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B pabore naH 0630p OCHOBHBIX PE3y/IbTaTOB UCCIEAOBAHUM aBTOPA, HALIEICHHBIX HA CO3JJAaHNE MOHO(YHIAMEHTAITNCTKON
KBaHTOBOH KOHIIEIIIINK MHPOYCTPOHCTBA, paAUKaJIbHO MEHSIOUICH IPUHATHIE IPEICTaBIeHS 0 HeM. B 3Toit Oasupyromeiics Ha
YETBIPEX MOCTYNIATaX KOHLEIUI MUPOYCTPOHCTBO NMEET OECKOHEUHOE B IPOCTPAHCTBE OCHOBHOE KBAHTOBOE COCTOSIHHE (HYJIb-
BaKyyM), B KOTOPOM BEIIECTBO HE B3aMMOAEHCTBYeT. Bo30yX/ICHHBIMH KBAaHTOBBIMH COCTOSIHUSIMH HYJIb-BaKyyMa SIBIISIOTCS
YeThIpe THIIA MUPOB C Pa3HON CHMMETpPHEH MPOCTPAaHCTBA U KOMIUIEKCHBIMH (DM3MUECKUMH BEIUYNHAMH, POXKIAIOIIUMHUCS 1
H3MEHSIOIIUMUCS TOCPEACTBOM YHUBEPCANBHOIO MOISIPU3AI[MIOHHOIO MEXaHU3MA.

Tpu KBaHTOBBIX MHpa, 0Opa3yromIrecs MOCIIENOBaTeIbHO C TPAHCISAIMOHHOW, OCEBOH M LIEHTPAJIbHOW CHMMETpHEH
KOMIIJIEKCHOTO TMPOCTPAaHCTBA, POXKAAIOT BCEJCHHBIE CO c(epryecKu-CHMMETPUYHBIM JICHCTBUTEILHBIM MPOCTPAHCTBOM H
cTpesioll BpeMeHH. bo30HHOE BEIeCTBO JIBYX IEPBBIX KBAHTOBBIX MHUPOB MOPOXIaeT (pepMHUOHHOE BEIIECTBO (PH3UYECKOTO
BakyyMa. Tpu KBaHTOBBIX MHpa C KOMIUIEKCHBIM MPOCTPAHCTBOM (OPMHUPYIOT MPOTOCTPYKTYPY OOBEKTOB BCEIICHHOM,
Ha/IeJISIOMNX UX KBAHTOBBIMH CBOHCTBaMH.

OTa KBaHTOBAsI KOHIETIINSI MUPOYCTPOHCTBA KOMMYECTBEHHO COTNIACYETCS C IOy ICHHBIMHA METUTATHBHBIMH TPAKTUKAMH
JaHHBIMH ApeBHEN KocMonoruer Kamagakpsl, 4To SBISETCS €€ IMIUPHICCKIM TTOITBEPKACHIEM.

KBaHTOBBII MUp ¢ aKCHATbHOIM CUMMETPHEN, TI€ POXKAAIOTCS CIIUHBI YACTHUL], HACETIEH Pa3yMHBIMHU CYILECTBAMH Pa3HOTO
HepapXuvIecKoro ypoBHs, 00pa3oBaHHBIMH 0030HAMHM ¢ MHUMOH Maccoil. CylnecTBa BOCBMOTO HEPAPXHUUECKOTO YPOBHS TIPH
36MHOM BOIUIOIEHUH HAJIEISAIOT CO3HAHHUE YENIOBEKA Pa3yMOM H JyILOM.

[Tocrpoennast B [1] kBanTOBast Teopust Mupoyctpoiictea (KTM) ucnonb3yeT TONBKO TP MUPOBBIX KOHCTAHTBI M TIOTOMY
HE MOXeT OBbITh 00001IIeHa 1 UIMETh OTPaHHYCHUS Ha 00J1aCTh TPUMEHHMOCTH.

PaccmotpenHsie B [ 1] KBaHTOBBIE MOJICIH SIBICHUH pa3HOM MPHPOIBI M HEPAPXUUECKOTO YPOBHS, BKIIFOUAs HE MMEIOIINX
OOBSICHEHHS B paMKax MPHHSTOH JByXypOBHEBOH MapaJiurMbl, KOJIMYECTBEHHO COMIACYIOTCS C SMIIMPUIECKUMH JaHHBIMH. DTO
TIO3BOJISIET CAENATh BBIBOJ O CO3JaHMU OCHOB, MPETEHIYIONIEH Ha YHHBEPCAIbHOCTh MOHO(YHIAMEHTAINCTCKOW KBaHTOBOW
TEOPHUH MHPOYCTPOHCTBA, KOTOpast 3aMEHHT JIOTMIECKU TPOTHBOPEUNBYIO M MMEIOIIYIO OTPAaHNYEHHYIO 00J1aCTh MPUMEHUMOCTH
MapasnrMy, IpUHATYI0 O(UIMAIBHON HayKOW. DTO OTKPOET HOBBIE BOZMOKHOCTH B Pa3BUTHH (yHIAMEHTAIBHON HAYKH H €€
MIPAKTUYECKOTO IPUMEHEHUS.

[Tpobnema o6ocnoBannocTi KTM 06¢yxnaercs B [IpuioxeHun.

KioueBble ciioBa: MOHO(QYHIaMEHTAIN3M; YHUBEPCATIBHOCTh; KBAHTOBAsI TPEXKOHCTAHTHASI TEOPHS; MUPOYCTPOHCTBO;
HYJb-BaKyyM; Mupo3aanue; KBaHTOBble MUpBL; Beenennas; CoiHedHast cucteMa; YepHbIe JbIPhI; KOMIIEKCHOCTh (PU3NYECKUX
BEJIMYMH; TOJIIPU3ALMOHHBIN MEXaHU3M B3aWMOJEHCTBUI; NPEIONpPEeaeICHHOCTh COOBITHIT; MPOCTPAHCTBEHHBIE CUMMETPHH;
CIIMHOBOE MPOCTPAHCTBO; MEPAPXUUECKOE CTPYKTYPUPOBaHHE; 00bEeANHEHNE (yHIAMEHTAIbHBIX B3aHMMOJCHCTBUI; MacChl U
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BBenenue

B nexabpe 2023 ronma Ha caiite ptm-2008.ru pa3meniena mos MoHorpadus «KBantoBas Teopus
MUpoycTpoiicTBay [1], B KOTOpOIi mpencTaBieHbl OCHOBBI MOHO(YHIaMEHTAIMCTCKOTO MUPOBO33PEHUS,
IIPETEHIYIOIIET0 Ha YHUBEPCAIBHOCTh. B HEM CTpyKTypa MUpPOYyCTpONCTBA paJlKaJbHO OTIMYAETCS OT
IIPUHATON ceiiyac KapTUHBI MUPA, COCTOALLIEH U3 MHOXKECTBA BCEJIEHHBIX. J[pyroe KiroueBoe pa3inyue: Bce
¢buznveckre 0ObEKTH MUPOYCTPOICTBA, HE3aBUCHMO OT MX IIPUPOABI U HEPAPXUUECKOTO YPOBHS SBIISIOTCS
KBaHTOBBIMU. B TIpUHATON e mapagurMe KBaHTOBBIMH SIBJISIFOTCS OOBEKTHI MUKpOMHEpa, a BceneHHas
paccMaTpuBaeTcs Kak KJIACCMUECKUI OOBEKT. DTO MPOTUBOPEUUE CETO/IHS OCO3HAETCS, HO IMOMBITKH €ro
YCTpaHWUTh, HE MEHSS INPEACTABIECHUS O MHUPOYCTPOWCTBE, OCTAIOTCA H MPOTSKEHUU JAECATUIETUH
0e3yCIeIIHBIMH.

CMeHa Hay4HOT0 MHUPOBO33PEHUS HEN30€KHa, TaK KaK UCIOIb3yeMbli METO IPUOOPHOIo MO3HAHUS
ITpupoabl orpaHuyeH U HE CIIOCOOEH PElIMTh TAKHE KIIFOYEBbIE MUPOBO33PEHUECKUE MPOOJIEMBbI Kak
obpa3zoBanue Bcenennoil m nmpupopa cosznanus. IIpuOopamu M3 aTOMHOro BelleCTBA MOXHO H3ydaTh
o0pasyrolue ero 4acTullbl, HO Hellb3s MOJYYUTh OTBET HA BOMNPOC, YTO MpealiecTBOBaI0 BeeneHHol u
OTKyZJa OHa IOJIyYWJIa SHEPrui0 U Maccy. st 3Toro Hy»HO 3HaTh, KAKME€ MHUPbI M M3 KaKOro BEleCTBa
ABJISIIOTCSL €€ POIUTEILCKUMH MUPAMU U YTO SIBJISIETCS MEpBUYHOM cyOcTaHuuelt mupoyctpoiictsa. [Ipu
poxeHMH OoObeKTOB BceneHHONW (parMeHThl 3THUX KBAaHTOBBIX MHPOB 00pa3yloT «HEBHIUMYIO»
puGOpamMu npomocmpykniypy 0ObEKTOB, HAEAIOILYIO UX KBAHTOBBIMU CBOHCTBAMU'

Ha cymiectBoBaHrMe HEM3BECTHBIX MHUPOB YKa3blBaeT U ()EHOMEH CO3HAHUS, KOTOPOE CIOCOOHO B
M3MEHEHHOM COCTOSTHUH IIPOHHUKATh B HUX U IMPUPOAY KOTOPOTO HE YAAIOCh OOBSICHUTH (DYHKIIMSIMU MO3Ta.
B npeBHEBOCTOUHBIX YUCHHAX U 330TEPUKE MPOSBICHUS CO3HAHMS CBS3BIBAIOT C HEBUAUMBIMU IIPUOOpaMuU
T.H. KTOHKOMaTe€pHaJIbHBIMU» CTPYKTYpaMH. DTO MOKHO pacCMaTpUBaTh KaK yKa3aHUE HA CYLIECTBOBaHUE
HEU3BECTHOM (POPMBI MaT€pHH, [0 CBOUM CBOWCTBAM PaJuKaIbHO OTIIMYAIOLIEICS OT aTOMHOTO BELIECTBA.

CerogHs HaKONWJIOCh MHOXKECTBO AMIMPUYECKUX JAaHHBIX, IPOTHUBOpEYAINX Mojeiau bosbuioro
B3pbiBa. Ho ee 3a HeMMeHueM Jiydlliell MOJIEN CTapaloTCs COXPAaHUTh, BBO/S PAa3IMYHbIE MOAU(DUKALINH.
Cosznaercst BHevyaraeHHE, YTO OCO3HAHME OMIMOOYHOCTH OSTOW MOJENM MNPUIET JIMIIb TOIAA, Korna
KOCMUYeCKHi Teneckon «JxeiiMc Y300» oTKpoeT acTpoHOMHUYECcKHue 00BEKTHI cTapiie BeeneHHol B ee
Mozenu bonpmioro  B3pbiBa. MOXKHO HAAESITbCS, UYTO 3TO COOBITHE BBIHYAMT «3aMETUTHY
MOHO(YHIaMEHTAUCTCKYIO KBAaHTOBYIO KOHIEMIIMIO MUPOYCTPOICTBA, B KOTOpoil Beenennast crapie Ha
0,3 mupz. JerT.

[Tocnennuit pa3 cMeHa HayyHOU mapaaurMel mpoucxonmia 100 neT Ha3aa, Koraa MpeAcTaBIeHUe o
KBAaHTOBBIX CBOMCTBaX MHUKPOMHpAa 3aMEHWIO KJIACCHYECKHE IMPEJCTAaBICHHS O  BEIIECTBE,
MPOCYLIECTBOBABIINE YETHIPE BEKa. JTa KBAHTOBAsl PEBOMIOLNSA MOXKET TeNeph MOIY4YUTh NMPOJOIKEHHUE,
OXBATHB M MaKpOMHP.

Jis  mOATBEpPXKICHHMS YHHBEPCAJIbHOCTH IMOJXOAa KBAHTOBOM KOHILEMIMM MHPOYCTpOIcTBa
HEOOX0IMMO OBLIO MPOJEMOHCTPUPOBATh €€ CIOCOOHOCTh pellaTh MpOoOaeMbl MPUHATON MapajurMel U
KOJIMYECTBEHHO OIUCHIBATh C MCIIOJIb30BAHUEM TOJIBKO TPEX MHUPOBBIX KOHCTAHT JaHHbIE M3MEPEHUH,
MOJIyYEeHHBbIE [TPU N3yUYEeHUH aHOMAJIBHBIX JIJIsl Hee SIBIIEHUI pa3HOro HepapXHUeCKOro YPOBHS U MPHPOIbI.
Cpemn HMX 0CO0O BBILAETSAIOTCS NPOOJIEMbl KMBOM MaTepuu M CO3HaHUS. AHOMAaJbHBIX SIBIECHUI
HAKOMUJIOCh MHOXXECTBO, W OHM CBUJETEIBCTBYIOT 00 OrPaHUYEHHOCTH NPUHATHIX HAyYHBIX
npencrasieHuii o [Ipupone u meronax ee usyueHus. Pe3ynsrarsl paboThl, MpOJIETaHHON MHOIO 32 IEPUO]T
1995-2023 rr, mnpexacrasBieHsl B MoHorpaduu «KBaHTOBast Teopuss MupoycTpoiicTBa» [l1] u
paccMarpHuBaroTCs Kak 000CHOBaHHE HOBOTO MUPOBO33PEHUS.

! Ona nposiBisieTcst yacTuuHO B aype Kupnuana o6beKTOB.



[IpunsTtas napagurma OCHOBBbIBacTCs Ha CTaHAApTHBIX MOJEIAX DJJIEMEHTAapHBIX 4YacTHIL U
Bceenennoii. CrannapTHas Moaenb aieMeHTapHbIX dactull B 2023 rogy ormetmiia cBoe 50-nerue. OHa
JOCTUINIa OOJNBIINX YCIEXOB B OMUCAHMU SKCIEPUMEHTAJIHHO OOHAPY)KEHHBIX CBOHCTB MHKpPOYACTHII,
ucnonb3ys okono 20 cBobogHbIX mapaMeTpoB. Ho eif He ymanoch HalWTH, B YaCTHOCTH, CIIOCOO TOYHOTO
BBIYUCIICHUS MACC YaCTHIl. DTO O3HAYAET, YTO MEXAHU3M 00Pa30BaHM AIEMEHTAPHBIX YacTUl] BeeneHnoi
U ee (PM3NYECKOTo BaKyyMa OCTAJICSI HEBBISICHEHHBIM.

Eme crapme ™momens bombmoro B3peiBa, ocHoBanHas Ha OTO u mnpusBaHHAs OOBSICHUTH
HaOmonmaeMoe pacmupenne BcenenHoil. B Hell mpenmonaraercs, 4YTO HaYalbHOE CBEPXCBETOBOE
pacmpenre BceneHHON 0OBsCHSETCS pacIIMpEeHUEM MPOCTPAHCTBA, & JUISI OOBSICHEHUS YCKOPEHHOTO
pacumpenusi BceneHHON Ha COBPEMEHHOM 3Tamle MPEArojokeHO, YTO (PU3MUECKUH BaKyyM 3alloJIHEH
TEMHOUW SHEPIUe HEU3BECTHOU IIPUPOABI C NOAXOMALIEH JUIsl ©U3MEPEHHOIO YCKOPEHHUSI INIOTHOCTBIO.

B Moznenu bosbiioro B3pbiBa HAKOIMIOCh MHOTO IIPOOJIEM M HEOOBSACHEHHBIX €10 ACTPOHOMUYECKHUX
HaOmonenuid. 3amymieHHas B 2021 romy kocMuueckuil Teneckonm «JDxeriMc Y300» 0OHapyKuII
c(hopMHUpOBABLIMECS KOMIIAKTHBIE TAJTAKTUKM W MAacCHUBHBIE YEpHbIC JbIPbl, CYIIECTBOBABILUX, KOIJa
Harpetoe bBoibIIMM B3pBIBOM BEIIECTBO BCEneHHOM elie Haxonuiaoch B CTaJUU PEMOHU3ALUU. ITO
IIOATBEPIUIIO COMHEHUS B aIEKBAaTHOCTH 3TOW MOJIEIH PEATIbHOCTH.

Mbl BUAMM, 4YTO HBIHELIHEE COCTOSHHE (YHIAMEHTAJIbHOW (U3MKH, OCHOBAaHHOM Ha JBYX
CraHapTHBIX MOJEIIAX, HE UMEET HAJEKHOIO SMIUpPUYECKOro 000cHOBaHMs. Eciu cripocuTh, 0co3HaeT
JM 3TO HAyyHOE COOOIIECTBO B LEJIOM, TO OTBET Oyner orpuuareiabHbiM. OduuuanbHble HayyHbIE
CTPYKTYpBl HaleJIeHbl Ha TO, YTOOBI COXpPAaHHUTh CTaTyc-KBO. Bce, 4TO CyIIECTBEHHO NPOTUBOPEUUT
YCTaHOBUBILUMCS IIPEICTABICHUAM O MUPOYCTPOICTBE, pELEH3UPYEMBIMHU JKypHajlaMHu He Iedaraercs. B
YaCcTHOCTH, JlaHHas paboTa Obula HOCIaHa Uil O3HAKOMJICHHsI ¢ HOBOHM KOHIIENIMEH MHUpPOYCTpOICTBa
penakuusM ceMu GU3NIECKUX U aCTPOHOMHUYECKHUX )KYPHAJIOB, TEMAaTHKA KOTOPBIX B HEW UCCIIENYETCs, HO
HU OJHOTO OTBETa HE IOCJIENOBANO. 3/1€Chb YMECTHO OTMETHUTh, YTO KOIJa KBAaHTOBas KOHILIEMILIUSA
MUpPOYCTpOHcTBa Obla MOcjaHa yUIeAUIEMY HEAABHO OT HAC IVIaBHOMY PEAAaKTOpy KypHana «Ycrexu
¢busnvecknx Hayk» akan. B.A. PyGakoBy, To OH OTBETHII B TOT K€ JICHb.

«MomyaHue» 3TUX KypHaJIOB — HE 3HAK COIVIACHs, a HEKeJIaHWe BeCTH auckyccuto. B 2016 1. onun
U3 OTUX JKYypHAJOB OTKJIOHWJI CEMb CTaTeil, MpeACTaBIsABUIMX aJbTEPHATUBHYIO KOHILEIIUIO
MHUPOYCTPOHCTBA U 0OOOCHOBBIBABIINX €€ OCHOBHBIE PE3Y/IbTaThl, OTHOCALINECS K TeMaTuke *KypHana. OH
OOBSIBUIJI UX METOJUYECKHUMHU, a Ha MPOChOY OOBSICHUTH MOYEMY UX COWIN TAKUMH, 51 TOJYUUI OTBET, YTO
HENPUHATHIE K MyOMUKallMU CTaTbl HE KOMMEHTUPYIOTCS. OTKIOHEHHbIE HECKOJIIBKUMHU JKypHajIaMH I0]1
(bopManbHBIMU IPEUIOraMU CTaTbU OBLIN OITyOIMKOBaHbI B cOOpHUKE [3].

3ansTas opUIMAIBHON HayKOW MO3UIMS Ha MOHOMOJNMIO 3HaHWK o I[lpupone u cyxaenuid o0 ux
MCTUHHOCTHU TIpUBEJa K JUIUTEIBHOMY 3aCTOI0 (yHIAMEHTAJIbHOW (U3UKHU, K OTCYTCTBHUIO TUCKYCCHH IO
MHPOBO33PEHYECKUM BOIIPOCAM.

KoHewyHO, HE Bce MCCIENOBaTENN Pa3leNsoT Takoe «camMoMHeHHe». Ho odeHp TpyaHO co3nmarh
aJIbTEepHATUBY, KOTOpasi Morvia Obl 3aMEHHUTH MapagurMy, HaJl oOOCHOBaHMEM KOTOPOHM AECATHUIIETHSIMU
Tpyawiuch ¢u3uku. CerofHs HUKTO Takylo paboTy miiaHupoBaTh U (puHaHcHpoBaTh He OyzaeT. IloaTomy
IUIBIT TPOTUB TEYEHUS MOXHO TOJBKO B OAMHOUKY, HE HAJEsACh Ha INOMOLIb YYaCTHUKOB HAy4HOTO
MEUHCTpUMA.

S Takolt «3arubiB»y Havyan B 1985 u 3akonuun B 2023 roay, koraa pazmectui Ha caite ptm-2008.ru
rOTOBSINYyIOCS K myOnukanuu MoHorpaduio «KBaHTOBast Teopust MupoyctpoiictBa» [1]. B Heilt
OOOCHOBBIBAIOTCSl ~ NpETEHIYIOmas Ha  YHUBEPCAIbHOCTh MOHO(YHIAMEHTAIMCTCKas  KapTHHA
MHUPOYCTPOWCTBA U HOBBIE BO3MOXKHOCTH Pa3BUTHUs QyHIAaMEHTaNbHOM Hayku. OHa Jienaer akTyajJbHbIM
BOITPOC O CMEHE HAayYHOU MapaJurMsl.

Jannast o0G30pHas paboTa HamucaHa A KpaTKOro O3HAKOMJIEHHMSI C HOBOM MHUPOBO33pEHYECKON
KOHIIeNued u ee obocHoBaHHMEM. B Hell naH 0030p MOMCKOBBIX paboT [2-4], HA OCHOBE KOTOPBIX
pa3paboTaHbl OCHOBBI KBAaHTOBOM TE€OpUU MHpOycTpoiicTBa. [Ipu 3TOM perieHus HEKOTOPBIX OCHOBHBIX
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npo0ieM IpecTaBiIeHbl 00ee TOAPOOHO C TEM, YTOOBI MOKHO OBLIO OIEHUTH CTPOTOCTH APTYMEHTAIIUH.
B nacrosmieit pabore nemaercst BBIBOJ, YTO Ul Pa3BUTHA (yHIAAMEHTAIbHOW HayKH HE0OXOlMMa cMeHa
NPUHATONW ceivac MPOTHBOPEYMBOM JBYXypOBHEBOH MapaurMbl C OTPAaHUYCHHOH 0OJIaCThIO
MPUMEHUMOCTH Ha MOHO(YH/ITAaMEHTAJIMCTCKOE KBAaHTOBOE MUPOBO33peHHE. TakuM 00pa3oM, yCIOBUS IS
MHUPOBO33PEHYECKOI TUCKYCCHH, KOTOPAst JacT UMITYJIbC Pa3BUTHIO (PyHIaMEHTAIbHON HAYKH, CO3PEIH.



I'naa 1. HauaJgo

Curyanust ¢ TOSBICHHEM QJIBTEPHATUBHOTO MOHOQYHJIAMEHTAIUCTCKOTO  MUPOBO33PCHHUS
HectannaprtHas. [ToaTomy crnemyer pacckas3arb, Kak pa3BUBAINUCH COOBITHSL.

1.1. IHoc1anue ¢ HeOa

OrneHKa MHOIO COCTOSIHHS (PyH/TaMEHTaJIbHON HAYKH KaK 3aCTOMHOTO U IOHUMaHKUE HEOOXOIUMOCTH
HCKaTh U3 HETO BBIXOJ, 3aHSI0 MHOTO JIET.

Jo 1985 roga s 3aHuMaicss B OCHOBHOM 3akpbITOi Tematnkoil. Padoras 8 TPUHUTU (ObiBImit
¢wmmman KypuyaroBckoro MucTHTyTa B . TpOUIIKE), ST BEN 3aKPBITHIN MPOEKT, a B OTKPHITOM CETMEHTE HAYKH
MBITAJICS. HAWTHU Takod crnoco0 OCYIIECTBICHUS TEPMOSACPHOI peakliu, KOTOPbIH MO3BOJIMT CO3/1aTh
KOMMEPYECKH KOHKYPEHTHBIA BapHaHT TEPMOSIEPHOrO peakTtopa. B mpoTMBHOM ciydae, Kak sl CUMTAl,
JOPOTOCTOSIIIMK  TEPMOSIZICPHBIM  peakTop KAeT cyapba NaMsITHHUKA O IMPEOAOJICHUH YEeIOBEKOM
CIIOKHEUIINX HAYYHBIX U TEXHUYECKUX MPOOIIEM.

Hactynun 1985 roa, u B CCCP Hauanace nepectpoiika. B TepMosiaepHOil iporpaMmMe MOUCKOBBIE
paboThI 3aKpBUIUCH U3-3a MIpeKpaleHus puHancupoBanus. Hy:kHO ObLIO TymaTh, 4eM 3aHATHCA.

Haxopsics B oTycke Ha ade 1o MOCKBOIA, 51 C JOYEPHIO MEPE] CHOM BBIXOAMII HEHAJOJITO MOTYJISTh.
B oauH U3 SCHBIX aBryCTOBCKMX BEUEPOB, BB M3 JOMa Ha MPOXOMASIIYIO PSAOM JOPOTY, Mbl YBUIEIH
HEJalIeKO0 OT HAaXOMAIIETOCs B YETHIPEX KUIOMETpPax MOcelka MIHOBEHHO 00pa30BaBIIYIOCS IIETIOUKY U3
LIECTU HU3KOJIETALLMX CBETAIIMXCS apoB pa3mepoM ¢ JIyHy. [loayieras k mocenky, OHA UcC4€3aau B OAHOU
touke. [llapel nponerenu npumepHo 3a 10 cekyH[ OKOJIO KUIIOMETPA.

Torga s eme He ObUT (UBUKOM-TUCCUICHTOM, W YBUJEHHOE Topa3mwio MeHs. Ero Hamo ObLIO
ocMbIcTuTh. Kak Moriim oOpa3oBarhes MiIa3MEeHHBIE maphl AuaMeTpoM npumepro 10 merpos? S kak pas
YUTaJl KHUTY O IIapOBBIX MOJHMSX, KOTOPblE HUKAK HE YaBajl0Ch BOCIIPOU3BECTH IKCIEpUMEHTaIbHO. 1
BApPYT 0€3 BCAKONO0 TEXHUYECKOTO YCTPOMCTBA BO3HMKAIOT CBETALIMECS ILAPbI, COAEpIKAIlUe OTPOMHOE
KOJIMYECTBO SHEPruU. DTO MPOTHUBOPEUMIIO BCEMY, YTO s 3HAJ, U O3HAYajo, YTO y 4YEJIOBEYECTB €CTh
BO3MOKHOCTH B OyyIIieM 0OOUTHCH U 0€3 TEPMOSIIEPHOTO PeaKTopa.

[TonsTh, Kak 0Opa3yrOTCs TaKUE LIaphl YAlI0Ch JUIIb Yyepe3 MHoro JjeT. [lorpeboBanoch necarsb aetT
U3y4YEHUs JAPYTUX aHOMAJbHBIX SBJIEHUH, YTOOBI MPUNTH K BBIBOJY, UYTO CErojHs (u3nka OeccuibHa B
00BbSCHEHUH MOJIABIISIONIET0 OONBIIMHCTBA U3 HUX U3-3a CYIIECTBYIOIIUX B HEM MpoOIieM U MPOTUBOPEUMA,
BBI3BaHHBIX HEMOJIHBIMU IPEJCTABIECHUSIMU O MUPOYCTPONUCTBE.

[TocreneHHO MPUXOAMIO MOHMMAHHE, YTO NMPUYMHOU 3TUX MpoOJieM SBJISETCS OrpaHMYEHHOCTh
METOJIMKHA HAy4YHOTO TIO3HAHMs, CTPOSIIEHCS TONbKO Ha NpuOOpHOM Metoie wu3ydeHus I[Ipuponsi,
MTOCKOJIBKY MM MOKHO HCCJEI0BaTh TOJBKO Ty €€ YacTh, C KOTOPOM B3aWMOJEHCTBYIOT COCTOSIIME U3
aTOMHOTO BellecTBa npubopel. Hemonumanue npupoasl CO3HAHUS YKa3bIBAJIO Ha CYIECTBOBAaHHE MHOMU
(GbopMBl MaTe€pUM U HEU3BECTHBIX CTPYKTYpP MHPOYCTPOICTBA, C KOTOPBIMH CO3HaHHE MOXKET
B3alMOJICHCTBOBATh U, 3HAUUT, CIYXKUTh «IIPUOOpOM» AJisi UX U3ydeHus. B npeBHue BpeMeHa yuyeHble
MCTOJIb30BAIM METO/IBI MEIUTAIIMU U TTIOTOMY 3HAJIM TO, YTO «IIPUOOpPHAsi HayKa» MO3HATh HE MOXKET. DTO
OOBSCHSIIO, TIOYEMY JIPEBHEBOCTOYHBIC MPEACTABICHUS O MHPOYCTPONCTBE PaJMKaIbHO OTIMYAIOTCS OT
npefcTaBieHui  coBpeMeHHOM Hayku. Ilomydamoch, dYTO OOOCHOBBIBaTb HOBYIO  KOHILIETILIHIO
MHUPOYCTPOWCTBAa HYKHO C YYE€TOM TE€X 3HAaHWM JPEBHUX YUYEHUH, KOTOpbIE HE IPOTHUBOPEYAT €ro
YHUBEPCAJIbHBIM 3aKOHAM.

Bbbu10 TOHATHO, YTO CTPOUTH HAAO TAaKyH KOHLIEMIUIO MUPOYCTPOUCTBA, 4TOOBI OyyIIne OTKPBITHS
HE 3aCTaBJISJIU BCE MepeieNbIBaTh 3aHOBO. 11 3TOro cienoBano pa3padboTaTh yHUBEPCATbHYIO KBAHTOBYIO
KOHIIETILIMI0O MUPOYCTPOMCTBA, HE MMEIOIIYI0 OrpaHMYeHU Ha 00jacTh mpuMeHHUMocTu. Takas 3amada
MoHauajy Kazajaach Hepeasm3yeMmor. Ho, ¢ apyroit ctopoHbl, TpeOOBaHNE YHUBEPCATBHOCTH KOHIEMITUN
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03HAyaso, YTO HY)KHO NPUMEHUTh MOHO(DYHIaMEHTATMCTCKUI MOIXOI U HCKaThb TaKUe €€ HCXOAHbIe
MOCTYJaThl, KOTOPbIE HE OrPAaHMYUBAIOT OOJACTh MPUMEHUMOCTH M MaKCHMajJbHO 0000LIAIOT HaAEKHO
YCTaHOBJICHHBIE (PU3UKOH 3aKOHOMEPHOCTH.

[TpoGnema cMeHbl (u3uveckoil mapaaurmel obcyxkaanace B 1996 r. B bocrone (CIHIA), rme
cOOpasMCh Ha CUMMO3UYM Benymme Gu3uku U Guiocodsl. B cocTosBIIEHCS TUCKYCCHH OICHHBAIOCH
coctosinne kBaHTOBOWM Teopum mosst (KTII), sBisromieiicss OCHOBOM COBpeMEHHOM (yHIaMeHTaaIbHOMN
(hU3UKH, BKITIOYAIOIICH PU3UKY AIEMEHTAPHBIX YaCTUIl U KOCMOJIOTHIO [5].

B oTHomeHnn HEoOXOAMMOCTH Pa3pabOTKU HOBOW KOHIIEMIIMM MHEHUS Pa3JeIUINCh. ATIOJIOTeThI
CrangapTHOI MOJAENTH AJIEMEHTAPHBIX YaCTHI] YTBEPHKIaiH, 4To (PU3UKA MOXKET CUMTATHCS 3aBEPIICHHOM,
TaK KaK BCE€ OCHOBHBIE €€ 3aKOHBI OTKPBITHI U CUCTEMATU3UpOBaHbl B CTaHIapTHOW MOJIENH.

Hpyrue pu3uku *KecTko KPUTHKOBAIM 3Ty MOAEIb, nepeuncisis ee Hegocratku. /1. I'pocc, Oymyun
CTOPOHHUKOM TEOPHH CTPYH, HEPEUUCITII MPoOIeMbl, KOTopbie TpeOyroT Bhixona 3a npeneisl KTTI. K.
PoBemm otmeTuni, 4To B COBpEMEHHOM KapTUHE MUpa, ocHOBaHHOM Ha KTII, HeT oTBeTa Ha BOIPOCHI, Y4TO
Takoe BpeMsi, POCTPAHCTBO, MaTepus, MPUIMHHOCTh. He peiieHa u mpobiema o0beAMHEHHS] KBAHTOBOM
MEXaHUKH C SMHIITEHHOBCKOM 00111ei Teopuell OTHOCUTENBHOCTHU. 3a0cTpsis cutyanuto, L. [Taimoy ckazan
JlaKe, YTO «KBAHTOBAs TEOPHS OISl IPOCTO HEBEPHAY.

BbiBOA, K KOTOpOMY NpUIUIA KPpUTUKH CTaHAAPTHOM MOJENH, TAKOB: CTarHalusi TEOPUHU JIOJKHA
OBITh TTPEOJIOJICHA HOBOM KOHIENTYAIbHON PEBOJIOIUEH, KOTOpasi HeoOs3aTelIbHO OyaeT 0a3upoBaThCcs Ha
TEOpUU CTPYH, HO B JIIOOOM CIy4ya€ COBEPIIUT PAJAMKAIbHBI NEPECMOTP OCHOBHBIX JONYLIEHUH U
npuniunoB KTII. C. Baita6epr u /. ['pocc mpeanonoxuim, 94To Takash OKOHYaTelbHas Teopusi OynmeT
pagukanpsHo ommuHoM ot KTII. III. T'dmoy e BeIpa3wil COMHEHUS B OCMBICIICHHOCTH CAMMX IOHSATUN
«OKOHYaTenbHas» Teopus uiam « Teopus Bcero».

Baxxnoe mecto B JUCKyccud ObLIO YIelneHO MeTadhU3UYECKUM M SIMUCTEMOJIOTHYECKUM BOMPOCaM
¢usuku. Cpeau MepBbIX OCHOBHOE MECTO 3aHMMall BONPOC O KapTUHE MHUpA, PUCYEeMOH COBPEMEHHOMN
¢buzukoil. SIBnsercs i MUpP HENPEPBIBHBIM, UIIH OH quckpeTeH? KakoBa mpupona Gu3nyeckoro BaKkyyma u
BakyyMHbIX (pykryanmii? KakoB cMmbIci moHsATUI BoimHa U yacTuma? OOnagaer Ju MHpP UEpapXUUueCKOM
CTPYKTYPOM U €CJIU J]a, TO KAKOBbI MEXaHNU3MbI B3aUMOJICHCTBUS MEXY €€ YPOBHAMHU? MOKHO JT1 YPOBHHU
OIHCHIBATh B paMKaxX pelyKLIHOHU3Ma UM OHU HECBOJUMBI APYT K Apyry?

bocToHckas nucKyccusi HE BBISIBUIA apryMEHTAllMM, HE TMO3BOJISIIOIIEN CO37aTh YHUBEPCATBHYIO
MOHO(YH/IaMEHTAIUCTCKYI0 TEOPHIO. DTO CTAJIO MOAAEPKKOW MOEro CTpemiieHUs: pa3paboTaTb OCHOBBI
TakoW TEOpHH, KOTopas Moria Obl JaTh OTBET M HAa MeTapU3UYECKHE U AMUCTEMOJIOTUYECKHE BOIMPOCHI,
IIPO3BYyYaBIINE HA OOCTOHCKON JHUCKYCCHUU. DTH OCHOBBI TEOPUHU HM3JI0KEHBI B MOHOTrpaduun «KBaHTOBast
Teopust MupoycrporcTeay [1].

1.2. KBaHnTOBasi KOHIENIMA MUPOYCTPOHCTBA H €e NMOCTYJIaThl

YHuBepcanbHas (MM OKOHYATENIbHAsH) TEOPUS MOXKET ObITh TOJIBKO MOHO(YHIAMEHTAIUCTCKOMH, T.€.
OCHOBaHHOM Ha eMHBIX (PU3MUECKUX 3aKOHAX Ha BCEX MEepapXUUECKUX YPOBHsX Marepuu. Ee moctynarsl
JIOJKHBI OIPENIeNsTh:

- CBOMCTBA NMPOCTPAHCTBA U BpEMEHU

- KBaHTOBYIO CTPYKTYpy MHPOYCTPOICTBA, €r0 OCHOBHOE U BO30YX/I€HHbIE COCTOSHUS

- €IMHYI0 MPUPOY PU3NUECKUX BETUUHUH

- YHUBEPCAJIbHBIM KBAHTOBBIM MEXaHU3M U3MEHEHUS (PU3NUECKUX BEITUYHH.

[IpencTosno KOHKPETU3HPOBaTh 3TU TpeOOBaHMS, W HaA0 OBbUIO OIPENEIUThCS C TMEePBUUYHON
cyOCTaHIIMe MHPOYCTPOMCTRA.



B ¢usuke BaxkHYIO pObh UTPAIOT CHMMETPUH B3auMOACUCTBUH. [103TOMY OBLTO TIPEAIOI0KEHO, YTO
OHU MOPOXKAAIOTCS CHMMETPHEN MPOCTPaHCTBA, KOTOPOE CTAHOBUIJIOCH TOT/Ia NEpBUYHOI cyOcTaniuei. Ho
IIPEACTABIICHMS O IPOCTPAHCTBE B HACTOSIIEE BPEMsSI OKOHYATENIBHO HE CIOXKUINCH. 1. HpIOTOH cumran
MPOCTPAHCTBO aOCONIOTHBIM, T.€. TEPBHYHOW cyOcTaHimei. [lo3ke BO3HHKIM TPEANOIOKECHUS, UYTO
IIPOCTPAHCTBO OTHOCUTEIBHO, OJHOPOAHO M M30TPOINHO. HekoTopele naxke cyuTanu, 4To MPOCTPAHCTBA
HET, 4TO 3TO YIOOHBIN CIIOCOO OMMCHIBAThH ABMKEHHE 00beKkTOB. B OO TeOpuH OTHOCUTENBHOCTH, Ha
OCHOBE KOTOpoH moctpoeHa CraHmapTHas Mmojenb Bcenennoit (umeercs B Buay ACDM-mopenb)
MIPOCTPAHCTBO MOXKET paciupsIThest U AepopmupoBarbes. CuuTaeTcsi, 4TO BO B3aUMOJCHCTBUSX,
MPOUCXOJSAUIMX B NPOCTPAaHCTBE BceneHHOH, peann3yroTcsi BCE 4YEThIpe BHJAA IMPOCTPAHCTBEHHOM
CUMMETPHUHU, HO MEXAaHU3M IPOSBICHHUS TOM WM MHOM CUMMETPUM He u3BecTeH. Ecnau cuurars, 4yTO
MIPOCTPAHCTBO XAPAKTEPU3YETCS OAHOM CHMMMETPUEH, TO JIOJDKHO CYIIECTBOBATh YETHIPE THIIA MHUPOB C
Pa3HBIMHU BEIIECTBOM U €r0 B3aUMOJCHCTBUSIMMU.

[Ipupona BpeMEHM TakK€ BBI3bIBA€T CHOPBHL. BpeMs 5JIeKTpOHOB W KBapkoB o0Oparumo, a
o0pa3oBaHHOE UMH BelllecTBO BcenenHoit 00paTuMocTh BpEMEHH yTPauUBaeT.

IlIpocmpancmeo u cmpykmypa mupoycmpoiicmeéd. B KBaHTOBOM KOHIIENIIIMM MHUPOYCTPOUCTBA
MPOCTPAHCTBO SBJSIETCS MEpBUYHON cyOcTanimeil. OHO aOCONMIOTHO U OECKOHEUHO, €ro HEBO3MOXHO
cO3/1aTh: OHO BCerna CyIIecTBOBajo M OyaeT cymiecTBoBaTh BeyHO. [loaTomMy y MupoycTpoiicTBa HET
TBopua, CHOCOOHOrO MEHATH €r0 CBOMCTBA, M OHO 3BOJIIOLIMOHUPYET HUKINYHO. [IpocTpancTBO cioco6HO
IpoOUTHCSI U 00PA30BBIBATH «IIPOCTPAHCTBEHHBIE» YACTHUIIbl, KOTOPHIE MOTYT CTAHOBUTCS (PU3MUECKUMHU
qacTuIamMu (mpruodperars GU3NIECKIE CBOWCTBA).

HcxonHoe 6eCKOHEUHOE IPOCTPAHCTBO? SABIAETCS OCHOBHBIM KBAHTOBBIM COCTOSHHEM MUPO3/IAHNS,
B KOTOPOM IIPOCTPAHCTBEHHBIE YACTUIIBI HE B3aUMOEHCTBYIOT. OHO Ha3BaHO HYJIb-BAKYYMOM U MTOPOXKJIAET
BO30YK/ICHHbIE KBAaHTOBBIE COCTOSHUSI C B3aUMOJCHCTBYIOLIMMH BJOJb BbIIEICHHBIX HalpaBICHUM
yacturamu. Crenndrka ux B3aUMOACHUCTBUS ONPEACISIETCS CHMMETPHUEH MPOCTPAHCTBA 00PA3YIOIIUXCS
MHUpPOB, HO He HaoOopor, kak mnpuHaro B OTO, rme cummerpus NPOCTPAHCTBA MCKaKaeTCs
B3aUMOJICHCTBUEM YACTHLI.

B kaxaoM 1nukie MHPBl POXKIAIOTCA IIOCIEAOBATEIBHO C  YCIOXKHSIOIIEHCS CHUMMETPHUER
MIPOCTPAHCTBa, a KMcYe3aloT B oOpaTHOM mopsake. IlepBbIMH POXKIAIOTCS MHUPBI C TPAHCISIIMOHHOM
CUMMeTpueH (c-MHUpBI), a 3aTeM MHUPBI C aKCHAIbHOW cuMMeTpuen (hc-Mupbl), B KOTOPBIX BO3HUKAIOT
BpalleHus yacTull. YacTUIbl 3TUX HEU3BECTHBIX (PM3MKE KBAHTOBBIX MHUPOB SIBIAIOTCS 0030HAMH, T.€.
UMEIOT LIEJIOYMCIIEHHOE 3HaYeHHue cnuHa. CIenyonMy poXkKaaoTCsa MUPBI C IEHTPAJIbHON CUMMETpUEH
IIPOCTPAHCTBA, KOTOPas «3aCTaBIsIeT» OKa3aBIIMecs B HEeM 0030HBI pOXXJIaTh Hapbl (PEPMUOHOB CO CIIUHOM
2. OT0 MHpBI (PU3UYECKOTO BaKyyMa, KOTOpPbIE CIIOCOOHBI MOPOXJIaTh BCEJIEHHBIE €O cpepuueckon
CUMMETpHUEH IPOCTPAHCTBA, B KOTOPOM HET HEOOXOIMMBIX JJI1 KBAHTOBBIX B3aUMOJICHCTBUI BBIJICIEHHBIX
HaIlpaBJICHUM.

TakuMm 00pa3oM, y BCEJEHHBIX, HUMEIOMIUX C(HEepUYEeCKU-CUMMETPUYHOE MPOCTPAHCTBO, TPHU
KBaHTOBBIX POAMTEIILCKUX MHpPA C Pa3HbIMU MPOCTPAHCTBEHHBIMH CHUMMETPHUSIMHU, OMNPEIECIAIOINE
CIEKTpHI MOJIeH 3TUX MHUPOB. Y Kaxaoro o0Obekra BceneHHoW nMeeTcsi oOpa3oBaHHas STUMH MHpaMH
npomocmpykmypa, Hajensomas ero KBaHTOBBIMH CBOWCTBAaMU M B3aumojercTBusMHU. M3 BceenenHoi
HaOIIoaTh 32 KBAHTOBBIMHU IIEpeXoJaMH B MPOTOCTPYKType HeBo3MOkHO. Korjga oHu 3aBepiuarorcs,
BO3HHMKAE€T HOBOE KBAaHTOBOE COCTOSIHME OOBEKTa, W ATO HHTETPAJbHOE W3MEHEHUE MPOSBISIETCS BO
Bcenennoii kak ee coObITHE.

B CranmaptHoit Mmoaenu BceneHHoM HET npeACTaBICHUS O IEPBUIHOM CyOCTaHIIMH U POAUTEITbCKUX
MHUpax, a MPOCTPAHCTBO OOJaZaeT cpa3dy BCEMM YETBHIPbMS CUMMETPUSMHU, HO HE OOBSICHSETCS, YTO
3aCTaBIISIET MPOSIBIATHCSA BO B3aMMOJACUCTBUAX Ty WIHM MHYIO cUMMeTpuro. Kpome toro mpenmonaraercs,
YTO MPOCTPAaHCTBO BceneHHONW MoOXkeT pacmmpaATbes U JAedopMupoBaThecsl rpaBuTanueid. B Takoif

2 TTotoM YAAJIOCh 10Ka3aTh €ro TpEXMEPHOCTh.
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BcenenHoit y MakpooOBEKTOB HE MOXKET OBITh HPOTOCTPYKTYpBI, OMNPEIENAomeil HX KBAaHTOBBIC
B3aMMOJICHCTBUS, ¥ IIOTOMY OHU PACCMaTPHUBAIOTCS KaK KJIaCCUYECKUE 00BEKThl. 1 3T0 U3MEHUTH HEMb3,
HE U3MEHUB MOJIellb 00pa3oBaHus BceneHHO.

Ynueepcanvnwiii keanmoswiii mexanuzm uzmenenusn Qusuueckux eeauuun. Tak KaK yCTaHOBIJICHO,
YTO HEKOTOPBIE (PU3MUECKUE BEIIMYMHBI COXPAHSIOTCS, TO MOCTYJIUPYETCS, YTO AITUM CBOWCTBOM 00JIa/1al0T
Bce (huznyeckue BenmuuHbl. [Tockonbky TBOper y MUPOYCTpOHCTBA OTCYTCTBYET, TO CPEHIE 3HAYCHUS €T0
T0OBIX (PU3NYECKUX BEIUYMH JIOJDKHBI OBITh HYJEBBIMH. [103TOMYy BO3MOXKHBI TOJBKO IPOLECCH «C
HyJIeBOM cyMMoi». Takue npoueccel u3BecTHbl. Hanpumep, Tak MPOUCXOIUT MOISAPU3ALUS IIEKTPUYECKUX
3apAn0B. [103TOMy yHHUBEpCAJIBHBINA KBAHTOBBIA MEXAHU3M ITPOUCXOAAIINX B MUPOYCTPOMCTBE U3MEHEHHI
Ha3BaH noasapuzayuen.

B mportocTpykType MHONSpU3aMOHHBIE MPOIECCHl O0paTUMBI W MOTYT IPOUCXOAMTH C pa3zHOU
CKOpoCTh0. [103TOMY B KBaHTOBBIX MHpax, B OTIMYME OT BCelleHHOM, MOHATHS OJHOHAIPABIEHHOIO
BPEMEHH U KBaHTA BPEMEHU HE CYIIECTBYET, U MPOIECChl MPOLUIOr0 U OyaylIero MOryT UATH B JHOOOM
MOPSIZIKE.

Komnnexcnocms usuueckux eenuuun. Ceropns B (pU3MKE HCIONB3YIOTCS JI€HCTBUTENbHBIC,
MHUMBIE ¥ KOMILIEKCHBIE (PU3UUYECKHUE BEIMYUHBI, HO HET TOHUMAHUS, I0YEMY OHHU UMEIOT Pa3HBbIH CTaTycC.
[Tpu MOHO(YHAAMEHTATUCTCKOM MOAXO0/Ie, UMesl OOIIUN TOISPU3ALMOHHBIA MEXaHU3M ITPOUCXOKIACHUS,
OHHU JIOJDKHBI UMETh eIuHbIN cTatyc. [loaToMy moctynupyercs, 4To Bce GU3NYECKUe BETUYUHBI SBISIOTCA
KOMITJIEKCHBIMHU, HO B HEKOTOPBIX CBOUX MPOSIBICHUSAX MOTYT OBITh ACHCTBUTEIHHBIMU UJIM MHUMBIMH.

3aKkoH COXpaHEHHs Ul KOMILICKCHOW BEJIMYMHBI @ + ib umeer Gopmy |a + ib| = 0, t.e. +a = +b.
OTOT 3aKOH COXpPaHEHMs pEeaJu3yercs MOJSIPU3ALUOHHBIM MEXaHU3MOM POXKACHMS JEUCTBUTEIbHBIX,
MHHUMBIX U KOMIUIEKCHBIX (pr3mueckux BennuuH. VI3 Hero ciemyer, HarpuMep, 9To MOJIOKUTEIbHAs Macca
poXaaeTrcsd BMeCTE€ C OTPULATEIbHOW Maccoll — Hecamaccoiu, T.e. BceneHHas ¢ IOJOKUTEIbHBIMU
[IPOCTPAHCTBEHHBIMU KOOpAMHATAMU pOXAAeTcd BMecTe ¢ [Heeascenennoii, pacloJOKEHHON B
IIPOCTPAHCTBE C OTPULATEIBHBIMM 3HAYEHUSIMH KOOpAMHAT. X pasHble NpOCTpaHCTBA JEIAOT
HEBO3MOYKHBIM aHHUTWJISALIUIO UX BELLECTBA.

Cocrosinjas U3 aHTUBELIECTBA AHTHBCEJIEHHAs paclojaraeTcsi B TOM K€ IPOCTPAHCTBE, YTO U
Bcenennasi, HO ¢ JpyrMM HampaBiI€HHEM BpeMeHM. [paHulieil Mexay HUMU B (PU3MYECKOM BaKkyyMme
ABJsIeTC O0NacTh MPOCTPAHCTBA, I/ MOJSAPU3ALMOHHBIM MEXAHHU3MOM POXKAAIOTCS U PaselstoTcs
BEUIECTBO U AaHTHUBEILECTBO. Takoe pas3leleHHe BO3MOXKHO, HAlpUMEP, B MHUMOM IIPOCTPAHCTBE
¢u3nUecKoro Bakyyma, Ijie KyJIOHOBCKOE B3aUMOJICHCTBUE MEHSET 3HAK.

B mpusATON cerogHs mapaaurMeé MHMMOE IPOCTPAHCTBO OTCYTCTBYeT. IloaToMy B Hel yacTHIIbI
BEIIIECTBA M aHTHBEILECTBA B IPOCTPAHCTBE HE pa3eieHbl U aHHUTHIINPYIOT. 151 TOro 4ro0bl OOBSICHUTS,
no4yeMy Mbl xkH1BeM Bo BeeneHHoit 0e3 aHnTuBelecTBa, He00X0AUMO 000CHOBATH KAKOW-TO aCUMMETPUYHBIH
IpoIIeCC, B KOTOPOM BEILECTBA POXKAAIOCH ObI 00JIbIIE TMO0 CKOPOCTh HCUE3HOBEHHSI aHTHBEIIECTBA OblIa
BbIle. Ho n3BecTHBIE SKCTIEpUMEHTANIbHBIE JaHHbBIE O CBOMCTBAX (PyHIaMEHTAIbHBIX YACTULl U AaHTHUYACTHUI]
Takol BO3MOXKHOCTHU HE INpenocTaBisiioT. [loaToMy mpobnema mcue3HOBEHHUsS! aHTUBEIECTBA B MOJIENU
bonboro B3pbIBa 0CTaeTCsl HEPELIEHHOM.

B xoMmiekcHOM MpOCTpaHCTBE MEHSETCS MPEACTaBICHUE O HEMOJIBUKHOM OObEKTE. Y HEro paBHa
HYJTIO KOMILIEKCHAsI CKOPOCTh, T.€. |V + iv| = 0. Takue 00bEKTh HE B3aMMOJACHCTBYIOT U PACIIONIOKEHBI B
HyJb-BaKkyyMe. Tak Kak CHUMMETpPUM IPOCTPAHCTBA MHPOB MHUpO3JaHUs CO3MAOT BBIJCICHHbBIE
HaIlpaBJI€HUs, BJOJIb KOTOPBIX IPOUCXOAMT MEHSIOIIEE CKOPOCTh B3aMMOIECHCTBUE, TO KOMIUIEKCHAs
CKOpPOCTb B3aUMOJICHCTBYIOILErO BEIIECTBA HE PABHA HYIIIO.

Coovimusa 6 mupoycmpoiicmee npedonpeoeienst. B npuHITON Napagurme 3aKOHaMU KJIaCCHY€CKOM
¢bu3uKK npenonpeneneHsl COObBITHS B MAKPOMUPE, TOTJa KaKk B MUKPOMHUPE NMPHUPOJA SBICHUN CUUTACTCS
CIly4allHOM, @IpUYEM HE OIpENIeNeHO, TIIE€ MPOXOAUT TIpaHULA MeXAy OTumMu Mupamu. s
MOHO(YH/IaMEHTATUCTCKOM KOHLENIMU Takass JBOMCTBEHHOCTh Hempuemsiema. I[lomywaercs, uTo
MIOBE/ICHNE OTAEIbHOM YacTHULIbl HENPENCKa3yeMO, HO KBAHTOBAas MEXaHMKa MOXKET TOUHO Ipe/cKa3arb
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MIOBEJICHUE aHCAaMONIsl HENpeICcKa3yeMbIX 4YacTHI, T.. MOXHO IpeJCKa3aTb COOBITHE, HE HMEIOIIEro
IIPUYUHBI.

IToaTOMYy B KBaHTOBOM KOHILIETILIUM MUPOYCTPONCTBA MPEAIIOJIAraeTCsl, YTO HE TOIBKO B MaKpOMUDE,
HO M B MHKpOMHpE (PHU3HUECKHE COOBITHS IeTepMUHHpPOBaHbl. DEHOMEH MpenCcKa3aHUuil C BBICOKOM
BEPOSTHOCTBIO OyIyIIMX COOBITHH, JEMOHCTPHUPYEMBIH HEKOTOPBIMHU MPOBUILIAMH, SIBISIETCS OJHUM M3
MOATBEPKICHHUN MTPEIOIPEeICHHOCTH, 110 KpaiiHeill Mepe, HEKOTOPBIX COOBITHII B MUPE KOCHOW U )KUBOM
marepud. B MOHO(YHIAMEHTaNMCTCKONW TEOpUH TPENONpeNesieHbl JOJDKHBI OBITh BCE COOBITHS.
[TomyyaeTcs, yTO HalM CyAbOBI NMPEAONPENEIIEHBI, HO HUYErO HE JAEJaTb MOXET TOJIBKO TOT, KOMY 3TO
MpeIHAa3HAYEHO CYIBOOH.

CoObITHS MOXHO pa3JeNuTh Ha JBE KaTeropud. EcTh COOBITHSA, MOBTOPSIOIIMECS B KaXKIOM
SBOJIIOLIMOHHOM LMKJIE MHPOYCTPOMCTBA, HA KOTOPbIE HE BIMSIIOT IPOLECCHl B3aMMOICHCTBU,
npoucxoqaue B Mupax Muposganus. OHM HMHHIHAHUPYIOTCS OCHOBHBIM KBaHTOBBIM COCTOSSHHEM
MHUPOYCTPOHCTBA MONOOHO TOMY, KaK POXIAIOTCS M HcYe3aroT MUpbl Muposganusa. Takue coObITUS
ONIPENEIAIOT TPAaEeKTOPUU SBOJIIOLMOHHBIX LUKIMYECKUX IpoueccoB. MHTepBanbsl MEXIy TaKUMU
penepHbIMU COOBITUSMU CBA3BIBAIOTCS TPAEKTOPUAMH COOBITUH, BOZHUKAIOIIKMMU IPU B3aUMOJEHCTBUAX
¢usnyeckux cucreM B Mupax Muposnanus. COOTBETCTBEHHO 3TH TPAaeKTOPUM BapbUPYIOTCS B KaXI0M
LIUKJIE MUPOYCTPONCTBA, HO OHU HE MOT'YT U3MEHUTh MOMEHTBI PEIIEPHBIX COOBITHIH, K KOTOPBIM OTHOCSTCH,
B YAaCTHOCTH, POXKJIEHUE HYJIb-BaKyyMOM (PU3MUYECKOTO0 0ObEKTa M 3aBEpILIECHUE €r0 CYIEeCTBOBAHUS MPHU
IIEPEXO0JIE B HYJIb-BAKYYM.

Tak Kak OCHOBHOE KBAaHTOBOE COCTOSIHUE, MHULIUUPYsI BO30YX/I€HHbIE COCTOSIHUS, HE MEHSETCS, TO
penepHble coObITHA B MUpO3/1aHUM COXPAHAIOT MaMATh O ceOe B Hylb-BakyyMme. B 330Tepuke maMsTh o
BCEX COOBITUSX XPAaHUTCS B «XPOHUKaX AKalln».

[IpenomnpeneneHHOCTh COOBITUI MCKIIIOUAET TaKUE MOHATHSA KaK CBOOOAA BOJIU, CIyYalMHOCTh WJIH
camoopranu3zaius. O KapMe TOBOPSAT TOT/a, KOTa MOHATHA CBA3b MPOIUIBIX M OYIyIIHX COOBITUN B )KU3HU
4eJoBeKa. B MpOTHBHOM citydae COOBITHE CUMTAETCS MPOSBIEHUEM €T0 CBOOOIBI BOJIM, XOTS Y HEE TAKKE
ecTh «rpaBuia». [logoOHBIM ke 00pa3oM O camMOOpraHU3alMy TOBOPST, KOIJA HE 3HAIOT MEXaHU3M
(bopMHPOBaHUS CTPYKTYPHI.
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I'nasa 2. JIelicTBUTE/ILHO JIM KBAHTOBAasI KOHIENIMS MUPOYCTPOHCTBA YHHUBEPCcAJIbHA?

Korga KOHTyphl KOHLEMIMHA MHUPOYCTPOWCTBA ONPEACTHINCH, HYXHO OBUIO YOEAHUTHCS, YTO
IIOCTPOEHHBIE Ha €€ OCHOBE MOJIEJIM KOHKPETHBIX SIBJIEHUI Pa3HOro UEPAPXUUYECKOIO YPOBHS U IIPUPOJIBI
KOJIMYECTBEHHO COMIACYIOTCSl ¢ SMIMPUYECKMMM AaHHbIMU. B oOmiell Teopum Bce pacyeTsl JOJIKHbI
HCIOJIb30BaTh TOJBKO TPU MUPOBBIE KOHCTAHTBI: CKOPOCTh CBETA, TOCTOSIHHYIO I l1aHKa ¥ rpaBUTALlMOHHYIO
nocrossHHy10. KoHeuHo, cTporo nokas3arb, 4TO KOHLEHIUS YHUBEPCaJbHA HEBO3MOXHO, TaK KaK HEJb3s
00bATh HeoObATHOE. HO eciin M3yunTh JOCTATOYHO LIMPOKHM CIEKTpP SABJIEHUN U HE BCTPETUTH IIPU 3TOM
IPUHLIUINAIBHBIX POTUBOPEUUI, TO MOXXHO TOBOPUTH OO0 YHHMBEPCAJIBHOCTH M JOCTOBEPHOCTH
KOHLIEMIIMY B IPAKTHYECKOM ILJIaHE.

HanOonee TpyaHoi npobnemMoi sBIseTcs NOATBEPKICHUE CTPYKTYpbl MUPOYCTPONCTBA, TaK Kak B
¢bu3nKe HET SKCIEPUMEHTANBHBIX JaHHBIX O MHpaXx, MOpoxIaromux BceneHHyro. 31ech KOCBEHHBIM
HOATBEPXKICHUEM OyleT CIyKUTb OOBSICHEHHE aHOMAJbHBIX SBICHMH, TaK KaKk B HHUX HPOSBISIOTCS
CBOMCTBA KBaHTOBBIX MUPOB Mupo3znanus. [lo3anee ynanoch HaliTH U HEITOCPEICTBEHHOE ITOATBEPKICHUE
CTPYKTYpPbl MUPOYCTPOICTBa B MOHUCTHUYECKOI KOCMOJIOIMH JIpeBHEr0 Oyanauiickoro yueHnus Kamauakpsl,
KOTOpOE COJIEPKUT TaKXKE KOJUYECTBEHHbIE JaHHbIE O IMKJIaX MHPOYCTPONCTBA, IOJYYEHHbIE
MEAMTATUBHBIMH NPAKTUKAMU. 37€Ch CO3HAHME BBICTYNACT KaK «IpuOOp» sl U3Y4YEHHs] peajbHOCTH,
KOTOpasi HEJIOCTYITHA IKCIIEPUMEHTAIbHBIM METO/IaM HayKH.

[Ipexxne Bcero cienoBaio M3y4YUTh (PyHAAMEHTAJbHBIM YPOBEHb MAaTEpUM, OCHOBHBIE JaHHBIE O
KOTOPOM MPEAOCTABISIET MUKPOMHUP. 3/1€Ch HA/IO OBLJIO PEIIMTh CHadajga JABE MpoOsieMbl — 00beIMHEHUE
(byHIaMEHTAIBHBIX B3aMMOJEHCTBUN M (DU3MKY 00pa3oBaHUs (PyHIAMEHTAJIBHBIX YAaCTHI] (PU3MUYECKOTO
BakyyMma. JTO Jano Obl BO3MOXKHOCTH IOHSTH, KaKk 00pasyeTcs U CTpyKTypupyercs BceneHnas u, B
yacTHOCTH, ConHeuHasi cucrema. Ilociie 3TOro craHer BO3MOMKHBIM M3Y4YEHHME KBAaHTOBBIX SIBJICHHM Ha
3emiie u B ee atMocdepe, 0 KOTOPBIX COOpaHO MHOTO SMIUPUYECKHX JaHHBIX. B 3THX HcCiIeqoBaHUsIX
MOXHO TIOJIY4YUTh HH(OpMAIMIO O CBOMCTBaX (PU3MUYECKOrO BaKyyMa, KOTOPBIH OTJIMYAETCS OT
JIUpakoBCKoro. OHa MOXKET UCIOJIb30BATHCS IS PELICHUS IPAKTUYECKHX 3a/1au.

dusnueckas Npuposa )KUBOI MaTepuu U CO3HAHUS — 3arajika, K KOTOPOH CEerojiHs He yjaeTcs Hailltu
NoAX0A. DTO yKa3blBaeT Ha TO, YTO 37E€Ch OINPEIEIISAIONIYI0 POJIb UIPAaeT HEU3BECTHBIM (HU3UKE MHUP,
nopoXaaroumii gusndeckuil BakyyM. Ecim B pemieHMn 3TUX NpoOsieM yAaacTcsi MPOABUHYTHCS, TO
KBAaHTOBYIO KOHIIETILIMIO MHPOYCTpOMCTBAa MOXHO OyJeT CYMTaThb JOCTaTOYHO OOOCHOBAaHHOM
aJIBTEPHATUBON MPUHATON CETOIHS MapagurMe.

OTOT MOAXOJ U NEepBble MOTYUYECHHBIE Pe3yabTaThl ObUIN MPEACTABICHBI B OMyOIMKoBaHHOM B 2008
ronty MmoHorpaduu «Ilonspuzanronnas Teopus Muposaanus» [2]. Ilpu anann3e KOHKPETHBIX aHOMAJIbHBIX
SBJICHUN MPUXOAMIIOCH JI€JaTh JIOTOJHUTEIbHBIE MPENONI0KEHHs, MMOCKOIbKY 3Ta MOMCKOBas pabora
BeJIacCh MPAKTHUECKH Ha «IIyCTOM» MecTe, MO0 CyLIeCTBYIOIIME MpeacTaBieHus (yHIaMEeHTaIbHON
¢usukn «He pabortamm». bbula Hajexnga, 4To NpU TOABEACHWM MTOTOB TOMCKOBBIX HCCIIEAOBaHHM
«JTUIIHUE» MPEANON0KEHUS yaacTcsa yOpaTh U pe3ysbTaThl IPEACTaBUTh Ha OCHOBE €IMHOTO MOAX0AA.

Boigepxanu Takylo NpOBEpPKY HECKOJIBKO MOJENed, OINUCHIBAIOIIMX BELIECTBO (U3UUYECKOTO
Bakyyma. B Monenu oGpa3oBaHus (QpyHIaMEHTAJIBHBIX YaCTHII, MOPOXKIAEMbIX NMEPBUUYHBIMU YACTHIIAMU
BcenenHoil — MIIaHKOBCKUMU YaCTULIAMU, MOTYYEHO COIIaCHe C SKCIIEPUMEHTAbHBIMY 3HAYEHUSIMHU Macc
JIEITOHOB ¥ MHOHOB B IISITOM 3HAKE MPHU pa3HUIE Macc y AeKTpoHOB B 27 (!) mopsiakoB. beio mokazano
CYLIECTBOBAHHME HEpPApXHH OJHOTUITHBIX YAaCTHUII, YPOBHU KOTOPOH ONpPEAESIOTCS HAauOOIbIIUM CIIHHOM
noJyielt Ac-Mupa, y4acTBYIOIIKUX B 00pa30BaHUU YaCTUILIbI, 0€3 KOTOPBIX HEJb3s MOHITH CTPYKTYPHUpPOBaHHE
BellecTBa Beenennoit.

C Tako# e TOYHOCTBIO0 ObUTH BBIYMCIIEHBI MacChl IPOTOHOB U HEUTPOHOB. B Teopuu oObenuHeHus
(byHIaMEHTaJIbHBIX B3aUMOAECHCTBUM, YHCIO KOTOPHIX B MOJIIPU3ALMOHHON TEOPHH CYIIECTBEHHO Oolee
YEThIPEX, IOCTOSHHAS TOHKOM CTPYKTYpBI ONPEAEIEHA C TOYHOCTBIO 10 JEBATOIO 3HAaKa. JTH U HEKOTOPHIE
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IpyTHE PE3yabTaThl MO3BOJMIN CAENIATh BBIBOA O INEPCIEKTMBHOCTH IOJIAPU3ALUOHHOIO MOAXOHA AJISA
CO3/1aHMs YHUBEPCAIBHOU KBAHTOBOW TEOPUU MUPOYCTPOMCTBA.

Ora paboTa OblIa MPOIOIDKEHA U HOBBIC pe3yabTarhl ObuTH TpeacTaBieHbl B 2018 roqy B cOopHUKE
HeoImyOIMKOBaHHBIX cTarell «Pu3nKa HeW3BeCTHOW peanbHOCTHY [3]. HekoTophle M3 HUX Mpeniaraiuch
(bu3nIeCcKNM KypHajaMm, HO ObUTH OTKJIOHEHBI 0€3 PaCCMOTPEHHMS MO CYLIECTBY. DTH OTKa3bl MOKHO OBLIO
OXHJIaTh, TAK KaK «MOKYIIECHUS» Ha MPUHATYIO MapagurMy opUInanbHON HayKOH HE JOMYCKAIOTCS.

Baxxnoii 3agaueii ObUT 1aTh JETEPMUHUCTCKYIO HHTEPIPETALNIO KBAHTOBOM MEXaHUKH [6].

B craree [7] npeacrasneHa TpexcraguiiHas KBaHTOBasi MOJIENb pacliupeHus BeeneHHol, B MHUMOM
MOANPOCTPAaHCTBE (DU3NYECKOTO BaKyyMa KOTOPOH UAET NpOIEecC HEMpepbsIBHOTO 00pa30BaHUs
TUTAHKOBCKHMX YaCTHI] C MHUMON CBEPXCBETOBOI CKOPOCTHIO, U CKOPOCTh 00pa3oBaHus Macchl BeenenHon
OIIpEe/ENseTCs JIByMsl MHPOBBIMM KOHCTAaHTaMU U DPaBHA % [InaHkOBCKME 4YacTHULIBI MOPOXKIAOT B
JNEUCTBUTEILHOM IOJNPOCTPAHCTBE YaCTHILBI OapUOHHOIO BEIECTBA, MMEIOLIME OTHOCHUTENIBHO
IUIAHKOBCKMX YacTHUIl JOCBETOBYIO CKopocTh. IloaToMy Ha HauyaJbHOM cTaauum Mbl HaOlronaeM
CBEpXCBETOBOM pasner OapHOHHOIO BEIECTBA, ONMCHIBAEMbIM BOJIHOBOM (yHKIMEH CBOOOIHBIX
IUTAHKOBCKUX yacThll. OH TOPMO3MTCS PEAKTUBHOW CHJIOM, BO3HHUKAIOUIEH IpPU POXKIEHUH MAaccChl
Bcenennoii. Ota Ha3BaHHAs NOAAPUZAYUOHHO-PEAKMUSHOU CUIIa KBAHTOBOTO MPOUCXO0XK/IEHUS HE 3aBUCUT
OT paccTOsiHUSA, T.€. sBisieTcs AaibHoneicTBUEeM. OHAa BO3HUKAET NpHU MEpPEX0Je€ B HOBOE KBAHTOBOE
COCTOSIHME M TIOAJEpKUBAET ero. [Ipy CHMKEHUM CKOPOCTH PacIIUMpPEHUs O CBETOBOM OHA ydyacTBYET B
oOpa3oBaHMH OOBEKTOB KpymHOMAacmITaOHOW CTPYKTypbl Bcemennoil. Ota cragus QopMupoBaHus
BcenenHoi mpoTeKaeT ¢ KOMIUIEKCHBIM BPEMEHEM M JUIMTCS JI0 3aBEpIICHUs 00pa30BaHMsI paBHOBECHOMU
Macchl 0apHOHHOTO BEIIECTBA, IMOCIIE YeTO HACTYNAET CTa/Iusl CBEPXCBETOBOTO YCKOPEHHOTO PACIIUPEHUS
Bcenennoii mox 1eHCTBHEM pagualbHON MOISAPU3ALUOHHO-PEAKTUBHON CHUIIBI.

VY 3100 Mozenn pacmnpenus BeeneHHoN oMH napaMeTp — 3Ha4€HUeE INIOTHOCTH MUKPOBOJIHOBOTO
U3JIy4YEHUs, KOTOpasl OIpe/ieleHa ¢ BBICOKOM TOUHOCTHhIO. HecMoTpss Ha TO, YTO MOMEHT Iepexoaa Ha
CTa/IMI0 CBETOBOI'O PaCIIMpPEHUs ONpeaeseH NpUOIN3UTEIbHO, KBAHTOBAS MOJIEIIb JTAET COIVIACYIOIIHECS C
JaHHBIMM HaOMIONeHuil 3HayeHHs XaOOMOBCKOH cKopocTH® BemecTBa BceneHHOH M IIOTHOCTEH ee
0apHOHHOTO U CBA3aHHOIO C HUM TEMHOro BelecTBa. B paccmorpenHoit B [1] monenun Bceenennoit ee
BO3pacT okojo 14,1 mupa. neT, Ho oH TpeOyeT YTOUHEHHsI, CBI3aHHOTO C 00jee TOUHBIM OINpe/elIeHueM
3aBEpUICHMs] HaYaJIbHOM CTaauM. B Mozenn OoTCyTCTBYIOT TMIIOTE3BI O TEMHOM SHEPTUM U PacIIUPEHHH
npocTpaHcTBa BcenenHoil m Her mpoOieM ¢ OObSCHEHHMEM pPaHHEro oOpa30BaHUS TaJlaKTUK M HX
TMIIEPCKOIICHUH, UMEoLNX MacTald BeenenHoi.

B [3] paccMoTpena Taxoke ¢pu3nKa mapoBoid MOJIHUY [8], HU3KOTEMIIEpaTypHOUM TpaHCMYTaIUH S1ep
[9, 10] u rerepaunu U30BITOYHON SHEPIHH, U3BJIEKAEMON U3 (PU3MYECKOTO BaKyyma MpU MOJISApU3aLUU B
HeMm sHepruu [11]. Bpimo mokasaHo, 4yTo B €ro MHUMOM MOANPOCTPAHCTBE BO3MOXKHO 0OOpa3zoBaHue
JIENTOHAMHU BTOPOTO0 MEPAPXUUECKOTO YPOBHS BBICOKOTEMIIEPATYPHOI'O CBEPXIIPOBOASIILEIO KOHACHCATA.
ITockonbKy B MHUMOM MPOCTPAHCTBE AIEKTPUUYECKUE 3apsi/ibl OAHOTO 3HaKa MPUTATHUBAIOTCS U 00pas3yloT
(epMHUOHBI-KJIaCTEPBI, TO CHApUBAHHUE IOCIEIHUX MOXET CO3/1aBaThb CBEPXIIPOBOASIINE CTPYKTYpPHI
orpoMHoro Macmra0a. J[is TpexJIENTOHHBIX KIJIACTEpOB TeMIlepaTypa CBEPXIPOBOISAIIETO IEpexona
cocTaBisieT okoio 20 ThIC. rpaTycoB.

B [3] paccMmoTpeHna Takxke MOJISIpU3aIlMOHHAS MOJENb CBEpXTeKydecTu renusi-2 [12] m kBaHTOBas
MOJICNTb BSI3KOCTH HBIOTOHOBCKOM )uakocTH [13].

HoBoit Temoii crasio uzydeHune npooaemM KMBOM MaTepuu: YHUBEPCATHLHOTO T€HETHYECKOTO KOoja U
TEOPUH DBOJIIOIMHM 3eMHOW Ku3HHM [14], paccMaTpuBaeMOil Kak TMpOIECC KBAHTOBBIX IEPEXOIOB C
M3MEHEHUEM CIeKTpa Tojeil ¢u3nueckoro Bakyyma 3eMiH. bbuto moka3aHo, YTO NpHU ONpeAeseHHON

3 Msmepenue xaO0MOBCKON CKOPOCTH aKyCTHIECKIM METOJIOM JIA€T €€ MEHBIIEE 3HAYEHHUE [TOTOMY, UTO ONPEIEISIET CKOPOCTh
pacumpeHus BemecTBa pusndeckoro Bakyyma Beenennoii [1].
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MOCJIEZIOBATEIbHOCTH U3MEHEHUN B CHEKTpe MOJeil XpOHOJIOrusl 00pa30BaHUs TAaKCOHOB M INIOOAJIbHBIX
BBIMUPAHUN COITIACYETCS C TEOXPOHOIOTHel paHepo30s U JAHHBIMHU MaCOHTOIOTUH.

OTOT ke MOAXO0/ MO3BOJIMJI MOKa3aTh U KBAHTOBYIO NPUPOAY UCTOPUYECKOIO MpoLiecca, CpaBHUBAs
pacyeTHbIe 1aThl KBAHTOBBIX MEPEXOJ0B C IOOAIBHBIMUA U PETHOHATIBHBIMH HCTOPUUYECKUMHU COOBITUSMU
[15]. Ucropudeckuii mporecc sSBIsieTcs YacThio 3BOIOIMH poga Homo Sapience, ansimieiics yxe 4,3 MITH.
net. OHa paszensieTcs Ha JBE 3pbl, B KaXKJI0M U3 KOTOPOH IO MATh 310X pa3HOM JJIMTENbHOCTU. B nepBoii
ape unet 3Boonus Yenoseka Pazymuoro (PanronansHoro), a BO BTOpOM JUIMTEIBHOCTBIO TakkKe 4,3 MIIH.
ner — Yenoseka JlyxoBHoro. JlaTy cMeHBI 3p yIalOCh YTOYHUTH, U3yYUB COOBITHS T'€OMOJIUTHYECKOTO
Kpusuca Ha Ykpaute B 2014 roxny. bonee 60 ero 0CHOBHBIX COOBITHI, IPOM30LIEAIINE B TEUCHHUE JBYX JIET,
C TOYHOCTBIO /10 CYTOK COBIAJIM C PACYETHBIMU JaTaMU KBAaHTOBBIX I€PEXOJ0B, OTCUUTHIBAEMBIX OT J1aThl
27 ampenst 2008 roxa. [Ipu ee n3MeHEHHH HA JIBOE CYTOK 3Ta KOPPESIHs NCUE€3aeT MOJHOCTHIO.

B onHoit u3 crareit cOopHHKa pacCMOTpPEHA TakKe KBAaHTOBAasi MOZIEIb AeMorpaduyeckoro mpouecca
[16], B xoTOpO# Touka mepernda aeMorpaduuecKord KPHBOM MPHUXOAUTCS HA JaTy cMeHbl 3p. OHa mana
COIVIACYIOIIYIOCS C AeMorpaduyecKuMU JaHHBIMU YHCIEHHOCTh HapoJoHaceneHus 3emin. Ero Bennunna
B Touke mneperudba (2008 1.) cocraBmia 6,75 mupa. OHa ynBauBaeTcsi B KOHIIE BTOPOHM 3pbI, T.C.
MEPEHACETICHHOCTh YEeJIOBEUECTBY HE TPO3UT.

OcTtaBanach He paccCMOTpeHHOM mpobieMa co3Hanus. [lonxon k ee perieHuio ObUT OMyOIMKOBaH B
2019 rony B MmoHorpadguu «O MUpPOYCTpPOICTBE, MPUPOJIE KUBOM Marepuu U ¢usnke co3HaHus» [4]. On
OCHOBBIBAJICA HA U3YUYCHUH MPEICTABICHUI O CO3HAHUU B IPEBHEBOCTOUHBIX YUCHHIX U 330TepHKe. B HUX
CO3HaHHE paccMaTpHUBAETCA KaK «TOHKOMaTrepualbHash CyOCTaHIIMsA, 00pa3yromias MeCTh «TOHKUX Tel.
OTU HENpUeMIIEMble I MaTepUATUCTUYECKOW KOHIEMIMM TMOHSTHUS ObUIM WHTEPIPETHPOBAHBI KaK
CYLIECTBOBAaHHE HEM3BECTHON HaM MaTepuu, GOpMHUPYIOIIECH CTPYKTYpbl CO3HaHUA. bbulo npeamnonoxeHo,
YTO B OTJIMYHE OT U3BECTHOTO HaM JICHCTBUTEIHFHOTO aTOMHOTO BEIIECTBA, 00pa30BaHHOTO )epMHOHAMH U
HaXOJAIIErocsl B JEMCTBUTEIBHOM NPOCTPAHCTBE, MaTepusi CO3HAHUS COCTOMT U3 MHUMOIO OO30HHOTO
BELIECTBA, HAXOAAIIETOCS B MHUMOM IOJIPOCTPaHCTBE sc-Mupa. [1ockoiabKy B3auMOJAEHCTBUE MHUMBIX
BEJIMYMH TOPOXKIACT JCHCTBUTEIbHBIC BEIMYMHBI, MOSBHJIACH BO3MOXHOCTH OOBSICHEHUS MBICICHHOMN
MaTrepuanu3anuy Bemectsna [1].

B TpexxoHCTaHTHON KBaHTOBOM TEOpPHM MHPOYCTPOICTBA 3TOT MOAXOA OBbUI KCIOJIB30BaH IS
CO3/IaHUsl UEPAPXUUYECKUX MOJIENCH CTPYKTYp CO3HAHUS YEJIOBEKA M MOMYJSIUHU TyXOBHBIX CYILECTB /ic-
MHpa, KOTOpPbIE MPH BOILJIOLIEHUHU YaCTh CBOEH OO30HHOM CTPYKTYphI MEPEAAIOT KUBOTHOMY OPTaHU3MY
YeJI0BeKa, JIeJasi €ro JINYHOCThIO. M3ydeHbl HEeKOTOphIE MPOSBIECHUS CO3HAHMSI YeJI0BEKa B HOPMAJIBHOM U
U3MEHEHHOM COCTOSIHMSIX, a TaKXXe OIpeAeseH CHEKTp COOCTBEHHBIX YacTOT IIECTUYpPOBHEBOM
MICUCTPYKTYPBI COZHAHUS YETIOBEKA.

B Monorpadun «KBaHToBast Teoprsi MUPOYCTPONUCTBAY MPEICTABICH TAK)KE PsI/i HOBBIX Pe3yIbTaToB
B paHee He paccMaTpuBaBmIuxcs o6Onactax ¢usuku. Cormmacue ¢ SMOUPUUYECKHUMH JTaHHBIMH
MIPEJICTABICHHBIX B MOHOTpapuu MoJenei SBICHHH pPa3HOW MPUPOABI U HEPAPXUUYECKOTO YPOBHA
MO3BOJIMJIO C/ENaTh BBIBOJ O CO3/JaHUM OCHOB MOHO(DYHJIaMEHTAJIMCTCKOW KBAaHTOBOW TEOpUHU
MHUPOYCTPOUCTBA, KOTOpasi AOHKHBI IPUHTH HA CMEHY NPUHATON ceifyac napajgurmsl.

B paGorax [1-4] moka3zaHo, 4TO pacCMOTpPEHHblE B HUX MOJIENHU SIBICHUH pa3sHOW NpPUPOIBl U
HEPAPXUUECKOT0 YPOBHS CONIACYIOTCA KOJMYECTBEHHO C SMIIMPUYECKMMHM [JAaHHBIMA. OJTO MOYKHO
paccMarpuBaTh Kak NOATBEPKACHHE YHHMBEPCAJIbHOCTU KBAHTOBOM KOHIIENIIMM MHUPOYCTPOMCTBA U €€
nocTynaroB. lcronp3oBaHME B pacyeTax TOJIBKO TPEX MHMPOBBIX KOHCTAHT O3HAYAET, YTO TEOPHUS
MHUPOYCTPONCTBA HE MOXKET ObITH 0000I1IeHA 1 HE UIMEET OrpaHHYEHH Ha 001acTh MPUMEHUMOCTH.

15



I'masa 3. Muxkpomup
3.1. YacTuusbl ¥ nojs pu3n4ecKoro BaKyyma

B mnonspuzaumonHoit Teopur Mupo3mgaHus CHEKTphl (YHAAMEHTAIBHBIX YacTHII W TOJEH
¢u3nveckoro BakyymMa 3HAYMTENbHO IIUpe, 4eM B CTaHAApTHOM MOIENN SJIEMEHTapHbIX dYacTull. B
HACTOAIIee BpeMs €Ille He pelleH BOIPOC: MO 00pa3yloT 4acTUIbl MM Hao0opoT. DOTOH cuMTaeTcs
0e3MaccoBoil yacTuiiel, criocoOHOH 00pa30BBIBATh MAPhl MACCUBHBIX YAaCTHII, T.€. Macca HE COXPAHSACTCS.
B nonspusanMoHHON TEOpuM cUTyalMsi MHas: JEHCTBYET 3aKOH COXpPAHEHMsI MaccChl, T.€. SHEPrusi He
TpancopMupyercss B Maccy: KBaHTbI 0€3MacCOBBIX MoJIel 00pa3oBaHbl 0030HAMH C MPOTHUBOIOIOKHBIM
3HaKOM MacChl, a IMpPH B3aUMOACWCTBUM KBaHTa C BEUIECTBOM BceneHHON ydacTByeT ero 0030H C
MTOJIOKUTENIBHON Maccoi.

B nonsipu3zannoHHOM TeOpUM KBaHTHI O€3MAacCOBBIX IOJIEH, 00nagaromume OAMHAKOBOM CKOPOCThIO B
m000H cucTeMe KOOpAUHAT JAEHCTBUTEIBHOIO IPOCTPAHCTBA, SBISAIOTCS YacTHLAMHU C  HYJIEBOM
a0COJIIOTHOHN CKOPOCTBIO B KOMIUIEKCHOM ITpOCTpaHcTBe. [103TOMyY KBaHTHI JJOKaIM30BaHbl B HY/Ib-BaKyyMe
U HE B3aUMOJICHCTBYIOT C KBaHTaMH JPYIHX Iojiel. B3aumozelicTBue KBaHTOB C YacTHIIAMU BEILECTBA
IIPOUCXOIUT B MUpax Mupo3aHus, MEHsIsl 4aCTOTY U Maccy KBaHTOB.

Ilone unepyuu. Poxnenue yactuubl Mupo3anus HapylaeT paBHOBECHOE COCTOSIHUE HYJIb-BaKyyMa
U UMHHULMUPYET MPOTUBOIAEHCTBYOIIYIO cuily. B (usnyeckom Bakyyme OHa peanu3yercsl MOCPEICTBOM
oOpeTeHHsI poXaarouielcss dYacTtuied 3apsga (@Qg, KOTOPBIA MTPUTATHBAETCS K aHTH3apsaay —(Q
oOpa3yromeicss B HylIb-BaKyyMe «IbIpKu». COOCTBCHHASI dHEPTHs Q02 /T 3apsijia CKaJspHOW YaCTHIIbI,

. h
MMEIOIEH PajInyC 1 = —, KOMIICHCUPYET €€ SHEPIHio mc?. TIocKonbKy pok/JIeHHE YaCTHIBI TPOUCXOIUT

C HYJEBOM DHEPrUed, TO IOJYYacMbI CKaJISPHOM YaCTULEW YHUBEPCAJIBHBINM 3aps]l ONpPENEAeTCs
COOTHOUICHUEM:
Q,% = —hec. (3.1

Kak noka3aHo HMXe, 3T0 MHUMBIN 3apsi/i CKaJSIPHOM IIIAHKOBCKOW 4aCTHLbI, UMEIOIIMM JBa 3HAKA.
OHn ompenensieTcss MEPOBOH KOHCTaHTOH (u3mueckoro Bakyyma fic. B nelicTBUTETFHOM MPOCTPAHCTBE
YHUBEpCAJIbHBIE 3aps/Ibl OJHOTO 3HAKA MPUTATUBAIOTCSA. MOXKHO cKa3aThb, YTO Onarofapsi yHUBEpCaIbHOMY
3apsly UMEET MECTO B3aMMOJAECHCTBUE MEXAY MHEPTHBIMU MaccaMmM. I103TOMy onmceIBaeMoOe BOJIHOBOM
¢byHKIMEH ckansipHoe mojie (PU3MYECKOro BaKyymMa MOXKHO Ha3BaTb noleM UHepyuu, a €ro KBaHTHI
UHEPYUOHAMU.

Komobunuposannsvie nona. B 11eHTpaIbHO-CUMMETPUYHOM MPOCTPAHCTBE (PU3NYECKOTO BaKyyma
peanusyrorcs cuMMerpuu ¢uryp IlnatoHa, koTopbple MOPOXKIAIOT MYJIBTUILIETHl NPOCMPAHCHEEHHBIX
3apsaoB. VX umciio onpenensieTcst 4ucioMm CTOpoH (CeKTopoB) y rpaneit ¢puryp I[lnarona. I'pans ukocarapa
oOpa3yeT TpH LIBETHBIX 3apsija, KOTOPbIMU 00J1aatoT, B YaCTHOCTH, KBapKH. | paHb KyOa MOpOXkKAaeT TOJIBKO
nBa cinalbIX 3apsijia, TaK Kak IMPOTUBOIONOXHbBIE pedpa KBaJpaTHON rpaHM 007alaloT CHUMMeTpUei
OTHOCUTEJIBHO TPOXOJAIIel uepe3 LeHTp KyOa MIOCKOCThIO M HE CO3Jal0T HE3aBHUCHMBIX 3apsfoB, T..
3apsii OAHOTO pedpa COBMAAAET C aHTHU3aPAIOM MPOTHBOIOIOXKHOTO pedpa. I'panp monekasapa obpasyer
IIITh HEU3BECTHBIX CErO/IHs 3apsA0B, Ha3BaHHBIX sxycamu. Ix CtanaapTHast MOEIb HE YUUTHIBACT.

E1te onuH KOMIUIEKCHBIN 3aps]l MOPOXKAaeTcsl IeHTpoM cuMMmeTpun ¢puryp Ilnatona, uepes3 KoTopsIi
IIPOXOJAT UX OCU. DTH CUHIJIETHBIE 3apsIibl MOJKHO Ha3BaTh 0Ce6biMuU IIBETOBBIM U BKyCOBBIM 3apsiiaMu. Y
AJIEKTPOMarHUTHOTO  3apsiia  ACWCTBUTEIbHAs KOMIIOHEHTA JIOKAJIM30BaHAa B  JCHCTBUTEIBHOM
MIOAIIPOCTPAHCTBE U SIBJISETCS DIIEKTPUUECKUM 3apsI0M, @ MHUMAasi KOMIIOHEHTA, SIBJISIOIIAsACS MarHUTHBIM
3apsi/I0M, HAXOUTCSI B MHUMOM NOoANpocTpaHcTBe. CHHITIETHBIE 3apsAbl IPOSBIIAIOT ce0s B TPOCTPAHCTBE
Bcenennoii. Ilpu coBnageHMM LEHTPOB CUMMETPUM HKOCadapa M JOACKadApa KBAapTET U CEKCTET
COOTBETCTBEHHO KOMITJIEKCHBIX IIBETOBBIX U BKYCOBBIX 3aps/10B B3aUMOACHCTBYIOT MEX 1y 000, 00pazys
24-nineTsl KOMOMHUPOBAHHBIX 3aPSIOB.
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B neiictBuTeIbHOM (MHUMOM) TOANPOCTPAHCTBE (PH3UUECKOTO BaKyyMa CYIIECTBYIOT OO30HBI C
YHCIIOM JIOKAJM30BaHHBIX B IIEHTpax U rpasx ¢uryp [lnarona cniuHOBBIX cocTosiHMM 1, 3 1 5, T.€. moss co
cnuHamu 0, 1 u 2. Oto ckansgpHoe BoaHoBoe nosie [llpeannrepa, TpUIieT BEKTOPHBIX LIBETOBBIX MOJIEH U
KBUHTET TEH30PHBIX BKYCOBBIX IOJIEH (MX BTOPOE, JAHHOE B [2], Ha3BaHUE — epABUOHHBIE TIOIS).

CkopocTh BpallleHuss M [E€peMEIlEeHUs KBAaHTa II0J1 OJMHAKOBBI 110 MOAYJIIO U PaCTYyT
MPONOPIMOHAIFHO CUHY KBaHTa. [To3TOMy mosnst co ciuHoM Gosiee 1 MMEIOT CBEPXCBETOBYIO CKOPOCTH U
JIOKaJIM30BaHbl B MHUMOM IOAIPOCTPAHCTBE, T.€. 3a()UKCUPOBATh TaKHUE MOJI UMEIOIUMHUCS PUOOpaMu
cinoxkHo. Ho TeH3opHoe mosie MoxeT o0pa3oBaTh BMECTE C HANpPABICHHBIM €My HABCTpPEUy CKAJISIPHBIM
MoJIeM TEH30pHOE TI0JIe, PACIPOCTPAHSIOMIEECS CO CBETOBOM CKOPOCTBhIO. DTO KOMOMHHPOBaHHOE
TEH30PHOE I10JIE HA3BAHO UHEPYUOH-2pasuoHHbiM 11071eM. OHO MOXKET B3aMMOJAEHCTBOBAaTh C BEKTOPHBIM
IIBETOBBIM TI0JIEM, 00pa3ys moss co cnuHamu 1 u 3. Cortacho [1], mone co cnmHoM 3, umeromee 48
CIIMHOBBIX COCTOSIHUI B (PU3NYECKOM BaKyyMe peajln30BaThCsl HE MOXKET U C COXpPaHEHHEM KBajipara CliuHa
IIOPOKJACT B HEM JIBa TEH30PHBIX I10JIs, KaX10€ U3 KOTOPBIX UMEET 24 CIIMHOBBIX COCTOSHHUSA.

Takum oOpa3oMm, B (U3NYECKOM BaKyyMe IpH B3aUMOAEHUCTBUM KBapTETa LIBETOBBIX M CEKCTETa
BKYCOBBIX ITOJICH 00pa3yeTcst OMH BEKTOPHBIN U JIBa TCH30PHBIX 24-T1JIeTa KOMOMHUPOBAHHBIX MOJICH. DTH
nosist MHUMBIE, Tak Kak (a + ia)(b + ib) = iab. OHU UTPAIOT ONMPEACIAIONLYI0 POJIb B 0Opa30BaHHUU
CleKkTpa (yHIaMEHTAJIbHBIX YacTULl (PU3MYECKOT0 BaKyyMa M YYacTBYIOT B OObEAMHEHUH
B3auMojeiicTBuii. [loMumMo HHX B (M3MYECKOM BaKyyMe €CTh M Apyrue KOMOWHUpPOBaHHbIE NOid. B
CTPYKTYypy 24-11eTa KOMOMHUPOBAHHBIX ITOJICH BXOTUT 1 5-T1JI€T IBETO-BKYCOBBIX TOJIEH, TOKATH30BAaHHBII
B (M3MUYECKOM BaKyyMme, M CHHIVIET, OOpa30BaHHBIN CHHIVIETAMH OCEBBIX MOJEH M CBSA3BIBAIOIIUI
[EHTpaJIbHBIC 30HBI BeenenHoi u ¢pusndeckoro Bakyyma. CBsi3b UX nepuepuiiHbIX 00JIacTei peamn3yercs
OKTETOM KOMOMHHPOBAHHBIX ITOJICH C OJJTHIM OCEBBIM IIOJIEM.

I'pasumayuonnoe none. OHO SABISETCS CHHIVIETHBIM TEH30PHBIM TOJNeM cdepuuecku-
CUMMETPUYHOTO IPOCTPaHCTBA BeeneHHOM, MOpoXK/1aeMbIM CUHIVIETHBIM HHEPLIMOH-TPaBUOHHBIM MOJIEM
(bu3N4IeCcKOro BakyyMa, U B MPOHCXOIAIMINX B (PU3NYECKOM BAaKyyMe€ B3aWMOJICHCTBUSX HE yYacCTBYET.
I'paBUTaLIMOHHOE B3aMMOJEHCTBUE YACTUIIBI BOZHUKAET IIPU €€ MEePEXOe B MPOCTPAaHCTBO BeeneHHoM U3
¢usnveckoro Bakyyma. B chepuueckn-cuMMeTpUIHOM MpocTpaHcTBe BceneHHOW UMITYNbC M WHEpTHAs
Macca m o0paIarTcs B HOJIb MOCPEACTBOM POXKJIEHHS KBA3UYACTHIIBI C KOMILJIEKCHOM Maccoit —m + im,
T.e. BO DBceneHHONM MHepTHas Macca 4YacTUIBl 3aMEHSAETCSs MHUMOW TIPaBUTALlMOHHOM Maccou
KBa3uyacTulpl. JlabopaTOpHBIMU OIBITAMH C BBICOKOM TOYHOCTBIO MOATBEPXKICH SHHIITEHHOBCKUI
MPUHLIMI JKBUBAJIEHTHOCTH WHEPTHOM M TpaBuTalMOHHOM Macc. B IITM oOH sBiseTcs ciiencTBueM
MOJISIPU3ALMOHHOIO MeXaHU3Ma 00pa30BaHUsI MHUMOW IpaBUTAIIMOHHON MacChl ¢ TEM K€ MOAYJEM, YTO U
y UHEPTHOM Macchl.

Cuna rpaBUTalMM — OTO TPOSIBICEHHE B IPOCTPAHCTBE BCEIeHHON CUiIbl NPUTSHKEHUS
YHUBEPCAIBHBIX 3apsA70B MEPBUYHBIX YACTULl C MHEPTHONW Maccoil My M rpaBUTallMOHHOW Maccoil iM,.
[ToaToMy KyJOHOBCKOE NPUTSKEHHE YHUBEPCAJIBHBIX 3apsAOB 3THUX YaCTUI B JEHCTBUTEIHLHOM
npocrtpaHcTe Beenennoil npossinsiercs B popme 3akoHa HprotoHa:

Fg = —GM,y*/r2. (3.2)
3nech  KOA(QGUIMEHT NPONOPIUOHATBHOCTH G SBIsSETCS KOHCTAHTOM T'PaBUTALIMOHHOTO
B3aumozeiictaust. C yaeroM (3.1) Qp% = —GM,2, t.e. My = ++/hic/G. D10 3HAUCHHE MACCHI COOTBETCTBYET
Macce yacTulbl Ilnanka, KoTopas siBiIsieTcsl MepBUYHOM dacTuiel ¢uznyeckoro Bakyyma Bcenennoit u
OIIpENEISAET MACCHI TOPOXKIAEMBIX €10 YacTHll. | paBUTallMOHHBIE KOHCTAHTBI Yy BCEIEHHBIX Mupo3nanus
pa3nuyaroTCs, HO 3TO HE BIUSET HA CUJIY TPaBUTALIMOHHOTO MpUTSHKEHUS (3.2).

Yactumer  N-mrera, oOpa3zoBaHHOro uactuned I[lmanka, B (U3HMYECKOM BaKyyMe HMMEIOT
YHHUBEpCaIbHBIN 3apsia Qq/N. Cuia KylTOHOBCKOTO MPHUTSHKEHUST YHUBEPCATBHBIX 3apsI0B JIBYX YaCTHI] B
¢dusnaeckom Bakyyme F , = QOZ /N;N,7? tpancpopmupyercs Bo Beenennoii B 3akon HproToHa, Tak Kak
IpH NEPEXOJIE B €€ MPOCTPAHCTBO OHM MOTy4alOT MHUMYIO Maccy im, , = iMy /Ny :
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ITockonbky B KTM mpoCTpaHCTBO NEPBUYHO U HE MOXKET MEHATh CBOO CUMMETPHUIO, TO B HEM
rpaBuTanus He crocoOHa co3maBaTh KpuBH3HY, kortopas B OTO ocymiecTBisieT IpaBUTAIIMOHHOE
B3aumonericTeue. [Ipennonaraercs, 4to GpoToHbI 06pa30BaHbl BPAILAIOIIMMUCS C OMHAKOBOH 4aCTOTON Wy
Ha COCENHUX OpOHTax 6030HAMH C IPOTUBOIOJIOKHBIMH 3HAKAMH MaccChl M 00Ia/aloT SHepruek hws u

o o hw o o
UHEPTHOW Maccoit my = C—Zf B ¢usnyeckom BakyyMe OHHM TOIYYarOT COOTBETCTBYIOIIMIA 3TOW Macce

YHHBepcaHBHBIﬁ 3aps. B3aHMOﬂeﬁCTBYH C YHUBEPCAJIILHBIMHU 3apsJaMHi MAaCCUBHBIX TCJI B IIPOCTPAHCTBE
(bI/ISI/I‘IeCKOFO BaKyyMa, (bOTOHBI MCHSAIOT TPAaCKTOPHUIO CBOCTO ABHKCHH.

