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JIaHHBIH BBINYCK KypHaa, Kak U psaJ] NPeAbIIyIUX, TOCBAILIEH 00CYKACHUIO
ocHoBaHUH (pyHIaMeHTanbHOH u3uku. B mociennee Bpems sta nmpodiema npruoo-
peTaer Bce OONBIIYIO aKTyaJbHOCTh B CBSI3M C TEM, YTO KIIIOUEBBIC HJIEH JIBYX
PEBOTIONMIA B (PU3UKE — OTKPHITHSI KBAHTOBOM TEOPUH U CO3JIaHMs 00ILel Teopun
OTHOCHTEIIEHOCTH, ONpeAesBIIMe pa3BuTe Gu3nku B XX BeKe, 3a MpOIIEAIIee
CTOJIETHE IIPAKTUYECKU ncuepnanbl. Co3penu yCcaoBUs Ul HOBOTO CYIECTBEHHOTO
NePecMOTpPa CIOKHUBIIUXCS MPEJACTABICHUNH O (PU3MUECKOW pPEeaTbHOCTH. ITO
CBUJIETEJILCTBYET O HACTOSATEIBHONW HEOOXOAMMOCTH OOCTOSATENBHOTO aHalu3a
COCTOSIHUSI COBPEMEHHBIX HCCIIEOBaHUI B 001acTu (yHIaMEHTAIbHONW TEOpeTu-
YeCcKOM (PU3MKU U MOMCKA HOBBIX MEPCHEKTUBHBIX UACH.

OTMeTuM, 4TO 3TO SBHO OIIyIaJoCch yke€ B KoHue 1980-x romo, korga
B Hallel cTpaHe ObUIa MPOBEJEHA IIKOJIA MO0 OCHOBaHUAM ¢u3uku B 1989 romy
B Couu. 3areM HACTyNwiM TPYAHBIE BpEMEHa MJii OTECYECTBEHHOM HAyKH, TEM
He MeHee B 1995 rony B SIpocnasine Obuta nposeneHa MIOHOBCKas MIKOJIa-CEMHHAP
[0 OCHOBAHUSIM TEOPUHU IMPOCTPAHCTBA-BPEMEHHU, B KOTOPOM MPHUHSUIM ydacTHUe
MHOTH€e u3BecTHble (pu3uku. [Ipobaembl ocHOBaHUHN (U3UMKU U TE€OMETPUU HEU3-
MEHHO 00CYKIaJIMCh Ha POCCUICKUX IPaBUTAIIMOHHBIX KOH()EPEHIUAX, PETYIISIPHO
NPOBOJUBIIKXCS pa3 B TpH roja. OgqHako Bo3001aJaBIINi B IOCIEAHNUE TPU A€Cs-
THJIETHS IPArMaTu3M CYIIECTBEHHO OCJIa0MUI BHUMaHHUE K OCHOBAHUIM (yHIaMEH-
TaabHON (U3HKHU.

Cutyanus MeHsieTcs, U ceiiyac B HAy4HOM cooOliecTBe (He TOJIBKO B OTede-
CTBEHHOM, HO M B 3apyO€KHOM) BO3pacTaeT MHTEPEC K aHAJIM3y OCHOBAHUU
CJIOKMBUIMXCSl MPEACTaBICHUM O (u3nueckoil peanbHOcTH. B Hameil crtpane
HAyaJId PEryJIsipHO MPOBOAMTHCS KOH(PEPEHIIMU MO OCHOBAHUAM (PyHIaMEHTalb-
HOU (PM3MKHU U MaTEMAaTUKHU. 3a OCIeIHUE TPU rojia IPOBEACHBI TPU TaKue KOH(e-
pennuu Ha 6a3e Poccuiickoro yHuBepcureTa 1pyx0bl Hapo0B. MaTepHuanbl 3THX
KOH(pepeHIUd MoApoOHO OOCYKJalIWCh Ha CTpPaHMLAX HAIEro JKypHaia.
B yacTHOCTH, B MOCIEIHUX IBYX HOMEpaX HAIlleTo XKypHaja Iy OJIMKYIOTCS CTaTby,
OTpa)karolllie COEeP KaHUs CIEIaHHbIX JOKJIA0B Ha TpeThel Poccuiickoil koHpe-
pPEeHIINU, COCTOSIBINICHCS B KoHIIe HOsIOpst 2019 rona.



Ot penakuuun

B nepBoM HOMepe xypHana 3a 3TOT rof (35) ObUIM OIMyOIMKOBAHBI CTaThH
0 J0KJIaJIaM, CIIeJITaHHBIM Ha CEKITUH, TTOCBAIIEHHON 00Cy)ACHUIO PHIocodCKux
BOMPOCOB (DM3MKU. DTO CBSI3aHO C TeM, YTO OOCY’KICHHE OCHOBAaHUN (PU3UKU
HEepa3pBIBHO CBS3aHO ¢ Mpo0IeMaMu TeopeTHIecKo (punocoduu, TouHee, ¢ MeTa-
¢bu3nKol B ee TPAAUIIMOHHOM MTOHUMAaHUH.

B HoMmepe 2 3a 2020 rox xKypHaja coJlepKalluch CTaTbH, B KOTOPBIX 00CyX1a-
JIUCh UJIEU PEIIAIIMOHHON MapaJurMbl, KOTOpbie B XX BEKe OKa3aIuCch HA 000YMHE
JOMUHHUPYIOIUX (PU3UYECKUX MapaJurM: TEOPETUKO-TIONEBOI U T€OMETPHUECKOM.
Otmertunm, 9TO yke caM (DaKkT HAIMYHS TPEX JTyaTUCTUISCKHUX MapajnurM B pusuke
oTpakaeT MeTapU3NYEeCKUIl MPUHIMI TPUHUTAPHOCTU. B Hoknanax, cleraHHbBIX
Ha 9TON KOH(EPEHIUH, M B CTAThAX, OTPAKAIOIMINX UX COJCpPKAHUE, TPHBOIHIICS
PAI BECKUX JOBOJOB, CBHUIETEIBCTBYIOIIUX O MEPCIEKTUBHOCTH HCCIEIOBAHUMI
B paMKax PeNsSIUOHHON MapajurMbl, UACU KOTOPOHl OBLIM 3aJI0XKEHBI B TPyAax
I'. Jletitouauma n O. Maxa.

JlaHHBIN HOMEp >KypHaJja MOCBSIICH INIABHBIM 00pa3oM 00CYKIEHUIO COCTOS-
HUSL ¥ TIPOOJIEM JBYX JAPYTHX IAYaJIHCTHUYECKUX IapagurM: TEOPETHKO-TIOIEBOM
Y TEOMETPUYECKOM, MPUYEM 3HAUUTEIbHOE BHUMAHUE YJIE€JIE€HO UX COOTHOIIEHUIO
C UJI€AMHU PENIILIMOHHON NapaJurMbl.

Cratbu 3TOr0 HOMEpA >KypHaja pacHpeleseHbl IO YETBIPEM pazleiaM.
B nepBom paznene «Metadusnka u OCHOBaHUS (HU3UKM» 00CYXITArOTCS OOIIne
BOTIPOCHI TPEX MapajurM: MpeajaraeTcs KI1acCupUKaIms TEOPUN dTHX Mapaurm,
3aTPOHYTHI BOIIPOCHI HCTOPUU Pa3BUTHS PUINIECKUX TEOPHUH.

Bropoii pa3nen «TeopeTtuko-nosieBas nmapagurmMa B (U3MKE» OTKpBIBaeTCA
coaepxatenbHOU ctatbert Bi.Il. Busruna. B Helt oOcyxmaeTcst HCTOpUs CO3MaHus
¥ Pa3BUTHS TaK HAa3bIBAEMOH «CTaHIApTHON MOJenu» B (PU3MKE, TO €CTh KaauOpo-
BOYHOI'O MOAX0JIa K ONHUCAHUIO B3auMojieiicTBUidl. Ha Hero B cBoe Bpems Bo3iara-
JUCh OomblIMe HaJexK bl B aTOM ke pasaene cogepxatcs crateu FO.I1. PribakoBa
u M.JI. ®unbueHKoBa, B KOTOPBIX OOCYKAAIOTCS IpYTUe HAlpaBiI€HUs pa3BUTHUS
TEOpETUIECKON (PU3UKHU B paMKaxX TEOPETUKO-MIOJIEBOM MapaglrMbl.

Tpetnii pasznen MOCBALIEH OOCYXIEHHIO MPOOJIEM T€OMETPUYECKOH mapa-
TUTMbI. Bonpockl, 3aTpOHYTHIE B CTaThsSIX 3TOTO pa3/ielia, TECHO CBSA3aHbI ¢ MpooJie-
MaMH, OOCYXJaBUIMMHCS Ha TOJBKO YTO 3aBepmmBIueiics 17-it Poccuiickoit
IpaBHTAMOHHON KOH(EPEHIINH, COCTOSBIIICHCS B OHJIaH-pexkuMe Ha 6a3ze CaHKT-
[TeTepOyprckoro monuTeXHUYecKoro yHupepcuteta (29 utons — 3 utons 2020 r.).
Crnemyer OTMETHTB, YTO Ha MPOMIe/ el KOH(EPEHIIMN MaJI0 BHUMAaHUS YICISIOCh
npobiieMaM OCHOBAaHMH TEOPUM MPOCTPAHCTBa-BpeMeHU. OCHOBHOE BHHMMAaHHE
OBUIO COCPEIOTOUYECHO HA BOIIPOCAX ONMUCAHUS Ha Oa3e 0011eil TeOpuru OTHOCUTENb-
HOCTH (M HEKOTOPBIX €€ YaCTHBIX 0000IICHMIT) MpoOieM KOCMOJIOTHYECKOTO Xa-
pakTepa, TaKUX KaK HaydalbHbIe CTaauu pa3BuTHs BcenenHoil nocne «bomibiioro
B3pbIBa», CTPYKTypa BceneHHoil B 11e10M, MpoLecchl B OKPECTHOCTU YEPHBIX JIBIP
U T. 1.

B cBsi3u ¢ 3TUM yMECTHO HAallOMHUTH BbICKa3biBaHUE akagemuka B.A. @oka:
«IIpexne Bcero, HeMpaBUIBLHO BHIETh B HeM (B pemennn Opuamana—Jlodaues-
ckoro. — FO.B.) Kakylo-TO “MoOJ€nb MHpa B I€JIOM~, Takas TOYKa 3pEHUs
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NPEeJICTaBIISETCS HEYIOBJIETBOPUTEILHOM B pumocopckoM oTHOImEeHUH. [IpocTpan-
ctBo Dpuamana—JIo6a4eBCKOr0 MOXKET, camoe OOoJbIlee, CIYKUTh (GOHOM MIJIs
OTPaHUYEHHOI'0 YHCIa TAJTAKTUK MOJAO0OHO TOMY, KaK TaJliIeeBO MPOCTPAHCTBO
ciyxuT (poHOM ISl 00BEKTOB, TT0100HBIX CoHeuHOM cucteme. Cama MpUMEHH-
MOCTh YPaBHEHHUN DWHINTEIHA B UX KJIACCHUYECKOM BHUJIE K TAKUM OTPOMHBIM IIPO-
CTpaHCTBaM H€ SIBJIAETCS CTOJIb O€CCIIOPHOM, KaK UX IPUMEHUMOCTH B OoJiee orpa-
HUYEHHBIX MaciiTabax. He uckitoueHo, 4To A1 KOCMHYECKHX MacluTaboB 3TH
ypaBHEHHS TOTPeOYIOT U3MEHEHHsI Wi 0000mmenus» [1].

Ananornuno meiciui npodeccop J.J1. iBanenko, koTopsiii mucan: «Makcu-
MaJbHO OOBEIMHEHHAs, €CTECTBEHHAs KapTHHA MUpa JIOJDKHA J1aTh OTBET HA 3TU
TpYZHBIE BOIPOCH! (IIpobsieMbl pyHIaMeHTaIbHON (pu3uKu ero Bpemenu. — FO.B.),
nepe KOTOPhIMU OECIOMOIIIHA SWHITEHHOBCKAs TPaBUAMHAMHUKA, TO-BUANMOMY,
crocoOHasi TPETeH/I0BaTb Ha ONUCAHWE TPAaBUTAIMM M OOBIYHON MaTepuu
B OCHOBHOM B HEKBAHTOBOM Ipejelne, MPUTOM JIUIIb B MacuiTabax mpUMEpPHO
rajaKTuKm» [2].

OpHako 3T aBTOPBI, CTOSIBIINE Y OCHOBaHMM PoccriicKoro rpaBUTaIimOHHOTO
coo0IlecTBa, yIUIH, a MOClie HUX BO300Jajany B3IIIAAbI MHOTO poja. B cBs3u
C ATHUM B NIEPBOM CTaThe 3TOTrO paszzesia IMpeIaraeTcss pesLUUOHHBINA B3I
Ha COJIEp’)KaHuE OOIIeH TEOPHH OTHOCUTEIBLHOCTH W HEKOTOPBIX €€ 000OIICHMIA.
B sT0li cTarhe Ha3BaHBI BaXKHbIE HEJOCTATKH OOIIECH TEOPUH OTHOCUTEIHHOCTH,
[JIaBHBIM U3 KOTOPBIX SIBJSIETCSI OTCYTCTBHE B HEW TOJKHOTO MOHUMAHUS CBSA3HU
9MIEKTPOMArHUTHBIX M TPABUTALMOHHBIX B3aHMMOJCHCTBHI, YTO BOJTHOBAIO CaMUX
cosmarencii OTO u ee o6oOmenuii: . I'masbepra, A. DiHmrelina, I'. Beius
U IPYTUX KJIACCUKOB T€OMETPUUYECKOM MapagurMsbl.

B ¢BsI3u ¢ 3TUM yMECTHO HAalIOMHHUTB cjIoBa J. Maxa, OJHOro U3 OCHOBaTelen
pensiuoHHOM mapanurmbel: «Cpeau Bcex MpolieccoB Haubosee TiyOOKO MPOHU-
KaloT B IPUPOIY, NMO-BUAMMOMY, IPOLECCHI JIEKTPOMATHUTHBIE, U HAJ0 Haje-
ATHCS, YTO OHU CO3/IaayT B OyayIeM ocHOBY eauHoi ¢usukmy» [3. C. 446]. B aroit
CTaThe MOKAa3bIBAETCS, YTO B paMKaX PENALMOHHON MapagurMbl MHAY€ BBITJISAUT
COOTHOILIEHHUE TPaBUTALIMOHHOTO U 3JIEKTPOMarHUTHOr0 B3auMmoencTeus. Mexon-
HBIM SIBJISIETCS 3JIEKTPOMarHUTHOE B3aMMOJEICTBHE, YTO TO3BOJSET Ha3BaTh
IIOJIYYaIOLIyOCs Ha 9TOM OCHOBE TEOPHUIO «JIEKTpOorpaBuTanuein». B ee pamkax
00BsACHSIOTCSA HaOMI01aeMble 3P deKThl 001l TEOPUH OTHOCUTEIIBHOCTH.

W3noxxeHHOe BBIIIE HE OTBEPraeT 3HAYUMOCTh OOIIEH TEOpUHU OTHOCUTENBLHO-
CTH B TIpeeNiax ee MPUMEHUMOCTH. [ manbHeimero pasBuTusi GU3UKU, B TOM
YHClie ¥ B paMKaX PeJISIMOHHON MapaJurMbl, BaXKEH pAJl MOTYYCHHBIX B T€OMET-
pUYECKON MapagurMe pe3yiabTaToB, TAKUX KaK PUHIUIIBI TEOPUU CUCTEM OTHOILIE-
HUM, 00001IeHNs pa3MEpHOCTH, anredpandeckas kinaccubukamnus [letpoBa u psn
TIPYTHX.

UYeTBepThlii pa3/iesn BKIIIOYAET JBE CTaThH, B KOTOPBIX 00CYK1al0TCS COAEepKa-
Hue Tabnuiel MeHeneeBa 1 psii BOSHUKAIOLIUX MPOOIIEM, CBI3aHHBIX, BO-TIEPBBIX,
C OTKPBITHEM HOBBIX AJIEMEHTOB, a, BO-BTOPBIX, C MIONBITKAMH €€ 00Jiee IHUPOKOIro
OCMBICJICHHUS.
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HUnemumym epasumayuu u kocmonozcuu PY/[H
Poccuiickas @edepayus, 115419, Mockea, yr. Oposconukuose, 3

AHHOTanusl. BeiieneHs! KiltoueBble U3MYECKUE KaTETOPHUH, UCIIONIb3yeMble B COBPEMEHHOM
(hu3nKe, TTOKAa3aHO HANWYHE TPEX OCHOBHBIX MapagurM B GyHIAMEHTAIBHONH TEOpeTHUeCKOH (u-
3MKe ¥ Ha 3TOH OCHOBE IpOM3Be/ieHa Kiaccudukanus pusndeckux teopuil. IlpogemMoncTprpoBana
TECHasl CBsI3b OCHOBaHWi (DyHIaMEHTAILHON (H3MKU ¢ MpUHIUNaMU MeTadusuku. VznoxeHHoe
TIPOMILTIOCTPHUPOBAHO 3-MEPHBIMH PHCYHKAMHU.

Kniwouegvie cnosa: pruznieckue KaTeropun, TpH BUAA JyUTUCTUUECKUX TapaUrM, TPU Tapbl

ANbTEePHATHBHBIX KOHIEIINH, KiIacCHpUKAIHS GU3NISCKIX TeOpHii, MeTa(QpU3MIeCcKie PUHITHIIEL.
BBenenue

B psaae nammx mybnukauuit (cM., HanpuMmep, [1; 2]) mokasbiBaeTcs, 4To CO-
BpeMeHHas (pyHAaMeHTalbHasi TeopeThyeckas (pu3nka TeCHO CMbIKAeTCs ¢ MeTa-
($u3MKOl B €e KJIJaCCUYEeCKOM NOHMMaHuu. B HacTosiiee Bpemst yke HeZJ0CTaTOYHO
IpU3HaBaTh METaPU3UKY, — CO3PEII0 BpeMs JUIsl (OPMUPOBAHUS KIFOUEBBIX METa-
(¢u3nUecKuX MPUHIMIIOB Ha 0a3e TOCTMKEHUH COBpEeMEHHOM (Qu3uKu. B Hammx
paboTax npeiokeHa GopMyIMpOBKa psijia TAKMX NpUHIUIIOB. Cpenn HUX KIitoue-
BOE€ 3HAUEHHE UMEET MPUHIMIT TPUHUTAPHOCTHU. 3aHMMAasACh OCHOBaHUAMHU (pyHa-
MEHTAJIbHON (M3MKH, YUTasl JIEKIIUM CTyACHTaM IO 3TOH TeMaTHUKe, MPUXOAUTCA
NOpaXkaTbCsl MHOTOYNCIIEHHBIM IPOSIBJICHUSAM TPOMYHOCTH: TPU NPOCTPAHCTBEH-
HBIX M3MEpPEHUs, TPU BUAA B3aMMOACHCTBUI B MUKPOMUPE (3JIEKTPOMArHUTHOE,
ciaboe W CUIbHOE), TPHU IIOKOJEHMS JJIEMEHTApHBIX YacTHLl B TEOPHUH
AIIEKTPOCIIA0BIX B3aMMOICHCTBHM, TP XPOMATHUECKUX 3apsi/ia B TEOPUU CHIIBHBIX
B3aMMOJICHCTBHIA, TPH KOCMOJIOTHUYECKUE Moeln DpuMaHa, Tpu PU3NKO-TEOMET-
PUUYECKUX TEH30pa B MOHAJIHOM METO/Ie 001Iell TeOpUN OTHOCUTEIBHOCTH U T.1.
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310 X€ OTHOCUTCS U K (huinocoduu, rae, Kak OTMEHalld pycckue Quiocodst
CepeOpsiHoro Beka [3; 4], uMeroTcs Tpu Buaa GuitocoPpCKO-peTUTHO3HBIX CHCTEM.
B pa6orax B.B. MupoHnoBa [5] oTmedaercs, 4To siipo TeopeTudeckon ¢punocopuun
ONPENENAETCS TPEMS COCTABIIIIOIIMMU: OHTOJIOTHEW, THOCEOJOTUEH U aKCHOJIO-
rueil. [IpuHIMN TPOMYHOCTH 3aJI0’KEH U B OCHOBAHHUS psfia PEIUTUO3HBIX YUYECHUH.
Bce 310 cBUAETENBbCTBYET O MeTa(hU3NIECKOM XapaKTepe MPUHIIUIA TPUHUTAPHO-
CTH.

B nanHOI cTaThe HA OCHOBE MPUHILUIIOB TPUHUTAPHOCTHU U Jyalu3Ma Ipeio-
JKEH aHaJu3 OCHOBAHMM COBpEMEHHBIX (Qu3nueckux Teopuil. Ilokazano, uro B
HACTOsILee BpeMsl HCCIIeZIOBaHUS B ()yHIaMEHTAIbHOM TeopeTndyeckoi pusuke Be-
JYTCSl B paMKax TpeX AYATMCTHYECKHX MapagurM, CpeaIu KOTOPBIX 0CO00T0 BHIMA-
HUS 3aCITyKUBAET PEJLIMOHHAs IIapaJurMa, OCTaBaBILIAsCs B MUHYBILIEM BEKE BHE
JOJKHOT'O BHUMAHUS.

1. Tpu kaTeropum Kjiaccuueckoil puznku

Obpatum oco0oe BHUMaHHE Ha TPEXWICHHBIM BTOpoil 3akoH HproToHa
ma = F, nexanuii B OCHOBE KJIACCHUYECKON (PM3HUKU. DTOT 3aKOH CONEPKUT Xapak-
TEPUCTUKH TPeX KIIOYEBBIX KaTETOpU KJIaCCUUECKON (PU3UKH: YCKOPEHUE a COOT-
BETCTBYET KaTeropuu npocrpaHcTBa-BpeMenu (I1-B), macca m gBisercs xapaxre-
pucTukoii kateropuu yactuil (H), moMenieHHbIX B MPOCTPAHCTBO-BpeMsl, a cuia F
B MPaBOil YacTH (aKTUUYECKHU OIpPEAeseTCs] XapaKTepUCTUKAMH TPEThEe KaTero-
pun — moJeit mepenocunkoB B3aumoseiicteuii (I1). HazBanusie Tpu ¢usndeckue
KaTeropuy B TOM WUJIM MHOM BH/IE JIEKAT B OCHOBAHUAX BCEX (PU3UUECKHUX MOCTPO-
CHHUI.

B ydeOHrKax u OOJBIIMHCTBE KHUT 1O (PU3MKE HAa3BAaHHBIC KATETOPHH B 3HA-
YUTEIBHOW CTENEHU UMEIOT CaMOCTOSTENbHBIA XapakTep. [JJonmyckaercs uzydeHue
CBOWCTB TPOCTPAHCTBA-BPEMEHN 0O€3 YaCTHUIl W TOJIEH, MOKHO pPaccMaTpUBATh
Tak)ke CBOOOIHBIE 3TIEKTPOMArHUTHOE WIIM TPABUTAIIMOHHOE MOl 0€3 YaCTHII UITH
CBOOOHBIE YaCTHUIIHI (Tena) 0e3 MmoJek.

OTtHeceM Qu3nMUeCcKHe TEOPUH TaKOT'O POJa K UCCIIEIOBAaHUSAM B paMKax mpu-
anucmuyeckol memaghuzuieckol napaouemul, TOJUYEPKUBAsT TEM CaMbIM TPOHY-
HBII XapakTep OCHOBaHUH JAHHOTO MOJAX0/a K PEaIbHOCTH.

[TpoummocTpupyeM U3N0KeHHOE MaTepraioM puc. 1, Ha KoTopom enuHoe Gu-
3UYECKOe MHUpO3JaHue n300paxkaeTcsl B BUJE KyOa, IOCTPOEHHOTO Ha TPEX OCHX,
COOTBETCTBYIOIINUX Ha3BaHHBIM (DU3HMUECKUM KaTErOpUSM TPUATHCTUYECKOM mapa-
nurmel. OHa U3 BepIIMH Ky0Oa BbIOpaHa B KauecTBe Hayasla KOOPAMHATHBIX OCEH,
OJIMLETBOPAIONINX TPU KaTeropuu. BepTukaibHON 0OChbl0 000O3Hau€Ha KaTeropus
MIPOCTPAHCTBA-BPEMEHH, TOPU30HTAIIBHON OCBIO BIIPABO — KAaTEropus MoJeil nepe-
HOCYMKOB B3aMMO/JICHCTBUM, & OChIO, HAMPABIEHHON BIEPE, — KATETOPHS YACTHII.
®usnuecKkue TeOpUH TPUATUCTHUECKOW apaJurMbl, MOXKHO CKa3aTh, OMUCHIBAIOT
MUPO3JIaHUE Yepe3 MPOEKIUU Ha TPU OCcU-pedpa Kyoa.

11



Meradusuxa, 2020, Ne 3 (37)

(II-B) IIpocmpanemeo-epems

(II) oas
NePEHOCUUKOB
eé3aumodeticmeut

(Y) Yacmuyp

Puc. 1. Ky0 ¢puznueckoro mupozganus,
NOCTPOEHHBIN HA TPeX MeTa(pu3nUecKUX KaTeropusax

Benuk co6mna3H monarath, 4To Mbl MoiMeM (hU3HUECKOE MUPO3/aHue, eCIH
paz0bepeMcst B CyTH Ha3BaHHBIX TpeX Kateropwii. OmHako HEe OyJeM CIEHINTh U
BCIIOMHHUM TPOPOYECKHE ClIoBa DpHcTa Maxa, ckazaHHbIe Ooyiee cTa JIET TOMY
Ha3aJ] B NIEPUOJ MEepPeXoaa OT HhIOTOHOBON MEXaHWKH K MPECTABICHUSM HOBOM
¢u3uKH (TEOpUH OTHOCUTEIBLHOCTU U KBAHTOBOM MeXaHuKe): «CpeacTBam MbIIILIe-
HUSl GU3HKH, TTOHATHIM MAacChl, CUJIbI, aTOMa, BCS 3a7jaua KOTOPBIX 3aKII0YaeTCs
TOJIEKO B TOM, YTOOBI IOOYIUTH B HAIIIEM NPEJCTABICHUNA YKOHOMHO YIIOPSI0YCH-
HBIM OIBIT, OOJBITMHCTBOM E€CTECTBOUCIBITATENICH MPHUITUCHIBACTCS PEATbHOCTD,
BBIXOJISIIAS 32 TPEIeNbl MBIIIJICHUS. boliee TOro, mojararT, 4TO 3T CUJIBI U
MacChl TIPEACTABISIIOT TO HACTOSIIEE, YTO MOJICKHUT UCCICAOBAHUIO, U €CITU OBl
OHHM CTaJI U3BECTHBI, BCE OCTAIILHOE MOTYUYMIOCH OBl caMO COOOI0 M3 PaBHOBECHUS
U JIBWOKCHHS 3THX Macc... Mbl HE JOJDKHBI CUUTATh OCHOBAMU JEUCTBHTEIHHOTO
MUpa T€ UHTEIUIEKTYyalbHbIE BCTIOMOTATENbHbBIE CPEJICTBA, KOTOPHIMH MBI MOJb3Y-
eMcs ISl HOCMAaHO8KU MUpa Ha cyere Hauie2o moluinenus» [6. C. 432].

DTO B TOJHON Mepe OTHOCHTCS M K TOHATHUSM, COOTBETCTBYIOIIUM TPEM
HA3BaHHBIM ¢u3nyeckuM Kareropusm. CormacHo Maxy, UCTIOTIb3yeMbIe HBIHE KaK
KJIACCHYECKHEe, TaK W 00OOIICHHBIC HOBBIC KAaTETOPUU SIBJISIFOTCS JIUIIb BPEMCH-
HBIMH, BCTIOMOTATEIbHBIMU TIOHATUSAMU, YIOOHBIMH I BOCIPUATHS MUPO3AaHUS
Ha COOTBETCTBYIOIIEM JTAIe Pa3BUTHUS (PUUKH.

2. Tpu nyanucrnyeckne napagurmbl GyHAaMeHTAJbLHOH QUIUKHU

O cnpaBennMBOCTH CIOB Maxa CBHUICTEIbCTBYET pa3BUTHE (PHU3UKH B
XX Beke. DUBUKU-TEOPETUKH OCO3HAHHO (WUJTM HE OYCHB ) MMBITATUCH OTIEPEThCS HE
Ha TPH, a HA MEHBIIIEE YHCIIO U3 HA3BaHHBIX WK 0000IIEHHBIX Kateropuit. [lomy-
YWJIOCh Pa3BUTh U U3YUYUTh BO3MOXHOCTU TEOPHM, MOCTPOEHHBIX HA OCHOBE HE
TpeX, a ABYX KaTeropuii: 0000IIeHHOH, 00beANHAIONIEH B ceOe ABe KaTerOpHH, U
ocTaBHICHCS (WM Jake JBYX OOOOIICHHBIX KaTteropwii). Takue TEOpuu MOXKHO
Ha3BaTh oyanucmuyeckumu (cMm. [1]). K ux ducimy, B 4aCTHOCTH, OTHOCSITCS Kak
o0111as1 TeOpHUs OTHOCUTEIBHOCTH, TaK U KBAHTOBAsI TEOPHUSL.
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Wwmest Tpu BapraHTa OObEIMHEHUS JIByX KaTErOpuil M3 TpeX, MoJlydaeM TPH
TUNA PU3NYECKUX TEOPUH (JlyaTUCTUYECKUX APATUTM), UIH MPU MUPOROHUMAHUS
OJTHOW U TOW e (U3UYECKOM peallbHOCTH, pacCMaTpUBAEMOM MOJA pa3HbIMU yT-
namu 3peHus. Ha puc. 2 oHu HariasAHO IpeaCTaBIEHbI CTPEIKaMH, COOTBETCTBYIO-
IIMMU B3IJIAaM Ha KyO (pU3MYecKoro MUPO3JaHus C TPEX, B3aUMHO MEPIEeHANKY-
JISIPHBIX MTO3ULIAMN.

(II-B) ITpocmpancmeo-epems

['eomeTpuaeckoe
MUPONMOHUMaHUE
PensiumorHoe
MUPOIIOHUA-
MaHHue
(IT) Hoas
—_— )
| = NEPEHOCUUKOB
63aumodeticmeuti

P 1

(9) Yacmuuyw Teoperuxo-nosnesoe
MUDPOMOHUMaHWE

Puc. 2. Ky6 ¢puznueckoro Mmupo3aanusi,
BOCIPUHUMAEMBIii ¢ IOMONIbIO TPeX MeTa(U3UYECKUX KATeropuii

Teopemuxo-nonegvlmM MuponoHuUManuem eCTeCTBEHHO Ha3BaTh TEOPHUIO (MeTa-
(GU3UYECKYIO TapaIurMy ), OCHOBAaHHYIO Ha 00BhEIMHECHUHU KATETOPUI YaCTHII U TI0-
neil. B 3ToM noaxoze BMeCTo IByX Ha3BaHHBIX KaTE€rOpHil BHICTYNIaeT HOBast 0000~
LIEeHHAs KATeropus MoJisi aMILIUTY/Ibl BePOSITHOCTH, OTTMCHIBAEMasi BOJIHOBBIMHU
(GYHKIMAMU B KJIJACCHYECKOM MPOCTpaHCTBe-BpeMeHH. Ha pucyHke TeopeTuko-mo-
JIeBO€ MHUPOITIOHHMAaHHE COOTBETCTBYET B3IIAAY Ha KyO (hu3MyecKol peanbHOCTH
CHM3Y. DTOT OAXO]] ONPEAESII [NIABHOE, MOKHO CKa3aTh, MaruCTpaJIbHOE HAlpaB-
nenue pa3BuTus ¢pusnuku B XX Beke. K TeopusiM 3Tl mapagurMbl OTHOCSATCS KBaH-
TOBasi MEXaHHKa U KBAaHTOBAsl TEOPUs MOJIsI, B KOTOPBIX CUMMETPUYHBIM 00pa3oM
paccMmatpuBaroTcsi (0030HHBIC) TMOJIS MEPEHOCYMKOB B3auMoAecTBuil u (hepmu-
OHHBIE) MO0JIA YacTUll. ATIOT€EM JTAHHOTO I0/X0/1a SIBUIOCh OTKPBITHE BO BTOPOM
nojoBrHe XX BeKa CyepcUMMETPUYHBIX TPeoOpa3oBaHuil MeXy (pepMHUOHHBIMU
¥ 0030HHBIMU BOJIHOBBIMH (DYHKLUSAMH. DTa e JTUHUS MPOAOIDKACTCS B UCCIIE0-
BaHMSIX CyNIEPCTPYH U OpaH.

B teopeTnko-nosneBoit napaaurme KaTeropusi IpoCTPaHCTBA-BPEMEHH cOXpa-
HSIET CBOM NpPEXHUI XapakTep U MO-NPEKHEMY IPEJCTaBISIET COOOW CLIEHY WM
apeHy, Ha KOTOpoil onpeaensercs 00001eHHas KaTeropus MoJis aMILIUTY 1kl BEpO-
STHOCTH.

B nByx npyrux ayalucTHYECKMX HapagurMax BMECTO KaTeropHM KilaccHye-
CKOT0 (TJIOCKOT0) MIPOCTPAHCTBA-BPEMEHH BBICTYIAIOT HEKME HOBBIE 0000IIIECHHbIE
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KaTeropuy, BKIIIOYAIOIIKE B ce0sl KaKk caMoO MPOCTPAHCTBO-BpEMs, TaK U OAHY M3
JIBYX JIPYTUX UCXOJHBIX KATETOPHIA.

T'eomempuueckoe muponoHumanue COOTBETCTBYET ONMHUCAHUIO (PU3NUYECKOM
PEATBHOCTH Ha OCHOBE OOOOIICHHON KAaTEerOopHH, BKIIOYAIOIICH B ceOsl IIPEKHUE
KaTeropuy IpOCTPaHCTBA-BPEMEHHU U MOJIEH MEPEHOCYMKOB B3aumoencTuil. Ta-
KOBOH SIBJISIETCS HOBas KaTeropvsi MCKPHUBJIEHHOr0 NPOCTPAHCTBA-BPEeMeEHH,
neOopMUPYEMOT0 COJEPIKAMMUMHUCS B HEM YaCTHIIAMU (TeJlaMH). DTOT TOIXO0]T CO-
OTBETCTBYET B3IJIsly Ha KyO (pu3Mueckoll peanbHOCTH CO CTOPOHBI €ro 3aaHei
rpaHu, XapakTepu3yeMonl OpTaMH KaTeropui MpOCTPaHCTBA-BPEMEHH U TIOJICH Tie-
PEHOCUYMKOB B3aUMOJEUCTBUI. L[eHTpabHOE MECTO 31€Ch 3aHUMAET SUHIITEHHOB-
cKas o01as Teopusi OTHOCUTENIBHOCTH, B KOTOPON HET OTAEJIBHO IJIOCKOTO IMpO-
CTPaHCTBa-BPEMEHH M OTJIEIbHO IPABUTALIMOHHOIO MOJs, a €CTh 00001IeHHas Ka-
TEropysi UCKPUBJIEHHOTO MPOCTPAHCTBA-BPEMEHM, KyJa BIIOKEHA KaTEropus ya-
ctull. K aToMy ke Knaccy Teopuil OTHOCSTCSI MHOTOMEPHBIE TEOMETPUUECKHUE MO-
nenu (PU3MYeCKUX B3aUMOJICHCTBUMN, Ha3bIBaeMble HbIHE Teopusmu Kamytpl (umm
Kanyusr — Kneiina), riae, Kpome rpaBUTaluN, TEOMETPU3YIOTCS U APYTUE BUIBI (Pu-
3MYECKUX B3aUMOJECHUCTBUI, B IEPBYIO OYEPE]Ib — DIIEKTPOMArHUTHOE.

JIBa Ha3BaHHBIX 1yAIUCTUYECKUX MUPOIIOHUMAHHUS ONPEEIISIN J1Ba TJIABHBIX
HarpaBJIeHUsl pa3BUTHA (DyHIAMEHTAIbHON TeopeThueckoi (pu3uku B XX BEKe:
KBAaHTOBOH TEOpUHM U OOIIEH TEOpUH OTHOCUTEIbHOCTH. OJHAKO Naxke Oeryioro
B3IJI51/1a HA pUC. | 10CTaTOUHO, YTOOBI OOHAPYKHUThH CYIIECTBOBAHUE €IIE OJHOTO —
TPEThEro, AYyAITUCTUYECKOTO MHUPOIMOHMMAHHUS, COOTBETCTBYIOLIETO B3IVISAY HA
(U3NYECKYI0 PEATBHOCTh CJIEBA, CO CTOPOHBI OCEHl KaTeropuil MpocTpaHCTBa-
BpeMeHU M yacTull. OKa3pIBaeTCs, 3T0 MUPOINOHUMAHHE TaKK€ pPa3BUBAIOCH U
Jake ObUIO TOMHHHPYIOUIMM B cepenuHe XIX Beka, a 3aTeM O0Kazajoch B TCHH.
Peub uzer o Teopun NpAMOro MEXYaCTUYHOTO B3aUMOJICHCTBHUS, yxKe B XX BEKE
pa3BuBaBlieiics B paborax A. @okkepa, P. ®eitnmana u npyrux aBropoB. OHa
OCHOBBIBAETCSI HA KOHLIETILUHU J1albHOJACHCTBYS, albTEpPHATUBHONW OOIIEPUHATON
KOHIIETIINH OJM3KOACHCTBUSA, BOIUIOIIEHHOMN B TEOPUHU TOJIS.

3. Ky0 bponmreiina—3eibsmMaHnoBa

N3o0pakenune Gpu3ndeckoro MUpO3/IaHus B BUJIe KyOa oKa3ajaoch BeChbMa I0-
JIE3HBIM JIJIs1 HArJISAHOM MIUTFOCTPALIMK HAJIUYMS TPEX AYaJTUCTUUYECKUX MapagurmMm
B COBPEeMCHHOH (DyHIaMEeHTaIbHOU Qu3uke. B CBA3M ¢ 3TUM clieAyeT yIIOMSHYTh,
YTO POJOHAYAIBHUKOM KJIacCU(UKALIUU Pa3AeNoB (U3UKH HA OCHOBE TPOUYHOCTH
¢axtruecku 6611 MLI1. Bponmreiin (1906—-1938), koTophlii B OCHOBY Ki1accugpuka-
IIUH MOJIOXKUI TpH (yHIaMEHTalIbHbIE KOHCTAHTHI: CKOPOCTh CBETA ¢, TPaBUTAIIH-
OHHYI0 KOHCTaHTy G u noctostHHyto [Inanka 7. Tak, B cBoeii crathe «K BO3MOXK-
HOU Teopun Mupa Kak 1enaoro» (1933 r.) on pucoBas KapTy COOTHOIICHUS] UMEIO-
mmxcst Teopuii (cM. B [7]). Bekope sTa kapra Obliia MM yCOBEPIIEHCTBOBAHA U Ha
HEel yKa3blBaJlaCh CBSI3b KJIACCHYECKOW MeXaHWKH (0e3 KOHCTaHT), KBaHTOBOM
MEXaHUKH, XapaKTEPU3yeMOW OJHOW KOHCTAHTOH 71, CTICIIMAIbHOM TEOPUH OTHO-
CUTEJIBHOCTH (C OJTHOM KOHCTAHTOM C), PEISTUBUCTCKOW TEOPUHU KBAHT (C ABYMs
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KOHCTAaHTaMH ¢ U /1), o011ell TeOpUU OTHOCUTEIBHOCTH (C ABYMSI KOHCTAHTAMU € U
() 1 UICKOMOI1 Teopuu, KOTOPYIO OH TPAKTOBAJl KAK «CIIMSHUE TEOPUU KBAHT, TE€O-
pPHUM 3JEKTPOMArHUTHOTO MOJS M TEOPUM TATOoTeHHs». OTa chG -kapta ['amoBa
no3xe Oblia mpeacrasieHa A.JI. 3enmsmanoBbM (1913—1987) (cMm. [8]) B BUae kyda
(u3uUecKoil peasbHOCTH, MOCTPOEHHOTIO Ha TPEX OCSAX, COOTBETCTBYIOIIUX TPEM
KoHcTaHTaM: ¢, G u 7. HazoBem ero kybom bponmreiina—3enbpMaHoBa.

Ky6 Bbponmreitna—3enpmMaHoBa B OCHOBHBIX CBOMX Y€PTaxX BIIOJIHE COOTBET-
CTBYyeT KyOy Qu3uueckoil peaabHOCTH, N300paXEHHOMY Ha puUC. 2. DTO MPOJIEMOH-
CTPUPOBAHO Ha puc. 3, rae KyO bpoHnmreiiHa—3enpMaHOBa TOMELIEH BHYTPh KyOa
puc. 2 Tak, 4TO OJHA W3 €ro BEepILIMH, W300pakarolias KJIACCHUYECKylo (pU3MKy
(0e3 KOHCTaHT), COBNAAAET C LEHTPOM OoJbIero kyba. OT 3T0il BEpIIUHBI TPOBE-
JICHbI TPU B3aUMHO NEPIEHANKYJISAPHBIE OCH, COOTBETCTBYIOLIME TPEeM (PyHIaMEH-
TaJIbHBIM KOHCTaHTaM. BepTHkaibHas OCh, HallpaBlieHHAs BHU3, COOTBETCTBYET
KOHCTaHTE /i, TOPU30HTAJIbHAS OCbh, HAlpaBJIEHHAs BJIEBO, COOTBETCTBYET KOH-
CTaHTE ¢, a TPEThsI OCb Ha3aJ] COOTBETCTBYeT KoHcTaHTe G. B urore nBa Habopa
ocell MpeXHEro pUCyHKa U HOBBIX Oceil 00pa3yroT ky0 bponmreitna—3enpmMaHoBa.

(II-B) Ilpocmpancmeo-epems

['eomeTpuaeckoe
MUPDOIIOHUMaHHE

T

Penamuonnoe
- TOL»
mupononn- ¢|CTO O G
—
MaHHE
(IT)oaz
A on NePEHOCUUKOB
T%O s e3aumodeticmeut

() Yacmuyw ~ Teopermko-nonesoe
MHPOOOHUMaHUEC

Puc. 3. CooTHOLIeHHe IBYX KYOOB (hu3nyecKkoii peaibHOCTH

Tpu BepunHbl kyOa bpoHirelina — 3eabpMaHOBa, COBMNAJAIONINE C TOUKAMHU
NepeceyeHusl ero ocei ¢ cepeMHaMH TpexX rpaHel OOIbIIOro Kyda (pu3ndecKoit
PEANTBHOCTH, COMOCTABISIOTCA C TpeMs BUAAMH (PU3NYECKUX TEOPUi: KBAHTOBOM
Teopuel (BA0b ocH /), 00IIel Teoprueil OTHOCUTEIILHOCTH (BIOJIb ocu () U cIie-
[IUAJIbHON TeOpHUe OTHOCUTENBLHOCTH (BII0JIb OCH ¢). OYEBUIHO, YTO BCE 3TU TPU
TEOPHH MPUHAICKAT UIMEHHO TEM IYyaTUCTHYECKUM TapajurMamM, KOTOphIe yKa-
3aHbl Ha puC. 2.

Bonee Toro, KOHCTaHTHI, COOTBETCTBYIOIIME TPEM OCAM KyOa 3eIbpMaHOBa,
MPUCYIIA UMEHHO TEM OCSIM U TapaJurMam, KOTopbeie 0003Ha4ueHbl Ha puc. 1. Tak,
KoHCTaHTa G BBICTyNaeT B BUJIE KOd((DUILIMEeHTA TPOMOPIIMOHATEHOCTH MEKIY Tpa-
BUTAIlMOHHON U MHEPTHON MaccamMu B 3aKOHE BCEMHUPHOIo TiAroreHusi HproToHa.

15



Meradusuxa, 2020, Ne 3 (37)

Koncranra ¢ urpaer kiro4eByro pojb B CHEHUATBLHON TEOPUU OTHOCUTEIBHOCTH,
HMMEIOLIEH peNaIMOHHBIN XapakTep. Kpome Toro, oHa onpeaensieT CKopocTh nepe-
Jla4y OCHOBHBIX CWJIOBBIX BO3AcicTBUi. KoHcTaHTa 7 JI€XKUT B OCHOBE KBAHTOBOI
TEOpHH (TEOPETHUKO-TIOJIEBOM TTapaJ NI MBbl).

N3 Ha3BaHHBIX TPEX KOHCTAHT CTPOSATCS TPU XapaKTEPHBIC BEIUYUHBI, COOT-
BETCTBYIOIIME TPEM OCHOBHBIM EIUHHIIAM W3MEpeHHsI B (PH3UKE: IIAHKOBCKAsS

macca m, =5,5-107 r, nmankosckas mmuHa £, =1,6-1077 cM u mIaHKOBCKHI
MPOMEXKYTOK BpeMeHH £, =0,5-107 ¢.

[IpumeuaTenen TOT ¢GakT, 4YTO B KJIacCHUECKOU (hu3uke (B paMKax TPUATUCTH-
YeCKOM MapaurmMsl), IJe HeT KOHCTAHT, HaM IIPUXOUTCS CBOUMH PyKaMHU BBOJANUTh
TPU METPUYECKHE PA3MEPHOCTHU: JUISI MACCHI, [UIMHBI U BPEMEHH, a TIPH POPMHPO-
BaHUM TpeX AYAIUCTHYECKUX MapaJurM eCTeCTBEHHbIM 00pa30M BO3HUKAIOT pa3-
MEPHBIE KOHCTAHTHI, IPUYEM PAa3HBIX METPUYECKUX PA3MEPHOCTEN. ITO MOYKHO UH-
TEpIpPETUPOBaTh KaK TOT (aKT, UTO KaXKAas U3 TPEX AYAIUCTHUECKUX MapagurMm
BBEJICHUEM OJIHOM M3 KOHCTAaHT YaCTUYHO KOMIIEHCUPYET TO, YTO B KJIACCUYECKOU
¢u3rKe HaM NMPUXOAUTCA J€JI1aTh CBOMMH pyKaMu (BBOAUTh METPUUECKUE pa3Mep-
HOCTH).

['maBHOI 11eN1bI0 (PU3MKOB-TEOPETUKOB KaK BO BpeMeHa bpoHiureiina, Tak 1 1o
cell JIeHb SIBIISICTCS MOCTPOCHHUE €IWHON TEOpHU (DU3MYECKUX B3aMMOJICHCTBHM,
BKJTIOYAIOIIEH B ce0s Kak KBAHTOBYIO TEOPHUIO, TAK U OOIIYIO TEOPUIO OTHOCUTEIb-
HOCTH. [lOCKOJNIBKY TpM BHIa B3aUMOJIEHCTBHH (SJIEKTPOMArHWUTHOE, claboe u
CHJIBHOE) OMMCHIBAIUCH B pAMKaX TEOPETUKO-I10JIEBOTO MUPOIIOHUMAaHUS, a IPaBU-
TallMOHHOE — B paMKaX I'€OMETPUUYECKOro MOAX0/Aa, ITH JBa BUAA TEOpUN OKa3a-
JHMCh TOCTPOCHHBIMU Ha 0a3e MPUHIUIHAIBHO Pa3IMYHbIX KOHIETLUN U KaTero-
puil. OTO SBWIIOCH TJIaBHOM (MeTadu3MuecKoi) MPUUYMHON HEylad, MOCTUTIINX
(U3UKOB-TEOPETUKOB, MBITABIINXCS MOCTPOUTh KBAHTOBYIO TEOPUIO TPABUTALIUH.
Pemmmte nanHyro nmpobiaemMy MOXHO JIUINb HAa MYTH CO3JaHUs HOBOM (hnu3ndeckon
KapTHUHBI MUPA HA OCHOBE MOHMCTHYE€CKOM MapagurMsbl.

K xonny XX Beka nepen Gpu3nKamMu OCTpO BCTal BOMPOC: OT KaKOH U3 Tpex
TyaTUCTUYECKUX MapajurM OTTOJIKHYTbCS, YTOOBI CHENaTh CIEAYIOIMIMNA IIar —
MEepEeUTH K MOHUCTHYECKON mapaaurme? Kak yke oTMedasioch, Ha MPOTSIKEHUHN
Bcero XX Beka MpeIIpUHUMAIUCh HACTOMYMBBIC MOMBITKH PELICHUs MpodiemM
(byHIaMeHTaJIbHOW (PU3HMKH, B TOM YUCIIE TPOAOIKAINCH U O€3yCIIEIIHbIE ONBITKH
CO3aHHs KBAHTOBOM TEOPUH IPAaBUTALIUU B PAMKaX TEOPETUKO-II0JIEBOM U T€OMET-
pUYECKON mapaanrM, TOrAa KaK peasiuOHHBIA ITOAXO0/ OKa3ajcs B TeHU. Bce 310
CBUJIETEJILCTBYET O Ha3zpeBIlEH HEOOXOIUMOCTH U3YUUTh BO3MOXKHOCTH peEJIsLU-
OHHOT'O TIOJXOJa U Ha ero 0a3e MONBITATbCS MPOJBUHYTHCS B PELICHUU IOKA
HEMOAIAI0IIHXCS MpodieM QyHIaMEHTaTbHON (PU3HKH.

