOPOB.



CAMOCOTI'JTACOBAHHASI KOCMOJIOI'MA 1 CUMMETPUS CIIOXKHOCTHU 55

unepyuu, E=mc?, rme m — nonnas (“penstuBucrckas’) macca, a C?
K03 PHULIHEHT, KOTOPBI OyJET CTPOro YTOUHEH HUXKE.

B cooTBeTCTBUM ¢ HAIIUM Kay3albHbIM ONPEACIEHUEM CKOPOCTHU
cBeta C (pazzmen 1.1), KaXIblil MPBDKOK BUPTYaIbHOTO COJUTOHA BHYTPU
r7100aNbHO JIBHKYIIEHCS TOJEe-4acTUIBI MPOUCXOIUT CO CKOPOCTBIO C.
Tenepb CTaHOBUTCSI OUEBUHBIM, YTO CKOPOCTH II00ATBHOTO IBHKCHUS U
(0OBIYHO CYIIECTBEHHO) OTIMYACTCS OT C KaK pa3 u3-3a (0OBIYHO JOMHHH-
pyrolei) TeHASHIIMN YUCTO CIy4YalHOro Oiy)kJaHus BUPTYaIbHOIO CO-
JUTOHA “‘BOKPYr” TEHICHIMM TJI00aJBHOTO JIBMXKEHUS, TaK YTO TOJBKO
yacTh (OOBIYHO O4YEHb HEOOJbINAsl) XaOTHMUECKUX KBAHTOBBIX IPBIKKOB
nmomnaaaeT B 3Ty II00aIbHYIO, “‘CHCTEMATHYECKYI0 TEHJICHIIMIO, KOTOpast
o0pa3yer Henocpedcmeenno Habnoodaemyio cTpykrypy. KoHkpetHo, mose-
YyacTULIA, ABMXKYIIAsCS KakK 1IeJI0€ CO CKOPOCThIO U, COBEpIIAeT (B Cpel-
HEM) KBAaHTOBBIM TPHDKOK B TJ00AThHOW TEHACHIIMA HA PACCTOSIHHE
AX=A=M\g 3a mo e Bpemst T, =A/C, KOTOpoe BKIOYaeT N, =C/v uu-
CTO CIIy4alHBIX MPBIKKOB BOKPYT TioOanbHOW TeHaeHUuHu. I[lockonbKy
IPOJODKUTEIBHOCTh KaXKJI0T0 TAaKOro MpbDKKA paBHA T, MbI IOJIy4aeM
T, =N,T, 1 A =Vpt, rae Vph = C?/v — duxTuBHAS “hasoas cKOPOCTs”
pacupocTpaHeHus “BOJIHBI MaTepuu’’, (OpPMaJbHO IPEBBIIIAONIAS CKO-
POCTh CBETa U MOSBISAIONIASCS €CIU He TIPUHUMATh BO BHUMAHUE HEpery-
JSIPHYIO0, “MHOTO3HAYHYIO” YacTh AMHAMHKH Toyie-dacTullbl [21]. Ompe-
JIeJICHUSI PHEPTUU U uMITyJibca (42), (43) nmpeBpaiaroT 3T0 COOTHOIICHUE
MEXIY A U T B 3HAMEHUTOC pPelamusucmckoe OUCNepCUoHHoe COOMHoule-
Hue (Ternepb MOITYYCHHOE KaK Kay3albHblll pe3yivmam JexKallel B OCHOBE
COJHCHOU TUHAMUKH B3aUMOJICHCTBUSA):

p=E v_ muv, (44)

c2

rme Mm=E/c?, Temeps COTMacHO cmpozo 6vi6edeHHOMY OTpENEeHHIO,
cojiepxaliemMy Quzuuecku peaivbHylo CKOPOCTh CBeTa C (TakuM 00pa3om
MbI KOHEYHO MOJTBEPKIAEM TAKKE COOTBETCTBYIOIIYIO YKBHUBAJIEHTHOCTD
Macchl ¥ DHEPTHH AJI MacChl Iokos, ypaBHeHue (34)). McmuHmubiii cMBICIT
3HAMEHHTON SKBUBAJIEHTHOCTH MAaccChl M SHeprun, E =mc?, nposcHsercs
Tenepb Onaronaps €€ Kay3aibHoMy, OUHAMUYECKOM) 6bl600) B KBAaHTOBO-
MOJIEeBOI MeXaHHKe (TOr/Ia Kak B OOBIYHOW T€OPHUU OHA JIUIIb MOCTYIUPY-
€TCs1): SHEPrus YacTUIllbl (M 000ro Tena) 0baaaaeT CBOMCTBOM MHEPIIUU
Onarogaps €€ XOpoILIO ONPEAETEHHOMY CO0EpHCAHUIO B BUIE CIONCHO-
OuHaAMU4ecKkux KBaHTOBBIX OMEHUH.

KombOunupys ypaBHeHus (44) u (45), MBI Ioy4aeM CTaHIAPTHOE
BBIPAKEHUE JIJIS ITTMHBI BOJIHBI e bpoilis ABMKYIIEHCS YaCTHUIbI:
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A=A\g :L . (45)
mv

Tenepb 0HAKO 3TO 3HAMEHHUTOE COOTHOLICHHE, JIeKalllee B OCHOBE Bcel
KBAaHTOBOM (PM3HKH, HE (POPMATBHO MOCTYIMPOBAHO (KaK B CTAHAAPTHOM,
YHUTApPHOU TEOpPHUH) WK “(DEHOMEHOIOTHYECKU OOBSCHEHO (KaK B OpH-
THHAJIBHOM Tozaxoje jae bpoins [21]), a cmpoeo svisedeno kak 1ennKoM
nocnedosamenvHoe CIEJICTBUE JIekKAIIeH B OCHOBE CIOJHCHOL, MHO203HAY-
HOU OUHAMUKU 83aUMOOelicmauss BHYTPU KaXI0W MaCCHBHOW AJIEMEHTap-
HOM YacTulbl. DTOT pe3yJbTaT U €ro BbIBOJ BKIIIOYAIOT, B YACTHOCTH, 3a-
MEYaTelIbHOE 6HYmMpeHHee 00beoduHeHue “pelnsiTUBUCTCKUX’ U “KBAHTO-
BbIX” CBOWCTB YACTHUI], OCTAIOUIUXCS HEMPEOAOIHMO pa3[eiEHHBIMU B
YHUTAPHOU TECOPUH, HO B JCHCTBUTECIILHOCTH MTPOUCXOISAIINX, KAaK MBI SiC-
HO BUJUM TENepb, OT OJHON W TOH Ke CI0XHON TUHAMHKHU Ipoliecca
KBaHTOBbIX Ouenwii [1,4,7,8]. DTo Be3mecyiiee 0ObEIMHEHUE TOSBISACTCS,
HanpuMep, Kak B IPOTHUBHOM CiIy4ae “‘CTpaHHas” KOMOHWHAIMs Kiaccuye-
CKOUl BETUYUHBI U , K6aHmogot noctossuuoi [lnanka h u persmuesucmckoi
MOJIHOM MacChl M B OAHOM U TOM € COOTHOIICHHUH (45), UK KaK TMOoJTy-
YEHHOE BBIIIE CIOKHO-IWHAMUYECKOE MPOUCXOKACHUE WHEPLHUOHHOTO

CBOMCTBA MOJHOM SHeprun E Onarogapst e€ BHyTpeHHEMY KBaHTOBAHHIO.
MpI IpUXOAMM TaKKe K BBIBOJAY, YTO (DyHIAaMEHTaIbHOE TUCHEp-
CHOHHOE COOTHOIIECHHE (44) TMPOUCXOIUT OT CUMMEMPUU CLOHCHOCHMU,
MIOCKOJIBKY TIOCIEIHSSI ONpEeeNsieT JISKAIIyl0 B OCHOBE 9K6UBAIEHN-
HOCMb MEX]y BCEMU MHOKECTBEHHBIMH pealiu3allusMU, BKItOUasi peau-
3alMM Kak U3 TeHJEHIIUHU TJI00aTbHOTO ABMKEHUS, TaK U U3 HEperyisip-
HBIX OTKJIOHEHHMH OT He€. ITO OYeHbh 3HAKOMOE U Ka3aJoch OBl “mpocroe”
COOTHOIIIEHUE, P=MU , KaK MBI BUJCIIH, COJCPIKUT B ceOe BCIO CIIOXKHOCTh
TUHAMHUKU HEPeIylMPOBAHHOTO B3aUMOACWUCTBUA W Ja€T NanbHEUIIne
dbyHIaMeHTalbHbIE U YHUBEPCAIbHO CTIPaBEATUBbIE ClIeCTBUSA. B yacTHO-
CTH, B35B €T0 IMPOW3BOJIHYIO IO BPEMEHH, TIOJIy4aeM CHPO20 8bl8COCHHYIO,
KAy3anbHO PpelsmueUcmcKyr0 1 YHUBEPCAIBHO PaCIIUPEHHYIO BEPCHUIO
HBIOTOHOBCKHUX 3aKOHOB “KJIACCHYECKON’ TUHAMUKU (OOBIYHO MPOCTO MO-
CTYJIUPYEMBIX), 0€3 Kakoi-muOO CHeruaibHO BBOAMMOM KIACCMYHOCTHU
WIH SMITHPHYECKH ONPESIIIeMbIX BEJMYMH (Macca, SHEPTHs, UMITYJIbC U

T.J.):

AW) _ p(xr), Foy-R-2A_ U

ot oxot  ox |

rae cuna F(X,t) u nomenyuanvnasn swepeus-cioxcnocms U(X,t) Takum
00pa3oM Kay3aibHO OTPENENTEHBl W JUIS KPAaTKOCTH WCIOJIB30BaHBI 000-

L{(x,t):—g ,
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3HAYeHUS HENPEPHIBHBIX MPOU3BOIHBIX, B O0IIEM CIIydae CO CMBICIOM Ou-
Hamu4ecku OUCKpemHulx pou3BoIHBIX. [ToaTOoMy 3akoHbl Hhl0TOHA TOXE
SBIISIFOTCS CIe0CmauemM cummempuuy croxcHocmu (M Iexaiei B e€ 0CHOBE
MHO203HAYHOU TUHAMUKH), €CIIN TPeOOBaTh UX CMp0o20o2o 6bi6o0a. Takue
Kay3aJIbHO pacIIMpeHHbIe 3aKOHbI HBIOTOHA yHUGepcanbho PUMEHUMBI K
110601l CUCTEME W YPOBHIO CIIO)KHOCTH, XOTS OHM MOTYT OBITH Oolee
YMECTHBI U 3(QQEKTHBHBI B CIydasiX JOCTATOYHO OJHOPOIHOH, ncegdo-
YHUTApHOI TUHAMUKH.

[ToacraBnss Teneph NOTYYEHHOE PENIATUBUCTCKOE AUCIIEPCHOHHOE
cooTHoueHHUE (44) B CI0XKHO-IUHAMUYECKOE paclpeesieHue YHEPrUuM Ya-
ctunibl (41) m ucmonw3ys ompeaeneHue dHepruu (42), moxydaeMm sBHOE
BBIPAKCHUE OUHAMUYECKU BBIBEIICHHON OMHOCUMENbHOCIU 8DEMEHU.

r:T(l—v—zj . (46)

C2

[Tockonbky BpeMst T ma€t mepuoa peaabHOro (IMHAMUYECKOT0) BPEMEHU
JUISL GHYMPEHHUX YacOB JIBUXKYIICUCS YaCTUIIBI (CUCTEMBI), MBI TTPUXOUM
K BBIBOJLY, YTO BPEMSI 3aMEJUISICTCS GHYMpuU JIBIKYIICHCS MoJie-4acTUIbI (
T > 1) moroMy, 4TO TEUEHHE BPEMEHH HEMOCPEACTBEHHO NPOU3B0OUMCS
mem dice, CIOXHO-TUHAMUYCCKHM (MHOTO3HAYHBIM) MPOIECCOM B3aUMO-
JENCTBUS, KOTOPBIN NaéT HA4ajo 2nobanvHomy o0gudceruio. KoMOMHUPYS
ypaBHeHUE (46) C COOTHOIIEHHWEM, BKIIOUYAIOIIUM YacTOTy V, U MEPHOJ
T, KBAaHTOBBIX OMEHHI B COCTOSIHUM TOKos [1,7],

Nv=(vo)* , Tr=(1)" , (47)

nojiyqa€M KaHOHHUYCCKOC BBIPAKCHUC OTHOCUTCIIbHOCTH BPpCMCHU (HO TC-
MNEpL Kay3aibHO gbléeoerHoe U3 HIDKCIICKAIICH C/IOMCHOU I[I/IHaMI/IKI/I)I

(48)

OtmeTuM, 4TO cooTHoleHHue (47) TakKe CleIyeT U3 CUMMETpHUH (coxpa-
HEHUS) CII0)KHOCTH: OHO O3HAYaeT, YTO YHCIO peaau3aluil CUCTEMBI, 3a-
MOJIHSAIOIUX MPSIMOYTOJIbHYI0 00nactb N xVv, ocTaércs HEU3MEHHBIM.
OTHOCUTENBHOCTh CIIOKHO-THHAMUYECKOTO BPEMEHH, TaKUM O0O0pa3oM
CTPOTO BBIBEJICHHAS W3 CUMMETPUU CIIO)KHOCTH, JIETKO 0000IIaercs Ha
npyrue 3¢ EeKThI CrenaTbHON TEOPUHA OTHOCUTEIIBHOCTH.

[Tony4yenHoe ecmecmeennoe ob6veOuHeHue Kay3adbHO BBIBE/ICH-
HBIX BEPCUH peramueucmcKkol U K8AHmMogou TUHAMUK B OJTHOM, CJIOHCHO-
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OUHaMUu4eckomM TIPOLIECCe KBAHTOBBIX OWMEHHWH JUIA IBMKYILEHCS TMOJie-
YaCTULIBI MOXKET OBITh PE3IOMHUPOBAHO MYTEM IOJCTAHOBKH BBIPAKCHUS
OTHOCHUTEJILHOCTH BpeMeHU (48), TUCIepCHOHHOI0 COOTHOuIeHus (44) u
dbopmysbel 1S JUTMHBI BOJIHBI e bpoins (45) B pacmpenelieHUe MOTHOU
sHepruu (41):

j y f 2 2
E =hv, 1——+—v hv, 1——+hvB—mOC2 l—v—2+ mov
C

(49)
rae hvy =myC2 B cooTBeTCTBUU ¢ ypaBHeHHEM (34) U wacmoma de bpoiiis
Vg OIpeJesieHa KaK

v pv Vao V2 mq2 v v h
Ve= = = F——=-V_ Ve = —=Vo = — dpp=——
As h 1_1)72 c h C2  Ago mov
CZ
(50)

dusndeckas peaibHOCmb BOJHBI A¢ bpoils (MosBIsIFOIEHCs KaK c1odic-
HO-OUHAMUYecKas. CMmpyKmypa nojie-yacmuysl) TOATBEPKIACHA TeNepb
CTaH/IapTHBIM COOTHOILIEHUEM MEXAY €€ JUIMHOM, 4aCTOTON U CKOPOCThIO,
AgVe =U, KOTOPOE OIUCHIBAET CIYUAlHbIE KBAHMOBbLE CKAYKY BOIHOBOTO
MOJIsL IBDKYILIEHCS YACTHUIIBI HA PACCTOSTHUE Ag, IPOUCXOJISIINE CO cpeo-
Hell YacTOTOH Vg M COMPOBOXKIAIOIIMECS OOLIUPHBIM XAOMUYECKUM
OnyscoaHuem 1EHTpa PEAyKLIUU YaCTHIlbl (BUPTYaJbHOTO COJINTOHA) BO-
KpYT IN100aIbHOTO JBUKEHHS, KOTOPOE COKpaIlaeT e€ CKOpOCTh OT C (11
TH000r0 €IUHUYHOTO CKayka) A0 v . [ockonbKy 4acTOThl B YpaBHEHHH
(49) oTHOCATCA K Kay3anbHO CyualiHbIM KBAHTOBBIM CKauKaM, IMPUXOAUM
K BBIBOJY, YTO BEIMYUHBI 0; =0U2/C2 U oy =1—0y =1—0v2/C? sBASIOTCS
HE YeM HHBIM, KaK OuHaMu4ecku TOIYyYECHHBIMU 8eposmHOCmAMU (CO-
cmaemwvlx) peanuzayuti COOTBETCTBEHHO IIIO0ABHOM (CpeiHeii) U MoIHO-
CTBIO CIIyYalHOW TEHACHUMN JUHAMMKH JBHKYILIEUCS 4acCTULBI, B COOT-
BETCTBHH ¢ MX oOmmuM ompeaenenuemM (10), uro emeé pa3 moaTBepkaaet
BHYymMpeHHee eOUuHcmeo “KBAHTOBBIX U “pESITUBUCTCKUX’ TPOSBICHUM
CILOACHOCMU HEPEOYYUPOBAHHO20 83AUMOOECEUSL.

