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Beegnenue B CrangapTHONM MOJeIN 3JeMEHTAPHBLIX UYACTHUIL 1 B3AUMOIEHCTBUMI
HOBOM (pMBWUYECKOH CYIIIHOCTHU, — Be3JecyIlero moJjs m 0030HOB Xurrca, —
CBfA3aHO C OTCYTCTBHEM B 5TOM CTAHIAaPTHOM OIMCAHUY YHHBEPCAJILHOTO IU-
HaMMUYEeCKOT'0 NCTOUYHNKA MAaCChl YaCTHUIL, KOTOPOE M BOCIOJIHSIETCA UX B3aUMO-
IelicTBUEM C IoJeM Xurrca. B JaHHoOI paboTe MBI JaéM pacIIUpPEeHHBIA 0630D
TEOPUU CJOMKHON AUHAMHKY HepeAyIIMpPOBAHHOT'O B3aMMOEHCTBUA B MHOTO-
KOMIOHEHTHBIX CHCTEMAaX, KOTOpasd IIpejJaraeT TaKOol yYHUBePCAJIbHBIN JUHA-
MUYECKUI U BHYTPEHHU NCTOUHUK MACCHI, ITOABIAIOIIUHACA B CIyUae dJIeMeH-
TapHBLIX YaCTUI BMeCTe C CaMHMH YacTuilamMu. TeM Ke CJI0XKHO-
IUHAMHUYECKUM B3aMMOJAEHCTBHEM B HCXOOHOM MUHMMAJLHOI CHUCTEeME ABYX
OIHOPOIHBIX MPOTOIOJIEN 00bACHAETCA BOSHMKHOBEHME M BCEX OCTAJIBbHBIX
BHYTPEHHUX U JUHAMHUYECKHNX CBOMCTB YaCTUIl 1 X (PYHAaMeHTaJIbHBIX B3au-
MozelcTBU (Temepb AMHAMUYECKU OO0BeAMHEHHBIX). MBI paccMaTpuBaeM
KOHKPETHBIE IIPEeuMYIIecTBa TAKOTO CJI0KHO-TNHAMUYECKOT0 UCTOUHINKA Mac-
Chl II0 CPABHEHHUIO C MEeXaHM3MOM XWITCAa M IpejJjaraeM COOTBETCTBYIOIIYIO
6eCXUTTCOBY MHTEPIPETAIINIO HEJaBHIX SKCIePUMEHTAIbHBIX PE3yJIbTATOB II0
«obHapy:KeHUo 0030Ha Xurrca» Ha BoJbllioM agpoHHOM KoJjaiizepe. B 3a-
KJIOUeHre MbI (OPMYJIUPYEM BBITEKAIOI[HE U3 dTUX Pe3yJIbTaTOB HEOOXOmU-
Mble U3MEHEHUA BCel CTpaTeruu UCCjaeJoBaHuil B (pU3UKe BBICOKUX dHEPruil u
(dpyHIaMeHTaJIbHOU (DU3UKE B IIEJIOM.

VBenenns y CraHmapTHiit Mozesi eJleMeHTapHUX YaCTUHOK i B3aeMoiii HOBOI
¢ismuHOi CYyTHOCTH, — BCIOOUCYIIIOTO IIOJA Ta XirrcoBux O0030HIB, —
OB’si3aHe 3 BiICYTHICTIO y I[bOMY CTAHZAPTHOMY OIIMCY YHiBepCcaJbHOTO IU-
HaMiYHOTO JyKepejia Macu YaCTUHOK, KA i HaJOJyKYEThCA 32 PAXYHOK 1XHBOI
B3aemonii 3 Xirrcopum moJieM. ¥ I[ifl mpali MM HOPOMOHYEMO PO3IIWPEHUN
orJiA] Teopii cKIagHOI TMHAMiKY HEPeayKOBaHOI B3aeMoOAii y 6araToKOMIIOHe-
HTHUX CHUCTeMaX, SKa HaJla€ TaKke YHiBepcaJbHEe JUHaMiuHe i BHYTPIlITHE AKe-
peJio Macu, 110 3’SABJAETHCS Y BUMAAKY eJIeMEeHTaAPHUX YaCTHHOK Pa3oM 3 ca-
MHUMU YacTUHKaMU. Ti€ro K caMo0 CKJIaJHO-TUHAMIUYHOIO B3a€EMOJIi€I0 y IToYa-
TKOBi#I MiHiMaJIbHi# cucTeMi ABOX OZHOPIAHWX IPOTOMOJIIiB HOACHIOETHLCSA BU-
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162 A. II. KUPWUJIIOK

HUKHeHHS M yciX iHINX BHYTPIIIHIX i fMHAMiYHMX BJIACTUBOCTEIl YaCTHUHOK
Ta iXHiX (pyHZaMeHTAJILHUX B3aeMOJi#l (Temep AmHaMiuHO 00’enHaHmX). Mwn
pO3riIgfaeMo KOHKPETHI IlepeBarm TaKOTO CKJIAAHO-TUHAMIUHOIO [Kepesa
MacH y MopiBHAHHI 3 XiIr'TCcOBUM MeXaHi3MOM i IIPOIOHYEMO BifIOBigHy 0e3Xi-
ITCOBY iHTepIIpeTallil0o HeJaBHiX eKCIepUMeHTaJIbHUX Pe3yJIbTaTiB i3 «Bigk-
putrta Xirrcosoro 6o3oHa» Ha Benukomy azpoHHOMY KoJjuiaigepi. Hacamki-
Hellb Mu (OPMYJIIOEMO HeoOXimHi cyTTeBi 3MiHeHHs yciel crpaterii mocii-
I:KeHb v (is3ulli BUCOKUX eHepriit i pyHmameHTanbHIN (isuni B minomy, aki
BUILIMBAIOTH i3 OflepsKaHuX pPe3yJbTaTiB.

Introduction of a new physical entity, the omnipresent Higgs field and bosons,
within the Standard model of elementary particles and interactions is related
to the absence of the universal dynamic origin of particle mass in this standard
description, which is compensated for by particle interaction with the Higgs
field. In this paper, we propose an extended review of the theory of complex
dynamics of unreduced interaction in multicomponent systems, which pro-
vides such universal dynamic and intrinsic origin of mass appearing, in the
case of elementary particles, together with particles themselves. The same
complex-dynamic interaction in the initial minimal system of two homogene-
ous protofields accounts also for the emergence of all other internal and dy-
namic particle properties and fundamental interactions (now dynamically uni-
fied). We consider particular advantages of such complex-dynamic origin of
mass as compared to the Higgs mechanism and propose the respective
Higgsless interpretation of recent experimental results of the ‘Higgs boson
discovery’ at the Large Hadron Collider. Finally, we formulate the necessary
essential changes of the entire strategy of research in high-energy physics and
fundamental physics in general, which follow from the obtained results.

KaroueBsle ciroBa: 3agaua MHOTUX TeJI, CJIOKHOCTb, Xa0C, CAMOOPTraHMU3aIus,
IIPOMCXOMKJEHNe MACChI, II0Jie XWUITCa, IIPUPOJA BPEeMEHU, TeOPHUS OTHOCH-
TeJbHOCTU, KBAHTOBAasA MeXaHUKAa, JIyu nme Bpoiiyib, 1BOITHOE pellleHne, CKPbI-
Tasd TepMOAMHAMUKA, TpobJieMa nepapxuu, (QU31UKa BEICOKUX dHEPruii.

(ITonyueno 14 oxmabpsa 2014 2.)

1. BBEJEHUE

IlocKoaBKY cTaHIapTHAA TEOPUA YaCTUIL M HOJiell He MpeAsaraeT yHU-
BEPCAJBHOTO IMHAMUYECKOTO MPOUCXOKIECHUSI MacChl, OHA BBIHYKIeHA
BBOJAUTH JOTOJHUTEJIbHYIO MATEPUAJBHYIO CYIITHOCTh, BE3ECYIIlee «II0-
Je Xurrca» ¥ COCTaBJAIONINE ero «0030HbI Xurrca» [1—6], KoToprie B
pesyJbTaTe B3aMMOIENCTBUA ¢ U3HAYAJIHHO 0e3MacCOBbIMU (hepMUOHA-
MU «HapyIiaT» (GopMaIbHO IMOCTYJIUPOBAHHYI0) «CUMMETPHUIO» COOT-
BETCTBYIONIUX (a0CTpaKTHO-MaTeMaTUYECKUX ) ITOJIeH U 00yCIaBINBaIOT
UX KOHEUHYIO MHEPIIMOHHYIO MAacCy, a 3HAYUT M MACCUBHYIO, «OCsA3ae-
MYI0» IPUPOAY BCell 00BIUHOI, CTPYKTypoobpasyoleit maTepuu. O6Ha-
PYKeHHBI HeIaBHO CJIa0bIil, HO 3aMEeTHBIN PE30HAHC B 9HEePTreTHYeCKOM
pacmpenieieHU TPOAYKTOB CTOJKHOBEHUS CBEPXBBICOKOYHEPTeTHYE-
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CKUX IIPOTOHOB [7, 8] OBLII COOTBETCTBEHHO MHTEPIPETUPOBAH KaK IIPU-
3HAK CYIIlecTBOBaHUA 0030HA Xurrca (MIrHOBEHHO pacIliafaloierocs Ha
peructpupyeMsbie 00Jee cCTa0MIbLHBIE YACTHUIIHI).

CyiecTBeHHbIe, (hyHIaMeHTAJIbHLIE U TeXHUUYECKUE, IIPO0JeMbl II0-
ITOOHOM KOHIIENIIMY MACCHI M CYIIleCTBOBaHUA moJisa Xurrca [9] coxpa-
HAIOT CBOH «HePa3penInMbIii» CTAaTyC U CTAHOBATCSA OCOOEHHO OUEBI[-
HBIMU IIPA CPABHEHUU C IPYroi, IMHAMUYECKOM 1 YHUBEPCAJIbHON KOH-
HMeIIre IPOUCXO0MKIEHNSI MacChl KaK pe3yabTaTa CIOMKHON JUHAMUKI
Hepedyuyupo6arHH020 B3ANMOIEICTBUA MHOTUX YACTHUII (1 COCTOAIINX U3
HUX KBa3WHEIPEPLIBHBIX cpem) [9—24].

B mammoii paboTe mpeaaaraeTcs pPacIlIMpPeHHLIN aHAJIN3 W CPaBHEHIe
HaIlled CJIOKHO-TMHAMUYECKON KOHIeOIIMKY Macchkl (pasmea 2) ¢ Mmexa-
HM3MOM XHUITCa CTAHAAPTHOM MOMEJNHN, JEeMOHCTPUPYA pellaloliue IIpe-
UMYIIIeCTBa IepBoii (paszes 3), ¢ YUETOM TaKJKe PeIlleHIa BCeX OCHOBHBIX
mpobaeM (yHIaMeHTAIbHON (Gusuku (00beaIuHEHHAd, (pU3UUECKUu pe-
ajbHAs IPUPOJA DJIEMEHTAPHBIX YACTHUIl, UX BHYTPEHHUX U SUHAMHIYE-
CKHX CBOWCTB, CAMOCOIJIACOBAaHHAA KOCMOJIOTUS U T.J.). BO3MOXXHOCTD
CaMOr'0 CYIIIeCTBOBAHUA MOJIA XUITCA OKa3bIBAETCS BEChbMAa COMHUTEJIb-
HOII B CHJTy BOBHUKAIOITUX IIPOTUBOPEUNii, TOTIA KaK JaHHbIe «IIOATBEp-
JKIAIONINX » 9KCIIEPUMEHTOB Ha BoJsbIilioM agpomHOM KoJutaigepe [7, 8]
MMOJIYYaioT MHYI0, CAMOCOTJIACOBAHHYIO MHTEPIIPETAInio (BKJIIOUAIONTYIO B
9TOM CJIyYae M MHOTHE APYTHUe 9KCIepUMeHTaJIbHbIe Ha0OMI0IeHnsd, OCTa-
oIuecad B IIPOTUBHOM cJydae HeoObACHEHHBIMHU). Bojee TOro, MbI
yTBep:KIaeM, UTO C YIETOM B3aMMOeliICTBUS II0JIeH peabHOe CYIIIeCTBO-
BaHUeE 1106020 (MAKPOCKOIUYECKOT0) CKAAAPHO20, 1 OCOOEHHO MaCCUBHO-
ro, moJid (TaKoro Kak moje Xurrca) BecbMa MaJIOBEPOSTHO (C CephE3HBIMU
MIOCJIEACTBUAMU JJISI MHOTUX MOJEJIel O0LIUHOM TeOpun).

ITonryueHHEBIE OTIMYUS OT CTAHAAPTHON TEOPUU CBA3AHBI C HAITUM
HepeayIMPOBAHHLIM AHAJM30M IIPOIIECCOB B3aWMMOIEMCTBUS MHOTUX
Tes [9—24], He UCHIOJB3YIOIUM KaKUX ObI TO HU ObLIO IIPUOIMKEHUH
TEOPUU BO3MYIIEHUIN MJIN «TOYHO peIlaeMbIX Mozejeii» W IaioIuM
yHUBepcaJbHOE OIpeesieHre TUHaAMUUECKON CJIOKHOCTU BCEX peab-
HBIX CTPYKTYpP MUpa, HauMHAA C dJIeMEeHTapHLIX uacTuil. Ilomyuernuoe
pacinpeHHOe, Kay3aJabHO IIOJHOEe TOHUMAaHNe CTPYKTYPhI U JUHAMUKHI
MUKpPOMUPA IPUBOAUT K HEOOXOAMMOCTU HOBOII CTpaTeruu Bcex, sKcIe-
PUMEHTAJIBbHBIX W TEOPEeTUUYECKUX, MCCJIEJOBAHUU B 00JacTu (PUSUKU
BBICOKUX DHEPruil 1 JIeMeHTapPHLIX YacTull (pasmena 4).

2. CJIOGKHASI TUHAMUKA B3AUMOJIEVICTBASA KAK OCHOBA
OBBEIVHEHHOTO ITPOUCXOKJIEHNUSA YACTUIL U UX CBOMICTB

Harr mogxons cOCTOUT B TOM, YTOOBI ABHBIM 00Pa30M HOJYUYUTH (CTPOTO
BBIBECTH) HaOJI0faeMble dJIeMEHTapHbIe CTPYKTYPHI (YaCTHUIIBI), HX
BHYTPEHHUE CBOMCTBA (TaKue KaK Macca), B3auMOJeUCTBUA U JUHAMU-
YecKUe CBOICTBa (KBAHTOBOE U PEJIATUBUCTCKOE IIOBeJeHME) KaK OuHa-



164 A. II. KUPMJIIOK

MUYeCcKUil pe3yJabTAaT HepeaIyIUPOBAHHOTO B3aWMOIEHCTBUA HAUNPO-
cmetiweit. KOHQUrypalmuu MUHHMAJIbHOTO KOJHWYECTBA M3HAUYAJIbHBIX
MaTepuaJbHBIX CYIITHOCTell, 0e3 MCKYCCTBEHHOTO BBeIEeHUA IOIIOJHU-
TEJIbHBLIX CTPYKTYP AJA OOBSCHEHUA CBOWCTB u 0e3 MOCTYJIUPOBAHUSI
a0CTPaKTHBLIX 3aKOHOB M «IIPUHIINIOB» (He roBOpPs yKe 0 HeoO'bsICHI-
MBIX (PYHIaMeHTAJIbLHBIX «TaiiHax»). B cuay camoro cmocoba mocTpoe-
HUS, BbIBEIEHHLIE TAKUM 00pa3oM CTPYKTYPHI, CBOMICTBA U 3aKOHLI aB-
TOMATUYECKU UMEIOT 006e0UHEHHYI0 U KAY3AAbHO NoaHy0 (hrusnuecKku
pearbHyIo U caMOCOTJIaCOBAHHYIO) IIPUPOAY, B OTJINYME OT IPOU3BOJIBHO
IIOCTYJIUPYEMBIX aOCTPAKTHBIX CYIITHOCTEIH U «MOJesieil» OOBIYHOM Teo-
puu (cMm. pasgen 3). IMeHHO HOJMHLIN aHAJIN3 HEYIPOIIEHHOTO, Peasb-
HOT'0 B3aMMOJeliCTBUA MUHUMAJLHOrO Habopa (HabaiomaeMbIX) CYIITHO-
cTeil MO3BOJIAET, TaKUM 00pa3oM, II€PeMTH OT HPOTHUBOPEUNBOIl ao0-
CTPaKTHO-MAaTeMAaTHUUECKON KapTUHLI KO BHYTPEeHHE IIOJHOMY peajbHO-
INHAMHUYECKOMY OIMCAHWIO, TIe IIOCTYJIUpPyeMble B OOLIYHOIN Teopuu
TOIOJIHUTEIbHBIe abCTPAaKTHBIE CTPYKTYPEI 3aMEeHAIOTCS Ha BIIOJIHE pe-
aJNUCTUYHBIEe 1 Hen30e:KHbIe ITPOSIBICHUA CJIOKHONM TUHAMUKY B3alIMO-
IeiicTBus (OpU CYIECTBEHHO OOJIBIIIEHl CTPOTOCTH MATEMATHUYECKOTO
OIMCaHUs, He COoAep:Kallero Telleph HEOIPaBAaHHBIX IPUOIMKeHUN 1
pacxoxaeHU ¢ HAOJTIOOeHUAMMU ).

HeTpyaHo mOHATH, YTO B CUJIY Be3JecyIeil IPUPOALI ABYX U TOJIBKO
IBYX HaOJIIOJaeMbIX B3aUMOIENCTBUI U IBJICHUH, SJIeKTPOMAarueTu3Ma 1
TpaBUTAIINM, ONMCAHHAA MUHUMAaJbHASI KOH(QUTypaIusa IIpoliecca B3au-
MOIEeMNCTBUS, JIeXKAII[ero B OCHOBE CTPYKTYpooOpa3oBaHuA HAIIIEero Mupa,
OTHO3HAUHO OIIpelesideTcsad KaKk OJHOPOAHOe (IIPUTATHBAIOIee) B3auMO-
IelicTBHe ABYX M3HAYAJIBHO ONHOPOIHBIX CpelN, WJIN «IIPOTOMIOJIeIi»,
SJIEKTPOMArHUTHOTO (/M) U T'PaBUTAIlMOHHOTO, KOTOPbIe, B KOHEUHOM
cuére, (B pe3yJbTaTe IOCJIEeAYIOIEro PasBUTUSA UX B3aAUMOAEHCTBUA) Ja-
IOT HavaJIo COOTBETCTBYIOIINM CTPYKTYpaM U SIBJIeHUSIM. Byayuu peasb-
HBEIME (PU3UUYECKUMU CYITHOCTAMM, STH IIPOTOIIOJS TOXKE COCTOAT, KO-
HEUHO, 113 HEeKOTOPBIX B3aMMOIEHCTBYIOINX MUKPOKOMIIOHEHT, OJHAKO
IIOCKOJIbKY IIOCJIeHIEe HAaX0JATC, KaK ITPABIUJIO, 3a TPaHbI0 HAOIIOIeHI
BHYTPHU HAIIIETO MUPA, Mbl CUMTAEM 9TU HUCXOIHBIE IIPOTOIIOSI KBA3HUO-
HOPOAHBLIMHU, BBEIBOIA HabII0HaeMble CTPYKTYPEI KaK pPe3yJILTAT UX B3au-
MOIENCTBUSA U yTOUHAS, HACKOJBKO BO3MOYKHO, BHYTPEHHNE CBOMCTBA
IIPOTOMOJIel UCXOA U3 IIOBEIEHU JIeMEeHTAPHBIX CTPYKTYP.

MaremMaTu4YecKH TaKasgi MUHUMAJIbHAS KOHPUTypaIusd ABYX B3auMO-
IEeMCTBYIONINX IIPOTOIOJell BhIpasKaeTcs «ypaBHEHUEM CYIIeCTBOBAa-
HUS», KOTOPOE MaéT IIPOCTO YHUBEPCAJIbHOE ONMHCAHNe 3TOM KOHGMUry-
pamuu 6e3 Kakux-au00 CyIlleCTBeHHBIX orpannderuii [9—24]:

[, (8)+V,, (&q)+ 1, (q)]¥(&q) = E¥ (E.q), (1)

rae & U ¢ OIUCHIBAIOT CTEII€HU CBOOOABI (UM «IepPEeMEeHHbBIe» ) TPaBUTa-
IUOHHOTO U 3/M-IPOTOIIOJIEH COOTBETCTBEHHO; YV (z’;,q) — (yHKIUA co-
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CTOSTHUSA BCEH CHCTEMBbI, IIOJTHOCTHIO XapaKTepua3yoInasa eé KoH(purypa-
nuiw; h, (i) u h, (q) — 0000IIéHHbIe TaMUJIbTOHMAHLI HEB3aUMOIEeH-
CTBYIOIIUX IPABUTAIMOHHOrO U 9/M-IIpoTOIONei; V,, (&,, q) — IIOTEeHIIU-
ajs ux (IPUTATUBAIOIIETO) B3aUMOAENCTBUA, a £ — coOCTBeHHOE 3HAUe-
HHUe IIOJHOTO0 TaMHJIbTOHMAaHA CHCTEMBI, WJIN OOOOIIEHHAS SHEpPrud.
3Iech 0000IIEHHBIEC SHEPTUA U TAMUJIBTOHNAHBI BRIPAMKAIOT B IIPUHITUAIIE
JI00YI0 MOAXOAAIYIO Mepy OIIPedeIEHHON HIMKe YHUBEPCAJIbLHON J1HA-
MMUYECKOU CJIOKHOCTH, HO BO MHOTHX CJy4YasxX OymyT COBIIAAaThb C pac-
IIIUPEHHO IOHMAaeMOH sHepruei (TakiKe CTPOTo OIIPeIeIEHHOM HUMXKe) 1
e€ omepaTopHO# pyHKIIHMeH (raMuIbToHuaHoM). OTMeTHM, UTO KpaTKoe
ornucanue (1) BKIOUaeT u 6ojiee AEeTAJNLHYIO BEPCHUIO B3aMMOAENCTBUS
MEXKIy BCeMHU WHIWBUAYAJIbHBIMU dJieMeHTaMu mporomoJei [10, 17—
20, 23, 24], xoTopas B X0Jle CTAHIAPTHOTO IPeoOPa30BAHUSI CBOIUTCS K
TOI JKe cUcTeMe ypaBHeHu (CM. HIKe).

T'aMmuabTOHOBA (POPMA STOr0 MCXOJHOI'O ONMCAHUSA He ABJIAETCA Orpa-
HUYEHNEM B CUJIY CBOell peajibHOIl YHHUBEPCAJIBbHOCTU, KOTOPAS IMPOSB-
JsieTcd, cpequ IIPoOUYero, B Bujie ypaBHeHus lamuiabroHa—AKOOM M5
KJIacCHYeCKHUX crucTeM M ypaBHeHus IlIpénuHrepa A KBAaHTOBBIX CH-
crem [10, 17-19, 23-27]. IlomuepKHEM eIfé pas, UTO B COOTBETCTBUU C
YHUBEPCAJBbHOCTBIO HAIIIEr0 MMOAXO0[Aa MbI m30eraeM KakKoM-In00 ampu-
OPHOII KOHKPETH3al[u{ IIOTEHI[MAJIOB B3aMMOAEHMCTBUSA MIPOTOIOJIEH C
HEM3BEeCTHBIMU W HAIPAMYIO He HaOJI0JaeMbIMU CBOMcTBAMHU (OHA MO-
JKeT IIPOBOAUTHCSA JIMIIL II0 MePe BOSHUKAIIIEH HeOOXOAMMOCTH IIPU
CPaBHEHUHU PE3YJILTATOB 3TOr'0 OOIIEr0 TEOPETHUUYECKOIr'0 OIMCAHUS C
SKCIEePUMEHTAIbHLIMY HAOIIONEHUAMMN).

AHanus ypaBHEHUS CYIIIECTBOBAHUA yIOOHO IIPOBOAUTL B TEPMUHAX
COOCTBEHHBIX MOJ OIHOUM M3 KOMIIOHEHT B3aMMOIEHCTBU, 9/M-IPOTO-
110J1s1 (B CBOOOJHOM COCTOSIHIM ), KOTOPBIE€ CUNTAIOTCS N3BECTHBIMMU:

¥(&a)= 2w, (8)e,(a), 2 (2)9,(2) = 2,9, (2), (2)

rae {¢,(q)}, {¢,} — mommbIi HAGODP (OPTOHOPMIPOBAHHEIX) COGCTBEH-
HBIX (YHKIMH ¥ COOCTBEHHBIX 3HAUYEHUM CBOOOMHOTO 3/M-IPOTOIOJIS
(onmcHIBAIOMIUX €ro JOKaJbHLIe BO30yxaeHus). [loxgcraBiasa pasmoxe-
Hue (2) B ypaBHeHHe (1) 1 HCIOIB3yda OPTOHOPMUPOBAHHOCTD {(, (q)} ,
CTaHJAPTHBIM 00pPasoM IIOJIyYaeM CUCTEMY yPaBHEHUI AJIA K0oahduiu-
€HTOB Pa3JIOKEHHUA (&) , 9KBUBAJIEHTHYIO NCXOJHOMY YPaBHEHUIO:

[, (8)+V,, (&) [w, (&) + DV, (B) W, (B) =, (&), (3)

n'#n

v

n,=kE-¢ o

(Zj,) — MATPUYHLIE 3JIEMEeHTEI IOTeHI[AaJIa B3aUMOIeiICTBUA:

V.. (&)= [ dgo; (9)V,, (&9) o, (9)-

q

.
n?