4. Tpu ¢puaocopcko-peTUrno3HbIX MUPOBO33PEeHHUA

OOpamenre K MUPOBBIM (PHUIOCO(PCKO-PETUTHO3HBIM CHCTEMAaM TT03BOJISIET
00HapyXUTh, YTO B HUX, KaK U B (PM3UKE, B IICHTPE BHUMAHUS TAKKe HaXOIATCS
Tpu Metadu3nveckue Havana (KaTeropuu). TaKOBBIMHU SIBISIOTCS: 1) maeambHOE
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(parMoHaIbHOE) HAaYallo, CBI3aHHOE C pa3yMoM, 2) MaTepHallbHOE Hayaio, ObITHE,
JAHHOE B OLIYILIEHMAX, U 3) TyXOBHOE Haydaio, Bojs, Bepa. [Ipu3Hanue 3tux tpex
Hayal B (MI0CO(CKO-PETUTHO3HON MBICIH XapaKTepHO Ui pycCKUX (uitocoos
Cepebpsinoro Beka: C.H. bynrakosa [4], B.C. ConoBbeBa [3] u nip.

®dunocodcko-penuruo3Hple Hauyana eCTECTBEHHO COOTHECTH C TpeMs (pu3nye-
CKHMH KaTErOpUAMU: MaTeEpUaIbHOE HaYaJI0 — C KaTeropuel 4acTull (Ten), Ueab-
HOE HAa4aJIo — C KaTeroOpuel MpOCTPaHCTBA-BPEMEHH, a IyXOBHOE HAa4aJlo — C KaTe-
rOpHUEN NOJIEN EPEHOCUMKOB B3aUMOICUCTBHI. B 10J1b3y OCIEAHETO CBUAETED-
CTBYET TOT (PakT, 4T0 HhIOTOH, pa3MBIIIIss O MIPUPOJIE TEepPelaun BO3ACUCTBUI OT
OJTHOTO Tejla K Jpyromy, oOOCHOBBIBaJ 3TO Bo3jaeicTBHEeM bora, HasbiBas Impo-
CTPAHCTBO «4yBCTBMWIMILEM bora». J[aHHOE COIOCTaBIEHNE TO3BOJISIET TOBOPUTH O
TPUATMCTUYECKOM BOCHPHUATHH MHUpa B (PUIOCO(PCKO-PEIUTHO3HBIX YUYEHHAX WU
IPOMJUTIOCTPUPOBATH 3TO PUCYHKOM, aHAJIOTMYHBIM puC. 3.

Opnako nmeeTcs psag JOCTaTOYHO BECKUX OCHOBAHUM MPOJOJKUTH AHAJIOTHIO
C CUTyalMel B COBpEMEHHOM (yHIaMeHTaNbHOM (U3UKe U 3asBUTh, YTO B (hUIIO-
co(cko-penurno3Hoii cdepe yxe B TeUeHHE MHOTHX BEKOB TAaKXKe MPECTaBICHBI
TPU HapaaurmMbl (MUPOMOHUMAHHUS), KOTOPbIE TAKKEe OCHOBAHbI Ha BBIJCIICHHUIX
pa3HbIX nap Hadald. X MOYKHO NpOWUIIOCTPHUPOBATH C IOMOILIBI0 MaTepHasa
puc. 4, aHaJTTIOTUYHOTO PHUC. 3.

WNpeansnoe nauaso
'y

Wpeanucruueckoe
MHPOBO33DEHTE
MaTepnanuc-
THYCCKOE
MUPOBO3-
L HyxoBHOE
spenne HAUAJIO
MaTtepranbHOE Penuruosuoe
HAYAJI0 MHPOBO33DEHEE

Puc. 4. ®unocodcko-peMruo3Hbpie Ha4ajaIa 1 MUPOBO33PEeHHS

MupoBo33peHre, OCHOBAHHOE HA JyXOBHOM M MaTepHaJbHOM Hayaiax,
HA3BaHO PEJIMTHO3HBIM ITIOTOMY, UYTO, COTJIACHO XPUCTUAHCKOMY YUEHHUIO, YEITOBEKY
nanbl aBe KHUrU: CesmeHHoe [lucanue (qyXOBHOE Hayano) U KHHUIa MPUPOJIbI
(maTepuanbHOe Havasio). OTHOIIEHUE K TPETheMY Haualy — HjeaabHOMY (paruo-
HAJIBHOMY) — B PEJIMTHO3HOM MHUPOBO33PEHUU OBLIO Pa3HBIM: OT PEHIMTEIHHOTO
OTPHUIIAHMS 10 YACTHYHOTO MIPU3HAHMS Ha O0Jiee MO3AHUX CTATUAX Pa3BUTHA.
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Wpeanuctnueckoe MHUPOBO33PEHHME OCHOBAaHO Ha CBOCOOpPAa3HOM CHHTE3€
panroHaIBHOTO (MACAIBHOT0) Havana ¢ JyXoBHBIM. OHO chopMUPOBATIOCH B TIPO-
1ecce MPOTHBOCTOSIHUS, C OJHOW CTOPOHBI, (MIOCO(CKO-PETUTUO3HBIX YUESHUH
AQHTUYHOCTH, CTAaBUBIIMX BO IJIaBy yTIja palMOHAJIbHOE Hauyajlao, U, C JPYyrou
CTOPOHBI, XPUCTHAHCTBA, I1€ JOMUHHUPYIOIIUM ObLJIO JyXOBHOE Hayalo.

MatepuaaicTuyeckoe MHUPOBO33PEHHE OCHOBAHO Ha BBIIEICHUM TPEThEH
KOMOWHAIIMA W3 JBYX Hadall: MAaTEPHAIBLHOTO M HACAIBHOTO (palliOHAIBHOTO).
B monp3y gaHHON TpPakTOBKM  CBUJAETENIBCTBYIOT — ClEAyIONIHe  (haKTOpBI.
Bo-nepBbIX, TpaAMLIMOHHO (BO BCAKOM CIIy4yae B Halllel CTpaHe) MaTepualucTHye-
ckas unocodus paccmaTpuBaiach Kak Hayka, TO €CTh KaK pal[MOHAJIbHOE YUECHHUE.
Bo-BTOpBIX, B AMANEKTUYECKOM MaTepuain3Me, IPOBO3IIIAIIABIIEM IEPBUUYHOCTD
MaTepHH, TEM He MeHee, BBOAMIIACK ellle (popMa CyIeCTBOBAHUS MaTepUH, KOTOpast
(pakTHUECKH MpEeJCTaBIIsIIa UIeAIbHOE HAYalo B 3TOM y4yeHHH. B-TpeTbux, mare-
PHATTMCTUYECKOE YUEHHUE ObUIO HA3BAHO TUAIIEKTUYECKUM, YTO (DAaKTUYECKHU MOApa-
3yYMEBAJIO JIBE COCTABJISAIOLINE.

Ha3zBanusbie Tpu BuIa GritocopcKo-peTuruo3HbIX yUeHHH eCTECTBEHHO COTIO-
CTaBUTH C TpeMs (u3nYecKuMu (MeTadhu3nuecKUMU) mapaaurmMaMu B GpyHIamMeH-
TAJILHOM TEOPETUIECKOH (PH3HKeE.

Marepuanuctudeckyto (puiaocoduro cienyer CONmOCTaBUTh C PENSLUOHHON
napagurmoii B ¢usuke. Kak mpezacraBisercss aBTOpy, MMEHHO 3Ta Mapagurma
OyZeT urpaTh pelIaolLlyIo poib B AajbHENIIeM pa3BuTuu Gusnku. [lapanokcans-
HBIM OBLIIO, YTO B HaIlleH CTpaHe, MpUJIep>KHUBaBILIeHCcs B Oomnblieil yactu XX Beka
MaTepUaTUCTUYECKOMN NEOIOTUH, OTPULIAIN UIEU PEISILIMOHHOTO [T0/IX0/1a, B CBOE
BpeMs OTCTauBaBIIUecs B Tpyaax O. Maxa.

Nneanuctuueckyio GuiIocouio cieayeT COOCTaBUTh C TeOMETPUIECKOM na-
pasurMon, riie Bo IJ1aBy yria CTaBUTCS HJiesl IEPBUYHOCTH ITPOCTPAHCTBEHHO-BpE-
MEHHOT'0 KOHTHHYYyMa, KOTOPBIA caMUM DWHIITETHOM BOCIIPUHUMAJICA KaK pa3Ho-
BUAHOCTH 3Qupa. B 3ToM cMbIciie psii coBeTCKUX (GuiiocodoB ObLTH MPaBhI, IPH-
YHCIISS OOIYI0 TEOPUIO OTHOCUTEIBHOCTH K UCATUCTUYECKOMY YUEHHIO.

Hcxons 3 u3i10KeHHOr0, IPUXOIUTCS PETUTHO3HOE MUPOBO33PEHHUE COOTHE-
CTU C TEOPETUKO-TI0JIEBOU MapagurMoil.

5. Tpu napbl a1bTePHATUBHBIX KOHI MU

Anamus IMoKasaji, 4TO TCOPHUHU B paMKaX KaXXIOTO U3 TPECX MI/IpOHOHI/IMaHI/Iﬁ
OTMPAIOTCS HA TPU COCTABJISIOIINE, KAKOBBIMHU SIBJISIIOTCS: 1) MOHUMaHKUE TPUPOIBI
MPOCTPAHCTBA-BPEMEHH (B OTACIBHOCTH WM B COCTaBe 000OIIEHHON KaTeTOpun),
2) KOHIEMNIUs ONMUCAaHMs (PU3UICCKUX B3aUMOACHCTBUN M 3) MacmiTal sSBJICHHM,
OMMUCBIBACMBIX COOTBCTCTBYIOIIIUMHU TCOPUAMMU. HpI/I 9TOM OKa3bIBACTCA, YTO B KaXK-
I[OI\/JI N3 3THUX COCTABJIAIOIINX HMMCCTCA Ilapa aJbTCPHATHB, YTO O3HA4YaCT, 4YTO
B (U3UYECKUX TEOPHUSIX UMCIOT MECTO TPH Maphl AIbTCPHATUBHBIX KOHIICTIITHIA.
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METAMMNMP

Konnenmns
[aJIbHONEUCTBUS ///
T
~ 1
Pensnuonras Cy6cTannuanabpHas
npuponIa PUPONA,
. -
MPOCTPAHCTBA- IpPOCTPAHCTBA-
BpEMEHN BpEMEHT
Konmnennus

// OIIM3KONeHCTBAS

MUKPOMUP

Puc. 5. Tpu napsl a1bTepHATUBHBIX KOHLENMIA

. merotest aBa B3aMMOMCKITIOYAOIINX TOHUMAaHUS IPUPOIbI IPOCTPAHCTBA-
BPEMEHH: PEISIIMOHHOE U CyOCTaHIUaIbHOe. PensIinoHHOe TOHNMAaHUE TPAKTYET
MIPOCTPAHCTBO-BPEMS HE KaK CAMOCTOSTEIBHYIO CYIIHOCTh ((PU3MUYECKYIO KaTero-
pHI0), a Kak a0CTPaKIHIO OT COBOKYITHOCTH OTHOIIEHUH (pacCTOSHUMN, NHTEPBAJIOB)
MEXTy MaTepHabHBIMA O0BEKTAMHU WM COOBITHSIME C UX ydacTueM. B cyOcran-
[IUAIBHON TPAKTOBKE MPOCTPAHCTBO U BpeMsi MIOHUMAIOTCS (B OTAEIHLHOCTU WUJIH B
€IMHCTBE) KaK CaMOCTOSITEJIbHbIE allPUOPHO 3aJaHHBIE CYLUIHOCTH, HE3aBUCUMBbIEC
OT NMPUCYTCTBUS B HUX MAaTE€pPUHU.

PenduronHOe mOHMMaHUE MPUPOBI POCTPAHCTBA-BPEMEHU COOTBETCTBYET
TEOPHSIM peSMOHHON mapagurmbl. Ero orcrauBanu I'. JleiOnui, O. Max u psig
npyrux meicaurenei. Tak, I'. JleitOnun B nuceMe k C. Knapky nucan: «5 nokasai,
YTO MPOCTPAHCTBO MPEACTABISAET COOO0M HE UTO MHOE, KaK MOPSAIOK CYIIECTBOBAHHUS
BEIIICH, pacCMaTPUBAEMBIX B UX OJIHOBpeMeHHOCTH» [9]. [lycToe mpocTpaHCTBO OH
Ha3bIBaN «(pukmuein»: «OHa COBEPIICHHO HEpa3yMHa U HErojHa, nbo KpoMe Toro,
YTO BHE MAaTEPUAIBbHOIO YHUBEPCYMa HET PEAJTbHOIO MPOCTPAHCTBA, TAKOE ACH-
cTBUE ObLI0 OBbI OeclIeTbHO, OHO O3HAUaNO0 OBl AedTeabHOe Oe3enbe. <...> ITO mpo-
IYKTBI paHTa3uu GunocodoB, UMEIONINX HECOBEPIICHHBIC TTOHATHS U TIPEeBpaIla-
IOLIUX MTPOCTPAHCTBO B a0COTIOTHYIO PEAIbHOCTbY.

CyO6cranuuansHoe nonumanue orcrauBan U. Hetoton, C. Knapk u psaa apy-
rUX yueHbIX. B HacTosmiee BpeMs (pasyMHO WU Cleqys TpaAuLUK) OOIbIINHCTBO
(GU3UKOB MPUAEPKUBACTCS UMEHHO CYOCTaHIIMATbHOW TPAKTOBKU MPUPOJIBI MPO-
cTpaHcTBa-BpeMeHHn. Ha ero ¢oHe 3ammchiBaroTcs auddepeHuanbHple ypaBHe-
HUS, JarpaHXuaHbl U T.1.

II. Ananoru4Ho ToMy, Kak B MOHUMAHUU T€OMETPUH MTPOUCXOAHIa MHOTOBE-
KOBasl JUCKYCCHSI MEXAY CTOPOHHUKAMM JBYX NOHUMAaHUN MPUPOJBI MPOCTPAH-
CTBa-BPEMEHH, TaK U B (PU3HMKE MMeIa MECTO (M IPOAOTHKACTCS) TUCKYCCUST MEKTY
MIPUBEPKEHIIAMU JBYX KOHIICTIIIUI OMHMCAHUS B3aMMOJCUCTBUI: OJIU3KOACHCTBUSA
u nanbHOAeicTBus. KoHuenmus OiM3KoAeUCTBUS COTJIacyeTcsl ¢ CyOCTaHIIuab-
HBIM NTOHUMAHUEM IPUPOJBI MPOCTPAHCTBA-BPEMEHHU, TO €CTh C €r0 MOJIEIBIO B
BUJIE cocyla, BMecTminiia Becero cyuiero. C agpupom uiam 6e3 Hero oHa OTBEYaeT
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Ha BOIPOC, KaK aKT B3aUMOJEHCTBHSI IIPEOI0JIEBAET IPOCTPAHCTBEHHO-BPEMEHHY O
Pa3HECEHHOCTh OOBEKTOB M COOBITHIA. KOHIENITHS e TaTbHOIACHCTBUS COOTBET-
CTBYET PEISLMOHHOMY NOHHMAaHHIO CYIIHOCTHU NPOCTPAHCTBA-BPEMEHU WU HUJAET
Bpa3pe3 ¢ JOMHMHUPYIOIIEH HBIHE TEOPETHKO-IOJIEBOM (M T'€OMETPUUYECKOIN)
dbopMynupoBKO HU3HUKH.

Jluckyccun 0 BBIOOPE OHON U3 ABYX KOHIICTIIIHIA OTIMCAHUS B3aMMOICHCTBHIA
MPOJOJIKAIOTCA HA MPOTSHKEHUM HECKOJIbKUX cronetuid. Hampumep, B XX Beke
O.Jl. XBonbcoH B cBoeM H3BecTHOM «Kypce (U3MKn» MOCBATHII LEJBIHA pa3aen
KPUTHKE KOHILENUIUHU JalbHOAECUCTBU, Iae nucain: «CoBpeMeHHasl HayKa MpOoTH-
BUTCSI MBICJIU O AaJIbHOACHCTBUY, CYUTAET HEBO3MOXKHBIM, UTOOBI KAKOE-JINOO0 TEIIO
JICCTBOBAJIO TaM, IJIeé OHO HE HAXOJUTCS, M 3aMEHWIIA JaJbHOACHCTBUE OIM3KO-
JeiicTBUeM, MPU KOTOPOM BCSIKOE JIEMCTBUE MOXKET OBITh NMPOU3BEJEHO TOJIBKO B
OnmxaiiiieM cocecTBE C UCTOYHUKOM 3TOTo aeiictBus» [10]. B 3aBepuienun pas-
nena XBOJIbCOH MPENYNPEKIACT «IOHBIX YATATENICH HE BAAaBaThCS B 3Ty 001aCTh
¢anTazuit» (MMeeTcs B BULY YUCHHUE O TaTbHOACHCTBHHN).

He menee n3BectHbIl pusuk-reopetuk .M. dpeHkens oTcTanBall MPOTUBO-
HOJIOXKHYIO TOUKY 3peHus: «[1o3BoabTe mpekae Bcero 10Ka3zaTh BaM, YTO Qu3nye-
CKUM a0CypJIOM SIBIIIETCSI UMEHHO TIPECTaBJICHNE O OMU3KOACHCTBIH, a Qu3nye-
CKOM peasbHOCThI0, (PU3NUECK 00OCHOBAHHBIM SIBJIICTCS NMPEICTABIECHUE O Jallb-
HojneicTBuu. Kak HaM HU TpyTHO NpeACTaBUTh cebe 3TO AalbHOJeHCTBIE, 1a elle
3ama3/IbIBaIoLIee, BCE K€ HaM HE00XO0MMO CJIeJIaTh COOTBETCTBYIOIIEE YCUITHE TS
TOT0, YTOOBI OCBOOOAUTHCS OT TEX MPUBBIUEK, KOTOPBIE CIOKUIUCH Y HAC B 3IIOXY,
KOT'JIa HaIllA MTO3HAHUS ObUTH HeaocTaTouHbDy [11].

III. Tpetpto anbrepHAaTUBY (TOYHEE MPOTUBOIMOJIOKHOCTH) COCTABISAET pac-
CMOTpPEHHUE ABICHHUNA JIMOO OONBIIOro Maciuitabda — MakpoMHpa WIH Jaxe Mera-
MHpa, JTHO0 MajbIX MacIITabOB — B MUKpoMupe. Paznensl Gu3uky aeasaTcs Ha 1Ba
Buaa. Tak, B pamkax oOIiell TEOPUU OTHOCUTEILHOCTH OOCYXKIAIOTCS SIBICHUS
OonpmMX MacmTaboB, TOTAa KaKk B KBAaHTOBOHM TEOpUH M (PH3HKE 3JIEMEHTapHBIX
YacTHUI] U3y4yaroTCsl 3aKOHOMEPHOCTH MUKPOMHpA. DTO HE BBI3BIBAET OCOOBIX MPO-
OneM.

Onnako po6IeMbl BOSHHKAIOT MPU 00CYKICHUH BOIpoca 00 00yCIIOBIEHHO-
CTH CBOMCTB HaOJIOaeMBIX O0BEKTOB 3aKOHOMEPHOCTSMHU MEraMupa WM CBOM-
CTBaMHM MHUKpPOMHpA. 31€Ch MPOTHUBONOCTABIISIOTCS 1BE MO3ULMHA. OIHHU CUMTALOT,
YTO Ba)KHYIO POJIb UMEET MPUHLUI Maxa, TO ecTh 00yCIIOBIEHHOCTh pPsiia CBOWCTB
yacTull (Hampumep, Macc) oT IJ00albHBIX CBOMCTB BCETO OKPY’KAIOLIETO MHpA.
Jlpyrue momjararoT, 4YTO Macchl U JIpyrue CBOMCTBA YacCTHIl OOYCIIOBJIECHBI JIOKAIb-
HBIMHU CBOWCTBaMH (pu3HuecKoro Bakyyma. Hampumep, Takum 06pa3oM MBITAIOTCS
OOBSICHUTD MPOUCXOXKIEHHE MACC YACTUL X B3aUMOJICHCTBUSAMU C XUTTCOBCKUMHU
0030HaMHU.

Tax, oreuecTBeHHBIN (u3HK-TeOpeTUK A.A. ['pub cumTaer, 4To KIIIOUEBYIO
poJib B COBpPEMEHHOW (u3MKe HrparoT cBoiicTBa Bakyyma. OH NMIIET, «4TO
COIJIaCHO MpeACTaBlIeHUsAM pU3UKOB XX BEKa, OCHOBOM MHUpa ABISETCS... BaKyyMm!
B camom niene, BO30yXI€HUSIMM MMEHHO BAKYyMHOT'O COCTOSIHUS SIBIISIFOTCSI BCE
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AJIEMEHTApPHBIE YACTHULIbl, U3 KOTOPBIX, B CBOIO OYEpEb, CIOKEH BECH OKPYKaIO-
i Mup. [loaToMy M3ydeHne BaKkyyma U €ro CBOMCTB MPEBPAIIACTCA B OJHY U3
Haubonee QpyHAaMEHTaIbHBIX 331a4 TeOpeTHuueckoil Gpusukmy» [12].

WHyro mo3unmio BICKa3bIBal psij Apyrux ¢pusukos. k. Yusep Bo Bpems 1o-
cemenus ¢pusudeckoro paxkynprera MI'Y Ha cTeHe kadenpsl TeopeTndeckoi ¢pu-
3uk# Hanucal: «He MoxxeT ObITh TEOpUH, OOBACHSIONIECH IEMEHTAPHbIE YaCTUIIH,
KOTOpasi MMeeT JAeN0 TOJNBKO ¢ dactunamm». Kak crienoBasio u3 pasroBopa
JIx. Yunepa ¢ mpodeccopom JI.JI. Banenko, roBopsi Tak, Y ujep UMel B BUIY BITU-
SIHUE OKPY>KaIOIIET0 MUPa Ha CBOWCTBA 3JIEMEHTAPHBIX YaCTHI], TO €CTh (haKThie-
cky npuHIun Maxa.

6. Knaccudpukanus puznveckux reopuit

W3noxeHHbIe BbIIE COOOPaKEHUsI O Pa3/IeIEHUH COBPEMEHHBIX TEOpHUIl MO
TpeM QpU3MUECKUM Mapagurmam U ToT GakT, 4TO TEOPUHU OMMPAIOTCS Ha OTAEIbHbIC
COCTaBJISIIOLIME TPEX Nap ajJbTEPHATUB, MOXKHO OOBEIUHUTH M MPOUILIIOCTPUPO-
BaTh OMATH C TOMOMIbIO Ky0a (hr3rueckoit peaabHOCTH (puc. 6).

Ha stom pucyHke rpanu Ky0a OIUIIETBOPSAIOT Napbl aJIbTEPHATUB TaK XK€, KaK
Ha pHC. 5, a BbIJIEJICHHbIE YEPHBIMH METKaMH BEPIIUHBI Ky0a 0003Ha4Yal0T TEOPHUH,
IIOCJIEA0BATENBHO COOTBETCTBYIOIIME IPUHIUIIAM TPEX MapaJurM: TEOPETUKO-IIO-
JIEBOM (CTpaBa CHHU3Y CIIEpE/N ), TEOMETPUUECKOMN (CIIpaBa CHU3Y C3aJ1) U PEIISIIIH-
OHHOM, KOTOPOI1 COOTBETCTBYIOT /IBE JIEBbIE BEPXHUE BEPUIMHBI. ITa 0COOEHHOCTb
CBsI3aHa C TEM, UTO UMEETCSI ABa BUa MaTEMaTUYECKUX allapaToB, IpeIHa3HAYECH-
HBIX /1715 OTIMCaHMS PEJIALIMOHHOIO IT0AX0/1a — YHApHBIN (Ha OZJHOM MHOXECTBE 3JIe-
MEHTOB), MCIIOJIb3yEeMbIil JJIS1 ONMUCAHUS OOIIECIPUHATHIX T€OMETPUNA U (PHU3UKH
MakKpoMupa, 1 OMHApHBIN (Ha IBYX MHOXKECTBaX 3JIEMEHTOB), NIPEIHAa3HAYCHHBIN
JUIS OTIMCaHMs 3aKOHOMEPHOCTEH MHKpomupa. BakHO oTMETHTH TOT (akT, 4TO
B OTMEYEHHBIX YEPHBIMU KPY’KKaMU BEPIIMHAX TPEX MapagurM CXOISATCS TPOHKU
rpaHel, KOTOpbIE ONPEACIAIOT OCHOBAHMS COOTBETCTBYIOIMX MNapaaurMm. Tax,
B JIEBOM BEpXHEM (3aHEN) BEPILIMHE CXOASTCS IPAaHH, COOTBETCTBYIOLINE PETISILIM-
OHHOM TPAaKTOBKE ITPUPOABI IIPOCTPAHCTBA-BPEMEHH, KOHLICTIIIMA JAIbHOACHCTBHS
u Meramupa (mpuHiuna Maxa), 4eM U OIpeAessieTcs pesALUOHHAs Mapaaurma.
B npaBoii HMKHEN 3aJHEN BEPIIMHE CXOIATCS TPH TPaHH, COOTBETCTBYIOIIUE
CyOCTaHIMAIbHOW TPAaKTOBKE MPOCTPAHCTBA-BPEMEHH, KOHIETLUHU OIU3KOAEH-
CTBHSI U (PU3UKE MAaKpO- H METaMHUpa, YTO XapaKTEPHO LTSI CYITHOCTH Te€OMeTpHYe-
CKOM mapagurMbl. AHAJIOTMYHOE MOYKHO CKa3aTh M IPO BEPIINHY, COOTBETCTBYIO-
LIYI0 TEOPETUKO-TI0JIEBON MTapaIurme.

benpiMu Kpy>KKaMH OTMEYEHBI BEPIIUHBI, COOTBETCTBYIOIINE IKICKTHIECKUM
buznueckum TeopusimM. Tak, mpaBoil BepxHeil 3aiHel BepUINHONW TOMeUeHa Teopus
npsiMoro MexxyactTuaHoro B3aumoseictaus (TTIMUB) dokkepa — Delinmana [13],
CBITPaBILAsl BaXHYIO POJIb IPHU IOCTPOEHUU DPEISLUMOHHON TEOPUHU B3aMMOJCH-
CTBHH B Ki1accuueckoii ¢pusuke. [locnenoBarenbHas peisiiMOHHAs TPAKTOBKA Mps-
MOTI'O 3JIEKTPOMAarHWTHOTO B3aUMOJEHCTBUS I03BOJIWIIA BBIABUTH BTOPHYHBIN
XapakTep IpaBUTAllMM U PsSA ApYrux oOctosTenbeTB. IlyTh OT neBoil BepxHel
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(3anmueit) BepumHbL, ¢ cuMBoioM YCBO (yHapHbIE CHUCTEMBbI BEIIECTBEHHBIX
oTHomeHui) Kk BepmmHe TIIMUB, moka3zaH TOpH30HTaIBLHON CTPEIKON BIIPABO,
a ganpHeumuii myTh K OTO — BepTuKanbHOl cTpenkoi BHU3 (cM. [14]).

MAKPO- 1 METAMUWP
Pensaunonsaas YCBO / / /THM‘-IB
Tl &

napagurma
Konnennus
f / TR CybecTanunanbuas
AAJILHO- | _
BCKO! neiucTBuUs npupona
Pensauuonnas [Deitnman. o
KBAHT.MEX IPOCTPAHCTBA-
npupona
PHPOR l BpeMEHH
CTO OTO
IpoCTpPaHCTBa- N j
Konuenuns ‘\ ["eomeTpuueckas
BpeMeHH =
p Gau3ko napajaurma
IecTBus
/‘ /‘ /Kndn"mﬂ‘(a\ Teoperuko-nonesas
MU KP ) MU P MeXaHUEKa napajurma

Puc. 6. I'paduyeckas nmiiocTpanus COOTHOIICHUSI OCHOBAHMI TeopHii Tpex mapaaurm

Ha 3anneli rpanu yeTBepTOi BEpIIMHON (ClieBa CHU3Y) OMEYEHA CIIeUAlb-
Hast Teopus oTHocuTeabHOCTH (CTO), Takke OCHOBaHHAS Ha PESIIMOHHON Tpak-
TOBKE MPOCTPAHCTBA-BPEMEHHU, HO B paMKax KOTOPOU OOIIETPUHSATO OMHUCHIBATH
MaKpOSIBJIIEHUS U B3aUMOJECHCTBUSI B paMKax KOHLIETILUU OJIM3KOAEHCTBUS.

[IpaBas BepxHss BepIIMHA MEpEAHEH IpaHu KyOa COOTBETCTBYET (heiHHMaHOB-
CKOM (pOpMyNHPOBKE KBAaHTOBOW MEXaHWKHM Ha OCHOBE CYMMHPOBAHHS IO HCTO-
pusm. Kak nucan cam ®eiinMan, 5Ta GopMyIMpOBKa BO3HUKIIA M3 €T0 YKEJIIAHUS
pacIpoCTpaHUTh KOHLEIHUIO JAJbHOIEHCTBUS HA KBAHTOBYIO MEXaHHUKY, OJTHAKO
IIPY 3TOM OH HCIOJIB30BaJl TOTOBOE IMPOCTPAHCTBO-BPEMS, TO €CTh CyOCTaHIIAIb-
HO€ MOHUMAaHHUE €T0 MPUPOBI.

OcraBascs jgeBasi HIKHAS BEpIIMHA NEpeIHEN rpaHy, 0 MHEHHUIO aBTOpA,
COOTBETCTBYET IpoOaMm psifa 3apyOe’KHBIX aBTOPOB MOCTPOUTH PENIALIMOHHYIO TEO-
puio ¢ (haKTHYEeCKUM MPUBJICUYCHUEM KOHLETINH Oyn3kozeicTBus [15].

B cBsi3u ¢ npuBeneHHON KiaccupuKanue GU3NIeCKuX TCOpUN depe3 Bep-
IIMHBI Ky0a €CTECTBEHHO BCIOMHHUTH JIPEBHIOI0 CHUCTEMY M3 BOCBMHU KHUTAMCKHX
Tpurpamm («0a ryay), OJMIETBOPSIONIYI0 KUTAUCKYIO (QHIOCOPHUIO Ta0CH3M, CO-
[JIACHO KOTOPOM €IMHOE TOPOXKAAET ABOMILY, ABOMIIA IOPOKIAET TPOUILY, KOTOPAst
y>K€ MPOU3BOJUT BCE OCTaJIbHOE. TpUrpaMMbl COOTBETCTBYIOT TPOHULE, ABa BUAA
OTPE3KOB (CIIOLIHOW M MyHKTUPHBIA) — JABOUILIE, & UX CHUCTEMa B LIEJIOM MOXKET
OBITH COIOCTaBJIEHA MUPOBOMY €JHHCTBY, HA KOTOPOE MBI CMOTPHM TO-Pa3HOMY.
Oco0oe 3naueHue npuaaercs asoute «Mu» u «SH», KOTOpbIE COOTBETCTBYIOT OT-
pPHUIATENTFHBIM U TIOJIOKUTEIBHBIM CTOPOHAM (Ka4ecTBaMm).
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Cuctema TpurpamMMm BO3HHKIIA B JIpeBHEN KUTalckoil punocodun maocuzma.
JlocTaToyHO MOJTHBIE CBEICHUS O HEMl JaTupytotcs BpemeneM 2200 et Tomy Hazaf,
B amoxy «3anan Wxoy». B XII Beke 3ta cuctema Tpurpamm Obuia M300pakeHa B
BOCBMH BepinHax Kyoa [16; 17], mpudyem B mopsike, n300pakeHHOM Ha puc. 7.

Pensunonnas S— S——
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/

— —
—
—

il

% ["eomerpuueckas

napaaurma
(J m
—— ——>| Teoperuko-nosnenas
I — napamgurma

Puc. 7. 'paduyeckas nI0cTpanus COOTHOICHUS TEOPHil
Tpex MeTaA(PU3NYeCKHX NapaJurM Yepe3 KUTAlCKyI0 CHCTeMy TPHIPaMM

JIBa ky0a, n300paxeHHBIX HA PUC. 6 U 7, MO)KHO COBMECTHUTb, €CIIA MPUIAThH
COOTBETCTBYIOILIYIO HHTEPIPETALIUIO TPEM OTpE3KaM TpUrpamm. JlJist 3TOro Hy>KHO
MOJIOKHUTh, YTO BEPXHUM MyHKTUPHBINA OTPE30K COOTBETCTBYET PEIISIITUOHHOMY TTO-
HUMaHUIO MIPUPOJABI IPOCTPAHCTBA-BPEMEHH, @ CIUIOIIHON — CyOCTaHIIHAIEHOMY
IMOHUMAaHHIO.

CpenHuii NMyHKTHPHBIA OTPE30K CIENYyeT TPAaKTOBAThb COOTBETCTBYIOIIMM
0onpIIMM MacmTabaM OINUCHIBAEMOW pPEAJbHOCTH, a CIUIOIIHOW — MajbIM
(MuKpo-) macmtabam. Toraa HIKHUNA MYHKTUPHBIA OTPE30K JOJIKEH OBITH COMO-
CTaBJIEH OIMMCAHMUIO B3aMMOIEHCTBHMII Ha OCHOBE KOHIIENIUK OIM3KOMEHCTBHUA, a
CIUIOIIIHOW — ONHUCAHHUIO B3aUMOJECUCTBUI Ha OCHOBE KOHIIEIIINH JAJILHONCHUCTBHUS.

3akjaueHue

Kaxk npencrasisercss aBToOpy, U3JI0KEHHBIM B JaHHOM CTaTbe MaTepHall eIle
pa3 IEMOHCTPUPYET, UTO HCCIeA0BaHUs B 001acTH (pyHIaMEHTaIbHOU TeopeTHYe-
CKOM (pM3UKH B HACTOsIIIEE BPEeMsI TECHO COMKHYJIUCH C pa3BUTHEM HJIEH, TpaauLu-
OHHO OTHOCHMBIX K cpepe MeTapu3uKu.

MeTtaduznyeckue NPUHIUIBI TPUHUTAPHOCTH U Ayanu3Ma (JUaJIeKTUKH) 03~
BOJITIOT peNbeHO OTOOPA3HUTh CIOXUBIIECECS MOJIOKECHHE B o0nacTu GpyHIaMeH-
TaTbHON TEOpETUYECKON (DU3HMKH, BHIIEIUTH KIIOUEBBIE COCTaBIsIONINE (hU3nUe-
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CKUX TEOPUH U TEM CAMBIM HAMETUTH MMYTH €€ NaIbHENIIEro pa3BuTHs. B HacTos-
mee Bpems Bce OOJIBIITUM YUCIIOM HUCCIIEA0BATENIeH 0CO3HAETCS BAXKHOCTh UCITOJIb-
30BaHUS KOHLENUIUN PEJISILIMOHHON ITapaJurMbl.

W3moskeHHBIN MaTepHal MO3BOJISET BEPHYThCS K TIpodiieMaM (prIocopckoro
OCMBICJICHHS XapaKTepa UCCIeIOBaHMi B pu3MKe. ITU MPOOIEMBbl HTPAId BAXKHYIO
pOJIb B OTEYECTBEHHBIX TUCKYCCHsIX XX BEKa, KOr/a TOpPsSY0 00CYX/1aI0Ch, KaKue
MCCIIEIOBAHUSI COOTBETCTBYIOT MPHUHIMIIAM JHAJIEKTUYECKOr0 MaTepuaiuizma, a
KaKHe SIBISIFOTCS «OMIMOOYHBIMIY, UaeanucTuaeckumu. K HacTosmeMy BpeMeHH
CO3pENH YCIIOBHS 7151 O0JIee TPE3BOTO aHAIKM3a MPOUCXOIUBIINX AUCKyccuil. Cy s
0 BCeMY, CJIeyeT MPU3HATh HAaHOONBIIYIO TUIOAOTBOPHOCTH IMEHHO MaTepuan-
CTHUYECKOTO B3TJIsAAa Ha GU3HYECKOS MUPO3aHUE, OYMCTHB MAaTCPUAIA3M OT Psia
HEJOCTATKOB MAapKCUCTCKO-IEHUHCKOTO INAJEKTUUECKOr0 MaTepuann3ma.

Haxkomner, xoTenock Obl e111e pa3 moa4epKHyTh, UTO HE CIEAYET CTOIb BBICOKO-
MEpPHO OTHOCUTBCS K BBICKA3bIBAHUSIM BUIHBIX MBICIUTENEH MTPOIIIOT0, YIIOBast Ha
HOBBIC YJIbTpaMOIHBIC HJleH. [10 cyTH, B 3TOM 00/1aCTH (PU3HKHU MBI pa3BUBAEM UICH
Y IPUHIIMITBL, 00CYKIaBITUECS MU HA TIPOTSHDKEHUH MHOTHX CTOJICTHH. DTO KeE OT-
HOCHUTCS K TPOMYHOM KiTacCU(DUKAIIMK COCTABNISIOMUX GUZHUUECKUX TEOPHIA, U3ITO-
JKCHHOH B JaHHOM CTaThe.
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FOUNDATIONS OF PHYSICAL THEORIES
AND THEIR CLASSIFICATION
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Abstract. The key physical categories used in modern physics are highlighted, the presence
of three main paradigms in fundamental theoretical physics is shown, and on this basis the
classification of physical theories is made. The close connection between the foundations of
fundamental physics and the principles of metaphysics is demonstrated. The foregoing is illustrated
with 3-dimensional drawings.

Keywords: physical categories, three types of dualistic paradigms, three pairs of alternative
concepts, classification of physical theories, metaphysical principles.
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OT META®U3UKN EBKITUOA -
K TEOMETPUYECKUM UOESAM B ®PU3UKE CKBO3b BEKA
(TEOMETPUYECKUE UWOEN B ®U3UKE
PACWUPAIOT TOPU3OHTbI MO3HAHUA MUPA)

A.B. XoxyHoB

Hayuno-uccreoosamenbckuii UHCIMumym cucmemusix uccieoosanuti PAH
Poccuiickas ®edepayusa, 117218, Mockea, Haxumoeckuii npocn., 36, kop. 1

AnHoTanus. CTaTes COCTOUT U3 ABYX YacTel. B mepBoii uacTu npoBeieH HICTOPUUECKUI aHa-
JIM3 C COBPEMEHHBIMU KOMMEHTAapHUsIMU BaKHOCTH TTyOOKOT0 U3yHIEHUs YCTOMIMBBIX M MIPOILIEAIINX
TBICSIYETIETHIOKO IPOBEPKY HAKOIUIEHHBIX Hallled LIUBWIM3ALMENH 3HAHUH, ONBITA U TPAIULUN reo-
METPHYECKOTO0 XapakTepa 00 ycTpoicTBe Mupa. [loMmuMo MaTeMaTHKH B (PU3UKE TPATUIIMU T€OMET-
PUYECKUX METOJOB UCCIENOBAHUM UAYT OT ApXUMena, yepe3 TBopuecTBo Jleonapao na Bunuwy, ['a-
muneo "anunes, Pene Jlekapra, Mcaaka HeroTona u npyrux yué€nsix. Ceiiuac 9Ta TEHACHIUS CHIIbHA
Kak HUKOr/Aa. Bo BTOpOi uacTu KpaTKoO M TE3UCHO M3JIaraeTcs 3TallHOCTh TOTO, KaK U K Y€MY MBI
MPUILIA HAa 3TOM IIyTH.

Kniouesvle cnoea: ucropus MaTeMaTuky, reoMeTpus EBkinza, akcuoMmaruka, Ipodiemsl co-

BpPEeMEHHOU (U3UKH, ainredpamdecKkas TeOMETpPHsI.

Ecnmn He 3Haemsb, OTKyJa TAaHLEBaTh —
TaHLYH OT MEYKHU.
Pycckas nocrosuya

JInist HAIIMX COBPEMEHHHMKOB, Yh¢ MHPOBO33pEHHE (POPMUPOBATIOCH B ATOXY
OypHOTO0 Hay4YHO-TEXHHUYECKOTO Mporpecca, yepeabl HAayYHbIX, TEXHUYECKUX U
TEXHOJIOTUYECKUX PEBOIIONMMA, TI00amu3auu U BceoOel nupopmaTuzauum —
«IEYKOW» MPUHATO CYUTATh HAYajIo BO BpeMmeHHu Halieil Becenennoi. Kak uMeHHO
3TO CIIyYWJIOCh — BEJIMKas M HepaspellnMas 3arajka, HO COBPEMEHHOW HayKou
TOYHO YCTaHOBJIEHO, YTO Ha4aJio y He€ Obl1o ropsiuee. Ilpu 3ToM Tak Ha3pIBaeMoOro
Bonsmoro B3peiBa, mo-suauMomy, He ObLIO.

JlpeBHHE BOCTOYHBIE, E€TUNETCKUE, AHTUYHBIE M XPUCTHAHCKHE TPAAULIMU
TPAKTYIOT 3TO COOBITHE MO-pa3HOMY. UTOOBI IPOABUHYTHCS B HAIIEeM MOHUMaHUU
NOJUIMHHOTO YCTPOWCTBA MUPA, B3SIB U3 JIPEBHUX JIETCH], MU(OB, MPUTY U (HUII0-
COCKUX CUCTEM pallMOHaIbHOE, 00IIee U HEMPOTUBOPEUNBOE, — HYKHO BCTaTh Ha
TBEPABIN (DyHAaMEHT Hay4YHOTO 3HaHuA. [IyTH K HEMy BeIyT pa3Hble, HO JIUTUPY-
IOLIMMH HayKaMHU B 9TOH 00JacTH ABISAIOTCA (DU3MKA M MaTEMaTHKA.

26



Xooynos A.B. Ot metadpuzuku EBkina — kK TeOMeTpHUSCKUM USsIM B (PU3MKe CKBO3b BEKa. ..

Yacrte 1

Koneuno, u MmaremaTtuka, 1 pu3nMKa HAUMHAIKCH HE C AHTUYHOCTH. BeposaTHo,
OHM HaMHOTO JpeBHee. TemM He MeHee eBpoIlelcKas TyXOBHas KyJIbTypa U €e
HEOThEeMIIEMas YacTh — HAy4YHas Tpaaulus — Npuuuik K HaMm u3 [pesneit ['peunn,
MIPOYHO 3aKPETHUBIIKNCH B HAIIIEM CO3HAHUU U MHUPOBO33PEHHUH. ITO OBLIO 00YCIOB-
JIEHO TI100aTbHBIMU TeorpadUIEeCKUMH MPUINHAMU U 00CTOSTEIbCTBAaMU; (HOPMHU-
pPOBaHUEM M Pa3BUTHEM S3bIKOB U HAIlMM, HALIMOHAJIBHBIX TEPPUTOPUNA, TOPTOBBIX
CBSI3€M M MyTEH, 3aMMCTBOBAHHEM B XOJI€ 3aBOCBAHUN PEMECIICHHBIX U BOEHHBIX
TEXHOJOTHH U APYTUMH MOJA0OHBIMU (haKTOpaMHU.

Wnen u moHATHS DTOM BEIMKOH DIIOXU OOJBINNX JOCTY)KEHUI BOILIM B HAII
pasyM u ObIT. Ho, K coxalileHuIo, O4eHb OMOCPE0BAaHHO, O€3 HEpa3pbIBHOI mepe-
nadu dcTadeThl KUBOTO MOHATUHHOTO ammapaTa | si3blka. JTO 3aCTaBISET HAC C
Ka)KIbIM HAIlIUM HOBBIM HAy4YHBIM JIOCTH)KEHHEM BHOBb M BHOBb OOpalaThCs K
HUM M IIPOELIUPOBATH CBOIO KYJIbTYPY Ha Ty, 3JUIMHCKY!0. Toraa, conocrapisis UX
Y OTKpBIBasi B HEH HOBOE, Mbl CTAHOBUMCS MYJPEE U JTaTbHOBUIHEE.

W3 Heé — AIMHCKOM TpaAului CUHTETUYECKOT0, HaTypdhunocohckoro Mupo-
BO33pEHUS — K HaM MPHUIIUIO TOHUMAHUE OCHOB Pa3yMHOTO U OCO3HAHHOTO HAOJIIO-
JICHUs U 3HAHUS KaK CTapTOBOTrO KallWTaja Il HAIIUX 3aMbICIOB, UACH U HaIpaB-
JICHUU UX pa3BUTHSL.

B coBpemeHHOIl crcTeMe Ha4albHOT0, CPEIHErO U BBICIIEr0 00pa3oBaHMs B
00JacT eCTECTBEHHBIX HayK Takke BCE HauMHaeTcs ¢ EBkina, ¢ ero nepeocMaic-
JICHHBIX «DJIEMEHTOBY, Ha PYCCKOM SI3bIKE U3BECTHHIX KaK «Hauana». 31o 13 xHur.
K HuM mo3xe, B mepepabOTaHHOM BHJIE, Yepe3 JIATUHCKUN U apaOCKUil TIEpHUOIbI
pa3BUTHS HAyK ONOCPEIOBAaHHO J00aBMIuCh emé ase [1].

Peanbno xuBmMii EBKINI, BO3MOXKHO CUpPHUEI] IO TPOUCXOKICHUIO, CTall UC-
TOPUYECKUM MpeATeueii Toro peHoMeHa, KOTOPhI ceiiuac MOHUMAIOT MO TICEB/IO-
HuMoM H. Bypb6aku, — KaHOHUYECKOTO OJIMIIETBOPEHUS TOCTIKCHUH 11eI0M AJIeK-
CaHAPUICKOI IIKOJIBI MATEMATHKOB U MEIaroros, padoTaBIIuX IpU AJIEKCaHIPHii-
ckoif Ombnmorexe. OHM aKTUBHO INepepadoTaal M UCIOIb30BAM HAXOJIKU U OT-
KPBITHS KaK TpeanecTBeHHUKOB [Indaropeiickoi mKobl, TaK ¥ CBOETO COBPEMEH-
HUKa Apxumena.

NmenHo He Ta, 4TO ceiyac, Mmocae0BaTeIbHOCTh IMKOJIBHOTO U BY30BCKOTO
U3yYCHHUS MATeMAaTUYECKUX AMCLUUIUIMH JOJDKHA 3aCTaBUTh HAc TIyOOKO 3ay-
Matbes. Y EBKIMaa mociienoBaTeabHOCTh KHUT BakHa. [IpenBapser kuury | cu-
cTeMa U3 MATH aKCHOM, MPEIbABISIONINX MepBUYHbIEC MOHATHUS, TPEOYIOIINX OCO-
00ro0, OTIENHLHOIO OCMBICIICHHS.

Hanee, B kaure | 1aHo onucaHue CBOMCTB TPEYTOJIBHUKOB M MapajuiesiorpaM-
MOB, BKJIIO4ast TeopemMy [ludaropa. (B Hamum auu, nepedpaszupys usBecTHOE U3pe-
YeHHE, «TPEYTOJIbHUK HeHcUYepIiaeM Kak atoMm, u (ero) Bceenennas — OeckoHeTHay.
[Tpo Hero HamucaHbl TOJICTHIE TOMA, TPUYEM OH HECET Ha ce0e OTIEeYaToK IIeCTOH,
HesBHOU y EBKIMAA aKCHOMBI; B €BKJIMJOBBIX IIPOCTPAHCTBAX CYILECTBYIOT JKECT-
KHE CTPYKTYPBI, YTO HAIVISIAHO U OYEBUAHO JAET BO3MOKHOCTh IPUMEHSATh UX IS
CyNeprno3uInil (Kak HaJl0KEHH ) IPU CPABHEHUSAX U 3aMEILEHUSX. )
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3arem B kHurax II-IV mpezacraBieHsl qocTHXKeHUsT MU(Aropeiickoi MIKOIIbI,
Kacarollrecs: MEPBUYHBIX CBOMCTB JIMHUM, TOBEPXHOCTEH, OKPYKHOCTEM, KPUBBIX
Y MHOT'OYTOJIbHUKOB, a TaKX€E MPEEIIOB MPU BIUNCICHUN UX CBOMCTB.