VYpaBHenue (49) maér Takke persmusucmckoe npeobpazosaiue
(nonnou) maccel U TaKUM 00pa3oM JEeOPONTIEBCKOW NIITMHBI BOJHBI (45),
IJ€ TOCIEOHsA JEMOHCTPUPYET IMHAMHMYECKOE M “KBAaHTOBOE~ IIPOHUC-
XOXJICHUE PeamuucmcKo20 COKpaujeHus OIuHbl TI00aTbHO TBUKYILE-
rocsi Tena (ero MOKHO TakKXKe BBIBECTH U3 PEJIITUBUCTCKOTO 3aMeEIICHUS
BPEMEHH):
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U2
_E v? 2 L
m_c2 my 1—5 — |~ — (51a)
Jl‘cz J o
h 1-Y

2
g = 2 = & oy [1-2 (516)

Vs mev (o

IlepBblii 4WiIeH OKOHYATEIBHOI'O CIIOXKHO-IMHAMUYECKOIO pacmpe-
nenenus Heprun (49), B3AThI ¢ 00paTHBIM 3HAKOM, TAET KAY3AIbHO 8bl-
6e0eHHOe BBIPAKCHUE [UISl JIACPAHICUAHA DENTMUBUCCKOU 4acmuybl,
AA/At=pv—E=L (cm. takke ypaBHenue (26) W BbIllle B ITOW U
HpebIIyNIeH CeKIUIX), KOTOPOe OCTAETCs CIIPAaBENIUBBIM, KOHEYHO, JIJIsI
JT1000T0 MaKpOCKOIMYECKOTO Tela (arimoMepara 4YacTHuil):

2 2
L =—hN =—hv, /1—v—=—m0c2 /1—”— . (52)
c2 c2

MBI nonyyaeM Takke Kay3albHYIO, CII0KHO-JUHAMUYECKYI0 UHTEpIIpeTa-
LIUIO JIarpaH)XMaHa KaK 3HEPTUU YUCMO CAYYAUHOU YaCTH JUHAMUKH CH-
cTeMbl (I0Jie-4acTUllbl), uiau € “(BHyTpeHHEH) TEeIIOBOW IHEepruu’”’, Ko-
TOpasi YTOYHSIET COOTBETCTBYIOLME IBpUCTHYECKHE uaeu Jlyn ne bpoins
0 “CKpbITON TepMomuHamuke” enuHuuHON 4actuibl [30], Tak ke Kak u
€ro MpeJCKa3aHue pealucmuyHo20 pacuiuperus OOBIMHOTO ‘“TIpUHIUNA
HAaMMEHBIIIETO JEUCTBUS , OMUCHIBAIOLIETO TEIEPh pedibHble, TUHAMUYE-
CKH XaOTUYHbIE OMYKIaHHUsSI CUCTEMbI BOKPYT TE€HIEHIMU CpenHero (Tio-
0aTbHOI0) ABMIXKEHHS, a HE NMPOCTO (GopMasbHbIE “BapHaluu’ (YHKIHO-
Hana naeictBus [1,7]. MuHuMH3anUs JAEHCTBHS COOTBETCTBYET B HAIlIEM
ONMCAHUU NPEBPALLEHUIO JEHCTBUA-CIOKHOCTH B DHTPOIMIO-CIIOKHOCTD,
B paMKax coxpaueHusi (CAMMETPUHN) MOJHOM CIIOKHOCTH. BecromuHas, 4o
PENATUBUCTCKUIA NarpaHkuaH (52) JHIllb MEXaHUCTHUECKU YrajgaH U Mo-
CTYJIMpPOBaH B CTAaHAAPTHOM CHEIHUAIbHOM TEOPUH OTHOCHUTEIBHOCTH, a
3aT€M HCIOJIb30BAaH, BMECTE ¢ MCKYCCTBEHHO HaBSA3aHHBIM ‘“IPHUHILIUIIOM
OTHOCUTEIIBHOCTH W JAPYTHMMU MOCTYyJIaTaMu, ISl “BbIBOJIa” OTHOCUTEIb-
HOCTH BPEMEHU M JIPYTHX CBSA3aHHBIX 3((EKTOB, MBI MOXXEM Temlephb
YTBEPKAaTh, YTO CUMMETPHSI CJIOKHOCTU JAET 00beOUHEHHOE KaAY3aNbHOe
pacwupenue 6cex 3TUX A0CTPAKTHBIX W Pa3/eiEHHBIX NPUHIMIIOB YHH-
TapHOW TEOpPHUH, BKJIHOYAsl MPUHIUIIBI HAUMEHBIIETO EeHCTBUS U OTHOCHU-
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TEJIbHOCTH, KBAHTOBBIE MOCTYJIAThI (CM. TAaK)Ke€ HUXKE), IEPBOE U BTOPOE
Hayaja TePMOJIMHAMUKH.

SIcHO, YTO MONy4EeHHOE OuHaMUYecKkoe €AUHCTBO (U3NYECKH pe-
AIBHOTO MPOCTPAHCTBA (cmpyKkmypsl) U BPEMEHH (s671eHull ero MpsiMOro
BO3HUKHOBEHUS) UCKIIOYAET MX MEXAHUCTHUYECKOE CMEIIEHHUE B OJHOM,
“reomMeTpuyecKkoi’” KOHCTpYKIUU. COOTBETCTBEHHO, CAMMETPHS CIIOKHO-
CTH, JeKallasi B OCHOBE JMHAMUKH PEAJbHOTO MHpa, HaMHOro Ooraue
(“mMeHee cumMMeTpHruHa’), YeM yHHTapHble CHMMETPHH CTaHIAPTHOM T€O-
pUM OTHOCUTEJIBHOCTH, YTO I103BOJISIET HANTH E€CTECTBEHHOE pEIICHUE
Bcex Mpo0OieM ux “HapymieHus’’ (BKJIIOYas KBaHTOBAHUE, HEPETYISIPHOCTH
U T.J.), TAK YTO CUMMETPHs CIOKHOCTH OCTAE€TCsl BCErJa TOUYHOM U NaéT
peallbHyI0, HECKOJIbKO OTPAaHHYEHHYIO W HEPETYISIPHYIO ‘“‘OTHOCHUTEIb-
HOCTB”, KOTOpasi MOXET TakXe OBbITh pacuIipeHa Ha JoOble YpOBHU (u-
3UYECKU PEaJbHOTO MPOCTPAHCTBA U BPEMEHU (T.€. CIOKHON TUHAMUKU
mupa, cM. Hioke) [1]. DT o0iue BBIBOABI KacaroTCs TaKKE €CTECTBEHHO
BO3HMKAIOIINX, OUHAMU4ecKu OCHOBAaHHBIX 3((EKTOB obuwei omHocu-
MenbHOCMU.

JelicTBUTENHHO, MBI BUCTHU B pasnaene 1.3.3, yTo rpaBUTAllHOHHOE
B3aMMOJICHCTBHE MEX]y JIOOBIMH MaTepHUaJbHBIMU YacCTHIAMH (BO3MY-
LICHUSIMHM TIPOTOIIOJIEH) BOSHUKAET HEM30€KHO U YHUBEpPCAIbHO Ojaroja-
ps ux “neopmManMOHHOMY B3aHMOJICHCTBHUIO Yepe3 Cpeay rpaBUTAIIMOH-
HOTO TIPOTOTOJISI, TIOBCIOAY CBSI3aHHOTO CO CTOJIb )K€ BE3ICCYIIUM 3/M
npoTornoieM. DTa PU3NYECKH peanbHasi TpaBUTAIHS UMEET MMOAITOMY ecTe-
CTBEHHOE OUHAMUYECKOe U K8AHMOB0e, HO HE “TeOMETPUYECKOe”’, TPOUC-
XOXKJeHne (Aaxke ecnu (QopMalbHOE TeOMETPUYECKOE OnuUcaHue MOKET
NPUMEHSTHCS U J1aBaTh KOPPEKTHBIE Pe3yJbTaThl B 00JACTH €ro ImpHUMe-
HUMOCTH, MTOJ00HO IPYTUM cliydasiM Je(hOpMallMOHHOTO B3aUMOJICHCTBUS
yepe3 KBa3U-HEMPEephIBHYIO cpeny). O4eBUIHO, YTO BO3MYIICHUE T'paBU-
Tal[MOHHON Cpebl M cujla B3aUMOJICHCTBUSL OYyAYyT pacTH ¢ Kay3ajibHO
OnpeAesEHHON BBIIIE MHEPTHOM MAacCOl B3aWMOJICUCTBYIOIIHUX TEJ, YTO
Ta€T 00OOMIEHHBIN, Kay3aNbHO 000CHOBAHHbIU “TIPUHIIUIT YKBHUBAJICHTHO-
CTH”’, B IPOTUBOIIOJIOXKHOCTh €ro (hOpMaabHO MOCTYJIMPOBAHHON BEpcUu B
0OBIYHOM 001IeH TEOPHH OTHOCUTEIBHOCTH. B 00BIYHOM cilydae HE OUYeHb
IUIOTHOW KOH(UIypaluu B3aUMOJEHCTBUS, CYIIECTBEHHO 3a MpeiesiaMu
CUTyalluu MOAN(PHUIIMPOBAHHBIX TUIAHKOBCKUX enuHuIl (pasgen 1.3.4), Ta
Ke camasi BeIMYMHA UHEepyuoHHOU Macchl (BpEMEHHOW TeMI HW3MEHEHHUS
NeMCTBUA-CIIOKHOCTH, pazzen 1.3.2) Oyner Takxke urpatb poib epaguma-
YuoHHOU MacChl (T.e. “TPaBUTALMOHHOTO 3apsiia’). DT rpaBUTALUOHHBIC
MaccChI-3apsbl U UX B3aUMOJIEUCTBUE Yepe3 IPaBUTAIMOHHYIO Cpelly Mpo-
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U3BOJATCS MeMU Jice CAMbIMU, CIONCHO-OUHAMUYECKUMY TIPOLECCAMHU
KBAHTOBBIX OMEHMI, KOTOpBIE CIYKAT MCTOUHUKAMHU IJIEKTPUUYECKUX 3a-
PSIOB M MIX B3aUMOJICHCTBHUS Yepe3 3/M MPOTOIMOJIE, YTO SBJISAETCS emé o/1-
HUM TPOSIBICHUEM YHUBEPCAJIbHOM CHMMETPHUM CIIOKHOCTU U e€ “‘ecTe-
CTBEHHO HapyllleHHOro” xapakrtepa. Ilocieqnuil cBsizaH 31ech ¢ paziuy-
HuIMU hu3uvecKumMuy ceoticmeamy 3/M U TPaBUTALIMOHHOTO MPOTOIONEH
(pazmenst 1.1, 1.3.3) u nposiBisieTcst, HanpuMep, B TOM (pakre, 4To HE Cy-
HIECTBYET ‘“‘3HaKa” rpaBUTAIIMOHHBIX Macc-3apsiioB U OHU Bcernaa MpuTs-
THBAIOTCA JIPYT K APYTy (3a mpenenaMu cirydas oObeAMHEHHUs B3auMOIeii-
CTBHH Ha MOAM(HUIIMPOBAHHOM IITAHKOBCKOM Maciirabe) [1].

EcTtecTBeHHO Kk6anmMoGanHblll JUHAMMYECKUNA HCTOYHUK MAacCChl,
OTIPENICTISAIONINNA JIOKAIBHOE meueHue epemenu (CM. Takxke pasaens 1.3.1,
1.3.2), HEnmoCpenCTBEHHO BEAET K KAY3ANbHO O0OBACHEHHbIM, OUHAMUYe-
ckum 3¢ dexkram o0IIel TeoOpur OTHOCUTEIBHOCTH, euié pa3 JEeMOHCTPH-
pysl HepaspvigHoe eOUHCMBO K8AHMOBLIX U PENAMUBUCICKUX NPOAETEeHUL
JMHAMHYECKON CII0O)KHOCTH B KBaHTOBO-TOJIeBOW Mexanuke [1,7,8]. B
YaCTHOCTH, 4aCTOTa KBAaHTOBbIX OueHuil v (cM. (34), (42)) npsiMo 3aBHCUT
OT JIOKAJIbHOM TUIOTHOCTH/HANPSHKEHHOCTH TPABUTAIMOHHOTO TPOTOIIOJIS,
CO3/1aBaeMOM JPYTMMU MaTepHATbHBIMU 00BbeKTaMH (KBAaHTOBBIMU OMEHU-
SIMH COCTABJISIFOIIUX WX YACTHI[) U OMUCHIBAEMON KakK “TIOTEHIIMAJl TPaBU-
TallMOHHOTO MO

M (x)c2 =hv(x)=mc2,/ge () , (53)

rae v(X) — JokalbHas 4acTOTa KBAaHTOBBIX OMEHUU HJs “mpoOHON™ ya-
CTHIIBI, TOTJIa KaK “MeTpHuka” (o(X) OMHCBHIBACT B JEHCTBUTEIBHOCTH
IJIOTHOCTH/HANIPSKEHHOCTh IPaBUTALIMOHHOTO MIPOTOMOIS,
goo(X) =1+2¢g(X)/Cc2, rae @g(X) — KIacCHYECKUil TPaBUTALMOHHBIN TO-
TeHIMaJ (MBI UCTIOIb3yeM CTaHJAPTHOE COOTHOLICHUE ISl caydas ciabo-
ro nons [31]). TTockonbky v(X) omperenser Kay3aabHO BBIBEICHHOE Te-
yenne BpeMeHH U Pg(X) <0 (g (X)<1) mist npumseusaioweco rpaBuTa-
IIMOHHOTO B3aUMOJIEHCTBUA, TO ypaBHEeHHUE (53) naér kay3aibHYIO, TMHAa-
MUYECKH BBIBEJCHHYIO BEPCUIO “PEISATUBUCTCKOTO 3aMEUIEHUs] BPEMEHU
B I'PaBUTAllMOHHOM TIOJIE.

Ennnoe cnoxHO-TuHAMUYECKOEe MPOUCXO0KIECHUE PENIITUBUCTCKUX
U KBaHTOBBIX 3(P(PEeKTOB cTaHET emi€ MoHee, €CIU Mbl IaJUM NPSMON Ka-
y3aIbHBIN BBIBOJ] OCHOBHBIX KBAaHTOBO-MEXaHUYECKUX BOJHOBBIX ypaBHeE-
HUM, TaK KaK OHU HanOoJIee TECHO CBSI3aHBI CO CTEIU(PUUECKUM ‘KBAaHTO-
BbIM~ (BOJIHOBBIM) THUIIOM IOBEACHUS. Takoe CI0KHO-INHAMUYECKOE
MPOUCXOK/ICHHE M Kay3aJlbHbI BBIBOJ ypaBHeHusa lllpenunrepa u3 ne-
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Jalllel B OCHOBE CUMMETPHUHM CIIO)KHOCTH JIaHbl B pazjene 1.2, BMecrTe ¢
Kay3aJIbHBIM Pa3pelleHueM YHUTAPHBIX “KBAHTOBBIX TailH’ M 0000IIeHH-
em ¢dopmanusma llpenunrepa Ha Jir00Oble BBICIINE YPOBHHM CIIO0KHOCTHU
(cMm. ypaBHenus (23)-(32)).

KitoueBoe cooTHOIIEHHE Kay3albHOTO KBaHTOBaHMs (28), orpa-
JKarolee JAMHAMUKY KBAaHTOBBIX OHMEHUWH, MaéT mpaBwiIa “KBAaHTOBAHHS
Jlupaka”, KOTOpbIE TOJIYYaloT TEeph TMHAMHYeCKoe oObsacHenue [1,7,8],
0CTaBasICh JHILIb (POPMAILHBIMU MOCTYJIaTaMH B YHUTAPHOM TEOPUH:

AA 1. 0¥ 1,02
=S ot = —— i — , pr=——h2S—, 54
Pt =g oy ¥ oxe 69
AA 1.0% _, 1,0°%
B pt e =y B g o 55

[ToncraBnsss 3TH Kay3ajdbHO BBIBEJCHHBIE INpaBWia B PENSTUBUCTCKUE
YPaBHEHMSI TOTO K€ CJIOXKHO-AMHAMUYECKOT0 MPOUCXOKICHUS, [10JIydaeM
pa3IuyYHbIE PEJIATUBUCTCKME BOJIHOBbIE ypaBHEHHUsA. Tak, CIOXHO-
JUHAMHUYECKOE paclpeziesieHue SHEPruu ABMKYIlelca yacTuls! (49) mo-
KeT ObITh 3alMCaHO KaK

2 2
E =myc?, [1- 2 + 2w E2- mZc* + p%c? . (56)
c2 m
KomOunupyss ypaBuenus (54)-(56), momysaem ypaBHeHue Kieitna-
["opnona unu Jlupaka a1 cBOOOAHOMN YaCTULIBL:
2 2
a—l{’—cza—‘{l+c0§‘l’:0 ,
ot? ox?
e o =MyC2/h=27v, — “Kpyrosas’ 4acToTa IyJIbCallUii KBAHTOBBIX OH-
eHuil B coctossHUM TOKOs (cM. (34)), koTopass (aKTUYECKH OMHCHIBAET
BpaleHue CIUHOBOTO BUXps (cM. paszzmen 1.3). bosee cnokHble Bepcuu
PENSITUBUCTCKMX BOJHOBBIX YpaBHEHUH JUIsl B3aMMOJEHCTBYIOIIUX IOJIEe-
YaCTHUI] MOT'YT OBITh OJYYEHBI TAKMM k€ 00pa3oM Kak Kay3albHbIE Cle/-
CTBUS JIEXKAIlEH B OCHOBE CUMMETPHUH CJIOKHOCTH, TOT/IA KaK UX HEpels-
TUBUCTCKUU MpEJIeNl CHOBA MPUBOAUT K Kay3aJbHO 0OOOCHOBaHHOMY YpaB-
Henuto [lIpenunrepa [1].

HenocpencrBeHHblll aHaMM3 MOKa3bIBAET TAK)KE, UYTO YpaBHEHHUE
penunrepa (29) ¢ ramuasroHnanom H (X, p,t): p2/2m +V(X,t), rae
U(X,t) — cesazbieaiowas TIOTCHIMATIBHAS IMa, MOXKET OBITh YIOBJIECTBOPE-
HO TOJIBKO JJISl Quckpemuo2o Habopa KOH(pUTrypaliili BOTHOBON (pyHKINN



CAMOCOTI'JTACOBAHHASI KOCMOJIOI'MA 1 CUMMETPUS CIIOXKHOCTHU 63

W(X,t), onpenenseMbIX yeabimMu YUCIAMH M020 Jice CaMO20 KBAHTA JIei-
CTBHSI-CJIOKHOCTHU N, KOTOPBIl OMMCBIBACT YUK KEAHMOBLIX OUEHULl, I
“cMeHny peanuzanuii cucteMbl” (cM. pazaen 1.3.4), 4To oOBIACHIET 3HaAMe-
HUTYI0O KBAaHTOBO-MEXAaHUYECKYIO OUCKPEMHOCMb IHEP2emuieckux ypog-
Hell (HampuMep B aTOMAaX) Ha OCHOBE C/IOHMCHO-OUHAMUYECKOU OUCKPEMHO-
cmu (Uu Kay3anbHo20 K6AHMOB8AHUs) JIEKAIIET0 B OCHOBE Ipoliecca B3a-
MMOJICUCTBUS MpoTonoJiel [1] u mokaspiBaeT mouyemy Ta ke camasi IMocTo-
aHHasa [lnaHka mosiBisieTcs TakKe Ha 3TOM 0o/iee 8blCOKOM NOOYPOGHE
KBaHTOBOW JTMHAMUKH.

Emé oana “nocrynupoBaHHas TailHa” YHUTApHOW KBAaHTOBOW Me-
XaHUKU, JUHEeUHAs CYynepno3uyus Pa3IudHbIX 8epOsMHOCMHO TIOSBISIO-
HIMXCS COCTOSIHUM, BKIIIOYAsl YACTHBIN CIIydail K8aHmoeo2o nepeniemeHus
JUISL MHOTOYAaCTUYHOM CHCTEMBI, OTPAXKAET peanbHyio, HO MHO203HAUYHYIO
JUHAMUKY J1ex#cauie2o 8 OCHO8e 83aumMo0eticmausl, T1e CUICTEMa COBEPILIAET
HENPEPBIBHYIO CEPHUIO IUKIOB PEAYKIHUU-PACIIUPEHUS, WU PealbHbIX
KB8AHMOBLIX CKAYKOG, MEXKIY COOTBETCTBYIOIIUMU peanrusayusimu ¢ Tenepb
OUHaAMUYecKy ONpeACIEHHBIME BEPOSTHOCTAME (cM. ypaBHeHus (9)-(12),
(31)). Ksasu-nuHeHOCTh TOBEACHUS BOJHOBON (YHKIMH OOYyCIOBJICHA
nepexoOHo cnabbIM, MEPTYpOATUBHBIM XapaKTEpPOM B3aUMOJICHCTBUS
MoJbKo B TIpefiesax MPOMEKYTOYHOU (OCHOBHOM) peajn3allii CUCTEMBI,
KOTOpasi COCTABIISICT pu3uuecKu peanbHyr0 BEPCHIO BOJHOBOH (DYHKIHH,
TOTJa KaK 8o3HUKHOGeHue (PaKTUUECKU u3mMepsemMblx COOCTBEHHbIX 3Haue-
HUI W3 peanu3aly BOJHOBOM (YHKLMH, 3aTEMHEHHOE ‘“HEOOBSICHUMBI-
MU~ OOIIENPUHATBIMU TOCTYJIAaTaMH, CBS3aHO C €€ CYuecmeeHHOo Henu-
HeuHOU N ¢huzuuecku peanbHoU PEIyKIUEH K COOTBETCTBYIOUIUM pEry-
JSPHBIM, JIOKaJIM30BaHHBIM peanuzanusaMm (paszgen 1.1). Cummerpus
CJIO)KHOCTU MEXJy 6cemuy peaau3alMsMU CUCTEMbl TaKuM 0o0pa3oM Jaér
€CTECTBEHHOE U HEOOXOIUMOE OuHamuieckoe ooveouHenue Takux “mpo-
TUBOIOJIOKHBIX’, TMHEWHBIX U HEJIUHEHHBIX, BOJHOBBIX M KOPIYCKYJISp-
HBIX, paclpeesEHHBIX U JOKAJIM30BaHHBIX, TUIIOB MOBEACHUS B paMKax
OJIHOTO0, LIEJIOCTHOTO MPOLIECcCa B3aUMOAECUCTBHS.