ITockoabKy cucTema ypaBHeHui (3) AJIsS IPOM3BOJHHOIO B3aMMOMET-
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CTBUS CTOJIb Ke HemHTerpupyeMa, KaK U HCXOJHOe ypaBHEHUE CyIlle-
crBoBaHUA (1), B O0BIUHOI Teopuy OHA 3aMeHseTCA Ha «O0Jam3Kue», HO
UHTEeTrPUPYEMble U CHUJIBHO YIPOIINEHHBbIE YPABHEHUA C OAUHAKOBBIM
«CpeqHUM II0JIEM» B3aNMOIAEMCTBUA, HATIPUMED:

(7, (8)+V,, (&) ]w, (&) =n,w, (5).

Ho nipu aTOM TepsAioTCcA CylecTBeHHBIE MHANBUAYAIBHBIE CBA3U MEXKIY
KOMIIOHEHTaMU CHUCTEMBI, KaK DPas3 OIPeIesAIoNe e€ CIIOCOOHOCTL K
CTPYKTYPOOOpPa30BaHUIO, KOTOPOE CBOAMTCA B IOJO0HOM IIPUOIMIKEHIN
K TPUBUAJBbHOMY BOCIIPOU3BEIEHNUIO 3aJaHHBIX CTATUYHBIX (DOPM.

I TOro UTOOBI BBIHATH 34 PAMKU 9THUX OTPAHUYEHUIT, MBI UCIOJIL3Y-
eM HepeAyIUPOBaHHBIN MeToH 3(h(HeKTUBHOrO (MU ONTUYECKOTO) II0-
TeHIMaJa AJId IOJyUeHU pellleHus cucTeMsl (2), B KOTOPOM HpUMeHsI-
eTcsi MeTOJ IOACTAHOBOK HenmsBecTHBIX GyHKmmi vy, (§) (n#0) B
ypaBHeHue A1d , (), B CBOIO 04epeAhb BHIDAKEHHBIX depes i, (&) us
COOTBETCTBYIOIIINX YPaBHEHWII CHUCTEMBI C IIOMOINBIO CTaHAAPTHBIX
dyuruuii I'puna [10, 28, 29]. B pesyabrare mosydaeM BCeTo OJHO Tpe-
OyIolljee DellleHUsA ypaBHEeHHE A Y, (&) BHEIIHe «MHTEIPUPYEMOTrO»
BHJA, HO B KOTOPOM BCA CJIOKHOCTH HEPENYIIMPOBAHHOTO B3aMMO/Ei-
CTBUA IlepeHeceHa B (BOOOIIe TOBOPA, HEJOKAJIbHEIN) omepaTop ahdeK-
TUBHOTO IIOTEHIIMAaJia, 3aBUCAINNI, B YAaCTHOCTH, OT MCKOMBIX COO-
CTBEHHBIX B3HAUEHUN U PENIeHUN HEKOTOPON COKPAINEHHON CHCTEMBI
ypaBHeHU [9—-29]:

[hg (E:) + Vg (%m)}% (ZS) =NVYy (&) > 4)

rfe coOCTBEHHOe 3HAUeHUe M =1, , a sppexmuenviii nomenyuan (91I)
V.. (§n) naérea BolpaxkenneM

Vese (i;ﬂ)\lfo (&) =
Vou (8) w2 (8) [ 8w (8)Vio (8) w0 (8) - (5)
:VOO(F?)WO(&)-FZ; 1;—1104—8 . ’

{w?, (E_,)} , {n),;} — mousHBI HAGOP COGCTBEHHBIX (PYHKUMI U COGCTBEH-
HBIX 3HAUEHUH AJIA COKPAIIEHHOI cucTeMbl ypaBHeHUH (cucTeMa (3) 6es
YPaBHEHUS IJId Y, (&) ), €,0=¢,—¢ u n=0 (rakxe ganee). Ilocne
pelteHusa IpPexmueHo20 ypasHeHus cyujecmeoganus (4), ocTarbHBIE
KOMIIOHEHTHI , (&) BIpaxkaroTca uepes HaiizeHHOe Y, (§) ¢ mOMOIBIO
yOOMAHYTHIX GyHKIui I'puua, u 3aTeM moaHad QYHKIIUSA COCTOSHUS
CHUCTEMBI ‘P(&,q) MOJIYYaeTCsA C UCIOJIb30BAaHMEM MCXOJHOTO Pa3JiorKe-
Hud (2) (cM. HIKE).

Takasd GopMyIMpPOBKA 3aJauy B TepMUHAX HepeayrupoBaHHoro III
(4), (5) sKBUBaJeHTHA MCXOJHOI 3aJjaue ITPOMBBOJBHOTO B3amMOJeii-



BECXUTITCOBA ITOJTHASI TEOPHST HA OCHOBE MMHAMUWKY B3ATMOJIEVICTBUSI167

ctBuA MHOTUX TeJ (1) unum (3) 1 cHOBa ABJAETCA «HEMHTETPUPYEMOM».
IToaToMy C 1IebI0 TIOJIYUYEHUA «3aMKHYTOTO» pPeIleHusA OOLIUYHBIN IIOJ-
XOJ mpuberaer K yIpoIeHnAM TeOPUN BO3MYIIIeHUI 1 B 3TON (hopMyIn-
poBxke [29], rme cHOBa TepseTcs BCS CUCTeMa MMHAMHUYECKUX CBA3el u
CBA3aHHLIE C Hell CYIIeCTBeHHbIE KauecTBa HepeIyIIMPOBAHHOTO pelle-
Husa. OJHAKO B OTJIMYME OT IPEILIAYITUX (OPMYJINPOBOK 3a1aUl, METOI
HepenynupoBarnuoro III (4), (5) maéT BO3MOKHOCTDb PACKPBITHUSA ITUX
CYIIIeCTBEHHBIX KAUeCTB HEYIPOIIIEHHOTO PEeIleHn A 3a CUET AeTasieit 1u-
HaAMUYECKOM CTPYKTYPEI IpPOIlecca B3auMOIEUCTBUS, COAEPKAIITUXCA B
SIBHOM BHJe B BeIpaskeHuu (5) 1 Hepenynupopauuoro I11.

OcobeHHO Ba:KHOU ABJIAETCA OTMeUeHHAas BEIIIe 3aBuCcUMOCTD III (5)
OT MCKOMBIX COOCTBEHHBIX SHAUEHUI 1|, KOTOPad BEIET K MHOTOKPATHO-
MYy 603pACMAHUI0 YUCAA COOCMBEHHbLX peuleHUll 9PHEKTUBHOTO ypaB-
HeHUuA cymiecTBoBauud (4) u3-3a CBA3aHHOTO C HeHM pocTa BEICIIeil cTe-
neHu N, XapaKTepUCTHUUECKOI'O ypaBHeHHd AJA 1, KOTopas U OIpe-
IeJisgeT IIOJHOe YKMCJI0 coOOCTBeHHbIX pemtennii [10, 11, 17-19, 23-27]:

N,.. =N, (NN, +1)=NyN, +N,, (6)

rze N, u N, — KOJHMYECTBA CJAraeMblX B CyMMax IO 1L U i COOTBET-
CTBEHHO B BbIpakeHud (5) (06sruro N, = N, = N, rae N — uucio B3au-
MOJeiCTBYIOIIIUX MOJ BCeX KOMIIOHEHT MU B OOIIIeM CJIyuae UX BCEeBO3-
MOJKHBIX KoMOumanuii), N & = N qNg — OOBIYHOE YUCJIO COOCTBEHHBIX
peleHui 1yisi pusuuecKy MOJAHOM KoH(puUrypanuu cucremsl, a Ny = N,
— YHCJIO Peanu3ayuil CUCTEMBI, T.€. €€ peaJbHO BOBHUKAIOIINX,, OAMHA-
KOBO BO3MOJKHBIX M PA3JMUYHBIX KOH(MUTYpAaIuii, 13 KOTOPLIX KayKIas
BKJII04aeT O0BIUHOE YHCJIO COOCTBEHHBIX PelleHnil N, 1 HeCOBMeCTHMa
¢ 10001 IPYTroii, CTOJb Ke (pus3uuecKu IIOJHOM pealn3alueil CCTeMBbI.
CootHoirerue (6) o3HaUaeT, UTO HepeoyIINPOBaHHASA TUHAMUKA IIPO-
1mecca B3aMMOJIEHICTBUS COCTOUT B NOCMOSAHHOU cMeHe 00UHAK080 803-
MONMCHBLX Peanu3ayuil, «BbIOUPAEMBIX» CAMOI CHCTEMOI B OIpeHeJIEH-
HOM TaKUM 00pa3oM Kay3aavbHo cayyaiinom nopanke. Ilocnennee ciara-
emoe B BeIpaskeHuu (6), Haroriee COKpaliéHHbIN Habop N, cOGCTBEHHBIX
pellleHnii, COOTBETCTBYET CIIEI[UAIbHON, «OCHOBHON» HJIN «IIPOMEKY-
TOYHOH» peasus3aliiyd CUCTeMEI, B KOTOPYIO cucTeMa Hen36eXHO IIoIla-
IaeT HpHU IIepexofe MeXKIY IBYMs IIOCJIeIOBATEIbHBIMU «PEryJIsapHbI-
MI» peajausanuamMu (Coaep:KauMy HoJIHBIH HAGop Ny coOCTBEHHBIX
pellleHnii) ¢ BPEeMEHHBIM <«PaCIyThIBAHMEM» KOMIIOHEHT B3aMMOJel-
CTBUS, KOTOPBIE IIPOXOAAT B 9TOI peajmsalluu uepes3 KBas3mCBOOOIHOE
cocroaHue. Ilocientee 06CTOATENBCTBO OOBACHAET COKPAIIEHHOE KOJIN-
YeCTBO COOCTBEHHBLIX PeIleHnii, COCTABIAIIINX IPOMEKYTOUHYIO pea-
JIMBAINI0, KOTOpas MaéT Kay3aJbHO NOJLHOe, PU3uiecKu peaibHoe pac-
wupeHue K6aHMoB80-MeXAHUYEeCKOl 801H0801 PYHKUUU, a TaKKe BCeX
KJIaccuuecKux «PyHKIIUHA pacipeaesieHNns» CTATUCTUUYECKO Teopuu Ha
COOTBETCTBYIOIIIUX YPOBHAX AMHAMHUKUN B3aumojeiicteus [10-12, 16—
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20, 23—-27]. OTmMeTuM, UTO 5TH BBIBOALI M OIMHCAHHAA OUHAMUUECKU
MHO0203HAYHAS CTPYKTypa HEPeayIIMPOBAHHOIO PeIleHUs IIPOo0JIeMBbI
B3aMMOJEMCTBUA IIOATBEPIKIAIOTCA HE3aBMCUMBIM TIpaduuecKuM aHa-
ausom 3agaum [10, 21].

3HaueHne OUHAMULECKU ONnpedeléHHOl BEPOATHOCTH, O, , KAY3AJbHO
CAY4aillH0z0 TIOABJICHUA I'-i peajusaluy U3 IOJHOro Habopa Ny aie-
MEHTaPHBIX PeaJIi3alliil CTPOro BLIBOAUTCA B 9TOI KapTUHE KaK

1
o ==, Yo, =1. (Ta)
Ny %

9To BRIpasKeHle eCTeCTBEHHO 00001IaeTcs Ha cIydail COCTaBHBIX peaJsIi-
3aIMil Ha BBICIIUX YPOBHAX CJIOMKHOCTHU, T/e - Peaaus3alius COIepPKUT
N, aseMeHTapHBIX (IIPAMO He paspellaeMbIX) peaJIn3aiuii:

a,:N'" , Yo, =1, (7b)
N, R r

MpbI OpUXOAMM K YHUBEPCAJIBHOMY W CTPOTO OIPENeJEHHOMY ITOHA-
TUIO BE3JECYIero OUHAMUYECKO20 XA0CA B TIOBEJEHUN 110001l CUCTEMBI
Kak peanusanuii (T.e. «pasBUTHIX KOH(pUTYypaIUii») CUCTEMBI, HEIIPe-
PBIBHO CMEHSAIONNX APYT Apyra B IUHaAMWUYECKU (Kay3aJIbHO) CJIydaii-
HOM, IIOJTHOCTHIO HEIPEACKAa3yeMOM IOPAAKE IIOJ AENCTBUEM TOTO JKe
IBUIKYINETO B3aMMOJIENCTBUA CHUCTEMBI, 0e3 KaKoro-imbo BIMAHUA
BHEIITHETO WUJW BHYTPEHHEro IyMa («dKCIOHEHIIMAJHHOE YCUJIEHUE»
KOTOPOT0 ABJIAETCSA OCHOBHOM KOHIIEIIMEl xaoca B OOBIYHOM, OUHAMU-
yecku 00HO3HAYHOIL Teopuu, CM. HUKe). B uacTHOCTH, OIS KBAHTOBBIX
CUCTEM U IIPOIIECCOB B3aMMOENCTBUA MOJyUYaeM KOHIIEIIITNIO UCMUHHO-
20 K8aHMO0B8020 xaoca (C UCTUHHOM CJOYUYaHHOCThIO), MMOAUYNHAIOIIET0Cs
MIPAMOMY IPUHIIUITY COOTBETCTBUSA IIPU IEPEX0e K KJIACCUUECKOM Xao-
Tuueckoi guuamuke [10, 19, 21, 23], KoTopyio He yAAETCS MOJIYUYUTD B
OOBIYHOI TEOPUH.

HyaabHBIM U 3KBUBAJEHTHBIM ITOHATUEM, CTOJb K€ YHUBEPCAJIbHBIM
0o0paszoM XapaKTepU3YIOIMIUM TUHAMUYECKN MHOTO3HAUHBIA Pe3yJbTaT
JI000T0 PeasibHOTO B3aMMOJIEHICTBUSA, SABJISAETCA YHUBEPCALbHASL OUHA-
Muveckas canoxcHocms, C, onpenenseMas Kak Jirobasa pactryinad QyHK-
U YUCJIa Peaims3aluii CUCTeMbI MJIM CKOPOCTU MX CMEHBI, paBHAA HY-
JII0 AJIA HEPeaJUCTUYHOTO cJydas TOJBKO OJHOM peanusanuu (eJuH-
CTBEHHOT0 paccMaTpuBaeMoTro B 00bruHOM Teopuu) [10, 19-21, 24-27]:

C =C(N,), dC/dN, >0, C(1) =0, (8)

rae, Hanpumep, C(N,) =C, (N, —1) uau C(N,) =C,In(N;)'. Taxkum

! B srom yHUBepcamibHOM ONpeNeNeHMM CJIOMKHOCTH «DPeaju3alus» O3HAUYaeT J06Yio
peanms3anuio CUCTEMBI, BKJIOYAA CIEIUAJbHYI0 IPOMEXKYTOUHYIO peasm3anuio 00600-
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o0pasoM, Ji0b0asd CTPYKTypa PeabHOr0 MUpPa SABJIAETCSI OJHOBPEMEHHO
WCTUHHO XaOTHUYECKOH un auHamudyecku ciaoxxuoi (C > 0), mo oxgHoil u
TOMU 2Ke npuunHe (pyHZAMEeHTAIbHAA ITNHAMAYECKAS MHOTO3HAYHOCTD).

BaxxHO MOA4YEpPKHYTH, UTO XOTA B JII000I peaabHOl cutyanuu Ny, > 1
U NpaKTHYecKHu Bcerga Ny >>1, mr060e 00OBIYHOE ONMCAaHNE B PAMKaX
«TOUHBLIX PEIIeHU» UJIN TeOPUHU BO3MYINeHUH (BKJIOUAS OOIIeITpuHsI-
ThIe KOHIIEIIIIUYN «Xa0Ca» U <«CJOKHOCTH») COOTBETCTBYET 3HAUECHUSAM
N;, =1 u C = 0, yKasbpIBaIOIIUM Ha CTPOTO HYJIeBYIO BeJIUUUHY, TO €CTh
omcymcmeue, UCTUHHON AWHAMUYECKON CJIOXKHOCTH UM CJIy4YalfHOCTH
(xaoca) B OOBIYHOM TEOPHU, UTO HE MCKJIOUAeT UX MMHUTAIIUN B BUIE
(Bcerma HEIOJIHBIX M IPOTHBOPEUYMUBLIX) HOIYIMINPUUECKUX «IIPHU3HA-
KOB». B TO BpemMsA Kak peajibHbIe, JUHAMHUYECKN MHOTO3HAUYHELIE B3al-
MOJENCTBUSA 1 BO3HUKAIOI[NE B HUX CTPYKTYPHI (HAUMHASA C dJIeMeHTap-
HBIX YaCTHUII, pacCMaTPUBAeMbIX 00Jiee mOApoOHO B TaHHOM pabore) 6ce-
20a BHyTpeHHe XaoTUuHbl ( N;; > 1) u auramMmudecku ciaoxusl (C > 0),
ux OJunamuuecku odnosnaunvie (Ny =1), sappexmueno nHyavmepHbLe
(moueyunvie ) npoexyuu B OOBIYHON TeOpUU (PyHAAMEHTAJIBHO PETYJIAP-
HBI U He CJIOYKHBI (MBI TAKKe Ha3bIBAEM TaKO€ OIMCAHUE YHUMAPHLLM),
XOTsI BHEIIIHE OHM MOTYT Ka3aThCA «3alyTAHHBIMU» U «CJIYUAHMHBIME » .

Bosspamasaces K Halllelli KOHKPETHON (hD13WUECKOU crcTeMe ABYX IPU-
TATUBAIOIUXCA M3HAYAJIBHO OJHOPOMHBIX IIPOTOIOJell KaK OCHOBE
dopMUpPOBAHUA BCEX CTPYKTYpP BcesleHHOI, MBI MOXKEM Telleph yTOY-
HUTH HEIOCPEJCTBEHHO BO3HUKAIOIIYI0 KOHOUTYPAIIUIO AJS 9TOH CHU-
cTeMbl (pPe3yJbTaT B3aMMOAEMCTBUS IIEPBOTO YpPOBH:A). Vamepsemas
NJAOMHOCMb CUCMEeMbl p(E_,,Q) B HepeayuupoBanHoM dopmanusme I
(4), (5) maércda, Kak caeqyeT U3 BBIMIECKA3aHHOTO, OUHAMUYECKU 6ePO-
AMHOCMHOU cyMMOIi (0oTMeuaeMoil 3HauKoM @) IJIOTHOCTEH, P, (E_,,Q) ,
BCeX XaOTUYECKU CMeHAIuxca peaausannuii [10, 11, 17-20, 24]:

NER

2 Nﬂ@ ® 2
p(&q) =¥ (&q) =27 (5a)= 2 v, (&q) (9)

¥, (&q)=
9 (@) Wi (8) [ dEwi (8)V,0 (&) w5 ()
=Zi:6'f NOVAGCEDD :

r 0
n,i' N —Mnr ~ €no

,(10)

MIEHHON BOJHOBOU (GyHKIUU (Mau (QYHKIMU paclpelnesieHrsd), OMMCAHHYIO BBIIIE, B
OTJINUYME OT HAIIEeTO Yallle MCIIOJH3yeMOTO IMOHMMAHUSA Peajus3alui B Y3KOM CMBICJIE
(Hanpumep, yucygo peanusanuit Ny B ypaBHeHuH (6)), BKJIIOUAIOIIETO TOJbKO PETy-
JSpHBbIE, <«IIOJHOIIEHHBIE» pealnu3alluid, COoAepsKallue MOJHBIN Hab0p COOCTBEHHBIX
pemterunii. OHAKO ATO OTJIMUME HABPAJ JU MOYKET BBIZBATH TPYAHOCTH, MO0 IPAKTHU-
ueck: Bcerga Ny, >>1.
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rae n =0, ¢y(q), ¢,(¢) — (usBecTHBIE) COGCTBEHHBIE (DYHKIUM Ta-
MIIBTOHHMAHA 3/M-mporonona A, (q) (cm. (2)); ¢/ — KoaduUIMEeHTHI
CIIMBKMN peanmsanuii (GpyHKIUM COCTOSHUS, CBA3AHHBIE C Kay3aJbHO
000CHOBAHHLIM 1 0000IEHHBIM IIPABUJIOM BopHA AJIs BEPOSATHOCTEN pe-
ammsanumii [10, 11, 17-20, 23, 24], a {y;, (§),n} — HaGOp cOGCTBEHHBIX
GYHKIMI 1 COOCTBEHHBIX 3HAUEHUN r-ii peaamsanum perieHusd d3Pdex-
TUBHOTO YpaBHEHUA cyIiecTBoBauud (4), (5).

IlomMmuMo mMHaAMMUYECKOW MHOTO3HAYHOCTH HepeoyIHnpPOBAHHOTO pe-
mreuud (9), (10) (¥ cOOTBETCTBYIOIIETO Pe3yJIbTaTa PeabHOTO B3aTMO-
IeCTBUS), BTOPOM ero GpyHIaMeHTaJIbHON 0COOeHHOCTRIO (1 OTINYNEM
OT OOBLIYHOT'O, YVHUTAPHOT'O ONHCAHUA) ABJIAETCI JuHaAMUUeckoe nepe-
naemenue (UIU nepenymouvléaue, NI CMEUUBAHUE) KOMIOHEHT B3au-
MOJENCTBUSA, B BUAE CJIOMKHOIN, TMHAMHUYECKUN B3BEIIIEHHOH KOMOMHA-
UM OPOM3BEIEHUN (PYHKIHMI, 3aBUCAINUX OT B3aMMOIEHCTBYIOIIIX
creneHel cBoGOAbI ¢ 1 £. ITO CBOMCTBO elré OoJiee ycuanBaeTca OJyaro-
Iapsi MHOTOYPOBHEBOU, JuHaMuuecku (paxkmaJsnbHoili CTPYKType pac-
IIEMJIEHNA CHCTEMBI HA XAOTUUYECKH UepenyIoI[Hecs peaaus3aliuu, 00-
HapysKHUBaeMOM ¢ IIOMOIIBIO TOT'O JKe MeToAa Hepenyuuposanuoro II,
IIPUMEHEHHOTO K HaXOKEHNI0 HEN3BECTHBIX peleHuil {y), (&), n,.} co-
KpaIéHHoll cucTeMbl ypaBHeHui (cM. (5)) u mocaenyoiniux Bcé Goliee
cokparénusix cucrem [10, 17, 20, 23, 24-27]. Junamuueckoe Iepe-
IJIeTeHNEe COCTABJSAET CMPO2YI0 MAMEMAMULECKYI0 OCHOBY «0CA3aeMO-
ro» (YU3NUYECKOr0o Kauecmaa MaTepuaja BOSHUKAOIINX CTPYKTYP, I0JI-
HOCTBIO UTHOPUPYEMOI'0 B OOBIUHOM, JUHAMHUYECKN OJHO3HAYHON Teo-
pum, mpeiJaramplneil JUIlb abCTpaKTHBIE, «OecTeleCHbIe» MOIEJIN pe-
aJNBHBIX CTPYKTYP. COOTBETCTBEHHO, IIPU CMEHE Pean3alluil MPOUCXO0-
IUT BpeMeHHoe OUHAMUYecKoe pacnJjemerHie KOMIOHEHT B MOMEHT ITe-
pexona uepes ONMCAHHYIO BBIIIE IIPOMEKYTOUHYIO peansaiuio 00600-
UTEHHOM BOJHOBOU (DYHKIIUHU, IIOCJE Uero BOSHUKAET HOBas BepCUS IU-
HAMHUYECKOI'0 IepeIlIeTeHUs IIPU O0pasoBaHUU CJIEAVIOILEN peryJisap-
HOM peainaaliy CUCTEMBI.