B xnurax V-VIII uznaraercs Teopust Nponopuuii, IpUMEHEHHAs K UCCIEA0-
BaHUIO MOA00US JJIsl MPaBUIBHBIX 4-, 5-, 6-, 10-yronbHUKOB, TOJHUMAETCS MPO-
6s1eMa 00 u3MepeHnH Kpyra (OKpyKHOCTH).

N3 VII—IX kHUT MBI y3HaEM O MIPONOPLMAX U MPOTPECCUAX B MUPE YUCEI, O
MHOECTBE MPOCTBIX YUCENI U €ro OECKOHEYHOCTH, O NMPUMEHEHHSIX alropuTMa
EBximmna x apudmernyeckoi Teopun aenuMoctu. (B coBpeMeHHO# Tpaauiiuy anc-
JIOBBIE MTPOOJIEMBI OKa3aJIlCh OTOPBAHHBIMHU OT TEOMETPHH M U3y4daloTcs B Kypcax
anreOppl, XOTs ceiyac B €€ paMKax MOSIBWIOCH HampaBieHue «I'eomerpuueckas
TEOpHs YHCEM», JOCTYIMHOE, OAHAKO, JIUIIb TPOo(hecCHOHaIaM. )

Haubonee cnoxnas kaura X AaéT HaM MPEICTaBICHUE O BBICIINX JTOCTHXKE-
HUSX IPEYECKOM MaTeMaTHKU. B Hell onmcaHbl UAEH O HECOM3MEPUMOCTH AUArO-
HaJIM KBaJpaTa ¢ €ro CTOPOHOM, HalIEHbI APYTrUe BUIbl UPPALUOHAIBHOCTEH, IIIH-
POKO MCIOJIB3YETCSI METOI JOKA3aTEIbCTBA «OT IPOTUBHOI0» KAK JIOTUKO-T€OMET-
PUYECKUH ITPUEM.

Kuauru XI, XII, XIII npencraBinsioT coboii 3aBepiiieHre TeOMETPUIECKOM ce-
pUU TOCTPOEHUH, MPUMHCHIBAEMBIX COOCTBEHHO MepuoAy TBopdecTBa EBkinpa.
Celiuac 3Ty AMCUMIIIMHY Ha3bIBalOT CTEPEOMETPUEN: B HEM C MOMOILBIO TPUHIINIIA
UcUepHaHus ONMUCHIBAIOTCS OTHOLICHUS IUIOMIAe KpyroB, 00bEMOB KyOOB, KOHY-
COB, TUPaMU/J] U [IUIUHAPOB, PABEHCTBO U MOJ00ME BBIMTYKJIBIX MHOTOTPAHHHUKOB,
u3MepeHrue o0beMoB U noBepxHocTel Ten. CoBpeMeHHUK EBkimuaa — Apxumen
CUMTAJI BBICIIMMHU JOCTHXKEHHSIMU B CBOEW KU3HM LIEJIOUYHMCIICHHbIE OTHOLIEHUS
IoIaael moBepxHocreil 1 00bEMOB, BIMCAHHBIX B KPYTrOBOM IMIMHIpP KOHYCA,
mapa u camoro nwiuHapa 1; 2; 3 (u3berast mpu ’TOM TOYHOTO OTIPEICTICHUS TPAHC-
HeHIeHTHOro ymcna nt). [lo nmpenanuio, map, BIMCAHHBIM B KyO, BHICEUYEH HA €T0
MOTHJIE.

Benuaer uznoxkeHue nMocTpoeHUE U pacCMOTPEHHE CBOMCTB MSATU COBEPILEH-
HbIX [11aTOHOBBIX TelI.

Knura XIV nanucana anekcanapuiickum mateMatukoM [ 'uncukiom 100 net
cnycts, a kaura XV — BepostHo, Mcunopom Munerckum u3 Koncrantunomnosns,
oyt yepe3 800 sier. Tam U37105KEHBI HOBBIE CIIEICTBUSA U TEOPEMBI U3 YXKE 3aJ10-
KEHHOTO (pyHIaMeHTa.

B sTom MecTe npunuio Bpems Aath 0osiee MUPOKUE U ITyOOKHE KOMMEHTAPHH.

AxcuoMartudeckuii moaxon EBknuaa comepxut B cebe siBHOE (pu3HuecKkoe u
HesiBHOE MeTadusndeckoe 3HaHue. Hauném ¢ ananmza akcrom EBKIIMAOBOI reo-
MeTpuu camoro EBkinaa. OH akTUBHO HUCIIOIb3YET HUKAK U3HAYAIBHO HE OIpeie-
JMMBbIe, JIOTHYECKH HUYEeM He 00OCHOBAHHBIC, HO MHTYUTUBHO BOCIIPUHUMAaEMbIe
NOHATHUSL OE3TPaHUYHBIX M HEMPEPBIBHBIX, HEHCKPUBIEHHOTO 3-MEpPHOTO IPO-
CTPAHCTBA KaK YHUBEPCAIbHOIO BMECTHIIMILA BCEX BEIEH, 2-MEPHOU MIOCKOCTH,
1-MepHOIi TMHUY ¥ TOMENIEHHBIX B HUX W/WIH Ha HUX (-MEPHBIX TOYEK.

[IpuBeném siBHBIE akcOMBI EBKHIa, @ KOMMEHTapUU — B KBaJIPaTHBIX CKOO-
Kax.
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1. Mexnay naByMs TOYKaMM Ha IUIOCKOCTH HPOBEAEM OTPE30K MPSAMOIL.
[HampaBJIE€HHBIN, HEMPEPBIBHBIN, €IUHCTBEHHbI, MUHUMAJIbHON JUIMHBI BEKTOP —
OUYEBUIHBIM (PU3NYECKUM JBHIKEHHEM .

2. I[IpoaomxuM ero HEOrpaHUYEHHO TEM K€ CIIOCOOOM 10 MOITYUYEHHSI TPSMOM
JUHUH (WK TONYTPSIMON — JIyda).

3. Bokpyr mo0oi TOYKM Ha TUIOCKOCTH MOXXHO THPEABSBUTH OKPY>KHOCTB,
[TO €CTh TEOMETPUYECKOE MECTO TOYEK, PABHOOTCTOAIIUX OT JaHHOW KaK HeIpe-
PBIBHOE, 3aMKHYTO€, €JUHCTBEHHOE CEMEICTBO T€OMETPHUECKUX 00BEKTOB, 3a/1a-
BaE€MbIX T'€OMETPUYECKON, JOCTATOYHO CBOOOAHOM UM MPOU3BOJIBHON B IUIAHE BbI-
60pa ATAJIOHHOT0, €IMHUYHOTO OTPE3Ka MEPOH, JIF0OOr0 HEMPEPHIBHOTO paanyca].

4. Bce npsiMble yTIIbl MEXY JTFOOBIMU IBYMS [I€PECEKAIOIMMHUCS (ITOJT STUMHU
yriaMy) OpsSMbIMU 5KBUBAJIEHTHBI IpyT Apyry. [OHU MOTyT OBITH COBMELIEHBI 10
COBMajIcHUs1 (PU3UUYECKUMHU TBMKCHUSMH B TUIOCKOCTH WJIHM IMPOCTPAHCTBE, a Clie-
JaHHbIE U3 HUX INPSAMOYIOJbHUKU WM IPSIMOYTOJIbHBIE MAapaJUICICIUNEbl AT
XKECTKME 3aMOILEHUS TUIOCKOCTH U IPOCTPAHCTBA. |

5. B cucteme TpEX MpOU3BOJIbHBIX MEPECEKAIOINXCS NPSIMbBIX Ha TIOCKOCTH,
KOTJja CyMMa JIByX BHYTPEHHUX OJHOCTOPOHHHUX YTIJIOB Y BBIOPAHHBIX IBYX IMpsi-
MBIX JINHUH C TPEThEW MEHBIIE IBYX MPSIMBIX YIJIOB, 3TU IPSIMbIE, IPOIOJKEHHBIE
JIOCTaTOYHO, IEPECEKYTCS C TOU K€ CTOPOHBI. [OnpeesieHre — KOHCTPYKTUBHO: B
HEM HET Ja)ke IMOHATHUS €AUHCTBEHHOW MAPAJUICIBHON MPAMOM KAK MPEAEIBbHOIO
00BEKTa, HO €CTh MeTa(pu3HuKa CTPYKTYPHI OPSIIKA. |

B «Onemenrax» y EBkinaa conepkurcs emé HeCKOJIbKO MOJOKEHUM, 01m3-
KHUX COBPEMEHHBIM OCHOBaHHSIM MaTEMaTUKU: U3 TEOPUH MHOKECTB, TEOPUU OTHO-
HIEHUA U TEOPUU CTPYKTYp. DJIIEMEHTAM M3 COBPEMEHHBIX TEOPUH MHOMKECTB y
HET0 OTBEYAIOT «BEIIN», TO €CTh IEPBUYHBIE U CKOHCTPYHUPOBAHHBIE U3 HUX I'€0-
METpUYECKHE OOBEKTHl M WX OTHOIIEHHUS, CaMOTOXKJIECTBEHHOCTH (pedIeKCHB-
HOCTbh), 9KBUBAJECHTHOCTH JIBYX 3JIEMEHTOB, €CJIM OHU MOPO3Hb PABHBI TPETHEMY
(Tpan3uTuBHOCTH). HesBHOE MOHATHE Kilacca SKBUBAJIEHTHOCTH BO BCEX 5 aKCHO-
Max; (CHMMETPUYHOCTh + Pe(IeKCUBHOCTh + TPAH3UTUBHOCTh) U OTHOLIEHHUE He-
paBeHCTBa (ACUMMETPUYHOCTD + TPaH3UTUBHOCTH). KpoMe Toro, B paccyxaeHUsIX
EBxinaa mocTOSIHHO NMPUCYTCTBYET aAJAUTUBHOCTD IO CIIOKEHHUIO U BBIYMTAHUIO
(+ KOMMYTaTHBHOCTbh U aCCOLMATUBHOCTb, TO €CTh a0EJIEBOCTh) U TO, YTO IIEJIOE
Bcerza 0osbliie 4acTu (apXUMeI0BOCTh U €BKIUA0BOCTh — B COBPEMEHHOM apud-
METHKE).

W3 Takux OTHOILIEHUH B HAIlIM JHU CTPOSATCS TPU OCHOBHBIE CTPYKTYpPBI MaTe-
MaTHKH: TOIOJIOrHYecKasi, anredpandeckas u nopsakosas. Ceiliyac OHM IPOYHO BO-
T U B SI3bIK COBPEMEHHON (DPM3MKH, U MX HEOOXOAUMO aKTHBHO MCIIOJIB30BaTh B
MeTa(pU3MUECKUX PACCMOTPEHUAX U TEOPHUSX.

(Bcé ato emé Oonee porHuT Tpyasl EBKIMAa U TpyAbl IIKOJIBI aHOHUMHBIX
(dpaHIly3CKMX MaTEMaTUKOB, U3BECTHBIX 110 NceBaoHUMOM H. Bypbakn).

I'eomeTprueckas CTpyKTypa yCTpOEHA CIIOKHEE, KaK Mbl 3TO CeHdac 3HAEM.
Jns e€ riryOoKoro MOHMMAaHHS U MPAaBUIBHOTO OMHMCAHUS HY)XHO NPHUBIIECYHb HE
TOJILKO BCE TPH YKa3aHHBIE BBIIIE CTPYKTYPbI, HO, BO3MOKHO, U HOBBIE (PU3NUECKUE
uzneu. B cBoé Bpems ¢punocod M.D. OmenssiHOBCkui [2—4; 19] mpemiaran Takyro
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dbopmyity: mosHOIIeHHAs Teopus ((PU3NIECKO) peaIbHOCTH = TeoMeTpus+PHU3nKa,
IpU4EM COCTABHBIE YACTU MOTYT MEHSTHCSA OT MOJEIH K MOAEIH, 00pa3ys JOoIoJI-
HUTEJIBHOE Jpyr K Jpyry JUAJEeKTHUYECKOe eIUHCTBO. CBEXHM INpumep:
AdS/CFT — cooTBeTcTBHE B COBPEMEHHOMI (hyHIaMEHTAIBHOH (pr3mKe.

3aech onsATh HykHO caenath 3ameuanue. BCE [IATh akcuom EBknnna ciioBHo
HapPOYHO BBITJISIAT KaK UCAIbHBIC 3arOTOBKH JIJIsl Bcex auarpamm delinmana [5],
KOTOpbIE Bcerja — 1-MepHble MHOXKECTBA, ITPEJCTaBUMBbIE KaK IIaHapHbIE Tpadbl C
NEeTVIAMU (OTBEYAIOIIMMU BUPTYaJIbHBIM IIPOLIECCAM B BaKyyMe, JUIsl IPONaraTopos,
TO €CTh AMIUIUTY I BEPOATHOCTH KBAHTOBOT'O IIEPEXO0/A YACTULIBI U3 OHOM TOUKH B
Ipyryro) u 6e3 HuX (CBOOOJHBIE OT B3aUMOCHCTBHIA YacTUIlbl). Takue nuarpaMMbl
OTMCHIBAIOT (PyHAaMEHTAIbHBIE (PU3NIECKHE IPOLIECCHI B IMITYJIbCHO-DHEPTeTHYe-
CKOM IIPOCTPAHCTBE WJIH, Mocie npeodpazoBaHus Pypre, B KOOPJUHATHOM IIPO-
CTpaHCTBe-BpeMeHH, B kBaHTOBOM Teopuu nosst (KTII). ITpu aToM BHYTpeHHME 11~
HUM U NIETJIM N0JIararTcs BceX pa3mMepoB (cM. akcuoMy 3). I1o HUM Hy»HO NpouH-
TErpupoBaTh B (M0TY)OECKOHEUHBIX MpeeiaX, U 3/1€Ch MOYTH BCEr/la BOZHUKAIOT
PacxoauMOCTH — OECKOHEYHOCTH, YCTPAaHAEMbIE PAa3IUYHBIMU METOAAMU PETYJIsi-
pu3anuy ¥ nepeHopMupoBKU. OHU OBIBAIOT JBYX COPTOB.

OT MarnbIX HEPTUH W UMIYJIBCOB — TaK HasbiBaeMble MH(PpakpacHsie (UK)
pacxonumoctd. C HUMU HUKTO He OopeTcs, Tak Kak M0 NPUHLUIY HEoNpeaenéH-
HocTell ['eii3eHOepra oHM OTBEYAIOT BIIMSHUIO JATHHOACHCTBYIOIIUX IOJIEH Ha
OosbIuX (IPUIIENTBbHBIX ) paccTossHusIX. (Hamudue cTpykTyprupoBaHHOM MacCUBHOM
MaTepUH MpH B3aUMOACHUCTBUAX C TAKUMH IOJIIMU CHJIBHO MEHSIET OOLIy0 Kap-
TUHY; HEJOKAJIbHOCTH IPUOOPETAIOT «OAETHII» B CllydaliHble B3aUMOJEHCTBHS Xa-
pakTep. DTO yacTble, O4YeHb ci1alble, WK pelIkUe, HO CUJIbHbBIE BIHUAHUSA. XOPOIIO
U3BECTEH MIPUMEP KYyJIOHOBCKOTO B3aUMOCHCTBUS U paccessHus: st Hero nudde-
PEHIMAIIBHOE CEYEHHUE PACCESIHMS PacXOAMTCA Ha MalbIX yIVIax, S-mMarpuna —
He cymecTByeT. OHAaKO YUCTO KBaHTOBbIE 3((EKTHl y/IBauBAIOT €ro MO CpaBHE-
HUIO C KJIACCHYECKUM PAacCMOTPEHUEM Ha BceX yriax. Tpebyercst pasyMHoe o0pe-
3aHME CEUYEHHUS Ha aCUMIITOTHUKE, U OHO — HaxoauTcs. Hukro Bo Beenennoii He Mo-
xKeT n30exaTh (POHOBBIX IIYMOB M (DIyKTYyaIwii, AETAOINX pACUETHBIE AaCHMIITO-
THUKHU Ha OOJIBIIUX PACCTOSIHUAX (PM3MYECKU HEHAOII0JaeMbIMU. ACTPOHOMBI CUH-
TaIoT, YTO 110 95% BuaMMOI MaTtepun Bo BeeneHHOM — 3TO 3aMarHi4YeHHasl Iuia3ma,
UMeronas pasHble XapakTepHble pasMepsl. [Ipumep CHIBHOTO BO3AECHCTBHA
Cpellbl — MEPECOCINHEHNE MArHUTHBIX CWJIOBBIX JIMHUN B IUIa3Me: 3€MHOW IHIap
M er0 MHOTOCIIOWHAsi MarHUTocdepa yCHemHo n30aBIsFOTCS OT MOTOKA JIMITHUX
3aps0B, uaymero or CoiaHIa 1 KOCMUYECKUX Jydeld. Ho B KocMHU€CKOM YHCTOM
BaKyyM€ MarHWTHbIE CWJIOBBIE JIMHUM HUTJE HE HAUMHAIOTCS M HE KOHYAIOTCA
(B MOAENM COJEHOMJAIBHOIO TMoJisd). Bo3HMKaeT cioXHas HecTallMOHapHas
Xa0THYECKasi PE30HATOPHAsI CUCTEMA, B KOTOPOU MBI )KUBEM.

WNHoit xapakTtep umerot ynprpaduosieroBbie (YP) pacxoauMoCTH, OTBEYaro-
M€ BBICOKUM 3HEPrusiM U O6oibiuM nepenaBaemMbiM umiysscam. KTIT npucymy
cTapblil 1e(eKT KIacCCUUeCKOM U KBAHTOBOM (PM3MKH — TOUEYHOCTD 3JIEMEHTAPHbIX
yacTul, 6e3 KOTOpoil B Hel HapylIaeTcs peITUBUCTCKAs MHBAPMAHTHOCTD U KOBa-
PUAHTHOCTh. BONBIIMHCTBO (PM3UKOB B HAIlle BPeMsI BEPUT, UTO MPHU BO3PACTAHUU
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SHEPTrUU Ha BCE MEHBIIUX PACCTOSHUSIX BOCCTAHABIMBAETCS HACTOSIIIASI, OUYEHB BbI-
COKas1, HO CWJIbHO HapyIIEHHAsi CHMMETpHUs Hamero mupa. [Ipu atom Bece noss cra-
HOBSITCS ITOXO0H Ha 0€3MAacCoBbIC U (C MOMpPaBKaMU HA UX MOJSPHU3ALUU) — JPYT
Ha npyra. B npenene Boznukaet koHpopmHas kBantoBas Teopus moist (CFT). Pa-
3yMHBIE BApUAHTHl TAKUX TEOPUH AMKTYIOT ONMCAaHUE TOJEed B Pa3MEpPHOCTIX
d=11,12, B (IceB10)eBKINIOBBIX TPOCTPAHCTBAX (AJIS1 MX IEPEHOPMUPYEMOCTH U
yCTpaHEHUs! KBAHTOBBIX aHOMAJIHIA).

Y AMBUTENLHBIM 0Ka3aJ0Ch, YTO KOPPENATOphl — GyHKIMHU [ puHa, BIUIOTH 110
JIBYXIIETJIEBOI'O MPUOIMKEHUS COBIAIN C aHAJIOTMYHBIMU KOPPEISITOPAMHU, BBIYHUC-
JIEHHBIMHU B HEKOTOPBIX BaApUAHTAX TEOPUI CyNnepcTpyH U M-Teopuid, B MOJENAX C
d=10,11, tama AdSsx M, rne M =5,CYs, a OIHOPOZHOE IPOCTPAHCTBO
AdSs = SO(3,2)/SO(4,1) — 310 runepOoInvYecKoe MPOCTPaHCTBO aHTH-e CuTTepa
[IOCTOSIHHOW OTpULATEIbHOM KpuBM3HBL. Mcxond u3 EBKiumoBa Mmorpy»kKaromero
npoctpanctBa R°—R>! (moBopor Buka) mpu cTepeorpaduueckoil TPOEKIUN U3
I0’)KHOTO TIONIFOCA 5-MEPHOTO OJHOMOJIOCTHOTO TUNEpOONOoNa, MONIy4aeTcs IH-
JUHAP ¢ 4-MEpPHBIM KpaeM, KOTOPBIM MOYXHO paccMaTpHUBaTh KaK Halle IUIOCKOE
npoctpanctBo-Bpems R>!. Komnonent S°, — cdepuueckoe mpocTpaHCTBO HOCTOSH-
HOU MOJIOKUTENbHON KpuBU3HBL, U CY6 — MHOro0oOpasus Kanabu—Sly, ¢ ocoosimMu
FeOMETPUYECKUMHU U, BO3MOXKHO, (PU3NUYECKUMH OOBEKTaMHU, KUBYIIUMHU Ha HHX.
Jeno B TOM, 4YTO B HEKOTOPBIX BapUAHTAX TAKMX TEOPHI KBAHTOBASI TPABUTALIMS
nepeHopmupyemal 1 3To MokeT aTh KJIt0Y K MIOHMMAaHUIO Havasia Hamiel Beenen-
HOH. B coBpemeHHOIl cTannapTHO Mozenu oHa npouuia ge CUTTepOBCKYIO CTa-
JIMIO paclIupeHus U Tenepb HaxoauTcs Bo OpuamaHoBckol ctaauu. KBaHToBbIE
BakyyMhbl y ae Currepa u antu-z1e Currepa — pa3Hble, U HalllM BbIIAKOIINECS yUE-
HBIE MIBITAIOTCS MTOHATH U COTJIaCOBATh CBOM MOJEIIN.

O06e cepuu Teopuit — KpaitHe pa3IudHbl U (PU3NUECKH, U MATEMAaTHIECKH, HO
TJIaBHOE — B TOM, YTO Ka)KJasi U3 HUX MOXKET OBITh (M30METPUYECKH) MOTPYKEHA U
Jlake BIIOJKEHA B CBOE, moaxosuiee EBkinaoBo npoctpancTso R”!

DTO 1a€T BOBMOKHOCTH JIJIsl IETAJIbHOTO COTMIOCTABIICHUSI U CPABHEHUS BILUIOTh
JI0 MEJIKHX Y INI00ANbHBIX JeTalleil MaTeMaTHIeCKIX CBOMCTB M 0COOEHHOCTEH aHa-
Tu3upyemMbIx Teopuil. B utore Mol yxe cBbime 2300 jier umeeM, IpOJABUTAaEM U
CUHTE3UPYEM, COBEPLICHCTBYS, YHUBEPCAIbHBI MaTEMaTHUECKUM UHCTPYMEHT; U
MHUKpPO-, 1 ME€30-, 1 TEJIECKOIIbI 1JIsl aIeKBAaTHOrO Mo3HaHus [Ipupossl.

B akcuomarnueckyro cuctemy EBKIIMIa HEOTHEMIEMOM YaCThEO BXOAUT MOJI-
CUCTEMa JIOTUYECKOTO JEAYKTUBHOI'O BBIBOJIA — W3BJICUEHUS CIICACTBUI B BHUJE
IpeIoKEHHH, 1IeMM U TeopeM. Bce oHM paznuuaroTes Kak (pparMeHThl pe3yiibTa-
TOB a0CTPAKTHBIX PACCYKACHHIA, B TIOPSAKE HAPACTAHUS UX CIOXKHOCTU U BaKHO-
CTH. JTa YacTh yXe OTJEJeHa OT HEMOCPEJICTBEHHON (M3MYECKON peaTbHOCTH.
C coBpeMEeHHOI TOUKH 3peHusl, T100as TOTUKA COJIEPKUT S3bIK: HA0Op CUMBOJIOB U
JIOTUYECKUX ONEepaluii, CHHTAaKCUC U CEMaHTUKY, aKCHOMBI M TIpaBUJjia BbIBO/A. TyT
yke 06macTh He MeTapu3uku, Ho MeTamaTeMaTHKH, T BBEACHHE HOBBIX aKCHOM
paciupseT TEOpHIO, Yeprias HOBOE U OTBOEBBIBast ce0e HOBBIE OOJIACTH U3 HUYEM
HE OTPAaHUYCHHOT0 YHUBEPCYMa. ITO 0COOBIN OTKPBITHIN MHD, YK€ CBOOOHBIN OT
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YETKUX (PU3UYECKUX OPUEHTHPOB, C OTIIMYMSAMHU, TTOAOOHBIMH OTIUYUAM adPuH-
HOoro mpoctpaHcTBa Jleonapma Jitnepa ot EBkiamaoBa: Hayaao OTCYETA MOMKET
ObITh 1I00BIM. [IpuxonuT Ha yMm MeTadopa: MeramaremaTHka — 3TO BETep, HaayBa-
foumil mapyca Metagusuku. C BETpoM HIyTUTh ONACHO, €r0 HYXKHO BCEr/a 4yB-
CTBOBAaTh, YUUTHIBATh U YBAXKATh.

Ny Nasuna ['mns6epta [8], my beprpana Paccena [6; 7] B uX BbICKa3bIBaHHIX
O CYIIHOCTH COBPEMEHHOH MaTeMaTUKHU, O €€ OCHOBAHUAX U CTPOrOCTH KaK TOY-
HOT'O 3HaHMSI IOCTOSIHHO NPUCYTCTBYET MBICIIb O HAJIMYUU B HEN HEONPEIEIEHHBIX
00BEKTOB — «BELIEH», TPEOYIOIMX BCE HOBBIX U HOBBIX MHTEpHpeTanuil. CUMBOII
BEPbI — B TOM, YTO IIPaBUJIa UTPBI OCTAIOTCS HEM3MEHHBIMH, JIMIIbL BpEMs OT Bpe-
MEHH YCIIOKHSSICh M COBEPIICHCTBYSCh, HO OOBEKTHI, C KOTOPHIMHU BEIETCS pac-
CMOTpEHHUE, — CTaHOBATCS aOcTpakTHbIMU (y ['minpbepTa, Hampumep, 3TO MOTYT
OBITH CTOJIBI, CTYJIbSI M IUBHBIE KPYXKKU BMECTO TOUYEK, MPSAMBIX U TIOCKOCTEH).

Mamemamuxa ipy 5TOM HaYMHAET BBIIVIAETH KaK [10JI€ BbIJyMbIBAaHUS HOBBIX
UTP 10 BO3MOXKHOCTH C YETKUMHM NpaBUiIaMH. Tak JETKO JOKAaTUThCS 10 Oe3yMusl.
[ToaToMy HYXHBI YETKHE OPUEHTHPBI, PAMKH, TPAaHUIIbI U HUHBapuaHThl. Hanpumep,
npaBuiIa 0T00pa U KPUTEPUH; MTOJTHOTHI, KPACOThI, CHMMETPHH, IIPOCTOTHI, HATJISII-
HOCTH.

Oco0eHHO LIEHHOM IS HAaIllero BPEMEHU MPEACTaBISIETCsl TpeuecKas FeoMeT-
pudecKas HarisgHas napajaurma, OCHOBaHHasl HA MUPOOILYIIIEHUH U TIOHATUH JIBU-
xeHusd. Cellyac ONBITHbIC HACTAaBHUKM B MaTeMaTUKE U (U3UKE PEKOMEHAYIOT
NpeCTaBIATh cebe 4-MepHbId THnepky0 B BHJE JIBUXKEHHUS €ro 3-MepHOH pas-
BEPTKU TUIIA KKPECT», COCTOALIEH 13 8 KyOOB, YTOOBI HAKJIAbIBASICh, UX 2-MEPHBIE
I'paHy UCYE3alu KaK TPaHuLa, OTOXKIECTBIIIEMbIE, HO C TPOTHBOIOIOKHBIMU OPH-
EHTaLUSIMHU.

To ke nenaetcst s 3-chepsl S° ¥ MPOEKTUBHOTO BENECTBEHHOTO MPOCTPAH-
ctBa RP?, KOTOpBIE HENb3$5 BIOKHUTH H30METPUYECKU B EBKIIMIOBO MPOCTPAHCTBO
E’ unu B ero apudmernueckyio mozaens R,

[To-BuanMoOMy, y JpEeBHUX I'PEKOB ObLIO BCE, 4TOOBI UIATH JAJIbIIE [0 TAKOMY
MYTH, HO 3TOTO HE CIYYHJIOCh, HACKOJBKO Ceiiuac U3BECTHO U3 JOLIEIIINX JI0 HAC
UCTOYHUKOB.

B nacrosimeit pabore Oyner mogué€pkHyTa poib EBKIHIOBBIX MPOCTPAHCTB
BCEX Pa3MEpPHOCTEN B COBPEMEHHBIX MATEMaTHKE U TEOPETHUYECKOU (PU3MKE, 3Ha-
YEHHE CBSI3aHHBIX C HUMM IOHSATHI: HEMPEpbIBHBIX M JUCKPETHBIX CUMMETpPHUH,
JBYKEHUH, N30METPUH, BIOKESHHUH, TOTPYKEHUH KaK (PyHIaMEHTaIbHOTO MaTepH-
aJjia 1151 K€ He BCEX, HO OU€Hb MHOTUX F€OMETPUUECKUX KOHCTPYKIIHA, 6€3 KOTO-
PBIX HEMBICIIMMBI HU IOHMMaHUE, HU JaJibHEHIe paboThl B TCOPETUIECKOM U Ma-
TEeMaTU4YeCKON (PU3MKE, MUTAOIUX CBOMMHU JOCTHXECHUAMHU U UIESIMU U YUCTYIO
MaTemaTuky. I[IpuBeneM qBa BECOMBIX MHEHUS IO ’TOMY IIOBOAY.

Hamr 3ameuaTensHblii PU3HK-TEOpETHK, akaneMuk U HoOemeBckuii nmaypear
JI.J. Jlannay npu cjaue eMy COMCKaTeIsIMM Ha IOCTyIUIeHHe B 1Koy Jlannay mo-
ouepénno Bcex 10 TomoB Kypca Teoperndeckoil Gpu3nku Bcera HEOXKUIAHHO O/
BEprajl X ¥ 3K3aMeHy M0 IIKOJbHOW MaTeMaTHKH, B OCHOBHOM reomMeTpuu. Beero
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couckareneit 6bu10 60see 1100, a caaBmuX TEOPMUHUMYM — OKouto 110 yenosex.
be3xanocTHO N3rOHSUINUCH T€, KTO 3a TPU CIaYH HE CMOT OTBETUTH HA BCE BOIIPOCHI.

Jpyroit (akT: BbIIaIOMIUIACS MaTeMaTUK COBPEMEHHOCTH, aKaJeMHUK U Jiay-
peat MHOTHX Harpaj u npemuii B.M. ApHOJIb/I TOCTOSTHHO TOBTOPSJT HA 3aCeIaHUsIX
MockoBcKOoro MatemaTHueckoro oomecrtBa: «be3 reomerpuueckoil nHTEpHIpeTa-
[[UU JIFOOOTO MAaTEMATHYECKOTO MCCIIEIOBAHUS U MPOOJIEMbl HE MOXKET OBITh J10-
CTUTHYTO UX UCTUHHOTO MOHUMAaHHUSD.

Yacte 11

1. Jlomeamue 10 HAIIUX AHEH BapUaHTHI OCHOBOMOJIATAIONIETO Tpyaa «Jie-
MEHTBI» WM Ha3blBaeMble mo-npyromy «Hawama» EBkimaga BOT yxe cBbIIIe
2300 net cimyxaT 0Opas3lioM Te€OMETPUIECKOTO MOAXO0/Ia K OMHCAHUIO HJICATBHBIX
MOJIeNIel OKPYIKaIOIMUX HAC 00BEKTOB U sABJeHUH [Ipupoapl. DTOT SHIUKIIONEIH-
YECKUH UTOT pabOThl MaTeMaTUKOB AJIEKCAHJIPUICKOM MIKOJIBI HA MHOTHE BeKa
OTPEeIeTTUII CTHIIH Hatlero EBponeiickoro MbIIIjIeHUsT K TOHUMAaHUsI OKPYKaIOIero
Hac pU3NYecKoro Mupa, udo mno-rpeuecku «puzeoc» — sto [Ipupona.

2. Cucrema 3HaHMN y APEBHUX IPEKOB ObLIa HATYPPUIOCOPCKOIA, TO €CTh CUH-
TEeTUYECKOU, BoOpaBmiel B cedst u ¢punocoduro, u Gpusuky, u MaremMaruky. Ilo-
TOMY B OCHOBY T'€OMETPHH KPOME MSATH BeChbMa TTyOOKO MPOAYMAaHHBIX JIOTHYE-
CKH aKCHOM JIJIsI TOYEK, JIMHHUM, TUIOCKUX QUTYP ¥ 00OBEMHBIX TeJ ObLUTH 3a7105KEHBI
Onu3kue K (pU3MYecKkrM TMOHSTHS IABMKCHHUS W KOHTPYIHTHOCTH (COBMEIICHUS
BIUIOTH JIO COBMAJACHUS UCATHHBIX TE€OMETPUUECKUX O0OBEKTOB, IBUTast UX B MPO-
CTpaHCTBE, IUTIOC, €CJIM HAJ0, OCYIIECTBIsA mpeobpazoBanus momoous). CiaoBo
T'eomempus y TpEKOB O3HAYaJIO 3emiemepue B MIUPOKOM CMBICIE, OTKyAa ObLIH
BBEJICHBI MOHATHUS KPUBBIX U MOBEPXHOCTEH, 0OBEMHBIX TEI, a TAK)XKE MX MPOIIOP-
Ui ¥ YUCIOBBIX Mep. ['peueckas mMareMaThKa pa3BHUBANIaCh KOHCTPYKTHBHO U
JIOTUYECKH, ONUPAsCh HA 3PUMBIM OIBIT, YTO MNPEAONPENCIIO €€ yClex Kak
dbyHIaMeHTa HayKH Ha BCE BPEMEHA.

3. B TeueHre MHOTUX BEKOB NMPEANPUHUMATUCH MONBITKU MPEB30UTH U TOOJI-
HUTb 3TO KAHOHUYECKOE CHHTETUYECKOE 3HaHUE, HO ITPOorpecc mEN MeIJICHHO U He-
poBHO. BooOpaxeHue He BBIXOAMIIO 33 MPEEIbl HATIISTHO OCA3aeMOr0 M HabII0-
naeMoro 3-MepHoro EBKIMI0Ba MPOCTPAHCTBA, B MOMBITKAX UMETH SICHYIO T€OMET-
PHYECKYI0 HHTEPIIPETAIIMIO HOBBIX UCAbHBIX MATEMATHUECKUX OOHEKTOB.

4. OgHuUM U3 NEpeIOMHBIX MOMEHTOB cTajio u3odpereHue Pene JlekapTom
IPSIMOYTOJIBHBIX AEKAPTOBBIX KOOPAUHAT (Y APEBHUX IPEKOB CYIIECTBOBAHHE Mpsi-
MOTO yTJIa SIBJISUIOCH OJJHOM U3 aKCHOM) U MOSIBJICHUE aHAIMTUYECKONU T€OMETPUH.
3T0 1a710 BO3MOKHOCTh MHIYKTUBHO alNreOpanyecku U apupMeTuyecKu HempoTH-
BOPEUYUBBIM MMyTEM MEPEUTH K HE UMEIOIINM HATJISIIHON MHTEePIPEeTallii BBICIINM
n3MepeHusm yxe B XVII Beke.

5. 3aTreMm akTUBHO cTalu HcIojb3oBaTh moHsATHe BEKTOPA, oka3zaBmeecs
MICUXOJIOTUYECKH TPYAHBIM: CceHYyac pas3inyaloT BEKTOpbI, 3aKpEIUIEHHbIC
B TOYKE, BEKTOPHI, CKOJIb3SIINE BIOJIb JTUHUHM, CBOOOIHBIE BEKTOPHI, MBICICHHO
napajuiebHO NIEPEHOCUMbBIC B HAYAI0 KOOPAUHAT, aQpUHHBIE BEKTOPHI KaK Mapy
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TOYEK OE30THOCUTENILHO K BbIOOpY Hayasa oTcuéra. Bc€ 3TO HEsSBHO CUMTAIOCh
NOTPY>KEHHBIM MJIM BJIO)KEHHBIM B EBKIMI0BO MNPOCTPAHCTBO, IOIYCKAaOIIEEe
KOHT'PY3HLIUU.

6. Yxe B XIX Bexke OnuBep XeBucaiij 3aBepIinil CO3aHUE BEKTOPHOTO aHa-
7n3a, MPUAaB €My COBPEMEHHBIN BUA. DTOT BEK CTal BpeMEHEM OypHOTO paciiBeTa
reoMeTpud U HOBBIX €€ uaei. Ilocne otkpeiTnii Kapiom @puapuxom ["ayccom,
Snomem boitsin 1 Hukonmaem JloGaueBCckuM chepruecKoi, FUTUNITUYECKONH U TH-
nepOOIMYECKUX HEEBKIIUIOBBIX T€OMETPUN, UMEIOIINX TMOJIOKUTENBHYIO U OTpU-
LATEIbHYI0 MMOCTOSIHHYI0 KPUBU3HY U JIONYCKAIOIIUX KOHIPYSHTHBIE CPaBHEHHS,
Hayajiach HOBAas 3pa B MaTEMATUKE, B TOM UUCIIE BPEMS IEPEOCMBICIEHUS U CUCTE-
MaTH3alMU BCEX HAKOIUIEHHbBIX 3HAHUH.

Hacran uepén B3sThCS 32 OCHOBY OCHOB — 000CHOBATh B paMKaxX MaTeMaTuye-
CKOH JIOTMKM CYILECTBOBAHME U HEIPOTUBOPEUYMBOCTH EBKIMIOBONM reomMeTpuu,
KOTOPYIO MOKHO Ha3BaTh Mmapadonnyeckoid. OHa BBRITJISAUT KaK MPEACIIbHBIN CITy-
Yail IpOCTPAaHCTBA HYJIEBON KPUBU3HBI, 10 aHAJIOTMHU C KOHUYECKUMHU CEYEHUSIMH,
U3BECTHBIMU U y EBKIIN/Ia, Cpei KOTOPBIX Mapabosia — rpaHuiia MEX Ty HEPEPhIB-
HBIMH MHOKE€CTBAMU JJLTUIICOB U TUIEPOOT.

3T0 0b60oCcHOBaHME OBLIO cIeTaHO MHOTUMH MaTteMaTtukamu; ['eoprom Kanro-
pom (1874), FOnuycom Bunsrensmom Puuapnom [lenexkunmnom B 1876—1878 ronax,
rpynnoil ctopoHHUKoB PeHapna bonbnano — k Havany XX Beka. OTH CPOKH —
BO MHOTOM MpPHUOIU3UTENbHBIE, 0O TOHUMaHUE MpeIMeTa CKJIaJbIBaeTCsl HEPaB-
HOMEpHO, U3 Oece]] ¢ KoJleraMu, 4epe3 MOArOTOBKY U YT€HHUE JISKIHA, TIpU T1y0o-
KHUX pa3MbIIUICHUSAX U HEOKUJAHHBIX 03apEHUSIX.

7. CHayana TpeOOBaJIOCh YTOUHUTH M PACIIUPHUTH MOHSATHS TOUYKU H MPSMOM
JMHUYU KaK JIMHEHHO yNOpAJ0YEeHHOTO MHOXKECTBA TOUYEK, B paMKax apudmernie-
CKOW MOJICNI BEIIECTBEHHOU MpsiMOil R. UTOOBI €€ moTy4nTh, MoTpedoBaiack Teo-
pust mHOkecTB bepHapaa bonbiano (1817) u 3atem Tpu oHOBpeMEHHbIE pabOTHI
(1872):

1) T'eopra Kanropa (dbyHmameHTandbHBIE MOCIEIOBATENFHOCTH, 3aMBIKAHUS
MHO’KECTB U IMaroHaJIbHBIA IPUHLHUII),

2) Kapna BeiiepmTpacca (necaruunbie 6€CKOHEUYHBIE JPOOU M BEPHBIC Mpa-
BUJIA UX OTOXJECTBJIEHUS C TOUKaMH R, UCIOJIb3Ysl TEOpHIO IpenenoB OrrocTeHa
Komm),

3) Puuappa Jlenekuna (Teopus CeUeHUN KaK HOBBINA, OPUTUHAIBHBIN CIOCO0
MOJTyYEHHUsI U3 MHOKECTBA PALIMOHAIBHBIX YKces () ero pacliupeHus 10 R).

Bo MHOrHX Teopemax MaTeMaTHUECKOTO aHalIM3a, YTOUHSIOMINUX U YTy OIsito-
IIMX M3BECTHBIE €€ APEBHUM I'pEKaM OIPENEICHHs] UpPAllMOHAIBHBIX U TpaHC-
LEHJICHTHBIX YHCEJ, poJienana paboTa, 3aKpbIBLIasi AbIPbl B 000CHOBAaHUH R.

8. B XX Beke ObLIM CO3/1aHBI PA3IUYHBIC JIOTHUYECKHE aKCHOMATHYECKHUE
cucteMbl oOocHoBaHusi EBkmumoBoit reomerpuu k. bupkrodom, [laBumom
['unsbepToM (KOHCTpPYKTHBHas Joruka), Anbdpenom Tapckum (MomanbHas
JIOTHKA); MOSIBUJIMCH HOBBIE B3IJIS/IBI U [TO/IXO0/IbI K CAaMOI MaTEMaTHUYECKOH JIOTHKE.
Kpome Toro, B Hacrosimee Bpemsi UAET paboTa MO MOUCKY HOBBIX aKCHOMATHUK
€BKJINOBBIX IPOCTPAHCTB B paAMKaX MHOI'OUYUCIIEHHBIX HEKJIACCUUECKUX JIOTHK.
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8.1. B cBs3u ¢ Hy)KIaMu MPaKTUYECKUX MPUMEHEHUH MAaTEMaTUKU K Omuca-
HUIO CaMOT0 IIUPOKOTO Kpyra SsIBJICHUM, IPOIECCOB U CUCTEM HE TOJIBKO B €CTe-
CTBEHHBIX, HO U B TYMaHHUTAPHBIX HayKaX, a TakKe B OOBICHHON >KU3HH, CTAJO
HEO0OXOAMMBIM 33/ICICTBOBATh CaMbI€ TNIyOOKHE, CaMble A0CTPAKTHBIE U CaMBIE T1e-
penoBble €€ JOCTHUKEHHsI. ITO KOCHYJIOCh M OTBICKAHUSI HOBBIX CIIOCOOOB PacIIu-
PUTH U NTONOJHUT BEILIECTBEHHYIO NPAMYIO R.

Jlisg ynoOcTBa MCMONB30BaHMSI TEOPUM MpPENENoB €€ MOMOJHUIN CHaudaia
JBYMs OECKOHEYHOCTSIMU: +00 1 —00. 3aTeM, B APYTrOi MOAEIH, CIEAYIOIINE U3 KOM-
NaKTH(QHUIUPOBAHHON MOJIEJIA KOMIUIEKCHBIX YHCEI, ITPH CTEPEOTpapuuecKoi mpo-
exuun S2—C, BEIOPAJIH OJIHY 00 — CEBEpPHBIH momoc S? Kak mpesen nodoi Heorpa-
HUYCHHOU mocenoBaTeibHOCTH Touek B CU {oo}.

8.2. [lpumeHeHne MaTeMaTUKH BO BCE OOJBIIEM YHCIIE 00JacTe HAyKH
JKU3HM 3aCTaBUIIO PACIIUPATh TOPU3OHTHI JEHCTBHS €€ IOHATUN U KaTeropui. Llen-
TpPaJbHOE MECTO CPEIH CBOMCTB JECHUCTBUTENIBHBIX YKCENI R OTBOIUTCS MOHSATHUAM
HENPEPBIBHOCTH U IIPE/Ieia, MEPBI €T0 MOMHOXKECTB, AUPPEPEHINPYEMOCTH 1 HH-
TErpUPYEMOCTH CTPYKTYp HaJl 3TUM yHOPSAOYEHHBIM osieM. /{1t aToro Obuin BBe-
JICHBI THIIEpPEaTbHBIC YHCIIa, CYTIEPIeHCTBUTENbHBIE YNCIa, CIOpPeaIbHbIe YHCIA.
OT0 yKe HE NPOCTO MHOYKECTBA, a PEICTAaBUTENN Kilacca, B KOTOPBIM R TOJIAKHO
BXOJUTh cTporo. Omyckass UCTOPUIO W MOAPOOHOCTH TEPBBIX IBYX 0000IIEeHUIN
[8—10], pe3tomupys, 32 OCHOBY OBUIO MPUHSTO Tomoioruyeckoe Tuxonosckoe 73,5
npoctpanctBo X u anredbpa C(X) = {f: X—K} = K¥ nenpepbiBHBIX QyHKIMA Ha X
Haj nojneMm K, pacmmpsitoiieM R. Mcnonb3ys ¢akropkonsio A = C(X)/1, toe I — eé
pocCThie uaeanbl P (uist cynepaelCTBUTENbHBIX YUCEN) WIM MAKCUMAaJIbHBIN Mpo-
cToi uaean M (il runeppeanbHbIX), MOKHO TOJTYUYUTh MOJIS f KaK MOJISl YaCTHBIX
uist anreOpel A 1 F = (A4).

8.3. Camoe mpocToe U3 HUX — TUIIEppeaIbHBIC YnCiia — BKIIIOYAeT B ce0s He-
CTaHJapTHBIN aHAIHM3, B KOTOPOM CTpOTo peanusoBanbl uaeu Esmokca u I'. Jlei6-
HUIIA O JO0OaBJIEHUN OECKOHEUHBIX M OECKOHEUHO MaJIbIX YHCEI, a BMECTO Tpejie-
JIOB BBOJUTCS S#() — CTaHJApTHBIE YaCTH.

8.4. CynepneiicTBUTENbHBIC YHCIIAa BKIIOYAIOT B ce0s1 TUIeppeatbHble Kak 00-
nee mmpokui kinacc. [ToTpeOHOCTH B HUX BO3HHMKIM I paObOThl ¢ baHaxoBbIMU
anreOpaMu, B KOTOPBIX TEMEPh PEIIAIOTCS 0Y€Hb MHOTHE 33]]a4l COBPEMEHHOM Ma-
TEMaTU4eCKON (U3MKU. DTO TpsSMbIe U 0OpaTHBIC 337aYl CIIEKTPAILHONU TEOPHUU
(unTerpo)nudepeHaNbHBIX OMepaTOPOB, YCTONYHUBOCTh TUHAMUYECKHX CH-
CTEM, B YaCTHOCTH 3aJja4 KBAaHTOBOW MEXAaHUKH U (KBAaHTOBOI) TEOPUH I10JI B KOH-
JNEHCUPOBAHHBIX CpelaX, OMUCAHHE [AWCCUIMATHUBHBIX W HEIMHEWHBIX CHUCTEM.
Kpowme Toro, cynepaeicTBUTENbHBIE YHCIIa UCIIOIB3YIOT B TEOPUH OJIEH, TEOPUU
IProIUYECKUX CUCTEM, Ui JIEKCUKOTpapuUecKoro ymnopsiaoueHus (GopMaabHbIX
CTeNeHHBIX pAI0B (6a3ucel ['péOHEPaA, B KOTOPBIX PELIAIOTCS CIOXKHBIEC anredpau-
YeCcKue IpoOIeMbl).

8.5. CymnepaelicTBUTENbHBIE YHCIIA BEICTYNAIOT KaK MOJMHOKECTBA B MHOKE-
CTBax M IOJCUCTEMAX ClOppeaibHbIX uncen. HasBanue um npunyman JloHanba
Kayt B 1974 rony, XOTS UX NPEAIIECTBEHHUKH OBLITM W3BECTHBI Kak (hOopMabHBIC
paasl Xanca Xana (1907), TT%muoxectsa ®enukca Xaycaopda, ynopsaodeHHOE
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MHO’K€CTBO Bcex opauHanoB Hopmana Amunra [13], uncna Konses ans reopun
urp [12], acumnrornueckuit ananu3 Maptuna Kpyckana [15—18], cTaBmunii HOBbIM
Hay4YHBIM HallpaBJIEHUEM I10J1 Ha3BaHUeM Acumnmomonozus. Iloctpoenue cucrem
CIOppE€ajIbHBIX YHMCEN MPOU3BOJUTCS CIOKHBIMU PEKYPCUBHBIMM METOAAMH M IO
uHaykiuu [12—14]; moka He BHOJHE yAa&Tcs B JOCTATOUYHOM CTENEHU OOIIHOCTU
BBOJUTH ONPEENEHHbIE UHTETPaJIbl U CIPABIATHCS C IPYTUMH MPoOIeMaMH.

8.6. Bce BrIleHa3BaHHbIE pacipeHnst R popManbHO TPOU3BOASTCS alTOPUT-
MHU30BaHHBIMHU CIIOCOOaMH, M XOTSI OHH — HEMPOCTHIE, TPEOYIOT MPU MPAKTUIECKOM
peanuzanuu OOJIBIIUX PECYPCOB, HO MO3BOJIAIOT MPOJABUHYTHCS B INIyOb HOBOTO,
HEU3BEJIaHHOTO.