PackpeiToe enuHOe, Kay3aabHOE IPOUCXOXKACHHE KBAHTOBBIX,
CHEIUAIbHO-PEISITUBUCTCKUX U OOILE-PENSATUBUCTCKUX JPPEKTOB B
CJIOKHOM (MHOTO3HAYHOU) NWHAMHKE JIEKAIIEr0o B OCHOBE B3aWMOJICH-
CTBHsI HaXOJUT JajibHEMIee MOATBEPKICHUE B €ro MpsSIMOM 00600weHuu
Ha (Npou360.ibHble) 8biCUIUE YPOBHU CTIOHCHOCMU, TIIE TaK)Ke HAOII01aeTCs
JTUHAMHUYECKasl TMCKPETHOCTh (KBAHTOBAHHUE) U “pEeNSITUBUCTCKAs” MOJU-
¢duKanys COOTBETCTBYIOIIUX CKOPOCTEH TeueHUs BPEMEHU U MaciTaboB
mmuHbl [1]. Ctporuit BEIBOI 00BEIMHEHHBIX KBAaHTOBOTO M PEISTUBHCT-
CKOT'0 TOBEIEHUS /ISl POU3BOIBHOTO (MHOTOKOMIOHEHTHOI'O) Ipoliecca
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B3aMMOJIEMCTBYSI HAUMHAETCS C YPaBHEHUs CyLIECTBOBaHMs (4) 1S Tako-
ro mporiecca, KOTopoe 0000mmaeT Bce (KOPPEKTHBIC) “MOJAEIbHBIC” ypaB-
HeHus (CM. Takke paszen 1.2) u Benér K ToH Ke OCHOBOTIOJIararonieit cu-
cTeme ypaBHeHUH (3), 4TO ¥ ypaBHEHHUE CYIIECTBOBAHUS sl IPOTOIONEH
(1) Ha nepBoM ypoBHe cioxuoctu (paszaen 1.1) [1,2,4,6,13,14]. 3arem Ml
ClIelyeM CTaHJApPTHOMY aHAJIU3Y Pa3BUTHS CIOXHOCTU C IOMOUIbIO METO-
na HepenyuupoBanHoro JII, pazmensl 1.1-1.2, u nmonydaem yrugepcanw-
HYIO OUHAMUYECKYI0 OUCKPEeMHOCMb (KeaHmosanue) HepeaylHupOBaHHOM,
CJI0’)KHOM JTMHAMHUKH B3aUMOJCUCTBUSA U €€ ETaJbHOE ONHUCAHKUE C IIOMO-
HIBIO 00bedunénnoco popmanuzma I amunomona-Llipeouneepa (24)-(32).

YHuBepcaabHOe  (QU3NYECKOE  MPOUCXOXKICHUE  OUCKPEMHOU
CTPYKTYpbl TUHAMHUKU HEPeoyyupo8aHHO20 B3aUMOJCHCTBUS OOBSICHSET
CaMO OCHOBOIIOJArarouiee SBICHUE OUHAMUYECKOU MHO203HAYHOCMU W
npuHUMaeT (GopMy Be3NECYHICH OUHAMUYECKOU HeyCmOUudugocmu W3-3a
neTe’ab 00paTHOW CBsA3M B3auMozeicTBus (pa3aen 1.1), riae camocoriaco-
BaHHas 3aBHUCHUMOCTh JII oT uckomoro pemenus (ypaBHeHus (5)-(6)) ne-
JlaeT HEBO3MOXKHOW SBOJIOIMOHHOE, MJIABHOE M3MEHEHUE KOH(UTypaluu
CUCTEMBI, KOTOpasi UCIBITHIBAET BMECTO ITOI'O CEPUI0 CUIIBHO HEOOHOPOO-
HbIX, “‘KBAHMOBbIX" CKAYKO8 MEX]y CBOMMU HECOBMECTHUMBIMH peain3a-
usMU. [ 1aBHOE BBIpaKEHHWE KBAHTOBAaHUS HEPEIYIIMPOBAHHOTO B3aUMO-
JIENCTBUS Ha JI0OOM YPOBHE CIIOKHOCTH JAa&TCSl KBAHTOBAHHBIMH 3JIEMEH-
TaMd BO3HHKAIONICH MPOCTPAHCTBEHHOW CTPYKTYpbl AX (paccTrosiHue
MEXTy KOHPUTYPAUSIMHA COCEJTHUX PEaTU3alliii) U CBI3aHHBIMH C HUMU
MHKpEMEHTaMH BpeMeHU At (IJIUTEeNbHOCTh MEPEXOJ0B MEXAY pean3a-
[USMH, WIA COOBITUSI CMEHBI peann3aliii), KOTOpble 3aJat0TCs B COOTBET-
CTBUU C YHHBEPCATBHBIMU OIPEICICHUSIMH JHEPTUU-CIIOKHOCTH U UM-
nmynbca-cnoxkHocTH (21), (22) (cMm. Takxke ypaBHeHus (42), (43) ansa kBaH-
TOBOT'O YPOBHS CJI0KHOCTH):

A A

AX = D At = E

rae A, > h— xapakrepuctrueckast Bemn4urnHa AeHCTBUS (10 MOJYITIO), KO-
TOpass OJHAKO HE CTOJb YHHKaIbHA/YHUBEpCAlbHA JJS 9TOTO YpPOBHS
CJIOKHOCTH, KaK €ro 3HaueHHe N Ha HWXKailllleM, KBaHTOBOM YpPOBHE
CIOKHOCTH. [InHaMuuecku omnpenen€HHbII MHKPEMEHT BpeMeHu At=1
SIBJISICTCS] TIEPUOJIOM “‘0000IIEHHBIX KBAHTOBBIX OMEHWMN”, M JIJII CUCTEMBI
B COCTOSIHMH TJIOOALHOTO TIOKOSI OH MIPSIMO CBSI3aH C 0000IIEHHON HHEp-
IIMOHHOM Maccoi (mokosi) M, u ’Heprueii mokost E, (cp. (34)):
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Eo=mef =———="2= A, , (57)
At 1,

I/Ie Uy — CKOPOCTh PacIpOCTPAHEHUS BO3MYIICHHUH B CTPYKTYPE HHKHETO

YpOBHS (aHATIOTUYHASI CKOPOCTH CBETA IS IEPBOTO YPOBHS CIIOKHOCTH),

a vy =1/7y — gacrora 0000MIEHHBIX KBAHTOBBIX OHEHMIT (CMEHBI peain3a-

Ui, oIpenesstonias COOTBETCTBYIOIIUN YPO8eHb Kay3anibHO20, Heobpa-

MUMO20 MeYeHUsl BPEMEHU.

Ob606wénnas (cneyuanvHas) meopus OMHOCUMENbHOCHU 3TOTO
epemenu (M IPOCTPAHCTBA) BePXHE20 YPOBHS TS 2100ANILHO O8UNCYUYECsL
cucmembl CIEIyeT U3 YHUBEPCATHHONH CUMMETPHUU CIOKHOCTU TaKUM K€
00pa3oM, KaK U COOTBETCTBYIOILIUE PEIATUBUCTCKHE 3((HEKTH Ha TIEPBOM
YPOBHE CIIOKHOCTH (CM. BBIIIE B 3TOM pasjieie). Y HUBEpCaJIbHbBIE Olpee-
JICHUSI COCMOSAHUL NOKO5 U O8UJCEHUsI KAK COOTBETCTBEHHO MUHUMAJIbHO-
ro ¥ 00JBIIEr0 MUHUMAIBHOTO 3HaYCHHS TU(DepeHITMaIbHON BpeMEHHOM
CIIOHOCTH (SHEPruu) OCTAIOTCS HEMOCPEICTBEHHO NPUMEHHMBIMH Ha
TH000M YpPOBHE CIIOKHOCTH. CBSI3aHHOE C 3TUM XAOMUyeckoe O1yicoanue
100aNbHO JBUKYIICHCS CUCTEMbl BOKPYT €€ TEHACHILUU CPEIHEro IBU-
KEHHS TPUBOIHUT K CYujeCmeeHHou pazuuye Mexay e€ noauot nudde-
PEHIIMAILHON BPEMEHHOH CJI0KHOCTHIO (TIOJHOM »sHeprueid E) m eé ua-
CTBIO ISl 1Ce800-PecyNIAPHO20, YCPEOHEHHO20 TBUKEHUS (OTIPEIeIIIeMOTro
UMIyJIBCOM P), KOTOpasi Bblpaxkaercs (000OIIEHHBIM) “pENATUBUCTCKUM
JTUCIIEPCUOHHBIM COOTHOLIEHUEM ™ Mexay E u p (cMm. (44)):

E=pV(v), (58)

rae V (v) > v, v, — 0000mEéHHas, “cBepXCcBeTOBas” (U B ICHCTBUTEILHOCTH
¢dukTHBHAsA) “da3zoBas CKOPOCTH ; HAIPUMED, B MPOCTEHIIEM clIydae Oj-
HOPOJIHOTO Xa0THYeckoro 6myxaanus umeeM V (v) > (v,)?/v (910 chpa-
BEJTUBO ISl TWHAMHYECKOH OTHOCHUTEIHFHOCTH Ha MEPBOM YPOBHE CIIOXK-
HOCTH TIpH U, = C).

Hcnonb3ys Tenepb 000OLIEHHOE IUCIIEPCHOHHOE COOTHOILEHHE
(58) B xoMOMHaLMK ¢ YHUBEpCAIbHO MPUMEHUMBIMU ypaBHEHUAMHU (41),
(42) u (47), nony4aeM yHUBEPCANbHYIO OUHAMUYECKU BbIBEOEHHYI0 OMHO-
cumenbHocmy (3aMeNJICHUE) épemeru IS TIOOAIBHO JBUXKYIIEHCS CH-
CTEMBI 1700020 YPOBHSI CIIO)KHOCTH M BpeMeHU (cp. ypaBHeHHS (46), (48)
JUTSL TIEPBOTO YPOBHSI CIIOKHOCTH):
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=T 1-—2— |, T=—2

V() 1_\/1()1})

[Tockonbky N < vy, 00BEKTHBHOE, pEalIbHOE BPEMSI meuém OmHOCUMENbHO
MeoneHHee BHYTPU 2100a1bHO 08udcyujeticsi, WM B O0ILEM CIIydae pazeu-
sarowelics, CUCTEMBbl 13-3a MEPEHOCA YACTU MOJIHON 3HEPruu-CI0KHOCTH
B 3TY TEHJIEHIIMIO II100aJIbHOIO JBM)KEHUS M COOTBETCTBYIOIIETO YMEHb-
HICHUs! “TIPOM3BOJASAIICH BpeMs SHEPruu YHCTO CIy4alHBIX ONyKIaHWUN
BOKPYT 3T0i riobansHON TenaeHun. [logoouo pynnamentansHoil OTHO-
CUTEJIBHOCTH MEPBOTO YPOBHS, KJIIOUYEBBIM MOMEHTOM 3J1€Ch SIBIISIETCS
CNLOACHO-OUHAMUYECKOE NPOUCXONHCOEHUE CAMOTO PednbHo20 u3uiecko2o
epemeHu (OTCYTCTBYIOIIEE B NPUHIUIIE B 000N YHUTApHOH, TUHAMHUYE-
CKH OJTHO3HAYHOU TEOpHUN).

B3aumoneiictBue cucteMbl ¢ pacnpeAeaEHHON cpenod, WM
(0000mEHHBIM) “mionieM”, BeNET K YHUBEpPCAIbHBIM 3(]dextam obiein
TEOPHH OTHOCUTEIBHOCTH. Mcronb3yst 0000ImEHHOE OnpeieieHne MacChl-
sHepruu (57), MbI MOKEM HEMOCPEIICTBEHHO PACIIUPUTH BBIPAKCHHE IS
HEPBOT0 YPOBHS CIOXHO-AMHAMHUYECKOTO 3aMeAJICHHUs] BpEMEHU B IpaBU-
TalMOHHOM 1oJie (53) Ha POM3BOJIbHBIN YPOBEHB CIIOKHOCTH:

M (X)v8 = Av(X) =mud 1+ O(x) | (59)

99

r7e X — 0000mEHHas KOOpAUHATA “TIPOOHOI” cHCcTeMBl, V(X)— dacToTa eé
0000IIEHHBIX KBAaHTOBBIX OMEHUI (CMEHBI peaau3aluil), ompeaesomas
CKOPOCTh TE€UYEHMsI €€ BHYTPEHHEro, (pU3n4ecku peajbHOro BPEMEHU CO-
OTBETCTBYIOLIETO ypoBHA, a D(X) — (6e3pa3MepHBblil) MOTEHLUAT MO
cpenbl (|®@(X)|<1). B mpoTHBOMOMIOKHOCTD NMPHUTATUBAIOIIEMY T'paBHTa-
IIMOHHOMY TIOJII0, Mbl MOkeM MMeTh Kak ® <0, tak 1 ® >0 Ha npowus-
BOJIBHBIX YPOBHSIX CIIO)KHOCTH, M [TI03TOMY “BHYTpEHHEE BpPEMS CHCTEMBI
MOJKET KaK 3aMeJUISITbCS, TAK U YCKOPATHCSA B 3aBUCHUMOCTH OT CBOWCTB
cpezbl U e€ B3auMOeNcTBUS ¢ “TIPOOHOI” cUCTEMOI.

VYHuBepcaibHble PENATUBUCTCKHE MOAM(PHUKAIMHN JJIMHBI (TIpo-
CTPaHCTBEHHOTO pa3Mepa) U OOOOUIEHHONW Macchl MOJIy4aroTCs ecTe-
CTBEHHbIM 00pa3oM BMECTE€ C COOTBETCTBYIOUIEH OTHOCHUTEIBbHOCTHIO
Bpemenu. [1o ananoruu ¢ ypaBaenueM (51), “0600ménnas nedponneBckas
JUIMHA BOJIHBI” Ap, WIM XapaKTepHBIA pa3mep Iio0aibHO ABMKYIIEHCS
CUCTEMBI (Ha MMPOU3BOJILHOM YPOBHE CIIOKHOCTH), U €€ 00001EHHAs Mac-
ca mpeoOpa3yroTcs Kak
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YHuBepcaabHble 0011e-PeIITUBUCTCKUE TPE0Opa30BaHusl MACChl U ITTMHBI
cienyroT u3 ypaBHenus (59):

M (x):m,[1+cD(x) =m,

ho(x)e o _ A V@)
° _mv\/1+d)(x)_mov 1+0(x)

OObeMHEHHBIC KBAHTOBBIE U PEISTUBUCTCKUE MPOSBICHUS CUM-
METPUHU CIOKHOCTH Ha IIEPBOM U BBICIIUX YPOBHSAX CIOXKHOCTHU AAIOT Kay-
3aJIbHO IOJIHOE, PEATMCTUYHOE U JeMUCTU(DHUIIMPOBAHHOE TOHUMAHUE CO-
OTBETCTBYIOUIUX THUIIOB IIOBEACHUS, KOTOPBIE BBIMJISASIT HEYMOJIMMO
“cTpaHHO” W UL (POPMATBEHO MOCTYIUPYIOTCS B TPAIUIMOHHOM, YHH-
TapHOM OmMHCcaHUM. Takum oOpa3oM, Ternepb MOKHO JIaTh TOYHBIN, (u3u-
YyecKu peanbHulli OTBET HA BONPOC O TOM, MoueMy (JIH000H) MexXxaHU3M
JBUKYIIUXCS 4YacOB MAET MEUIEHHEE MO0 CPAaBHEHUIO C MOKOSIIUMCS Me-
XaHU3MOM: TaK MPOMCXOJUT MOTOMY, YTO (pacTyIas co CKOPOCTBIO) OIS
MOJIHOM JTMHAMUKU JBHXKYLIEHCS CHCTEMbI (M3MepseMoil e€ sHepruem-
CJIO)KHOCTBIO) TEPEXOJUT B 3Ty TEHJEHIMIO INIOOATBbHOTO JIBUXKEHHUS W3
BHYTPEHHETO JABM)XEHHUS, KOTOPOE KaK pa3 U OMpEeseT CKOPOCTh Teue-
HUS “‘COOCTBEHHOT0” BPEMEHH, JUIA 1106020 MEXaHU3Ma €r0 U3MEPEHHUs U
mem e camvlm 0bpazom Ha 11000M ypoeHe TUHAMUKH 3TOT0 MEXaHHU3Ma.
Bonee toro, momyueHHoe pacupeHue 3¢ (HeKToB Kay3albHOH OTHOCH-
TEIbHOCTU Ha JTUHAMHKY J1}000U CUCTEMBI Ha€T cmpo2o 060cHO8aHHOe N
KOU4eCcmeeHHo evipadcennoe OOBSICHEHHE JaXe TaKuM TPaJulMOHHO
“cyObeKTUBHBIM A peKTaM Kak U3MEHEHUE T€UCHUs WHAWBUIYaIbHOTO,
“MCUXO0JIOTHYECKOT0” BPEMEHHM CO3HAIOIIETO0 CyObeKTa TMOoj JeHCTBHEM
cpeabl (“o0mias TEOpHsT OTHOCHUTENBHOCTH) M BHYTPEHHETO DPa3BUTHUS
(“crienmanbHas Teopust otHocutenbHocTH) [1]. Takum oOpasoM yoOemau-
TEJIBHO MPOJEMOHCTPUPOBAHBI NMPAKTUYECKH HEOTPAHUUYEHHBIE 8O3MOJIC-
HOCmu YHUBEPCAIbHON CHMMETPHUH CII0)KHOCTH B peuieHuu npoobrem pe-
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AnbHO20 MUpa, B TOTIOJTHEHUE KO MHOTHM JIPYTHM TPUMEpaM, OMUCAaHHBIM
B ATOM pabore.