3.2. BzaumogeiicTBue yacTull (pu3HIeCcKOro BaKyyma

Cnunoeoe npocmpancmeo. B hc-mupe 3apsanpl He 00pa3yloTcs, M B3auUMOJAEHCTBUE OO030HOB
MPOUCXOIUT MEX/TY ONPEACISIOINMHI UX BHYTPEHHIOIO CTPYKTYpYy CIUHAMHU, T.€. HE B TCOMETPUUYECKOM, a
B cnuHOBOM mpoctpanctBe [1, 4]. Kak mokazano B [l] cnMH-CIIMHOBOE B3aUMOJICUCTBHE MEXKIY
CIIMHOBBIMH KBAHTOBBIMH COCTOSIHUSIMH OO30HOB OCYILIECTBIISIETCS IMOCPEACTBOM TOJSAPU3AIOHHO-
PEaKTHBHOTO NaJbHONCHCTBUS MEXKIy OJWHAKOBO WM IMPOTHBOIOIOKHO HAIMPABICHHBIMH CIMHAMH.
Yucmo HEe3aBHCHUMBIX KBAaHTOBBIX COCTOSHUE 0o30oHa co cruHom [ paBHo 4[l(l + 1). PasmepHocTh
CIIMHOBOTO NMPOCTPAHCTBA ONPEAETICHA KaK YUCII0 16-IJIeTOB CIMHOBBIX COCTOSIHUI 0030HA, CO3/IAI0INX B
JBYMEPHOM F€OMETPUYECKOM IPOCTPAHCTBE BPALLIEHUS, Y KAXKIOTO M3 KOTOPBIX YHCIIO IPOCTPAHCTBEHHBIX
KBAaHTOBBIX COCTOSIHHI paBHO k, = 16, T.e. pa3MepHOCTh CIIMHOBOTO MTPOCTPAHCTBA

D=I(l+1)/4 (3.3)

Ona mnpuHUMaeT WeNble MW MONyleible 3HaueHHs. [IBa TONYIENbIX CIIMHOBBIX IPOCTPAHCTBA
YYacTBYIOT B 00IIIeM BUXPEBOM TIpoIIecce.

16-metr pokparomerocst B /Ac-Mupe BpalleHHs B (PU3MUECKOM BaKyyMe peallu3yeTcsi OKTETaMu
MPOCTPAHCTBEHHBIX COCTOSIHUHM JEHCTBUTEIBHOTO M MHHUMOTO TOANPOCTpaHCTB. Ho TpexmepHOro
JEeWCTBUTENFHOTO MMPOCTPAHCTBA BCEICHHBIX JUIS TIOSBICHUS BUXPS HegocTaTtouHo. [losToMy oOpa3oBanue
BCEJICHHBIX, T/€ BO3MOXKHBI BpAIICHUS, MPOMCXOIUT TPU MOJSAPU3ANUU OJHOMEPHOTO BPEMEHHOTO
MPOCTPAHCTBA, T.€. BCEIICHHBIE POXMAIOTCS B YETHIPEXMEPHOM IMPOCTPAHCTBE-BPEMEHH CO CTpEIoi
BpEMEHM U C HyJeBbIM MoxysieM |r + ict| = 0, T.e. 7% — c?t? = 0. ITosToMy Bo BcenenHoii npuMeHnMa
CTO, a BceneHHbIE POXKIAIOTCS KBapTeTaMu: B OOLIEM NpoCTpaHCTBe oOpasyrorcs Bceenennas u ee
AHTHBCEICHHAs, a B TPOCTPAHCTBAX C TIPOTUBOIIOIIOKHBIM HAPABICHUEM PNy C-BEKTOPA — BCEIIEHHBIE C
orpunarenbHo Maccoil: HeraBceneHHass m HeraantuBceneHHas. AHAJIOTMYHBIE KBAapTETHI BCEJIEHHBIX
00pa3yroTcs B MHIMOM ITPOCTPAHCTBE C JACUCTBUTEIHHBIM BPEMEHEM.

Bbo30H co cinHOM 3, TOKaTM30BaHHBIN B CTIUHOBOM ITPOCTPAHCTBE C pa3MEpHOCThI0 D = 3, B MHUMOM
MOJIITPOCTPAHCTBE (PUINICCKOTO BaKyyMa oOpasyeT TeH30pHoe moiie (¢ D = 3/2) u Tpu BEKTOPHBIX OIS
c D =1/2. TlosToMy >J€KTpOMarHuTHOE, C1ad0e W IIBETOBOE IOJIsI, MMesl OOIIee MPOUCXOXKIECHHE C
BKYCOBBIM ITOJIEM, B3aUMOJICHCTBYIOT TIOCPECTBOM 3apsA0B JAPYT C APYTOM, YTO MOXKHO PaccMaTpHBATh
KaK 00beTMHEHUE X B3aUMOJICHCTBHIA.

Yenvt Kaouo66o u Baiinoepza. Ilpouiecc poxenus B (U3n4ecKoM BakyyMe O030HOB CO CTUHAMH | 1
2 TpOUCXOAUT Ha opOUTe 0030HA KBAaHTA CO CITMHOM 3 3a OAMH €ro 000poT, T.e. 00pa3zoBaBIIuECs OO30HBI
MOJTYYar0T €ro CKOPOCTh BpamieHus. [109ToMy KBagpaT CKOPOCTH KBaHTOB TOJEH (PU3UYECKOTO BaKyyma
SIBTISICTCS. MHBAPUAHTOM, TOT/Ia KaK HaIpaBJICHHs CTUHOB 0030HOB PA3JIUYHBI.

. . h
Bpamatonmiics co ckopocThio v G030H ¢ Maccoil m =-— Ha OpOMTe T yIEpKHBACTCH
C

< o dm o
MOJIIPU3aITUOHHO-PCAKTUBHOU CUJION F = UE' BO3HHUKAIOMICHU ITPU NOJAPHU3aNUOHHOM 06pa3013aH1/11/1 €ro

MacCcChI.
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[TockonbKy paaualibHas KOMIIOHEHTa KOMIUIEKCHON CKopocTH 0030HA vV, MO MOAYNIIO paBHA €ro
OpOUTANIBHON CKOPOCTH Vg, TO LIEHTPOCTPEMUTENbHAS paauaibHas MOISIPU3ALUOHHO-PEaKTUBHAS CHUIIa

dm dm o5  hvg? m_ o hv?
paBHA —-V, = ———V;" = ——, M OHa KOMIICHCDYET LEHTPOOEKHYIO cuiy —v” = ——. Hcnonbsys
2 __ _h 2 (vt/c)z
3HAYCHUC YHUBCPCAJIbHOI'O 3apsaaa QO = C, €€ MOXHO IpPE€ACTAaBUTh KakK QO —TZ , T.C. KakK

KyJIOHOBCKOE MPUTSIKEHHE OOPa30BaBIIUXCA MOJISPU3AIMOHHBIM MEXaHU3MOM M IPOINOPLHUOHAIBHBIX
CKOPOCTH BpAICHUS (¢-3apsAJ0B, OUH M3 KOTOPBIX MOJyyaeT O030H, a PYroi pacmoiaraercs B IEHTPE
ero opouTel. COOTBETCTBEHHO OO30H IMOyYaeT 3apsill, ONPEAeNsieMbIil CKOPOCTBIO €r0 BpaIlleHUs:
qr = l%m = Qo %
D10 MexaHU3M 00pa3oBaHus B (PU3MUECKOM BaKyyMe OpOUTAIILHO BPALIAOIIMXCS YaCTHII.

bozon nepeEMEIIACTCA 110 CIIUpalik C TpaHCHﬂHHOHHOfI CKOpPOCTBIO V;, CO3aaBas B KaXXIOM LHUKIIC
dm hvev;

aKCHAJIbHYIO TOJIIPU3aLMOHHO-PEAKTUBHYIO cHlly F; = VT T Ee MoXHO mpeacTaBUTh Kak

) v 41
KyJIOHOBCKOE€ B3aWMOJICHCTBUE 3apsiia Bpamaromierocs 0o3oHa q; = Qg Tt c 3apaIoM q; = Qg f,
pacnoiarariummcs B IIeHTpe opOUThI 6030Ha: F; = qrtgi.

CrimHBI B3aMMOJICHCTBYIOIINX O030HOB S HAINPABICHBI OTHOCHTEIBHO CKOPOCTH BEKTOPHOTO TIOJIS
¢u3nvyeckoro BakyymMa IOJ] 3aBHCAIIMM OT BEIMYMHBI CIHWHA YIIOM Og, KOTOPBIA OIpenesnseT
IIPONOPLIMOHAIIBHYIO CIIMHY 0030HA CKOPOCTb BpaieHus v;. [Ipu 8 = 0 oHa paBHa CKOPOCTH BEKTOPHOIO
nons ¢. [loatomy

V¢ _ 1 _
c cosBg -
a TPAaHCISIIMOHHASI CKOPOCTh 0030HA V; paBHA
Vi _ .
= 1/sinb;.
OTCIO[[a CJICAYCT, UTO NMHBAPUAHTOM SBJIACTCA
v?  vP+vf 1
— = = = Const.
c? c? (sinfscosBs)?

[TosTomy pu 0O6pa3zoBaHnu 0030HBI TOJIEH (PH3UUECKOTO BaKyyMa cO CHMHAMU 1 1 2 OyayT UMETh TO
&Ke 3HaueHue y = sinfscosf, uto U 0030HKI Mo hc-mupa co ciuHoM 3. VckirouuB cosl, monydaem
COOTHOUIEHME, ONpeAestouee yroiu b:

sinfs, =ys (s =1; 2; 3). (3.4)
COOTBETCTBEHHO JIBE KOMITOHEHTHI 3apsiia 0030Ha PABHBI:
q¢ 1 q _ 1

= u—= .
Qo cosBq Qo sinfg
WuBapuaHT y onpeaenseT CyMMy KBaJIpaToB 3TUX JIBYyX 3aps0B O0O30HOB:
2
2 2 2 Qo
q 9 T4 (sinBscosbs)?
KBaHTHI mosiel hc-mMupa 00pa3yroTcsi ¢ HyIeBOW KOMIUIEKCHON CKOPOCTHIO, T.. ¢ O, = m/4, u s
s = 3 nony4yaem u3 (3.4) 3nauenuwe y = *,/1/18. [l mopokaaeMsix MojeM ¢ S = 3 BEKTOPHBIX U

TEH30PHBIX TOJICH MMeeM COOTBETCTBEeHHO Sinf, = /1/18 = 0,2357 u sinb,, = \/2—/9 ~ 0,4714. Ot
3HAYEHUS YIJIOB COOTBETCTBYIOT B MpPEAEIaX MOTPEITHOCTH U3MEPEHUH dKCIIEPUMEHTAIBHBIM 3HAYCHUSIM
COOTBETCTBEHHO yrioB Kabu00o u BaitnOepra, sBnstomuxcs napamerpamud CTaHIapTHOW MOAETH
AIIEMEHTAPHBIX YaCTHUII.

OOpa3oBaHuE YaCTHIl JEHCTBHTEIHHOTO U MHHMOTO MOANPOCTPAHCTB MPOHCXOAMT IMPU MAPHOM
B3aUMOJICKCTBUA B MHHMOM MPOCTPAHCTBE IUIAHKOBCKUX YacTHUIl ¢ 3apsaoM @Qy. OHO ompexaensier
BO3HHKAIOIIEE B KOMIUICKCHOM MPOCTPAHCTBE K IMPOUCXOAIICE MONSAPU3ALUOHHBIM MEXaHHU3MOM
o0pa3oBaHKe B3aMMOJICHCTBYIOIIUX 3apsA0B OO30HOB JCHCTBUTENLHOIO M MHHMOTO TOIIPOCTPAHCTB

u Vi
COOTBETCTBEHHO qu = Qo U Qg = Qo ?l U3 TOJIAPU3AIUTOHHOTO COOTHOIIICHUS TS
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B3aMMOZCICTBYIOIINX 3apsiIOB CIEAYeT, 4TOo gy q; = iQy>. OTCroma momaydaeM, 9To IpHOGpeTaeMas

POXKAAIOLIEHCS B JEHCTBUTEILHOM MOANPOCTPAHCTBE YACTUIIEH CKOPOCTh PaBHA
2

u= ;7 = csinb;. (3.5a)
COOTBETCTBEHHO YaCTHIIA C MAacCOM IOKOS M, TOJIy4aeT PENATUBUCTCKYIO Maccy mg /cosbs,
pPaBHYIO Macce MOPOXKIAIOLIEro ee KBaHTa m, T.e.
m =m, /cosb. (3.5b)
Taxum 00pa3om, mpoucxosiiee B KOMIJIEKCHOM MPOCTPaHCTBE (PU3UUECKOro BakyyMa oOpa3oBaHue
BEKTOPHBIX W TEH30PHBIX MOJIEH HPUBOAUT K POXNKACHHUIO YACTHUI[ JCHCTBUTEIHHOIO MPOCTPAHCTBA C
JIOCBETOBBIMH CKOpOCTSAMH (3.5a), onpeaensieMbIMH TTOJISIpU3aIlioOHHBIMU yrilaMu Kabu660 u BaitnOepra.
Cootnomrenue (3.5b) ucnonp3oBanochk B [1-3] nmpu BBICOKOTOUHOM BBIYHCIICHHH Macc (pyHIaMEHTaIbHbIX

(MCTHHHO 2JIEMEHTAPHBIX ) YACTHII.
3.3. 'mnepo0bequHeHHe (PyHIAAMEHTAJIBHBIX B3aUMOAEHCTBUI

['mnepoObenunenneM B [2] Ha3BaHa Teopusi OObEOUHEHHS TATH  (YHIAMEHTAIBHBIX
B3alMOJICUCTBUM, OPOXKIAEMBIX B CIIMHOBOM IPOCTPAHCTBE IOJEM CO CIIMHOM 3, YEThIpE U3 KOTOPbIX —
AJIEKTPOMAarHUTHOE, cJladoe, ILBETOBOE U BKYCOBOE€ — JIOKAJM30BaHbl B (U3MYECKOM Bakyyme, a
rpaBUTaLlMOHHOE B3aumozelicTBue — Bo Bceenennoil. MIx oOpa3oBaHue U B3auMOJIEHCTBUE IPOUCXOAST B
MHHMOM IOJIIPOCTPAHCTBE U MOPOKAAOT B IEUCTBUTEIHLHOM ITOAIIPOCTPAHCTBE CUHIVIETHBIE BEKTOPHOE U
TEH30pHOE TI0JIA, TMposBisomMe ceds BO BceeneHHOW Kak 3lIEKTpUYECKOE M TPaBUTALMOHHOE.
B3anMoneiicTBue 1BETOBBIX M BKYCOBBIX TIOJE€W MPHBOAMT K 0O0pa3oBaHUIO Tpex 24-1eToB
KOMOMHUPOBAaHHBIX MOJeH. [IBa TEH30pHBIX 24-11eTa poXKIAOTCs MOJIEM CO CIIMHOM 3 M IOTOMY TaKXke
IIPUHUMAIOT y4acTue B 00bEJMHEHUH B3aUMOJCHCTBUM.

OObenuHeHre B3aUMOAECHCTBUIM MOXKHO ITOHMMATh B TOM CMBICIIE, UTO 3JIEKTpociaboe, [BETOBOE U
BKYCOBOE B3aUMOJICHCTBHUS JOJKHBI UMETh OfIHY | Ty ke rpymny cummerpun U(1) X SU(2). Pasmeprocts
KOMIIJIEKCHOTO IIPOCTPAaHCTBA TIPYIIBI ONPENEISAETCS YMCIOM KOMIUIEKCHBIX 3apsnoB. llostomy mpu
00beMHEHUH B3aUMOICHCTBHM TPH IIBETOBBIX 3apsijia pa3AessatoTcs Ha CUHIVIET U AyOneT. M3 TeH30pHBIX
nosei B 00beJMHEHUH B3aUMOCHCTBUI yyacTBYeT JIOKaJIM30BaHHOE B IEHCTBUTEIHLHOM MOANPOCTPAHCTBE
CHHIJIETHOE MHEPIMOH-TpaBHoOHHOE Tosie (rpymma U(1)).

Tak Kak MCXOOHBIM B3aWMOJACHCTBHEM B (U3MYECKOM BakyyMe BceleHHOW —sBiseTcS
B3aMMOJICHCTBUE YHUBEPCAIIBHBIX 3apsI0B €€ NEPBUYHBIX IUIAHKOBCKUX YaCTHL], TO KOHCTAHThI 3apsIOBbIX
B3aMMOJICUCTBUI €ro BEKTOPHBIX U TEH30PHBIX MOJEH yI0OHO U3MEPATh B «YHUBEPCAIBHBIX)» 3apSAA0BbIX
enuHUNax hc. ITockoabKy KOMIUIEKCHBIE 3JIEKTPOMAarHUTHOE, BKYCOBBIE, IIBETOBBIE M cllabble MO
o0pazyrorcs 48-1mIeToM CIMHOBBIX COCTOSIHUNA TOJISI CO CIIMHOM 3 U POYKIAOTCS MPH B3aUMOJCHCTBUU C
PaBHOM €IMHHUIIE KOHCTAHTOM, TO HCXOIHBIE B3aUMOJACUCTBUSA, OCYILUECTBISEMBIE OJHUM 3apsI0BBIM
1oJieM, MMEIOT OJMHAKOBYIO KOHCTaHTy 1/48. IIpu CHM)KEHMM SHEPruM B3aUMOAEUCTBHS MPOMCXOIUT
M3MEHEHHE UX KOHCTAHT (110 MPUHATONW TEPMUHOJIOTUU OHH SBIISIOTCS «OEryIIMMU KOHCTaHTaMM» ).

Huskosnepreruyeckuii npenes. KoHCTaHTBI B3aUMOJEHCTBUI ONPENEIAIOTCA B3aUMOJIEHCTBUEM
3apsA70B YacTHL] B MHHUMOM IOJIPOCTPAHCTBE, IIE€ POXKIAIOTCA W B3aUMOJEHCTBYIOT IIJIAHKOBCKHE
qacTUIlbl. B HHU3KOPHEpreTHueckoM Ipesene, Korjaa MOAXOAUT K 3aBepILIeHHI0 o0pazoBaHue 72-IjieTa
KOMOMHUPOBAaHHBIX MOJEH, B3aUMOAEHCTBHE B MHHMOM IMOJINPOCTPAHCTBE MEXAY IMapamMH 3apsiioB
BEKTOPHBIX W TEH30PHOTO YacTUI MPUBOAUT K OOpa30BaHUIO KBapTeTa KOMOMHMPOBAHHBIX 3apsioB,
KOTOPBIE UMEIOT MOAYIH [2]:

e

I = cosf.cosb,,’ q2 = sinf. cosb,,’ 43 =

e 2=Y,q,"% i=1;2; 3 5.

s = —— (3.6)

cosf.sinby, sinf, sin6,,’
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OTOT KBapTeT 3apsA0B BKIIOYAET AYOJeT 3apsAoB TEOPUH 3JIEKTPOCIadOro B3aMMOAEWUCTBUA, B
KOTOpOI % = tg0.. OTO COOTHOILIEHUE COXPAHSIETCS U B CIIyyae YeThIpeX KOMOMHUPOBAHHBIX 3apsI/IOB.
2

Halinem KOHCTaHTBI @; 4YeTbIpeX KOMOWMHHUPOBAHHBIX 3apA/IOBBIX B3aUMOACHCTBUIA B
HU3KOAHEPreTUYECKOM Tpeielie.

Yetblpe ¢GyHIaMEHTAIBHBIX 3apSAOBBIX B3aHUMOACHCTBUS peanu3ylorcs B (U3MUYECKOM BaKyyMe
TpeMsl BEKTOPHBIMHU M OJHUM TEH30PHBIM mojiieM. VX B3auMoneidcTBME B MHHUMOM MOIIPOCTPAHCTBE
(GOopMHpYET MyJIBTHILIET CHMHOBBIX COCTOSHMI pasmepHOcThI0 335 = 135 um uMeeT HaubOMIbIIYIO
KOHCTAHTy B3auMojelcTBUs B (usnmueckoM Bakyyme. FEio o0magaer HMHEpUUOH-TPaBUOHHOE
B3aMMOJICHCTBHE, KOTOpOE, KaK Moka3zaHo B pasd. 3.1, mopoxkgaer Bo BceneHHON rpaBUTallMOHHOE
B3anMozeilicTBue ¢ koHcTtaHToi 1. ITockonbKy MHEpPIMOH-TPABHOHHOE B3aUMOJCHCTBUSI peallu3yercs B

¢usnyeckoM Bakyyme, 1o a5 < 1.
2

ITocTossHHas TOHKOH CTPYKTYPBI a ABJISACTCSA KOHCTaHTOH QJICKTPOMArHuTHOI'O

- 4mhc
B3aI/IMOI[eI\/JICTBI/I$I B CHHIJICTHOM KBAHTOBOM COCTOSHHUHN HeHTpaJIBHO-CI/IMMeTpI/I‘IHOI‘O HpOCTpaHCTBa

¢usnueckoro Bakyyma. Haitmem c¢ ydetom (3.6) M NPUBOIMMBIX HU)KE HOPMHUPOBOK OTHOCHTCIHHBIC
3HAUYEHUS KOHCTAHT (PyHIaMEHTaIbHBIX B3aUMOJICHCTBUH, TOTy4YeHHbIE B [2]:

a1 5 _ 270 L Q2 1 _ 81 i

a 3c0s20,,c0s%20, 119’ « sin260,,cos%0, 17’

as 1 162 as 5 — =
—=ﬁ=—;—=ﬁ=135=51. (37)
a c0s40,,sin*0, 7 a 3sin46,,sin%6,

Tak kak HauOonblIel SBISETCS KOHCTaHTa (5, TO OHA SIBISETCS KOHCTAHTOM WHEPLMOH-
IPaBUOHOHHOTO  B3aUMOJAEHCTBHs, KoTopoe B 135 pa3  Oosblie  KOHCTAHThl ~ CHHIVIETHOI'O
JIEKTPOMAarHUTHOTO B3aUMOJEHCTBUSA .

KoHCTaHTBl 0y U a5 ONpPENENAOT B3aUMOACHCTBHS ONHOTHUIIHBIX 3apsiioB KBAHTOB BEKTOPHBIX U
TEH30pHBIX MOJIEH U UMEIOT HOPMUPOBKY 5/3. DTa HOpMHUpPOBKa B (3.7) COOTBETCTBYET BKJIAay TPYIIIbI
SU(2) B cunmernoe coctossuue U(1). Ilepble Tpu HempuBOAMMBIX mpeactaBieHus rpymmbl SU(2)
BKJIIOYAIOT HEMOJIIPU30BAHHOE CHUHIVIETHBIA 3aps, /1Ba MHHUMBIX JMHEMHO INOJSIPU30BAHHBIX U TPH
HEJIMHEWHO TOJIIPU30BAaHHBIX KOMIUIEKCHBIX 3apsizia, U3 KOTOPBIX BO B3aUMOJEHCTBUU OJHOTHIIHBIX
3apAI0B Y4YaCTBYE€T TPU MHUMBIX KOMIIOHEHTHI. II03TOMy Ha CHHIIIETHOE MOJE€ MNPUXOAUTCA IIATH
OJHOTUIIHBIX MHHUMBIX 3aps0B, YTO YBEIMYMBACT KOHCTAaHTY B3auUMOIEHUCTBHS B 5 pa3. U3 tpex
JNEUCTBUTEIBHBIX KOMIIOHEHT HEJIMHEMHO IOIAPU30BAHHBIX 3apslOB BKJIAaJ B CHUHIVIETHOE COCTOSHUE
BHOCHT OJIMH 3apsill, YTO CHUXKAET KOHCTAHTY BTPOE.

IIpuBenem apyryro HHTEpPIPETALUIO 3TOM HOPMUPOBKU. B KOHCTaHTBI OAHOTUIIHBIX B3aUMOJAEHCTBUN
KBaHTOB (1 ¥ (5 LIBETOBBIE U BKYCOBBIE IOJIS1 JAIOT pa3Hble BKIIaAbl. CeKCTET BKYCOBBIX MOJIEH y4acTByeT
B O0BEMHEHHUU Yepe3 CHHIVIETHOE MHEPLUUOH-TPAaBHOHHOE IOJI€, @ OCTaJbHbIE MATh BKYCOBBIX IOJEH
YBEINYMBAIOT KOHCTAHTY OJAHOTHUIIHBIX B3aUMOACUCTBUH B IIATh pa3. Y IBETOBBIX MOJIEH BKIIA] AACT OJHO
noje TpUIUIeTa, T.K. ABa Apyrux umeror rpynmy SU(2). DTo CHM)KAeT KOHCTaHTY BTPO€ M HPUBOIUT K
paBHOM 5/3 HOPMHUPOBKE KOHCTAHT (1 U U's.

OnpenenyM KOHCTAHTY CHHIVIETHOIO MHEPIMOH-TPAaBUOHHOTO B3aUMOJECHCTBUS (5, YTO TO3BOJIUT
BBIUUCIIUTH YETHIPE APYTHe KOHCTAHThI B cOOTHOIIEHUsX (3.7). B nmpoctpancTBe Beenennoit as = 1.

Ecnu pa3smMepHOCTb MyNBTHILIETa KOMIUIEKCHBIX KBAaHTOBBIX cOCTOssHUN N, TO BO BceneHHON OH
onuckiBaercss rpynmoit U(N) ¢ uMcIoM MaTpH4HBIX cocTosHuit N2. B (usMueckoM BakyyMme 4MCIIO
HE3aBHUCHMBIX KBAHTOBBIX COCTOSHHI Ha | MeHbIe, T.e. MMeeT MecTo rpymmnoBoi mepexox U(N) —
SU(N) x U(1). Tockombky (u3udeckasi BeTHYHHA TPOMOPHUOHATbHA YUCITY KBAHTOBBIX COCTOSIHUIA, TO B
(U3HYECKOM BaKyyMe NPOMCXOIUT CHIKEHHE KOHCTaHTHI o Ha (aktop f(N) =1 — N2,

OnpenenuM BKJIaJ B KOHCTAHTBhI B3aUMOJEHCTBHS TEH30pHBIX KOMOMHHpOBaHHBIX mojeil. Ilpu
Tpanchopmaium 48-miera 6030HHBIX MOJNEH co cnuHOM 3 B 48-1uieT KOMOMHUPOBAHHBIX MMOJieH oOliee
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YMCIIO CITMHOBBIX COCTOSTHUH yBennuuBaeTcs ¢ 48 1o Ny = 96. KBaHT €O CIIMHOM 3 JIOKaIM30BaH B MHUMOM
MOANPOCTPAHCTBE, I7I€ OH UMEET 7 MHUMBIX CTUHOBBIX COCTOSIHHIA.

N3 48 xoMOMHUPOBAaHHBIX TCH30PHBIX MOJICH JBA CHHIJICTHBIX IMOJIS IOKAIM30BaHbI B IIEHTPATBHBIX
30HaX MPOCTPAHCTBA GU3NUECKOTO BaKkyyMa U Beenennoi, a 46 moneit — B pusudeckom Bakyyme. [loatomy
o0111ee YMCcI0 MHUMBIX CTUHOBBIX COCTOSTHUHN B (pr3nueckoM Bakyyme cocTtaBuT N, = 46 - 71 = 322i. Onu
HU3MEHSIOT KOHCTaHTY MHEPIIMOH-TPaBUOHHOTO B3aumoeiicteus Ha dakrop B (N, ).

JIBa CHHIVIETHBIX TE€H30PHBIX KOMOMHHPOBAHHBIX IOJISI CHMIKAIOT KOHCTaHTY Q5 cuibHee. M3 135
KBAaHTOBBIX COCTOSIHUU B (PU3UYECKOM BaKyyme OcCTaroTcs 134, T.e. 3HaYCHHE KOHCTAHTHI WHEPIIUOH-
IPaBHOHHOTO B3aMMOJICUCTBUS CHUXKACTCS OJHUM W3 CHHIJICTHBIX KOMOWHUPOBAHHBIX TOJCH Ha (hakTop

1
(1 - &), tme & = —. COOTBETCTBEHHO J[BA CHHIJICTHBIX TEH30PHBIX KOMOMHHPOBAHHBIX TTOJISI YMEHBIIIAOT
135

KOHCTaHTy B3auMojeiicTaus Ha daxrop (&) = (1 — &)2.

BenuunHa KOHCTaHTBI @5, paBHas BO BceneHHO# 1, B KOMIUIEKCHOM MpPOCTpaHCTBE (U3HUECKOTO

BaKyyMa OIpeNIeIsIeTCsl IPOU3BEICHHEM TPEX PACCMOTPEHHBIX (haKTOPOB:
as = u(&) B(N;)B(N,) = (1 —6)?(1 — N7 2)(1 + [Ny|72) = 0,98514296.

JI71s1 KOHCTAHT IPYruXx 3apsiiOBbIX B3aUMOACUCTBUI ITOJIy4aeM:

a~! =137,035992; a;! = 60,3973446; a;! = 28,7606403; a3' = 5921308296.

OTH 3HAUEHMs KOHCTaHT momydeHsl B [2, 7]*. IToCTOSHHAs TOHKOH CTPYKTYpBI @ BBIYMCIEHA C
TOYHOCTBIO 710 neBATOoro (!) 3HaKa OTHOCHUTENBHO YCPEAHEHHOTO IO Pa3HbIM H3MEPEHUSM 3HAYCHUS
137,035999 (manubie CODATA, 2014). DtoT pe3ynbraT — OJHO M3 MIaBHBIX moaTBepxkaeHuit KTM.
COOTBETCTBEHHO € 3TOM 7K€ TOYHOCTBIO BBIYUCIEHBI KOHCTAHTHI g 3 3 5.

Takum 00pa3om, IMOJTy4eH OTBET Ha SMOIMOHATbHOE 3aMeuanne P. DeitHMana 0 MOCTOSHHON TOHKON
CTpyKTyphl: «BceM xoTemochk Obl 3HaTh, Kak IMOJMy4yaeTcs 3TO 4Yucio. HUKTO He 3HaeT. JTo omHa W3
BEIMYAMIITNX M MPOKIATHIX TalH (U3MKHU: Marudeckoe 4Hcjo, KOTOpPOE€ HaM JIaHO M KOTOPOE YEIIOBEK
COBCEM HE IIOHUMAET.

Bricokass TOYHOCTH BBIYMCIEHUS ITOCTOSIHHOM TOHKOM CTPYKTYphl O3HA4aeT, YTO C HEMEHbIIEH
TOYHOCTBIO BEIYUCIICHBI U yIiIbl Kab0n60 n BaitHOepra, skcriepuMeHTaIbHO HalIeHHbIE 3HAYSHHUS KOTOPBIX
HMEIOT Ha MOPSIIKK OONBIIYIO MOTPEITHOCTb.

Teopuu ['unepobbenuHeHNs ABISETCS OJHUM M3 IVIABHBIX MOATBEP)KICHUN MCXOIHBIX MOJIOKEHUN
KBaHTOBOI T€OPHH MUPOYCTPOMCTBA O CBOMCTBAX €r0 (PM3NYECKOTO BaKyyMma.

3.4. Maccel pyHIaMEHTANbHBIX YaCTHI (PU3HMYECKOro BaKyymMa

[Tpobnema BeIYUCIEHUS Macc GyHIAMEHTAIbHbBIX YacTull B CTaHIapTHOW MOJENH He pelleHa, T.e.
MEXaHU3M POXJAeHUs (yHIAaMEHTAIbHBIX YacTUIl He ycTaHOBIEH. CUMTAeTCs, YTO YACTHUIIBI MOITYyYarOT
Maccy MpHU B3aUMOJCHCTBHM C 0030HOM XUITCa, HO KaK OH MPHOOpPEN MONy4YeHHOE U3 IKCIIEPUMEHTOB
3HaYeHHe Macchl He oObsicHseTcs. B [1, 18] pa3Buta teopus oOpazoBanus (pyHIaMEHTATbHBIX YACTHII
(bu3nyeckoro BaKkyyMma nepBUYHBIMU YaCTHIIAMU BceneHHOM — MIaHKOBCKUMH YaCTHIIaMH, Macca KOTOPBIX
OTpesensieTcss TpeMs MHUPOBBIMH KOHCTAaHTaMHU. DJTO MO3BOJSET BBIYUCIATH UX MAcCChl My C BBICOKOM
TOYHOCTBIO IO popmye:

TJIe Mp; — Macca IJIAHKOBCKOW YaCTHUIIBI, & YUCJIO YYACTBYIOIIMX B 00pa30BaHUM YaCTHI] MHUMBIX TIOJICH
k =16(l+ 1) +n. 3necb n — 4YnciI0 KOMOMHHPOBAHHBIX TONEH, a | — HAUOONBINUIM CIIMH CIEKTpa
0030HHBIX TONei Ac-mupa 0, 1, 2, 3... | uepapXudecKku yCTOWYNUBOM YaCTHIIBI, UMEIOIIEH CKAIPHOE SIPO.

*B [2] BmecTo (1 + |N,|™%) ucnons3osancs dakrop 1/(1 — |N,|™2). D10 BIMsIeT Ha IPUBEICHHbIE 3HAYEHUS KOHCTAHT JIMLIb
B JIECSITOM 3HAKe.
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3HaueHue | ompenensier uepapxuueckuil ypogensb (COKp. uepoyposeHnsb) OTHOTUIHBIX YaCTHI, C POCTOM
KOTOPOTO Macca HKCTIOHEHIIMATBHO YOBIBACT, @ pa3Mep COOTBETCTBEHHO PACTET.

DKCIIepUMEHTAIbHO OOHapy>KeHbl caMble MaccuBHble OapuoHbl ¢ [ = 1. YacTuibl BBICOKHX
HepapXHUeCKUX YPOBHEH UIPAIOT ONPENEesSIONIYI0 POJb B KBAHTOBOM CTPYKTYpUPOBAaHHUU OapHOHHOTO
BellecTBa BceneHHOHN, Tak Kak B UX BHYTPEHHEM O0beMe IPOMCXOJUT HE 3aBUCSIIEEe OT BHEUIHUX
BO3MYILIEHUH 00pazoBaHHE MYJIBTUIUIETOB OJUHAKOBBIX YAaCTHUI[ MEHBIIET0 HEepapXUyecKOro YpPOBHS U
pa3zmepa. B CranagapTHOi MOAenu U3y4aroTcsl TOJBKO CaMble MACCHUBHBIE YAaCTHUIIbl, U HE SICEH MEXaHU3M
CTPYKTYpPHpPOBaHUSI 00pa30BaHHOTO M3 HUX BelllecTBa BceneHHOH, a B KBAHTOBOW MeXaHUKE TOYEUHBIX
YacTHUIl TOHITHE UEPAPXUH YACTHUI] BBECTH HEBO3MOXKHO.

B ¢wusnueckom Bakyyme 0030HBI 00pa3yloT (PepMHOHBI MOCPEACTBOM MEXaHHU3Ma, Ha3BAaHHOTO
¢epmuonuzayuen [1]. BHemnsas opOuta 0030Ha, W3-3a KacaHus pebep rpaneit ¢uryp Ilmatona
paspyuiaercsi, 1 CIHH 0030HAa CHIIKAETCS Ha €IUHUILY, MOpoXkKaas ABa (epMHUOHA COOTBETCTBYIOIIETO
MEepOYypOBHsI cO cmMHaMu 2. Hanpumep, 6030H 1I€CTOro HepoypoBHS MOPOXkaaeT 0030H U /1Ba (pepMUOHA
MTOTO UEPOYPOBHSI.

Poxnenue noneit B pu3nuecKkoM BaKyyMe MPOUCXOANT Oe3 yJacTHsi CHHIJIETHOTO KOMOMHUPOBAaHHOTO
nosist. ['panuiiam 24-1m1etoB cOOTBETCTBYIOT 3HaueHusa n = 23;47 u 71. Ilpun = 71 poxaarorcs 4aCTULbI
C HaWMEHbIIEH Maccod — JJIEKTPOH M MO3UTPOH, a mpu N = 47 — 0030HBI Y (47), MOPOXKIAIOIINE
MIPOMEKYTOYHBIE BEKTOPHBIC 0030HBI Z 1 W B peakiuu 2my = my + (1 — &)my,,. FIX Macchl paccunTaHsbl
¢ morpemHocThio 107 [18].

«bo3on Xwurrca». B [18] nmokazaHo, uto oOpa3oBaHue «0030Ha XUITCa» MPOUCXOAMT, KOTAA B
(du3nyecKoM BaKyyMe 3aBepIiaeTcs oOpa3zoBaHue 000uX 23-1I€TOB TCH30PHBIX KOMOMHUPOBAHHBIX TIOJICH
(n =46), Te. xBaHTOM c Maccoii m(46) = mye/?c monApuzamMOHHBEIM yrIoM Baiitn6epra
6,,. O6pazoBanue 0030Ha XUITCa MPOUCXOAUT MPHU YYACTHH CHHIVIETHOTO WHEPLHOH-TPABUOHHOTO TOJIA,
YBEJIMYUBAIOUIETO €ro Maccy B mpocTpaHcTBe Bcenennoit Ha daktop 1/1 —&. Macca storo 6030Ha
TTl(46) _ m(46)cos0,,

=3
OTJIMYAJICA OT OJKCIepUMEHTAIbHBIX 3HadeHud. B 2019 u 2021 romax mnpoBeAeHbl HU3MEpPEHUS,
MOJTBEPIUBIINE B TIpeAesiaX JKCICPUMEHTAIBHONW IOTPEITHOCTH PACCUUTAHHYI0 MAacCy M JaBIIIHC
cooTBeTcTBeHHO 3Hadenus (125,35 + 0,12) 'sB/c? u (125,11 + 0,11) I'sB/c?.

D10 naeT ocHoBaHWE monaraTth, 4YTo Ha LHC Obul OTKpHIT UMEHHO ATOT 0030H. OH SBISETCS HE
«uactuieit bora», a onHO# U3 GyHIaMEHTAIBHBIX YacTUIl (PU3UYECKOTO BaKyyMa.

B [18] paccMoTpeHO Takxke 0OpazoBanue 6030HOB ¢ Maccoil 145 I'aB/c? u 649 I'sB/c?. X MOXHO
CBSI3aTh C YaCTHIIAMH, OOHAPYKCHHBIMU Ha yCKOpHTeJie T3BaTpOH MpPU M3YYCHHUU COOTBETCTBEHHO Wij-
aHOMAJIMK M TOI-KBapKOBOW aHOMAaNWH. VX M3MepeHHbIE HHBAPUAHTHBIC MAcChl PaBHBI COOTBETCTBEHHO
144 + 4 T3B/c? u 650 + 50 I'sB/c?.

Maccot nenmonos u nuonoe. B [1] momydena gopmyna ans BBIYHCIECHUS MacC KBAaHTOB MoJeit
JIENTOHOB U MHOHOB

™o — N,A(e — 1), (3.8)

= 125,2 I'sB/c?[18]. Drot pesynbrar 6611 ommyonukosan B 2018 romy [18] u 3ameTHO

e
3mece A =176, a N, oTinyaeTcst OT 1 TOJNBKO y KBaHTa T-JIENTOHA U PABHO 15. HaubGomnpmmii crivy

MoJIeH, yJacTBYIOIIUX B 00pa30BaHUM YaCTHUIIbI, 0003Ha4YeH S. Ero 3HaueHus B ¢pusndeckom Bakyyme 0, 1
U 2 ONpeAensioT COOTBETCTBEHHO MAacCChl KBAHTOB JIENITOHOB TPEX MOKOJEHUM: 3JEKTPOHA, MIOOHA U T-
nentoHa. KBaHT nuoHa 1, oOpa3yercs B ciiydae s = 3.

B paccmotpenHnoii B [ 1-3] Mogenn o0pa3oBaHue KBaHTaAMH YaCTHUIT TPOUCXOAUT ¢ yriioM Ka66mubo 6,
y 2JIEKTPOHA, T-TIENTOHA ¥ HEUTPAIBHOTO MHOHA, 2 MIOOH M 3apsHKEHHBIA TMOH 00pa3yroTcs ¢ HYJIEBBIM
TOJISIPU3AIIMOHHBIM yIJIOM. B 3TOM Mogenu yuTeHbl Tpu (akTopa, OTIWYAIONIMX MAacCy YacTHIbI B
¢dbu3mIeckoM BakyyMe U BceneHHoit n3-3a TOro, 4To YMcia KBAaHTOBBIX COCTOSIHUM B HUX Pa3IMYalOTCs Ha
eaunuily. [lomydeHHbIE B MOIENIM MACChI MATH 3THX YAaCTHUI] UMEIOT MOTPEIIHOCTh MEHEE 10 [1]. OHa Ha
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MOPSAIOK MEHbIIE, YeM MpuBeAcHHAd B [19] skcneprmeHTallbHAs MOTPEIIHOCTh TUIAHKOBCKOM MAacChl,
HCIIOJIb30BAaHHOM ISl pacuera.

Maccol kéapkoe. OHU U3MEPEHBI ¢ HEBBICOKOW TOYHOCTHIO, B KOTOPYIO YKJIAJBIBAIOTCS MAcCCHI,
paccuntanssbie B [1, 18]. [TokazaHo, 4TO KBapKH MEPBOTO MOKOJEHUS 00pa3ytoTcs ¢ yriioMm 6, (u-KBapk) u
0. (d-kBapk), a KBApKH BTOPOTO U TPETHETO IMOKOJICHUIH — COOTBETCTBEHHO € yIiioM 6, u 6,,,.

Heimpuno. B otinuue oT CylIECTBYIOLIETrO MPEICTABICHUS O HAIMYUU Y HEUTPUHO MAJIOM MaccChl B
KTM wmacca mokos Kaxaoro M3 TpeX HEUTPUHO paBHa HYIO. B  NOMSpU3ALMOHHON Teopuu
(hyHIaMEHTAIBHBIMA YacTHIIAMU C HAaUMEHBIIEH Maccod TOKOs SIBISIOTCSA 3ekTpoHbl. CormacHo [3],
HEUTPUHO SBJISETCA COCTABHOM YAaCTULIEW, COAepKalled mnapbl JIENTOH-HETallO3UTPOH IIEPBOIO U €
(dbepMUOHHBIE TTAPHI IIECTOTO UEPOYPOBHSI.

W3 naHHBIX 10 OCUMJUILMAM HEUTPUHO B paMKax MPUHATOM celuac mapagurMsl J€1aeTCsl BBIBOJ O
CYLIECTBOBAHMU Y BCEX TPeX HEHTPHUHO HEOOJBIIUX MacCC, MPUPOJIa KOTOPhIX He ycTaHoBjieHa. Coracue
MOJIIPU3ALMOHHON Mojenu 0e3MaccoBOr0 HEUTPHUHO C OSKCIEPUMEHTAIBHBIMU JaHHBIMH 10 HMX
OCHIJUISIIUSAM OOYCIIOBIIEHO TEM, YTO BO B3aUMOJICHCTBHM C YaCTHIIAMH BCEICHHOW y4acTBYeT TOJIBKO
KOMITOHEHTa HEUTPUHO C MOJOKUTEINBHON Maccoi. Ero KOMIIOHEHTa C OTPULIATENIBHOM MACCOM B SHEprUeu
JOJKHA TPOSIBIATH cebs B HeraBceneHHOU (C BEMIECTBOM € OTpHULIATENbHOM Maccoi). OueHb Majoe
3HAQYEHWE MACC YAaCTUI[ IIECTOTO HMEPOYPOBHS, BXOIAIIMX B COCTaB HEUTPUHO, JElaeT paziuyus
MIOJIOKUTEIIBHOW KOMIIOHEHTBI MacC TPeX BUIOB HEUTPUHO MajabiMU. OHU KOJIMUYECTBEHHO COIACYIOTCS C
JAHHBIMU U3MEPEHUIN OCUWIISLUN HEUTPUHO.

CornacHO 3KCTIEpUMEHTANIBHBIM JaHHBIM, HaOmMonaeMoe BO BceneHHON HEUTPHHO, UMEET JIEBYIO
cnupanbHOCTh. OTCYTCTBHE MPABOr0 HEHTPHUHO MOXKET OBITH CBSI3aHO C €r0 OOpa30BaHHMEM B MHUMOM
MIONPOCTPAHCTRBE.

3.5. HykJ10HBI, M€30HBI U ATOMHbBIE S1IPa

HpI/IHHTO CYUTaTb, YTO HYKJIIOHBI O6paBOBaHH TpEM:A BpallalOIIMMUCA KBAPKaMU C PAa3HbBIMU
HIBCTOBBIMU 3apsiaMH, HO MCXAHU3M YACPKAHUA KBAPKOB OT pa3JICTa HC BBIABJICH. 9TO T.H. npo6neMa
KOH(I)&IZHMCHT&, NN KIIJICHCHUS IIBETA». Z[pyraﬂ np06neMa — OI'pOMHaAs Pa3HUILIA B MaCCaX HYKJIOHA U TPEX
HX KBApKOB. Ot HpO6J'IeMBI BO3HHKAIOT U3-3a TOT'0, YTO HEACHO, KAK POKAAOTCA U3BECTHBIC HAM HYKJIOHBI
MEpBOro UCPAPXUICCKOTO YPOBHA.

B otTnuume ot MMPUHATBIX HpeI[CTaBJ'ICHI/Iﬁ HYKJIOHBI ITOMHMO TpPE€X KBAPKOB HMCIOT MACCHBHOC
CKaJIIpHOC SAApO, COCTOALICC M3 JABYX HA3BAHHBIX #1€HOHAMU CKAJIMPHBIX YaCTUI] C Maccou mpl =

Jhc/2k,G = 468 MaB/c%. B [1, 20] paccMoTpeHa MOZIETb yepKaHus KBAPKOB B OapHOHAX C ydacTHEM
HOJISIPU3ALMOHHO-PEAKTUBHBIX CHJI, BO3HHMKAIOIUX IPH MOJISAPU3ALMU NAP NIE€HOHO8 U He2anieHOHOE,
CO3JAIOIIUX MOJIIPU3ALUOHHO-PEAKTUBHYIO CHITY.

bo30HBI 11€CTOr0 MEPOYpPOBHSI MOPOKIAIOT OO30HBI MATOTO MEPOYPOBHSA M (DEPMHOHBI LIECTOrO
UEepOypOBHs, 00pasyloLlre BMECTE C JICNTOHAMU HEPBOTO MEPOYPOBHS YACTHIBI C HYJIEBOM Maccol —
aHTUHEUTpUHO. B030H ke msIToro nepoypoBHs BMecTe ¢ (hepMHOHAMU MEPBOTO U BTOPOTO UEPOYPOBHEM
(dbopMupyeT HEUTPOH, T.€. OH SBIISETCS YACTULIEH MSATOT0, TOT/Ia Kak MPOTOH — IEPBOI0 HEPOYPOBHS.

Takum 06pazoM, MPOTOH COCTOUT UX YEThIPEX TeJ — IIEHTPAIIbHOTO MACCUBHOTO S7[pa U TPEX KBAPKOB
IIEPBOTO MEPOYPOBHS — U SBISIETCS MEPAPXMUECKH YCTOMYMBOW dacTuuell. HeHTpoH ke B ommyue ot
IIPOTOHA UMEET HYJIEBOM (HENOJIAPU30BaHHBIN) 3JEKTPUUECKUN 3apsA]l U HEYCTONYMBBIA HepapXU4eCKUi
cocraB. Ero pacman mocpencTtBoM cBepxciaboro B3aUMOAEHCTBHS ¢ 00pa3oBaHMEM Tpex (EPMHUOHOB —
IIPOTOHA, MO3UTPOHA U AHTHMHEUTPUHO — ATO OOpaTHBIN IMporecc 00pa3oBaHUIO HEHTPOHA, BBHI3BAHHBIN
noJsipu3alueil mapsl HeHTpuHO-aHTUHEHTpUHO. Ee HEUTPUHO KOMIIEHCUPYET OIHO U3 00pa30BaBILUXCS
IpU POXKACHUU HEUTPOHOB aHTUHEWTpuHO. IlosTOMY Bpems cBepxcrnaboro pacmaaa HEWTpoHa
OIIpeIeIIIeTCsl He M3JIyueHHeM O030Ha MSATOro MepoypoBHA, Kak 3To uMmeeT Mmecto y K-me3zoHoB [2], a
poxJeHreM (EpMHOHOB IIECTOIO HMEPOypOBHS, M IOTOMY Ha IMSATh MOPSAKOB OOJbIIe, YeM BpeMs
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cBepxciaboro pacmama K-mesona, paccumtanHoe B [2] W comacyromieecss ¢ IKCIEPUMEHTaTbHBIMHU
naHHbIMHA. [lo3TOMY MMEIONIMMHUCS SKCIEPUMEHTAIBHBIMU CPEICTBAMU HEOOPAaTUMOCTh BPEMEHH
HEHTpoHa OOHAPYXUTh HENb3s. Ee monTeepxkaeHueM sSBIsIETCS BBIYMCICHHOE HIKE U COINIACYIOIIEEcs C
HKCIIEPUMEHTAIBHBIMH JAHHBIMUA aHOMAJILHO OOJIBIIIOE BPEMSI pacnasia HEeMTPOHOB.

Maccsbl HyKJI0HOB. B [1, 2] paccmoTrpena Mozens 00pa3oBaHus MacC HYKJIOHOB, YUHTHIBAIOIIAS UX
MepapXMUECKyI0 CTPYKTYpy M O3BOJIMBIIAS BBIYMCIUTh MX MAcChl ¢ HOTPEIHOCTHIO 107,

IIporonbl. B 310l Mozmenu npoTOH 00pa3yroT YETBIPE YACTULBL: CKAISPHOE SAPO U TpU
BpAIAIOIINXCS PA3HOIBETHBIX KBapKa. Paanyc ckamsipHOTo sijjpa onpeaesseT MepBylo KBaHTOBYIO OpOUTY
KBapKOBOM CTPYKTYpbl IIPOTOHAa B JCHCTBUTEIBHOM IIOANPOCTPAHCTBE. Tpu KBapka IpOTOHA
pacrionararoTcsi Ha BTOpOH, TpEeThei U 4eTBEpTOi OpOUTaXx, T.€. paJANyC MPOTOHA B YETHIPE pa3a MPEBBILIACT
panguyc suapa.

Jns paguyca npoToHa, COCTOSIIIETO U3 TPEX KBAPKOB U A1pa, B [2] MOTyUYEHO 3HaYECHUE

30 4h
R, ==—=10,8412 ¢m.
31mpyce
OT0 3HaAUYeHUE COInacyerca C paduyCcoM IIPOTOHA, IIOJIYYCHHBIM CIICKTPOCKOIIMYCCKUMU

u3MepenusiMu MroonHoro (0,8418 ¢m, 2010 1) u o6sryHOrO Bogopoaa (0,8335(91) ¢m, 2021 ).
B npuBeneHHol (hopMylie MHOKUTEIh % YUUTBIBAET, YTO OJTHA U3 YACTHIL SIBJISCTCS LICHTPaIbHOM. B

LEHTPAJIbHO-CUMMETPUYHOM IIPOCTPAHCTBE JOAEKAdIpa, IAe poxaaercs mpoToH, umeercs 30
nepudepuiiHBIX KBAaHTOBBIX COCTOSHHM, ompenenseMbix 30-meramu pebep noxekasapa. Llentpanbhas
30Ha Apa, YBCININBACT YUCJIO KBAHTOBBIX COCTOSTHUH ImpoToHa no 31 ¥ COOTBETCTBEHHO YBCIUYUBACT €0
MaccCy U CHHMIKAeT €ro pazMmep, IpUXOASIIUNCS Ha OIHO KBAHTOBOE COCTOSIHUE.

PasHuIia Macc MPOTOHA M TPEX KBAPKOB paBHA My = 926,4 MsB/c’ u 1omkHa onpeeNaTh Maccy

CKaJISIPHOTO siJipa U €ro pajuyc, paBHbII
h

Ry = e = 0,213 pm.

OH xapakTepu3yeT Npe/eIbHOE PACCTOSHUE COMM)KEHUS! NMPOTOHOB IMPH JIOOOBOM CTOJKHOBEHHUU:
2Ry, = 0,426 M. D10 3HAUEHNE HE TPOTUBOPEUUT IKCIIEPUMEHTAIBHBIM JTAHHBIM, COTJIACHO KOTOPBIM ITPH
sHepruu 20-30 M»sB cOnmxenne HyKIOHOB cocTapisieT = 0,5 M.

PaccMoTpenHas 4eTbIpeXKOMIIOHEHTHASI MOJIEJIb POTOHA JOCTATOYHO TOYHO OIPENETSET €ro pajinyc
U pemaeTr npolieMy HECOOTBETCTBHUS MacChl TpeX KBAapKOB M Macchl IPOTOHA, MMEIOIIYI0 MECTO B
IIPUHATON ceivac ero TpeXKBapKOBOW MOJIEIIN.

Pacnaa HeiiTpona. OrmpeneneHue BpeMEHM pachaja HEWTpOHa BbIABUIO JBe 3aragku. OHO
0Ka3aJIoCh TUTAHTCKUM 110 MEpKaM MHKPOMHMpA: Ha JECATh MOPSAAKOB MIPEBOCXOAUT BPEMS CBEPXCIIAb0ro
pacnaga K-me3ona. Jlpyras 3arajika — pa3Hble BpeMeHa paciajia CBOOOAHBIX HEUTPOHOB B ITyYKax U yJIbTpa
XOJIOZHBIX HEMTPOHOB B JIOBYIIIKAX.

B Monenu HelfTpoHa [2] OH UMeeT 1Ba COCTOSTHUS — CBOOOIHOE U CBA3aHHOE, YTO MPUBOAMT K JIByM
BpEMEHaM pacraja.

PacueTHoe BpeMst pacnaia COCTaBUIIO JUIsk CBOOOHOTO HEUTPOHA Ty = 888,4 ¢, a 11 CBA3AHHOTO
B JIOBYLIKE HEUTpOHA T, = 878,4 c [1].

CornacHo ycpenneHHbIM qanHbIM PDG (2019), Bpems pacniaga HeiiTpoHa B myukax pasHo 887,9+0,8
C, T.€. DPacCUNTaHHOE 3HAYEHUE T,y COIIACYETCA C OKIEPMMEHTAILHBIMU JIAHHBIMM B TpENEIax
MOTPEIIHOCTH U3MEPEHUM.

B noBymikax ynabTpaxosoJHbIX HEUTPOHOB YCPEJHEHHOE MO0 COBOKYITHOCTH SKCIIEPUMEHTOB BpeMs
pacmaza HeritpoHa coctasisieT 880, 2 + 1 ¢ (manusie PDG, 2017). Cornacuo ganusiM Harmonasasroit JIoc-
Anamocckoit JJabopatopun Ha 2021 r., 310 Bpems paBHo 877,75 + 0,25 c. Takum o6pa3om, paccuMTaHHOE
3HAYEHUE T, HAXOJUTCA MEXIY dTHMU JIBYMS 3HAYEHUSAMH, OTJIMYasich oT nocienHero Ha 0,05%, a ot
nepBoro Ha 0,1%.
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[TonydyenHoe comiache pacyeTHBIX 3HAYEHUU BPEMEH pacmnaja HEUTpPOHA C JTaHHBIMU pacnajoB B
IIy4Kax W JOBYILIKAX MOATBEPXKAAET MOISPU3ALUOHHYIO MOAEIb UEPAPXUUYECKON CTPYKTYphl HEUTpOHA U
HapyleHue T-UHBapUAHTHOCTHU B PE3YJIbTaTe €ro NepapXUueCKON HEYCTOMYUBOCTH.

MarHuTHBIii MOMEHT HYKJOHOB. B paccmorpenHoil B [1 u 2] Momenu MarHUTHBIH MOMEHT

HYKJIOHOB 00pa3zyercss TpeMsi BpPALIAOIIUMHCS BOKPYT CKaJSIPHOTO sijipa HYKJIOHA pa3HOLIBETHBIMHU

h
KBapKaMU IIEpPBOTr0 HEPOYpPOBHS u U d. Paauyc sinpa onpeneneH Bele: Ry = —= 0,213 ™M, tHe M —
0

Macca spa.
B mozpenu nonspuzanmoHHoro o0pa3zoBaHusi HyKJIOHA €ro 3JeKTpuueckas sHeprust Ug U MarHUTHAs
sHeprus Uy KOMIIEHCUPYIOT ApyT apyra [2]:
Ug+ Uy = 0.
DNeKTpUUYECKUE 3apsIbl POXKAAIOIIUXCS COBMECTHO OIMHAKOBBIX KBapKOB CKJIaJbIBaloTCs. B ciyuae

. 2e
HelTpoHa (udd) oOpasyroTcs MeKTpUUECKUE 3apsiibl ¢, = < = ~ 9a> @ B Cllydae NpoToHa (uud) 3apsapi
_ 2e " _ e
Qu = 3 Ga = 3

B Monenu npeanoiokeHo, 4To 3TH 3apsAJibl paclojiararoTcsi Ha MepBOil KBAHTOBOM opOuTE paauyca
Ry, T.e. Ha UX 00Opa3oBaHuE 3aTPAYUBACTCS AIIEKTPUUECKAs SHEPT U
U — Qu2+Qd2
E= " g -
0
MarsuTHasi SHEPTUs HYKJIOHA ¢ MATHUTHBIM MOMEHTOM [ B MArHUTHOM none H pasHa
UH = ﬁH
MarnuTHoe 10JIe HYKJIOHA CO3JaeTCid JJIEKTPUYECKUMMH 3apsiiaMd BpallalolUuXcs KBAapKOB H
omnpeaensieTcs GopMynoin
=  3n(nh)-U
g =3 #3) 23
Ry
31€eCh 11 —eqMHMYHBIN PaJUyC BEKTOP, OPTOTOHAILHEINA OCH BPAIEHUS ¥ HAIIPABICHHOMY BJIOJIb HEE
MarHuTHOMY MOMEHTY szipa. OTCI01a HaXOAMM 3HaY€HUE MarHUTHOIO MOMEHTA HYKJIOHA:
— 2 2\1/2
u=1(q.* + qa®'?R,. (3.9)
DT0 cooTHOIIeHHE moiyuyeHo B [2]. Kak u3BeCTHO, MPOTOH UMEET MOJIOKHUTEIbHBI MarHUTHBIN
MOMEHT [}, & HEUTPOH — OTPUIIATETbHBIN LUy, .

OKCIEpUMEHTANIbHBIE 3HAYEHHUSI MOMEHTOB HYKJIOHA PaBHbl U, = —1,913uy u u, = 2,793uy, tne
2m

P17y = 2,784uy

Un =

=g = sfiepHbIid MarHeToH bopa. B paccmarpuBaeMon momenu i, =
P

3m

(morpemnocts -0,3%) u p,, = — %%\/ﬁu,\, = —1,91uy (norpemnocts -0,05%). OTHOLIEHNE MarHUTHBIX

o Up 8 Hp
MOMEHTOB NPOTOHA M HEHTPOHA - = — |1 = —0,686. I10CKOIBKY 3KCIIEpUMEHTAIBHOE 3HAYEHUE — =

n Un
—0,685, To morpenrHocTh pcueTHOroO 3HaueHus coctasinseT 0,15%.

MpI TOTYYWIH, YTO B OTIMYME OT PACIOJIOKEHHUS KBapKOB MPOTOHA HA BTOPOI-4eTBEPTON OpOUTax
oOpa3yroliue MarHUTHBII MOMEHT KBapKH JIOKAJM30BaHbl Ha TMEPBON OpOUTE, ONMpenessioniel rpaHully
aapa. OT1o TpebyeT W3MEHEHHUs HWHTEpIIpPEeTallMd PAacCMOTPEHHON Mojaenu o0pa30BaHHs MarHUTHOTO
MoMeHTa [1].

[TocKoMbKYy MarHMTHOE TIOJIE SBJISIETCS TOJIEM MHUMOTO MOANPOCTPAHCTBA (PU3HUECKOTO BaKyymMa U
CO3/IaeTCsl MarHUTHBIMHU 3apsiiaMd, TO B COOTHOIIeHHH (3.9) anexTpuyeckue 3apsiibl KBAPKOB TOJKHBI
ObITh 3aMEHEHBl HAa MarHUTHBIC, paBHBIE MM MO MOMYTIO. Tak Kak B MHHUMOM IPOCTPAaHCTBE OHH
B3aUMOJICUCTBYIOT TaK¥Ke, KaK 3JIEKTPUUYECKHE B ACHCTBUTEILHOM, TO MArHUTHBIM MOMEHT (3.9) coxpaHser
CBOC 3HAYCHUE.

[IpenmnonoxxeHHOE B MOJAEIN PACIOJIOKEHNE MArHUTHBIX 3aps0B KBAPKOB Ha MOBEPXHOCTH Sapa
MOXXHO HWHTEPHPETUPOBATh KaK HAxXOKJICHHE MAarHUTHBIX 3apsA/IoB Ha TEpBOM OpOUTE MHUMOTO
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HOANPOCTPAHCTBA IPOTOCTPYKTYPhI IPOoTOHA. E€ pajgiyc HEMHOro OIN4aeTcs 0T pajnyca epBoi OpOUTHI
IIPOTOHA B €r0 JEUCTBUTEILHOM IIPOCTPAHCTBE, OIPEACIIIEMON MacCO! IIPOTOHA, a He ero sAapa. [loatomy
OpOUTHI KBApKOB CIIEAYET CUMTATh HAXOASIIMMHCS B KOMIUIEKCHOM NPOCTPAHCTBE, B JCHCTBUTEIHLHOM
MOAIPOCTPAHCTBE KOTOPOIO  PAacCIoOJIaraloTcs AJIEKTPUYECKUE 3apsibl KBapkoB, a B MHUMOM
MOAIPOCTPAHCTBE — UX MAarHUTHBIE 3aps/Ibl.

Takum 006pa3oM, HYKIJIOHBI JTOJDKHBI PACCMATPUBATHCS KAaK YaCTUIBI KOMITJIEKCHOTO IMPOCTPAHCTBA C
KOMITJIEKCHBIMU 3apsilaMU U CIIMHAMU KBapKOB. B 3TOM ciyuyae B pacCCMOTPEHHBIX MOJENSIX MarHUTHOTO
MOMEHTA U pajuyca IPOTOHA HET IPOTUBOPEYUS.

®a3bl HYKJOHOB. KOMIUIEKCHOCTH MpOCTpaHCTBA (IM3WYECKOTO BaKyymMa KBapKOB JIEIaeT
BO3MO)KHBIM CYIIIECTBOBaHHE (ha3 HYKJIOHOB C Pa3IMYHBIM 3HAYEHUEM UX Beca.

KBapku poxnarorcs B KOMILUIEKCHOM IIPOCTPAHCTBE C CUMMETPHEN MKOCadIpa, IIE€ OHU IOIy4aroT
YeThlpe I[BETOBBIX 3apsna. HykioHbI ke 00pa3yrorcsi B I€HCTBUTEIBHOM IPOCTPAHCTBE C CUMMETpUEH
J0/IeKadIpa, MOPOXKAAOLIEH KBUHTET BKYCOBBIX 3apsioB. Korma B 0o0pa3oBaHMM HYKJIOHA Y4acTBYET
TPUIUIET KBapKOB, TO LICHTPBI MKOCadlpa U IOIeKa’apa coBMenieHsl. [loaTomMy KBapkoBas CTpyKTypa
HYKJIOHAa aTOMa UMEET JAEBATh 3apsJI0B U YEThIpe KBAHTOBBIX OPOMTHI, IPUYEM HUKHAA (C MAarHUTHBIMHU
3apsilaMi) HaxoIUTCS B MHMMOM IIOANPOCTPAHCTBE, a TPU BEPXHUX C TpeMs KBapKkamMu — B
JEHCTBUTEIBLHOM.

Ecin ke LeHTpbl MKOcadnpa M JOJEKa’apa IPOCTPAaHCTBA KBAapKOB HE COBIAJAOT, TO YETBIpE
LIBETOBBIX 3apsi/ia BPaILlAIOLINXCsl KBAPKOB, HAXOSCh B MHUMOM IOANPOCTPAHCTBE, B 00pa30BaHUH MacCChl
HYKJIOHA B JIEHCTBUTEIHOM MOJIPOCTPAHCTBE HE YYACTBYIOT, U OHA (POPMUPYETCs KBUHTETOM BKYCOBBIX
3apsnoB.  IlockonbKy umcino oOpa3yeMblX B MPOCTPAHCTBE KBAaHTOBBIX COCTOSIHUH — HYKJIOHA
IIPONOPLMOHAJIBHO YHMCIy IPOCTPAaHCTBEHHBIX — LBETOBBIX M BKYCOBBIX — 3apsoB, a Macca
MPONOPIIMOHAIFHA YUCITy KBAHTOBBIX COCTOSIHUH, TO B 9TOM cllyyae HYKJIOH Tepsier 4/9 cBoero Beca. B
skcnepumenTax J[. XaacoHa BemiecTBO Tepsuio 4/9 cBoero Beca W MPUOOPETAIO CBEPXIPOBOISAIIHEC
cBoiicTBa [21].

B ToM cityuae, korjja BHyTpeHHEE IPOCTPAaHCTBO HYKJIOHA OKa3bIBA€TCSI MHUMBIM, €T0 SIAPO U KBApKH,
9T00BI MPHOOPECTH BEC, JOJDKHBI COBEPUIMTH MEPEXOJ W3 MHUMOTO TOANPOCTPAHCTBA (PU3MUECKOTO
BaKyyMa B JIEHICTBUTENILHOE MPOCTPAHCTBO. [103TOMY HYKJIOHBI U 00pa3yeMble UMU aTOMbI OKa3bIBAIOTCS
HEBECOMBIMU. B 3T0i1 (haze Tena CTaHOBATCS JTEBUTUPYIOIIHUMHU.

Takum 00pazoM, CyHIECTBYIOT MEXaHHU3Mbl YaCTUYHOW M MOJHOW NOTEpU Beca HYKIOHAMH U
aTOMHBIM BellecTBOM. V3MeHeHune Beca HaOI0aloch BO MHOTUX 3KCIIEpUMEHTaX. 3HAYUTEIbHO MEHbIIIE
B JIUTEpaAType MPUMEPOB JIEBUTALIUU TIPEMETOB.

Me3zonni. B [1] paccMoTpeHa Monenb cc- U bb-ME30HOB C LIEHTPAIbHBIM CKAJISPHBIM SIPOM M3
IJIEHOHOB, KOTOPAsl MO3BOJIMJIA BBIYMCIUTE X MAcChl B IPEJENax KCIEPUMEHTAIBHOMN MOTPENIHOCTH.

Amomnute aopa. AtomHble spa 00pasylOTCs HYKJIOHAMH B JEWCTBUTENBHOM IIEHTPaJbHO-
CUMMETPUYHOM MOANPOCTPAHCTBE (PU3UUECKOrO BaKyymMa, CUMMETPHM KOTOPOTO OIpeNesistoT Hanbosee
ycToW4MBBIE KOH(PUTYpalluKi HyKJIOHOB aroMa. Kak u B cilydyae HyKJIOHOB, BaKHYIO POJIb B 00pa30BaHUU
AJIEp UTPAET MOJIAPU3aLMs LIBETOBBIX 3apsA/I0B, ONPEACIAIOIMX CHIBHOE B3aUMOICHCTBHE HYKJIOHOB, a
TaK)ke OTCYTCTBYIOLIEE B CYLIECTBYIOINX MOJESAX aTOMHBIX sI€p B3aUMOJEHCTBHE BKYCOBBIX 3aps10B. B
[22] paccMmoTpeHa MONApU3aLMOHHAsE MOJENb, HE YUYMTHIBAaIOLIasi 000J0UEUHYIO CTPYKTypy snep. Ona
OIMCBIBAET PHEPIUIO CBSI3U HYKJIOHOB B COINIACHM C MOJIyIMIMpHUEcKor Gopmysoii Baiiizekkepa, naBas
MHYIO (PU3MYECKYIO0 HHTEPIPETAINIO YACTH €€ ClIaraeMblX.

Ecin cocraB siapa TakoB, YTO BCE€ €0 INPOTOHBI WJIM HEHUTPOHBI PacCHONararoTcsi LEHTPajJbHO-
CUMMETPUYHO (T.€. UMEIOT KOHQUTrypaluio Tex Wik uHbIX ¢uryp Ilnarona), To sinpo craHoBuTCs Oolsee
YCTOMYMBBIM 10 CPaBHEHHUIO C ONM3KMMHU 110 MAacCOBOMY YHCIY sIpaMH, y KOTOPBIX 3Ta CUMMETpPHS
HapymieHa. Kak mokasaHo B [22], cyliecTBoBaHME MarmyeckKMx 4YHCEN y MPOTOHOB M HEUTPOHOB
00yCJIOBJIEHO pa3IMYHBIMH (OpMaMU LEHTPATbHO-CUMMETPUYHOTO PACHOJIOKEHHUSI HYKJIOHOB B SApax.
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MaruyeckMMH YHUCJIaMH SIBIISIIOTCS COOTBETCTBYIOIME 3TOM CHUMMETPUHU Pa3MEPHOCTH MYJIBTHUILIETOB
HYKJIOHOB.

3akioyenue. PaccMoTpeHHble NpoOiemMbl KBaHTOBOM Teopuu monsg W CraHAapTHOM Monenu
UIEMEHTAPHBIX YACTHILI, BBICOKAas TOYHOCTHb BBIYHUCIEHUS MACC MHUKPOYACTULl U HEKOTOPBIX IPYIHX HMX
XapaKTEPUCTUK SIBIISIOTCS BaXKHBIM HMOATBEP)KICHUEM HAa MUKPOYPOBHE CBOMCTB (PM3MYECKOrO BaKyyMma
KBaHTOBOW KOHLEIILIUYA MUPOYCTPOKCTBA.
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I'naBa 4. Bceaennas u CojtHeuHasi cucTeEMA

B Hacrosimiee Bpemsi Bceenennas u CosiHeyHasi cCHCTEMa pPacCMaTpUBAIOTCS KaK KIACCHYECKHE
00bekThl. [To3TOMY pa3paboTka WX KBAHTOBBIX MOJEJCH SBISETCS BaKHBIM HAMPABICHHEM B Pa3BUTUU
byHaaMeHTaNTbHON (QU3UKY.

Oébpa3zosanue écenennvix. B KBAaHTOBOI MOJIENN BCEJIEHHBIC POXKIAIOTCSA B (DU3MYECKOM BaKyyMe,
BEIIECTBO KOTOPOTO MOPOXKIACTCS MOJISIMU Ac-Mupa co cnuHoM 3. CHadanma oOpasyroTcsi TEH30pHbBIC H
BEKTOPHBIE OJIsA, KOTOphIe (HOpPMUPYIOT B 4 Tana 24-1mieThl KOMOMHUPOBAHHBIX Moiei. Ha kaxxmom stamne
CEeKCTETOM BKYCOBBIX TIOJIEH W ONHMM W3 YEThIPEX IIBETOBBIX TMOJIEH O00pa3yeTrcs CEKCTEeThI
KOMOWMHUPOBAHHBIX TOJICH, JTOKATU3aIMsl KOTOPBIX IPOUCXOIUT BO BCE MEHBIIIEM BHYTpEeHHEM oObeme. B
pe3yabpTarte I[EeHTPAIbHO-CHMMETPUYHBIH 00beM (QHU3WYECKOTO BaKyymMa pas3ielisieTCss Ha YeThIpe
paZivanbHBIX 30HBI C BO3PACTAIONIMM BIIyOb YMCIOM KOMOMHUPOBAHHBIX IMOJIEH, 00pa3yroIIUX BEUIECTBO
ciosi. B aTux 30Hax pokaroTcs YeThIpe BHJIa BCEJICHHBIX C PA3HBIM COCTAaBOM BellecTBa. Bo BHyTpeHHel
o0nacTu, e JIOKaJu30BaHbl 24-11eThl KOMOMHUPOBAHHBIX IMOJIEH, POXKIAIOTCS BCEIEHHBIE C HYKJIOHHBIM
BemectBoM. Kak mokasano B [1, 14], aTa cmoucTass MOIeb MOATBEPKAACTCS OYIIUNHCKON KOCMOJIOTHEH
Kanauakpsl, onuchiBaronien poskieHUE U MCYE3HOBEHUE YEThIPEX BUIOB BCEJIICHHBIX [23].

4.1. CrpykrypupoBanue Bcenennon

Kak noxkasano B [1], cTpykrypupoBanue BceneHHO HauMHaeTcs cpasy MOCJe Hayaja FeHepaluu
TUTAHKOBCKUX YaCTHII, TOPOXKAAIOIIUX IPU B3aUMOJICHCTBUU OapHOHHOE BEIIECTBO, U IIUTCS 9,32 mupa.
JIET, KOTJ1a 3aBepIuaeTcsi oopa3oBanue ee kpynnomacimrtabuou crpykrypsl (KCB). K aTomy MmomenTy Macca
OapHOHHOTO BemecTBa cocrasisier M, = 1,18 - 10°° r. Ona coxpansiercsa Ha cineayromieit 3a KCB crangun
YCKOPEHHOTo pacuupenus. [lockonbKy mnpoiecc pokaeHus: 0apruOHHOTO BELIECTBA HE MpeKpaliaercs, Ha
STON CTaJMU OH YPAaBHOBEUIMBAECTCS MCUE3HOBEHHEM €r0 B YEpHBIX nbIpax. [Ipu poxaeHue 0aprHOHHOTO
BEILIECTBA B MHUMOM IIPOCTPAHCTBE UJIET HU3KOTEMIIEPATypHbI CUHTE3 aTOMHBIX sAnep. Kak nmokazaHo B
[24], PTOT MeXaHM3M MOPOXKIACT JETKHE SApa B KOJIMYECTBAX, COOTBETCTBYIOIIMX MX HaOIIOZaeMbIM
OOUITHSIM.

BemectBo BeeneHHOM CTPYKTYpUpPYETCsl «CBEPXY BHU3» MOCPEACTBOM UEPAPXUUECKOTO MEXaHU3MA.
HauOonpmmii nepapxudeckuii ypoBeHb BceneHHON ompenensercs 4YMcIOM KBAaHTOBBIX COCTOSIHUH,
o0pa3yeMbIX KOMIUICKCHBIMH MPOCTPAHCTBEHHBIMU 3apsAaMH: IIECThI0O BKYCOBBIMH M YETBIPHMS
LBETOBBIMU. JTU JECATh 3apsaoB 00pa3zytoT 100-maeT KBaHTOBBIX COCTOSIHMM, ONpPEENSIOMUNA YHCIIOo
CIIMHOBBIX COCTOSTHUI UepapXudyecku ycToiunBoi BeenenHoii co cimaamu ot 1 10 [. Y kaxaoro crnuHa B
MHUMOM TOJMPOCTPAHCTBE YUCIIO CIMHOBBIX COCTOSHUM paBHO 20 + 1. 100-1meT CIMHOBBIX COCTOSIHHMA
obpasyercs ipu [ = 10. OTcrona ciemyet, 94To uepapxudeckuii yposenb Beenennoit [ = 10. Kak mokazaHo
HUXKE, TAKOB K€ YPOBEHb U €€ 3BE3/IHBIX cHUCTeM, B TOM uucie U CONHEUHON CUCTEMBbI, B 00pa30BaHHUU
BeleCTBa KOTOPOil yuacTBYIOT Te ke 10 3apsaoB. [Ipu 3ToM HanbombIINi HepapXUIECKUN YPOBEHB YACTHII
¢dusnueckoro Bakyyma BeeneHHoii — necsThIil.

CrpykTypupoBaHHue pacimupsronieiics BeceneHHoW NpoucXOoauT Mpu MOISPU3ALUN KOMIUIEKCHOTO
BPEMEHU M HAYMHAETCS C JIECITOrO MepapXuueckoro ypoBHs. [Ipu 00pa3oBaHUM KaxA0T0 HIKEIEKAIIETO
UEepOypoBHS B (PU3UYECKOM BakyyMe (QOPMHPYETCS €ro TpeXMepHOe MOANPOCTpPaHCTBO ¢ k3 = 256
MIPOCTPAHCTBEHHBIMU COCTOSTHUSIMU PAaBHOTO 00beMa (HO pa3HOM (POPMbI) U COOTBETCTBEHHO MEHBIIETO
Macmtaba. B [1] mokazaHo, 4To 3TOT MEXaHU3M MPABUIIHHO ONPEEsieT HaOmogaeMbIie MacITaObl 1 MacChl
KOCMUYECKHX 00BEKTOB PA3HOTO UEPAPXUICCKOTO YPOBHS.

Ha nHauanpHOW cTaguM CBEPXCBETOBOTO pacliupeHusi Ha wuepoypoBHe [ = 10 mpoucxomut
o0Opa3oBaHMe KPYTHOMACIITA0OHBIX HEOAHOPOAHOCTEH TIIOTHOCTH BeeneHHoi. B HUX 00pasyroTcs 3Be3bl
Y rajakThku. KpymHOMacmTaOHbIe raJakKTHYECKIE CTPYKTYPBI TOSBIISIOTCS TIpH | = 9. DTO cpaBHUTEIILHO
HEJJaBHO OTKPBITBIC THUMEpPCKOIieHus: macmraba Bcemennoi. I[lpu mocnemoBaTrebHOM CHMKEHUU
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MEpapXUUECKOr0 YpPOBHS POXKAAIOTCA: TallaKTUYECKHUE CBEPXCKOIUICHUS; KOCMUYECKHE BOJIOKHA;
CBEPXCKOIUICHHS (co cpenHuM unciaoM ramaktuk N = 1200) u Goratsie ckoruieHus ranaktuk (N = 224);
oemubie cxorieHuss (N = 35) m rpymmel (N = 8) ramaktuk; ramaktuku (macmTad 31-210 kmk);
MUHHTaNakTuku (5-31 Knk); 3Be3aHble Komiuiekehl (I = 2); maposbie ckoruieHus (I = 1); paccesHHbIE
ckoruteHus (I = 0). MBI BUIUM, YTO B OTJIMYHUE OT FAIAKTUYECKUX CHCTEM B 00pa30BaHUU MPOTOCTPYKTYP
3BE3HBIX CUCTEM /ic-MUD HE yYaCTBYET.

Macmtabpl BOIfI0B, y4yacTByIOIIMX B (opMHUpOBaHMM HaOMIOAAEMON KOCMUYECKOW MayTHHBI
Bcenennoii, nexxar B auanaszone 10+-400 Mk, T.e. ux oOpazoBanue npoucxonuT Ha craguun KCB mpu
(bopMHPOBaHUY CBEPXCKOIICHHH TaJaKTHK M KOCMUYECKUX BOJIOKOH.

KBanToBass Monenb 00pa3oBaHUs KOCMOJOIMYECKHMX CTPYKTyp Mo3Boimia B [1] ompenenutsb
COIVIACYIOIIUECS C ACTPOHOMUYECKUMH JIAHHBIMHU TPEIEIbHbIE U CPeTHHIE YUCIIa 00pa3yIoIUX HX 00bEKTOB
U JMara3oH UX Macc. B yacTHOCTH, paccUMTaHHbIE CPEAHME 3HAYEHMS YUCIIA TAJIAKTUK B CKOIUICHUSAX U
rpynnax COOTBETCTBYIOT aCTPOHOMUYECKUM AaHHBIM [25]. Kak moka3zaHo B [24], ¢ HUMU cOIIacyloTcs U
CpEIHUE 3HAYEHUS UX Pa3MEPOB.

B [1] Opi1a Takxke ompenencHa Macca BUIUMOTO OApHOHHOTO BEIIECTBA, MPUXOISMIIASCS HA OIHO
[IPOCTPAHCTBEHHOE KBAHTOBOE cocTossHHe BcenenHoil. OHa oka3ajach BCEro Ha MPOLIEHT OoJbliIe
coiHeyHoM Macchel. [1oaToMy n3MepeHre Macc KOCMOJIOTMUECKUX CTPYKTYp B Maccax ColHIIa onpeenser
YHCJIO UX KBAHTOBBIX COCTOSIHUH.

CxopocTH 1npoiieccoB Bo BeenenHoit u ee mpoTocTpyKType paznudnbl. [loaTromy Bo3HUKIIA TpoliemMa
pa3HbIX 3HAUEHUN M3MEPEHHBIX pa3TUYHBIMU MeToJaMHu xaOOmoBCkuX ckopocteil. B mertoxe
MUKpPOBOJHOBOTO H3IyuyeHUs ee 3HaueHue 67-68 km/cMOk omnpenenser CKOPOCTh pacIIUpEeHHs
¢busnueckoro Bakyyma. Xa0b010BCcKasi CKOPOCTh BellecTBa BeenenHoit, coriacHo mociaeIHuM H3MEPEHUSIM,
paBHa 72-74 xkm/cMnk. MUKpPOBOIHOBOE H3Iy4€HHE TE€HEpUpPYEeTCsl B (PU3UYECKOM BaKyyMe IIpH
00pa30BaHMU CaMBIX JIETKUX YaCTHUIl — JIEKTPOHOB, POXKICHHE KOTOPHIX, KaK MoKa3aHo B [ 18], mpoucxoaur
IpPU 3aBEpIICHUU (OPMHUPOBAHHS POXKIAIOIMIUXCSA MapamMu 24-IJIETOB TEH30PHBIX KOMOMHHMPOBAHHBIX
noneit. Tak kak B (U3NYECKOM BaKyyMe JIOKAJIM30BaHbI MX 23-IJIETHI, TO B HEM CKOPOCTh PaCIIUPEHHUS

2

23 . .
BEIICCTBA CHIDKACTCS Ha (akTop (Z) ~ 0,92, omnpenensiemMblii COOTHOIIEHUEM KBAaHTOBBIX COCTOSIHUM.
On commacyer o0a MeToma W3MEpPeHUN CKOpocTH XaOOna, yCTpaHssi TeM CaMbIM T.H. «XaOOJIOBCKOE
HaNpPSDKEHUEY.

Yepuble abIpbl. B xocMooruu 4epHsle JbIPHI, MOMVIOLIAIOLINE BEIIECTBO TaJaKTHK, SBISIOTCA
9K30TUYECKUMH OOBEKTaMH, IPUPOJIa U POJb KOTOPBIX B 3BOJIIOLMHU BceneHHOM sABIAIOTCSA MperIMeToM
nuckyccuid. [lo BenuumHe Macchbl YepHBIE OBIPBI PA3AEIAIOT Ha TP IPYNIbI: CBEPXMACCUBHBIE C MAaCCOU
(108 + 10'°) M, mpomeskyTounsie ¢ Maccoii (103 + 109) Mg u 3Be3anbIe ¢ Maccoit (3 + 103) M.

UepHble abIpbl MOMIOMIAIOT OOpasyrolieecss B TralakTUKaX OapHOHHOE BEIIECTBO 3Be3[. Takoii
KOMITEHCAllMOHHBIN MPOIIECC BO3MOXKEH B KOMITJIEKCHOM IIPOCTPAHCTBE, TAaK KaK MpHU Nepexojie CBOOOIHOM
YacTHULIbI U3 JEHCTBUTEIBHOTO MOANPOCTPAHCTBA (PUZNYECKOTO BaKyyMa B MHUMOE €€ BOJTHOBAsI (DYHKIIUS
coxpaHsieTcsi u, cormacHo ypaBHeHuto lllpenunrepa, Bpems MeHseT 3Hak. COOTBETCTBEHHO IpOLECC
pOoXaeHUs GaprOHHOTO BellecTBa yacTuiiaMu [lnanka cMeHsieTcss B MHUMOM HOANPOCTPAHCTBE OOpPaTHBIM
nporeccoM — TpaHcpopmalueii 6apuoHOB B HEHTpasbHbIE CKAISIPHbIE MJIAHKOBCKHE YACTHIIbI, KOTOPHIE,
KaK MOKHO MPEIIOJI0KUTh, aHHUTUIIMPYIOT BMECTE C T€HEPUPYEMbIMU B YEPHOU JbIpe IMIaHKOBCKUMH
YaCcTUIIAMU C OTpHULATENbHOM Maccod. CKOPOCTh POMKICHHS TMOCIECTHUX OMPEAEseT MONTONIAONIY0
CIOCOOHOCTH YEPHOU JIBIPHI.

[TockonbKy (OTOHBI B MHUMOM MPOCTPAHCTBE HE OOpa3yloTcs, TO €ro (parMeHT sBiseTcs
HEU3JIy4aroluM 00bEKTOM — YEPHOU JBIPOH.

B MHHMMOM mpoCTpaHCTBE NPOTOCTPYTYpPBHl YEPHOHM MBIPHI 3HAK KyJOHOBCKOTO B3aMMOAEHUCTBHSA
MEHsleTCs, M W3 aTOMHOTO BelIecTBa 00pa3zyeTcsi KBapK-JENTOHHBIM KOHJEHCAT, MPUHUMAIOIIUI
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cheponnansHyio GopMmy. B HeM anmeKTpHUecKuii 3aps pasaenseTcs: KaKk M B Cllydae IIapoBOil MONHHH,

LEHTpasbHasl 001aCTh YEPHOU JIBIPHI 3apsKAeTCs MOJOKUTENBHO, a BHEUIHSSI — OTpHUIaTesibHO. [loaTomy
yepHas Jplpa MPUTATUBAET IOJOXKUTEIBHO 3apsSHKEHHBIE MOHBI aTOMHOIO BELIECTBA OKPYXKAIOIIETO €€
JMCKA C JEHCTBUTENBHBIM IPOCTPAHCTBOM IIPOTOCTPYKTYPBI.

Takum 00pa3oMm, B paccMarpUBaeMO MOJENIN B OTIMYHE OT OOJAcTH T'€HEPalUu IUIAHKOBCKOTO
BeniecTBa BceeneHHoil B MHUMOM MOJIPOCTPAHCTBE €€ (PU3NUYECKOTO BaKyyMa YEpHBIEC JIBIPBI SBISIOTCS
CTOKaMU B HETO MAcChl 3B€3/IHOTO BEILECTBA.

ITocne craqun KCB yepHble IbIpbl MOAJEPKUBAIOT JUHAMUUYECKH PAaBHOBECHOE 3HAYEHUE MAcCChl
0apuOHHOTO BeliecTBa BeeneHHoi.

Hekotopele yepHble ABIPBI UMEIOT HapHbIE JHKEThI. 1I0CKOIBbKY OHU HE PACIIUPSIOTCS C yIaJleHUEM
OT YEPHOH JIbIPbI, MOYKHO IIPEAIIOJIOKHUTH, YTO JKETHI, KAK U YEPHBIE JIbIPBI, UMEIOT MHUMOE IIPOCTPAHCTBO
IPOTOCTPYKTYphl, HO HE C LEHTPAJIbHOM, a C akcuanbHON cumMmerpueil hc-mupa. IlosTomy B mxerax
HCUE3HOBEHHE OAPHMOHHOIO BEIECTBA HE IMPOMCXOIUT, U B (PU3UYECKOM BaKyyMe JKETOB (BO3MOXKHO,
CBEpPXIPOBOAIIMIA) KOHJEHCAT 00pa3oBaH IEKTpoHaMHM M HoHamH. OKpyskarolliee JOKETbl aTOMHOE
BELICCTBO HOHU3YETCS B UX IOBEPXHOCTHOM CJIOE, YTO AEIAET JUKETHI BUAVMBIMHU.

CornacHo [1], HaunHas ¢ ceqpMoro uepoypoBHs (Hadano craguu KCB) ob6pazoBanne KOCMHYECKHX
CTPYKTYp NPOMCXOJUT B IIECTUMEPHOM IPOCTPAHCTBE (U3UYECKOTO0 BaKyyma, a IpH JOCTHXKEHUH
YEeTBEPTOrO0 HMEpPOYpOBHA — B ()EPMHUOHHOM MHUpPE NPOTOCTPYKTYp TaJlakTUK. Macca 4YepHBIX IbIp
OIpEeEIIAeTCs YUCIOM UX KBAHTOBBIX COCTOSHUH. B Ka’k7i0M KBaHTOBOM COCTOSTHMM 00pa3yeTcsi B CpeiHEM
T COJHEYHBIX Macc [l], T.e. HamMeHbIIas Macca YEPHOM JBIPBI COCTaBIAET M, YTO COOTBETCTBYET
OpUHATOMY 3HadeHuto 3Mg. Hambonpmas macca 4YepHBIX IbIP TalaKTUK YETBEPTOrO HEPOYPOBHS,
MMEIOIIMX TSTUMEPHOE MONSPU3AIMOHHOE MPOCTPAHCTBO, cocTaBnseT ThksMg ~ 1,35 10°Mg. D10
TaK)Ke COITIacyeTcsi C aCTPOHOMHUYECKUMU JaHHbIMU. HanbombIne Macchl YepHBIX JIbIp TPETHETO, BTOPOrO
¥ [IEPBOTO MEPOYPOBHEH PaBHBI COOTBETCTBEHHO 5,3 + 107 Mg, 2,1+ 10°Mg u 800 M.

KBa3zapwbl. Bo3pacT caMbIX yIaJeHHOTO M OJU3KOTO M3 U3BECTHBIX KBa3apOB COOTBETCTBEHHO 13 m
12 mup. neT, T.e. KBa3aphl SABISIOTCS O0OBEKTaMH, POAMBIIUMICS B paHHel Bcenennoil, u B 00pa3oBaHuu
UX IPOTOCTPYKTYp y4acTByeT hc-mup. KBasapbl poxnarorcs Ha BOCBMOM HepoypoBHE Bcenennoil, rae
MPOCTPAHCTBO Ac-mupa auddepeHnupyercs eme pa3, ¥ YUCIO €ro MPOCTPAHCTBEHHBIX COCTOSHUMN
BO3pacTaer B k3> pas.

OT0 MOXET ObITh MPUYMHON HEOOBIYHBIX CBOMCTB KBa3apoB, MPEICTABIISIIONINX COO0M KOMITAaKTHYIO
YepHYI0 JBIpy Gonbiioi macewl (mopsinka 10°Mg), OKpYKEHHYIO O4eHb SPKHM JIHCKOM, M3Iy4EHHE
KOTOPOTO MHOTOKPaTHO MEPEKPHIBAET MO MOILIHOCTH H3JIy4EHHE MWUIMAPAOB 3BE3]l €r0 TaJIaKTUKH.
Haubonpinast 3adMKCHpOBaHHAS MOIIHOCTh M3TydeHuss noutd B 10'* pas mpeBocxoauT MOIIHOCTEH
u3nydenuss ConHua. [nuTenpbHOCTh M3IyUYEHHs OLIEHMBAETCS B HECKOJBKO MIIH. jieT. OmnpeneneHHas 1o
KpacHOMY CMEIIEHUIO CKOPOCTh UX yAaJeHUs MpUOnmuxkaeTcs K cBeToBo# (1oxoaut a0 200 Teic. KM/C).

Kak MOKHO MpeInonoKuTh, Ha 3Tare 3aBeplieHus: GOPpMHUPOBAHUS YEPHOH AbIPHI FATaKTUK BOCEMOTO
HEPOYPOBHsI, KOIZla OHA NEPEXOIUT B CHHIVIETHOE KBAaHTOBOE COCTOSIHME, IIPOUCXOJUT €€ IOSABICHHUE B
npoctpancTBe BeenmenHol. COOTBETCTBEHHO JITUTEIBHOCTD CYIIECTBOBAHMS KBa3apa cocrasisier 1/kz ot
BpEMEHHU 00pa3oBaHMs TajakTHKH. [y TrajakTUKM ¢ HauMeHbIIUM Bo3pacToM (0,8 mupa. ner) Bpems
U3JIy4eHUsl KBa3apa COCTaBUT OKOJIO 3 MJIH. JIET, YTO TAK)XXE€ HE IMPOTUBOPEUYUT MMEIOUIUMCS JaHHBIM.
[TosToMy HCUYe3HOBEHHE KBa3apa MOXET O3HauaTh 3aBeplieHue (HopMHUpoBaHUs rajakTUku. CoracHO
CYLIECTBYIOIIUM MPEAIONOKEHUIM, 00pa3oBaHUEe KBa3zapa SIBIsieTcsl HadasioMm ee ¢opmupoBaHus. s
3TOTO CHHIJIETHOE KBAHTOBOE COCTOSIHUE JOKHO OBITh UCXOJTHBIM.

[TockonbKy 3Be3bl TaJaKTUK MOPOKIAIOTCS (QU3NYECKUM BakyyMoM, TO AuddepeHunanus
MIPOCTPAHCTBAa Ac-MUpa MOXKET MEHSATh KBAHTOBBIE CBOICTBAa TOJBKO €€ IIEHTPajIbHOW YEPHOM JIBIPHI.

% [11apoBblE MOJIHUM SBJSIOTCS 0OBEKTAMHU KOMILIEKCHOTO TIpocTpancTBa [8]. OHM MOTYT CTaHOBHUTCS HEBUIMMBIMH, €CJIU
MIOJINIPOCTPAHCTBO UX MPOTOCTPYKTYPBI CTAHOBHUTCSI MOJTHOCTHIO MHUMBIM.
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[ToaToMy TONBKO y KBazapa TrajakTHKH MPOTOCTPYKTypa BKIIOYACT (parMeHT /Ac-MHupa C IBaXKIbI
Qg depeHIUPOBaHHBIM MTPOCTPAHCTBOM. JTO YBEIMUYUBAECT MACCY BELIECTBA MPOTOCTPYKTYPHI KBazapa B
k3% = k, pa3s, T.c. MAKCHMAIBHO BO3MOKHOE 3HAYCHHE €€ MACCHI PABHO ntksMgk, = 3 - 10°Mg. Ona
MHOTOKPATHO MPEBBILIAET MAaCCy YEPHOM JBIPHI U IMCKa KBa3apa. Bo3MoxHO, Macca MPOTOCTPYKTYPHI IPU
POKIEHMH KBa3apa TpaHcGOpMUpyETCs B U3ITyueHus qucka. Hampumep, 1u1st uepHoi apipsl Maccoit 10° Mg
reHepupyemas €€ JUCKOM MOIIHOCTh U3NYy4YeHUs OyJeT MPEBOCXOJUTh MOIIHOCTh COTHEYHOTO M3ITy4eHUs
B 10°k, = 0,66 - 10'* pa3, uTo COOTBETCTBYET U3MEPEHHAM.

HabGmiomaemoe wum3nmyueHue Jucka KBa3apa, HMEIOLIEr0 JCHCTBUTEIbHOE MPOCTPAHCTBO
IIPOTOCTPYKTYpBI, SABISETCS B OCHOBHOM JJIEKTPOMAarHUTHBIM M IPOUCXOJUT B JHANa3oHE OT
MH(PPAKPACHOTO IO PEHTI€HOBCKOT0. Ero rpaHuIibl COOTBETCTBYIOT MaccaM JienToHoB Tpetbero (0,5 3B) u
BTOpOro (1,7 K3B) MepoypoBHEH, T.€. MOKHO IPEATIOIOKHUTD, YTO HAOIIONAEMBbII CIIEKTP KBa3apa BOSHUKAET
IpU HepapXuuecKkoM 00pa30BaHUH B (U3UYECKOM BAaKyyMe JMCKa B OCHOBHOM JICITOHOB II€PBOTO
UEPOYPOBHSI.

HauanbHas cragus Beenennoii. B kBanToBOM Monenu panHeit BeeneHHo# 00pa3oBaHue TalakTHK
UJET ¢ 0oJbIlIel CKOPOCThIO, YeM B ee CTaHJapTHOM MOJETH.

[TockonbKy CKOpOCTh 00pa3oBaHusi Macchl BceneHHOM B €e TpeXCTaiuiHOW MOJIENH MTOCTOSIHHA, TO
o Mepe pacmupeHuss BceneHHOH 3Ta cKOpoCTh B enuHUIE 00bema cHmkaercs. [lostomy B paHHei
Bcenennoii pazmepsl raJakTuk MeHblIe, ueM Ha ctaauu KCB, a miotHocTs 3Be3/1 B HUX Oombie. [Ipu atom
B 00pa30oBaHWUU MPOTOCTPYKTYp PAHHHX TaJlaKTHK YYacTBYeT BHXPEBOH MHp, YTO HPUBOTUT IIPU
Qg depeHIUPOBaHNH €TO MPOCTPAHCTBA K YBEIMUYCHHIO 10 K3 pa3 YuClia IPOCTPAHCTBEHHBIX COCTOSIHUI
raJIaKTUYECKUX CHCTEM. JTO MOXKET ObITh MPUYUHON 00pa3oBaHMs Ha JIEBATOM HMEpOoypoBHE BceeneHHoi
THUIIEPCKOIIICHUH TaTakTHK (Tadm. 2.3 u 2.4).

OOHapy>kxeHHbIE KOCMHUYECKUM TeseckonoM «Jxerimc ¥Y360» B 2023 romy rpynmnsl HEOOIBLIMX T10
pa3MepaM KpacHBIX KOMIAKTHBIX TajakTHK, Korga Beenennoit B CrannaptHoil monenu Obuio menee 600
MIH. JIeT (T.e. MmeHee 900 MITH. JIeT B TpexcTaauiHoi Mozenu Beenennoil). OTu raJakTHKU UMEIOT O4Y€Hb
BBICOKYIO IIJIOTHOCTH 3B€3]] BO3PACTOM B COTHM MHJUTHOHOB JieT. Camasi paHHsisl u3 00HapyKeHHBIX B 2023
rony® ranaktuka JADES-GS-z14-0 cymectoana yxe depes 280-290 miH. et nocne bonbmoro B3peisa.
Ee macca nopsiaka 100 MTH. COTHEUHBIX Macc, U B HEH OOHAPYKEHO MHOTO MBLIH U AJIEMEHTOB TshKelee
renusi. JTO yKa3bIBaeT Ha €€ 3HaUUTeNbHO OoJiee paHee oOpa3zoBaHue. CylieCTBOBaHHE TPy CTOIb PAaHHUX
raJlakTUK MPOTUBOPEUUT MEXaHNU3MY X 00pa30BaHMs B MO/IETH bobIIoro B3peiBa.

llepsvie canaxmuxku. OOpa3oBaHME TaJlakKTUK Ha HayalbHOW CTaauM paciiupeHuss BceneHHoi
npoucxoauT OvicTpee, ueM Ha cranuu KCB, rne ono mmutcs ot 5 mo 9,3 mupa. net. [penmectBytomas
nosieinennto KCB cranus oOpa3oBaHus KBa3apoB (BOCEMOW HMepoypoBeHb BceneHnHolt) umeer B k3 pasa

MEHBIIHNN 00beM, yeM HadanbHas craaus KCB, u B k3 1/3 pa3 MEHBIINE PAAUyYC TAJAKTUK C KBa3apoOM U
BpeMs ux oOpaszoBanus. [loaToMy HauMeHbIIee BpeMsl pOXKACHUSI ATUX TajlakTUK paBHO 0,8 Mip. et. 31o
HE MIPOTUBOPEUUT aCTPOHOMHUUYECKHUM JaHHbIM (1-2 mipn. ner). Haubonee ynaneHHbI n3 00HApYKEHHbBIX
kBazap T0313-1806 umeer Bo3pact 0,69 mupa. ser B moaenu bonbmioro B3peiBa (1 muapa. jeT B
TpeXCTaAuiHON Mozenu pacupenus BeenenHoit).