9. Emé B XIX Beke MosSBUIUCH U APYTHUE BaKHEHIINE T€OMETPUH: TPOEKTUB-
Hasi, KOMIUIEKCHAs, 3aTeM, B XX BeKe, CUMIUIEKTHUECKas U K3JIepoBa T€OMETPHH,
KOHEYHas, KOHTaKTHas, JarpaHxeBa, ppakranpHasi, (UHCICPOBA TEOMETPUU U T.1.

10. 'eomeTpusiM OTBEYAIOT UX N'€OMETPUUECKUE CTPYKTYpPhI: MPOCTPAHCTBA,
JBUKEHUSI, UX UHBAPUAHTHI U Mepbl. I TO U Ipyroe MOXKeT UMETh MHOTO Pa3HbIX
peanusanuii, Ha3bIBAEMbIX MOJEISIMH, OTJINYAIOIIUXCS APYT OT APYyTa, HO UMEIO-
HIMX TO o0IIee, YTO MO3BOJISET UM Ha3bIBATHCA OJTHUM UMEHEM — 3TO U30MOPHU3M
CTPYKTYP.

11. bbla BbIsIBJIEHA Ba)KHAs CBSI3b MEXK]ly Pa3HBIMU MHO>KECTBAMH, paccMart-
pYBaeMbIMH KaK TOTIOJIOTMUECKHE MPOCTPAHCTBA, U TPYIIIbI, KOTOPbIE MOTYT JIEH-
CTBOBaThb HA HUX HETPUBUAIBHO, SBISSICH MX cumMMmeTpusMu. Crtapt Obl1 AaH
B DpnareHckoil nporpamme @enukca KieliHa, a Takas JesTeNbHOCTh MPOIOIIKA-
eTcs U cenyac.

12. 'maBHOE U1 HAC 3aKJIFOYAETCS B TOM, UTO JJIsl HAAJIEXKaIlel reoMeTprude-
CKOM MHTepHpeTalyy Bce MOA00HbIe KOHEUYHbIE U KOHEYHOMEpPHBIE MaTeMaTHye-
ckrie 00beKTEI MOI'YT OBITh BIIOXKEHBI H30METPUUYECKH WITH MTOTPYKEHBI B EBKIH-
JIOBO IPOCTPAHCTBO JOCTATOYHO BBICOKOM pa3MepHOCTH. TamM MaTeMaTHKH,
a MOXeT OBITh, CO BPEMEHEM H (PH3HKH CMOTYT JIETAILHO PACCMOTPETh U U3yYUTh
OyKBaJIbHO BCE UX TpeOyeMble CBOWCTBA.

13. Ocobo cnemyer cka3aTh 0 «T€OMETPUSAX)» Ha PUMAHOBBIX, IICEBIOPHUMAHO-
BBIX M MHBIX UCKPUBJIEHHBIX (CyINep)MHOTr000pa3usxX U CBI3aHHBIX C HUMH O0BEK-
Tax: pacCIOCHHIX, KOOOPAN3MaX, THILOEPTOBBIX, 0AaHAXOBBIX U IPYTHX (PYHKIIHO-
HaJIBHBIX MIPOCTPAHCTBAX MOYTH 0€3 CUMMETPUI, O MHOTOOOpa3HsIX HEMPEPHIBHBIX
WM TJIaJJKUX, KOHEYHOMEPHBIX M 0ECKOHEYHOMEPHBIX, TAKUX KaK CIIOCHHs, Ha KO-
TOPBIX JCHCTBYIOT OECKOHEYHOMEpHBIE (IICEBJIO)IPYIIBI TOMEOMOP(HU3MOB HITH
muddeomophu3MoB, U IpyrHe CIOXKHBIE (TICEBAO)TPYMIbI cUMMETpHil. B Hux
IJIaBHOM HAyKOH SIBISIETCSI CKOpPEE TOIOJIOTUS, YEM IEOMETpHsl. 31ECh BayKHBI
TPYIIIBI TOMOJIOTHH, KOTOMOJIOTHHA, TOMOTONHH, KOOOpan3MoB. M3 HUX CTpOSATCS
BTOPUYHBIC B 0OJIEE BRICOKOTO YPOBHS a0CTPAKTHBIE CTPYKTYPBI, TAKHE KaK XapaK-
TEPUCTUYECKUE KJIacChl, KIaCCU(QHUUMPYIOIINE MPOCTPAHCTBA, I'PYIIbI KIACCOB
0TOOpaXeHH1, MOTUBBI, IPOU3BOJIHBIE KATETOPUH, B KOTOPBIX €CTh JIake 00BEKTHI,
HE COJEpKaIMe HA OJJHOM TOYKH.

14. OnHOl U3 TJIaBHBIX TUCHIUTLIAH U Han0oJiee BaKHBIM HHCTPYMEHTOM B CO-
BPEMEHHOW MaTeMaTH4YeCKOW M TEOPEeTHUECKOW (HU3MKEe cTana anredpamyeckas
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TeOMEeTpHsl, B KOTOPOU Majio COOCTBEHHO F€OMETPHH, HO €CTh CHHTE3 JOCTHKEHUI
BCEl COBPEMEHHOI MaTEMaTHKH.
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FROM THE METAPHYSICS OF EUCLIDES -
TO GEOMETRIC IDEAS IN PHYSICS THROUGH THE AGE
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Cor. 1, 36, Nakhimovsky Pr., Moscow, 117218, Russian Federation

Abstract. This work consists of two parts. In the first part, a historical analysis is made with
modern comments on the importance of a deep study of stable knowledge, experience and traditions
of a geometric nature about the structure of the world accumulated by our civilization, which have
passed thousands of years of testing. In addition to mathematics, in physics, the tradition of
geometric research methods comes from Archimedes, through the work of Leonardo da Vinci,
Galileo Galilei, René Descartes, [saac Newton and other scientists. This trend is now stronger than
ever. The second part briefly and summarizes the stages of how and what we have come to on this
path.

Keywords: history of mathematics, Euclidean geometry, axiomatics, problems of modern
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META®U3UNYECKUE ACMEKTbI CTAHOAPTHOW MOOENN
B ®PU3SUKE SJIEMEHTAPHbIX YACTUU U UICTOPUA EE CO3OAHUA

Ba.Il. Buzrun

HUncmumym ucmopuu ecmecmeosnanusi u mexuuxu um. C.1. Basunosa PAH
Poccuiickas @edepayus, 103012, Mocksa, Cmaponanckuti npoeso, 1/5

Hamsamu I''A. Cokoauka,
H.I0. Ko63apeea u H.®. 084uHHUKO08a
nocesawaemcs 3ma cmamaus

AnHoTtanmus. B cratee uccnenyrorces Metadu3nIecKre acteKThl cTangapTHON Mogenu (CM),
Jiexalei B OCHOBE COBPEMEHHOM TeopHH 31eMeHTapHbIX yacTull. KpaTko paccMaTpuBaeTcs UCTO-
pust co3manuss CM ot ocHoBomonaratomieit padotsr Y. Suara u P. Mmnca (1954) no 3aBepureHus
AMEKTPOCTa00N TEOPUH U KBAHTOBOH XpoMoanHamuku B Hawane 1970-x romos. BreimeneHsr u
obcyxmaroTcs Tpu OJIOKa B3aUMOCBSI3aHHBIX MEXIy co0o0i MeTaduznyeckux acnekroB CM:
JIOKaJTbHO-KAIMOPOBOYHASL CTPYKTypa TEOPUH, MpoOIeMa UCTUHBI M PEalbHOCTH, a TAaKXKE POJb
MeTadu3nueckux GakTopoB B pa3padoTke Teopur. [loM4epKkHYT HAyUYHO-PEATUCTHUCCKUI XapaKkTep
MeTapu3MIecKuX Bo33peHnit TBopuoB CM. [l u3ydeHus croco00B BKIIFOUCHUS MeTahU3NIECKIX
(akropoB B mporecc hopmupoBanus CM NpemiokKeHb TPU MOJCIH: DHHINTEHHOBCKAs cXeMma
MOCTPOCHUS TEOpHs (C TaK Ha3bIBaeMOU «Ayroil DHHINTEHHay); TPEXCIOWHAsS MOJENb CTPOSHHS
Y Pa3BUTHSA TCOPHH, B KOTOPOU OTIPEACIISIONIYIO POJIb UTPArOT MpuHIHITEI cuMMeTpuH (FO. Buraep),
a TaKkKe «OUIMO0YHOCTHASDY KOHIEIIHA pa3BUTH Hay4uHoro 3HaHus C.J. BaBunoga.

Knroueewte cnosa: crangaptaas moaens (CM), meTapu3ndecKne acreKThl, JIOKAIbHO-KaIHo-
POBOUHAs CTPYKTypa TCOPUH, HAYYHBIN pealin3M, IMPUHIIUAIIBI CAMMETPHHU, SWHIITCHHOBCKAs cXeMa

MOCTPOEHHS TEOPHH, KOMIMOOYHOCTHAS KOHIENIHS pa3BUTHA HaydHoro 3HaHus C.J. Basuiosa.
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...0u3uka Becb XX Bek ObUIa HE TOJBKO JHIEPOM
€CTECTBO3HAHMS, HO U OOBEKTOM COBMECTHBIX Me-
Tapu3nyecKux Ae0aTtoB o ee (pyHIAMEHTAIBHBIX
NPUHIMIIAX — OT MPUHIUIA CHMMETPHU 10 TPUH-
LU TPUYUHHOCTH, OT COOTBETCTBUSI MEXKAY pas-
JWYHBIMHA TEOPETUYECCKUMH MTOCTPOCHUSMH JI0 00-
CYXIEHHsI BO3MOKHOCTEH M IpaHML (PU3NIECKOrO
3HAHHA.

A1l Ozypyos [1. C. 27]

3aKkoHBI (U3HUKH, KaK MBI TBITAEMCS HX (OPMYIIHU-
poBaTh, UMEIOT (hyHIAMEHTAJIbHBIN XapakTep, KO-
TOpBIA OTpa)kaeT Hallle TOHUMaHHUE PEaIbHOCTH Ha
rirybouaiimem GprIocopckoM ypoBHE.

P. Munnc [2. P. 493]

BBenenune

CrannaptHas Mmozenb (CM) — 3To sSiApOo COBPEMEHHOM TEOPUHU JIEMEHTAPHBIX
YacTHLl, cloKuBlIeecs K Hauvany—cepeauHe 1970-x roxos. Ilpomenmme noutu
MoJIBeKa MaJio 4To Jo0OaBUJIM K 3TOMY siipy. Bce dacTuiiel, npeackazaHHbIE €10,
OBLIM HAMJIEHBI, HUKAKUX 3KCIEPUMEHTATbHBIX CBUAETEILCTB, MPOTHBOPEUALIUX
el, 10 cux nop He noxy4yeHo. A HoOenesckoil mpemuu (Tosbko B XXI B.) 3a co3aa-
Hue CM 05110 y10cTOEHO HEe MeHee JiecsaTu Gpu3ukoB. UMeHHo nmostomy CM Ha3bI-
BAIOT LIEJIEBPOM TEOPETUYECKON (PU3MKH, OAHOM U3 BeMUYaiIInX ode yenoBeye-
CKOM MbICcTH U T.I. DakTHUECKH TaK)Ke — 3TO €MHasi KBAHTOBO-IIOJIEBAsI TEOPHUS
Tpex PyHIaMEHTATBHBIX B3aUMOJICHCTBUH, TOCIIOICTBYIOIINX B MUKPOMHUPE: dJICK-
TPOMarHUTHOTO, ci1aboro u cuiabHOro. IlpaBna, 4yeTBepToe — rpaBUTALIIOHHOE —
B3aMMOJICICTBHE €0 HE OXBATHIBACTCS; OHO OMHCHIBAETCSI HEKBAHTOBOW Ir€OMETPO-
M0JIEBOI TeopHe, a UMEeHHO o01Ieil Teopueit oTHocutenbHocTu (OTO), ycTpoen-
HOM, BIpouyeM, MoX0xkuM 00pazoM. CM COCTOUT U3 JIBYX YacTEi, OTHOCUTEIHHO
HE3aBHCHUMBIX, HO CBSI3aHHBIX MEXAY COOOH: eMHON TEOPUH IIIEKTPOMATHUTHOTO
M c1aboro B3aMMOJICUCTBHH (JIEKTpOCIaboi TeOprHr) M KBAaHTOBOW XpOMOJIMHA-
muku (KXJI), sBastonieiicst Teopueil CUIbHBIX B3auMoeicTBuif. O0e 9acTu — 3T
HealeseBbl KaTnOpOBOYHBIE TEOPHH, B OCHOBE KOTOPBIX JIEKAT COOTBETCTBEHHO
HeabeneBbl (TO €CTh HEKOMMYTATHBHBIC) TPYIIBl BHYTPEHHUX CHMMETPHI
SU2)xU(1) u SU(3), mokanu3arusi KOTOPbIX IPUBOANUT K KATHOPOBOYHBIM TIOJISIM,
OTMCHIBAIOLIUM COOTBETCTBEHHO 3JIEKTPOCIaOble U CUIIbHBIE B3aUMOCHCTBHS.

OcHoBHbIe cBeAicHHS 110 UCTOpHH GopmupoBanuss CM MOKHO HAWTH B MOHO-
rpaduy y9acTHHKA COOBITHH M 3aMeuYaTesIbHOTO UCTOPUKA COBPEMEHHOW (hU3MKH
A. Taiica [11], a Takxe B paboTe aBTopa [5]. Hauano storo mporecca 6b110 moJo-
skeHo cratberd Y. fnra u P. Musica 1954 r., B KOTOpo#t aBTOPBI MPEIJIOKUIN Ka-
JTMOPOBOYHYIO TEOPUIO CHJIBHOTO B3aUMO/ICHCTBUS, OCHOBAHHYIO Ha JIOKATH3AI[UN
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rpynmsl n3oTonmuueckux npeodpazosanuiit SU(2) [6]. Ho mo psay npuyuH X KOH-
LeNIKs OHaYaTy Oblla cCOYTEeHa HEPEATUCTUUECKOM, U OOJIBIIMHCTBO TEOPETUKOB
NPUMKHYJIU K 60jee peHOMEHOIOrn4ecKoil S-MaTpu4HOil mporpaMme, CBsI3aHHOM
C OTKa30M OT moJeBoro noaxoxa. [TorpeboBanock 6e3 Maoro 1Ba AECATUICTHS
HaNpsDKEHHBIX HUCCIEOBAaHUM, colAepXKalluX Kak MPO3PEHUs U NPOPHIBBI, TaK U
OLIMOOYHBIE XO/bI, YTOOBI MPEO0IETh BO3HUKIINE TPYIHOCTH U, BEPHYBIIUCH K
SIHT-MWJUJICOBCKOW KOHIEMIINH, 3aBEPIIUTE TocTpoeHue CM.

Nzyuenue ocHoBanuii CM U ee MCTOPUM MPHUBOJUT HAC K MeTau3nyecKon
npobiiematuke. B atom otHOmeHnn CM siBisieTCsl JOCTOMHON MpeeMHULIEH TeopUid
OTHOCHUTEJIbHOCTH U KBAHTOBOW MEXAaHUKH, CO3/IaHUE KOTOPBIX MPHUBEJIO K «METa-
¢u3ngecknm nedaTam» BOKPYT OCHOBHBIX ITPHHIIUTIOB M CTPYKTY Pl HOBBIX TEOPHMA
(cM. mepBbIid dnurpad; 0 HameM MOHUMaHuM MeTahu3uku — cM. [8]). Huwke mbl
paccMoTpuM TpH 0sioka MeTapu3zndeckux acnektoB CM:

1) mpobsieMy CTPYKTYpbI TEOPUH, UITH «JIOTHUECKOU CTPYKTYPhI KAJIMOPOBOU-
HBIX Teopui» (P. Mumic), KOTopyro OH ke Ha3Bal «KaJIUOPOBOUHOH (uioco-
bueiiy;

2) npo0ieMy UCTUHBI U PEaJIbHOCTH, TO €cTh B Kakoil cteneHu CM otobpa-
XaeT (U3NYECKYIO PEabHOCTD U SIBIISICTCSI HICTUHHOM TEOpHEii;

3) ponb Metadu3nyeckux (HakTOpoB B mpoliecce (popMUpoBaHUS OCHOB TE€O-
pun. IIpu 3TOM Ham noaxoa OyAeT HOCUTh KBa3UAMITUPHUECKUI XapakTep, TO €CTh
Mbl OyzeM omupaThCsl TJIaBHBIM 00pa3oM Ha B3IJIAAbl caMUX (DU3HKOB, TBOP-
oB CM.

1. «Jlornyeckasi CTpyKTypa KaJuOpPOBOYHbBIX TEOPHii»
U «kanudpoBouyHasi pusocodpus»

KiroueBoii Teopernueckoid ocHOBOW CM sABIIsIeTCs] KOHLIENIUS JIOKAJIbHOM Ka-
TUOPOBOYHOM CUMMETPHUH, MTO3BOJISIONIAS C €IUHON TOYKU 3PEHUS OMUCATDH JJICK-
TPOMarHUTHEIE, C1a0ble U CUIbHBIC B3aUMOICUCTBUS, a TaKXKe (C U3BECTHBIMH OTO-
BOpKaMH) €lle M TPaBUTALMOHHBIC. JTa KOHIEMIHS ObLIa pa3BUTa B CEPEAMHE
1950-x romoB Y. Aurom u P. Mumicom, a taxke P. YTusamoii [6; 7]. OHn ucxoauinu
U3 TOTO, YTO TeOpuH (PyHIaMEHTAITBHBIX B3aUMOJICHCTBUH, TaK ke KaK U MEXaHHKa,
ANEKTPOJIMHAMHUKA, crienpensTuBucTckue teopun M OTO, UMEIOT «HETEpPOBY
CTPYKTYpY», TO €CTb OIUPAIOTCS Ha TeopeMy HETep, CBA3BIBAIONTY IO BOEIUHO CUM-
METpPHH, JISKAIIUE B OCHOBE TCOPHUHU, TUHAMUYCCKHH 3aKOH ((hopMyIrpyemMbIid Ha
SI3BIKE JIArPaH)KUAHOB) U 3aKOHBI coxpaHnenus [8]. [Tepexo k KanOpOBOYHBIM TEO-
pUsM CBsI3aH, B IEPBYIO OYEPE/lb, C PACIIMPEHUEM HETEPOBOI CTPYKTYPHI 32 CUET
JIOKAJIU3allud TI00aTbHBIX BHYTPECHHUX CHUMMETPHUH, MPUBOISIICH K BBEICHUIO
emie U GyHIaMEHTAIbHBIX B3aUMOJICHCTBHIA.

KommenTupyst 3To pacmmpenue, nomdepkaeM cieayromiee. [Ipexnae Bcero,
uzesl JIOKaIbHO-CUMMETPUHHON Mpupoasl (yHIAMEHTAIbHBIX B3aUMOACHCTBHIA
(«cumMMeTpus — ergo AMHAMHKA») BOCXoauT K DhHmTeiny u OTO (Joxanm3arus
CIIELPEISITABUCTCKOM CUMMETPHUH TTOPOXKIAET rpaBuTanuio). [loxoxxum ob6pazom,
kak Obuto Tokazano I'. Beitmem [9; 10], mokamuzanwmsi rmobanpHON (abeneBoii)
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KaJTMOPOBOYHON CUMMETPHH (CBS3aHHON C 3aKOHOM COXpPAHEHHUS JIEKTPUUECKOTO
3apsiia) MIPUBOAUT K BBEICHUIO 3JIEKTPOMArHUTHOIO Nouisl. Pacnipoctpanenue 3Toit
UJeU Ha BHYTPEHHUE, N30CIIMHOBBIE UJIU 3apSAJ0BbIE, CHMMETPUHU, OTKPBITHIE TIPU
W3yYEHHUH CIIA0bIX U CHIIBHBIX B3aMMOJICHCTBHIA, TO3BOJISIET TOBOPHUTH O KaTHOpO-
BOYHOM BEKTOPHOM XapakTepe 3TuUX mnoiyiel. Metadusuka 37ech 3aKI04aeTcs
B CYILECTBOBaHUM €IMHON (YHUBEPCAIBHOW) CTPYKTYphl QyHAAMEHTAIbHBIX CUJI,
a UMEHHO pacIIUPEHHOW HETEPOBOM CTPYKTYpHhI. [loneBoit, 61M3K0AeHCTBYIOIINA
XapakTep B3aUMOJAEUCTBUS HE TOJIbKO COXPAHSAETCs, HO JaK€ yCUIIMBAETCSI.

ITpu 3TOM Ha KaIMOPOBOYHBIE MOJIS PACHIPOCTPAHAETCS KBAaHTOBAsl TEOPUS U
takue npobsemsl KTII, kak mosBisiomMecs TaM pacxoaAuMocTH (0€CKOHEUHOCTH
WIM HYJIM) NIPU BBIYUCIEHUU psifa pusmdeckux BenuuuH. B KOJI sta npobnema
ObUIa pellleHa Ha OCHOBE TEOPUH MEepeHOPMHUPOBOK. [loaToMy cpasy xe mociue mno-
SIBJICHUS KATMOPOBOYHOM MIEOJIOTMH B OTHOIIECHUH CHJIBHBIX M CIAObIX B3aUMO-
JeMCcTBUI BCTaJl BOIIPOC HE TOJIBKO 00 WX KBAaHTOBAHUH, HO U UX MEPEHOPMHpYE-
moctu. Kpome toro, kanmubpoBounoe mosie B KO/l 1, cooTBeTCTBEHHO, (hOTOHBI
Obun Ge3maccoBeMU. Kazajock, 9To M KaJMOpPOBOYHBIE YACTHIBI HEaOENIEBBIX
HoJIe MOTYT OKa3aThCsl 0€3MaCcCOBBIMH, YTO BBI3BIBAIO OOJBIINE COMHEHUS U3-3a
CYILIECTBOBAaHUSI MAacCHUBHBIX ME30HOB. JTa mpoOiema, B IEPBYIO OYepelb,
MPETSTCTBOBANIA MPUHATHIO MPOCTOW M TIIYOOKOW KaTMOPOBOYHOW KOHIICTIIIHH.
O06e »Tu mpobaeMbl (MIEPEHOPMUPYEMOCTH M MACChl KaIHMOPOBOYHBIX YaCTHUII)
npuBeau K moutH 15-20-netHeit 3aaepkke B co3ganun CM Ha ocHOBe KaimOpo-
BOYHOM KOHIIENIINH, pa3BUTOM B cepenune 1950-x ronos.

Wx perienue 6b110 TOCTUTHYTO HA MMyTH 00BEAMHEHHUS CJIa00Tr0 U 3JIEKTpOMar-
HUTHOT'O B3aUMOJICHCTBUS U BBEACHUS IIOHATHUS CIIOHTAHHOT O HAPYLLIEHUS] CAMMET-
YU U IOCTPOEHUS KBAHTOBO-II0JIEBOM TEOPUH KBAPKOB U INIFOOHOB Ha OCHOBE KOH-
LENIHUN aCUMITOTUYECKON CBOOO/IBI, a TAKXKE JOKA3aTeIbCTBA IEPEHOPMUPYEMO-
CTH 00€UX TECOPHIA.

Teneps gamum cioBo camuMm (pusukam, npexae Bcero Y. Sury, P. Mwumicy,
a Taxoke coBeTckuM TeoperukaM I A. Cokonuky u H.II. KoHomeBoii, koTopsie
yke B cepeqHe 1960-x ro1oB BBICOKO OLICHUJIN KAIMOPOBOYHO-TI0JIEBYIO KOHIIEN-
1o U ee procodckoe 3HaUCHUE B TUIAHE CTPYKTYPHO-TEOPETHUECKOM Oa3bl IS
NOCTPOCHUS €AMHOM TEOPHH YeThIpeX (yHIaMEHTAIbHBIX B3aUMOJCHCTBUI.

Y. S=r ciyctst 25 €T mucai 0 TOM, YTO KaTHOPOBOYHASI KOHIICTIIIHS BOCXOIUT
K DHHIITEHHY: « MBI MOXKEM YTBEpPXkK/1aTh, YTO UMEHHO DHHIITENHH BBEI B oOpaiie-
HUE NPUHLUII B3aUMOJEHCTBUS AUKTYIOTCSI CUMMETpHUEH... DUHIITEHH I1y0oKO
0CO3HaBaJl HEOOXOIUMOCTh B T€OMETPUYECKON CTPYKType, MPUBOAIIEH K Hellu-
HENHBIM ypaBHEHUAM. .. OKa3aJI0Ch, YTO CTPYKTYpPOH, KOTOPYIO UCKal DUHILTEH,
SABJISICTCS KaauOpoBovHoe mose...» [12. C. 169—175].

Coasrop Sura P. Mumic gepe3 35 ner nocnie myOiauKanud UX 3HAMEHUTON
ctath¥l 1954 roma ropopmit o puirocohckoM 3HAUCHUU KATMOPOBOYHOUM KOHIICTIIIHA
U TaK KOMMEHTHPOBAJI CBOIO TPEXAJIEMEHTHYIO CXEMY PAaCUIMPEHHOW HETEPOBOU
CTPYKTYpbI: «3aKOHbI (PU3UKHU, KaK MBI IIBITaEMCsl JOPMYJIMPOBATH, UMEIOT PyH/a-
MEHTAJIBHBIM XapaKTep, KOTOPBIM OTpa)kaeT Hallle NOHUMAaHNE IPUPOABI PEATIBHO-
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CTH Ha TiyOoyvaiiiem ¢uI0copCKOM YPOBHE... DTO UPOHUS CYABOBI, YTO B Teue-
Hue nocieaanx 30 et (paxkTuueckw HaYMHAS 33 TOJA J0 KOHUYMHBI DWHINTEHHA)
Obula pa3BUTa KOHLENIMs KaauMOpOBOYHOW MHBApUAHTHOCTH, KOTOpask HEOXKU-
JaHHO cTaja 0boomenneM sitamTeiHoBckor OTO u mpeycnena B OMUCaHUU BCEX
cun npuponas» [2. P. 493]. U nanee: «KanubpoBounas dpunocodus 3akirovaercs B
JOKaJbHON cUMMeETpuH... Wnes, nexamias B OCHOBE KaaHMOPOBOYHOW TEOpHH,
9TO NPUHLUI JIOKaIbHOH cumMMeTpuu: Kakast HenmpepbIBHass CHMMETPUS IPUPOIbI
SIBJISIETCS JIOKAJIBHOM CUMMETPUEH... MBI Teneph MOKaXKeM, KaK IIOCTYJIUPOBaHUE
JIOKaJIbHON CHMMETPHUU MOXET MPHUBECTH K (PU3MUIECKON TEOPHU U KaK OHA MOXKET
OTIpeNIeNIUTh XapaKTep 3ToH TeopuH. Bo BcsIkoM ciaydae, MOKHO yTBEpXkAaTh, 4TO
CYILIECTBYET XapaKTepHasl JIOTH4ecKasi MOJIEJIb, CBSA3bIBAIOIIAS BOEIUHO COXpaHs-
IOIIHECS BEJIMYMHBI, CAMMETPHH MPUPOJIBI U KaTUOPOBOUYHBIE MO [2. P. 496].

I'.A. Cokonuk B cBoeit MmoHorpaduu 1965 rona, korna ao 3asepuienus CM
OBLITO eIe JAIEKO U OOJIBIIMHCTBO TeopeTHKOB (0ocooeHHo B CCCP) He mpuHUMAao
KaJTMOPOBOYHO-TIOJIEBYIO0 KOHLIEHIIMIO BCEPbE3, CUUTAN ATy KOHLEMIHIO NEepCHeK-
TUBHOM ¥ TOBOPHJI O €€ BaXKHOM CTPYKTYPHO-TEOPETUIECKOM U (prumocodpckoM 3Ha-
yeHuu: «Teopusi KOMIIEHCUPYIOIUX TMOJIeH (Tak MMOHayally MMEHOBaJlach TEOpUs
kanuOpoBouHbIX moseil B CCCP, mockoabKy KaauOpOBOYHOE MOJIe KOMIEHCHPO-
BaJI0 HApYIICHHE BHYTPEHHEH CUMMETPHUH, BBI3BAHHOE €€ JIOKaau3anue. — B.B.)
BO3HHKJIA KaK pe3ysbTaT 00001eHus TeopeMbl Hetep Ha ciydaii ToKambHBIX TPy
JIn, TOo ecThb KOHEYHO-NIapaMeTpuueckux rpymnm JIlu ¢ napamerpamu, 3aBUCALIIMU
0T KOOPJIMHAT MPOCTPAaHCTBa-BpeMeHU. Takas (opmynupoBka TeopeMbl Herep
MO3BOJIIET COMOCTAaBUTh HHBAPUAHTAM I'PYIIIIbI HE TOJIBKO 3aKOHBI COXPAaHEHUSs, KaK
B CJydYae HEJIOKAJIM30BaHHOW rpynmnbl JIM, HO Tak X€ W B3aUMOJCUCTBHUSI»
[13. C. 144]. ! nansie: «B Teopur KOMIEHCUPYIOLIUX MOJIEH KaX10€ B3aUMOIeH-
CTBHME BBOAMTCS JJIs1 BOCCTAHOBJICHUSI HHBAPUAHTHOCTHU, HAPYLIEHHON HEKOTOPHIM
JIOKaJbHBIM MPUHLUIIOM OTHOCHUTEJIBHOCTU. EciM MCXonuTh M3 CyIECTBOBAHUS
(dyHIaMeHTaJIbHOM IPYIIIBI, TO €CTh U3 DpiiaHreHckon nmporpammel . Kieitna, To
NPUXOAUM K HEPAPXUH BIOKEHHBIX JAPYT B Apyra JOKAJIbHBIX IPYII U TEM CaMbIM
K Mepapxuu B3aumoaenctBuid...» [Tam xe. C. 154]. O6 DpraHreHckoi mporpamMme
®. KneitHa u ee 3HaYCHUU JJII TEOPETHIECKON (PU3NKU — cM. [ 14].

B 1972 rony B xxypnaie «Bompocs! punocodun» nosisunacek ctarbs Cokonka
u ero yuyenuns! H.II. Konomnesoii, kotopas B ToM ke roxy Bmecte ¢ B.H. Ilono-
BbIM BBINTYCTHJIA MEPBYIO OTEUECTBEHHYIO KHUTY IO TEOPUHU KaJIMOPOBOYHBIX IO-
ned. B 31Ol crarbe JIOKanM3anus CHMMETPHHM PacCMATPUBAETCS KAK YCUIICHHE
MpUHIUIIA OJIM3KOACHCTBHSA, MO3BOJISIONICE PACIPOCTPAHUTh IHUHIITEHHOBCKYIO
UJICI0 O TOM, YTO T€OMETPUs OTPEAEISICTCS B3aUMOICHCTBHEM (DU3UYECKHX Tell, C
IpaBUTALMU HA TPU OCTAIBHBIX (YHIAMEHTAIBHBIX B3auMopaencTBus: «Ctpemie-
HHE yJIaIUTh JAIbHOJICHCTBHE U3 TEOPUH MOJIS ¢ TIOMOLIBIO JIOKATU3AI[M1 CUMMET-
puu noOyauio B cBoe BpeMs SIHra u Muiica BbIIBUHYTh UEH0 KAJINOPOBOUYHOTO
HOJIsl KaK B3aMMOJEHUCTBUS, CBA3BIBAIOIIETO MEXKAY COOOH JIOKaIbHBIE MPOCTPaH-
CTBa BHYTPEHHUX CUMMETPUI 3JeMeHTapHbIX 4yacTull. [lo cymecTBy, uaes jgoka-
JAU3allMd BHYTPEHHMX CHMMETPUIl HapsAy C HPOCTPaHCTBEHHO-BPEMEHHBIMHU U
BBEJICHHE KAIMOPOBOYHBIX MOJIEH — 3TO pa3BUTHE M 0000IIeHNE HIeu DHHINTeHHA
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0 TOM, YTO T€OMETpHUs MPOCTPAHCTBA HE 3a/1a€TCSI AllPUOPHU, a ONPEIETATCS B3aU-
MojaecTBHEM (GU3MYECKUX Teld. B 3ToM monmxonme kKak “BHYTpeHHHE , TaK W
“BHelIHME” CBOICTBA CHMMETPUM JJIEMEHTAapHBIX 4YacTHIl YyJaeTcs CBA3aTh
C TEOMETPUYECKHMMHU CBOWCTBAMHM TPOCTPAHCTBA, OOOOMIAIONMIETO0 PHUMAHOBO
npoctpanctBo» [15. C. 125]).

2. IIpoGaema uctuHbl U peajsbHocTd B CM

DT0 BOOOIIIE O/THA U3 IIEHTPAIBHBIX MeTadhu3ndeckux rnmpoodiaemM Gpusuku (Hayd-
HOT'O Mo3HaHus, HaTypdunocodun) co Bpemen [Inarona. Kcratu rosops, B ynoms-
nHytoi Bbiie kuure H.I1. Konomnesoit nu B.H. [lonosa «KanubpoBouHslie moss»
¢burypupyet o0pa3 «IIaTOHOBOH HeIEepb» KaK pa3 B CBSI3U C MPOOJIEeMON UCTHHBI
U PEATbHOCTH B KAJTMOPOBOUHOM (pU3UKE IEMEHTApHBIX YacTHIl: «...MccienoBa-
T€JIb, UMEIOIIHI I€JI0 ¢ COBPEMEHHON TEOPUEN AJIEMEHTApHBIX YACTHUIl, HATIOMU-
HAET TeX, KTO CUAUT B INIATOHOBOM NEIIepe CIMHON K OTHIO U IBITAETCA O IUIsIC-
KaM TE€HEH Ha CTEHE ONPEIENINUTh, YTO IPOUCXOAUT C MPEAMETAMU, ABIKYIIIUMHUCS
y HET0 3a CIIMHOM M 0TOPACHIBAIOIIUMHU 3TH TeHU. MBI HE 3HaeM, YTO MPEICTaBISIET
co00#l “BHYTpEeHHHMI MHUpP” 3JE€MEHTAPHBIX YaCTHUL], KAKOBA IPUPOJIa BHYTPEHHUX
cuMmmeTpuid. TeM He MeHee 1Mo OTpaKEHUAM 3THX BHYTPEHHUX CBOMCTB, yJlaBiMBa-
€MBIX HAIIUMU MPUOOPaMH, MAKPOCKOITMUECKUMH U TPEXMEPHBIMH, MBI ITBITAEMCS
BOCCTQHOBUTH NPOUCXOASIIEE B ITOM 3araJlodHOM M HeaocTynHoM mupe... Ho
€CJIM MBI He MOKEM “00epHYThCS U “yBUAETH CYIIHOCTH’, TO MOXHO MMOMPOOOBAThH
MOHSITh, KaK MOJIy4YaeTcs “TeHb” U 4TO Takoe “OoroHs . Bunsg otobpakeHue u 3Has,
KaK OHO MOJIy4aeTcsi, Mbl MOTJIH ObI “TIOCTPOUTH cyIiHOCTh » [15. C. 22].

B ¢usuke snemeHTapHBIX YacTHIl (M, COOTBETCTBEHHO, TEOpUH (pyHIaMeH-
TaJbHBIX B3aUMOJICHCTBUI) 3Ta MpodiieMa 000CTpsAETCs MO TpeM ImpuunHaMm. Bo-
NEepPBbIX, MUP AJIEMEHTAPHBIX YaCTHIl, B LIEJIOM OYEHb 3BIOKUI U 3(eMEepHBIH,
«HEBUIMM», TIOYTH MOJIHOCTHIO CKPHIT OT HEIOCPeACTBEHHOro HabmoaeHus. OH
HAIOJIHEH YpPE3BbIYaHO KOPOTKOKMBYIIUMH YacTUIAMM, HEKOTOpbIE M3 HHX
(KBapKH U TJIIOOHBI), KaK BBISICHHIIOCH, HE CYIIECTBYIOT B CBOOOJHOM COCTOSIHUU.
K ToMy ’xe 3TH 4acTHLBI SBJIAIOTCA KBaHTaMM (PU3MUYECKUX IOJEH, a BAKYyMHOE
COCTOSIHUE 3TUX IOJIEH, BaKYyyM, HE SIBJISIETCS ITyCTHIM, a 3aII0JHEH «BUPTyalb-
HBIMW» YaCTHULIAMH, CYILIECTBOBAHUE KOTOPHIX 0OYCIOBIEHO KBAHTOBO-MEXaHHYe-
CKUM COOTHOIIEHUEM HEONPEeAeICHHOCTEH.

Bo-BTOpBIX, 0051aCTh CBEPXBBICOKMX 3HEPIHi, MNPEBBIIIAIOIINX 3HEPTUIO
BAKa B cotHu u ThIcsSuM pa3 (31a 3Heprus nopsaka 14 T>B, uyto cooTBeTCTBYET
paccrostausaM 10 B munyc 18-i crenenu cMm.), pakTudeckn HEJAOCTyIHA Il HAC.
JlanpHelee 3aMeTHOE YBEIWYCHUE SHEPTHM YCKOPHUTEICH OYeHb OOpeMeHH-
TEJIBHO JJIS1 YeJIOBEUECTBA, €CIIM BOOOIIE HE HAXOIUTCS 3a MPeIelaMu €r0 BO3MOXK-
HocTel. ToyHO Tak ke (U3MKU TOBOPAT O KOCMOJIOTMH paHHeW BceneHnHoi,
0 BpeMeHaX, a0COIIOTHO HE JOCTHKUMBIX Ui HaOJIOJCHHUS M HKCIEpUMEHTA.
B pesyrnbrare BO3HHMKAeT Tak Ha3zbIBaeMasi MpodiIeMa «IMITMPHUECKON HEBECOMO-
CTW» TEOPHUH, CBSI3aHHAsI C OTPHIBOM TEOPHH OT dKCIiepumMenTa [16].
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W, B-TpeTbuX, COBpEMEHHOE pa3BUTHE PHIOCOPUH HAYKH B CBOMX PaJuKajb-
HBIX BapMaHTaX MHCTPYMEHTaIu3Ma (M aHTUpeaIu3Ma), B TOM YHUCJIE KOHLENLUN
COLMAJIbHOW CKOHCTPYMPOBAHHOCTH HAYYHBIX MOHATUN M OOBEKTOB, CTAaBUT IO/
COMHEHHE YBEPEHHOCTh (DU3UKOB B PEATHHOCTH UX TEOPHH M MX JBIKEHHS KO BCE
OonblIe UCTUHHOCTH 3TUX Teopuil. KoHeuHo, naneko He Bce (PU3MKH CKIOHHBI
K 00CYKICHHUIO TaKHX, METaPU3UIECKUX [0 CBOEMY CYIIECTBY, IPOOIEM.

OnHako cpeay BbIIAIOIIMXCS TEOPETUKOB, BHECIIUX CYIIECTBEHHBIN BKIIaJd B
pa3pabotky CM, Takoro poja TEOPETUKU OBLIM U €CTh. MBI IPUBEIEM HECKOIBKO
BBICKa3bIBAaHUI HOOEJEBCKUX JIaypeaToB (MONyYMBIIMX 3TH MPEMHUU HMEHHO
3a co3nanue CM), a umenno C. Baitn6epra, @. Bunpueka u I'. T° Xoodra.

Tak, C. BaifHOepr moJuepKuBaeT, 4To «y KaXJ0To (H3MKa €CTh KaKas-TO
pabouas dumocodus. [l OGOTBITUHCTBA U3 HAC — 3TO TPyObIi, MPIMOTUHEHHBIN
peanusM, TO eCTh yOeXKIEHHOCTh B 00BEKTUBHOMN pealbHOCTHU MOHITUH, UCTIONB3Y-
eMbIX B HamMx Teopusx. OAHako 3Ta yOexkIEeHHOCTb JIOCTUIAETCsl B IpoLecce
HayYHBIX HCCIICZIOBAaHUM, a HE B pe3yJjbTaTe U3yueHUs (UIOCOPCKUX TPYIOB»
[17.C. 132]. ®unocodusi, cTaBsimas Mo COMHEHUE 3Ty YOeXKIEHHOCTH (a 3T0 (u-
Jocodus Kak pa3 aHTUPEATUCTUUECKOr0 TOJIKA), 0 MHEHHIO BalinOepra, oka3pia-
eTcs KpaitHe Hed((HEKTUBHOM, YTO MO3BOJISIET €My TOBOPUTH, OCOOCHHO YUUTHIBAs
OIPENIENIEHHYI0 HM30LIPEHHOCTh COOTBETCTBYIOIIMUX (PUIOCO(PCKUX MOCTPOCHUH,
0 «HENOCTIKUMON Hed(ddexkTuBHOCTH (mnocopuu» B COBPEMEHHOHN (usmke
[Tam xe. C. 133]. KoHeyHo, MO3UTHBH3M M KOHKpeTHO ¢uimocodpus D. Maxa
CBIT'PAJIM BaXXHYIO POJIb MPH CO3JAHUU TEOPUU OTHOCUTEIBLHOCTH U KBAHTOBOM Me-
xaHuKH. [T03UTHBHU3M TaKKe ChIrpajl «KJIIOYEBYIO POJIb B OOpbOE MPOTHB KBAHTO-
BOM TEOpUU MOJIA» B CBA3H C BO3POKIACHUEM S-MATPUYHOIO MOAXO0JA B CEPEIUHE
1950-x — 1960-e roasl. Ho xanubpoBouHble Teopun kK Hayany 1970-X rogoB B3suu
PEBaHII U IPUBEJIH K «CAMOMY APaMaTUYeCKOMY OTPHIIAHUIO IIPUHIIUIIOB TO3UTH-
BU3MAa, CBSI3aHHOMY C Ppa3BUTHEM COBPEMEHHOW Teopuu KBapkoB» [Tam ixe.
C. 142]. OcobenHo pe3ko Bo3pakan BaitHOepr MpOTHB HIIEH COIMAILHOW CKOH-
CTPYMPOBAHHOCTH Hay4HOro 3HaHus: «Ilepexon oT oueBUAHOTO HAOIIOJEHHS, UTO
HayKa SBISIETCS COLMAIBHBIM SIBIICHUEM, K BHIBOY, YTO OKOHYATEIbHBIA MPOIYKT
HayKH — HaIlli TEOPUH — TAKUE, KAKUE OHU €CTh, U3-32 BO3JICHCTBUS OOLIECTBEHHBIX
WM HCTOPUYECKUX CHUIJI, IPEJICTABIISETCS MIPOCTO JIOTHUECKOM omnoOkoi» [Tam xe.
C. 147]. U nanee: «5l onpeneneHHO 4yBCTBYIO, UTO MBI OOHApyKHBaeM B (PHU3HKe
YTO-TO peajbHOE, HEUTO, CYIIECTBYIOIIEE HE3aBUCUMO OT TEX COLUAIBHBIX U UCTO-
PHUYECKUX YCIIOBHIA, KOTOPBIE TTO3BOJIIIN HAM 3TO OTKPBITHY.

Hpyroit HoOeneBckuii naypear @. Buiibuek mpu 00CykIeHUN TPOOJIeMBbI pe-
anbHOCTH B CM BBOAMT MOHATHE «PEaTbHOCTh-KaHAUIAT». BOT Kak OH roBOpHT 00
stoM: «K cyacTeio ...He 00s3aTeIbHO BHUKATh B MOAPOOHOCTH, YTOOBI MOHATH
rnaBHbI unocodekuit cmpica (CM, B nannom ciayyae KX/I. — B.B.), koTopslit
3aKIIf0YaeTcss B cienyromeM. YToObl TONYYHTh JIOKAIBHYIO CHMMETPHIO, MBI
JIOJKHBI BBECTH TIIIOOHHBIE 1O M1 MBI TOJKHBI 00€CHeunTh CriocoObl B3aUMO-
JENCTBUS 3TUX [VIFOOHHBIX MOJEH ¢ KBapKaMHU U IpYT ¢ ApyroM. Moes — JIoKaabHast
CUMMETpHUS — MPOU3BOAUT KOHKPETHBIM HAOOp ypaBHEeHHH. J[pyrumu ciioBamw,
peanu3anysl UIeM BeAET K pealbHOCTU-KaHAWAATy. PeanbHOCTh — KaHAMIAT,
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coJiep Kaliias IIBETHbIE INII0OOHBI, BOILUIOMIAET B ce0e UICI0 JOKAIbHONH CUMMETPHUH.
HoBsle cocTaBistoniyie — HBETHBIEC TJIIOOHHBIE MOJS — SBJIAIOTCS YacThbIO pellenTa
Ui Mupa-kanauaata. CyIiecTBYIOT U OHU B HamieM mupe? Kak Mbl yxke 00cyx-
Jlany 1 Jake BHUENU Ha GoTorpadusx, OHM Ha CaMOM Jielie CyIIecTBYIOT. Peanb-
HOCTb-KaHIUAAT, POAMBIIASCS W3 HUIEH, — 3TO Hallla COOCTBEHHAs] PEATbHOCTHY
[18. C. 101-102].

N eme ogun Tteopetuk, I'.’T XoodT, ynocroennsiit HoGeneBckoii mpemun 3a
JIoKa3zaTelbcTBO nepenopmupyemoctd CM, B cBoeit nekiuu 1998 r. tak onucan
cootHomieHue CM 1 peaabHOCTH, TPUPOIBI, KHACTOSIIETO MUpay»: « Tenepsb MbI 00-
pelir HACTOSIIYIO0 YBEPEHHOCTh B TOM, YTO IOHMMAaeM OCHOBHBIE CHJIBI, IEHCTBYIO-
e B pupojie. Couerast anekTpociiadyro Moaens ¢ KX/, MbI MOXeM MOTy9IHTh
TOYHOE OINHCAaHUE MPHUPOJBI, TaK Ha3biBaeMyro CTaHAApTHYIO MoJenb. JeHcTBu-
TEJBHO, IO CUX MTOP MBI BUCIIU B HAIIUX MOJIEJISIX JTUIIb YITPOIICHHBIE KAPUKATYPhI
HACTOSALIET0 MHUpa, CeiiYac Mbl BIIEPBbIE MOKEM PACCMATPUBATH MOIYYEHHYIO KOM-
OMHAIMIO KaK meoputo, y’Ke He TOJIbKO Kak Mojenb. CTangapTHast MOJIENb BEPHA C
OYEHb BBICOKOHM TOYHOCTHIO. Ee ciemoBano Okl Ha3zBaTh CTaHAAPTHON TEOpHE»
[19. C. 27].

OTH BBICKa3bIBAHUS TOBOPST O TOM, YTO (PU3UKU-TEOPETHKH, pabOTaIONIHNEe B
obsacty (HU3UKH PIIEMEHTAPHBIX YaCTHII, B TOM uucie u co3aarenu CM, — B 00J1b-
IIMHCTBE CBOEM MPHUBEPKEHIIBI TON WK HHOK (hOpMBI HaydyHOTO peanu3ma. OcTa-
HOBUMCS BKpaTIiie Ha 0oJiee yTOHYCHHOM (110 CPaBHEHHIO C TPYOBIM U IIPSMOJIMHEH-
HBIM peajn3MoM, O KOTOpoM roBopui BaitHOepr) ¢opme HayuHOro peanusma,
a UMEHHO CTPYKTypHOM peanusme. OH nonydmi pa3zsutue B 1990-2000-e roast kak
pa3 B CBSA3M C 00OCTPEHHUEM TOJIEMUKH MEXAY PEaTu3MOM U HHCTPYMEHTATIHU3MOM
B (u3HKe neMeHTapHbIX yacTull. Hanbomnee pa3paboTanHoi peacTaBiIsieTcs: KOH-
CTPYKTHBHBIN CTpYKTypHbIN peasin3M T. [{ao. B Hem cTpykTypa, Moaenb, Teopus,
ckaxxeM KX/, kBapK-TTIIOOHHAsI MOJIEIb, TIEPBUYHA, €€ JIEMEHTBI, TO €CTh KBApKH
Y TJIFOOHBI, BOSHUKIINE KaK TEOPETUUECKUE KOHCTPYKIINH, BTOPUYHBL. «KOHCTpYK-
1Usl HeHAOII0JaeMbIX CYIIHOCTEH B paMKax CTPYKTYPHOTO 3HAHUS, — PE3IOMUPYET
[ao ogHy u3 cBouX padoT, — XOTA U Ha/EKHA, HO MOJBEPKEHA OLIMOKAM U MoJie-
KUT niepecMoTpy. Takum 06pa3oM, 00BEKTUBHOE 3HAHNE OTHOCUTEIBHO JIeKaleit
B €r0 OCHOBE OHTOJIOTUH MOXET OBITh JOCTUTHYTO TOJBKO ITyTEM HCTOPUYECKOTO
MEPETOBOPHOTO MPOIIECcCa MEXAY IMIHUPUIECKUMU HCCIIEI0BATEIIMH, TEOpETHYE-
CKUMHU pe3oHepaMu U MeTaduznueckumu uHtepnperaropamu» [20. C. 156]. Ilpu
9TOM ATH TPH TPYIIIIbI YUEHBIX HaXOATCS B TECHOW B3aMMOCBSA3H, a POJb MeTa(pu-
3UYECKUX MHTEPIPETaTOpoB OepyT Ha cebs, Jalie BCero, caMu TEOPETHUKHU, TaKHe
Kak, ckaxem, Y. Sur, M. I'enn-Mann, C. Baitn6epr, @. Bunsuek u ap. (O cTpyk-
TYPHOM peanu3Me CM. Takke MoHorpaduu [21; 22]).