1.3.8. UcTuHHBIN KBAHTOBBIH Xa0¢, Kay3aJbHble KBAHTOBbIE
H3MEpPEeHUsl U CJI0KHO-THHAMHYECKOe BOSHUKHOBEHUE
KJIACCHYHOCTH B 3aMKHYTBIX CHCTEMAaX

B mpenpinymux pasgenax 1.3.1-1.3.7 Mbl CTporo BbIBEIM HIKaWIIUE,
“KBaHTOBBIC” TIOJTypPOBHU CTPYKTYPHI U CIOKHOCTH MUpa, B popme dhusu-
YECKU PEAJIbHOTO MPOCTPAHCTBA M BPEMEHU, 3JIEMEHTAPHBIX YACTHUI, UX
BHYTPCHHUX M JUHAMHUYECKUX CBOWMCTB, a TakKe (yH/IaMEHTAJIbHBIX CHUII
B3aMMOJIEHCTBUS, I'1I€ BCE OHM IOSABIISIIOTCI KaK 00beIMHEHHEIE CACACTBUS
YHUBEPCATHLHOM CHUMMETPpHUH (COXPAaHEHUS] W TPEBPAIICHHS) CIO0KHOCTH
JIeXKAIIETO B OCHOBE B3aUMOJICHCTBUS MEXKAY ABYMS MEPBOHAYAIBHO OJI-
HOpPOJHBIMHU TpoTonoisiMu. Clenyromire MOAYPOBHH CIOKHOCTH MHUpa
€CTECTBEHHBIM 00Pa30M BO3HHMKAIOT B PE3yjbTaTe TOTO K€ TUIA HEepedy-
[IUPOBAHHOTO B3aWMOJICUCTBUS YK€ MEXKAY OTHMH O3JIEMCHTAPHBIMU
CTPYKTYpaMHu, MOSBIISASICH TAKUM 00pa3oM Kak JajibHEeWIIee, TMHAMUYECKH
HEINPEPHIBHOE PA3BUTHE TOTO XK€, €AUHOTO B3aUMOJICHCTBHS MPOTOIOJICH
(cmemyromero MOaypOBHSL €r0 OUHAMUYECKU (paKmaibHOU HUEPapXUuu).
OHu conepxaT 3JEMEHThl KaK K8aHmo6o2o (BOIHOBOTO, HEJIIOKAJIBHOTO),
Maxk u ecmecmeeHHo NOABIAIOUE20Cs Kldccuiecko2o (KOPIMyCKYIsSIpHOTO,
JIOKAJIM30BaHHOTO) TIOBEJIEHUSI U MOTYT MPUHUMATh HOPMY (UcmunH020)
K68AHMO0B020 Xaoca NS CIydyaeB CYIIECTBEHHO HEAMCCUIIATUBHOTO (Ta-
MUJIBTOHOBA) B3aUMOJCHCTBUS, WIH KAY3AIbHO20 KBAHMOBO2O U3MEPEHUs.
JUIS CIIeTKA ITUCCHIATHBHBIX CUCTEM, WU CAONCHO-OUHAMUUECKO20 603-
HUKHOBEHUS KIACCUYHOCMU B DIIEMEHTAPHBIX (3AMKHYTBIX) C843AHHbIX CU-
cmemax (Takux Kak aromsl) [1,4,7,8,10,11,32].

Cutyarus keanmosozo xaoca [1,4,10,11] onuchiBaeTcsi 4aCTHBIM
ciydaeMm o0Iero ypaBHeHHs cyriecTBoBaHus (4), ypaBHenueM lllpeann-
repa (Temepp Kay3aJbHO BBIBEIEHHBIM) JUIsi MHOTHX (B 00IeM ciydae)
YacTHUIl, B3aUMOJCHCTBYIOIUX MEXIYy COOOM M C BHEIIHUM(U), 3aBHCS-
HMM(K) OT BPEMEHH I10JIeM (TIOJISIMH ), HAallpUMEp:

N

0¥ n? o2

"ot T i,-_fz—maTiﬁVu(xi,xj)wi<th> ¥X0
inj
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rae X = (X, X,,...,Xy) — BEKTOp KOOpAHMHAT BceX 4acTHIl (X; B oOmeM
ciydae Takke BeKTopbl), U, (X,t) — moTeHIman 3aBHCAIEro OT BPEeMEHU
BHEIIHETrO IM0JIsl, JEWCTBYIOLIEro Ha i-10 YaCTHIYy C Maccou m;, Vij (Xi, Xj)
— MOTEHIMA B3aUMOJICHCTBUS MEeXy I-il 1 J-i yactuuamu, a N — 4qucio
vactull. [lepnoandeckue mo Bpemenu BHemHue nois U;(x;,t) mpencras-
JSIFOT OCOOBII MPaKTHUYECKU U (yHIaMEHTaJIbHBINA UHTEpEC It mpodIe-
MBI TaMHIJIBTOHOBA Xaoca (TJ1e IepHoInIecKasi 3aBUCUMOCTb OT BPEMEHH B
o0IeM ciydae SKBUBAJICHTHA IMEPUOAMYECKON 3aBUCHMOCTH BHEIIHETO
BO3/ICICTBUS OT OJHOW M3 IPOCTPAHCTBEHHBIX KoopauHaT). B aToM “ka-
HOHUYECKOM ™ Cllyyae BHEIIHEE I10JIE MOKET OBbITh MPEACTaBICHO B BUJE
psana Oypoe:

Ui (x,t) = ZU i)exp(io,nt)=U ZU iJexp(io nt)

n=—o0 n=0

I ®, — 4acTOTa BO3MYILEHUS, N IPUHUMAET TOJNBKO LIEbIC 3HAYECHUS, U
MBI MOYKEM CYHMTaTh, O0€3 orpaHudeHust oouHocTH, 9to Ujg(Xj) mpencras-
JSIFOT cO0O0W MHTErPUPYEMBbIE, CBSI3BIBAIOINE TTOTCHIIMAIBI [T JABHKCHHS
“cBOOOJHBIX” YacTHIl (T.€. UX JBHKEHHUS B OTCYTCTBHE CYLECTBEHHOIO,
HECYILIEr0 Xa0C B3aUMOJICHCTBUSA).

Ham o6muii ananus (pasgen 1.1) mokaspIBaeT, YTO KaK B3auMO-
JEHCTBUS MEX]y YacTHLAMM, TaK U UX B3aUMOJEHCTBHUE C BHEUIHUM I10-
JIEM BEIyT K JUHAMHYECKONH MHOTO3HAYHOCTH U CBSI3aHHOM C HEW MCTUH-
HOM ciy4aifHOCTH B 1000 KBaHTOBOM cucTeMe ¢ B3auMmojeiicteueM. On-
HAKO raMHJIbTOHOB Xa0C, BO3HUKAIOLIUI MPHU B3aUMOACHCTBUM HUHTETPH-
PyEMOI CHCTEMBI C NEPUOJNYECKHM IO BPEMEHHM U B IPOCTPAHCTBE IO-
JeM, TmpejacTaBiseT co0oil OCHOBHOM, Hamboisiee MpO3pauHbId Ciydaid,
0c00eHHO /17151 MpobIeMbl KBaHTOBOTO Xaoca. IIpuMeHeHue ananusa u pe-
3y/lbTaTOB HepeayuupoBanHoro DIl k 3Tol cuTyanuu 1edCTBUTENBHO 00-
HapYKUBACT UCMUHHYIO, OUHAMUYECKYIO CNYYAUHOCMb B YUCMO KEAHMO-
o1l cucteMe (KOTopast MOXKET ObITh Oaneka 0T KBa3U-KJIACCHUECKOTO Tpe-
Jiena), B TOHM ke, yHUBEpCaJIbHON (popMe MHOTOUYHMCIIEHHBIX, HECOBMECTH-
MBIX peaju3alii, BHIHYKICHHBIX IMOCTOSHHO CMEHSTh OJHA JPYIylO0 B
onpeAeNéHHOM TakKuM 00pa3oM Kay3allbHO CIy4ailHOM (BEpOSITHOCTHOM)
nopsiike [1,4,10,11]. TIpoGiiema ucmumnnoii KBAHTOBOW XaOTHYHOCTH, CO-
XpaHAIOMIAACAd B OOBIYHOM TEOpHHM, MOJYYaeT TaKUM 00pa3oM IMpsMoe,
YHUBEPCAIBHOE U MTPO3PAYHOE PEIICHHUE.

YHuBepcanbHbIi KpuTepuil Havasia rinodanpsHoro xaoca (33) ocra-
€TCs CIpaBeUIMBBIM JJI1 KBAaHTOBOT'O Xa0Ca, HO XapaKTepUCTHUECKas da-
CTOTa (g M PACCTOSHHUE MEXIY DHEPreTUYECKUMU YPOBHAMHU A€, BHYT-
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PUKOMIIOHEHTHOT'O JABM)KEHUS 3aMEHSIOTCS COOTBETCTBEHHO YaCTOTOM Mg
U ‘“OHepruer kBaHta” h@,; BO3MYIIECHHUS:

=N O L (60)
ho, o

rae Arn — pacCTOSIHHME MEXKAYy SHEPreTHYeCKUMH YPOBHSIMH B HEBO3MY-
NIEHHON TaMHJIBTOHOBOM CHUCTeME (C OmpelelEHHBIM BbIIIE MHTETpUpYe-
mbiM moteHnuanoM Uio(Xi)) U @, =An/h — e€ xapaktepHas 4acTora.
BaxxHo MOa4epKHYTH, B YACTHOCTH, YTO KPUTEPHUN TIIOOATEHOTO TaMUIIb-
TOHOBOro xaoca (60), MOJy4eHHBI C MOMOUIBIO YHUCTO KBAHMOBO-
Mexaumuyecko2o aHanus3a, UMeeT Kiaccuueckyio (opmy (OTHOIIEHUS 4Ya-
CTOT), KOoTOpas coBnaaaet (B mpeaene 72— 0) ¢ COOTBETCTBYIONMUM KpH-
TEpUEM Xaoca, MOJIydeHHBIM B paMKax xiaccuueckou mexanuku [1,10,11],
U TIOATBEPKIAeT TaKUM 00pa3oM OOBIUHBIN npunyun coomeemcmeus Ais
PeanbHblX, Xaomu4eckux CUCTEM, YTO COCTABIISIET XOPOIIO U3BECTHYIO He-
peméHHy0 MpoOJeMy B YHHTAPHOM OIMCAHWUU KBAaHTOBOTO Xaoca. MBI
MPUXOJUM K BBIBOJY, YTO CHMMETPHS CIOKHOCTH (3[1€Ch MEXKIY BCEMHU
peanu3alusMi TaMUJIbTOHOBOM KBAHTOBOM CHCTEMbI) AaéT peIIeHHE

MPAKTUYECKH BKHOM U MO-IPYroMy “Hepa3pemnMoil’” npoOaemsbl.
[TpoGiieMa KBaHTOBOTO M3MEPEHUSI OTIUYACTCS OT CHTYAIlMH Tra-
MHJIBTOHOBA KBAaHTOBOI'O Xaoca JIOKAJILHOM, Maaoi, HO KOHEUYHON duccu-
nayueti YHEPTUN B HAMIPABICHUH U3MEPSIIOIIETO MPUOOpPa, KOTOPHI He 00-
JagaeT CIeUUaIbHbIM “KIACCHUECKUM ™~ WIIU ‘“‘MaKpOCKOMMYECKUM™ Xapak-
TEpPOM B HAIllEeM aHAJU3€e, HO JIUIIH HYXIACTCS B 3TOM HAYAJILHOU JTUCCHU-
Maluyd KaKk UCTOYHUKE pedanbHO20 UMEHEeHUsi €ro COCTOSHHS. AHaiu3 u
pe3ynpTaThl MeToAa HepenyuupoBaHHoro Ol ocTaroTcsi B OCHOBHOM
HEU3MEHHBIMH, HO JIOKaJbHas TUCCUMAIMS HapylIaeT PaBeHCTBO peaju-
3aIMid CHCTEMBI U CO37aET HEYCTOWYMBYIO COCTABHYIO PEalM3AIMI0 THITA
COK (pazzmen 1.2), conpoBOXAAIOIIYIOCS MPOCTPAHCTBEHHON peayKuuen
CUCTeMBI (e€ TMHAMUYECKUM C)KaTheM) K LIEHTPY AUCCHUIIaluU (Cp. pa3aen
1.1), xoTopast OOBICHSIET BCE CBOICTBA KBAHTOBOTO M3MEPEHUS KaV3ailb-
HOU, HO CIONCHOU (MHO203HAYHOU) OuHamMuxou ezaumoodeticmeus [1,32].
Baxno, 4T0 do (Tak *e, Kak ¥ MOCIe) OUHAMUYECKU CTYYAUHO20 BO3SHUK-
HOBEHHS COOBITHSI KBAHTOBOTO M3MEPEHUs U3MepsieMasi KBAaHTOBasl CHCTe-
Ma COBEpIIAeT OecnpecmanHvle Nepexoovl, m.e. QU3UUECKU peaibHble
“keanmosvie ckauku’’, MEXIY 8cemu C80UMU COOCMBEEHHBIMU COCMOAHU-
sAmu (C COOTBETCTBYIOLIUMHU, menepb OUHAMUYECKU ONpeoeléHHbIMU BEPO-
ATHOCTSIMH ), UTO JMAa€T Kay3aivHoe, OuHamuyeckoe 0ObICHEHUE popmans-
HblM KBAaHTOBBIM IOCTYJIaTaM O “JMHEHHOW CyNnepno3uiun’” cOOCTBEHHBIX
coctossHuil (cMm. Takxke pasmen 1.3.7). Camo-ycuiuBaromieecs: CI0KHO-
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JMHAMUYECKOE MpEeBpallleHue 6HewHe “TUHEHHONW KOMOHMHAIIUK B “‘Kiac-
CHUYECKYI0”, HEKOTEPEHTHYI0 CyMMY BEpPOSITHOCTEH HAET camocorjiaco-
BaHHOE pelIeHne 3HaMEHUTOro mapagokca “kora Illpeaunrepa” [4].

Knaccuueckuii, TOCTOSHHO JIOKQIM30BaHHBIA TUI JUHAMUKU BO3-
HUKACT OuHaMuyecKy KaKk €eCTECTBEHHbBIN “TIPOJBUHYTHIN clydyail KBaHTO-
BOTO u3MepeHwus, rae nepexomnoe cocrossaue COK Bo Bpemsi coObiTus
U3MEPEHUs] CTAHOBUTCA NOCMOAHHLIM, PAKTUUECKU 0agas HA4ano ciedy-
rowemy, 0Oonee BblCOKOMY YPOGHIO OUHAMUYECKOU clodcHocmu. boiee
KOHKPETHO, TaKUE€ 3JIEMEHTAPHBIE KJIACCUYECKUE COCTOSHUS BO3HHUKAIOT
KaK CGA3AHHblIe COCMOANUSA dNleMeHmapHulx yacmuy (TaKUX KaK aToM), KO-
TOpBIE NPOSBIAIOT TEHACHIUIO KJIACCUYECKOTO IMOBEAECHUS B KOHPUrypa-
[[UU TOJHOCTBIO 3AMKHYMOU CUCTEMBI, Oe3 KakuX Obl TO HU ObLIO 3 dek-
TOB “JIEKOTEPEHIINH O] ACUCTBUEM CPEbl’”’, HEM30€KHO MCIIOIb3YEMbIX B
CTaHJApTHOW KBAaHTOBOW MEXaHWKE M €€ YHHUTApHBIX MOAU(DUKAIUSIX.
Ponp crokxHOCTH HEpenylHpOBaHHOIO B3aMMOJEHCTBHS CYLECTBEHHA B
MOHUMAHUU 3TOTO Kauecmeennoeo nepexona (“o0000meénHOr0 (Ha3zoBoro
nepexona” [1]) Ha OoJniee BHICOKHIT YPOBEHB CJIOKHOCTH: UMEHHO IpOIiec-
CBhl QUHAMUYECKU CAYYAlHbIX, “KBAHTOBBIX OJYXIaHUN BUPTYAIbHBIX CO-
JUTOHOB KaxcOOlU U3 C8A3aHHbIX KOMIIOHEHT ONPENeNsIOT ucuesaroue ma-
JIYI0 6epOSIMHOCHb CEPUM TIPBDKKOB Ha OOJIbIIEE PACCTOSHUE 8CeX KOMIIO-
HEHT B 0OHOM U MOM dice HalpaBlieHUuu (KoTopas AaBajia Obl “KBaHTOBOE”
JIeNTOKaTM30BaHHOe MoBeaeHue cucremsl) [1,4,7,8]. Ta ke enympennss
OUHAMUYECKAST CNIOMCHOCMb KIIACCUUECKOW CUCTEMBI (B BUJAE COCTOSIHUSA
tuna COK) oObsicHseT ‘“acUMOTOTHUYECKUI”, (paKTalbHBIM Xapakrep
IPaHULbI MEKY KBAaHTOBBIM M KJIACCUYECKUM TOBEJECHUEM U OTAENbHBIC
Ounamuveckue BO3BPAIIECHUS KBAHTOBOT'O MOBEIEHUS JUISl KIACCUYECKHUX,
MHOTJ]a MAaKPOCKOIIMYECKUX CUCTEM IOJ BIMSHHEM MOAXOAIIMX B3aUMO-
JICUCTBHI (B IPOTHBOIOJIOKHOCTH BCEM TEOPHSIM “IEKOTEPEHIINU ).

B tepmuHax Haiiero ctpororo Kpurepus xaoTuuHocTH (33) kmac-
cuueckoe csizanHoe COK cocTosiHMEe OnMChIBAaeTCs MapaMeTpoM XaoTHY-
HOCTH K =®:/0q ~Ue / MeC®, TIe Mz — YacTOTa CBS3AHHOTO JBIKCHHS,
(g — YacTOTa KBAaHTOBBIX OMEHUH CBA3aHHOW KOMMOHEHTHI, Uz = hw: —
SHEpTHs CBSI3M M MaC® = hq — MONHAS YHEPIHA-MAcca KOMIIOHEHTEI. Bo
BCeX “OOBIYHBIX” CBA3AHHBIX CHCTEMAaX C XOPOUIO OMpPENeTEHHBIMH KOM-
MIOHEHTaMH, BKJIIOYasi aTOMBI, SHEPTUS CBS3M HAMHOTO MEHBIIIE, YEM DHEP-
rusi-macca, Ug < qu2 , WM g << ®q, YTO OOPEHACIACT CAOMHCHO-
OUHAMUYECKYI0 Npupody “KIACCUYECKOTO”, JIOKANUZ0BAHHO20 W BHEUIHE
kBasu-peryisipaoro, COK tumna xondurypauuu cuctemsl, K <1 (paszaen
1.2) [4]. UHTepecHO OTMETUTH, YTO B “pEISATUBUCTCKUX’ AIIEMEHTapHBIX
CHCTEMax, TJie SHEPrUs CBA3M CpaBHMMa C dHeprueil mokos, Uz ~ MeC?
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(Tak YTO WHAWBUIYaJIbHAs KOMIIOHEHTHAs CTPYKTypa HE MOXKET OBITh
obecrieueHa), mapaMeTp XaOTUYHOCTH HE Maj, K ~ 1, U TO3TOMY XOPOIIO
onpeznenéHHas KJIACCUYHOCTh He BO3HUKAET, 4YTO AT HETPUBUAIBHOE
00BsicHEHHE TJI00aIBHO K8aHmMO6020 TIOBEIEHUS aPOHOB KaK ‘‘pemsiTH-
BUCTCKUX ’ CBSI3AHHBIX KBAPKOBBIX CHCTEM.