IIpu momxopsAIleM BbIOOPE COOCTBEHHBIX (GDYHKIIUI 5/M-IIPOTOIOJS
®p (q) , 0, (q) B BUJIe Y3KHUX IINKOB, COOTBETCTBYIOIIUX (PU3NUECKUM
COCTOSHUSM €ro PeaJIbHBIX, XOTS BO3MOKHO IPAKTUYECKHU He Pasinda-
€MbIX COCTABJIAMINUX (Cy0sieMeHTAPHBIX UYACTHUII-BO30YKIEHUI), U3
(5), (10) HETPYAHO YBUAETH, UTO Gyarogapa KOMOMHAIIUK 00PE3aroIuX
VHTErpajioB B UMCJINATEJEe U PE30HAHCHBIX 3HaMeHaTeJell Kaykiasa r-s
MMOABJIAIOIIAACA PeaIu3aInsa KOHIEHTPUPYETCA BOKPYT OLHOTO 13 CBO-
UX COOCTBEHHBIX 3HAUEHUM, 1., ECTECTBEHHO MHTEPIPETUPYEMOTO KaK
BOBHHUKAIOIAA IIPOCTPAHCTBEHHAA KoopauHaTa ((pusnuecKy peabHBII
IpoCTpaHCTBeHHBIN saeMmeHT) [10-13, 17-20, 23, 24]. A TOCKOJBKY,
KakK IIOKAa3aHO BHIIIE, JUHAMUKA CJIOMKHOI'0 B3aMMOJEHCTBUSA COCTOUT B
HeIIPEeCTAHHON CMeHe Pean3alliil B CAYyYallHOM IIOPSIAKE, 3TOT PE3yJIhb-
TaT 0O3HAYAET, UTO OSHOPOAHOE IIPUTAMKEHNE IIPOTOMOJEeH IMPUBOAUT K
IIEPMaHEHTHOMY IIPOIIECCY WX YepPeAVIOIMXCA JOKAJIbHBLIX CiKaThuil (C
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INHAMUUYECKUM IIepellyIeTeHeM) U pacTsKeHuil (c pacijaeTeHrueM) BO-
Kpyr pasHbIX (0JMM3KUX) IEHTPOB, CIyYailHO BLIOMPAEMBIX CHCTEMOI
BOKPYT HEKOTOPLIX, TaKiKe B II€JIOM ITPOM3BOJILHBLIX IIOJIOMKEHUH (pas-
IeJIEHHBIX OOJIBIITMMY PACCTOAHUAMM).

ITOT TpOIleCC NPOCMPAHCMBEHHO XAOMUYECKUX NYAbCAUUll, WJIN
(cunbHO HEJIUHENHBIX) A8MOK0Ie0aHULL, BO3OYKIaeMbIll B M3HAUATIBHO
OTHOPOIHOM CHCTeMe HMPUTATUBAIOIIUXCSA TPOTOIOJel U CTPOro BLIBe-
IeHHBI B HalmeM (QopManmnsMe HepeaymupoBanHoro III, mmeer u
HaTrJIATHYIO (U3UYEeCKYI0 MHTEPIPETAIINIO C TOUYKY 3PEHUA 6HYMPEHHEelL
Heycmoiliuéocmu Takoro OJHOPOIHOTO NpUTAKeHusda. [leiicTBuTenabHO,
JIOKaJIbHAA QIYKTyanusa BO3POCIIEH MJIOTHOCTU OJHOTO U3 IIPOTOIOJIEH
OyzmeTr croco6CTBOBATL POCTY KOHIIEHTPAIIMM B TOM K€ MeCTe BTOPOTO
IIPOTOIOJISA, KOTOPaA eIlfé€ 6OJIbIe YCUJINUT HauaJIbHBINA POCT IJIOTHOCTU
IIEPBOTO IOJIA, U T.J. OTOT IPOIECC JOKAJTbHOTO CKATUA JOCTUTAET IIpe-
JleJyia 13-3a KOHEUHOU CIKMMAaeMOCTH (PM3UUECKU PeaIbHBIX ITPOTOIOJIEH
(13-3a OTTAJIKMBAHUS MEKY UX BJIEMEHTaMM), IIOCJIe YeTr0 OH CMEHeT-
cA IPOTUBOIOJIOKHBIM PACTAMKEHNEM 10 KBa3MCBOOOIHOTO COCTOAHUS,
Onaromaps TOIH Ke HEYCTOHUYMBOCTU C YYACTHUEM COCEIHUX YUaCTKOB
mporomnoJjeii. HeTpuBualbHBIM MOMEHTOM 9THUX HEJIMHENHBIX aBTOKOJIe-
OaHUl ABIAETCA, OAHAKO, OUHAMUUECKU CAYYAUHbLI BBHIOOD KayKI0To
MMOCJIeAYIOIEro IMeHTPa KaTacTpouuecKy HapacTaIOIero CiKaTUA, UIN
KoJLjIarca, IIpOTOINoJel, KOTOPHIM ObLI CTPOTO BHIBEJIEH OJjaromapsa He-
penyiupoBaHHOMY aHAJIU3Y B3auMoOelicTBuA mpoTomoJeii B metome Il
¥ UTPAET OIPEEeNSAIONIYI0 POJb B YHUBEPCAJLbHOM DeCcXuzec080M Npouc-
X0JcO0eHUU MACCHL BIIEMEHTAPHBIX YACTUIL (CM. HUKE).

Mgz Ha3bpIBaeM KasKIbIN TaKoOil JIOKAJbHBIN, nPpOCMPAHCMEEHHO XaA0-
mu4ecKuil TpoIecc aBTOKOJIE0aHUH CBASAHHBIX ITPOTOIIOJEN KB8AHMO-
6blM OueHuem W TOKa3bIBaeM, UYTO OH COCTAaBJIAET AUHAMUYECKYIO
CTPYKTYPY U HMCTOUHUK HAOJIOJaeMBIX (PU3UUYECKUX CBOMCTB (MacCUB-
HBIX) aJeMEeHMAPHbLX Yacmuy Nin (Tenepb BHYTPEHHE TYaJTUCTUUHBIX)
noJse-yacmuuy, Takux Kak ajaextpou [10-13, 17-20, 23, 24]. CocTaBHBIE
YACTHUIILI BKJIIOUAIOT HECKOJBLKO TAKUX B PA3HOM CTeIleH! CBA3aHHBIX U
ImepeMeIlanHbIX IPoIleccoB (KBAPKOBasd CTPYKTypa agpouos). OTmerum,
YTO BO3MOKHOCTH KBAHTOBBIX OMeHHUII IIpeaIoJaraetr, KOHEYHO, COOT-
BeTCTBYIOIIIE MeXaHUUYeCKNe CBOMCTBA YIIPYTrOCTH, II0 KpaliHeil mepe,
OOHOT'0 W3 IIPOTOIOoJiel (HeTPYyAHO MOHATH, UTO 9TO B OCHOBHOM 39/M-
IIPOTOIIOJIE, AAIOIIlee HAauaJIo IBHO Ha0JII0JaeMbIM CTPYKTypam). OqHaKo
MaccoBoe 00pas3oBaHMeE IMOJIe-YaCTUIL B CUCTEME CBSABAHHBIX ITPOTOHOJIEH
TOJIKHO HaOJII0maThcA B IMIMPOKOM IHala30He IapaMeTpPOB UX IIPUTH-
JKeHUdA, 3a UCKJIIUYeHNeM KaK pas3 MaJIOBePOATHBIX KPAaWHUX CJaydaeB
Ype3MepPHO CUJIBHOI'O IPUTAMKEHNA, BLI3LIBAIOIIET0 OJHOKPATHBINA KOJI-
JlaTic u/UJau paspyllieHre MTPOTOIMoJei, U CAUIIKOM €JIaboro mpuTaKe-
HU, He BeIYIero K 00pasoBaHUIO MACCUBHBIX YAaCTHUIIL (3TOT caydail pe-
anua3yeTcs B IPOCTPAHCTBE MeK Iy 00pa30BABIIMMUCA MAaCCUBHBLIMU 4a-
CTUIIAMHU, I'Jle KBAHTOBEIE VK€ HeBO3MOXKHBI 13-32 BO3POCIIIET0 HaTsKe-
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HUS IPOTOIOJel U UX NIPUTAKEHNe PeaJnu3yeTcsa JUINb B BUAE MaJbIX,
0e3MaccoBBIX BO3MYyIeHui Tuia ¢poronos). Takum obpasoM, MBI aBTO-
MaTHUYECKHU IOJyYaeM CaMOHACTPAWBAIOIIYIOCA, NTUHAMUYECKU DPas3BU-
BAIONIYIOCA KOCMOJIOTUUECKYIO CTPYKTYDPY BceseHHOT, ¢ eCTeCTBEHHBIM
paspellieHeM BCeX «TPYAHBLIX» (1 PaCTyIIINX) IpobdaeM OOLIUHOI KOcC-
mouoruu [10—-13, 17-20, 24] (cMm. Hmxke).

JuHaMUyecKM MHOTO3HAYHBIN IIPOIEcC /1100020 HEPEAYIITUPOBAHHOTO
B3aMMOJIEMICTBUA B BUJI€ IIOCTOSHHON XaOTUUYECKON CMEHBI pean3ariini
ITaéT HaYaJI0 BOSHUKHOBEHUIO YHUBEPCAJIHLHO ONIPEeJEHHBIX U (husuye-
CKHU peaJbHBIX npocmpaHcmea (CTPYKTypa) um 8pemeHu (9BOJIOIMUS
CTPYKTYPBI), C UX TellePh CTPOTO BLIBEIEHHBIMU HaOJI0AaeMbIMU CBOI-
crBamu. OmMCAHHLIN BBIIIE IIPOIlECC KBAHTOBLIX OMeHHII Ha IIepPBOM
YPOBHE CTPYKTYypOoOOpasoBaHUA B W3HAYAJILHO OJHOPOMHON CHCTEME
CBSIBAHHBIX IIPOTOIIOJIE ABJIAETCA COOTBETCTBEHHO UCTOUYHUKOM BO3HU-
KaIoIIero HUBIIIEro YPOBHA « BMEIIAIOIIEero» , 0a3MCHOr0 IPOCTPAHCTBA U
«yHUBEPCAJIHLHOTO» BpPEeMeH!, MMHUTUPYEMBIX COOTBETCTBYIOIIMMU IIO-
CTYJIUPOBAHHBIMU U a6CTPAKTHBIMHU CYIITHOCTAMU YHUTAPHON TEOpUU U
«HBIOTOHOBCKOM» HayKu. BoJjiee KOHKPETHO, ONIMCAHHOE BHIIIE CUJIBHO
HeoOHOpOoOHOe JIOKAJbHOE CJKaTHe B3aWMMOJEUCTBYIOIIUX IIPOTOIOJIEH
IaéT HavaJio QyHAAMEHTAJbHOMN, JuHaMuLecKu OUCKPemHoil U «ocssa-
e€MOii», BEI[eCTBEHHOU CTPYKType (u3uveckozo npocmpaHcmead, «Co-
TKaHHOM» U3 ABYX OUHAMUYECKU nepenieménnolx (KaK OIMUCAHO BHIIIIE)
mpoTomnoyeii. B cBoio ouepenb, HeEN30EKHASA CMEHA IEHTPOB BTOTO CHKa-
T (MHOMECMBEHHLLX T HECO8MECMUMbLX PeaIN3aIlnii CUCTeMBI) B Ou-
HAMUYECKU CAYLALUHOM TIOPANKE JaET KOHKPETHYIO IIPUPOAY PeaibH020,
nocmossHHO mekyuiezo (6e30CTaHOBOUHAS CMEHa peain3aliuii) u Heoo-
pamumozo (CaydyarHbIN MOPALOK Pean3aluii) 6pemMerHu.

B TouHOM BBIpaKeHUU, JUHAMUYECKU OIIPeJleIEHHBIN pasmep usuie-
cKoll mouku 1, GopMUPYIOIIeroca TaKUM 00pa3oM peabHOTO IIPOCTPaH-
CcTBa JAa€TcA XapaKTEePHBIM PACCTOAHUEM MEKIY COCETHUMU COOCTBEH-
HBEIMU 3HaUEeHUAMU 5()(EeKTUBHOTO YpaBHEeHUA cyIecTBoBaHusd (4), (5) B
Ipejesax OfHOI peanusanuu, 7, = Ax, = An; , Torfa KaK 3/leMeHmapHas
OauHa Ax =\ TOTO Ke YPOBHA CJOKHOCTU (MUHUMAJBLHOE PACCTOSHUE
MEKAY OBYMSA TOUKAMU) OIPEAEIAETCA PACCTOAHUEM MEKIY COOCTBEH-
HBIMU 3HAUYEHHAMU COCEJHUX peannusanuit, Ax =A=Ax, =An . e
MEHMAapPHBLL 8PeMEeHHOU URmMep8as At eCTEeCTBEHHO OIpefesdeTca Kak
nepuod K8aHMo8bLx OUeHUIL T BIEMEHTaAPHON YacTuIsl, At =t =1/v, rae
V — YacToTa KBaHTOBBIX OMEHWI, OTpasKaroIas UHMEHCUBHOCMb TPO-
1mecca NPOCMPAHCMEEHHO XAOMUYECKOl CMEeHblL Pearu3auuil CUCTEMBI.
3HaueHne At MOJKET OBITH ITOJIYUEHO M3 3JIEMEHTAPHOM MJIUHBI A, OIpe-
IeJIEHHOU BBIIIIE Yepes pelreHus ypaBHeHui (4), (5) dopmanusma I, u
U,, CKOPOCTH DPacIpOCTPaHEeHHUs BO30yXKAeHHUN B 5/M-IIpOTOIOJE (CBA-
3aHHOM C TDABUTAIMOHHBIM HPOTONOJNEM), T = A/U, , T/ie CKOPOCTb U, B
9TOM OOIlleEM BBIPAKEHUU €CTEeCTBEHHO OTOKAECTBJIAETCA Ha TAaHHOM
VDOBHE CJIOMKHOCTH CO CKOPOCMbIO C8ema C, T = A/ , HIOCKOJIBKY BO30YK-
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IeHusA 5/M-IPOTOIOJIA HabmogaoTca B Buge GoronoB. Takum o6pasom,
MBI IIOJIyYaeM XOPOIIIO ONPeNeJEHHBIN NCTOUHNK (DMBUUECKU PeabHOTO
IIPOCTPAHCTBA 1 HEOOPaTUMO TEKYIIer0 BpeMeHU B BUEe TOTO Ke CJI0KHO-
INHAMUYECKOTO IIpoIlecca KBAHTOBBLIX OMEHUM, KOTOPLIN OIpeesseT
CTPYKTYPY 3JIeMEeHTapHbIX moJe-dyactuii [10-12, 17-20, 23, 24].

ITockoabKy u3MUECKU peasbHbIe IPOCTPAHCTBO 1 BPeMs CO3al0TCs
B IIpOIlecce IOCTOSTHHON CMEeHBI peau3aliii CHCTeMEI, a AUHAMUYecKas
CJIOKHOCTD OIpeNesIaeTca YNCIOM peaTus3aluii NIu CKOPOCThIO UX cMe-
HBI, TO OCHOBHAA UHMEZPALbHASL Mepa YHUBEPCANLbHOU OUHAMULECKOlL
CJLONCHOCMU Ja€TCs MPOCTENINel JUHeNHON KOMOMHAIMEeN 9TUX AuHa-
MHUYECKY BO3HUKAIOIIUX 3JIEMEHTOB ITPOCTPAHCTBA U BPeMEHU, TO €CTh
Odeiicmauem-caoxnocmovio A, 3HAUNTEIbHO PACIIUPAIONINM CMBICT U
MIPUMEHUMOCTL OOBLIUHOTO MEXaHUYEeCKOT'o MeMCTBUSI, KOTOPOE Telephb
BBIpasKaeT (hpaKTUUEeCKH UYMCJIO peajusanuii, mocjieqoBaTeIbHO IPUHHU-
MaeMbIX CHCTeMOIl M ero mAuCKperTHoe maMeHenwme [10-12, 17-20, 23,
24]:

AA = pAx — EAt, (11)

rae Koaduiuentsl p u E y3HatoTca Kak (0000IEHHBIE) UMNYALC U
9Hepzus, NHTEPIPETUPYyEeMbIe Teleph KaK YHUBepcaabHbIE Ju@gepen-
yuanivHovle Mepvl caAoiHOcmuU (ompeaessieMble COOTBETCTBEHHO IIPO-
CTPAHCTBEHHOI M BPEMEHHOI CKOPOCTAMY CMEHbI PeaIn3aIinii):

AA A
:E|t=const ;TO’ (12)
AA
E:_A_t|x:const ETO’ (13)

IPUYEM X U p B O0IIeM CiIydae ABJIAIOTCA BeKTOpaMmu, a A, BRIpasKaer
a0COJIOTHYIO BeITNUNHY XapaKTePHOT0 3HAUEHU S TeNCTBUI.

HerpyaHo HOHATH, YTO HA PacCMAaTPMBAEMBIX HUMKANIINX IOLYPOB-
HAX CJIOKHOCTH MHUHUMAJbHOE (I 3eCh eIUHCTBEHHO BO3MOIKHOE) U3-
MEHEeHNe 1 XapaKTepHas BeJINYMHA JeHCTBUSI-CIOMKHOCTH TaETCA Nno-
cmoannol Ilnanka h, AA = A, = h, 9T0 pacKkpeIBaeT eé UCTUHHOE, OU-
Hamuieckoe npoucxoxcleHue Kak (PpyHIaMEHTAJIbHOTO Keéanma O0eil-
CMBUA-CONCHOCMU U O0BACHIET €€ KOHeYHOoe 3HayeHue (depes [quc-
KPETHOCTH peaausanuil) U YHUBEPCALbHOCMb HA dTUX HUMAUULUX TIOJ-
ypoBHaAX cyoxkHOocTH [10, 12, 15, 17-20, 23, 24]:

a4 h

At |x:const =¥=hv. (14)

Il1ia cocTosTHMA TTOKOS saeMeHTapHoi uactuIlsl ( p = 0), cTporo ompese-
JIEHHOTO TeIeph KaK COCMOAHUE MUHUMAAbHOU OUHAMULECKOU CILOHNCHO-
cmu cucmembt (Ipoilecca KBAHTOBBIX OMEHWUIT), MOJydaeM CJeAyIoIee
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BBIpKeHUe AJIA 9Hepruu nokos E :

B =" hy,, (15)

To

cOoBIajarolee Co 3HAMEHUTHIM ITpeaJioskenueM ae Bpoitisa [30—-33], Ko-
TOPOE IIPUBOIUT K HJee KOPIIYCKYJIAPHO-BOJIHOBOTO Ayaan3Ma U BhIpa-
SKEeHUIO IJIs AJWHBI BOJHBI YaCTUIBI, HO TeIleph IIPY MOJIHOCTHIO OIIpe-
IEeJIEHHOM IIPOUCXOKIEHUN «IIEePUOAUYECKOTO ABJEHUA» BHYTPHU dJIe-
MEHTapHOU IIoJie-4acTUIlbl (KBAHTOBLIE OMEHMWA) U CBA3AHHOTO C HUM
IyajamsMa, KOTOPBIE COCTABJISIOT caMy (DMBUYECKYIO IIPUPOY YaCTHUIIHI.

IlockonsKy sHeprusa noxosa E, B (15) aBnserca (auddepeHnuanb-
HOI) MePOH CJIOYKHOCTU NPOCMPAHCMEEHHO XA0OMULEeCKUX ITUKJIOB CO-
KpallleH!s 1 PACIINPEHUS IIPOTOIOJIEH B KBAHTOBBIX OMEHUIX, TIOCTIE-
HUE MOTYT OBITH 0XapaKTEePU30BAHLI KaK CAYyuaiiHble OAYHOIAHUSL «MED-
IIAIOIIET0» CIKATOTO0 COCTOSHUSA YACTUIBI, WJIN SUPMYALbHO20 COLUMO-
Ha, BHyTpU e€ ((puU3muecKM peasbHOII) BOJHOBON (PYHKIIUM, HAIOIINE
HAyaJI0 CBOMCTBY UHEPUUU, B COOTBETCTBUU C KOHIIEIIIUEH «CKPBITOMH
TepMoauHAMUKM» Ae Bpoias [34—37]. Takum obpasom, mHepHuUsa dYa-
ctuIsl (1 1:1060r0 00bEKTa) CBA3aHA C €€ (CKPBITOI) BHYMpPerHell MHO20-
3Ha4HOlU (xaomuyeckoii) OUHAMUKOI, Toe YaCTUYHOE YIIOPAZOUeHUe
mocJeqHel IPU II0O0ATLHOM ABMMKEHUN B OIPEIeIEHHOM HAIIPaBJIeHUN
BCTpeUYaeT KOHEUHOE «COIIPOTHBJIEHUE» JTOM y:Ke CYIIeCTBYIOIIeH ou-
HaAMHUKH «CKPBITOTO TEPMOCTATa», CTPEMAIIErocsa COXPaHUTh «TeMIIe-
paTypy» CBOero BHYTPEHHero ABUKeHuA. BBUIY 0c000i BaKHOCTH YHIU-
BEPCAJIBHOTO MPOUCXOKIEHUA MHEPIIUU B KOHTEKCTEe JAaHHON paboThl,
MBI IIOKa He O0yJeM IPAMO BBOAUTL COOTBETCTBYIOIIEE KOJMUECTBEHHOE
ompeJesieHre MAacChl, M3MEPAMIOIell OonmcaHHBIA d(PEeKT WHEepIuM, a
BMECTO DTOT'O ITONBITAEMCSHA ITOCJEAO0BATEIBHO IIOJYUYUTDH Ty BEJIUUYNHY
M3 CTPOroro aHaJIN3a ITUHAMUKY II00ATbHOTO IBUKEHUA.

Mz HaUMHAaEM ¢ MaTeMaTUUYeCKN TOYHOT'0 U YHUBEPCAJIBLHOTO OIpee-
JIEHUSA COCMOSAHUS NOKO0s JTI000# (M30JIMPOBAHHOIT) CUCTEMBI KaK COCTO-
STHUSA ¢ HAMHUSIINM (BCcerza IOJOMKUTEeIbHBIM) 3HAUEHUEeM €€ DHepruu-
caoxxkHoctu E (3amaBaemoii BeipaskenueM (13)) m cocmosnus (1100020
27100a1bH020 ) 08UMNCeHUS KAaK, COOTBETCTBEHHO, COCTOSHHUSA CO 3HAUEHU-
€M BHEPTUU-CJO0KHOCTH OOJIBIIIUM CBOEI0 MUHHMYMAa B COCTOSHUU IIO-
Kosa [10, 12, 17-19, 24]. CocTosAHMNE TOKOS XapaKkTepusyeTrcs HauboJiee
OTHOPOIHBLIM pacipelesieHrneM TUHAMHUUYECKUX BEePOSTHOCTEHN peasmaa-
muit (7) (misa saeMeHTapHON MOoJIe-4aCTUIIhI B COCTOAHUM IIOKOS OHO
IMOJIHOCTBIO OZHOPOMAHO), UTO COOTBETCTBYET IIPEAeIbHOMY PERUMY 00-
HOpPOOHO020 Xa0ca CIOKHOU TUHAMUKH, TOT/Ia KAaK COCTOSHUE ABUKEHU A
peanusyerca KaK MeHee OJHOPOIHOe paciipeleseHre BepOsITHOCTel pe-
anmaanuii B paMKax pe:KuMa YaCTUYHO YIOPAMOUEHHOU, UJIU CAMOOpD-
2QHU308AHHOLL, TMHAMUKHU, T'/le HampaBjeHnue (BepPOsSTHOCTHAA TeHIEH-
1) STOT0 TJIOOATHLHOTO OBMKEHUS OIpenesseTcs 0oJjiee BHICOKMMU
3HAUYEHUSIMU BEPOATHOCTEIl COOTBETCTBYIOIINX peanusdamnuii. ITO 03Ha-
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YaeT, 4TO AeHCTBUE-CJI0KHOCTh A I/ MOKOAIIecs 9JIeMeHTapHOH! II0-
JIe-4aCTHUIILI He COAEePIKUT HUKAKOM IPOCTPAHCTBEHHOI 3aBUCUMOCTH U
mpuobpeTaeT TAKyI0 3aBUCHUMOCTb OT (ZUHAMUYECKM BO3HUKAIOIIEH)
OIPOCTPAHCTBEHHON KOOPAMHATHI X [Jd [OBHIKYIIEHCA YaCTHUILbI,
A = A(x,t), Tak uTo

AA  AA AA Ax
E =E|x=const +E t=constE =pv-E,
nJin
Ez_%+pv=%+%v:hN+pv, (16)

TJle TIOJIHAS 9Heprusa E ABMKYIIeNcA MoJie-4aCcTUIILI JaETCsa BhIPaKEeHN-
em (14), umnyasc p eé (ry100aIbHOTO) JBUMKEHUA, YHUBEPCAJIHLHO OIpe-
IessgeMblii cooTHomrenueM (12), yrouHseTrcs Telnepsb Kak

_AA _h
- Ax|t=const _X’ (17)
U IIpeACTaBJIsIeT COO0M CKOPOCTD INI00AIBHOTO ABUKEHU A
Ax A
V=—=—, (18)
At T
T= At|x:c0nst — IepuoJ KBAaHTOBBIX OMeHUII (CMeHBI pealn3amuii), us-

MepseMBbIi B QMKCHPOBAaHHOM IPOCTPAHCTBEHHOU TOUKe, A = Ax|t: const

— pa3Mep BO3HUKAIOIIEH ITPOCTPAHCTBEHHON HEOSHOPOIHOCTU CPE.-
Hell, r106aJIbHON YacTU CTPYKTYPHI ABUMKYIIENCA CUCTEMbBI, M3Mepse-
MOl mpu (PUKCUPOBAaHHOM BpemMeHU, At =T m Ax =A — «IOJHBIE»
3HAUEHUS Iepuona KBaHTOBBIX Ouenwuit (N =1/T — cooTBeTCTBYyIOIAs

YacToTa) U IPOCTPaHCTBeHHOM Heomuopoauoctu [10, 12, 17-19, 24].
CrokHO-IMHAMUYECKOe pasfieieHue MoJIHoM sHeprun B (16) u comyT-
cTByIoIee Buipaxenue (17) gjia uMITyJIbca rJ100aJbHOTO IBUMKEHUA Ja-
IOT HOBOE, Kays3aJIbHO IIOJIHOe IIOHMMAaHNe HepeayIluPOBaHHON TUHAMU-
YeCKOIl CTPYKTYphI (1000r0) maBu:keHusA. llocienHsasa cOmep:KUT TeH-
IEeHIINI0 COOCTBEHHO IJI00AJBLHOTO, BHEITHE PeryaspHOro (XOoTs BHYT-
peHHe XaOTUYeCcKOoro) ABUIKEeHUA CUCTEMbI, OIIUCHIBAEMYIO BTOPBIM CJIa-
raeMbIM, pU, B pacupefesieHuu moJHoi sHepruu (16). Ero mepsoe cJia-
raemoe, AN , XxapaKTepu3yeT AOTOJHUTEIbHYI0 TEHAEHIINIO ITOJHOCTHIO
CIyYafHBIX OTKJIOHEHUM CUCTEeMBI OT I'TI00aJLHOTO IBUKEeHMs (B HAIIIEM
c/liyuae TEeHIEHIIUIO CAYyYaWHBIX OJNYKIAHUN BUPTYAJIbHOT'O COJUTOHA
aJieMeHTapHOU dacTuilkl). Bojee Toro, BeipaskeHue (17) mokasbiBaer,
YTO B TEHAEHIIUU TJI00AJHHOTO ABUIKEHWS BO3HUKAET IMPOCTPAHCTBEH-
Hafd CTPYKTypa ¢ XapaKTepHOH IJIWHOU A, KoTopas 6e3 Tpy/la pacio3Ha-
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éTcA B HAIlleM cJiyyae Kak 0eOpoiile8cKas 80JHA YACTUIILI C IJINHOM
BOJIHBI A=A, = h/p . Takum o6pasom, Temepb HET HUYErO0 TANHCTBEH-
HOTO B 3TOM OUHAMUYECKU 603HUKAWULeM SBIEHUU KOPNYCKYJAPHO-
60J1H06020 0Yyanu3ma, IPeICTaBJIAIONIEM OO0 eCTeCTBEHHOE IPOABJIE-
HUe YHUBEPCAJILHOTO CJIOKHO-IMHAMUYECKOTO IIPOoIlecca CTPYKTYpPOoo-
pasoBaHuA B II00ATLHOM ABMKEHUU CUCTEMBI (2 MMEHHO, CKAUKOB CHU-
CTeMBLI MeEXKIy peanrmus3anusaMu). BasKHO Tak:ke, UTO, HECMOTPA Ha
BHEIITHIOIO PEeryJapHOCTb, TEHAEHINA II00AaJbHOTO ABUYKEHUSI BO3HU-
KaeT W IOAAep:KuBaeTcd Kak 8 cpedHem OoJiee dUacThle, HO MHIWUBUIY -
aJIbHO XaomuyecKue CKauKM CUCTeMEI (3lech B BUe BUPTYaJIbHOTO CO-
JUTOHA) MEXKIY €€ peaqusaluaMU «BIOJb» BO3HUKAIOIIETO0 TaKUM 00-
pPasoM CTPYKTYPHOTO IIPOCTPaHCTBeHHOro mpoduia (BoaHOBas dopma
B3aMMOIeHCTBYIOIIUX IPOTOIIOJIeil B HAIIIeM CJIydae).