Koneuno, u B nepuop cozganust CM, korga TEOpETUKO-110JIEBAsT KOHLETILINS,
B TOM YHCJIE ¥ B €€ JIOKAJIbHO KAIHOPOBOYHOM BapHAHTE, CTOJIKHYJIACh C CEpPhe3-
HBIMHU TPYAHOCTSIMU, MHOTHE TEOPETUKH OOpPATHIIUCH K CTapOMY, 100pOMY MO3H-
TUBU3MY WIH (peHOMEHOJI0TU3MY. MBI UIMEEM B BUJy OTKa3 OT IOJIEBOTO MOJIX0/1a,
0COOEHHO B TEOPHH CHIIBHOTO B3aMMOJICHCTBHS, B TTOJIB3Y TEOPUU S-MATPHIIBI [5].
Torma paxe Takol «aHTHMeTapU3NUYECKU» HACTPOCHHBIH TEOPETHK, Kak
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JI.J. Jlannay, npuberan k Metadusnueckum aprymenram. [Ipasna, B. Bepecten-
KUI 3aMETUJI 110 3TOMY MoBoAY: «YueHuku Jlanaay, 3HaBIIME, Kak BHICOKO OH Iie-
HUT KOHKPETHbIE (PU3UUYECKUE PE3YIbTAThl U KaK MaJio IIOOUT pa3roBOPHI Ha 00IIHe
«00OCHOBATEIbCKUE» TEMbI, ObUIM HECKOJbKO YJMBICHBI TONW OTHOCUTEIHHOU
CIEP)KaHHOCTBIO, ¢ KoTopoi Jlannay BcTpetui kpynuble yeniexu KOJ1 B Berumncie-
HUU paJualloOHHBIX TomnpaBok. Ha camom nene Jlanmay He mor paborath BHE
atMocepsl UACHHOW SICHOCTH... OH JEUCTBUTEIHHO HE JIOOMI AUCKYCCHUU Ha
TeMbl 00 0OOCHOBaHMM HAyK, HO JIMIIb TE€X, OCHOBBI KOTOPBIX CUUTAI IJIS CeOs
scHbIMU... COBEpIIEHHO HMHA4Y€ OH Bel ce0sd B OTHONICHHWH TeX o0iacTei,
B KOTOpBIX sAicHOCTH HeT» [23. C. 234-235]. Bor kak cam Jlangay MoTuBHpOBaJ
OTKa3 OT MOJIEBOr0 MOJX0/a, CChUIAsACH M0 CYIECTBY Ha MO3UTUBUCTCKUMN 11O CBO-
eMy AyXy OpuHIuN HabmonaeMocTu: «OnepaTopsl IICH, CoAep Kaliie HeHaOaoaa-
eMyr0 UH(POPMAIUIO, JOKHBI CUE3HYTh U3 TEOPUH; U MOCKOJIBKY TaMIIbTOHHAH
MO>KHO MOCTPOUTH TOJIBKO U3 OMEPAaTOPOB MCH, MBI C HEOOXOAMMOCTBIO TPUXOAUM
K BBIBOAY, YTO FaMIJIBTOHOB METOJ JJISl CUJIbHBIX B3aUMOJICHCTBUIN U3KUI ceOs U
JTOJI’KEH OBITh TOXOPOHEH, KOHEYHO, CO BCEMHU MOYECTSIMU, KOTOPBIE OH 3aCITY K
[24. C. 423].

HekoTopsie TeopeTrkn 1 MaTreMaTudeckue GU3UKH, BEPAIINE B PEATLHOE CY-
IECTBOBaHNE a0CTPAKTHBIX MATEMAaTUYECKUX CTPYKTYP, CKIIOHHBI K TOW WJIK UHOU
¢dopme maaronnsma. X mpuBena K 3TOMY BUTHEPOBCKAsl «HETIOCTHRUMAast Y pek-
TUBHOCTh MaTeMaTHKW» B pu3uke. Kpaiineit hopmMoii Takoro miiaToHU3Ma SBISIETCS
KOHIIENIIHs «MaTemMaTudeckoit Beenennoi» ¢usmuka M. Termapka, coriiacHO KOTO-
pOii «Hama BHEIIHSS (hU3HUECKast PealbHOCTh SBIISICTCS MAaTEMaTHYCCKOU CTPYK-
typoi» [25. C. 356]. OgHako 3Ta SK30THUYECKAs TUIIOTE3a HE OOBACHSET, MOYEMY
UMEHHO KaTMOPOBOYHAS CTPYKTYpa M COOTBETCTBYIOIIAS €1 TEOMETPHSI PaCCIIOCH-
HBIX TMPOCTPAHCTB peau3yeTcs B Hamied BceneHHOW, XOTS OHa W OOBSCHSAET
3¢ (HeKTUBHOCTH MATEMATHKH B (PU3UKE.

3. Poab MmeTtadpusuku B paspadoTke kaaudpoBouHbIx Teopuit 1 CM

Jlyig ucToprka HayKd UMEHHO 3Ta (PyHKIMS MeTapU3UKHU IPEICTaBISIET 0CO-
ob1i1 uaTepec. M xotsa C. BaitHOepr roBopui 0 «HENOCTHKUMON HEI(D(HEKTUBHOCTH
¢unocopun B Gu3nKe», Mbl BCE-TaKH, yUNUTHIBas MeTa(U3NICCKHIA OIBIT KBaH-
TOBO-PEJISITUBUCTCKOM PEBOJIIOLIMKM M MCHOJIb3Ys PAa3IMUHbIE MOJEIN HAay4YHO-IIO-
3HABATEILHOTO Mporiecca B (pu3uke (TPexk e BCEro CXemMy ¢ «JIyroid DUHIITEHHaY,
TpexcloitHyo cxeMy Buraepa u «ommbounoctHyo koHreniuo» C.1. Basunoga),
NOTIBITaeMCsl BBISIBUTH MeTadu3nyeckre (pakTopbl B Mpolecce co3aanus Kaauopo-
BOYHBIX Teopuii © CM.

Haunewm c oOcy>xaenust Bompoca o ToM, Obu10 1 co3nanue CM HayyHOU pe-
BOJIFOLIMEH, CPAaBHUMOM C KBAaHTOBO-PEISITUBUCTCKONW PEBONIIOLIMEH IIEPBON TPETH
XX Beka? C oHOI CTOPOHBI, 3TO ObLIa HECOMHEHHO MaciuTabHas Hay4YHasi peBO-
mouus (cM. Hairy ctatbio [5]. Hampumep, Tak cunran A.M. banaun no cBuaerensb-
ctBy I1.C. Ucaesa [26. C. 257]), moTomy 4TO OblJIa BIIEPBBIC CO3/IaHA €IMHAS TEO-
pusi GyHIAMEHTATBHBIX (PU3MUECKUX B3aMMOICHCTBHIA (BIPOUYEM C HEKOTOPHIMH
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OrOBOpPKaMH). DTO yJaJIOCh CAENIATh C IIOMOILBIO CEPUU KPYIHBIX POPBIBOB, CBSI-
3aHHBIX ¢ HealOeneBbIMU MOISIMU SIHra—Musuica, OTKPBITUSIMU CUMMETPHIA, Jiexka-
X B OCHOBE CJIAa0BIX W CHUJIBHBIX B3aUMOJCHCTBUHN, BBEICHHS IOCTATOYHO
«CyMacHIEIIINX» YaCTHI] — KBAPKOB U ITFOOHOB, a TAKXKE TAKMX HEOOBIYHBIX MTOHSI-
TUH, KaK «aCUMITOTHYECKasi CBOOOa» M «CIIOHTAaHHOE HAPYIICHUE CUMMETPHUMY.
Cozpanne CM cnpaBeiIMBO CPaBHUBAJIOCH [0 CBOEMY MacIlITady ¢ MaKCBEJJIOB-
CKOM peBomronerd B anekTpoauHamuke u co3gannem OTO. Bmecte ¢ tem
CM — 3TO KBaHTOBO-PEJSATUBUCTCKAs Teopus moss, nogodnas KOJ[. Bece Oonee
paauKaIbHbIE KOHLIETINY, IPEJIaraBIIMecs B 3TOT IEPUO/I B KAUECTBE AJIbTEpHA-
TUBBI KaIMOPOBOYHO-TIOJIEBOMY MOAXOAY (HETUHEHHBIE W HEIOKaIbHBIE TEOPUU
1oJIsl, S-MaTpUUHBIM M JHUCIEPCHOHHBIM TMOAXOAbI, OyTCTpam), HE BBIAEPXKAIU
KOHKypeHLuu ¢ nojeBoit CM u couutn Ha Het. [ToaToMy kanmuOpoBouHasi peBoJIto-
IIUs 10 HEKOTOPO# cTerneHu Oblia KoHcepBaTuBHOM (cM. ctatbio E.JI. MDeitnOepra
1986 1. [27]).

Brpouem, no muenuto M.1O. Ko63apesa, coznanne CM, HecMOTps Ha BCIO €€
3HAYUTEIBHOCTh, BCE-TAKU HE IOTSATUBAET J0 MOJHOLIEHHON HayYHON PEBOIIOINH:
«SI cunraro... uyto, HecmoTps Ha Bce ycnexu KO/ u CM... cutyanus Ha camMmoM
JIeTie TakKas e, Kak B 310Xy MeXAy MakCBEIJIOM U MOSIBIIEHHEM YaCTHOW TEOPHUH
OTHOCHUTEIIBHOCTHU: TO €CTh TaK XK€, KaK TOI/1a CYUTAIIM HECOMHEHHBIM CYIIECTBO-
BaHHE (PHpa, TaK *Ke U ceifuac MHOTO€ U3 TOT0, YTO COOOIIECTBO (PU3UKOB CUUTAET
“CcyliecTByIOIIMM®, MOXET HUCYe3HYTh». W manee, mociie mepeyuciaeHus psana
npo6iaem u TpynHocteit CM u xocMmonoruu: «Bce 3T0 3acTaBisier MeHs Tymarth,
YTO CIEAYIOLasi PEBOJIIOLNS MapagUurMbl... MIPUBEAET K YCTPAHEHUIO U3 TEOPUU
MHOTHUX ‘“peanbHOCTel” coBpeMeHHON Qu3uku. [ 3Toro morpedyercs Kakas-To
HoBas Maremartukay [28. C. 201].

B npyrom mecte 1.10. Ko63apeB roBopmit o Tom, uTo npu co3ganuu CM npo-
U30IlJIa HE CTOJbKO CMEHAa KBAaHTOBO-PENIITUBUCTCKOM IIOJIEBOM MapagurMsl,
CKOJIbKO €€ paciupenue: «Ta JMHUS pa3BUTHS, KOTOPYIO ... MBITAJICS HAMETHUTD,
YaCTO Ha MHOTHE TOJbl MOYTH HCYe€3alla U3 BUIY, @ HAa MOBEPXHOCTH LIYMHO
mpoOOBaIu pasbIrpaTh COBCEM JPYyTruUe CIEHApPHUH (S-MaTpUyHBbIC, HEIOKAIbHBIC
u npoune. — B.B.). Pacimmpenue mapagurMbel Ha HOBYIO 00J1acTh 0€300J€3HEHHO
HUKOT/Ia HE IPOXONT, HEU30EKHO BOZHUKAIOT MPOTHUBOPEUUS, KPU3HCHI, /1a U cama
napajaurma nepectpauBaercs u Mmensiercsa» [3. C. 27].

C.B. Unnapuonos (Bmecte ¢ M.JI. AXyHIOBBIM) UCIIOJIB30BAIH JJIsI OTIMCAHUS
KaJITMOpOBOYHOM PEBOJIOLUHU (OHH MPUILIN K BBIBOAY, UTO TaKOBasi CBEPILINIACD)
METOAOJIOTHIO uccaeaoBarenbekux nporpamm M. Jlakaroca. UccnenoBaTenbekyto
nporpaMmmy, jexaiiyio B ocHoBe CM, OHM KBaTU(pHUIMPOBAIH KaK CYILIECTBEHHO
HOBYIO, «IIOCKOJIbKY OHa BO3HHUKJIA B pPE3yJbTaT€ HETPUBHUAIBHOIO CHUHTE3a
“KJITaCCUYECKOM”~ KBAaHTOBOW TEOPUM IOJII C HIASSIMHU CHUMMETPHH, JIOKAJIBbHOU
KaJMOPOBOYHOCTU psila CUMMETpPUN, MX CIHOHTAHHOTO HApYyIIEHUS U MOJXOAA
K IEPEHOPMHUPOBKAM HE MPOCTO KaK K MparMaTu4eckoMy peLenTy, a Kak K QpyHa-
MEHTAJIbHOMY OTPaHUYEHHUIO HAa BO3MOYKHYI0O MaTEMaTHUECKYIO CTPYKTYpPY TEOPHid
(u3 perienTa “3alIMTHOTO TOsica” CTApOM MCCIEIOBATEIHCKON MPOTPAMMBI Tepe-
HOpPMUPOBKa MPEBpaTUIACh B IPUHLUI “sapa” HOBOM mporpammsl)» [29. C. 427].

48



Buseun Ba.Il. Meradusudeckne acrieKThl CTaHIapTHOH MoJenH B (u3uke. ..

TpyaHo cornacutbest ¢ oueHkor ctuinst CM u camoit CM kak NposiBICHUS
IparMaTu3Ma U CBOEro poJia «IpHUKIaJHU3anum» Gu3uku (Touka 3penus JI. Cmo-
JMHA U TpucoenuHuBiieiics k Hemy E.A. Mamuyp): «B coBpemenHoii pusuke roc-
MOJICTBYET UAEOJIOTHsI IparMaThU3Ma U MHCTpPYMEHTanu3Ma. Mbl siBisieMcsl CBUJIe-
TEJISIMU IIPOLIECCA, AaHATIOTHYHOTO. . . TPOLECCY MPUKIAAHU3ALMH. .. ITOT CTUIIb, TO-
BopuT CMOJIMH, XOpOIIO paboTai MpH CO3/JAaHUM CTaHIAPTHOW MOJenu (PpHU3UKU
3JIEMEHTAPHBIX YacTHUIl U Hadad ¢ 1940-X rogoB rocmnojacTBOBaTh B (PU3HUYECKOM
NO3HaHUW». B 310N «mpuknagHu3anum» MaMmuyp BHIUT peajbHBbI KpU3UC HE
TOJILKO B (PM3HIKE JIE€MEHTApHBIX YACTHII, HO ¥ B (PM3HMKE U AK€ HAYYHOM 3HAHUU
B 1eioM. «Ho, nymaercs, — 3akir04aeT OHa UTUPOBAHHYIO CTAaThIO, — TAKOM KpH-
3UC — SIBJICHHE BPEMEHHOE, OH IMPEOJIONINM, €r0 MOXKHO “U3JIEUYUTh’, CMEHUB HH-
CTPYMEHTAJIMCTCKYIO CTPATErHI0 HAyYHOI'O UCCIIEJOBaHUS B (PU3UKE HA CTPATETHIO
NEPUOTUYECKOT0 TOTPY>KEHHSI B Cephl “‘CBEpXCYLIETro”’, B 00JIaCTh MeTahU3UKI»
[30. C. 217-219]. Ho B repouueckuii nepuoj coznanuss CM onepxana Bepx HaJ
HNO3UTUBUCTCKON (MHCTPYMEHTAIMCTCKOM) CTpaTerueil kak pa3 Hay4HO-peaJucTu-
yeckas (KaTmOpOBOYHO-ITOJIEBAs ) HCCIIeIOBATEbCKast mporpamma. OO 3TOM MBI TO-
Bopuiu Bele, mutupys C. BaitnOepra, T. Lao, C.B. Mnnapuonosa u nip.

PaccmarpuBas coznanne CM ¢ no3uiuii SHHIITEHHOBCKON CXEMBI IOCTPOE-
HUs (PU3UIECKON TEOpPHH (C TaK HA3bIBAEMOM «AyTro DUHINITEHHAY, CHMBOIU3UPY-
IOLIEH HEe-JIOTHYECKUH (HO, T0-HAlllEMy MHEHHIO, BCE-TaKU KOHCTPYKTUBHBIM Ty Th)
OT 3MIIUPHUKO-3KCIIEPUMEHTAIILHOTO CJIOS U MPEAIIECTBYIOIINUX TEOPHIl K OCHOB-
HBIM aKCHOMaM U NPUHLKIIAM HOBOH Teopu (puc. 1), oOpaTum BHUMaHKE Ha (ak-
TOPBI MEeTa(hU3MYECKOTO XapaKTepa, OMPENENSIONNe Ty «Iyry» (aHaJOTHYHBINA
IOJIXOJ MBI UCTIOJIb30BAJIM IIPU U3YYEHUH UCTOPUU CO31aHUS TEOPUU OTHOCUTEIb-
HocTH, nipexzae Bcero OTO — cm. namry crateio [31. C. 108—125]).

B o6oumx ciywasx nelcTBOBasiM OJM3KHE 1O CBOEMY CMBICIY (aKTOPHI,
Ipex/ie BCero MeToA0NIorndeckre (Win MetTapu3nuecKue) NpUHUUIBI PU3UKH, TO
ecTb, 10 H.®. OBUNHHUKOBY, IPUHIUIBI TEOPETU3ALUN HAYYHOTO 3HaHUs. DTO, B
IIEPBYIO O4Yepenb, — MPUHLMIBI CUMMETPUH, COXPAHEHMs, COOTBETCTBUS, IPO-
CTOTBI, €IMHCTBA HAy4YHOTo 3HaHMs U Ap. [32]. Ilpu 3TOM NpHUHLIUI CUMMETPUH
paciupsIICs B JIOKQJIbHO-KaJTMOPOBOUYHOM CMBICIIE, @ TAKXKE B IJIaHE 0c000Tro poja
HapylLIeHU cuMMeTpuu. KoHeUHO, Kak ¥ IIpY CO3/JaHUU KBAaHTOBBIX U PEISTUBUCT-
CKUX TEOpHiA, COXPaHHUJIM CBOE 3HAYCHUE JIBE «HEMOCTHKUMBIC 2(PPEKTUBHOCTI
MaTeMaTUKU U aHAIWTHYECKOM MEeXaHHKH (TOYHEe BapHALMOHHBIX MPHHLUIIOB).
HMeHHO BapualiMOHHbIE IPUHIMIIBI (JJarpaHkuaHbl!) B COYETaHNH C JIOKAJIbHO-Ka-
JIUOPOBOYHBIMU CUMMETPUSAMH NIPUBOMIIH K ITPEJICTABICHHUIO O PACIIUPEHHON He-
TEPOBOM CTPYKTYpE, OKa3aBIlelcs cTpyKTypHoil ocHOBoil CM. Uto kacaetcs Biu-
STHHSI COOCTBEHHO (UI0CO(CKUX, NI MeTapU3NIECKUX, KOHIIETIHHA, TO (pU3uKH,
Oyayun «(puIoCOPCKUMH ONMOPTYHUCTAMM» MO DHHINTEIHY, MCIOIb30BAIN TaK
WM WHave pasHele ¢unocopckne konuenmuu ot [lnarona, Jleiibnumna u Kanra
(Termapk, Bunbuek, Cokonuk, Konoruiesa u ap.) 10 pazinuuHbix ¢popM peHomeHa-
au3Ma (MO3UTUBU3MA) U CTpyKTypHoro peanmusma (I'eitzendepr, Uy, naxe Jlannay,
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a taxxke BaitnOepr, [lao u np.). Xots, noxanyii, MoxxHo cornacutbes ¢ C. Baiin-
Oeprom, 4To B 11eJ0M 4nCcTO duinocodckue KoHuenuuu npu GopmupoBanuun CM
3aMETHOU POJIM HE ChITPaIu.

MII®
AKCHOMBI:
OCHOBHBIE IIOHSTHS A
HOM Y IPUHIIUTIBI
HIAM [~ l l l
3AKOHBI: v
i YPABHEHMUSI, UX PELIEHUSI,
PUIOCODHS 3AKOHbI COXPAHEHMSI
| | I
MPOYUE I I I
I | I
A" v Y 5

Puc. 1. lyra JifHureiina:

MII® — meTomonorndeckue (MeTapu3NIEeCKUE) MPUHIHIITEl (PH3HKH
(cummeTpuu, COXpaHEHHs, COOTBETCTBUS, IPUYNHHOCTH, HAOJIFOAaeMOCTH, IPOCTOTHI H AP.);
HO5M — nHenoctmxumast 3hGEeKTUBHOCTh MAaTEMATHKH B (PU3UKE;

HDAM — "enoctmkumas 3hHEKTHBHOCTh aHATUTHISCKON MEXaHWKH;

IIT — npenuecTByOLUE TEOPUU

YnomsiHeM elie 00 0JHOM KBazuMeTahU3nuecKoi cxeMe Hay4YHOTO TTO3HAHMUS
B (pM3MKE, a UMEHHO NAHCUMMETPUUECKON TPEXCIONHON CXEME KJIACCUKA CUMMET-
putinoro noaxona FO. Burnaepa [33] (puc. 2). Cpennuii ciioll B Hel — 3TO 3aKOHBI
NPUPOABI, IMEHHO OHM YMPABJISIOT SBJICHUSIMU WIM COOBITUSAMH, 00pa3yromuMu
HIDKHHM, SMIIUPUYECKUN clTod. BepXHHil ke CJIoi — 3TO MPUHLMIBI CUMMETPHUH,
onpezensone GopMy U CTPYKTypy 3aKOHOB MpHpoabl. C TOUKHU 3pEHUS BUTHE-
POBCKOI1 cxeMbl (popma 4eThIpeX (PyHIaMEHTAIBHBIX CUJI IPUPOABI U COOTBETCTBY-
I0IlIME ypaBHEHUA nojel SIHra—Musuica HeJIMKOM WM TOYTH LETUKOM OIpeaeis-
IOTCS JIOKAJIbHO-KATUOPOBOYHBIMU CUMMETPHUSIMH.

MMPUHIUITBI CUMMETPUHN
OIIPEJEJIAIOT
YIIPABJIAIOT

3AKOHBI TPUPOAbI
OIIPEJIEJIAIOT
VIIPABJIAIOT

ABJIEHUSI (COBBITHSA)

Puc. 2. Cxema ¢pusuueckoro noznanus no K. Buruepy
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Hctopus co3nanus CM ot npopodeckoit ctate SIHra u Musuica 1954 rona
JI0 T0Ka3aTeIbCTBA IEPEHOPMUPYEMOCTH dJeKTpociadoit Teopun n KX/ u BBee-
HUS TIOHATUN «aCUMIITOTUYECKOM cBOOObI» B Hauane 1970-x romoB CTaHOBUTCS
0oJiee MOHATHON B CBETE «OUIMOOYHOCTHONY» KOHLIETILIUU Pa3BUTHS HAYYHOTO 3Ha-
nus C.1. Basunosa — K. [lonmepa, koTopast cxeMaTuyHO U300paxkeHa Ha puc. 3.
(cM. Hamry padoty B UM®M-2016-2018 [34]). B uctopun co3nanus CM kanubpo-
BOYHO-II0JIEBAsl KOHLIETILIMS B TEUEHUE P JIET, HECMOTPSI HA CBOKO KPacoTy, CUH-
Tayiach OMMO0YHON. bonee mpaBUIBHON M yCHENHON Ka3anack S-mMaTpudHas Qe-
HOMEHOJIOTHYecKas (He JIOKaJIbHO-TI0JIeBasi) MporpaMma, KoTopasi cama mociie pas-
pelleHus psiia TTIaBHBIX TPYAHOCTEH KaluOpOBOUYHOM cTpaTteruu Oblia mpuU3HaHA
€CJIM U He oIMO04HOH, To OecnepcriekTUBHOM. [IpaBaa, HEKOTOpbIE aCIEKThI ATOM
(eHOMEHOIOrMYeCKON MpOrpaMMBbl OKa3ajJUCh BaXKHBIMU M 3BPUCTHYHBIMHU MpPU
YTBEPKJICHUH KaTMOPOBOYHON MICOJIOTHH (B YaCTHOCTH, P 0OOCHOBAHUH MTOHS-
THs acumMnToTrdeckoi cBo60 161 B KX I). O6 3T0M, «OmMUO0IHOCTHOIY, MO CyIIle-
CTBY, AuHaMuke popmupoanuss CM rosoputcs B 6nuctaTenbHbIX «/uanorax ¢u-
3uka u Marematuka» 1.YO. Ko63apesa u F0.U. Manuna: «Mcropus Toro, kak 3to
Bce (To ecth CM. — B.B.) OTKpBLIOCH, OOJBIIIE MOX0kKa HA KOMEIUIO OIIHUOO0K, YeM
Ha MOPSII0YHBIN MHIYKTUBHBIN npouecc no Ctroapty Muito (3To rosoput Mate-
Matuk. — B.B.). Koneuno (otBevaet TeopeTuk, To ecTh ®usuk. — B.B.), HO B OCHOBE
JIOTaJI0K, IPUBEIIINX K COBPEMEHHBIM TEOPHSM, JIEKUT MPOCTOE 3aKIIOYEHHUE I10
aHaJloruu... B jmorankax, KoTopble MpHUBENU K TpyIIe LBeTa U ci1aboil rpynme,
TaK)Ke BCE BPEMsI COUETATUCH DIIEMEHTHI YraJaHHONW UCTHHBI M OIIHOOYHBIX OTOXK-
JECTBJICHUH, TIpeyOexIeHnid. B KOHIe KOHIIOB, 3201y ICHHS TPUXOIIN B TIPO-
TUBOpeune ¢ (pakTaMu M OTHaAail, a GparMeHTbl HCTUHBI CIUBAINCh B COTJIACO-
BaHHYI0 KapTuHy». Ha nocnenyromee 3amedanne MaremaTHka, 4To «aopora ot
K3 /1 x Teopusim noneit SIara—Mrmuuiica He Obliia TaKOW TOPHOM, KaK y Bac MOJyYH-
JOChY, TMOcHenoBaio yTouHsomee cornacue Dusuka-reopetuka: «KoneuHo.
Ta nuHus pa3Butus, (To ecTh MyTh OT TeopuH AHra-Musuica k CM. — B.B.)... yacTto
HA MHOTHE T'0JIbl IOYTH MCcYe3alia U3 BUJY, @ Ha MMOBEPXHOCTU LIYMHO MPOOOBAIIU
pa3bIrpaTh COBCEM ApPYyTHUe CIeHapuH. Pacumpenue napaaurmbl Ha HOBYIO 00J1acThb
0e300J1e3HEHHO HUKOT/Ia HE MPOXOAWT M caMa Mapajurma IepecTpauBaeTcs
u mensiercs» [3. C. 26-27]. B nameii cratbe «Y ucrokoB CM» [5] mpouecc
¢dopmupoBanuss CM Mbl NBITAINCH IPEJICTABUTh KaK MOCIIEJ0BATEILHOCTD MTOBO-
POTHBIX MOMEHTOB, HEKOTOPbIE M3 HUX ObUTH (DAKTHUECKU «CKPBITBIMIY» (TAKOBBIM
OBbL1 MOBOPOTHBI MOMEHT, CBSI3aHHBIN C KOHILIETLNEN JIOKaIbHO-KaJIUOPOBOYHON
MPUPOJIBI CHIIBHOTO U CJIA00TO B3aUMOICUCTBHH). « CKPBITOCTH» O3HAYasia TO, 4YTO
COOTBETCTBYIOIIASl KOHIICMLHUS IO DSy NPUYMH TOHayaly Oblia OTBEprHyTa
OOJBITMHCTBOM (DU3MKOB, HO CIYCTsI HEKOTOpPOE BpeMs Oblja BO3POXKACHA U
MOJIyYHIIa pa3BUTHE.

B 3axnroueHue cienyer caenaTh HECKOJIbKO 3aMEeYaHH.

Bo-nepBbIxX, MBI BUJIUM, HACKOJIBKO CIIOKHBIM OKa3bIBAETCS BOMPOC 0 MeTadu-
3UYEeCKUX (MU PUIOCOPCKUX) acTIeKTaX COBPEMEHHBIX (DyHIaMEHTaIbHBIX (Hr3U-
YECKHUX Teopuil u ux popmupoBanus. [Ipu 3Tom peus uuet o pusuke BTOPOi MoJIo-
BHUHBI XX BEKa, UCTOPUS KOTOPOU U3y4YeHa IBHO HEJOCTATOYHO.
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/N

n 7\

Puc. 3. «Omm6o4HOCTHAS CXeMa Pa3BUTUS HAYYHOI'0 3HAHUSA
C.I. BaBunoBa — K. Ilonmnepa:
T — Teopun; D — 3KCIIEpUMEHTAIILHO-IMITUPUYIECcKast 6a3a;
IT — npobnema (npodsiemuas curyanus); I1T — npobusie Teoprn; 0 — aMUMHUHALNS OIIHOOK

T 91
N } N
—> 1T, —» 20 \ e
IIT; T: /

Bo-BTOpPBIX, IpY U3BECTHON PA3HOIOJOCHUIIE MHEHUN HAIPAlIUBACTCs BbIJE-
JeHue Tpex OJI0KOB MpoOiIeM, KOTOpbIe Ha CaMOM JIeJie OKa3bIBAIOTCS TECHO IMepe-
IUIETEHHBIMH JPYT C Ipyrom. Pacimpennas HeTepoBa CTPYKTypa KaauOpOBOUHBIX
TEOpHH U BOOOIIE BOIPOCH! CTPYKTYPbl TEOPHH CBSI3aHbI, B YACTHOCTH, C Ipo0IIe-
MOM peaspbHOCTH (B IUIaHE KOHLENLUU CTPYKTypHOro peanusma). Co CTpyKTyp-
HBIMU IIpOOJIEMaMH, KaK U C MpoOIeMON pealbHOCTH, CBSI3aHbl BO MHOTMX OTHO-
HIEHUSX MeTadu3nueckue acnekTsl popmupoBanus CM.

B-Tpetpux, «Metaduzndeckuii» B3I Ha HCTOpUIO co3aanust CM mo3Bossier
Iy 0%e OCMBICIUTD U caMy 3Ty UCTOPHUIO M YBHJIETh Pa3HOOOPa3He COOTBETCTBYIO-
MUX No3UIMK Gu3nKoB U puiaocodoB. HakoHen, Mbl BUIUM, HACKOJIBKO TECHO
MEPEIUIETeHBl MEXIy co0or ¢u3znueckue, MeTapu3UYeCKue W HCTOPUUYCCKUC
CTOPOHBI COBPEMEHHON TEOpUM HJIEMEHTApHbIX YacTHULl (U, COOTBETCTBEHHO,
Teopuu (yHIaMEHTAIbHBIX B3aUMOJEHCTBUI).

CrouT cKa3aTh HECKOJIBKO CJIOB 00 OT€UECTBEHHOM BKJIaJe B PU3UKY U METa-
¢u3uxy CM. Urto kacaercs GU3UKH, TO 00 3TOM — CM. HaIry paboTy «Y HCTOKOB
CM» [5]. B Heli roBOpHUTCS O MPOTHBOPEUMBOW PO MPOOJEMBI HYJIb-3apsiia
u aBropurera Jlannay — [Tomepanuyka, o paborax ®anneesa, [Tonoa, CiaBHOBa
U JIp. 0 KBAHTOBAHUIO KaJIMOPOBOYHBIX IOJIEH, @ TAK)KE 00 OTEUECTBEHHOM BKJIA/1€
B KOHIIETILIMIO CIIOHTAHHOTO HapylleHus cuMMmeTpun — boromo6oBa, Jlanmay
u ['un30ypra, Jlapkuna u Bakca u np. Meradusndeckas 4acTb MpoOIeMBbl TITyOOKO
1 HeTpuBHaIbHO o0cyxaanack I.A. Cokonukom u H.I1. Konomnesoii. He nmporum
MHUMO 3TOW 4YacTM M Hamu (uiocodbl HAyKH, KOTOPBIX MBI IIUTUPOBAIH, —
C.B. Unnapuonona, M.JIl. Axynaosa, E.A. Mamuyp u ap.
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METAPHYSICAL ASPECTS OF THE STANDARD MODEL
OF THE ELEMENTARY PARTICLES PHYSICS
AND THE HISTORY OF ITS CREATION

V1. P. Vizgin

Vavilov’s Institute for the History of Science and Technology of the RAS
1/5, Staropanslij Per., Moscow, 103012, Russian Federation

Abstract. Metaphysical aspects of the standard model (SM) of the modern elementary
particles theory are considered. This article briefly views a history of the formation of the SM (from
fundamental paper of C. Yang and R. Mills (1954) to the completion of electroweak theory and
quantum chromodynamics in the early 1970s). Three groups of the interrelated metaphysical aspects
are discussed: local gauge symmetry’s structure of the theory, problem of the truth and reality and
the role of the metaphysical factors in the construction of the theory. Scientific-realistic nature of
the SM creator’s metaphysical views are emphasized. A. Einstein’s model of the theory’s
construction (with “Einstein’s arc”), E. Wigner’s three layer scheme of the structure and the
development of the scientific knowledge (with the symmetry principles as a main layer) and
S.1. Vavilov’s “mistakability” conception of the scientific knowledge development are proposed for
the study of the metaphysical factors and their role in the formation of the SM.

Keywords: Standard model (SM), metaphysical aspects, local gauge symmetry’s structure of
the theory, scientific realism, principles of the symmetry, Einstein’s model of the theory’s
construction, S.I. Vavilov’s “mistakability” conception of the scientific knowledge development.
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NMPUPOOA CTATUCTUYHOCTU KBAHTOBOIO ONMUCAHUA
U NONEBASA NAPAOUIMA MU-3NHLUTENHA

10O.I1. PrioakoB

Poccuitickuii ynusepcumem opyatcovl Hapooos
Poccuiickas @edepayusa, 117198, Mocksa, yr. Muknyxo-Maxknas, 6

Annotanmsi. O0cyXaaercs Npupo/ia CTaTUCTUUECKOTO OIMCAHUS B KBAHTOBOH TEOPHHU M TIO-
Ka3bIBaeTCs, YTO B PaMKax IOJEBOro 1moaxona Mu—OWHIITeHHa, B KOTOPOM YacTUIBI PacCMaTpH-
BAIOTCSI KaK CTYCTKM HEKOTOPOrO MaTEpUaIbHOrO MO, HOJUUHSIOIEr0Csl HENUHEHHBIM ypaBHe-
HUSIM, TaKOE OMMCAaHHE SIBJISETCS €CTECTBEHHBIM M HEOOXOMMMBIM, TaK KaK HEBO3MOXKHO 33/1aTh
HadaJIbHBIE YCIIOBHUS U MPOTSHKEHHOH JacTHIbI-conmnToHa. Kpome Toro, mokaspiBaeTcs, 4TO Ha
OCHOBE COJINTOHOB BO3MOXKHO IOCTPOEHHE CHEIMAIbHOTO CTOXaCTUYECKOT0 IPEeCTaBICHUS KBaH-
TOBOM MEXaHUKH, IKBUBAJIEHTHOTO TEOPUH HEJIOKAIBHBIX CKPBITBIX EPEMEHHBIX.

Kntouegvie cnosa: craTuCTH4ECKOE ONMCAHHNE, COTUTOHHBIE KOHPUTYpaAIMU, CKPBITHIE TTapa-

METpBbI, CTOXaCTHYECKOE MPECTaBICHHE BOIHOBOH (QYHKIIHH.

Hauunas ¢ nepsoix pa6ot ae bpoiisns [1], [eitzen6epra [2] u Hpéaunrepa [3]
[0 CO3/IaHUI0 MAaTEeMaTUYEeCKOro anmapara KBaHTOBOM MEXaHUKHU, BO3HUKJIA MPO-
O5emMa ero OCMBICIICHHS U MHTEpPIPETaluy, BbI3BaHHAsE aOCTPAKTHOCTHIO U HENPU-
BBIYHOCTBIO ITOTO ammapaTa ¢ TOYKHM 3peHHus Kiaccudeckod (usuku. B mepByro
ouepelib, 3TO OBLJIO CBS3aHO C MHOTOYHMCIICHHBIMU MapaJoKCaJIbHBIMU PE3yJbTa-
TaMU, K KOTOPBIM IIPUBOIMIIN MOMBITKU MOCTPOEHUSI TEOPUU U3MEPEHUI HA OCHOBE
CTAaTHUCTUYECKON MHTEPIpPETAIIH BOJTHOBON QYHKINH [4—6].

Ecnu cnenoBats joruke pa3BUTHs KI1ACCUYECKOM CTaTUCTUYECKOH (DU3HKH, TO
MOYKHO Ha3BaTh JBE OCHOBHbIC IPUUUHBI, 10 KOTOPBIM BO3HUKAIa HEOOXOJUMOCTb
npuberaTh K yciayram TEOPHH BEPOSTHOCTH U TEM CaMbIM OTKa3bIBAaThCS OT MpU-
BBIYHOI'O JMHAMUYECKOro omnucaHus. [lepByro M3 3THUX NPUUYMH yKa3aau emeé
JlamxeBeH [7] u CmomyxoBckuil [8], KOTOpbIE MOAYEPKUBAIM HEOTBPATUMOCTH
CYYAUHBIX 030€UCMBUL HA U3YYaeMble 0O0bEeKMbl CO CMOPOHbL BHEUIHEN CPeObl.
OOBbIUHO TaKue ciy4aiHble CHIIbI HAa3bIBAIOT cunamu Jlanscesena.

Bropyto npuunny ykazan ['n66¢ [9], co3garens KiacCU4ecKOi CTaTUCTHYe-
CKOM MEXaHHMKH, KOTOPBIH CUMTal HEOOXOAMMBIM HCIIOJIb30BaTh BEPOSITHOCTHOE
OIIUCAHUE U3-32 CIONCHOCIU U3YHACMBIX CUCTEM U HEONPEOeIeHHOCIU HAYAIbHbIX
yenosuil, XOTS U OTIMpAJICs TIPU 3TOM Ha CTPOTHE ypaBHEHUs quHaMUKU HeploToHa.
AKTUBHO nosib30Basics MeToamMu ['166ca 1 OCHOBOIOJIOKHUK KBAaHTOBOM TEOpUU
u3nydyeHus yepHoro tena [Tnank [10].

DWHIITENH 1 e Bpoiib B CBOEM HayYHOM TBOPUYECTBE CIIEIOBAJIA IPOTPaMME,
OCHOBHBIEC UeHU KOTOpoil Obun chopmynupoBansl ['yctaom Mu [11]. Cornacuo
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nporpamMMe DWHIITeHA, MUKPOYACTULIBI pACCMATPUBAIOTCS Kak ceycmiu (bunched
fields, lumps) HEKOTOPOTO HEM3BECTHOTO MATEPUAIILHOTO TTOJISI, IO TIMHSIOIIETOCS
HEJIMHEHHBIM YpaBHEHUSAM. BrocnencTBuM Takue KOH(MUTYpaluu HEITUHEHHOTo
0JIs1, IOJyYMBIIME Ha3BAaHUE COIUMOHOS, CTAIIN MIPEIMETOM MPUCTAIILHOTO UHTE-
peca Kak co CTOPOHBI MATEMAaTHKOB, TaK U (PU3UKOB, TOCKOJIBbKY CBOWCTBA COJIUTO-
HOB BO MHOT'OM HAaIlOMUHAJIM CBOMCTBA MUKPOYACTHII.

[TockobKy COMMTOHBI BBICTYMAIOT B paMKax MpOrpaMMbl DWHINTEHHA Kak
006pa3zvl NPOMANCEHHBIX Yacmuy, HEOOXOAMMOCTb MPUMEHSTH JJIS OMHCAHUS UX
9BOJIIOLIUM CTATUCTUYECKUH ammapar MOXeT ObITh 000CHOBaHA B paBHOW Mepe Kak
C TOUKHM 3peHus noaxona ['mb6ca, Tak n JlamkeBena. Briepsble Takas unes Obuia
BbIcKa3aHa B padote S.I1. Tepnerkoro [12]. Ilpu 3TOM OCHOBHAS TPYIHOCTH COCTO-
sna B 000CHOBaHMHU IpaBuia bopHa 00 MHTepnpeTanyu BOJHOBOM (YHKLUHU Kak
aMIUIUTY 1l BEPOATHOCTH. Pa3nuHble MOAXO0/bI K PELICHUIO 3TOM TPy AHOM 3a/1auH,
NO3BOJISIOIINE [T0-HOBOMY B3IVISSHYTh HAa IPUPOAY KBAHTOBBIX 3aKOHOMEPHOCTEH,
npeiarajgrch B paborax kak camoro ae bpoiins [13—14], tak u ero yuenuxos [15].
Hcropust 3T0ro0 Bompoca 1 HEKOTOPbIE UTOTOBbIE PE3YJIbTAThl YKa3aHHBIX UCCIIENO0-
BaHUH OTpakeHbI B padorax [16—-19].

Oco0eHHO npuMeydaTeabHa, ¢ TOUKH 3PEHUS BOCIPUSTHS KIIFOUEBbIX MOJIOXKE-
HUM TiporpamMmbl Mu—OHHIITEHA, U3BECTHAsA AUCKyccus bopa u DitHmTelHa 0
IIOJIHOTE€ KBAaHTOBO-MEXAHUUYECKOTO OMMCAHMS 5], MHUIIMMPOBAaHHAS MOSIBICHUEM
W3BECTHOM cTaThu DitHIITEHA, [Tomoasckoro u Pozena [20], B koTopoii 6611 chop-
MYJHMPOBaH TaK Ha3blBaeMbli napaodokc IIIP. YToObl 0003HaYUTh MO3ULMU CTO-
POH, HATIOMHUM, YTO PE€Yb UJIET O Pa3IMYHON UHTEPHPETALIUH KIIFOUEBOTO MOHATHUS
KBaHTOBOI TE€OpHH — BOJHOBOM (pyHKIMH. 3BecTHBI 1Be PU3MUECKU pa3iIuUHbIE
UHTEPIIPETALNHU, KOTOPBIE OOBIYHO CBSI3BIBAIOT C UMEHaMM DWHIITeHa U bopa:

o cmamucmuueckas unmepnpemayus (OUHIITEIH) IPUHUMAET, YTO BOJIHO-
Bas (QYHKIHS 1aeT BEPOSTHOCTHOE ONMCAaHUE aHCAaMOJIsl TOXKIECTBEHHBIX MUKPOCH-
CTEM, TaK Ha3bIBAEMOTO KBAHTOBOTO CTATUCTHYECKOTO aHCAMOIISL.

o xonemneazenckas unmepnpemayus (bop) mpuHUMaeT, YTO BOTHOBAsI (QyHK-
1IUS1 1a€T BEPOATHOCTHOE OMMCAHUE UHIUBUIYAJIbHOM MUKPOCHCTEMBI.

Ecnu nepas Touka 3peHus NOAYEPKUBAET, UTO BbIBOBI KBAHTOBOM MEXaHUKU
HEJb351 OTHOCUTH K MHJIMBUYAJIbHOM MUKpOCHCTEME (OTAEIBHOMY 3JIEKTPOHY MIIH
(OTOHY), MOCKOJIBKY OHM HOCST CTATUCTHUUYECKHH XapakTep, TO BTOpas TOUKa 3pe-
HUSL IPEAIIOJIAaraeT, YTO BOJHOBAsA (DYHKIMS Ta€T MAaKCHMAJIbHO MOJIHOE OMMCAaHUEe
VHAMBUIYaJIbHOIO MUKPOIIPOLIECCA U TAaKOE ONHCAHUE HE MOXKET OBITh JETEPMHU-
HUpPOBaHHBIM. ClielyeT NOAYEepKHYTh, UTO HA onvime obe yKa3aHHvle NO3Uyulu He-
PaziuuumMybl, TaK KaK BEPOATHOCTHBIC MPEJCKA3aHUS MOTYT OBbITh HPOBEPEHBI
TOJIBKO B PE3yJIbTaTe CTATUCTUUECKOW 00paOOTKU Cepru HAOIIIOICHHIA.

[IponmttocTpupyeM pas3indue 3TUX TOUYEK 3PEHUS Ha MPUMEPE M3BECTHOTO
ompiTa MO JU(PaKIUU BJIEKTPOHOB, KOTOpBIA BbIMONMHUIM B 1949 ropy
JI. bubepman, H. Cymikun u B. @abpukanTt [21]. OHU nCHOAb30BaIN Ype3BbIUaiiHO
CJ1a0BbIN TOK, NPONYCKAs 2eKMPOHbL Yepe3 KpUCMALIuYecKutl oopaszey no 0OHOMY
U pecucmpupys ux nonaoawue Ha IKpaH 6 OmoenbHbvle MOYKuU. BBIICHUIOCH,
YTO C TEYEHHEM BpPEMEHHM, 110 MEpPE HAKOIUIEHUS ODJIEKTPOHOB, HA JKpaHe
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Peibaxos FO.I1. Tlpupoaa CTaTUCTUYHOCTY KBAHTOBOT'O OMHCAHUS. . .

BBIPUCOBBIBAJIACh TUMMYHAS AU(PPaKIMOHHAsT KapTUHA. Pe3ynbTaTsl 3TUX OMBITOB
NOJTBEPKIAIOT TMIOTE3Y A€ bpoiliis 0 ToM, 4TO HEKOTOPOE BOJTHOBOE IOJIE€ COIPO-
BOKIAET KaXJbli OTJENbHBIN 3JEKTPOH (WK (OTOH), OAHAKO OHO OOHapy’KHBa-
€TCsl JINIIb CTATUCTUYECKU. TeM CaMbIM BBISBIISIETCS CMAMUCMUYECKAas npupooa
KOPRYCKYIAPHO-B0IHO8020 OVAIU3MA: BOJIHA, CONIPOBOXKAAIONIAS YACTHUILY, ITPOSIB-
JsIeTCs TOJIBKO B CEpUM HUCHBITAHWN, @ HE B OTJCIbHOM HaOmoneHuH. Takum
00pa3oM, IEKTPOH, KakK U Jro0as Apyras MUKpOYacTHIA, HE MOXKET CUUTAThCs HU
OOBIYHOM KJTACCHMYECKOM YacTHUIICH, HU BOJIHOM, — 3TO HEYTO TpeThe. Ero Hemb3s
CUMTATh KJIACCMYECKON YacTULIEeH, TaK KakK MpHU MPOXOXKIECHUHU depe3 oOpaszel OH
0COOBIM, PE30HAHCHBIM 00Pa30M B3aMMOJAEHCTBYET Cpa3y CO MHOTUMH COTHSIMH
aTOMOB — B IIPOTUBHOM CJTy4ae B CEpUH HCIIBITAHUHA HE MOTJIa ObI POPMUPOBATHCS
IuQpakuuoHHas KapTHHA. Ero Hemp3sd cuuTaTh M BOJIHOM, TaK Kak Ha IKpaHe
OH TIONAJAacT B KaKOE-TO OINpPEAEIEHHOE MECTO, JIoKanu3yeTcs. Bee ckazaHHOe
HOJTBEPAKIACT npedcmasgierue 00 1eKmpoHe KaK COTUMOHe.

Taxum oOpa3oM, Bce MpeacKka3aHns KBAHTOBON MEXaHUKH OTHOCSTCS K Mpej-
CTOSIIIIUM U3MEPEHUSM, K OyIylIeMy, — ¥ B TOM COTJIACHBI MEXIy CO00M CTOPOH-
HUKHU 001X WHTepIpeTaluii, Mpu3HaBas, 4YTo 3TH MPeJICKa3aHus HOCST TOJIBKO Be-
POATHOCTHBIN XapakTep. Pasnuune B mo3unusx oOHapy>KUBAETCsI, €CJIN TTOCTABUTh
BOIIPOC MHAY€E, 3 MMEHHO: €CIIM KaXIbIi OTAEIbHBIN 2JIEKTPOH MONaJaeT Ha SKpaHe
B KaKO€-TO OIPENEIEHHOE MECTO, TO BO3MOKHO JIU JIPYroe ONMCAHUE MUKPOSIBIIE-
HUM, OTJIMYAONIEECs OT KBAaHTOBOW MEXAHWKHU WU MCIOJIB3YIOIIEE COBCEM JIPYTHE
IepEeMEHHbIE, KOTOPbIE MO3BOJIAT MOIYYHUTh JOMOJHUTENbHYI0 MHPOPMALUIO 00
VHAMBUIYaIbHBIX MUKpOMpOIeccax?