B npocreiiiem ciayyae aToma BOJOpOJia ®: COBIAJAET C OOPOB-
cKoit yactoToi, a Ug = hwe ¢ aTOMHOM eIMHUIEH SHEPTUH £ = mee? / K? ,
Torga Kak Mg=mMe — Macca DJEKTpOHa, W Mbl HMEeM
ik =Ug /mgc? = so7mec2 —e*/h?c? =a® <1, rne a=e2/hc~1/137 - no-
CTOSIHHAsI TOHKOW CTPYKTYphl. Takum 00pa3oM Mbl MOATBEPXKIAEM CIIOXK-
HO-TUHAMHUYECKOE MPOUCXOXKACHUE KIACCHYHOCTH aTOMa BOJOpoJa U
pa3BUBaeM TIOJYYEHHYIO BBIIIE HHTEPIPETALMIO IOCTOSHHOM TOHKOU
CTPYKTYpPhl B TEpPMHHAaX 4YHCJIa peaju3aliii dJeKTpOoHa N«;, a=1/Ng
(pazmen 1.3.4). JleficTBUTENBHO, €CIM YacCTOTAa KBAHTOBBIX OMEHUH 3JIEK-
TpPOHA SIBJISIETCSI CUHXPOHU3WPOBAHHOM 4YacTOTOM ONMyKAaHW BHPTYajb-
HOT'O COJIMTOHA KaK JJIsl AJIEKTPOHA, TaK U JJIs IPOTOHA B aTOME BOJ0OPOJIa
(cp. pazmen 1.3.2), TO BEpOSITHOCTb HX KOPPEIUPOBAHHO20 KBAHTOBOTO
cKauKa B 00HoM U mom sce nanpasnenuu oynet nopanka (N&) 2 =a? =«
, UTO TOATBEPXkAAET MOTYUYEHHYIO UHTEPIIPETALMIO KIACCUYHOCTH B TEP-
MuHax muozosnaunou auHamukun COK. BepostHOCTh o(X) KOppenupo-
BaHHBIX KBAaHTOBBIX OJY’KIaHUM JABYX BUPTYaJbHBIX COJUTOHOB B CBSI3aH-
HOM CHCTEME Ha pacCTOSIHUE X OT UX “paBHOBECHOI” KOH(UTypaluu Iio-
GanpHOrO ABMKeHHs ompenensercs Bemmumuoii (Ng) 29, rme AX —
JUTMHA KBaHTOBOTO CKauka ( AX = A /IS 2JeKTpoHa, cM. paszen 1.3.4), a
Ny B o0miem ciiydae cpeaHee (TeoMeTpHUYEeCcKOe) YUCI0 OMy>KIaHUuN st
JBYX KOMIIOHEHT, TaKk 4To o(X) CHajaeT 3KCIOHEHLHUAIbHO C PacCTOSHU-
eM X. Xopouio BBIpa)KEHHOE KJIACCUYECKOE, JIOKAJIN30BAHHOE IOBEICHUE
IPOCTEHIIEN CBA3aHHOM CHUCTEMBI W3 JBYX YacTHUL IMOJIYy4yaeTcs, €ClU
Ng >1 u B3auMoieliCTBUE HE HACTOJIBKO CHUJIBHO, YTOOBI HAPYIIUTh UH-
JUBUYalbHOCTh KOMIIOHEHT (3TH J1Ba YCJIOBHS JOJIKHBI B 3HAUMTEIHHOU
Mepe coBMNaJaTh /Ul Halle 00beTMHEHHON KOHCTPYKLIMU MUPA, CM. PUC.
1). [lnsg cuctemMbl U3 MHOTHX CBSI3aHHBIX YaCTHUIl MOSBISETCS TOMOIHU-
TENbHBIA MapaMeTp MaJOCTU BEPOATHOCTH KOPPEIUPOBAHHBIX OIyXKia-
HUH, CBI3aHHBINA C YHUCIIOM YaCTHII.

MpI TakuM 00pa3oM MoJlyyaeM Kay3ajdbHYIO, PeaJTCTUYECKYIO NH-
TEPIPETALUIO “pa3MBITON” CTPYKTYPhI aTOMOB, C ‘“3JEKTPOHHBIMH 00JIa-
KaMu~ H T.JI., KOTOpask MOKET UMETh JIUIIb HETOYHBIH, QUTrypaIbHBINA U,
KaK Terepb CTAHOBUTCS SICHO, HEKOPPEKTHBIN CMBICT B OOBIYHON TEOPHH.
B neiicTBUTENBHOCTH, BCE PETYISIpHBIE JIEKTPOHHBIE “OpOUTHI” (KOH(U-
Typamyy MPeIuHTePOBCKUX BOTHOBBIX (DYHKIIMI) OTpaXKalOT JIHUIIb Cpeo-
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Hiotl0 (M OTHOCHUTEIIHO CIIa0yI0) TEHACHIMIO 2100albH020 OB8UNCEHUS.
BHYTPH MOCTOSIHHOTO XAOMUYecKko20 Oyncoanusi KOPIYCKYISIPHOTO JICK-
TPOHHOTO COCTOSIHUS, WIM BUPTYaJIbHOrO conutoHa (cp. paszen 1.3.7).
Kak Mb1 Buzenu BhIlIe, Oojee AaI€KUe OTKIOHEHHS OT “OpOUTHI” TIIO-
OaIbHOTO JBUKCHHSI SKCIIOHCHIIUATBHO TOABIISIFOTCS, YTO OOBSCHSET pe-
QTBHOCTh M XOPOIIO OMNpeneinéHHyo GopMy OopOUTHI (0COOCHHO ISl OC-
HOBHOT'O COCTOSIHMSI), HO IIPU 3TOM OTHOCHUTEIBHOE 4uC10 (MAJbIX) OTKIIO-
HeHuil senuko. [lomyuyeHHOE BBIpaskeHUE JUIsl XaOTUUHOCTH CBSI3aHHOM CH-
CTEMBI K OMpeJeNsieT e€ TaKkkKe Kak Mepy “pelITUBHCTCKOCTH ™ TII00alb-
HOTO JBUXEHUS, U1 CPABHEHHE CO CIIOXKHO-IMHAMHYECKON MHTEpIIpEeTaIu-
eif penstuBucTckoro dakropa v?/c? B pasnene 1.3.7 MOKa3bIBaeT, uTO
a=1/Ng — 310 TaKke geposimuocme (00/15) KBAHTOBBIX CKaYKOB 8 pam-
Kax TeHJICHIIUH TJI00AIbHOTO JABUKEHUS (UEro ClIeI0BAJIO OKUJIATh BBULY
CTPYKTYpPhl MHOTO3HAa4HOW auHaMukHu). HerpynHo mpoBeputbh, 4TO IS
aeKTpoHa AX =Ac =odg, uin ag = N§GA¢, rae ag =/#%/m,e? — pamuyc
bopa u “cpennuit” pagumyc opOUTHI OCHOBHOTO COCTOSIHUSI aTOMa BOJOPO-
Ja. DTO XOPOUIO U3BECTHOE COOTHOIICHHE MPHOOPETAaeT Teneph HOBBIM
CMBICT, 0O OHO TIOKA3bIBACT, YTO pa3Mep IIABHON JIEKTPOHHOW OpOUTHI
TOHKO TMOJIOTHAH K CIIOKHO-AMHaMHU4YeckoMmy “mukiay” u3 N§ (xaoruue-
CKHX) KBAaHTOBBIX CKauKOB BOKPYT He€. Bcst BHyTpeHHSsT TUHAMHKA aToMa
BBITJIAJIAT TETEPh KaK XaOTUUECKHUH, CI0HCHO-OUHAMUYECKUll 08ueamely,
Kay3aJIbHO MPUBOJIMMBIN B JIBJKEHUE JICKAIUM B OCHOBE NMPUMSAICEHUEM
npomonoieti, B TPOTHBOIOJIOXHOCTh (DUKCHPOBAHHBIM, aOCTPaKTHBIM
KOH(pUrypanusM “BEKTOpa COCTOSIHUA , CBSA3aHHBIM C HUMH “‘TOYHBIM pe-
HICHUSIM U HeyCmpaHuMbiM KBAaHTOBBIM TaillHaM YHUTapHOUN aTOMHOM (u-
3UKHU.

2. CI10) KHO-IUHAMMNYECKOE PEHIEHUE OCHOBHBIX
KOCMOJIOTHYECKHUX IMTPOBJIEM

2.1. ¢ dexThl TEMHOI Macchl: YHUTAPHAS NPOEKLIHSI MHOTO3HAYHOI
AUHAMHMKH

B npeapiaymux paszgenax Mbl ONMcand IepBble, Haubosee (pyHIaMeH-
TaJbHBIE YPOBHHM HENOCPEIACTBEHHOIO BO3HMKHOBEHUS CTPYKTYphl Bce-
JICHHO! B IPOLIECCE CIOKHO-IUHAMUYECKOI0, HEPELYLIMPOBAHHOIO B3aU-
MOJEUCTBUS ABYX IIPOTOIOJIEH, YIPABIIIEMOIO YHUBEPCAIbHON CHUMMET-
pHUeH CI0KHOCTH. B 4acTHOCTH, MBI IIOKa3aJld, 4TO HTa €AUHASI CUMMETPUS
omnpenensieT BOZHMKHOBEHHE CTPYKTYpbl CaMOHACTPaWBAarOLIEHCs, AMHA-
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MUYECKH amanTupyolieiics BeenenHoii 6e3 “aHTpomHbix’ mpodiem (pas-
nen 1.3.5) u obecrnieunBaeT CTPOryr0 MO3UTHBHOCTH (M OOJIBIIIOE 3HAYE-
HUE) MOJIHOM 3Hepruu BceeneHHOM, onpenensionlyo Takke JMHAMUYECKU
HeoOpaTuMoe TedyeHHe (U3MYECKH peaqbHOoro BpemeHu (paszen 1.3.6).
Tenepb Mbl NPOJOIKUM U3YdaTh KOCMONOSUHECKUE NPOABLEHUS CUMMET-
PHH CIIOKHOCTU Ha €€ 0oJiee BBICOKHUX, MAKPOCKONUYECKUX YPOBHSAX, O~
TBeprkarolue e€ cratyc ennnoro Muposoro [lopsanka. B nannom pasne-
Jie MBI TIOKa3bIBAEM, UTO Mda K€ HepeAYLMPOBaHHAS TUHAMUYECKAs CIOXK-
HOCTb, KOTOpasi ONpeAeisieT HEHYJIEBOE MaTepuaabHOe conepkanue Bee-
JIEHHOH (€€ MOJIOKUTENBbHYIO0 MacCy-IHEPTHI0), JAaET TaKKE €CTECTBEHHOE
U YHUBEpCAJbHOE pEIIEHWE MHOTOYHCIEHHBIX MpoOJIeM Kaxylencs
CHUJIbHO M30BITOYHOM, CKPBITOM, WM “TEMHOI”’, MacChl OCHOBHBIX KOCMO-
JIOTUYECKUX 0OBEKTOB (TATAKTUKH, KIIACTEPHI U JIp.).

[TpoGiema TEMHON Macchl BKJIIOYAET pa3jMyHble HAOJIOJIEHUS,
MOKA3bIBAIOIINE, YTO JUHAMHKA CTPYKTYypbl BceneHHON, B OCHOBHOM B
MaciiTade rajakTHK U CBA3aHHBIX C HUMHU CTPYKTYp, HYXAAaeTcs B 0OJb-
[IMX, ¥ 9aCTO HAMHOTO OOJBIINX, KOJIWYECTBAX MACCUBHON MaTepUH, YeM
TE, KOTOpble ynaéres GakThuuecku oOHapyxuTh (cM. Hampumep [33-36]).
bonbmas uzmenuusocms >ddexra HepOCTAIOMIEH MacChl SBISIETCS CEPb-
€3HBIM JIOTIOJTHUTEIBHBIM YCJIOXHEHHEM MpoOsieMbl. MBI MOKa3bIBaeM,
YTO 3TU TPYAHOCTU YHUMAPHOU Unmepnpemayuy SIBJISIOTCS Ha CaMOM Jie-
JI€ JIO)KHBIMHU M IIPOUCXOMST OT BCE TOTO K€ HEKOPPEKTHOTO nperedpedice-
HUsL OCHOBHOU, XAOMUYeCcKOU YacTblO JIMHAMHMKU peanbHOU CUCTEMBI, B
3TOM cCllyyae Ha YpPOBHE AMHAMHUKU KOocMHueckoro oOwekTa. Ecnm pac-
CMOTPETh HEPENYLUPOBAHHOE, OUHAMUYECKU MHO203HAYHOe TIOBEJCHHE
CUCTEMBI, TO MpoliieMa Jake He BOZHMKAET U MUCTUHHO XaoTHYecKas Ju-
HaMMKa peaJbHbIX OOBEKTOB OOBSCHSET HaOJI0JaeMble TUHAMUYECKHE
0COOEHHOCTH NpH “BUAUMBIX”, OOBIUHBIX 3HaueHHsX Macchl. [Ipu sToM
BaXHO, YTO HAJ0 YYUTHIBATb UMEHHO UCMUHHbIN, TUHAMUYECKH MHOTO-
3HA4YHBIA Xa0C, a HE OJJHY U3 €r0 YHUTApHBIX UMHUTALIMN B BUJE “‘3allyTaH-
HOT'0”’, HO 110 CYTH PEryJIsiPHOTO OBEIEHUS.

OcHOBHas uzes O4eBUIHA: U3-3a UCKYCCTBEHHOTO 00pe3aHus Bcex
peanu3anuii CucTeMbl KpOME OJTHOM B YHUTApHOU TEOPHH (ITO IKCHOHEH-
YuaneHo 601buioe COKPAIIEHUE Ui CUCTEMbl MHOTHX TEJ, CM. pasJel
1.3.5), HEM30€XKHO TOTy4aeM MPOOJIEMY HeOOCmaruje2o 08UNCeHUs, KO-
TOpasi MHTEPIPETHPYETCs] KaK HEOOBSICHUMO ‘‘OTCYTCTBYIOIIAas Mmacca’.
OTOT pe3yabTaT MOXKHO BBIPA3UTh Pa3HBIMHU CIIOCOOAMM M Mbl HAUYHEM C
JEMOHCTpALMM HENOJHOTHI NPUMEHEHUS CTaHJAPTHON BUpHAIBHON TEO-
peMbl K peaibHON, MHOTO3HAYHOW JMHAMUKE CHUCTEMbl MHOTHX Tell, MO-
CKOJIBKY OHa ITOKa3bIBaeT, KAKUM 00pa3oM KIIIOUEBOU OajaHC MEXIy IMO-
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TEHIMAJIbHOH M KHHETHYECKOW HHEeprued MOXeT ObITh H3MEHEH MpU
HaJIMYUU UCTUHHOTO Xaoca.

Eciii KOMIIOHEHTBI CUCTEMBI JBUKYTCS 11OJ1 BIMSHUEM I'PaBUTALIH-
OHHOTO TIPUTSDKEHHSI, HAPUMEp B TaJaKTHKE, TO OObIYHAS BUpPUAIbHAsS
TeopeMa AA€T CIENYIOUIee COOTHOLICHHE MEXAY YCPEAHEHHBIMU II0 Bpe-
MEHM 3HaUYEHUSMM KuHeTndeckod T u moreHumansHo U sHeprum cu-
CTEeMBbI WM JTF000i e€ moacucTeMsl (cM. Hanpumep [37]):

2T =-U, (61)

TOrJa KaK Ha CaMOM JeJie 3Ta KMHETUYECKasi SHEPTUsl pe2yiapHOo20 JIBU-
xeHUsl, T =T reg, ABJIAETCS JUIIb MAA0U YaCTbIO €€ UCTUHHOTIO, Xaomuye-
ck020 cofepKanus T real

-Freal = fregNm )

rie Ny >1 — agppexmusnoe ducno pead3anyii JUisl 3aJaHHOTO THITA
HaOmoneHuss u ycpenHeHus (o0blyHO Ng; >1, Torma xak Ng =1 ans
YHUTAPHBIX MOJICJICH CTaHIAPTHOU TCOPHH). .

Habnooaemas norenumanbias sueprus, U ops, 1a8T peanvuyro Ku-
HETHYECKYIO DHEPTHUIO:

21_-real = —L_Jobs . (62)

Onnako ecnu HaOMIOEHUS UHTEPIIPETUPYIOTCS B YHUTAPHOU, OeghekmHotl
Bepcuu IuHaMHKH (61), moapasymeBarolei, 4To

Zf reg = —Uobs ) (63)

TO TIOJTy4aeM “‘“TAaMHCTBEHHOE™ pacxodicoeHue, O, Mexy (62) u (63):

B paMkax yHUTapHOI MOJenH OHO OOBSCHSETCS CYIIECTBOBAHUEM ‘‘HEBH-
TUMOI”, HO peanbHOU, uinu “TéMHOI”, MacChl Mdark = Mreal — Mreg, OTHO-
CUTEIIbHAS BEJTMYNHA KOTOPOU MOKET OBITh OIlEHEHA KaK

M real T real

M reg T reg

B cooTrBercTBUM ¢ HEpeayLUPOBAHHOM, CIONCHO-OUHAMUYECKOU UHmMEp-
npemayueii, HabIIOAaEMOE PaCXOXKACHUE O MOXKET OBITh HCIIOJIB30BAHO
st oneHkd dddektuBHbix 3HaueHUit Ng. [lockoneky T oc Mu2, 1O
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MOYKHO CKa3aTb, YTO B JCHCTBUTEILHOCTH B CHCTEME UMEETCS CAUUUKOM
MHO20 O8udiceHusl, WU (OTKIOHSIOUIEHCS) cKkopocmu, MO CPaBHEHHIO C
YHUTapHbIMU OKMJAHUSIMHU, TaK YTO UMEET MECTO ckopee 3p(dekT “Tém-
HOHM CKOPOCTH (MJITH KHHETUYECKOM 2HEprun)”:

V2real = Ngnvzreg .

HerpyaHo pacnipocTpaHuTh 3TOT pe3ysbTaT Ha Cllydyall 3asucumo-
cmu om paccmosinusi, Ng; = Ng(r) (rme r — KoopauHaTa BHYTPH CHCTeE-
MbI), B TEPMUHAX KPHUBBIX 3aBHCUMOCTH CKOPOCTH OT PACCTOSHUS, WIH
“KpUBBIX BpalleHus , I TAJIaKTUK. B 3ToM cityyae “aHoMalibHas” 3aBU-
cumocTh U(r) CBsi3aHa He C aHOMAJIbHBIM pactpesencHueM mMaccol, M ()
(mpunuchpIBaeMbIM  “rajio TEMHOM Marepuu”), a ¢ “HeoXuJaHHBIM (B
VHUMApHOU MOJIENH) BKJIAJIOM B CPEIHIOI0 CKOPOCTb OT XAOMUYECKUX
KOMIIOHCHT  JIBIDKEHHS, Tak 4ro v(f) TpONOPIHOHAIBHO  HE
\/M reg () + Mdark () , a \/N«n(r) . B obmem ciyuae

o(r) = \/vamMobs(r) . Ny ()= 20 (64)
r YM gps(T)

rie Moos(r) = Mreal(I) — obbiunas, “Bumumas’” macca BHYTpH pajuyca I,
U MBI MOXEM 6blgecmu CBOWCTBA XAOMUYeCKOU IUHAMHKU CHCTEMBI,
Ny (r), u3 Habmomaembix 3aBucuMocTer v(r) u Mobs(F) IS BUAMMBIX,
“HOpMaNbHBIX KOMIIOHEHT O0OBEKTA.