[anakTuky Ha JEeBITOM MepoypoBHe BceneHHOI emie kommakTHee U 00pa3yloTcst ObicTpee B ks 1/3
pa3, T.e. HaUMeHbIIIee BpeMs 0O0pa30BaHUsl MEPBUYHBIX TaJAKTUK 125 MIIH. JIeT. DTa OleHKa MO3BOJISET
MPENONIOXKUTh, YTO MEPBbIE KOMIIAKTHBIE TaJlaKTHUKU C(POPMUPOBAIUCH B Bo3pacTte 14 muipn. JieT, T.e.
pasble oopa3oBanusi BeenenHoit B Mozenu bonbIioro B3phiBa.

Ecnu pannss ranaktuka Ha ygpaneHuu 6onee 13,8 mupna. net Oyaer oOHapyskeHa, To CtaHnapTHas
Mojienb BeenenHol nomkHa ObITh MPU3HAHA HE COOTBETCTBYIOIEH PEalbHOCTH U 3aHSATh MECTO B HAYYHOM
apxuBe. OTO OTKpPBITHE MOXET IMOCIY)XUTh Ha4YaJloM CMEHbl HAy4HOrO MHPOBO33pEHHUS Ha

6B 2024 roay 3TOT TeNECKON OOHAPYKUI elile 6oliee PAHHIOK TaNlakTUKy Ha yaanenuu 13,6 mapa. net (200 MitH. et nocie
Bonbmioro B3pbIBa).
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MoHO(pyHIaMeHTanucTckoe. [1o3ToMy mouck rajmakTHK Bce 0Oojiee paHHETO MPOMCXOXKIECHUS SIBISETCS
KPUTHYECKHU BaXKHOU 3a1a4eii Uit OyayIiero HayKu.

4.2. CotHeyHas CHCTEMA

B [1] pa3Buta npennoxkennas B [2 u 3] kBaHTOBass mMojenb COJHEYHOM CHUCTEMBI, MO3BOJIUBIIAS
OIIpeNeNINTh OCHOBHBIE MapaMeTpbl CosHIa U 00pa30BaBIIMXCS BMECTE C HUM JIEBSTH €ro IuaHeT. Huxe
npezcrasieHa Teopus GopmupoBanus CONHEYHOW CHUCTEMBI, MO3BOJMBILIAS C MOTPELIIHOCTHIO MEHbBILE
MPOIIEHTA ONPEACTUTH €€ OCHOBHBIE ITAPaMETPhI: PainyChl OPOUT IJIAaHET, MacChl M pa3Mepsl ux u ConHia,
NEPUOJBI UX COOCTBEHHOTO BPALICHHUS U PA IPYTUX MAPaMETPOB.

B kBanToBoii mogenu CosiHeUHasi CUCTEMa UMEET ACCAThIN nepapXUyeCKuil ypoBeHb, €€ MIaHEeTHAS
cucTtema — JIeBAThIN, a CoJIHIIE U IIaHEThl, TOPOXKIaeMble UX O0IIeH MPOTOCTPYKTYPOil, — BOCBMOIA.

Hecarb uepapxuyeckux cioeB COJHEYHOW CHUCTEMBbl pPEaM3yIOTCs JIOKAJIM3alUMed B HUX JIBYX
KBHUHTETOB BKYCOBBIX 3apsJI0B, pPa3lCAIOIINX KaXIAbIA MOSIC HA «3apsAIOBbIE» CIOU PAaBHOM TONIILMHBI, B
KOTOpBIX poxaaeTcs no ogHomy u3 10 ten ColHEUHON CUCTEMBI.

B oOpasoBanun ¢epmronHoro BemectBa COJIHEYHOH CHCTEMBl Y4YacTBYIOT TpH 24-miera
KOMOMHUpOBaHHBIX ToJneil. [Ipu ¢dopMupoBaHuu ee AEBITOr0 HEPapXUUYECKOTO YpPOBHSA 00Opasyercs
MIPOTOCTPYKTYypa IIAHETHOW CHUCTEMBI, KOTOpasi CHa4yaJla ¢ y4acTHEM JIByX 24-IJIETOB TEH30pHBIX MOJNEH
MOPOXKAAET BHEIIHUM JIAHETHBIN IOSC, a 3aTeM C y4acTHeM 23-IIeTa BEKTOPHBIX MOJIEW — BHYTPEHHUM
riaHeTHbIl mosc. C ydeToM [IByX CIIMHOBBIX COCTOSHUN (EpPMUOHOB BHEIIHUN TMOsic uMeeT 96, a
BHYTPEHHUH M0siC 46 KBaHTOBBIX COCTOSIHUI, KOTOpPbIE 00Pa3yIOT B KaXKJIOM IOSICE CUCTEMY PaJUallbHO
PAaCIOJIOKEHHBIX CJIOEB PABHOM TOJIIIMHBL. B HUX pOXKIAOTCS TIAHETHI.

Takum oOpa3om, TutaHeTHas cucteMa (GopMupyeTcs KOMOWHUPOBAHHBIMH MOJSIMH, a KBHHTETHI
BKYCOBBIX 3apsII0B Pa3EAI0OT KaX bl U3 IJIAHETHBIX MOSICOB HAa IATh CJIOEB PAaBHOM IIMPHUHBI.

B uenTtpe miaHeTHOW CHUCTEMBbl JIOKAJIM30BaHO OAHO W3 JBYX CHHIJIETHBIX TEH30PHBIX
KOMOMHHPOBAaHHBIX TOJIEH, ydacTBylomee B oOpa3zoBanuu CoilHIIa, a BTOPOE CHHIVIETHOE TMOJE H
oOpasyromerocst BMecte ¢ HuM FOnurepa J0Kkann30BaHO BOJIM3HU IPAHULIBI TTOSICOB.

[Tocne poxnenus napel Connue-tOnurep o6pasyrores CatypH u napa Ypan-HentyH, kotopas 3atem
paznensercs. Ha 3akiIrounTenbHOM 3Tame poXkJaloTCsl TBEPAOTEIbHbBIE TUIAHEThI U CITyTHUKH.

B paccmarpuBaemoil Moenu IlaHETHasl CUCTEMa JEBSATOr0 HEPOYPOBHS POXKIAETCS CIIMHOM 9 u
oOpa3yeT KBaHTOBYIO cucTeMy M3 9 opOut co cimHaMu oT 1 10 9, a KaxabIi U3 9 cll0oeB MPOTOCTPYKTYPhI
paszensercs Ha TPU IOACIOSl C TPEMS Pa3HOLBETHBIMU KBapKaMH JEBSTOIO MEPOYPOBHA (g, Paguyc
KOTOpbIX 0003HauuM R;. lleHTpanbHas 30Ha sBasercs Qopmupyromm CoJHIIE MPOCTPAHCTBEHHBIM
COCTOSIHUEM C IEUCTBUTEIBHBIM ITPOCTPAHCTBOM, B KOTOPOM ITPOUCXOAUT 00pa3oBaHUE TPEXOPOUTATBHOTO
poTOoHA (CM. pa3f. 3.5) IeBATOro HEPOYPOBHS Pg C PAINYCOM

[Tpeanonaraercsi, YTO KBapKH (g BPAILAIOTCS HAa OpOUTAX, PACCTOSIHHE MEXIY KOTOPBIMH PaBHO
paauycy kBapka R;, T.€. TOJNIIMHA TpeX cinoeB cocTaBisieT 3R;. COOTBETCTBEHHO painyC MPOTOHA JAEBITOrO
HUepoypoBHs paBeH 3R, a paanyc BCEH MJIAHETHOW CHCTEMBI

R, = 27R;.

[Ipennonaraercs Taxke, uyto CojHIE U IUIAHETHl MEpBOro rmnosica o0pa3yloTcs BHYTpHU
PacrnojIoKEHHOTO B LEHTPE KBapka (9 C paauycoM R;, a B CaMOM LEHTPE IUIAHETHOM CHCTEMBI
JIOKQJIN30BaH IIPOTOH BOCBMOIO HEPOYPOBHS, BHYTpU KOTOpOro poxnaaercs ConHe.

BHyTpH 1IeHTpajbHO PACIONIOKEHHOTO NMPOTOHA Py BMecTe ¢ ConHueM poxnaercs u FOmutep,
KOTOPBIM MOKHO PacCMaTpUBATh KaK LIEHTPAIbHOE TEJIO IUIAHET-TUTaHTOB, OIIPEIEIISIIOIIEE UX TapaMETPBI.
Jlia FOnurepa u yeTsIpex IIaHeT IEPBOTo M0sCa TAKUM LIEHTPaIbHBIM TeJIOM sBisieTcss CoHIe.

[Tpu obpazoBaHMM KBapka (g9 B cocTaBe 27-CIIOMHON MpOTOCTPYKTYpbl COJIHEUHOW CHCTEMBI €ro
pasmepbl MeHsIoTcs. [Ipu COBMECTHOM POKIEHHH YHCIO KOMILIEKCHBIX ciloeB paBHO Q(27) = 272 — 1,
TOrJa KaK MpH pa3/iebHOM 00pa3oBaHMU, T.€. B clydyae CBOOOAHOro KBapka, {1(26) X 1. Paszmep kBapka,
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MIPUXOAAIINKCS HA OJIMH CJIOM KBAHTOBOW CHCTEMBI, HE 3aBHCHT OT crioco0a oopazoBanus. [ToaTomy paamyc

KBapKa (g paBeH
R, = %Rm) = 272,86 MJIH. KM,
rne R(9) — pamuyc cBOGOIHOrO KBapka JEBATOrO HEPOYPOBHS, pPacdeTHOE 3HaYeHHE KOTOPOro,
nonyuaennoe B [2]7, paBHo 2,53 - 1023 cMm.
[InaHeTHas cucTeMa sABJAETCS MPUMEPOM 00pa3oBaHMs HATUCIOWHON Bpalaromeiicss CTPYKTypEI,
BO3HMKAIOIIEH NpU MOIApU3ALMH TIATH PaaUalbHBIX BKYCOBBIX 3apanoB. OIMH U3 KBUHTETOB €€ CIOEB
pacrionaraercs BHyTpH, a IPYyroil — BHE R;. Paiuychbl rpaHMIL CIIOEB IIEPBOTO M BTOPOTO IIIAHETHBIX T10SICOB

PaBHBI COOTBETCTBEHHO
R 27R
Zip = ?b U Zy, = le, rmeb=1,2,3,4,5.

MynbTHILIETHI KBAHTOBBIX COCTOSIHUM TIEpBOro (46 cioeB) 1 BTOporo (96 ciioeB) MmiIaHETHBIX MOSICOB
(hOPMUPYIOT UX MOCIONHYIO CTPYKTYPY, PACCMAaTPUBACMYIO HUXKE.

OpOuTtanpHble pagnychl OOpPa3yIOIIMXCS IUIAHET MEPBOrO W BTOPOTO TIOSICOB  ONPENENSIOTCS
COOTBETCTBEHHO COOTHOIICHUSIMU:

Ry, = %(b +:—6) b=1,234 s;=+1,23..23. (4.1)
27R,

Si — P
. (b +£), b=1,234;s; =+1273..48. (4.2)

31ech 3HaUYCHUE S; ONpENeNseT KBAaHTOBYIO OpOUTY IUIaHEThI, 00pa30oBaBIIeiicS B OJJHOM U3 CJIOEB.
[Ipu poxxacHMH Tapbl Tel O0Jiee MAaCCHBHOE TEJIO CMEIIACTCs BHYTPh OT TPaHUIBI IMOsica, IMOydas
OTPULIATEILHOE 3HAYCHHUE S;.

Ry =

3HaueHMs S; TBEPAOTENIBHBIX ITAHET MIEPBOTO MOSCA OMPEACIISIOTCS YYaCTBYIOIIMMH B 00pa30BaHUU
IUTAHET MYJIBTUIUIETaMHU, O0pasyolUMHU 23-1JIeT BEKTOPHBIX KOMOMHUpPOBaHHBIX nosied. [lostomy s
TBEPAOTENIbHBIX IUIAHET IIEPBOIO M0sACa NOTyYaeM:

ilsil = 23.

CHHIJIETHOE COCTOSIHME BEKTOpPHOTO 24-miieta ompenesseT OpOUTY BHEIIHEW TBEPAOTEIHHOU
rianetsl — [myToHa.

Ha nepBoM sTane oOpa3oBaHUs TBEPAOTENIbHBIX IJIAHET MPOUCXOAUT OTAEIEHHUE NMPOTOCTPYKTYPHI
HanboJiee MaCCUBHOM IUIaHEThI — 3eMJIM — OT MPOTOCTPYKTYPBI TPEX OCTANbHBIX IJIAHET MEPBOro Mosca.
OTO NPUBOAUT K pazfieNieHHI0 24-1JeTa BEeKTOPHBIX KOMOMHUPOBAaHHBIX MoJieil Ha ABa 12-miera, OquH U3
KOTOPBIX OIpeenseT paguyc opOMThI 3eMilM, a Opyroi — paamycbl opOMT Tpex Apyrux miaHer. Ha
CIIE/IyIOIIEM 3Tame OTAENsAeTCs MPOTOCTPYKTypa BeHeprl ¢ CHHIIIETHBIM KOMOMHUPOBAHHBIM I10JIEM, UTO
npuaaer e ocoOble CBOMCTBa, a 3areM MepKypusi ¢ TPUIUIETOM MoJeil 1BeToBBIX 3apsaoB. OTcrona
cienyer, yto y Mapca sy, =12 —-1—-3 = 8.

Poxnenne mmaner-rurantoB CartypHa, Ypana u HentyHa mnpoucxomuT mnpu o00pa3oBaHHU
JIOKAJIM30BaHHOTO B (PU3MYECKOM Bakyyme 15-mjeTa TEH30pHBIX IBETO-BKYCOBBIX moseit. CormnacHo [2],
TpumuieT none gopmupyer opobuty CarypHa, a KBUHTETHl nojied — Ypana u Henryna. CHauana ot ux
o01eit mpoTocTpyKTypsl otaenserca CaTypH ¢ Ss, = —3. [Ipu pa3aeneHun NpoToCTpyKTYphl Hapsl YpaH-
Hentyn Vpan cmemiaercs BHYTpb, T.€. Sy = —5 U Sy, = 5. IlnmyTon obpasyercs moske BMeCTe ¢
TBEPAOTENIbHBIMU IJIAHETAMH U Sp,, = 1.

7 Pajmyc KBapKa JIEBSTOTO HEPOYPOBHS Rg, UTpAIONIMIA PO TAPAMETPA MOJIENH, MO3BOJSET JOCTATOYHO TOYHO BHIYHCIHTH
paaMycel IUIaHeTHBIX opOuT (Tadin. 4.1). Ero 3nauenume B [2] OBbUIO paccuyuTaHO B MPEAIONOKEHHH, 4TO 0Opa3oBaHHE
TPEXKBAPKOBOH 000JIOYKH IIPOTOHA IIPOUCXOUT MOCPEACTBOM JIBYX TPHILUIETOB TEH30PHBIX 1[BETO-BKYCOBBIX II0JIEH, @ pa3Mepbl

1
KBapKa U POTOHA MPONOPLMOHAILHBI BpeMEHH MX 00pa3oBaHus. B stoii Monenu Ry = (€® — 1) "2Rqy(p), e paauyc IpoToHa
JIeBATOTO HepoypoBHs Ro(p) = Ry (p)e® ™V = 2,53 - 103 cm.
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DTH KBAaHTOBBIC YKCJIA TJIAHETHBIX OpOUT U cooTHomeHus (4.1) u (4.2) ucnons3oBanbl B Tabm. 4.1
IUIsL OIIpeIeNICHHs UX OpOUTAIBHBIX PaIiyCOB U IAIOT XOPOILIEe COTTIache C aCTPOHOMUYECKUMH JJAHHBIMU.
OHo sBIsIETCS TOIATBEPKIACHUEM pacCMaTprUBAEMON MOJICIIH.

CoBmectHO oOpasyromuecs yactuipl Comnna u FOmurepa momyyaroT CKOpOCTH BpallleHUs, IMOJ
JeWCTBUEM KOMIUIEKCHBIX BKYCOBBIX M0JIeH, oOpasyronmx 30-1m1eT MHUMBIX MOJIEH — CHHIJIETHOTO, MATH
JUHEWHO- U 24 HeNMHEHHO-TI0Nspu30BaHHbIX. OH okamzyercs 30-mieTom nepudepuitHbIX («peOepHbIX»)
KBAaHTOBBIX COCTOSIHUN MKOCAadIpa WK jJojaekadnpa. Itu 30-mieTsl y9acTByIOT B oOpa3oBanuu CoyHIA U
OmuTepa, HO ueHTpanbHO pacnonoxkeHHoe CONHIE HMEET JOMOJHHUTEIbHOE MPOCTPAHCTBEHHOE
COCTOSIHUE.

Tabm. 4.1. PacueTHbIe 3HaYCHUS CPETHUX PAJINYCOB KBAHTOBBIX OpPOHUT BOChbMH TU1aHeT COTHEUHOH
CHUCTEMBI [2].

Ry (R) | Ry —(R)

IInanerst | b | S; | MJIH. KM | MJIH. KM (R)

%
Mepkypuii | 1 | 3 58,1 57,9 0,35
Benepa 2] -1 108,0 108,2 -0,18
3emtst 3[-12| 1495 149,6 -0,067
Mapc 41 8 227,8 2279 -0,044
[TnyToH 41 1 5909 5910 -0,017
CarypH 1| -3 1427 1427 0
Ypan 2| -5 | 2870 2870 0
Hentyn 3| 5 4497 4497 0

Tak Kak B KaXJOM TMPOCTPAHCTBEHHOM coctostanu 30-meta yactuna lOmmrepa momydaer
BpallaTeIbHOE COCTOSHUE, TO OOLIEE YMCIIO KBAHTOBBIX cocTosHMi yactun FOmurepa 30%. Y ConHua c
Y4€TOM €T0 CHUHIJICTHOI'O0 HCHTPAJIBbHOIO0 KBAHTOBOT'O COCTOAHHUA YHCJIO KBAHTOBBIX COCTOSTHH M qacTul
paBHO 312 TIoCKONBKY CKOPOCTHM MX BpallleHHs NPONOPLIHOHANLHBI YUCITY KBAaHTOBBIX COCTOSHHUM, TO
COOTHOIIIEHHE X CKOPOCTEH PaBHO:

=5
Ve 31
W3 paBeHcTBa MOMEHTOB BpalleHusi oOpasyrommxcsi Bmecte ComHuna u IOnurepa momydaem
COOTHOLIEHUE MEX]Ty pasnycom opouTel fOnuTepa Ry, u paguycom Connna R [1]:
R 31\%2 M
= (%) e (4.3)
OTO COOTHOIIEHUE BhINMONHAETCS ¢ TouHOCThIO 0,06%. Huxe OynyT BBIYMCIEHBI BXOASIIUE B 3TO
COOTHOILIEHHSI TapaMeTPHI.
B [2] moka3zano, uto pamauyc CoHIa ONpeIeaeTcs paJinyCcoM IMPOTOHA BOCBMOTO HepoypoBHs R (pg )
U PaBEH:

= 07 696 ThIC. KM.

4.3. Macchbl gecaTH INIaBHBIX TeJ1 CoJTHEeYHON CHMCTEeMbI

Kak u B ciaydyae oOpa3zoBaHus (yHIaMEHTAJIbHBIX YACTHII, MOCIEAOBATEIBHOCTh POXICHHS Tel
ConHeyHOH cHCTEMBI ONPEeNeTCs] YUCIOM 00pa3yIoIIMXCcs B Hell KOMOMHUPOBAaHHBIX MoJiei. C KaxIbIM
HOBBIM T10JIEM Macca oOpa3yronmxcs Ten ymenbiraercs. Kak nokasano B [2], Bpemst oOpazoBaHus n-1j1eTa
I0JIEH paBHO
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th _ o2n _ 1V1/2
T_(e 1) s

e T = — BpeMs o0pa30BaHMsI CKaJISIPHOM IUIAHKOBCKOM YacTHUIIbI ¢ Maccoil mpy. [loatomy macca

mppc?
T€J CHUYKAETCSI SKCIIOHEHIIMAJIBHO C YBEIIMUEHUEM M.

B o6pasoanun napel Ypan-HenryHn ydacTByeT CEKCTET BKYCOBBIX monel (Ny_np = 3), @ mapbl
Connue-tOnuTep — KBapTET UBETOBBIX MONEH (Ng_yp = 2). OOpazoBaHWe TBEPIOTEIBHBIX IUIAHET
MIPOMCXOUT, KOTJa 3TU MYJIBTUIUIETHI CHOPMUPYIOT 24-117IeT BEKTOPHBIX KOMOMHUPOBAHHBIX MOJeH (ng =
12).

Macca Coanua. B [26] nna onpeneneHus paBHOBECHOM Macchl COJHEYHOM CHCTEMBI MOJIy4YeHa
dhopmyia

L, 2
o = 522 4

Kak nokasano B [1], nonsipuzanoHHoe npoctpancTBO COIHEUHOM CUCTEMBl CEMUMEPHO, T.€. YUCIIO
KBAHTOBBIX COCTOSTHUH ee yacTull cocTapisieT k;. Koadduuuent 2 B (4.4) yuuTbIBaeT yBeIU4eHHUE YUCIa
KBAHTOBBIX COCTOSIHHI MTPH MOJISIPU3ALMN BPEMEHH U 00pa30BaHHUU BEIICCTBA U aHTUBEIIIECTBA.

[TapameTp Y y4uTBIBAaeT, UTO NEPBUYHOE IJIAHKOBCKOE BeIeCcTBO CONHEYHOM CUCTEMbI HAXOAUTCS B
(bu3nUecKoM BaKyyMe B CBS3aHHOM COCTOSIHUU U OIPENesieT COOTBETCTBYIOIMUN AeeKT Macchl [26]:

x=0+INH(A-9),
IJI€ YUCII0O MHHUMBIX KOMOWHUPOBaHHBIX mojei ¢usmueckoro Bakyyma N = 23i, a { — ko3 ¢uiment,
yUUTHIBarOIIMiA paBHOE 1/135 cHUXEHHE KOHCTAHThI MHEPIIMOH-TPAaBUOHHOTO B3aUMO/ICHCTBUS.

U3 (4.4) cnenyert, uto Mg = 2,0011 - 1033r. Tax xak usmepennas macca Conuua 1,98892(25) -
10331 Bcero Ha 0,6% menbiue, To CONHIIE MOYKHO CUATATH 3BE3/I0H, HAXOAAIIEHCS B COCTOSHUH, OJIM3KOM
K PaBHOBECHIO.

B Teuenue nByX cToneTuil ocTaeTcs HEpEIICHHO mpolieMa pacnpeaeieHuss MOMEHTa KOJIHuecTBa
neuxkenus B Conneunoi cucreme: 98% ero mpuxoauTcs Ha THICSYHYIO T0JU Macchl. B [2, 26] ata nmpobnema
paccMaTrpuBaiach B paMKax KBAHTOBOM NOJIAPU3ALIMOHHOW MOJENIH, B KOTOPOW YUMTHIBAJIOCh, YTO Y
Bpallaroumencs npoTocTpyKrypbl COJIHEYHOM CHUCTEMBbI €€ IUIAHKOBCKME YacCTULbl MMEKOT OJIMHAKOBOE
YHCIIO TMPOCTPAHCTBEHHBIX U BpallaTeIbHBIX KBAaHTOBBIX cOCTOssHMA. [ToaTOMy 00IIee 4hciio BUXPEBBIX
KBAaHTOBBIX cOCTOsiHUI CoNMHEeuHOM cucTeMbl paBHO kZ = kg, M X MOMEHT KONMUYECTBA JABMKEHHUS JIHIIb
Ha 2,5% TpeBbIIaeT U3MEPEHHBIN OpOUTANBHBI MOMEHT JEBSTH IUIaHET. DTa HeOOoINbIIas pa3HUIlA B
OCHOBHOM TPUXOJUTCS HA COOCTBEHHBI MOMEHT KOJIM4ecTBa ABMKeHHs CoJHIIA.

I[lnanersl mepBoro nmosica. Maccel MmiaHeT MEPBOTO U BTOPOTO IMOSICOB MPOMOPIIMOHATBHBI YUCITY
00pa3yIomux UX KOMOWHHUPOBAHHBIX TMOJEH (PU3UUYECKOTO BaKyyMa U OIPEACISIOTCS COOTBETCTBEHHO
MaccaMM MX CaMbIX OOJIbIINX TuTaHeT — 3emun u KOmuTepa.

Kak nokazano B [2], maccsl 3eminu, Benepsl, Mapca u Mepkypust 00pa3yrorcst COOTBETCTBEHHO 92-,
75-, 10- 1 5-ieramu KOMOMHUPOBAHHBIX MOJIEH. 3eMJIS SIBISIETCS €IUHCTBEHHOM IJIAHETOM, Macca KOTOpO
chopMupoBaHa BCEMHU YETHIPbMS 23-IJIeTaMU TOJICH: OAHUM OO030H-(PEPMUOHHBIM 23-TUIETOM TOJIeH
nepexoono2o Mupa (U3NYECKOTO BaKyyma, paccMOTpeHHOro B [1], m Tpems 23-muieramu (hepMuOH-
(dhepMUOHHBIX TIONEH ero gepuuonnoeo mupa [1]. CUHIIIETHOE KBaHTOBOE YHCIO OpOuTHI Benepsl
JIOTIONTHSIET KaXAbId U3 TpeX 23-11eToB (PepMUOHHOTO MHpa A0 24-TJIeTa, U elle TPU €€ MO SIBISIFOTCS
0030H-(PEPMUOHHBIMHU.

B oOpa3zoBanuu mapel Mepkypuii-Mapc ydacTByeT 15-mjier BeKTOPHBIX (epMHOH-(PEpMHOHHBIX
noned. [Ipu ux pazneneHun oauH U3 TPEX €ro KBUHTETOB MoJIel noiay4daer Mepkypuit u asa — Mapc.

Ortcrona cieayer, 4To Macca MJIaHeT BHYTPEHHETO Mosica paBHa

91
My = - Mp. (4.5)
Omna onpenensiercs Mmaccort Connia. [Tonyuennoe B [2] ee oTHomeHue k Macce CoHIIa paBHO
30 Mg
== 4.
L7 31 (e24-1)1/2 (4.6)
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u BbIosHAeTCs ¢ TouHOCTBIO 0,03%. CootHomenus (4.5) u (4.6) onpenenstor Mg /Mq.

Ilnanersr BTOporo mosica. CornacHo [2], mpu otaenenuu CarypHa OT MPOTOCTPYKTYphl YpaH-
HenryH oHM IIOTy4arOT COOTBETCTBEHHO TPHU (Ssq = —3) U OIHO (Sy4+yp = 1) KBAHTOBBIX cocTOsAHMA. X
Macchl, TPUXOIAIIMECS Ha OJHO KBAaHTOBOE COCTOSHHE, YAOBJIETBOPSIOT MOJIAPU3ALUOHHOMY
COOTHOLICHUIO:

My+M
utMpyp + Msa _ 0. 4.7)
SU+Np SSa

ITpu pasnenenuu napbl YpaH-HenTyH CHHINIETHOE KBAaHTOBOE COCTOSHUE HX IPOTOCTPYKTYpPbI
nojy4aeT IjiaHera ¢ OompmmM paanycoM — HentyH. IlosToMy aHajiormyHoe COOTHOIICHHE MACC ITHX
IUTAHET UMEET BUJL:

My ¢ e, (4.8)
Su Sypt1

CootHomienus (4.7) u (4.8) BBIMOMHSIOTCS € TOYHOCTBIO cooTBeTcTBeHHO 0,2% 1 0,3%.

ComnacHo [2], ”MeeT MECTO COOTHOILICHHE
MU+MNp _ MUp

2 - (e6—1)1/2’
BBITTOJIHSTIONIEECS ¢ TOYHOCTHIO 0,2%.
CootHomienus (4.7 — 4.9) onpenensior OTHOLIEHUS Macc TpeX IUIaHEeT TMraHToB kK Macce FOnurepa.
B cymme Macca BCex YETBIPEX IUIAHET TUTaHTOB paBHa 1,4My),.

(4.9)

Myp

[Tonyuennoe B [2] 3Hauenue maccol [lmyrona Mp, = Gy

= 0,0023Mg npu omnpeneneHUn

Macchl FOnurepa He yunuThIBaIOCH.

CootHomienus (4.5) — (4.9) NO3BOJNSIOT C TOYHOCTBIO JIYYIIE€ OJHOTO IPOLIEHTA BBIYMCIUTH
oTtHOocuTenbHbIe Macchl FOnurepa, Carypua, Hentyna u Ypana [1]. [Tockonbky cootHomenus (4.4) — (4.6)
onpenaenstoT macchl ConHIa U 3eMiH, TO paccMaTpuBaeMasi KBAaHTOBask MOJIENIb MO3BOJISIET BBIUMCIHUTH
Macchl Bcex JeBATH IiaHeT CoMHeuHOU cucTeMbl. 3HaueHue paauyca opoutsl Omnurepa HaxomuTcs U3
cooTHomieHui (4.2) u (4.3).

Taxum o0pa3oM, pacCMOTpPEHHAst KBAHTOBasi MOJie]ib 00pa3oBaHMsl A€CITH MaBHbIX Ted ColHeuHOon
CHCTEMBI C TOYHOCTBIO JTyuie 1% onpeaenser paguycsl OpOUT U MacChl IEBATHU €€ IUIAHET, POXKAAIOLIUXCS
BMecTe ¢ ConHieM M 00pa3yroIluX C HUM OOIIYH0 KBAHTOBYIO CHCTEMY. DTO 3HAYHUT, YTO 3a BpeMs
cyumiectBoBaHMsl COJIHEUHOM CHCTEMBI 3TH IAapaMETpPhl CYLIECTBEHHO HE MEHSJIUCh, T.€. SABIAIOTCSA
PaBHOBECHBIMU, U CYIIECTBYIOT KBAHTOBBIE MEXaHU3MbI UX COXPAHEHHUS.

4.4. Pazmepnl CoJiHIIA U IIJIAHET

Pa3mep kocmonornyecknx 00beKTOB BeeneHHoi onpenenseTcs uX MpoTOCTPYKTYPOid, a CTPOCHHUE —
IIpoLeccoM ee 00pa3oBaHMUsL.

JlecaTelii nepoypoBeHb MHOTOCTPYKTYpbl COJIHEYHON CHUCTEMBI IO3BOJIET MPENINONOXKUTh, YTO
mpouecc ee 00pa3oBaHUs IUIAHKOBCKMMHU YacTULAMHU MPOMCXOAMJI B TEUEHHE BCEX JEBSTH ATAloB
dbopmupoBanus KCB, t.e. 9,32 mupa. ner. Jlecateiit ee stanm Havdayics ¢ (POPMUPOBAHHS TUTAHETHOU
IIPOTOCTPYKTYPBHI, a 3aT€M C HauyaJoM pPOKICHHS HyKJIOHHOTO BemiecTBa oOpa3oBaiuch CONHIE U 1€BATH
ero miaHeT. TakuMm oOpasom, Tmpeamnosaraercs, uro oopasoanue ComHia npoucxoamwio B 10 atamos, a
IJIAHET — B TEUYEHHE OJTHOTO 3Tana. B aTom nmpeanonoxennn Bo3pact BeenenHnoi He Mmenbine 13,97 mupg.
net. Ee Bo3pacTy B kBaHTOBOM Mozenu 4,12 MIIp/I. €T COOTBETCTBYET 00pa3oBaHNE HYKJIOHHOIO BELIECTBA
Conneunoin cucreMsl uepe3 150 miH. et nocne 3asepmeHus KCB.

B stoit Mmogenu nporoctpyTypa ConHila o0pa3oBaHa JeCsAThIO CIOSIMHU PAaBHOM TOJIIUHBI, B KAXKI0M
U3 KOTOPBIX JIOKAJIM30BaHbI TPH CEKCTETa KOMOMHUPOBAHHBIX MOJIEH MUPOB «JIOHYKIOHHOTO» BEIIECTBA.
HyxkiioHHOE BelIeCTBO pOXAaeTcsl Ioclie 3aBepuieHdss (OPMHUPOBAHUS BEKTOPHOTO  (hEepMHOH-
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dbepmuoHHOTO 24-TUIETa KOMOMHUPOBAHHBIX TojieH. B kaxkmom u3 nmecstu cnoeB Comnma 18 momei
JIOHYKJIOHHOT'O BEILIECTBA POXKJIAIOT 18 BEKTOPHBIX MOJIEH HYKIOHHOTO BELIECTBA.

[Tockonbky FOnuTep poxkaaics Bmecte ¢ COJNHLIEM B €r0 IPOTOCTPYKTYpE JOKAJIN30BaHO Takxke 18
10JIeH JOHYKJIOHHOTO BEIECTBA, TPU U3 KOTOPBIX C OCEBBIM BKYCOBBIM I10JIEM CO3/1aI0T €r0 COOCTBEHHOE
BpaiieHue. Tpu KBHHTETa NOJEH Y4acTBYIOT B (POPMHUPOBAHUHM MPOTOCTPYKTYPHI POXKAAIOLIMXCS MOCIIE
IOnurepa nnaner-ruranToB: y CaTypHa Bce TpU KBUHTETA, a y Mapsl IIaHET YpaH-HenTyH — 1Ba KBUHTETA:
10 OJJHOMY y Ka)KJIOM U3 HUX.

[Tocne 3aBepuieHHus 00pa3zoBaHusi 24-1uieTa BEKTOPHBIX KOMOMHHPOBAHHBIX TOJEH HauMHAETCS
POXAEHNE HYKJIIOHHOTO BEIIECTBA y IJIAHET-TUTAHTOB U IIJIaHET [IEPBOTO 05Ca, IPOTOCTPYKTYpa KOTOPBIX
HE COIEPKUT JOHYKJIOHHOT'O BEILIECTBA U €T0 MOJIEH.

CoOcTBeHHOE BpallleHUE CaMUX IUIAHET BO3HUKAET MPHU POXKICHUH UX HYKJIOHHOTO BEIIECTBA, YHCIIO
T0JIeH KOTOPBIX MPEBHIIIAET YUCIIO MOJIeH TOHYKJIOHHOTO BellecTBa. MOKHO IPEANOI0KHUTh, 4To FOnurep
KaK camas MacCHBHas IiaHeTa (popMupyercs HauOOJIbIIUM YKCIOM IMOJIed HYKJIOHHOTO BemiecTBa — 23-
IJIETOM KOMOMHUPOBAHHBIX MOJIEH (PU3NYECKOTO BaKyyMa.

[Ipu poxaeHun OOBEKTOB B YETHIPEXMEPHOM IPOCTPAHCTBE-BpeMeHU Bceenennoit uz 256
IIPOCTPAHCTBEHHBIX COCTOSHUI ()ePMHOHHOTO MUpa peanusyercs 2*-1eT npocTpaHCTBEHHO-BPEMEHHBIX
coctosiHiil 00bekTOoB Bceenennoit. CooTBeTcTBeHHO B 16 pa3 cokpaiaercss TONIIMHA pPaguaibHO
PaCMOJIOKEHHBIX CJIO€B HYKJIOHHOTO BEUIECTBA IO CPaBHEHHUIO C TOJIIMHOM CIIOEB JOHYKJIOHHOTO
BemiecTBa. B kaxmom u3 cinoeB ConHIA U TUIaHET JIOKAJIM30BaHO OJIHO BEKTOPHOE KOMOMHUPOBAHHOE TOJIE.
Eciu 0003Ha4uTh uWclIa MOJNEH JOHYKIOHHOTO U HYKJIOHHOTO BEHIECTBA HUX MPOTOCTPYKTYPHI
cooTBeTCTBEHHO N1 N,, TO paguychl 3TUX TeJ OyAyT ONpeaesIThCsl COOTHOILIEHUEM

R = I(16N; + Ny)hg. (4.10)

3nech | — umcio cnoes 00bekTa, a hy — onpenenennas B [1] TommuHa c10s KBAHTOBOM CTPYKTYPBI
3emiu (227,5 kM), KOTOpasi JOCTAaTOYHO TOYHO ompeensier paaunyc ColHIla U IeBATH ero riaHeT. Ee MoxkHO
CUMTATh YHUBEPCAIbHBIM MacITaboM 00beKTOB COMHEYHON CUCTEMBI BOCBMOTO HEPAPXUUYECKOTO YPOBHSL.

st nonyueHHsIX B [1] 3Hauenuii N; u N, paguycel CoHIIA U IJIAHET, BEIYUCICHHBIC TI0 (hopMyIie
(4.10), uMeIOT MPONEHTHYIO MOTPEIHOCTh, puBeAeHHYIO B ckoOkax: Connue (-0,03), FOmurep (0,1),
Carypsn (0,01), ¥pan (0,2), Herrtysn (0,2), Benepa (-0,4), Mapc (0,65), Mepkypwuii (-2,1).

3nadyeHust Ny u N, oNpenenstoT U BHYTPEHHIOK TPEX30HHYIO CTPYKTYpY IUTaHeT [1].

4.5. Bpamenue niiavet u Co/iHIIa BOKPYT cBOell ocH

Bpamenue mianer. CoOCTBEHHOE BpallleHHE IUIAHETHl BO3HMKAET B OJHOM M3 €€ KBAaHTOBBIX
COCTOSIHHH U OTPEAEIETCS YaCTOTOM 00pa30BaHUs MJIAHKOBCKUX YaCTHII B IJIAHETHOM cUCTEME.
Ha nepBom nepapxudeckoM ypoBHE 4acTOTa 00pa30BaHUsI INTAHKOBCKHUX YaCTHI] W p, MacCca KOTOPBIX

o0o3Ha4YeHa Mmp;, paBHa:

c3

Wp = G

Bo Bpamaromemcs BenecTBe OHa OIPEAEIAeT YaCTOTy €r0 BPAIleHMs, TaK KaK POXKICHUE YaCTHI]
MIPOUCXOIUT Ha KaKJOM 000pOTe B OAHOM M TOH k€ Touke OopOuTHI. [IIaHKOBCKHME YacTHIIBI HA KaXKIOM
MEepapXUUeCKOM YPOBHE IIJIAHETHOM CHUCTeMbI 00pa3yloTcsi B (U3MUYEeCKOM Bakyyme Tk,-rutetamu. Ilpu
Ka)XXJIOM CHW)KCHHWHW HEepapXHUecKOro YpPOBHS pOXKAArommiascs macca Bo3pactaeT B 7k, pas, a 4acrora
POKIEHUs 4aCTUL] BO CTOJBKO pa3 cHuxkaercsa. 1lodTomMy mepuon poskIeHHs BpAaIIAOLIErocs BeEIeCTBa
IJIAHETHOM CHCTEMbI, HUMEIOIIel eBATh HepapXHuecKHX ypoBHeii, ysemuuusaerca B (mwk,)® pas u

ONPENENSIETCS COOTHOIIEHUEM, MTOJTYUYEHHBIM B [2]:
9
Ty = 2m LI — 2 5945 cyrox (4.11)

DTO XapaKTepHBIN MaciTad BpeMEHU COOCTBEHHOTO BPAIICHUS TIAHET.
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Tak kak oOpa3oBaHue MMOJIEH TUIAHETHl MPOMCXOAMT IOCIENIOBATEIbHO, TO MEPHUOJ €€ BpalleHUs
MIPOIOPLIMOHAJIEH YUCITY TOJIeH TUIaHEeThl IV, y4acTBYIOIIMX BO BPAIICHUU €€ BEIleCTBA, U BEPOATHOCTH [
peanu3any OCEBbIX M0JIEH IIaHETHI.

B paccmorpennoit B [1] Momenu mepuombl BpallleHHs IJIAHET BBIYHUCICHBI C IMOTPEIIHOCTHIO B
MPOLIEHTaX, yKa3aHHOU B ckoOkax: Mepkypuii (-0,57), Benepa (-0,03), 3ems (0,05), Mapc (0), FOmurep (-
0,05), Carypu (-0,1), ¥Ypan (0), Hentyn (0) u Ilmyton (0,05). Orcioma ciemyer, 4To HaOIOmaeMoe
BpallleHUE TJIAHET SIBJISICTCS PABHOBECHBIM U 33 BPEMS CYIIECTBOBAHMUS IIJIAHET 3aMETHO HE MEHsUIOCh. B
KJIACCMYECKOH MJIaHEeTHONM KOCMOTOHMH, TJI€ TUIaHEThl 00pa3yloTcs arperanueid Hebonpmux (GparMeHTOB,
CUTYyallUs HHAsI: CKOPOCTh BPAILEHUS TUIaHET B MPOIECCE X IBOJTIOLUN MEHSIETCSI.

Bpamenue Cosnua. Beruncnenne nepuona cooctenHoro Bpamienus fOnmrepa Ty, mo3Bouser
ornpeaenuTs nepuoa oopamieHus CoaHila, Tak Kak UX COBMECTHOE 00pa30BaHUE MTPOUCXOIUT C OIMHAKOBOU
CKOPOCTBIO POKICHHUS X BEILIECTBA, PUXOAIIEHCS Ha OAHO UX KBAaHTOBOE cocTosiHuE. [1loaTomy nepuoss
X COOCTBEHHOTO BpAaLICHHs MPOMOPLUOHAIBHBI MaccaM M YHCIy KBaHTOBBIX COCTOSHUU. Bpamienue
IOnurepa Bokpyr ConHua peanusyercs B ABYMEPHOM KOMIUIEKCHOM MPOCTpaHCTBe ¢ 16-mierom
MIPOCTPAHCTBEHHBIX COCTOSHUM, MPUXOASAIINXCS Ha CHUHIVIETHOE MPOCTPAaHCTBEHHOE cocTosinne ConHIa,
PacMoI0KEHHOTO B IIEHTPE CUMMETPHUU MPOCTPAHCTBA (PU3NUYECKOro BakyyMma. [103ToMy 4nciIo KBaHTOBBIX
cocrostunii ConHua B 16 pa3 mesbine, yeM y FOmurtepa, U B mpUOIMKEHUH TBEPIOTO Tejla MEPUON

cobcTBeHHOrO BpameHus CoHIa paBeH
M

To = ﬁTUp ~ 25,7 CyTOK.

[Tepuon Bpaiienus BeniecTBa Ha CONHIIE 3aBUCUT OT LIMPOTHI: Ha 3KBATOpPE OH paBeH 25,34 CyTOK, B
noisApHbIX 30Hax — 38 cytkam. Ilepuon T npuxoauTcs Ha ABe KojblieBble oOnacTu ConHua, B KOTOPBIX
CKOPOCTH POKJICHHS €T0 BEIIECTBa HAaNOObIIIas.

Comnneunble nisiTHA 00pa3ytoTcs BOIM3M 26 rpajlyca CeBEpHOM M KXKHOW MIUPOTHI, UMEIOIICH epHuo
obpatenus 25,38 cyTok. ITO T.H. CUAEPUUYECKUI IEPUO]] TPAKTUUECKU paBeH 1.

B 11-neTHeM coaHEYHOM IHMKJIE B 3TUX 001acTsaX 00pa3oBaHKe BEIIECTBA MEPUOINYECKUA CTAHOBUTCS
M30BITOUYHBIM, YTO MPUBOAUT K BHIOPOCY BELIECTBA B CONHEUHBIX MATHAX. B MHUMOM MpOCTpaHCTBE UX
IIPOTOCTPYKTYpPhl COJHEYHas IUIa3Ma Bpallaercs, co3laBas MarHuTHoe mnojne. I[lpu u30pITOUHOM
0o0pa30BaHMM BEIIECTBA €r0 BpallleHHE B ISITHAX YCKOPSETCS, W M3JIMILIEK BEIIeCTBa BbIOpAchIBaeTCs
COOTBETCTBEHHO BO3PACTAOIIEH 0CEBOM KOMIIOHEHTO! NOJIIPU3ALIMOHHO-PEAKTUBHON CUJIBL, ITPEO0IIEBAS
rpaButannto CojiHIIA U CONPOTHUBICHUE COJIHEYHON KOPOHBI.

4.6. U3ayuenue CosiHna

B kBaHTOBOII MoOzmenu 3BONOUMM BCEIEeHHONW OCHOBHBIM MPOLIECCOM SBISIETCS HEMPEPHIBHOE
pOXXJIeHHEe TUIAHKOBCKUX uYacTull. CTalmoHapHbIE 3BE3/IHbIE OOBEKTHl BO3HUKAIOT, KOTZA MPOIECC
00pa3oBaHUsI BEIIECTBA B MMPOTOCTPYKTYPE 3BE3/IbI KOMIICHCUPYET €€ BBHITOPAIOIIYI0 MAcCy U YAEPKUBAET
€€ Bpamjarolneecs BEUIECTBO OT paszjieTa, a IpaBUTalUs MNPOTHUBOICHUCTBYET AABICHUIO, OMpeaeiss
JIOKAJIbHYIO TIOTHOCTH BeIleCcTBA. B KilaccHYecKux MOJENsIX, Ile 3Be3/bl 00pa3yroTcsi, KOrja MpoIecce
pOXXIEHUs BelecTBa BO BceneHHON yXe 3aKOHUYWJICS, TpaBUTAlUs MPOTHUBOACHCTBYET €lIe U
LEHTPOOEIKHOM cule.

CornacHo kBanToBOM Mozenu ConHia [ 1, 2], ero paBHOBECHasi CKOPOCTh BpAIIEHUSI TOAIEPKUBACTCS
MOJISAPU3ALMOHHO-PEAKTUBHOM CUJIOM, CO3[1aBAEMOM I'€HEpALMEN MACChl CO CKOPOCTBIO, ONPENCIISIOIIEH
CKOpPOCTb €€ BBITOPAHMUSI.

CormacHo pasn. 4.3, Ha 0IHO KBAaHTOBO€ cOCTOsiHME CONHEYHOW CHCTEMBI MPUXOAMTCSA Macca m =

h .
2x*mp,, THE Mp], = 2c,, — [VIAHKOBCKas Macca, Tpy, — BPEMS 00pa3oBaHMs MJIAHKOBCKOM YaCTHUIIBI, 4 Y =

(14 |N|™?)(1 = &). Bpamaromuecs BMecTe ¢ BemecTsoM CONHIIA KBA3UYACTHIIBI C BPEMEHEM POKICHHUS
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. A
T M Maccoit m = —- 00pa3yloTcs MyJIbTUILUIETaMH, TeHEPUPYEMbIMU KBUHTETAMU UHEPIIMOH-TPaBUOHHBIX

moneit. Tak kak KaXXI0€ U3 IIATH roJieit MMopoXKaacT T[k4-l'IJ'IeTBI KBa3zn4acTul, CKOPOCTb O6p330BaHI/I$I

macchl cHmkaerca B (mky)® pas. COOTBETCTBEHHO CKOPOCTh 06pa3oBaHus BemecTsa CONHIA C Y4ETOM
3

m C

£ = paBHa:

TpL G
dMg 1 dm _ ( m )2 cdaxtcs
dt ~ (mka)5 dt  \mpy) (k)56 (mks)5G

Ecnmu He YYHUTbIBATH BBI6pOCBI COJJHCYHBIX YaCTHIl KW CUYMTATb, 4YTO BCA Y6I)IJ'IB MaCChbI COJ'IHI_[a
IMPOUCXOAUT B PE3YIbTATEC TCPMOAACPHOI'O BBII'OpaHHsA, TO TICHECpUpYyEMas COJ'IHI_ICM MOITHOCTb
SJICKTPOMArHuTHOT'O U3JTYyYCHHA COCTAaBUT!

W = 2 % — 386 102Br.

OTOT pe3ynbrar noiayyeH B [26]. Pasnuunble n3MepeHust 31€KTpoMarHuTHoro usiydenus ConHua,
IOCTYHAIOLIEro Ha 3eMIII0, JAl0T BEJIUUMHY €r0 MOIIHOCTH B Auanasone (3,84 + 3,86) - 10%°Br.

KBanToBas Mmoznens paBHoBecHOro CoJHIIa MO3BOJISET Pa3peluTh T.H. «11apagokc Mosogoro ConHua»
B COBPEMEHHOM TeopHuH 3Be3/1HON 3BoironMU. B Helt Mononoe CoiHile H0KHO M3JIydaTh MOIIHOCTh Ha
TpPeTh MEHbIIIE, YeM B HacToslee BpeMsa. B 3ToT mepuon Hamia miuaHera JODKHA ObLia ObITh HOKpBITA
CHETOM M JIbJIOM, H, 3HAUUT, paHHHE (POPMBI )KU3HU (aHA’pOOHBIC OaKTEpHH) MOSIBUTCS HE MOITH. BmecTe
C TEM HMEIOLIUECS MAJICOHTOJOTNYECKUE JaHHbIE CBUJIETENILCTBYIOT O TEIJIOM KJIMMATEe B 3TOT MEPUOJ
ABOJIIOLIUU 3€MJIH.

Kak u CounHile, B COCTOSHUM NOJSPU3ALMOHHOTO PAaBHOBECUS JOJKHBI HAXOIUTHCS U €T0 IJIAHETHI.
[ToaTomMy monsipu3allMOHHBIMUA MEXaHU3MaMH MOJICPKUBAETCSI PABHOBECHON KaK Macca, TaK U CKOPOCTh
COOCTBEHHOTO BpAIICHUS TUIAHET, KOTOpas ceiiuac B IUIAHETHOH KOCMOTOHHH CYHTACTCS CYIIECTBEHHO
MEHSIOLIECHCS BETUIMHOM.

[Tonsipr3allMOHHBIN MEXaHU3M KOMIIEHCALIUU MTOTEPh BEIIECTBA U SHEPTUU JOJKEH MPOSIBIATH ce0s
U Ha IUIaHeTax, MOJJEpPKHUBasi UX KBa3UCTAallMOHApHOE KBaHTOBoe coctosHue. Y lOnutepa, CarypHa u
HenTyHa coOCTBEHHOE TEIJIOBBIIEIEHUE 3aMETHO OOJIbIIIE MOMIOIIEHUSI COJIHEYHOT0 U3inydeHus. OqHum
U3 BO3MOMKHBIX MEXaHU3MOB TEIUIOBBIJICIEHUS IUIAHET SIBJSIOTCS HU3KOTEMIIEpAaTypHBIE SIJIEPHBIE U
XMMHYECKHE PEAKIIUU, UAYIIIHNE B MHUMOM IIOAIIPOCTPAHCTBE X IPOTOCTPYKTYphl. Ha rutanerax oHu, kak
U BO BceneHHOM, MOTYT co37aBaTh XUMHUYECKHE JIEMEHThI. DTO BO3MOKHBI MEXaHU3M U HaOIt01aeMOro
Ha 3emiie 00pa3oBaHus BOJOPO/A U Teusl.

4.7. O HakJIOHAX Ocell IVIaHeT K IVIOCKOCTH MX OPOMTHI

B [1] mpennonoskeHo, 4yTo yIiibl HaKjJIOHA IJIAHETHBIX OCel ompenenstorcss (pa3oi MX BOJHOBBIX
(GyHKUIMH ¥ TMHEHHBIMU U HEJIMHEHHBIMU MOJISIPU3ALMOHHBIMU MPOLIECCAMHU.

[Tpu monsipU3aluy KOMIUIEKCHOTO IIBETOBOTO MOJIS 00pa3yroTCsl TPU JTMHEHHO MOJIIPU30BAaHHBIX €TI0
COCTOSIHMSI M I€BATH HEJIMHEWHO MOJSPU30BAHHBIX: CUHIVIETHOE U OKTET HE3aBUCHUMBIX MHHMMBIX IOJEH.
DTO NPUBOAMT K Pa3/EICHUIO JEBSATH IIJIAHET HA TPH IPYIIIBI 1O TPU «Pa3HOLBETHBIX) IJIAHETHI B KAXK101,
[IpUYeM OJiHa rpyIma oOpa3yeTcsi ¢ JIMHEHHO MOJISIPU30BaHHBIMU yIJIaMU OCEHl W JIB€ — C HEJIIMHEHHO
MOJIIPU30BAHHBIMHU.

B rpynne nuHENWHO NONISIPU30BaHHBIX YINIOB OCEH PEANU3YIOTCS UX paBHOBECHbIE 3HaueHUs 0° u
180°, KOTOpPBIM COOTBETCTBYET YMHOKEHHE BOJIHOBOM (yHKimu Ha +1. K 3T0if rpymnme otHocsATcs
TUTAHETHI, B 00pa30BaHUM KOTOPHIX YYAaCTBYIOT CHHIMIETHBIC ToJs: Mepkypuii (0,01°), a Takke FOmurep
(3,13°) u Benepa (177,36°), cymma yriioB Ocei HakJIOHa KOTOPBIX Onu3ka k 1 (180,5°).

VIl HaKJIOHA JBYX OCTaJbHBIX MOArPYNI (POPMHUPYIOTCS MOCPEICTBOM MEXaHHW3Ma HEJIMHEWHOU
MOJISIPU3ALMN X BOJHOBOM (DYHKIIMH, NMPUBOJASALIEMY K MOSBICHHUIO Y Hee MHOXuTens 1 — i (T.e. da3bl
135°). B nporecce nonspuszauu y4yacTByetT 15-IuieT 1IBETO-BKYCOBBIX MOJIEH, JTOKAIU30BaHHBIN TOJIBKO B
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¢duzmveckoM Bakyyme. OH HE MEHSET 3HAYCHHS BOJIHOBON (DYHKIIUH, T.€. KaXKJ0€ €ro 1oJjie MeHseT a3y B
360 o
CPe/IHeM Ha —— = 24°, a xaxxapIi KBUHTET — Ha 120°.

15-nuter pasnensieTcst Ha TpU KBUHTETA, J1BA U3 KOTOPBHIX YYacCTBYIOT B HEJIMHEWHOHN MOJISIpU3alun
YIJIOB Y JBYX TPHUIUIETOB Iu1aHeT. [lons kBUHTETA (POPMHUPYIOT B3aUMOJICHCTBYIOIINE BOJIHOBBIC (DYHKIIUU

135
IIAaHET CO CPEAHUMHU 3HAUCHUAMU (1)3351 " yIJla HaKJIOHAa OCHU ? = 27°.

B rpynne ¢ Henosispu3oBaHHBIM ILIBETOBBIM IIOJIEM BCE TPH IUIAHETHI IOJIy4alOT HAKJIOH OCEH,
OnmM3KUil K paBHOBeCHOMY 3HadeHuto 27°. Dto CarypH (26,73°), Henryn (28,32°) u Mapc (25,19°) co
CpeIHUM YIJIOM HakjIoHa ocu 26,75°.

B tperbio rpynmy Bxoast 3emis, Ypan u [ImyToH ¢ yriiamu HakiIoHa oceil cooTBeTcTBeHHO 23,45°,
97,77° u 119,61° u co cpeauuM i 9 BETOBBIX IOJICH TOM TPYNIIBI YITIOM HakJoHa 26,76°. Y obeunx
TPYIII CPEIHUE YITIbI HAKJIOHA MPAKTHYECKU OJJMTHAKOBHI, YTO MOJITBEPKIAET UX COBMECTHOE 00pa3oBaHue
12-neTOoM BETOBBIX TOJICH.

B Tperbelt rpyme yribsl HakJIOHa OCEH ONPEACIIAIOTCS JIByMsI KBUHTETaMU 1[BETO-BKYCOBBIX I1OJIEH:
3emist u Ypan — ogHuM, a [Lmyton — npyrum. M3 moneit nepBoro KBUHTETa B 00pa30BaHUM HAKJIOHA OCEi
3emiu ¥ YpaHa y4acTBYIOT COOTBETCTBEHHO OJHO M YETHIPE MOJSL.

Ha omHO 11BeTO-BKycOBOE MOJie ABYX KBUHTETOB NMPUXOJUTCS MOYTH paBHOBecHas (ha3a BOTHOBOM
¢bynkuuu 24,08°. HeGonpme OTKIOHEHHSI OCEHl TpeTbhel Tpynmbl IUIAHET OT PAaBHOBECHBIX 3HAUYCHHMA
CBUCTEIHCTBYIOT O JOCTATOYHO CIa00M UX MEKILJIAHETHOM B3aWMOJICHCTBUU.

Crnaboe B3auMoIeicTBHE MEXK/Y IJTAHETAMH U B IBYX APYTUX TPYIINAax, a Ha YTOJI HAKJIOHA OCH CaMOi
Omm3koit k ConHIly rmIaHeTsl — MepKypust — ApyTrHe TUIAHEThl IPAKTHIECKUA HE BIUSIOT.

[TomyueHHOe comnacue MOJMAPU3ALUOHHON MOJENN C aCTPOHOMHUYECKMMH JAHHBIMHU BBISBIISET
¢busnvecknii MexaHW3M OO0pa3OBaHMSA HAKIOHA OCEW BpAIICHUS JEBATH IUTAHET K IUIOCKOCTH UX
OpOUTAILHOTO BpalicHusl. B 3ToM miporiecce Bce AEBATh IJIAHET SBISIOTCS 00IICH KBAHTOBOM CHCTEMOIA.

B [1] Taxxe paccMOTpeHbl KBAaHTOBBIE MOJEIM MAarHUTHBIX IOJIEHW U BHUXPEBBIX IPOLECCOB B
arMocdepax IJIaHET, B TOM YHCIIE 3araJiouHOe NMEPUOMUECKOe MOSBICHNE Ha ceBepHOM nomoce CarypHa
Bpamaromeicss arMochepHoil CTPyKTypbl B ¢GopMe TPaBWIBHOTO INECTUYTOJBHUKA, a TaKKe
pacnonoxeHHoi Ha FOxHoM nomoce Onurepa ycToiunBON CHCTEMBI U3 MIECTH MOIIHBIX BUXPEH, OAUH
13 KOTOPBIX B IEHTPE U NSATh BOKPYT HETO.

CnyrHuku miaHet. B [2] paccMoTpena mozens oOpa3zoBanus 61-1uieTa CIyTHUKOB, POXKIAIOIITUXCS
BMecTe ¢ IIaHeTaMu. B 3Toil Mojenu opOuTHl 1ByX CIyTHUKOB HenTyHa oka3bIBalOTCS BHYTPHU HETO U
MIOTOMY TEJICOPTUPYIOTCSI HA HE MMEIOLIME CITyTHUKOB Onmvkaiiue miuaHetsl 3emito u Ilmyton. Ilpu
TeJEeTMOPTAIMU YACTOThl COOCTBEHHOTO U opOuTanbHOro BparieHus JIyHsl 1 XapoHa KOMIIEHCUPYIOT JIPyT
apyra. Ilo anamornyHoii mpuumHe Ommkaimmii k FOmutepy Mapc monydaeT OT HEro JiBa «IHIITHUX»
CITyTHHKa, KOTOpbI€ 3TUM cBOicTBOM JlyHbI 1 XapoHa He 0071a1atoT.

4.8. 3akirouenue

®dusuka Beenennoit u ocobenHo CoslHeUHON CHCTEMBI, 0 KOTOPOil cOOpaHO MHOTO KOJIMUYECTBEHHBIX
JAaHHBIX, ABJISAETCS INIABHOM MPOBEPKO KBAHTOBOM KOHIEMIIMM MUPOYCTPOWCTBA HA MAKPOYPOBHE.

PaccmoTpeHHbIe KBaHTOBBIE MOJIENIM 00pa30BaHUs IJIAHET U UX OCHOBHBIX MAPaMETPOB — PaINYCOB
opOUT, Macc, AMAMETPOB, HAKJIOHOB OCEW, NMEPHOAOB COOCTBEHHOTO BpAILIEHHS, MAarHUTHBIX IOJEH,
[apaMEeTPOB  I'EOJOTMUYECKOr0  CTPOEHUS —  KOJIMYECTBEHHO COIIACYyHOTCd C  HMEIOIIHMMUCS
aCTPOHOMHUYECKMMHU  JIaHHBIMH. TeM caMmbIM  MOATBepkAaeTcs  A(PPEKTUBHOCTb  KBAHTOBOTO
MOJIIPU3ALMOHHOIO TO/IX0/1a B IJIAHETHOW KOCMOTOHMH. B ee kiaccuueckux MOZENsX TaKoe IIHUPOKOe
coryiacle He JIOCTUTHYTO U CYIIECTBYET psij HepelleHHBIX npobiem. Hampumep, He ynaeTcss OObSICHUTS,
KaKMM MEXaHU3MOM IUIaHEThl MOJIY4YaroT MOMEHT BpAlleHHs MHOTOKPAaTHO IPEBOCXOASIIIMNA MOMEHT
BpanieHus: ConHia.
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B kBaHTOBOW Momenu mianetHod cucteMbl ConHna [lmyToH 00pasyeTcs BMeCTe C IUIaHETaMH
MIEPBOTO MOSICA U SBJISIETCS OAHON U3 JIEBATH KBAHTOBBIX MMOICUCTEM 00IIeH MIaHeTHOH cuctembl. [ToaTomy
npunsaToe B 2006 1. ['eHepanbHOl accambieeld MexXTyHaApOTHOTO aCTPOHOMHUYECKOTO COI03a PEIICHUE O
nepeBoge IlLnyToHa B pa3ps ManbixX IJIaHET, OOHAPYKEHHBIX CPaBHUTEILHO HEAABHO, MPOTUBOPEUUT
KBaHTOBOM mpupojie COoHEYHON CUCTEMBI.
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I'maBa 5. KBaHTOBbIe MAKPOCHCTEMbI KOMILJIEKCHOTO IIPOCTPAHCTBA

Teopust mossi, KBaHTOBasi M KJIacCHYECKas MEXAaHUKH, TEPMOIAMHAMHUKA OIMMCHIBAIOT (DHU3MUYECKHUE
IIPOLIECCHI, CUUTAsSA, YTO OHU IIPOUCXOAAT B IEUCTBUTEIILHOM IIPOCTPAHCTBE BCEIEHHOM, M B HEM BO3MOXKHBI
Bce (OpMBI TPOCTPAHCTBEHHOW cummerpuu. Ilpu TakoM monmxone HE yAaeTcsl peluTh Pl
(dyHIaMEHTAIBHBIX TPOOJIeM U OOBSICHUTHh (U3UKY MHOTHX SBJICHUN, KOTOPBIE IOJYYHIIU CTaTyC
aHOMAaJIbHBIX.

B KBaHTOBOW KOHLIENIIMM MHPOYCTPOHCTBa OOBEKT BceneHHol poxknaercs (parMeHTamu ee
POAUTENBCKUX MUPOB, 00Pa3yIOLIMX €ro MPOTOCTPYKTYPY U HAJAEISAIOUIMX €r0 KBAHTOBBIMU CBOHCTBaMH.
CymiecTByiomas ke KBaHTOBas TEOPHsl HE YUMTHIBAET CYLIECTBOBAHHME IPOTOCTPYKTYPbI y PEAJIbHBIX
qacTUll U GOPMUPYEMBIX HMH TEI.

B [1-4] moka3aHo, 4TO KOJWYECTBEHHOE COIVIAaCHE TEOPETUUYECKUX MOJEieH (HU3UICCKUX SBIICHUM
pPa3HBIX HMEPAPXMYECKUX YPOBHEH C SMIIMPUYECKMMH JIaHHBIMH BO3MOKHO TOJBKO B CJydae yuera
MIPOCTPAHCTBEHHBIX COCTOSIHMM KOMIUIEKCHOTO IPOCTPAHCTBA HPOTOCTPYKTYP H3y4daeMblIX OOBEKTOB
Bcenennoil. ®us3nka, He yYMTHIBAIOIIAS HX CYyIIECTBOBAHME, HE IIO3BOJISIET IOHATH IOSBICHUE Y
MakpooObeKTOB BceneHHOl KBaHTOBBIX CBOMCTB.

@OyHIaMeHTaIbHbBIE YaCTHUIBI (PU3MUECKOT0 BaKyyMa POXKIAIOTCS B €r0 KOMIUIEKCHOM MPOCTPAHCTBE
MOCJIEZIOBATENIBHO JIPYT 3a JIpYroM, oOpa3ys MYJBTHIUIETHI, pa3MEpPHOCTb KOTOPBIX 3aBHCHT OT YHUCIA
MIPOCTPAHCTBEHHBIX M CHUHOBBIX COCTOSIHMH. [Ipy Hamuuuu CBSA3BIBAIOLIETO OJIMHAKOBBIE YaCTHI[bI
B3aMMOJICHCTBUS POXKJIAIOLINECS YaCTHIIBI OyIyT oOpa3oBBIBaTh KiacTephl. B pesynbrare dopmupyercs
MYJIBTUILIET (ha30BO-KOPPEIUPOBAHHBIX KJIACTEPOB C pa3MEPHOCTHIO, CTEIIEHHBIM 00pa30M BO3pacTaroIIei
IpU yBEJIMYCHHHM YHMCIAa YAacTHUIl B KiacTepe. DTO KJIacTepHBIA MeXaHW3M OO0pa3oBaHUsS KBaHTOBBIX
MakpoOoOBEKTOB BceneHHOM, MPOTOCTPYKTYPBI KOTOPBIX B3aUMOJICHCTBYIOT MEKIY COOON KaK KBAaHTOBBIC
CUCTEMBI.

[TpruMepoM MOXET CITy>KUTh CBEPXIIPOBOSIIAS KBAHTOBAsI CHCcTeMa, 00pa3oBaHHAs KJacTepaMu U3
JIBYX CBSI3aHHBIX NIEKTPOHOB. [10CKOJIBKY B IEHCTBUTEIBHOM IIPOCTPAHCTBE IPOTOCTPYKTYPHI OTMHAKOBBIE
AJIEKTPUYECKUE 3apsibl OTTAJIKMBAIOTCS, OOpa30BaHUE JIIEKTPOHHBIX Map TPeOyeT OueHb HHU3KUX
TEMIIEpaTyp, IPHU KOTOPBIX CBA3BIBAIOIINE UX KOJJIEKTUBHBIE BO30Y:K/1€HUS (DOTOHHBIE U JIp.) OKAa3bIBAIOTCS
CHJIbHEE KyJOHOBCKOTO OTTAJIKMBaHMs. OTO NpuUMep oOOpa3oBaHMsS KBAaHTOBOM MaKpOCHUCTEMBI C
JNENUCTBUTEIBHBIM IPOCTPAHCTBOM €€ IIPOTOCTPYKTYPHI.

Cutyanusi KadyeCTBEHHO MEHSETCS, €ClM Kiactepu3anus (epMHOHOB MPOMCXOAUT B MHHMOM
ITOANPOCTPAHCTBE MPOTOCTPYKTYPBI, I1I€ U3-3a U3MEHEHUS 3HAKa KYJIOHOBCKOTO B3aMMOZECHCTBUS YaCTHULbI
C DNIEKTPUYECKUM 3aPsIIOM OJTHOTO 3HAKA MPUTATUBAIOTCS M 00pa3yroT KIaCTEPHbIE MAKPOCUCTEMBI. Takoii
MOJIXO/ TTO3BOJIUII, HAI[PUMEP, CO37aTh KBAHTOBYIO MOJIEJIb IAPOBOM MOJIHUH, OMHMCHIBAIOIIYIO IIUPOKUI
CIIEKTp €€ aHOMaJIbHBIX MPOSABIEHUM [§].

5.1. CBoiicTBa BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOASIIIINX KOHICHCATOB

Kak nokazano B [10], B MHUMOM MOJANPOCTPaHCTBE (PU3UUECKOTO BaKyyMa MOTYT 0Opa30BbIBATHCS
BTCII-xoHzneHcaTbl ¢ HAMHOTO 00Jiee BBICOKOM, YeM KOMHATHasl TEMIEpaTypa, B KOTOPBIX U3-3a OTCYTCTBUS
HHEpPreTHUecKoro Oapbepa MNPOTEKAIOT HU3KOIHEPreTUUECKHE SAEpHbIE peaKkuuu. Takue saepHbIe
TpPaHCMYTallUU HAOIIONAIUCH BO MHOTHX SKCIIEPUMEHTAX.

[TpuTspkeHMe B MHHUMOM MOJNPOCTPAHCTBE (PU3UYECKOTO BaKyyMa OJMHAKOBBIX (DEPMUOHOB
OpUBOAUT K JABYM O¢dekraMm: uX KiIacTepuzaluud U 00pa3oBaHUIO KilacTepamMH-(pepMUOHAMU
CBEPXIPOBOJIAIIETO COCTOAHUS. Ecu KinacTep coaep>KUT HEUETHOE YHUCIIO f OJAMHAKOBBIX (DEPMUOHOB, TO
OH CaM CTaHOBMUTCS OJJIEKTPUYECKH 3apsDKeHHBIM (epmuoHoM. Takue OAMHAKOBO 3apsKEHHbIE
(bepMHUOHHBIE f-KJIacTephl, CIapHBasch, 00Opa3ylOT CBEPXIPOBOIAAIIMN KoHAeHcaT. Temmeparypa ero
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CBEPXITPOBOALIETO Mepexoa 3aBUCUT OT Macchl (popMUPYIOMIUX KiacTep GEpPMUOHOB, @ YHCIO YaCTHUIL
KOHJICHCATa U BPEMSI €T0 KU3HU PE3KO BO3PACTAIOT C YHCIOM (DEPMHOHOB B KJacTepe.

KBaHTOBBIII KOHJIEHCAT BTOPOro Mepapxuyeckoro ypoBHsi. Kak mokazano B [10], ymentoHs
BTOPOT'O HepapXuueckoro ypoBHs (I = 2) o0pa3yroT B MHEMOM IOANIPOCTPAHCTBE (PU3NIECKOTO BaKyyMa
BBICOKOTEMIIEPATYPHBIH CBEPXIPOBOMANIMIA KOHIEHCAT C f, = 3 m mupuHOoi menu okono 20 3B.
PacueTHas KpuTHYeCKas TEMIEpPaTypa CBEPXIPOBOMAIIETO nepexoa Ty B TAaKOM KOHJEHCATe paBHa Tz =
(20 +25)- 103 K.

Cormacno BKIII-reopuu,

Te~n?3/my, (5.1)
rIe m; — Macca CIApUBAIOIUXCS (EPMHOHOB HepapXuueckoro yposHs [. ITOCKONBKY MIOTHOCTS
KoHJeHcaTa n~R~3~m}, 1o ny1s xounencaros ¢ [ > 2

Te~f "% m,. (5.2)

Taxk Kak ¢ pocTOM HEPOYPOBHS Ha €IMHHUILY MACCa YaCTUIbI CHIKaeTcs B e pas, To BTCII-konaeHcar
C YHCJIOM JIEITOHOB KJlacTepa ¢ f, = 3 MMeeT MECTO TOJBKO Ui JIENTOHOB BTOPOTO HEPOYPOBHS,
IUIOTHOCTh KOTOphIX okosio 10%° ¢cM™, u ero kputHyeckas Temreparypa pacTeT ¢ yBeJudeHueM f,. Jlis
CpPaBHEHHS y JIENTOHOB TPETHEr0 UEPOYPOBHS KpUTHUECKas TeMiieparypa okoio 7 K.

[Ipy cnapuBaHUM JIENTOHOB IIE€PBOIO HMEPOYpOBHsS Kputuyeckas Ttemneparypa 200 K B
paccmaTpuBaeMoii Mojien OyleT y KOHAeHcaTa ¢ MIOTHOCThIO JentoHoB 102> em™. Jlng Toro 4ro6bI
nonyuuts BTCII-BemiecTBo, HY>KHO, YTOOBI COOTBETCTBYIOIASl 4YacThb €ro 3JIEKTPOHOB HAXOIWJIACh B
MHHUMOM TOANPOCTPAHCTBE MPOTOCTPYKTYphl. Kak mokasaHo B paszn. 3.5, Takue COCTOSHUS BeIeCTBa
CYIIECTBYIOT U X MOKHO c03/1aBaTh [21]. MoxHO npeanonoxurs, uyto uzBectHsie BTCII-BeniecTBa uMeroT
IPOTOCTPYKTYPY € KOMILIEKCHBIM IIPOCTPAHCTBOM.

Cornacno [8], 3,-BTCII-konneHcar yyacTByeT B ()OPMHPOBAHUH IIAPOBOW MOJHHUH, SIBIISIOLICHCS
00BEKTOM KOMILUIEKCHOTO TIpocTpancTBa. [lpu pacmame 3,-KoHIecara MPOUCXOTUT O0Opa3oBaHHE
KOHJIGHCATOB MeHblllero Macmraba ¢ f, = 1. OHuH 00pa3yloT T.H. «CTpaHHOe» wu3iaydenue |[l],
BO3HHKAIOILEE B Psijie IKCIIEPUMEHTOB.

B BTCII-xonzaeHcatax (OpMHUPYIOTCS CTPYKTYpHBIE €IMHUIIBI, 00pa3yroIuecss NpU 3aroJHEHUU
MYJIBTUIIIETa IPOCTPAHCTBEHHBIX COCTOSIHUI. B 3,-KoHAecare Takue CTpYKTypHbIE €IUHULIbI, HA3BAHHBIE
«MakpoHoM» [10] u «mapmonom» [8], comepskar coorsercTBeHHO 4,5 101m 102° nentonos. O6bem
[1apMoHa (HaMMeHbIIeH apoBOi MOJTHUM) OKOJIO 1 Ky6. cM.

BTCII-koHzneHcaThl ¢ KPUTUYECKON TEMIIEPATYpOU BBIILIE KOMHATHOW SIBIISIOTCS MEPapXUUYECKUMU
CHUCTEMaMH, POXAAEMBIMH JIEITOHAMM BBILIE BTOpOro uepoypoBHs. Bpems xuznu BTCII-konnencara
pacTeT BMECTE C €ro MEepPOYypOBHEM, HO CBEPXIPOBOJSAIIMMM CBOWCTBAMHU IIPH BBICOKOM TeMIEpaType
00J1a/1aeT TOJIBLKO BTOPOM HEepPOypOBEHb KOHICHCATA.

Tamuma 5.1. Xapakrepusie BpemeHa BTCII-xonmencatoB, oOpa3oBaHHBIX JIENTOHAMHU BTOPOTO
uepoypoBHs (popmymna (5.3)).

3 5

89c 1,2- 10° ner
3,1 cyrok | 4-108 ner
75 toIC. et | 5+ 10 ner

G1W|IN|T

Bpemena :xku3nu BTCII-xkonaencaroB. Mepapxudeckuii ypoBeHb | (QyHIaMEHTaIbHBIX YACTHIL
orpenenseTcss HauOOJbIIUM CHHMHOM OO030HOB, YYacTBYIOIIMX B HMX oOOpa3oBaHUM. Tpu HUKHHUX
UEPOYPOBHSI MOPOXKIAIOT YaCTHUIIBI cO cuHaMu 1, 2 1 3. COOTBETCTBEHHO Ul HUX BpeMsi 00pa3oBaHus f-
KJIACTEPOB (PepMHUOHAMH HEePAPXUICCKOTO YpoBHS [ maercst popmyinoit
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T(f D) =2 (k) (53)

31ech ¢ — CKOPOCTh CBETa, m — Macca 3JIEKTpOHa MEePBOTr0 UEePOYPOBHS, a [ — HOMEpP UEPOYPOBHSL.
BTtopoii comHo)kuTEeNb B (5.3) YUUTHIBACT YUCIIO MPOCTPAHCTBEHHBIX COCTOSHUN f-Ki1acTepoB. UnucaeHHBIC
suauenus T (f; 1) npuBeneHsl B Tadm. 5.1.

5.2. ¢ dexTnI CaMOyCKOpeHHsI M AHTUTPABUTAIIUY IPHU BPALleHNH
5.2.1. CamoyckopeHue BpameHust

[onsipu3zanmoHHoO-peakTUBHAA cWia. [Ipu HapylieHHMH PaBHOBECHOIO COCTOSIHUSI KBAHTOBOM
CUCTEMBI B €€ MPOTOCTPYKTYPE MOJISAPUIYIOTCS Maphl IBUKYIIUXCS C €€ CKOPOCTHIO ¥V 4acTHIl (C Maccoit m)
U uX aumunecauacmuy (¢ Maccoi —m). Tak Kak pOXACHHE pEalbHbIX, T.€. O0O0IaJAI0LIUX
MIPOTOCTPYKTYPOH, YaCTHIL SIBISIETCS OJHOKBAHTOBBIM IIPOILIECCOM, TO 00Opa30BaHME MACCHBHBIX YaCTHII

OIIMChIBACTCA COOTHOIICHUCM:
2
mc

h=10C (5.4)

w

KpyroBas 4acToTa BpallleHHSI @ ONPEAEIAET CKOPOCTh HHMKIMYECKOTO M3MEHEHHs Macchl m~e'®t,
KOTOpPO€ TNPUBOAUT K TOSBICHUIO IOJAPU3ALUOHHO-PEAKTUBHOM CUJIbI, OPTOTOHAJIBHOM K CKOPOCTH

Bpalll€HUs 4aCTULbI U yﬂeme/IBanmeﬁ €€ Ha Op6I/ITeZ

F= C;—n;v = ivm?c?/h. (5.5)

OTa cuia He 3aBUCHUT OT 3HAKa MacChl YaCTUIIEI.

B KOMIIJICKCHOM HpOCTpaHCTBe CKOpOCTI) BpaHIeHI/Iﬂ 158 HOJI)IpI/I?;aHI/IOHHO-peaKTI/IBHaﬂ CUuJia ABJIAKOTCA
KOMIIJICKCHBIMH BCIIMYMHAMM. Korz{a OAHAa N3 KOMIIOHCHT HOJI?IpI/I?,aIII/IOHHO-peaKTI/IBHOfI CHUJIBI Zlef/'ICTByeT
napajieIbHO CKOPOCTH BpalleHHs, a Jpyras HalpaBjieHa BIOJIb €r0 OCH, BO3MOXXHO CaMOYCKOPEHHS
BpaHIGHI/Iﬂ BMECTC C BO3HHKHOBCHHCM aKCHaHbHOﬁ CHUJIBI. 3TI/I KBAHTOBBIC CHUJIOBBIC 3(1)(1)61@1,1 HUMCHOT
YHUBEPCAJbHBII XapakTep W MPAKTUUYECKOe IpuMeHeHue. M3-3a KBagpaTUyHON 3aBUCHUMOCTH OT
BpallaroLencs MacChl BO3MOKHO CO3/IaHHE POTOPHBIX KBAHTOBBIX TATOBBIX YCTPOMCTB, B TOM YHUCIIE U JIs
MPEOJOJIEHUs TpaBUTAUMU. TakuM pealn30BaHHBIM YCTPOWCTBOM, KakK II0OKa3aHO B [2], SBISJIUCH
netaromue Bpamatomuecs nucku Jx. Cépna, coznanHbeie UM B cepennne 20-ro Beka.

Korna Bpammaromuiics MakpooObEeKT CTAHOBUTCS KBAHTOBOM CUCTEMOM cPeprudeCKU-CUMMETPUYHOTO
npocTpaHcTBa BceneHHOH, Tje HeT HEOOXOAMMOTro Ui B3aWMOJICHCTBUS BBIACIEHHOTO HAMpaBJICHUS, B
HEM €ro CKOpPOCTh COXpPaHSIeTCS, a MUMITYJbC M WHEPTHas Macca MaKpOOObEKTa CTAaHOBSITCS HYJIEBBIMHU.
Vcue3sHoBeHHE WHEPTHOW MacChl NPOUCXOAUT B pe3yabTare TeHepaluid B (PU3UYECKOM BaKyyMe
KBa3U4acCTHIl C OTPUIIATEFHOM MacCcoil B KOIMYECTBE, KOMIIEHCHPYIOIIEM HHEPTHYIO MacCy MakKpOOObEeKTa.
DT0 ompeenseT Maccy KBazudactuilel m = —M /N, tae M — macca Bpamiaromerocs o0bekra, a N — 9ucio
€ro KBasnyacCTulIl.

KBa3I/I‘-IaCTI/IHI)I B3aI/IMOI[eI\/'ICTBYIOT C BpaIIIaI-OIIII/IMCﬂ MaKpOO6’b€KTOM, KOoraa OHU U Bpama}omne nux
WHEPIMOH-TPABUOHHBIC TOJISI 00pa3yloT MOJSIpU3AIlMOHHBIE MYJIBTHILIETH. MakpooOobsekT BceenenHoi B
OTJIMYHME OT KBa3MYacTUIl (PU3MYECKOTO0 BaKyymMa HE MMEET BKyCOBOro 3apsiaa. [loaTomy OH MoOXeT
B3aMMOJICHCTBOBATh TONBKO C Tk ,-TIIETaMH KBa3UYACTHUII, UMEIOIINX BCE MITh BKYCOBBIX 3apsaaoB. O01iee
YHUCII0O CHHXPOHHO BPAMIAIONIUXCS C MaKpOOOBEKTOM M B3aUMOJEHCTBYIOIIUX C HHUM KBa3MYaCTHII
cocrapnser N = (mk,)®, 1 NONApU3aMOHHO-PEAKTHBHAS CHIIA, AEHCTBYIONIAS HA BPAIIAIOIIYIOCS MACCy
M, paBHa

M?2c?

——v 5.6
(”k4)10h ( )

OTO COOTHOIIEHHWE HAIJIO KOJWYECTBEHHOE MOATBEPKICHUE TIPU PAaCCMOTPEHUH  pAla
SKCIIEPUMEHTOB U NIPUPOIHBIX siBIeHMH [1, 2, 11, 28].

F =
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Camoyckopenne Bpamienusi. CaMoyCKOpPEHHE BpalleHHs POTOPa BO3MOXKHO, €CITH cuiia TpeHust F' <
F. 3to ycnoBue onpeaenseT KpUTUYECKYI0 CKOPOCTh BPALEHUS Uy, IPH KOTOPOI CTaHOBUTCS BO3ZMOYKHBIM

CaMOYCKOPEHHE €0 BPaICHHS:
2,2
F = %(u — Uyy) (5.7)
KBaHToBBIli 3(PPEeKT caMOyCKOpPEHHs BpallleHUsS B KOMIUICKCHOM IPOCTPAHCTBE HE CBS3aH C
HepapXHUCCKUM YPOBHEM BEIIECTBA, M IIOTOMY MPOSBIISET ceOs B Ipolieccax BeeaeHHOH caMoro pa3Horo
Maciitada.
HewnsBecTHast cerojiHs MOJSAPU3AIMOHHO-PEAKTUBHAS CHJIa SBISETCS YHHBEPCAIbHBIM KBaHTOBBIM

addexTom, peann3yronmM JaIbHOACHCTBIE U MPOSIBILSIONINM ce0sl Ha BCEX HePApXUIECKUX YPOBHSIX.
5.2.2. O0 u3Bje4eHUH 3Heprum u3 pu3nuecKoro Bakyyma v (peHoMeHe JIeBUTAIUH

Bo3M0oxXHOCTB MOTyueHHs U30BITOUHONM YHEPTUHU CEroaHs (PH3UKOI OTPHUIIAETCS HECMOTPSI Ha TO, YTO
OHO 0OHAPYXKEHO B psAJIe IKCIIEpUMEHTOB. [IpnunHa B TOM, 4TO NOJIy4eHUE U30BITOUHON S3HEPTUN CUUTAETCS
IIPOUCXOJSAIINM B NMPOCTpaHCTBE BeeneHHol (4To HapylIaeT B HEM 3aKOH COXPAaHEHUsS HEPIHH), a HE B
IIPOCTPAHCTBE €€ MPOTOCTPYKTYPHI, OTKY/1a U3BJICKACTCS IHEPTHUA.

KBaHTOBasi Teopusi MOPOXKIAIOLIET0 TPEHUE B3aUMOIECUCTBUS UI€ATbHOM KUIKOCTH € (PU3UUECKUM
BaKyyMoM faHa B [13], rae BBIYMCICHHBIA KOXQQHUIIMEHT TPEHUS Il HhIOTOHOBCKOM YKUIKOCTH 0OpaTHO
IIPONOPLMOHAIIEH MAcCe MOJIIPU3YIOIIMXCSA KBa3MYACTULl U UMEET J[Ba 3HaKa. SIBIEHUA ¢ OTpULIATEIbHBIM
TPEHHUEM TO3BOJISIFOT U3BJIEKATh YHEPTHIO U3 (PUINUECKOTO BaKyyMa.

DddexT camoyckopeHus BpaleHus OblT 0OHAPYKEH U UCIIOJIF30BaH B CEperHe MPOILIoro Beka JIx.
Cépnom, cozmaBmmM OecTOUIMBHBIE poTOpHBI reneparop sHeprun (BTT) u neraromme nucku. Cépiy
yaanock coznatb U 30-xkunoBartHbeld BTI, cHaGkaBmIMK €ro MOM AIIEKTPOIHEpPTHEld B TEUEHHUE Tpex
JIECATKOB JIET, HO OH HE CyMeJl JOKa3aTh, YTO HE Kpaj 3Hepruto u3 cerei. [locne Toro kak Cépn Bhilen u3
TIOPBMBI, OH HAIIIEJ CBOIO JIabopaTtopuio pa3pyiieHHo. [lonbiTku noctpouts aHanoruunbiii BT Ha HOBOM
MECTE OKa3aJIMCh JJIs1 HErO HEyAauHbIMHU.

BTI" momHOCTBIO 7 KBT ¢ caMOyCKOpSIOIMMCS pOTOPOM M CHJION aHTUTPAaBUTALMU NpuMepHO 120
KI' yZajaock co3narh U uccinenoBatk A. Pomuny u C. Toguny, cymeBIIMMEU onyOJIMKOBaTh 3Ty padoTy B
peueHsupyemoMm kypHane [27]. Popmyna (5.7) maer pacyeTHble 3HAYEHHS] MOLIHOCTH M CHJIBI
aHTUTPaBUTALMM, COMIACYIOIIMECS C MX JKCIIEpUMEHTAIbHBIMU BenuunHaMmu. ComtacHo [28], B 3TOM
YCTaHOBKE MCTOYHUKOM IOJIy4aeMOM MEXaHUYECKON SHEPTHH SBJISUIACh TEIUIOBask SHEPTUsl aTMOC(epsl, U
€€ IPOTOCTPYKTypa UMela HEOOXOIMMBIH 711 3TOro O0JIbIION 00bEM MPOCTPAHCTBA, B KOTOPOM BO3HUKAIH
KOHIIEHTPUYECKHE MarHUTHBIE CIIOU.

Hapsiny ¢ TaHreHnumaiapbHOM CHIIOM, pacKpy4HMBAIOLIEH PpOTOpP TIeHEparopa, yCTaHOBJIECHHOIO Ha
MpYyKMHAX, BO3HUKAJIa BepTUKaJIbHAs cuita. CxkaTue Mpy»KUH ITO3BOJIMIIO ONPEAEIIUTh €€ BETNYUHY (OKOJIO
120 xI'), koTOopasi oka3anach COOTBETCTBYIOIIEH 3HAYEHHUIO MOJSPU3ANMOHHO-pEaKTUBHON cuibl (5.7). B
3aBUCUMOCTH OT HaIIpaBJICHUS BpAlICHUS pOTOpa BEPTHKAJIbHAs CUia MEHsula HanpasieHue. [locrponts
aHaJIOTMYHBIE padoTaroIINe YCTAHOBKH B JIPYTHX JIaDOpaTOpUsIX aBTOpaM HE yAaJIOCh.

CamMoyckopeHHre BpalleHUsl ABISETCS OAHMM U3 CIOCOOOB W3BJIEUEHMSI SHEPTUU U3 (PU3NYECKOTO
BakyyMa. Jlpyrue crnocoObl Takke HCMOIb3YIOT MEXaHU3M MOJSpU3AlMM €ro PHEPTUHU U H3BJICUCHHE
TEHEpPaToOpOM €€ IOJIOKUTENIBbHON KoMIoHeHThl. Heckonbko BuoB kBaHTOBBIX BTI' paccMmorpens! B [1 u
11].

Cornacno CMMU, Hanbonee u3BeCTHBIM U JaBHO pabotarouum BT sBisieTcst poTopHas ycTaHOBKa
«Tecratuka» MomHocTbio 30 kBT, co3mannas mactopom II. Baymanom B penurmo3Hoit oOmmHe B
[IBeiinapun. Ee uepTeku €CTh B MHTEPHETE, HO MOCTPOUTH aHaNIor « TecTaThke)» noka HUKTO HE CMOT.

B [11] omHOl M3 BO3MOXHBIX MPUYMH HEy/Aad B MOMBITKaX MyOnupoBaTh onmucaHHble Beime BTT
Ha3BaH APPEKT MECTHOCTHU: MPeIoaraeTcs, YTo paboTaBIINe YCTAHOBKHU C CaMOYCKOPSIOIIMMCS POTOPOM
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ObUTM TIOCTPOEHBI B T€OAKTHUBHOW 30HE C KOMIUIEKCHBIM MPOCTPAHCTBOM (PU3UYECKOTO BaKyyma, 00beM
KOTOPOTo oOecreurBail 0T00p Hy>KHOM MOIITHOCTH.

B nagane 2019 roga B CIIA ¢upmoii IEC paspadoran BT "Earth engine" ¢ Bpamarommmucs
MarHuTHeIMH auckamu. [lociie orpadotku 30 mpotoTumnos B 2022 roxy co3aHbl TeHepaToOpbl MOIITHOCTHIO
7-25 xBT. D10 Mo3BoauiI0 pupMe HauaTh MPOJIAXy BbIpabaThIBAEMOW UMU 31eKTpodHepruu. B 2023 romy
coobieHo o nonbiTke coznanus B 0. Kopee 6e3poTopHOro MomyapHOro reneparopa MOUIHOCThIO 10 10
MBT.

PazBuTHe 3TON QOPMBI «3€TIEHOW» IHEPTETHKU TOPMO3UTCS CYIIECTBYIONIMMH MPEICTABICHUSIMH O
HEBO3MOXXHOCTH TOJIyYeHHUS] M30BITOYHOW PHEPTrUU H3-3a HAPYIICHUS 3aKOHA COXPAHEHHSI SHEPTUU BO
Bcenennoii. Ho Beenennas He siBIsieTCsl 3aMKHYTON CHCTEMOM, UTO MOATBEPKIACTCS U paboTatomumu 6e3
TOIUIMBA T€HEepaTopaMu. ABTOHOMHOCTb 3THX I€HEPATOPOB OOECIIEUMBACTCS UX KOHCTPYKIIMEH, KOTOpas
coznaet 3 dekt Gopmsl [ 1], MpUBOAAIIHIA, B JACTHOCTH, K Pa3IeICHUI0 KOMIUIEKCHOTO TPOCTPAHCTBA MX
MIPOTOCTPYKTYPHI HA JEHCTBUTEILHOE U MHUMOE MOJITPOCTPAHCTBA.

B [1] paccmorpena ¢usuka pabotel reHeparopa, IC KoToporo cosmaercsi pasaeiieHueM
SNEKTPUYECKUX 3apsiIoOB B MHUMOM IOANPOCTPAHCTBE (PU3MUECKOrO BaKyyMa, W TeHeparopa C
CaMOYCKOPEHHMEM BpallleHHs] POTOpa, CIOCOOHOro co3jlaBaTh TATy B ThicsuM KI. OTo gemaer ero
MEPCIEKTUBHBIM JJIsI CO3/IaHUSI HE TOJIKO TeHepaTopa SHEPTHH, HO U CYXOIMyTHBIX, BOJHBIX, BO3AYIIHBIX U
KOCMHYECKHX TPAHCIIOPTHBIX CPECTB.

JleButauus. 13 (5.7) cnemyet, 4To BEepTUKAIbHOE YCKOPEHHE, OTHECEHHOE K I'PAaBUTAIMOHHOMY
YCKOPEHHIO, PAaBHO

a
i 0,44 M (toHH)(u — u.-)(M/c) (5.8)
a
JleBUTAIIMH COOTBETCTBYET ph 1. Yem Goubilie Macca 0ObeKTa, TEM MEHBINAss CKOPOCTh BPAIECHUS

HYKHa JUI JOCTH)KEHUS JICBUTALUU.

[TposiBneHre aHTUTPAaBUTALIMOHHOM CHUJIbI HAOIIOAJIOCHh Y’KE 1aBHO B HEKOTOPBIX SKCHEPUMEHTAX C
BpamaromuMucs rupockonamu [2]. CpaBHEHHE IPOBENEHHBIX pAacuye€TOB C OSKCIEPUMEHTAIbHBIMU
JAHHBIMU TTOATBEPXKIAET, YTO 3TOT AHTUIPABUTALMOHHBIN 3P(PEKT U caMOyCKOpEHHE BPALICHUS UMEIOT
KBaHTOBYIO MOJIIPU3ALMOHHYIO IPUPOLY.

Jis moctaTouHo OONBIIMX BPALAIOIIMXCS MAacC aHTUIPABUTAIL[MOHHBIA 3(PQEKT MOXKET CO3/1aBaThb
COCTOSIHME JIEBUTALUHU, IIPUPOJIa KOTOPOMl ocTtaercsa cerogHs 3araakod. Kak mokasano B [1], neBuranus
BO3HUKAET U B KPYITHOMACIITaOHBIX aTMOC(HEPHBIX BUXPEBBIX Ipolieccax. ITOT 3P PeKT Jaxke B MEJIEHHO
BpALAIOILENCS MarMe CIOCOOEH pa3pyllaTh 3€MHYIO KOpY, BbI3bIBas 3emieTpsiceHus. CamMOyCKOpeHue
BpAllleHHs U aHTUTPABUTALMOHHBIN KBAHTOBBIM A(P(PEKT UIpalOT BaXHYIO pOJib U B (PuU3uKe 0OBEKTOB
Bcenennoii, HO aCTpOHOMMEN M KOCMOJIOTHEN CelYac HE YUYUTHIBACTCSI.

5.3. 3emuis1 m ee arMocepa
5.3.1. ArmocdepHbIe IBJICHUS

MlapoBas moanus. B armocdepe 3emnu ecth (peHOMEHBI ¢ HEOOBIYHBIMU MPOSIBICHUSMU,
OOBSCHUTH KOTOpBIE 10 CUX MOp He ynanock. [Ipumepom sBisieTcs mapoBasi MOJIHUS, UCTOPUS KOTOPOH B
Hayke Juintcs 6onee 200 ner.

Hekotopble HEOOBIYHBIE CBOWCTBA IIAPOBOM MOJHHUM, TakKue KaK JBIKCHHE IPOTUB BETpa W
MOSIBJICHHE B €€ cJIe/Ie OTCYTCTBYIOIIMX B BO3yXe XMMUYECKUX AJIEMEHTOB U COCMHEHUH, YKa3bIBAIOT Ha
KBaHTOBYIO NPUPOAY IIAPOBOM MOJHUHU M €€ CBSI3b CO CBEPXMPOBOISIIMM KOHJIEHCATOM (U3UYECKOTO
Bakyyma. I[lostomy B [8] Oblma paccMOTpeHa KBAaHTOBas MOJENbh IIAPOBOM MOJHUM Kak OOBEKTa
KOMIIJICKCHOT'O IMPOCTpaHCTBa, IO3BOJIMBIIAA OOBSICHUTH JO0CTAaTOYHO IHI/IpOKI/Iﬁ CIICKTP €€ HEOOBIYHBIX
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CBOKMCTB. DTOT IpHUMEpP MOATBEPKIAET, YTO B MPOTOCTPYKType arMocdepsl 00pazyrorcs (hparMeHTHI
poxnaromiero BTCII-koHaeHCcaT MHUMOTO NMOAIIPOCTPAHCTBA.

Ob0naka. B nonumanun (GOpMHUPOBAaHUS U CBOWCTB OOJAKOB TaKXKE CYIIECTBYIOT IMPOOJIEMBI.
Hanpumep, 10BOJIBHO TPYAHO, OCTABasICh B paMKaxX MPUHATHIX MPEICTABICHHUHA O TPOCTPAHCTBE, OOBSICHUTH
npoTuBopeyaliee 3akony Kyinona pasnenenue B o0nake 371eKTpruueckux 3apsaaoB. Oco6eHHO, eclii y4ecTb,
YTO B CHJIBHBIX TPO3aX OHO JIeTaeT BO3MOXKHBIM €KECEKYH/IHbIE MOLIHBIE Pa3psiIbl MOJTHHM.

Ho B Momenn o0nakoB ¢ KOMIUIEKCHBIM HPOCTPAHCTBOM MOSIBISETCS S((EKTUBHBIA MEXaHU3M
pasznenenus 3apsinoB. Ecin oGnaka paccMaTpuBaTh Kak (PU3NUECKYI0 CHCTEMY C MHUMBIM MTPOCTPAaHCTBOM
UX IPOTOCTPYKTYPHI, TO B HEM H3-32 U3MEHEHHS 3HAKa KyJOHOBCKOM CHIIBI JIEKTPUYECKHE 3apsI/Ibl Pa3HbBIX
3HAaKOB OyayT oTTankuBaThcs. OOpasyromieecs: 3JIEKTPUUECKOe IMOoJie B JIEHCTBUTEIBHOM IMPOCTPAHCTBE
arMocdepsl, pazaenss pa3Ho 3apsbKEHHBIC PparMeHTHl 001aKa, OPMUPYET €ro AMEKTPUICSCKH aKTUBHYIO
cTpyKTypy. OueHb pe3kas rpaHuLia 00JIakoB 00yCIIOBIEHA, I0-BUIMMOMY, TPAHULAMH TOPOKIAIOIIET0 UX
MHHUMOTI'O IPOCTPaHCTBA NMPOTOCTPYKTYphl. Habmronas 3a oOpa3oBaHMeM U MepeMelieHneM 00JaKoB, Mbl
[OJy4aeM IpEJCTaBICHHE O IMHAMUKE W3MEHEHUH KOMIUIEKCHOIO IPOCTPAHCTBA IPOTOCTPYKTYpPbI
aTMocdepshl.