CTOpPOHHUKH KONEHIareHCKOM MHTEPIPETALUU OTBEYAIOT Ha 3TOT BONPOC OT-
pULATENBHO, CYUTAs], YTO KBAHTOBAsI MEXAHUKA JA€T MAaKCUMaJIbHO IIOJHOE OMHCa-
HHUe MUKpoMHpa. Ecim jke cie10BaTh CTaTUCTUYECKOM HHTEPIIPETALuH, TO IOCTPO-
eHHe Takux OoJiee MUPOKUX TEOPU BO3MOXKHO, U B UX paMKaxX MOKHO OyJieT mo-
JTy4uTh OOJIee IeTalbHOE OMMCAHUE NHIUBUAYAJIbHBIX MUKPOSIBICHUH, UCTIOJb3Y-
IOlIlee HOBBIE NIEPEMEHHbIE, KOTOPbIE MOIYUYMIIN HA3BAaHUE CKPbIMbIX NAPAMEMPO8
(CII). ComepitieHHO SICHO, YTO HOBAasi TEOPHS JOJKHA OBITh IMOX0Xka HA CTATUCTH-
YECKYI0 MEXAHUKY, U MIOCJIE€ YCPEIHEHUS 110 CKPBITHIM NapaMeTpaM JOJDKHBI BOC-
CTaHaBJIMBATHCS BCE PE3YJIBTAaThl KBAHTOBOM TEOPUH.

Kakue xe noka3aTenbcTBa HEMOJHOTHI KBAaHTOBOM TEOpUHU NMPEAbSIBHIN aB-
Topsbl ctatbu [20]? B 3T0ii pabore ObLT chopMyarpoBaH Tak HA3bIBAEMBIH «Iapa-
nokc OIIPy. IlockonbKy npearnonaraeTcs, YTo0 BCE 00CYkKAaeMbIE TEOPETUUECKHE
IOCTPOCHMS UMEIOT OTHOILIEHHUE K ICHCTBUTEIIBHOCTH, CHaYaja MIPUHUMAIOTCS Ba
OTIpeIeJIeHNs], Kacarolluecs: MOHATUI noiHombl (huzuieckol meopuu u d1emMeHma
@usuueckoii peanvHocmu:

Onpedenenue 1. JIns TOro 4ro0bl HEKOTOPask TeOpHUs OblIa MOJHON, HE00XO-
JTUMO | JIOCTAaTOYHO, YTOOBI KaXK/IBIA SJIEMEHT (PU3NUIECKON pearbHOCTH (U3 0011a-
CTH IPUMEHUMOCTH TEOPHH) UMENl COOTBETCTBHE B TEOPHH.

Onpeodenenue 2. JI0OCTaTOYHBIM yCJIOBUEM JUIsI OTOXKJIECTBICHHSI HEKOTOPOTO
JJIeMeHTa (U3NYECKOM peallbHOCTH sBIseTcs ciuenyromee: «Eciau, HHUKak
HE BO3MYILAsl CHUCTEMY, MOXHO C OIpPEJIEIEHHOCTBbIO, TO €CTh C BEPOSTHOCTHIO,
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paBHOH eAMHUIIE, MPEACKa3aTh 3HAU€HHUE HEKOTOPOH (PU3NYECKOH BETUYMHBI, TO
CYIIECTBYET JIEMEHT (DU3NYECKON peaTbHOCTH, OTBEYAIONIUN 3TON (PU3MUECKOU
BEJIMUUHEY.

ITocne aToro npeiaraeTcss HEKOTOPHINA MBICIEHHBIN SKCIIEPUMEHT, KOTOPBIN
JUIsl yIIPOILEHUs MBI faanuM B TpakToBke Jl. boma. B nanHOM citydae paccmarpuBsa-
eTCs CHCTeMa JABYX YaCTHI] CO CIIMHOM %2, HAXOISAIIIMXCS B METaCTa0MIIEHOM COCTO-
SHUHU €O CIIMHOM HOJIb. COOTBETCTBYIOIIAsl CIIMHOBAsI BOJIHOBAsI (DyHKIUS MOXET
OBITH TPEACTaBJICHA B BHUJE JMHEHHOW KOMOMHAIIMHM OJHOYACTUYHBIX CIHHOBBIX
byHKIHIA:

1
Vi :ﬁ[i”n Ow, —¥u ®W2T]' (1)

Kax u3BectHO, ¢ momortisio (1) MOKHO BBIYHCIUTH TaK HAa3bIBAEMBIN CITMHO-
BBIIl KOPPETATOP, TO ECTh CPEAHEE BUA

<(0,2)(c,b)> = (ab), )

Tac CAMHUYHBIC BECKTOPEI a U b OMpPCACIIAIOT HAIIPABJICHUS MMPOCKTUPOBAHUA CIIN-
HOB COOTBETCTBCHHO TepBOi U BTopoi uactuil. CoctosHus tuna (1) momydwnu
Ha3BaHUE 3anymaHnusix cocmoanull (entangled states).

B pesynbrarte pacnaza CHUCTEMbl €€ COCTaBHBIC YACTHIBI pPa3JIeTArOTCS
B pa3Hble CTOPOHBI, U MEPBas YaCTHIIA MPOIYyCKaeTCs yepe3 ycrtaHoBKy IlITepHa—
I'epyiaxa ¢ MarHUTHBIM T0JIEM BOJIb ocu Z. [loaToMy B pe3ysibTare HaOIIOACHUS
nostydaetcss HH(GOpMaIus 0 3HaKe MPOEKIIMU CITUHA Ha OCh Z, TO €CTh O COOCTBEH-
HOM 3Ha4eHuH omneparopa o,,. OIHAKO IOJHBIA CIIUH CUCTEMBI PAaBEH HYJIIO, H

Mo3TOMy O ,. = — 0, B cooTBeTcTBHUH C (1). Takum 0O6pa3zom, HUKaK HE BIUSS HA
BTOPYIO YaCTHILy, KOTOpasi K MOMEHTY HaOJIO/ICHUs yieTena JOCTaTOYHO JaJeKo,
MBI IOJTy4aeM UH(pOpMaIHIO O IPOEKIIUU €€ ClIMHa Ha och Z. [loaToMy cyiiecTByeT
3JIEMEHT (PU3NYECKOM PEeaNbHOCTH, 3a1aBaEMblii OIIEpPaTOPOM O, .

OnHako ¢ TakMM K€ YCIeXOM Mbl MOIJiu Obl BBIOpaTh ycTaHoBKY LllTepHa —
I'epmaxa ¢ MAarHUTHBIM TIOJIEM BJIOJIb OCH X M IOJTYYUTh HHPOPMAIIUIO O IIPOSKIINU
CIiMHa O, = — O, , HUKaK He BJMsSA Ha BTOpYyIo yacTuily. CienoBaTelbHO, Cylie-
CTBYET JIEMEHT (PU3NYECKON PealbHOCTH, 337aBAEMBbII onepaTopoM O, . Takum
0o0pa3oM, CyIIECTBYeT M 3JEMEHT (PU3NYECKONW pealbHOCTH, OTBEHAIOIIUN Mape
{0,,,0,, }. OqHaKo KBaHTOBas MEXaHUKA 3aIIPEIIAET CYILECTBOBAHUE OOIINX BEK-
TOPOB COCTOSIHUA Y JIBYX HEKOMMYTHPYIOIIMX ONEPAaTOpOB, B JAHHOM CiIyyae y
0,. 1 0, . Orcroaa u Aenaercs 661600 0 HENOIHOME K8AHMOBOU MEXAHUKU.

Bckope, oaHako, BBISICHWIOCH, YTO B TPEJCTABICHHOM JI0Ka3aTEIbCTBE
UMeJICsS U3bsSH, HAa KOTOPBIN cpasdy ke ykasanu bop [5] m Manpensmram [22],
03HAKOMMBIIKCH C BhIIeAeH crarbeit [20]. B camom nene, u3 Toro ¢akra, 4To B
OTJICIbHOCTH CYIIECTBYIOT 3JI€MEHTHI (PU3MUeCKOi pealbHOCTH A U B, coBceM He
CJIEZlyeT, YTO JOJDKHA CYIIECTBOBATH Tapa 3JEMEHTOB (PM3NYECKON pealbHOCTH
{4, B}, MOCKOJbKY OHH MOTYT UCKJIIOYATh IPYT JIpyTra, TO €CTh ObITh HECOBMECTH-
MBIMU. VIMEHHO 3TO U UMEET MECTO B pa300paHHOM MpPHUMEpE, TaK KaK U3MEPEHUs
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NpOeKIHii cruHa Ha ocu Z U X TpeOyloT pa3HbiXx ycraHoBOK llltepna—Iepnaxa
C OPTOrOHAJIbHBIMU OPUEHTALMSIMU MarHUTHBIX ITOJIEH: B IPABOM YaCTH COOTHOLIE-
HUs (2) crouT HOMb. [103TOMY COOTBETCTBYIOIIHME BEKTOPHI COCTOSHUI HECOB-
MECTHBI, YTO U NOJYEPKUBAETCS NPUHYUNOM OonoaHumenvHocmu bopa (KOHTEK-
CTYyaJIbHOCTb), TO €CThb B KBAaHTOBOM MEXAaHHKE MOKHO TOBOPUTH O COCTOSHUH
TOJIBKO IIPU HAJIMYUU COOTBETCTBYIOIIEN IKCIEPUMEHTAIbHON YCTaHOBKH.

OpnHako, HECMOTpPSI Ha OIIMOOYHOCTb MPEICTABICHHOIO J0Ka3aTe/IbCTBA HE-
MOJTHOTHI KBAHTOBOWM MEXaHUKH, B cTaThe DIIP Obla mogHsATa OYeHD BaXKHAS TIPO-
OJieMa, Kacaromascs BO3MOXHOCTH 0000IIEHUsT KBAaHTOBOH MEXaHHWKHU U MTOCTPOE-
HUS aJbTEPHATUBHOI'O ONKCAHUS MUKPOMHPA B paMKaX TEOPUH CO CKPBITHIMHU I1a-
pameTrpamu. B nanpHeiimem, B padorax [16—19; 23] 6b110 mocTpoeHo cmoxacmu-
yeckoe npedcmaegienue K8AHmosol MeXaHuku, B KOTOPOM BOJHOBas (pyHKIM 3a-
NHUCHIBAIACH B BUJIE CYNEPIIO3UINH COJUTOHHBIX KOH(UTYypaluid, COOTBETCTBYIO-
IIMX MPOTSKEHHBIM YacTuaM. Takum oO0pa3oM, IOATBEP:K1AJIaCh BBITOJIHUMOCTb
NPUHIUIIA COOTBETCTBUS HENUHEUHBIX NOIe8blX MOoOeel ¢ KBAHTOBOW MEXaHUKON
IPU YCIOBUH, YTO TOYHOCTh U3MEPEHUSI KOOPAUHATHI LIEHTPA YaCTULBI-COJIMTOHA
HaMHOTO MEHbIIE COOCTBEHHOI'O pa3Mepa COJUTOHa. PaKTHUECKU 3TO YCIOBHUE
COOTBETCTBYET MPEANOIOKEHUIO O TOUEUHOCTH YacTull. Kpome Toro, okaspiBaeTcs,
YTO U3BECTHASI KBAHTOBO-MEXAHUYECKAS C653b CHUHA CO CIMAMUCIMUKOU A6/IAeMC A
criedcmeuem npomsadNCeHHOCMU 4acmuy.

B 3akiioueHue crienaeM HECKOJIbKO 3aMeUaHUil 00 MU3BECTHBIX TeopeMax (oH
Heiimana [4] u benna [24; 25], kacarommxcs TEOPHUIl CO CKPBITBIMU NTapaMeTPaMHU.
Uctopruecku ¢on Heiiman ObUT mepBBIM, OOpaTUBIIMNM BHUMAaHUE HA MPOOIEMy
CKpBITBIX mapamMeTpoB. OH Moka3zal, 4To 8 pavkax aureunvix meoput CII HEBO3-
MoxHbI. Hakonen, benn noctpown npumep xeaunetinou mooeau CII, npaBaa, 1ist
JIBYXMEpPHOTO I'MJIbOEpTOBa IIPOCTPAHCTBA U BBIBEI HepaseHcmea benna, KOTopble
CIpaBeIUBBl 1A JokanbHuix CII, TO ecTh A TOYeUHbIX YacTull. OHAKO OIBIT
nokassIBaeT [26], 4To nHepasencmea benna Hapywiaromcs, TO €CTh MUKPOYACTHIIBI
HeJllb3sl CUMTaTh TOYEYHBIMU. Bce cka3aHHoe emie pa3 yOexIaeT B pasyMHOCTH
[10JIEBOT0 NOAX0Aa Mu—JOHiHIITElHA, KOTOPBII COBMECTUM C KpuTepueM benna.
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STATISTICAL ORIGIN OF QUANTUM DESCRIPTION
AND MIE-EINSTEIN FIELD PARADIGME

Yu.P. Rybakov

RUDN University
6, Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Abstract. We discuss the statistical origin of quantum theoretical description and show that
within the scope of the Mie—Einstein field approach, with particles being considered as lumps of
some material field satisfying nonlinear equations, such a description appears to be natural and
inevitable since it is impossible to specify initial conditions for the extended particle-soliton. Beside
this, it is shown that on solitons’ basis, the special stochastic representation of quantum mechanics
can be constructed, the latter one being equivalent to the theory of nonlocal hidden variables.

Keywords: statistical description, soliton configurations, hidden parameters, stochastic

representation of the wave function.
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MATEMATUYECKWUE MOOENWN B TEOPETUYECKOWU ®U3UKE
ML.JIL. ®uabueHkoB, FO.I1. JlanTeB

HUnemumym epasumayuu u kocmonocuu PY/[H
Poccuiickas @edepayus, 115419, Mocxksa, yn. Oposxconukuose, 3

AHHOTa].[l/IH. HpO&HaJII/ISI/IpOBaHLI KBAHTOBAasA TCOPUA U TEOPHUA OTHOCUTCIBHOCTH, a TAKKE UX
BO3MOJKHBIC COIJIaCOBaHUs, C TOYKHU 3PEHUA UCTIOJIB3YCMbIX B HUX MAaTEMATUYCCKUX MOLleﬂeﬁ, JKC-
MIEPUMEHTAIIBHOTO IIOATBEPKACHUA, I/IHTepHpCTaL{I/Iﬁ 1 OTHECCHUS UX K JYATTUCTUICCKUM IIapaaur-
MaM.

Knwuesbie cnrosa: mateMaTHniecKue MOJCIH, AYAJTUCTUICCKUE TTapaAuIrMbl, TEOPHs OTHOCHU-

TCJIBHOCTH, KBAHTOBAs Teopm, KBAaHTOBAHHC FpaBI/ITaIII/II/I.
BBenenune

Jlnst onricanust hu3ndecKux 0ObEKTOB U SBJIICHUM TeOpeTUIeCKass GU3MKa 1c-
NOJIB3yeT MaTeMaTudeckue Mozenu. @usnueckue 00BEKTHI U SIBICHUS OTHOCITCS K
MaTepUuaIbHOMYy MUPY APHUCTOTENS, B TO BpEMs KaK UCIIOJIb3YEMBIH ISl UX onuca-
HUSI MaTeMaTUYECKUH anmapat OTHOCUTCS K uaeanbHomy Mupy Ilnarona. CooTHo-
IICHUE MEXKIY STHMUA MUPAaMU SIBJISIETCS. OCHOBHBIM BOTIPOCOM (HIIOCO(DHH O TOM,
YTO MEPBUYHO MATEPUs HJIM CO3HAHMUE.

Onwucanue OJHUX U TEX ke pru3nuecKknx 0OBEKTOB U IBJICHHIA, BOOOIIE TOBOPH,
BO3MOHO B paMKax pasIM4HbIX (pu3nueckux teopuil. Kpome Toro, oiHu u 1€ *e
(¢u3nueckue TEOpHM AOMYCKalOT pa3iuyHble uHTeprnperauuu. CyliecTByeT He-
CKOJIBKO KJIaCCHU(UKAIMNA (U3NIECKUX TEOPUI B 3aBHCUMOCTH OT CTETIEHH X JKC-
NEPUMEHTAIBHOTO TOATBEPKICHHS U UCIIOIb3YEMbIX AYAIUCTHUECKUX Mapagurm,
00BETMHSIOMNX KAaTErOPUH MPOCTPAHCTBA-BPEMEHH, YacTHUIl U rosieil. Matemaru-
YeCcKHe MOJIENIU B TEOPETUUYECKON (PU3HKE UCTIOIB3YIOT (POPMaANIN3M, OTHOCAIIIUNCS
K Pa3JIMYHbIM pa3efaM MaTeMaTHKH, HalpuMep, OMUCHIBAIOIIMM KOJIUYECTBO
(Teopus umcen), CTpyKTypy (anredpa), MpoCTpaHCTBO (F€OMETpHsl), U3MEHEHUE
(MaTemaTH4eckui aHanu3) U T. A. [lyanuctuyeckue napaJurMpl: reoMeTpudecKas
(mpocTpaHCTBO-BpEMS U MOJIS), TEOPETUKO-110JIEBasA (TIOJISI M YACTHIIbl) U PEIsIIU-
OHHasl (TIPOCTPAHCTBO-BPEMS M YACTHUIIHI).

Huxe npoanann3upoBaHbl KBAHTOBAsk TEOPUSI U TEOPUSI OTHOCUTEIBHOCTH, a
TaKXe UX BO3MOKHBIE COITIACOBAHUS, C TOUKHU 3PEHUS HCIIOJIb3yEMbIX B HUX MaTe-
MaTHYECKUX MOJelel, SKCIIEPUMEHTAIbHOIO OATBEPXKIACHHSI, HHTEpIpeTaluil 1
OTHECEHUS UX K IyaJIMCTUYECKUM Mapajurmam.

Peub moHa€r 0 MOMBITKAaX COIIACOBaHMS TEOPUU TPABUTALMM C KBAaHTOBOU
Teopued. I'paBuramus Oyner paccmarpuBathes B pamkax OTO 1 HbIOTOHOBCKON
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TEOPHH, a KBAHTOBAsI TEOPUS HA YPOBHE KBAHTOBOM MEXAaHUKH U KBAHTOBOM TEOPHUH
nojisi. KBanToBanue OyJeT MpOBOIUTHCS MO TEOPHUHM BO3MYIICHUN C BBEIACHHEM
TPaBUTOHOB ISl cIa0bIX TPAaBUTAIMOHHBIX TOJIEH, a TakkKe HenepTypOaTUBHBIMU
METOJaMHU JIJIsi TEOMETPUH B LIETIOM M MPOCTPAHCTBA-BpeMeHU [1-6].

KBanToBas Teopus

KBanToOBas Teopusi, KOTOpas 1eIUTCs Ha KBaHTOBYI0 MexaHuKy (KM) u kBan-
toByto Teopuro mojsi (KTII), momHOCThIO MOATBEpPKIAEHA 3KCIIEPUMEHTAIBHO,
UMEeT HECKOJIbKO HMHTEepHpeTanuii, ocooeHHo Ha ypoBHe KM (komeHrareHckas,
CTAaTUCTUYECKAass ¥ MHOTOMHPOBAsT HMHTEPIIPETAIMU) U OTHOCUTCS K TEOPETHUKO-
nosieBoit mapagurme. B KM naGmrogaembie 3HaueHusT PU3NUECKUX BEIIMYUH SIBJISI-
IOTCS. COOCTBEHHBIMU 3HAUEHHUSMHU ONEPATOPOB, KOTOPHIM OHH COIMOCTABIISFOTCS.
B kiaccuueckoil MexaHuke COOCTBEHHBIE 3HAUEHHUS OMEPATOPOB COOTBETCTBYIOT
MHTETpaJiaM JABM)XCHUS (PHEPTHH, UMITYJIbCa U YTJIOBOTO MOMEHTA), & UMEHHO:

Lo _
lh; = El/), (1)

rae E = inv. — coOCcTBEHHOE 3HaYEHHE OIepaTopa YHEPIUHU, AHAIIOTUYHO I UM-
nyJibca:

X

T — P¥- )

Jlist MOMEHTa uMITylIbca q = @,p = Py, Bul KBaHTOBBIX AU pepeHnmrab-
HBIX OIIEPaTOPOB CBS3aH C CUMMETPUSIMH NpoCcTpaHcTBa U BpeMeHu. B KM nmeer
MECTO KOPITYCKYJIIPHO-BOJIHOBOW Ayasln3M, KOTOPBIM O3HAuyaeT, 4TO ypaBHEHUS
JUISL YaCTUILl SKBUBAJICHTHBI YPaBHEHUSM JUIsl BOJIH IIPU 3aMEHE YKa3aHHBIX BBIIIE
(¢u3nyeckux BeIMYUH Ha onepaTopsl. [locnennue neiicTByIOT Ha BOJHOBYIO (DyHK-
1110, ynoBieTBopsitonryto ypaBHenuto llpénunrepa. Ono cnenyer u3 (1) mocine
3aMeHbl (PU3NYECKUX BeTUYrH B Toxxaectse E = H(q, p) Ha onepaTopsl.

B KTII cymecTtByer ayanusm uactuna — tmose. CBOOOJTHBIE YaCTHUIIBI
SBJISIIOTCSI KBAHTaMM T0JIeH MaTepUu € MOITYLENbIM CIIMHOM U MOJIeH mepeHocuH-
KOB B3aMMOJEHCTBUM (MEXIy YacTHUI[AMH MATE€pPHH) C LEJIBIM CIIMHOM, TO €CTb
KaJTMOPOBOYHBIX TMOJIeH — abeneBbIX Ul JIEKTPOMArHUTHOTO B3aUMOJCHCTBUS,
cootBeTcTByROImMUX Tpymme U(1), a Takke HeaOCJIeBBIX IS CJIA0BIX B3aMMOJICH-
CTBHii, cooTBeTCTBYIOMNX Tpytie SU(2), u cunbabix — rpymie SU(3).

Teopnﬂ OTHOCHUTCJIBHOCTH

Teopm{ OTHOCUTCIIBHOCTHU ACIUTCA Ha CIICHHUAJIBHYIO U OGH.[yIO Cneunaana;I
teopusi oTHocuTeNIbHOCTH (CTO) MOMHOCTHIO MTOATBEPIKICHA YKCIIEPUMEHTAIBHO,
UMEET OJIHy HMHTEpPIIPETaluio, O0bEeIUHSIONYI0 TPOCTPAHCTBO M BpeMs B IPO-
cTpaHcTBE MUHKOBCKOTO C HHTEPBAIOM:

ds? = c2dt? — dx? — dy? — dz?, (3)
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Y OTHOCHUTCS K PEJISIIUOHHON MapaJurMe, eciiu paccMaTpUBaeTCs TOJIbKO KHU-
HEMaTHKa CBOOOHBIX YacTHIl, GyHKIU Jlarpanka /st KOTOPBIX 3alMIIETCS Kak

L=-mc* [1-=, 4)

IJie M — Macca, a v — CKopocTh 4acTuiisl. O6mas reopust otHocutensHocTH (OTO)
YaCTUYHO MOATBEPKICHA SKCIIEPIMEHTAIbHO, 000011aeT CIIeIHaTbHYI0, yUUTHIBAS
TSATOTEHHE IMyTEM 3aMEHBI TIOCKOTO MPOCTPAHCTBAa MUHKOBCKOTO Ha NCKPUBJIEH-
HO€ PUMaHOBO MPOCTPAHCTBO C HHTEPBAJIOM

ds? = gy, (x)dx?dxZ, )

IZI€ gix — METPHUKA PUMAHOBA MPOCTPAHCTBA, KOTOpAask HAaXOIUTCSA U3 TEH30PHBIX
ypaBHeHM DiiHIITeitHa — ['Mas0epra:

Rie =5 Rgi = 5 Tie (6)
rae R = g**R;), — cxanspras kpususHa, R, (T{;) — Tenzop Puuun, [}, — cumBon
Kpucroddens, urparommuit B OTO pons HanpsHKEHHOCTH TPABUTALMOHHOTO TIOJIS.
OTO, chopmynurpoBaHHas B paMKax reOMETPUYECKOI MapajurMbl, B CIIy4asx Bbl-
COKOHM CUMMETPHH JIOITYCKAET U TEOPETUKO-IIOJIEBYIO HHTEPIIPETALIUIO B IPOCTPAH-
cTBe€ MUHKOBCKOT0. TO KacaeTcsi TPaBUTALMOHHBIX BOJH, KOCMOJIOTHH U JBHKE-
HUS TeNl B IEHTPAJIbHO-CUMMETPUYHOM TPABUTALMOHHOM II0JIE, /Ui KOTOPOTO B
3TOM Cllyyae JlarpaHKuaH 3aIuIIeTcs] B BUJe

L=—mcz\/(1—:—z)(1+%), (7)

Irac (pg — NOTCHOHUAJI I'PABUTALITUOHHOI'O T1OJIA.

CorsiacoBanue KBaHTOBOIl TEOPUU ¢ TeOpHeld OTHOCUTEILHOCTH

Uro kacaetcst CTO, To oHa MOIHOCTHIO cornacyercs kak ¢ KM Ha ypoBHe pe-
JSTUBUCTCKOM KBAaHTOBOW MEXaHHKHU OECCMHOBBIX YacTull (ypaBHeHue Kieiina —
l'opnona — doka) 1 yacTHil CO CIUHOM S = % (ypaBHenue J[upaka), Tak 1 Ha ypOBHE
KTII npu BBeIeHNH ONIEPaTOPOB POKIACHUS U YHUUYTOKECHHSI YACTHIL, KOTOPBIE SB-
JSFOTCSI KBAHTAMH COOTBETCTBYIOIIUX TOJIEH.

Bonee cinoxHol siBiisieTcst mpoOiiema corilacoBaHus KBaHTOBOM Teopuu ¢ OTO,
CBsI3aHHAs C MPOOJIeMON KBaHTOBaHUsI IpaBUTalu. [ paBUTalIMs paccMaTpUBaETCs
B pamMkax OTO u HBIOTOHOBCKOW TEOPHH, @ KBAHTOBAsI TEOPHUS HA YPOBHE KBaHTO-
BOM MEXaHUKU M KBAaHTOBOM TeopuH nojis. KBaHTOBaHHE MPOBOAMUTCS MO TEOPUU
BO3MYIIICHUN C BBEIIEHUEM T'PABUTOHOB JUIS CIA0BIX TPABUTAIMOHHBIX IOJICH, a
TaKk)Ke HenepTypOaTUBHBIMHU METOAAMH ISl TEOMETPUH B 1IEJIOM M IPOCTPAHCTBA-
BpeMeHU. BO3MOKHBI pa3IMuHble YPOBHU KBAHTOBAHHUS B TEOPUU T'PABUTALIMH:

® KBAHTOBAs MEXAaHHKA B TPABUTAIMOHHOM IIOJIE;

® KBAHTOBAs TEOPUS MOJISI B ICKPUBIEHHOM MPOCTPAHCTBE-BPEMEHU;

e KBAaHTOBAHME T'PABUTALMOHHOIO TOJS M HUCKPUBIEHHOIO MPOCTPAHCTBA-
BPEMEHH.
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PaccmarpuBaercss KM B 3a1aHHOM c1aboM IpaBUTALIMOHHOM MOJIE € Y4ETOM
PENATUBUCTCKUX TOTPaBOK (mpubamkenue [laynn), pokaeHne 4acTuil | MOJISIpHU-
3alMsl  BakyyMa BOJIM3M TOPU30HTOB IIEHTPATIbHO-CUMMETPHUYHBIX METPUK
Peiiccaepa—Hopactpéma u Kortiepa, a Takxe pokeHrue YacTull BO (pUAMaHOB-
CKoi BceneHHOM.

Temmneparypa yactul, poxaEHHBIX B 3 dexre XoKuHra:

KT,y = ®)

8nGM’

rae M — macca 4€pHOU JbIPHI.

B panneit BcenenHoii yacTHIIbI pOKIAIOTCS B pe3yJIbTaTe pa3pbiBa BUPTYallb-
HOM Mapel HAa MacIITabe MX KOMIITOHOBCKOM JJTMHBI BOJTHBL. YHCTIO POKIEHHBIX Ya-
CTHI] B HayaJle paJiialliOHHO-TOMUHAHTHOMN (a3bl:

3

N =103 (%)E a3, 9)

IJie M — Macca YacTHll, Ay — KO3QPHUIHUEHT B 3aBUCUMOCTH MacIiTabHOro (hakropa
ot Bpemenu a(t) = aqV't.

KBanToBaHue ci1aboro rpaBUTAllMOHHOIO MOJI IPOBOAMUTCS B MPOCTPAHCTBE
MMUHKOBCKOI0, KBaHTaMU KOTOPOTO SIBJIAIOTCS TPABUTOHBI — O€3MaccoBbIE 4a-
CTUIIBI O cMMHOM S = 2. OIHAKO MPU SHEPTUSIX, CTPEMSIIIUXCSA K MIIAaHKOBCKOM,
TEOpUs BO3MYILEHUI CTAHOBUTCS HEIPUMEHUMOM, TI03TOMY UCIIOJIB3YIOTCS HETIEp-
TypOaTUBHBIE METO/BI:

1) xBaHTOBasi reoOMETPOJUMHAMMKA, IPEACTABIAOLIAs COOONH KBAaHTOBAHME
TE€OMETPHUH B 1I€JIOM, KOT/1a BOJIHOBAsI (DYHKIIMS pacCMAaTPUBAETCS B IPOCTPAHCTBE
3-reoMeTpuii U YIOBJIETBOPSIET YPABHEHMIO, AHAJOTMYHOMY CTallMOHAPHOMY
ypaBHenuto [lIpénunrepa — ypaBHenuto Yunepa-JleBurra

4 5%y _
Lo1Gijr Svoorm +R®y =0, (10)

rzie 1, — IaHKOBCKas IINHA, Gy ji; — CyNepMETPHKA, ¥, — IPOCTPAHCTBEHHAS MET-
puka, R®) — 3-kpuBnsna;

2) netyieBasi KBAHTOBAsI FPaBUTALIUS, KOTOpasi 0000IaeT KBAHTOBYIO T€OMET-
POMHAMUKY Ha MaCIITabaX, CPABHUMBIX C L, U IPEACTABIISET COOOH KBAHTOBAHHE
MMPOCTPAHCTBA-BPCMCHHU, B KOTOPOM I'COMCTPUYICCKUC BCIIMYNHBI ABJISIFOTCA OICpa-
TOpaMH.

CyIIecTBYOIINE TTOIXO0/I5I K KBAHTOBAHUIO B TCOPHHU IPABUTAIMHU HE TTOITBEP-
JKJIeHB] KCIIEPMMEHTAIBLHO M OTHOCATCS B OCHOBHOM K TEOPETHKO-MOJIEBOI Mapa-
AUTMC, XOTA IPpU KBAHTOBAaHUU I/ICKpI/IBHéHHOFO MpOCTPAHCTBA BPCMCHU UCIIOJIB3Y-
eTcsl TaKKe ¥ TeOMETpHYECKas Iapaurma.

3akjaouyeHue

OnHu 1 Te Xe PU3NUECKUE SBICHHUS MOTYT OBITh OMMCAHBI C TIOMOIIBIO (pr3n-
YECKMX TEOpHil, JOMYCKAIOIMX UHTEPIPETALUN B PaMKax Pa3InYHbIX JyalUCTH-
yecKux napaaurm. [Ipumepom MoOryT ciaykuTh pazauusble uHTepnperanun OTO
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B paMKax F€OMETPUYECKON U TEOPETUKO-I0I€BOM napaaurM. Ilonxonsl, nperexay-
IOIUE Ha CONNIACOBAaHUE OTUX TEOPHUH, CTAJKUBAIOTCA C KOHLENTYaJIbHBIMH
TPYAHOCTSIMH, CBSI3aHHBIMU C HECOBMECTUMOCTBIO IyaJIMCTHUYECKUX I1apajurM,
K KOTOPbIM OHU OTHOCATCS, XOTSI HEKOTOPBIE YCHEIIHO UCIOIb3YIOTCS B 00JACTIX
UX IPUMEHUMOCTH.
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AnHoTanus. B cTaThe MPOU3BOIUTCS COMTOCTABICHHE ONHMCAHUI TPAaBUTALIMOHHOTO U DJIEK-
TPOMAarHUTHOTO B3aMMOJICHCTBHUI B IBYX (PU3MKO-TEOPETHUECKHX MTapaJiirMax: FreOMEeTPUIECKOn 1
pemsinroHHOi. COMOCTABISIOTCS, C OJJHOW CTOPOHBI, 00IIasi TEOPUST OTHOCUTEILHOCTH M S-MepHast
reoMmeTpuueckas Teopusi Kamyusl u, ¢ Apyroit CTOpoHsl, pESIIMOHHAS TEOPUS HIEKTPOTrpaBUTALIMHN.
[Ipu cpaBHEHUH OMMCHIBAIOTCS HapalljiebHBIE IPOSBICHUS BCEX «UeThIpex dyaec» Camama B ABYX
(hM3UKO-TeOpeTHYECKIX MoaXoAax. VIcXoas U3 pessIHOHHBIX MPEICTaBICHNH, IIOKAa3hIBACTCS, UTO
TP BUJIA PACCMATPUBAEMBIX B3aUMOICUCTBHI — 3JIEKTPOMAarHUTHOE, CKAISIPHOE U TPaBUTALIMOH-
HOE — B TEOPHH AJIEKTPOTPABUTAIINH UMEIOT MIPOM3BOIHBIN XapakTep OT JIEKTpOMarHeTu3ma. Brl-
CKa3bIBACTCs MBICHB, 4TO B XX BeKe (hpM3UKaA MOTJIa pa3BUBAThC, TIIABHBIM 00pa3oM, B paMKax pe-
JISIMOHHOM MapaIurMel.

Knroueswie cnoga: obmas Teoprust OTHOCUTEIBHOCTH, JIEKTPOTPABUTALIUS, S-MEepHAs TCOPHS
Kanyupl, npsiMoe MeX4aCTUYHOE B3aMMOJICHCTBHE, HIEKTPOMArHUTHOE, CKaJsPHOE U TPaBUTALIU-

OHHOE B3aUMOJENCTBYSI, MpUHLIUI Maxa.
Beenenue

K Hacrosimiemy BpeMEHHM HAaKOMWIIOCH TOCTATOYHO OCHOBAaHWW YTBEPKIATh,
YTO 3a IpoLIeIIe Ooiee BeKa CO BPEMEHU CO3/1aHus 00IIei TeOpUU OTHOCHUTEIh-
HocTH (OTO) npUHIUIIBL, 3a7T0KEHHBIC B €€ OCHOBAaHMUSI, TPAKTUUECKH UCUEPIIaHBI.
Hacrano Bpems yaenuTs oco60oe BHUMaHUE aHATU3y CIOKUBIIUXCS MpEACTaBle-
HUI 0 KJIACCHYECKOM MPOCTPAHCTBE-BpeMEHH H (pusnueckoil peambHocTH. [IpoBe-
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JCHHBIN aHATH3 TTOKA3bIBACT, YTO COBPEMEHHBIE UCCIIEIOBaHMS B 001IacTH QyH/a-
MEHTAJIbHOI TeopeTHUeCKON (DU3MKU MapajuiesIbHO OCYIIECTBISIOTCA B paMKax
Tpex napagurM [1]: 1) TeopeTnko-nosneBoil (HpIHE TOMUHUPYIOLIEH), 2) reOMETpH-
YeCKOH, OCHOBAHHOW Ha MPHUHITUIAX OOIIeH TEOPHH OTHOCUTEIHLHOCTH U €€ 0000-
HIeHU, U 3) pesaIroHHOM, ocHOBaHHOHN Ha upaesx I. JleitOnuna, 3. Maxa [2]
U Apyrux MeicauTesneit npouwioro. [locnennss n3 Hux okazaiach B XX BEKe Ha
000YMHE MarucTpajbHbIX HCCIEIOBAHUN B paMKax MEpPBbIX ABYX MapaiurM. Tem
HE MEHEE B MHUHYBILIEM BEKE HJIEU PEJISILIMOHHOW MapaJurMbl TPUXKAbl ChITPAIU
BaXXHYIO POJIb B PA3BUTUU (PU3UKU: BO-TIEPBBIX, IPHU CO3/IaHUU CIIELUAIBHOMN TEO-
pPUH OTHOCUTENIbHOCTH, BO-BTOPBIX, MpU POPMUPOBAHUU A. DUHIITEHHOM 001
TEOPUHU OTHOCUTEIBHOCTH U, B-TPEThUX, IpU co3aanuu P. delinmanom cBoeoOpas-
HOM (pOPMYITHPOBKH KBAHTOBON MEXaHUKHU.

B nanHOl cTaTthe npeaaraeTcs ¢ COBPEMEHHBIX MO3ULNN B3IIAHYTh HA POJIb
PEJSIIMOHHBIX MJIeH TPU CO3AaHUU OOIIEeH TEOpUU OTHOCUTEIHHOCTH M Ha MPUH-
LUIIbI CJIOKUBIIEKCS B JAaJbHEUIIEM T€OMETPUUYECKON MapaJ UTrMbl.

HamoMuuM BbICKa3bIBaHMs caMOro DWHINTEHHA U3 €T0 CTaThl «DpHCT Maxy:
«YTo Kacaercs MeHs JIMYHO, TO s JOJHKEH CKa3aTh, YTO MHE MPSIMO MM KOCBEHHO
nomoryi pabotel FOma u Maxay [3]. Jlanee oH mpejiarayl oOpaTUTHCS K KHUTE
Maxa «Mexannka. ICTOPUKO-KPUTUUECKUI OYEPK €€ Pa3BUTUSD) U MOTYEPKUBAI
BAKHOCTbH COJICPXKABIIUXCS TaM MBICIIEH, «KOTOpbIE 0 CHUX MOp €lle He CTallu
o0muM nocrossHueM (pu3nukoBy. HamoMHuM, 9TO IMEHHO DUHINTEHH BO3BEJ YacTh
PEJSIUOHHBIX B3IJIA0B Maxa B panr npuHuuna Maxa.

N3BecTHO Takke, 4TO BCKOPE MOCIE CO3AaHus 00IIel TEOpUU OTHOCUTEIHHO-
CTU DUHIITENH OCO3HAJ, UTO CO3[JaHHAs UM TE€OPHsI HE COOTBETCTBYET PENISIMOH-
HBIM HaedM Maxa W OH OTpPEeKCS OT ero Hjaed, 4To OOOCHOBAN CJEIyHOIIUM
obpazom: «Ilo MHeHHI0 Maxa, B JE€HCTBUTEIHLHO PAIlMOHAIBHOU TEOPUU HHEPT-
HOCTb, MTOI00HO JPYTHM HBIOTOHOBCKHUM CHJIAM, IIPOUCXOJUT OT B3aUMOICHCTBUS
Macc. DTO MHEHHUE 51 B MIPHUHIIUIE CYUTAN MPaBWIbHBIM. OHO HESIBHBIM 00pa3oM
MpeAnojaaraeT, 0HaKo, 4YTO TEOPHsl, HA KOTOPOW BCE OCHOBAHO, JIOJKHA NIPUHA/-
JIeKATh TOMY XKe 00IIeMy TUITY, KaK 1 HBIOTOHOBA MEXaHUKa, OCHOBHBIMH ITOHSTH-
SIMHM B HEM JTOJKHBI CIIYKUTh MacChl M B3aUMOJEHCTBUSA MEXKy HUMHU. Mexly TeM
HE TPYJHO BUJETH, UTO TaKasl MONBITKA HE BSYKETCS C TyXOM TEOPUHU NOJIs» [4].

JIeiCTBUTENBHO, PEJSIMOHHBIE B3MIIAAbl Maxa He BS3aluCh C JyXOM Kak
TEOpUHU TOJsI, TaK M OOIIeH Teopuu OTHOCUTEIHHOCTU. B MX OCHOBaHMS, Kak
Y HBIOTOHOBOW MEXaHUKH, 3aKJIaJIbIBAJIOCh HAJIMYKE MPOCTPAHCTBEHHO-BPEMEH-
HOTO KOHTHMHYYMa, TOTJla Kak, COIJJacHO MJedM Maxa, He CyIIeCTBYeT TaKou
caMOCTOSITeNIbHON  cymHOCTH  ((pu3mueckold kareropuu). Kak mmcan cam
DWHIITENHH: «Max B JEBATHAIIIATOM CTOJICTUH ObUT €TUHCTBEHHBIM, KTO CEPhE3HO
Jymai 00 UCKITIOYSHHUH TOHSATHUS IPOCTPAHCTBA, KOTOPOE OH CTPEMUJICS 3aMEHUTh
MPEACTaBICHUEM O BCEHl CyMME pacCTOSHUA MEXIy BCEMHU MaTepHAIbHBIMU
ToukaMu» [3]. IMEHHO B 3TOM CKa3aJ10Ch CaMO€ CYLIECTBEHHOE MPUHIUITUAIBHOE
pasinuue uaeH peasuuOHHON U T€OMETPUYECKON IMapaurm.
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babenro U.A., Braoumupos IO.C. PenssuyoHHBIHA B3I HA MIPUHIHAITEI TEOMETPUICCKON TapairMbl

1. ConocraB/ieHHe NPUHIIUINIOB PeJISIIUOHHON MapagurMbl
U 001Iell TeOPUH OTHOCUTEILHOCTH

B HacTosiiiee BpeMs MOXKHO YTBEp)KIaTh, YTO HCCIIEJIOBAHMUS B pPaMKax
PENALMOHHON TapagurMbl OMUPAIOTCS HAa Tpu Onoka uaell (KOHUEHIMN WiIu
IPUHLMIOB): 1) Ha pelsLMOHHOE MOHMMAaHHUE MPUPOABI IPOCTPAHCTBA-BPEMEHH,
aNbTepHATUBHOE MPHUHATOMY B 0OOIIEH TEOPUH OTHOCUTEIHHOCTU CyOCTaHIIUANb-
HOMY MMOHHUMAHHIO IPOCTPAHCTBA-BPEMEHH, 2) Ha ONMUCaHNE PU3NICCKUX B3aUMO-
JICUCTBUM B paMKax KOHIEMUIHUH JATbHOACHCTBUS, TAKKE AJIbTCPHATUBHOW HBIHE
OOLIEPUHATOMY ONMHCAHHUIO B3aUMOJACHCTBUN B paMKaX KOHIEHIMH OJU3KOICH-
cTBUs, W 3) Ha mnpuHUMOD Maxa, NMOHMMaeMblii Kak OOYCJIOBIEHHOCTh psaa
JIOKQJIbHBIX CBOMCTB CHUCTEM TIJIOOAJBHBIMU CBOMCTBAMH OKpYXKAIOIIETO MHUpPaA
(Bcenennoit). ConoctaBum 6osiee mogpoOHO OCHOBAHUS PENISIIUOHHON MapaIiurMbl
U 00111el TEOpUU OTHOCUTEILHOCTH.

IHonumanue npupoasbl NpocTpancTBa-epeMenn. CornacHo uaesm J. Maxa
u I'. Jleitbauna, IlpocTtpancTBO (M BpeMs) HE MPEACTABISIOT CAMOCTOSITEIHHOM
cymHocTH (pU3nUecKol KaTeropun), a ABIAIOTCS abCcTpakiueil OT COBOKYITHOCTH
OTHONICHUH (PACCTOSTHUN M TPOMEKYTKOB BPEMEHH ) MEXKy MaTepUaIbHBIMU 00b-
€KTaMU U COOBITHSIMH C UX Y4acTHEM, TOTJa Kak B 00IIell TEOPUN OTHOCUTEIBHO-
CTH IIPOCTPAHCTBO-BPEMS HIMEET CAMOCTOSITEIIbHBIH, CyOCTaHIIMANIBHBINA XapaKTep.

Hanomuum, urto eme JlelOuun [5] 3amaBan Bompoc Kiapky, cTOpOHHHKY
B3rJ15110B HhioTOHA 00 a0COMOTHOM MPOCTPAHCTBE, OCTAHETCS JIM IPOCTPAHCTBO,
ecnu u3 Hero yopats tena? [To Muennro Hpl0TOHA U €r0 CTOPOHHHUKOB, OCTAaHETCH,
torna kak JleiOnu (1 Max) caurtainu, 9To HET, OHO MTOTEPSIET CMBICI. A B paboTax
camoro DWHIITENHA U €ro MmocjaeA0BaTesIel mpecieaoBasach Leidb BHIBECTH CAMU
YaCTUIIbl U TEJIa U3 CBOMCTB MpocTpaHcTBa-BpemeHu. Tak, J[x. Yunep nwucan:
«IIpocTpaHCTBO-BpeMSs HE €CTh apeHa i GUNKH, 3TO 8¢S KIACCUECKas Puzukay
[7]. DiiHIITEH B psife cBOMX pabOT TPakTOBaJ UCKPUBJICHHOE MPOCTPAHCTBO KaK
cBoeoOpasHblit 3pup. Hampumep, oH nucan: «3¢up ol1iei TeOprur OTHOCUTENBHO-
CTH €CTh Cpefia, caMa Mo cede JIMIIeHHas! BCeX MEXaHNYEeCKUX M KHHEMAaTHYeCKUX
CBOIICTB, HO B TO K€ BPEeMsl ONPEEIIA0IIas MeXaHnYeCKUe (M 3JIeKTPOMArHUTHBIE)
npouecco» [8. C. 685].

Onucanue pusnvyecKux B3auMoaeiicTBuid. J[pyroe CylecTBEeHHOE pa3iu-
gre OTO oT uaeit pensunoHHOTO MOAX0Aa COCTOUT B ToM, 4To B OTO (kak u BO
BCeil reoMeTprdecKkoil mapaaurme) GU3NnIecKre B3auMOICHCTBHSI ONMCHIBAIOTCS B
paMKax KOHIENIMHU ONM3KOACHUCTBUSA, TOTJa KaK B PEJSILHOHHON Mapaaurmee
UCTIONIb3YETCsl KOHLETIIHUS AalbHOAecTBUS. IMEHHO B JTyXe KOHIIETILUHU OJIN3KO-
nerictBug B OTO cTpeMsTcs onuchbiBaTh IPUPOIY U PACIIPOCTPAHEHUE TPaBUTAIU-
OHHBIX BOJH. DTO MOPOIUIO MHOKECTBO pabOT MO MOUCKY KPUTEPHEB TPaBUTAIIH-
OHHBIX BOJIH U ONIPEJIEICHUIO ICEBOTEH30Pa SHEPTUU-UMITYJIbCA TPABUTALIUN. DTH
MHOTOYHUCJICHHBIE MTONBITKU TaK U HE IPUBEIH K yCHEXY.

B pensiuonHO#N mapamurMe oTkas OT MPOCTPAaHCTBEHHO-BPEMEHHOIro (oHa
03HAYaeT OTKa3 OT KaTErOpHUH MOJICH MEPEHOCUYNKOB B3aUMOICHCTBHM, TOCKOJIBKY
HeT (hoHa, HA KOTOPOM MOJKHO ONPEAEIUTh MOHATHE IMOJIA. DTO O3HAYAET, 4TO B
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PENILMOHHON MapajurMe JUIisl OnucaHus (U3NUYECKUX B3aWMOJICHCTBHUU cliemyer
UCIIOJIb30BaTh KOHIENIHNIO 1aJbHOACHCTBYS, AIbTEPHATUBHYIO KOHLEIIMM OIU3-
KOJECHCTBHS, UCIIOJIB3YEMOM KaK B TEOMETPUUYECKOU, TaK U B TEOPETUKO-II0JIEBOU
napajaurme.

Ipunuun Maxa. B pamkax o61miell TeOpUM OTHOCUTETHHOCTH HE BBITIONHS-
eTcsl MpuHIMI Maxa, ChIrpaBIIMK BaXXKHYIO POJib IIPU €€ CO3AaHUN DHHIITEHHOM.
OTO JErKo MPOAEMOHCTPUPOBATH HA MpUMeEpEe Haubosiee BaKHOIO CheprUuecKu-
cummeTrpuyHoro pemenusa llIBapummibna. OueBHIHO, YTO B METpPHUKE
HIBapummapaa Ha GECKOHEYHOCTH HUYETO HET, — Ha OOJIBIINX PACCTOSHUSIX MPO-
CTPaHCTBO-BpeMs IUIOCKOE. B 3TOM ciyyae oTnamaer BO3MOYKHOCTb TOBOPUTH O
npuHIuIe Maxa Kak HICTOYHHUKE POUCXOKIEHHS MacChl LIGHTPAJILHOTO O0BEKTA.