Kak mMoxHO ObUTO 0%HIaTh, Ng(r), a 3HAYUT U XaOTUIHOCTH, OY-
JeT OoObIYHO O0JIafiaTh MIMPOKUM MAaKCHMYMOM, YacTO HEMpaBUIIbHOM
dbopmbl, B OoJiee “CBOOOMHBIX” YACTAX CUCTEMBI, TAKMX KaK TaJlaKTHYe-
CKHE TaJI0 W IICHTpaJbHbIE, MEKKOMIIOHEHTHBIE 00JacTH B KJIacTepax.
OTOT pe3ynbTaT KOPPETUupyeT C dIMAUpudecku OCHosanHou, GopMaabHO-
mexanuctuyeckoit runorezoit MOND, untepnperupytomeit “HeoObryHOE”
JBIDKEHUE B ATHX OONAcTAX c1aboro B3aUMOJCHCTBUS C TOYKH 3PEHHS
Mou(pUKaAIMK caMOro (yHAaMEHTAJIbHOTO HbIOTOHOBCKOTO 3aKOHa rpa-
BUTAIMU (M JUHAMHKH) B OOJIACTH MAalbIX YCKOPEHHH (CM. Hampumep
[35,36,38-40]). MoxHO naxe yBHAETh Ooyiee TIYOOKYIO CBSI3b MEXKIY
HaIIUM MOAX0A0M HepenyuupoBaHHoro JOII u yucro dopmanbHOI rumo-
te30ii MOND, packpeIBaroIyto HCTHHHOE MTPOUCXOKIICHNE MTOCIIETHEH: B
peasbHOM CUCTeME MHOTHX TeJl Mbl BCET/Ia UMEEM JIETI0 C 2¢hdhexmusHbim,
a He MPsIMBIM, B3aUMOAECHCTBUEM, KOTOPOE COJEPKHUT CaMOCOTIIACOBAHHOE
BIIMSIHAE 6ceX KOMIIOHEHT CHUCTEMBI, CYIIECTBEHHO OMIUYAenmcs om npsi-
MO20 83aumooeticmeuss U 00NamaeT MHO2UMY YIaCTBYIOIUMH, XaOTHUe-
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CKM MEHSAIOIMMHCS peanu3auusiMu. HaoOopot, ecinu mpuHATH J1000e J10-
nyuienre Tuna MOND 6e3 ccbutku Ha Jiexaniyro B OCHOBE CIOXKHYIO JH-
HAMHUKY paccMaTpUBAaeMON CHUCTEMBI, TO JII000€ ero OObSICHEHHE TOJIKHO
HEM30eXKHO OMMPATHCS HA JOMOJHUTENIBbHYIO (M YHUBEPCAIBHYIO) “IUCCHU-
Many” HEU3BECTHOU MTPUPOJIBL.

HabGmonaembie 6onvuuue sapuayuu 3pdHexToB TEMHON Macchl aiis
Pa3IMYHBIX OOBEKTOB MPEICTABIAIOT COO0H “TsHKENYI0” MpobieMy s
T000T0 OOBSICHEHHUSI ¢ TIOMOIIBIO JOMOJHUTENBHBIX, ““HEBHIUMBIX  CYIII-
HOCTEH, HO HA00OPOT HeuzbeliCHvl TPU BHIIICU3I0KEHHOM YHHUBEPCANb-
HOM OOBSICHEHHUU C TOYKH 3peHUs 3(P(HEKTOB HCTUHHOTO (MHOTO3HAYHOTO)
xaoca. Takas “HeorpaHvyeHHas” W3MEHUYMBOCTh M BUAUMAs ‘‘ACUMMET-
pus” ABISAIOTCA KaK pa3 YHUKANbHbIMU CBOMCTBAMH CUMMETPHUH CIIOXKHO-
ctu (pasnen 1.2), mposBISIONIMMUCS Ha BCEX, HO 0COOEHHO Ha 0oJjiee BHI-
COKMX YPOBHSX CJIO)KHOCTH. bojee TOoro, MOXHO MpOCIENUTH XOPOILIO
OnpeAeNEHHYI0 KAUYeCTBEHHYIO KOPPEJISAIUI0 MEXKAY OKUIAEMON XaoTHY-
HOCTbIO 00BEKTa (CTENEHbIO €r0 HEPETYJISIPHOCTH), €€ MIPOCTPAHCTBEHHOU
3aBHCHUMOCTBIO U HalOyronaeMoil BennuuHOM 3(QexToB “HemocTaromiei
Macchl” (JalbHEWIIas IIMPOKas IPOBEPKAa HECOMHEHHO JKEIaTesbHa).
[IpencraBisieTcss Tak)ke HAMHOTO 0oJiee JIOTUYHBIM OOBSICHATH HaONIO/Aa-
eMoe, IEPEMEHHOE CBOMCTBO CUCTEMBI (hYHOAMEHMAIbHOU OCOOEHHOCTHIO
e ounamuxu, a He HAIMYUEM JOTOIHUTEIBHOM, CTPAHHO YCKOJIb3arollen
U HeU30eXKHO ¢huxcuposannol cywrocmu (3Ta CUTyallsl BIOJHE aHAJIO-
TUYHA UHTEPIPETALNN NPOUCXOHCOEHUS MACCHl HA TIEPBOM YPOBHE CIOXK-
HOCTH, cM. pazzen 1.3.2). HeoOxoaumo Takxe NMpUHUMATh BO BHUMAaHHE
IPOCTPAHCTBEHHYIO 3aBHCUMOCTh 3(P(PEKTOB XaOTHUECKOTo pacmlpesese-
HUS Macchl (WK “CTPYKTYPHBIA” Xa0C), KOTOPbIE MPOSBIIAIOT TEHACHIUIO
AKKyMYJIMPOBAaHMSI KaK pa3 3a MpelelaMi OCHOBHOW KOHIICHTpAI[MH Mac-
Cbl ¥ B3aUMOJICHCTBUS B CHCTEME, B COOTBETCTBUU C HHTEpIIpeTaluen
JAaHHBIX Ha OCHOBE ypaBHEHUs (64).

B 3aknrodyeHune, noguepKkHEM €€ pa3 YHHKAJIbHOCTh HAaWJEHHOTO
€0UHO020 peuleHus, B paMKaX CUMMEMmpUu ClLOXCHOCMU, TIPOOIeM Helo-
CTaroIIe Macchl Ha Pa3JIMYHBIX YPOBHAX JUHAMHMKHU MHpa, BKIIIOYasi Mac-
Cy 3JeMeHTapHbIX yacTull (pa3zaen 1.3.2), (moaHyo0) Maccy-3Hepruto Bee-
nenHo# (pazmen 1.3.6) u a3ddexTh “TEMHON Macchl” Ha YpPOBHE rajakTH-
YEeCKUX CTPYKTYp (IaHHBIN pa3zen), e BCe OHM OCHOBAaHbI Ha CaMOCO-
[JIaCOBAaHHOM DEIIEHUU 3a0ayu HepeoyyupoB8aHHo20 63aUMOOeUCMBUs.
(pa3gensr 1.1-1.2).
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2.2. CI0KHO-THHAMHYECKOE pelleHue MpodjaeM TEMHOW JHEpruu u
Bouabmoro B3psiBa

[TpoucxoxaeHue erobarbHo HENOCTAIOMEH, “pacnpeneaéHHON” HEPTrUr
Bcenennoit, nim “rémuoi sneprun’ [33-35], npsMo CBsI3aHO C TOPOYHBIM
KPYTOM CXEMBbl YHUMAPHOU KOCMOJIOTHH, MOCTPOCHHON BOKPYT npeono-
JI0JHCeHUsl 0 HYNe8ol dHepauu Bcenennoii v CBA3aHHOUN eunomesvl bonvuio-
20 83pbléa, WIKM PEIICHUs “B3pbIBarOLIErocsi Bakyyma’. J[eMCTBUTENBHO,
NOCJIEAHEE  HAYMHAECTCA C  HOCMYAUpPOS8AHHOU  TYCTOTHI  Macc-
SHEPreTHYecKoro coaepkanus Beemennout (cm. pasaen 1.3.6), B Buae nu-
HaMHUYECKM OJIHO3HAYHOM pPEeNyKIMM BCeneHHOM K IHMHAaMMKE HYJIEBOU
CJIO)KHOCTH (HE3aBHCHUMO OT JIeTajeil OTACIBHBIX ‘“‘MOJIeei” U BKIIFOYAs
HEKOTOpbIE MOJENN ¢ (OPMaIbHO MOJOXKHUTEIbHON 3HEPruel, HO Bceraa
HYJIEBOM TUHAMHUYECKON CIIOKHOCTBIO). M3-3a HeusbescHou eHympeHmel
Heycmouyugocmuy 3TO (QyHIaMEHTATbHO DUKCUPOBAHHOU, CTATHUECKOU
KOHCTPYKIIMH, BO3HHKAeT HEOOXOAMMOCTh HAaBS3bIBaTh MEXAHUYECKOE
“obmiee pacmmpenue” (wim oOpaTHOe cxarme) BceneHHOW Kak eauH-
CTBEHHBIN OCTarOMIMiics crocod e€ (MOJHOCThIO ULTIO30PHOM) TMHAMUYe-
CKoll “aBostonuu’”. BeiOop B mosib3y pacuivpenus, win bonbioro B3psiBa,
000CHOBBIBACTCS cneyuanlbHou uHmepnpemayueil Habmoma0MeErocs 3¢-
dekra “kKpacHOTO cMmemeHus” (KoTopasi cama 1Mo ce0e yKe BKII0YAeT Pl
cepbésubix npomusopequir). OIHAKO KOHIIENTyalbHas HEYCTOHYHUBOCTH
0001 YHUTApPHOW MOJENH (OTCYTCTBHE PEATHHO JBOJIOIMOHUPYIONIUX,
aJaNTUPYIONIUXCS CTeTNeHel CBOOOIbI, B TPOTUBOMOJIOKHOCTh a0CTPaKT-
HBIM ‘“‘TlapameTpam’) MPOJOJDKAETCS B BHUJE MHOTOYHMCIEHHBIX MpoOieM
Mozenu bonbmioro B3phiBa, MPEIJIOKEHHbIE “pEHIEHUs]” KOTOPBIX JIHUIIb
MEepPEBOAT UX B JApyrue (HOPMYIUPOBKU WIIA CBOJAT K MPOU3BOJIBHBIM,
UCKYCCTBEHHO BBOAMMBIM CyIIHOCTAM. [IpoGiema TéMHOI sHEprum npen-
CTaBIISIET COOOM JUIIEL MOCIEIHNN B CIUCKE, XOTS U CKaHJIAILHO OOJIbIION
U JIOJITO€ BPEMS CKPBITBIN, Pa3pbiB B )YHOAMEHMATLHO NPOMUBOPEYUBOL
KOHCTPYKILUU: OTKpPBHITasl cle2ka HEPOBHAs 3aBUCHUMOCTb KpPacHOTO CMe-
HICHUS] OT PACCTOSHUS MPUBOAUT K 02POMHOMY NeDUIIUTY UCTOUYHUKA He-
PaBHOMEPHOT'O pacIIMpPEHUs, B BHUJIE MPEANOJAaraéMbIX pacipereaeéHHbIX
3aJIe’)Keid TAMHCTBEHHOM, HEBUJAMMOW 3HEPruM, KOTOpas JOJKHA MPUHU-
MaTh OYEHb 3K30THUYECKHE, OOBIYHO He803MOdCHble (HOPMBI.

DTOT OKOHUameNbHbIL MYNnUK HEIOCTAIOIIETO YHEPTeTUIECKOTO (1
MaccoBOTO) cojepkanusi BcenmeHHOW (CM. Takke MPEeabIIyIIHi pasien)
MIPOCTO BO3BpAIlaeT HAC K Hauajdy YHHUTApPHOIO MOPOYHOIrO Kpyra, rIe 3Ta
ycToTa coaep:kanus BcenenHoil Oblia s6ubiM 00pasom nasazana caMon
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YHUTApHOU mapagurmMoi. @akTHUeCKu Mbl UMEEM 31eCh JIEeJ0 C elmeé OJI-
HUM, XOTSl U HEpeabHO YNPOLIEHHBIM, CIIy4aeM cummempuu (coxpare-
HUs) CNIOJICHOCMU, TIOPA3UTENIBHBIM B KPAaHOCTH CBOEH XPOHUYECKOU pe-
nykuuu, 0=0, npuMeHEHHON 37ech KO gcemy codeporcanuio Bcenenuoil.
Jpyrumu cioBaMu, CUMMETPHsI CI0XKHOCTH JAa€T CTPOroe M BIIOJIHE YHU-
BepcalbHOE 0OOCHOBAaHHE TOTO, YTO 8Ce MCKYCCTBEHHO PEAYLIMPOBAHHBIC
OuHamu4ecky 0OHO3HAuHble MOJIeNN BceneHHOW ¢ HylIEeBBIM 3HAYCHHEM
UCTUHHOW JMHAMHUYECKOW CIIO)KHOCTU JIOJDKHBI Heuz0edxicHo W cyuje-
CMEeHHO TPOBAIUTHCS B OMUCAHUM PeanbHOU, OUHAMUYECKU MHO203HAY-
HOU CTPYKTYpbl BceneHHo#, XxapakTepu3yeMou noodxcumenbHulM (U Gbl-
COKUM) 3HAa4eHHEM HEpelyLMpPOBAaHHOW JMHAMHUYECKOW CJI0XKHOCTHU
[1,2,9].°

N HaoOopoT, HEpeAyLHpPOBaHHAs, AUHAMUYECKH MHOTO3HAYHAs U
BEPOATHOCTHO (PpaKTajbHasi CTPYKTypa JIMHAMUKHU PEajbHOIO B3aUMO-
JeHCTBUS TNPHUBOAUT K 2100aNbHO YCMOUYUEOU KOHUEHIMU Pa3BUTHS
CTPYKTYphl BceneHHOH, MpOCTO MOTOMY, YTO OHA OCHOBAaHA Ha BE3JECY-
HIei 1 MaccoBO aJaNTHPYEMOM JOKANIbHOU, OUHAMUYECKOU HeyCmOoUuyueo-
cmu  HenocpeoCcmeeHHo20 cmpykmypooobpaszoeanus (CM. TaKXKe pasfieln
1.3.5). SIBHOEe BO3HHMKHOBEHHE CTPYKTYpbl BceneHHOl B nepgonauanvho
00HOPOOHOU CUCTEME B3aWMOJICHCTBYIOMIMX MPOTOIONIEH, HauuHast ¢ Qu-
3MYECKH PEaJbHOIr0 MPOCTPAHCTBA, BPEMEHU U HJIEMEHTAPHBIX YaCTHIL,
€CTECTBEHHO OOBEIMHEHHBIX CO CBOMMHU (PYHIaMEHTAJIbHBIMU CBOMCTBa-
MU M B3auMojieicTBusiMH (pa3zaen 1.3), MoxeT ObITh ONUCAHO KaK pacrpe-
NeNEHHBIN 6HympenHull 63pblé BE3NIECYILEro, PpaKkTalbHO CTPYKTYPHUPO-
BAaHHOI'O CO3UO0AHUs, B IPOTUBONOJIOKHOCTh MEXaHUCTUYECKOMY U HEU3-
OEKHO paspyuiumenbHOMy pa3pulgy YHUTApPHBIX cXeM bosblioro B3phiBa
(1 “undspn”).

[Toaromy mpobiiemMa “TEMHON FHEPruM’~ Oadce He O3HUKaem B
CJIO’KHO-JITMHAMUYECKOH, BHYTPEHHE CO3HMIaTebHON KOCMOJIOTHH, BIIOJIHE
aHAJIOTUYHO BCeM mpobiiemam “antporHoro” tuma (pazgen 1.3.5). Camo-
HacTpaMBaroLascs CTpykTypa BceneHHo#, ocBOOOXIEHHAas OT HCKYC-

% OrmeTnM, uTo MoGast 0OBIYHAS KOCMOJIOTHS C HYJIEBOH CJIOKHOCTBHIO HEN30€KHO Tpe]-
MoJIaraeT, B CHIYy CBOCH IMHAMUYECKOW OJHO3HAYHOCTH, MOJHYI0 (yHIaMEHTaJIbHYIO
peayiapnocms M TaKMM 00pa3oM HyJEBYIO 3HTpoOIUio BceneHHol u 000l e€ kBasu-
3aKpPBITOW TIOJCUCTEMBI, B MPOTHBOPEYHH C MPUHIMIIOM pPOCTa 3HTpornmd. Jlrobas
HaOJroTaeMasi MM ONKCBhIBaeMas “XaOTUYHOCTH WM CIYYalHOCTH COJEPXKAHHS TaKOH
BcenenHnoii, Ha mo6om Maciirade, HeN30€XKHO CBOAUTCS JIMIIb K “‘3aIlyTaHHOW peryJsp-
HOCTH”, B COOTBETCTBHM CO CTapOM JIAIJacOBON BepcHed MOJHOCTHIO MEXaHUYECKOTO,
@dyHoamenmanvHo npedckazyemozo, Ho BO3SMOKHO npakmuyecky HEBBIMUCIUMOTO MUPA.
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CTBEHHBIX YHUTApPHBIX HEYCTOMUMBOCTEN M CBA3aHHBIX C HUMM ‘“‘@HTpPOI-
HBIX TMOJIXOJI0B, BO3HMKAET €CTECTBEHHO M CaMOCOTJIACOBAHHO, MPOCTO
Oslarojapss HEpeIyLUUPOBAHHOU, UCMUHHO MOYHOU KAPTUHE J1excaueco 6
0CHOGe TIPOLIECcCa 83auUMOOeLiCEUs].