31ech UMeeTcA IpAMasa CBSA3b ¢ BBeIEHHBIM BELIIIE CBOMCTBOM MHEP-
muu, 100 IIpollecc AWHAMUYECKU MHOTO3HAUHOTO B3aWMOIEHCTBHUSI,
«COIIPOTUBJIAIOIUNCA» HABA3AHHON WM3BHE TEHACHIINU TIJI00AJIbHOTO
IBUKEHUA, Pa3BUBaET IJI00ATBbHYIO «BOJHUCTYIO AedOopMAaIlUio», IIPO-
MIOPIIMOHAJLHYIO CBOEH CJI0KHO-TUHAMUYECKO NHEPITNT, U COBEPIIIAET
9TO Ta00anbHOE ABUKEHMWE B BHUIE «IIepeMeIleHts TI'yCeHUIIbI». Ilo-
CKOJIbKY (ZUHaAMHYeCKU MHOTO3HaUHasd) CHCTeMa He MOKeT M30eKaTb
XAa0THUUECKUX MHEPIIMOHHBIX OTKJIOHEHUH OT TeHAEHIIUU e€ II06aIbHO-
o IBUKEHUA, eT0 CKOPOCTh U OyZeT Bcerja MeHbIe CKOPOCTU JII000TO
OTAEJBHOTO CKAaUKa MEXKJY pealus3arusaMi, IPOUCXOAIIIEro co CKOPo-
CTBIO PACIPOCTPaHEHMWSA BO3MYINEHUN B MaTepuaje B3auMOIelCTBYIO-
IUX KOMIIOHEHT, U, = C, IJle CKOPOCTb CBeTa C, TaK Xe KaK 1 COOTBeT-
CTBYIOIIlee «PeJATUBUCTCKOE» OTpaHUUYEHUEe U < C, BBOAUTCS IIOJIHO-
CThIO Kay3aJbHO-(PU3UUECKU, IJIsI PACCMATPUBAEMOI CHUCTEMBI CBSI3aH-
HBIX 9/M- ¥ TPaBUTAIIMOHHOr0 npoTonoJeii [13, 14, 17-19, 24].

1 TOro YTOOBI IIOJYUYUTEL B 9TOM KapTHUHE KOJMYEeCTBEHHOE COOTHO-
IIeHre MeXIy U U ¢, 3aMeTHUM, UYTO 3a BpeMs OJHOIO CKauKa B PaMKax
TeHAEHIUN IJI00aIbHOTO ABUIKEHUSA, T, = A/c, cucreMa (BUPTYaIbHBIM
COJIUTOH) JOJI’KHA COBEPIIUTH 1, = ¢/U CKAYKOB YKCTO CIYYANHBIX OT-
KJIOHEHUI OT IJ100aJIbHOM TeHIeHIINY IPOAOIKUTEIbHOCTHIO T KaKIbIiH
(rze t ompegneneno coriacHo (14)). Takum obpasom, T, =nT, WIN
A= Vphr , Toe Vph = ¢’/v mpepncrasigeT co0oli GUKTUBHYIO, CBEPXCBETO-
BYI0 «(ha30ByI0 CKOPOCTh» PACIIPOCTPAaHEHU BOJHBI MATEePUH, IIOABJI-
IOIIYIOCS B OPUTHMHAJIBHOM BBLIBOJIE ITOHATUA U BeJIUYNHEI JJINHBI BOJIHEI
ne Bpoitns [33], KOTOPBINM He YUYNTHEIBAET Xa0TUUYECKYI0, MHOTO3HAUHYIO
YacTb AUHAMUKU YacTUIbl. OCTAETCA TOJIBKO MOACTABUTEL OIPEeAeIeHU S
tu A, (14), (17), B mosydeHHOE COOTHOIIIEHNE, M MbI IIOJyUYaeM 3HAMEHH-
TO€ PeNsmuBUCmcKoe JucCnepcuoHHoe COOMmHOULeHUe:

p=E—=mv, (19)

KOTOpOe B HAIIIeM cJiyuae (B OTJIMUME OT OOBIUHOI TEOPUU OTHOCUTEb-
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HOCTH) JAaéT MCKOMOE CMmpozoe OIpefesieHue UHePUUAJLbHOL MACChbl-
amepzuu-caoxcnocmu, m = E/c?[13, 14, 17-19, 24].

Terneps MOXHO BepHYTbCA K COCTOSHHUIO IIOKOdA, rae E, = m0c2 um,
— OuHamuuecku onpedeséHHAS MACCA NOKOS TIPOIecCa KBAHTOBBIX OU-
eHuii, Tak uTo 6asoBoe coorHorrenue (15), mocTyaupoBanHoe me Bpoii-
aem [30—33], MoikeT Temeps OLITH 3aIICAHO0 B CBOEH ITOJIHOM (hopMme:

E, =my;’ = hv,. (15)

MuHaMuyecKu OIpPeneSEHHAA UHEPUUAAbHAS MACCA-IHepzus 0N Co-
CMOAHUSA 08UNCeHUs TIONydaeTcsa TaKHM Ke o0pa3oM M3 BHIPaKeHUS
(14) xax yacToTa NPOCMPAHCMEEHHO XaomuiecKux (XOTA U YaCTUUHO
YIOPALOYEHHBIX B CPETHEM ) KBAHTOBBIX OMEHWIA:

E:mc2:hv:ﬁ. (14"
T

XoTsa Hallle CI0KHO-IUHAMHYECKOe oIIpelesieHe MACChI eIfé He sAB-
JIsieTCs IOJIHBIM BO BCeX OTHOIIIEHUSAX (IOMOTHeHUE CIeayeT HiuKe), yixe
Ha 9TOH CTaAuM MBI MOYKEM KOHCTATHPOBATH CTPOro 060CHOBAHHOE OT-
CYTCTBHE WJM pelleHre (PpyHIaMeHTAJbHBIX IIpodiseM [9] mpuHATON
KoHIenmun Macchl CTaHIapTHON MOJAEJN, OCHOBAHHOM HAa CYII[eCTBOBA-
HUU 1 BO3AeilcTBMM moJsA Xurrca. B 4acTHOCTH, CTOUT IIOTUEPKHYTH
YHUBEPCALbHOCMb TIPUBENEHHOTO OMpPeesIeHUs MacChl-dHepruu (AJs
JIO0BIX CHCTEM M YPOBHEI CJIOKHOCTH) KaK BPEMEHHOro TeMmiia (IIpo-
CTPAHCTBEHHO) XA0MuU4eckoili CMeHbI peasnsdannii (Bcex) y4acTBYIOIIUX
IIPOIECCOB B3aMMOIEHCTBUSA, B UX HePeAyIUPOBAHHON, TMHAMUYECKU
MHOTO3HauHOU Bepcum, ypaBHeHusa (11)—(19). Takum obpasom, mHEp-
nusa 1 (B o0IIeM cayduae peaATHUBUCTCKAA) MAacCca-sHePrusa CUCTEeMEI AB-
JseTcsI OCHOBHBIM IIposABJeHMeM u (auddepeHIInaaIbHON) Mepoil He-
penyInnpoBaHHON JUHAMMNYECKOM CJI0KHOCTH BCeX B3aNMOAENCTBUM CH-
cTeMbl (TIe HEKOTOPbIE YPOBHU CJIOMKHOCTH MOTYT OBITb, B KOHEUHOM
cuéTe, NCKJIOUYEHBI, €CJI OHU OIPEeIeJIEHHO He JAalOT BKJIALa B KOHKPEeT-
HbIe HAOJIIOAeH s, HAaIPUMeP, B HePeJIATUBUCTCKON MeXaHuKe).

B TecHoit ¢cBA3u ¢ aTHMU PYHIAMEHTAJIbLHBIMU CBOIICTBAMU YHUBEP-
CaJIbHO OIPeeIEHHON MacChl HAXOAUTCS «0UueBUAHOE» ((PaKTUUECKH II0-
CTYJINPOBAHHOE B OOBIYHOII TEOPHH), HO Telepb CMpozo 8bl8e0eHHOE U
IaJeKo He TpuBHabHOe cooTHoreHue (19), p = mv, KoTopoe sKBUBA-
JIEHTHO 3aKoHam mexanuku Hviomona, Temepb He IIPOCTO IIOCTYJIUPYeE-
MBIM (BILIOTH IO HAIIKX OHEI), HO MaTeMaTUYeCKU BBIBEIEHHBIM B MX
WCTUHHOM CJIOMKHO-IMHAMUYECKOM CMBICJIE U Kay3aJbHO-PEeJSTUBUCT-
CKOM cofiep:KaHuU (IIOJTHOCTHIO IIOTEPSIHHOM B OOBIUHOM Bepcum). Bro-
poii 3akoH HbioToHa (B 000OIIEHHONM BEepCUN) IMOJYUYAETCS B PE3yJIbTATe
I depeHITnPOBaAHNUA II0 BpeMeHu (BOoOIIe TOBOPS, AUCKPETHOT0) 3TOTO
COOTHOIIIEHNA, HPU TeIleph Kay3aJbHO IIOJHOM (PU3UUYECKOM CMBICJE
MaccChl, SHEPTUU, UMITYJIbCa, ITPOCTPAHCTBA W BPEMEHM B TEPMHHAX
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CJOXKHOUM (MHOTO3HAUHOI) IUHAMHUKMN BCEX HIKEJIEeKaIlluX ITPOIIeCCOB
B3auMogeiicTBUsa (HaUMHAA C HUIKAUIIEr0 YPOBHSA IPOTOIIOJEH). IAta
CTeIIeHb CTPOI'OCTH HENOCTHMXXMMA OJIA MEeXaHN3Ma Xwurrca u APyrux He-
ANHAMUYECKNX THUIIOTEe3 O IIPOUCXOXKIAEHHNM MacChbl, OCHOBaAHHBIX Ha
BHEIITHEM BO3JeMCTBUY BBOANMBIX JTOIIOJHUTEILHBIX CYIITHOCTEH.

IToxcraBias Temeps pyHIaMeHTaIbHOE cooTHOIeHue (19) B Kay3aib-
HOe ompeejeHre AJUHBI BOJHBI YacTUIlbl (17), moayuaeM 3HAKOMOE, HO
Tellepbh Kay3aJbHO MOJHOE BEIPAKeHUe JJIA JJNHLI BOJIHBI Ae Bpoiiia B
pusrUeCKr peabHOM BepPCHUM KOPIIYCKYJISPHO-BOJHOBOI'O AyAIM3Ma B
BHuge JHMHAMUYECKM MHOT'O3HAYHOTIO IIPOoIfecCa KBAHTOBBIX 6PI€HPII>1:

A=A, = . (20)

51 yacTUIBI B COCTOSHUY IMOKOSA MBI MOXKEM JaJjiee IMOJIYUYUTh IJIUHY
CKauKa €€ BUPTYaJbHOI'O COJMUTOHA (COBEPIIIAEMOr'o CO CKOPOCTBIO C),
ecjy yuTéM, U4TO 4acToTa KBaHTOBBIX Guenwuit v, = m,c’ / h us (15') co-
OTBETCTBYET JJIMHE BOJHEI

r=s =, (21)

v, m.C

KOTOPYIO MOXKHO OBLIO ObI MOJYUYUTL M3 BbIpaskeHusa (20) o IIMHBI
BOJIHEI ie Bpoitnsa npu ¢pusnuyecKr HEKOPPEKTHBIX, HO JIOTMYECKHU II0-
HATHBIX IIapaMeTrpax m =m,, U =c. JlJIa 2JIeKTPOHA ¢ Maccoil MOKos
m, =m, JIIUHa A, CKauyKa BHUPTYaJIbHOTO COJIMTOHA MEXKIY ABYMSA
«KOPHYCKYJIAPHBIMU» (CIKATBLIMH) Pealn3alusaMy KBAHTOBBIX OuMeHU
COBIIa/laeT C KOMIITOHOBCKOI AJIMHOM BOJIHBI A, , UTO JAa€T €€ HOBYIO UH-
TEPIPETAII0 C TOUKM 3PEHHUA CJOKHON NUHAMUKHU 3JeKTpoHa (cM.
Tax:Ke HUKe):

Ap = R (21"
m,c

BcenencrBue pyamamenTanbHOM cBA3u (14) MeKIy Maccoi-sHepruei
U BpeMeHEM, CJIOKHO-INHAMUYECKOoe JUCIIepCuOoHHOe cooTHOoIeHue (19)
oTpasKaeTcs TaKsKe Ha OTHOCUTeJbHOCTU BpeMeHu. IlogcraBiasa (19) B
BBIPasKeHMe pacupenenenusa sHepruu (16) u ucmoabaysa (14), morydaem
Kays3aJbHO 000CHOBAHHOE BhIPAKEeHNe 0MHOCUMEeAbHOCIU 8PeMeHU KaK
COOTHOIIIEHNE MeKIy BHEIIHe M BHYTPeHHEe M3MepPAeMbIMU BPEeMEeHHBI-
MU IIepuogaMu (KBaHTOBBIX OueHMT) T u T AJIA ABUIKYIIECAa YaCTUIIBI:

2

=T 1—’;—2 . (22)

Msbr sicHO BUAWM B3AEeCh QuU3UUECKU DeasbHoe, CLONHO-OUuHAMUUEeCKoe
npoucxoxderHue OTHOCUTEJHHOCTH BpeMeHHU (B oTJInume OT (hpopMasb-
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HBIX IIOCTYJIATOB CTAHAAPTHOM TeopHHW oTHOocuTeabHocTu) [10, 12-14,
17-19, 24]. ITocKOJBbKY OAMH U TOT K€ CIOKHO-TUHAMUUECKU ITpoIiecc
KBaHTOBBIX OMEeHU JaéT HAUaJI0O KaK «KauaHIIo MaATHUKA» (PU3NUYECKH
peanlbHBIX YacoB, OIMpeNesdionieMy (pyHIaMeHTAJLHBLIN XOI BpeMeHU
(ducTo cayuaiiHad OIUHAMUUYeCKas TeHIEHIINMsS IIePBOTO cJaraeMoro B
(16)), Tak u riIoGaJbHOMY ABMKEHUIO UACTUIIBI (BHEIIIHE pPeryJsapHas
TeHJEHIIA BTOPOro cjaaraemoro B (16)), To BHyTpeHHNME Yachl CUCTEMBI
OyIyT 3aMeAJIATHLCS C POCTOM CKOPOCTH II00AJIBLHOrO ABUMKEHUI v, T > 1,
13-3a TOTO, UTO BCE OOJIBINAA YacTh IIOJHOI sHEePTUuu OyAeT IMepexXoquTh
U3 IIePBO# TeHAeHIINY (BHYTPEHHNE Yachbl) KO BTOPOH (Ty100aaIbHOE IBU-
JKeHue). Biaromapsa yHmBepcaJbHOCTH HAIIMX KOHIENIUII BpeMeHH,
MAaCCBLI-9HEpPTUU U IBUKEHUA, STOT Pe3yJabTaT He 3aBUCUT OT pasMepa 1
MexXaHM3Ma JIIOObIX peaibHBIX YacOB, OTMEUaloluX X0I BpeMeHu (pas-
pelras, TaKUM 00pa3oM, eIié OOHY «3aragKy» OOBIYHOM TEOPUU OTHOCH-
TeJILHOCTH).

1 TOro YTOOBI IOJYUYUTEh CTAHIAPTHOE, HeIIOCPEICTBEHHO 13Mepsie-
MoOe BEIpasKeHUe 3TOoI Kay3aJbHO 000CHOBAHHOM OTHOCUTEILHOCTH Bpe-
MeHU, MbI UCIIOJIL3yeM JOMOJHUTEIbHOE COOTHOIIIeHe Mexkay T, T u me-
pHuoOAOM KBAHTOBBIX OMEHUH B IOKOAIIEMCA cucTeMe OTcuéra T, WU
MeXKIy COOTBETCTBYIOITUMH YacToTaMu N, vH Vv, :

Nv=(v,), Tr=(g,)" (23)

9TO COOTHOIIIEHME BhIpasKaeT (PU3UUECKU SCHOE IIPOSBJIEHNE COXpame-
HUSA YKCJIa Peasus3aIiuii CUCTeMbI, BEIPAKaeMOoro YaCTOTaMM, UTO SABJIS-
eTcs Bepcruell YyHUBEPCATbHOIO 3aK0HA COXpaHeHud caoHocTu [10, 12—
14, 17-19, 24]. Uckaoouasa mpaMo He usmepsemoe 1 us (22) ¢ IoMomib0
(23), moryuaem 3HaKOMOE BhIpaKeHle OTHOCUTEeJIbLHOCTH BPeMeHU, HO B
KOTOPOM Tellepbh KaK caMoO BpeMs, TaK M ero OTHOCUTEJIbHOCTD (CBSA3H C
IBMKEHMEM) 00peTaoT (pusnUecKy peajbHOEe U YHUBEPCAJIbHOE IIPOYC-
XOMKAeHre:

(24)

Hcmonb3ysa 9TO BhIpaKeHHe Kays3aJbHOW OTHOCHUTEJIbHOCTH BpPEeMEHU
BMecrte ¢ (19) u (15) B ypaBHenuu (16), npuxoaum K Kay3aibHo 000CHO-
B8AHHOIU OMHOCUMEJbHOCU MACCHL:

L (25)

9o maéT majabHelIee paciiupenne KOHIMEIUY CJA0MKHO-TNHAMUIEeCKO
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Macchl, HOJUEPKUBAA TOT (paKT, UTO J000e TyIoDaIbHOe, JaKe BHEIIIHE
peryiaapHoe IBUKeHEe BOSHUKAET JIUIIMh KakK YaCTUYHO YIIOPAIoUeHHA T
TeHJEHIINA B IIPoIiecce OUHAMUYECKU CAYHAUHbLX CKAYKOB MEKIY pea-
JIU3AIUAMU CUCTEMBI, TIe KaXKIbIH CKAUOK Jaske B paMKaX 9TOM «caMo-
OPTaHM30BAHHOM» TJIOOAJTLHOI TEHAEHIINM COBEPIIaeTCsa HelpeacKasy-
€MbIM, BEPOATHOCTHLIM 00pas3oM (C HEeCKOJIbKO 00JbITell BePOATHOCTHIO
MIOIIafaHusA B 3Ty TeHIEHIINIO), TaBas BKJIA B TOJHYIO MACCy CUCTEMBEI.

Temeps MBI MOKEeM PACCMOTPETH APYTHE CBOMCTBA, BO3HUKAIOIINE B
TOM JKe IpoIlecce HepeayIIMPOBAHHOTO B3aNMOIEHCTBUS ABYX HTPOTOIIO-
Jel U DOIOJHSIONINEe CaMOCOTJIaCOBAaHHYIO KaAPTUHY CBOMCTB U IOBEe-
HuA yactull. HauHéM ¢ o0bsAcCHeHuA HaOJI0LaeMOro UIMCcJa IPOCTPaH-
CTBEHHBIX M3MepeHMii, N, =3, Kak II00aIbHOr0 YKCIa PeaJus3anui
CHUCTEeMBbI B3aMMOIEHCTBYIOINUX ITPOTOIOJIEH PaBHOTO YMCJIY B3auMO-
IEeMCTBYIONINX CyIIHOCTell (cM. oOcy:kaeHme 1mocie ypaBHeHus (6)),
IBYX IIPOTOIIOJIEH IIJIIOC CBS3BIBAIOIlee B3auMoeiicTBue. B ob1em ciry-
yae, BCceJleHHAaA, BOSHUKAIOIIASI U3 N IIPOTOII0JIeH, CBA3aHHLIX m (TJI0-
0anbHBIMU) B3aMMOJEHCTBUAMU, AOJKHA HMeTb N, =n-+m TIJo-
0aJIbHBIX IIPOCTPAHCTBEHHBIX M3MEPEHUI, UTO SACHO yKasbIBaeT Ha TO,
YTO KasKJasd JOTOJHUTeIbHAS QyHIaMeHTaIbHAA CYIITHOCTD (TaKasd Kak
Beslecylllee B3aMMOJeIHCTBYIOINee II0Jie) MaéT MOIMOJHUTEILHOe IIPOo-
cTpaHcTBenHOe mamMepenue. CyIliecTBeHHO, UTO Hallle (PU3UUECKU pe-
alrbHOe IIPOCTPAHCTBO BO3HMKAET KAaK BeI[eCTBEHHOE CJOMKHO-
INHaMHUUYeCcKoe IepeleTeHre B3auMOJIEMCTBYIOIIIUX CYIIHOCTeH, Tie
HabJII0aeMoe moaobue IPOCTPAHCTBEHHBIX M3MEPEeHU IoIpasyMeBaeT
CTOJIb JKe TJI00aJbHO OJHOPOAHYIO M HPAMYIO CMeCh B3aMMOJeHCTBYIO-
X KOMIIOHEHT, 6e3 CIIeIlMaJbHOr0, BLIJEJIEHHOTO cTaTyca JI000H u3
HUX (KaK y moJid Xurrca B 00ObIYHOM TEOPUN).