MosxHO nosnarate, 4To, CTPEMACh COXpaHUTh NpUHIMN Maxa, DWHIITENH 1o-
CTPOMUJI CTATUYECKYIO 3aMKHYTYI0 KOCMOJIOTHYECKYIO MOJIEIb U HEKOTOPOE BpeMs
NPOTUBMJICS IPU3HAHUIO KOCMOJIOTHYECKUX pemeHnid dpuamaHa, 0COOEHHO OT-
KPBITBIX MOJIEIICH.

2. I'naBHBIe HEAOCTATKH 001eil TEOPUU OTHOCUTEIbHOCTH

B nacrosiee BpeMs MOKHO ¢(OpPMYJIMPOBATH Pl HEOCTATKOB OOIIEH Teo-
pUM OTHOCHUTEIBHOCTU (M BCEH IeOMETpUUYECKOM mapaaurmsl). IIpuHnunuanbHO
BaYXHBIMU SIBJISIIOTCS CIIETYIOIINE TPH:

1) nomunupyromuii xapakrep B OTO UMEHHO IrpaBUTALIMOHHOTO B3aUMOJIEH-
CTBUSL 0€3 JTOJKHOTO PACKPBITHUS €r0 CBSI3U C BJEKTPOMAarHUTHBIM B3auMOJEii-
CTBUEM;

2) HepocTaTOYHas poJib B BapUaHTe DUHIITEHHA IOHATUH CUCTEMBI OTCUETA —
OJIHOTO U3 KJIFOUEBBIX (JaKTOPOB B PEISILIMOHHON Mapagurme;

3) oTCyTCTBHE CBS3M C IPUHLIMIIAMU KBAHTOBOM TE€OpUH, TOUHEE, C MPUHIIM-
[IaMH T€OPETHKO-II0JIEBON NTapPAIUTMBI.

1. ITpo6.iema cBsi3U rPaBUTALIMHU U JIEKTpoMarueTusma. B obieii Teopun
OTHOCHUTEIIBHOCTH U BO BCEH T€OMETPUYECKOM NIapaJUurMe 32 OCHOBY B3SThI I'PaBU-
TallMOHHBIE B3auMoOJeHCTBUA. OIHAKO CO3/1aTeNIM T€OMETPUUECKON MapagurMbl ¢
caMoro HayaJjla OCO3HaBaJIi HEPA3pPbIBHOE €IMHCTBO IPABUTALIUU U 3JIEKTPOMarHe-
ti3ma. He ciyuaitno JI. ['mnsOept, 3anmucaBmuii ypaBHeHHE DWHINTEHHA Jake
paHbllie caMOro DHHIITENHA, CTPOUI IMEHHO COBMECTHYIO TEOPHUIO I'PAaBUTALUU U
AJIEKTPOMAarHeTu3ma.

COBMEILIEHHIO 3THUX JIBYX BUJOB B3aUMOACHCTBUN DWHIITEHH MOCBSATUI BCIO
ocrasiytocs ku3Hb nociae cozganus OTO. B 1930 roxy on mucan: «HescHbiM
ocraics eme GopMaIbHBINA CMBICI 3JEKTPOMAarHUTHOTO MOJIsl, KOTOPOE HE MOIJIO
OBITH OOBSICHEHO OJTHOM TOJIBKO METPUIECKON CTPYKTYpOil mpocTpancTBa. OaHAKO
CO BPEMEHHU CO3JaHMs OOIIEeH TEOpUH OTHOCUTEIBHOCTH HEIb3sl YK€ CEPbE3HO
COMHEBAThCS B TOM, YTO TPaBUTALMOHHOE M 3JEKTPOMArHUTHOE IOJIS JTOJIKHBI
00BEAMHATHCS HEKOM €IMHOM CTPYKTYpOH (UETHIPEXMEPHOT0) MIPOCTPAHCTBA» [8].

He crmyuaitHo taxxe, uro cpasy ke nocie co3ganusi OTO Op110 mpeiokeHo
JIBa BapHMaHTa pELICHMs JaHHOW mpoOsiembl: mepBelii — ['. Beitnem Ha ocHOBe
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4-mepHoro o0oOmmeHus pumaHoBoi reomerpuu [9] m Bropoit — T. Kamyueit
Ha OCHOBE 5-MepHOro o000meHus pumanoBoi reometpuu [10]. B Teuenue
HECKOJIbKMX JIECATUIICTUN 3TH JBAa BApUAHTA UMEJIM KOHKYPUPYIOLIUN XapakTep.
Cam DHHIITENH OTAaBall IPEANOYTEHUE TO OJHOMY U3 HUX, TO ipyromy. CTOpoH-
HUKaMHU T€OMETPUYECKOr0 MOJAX0Jla MPU3HABAJIOCH JIUIb €IUHCTBO TPaBUTALUU
Y 3JIEKTPOMAarHeTU3Ma, HO IPU 3TOM BO IVIaBY yIjla CTaBUJIACh PaBUTALIMSL.

CrnenyeT HAaIOMHUTB, YTO B 0011I€H TEOPUU OTHOCUTENIHOCTH 3JIEKTPOMArHHUT-
HOE I10JI€ BBOAUTCS BOJIEBBIM IIPUEMOM — BBEJEHUEM TEH30pa SHEPTUU-UMITYJIbCA
IPaBUTALIMOHHOTO MOJIS B MPaByl0 YacTh ypaBHEHUH OiHiTeHa. Jto I'. Belnb
Ha3bIBAJI «IIPUKJIEUBAHNUEM 3JIEKTPOMArHeTU3Ma K rpaBUTaALlUN».

2. IIpobeMa COOTHOLIEHUS] KOOPAMHATHBIX CHCTEM H CHCTEM OTCYeTa.
Honroe Bpemsi cymectBeHHbIM Jedexrom OTO ObUIO OTCYTCTBHE KPHUTEPHS
Ha0JII0/1aeMOCTH BEJIMYUH, OMUCBHIBAEMBIX TEH30PHBIMH KOMIOHEeHTaMu. Hamnpu-
Mep, 3TO Kacajaoch ONpPeIEIeHUs INIOTHOCTH SHEPTUU UCXO U3 TEH30PA SHEPTUH-
uMmIyibca. Kak U3BECTHO, B TEOPUHM OTHOCUTEIBHOCTH KOMIIOHEHTHI T€H30PHBIX
BEJIMYMH 3aBHUCIT OT BbIOOpAa KOOPAMHATHOW CHUCTEMBI, @ TAKOBBIX OECKOHEUHO
mHoro. Ha stot nedekr oOparun BuuMmanue akaaeMuk A.A. JloryHOB, npeanaras
B3amMeH OTO cBoOO pensTUBUCTCKYIO T€OpHUIO rpaBuTanuu. Tak, Ha 5-i1 Beecoros-
HOU rpaBUTAIMOHHON KOH(pepeHnu B Mockge, oopamasick k E.M. Jludmmiy no
nosony ux ¢ JLJ. Jlammay omnpeneneHuss ICEBIOTEH30pa JHEPrUU-UMITYJIBCA
IPaBUTALIMOHHOIO T0JIs, OH 3asBUWI: «Bale onpenenenue 3Hepruu — 3T0 HaAX0IKa
JUISE MUHUCTEPCTBAa (PMHAHCOB, — BHIOOPOM KOOPAMHATHON CHUCTEMBI BBl MOXKETE
HOJIYYUTh KaKyI0 YTOJHO SHEPTUION.

Brixogom u3 aToit TpyaHocty siBuiock ponoiaHenne OTO merogom 3amaHust
cucteM orcuera [11]. OH OocHOBaH Ha HEOOXOJIMMOCTH HMCXOAUTh M3 HAIWYUS
KOHTPY?HIIUH BPEMEHUIIOIOOHBIX MHUPOBBIX JIMHUN HaOMIOAaTeNs, 4YTO 03HAYaJIo
3a/1aHNE BEKTOpa €ro 4-CKOpOCTH, KacaTeIbHOTO K €r0 MUPOBOU JIMHUU. TOJIBKO
OTHOCHTEIIEHO HAOI0JaTeNsl MOKHO CTaBUTh BOIIPOC 00 OMpEIesIeHHH SKCIepH-
MEHTAJILHO HAOII0AaeMbIX BETUYHH.

B cBsa3u ¢ 3TUM OTMETHM, UYTO B PESLMOHHOM MNapaaurme (B yHapHOU
1 OMHApHOHN reoMeTpo(dU3UKE) KIIOUYEBYIO POJIb B 3aJIaHMKM OTHOLIEHUW HTPaIoOT
cBoiicTBa Oa3uca (0a3MCHBIX SJIEMEHTOB). AHAJIOTOM METOIUKH OMHUCAHUS CBOWCTB
0a3uca B pesIILIMOHHON TEOPHUH SIBUJICS MOHAIHBINA METOJ 3a/I1aHUSl CUCTEM OTCUETA
B OTO. HaGnronarens BEINOTHSAET POJIb ATAIOHHBIX JIEMEHTOB (0a3uca) B TEOpHSIX
CHCTEM OTHOILECHUH.

Oco0o crnenyer NOgYepKHYTh TOT (akT, YTO JIEMEHTHl MOHAJHOTO METO/a
ObLIH 3all0KeHBI B pabote A. DiHmreliHa u [1. beprmana (1938 1.) [12] B cBs3u
C pa3BUTHUEM S5-MEpPHOM TEOpPHHU TpaBUTALUM U 3ieKTpoMmarHetusma T. Kamyiisl.
Torma B 5-MepHOI Teopuu BcTana mpodiieMa pa3fesieHus: S-MEepHBIX TEH30PHBIX
MOHSTUN Ha Te, YTO ONHUCHIBAIOTCS B paMKax yxke co3ganHoit OTO, u Ha 1onoiaHu-
TEJIbHBIE BBIPAYKEHUS, CBSI3aHHbIE C MSATON KOOPAMHATOM, ONMUCHIBAIOIICH 3JIEKTPO-
MarHeTusM.

Onnako HuU B pabore Kamymel, HM B yHnoMsiHyTOH paboTe DUHINTEHA
u beprmana He ObUT cofepIKaTENbHO Pa3BUT MOHAHBIN METO/I. DTO OBIJIO C/IETAHO
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B 1940-1960-x ronax B pamkax 4-MepHsi, U TOJIBKO 3aT€M YK€ MOHAJHBIN METOJ
ObT OOpaTHO TMPUMEHEH ISl KOPPEKTHOW (HOPMYIHUPOBKH S-MEPHOU TEOpUH
Kamyusr [11].

3. Ilpobaema coBmemenuss npuHunoB OTO u KBaHTOBOH TeopuM.
Crenyromum AONOIHEHUEM O0Iel TEOPUH OTHOCUTEIBHOCTHU JOJKHO CTaTh COB-
MEIICHUE €€ MPUHIUIOB C MPUHIUIAMU KBAaHTOBOW TEOpHH, a B Ooiiee oO0IIeM
IUITaHE — COBMEUICHNE IPUHIIMIIOB T€OMETPUUYECKON U TEOPETHKO-NIOJIEBON Hapa-
aurM. B XX Beke Ha perieHue 3Toil mpo0aeMbl ObUIH 3aTpavyeHbl O0JIbIINE YCHIINS,
OJIHAKO 3a MpOILIeNIIee CTOJIETHE ITY IPOOJIEMy TaK U HE YAaJloCh PELIUTh B paM-
Kax JOMHHHMPOBABLIMX TEOPETHUKO-TOJIEBOM M I€OMETPHUECKOM mapaaurm. OTo
Ype3BbIYATHO Ba)KHBIM BOMPOC, OJHAKO OOCY’KIEHHE 3TON MPOOJIEMbI BBIXOIUT 3a
npezensl JAHHOW CTaThu.

OTH ¥ I APYTUX HEIOCTATKOB OOIIEH TEOPHH OTHOCUTENBHOCTH 3aCTABIISIOT
OoJiee cepbe3HO OTHECTUCH K BhIckazbiBanusM J1.J[. Banenko, B.A. ®oka u npy-
I'MX M3BECTHBIX (PU3MKOB 00 OrpaHMYEHHON MPUMEHUMOCTH MPHUHLUIIOB OOIIeH
TEOpHH OTHOCUTENbHOCTH. Tak, B.A. ®ok mucan: «Boobuie mobas pusndeckas
TEOpHsI — MYCTh 3TO OyAET Jaxke Teopus TAroTeHUs DHWHIITEHHa — UMeeT Ipezen
NPUMEHUMOCTH, U HEOTPAHMYEHHO OJKCTpPAINOJIUpPOBaTh €€ Henb3d. PaHo wnm
MIO3/IHO CTAaHOBMTCS HEOOXOAMMBIM BBEIECHUE CYLIECTBEHHO HOBBIX (DU3NYECKHUX
HOHATHH, COOOPA3HBIX CBOWCTBAM M3y4YaeMbIX OOBEKTOB M NMPUMEHSEMBIM Cpell-
CTBaM MX [TO3HAHHUS, A TOT/1a BBIABIISIFOTCA U IPEEIbl IPUMEHUMOCTH TEOPUH, TIPU-
TOM BO3HUKAIOT HOBBIE THOCEOJIOrHYECKUE Bonpock» [13].

3. PeqsinnoHHasi Teopusi 3J1eKTPOrpaBUTALMHI

B cBsi3u ¢ conocTaBieHuEM ONMUCAHUS SJIEKTPOMArHUTHBIX B3aUMOACHCTBHI B
PEIALMOHHON U T€OMETPUYECKON NapaJurMax HaIlOMHUM BbICKa3biBaHue 1. Ban
Jannura, caenanHoe B cepequHe XX Beka: «C IaBHUX MOpP CUUTAETCA, YTO MOHS-
THS U TEOPEMbI T€OMETPHUH SABJISIIOTCS MPEANOChUIKAMH ISl UCIIOIb30BaHUS B Ma-
TEMaTUYECKUX MOJEISIX (GU3NKH. [[prauHbI Ipeobaansi TAKOTO OTHOIICHUS Ka-
JKYTCA CKOpee MOPOXKIACHUEM HMCTOPUU U TPAMMIMH, YEM JIOTUKH. DTO OCTAETCS
BEPHBIM JJIs1 €EBKIIMA0BON U pUMaHOBOM IT'€OMETPUH, NPEAJIOKEHHON DUHIITEHHOM
B Ka4e€CTBE MOJEIM TpaBUTAIMU, TaK K€ KaK U MATUMEPHOCTH M MPOEKTHUBHOIO
000011eHMS, 1 00JIee CBEKUX OOIIMX JIMHCHHBIX CBSI3HOCTEH, MCITOIh30BaBIIMXCS
OitamreiinoM u lllpenunrepom. HemoctaTouHo sICHO, Kakue JIOTUYECKHUE WIIU
3MUCTEMOJIOTUYECKUE MTPEUMYIIECTBA Y UHTEPIPETALIMN YaCTU F€OMETPUUECKOTO
00BEKTa, KaK, CKaXXeM, SJICKTPOMAarHUTHOTO TOJIs, a He Hao0opoT» [14].

B pamkax pensiuoHHOro mojaxojaa Kak pa3 U UCHOJIb3YETCsl MPOTUBOMOJIONK-
HBII IPUHATOMY B T€OMETPUUECKON MapagurMe X0/ MbICIH: MPEIaraeTcs BbIBO-
JUTh TEOPUIO TPABHUTAIMH, & BMECTE C TEM U T€OMETPHUIO U3 AJICKTPOMArHUTHBIX
B3aMOJICCTBUN.

[TepBble maru B 3TOM HaNpaBJIeHUHA MOKHO YCMOTPETh B padboTax A. dokkepa
[15], a 3aTem P. deitamana u J[x. Yunepa [16] u apyrux aBTOpoB, r1e ObLIO TOKa-
3aHO, YTO TPYJHOCTH C OTCYTCTBHUEM MOHSTHS MOJIsl yIA€TCS MPEOJ0JIETh B paAMKax
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TEOPUHU MPSIMOTO MEKYACTUYHOTO BJIEKTPOMATHUTHOTO B3aUMOAEHCTBUSA. B 3TOM
TEOPUH BMECTO BEKTOPHBIX MOTEHIMAIOB 3JEKTPOMArHUTHOIO IOJISI BBICTYIAIN
XapaKTePUCTHUKU (TOUKH U TIOJOKEHUS) CAMUX B3aMMOJICHCTBYIONINX 3apSKECHHBIX
YacTHULL.

3arem npuHImnsl 310l Teopun SA.U. I'panoBckum u A.A. [TaHTIOINHBIM ObLTH
IIEPEHECEHB] Ha Cllydail MPSMOI0 MEKYaCTUYHOIO IPaBUTALIMOHHOIO B3aUMOJEH-
ctBus [17]. Kpome Toro, B paborax ®. Xoiina u JIx. Hapnukapa [18] ¢ nensio
000CHOBaHMA 3HAYEHHUI Macc, a TOYHEEe, ClaraeMbIX «CBOOOJHOTO» NeHcTBUS,
Obl1a IOCTPOEHA TEOPHUs MPSMOT0 MEKYACTUYHOIO CKAISPHOTO B3aUMOAECHCTBHUSL.
D10 yke OBUTM CYyIIECTBEHHBIC IIArW, OMPOBEPralollie MHEHUE DWHIITEeHHA O
HE0OXOAMMOCTH OTKa3a oT uaeit Maxa. Oka3anoch, 4TO UMEETCS aJTbTEPHATHUBHBIM,
PENSILIMOHHBIN BapUaHT MOCTPOCHUS TEOPUH I'PaBUTALUMU (M HE TOJIBKO), COTIIacy-
IOIIMICS ¢ naesamu Maxa.

Teoputo mpsIMOTO MEXYACTUYHOTO B3aumoneicTBus tuna dokkepa—Deiin-
MaHa BO3MOKHO MHTEPIPETUPOBATH B PAMKAaX MOCIIEI0BATEILHOTO PEJIALIMOHHOTIO
noaxoxaa. IloctpoeHHas Ha 3TOM OCHOBE TEOPUS DJICKTPOIPAaBUTALMU I10O3BOJIAET
00BEAMHUTH TPABUTAIIMOHHOE, DJIEKTPOMArHUTHOE U CKANIIPHOE B3aWMOJCUCTBUSA
[19]. B aroii Teopun nelictBue Pokkepa—PeiiHMaHa HTHTEPIPETUPYETCS B TEPMU-
Hax yHapHBIX cUCTeM BenlecTBeHHbBIX oTHomeHu (Y CBO) Ha MHOXKECTBE B3arMO-
JEUCTBYIOIINUX YacTull. /{1 3TOro BBIAEHSAIOTCSA JBa Kjacca TaKUX OTHOLIECHUM:
TOK-TOKOBOE MapHOE OTHOLIEHHE (MEX1y TOKOBBIMU XapaKTEPUCTUKAMM) U MPO-
CTPaHCTBEHHO-BPEMEHHOE MapHOE OTHOILIECHHE. B mocnenoBaTenbHON peNsuoH-
HOM Teopuu, ocHOBaHHOM Ha YCBO, kaxaplil TUIl MapHBIX OTHOLIEHUHN XapakTe-
pu3yeTcsi TaKk Ha3bIBa€MbIM 3aKOHOM — (yHKuMel, oOpaluaromeics B HyJb
IpU TPOM3BOJBHBIX BBIOOPKAX U3 7 JJIEMEHTOB BHYTPH JIaHHOTO MHOXECTBa,
rae 7 —panr YCBO. JlanHas pyHKIUS B TPOCTEHININX CITydasiX CBOAUTCS K hopMam
00BeMa HEKOTOPBIX 7-MEPHBIX CUMIUIEKCOB B a0CTPaKTHBIX (IICEBJ0) €BKIUAOBBIX
IIPOCTPAaHCTBaxX (OHU 3aAar0Tcs ferepMuHanTamu Kanu—Menrepa unu I'pama).

B Teopun 3nekTporpaBuTaliuu UCIOIb3YETCA 3aKOH TOK-TOKOBBIX OTHOIIEHUH
(ckanmsipHOE MPOM3BEACHUE JIBYX 4-MEPHBIX BEKTOPOB) B BHJEC PaBEHCTBA HYJIIO
onpenenuTens ['pamma i MATH MPOU3BOJBHBIX UACAIM3UPOBAHHBIX MUKpPOYA-
CTHI] C OJIMHAKOBBIMH 10 MOJYJIIO IEKTPUUECKUMH YaCTUI[AMH. DTO €CTh 3aKOH
panra (5), Halinennblit B rpynne KynakoBa. OH COOTBETCTBYET 3-MEpPHOM reoMeT-
pun JIobaueBCKOT0, KOTOpAast U OMHMCHIBAET MPOCTPAHCTBO CKOPOCTEH B (hU3HKE.

B pamkax pensiuuonHoro nojaxoza [19] k reomerpun npocTpaHcTBa-BpeMEHU
MO’KHO TOCTPOUTH BCE OOLIETPUHATHIE T€OMETPUUECKHIE MOHATUS U3 MUHOPOB B
3akoHe cooTBeTcTBYtone YCBO. B Teopun aneKkTporpaBuTaliuy JaHHas 3aKOHO-
MEpPHOCTh PAaCHpOCTPAHSAETCd M Ha CiIydall 3aKOHAa TOK-TOKOBBIX OTHOILECHHM.
[loka3aHo, 4TO AMArOHANIBHBIM MUHOP BTOPOTO MOpsiAKa U3 onpenenurens ['pama
COOTBETCTBYET MOJBIHTEIPATbHOMY BBIPAXKEHHUIO Ul MPSIMOTO MEXYaCTUYHOIO
IPaBUTALIMOHHOTO B3aMMOJICHCTBUSI, paHee MoJy4YeHHOMY B paboTax ['paHoBckoro
u [lanTromuHa. TakuM 00pa3oM 3akiIabIBalOTCs OCHOBBI TEOPHHU 3JICKTPOTpaBUTA-
IIUH, TJI€ TPaBUTALIMOHHBIE B3aUMOIEUCTBUA (PaKTUUECKU OKa3bIBAIOTCS IPOU3BO/-
HBIMHU OT AJIEKTPOMATrHUTHBIX B3aUMOJICHCTBHIA.
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W3 Teopun 3yIeKTpOrpaBUTalMU BBITEKACT psif ciuencrtsuil. Ilpexne Bcero,
CJIelyeT OTMETUTh, YTO JUAroHaJbHBIII MUHOP BTOPOTO IMOpSIIKa COOTBETCTBYET
JUHEAPU30BAaHHOM TEOpUM TpaBUTALMU, a JAMArOHAJIbHBIE MHHOPBI TPETHErO
Y YE€TBEPTOTO MOPSIAKOB 00ECIICUNBAIOT MOSIBJICHUE HEJTMHEHHBIX TPaBUTAIIMOHHBIX
B3aumogeiicteuil. Tak, B padorax C.B. bomoxoBa m A.H. Knenuukoro [20]
MOKa3aHo, 9TO PPEKT CMEIIECHUs TIepureliuss MepKypusl OUCHIBACTCS MUHOPOM
TPETHETO MOPSIIKA.

[IpuHIMIIHATBEHO BaXKHBIMU OKa3aJIMCh CIEICTBUSA, COOTBETCTBYIOIINE MPUH-
nuny Maxa. Tak, 01710 MOKa3aHo, 9TO MacChl 3 (PEKTUBHBIX 3aPSHIKEHHBIX YaCTHI
OKa3bIBAIOTCS MPOMOPIIMOHANBHBIMU KBaIpaTy 3JIEKTPHUECKOTO 3apsaa, a B Kade-
cTBe Kod((HIMEeHTa MPOMOPIHOHATHPHOCTH MOTYT BBICTYNATh XapaKTEPUCTUKH
Bcell BceneHHO#l. DTO COOTBETCTBYET pSAY HHTYUTHUBHO BBICKA3aHHBIX WACH
A. Dnnunrrona [21], I'. Beitns, ['.B. PsizaHoBa u 1pyrux aBTOpoB.

JlpyruM Ba>KHBIM CJI€ICTBHEM TEOPUU JIEKTPOTPABUTALIUU SIBIISIETCS 0OOCHO-
BaHHE CBOOOHBIX CIaraeMbIX B JICHCTBUU, KOTOPBIE OKA3bIBAIOTCS 3aBYIMPOBAH-
HBIMU B3aUMOJICHCTBUSMH YaCTHI] CO BCEMU 00BEKTaMH OKpYyKatoiei BeeneHnnoi,
YTO TaKXKE COOTBETCTBYET MPOSIBICHUIO PUHITMITa Maxa.

4. ConocTaBJjieHHe 3JIEKTPOrPaBUTALMH
¢ S-MepHoii TeopHueil rPaBUTALIMH M YJIeKTpoMarHetusma Kamxynsl

OpnHako BepHEMCS K JOCTUKEHUSM T€OMETPUUYECKON MapaJurMbl, KOHCTPYK-
TUBHOE HA4aJi0 KOTOPOH OBLIO 3aJI0KEHO CO3/IaHUEM OOIIEH TEOPUH OTHOCHTEIb-
HocTu. Hanbomnee BakHbIe pe3ynbTaThl O O0BEAUHEHUIO TPABUTAIIMH U DIIEKTPO-
MarHeTu3Ma ObUTH MOJYYEeHbI B paMKaX MHOTOMEPHBIX T€OMETPUUECKUX MOJeeit
tuna Teopun T. Kamyusr [10]. B HUX mocpeACTBOM YBEIWYEHHUS Pa3MEPHOCTH
pUMaHOBOW TE€OMETPUM Ha €AMHHILY YJAJIOCh TE€OMETPU30BAaTh  TaKKe
B 3JIEKTPOMAarHUTHbIE B3aUMOJICHCTBUS, a HA OCHOBE JaJbHEHILEro YBETUUYECHUS
pPa3MEpHOCTH 10 BOCBMH — T'€OMETPU30BATh AJIEKTPOCIa0ble U CUIIbHBIE B3aUMO-
newcteus [22].

Y IUBISIOT pe3yabTaThl, MOJYYEHHBIE B paMKax S-mMepHOH Teopuu Kanyisl,
koTtopbie A. Canam Ha3Bas «ayaecamu Teopuu Kamymspy [23]. im Oblin Ha3BaHbI
YEeThIpE TJABHBIX «4yJa», KOTOpPHIE MOYKHO BOCIHPHUHATH KaK CBHJETEIbCTBA
B MOJIb3Y T€OMETpUUECKOil mapaaurMbl. OJTHaKO OKa3ajloCh, YTO BCE YETHIPE Uyaa
OCYUIECTBIIIIOTCS U B PAMKaX JIEKTPOTpaBUTALUH.

IlepBoe «uyno Teopun Kanxyubn» COCTOUT B TOM, UTO MATHAALATH S-MEPHBIX
ypaBHEHMH OWHINTEiHA pacnajaroTcsi Ha JecATh 4-MEpHBIX YpaBHEHUI
OWHITEHAa, Ha 4YeThipe 4-MEpHBIX ypaBHEHUs BTOpOW mapbl MakcBeria aJist
JIEKTPOMAarHeTU3Ma 1 OJHO JOTOJHUTEIBHOE CKAISIPHOE I10JI€ T€OMETPUIECKOIO
IPOUCXOXKACHUSA. AHAIOTMYHOE «UYyJ0» UMEET MECTO M B 3JIEKTPOTPABUTALIUHU:
MUHOpPaMH M3 3aKOHAa TOK-TOKOBBIX OTHOIIEHHI OIKCHIBAIOTCS CJaraemble
B JICWCTBUM (JOKKEPOBCKOTO BUIA, 00YCIIOBICHHBIE AJIEKTPOMArHUTHBIM, TPaBHUTA-
LIUOHHBIM U CKaJSPHBIM B3aMMOJEUCTBUAMHU. M3 HHUX MOIy4daroTCs TOXIECTBA,
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COOTBETCTBYIOIIUE YPABHEHUAM IOJIEM B TEOMETPUUECKOU U TEOPETUKO-IIOJIEBOM
napajaurmax.

Bropoe «uymo Kamxyub» cOoCTOUT B TOM, YTO B MPaBOM 4YaCTH AECITH
4-MepHBIX ypaBHEHMH ODWHIITEHHa aBTOMATUYECKU BO3HMKAET TEH30p SHEPrUu-
UMITYJIBCA AJIIEKTPOMATHUTHOTO TOJISI, KOTOPBIM B CTAaHIAPTHOM 0O0IIei Teopun oT-
HOCUTEIFHOCTH BBOJIUTCS BOJIEBBIM 00pa3oM. CanaM Ha3bIBaJl JIMIIb dJIEKTpoMar-
HUTHBIN BKJIaJI, OJHAKO K 3TOMY CJIEeIyeT J00aBUTh BOSHUKHOBEHHUE €Ie TEH30pa
SHEPrUM-UMITYJIbCA CKAJSIPHOTO HOJIS.

B pensumoHHOM MOAXOAE 3TO «4yA0» TAKKE ONMUCHIBAETCS MUHOPOM BTOPOTO
Nopsiika, OJAHAKO HE JAMAroHajJIbHOTO, @ COCEIHEro C HHMM, HO COAEpKalIero
JUaroHaJlbHOE cjlaraeMoe. B wWrore mnosy4aercss TpeX4acTHMYHOE CllIaraeMoe
B (DOKKEpOBCKOM JIEWCTBUHU, ONMUCHIBAIOLIEE 3JIEKTPOMAarHUTHOE B3aUMOJCHCTBHE
JIBYX 3apsKEHHBIX YaCTHI] B TPABUTALIMOHHOM T0JIE TPEThEH YaCTUIIBIL.

Tperbum «uygom» Teopun Kaayub» 66110 Ha3BaHO TO, UTO YETHIPE U3 MSATH
5-MepHBIX YpaBHEHUN T'€0Je3UYECKON COCTABISIONICH COBMAIAIOT C OOIIETPHHS-
TBIMH YPaBHCHMSIMU JIBIDKCHHSI YacTUIl B TPHUCYTCTBUH SJIEKTPOMArHUTHOTO
Y TPaBUTALIMOHHOTO TIOJIEH, a MATOe (CKaJIsIpPHOE) ypaBHEHUE ONPEIENsieT TOCTOSH-
CTBO OTHOIIEHHMS JJIEKTPUUECKOTO 3apsa YaCTUIl K X Macce (IpU UCTI0Ib30BaHUH
YCJIOBHUH MWJIMHIPUIHOCTA METPUKH 10 S5-i KOOPAUHATE).

B Teopun snekTporpaBUTaLMM U3 NEHCTBHS (POKKEPOBCKOTO THIA MOCPE-
CTBOM BapHAllMOHHOI'O METOJa OCYLIECTBIISIETCS IE€PEXO] K YpPaBHEHUSIM
JIBUKEHHUS 3apSyKEHHOM YacTHLBI, KOTOPOE€ MOKHO TPAKTOBAaTh KaK YpPaBHEHHE
Te0Ie3MUECKON JINHUYU B JIMHEAPU30BAaHHOW OOIIEH TEOPUH OTHOCHTEIBHOCTH B
MIPUCYTCTBUU JIEKTPOMAarHUTHOTO TOJIA.

W3 neiicTBust (POKKEPOBCKOTO THIIA JIJIsI CACTEMBI CKAIIPHO B3aUMOCHCTBYIO-
OIMX YaCTHUI[ TAaKXE€ BapUALMOHHBIM METOJOM MOXHO IOJYYUTh YpaBHEHHE
JIBUKEHHUS YacTUlbl. JlaHHOE ypaBHEHHE MOKAa3bIBAET, YTO CKAISIPHOE B3aUMOJEH-
CTBHE MPHUBOJHT K TOSBICHUIO 0000IICHHON MacChl WIH 000OIEHHOTO UMITYJIbCa
YaCTHIIBI, 3aBUCSIIETO OT 3(PPEKTUBHOTO CKAISAPHOTO MOTSHIINATIA.

YerBeproe, HazBanHoe Canamom «uyao teopum Kaaynwi», coctout
B TOM, YTO B 3TOW TEOPUHU JAETCSI 0OOCHOBAHHME OOIICTIPUHATHIX KATMOPOBOUYHBIX
3IIEKTPOMArHUTHBIX MPE0OPa30BaHMii, KOTOPHIE B S-MEpUH aBTOMAaTHUECKU BO3HU-
KaloT U3 JOIYCTUMBIX B TEOPUH MTPEOOPA30BAHUN MATON KOOPIAUHATHI.

B Teopuu snekTporpaBUTAlMM TaKXKE TMOKA3bIBAE€TCA, 4TO 3(PPEKTUBHBIM
BEKTOPHBIM TOTEHIMAJl aBTOMAaTHYECKH YIOBJIECTBOPSET YCIOBHIO KAIMOPOBKH
Jlopenua. IIpu 3TOM ciexyer OTMETUTB, YTO B TEOPUHU IPSIMOTO 3JIEKTPOMArHUT-
HOTO B3aumojencTBus Tuna Mokkepa NOTEHIHAIBI 3JIEKTPOMAarHUTHOTO B3aHMO-
JEHCTBHUSI, IO CYTH, ABJISIFOTCS BTOPUYHBIMU MOHATHSIMU U UMEIOT CMBICIH JIUILb
B MECTax PacIOJIOXKEHHS 3apsSKEHHBIX YacTUIl. TakuM 00pa3oM, B NIEKTPOTPaABH-
Tallil «IIEPBOCTPYKTYPOH» s (hOPMUPOBAHHS PACCMOTPEHHBIX (DU3MUECKUX
B3aMMOJICVICTBUM SIBIISETCS 3apsl.

[Ipu comocTaBieHUH TEOpUM ABYX MApPATUTM BCKPBIBACTCS Psii BaXKHBIX,
HO JTAJIEKO HE OYEBUAHBIX 0OCTOSTENBCTB.
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Bo-niepBbix, B pamkax 000uX mapajurM KMEET MECTO CTPEMIICHUE K MOCTpOe-
HUIO0 00BETMHCHHOM TEOPHH TPaBUTALIUU U JIEKTPOMArHeTU3Ma.

Bo-BTOpBIX, CllelyeT UMETh B BUJly ONHMCAHHE HE JIBYX BUIOB B3aMMOJIEH-
CTBUM, a TpPEX — HAPALY C BEKTOPHBIM JJIEKTPOMATHUTHBIM U TEH30PHBIM
TPaBUTALIMOHHBIM B3aUMOJICHCTBUSMHU HEOOXOIUMO TaKkKe YUUTHIBATh CKASIPHOE
B3auMojiciicTBue. B reomerpuueckoi mapamurmMe OHO OOBIYHO HCKITIOUAETCS
BOJICBBIM 00pa3oM, a B PEIISIIMOHHON MapaaurMe MOKa3bIBaCTCs €ro BayKHAs POJIb.

B-TpeTbux, npu cOnocTaBieHUH BYX MapaJurM B HUX BCKPBIBAeTCs Mapa-
JIETbHOE TIPOSIBJICHHE BCEX «UYETBIPEX 4UyAec», O KOTOphix mucan Camam, uMes
B BUJY JIUIIb S-MepHYI0 Teoputo Kamy1sl.

B-ueTBepThIX, B BYX mMapajiurMax IOMHHHUPYIOIIYIO POJIb UTPAIOT pa3HbIE
BUJIbI B3aMMOJICHCTBHI. B reomeTpuyeckoii mapaaurme UCXOIAT U3 TPABUTALIMOH-
HOTO B3aUMOJICHCTBUS, a OJJIGKTPOMArHETU3M (HaKTUYECKH BO3HUKAET Kak
cBoeoOpa3Hoe 0000IIeHne T'paBUTAIMA B BHUJC JOMOJTHUTEIBHBIX KOOPIUHAT
5-MEpHOTO METPUYECKOT0 TEH30pa, TOTJa KaK B PEJISIIIUOHHON MapaJurMe UCxXo-
HBIM SIBJISIETCS SJIEKTPOMArHUTHOE B3aUMOJICHCTBUE, a TPABUTAIMSI BOSHUKAET KaK
CBOEOOpPAa3HOE CIECTBUE DIIEKTPOMArHEeTH3Ma.

Takum 00pa3oM, OKa3bIBAETCsA, UTO yKa3aHHBIE YyJleca T€OMETPHUYECKOTO
MO/IXO0/a BIOJIHE COOTBETCTBYIOT BBIBOJAM PEISIIMOHHOTO Toaxonaa. bomiee Toro,
B T€OMETPUYECKOM IIOAXOJE IS MHOTHX SIBIISIETCS CYIIECTBEHHOW Mpoliema
(bU3MIECKOT0 000CHOBAHMS IOTIONHUTEIBHBIX Pa3MEPHOCTEH, KOTOpast PeIIaeTcs B
pamMKax pessiiMOHHOTO MOAX0/a.

3akjaro4eHue

Pa3BuTHe nmocienoBaTeapbHOro pesiMOHHOIO MOAX0AA AACT BECKHE OCHOBA-
HUU BBICKA3aTh COKAJICHUE O TOM, YTO A. DUHIITENH, CIeAYS peNSLUOHHBIM UEIM
3. Maxa npu co31aHuu o0IIel TEOpUH OTHOCHTEIBHOCTH, TOCIe ee popMupoBa-
HUSl OTPEKCS OT €ro UAEH M OT BBEACHHOIO MM )€ caMuM npuHuuna Maxa.
[TocnenoBarenbHBIN PEIMMOHHBIA NOAXOA KaK K N€OMETPHUH, TaK M ONUCAHUIO
bu3MYeCKUX B3aMMOJCHCTBUN, TOKa3bIBaeT, 4YTO QyHAaAMEHTaIbHas (U3HKa
B XX Beke Moryia Obl YCHEIIHO pPa3BUBAThCA B paMKax pESIMOHHBIX HACH,
(haKTHUECKH 3aJI0KEHHBIX B CHELMAIBbHYI0 TEOPUI0 OTHOCUTEIBHOCTH. [l 3TOr0
yKe Torga (pakTUYecKH CIIOKUIMCh OCHOBHBIE IMpeaNnochUIKU. B camoM Hauane
BEKa Ha PEJIALMOHHBIX Hayajax Oblga MOCTPOEHA CHElMalbHAas TEOpHUs OTHOCH-
TenbHOCTH, a B 1920-x rogax A.Jl. ®okkepoM yxke Oblia MpeIIoXKeHa TEOPHs
IPSIMOIO0 MEXYAaCTUYHOI'O AJIEKTPOMArHUTHOTO B3auMoJeHcTBUA. B aucmyTax
B JIeHMHIpaJCKOM MONIUTEXHUYECKOM MHCTUTYTE JKUBO 00CY’KAagach KOHLIETIIUS
nanbHozaelcTBusl. [IpeacraBisercs, 4TO HUYTO HE MELIAJIO HAYaTh CTPOUTH TEOPUIO
IIPSIMOTO MEKYAaCTUYHOTO TI'PaBUTALMOHHOTO B3aWMOJCHUCTBHUS HE CO BTOPOHU
NOJIOBUHBI X X BEKa, a 3HAUUTEIbHO PAHBIIE.

Ho »srToro He mnpousonuio BCIEACTBHE MNPEANOCBUIOK HCTOPUYECKOTO
xapaktepa. CBOMCTBAa IMPOCTPAHCTBA U BPEMEHU HM3JjaBHA BOJHOBAIIM YE€JIOBEYE-
cTBO. Ha mpoTs>keHnu MHOTHX BEKOB 00cyskaanach reomeTpust EBkinpa. Jlydmme
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YMBI YEJIOBEYECTBA MPUBETCTBOBAINM CHadajla OTKPHITHE MEPBON HEEBKIUA0BOM
reoMmetpun B Hayasne XIX Beka, a 3aTeM U pUMaHOBOW T'€OMETPUH B €TI0 CEpEINHE.
Cpasy xe ObLIT TOCTaBJIEH BONPOC O BO3MOKHOCTH MPOSIBICHUN 3TUX F€OMETpUil B
peanbHoM Mupe. (M3BectHO, uTo K. IN'aycc u H.W. JloGaueBckuii nmpeanpuHUManu
HOMBITKM OOHApPYXXEHHUs HEEBKIUJIOBOCTH TE€OMETPHM OKPYXKAIOIIEero Mupa.)
06 stom pasmbiwsut B. Knuddopn u crpoun goragku, KakuMu (QU3MUECKUMHU
dakTopaMu MOTJIO OBITH OOYCIIOBJIEHO OTKJIOHEHHWE T'€OMETPHUU OT €BKJIUIOBOM,
KaKUM MOT ObI OBITH MUp, €CIH OBl OH OMHUCHIBAJICS CPEPUUECKON TeoMeTpHei
Pumana.

U Bot, B Hauasie XX Beka B paboTax A. DHHIITeHHA BAPYT ObLIO MPEJI0KEHO
pelIeHne 3TO MHOIOBEKOBOM MpoOiieMbl — Ha 0a3e CTpOroro MaTeMaTHYeCKOIo
anmapara ObUIO IOKa3aHO, YTO OTJIMYHME CBOWMCTB pPEaJbHOr0 IPOCTPAHCTBA-
BPEMEHHU — €r0 UCKPHUBICHHOCTh — OOYCIIOBJICHO I'PaBUTAIIMOHHBIMH B3aMMO/ICH-
CTBMSIMU. DTO AEUCTBUTEIBHO OBLIO JOJITOKIAHHBIM, MOKHO CKa3aTbh, SIOXallb-
HBIM OTKpbITHEM. bosee Toro, Teopus DUHIITENHHA SKCIEPUMEHTAIBHO IIOATBED-
*aanack B paMkax COJHEYHOU CUCTEMBI.

Tak ObuIM 3aJOXKEHbI OCHOBBl HOBOM TI'€OMETPUUECKOM mHapaaurmsl,
CYLIECTBEHHO OTJIMYABIIEHCA OT TPUAJIUCTUYECKOW MapaJurMbl HbIOTOHOBOMU
KJIacCH4ecKor (pU3MKH, ompenessBIIe pa3BUTHE (PU3MKH Ha MPOTSHKEHUU TPEX
CTOJIETUH, YTO TaKXe SBUIOCH TPUYM(AIbHBIM CJIECICTBHEM CO3/aHUS 00IIei
TEOPUU OTHOCUTEIBHOCTH.

Ho ¢ oTtkpbiTeM DiiHmiTeliHa ObUIO CBSI3aHO €I1€ U OCO3HAHHE YYEHBIMU
TOTO, YTO TENeph HayKa, TOYHee (U3MKa, CIOcoOHA 3aMEHHUTH (PHIOCOPCKO-
PENUIHO3HBIE BO33PEHUS HAa MHUP MHPOLUIBIX BEKOB. (PU3HMKOB BOOAYLIEBIIAIA
MBICIIb, YTO TENEpPh M3 PELICHUH ypaBHEHUN OWHINTEHHA Mbl MOXEM I0JIy4aTh
3HAHMS O TJI00ATBHOM yCcTpoiicTBe Beenennoii!

Pa3Be MOrim co BCEM 3TUM CPABHUTHCS YaCTHBIE THITOTETUYECKUE PE3YIIBTATHI
®doxkepa WM POOKHE KPUTUUECKHUE 3aMEUaHNsI OTHOCUTEILHO TEOPUH DUHINTEHA
OTIENbHBIX aBTOpOoB? OCO3HABIIME CBOK 3HAYUMOCTh (DU3UKHM YCTPEMHIIUCH
JlanbIlle pa3BUBATh MPUHIUIIEI OOIIEH TEOPUH OTHOCUTENBHOCTU. PaaoM aBTOpOB
OBLTH TIPEANPUHSTHI 00JIee WM MEHEE YCIICITHBIC TIOMBITKH elie 0oee 0000muTh
IOPUHIMIBI 00IIe TeOpUH OTHOCUTEIBHOCTH, TEM CaMbIM ObUIa COpMHpOBaHA
reoMeTpuueckas mapaaurma. OTOT TMpoLecCc NPOAODKAICH, TO OXKHUBIISICH,
TO 3aTHXas Ha NpOTsLKEHUH Beero XX Beka. MOXKHO cka3aTh, 4TO OH IPOJOJIKA-
eTcsl o Hacrosiee Bpems. Mcxoast u3 3Toro, Jerko moHsTh NpoOIeMaTUYHOCTD
MHBIX TOYCK 3PCHMUS.

OnHako ceifuac rnepes COBpeMEHHOM HayKOH CTOUT MPOOJIeMbI BBIBOJIA COBpPE-
MEHHBIX NPEICTABICHHH O KJIACCHYECKOM IPOCTpaHCTBe-BpeMeHH. Ha Ham
B3I, I0JI0O0OHYI0 IPOOIeMy BO3MOXKHO PELIMTh JIMIIb B paMKaX PesILIHOHHOTO
NOHMMAHUSA TPUPOJBl NPOCTPAHCTBA-BPEMEHM, TaK KaK IE€OMETPUYECKUI
U TEOPETHKO-IOJIEeBbIE MOAXOJbl CTPOATCA Ha 0a3e yXke anpuOpHO 3aJaHHOTO
IPOCTPaHCTBA-BPEMEHH. B pensoHHOM MM0/X0/ie HET TaKoro 6aprepa, mo3ToMy
OH IIO3BOJISIET HENOCPEJICTBEHHO MPHUCTYIHMTh K PEIICHHIO NMpOOJIEMbI BBIBOJA
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KJIACCMYECKOT0 TIPOCTPAHCTBA-BPEMEHH U3 CUCTEMBI 0O0JIe€ JIIEMEHTAPHBIX MOHS-
TUH U 3aKOHOMEPHOCTEH (PU3UKKM MUKPOMHUpPA U TEM CaMbIM JIaTh TEOPETUYECKOE
000CHOBaHHE €ro M3BECTHBIX CBOMCTB, B YACTHOCTH TAaKHX, KaK €ro 4-MepHOCTb
U CUTHATypa.

KpOMe TOrO, B paMKaxX TCEOpPHUH IJICKTPOIpaBUTALINN OTKPBIBACTCA Oonee

€CTECTBCHHBIN ITyTh 00OCHOBAHUSI MATHUTHBIX ITOJICH aCTPOPU3HUECKUX 00OBEKTOB
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RELATIONAL LOOK ON THE PRINCIPLES
OF THE GEOMETRIC PARADIGM

I.A. Babenko, Yu.S. Vladimirov

Institute of Gravity and Cosmology, RUDN University
3, Ordzhonikidze St., Moscow, 115419, Russian Federation

Faculty of Physics, Lomonosov Moscow State University
Leninskie Gory, Moscow 119991, Russian Federation

Abstract. The article compares the descriptions of gravitational and electromagnetic
interactions in two physical and theoretical paradigms: geometric and relational. On the one hand,
the general theory of relativity and the 5-dimensional geometric theory of Kaluza and, on the other
hand, the relational theory of electro-gravity are compared. The comparison describes the parallel
manifestations of all the “four miracles” of Salam in two physical and theoretical approaches. Based
on the relational concepts, it is shown that three types of the considered interactions —
electromagnetic, scalar and gravitational — in the theory of electrogravity have a derivative character
from electromagnetism. The idea is expressed that in the twentieth century, physics could develop
mainly within the framework of the relational paradigm.

Keywords: general theory of relativity, electrogravity, 5-dimensional Kaluza theory, direct
interparticle interaction, electromagnetic, scalar and gravitational interactions, Mach principle.
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O BO3MOXHbIX TEOMETPUYECKUX U ACTPODPUINYECKUX
3PPEKTAX HEJIMHENHBLIX CTIMHOPHbIX NOJIEN
B MElA-, MAKPO- U MUKPOMUPE

B.I'. Kpeuer

Mockosckuii 2cocyoapcmeennwiti mexnonocudeckuti ynusepcumem « CTAHKHUH »
Poccuiickas ®@edepayus, 127055, Mockesa, Baoxoeckuii nepeynok, 34

AnHoTtauusi. B manHoit crarbe B pamkax OTO paccMaTpuBaeTcsi BO3SMOXKHOE BO3JICHCTBUE
IPaBUTALIMOHHOTO B3aUMOJAEHCTBUS AMPAKOBCKUX HEJMHEHHBIX CIIMHOPHBIX IOJIEH Ha 3BOJIIOLHIO
Bcenennoii, hopmupoBanue acTpohu3nueckux 00bEKTOB 1 (POPMHUPOBAHNE TEOMETPHHU JIOKATBHOTO
MIPOCTPAHCTBA-BPEMEHH IEMEHTAPHBIX YaCTHII CO CITITHOM /i/2.

Kniouesvie cnosa: obmas Teopusi OTHOCUTEIBHOCTH, HEJTMHEHHBIE CITMHOPHBIE OIS, YBOJIIO-

s BeemenHo#, acTpodu3nueckue 0ObEKTHI.