Uro xe KacaeTcsi MpHUPOJbl HAOMI0IAEMOro 2¢hghexma Kpachnoeo
cMeujeHus B CIEKTPax M3JIy4eHHUs yNalnEHHBIX O0BEKTOB, TO OH MOTy4aeT
CaMOCOTIJIACOBAHHOE OOBICHEHHE C TOUKHU 3PEHHS eCcmecmeeHHO HeluHell-
HbIX CBOWCTB PACIPOCTPAHEHUSI U3ITyYEHUS! B CUCTEME CBSI3aHHBIX IIPOTO-
nonieit (cm. pasnen 1.3.2 u puc. 1), Tie HekoTopasi (OTHOCHTEIBHO clabdast)
NOTEPsl DHEPTHU COJIMTOHO-TIOJOOHBIX (POTOHOB, PACTIPOCTPAHSIOUINXCS B
cpelie 3/M MPOTOTOIS, ABISACTCS Heuz0edcHol U3-3a uX ci1aboil, HO KOHeY-
HOM CBSI3U C TPAaBUTAIMOHHBIM MpoTonoieM. OTMETUM CYIIECTBEHHOE OT-
JMYKUE ATOr0 YHUBEPCAIBHOIO HEJIMHEMHOIO paccesHus YHEPruu OT JIU-
HEHHBIX U HEYHUBEPCAIBHBIX (3aBUCAIIMX OT MyTH) 3¢ (HEeKTOB B 000
00br9HO# Mozaenu. COMUTOHO-TIOOO0HBIH (DOTOH, COXpaHssd CTAOUIBLHOCTh
Onarojgaps B3aMMOJCHCTBHIO C TPABUTAI[MOHHBIM IPOTOMOJEM, MOKET
MeOleHHO OTAABATh CBOIO HHepeuto TPABUTAIIMOHHBIM CTEIICHSIM CBOOOIBI
(BHOJHE BEPOSITHO KOHJEHCHUPOBAaHHBIM KBapKaMm) 6e3 CKOJIbKO-HUOYIb
3aMETHOTO M3MEHEHUS HampaBJIeHHs pactupocTpaHeHus (T. e. 6e3 apdek-
TOB “pa3MbITUsl” W300paKEHHWH YHaNEHHBIX OOBEKTOB). XapaKTEpHBIC
CBOMCTBA “TIPOHU3BIBAHUA W “OruOaHMsSA” MPH B3aMMOJCUCTBUHU COJIUTO-
HOB C JJOCTQTOYHO MAJIBIMU MPETATCTBUSAMH MOTYT OOBSICHUTh aHOMAIIbHO
MaJible TIOTEPU M MCYE3alolllee yrIIOBOE€ OTKJIOHEHHE il (POTOHOB, a TaK-
K€ JIJIST YaCTHUIl OY€Hb BBICOKMX YHEPTUM (CM. HUXKE).

Heo6xonuMo Takxe MpUHUMaTh BO BHUMaHUE BO3MOXKHBIM BKJIaJ
OT MOAU(DHUIMPOBAHHBIX [TAPAMETPOB MPOTOMNOJIS BOKPYT OYEHb OOJIBIIMX
KOHIIEHTPalUil MacChl U PA3JIMYHBIX “‘CIELUAIBHBIX’ OOBEKTOB, TaK XKe
KaK M pacipocTpaHeHue “Oosee crapblx’ ()OTOHOB Ha PaHHUX CTaUSIX
pa3BUTHs CTPYKTYphl Bcenennoil. JletanbHble pacuyé€rbl 3TUX 3P QEKTOB
Hen30€XKHO MOTPEeOYIOT MCIOJIb30BAaHUSI MHOTHX HEU3BECTHBIX IapaMmeT-
POB CHUCTEMBI, HO KauecmeeHHble CBONCTBA U Henpomueopedusocmsy 6cell
KapmuHbvl TPEJOCTABIAIOT yOeIUTENbHbIE CBUETEIBCTBA B MOJIb3Y ATOIO
@ynoamenmanvho Hogo2o TUNa O0BsICHEHUS 3((dekTa KpacHOro cMelle-
HUs (Takke B paMkax 0ojiee IIMPOKOro CHEKTpa MoAxo/a “UCTOIEHHOTO
cBera”) M ero 0XXHMJAEMOTO YTOYHEHHs, BKJIOYas HEOOX0AUMOe MposiCHe-
HUE 0emanbHOU uzuueckol npupoosl omorna (KOTOpask yCTOWYHUBO OT-
CYTCTBYET B paMKax YHUTapHOH TEOPHH).

HenuneliHasg 3aBUCUMOCTh KPacCHOTO CMEIIEHMS OT PAacCTOSHMS,
KOTOpas Na€T kamacmpoguueckue MOCIAEICTBUS B YHUTAPHOH KOCMOJIO-
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TUU, MOXET OBITh JIUIb €CTECTBEHHON B CIIOKHO-TUHAMUYECKOHU, cyuye-
cmeenHo Henuneunou kapTuHe (pazzaen 1.1). MexaHu3M HEIMHEWHOU I0-
TEPH SHEPTUU COJIUTOHO-TIOJOOHBIX (POTOHOB OOBSICHSIET IMOYEMY 3Ta IO-
Tepsl pacTE€T C PacCTOSHHUEM MEIJIEHHEee, YeM B JI0OOM OOBIYHOM Mexa-
HU3ME TUQQy3HOro paccesHus (Cp. 3aMeYaHue BBIIIE O TUHAMHUKE pacce-
aHUg conuToHOB). [lonobHas auHamuka Moria Obl, MEXIy MPOYUM, pe-
IINTh  COXpaHsomyrocs 3araaky dddexkra [3K muas  ymeTpa-
PENIATUBUCTCKUX YaCTHI], TOCKOJBKY MPU TaKUX CBEPXBBICOKHX IHEPIHIX
JIBUKCHUEC MACCHBHOW YACTHUIIBI TPHONIMIKAETCS K PaclpOCTPAHCHUIO
(rpynmbl) GOTOHOB, COTJIACHO pe3yJibTaTaM KBaHTOBO-IIOJIEBOM MEXaHUKU
[1,7,8]. Emé omHo#t, XOTS BO3MOKHO MeHee crenuduyeckoil, 0COOCHHO-
CTBIO JJAHHBIX KPAaCHOT'O CMEIICHHUS, KOPPEIUPYIOIIel C HalllUM OObsICHe-
HUEM, SIBJISETCS (TMOBBIIIEHHBIN) POCT CpeaHero pa3dopoca JaHHBIX C pac-
CTOSIHUEM.

2.3. CJo:KHO-THHAMHYECKAasi KOCMOJIOTHSI: TJI00aJibHOe pPa3BUTHE
CTPYKTYpHI BeestenHoi

BosBpamasice k o0uielt kapTuHe Bo3HHKaroleil BcenenHnoit (paznen 1),
OTMETHM €lI€ pa3, 4YTO B COOTBETCTBHUM C JIEKALIEH B OCHOBE cummempuel
CNIOJICHOCMU, OHA He Modicem COJEpKaTb OOBIYHYIO JUHAMUKY THIIA
“IBMDKEHUS IO KPYTy”’, Ha J17060M MacuiTabe CO3/IaHus CTPYKTYpHI, Tak
YTO [EPBOHAYAIBHOE, NONOJNICUMENbHOE KOIMYECTBO OUHAMUYECKOU UH-
¢opmayuu, B hopme B3aMMOAEHCTBHS MpoTomnoiel, 1aér Hayano 0000-
MIEHHOMY, CIO0MCHO-OUHAMUYECKOMY DPONCOEHUIO CUCHEMbL, C TIOCIEYIO-
UM HEPaBHOMEPHBIM, HeoOpamumviM W TIOOATBHBIM npespaujeHuem
3TOW MHMOPMAIIUU B OUHAMUYECKYIO 3HmMponuto (pa3BUTas CTPYKTypa) B
npoliecce TaKUM 00pa3oM YHUBepcanibHO ONPENEIIEHHON, KOHEUHOU JHCUSHU
cucmembl, KOTOpasi 3aKaHUUBACTCS COCTOSIHUEM €€ 0000wéHHOU cmepmu,
unu pasrosecus, B pailoHe TOJHOTO NPEBPAICHNs Ha4yalbHOW JINHAMUYe-
CKOM MH(pOpMAIMK B SHTPOIUIO (€CIU TOJIBKO JONOJHUTENbHAs JUHAMU-
deckast HH(pOpMAIIUs He BBOIUTCS B CHCTeMy H3BHe) [1].

O606ménHas “‘moreHuManbHas 3Heprua’ (auddepeHanbHas
dopma nuHAMHUECKOW MH(OPMAIUHN) B3aUMOACHCTBYIOLIMX MPOTOINOJIEH
MOKET OBbITh BBE/I€HA, HAllpUMeEp, C MOMONIbI0 UX HENOCPEICTBEHHOIO
pa3fiesieHusl U3 paHee CYLIECTBYIOLIErO COCTOSHHS “NOJHOCTBIO COEIU-
HEHHBIX (CMEIIAHHBIX) MPOTOIOJIEH, KOTOPOE MOIJIO Obl UMETh GOpMY B
[IEJIOM MHEPTHOTO KBAPK-TJIIOOHHOTO KOHJEHCaTa B €ro “‘abCoioTHOM”
OCHOBHOM COCTOSIHUM. XOTS 3TH ‘‘TOMCTOPUYECKHE MPEATION0KECHUS
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MOJBEPKEHBI HEM30E)KHON M TOBBIIICHHON HEONmpeaenéHHOCTH, OHU MO-
TYT OLIEHEHBbI JIOCTAaTOYHO OOBEKTUBHO C HCIIOJIB30BAHHEM IPUHIIUIIOB
00111el COTJTaCOBAaHHOCTH M SKOHOMUH, TEHEPh CMpPO20 ONpeoeénHblX U
000CHOBAHHBIX C TIOMOIIBI0 YHUBEPCATbHOW CUMMETPUU CIOKHOCTHU (CM.
pasnen 1.3.1). Ognako ropasmo Oojiee TOYHOW MPEACTABISETCS HEOOXO-
JTUMOCTh Ha4aJIbHOU (DOPMBI “TIOTEHIIMATILHON SHEPTUU B3aUMOICHCTBUS,
B BHJIC IOJIOXHUTEIHLHO ONPEACHEHHONW “‘IMHAMUYECKOW HWHQpOpMAIuu’”,
MMOCKOJIBKY POXACHUE CTPYKTYPHUPOBAHHOMW, peaibHOM BceneHHoi u3 ad-
COJIIOTHOTO “HHMYTO”, 0€3 MCTUHHOTO PA3BUTHS B3aUMOACUCTBUS (UTO SIB-
JSieTCsl AOMUHUPYIOLIEH AOTrMOM OOIIEIPUHATON YHUTApHOCTH), MPOTHU-
BOpEYUT (PyHAAMEHTAILHO OOOCHOBAaHHOH W YHUBEPCAIbHO TIOIATBEP-
KIEHHON CUMMETPHH (COXPaHEHHIO) CIIOKHOCTH (pasaen 1.2).

K 3TOoMy MOXHO 100aBUTh Jpyrue NepcrueKTUBbI HAIIETO CII0XKHO-
JUHAMHYECKOro omnucanus BceneHHoi, pa3BUTHE KOTOPBIX B paMKax IMa-
pagurMel CTaHAAPTHOM, YHUTAPHOM KOCMOJIOTHH IIPEACTABIISIETCS TOPa310
MeHee BepOSTHBIM (cp. Hampumep [41]). Beicoko HEOAHOPOAHAS KOHIIECH-
Tpalus pa3InyHbIX aHOMAaJIbHBIX, CBEPXWHTCHCUBHBIX MCTOYHHKOB SHEP-
TUU Ha JAJbHUX PACCTOSHHUSX, TaK ke Kak U “ocobas” TEHICHLHS HX
KpPacHBIX CMEIIEHHH, yKa3bIBaeT Ha (BEPOSITHO MOJABUKHYIO) “hopMy MH-
pa’”, 4TO BBIMISLIUT JOBOJBHO €CTECTBEHHO B JIOTMKE HALIMX B3aUMOJEH-
CTBYIOILLIMX IPOTOIOJEH, B TO BPEMs Kak B JIOTUKE ‘‘B3pbIBAIOILEUCS ITy-
ctothl” bonbiioro B3pbiBa 3T0 MOTpeOOBaIO OBl JAOMOJIHUTENbHBIX, “HE-
€CTEeCTBEHHBIX TMpearnonoxxeHuil. Pactyume npobiemsl o3pacma Bce-
JIeHHOU MOTYT OBITb €CTECTBEHHO pEIlIeHbl B Halled CJIO0XKHO-
JTUHAMHUYECKOW KOCMOJIOTHH, ITOCKOJIBKY OHA MPOCIEKUBAET B 6HOM BUJIE
PeanvHy0 OUHAMUKY HCUSHEHHO20 TIMKJIAa BO3HUKAIOIIUX CTPYKTYp, TOTJa
KaK YHUTapHas TEOpHsl BCTPEUAET 3/1€Ch €€ OJHY CEpPUI0 CBOUX 6POJiC-
O0€HHbIX “HEYCTOMUMBOCTEN” (M3-3a XKECTKO PUKCUPOBAHHBIX, HABS3aHHBIX
“monenell” ¥ MEXaHMYECKOW IMOATOHKH JaHHBIX). TO kK€ OTHOCHTCS H K
CTPYKTYPHBIM TPYAHOCTSM BE3JIECYILETO PACHIUPEHHUS U €CTECTBEHHOMY
YCTPAHEHUIO B HAIlIeM MOJXOJ€ 3TOH M APYrux “crapblx’ MpoOiieM yHU-
TapHOW KOCMOJIOTMM, TaKUX KaK CPEIHAsS HIOCKOCMb U OOHOPOOHOCHb
npocmpancmea (pasaen 1.3.1), “antponnsie” npobiaemsl (paznen 1.3.5),
Kay3aJbHOE MPOUCXOXKJEHUE OOBEKTOB BBICOKOM IIOTHOCTH, pealibHbIX
TUTAHKOBCKUX €IUHUIl U (JOHOBOTO MUKPOBOJTHOBOTO M3JIy4eHHUs (pa3zeln
1.3.4). EcrecTBEHHOE BKIIIOUYCHHUE PeaiucCmuyHo20, 00beOuHénHo20 pelie-
HUSl CTarHUPYIOIIUX TPOOJIeM KBAaHTOBON MEXaHHUKH, TEOPHH TOJS U OT-
HocuTenbHOCTH (pazaensl 1.1, 1.3) cocraBnser yruxanvHuyo ocobennocms
HaIlIel Teopuu, KoTopas, Oyaydn BechbMa KelaTeIbHON U (DaKTHUeCKH He-
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00XOAMMOM, HE MOXKET Ja)ke MPEaNoyarathCs sl J000ro yHUTApHOTO
nonxona. Hakounen, wepedyyuposannas cnodcHas NWHAMUKA JETaIbHOTO
00pa30BaHMs U 3BOJIOLUU T'AJIAKTUK, 3BE3] U IUIAHETAPHBIX CUCTEM BXO-
JTUT B YUCJIO €CTECTBEHHBIX AANbHEHIINX MPUIOKEHUH TaHHOW TEOpHH,
KOTOpPBIE CXOJIHBIM 00Pa30M BBIMTPHIBAIOT OT YHUBEPCAIBbHOH CIIOCOOHO-
CTH pelICHUs MPOoOJIeM CUMMETPUHN CIIOKHOCTH, IMTPOJEMOHCTPHUPOBAHHON
BBIIIIE.

3. HOBASI MATEMATUKA CJIOKHOCTH
N BOSHUKHOBEHUSA CTPYKTYP

B mpenpinymux pasgenax Mbl IPOJEMOHCTPUPOBAIIM, KakuM 00pa3oM
VHUBEPCANIbHAS CUMMEMPUsL CLONCHOCMU, BKIIOYAIOIIAS COXpaHeHue |
HENPEPBIBHOE pa3zgumue HEPEAYLUUPOBAHHON AMHAMUYECKOW CIIOKHOCTH,
OTIHCHIBACT s86HOE B03HUKHOBEHUE W CB0UCMBA peaibHulx CTPYKTYp Bce-
JICHHOW, HAYMHAs C 3JEMEHTApHBIX YacTHUIl, UX CBOWCTB W B3aUMOJEH-
CTBUM, U JAET TaKUM O0Pa30M CAMOCO2NACO8AHHbIEe U 00beOUHEHHbIE Pe-
HICHUS. MHOTHX CTarHUPYIOUMX IMPOOJieM B paMKax OOBIYHBIX MOJENei
HYJIEBOM CII0)KHOCTH. JTa CIIOCOOHOCTH pEIICHUS MPOOIEM CUMMETPUU
CJIOKHOCTH, COCPEJOTOYEHHAss BOKPYI IOJYYEHHOI'O CBOMICTBa SBHOI'O
BO3HUKHOBEHHUS CTPYKTYp, C HEOOXOJMMOCTHIO BKJIIOYAET KaueCTBEHHO
HOBOE, PACHIMPEHHOE NMPUMEHEHUE 3HAKOMBIX MaTEeMaTHYECKUX HHCTPY-
MeHTOB U uneii [1,2,6]. B aTom paszaene Mbl pe3toMUpyeM OCHOBHBIC Yep-
ThI TIOJTyYEHHON TaKUM 00Pa30M HOBOU MAMEMAMUKYU pa3eumus (Ui 603-
HUKHOBEHUs, UIU CJLOXCHOCMU), CO CCBUIKOW Ha TPEIBIIYIIUE pa3fielbl,
npeacTaBisitonue e€ Oosiee aeranbHylo cxemy (pasmenst 1.1-1.2), u Ha
npuiIokeHus K GyHaameHTanbHbIM (pasaens! 1.3, 2.1-2.3) u Gosee ciox-
HbM [1,2,6,13-15] cTpykTypam U cBOMCTBaM.

HauOonee cymecTBeHHOH, BceoXBaThIBAIOLIEH OCOOEHHOCTBIO HO-
80Ul MAMEMAMUKYU CIONCHOCIU U PA36UmMuUs SIBISETCA TO, YTO OHA INpea-
CTaBJICHA eOUHOU CMPYKMYpou OUHAMUYECKU 8EPOSIMHOCMHO20 ppakma-
Jla, TIOJIyYEHHOM Kak IMpPsIMOE, Kay3albHO NOJIHOE peulenue npodiemvl pe-
anvHo2o, HepedyyuposanHoeo ezaumoodeucmsus (pazgen 1.1). Bce eé
CBOICTBa, OINHUCHIBAIOIINE MOYHYIO CTPYKTYPY M JUHAMHKY MHUpa Takoi,
KaK OHa ecTb, OOBEIMHEHBI B OJIHY, aOCONOMHO mouHylo (HUKOTJa He
HapYILIAEMYIO) CUMMEMPUIo, UIU COXPAHEHUe, CLOHNCHOCMU, BKIIOYAI0-
H1yto e€ HenpepvigHoe npegpaujerue U3 CloKHOCTU-UH(OPMAIMU B CIIOXK-
HOCTb-3HTponuio (paszen 1.2). DTo oO3HayaeT, B YAaCTHOCTH, YTO &ce
CMPYKMYpbl peaibHo20 Mupa, a 3HaUuT U mup/Bcenennas 6 yenom, abco-
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JIOMHO cummempudtvl (1 OUHAMUYECKU CIONCHbL) U B 3TOM CMBICIIE npeo-
cmasnsiionm CUMMETPHUIO CIIOXKHOCTH KaK TaKOBYIO, TJI€ TOCICIHSS Heno-
CpPeoCmeeHHO Npou3eo0um, Cpeau IMPOYero, Bce HAOIIOJacMble Hepezy-
asiprocmu. HaoOopot, Besnmecylye HapymieHHs OOBIYHBIX YHHTaPHBIX
CUMMETPUN Heuz0elcHo BO3HHUKAIOT M3-32 UX UCKYCCMBEHHO COKPAUEH-
HOU, TUHAMHYECKH OJIHO3HAYHOW OCHOBBI, BKJIFOYasi BCE MMHTAI[MOHHBIC
MoOJIeH OOBIYHOM, YHUTAPHOU “HayKH clioxkHOCTH (cp. [43,44]).