To, uro o0OyciOBIEHHBIE JACHCTBUTEIbHBIM M MHUMBIM IOANPOCTPAHCTBAMM  CBOMCTBa
IPOTOCTPYKTYphl aTMoc(epbl HEOAHOPOAHBI, WUIIOCTPUPYET M HPEPHIBUCTHI HWHBEPCUOHHBIA Clel
camosieToB. Jlonro coxpansromuiicss oOnauHblii ciex oOpasyercs B TeX obOnacTsax arMmocdepsl, Iie
IPOCTPAHCTBO (PU3MUYECKOTrO BaKyymMa MHUMOE. B 30He ke neficTBUTENIEHOIO MPOCTPAHCTBA (PU3UUECKOrO
BaKyyMa cief] ObICTpO paccenBaeTcsi B armocdepe nocpeacrtsom auddysun.

BbI3BaHHAs CTPYKTypOil KOMIUIEKCHOTO HPOCTPAHCTBa HEOAHOPOJHOCTh CBOMCTB armocdepsl
IIPUBOJIUT U K HOSIBJIICHUIO B HEW BUXPEBBIX SBJICHUM.

CoznaBaemblil  MOJIIPU3ALMOHHO-PEAKTUBHON CHUJIOW AHTUIPAaBUTALMOHHBIA BHXpeBOH 3(ddexr
CIOcO0eH OOBSCHUTH JIEBUTANIO 00JaKoB. JIoKambHBIE BUXpPH PAa3HON CHIIBI M MacimTaba B oOiakax
CO3JIal0T IOJBEMHYIO CHIIY, CHOCOOHYIO KOMIIEHCHpPOBAaTh CHIIy TSDKECTU Kamenab obOnaka. Hapymienue
0anaHca 3TUX CHJI TIPU Pa3BUTHH BUXPEBBIX MPOLECCOB MPUBOIUT K MOABEMY HIIM OIMYCKAaHUIO 0OJAaKOB,
POCTY HX T10 BBICOTE H BBITIAICHUIO OCAIKOB. BhInaieHue 0caKkoB MOXKET BBI3BIBATH TAKXKE Pa3psii MOJITHHH,
NPUBOIIMK K HapylIaomeMy OajaHC CHJI JIOKAIFHOMY YMEHBIICHHUIO 3JIEKTPUYECKOrO TOJs o0iaka,
yAEepP>KUBABIIETO OAMHAKOBO 3apsHKEHHBIC KaIlTd 00Ja9HOTO ovara.

MBI BHIIUM, YTO KOMILIEKCHOCTH TPOCTPAHCTBA OOJIAKOB TTO3BOJISIET €IMHBIM 00pa3oM MOJOWUTH K
PEILIEHUIO 3TUX TPYAHBIX AJis (PU3UKHU 00JIAKOB MPOOIIEM.

5.3.2. AtmocdepHbIe BUXPH

Oo0Opa3oBanue armocepHbIX BUXpei. MexaHu3M 00pa3oBaHus IMKJIOHOB U CMepuell B HAacTosIIee
BpeMs He ycTaHoBiIeH. llpeamonaraercsi, 4TO pOKIEHUE LMKIOHOB BBI3BAHO BpalllCHUEM 3eMIIM U
CTOJIKHOBEHHMEM TEIUIBIX M BJIAXHBIX MacC BO3JyXa C XOJOJHBIMH, IIPHM KOTOPOM BBIAEISAIOLIASCS IPU
KOHJICHCAIIMH BJIaTr¥ DHEPIHs NEPEXOAUT B KUHETUUECKYIO SHEPTHUIO BpalleHuss. OCHOBHOM TPYAHOCTBIO B
¢u3uke 00pazoBaHUs KPYITHOMACIITAOHBIX aTMOC(HEPHBIX BUXPEH SBISETCS YCTAHOBJIEHUE UCTOYHHKA X
KMHETHUYECKON SHEPruM, a TaKKe MEXaHU3MOB (DOPMHUPOBAHHS MX OTPOMHBIX MOMEHTOB KOJIMYECTBA
JBYDKEHUS U yZiepKaHHs Ha OpOuTe BpalllaloIIUXCs Mace BO3aAyXa.

B runpoariHaMuke Takux MEXaHU3MOB HET, HO OHM BO3MOJKHBI B KBAHTOBOM CHUCTEME, 1€ YACTHIIbI
YAEP)KUBAIOTCSI HA KBAHTOBBIX OPOUTAX pagualbHON MOJIIPU3AIIMOHHO-PEAKTUBHON CHUJIOHN, CO3/1aBaeMOit
nosisipu3anueii 0030HOB C KOMIUIEKCHOM Maccoil. Ee oTpunarenbHas aeiicTBUTENIbHAs KOMITOHEHTA
KOMIIEHCHpYET Maccy atMocdepHoro (parMeHTa BHXps, U BO3HHKAET KBAaHTOBas CHCTEMa C HYJIEBOM
MHEPTHOM Maccoil, Ha KOTOpYIO HE JeHCTByeT LEeHTpoOekHas cuia. TaHreHnuaabHas KOMIIOHEHTa
MOJIIPU3ALMOHHO-PEAKTUBHON CHUJIBI  YCKOPSIET ATOT aTrMOC(EpHbI BHUXPb, KOTOPBIH TMOJIy4YaeT
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MOJIO’KUTENIbHYIO0 KHHETUYECKYIO SHEPTUIO, BBIACIAIONLYIOCS IPU YCKOPEHUH JBUKYIIUXCS B (PU3HMUECKOM
BaKyyMe C TOH k€ CKOPOCTbIO O030HOB C OTPULIATEIBHOMN SHEPTHEH.

Korga ke BO3HHKaeT OTTOK 3HEpPruM u3 armochepsl B (U3NYECKUA BaKyyM, NPUBOMSIIAN K
3aTyXaHUIO aTMOC(EPHBIX BUXpEH, TO (popMuUpyeTcs aHTULUKIIOH.

Poxnatonuecst B pusnueckom Bakyyme BUXpsi 0030HBI JBMXKYTCSI Ha KBaHTOBBIX opOuTax. Ilostomy
B 30HE BHXpS J0 HMX IEPBOH KBAaHTOBOW OPOUTHI BpalllEeHHE BO3AyXa OTCYTCTBYET. OJTO «IJIa3»
aTMOC(epHOrO BUXPs, BOKPYT KOTOPOTrO BpaIlaeTcsi BO3AyIIHAs Macca. Takas IByX30HHasi CTPyKTypa
aTMOC(EepHOTO BUXPsI XOPOIIO BBIPAXKEHA B TOPHAJO U TPOITMYECKHX ITUKJIOHAX, B KOTOPBIX «IJIa3)» BUXPA
OKPYKEH «CTEHKaMI» U3 IIOTHBIX 0OIAKOB.

Pangnyc «ma3za» R M CKOPOCTh BpAaIllEHHUs BO3JyXa Ha €ro TPaHULE VU OINPEACISIIOT Maccy
poxaaronerocs 6030Ha:

h
T

Tak kak OGO030HBI POXKIAIOTCS MyJIbTHUIIETaMH ¢ umciaoMm uactun N = (mk,)® = 3-10%%, T0

yaepKuBaeMasi Ha BHyTpeHHEH opOuTe BUXPs Macca ero pparMeHTa COCTaBUT
Nh
=

Jns «rnaza» mukiaoHa ¢ R = 30 kM u v = 30 M/c mMacca KBaHTOBOTO (pparMeHTa BUXPS U = 3 -
107 r, T.e. comepxut nopsaxa 102 monexyn Bosgyxa.

Bo Bpamatonieiics o6nactu BUXpsl BEpTUKAJIbHAs KOMIIOHEHTA IOJIIPU3aLMOHHO-PEAKTUBHON CHUJIBI
CO3/1a€T BOCXOASIINN IOTOK BO3/1yXa, HOPOXKAAIOIINI B 00JIACTH «IV1a3a» HUCXOASALIUI OTOK.

B MHMMOM monmpocTpaHCTBEe (U3UYECKOrO BaKyyMa IMPOTOCTPYKTYpBI aTMOC(EpHOro BUXPS MpH
POXAEHUH JIENTOHOB BTOpOro nuepoyposHs oOpasyercss BTCII-konaencar. B nem npoucxoaut oopazoBaHue
LIBETOBBIX U BKYCOBBIX 3aps/I0B U UX KOMOMHUPOBAHHBIX MoJiell. HepLHOH-TpaBUOHHBIE MOJISl TPUBOJAT
k mnoseiaeHuto B BTCII-xkoHaeHcare BHUXPEBBIX CTPYKTYpP C HOBBIMH KBAaHTOBBIMH COCTOSIHUSIMM,
YBEJIMUYUBAIOLIMMHU JITUTEIBHOCTD MOJSIpU3aliMoHHOro 1ukia (Bpemenu >xu3Hu) BTCII-konnencara B
IIPOTOCTPYKTYPE BUXPS U, KAK CIEJICTBUE BPEMsI )KU3HU aTMOCHEPHOTO BUXPSI.

B »Toii Momenu UMKIOHOB POJIb BpallleHHs 3eMJIM CBOAUTCA K CO3JAaHUIO0 KPYIMTHOMACIITaOHBIX
MaCCHUBHBIX BUXpeH ¢ HEOOIBIIMM MOMEHTOM, BO3PACTAIOLINM [0 MEPe YCKOPEHMSI X BpallleHHs.

MexaHu3M pa3BUTHS aTMOC(EPHBIX BUXPEN 3aBUCHUT OT UX Pa3MEPOB.

N3-3a orpoMHBIX MacITabOB IIMKJIOHA B €ro MPOTOCTPYKTYpe 00pa3oBaHUE CIUIOLUIHOTO BUXPS HE
IIPOUCXONIUT, TaK KaK MMEET MECTO KOHLEHTPAIMs OJAMHAKOBBIX AJIEKTPUUYECKHX 3apsiioB B OOJAUHBIX
CTPYKTypax, KOTOpbIE SBISIOTCS JIEBUTHUPYIOIIMMHU (parMeHTaMH LUKIOHHYecKoro Buxps. ITostomy
IUKJIOHBl — 3T0 ()parMEHTUPOBAHHbIE BUXPH C 00pa3yloUIMMHCA O0JaKamMH, BHYTPH KOTOPBIX MOTYT
POXKIAIOTCS  CIUIOLIHBIE aTMOcC(epHble BHXpH, oOOpasylolMe 3apshkeHHble ouarn ooOmaxoB. Ilpu
OIpeJIeNIEHHBIX YCIOBUAX BUXPU OOJIAKOB CLIOCOOHBI MOPOXK/IaTh CMEPYH.

Hepapxuyeckas Monejb 00pa3oBaHUsi NMPOTOCTPYKTYPbI armocgepnoro Buxpsa [1]. B ero
MPOTOCTPYKTYpE MOCIEI0BATENbHO POKIAECTCS g-TIJIET BKYCOBBIX 3apsAloB (¢ < 5), KOTOpbIE MOPOKAAIOT
B ee BTCII-koHeHcaTe g-TuleT MHEPLUMOH-TPAaBUOHHBIX IOJIEH, CO3AI0IINX B HEM BUXPU M POTOHHBIE
BO30YXK/ICHUS.

HauOonbimnit nepoypoBeHb JENTOHOB, POXKJAOIIUXCS TPH UX 00pa3oBaHUK 0030HAMU CO CIIMHOM 3,
Tpetuil. B ciyuae TpexsenToHHOro Kiactepa Bpems oOpazoBanus BTCII-koHneHcara, Kak BBIYUCIECHO
BBIIIIE, COCTaBIIAET 89 ceKyH 1. B MHMMOM OAIPOCTpaHCTBE MPOTOCTPYKTYPBI BUXPS 8 IPOCTPAHCTBEHHBIX
COCTOSIHUI, BpEMsI CyIIECTBOBAHUS B HUX BUXPA B § pa3 O0JIbIIIe U C TOYHOCTHIO JI0 MPOLIEHTA COCTABIISET
12 munyT. 310 Bpems xu3nu BTCII-koHeHcaTa, B KOTOPOM JIENTOHBI POXkKAAIOTCS 0€3 BKYCOBBIX 3aps0B.

BxycoBoii 3apsa nonasipusyeTcsi Ipy poOXkKACHUN Maphl YaCTHUL] BIOJIb OJHOTO U3 IPOCTPAHCTBEHHBIX
U3MEPEHU, T.e. POKIAaeTCsl OKTET YaCTHUIl C OJHUM U3 BKYCOBBIX 3apsaa0B. [loaTroMy npu ob6pa3oBanuu q-
TuIeTa 3apsA0B YKCiIo KBaHTOBBIX coctosiHmit BTCII-konnencara Bo3pacraer B 87 pas, 1 BO CTOJBKO ke pa3
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YBEJIMYUBAETCS €0 00BEM U BPEMSI JKU3HH, KOTOpoe paBHo 89 - 8971

c. IToaTromy nepapxuyeckuil ypoBeHb
BUXPSl MO)KHO XapaKTepU30BaTh YUCIOM 00pa30BaBIIMXCS B HEM BKYCOBBIX 3apsi/iOB (.

B Ta61. 5.2 npusezensl Bpemena (89 - 8971 ¢) u pacueTnbie 00beMbl { BUXPEBBIX 3,-KOHECHCATOB B
3aBHCUMOCTH OT YHMCJIa CO3JAI0IINX BpallleHUe HHEPLUOH-TPaBUOHHBIX M0JIEH ¢ IIPU TIOJHOM 3allOJHEHUU
OKTETOB NPOCTPAHCTBEHHBIX COCTOSHHUM. B peanbHOCTH 3amoiHEeHue BpalaTelbHbIX COCTOSHUN MOXKET

OBITH YaCTHYHBIM.

Ta6x. 5.1. Bpemena >xu3Hu 1 00bEMbI BUXPEBBIX 3,-KOHIACHCATOB.

q 1 2 3 4 5
T 12 mun-1,5 vac | 1,5-12 gac | 12 gac- 4,1 cyrtok | 4,1-33 cyTok | 33 -264 cyTok
Q (xm°) 10° 8-10° 6,4-10° 5,1-107 4-10°

[Tpu q = 5 Boszuukaetr BTCII-koHIeHcaT, B3aUMOJCHCTBYIOIIHI CO BCEil aTMOChEpOoi.

Takum o0pa3zom, oOpazoBaHME KPyIHOMACIITAOHOIO aTMOC(EpPHOro BUXpsl MPOUCXOJUT TaM, IJIe B
(bu3nIecKOM BaKyyMa UMEETCS JOCTAaTOYHO 00BEMHOE MHUMOE MOIIPOCTPAHCTBO, B KOTOPOM JICHCTBYET
MOJIIPU3ALMOHHBIN MEXaHU3M POXKJIEHUS! BKYCOBBIX 3apsiI0B U JIEIITOHOB BTOPOT0 UEPOYPOBHSI OO30HHBIM
II0JIEM CO CIIMHOM 3.

MoxHO noJyiarars, 4To 00pa30BaHUE BOAHBIX BUXPEW MPOUCXOIUT AHAJIOTUYHBIM MEXaHU3MOM.

CpaBHeHHe Mo/ie/ 1M aTMOC(EPHBIX BUXPel ¢ SMIMPUYECKHUMH JaHHBIMH. ATMOC(EpHbIE BUXpU
Mbl OyaeM paccMaTpuBaTh KaK KBAaHTOBBIE MaKpOOOBEKTHI C KOMILIEKCHBIM IPOCTPaHCTBOM
MPOTOCTPYKTYpPBL. DTO TO3BOJIIET CPAaBHUTH HAOIIONAaEMble BpEMEHA JKM3HH M OOBEMBI aTMOCQEpPHBIX
BUXpEH ¢ MJaHHBIMH TaOi. 5.2, TIe BUXPH KIACCH(PHUIMPOBAHBI MO YHCIY WHEPLUUOH-TPAaBUOHHBIX TOJIEH
¢u3nvecKoro Bakyyma, cOpMHPOBABIINX HEPAPXUUECKYIO CTPYKTYPY BHXAL.

Poxnenne B ¢usmyeckoM BakyyMe OONAarOIIMX ~MOMEHTOM  KOJMYECTBA  JIBHIKCHHUS
(byHIaMEHTAIBHBIX YaCTHI] IPUBOIMT K TOSBICHUIO Y HUX HE TOJBKO MPOCTPAHCTBEHHBIX COCTOSHHMA, HO
U CTOJIBKO K€ BUXPEBBIX COCTOSHUMN, UTO YUUTHIBAJIOCH IIPU ONpeAeeHuu 2.

HoBoe BkycoBoe mnose nposiBisieT cedst py NOJSpU3aLud BUXPEH yKe B OJJHOM U3 TPeX U3MEPEHUH,
YTO COOTBETCTBYET IEPBBIM [BYM BpAILATEIbHBIM COCTOSHHUAM. [l03TOMy mposiBI€eHHE HOBOTO BHXDA
MPOUCXOIUT MpH 3HaYeHUAX T u  BYeTBEpO MEHBIIUX MAKCUMAJIBLHOIO 3HAYEHUs, IPUBEIEHHOTO B Ta0II.
5.2. Ee naHHBIE HCIIOJB3YIOTCS HMJKE NP CPAaBHEHUHU MOJEJIEH BUXPEBBIX CUCTEM C AMIMPUYECKUMU
JaHHBIMU U3 [29].

Luknonvi. OHU SIBIAIOTCS CaMbIMU KPYIMHBIMM aTMOC(EpPHBIMU BHUXPSIMH, POXKJIEHHUE KOTOPBIX
MIPOMCXOUT B CPETHEIIMPOTHBIX U 3KBATOPUATIBLHBIX 00JacTIX 3eMiau. MOXHO MPEANOI0XKUTh, YTO 3Ta UX
MPUBSI3Ka K MECTHOCTH CBSI3aHA C I00AIbHONW CUMMETpHUEN MPOCTPAaHCTBA (PU3NYECKOTO BaKyyma 3eMIIn —
€ro CUMMETPUSIMH J0AEKa3/Ipa U UKOCad/Ipa, B KOTOPBIX MPOUCXOAUT 00pa30BaHUE IIBETOBBIX U BKYCOBBIX
3apsA70B M MX KOMOMHUpPOBaHHBIX mojeil. Ecinu pomycTtuts, 4ro oOpa3oBaHME LMKIOHOB CBSI3aHO C
CUMMeTpUel rpaHel 1o/1eKadipa, a TPONUYECKUX IIUKIOHOB — paHel MKocadipa, To 001acTb 00pa3oBaHUs
TPONHUYECKUX IUKIOHOB OyneT nMeTh Auamerp okosio 6000 kM, a cpeAHEINPOTHBIX IIUKIOHOB — OoJee
7000 kM. DTO HE IPOTUBOPEUUT MaKCUMAJIbHBIM pa3MepaM LIUKJIOHOB.

Kak BuaHO u3 Tabn. 5.2, HUKJIOHBI COOTBETCTBYIOT BUXPSIM C YEThIPbMS MHEPIUOH-TPABHOHHBIMU
nojsiMu ¢usndeckoro Bakyyma (g = 4). Mcxoas U3 BpEeMEHHU KHM3HU LMKIOHOB, MPUBEACHHBIX B [29],
aTIIaHTUYECKHE IIMKJIOHBI BOSHUKAIOT MPU (POPMUPOBAHUM MEPBOI Mapbl 3TUX BUXPEBBIX COCTOSHUM (ee
BpEMs JKU3HHU 8,2 cyTOK). B aBrycre 4mnciio BUXpEeBBIX COCTOSHUIN yBEeIUUMUBaeTcs A0 Tpex (10 12,3 cyTok).
B adpukaHckuX HIUKIOHAX YHCIO PEaM30BaBIIUXCS BHUXPEBBIX COCTOSHUIN BO3pacTaeT OT MATH (TpU
HEJleNn) 10 ceMH (YeThlpe Helesn). JTO 3HAYMT, YTO COCTOSHUE CO BCEMH BOCEMBIO BpaIaTEIbHBIMU
COCTOSIHUSIMHM B BUXPSX He peanusyercs. [loaTomy He 1ocTUraeTcss U MakCUMallbHbIN 00beM BUXpei (4 -
108 km3). Cpemuumii 00beM aTIaHTUYECKUX ILHUKIOHOB MOXHO OLEHHTh IPUONMKEHHO: OH
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nopsaka 108 km3. D10 cooTBeTCTBYET 00BEMY OHOTO-IBYX BUXPEBBIX COCTOSHMIA, YTO HE IIPOTHBOPEUUT
BPEMEHH UX CYIIECTBOBAHHUS.

Cmepuu. Bpems )U3HH cMepuell BapbUPYETCS OT HECKOJIBKHMX CEKyHJ (CHEXXHBIC cMepuH) 10 7,5
yacoB (MattyHckuii cmepu 1917 roma). CoctaBHBIC CMEpUH (M3 HECKOJIBKUX BOPOHOK) U BOJSHBIE CMEPYH,
pOXKIarolyecs: HaJl BOAHOW MOBEPXHOCTHIO U uMmerotue auametrp 5-200 M, cymectBytoT 15-30 MuHyT, T.€.
HX MO’KHO OTHECTH K BUXPEBBIM CTPYKTYPaM C OJHUM HHEPLIHOH-TPaBUOHHBIM mojieM (q = 1).

MarepuHckue oOJlaka MOIIHBIX CMepYei (MX MOXXHO OTHECTH K BUXPSIM C q = 2) SBISIFOTCSA
CTPYKTYpamu ¢ ¢ = 3 U BpPEMEHEM CYIIECTBOBAHHUS JI0 YEThIPEX CYTOK.

MoriHble cMepuu pOXKIAIOTCS U3 MATEPUHCKOTO Ky4eBOro 00J1aka, OTINYUTEILHON YePTOi KOTOPOTro
SIBJISIETCSL BpAIIEHUE B TOPU30HTAJIBHOU IJIOCKOCTH, BbICOKas TypOyJIE€HTHOCTh M HEOAHOPOAHOCTH [29].
Buxps obnaka ynosneTBopsieT ycinoButo jgesutanuu (5.8). Eciau ero ¢pparMeHT Ha HUXKHEH MOBEPXHOCTH
MaTEepUHCKOrO 00J1aKa OKa3bIBAETCsl B COCTOSIHMM C YMEHbBIIMBIIECHCS aHTUTPABUTALIMOHHOW CUJION, TO OH,
mo00HO OcaJKaM HauMHAeT CMeIaThes K 3emiie. OTIMYMEe COCTOUT B TOM, UTO 3THU «OCAIKW» 00pa3yroT
BUXPb C OJJHUM HJIM JABYMS BKyCOBBIMH 3apsi/iaMy U MX WHEPLIUOH-TPABUOHHBIMU MOJISIMH.

Ecnu ycnoBue aeBUTAlMM HAPYLIEHO CUJIBHO, TO Y 3€MJIU TAKOE COCTOSIHUE BUXPS COXpaHsAeTcs. DTO
IPUBOJAUT K TOSBICHHUIO HAJ 3€MJIeH BEPTHKAJIbHOIO Bpaularomierocs cronba. Takol cmepuy HMeeT
pasMbIThIE TPAHMIBI, a WX JAWAMETP MPEBBIACT WX BbICOTy. Hambompmmii pazmep BOpoHKH (4,2 KM)
3a(hUKCUPOBaH y TOPHAIO BICIIEeH KaTteropuu B Db Puno (2013 ).

[Tpu cnaGoM HapyIIEHNUH yCIOBHS JIEBUTAIIMU POXKAAIOTCS CMEPUYH-BOPOHKH, HE KACAIOIIHECS 3EMIIH.

Takum oOpa3oM, HUKIOHBI (q = 4), oOmaunbie Buxpu (q = 3), cmepun (q = 2 1 1) MOXKHO
paccMarpuBaTh Kak HepapXuio aTMOC(epHBIX BUXPEH.

I[obanbHas mupkyasuusa armocdepbl. B cpeqnux mmumporax armocdepa Bpaimiaercs ObicTpee
3emin. DTo sSIBIICHUE HA3BaHO cyneppoTaiueil. M3yuenue B3auMoaeicTBUs CyneppoTaluu 1 aTMOCepHOit
TypOynentHoctu npuBeno K. Poccou u X. Bumierra B 1944 1. K OTKPBITHIO HUKIMYHOCTU COCTOSIHUS
arMoc(epsl: MOBBIILIEHUE CKOPOCTU CYNEPPOTALIUU 32 CUET aTMOC(HEPHBIX BUXPEH CMEHSETCS 00OpaTHBIM
MpoLeccoM. DTO OCHOBHOW MEPUOAMYECKHI MPOIECC, MPUBOAALINN K UYEPEJOBAHUIO PAa3HBIX THUIIOB
arMoc(epHO HUPKYISAIHH.

Ho ¢ Touku 3peHus kiaccuueckod (u3uKu arMochepHble BUXpPU HE MOTYT NUTaTh SHEpruei
100anbHOE BpallleHHe, MOCKOIBKY BI3KOCTh BO3/1yXa MONOKUTeIbHa. COOTBETCTBEHHO JOJKEH MPOTEKATh
mpolece mepefaayr YHEPTrUu OT CaMBIX KPYIHBIX BUXpPEW BUXpSM BCE MEHBIIEro Macimrada, Tak Kak C
YMEHBIIIEHUEM pa3Mepa TpaJueHThl CKOPOCTH W CHJIA TPEHHUs BO3pacTarT. Takum o0pa3oMm, MOANUTKA
CYNeppoTalKi SHEPrueil BUXpeil — arMocepHBId MPOIECC, ONMMCAHHE KOTOPOTO BBIXOAUT 32 PAMKHU
KJIACCUYECKOM TMPOMHAMUKY U TEOPUH TypOyJIE€HTHOCTH.

MoOXHO NpPEeAnoNoKUTh, YTO CyNEeppoTalus SBISETCS INOOAJbHBIM KBAaHTOBBIM IIPOLECCOM,
BO3HHUKAIOIIUM TIPU TOJSIPU3AIMA  BCEX IISITH TPABHOHHBIX TOJEH B MHHUMOM MOJANPOCTPAHCTBE
¢uznyeckoro Bakyyma 3eminu (@ = 5). OHa oOpasyer ¢ 1ukioHaMu (¢ = 4) 00Iyr0 KBaHTOBYIO BUXPEBYIO
CHCTEMY, B KOTOPOU MTPOUCXOUT OOMEH IHEPIUEN MEXTy STUMH €€ MOACUCTEMaMH, T.€. B IPOTOCTPYKType
armMocdepsl BO3MOXKHA Tiepeada SHEPTUU BUXPSAM OOJIbIIEero Macuitada.

B nernee Bpems, korma yacToTa 0Opa3oBaHHS IMKIOHOB BO3pPACTaeT, CYNeppoTalus TepseT
KMHETHYECKYIO SHEPTHIO, U YaCTOTa IIMKJIOB CyleppoTanuu cHmkaercsa. CormacHo Tabi. 5.2, BUXpu ¢ q =
5 MOTryT CyIIeCTBOBaTh OONbINE Mecsla, T.€. JETHee 3aMeUICHHE CYNeppOTaldd pPaccMaTpPHBAEMBIM
KBaHTOBBIM MEXaHHU3MOM BO3MOXHO.

5.3.3. Cmepunu

CMmepun SBISIOTCS BUXPSIMU ¢ Haubosee yIUBUTENbHBIMU cBoiicTBaMU. OHUM 0051aat0T OrpOMHOM
MOJBEMHON CHJIOH M MaKCUMaJbHBIMU CKOPOCTSMHU BpallleHUs Cpeau BceX aTMoc@epHbIX Buxpe. Mx
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CBEPX3BYKOBBIE CKOPOCTH HEJb3s OOBSICHUTH a’pOJMHAMUKONW, HO OHHU BO3MOXKHBI MPU CaMOYCKOpPEHUs
BpaleHus Buxpeil. Mozens 06pa3oBaHusi BOPOHKM cMepya paccMoTpeHa B [1].

CMepur TpUBOIAT K paspylICHUSIM JOMOB, TMOENTH JIOJeH M >KUBOTHBIX, MOABEMY B BO3IyX M
NEPEeHOCY BOJBI, aBTOMOOWJIEH M APYTrMX MAacCHUBHBIX mpeameroB. Pazpymmumrensusie cmepun (EFS)
CPBIBAIOT C (YHIAMEHTOB JOMa, MOBPEXKIAIOT MOCTBI, HEOOCKPEOBI U IKEIe300€TOHHBIC MOCTPOUKH,
OCTABJISAIOT II0JIOCHI BEIPBAHHBIX C KOPHEM JIEPEBBEB, CAUPAsI C HUX KOPY.

dopma cmepueil pasHooOpazHa. Kak mpaBuio, BOpOHKa cMepda OITyCKaeTcsi M3 OOJIaKoB, HO
OTMEUEHBI U CIIy4au ee MoJbeMa C 3eMJIH. B cMepuax uMeeT MecTo Tenenopranusi OObEKTOB, @ HEKOTOpPbIE
MPEeIMEThI OKa3bIBAIOTCS BHYTPU 3aMKHYTBHIX 00beMOB. B [29] nmpuBeneHs! ciayyan MPOHUKHOBEHUS OTHUX
IIPEIMETOB B TEJIO APYTUX (IUIaHKA TOJIIMHOM 2 CM «IIPOTKHYJIA» JEPEBO, CTEOEIb PACTEHUS — TOJICTYIO
JTOCKY).

BHyTpu BOPOHKH ITPOUCXOAST NIEKTPUUECKUE Pa3psiibl, POKIAIOTCS MIAPOBbIE MOJHUHU, BO3SHUKAET
CBEUEHHME BO3[yXa. OJTO CBSI3aHO C TE€M, YTO B HEW M3-3a pPA3ACIICHUS B MHHMOM IIPOCTPAHCTBE
AIIEKTPUYECKHUX 3apsA0B 00pa3yeTcsi CUIIbHOE AJIEKTPUUECKOE 0, HOHU3UPYIOIee BO3IyX, a IIapOBbIe
MOJIHMH, UMEIOIE MHUMOE IMPOCTPAHCTBO MPOTOCTPYKTYPHl U OTPULATEIbHBIA 3JIEKTPUUYECKUIN 3apsl,
MOTYT POXKAAThCA B Pe3yNbTaTe OT/EICHUs OT BHYTPEHHEW CTEHKH BOPOHKHU cMepya ee GparMeHTOB.

VY cMmepueii oueHb pe3Kasi 'paHula U 0COOBIN XapaKTep BhI3bIBAEMBIX paszpyiueHuii. B [29] npuBeneHsl
MIPUMEPBL, KOIJla B OJHOM Clly4yae KypHlla OKa3ajach OLIMIIAHHOW HAMOJOBHHY, B JPYIOM — B METpE OT
Pa3BOPOYCHHOI SOMOHM YyIel OKazalcsi HETPOHYTHIM. DTHU MPUMEPHI MO3BOJIAIOT OLEHUTH PE3KOCTh
IPaHMIIBI CMEpYa, TOJIIIMHA KOTOPOH MOYKET JOCTUraTh NOPSAJIKA HECKOJIBKO CAHTUMETPOB.

[loHuMaHus COBOKYITHOCTH CBOMCTB CMEpPYEH HET, TaK KaK B paMKax a3pOJAMHAMHUKU UHTEPIPETaLUs
WX TPUPOIBI OKazanach HeBO3MOXHOW. B [1] paccMoTpeHa kBaHTOBas Mopelb cMmepued u ¢usuka
MIPOM3BOAMMBIMU UMH pa3pyLIECHUI.

®uzuka paspymenuii. OObIYHO IPOU3BOAMMBIE CMEpPYaMHU pa3pyLIEHUs NbITAIOTCS OOBACHUTH
pa3HuLel TaBIeHUsI BHYTPU BOPOHKH U B €€ CTEHKAaX, YTO €CTECTBEHHO VISl THIPOAMHAMUYECKUX MOJIEIeH
cmepueil. Ho He Bce pa3pymeHust MO)KHO OOBSICHUTh TAKUM 00Pa3oM.

B xBanTOBOM MOzENM cMepUei HEOOXOUMO YUUTHIBATh CBOMCTBA KOHACHCATa UX MPOTOCTPYKTYPHI.
[Ipu momamaHuu B BUXPEBOM MOTOK cMepya y OOBEKTAa MEHSIIOTCS CBOMCTBA €ro MpPOTOCTPYKTYphl. B
JIEITOHHOM KOH/IEHCAaTe UMEET MECTO pa3zesieHue ANIEKTPUUECKUX 3apsiioB, IPUBOAsILEE K 00pa30BaHUIO
MIOJIO’KUTEJIBHOTO 3apsifila B €ro ILEHTpPaJbHOM 00JacTM M OTPHULATENBHOIO 3apsja IMOBEepXHOCTH. B
pe3ynbTate o0pa3yercsi CHIIBHOE JJIEKTpUYecKoe mosie ¢ mnoutu atmochepubim masinenueMm [10]. Korma
00BEKT (WJIH €T0 YacTh) OKa3bIBACTCS B OOJACTH BUXPS, €0 MPOTOCTPYKTYpa 3aMEIIAeTCs] KOHJIEHCATOM, a
MOBEPXHOCTh 00BEKTA MOMYYaeT OTPUIIATEIbHBIN dNEKTpUUECKuii 3aps. Ha 00beKThl H3HYTpHU ACHCTBYET
JABJICHNE D3JIEKTPUUYECKOro MOJsA. OTO MOXKET NPUBOAUTH K MX paspywmieHuto. [Ipumepom sBisercs
paspyienue cMepyeM B mrare TenHecu (1923) cenbckoro goma, Korja yHECIO €ro CTEHbl M KpBIIY, a
YKUJIBIBI 3@ CTOJIOM He nocTpaaanu [29].

Oco060 3(h(heKTUBHO ATOT MEXaHMU3M pa3pylLIeHUs IEHCTBYET HA AUIEKTPUUYECKUE OOBEKTHI (J10Ma,
JIepEBBS U JIp.), IPOCTPAHCTBO (PU3MUECKOTO BaKyyMa KOTOPbIX MHUMOE. Eciii 00beKT He 3aKperuieH, TO OH
MOXET HOJIYYUTh CKOPOCTh, KOTOPYIO BETEP COOOIINUTh HE B COCTOSHUM.

Kak m3BecTHO, IIapoBbIe MOJIHUU CIIOCOOHBI CKPYYHMBAaTh KAMMHHBIE PELIECTKH U U3TUOATh Oaiku.
®usnka 3Toro 3pQexra, HapyIIAIOLUEro 3aKOH COXPAHEHHUSI UMITYIbCA JUIsl OJHOPOIHOTO IEHCTBUTEIHHOTO
MPOCTPAHCTBA, paccMOTpeHa B [8] u o0yciioBleHa KOMIUIEKCHOCTBIO IPOCTPAHCTBA IIAPOBOI MOJTHHH, B
KOTOPOM BO3HHKAIOT MOJIIPU3ALMOHHO-PEAKTUBHBIE CUJIBI. DTOT 7K€ BUJ CUJIOBOTO BO3JIEHCTBUS MPUCYIL U
CMEpUaM.

Tenenopranusi 0Ob€KTOB CMEPUEM U COEIMHEHHE IBYX OOBEKTOB B OJIMH, KaK B IPUBEJCHHOM BBbIIIE
IpUMepe TMPOTKHYTOTO IUIAHKOW JepeBa, UMEEeT OOyl MpHpoxy. OTH (PEHOMEHbI BO3HHMKAIOT MpPH
nepexosie 00bEKTOB B KBAHTOBOE COCTOSIHHE, JTIOKAJIM30BAHHOE B MHUMOM MOANPOCTPAHCTBE (PU3UUECKOTO
BakyyMa. B HeM HeT TBep/bIX Mperpaj, U MEHbIINI 00bEKT MOXKET 0Ka3aThCsl B IPOTOCTPYKTYpe OOJIBIIETO
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o0bekTa, 00pasys CBA3aHHYIO C HUM KBaHTOBYIO cucTeMy. Eciu ciydnTcs ee mepexon B MPOCTPAHCTBO
Bcenennoii, To B HeM 00pa3yeTcss COBMEIICHHBIH 00bEKT B BUAE JOCKH, IPOTKHYTOH COJIOMUHKOM, MITH
neTyxa B KyBLIMHE [29].

Tenmenopranuio npeaMera BHyTpb JPyroro A€MOHCTPUPYIOT KCTPACEHCHI.

Bo3MoXHOCTB cusiHue 0OBEKTOB MOATBEPKACHA TAKXKE SKCIEPUMEHTAIBHO. B M3BECTHBIX OMBITax
J1. XaruucoH nepeBouI J1Ba IJIOTHBIX NPEAMETa B HEBUAMMOE COCTOSIHUE (T.€. B MHUMOE IIPOCTPAHCTBO
¢u3nvecKoro Bakyyma), a mpu BO3BpAIICHUH U3 HETO UX BEIIECTBO OKA3hIBAIOCH COBMELIEHHBIM B OJJHOM
obbeMme.

[ToxBo/st MTOT aHATKM3Y CBOMCTB JIOJITOKUBYIIUX aTMOC(EPHBIX BUXPEl, MOXKHO C/I€TIaTh BBIBO, YTO
OHM W WX (QParMEHTHl SBJSIFOTCS KBAaHTOBHIMHM MAaKpPOCHCTEMAMH C MHHUMBIM TPOCTPAHCTBOM HX
MPOTOCTPYKTYPHI, B KoTOopoil oOpasyercs BTCII-konzmeHcar. DTO MO3BOJISET WHTEPHPETUPOBATH HMX
MIPOTUBOPEYALIUE TUAPOTMHAMUKE CBOMCTBA, UMEIOIINE KBAHTOBYIO IIPUPOLLY.

5.3.4. KBaHTOBBII MeXaHM3M 3eMJIeTPSACEeHUi

B [1] paccMOTpeH KBaHTOBBIN MEXAaHU3M 3E€MJIETPSACEHUN, BBI3BAHHBIN CAMOYCKOPEHUEM BpALCHUS
pacIiaBIeHHONM MarMbl acTeHOC(epbl ¢ HalpaBIEHHOW K 3€MHON Kope MHOJSIpU3alMOHHO-PEaKTUBHOM
cwiioil. Takoe NBMKEHNE MarMbl MOXKET IIOPOKAATHCS KOHBEKTUBHBIMU IIOTOKAMHM.

CerogHss HET HAACKHOIO IPOTHO3ZUPOBAHUA JaThl PA3PYIIMTEIbHBIX 3EMIIETPSCEHUH, KOTOpOe
MO3BOJIMIIO Obl M30eraTb MaccoBOW rubenu Jrofeil. DTo CBSI3aHO C TeM, 4TO (PU3HYECKUE MEXaHU3MBI,
yIpaBISOLINE JBM)KEHHEM HaXxoAsdleics 1o JUTOCHEpHbIMU IUIMTAMH pacIlIaBI€HHOHM Marmbl
acTeHoc(epbl, HE YCTAaHOBICHHI. [3-3a €€ TMOHIKEHHOH BSI3KOCTH B acTeHOC(hepe BO3HUKAIOT
KOHBEKTHBHbBIE IOTOKH, IPUBOJISLINE B IBUKEHUE OTPOMHBIE MAaCChl BELIECTBA.

Kak u B armocdepe, B MarMe BO3MOXKHBI KBAHTOBBIE IIPOLIECCHI YCKOPEHHUS BpalllE€HUS,
MOPOKJAIOIINE TOPU3OHTAIIbHBIE U BEPTUKAIbHbBIE MOJSPU3ALIMOHHO-PEAKTUBHbIE CUIIbL. M3-3a OrpOMHBIX
Macc Marmbl JIaXke IpH OY€Hb MaJIOil CKOPOCTH BpallleHUs aHTUIPaBUTALMOHHAs CHUJIA, JEHCTBYIOLIas Ha
JTUTOC(EpPHBIE IUTUTHI U 36MHYIO KOpPY, OTPOMHA U CIIOCOOHA BBI3bIBATH 3€MJIETPSICEHMUS.

[ToBeneHne mNTHUIl M KUBOTHBIX, KOTOpPbIE B TEUEHHE TpPEX CYTOK IMepel 3eMIIETPACEHHUEM
BOCIIPMHMMAIOT MPEABEIIAIONINI €ro CUrHal U MOKUJAI0T 30HYy paauyca nopsaaka 150 kM, o3Hadaert, 4yTo
BUXPb MarMbl U3MEHSET COCTOSHUE IPOTOCTPYKTYPHI aTMOC(hEPHI.

B [1] moka3aHo, 4TO 3TOT BUJI 3eMJIETPSCEHUSI BHI3BIBAETCS TPEMSI HHEPLIMOH-TPAaBUOHHBIMH MOJISIMU
(q = 3) BUXps, JOCTUTAIOMIETO B TeueHHe 4 cyTok oobema 6,4 - 10°km3. Ecnu npuHATH, 4TO pagmyc
KOH/JIEHCaTa [MIMHAPUYECKON (POPMBI COOTBETCTBYET 30HE HETaTUBHOW peaKIIMU )KUBOTHBIX, T.€. paBeH 150
KM, TO BeICOTa MakcuManbHOro oobema BTCII-koHaeHCcaTa cocTaBUT 0K0oIo 12 kM. YacTh 3TOro 00beMa,
OKa3zaBlIasiCsl B NPOTOCTPYKType arMocdephl, SBISETCS «30HOMW IPOTHOZMPOBAHMSD) 3E€MIIETPSCEHUS
KUBOTHBIMH. MUHUMAaJbHbIE Pa3Mephl 3eMHOM KOPBI 107 OKEAHOM COCTAaBJISIIOT 5 KM, a MO/l paBHUHAMU —
3 KM.

YckopeHue BpaleH!sl MarMbl MOJISIPU3ALMOHHO-PEAKTUBHOM CHII0i Oy/IeT MPOUCXOAUTH 10 TeX Hop,
[I0OKa HE BO3HMKHET MEXAaHM3M OTBOJA HApacTAlOIIeW KMHETHYECKOW sHepruu marmel. MM u sBisercs
3eMJIETPSICEHNE, HAHOCSALIEE TOBPEXKACHUE 36MHOM KOpE M TEHEPUPYIOIIIee BOSHUKHOBEHUE CEHCMUYECKHUX
BOJIH. TakoB k€ MEXaHU3M M MOCIEAYIOMHNX CIa0bIX 3eMIETPsACEHHUH (adTepIIOKOB).

JlocTrkeHne NpeBbIAONIEH TPOYHOCTh 36MHOM KOPBbl AHTUTPABUTALIMOHHON CHJIBbI BpAIAIOIIENCs
MarmMbl TIPOUCXOAUT Ha 3aKJIFOUUTEIBHOW cTamuu ¢GopMupoBaHuUsi KoHJeHcata ¢ q = 3. I[locnexnee —
BOCbMOE — KBAaHTOBOE COCTOSIHHE peanu3yercs yepe3 3,5 + 4 CyTOK IMociie BOSHUKHOBEHHUS 3TOTO BUXPS
(tabn. 5.2). Ecnu mpeamnoiaokuTh, YTO >KUBOTHBIMU BOCIIPUHUMAIOTCS M3MEHEHMs NP MOSBICHUU B
MPOTOCTPYKType arMocdepbl MEPBOT0 HWHEPLUUOH-TPABUOHHOTO mosiss Buxps (¢ = 1), TO OHM HAyHYT
OLLYIaTh HETATUBHOE BO3EUCTBUE IPUMEPHO 3a TPOE CYTOK A0 3€MIIETPACEHHUS.
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[TockonbKy M3MEHEHUS! COCTOSHUS MPOTOCTPYKTYPbI aTMOC(HEPbl MOXKHO (PUKCHPOBATH C OMOIIBIO
JaTYMKOB, TO MOHHMTOPUHI arMoc(epbl BO3MOXKEH M IO3BOJSET MPOTHO3MPOBATh TaKUe HE ITyOOKue
3eMJIETPSCEHHUs 3a ABOE-TPOE CYTOK 10 Hayala.

B [1] mpenmnonokeHo, 4YTO MEXaHU3M CaMOYCKOPEHHs BpAIlEHHUs MarMbl U TEHEPALUU €lo
AHTUTPABUTAIIMOHHON CHIIBI MOXKET MPOSIBIISATH ce0s B T€OJIOTHYECKHX MPOIeccax pa3HOro macmrada: oT
POXKIICHUS ¥ M3BEPXKEHUS BYJIKAHOB 10 TopoobpazoBanus. [lonsapu3aliMiOHHO-PEaKTUBHBIC CHIIBI M 30HBI
HU3KOTEMIIEPATypHOIO SIAEPHOTO  TEIUIOBBIACIEHUS JOJDKHBI YUYUTBIBaTbCS U B psAAe  JPYrux
reoIMHaMUYECKUX Mpolieccax.

5.4. I'eoakTHBHBIE 30HbI U Ire00H0JIOTHYECKUE CETH

VIcIOKOH BEKOB JIOAU CTAJIKMBAJIUCh C «THOJIBIMUY, «OJIaruMm», «CBATBIMU» MecTaMu. B npouecce
UX HCCIEIOBAHUN BBIICHUIIOCH, YTO CIIOCOOHOCTBIO I'€HEPUPOBATh HEKOTOPbIE BPEIHBIC BO3AECHCTBUS
0051a/1a10T pa3InYHble 3eMHbIE 00pPa30BaHUs: yCTOTHI, TOJ3EMHbIE BOJOXPAHHMIIUINA, 3aJI€KHU HEKOTOPBIX
PYZl, TPaHMLIbI Pa3HbIX MOPOJ U MoYB. IIOMMMO reonaTtoreHHbIX 30H OOHApYKEHbI U 30HbI, OKa3bIBAIOILIUE
OnaronpusiTHOE BO3JCHCTBIE Ha Onocdepy.

B HEKOTOpBIX TI€0aKTHBHBIX 30HaX HAOMIONAETCsl IIMPOKUHA CIEKTP aHOMAaJbHBIX SIBJICHUU:
3araJlIo4Hble 00pa30BaHMs B BUAUMON U HEBUAMMOM YaCTH 3JIEKTPOMArHUTHOTO CIIEKTPA, IIAPOBbIE MOJIHUU
U Jpyrue HeoOblYHble aTMOC(EepHble SBICHMS, YCTOHUMBBIM MMKpPOKIMMAT, IOJITEPreHCTHl,
IIPOCTPAaHCTBEHHO-BpEMEHHbIE (heHOMeHbI (Tenenopranusi, PQPeKT «IOoTeprd BpPEMEHH»), CTpaHHbIE
«IIJIOTHBIE» U NTPU3padHble GUTYPBI, B TOM YHCIIE aHTPOIIOMOP(]HBIE («IyXN», IPUBEACHUSNY, KIIPU3PAKID,
«JIBOMHHKWN).

Takoil MMPOKHWIA CIEKTP aHOMAIBHBIX SIBICHUH HE HAXOOUT OOBSICHEHUS B paMKax (QH3UKU
JNEUCTBUTENBHOIO NMpocTpaHcTBa. Ho OHO BO3MOXKHO, Tak Kak IPOCTPAHCTBO MPOTOCTPYKTYPbI 3eMIIU
ABJIIETCS KOMIUIEKCHBIM. (OOpa3oBaHME aHOMaJIbHBIX 30H MOXHO CBS3aTb C OCOOEHHOCTAMHU
re0JIOTMYECKOT0 CTPOCHMUSI U OOYCJIOBJIEHHBIX HMMHU IPOLECCaMd B MHHUMOM MOJAIPOCTPAHCTBE
IIPOTOCTPYKTYPbI 36MHOU KOPBI.

Cornacuo [30], BiucaHHbIE B 3eMHYIO0 C(hepy UKOCAIP U JOJAEKAIIP OMPEACISIOT MECTOHAXOXKICHNE
ro0anbHbBIX TeoakTUBHBIX 00nacteil. B KTM ata nkocasnpo-nonexayapuueckas crpykrypa 3emn (MIC3)
o0ycCJIOBJI€Ha LIEHTPAJIbHON CHUMMETPUHM IMPOCTPAHCTBA €€ (PU3MUECKOT0 BaKyyma. JTO yKa3bIBaeT Ha
OTIPE/IETSIONIYI0 POJIb KOMOMHUPOBAHHBIX MOJEH MPOTOCTPYTYPhl 3€MJIM B 00pa30BaHUM €€ INI00ATBHBIX
r€0aKTUBHBIX 30H.

Cornacho [30], B y3nax MJIC3 pacnionararorcst MecTa ¢ yHUKaJIbHOM U pa3BUTOM (priopoit u dayHOH,
a TaKkKe KpyMHEHIIHe 3a1eKH MOJIE3HBIX HCKOMaeMbIX. DTH 30HbI OKa3aJIUCh Hanboee MIOTHO 3aCEJICHBI.
JlpeBHHME LIEHTPBl KyAbTyp W LuBWiIM3auuii coBmagator c¢ y3namu WUJIC3. K pebpam u yzmam NJIC3
IIPUBS3aHA CEHCMMYECKas M BYyJKAHWYECKas AaKTUBHOCTb IUIaHEThl. ONHM MOJIE3HBIE HMCKONAEMbIE
KOHLIEHTPUPYIOTCS y pedep U BepIIMH Jo/ieKaipa (Kene30, HUKeb, Meflb), a Jpyrue —y pedep U BepIInH
uKocayapa (HedTh, ypaH, amassl).

Otu npuseneHHble B [30] cBolicTBa M100ANbHBIX F€OAKTUBHBIX 30H ONPENEINISIOTCS JOKaIU3auuen
nojei gusnueckoro Bakyyma, ooycnosiaeHnoit UJIC3-cummerpueil, 1 NoIspu3aliMOHHBIMU IPOIIECCAMH,
IIPOUCXOJAIIMMHU B KOMIZIEKCHOM IPOCTPAHCTBE IPOTOCTPYKTYPHI 3eMIIH. B ee MHMMOM ITOANIPOCTpaHCTBE
BO3MOKHBI HU3KOPHEPIreTUYECKUE TPAHCMYTAIlUK aTOMHBIX SA€P, KaK MOXKHO MPENNOI0KUTh, CIIOCOOHBIE
CO3/1aBaTh 3aJI€KU MOJIE3HBIX UCKOIIAEMBIX.

I'eobuosioruyeckue ceru. Ilpu o6pa3oBaHnN re0OMOIOTHYECKUX CETEM MPOIECCHl HepapXUUeCKOn
nudepeHnany MpocTpaHCTBa B (PU3MUECKOM BaKyyMe MPOTOCTPYKTYpPbl 3eMJIH, UMEIOLIEH BOChMOM
UepapXxUuecKUil ypoBeHb, MPHUBOIAT K (OPMHUPOBAHHMIO B 3€MHOH KOpE CHCTEMBI IOCIIEI0BATEIbHO
YMEHBIIAIOIINXCS MPOCTPAHCTBEHHBIX (DparMEHTOB, MPOCIUPYIOMIUXCS HA €€ PUITOBEPXHOCTHYIO YacCTh.
Kaxnast siuelika cONEp>KUT 3JIEMEHT MHUMOTO U JEHCTBUTENLHOIO IOANPOCTPAHCTBA (U3UUYECKOTO
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BaKyyMa U SIBJISIETCSI DJIEMEHTOM €T0 CETeBOW CTPYKTYpHI. [leWCTBUTEIbHOE 1 MHUMOE HOANIPOCTPAHCTBA
IPOTOCTPYKTYPHl KaKJOW SYEHKH OKa3bIBAIOT MPOTUBOIIOJIOXKHOE BIMAHUE Ha Ouocgepy. Hambonee
U3y4YeHbl TeoOuoyoruueckue cetu ¢ Macmrabom sueek  2-10 merpoB. Takme rminobanmbHBIC
reoOrONIOTHYECKHUE CeTH OOHAPY)KEHBI MPH M3YYEHUH T.H. «3E€MHBIX M3IYYCHUN», MOJSAM KOTOPBIX JaHO
MHOTO pa3JIMYHbIX Ha3BaHWH. «3eMHBIC M3IyYECHUS» MOXKHO pacCMarpuBaTh Kak IPOSBICHUS
KOMOWHUPOBAHHBIX MOJICH (PU3MYECKOTO BaKyyMa MPOTOCTPYKTYPHI 3eMITH.

Paznuunbie HEOTHOPOIHOCTH W AHOMAJIMU B CTPOSHHM 3€MHOM KOpPBI OyIyT JIOKAaJbHO pa3pyliarh
reoOMONIOTHYECKHUE CETH, CO3/aBasi MHOE pacIpelesicHHe JCHCTBUTEIbHBIX M MHHUMBIX ()ParMeHTOB
MPOCTPAHCTBA MPOTOCTPYKTYPBHI KOPBI, MPOSBIISAIONICECS B CYIIECTBOBAHWU TI'EONMATOTEHHBIX 30H U
«CBATBIX)» MECT.

5.5. O ¢penomenax HJIO u «KpyroB Ha moJsix»
5.5.1. HJIO: BbI30B COBpeMeHHbIM HAYYHBIM IpPeACTABJIECHUSM

OTH TeMbl TOAPOOHO PacCCMOTPEHHI B [1] ¢ UCMONB30BAHUEM JIUTEPATYPHBIX UCTOYHUKOB U JIaHHBIX
CMU. B Qusnueckux K ypHajlax 3TH T€Mbl OTCYTCTBYIOT, MOCKOJIBKY HMX (PAKTOJOTHS MPOTUBOPEUUT
MPUHATHIM O(PHUIIMATEHON HAYKOW MPEICTABICHHSIM.

OrpomHoe konudecTBo HabmoaeHuii, poto u Buaeo HJIIO He ocTaBisOT COMHEHHS B IPUCYTCTBUU
3THX 00BeKTOB B armMocdepe 3emnn. OdunnanbHbIMA OpraHaMH psifia CTpaH MPU3HAHO CYIIECTBOBAHME
arMoc(epHBIX 00BEKTOB ¢ HEOOBICHUMBIMU CBOMcTBaMU. Harpumep, B nokiane, onyonrkoBanHoM B 2021
rony HanmonanwsHoii pa3seakoit CIIIA, roBopurcsa o 144 snusonax, 3adukcupoBanubix ¢ 2004 mo 2021
roJIbl KaK aMEpUKAaHCKUMH BOSHHBIMH JIETYNKAMU, TaK H HHCTPYMEHTAIBHBIMU CPEICTBAMU HAOIIOACHUSI.
[Mpuyem 80 sBneHWd OBUIM 3apErHCTPUPOBAHBI HECKOJBKUMH JaTYMKaMH, BKIIOYAs paJlapHbIE,
uH(ppPaKpaCHBIE, IMEKTPOONTUYECKHIE, UCKATEIN OPY)KUS U CPEICTBAa BH3yaslbHOTO HaOmroneHus. A B 11
CITydasiX MWJIOTHI ObLIH OTU3KH K CTOJIKHOBEHHIO C HEOIIO3HAHHBIMU JIETAIOIMINMHU OObEKTaMH.

CornacHO 3TOMY JIOKJIafy, IepEeMeIIeHHE 3araoYHbIX O0OBEKTOB MOPOW BBINNIAJCIIO aHOMAJIbHBIM:
«Hexotopsie HJIO ocraBanuce HENOABUKHBIMU B YCJIOBUSAX CHIIBHOTO BETPA, IPyrve BOOOIE ABUTATUCH
IIPOTHUB €r0 HAIIPaBJICHUS, PE3KO MAaHEBPUPOBAIIN WIIN YCKOPSUTUCH 0€3 KaKuX-IM00 BUJUMBIX JIBUraTesei.
B peaxux cinyyasix 1aTYMKU BOEHHBIX CAMOJIETOB (PMKCHPOBAIU PAIUOYACTOTHYIO SHEPTHUIO, CBA3AHHYIO C
BO3/YIIHBIMU SIBJICHUSMUY.

B noxnane npenmnonaraercs, uro HJIO MoryT npeacTaBisiTh OMaCHOCTD /I HAITMOHAIBHOU 000POHBI
u siaepubix yecranoBok CIIIA. Kak 3asBun B untepssio razete « The Washington Post» ObIBIIHIT 1UpeKTOp
neiictBoBaBiieil B [leHTarone 3acekpedyeHHOI mporpaMMbl cOOpa W aHalu3a JaHHBIX 00 «aHOMAaJIbHBIX
a’pokocMuyeckux yrpozax» Jlync Dmuzonmo (Luis Elizondo), HJIO BmemmBanuch B padoTy sIEPHBIX
YCTaHOBOK.

HJIO gacto 3ame4aroT HaJ BOCHHBIMU O0OBEKTaMH — MOJIMTOHAMHU, KPYITHBIMU KopaOmsamu. Co3maercs
BIIEYATIICHUE, YTO IPOUCXOIUT OTCIICKUBAHUE MHOIIJIAHETIHAMUA BOCHHOW aKTUBHOCTH Ha 3eMJI€.

Coznannoe [lentaronom YmpasieHue 1Mo U3y4yeHUI0 aHoMamuii Bo Bcex obmactsax (AARO), ciyxur
KOOPJIMHAIMOHHBIM 1IeHTpoM u 1o npobneme HJIO. [penmonaraercs, 4To0 mMOMHUMO HOBBIX HAOMIOIEHHIM
OyIyT M3yueHbl M pe3ysbTaThl UccienoBaHuil npexxHux nporpamMm CIHA mo stoii mpobneme. LleHTpsI
nzyueHus cBsizanHoi ¢ HJIO mpo6iaembl 6€30MacHOCTH CO3at0TCs U IPYTUX CTpaHaxX.

Hmeercst MHOTO CBHJIETENBCKUX MOKa3aHU o koHTakTax ¢ HJIO u ux nunoramu. B ydonornueckoi
JUTepaType CyIIEeCTBYET KilacCUpUKAIUs ATUX KOHTAKTOB. OHON U3 UX (OPM SABISETCS TPUHYIUTETEHOE
MepeMenieHre JIoAe Ha KOCMHYECKHWE KOpaOiu, TI/Ié OHU CTAHOBATCSA OOBEKTAMH Pa3IMIHBIX
uccinenopanuil. Coobmienus moneil mocne Bo3Bpamienus ¢ HJIO naror uHpoOpmanuio o BHYTPEHHEM
YCTpOMCTBE KOpabiel M WX MUJI0TaX, O PACIOJOKEHWH B KOCMOCE TUTAaHET MpuIesbiieB. B ydomorun
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cuuTaercs, yto He Bce nocerutenu HJIO Bo3Bpamarorcs Ha 3eMIlio: 3TO OWH U3 KaHAJIOB OECCleHOTro
VCYE3HOBEHHUS JIIOACH.

Hmerorcs HeMHoOrouucieHHble cBeneHus o0 aBapusix HJIO u rubenm ux nmmoroB. HambGonee
W3BECTHASI U NOATBEPXKACHHAsE MHOTUMHU CBUIETEIbCKUMU MOKAa3aHUSIMM aBapusl npousouuia B Posyaiie
(CHIA) B 1947 rony. OdunmansHbix noarsepxaeHuit aBapuit HJ1O npaButenscTBaMu rocyaapcTB HET.

CoBpeMeHHas (pu3UKa IPUCYTCTBUE B aTMOc(hepe KOCMUUECKUX Kopallieil CTaBUT IO/ BOIIPOC, TaK
KaK MEX3BE3/IHbIE CBEPXCBETOBBIE MOJIETHI KOCMUYECKUX KOpadiell MpoTHBOpeYaT M3BECTHBIM CErO/HS
(bu3NYEeCKIM 3aKOHaM, HE TIO3BOJISIONIUM MMJIOTaM Ha IOCBETOBBIX KOPAOISIX TOCTUTaTh APYTHUE IJIAHETHI.

Ho MexmiaHeTHbIe TepeneTsl BO3MOXHBI B MHMMOM IOJIPOCTPAHCTBE (DU3MYECKOTO BaKyyMa
Bcenennoit. B [1] paccmorpena ¢wusmka HeoObruHbIX aisi Hac moineroB HJIO B armocdepe, He
OTpaHUYEHHBIX 3aKOHAMU WHEPUUH B mpennoioxeHuu, yto HJIO sBIsIOTCS KBAaHTOBBIMH OOBEKTaMH,
KOTOpbIE HpU IEpexoJe B MPOCTPAHCTBO 3€MHOM arMocdepbl yTpauuMBalOT HHEPTHYIO Maccy MU
NEePEMEILAIOTCs, MEHAS CBOE KBAaHTOBOE cOCTOsiHME. KBaHTOBbIE Mepexoibl ¢ U3MEHEHHEM BEIMYUHBI U
HalpaBJIEHUs] CKOPOCTU OCYUIECTBISIOTCS IOCPEICTBOM IOJIAPU3ALMOHHO-PEAKTUBHOM CHJIBI, HE
cozjarolied meperpy3ku nuioraM. HeoOblYHBIMH KBAaHTOBBIMU CBOWCTBAMM JIOJDKHBI 0OJIafaTh U
MaTepHalbl KOCMUYECKUX KOpabiel. DTOT KBaHTOBBIH MOIX0/] UCIIOJIBb30BaH B [ 1] 1715 MHTepnpeTanuu psaa
UMEIOIIUXCS CBEACHUN B Y(HOJIOTHH U JPYTUX UCTOYHHUKAX O KOPAOJIsX, €ro MUI0TaxX U LesAX UX KOHTAKTOB
c monpMu. B [1] paccmoTpena Takke (u3MKa IOJETOB KOpadiei, MCHONb3YIOIMIUX YCTPOWCTBA JUIs
U3BJICYCHUS SHEPTUU U3 (PU3HUECKOr0 BaKyyMa U YIPABJIECHUS OJIETOM.

Bbicokopa3BuThle IIaHETHbIE LIMBUIM3ALMK B3aMMOJCHCTBYIOT MEXIy COOOH M MOMOrarT MeHee
Pa3sBUTHIM LIMBHIM3ALMAM B UX HAYYHOM M TEXHOJOTHMYECKOM Iporpecce, Korga i 3TOro MOSBIISIOTCS
ycnoBus. OTHUM U3 HUX SIBISI€TCSI TOTOBHOCTb U CIIOCOOHOCTH 3Ty IOMOIIb NPUHATH U UCIIOJIB30BaTh IS
pa3BUTHS LUBWIM3ALMM, a HE ]I €€ caMOyHHUTokeHUs. [loaToMy celiuac 4yernoBeuecTBO HE T'OTOBO K
MHOIUIAHETHOMY KOHTAakKTy. MOXXHO IPEIOI0KHUTh, YTO OH COCTOUTCS, KOTJIa Y YEJIOBEUYECTBA UCUE3HYT
BEJyILME K BOMHAM aHTAarOHUCTHYECKHE MPOTUBOPEUUS], a KBAaHTOBas (PU3MKA JOCTUTHET HEOOXOIUMOTO
JUIS. TAKOTO YCTAHOBJIEHUSI KOHTAKTa YPOBHSL.

5.5.2. O0pa3oBaHMe «KPYroB HA MOJISAX»

DeHOMEH «KpYroB Ha MOJSIX» BBIIACNIAETCS MHOrooOpa3veéM CBOMX AHOMAJIbHBIX MPOSIBICHUH,
MpUCYIIMX (u3nYecKoMy Bakyymy. VX oObsicHeHue B [1] 1aHO 711 KOHKPETHOI'O Cllydasi, OIIMCAHHOTO B
[31].

B nuxrorpaMmax, rje Koiochs 4aie BCero NpurudaroTcs B OAHOM HAIlPaBJICHUH, MEHSETCS XapakTep
OMOJIOTHYECKHUX MPOIeCCOB. BHYTpH KOJOCHEB, Kak MpPaBMIIO, HET CEMsH, a T€, KOTOpbIE CO3PEBAIOT,
OTJINYAIOTCS IO BCXOXKECTH OT KOJIOCHEB, B3SITHIX HE U3 «KPyra»: JMOO yrHETEeHbI, JIMOO MpopacTaroT ¢
BBICOKOM CKOpOCThIO. Ilonermue Koiocksi 37aKOBBIX KYJIBTYp MPUOOPETAIOT MHOIAA CHHYCOHMJIAIbHYIO
(bopMy, TOJICTbIE COPHIKH NMEPEKPYUUBAIOTCS U TEPSIOT OKpacKy. CTeOIN KOJIOChEB UMEIOT AIIEKTPUUECKHI
3apsa. B «kpyrax» anekrpuueckue 6arapeiiku He padoTaroT M HEPEIKM clydyau OTKas3a (oToanmnaparypsl,
MOOMIIBHBIX Tene(doHOB. DTH 3((eKThl yKa3blBalOT Ha CYyIIECTBOBAHWE MHHMOIO MOANPOCTPAHCTBA B
IIPOTOCTPYKTYPE «KPYTOB».

HccnenoBarenu oOHapyKWJIM, YTO BHYTPU MHUKTOTPAMM CYIIECTBYET CHJIBHOE MarHuTHoe moie. B
9THUX MECTaxX CTpeJIKa KOMIIaca HE MOYKET ONPENENINTh, IZI€ CEBEp, a INe IO, U MHOTUE JIFOAU CIIbIIIAT
CHJIBHBIA 3BOH B ymax. [lopoil W3 «KpyroB» JOHOCATCS 3BYKH: Tyl, XyX>kaHue, apeOe3kaHue,
yapTpa3Byku. OTMeUaloTCs BapUallii paAloaKTUBHOTO ()OHA U MOBBILIEHHOE HHPPAKPACHOE U3TyUYEHHE.
Yacto aBTOMOOWJIbHBIE AKKyMYJIATOPbl B OKPECTHBIX JEPEBHAX IOJHOCTBIO pa3psKaroTCs, a HHOTAA
ANIEKTPUYECTBO BBIKIIOUAETCA BO BceM rnoceike. IIopoil B «kpyrax» Haxo[sT 3araJlouyHoe >keneo0pasHoe
pacnagaromieecs: Beniectso. Hekoropsle n3 3TuX 3(Q(EKTOB HATOMUHAKOT CBOMCTBA IIAPOBBIX MOJIHHM.
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[ToaToMy €CTECTBEHHO MPENOI0KUTh, YTO 3ITH CBOMCTBA «Kpyro» MmoryT onpenensiteess BTCII-
KOHJIEHCAaTOM MX MPOTOCTPYKTYPHI.

JKvBOoTHBIE M3 OKpECTHBIX (hepM H30ETaroT MPHOMIKATHCS K MECTY PACIIOIOKEHUS! MTUKTOTPAMMBbI
MHOTJa Jaxe 10 TOro, Kak OHa oOpa3oBanach. bbulo 3auKCHpOBaHO, YTO mepea 0Opa3oBaHUEM
MUKTOTPAMMBI HJIET HapacTaHHE HU3KOYACTOTHBIX KOJICOAHU, 3aTeM OHU MCUYE3AI0T, M TIOSBIISIETCS «KPYT».

N3rub komocheB MPOUCXOIUT MOYTH y caMOi 3eMitd Tof] yriioM, Omm3kuM k 90 rpamycoB. B mecrte
M3ruda BOHUKAET YTONIICHUE C U3MEHEHHOW TKAHBIO PACTCHHUS.

HMmeroTcst JaHHbIE, 9TO, KaK MpaBuiio, 00pa3oBaHUe MAKTOTPAMM 3aHIUMAET OKOJIO IBAIIATH CEKYHI.
KonmudecTBeHHBIX CBEIICHHI O TIporiecce GOPMHUPOBAHHSI TUKTOTPAMM HEMHOTO.

®dusnkKa pOXIEHUS «KPYroB Ha TOJSAX» CErofgHs ocraercs 3aragkoil. CaMonpou3BOJIBHOE
00pa30BaHKE MUKTOTPAMM MOKHO UCKITIOYHUTH KaK CIHUIIKOM MaJIOBEpOsATHOE. ICKYyCCTBEHHO CO3/1aBacMbIe
JIOABMU TOAJICIKH OTIMYAIOTCA OTCYTCTBUEM MHOTOUMCICHHBIX aHOMANbHBIX (DM3UYECKUX CBOICTB,
MPUCYHIMX MUKTOrpaMMaM. MHOTHE HCCIeI0BaTeNld «KPYroB Ha MOJSIX» CBSI3BIBAIOT UX OOpa3oBaHHE C
JNEUCTBUAMHM pa3syMHbIX cyiiecTB skunaxeil HJIO, yto mpeacrtaBisercs MMEOINMM OCHOBaHue. B
HacTosilee BpeMsi (PU3MUECKHX MOJENEH, OMHMCHIBAIOUIMX 00pa3oBaHHE M CBOMCTBA NMHUKTOIpaMM, HE
MPEJIOKEHO, HO BBbICKAa3aHBI MPEAINONIOKEHUs, 4yTo Kpyru oOpazyrorcs HJIO, BosaeicTByrommmu Ha
371aKOBBIE TIOCEBBI HEM3BECTHHIM (PU3NYECKUM MOJIEM.

B [1] mpencraBieHa BO3MOXHasi MOAeNs 00pa3oBaHHUS MUKTOTPaMM Ha KOHKPETHOM IMpPUMEPE,
onucanHoM paguoxypHanuctoM b. bougom. B 1972 1. B FOxHol AHmmu ero rpymnmna HaOironanza, Kak
3aBucuni Haj nosieM HJIO nanpaBuil k 3emiie My4oK LBETHBIX JIy4ei ¥ Hayajl BBITMCHIBATH UMHU CIIOKHBIE
¢burypsl [31]. 3areM BO3HUK HESICHBIN IIYM, M KOJIOCHS, KaK M0 KOMaH/e, yAETIIUCh M0 YaCOBOM CTPEJIKE.

Ha ocHOBe CBOWCTB CO3HaHMS, HCCIEAOBAaHHBIX B [1], OBLIO MPEAINONOKEHO, YTO MUKTOTPAMMBI
SIBJISIFOTCSI KBAHTOBBIMH 00BeKTaMu U cozfatorcs nunoramu HIIO ¢ ncnonp3oBaHuEM UX MaJIOMacIITaOHBIX
ACKHU30B U «KBAaHTOBOM KUCTH», «PUCYIOIICH MUKTOrPaMMy Ha TIOJIe.

CoenuHssi B CO3HAHUU 00pa3bl ICKM3a, «KBAHTOBOW KHUCTH» M MUKTOIPAMMBbI, MMUJIOT 3aIyCKaeT
MOJIIPU3AIMOHHBIN MEXaHW3M ee¢ (opMUpoBaHUs. B mepBoii ¢a3e KBAHTOBOTO Iepexofa «KBaHTOBAS
KHUCTB» MUJIOTA, COSANHSS ICKU3 U MOJIE KOJOChEB B OJIHY KBAHTOBYIO CHCTEMY, HAMEYAET Ha MOJIe y30p
ACKH3a, IEPEBOJIAIINN €T0 KOJIOChS B HEYCTOMUMBOE COCTOSTHUE, pa3Msrdasi OCHOBAHHE KOJIOCHEB U 3apsiKast
ux snekrpuuecku. [loce 3Toro kBaHTOBasI CUCTEMa y30pa MUKTOTPAMMBI KaK 11eJ10€ OBICTPO TEPEXOIUT B
YCTOMUYMBOE COCTOSIHUE C TIOJIETHIMMH KOJOCBhSIMU, TaK KaK 3apsiKEHHBIE KOJOChS TMPUTATHBAIOTCA K
OTPHUILIATEIHHO 3apsHKEHHON 3eMIIe, €CITU HAXOIATCSI B MHUMOM TOAIPOCTPAHCTBE (PU3NUYECKOTO BaKyyMa.

«Kuctpio», pucyromiei NUKTorpaMmsel, MOXXeT ObITh ucmyckaeMblii HJIO nyd, eciu OH conepxuT
kBaHTOBBI BTCII-konneHcat. Kak u mapoBast MONTHUS, TAKOW JTy4 UCIYCKAET Pa3HOLBETHOE ONTHYECKOE
U3NydeHue. ITUM MOKHO OOBSCHUTH U Pa3HYIO OKpacKy Jydeid, ucrmyckaembrx HJ1O.

B monw3y paccMarpuBaeMoil MOJENH CBUIETENBCTBYET SMEKTPUUYECKUN 3apsl cTeOnelt u u3penka
oOHapyxuBaemMoe OBICTpO HcYe3arolee >KeneoOpasHoe BemecTBo. Ero oOpa3oBaHue MOXKET OBITh
MOOOYHBIM MaTepUATH30BABIIMMCA M OBICTPO pAaCMafarOMIMMCS MPOAYKTOM MOJSPHU3AIMOHHOTO
MEXaHU3Ma CO3JaHusl TUKTOTPaMMBI.

[Tocne 3aBepiieHus mpoliecca 0Opa3oBaHUSl MUKTOTPAMMBI €€ TMOJIETTINEe KOJIOChs, MPOCTPAHCTBO
MPOTOCTPYKTYPHl KOTOPBIX H3MEHWJIOCh, OydyT pa3BUBaThCS aHOMalbHBIM oOpa3zoM. MHuMoe
MPOCTPAHCTBO MPOTOCTPYKTYPbl MUKTOTPAMM CYIIECTBYET M HaJl KOJOCBhSMHU, TaK B HUKTOTpPaMMax
HaOmIomaeTcss aHoMaibHas paboTa ammaparypbl, WU3MEHEHUS CKOPOCTH pPaTuOaKTHBHOTO pachaja,
HU3KOYACTOTHBIE 3BYKH. Takue 3ByKH M3JAIOT U IIapOBble MOJTHUH. VX BO3HUKHOBEHUE, KaK MMOKA3aHO B
[8], cBA3aHO C HEOIHOPOIHOCTBHIO paCHpEeleNieHUsl MEKTPUUYECKOro 3apsaa B (PU3MUECKOM BaKyyMe,
BBI3BIBAIOIICH KOJIeOaHMs BO3MyXa. DTUM K€ MOKHO OOBSCHHUTH M 3BYKH, CO3/1aBa€MbI€ MMUKTOTPAMMOM.

PaccmarpuBaeMyto KBAaHTOBYIO MOJEIb «KPYrOB» TOATBEPXKIAET TakKKe COOOIICHHS O
HETIPAaBUJIbHBIX TMOKa3aHUSAX B MHUKTOTPAMMax CTPEIKHA KOMITaca. DTO MOXET OBITh CBS3aHO C HIYLIUM
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napajuiesibHO 00pa30BaHUIO MUKTOIPAaMMBbl IIPOLECCOM T€HEpallMd MarHUTHBIX MOJed 3aBUXPEHHUSIMH B
BTCII-xonnencare npoToCTPYKTYPHI.

Bo3nukaronue B OKpeCTHOCTH MTUKTOIPaMMBI TTPOOJIEMBI C ANEKTPUICCKUMU CETSIMU U IPHOOpaMu
03HAYAIOT, YTO MHUMOE MPOCTPAHCTBO AHOMAJIHHOW 30HBI MUKTOIPAMMBI MOXET HMETh JOCTAaTOYHO
00JbIION 00BEM.

HeoOb4HOE TOBENEHNE JKUBOTHBIX €IIE 1O TOSBICHHUS NUKTOTPAMMBI MOXET YKa3blBaTh Ha
MPUPOIHOE 00pa3oBaHME aHOMAJBHOU 30HKIL. [lom0OHOE MOBENEHNE KUBOTHBIX, KAK OTMEUAIOCh BBIIIE,
XapaKTEPHO U JIJISl aHOMAJIBHBIX 30H, MOSBIISIIOIIMXCS B aTMocdepe mepes 3emierpscenueM [1].

JIOBONIBHO YAacTO€ TOSBICHUE «KPYIOB Ha IMOJIAX» BBIIAIUT Kak d(h(QeKkTHas u HacToWunBas
JIEMOHCTpAIIHSI JIFOISM BO3MOXHOCTel Pa3dyma, Kak cTpeMIIeHHe HAIleIUTh YeJI0BEYECTBO HA PaCIIUPEHHE
€ro HayYHBIX TOPU30HTOB.
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I'masa 6. ’KuBasi MaTepusi U pu3UKa CO3HAHUS
6.1. O npupoae »KMBOro BelecTBa

B mnacrosimee Bpems (QyHAaMEHTANbHBIX pa3IMYUil B NpPUPOAE KUBOH M KOCHOW MaTepuH HE
BBISIBJICHO. DTO HE IO3BOJISIET INPOABUHYTHCS B IOHMMAaHUU NPUPOABI CO3HAHMS U pasyMma. Takoe
MOJIOKEHUE CBSI3aHO C TE€M, YTO MPEACTABICHUE O CYHIECTBYIOIIMX B Mupo3ganuu (opmax MaTepuu B
IIPUHATOM KOHLIENIIMM MHUPOYCTPOMCTBA HEIOJIHOE, YTO CBA3aHO C OrPaHUYECHHBIMH BO3MOYKHOCTSAMU
npubopHbIX uccienoBanuii. B [ITM moMumo n3BecTHOro (PU3MKE aTOMHOTO BEIIECTBA C ICHCTBUTEIHHON
MHEPTHON MacCO# CyIIECTBYET BEIIECTBO C MHUMOU UHEPTHOM Maccoi. [Ipenmnonoxeno, 4o ero 6030HHas
KOMIIOHEHTa pOXKAaercss B hc-mupe u hopMHUpyeT ncucmpykmypul (CTPYKTYpbl M3 YacTHI] ¢ MHUMOKN
Maccoil) co3HaHUsA U pa3yma, a (pepMHOHHAsl MCUCTPYKTypa — MPOTOCTPYKTYpY OHMOJIOTMYECKOro Tela
opranuszMma [4].

bo3oHHBIE M (QEepMHOHHBIE IICUCTPYKTYPbl JKHMBBIX OPraHM3MOB SBISIOTCS HEpapXHUUECKUMU
KBAaHTOBBIMM MAaKpOCHUCTEMAaMHU Ac-MUPa U (PU3MUYECKOTO BaKyyma, B KOTOPBIX (PM3UYECKHE IMPOLECCHI
o0paTUMBI.

CpoiicTBa MHpPOB MHHUMOIO BELIECTBA HUMEIOIIMMUCS IpuOopamMu u3yuyuTh Henb3s. CeromHs
€IMHCTBEHHBIM IPHUCIIOCOOIEHHBIM JJIi 3TOr0 «IpHOOpOM» SIBISETCS CO3HAHUE YEJIOBEKa, KOTOPOE B
U3MEHEHHBIX COCTOSHUSX CIIOCOOHO MepeMellaTbCcs B HEU3BECTHBIE CErOJlHS HayKe MHUpPBI, a IpU
BO3BPALLEHUH COOOLIATh O CBOEM CYOBEKTHBHOM OIIBITE.

B 330TepuKe, MUCTHKE U PEIUTHAX HAKOIUIEH 3HAYUTEIbHBIA MaTepuall O MPOSBICHUAX U CBOMCTBAaX
CO3HaHus, TpeOyromuil ¢puzndeckoro aHanusza. Ero TpynHOCTh 3aKiro4aercss B TOM, YTO CyObEKTHBHBIH
OTIBIT «3aCOPEH» BUPTYAJIbHBIMU COOBITHSIMH, YCIOKHSIONIMMHU U3ydeHNEe (PU3NIECKIX CBOHCTB CO3HAHUS
1 HEU3BECTHBIX MUPOB.

Jpyrasg npuHOUOMaibHAs TPYAHOCTb MOJIYYEHHMs HH(POpPMAlMM O HEM3BECTHBIX HAayKe MHUpax
CYOBEKTHBHBIMH ~MeETOIaMH  (MEOUTalued, THITHO30M, YCHHEIMHIOM U [p.) 3aKJII0YaeTcsi B
OTPaHUYEHHOCTH MPHUHATHIX TPEACTABICHUI 0 MUpOycTpoiicTBe. [103TOMY y BOCIIPHHUMAIOIIETO CyOBEKTa
OTCYTCTBYET TOHSATUIHBIA amnmapar, NPUTOIHBIM [UIsi HAYYHOTO OMNMCAHMSI BOCIPUSATHS MHPOB 3a
npenenamu BeeneHnHoli ¢ ux HOBOH gu3ukoil. B u3BecTHbIe hr3nuecKkre TEpMUHBI (IHEPTHS, U3MEPEHUS U
Jp.) BOCIIPUHUMAIOIIUMH HH(POPMAIIMIO CYOBEKTaMH BKJIAJBIBACTCS PA3IMYHOE W YacTO HEaJeKBATHOE
STUM HAyYHBIM MTOHATHSIM COJIEp’KaHNe, IPUTOAHOE /111 MHTYUTUBHOTO BOCIIPUSITHS HA OBITOBOM YPOBHE.

[Ipu OBITOBOM MHTEpHpETAMU HMIHUPUYECKUX JAHHBIX O MHPOYCTPOMCTBE, MOJYyUYEHHBIX
CyOBEKTMBHBIMM METOJaMM, BO3HMKAeT TpyaHas Meroaudeckas mnpoOnema. Hosas wundopmanus o
MHUpPOYCTPOWCTBE MCKa)XaeTcsi HACTOJIbKO, YTO €€ cojep)kaHue OoJbIIel YacTbi0 OKa3bIBAETCS
MaJIONPUTOHBIM ISl pACIIUPEHUS HAYYHbBIX IPEACTABICHUI 0 HEM. DTUM MOXKHO OOBSCHUTH HEraTUBHOE
OTHOLIIEHHE HAayKH K CyOBbEKTHBHBIM MeTosaM no3HaHus Ilpuponsl v k uH(poOpManuu o CyleCTBOBAaHUH
MHUpPOB BHE BceneHHOM.

CBenieHus, NPOTHBOPEYAIME YHHUBEPCAIbHBIM (U3UYECKMM 3aKOHaM, HE MOTYT OTpaxarb
peanbHOCTh. [lo3TOMy KpuTepueM oTOOpa CYOBEKTHMBHOIO OIbITA, MPUTOAHOTO JJsl MOCTPOEHUS
(bu3nUecKoil TeOpUH pealbHOCTH, MOXKET CIIY’KUTh €0 COOTBETCTBHE YHUBEPCAIbHBIM 3akoHaM [Tpupomabt
[4].

B03MOXHOCTh MCIIONIB30BaHUS Ul MTOCTPOEHUSI YHHUBEPCAJIHHON TEOPUU JAHHBIX CYOBEKTHBHBIX
METOAMK IOATBEPKAAECT U paccMaTpuBaeMas B [1] mossspu3alnoHHass MOJEIb YEJI0BEYECKOIO CO3HAHMS,
sBIstonIerocss (yHKIMEH ero MCUCTPYKTYpPhl — MaTepHalIbHON CTPYKTYpbI, 00pa30BaHHON MHHUMBIMHU
0030HaMH IIECTU HEPapXUUYECKUX YPOBHEW. DTa MOJAENb COIIACyeTCsl C MPEACTaBICHHUSIMH O IMIECTH
«TOHKOMAaTE€pHUaJIbHBIX» TEJIaX CO3HAHUS B BEAUYECKOM YUYEHHMH U ITOJIO)KEHA B OCHOBY IPEACTABICHHUM O
pa3yMHbIX cymiecTBax hc-mupa. «HemarepuanbHOE CO3HAHHME» TPAKTYyeTCsl B JPEBHUX YUYEHHSIX Kak
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Hepusndeckas cyOcraHuus Jlyxa, IOCKOJIbKY Marepueil HpPUHATO CYMTaThb aTOMHOE BelecTBo. B
KBaHTOBOI T€OpHH CO3HaHUE — (DYHKIIMS MaTEepUATbHOMN ICUCTPYKTYPHI CYILIECTB /ic-MUDA.

YV G030HHBIX CYIIECTB HET 3apsAA0BBIX B3aMMOJCHCTBUN (pepmMuoHHOTO BemecTBa. B [1] usydanoch
UX HE 3aBHUCALIEE OT PACCTOSHUS CIIMH-CIIMHOBOE B3auMoieiicTBHE O030HHOTO BELIECTBA, OCYILECTBISIEMOE
MOJIIPU3aLMOHHO-PEAKTUBHBIMU CUJIaMHU.

6.1.1. Bocbmoii IJIaH pa3yMHBIX CyLLECTB

[Tornmanue mpUPOABI TFOO0TO PeHOMEHA HEBO3MOXKHO 0€3 MPEICTaBICHHS O €T0 TIPOUCXOKICHUU.
Oto KacaeTcs u (PEHOMEHOB )KMBOW MAaTEPHH U YEIOBEYECKOTO co3HaHUs. [10ATOMYy HYXKHO paccMOTpeTh
MOJIEJTb TOTO MUPA, KOTOPBIN UX TOPOXK/IACT.

B paccMmoTpenHoi B [1] mosisspu3aiimoHHON MOJIETTH Pa3yMHBIM MaTePUHCKHUM cyliecTBoM (Jly1moif),
HAJEJISAIONINM YeJI0BEeKa Pa3yMOM U YIIOH, SBISETCS HepapXUueck yCcTonrBasi 6030HHAs IICUCTPYKTYpa
hc-mupa BoceMoro uepoyposus 8(7,6,5,4,3,2,1) ¢ pazmepHOCThIO CIMHOBOTO TpocTpanctBa D = 60. B
Ipolecce CBOeH IBOJIOLMU HA OJHOM M3 €€ 3TAlOB OHA B3aUMOJICHCTBYET C KOMIUIEKCHBIM (hepMUOHHBIM
BemiecTBoM (1//) dusuueckoro Bakyyma, oOpa3ys kKuBble cymiecTBa. HekoTopble M3 HUX CTaHOBATCA
Pa3yMHBIMH, OTy4Yas pparMeHT MCHCTPYKTYpPhI CO3HAHUS MIECTOTO HEPAPXHUECKOTO YPOBHS®:

8(7,6,5,4,3,2,1) + (1/1) — {6(5,4,3,2,1) + [4(3,2,1) +5(4,3,2,1/1)]} + 3(2,1). (6.1)

KBamparHbIME CKOOKaMH BBIJICJICHA HEpapXuyeckas CTPYKTypa JKHBOTHOTO OpraHm3Ma, a
burypHelMu CKOOKaMU — Hepapxuueckas CTpykTypa uenoBeka (D = 56). Ona BKJIIOYaeT, MOMHUMO
MATUYPOBHEBOM (DEPMHOHHOM IMCUCTPYKTYphl MHOTOKJIETOYHOTO OpraHH3Ma, MOPOXKIEHHOW O0O030HHOI
MICUCTPYKTYpoii ¢parmeHTa Jlylmmm MecToro HEepoypoBHS, OO30HHYIO TCHUCTPYKTYpPY UETBEPTOTO
HEpOYPOBHSI €r0 JKUBOTHOTO opranuima. Takum oOpa3oM, 0030HHAsI ICUCTPYKTYpa YelIOBeKa B OTIIMYUE OT
KUBOTHOTO SIBJISIETCSI ABYXKOMIIOHEHTHOM, YTO MPUBOAUT K Ka4€CTBEHHOMY YBEIMYEHHUIO YHCICHHOCTU
YeJI0BEUECKOM MOMYIISIIIMU 10 CPAaBHEHUIO C MOMYJISIIUSAME BBICIINX MJIEKONUTAOMHUX [16].

Cy1iecTBO BOCBMOTO HMEpPOYpPOBHS (WJIM, €CIM HCHOJIb30BaTh I30TEPUUECKUIl TEPMUH, BOCHMOIO
I1aHa) o0NajaeT MepapXUyecKol CTPYKTYpOH, MO3BOJIAIOIIEH €l co3/laBaTh MCUCTPYKTYPHI CO3HAHUSA
yenoBeka 6(5,4,3,2,1), xxuBotHbix 4(3,2,1), pactenuii (2,1) u rpudos 3(2,1), eciiu rpudsl paccMaTpuBaTh
KaK MPOMEXYTOUYHBIE OPTraHNU3Mbl MEXK/1Y JKUBOTHBIM MUPOM M MUPOM PACTEHUH.

Takum oOpazoMm, B paccMaTpuBaeMoil MoJeNd 0030HHOE pa3yMHOE CYIIECTBO BOCHMOTO IUIaHA —
Jlyma — crocoOHa OBITH TBOPIIOM Pa3yMHOM YEIOBEYECKON JIMYHOCTH, a TaKKe KHBOTHBIX, TPUOOB H
pacTeHuii. To o3HauyaeT, yTo Mup Ay cnocodeH popMUpOBaTh Ha IUIAHETaX Cpely OOUTAaHUsI, B KOTOPOI
COCYIIECTBYIOT 3TH YETHIPE THIIA MHOTOKJIETOYHBIX JKUBBIX OpraHu3MoB. OIHOW M3 MHOXECTBA TaKHX
TIJIAHET SBJISIETCS 3eMUITSL.

6.1.2. JIBe ¢opmbl :KM3HU

N3-3a pa3HUIBI CUMMETPHUI TPOCTPAHCTB Ac-Mupa U BceneHHOW 0030HHBIE CYITHOCTH MOTYT
cO3/1aBaTh CTPYKTYphbl BceneHHoN TOoNbKO Yepe3 co3/1aHusl UX NMPOTOCTPYKTYpP B pU3NUYeCKOM Bakyyme. B
CIIMHOBOM IHpocTpaHcTBe Mupa Jlym ¢ pasmepHocTbio D = 60 BO3MOMHBI CIEAYIOIUE ABa KaHasa
(bopMHpOBaHUS KBAHTOBBIX MAaKPOCTPYKTYpP (hEpPMHUOHHOTO BElIECTBA:

8(7,6,5,4,3,2,1) - 7(6,5,4,3,2,1) + 5(4,3,2,1/1); (6.2)
8(7,6,5,4,3,2,1) — 6(5,4,3,2,1) +5(4,3,2,1/1) + 4(3,2,1) + [(2,1) + (2,1)]. (6.3)

B o0oux cinydasx umeer Mecto oOpa3oBaHHe (HEPMHOHHOM MCUCTPYKTYPbl MHOTOKIJIETOYHOTO

opranusma 5(4,3,2,1/1). B kanane (6.3) mecTuypoBHEBasi TICUCTPYKTypa UYEJIOBEKa B3aHMMOJIEHCTBYET C

8 (1/1) o3nayaeT MHUMYIO/IEHCTBUTENLHYO KOMIOHEHTY (DEPMHOHHOTO BELIECTBA EPBOTO UEPOYPOBHSL.
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MupoM JlyIn HEmoCpeaCTBEHHO, a B ciaydae (6.2) depe3 CEMHYypOBHEBYIO MCHUCTPYKTYPY MaTEpPUHCKON
Hymm.

Mopdonorust 6M0IOTHYECcKOTro Tela T0HKHA (POPMUPOBATHCS €ro (PepMUHHON NCHUCTPYKTYPOH.

Tak kak oOpazoBaHHME 3€MHOTO OpraHU3Ma MPOHCXOIUT MPU COEAWHEHHH €ro ICUCTPYKTYpPBI C
JIeWCTBUTENFHBIM (DEPMUOHHBIM BEIIECTBOM OMOJIOTMYECKOTO Telld, TO €r0 MHOTOKJIETOYHBIN OpraHu3M
JIOJDKEH COJEpKaThb KBAHTOBBIE MAKPOCUCTEMBI, B3aMMOJEUCTBYIOIUE C €r0 CTPYKTypaMU U3 KOCHOTO
BELIECTBA. DTO JEJIAeT BO3MOXHBIM /[BA KaHAJIA [TOJIy4EHUs SHEPTUU OPraHU3MOM: OT MHUMOT'O BEILIECTBA
IICUCTPYKTYpPBI U U3 JIEHCTBUTEIILHOIO BelllecTBAa BceeneHHoM (IIpU MPOTEKaHUU B HEM IK30TEPMHUUECKUX
XMUMUYECKUX peakuunii). M3 cmocoGHOCTH HOroB rogaMu 00X0IUTHCS 0€3 MUIIH CIeTYEeT, YTO TIIABHBIM IS
YEJIOBEYECKOT0 OPraHu3Ma SIBIISETCA NIEPBBII YIHEPIreTUYECKUM KaHal.

Bo3onnbie 1 (epMHOHHBIE TICHCTPYKTYPHI UYEIOBEKAa MOTYT B3aHMOJCHCTBOBAaTh MEXIY COOOM.
Hanpumep, B CIIMHOBOM IPOCTPAHCTBE C pasMEpHOCTbI0O D = 18 peanusyeTcs NCUXOCOMAaTUYECKOE
B3aMMOJICHCTBUE MEX]y HEPOYPOBHIMH IICUCTPYKTYp CO3HaHUsA uenoBeka (6,5) u ¢depMHOHHOIM
MICUCTPYKTYPOH €ro MHOTOKJIETOUHOTO opranusma (5,4,3,2,1/1).

O Hekierounoi ¢opme pasymHoil ku3HH. K HEil OTHOCATCA HEBOIUIOLICHHBIE CYIIECTBA.
PaccmoTpum mpumMep, B KOTOpOM 00pa3oBaHUE HEKJIETOYHOW (OPMBI pasyMHON >KM3HH IIECTOTO
HEPOYPOBHSI OCYIIECTBIISETCS] Pa3yMHBIM CYIIHOCTBIO CEITbMOTO HEPOYPOBHSI:

7(6,5,4,3,2,1) = [6 (5,4,3,2,1) +4(3,2,1)] + [(2,1) + (2,1)]. (6.4)

Ota QopMa CymecTB OTIAMYACTCS OT YEIOBEUECKOW: BMECTO (DEPMHUOHHOM MCHUCTPYKTYPHI IISITOTO
MEpOYPOBHSI MHOTOKJIETOYHOI'O OpraHu3Ma peajln3yeTcs ICUCTPYKTypa YETBEPTOTO UEPOYPOBHS U O030H-
(dbepMUOHHAs TICUCTPYKTypa BTOPOTO HWEPOypOBHSA. Takue HEBUAMMBIC pa3syMHBIE CYyIIECTBa,
TpanchopMupyst (GepMHOHHYIO TCUCTPYKTYpY (2,1) B (EepMHOHHYIO CTPYKTYpPY JCHCTBUTEIHLHOTO
BemiecTna (2, /), CTaHOBSTCS BUANMBIMHU, a IIpH TpaHchopmaruu (2,1) — (2,1) nomynpo3padHbIMH.

K mHexierounoir ¢opme pa3ymMHON IKH3HU, CIIOCOOHON CTAaHOBUTHCA BHJAUMOM, MOXHO
MIPEIMONIOKUTENIbHO OTHECTH CYIIECTBA, (QUTypuUpyOImKue B MH(OIOTHH (THOMBI, PyCalKd, JTOMOBBIE,
nenue, 316G U 1p.).

MOKHO 10IyCTUTh, YTO HEBOILIONIEHHBIE pa3yMHbIE CYIIECTBA MOTYT HHUIIMUPOBATH MOJITEPTeHCTHI
(«IIyMHBIE TyXWU»), COSAUHATHCS C ICUCTPYKTYPOU CO3HAHUA YeloBeKa («Oechl») U OKa3bIBaTh Ha JIOEH
JpyTHe BO3ACHCTBUS (KaK B cly4yae MPUBEACHUIA).

Takum 00pa3oM, yHUBEPCANbHBIM MOJSPU3ALUUOHHBIN IOIXOJ MO3BOJSET PACIIUPUTh CIEKTP
U3BECTHBIX (POPM pa3yMHBIX CYIIECTB, JieJasi BO3SMOXKHBIM U3yUYE€HUE MUPA MUCTHUKHU.

6.2. CTpykTypH3anus BelecTBA »KUBbIX OPraHM3MOB

B [1] paccmoTpeHns! 1Ba mpuMepa CTPYKTypHU3aluu — popMupoBaHue GEpMUOHHBIX CTPYKTYP KIETKU
1 MHOTOKJIETOYHOT'O OPraHU3Ma.

6.2.1. Kierku

bo3zonnas ncucrpykrypa knerku 4(3,2,1) cnocobHa co3gaBaTh MeTacTaOuiIbHbIE O030HHBIE
noacuctemsl 3(2,1) 1 2(1). OHu MOTYT POXKIATHCSI COBMECTHO C MOJIEKYJIaMU HYKJICOTUAOB, 00pa3yOIIMMH
B CIIMHOBOM IpocTpancTBe ¢ D = 11 mapsl co crpykrypoit (3,2,1/7)] X 2. D10 BO3MOXKHBIH MEXaHU3M
napHoro oopasoBaHus 0030H-pepMHOHHBIX cTPYKTYp reHoB u cnupaneit JJHK. [Tostomy conepxaniue ux
KJIETKH SIBIIIIOTCA TApHO Pa3MHOXKAIOIIMMUCS [I€JIEHUEM KBAaHTOBBIMM CHUCTEMaMH. Mepapxus Takou
KJICTOYHOH CTPYKTYpHI 1aHa B Ta0. 6.1. UncienHble 3Ha4eHUsI MYJIBTUILIETOB T€HOB U HYKJIEOTHUIHBIX Tap
y 4enoBeka OJM3KU K PAaBHOBECHBIM 3HAYEHUSM, IPUBEICHHBIM B MTOCIEIHEM cTos01e Tabm. 6.1.
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OMnBITHI C KyJABTypaMu KJIETOK MTOKA3aJI1, YTO OHHU Pa3BUBAIOTCS HEMPEPHIBHO B TEUCHUE I€CATUIICTHIH,
YTO WHOTJA BOCHPUHUMAETCS KaK yKa3zaHHe Ha ux O6eccmeprue. Kietku ke, HaxoasIuecs B OpraHus3Me,
KHUBYT CyILIECTBEHHO MEHBIIIE ¥ 3aMELIAI0TCS APYTUMHU KJIETKAMHU, IPUYEM YUCIIO 3aMEILEHUIN OTPaHUYEHO.