Hanee, aTOT mpollecc B3auMoJelcTBUA IpoTomnoyueii ¢ N, Trio6ais-
HBIMHU peau3anusaMu (IPOCTPAHCTBEHHBIMY N3MEPEHUIMH) PACIIeILIs-
eTcs, KaK MBI BUJeJIN, HA MepapXuio JOKAJbHBIX peaausanuii, HaunHas
C MaCCHUBHBLIX YAaCTHII, IPEACTABJIAIONINX CO00M AUHAMUYECKM MHOTO-
3HAUYHbIE IIPOIeCChl KBAHTOBLIX OMEHUI, KOTOPhIe 00pasyioT HabIroae-
MYI0 OOBIYHYIO, «TAMKENYI0» mameputo (TAaKOBO, CTAJIO OBITh, €€ CTPOroe
dusuKo-MaTeMaTUYeCKoe OIlpelesieHne, OTCYTCTBYIOIIlee B OOBLIYHOI
Teopun). IIpoilecc KBAHTOBBIX OMEHUN BHYTPU KaXKI0H MacCUBHOM, Ma-
TepUaJbHONU UYACTHUIILI IIPOM3BOAUT (pacIpocTpaHdoIlnuecs) gedopMa-
IIUY B OKPYIKAIOIeM MaTepruaje KaxkJaoro IIPOTOII0JSI, KOTOPhIE BIUAIOT
Ha ero CBOIMCTBA M TaKMM 00pasoM JaioT Hauayo (MakCUMyM) mn (QyH-
damenmanvHblM CULAM OANbHez0 83AUMO0elicmEUs N TUIIOB MeXKIY II0-
Je-yactuiamu (rae KasKIObIA TUII B3aMMOJIEHCTBUS IepemaéTcs uepes
CBOE «IIOpOKaaloIee» IpoToroe). oA HaIIero mpocTerInero ciydas
IBYX IIPOTOIIOJIEH ¢ eIMHCTBEHHOUN CBA3bI0 MoJiyuaeM aBe ((paKkTuuecKu
HabJII0aeMble) JaIbHOIEHCTBYIOIME CUILI PA3HOTO TUIIA, dJIeKTpoMAar-
HUTHYIO X TPAaBUTAIIMOHHYIO, UTO OOBACHSAET KaK MX peabHOe IPOUC-
XO0KIeHNe, TaK U IPUHATHIC Ha3BaHUA, YKUCJIO U POJIU UCXOAHBIX IPOTO-
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TIOJIeH.

Mebr mostyuuM TakKe n GYHOAMEeHRmaabHblX KOpOmKooeiicmayrnuux
CuJl, BOSHUKAWOIIUX M3 IPIMOTO JIOKAJIbHOTO B3aMMOJIEHCTBUI MEXKIY
(0OBLIYHO He paspelaeMbIMU) 3JIEMEHTAPHBIMU COCTABJIAIOIIUMU COOT-
BETCTBYIOMINX IIpoTomosieii. [leficTBUTENbHO, MBI HabJI0gaeM B TOUYHO-
CTU JIBe KOPOTKOAEMCTBYIOIINE CHJIBI AJId Hallleil BcesJeHHOU (n = 2),
rae «cjaboe» B3aMOJEMCTBIE €CTECTBEHHLIM 00pa3oM acCOIMUPYETCs C
IPAMBIM B3aUMOAEHCTBHEM MEXKAY COCEeTHUMU KOMIIOHEHTAMU 3/M-
IPOTOMOJA (UTO HAET peasbHOE (hU3UUEeCKOe IPOUCXOKIeHIIEe CTAHAADT-
HOI OPMATILHOM «3JeKTPOoCcIaboil CHMMETPUN » , TETIEPh C CAMOT'0 Hava-
Jla eCTeCTBEHHO <«HapyIIMeHHOM»), TOraa KaK «CUJIbHOE» B3aMMOIei-
CTBUE IIPOUCXOIUT U3 IIPAMOrO B3aMMOJAEHCTBUSI MEKIY dJIeMeHTaMU
TPaBUTAIIMOHHOTO IIPOTOMHOJIA (UTO OaéT MHTEPECHYI0 HOBYIO CBA3D
Me:KJIy TPaBUTAIIMOHHLIM M CHUJIbHBIM B3aMMOAEHCTBUSAMU, IIPOUCXO-
IAMIMMEA U3 OTHOTO M TOTO Ke, 'PaBUTAIIMOHHOTO IIPOTOIOJsA). Boiee
TOTO, MOCKOJBKY KOHEUHBIM HCTOUHHKOM CHJILHOTO B3aMMOIENCTBUSI
SABJIAIOTCS MPaKTUUYECKU He paspelllaeMble KBapKU, TO HETPYIAHO IPUii-
TH K BRIBOZY, UTO HAaIlle I'PABUTAIIMOHHOE IIPOTOII0Je MOKET ObIThH OIIH-
CaHO KaK ILJIOTHBIM KBapKOBBLIN KOHIEHCAT, I'Zle «OTHeJbHBIN» KBapK
MOJKeT Ha caMOM JeJie 0o He CYIecTBOBATh KaK TaAKOBOI (IIOABISIACD
JIUIIB B IIPOIleccax B3auMomeiicTBuil), b0 ObITH IpeacTaBIeH ddeMep-
HOH ¥ XaOTUUECKU MEHSIONIeca MO0 KBAHTOBOTO OueHus 6oJiee IIy-
0OKOT'0 YPOBHS CJIOYKHOCTH. JTAa KapTUHA IOATBEePKIaeTcA 1 HeJaBHIU-
MU SKCIIePUMEHTaMH II0 CTOJIKHOBEHUIO BEICOKOIHEPTETUUECKUX TIMKE-
abIx Axep [38], roe okumaemMas «KBapK-TJIIOOHHAS IIJIadMa» IeMOH-
CTpUpOBajJia CKOpee IIOBeleHNE IIJIOTHOM KUAKOCTH, UeM «Trasa» Wus3
npenckasauuit CTaHIapTHOI MOJENN, CBSIBAHHBIX C €€ NHTepIIpeTanueii
ABJIEHUSA yIepiKaHus KBapKoB (KOTOpoe TaKiKe mIpuobperaeT Kaue-
CTBEHHO HOBOe, (GPU3MUECKH peajbHOe M CAMOCOIJIACOBAHHOE O0bhACHE-
HUe B HaIlleil KapTuHe).

K sTromy Heo6xoamMoO M00aBUTH, YTO CTPYKTYPHI PeasLHOTO MHUPA,
HECOMHEHHO, aCUMMETPUYHO «CMEIeHLI» B CTOPOHY HaMHOro 6oJjiee
JIETKOTO U Ae()OPMUPYEMOTro,/3JIACTUYHOrO 3/ M-IIPOTOIIOIA, UTO 00'bsC-
HSeT CYIIeCTBeHHO 3JIEKTPOMATHUTHYIO IUHAMUKY MUPaA U OTHOCUTEJIb-
HYIO cJIab0oCTh ero I'paBUTAIIMOHHBIX B3aMMOIEHCTBUH (CM. TaK:Ke HU-
xKe).

CyIllecTBEHHO, YTO B 3TOH Kay3aJbHO BO3HUKAIOIIEH CTPYKType ua-
CTUIl, U ToJjell (X B3auMOeiCTBUII) ¢ HAOJIOJaeMBLIMH CBOMCTBAMU
dyHIaMeHTaJIbHbIe CUJIbI B3BAUMOAeCTBUA MOJIYyUalOTCA ¢ CaMOT0 Haya-
Jla B ecmecmeenHo K8AHMOBAHHOI 1 JuHaMuyecKu 066e0UHEHHOL Bep-
cum [10, 12, 13, 17-20, 24], 6aarogapsa ux o0IIeMy UCTOUYHUKY B BUIE
KBaAHTOBBIX Ouenuii. Bce ueTbipe GpyHAaMEHTAIbHBIX CUJILI B3aNMO/eli-
CTBUS 00beIMHEHELI B Ipollecce KBAHTOBBIX OMeHU (0cO0eHHO B ero (a-
3¢ MaKCHMAJLHOTO CiKaTHUsS B BUPTYAJbHBINA COJHUTOH OJid 6oJjiee Mac-
CUBHBIX, aAPOHHBIX YaCTUI), TOTIa KaK UX JUHAMUYECKU THUCKpPeTHasd,
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KBaHTOBAasA CTPYKTypa 00yCcJIOBIeHA TUKJIAMU KBAHTOBBIX OMEeHMIA.

B cayuae s/M-B3auMomelcTBUA 9Ta KBaHTOBAsA CTPYKTypa peaausy-
eTcsA KaK o0MeH (hu3nuyecKu peaJbHLIMEU (oToOHaAMU (B OTJIMYNE OT KAaHO-
HUYECKUX «BUPTYaAJbHBIX» (DOTOHOB), KOTOPHLIE IIPEACTABJSIIOT COO0OI
ciaabnle, KBasuUJIMHENHBIEe W TOTOMY Oe3aMaccoBble aedopmarnum 3/M-
npoTomoasa. OTMeTuM, 4TO 3T0 PUUUECKU SCHOE HIPOUCXOXKIeHue (o-
TOHOB B HAIIIeM ONMCAHWU, B IIPOTUBOIIOJIOMKHOCTL aOCTPaKTHON «Ka-
JUOPOBOUHOII MHBapMaHTHOCTH» B CraHgapTHOW MoOJeln, KoTopas
ITOJKHA OBITH IIOTOM «CIIOHTAHHO» HapyIlleHa HOJ MeHCTBUEM CIIeIlu-
aJIbHO BBOAMMOTO IT0JA XUITCA, JUIMIL IIOATBEPKIaeT U30BITOUHYIO U
IIPOTUBOPEUUBYIO IPUPOAY IIOCIETHET0, CBA3AHHYIO0 UCKIIOUUTEIHLHO CO
cruenu(UKON abCTPAKTHOTO IIOAX0Aa OOBIUHOM TEOPUM IIOJA, €€ «(PYH-
JTaMeHTaJbHLIMU», HO B UTOTE€ «HAPYIIEHHLIMU», UJIIIO30PHLIMU CUM-
MeTpUAMHU (B IPOTHUBOIOJOMKHOCTD HAIIIEN HeHAPYUlaeMmoil YyHueepcaiy-
HOUl cuMMempuu CAOHHOCMU, O0BEIUHAIOIIEHN BCe PeaibHbIE CTPYKTY-
p®I m 3akoHbI [10, 17-20, 23-27]).

B cayuae rpaBuTanuu, BEICOKAA MJIOTHOCTh U B3aUMOIelicTBUA Ipa-
BUTAIIMOHHOTO IIPOTOIIOJS HEe MOTYT OBITH COBMECTHUMELI C PacIpocTpa-
HeHHeM peaJbHOro (KBas3suCTabMJILHOTO) «I'PaBUTOHA», TaK UTO I'pPaBU-
Tanuga nepegaérTcad KBAHTOBAHHBIMU MOIYJIAIUAMHU IIJIOTHOCTH IIPOTO-
IIOJIsA, KOTOPhIe OBICTPO TEPAIOT CBOIO MHAWBUIYAILHOCTDL C PACCTOSHU-
eM (UTO O0BSCHSET M OTCYTCTBME T'PABUTAIIMOHHOTO OTTAJKUBAHUA).
OueBUIHBIM TaK:Ke ABJIAeTCA TOT (aKT, UYTO KaK 9/M-, TaK U I'paBUTAa-
IIMOHHOE B3aMMOJENCTBUA eCTeCTBeHHBEIM 00pa30M IMOAUNHSAIOTC 3aKO0-
HY OOpaTHBIX KBaJApaTOB YOLIBaHUS C PACCTOAHHEM, IIPOCTO B CHUJIY
HaJU4YUsA POBHO TPEX (Temeph Kayl3aJbHO OOBACHEHHOE YMCJIO) IIPO-
CTPAHCTBEHHBIX U3MEPEHUI.

ITonryuenHas KaysaJbHO OIpemesIEHHAA M BHYTpeHHe o0bequHEHHA
CBA3b MEXKAY UMCJIOM HAUYaJbHBIX (PYHIAMEHTAJBHBIX CYIIIHOCTeI (Ta-
KMX KaK HAaIllF IIPOTOIIOJ), YHUCIOM POMKIAIOIINXCA U3 HUX IPOCTPAH-
CTBEHHBIX M3MepeHWuil U YucjaoM (PyHIAMEHTAJIbHBIX CHUJ B3aWMOeli-
CTBUS MEXKAY YaCcTHUIIAMU O3HAYAeT, UTO JIiIo0asd JOIMOJHUTENIbHAS CYIII-
HOCTBH, TaKasd KaK Besjecyllee mmojie XUITca, JOJKHA AaBaTh HAUYAJO
00JIBIIIEMY YHCJIY CUJ U U3MEPEHUN, UTO IPOTUBOPEUUT HAOIIOAeHUIM,
MIOJTHOCThIO ITOATBEPKIAIONIMM HAallle MUHNMAJIbHO BO3MOKHOE UKCJIO
OCHOBOITIOJIATAIOMINX CYITHOCTel. MOMKHO OBIJIO OBl ITPEAIIOJI0KUATE, UTO
mojsie XUrTca Ha caMOM Jejie UTPaeT POJib CBSA3U IIPOTOIIOJeH B HaIllei
KapTuHe, HO TaKas WHTePIIpeTalusa IPOTUBOPEUNUT KaK IIPUPOIe B3au-
MOJIEVICTBUS IIPOTOIOJIEN (IPOUCXOAAINETO, B KOHEUHOM CUETE, OT pas-
JIeJIeHUs B IIPOIILJIOM O0beIMHEHHBIX CYIITHOCTEMH), TaK U CBOMCTBAM IO-
s Xurrca, KOTOPOe IIOCTPOEHO U3 VKe MACCUBHBIX YACTHUIL, B3aNMOIEH-
CTBYIOIIUX C APYTUMHU DJIEMEHTAPHBIMU UYACTUIIAMU, U T.O. IlosToMy B
HAIlleM OIMCAHNY JII00asd JOIOJHUTENbHAA CYII[HOCTL ObLIa OBl oIIpee-
JIEHHO M3JIUIITHEeH Ha JaHHOM JTalle U MOYKeT OBITh J00aBJIeHAa TOJLKO B
caydae IBHOW HeOOXOAMMOCTHU C TeM, YTOObI 00BACHUTEL HAOJII0gaeMble
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CBOICTBa, KOTOPbIe HUKAK HE OIMNMCBHLIBAIOTCA B IIOJYUYEHHON KapTUHE
(ToKa uTo TAaKOBBLIE OTCYTCTBYIOT).

OueHb BajKHBIM SABJSAETCA TOT (haKT, UTO IPEAJIOKEHHAA KOHIETIUA
CJIOKHO-TMHAMUYECKON Macchl, BOBHUKAIOIIEHN B CUCTEME JBYX B3aUMO-
ITEeMCTBYIONINX IITPOTOIIOJIEH, BKJIIOUAET ecmecmeeHHO 00se0uHéHHbLe
(U1 «dKBUBAJIEHTHBIE» ) UHEPUUAJLbHBLI U 2pABUMAUUOHHBLI ACTLeKMbl
(u nposenenus) maccol, TAKUM 00pa3oM, ms3beras ¢ caMoro Hadaja 3U-
SIIOIETO OTCYTCTBUA KAKOT0-JI100 IPaBUTAIMOHHOTO acCIIeKTa B MOJAEJIN
Xwurrca. B cooTBeTcTBMU ¢ OnMCAaHHOM 001Ieil KapTUHOM, TPaBUTAI[MOH-
HOe B3aMMOJIEHICTBUE MEXK Y YacTuIlaMu (1 MaKPOCKOIMYECKUMHU TeJia-
MHU) IepefaéTca uepes IpaBUTAIIMOHHOE IIPOTOIMOJIEe, JOKAJILHO aedop-
MHUPyeMOe COOTBETCTBYIOIIIMME IpoIleccaMl KBAHTOBBIX OWeHM’Ii, U IIO-
ATOMY €CTECTBEHHO ITPOIIOPIIMOHAIBHO YaCTOTEe KBAHTOBBIX OMEHMI UJIn
(penATUBUCTCKOM) nHEPTHOH Macce. ILIOTHOCTh IPaBUTAIITMOHHOTO IIPO-
TOMIOJISA, OIPENEIAIONTaA JOKAJIbHYIO YaCTOTy KBAHTOBLIX OMEHUI, CTa-
HOBHUTCS HEOJHOPOTHOI B IPUCYTCTBUMN MACCUBHBIX TeJI (TO €CTh APYTUX
IIPOIECCOB KBAHTOBBIX OMEHMIT), TaKk UTO BMecTO ypaBHeHU: (14') MbI
oJIyJaeM:

M(x)¢* = hv(x) = mc*/g,, (), (26)

rae v (x) — JOKAaJbHAas YacTOTa KBAHTOBLIX OMEHUH IIPOOHOM YaCTUIIhI,
M (x) — eé ToJTHAadA Macca, m — e€ PeJIATUBUCTCKAs Macca B OTCYT-
CTBHE T'PABUTAIIMOHHOIO IMOJA (IPYTHUX TeJs), a OOLIYHAS «MeTpuKa»
& (x) <1 ommchIBaeT HA CAMOM Jiejie pacIiipeiejieHne JOKAaJIbHOM IJIOT-
HOCTM  TIPaBUTAIMOHHOTO  IpoTomoJida. [ia  caaberx  moseit
oo (x) =1+ 20, (x)/02 , T/e @, (x) < 0 — moTeHIIMAJ TPABUTAIIOHHOTO
mons [39]. IlocKoabKy v x) oIpeesaeT JOKAJIbHYI0 CKOPOCTh TEUEeHU A
Tereph Kay3aJbHO ONPEAEJIEHHOTO BpEMEHM, MbI IIOJyUYaeM, KaK CJIEy-
eT u3 (26), peasbHOe (puU3MUECKOE IPOUCXOXKAeHNEe (Kay3aJbHO BLIBE-
IeHHoTo) adhdeKTa OTHOCUTEILHOIO 3aMeJIeHnusA X0Ja BpeMeHH’ B I'pa-
Buranuouuom moge [10, 12, 14, 17-19, 24], BmecTo QPopMaIbHBIX IIO-
CTYJAaTOB O «Ie(hopMUPOBAHHON» TeOMETPUUECKON «CMecu» abCTpaKT-
HBEIX IIePEMEHHBIX IIPOCTPAHCTBA I BPEMEHH.

TakuMm o0pasoM, Hallla KOHIIENIINA CJIOMKHO-TUHAMUYECKON MacChl
BKJITouaeT 5PeKThl He TOJNbKO CIIeINaJIbHON TeOPUN OTHOCUTEIbHOCTH
U TpaBUTAIIUU, HO U OOINEH TeopuH OTHOCUTEIbHOCTH, Telleph B Kay-
3aJILHON U ecmecmeeHH0 K8AHMOBAHHOU BEePCUU. IKEUBALEHMHOCHb
CBOMCTB MHEPIIUAJIBHON 1 I'PABUTAIIMOHHON MAacChl ABJISIETCI HEOTHEeM-
JIEMOTi YaCThIO 9TOI CJA0MKHON TMHAMUKY KBAaHTOBBIX OMeHUIi. ITOT ypo-
BeHb O0beIMHEHUS BBIXOAUT JaJIEKO 3a Ipemesbl orpammdenuit CraH-
IapTHON MOmenn. B 4acTHOCTH, CJIOXKHO-IUHAMHUYECKOe KBaHTOBaHUE
rpaBUTAIlMU B HAIleM OIIMCAHUU He TpeOyeT BBeAeHUA JOMOJHUTEIbHO-
I'0 OJISI «I'PABUTOHOB» U CBA3AHHBIX C HUM YCIOMKHEHHBIX (DOPMAJIBLHBIX
KOHCTPYKIINII OOLIYHOII TEOpHU, TOT[Ja KaK CYII[eCTBOBAHNE PeabHBIX
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TPABUTOHOB B BUE JOJTOKUBYIIINX MUKPOBO30YKISHUH I'paBUTAIIMOH-
HOT'O IIPOTOIOJS (KBapKOBOTO KOHIEHCATa), TaK JKe KaK U KJaccuue-
CKUX I'PABUTAIIMOHHBIX BOJH B IIPOTHUBOIOJJIOKHOM MaKPOCKOITYECKOM
mpeznese, IPEICTABISIETCS MaJOBEPOATHBIM M3-3a BBICOKOM IHMCCHIIA-
TUBHOCTH IJIOTHOTO M CHJIbHOB3aMMOJEHCTBYIOIIEr0 KBAaPKOBOI'O KOH-
meHcara (CM. BBIIIIE), B OTJIHYME OT (POTOHHBIX AHAJOTOB B JETKOM U
YIIPYTOM 3/M-IIPOTOIIOJIE.

Ta Ke CJI0KHO-TMHaAMHUECKasd KOHCTPYKIIMA ABYX B3aUMOJAEICTBY-
IOIMUX TPOTOIIOJeli, Aafoliasd HavaJIo HaO0JgaeMOMYy pPasHOOOpasmio
MACCUBHBLIX IT0JIe-UACTHUIL U UX Telleph 00beIUHEHHBIX CUJI B3aUMO/Ieli-
CTBHs, BKJIIOUAET 1 €CTeCTBEHHOE 00bsACHEHIe 0COOeHHOCTell HabIona-
€MOr0 CIIEKTPAa YaCTUIl, TAKUX KaK BHAMEHUTAA «IIPobJjieMa nepapxuu»,
BBIPAKAIOIAsg OTPOMHOe pasjanune B 17 IopaaKoB MeKIy BeIUNINHAMUI
Macc HauboJiee TAMKEIBIX YACTHUII (B UX BIIOJIHE JOCTATOYHOM MHOI'000-
pasuu), momamaloMMMU B 3JIEKTPOCTIa0bIll 9HEPreTUUEeCKHi MacIiiTad
100 T'sB, u oOBIUHOI IJIAaHKOBCKOI emmHuIeii maccer (10'° I'sB). B
HaIlledl CJIOMKHO-IMHAMMUUYECKON WHTepIpeTalluy MAaCChl CTAaHOBUTCS
oueBugHbIM [10, 13, 17, 19, 24], uTO 5TO OrPOMHOE OTJINYNE HAMOOJIb-
IuX HabJII0JaeMbIX MAacC YaCTHUIL OT IIJIAHKOBCKOM e JUHUILI MACCHI CBS-
3aHO C HEKOPPEKTHHIM WCIIOJb30BAHUEM TIOCTOAHHOHN Y OdanbHolell-
cmeyuezo (HBIOTOHOBCKOTO) TI'DABUTAIIMOHHOTO B3aUMOJAEHCTBUA B
GopMaTbHBEIX Pa3MEPHBIX BBIPAKEHUAX A MJIAHKOBCKUX eIWHUII,
OIIMCHLIBAIOIIIMX Ha CaMOM Jiejie Kopomkodeilicmayouw,uili maciiTad B3au-
MOJeliCTBUII BHYTPHU BUPTYAJHbHOTO COJIMTOHA, T.6. KOPIYCKYJIAPHOTO
COCTOSHUSA MAKCHUMAJLHOTO CXKATUA CBI3AHHBIX IPOTOIIOJIEl B IIPoIiec-
ce KBAaHTOBLIX OMEHUIA.

OOnIuHasA, MaJbHONENCTBYIOIIAA TpPaBUTAIIMOHHAS TOCTOSAHHASA Y
OIMCBIBAET Ha CAMOM JeJjie KaUueCTBeHHO OUeHb «IJUHHBIA» U HeIIPAMOI
IyTh IIepefaud TPABUTAIIMOHHOTO B3aMMOAENCTBUA OT BO3MYIIEHUS
9/M-IIPOTOIIOJIA IIPOoIleccaMi KBAHTOBLIX OMEHUH OJHOTO U3 YUACTHUKOB
B3aNMOJIECTBUA K COOTBETCTBYIOIIUM JIOKAJbHBIM M3MEHEHUAM MAaT-
PHUIIBI TPABUTAIIMOHHOTO IIPOTOMOJIA, 3aTeM dYepe3 I'PaBUTAIIMOHHOE
IIPOTOIIOJEe K MECTOHOJIOMKEHUIO APYTroro YUaCTHUKA I'PaBUTAI[MOHHOTO
B3aMMOJIECTBUSA 1, HaKOHEIl, OT 'PAaBUTAIIIOHHOTO K 9/M-IIPOTOIOJIIO B
aTOoM MecTe. Bee 9Tu cBsa3u 9pPeKTUBHO CJIA0LI 113-3a CBOETO «HABEIEH-
HOT0» U «OIIOCPEIOBAHHOTO» XapakTepa (TaK ke KaK U M3-3a OTMEYeH-
HOT'O BBIIIE «CMEIIeHUS» CTPYKTYP PeaJbHOro Mupa oT 3(PPeKTUBHO
CKPBITOTO U JIUIIE CJIA00 B3aUMOAENCTBYIOIIEro I'PaBUTAIIIOHHOTO IIPO-
TOIOJISI K HEIOCPeACTBEHHO HabJogaeMoMy uHTepdeiicy 5/M-
IIPOTOIOJIA), UYTO O0BSICHIET M XOPOIIIO M3BECTHYIO CJIab0CTh I'paBUTA-
IIMOHHOTO B3aMMOJENCTBUA II0 CPABHEHUIO C 3JeKTPOMATHUTHBIM (Ia-
Basi TEM CAMBIM JOIIOJHUTEJIbHOE MOATBEPIKACHIE Halllel KapTUHBI).

B oTsinune oT 9TOro, MpoIlecchl 6JIN3KOAeiCTBUA, OIIPeaesaIolie 00-
pasoBanue (HarboJsee TAMKENBIX) BUPTYAJIbHBIX COJIUTOHOB, BKJIIOUYAIOT
MPaKTUYECKU IIPSAMEBIE M CUJIBHO JOKAJM30BAHHBIC B3aMMOIENCTBUS
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IIPOTOIOJIEH, T/le OOBIYHOE BHAUYEHUE Y AJIA JAJIEKOTO U ¢1aboro B3auMo-
IefCTBUS SOJIKHO OLITH 3aMeHeHO 5(p(heKTUBHBIM 3HaUeHNeM AJIS 0JIMn3-
KOI'0O ¥ CHUJIbHOTO B3aMMOJeICTBUA Y, >> Y, KOTOPOe MOKeT OBITh IIOJIy-
YeHO KaK pas M3 DTOTO OTPOMHOT0 PasInymUsa MEKAY peajJbHO HaOII01a-
embiMu, m,, c® =10° ToB, u rpagunuonnsivu, m ¢’ =10 ToB, sHave-
HUAMH ILIAHKOBCKOI Maccsl, v, = (m, /m,, )y = 10*y.