MOXHO MOTYEPKHYTh HECKOJIBKO CHeyuUpuuecKux, Ho YHUBEpCalb-
HO NOAGIAIOWUXCSL 0COOeHHOocmell dTO 00BEeTMHEHHON CTPYKTYpHI U 3a-
KOHa HOBOM MaTeMaTHKH, CYNIECTBEHHO OTJIMYAKOIIUX €€ OT YHHUTApHOH
cxemsl [1,6]:

(i) HeeaWHCTBEHHOCTh PEIICHUS 17000l PedibHOU, HepeoyYUposaH-
Hotl TIPo0JIeMBbI (B3aUMOJICHCTBUS ), B BUIC €€ OUHAMUYECKOU MHO-
203HauHOCMU  (U30BIMOYHOCMU);  WCKIIOYHTEIIBHO  CIOJCHO-
Oounamuyeckoe (MHOTO3HAYHOE, BHYTPEHHE Xaomuueckoe) CyIle-
CTBOBaHHUE JIFOOOW pPeaIbHOW CUCTEMBI WM 00BEKTa (Cp. OOBIYHBIC
“TeOpEeMbI CYIIECTBOBAHHS U SJMHCTBEHHOCTH ).

(i) Besmecyiiee, IBHOE 803HUKHOBCHUE KAYECMBEEHHO HOB0U CTPYKTY-
PBl U QuHaAMUYeCcKoe npoucxodcoerue spemeru (AI3MEHEHHS) U Co-
ovimuil: A # A Ui 110601 CTPYKTyphl/37eMenTa A B HOBOW Ma-
TEMaTHUKEe # B peaJbHOCTH, Torna kak A=A (mocrynar camo-
UACHTUYHOCTH) BO Gcell OOBIYHOW MaTeMaTHKe, KOTOpas TaKuM
00pa3oM HCKIIOYAET JII000e peanbHoe N3MEHEHNE B IPUHIIMIIE.

(ili) ®dpakTasbHO CTPYKTYPUPOBAHHOE OUHAMUYECKOE Nepeniemenue
peleHusl HepelylupoBaHHON MpobieMbl (onpezaessieMoe B3auMo-
NEeWCTBUEM, @hu3uuecku peanbHoe TEPENyThIBAHWE B3aUMOJICH-
CTBYIOIIMX CTENeHel CBOOOJABI CUCTEMBI 6HYMPU KANCOOU pecy-
JIAAPHOU peanu3ayuu): 3TO Cmpocoe BBIPAKEHHUE MAMepuaibHO20
Kayecmea peaibHON CTPYKTYphl B MaTeMaTHKe (B MPOTHUBOIMOJIOXK-
HOCTh ‘‘HEMaTepHalIbHbIM, KAU€CTBEHHO ‘“‘HEUTpasbHBIM”, “MEpT-
BbIM” CTPYKTYpaM OOBIYHON MaT€MaTHUKH).

(iv) dynmameHTampHas HEJOCTATOYHOCTH TOCIIOJCTBYIOIICH Mapajur-
MBI “TOYHOrO PEIIEHUsI W TEOPUU BO3MYIICHHMN: HEPETYyLIUPOBaH-
HOE pelICHUE 3a/1a4H OUHAMUYECKU CY4atiHo (TOCTOSTHHO, XaOTH-
YEeCKU MEHSeTCS), OuHamuyecku nepeniemeno (BHyTpEHHE TEKCTY-
pUpOBaHOE U ‘““KMBOE”) U ¢hpaxkmanbHo (MEPaApXUUYECKH CTPYKTY-
pupoBano). IlonydaeM edurnoe ounamuyeckoe npoucxodrcoerue u
Kay3aibHO OnpeoeléHublli CMBICT Takux (yHIaMEHTaIbHbBIX
CBOWCTB HEpeIyLMPOBAHHBIX MPOOJIEM M COOTBETCTBYIOLIUX pe-
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IBHBIX CHCTEM KaK HeuHmezpupyemMocms, HecenapabenbHoCmb,
HeBbIUUCIUMOCTb, (UCMUHHAS) CTIYYAIHOCb, HEONPEeOeNéHHOCHb,
Hepaszpewumocmy, ‘“‘Hapywennas cummempusn’ n T. 1. Ilpobiaema
peaIbHOTO B3aUMO/JICHCTBUSI HEUHTErpupyemMa 1 HecernapalenbHa,
Ho pemraema. PeanmucTHuHas MareMaTHKa CIOXXHOCTU XOPOULO
onpeodenena (mouna, obveounena u noana, cp. [42]), Ho eé cTpyk-
TYpPbl €CTECTBEHHO “pa3MbIThl” (AMHAMUYECKU CIYUAlHbI U PEallb-
HO ¢haykmyupyrom), a TakKe JIOJDKHBIM 00pa3oM pazHO0Opa3Hbl
(e cBOAMMBI K YMCIIaM WA TEOMETPHH).

(V) [Junamuueckas Oouckpemuocms (Kay3aibHoe KeaAHMOBaHue) Ipo-
IYKTOB HEPEIyLIMPOBAHHOIO B3aMMOJIEUCTBUS (peain3aliuii), npo-
UCXOJAIIasi IPOCTO OT YeroCmHo20 XapakTepa JI0oro mpoiecca
HEPEAYLUPOBAHHOTO B3auMojieiicTBUsA. OHa MOSABISETCS KaK Kaue-
CcmeeHHAas HEOJHOPOIHOCTb, WU HEeYHUMAPHOCMb, CTPYKTYPBl H
HBOJIIOIUH JIFOOOW CUCTEMBI U JaéT YHUBEPCAIBHOE OUHAMUYECKOe
poucxoxaeHue (PpakTaabHO CTPYKTYPUPOBAHHOIO) APOCMPAH-
cmea. OHa JEMOHCTPUPYET KAYECMBEHHYI0 HeOOCMAmO4HOCHb
OOBIYHON YHHTApHOCTH, HETPEPHIBHOCTU U PAa3pPBIBHOCTH, UCUHC-
neHusT OECKOHEYHO MajblX U 6cex OOBIYHBIX MaTeMaTHUYECKUX
CTPYKTYp (OIIEpaToOpOB 3BOJIOIHHU, ONEPATOPOB CUMMETPHUH, JIO-
Oblx YHUTApHBIX ONEPaTOpoOB, MOKazarene JIsmyHoBa, nHTErpaioB
10 TPACKTOPUSM U T. 11.).

4. BAK/IIOYEHHUE: PEHIEHUE PEAJIBHBIX ITPOBJIEM
C IoMOumbO CUMMETPUHU PEAJIBHOI'O MUPA

Crporo BbIBeZICHHAS! KOHUEMIHUS YHUBEPCANbHOU OUHAMUUECKOU CTIOMHCHO-
cmu M CBA3aHHOMW ¢ HEHM cummempuu c10x4cHocmu BKIIIOYAET KAYECTBEHHO
pacuIpeHHble 1 00beAMHEHHBIE CBOMCTBA CUCTEM, KOTOpPbIE MO3BOJISIOT
MOJIYYUTh KAY3AIbHO NOJHOE, TO €CTh LIETMKOM PealuCTUYHOE U CaMocCo-
IJIACOBAaHHOE, ONHCAaHHE MOBEACHUS CTPYKTYpbl MUpPa Ha JHOOOM ypOBHE
CIIOKHOCTU C TIOMOIIBIO peuieHusi npooaemvl Hepeoyyupo8aHHo2o 63au-
mooeticmeus (pazaenst 1.1-1.2, 3). OgHako 3Ta cTporo 0o60CHOBaHHAsI CO-
TJIACOBAaHHOCTh YHHBEPCAIbHOW CHMMETPUU CIIOXHOCTH JOJDKHA TaKkKe
OBITb noOmeepIcoeHa Pa3NUUHBIMU NPUMEHEeHUAMU K KOHKPETHBIM CH-
CTeMaM ¥ YPOBHSM CJIOKHOCTH.

YacTh 3TUX NPHUKIAIHBIX ACHEKTOB JOCTHraeTcs yxke Omaromaps
Ppacuupentol, Kay3aibHo NOJIHOU UHmepnpemayuyu XOpOoLIOo H3BECTHBIX
(HO 4YacTo HEOOBSICHEHHBIX) PE3yIbTATOB HAOIIOJEHUN W CBA3aHHOTO C
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3TUM HEINOCPEICTBEHHOIO 00beouHenus TPaAuLMOHHO Pa3ieaEHHBIX SIB-
JeHUH M ypOBHEW AMHAMUKU MHpa. TakuM oOpa3oM Iojyyaem, Harpu-
Mep, HE TOJBKO Kay3aabHoe, OUHAMU4ecku 00O0CHO8aHHOe OObSICHEHUE
OCHOBHBIX K8AHMOBbIX U PENAMUBUCICKUX IPhexmos, HO TaKxKe HUX
ecmecmeenHoe 00beouHeHue B paMKax CUMMETPUH CIOXKHOCTU U paciui-
peHue Ha 110601 ypOBeHb TUHAMUKU Mupa (paszaen 1.3.7). Bce kaHoHMYe-
CKHe “TaliHbI” U “HE0O0BsCHUMBIE”, (HOPMAIBHO HaBS3BIBAEMBIC ‘‘TIOCTYJIA-
TBI” ¥ aOCTpaKTHBIE ‘“TPHHIIMIBLI €CTECTBEHHO MOSBIISIOTCS TEMepb Kak
HeusOexcHvle, TIOTHOCTBIO PEATUCTHYHBIC TPOSIBICHUS  UCTNUHHOZO,
CILOACHO-OUHAMUYecKk020 (MHOTO3HAYHOTO) COJCPIKAHUS 1H000U CTPYKTY-
pbl U AMHAMHUKH, CKPBITOTO B paMKax OOILENPUHATOrO YHUTApHOIO OINHU-
canus. [lockoibKy 3TO cojep)kaHMe BCErJa MOAYMHSIETCS TOYHOM CUM-
METPUU CIIOKHOCTH, TO OKAa3bIBAETCS, UYTO GCE COJEPIKaHUE PEaTbHOTrO
MHpa, BKJIIOYAs BCE M3MEHEHUS M IPOIECCHl BOZHUKHOBEHHUS CTPYKTYD,
abcontomuo U MOYHO CUMMEMPUYHO, TO €CTh TPEACTaBIIeT cOO00H 00B-
eIMHEHHOE, HO JOJDKHBIM 00pa3oM pa3HOOOpazHOE MPOsIBICHUE JIeKaLIeH
B OCHOBE YHMBEPCAIbHOM M HHMKOIZA HE HAPYyIIAeMONW CUMMETPHUH, a
UMEHHO CUMMETPHUH CIIOKHOCTH.

Cnocobnocms  pewienuss npodiem YHUBEPCAIBHOW CHUMMETPHH
CJIO)KHOCTU TOATBEpPXKJIAeTcs Jajiee pacTyIllUM YUCIOM €€ yCneutHbix
npumMeHeHuti K pa3InyHbIM KOHKPETHBIM CHUCTEMaM, MOKPBIBAIOIIUM BCIO
HEPApXUI0 CIIOKHOCTH MHpa U BKJIIOYAIOUINM SIBHBIE PEIICHUS Kak ‘‘cra-
pBIX”, TaK U HOBBIX, MHOIJIa CPOYHBIX MPOOJIEM, BO3HUKAIOIIUX KaK JUIs
CTapbIX, TaK M JJIs1 HOBBIX THUIIOB CUCTEM (M ocTarouuxcs “Bcé 6onee” He-
pPEeHIEHHBIMU B paMKax MapaaurMbl yHUTapHO# Haykw) [1,5-15]. MoxHo
CIEyIOIKUM 00pa3oM KpaTKO Pe3IOMHUpOBAaTh TaKHE MPUMEHEHUS K CH-
CTeMaM KakK HWKaWIIMX YPOBHEH CIOXKHOCTH (PacCCMOTPEHHBIX B AaHHOU
pabote), Tak U 0ojee BBICOKMX YPOBHEH CIIO)KHOCTH (PaCCMOTPEHHBIX B
Ipyrux padorax):

(1) B @usuxe uacmuy u xeanmosou gusuke Mbl TOIy4aeM Kay3dib-
Hoe, 00beouHéHHoe TPOUCXOXKACHUE U CTPYKTYPY 21eMeHmMapHblX
yacmuy, BCEX UX CBOWCTB (“BHYTPEHHUX, KBAHTOBBIX, PEJISATH-
BUCTCKHX) U B3ammMoeicTBuii (pasaen 1.3) [1,4,7-9,22]. Croocro-
ouHamuyeckoe npoucxodcoeHue maccol (pazaen 1.3.2) He HYX)Ia-
eTcd B KakuX-TMOO JOMOJIHMUTENbHBIX, a0CTPAKTHBIX CYIIHOCTSX
(6o3oHax Xwurrca, moje HYJEBBIX KOJIE€OaHWMH, TOMOJIHUTEIBHBIX
W3MEPEHUsIX U T. 1.). [lepenopmuposantvie nianKoscKue eOuHulybl
JAF0T COCTOSITENIbHBIC PEIICHHUS MPOOJIIEMBI cnekmpa macc U Apy-
I'MX CTarHUPYIOIUX MPpo0JieM, BKII0Yas Kay3albHO MOJTHOE 00bsIC-
HEHHE Pu3uuecko2o NPOUCXOKACHUS YHUBEPCATIbHBIX NOCIOSHHBIX
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(2)

(3)

(4)

(5)

u camoi wux yHugepcarvrocmu (pazgen 1.3.4). Crooscno-
OuHamuveckas Kocmonoeus (BKIOYaoomas W 0Oojiee BBICOKHE
YPOBHU CJIOKHOCTH) pelIaeT npoOiaeMbl TEMHOM Macchl U SHEPTUU
0e3 “HeBUAMMBIX" cynrHocTel (pasgensl 2.1, 2.2), BMecTe ¢ Apy-
TUMH CTapbIMH M HOBBIMH MPOOJIEMaMH YHHUTAPHOW KOCMOJIOTHH
(pazmensr 1.3.5, 1.3.6, 2.3). YcraHoBneHHas @yHOAMeHMATbHAS
CB513b MedHCOY YUCIAMU (PearuCmudHO OnpeoeénHvix) npoCmpaH-
CMBeHHbIX usmeperutl u cun ezaumoodeticmeuti (paznen 1.3.3) He
OCTAaBJISIET MECTA JIJIsl IPOU3BOJIBLHO BBOJAUMBIX “‘TOTIOJTHUTEIBHBIX
CYIIHOCTEW (HampuMep “CKPBITBIX H3MEPEHUit”).

Ha ©oiiee BBICOKOM MOJYPOBHE CIOKHOCTU 63AUMOOEUCNEYIOUUX
yacmuy [1,4,7,8,10,11,32] (pazmen 1.3.8) momyuaem ucmunmbiil,
YUCMO OUHAMUYECKUL K8AHMOBBIU XA0C JIsl TaMUJIbTOHOBOW (He-
JVICCUTIATUBHOM) JAWHAMHUKU U KOPPEKMHbIU NPUHYUN COOMEen-
cmeus 1Sl (peanbHbIX) Xaomuyeckux cucmem (€CTECTBEHHBIN Tie-
PExX0Jl OT KBAaHTOBOI'O K KJIACCHYECKOMY MoBejieHuto npu 7 — 0).
JlnHaMuKa ClIeTKa TUCCUIIATHBHOTO B3aUMOJICHCTBHUS MPUBOIUT K
Kay3aibHO NOAHOMY TIOHUMAHUIO K8AHMOB020 U3MEPEeHUs B Tep-
MUHAX 0OHOU auwib (Kay3allbHON) K8awmoeou NUHAMHKU. BrHym-
PEHHASL KIACCUYHOCMb BO3HHUKACT KaK 0Oojee GblCOKULl YPOBEHb
CLONCHOCMU B 3AMKHYMOU, CBSI3aHHON CHCTEME, TaKOH KakK aToM,
0e3 Kakoi-mubO COMHUTENIBHON ‘“‘EKOrepeHINH TMOJ AeHCTBUEM
cpenbr’.

Peanucmuunoe, xayzanvHo noinoe OCHOBaHHE HAHOOUOMEXHOJO-
euu Nagrcsi cmpozum ONMUCAHUEM NPOU3B0IbHO20 B3aUMOJCHCTBHS
Ha HaHOMACIITa0e, PACKPBIBAIOLINM HeYCIMPAHUMYHO POIb UCMUH-
HOU XaomuyHocmu WMEHHO Ha STOM HaWMEHBIIEM MaclTade
[4,12]. Dkcnonenyuanvho ocpomuas mMowHOCHb HEPEILyLUPOBAH-
HOM, CITO)KHOW JTMHAMHUKUA HAaHOOMOCHUCTEM OOBSCHSET CYyUjecmeeH-
Hble C80UCMBa JHCU3HU W TIPSIMO CBSI3aHA C PA3BUTHEM CIIOKHBIX
MH(POPMALIMOHHBIX 1 KOMMYHUKAIIMOHHBIX CUCTEM (CM. MYHKT (5)
HIUDKE).

Kaysanvno noanoe omnmcaHWe HepeoyyUpOBaAHHbIX G3aUMOOel-
cmeutl 2eHoma BEAET K HAOENCHOU, CMpo2o 0OOCHOBAHHOU 2eHe-
muKe ¥ COCTOSITETbHOMY TOHUMAaHHIO CBSI3aHHBIX C HEW 9607110y~
OHHBIX npoyeccos [6].

[Tpunoxenus Oojee BBHICOKOI CIIOKHOCTH BKJIIOYAIOT oOujee pe-
WweHue 3a0ayu MHO2UX meji W CBS3aHHOE C HUM OIMCAHHE “TPYyI-
HBIX ~ CIIy4aeB Qusuxu meépoozo meid, HEPEAYIUPOBAHHYIO JIH-
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HAaMUKY U SBOJIIOIUIO JCUBLIX Op2aHUu3Mo8 (Kay3albHO MOJHOE I0-
HUMaHUE COCTOSIHUS J#CU3HU KaK JIOCTAaTOYHO BBICOKOTO YPOBHS
HEPEAYLUPOBAHHON NWHAMUYECKON CII0)KHOCTHU), UHMESPANbHYIO
(Kay3anbHO NOHYI0) MeOuyury, BO3HUKAIOIIHNE (MCTUHHBIC) UH-
mejiekm WU CO3HaHue, OUHAMUKY CLONCHBIX UHDOPMAYUOHHLIX U
KOMMYHUKAYUOHHBIX CUCMEM, CO3UOAMENbHYIO 9KON02UI0 U TPaK-
TUYECKU D(PPEKTUBHYIO KOHYENyuro yCmouyugo2o pa3eumus,
cmpoeo onpenenénuupie smuky u scmemuxy [1,4-6,13-15].

OTu pe3yabTaThl AEMOHCTPUPYIOT B SIBHOM BUJE IpeAroyiaraeMble Ipe-
MMYILIECTBA PUMEHEHUS (TOUHOMN) cummempuu peanbHo20 Mupa X peuie-
HUIO peabHulX npobiemM U HaMedaloT MPAKTUYECKU HEOTpaHUUYEHHbBIE TIep-
CIEKTUBBI Pa3BUTHUSl YHUBEPCATIbHOW CUMMETPUU CIOKHOCTU U €€ MpuMe-
HEHUH.
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