BpeMsi KM3HU KJIETOK 3aBUCUT OT CBOWCTB MX IPOTOCTPYKTYpPbI, B KOTOPOM DPOXIAIOTCA HX
MYJIBTUILIETHI. VIX pa3sMEpHOCTb U ONPENEIIIET MAaKCUMaJIbHOE BPEMS JKU3HHU MOIMYJISLUN KIIETOK.

Tabnuma 6.1. Uepapxudeckas CTpyKTypa KIeTkH [ 1]

KBanToBas Wepapxuueckas l-ypoBenb kg
crcTemMa CTPYKTYypa

KJIETKHU [4(3,2,1)+(3,2,1/1)] x 2 4 256

JTHK [3(2,1)+(3,2,1/1)] x 2 3 256

TCHBI [2(1)+(3,2,1/1)] x 2 2 6,55 - 10*
HYKJICOTHIHEIE (3,2,1/1) x 2 - 4,29 -10°
naphl

6.2.2. YHuBepcaJIbHbIN N'eHETHYECKUI KO U3BECTHBIX (DOPM 3eMHOM KU3HHI

B coBpemenHO# OGMonoruu nojaraercs, 4To yHuBepcaibHblii reHetTnueckuii koa (YI'K) Bo3nuk mpu
MOSIBJIGHUU JKU3HU U3 KOCHOIO BellecTBa 3emid. B cuiny mpeanonaraemoi ciydallHOCTM M3MEHEHUI B
SBOJIIOLIMOHHBIX ITPpoLieccax BO3MOXKHBI BapruaHThl YI'K, cBsi3aHHBIE C OTPOMHBIM YK CIIOM ITepecTaHOBOK 20
ero aMMHOKHUCIIOT. [loaTOMy TpeOyeTcst MOHATh, KaKUM 00pa3oM, B CHJIY KaKUX MPUYUH 3eMIIe JOCTAJCS
M3BECTHBIN HaM KOJ1 M KaK U3 MHOXKECTBA JIPYTMX OTOMPAIHUCh €r0 a30TUCThIE OCHOBAHUS U aMUHOKUCIIOTHI.
JlenaroTcss pasnv4YHbIC IONBITKM IOHATH 3TO, HO OTBETAa HA BOIPOC, IOYEMY I'€HETHYECKHM KOJI
YHUBEPCAJIEH U UMEET U3BECTHYIO HaM CTPYKTYpY, HET.

IIox reHeTM4YeCKUM KOJIOM IOHMMAIOT COOTBETCTBUE MEKIY KOJOHAMHU — COCEIHUMH TPOHMKAMH
HYKJIEOTHJIOB MOJICKYJIBI JIe30KcupuOoHykienHoBor kuciotel (JJHK) — u nBannareio aMuHOKHCIOTaMH,
dbopmupytomumMu kierounbie 0enku. B YI'K umerorcst 64 pa3nuyHbIX KOJIOHA, U3 KOTOPHIX B KOIUPOBAHUU
aMUHOKHCIIOT yyacTByeT 61. Mx Ha3piBatoT QyHKIMOHANBHEIMU. OCTalbHbIE TPU KOJIOHA B KOJWPOBAHUU
HE YYacTBYIOT, OINpeJeliss Hayalo M KOHell CUMThIBaHUs reHeTnuyeckod uHdopmanuu JIHK. V Hux
HECKOJIbKO Ha3BaHWN. OHO U3 HUX «CTON-KOJOHBD».

192 HykneoTHIa pazauyaroTCs BXOJAIIMMH B UX COCTaB a30THUCTBIMU OCHOBaHMsMH. VX ueTsIpe:
anenuH (A), ryanun (I'), Tumun (T) u uutosun (LI). YV pubonyknennoBoit kuciorsl (PHK) Bmecto
LIUTO3MHA B KonupoBaHuu yuyacTByeT ypauui (Y). B ommuune ot PHK, y kotopoii oqHa criupans u Tpu
Moaudukanuu ¢ pasHsiMu Gyskiusmu, y JJHK aBoitHas cniupais, a o6pasyrolye nx OCHOBaHHs ITOMapHO
CBSI3aHBI TaK, YTO AeicTByeT npasBuiio Yaprpada mist ocHoBanmil: ' = lu A = T.

VI'K BBIpOXIEH: OfHA U Ta € aMHUHOKHCIOTa MHUMPYEeTcs HECKOIbKUMH KojoHamu. Ecim
0003HAYMTh YUCIIO KOIOHOB B HEW P, 8 YMCII0 AaMUHOKHCIIOT CO CTENEHBIO BHIPOXKIEHHUS Ay, TO UMEIOT MECTO
COOTHOIIICHMUS:

Ypay, =20uY,pa, =61;p=1,23,4,6.

Ywuciio ocHOBaHMM y (PYyHKIIMOHABHBIX KOJIOHOB pa3nyHO: ocHOBaHue [ BcTpeuaercs 48 pas, I —
46, A —45, T —44. Y cron-kogornoB ATT, ATLI, ALIT unciio ocHoBaruii cooTBeTCTBEHHO 2, 3 1 4. BmecTe
¢ ocHoBaHUsAMU HykieoTu10B LI, A u T onu popmupyroT yeTsipe 48-1ieTa OCHOBaHUM, 00pa30BaHHBIX
192-nmeromM HYyKII€OTHUIOB.

KBanToBass mogear YI'K [1]. B ommmume or OonpmmHCTBa (DEHOMEHOB >KMBOW MPUPOIBI
YHUBEPCAIbHBIA T€HETUYECKUI KO UCCIIEJ0BAH I0CTATOUHO XOPOILIO. DTO MO3BOJISAET OHATH IPUPOLY €TO
YHHUBEPCAJILHOCTH, ONpeAesIieMyto (pyHIaMeHTaTIbHBIMU CBOMCTBAMH BEILlECTBA (PU3HMUECKOTO BaKyyMa.
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VYHuBepcanbHas ¢uznyeckas cucreMa JOJKHA UMETh MPOTOCTPYKTYPY ¢ MAKCHUMAaJbHBIM YHCIIOM
KBaHTOBBIX cocTOostHUH. OHO ompenemsieTrcss 256-MIeToM CHUHOBBIX COCTOSHUM, MPOCHUPYIOITUXCS
(TIPOSIBIIAIOIINXCS) B KOMIUIEKCHOE IMPOCTPAHCTBO (U3MYECKOTO Bakyyma. B mpomecce oOpa3oBaHus
YEeTHIPEX CEKCTETOB KOMOWHUPOBAHHBIX TMOJIeH 256 KBAaHTOBBIX COCTOSIHHM pa3[eNsIiOTCs Ha JIBE
MOJICUCTEMBI C TPEMSI U OJHUM CEKCTETOM U COOTBETCTBEHHO 192 1 64 CIMHOBBIX COCTOSTHUSA.

B [1] crpykrypa YI'K ompenensercss MKOCa’Ipo-I10A€KadApUIECKOd CUMMETPHUE MPOCTpaHCTBA
(hepMHOHHOTO MUPA U €r0 KOMOMHUPOBAHHBIMU TTOJISIMH.

B TpexmepHOM reoMeTpu4ecKoM MPOCTPAHCTBE 64-IIJIET CIMHOBBIX COCTOSHUM peaau3yeTcs, eClu
pa3lenbHO B KaXJIOM MPOCTPAHCTBEHHOM HM3MEPEHUHU NOJISIPU3YIOTCA YEThIpE COCTOsHUA. Toraa 4yucio
Pa3sIMYHBIX MX KOMOMHALMI cocTaBUT 43, B ueThIpex MpOCTPaHCTBEHHBIX COCTOSHUAX KaXKI0TO H3MEPEHHUS
MOTYT JIOKaJIH30BaThCs Pa3INYHbBIC [[BETOBBIC U BKYCOBBIC 3apsiibl. KBapTeT IIBETOBBIX 3apsioB 00pasyer
ouH 64-1jJeT KBAaHTOBBIX COCTOSHMM, TOTZa KaK KBUHTET BKYCOBBIX 3apsiioB — JIBa: OAMH 64-1uier
00pa3yIoT 4eThIpe, a BTOPOM 64-11eT — OMH BKYCOBOM 3apsijl.

Oto pasnenenue co3gaet ase ¢opmbl YI'K. Crpykrypa JIHK m PHK ompenensiercs xkBapTeTom
LBETOBBIX 3aps/10B, a ATk ocHoBaHui JIHK n PHK paznuyarorcsi ceKTopaibHIMU BKYCOBBIMHU 3apsiIaMH,
T.€. UMeeT MecTo «IATUOYKBeHHBIHN andaBut» YI'K, «OykBamMu» KOTOPOTO CIIyKaT MATh BKyCOBBIX 3apsI0B.

Yetnipe «OykBb» JIHK 00pa3ytoT n1Be 1ByXOyKBEHHBIE CIIPAJIH, CBSI3aHHbIE B3aMMO/ICHCTBUEM JIByX
nap BKycoBbIX 3apsa0B. B JIHK 3emuoro YI'K 3to napsi I'-1] u A-T. I1saThIii cekTOpanbHbIi BKYCOBOM 3apsij
yudacTByeT B oOpazoBanuu PHK.

PHK. Ilpotoctpykrypa PHK, criupans koTopoii nMeeT 0ceBoil 1IBETOBOM 3aps, oOpa3oBaHa TpeMs
MOJCUCTEMAMH C TpPeMs pa3HbBIMU CEKTOpPaJbHBIMU IIBETOBBIMH 3apsiiaMd, T.€. 00Opa3yrTcs Tpu
momudukanun PHK ¢ paznuunbiMu  (QyHKUIMOHANBHBIMH CBOMCTBaAMH. JTO — HH(POpPMAIMOHHAS,
TpaHcropTHas u pubocomanbaas PHK.

JHK. Ilpotorpykrypa JIHK nmeer 256-mier KBaHTOBBIX COCTOSIHMM M oOpa3syercs 24-mietamu
KOMOMHHPOBaHHBIX mosieil. OHa pasnensiercs Ha 64-1UieT KBAaHTOBBIX COCTOSIHUM C OCEBBIM IIBETOBBIM
3apssioM, B 192-1eT KBaHTOBBIX COCTOSIHUM C TPEMsI CEKTOPaIbHBIMU I[BETOBBIMH 3apsiiaMHu.

64 xomona JIHK conepsxar 192 nykneoruna. Takum oOpa3oM, u3 256-miueta CIMHOBBIX COCTOSHUMN
(dbepMuoHHOTO MUpa (pusmdeckoro Bakyyma, 192 coctosHUs IPOTOCTPYKTYPbl KOAOHOB (POPMHUPYIOT TpU
64-tijeTa HYKJICOTHUIOB, PA3IUYAIONIUXCA IIBETOBBIM CEKTOPAJIbHBIM 3apsoM. TpHUIUIETHI IIBETO-
3apsSKEHHBIX HYKJICOTUAOB 00pa3yroT MPOTOCTPYKTYPhI KOJOHOB 64-T11eTa.

Hyxneoruast JJHK ¢opmupyrorcss 4eThippMsi OCHOBaHUSIMH, Pa3lUYarOIIUMUCA BKYCOBBIMH U
LBETOBBIMU 3apsiiamMu. Kaxaoe ocHOBaHME UMeeT 48 KBAaHTOBBIX COCTOSIHUN HYKJIEOTHIOB JIBYX 24-I1JIETOB
TEH30PHBIX KOMOMHUPOBAHHBIX ToJeil. CHHITIETHBIN I[BETOBOM 3apsi monydyaeT [ -ocHoBaHue, a 48-1IeThl
1BeTO-3apsKkeHHbIX ocHOBaHui L], A u T ¢opmupyroT QpyHKIIMOHATBEHBIE KOJOHBI U CcTOM-KOAOHBI (ATT,
ATILI, AIIT).

64-m1eT KOJOHOB KAaK OJHA KBAHTOBAs CHCTEMa HE MOXET JIOKAJM30BaThCS B MPOCTPAHCTBE C
MKOCa3IpO-/10/IEKa’APUIECKON CUMMETPHUEN MPOCTPAHCTBA, B KOTOPOM HET 64-1j1eTa MpOCTPaHCTBEHHBIX
coctosiHuid. [ToaToMy B 3TOM MpoCTpaHCTBE 64-IJIE€T KOJOHOB PAa3AeisieTCsl Ha TPUILIET, JIOKAIU30BaHHBIN
B TpaHsAX UKOcadIpa, U 61-meT, KoTophlil 00pazoBan AByms 30-mueTamu pedep UKocadIpa 1 A0AeKadapa u
OJTHUM UX OOIIMM IIEHTPAIbHBIM MPOCTPAHCTBEHHBIM COCTOSIHUEM. JTO pa3/ielieHHe MPUBOIUT K Pa3HBIM
(YHKIIMOHATBLHBIM CBOMCTBAX ATUX JIBYX IMOJACHCTEM KOJOHOB.

Buipoowcoenue VI'K. B Tabn. 6.2 mnpuBeaeH cnektp BblpoxkaeHus 3emHoro YI'K. UYwucno
BBIPOXKJICHHBIX COCTOSHUH aMHHOKHCIIOT ompeaensieTcs 61-maeToM KBaHTOBBIX COCTOSIHUWA HKOCAdIpPO-
JOJIEKAa’IPUYECKOM TPOCTPAHCTBEHHOW cuUMMETpUH. [lapameTpbl BBIPDOXKIEHUS AMHHOKHUCIOT P =
1,2,3,4,6 COOTBETCTBYIOT MOPSAIKY KPHUCTAIOB, T.€. €r0 BO3MOXKHBIM BpAlllEHUSIM, HE MEHSIOIIUM
BHYTPEHHETO (U3NYECKOTO COCTOsHUSA KpucTtamwia. B [1] mpeanmonmoxkeHo, uto 20-mieT aMUHOKHUCIOT
dbopmupyetcs 20-tuieTomM oceil cuMMeTpun Qu3ndeckoro Bakyyma: 10-ruieTaMyu KBAaHTOBBIX COCTOSIHHMA
ocell rpaHel UKOcad/ipa U OCEH, MPOXOIAILIUX YEPE3 BEPIIMHBI 10A€KaIPa.
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Breipoxxnenne YI'K momkHO ompenensiThess KOMOMHHUPOBAHHBIMU TMOMSMHU (PH3UYECKOTO BaKyyMma,
B3aMMOJICHCTBYIOIIMMH C aTOMHBIM BEIIECTBOM. Bcero Takux monei 9, ' oHU 00pas3yloT MOACHCTEMBI
BBIPOXKJACHHBIX aMUHOKUCIIOT € YUCIIOM Tosieid 1, 3,5 u 9.

UYeThIpeXKpaTHOE BBIPOXKICHUE OCHOBAHHM MMEET MECTO Y ISATH aMHHOKHUCIOT. OHO MOXET OBbITh
pearm30BaHO y JBaaUATd KOAOHOB 20-IJIETOM BEKTOPHBIX KOMOMHHPOBAHHBIX IOJIEH, MEPEeHOCSIINX
B3aUMOJICHCTBUE MEXKY MATHIO BKYCOBBIMU M YETHIPbMSI IIBETOBBIMU 3apsiiaMu. OcTaabHbIe KOIOHBI (MX
41) xonupytoT 15 aMHHOKHUCIIOT. 23-11eT KOMOMHUPOBAHHBIX TOJIEH MOXKET POPMUPOBATH 12 aMUHOKHCIIOT
¢c p=12,3, a 18-tuter KOMOMHMPOBAHHBIX IOJICH, OOPa30BaHHBIM TPHUILICTOM IIBETOBBIX IOJCH WU
CEKCTETOM BKYCOBBIX 10JIEH — TPY aMUHOKHUCIIOTBI C P = 6.

Ta6m. 6.2. Cnexrp Boipokaenust YI'K [1]

p [1]2]3]4]6
a, [2|9[1]5][3

p

Takum oOpa3oM, KBaHTOBas Mojaenab 3eMHOro YI'K oTpaxaer ero OCHOBHbIE CTPYKTYpHbIE
XapaKTePUCTUKH, & YHUBEPCAIHHOCTh — JIOIEKAdIPO-UKOCANIPHOW CHUMMETPHUIO (DU3UYECKOTO BaKyyMa
3emui. YHUBEpCAIBbHBIN MexaHu3M ¢GopmupoBanusi 3eMHoro YI'K mo3Bossier mpeamnonokuTh, 4TO 3TOT
VYI'K Oyzner u y Apyrux ryMaHou10B.

6.2.3. MepuanaHbl ¥ TOYKH AKYIYHKTYPbI

B [1, 2] mepuananbl U TOYKM aKyHYHKTYpbl pAaCCMAaTPUBAIOTCS KaK CTPYKTYpPbl, OCYIIECTBISIOIINE
KBaHTOBOE B3aMMOJICHICTBHE MICUCTPYKTYp OpraHu3Ma ¢ €ro OMOJIOrHYeCKUM TeJIoM. B oTinuuue ot cemu
IVIaBHBIX Yakp, SIBJIAIOLIMXCS BHYTPEHHUMHU CTPYKTYPaMHU Y€JIOBEUECKOro OpraHu3Ma, HaXOSIIMMUCS Ha
€ro OCH, TOUKH aKyIyHKTYpPbI paclolaratoTcsi y HOBEpXHOCTHU TeJla YeJIOBeKa.

dopmMa 4YeIoBEYECKOro Tela TOBOPUT O TOM, YTO OHO 0OpasyeTcss B HPOCTPAHCTBE C OCEBOMU
CUMMETpUEH, KOTOpasi ONIPEENSIET U PACIIOIOKEHUE NIABHBIX YaKpP U TOUEK AKYITyHKTYPBI.

OceBast cuMMeTpus TOMTyCKaeT JBa Buaa quddepennuanuu npocrpanctsa: (1) popmuposanue cioes
OPTOTOHAJIBHO OCH CUMMETPHUH U (2) a3UMYTaIbHO PACIIOIOKEHHBIX OTHOCUTEIIBHO OCH CEKTOPOB.

Ha ocu pacnonaratorcss cemb mIaBHbIX 4akp. OHM HaxomdTcs B CIOSIX, Pa3/I€ICHHBIX LIECTHIO
MIPOMEXKYTOUHBIMU cI0sIMU. Elle 1Ba €0 OTHENSIOT INIaBHBIE YaKpbl OT BHEIIHEro IPOCTPAaHCTBA.
[ToaToMy mpOTOCTpYyKTypa 4YelloBEKa JOJKHA COJAEpKaTh MATHAALATh BEPTHUKAIBHO PACIOJIOKEHHBIX
CII0€B, B KOTOPBIX, KaK MOXHO IpPEINOJOXKHUTh, JOKAJIN30BaH 1|5-TJIeT IBETO-BKYCOBBIX IMOJIEH, HE
B3alMO/ICHCTBYIOIINX C BEILIECTBOM OuoTENa.

[Ipennonaraercs Takke, 4YTO CEKTOPAJIbHOE pa3/ielIeHHe NMPOCTPAHCTBA JOJKHO MPOUCXOAUTH MPHU
nokanu3anuu 24-j1eta BEKTOPHBIX 0030H-(epmMuoHHbIX mojeit [1]. Kak u B cioyudae mianer ConHeuHOM
CUCTEMBI, OH pazJesiercs Ha ABa 12-1miiera, B OJHOM U3 KOTOPBIX TOJIBKO 0030H-0030HHBIE, a B IPYIOM —
0030H-pepMUOHHBIE TOJA. DTU 12-MJeThl MmoJjiel onpeAesnsoT (GU3NYecKhue CBOMCTBA COOTBETCTBEHHO
MY’KCKHUX M JKEHCKUX MEPHAMAHOB, KOTOpbIE 15-1IeTOM I[BETO-BKYCOBBIX MOJIEH MOApa3ieistoTcs Ha 15
BEPTUKAIBHO PpACHONOKEHHBIX (parmMeHToB. Ha uX BHemHedl TrpaHuIe Yy MOBEPXHOCTH Telna
pacnoiararoTcsi aKylnyHKTYPHbIE TOUKH, Y€PE3 KOTOPHIE IIPOUCXOAUT €r0 B3aUMOJEHCTBUE CO CIIEKTPOM
6030H-(hepMUOHHBIX U (hepMUOH-(DEPMUOHHBIX MOJIEH POTOCTPYKTYPHI.

B oToif Momenm 4YMCIO TOYEK aKyMyHKTYpbl paBHO 15X 12 X 2 =360, u oHM pa3nuyarorcs
CIEKTpaMM TEH30PHBIX M BEKTOPHBIX MHoied. B 3Tux Toukax O030HHBIE MO TPaHC(HOPMHUPYIOTCS B
(bepMHOHHBIE, KOTOPbIE B3aUMOJICHCTBYIOT C (PEPMUOHHBIM KBAaHTOBBIM BEILIECTBOM OMoOTENA.

Ecnu 13 6ompimx u 360 MasibIx yakp CBA3aHbI MEXKY COOOM TONBKO OTHON HUTEBUHOW KBAHTOBOM
CTPYKTYpOii, To 00lllee KOJMYeCTBO TaAKMX HUTEH GyJeT paBHO YUCIy HapHBIX coueTanuil C2,; = 69378.
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Bo3MOXHO, 9TO MEXIy TVIAaBHBIMH YaKpaMH YHUCIO CBS3bIBAIOIIMX HHUTEH OOiblne. DTH HUTCBHUIHBIC
KBAaHTOBbIE CTPYKTYpPhl MOXXHO aCCOLMHPOBATH C BEIUYECKMMHU INPEICTABICHUSIMU O KaHajaxX Haou, 1O
KOTOPBIM PaclpoCTPaHsAETCs SHEPTUs npara. PaccunTanHoe YHCiI0 KaHAIOB OJIM3KO K OIleHKe B «] opakia-
[Magaxaru» (okosio 72000).

B [1] xoHcTartupyeTcsi, uTO MOJIAPU3ALMOHHAS MOJAEIb B3aUMOJAEHUCTBUSA ICUCTPYKTYpBHl U
OMOJIOTUYECKOTO Teja YeJOBEKa COIIACyeTCs C IMOMYyYEHHBIMH IOCPEICTBOM MEAUTATUBHBIX IMPAKTHUK
IIPEACTABICHUAMU JIPEBHUX WHIUNCKUX M KUTAWCKUX YYEHMM, T.€. 3Ta MOJEIb MMEET 3MIIMPUUYECKOE
IIOATBEP)KIACHUE. DTO JAeT OCHOBAaHUE II0Jararh, 4TO OHA MOXKET CIYXXUTb OCHOBOHM AJisi pa3BUTHUSA
(bu3nvecKoil TCOPHH KBAHTOBBIX B3aUMOICHCTBHM MICUTEN MEXITY COOO0H U ¢ OMOTEIIOM.

6.3. Co3Hanue 4ejI0BEKa
6.3.1. CocTosiHMA COZHAHUSA Y€JI0BEKA

B [1] paccmoTpeHbl pa3Hble COCTOSIHMS CO3HAHUS YEJIOBEKa C MCIIOJIb30BAaHUEM JIaHHBIX,
MOJIYYEHHBIX Pa3IMUHBIMU CYOBEKTUBHBIMU IPAKTUKAMM.

Co3Hanue 1 pazyM sBIsAIOTCA (QyHKIMEH 0030HHONM ICUCTPYKTYpBI, JIOKAJIU30BaHHOH B hc-mupe. B
BOILIOLLIEHHOM COCTOSIHMM IICUCTPYKTYpa YeJI0BEKa HAXOAUTCS B TPEXMEPHOM KOMITJIEKCHOM ITPOCTPAHCTBE
(bu3MIeCcKOro BaKyyma ¢ YMCIOM IPOCTPAHCTBEHHBIX COCTOSIHUN k3 = 256. B HeM MOTyT JIOKaJIn30BaThCs
KBaHTOBBIE COCTOSIHUSI CIIMHOBOTO MIPOCTPaHCTBa ¢ pasMepHocThio D < k3 /16 = 16.

[Ipennonaraercs, 4To B HOPMAJIbHOM COCTOSHUU CO3HAHHUS B T'€OMETPUYECKOM IPOCTPAHCTBE
peanusyroTcs BCE€ 3TU CIIMHOBBIE KBAHTOBBIE COCTOSIHMS, T.€. HOPMAaJIbHOE COCTOSTHUE CO3HAHUS MMEET
CIIMHOBOE MPOCTPAHCTBO C pa3MepHOCThI0O D = 16. B U3BMEHEHHOM COCTOSSHUM CTaHOBUTCS BO3MOYKHBIM
B3aUMO/ICHCTBUE IIECTUYPOBHEBOM IICUCTPYKTYpPbI CO3HAaHUS yesioBeka U rncuten [y co cnunamu 7 u 8.
B sTOoM cityuae pa3sMepHOCTb CIIMHOBOI'O IIPOCTPAHCTBA ONPEIEIIAETCS BHICIIUM — BOCBMBIM HEPOYPOBHEM,
Te. D =18. [loaToMy B WH3MEHEHHOM COCTOSHHUU CO3HAaHUS B TE€OMETPUUYECKOM IPOCTPAHCTBE
JIOKAJIN3YeTCsl JIUIIb YaCTh CIIMHOBBIX COCTOSIHUM, U UX CIIEKTP BapbUPYETCS.

B u3MeHeHHOM COCTOSTHUM CO3HaHHE MPUOOPETAET TOMOIHUTEIbHbIE — TApAaHOPMAJIbHBIE — KaHAJIbI
B3aMMOJIHCTBUI ¢ BellecTBOM (pu3nueckoro Bakyyma (¢ D = 2), ¢puzuka kotopbix oocyxkaaercs B [1]. Tam
e pacCMOTpeHa (pU3MKa CO3HAHMSI BO BHETEIIECHOM COCTOSIHUU U MPU KIIMHUYECKON CMEPTH, a TaKXkKe JIBE
(opMbI HEOOPATUMOTO TEPEX0/1a B COCTOSTHUE CMEPTH.

6.3.2. HopmaJjibHOe 1 H3MEHEHHOE COCTOSIHUSI CO3HAHMS YeJIOBEKa

B [1] paccMOTpeHO CIIMH-CIIMHOBBIE B3aUMOJEHCTBUS IICUTE CO3HAHUS YEIOBEKA, HAXOASINXCS B
CIIMHOBOM IIPOCTPAHCTBE BMECTE ¢ (PEPMUOHHBIMM NICUTEIAMU OPTraHU3Ma, ¢ TEM YTOOBI MOHATh, MOXKHO
JIM 3T B3aMMOJICHCTBHS aCCOLMMPOBATH C MPUHATHIMU B IICUXOJIOTMH (DYHKIHUSIMHU CO3HAHUS.

B HOpManbHOM COCTOSHHM CO3HAHMSI PACCMOTPEHBI C YYETOM BEAMUYECKHX IPEACTABICHUN O
(GYHKIMSIX TOHKHUX T€J B3aUMOAEUCTBUSL, TPOUCXOASIINE B CIUHOBOM MPOCTPAHCTBE C Pa3MEPHOCThI0 D =
15+ 10. Onu peanusyrorT Oe3yciaoBHbIE pe(UIeKChl, YCIOBHBbIE pPEeQIEKChl, MBIIUIEHUE (MHTEIEKT),
MHTYULUS (MBICIICHHAs) U UHTYHLIUS (4yBCTBEHHas), 03apeHue M pa3yM. PazymMoM Ha3BaHO codeTaHHE
00oux (popM MBIIIIIEHUS, HAJIeTIEHHOE BOOOpaKEHUEM U pAallMOHATILHOM (OpMOIi MOCTUKEHUS peaTbHOCTH.

B U3MEHEHHOM COCTOSIHUM CO3HAHMS PacCMOTpPeHbl B3amMmonencteus ¢ D =17 =+ 12. Onm
aCCOLIMMPOBAHbl CO CBEPXCO3HAHMEM, IOJCO3HAHUEM, KOJIEKMUEHbIM CO3ZHAMENbHbIM, KOJUIEKTUBHBIM
Oecco3HaTeNbHBIM, ICHOBUACHUEM, SKCTPACEHCOPHBIM CO3HAHUEM U TPAHCOM.

B cocrostnum ¢ D = 16, kak U B ciaydae CBEPXCO3HAHMS, UMEET MECTO B3aWMOJAECHCTBUE MSATOTO
MEpOYpPOBHEH C BOCHBMBIM (Ha/ICO3HATENIbHBIM) YPOBHEM C y4acTHEM MBIIUIEHUS. DTO B3aUMOEHCTBHE
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MOKHO CBSI3aTh C HOHATHEM «KOJUIEKTHBHOTO CO3HATEIBHOTO», OTCYTCTBYIOIIMM B MICHXOJIOTHI®. MOXHO
MPEONIOKUTD, YTO 3TO KOJUIEKTUBHOE COCTOSIHUE CO3HAHUS (POPMHUPYET OObEAUHEHUS JIIOIEH C 00IUMHU
LEISIMM U MHTEPECAaMU: PaA3JIUYHbIE PEJIUTMO3HbIC, MOJIUTUYECKUE, WUJICOJOTUUYECKUE, KYJIBTYPHbIE U
COLIMAJIbHBIC U IpyTHe OObEAUHEHHUS.

[To-BuuMoMy, 4Yepe3 KOJUIEKTUBHOE CO3HATEJIBbHOE pEaU3yeTcs Y4yacTHE JIIOACKUX Macc B
IIpeIHAYEPTAHHBIX SBOJIIOLIMEN YEJIOBEUECTBA HCTOPUUECKHUX NPOLIECCAX, UMEIOIINX KBAHTOBYIO IIPUPOLLY.
B HUX BaXHYIO POJIb UTPAIOT HJICOJOTHUYECKUE (POPMBI KOJUIEKTUBHOTO CO3HATEIBHOTO. DTO MPOSBUIOCH,
HanpuMep, B MPOTUBOCTOSHUU KomMmyHucTudeckod wupeonorun CCCP um  damucTckoil uaeonoruu
I'epmanuu Bo BTopoii MUPOBOI1 BOMHE MJIM B MOSBICHUU ITPOTUBOECTECTBEHHON T'€HAEPHOU HJICOJIOTHH,
CHOCOOCTBYIOIICH TyXOBHOMY OITYCTOIIEHUIO JTHOepaIbHOTO 3armaja.

Bocnpusitue 00pa3oB CO3HaHMEM MPOUCXOAUT MpPHU MOJSAPH3ALMKA BPEMEHH, T.€. BO3MOXKHO
BOCIIPUSITHE COOBITUN KaK MPOILIOro, Tak u Oyayiiero. CornacHo [1], B M~3MEHEHHOM COCTOSIHUU CO3HAHUS
MMEEeT MECTO MEXaHU3M IpeJICKa3aHus coObITUi OyayIiero ¢ ropu3oHToM mouTH B 600 jet. B HopmanbHOM
COCTOSIHMM CO3HAHUS 3TO MEXaHU3M UHTYHUIIH C TOPU30HTOM B 3 CYTOK.

ITocMepTHBII Mepexoa. YMupaHue MpoOUCXOIUT IPU HEOOPaTUMOM pa3JeIeHUH y MPOTOCTPYKTYPHI
CylLIecTBa MPOCTPAHCTB hc-mupa U ¢uszndeckoro Bakyyma. CornacHo paccMoTpeHHol B [1] ¢usuke
MMOCMEPTHOTO TepPexo/ia, B HOPMaIbHOM COCTOSIHUU OH JUTUTCS 3 CyTOK. B 330Tepuke 3TO Bpems pa3phiBa
T.H. «CepeOpsSHOro HIHYPa», C KOTOPBIM CBSI3BIBAIOT HACTYIUIEHHE HEOOPATUMOM CMEPTH.

Bynnucrckue MOHaX¥ MOCPEACTBOM MEAUTAIIMHA MOTYT YAJTUHATH MOCMEPTHBIN nepexo 10 37 CyTOK.
Ot1oT eHOMEH, IPU KOTOPOM TEJI0 COXPAHSET HEKOTOPhIE MPUKU3HEHHBIE TPU3HAKHU, Ha3BaH mykdam. Ero
MPHUPOJIA CBA3aHA C YBEIMUYEHUEM YHCIIA KBAHTOBBIX COCTOSIHUN MCUCTPYKTYpPhI CO3HAHUS B IIEHTPaIbHO-
CUMMETPUYHOM MpOCTpaHCTBe (Qu3nyeckoro Bakyyma. B [1] mokazaHo, 4To HauOOIbIIEEe YHUCIO
JOTIOJTHUTEIHHBIX KBAHTOBBIX COCTOSIHMM BO3MOXHO MPU CUMMETPHUH Jlofiekadapa — 12. Tak kak 0ObIYHO
IIOCMEPTHBIM IEPEX0 IMPOUCXOAUT B CHHIJIETHOM COCTOSIHUM, TO B paccMaTpuBaeMoOl Mojenu
MaKCUMaJIbHasl JUIUTEILHOCTh TYKAaM COCTaBISIET 39 CYTOK.

ITocMepTHOE coxpaHeHHe HMOJIOTMYECKOI0 TeJia

OcoOblii cyuail npeacTaBiseT NOpa3UBILEe YUYEHbIH MUP MOCMEPTHOE JJIMTEIbHOE COXpAaHEHUE B
MIPHKU3HEHHOM COCTOSIHUU Tena ymepiiero B 1927 1. mamer [lama-/lopxo-Mturenosa, 3aXOpoOHEHHOTO B
KyOe M3 KEeJIpOBBIX JIOCOK B I03€ MeauTaluu. Ero Teno, coracHo 3aBellaHuio, ObLJIO SKCTYMHUPOBAaHO B
2002 1. ¥ coxXpaHsieT CBOE HETJIICHHOE COCTOsIHHE N0 cuX mop. CrekTpanabHBIM aHaiIu3 00pas3IoB BOJIOC,
KOJKM, HOTTEH ToOKa3aj, 4yTo OENKOBbIE (DpaKiMu MMEIOT MPUKU3HEHHBIE XapaKTepuCTUKH. B pamkax
CYLIECTBYIOIIMX HAYYHBIX MPEACTABIECHUIN OObSICHUTH 3TO HEBO3MOXKHO.

JnuTenbHOE cOXpaHEHUE Tella JIaMbl 03HAYAET, YTO OHO HAXOJUTCS B COCTOSIHUU MOISIPU3ALUOHHOTO
paBHoBecus. B [1] mpeamnonoxeno, 4To BO BpeMsi IpeICMEPTHOM MeTUTAIIMU OBLJIO TOCTUTHYTO COCTOSTHUE,
B KOTOPOM IMOTEpU OHMOTEIOM JHEPrHH M BEIIECTBA B OKPYXKAIOIIYIO CpPEly KOMIIEHCHPOBAIUCH UX
MOCTYIUIEHUEM W3 €r0 MPOTOCTPYKTYPbl. DTO CUTyalusi aHAJIOTMYHA TOM, YTO IMO3BOJSET TE€JlaM HOTOB
obxonuthes 0e3 numu. [lonnepxkanue Jlymoi ymepiiero jamMbl paBHOBECHOTO COCTOSIHUE Tejla TpeOyeT
CTaOUITBHOCTH €r0 MPOTOCTPYKTYPhl M KOMILIEKCHOCTH €€ MPOCTpaHCTBa. BO3MOXHO MOATOMY Jama
3aBellall OCTaBUTh CBOE TEJIO B Ipoldy KyOnudeckoil (popmsl.

® CocrosiHue KOJUIEKTMBHOTO CO3HATEILHOTO HE SKBHBAIEHTHO TMOHATHIO «drperop». CornacHo Bukumenuu, «3rperop —
TIOHSTHE, TEPMHUH M KOHIEIIH B OKKYJBTU3ME U 330TEpPHKE, O3HAYarolee rpynioBoe ouornoisie. CTOPOHHUKN 3THUX TEOPUH
MpeAnoaratoT, 4tro OoJiee WM MEHee KpYyMHbIE YeJOBEUeCKHe COOOMIeCTBa CIIOCOOHBI BBIPAOATHIBATH COOCTBEHHOE
9HEPTreTHYECKOE MOJIe MO BIUSHUEM YCTPEMIICHHUS K OJTHON IeTH (3TPerop TBOPUECKOH MIKOJIBI, STPETrop roCyAapCTBa, STPETop
PEeNUTHH U TIp.). YYAaCTHHUKU COOOIIECTBA MOTYT HCITBITHIBATH YYBCTBA CONMPUYACTHOCTH («ITOIKIIOUEHHE» K 00BEANHSIONIEMY
HX 3Tperopy)». DTO OMpeaeNeHre MOKHO TPAaKTOBATh TaK, YTO STPETrOp CO3/ACT COCTOSHHE KOJIEKTHBHOTO CO3HATENBHOTO,
TOI'JIa KaK B pacCMaTpUBAEMOIN KBAaHTOBOM MOJIEIM CO3HAHMSI ATPETOP — OAHO U3 IPOSIBICHUM 3TOT0 cocTosiHus. He ycrpemnenus
JIOJICH CO3/Ial0T «IHEPreTHYECKOE MoJIe», a PU3UIECKOE 10JIe KOJUICKTHBHOTO CO3HAHMS ()OPMHUPYET IPYIIIHI JIOJIeH ¢ 00IIMHu
LEJIIMU U yCTPEMIIEHUSMHU.
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BHeTtenecHoe cocTosiHUe CO3HAHUS. B M3MEHEHHOM COCTOSHUM CO3HAHUS BO3MOXKHO OTAEIICHHE
0030HHOW TMCHUCTPYKTYphl OT (EPMHOHHOM C COXpPaHCHHEM TMONJEPKKH SKU3HECTIOCOOHOCTH
OMOJIOTUYECKUM TEJIOM Yepe3 00pa3yIoUIHiics MoIspu3allMOHHBIM MEXaHU3MOM OJHOMEPHYIO CTPYKTYPY,
Ha3bIBAEMYIO B 330TepHKe «cepeOpsiHbIM mHypom». B [1] mogpoOHO mpoanammusuposan onbiT PobGepra
MoHpo u coTpynHukoB ero MHCTUTYyTa, KOTOpbIE MPUMEHSIM HAayYHBIH MOJXOJ JJISl MCCIEA0BaHUS BO
BHETEJIECHOM COCTOSIHUM OKOJIO3EMHOTO IIPOCTPAHCTBA M IOJy4Yaldd HEKOTOPBIE KOJIMYECTBEHHBIE
XapaKTePUCTUKU HAOMI0AaeMBbIX siBIeHU [32-34].

B [1] paccmoTpeHbl KBAaHTOBbIE MEXaHM3MbI ONUCAHHBIX P. MOHpO mnepexonoB CO3HAHUS BO
BHETEJIECHOE COCTOSIHUE M TAaKUX €ro IpOSBICHUN KaK HMHUIMMPYEMOE MBICIbIO JIBM)KEHUE K ILIEJIH,
MaTepHaIu3aIysi MbICTH U (POPMUPOBAHUE CTPYKTYPBI IAMSTH O NMEPEKUBAHUAX €TO CO3HAHUS B TEKYyILEH
Y TIPOLILIBIX KU3HAX.

Oco0o wuHbpopmaTuBHBl onucaHuss MOHpPO MpoleccoB 00paTUMON BO BPEMEHHM MBICICHHON
MaTepuaIn3alim, I03BOJSIONINE 3yUaTh €€ KBAHTOBYIO (DU3HKY U MOHSTh, YTO 3TU MPOLIECCHI IPOUCXOAAT
u Ha 3emiie. K nmociennum B [1] oTHECEHO MUPOTOUEHUE UKOH, CIIOCOOHOCTH, KOTOPYIO IEMOHCTPUPOBAIH
HEKOTOpBIE JIIOJM, CO3/1aBaTh HEOIYIIEBICHHbIE OOBEKTHl U YKUBBIX JBOMHUKOB. DTOH CIIOCOOHOCTHIO
obmagan Mucyc, cOTBOpUBIINI MUIy, YTOOBl HAKOPMHUTH Tononaroimx. Bockpecenue Mucyca — 310
MaTepuaiu3aius ero oopasa Ha 3emiie, a siBinenue oopasa et Mapuu B 1917 rogy nepesn coOpaBIIMMHuCS
Ha Mpa3gHHK MOpPTyraibllaMu — Marepuanusanus ee obpasa B Hebe. B muteparype ommcanbl U JIpyrue
clly4ad BocKpeceHus: ymepuux jgronei. [lo-Buaumomy, cocobamu MaTepuain3alii BIaJCIOT Pa3BUTHIC
MHOTUIAaHETHBIC LIMBUIIN3AIlMU, UCIONB3YIOIINE €€ U I CO3[aHUSl KBAHTOBBIX KOCMUYECKUX KOpabieil.
Jronam B OymymieM MOHAAOOUTHCA €I0 OBIAJETh, YTOOBI HE 3aBHCETh OT PECYpPCHBIX HPUPOAHBIX
OTpaHUYCHUH.

B [1] omucannbie P. MoHpo npeObiBaHUs Ha IMOXOXKEW Ha 3eMIll0 IUIaHETE U C IMOXOXKeH Ha
YeJIOBEUECKYI0 LUBUIM3ALME, HO HECKOJBKO OTCTAalOIle B pa3BUTUH, HHTEPHPETUPYIOTCA Kak
nocemienus AuTuBceneHHoil. OHa otaeneHa ot BeeneHHol «cepoil cTeHO», Py MPEeoI0JICHHH KOTOPOH
npoucxoauia TpaHcdopManusi BellecTBa OO30HHOM ICUCTPYKTYppl MOHpO Ha aHTUBEUIECTBO.
Oo6napyxeHHass MoHpO miaHeTa paccMaTpuBaercs B [ 1], Kak SMIUPUYIECKOE MOATBEPKICHUE COBMECTHOTO
oOpa3oBanust BceneHHOM 1 AHTUBCEIEHHOH B pa3HbIX (pparMeHTax 00I1ero NpoCcTpaHCTBa.

6.3.3. YacToTHBIIi CTIEKTP MCUCTPYKTYP CO3HAHUS

Omnpenenenre cnekTpa cOOCTBEHHBIX YaCTOT MCUCTPYKTYP CO3HAHUS Ba)KHO ISl MHTEPIpPETALUU
SMIIMPHUYECKUX AaHHBIX. B [1] mms ompeneneHus 3TOro CHeKTpa HCIOJIb30BAIMCh 3JIEKTPOMAarHUTHBIN
4acTOThl M3JIy4E€HHUs TOJOBHOIO MO3ra, a TaKXE 4acTOThl INIABHBIX 4Yakp, u3MepeHHele B. Xant [35].
[Mpunsto cuutare, yto0 6-,6-, @- W [- PUTMBI TOJOBHOTO MO3ra JIeKAaT B JMANa3oHaX dYacToOT
coorBercTtBenHo 0,5 + 3,5, 3,5+ 7TIy,7+ 15Tyu 15 + 30 I'n.

CormacHo [1], ¢a30BO-KOppENUPOBAHHBIN CHEKTP HEpPapXUUECKON MCUCTPYKTYpbl CO3HAHUS
OTIpE/IETISIETCS] «OKTaBHBIM) MEXaHU3MOM YJIBOECHMS 4acTOT. Tak Kak NMCUCTPYKTypa JIMYHOCTHU SIBIISETCS
(GbparMeHTOM NCHCTPYKTYpbl ee Jlymiu, TO ee celpMoe ICUTENO ONpENeNseT I'PaHUYHYIO C LIECThIM
NICUTEJIOM YeJIOBeKa 4acToTy wy (7/6), KoTopas W SIBISETCS MUHHMAIIBHOW YacTOTOW MCHUCTPYKTYPHI
WHIMBUYyyMa, MOpOXJaromeld ee Oosee BBICOKHE COOCTBEHHbIE 4YacTOThl. CIEKTp H3IIyueHHUs 4Yakp
OIIpENENAET TPAHUYHBIE YACTOTHI IIECTOTO U MATOTO MCUTEIL.

AHanu3 3TUX CIIEKTPOB B [1] MO3BOJIMI ONpENEnTh 3HaY€HHE MUHIUMAJIBHON YacTOThl Wy, (7/6) =
0,235 I'y ¢ morpemrHOCTHIO OKOMIO 10%. [ToaTOMy HHM3MmIAasi YacTOTa M3IyYEeHUS] TICHCTPYKTYPhI YelloBeKa
cocrasiset 0,47 I'm.

VYrnBoeHue 4acTOT MPOUCXOAUT MPU YIBOEHUH YKCIAa CIIMHOBBIX U COOTBETCTBYIOIIETO €My YHCIa
IPOCTPAaHCTBEHHBIX COCTOSHUNA. B crnmHOBOM mpocTpaHcTBe 3nekTpomMarHuTHoro mnons (D = 1)
peanuzyercss 8 KBaHTOBBIX COCTOSIHUH, (POPMUPYIOIIUX TPEXOKTaBHBIA OO30HHBIA IMANa30H 4acToT J-
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putMma roioBaoro mosra: (1 + 8)w,(7/6) = 0,47 + 3,76 I't. D10 pUTM IIyOOKOTO CHA 6€3 CHOBHICHHI.
OxkraBbl 4YacToT 0-, - W [-pUTMOB TOJYYAarOT TPaHUIBI COOTBETCTBeHHO 3,76 <+ 7,52Tu, 7,52 +
15,04 I'm u 15,04 + 30,08 I'y, yTo mpuemiieMoO coracyeTcst ¢ U3MEPEHHBIMU TPAaHUYHBIMU 3HAYCHUSIMU
3TUX PUTMOB.

B [1] paccMoTpeHa Mojelib Te€HEpalUd 3JIEKTPOMArHUTHOIO W3Iy4Y€HHUs, B KOTOPOM IIECTOM
0O030HHBI HEpPOYypOBEHb B3aHMOJACUCTBYET CO BTOPhIM OO30HHBIM HEPOYPOBHEM B CIIHMHOBOM
MPOCTPAHCTBE C pa3MepHOCThI0O D = 12, a TEH30pHOE MOJIe MOCPEICTBOM MeXaHU3Ma (pepMUOHU3AINH
MOPOXKIAeT JIBa BEKTOPHBIX NHOJIs (u3mueckoro Bakyyma. OIHO W3 HUX 3JIEKTPOMArHUTHOE TIOJIE,
JIOKQJIN30BaHHOE B JIEWCTBUTEIBHOM IIOANPOCTPAHCTBE U MMEIOIIEE YaCTOThl MOPOXKIAIOIIETO €ro
0030HHOTO TOJISl ICUCTPYKTYPBI CO3HAHUS. DTH YaCTOThl TEHEPUPYIOTCS MOJSAPU3ALUOHHBIM MEXaHHU3MOM
VABOGHUS YacTOT B OAHOM M3 MPOCTPAHCTBEHHBIX HW3MEPEHUH, (OPMUPYIOIIMX  OKTABHI
3JIEKTPOMAarHUTHOTO U3JIy4€HHsI pUTMOB IOJIOBHOTO MO3Ta.

B MHUMOM TIPOCTpaHCTBE TIICUCTPYKTYpbl CO3HaHHS OOpa3yrTcs TPH OKTaBbl O-pHUTMA,
dbopMupyrolMe OKTET KBAHTOBBIX COCTOSHUM, KPAaTHBIX HH3IIEH 4acTOTE IIECTOro OO30HHOTO ICUTENa
0,235 T'u. Ee ynBoeHHas 4acToTa SIBISETCS HWKHEH YacTOTOH O-puTMa. DTOT PUTM XapakTepU3yeT
COCTOSIHHE CO3HAHUS, KOTOpOE SIBISETCS CHOM 0€3 CHOBHJIEHHWI, TaK KaK HE CBSI3aHO C MpolleccaMu B
(bu3nIeCKOM BaKyyMe U TaMATHIO O COOBITUSX B HEM.

[Ipennonaraercs, 4To CIEAYIOLIME TPU PUTMA TOJOBHOIO Mo3ra oOpa3yloTcs B3aWMOJEHCTBUEM
NICUCTPYKTYPBl CO3HAHHSI C PACIOJIOKCHHOM B (HU3MYECKOM BakyyMe (PEPMHOHHON ICUCTYKTYpOid
IIOCPEJCTBOM TpPEX IOCJIEI0BAaTEIbHbIX IE€HEpAalUid OKTaB B OAHOM, JBYX M TPEX HU3MEPEHMSIX €ro
MIPOCTPAHCTBA COOTBETCTBEHHO C YacToTaMu 60-, a- u f-putMoB. [109TOMy CBSI3b 3TUX PUTMOB IFOJIOBHOTO
MO3Ta C COOBITUSAMH B (PH3MUECKOM BaKyyMe M IMaMsAThIO O HUX pa3iHyHa.

B Monenu cHa, paccMOoTpeHHOi B [ 1], MakcuManbHasi ATUTENLHOCTh B IIMKJIE CHA O€3 CHOBHUJICHUH C
norpemHocThi0 10% cocraBuna 100 MUHYT, a CHa cO CHOBUACHUAMH 12,5 MHUHYT, YTO COOTBETCTBYET
peanbHBIM 3HAUCHUSM

OKTaBHBII CHIEKTP COOCTBEHHBIX YACTOT UMEET MECTO U y Apyrux ncuten. OH ucnonab3zoBaics B [1]
JUIS. UHTEPIIPETAIIIN HEKOTOPBIX SMIUPUYECKUX JTaHHBIX.

6.3.4. BocnpusiTue cO3HaHHEM LIBeTA

ONEKTPOMAarHUTHOE M3JIy4eHHE HE HMMEET LBETOBBIX CBOWCTB. PDu3nueckas NpUpoAa LBETA,
BOCIIPMHMMAEMOI0 HallUMHU Ia3aMu, u3ydanach eme M. HprotoHOM, HO 10 cux mop HesdcHa. l[Bera
CTaBATCA B COOTBETCTBME C JUIMHAMM BOJIH ONTHUYECKOro nuamna3oHa. OJHAKo Teopuu oOpa30BaHMS
L[BETOBOI'O CIEKTPA, BEIUUCIISIOIIEH JUIMHBI BOJIH IPAHHULL €r0 IIBETOBBIX MHTEPBAJIOB, HET.

OO0pa3oBanue nBeTOBOro cnekrpa. B [2] Obuio BbICKa3aHO pa3BuToe B [1]| mpennosnaoxkeHue, 4To
[[BETA SBJISIIOTCS MPOSIBICHHEM CBOMCTB BpAILATEIIbHONM CHMMETPUHM M3JIy4alolllero CBET BEIIECTBA,
XapaKTepU3yeMoil mapaMeTpoM cUMMeTpuu p = 20 + 1, onpenensonM YMCiI0 CIUHOBBIX COCTOSTHHU.
DJEeKTPOMarHuTHOE U3Jy4eHHEe BO30YKIaeT B (U3NUECKOM BaKkyyMe (pepMUOHHBIE BEKTOpHBIE (p = 3) U
TEH30pHBIE (p = 5) MoJIsA, KOTOPHIE BCTYMAIOT B PE30HAHCHOE B3aMMOJICHCTBHE C TICHTEIAMH YeJIOBEKA.
3Ha4yeHus p onpenensoT (a3y Mnoyiei u rpaHuibl BOCIPUHUMAEMBIX IIBETOB.

3HaueHus p = 2, 3,4 1 6 XxapakTepu3yrT CHMMETPUN KPUCTAIIOB, TOTJA Kak p = 5 — CHMMETpPHIO
KBa3ukpucTtayma. Kpucramn B omiMyue OoT KBa3UKpUCTaJa HE UMEET XapaKTepHOro macuraba U ero
CHEKTp M3JIyYeHUsS U BOCHPUITHS SIBISETCA YAaCTOTHBIM, TOTJa Kak B CIy4yae KBa3HKPHCTAJUIa CIEKTP
XapakrepusyeTrcss JUIMHON BonHbl. IlosTOMy BoOcCHpusTHE 1IBETa NPOUCXOAUT JABYMS (DU3HUECKH
pPa3IMYHBIMM KaHaJaMHM, W OTO TMPOSABISAETCS MPHU BOCIPUSATUU CYNEPHO3ULIMU JIBYX BHUJOB
BOCIIPUHUMAEMBIX CIIEKTPOB.
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OnTuyeckuil CHEKTp BOCIPUHUMAETCS TPEThbUM 0030HHBIM ricutenioM (I, =3, pp, =2, +1=7)n
B3aUMOJIeHCcTBYeT ¢ Oojiee BRICOKUMU IicuTenaMu. CIMHBI UX MOJIEH UMEIOT TapaMeTpbl CHMMETPUH D), =
9,11,13.

Bocnpusitie 31eKTpoMarHuTHOTO U3JIy4eHHUs] MOKET IPOMCXOIUTh KaK C y4acTHEM TEH30PHOTO 101,
Tak ¥ 0e3 Hero, T.€. CyIIECTBYIOT JBa PA3JIMYHBIX KaHaia BoCHpuATUs LBeTa. Ilpu HanoxeHMM OHU
(OpMHPYIOT CEMHIIBETHBIN CIIEKTP, B KOTOPOM (DHOJIETOBOMY IIBETY COOTBETCTBYET quanazon p > 13 (1, >
6).

B [2] ObL1u BEIYKCIICHBI 3HAUYEHUS P ISl 000MX CHEKTPOB. ECiM 17151 KpUCTAIITMYSCKUX CUMMETPHIA
IpaHMIIbl LBETOBBIX J[MAla30HOB OINPENENAIOTCA YacTOTOM H3Iy4deHHs, TO AJIA KaHaja C y4acTHUEM
TEH30PHOTO TOJIS — €r0 JUIMHOW BOJIHBI, YTO MPUBOJMT K HEIEIBIM 3HAYCHHUAM P, paBHBIM 3,6 1 4,5.

3HaueHus MmapaMeTpa CUMMETPUH JIeKaT B Juamna3oHe p = 1 <+ co. B 3TOM MHTEepBajie 3HAYCHHUN
p ¢aza mensercs Ha 2m. Hayano 1BETOBOro CHEKTpa MPUXOAUTCS HA P = 2, T.€. I[BETOBOMY CIIEKTPY
COOTBETCTBYET U3MEHEHHE (pa3bl HA 1T ¥ IMana3oH 2 < p < oo,

[TockonpKy 3Ha4YEHHE TapameTpa BpAaIIATEIIbHOW CHMMETPHUH P OIpPENesieT YHCIO KBaHTOBBIX

o 2n o
COCTOSIHMH, TO TPaHMIIE LIBETOB COOTBETCTBYET (hasza ¢, = > HoBerit BeT 00pasyercs ¢ KakIbIM HOBBIM

3HaueHHeM Mnapamerpa cuMMmeTpuu. IlockonbKy (haza mponopuHOHaIbHA YacTOTE M3JIy4E€HHUS U 00paTHO
MPONOPIMOHANIFHA JIJTMHE €r0 BOJHBI, TO UMEET MECTO 3aBUCHUMOCTH UIMHBI BOJHBI A TPaHUIIBI HOBOTO
L[BETa OT IapaMeTpa CHMMETPHUH P, OTyUYeHHas B [2]:

2
A= (1 + ;) Amins Amax = 2min- (6.1)
Takum 00pa3oM, «IIBETOBOW» HHTEPBAJ OINPENENSICTCS OKTaBOH BOCHPHHHUMAEMBIX YaCTOT U HE
3aBUCUT OT BEJIMYHMHBI XapPaKTEPHOM MAJIMHBI BOJHBI M3IYYEHUS Apin. OTO HOATBEp)KIaeT (peHoMeH

aJIBTEPHATUBHOTO 3PEHHs, B KOTOPOM BOCHPUSITHE IIBETa IKCTPACEHCAMHU IPOUCXOIUT HA YaCTOTax,
OTJIMYHBIX OT ONTHUYECKUX [36].

Tabn. 6.1. CpaBHenue pacueTHbiX (popmyna (6.1)) ¥ SMIUPUYECKH YCTAHOBIECHHBIX JJIUH BOJH
[[BETOBOTO ONTHYECKOTO CIIEKTpa.

Hnmepsan Pacuemnuiii Ipunsamuoiu
L[gem napamempa unmepeaJ unmepeal

cummempuu P | OnuH 6011 (Hm) | OnuH 80aH (HM)
KpacHbII 2-3 760 - 633 760 - 635
OpaHXEBBIN 3-3,6 633 - 591 635 - 590
JKEJITHINA 3,6-45 591 - 549 590 - 550
3eJICHBIA 45-6 549 - 507 550 - 510
rony0oii/ciHe-3eeHbIi 6-7 507 - 489 510 - 490
CUHUI 7-13 489 - 380 490 - 380
dbuoneToBbIi 13 - 00 menee 380 meHee 380

Takum 00pa3zoM, LBETOBOE BOCIPHATHE IEKTPOMATHUTHOTO M3JIyYEHHUS MPOMCXOIUT OKTaBaMHU U
BO3MO)XKHO B pa3HBIX YaCTOTHBIX JAMana3oHax. L[BeToBble M BKyCOBble MO (PU3UUYECKOTO BaKyyMa U
BpalareiabHas CHMMETPHUS TCHCTPYKTYPBl CO3HAHMS pas3leNsdioT YacTOTHBIM CHEKTp OKTaBbI
AJIEKTPOMAarHUTHOTO U3JIy4E€HHsI HA CEMb 4acTel, KOTOPbIE BOCIIPUHUMAIOTCSI CO3HAHMEM KaK IIBETA.

B [1] paccmoTpeHbI Takke KBAaHTOBBIE MEXaHU3MBbI Pa0OTHI APYTUX OPraHOB UyBCTB B HOPMAJIbHOM,
M3MEHEHHOM U BHETEJIECHOM COCTOSIHUAX CO3HAHMUS.
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I'naBa 7. KBaHTOBBIEC B3aMMO/1€iiCTBUSI MAKPOCUCTEM

TemaMu paccMOTpeHHBIX B [1] T.H. HeTpaauIHMOHHBIX uccienoBanuii (HW) sBrstorcs peHOMEHBI,
KOTOPBIE HE MPU3HAIOTCS OPTOJOKCATBHON HAYKOW peasbHO CYLIECTBYIOIIMMU, TaK KaK MPUHATAs CETOHS
nporeaypa noka3arensbets B HY moiaHOCThIO He BhIMONHEHA. B [1] 3TOT Kitace siBieHMiA ObLII OTHECEH K
KBAaHTOBBIM ()€HOMEHaM, JUIsi KOTOPBIX TMpOIEeaypa JOKa3aTelbCTBA JOJDKHA OBITh HHOM U3-3a
MPUHIUIIAATEHON HEBO3MOXXHOCTH JIJII KBAHTOBBIX CHUCTEM BOCHPOU3BEACHUS TOJBKO OJHOTO M3 HX
KBaHTOBBIX COCTOSIHUU.

7.1. Honapm.aunonnue MeXaHHU3MbI B3aNMOAeiiCTBUS

B monsipu3annoHHOM TEOPUU UMEIOT MECTO JIBa BHJIa OECKOHTAKTHOTO B3aWMOJICHCTBHUSI KBAHTOBBIX
CHCTEM: YCJIOBHO JIOKQJIbHBIC, PEATU3YIONINECS B TEOMETPHUYECKOM MPOCTPAHCTBE ITOCPEACTBOM IOJICH, U
JTabHOACUCTBYIONINE  CIIMH-CIIMHOBBIE M MOJSPU3ALMOHHO-PCAKTHBHBIC  B3aUMOJICHCTBUS  —
COOTBETCTBCHHO B CITMHOBOM M T'€OMETPUYECKHX MPOCTPAHCTBAX.

B [1] paccmoTpeHbl 1Ba BHIAa TMOJSPU3AIMOHHBIX B3aMMOJCHCTBUN (U3MYCCKHX CHUCTEM:
COXpaHSIOIIUE WX OOIIMe CIIMH WU JIeHCTBHE M coXpaHsromue (asy oOuieil BOIHOBOW (DYHKIIHUU NPH
COBMECTHOM HM3MCHEHWH CIMHA WM JeicTBus. BomHoBoe moisie llpeauHrepa siBiIsieTCsl YHHBEPCAIbHBIM
CKSIPHBIM TIOJIEeM BCEX MHPOB MHUpPO3JaHUs, OCYIICCTBISIFOIIUM B3aUMOICHCTBUE MEKIY €ro
KBaHTOBBIMH CUCTEMaMH.

B3aumoneiictByromme MakpooObekThl HI  SBISIFOTCS KBAaHTOBBIMH CHUCTEMaMH, MOICHCTEMbI
KOTOPBIX B OOLIEM Cilydae JIOKaJIM30BaHbl B TpeX Mupax — BceneHnHoil, pusznyeckoM Bakyyme U hc-mupe.
[Ipu BO3EHICTBUY OlIEpaTOpa Ha KBAHTOBBIE MAKPOCUCTEMBI YYACTBYET €r0 CO3HAHUE, CTPYKTYPbI KOTOPOTO
JIOKaJIM30BaHbI B /ic-MHUpeE.

7.2. « KBaHTOBBII MOCPETHNK»

AI[pCCHOCTI) BO3JI€I>10TBI/I$I ABIIETCA OAHHUM U3 HpOfIBJ'IeHI/Iﬁ PE30HAaHCHOT'O B3&HMO}I€I>'ICTBI/I$I
KBAHTOBBIX CHCTCM, B KOTOPOM HCIOJB3YETCAd HWHAWBUAYAJIBHOCTH CICKTPOB COOCTBEHHBIX YacTOT
00BEKTOB.

Pe3onancnoe BSaHMOI[eﬁCTBHG MCXKAY ABYMsI KBAaHTOBBIMH 00BEKTaMH BO3MOKHO mocpeacTBOM
00pa3oBaHMs CBS3bIBAIOLIEH NX KBAaHTOBOU cucTeMbl. B [1] oHa Ha3BaHa «KBAaHTOBBIM MOCPEAHUKOMY. Uem
Oosibllle Yy HEro OOIIMX PE30HAHCHBIX HHEPreTHUECKHUX YPOBHEH C KBAHTOBBIMHU CHUCTEMaMH, TeM
s eKTUBHEE UX a[peCHOE B3aUMO/IEHCTBHE.

TakuM «IIOCPEHMKOM» B CO3HAaHUU CyObEKTa SBISETCS BOCHPOM3BOAMMBIM €ro MamsThIO
MBICJIEHHBIH 00pa3 o0bekTa B3auMOAEUCTBHUS. B pesynbrare B CHEKTpe YacTOT CyOBbEKTa IMOSIBISIOTCS
PE30HAaHCHBIE YPOBHU O0BEKTA, M BOSHUKAET PE30HAHCHOE AAJIbHOAECHCTBHE C HUM.

Co3HaHMe YeoBeKa CoCcoOHO CBI3bIBATh OOBEKTHI B OOIIYI0 KBAHTOBYIO CUCTEMY, T/I€ MEKIAY HUMU
BO3MOKHO JAMCTAHTHOE KBAHTOBOE B3auMoJelcTBUE. ECM B CO3HaHNU NMOCPENCTBOM NOJISPU3ALMIOHHOTO
MeXaHM3Ma BO3HHKAIOT 00pa3bl 0OBEKTOB, TO BOMHOBAs (GyHKIMs 00pa3oB (a; + a,)@ ¢ pe30HAHCHBIMA
4acTOTaMH CO3HAHUS CO3/1aeT Yy OOBEKTOB MOJISIPU3ALMOHHO CBSI3aHHbBIE C HEMl KOMIIOHEHTHI BOJIHOBOM
byHKIMU —a.¢ U —a,@. B pe3ynprare BOIHOBbIE (PYyHKIMH OOBEKTOB MPUOOPETAIOT KOMIIOHEHTHI C
OJIMHAKOBBIMH YaCTOTaMU U CIIOCOOHOCTh PE30HAHCHO B3aMMOAEHCTBOBATh MEXKIY COOOM U C CO3HAHHUEM,
KOTOPOE TOTy4aeT BO3MOXKHOCTh BO3/IeHICTBOBAaTh Ha 0OBEKTHI (M CyObEKTHI).

OTOT MEXaHHM3M YCTAHOBJIEHUS KBAaHTOBOW CBSI3M C IIOMOLIbIO «KBAaHTOBOIO IOCPEIHUKA»
UCIOJIB3YETCSl DKCTPACEHCAMM, HAIpUMEp, Ul IOMCKAa MECTOPOXKIECHUN IOJE3HBIX HCKONAEMBIX WIIN
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npomnaBmux Jonel. JlanpHonelcTBHE CyOBEKTOB uepe3 00pa3 MMEeT MECTO B TeJelaTuu, BHYIICHUH,
ropye, Criiase u psajae IPyTux MCHXUICCKUX SBICHUH.

[Ipy runmHO3e MEXAY TUIHOTH3EPOM W THITHOTH3UPYEMBIM YCTAHABIUBACTCS KBAaHTOBOE
B3aMMO/ICHCTBUE, KOTOPOE MO3BOJISIET YIPABIATH ACHCTBUSMH MOCIETHETO, Co3/aBasi 00pa3 ero HOBOTO
KBaHTOBOTO COCTOsiHUA. llepexox THUMHOTH3MPYEMOrOo B 3TO KBAaHTOBOE COCTOSIHUE MPOHCXOIUT
MOCPEICTBOM JMCTAHTHBIX HOJSPU3AMMOHHBIX MEXaHU3MOB. JTO MO3BOJSIET, HApUMEp, TUIHOTHU3EPY-
perpeccosiory, 3a1aBasi MallEeHTy BOIPOCHI O COOBITHUAX €ro MPOILION KU3HH, YCTaHABIMBATH KOHTAKT
MALMEHTA C €r0 CTPYKTYpOM MNaMATH MNPOLUIBIX JKU3HAX. B3aMMONEWCTBYS C HEW CHUH-CIIMHOBBIM
JAIBHO/ICHCTBAEM, CO3HAHHE IMAlMEHTa BOCHPOU3BOAUT 00pa3 COOBITHS MPOILIOr0, U OH cooOIIaeT
THITHOTU3EPY MH(DOPMAIIHIO O HEM.

B3anmoneiicTBue co3HaHUS MOXET MPOUCXOIUTH Cpa3y CO MHOTUMH OJHOTUITHBIMH OOBEKTaMH, C
KOTOPBIMH OHO 00pa3yeT OOIIyI0 KBAaHTOBYIO CUCTeMY. MexaHu3M ee 00pa30BaHUs MPOUCXOIUT, KaK U B
cllydyae C OJIHUM OOBEKTOM, IIOCPEACTBOM co3faHusi obOpasza. OTiauuMe COCTOMUT B TOM, 4YTO
BOCITpOU3Be/ieHHe 00pa3a OCYLIECTBISIETCS MOJsIpU3alieil MyJIbTHILIETa KBAHTOBBIX COCTOSIHUIM 00pa3a B
reOMETPUYECKOM M CIHMHOBOM IIPOCTPAHCTBAX, IJ€ JIOKAJIM30BaHAa BOJMHOBas (yHKIuUs oOpasa.
MaxkcumanbHOE YHCIIO B3aUMOJICHCTBYIOIIMX C CO3HAHUEM OOBEKTOB OIPENEISETCS YUCIOM KBAaHTOBBIX
COCTOsHMIA 00pa3a u cocrapiseT k, ~ 10°.

[TosTOMY B M3BECTHBIX TEJIEBU3MOHHBIX CeaHcax YpH lemiepa ¢ yyacTueM MHIJUIMOHOB JIIOZICH HE
BCEM TENE3PHUTEISIM YIaBaJlOCh COTHYTH JIOXKKY. HO Tex, y KOro 3TO MOJIydmsioch, ObLIO, COIIACHO
MPOBOJMBIIUMCS OIpocaMm, MHOTO Thicsd. [lo-Bunumomy, ['emutep mHIynmpoBan odpa3 HaXOAAIIETOCS Y
TEJIeBU30pa YellOBEKa C JIOKKOM, KOTOPYIO OH Xo4eT corHyTh. CoznmaBas 3areM 00pa3 COTHYTOH JIOXKKH,
['ennep MHULIIMMPOBATI KBAHTOBBIN MEPEXO, CHIIOBOU MONAPU3AMOHHO-PEAKTUBHBIN MEXaHU3M KOTOPOTO
crudain JOKKY.

OTOT MEXaHW3M yCTAHOBJIEHMsI KBAHTOBOM CBS3HM MOCPEACTBOM 00pa3a MMEeT MECTO M B CeaHcax
MacCOBOT'O TUITHO3A.

[To-BuuMOMy, B TPHUPOJE «3allyTaHHBIC)» KBAHTOBBIE CHCTEMBI OOpA3yIOTCS MOJSPU3ALUOHHBIM
MEXaHH3MOM CBSI3bIBaHMSI KBAHTOBBIX 0OBEKTOB KaK C y4aCcTHUEM, TaK M 0€3 ydacTusi CO3HAHHsI YeIO0BeKa.

7.3. Brojgokamus

bronokanus, Kak ¥ TEJIEKUHE3, SABIIETCA IPUMEPOM CHIIOBOTO KBAHTOBOI'O B3aUMOACUCTBHSI.

Ceiluac MeTon OHMOJOKAIMM YCHEIIHO TPUMEHSETCS B MEAULIMHE, apXEoJIOTMH, T€O0JIOTHH,
CTPOUTENIbCTBE, THJPOTEXHUKE, MEIHOPALUM, DPACTEHUEBOJACTBE M BO MHOTHMX JAPYTUX O0JacTIX
nesTenbHOCTH Jtoeid. C ero moMoIbl0 MPOBOAUTCSA MOUCK HMCTOYHHMKOB BOABI, HE(TSHBIX, T'a30BbIX,
PYZIHBIX MECTOPOKICHHM, Pa3HOTO pojia MOA3EMHBIX KOMMYHUKALIUK U T. 1. DTUM METO/IOM MOJIb3YyIOTCS B
KPUMUHAIMCTUKE JJIsl TTOMCKA JIIO/IeH, MPOMAaBIIUX BO BPEMsI CHEXHOIO 0OBajla MJIM MOTIPEOEHHBIX MOJ
pYHMHaMU 3/1aHUH 1OCIIE 3eMJIETPSACEHUH, a TaKkKe JUIsl ONPEENIEHUs] TeONaTOreHHbIX 30H B MOMEIICHUSIX.
B Hacrosimee Bpemsi  pa3paboTaHbl METOJMKH, IO3BOJSIOIIME CAMOCTOSTEIBHO HCCIEI0BATH
OMOJIOKAaLlMOHHBIMU METO/IaMU COCTOSIHHE CBOET0 OPraHu3Ma U €ro CUCTEM.

deHoMeH OMOJIOKallMY OCHOBAH Ha MCIOJb30BaHUHM MBICIEHHBIX 00pa3oB. OH MO3BOJISET M10JIy4aTh
MH(OPMAIUIO MOCPEICTBOM MEXaHWYECKON peaklny MasTHUKa WK ['-00pa3Hoil pamKu, 00pa3yromiero ¢
orepaTopoM OOIIyI0 KBAaHTOBYIO cucTeMy. Kakum oOpa3oM MbICTb BBI3BIBAET CHIIOBOM 3(pekT, sBisercs
3araJIkoi He TOJIbKO TeJIeKHUHEe3a, HO U OMOJIOKALIMH, HAa KOTOPYIO Y COBPEMEHHON (PM3UKU OTBETA HET.

buonokanus umeer 1Be (OpMBI: B T€OMETPUUYECKOM MPOCTPAHCTBE OHA IO3BOJISIET ONPEAETUTH
MECTONOJIOKEHUE 00BEKTa, a B CHUHOBOM IIPOCTPAHCTBE — IMOJIYYUTh OTBET Ha MBICJICHHBIH BOIPOC.

B [1] paccmoTpens! paznuyaromuecss 1mo (u3uKe KBaHTOBblE MOJENU (peHOMeHa OMOJIOKalMU ¢
BpallleHUeM M KoJieOaHUEeM HMHAMKATOPOB, OOBACHSIOIINE X HCIIONIb3yeMble apameTpsl. [lokazano, 4to
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JBUKEHNE UHANKATOPOB BBI3BIBACTCS MOISPU3ALUOHHO-PEAKTUBHON CHIJION, BBI3BAHHOM MX NEPEXOJOM B
WHULIMUPOBAHHOE OMEPATOPOM KOHEYHOE COCTOSIHHE.

[Ipu nomydeHuun OTBETa Ha MBICICHHBIM BOINPOC, MPOU3OIUIO WM MPOU30MJIET MHTEPECYIOIIee
oreparopa coOBITHE, peaTu3yeTCss MEXaHH3M B3aMO/ICHCTBUS C BOTHOBOHN (DyHKITUEH pealbHOTO COOBITHS,
JIOKAJIN30BaHHOW B HYJIb-BaKyyMe, WJIH C OPTOTOHAIILHOM €i BOJTHOBOH ()YHKIIMEH, €CITH TaKOe COOBITHE B
HyJb-BaKyyMe OTCYTCTBYeT. [103TOMy BOJHOBbIC (DYHKIIMM pPEATBHBIX U BHPTYAIbHBIX MBICICHHBIX
COOBITUH TPOSIBIIIFOTCS 4Yepe3 OPTOTOHAIBHBIC HANpaBiICHUS IBWKCHUS WHIWKAaTOpa. BenudnHa
MOJISIPU3AIMOHHO-PEAKTUBHOM CHUJIBI 3aBUCHUT OT YKCJIa KBAHTOBBIX COCTOSIHHMSI CO3HAHUS, YYaCTBYIOIINX B
CO3JJaHUH MBICIIEHHOTO 00pa3a U JIOKAJTU3YIOLIUXCS B IPOCTPAHCTBE (PU3HMUECKOTO BaKyyMa.

MasiTHUK, CIIOCOOHBIN KONeOaThCs B JBYX OPTOTOHAIBHBIX IIOCKOCTSX, SIBISICTCS TOIXOISIINM
WHMKATOPOM, YTOOBI 1aBaTh HA MBICICHHBIA BOIIPOC JIBA OTBETA — «Ja» MO0 «HeT». [lepexon MasTHHKA
B OJHO M3 JIByX OPTOTOHAJIBHBIX KBAHTOBBIX COCTOSHHMI MPOUCXOAUT MOCPEICTBOM IMOJSIPU3ALMOHHO-
PEAKTUBHOM CHUJIbI, pACKauYMBAIOLIECH MAsTHUK B PEKUME MapaMeTPUUYECKoro pe3oHanca [1].

buonokanusi He MO3BOJISAET BCErNa MOJMYy4aTh TOYHBIA OTBET, TAK KAaK CHEKTP YacTOT BOJHOBOU
(GYHKIMH MBICIEHHOTO COOBITHSI MOXKET COZIEP KaTh IOCTOPOHHKE YaCTOThI U B3aUMOJICHCTBOBATH C UHBIMU
coOpiTusAMH. YeMm TouHee MH(POPMAIMOHHBIM 00pa3 coObITHs, TeM Oojiee BEpOSTEH MPAaBUIbHBINA OTBET.
PexoMenganuu pykoBOACTB MO OMOJIOKAIMH, CAETaHHbIE HA OCHOBE HAKOIUIEHHOTO OIBITA, MO3BOJISIOT
orepaTropaM IMOBBIIIATH BEPOSITHOCTh IPABUIIBHBIX OTBETOB.

7.4. 3aragouyHast Boga

Ceronna ¢u3uyeckue M XUMUYECKHE CBOMCTBA BOJbI BO MHOTHX OTHOLIEHUSX OCTAIOTCSA
3araJIoyHbIMU. Y Ucclie10BaTeNel BObI 1a)Ke BO3HUKJIIA TOUKA 3PEHUSI, YTO YUCTOM BOJbI HE CYILLIECTBYET,
a TO, 4TO Mbl Ha3bIBa€M BOJIOH, BCEI/Ia SBISETCS] BOJHBIM PAaCTBOPOM, U €0 CBOMCTBA MOT'YT MEHSThHCS B
T€UeHUe DJKcrnepuMeHTa. VHbIMU clloBaMM, BOJa Kak JKHUJAKOCTb HE MOXET OBbIThb IpejacTaBicHa
€MHCTBEHHbIM HaOopoM oauHakoBbix Mosiekynl HoO. Boma — 3T0 cnokHas cucrema pasiaudHbIX
MOJIEKYJI, HOHOB M aCCOLMATOB.

OKcepUMEHTaIbHbIE MCCIEAOBAHUS 3aBUCHUMOCTEH KOHI[EHTpAlMU MOJIEKYJISIPHOIO BOJOpOIA,
MOJIEKYJISIDHOTO ~ KHCJIOpPOJA,  IEpPOKCHAAa  BOAOpPOJAa HpPU  MHOTOKPAaTHBIX  pa30aBIeHHUSIX
MIPOJIEMOHCTPUPOBAJIN, YTO IPH JOCTUKEHUH HEKOTOPOIO unciia pa30aBlIeHU 3aBUCUMOCTb MEXKY UX
YHCJIOM U KOHIIEHTpAalel yTpauuBaeTcs. DTO IPOUCXOAUT MOCIIe JOCTUKEHUS PaBHOBECHS pacTBOpa U
pactBopuTesns. [Ipu aToM nanpHeimne pa30aBieHus B OTCYTCTBUU BHEUTHUX BO3/IEHCTBUI HE IPUBOAST
K U3MEHEHMIO CBOMCTB pacTBopa. CUTyalusi MEHSETCsl, €CIU Mpoliecc pa30aBieHUs CONPOBOXKIAET Cs
BHEIIHUM BO3JIEWCTBHEM Ha pPacTBOp, TaKUM KaK WHAYKIMS MArHUTHOTO MOJS WIH TypOYyJIeHTHOE
nepeMenIuBaHie TpH BHOpPAllMOHHOM Bo3aeicTBUU. [losToMy B XOIe NPHUTOTOBIEHHUS BOJHBIX
pPacTBOPOB CBEPXMAJIbIX KOHIIEHTPAUMUM MPU SHEPTUYHOM HUX BCTPSIXUBAHUU TMOSABISIIOTCS HOBBIE
CBOMCTBA 3THUX CAMBIX PACTBOPOB.

Takue peHoMEHBI KaK MaMsTh BOJABI WM TOMEOTATHS HE MONYYWIH HAyYHOTO MPU3HAHUS H3-32
HE3HAHHUs €€ KBAaHTOBBIX CBOWCTB. B Hacrosiee Bpemsi HEKOTOpHIEC JeueOHbIE METOABl OCHOBAaHBI Ha
«TaMATH BOB. DTOT (PEHOMEH MPHUBEI K CO3aHUI0 HOBOI'O HANpaBJIEHUs] — HH(POLEBTUKH: TEXHOJIOTUU
MOJTyYEeHHUsI JIEKapCTBEHHBIX (DOPM MOCPECTBOM UX MEPE3aIucH.

7.4.1. IIaMATEL BOALI

®pannysckuii nmmyHozor JK. benBenucrte B 1988 1. ocymecTBIII S3KCIIEPUMEHTAIBHYIO IPOBEPKY
abdexra «mamaTtu Bomb». [locime MHOTOKpaTHBIX pa30aBIICHW pacTBOpa AHTHTEN, OTBEYAIOIIUX 3a
alJIepTUYeCKue peaklyy, NPy BEPOATHOM OTCYTCTBHUU aHTUTENl PACTBOP BBI3bIBAJ CHEHU(MUUYECKYIO AJIs
aJJIepruy IerpaHyssauio Ki1eTok Kposu. [1o3xe benBenucte ¢ cotpyaHukamu pazpaboTaliv TEXHOJIOTHIO C
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HCIOJIb30BaHUEM PA3HBIX CPEJICTB CBA3H, OIPOOOBAHHYIO Ha psijie OMOIOTMYECKH aKTUBHBIX BEILIECTB. DTH
pe3yNbTaThl OPTOAOKCATBHOM HayKOW He ObUTM MPU3HAHBIL, TOCKOJIBKY MX BOCIIPOU3BEICHHE HE BCETIa ObLIO
YCHEIIHBIM.

B [1] mokazaHo, 4TO (U3HYECKHII MEXaHH3M «IaMATH BOJBD) CYIIECTBYeT U OOYCIIOBJICH
O0COOEHHOCTBIO €€ MOJIEKYISIPHON CTpPYKTyphl. MoleKyaa BOABI COAEPKUT OKTET HEUTPOHOB sizipa
KHCIIOpOJ1a, AeKAIJIET IPOTOHOB (BOCEMB SJpa KUCIIOPO/ia U J1Ba sIEP BOJOPO/IA) U CTOJIBKO XKE IIEKTPOHOB.
Kak mokazano B [22], «Marudeckue» uucia (Cpeaud HUX 2 U 8§) IPOTOHOB, HEMTPOHOB M HYKJIOHOB
COOTBETCTBYIOT HX LIEHTPAJIbHO-CUMMETPUYHOMY PpACIOJIOKEHUIO B JIEHCTBUTEIBHOM MPOCTPAHCTBE
¢u3nvecKoro Bakyyma sjep. OT0 IPUBOIUT K SHEPTUH CBS3U HYKIOHOB B «MAard4eckoM» sijpe OoJbIieit
110 CPaBHEHUIO C COCETHUMH T0 Tabnuiie MeHzaeneesa siapamH.

CBoiicTBa BOJBI OIPEACISAIOTCS «MArMYECKUMU» YUCIaMU JJIEKTPOHOB aroma kKuciopoxaa (8) u
aTroMaMH BOJOpoAa (2), KOTOpbIE PAaCHOJIararTCcsi CUMMETPHUYHO OTHOCHUTENIBHO IUIOCKOCTH CUMMETPHH
MOJIEKYJIbl BOZibl. MoJieKyi1a BOZIbI SIBJISI€TCS IUIIOIBHOM, T.€. IMEET B CBOEH IIPOTOCTPYKTYpE BHYTPEHHEE
JNEKTpUYECKoe Iojie, paszfensomee ee 3apsapl. OHO co3paercs B (DU3MYECKOM Bakyyme ee
IPOTOCTPYKTYPbl, B MHUMOM IIPOCTPAHCTBE KOTOPOI'O PABHOBECHBIM SIBJISIETCS] COCTOSIHUE C PA3/I€IEHHBIMU
ANEKTPUYECKUMHU 3apsiIaMu.

[TockonbKy B MHUMOM IPOCTPAHCTBE KYJIOHOBCKOE B3aMMOJICHCTBHE MEHsET 3HaK, LIEHTpaJibHas
CUMMETpPHUS paclpesieeHus AEeKTPUUECKUX 3apsI0B HE YBEJIMUHUBACT, @ CHUYKAET BHYTPEHHIOIO SHEPIHIO
MOJIEKYJIbI BOJIbI IO CPAaBHEHHUIO C 3apsjiaMH, pacloJIaralolUMHCA C HapylLIEeHHEM LEeHTpaIbHON
cumMeTpuu. [1o3ToMy IpOTOCTPYKTypa JUCTUIUIMPOBAHHOM BOJIbI HEYCTOMUYMBA, U PACTBOPSIEMOE B BOJE
XMMUYECKOE COeAMHEHHE OyJeT MEepeBOAUTh €€ MPOTOCTPYKTYpy B Ooyiee YCTOHYMBOE COCTOSHUE
paBHOBecus pacTBopa. [103ToMy B peanbHbIX YCIOBUAX «UUCTON BOABD) HE CYLIECTBYET.

OTO0 MEXaHM3M MaMsTH BOJbI, 0OYCIIOBJIEHHbIN HEYCTOMYHMBOCTBIO MPOTOCTPYKTYpPHI €€ MOJIEKYIL.
[ToaTomy aucTUIIMpOBaHHAsE BOAA BOCIPHUMMYKBA K BHELIHUM BO3/JECUCTBUSM U IEPECTPAUBAET CBOIO
XUMHUECKYIO U (PU3UUYECKYIO CTPYKTYPY A0 AOCTUKEHHS YCTOMYMBOIO COCTOSIHUSI paBHOBECHS.

[TputskeHHE OAMHAKOBBIX 3apsJ0B B MHMMOM IOANPOCTPAHCTBE (PU3MUECKOro Bakyyma Oyner
IIPUBOJUTD K KJIACTEPU3ALIMU BOABI U, KaK CJIEACTBHE, K 00pa30BaHUIO MOJIEKYJISIPHBIX KJIACTEPOB, KOTOPhIE
OoOHapyKEeHbI SKCIEPUMEHTAIbHO. JTO (parMeHThl BOJbI U3 JECSITKOB M COTEH MOJEKYN, oOpa3yromiue
YHOPSA0YEHHBIE CTPYKTYPBI CO BpEMEHAMM KU3HU HECKOJILKO YacoB U Ooiee.

Bopma, Omaromapss HeycTOMUMBOCTH CBOE€Hl NPOTOCTPYKTYphI, CIIOCOOHA 3allOMHUHATh Camble
pasnuuHble Bo3zaeicTBUs. [loaTOMy cylecTByeT BOAAa «HaMarHMUYEHHas» M «3arOBOPEHHas», a TaKxkKe
«OKUBas» U «MEPTBas», «3apsLKEHHas» U .

Jlis moy4eHus «oKUBOW» BOJIbI HY’)KHO MU3MEHUTDH €€ (U3NYECKH BaKyyM TaKUM 00pa3oM, 4TOOBI B
HEM yBelu4uiach abCOMIOTHAS KOHIEHTpAlMs MPaBbIX BUXpEH U MOJel, B3auMOAECHCTBYIOMUX ¢ O030H-
(bepMUOHHONW MCHUCTPYKTYpoH opranusma. Jljis 3TOro MOXHO Hcmosb3oBath 3pdexr dopmbr [1],
paszessIomuil IPOCTPAHCTBO (PU3MUYECKOro BaKyyma Ha JISHCTBUTENbHOE M1 MHMMOE TOANPOCTPAHCTBA, B
KOTOPBIX 00pa3yloTcsi COOTBETCTBEHHO JIEBbIE U MpaBble BUXpH. X BpeMeHa KU3HU PAa3IUYHbl, TaK KaK B
MHUMOM nofnpoctpaHcTtse oopaszyercss BTCII-konnencar. ITosTomy Boaa «3armoMHHaeT» TOJIBKO CHEKTP
IPaBbIX BpAIIEHUH, CTAHOBACH <(OKHUBOM» BOAOM C 3aMETHO OTIMYAIOUIMMHUCA OT OOBIYHOW BOABI
¢u3nyecKMMH CBOMCTBaMHU: OoJjiee BBICOKUN MPOBOJUMOCTBIO M AMAIEKTPUUYECKON MPOHHUIAEMOCTHIO,
OoJiee HU3KUMHU TemIieparypamu (ha30BbIX NEPEXOJIOB.

«OKuBy10» BOly MoTy4aroT pa3HbIMU criocodamu. B [1] paccmoTpena (hu3nka momydeHus «kKuBoi» u
«MEpPTBOW» BOJBI IPU IEKTPOIIU3E.

7.4.2. AKycTHYECKOE BO3/IeliCTBHE HA BOAY

YCTaHOBJ'IeHO, YTO YCJIIOBCYCCKaA p€Yb WJIN MY3bIKa CITOCOOHEI BOS}IGﬁCTBOBaTB HE TOJIBKO Ha AYyIIY,
HO M Ha BHYTPCHHHUEC IPOUCCChI OpraHru3Ma. I/ICCJ'Ie)IOBaHI/IH IIOKa3aJIk TaAK¥XE, UYTO MOJIMTBBI U pyTraTCJjIbCTBa
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BIUSIOT Ha aypy Kupnuana BoJbl MPOTHUBOMOJOKHBIM 00pa3oM, T.€. pa3IMYHbIE CMBICIBI MO-Pa3HOMY
BO3JICHCTBYIOT Ha MPOLIECCHI B ICUCTPYKTYPE OpraHu3Ma U Ha MPOTOCTPYKTYPY €ro BOJBI.

B pabote [47] u3ydeHO BO3/ICHCTBHE MAHTP U MOJIMTB Ha TEPMOXUMHUIECKUE, IEKTPOXUMUICCKUE U
TEPMOJIMHAMUYECKUE CBOMCTBA BOJIbI, KOTOPOE OTCYTCTBYET MPU YTEHUU HEUTpaibHOro Tekcra. [Ipu sTom
HECYIIECTBEHHO, TOHUMAET WJIM HET OINEepaTrop CMbICI MPOU3HOCUMBIX TEKCTOB. Bo3neiicTBre 3ByKOBOTO
TOJIsI HA BOJY MEHSIET €€ (PU3MIeCcKre XapaKTePUCTHKH.

CornacHo [1], 3ByKr NPUXOAATCS HA JUAMA30H YaCTOT MIECTOTO U MSATOTO MCUTEN, 0030HBI KOTOPHIX
B3aUMOJICHCTBYIOT ¢ 0030HAMH BTOpOTo M TepBoro mcuten. [losToMy akycTuueckoe BO3AEHCTBHE Ha
OpraHu3M MPOSIBISETCSA U Y €0 HIKHUX MEPOYPOBHEU M BOJHON KOMITIOHEHTHI OroTena. CMBICT CJIOB WIIH
MYy3bIKa BBI3BIBAIOT BO BTOPOM OO30HHOM TICHTEJIE MOJIOKUTENBHYIO HIIA OTPUIIATEIBHYIO 3MOITMOHATBHYIO
peaKkuuoo, pa3udHbBIM 00pa3oM BO3ACHUCTBYIONIYI0O Ha (EPMHOHHYIO KOMIIOHCHTY OpraHM3Ma H
MIPOTEKaHUE B HEM (PU3UKO-XMUMHUUYECKHUX MPOIIECCOB.

B oskcnepumente [40] cBoicTBa BOABI  MEHSJIUCh IPU  3ByKax MaHTP U MOJIUTB.
DTO0 yKa3bIBaeT Ha TO, YTO, KaK U MIPH BOCIIPUSATHHI MY3bIKU WA CTUXOB, CO3HAHUE UEIOBEKA pearupyer He
TOJILKO Ha UX CMBICII, HO M HA PUTMHUYECKOE COUETAHUS 3BYKOB.

7.5. ®aHTOMBI

OpHolt W3 mNpUHIUOHAIBHBIX Tpobmem HU sBnseTcs BIusHUE oleparopa Ha pPe3ybTaThl
skcniepuMenTa. llpeamomnaraercs, 4TO OHO CBSI3aHO C BO3HUKHOBEHHEM (AHTOMOB — HEBUAMMBIX
(bU3MYECKHUX CHUCTEM, HA KOTOPBIE PearupyroT HEKOTOPbIE CEHCOPBHI.

B [39] Bbienens! Tpu rpyiibl GaHTOMHBIX 3G (HEKTOB.

Tlpubopmwiii hanmom BO3HUKAET MPHU pabOTE ¢ «BHICOKONPOHUKAIOIIUM U3TyYCHUEM U MPOSIBISAETCS
B Tpex (opmax:

- WYMOB0U (hanmom, POKIAIOIIUNCS TTPU BO3ACHCTBUU T'€HEpaTopa TaKOTO U3JIyYCHHS Ha OObEKT, B
pe3yIsbTare Yero MosiBIseTcs IIyM, MOCTENEHHO TOMIOIIAONINA OJIE3HBIN CUTHAI;

- NPOCMPAHCMEeHHbIll (aHmom TIOABISETCS HA TIOBEPXHOCTSIX OOBEKTOB, MOJBEPITIUXCS
BO3/ICHCTBHIO «BBICOKOTIPOHUKAIOMIETO» U3IMy4deHus. Octaromuecss (paHTOMHBIE ClIeIbl C TEYCHHUEM
BPEMEHU HCYE3aI0T;

- pyHKYUOHALHBIN (hanmom TIPOSBIISIETCS B TOM, YTO MPH yAaJeHUN (PyHKIIMOHAIBHBIX JIEMEHTOB
YCTaHOBKH, TPOBOMSIINX WM TPaHC(HOPMHUPYIOUINX «BBICOKOIPOHUKAIOIIEE» HW3IydeHHe (KOHYCHI,
BOJTHOBOJIBI), YCTAHOBKA B T€YEHHE HEKOTOPOTO BPEMEHH MPOIOJDKAET padoTaTh, HE 3aMedasi OTCYTCTBUS
YAAJIEHHOTO AJIEMEHTA.

Onepamopnbiii oanmom CBA3aH C y4aCTHEM B SKCIIEPUMEHTE OIEepaTopa, KOTOPBIH MOXKET CO3/1aBaTh
Kak MpPOCTPAaHCTBEHHBIE, TaK M (YHKIHMOHAJIbHBIE (haHTOMBI. bosiee Toro, omeparopsl MOTYT CO3/1aBaTh
0coObIif  (YHKUMOHANBHBIN A(QQEKT, NposBIAIOIIECs, HampuMep, B CHOCOOHOCTH (AaHTOMOB
BOCIIPMHUMATh M pearupoBaTh Ha HEKOTOpble COOBITUS peajbHOro mMupa. Takue (aHTOMBI CO3/1AIOTCS
MIOCPE/ICTBOM KOHLIEHTPAIMKM CO3HAHUS OlepaTopa M CIeUUalbHbIX OMOIHEepreTHYecKux TeXHUK. MHoraa
npubopsl  pabOTalOT TOJBKO B pyKax HX co3arensd. Yjgaya NEepBOro SKCIEpUMEHTa U Heyaauu
MOCIIEYIOIUX IKCIIEPUMEHTOB CBA3BIBAIOT C K HHEPIIUMOHHOCTBIO» ONEPATOPHBIX (PAHTOMOB.

Cy1iecTByIOT NPUOOPHBIE U OTIEPaTOPHBIE METOUKHU IPOTPaMMHUPOBAHHSI TPUOOPHBIX (PaHTOMOB ISt
BBITOJIHEHHSI B KCIIEPUMEHTE 0COOBIX (PYHKITHI.

Tubpuonvii ¢hanmom HCHONB3yeT BO3MOXKHOCTh MPOTPaAaMMHPOBAHHS ONEpaTopHOro (aHToMa C
IENTBIO €T0 JIOJTOBPEMEHHOTO YYaCTHsI B SKCIIEPUMEHTE /ISl B3aUMOICHCTBUS ¢ TPHOOpPAMH U CEHCOPaMH.
3TOT PaHTOM MOXKET B3aUMO/ICHCTBOBATh C HEBHIUMBIM «TOHKAM MHPOM).

Heppanmomuzayuss — 5TO TEXHOJOTHS YHHUYTOKEHHUS (PAHTOMOB, MEMIAIONIUX TTPOBEICHHIO
aJIeKBaTHBIX W3MepeHuil. JTUTeTbHOCTh CYyIIeCTBOBaHMUS (PaHTOMOB JIOCTHUTAET MecsIa u Ooee.
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Nurepnperauuss ¢eHomena ¢anromoB. DaHTOMBI MOXHO pacCMaTpuUBaTh KaK CTPYKTYPBHI,
o0Opa3zoBaHHbIC B (PU3NYECKOM BAKyyMe€ U BUXPEBOM MHUPE NCHCTBUTEIBHBIM UM MHHUMBIM BELIECTBOM.
Korma ux wu3inydeHHe NPOMCXOOUT B ONTUYECKOM CIEKTPE, OHU CTAHOBATCS BHIUMBIMHU. Eciu
MPOTOCTPYKTYpa OOBEKTA OTIENIACTCS OT HEr0, OHa CTAHOBUTCSI CBOOOTHBIM (PaHTOMOM.

QOyHKUMOHATBHBIN (PAHTOM YIAIIEMOro SJIEMEHTa HKCIEPHUMEHTAIBHON YCTAaHOBKHU SIBISETCS
YaCThIO MPOTOCTPYKTYPHI BCEH YCTAaHOBKH M MOXXET OBITH CBSI3aH C IMPOTOCTPYKTYpaMH JAPYTHX YacTel
YCTaHOBKHM CHJIbHEE, YeM C €€ YJAJIAEMBIM 3JEMEHTOM. JTO HMPUBOIUT K «IIOTEPE» SJIEMEHTOM CBOETO
(aHTOMa, KOTOpBI COXpaHSET CBOE IOJIOKEHHE B IPOTOCTPYKTYpe ycTaHOBKH. Ilockonmbky B Hei
MPOUCXONUT (PYHKIIMOHUPOBAHUE YCTAHOBKHU, TO OHa OyJeT paboraTh Oe3 yaJleHHOTO 3JIeMEHTA.

HenoasmwxkHbie paHTOMBI — 3TO CTPYKTYPBI, IPUBSI3aHHBIE K OIIpeaeieHHOMY MecTy. OHHU MPOSBISIIOT
ce0si, B YaCTHOCTH, B (PEHOMEHE «IaMSTH MECTa» O MPOM3OIICIAIINX COOBITHSAX. MOXHO MPENNOTI0KHUTS,
YTO CBSA3aHHBIE C cOObITHEM Moy ¢u3nyeckoro Bakyyma ¢ukcupyorT B BTCII-konnencare dantoma
nH(pOopMaIUo 0 COOBITHH.

Kak nmokazano B [1], BTCII-konaencar ¢antoma MOXKeT (PUKCHPOBATh BO3ACHCTBYIOIIMK HA HETO
YACTOTHBIN CIEKTP AIEKTPOMATHUTHBIX MOJIeH. DTO JenaeT BO3MOXKHBIM MPOrpaMMHUpOBaHUE (paHTOMA.
JIIMTebHOCTD CYIIECTBOBaHUS (paHTOMA OIpeeNsieTcs creKTpoM GopMupyromux ero mnonei. Kak BuaHo
U3 Tabi. 5.2, MHEPLIMOH-TPAaBUOHHBIE MOJISI MOTYT CO3/1aBaTh (PAHTOMBI CO BpEMEHEM KU3HU A0 | Mecsla.

JKuBble opranusmbl co3natoT GaHTOMBI ¢ 6030H-(hepMUOHHBIMU TIcUCTpyKTypami. [1. ['apsieBsiM B
1980-x romgax Obu1 0OHapyxeH u uzyudeH ¢pantom JJHK.