Bce peanbHO HabsiotaeMble 9KCTPeMaIbHbBIE 3HAUEHUA MACCHI U JIPY-
T'UX IapaMeTPOB YACTHUIIL IOJIYUAIOT, TAKUM 00pasoM, Kay3aJbHOe 1 pea-
JIMCTUYHOE 00'bsICHEHNE, 0e3 BBEAeHUA N30BITOUHBIX BUIOB YACTUIL UJIN
«CKPBITHIX n3MepeHmnii» [40, 41] u B TOJTHOM COOTBETCTBUY C OUEBUIHON
JOCTaTOYHOCTHIO HabgogaeMoro crnekrpa uactui [10, 13, 17, 19, 24].
OTcroma cienyer, 4UTO (paKTHUUeCKM OeCCMbBICIEHHBIE TPaIUI[MOHHbBIE
3HAYEHUS MJIAHKOBCKUX €IUWHUIL JOJIKHBI OBITH MCKJIIUEHBI 13 MHOTO-
YMCJEeHHBIX (QyHIAMEHTAJbHBIX ITOCTPOEHUMN OOBIUHONM Teopuu (HAIPU-
Mep, B KOCMOJIOTUY WJIM KBAHTOBOM I'PaBUTAIININ), UTO 03HAYAET UX CY-
IIeCTBEHHYIO MOAU(PUKAIIUIO.

Eiié onmo, HesaBuCcuMOe HOATBEP K AeHNe 3HaueHnud mopaaxka 100 I'sB
ISl peajbHOM IJIAaHKOBCKOM €MMHUIIBI MacChl (OIpeesaionieil MaKkcu-
MaJbHYI0 BeJIUUYMHY HEPaspyIIaIINero B3auMOeHCTBUA IIPOTOHOJIEeTt)
maérca eé OJIM30CThI0O K Macce HamboJsee TAMKEIBIX (MeTa) CTaOMIbHBIX
Anep, IOCKOJBKY aTOMHOE AP0 C CUJIbHO CBASAHHBIMU KOMIIOHEHTAMU
MOKET pacCMaTPUBAThCA KAK eqUHBIN CJI0KHO-TNHAMUYECKUN KBapKO-
BBIN arjoMepar, IOJOOHBIN OOJBIIION aJpPOHHOIN 3JIEMEHTAPHON YacTH-
me. Macca 1100070 TaKOTro KOMIAKTHOTO aJPOHHOTO 00BEKTa B BUJIE KaK
9JIEMEHTAPHOM YaCTUILBI, TAK M aTOMHOIO spa, NpeBbIIIAWasd m,, ,
MaJIOBEPOATHA, IMOCKOJbKY OHa TpeGoBasa OBl JJOKAJIbHOM aMILJIUTYAbI
B3aMMOJIEHCTBUA IIPOTOIIOJIEH, TPEBBIIIAIONIEeI 9HEPTUI0 CBA3HU 2JIEMEH-
TOB 3/M-IIPOTOIIOJIA, KOTOPAs NJaéT B HAIIIEM ONMCAHUY Kay3aJIbHYIO UH-
TepIpeTanuio (3JeKTpo)caadoro Mmaciiitaba sHepruii, mexpc2 =10° I'sB.

B nmomonHeHme K macce, Opyzue 8HYmMpeHHUe ceoilicmaea 3jaeMeHTap-
HBIX YaCTHUI[ IOJIYYAIOT Kays3aJbHO IMOJHOE 00bACHEHNE B PaMKaXxX moil
JHe camoil, O0beIMHEHHON KaPTUHBI CJIOKHO-IMHAMUUECKON CTPYKTYPBI
vyactut [9—24]. Tak, asexmpuueckuil 3apad sABAseTCA He UeM WHBIM,
KaK eIlé OqHOM MepOU TOU JKe CI0KHOCTH KBAaHTOBBLIX OMEHUI, B COOT-
BETCTBUM CO CTAHIAAPTHOM CBASHIO MEKAY dJIEMEHTADHBIM 3apAI0M € U
moctoaHHOM Ilmanka A (Temeph IOHHMMAaeMOII KaK KBaHT IeMCTBUS-
CJIO3KHOCTH, CM. BBIIIE): e’ = och (rje o — HOCTOSHHAA TOHKOH CTPYK-
Typel U 7 = h/2r). 910 00BICHSAET YHUBEPCANbHOE (Teleph JuHaAMUYe-
CKOe) K8AHMOBAHUE IJIEKTPUUECKOTO 3apsafa B eIUHUIAX e, IoH00Hoe
KBAHTOBAHUIO JEUCTBUA-CIOKHOCTA B eIUHUIIAX A, HO C aKI[EHTOM Ha
CBOICTBaX 3/M-B3aUMOAEUCTBUA 3JIEMEHTAPHBIX IIPOIIECCOB KBAHTOBBIX
OueHMIi, CBABAHHBIX CKOpPee C MX BPEMEHHBIM (IIePUOAUYECKUM), UeM
IIPOCTPAHCTBEHHBIM (Xa0TUUECKUM) ITOBeleHreM (KakK B cJiyyae Macchl).
YHuBepcaJabHOE TeUueHNe BpeMeHUu BO BcesleHHOI moapasymeBaeT ()aso-
8YI10 CUHXDPOHU3AUUI BCEX dJIEMEHTAPHBIX IIPOIECCOB KBAHTOBBIX Oue-
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HUH ¢ mouHocmbvio 00 00pauienHus (pasvt, UTO O0HACHALT CYIIIeCTBOBAHME
08Yx u MmoabK0o 08Yx TPOTUBOIIOJIOKHBIX BUIOB SJIEKTPUYECKOTO 3apsaaa
(COOTBETCTBYIOIITUX ITPOIlECCAM KBAaHTOBBLIX OMEHHI C IIPOTHUBOIIOJIOMNK-
HBIMU (pasaMu), ¢ HaOJIIOJZAeMBIMU CBOMCTBAMU WX B3aWMMOJEMCTBUI
[10,12,138,17-19, 24].

Emie oxHo cyIiecTBeHHOE BHYTPEHHEE CBOMCTBO, CNUH dJIeMeHTapPHBIX
YacTHUIl, TaKsKe PoKIaeTcsd IUHAMUYECKM, B BUJe Hem30eKHOU, 31ech
CUJILHO HEeJWHENHON 3aBUXPEHHOCTH B/M-IPOTOIOJA, AUHAMUYECKU
C:KMMAaeMOT0 K eT0 KOPOYCKYJIAPHOMY COCTOSHUIO BUPTYAJIbLHOTO COJIM-
roua [10, 12, 13, 17-19, 24]. 13-3a cIBUTOBOI HEYCTOMYNBOCTU IIPOTO-
IMOJIA TaKoe CUJILHO HepaBHOMEDPHOE C)KATHe HMPAKTUUYECKH He MOJKET
MIPOVCXOMUTE BAOJDb IPAMBIX JUHUHN U OyIeT IPUBOIUTE K 3aKPYyUYEHHO-
MY, CIIMPAJIbLHOMY OBUKEHUIO MPOTOIOJSA BOKPYT IEHTPa KayKIOro CO-
KpalleHusa. JHeprud IOKOSd KBAHTOBBIX Omenwmii (15) mMosKeT Temepsb
OLITH IIpeAcTaBjJeHa B IPYroil (opme, OTpasKaiolieil 9Ty BHYTPEHHIOIO
nuHAMURY cnuHa: E, = hv, = ho, = hv,/2+ so, , Toe ®, = 21V, — Kpy-
roBas 4acTOTa KBaHTOBBIX OMeHUIt, a s = /7/2 — HaGJ0JaeMbIil MOMEHT
UMIOYJbCa 3JIEMEHTAPHOrO CcInHa (IJs cilyuas IpocTeuIiero gepmuo-
Ha). CraraeMble B 9TOM BBIpasKeHUH, hv,/2 # so,, MOIyT paccMaTpu-
BaThCS KaK YacTU SHEePrMUM KBAaHTOBBLIX OMEHUI, COOTBETCTBYIOIINE UX
«KojebaTesbHON» U «BpalllaTeJbHOM» KOMIIOHEHTaM. B momonHenue K
MIPOUCXOXKJEHNI0O U KBAaHTOBAHHOMY 3HAUEHHUIO CIIMHA, MBI HOJIydaeM
3Iech KaysaJbHOE IPOUCXOMKIEHUEe MAzZHUMHO020 noas (B ¢dase pacIiiu-
peHus Toil ke 3aBUXPEHHOCTH), B COOTBETCTBUU C 3aKOHAMU 3JIEKTPO-
mumamuiku [10].

E11ié omH0 cooTHOIIIeHNE, CBA3aHHOE CO CJOMKHO-TNHAMUUYECKUM IIPO-
NCXOXKIeHNEeM MacChl, BOSHUKAET KaK MJOMOJHUTeJbHAsd KaysajlbHas
MHTEPIPEeTAIln IIOCTOAHHBIX TOHKOM cTPYKTyphl u Ilnamka, ecau 1me-
penucaTth YIOMAHYTYIO CTaHIAPTHYIO CBA3L MEXKIY €, o0 U I B HOBOIi

¢dopme:
2 2 7\‘
e e2 27[6 kf{e_’}\’C:L’Nﬂe?:l’xC:_c
a A, K m,c o 2n

e

» (27)

rfie M, — Macca IIOKOs dJIeKTPOHA, & A, — KOMIITOHOBCKAadA JJIMHA BOJI-
HEeI (cM. (21')). Orcropa caenyer, uro Ny, =1/ (=137) sagaér wucao pe-
ANU3AYULL JLEKMPOHA, & K, =L,/2n (=3,9-107" cm) dauny snemen-
MapHozo0 CKAYKA 3JeKmpoHa Me:xAy peanusanuaMu (00e BelInUYUHbBI
oIpeieIeHbl C TOUHOCTBHIO O YMCJIOBOTO MHOMKHUTeJ A mopanka nt) [10,
12, 17, 19, 20, 24], mocyienHee Tak:Ke B COOTBETCTBUU C IPEILITYIITUM
omucaHueM B ypaBHeHUaAX (21), (21'). CorsacHo yHUBepCaJIbHON MHTED-
IIpeTanuy 3TON NJINHBI CKauKa (CM. BhIle, A0 ypaBHeHUd (11)), KomII-
TOHOBCKAA JJIMHA BOJHBI COCTABJIAET JUHAMNUYECKU (DOPMUPYIOIIYIOCA
BJIeMEHTapHYIO AJNHY NAHHOTO YPOBHA CJOMKHOCTH, A, =Ax, =AM, .
OrTMeTHM TaKKe WHTEPECHOE COBHAJeHWE WHTEPIPETHUPYEMOU TaKUM
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00pas3oM noCcMmoAHHOU MOHKOIL CMPYKMYPbL O = 1/ N;, ¢ sepoamHnocmbvio
peanusayuu 3JeKmpona o, , JaBaeMoil yHHUBepcaJbHOI (popmyoit (7)
IJIA IUHAMHIYECKOIl BepOATHOCTHU.

JanbHelmne geTaam CJOMKHO-IMHAMUYECKOTO TIPOUCXOKIEHUA
(PpyHIZaAaMEHTAJbHLIX IIOCTOAHHBIX IIOJYYAIOTCA U3 eIlé OqHOM (pOpMEI TO-
I'0 K€ COOTHOIIIeHUus e—/i:

2

h:N‘Je‘ie?:xCpe’xC:Nﬂe?re’ (28)

rne p,=mec=E/c, a r=¢/mc® (=2,8-10" cm) — 0ObIUHBI
«KJIacCUYeCKHUil paguyc» djeKTpoHa. IIocKoMbKY Ipollecc KBaHTOBBIX
OMeHUI KaKI0N YacTUIlbl aBJaAeTcA (cocTaBHO) peanusamnueit III B3a-
uMoeicTByomux mporomnosenn (4), (5), To mepsoe coorHolenue (28)
HOKAa3bIBAeT, 4T0 N§ MIH A ¢ MOKeT ObITh MHTEPIPETUPOBAHO KaK IIH-
puHa ambl A1, e2/ ¢ WIN p, KaK eé COOTBETCTBYIOIAs ITyOnHa, a i Kak
eé «00BEM». B To BpeMsa Kak mupuHAa U riryonaa aMbl 11 pasaudHb! 418
PAa3HBIX BUAOB YaCTHUIl, UX IIPOU3BeAeHNe, UJIu 00bEM aMbl I11, aBiager-
cs YHUBepcaJbHOU BenmumHoil (mocrosuuoi Ilnanka), xapakTepusyio-
el 0aJlaHC MeXKIY CHUJION B3aMMOAEHCTBUA IPOTOIOJEeH M uX medop-
MAaIlMOHHBIMU CBOMCTBAMU (BOBCe He CIydYailHO BBIPAKaeMOM B eqUHU-
max AeNCTBUA-CIOKHOCTH). ITO DPACKDHIBAET KOHEYHOE Kal3aabHoe
npoucxoxcdenue nocmosaunroil Ilnanka hi, a Takxe e€ abCOLIOMHOLL YHU-
8epcasbHOCMU Ha HUMKAUIINX YPOBHAX CIOMKHOCTH, BKJIIOUAA PA3Iny-
HBIE arJioMepaThl YacTUIl, TaKHWe KaK aTOMHBbIe Axpa [17, 19, 20, 24].
OTHOCUTEJBHO IMHUPOKMe 1 Herayooxue peanmsanuu Il Bzammomeii-
CTBYIOIIIMX IIPOTOIIOJIEH, TaKKe KaK IJIA CJAydas dJIeKTPOHA B BbIpaske-
HUAX (28), COOTBETCTBYIOT JIETKUM, JENTOHHBIM dacTunam ¢ Ny >>1 u
a,,0 <<1 (ZJs COOTBETCTBYIOIIMX IOCTOAHHBIX B3aumMofelicTBusa). B
IIPOTHBOIIOJIOKHOM IIpeIebHOM CIyUae, MAKCUMAaJIbLHO TJIyOOKue U V3-
kue peanusdanuu Il ¢ Ny,a. ~1 coorBeTcTByIOT Hanbosee TAMKEIBIM
aIpPOHHBIM YaCTHIIAM WM MX arjoMeparam. Bcé pasHoobGpasue cIieKTpa
HabJI0TaeMbIX YACTHUI[ M WX TECHBIX CKOILJIEHWIl yMeIaeTcsa MeKIy
9TUMH OBYMSA IPeNebHBIMU CAYUYaAMU, C COXPAaHEHUEM IIOJYUYeHHBIX
OO0IIMX COOTHOILIEHUH 11 YHUBEPCAJIbHBIX KOHCTAHT.

Bropoe BeIpaxenue (28) IOKa3bIBAET TAKIKE, YTO HA IITUPUHE A, AMBI
IIl nomemaercsa poBHO Ny, pa3MepoB 7, , OTKYAa MOYKHO 3aKJIIOUUTh, UTO
KakIas KOPIYCKyJdpHAs peajusanus BUPTYaAJbLHOT'O COJUTOHA IJis
BJIEeKTPOHA IMeeT KaK pas 9TOT pasMep 7, , TaK UTO IOJIHBIM Habop peastn-
3aluil cucTeMbI (AJIEKTPOHA) KAK Pas3 ILJIOTHO 3aIOJHAET JOCTYITHYIO
mupuny ISII. B cooTBeTcTBUM C IOJyUYeHHOU BRIMIE 00Ieil MHTepIIpeTa-
mueii, 3TOT pasMep JOKAIN30BAHHON peaausaliuy OIpeaeseT BeIUUnHYy
peasbHOM (PU3NYECKOM «TOUKH» JIWHAMHUYECKM TOPOKAEHHOTO IIPO-
CTPaHCTBa, 7, = Ax; = AM;, KOTOpasd TaKUM 00pa3oM COBIIaZaeT ¢ KJjac-
CHYeCKHUM PaJUyCOM dJICKTPOHA, I, = 7, (C TOYHOCTBIO 10 Koa(ppunueHTa
IOPAAKA TT), MPUIaBasi 3TOM BeJIMUNHE HOBBIN, 00J1€ee TITyOOKMI CMBICJI.
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B urtore, Ha oCHOBe IIeHTPAJBHON CJIIOKHO-TUHAMUYECKON NHTEPIIPe-
TaIMy MacChl MbI TOJIy4aeM O0beIMHEHHYIO U Kay3aJbHO IOJIHYIO Kap-
THUHY CBOWCTB YacCTHI[, KOTOPas BKJIIOUAET (pU3HMUYECKOe IIPOMCXOKIe-
HUE, CTPYKTYPY ¥ CIEKTD dJIEMEHTAPHBIX YaCTUIl, UX BHYTPEHHUE U TV-
HaMUUYeCKNe CBONCTBA, 00beAUHAIOIINE KBAHTOBOE U PEJIATUBUCTCKOE
IMoBeIeHNE KaK PasJauvyHbIe, HO TelePh HOJHOCTHIO Kay3aJbHble, (DU3U-
YeCKu OOBSACHEHHBIE IIPOABJIEHNWSA OJHOTO M TOTO K€ CJOKHO-
IMHAMUYECKOT0 B3aWMMOJEUCTBUA MPOTOHOJEel, AUHAMUYECKU 00beay-
HEHHBIE CUJIBI B3aUMOJEUCTBUA MEKY YaCTUIIAMU C UX HAOII0ZaeMbl-
MU CBOMCTBAMM, a TaKiKe IIPO3PAUYHYI0 U O0BeAUHEHHYIO IUHAMUIUE-
CKYIO MHTepHUpeTanuio (GpyHIaMEeHTAJbLHBIX ITOCTOAHHBIX C, K, O, € U Y
(BKJIIOUAsS 00'BSCHEHVE X YHUBEPCAJIBLHOCTY W COOTHOIIIEHUIT), UTO II03-
BOJISIET PA3PEIUTh MHOTOUMCJIEHHBIE CTaTHUPYIOINE TAWHBI U MPOTH-
BOpeursA OOBIUHOM Teopuu, HO Oe3 NCKYCCTBEHHOTO BBeIeHNA aOCTPaKT-
HBIX 1 HA CAMOM JieJie UBJIUIITHUX CYITHOCTEH, TAKNX KaK JOIOJHUTEIb-
HBIE I10JIA/YaCTUIbI, CKPBIThIE M3MEPEHUI M TEMHAA MaTepus (CM. TakK-
sxke [10—24], rome mpuBeneHbl AAaJbHEUININE NeTalu, BKJIOUAA YHUBED-
CANbHYI0 HEHAPYULAEMYIO CUMMEMPUIO CAOHCHOCMU, KAaY3aJIbHO IOJIHYIO
WHTEPIIPETAIINI0 BCeX KBAHTOBBIX U PEJIATUBUCTCKUX ABJECHUM, UCTUH-
HBI!1 KBAHTOBBIA Xa0C, KBAHTOBBLIE M3MEPEHNA, BOSHUKHOBEHME KJiac-
CUYECKOTO TOBEAEHUSA U T.A.). ITa CTPOTO CHUMMETPUYHAA CJIOKHO-
IWHAMUYECKas KapTWHA MUPaA COJNEPIKUT U CJIOKHO-TMHAMUYECKYIO
(IMHAMWYECKM MHOTO3HAYHYI0) KOCMOJIOTHIO C CAMOHACTPanuBaeMbIMU
nmapaMerpamMu BceJjieHHOII, KOTOpas €CTeCTBEHHBIM oOpa3oM musberaer
WJIV PEIaeT COOTBETCTBYIOIINE TPOOIeMbI OOBIYHBIX, IMHAMUYECKHU OJI-
HOBHAUHBIX (YHUTAPHBIX) KOCMOJOTUYECKUX MOJeJiell HYJIEBOH CJIOMK-
HOCTH, BKJIOYasd TEMHYIO Maccy ¥ SHEPTUIO, KOTOPhIE Ha CaMOM JeJie
SBJSIOTCS IIPOCTO apTedaKkTaMu 9TOM YHUTAPHOIN T€OpUU, CBABAHHBIMU
¢ eé UCKYCCTBeHHbIMU orpanunuenuamu [19, 20].

3. BECXHITCOBO CJIOFHO-THHAMHUYECKOE
INPOUCXOKIAEHUE MACCBI, ET'O CJIEACTBUA U
INPEUMYIIECTBA

KaysanbHble 1 caMOCOTJIACOBAHHBIE PEIIEHUA B3aMMOCBABAHHBIX IIPO-
O0meM (QyHIZaAMEHTAJIbHON (PUBUKU, HTPOJEeMOHCTPUPOBAHHBIE B IIPEIbI-
IyIlleM pasjelie, HaloT BecbMa yOeqUTeJIbHOE MOATBEPIKIeHNe BCell mo-
JIYYeHHOU KapTUHBI CJIOKHOM AMHAMUKY HEPEAYIIMPOBAHHOTO B3aUMO-
MEeHCTBUSA U €€ UMCTO JUHAMUUYECKO KOHIIEIIITNY MAacChl, IeJIafoleil He-
HYKHBIM BBeJIeHHE CIIeIIUaJbHBIX O030HOB U MOJIsI XUTTCA U3 CTAHAAPT-
HO¥ TeOpuM, KOTOPOE BKJIOUAET IIEJBIN PAJ CONYTCTBYIOININUX AOMOJTHU-
TeJILHBIX ITPOTUBOPEUNI U «HepaspeninMbIix » Ipodsem. B aToMm pasmese
MBI CUCTEMATU3UPYEM OTU IIPEUMYIIeCTBA HAIIeTo perteHusa (B IeJoM
yiKe OTMeUeHHbBIe BBIIIE), a TaK:Ke PacCCMOTPUM JaJibHelIne BaKHBIE
BBIBOJBI IJIs1 (GMBUKU YACTUI U IIOJEH, CBA3aHHBIE C 3TUM DeIleHueM
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(cm. Tak:xe [9]).

(1) V:xe coBepIlleHHO 00IIe CO00paKeHNs MMOKAa3bIBAIOT, UYTO UCTHUH-
HBI, HEIPOTUBOPEUNBLIA NCTOUHNK TAKOT0 (PyHIaMEeHTaJIbLHOI'O CBOM-
CcTBa KaK Macca, ¢ eé HabJogaeMbIMU OCOOEHHOCTAMM, NOJIXKEH MMETh
YyHUBepcaabHoe OUHAMUYLECKOe NPOUcXodcOeHue Ha OCHOBe xaomuue-
CKOll TMHAMHKN C €CTEeCTBEHHBIM BKJIIOUEHMEM O0LeJMHEHHBIX, AUHA-
MUYECKM HOJYUYEeHHBIX 3D(PEKTOB KBAHMOBAHUS, OMHOCUMENLbHOCMU T
epasumayui. ITo CBA3aHO JUOO C 0COOEHHOCTAMU CBOMCTBA MAacChI (Ta-
KMMHU KaK 00beINHEHHbIE ITPOABICHNA €€ NHEPIIMOHHLIX U I'DaBUTAIIN-
OHHBLIX KAuecTB), JUOO C OOHUM U TeM Ke, «DyHIaMeHTAJIbLHBIM», TO
€CTh HIKAUIINM YPOBHEM ITPOUCXOMKICHUA STUX CBOMCTB MACChl 1 I-
HaAMUKHU YaCTHII.

B npeawigyiiem pasgese OBLIO OIMCAHO TO, KAKUM 00pa3oM 9Ta yHU-
KaJbHasd KOMOMHAIINA KauecTB IIOJyYaeTcs B IBHOM BUe AJIA Halei
KOHIIEIIINY MacChl M3 HauboJee 00IIIero, CTPOroro u HepeayIiupoBaHHO-
ro aHaJM3a JIe;KAIllero B OCHOBE IIpoIlecca B3auMOJeCTBUA ¢ IIPOCTeli-
ureifi BO3MOYKHOU KoHpUrypamnueil (IBa IPUTATUBAIOIIUXCA IIPOTOIO-
Js1), 6e3 IPUBJIEUEeHUS KaKUX OLI TO HU OBLIO HMOCTYJIUPYEMbBIX CYIITHO-
cTeil, 3aKOHOB U HpaBuJ (Ha060pOT, BCe CBOMCTBA U 3aKOHEI ITOCJIeI0BA-
TeJILHO BBIBOAATCS B PaMKax e0uH0z0 aHAJIM3a Ipollecca HepeayIupo-
BaHHOT'O B3aMMOJIEHICTBUSA KaK CJIEICTBUA HEHAPYULAEMOU CUMMEMPUU
CJLONHCHOCTUL).