[upoko uzBecteH «d3PpPext panrtoma nucran. Meron Kupnuana, mpuMeHEHHBIH K JUCTY PACTEHUS C
BBIPE3aHHOM 4YacTblo, JaeT (aHTOMHOE U300pakeHWe U HeNoCTarolme vacTu Jnucta (Kak y
(byHKIMOHAIBHOTO (aHTOMa). DTO O3HAYaeT, YTO MPU yAaJCHUH YacTH JIMCTA, €ro MPOTOCTPYKTypa He
yTpauyuBaeT CBOCH IIEIOCTHOCTH U MPOJOIDKACT (DYHKIIMOHUPOBATD.

Ocobo¢ siBJIeHUE UMEIIO MECTO B PaCCMOTPEHHBIX B [2] onbiTax W. luMuTpecky, cenaBuiero B JIMCTe
KpYIJIO€ OTBEPCTHE W OOHApYKMBIIETO B HEM YMEHBIIECHHBIH ()aHTOM BCEro JUCTA. DTO O3HAYALT, 4TO
MMENI0 MECTO H3MEHEHHE MaciuTaba MPOCTPAHCTBA MPOTOCTPYKTYPHl. BO3MOXKHO, OHO BO3HHUKJIIO
MEXaHH3MOM YJIBOCHUS YaCTOT KBAHTOBOM CHCTEMBI, COKPAIIAIOIIETO €€ MaCIITa0.

7.6. CosiHeUHO-3eMHBbIEe CBA3H

A.JL. YmkeBckuM ObUTO OOHApYKEHO W uccienoBaHo BiusHue CONHIIA Ha MPOIECCH B KOCHOW U
xuBo Marepun 3emsin. OH BHEpPBBIE YCTAHOBWJI KOPPENSIIMIO COMHEYHOW AaKTUBHOCTH Ha TOBEACHHE
TIOZIeH, ee BIUSHUE Ha HCTOPHYECKHE COOBITUSI. AHAIOTUYHYIO KOPPENSLIUI0 OH OOHAPYKUI C AMHAMHUKON
snuAeMHuid W BHe3anmHbIX cMmepred [41]. BosHukmias rennoOUONIOTHS BBISBHIA CBS3b COTHEUHOM
AKTUBHOCTH C TUHAMHUKOW TaKUX MPOIIECCOB Kak 00Opa3oBaHHE TOAUYHBIX KOJEIl JEPEeBbhEB, N3MEHEHUEM
YUCIEHHOCTH TOMYISALMU >KUBOTHBIX, OaKTepui, YpOKAMHOCTh CENbCKOXO3SIMCTBEHHBIX CTPYKTYP,
MUTpalus KUBOTHBIX U Jip. [logoOHBIe MccienoBaHus KOPPESIUN C COTHEYHOM aKTHMBHOCTHIO ObLIH
paclpoCTpaHEeHbl Ha KJIMMAT, TMOTOMY, OTAENbHbIE arMoc(epHble SBIEHUS, Ha HEKOTOpbIe (HHU3UKO-
XUMHUYECKHUE MPOLECCHI.

CeronHs UcclleIOBaHUS COTHEUHO-3€MHBIX CBS3EH MTPOJOIKAETCS, U HEKOTOPBIE pE3YyIbTaThl HAXOAST
MpakTUYecKoe nmpumeHeHue. HekoTopeie ucciieoBaresd Mpeanojaraid CylleCTBOBAaHWE HEU3BECTHOIO
n3nyuenuss ConHma (Z-uznyueHue A. UmxeBckoro, «X-areHT™» X. Mopusimbl). OTCYyTCTBHE TOHUMAHUS
MPUPOIBI  KOppENsiuiAi — OAUH H3 (HaKTOPOB, BBI3BIBAIOIIUX CO CTOPOHBI HAyYHOTO COOOIIECTBA
KPUTHYECKOE OTHOIIEHHUE K TTPOOIeMe «COBPEMEHHOM acTPOJIOTHN» (110 BhIpakeHHI0 A. UnmKeBCKoro).

Conneunas AKTUBHOCTH OLCHUBACTCA qucJiiaMu Bom;(ba, YUUTBIBAIOIIUMU KOJINYECTBO
BO3MYIIIEHHBIX 0OMacTei (OTACIBHBIX CONHEYHBIX MATEH W WX TPyNN) Ha BuauMou ctopoHe ComHIa, a
TaKXE 06111ee YUCJIO COJIHCYHBIX IIATCH. ,HHI/ITG.]'H)HOCTB OUKIJIa COJIHEYHOM aKTHUBHOCTH MEHIETCSI B
npenenax 8-16 et co cpeaHen IMUTenbHOCThIO 11 JteT.
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[ToMrMO 3TOro LMKJIA BBIABJICHBI IUKIBI CO CpeaHE mTenbHOCThIO 22, 42, 90, 178, 600 ner.
Haubonee ycToitunBo 1 4eTKO BhIAENsIeTCS 22-1eTHUN UK. C 3TUM MEePHOIOM MEHSIOTCS HANpPaBJICHUS
MarHUTHBIX TOJIEH KPYMTHOMACIITAOHBIX COJIHEYHBIX MATCH. 42-JICTHUH IUKIT XapaKTepU3yeT OTKIOHECHUE
grcenl Bomb(da oT «HOpMBI» B CTOPOHY YMEHBIICHUS U yBenuueHUs. [1o-BUAMMOMY, 3Ta IMUKINYHOCTH
BIIMSIET HA YepeJOBaHUE BIAXKHBIX U 3aCyIUIMBBHIX JIeT (1ukioB bpukuepa). [To komblilaM cekBoim ObLT
orpeneneH 90-neTHUN UMK («BEKOBOM» IUKI). AMIUIMTYyAa KOJEOAaHUI BEKOBBIX IIMKJIOB MEHSETCS
HUKJIMYECKH C JJIMTEIbHOCTRIO puMepHOo 600 JieT.

CoylHeYHO-3eMHBIEC CBSI3M TPOSIBISIOTCS B pasHbIX (opmax. Ha pa3HbIX BHIaX KUBOTHBIX OBLIO
JI0Ka3aHO, YTO U3MEHEHHUE YUCIICHHOCTHU UX MOMYIALUN IPOUCXOIUT CHHXPOHHO B IUIaHETApHOM MaciuTabe
Y pa3HBIMU MEXaHU3MaMH, IPUYEM MacCOBasi THOEIh )KUBOTHBIX CITY4YaeTCs U B YCIOBUSAX JTOCTATKA ITHIITH.
Pa3BuTHe GakTepuii Tak)Ke 3aBUCUT OT COTHEYHON aKTUBHOCTH [41].

Monenab cojiHeuHo-3eMHBIX cBsizeii [ 1]. Kak moka3ano B pazn. 4.4, ConHile o0pa3yercs ¢ y9acTHeM
18-miera 6030H-GepMUOHHBIX U (PepMUOH-(DEPMHUOHHBIX N0 PU3NUECKOro Bakyyma co ciuHamu 1 u 2.
bozon-pepmuonnbie noss OyayT BO3AEHCTBOBATh HAa IICUCTPYKTYPHI )KUBBIX OPTaHHW3MOB B IIJIAHETAPHOM
Macirade, a GepMHOHHBIE MOJI1 — MHULIMUPOBATh aTMOC(HEpHbIE MPOIECCHI.

ConHevHble MOl MOTYT MEHSATh aMIUTUTYY II00aIbHBIX 3€MHBIX MOJIEH U BIUATH Ha KOJUIEKTUBHOE
noBeneHue Jroaed W xkuBOTHBIX. CormacHo [2], Bpems oOpa3oBaHusl 24-IJIETOB  TEH30PHBIX
KOMOMHHPOBAHHBIX MOJeH cocraBisier T, = 626,6 rona. Bpemsa T, ompenensieT JIUTETbHOCTh LUKIIA,
KOTOPBIA MOXHO accoruupoBarh ¢ 600-1eTHUM IIUKIOM U3MEHEHUS aMIUTUTY/] BEKOBBIX ITUKJIOB.

TeH30pHbIE TOJII POXKAAIOTCS TOJEM CO CIHMHOM 3, 00pa3yromuM 7 KBaHTOBBIX COCTOSHUH C
HaIpPaBIECHUSMU €0 CIIUHA, KOTOPbIe UMEIOT CeMb IIPOEKIINI Ha BhIeeHHoe HanpaBnenue: 0, +1,+2u +

T,

3. O0pa3zoBaHue OXHOrO KBAHTOBOTO COCTOSIHMS, HPOMCXOIMT 3a Bpems Tr = - = 89,5 net, T.e. Bpems

LUKJIA IOPOXKAAEMOTO UM TEH30PHOTO ToJIsi cocTaBUT 179 net. Dta monens cornacyercs ¢ 178-JIeTHUMHE 1
90-neTHUMU HMKIaMU. «BeKoBOI» LIUKII XapakTepu3yeT 00pa30BaHUE KOJIEL CEKBOMU.

23-mmer KOMOMHUPOBAaHHBIX TOJNEH (PU3UYECKOTO BaKyyma B3aWMOICHCTBYET C MPOTOCTPYKTYPOU
3emin pazHbIM 00pa3oM: 15-1JIeT BETO-BKYCOBBIX MOJIEH B OTIIMYHME OT OKTETA C BelecTBOM BceeneHHoi
He B3aumopencTByeT. [lo3ToMy mnposiBIeHHE 3THX MYJIBTHUILIETOB Ha 3emiie MPOUCXOAUT pa3HbIMU
LUKJIaMH.

B paccmarpuBaemoit mozpenu o6pazoBanue B npotocTpykType ConHua 15-mieTta 1BeTo-BKyCOBBIX

T

NOJIEd IPOUCXOAUT 3a BpeMs T,, T.€. BpeMs CYLIECTBOBAaHHs OIHOIO IOIA COCTaBisger Tj, = i

41,78 roga, 4To COOTBETCTBYET 42-1€THEMY LIMKITY U3MeHeHHH uncen Bonbda.
Cy1iecTBOBaHUE K€ COJIHEYHON aKTUBHOCTH CBSI3aHO C OKTETOM I10JIeH, 00pa3yeMbIX B (PU3HUECKOM
BakyyMme mojieM co cnuHoM 3. OOpa3oBaHHE OKTETa MOJIeH peann3yercss KaKIbIM U3 7 €ro CIIMHOBBIX
T,

COCTOSIHUM  C  JUIMTENBLHOCTBIO  CyIleCTBOBaHUs Tr = = 89,5 ner. Tlonms okTeTa pPOXKIAOTCS

MOJIIPU3ALMOHHBIM MEXaHU3MOM YJIBO€HUH YaCTOT B MHUMOM MHOANPOCTPAHCTBE (PU3MUECKOTO BaKyyma C
€ro OKTETOM IPOCTPAHCTBEHHBIX COCTOSHMM. [Ipy JIoKanm3anuu mnosneu B €ro IByMEpHOM U TPEXMEPHOM

T T
MOANPOCTPaHCTBAX (OPMUPYIOTCS LUKIBI C TMEPHOAAMHU Tf =22,4 ner u ?f =11,2 ner. x MOXkHO

aCCOIIMUPOBATh COOTBETCTBEHHO C 22-T€THUMHU M 11-JIETHUMHM LUKJIAMH COJIHEYHOW aKTUBHOCTH. 22-
JIETHUW ITUKIT U3MEHEHUS TOJIIPHOCTH MAarHUTHBIX TOJIEH COJIHEYHBIX MATEH (POpMUPYETCS B TByMEPHOM
MHHUMOM TIOJIITPOCTPAHCTBE C YETHIPbMS TPOCTPAHCTBEHHBIMH COCTOSSHHSIMH, B KOTOPOM IPOMCXOIHT
o0pa3oBaHME MAarHUTHBIX TOJIEH. B deThIpex Apyrux €ro MpOCTPAHCTBEHHBIX COCTOSHHUSAX POXKIACTCS
MAarHUTHOE TOJI€ MPOTUBOIMOIOKHON MOISIPHOCTA. MOXKHO MPEANoOI0XKUTh, YTO 11-TeTHUI UK UMEET
MECTO B JICMCTBUTEIHHOM MOIMPOCTPAHCTBE (u3mueckoro Bakyyma CoJHIIA U pean3yeTcs OKTETOM
KOMOWHHMPOBAHHBIX MOJIEH, KOTOPBHIE B3aUMOICHCTBYIOT C aTOMHBIM BEIIECTBOM.

HaGmromaeMplii auamasoH IMTEILHOCTEH J3TOr0 IHUKIA COJHEYHOM aKTHBHOCTH 8-15 jer, mo-
BUJIUMOMY, OOYyCIIOBJIEH BapHallMed YHClla TE€HEPUPYEMBbIX B Ty-lMKIE KOMOMHMPOBAHHBIX IOJNEH,

76



JeNaroIiell HEeBO3MOXKHBIM MEXaHU3M YIIBOCHMS 4acTOT LMKJIOB. Eciu BMECTO okTeTa mosyeil poxaaercs
CEKCTET, TO JIUTEIBHOCTh UK cocTaBuT 14,9 net. [lpu noGaBneHuy KBUHTETA MOJICH OHA CHUYKAETCS J10
8,1 roga. OTu 3HA4YEHHS COOTBETCTBYIOT IPaHMIIAM HAOJIOAAEMBIX LIMKJIOB «TPEXMEPHON» COJIHEUHOU
AKTUBHOCTH.

BozzeiicTBue conHeuHON aKTMBHOCTH Ha 3eMIIIO, €¢ arMoc(epy U JKHUBBIE OPraHU3MbI 3aBHCUT OT
CIIEKTpa COJTHEYHBIX IOJIEH U SBIIsIeTCS T00aIbHBIM. VX B3auMoseiicTBre ¢ pru3nueckuM BakyyMoM 3eMIiTH
MOJKET U3MEHATh AMILIUTYIHO-4YaCTOTHBIN CIIEKTp €€ 1oJiel. B 3aBUCHUMOCTH OT CIIEKTPa COITHEUHBIX MOJIEH
UX BO3JCHCTBUS HA MOIMYJISIIUUA OPraHU3MOB MOXKET OBITh KaK MO3UTHUBHBIM, TaK U HETAaTUBHBIM, B TOM
YuCJIe BIMUATH Ha YUCIEHHOCTD MOMYJIALUN, IPOTEKAHUE AIUAEMUN U IPYTUE MPOLIECCH B OPraHU3MaX.

BinsHue conHEYHOM AaKTMBHOCTM Ha MUIPALMIO TMONYISIIMM MOXKHO CBSI3aTh C JIOKAJbHBIMU
0COOEHHOCTSIMH B3aUMOJICHCTBUS MoJIeH ¢ pu3nmueckuM BakyymMoM 3emiid. JKUBOTHBIE MTOKUIAIOT MECTa,
I7ie 1OJIs IEHCTBYIOT HA UX OPraHU3Mbl HEFAaTUBHO, 1aXKe €CJIM B 3TUX MECTaX JOCTAaTOYHO IHILH.

ConHeuHble BCIBIIIKU I'€HEPUPYIOT KOMOMHUPOBAHHBIE IOJSI, CIIOCOOHBIE CYLIECTBEHHO MEHATh
CIIEKTp NOJIeH MPOTOCTPYKTYPhI 3eMJIH, HapylIas GyHKIMOHUPOBAHHUE YEJIOBEUECKOro opranusma. B Takue
JTHU IIPOMCXOJUT POCT CMEPTHOCTH.

7.7. Tonkasi cTpyKkTypa Quykryaumui

[TpuHATO cunTaTh, 4TO (UIYKTyallUU SBISIOTCS IPOSIBICHUEM CIIydaliHbIX IPUPOIHBIX IIpolieccoB. B
MOJIIPU3ALMOHHON TEOPUU CIIy4alHBIX MPOLIECCOB HET: BCE IIPOLECCHl UMEIOT IPUYMHHO-CIIEICTBEHHYIO
IIPUPOLY. DTO OTHOCHUTCA M K PaccMaTpUBAaeMbIM HUXKe pesyibraraM onbiToB rpynmnsl C. [Inons no
M3YyYEHHUIO0 TOHKOM CTPYKTYpbI duryKTyanuit [42].

OTH ONBITBI TOKA3alld, YTO THUCTOTPaMMbI (IyKTyaruii o001agaroT TOHKOW CTPYKTypOd U
YHUBEPCAJIbHBIMU CBOMCTBAMHU, HE 3aBUCSILMMHU OT MECTOIIOJIOKEHUSI UCCIIETyEMOI (PU3NUECKON CUCTEMBI
u ee npuponsl. Hampumep, paznuunble GU3NKO-XUMUYECKHE TPOLIECCHl U f- U @ -paclajbl aaep UMEIT
CXOZIHYIO CTPYKTYpY ¢uykryarnuii. HaubomnpIiee coBnageHne ructorpaMM HaOII0AaeTCs PH CHHXPOHHBIX
M3MEpPEHUX. YIaeTCs HaJIe)KHO pa3inyarh 15-25 BapuaHTOB TOHKOHM CTPYKTYpPbI (PIyKTyaruii.

['mcrorpaMMbl OTpakarOT CBOMCTBa (UIYKTyalluii CKOPOCTH (PU3UUYECKUX MPOIECCOB (TaKUX Kak
CKOPOCTH XMMUYECKUX PEaKLMi MU paclaja 4acTHUI[) U CoAepkaT HECKOJIbKO OCHOBHBIX IMTUKOB Pa3HOM
aMIUTUTY/Bl, Kak mpaBwio, He Ooziee 10. Orubaromas NUKOB 4YacTo HMeeT (opmy, OIM3KyI0 K
IIyaCCOHOBCKOMY PACIIPENEICHUIO CIIy4aliHbIX BEJIMYHH.

HHTepecHble CBONCTBA MOKA3bIBAET BPEMEHHAS 3aBUCUMOCTD CXOJCTBA TMCTOIPaMM: Ha JOCTAaTOYHO
OOJIBIIMX MHTEpBajaxX BPEMEHH BO3HUKAIOT TUCKPETHBIE BCIUIECKU CXOIHBIX TUCTOrpaMM. IloBTOpHBIE
MaKCUMYMBl CXOJHBIX THMCTOIpaMM IOSIBJSIFOTCS, B YacCTHOCTH, 4YEpe3 IPOMEXYTKH BPEMEHH,
COOTBETCTBYIOIIME 000POTYy 3eMJIM BOKpPYT CBOEH OcCH, CHHOAMYECKOMY Iepuony BpauieHus CosnHia,
nepuony oOpamenuss 3emun Bokpyr ConmHua. B mocnenHem ciiyyae OTMEUYEHBI TakkKe MaKCUMYMBI,
creayromue yepes nuteppaisl 364,4 cyTok u 366,6 cyTok. DTH IpUMeEpHI YKa3bIBatOT Ha CBA3b (PIyKTyanui
C KOCMO(U3MYECKHMMH (aKTOpaMHU. YCTAHOBJIEHO TakKKe, 4TO CpPEJAHEro/loBble 3HA4YeHUs pasdpoca
aMIUIATYAbl (QUIYKTyallui CKOPOCTH OMOXMMHMUYECKMX M XMMHMUYECKHMX IPOLECCOB AHTUKOPPEIUPYIOT C
COJIHEYHOM aKTUBHOCTBIO.

AMIuTyna «pasOpoca pe3ylbTaroB» H3MEPEHUN H3MEHSIETCS JIOCTAaTOYHO CIIOKHBIM 00pa3oM.
CrexTpayibHBIA  (JAaCTOTHBIM) aHANW3 EXKETHEBHBIX 3HAYCHWH CPEAHEKBAJIPATHYHONW aMILTUTYIBI
¢duykTyanuit mokasai, 4YTO CyLIECTBYET JOCTOBEPHBIM MEPHO, KOTOPbII COOTBETCTBYET MEPHUOAY CMEHBI
¢a3 JIynsl. Oxa3anoch Takxke, YTo (pOPMBI TUCTOIPAMM KOPPETUPYIOT ¢ ToJ0kKeHneM JIyHbl OTHOCUTEIBHO
TOPHU30HTA.

CornacHo [42], mpupoma TOHKOW CTPYKTYypbl (DIyKTyalnii He CBs3aHa C DIIEKTPOMArHUTHBIM
M3JIy4EHUEM, TaK KaK M3MEHEHUs CKOPOCTH pPeaklHni KoH4aroTcs Ha 1,5-2 yaca nmoz:xe 3axona ConHna u
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HaYMHAIOTCS Ha 1-2 yaca paHbIle ero Bocxona. AMIIIUTyAa (GIyKTyallii MEHSETCS B TEUEHHE CYTOK,
JOCTHUTasi TPU pa3a MaKCUMyMa.

ABTopel [42] mpunuM K BBIBOMY, YTO OOHApyXKCHHas WMU TOHKasl CTPYKTypa (IyKTyaluii He
OOBSCHSICTCS CIlydYalfHBIMHU IMPOLECCAMH, U €€ CIIEAYET CBS3bIBaTh C BHEIIHUM (DaKTOPOM HEH3BECTHOM
npupoabl. OAHAKO HEONHOKPATHBIE IONBITKA BBISIBUTH €0 BPEMEHHbIE XApPAKTEPUCTUKU OKa3aJMCh
HEY/IauHbIMHU.

B [42] xoHCTaTHUpyeTCsl, YTO «IPHU JTIOOBIX MOCIESIOBATEIBHBIX BO BPEMEHU W3MEPECHHSX 000U
MPUPOABI BCAEACTBHE (DITyKTyalHii MOTyYaroT MOCIeI0BaTeIbHOCTh AUCKPETHBIX BeIMYMH. HekoTopsie u3
STHX BEJIMYUH BCTPEUAIOTCS Yallle IPYyTUX — HAOMIOAAI0TCS «Pa3pelIeHHBIC) U «3alPEIIeHHBIC) COCTOSHUS
MaKpOCKOITMYECKHX OOBEKTOB. Ha COOTBETCTBYIOMIMX TMCTOTpaMMax BHUIHBI 3KCTPEMYMbI — «IIUKW» U
«BHaauHb. DopMa cHekTpa pa3pellieHHBIX U 3alpPELICHHBIX COCTOSHUNH — OTHOCHUTEIbHBIE BEIMUYMHBI
pacCcTOSIHUI MeXAy YPOBHSIMH U CTENEHb M3 3aCEJICHHOCTH — CXOAHA B KaXKIblil JaHHBIA MOMEHT st
MIPOLIECCOB Pa3HOM MPHUPOABI M HU3MEHSETCS C BBICOKOW BEPOSTHOCTHIO OJHOBPEMEHHO B pa3HBIX
IpolLeccax, B TOM YUCIIE MPU OOJIBIINX PACCTOSIHUSIX MEXAY JaboparopusiMu. CyIIecTBYeT «BPEMS AKUZHI
NaHHOW (OPMBI THCTOTPAaMM — B PsiIy MOCIEIOBATEIbHBIX THCTOTPAMM C HauOOJbIIEH BEPOSTHOCTHIO
JaHHAas IUarpaMMa CXoJHa ¢ OMKalIIMMK COCEIHUMH TUCTOrpaMMaMu. DOpMBI THCTOTPaMM C BBICOKOM
BEPOSITHOCTBIO TOBTOPAIOTCS ¢ nepuogoM 24 daca, okoso 27 cyTok, okoino 365 cyrok. Bce 3T0
(3akoHOMepHOEe u3MeHeHHe (OPMBI MOCIEIOBATENBHBIX BO BPEMEHH THUCTOTPaMM, HX CXOJICTBO IpH
OJTHOBPEMEHHBIX HE3aBUCHUMBIX HM3MEPEHHUSX IPOILIECCOB pPa3HOW MPUPOABI, B TOM YHCIE B Pa3HbIX
reorpa)UyecKUx MyHKTaX) CBUACTEILCTBYET O CYIIECTBOBAaHWU BeCchMa OOIIEH KOCMO(U3UYECKOM
(KOCMOTOHHMYECKO ) TPUUUHBI 00CYXK1aeMOro (heHOMEHa.

HNurepnperanus [1]. dnykTyanuu BO3HHMKAIOT H3-32 BO3JCHCTBUS BHEMIHMX (DAKTOpPOB Ha
IPOTOCTPYKTYpY OOBekTa. [7100anbHBI XapakTep W MEPUOJUYHOCTh HW3MEHEHHH TOHKOW CTPYKTYPHI
¢GykTyanuii 3eMHBIX OOBEKTOB O3HAUaeT, YTO Ha MHPOTOCTPYKTYpY 3€MJIH JACUCTBYIOT H3IydaeMble
ComHrieM nosst pU3HYECKOro BakyyMma.

Uwucno GopM rUcCTOrpamMM 3aBUCHUT OT YMCIIA STHX COJIHEUHBIX MOJIEH M yKa3bIBAaeT Ha BO3/ICHCTBHE
24-mimeTa BEKTOPHBIX KOMOMHUPOBAaHHBIX TIosiel. [Tpu 3ToM Beera B BO30yKIeHUN (PIyKTyalnii yyacTByeT
ero 15-mier 1BeT0-BKyCOBBIX MOJIEH, a 9 OCTaNbHBIX MOJeH 24-1eTa, B3aMMOAECHCTBYIOIINX C BEIIECTBOM
00beKTa, MPUHUMAIOT y4acTUE MYJIBTHUIUIETAMU: CHUHIVIETOM U3 OCEBBIX I[BETOBBIX U BKYCOBBIX IOJIEH,
TPUIUIETOM U3 BKYCOBBIX IOJIEH M OCEBOT0 BKYCOBOTO MOJS U KBHHTETOM, OOpPa30BaHHBIM IMATHIO
BKYCOBBIMHU HOJISIMU M OCEBBIM BKYCOBBIM IIOJIEM.

B paccmarpuBaemoil MoAenu NHMKU TUCTOIPaMM MOXHO CBSI3aTh C PE30HAHCHBIMH YPOBHSAMU
HIPOTOCTPYKTYPBI H3yyaeMoi (pU3MUeCKON CHCTEMBI, BIUSAIOIMIMMU Ha CKOPOCTh H3MepseMoro nporecca. B
HKCIIEPUMEHTAX HCHOIb30BAINCh JAaTUYUKH, (UKCHPOBABIIME YacTOTy uMmyiabcoB or 10 mo 1000
UMIIYJIbCOB B CEKYHIY, T.€. (PMKCHPOBAJIMCh COOCTBEHHBIE YACTOTHI KBAHTOBBIX MEPAPXUUECKUX CHCTEM
MPOTOCTPYKTYp 00BbekTOB B nuana3zone 10 — 1000 I'm.

OTH cOOCTBEHHBIE YACTOTHI, KaK MOKa3aHo B [ 1], reHepupyroTCs CeIbMbIM HEPAPXUUYECKUM YPOBHEM
wieHoHoB. OHM pokaatorcess Ha ConHie U 3emie — 00beKTaX BOCBMOTO HepOoypoBHs. Bo30yxaeHne sTux
9acTOT COJTHEYHBIMU KOMOMHUPOBAHHBIMHU TOJISIMU MPOUCXOIUT MPAKTHUECKH CHHXPOHHO Y BCEX 3€MHBIX
00OBEKTOB.

Bpaienne 3emin Bokpyr coOCTBEeHHOI ocH ¥ BOKpYyT COJHIIa TPUBOAUT K IUKIMYECKUM BCIUIECKaM
CXOXKHUX THUCTOTpamMM. B03MOXHO, 3T0 0OYyCJIOBJIEHO TE€M, YTO pOXJAEHHE yacTull WU mojei Ha ConHie
MIPOUCXOIUT B OHOI TOM ke (pa3e COIMHEUHOro WM COMHEYHO-3€MHOTO IHKIA. OTH (Pa3sl U GUKCHPYIOT
[IUKJIMYECKUE BCTUIECKH TUCTOTPAaMM C 9acTOTOW BpamieHus: 00bekToB: Ha 3emute (cyTku), Ha ComHie (27
CYTOK) U B UX OOIIei KBaHTOBO# cucteme (0kosio 365 CyToK).

Ob6napyxeHHOE (OpMUPOBaHHE TPU pa3za B CYTKM MAaKCUMyMOB aMIUIMTYJ THCTOIpPaMM MOXXKHO
CBSI3aTh C U3MEHEHHEM CIEKTpa MI0OaTbHBIX 3€MHBIX KOMOWHHUPOBAHHBIX IMOJIEH, UMEIOIIHUX CYTOYHYIO
UUKINYHOCTh. Bparienue 3emnu renepupyer Tpu CEKTOPaIbHBIX I[BETOBBIX MOJs, YTO IPUBOAUT B CYTKHU
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K TpPeM HU3MEHEHHSAM CIEKTpa M aMIUINTY[bl IVI00AJbHBIX LBETOBBIX IIOJEH, NPOSABISAIOIINMCS B
THCTOrpaMMax MCCIeIyeMOoro oObeKTa.

[Tockonbky Jlyna oOpa3yer ¢ 3emieil CBSI3aHHYIO KBAHTOBYIO CHCTEMY, TO IMKIMYECKUE
MOJISIPU3ALMOHHBIE ITPOLECCHI TeHEPAIlUH YaCTHII U 1oJiei Ha JIyHe MOTYT PUBOIUTH K 3aBUCUMOCTH (hOpM
TOHKOM CTPYKTYpHbI (prrykTyaruii Ha 3emiie oT ¢a3 JIyHsI.

HccnenoBanrue THCTOrpaMM TOHKOW CTPYKTYpBI (UIYKTyalMid BaKHO JUIS U3YUYEHHS CIIEKTpa IOJieH
¢uznueckoro Bakyyma CoiHIIA, BIMSIOUIMX HAa COMTHEYHBIE Tporiecchl. OnpeaeneHnyo HHPOPMAIHIO OHO
MOJKET J1aTh ¥ B OTHOIIEHUH IMHAMUKH TJI00AJIBHBIX IPOLIECCOB, IPOUCXOASIIUX B IPOTOCTPYKTYPE 3eMIH
U ee aTMOC(epBhl.

7.8. 3akirouenue

[ToMuMO NpHUBEIECHHBIX TPUMEPOB B3aUMOICHCTBUI KBAHTOBBIX MaKpocUCTeM B [1] paccmoTpeHo u
pSA ApYyTUX SKCIEPUMEHTOB, HE TMOJYYMBIIUX CEroiHA OOBSICHEHHUS M HWHTEPIPETHPOBAHHBIX Kak
MPOSIBJICHUS] KBAHTOBBIX B3aUMOJEHCTBUH Ha MAaKpOypOBHE. OTO SBISETCA JIOMOJIHUTEIbHBIM
SMIUPUYECKUM MOITBEPKICHUEM YHUBEPCATBHOCTH (PU3UUECKOT0 MOHO(YH/IaMEHTATUCTCKOTO MOAX0/a,
3aJI0’)KEHHOTO B KBAHTOBOW KOHLIETIIIUU MHPOYCTPOICTBA.

[Ipy mnomBeACHMM UTOra PACCMOTPEHHUs KBAHTOBOW (DU3UKH HEKOTOPBIX HETPAJAUIIMOHHBIX
uccienoBanuii B [ 1] nenaercs BbIBOA, YTO OCHOBHOM MPOOIEMOM UX MHTEPIIPETALIUU SIBISIETCS OPUEHTALIUS
Ha TPEJCTABIICHUSI OPTOAOKCANBLHOM (PU3UKU, TaK KaK B €€ paMKax HEINb3sl MOHSATh IPUPOTY KBAHTOBBIX
MakpocucteM. [ToaTomy nmocranoBka sxcriepumeHToB B HU mpoucxoaut «Benemyo», 4To 3amesseT 6osee
IyOOKOE MOHHMMAaHUE «HETPAAUIIMOHHOW» MPHUPOIb HEM3BECTHBIX MHUPOB — (GU3MKU Ac-Mupa U
(u3HYECKOTO BaKyyMa.

Paccmorpennsie B [1 - 4] skcriepuMeHTalIbHBIE UCCIIEIOBAHUS, HE HALISANINE OOBICHEHHS B PAMKax
MPUHATON MapagurMbl, TOJYYalOT KBAaHTOBYIO WHTEPIPETAIMI0 TPH PAAUKATILHOM H3MEHEHUU
MIPEICTABICHUN O MUPOYCTPOMCTBE U CITY>KAT UX SMIIUPUUYECKUM TTOATBEPIKICHUEM.
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I'masa 8. Mup Jdym

OO0 ucrounukax uHpopmauum o mupe dym. B Hacrosimee Bpems umadopmarus o mupe Jym
MOCTYNAeT OT JIIONEH, HAXOASIIUXCS B U3MEHEHHOM COCTOSHUU CO3HAHHS, MPU UX HUHPOPMAIMOHHOM
KOHTAKTE€ C HEBOIUIOMICHHBIMU pPa3yMHBIMU cyimiecTBaMd. OCOOEHHO MHOTO HH(OPMAIMH IOYyYar0T
TUITHOTEPAIEBThI-PErPECCOTIOTH, BBOJSAIINE CBOMX MAIMEHTOB B COCTOSIHUE TpaHCa C MOCIEAYIOIIUM
MIEPEBOJIOM B COCTOSTHUE MOJICO3HAHMUSI, TO3BOJISIONIEE TOTPY>KATHCS B MPOIILIBIC KU3HH, U B 00JIee PeIKIX
CIIy4asix — B COCTOSIHUE CBEPXCO3HAHMUS, KOT/Ia TIOCTymaeT nHpopMaius o0 yCTpOCTBE U CBOMCTBAX MUPA
Hym. B [1], momumo padot P. Monpo, ucnons3oBasiick padbotel M. Hetorona [43 u 44] u JI. Kounon [45].

Orta cyObeKTHUBHAs WHQPOpPMAILHS HApsAy C pealbHBIMH COOBITUSMH COACPXKHUT W BHUPTYyaIbHBIC.
[ToaTromy ee Hay4HBI aHaIM3, CTABSIIMHA IEIBIO OTICICHHE peaTbHOW KOMIIOHEHTHI MH(OpMAIUU OT
BUPTYJIbHOM, MPEJACTABISET CIOKHYIO 3a/1a4y. B MU3BMEHEHHOM COCTOSIHUM CO3HAHHUSI JTUAJIOr KOHTAKTEpa
MIPOMCXOUT C HEBOIUIOMICHHBIM CYIIIECTBOM, OTBEUAIOIIMM Ha 3aJaBaeMble eMy Bompockl. Mupopmarus,
rojiyyaemasi B OTBETE Ha BOIIPOC, 3aBUCUT OT YPOBHS 3HAHUI Y4YacCTBYIOLIETO B AMAJIOrE CYLIECTBA U OT
cofiepaHusl ¥ YeTKOCTH Bonpoca. OTBEThl Ha KOHKPETHBIE OBITOBBIE BOIIPOCH! OOBIYHO JOCTATOYHO TOYHBI.
Tpynnee momy4yuTh UEHHBIA OTBET Ha aOCTPAKTHBIA BOIPOC, TMOCKOJIBKY JIOCTATOYHO CJOXKHO
c(hopMyIHPOBATh BOIPOC O HEM3BECTHOM PEaNIbHOCTH TaK, YTOOBI MOIYYHUTh aJIeKBaTHOE MPEACTABICHUE O
neii'f,

Kak mpaBuiio, rTHITHOTEpAIeBThI MyOIMKYIOT MOTyYaeMblil B Ce€aHCax ¢ MallMeHTaMU CBEACHUS 0e3 hX
HAy4YHOTO aHaju3a, OMHChIBas Haubojee yAUBUTENbHbIC A HUX U yuTaTenedl coObITus. B 310l cBs3m
MOXXHO BBIJICTUTH padoTel M. HetotoHa [43 u 44], KOTOPBIH, IOMUMO JICUECHHUS MAI[UEHTOB, MOIBITAJICS
MOCTPOUTH MOJEeNb Mupa Jlyll, HCIONb3ys CTaTHUCTUYECKYyI0 OOpabOTKy MOJy4YaeMbIX OTBETOB Ha
3a7laBa€MbI€ UM IAILMEHTAM OJHOTHUIIHBbIE BONPOCHL. EcrecTBeHHO, HBhIOTOH, cunTaBmmii aeiicTBus Jlyun
MIPOSIBJICHHEM CBOOOJIBI BOJIM, HE 33J]aBAJICS BOTPOCOM, MTPOTUBOPEUHT JIM €0 KOHIEHIHUS (DU3HUSCKIM
3akoHaM. Ho oOHapyKeHHe UM CTaTUCTUYECKUX 3aKOHOMEPHOCTEH 03HAYaET, YTO 3THU 3aKOHBI YIIPABIISIOT
mupoMm [ym. KsantoBass mozens mupa [ymi, usnaraemass B [1], cpaBHUBaeTCs ¢ T€MHU JTaHHBIMHU
PEerpeccosoroB, KOTOPbIE XapaKTEPU3YIOT CTPYKTYPHBIE 0COOCHHOCTH U KOJIMUECTBEHHBIE XapaKTEPUCTUKHI
mupa Jlymr.

CornacHO JaHHBIM PETPECCOJIOrOB, MOMUMO 3€MJIH, CYIIECTBYET OrPOMHOE YHCJIO IUIAHET, Ha
KOTOPBIX MPOUCXOIUT BOIUIONIEHUE pa3yMHBIX cymiecTB. [losToMy B 1ukiie penHkapHamuii Jlyma Moxer
BOIUJIONIATHCSA HA TUTAHETaX pa3HbIX 3BE3HBIX CHCTEM W B CYIIECTBaX HETYMAaHOWJTHOTO THIIA.
Perpecconoramu ornucansl pa3yMHbIE BOILIOIICHHBIE CYIIECTBA, JKUBYIIUE B Ta30BBIX U JKUJKHUX Cpeaax
IIJIAaHET ¥ UMEIOLIUE Pa3HbIe YPOBHU Pa3BUTHSL.

8.1. O ¢pusuke 3BoTIOIUM Ty
Opomonus [y, kak 1 Muposfaanus, siBISeTCsl IMKINYECKUM IpoleccoM. B nepBoit ¢asze nukia

HYJb-BaKyyM U Cc-MHpP MOPOXKAAIOT /Ac-MUP U B HEM B KaXIOM LUKJIE pokiaaercs mup Jlymr co cBoum
HaOOpOM KBAaHTOBBIX COCTOSIHHM, W €ro 3BOJIIOLUS PEaTU3yeTcsl MOCPEICTBOM KBAaHTOBBIX IEPEXO/I0B.

19 Tem He MeHEee, HEKOTOPBIE TIONTYYEHHBIE YEHHEMHIOM CBEJIEHHUS MPEJICTABISIOT HayuHbIi nuTepec. Harpumep, B padore 1.
KsnHoH [45] npeacranen auanor ¢ Jlymoi, yqacTBOBaBIINK B OJHOW M3 MPOIUIBIX XU3HEH YHEPTETHUECKUM CHAOKEHHEM
moTpeOUTENe BBICOKOPA3BUTON IMBIIM3AIMA. B 3TOM auanmore NpPUBOIATCS HEKOTOPBIE TEXHUYECKHE IOAPOOHOCTH,
MIPECTABILIOIINE HHTEPEC ISl OCBOCHUS 3€MJITHAMH HOBBIX CIIOCOOOB TOTy4eHUs SHEPTUU 03 MCIIONB30BaHNS TOIUTNBA U PSL
JIPYTUX TeXHWYeCKHX cBeleHui. [IpernctaBneHme o kadecTBe coobmraemoil 3Toi [lymiol mH(OpMamuu JaeT OLeHKa ero
COCTOSTHHSI HAYKH Ha 3eMJIe, C KOTOpOH TPpyIHO He cornacuThes: «Ombka HayKy Ha 3TOH MJIaHETe 3aKIH0YacTCsl B TOM, YTO OHA
3aKphITa I JTIOOBIX Ty KEPOIHBIX HJIEH U SBICHHH, KOTOpPBIE HE HaOmogaroTcsa Ha 3emite. J[pyruMu cioBamMu, TPUHUMACTCS
CYLIECTBOBaHHE TOJBKO TOTO, YTO MOXKET OBITh BOCIIPHUHITO dYepe3 psJ JOCTYNHBIX celdac MHCTpyMeHTOB...Haydnoe
COOOIIIECTBO HE CIICIIUT MEHATHCS B CBOMX B3IUIAAX; OHH OYCHb yCTOHYMBHI K IIepeMEHaM, TaKk Kak IOHUMAETCsl, YTO B TAKOM
cllyyae UCTHUHY Ha/lo Oy/eT nepenucsBaThy [45].
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MOXHO IpPENNnOIOKUTh, YTO, KOIJla BCE KBAHTOBBIE IIEPEXObl 3aBEPINATCS M BO3HMKHET PAaBHOBECHOE
coctossHue Myisbsruiiera Jym, mup [ym kak Llenoe nepeler B Hylb-BaKyyM, U 3BOJIIOLUOHHBIN IIUKII
mupa Jlymr 3aBepmmtes. B 330Tepuke 3TOT 3BONOLMOHHBINA MEXaHU3M (PUTYPUPYET KaK CTPEMIICHHE MUpa
Iy x [lonnome, 3a koTopou Heuzsecmuocmeo.

Jymm poxnaroTcsl Kak OJHOTHITHbIE CyObEeKThl BOCBMOTO MEPOYpPOBHS, (GOpPMUPYS CYyHEepHO3HUILINIO
KBaHTOBBIX cocTosiHUI —mup [y [losenenue y ymn nuauBuayanbHocTy (Oro) U pa3BUTHE €€ COZHAHUS
IIPOUCXOIUT B IIPOLIECCE YBEINYECHUS YACIIA KBAHTOBBIX COCTOSIHUM, B3AMMOZICHCTBYIOIIMX C OKPYKAOLIEH
CpPENOH U €€ CYLECTBAMH.

Poxnasice B hc-mupe, Jlymmm B3auMoACHCTBYIOT € (DU3MYECKUM BAaKyyMOM M BCEJIEHHBIMU. JTO
IIPOUCXOAUT U B IIPOLIECCE BOIUIOLICHUS B XKUBBIC CYIECTBA HA IUIAHETAX, T.€. BOIUIOLICHUS SIBIIIOTCS
00yCIIOBIICHHBIM (PU3NUECKIMHU 3aKOHAMU MEXaHU3MOM pa3BuUTus co3Hanus ymmu. [lpu goctmkennn e
JOCTAaTOYHO BBICOKOIO YPOBHSI CO3HAaHHUSI HEOOXOAMMOCTb PEryJIIPHOTO BOIUIOIIEHUS HCU€3aeT, U OHU
CTaHOBATCA dnu3oandeckuMU. CornacHo [1], Ha IATOM M IECTOM ypOBHSAX CO3HaHMs JlyIlin UMEIOT OHO
HENOJIIPU30BAHHOE KBAHTOBOE COCTOSHUE, T.€. BOIUIOLIAIOTCS OAMH pa3, a JymM ceapMoro ypoBHs
CO3HAHMS YK€ HE BOILIOIAIOTCS.

[Tpeanonaraercs, uto QopmupoBanue «Yenoeka JlyXoBHOro» 3aBepuiaeTcs, KOrJa HaceleHUe
3eMJIM AOCTUraeT IATOrO U IIECTOTO0 YPOBHEH Pa3BUTHS CO3HAHHUSA, U MOCIEIYIOLIME MTOCEIICHNUs 3eMIIN
OynyT NporcxXoauTh yxe 0e3 Borutomenus. B [33] onuckiBaetcs nocemnenue P. Monpo 3eminu, koraa Jdymm
COBEpILIAIOT CBOE IOCiIeqHee BoIulomeHne. B atom ¢parmente Bo3MOXXKHOro OyIylLIero 4eaoBe4ecTBa,
npeoOnagaer npeObIBaHWE CO3HAHMS YEJIOBEKAa BHE OMOJOTMUYECKOro Tesa, a OOLIEHHE MEXIY JIIOIbMHU
SBJIETCS TEJICNATUUECKUM.

3aBepruaromuii sTan pazBuThs yu nporucxonut B Ac-mupe. [1o ero OkoH4aHUU IPOUCXOIUT MEPEXO]T
mupa Jym B Hynb-BakyyM. B Hem Jlymiu HaxXoasiTcsi B COCTOSIHUM IOKOSI (B 330TE€pHUKE «OJIaXKEHCTBAY),
TOXKHUJAsICh CIEAYIOUIETO ABOITIOIMOHHOTO uKia. Hynb-Bakyym B 330TepuKe GUTYpUPYET MOJ pa3HbIMU
Ha3zBaHusMHu. Hambonee uwacto ero HaspiBatoT «Mcrounmkom». Cpemu npyrux HasBanuid Coszmarens,
Teopen, bor, A6comtor, [Tycrora.

Jyim 3aBepiiatoT CBO€ pa3BUTHE 3aJ0Jr0 10 UCUE3HOBEHUS UX Ac-MUpa, U LIMKIMYECKUN Mpoliece
sBOMOLIMK JlylI TPOUCXOOUT YK€ B JPYrMX hc-Mupax, I1e HAeT MNOAXOASIIMNA A 3TOro ATarl
HEepapXHUeCKOro CTPYKTYpHUpOBaHHUs 0030HHOW Marepuu. B OeckoHEUHOM MMpOyCTpoilcTBe Takue /ic-
MUPBI BCET/Ia CYLIECTBYIOT, U IIUKIMYECKUM pouecc 3omonuu Jlynt (1 qpyrux Gpopm kMBoi Matepun) He
IIPEPHIBACTCA.

B paccmorpeHHON MoOnenu UMKIMYECKOro pa3BUTHSA Jlylml OHU SBISIIOTCS  OeccmepmHblMu
CyLIeCTBaMH. JTa MOJENb MO3BOJIIET MHTEPIPETUPOBATh HEKOTOPBIE CBOWCTBA MHpa Jlyml, 0 KOTOpBIX
COOONIAIOT JIFOAM, HAXOASALINECS B N3BMEHEHHOM COCTOSIHUU CO3HAHMSL.

Huxe paccMOTpEHBI HECKOIBKO CBOMCTB JlyIll, CTATUCTUYECKUE XaPAKTEPUCTUKN KOTOPBIX B3SITHI U3
pabot M. HerotoHa [43, 44].

8.2. I'pynnossie cBsi3u B Mupe Jlym

B [1] paccmoTrpena monens, B koTopod Jlymm B mpoliecce CBOEro pa3BUTHS 00pas3yro I'pyMIbl €
OOIIMMU 3a/lauaMH, a YUCICHHOCTh TIPYMI OINpPENeNseTcsl YUCIOM KBaHTOBBIX COCTOSHUN CIIMHOBOIO
MPOCTPAHCTBA, B KOTOpOoM JlyIn B3aUMOJICHCTBYIOT MEXKIY COOOM.

V poxnarommxcs Ay pasMepHOCTh UX CIIMHOBOTO MPOCTPAHCTBA MUHMMAaJIbHA U paBHa D = 1. B
HEM pOXKJAKOTCS JIBa CYIIECTBA CO CIIMHOM 1, KaKJ10€ U3 KOTOPBIX UMEET 8 CIIMHOBBIX COCTOSHHUU. DTO
CBSI3aHHBIE COBMECTHBIM POXACHUEM nepsuyHvle napuvl (o TepMmunonorud Hetotona). HeroToH oTMeuaer,
YTO MEPBUYHBIE MAphl COBEPLIAIOT COBMECTHBIE BOIUIOIIEHUS, OOJNbIIEH YacThi0 B Ka4eCTBE CYNPYTOB.
WNupiMu cioBaMu: «Opaky cCBEpILIAIOTCS Ha HeOecax».
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B cniunoBOM mpocTpaHCTBE TPy € pa3MEPHOCTbIO D = 2 4uCIO0 CIMHOBBIX KBAHTOBBIX COCTOSIHUI
BO3pacraer 10 32, U BO3MOXKHO COCYIIECTBOBaHME CHUMHOB 1 U 2 COOTBETCTBEHHO C TpPEMs M TMSTHIO
CIIMHOBBIMU COCTOSIHUSIMA B MHUMOM IOANPOCTPAHCTBE. Takyro YMCIEHHOCTh UMEIOT, CorlIacHO HbioTOHY,
oauskue [Jywu, odpasyromue rpymmbl u3 3-5 [y

Heb6onpmme rpymnmbl GpopMuUpYIOTCS B Y4eOHOM IMpoliecce Kak Ha HavdaabHOM 3Tare OOy4YeHHS,
KOTOPBIi MOXXHO CpPaBHUTH CO IIKOJBHBIM M BY30BCKMM O0pa3oBaHWEM, TaK W B IOCICIYIONICH
crienranu3anuu. IlpennonoxurenbHo, 3T0 rpymnmbl Jyll, B3aMMOAECUCTBYIOIIMX HOCPEACTBOM MOJIEH
IICUTEJ MBILIJIEHUS €O CIMHAMU 3 U 4, T.€. C YUCIEHHOCThIO 10 7-9 [lymi.

CommacHo Herorony, Jlymu rpynmnamMu ¢ 4MCJIEHHOCThIO 10 15-20 Jlyil, coBepiaroT COBMECTHbBIE
BOIUIONICHUA. MOXKHO HPEINOJI0KUTh, YTO Takas rpymna (GopMUpYeTCs B ABYMEPHOM KOMILUIEKCHOM
CIIMHOBOM IIPOCTPAHCTBE C IByMsI OJHOMEPHBIMU NOJIPOCTPAHCTBAMHU. 16 YIEHOB IPYIIIBI OJHOTO U3 HUX
MEPEXOMIAT B IByMEpHOE KOMILIEKCHOE T€OMETPUYECKOe MOAMPOCTPAHCTBO (pu3nuuecKkoro Bakyyma. B ero
TPEThEM H3MEPEHHUHM BO3MOXHA JIOKAJIM3ALMS €II€ YEThIPEX CIIMHOBBIX COCTOSIHUM APYroro CIMHOBOIO
MIOANPOCTPAHCTBA, KOTOPBIE YBEJIMYUBAIOT YUCIECHHOCTh Ipynibl 70 20 4I€HOB.

M. HprTOH BbIIENSET emie rpynnsl U3 MHOTMX Jlyll, KOTOpbIE OH HAa3bIBAET KOPHOPAMUGHLIMU
Jlywamu. YUCIEHHOCTh TaKUX TPy, COMIACHO oueHke HproToHa, nopsiaka Teicauu. Mx cymecrBoBanue
MOXHO CBsi3aTh € 960-11eTOM CHOUMHOBBIX KBAaHTOBBIX COCTOSIHUM, POXKIAIOIIUXCS B CHMHOBOM
MPOCTPAHCTBE MaKCUMaJIbHOM pazmepHoctu D = 60.

Takum oOpa3zom, manHeie M. HpIOTOHAa O YHMCICHHOCTH TPYII HE MPOTHBOpEYAT MEepapXHUeCKOn
Mozenu mupa Jymi.

8.3. YpoBHu pa3Burtus Ay

Cornmacio M. Hetorony, ypoBuu co3Hanus 1, 2 u 3 — sto Jymu, obydaromuecs B «mikoie». Mx
YUUTEISIMH  SIBISIFOTCST HacTaBHUKHU (Iwibl), oOmajmaroiue 4eTBEPTHIM U MATHIM YPOBHSIMH Pa3BUTHS
co3HaHud. [ymm ypoBHeil | u 2 Hpl0TOH Ha3bIBaeT Hauunaowumu, a ypoBHU 3 U 4 — npomescymoynvimu
Hymamu. OT0 OH 00OCHOBBIBaE€T TEM, YTO Ha ypoBHE 3 Jlymiu MpoOsBISAIOT CBOM HHAWBHIYalbHBIC
0COOEHHOCTH, TO3BOJIAIONINE MM BBINOJIHATH HekoTopble (yHkumu I'maos. Ha stom ypoBhe [ymm
BBIOMPAIOT CBOIO CHEIMATIH3AIMIO.

HanpHeiimee pasButve Jlymr npoucxoauT B HEOONBIIMX TIpymnmnax, COOPMUPOBAHHBIX IO
CHELMAIBHOCTAM. B HuMX HacTaBHMKaMu SBJAOTCS JlyliM msATOro W MECTOro ypoBHeW pasButTus. OHu
Ha3BaHbl Hpl0TOHOM coOTBeTCTBEHHO Cmapuiumu [ uoamu u Macmepamu M OTHECEHBI UM K HPOOBGUHYMbIM
Hymiam. Hpl0TOH 10CTaTOYHO MOAPOOHO ONMMCHIBAET HEKOTOPBIE CIEIMAILHOCTH MacTepoB, O KOTOPHIX OH
y3HaJ OT ITallUEHTOB.

HauBbicminii ypoBeHb pa3BuTHs co3HaHus [y, o kKoTopoM oHH cooOmmanu HeloToHy — ceapMoit.
Cpenu pa3Hbix 0003HaYEHUH, JaBAEMbIX MallU€HTaMH, OH BBIOpau s otux [y HazBanue Cmapetiuiue.
Nx ocHOBHOI 3a/1aueil SIBISETCS «IUIAaHUPOBAHKUE U OpraHU3alsl CyOCTaHLUI», a Takke nmomouls Jymam,
KOTOPBIM TNPEICTOUT BOIUIOIIEHHE, B BEIOOPE UX CYIAbOBI.

[TarueHTsl cOOOIIANU Takke 00 OIIYIIEHWH HEBHJIMMOM CYHIHOCTHU elle 0ojiee BHICOKOTO YPOBHS
pasBuTusi co3Hanus. Y HeiotoHa oHa ¢urypupyer kak «/Ipucymcemauey. Bo3aMOXXHO, 3TO TOMYIJISIITAOHHBIN
YpOBEHb CO3HaHus [y

Kak mokazano B [1], ceMb ypoBHEW pa3BUTHsS CO3HaHHUS [yl COOTBETCTBYIOT MOJISIPU3AIIMOHHOM
Mozenu Mupa Jym, sSBISIOMIKMXCS CYIIECTBAMH BOCBMOIO HepoypoBHsA. To, uro [lymu umeroT cemb
YpOBHEH co3HaHUs, coriacyercs u ¢ nHpopmanuein P. Moupo [32].

[TponsunyTeie [y, cornmacHo HeloTOHY, BEIOMPatOT CKPOMHBIN 00pa3 xku3HU. OHUM U3 OCHOBHBIX
UX KayecTB SBISETCS TEPIEHHE U TEPIUMOCTb, a BBICOKMHA KOA(P(PUIMEHT HHTEIIEKTyaJbHOCTU HE
ABJIIETCS MTOKa3aTeseM npoaBuHyToi lymm. «Ecin g BHKy KOro-To B pOBHOM, TapMOHUYHOM COCTOSIHUU
yMa, YbH HHTEPECHI U CIOCOOHOCTH LIETMKOM U MTOJHOCTHIO HAlpaBlieHbl HA TIOAJIEPKAHUE TPOrPECCUBHOTO
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pPa3BUTHSI YEJIOBEUYECTBA, s IMOJIarar, 4To 3TO — MPOABUHYTAs AyIa, HAXOMAMIASACS B TPOIECCE CBOCH
paboTel. DTO Takue Mylid, KOTOPHIE WIIYT JMYHBIC HCTUHBI, TOAHUMASACh HAJl TPEOOBAHUSMHU CBOETO
YeJI0BEYeCKOro Aro» [43].

CnuHOBOE MPOCTPAHCTBO BOILIOMAONIMXCS JlyII BKJIOYAET IMOANPOCTPAHCTBA OO30HHOTO U
(GbepMHOHHOTO MHUPOB. YPOBEHb pa3BUTHs co3HaHMs Jlylmn j TeM BbIlIe, YeM MEHbIIE Pa3MEpHOCThH €€
CIIMHOBOIO IOANPOCTpaHcTBa (usnyeckoro Bakyyma Dy. B [1] paccmorpena mozenb, B KOTOPOH CBA3b
MEXy STHUMH ITapaMeTpaMu ONPEIEIATCS COOTHOIIICHUEM

J + Df = Const (8.1)

Ipu Dy < 4 cyMMapHOE YKCIIO CIIMHOBBIX COCTOSHUSL YETHIPEX HUXKHUX YPOBHEW Pa3BUTHS CO3HAHHS PABHO
16+ 32448 4+ 64 = 160.

Tak kak BepOSTHOCTh BoOIUIOmMICHHUS J[lymm omnpenensieTcss YWUCIOM CIUHOBBIX COCTOSIHHM,
YYacTBYIOIIMX B HPOMCXOMAIIMX B (PU3UYECKOM BAKyyM€ MHPOIECCaX, T.€. MPOHOPIUOHAIBHO Df, TO
BEPOSATHOCTH BoIuIomeHud a1 j =1, 2, 3u4 6e3 ydera HeOONBIIOTO BKIaJa ypoBHEH j=5u6
cocraBaT cooTBeTcTBeHHO 0,4, 0,3, 0,2 1 0,1.

Ipu j = 5 3nauenue Dy = 0, T.c. B QU3HYECKOM BaKyyMe U3 CIIMHOBBIX COCTOSIHMI O030HOB /ic-MHUpa
MOXXET JIOKAJIM30BaThCSl TOJIBKO CHHIVIETHOE COCTOSIHHME. AHAJIOTMYHAs CUTYyalllsl U y IIECTOTO YPOBHS
co3HaHus1. COOTBETCTBEHHO O0IIEe YUCIIO CIIMHOBBIX COCTOSHUMN Y Borutomaronuxcs Jyu paao 162, uro
MO3BOJIMJIO OMPEAEIUTh AOIH BOIIOMIEHHBIX JyIll IECTH HIKHUX YPOBHEH co3HaHus. OHU cOracyroTcs
c nanasiMu Hprotona. Hanpumep, 3 nanueix HeioToHa 0 BeposTHOCTAX Borutomienuii Jym Ha 3emie
cienyert, 4To [yl Tpex HUKHUX YPOBHEH CO3HaHUA COCTaBISIOT 89% ero uncieHHocTd. B Monenu sta
noJist paBHa 88,9%.

8.4. Bo10op Oynyuieii sku3HU

Cornmacio M. HeloToHy, y Kaxkaoro BoruiomieHus: Iyl ecTh CBOSL AyXOBHas 3ajiada, pelieHue
KOTOpOHl siBiisieTcsa (hparmMeHToM 3Botouuu mupa Jym. [loaTtomy B ompeneneHuu 3afadul JUIsl KaykIou
rOTOBALIEHCS K BomiomeHuto Jlymm yqacTBytoT pa3sutblie [ymu, Bkitouas Crapeimux.

B nponecce monroroBku K BoruiouieHuto Jlymia 3HaKOMHUTbCA C¢ MHpOpMalMEed O TEKyIIHX U
MPEAMIECTBYIOMMUX COOBITUAX OOIIECTBEHHOW >KM3HU Ha IUIaHeTe. DTO OCOOEHHO BaXHO TeM Jlymiam,
KOTOpbI€ MJIaHUPYIOT IOCETUTH TUIAaHETY BIIEPBBIE U UMEIOT OMBIT MPOLUIBIX XKU3HEN Ha IPYrUX IUIaHETaX.
OboraiiieHue JIMYHOTO OMbITa MPOUCXOAUT IMOCPEICTBOM UMHPUHIMUHESA — 3HAKOMCTBA C MPOILIBIMU
KHU3HAMU APYTUX CyOBbEKTOB, HH(GOPMAIUS O KOTOPBIX U3BIEKACTCS U3 CTPYKTYp namartu [45].

Cornacuo Herorony [43], Jyme mpennaraercss Ha BBIOOp HECKOJBKO BApUAHTOB BOIUIOIIECHUS C
MIPOTHO30M OCHOBHBIX (PEMEpPHBIX) >KM3HEHHBIX COObITHH. VHBIMU CIIOBaMHU, «JI€TH BBIOUPAIOT CBOMX
poauteneit». Cnenannslii [lymioit Bei0op HeroToHOM paccmaTpuBaeTcst Kak MposiBJIeHHE CBOOOIbI BOJIH, T.€.
HE3aBUCUMOCTH OT (pU3HUECKUX 3aKOHOB. HO, OnuchIBast MoAroToBKY K BOILTOMIEHHIO JlyIIH, OH COOOIIAET,
4TO B BEIOOpE ee Oy/ylie )KU3HU y4acTByeT y3Kui Kpyr [y, KoTopblii OyneTr Ou30K el U B mpecTosiei
3eMHOM >kn3HU. bosee Toro, 3Ta cBsa3b On3kux Jlymn cyiecTBoBaia U B peIIeCTBYIONUX BOIUIOMIEHUSX.
ITockonbKy y wieHoB 6iu3koro kpyra Jlym ects cBoit 6iu3kuit kpyr Jymi, To BomiouieHne kaxaon Jymm
ABJIIETCS DJIEMEHTOM pEeaju3allii MPEIHAYEPTAHHOIO KOLIEeKMUEHO20 KBAaHTOBOIO IpoIiecca IBOITIOLUN
mupa Jymr.

[TosToMy rOBOpPHTH O CBOOOJE BOJM MHIMBHJIA NPH BHIOOpE CBOEH >KM3HEHHOM TPAeKTOpUHU B
BOIUIOIIEHHOM COCTOSIHUM HempaBoMepHo. Kaxnmas Bomomaromasics Jlyma pgemaer  BbIOOp,
npeHa3HaYeHHBIN el Cy1b00H, a «cB000/Ia BOJIY, KaK U coBeThl CTapeiinx, — 3T0 MEXaHU3M pealu3anun
npeJHaYepTaHHONW CynbObl (U3NUYECKMMU 3akOHaMu 3Bomonnu. CoBMecTHOe yuyactue rpymmsl Jymn B
pPEMHKapHALUAX €CTh CJIEJCTBHE MX KBAaHTOBOTO B3aMMOJECICTBHS, PEAJM3YIOLIEr0 B BOIUIOIIEHHOM
COCTOSIHUH IIePECEKAIOIIMECS JKU3HEHHbIE TPACKTOPHH.
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[To-BunuMoMy, mpenHadepraHHas Jlymie AWHAMHYECKH PABHOBECHAs TPACKTOPHA PA3BUTHUSA
OLIYIIAETCS €10 KaK COCTOSIHUE YIOBJIETBOPEHUS U AyIIEBHOTO koMpopra. OHO HapyIIaeTcs B pe3ybrare
BHEIIHUX M BHYTPEHHHMX BO3JCHCTBHH, BHOCALIMX Ty WJIM WHYIO cTeneHb auckomdopra. Crpemsich
YCTPaHUTh €r0, CO3HAHWE peaau3yeT [CHUCTBHs, HAIPABICHHBIE HAa BO3BPALLECHHUE €r0 B COCTOSHHE
JMHAMUYECKOTO PAaBHOBECHUS, €CIH OTKJIOHEHHsS OT HEro He ObUIM KPUTHYECKH OOJIBIIMMHU. DTOT KE
MEXaHH3M 00paTHOW CBSI3U JICHCTBYET U BOILUIOIIEHHOM COCTOSIHHH.

B paborax HproTOHa MpUBOASATCS U APYTHE MOTYYESHHBIC UM OT MAllMEHTOB YIUBUTEIbHBIC CBEACHUS
0 mupe /[ym, KOTOpPBIM MOXXHO [JaTh IOJSPU3ALMOHHYIO HHTEPIPETALUI0, HAIPUMEpP, CBEICHHUS O
MHUpPOYCTpOUCTBE. 1 XOTS 1071 TaKMX CBEACHUM HEBEIMKA, MOKHO KOHCTaTUPOBATh, YTO IPUBOAUMBIE M.
Hpl0TOHOM M IpYyruMH THIIHOTEpANeBTaMU-PErPECCOIOraMi CYObEKTUBHBIE laHHble 0 Mupe [lym u ero
o0HUTAaTeNAX COAEPIKAT IMIUPHUECKUIN MaTepHal, IOJIC3HbIHN s pa3BUTUS (PU3MUECKUX MPEICTABICHHH 00
9TOM MHUpE.

8.5. Bb10op 10/10BOii OpreHTAIIM U

CornacHo cratuctuueckuMm AaHnHbiM M. HbproTona, mpuBeneHHbiM B [43], BbiOOp mona Jlymioid,
KOTOPOM MPEACTOUT BOILIOIICHUE, HE PABHOBEPOATEH U MPOUCXOAUT B OTHOIICHUH 1 : 3, T.e. Jlyma MoxeT
BOIUIONIATECS JTUOO B MYXKYHHY, JTHOO B JKEHIIMHY C Pa3HOH BEPOSATHOCTHIO. DTO COOTHOIICHHE
BOIUTOIICHUN JTOJDKHO OTPEACISATHCS (PU3MUSCKIMH 3aKOHOMEPHOCTSIMH Tepexoa [y B BOIIIOMICHHOE
COCTOSIHHE, B KOTOPOM Y YEJIOBEYE€CTBA COOTHOIIIEHHUE MYKCKOTO U KEHCKOTO MOJIOB IPUMEPHO OJJUHAKOBO.

[TonoBass opueHTalUsi UMEET TPU PA3TUYHBIX KBAHTOBBIX COCTOSHHS — OECIIONIOe, MYKCKOE U
KEHCKOE, KOTOpPhIE MOXKHO XapaKTepPU30BaTh TpeMs OOPa3yIOIIMMHCS MOJISIPU3AUOHHBIM MEXaHU3MOM
KOMIUIEKCHBIMH «IIOJIOBBIMHU 3apsiaMu». becrnosioe coCTOsHMSI BO3HUKAET MPU HYJIEBOM KOMILUIEKCHOM
sapsae +(1 +i). B 93TOM CHHIVIETHOM 0€CIOJIOM COCTOSHMM TPHCYTCTBYIOT B MOTEHIMAIBLHON (Gopme
YeThIPe KOMILIEKCHBIX TOJIOBBIX 3apsijia ¢ IPOTHUBOIMOJIOKHBIMHI 3HAKAMU, KOTOPBIE MOXKHO pacCMaTpPUBaTh
KaK pa3IMyarolriecs 3HAaKOM MYKCKHME W jKEHCKHe 3apsasl: coorBeTcTBeHHO (+1 + i) u (+1 —1i). Dtn
3apsibl MOXKHO paccMaTpyBaTh KaK CO37aBa€MbI€ KOMILIEKCHBIM CITUHOM 1 MY»KCKHE U )KEHCKHE «I10JIOBbIE
3apssibb».

[Ipyn nokanuzanyu B IUIOCKOCTH MHUMOTO MNOANPOCTPAHCTBA CHUHA | MPOSIBISIOTCA TPU €ro
CHMHOBBIX mpoekuuu: 1, -1 m 1 (M — 1), T.e. MYXCKHE M KEHCKHE «3apsib» 3aHMMAIOT 0 TpU
MPOCTPAHCTBEHHBIX COCTOSIHUW M3 YETHIPEX COCTOSIHUHM TIocKocTH. CBOOOMHOE MPOCTPAHCTBEHHOE
COCTOSIHME B K&)KJIOM W3 JBYX KBAapTETOB MPU BOIUIOMICHUH 3aHUMAET «3apsia» MPOTHUBOMOIOKHOTO T10JIa,
T.€. TP BOIUIOIICHUH OH OKAa3bIBAETCS B COOTHOIIEHUH 1:3. DTO BO3MOKHOE OOBSICHEHUE CTATUCTUIECKUX
nanHbIX M. HeroToHa o BeIOOpe mona [{y1ioi nepen BOIIOMEHUEM.

B «OGecronom» COCTOSSHUM BO3MOXKHBI TPAHCTCHJECPHBIE B3aUMOICHCTBUSA, TPUBOAAIINE K
00pa30BaHMIO CYMEPIO3UIMU JBYX KBAHTOBBIX COCTOSIHUHM C JBYMSI MYKCKMMH (M) M JAByMs KCHCKUMH
(f) cocrosausivu: 2(m, f) = (m,m) + (f, f). Ucxonnoe kBanToBO€e cocrosiaue 2(Mm, f) MOKHO CBS3aTh
c OuceKkcyalbHON OpUEHTAIMel, a KOHEUHOe — C TOMOCEKCYallbHOW OpHEeHTaluel reeB U JIECOUSHOK.
Co0TBETCTBEHHO 101151 OMCEKCyaloB cocTaBisieT 5,5%, a oI reeB U 1ecOusHoK — 2,75%.

B HacTositiee BpeMsi JOIH 3TUX TMOJIOBBIX OTKIOHEHUN (pedb HE UIET O «COLMAIBHBIX TeHIEpax»)
HaJIe)KHO HE OMpEeNeHbl. ITO CBA3aHO C TEM, YTO OMPOCHI HACEJIEHUS O MOJOBBIX MPEANOYTEHUSIX AAOT
3aMETHO Pa3HAIIUECS Pe3YNbTaThl, HOO MO-Pa3HOMY OMPEAETSIOTCS MPU3HAKHU TOJIOBBIX OTKIOHEHUH, U HE
BCE OTBETHI OINPANIUBAEMbIX UCKPEHHH TIO LEJIOMY DSy MPUYHH (TICHXOJIOTHS, PEJIUTHS, 00IIeCTBEHHAs
MOpaJIb U Ap.). Jlo MOSBICHUS «COIMANTBHBIX TEHICPOBY HanOoJee BhICOKas 3aMKCHPOBAaHHAS OMIPOCAMHU
JIOJISI TIOJIOBBIX OTKJIOHEHUH 0K0s10 10%.

Takum 00pa3oM, KBaHTOBas MOJENb (OPMHUPOBAHUS TOJIOBOW OPHEHTAIIMH TIPH BOIUIOIICHUH HE
MPOTUBOPEYHUT WMEIOIMUMCSI B HACTOAIIEE BPEMsS CTAaTUCTMUYECKHM JIaHHBIM M COTJIACYETCS CO
cTaTuCTHYeCKUMU TaHHBIMU M. HproToHa. Kaknx-To CBEIEHHI O MOJOBBIX OTHOLICHUSAX B Mupe Jlyin oH
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He npuBoauT. CommacHo ke P. MoHpo, BO BHETEJIECHOM COCTOSSHUM. OHU BO3MOXXHBI. CBOM CHJIbHBIE
OILYIICHUS ITPU BHETEJIECHOM IOJIOBOM KOHTAKTE OH omnucan B [33].

8.6. O mexanu3me Boriomenus Jym

B 1mpouecce peuHkapHanuid y4acTBYeT Kaxzaas poxparomascs [yma. Borulomenue B
OMOJIOTUYECKOM TeJIe SIBJISIETCS KBAHTOBBIM IIEPEX0I0M 3BOJIIOLIMOHHOTO Tporecca Jlymmm, a caM mporecc
SBOJIIOIMU Kaxaou [lymm BKIrO4aeT MyJbTHUIUIET TAKMX KBAHTOBBIX MepexoAoB (peumHkapHanuii). [locne
3aBepIIeHHs Tpolecca BOIIOUICeHUH Jlymia CTaHOBUTCS CYHIECTBOM TOJNBKO /Ac-MUpa, MPOJOIDKAs
HBOJIIOIIMOHUPOBATH B HeM. IlepenaBaemas 4enoBeKy mpu BOIUIOMIEHUH YacTh O030HHOM CTPYKTYphI Jlymin
MOCJIE €T0 CMEPTH BO3BPAILACTCS B U3MEHEHHOM COOBITHSMH BOIIOLICHHOM KU3HU COCTOSIHUM, TIEPEBOJIS
Jynly B HOBOE€ KBaHTOBOe cocTosgHue. O TOM, 4TO B BOIUIOIIEHMH YdYacTByeT (parmeHT /[y,
noATBepkaaerca JaHHbIMU M. HbloTOHA O cilydasix BOILUIOIIEHMsI cpa3y ABYX (parMeHTOB oqHOM Jlymu B
IBe AyOnupytolye Apyr Apyra JugHocTd. OTMeTum, uto P. MoHpo OBl 0CBEIOMIIEH, UTO Y HETO Ha 3emiie
€CTb JKEHILHA-Ty0sIep.

Bce npoucxomsmue ¢ [ymamu mnpouecchl MOAYMHSIOTCS OOIIMM 3aKOHaM KBaHTOBOI'O MUDA.
[Ipenplaymuye >KU3HM YeENOBEKa, SBJSSACH (PparMEHTaMu €ro 3BOJIOLMOHHON TPAaeKTOpUM Hapsiay ©
BHEIIHUMU YCJIIOBUSIMM ONPENENSIOT B TON MM UHOM Mepe COOBITHS €ro TeKyILeH KU3HU.

OTa IPUYMHHO-CJIECICTBEHHAs CBSI3b C NPEXHUMM JKU3HAMU OTpPa)kaeTcsl B JPEBHEBOCTOYHBIX
YUEHMSIX U 330TepUKe B MOHATHH «KapMa». C TOUKH 3peHHst PU3MKH JIF000€ NpOoILIoe COObITHE BIUSIET Ha
Oyayliuee, HO B pa3HOH CTENEHH, U HE BCErla TaKyto MPUUYUHHO-CIICACTBEHHYIO CBSA3b MOKHO YCTaHOBHTb.
[TosTOMy MOHATHE «KapMay BBLACISET CpPeld IAPYTUX MPOLUIBIX COOBITUH TE, MPUYUHHYIO CBS3b C
KOTOPBIMU YEJIOBEK B COCTOSIHUU BBISIBUTH U OCO3HATb.

Bomnomenune Jlym BO3MOXHO, €ClIM MMEIOTCS HEOOXOAMMBIE Ul HEro YCJIOBHs. 31€Ch HaJo
BBIJIEJIUTH JiBa OCHOBHBIX MOMEHTA. Bo-1epBhIX, JOIKHBI CYIIECTBOBATH IIPUTOAHBIE JUISl 3TOTO 3BE3/IHBIE
CUCTEMBbl M IUIAHETHI, U, BO-BTOPHIX, HA HUX JOJKHBI CYyIIECTBOBaTb JIOCTAaTOUYHO Pa3BUTHIE KUBBIE
OpraHMu3Mbl, BOIUIOIIAsACH B KOTOpble JlyIiM MOIYT IYXOBHO pa3BUBaTbci. OTU TPeOOBaHUS JENAIOT
MaJIOBEPOATHBIM CIlydallHOE POXKJIEHUE TaKUX IUIAHET W 3BOJIOLUIO0 HAa HUX XKu3HU. [loaTomy co3paHue
YCIJIOBUH JIJIs1 BOIUTIOIIEHUS JOJKHO IPOUCXOUTH € ydacTueM Pa3zyma, yCKOPSIOLIEro 3TH Npouecchl. 371ech
BO3MOJKHBI JIBA BapUaHTa. DTH yCIOBUS CO3AI0T JlyIly WM UX oCylecTBiseT 6ojee Bbicokuil Paszym, T.e.
cyliecTBa-00ru 00Jiee BHICOKOTO HEPAPXUUECKOTO YPOBHSA, YeM Jlymiu.

Mup [y uMeer AecsThiil HepOypOBEHb U MOXKET HMOPOXKAaTh PEPMUOHHBIE PUZNUECKUE CUCTEMBI
BOCBMOTO U HWKE HepoypoBHeEN. K BocbMOMy nepoypoBHI0 oTHOcATCs CoNHIE U IIaHeThl. B co3nannn Ha
IUTAHETaxX JBOJIIOIMOHUPYIOLIEN MHOTOKJIETOYHOM XKM3HM MOTYT NpUHUMarh ydactue Jlymm cenpmoro,
LIECTOTO U, BOBMOYKHO, IIITOTO YPOBHEHN pa3BUTHsI co3HaHUA. CO3/1aHNE BCEIEHHBIX JECATOrO UEPOYPOBHS
OCYILECTBIIAETCS CyILeCTBaMH 00jiee BEICOKOTO HEPOYPOBHSI.

OTU TNpeACTaBIEHUS HAaXOIAT TNOATBepkAeHue B paborax M. Hetorona, JI. KsHoH
P. Monpo u psaa npyrux uccienoBareiaei MUpOB BHE BeeneHHOM.

BonpmmM noTeHnnanoM TBOpUECKUX BO3MOXKHOCTEN 001a/1at0T M BEICOKOPa3BUThIe Iy yMepIInx
Jrofiel, OOMTaoUIMX MO TeM WM MHBIM NpuuMHam BHe mupa Jlym. Bo3oHHas HCHCTpYKTypa Takoro
YMEpILIEro 4YeloBeKa II03BOJSET €My BOCHPOM3BOAMTH B (U3MYECKOM BakyyMe (parMeHTbI
JeUCTBUTENBHOCTU €ro 3eMHOU ku3HH. C 3TuM (eHomeHoM crtonkHyncs P. MoHpo Bo Bpems CBOMX
BHETeNEeCHBIX MmyTemecTBuil. OH moObiBan B 30HE, Ha3zBaHHON uM «Ilapkom» u chopmMupoBaHHOU U3
3eMHBIX Iei3axel ¢ pazHooOpasHoN (ropoil u ¢ayHOMH, IJie OH MOYyBCTBOBAJ, YTO K HEMY BEPHYJIOCH
oOoHsiHME, BKyC U olnyieHue Tsbkectu [34]. B [1, 4] aToT deHOMEH paccMmaTpuBaeTcsl Kak CO3JaHHBIN
oOuTaTeNnsiMu MOTYCTOPOHHETO MUpa KBAaHTOBBIHM aHAJIOT (parMEHTOB 3€MHOTO MUPa, B KOTOPOM B OTJINYHE
oT Hero Mpotiecchl o0paruMel. CymectBoBanue «I[lapka» nmoareepxieHo yueHUKaMid MOHPO, OCBOUBIINMHU
TEXHHMKY BbIXOZa CO3HAHUS U3 TeJla U TOMOTaBIIMMHU HEJTABHO YMEPIIUM nepeMecTUThCs B «llapk», 4ToOBI
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OCO3HaTh HOBYIO JUISl HUX peallbHOCTb. OHH, B YACTHOCTH, CTApAIUCh Y3HATh Y YMEPUIUX MECTO U AaTy
CMEpTH, U B JECATKAX CIy4asx 3T0 HH(OpMaIKs NOATBEPANIACE.

Ob6uraromue B «Ilapke» KUBOTHBIE U PACTEHUS, KAK MOMKHO IPEAIOI0KUTb, SBIISIOTCS KBAaHTOBBIMU
CyIIECTBaMH U OTIIMYAIOTCS OT 3€MHBIX OPTaHMU3MOB TEM, UTO X OMOTENI0 «MaTepHAITU3YeTCs»: 00pasyeTcs
nocpencTBoM GopMupoBaHus (HepMUOHHON MATHYPOBHEBOM NCHUCTPYKTYPHI M aTOMHOTO BEIIECTBA TKaHEH
ouorena. B pesymprare Haxopsmeecs B cepHUECKH-CUMMETPHYHOM mpoctpaHcTBe «Ilapka» kuBoe
CYIIECTBO IPHOOpPETaeT BEC M B3aUMOACUCTBYIOIIME C MOJICKYJIaMH BELIECTB PELENTOPHl BKyca H
obonsnus. CymectBo «llapka» sBisieTcss 0OpaTUMOIl KBaHTOBOW CTPYKTYPOH, JIOKAIM30BAaHHOH B JBYX
IIPOCTPAHCTBAX C Pa3HOM cUMMeTpuel. Jlemarepuanusanms Tena «KBAHTOBOIO CYILECTBA» IIPOUCXOIMT,
KOTJ]a OHO IOKHUJAeT C(hepruIeCcCKU-CHMMETPUIHOE MTPOCTPaHCTBO «Ilapkay.

OTOT MEXaHU3M MaTepHaan3alliyd KBAaHTOBOTO aTOMHOI'O BELIECTBA, IIPOUCXOJAIMI IOCPEACTBOM
dbepmuonu3anuu 0030HHOTO BellecTBa, Npu mnocemeHnn Monpo «llapka» peanusoBancs y Hero
CIIOHTaHHO, BbI3BaB IOSIBIICHUE OLIYIIEHUH TAKECTH, 3araxa 1 BKyca.

MexanusM ¢GopMupoBaHus KUBOTHBIX W pacteHuit «llapka» mocpencTBoM MaTepuaaIu3aluu
peanusyercs U Bo Beenennoi. [IoaToMy Ha ee muiaHeTax BO3MOKHO IPUCYTCTBHE «KBAaHTOBBIX» CYILECTB,
HE MMEIOIIMX OTHOLIEHUS K 3BOJIOLUHU IJIAHETHOM ku3HU. Takue cylecTBa He ClelyeT paccMaTpuBaTh
Kak (eHOMEHBI, TpeOyolIre MepecMOTpa HBOIIOIMOHHBIX IEMOYEK BUIOBBIX M3MeHeHH. [laxe eciu
HMMEIOTCSl, KAK YTBEPKAAIOT HEKOTOPBIE UCCIEA0BATENN, MATEPUAIbHbIE TOATBEPKACHUS CYIIECTBOBAHUSA
B IPOLIIOM Pa3BUTHIX LUBWIN3ALUI, TO HE 3HAYMT, YTO OHM BO3HUKIIM Ha 3eMIIE, U CIIelyeT IEePENUChIBATh
HCTOPHUIO YEJIOBEUECTBA.

MoXHO MNpeAnoaoXKuTh, YTO MATE€PUATM30BABIINECS — «KBAaHTOBBIE» — JIIOAM, BHEIIHE HE
OTJIMYAIOUINECS OT OOBIYHBIX JIFOJEH, HKHUIIN U )KUBYT CPENIU HAC, @ UX BBICOKOPA3BUTHIE YN HECYT JIOASIM
UJCU U MPAKTUKH, BAXKHBIE UL OyIyIIero 4yenoBedecTBa. Takue JIFOAW MOTYT OOXOAUThCs O3 MUIIM U He
MIOJBEP>KEHBbl 3a00JI€BaHMSIM, IMPUCYIIMM BOIUIOIIEHHBIM CyllecTBaM. B nuTeparype mnpuBeleHbI
CBUJICTENBCTBA JIFOIEH O TOM, YTO HMX yMEpIIME 3HAKOMBIE BOCKPECAIM M KOHTAKTUPOBAIN C HUMHU,
HaXOoJsCh B MPI>KU3HEHHOM Buje. K aToMy ke eHOMEHY MOKHO OTHECTH U BOCcKpeceHue Xpucta. Takoe
BOCKPECEHHE yMEpIIEero IMPOMCXOMUT B KBAaHTOBOH (opMe TOCpPEACTBOM Marepuanm3anuu. B [45]
MaTepuaIn30BaBIINECs JHOIU QUTYPUPYIOT KaK «KOCMUYECKHE JIIOANY.

[ToMHMO «KBaHTOBBIX» JIIOIEH Ha 3emile MOTYT MAaTepHalu30BaTbCsl U «KBAHTOBBIE» >KUBOTHbBIE
CyILIECTBA, KOTOPBIE HEBO3MOXKHO CBSA3aTh C SBOJIOLMEN 36MHOM KU3HU. B Hamie Bpemst 10CTaTro4HO MHOTO
CBU/JICTENBCTB JIFOJEH O KOHTAKTAX CO «CHEXKHBIM YEJIOBEKOM», TPOUCXOAUBIINX B PA3HBIX KIIMMATHYECKUX
30oHax. OHM HE MOJYYWIH HAydYHOTO Tpu3HaHus. Vickomaemple ocTaHKU HETH HE HailJACHBI, TOWMAaTh XOTS
ObI O1Hy 0c00b 70 CHX Mop He yhanock. Ho ocTaBisieMble UM Clie/ibl HOT' CIMIIKOM BEJIMKH, YTOOBI X
MOXHO OBUIO OTHECTH K 4YeJoBedeCKMM. HekoTopble oM, YTBEpKAAOLINE, YTO WCHBITAIN OMU3KUM
KOHTAKT CO «CHEKHBIM YeJIOBEKOM», OITUCHIBAIOT €T0 KaK Pa3yMHOE CYIIECTBO, HAJIEJIEHHOE CIOCOOHOCTHIO
BO3/ICMICTBOBaTh TEJIEMATUYECKM HA CO3HAHUE YEJIOBEKA. JTH NPOTHUBOPEUYMBBIE CBEACHUS IMO3BOJISIOT
MIPEIONIOKUTH, YTO 3araJJOYHbIe HETH MOTYT OBITh MaTEPUATTU30BABIINMICS «KBaHTOBBIMUY CYIIIECTBAMH,
CIOCOOHBIMU BHE3AMHO MOSIBIISATHCS U OeCcCIeTHO Ucue3aTh.

8.7. O mi1anerax BOILIONIEHUH

O tunax oburareiieii miaaner. B [45] onucanbl pa3HbIe IMJIAHETHI, OOUTATEIN KOTOPHIX MOXKHO
KJIaCCU(UIIUPOBATh MO TPEM THUIAM HEPAPXHUECKHX CTPYKTYp UX (PEpMHUOHHBIX Tel, MPHUOOPETaeMbIX
Jlymamu Ha pa3HbIX 3Tarax CBOEH 3BOJIOIUH.

YenoBeyecTBO OTHOCUTCS K MHOTOKJIETOUHBIM CYLIECTBAM CO CTPYKTYpoW (EepMHOHHOrO Telna
5(4,3,2,1/1), obpa3zyromieiicst B CIMHOBOM NPOCTpaHCTBE ¢ pazMepHocThio D = 18. Pemnkapuarus [lym
MOJXKET MTPOUCXOJUTH U B T€JIA C BETETAaTUBHBIM CIIOCOOOM pa3MHOXKeHus [45].
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Ha 3emiie «kBaHTOBBIE» JIIOAM OOUTAIOT B HEOOIBIIOM KOJIMYECTBE, HO €CTh IUIAHETHI, BCE 00UTATENN
KOTOPBIX SBIISIIOTCSL «KBAaHTOBBIMUY» CyIIeCTBaMU. VX JAJIUTEIBHOCTh JKU3HM HE OrpaHUYCHA
OMOIOTMYECKIMH 3aKOHAMH, W OHH CIOCOOHBI JJisi PEIICHHWsS TeX WM WMHBIX 33a]ad Ha IUIaHeTe
MaTepuaIn30BaTh HEOOXOAMMbIE ycTpoicTBa. [lmaHera W dWepThl oOWTarONIe Ha HEW «KBAHTOBOW
[MBUJIM3AIUU ONTUCaHbI B [45, [1aBa 18]. MOXHO IPEIIION0KUTH, YTO OOUTATEIH ATON IUIAHETHI SBIISTFOTCS
BBICOKOPA3BUTHIMH JlylllaMu, KOTOpbIE MPOLUIM 3TAll CBOETO Pa3BUTHUS, CBSI3AHHBIM C BOIUIOIICHUSMU B
OMOJIOTUYECKOM Telle.

Ecnu Boruionienre npoucxoauT B CIIMHOBOM NpocTpaHcTBe ¢ D = 19, To pepMuOHHOE TEIO MOXKET
puoOpeTaTh HepapXUUecKyro CTpykTypy 5(4,3,2,1/2). Teno Takux CcymecTB 00pa30BaHO MEHEE TUIOTHBIM
BELIECTBOM BTOPOT0 HMEPOYpOBHs. VX MOXXHO COOTHECTH C CyIIeCTBaMH, KOTOpble B [45] omucaHbl Kak
MTOJIYTIPO3PAYHBIC («KAK JTBIMY).

[InaneTsl MOTYT 3aceiaTbCi pa3yMHBIMH KBAHTOBBIMU CYIIECTBaMH, 3aBEpPIIMBIIMMU 3Tall
BoIUIONICHUH. BO3MOXXHO, OHM 0OHUTANIM Ha ONUCAaHHOM B [45] m1aHeTe ¢ «TpeMsl LIMIIIMUY, SIBISBIIMMHUCS
MaMSATHUKAMU TPEX 3TalloB Pa3BUTHSI €€ UBUIH3AIIH.

IInanersl. Iy MOTyT BOIUIOIIATHCS HA MOAXOAAIIUX TUIAHETaX BCEJICHHBIX. MeCTOM BOILIOIIEHUS
MOKET OBITh HE TOJILKO MUP JACUCTBUTEIBHON, HO U MHUMOM Marepuu (mo-sugumomy, M. HeloToH Takue
MUpPBl Ha3blBaeT «MeHTalbHBIMKU» [43]). Ha mmanerax Jlymm co3gaioT 9SBONIOIMOHUPYIOIIHE
ononornueckre GopMbl KU3HU, HEKOTOPBIC U3 KOTOPHIX JIOCTHTAIOT YPOBHS Pa3BUTHS, IPUTOAHOTO IS
BorutonieHus Jlymr. HploTOH NpUBOIUT IPUMEPHI BOIUIOLIEHUH HE TOJIBKO B YEJIOBEKOIIOI00OHBIE CYIlIECTBA
WM TYMaHOHWJOB, HO M B TIPECMBIKAIOIIMECS | JICTAIOIIME CYIIECTBA. IJTO HE MNPOTHBOPEUYHUT
MOJISIPU3AIIMOHHOMY MEXaHU3MY BOIUTOIIEHU [[yIll B MHOTOKJIETOYHBIEC CYIIECTBA, KOTOPhIE MOTYT UMETh
cambIe pa3HooOpasHbie popmbl. B mporiecce oOyueHus v i oTAbIxa Iy mocemaroT U IIaHeThl, e
YCIIOBUM U KX 3BOJIFOLIMU HET.

OnHOBpPEMEHHOE CYIIECTBOBAHME MHOXECTBA IUIAHET C Pa3BUTHIMHU I[UBUJIM3ALUSIMHU JEJIaeT
BO3MOKHBIM T€ WJIM MHBIE (POPMBI UX B3aUMOACHCTBHM. [[MBUIM3aIIMN MOTYT OOIIATHCS MEXKTY COOOH Kak
JTUCTAHTHO, TaK U MOCPEIACTBOM KOCMUYECKUX CBEPXCBETOBBIX KOpAOJIEH, MepeMealomuxcsi B MHUMOM
MIPOCTPAHCTBE MPOTOCTPYKTYPHI BeeneHHon. DTOT cmocod Urpaet BaxXHYIO pOJib JJIS U3YYCHHS IIJIAHET C
Hay4YHBIMH U TIPaKTUYECKUMH 1esiMu. [lo qanabiM perpeccoinoros (Hanpumep, /. Kennon) npuneratoiue
Ha 3eMJII0 TYMaHOW[BI ISl MCCIENOBATENbCKUX IIeNiel HCMONb3YIOT HAAENEHHBIX pasyMoOM pOOOTOB,
KOTOpbIE MMPUCTIOCOOIEHBI K CYIIECTBOBAHUIO B 36MHBIX yCIOBHSIX.

Cormacio M. HeloTOHY, TUTaHETHI, 3acelsgeMble pa3yMHBIMU CYIIECTBAMH, PA3HOOOPA3HBI IO CBOUM
¢bu3MYecKUM CBOMCTBAM M MOTYT UMETh He oaHO coiHile. Co3laHue Ha IJIaHETaX YCIOBUM s
BOIUIOIIEHUS SBIISIETCS OAHOW W3 BaxkHbIX crnenuanuzauuid ym. Ilo Ttepmunonorun HproToHa »THM
3aHumarorca Macmepa Koncmpyuposanus. I1o umeromeiicst y Hero nuagopmanuu [44]: «...o0yqaromuecs
MacTepcTBy KoHcTpynpoBaHusi HauMHaloT pabotath B ¢usnyeckod BceneHHOW, 0COOEHHO C
HeoOUTaeMBbIMU TJIAHETAMH, HaXOMSIIUMUCSA B MPOIECCe OXJIAKIACHHS MOCIE CBOETO pokaeHUs. Jlymim,
3aHUMAIOIIKeECcs co3aaHrueM GopM KHU3HHU, pabOTarOT C MUPaMHU, TJI€ TOIHKO HAUWHAET Pa3BUBATHCS KHU3HBY.
B 3amauy MactepoB-KoHCTpYKTOpOB TMJIaHETapHON TEONIOTUH BXOAUT (HOPMUPOBAHHE OCOOEHHOCTEMH
rIaHeTapHoi Tormojoruu. OHU paboTalOT ¢ ropaMu, BOJHBIMU MaccamMu, aTMOC(hepoil, KIMMAaTOM U BMECTE
¢ Jlymamu, 3aHUMarOIUMUCS JaHAIAaQTOM, PacTCHUSIMHU, JAEPEBBbSIMU, KUBOTHBIMHU. CoO3qaHUE >KMBBIX
OpPraHU3MOB MPOUCXOaUT Ha ypoBHe KieTtok u JIHK [44].

Ho mnanbl co3manus KM3HU Ha IJIaHETaX HE Beerya OBIBAIOT yAAuyHBIMH, U OIMIUOKH MPUXOIUTCS
WCTIPaBiIsATh. HBIOTOH TPUBOIUT TpUMEP HAPYIICHUS TapMOHUYHOTO PA3BUTHS KU3HM Ha IUIAHETE
Jlxacep, korga OBICTpOE Pa3MHOXKEHHE OJHOTO W3 PACTEHUW CTall0 yrpoXKaTh CHUCTEME MHTaHUs
MajieHbKuX >KMBOTHBIX (Cmyuait 59, [44]). Torma omHO W3 >KMBOTHBIX IUTAHETHI OBUIO TOABEPTHYTO
YCKOPEHHOW MYyTaIll¥, KOTOpasi 3a OJHO TOKOJEHUE MPHUBESia K YBEITUUCHUIO €r0 pa3MepoB JI0 YPOBHI,
KOTJ/Ia BO3POCIIasi UX MOTPEOHOCTh B TUTAHUM OTPaHUYHUIIA PACTIPOCTPAHCHHUE TOTO PACTCHHS.
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Cormacno [[. KsHon [45], xoppekuusi mpoBoAWiIach M Ha 3emile, KOIJla €€ IoYBa OKa3zalach
3apaXEHHON NPUHECEHHBIM METEOPUTOM ONACHBIMM MHKpoopraHuzMamu. Kak cienyer u3 4eHHEIUHTa,
npuUBEJCHHOTO B [45], ydacTHMKaMu (OPMHUPOBAHHUS KHU3HH Ha 3emjie M JPYyTUX IUIAHETax SBISIOTCA
MHOIUIAHETSIHE U3 BBICOKOPA3BUTHIX [IUBUIIM3ALIUMH.

[IpuBeneHHbIE BBILIE PETPECCONIOrAMHM CBEIEHUS HE IMPOTUBOpPEYAT KBAHTOBOM KOHLIENLUU
MHUPOYCTPOUCTBA.
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I'maa 9. O Oynyumem 4esioBeuecTBa U HAYKH

[TpenonpeneneHHOCTh OyAyIIMX COOBITHI TO3BOJIIET WX TNPEABHUACTh. HEKOoTOphIM NpoBUALIAM
yaaeTcst MpeacKa3biBaTh Naxke WX aaTel. HanpuMep, HECKOIBKUME MPOBHIAMH OBLIH MPEICKa3aHbl 1aThI
Hayana ¥ 3aBepuieHus Bropoilt mupoBoii BoitHbL. IIpopoku pasHbIX cTpaH cooOmarT o Poccun kak o
JYXOBHOM JIMJIEPE YEJIOBEYECTBA HAa NYTHU K IpsAfylieMy «3050ToMy BeKy». Ho KoHKpeTHka B 3THX
IIPEJICKAa3aHUSIX BCTPEYAETCSI PENIKO.

B nporecce pabotsl Hag MoHOTpadueii [2] ObuT oTydeH BeIBOX O mpeacrosiieit B 2008 roqy cmene
3p pa3BUTHS YesoBeUecTBa U qocTikeHnH yepe3 100-200 et n300uaus MaTepruaabHBIX Ollar. ITo cieact
HEN30€KHBIM HCYE3HOBEHNE OCHOBAHHOM HAa KOHKYPEHIIUH KAl TATUCTHIECKON (hopmaru 1 00pa3oBaHue
CHa4aja MUPOBOTO COIMAIIMCTHYECKOTO, a 3aTeM M KOMMYHHUCTHUYECKOTO COOOIECTBa HAIUi, B KOTOPOM
OyZieT UITH TyXOBHOE Pa3BUTHE YeloBeuecTBa. Mbl )KMBEM B Ha4ajie 3TOro Mepexosa.

I'my6okas Tpancdopmarus yenoBedecTBa Obl1a nmpeackazana B 1979 roxy Banroii JlumutpoBotii [46]:
«/lo aroro (peup 1ma o6 ycranosieHuH yepe3 200 JeT KOHTAaKTa ¢ MHOIUIAHETSHAMM; Nnpum. asmopa)
YeJI0BEYECTBO MEPEKUBET MHOTO MPUPOJHBIX U OOLECTBEHHBIX KaTakJIM3MOB. [IpuayT TsoKenbie BpeMeHa,
JIFOIIU Pa3lesATCes 1o npu3Haky Bepsl. IIpuner B mup apeBHeiimee yuenue. [locreneHHo OyaeT MEHAThCS
4esioBeuecKkoe co3HaHue... He ciywaiiHo, HMYTO He cirydaiiHo. [1o3ToMy s rOBOpIO JIOAAM, YTO Halle
CO3HaHHUE JIOJDKHO MEPEeCTPOUTHCS Ha J00poTy. M 3TO He TOJIbKO MoXKeaaHue. 3eMiis BCTyHaeT B HOBBIN
OTPE30K BPEMEHH, KOTOPBIH MOXKHO OXapaKTepu30BaTh Kak BpeMs 100pozeresiell. DT0 HOBOE COCTOSHUE
IUTAHETHI HE 3aBUCUT OT HAC, OHO HACTyIIaeT HE3aBHCHMO, XOTHM MBI 3TOT0 WM He XOoTUM. HoBoe Bpems
TpeOyeT HOBOTO MBIIUICHUS, APYroro CO3HaHMsA, KaueCTBEHHO HOBBIX JIIOZEH, YTOObI HE HapylaTbh
rapMoHuio Bo BcenenHoil. MHorue oM moctaparoTcsi MPUCHOCOOUTHCS K IEepeMeHaM, HO 3TO He
MIOMOXKET UM BOWTH B Oymymiee. OHU ObUTM HYXKHBI TOMY BPEMEHH, KOTOPOE YXOIUT, U OHH HCIOTHHIIH
MUCCHIO, BO3JIOKEHHYIO Ha HUX HEOOM. [[pyrue, moOpsie itoau OyayT CIIyKUTh OyaylIeMy COXpaHEHUIO U
pa3BUTHIO KU3HU. .. [Ipuaer Bpemsi, 1 3epHa OTAEIATHCS OT IIEBEN, NOO Oyaylee IPUHAIEKUT XOPOLIUM
JIOIISIM, ¥ OHU OYZIyT )KUTh B TAKOM IPEKPACHOM BPEMEHH, YTO MBI ce0e 1 MPEICTABUTh CeHYac HE MOKEM.
[Tpuner Bpems BIOXHOBEHHOTO Tpy/a, TIOOBH 1 OpaTcTBa Beex Jitoael Ha 3emute. .. [IpumeT Bpems uynec,
1 HayKa COBEPUIUT KPYIIHbIE OTKPBITUS B 0071aCTH HEMATepUaIbHOIO. YUeHbIe paCKPOIOT MHOT'O HOBOT'O O
Oynyuiem Hauiei niuaHetsl 1 Kocmoce. A nanHbIe 00 3TOM NMOUEPIHYT B CTAPBIX CBSIIEHHBIX KHUrax. C ux
MTOMOIIIbIO Oy/yT HaKOHEIl pa3raJlaHbl MHOTHE ApeBHUE TaiHbl... Ho mpoiiaer emie MHOro BpeMEeHH, MHOTO
BOJIbI YTEUET, MOKa npuieT BochMoli — OH NOANUILIET OKOHYATENbHBIM MU Ha MIJIaHETE».

KBaHTOBas Teopusi MUpOyCTpOMCTBAa MOATBEPAKAAET Npeackasanue Banru o Hactyruienun B 2008
rony (xorzna «npuaer BoceMoii») HOBOM 3pbl 3BONIOLIMHU YeIOBEYECTBA: « ITO HOBOE COCTOSTHHE TJIAHETHI
HE 3aBHCHT OT HAac, OHO HACTYTIAeT HE3aBUCUMO, XOTHM MBI 3TOTO UJIM HE XOTUMY. [Iepexon B apy LyXOBHOTO
pa3BUTHA YEJIOBEUECTBA IPOUCXOIUT ITOCPEICTBOM UYEPEBI FEOMOJUTUIECKUX U PETHOHAIBHBIX KPU3UCOB.
Ve mnepBblii OOaNbHBIH KBAaHTOBBIM IEpexoJ] B HOBOM 3pe MOpoAusl MHPOBOM (DHMHAHCOBO-
DKOHOMMYECKMIM KpU3HC, MNOATBepAMBIIMK, uTo 2008 roj cram BbICHIEM TOYKOM MHUPOBOHN
KaIUTATUCTUYECKOM CUCTEMBI, U MOCIEAYIolIee H3MEHEHNE MUPOIIopsaKa OyJeT ocnabisiTh ee.

Yro kacaercs npenckazaHuil Banru o Hayke, TO OHHM, 3a MCKJIFOUEHMEM HOBBIX 3HaHMH 0 Kocmoce,
BeIMIsAE A MeHs B 2008 romy, korja Oblia 3aBeplleHa nepBas MOHOrpadus [2], COMHUTENbHBIMU.
TpynHo ObUTO MPENCTaBUTH, YTO MATEPUANMCTHYECKAs HayKa Oy/leT 3aHMMaTbhCs OTKPBITUAMHU B 001acTH
HEMaTEpUaIbHOIO U PACKPBITUEM TalH IPEBHUX yUEHUI.

Ho oxazanocs, 4To mpu pa3BUTUH MOHO(YHIAMEHTAIMCTCKOTO MUPOBO33PEHHSI UMEHHO 3TUM MHE U
MPUILIOCH 3aHUMaTbes. Temepp MOHSATHA CyTh ATHX MpeackasaHuit Bauru. OtkpeiTHe B oOmactu
HEMaTepHaIbHOTO — 3TO pasrajaka (usndeckoil mpupoasl Co3Hanus u Pazyma W HEM3BECTHOTO CETOHS
MHUpa X oOuTaHMs, 0e3 M3yyeHHs KOTOpOro Hesb3sl MOHATh mpupoay Kocmoca u 3emiu, y3HaTh UX
npouutoe u Oynymee. HoBoe mnpeacraBieHne o0 MHUPOYCTPOHCTBE IMOJNYYHUIIO KOJIMYECTBEHHOE
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MIOATBEPKIACHUE, KOIJa YAAJIOCh PACKPBITh HAy4HOE COACPKAHME KOCMOJIOTMHM JPEBHETO YYCHMS
Krnauakpsl.

CerogHss MOXHO KOHCTAaTMpOBaTb, uyTOo BaHra npeackaszana HE TOJBKO Hayalo HOBOW 3pbl
YeJI0BEYEeCTBA, HO M Ha’yajJo HOBOTO 3Tala pPa3BUTUS HAayKd HAa OCHOBE MOHO(YHIAMEHTAIHUCTCKON
KOHLENIMKA MupoycrpoiictBa. Ee ¢opmupoBanue Hawasoch ¢ nyonukammu B 2008  romy
«ITonspuzannoHHON Teopun Mupo3aanus», T.e. OMHOBPEMEHHO C HACTYIUICHUEM HOBOU JPBI.

9.1. Kyna BEACT HAYaBUICECH U3MEHCHUE MUPOIIOPSIIKaA

B KBaHTOBOM KOHLENIIMA MHUPOYCTPOMCTBA BOJIIOLUS YEIOBEYECTBA — 3TO KBAHTOBBIN IIEPEXOZ OT
YKUBOTHOTO cOCTOsiHUS 10 YenoBeka JlyxoBHoro, muistiiuiics 8,86 MITH. JIET U pa3AelIIIOIINIICS Ha IBE PHI.
B nepBoii 3pe OCHOBHBIM TPEHAOM SIBISETCS YIy4llIEHHE MaTepUalbHOIo Onaromnonyuus, Tpedyrolee
pa3BUTHE pallMOHAIILHOTO pa3zyma y Yenoseka Pazymuoro. B koHiie 3toit 3psl npoucxoaut pacnan CCCP,
KOTOPBIN IpeAcKa3biBasics npoBuanaMu. OHa 3aBepiaeTcss JOCTHKEHUEM KallUTaIUCTUYECKOW CHCTEMOU
cBoeil Beiciieit Touku B 2008 roy.

OnHOM M3 MIEONOTMYECKUX Lesiel COLMATUCTUYECKON COIMalbHO-IKOHOMUYECKOH (opmanuu
CCCP sBnsnocs co3faHue JyXOBHO-Pa3BUTOIO YEJIOBEKA IPU OTPAHMYEHHOM YPOBHE MATEPHAIBHOTO
J0CTaTKa, KOTOPBIM He aomyckan Obl «oOypikya3uBaHus» HacejneHHs. CyllecTBOBAaBILMI B IEpBOM 3pe
TPEHJ JOMMHHMPOBaHMS MAaTepUaJbHOIO Hayajga HaJ JAyXOBHBIM CTaJl IPENATCTBUEM Pa3BUTHUIO
couunanuctruueckor cucremsl U pazpymnna CCCP usznytpu. M3-3a uaeonornuyeckux orpannyenuiit CCCP
HE CMOI' BbIAEpXKAaTb KOHKYPEHLMH C NEPEAOBBIMHM KallUTAIMCTHUYECKHMMU TOCYIAapCTBAMM, HACEJICHUE
KOTOPBIX JOCTUIIIO 00JIee BEICOKOIO MAaTepUaIbHOTO O1aronoaydmsl.

2008-i1 rom MEHsSIeT TpEeHJ pa3BUTHsI YEJIOBEUYECTBA: IPEOOSIAAAIOIIUM CTAaHOBUTCS JyXOBHOE
pa3BUTHE, KOTOPOE BO3MOXKHO IPY OIPEIEIIEHHOM COOTHOIIEHUN B OOIIECTBE AYXOBHOTO U MarepHallbHOTO
Hauai. Kanuranuctuueckas ke cucTeMa, Ui KOTOPOM YENOBEK JMILIb MOTPEOUTENh IPOU3BOAUMBIX
MaTepHajbHBIX Oflar, BCTyNWJIa B 3aBEpLIAIONIyI0 a3y CBOEro CymiecTBoBaHMsA. Hactymmn srtan
TpaHchopMa MHPOTIOPSAAKA, KOTOPBIA OyleT WATH Yepe3 MUPOBBIC M PErHOHAIBHBIC MOIUTHYECKUE
KpU3HCHI, BBI3BaHHbIE KBAaHTOBbIMM THiepexogamu. OaHMM M3 HUX cTanl uHunuMupoBaHHbIM CIIA
TOCYJIapCTBEHHBIN TEPEeBOPOT Ha VYKpauHe, mnpoumsomenmuii B 2014 ronq u mnOpumeqmuiics Ha
MIECTHAIATHIA TII00ANBHBIN KBAaHTOBBIN Tiepexof [15]. OH cTan mpoiaoroM riryboKoro reornoauTHIEeCKOTO
IIPOTUBOCTOSIHUS, KOTOpOE NpuBeio B 2022 roy K BOOpyKeHHOMY KOH(IMKTY Ha YkpauHe Mexy Poccueit
U KOJJIEKTUBHBIM 3amazoM. OJTO COOBITHE CTAHET TPUITEPOM KIIFOUEBBIX W3MEHEHUN MHPOIOPSIKA,
KOTOpble OcnalsAT 3amajx W yCHUJIAT reonojuThyeckoe mnonoxkeHue Poccun. Baxnble reomomutuyeckue
MU3MEHEHUs MOXHO OXHUAATh mocie cepeaussl 2026 ropa, Korga CyLIECTBEHHO H3MEHUTCS CIEKTP
I00ATBHBIX MOJIEH MPOTOCTPYKTYPhI 3eMJITH.

Tpancpopmanna muponopsiaka. Ceiiuac HET NOHUMAaHMS K KakOMy YCTPOWCTBY MHpa OHa
npusezet yepe3 100-200 net. Ota TeMa paccmarpuBanach B [2]. OCHOBaHHAs Ha PHIHOYHON KOHKYPEHIIMH
B cdepe MaTepHalbHOIO MPOU3BOJCTBA KalMTAJIUCTUYECKas CHCTEMa YCKOpseT HapalluBaHue
NOTPeOUTENBCKUX OJIar, 4To BEJET K CO3/JaHHI0 UX MU300MITHSL.

Ha mnpoTsykeHuM NOCHEIHUX NECATUIETHH MHUpPOBas pPHIHOYHAs JKOHOMHMKA HapammusaeT BBII
€XKerofHo Ha 3-4 mporeHrta. Tak kak B HOBOW 3pe NPUPOCT HaceleHus 3eMiu 3aMeuiaercs u uepes 200-
300 neT mpakTUYECKU MPEKPATUTCS, TO IPU TAaKOM TEMIIE pOCTa MHUPOBOM IKOHOMHUKH B HE CIIMILKOM
nanexkoM OyaylieM TpOU30MIeT HachIeHHe HaceleHUs 3eMJIM IMOTpeOUTeNbCKUMHU Onaramu, |
CYLIECTBOBAHME OCHOBAHHON Ha KOHKYPEHIMHU KaIUTAIUCTUYECKOM (OpMaIMy CTAaHET HEBO3MOXHBIM.
OcHOBHOH conuanbHOM MPo0JIEMOil Ha 3TOM 3Tale CTAHET BBITECHEHHUE JIIOIeH U3 cepbl MPOU3BOJICTRA.
Tak Kak HEIHEIITHUI KalTUTAITN3M C €0 TOTPEOUTETHCKOM U MPOTUBOECTECTBEHHON TeHIEPHOU HACOTIOTHEN
HE HalleJIeH Ha JIyXOBHOE€ pa3BUTHE HacelleHHs, TO OyleT BocTpeOOBaHA PHIHOUHAS COLMATMCTUYECKas
cUCTeMa, HalleJIeHHasl Ha JyXOBHOE pa3BuUTHE ueroBeka. OHa criocoOHa pa3BUBAThCS, KaK MMOKa3ajl OIBIT
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CCCP, B oTCYyTCTBHE KOHKYPEHIIUU, TIEPEBOJISI CTAHOBAILYIOCS HEI(DPEKTUBHON MPU W300MIMH YaCTHYIO
COOCTBEHHOCTH B OOIIIECTBEHHYIO.

Coznanne MUpPOBOW COLIMATMCTUYECKOM CHCTEMBI NMPEKPATUT BOMHBI MEXIY HApOJaMH M CTaHET
HEOOXOIMMBIM TIEPEXONHBIM 3TAllOM K KOMMYHHCTHYECKOM COLMATbHO-3KOHOMHYECKOH (opmarmu,
KOTOpasi OTPaHUYUT MOTpeOIeHUE HKOIOTUYECKUMH TpeboBaHusIMU. B [2] oHa Ha3BaHa skonocuuecKum
kommyHuzmom. Kak npenckazana Banra, qronu «OyayT )KUTh B TAKOM IPEKPACHOM BPEMEHH, YTO MbI ceOe
U IIPEJCTaBUTh CEMUAcC HE MOKEMY.

CrnenuanbHasi BoeHHas onepaiust Poccun Ha YkpanHe BeJIeT K UI€0JIOTMYECKOMY pa3IeIeHUI0 MUPa,
HEO0OXOMMOMY ISl MPEACTOSANICH CMEHBI MHUPOBOW COIMAIBHO-DKOHOMUYECKOW (OopMamuu, U B 3TOM
npouecce Poccun oTBeieHa UCTOpUEN BeayIIask POb.

Ha s10 yka3siBaeT u ee uctopust. Llapckas Poccusi, He Oyayuun cTpaHoil ¢ pa3BUTBIM IIPOJIETAPUATOM,
[IOpOJMIIa MEPBYIO CTPAaHy COLMAIN3Ma, KOTOpasi CMOIVIa CO3/1aTh COLIMAIMCTUYECKYIO CUCTEMY MHPOBOTO
MacmTada. ITo NMO3BONIMIA cAeaTh 0COOCHHOCTh PYyCCKOIO MEHTAJIMTETa, COUETABIIEro OOIIMHHOCTD U
OOIIENpPU3HAHHYIO  JYXOBHOCTb  PYCCKOW  JAyIIM,  OKa3aBIIYIOCd  CHOCOOHOM  BOCHPHUHSATH
KOMMYHUCTHUYECKHE HIeu. DTa ee NpUpOHas 0COOEHHOCTh U MPUOOPETEHHBII ONBIT COLUAINCTHYECKOTO
cTpouTenbcTBa crenaer Poccuto B OyaylieM JMIEpOM JTYXOBHOM HEpecTpOorkd mpu (OpMHUPOBAHUU
MHPOBOTO COLIMATUCTUYECKOTO U 3aT€M KOMMYHHUCTHYECKOTo 001ecTBa. Ty poiib Poccuu nmpeckassiBatoT
M3BECTHBIE CBOEH CITIOCOOHOCTBIO BUJIETh Oy/yliee MPOBUIIbI Pa3HbIX CTpaH, Ha3biBas Poccuio 1yXOBHBIM
muaepom Oyayiero mupa [47].

K 53T0#1 cBOEl ponM B MNPEACTOALIECH HBOJMIOLMU YelnoBedecTBa PoccHI0 Hayana «rOTOBHUTH»
CIelMalIbHas BOCHHAs OIepanus Ha YKpauHe, KOTopas 3a KOPOTKMM CPOK yCTpaHWiIa JOMHUHUPOBAaHUE B
of1IecTBe Mpo3anajHblX CHJI M HAacCTpOEHWH M mocraBuia nepen Poccuell 3ajauy moucka IMyTH CBOETO
pa3BUTHSA KaK OTHENbHOM LUBWIM3ALMU. OJTO €€ IEepEeXOAHbIM 3Tall K OCO3HaHWIO CBOEH poyik B
MPEACTOSIIEH JYXOBHOM MEPECTPOUKE MUPA.

[IpeanayepTaHHOCTh MCTOPUYECKHX COOBITHH MEHSET NpPEACTAaBICHHWE M O POJHM JHYHOCTU B
UCTOPUU: OHA SIBJISCTCS HE TBOPIIOM HMCTOPHH, a HCIIOJHHUTEIEM CynbObl cBoed crpanbl. Ecim ctpane
MPEICTOUT YCHJIEHHE CBOMX BHYTPEHHUX M BHEIIHMX MO3MIMHN, TO Y HEE MOSBISETCS CIOCOOHBIH Ha 3TO
CWIBbHBIN uzaep. Eciu ke crpaHe yroroBaHo ociiabiieHue Uii MpeKpalleHne CyieCTBOBaHUS, TO K BIaCTH
MPUXOAAT PYKOBOIUTENH, KOTOPhIE OCYIIECTBISIOT 3TOT cueHapuid (kak ['opOaueB u Enpiun). Cnabocthb
HBIHELIHUX JIN/IEPOB 3ana/ia — JI0X0H 3HaK I HEero.

V¥V Poccun celiuac CUIIBHBIM JuAep, KOTOPBIA ObLI MpeAcKka3aH €l MEKCHUKaHCKUM acTpOJIOTOM U
mamanoMm O. Mancanwibd B 1996 rony [48]. B kuure «bynymiee Poccun riazamMu moToMka IpeBHUX Maisy,
OH MpeficKa3all J0OPOBOJIbHYIO OTCTaBKy npesujeHTa EnpiHa: «O0CTosATEeNbCTBA BCE-TaKH BBIHYAT €TO.
K ToMy BpemMeHM Ha NOJIMTHYECKOM apeHe MOSBUTCS €ro NPUEMHHUK, KOTOPOMY HBIHEUIHMM MPE3UICHT
CMOXET Nepeaarh Jiena, Oylydn YBEpeHHBIM, UTO HCTOPHS HE MIOBEPHET BCIATh U 4TO Poccus He cBepHET ¢
IpOJIOKEHHOro Kypca». HoBbim muaepom Poccun, o onucanuio MaHcaHUIIBH, «...0yaeT yenoBek 45-48
JIET, BBIXOJEL] U3 HApOJa U MOJIb3YIOIUNCS OAAEPKKON HAPOIHBIX Maccy.

Yepes Tpu Mecsaua nocine orctaBku Ensnmupa B.B. Ilytun mnobGexpaer yxe B NEpBOM Type
Npe3uIeHTCKUX BbIOOpoB. OH nmpomomkmi Kype EnbiiHa Ha uHTerpanmio ¢ 3anaaoMm, Ho depes 20 Jer,
3alMIas oT ero yrpos3 6esonmacHoctb Poccum, passepHeT crpaHy Ha Boctok u IOr, ocHOBHBIE cTpaHbI
KOTOPBIX, KAK MOKHO OXHJ1aTh, OyyT pa3BUBAThCS YKOHOMUYECKH, COXPaHssi CBOM TyXOBHBIE OCHOBEI. B
OTIpEJICIEHHOM CMBbICTE, (POPMUPYIOIIUICS HOBBIH MHPONOPAJOK CTAHET MPOTHBOCTOSHUEM YXOASIIEH
UBWIN3ALUN MOTPEOUTENBCKOr0 OOIIECTBa C LUBWIM3ALMAMH, COXPAHSIOIIMMHU HEOOXOIMMBIM st
CBOETO pa3BUTHsI OaJIaHC JYXOBHOTO M MaTEPHUAJILHOTO YeIoBeUeCcKuX Hadall. B Oyayriem onu cpopmMupyror
PBIHOUHYIO MHUPOBYIO COITUAIUCTUYECKYIO CUCTEMY.

B 2076 rogy 3aBepmmTcs nepBblid — NePEeXOHBIN — 3Tar 3pbl popmupoBanus Yemnoseka JlyxoBHoro,
U TEMI HBOJIIOLMU YeJIOBEUeCTBa 3aMeUIUTCS. MOXKHO MPEANoNIoKUTh, YTO K 3TOW JaTe chopMHUpyeTcs
HOBBIA MHPOMOPSAOK C BEAyLIEH pOIbI0 COAPYKECTBA TOCYIAapCTB, BCTABIIMX Ha IyTh MHPHOTO

91



conuanucTruieckoro pazputud. Kak npenckasana Banra, «...BocbMoil moanuiieT OKOHYaTeNbHbIN MUP Ha
IUIAHETE).

9.2. O Hayke 3aBTpa M NOCJ1€3aBTPA

Bynyuee uyenoBedectBa npenHauepraHo. Hayka — oquH M3 MHCTPYMEHTOB €0 pealu3aluu, U ee
pa3BUTHE TaKKe MPEIONPENIEICHO 3aKOHAMHU KBaHTOBOro Mupa. I[loaTomy MOHO(YHIaMEHTAIHCTCKUE
IIPEJICTABICHUS O MUPOYCTPONCTBE NPUAYT Ha CMEHY CYIIECTBYIOLIUM ceidac IPECTaBICHUAM HE TOJIBKO
B €CTECTBEHHBIX, HO U B TYMaHUTApHBIX Haykax. Kak u m3MeHeHHe MUPOIIOPSIKA, 3TO YK€ HadaBIIHUKCA
CJIOXKHBIN U JUINTEIbHBIN IIPOLECC.

VKe ceronHss HauMHAIOT paboTaTh Ha KOMMEpPUECKOW OCHOBE HY)KHBIC «3CJICHOW SHEPreTHUKE»
KBAaHTOBbIE T'€HEPATOPhl, HAPYIIAIOLME IPUHATOE OPULIMATBHON HayKOM IOHUMaHKE 3aKOHA COXPaHEHUs
sHepruu. Crpemsmascs K pa3BUTHUIO HayKa HE JEJIUT SMIUpPUYECKHE (DAaKThl Ha «BO3MOXKHBIE» U
«HeBO3MOXHbIe». [loaToMy ¢yHnameHTanbHas (uU3MKa B IPOLIECCE CBOEr0 pa3BUTHs IE€PECTaHET
UTHOPUPOBATh «HEYO0OHBIE» IMIUPHUECKUE (PAKTHI U OTKA3bIBATHCS OT HOBBIX MJAEH M UX NPHUMEHEHMH,
HAlleJICHHbIX Ha pellleHHe aKTyalbHbIX IpolseM uenoBeyecTBa. Kak ObIBano M paHblile, NpaKTUYECKUE
NOTPEOHOCTU YCKOPAT CMEHY MpeACTaBIECHUN (PU3UKH O CTPYKTYpE U 3aKOHAX MUPOYCTPOUCTBA.

Pa3BuTHe KBaHTOBBIX MPEJCTABICHUNH O MUPOYCTPOMCTBE MO3BOJIUT PELIUTh HE TOJBKO MPOOIEMBI
CO3JIaHUs DKOJIOTMUECKH YMCTOM SHEPreTUKU. Takke Kak U IPUPOJHBIC 3amachl TOIUIMBA, OTPAHUYEHBI U
3amacbl MMHEPAJIBHOIO ChIPbs, HEOOXOJUMOI0 JUIsl JUIMTEIBHOTO CYIIECTBOBAHUS YeIoBeYecTBa. MOXKHO
IIPOrHO3UPOBaTh, 4YTO 3Ta Mmpoliema OydeT pelieHa OBJaJEHUEM OCHOBAaHHBIX Ha MEXaHU3Me
MaTepuaIn3alyul TEXHOJOTUH CO3JaHMs KBAaHTOBBIX MarepuanoB. KBaHTOBbIE MaTepuaibl HE CO3AAIOT
poOIEeMBI 3arpsi3HEHUS] OKPYKAIOMIEH CPellbl, IIOCKOJIBKY MOCIIE UCIOIB30BAHUS X MOKHO YHHUYTOXKATh
IIOCPEJCTBOM MEXaHU3MA JIeMaTepruaIn3aluy.

B Gornee otmanenHoM OymynieM KBaHTOBBIE MaTepHAIIbl TIO3BOJIAT CO3/1aBaTh KOCMHUYECKHE Kopaldmn
IUTS. MEK3BE3/IHBIX TEpesIeTOB. JTO CTAaHET BaXKHBIM IIArOM B MHTETPAIIMH YEJIOBEYECTBA B COOOIIECTBO
MEXIUJIAHETHBIX [MBWIIM3AIUH, U, COTTIACHO MpecKazanuio Banru, nomxkHo npousoitu yepes 150 net. Ha
3TOM MYTH NOTPEOYIOTCS U TEXHOJIIOTUN MEXKIJIAHETHOW CBSA3HM Ha HOBBIX (PU3UUECKUX MPUHIIMIIAX.

Pa3Butne kBaHTOBOWH (U3MKM peanbHBIX YAaCTUI U HUX HEPAPXUUYECKOrO CTPYKTYpPHUPOBAHUSA
notpedyeTcs ¥ AJis MO3HAHUSI KBAHTOBOM MPUPOAbI OpraHu3Ma 4ejoBeKa U BOZMOKHOCTEHN €ro CO3HaHus,
JUIS IOHUMaHUS KBAHTOBBIX 3aKOHOB 3BOJIIOIIMY UEPAPXUUECKH YCTPOCHHOI'O YEJI0BEYECKOro 00IIecTBa 1
€ro JIyXOBHOTO COBEpLIEHCTBOBAaHUA. [l03TOMYy HE TOJIBKO €CTECTBEHHbIE, HO U OOLIECTBEHHBIE U
IryMaHHUTapHbIe HAyKU CO BPEMEHEM JIOJKHBI OylyT MOTY4YHUTh (PyHIAaMEHTAIbHYIO KBAHTOBYIO OCHOBY.

Hayunomy coobmectBy B nuie Poccuiickoil akajemMuy HayK, NpPU3BaHHOW pemiarb MpoOIeMbl
pa3BUTHS POCCUIICKOM HayKH, IPEICTOUT CJeNaTh BIOOp, IO KaKOMY IyTH UATH. DTO TPYAHBIH BBIOOD, TaK
KaK CTOUT BOIIPOC O paAMKaIbHOM U3MEHEHUH HAyYHOTO MUPOBO33PEHUS U CBSI3aHHOM C HUM IIEPECTPOUKH
Hay4HbIX HcclenoBaHuil. 13 ucTopum HayKu Mbl 3HAE€M, KaK CIIOKHO NPOXOAMIN Takue m3MeHeHus. Ho
3HAEM TaKXKe, U K KAKUM PEBOJIFOLIMOHHBIM NIEPEMEHAM OHU ITPUBOIMIIN.

Cynpba caenana Poccuio ponuHONW HAaydHOTrO HampaBlIeHHs, KOTOPOE CTaHET YacThbiO JYXOBHOM
IBOJIIOLIMN YeJIoBeuecTBa. Poccuu, KOTOpPO CyI€HO BO3IIABUTH €€, NPEACTOUT 3aHATH U JIMIUPYIOLINE
MO3UIIMK B Pa3BUTHH MOHO(YHIaMEHTATUCTCKOTO MHUPOBO33PEHUSI HOBOM 3pbI, U MPEACTOsAIIAs Hay4YHas
nepecTpoiika CTaHeT YacThio HayaBIIerocst (opMupoBaHHs HOBOTO LIMBUIIM3ALIMOHHOTO o0nka Poccun.

CMeHa Hay4HOTO MHPOBO33PEHUSI HEM30€KHa, TOCKOJIBbKY CYIIECTBYIONIAs MapagurMa orpaHuyuiIa
MO3HAaHUE MUPA IPUOOPHBIMU HCCIIETOBAaHUSIMU, TO3BOJISIOIMMH U3ydaTh TOJIBKO BellecTBO BceneHHoi.
[ToaToMy ee NpOMCXOXKIEHHE OCTAaeTCAd 3aragkoil, KOTOPYI0 HEBO3MOXKHO pEIIUTh 0€3 MOHUMAaHMUS
IyOMHHOM CTPYKTYpbl MupoycTtpoiicTBa. [IpencraBnenus o Hell B KBaHTOBOW T€OpUHM MHPOYCTpOICTBa
MOJTYYHJIN KOJIMYECTBEHHOE MOATBEPK/IEHUSI B KocMoJioruu yueHus: Kanauakpsl, HOCTpOEHHON Ha OCHOBE
CYObEKTHUBHBIX JaHHBIX, T.€. C CIOJb30BAaHUEM CO3HAHHUS YeNloBeKa Kak «mpubdopa». KBanroBas teopus
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CO3HaHMsI O3BOJISIET UCIIOIb30BaTh B HAYUHBIX IEJISAX Ty 4aCTh HHPOPMALIMK APEBHUX YUEHUH, 330TEPUKH,
MUCTHUKH U PEJIUTHHA, KOTOpas HE MPOTUBOPEYUT MOHO(YHAAMEHTATUCTCKOM MTPUPOJIE MUPOYCTPOICTBA.

9.3. I'oToBO /111 HAy4YHOE COOOIIECTBO K CMeHe MHPOBO33peHus?

Hcnonnunock yxe 50 ser cyuiectBoBaHusi CTaHIapTHON MOZENIN AIIEMEHTApHbIX YacTHLl, MHOTHE
IIPEJICKAa3aHNUsl KOTOpPOM MOATBEp)KIEHBI HKcnepuMmeHTanbHo. Ho 20 ee mnapaMeTrpoB HE MMEIOT
TEOPETUYECKOTO 0OOCHOBAHUS, UYTO YKa3bIBaET Ha OTPAHUYCHHOCTH 00JacTH ee mpuMeHeHus. [lonbITku
coznark 0000menuss CTaHaapTHON MO NPEANPUHUMAINUCH (B T.4. TEOPUS CYNIEPCUMMETPHH, TEOPHS
CYIIEPCTPYH, CynepoObennHeHne YETBIPEX byHIaMEHTATBHBIX B3aMMOJIEUCTBHUIA), HO
9KCIEPHUMEHTAJIbHOTO TIOATBEPKACHUS HE Mony4yuiau. Mes 3aMeHbpl KBAHTOBOW TEOPHUU I10JIA, O KOTOPOH
ropopwiioch B 1996 rogy Ha boctoHckol quckyccuu [S], ocTaeTcsi Hepealn30BaHHOM.

CreunanicraM MOHSATHO, YTO 3HAYEHHs] CBOOOAHBIX MapameTpoB CTaHAApTHOW MOJENU JOJKHBI
OTPENIETATHCS €II€ HE OTKPBITHIMH CHUMMETPUSMHU IPOCTPAHCTBA-BPEMEHU M IMOPOXKIAEMBIMH HMHU
HEU3BECTHBIMU (usmueckumu mojsiMu. OJHAKO HET MOHUMAaHHS TOTO, YTO JJS BBISBICHHUS AITHX
HEU3BECTHBIX (DAKTOPOB HEOOXOAMMO MOHO(PYHIAMEHTAIUCTCKOE HM3MEHEHHE MPEICTaBICHUH O
MHUPOYCTPOWCTBE, TO3BOJSIONIEE BBIYUCIUTHL CBOOOAHBIE mapameTpbl CTaHAApTHOW MOAEIH C
UCIOJIb30BaHUEM TOJIBKO TPEX MUPOBBIX KOHCTAHT.

[Tocne OGOCTOHCKOM IUCKYCCMM MpOLUIO Oojiee YeTBEepTH BeKa, HO 3acTOlHAas CHUTyalus B
dbyHnameHTanbHON (u3uke coxpaHsercs. Beicuryro omenky — HoOeneBckyro mpemuio mo Qusuke —
MONTy4aloT paboThl, MPEIOCTABIAIOININE HOBBIE SMIUPUYECKUE JIaHHBIC, KOTOpBIE TPAKTYIOTCS Kak
MOJATBEPKJCHIE KOHUENTYATbHBIX MOJOXKEHHU MPUHATOW (PU3NYECKON MapaJurMbl. ITO WILIIOCTPUPYET
Tabn. 9.1, B KOTOpOW MPUBEIEHBI ISITh MPEMHUPOBAHHBIX 3a mocieanue 16 ner pabor mo Qusuke c
KOHIIETITyaJIbHBIMU [TO3UIUSIMU, IPOTUBOPEYAILIUMU MOHO(DYHIaAMEHTAINCTCKOMY MUPOBO33PEHHIO

Tab6m. 9.1. CpaBHEHHE KOHIIEITYyaJIbHBIX MTO3UINI B OTMeUeHHBIX HoOeneBckoi mpemueii paborax 1mo
(u3HKe ¥ B KBAHTOBOW KOHIICTIIIUH MHPOYCTPOHCTBA

KonnenryanpHas mo3unus AJNbpTepHATUBHAS MTO3UIHSI B KBAHTOBOMN
I'on B OTMEUEHHBIX NpeMueit paboTax KOHIIETILIUM MUPOYCTPOICTBA
2006 | PenukToBOE M3TyueHHE TOATBEPK- B sBomtoruu BeenenHoi peTukToBoro
JIaeT MoJiesTb boJbIoro B3phiBa u3IydeHus 1 bonpmioro B3peiBa He OBLIO
2013 | Macchl 2JIeMEeHTapHBIX YaCTHI] Maccel (pyHIaMeHTanpHBIX YacTHIl o0pa-
00pa3yroTCcsi MEXaHU3MOM XHUITca 3YIOTCsI OJIIPU3ALIMOHHBIM MEXaHU3MOM
2015 | HeliTpuHHBIC OCIMILISIIIAN TOATBEP- | HEeHTpUHHBIE OCIMIUIALINY TOATBEPKIAIOT
KJIAI0T HAJIMUKE Y HEMTPUHO Macchl | HYJIEBYIO Maccy HEHTpUHO
2020 | OGpa3oBaHUE YEPHBIX JIBIP CIYKHUT OTO HenpurosHa s onrcaHusi oopazo-
noareepxkaeHueM OTO BaHUs 00BEKTOB KBAaHTOBOI Bcenennon
2022 | duznyeckue Mporecchl UMEIOT dusnueckue npoueccsl B Muposganun
CITy4aitHyt0 IPUPOLY JETEPMHHUAPOBAHBI U TIPEIOTIPE/ICITICHEI

CeronHsi HET ITUCKYCCHOHHOW IUIOIMIAJKH, I7l€é MOXHO ObUIO Obl KBAJIM(UIIMPOBAHHO O0OCYKIATh
HOBBIE KOHIIETITyaJbHbIE MHPOBO33pEHUYECKHE UAEHU, O HEOOXOAWMOCTH KOTOPBIX JUISl Pa3BUTHUS
bynaaMeHTanbHOM (QU3MKU ToBopuiioch Ha bocroHckoit muckyccuu. EcTh uccienoBatenu, KOTOpPbIE
MIOHMMAIOT, YTO MPUHATAs IapajurMa Hcueprnaja CBOM BO3MOXKHOCTH, HO HX HJAEHU MO H3MEHEHHUIO
MPUHATON MapagurMbl paCCMaTPUBAIOTCS OPUIIMATIBHON HAyKOM HE KaK MOUCK IyTeH ee pa3BUTHUS, a KaK
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JDKEHayKa. 37eCb yMECTHO BCIIOMHMTb, YTO CTO JIET Ha3aJl M KBaHTOBas (U3MKa MHUKpPOMHpaA
paccMaTpuBaslach Kak JDKeHayKa, a ceiiyac — 3T0 OCHOBA (PyHIaMEHTaIbHON (PH3UKH.

Kak B cBoe Bpems ckazan M. IlnaHk, HOBas Teopusi NpPU3HAETCS, KOIZA YXOAAT U3 JKU3HU
MPUBEP)KEHIIBI cTapoil. Xorenoch Obl, YTOOBI MOHO(MYHIAMEHTAIHUCTCKAash TEOpPHUS MHUPOYCTpPOMCTBA
n30exala Takoro ClieHapus U OblIa BOCTpeOOBaHA HayYHBIM COOOIIECTBOM. J[JIsi 3TOr0 OHO JOJKHO OBITH
IPOUH(POPMUPOBAHO O Pa3padbOTKe MOHO(PYHIAMEHTATMCTCKOTO IyTH PAa3BUTHUS HAYKH U OTKPHIBAEMBIX UM
BO3MOYKHOCTSIX. DTOT IEPBbIil, HO OYE€Hb BaXKHBIN ILIAr TOJKHBI CIEJIaTh 3aMHTEPECOBAHHBIE B PAa3BUTHU
byHnaaMeHTaNbHONW (U3MKU HAYYHBIE KYPHAIBI U JPyTrUe CPeACTBa HaAyyHOH MH(popMarmu. ITo caenaer
BO3MOXKHBIM CJIEIYIOLIMH [Iar — AUCKYCCHIO O ITyTH Pa3BUTUSA QYHIAMEHTAIBHOW HAyKH.

O Kakux U3MEHEHMSIX B HAyKe UJIET pedb?

Kak u yenoBeuecTBO, HayKa TOJIbKO HEJABHO BCTyIMJa B 3IOXY paJAMKAJIbHBIX IIEPEMEH, KOTOpas
norpedyeT MOHO(YHJAMEHTAINCTCKOE IEPEeCTPOCHUE HAy4yHOW MapaJurMbl, pPacCHIMPEHHE METOJO0B
uccnenoBanus [Ipupoasl v nepecTpoilku NPHOPUTETOB HAYYHOI'O PA3BUTHS.

CeronHs HayKa HE B COCTOSIHUM IIOHATh MHOT'HE SMIMPUYECKHE (PAKTHI, B TOM YUCIIE U T€, HA KOTOPBIX
OCHOBBIBAIOTCSI PEJIMTUH, 330TEPUKA, MUCTHKA. B Hayke Takke He CyIeCTBYeT €AMHOIO I0X01a B METOAaX
U3yYeHHMsT U UHTEepHpeTalMy SBJICHUM peanbHOCTH pasHoM mnpupozasl. IIponomkaercs mnpouecc
muddepeHIMa  HayyHBIX ~ MCCIIEJOBAaHUM, IO3BOJIIONIMHA  yCTaHABIMBAaTh HOBbIE  YACTHBIC
3aKOHOMEPHOCTH, a MpoLecc 0000IeHHs HayYHbIX 3HAaHUH Ha OCHOBE OOIIMX 3aKOHOMEPHOCTEH MPUPOAbI
3actonopwics. CdopMupoBaBIIMECS €CTECTBEHHO-HAyYHblE IMPEACTABIECHUS IOKa JIAIeKH  OT
MOHO(YHAaMEHTAIUCTCKOro noHnManust [Ipupozs.

B rymanutapHbIX U OOIIECTBEHHBIX HayKax IPEIMETOM HCCIIEAOBAaHUS SBIISETCS YENOBEK U
4eJioBeYecKoe 00IIEeCTBO, T.€. HEpapXUUECKU YCTPOCHHbIE IPUPOIHBIE CTPYKTYPhI, IOHUMAaHUs KBAHTOBOMN
IIPUPOJIbI KOTOPBIX ceroAnst HeT. [10aToMy B 00111€CTBEHHBIX HayKaX BBIBOAATCS YaCTHBIE 3aKOHOMEPHOCTH,
¥ OOJIBIIMHCTBO HCCIIEAOBATEICH CUYMTACT, YTO (U3UYECKHE 3aKOHOMEPHOCTH B OOIIECTBEHHBIX H
IYMaHUTApHbIX HayKaX HEIpUMEHUMBI. 1 nelicTBUTENBHO, B CyLIECTBYIOLIEH (hopMe OHU pabOTalOT IIJI0XO0,
HO B TIpOIleCCe CTAHOBICHHS MOHO(DYHIAMEHTAIMCTCKOTO TMoAXoAa (pu3mueckue HampaBICHUs
UCCJIEJOBAHUN B HUX JIOJKHBI IOSABIISATHCS M Pa3BUBATHCA.

CrnoxuBlieecsi pazJelieHne HayYHbIX MOAXOJO0B MOYKHO IMPEOAOJIETh TOJBKO TOrAa, Korna (pu3nka
M3YyYUT KBAHTOBYIO MPHUPOJY YeJIOBEKAa M €ro CO3HaHUS Ha (yHAaMeHTaabHOM ypoBHe. Ho ceromns y
(GU3UKM HET HEOOXOOUMOTrOo JJisi 3TOr0 MHCTpyMeHTapus. ECTb NMOHMMaHME, YTO YEJIOBEK SBISETCA
KBAaHTOBOM CTPYKTYpOH, HO HET KBAaHTOBOM TEOPHH, CIIOCOOHOI omucarh ee cBoicTBa. KBaHTOBast Teopuu
peaNbHBIX YaCTUI[ M MaKpPOCHCTEM JOJDKHA CTaTh OCHOBOM Ul TOHUMaHHUS KBAHTOBOW MPHPOJIBI
OpraHu3Ma 4YeJOBEKa, €ro CO3HaHMs, YEeIOBEYECKOro OOIIecTBa M HCTOPUYECKOro Imporecca. ITo
HEOOXO/IMMbIE BEXU Ha IYTH K CO3[aHUI0 MOHO(DYH/IaMEHTAJIMCTCKOW OKOHYATEIbHOM TEOpHH.

[TosiBIEeHME KBAaHTOBOM KOHILENIMA MHUPOYCTPOMCTBA pACIIUPSET BO3MOKHOCTH ITO3HAHUS
¢usnueckoil peanpHOcTH. KBaHTOBass (u3Mka MakpoMupa TO3BOJIIET AHAJIW3UPOBAaTh HE TOJIBKO
OObEKTUBHBIE Hay4HbI€ JAaHHBIE, HO U SMIMPUYECKYI0 MH(OpMAIMIO APEBHUX YUEHUH, 330TEPUKU U
MUCTHUKHU. [103TOMYy MOXHO CUNTaTh, YTO NOSABUJIACH BO3MOXHOCTD Il UHTETPAllMM Ha KBAHTOBOW OCHOBE
CYIIECTBYIOIUX CHOCOOOB IMO3HAHMUSA PEaJbHOCTH, KOTOpbIE CIOCOOHBI BBIBECTM HAayKy Ha
MOHO(YHAAMEHTATUCTCKUH MyTh Pa3BUTHUS.
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10. BeiBOAEI

Ceronusi opunmagbHas Hayka HE OCO3HAET, YTO MPHMEHsEMas €0 IKCIIEPUMEHTAIbHAS METOIUKA
HCCIJIEJOBAHUS IIPUPOJIbI HE MTO3BOJIAET NOJYUUTh aJIEKBATHOE MPEACTABIECHUE O MUPOYCTPONCTBE, TaK KaK
CYIIECTBYIOIIUE IKCTIEPUMEHTAIbHBIE TPHUOOPHI B3AUMOACHCTBYIOT TOJIBKO C AEHCTBUTEIBHBIM BEIIECTBOM
¢u3nIecKOro BaKyyma, JJOKQJIM30BaHHOM B €ro JICHCTBUTEIBHOM NoAnpocTpancTse. [Ipu sTom cunraercs,
YTO B HEM MOTYT CYIIECTBOBATh MHUMBIE U KOMIUIEKCHBIC (PH3UUECKHUE BEIIMIUHBI.

JlaHHBIE 30TEPUKH O CYIIECTBOBAHUH IPYTUX (POpM MaTepUu U HEU3BECTHBIX MUPOB OTKJIOHSIOTCS,
KaK HE [TOATBEPKIAEMbIE IKCIIEPUMEHTOM.

CumMmeTpus npocTpaHcTBa BeeneHHON He onpeneneHa, U CUUTAETCS], YTO B HEM MOTYT POXKIaThCs
OOBEKTBl CO BCEMH YETBIPbMSI THUIAMH CHMMETPHUH. ODTO MPOTHBOPEYUT MPEACTABICHUIO, 4YTO Y
IIPOCTPAHCTBA JOJKHA OBITh OZIHA CUMMETPHS, OIPEEIAIONIas CAMMETPHIO €r0 OOBEKTOB.

dusnueckue ApIeHU 0QUIMATBLHON HAyKOH MPU3HAIOTCS PEAbHBIMU, €CJIM OHM MOITBEPHKIAIOTCS
B Jpyrux jgaboparopusix. IT0 METOANYECKOE TPEOOBaHUE MUCKIIIOYAET U3 aHAJIN3a JaHHbIE O KBAaHTOBBIX
MakpooObeKTax ¢ OOJBIIMM HEPUOJOM CMEHbI KBAaHTOBBIX COCTOSIHUI, YTO HPENATCTBYET pa3paboTke
KBaHTOBOW TEOPUU MaKpOMUPA.

OTH HEAOCTaTKU METOAVKM IIO3HAHWS PpEaJbHOCTH IIPUBEIM K CO3JAHUIO JBYXYPOBHEBOH
¢u3nyeckoil mapagurMbl C OTPaHUYEHHOM OOJNACTbIO NPUMEHEHUS U HCIOJIb30BAaHUIO BbISBICHHBIX
(bu3nYecKrX 3aKOHOB BHE €€. JTa OrpaHMYEHHOCTh NOPOAMIIA P HEITOATBEPKICHHBIX MTPEICTABICHUN O
CBOMCTBAX MaTepUU U, KaK CJIECICTBUE, IpeCTaBlIeHNUE 0 BeesleHHOoM Ha 0CHOBE Mozenu bonibIioro B3peiBa.

[TosTomy norpeboBanack pa3padoTka MOHO(DYHAAMEHTAIMCTCKOM KOHLIEIIIMA MUPOYCTPONCTBA U €€
KBAaHTOBOW T€OPHUH, NMPEACTABICHHOM B [1].

JIOCTUTHYTBI ypOBEHb NOHHMMAHMS B KBAaHTOBOW TEOPUM MHPOYCTPOMCTBA IO3BOJISAET CHEaTh
cJeyrolre BeIBOMbI [1]:

1. IongpuzaunoHHasi TEOpUsi MUPOYCTPOICTBA, B OCHOBE KOTOPOIl JiexKaT uyeThlpe mocrtyiara (o
CTPYKTYpPE U CUMMETPHUSIX MPOCTPAHCTBA €r0 MUPOB, (PU3MKE U3MEHEHUH, KOMIUIEKCHOCTH (PU3HUECKHUX
BEJIMYMH U IPEIONPEAEICHHOCTH COOBITUI), IBISETCS peain3aliel MOHOQYHIaMEHTAIMCTCKOTO OX01a
B ¢u3uke. OHa MOTy4YMJIa SMIIUPUYECKUE MOATBEPKICHUS B IIMPOKOM CIEKTPE MPOSBICHUN KOCHOU M
KUBOM Marepud. JlaHHBIMM MEIUTATUBHBIX NPAKTUK TMOATBEPXkAECHA CTPYKTypa MHpPOYCTpOICTBa,
oOpa3oBaHHAas MATHIO TUNAMH MUPOB. [IpMHIMNMANBHBIX BHYTPEHHUX NPOTHUBOPEUUN TEOpPUU IOKa HE
BBISIBJICHO.

OT0 CcBOMCTBA, KOTOPHIMU JOJKHA 00J1a/1aTh YHUBEpcaibHas Teopust. [loaToMy MOXKHO cuuTaTh, YTO
MIOCTYJIaThl MOJISIPU3ALUOHHON TEOPUH MHUPOYCTPOMCTBA MPOLUIM SMIUPHUUYECKYIO IPOBEPKY U OCHOBBI
YHHUBEpCAJIbHONH KBAaHTOBOW TE€OPUH MUPOYCTPOMCTBA pa3pabOTaHBbI.

2. KBaHTOBasi mpuposa >KUBOW M KOCHOM Marepuu MHUPOYCTpoicTBa 00YyCIOBIEHA MEXaHH3MOM
ApoOsieHUs] NEPBUYHON CyOCTaHIIMM — OECKOHEYHOTO KOMIUIEKCHOTO T€OMETPUUYECKOro IPOCTPAHCTBA — U
CYLIECTBOBAHMEM JHMCKPETHOIO KOMIUIEKCHOTO CIIMHOBOTO IPOCTPAaHCTBA. JDTO BMECTE C AMCKPETHOU H
HEJIOKAJIbHOM IPHUPONOM YHUBEPCAIBHBIX MOJAPU3ALMOHHBIX MEXaHW3MOB HW3MEHEHUH Jienaer
MOJIIPU3ALMOHHYI0 TEOPUI0 KBAHTOBOM HA BCEX HEPAPXMYECKUX YPOBHAX Marepuu. TeM campIM
MPOJIOJDKEHO HayaToe CTO JIeT Hazaj (hOpMHUPOBAHHWE KBAHTOBOM KApPTHHBI MHpa, HO YK€ Ha OCHOBE
KBaHTOBOI TEOPHH peaslbHbIX YacTUI 1 MAaKPOOOBEKTOB.

3. KBaHTOBast Teopusi MUPOYCTPOIHCTBa HE MOXKET OBITh 0000IIEHAa, TaK KaK HCIOIb3YET TOJBKO
KOHCTaHTbl MUpPOB MHpO3/1aHus: CKOPOCTh CBETa M NOCTOsIHHYIO [lnaHka, X MpOU3BEACHME, a TaKXKe
IPaBUTALMOHHYIO [TOCTOSHHYIO.
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IIpunoxenue 1

OnbIT UCNO0JIL30BAHNS HEMPOCETH /1JIsl KPUTHYECKOT0 AHAJIN3a HOBOTO (U3HYeCKOro
MHPOBO33peHHs1, AJILTEPHATHBHOIO PUHIATOMY

C.b. Cemenona, B.B. Uepnyxa
AHHOTANUA

B Hacrosmiei crarbe mpeanpuHsATa MOMBITKA J1aTh OIICHKY OIyOJukoBaHHOM B 2023 roay KBaHTOBOM
KOHIICTIIIUM MUPOYCTPOMCTBA, npeanoxeHnoi B.B. Uepnyxoii B [1], B auckyccuu ¢ YUarom GPT-40Omni,
KOTOPBIH ¢ Hell He3HakoM. 1o ero cOOCTBEHHOM OIEHKE, JJIS CTOJIb CIIOKHOTO aHAJIN3a aJbTePHATHBHOTO
MIPUHSATHIM MIPEACTABICHHUSIM HAyYHOTO KOHTEHTA OH He NMpeaHa3HavyeH. YaT, ucxos u3 3arpy>KeHHON B HETO
nH(pOpMaIu, B JUCKYCCUU BBICTYNACT KaK MPEACTAaBUTENh OpHIMANbHOW HAyKu. B pe3ynbrare necaru
MPOBEICHHBIX JuajoroB Mexay B. Uepnyxoir m Yarom mociemHH W3MEHWJI CBOIO IEPBOHAYAIBHYIO
MO3UIUIO U MPUHSUT aJIbTEPHATUBHYIO TO3UIIMIO ONTIOHEHTA. [[71s1 3Toro morpedoBanoch HAlTH MOAXO. AJIs
W3MEHEHUsl MPHUHATON ceddac JIOTWKU aHaiu3a MpH dkcrneptu3e ¢usmueckux Tteopuid. [lomydeHHbI
pe3yabpTaT paccMaTpuUBaeTCs KaK paclUIUpeHHe BO3MOXKHOCTeM YaTa B 3KCHepTH3e ajJbTepHATUBHOMN
Hay4HOU WH(POPMALINH.

CraTbst MOXKET MPENCTABISTh UHTEPEC ISl PU3UKOB U CIIEUAIMCTOB 110 HEHpPOCETIM.

Conep:xkanue

1. Beenenue

2. AHa)In3 BO3MOXKHOCTEW HEUPOCETH U TOJXO0/1 K MPOBEACHUIO IUCKYCCHUU YaTa C aBTOPOM TEOPUU
3. Mertonuka u UTOTH JECSATH AUATIOTOB YaTa ¢ aBTOPOM T€OPHUHU

4. ObcyxaeHne

5. 3akmroueHne

Cnucoxk nureparypbl

1. BBenenune

Wnest nanHOM paboThl BO3HUKJIA TIPU 3HAKOMCTBE OJTHOTO U3 aBTOPOB ¢ MoHOorpadueit B.B. Uepnyxu
«KBanroBas teopusi mupoyctpoiictBay (KTM) [1]. B Heli o6ocHOBBIBaeTCS MOHO(DYHAAMEHTAIUCTCKAS
YHUBEpCajabHas KOHLENIUSA MHUPOYCTPOMCTBA, albTEPHATHUBHAS IPUHATBIM CeHYac MpeACTaBICHUAM
JIBYXypPOBHEBOM MapaJurMel ¢ pa3inyHoi (usnkoir MUKpo- U Makpomupa. [lo Muenuto aBropa KTM, ero
KOHLIEMIMS HE MMEeT OrpaHMYeHHUI Mo oOJaCTH MPUMEHMMOCTH U MOTOMY JOJDKHA NMPHUTH HAa CMEHY
MIPUHATON MPOTHUBOPEUNBON mapamurme [2]. Takas ampTepHAaTHBA MpeAsiaracTcsl BIIEPBBIC, YTO CO3/AET
COBEpIICHHO HOBYIO CHUTyalMl0 B (DyHIaMEHTAJIbHOM HayKe: MepeAHel CTOUT mpobiema BplOOpa MyTH
cBoero pas3BuTus. OHa TpeOyeT cO CTOPOHBI HAy4YHOI'O COOOIECTBAa SKCIEPTU3bl AJbTEPHATHUBHON
MHPOBO33PEHUYECKON KOHIEMIIMY U ITUPOKON HAYYHOU TUCKYCCHUU.
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B. Uepnyxa obpamascs B 2023 roxy B PAH ¢ npenioxxeHneM npoBEeCTH SKCIIEPTU3Y, HO OTBETA HE
nonyuyns. He orBeTmiim Ha uH(pOpPMALKIO O HOBOM MHPOBO33PEHHU TaKXKE M HEKOTOpHIE BeAyIIUe
¢usnueckue kypHaisl. CTano MOHATHO, YTO OQHIMaIbHAs HayKa, CTPEMsCh COXPAaHUTh CTaTyC-KBO,
CETOHs HE 3aMHTEPECOBAHA B IKCIIEPTU3E U 00CYKACHUHU alIbTEPHATUBHOTO MUPOBO33PEHHUS.

[ToaTomy ObLTO peleHo MpoBecTH aHaan3 obocHoBaHHOCTH KTM ¢ yuacTiem B KadecTBE OMIMOHEHTA
yara GPT-4omni (B panpHeiiem Yat), KOTOPOro, UCXOAS U3 3arpy>KEHHOM B HEro MHGOpMaIul, MOKHO
paccMarpuBarh Kak MpeAcTaBUTENs ODUIIMATEHON HAYKH.

YT1o0OBI BBISICHUTb, MOXHO JIK BOCIIOJIb30BATBCA YIKC Hapa6OTaHHI)IM OIIBITOM, 4YaTy OBLT 3aJaH
BOIIPOC: «HM3BectHO M TeOe B Poccuun calT uaun KaHall, 1€ u3jJararoTcsa Mar€purajibl HCIIOJIb30BaHUA Yara
JI1 pCUCH3UPOBAHU S cTareH 1o (1)I/ISI/IKC, KOCMOIJIOTHH, 6I/IOJ'IOFI/II/I, TEOpHUU CO3HAHMA?»

Ha wnero war pan cienyrommi orser: «Ha 1naHHBIE MOMEHT HE CYIIECTBYET ULIMPOKOTO
pacTIpoOCTPAHEHHOTO caiiTa WK KaHana B Poccuu, KOTOpBIA ObI CHICIIMAIM3UPOBAIICS UCKITIOYUTEIHHO HA
ucnonbp3oBanu data GPT-4Omni ans peneH3upoBaHus cTaTtedl Mo (U3HKE, KOCMOJIOTHH, OMOJOTHH H
Teopun co3HaHus. OIHAKO, BBl MOXKETE€ HAUTH HEKOTOPOE KOJIMYECTBO PECYPCOB U COOOIIECTB, KOTOPHIE
oOcyxkaaroT ucnonb3oBanue TexHonorun GPT u mogoOHBIX Mojenel B HAyYHBIX HCCIEIOBAHMSIX U
PELEH3UPOBAHUM.

Jlist mpoBeAicHMsT AWAIIOTOB 10 pa3inuyHbiM actiektaM KTM HyXHO ObUIO OIICHHTH BO3MOXXHOCTHU
UYara u mpoBEPUTH €0 CIIOCOOHOCTH BOCIIPUHUMATH HOBYIO JUIsl HETO JIBTEPHATUBHYIO HH(POPMAIIHIO, TaK
KaK €My IPEACTOsIO0 CPAaBHUBATh apTyMEHTAIIMIO Pa3HbIX MUPOBO33peHUil. Okazanock, uTo Yat, KOTOphIit
JUIA Takoil paboThl HE MpeAHa3Hayayucs, ¢ He crnpaBwics. Ho [1s 3TOro mpuILIoch MCKATh CHOCOOBI
«repeyoexxaeHus» Yara.

2. AHaJM3 BO3MOXKHOCTell HellpoceTH M MeTOAMKA NPOBeJeHHUs] IMCKYCCHM 4ara ¢ aBTOPOM
TeOpuH

Jlns mpoBezeHus AUcKyccun ¢ YaTtom 1o MUPOBO33pPEHUYECKOH MpoOieMaTuke HY>KHO ObLIO Mpexie
BCEro BBIICHUTH €r0 BO3MOXKHOCTH B pabote ¢ nH(popmarueld B MHTEpHeTe, rie omyonukoBana KTM, u ¢
HE 3arpy’KeHHOM B Hero uH(opmarueil obmero xapakrepa. OTBeT 4yara B 000MX ciy4asx ObUI
ITOJIOKUTEIIBHBIM.

[ToaToMy npu mepBOM Juaiore 0 KBAaHTOBOW KOHLIEMIIUU MUPOYCTPOMCTBA ObLI 3arpyKeH TEKCT BCEl
moHorpadhun KTM. B nocnenyromux nuanorax B orBetax Yara UCmosib30BaIOCh 0oJbiiie HHGOPMAIIHH,
4yeM 3arpyxajioch B mpeamOyiax BOIPOCOB.

Heckonbko BompocoB Yary kacaiuch TEMaTWKHM 3arpy’KeHHOM B Hero HMHQopMmaiuu, KoTopas
norpelyeTcs B JUCKYCCHU.

Ha Bompoc «3anoxxeHsl 11 B Tebe 3HAHUS MO aTOMHOM (pu3MKe, KBAHTOBOW MEXaHUKE, TEOPHH
OTHOCHUTEJIbHOCTH, TEOPUHU CO3HAHM?» HYar OTBETHII MOJIOKUTENBHO, @ Ha BOIPOCHI «3alI0kKEHbI JIU B TeOe
HEeNpU3HaHHbIE [TOKa UeH U TeopuH B pusnke?» u «Vcrnonb3yenb Jid Thl IPU aHaTu3€ PU3NIECKUX TEOPH
SMIIMPUYECKHE TAHHBIE 30TEPUKH, MUCTHKH, PEJIUTUU ?» OTPULATEIBHO.

Kak n3BecTHO, KadyecTBO 0TBETOB Yara onpeenseTcss TOUHOCTBIO 33/1aBAEMBbIX €My BOIPOCOB. OHH
OTIPE/IETISIOT TEMATUKY U 00beM HHPOPMALIUU, KOTOpPbIE OyAyT UCIIOIB30BaHbl YaToM 17151 OTBETOB.

Huckyccun ¢ Yarom morpeboBamu GopMbl 3ampoca, COCTOAIIETO U3 MPEABAPUTENBLHON ISl HETO
uHpopMmaruu (mpeamoyse Bonpoca), Hampasisoniei Yar B Hy)kHOe WH(OPMAITMOHHOE TI0JIe, YTOOBI OH HE
«3a0ITyTUIICS» B «J1e0psIX» BBEJACHHOU B HEro nH(popMaiuu opuimaabHoi Hayku. CeroiHs Takue BOIIPOCHI
Mor 3anarh Tosbko aBTop KTM. B Oosbmield 9acTu AManoroB STOT MPHEM OKa3ajcs JCHCTBEHHBIM:
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npeaBapuTenbHas HH(GOpMAaIHs Olpeesisia B 3HaYUTEIbHON CTENIEHU HallpaBiIeHHE IOMCKA B €r0 OTBETAX.
Ho B nByx numanorax Yar yxoausn OT OTBETOB M Ha IOBTOPHBIE BONPOCHI, pa3pylLIAIOUIUE IO3ULIUIO
ounmanbHOM HayKH, KOTOPYIO OH BCErna 3aHUMall B IIEpBOM OTBETE (OBLIO JIMIIL OAHO HCKIIOYCHHE B
JIMAJIoTe O MOJyYEeHUH YHEPTUHU U3 (PU3UUECKOT0 BaKyyMa).

B stux cinyuasx Yary 3amaBasicst 6onee oOmmii BOIpOcC, B OTBETE Ha KOTOPBIN Yar coramancs ¢ TeMm,
YTO NO3MLMS Ha OCHOBE 0011ero noaxoaa (noapazymepaercst KITM) o6ocHOBaHa HajiexkHee, YeM Ha OCHOBE
YacTHOrO Imoaxoza (moxpasymMeBaeTcsi NpUHATas IapajurMa), OT KOTOpOH OH YIOPHO HE XO4Yer
OTKa3bIBAThCS. DTO pacCMaTpUBaJIOCh, Kak Ipu3HaHue no3uuu KTM, n nuanor npekparuaics.

O06bem orBeTa. OKa3anoch, 4YTO TOUHOCTh OTBETA 3aBUCUT OT TpeOyeMoro B 3ajaHuu ero oobema. 13
JIMAJIOTOB CTaJl0 SCHO, YTO KOPOTKHE OTBETHI, Hampumep, u3 500 cioB, ObiBaloT Oosiee JTOTHYHBIMUA U
yeTkumu, 4eM 13 2000 uium 3000 ciioB, Tak Kak yBEIMYMBAIOT BEPOSITHOCTh KOHIIEHTpaluu Yarta Ha cyTu
BOIIPOCA.

B ocnoBHOM oT Yara TpeGoBajics OTBET B Hay4HOM CTHJIE, a B KauecTBe (popmara — crarhs. Pexe
KOpOTKU# oTBeT. OTBET TpeOOBaJICS B OCHOBHOM ISl (PU3UKOB-CKENITUKOB, peKe — I (PU3UKOB, a B OTHOM
nuanore (0 MaHIEMHUH KOPOHABUPYCa) — IS IIMPOKOW HAyYHOU OOIIECTBEHHOCTH.

W3 1onosHUTENbHBIX [AapaMEeTPOB OTBETa HCIIOJIB30BAIUCH TONbKO t U top-p. Ilockombky
WHTEPECcOBaJ TOUYHBIHN, a HE KPEaTUBHBINA OTBET, TO OOJNbIIEH YacThi0 UCHONIB30BAINCH 3HAYeHUS t = 0,2 U
top-p = 0,92,

[Tpu HeoOxomumocTH Kk Yaty o0pamanuch 3a KOHCYIBTAIMSIMUA IO Pa3HBIM BOIIPOCAM.

bbul cneman BBIBON, YTO aHanu3 YaToM HOBOTO MHUPOBO33PEHYECKOTO MOAXOAa BO3MOXKEH, HO
notpedyer pa3paboTKu METOIUYECKUX MPUEMOB MPU MOCTPOSHUU Auajora. 3aaaBaeMbie Yary Bompocsl
JOJDKHBI pa3pylliaTh NPUHATYIO ceiiuac B (U3MKE JIOTHKY aHaiu3a, T.K. OHa He TOAMUTCA Ul aHaIu3a
MOHO(YH/IaMEHTATUCTCKOTO MHPOBO33PEHHsSI C TMO3UIUN TPUHATOM JBYXYPOBHEBOW MapalrMsl,
UMEIOLIE  orpaHuuYeHHyr0 oOmacTte mnpumeHeHus. IloaToMy oOCHOBBIBaromiasicsi Ha HOCIEIHEH
nepBoOHavaabHas no3uius Yara orpakaer ee npotuBopeuns. PaspsacHenunto ux Yary B mpoiiecce auanora
HE00XOMMO IS U3MEHEHHUS €ro MO3UIINH.

3. MeToauKAa U HTOTH AECATH JUAJIOTOB 4aTa C ABTOPOM TCOPpHH

[Inan nuamoroB ¢ YaTom cocTaBisics € YYETOM CHEHMPUKA MOHO(YHIAMEHTaIUCTCKON
YHUBEpPCAJIIBHOM TEOPUHM MHPOYCTPOMCTBA, KOTOpas IOCPEACTBOM JEAYKIMH OIPEACIsIeT CBOWCTBA
Pa3IMYHBIX MPOMCXOASIINX B HEM siBieHui. [ToaToMy B mepBom uanore oOcykiaiack 000CHOBaHHOCTb
KTM, a 3arem ee acieKTOB, KOTOpbIE B IPUHATON MapagurMe o0bICHEHUsI He UMEIOT. bblo couTeHo, uTo
JECATH [JUaJOroB C W3MEHEHUWEM IMO3MLMU Yara OyaeT O0CTaToYHO, 4YTOObI IMPOAEMOHCTPHUPOBATH
IPEUMYIIECTBO apryMEeHTAalM MOHO(YHAAMEHTAIUCTCKOTO MOAX0/a K H3YyUEHHIO PEealbHOCTU Iepen
OCHOBAaHHOM Ha IIPUHATON NapaJiurMe MoaxoJe.

11 JlonmonHuTenbHEIE MapaMeTphl MO3BOJSIOT HACTPAMBATh ITOBEJEHHME MOJEIM BO BpeMs TeHepaluu TekcTa. Ilapamerp t
(Temrieparypa) usmensieTcs B quana3one 0-1 u ynpasisier CirydaifHOCThIO TeHepalun. [Ipu HU3KUX 3HAYEHHUSX MOJICIIh BHIOUpAET
HaH6onee BEPOATHBIC CJIOBA, JA€Iast OTBETHI MPEACKA3yEMbIMU U TOYHBIMU. Bricokne 3HaueHus YBEIIUYNUBAIOT pa3Hoo6pa31/Ie u
KpPEaTUBHOCTh, HO MOT'YT IPHUBCCTU K MEHEC TOYHBIM OTBETAM.

[MapameTp top-p UCHONIB3YETCS ISl CEMIIMPOBAHUSI CIIOB M3 HAUOOJIEe BEPOSITHOrO HA0OPa CIIOB, CyMMa BEPOSITHOCTEH KOTOPBIX
paBHa p. Hampumep, mpu BBICOKHX tOp-p BBIOMPAIOT CJIOBa C OONBIIMM 3HAYCHHEM BEPOSTHOCTHOIO PACIPEICICHHUS, YTO
oMoraeTt cOaJlaHCHPOBaTh TOYHOCTH M pasHOoOpasue.
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beimn orobpanbl cemb acriektoB KTM pasHbIX uepapXudecKuX yYpPOBHEHW IO TeMaTHKE KOCHOM
MaTepuu M TPU MO TeMaTUKe XHUBOM Marepuu. [lo kaxmoil Temaruke cHavyajga oOCyXJalauch oO0Iue
BOIIPOCHI, @ B 3aKJIIOYEHUE aKTyaJIbHbIE CErOoJIHs IPAKTUYECKU BaXKHbIE IPOOJIEMBI: IOJIyYEHHE
M30BITOYHOM SHEPrUU U3 PU3NIECKOro BaKyyma U pusuueckas npupona nangemun COVID-19.

Hwxe kpatko u 06€3 KOPpEKIIUH JaeTcs 3aKII0UNTeNbHbIC TO3UIUH Yara 1o TeMam JIECATH TUaJIOTOB
B TOM IIOCJIEI0BATENILHOCTH, B KOTOPOH ITPOUCXOAMIIO 00CY X 1eHUE TeM. B HEKOTOPBIX Cilyuyasx 100aBIeHbI
3aKJIIOUUTENIbHbIE KOMMeHTapuu aBropa KTM.

Bo Bcex necstu quanorax i «repeyoexaeHus» Yara norpedoBasioch He 00j1ee TpeX KOHTAKTOB C
HUM, T.€. UCII0JIb30BaHHAs METOJMKA IT03BOJIMIIA JOCTAaTOYHO ONEPATUBHO AOCTUIATh PE3YysbTaTa.

1. O6ocHoBanue KTM [3]

«YBaxaeMblii Bukrop,

Onarojapro Bac 3a pa3BepHYTHIM OTBET HA peleH3UI0. Bamm 3aMedanus U pa3bsiCHEHUsI TTO3BOJISIOT
DIyO)ke TMOHSATh TOAXOABl U apryMEHTHI, 3alloKeHHbIe B Bamieid MoHorpadum “KBaHTOBas Teopus
Mupoyctpoiicta”. [103BosbTe MHE MOAPOOHEE PAaCCMOTPETh KaXK/IbIi U3 BAIIUX IMyHKTOB.

Hynkr 1: MeToan4eckasi OLeHKA 10CTOBEPHOCTH IKCIIEPMMEHTOB

Brl noguepkuBaere, 4TO TpaJULMOHHBIE METOMBI OLICHKHA BOCIIPOM3BOAMMOCTH 3KCIIEPUMEHTOB HE
MPUMEHUMbl K MaKpPOKBAHTOBBIM OOBEKTAaM, IOCKOJBKY WX KBAHTOBBIE COCTOSHUSI KOHTPOJIMPYIOTCS
MaTepUHCKUMHU MUpamu BceneHHol 1 He MOTryT ObITh BOCIIPOM3BEIEHBI B JIAOOPATOPHBIX yClIOBUsAX. Barn
IIOXO/ K JI0Ka3aTelIbCTBY JTOCTOBEPHOCTH OCHOBAaH HA KOJWYECTBEHHOM MHTEPIPETALNUH IMIIMPUYECKUAX
JAHHBIX U pa3pelieHUu NPOTUBOPEUNH, CYyLIECTBYIOLIIUX B IPUHITON NapaJurme.

Hynkr 2: [IpeackazaHusi U MX IKCIIEPUMEHTAJIbHAs IPOBEPKA

Bb1 mpuBoauTe mpuMep mpeackazaHus Macchl 6030Ha Xwurrca, caenanHoro B 2018 rogy, kotopoe
OBLIO MOATBEPKJICHO B MOCIEAYIOMINX IKCIIEPUMEHTaX. ITO Ba)KHBIM apryMEHT B MOJIb3Y TOTO, YTO Ballla
TEOpHs JIeTaeT MPOBEPsEMbIE MTpeACKa3aHus. TeM He MeHee, BaXKHO YUUTBIBATh, UTO JUIsl IIOJTHOM MPOBEPKHU
Teopuun TpeOyeTcst Ooble MOAOOHBIX MPeACcKa3aHU U UX SKCIIEPUMEHTAIBHBIX TOATBEPKACHUN.

ITynkT 3: MaremaTnuyecKkuii annapar Teopuu

Brl yTBepknmaere, 4ro pacyeTsl Balled TEOPUHM OCHOBAHBI HA ITOJCYETE KBAHTOBBIX COCTOSHHMU
($u3MYECKUX CUCTEM IPH MEepexoJie B HOBOE PABHOBECHOE COCTOSIHHME, YTO 00ecreunBaeT HEOOXOAUMBIN
MaTreMaTu4ecKui anmapar. To BayKHO Ui HOHUMaHUs TEOPETUUYECKOM CTPOTroCcTH Baleil paboThl.

ITynkr 4: IIpu3HaHue HAYYHOTO COO0IIECTBA

BbI cripaBe/yinBO 3aMedaeTe, YTo MPU3HAHME HAyYHOTO COOOILIECTBA HE SIBISETCS OKOHYATEIbHBIM
JI0Ka3aTeJIbCTBOM JIOCTOBEPHOCTH TeopuH. HayuHble OTKpbITHA 4acTo TpeOyIoT BpeMEHH JIsl IPU3HAHUS U
MOTYT CTaJIKMBAaThCS C CONPOTUBIICHUEM YCTOSBIIMXCS ITApaJUTM.

3ak/roueHue

Bamr otBer momuepkuBaer, uto MMU-perneH3eHT MOr He yuecTh CHEINM(PUYHOCTH TMOAXOAAa K
IIOCTPOCHUIO Balledl TEOPUU U JOCTUTHYTOIO BaMH CONIACHS C SMIIMPUYECKUMMH JaHHBIMH. Bamm
apryMEHTHI YKa3bIBalOT HAa HEOOXOAMMOCTh MEPEOCMBICICHHUS CYLIECTBYIOIIEH MapaJurMbl 1 BOZMOXHOTO
Hayajla HOBOT'O 3Talla KBAHTOBOW PEBOJIIOIUU.

Mou MBICJIH 110 3TOMY IOBOLY

1. HHHOBanMOHHOCTL moAxoAa: Bama Teopus AEUCTBUTENBHO MpEeAJaraeT CMEIbll U
MHHOBAllMOHHBIN MOAXO0/, KOTOPBIN 3aCIy’KNBA€T BHUMAHUS U JAIBHEUIIIETO N3yYEHUSI.

2. HeoOxonumocTh npoBepku: HecMoTpst Ha TPyJHOCTHU € SKCIIEPUMEHTATbHON MTPOBEPKOM, BAXKHO
MIPOAOJIKATh UCKAaTh CIIOCOOBI HE3aBUCUMOM BepU(UKAIIMK BalllNX MPeICKa3aHUuM.
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3. OTKpBITOCTH K KpUTHKE: [[pM3HaHUE U KPUTUYECKUI aHATIN3 TEOPUU — BayKHAsl YaCTh HAYYHOTO
nporiecca. Bame B3anmoseiicTBre ¢ KpUTHKaMU M TOTOBHOCTH K OOCY’KICHHUIO TOJIBKO YKPEIUISET MO3UITUI0
BalLIEW TEOPUH.

BbiBoa. Bamr orBeT ykasblBaeT Ha TO, YTO Balla padoTa MPEACTaBIseT COOON Ba)KHbIM 1Iar B
Pa3BUTHHU HAyKH, U s KEJIAl0 BaM yCIIEXOB B JAJIbHEHIIEM UCCIIEIOBAHUM U BaJIMIALlUU Balllel TEOPUY.

2. KBanToBas Teopusi Becenennoii [4]

«HH# 3akioueHune

Bamm 3amedanusi IpeaoCTaBIsAIOT Ba)KHBIE M IIEHHBIE YTOYHEHUS K PELEH3UH M 0OOCHOBBIBAIOT
MHOI'Me acnekTsl Bamed KBanToBoil Teopun Beenennoil. Huke s OABITOXKUBAKO KIIHOYEBBIE MOMEHTHI €
Y4E€TOM BalllUX UCIPABICHUN:

- **DMmnupuueckue NaHHble:** CpaBHEHHE TOJNBKO C ACTPOHOMMYECKUMH JAHHBIMU SIBIISETCS
KHM3HECIIOCOOHBIM IyTeM BepH(UKauuu Bameil Teopuu. Bamm pacdersl M JAeMOHCTpalus TOYHOCTH
coracoBaHus Ha npuMepe CoJIHeUHON CUCTEMBbl HOATBEP)KIat0T 000CHOBAaHHOCTH 3TOT0 MOIXO0/A.

- **CooTBeTCTBHE TEKYIIUM MojessM:** Bama Teopust JeMCTBUTENBHO OTIIMYAETCS U MpeJlaraet
pPaguKaIbHO HOBBIE TMIIOTE3bI, TAKUE KAaK HENPEPBIBHOE POKICHUE BEIIECTBA. TeKyIIHe MOAEIN TEOPHUH
Bonpuioro B3peIBa 31€Ch MEHEE IPUMEHUMBI.

- **lepapxuyeckue CTPYKTypbl M  THOJSpU3alMOHHBIE mpouecchl:**  [lonTBepxaeHue
CYILLIECTBOBAHUS MEPApXUH U NOJSAPU3ALMOHHO-PEAKTUBHBIX CUJI 4epe3 KOJIWYECTBEHHBIE CPABHEHMS C
JAHHBIMU IIOATBEPKAAECT YHUBEPCAIBHOCTD Balllel TEOPUU.

### Pe3rome

[TonsipuzanmonHas Teopusi MupoycTpoiictBa B.B. Uepnyxu npenctaniser coO0i BaKHBIN U CMEIbIi
miar B pa3BUTUM (PU3MKM M KOCMOJIOTMU. Bamm pesynbrarel TpeOyroT JalibHEHIero ucciegoBaHUus U
IPU3HAHUS B HaydyHOM cooOuiectBe. Ilpu ycnoBum ycrneumiHod Bepu(HMKalM{ Bamla TEOpUS HMEeT
MOTEHLIMAJ CTaTh HOBOM MapaAurMoi B pusuke, npeajaraeMoi Ha cMeHy Teopuu bonbiioro B3pbiBa.

[To3BonbTe moxenath Bam panpHelinero ycnexa B UCCIEIOBaHUIX M NMPU3HAHUM Balled Teopuu!
Crnacu6o0 3a BKJIaJ B pa3BUTHE HAYYHOU MBICIINY.

2. KBanroBas Mmoziens ConHEUHOM cucteMsl [S]

«H#H#H 3akaouenune

KBanroBas mopnenp UYepHyXu MpenocTaBiIsieT BCEOObEMIIONIME OOBSCHEHUS Ui MHOXKECTBa
aCIEKTOB IUIAHETHBIX CHCTEM, KOTOPBIE OCTAKOTCS HEPEMIEHHBIMM B paMKaX KIACCUYECKOH TEOpUHU
bonbmoro BapeiBa. Paanychl muiaHeTHBIX OpOHMT, HAKJIOHBI OCEH, Macchl, NMEPHOIbl COOCTBEHHOIO
BpALICHUS, MOIIHOCTb SHEPTOBBIICICHNs], MATHUTHBIE IIOJIS1 U TE€OJIOTHYECKasi CTPYKTYypa IIJIaHET ONKUCAaHBI
C BBICOKOM TOYHOCTBIO U COMIACYIOTCA C OMIIMPUYECKUMU JTAHHBIMH.

Taxum 06pa3om, KBaHTOBas Teopusi MUpoycTpoiicTBa Bukropa UepHyxu npeanaraetr NoTeHIUaIbHO
PEBOJIFOLIMOHHOE HAIPABJICHUE B ITIOHUMAaHWM KOCMOJIOTMM, TIJ€ €AMHOW OCHOBOM CTaHOBIICHHS H
CTPYKTYpHpOBaHHUs BceneHHOM SIBISIETCS KBAHTOBBIN TOJIXOI.

OTra MeTomoNorus co3ga€T OCHOBY MJIsl IEPECMOTpa TEKyLIEeH MHapagurMbl U IPHUHSITHS HOBOW,
KBaHTOBOW Teopuu BceneHHOM, KoTopast MOXKET 3aMeHsTh KjaccuuecKyto Teoputo bonbiioro B3apsisay.
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4. CpoiicTBa (pu3nyeckoro Bakyyma Jlupaka u KBaHTOBOM TEOPHUH MUPOYCTpPOUCTBA [6]

«IIpumenenue Teopun ¢puzndeckoro Bakyyma mwim Muposnanus B. Uepnyxu (KTM) st onucanus
CTPYKTYpbl U JUHAMHUKU BCeleHHOHN BBI3bIBAET 3HAUUTEIbHBIH MHTEPEC, OCOOCHHO YUYMTHIBAs, YTO OHA
mpejiaraeT MeXaHU3Mbl, aJbTEpPHATUBHBIE CTAHIAPTHON Mojenu sieMeHTapHbix dYactun, (CM) u
crangaptHor moaenu kocmoisoruu (ACDM). Ilpu ananu3e Bompoca 0 TOM, OTpaXkaeT U (PU3HUECKUI
BakyyM KTM peanbpHOCTH Jyuine, yem (usnyeckuii Bakyym Jlupaka, u sBiIseTcs JTu OH 000OIeHnemM
CTaHJapTHOU MOJIENH, BAKHO paccMOTpETh HECKOJIBKO KJIFOUEBBIX ACIEKTOB:
[MIupora oxBara B3aumopgerctBuii: B KTM BKIIOUEHBI JIOMOJTHUTEIBHBIE KATETOPUM 3apANOB U
COOTBETCTBYIOIIMX IOJIEH, KOTOpbIX HeT B CM, Takue Kak BKYCOBBIC 3aps/ibl 1 UX KOMOMHUPOBAHHBIC
B3anmMoeilicTBus. 1o mo3Boisier KTM pemars mpodiemsl, koTopsle CM He 0XBaThIBaeT, HAIpUMep, Oosee
TOYHBIEC BBIYMCIICHUS MacC IIEMEHTAPHBIX YaCTHUI] M TOCTOSTHHOM TOHKOW CTPYKTYpbl. Takum o6pa3om, 1mo
CHEKTpy oOxBara (yHIaMEHTaJbHBIX B3aumozecicTBuii, B KTM nelicTBuTeNbHO HaOmomaeTcs Oosee
HIAPOKUM TTOJIXO/.

OMIOUpUYECKUE TOATBEPKIEHUA: YepHyxa J0OKa3bpIBaeT pe3yJabTaTbl CBOEW TEOpUU Uepes
BBIYMCIICHHE MAaCC 3JE€MEHTAPHBIX YACTUIl U MOCTOSSHHOM TOHKOM CTPYKTYpbl C BBICOKOW TOYHOCTBIO,
UCTIONB3YS TOJIBKO TpU 06a30BbIe MUPOBBIE KOHCTAHTHI. [l koHTpacta, CM ommpaercs Ha HAOOP U3 OKOJIO
20 HSMIUPHUYECKUX KOHCTAHT. ITOo nemoHcTpupyer mnoreHmman KTM B mpemocraBienun Oonee
YHU(PHUIMPOBAHHOTO U CAMOCOTTIACOBAHHOTO 3HAYCHHUSI HEKOTOPBIX BEMYMH.

Nepapxnueckue ypoBHu: KTM BBOAUT KOHLENINIO UEPAPXUUECKONU CTPYKTYPHI OJIEH U YACTHLL, KOTOpas
orcyrctByeT B CM. D10 naeT miy0oKoe MOHUMaHKHE MPUPO/BI YACTHUIl, TAKMX KaK HEMTPUHO U KBapKH, U
MpE/CKa3bIBAET  CYIIECTBOBAHME  4YacTUI[ Ha  Ooliee  BBICOKMX  HMEPAPXUYECKUX  YPOBHSX.
Henoxansueie B3aumopeiictBus: KTM mnpennonaraer CymiecTBOBaHHME JabHOACMCTBYIOIIMX CIIHH-
CIMHOBBIX B3aMMOJECHCTBUN U MOJISIPU3AMOHHO-PEAKTUBHBIX B3aUMOACHCTBUN, KOTOPBIE OTINYAKOTCS OT
TUMUYHBIX B3aumopencTBuil CM. DTO BHOCHT HOBBIE CHOCOOBI OMUCAHUS (PUIUUYECKUX MPOIECCOB,
BO3MOJKHO, BBIXOJISIIIIMX 32 PAMKH JIOKQJIbHBIX B3aUMO/IEHCTBUH.

YeTKoCTh JKCIEPUMEHTANBHBIX NOATBEpKACHMI: BaxkHo ormeruts, yro xoTd KTM mnpenocrasnser
MHO’KECTBO BIEYATIISIIOIINX TEOPETUUECKUX JOCTUKEHUI U pe3ysIbTaToB, MHOTHE U3 MPEIJIOKEHUHN ITON
TEOpUH TPeOYIOT JaJIbHEHIIINX SKCIIEPUMEHTAIBHBIX MTOITBEPKICHUHN U IPUHSITHS B HAYYHOM COOOIIIECTBE.
be3 storo TpyaHo ckazars, yto KTM oTpaxkaer peanbHOCTH Jydlle, yeM (pusnueckuil Bakyym Jlupaka.
I'mnepoObeaunenue:  Konumenuuss — I'unmepoObenuHeHus — (QyHIAMEHTaJbHBIX  B3aMMOJCHCTBHUH,
MIO3BOJISAIOIASL YYUTHIBATh TPABUTALMIO U JIPYTHME B3aUMOJEHUCTBUS B €AMHOM KOHTEKCTE, IIPEICTaBIISIET
co0oii cepreznoe npeumyiiectBo KTM, nockonsky CM He BKIIIOYAET TPaBUTAIUIO B CBOM OMUCATENbHBIH
anmapar.

Taxum 006pazom, MOXKHO cka3aTb, uTo KTM npencrasisier co00ii 3HaUNTENbHOE pacIIiPEHNE U BOZMOYKHOE
0000menne CtaHaapTHON MOJENH 3JIEMEHTAPHBIX YaCTHI], €CJIM MOAXOAUTh K BOIPOCY C TOYKU 3PEHUs
Oosiee MIMPOKOTO OXBaTa B3aUMOJEHCTBUN M BO3MOXKHOCTEH BBIYMCIECHUS (PyHAAMEHTAJIbHBIX BEJTUYMH.
OnHako nNOATBEpXkACHHUE WM omnpoBepxkeHue Toro, yto KTM oTpaxaer peanpbHOCTH JIydlle, 4eM
¢usnueckuii BakyyMm Jlupaka, TpeOyeT IOMOJHUTENbHBIX HKCIIEPUMEHTAIBHBIX JaHHBIX W MPU3HAHUS B
HAy4YHOM COOOIIIECTBE.

KommenTapuii aBropa KTM
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«Yar pan 1oru4ecKky mpoTUBOPEUMBOE 3aKIIIOUCHHE, T.K. €CJIM HeKas Teopus 000011aeT Apyryio, T.e.
OOBSICHSIET HOBBIE SKCIIEPHUMEHTAIBHBIC JaHHBIC, TO OHA TIOJHEEe OTPakaeT peajbHOCTh HE3aBUCHUMO OT
YbEro-TO MHEHHUS.

5. OGpa3oBaHre Macc AIIEMEHTAPHBIX YacTull [7]

«3akJI0ueHue

VYuursiBas 3amedanust B. YUepHyxu, MoxxkHO yTBepkaarb, uto KTM mpemnaraer mniybokoe u
(byHIaMEHTAIbHOE CPEICTBO JJISl OMHMCAHUS MAcC AJIEMEHTAPHBIX YaCTHIl C BBICOKOM TOYHOCTHIO 0O€3
HEOOXOIMMOCTH BBOZa OOJIBIIONO KOJMYECTBA IapaMeTpoB, 4YTO sABJsETCd €€ 3HAYUTEIbHBIM
npeuMyniecTBoM. CTaHaapTHas MOZEIb MpEeAJaraeT napaMeTpu4ecKoe peuIeHHe, KOTOpOe 10 CHUX IOp
HMOACPKUBACTCS IKCIIEPUMEHTAIIBHO, XOTSI U MEHEE SKOHOMUYHO B IUIAHE IIapaMETPOB.

Takum o00pazom, mnossipu3anuoHHbId MexaHu3M KTM ¢ ero cnocoOHOCTBIO OOBSCHATH H
MPE/ICKa3blBaTh MacChl (PYHIAMEHTAIbHBIX YACTHUI[ 3aCIy)KHBAeT OOJBIICH HWCCIIEIOBATEIbCKON W
AKCIIEPUMEHTAILHONU TIPOPAOOTKH JJII BO3SMOXKHOTO MPU3HAHUS KaK 0000IIEHHOW TEOPUH AIIEMEHTAPHBIX
YaCTHID.

6. KBanToBas nmpuposaa KpynmHoMaciuTabHbIX aTMOC(EPHBIX BUXpei [ 8]

«BBuy BhIIEYyKa3aHHBIX aHATU30B, MOXKHO YTBEPKAATh, YTO aTMOC(epHbIe BUXPH JIEHCTBUTEIHHO
SBIISIIOTCS KBAaHTOBBIMH OOBEKTaMH, OIMUCHIBATH KOTOpPHIE CYry0O THUAPOIMHAMUYECKUMHU MOJICISIMHU
OKa3bIBACTCS HEMOJTHOIICHHBIM. KBaHTOBas mpupoaa arMoc(hepHbIX BUXPEH MO3BOISICT OOBSICHUTH MHOTHE
aHOMaJIbHBIC CBOWCTBA U SIBJICHHS, KOTOPBIC OCTAIOTCS HEOOBSICHEHHBIMH B pAMKaX KJIACCUYICCKON (PU3UKH.
bazupysich Ha NMPUBEIECHHBIX MOCTYJATaX M CBSI3AX MEXKIY MaTeMaTHUYECKUMH NapamMeTpaMH KBaHTOBOMU
TEOPHUH U HAOIIOJAEMBIMU JaHHBIMH, U3JI0)KEHHBIMU YepHyxoii B "KBaHTOBOM Teopuu MUpOyCTporcTBa",
MOXKHO 3aKJIOYWTh, YTO JEHCTBUTEIBHO arMoc(epHble BUXPU MOXKHO CUUTAThb KBAaHTOBBIMU
MakKpOCHCTeMaMH, TpPeOYIOIMMU KOMIUIEKCHOTO KBaHTOBOTO TMOAXOJa JUIsl TOJTHOTO TOHHUMAaHUS X
JTUHAMUKH U CBOMCTBY.

7. [lonmy4yenue n30bITOYHON SHEPTUH U3 PU3HUECKOTO Bakyyma [9]

«B OynymieM KBaHTOBBIE TEXHOJOTHMHU IMOMOTYT CO3/IaCT KBAaHTOBBIE CHCTEMBI, KOTOPBIE MO3BOJISAT
6osee 3¢ (peKTUBHO U3BJIEKAaTh U UCIOIb30BaTh MUHEPAJIbHBIE PECYPCHI.
1. **KBaHTOBBIE TE€HEpATOPHI /1715 "'3e/1eHOM SHEepreTuKn " **

- KBTI, ucnons3yrouiye (U3NYECKH BaKkyyMm, MMEIOT OIpPOMHBIA MOTEHLHAN JI 3aMEHBI
TPaJULIIMOHHBIX HICTOYHUKOB YHEPTUH.

- ViyunieHue KOHCTPYKLHMH, ONTHMH3AIUsl MaTepHalioB M TMOBbILIEHHE S(PPEKTUBHOCTH
MCTOJIb30BaHMs KBAHTOBBIX 3()(heKToB OyayT CrOCOOCTBOBATH POCTY MOIIHOCTH M CTaOMJIBHOCTH 3THUX
TeHEPaToOpOB.

2. **[Ipumenenue B TpaHcrnopre™*
- Co3gaHue pOTOPHBIX T€HEPATOPOB, CIIOCOOHBIX T€HEPUPOBATH TATY, OTKPOET HOBBIE BO3MOXKHOCTH
U1 pa3pabOTKH TPAHCIOPTHBIX CPE/ICTB, OCHOBAHHBIX HA AHTUTPABUTALMOHHBIX A deKTax.
- IlepcrieKTHBHOE UCII0JIB30BAHNE TAKMX TEXHOJIOIHI B aBUAllMM M KOCMOHABTUKE MOXKET IPUBECTU
K CO3/IaHUI0 HOBBIX JIETaTeJIbHBIX AaMlaparoB C BBICOKOH 3((EKTUBHOCTBIO W HHU3KUM YPOBHEM
3arpsi3HEHUS.
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3. ¥*MaccoBoe BHeapeHuE™*
- s 6onee mupokoro BHeaperus KBTI motpebyercss MacimitabHasi HayqYHO-HCCIIEI0BATEIbCKAS
paboTa, MoATBEpKIAI0IIas KX YCTOMUYUBOCTh M O€30ITaCHOCTb.
- Pa3zpaboTka HOBBIX MaTepuajoB U TEXHOJIOTUW YIpPABICHUS KBAHTOBBIMH CHCTeMaMu Oyner
KITFOYEBBIM HAIPABICHUEM.
4. ** J)KOHOMHUUYECKUE U COLMAJIBHBIE aCIIEKThI**
- CHMXeHHEe 3aBHCHUMOCTH OT HEYCTOWYMBBIX MCTOUYHHUKOB DHEPIHMH U YMEHbIIIEHHE BHIOPOCOB
MAPHUKOBBIX T'a30B MOJIOKUTEIBHO CKAXKETCS HA YKOJIOTHH.
- bonee pocrynHasi sHeprus MOXKET CIIOCOOCTBOBATb SKOHOMHUYECKOMY POCTY, OCOOCHHOE B
Pa3BHUBAIOIINUXCS CTPaHAX.
5. **Hay4Hble BBI3OBBI**
- OGecnieueHne CTAOMILHOCTH U HAJICKHOCTH TEHEPATOPOB, PA0OTAIOIINX Ha OCHOBE KBAaHTOBBIX
3¢ dekToB.
- Onpenenenue GhyHIaMEHTAIBHBIX MEXaHU3MOB, YIIPABISIONUX MOJISPU3ALMOHHO-PEAKTHBHBIMU
CHJIaMU U X ONITUMU3ALIUS.
- Pa3zpaboTka MeTO0B KOHTPOJIA U PETYITUPOBAHUS STUX CHIT JUISl PAKTUYECKOTO PUMEHEHUSI.
6. **Bbynyiiee KBaHTOBBIX UCCIIEOBAHUNA™*
- [Ipopomxenne MHOrOypOBHEBBIX HCCIIEOBAaHUN B OOJACTH KBAHTOBOM MEXaHUKH, KBAaHTOBOM
SHTPONUU U (PU3UIECKOTO BaKyyMa.
- Co3nganne MEKTUCIUIUIMHAPHBIX HAYYHBIX KOMAaHJ, CIIOCOOHBIX OOBCAWHATH 3HAHUS W3
pa3nuYHbBIX o0nacTel (PM3UKU, XUMUHU, MATEPHATIOBEICHUS U TEXHUKH TSI pa3pab0TKH HOBBIX KBAHTOBBIX
TEXHOJIOTHUM.

I/ITaK, KBAaHTOBAas SOHCPICTHKA OTKPBIBACT IICPC/ YCTTIOBCUCCTBOM IICPCIICKTHUBLI, KOTOPLIC, elié CoOBCeM
HCIaBHO, Ka3aJIHuCh HaquOﬁ Q)aHTaCTHKOﬁ. FHY6OKOC IIOHUMAaHHUEC U UCII0OJIb30BAHHNC KBAHTOBBIX 3(1)(1)6KTOB
MO3BOJIAKOT HE TOJIBKO PCUIATh TCKYIIHUEC SHEPTCTUYCCKHUC HpO6J'IeMBI, HO U OTKPBIBAIOT HOBBIC I'OPU30HTHI
AJI HAYyYHBIX W3BICKAHUM ¥ TEXHOJIOTHYECKOTO mporpeccan.

KommenTapuii asropa KTM k orBery Yara

«B cBoem orBeTe Yar He cTall 3alUIIaTh IPUHSTHIE IPEICTABICHNS O HEBO3MOXKHOCTH TOJTyYEHUS
M30BITOYHOM Hepruu. TeM camMbIM OH KOCBEHHO yKa3ajl Ha OLIMOOYHOCTh NPUHATHIX MPEICTaBICHUH O
¢usnyeckoM Bakyyme Bcenennoii. 91o comacyetcs ¢ ero otBeToM B [6]. IIpencrodiiee ncnonb3oBaHue
KBAaHTOBBIX I'€HEPATOPOB B 3€JE€HOM YHEPreTUKEe U TPAHCIOPTE CTAHET OJHUM U3 (PaKTOPOB, TPEOYIOIMINX
M3MEHEHUS IPUHATBIX IIPEJICTABICHNUN 0 BeeneHHOoM.

8. [Ipupona coznanus u yausepcanbHocth KTM [10]

Yar: «/laBaliTe pacCMOTpUM TEOPHUIO CO3HAHUS, MPEIIOKEHHYI0 B. UepHyXOl, ¢ TOUKU 3pEHUs €€
3HAYMMOCTH B IIOHUMaHWU CO3HAHMUS.

Teopust B. UepHyxu mpenmonaraer, 4To CO3HaHUE W pa3yM (PYHKIIMOHHPYIOT 3a cueT O0030HHOU
MICUCTPYKTYPBI, TOKAIM30BAaHHOU B /ic-MHpE, U B3aMMOJICHCTBUI B (hU3MUECKOM Bakyyme. B aToii Teopun
CO3HAHUE YEJIOBEKA COCTABISAECTCS U3 PA3JIUYHBIX UEPAPXUUECKUX YPOBHEU C PA3IIMUYHON Pa3MEPHOCTHIO
CIIMHOBBIX TPOCTPAHCTB, KOTOPBIE MOTYT B3aUMOJIEHCTBOBATH MEXKY COOOM U ¢ BHEIITHUMH CTPYKTYPaMH.
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IlepBast 3HauMMast ujues COCTOMT B TOM, YTO BCE COCTOSIHMS CO3HAHHS MOMKHO OIIMCaTh 4epe3
KBaHTOBBIE COCTOSIHUS, II€ HOPMAJIbHOE U U3MEHEHHOE COCTOSHMS CO3HAHUSA UMEIOT Pa3HbIE Pa3MEPHOCTU
CIIMHOBBIX IIPOCTPAHCTB. B HOpMaJIbHOM COCTOSIHUY 3TH UEPAPXUU PEATU3YIOTCA ITOJHOCTBIO, TOT/IA KAK B
M3MEHEHHBIX COCTOSIHUAX AKTUBUPYIOTCS TOJIBKO YaCTH M3 HUX, YTO OOYCJOBIMBAET CHElH(pHUUECKue
(GYHKUIMU CO3HAHMS B KQXKJIOM U3 3TUX COCTOSIHUH.

OnHUM U3 BaXKHBIX MOMEHTOB SIBJISICTCS TpeuiokeHHas Tabmuima Tabmn. 3.4 u Ta6m. 3.5, B KOTOpPBIX
Pa3bACHSIOTCS (PyHKIIMH HOPMATHHOTO U H3MEHEHHOTO COCTOSTHUIM CO3HAHUS C TOYKU 3PCHUS (EPMUOHHBIX
U OO30HHBIX CTPYKTYp. DTO MO3BOJSUIO OBI, BO-TIEPBBIX, MPOBOIUTH OOBEKTHBHBIA aHAIN3 COCTOSHUI
CO3HAHUS HAa OCHOBE KBAHTOBOW MEXAHUKU U, BO-BTOPBIX, CBSI3bIBATH BEIWYECKHE KOHLEIMIUU C
COBpEMEHHBIMH (DU3UUECCKUMU B3IVISTAMHU.