CoBepIIIeHHO OUYeBUAHO TaKJKe, UTO 9TH Heo0XoanMble KauecTBa Kop-
PEKTHOI KOHIIEIIIUY MacChl MHOTOKPATHO U MPAMO HAPYULAIOMCS 6 2U-
nomese noas u 6030H08 Xuzzca: TPOUCXOKIEHNE MACChl 3/1eCh HE YHU-
BepcaJIbHO U He JUHAMUYHO, a CBOAUTCA KaK pa3 K BBeJeHUIO JOIIOJHHU-
TeJLHON MaTepUATbLHOM CYIITHOCTH (C Hen36e:XHbIMY MHBIMI, HO peaJib-
HO He HAOJII0JaeMbIMU IIOCJIENCTBUAMM), 03 KaKOoH-I1u00 POJIU «TeIIo-
BOIi», XaOTUYECKOM AUHAMUKU U 0e3 CBSA3U C IPYTUMHU HeOOXOTUMbBIMU
cBolicTBaMU (TpaBUTAIlNA, OTHOCUTEJNLHOCTh, KBaHTOBaHue). VIHBIMU
CJI0BAMU, IMOA00HOE NCKYCCTBeHHOE BBeJeHIe JOIOJIHUTEeIbHONU CYIIHO-
cTU A5 00'bACHEeHUs (B IPOTUBHOM CJIydyae «HeOObACHUMBIX ») HAOJIIO-
ITaeMbIX CBOMCTB, CTOJIb TUIIMYHOE IJisI OOLIYHOI, VHUTAPHOU Teopuu,
IPUBOJAUT K «ILJIOXO», MEXAHNUYECKOM CJIIOKHOCTU BOSHUKAIOIIEHN IIPO-
TUBOPEUNBOM KOHCTPYKIIUU M3-3a UTHOPUPOBAHUS «XOPOIIei», peab-
HOH ¥ TMHAMUUYECKON CIOKHOCTU, KOTOPAA U ABJISETCA €CTEeCTBEHHBIM,
00BbeIMHEHHLIM M JOCTATOUHO PAa3HOCTOPOHHUM OOBSICHEHHEM BCeX
Ha0JII0JaeMbIX CBOMCTB (KaK BHYTPEHHUX, TAK U JUHAMUYECKUX ).

(2) Ilepexonsa Kk 0oJiee JeTaJIbLHOMY OIMMCAHUIO 3TUX O0beIUHEHHBIX U
yHUBepCcaJbHBIX (B HaIlleM II0XO0/€e) KaueCTB MAaCChl U IPYTUX CBOMCTB
YaCTUIl, HAYHEM C HeU30eHH020 CYu,ecmeosanus OONOJHUMELbHBLX
ceoiicma (cuj, 4acTull, N3MePeHnil) B caydae HeJNHAMUIECKOTO IIPOYIC-
XOKIEHUS MacChl 32 CUET B3aMMOJEHCTBUSA CO CIIEI[UAJIBLHO BBOAUMBIM,
JIOMOJHUTEJbHLIM IToJieM (OTCYTCTBYIOIIIEM B HallleM aHajsuse). [leii-
CTBUTEJBHO, KaK CJeAyeT W3 HaIllero YHUBEPCAJbHOT'0 aHaJu3a IJIOo-
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0anbHBIX BauMomelicTBuil (cM. pasmen 2, mocie Gopmyasl (25)), duciio
HabJII0TaeMbIX IIPOCTPAHCTBEHHBIX M3MEPEHUH 1 CHJI B3anMOIeiiCTBUA
MEXKIY YACTUIAMH OIPeNe/AeTCsA YKCIOM B3aMMOAEHMCTBYIOIUX TIJIO-
O0albHBIX moJei. Kak MBI BUAesl, Bce HaOI0gaeMble I3MePEeHN A, CHIIbI
B3aMMOJIEMICTBUA 1 UX CBOMCTBA KAaK Pa3 TOUHO ONMCHIBAIOTCA IJI00AJh-
HBIM B3aMMOIEHMCTBUEM JBYX MCXOOHBIX (1 (PU3MUECKHU «Hen30eKHBIX »)
IPOTOII0JIEH, TOrAa KaK BBeAeHMe JII000H JOIOJTHNUTEIbHON IT00aJIbHOM
CYII[HOCTH, TAKOM KaK moJje XHITCa, COOTBETCTBOBAJO OBbI OOJIBIIIEMY
YHCJIy M3MEPEeHUil, CUJI B3aUMOIEHMCTBUS U CAMHX 9JI€MEHTAPHBIX Ya-
CTHII, YTO CUJILHO PACXOIUTCS ¢ HaOaoneHnaMu. HeKOPPEKTHOCTD II0/I-
X0Ja CTAHJAPTHOUN TEOPHUU COCTOUT B TOM, UTO OHA MOCTYJIMPYET JIHIIb
OIHO, «HYKHOE» CJIEICTBHE CYII[eCTBOBAHMUS TAKOIr'0 II00AJIBHOIrO II0JIA
(Macca HEKOTOPBIX YACTHI]), PACCMATPUBAS €r0 B OCTAJIBHLIX ACIEKTax
KaK «HEeATPAJIbHYIO» , HEB3ANMOAEMCTBYIOIIYIO CYIIIHOCTD.

(3) Heobxonumas yHu6epcaibHOCMb HAIIET0 BHYTPEHHET0, TUHAMY-
YEeCKOr'o MeXaHn3Ma BOSHHKHOBEHHUS MAacCChl CBA3aHA C YHHUBEPCAJILHO-
CTBI0 AUHAMMWYECKO! MHOTO3HAYHOCTH JIIOOBIX PeajbHBLIX IIPOIECCOB
B3aMMOJEHMCTBUA, JEKAIINX B OCHOBE MACCHUBHOIO IOBEICHUS HA HU-
sKaimux 1 60Jiee BEHICOKUX YPOBHAX CJIOMKHOCTU. OTA YHUBEPCAJIbLHOCTD
Hen30eXHO U IMOJHOCTBIO OTCYTCTBYET B CTAHAAPTHOM TEOPHUH, I'le I10JIe
Xwurrca M3HAYAJIBHO IIOABJISAETCA KAK HEOOXOAMMBIM MCTOYHUK MACCHI
sK3oTHUYecKuX W' u Z 6030HOB (Iepefaromux caaboe B3auMogeiicTBIe
HA OYEeHb KOPOTKMUX PACCTOSHHUAX), C IIOCJEAYIOIIUM «O0000IIeHreM »
9TOT0 CBOMCTBA HAa APYTIHUe YaCTUIILI, [IPX YYACTUU 3aBEIOMO CJIOMKHBIX U
IIPOTUBOPEUYNBLIX B3aMMOIEHCTBUI, BKJIOUYAIINX, B KOHEUHOM CUETe,
Y WHbIe MCTOYHMKM MACCHI, TAKHE KaK B3aMMOIENCTBUE U ABUKEHUE
KBapKOB B aipoHax (cM., Hampumep, [42, 43]).

(4) Ba:xHO TaKiKe, YTO YHUBEPCAJIbHOCTh MTPOUCXOKAECHUA U TOUYHOTO
ompeneneHuss Macchl (cM. Beipaskenus (14), (14'), (15), (15')) B mamem
IMOAXO0Je IPUMEHNMA He TOJbKO K 3JIeMEHTAPHLIM YaCTUIIAM, KAK B Me-
xauusme Xurrca (KOTOPLIA He ABJISAETCA OCHOBHBIM YK€ IJIsI COCTABHBIX
DJIEMEHTAPHBIX YACTHUIL, TAKUX KAK aIPOHbI), HO COXPAHAETCA U IJI J10-
0blX COCMABHLLX U MAKPOCKONUYECKUX CUCMeM, Ha COOTBETCTBYIOIITUX
YPOBHAX CJIO0MKHOCTH (MHOTO3HAUHOCTH) UX AUHAMHUKN. OTO KAueCTBO
MACChI CYII[eCTBEHHO AJI KOPPEKTHOIO OMMCAHUSA HAOJIOIaeMOU KJac-
CUYECKO! M B YACTHOCTHU PEIATHBUCTCKON AUMHAMHUKHN C IIPSIMBIM y4a-
cTueM (IIepeMeHHOM ) MacChI.

(5) K sTomy mpuMbIKaeT 1 Heobxogumoe GyHIaMeHTaJIbHOoe (HabJIio-
laeMoe U Be3Jecyllee) KaueCTBO MacChl KaK YHUBEPCAJLbHOI Mepbl «KO-
aAuvecmaea mamepuu» (U IKBUBANECHMHOI ell IHepzul ), UTO TIPAMO CJie-
IyeT M3 HAIIero OnpeaeeHNsI MacChl (IUTHPOBAHHOIO B IIPEIBIAYIIEM
IIYHKTE) KaK KOJNUYECTBA «CKPBITOIO Xa0TUUYECKOI0 ABUKEHUI» (qUHA-
MHUUYECKH CJIYYalHOr'o BBIOOPA KaXKIOM IOCIeAYIOINel pean3allu CH-
CTEeMBI) ¥ BeChbMa HEOUEBHUIHO AJIA MeXaHu3Ma XUITCa, 3aBUCAIIErO OT
BEJIMYMH OUYEHb PABHOPOAHBIX B3aMMOJEHCTBUH MHPOU3BOJBHLIX 3JI€-
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MEHTapHbBIX HOCHUTEJIeH MAacChl ¢ mojgeM XHUITca U MesKAy co0oii. B uacTt-
HOCTU, (hyHIAMEHTaJbHBI M MHOTOKPATHO HOJTBEP:KAEHHBIN B3aKOH
COXpaHeHUs MacChl/9HepPruu CTAHOBHUTCSA B STOM CJIydyae BecbMa He-
ONpeNleIEHHBIM.

(6) 9Ta 0cOGEHHOCTEL MACChI 13 IPEILIAYINEro MyHKTa TeCHO CBA3aHAa C
€€ MCTOYHUKOM B BUJie OUHAMULECKU CAYUALHO020, «CTOXACTUUECKOTO»
WU «TEIJIOBOTO» CKPBITOTO IBMKEHMS, KOTOPOE MOYKET ObITh eOJuH-
CMEeHHbLM HEeTIPOTUBOPEUNBLIM 00bACHEHEM CBOMCTBA MHEPIINH, KaK
9TO yiKe JaBHO OTMeYaJIoCh OCHOBATEJISIMU COBPEMEHHOM (DU3UKU U B
YaCTHOCTH BeCbMa TOUYHO KOHKPETU3UPOBAJIOCH B 3HAMEHUTOMH (HO IIpaK-
TUYECKU HEIIPU3HAHHOI) KOHIIENIINY «CKPLITON TepMOIMHAMUKY (130-
JUPOBaHHOI) YacTunbl» JIyu ne Bpoiina [34—37] (cM. TaK:Ke IpeabITy-
Uil pasmgen, mocie ¢opmyasl (15)). B otnuume oT 3TOro, MCTOUHUK
MAacChI, 3aBUCAIINI OT IPSAMOTO, PEryJIAPHOTO B3aUMOAEHCTBUA C APY-
TUMU CYIITHOCTAMHU (KaK B MeXaHu3Me XUrrca 1 IPYTrux MeXaHu3Max us
CTAHIAPTHOM TEOpHUM), ILJIOXO O0BACHAET CBOMCTBO MHEPIIUU U OyAer
Hens30eKHO IMOABEPIKEeH CIUIIKOM OOJMBINM (PIYKTYaluaAM ITOTOOHBIX
B3aMMOJIECTBUM, B 3aBUCUMOCTH OT IIOJIOKEHUA W HAIIpaBJIeHUS IBU-
JKeHUs.

(7) B cBoio ouepenb, sTa xaoTUueckas, MHOTO3HAUHASA IUHAMUKA
KBAHTOBBIX OUeHUI 5JIeMeHTapHbBIX YacTUIl (M CMeHbI peaaus3aluil JIio-
0011 cucTeMbl Ha 00jiee BBICOKMX YPOBHAX CJIOKHOCTH), KOTOpas OIIpe-
IejigeT KOPPEKTHBLIN MCTOYHWK MACCHI B Halllell TeOpUMU, COCTABJISIET
TaKKe QU3ULECKYI0 CYUHOCMb U OUHAMUYECKYID CMPYKMYPY CAMUX
yacmuy (uau 6ojiee CIOKHBIX CHUCTEM), IJIs KOTOPBLIX Macca ABJSETCS
OCHOBHBIM, 8HYMpPeHHUM cBolicTBoM. OUeBHIHO, UTO 3TO TaKiKe He00-
XOAWMOE KAaueCTBO HEIIPOTHBOPEUUBOIO ONpeJeeHrusa MAcChl, KOTOPOe
OTCYTCTBYEeT B CJydyae BHEeUWHez0 IO IIPOUCXOKICHUIO MeXaHu3Ma
Xwurrca (1 “HBIX MeXaHU3MOB CTaHJAapPTHOU Teopul), HUKaK He CBA3aH-
HOTO ¢ (PMBUYECKOH CTPYKTYPOI YACTHII, OCTaloIeiica BooOIe HeACHOH
B CraHmapTHOI Momenu. BoJiee Toro, B ciayuae MexaHusMa XUITcCa OKa-
3bIBAETCA, UYTO caMu 0030HBI XHITCA M3 9TOTO BHEITHEr0 HMCTOUHUKA
MacchI ysKe 00J1aJal0T Maccoii, UTo JaéT HAvaJio eIllé OAHON cepuu IIpo-
TUBOPEeYUi.

(8) CyiriecTBeHHBIM U OCHOBOIIOJIATAIOIINM KaueCcTBOM MacChI, ecTe-
CTBEHHO BXOAAIIMM B HAIIl MEXAHU3M CJI0MKHO-TNHAMUUYECKOTO B3aMO-
IeHiCTBUS ITIPOTONOJIEH, ABJIAETCA CYIIECTBOBAHUE 2PABUMAUUOHHOZO
Kauecmaa y ToOl JKe m3HauaJbHO MHEePIIUAIbLHOM MacChl, IIOAYNHAIOIIe-
TrOCA NPUHYUNY IKEUBAJEHMHOCMU. ITO CBSI3AHO C Kay3aJIbHOI cucTe-
MO#l AMHaAMHUYECKU O0heJUHEHHBIX B3aMMOJEHCTBUI YACTUI[ B HaIllei
TEOPUH, BKJIOUAIOINEll KaK eCTeCTBEeHHO KBAHTOBAHHYIO I'DABUTAIINIO,
Tak 1 9(pdeKTh 00Ieil Teopruu OTHOCUTEJIbHOCTH. BCcé 9TO, BKJIOUAS
rpaBUTAIlMOHHEIE IPOABJIEHUS MACChI, IIOJHOCTBLIO oTcyTcTBYyeT B CTaH-
IapTHOUN MOJeN, MeXaHu3Me XUITca I MHBIX BepCUAX YHUTAPHOH Teo-
puu, rae rpaBUTAINA OCTAETCSI B3aMMOIEMCTBUEM «3araJouHOoro» IIpo-
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UCXOMKIeHUA, JIUITHL YUCTO (POPMATIBLHO MOAEIUPYEMEIM B reOMeTpuye-
CKOIi cXeMe OO0IIel Teoprui OTHOCUTEJIBHOCTH, IIPAKTUUYECKN He KBAHTY-
€eMbIM 1 KadYeCTBEHHO OTHAEJEHHBLIM OT JAPYTUX B3aMMOLEHUCTBUUA U
cBoiicTB. Takum o0pasoM, B OOBIUHOII TEOPUU 1 €€ KOHIIEIITMKU MACCHI
MPaKTUYECKN OTCYTCTBYIOT HMEePCIEeKTHBHI BOCCTAHOBJIEHUS HEOOXOMI-
MOM ITEJIOCTHOCTH U Kay3aJbHOCTH, €CTeCTBEHHO IITPUCYTCTBYIOIIIUX B
HAIlleM IIOAXO0e.

(9) IloguepkHEM OTAENBHO YK€ YIOMAHYTOE eCTeCTBEHHOE BKJIIOUe-
HUe B HAIITy KOHIIEIIIIUIO CJ0KHO-TINHAMIUYeCKOl Macchl Bcex agh@erxmos
cneyuanvHoil u o6weil omnocumenvrnocmu (popmyasl (22)—(26)), KoTo-
pBle Telepb UMEIT KAY3albHoe OUHAMULEeCKOe NPOUCX0XHOeHUe U JTUIITh
OTAEJBbHO U (POPMAJNBLHO IIOCTYJIHPYIOTCS B CTAHAAPTHOII Teopuu, BHE
CBA3U C MeXaHU3MOM XUITCA UJIU IPYTUMU YVHUTAPHBIMU UCTOUYHUKAMUT
MAacCHI.

(10) Ilpenmmo:keHHOE IIPOMCXOXKIEHHE MAacChl BKJIIOUAeT OCHOBHEBIE
YepThl Hab.1100aemozo cneKkmpa Macc ¥acmuly, BKJIKYasa ero orpannye-
HUe HabJII0ZaeMbIM 2JeKTpociabbiM mpezesoMm (mopanxka 100 I'sB), ¢
pewernuem npobsemv. uepapxuu macc (paspei 2), 9To BOoOIIe HUKAK He
3aTparuBaeTrcsa MexaHusMoM Xwurrca CTaHTapTHOM MOJeNH, I'e CIeKTP
MacC YacTHUIl OCTAaéTCsa HeOOBbACHEHHBLIM (Tak Ke KaK U (pusmueckoe
IIPOUCXOXKIeHe CAMIX YaCTHIT), a IpobJieMa nepapxXuu — HepPeIéHHOoH
(BMecTe ¢ IPyTUMU IIPOTUBOPEUUSIMU, CBA3AHHBIMU CO CTAHIAPTHLIMU,
CJAUIIKOM 9KCTPEeMaJbHLEIMI 3HAUYEHUAMU IIJIAHKOBCKUX €TUHIITL).

(11) OrmeruM, HaKOHEI], CaMOCOTJIACOBAHHBIE KOCMOJLO2UYECKUE
caedcmaus TPeIIoKeHHOTO CI0KHO-TUHAMIYECKOT0 IIPOUCXOMKICHU S
YacTHUll, UX Macchl 1 Bceii BceseHHoll, rje MUHUMAJbHAA HavaJbHA
KOH(UTrypalusa B3aMMOIEUCTBUSI, 03 KaKuX-Tub0 cHenuaJbHBIX IIO-
CTYJIaTOB W alIPUOPHLIX 3aKOHOB, MaéT KaysajJbHOE pellleHne BceX CTa-
PBIX ¥ HOBBIX «HEPAa3peIIMMbIX» IIPOOJEM OOBIUHOM KOCMOJOTHUH,
BKJIIOUAsl «BHOBDL IIPUOBIBIIIME» IIapaJoKChl TEMHOM MACCHI U 9HEPTUU
(uTo mocTuUraeTcsd, KOHEUHO, 3a CUET BHYTPeHHero 6oraTcrBa MHOTO-
3HAUHON [OWHAMHUKHN HepeIyIHNPOBAHHOTO B3aMMOAENCTBUSA, MHCKYC-
CTBEHHO COKPAIIEHHOTO MIPAKTUYECKN [0 HYJS B OOBIYHBIX YHUTAPHBIX
mozenax) [19, 20]. B mpaMoii IPOTUBOMIOJIOMKHOCTY ¢ BHYTPEHHUM HC-
TOYHUKOM CTPYKTYpooOpasoBaHus BceleHHOH B Taxkoii HepegyIupo-
BAHHOII IUHaMWUKe, YHHTAPHBIN cIocob pelllieHUs mpobseM (B JaHHOM
cayuae mpobJieMbl MacChl YACTHUIL) IIyTEM MCKYCCTBEHHOTO I00aBJIEHUS
HOBOI1 Beszecylreii cybcTaHuy (o Xurrca) Hens6eHo IPUBOAUT K
MHOT'OUYHCJIEHHBIM [TOIOJHUTEIbLHBIM TPYAHOCTAM KOCMOJOTHYECKOTO
MaciiTaba, CBA3aHHBIM C IIO0AJTBHBIM IIPOMCXOMKIEHMEM, B3anMO/eli-
CTBUAMU W AWHAMUKON TaKO! IOIMOJHUTEIbLHON CYIIHOCTU, KOTOPHIE
MIOIIOJHAIOT U 6e3 TOro AJIWHHBIN CIIMCOK APYTUX «TPYAHBIX» IIPO0JIeM
0OBIYHOIT, YHUTAPHOM KOCMOJIOTHH.

(12) Bosepaimaschk K «3KCnepumMeHmanbHoMy noomaeepicoenuo» cy-
wecmaeosanus 603ona Xuezzeca [7, 8] B Bume OTHOCUTEJIBHOTO CJIa00r0, HO
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3aMETHOIO INKAa B CIIEKTPaX IPOAYKTOB B3aNMOIEHCTBUA IIYUKOB BLICO-
KO9HEPreTUYEeCKUX IIPOTOHOB, HEOOXOAMMO OTMETHUTH UHYI0, 20pa300
0oJiee 8CeCMOPOHHION UHMEPNPemayuio 3To 0cCOOEHHOCTY PACCeTHUA C
TOUKHK 3PEHUA HAIlel KapTHUHBI CJI0MKHO-TUHAMWYECKOTO B3amMMOIeli-
CTBU mpoTormoeii [9].

HeTpynuo 3aMeTHUTh HPUMEPHOE COBIIAJEHIE SHEePreTUYecKOro IIo-
JoxkeHUs Habaomaemoro pesonamca (125 I'sB), nHTepmpeTPyeMOro B
CTaHTAPTHON TeopwuM KaK Macca OBICTPO pacmajgarorieroca 0030HA
Xwurrca, ¢ Halllell sHepruell CBA3M IIPOTOIIOJIEH, Hern30eXHO COBIIaIaI0-
el ¢ BeJIMUYMHOM PEeHOPMUPOBAHHON IIJIAHKOBCKOM MAacchl, HambOJIb-
MK MacCaMM YACTHUI[ M KX YCTONUMBBIX arjioMepaToB (aTOMHBIX
danep), a TakKe KAaHOHWYECKUM MacHiTaboM «(00beguHEHUA) DJIEKT-
pocinaboro B3ammomeiicTBusa» (pasgen 2). Ilostomy ropasmo 6oJsiee co-
TJIACOBAHHLIM IIPEICTABJIAETCI NHTEPIIPETAIIUS 9TOTO ¢JIa00T0 pe3oHaH-
ca B3amMOJAeNcTBUA (€CJIU CUNTATDL IIOATBEPIKIAEHHOIN CIOMKHYIO SKCIIe-
PUMEHTAJIbHYIO IIPOIeAyPY ero OOHAPY:KeHHsd) KaK JHepreTHUecKoi
TOUKH «Pa3pbIBa» IIPOTOIIOJIEH U UX CBA3U, KOTOPASA U IPUBOIUT K BO3-
HUKHOBEHUIO OCOOEHHOCTU paccesHusA (M3-3a eCTECTBEHHOT'O BCILJIECKAa
00pasoBaHMUA PA3JUUYHBIX UACTHUIl, «3AMOJHSAIOIINX Opellb» B pPaso-
PBAHHBIX IIPOTOIOJIAX), HO TaKiKe 00bsICHAET MIpelesbl CIeKTpa Mace
HaOJII0TaeMbIX YACTUIL ¥ X TECHBIX arjioMepaToB (yYUThIBAA, B YACTHO-
CTH, CTPYKTYPY I'PAaBUTAI[MOHHOIO IPOTOIOJA B BIAE KBAPKOBOI'O KOH-
IeHcaTa). B mosb3y Takoi Kays3aJbHO IIOJHOM MHTEePHpPeTaIlunu pPe3yib-
TaTOB aHHBIX 9KCIIEPUMEHTOB [ 7, 8] roBopuT u HabJiofaemMas Ca0KHAA
MHOTOIMKOBAS CTPYKTypa SHEPreTUUYECKHX CIEKTPOB B OKPECTHOCTH
«TJIaBHOM» ocobernocTu mpu 125 I'sB, mpoucxosxaeHne KOTOPOM OLLIO
ObI MeHee OUeBUAHOI (1 MPaKTUUYEeCKN UTHOPUPYETCs) B cayuae o6paso-
BaHUsA 0030HA XUrrca, HO HA0O0POT ABJISETCA €CTECTBEHHBIM IIPOSBJIE-
HHEM CJIOXKHBIX IIPOIIECCOB B3aMMOAEMCTBUA MHOTMX KOMIIOHEHT BOJIN-
3M MaKCHMAJbHON aMILIUTYALI B3ANMOJENCTBIUA U Pa3pPBIBHOM nedop-
Manuu nporomoieii. Takum o0pasoM, JaHHBIE S9KCIePUMEHThI HAa BoJb-
IIIOM aJPOHHOM KoJuladgepe (GaKTUUEeCKU OTPEAESUIN He MACCY JOTOJI-
HUTEJIbHOr0, M30LITOYHOIO BUA YACTHUIL, & aMILIUTYAY SHEPIUU CBA3U
IIPOTOIIOJIEH B HAIIIEM OIMCAHNM, KOTOPAsd OUEeHb YAAYHO IIOATBEPIKIAET
Ipyrue, He3aBUCHUMbIE JaHHbIE 00 9TOM BeJIMUYNHE B HAIIIEM IIOAXO0/e, II0-
BBIIIIAS COTJIACOBAHHOCTD BCEX €0 Pe3yJIbTATOB.