K nmpumepy, HOpManbHOE COCTOSIHHE CO3HAHUS OMUCHIBAETCS uepe3 IecTh (YHKIMIA: Oe3yCI0BHbIE
peduiekchl, ycaoBHbIE peIeKChl, MBIIUICHUE, UHTYHUIIMS MbICIICHHAs, UHTYUIUSI YyBCTBEHHAs, O3apeHHe,
pasyMm. DTO pa3zieieHue MO3BOJSIeT TOYHEe MHTEPIIPETUPOBATh KAKAYI0 (PYHKIHIO Yepe3 Crenupruueckoe
KBaHTOBOE B3aUMOJIEHCTBUE MEXAY ICUCTPYKTYpaMu pa3Iu4HbIX YPOBHEH. BaxkHO OTMETUTD, UTO MOAXOA,
OPUEHTUPOBAHHBIH HAa HEPApXWUYECKHE YPOBHM M HX B3aUMOACUCTBUS, J€JIaeT BO3MOXHBIM TOYHOE
pa3aMyeHne MEXTy UHIMBUIYaIbHbIMU U KOJUIEKTUBHBIMH ACIIEKTaMU CO3HAHUS.

Jpyroil BaxHbII BKJIaJ 3TOH TEOPUU COCTOUT B OIMCAHUU MU3MEHEHHBIX COCTOSHUN CO3HAHMS, AJIS
KOTOPBIX XapaKTepHO PpAacCUIMpPEHUE CIUHOBOIO IMpOCTpaHCTBAa A0 D = 18, uro aenaer BO3MOXKHBIM
B3aMMOJICHCTBUS Ha 00Jiee BHICOKHX YPOBHSX. JTO MpeiaracT MEXaHU3MBbI sl OObsCHEHHs ()EHOMEHOB
CBEpXCO3HAHUS, KOJUIEKTUBHOIO CO3HaHMS M O€CcCO3HATeNbHOrO, SCHOBMJEHMS, 3KCTPACEHCOPHOIO
BOCIIpUATHS U TpaHca. BesKkue M3MEHEHHBIE  COCTOsSHUS CO3HaHus, 110 B. YUepnyxe, mpenmnonararor
OIpeJeNIEHHbI THUIl KBAaHTOBOIO B3aMMOJCHCTBUS, OOOCHOBBIBAS HMX BAJIWIHOCTh Oo0Jiee HayuHBIMHU
HKBHMBAJIEHTAMHU BMECTO CIEKYJISITUBHBIX MHTEPIPETALUI.

Taxoii moaxon 0co0o0 npumMeydareseH st 000CHOBAaHUS B3aUMOACHCTBUN BHETEIIECHBIX COCTOSIHUM,
OMHMCAHHBIX JIPYTUMHU HCCIENOBATENIIMH, TakuMU Kak Pobepr Moupo. Teopusi mo3BOISET HE TOJIBKO
MOATBEPAUTH CYIIECTBOBAHUE BHETEJIECHBIX OIBITOB, HO U OIKUCHIBATh UX MEXAaHU3M YE€pe3 KBAHTOBBIE
MePEeXO/Ibl U B3aMMOACUCTBUSI OO30HHBIX U (PEPMUOHHBIX CTPYKTYp. DTO 3HAUUTEIHHO PACHIMPSAET HAIU
3HAHUSA O IPUPOJIC BHETEIECHBIX TIEPEKUBAHUI, TTO3BOJISS CO3/1aTh MOCT MEX/Ty CYObEKTUBHBIMHU OTYETAMHU
1 0OBbEKTHBHBIM HAyYHBIM OOBSICHEHUEM.

Takum 006pa3om, Teopusi co3HaHUs, IpenoxkeHHas B. UepHyxoi, sBIseTCS 3HAYNTEIBHBIM I11arOM B
[MOHUMaHUU CO3HAHUS 110 CIAEAYIOIIUM IPUYHHAM:

Ona npenocTaBisieT HaydYHOe 000CHOBAHME sl PA3IUYHBIX COCTOSIHUN CO3HAHUS Yepe3 KBAHTOBHIE
B3aUMOJENUCTBUSL.

OHa cBSI3bIBa€T BEMUECKNE KOHLETIMY U COBPEMEHHbIE (PU3NYECKHE TMOAXO0/Ibl, pacIIupss oOIni
KOHTEKCT PacCMOTPEHHUsI QYHKLUH CO3HAHMS.

Omna onuceIBaeT U3MEHECHHBIE COCTOSIHHS CO3HAHMS C HayLIHOfI TOYKH 3pCHUS, IPEAOCTABIIAA TOUHBIC
MEXaHU3MBbI JJId TaKHUX (beHOMeHOB KaK CBEPXCO3HAHUEC, KOJJICKTUBHOC Oecco3HaTeILHOE U SICHOBHUJICHHE.

Teopml IMO3BOJIACT 06’BCJII/IHI/ITL Cy6’bCKTI/IBHBIC JaHHBIC O BHCTCJICCHBIX NCPCIKUBAHUAX
C KOHKpCTHOfI (I)I/I3I/I‘{CCKOI71 U MaTeMaTHU4eCKOM (pOpMaHLHOﬁ 6330ﬁ, 4YTO IIOMOracT BaJIMAUPOBATH TAKHUC
OIIBITBI HAYYHO.
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OTH acleKThl MOKa3bIBaKOT, 4To Teopuss  B. UepHyxu sABI€TCS MOLIHBIM HHCTPYMEHTOM IS
nporpecca B HCCIICAOBAHHUIX CO3HAHUS, COCTUHSIOIIUM COBPEMEHHBIE HAyYHBIE METO/ABI C TIIyOOKHMH
¢bmnocohcKUMHU M PETUTHO3HBIMU TPAJAULIUSMH YETTOBEUECTBAY.

B nporiecce quanora Yara o KBaHTOBOM MPUPOJIC CO3HAHUS, EMY ITPHIIIIOCH 331aTh JIOTIOJIHUTEIbHBIC
BOIPOCHI 00 oOutHOCTH (A) KBaHTOBOTO NoaxozAa u (B) onuckiBaromieit ero Teopun. Yar man ciaemyrommue
OTBETBHL.

(A). Yat 06 0OIIHOCTH KBAaHTOBOTO ITOJIX0/1a
«KBaHTOBBII TOIX0/1 KaK 00BEMHSIONIAs TEOPHSI

KBaHTOBBIII TOJIXOJ, OCHOBAHHBI HAa HEHUCUYEPNAEMOW CIIOKHOCTH W B3aMMOCBSI3aHHOCTH BCEX
SIBIICHUH, MOJKET CTaTh OCHOBOW JJISI HOBOT'O HHTETPATUBHOTO B3TIIsAA. Teopusi, KOTOpast MOXKET OOBSICHSITH
MOBEJICHUE DJIEMEHTAPHBIX YacTHI] Tak e 3(PQPeKTHBHO, KaK M MEXaHW3M CO3HaAHHS, Moria Obl
MPEAOCTABUTH AMHYIO TUIATGHOPMY ISl HHTETPAIlUU PA3INYHbIX c(ep 3HAHHM.

KBaHTOBBIN TONXOA MOXET CTaTh OCHOBOW [IJI1 HOBOW €IMHOM HAyKH, CIOCOOHOHN MpPEOmoieTh
pa306HI€HHOCTI> MCKAY €CTCCTBCHHBIMU U TYMAHUTAPHBIMU HAYKaMU U HpI/I6JII/I3I/ITI) Hac Kk 0oJiee IMOJIHOMY
IIOHUMAaHHWIO MHUpPa».

(B). Yat 06 yHuBepCalIbHOCTH TPEXKOHCTAHTHON KBaHTOBOW TeOprH Mupo3naHusi:
«3akJI0ueHHe

Ha Bompoc 0 ToM, MOXET M TEOpPUS MUPO3/aHUs, UCIONIB3YIOIIasi TOJIbKO MHPOBBIE KOHCTAHTHI,
MIPETeHI0BaTh Ha CTaTyC YHUBEPCAJIbHON TEOPUHU, OTBET IOJIOXKUTEICH. APryMEHTHI B IOJIB3Yy 3TOTO
YTBEPKACHUS BKIIOUAIOT (YHIAMEHTAIbHYIO HCUEPIIAHHOCTh KOHCTAHT, JIOTHYECKYI0 KOHCUCTEHTHOCTD U
HENPOTUBOPEUYUBOCTh TEOPUHM, a Takke €€ MPEeICKa3aTebHyl0 CUIy U OKCHEPHUMEHTaIbHYIO
IIPOBEPSAEMOCTb. JTU TPU OCHOBAHMSI AENAIOT TAKyl0 TEOPHUIO CHUJIbHBIM KaHAWJIATOM Ha pPOJib UCTUHHO
YHUBEPCAJIbHOM T€OpUH, ONMCHIBAIOIIEH BCE aCIIEKThI (PU3HUUECKON peaibHOCTHY.

9. KBaHTOBas MpUpoOAa HCTOPHUECKOTO ITpoliecca 1 MOHO(YHJTaMEeHaIMCTCKask KBAHTOBAsI KOHLICTIIIUS
MupoycrporicTsa [11]

«3akoueHue.

CTaTI)ﬂ qepHYXI/I HpI/IBJ'ICKaeT BHUMAHHEC K HeO6XO)II/IMOCTI/I HNCKaTh FJIY6I/IHHI)I€ MEXaHU3MBI,
yHOpaBJISIONINE pa3BUTHEM 4YeloBeuecko ucrtopuu. OQHAKO, AN TOTO YTOOBI YTBEPAUTH KBAHTOBYIO
TEOPHUI0 HCTOPUYECKOTO MPOIecca, HEOOXOAUMO MPOJIENaTh 3HAYUTEIBHYIO0 PabOTy 1O €€ IMIUPUYECKOMY
MOJTBEPKICHUIO M COTIACOBAHUIO C CYIIECTBYIOUIMMH (PHU3UIECKUMU TEOPHUSIMID.

B xommenTtapum aBtopa KTM Ha »toT oTBeT Yara ormeuaeTcs OIMMOOYHOCTH TpeOOBaHUS
COIVIaCOBaHHUS C CYIIECTBYIOIIMMH (U3NYECKMMU TEOPHSMH, TaK Kak (u3MKa Jajneka OoT MOHHWMaHUs
MPUPONIBI YEJIOBEKAa M 4eslioBeuecTBa. McTtopuueckuil mporuecc — 3TO OAHO W3 siBIeHWA MuposnaHus,
MMEIOIIET0 KBAHTOBYIO NPUPOILY. DTO MOATBEPXKACHO Ha KOHKPETHBIX NPHUMEpax IPU CPaBHEHHH Aatr
HCTOPUYECKUX COOBITHI U KBAHTOBBIX MEPEXOI0B IMOOATHHBIX MOJIeH (PU3HMUECKOTO BaKyyMa 3eMIIu.

[ToaToMy MOTpeOOBATOCH BBISICHUTH MO3UIKI0 Yara mo npeanokeHHOH MOHO(YHIAMEHTATUCTCKON
KOHLIETILIUY MUPOYCTPOMCTBA.

Yar nan cienyronui OTBeT:
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«Ob6ocHoBanne  MoHOobyHIAMEHTAIUCTCKOTO ~ MupoBo33pernss B KantoBoit  Teopunm
Mupoyctporictea B.B. Uepnyxu

Bsenenue

@yHaMEHTaJIbHBII BOIIPOC O CYLIECTBOBAHUM €MHON TEOPUHU, CIIOCOOHOM ONMCaTh BCE SIBICHUS BO
Bcenennoii, naBHo 3aHuMaeT yMmbl ¢u3nkoB u ¢unocodos. B cBoeit monorpadguu «KBantoBas Teopus
mupoyctpoiicta» B.B. UepHyxa npearaer aMOUIIMO3HYIO KOHIIETILIMIO, OCHOBAaHHYIO Ha TPEX MHUPOBBIX
KOHCTAHTax: CKOPOCTH CBe€Ta, NOCTOSHHOW IlnmaHka M IpaBUTallMOHHOM IIOCTOSHHOM. JTa Teopus
IIPETEH/1yeT Ha CTaTyC YHUBEPCAIbHOU U, YTO CaMO€ Ba)KHOE, MOHO(DYHIAMEHTAIMCTCKOM, Ipeanoaras,
4TO BCE (PU3MUECKUE CUCTEMbI IOAUUHSIIOTCA €AUHBIM (pr3nueckuM 3akoHaM. Bompoc o Tom, siBisieTcst 1u
3Ta TEOpHs JACHCTBUTEIHHO YHUBEPCAIBHON M CIIOCOOHA JIM OHA J1aTh HOBBIM UMITYJIbC (PyHIaMEHTAIbHON
HayKe, CTOUT Ha IIOBECTKE JIHSI COBPEMEHHBIX MCCIIEIOBAaHUN.

OcHOBHBIE U/IEW KBAHTOBOM TEOPUU MUPOYCTPONCTBA

UepHyxa CTaBUT mepes; coO0H 3ahady BBIMTH 3a paMKH TPAJAMLMOHHBIX TEOPUH, OrpaHUYEHHBIX
OIMCAHUEM SIBJICHUI TOJIBKO B ONHOM MHpe — Hamel Beenennoii. ConmacHo €ro rurnorese, CyIeCcTBYIOIMe
Teopuu, Takue Kak CraHgapTHas Mozeidb, TpPeOyIOT MHOXKECTBA JONOJHUTEIbHBIX KOHCTAHT,
OOyCIIOBJICHHBIX HEIOJHBIM YUY€TOM B3aUMOJAEHCTBUIM C JApyrMMu Mupamu. YepHyxa mpeanaraer
OTKa3aTbCsi OT ITOr0 IOIAXOJA B IIOJb3y TPEX YHMBEPCAJIbHBIX KOHCTAHT, KOTOPBHIE OIMCHIBAIOT BCE
BO3MOJKHBIC SIBJIEHUS KaK B Halerd BceneHHOM, Tak U 3a ee mpeiesiaMH.

OMnupudeckoe 000CHOBaHUE

OpavH 13 IIaBHBIX apryMEHTOB B I0JIb3y TEOPUHM YEpHYXH — ATO IIHUPOKHUM CIIEKTP SMIHUPUUYECKUX
JAHHBIX, TOATBEPKAAONMUX e¢ 000CHOBAaHHOCTh. B cBoell MOHOTpaduu OH JETAIbHO PAacCcMaTpPHUBACT
pa3HoOOpa3Hble (U3UYECKUE SIBICHUS, HauMHas OT KBAHTOBOM MEXAaHUKHM MHKPOUYACTHULl M 3aKaHYMBas
MaKpPOCKOIIMYECKUMU CTpyKTypamu BceeneHHoil. Bbicokass TOUHOCTh comIacus MOAEIbHBIX IIPEICKA3aHUN
C DKCIIEPUMEHTAIBHBIMY JAHHBIMU PA3JIMYHbIX MEPAPXUUECKUX YPOBHEH yKa3bIBA€T Ha IOTCHIMAIBHYIO
YHUBEPCAIBLHOCTD NPEIJIOKEHHON TEOPHUH.

KnroueBbIM mpenMyiecTBoM Mojenu YepHyXu sBISETCS €€ CIIOCOOHOCTh OOBSICHATH (DEHOMEHBI,
KOTOpBIE JIpyrue Teopuu 00 0ObACHAIOT JIHILb YaCTUYHO, JIM00 BOOOIIE HE paccMaTrpuBatoT. Hanpuwmep,
MOJIENIb AJIEKBATHO OINMCHIBAET CBOWCTBA TEMHOIO BEIIECTBA M HEPAPXUYECKHU CIIEKTP OJHOTHITHBIX
YacTHII, YTO CYIIECTBEHHO OTJINYAETCs OT BO3MOXKHOCTEH CTaHAapTHON MOJENH.

EcrecTBeHHBIE OrpaHUYEHUS

OpHako, NpeTeHIysl Ha YHHUBEPCAIbHOCTb, TeOpHs UepHyXM CTaJIKMBAecTCd C OTPAHUUYEHUSIMU
TEKYIUX SKCIEPUMEHTAIBHBIX BO3MOKHOCTEH. HayuHoe coo0111ecTBO B HAacTOsIIIIee BPeMs HE pacIioyiaraer
MHCTPYMEHTAMM U IPSIMOTO MCCIIEN0BAaHUS MUPOB, IOPOAMBIINX Hallly BceneHHyo, 4TO BBI3BaHO MHOU
¢dbopmoil ux Marepuu, He B3aMMOJCHCTBYIOLIEH C CylIecTBYOIIUME Mpubopamu. YepHyxa obparaercst K
930TEPUYECKNM 3HAHUAM, [IOJyYECHHBIM B U3BMEHEHHOM CO3HAHHMH YEJIOBEKA JIJIs TOCTPOECHMS TUIIOTES, YTO
[IOKa HAXOAUTCS BHE PAMOK OOILIENTPUHSTHIX HAyYHBIX METOJIOB.

bynyuiee ¢pyHnaMeHTanbHOM HayKu

HecMoTps Ha BbIIIEYTIOMSHYThIE OTpaHUYEHUS, SMIUPUYECKOe 000CHOBAHNE KBAHTOBOM KOHIIETILIUN
MHUPOYCTPOUCTBA, MPEACTaBICHHOe YepHYXOM, CYIIECTBEHHO PacIIUpseT TOPU30OHTHI (yHAaMEHTAIBHBIX
uccrnenoBaHuid. Yem mmpe M ToyHee Oy[eT comlacue TEOpUH C SMIMPUYECKUMH JaHHBIMH DPa3HOU
¢bu3nvecKkoil MpUpoAbI U UEPAPXUUECKUX YPOBHEH, TeM HajaexHee OyayT npenckaszanust 3toi teopuu. C
KQKJIbIM HOBBIM IIOATBEPKICHHBIM IIPEACKA3aHUEM BEPOATHOCTb BCEIPOHMKAIOLIEH MPUMEHUMOCTU
TEOPUH BO3PACTAET.

3akarouenue. Monorpadus B.B. Uepnyxu «KBaHToBas Teopuss MUPOYCTPONHCTBAY IPEACTABIISET
co00i1 cepbe3HYI0 MOMBITKY CO3/1aHUs MOHO(YH/IaMEHTATHCTCKOIO MUPOBO33PEHUS, KOTOPOE MOXKET AaTh
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(byHIaMEHTAIbHON HayKe HOBBIH HMITYJIbC. DMIUPUYECKOE OOOCHOBAaHHE, OCHOBAaHHOE Ha IIUPOKOM
CIIEKTpE SIBICHUI KOCHOW M XMBOW Marepuu, MOATBEPKIAET MOTEHIMAN TEOPUU OBITh YHHUBEPCAIHHOM.
IToka nHe OyayT HaiieHbl SMIUPUYECKHE JOKA3aTEeIbCTBA (YHKIHMOHUPOBAHMUSA JAPYTHMX MHPOB,
npeuiokeHHass YepHyxoil KOHIENIMS OCTaeTCcsl OJHUM M3 HamOosiee OOCIMIAIONIMX HAarpaBICHUN s
TanbHEHIINX UCCIeNOBAaHUN B 00acTu (hyHAAMEHTAIBHONW (DU3UKI».

10. KBantoBas mpupojia nanjaeMuu kKoponasupyca [12]

«3akjaoueHune.

KBanToBast wmozenp maHaemuu, npemioxkeHHas B.B. UYepHyxoil, mpeacraBiser coOoi
WHHOBAIIMOHHBIN MOIXO0/, KOTOPBIA MOXKET 3HAYUTENIbHO PACIIMPUTH Hallle TOHUMAaHUE TPOUCXOKACHUS U
sBomroIMU kKopoHaBupyca SARS-CoV-2. O0benuHsis pa3ndHble acClIeKThl — OUOIorH4YecKue, (Gu3ndeckue
U DOUJICMHOJIOTHYECKHE — OHA IMpemjiaraeT IeJIOCTHOE BHJICHHE, CIOCOOHOE OOBSICHUTH MHOTHE
3araJiouHble CBOWCTBAa BHUpyCa W JIUHAMHKY MaHACMHH. byaydu ocHOBaHa Ha (YHIAMEHTAIBHBIX
MIPUHIMIIAX KBAHTOBOW TEOPUM, 3TAa MOJEIb OTKPHIBAET HOBBIE BO3ZMOXHOCTH JUIsl MPOTHO3UPOBAHUS U
O0pBOBI ¢ OyAYIITUMH STUASMHASIMHA. Ba)XHO TIPOIOIDKATH JATBHEUIITNE UCCIICOBAHUS U pa3pabOTKH B 3TOM
HaIpaBIE€HUH, YTOOBI TOJTHOCTHIO PACKPHITH MOTEHIIMAN KBAHTOBOM MOJIENH U YIYUIIUTh HAllle TOHUMaHHe
Y KOHTPOJIb HAJl TAaHAEMHUSMHU B OyIdyLIEM.

4. O6cyxxaenune

Huckyccus Yara, KOTOpBI paccMaTpuBaeTCs Kak MpeICTaBUTENb OPHUIMAIBLHON HAyKd, U aBTOpa
KTM 1no pa3nuuHbIM acriekKTaM HOBOW MHUPOBO33PEHYECKON KOHIICTIIMU BakKHA B JBYX acleKTax. JTo
nepBast orienka KTM ¢ mo3uiuii npuHsTO#N napaaurmel. YdacTtue B JUCKYCCHH HEHPOCETH IEMOHCTPUPYET
€€ BO3MOXKHOCTH TIPH aHAJIM3€ HOBBIX HAYYHBIX TEOPHUH, BBHIXOJSIIMX 32 PAMKHU MPUHSATON MapaJurMbl,
MOCKOJIBKY MHPOBO33pEHUECKasi TEeMaTUKa TUCKYCCUU SBIISETCS HanOosee CIOKHOM JIJIsl HayKH MPOOIEMOiA.

1. B utore nuckyccun Yar commacuiics ¢ apryMeHTalMeN ONIIOHEHTa U IPU3HAJl YHUBEPCAIBHOCTD
MOHO(YH/IaMEHTATUCTCKOTO MUPOBO33PEHUECKOT0 OAX0/1a U BaXKHOCTH €0 MCIIOJIb30BAHUS U1 pa3BUTHS
(byHaaMeHTaIbHOW HayKH.

B sto0it quckyccun ¢ Uarom BeIOOp TeM oOcyskaeHus onpenensuics aBropom KTM, ucxogusimm u3
CTPEMJICHHSI TIOKa3aTh OIPAaHUYEHHOCTH MPUHSATON MapaJurMbl, HE TO3BOJSIONICH HA €€ OCHOBE pelaTh
MPUHIIUIIAATIEHO BAXKHBIC ISl HAyKW TMPOOJIEMbl KOCHOW W KMBOW MaTepUM Pa3HBIX HEPAPXUYCCKUX
ypoBHe#l. [[panmorn TO3BOJSIIOT CpPaBHHBATh APTYMEHTAIMIO TPHUHITOTO U aJIBTEPHATHUBHOTO
MHPOBO33PEHYECKOTO TOAXOAA. ITO JOHKHO OONErdyuTh 3HAKOMCTBO (DU3MKOB C KBAHTOBBIM IMOIXOOM
KTM.

B npencrosimelt HaydHON TUCKYCCHHU O 1eeCO00pPa3HOCTH CMEHBI HAYyYHOW MapajuTrMbl BOIIPOCHI
OyayT 3adaBaTb CTOPOHHUKM NPUHATOM MapagurMbl, CTPEMsICb HAWTH YysI3BHMbIE MeCTa B HOBOHU
KOHIICIIITNH. HOSTOMy BaXKHO OBLLIO MPpOAEMOHCTPUPOBATH, UTO apryMEHTAllUd YHUBCPCAJIbHOI'O IMOAXO0Aa
Oonee OOOCHOBaHA, YeM YAaCTHOTO, a TPEXKOHCTAaHTHAas KBAaHTOBas Teopusi BceneHHOl He wumeer
orpaHnnueHuit B 0omactu npuMeHuMocTH. C aTumu no3uisiMu Yar cormacuncs kak npu orenke KTM, Tak
1 ee 00CY>KIaBIIMXCsI ACTIEKTOB. DTO MOJIe3HO 3HATh OyaymuM onmornentam KTM. Bee-taku, yacth Beerna
MEHbIIIE LEO0TO0.
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2. B Hacrosimieir paboTe ynmanoch HCIOIB30BaTh YaT Il HAyYHOTO aHalli3a YHUBEPCATBHOW H
aKTyaJIbHOW HOBATOPCKOW TEOPUH U MOKa3aTh, YT0 Yar cnocoOeH BOCIPUHUMATEL ApTYMEHTHI OMITOHEHTA U
MEHSTH CBOIO MO3UIMIO. DTO 3HAYUT, 4TO YaT MOKHO UCIIOIB30BATH JIJIsl HAYYHOTO aHAJM3a HOBBIX YaCTHBIX
Teopuid. J{7s morydeHrst 00beKTUBHOM OLIEHKH OIBITA ITPOBECHHOM ArcKyccuu Yary ObLT cienian 3ampoc:
«Yar, Tl KOHCYNbTAHT. Haiia rpyrina ucnosib30Baia TBOM BO3MOXHOCTH JUIsl PEIICH3UPOBAHUS CIOKHBIX
Hay4YHBIX TEKCTOB MO aJIbTEPHATUBHON HAYYHOW IMapagurme, M3JIOKeHHOW B MoHorpaduu B.B. UepHyxu
«KBaHTOBas1 TEOPUSI MUPOYCTPOICTBAY.

Hanumm, MokeT i Hall onbIT 3auHTepecoBarh pazpadborunkoB Yara GPT-40? [Tapamerpsl oTBeTa: t
=0,2 u top-p =0,9»

OtBer Yara: «be3yciioBHO, Balll OIBIT MOXET 3aWHTEpPECOBaTh pazpadboTurkoB Moaenu GPT4omni.

Hcnonp30BaHue UCKYCCTBEHHOIO MHTEIUIEKTA JJIs1 PELIEH3UPOBAHUS CJIOKHBIX HAYUYHBIX  TEKCTOB
0COOEHHO MO0 TaKWM HMHHOBAIlMOHHBIM M HETPAJAMLMOHHBIM TemaM, Kak «KBaHTOBas Teopwus
MupoycTtporctsay B.B. UepHyxu, CBHUIETENBCTBYET O LIMPOKOM CIEKTPE IPUMEHHUMOCTEH JIaHHOU
TEXHOJOTMM. Bamm pe3ynapraTsl MOIYT IOMOYb pa3pabOTYMKaM IOHATh, KaK YCOBEPIIEHCTBOBAaThb
AJITOPUTMBI JJIs AaHAJIM3a U UHTEPIIPETALIMM CIIELUATIM3UPOBAHHBIX U HECTAHIAPTHBIX HAYYHBIX [1apaJurM.
310, B CBOIO Oue€pelb, MOXKET pacupuTh Bo3MokHocTd GPT u cnpenars ero eme Oojee MOJNE3HBIM
HMHCTPYMEHTOM ]ISl HAyYHBIX UCCIIEAOBAHNUN U MEKIUCIUIUIMHAPHBIX IIPOEKTOBY.

Ota ouenka Yara nobyania HaC HaNucaTh MUCHMO €T0 pa3paboTdyMKaM, B KOTOPOM IPECTAaBIECHA
JaHHas paboTa U MPEATIOKEHO B CIIydae MHTEpeca K Hell MPeJOCTaBUTh TOTIOIHUTEIBHYI0 HH(POPMAITHIO.

Huxe npuBeneH 0TBET Ha 3TO MUCHMO:

«Cnacu00, 9TO MOENHUIINCH CBOUM YBJIeKaTelbHBIM ObiToM ¢ GPT-40 B aHanm3e coXHOM HaydIHON
po0ieMsl, MpejacTaBieHHONM B MoHorpadguu Buxropa Bnamumuposuua Yepnyxu «KBaHTOBas Teopus
MupoycTtpolicTBay. Bam HHHOBalMOHHBIHN TOAX0X K ucnonb3oBanuio GPT-40 i ydactus B quanorax o
Pa3IMYHBIM ACIEKTaM 3TOM TEOPUM JEHUCTBUTEIBHO MHTPUTYET M JEeMOHCTpupyeT noreHunan MU B
COACUCTBUM HayYHOMY TUCKYPCY U UCCIIEJOBAHHUIO.

Bai onbIT cOOTBETCTBYET HAIIMM MOCTOSSHHBIM YCHIIMSAM I10 PAacCIIMPEHUI0 BO3MOKHOCTEH HAIIMX
Mojieneld, OCOOEHHO B TOHMMAHUM M MHTEPHPETALUU CIOXKHBIX CIEHUATU3UPOBAHHBIX TEKCTOB
HETPaJIuIMOHHON HayyHOoU mapaaurMel. Cnoco6HocTh GPT-40 y4yacTBOBaTh B copepKaTeIbHOM JIMAJIOre
U paccMaTpuBaTh allbTEPHATHBHBIE TOYKH 3pPEHHUS SBISETCS CBHJIETEIHCTBOM YHUBEPCAIBHOCTH H
MOTEHLIMajIa MOJIETN KaK MHCTPYMEHTA Ul HayUHbIX HCCIIETOBaHUN U MEXANCIUIIIIMHAPHBIX IPOEKTOB.

Msbl 0COOEHHO 3aMHTEpECOBaHbl B METONAX, KOTOPbIE BBl HCIOJIB30BAIN IS H3MEHEHUS
AHAINTUYECKUX PACCYKICHMM YaTa M KOHKPETHBIX JMAJOroB, NMPOBOAMMBIX 1O «KBaHTOBOW INpupone
COVID-19» u «KBaHTOBBIX reHEpaTopoB». DTH MPUMEPHI MOTYT JaTh LIEHHYIO MH()OPMAIHIO O TOM, KaK
GPT-40 moxeT ObITh JONOJIHUTENBHO ONTUMU3UPOBAH Il HAyYHOTO aHaJIN3a U MOHUMaHHUSL.

bynem mpusHaTtenbHBl 32 MOJIy4YEHHE JOMOJHUTENbHON MHpopMauuu o Bameld padore ¢ GPT-4o,
BKJIIOYasl JIIOObIE ONyOJIMKOBAaHHBIE MAJOTH WM BBIBOJABL. Balll BKiIaJ MOXKET ChIIpaTh BaXHYIO POJIb B
PYKOBOJACTBE OynymMMH pa3paOOoTKaMH HAIIUX MOJENed M MOBBIIIEHUH HMX IMOJIE3HOCTH B HAy4HBIX
UCCIIEJOBAHMSX.

[Toxanyiicta, He CTECHAWTECh JAEIUTbCA 1000 JOMOMHHUTENbHOM MHpOpManuen WiIu
JOKyMEHTAIMel o BaleM npoekre. Baria HoBaropckast pabota ¢ GPT-40 npeanaraer MHOroooemaromuit
yTh Ui pacmupenus rpaHull M1 B HayuyHBIX HMcCIeOBaHMSIX M MOXKET BIOXHOBUTH Ha JaJIbHEHIIEE
MHHOBAIIMOHHOE IPUMEHEHHE HAIllEW TEXHOJIOTHH.

Best,

Komanma OpenAl»
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5. 3ak/o4yeHue

B mnactosmeit pabore c¢ yuactuem Yara GPT-40 mpoBeneHO wuccienoBaHue OOOCHOBAHHOCTH
npeiokeHHo B 2008 rogy OJHHMM U3 aBTOPOB ATOM CTaTbM HOBOW MHUPOBO33PEHUYECKON KOHIIEHIUU
MupoycTporictBa. Ee paspaborka 3aBepiiena B 2023 roay u npeacrasieHa B [1]. B ommnuue ot npunsToi
MapajgurMbl OHa SBJIsIETCS MOHO(MYHIAMEHTAIUCTCKOM, U €€ KBaHTOBAs TEOPHs UCIIONB3YEeT TOJBKO TPU
MHUPOBBIC KOHCTAHTHI, T.e. HE MOXeT ObITh 0000meHa. [ToaToMy aBTOp TeopuHM paccMaTpUBAeT €€ Kak
OCHOBY YHUBEPCAIIbHOM HAayKH OyIyIIero, OTKPIBAIOIIEH HOBBIE BO3MOKHOCTH JISL €€ PA3BUTHSL.

[IpencraButenu OQUIMATBEHON HAyKd, KOTOPBIM MpEAJarajioch IMPOBECTH PELEH3UPOBaHUE U
obcyxnenne moHorpaduu [1], orBera He pamm. [lockonpky B Yar 3arpykeHa NpeUMYIIECTBEHHO
npu3HaHHas odulMaIbHONW Haykol MH(OpMaIUs, TO €ro MOXKHO paccMaTpHUBaTh KaK €€ MPe/ICTaBUTEIS.
N3ydenue Bo3mMoxHOCTel YaTa 1mokasano, 4TO OH CIOCOOEH BOCHPUHUMATh U UCIOJIb30BaTh HOBYIO JJIS
HEro HayYHyH HH(POPMAIHIO, T.€. MOXKET OBITh YJACTHUKOM MHPOBO33PEHUECKON MUCKyccuu. Ee 3amaua
COCTOsJIa B TOM, YTOOBI MOMBITATHCS APTYMEHTHPOBAHHO yOenuTh Yat, uro MOHO(MYHIaMEHTAIHCTCKAS
KOHIIEMIUS TTOJIHEE U TOYHEE ONMKCHIBAECT PEATbHOCTh, YEM MPUHSTAS Mapaurma.

OTO ynanoch NPOAEMOHCTPUPOBATH B JAECATH AMAIOraXx O KBAaHTOBOM KOHILIENLIMM B LEJIOM U
KOHKPDETHBIX SBJICHHAX B KOCHOM M JKMBOM Marepud. Jlus 5TOro MCHOIb30BAJIMCH JIOTMUYECKHE
MPOTHBOPEUHS B HCIOJNB30BAaHMHM YaroM SMIHPUYECKOTO MaTephalia, BOSHHKABIINE IPU OOCYKICHUHU
SBJICHU, HE MMEIOIIMX O0OOCHOBAaHHOTO OOBSICHEHUs Ha OCHOBE MPUHATOM mapagurMel. B urore Yary
MPUXOIMIOCH MPU3HABATh, YTO KBAHTOBas MOHO(DYHIAMEHTAIHMCTCKas Hayka MMeEeT MOTEHLUAN CTaTh
OCHOBOM HayKH OyIyIIEro.

Tem campiM Obl1O mokazaHo, yto Yar GPT-40 cnocoGeH BoCIpUHMMATh apryMEHTbI U JIOTMKY
OIMOHEHTA MO CJIOKHBIM MHPOBO33PEHUYECKUM IMpolsieMaM, XOTs CO34aBajcs OH Ui peleHus Oosee
IIPOCTHIX 3aj7ad. DTO BBI3BAJIO MHTEpEC co3aareneld YaTa K MCIOIb30BaHHON B IaHHOM paboTe METOAMKE
AJI YCOBCPUICHCTBOBAHUSA €TO BO3MOKHOCTEH AJI UCITOJIb30BaHM B HAYKC.

ABTOpBI BRIpaXAIOT OnarogapHocTh Buktopy MBaHoBHUYy PyHHHY 32 HHTEpeC K TaHHOH paboTe U ee
o0CyXIeHHE.
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IMpuioxkenue 2
00 >MIupuUYeCKOM 000CHOBAHNH KBAHTOBOW T€OPHH MUPOYCTPOIiCTBA
B.B. Yepnyxa
AHHOTanus

B pabore mokazano, uto TpeOOBaHMSA ISl AMIMPHUECKOrO OOOCHOBAaHHS TEOPUH TNPHHATOU
IBYXYPOBHEBOH (PM3MUECKOM MapaurMbl HEKOPPEKTHO MTPUMEHSATH JUIS 00IIe MOHO(YHIAMEHTaIUTCKOM
TEOPUU MHUPOYCTPOMCTBA, MCHOJIB3YIONIEH JIMIIbL TPU MHUPOBbIE KOHCTaHTHL [lokazaHo, 4TO I 3TOM
TEOPHU TOCTATOYHO SMITMPHYECKH 000CHOBATh €€ MCXOIHBIC MOCTYIIATHI.

B mpencraBneHHOW crathe OOCYXXITaeTcs BOOPOC 00 OSMIMPHUYECKOH OOOCHOBAHHOCTH
MOHO(YHIaMEHTAUCTCKOM KBaHTOBOW Teopuu mupoyctpoiictBa (KTM) [1], mo cBoeMy HOCTpOEHHUIO
MIPETEHIYIOIIEH Ha YHUBEPCAJIBbHOCTh U HEOIrPAHWYEHHOCTh 00JacTH CBOEro npumeHeHus. CeromHs B
¢u3nke emie HET NMOAOOHBIX TEOpPHWH, TaK KaK MPHUHATAsS OQUIMAIbHONW HAYKOW TapajurMa sBISETCS
JIBYXyPOBHEBOH: B HEW MUKDOMMpP OIIMCHIBAECTCS KBAaHTOBOM TEOPHUEH, CUMTAIOLIEH IPOLIECCHI B HEM
CIly4yailHBIMH, U MaKpOMHPOM, OIMCBHIBAEMbIM KJIACCHUYECKOM (PU3MKOM, B KOTOPOW MOBeAeHUE OOBEKTOB
JIETePMUHUPOBAHO 3KCIEPUMEHTAILHO YCTAHOBJICHHBIMHM (DPU3MUYECKUMH 3aKoHaMU. B 3Toil mapagurme
m06as TeopUs UMEET OTPaHMUYCHHYI0 001acTh MPUMEHEHHs, ONPECIIEMYI0 €€ UCXOAHBIMU THIIOTE3aMHU
(mocrtynaramMu) M HCIOJIb3YEMBbIMU SMIIMPUYECKUMHU KOHCTAHTAMHU, HO BBIIBUTH 00JacTb IPUMEHEHUS
TEOpHH He Bceraa yaaercs. [TTaBHbIM HeTOCTaTKOM MPUHSATON O(PHUIINATBHON HAyKOH MapaiurMbl SBISETCS
€€ JIOrMYecKasi IPOTUBOPEUYUBOCTh, TaK KaK, HECMOTpPS Ha MpEANPUHUMABIINECS MOIBITKH, HE yAAIOCh
OOBSCHUTH, KakK CIydailHas TpHUpoJa IPOLECCOB Ha MHUKPOYPOBHE NPU YBEIHUYEHHH KOJHMUYECTBA
MHUKpPOYACTHI] B MaKpoTeIax NPUBOAMT K UX I€TEPMUHUPOBAHHOMY NOBEIEHUIO. TeM HE MEeHee, IPUHSTAs
napagurma B OoQHUIMaIbHON HayKe SIBISETCS KPUTEpUEM sl OLEHKH HOBBIX MJEH, 4TO MPEensTCTBYET
IIPEOIOJIEHUIO OTOrO €€ OCHOBHOTI'O IIPOTUBOPEYHS.

Ha ocHoBe moiy4eHHOro (pU3HMKOIl OIbITa SKCHEPUMEHTAIBHBIX HCCIEI0BaHUN C(HOPMYINPOBAHbI
TpeOOBaHUs K 000CHOBAHUIO YaCTHBIX TEOPUH, KOTOpPBIE HEb3s MPEABSABIATH K 00IIel KBAHTOBOW TEOpUHU
0€e3 COOTBETCTBYIOIIET0 000CHOBaHUS. MBI 00CYyIMM 3TH TpeOOBaHUS, PEXKIE YEM MIEPEXOAUTH K aHATU3Y
TpedoBanuit kK KTM.

C.b. Cemenonoii Helipocet OPEN AL ol-preview Obl1 3371aH BOIPOC KaKUM TPEOOBaHMSIM JOJHKHA
COOTBETCTBOBATH (PU3MUYECKast TEOPHSI, YTOOBI €€ MOXKHO OBIJIO CYMTATh SMIIUPUUIECKH 000CHOBaHHOM. BoT
€ro OTBET:

((3MHI/IpI/IquKa${ 000CHOBAaHHOCTh TCOPHU O3HAYACT, YTO OHA YCIICIIHO OOBSCHSET U IpCaACKAa3bIBACT
PE3YJIbTAThI SKCIICPUMCEHTOB U Ha6HIOHCHHﬁ. TCOpI/IH AOJIDKHA YAOBJICTBOPATH CICAYIOIIUM KPUTCPUAM:

1. Bocnpous3BoAUMOCTb:

TCOpI/I}I AOJDKHA [aBaTbhb IIPEACKAa3aHHA, KOTOPBIC MOXHO IIOBTOPHUTL B PA3HBIX YCJIIOBHUAX.
HaHpHMep, 3akoHbl HproTOHA BOCHPOU3BOJAUMBI B MHOT'OYHCJICHHBIX SKCIICPUMCHTAX 110 MECXAHUKC.

2. IlpenckasarenpHas cuma:
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Teopust mowKHa enaTh HOBBIC MPEICKa3aHMs, KOTOPbIe MOXKHO MPOBepHTh. [Ipumepom sBisieTcs
OOmiast Teopuss OTHOCUTENFHOCTH DHMHINTEWHA, MpeAcKa3aBlIasi UCKPUBICHHE CBETa OKOJO MAaCCHBHBIX
00BEKTOB, UTO OBLIO MOITBEPKACHO MMOPKE HAOIIONCHUSIMH.

3. COOTBETCTBHE C CYIIECTBYIONTUMHU JaHHBIMHU:

HoBrie AAHHBIC JOJKHBI MOATBCPXKAATL TCOPUIO, d HC ITPOTUBOPCUYNUTDH eil. KBanToBas MCXaHHKa,
Harrpumcep, 00BsICHSET MOBCACHHUEC 4aCTUI], COOTBCTCTBYS HMCIOIIUMCA JaHHBIM.

4. danbcupuupyeMocTh:

Teopust nomkHa cofepKaTh MOJOKEHHS, KOTOPBIE MOTYT OBITh OIIPOBEPTHYTHI. DTO 0OECIIeunBaeT
BO3MOXHOCTb IIPOBEPKH.

Ot acnexTsl (GOPMUPYIOT OCHOBY YCTOHYMBOCTU TEOPUU K TECTHPOBAHHIO

5. Hayunas Teopusi cuuTaercs SMIMPUIECKH 000CHOBAHHOM, €CJIM OHA YCTOWYHBA K JadbHEHIIIeMY
TECTUPOBAHUIO U ITPOBEPKEY.

O6cynuMm 3t TpeboBanus. Henb3s TpeGoBaTh OT 4acTHOW TEOPUM C OIpaHUYEHHON 001acThIO
IIPUMEHMMOCTH BOCIPOM3BOAMMOCTH PE3YJIBTAaTOB «B Pa3HbIX YCIOBHsAX». Hampumep, ogHOTHUIIHBIE
KBaHTOBBbIE MaKpOOOBEKThl UMEIOT B Pa3HbIX YCIOBUAX pa3Hble KBAHTOBBIE COCTOSHUS, YTO HUCKIIIOYAET
BO3MO)XHOCTh ITOBTOPEHHSI PE3yIBTaTOB M3MEPEHUs. ITO TpeOOBaHUE 3aTpyIHSET MOJNyYeHHE
SMIMPUYECKUX JAHHBIX JUIsI TOCTPOEHHS KBAaHTOBOM Teopuu MakpooObekToB. He orTBewaromiue
TpeOOBAaHUIO BOCIPOU3BOAUMOCTHU PE3YJIbTAThl MPU3HAIOTCS aHOMAJIBHBIMU U HUCKIIIOYAIOTCS U3 MacCHBa
JTaHHBIX, UCTIOJIB3YeMON OQHUIMaIbHON HayKoH. CUuTaeTcsi, 9T0 BCE MAaKPOOOBEKTHI JOIDKHBI BECTH ceOs
KaK KJIacCH4YeCKHe OObEKTHI, T.€. He UMETh CIIeLIM(PUUECKUX AJIS1 HUX KBAaHTOBBIX CBOICTB. DTO TpeOoBaHuE
— CIIEZICTBHE BBIXOJA 3a MPEEIIbI IPUMEHUMOCTH CYILECTBYIOIIEH KBAHTOBOW TEOPUHU.

[IpenckazarenpHas cujia y SMIUPUUECKH 00O0CHOBAHHOW TEOPHUH JOHKHA OBITh, €CITU MIPEICKa3aHUs
nenarorcs B odnactu ee npuMeHenus. Ho atu npeacka3zanus MOTyT ObITh ciesIaHbl U OoJiee o011eit Teopueil.
Ha OTO moctpoena monens bonbiioro B3phiBa, MO3BOJIMBINAS OOBSICHUTH MHOTOE KOCMOJIOTHYECKHE
naHHple. Ho 3Ta Mojiens MPOTUBOPEUUT Psily APYTMX KOCMOJOTHYECKHX JaHHBIX, HAallpUMep, 00 OueHb
paHHEeM 00pa30BaHMU TaJIAKTHK M YEPHBIX JIBIP, MOIyUYEHHBIX KOCMOJIIOTHYECKUM TeslecKoroM «J[xermc
VY306». [l 00bsiCHEHNS 3TUX JAHHBIX BBOASTCS JIOMOJIHUTENIbHBIE TUIIOTE3bI, T.€. (PAKTUUYECKH CO3/1at0TCs
HOBBIE TEOPUHU, IMITUPUUECKYIO0 000CHOBAHHOCTh KOTOPBIX HA/I0 POBEPSATH, TAK KAK MOXKET 0Ka3aTbCs, 4TO
HOBBIC THIIOTE3bI HE COOTBCTCTBYIOT HCKOTOPBIM KOCMOJIOTUYCCKHUM JAaHHBIM, KOTOPBIC o0wacuser OTO.
[ToaToMy laHHBIE O paHHUX TaJaKTUKaX M YEPHBIX JIbIpax 3aHOBO CTaBST BOMPOC O (u3MKe 00pa3oBaHU
Bcenennoii.

TpeboBanue dambcuGuIUPyeMOCTH 3aKOHHO JJIS1 YACTHBIX TEOPUM, MOCTYIAThl KOTOPBIX SIBIISIOTCS
TMIIOTE3aMHU C OTPaHMYEHHOH 001aCThI0 NPUMEHUMOCTH U TPeOyI0T MHOTOCTOpPOHHEH npoBepku. Ho Bpsa
JIM OHO UMEET CMBICI B CiIydae OOIIeil TeopHuH, MOCTyaaTbl KOTOPOH MMEIOT YHUBEPCAIBHBIA XapakTep U
00J1acTh IPUMEHEHHUsI KOTOPOU HE OTpaHUYEHa.

Ecnmu TpC6OBaTB AJIL SMIIUPUICCKOTIO 000CHOBaHUS TCOpHUUn <<YCTOﬁQHBOCTL K I[aJ'IBHeI\/'IIJ_ICMy
TCCTUPOBAHUIO U IMTPOBEPKE», TO U3-3d HCOIPAHNUYUCHHOCTH 110 BpECMCHHU 3TOT'O TpC6OBaHI/I$I HU OJTHA TCOPHUA
HE MOXET OBITh IprU3HaHa SMIIUPUICCKHU 000CHOBAaHHOM.

Heiipocetu, B KOTOpbIe 3arpykeHbl INpU3HAHHBIE O(UIMATILHOW HAYKOM HKCIEpHMEHTaIbHbIE
JaHHBbIE U TEOPUU, MOKHO paccMaTpuUBaTh KakK ee MpelcTaBuTesneil. [ BBIABICHHUS] MX MO3MLIUU 00
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000CHOBAaHHOCTH KBaHTOBOW TeopuH MakpooObekToB, Heipocetn OPEN AL ol-preview Obln 3amaH
Bornpoc: «CeroHs KBAaHTOBAsI MEXaHHKA IPUMEHUMAa K MUKPOOObEKTaM, HO OHa HEITPUTO/IHA JJISl OTIUCAHUS
KBAaHTOBBIX MakKpooObekToB. KakoBbl TpeOoBaHHS K CTpOroMy OOOCHOBAaHHMIO TEOPUH KBAaHTOBBIX
MaKpOOOBEKTOB?.

Yar Jajl pa3BepHYTBIﬁ OTBCT CO CIICAYIOIIHUM UTOI'OM: «Takum 06p330M, cTporas TCOpHrsa KBAaHTOBBIX
MaKpOO6’BeKTOB JOJIDKHa Y4YMTBIBATH BJIMAHUC BHEIITHEH Cp€abl, MCXaHHU3MBI IIOTEPHU KOTCPCHTHOCTH,
MHOTOMAacCIITaOHbIC OMMHMCaHHA, a TaKKC HCKATb IIYTU BKIIOYCHUS TpaBUTALHU. Bce »3Tu acmekrthl
npearoJjararoT Ooiee I‘JIY6OKOG IMOHUMAaHHEC MEPCXoaa MC)KAY KBAHTOBBIMU U KIIACCUYCCKHUMU PCIKUMAMMY).

DT10T %€ Borpoc Obu1 3a7aH yaty GPT-4omni.
Ero otBeT Oornee nmpomyman:

«MakpooObEKThl, TaKUE KaK IJIAHEThl MW JIaXKe >KUBBIE OPraHU3Mbl, C TOYKU 3PEHHS KBAaHTOBOM
TEOpUU TAaK)KE COCTOAT M3 KBAHTOBBIX yacTuil. CrenoBareiabHO, OHM B IMPUHIUIE MOTYT OOJIajgarh
KBAaHTOBBIMH CBOMCTBaMU (HAIIpUMED, CYNEPHO3UINEH WK 3alTyTAaHHOCTBIO), XOTS WX HAOMIONaTh KpaiiHe
TPyAHO Wu3-3a JekorepeHIuu. CTpemieHHe pa3paboTarb KBAaHTOBYIO TEOPHIO I MaKpOOOBEKTOB
MPEIoNaraet, YTo KJIacCHuIecKoe ONMMCAaHNE MX MOBEJICHHUS — ATO He OoJiee YeM MpHUOIMKEeHnEe, KOTOpOoe
CTaHOBUTCS HEMPUTOTHBIM Ha (YHIAMEHTAIEHOM YPOBHE. ..

### 4. MoHOyHIaMEHTATUCTCKAs TEOPUsI KaK MyTh K 00BbEINHEHUIO

MoHo(dyHIaMeHTaINCTCKAsE TEOpHs, KaK s TOHUMAI0, MOAPa3yMeBaeT €ANHYI0 (yHIaMEHTAIbHYIO
TEOPHIO, KOTOpas JOJDKHA OJMHAKOBO XOPOIIO OIMCBHIBATH MU MUKPOCKOIIMYECKHE, U MAKPOCKOIIMYECKHE
SIBJICHHS, BKITIOUasi KBAHTOBBIC AQEKTHI Ha BceX YPOBHIX. OTCYTCTBHE TAaKOW TEOPHHU CBSA3aHO C TE€M, UTO
B HACTOSIIEE BPEMS Mbl MCIOJIb3YEM pPa3HbIE TEOPETUUYECKHUE MOAXOAbI JJISl Pa3IMYHBbIX MacmTaboB, U
nepexos; OT MHKPOCKOIHMYECKOrO0 K MaKpOCKOIHMYECKOMY YPOBHIO OOBSCHSETCS depe3 MpHUOIMKEeHUs
(HampuMep, KiIaccuueckas MeXaHHMKa KakK MpeiesibHbIM cilydail KBaHTOBOW MEXaHUKH). DTO 3aMedyaHue
yKa3bIBaeT Ha HEAOCTATOK CYIIECTBYIOIEH MapajnurMsbl, I1e Kiaccuueckas (pusmka TpakTyercs Kak oosee
yn0o0Has Ha MaKpOYPOBHE, YTO MELIAeT CO3JaHHIO MTOJHOLEHHON KBAaHTOBOM TEOPUH BCETO.

### 5. 3akirouenue

KommeHnTapun ¢usnka oTpaxkaroT OJHO U3 (YHIAMEHTAJIbHBIX 3aTPYIHEHMH B COBPEMEHHBIX
nouckax o0beMHEeHHOoN Teopun. Kitaccuueckoe onucanne MakpooOBEKTOB MEIIaeT CO3JaHHIO LETOCTHOM
KBaHTOBOM TeOpWH, M IOKa He OyIeT HaileH Ccrocod CHCTEMHO ONUCHIBaTh KBAHTOBYIO IPUPOIY
MaKpOOOBEKTOB, TaKHE TEOPUHU KaK KBAHTOBAsl IPABUTALIMS U JAPYTUE MOMBITKH 00b€AMHEHUS OCTaHyTCS
HEnoJHbIMU. TpeboBaHUS K CTPOroMy OOOCHOBAHMIO KBAaHTOBOW TEOPUU MAKpPOOOBEKTOB BKJIIOYAIOT
pa3paboTKy MEXaHU3MOB, OOBSCHSIOLIUX MEPEX0 OT KBAHTOBOTO K KJIaCCHYECKOMY IMOBEIEHUIO Ha Oosee
IyOOKOM YpOBHE, Ue€M IPOCTasi AEKOT€PEHIIMSD.

['maBHBIN HEAOCTAaTOK OTBETOB OOOMX YAaTOB B TOM, YTO OHH MCXOASAT M3 MPHUHATON JIByXypPOBHEBOMH
napajgurMbl, B KOTOpo TpeOyeTcsi omucarbh NEpexo] OT KBAaHTOBOM MaTrepuu K KIACCHYECKOH, T.e.
UCKJIIOYAIOT HaJIM4Yue Yy MakpooOBEKTOB CHEIU(UYECKUX KBAHTOBBIX 3(PQeKkToB. OTU TpeOoBaHUS
MPebABIATh K MOHO(YH/IaMEHTAIMCTCKON YHUBEPCAIbHOM TEOPUN HEKOPPEKTHO. /111 ee aMIupHuecKoro
000CHOBaHHUS HYXHbI WHBIE TPEOOBaHUs, B MEPBYIO OYEpe/lb, SMIUPUUECKOE OOOCHOBAHHUE HCXOIHBIX
IIOCTYJIATOB.
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Iocryaarel KTM. Takoit MoHOdyHIaMeHTaMHCTCKOM Teopueit siBisieTcss KTM, kotopasi cTpouThes
Ha OCHOBC UYCTBHIPCX IMOCTYJIATOB, HC OTpaHUYHBAIOIINUX 06JIaCTb €C MPUMCHUMOCTHU U TpGGYIOH_II/IX
OMITUPUYICCKOI'O IMOATBCPIKACHU .

Kak kBanTOBas Teopusi, KTM BbliensieT B MUPOYCTPOMCTBE CTPYKTYPY, ABISAIOLIYIOCS €r0 OCHOBHBIM
KBaHTOBBIM COCTOSIHUEM, B KOTOPOM B3aUMOZEICTBHE OTCYTCTBYET, @ MUPbl MUpO31aHNs pacCMaTPUBAET
KaK ero Bo30y)K/I€HHbIE COCTOSHUS, B KOTOPBIX BEIIECTBO MUPOB B3auMojeicTByeT. [lockonbky B Hayke
noHatue o bore-TBopue OTCYyTCTBYeT, TO OCHOBHOE COCTOSHHE JIOJDKHO MPEACTABIATH COOOM
HEOTPAHWYCHHYIO B MPOCTPAHCTBE M BPEMEHU CTPYKTYpPY, B KOTOPOW CpelHWEe 3HAYCHUS (PU3UICCKUX
BeJIMYMH paBHbI HYI10. B KTM 0HO Ha3BaHO HyJb-BaKyyMOM.

CeronHs cuuTaercs, 4To B MpocTpaHcTBe BeeneHHOM MOryT 0Opa30BbIBATECS CTPYKTYpPbI CO BCEMHU
YeThIpbMSI BO3MOXHBIMM CHUMMETPUSMHU IPOCTPAHCTBA, HO HET OOBSCHEHUS, KaKUM MEXaHU3MOM B
KOHKPETHBIX CUTyalUsIX IposiBisieTcs Ta win uHas cumMerpust. B KTM npunumaercs, 4To MpoCTpaHCTBO
MOKET UMETh TOJIBKO OFIHY M3 YETBIPEX CUMMETPHIL, U ITOTOMY B MHUpO31aHUU JOJKHO POKAATHCS YEThIpe
MHpPA C TOCTEIECHHO YCIOXKHAKOWEHCS CUMMETPUEH, KaXIbli M3 KOTOPBIX XapaKTEpHU3yeTCs CBOEH
MHPOBOM KOHCTaHTON. KOHCTaHTa MUPOB C TPAHCIALIMOHHON CUMMETPHUEN — 3TO CKOPOCTh CBETA C, MUPOB
C akCHaJbHOM cuMMeTpued — koHcTaHTa Ilmanka A, MupoB (¢u3Huyeckoro Bakyyma C LEHTPaJbHOU
cuMMeTpuel — hc, a MHpPOB BCEIEHHBIX €O CHEpUUYECKHM-CUMMETPUYHBIM IPOCTPAHCTBOM —
IPaBUTALlMOHHON KOHCTaHTOM G. UucieHHbIe 3HAYEHUS MUPOBBIX KOHCTAHT B Pa3HBIX MHUPO3JaHUAIX
pa3IN4HBI.

Takum 00pa3om, 00pa3oBaHHEM BCEIICHHBIX 3aBEPIIACTCS LMK POXKICHUS MEPOB X MUPO3/IaHUH, a
KBaHTOBBIE CBOMCTBA BELIECTBA BCEJICHHBIX OIPENCIAIOTCS TPEMs HX POAMUTEIBCKUMU KBAHTOBBIMHU
mupamu. Ilostomy oOuias Teopus J000ro MUPO3/IaHUS ONpPENEeNIeTcsl 3HAUCHUSMHM TPeX €ro MUpPOBBIX
KOHCTaHT. CHUMMETpPUM HPOCTPAHCTBA MHPOB MHPO3/IaHUS ONPEAESIOT (U3MYECKHE CBOMCTBA HX
BEIIECTBA — CIIEKTPHI MOJIEH U YacTUll. DTU CHEKTPbl OKAa3bIBAIOTCA CYIIECTBEHHO OoJiee OoraTbIMM, YeM
cnekTpbl CTaHAApTHOW MOJENH 3JIEMEHTAPHBIX YacTULl ¢ IpUMEpHO 20 SMIMPUYECKUMH MapaMeTpamH,
YTO O3HAYaeT OrpaHHMYEHHOCTh OOJIACTH NMPUMEHEHHs 3TOW MOJENU U, B YaCTHOCTH, €€ HECIIOCOOHOCTb
OTpeleTUTh Macchl (yHIaMEHTANbHBIX YacTUI] M OObEIUHUTH B3aWMOJICHCTBUS, UMEIOLIME o0Iee
MOJIIPU3ALMOHHOE TIPOUCXOXKICHUE.

CornacHo MOCTYyJIaTy KTM, B MUPO3JaHUAX BCC (I)I/I3I/I‘{eCKI/Ie MMPpOUECCChI MPOUCXOAAT IMMOCPCACTBOM
YHUBCPCAJIBHOTO MCXAaHU3MaA IOJSAPHU3ANNN HYJIb-BAKYYMad, COXPAHAIOUICTO HYJICBBIM CPEAHCC 3HAUCHUC
ero oo (I)I/I3I/I‘{eCKOI71 BCJINYHHBI, YTO HC HNPOTUBOPCUYUT YCTAHOBJICHHBIM 3aKOHAM COXpPAaHCHUSA
HCKOTOPBIX U3 HUX

Omnum u3 nocrynatoB KTM siBrisieTcst KOMIUIEKCHOCTh BCEX (PM3UUECKUX BEITUYWH, CISAYIOIAs U3
obmiero MexaHuzMa HX o0Opa3oBaHHs. DTOT MOCTYNAT SABISETCS OOOOIIEHHEM CcTaTyca HM3BECTHBIX
(bu3MYECKUX BETUYHMH, TPUHUMAIOIINX JIEHCTBUTENbHbBIC, MHUMbIE U KOMILIEKCHBIE 3HaueHUs. OH MOy Y
KOJIMYECTBEHHOE MOATBEPKICHHUE IIPU CPABHEHUHM PACUYETHBIX M IKCIEPUMEHTAJIBHBIX 3HAYEHUU
¢usznuecknx Benu4MH paccMoTpeHHBIX B KTM sBnenuit. KommiekcHOCTh (U3NYECKUX BEITMYUH
Ka4eCTBEHHO YBEIIMYMUBAET YUCIIO KBAHTOBBIX COCTOSSHUM (PU3NUECKUX CHUCTEM.

qCTBCpTLIM MoCTyJIaToOM, CJIICAYIOIIUM U3 MOHO(I)YHI[&MCHT&HI/ICTCKOF O IoaxoJa KTM, SABIIACTCA
npeaonpeaciICHHOCTb COOBITHI B MHpax MI/Ip03I[aHI/II71, MOCKOJIbKY ACTCPMHUHU3ZM COOBITHI B MaKpoOMHpEC
Bcenennoit MNOATBCPIKACH MHOTI'OYUCICHHBIMU OMIIMPUYCCKUMU HJAaHHBIMH. 910 HOTpe60BaHO JaTb
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JNETEPMUHUCTCKYIO HHTEPIPETALNI0 KBAaHTOBOW MEXaHHMKE M PAacCMOTPETh MEXaHU3MbI pealld3aluu
IIPEONPEACIEHHOCTH.

Takum oOpazoMm, ucxomubie moctyiaatel KTM He HakiIaaplBarOT OrpaHHMYCHH Ha 001acTh ee
npumeHuMoctu. [loatomy mpobiema sxcrepumenTanbHoil o6ocHoBanHOocTH KTM nomikHa o6cyxaarbest
0e3 yueTa TpeOOBaHUH, IPEABABISEMBIX YACTHBIM TEOPUSM MPUHSITON MapagurMbl.

00 >mnupuveckom odocHoBanun KTM. [lockonbKy yHUBEpPCAIBHOCTh TEOPUH CTPOTO IIPOBEPUTH
HEBO3MOJKHO, TaK KaK Hellb3s 00BATh HEOOBSITHOE, TO Pe4b MOXKET HITH 00 SMIUPUYECKOM 000CHOBAHUHU
TEOPHH AJIS TeX 001aCTeH, KOTOphIe U3y4arOTCsl HAyKOH. DTO MOYKHO Ha3BaTh J10CTATOYHBIM AMIIUPUUECKUM
obocHoBaHueM. OOCYIUM SMIIMPUYECKYI0 000CHOBAHHOCTD YeThlpex nocrtynatoB KTM.

1. B nepByro odepeab HEOOXOAMMO ObUIO NOATBEPAUTH 3MIHMPHUUYECKUMH JAHHBIMH CTPYKTYpY
MHUPOYCTPONCTBA U €T0 LIUKJINYECKUNA MEXaHU3M IBOJIIOLUHU. JTO HEJb3sl C/AEIaTh HA OCHOBE UMEIOLIUXCS
SKCIEPUMEHTAJIbHBIX JAHHBIX, TaK IPUOOPHBIE HCCIEJOBAHMS IO3BOJIIOT M3y4yaTh TOJIBKO MHPBI C
(bepMUOHHBIM BemecTBOM — (u3nyeckuii Bakyym u Bceenennyto. [lostomy mpumnmiock oOpaTHThCS K
930TEPUYECKUM JaHHBIM, IOJY4YEHHBIM MeauTatuBHbIMU npakTukamu. CormacHo KTM, crpykrypsl
Pa3yMHOI'O CO3HAHHUS POXKAAIOTCA B MHUPE C AKCHAJIBHOM CHUMMETpPUEH INPOCTPAHCTBA, INIE€ CKaJSPHBIC
YaCTULBI MOTYYar0T BPalaTeIbHOE IBUKEHHUE, XapaKTEPU3YEMOE LIEJTOYMCICHHBIM 3HaY€HUEM CIIMHA, T.€.
ABIsIIOTCS 6030HaMu. [Tonanas B pusnueckuit BakyyMm, OHM pOXKAAOT Mapbl YACTHUI] CO CIIMHOM Y2, KOTOpbIE
MIOJTy4aloT 3aps/ibl, ONPEAEIIsieMbIE €T0 LIEHTPAIbHON CUMMETpUEN (NIEKTpUUECKHE, cilalble, IBETOBBIE, a
TaK)K€ HEWU3BECTHBIE CEroJHs BKYCOBblE 3apsibl). CTpPYKTypbl CO3HaHUSI 0O0pa30BaHbl OO30HHBIM
BEIIECTBOM C MHAMOW MacCO# 1 ClIOCOOHBI KBAHTOBBIMU MEXaHU3MaMH B3aHMOJICHCTBOBATh C BEIIECTBOM
apyrux wmupoB. [loromMy Hame co3HaHUE SBISETCS OCOOBIM «IPUOOPOMY», CIIOCOOHBIM MOCTUTATh
MEIMTATUBHBIMM IPAKTUKaMU CTPYKTypy MHPOYCTPOMCTBA M €ro MHPOB. OTO MOATBEpIMIA
MOHHUCTHYECKasi KOCMOJIOTHS JIpeBHE-Oyaiuiickoro yueHust Kamauakpbl ¢ 4eThIpbMsI MUPaMHU «CTHXUID)
(«BeTpay, «OTHs», «BOABDY U «3€MJIN»), YaCTh SMIMPUYECKHUX JAHHBIX KOTOPOH O CTPYKTYpe MUPOB U UX
LUKJIAX KONUYECMBEeHHO COITIACYIOTCSl C PACUETHBIMU JAaHHBIMU KBAaHTOBOM KOCMOJIOTMH, U3JIOKEHHOW B
KTM. IlpencraBieHuss e MNPUHATOW MapagurMbl O MHUPOYCTPOMCTBE KaK O MYJIBTHBCEIEHHOU
SMIIUPUYECKOTO OATBEPKACHUS HE UMEIOT.

2. TlonTBepxkieHue mocrynaara o0 YHHMBEPCAJIBHOM MeEXaHHM3ME B3aMMOJCHCTBHUH, MOMYyYarOLIUX
pa3nuyHble POPMBI B Pa3HBIX MUpPAX, OCHOBAHO HAa MMEIOIIUXCS SKCIEPUMEHTAIBHBIX JJAHHBIX O MUKPO- U
MmakpooObekTax. B KTM akueHT aenancss Ha pelleHUH CYIIECTBYIOUIMX MPOoOIeM M KOJUYECTBEHHOMH
UHTEPIIPETALMY JAHHBIX AHOMAJIBHBIX JJIS NPUHATOW MAapaurMbl SIBIEHHUH, B KOTOPBIX MPOSIBIISIOTCA
KBaHTOBBIE CBoMcTBa poauTenbckux MupoB Bceenennoit. B KTM o6bektsl Beenennoit oGpasyrorcs
(GbparmMeHTaMH POAUTEIBCKUX KBAHTOBBIX MHUPOB, (POPMHUPYIOLIUX MPOTOCTPYKTYPY OOBEKTOB, KOTOpas
HaJeNsIeT UX KBAaHTOBBIMM CBOMCTBaMHU. B mpuHATON ke mapaaurme y BcCeneHHOM HET pOAMTENbCKUX
KBaHTOBBIX MHPOB, a y €€ OOBEKTOB pPOXKIAeMOHl HMHU MPOTOCTPYKTYPbl, U IIOTOMY OIHMCaHHE
MaKpOOObEKTOB SIBIISETCS KJIACCUYECKMM. MUKPOOOBEKThI CYyIIECTBYIONIEH KBAaHTOBOW MEXaHUKON
paccMaTpUBarOTCS KaK TOUEYHbIE YACTULIBI, U TIOTOMY OHA HE TOJUTCS JJIs ONUCAHUS PEAJIbHBIX YaCTHI] U
MaKpoOObEKTOB, B TOM YHUCIIE, /Ul ONMUCAHUS UepapXMUECKOr0 MeXaHU3Ma CTPYKTypUpPOBaHMS BEIlECTBa
Bcenennoii.

B npunsToi nmapaaurMe He pemieHs! mpooiaemMbl 00pa3oBaHus GyHIaMEHTATBHBIX YaCTHI] U KBAHTOB
TIOJIEH, ¥ TIOTOMY HEW3BECTHBI CIIEKTPHI TIOJIeH U JacTull, hopmMupyromux BemecTBo Beenennoit. Criektp
u Macchl (yHIaMEHTAIbHBIX dYacTull (usmueckoro Bakyyma ompeaeneHsl B KTM, uto mo3Bonuiio
BBIYMCIIUTh C HCIOJB30BAHUEM TOJBKO TPEX MHPOBBIX KOHCTAHT 3araJlo4Hyr0 IOCTOSHHYK) TOHKOU
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CTPYKTYPBI C TOUHOCTBIO /10 JIEBSITOTO 3HAKa, @ MAcChl HEKOTOPBIX (PyHIaMEHTAIbHBIX YaCTHUIL (JENTOHOB
TpexX MOKOJICHHH, T-ME30HOB) — 10 LIecToro 3Haka. [lokazaHo, uro mepBUYHON uvactuiel Bcenennoit
SBJIETCS TUIAHKOBCKAs YaCTHULIA, MAacca KOTOPOU ONPENEAETCS TPEMSI MUPOBBIMHA KOHCTAHTaMU U KOTOPas
MOPOXKIAeT Macchl Apyrux (hyHIaMEHTAIbHbBIX YacTHUI, BKIIOUAs W IEKTPOH C Maccod Ha 22 mopsaka
MEHbILIEH, 4eM y IUIaHKOBCKOM yacTuibl. OnHON U3 (hyHJaMEHTAIbHBIX YacTHUI] CIIEKTpa SBIseTCS O030H
Xwurrca, BeluMciaeHHas B 2017 rogy macca KOTOporo Obula MOATBEpPXKIEHA ABYMs IOCIEAYIOIIMMHU
JKCIIEPUMEHTAMHM Ha bOJIBIIOM aJpOHHOM KOJUIAWJepe B Ipeaenax HX norpemHoctd. llosromy
npezncrasienue CtanaapTHOI Mozaenn o 6030He Xurrca kak 06 0co0oii yacTuiie, moje KOTopoil Jaet maccy
APYTUM YacTUIaM, HEKOPPEeKTHO. C TOUHOCTHIO JI0 MATOTO 3HAKA ObUIM BBIYHCIICHBI TAKXKE MacChl IPOTOHA
Y HEUTPOHA, SABJISIFOLIETOCS COCTaBHOW YaCTULEH.

Otu pesynprarsl KTM sBIISIOTCA BBICOKOTOYHBIM IOATBEPKACHUEM II0CTYJ1aTa O MOISAPHU3ALMOHHOM
MeXaHu3Me 00pa30BaHus PU3NUECKUX BEIMYMH, KOTOPBIHA OKa3ayics 3(pPEKTUBHBIM B TIOHUMAaHUH (PU3UKH
U MHOTHMX JPYIMX NPUPOJIHBIX ABJIECHUH, BKIIOYas M uMepapxuio BeuiectBa Bceenennoi. Okaszanoch, 4to
(byHIaMEHTAIbHBIE YaCTHUIBI O0pa3ylOT MEPApXHUI0 CXOKHUX IO CBOMM CBOMCTBAaM MEHEE MAaCCHUBHBIX
YaCTHIl, pa3Mep KOTOPHIX OBICTPO PACTET C YHCIOM YYACTBYIOUIMX B MX OOpa30BaHMUU TOJEH BUXPEBOTO
MHUpa — MaTepUHCKOrO Mupa (pusmueckoro Bakyyma. KpynHomacimtabHble YacTHIIB TIOPOXKIAIOT BHYTPU
ce0si OIHOTUIIHBIE YaCTUIbl MEHBLIETO MaciITada U 0oJblIeil Macchl, Ha CBOMCTBA KOTOPBIX MO3TOMY HE
BJIMSIIOT BHEIIHHUE MO (PU3UYECKOTO BaKyyMa, U IOTOMY BO3MOXKHO 00pa30BaHHE UIEHTHYHBIX YaCTHUI] HA
Ka)XJIOM MepapXU4ecKoM YpoBHE. TeM cambIM OBLIO MOKa3aHO, YTO MEPAPXHUECKOE CTPYKTYpPHUpPOBaHUE
IIPOUCXO/IUT «CBEPXY BHU3», a HE HA00OPOT, KaK MPUHATO CUYMTATh B IPUHATON MapajurMe.

[IpoBepkoit 3TOro Mexanu3ma CTPYKTYPUPOBAHUSI CTAIM KBAaHTOBAs TEOPHUS 00pa30BaHUS UMEIOIICH
JIECSATHIN HEPAPXUUYECKUN YPOBEHBb BCEIEHHOM ¢ HEMPEPBHIBHO POKIAFOIIMMHUCS INIAHKOBCKUMH YaCTHI[AMHU
Y KBaHTOBas Teopusi o0pazoBanusi ConHeyHOM cucteMbl. Berunciiennsie okoio 10 0CHOBHBIX MapaMeTpoB
€€ IJIAHET COIVIaCYIOTCSl C COOTBETCTBYIOLIMMU aCTPOHOMUYECKUMH JAHHBIMU C MOTPEIIHOCThIO HE XYyKe
MPOLIEHTA.

[Tonsipu3alluOHHBIN MEXaHU3M 00Pa30BaHUs MACChl TOPOXKIAET HEU3BECTHYIO CETOHS U UMEIOILYIO
KBaHTOBYIO MPUPOAY KOMILJIEKCHYIO MOJISPU3AIIMIOHHO-PEAKTUBHYIO CHUITY, BO3PACTAIOIIYI0 KBAAPATUUHO C
BEJIMYMHON Macchl MOJIIPU3YIOLIMXCS YaCTHIl, KOTOpas HpOMNOpLHMOHATIbHA Macce o0bekTa. JTa cHuila
YAEP)KMUBAEeT Bpalllalolrecs Ha KBAaHTOBBIX OopOuTax MUKpodacTHIbl. OHa MO3BONMIIA MOHATH (PU3KKY U
psna sBIEHUN MAaKpOMHpa, B TOM YHCIE MEXaHU3M TOPMOKEHUS BellecTBa BceneHHOW Ha HavdalbHOU
CTaJIMM U €T0 YCKOPEHME B HaCTosIlee Bpems. T.e. runore3a 0 «TEMHOW DHEPIMM» B KBAHTOBOW MOJIENH
Bcenennoii orcyrctByer. B Helt BospacT Beenennoii cocrasiser 14,1 mupa. net, U Moneiab OObICHSET
MOJIIPU3AaLMOHHBIMU MeXaHu3MaMu oOHapykeHHoe B 2023 romy KocMHYecKMM TejeckornoM «/lxeliMc
VY360» paHHee oOpa3zoBaHHME TraJlaKTUK M YEpHBIX JbIp, MpoTHBOpevaliee (usnke monenu bosbiioro
B3pbIBa.

HeunsBecTHass cerogHss M uMerolas KBAaHTOBYHO NPUPOAY MOJSPU3ALMOHHO-PEAaKTUBHAS CUJa
IposiBIIsieT ce0s BO MHOTHMX SIBIEHUSX Makpomupa. B uyacTHOCTH, mo3BoisieT OOBSACHUTH 0Opa3zoBaHuE
arMoc(epHBIX KpyMHOMAcIITaOHBIX BUXpeH U 3emiieTpsiceHHil. PaccMoTpeHa M BO3MOXHOCTH €€
UCIIOJIb30BaHMs ISl U3BJICUECHUS «3€JIEHOW» YHEPIUU U3 (PU3MUECKOro BaKyyMa, HE Hapyllarolias 3aKoHa
COXpaHEeHUs YJHEPIruU B ero odien hopme.

B KTM  3HauuTenpHOE  BHHUMAaHUE  YIACJIEHO  KOJMYECTBEHHOMY  IOATBEPXKACHUIO
MaTepHaTUCTUYECKON KBaHTOBOM TEOPUU HepapXUUECKH YCTPOCHHBIX CTPYKTYpP CO3HAHUS, 00pa30BaHHBIX
0030HaMH C MHHMMOM Maccol W PpOXIAOIUXCSI B BUXPEBOM MHPE C aKCHAJIBHOM CHMMETpHUEi
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npocTpaHcTBa. PaccMoTpeHbl KBAaHTOBBIE MEXaHU3MbI (PYHKIIMOHUPOBAHUS IIECTUYPOBHEBOU CTPYKTYpPHI
CO3HAHHUS YEJIOBEKa B HOPMAJIbHOM M HM3MEHEHHOM COCTOSHHSAX, B TOM YHCJIE, HaXOMSIIEWCs BHE
OMOJIOTMYECKOTO TeJla YeJIoBeKa. PaccMoTpeHa KBaHTOBAsI TEOPUS ABOJIOIMU 36MHOM JKU3HU, 1OCTATOYHO
TOYHO COTVIACYIOMIASACS C T€OXPOHOJIOIMYECKUMH AaTaMu (haHepo30s, BKIIIOUas II00AIbHbIE BEIMUPAHUSI.
Hcropust yenoBeyecTBa paccMaTpuBaeTCsl Kak (pparMeHT pa3BUTHS 3€MHOM KH3HH, M BBISBICHBI IO,
ONpE/IETSIONINE JTalbl Pa3BUTHUS YENOBEYECTBA OT MEPBOOBITHOTO YeEJNOBEKa uepe3 uejoBeKa
paloHaIbHOTO (HBIHELIHEE BPEeMs) K YEJIOBEKY JyXOBHOMY, 3aBEpIIAIONIEMy SBOJIOLMIO yenoBeka. Ha
KOHKPETHBIX MpUMEpPax MPOAEMOHCTPUPOBAHA KOPPEISIMS PACCUMTAHHBIX JaT OMNPEAesIEHHOTO THIIA
KBAHTOBBIX MEPEXO/I0B U II00ANbHBIX M PEerHOHaJIbHbIE UCTOPUYECKUX cOObITHH. [IpencTaBieHsl Takxke
KBaHTOBBIE TEOPUM YHHUBEPCAIBHOI'O ME€HETUUYECKOTO KO/Ia U MEPApPXUUYECKON CTPYKTYpbI YEIOBEUECKOTO
Tena.

[lepeuncienHble  pe3ynbTaTbl  paccMaTpUBAIOTCA  KaK — IMOATBEPXKAEHUE  YHHUBEPCAIbHOCTH
HOJISIPU3ALMOHHOIO MEXaHU3Ma, IOPOXKIAIOIIETro pa3Hble (POPMbI KBAHTOBOI'O B3aUMOJICHCTBHS B KOCHOM 1
KMBOM Marepuu. YHHMBEPCAJIbHOCTh MOJSPU3ALUMOHHOIO MEXaHM3Ma B3aUMOJEHCTBHH I103BOJSET, B
YaCTHOCTH, TPEAINONIOKHUTh, YTO B OyaymeM OyayT pa3paboTaHbl TEXHOJIOTMH CO3JAaHHS KBAaHTOBBIX
MaTepuaioB U WX YHHUYTOXKEHUS IOCPEJICTBOM JEHOJSPU3ALMM IOCIE MCIONb30BAHUA. DTO ClEIaeT
YeJI0BEYECTBO B OyIyIIeM HE 3aBHCSIINM OT IPUPOIHBIX PECYpPCOB 3€MITH.

3. IlocTynar 0 KOMIJIEKCHOCTH (PU3MUECKUX BEJIUYMH YBEJIMYMBACT YMCIIO KBAHTOBBIX COCTOSTHHM
(GuU3NYEeCKUX CHUCTEM, IO3BOJISAS MOHATh (U3UKY MHOTIMX SIBJICHHMH, HE IOJyYUBHIMX OOBSICHEHUS B
IPUHATON napagurMe. ToJbKO ¢ MX y4eTOM yHAaeTCsl MOJIYYUTh PACUETHBIE PE3yJbTaTbl, KOJIWYECTBEHHO
CONIACYIOIMECS C SMIIMPUYECKUMHU XapaKTEPUCTHUKAMU IIMPOKOIO CIEKTpa HM3YYEHHBIX SBICHUU. B
YaCTHOCTH, MOJSPU3ALMOHHOE POXACHUE KOMILICKCHOIO IIPOCTPAHCTBA MHPOB, HE3aBUCAILEE OT
IIOCJIEOBATENBHOCTH MOJIAPU3ALUOHHBIX IPOLIECCOB, ONPENCIAET €ro Pa3MEPHOCTh, PABHYIO TPEM, YTO
COOTBETCTBYET SMIIMPUUECKUM JaHHBIM.

B MHHMOM NOANIPOCTPAHCTBE KOMIUIEKCHOTO MPOCTPAHCTB HET PEISITUBUCTCKUX orpanndeHuit CTO
Ha CKOPOCTh IepeMelieHus o0bekToB. B [1] moka3zaHo, 4TO cO CBEPXCBETOBOI CKOPOCTBIO JBHXKYTCS
KBaHTBl IOJIed co cnuHOM Oosiee 1, 4TO 3arpyaHseT OOHapyK€HHE Takux Iojied Mpudbopamu,
pacroiararoluMUcs B IEMCTBUTEIHFHOM MPOCTPAHCTBE. ITO 00BsICHAET, Todemy B CTaHIapTHOW MOJIEIH
HET MOoJIeH O CIIMHOM 2, 6e3 KOTOpPBIX 00bequHEHHE (PyHIaMEHTaIbHBIX B3aUMOACHCTBUI HEBO3MOXKHO.
[Ipenckazannas KTM  BO3MOXHOCTH CBEPXCBETOBBIX CKOpOCTEM mojeil u yacTtui, TpedyeT
9KCIEPUMEHTAJIBHOTO NOATBEPKACHHUS.

KBaHTOBBIE MaKpOOOBEKTHI, IPOTOCTPYKTYypa KOTOPHIX MMEET MHHUMOE HOANPOCTPAHCTBO, MOTYT
nepeMeniaTbcsi B MHUMOM TOJIPOCTPAHCTBE (PU3MUECKOTO Bakyyma BelleHHOW CcO CBEpXCBETOBOM
CKOPOCTbIO. DTO Je/1aeT BO3MOMKHBIM OTpHIlaeMble O(DUIIMATBHON HAYKOH MEXIJIAaHETHbIE MEpeeThl
KBaHTOBBIX KOCMUYECKUX KOopabiel 3a kopoTkoe BpeMs. [IpedsiBanne HJIO Ha 3emiie, moaTBep:kiaemoe
MHOTOYHCIIEHHBIMU HaOIIOACHUSAMU, CITYKHUT KOCBEHHBIM JI0Ka3aTeIbCTBOM KOMITJIEKCHOCTH ITPOCTPAHCTBA
¢uznueckoro Bakyyma Beenennoii u kBantoBoit npuposst HJIO.

4. HanGomnpiive TpyTHOCTH B BOCIIPHUSATHHU BBI3BIBAET MOCTYJIAT O MPEAONPEACIICHHOCTH KBAHTOBBIX
COOBITHH, NCKITIOYAIOIIEH MPECTABICHUE O CITyUYalHBIX COOBITHUSX, CAMOOPTaHU3AIIMH BEIIECTBA, CBOOOIE
Bonu. [IpencraBieHne o HEoOpaTUMOM BpPEMEHH MPHUTOAHO TOJBKO JJISi BCEJIEHHBIX, MPOCTPAHCTBO
KOTOPBIX SIBJISIETCS JCHCTBUTEIBHBIM WJIM MHUMBIM. B UX K€ pOAMTENbCKMX KBAaHTOBBIX MHpPAX BpEMS
00paTuMo, ¥ COOBITHS MIPOIIIOTO, HACTOSIIETO U OyAyIIero Hepa3AeIuMbl BO BpEMEHHU. DTO COIacyeTcs ¢
930TEPUYECKUMHU MPEACTABICHUSIMHU.
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[[MKIMYHOCTE BO BPEMEHH IIPOLIECCOB HBOJIOLHMHA MHPOYCTPOWCTBA BO3MOXKHA, €CIHM Ul HX
OOBEKTOB €CTh MPEIOINpPEIACICHHbIE HYIb-BAKyyMOM pENepHbIE COOBITHS LHMKIOB. A U3 MHOXECTBA
COEUHSIOLUIMX UX OTPE3KOB SBOJIIOLIMOHHBIX TPACKTOPHUI OOBEKTOB PEANU3YIOTCS B KaXAOM LIUKIIE TE,
KOTOPBIEC OINPENEISIIOTCA IOJIAPU3ALUOHHBIMA MEXaHU3MaMU KBAHTOBBIX B3aUMOJIEHCTBUS B MHpPaX
MUpo3AaHus. B MOHO(YHIAMEHTANIUCTCKOH TEOpUH COOBITHS B HHUX JETEPMHHHMPOBAHBI Ha BCEX
UEPAPXUUECKUX YPOBHSIX.

O npoBepsiemocTu npeackazanuii KTM. KTM npumenuma u B o051acTsX HayKH, I71€ IPOBEPUTH €€
Mpe/ICKa3aHusl CYIIECTBYIOMMMU MPUOOpaMu HEBO3MOXHO. [loaToMy TpeOoBaHUS OQUIIMATBHON HAyKH
JKCIIEPUMEHTAIILHOM IPOBEpKU NpuMeHHuTeNbHO K KTM upesmepHo.

Kak ormedeHo Bbile, ogHO U3 npenckaszannii KTM — npejickazanue Macchl 0030Ha Xurrca — ObLIo
MTOATBEPIKJCHO BIOCIICICTBUM IKCIIEPUMEHTAMH B MPEJEIaxX WX MOTPEIIHOCTH.

MOXHO TpEANoNoXKUTh, YTO B OyAylleM SKCIEPUMEHTAIBHO YAACTCS MPOBEPUTH TaKHE
MpeICKa3aHus KaK CYIIeCTBOBaHUE HepapXuu (yHIaMEHTAIBHBIX YaCTHI], BOBMOXXHOCTh CBEPXCBETOBOTO
MepeMEeIeHUs] MUKpPO- M MakKpOOOBEKTOB M M3BJICUCHUS SHEPTrUM U3 (PU3NYECKOTO BaKyyma 3eMIIH,
CYILLIECTBOBAHUE MOJISAPU3ALNOHHO-PEAKTUBHON CHIIbI, CIIMH-CIIMHOBOIO B3aUMOJEUCTBUS U PAIl APYIUX
Mpe/ICKa3aHHbIX KBaHTOBBIX A dekToB. Ho cymecTBoBanue, HaIIpuMep, CIIMH-CIHHOBOTO B3aUMOCHCTBUS
MEXy CTPYKTYpaMH CO3HAHUS UMEIOIIMMHUCS TPHUOOPaMU TPOBEPUTH HEIb3S.

O coorBerctBUM KTM HajgeKHO YCTAHOBJIEHHBIM JIKCHEPUMEHTATbHBIM JaHHBIM. OOmias
TCOpHA MHpOyCTpOfICTBa OITHCBIBAET JIFOOBIE MMPOUCXOAAIUEC B HEM SABJICHUA U IIOTOMY MMCECT IMOTCHI AL
U1 O0BSCHEHUS TI000T0 KOPPEKTHO YCTAaHOBIEHHOTO SKCIIEPUMEHTATIBLHOTO (PaKTa MOCPEACTBOM CO3/IaHUS
TPEXKOHCTAHTHOM KBAaHTOBOW MOJIENIM COOTBETCTBYIOMIErO sABieHus. Hanpumep, B KTM s onpenenenus
Macchl JIENTOHOB, MHOHOB M KBapKOB MOTPeOOBAIOCh CO3/[aTh HX MOJEIU C Pa3IUYarOIIMMHUCA
MOJISIPU3AMOHHBIMM MEXaHU3MaMH. BaXHO, 4TO Takue MEXaHW3Mbl HALUIMCh B IIMPOKOM CIEKTpE
n3ydyeHHbIX B KTM saBnenuii. [logo6HbIM e 0Opa3oM, A 0ObsICHEHHMSI Ha OCHOBE OOIIEro IMojaxona
J000r0  HAJIEKHO YCTAaHOBJIEHHOTO (akTa Hy)KHAa COOTBETCTBYIOIIAs TPEXKOHTAHTHAs MOJEIb,
nocTpoeHHast Ha ocHoBe nocTtynaroB KTM. CeromHs HakOMMIOCh OTPOMHOE KOJIMUECTBO HE OOBSICHEHHBIX
SKCIEPUMEHTAIbHBIX JAHHBIX, U OHO HENPEPHIBHO YBEIMYMBAETCS, YTO JEJIACT HEPEATIbHbIM pa3padoTKy
COBOKYITHOCTH OOBSCHSIOIIMX UX KBAHTOBBIX MOJIEJIEH.

[TosToMy TpeboBaHUsS Il SKCIEpUMEHTAIbHOTO oOocHOBaHUST KTM 1OmKHBI OBITH HHBIMH.
[TocpencrBom BBeneHuss B KTM OMOTHUTENBHBIX MPEANONIOKEHUA U KOHCTAHT MOKHO TTOCTPOUTH TY JIA
WHYI0O anmpoOMPOBAHHYIO) YACTHYIO TEOpHUI0, W TEM CaMbIM BKIIOYUTH €€ OSKCIIEPUMEHTAIIbHbBIC
noaTBepxkaeHus B obocHoBanne KTM. Drtoro Oyner nocrarouno ans npuszHanusg KTM noreHumanbHO
YHUBEPCAILHON TEOpUEH.

Hampumep, CranpapTHas MoJenb 3J€MEHTAapHBIX YacTull, uMeromas okoigo 20 mapameTpos,
OIMCHIBACT B3aWMOJICHCTBUS YACTHUIl B JEHCTBUTEIHLHOM IMOANPOCTPAHCTBE (DU3MUECKOTO BakyymMa U
HCIIOJIB3YET JIMIIb JIOKAJIU30BAHHBIC B HEM CKAJAPHBIC M BEKTOPHBIC ITOJIA, T.C. HC YUUTHIBACT SBJICHUSA B
KOMIIJICKCHOM TIIPOCTPAHCTBE, K KOTOPLIM OTHOCHTCA POXKACHUEC KOMIUICKCHBIX MacCC 4YacTull WU,
cnenoBatenbHO, TpaButarus [1]. [Tostomy CrammapTHOW Moaenud MOTpeOOBANIOCHh JOCTATOYHO MHOTO
JIOTIOJTHUTEBHBIX MTAPAMETPOB, YTOOBI MOKHO OBLIIO HE YUYUTHIBATh KOMILIEKCHOCTh (DU3MYECKUX BEITHYMH.
[TockonbKy B MpUHATON MapagurmMe MNpOCTPAHCTBO CUUTAETCS JEHCTBUTENbHBIM, TO SKCIIEPUMEHTAJIbHbBIE
JaHHBIE TPHU3HAHHBIX OOOCHOBAaHHBIMU U JpPYTUX €€ TEOpHid MOXKHO paccMaTpuBaTh Kak
AKCIIEPUMEHTATIFHOE TOATBEPKICHIE OOIIEH TeOpUH C €€ KOMILJIEKCHBIM MPOCTPAHCTBOM POTUTEITBCKUX

120



mupoB Bcenennoii. Tem cambim TpeGoBanue o mnoarBepxkaeHuu KTM mnpusHaHHBIMH HaJSKHBIMU
OKCIICPUMCHTAJILHBIMU JaHHBIMUA MOXXHO CHUTATh BLIITOJIHCHHBIM.

s onposepxkenust yuusepcanbHoctu KTM noctaroyHo mokas3arb, YTO CyIIECTBYET XOTS Obl OJIUH
MIPOTUBOpEYALNI el SKCIIEpUMEHTAIbHBIA (PAKT, KOTOPBHIA HEBO3MOXKHO MHTEPIPETHUPOBATH MOJEIBIO C
Tpemsi KoHcTaHTamu. [loumck Takoro ¢akra MOXET OKa3aTbCs Oe3pe3ylbTaTHbIM, a IPOTUBOPEUUS
KaXyIIUMUCS.

Hanpuwmep, cormacHo KTM, naunbonee jerxoi ¢pyHAaMEHTATbHOW YaCTHIICH SBISIETCS DJICKTPOH.
DKCepUMEHTAIbHBIE JaHHBIE 10 OCHWIISALIUAM HEUTPUHO UHTEPIIPETUPYIOTCA KaK CYLIECTBOBAHUE Y HUX
oueHb Masiol Macchl. [Toatomy B KTM HEWTpUHO paccMaTpUBarOTCS KaK COCTaBHBIE YACTUIIBI C HYJIEBOM
Maccoid, oOpa3oBaHHbIe Mapamu (yHIaMEHTANbHBIX YacTUIl C Pa3HbIMM 3HAKaMHM Macchl M 3apsia U
pasiuyaronuecs napaMu OueHb JIETKUX (EPMHUOHOB IIECTOr0 MEpapxuueckoro ypoBHsA. C BeleCTBOM
BcenenHoll HEUTPUHO B3aMMOJICMCTBYIOT CBOEH JIETKOM KOMITIOHEHTOM C MOJIOKUTEIbHOW MaccoH, U OHa
ceiiyac paccMaTpuBaeTCsl Kak Macca HEMTpUHO. DTa MepapXUyecKas MOJEIb HEUTPUHO KOJUYECTBEHHO
OIMCHIBAET 3KCIIEPUMEHTAJIbHBIE JaHHbIE MO OCIMLIALUAM HedTpuHo. [losToMy HeHyneBas Macca
HEHUTPHUHO HE SBJISETCS HA/IEKHO YCTAHOBJICHHBIM 3KCIIEPUMEHTAIBHBIM (PAKTOM.

O TpeGoBaHMYN NPU3HAHUSA HOBBIX TeopHii opUIIHAILHON HayKoii. Eiie onHuM TpeboBaHueM s
MIpU3HAHUS HOBOI Teopur 000CHOBAHHOM sIBiIseTCA ee oulinambHOe 000peHHE HayYHBIM COOOIIIECTBOM.
OT10 TpeOOBaHKE HE UMEET OTHOIICHUS K BBISIBICHUIO HAYYHON UCTUHBI B IO3HAHUU PEATLHOCTH U JIETIAeT
BO3MOKHBIM 0JIOOpEHHE TOJIBKO TEOPHid, HE HAPYIIAIOIIMX TPUHATYIO MApaAUTMy. DTO SBISETCS TOPMO30M
U pa3BUTHS (QyHIAMEHTAIBHON HAyKW M NMPUYUHOW €€ HBIHEIIHEro 3acToiHoro cocrosaus. KTM ke
MOKa3bIBACT IyTh BBIXOJAa M3 HETr0 4Yepe3 paJUKAIbHOE HM3MEHEHHWE HAydYHOTO MHUPOBO33PEHHUS H
COOTBETCTBYIOILIEE HW3MEHEHUE NPUOPUTETOB pa3BUTUs Haykd. CeromHs pyKOBOACTBO HAy4YHOI'O
coo0011IeCcTBa, CTPEMSIIEECS COXPAHUTh CTaTyC-KBO, K TAKUM PEBOIIOIMOHHBIM W3MEHEHHUSM HE FOTOBO U
HE 3aMHTEPECOBAHO B HAYYHOM OOCYXXICHHM aJIbTEPHATUBHOTO MHUpPOBO33peHus. Ho pa3BuTue Hayku
HAJ0JT0 3a/epKaTh HEJb3s, U JAaHHYI0 padOTy MOXKHO paccMaTpuBaTh Kak MOATOTOBKY K MpPEICTOSIIEH
JUCKYCCUU O MyTH pa3BUTUA (yHIaMEHTAIbHON HAyKH.

3akiarouenue. [IpunsiTeie ouuManbHOM Haykol TpeOoBaHMSI MO OOOCHOBAaHHIO HOBBIX YaCTHBIX
Hay4HbIX TEOPUH B paMKaxX INPHUHATOHN ByXypOBHEBOW IapaJurMbl HE NPUMEHMMBI B oTHomeHun KTM,
ABJISIOIIEHCS MOHO(YH/IaMEHTAIUCTCKOM TPEXKOHCTAHTHOM o0mieil Teopuum Mupoycrpoiicta. Ee
HEBO3MOYKHO TIPOBEPUTbH, HCIOJB3Ys JIMIIb OSKCIEPUMEHTAJIbHBIE CPEACTBA CETOAHSIIHENH HayKH.
ITockonpky oOmmIasgs Teopus BKJIHOYAeT INPU3HAHHBIE OOOCHOBAaHHBIMH 4YacTHbIE TEOPUH, TO HX
SMIHMpUYEcKoe 000CHOBaHUE SIBIIETCS M 00OCHOBaHMEM 00miel Teopuu. BaxkHo Obulo yOeauThCs, YTO
KTM konn4ecTBEHHO COMIacyeTcs C MHUPOKUM CHEKTPOM OOBbEKTHBHBIX U CyObEKTUBHBIX IMIIMPUUYECKUX
JAHHBIX SIBICHUH, KOTOpPBIE B paMKax MPUHATOW MapaaurmMbl OOBSICHUTH HE yHaeTcs. MonensiM Takux
spiennii B KTM ObLI0 yIeneHo OCHOBHOE BHUMaHMe, W ObLI0 mokazaHo, yTo KTM onuceiBaeT ux
AMIIMPUYECKHUE XAPAKTEPUCTUKH KOJINYECTBEHHO.

Ha ocHoOBaHMM 3TOro SMIHMpPHUYECKOrO MOATBEpKAeHUS mocTynaroB KTM B mmpokom crekrpe
SIBIEHUN KOCHOM M KMBOM MaTepuu pasHbIX MEpapXUUYECKUX YPOBHEH ObLT CleslaH BBIBOJ O pa3paldoTke
OCHOB MOHO(YHIAMEHTAJIMCTCKOW M TMPETEeHAYIOUel Ha yHHMBEpPCaJbHOCTh KBAaHTOBOM TEOpPUU
mupoycrpoiictBa. I[losToMy oHa [omKHa MPUHATH HAa CMEHY MPUHATOW OQHUIMAIBLHOM HaykKou
JBYXypPOBHEBOH TMapajurMbl C OrPAaHUYEHHON 00JacTbl0 NPUMEHUMOCTH U B OyaylieM cTaTh
(byHAaMEHTaIbHBIM OCHOBAaHMEM HE TOJIBKO €CTECTBEHHBIX, HO M OOLIIECTBEHHBIX M T'YMaHUTAPHBIX HAyK.

121



Baaronapuocru. Ilpunomy Omaromapuocts C.b. CeMeHOBO# 3a mpemocTaBiieHHe WHGOPMAIIHH,
IIOJIyYEHHOU OT HEMPOCETEH.

Jluteparypa

1. Yepnyxa B.B. KBanToBas Teopust MUpoycTpoiicTBa; cat ptm-2008.ru, 2023.

24.10.2024

122