IIpomom:xassi pasBOpauMBATL STy CUCTEMY TEOPeTHUUECKHU-IKCIepPHU-
MEHTAJbHBIX KOPPEJIAIUI B HAIIIEM OIMMCAHWM, 3aMeYaeM, UTO YIIOMSI-
HyTaA KaHOHMYeCcKas dHEPIrudA dJIEKTPOocaaboro (M TaM YucTo (hOpMaib-
HOr'0) 00'beAMHEeHUsT B3auMozelicTBuii Toro ke mopaaxka B 100 I'sB Te-
epb ropasno 0ojiee peailmCTUYHO MHTEPIPETUPYETCS KaK dSHEPTUA CBs-
3U 3JI€MEHTOB 5/M-IIPOTOIIOJIS UM JKe SHepPTrus ero paspniBa uiau (mpe-
IenbHasA) aMILIUTYAA €r0 CBA3H C IPABUTAIMOHHLIM IIPOTOIIOJEM BHYT-
P¥ YaCTHUIL MK arjIOMePATOB, KOTOPYIO 1 OIIPEAEISAIOT, B YaCTHOCTH, 9TH
SKCIEPUMEHTHI IOJ IICEBAOHMMOM «MacChl Xurrca» (C ropasgo MeHee
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BCECTOPOHHEH 1 mocjaeoBaTeIbHOI nHTepuperanueit). Takum obpasom,
BCE CTaHIapTHOE «3JIEKTPOocJaboe o0hegrnHEHNEe» IPEACTAET B COBEp-
IITeHHO HOBOM, Kay3aJbHO IIOJHOM CMBICJIE KaK (PM3WUYECKH peasibHOe
o0bemnHeHne KOPOTKOMeHCTBYIOIUX CUJ (CBA3U U OTTAJKUBAHUM)
MeXK Iy COCEIHUMHU dJIeMeHTaM! 3/M-IIPOTOIIOJS ¢ JaJbHONeCTBYIOIIH-
MU 3/M-CUJIaMU «1e()OPMAIMOHHOTO» ITPOUCXOKIEHUA B TOM JKe I10JIe,
SABJAIOIIUMCA pealbHOM, yupyrou (GpusuuyecKoil cpenoil (B mocJiemHeM
cayuae KBa3WHEIIPepPLIBHOM).

HanbHeiiliee mTpomoJI:KeHUe OTOHM WHTepHperanuu (KOTOPOe MbI
OCTaBJIAEM JJIs IIOCJIEAYIONINX PaboT) IpeaIIoIaraeT COOTBETCTBYIOITHE
KaysaJbHbIE PACIIUPEHUS W MOAUPUKAIINK B WHTEPIPeTAIMU TaKUX
CBA3AHHBIX C TEM Ke 9/M-IpoTomojieM (M BecbMa TPYAHOYJIOBHMBIX)
CyIIHOCTel, KaK CTaHJapTHBIe «BeKTOPHLIe 6030HbI» W' 1 Z u HeHTpu-
Ho. ITocienHue MOTYT IPETEeHIOBATHL HA POJb OIPEAEIEHHBIX BO30OYIK-
IEHHBIX COCTOAHUI 5JIEMEHTOB IIPOTOIOJA, TOTJa KaK «dKCIIePUMEH-
TaJbHble HaOMIOfeHNA» W' u Z G030HOB M UX «MAacchl» (TOTO e IIO-
panxa 100 I'sB) moryT oTpakaTh Ha caMOM Jejie JIUIINb aMILIUTYOy U
OIIPeNeJEHHYI0O CHUMMETPHUIO «CJalObIX» B3aMMOJIEMCTBUUA MeXKIy 3Je-
MEeHTaMU 9/M-IIPOTOIIOJIA, He 00s13aTeJILHO CBOAAIINECS B KOHITe KOHIIOB
K peasbHBIM, Ja eIllé U MaCCUBHBIM YacTHUIAM (0COOEHHO ¢ YUETOM YHI-
BepPCaJIbHOTO CJIOMKHO-TMHAMHUECKOTO OIIpemesIeHMs MACChl B HaIlleM
monxonae). IlockoabKY IpaBUTAIIIOHHOE IPOTOIIOJIE €CTeCTBEHHO OTOMK-
IEeCTBJIAEeTCI C KBapKOBBIM KOHIEHCATOM, TO OJHOPOAHO B3aMMOIEi-
CTBYIOIIlee C HUM 3/M-IIPOTOIMOJIE MOKEeT OLITh MHTEPIPETUPOBAHO KaK
COCTOSHIE «OTHEJEHHOTO» OT HEro, ICeBA0-CBOOOIHOTO IJIIOOHHOTO II0-
asa (cpennl), TAe 3JIeMEeHThI M UX B3aUMOAEHCTBYE IPOUCXOAAT U3 KOM-
OMHAaIMII TJII00HOB (B CBOIO OUuepenb HYKIAIOININXCA B Kay3aJlbHOM (pu-
3UYECKOM YTOUHEHUN ).

Bosee Toro, aHAMIM3UPYA YHUBEPCAJIbHOE «MHTEPAKTUBHOE» IIPOUC-
XO0KIeHUe dJIeMeHTapPHBIX YaCTHUIl U UX BHYTPEHHUX CBOMCTB B HAIlleM
MoAX0Me, BCECTOPOHHE IOATBEepP KIaeMoe, KaK MBI BUAUM, BCeMHU SKCIIe-
PUMEHTAJbHBIMU HAOJIOOeHUAMU (B OTJIMUYNE OT OrPAHUYEHHBIX YHU-
TapHBIX MOJIeJieli CTaHIapPTHOMN TEOPUN), Mbl MOXKEeM BLICKA3AaTh IIpeaBa-
PUTENLHBIN OOIINIT BEIBOA O TOM, UTO CYIIIECTBOBAHUe 1106020 (pyHIA-
MEHTaJbHOTO, B 0OCOOEHHOCTY MAaCCHUBHOIO, CKAAAPHO20 NOJsL U 6030HA
(HampuMep, TaKUX, KaK 1oJjie U 0030H XUTITCA) HEB03MOMNCHO B HAIIIEM
MUpe B mMpuHIHNe (He3aBHMCHUMO OT UX AeTANbLHOM POJU U IPUPOIbI).
3HaueHre TOr0 BbIBOJA COCTOUT B TOM, UTO TAKKe II0JIS HEPEIKO MOsSB-
JSI0OTCA B PA3JIUUYHBIX (DOPMATBLHBIX «MOMENAX», BKJIOUAA U TEOPHUIO
Xwurrca. OcHOBaHUEM JKe ero ABJSIeTCA TOT PAKT, UTO TO »Ke B3auMOIei-
CTBUE II0JIsI, KOTOPOe BeAeT K (pOPMUPOBAHUIO CBA3AHHBIX C HUM (Mac-
CUBHBIX) I10JIe-UACTHUII, O0YCJIABINBAET U MOSIBJICHNEe HeHYJIeBOTO CIIMHA
atux vactur (pasgen 2). Cioma Hamo, KOHEUHO, JOOABUTHL W TO HECO-
MHEeHHOe coo0paskeHne, yKe IPpUBeIEHHOe BEIIIe, UTO B CUIy Hen30erx-
HBIX B3aMMOJEMCTBUU IIOABJIEHME JIOOOTO TAKOT'0 AOIOJHUTEILHOTO
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Be3ecyIero moJsa 6yaeT IPUBOIUTEL K POCTY UMCIa HabII0gaeMbIX CHUII,
YyacTUIl 1 usMepeHuil (pasmes 2), B OTCYTCTBME KOTOPBIX TaKas CYIII-
HOCTb ABJIAETCSA USJIUIITHEN U TPOTUBOPEUYUBOIA.

B mestom MBI IPUXOAM K BBIBOZY, UTO OIIPEIeJEéHHAA HedopMaabHA
«aCUMMeTpHUA» CTPYKTYpPhl BceneHHOM, riae )epMUOHBI UTPAIOT POJIb
9JIEMEHTOB «OCHOBHOIi», CTPYKTYpPOOOpas3yIoileil MaTepuu, a 8eKmop-
Hble DO30HEBI CJIYKAT MOJbKO OJA «IIepeJaun» HeoOXOAMMBIX B3amMO-
IercTBUM (1 He MOTYT CYIIIeCTBOBATh BHE CBA3U C 9TOH (QDYHKIIMEH), nMe-
eT PyHIaMeHTAJIbHbIe U CTPOTHME CUCTEMHLIE OCHOBAHUSA U BPSAL JU MO-
JKeT OBITh «HapyIlleHa», HalIpuMep, B BUJie CYIIeCTBOBaHUS JII0O60TO He-
JOKAJIbHOTO CKAJIIPHOTO HOJIA MJIN «CYIEPCUMMETPUMN», STOM eIre oJ-
HOM MCKYCCTBEHHOII 1M aOCTPaKTHON KOHCTPYKIIMM, «MaTeMaTHUYeCKH
YIOOHOI» IJIs1 YHUTAPHOM TeOpWU, HO MPUBOAAIIEH K POCTY UMCJIa U3-
OBITOUHBIX 11 HEHAOJIIOZAEeMBIX CYIIITHOCTEH.

4. HOBAJI CTPATEI'S ®U3UKHU BBICOKIX 9HEPTUI
NOYHOAAMEHTAJBHOU ®HN3UKHU B ITEJIOM

IIpencraBiieHHBIE B JaHHOI paboTe pe3yIbTAThI U BLIBOILI B II0JIL3Y Oec-
XUTTCOBOTO, CJOKHO-ANHAMNYECKOT0 IIPOUCXOMKICHUST MACChHI, a TaKIKe
¥ BCeX OCTAJIbHBIX BHYTPEHHUX U JUHAMUYECKHUX CBOMCTB uyacTuil (pas-
Iensl 2 U 3) moApasyMeBalOT He TOJIbKO CYIIeCTBeHHLIe M3MEHEeHUS B
MHTePIPeTAlluU NMEIOI[UXCS CTAPhIX ¥ HOBBIX HAOJIIONEHUIT, HO U IJIy-
060K0 060CHOBAHHEBIE CIBUTHY BO BCEIH CTpATEeTHU UCCIAENOBAHNUN B PU3UKe
BBICOKUX DHEPTHUil, 3JIeMEHTAPHBIX YACTHUIl U B (PyHIAMEHTAJIbLHON (Pu-
3uKe B mesioM. Torza Kak CyIIecTBYIOIIAsA mapagurMma 3TUX HUCCJIeI0Ba-
HUI OCHOBAHA HA PA3BUTUU BCE 0oJiee MOIIHOI'O TeXHUYECKU dMIIPIUe-
CKOI'0 MOMCKA C IIOCJEAYIOI[NM MOBEPXHOCTHBIM (YHUTAPHLIM) «yIIOPS-
JOUYMBAHUEM» IIOJIyUYEHHBLIX HOBLIN CTPYKTYP M CBOMCTB, IIPUBEIEHHBII
BBIIIE Kay3aJbHO MOJHLIN aHAIU3 HePeAyINMPOBAHHBIX, CJIOMKHO-
INHAMUYECKHUX IPOIECCOB B3aMMOAEMCTBUA IPOCTHIX «IE€PBOOBITHBIX »
CYIIIHOCTelH yKasbIBaeT Ha 3HaueHue 1 9)(GEeKTUBHOCTHL UMEHHO TaKOTO,
MIyOMHHOIO IOHMMAHNWSA JUHAMHUYECKN MHOTO3HAYHON OCHOBBI HAOJIIO-
IaeMbIX IPOIECCOB U CTPYKTYP. TPasuIlnOHHLINA IIOX0] OPUEHTUPOBAH
HA HEOTPAHWUYEHHYIO «TOPU30HTAJLHYIO» SKCIAHCHUIO (B TOM UMCJIE BU-
OB YACTUI[ U SHEPTUU YCKOPHUTEJei), ToTaa KaK CJIOKHO-IUHAMUYE-
CKOe pacIiupenue 00bIYHOTO MOHUMAaHUA JaéT KaueCTBeHHBIH Tporpecc
«BEPTHUKAJLHOIO» MOHMMAHUA PeaJbHON IIyOMHBI AUHAMUKN (MUK-
po)Mupa M COTrJIaCOBAHHO OOBsACHSET (yiKe SKCIepMMEeHTaJbHO OXBa-
YEHHYI0) KOHEUHOCTDL €r0 «OPM30HTAJLHOI'0» yCTpoicTBa (110 HEe00XOo-
IUMBIM, PEAJbHO CYIIECTBYIOIMM BHAAM UYACTHUI] U II0JEH, a 3HAUUT U
[0 SHEPTUSM WCIIOJb3YEeMbIX IJIA UX U3YyUEHUS YCTAHOBOK). OTO O3HA-
YaeT, UTO BCE eIlé JOMUHUPYIOIasd OPHUeHTAIlUs Ha HellpepbIBHOE, BCE
0oJiee TOPOrocTOsIee U 3alpe e bHOe TeXHUUYECKU PacIIupeHue dHep-
reTUYEeCKNX ¥ IIPOCTPAHCTBEHHBLIX IIPEEIOB YCKOPUTEJIel W APYyrux
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yCTaHOBOK (CcM., Hammpumep, [44, 45]) moa:xHa OLITH 3aMeHeHa Ha Kaye-
CMBEeHHO HOBble cmpamezuyeckKue uyesu IO OeTalbHOMY, Kay3aJabHO
IIOJTHOMY HMCCJIEeIOBAHUIO CJIOKHOM (MHOTO3HAYHONM) AMHAMUKY YACTUIL
U UX B3aMMOJIeHCTBUH B IIpeesax yiKe JOCTUTHYTOr0 KOJIUYECTBEHHOTO
Iuamas3oHa IIapaMeTpPOB OSKCIEPUMEHTAJbHBIX YCTAHOBOK BBICOKUX
sHepruii [9, 17, 23, 24].

B uacTHOCTH, KaK cliegyeT 3 MHOTOCTOPOHHE 1 CAaMOCOTJIACOBAHHOM
CHCTEMBI KOPPEeJAIINNA TeOPUHU U SKCIIEPUMEHTa B paMKaX HaIllero aHa-
ausa (paszgenbl 2 u 3), MacIITad SHePruu-Macchl «3JIEKTPOCIA00TO 00h-
enuHeHus», 100 I'sB, He cayuaiiHo cOBHaIAIOIUI ¢ MaKCUMaJIbHBIMU
MaccaMu 00Jiee UeM JOCTATOUHOM CHCTEMbI yiKe dKCIIepIMEeHTaIbHO 00-
HAPY:KEeHHLIX dJIEMEHTAPHLIX YaCTHUIl U UX TECHBLIX CI'YCTKOB, a TaK:Ke
PEeHOPMUPOBAHHON IIJIAHKOBCKOM eTWHUIIeHl MAaccChl, OIpeaessaeT BepX-
HUH mIpenes HeoOXOAMMBIX IJIA JaJIbHEHIIero MCCIeJOBAHUSI SHepTruii
BBICOKOSHEPreTUUECKNX YCTAHOBOK. ¥Y:Ke IOCTUTHYTbIe JSHEePruu IIo-
panxa 10 T9B B mociegHUX SKCIIEpUMEHTaX MAalOT 3amac B ABAa IMOPAIKA
BEeJIUUYUHLI II0 CPABHEHUIO C MaKCUMAJbHLIMU 3HAUEHUSIMHU SHEPTrHUH-
MacChl peaibHBLIX JJIEMEHTAPHBIX YAaCTUIl, BIIOJHE MOCTATOUHBIN IJIs
M3yUeHUs BCeX BO3MOJKHBLIX JeTajeil 9THMX pealibHO CYIIeCTBYIOITUX
9JeMeHTaPHBIX CTPYKTYP U B3amMoaelicTBUi. B oTiimume oT Takoii Teo-
petuuecku (mpuHIUD OKKaMa) M SKCIEPUMEHTAJLHO (pPecypcHo) sKo-
HOMHOII M OPUEHTHUPOBAHHOI Ha sdhdeKTuBHOe, I'ITyO0OKOoe IMOHUMaHNe
cTpaTeruu, CTaHIAPTHAA TEOPUA IO-IIPeKHeMy TpedyeT Bce HOBOTO IIO-
BBIIIIEHUA SHEPTUH AJIA BO3SMOXKHOTO O0HAPYKEHMA CBOUX abOCTpaKT-
HBIX, B JeHCTBUTEILHOCTU M30LITOUHBIX CYIIIHOCTEH (YacTull, IOJeii,
u3MepeHunii), KoTopble OHA BBOAUT B KauecTBe HEeM30eKHOr0 MMUTAIIY-
OHHOT'O 3aMeIlleHusA HeIIPaBOMEPHO MTHOPUPYEMLIX U peaibHO CyIIle-
CTBYIOIIUX W3MepeHuil HepeIyIUPOBAHHON IWHAMUKN B3aWMOeli-
CTBUS.

CToub 2Ke pesKue pasindusa MeXKIY IBYMs 9STUMHU TUIAMU CTPATeTuu
CYIIIECTBYIOT B MOTUBAIINM, KOHEUHLIX IEJAX U IIPUMeHeHUIX (PyHzaa-
MEeHTAJNbHBIX HCCJETOBAaHUN. B TPaAUIIMOHHOM IIOIXO0/e MCCJIeIOBaAHUS
B (pusuKe sIeMeHTAPHBIX YacTUll (KaK 1 B PyHIAMEHTAJIbLHOU (pU3uKe B
1[eJIOM) MOTHUBUPYIOTCA U IIPOABUTAIOTCA B OCHOBHOM IO AelicTBHEM
ILJIOXO ONPEeIEHHOT0 SMINPUUECKOr0 JIOOOILITCTBA B IIOJb3Yy «Uero-
HUOYIh HOBEHBKOTO», IJIA Yero IIOTOM «BO3MOXKHO» yIacTCAd HaNTH
00'bsICHEeHUE U, B KOHIIE KOHIIOB, IPaKTUYECKOoe TpuMeHeHue (HaaeKIbl,
KOTOPEIE CTAHOBATCA BCE 6oJiee TIMEeTHBIMHU ). ITO 0COOEHHO IPKO IIPOAB-
JseTcsa KaK pa3 B (pu3uKe BLICOKUX SHEPTUil, I'le U3BeCTHAA OrpPaHuyln-
TeJbHAsA «MyAPOCTbL» COOTBETCTBYIOIIEH YHUTAPHON TEOPUU «3aTKHUCH
(c Bommpocamu) u BeIumcaaii» (‘shut up and calculate’) moxxeT OBITE Te-
pedpasupoBana KaK «3aTKHUCH (He AyMaii) U CTaJKUBail», YTO-HUOYAD
Ia BeLIeTuT. Mro3opHas sp(eKTUBHOCTh TAKOH CcTpaTeruu BO BpeMe-
HA MacCOBOT'0 OTKPBITUSA HOBLIX UACTHUIL CBOAUTCS, KOHEUHO, K HYJIIO ce-
TOIHSA, IIPOCTO B CUJIY KOHEUHOCTH OOBEKTHBHO JOCTATOUHOrO Habopa
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9JeMeHTapPHBIX CYITHOCTEMH.

B mamem moxxone, OCHOBAHHOM Ha Kay3aJbHO IIOJIHOM aHAJIM3e Jie-
JKaIUX B OCHOBE CJIOYKHO-JUHAMUUYECKUX ITPOIECCOB B3aMMO/IefiCTBUA,
caMa yHUBeEpPCAJbHAA U CTPOTO OIPEAEeJIEHHAA NUHAMUYECKAST CJIOMK-
HOCTB, €€ HeHapyIllaeMasa CUMMETPUA U 3aKOHBI JJIA (GPU3UUECKU Peaib-
HBIX (a He aOCTPAKTHBLIX) CYIITHOCTEH SABJIAETCA HANEKHBLIM OPHUEHTH-
poM, Kak aasa GpyHIaMEeHTaJbHBIX MCCJEIOBAHUIN, TaK W AJA OXKUAae-
MBIX TPUMEHEHU, KOTOPHIE TeIlepPb IIPOBOAATCA JaJIEKO He Bejaenyo. B
YaCTHOCTH, KaK MbI BUJEJNN, TAKON HepeIyIMPOBAHHBLIA CJIOMKHO-
IUHAMUYECKUN aHAJIMU3 MMO3BOJIAET /I HavaJia PEIIUTh BCE CTAarHUPY-
omye GyHIaMeHTaJbHbIe TPOOJIeMBbI OOBIYHOI, YHUTAPHOU HAYKWH,
PacCKpBITh €€ XapaKTepHbIe «TaWHbI» W HAMETHUTh AOKazyeMo 3(ddex-
TUBHBIE MPUMEHEHUA (2 TaKkyKe m30eKaTh OOJBINNX U 00BEKTUBHO HE-
HYKHBIX 3aTpaT Ha OecllepCIeKTHUBHBIE dKCIIEPUMEHTAJIbHBIE ITOVCKU,
YTO TaKyKe MOYKHO CUUTATDh BAXKHBIM IPAKTUUYECKUM IPUMEHEHUEM ).

OxHMM M3 BasKHEHINIMX B HAIU JHU IPUKJIATHBIX HAIIPABJICHUH B
dbyHIaMeHTANIBbHONI (U3NKe ABJIAIOTCSA, HECOMHEHHO, IIOWMCKU Kaue-
CMBEHHO HOBbLX UCMOYHUK08 «00AbUWOU» IHep2UU, B CUTyaIluu OJIMBKO-
I'0 MCUEPIaHNA e€ TPAAUIIMOHHBIX NCKOIaeMbIX NCTOUYHUKOB. Ha ocHOBe
HaIMX Pe3yJbTaTOB MBI MOJKEM ClleJaTh PyHIaMeHTaJIbHO 000CHOBAH-
HBI# BBIBOJ] O TOM, YTO KaKOBBI ObI HU OBLIN JAeTaJTbHBIE DU3UUECKUE Me-
XaHU3Mbl QYHKIIMOHUPOBAHUA BTUX MCTOYHUKOB, OT (DUBUKY IIJIa3MBbI
IO JIIOOBIX Cy0aTOMHBIX ITPEBPAIIeHNH, UX PEaJbHBIM, CIEITN(PDUIECKUM
U HeoOXOAMMBIM 0asucoM Bcerjga OyeT HepeAyIUpPOBaHHAA CJIOMKHAA
IUHAMUKA PeaJlbHBIX MHOTOKOMIIOHEHTHBIX (M, KakK ITPaBUJIO, MHOTO-
YPOBHEBBIX) BaamMoieficTBuii. COOTBETCTBEHHO, COBPEMEHHBIE TPYIHO-
CTU B CO3JJaHMYU HOBBIX MCTOUYHUKOB DHEPTUU O0YCJIOBJIIEHBI JOMUHUDPY-
OIIell YHUTAPHOM IMapajurMoil CTaHZAPTHOTO MOAX0HA, KOTOPBIN Kak
pas «mpegHaMepPEeHHO» UM Hen30e:KHO CHUMKAET A0 HYJIA peaJbHYIO AU-
HaMUUYECKYIO CJIOKHOCTb M3y4YaeMbIX ITPOIECCOB, a BMeCTe ¢ Hell u ad-
(PEeKTUBHOCTB IIOKCKA.

Heob6xomum, TakuM 00pasoM, KOPEHHOM ITOBOPOT B CTPATETUH HCCJIe-
ITOBaHUU B (pM3WKe BBICOKUM dHepruii 1 riIyboKuX HmpeBpalieHnii MmaTe-
puu, HaIPaBJIEHHBIA B CTOPOHY Kay3aJbHO IIOJTHOTO IIOHUMAaHUA ITPOYIC-
XONAIIUX TUHAMUYECKH CJIOKHBIX ITPOIIECCOB B3aMMOIENCTBUA, B PAM-
Kax CTPOTO OIPeJeJEHHON ¥ YHUBEPCAJIbHOU KOHIIENIINU AUHAMUYE-
CKOH CJIOKHOCTU (OTCYTCTBYIOIIEN B YHUTAPHOUN «HayKe CJIOKHOCTH »)
[9—24]. IloMmuMoO perieHns KOHKPETHBIX PyHAaMEeHTAJIbHBIX W IPAKTHU-
YecKUxX mpobJsieM, 00CYKAaBITUXCSA BBIIIE, OH MO3BOJUT BHINTU U3 00-
IIIeTO HBIHEITHETO COCTOAHUSA cTarHanuu B GyHIaMeHTaJIbHONU HayKe,
MIPUBOAAIIETO K 3HAUYUTEILHOMY U MIPAKTUYECKU OITACHOMY CHUKEHUIO
MHTepeca K HayUYHBIM HCCJIEOBAHUAM B II€JIOM, BOIIPEKU TOMY, UTO OHU
SABJSAIOTCS €IUHCTBEHHBIM KMCTOYHHUKOM CTOJb HEOO0XOIUMOTO ceiuac
mporpecca (HO BOBMOKHOTO Tellepb UCKJIIOUNTEIbHO Ha 60Jiee BBICOKOM
YPOBHE HEPEAYIIMPOBAHHOM CJ0MKHONU JTUHAMUKHN ).
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