Kak m3BecTHO, Bech MartepuaibHbIi Mup B cuily MeTadu3HUECKHUX 3aKOHO-
MEPHOCTEH pasfensieTcs Ha TPU MAacIITaOHBIX YpOBHS, KAYECTBEHHO OTIMYHBIX
Ipyr ot apyra. [lepBbiif — 3TO MUKPOMHUP, MUP OOBEKTOB MaJIbIX MacIITaboOB, TO
€CTh AJIEMEHTAPHBIX YaCTHUII, ATOMOB U MOJIEKYJI. BTopoit — Mup GompImx MaciiTa-
00B (MakpoMup), MUp TUIAHET, 3BE3]] U MHOTUX JIPYTUX acTPOPU3NUECKUX O0BEK-
ToB. I Tpetuit — meramup, TO €cTh Bcsl BceneHHas ¢ rajlakTUKaMH, KBazapamu,
CKOIUJICHUSIMU TATaKTUK U IPYTUMU KOCMOJIOTUYECKUMH OOBEKTAMU.

Ha Bcex atux Tpé€x MacmTaOHBIX YPOBHSIX Mbl pacCMaTpHUBAaeM BO3MOXKHOE
BJIMSIHUE TPABUTALIMOHHOI'O B3aUMOJICUCTBUS TUPAKOBCKUX CIIMHOPHBIX MOJIEH HA
sBoIonHI0 Beenennoi, (oopMupoBanue acTpohu3MIeCKuX 0OBEKTOB U CBOMCTBA
JIOKaJbHOTO IPOCTPAHCTBA-BPEMEHHU 3JIEMEHTAPHBIX YACTHII.

HaunéMm ¢ paccMOTpeHuss BO3MOKHON POJIM CaMOTPaBUTHUPYIOLIETO HEJIMHEH-
HOT'O CHMHOPHOTO T0JIS B 3BOJIFOIMHU BceeneHHo.

Bo BBepeHHH K 3TOM TeMe HE0OXOUMO CHadajaa O4eHb KPATKO MPEJCTABUTh
COBPEMEHHBIE MPEJCTABICHUS O MPOUCXOXKICHUHU U IBOJIIOIIUU BeeneHHo.

B nacrosiiee Bpemsi B KOCMOJIOTHYECKON HayKe B MPOOJIeMe O MPOUCXOK/Ie-
HUU U 3BOJIOLMU BceneHHo yTBepauiach Tak HaszbiBaeMas Teopust «bosbiioro
B3pbiBa» — 0 B3phIBHOM BO3HUKHOBEHMHU BceneHHOM okojio 14 MumapaoB JieT
TOMY Ha3aJ U3 CUHTYJISIPHOCTH (WJIY 5K€ MHOT/Ia YTOYHSIOT — U3 MPOCTPAHCTBEHHO-
BPEMEHHOH TI€HBI, MPECTABIAIONMEH cO00i KBAaHTOBBIC (IYKTyallid T€OMETPUH
IPOCTPAHCTBA-BPEMEHH), 32 HEBOOOPA3HUMO KOpOTKoe Bpems okono 107 ¢, cpasy
B COCTOSIHMM HENPEPBIBHOTO paciupeHus [1].

D10 OBUT MEPUOA POXKIEHHUS KIACCUYECKOTO MPOCTPAHCTBA-BpEeMEHH. B 3TO
BpeMs TeMIiepaTypa 7' ¥ IUIOTHOCTh BEUIECTBA P JOCTUIIIN TUIAHKOBCKUX 3HAYCHUN
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(Te1~ 10% K, pri~ 10” r/cm®), xoTophie B Tpolecce paciumpenus BceseHHOM
HENPEPHIBHO YMEHbBIIAINCH.

Yepes 10™*? ¢, mocie poskieHUs KIacCHM4ecKoro MpocTpaHCcTBa-BpeMenHt, Bee-
JIEHHas1, B COOTBETCTBUHU € Teopuel bosbmoro B3peiBa, BCTynwia B CTaHUIO MH-
sy, npoucxoausuIyio B nepuos Bpemenn 10%2-103¢ ¢ or Hauana, B koHIle
KOTOpOW oOpa3oBaiach ropsiyas 1mjaa3Ma, COCTOsIIAsl U3 AIEMEHTAPHBIX YacCTHIL C
TemnepaTypoii okoso 10% K, To ectb 06pazoBanach 0ObIYHAS MATEPHSL.

3nech ciemyer n100aBUTh, 4TO 3a Bpemsi MHQUIIUU 00bEM Bcenennoi
YBEJIMYUBAETCSI HA MHOT'O NMOPSAJKOB (B HEKOTOPHIX KOCMOJOIMUECKUX MOJAEIX,

Harpumep, B 10103 pa3). 13-3a neiictBus cui oTTankuBaHus BeenenHas «pa3ross-
eTcsh» U IproOpeTaeT OOJIbIIYI0 KHHETHYECKYIO S3HEPTUI0, KOTOpasi B JaJlbHEHIeM
HaOJIr0/1aeTCsl B BUJIE PaCIIUPEHUs 110 MHEPLIUU.

PonuBmieecs B KOHIE cTaAuy MHQISALUM BELIECTBO 3aTeM Mpouuio ¢aszy us-
OBITKAa MAaTEpUM HaJl aHTHMaTepueii k MomeHTy Bpemenu 10° ¢ or Hauana u 3atem
(bazy snexTpociaboro nepexona, U k MomeHTy Bpemenu ~107'% ¢ pasnenuuce cia-
00€ ¥ 3JEKTPOMarHUTHOE B3aMMOJICHCTBUA. B pe3ynbpTare BemecTBO Mepenuio B
COCTOSIHUE KBapK-IJIFOOHHOM IUIa3Mbl M HAXOAWJIOCh B 3TOM COCTOSIHUU B T€UEHUE
10°° — 10" ¢ ¢ monmxkenuem Temnepatyps ot 10'° K 0 102 K.

B 3T0T nepuoa KBapku U riIr0OHBI HAXOAMINCH B CBOOOIHOM COCTOSIHUH, a IPU
NaabHENIIEM TIOHWKEHUH TeMIIEpaTyphl npu pactuupenuu 1o 10" K keapku npu
MOCPEACTBE TIJIFOOHHBIX IMOJIEH HAUMHAIOT COEAMHSTCS, 00pa3ys HpPOTOHBI U
HEUTPOHBI.

[Tocne smoxu 0OpazoBaHMsI TPOTOHOB M HEHTPOHOB TPH JaJbHEUIIEM TTOHH-
KEHHUHU TeMIIepaTypbl HACTYMaeT 3aMeyvaTesbHas 3M0xa HykieocuHTeza. OHa mnpo-
ucxoauia B HHTepBajie BpemMeHH OoT 1 g0 200 ¢ u B MHTEpBajle TeMIEpaTyp
10'°-10° K. B 3TOT NepHo CHHTE3UPYIOTCS NETKHE AApa C ATOMHBIM BECOM A < 5,
TO €CTb S7Jpa BOAOPOJA, €r0 U30TONOB — JEHUTEPUs U TPUTHUS U siipa Teusl.

Bcenennas B Ty 310Xy npencTaBiisija coOOi OTPOMHBIHN SJIEpHBIA peakTop ¢
BbIJIEJIEHUEM (DAHTACTUYECKUX KOJIMUYECTB SJCPHON YHEPTUU.

[TomoGHBIE TpoIECCHl Yepe3 MUJUIMOHBI JIET BO30OHOBMIIMCH B 0Opa3oBaB-
IIMXCS MOJIOJBIX 3BE3/1aX M MPOJOJDKAIOTCS B HOBBIX 3BE3/1aX BTOPOro WM
TPETHETO MOKOJECHUH U B COBPEMEHHYIO 3IIOXY.

3aTeM MPUMEPHO Yepe3 HECKOJIBKO COTEH JIET npu Temmeparype ot 4500 no
3000 K wnactrymaeT smoxa peKOMOWHAIIUM, KOTJAa JJIEKTPOHBI OOBETUHSIOTCS
C AapaMu BoAopoaa (MPOTOHAMHU) U 0Opa3yercsi BOJOPO, a 3aTeM M C sapaMu
renusi ¥ 00pa3yeTcs Teui.

B koH1e 3TOil 3110XM, KOTOpask ATUIIACh HECKOJIBKO COTEH THICSAY JIET, Belle-
CTBO CTAaHOBUTCSI MPO3payHbIM JUIsl (POTOHOB, M AJIEKTPOMArHUTHOE H3JIy4YECHUE
BBICBOOOKJIa€TCS U3 BEIIECTBA CO CBOUM TEMIIOM OCTBIBAHUS U YMEHbIICHUS IIJI0T-
HOCTH 3HEpruu. B coBpeMeHHYI0 310Xy 3TO CBOOOTHOE JIEKTPOMArHUTHOE U3y~
YeHHE HaOJII0JaeTCs B BUJE TaK HA3bIBAEMOT'0 PEJIMKTOBOTO U3IIYUYEHHUS C TEMIIEpa-
Typoii okozo 3 K. B xoHIie 3T0M %€ 310XH BELECTBO MoIoAoi BeenenHoli cocro-
710 Ha 75% w3 Bojopoaa u okoio 24,9% w3 renus ¢ HeOONBIINMH MPUMECIMHU
Jelrepus M Jpyrux JErKUX 3JIEMEHTOB, YTO COBMAJAeT C COCTABOM BeEIIECTBa
MOJIOJBIX 3BE3.
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Jlanee npu npoAoKaroIEeMes pacluupeHuu BeelleHHON Havanuch MpoLecesl
o0pa3oBaHus 3BE3]1, TATAKTHUK, CKOIUIEHUH TalakTUK U (POPMHUPOBAHUS KPYITHOMAC-
mTabHOI CTPYKTYphl BeenenHol, KoTopasi CyIIeCTBYET B HACTOSIIEE BPEMsL.

B konue 1998 rona B actpoHoMuu ObLIO ceaHO HOBOE OTKPBITHE — OOHApy-
KEHO YCKOPEHHOE paciuupeHue BeeneHHoMH, To ecTh paccTosiHUA (1) MEXIy KOC-
MOJIOTHYECKUMH OOBEKTaMHU YBEIHUUBAIOTCS C MOJIOKUTEIBHBIM YCKOPEHUEM, U

T109TOMY BTOpast [IPOU3BOIHAS OT #(f) Gombire Hys (d 27’/ dt* > 0). Paznuuaror g8a
TUMNA UHQIALIUNA — SKCTIOHEHITUAIBHYIO U CTETICHHYO.

[Tpu sKkcrOHEHIMAEHON HH(IAINN pacCTOsTHUE 7(f) MEXIy KOCMOJIOTHYE-
CKMMH OOBEKTaMH OJKCIIOHEHIMAIbHO pacTér r(f) ~ e, rme H — mocrosHHas
Xabb6ma, a mpu creneHHo nHGISIMY (1) ~ ¢, Te n > 0,

Jlna omucanus mpoiiecca 3Bofifouuu BeenenHoit ynoOHo BBecTu Oe3pazmep-
HYI0 (YHKIHIO BpEMEHHU a(?), XapaKTEePU3YIONIYI0 N3MEHEHUE PACCTOSHUS MEXKITY
KOCMOJIOTUYECKUMHU O0BEKTaMH — TaJlakKTUKaMH, KBa3apaMmu, U JAp., Ha3bIBAEMYIO
MacmTaOHBIM (pakTopoM. DTa GYHKIHS CBSI3aHA C PACCTOSTHUEM 7(f) MEXKTy KOCMO-
JIOTUYECKUMH 00bEKTaMH COOTHOILIEHUEM

r(t) =rya(t), (D

/1€ 70 — PaCCTOSIHUE B HEKOTOPBIM (PUKCUPOBAHHBIM MOMEHT BPEMEHH, IPUHUMAE-
MBIH 3a 3TAJIOH.

Takum 00pa3oM, BbIIIIE MBI B OYEHBb CXKATOM BHUE MPEICTABUIN MPOLECCHI
POXIEHUS U ATaIbl pa3BUTHUS BCEEHHON B COOTBETCTBUM C YCTAHOBUBILEHUCS KOH-
Henue 006 3TOM B COBPEMEHHONW KOCMOJIOTHYECKOM HAYKe, C 1ETbI0 00CYKICHUS
9TOW KOHIICMIIMU, CChUIAsICh W OOpAaIasiCh Ha BHIMICTIPEICTABICHHYIO KapTUHY
U o0paiasich KOHKPETHO K HEKOTOPBIM €€ 4acTsM.

Cpasy ckaxem, 4TO BBIIICONKUCAHHAsI KapTUHA pa3BUTUs BceneHHoil u cama
Teopusi bonbiioro B3peiBa BEI3BIBAET HEKOTOPBIE BONPOCHI K HEM M CTABUT IIPO-
OJIeMBlI.

Bo-niepBbIX, BO3HUKAeT BONPOC O BpeMeHU boibmoro B3peiBa, KOTOpBIN
AKOOBI MPOU30MIEN 0KOJI0 14 MUIITMAPIOB JIET TOMY Ha3ald, — KTO )K€ YCTaHOBUJI
Y yKa3aJl 5TOT MOMEHT pOKJeHus BceeHHOon.

Ha sty npoGnemy Bnepsbie ykazan CrnuHO3a, KOI/ia CTaBHJI BOIIPOC O Yacax,
1o KOTOpbIM bor BeIOpa MOMEHT BpeMeHH coTBOpeHus: Mupa.

Emé Bonpoc B Teopun bosibIoro B3peIBa BEI3BIBACT caMa KOHUEIUS POKIE-
Hus Beenennoit u3 Hudero. IMEHHO 3TO yTBEpKAaJl OJIUH U3 CO3JaTeNed TEOPUH
«bonpmoro B3peiBa» Anan ['yc, korga nucan o ToM, uto Beenennas npu cBoéM
POXIEHUH COBEPIIIIIA TYHHENIBHBIN niepexon u3 Huuero Bo Bpewmsi.

31ech ecTecTBEHHO BoO3HMKaeT Bompoc: «A uro beuio, xorma Hwudvero
He OpII0?» B 3TOM BOIpOCE M BCKPBIBACTCS TO MPOTHBOPEUYHE, KOTOPOE COIep-
JKATCS B KOHLIENIIUK poxaeHus Beenennoit uz Huuero.

Kax BusHO, cOBpeMeHHast TeOpHs MPOUCXOKICHUS U 3BOJIIOIMU Beenennoit —
Teopus bonbioro B3priBa — MeeT CBOM TPYIHOCTU U CTaBUT HOBBIE MTPOOJIEMBI.

Hekotopble coBpeMeHHbIE BHIHEWIINE POCCHHCKHE (PU3UKU-TEOPETHKH,
Hanpumep, akan. B.JI. ['ma3Oypr u npod. FO.C. Bnagumupos, Buas yka3zaHHbBIE
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BBIIIIE MPOOJIEMBbI B COBpeMeHHOW Teopuu bombmoro B3peiBa, momararor, 4to
Bcenennas cymecTBoBaja Beceraa u He Obuto Hukakoro Havasa.

Bce ykazaHHbIe BbIIIE BOIPOCHI, IPOOJIEMBI U COOOpakeHUs MOOYXIAr0T K
pa3paboTKe HOBBIX KOCMOJIOTUYECKUX MOJENEH U TEOpHil, CBOOOAHBIX OT MPOTH-
BOpEYHii ¥ HE MPOTHUBOPEYALTNX HAOIIOIaeMbIM aCTPOHOMUYECKUM JaHHBIM.

MBI 31€Ch Kak pa3 U IpeajiaraéM KOCMOJIOTHYECKYI0 MOZIENIb BeUHOU BeeneH-
HOM, 0ECKOHEYHOM BO BPEMEHH KaK B IPOLIIOM, TaK U B OyyIIEM.

B xauecTBe OCHOBHOI KOMIIOHEHTHI MATEPHUHU B BHIOPAaHHON KOCMOJIOTMYECKON
MOJICIIN SABJISIETCS] HEJIMHEWHOE CIIMHOPHOE T0JIE, OIIPEAEIIIEMOE JJarpaHKUaHOM

hc _ _ _ —
L(y) = j[vk\l’yk\l’ ~ PV - 209y + MY . )
3n1ech y — 4-KOMIIOHEHTHAs! CIMHOPHAS PYHKIMS, \J — TUPAKOBCKUMN COIPSI-

KEHHBIA CIIUHOD, Yk — Marpunbl /upaka puMaHOBa NPOCTPAHCTBA-BPEMEHHU,

v by n o~ -~
V,y —KOBapuaHTHas MPOU3BOIHAs CIIMHOPHON (QyHKIMH, MW) — HEJIMHEUHBIU

YJIeH CaMOJCHCTBUS CIMHOPHOTO TMOJS, A — KOHCTaHTa B3aMMOJCHCTBUS,
mc 1

n — palUoHalIbHOE 4ucio (n>0), p= IR Ac — KOMIITOHOBCKasl JUTHHA
c

BOJIHBI YaCTHUIIBI.

Ha knaccuueckoM ypoBHE CIIMHOPHOE IOJIE MOKET OMHUCHIBATH CIUIOLIHYIO
Cpely ¢ BHYTPEHHHMH CTereHsMHU cBOOOabI. Tak Hampumep HaMu MOKaszaHo [2],
YTO NPHU n > 1 COUHOPHOE MOJIE OMUCHIBAET UICATBHYIO )KUIKOCTh C YPAaBHEHHEM
coctosiHUs p =we (w=const), rie p — AaBlI€HUE, € — IUIOTHOCTb SHEPTHH,
w=n-1.

AcTpoHOMHYECKHE HAOIIOEHUS MMOKa3bIBAIOT, YTO B COBPEMEHHYIO 3IOXY B
Oonpmnx Macirabax BeenenHnas oqHOpoaHas, U 110 Mepe npudamkeHus k Hauamy
OTKJIOHEHHSI OT OJHOPOAHOCTH ObICTpo yMeHbInatorca. llosTomy crposites
B OCHOBHOM OJJTHOPOJIHBIE KOCMOJIOTUYECKUE MOJEIH.

Kpowme Toro, Te ke acTpoHOMUYECKHE JaHHbIE CBUAETEILCTBYIOT O TOM, UTO
3-MepHOoe mpocTpaHcTBO BeenenHol miockoe, To ecTh eBKINA0BO. [loaToMy MeT-
pHUKa IPOCTPaHCTBA-BPEMEHH PacCMaTPUBAEMOM KOCMOJIOTHYECKONH Moieu Oy ieT
UMETH BUJI

dS? =t +ady* +dz*)—dr* | 3)

3nech a(t) — macmTaOHbIN (akTop, ONMpeaesieMblii ¢ moMoITsko (1), siBiseTcs
METpUYECKUM KO3((PUIIMEHTOM M ompenensieTcss M3 peIIeHUus COBMECTHOMH
CHUCTEMBI ypaBHEHHI T'PAaBUTAIIMOHHOTO M CIIMHOPHOTO TIOJIEH B MPOCTPAHCTBE-
BpPEMEHU ¢ MeTpUKoH (3):

1
Ry ——Rgy =Ty (y)
2 L @)

o ’
kak\l’+u\|f_5n(‘lf\lf) 'y =0 ¢
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3nechk I (W) — TeH30p SHEPTHU-UMITYJIbCA CIIMHOPHOTO HOJISE (2).

Omyckasi mMpOMeXyTOYHBIE BBIKJIQIKH, B UTOTE€ CUCTEMY ypaBHEHH (4) cBe-
IEM K IBYM ypaBHEHUSIM JJIsi METpUUECKoro Koddduienta (MacmrabHoro Qax-

Topa) a(?):

-+ —
a a* 2a>" 5)
a® _whc| A 2pt )

a2 6 a3n a3

a ahc| A 2p
TO eCThb — == T3
a 6 |a" a

"z BTOPOT'O K€ YpaBHCHHA CUCTEMBI CJIICAYCT, YTO KOHCTAHTAa B3aHMOILCI>'ICTBI/I$I
A moypkHA OBITH OoJbIne Hy s (A > 0), a Takke, 4To

2t
Q30 > 2Hh (6)
A
Kpowme toro, u3 cuctemsl (5) cienyet, uto mipu (1 > n > 0) BTOpas mpou3BoI-
Has OT a(f) Be3Ae TOJIOKHUTENIbHAs,, B TOYKE, TO €CTh B MOMEHT BPEMEHH, TIIe

2 4
= = % , HaxoauTcss MUHUMYM (pyHKIUu a(f). JIerko cnenats CIBUTOM BAOJb

OCH BpeMEHH, YTOOBI 3TO OBIJIO B MOMEHT BpeMeHU 1=0.

B pesynbrate npu (1 > n > 0), naxe He peras CHCTEMY YpaBHEHHA, Mbl HALIUTN
XapakTep MoBelneHHsl MmacmTadHoro (akropa a(f) Kak (pyHKIMIO OT BpEeMEHH
B OECKOHEUHOM HHTEpBae (-0 < f < +00), KOTOPBIH OT OECKOHEUHO OONBIITUX 3HA-
YeHUW B OECKOHEYHO JAJIEKOM MPOILIOM (TP ¢ — —o0), YMEHBIIASCh C TCUCHUEM
BpPEMEHH, TOCTUTaeT MUHUMYMa B MOMEHT BpeMeHH ¢ = 0 u nipu ¢ > 0 cHOBa Hauu-
HAeT HEOTPAaHMYEHHO BO3PACTaTh NpHU [ — +00, TAK YTO KPHBAsi M3MECHEHHS Mac-
mTabHOTo (hakTOpa CHMMETPUYHA OTHOCUTEIBHO TOUKH ¢ = (0, IPHUEM B TOUKE MU-

1
2ut 30-n)
A

Takum 06pa3oM mpu mokaszaresie CTENEeHU HETUHEHHOCTH CIIMHOPHOTO IMOJIA,
nexamieM B uaTepBate (0 <z < 1), uMeeM CBOOOJHYIO OT CHHTYJISIPHOCTH KOCMO-
JIOTUYECKYI0 Mofesb BeuHnoit BceneHHOM, KOTOpasi SBONMIOIMOHUPYET U3 OECKO-
HEYHOTO MPOIIJIOro 0T 6ECKOHEUHO OOJIBIINX Pa3MEPOB, CKUMASICh, TPOXOIUT Ye-
pe3 peryssipHbIi MUHUMYM IpH ¢ = 0 U CHOBA pacUIUPSAETCS NP MOJOKUTEIBHOM
yckopeHuu. [Ipuduém 3T0T MUHUMYM pa3Mepa BceneHHoM pu COOTBETCTBYIOIIEM
mojicuéTe mapameTpoB i U A MOXKET ObITh B 000 (haze ['opsiaeit Beenennoii ot
COCTOSIHUSI KBAPK-TIFOOHHOW ropsiueit Tuia3Mbl 10 ¢a3bl HyKJIEOCHHTE3a ¢ 00pa3o-
BaHUEM PEJTMKTOBOTO U3JTyUEHHUSI.

Huxe MbI IpUBOIMM HECKOJIBKO IPUMEPOB PELLIEHUS] CUCTEMBI ypaBHEHUI (6)
U1 MacmtabHoro ¢akTopa a(f) Jisd pa3HbIX 3HAYCHHM TOKAa3aTels CTEICHH 7
B uHTepBase (0 <n <1).

HUMYMa a(t) = U He o0palaercs B Hylb.
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2
3

2ut N 3ehcht?

. v , (—o0<f<). (7

1) n:%; a(t) =

3nech a(t) — oo npu t — Foo, a(t) ~ 3, 3HauwT, 370CH CYILIECTBYET CTaaus
CTeTIeHHOW MH(IIAINH, TaK Kak 4/3 >1.

2)yn= %; (ka(t)3/4 +4pt )2 (ka(r)3/4 —2u4) = f—;%d'aehctz ,(—o<t<o). (8)

t8/ 9

3nech a(t) ~ t°° npu t — Foo.

1
A ecnu n=3,T0 a(t) ~ £ ipu t — %0,

Takum 06pa3om, MblI MOKa3ajaH, YTO €CJIIM OCHOBHOW MaTepUaIbHOW KOMIIO-
HEHTON BcelleHHOH sIBisieTCs MaTepus, ONKUCHIBAEMAasi HEJIMHEHHBIM CIIMHOPHBIM

) ) by n
II0JIEM CO CTEIICHHOU HEJIMHEWHOCTLIO II0 MHBAPUAHTY (W) , To Bcenennas cy-

IIECTBOBAJIa BCETAA, CXKUMAsICh U3 OECKOHEUHOTO MPOILIOr0 BPEMEHHU, JOCTHUTrast
MUHHUMAJIBHOI'O KOHEYHOT'O pa3Mepa K MOMEHTY HYJIEBOTO KOCMOJIOTHYECKOTO MO-
MEHTa BPEMEHH U BHOBb PACHIMPSACH, YTO U HAOIIOAETCS B COBPEMEHHYIO ATIOXY .

Beime MbI paccMOTpeny BO3MOXKHYIO pOJib HEJIMHEMHOTO CTMHOPHOTO TTOJISI B
MeraMupe, TO €CTh Ha CaMOM BepXHEM MaciuTaOHOM ypoBHE puznueckoro Mupa.

Tenepr mepeiiém Kk cienyromeMy MaclITabHOMY YPOBHIO OoJjiee MEHbBIIUX
MacmTaboB, — MaKpOMHUpY, K KOTOPOMY, B YaCTHOCTH, OTHOCSTCS acTpodu3nye-
cKHe 00BEKThI, — 3BE3/IbI, ITyJIbCAPhl, YEPHBIE ABIPHI, SApa TaJaKTHK.

Ha cBoiicTBa acTpoduznyecknx 00BbEKTOB MOXKET TaK)Ke BIUATh HEJTMHEHHOE
CIIMHOPHOE T0JIe, OMMChIBAEMOE TaKUM K€ JIarpaH)KMaHoM (2), MPU OTpULIATEb-
HOM 3HAYEHUHM KOHCTaHTHI B3auMojaeicTBus (A<0) U mpu KBagpaTUIHOU CTETICHH

. 02 .
nemuueiinoctr (YY)~ Tak 4TO JarpamXuaH HEIMHEHHOTO CIIMHOPHOTO IIONS B
3TOM ciy4ae OyaeT UMETh BUJL
fic — k — k — = \2 mc

L(y) =3[Vk\w Y=Yy Vy = 2pgy —B(yy) ] - B = const, H=—". 9)

3nech koHcTaHTa f = —A ( > 0) — nepeoOo3HaUEHHAs KOHCTAHTa B3aUMO/IEH-
CTBHUSL.

[Tpu TakoM narpaHxuaHe ypaBHEHUE CIIMHOPHOTO 1O OyZeT UMETh BU

k = _ mc
V' Vv +py+Blyy) -y =0, p==r-. (10)

DTO OJIMH W3 BApUAHTOB HEJTMHEHHOTO CTUHOPHOTO YPABHEHUS C KyOMYECKOM
HenuHeHocThio VBaneHko—I eif3eHOepra, mojgoxkeHHOro B cBOE Bpems I eiizeH-
Oeprom B OCHOBY CBOEH HEJTMHEHHON CIMHOPHOM Teopuu Matepu [3].

Ecnu cpaBHUTH nBa mocnenHux ciaraembix B ypaBHenuu (10), — (py u
B(Ywy)-y ), TO BUIHO, YTO MHOXHUTENb B({yy) WUIPAeT SKBUBAICHTHYIO POJIb

C MAaCCOBBIM MHOXHUTECJIEM [ IIpHU CHHHOpHOﬁ (1)YHKI_[I/II/I Y, TO €CTb MOXET
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paccMmarpuBaThCs Kak Hekas d((QeKTHBHAs Macca CIIMHOPHBIX YaCTHII, HO JA0CTa-
TOYHO MaJiasi BBUIY MaJIOCTH BEITMYMHBI KOHCTAHTHI B3aUMOJICHCTBUS 3.

Takas mamas macca MOXET OBITH COOTBETCTBYET Macce HEWTPHUHO, U TOTIa
HEUTPHUHO MOXKHO OINHUCHIBaTh HEMUHEHHBIM ypaBHeHHEM (10), HO 0e3 MaccoBOro
crlaraemMoro Ly . B pesyipraTe HEWTPUHO MOXKHO OITUCHIBATH YPABHEHHEM

YV +By)-y=0. (11)

A HENMHEHHOCTh MOXET UrpaTh posib YPPEKTUBHON MacChl. DTO ypaBHEHUE
MO>KHO IIPUMEHUTD, HAIIPUMED, I UCCIEI0BaHUS TIOCIEACTBUN B3PbIBA CBEPXHO-
BBIX 3BE3]I.

N3BecTHO, uTO 95% 3HEprun U3ayuyeHus NpHU B3pbIBE CBEPXHOBBIX 3BE3] MPU-
XoauTcs Ha HeWtpuHo. Kpome Toro, 0oiblllyr0 4acTh BpeMEHH (OKOJO JBYX
HEJZIENIb) CBEPXHOBAsI CBETUTCS B CTALIMOHAPHOM PEKUME.

[TosToMy ecnu B naeanM3upOBaHHOM CIIyyae CBEPXHOBYIO CUUTATh chepuye-
CKM CUMMETPUYHOM M B3pHIB OyAET ChepuIecKr CHMMETPHUYHBIM, TO PE3YIbTUDPY-
IOIIEE IPaBUTALMOHHOE IIOJIE M COOTBETCTBYIOIIEE MPOCTPAHCTBO-BPEMS MOXKHO
OIMCHIBATH CTALIMOHAPHON chepruecKu CUMMETPUYHON METPUKOIL

dS? = dr? +e*(d” +sin” 6d¢?)—edr® . (12)

3nech MeTpudeckue KodGhUIMEHTHI e”, e*, e¥ 3aBHCAT TOIBKO OT PagHaabHOM

KOOPIMHATEI 7 = X', a OTOK HEHTpUHO Gy IeT pafuaibHO HATIPABIECHHBIM M OMKCHI-
BaeTCs BEKTOPOM WYY, , /i Y, — Marpuua Jlupaka puMaHoBa MPOCTPAHCTBA, OITH-
cbIBaeMoro Metpukoi (12).

B npoctpancTBe-Bpemenu (12) pemraeM COBMECTHYIO CHUCTEMY YpaBHEHMH
DWHIITeHA U HENMUHEHHOTO ciuHOpHOTO o (10)

1
Rik_ERgik Zm];k(\ll). (13)
YV y +B(Wy) -y =0

3nech cnuHOpHAST (DYHKIUS TAKKe 3aBUCUT OT PaJMaIbHOW KOOPAHHATHI 7

v =y (r). DTH ypaBHeHuUs Oy/ieM pelaTh B KOOPAMHATAX KPUBU3HbL: e! = 72,

B wutore, npomyckas mpoMeKyTOUHbIE BBIKJIAJIKHU, cUCTeMy ypaBHeHui (13)
NPUBENIEM K BULY

Por] ot
' y - (14)
W 1A 1 a‘e
PR R Y
reorlor r
&hcP
31eck KOHCTaHTA a=———, I/e Ac — KOMITOHOBCKas JUIMHA BOJIHBI
c

HEUTPHUHO.
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Pemienue 3Toit cucreMsl ypaBHEHUN CIIEAYIOLIEE:

a2

e’ =1;et=1-=—. (15)
7”2

[Tockonbky MeTpuyeckuit K03(ppULmeHT He MOXKeET ObITh OTPULIATENBHBIM, TO,

2

4TOOBI HE H3MEHWIACH CUTHATYPAa METPHUKH, JIOJKHO ObITh 7> —a® > 0. Torya BBe-

1EM HOBYIO PaMaIbHYIO0 KOOPAMHATY 7> —a’ = x°, U B pe3ybTaTe METPUKA IIpO-

CTPAHCTBA-BPEMCHU ITOCJIC BCIIBIIIKH CBerHOBOfI MMOJIy4acTCsd CICAYIOUICTIO BUOA:
dS? = +(x% +a*)(d6? +sin? 6dg? ) —dt? , (—o0 < x < +00). (16)

A 3TO ecTh MeTpHUKa NPOCTPAHCTBA-BPEMEHU «KPOTOBOM HOpBD», MPUUYEM
ACUMIITOTUYECKH IIJIOCKOM.

Takum o00pa3om, BO3MOXHO, MpHU OOJIBIION Macce CBEPXHOBOM (Ooiblie
YETHIPEX COJTHEUHBIX Macc) Mocie He€ MOKeT 00pa3oBaThCsl HEe U€pHas IbIpa, Kak
CUMTAETCs, a «KKpoToBast Hopay». Kpome Toro, MOxHO NpeANON0KUTh, C yYETOM CKa-
3aHHOTO BBIIIIE, YTO B LIEHTPE Hallel ["amakTUKy Takke HaXOIUTCS He uépHast AbIpa
B 4-10° Macc CoHIla, KaK CUMTAETCS yCTAHOBJIECHHBIM, @ «KPOTOBas HOPay.

MosxeT ObITh, U B IEHTPAX JIPYTUX TaJJaAKTUK HAXOJATCS «KPOTOBBIE HOPBI»,
a He YEPHBIC IBIPBIL.

Jlanee omycTUMCsl Ha CJIEIYIONWNA MacIITaOHBI YPOBEHb, YPOBEHb MHUKPO-
MHUpa — MHpa 3JIEMEHTapHBbIX YacTHIl, U PACCMOTPUM CTPYKTYpYy JIOKaJIbHOI'O
MPOCTPAHCTBA-BPEMEHH AJIECMEHTAPHBIX YaCTHUII, 00JaJAI0NTUX CITMHOM (COOCTBEH-
HBIM MOMEHTOM HMITYJIbCA), TPHUEM CTAOMIIBHBIX (KpoMe (DOTOHOB) U CYIIECTBY-
IOIUX B CBOOOJHOM COCTOSIHMHU. V3 TakoBBIX OCTAIOTCS TOJBKO (EPMHOHBI
CO CIMHOM /i/2: BIEKTPOHBI, MPOTOHBI, HEHUTPOHBI, HEUTPUHO, OMKCHIBACMbIC
CIIMHOPHBIM ypaBHeHHeM Jlupaka win ero HeJIMHEHHBIMU 00001EeHUsIMU, HAIPH-
Mmep tuna (10).

Yka3zaHHbBIE YaCTHIIBI CO CITMHOM /1/2 MBI Ha YPOBHE PEIIITUBUCTCKOMN KIIACCH-
yeckoi ¢pu3uku B pamkax OTO paccMmaTprBaeM He KaK TOUEUHBIE, a KaK MpOTH-

h

KEHHBIC OOBEKTHI C MACIITA0OM MX KOMITOHOBCKOH JUIMHBI BOJHBI A, =—
me

, 3 .
1 06bEMOM ¥ ~ A, 1 HccreyeM B 5TOM MalioM 00bEME CTPYKTYPY JIOKAIBHOTO

IPOCTPaHCTBA-BpEMEHH (PEPMUOHOB C YUETOM UX COOCTBEHHOTO I'PaBUTALIMOHHOTO
HOJISL.

B03MOXHOCTB JIOKaJIbHOTO PAaCCMOTPEHHS I'PABUTALMOHHOIO IOJS MaTepu-
QJIBHOTO 00BEKTA U €T0 JIOKAJIbHOTO MPOCTPAHCTBA-BPEMEHU 00YCIIOBIIEHA 0COOCH-
HOCTSIMU TPaBUTAILIMOHHOTO B3aMMOJEHCTBUS JUPAKOBCKOIO CIMHOPHOIO IOJIS,
KOTOPOE B OCHOBHOM IPOSIBJIAETCS JOKAJIbHO B TOM MECTE, IIe HAXOIUTCS CIIMHOP-
Hasl 4yacTULA, 0 YEM peub OyAeT UITH HUXKE.

Kak mbI mokasanu pasee [2], 1arpaHkuaH caMOIpaBUTHPYIOLIETO CIIMHOPHOTO
IOJIl pa3jaraeTcss Ha KUHETHMYECKYI0 YacThb M JIarpaHKUaH B3aWMOACHUCTBUSA
CIIMHOPHOTO U I'PAaBUTALMOHHOIO TOJIEH:
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hic — g — i — ey
L(w) == 00'v =Ty o - 20w+ ' (Frivsw) | (17)

31ech ® mpencTaBisieT COOON YIIIOBYIO CKOPOCTh BpAIEHHsS TMOJSL TETPA]
eé a) (xk ) ¥ ABISETCA KHHEMATUYIECKOM XapaKTEPUCTUKON BUXPEBOTO IPABUTAIIMOH-

HOT'O T0JIsl, SIBJISIFOILErOCsl BUXPEBOM COCTABIISIIONIEH MOJIHOIO I'PaBUTALIMOHHOTO
HOJISL.

MaremaTH4ecKu aKCHaIbHbIH 4-BEKTOP ®' TIPEICTaBIseT cO00i 4-MepHBIi po-
TOpP KacaTeJIbHOI0 TETPaJHOIO MOJIS:

o = %aikl’”ek(a)el(;“,z. (18)

BekTop o onpesienseT mIOTHOCTb OTOKA MOMEHTA UMITyJIbca s'(g) BUXpe-
BOTO IPABUTAIIHOHHOTO TIOJIS:

s'(g)=— (19)

®
c_
A BekTop z\wi%\u OTpeseNsieT MJIOTHOCTh MOTOKAa MOMEHTa HMITYyJIbca

(crina) S (W) cirHOPHOTO OIS

i he _
s'(y) = S YTV (20)

Tak uto JIarpaHXuaH CIIMHOPHOTO ITOJISI MOKHO MTPEACTABUTH B BUIC
hep — i i
LOy) == 1y =10y |+ s’ (@)si(w). 1)

TO €CTb MBI UMECCM CITMH-CITMHOBOC B3aI/IMOI[CI\/JICTBI/I€ CHI/IHOpHOFO n FpaBI/ITa-
IIUOHHOTO MOJIE C KOHCTAHTOM B3aUMOJICUCTBUA &, MPUYEM 3TO B3aUMOICHCTBHE

ABIACTCA KOHTAKTHBIM, JIOKAJIbHBIM, 0e3 BCAKOTO I[aJ'II)HOI[CI\/JICTBI/IH.
HpI/I BAPBbUPOBAHUHN IIOJIHOI'O JIArpaHXMWaHa CHCTCMbI I'PABUTALITMOHHOT'O H

. R .
crimHOpHOTO Tonet L(y, g) :—2—+L(\|1) Mo ', BBIJICJIMB MPEIBAPUTEIHHO U3
®

CKaJlipa KPUBU3HBI R BUXPEBYIO YacTh [4], HAXOIUM CBS3b MEXIY O U s'(V):

o =T Gy s'(g) =5 (). @2)
4 2
U3 ¢popmyin (22) cnenyer, 4TO BpalieHUe IPOUCXOIUT JIUIIb B T€X TOUYKAX, I71e
CYILIECTBYET MOMEHT MUMITyJIbCa CIIMHOPHOTO 10JIsA, TO €CTh BO BCEX TOUKAaX 00bEMA,
3aHATOrO CIIMHOPHOW YacTHILIEH, TO €CTh (PEPMHUOHOM, U TOJIBKO B HUX M TOJy4Ya-
€TCsl, 4TO ATa YAaCTHIIAa Ha CAMOM JIeJIe BPAIlaeTCsl BOKPYT OCH HAIIPABIICHUS CIIMHA,
Kak MmokasbiBaeT Gopmyina (22).
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ITockonbKy, Kak MbI MOKa3alH, TPAaBUTALMIOHHOE B3aUMOJEHCTBUE CIIMHOP-
HOT'O JIUPAKOBCKOT'O MOJISl SIBJISIETCS B OCHOBHOM JIOKAJIbHBIM, TO €CTh B 00BEME,
3aHATOM (EPMUOHOM, PEIIaeM COBMECTHYIO CHUCTEMY YPaBHEHHH I'paBUTALMOH-
HOT'O U CIUHOPHOTO TOJIEN C YYETOM UX CIIMH-CIIMHOBOI'O B3aUMOJIEHCTBUS:

1
Ry _ERgik =&l (V)

YVip+py =0 : (23)
o — &hc Ty
4 sV

MBI HaxoIuM CTPYKTYpy NPOCTPAHCTBA-BPEMEHHU B ITOM 00BEME, TO €CThb
CBOMCTBA JIOKAJIbHOI'O IPOCTPAHCTBA-BPEMEHH (DEPMHUOHOB.

Cunrtaem, 4TO JIOKAJIBLHOE MPOCTPAHCTBO-BpeMs (hepMHOHA — CTAIIMOHAPHOE
WIMHIPUYECKA CHMMETPUYHOE IPOCTPAHCTBO-BPEMsS C OCBIO CHMMETPHH,
HAIIPaBJICHHOM BJOJb BEKTOpa CIMHA, U COBMECTUMOE C CYyLIECTBOBAHUEM B HEM
BHUXPEBOI'0 I'PaBUTALMOHHOTO TIOJIS.

Takoe cTanmoHapHOE IIPOCTPAHCTBO-BPEMS MOXKET ONPEACIIATHCS METPUKON

dS? = Adx* + Bdop? +Cde® + 2Edtdo—Ddf, 0 < ¢ < 27 . (24)

3nech Bce metpuueckue kodpduuuentsl A, B, C, D, E ectb pyHKIUU pagu-
aJTBbHOW KOOPAMHATHI X, @ 0Chb OZ SIBISETCS OChI0O CHMMETPHUH.
Omnpenensiem no merpudeckum kodpdunuentam A, B, C, D, E KOMIOHEHTHI

TETPaTHOIO perepa eé a)» Y KOTOPOTO BPEMEHHUIIOO0HBIH BEKTOP eé 4) yCTaHaBIH-
BaeM B BHUJIC eé4) = (0, 0, 0, 1/ \/D), BBIYMCIISIEM YIVIOBYIO CKOPOCTh BpallCHUS
depmuona no popmyse (18):

. ED-DE
o =9 (25)

3 .
2D\ AC(BD + E?)

BuHo, 4TO JEHCTBUTENBHO BEKTOP YIJIOBOM CKOPOCTH ' HAlpaBieH BIOJb
ocu OZ, TO €CTh BJIOJIb BEKTOpa ClMHA ()epPMHOHA, CaM OH BPAIlaeTCsl BOKPYT ITOM
OCH C YITIOBOI CKOPOCTBIO ® = +/0f @, = M

“ 2pJaA

Jlnst Gosee SICHOTO (PH3MYECKOTO TPEIACTABICHHUS 3aJadd IPOHU3BEAEM

(3+1)-pa3zbuenne metpuku (24) ¢ moMoIbo MoHaIHOTO (hopmanusMma [4], a B Ka-

.. i
YCCTBC MOHAAbl BO3bMEM BCKTOP 6(4) TCTpaabl.

B pe3ynbrare MeTpuKka MpoCTPaHCTBEHHOTO CeUeHUsl OyIeT UMETh BUJ

dI* = Adx* + Rdg* + Cd=?, (26)
. . BD + E?
I7ie YIJIOBOM MeTpHuYecKuil KoappuIueHT R :T’ a METpHUKa IPOCTpaH-

cTBa-BpeMeHH B (3+1)-npeacraBnenun OyAeT 3anucaHa B BUAC
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ds* = Adv’ + Rd@? +Cdz* — Ddr* 27)

Tak 4T0 J0KaJIBLHOE MPOCTPAHCTBO-BPEMS Bpalarouierocs GepMrUoOHa onpese-
nsieTcst YeThIpbMs ko3 bunuentamu 4, R, C, D.

B pesynbTare penienust cucteMbl ypaBHeHUH (23) MeTpHKa JIOKaJIbHOTO IIPo-
CTPaHCTBA-BPEMEHU (pepMHOHA MPE/ICTABIIAETCS B BUJE

2
ds? = dx? +k—zchzcoox -do? +dz? —dt*, k=const, —0<x<+0. (28)
™o

VYrnoBas CKOPOCTBb BpalllCHUA BE31C OANHAKOBA ((D: ®, ), TO €CThb (l)epMI/IOH

BpalIacTCs KaKk TBEPLOE TEIO.

Mertpuka (28) ecTb METpUKa IPOCTPAHCTBA-BPEMEHH «KPOTOBOW HOPBI», TaK
KaK yrjioBoi MeTpuueckuil ko3dduuueHt Bezae 0omblie HyIst U CTPEMHTCS K Oec-
KOHEYHOCTH TPH X — +00, ¥ X — —00, TO €CTh UMEIOTCS JIBE TPOCTPAHCTBEHHBIE
0ECKOHEUHOCTH Ha KOHLAX MHTepBaia (—oo < x < +00), TO €CTh Ha 000MX KOHIIaX
MOJIYYUBIIEHCS «KPOTOBOM HOpBD». Kpome Toro, merpuyeckne KodhPHUIIMEHTHI
(gx=1,g=1, gu=1), Takue ke Kak ¥ BO BHEITHEM IPOCTPAHCTBE, IPOCTPAHCTBE
HaOIOIaTelIs, TO eCTh (epMHOH OyAeT HaOJFOaeMbiM ¢ 00OMX KOHIIOB CBOCH
«KPOTOBOW HOPBI», a CaM CIIHH C KaXKJ0T0 U3 KOHIIOB OYyIeT MPeICTaBIAThHCS B MPO-
THUBOIIOJIOKHOW OPUEHTAIIMY 10 OTHOIICHHIO JIPYT K JIPYTY, CIEOBATEIBHO, TIPO-
TUBOTIOJIOKHBIX 3HAKOB: +/1/2 u —h/2.

[TosTomMy Bo3MoOkeH 3¢ (HeKT, 4To eciau 00a KOHIa KKPOTOBOM HOPBD», CO3/IaH-
HOM 2JIEKTPOHOM, JIEKAT BOJIM3U HAOIIOATENSI, TO 3TOT JIEKTPOH MOXKET HAOIII0-
JaThCsl KaK JBa 3JIEKTPOHA C MPOTUBOIOJIOKHBIMU CITMHAMH.

Takum oOpa3oM moka3zaHa MHTEpPECHas U MpHUMeuaTeNlbHas Pojib Kiaccuye-
CKUX IMPAKOBCKUX TOJIEH, KOTOPYIO OHU MOTYT UTpaTh B pru3uke Meramupa (B Koc-
MOJIOTHH), MaKpoMHupa (B acTpopu3uke) U MUKpoMupa (B GU3MKE dIIEeMEHTaPHBIX
gacTul] — (OPMHUPOBAHUU T€OMETPHHM MX JIOKAJIHHOTO MPOCTPAHCTBA-BPEMEHH),
npuuéM B MeraMupe HeJIMHEHHOE CIHHOPHOE I0Jie MOXET (OpMHUPOBATH CyIIle-
ctBoBanue BeuHoii Becenennoil B mponuiom u OynyniemM BpeMeHax, a B acTpogu-
3WKe WHAYIUPOBATH 00pa30BaHUE «KPOTOBBIX HOPY.
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ON POSSIBLE GEOMETRIC AND ASTROPHYSICAL EFFECTS
OF NONLINEAR SPINOR FIELDS
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Abstract. In this article, within the framework of general relativity, the possible effect of the
gravitational interaction of Dirac nonlinear spinor fields on the evolution of the Universe, on the
formation of astrophysical objects and on the formation of the geometry of the local space-time of
elementary particles with spin h / 2 is considered.
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TOYHAA MACLUTABHAA UHBAPUAHTHOCTDb
B 3MNOXY HAYAIA BOJ1bLLOIo B3PbIBA
KAK MPOBJIEMA ®YHOAMEHTAJIbHON ®U3UNKN

b.H. ®poJsosB

Mockosckuil nedazoeuueckuil 20Cy0apCmeeHHblll YHUBEePCUmem
Poccuiickas ®edepayus, 119991, Mockea, yr. Manas [lupozosckas, 1, cmp. 1

AnHortauus. Ha ocaose nneii E. Xappucona u S.b. 3enpaosuya chopmyarpoBana rumnoresa
0 TOYHOH MacmTabHOW cuMMeTpuu BceeneHHOW B 3moxy Havana Bonbmioro B3pbBa W MPUYUHE
Bornbmoro B3peiBa Kak CIIOHTAaHHOTO HAPYIIEHHS TOYHOW MacIITaOHONW MHBAPHAHTHOCTH. YTBEp-
JKITAETCs, YTO YKa3aHHAS KOHIICIIIH O TOYHON MacIITaOHOH CHMMETPHH TIPEICTABISIET COOO0It BBI-
30B COBPEMEHHBIM TIPEACTaBICHUSIM (DyHIaMEHTAIBHOM (PU3UKK B MaTEMATUICCKOM, (DU3UIECCKOM,
KOCMOJIOTHYECKOM, KBAHTOBO-MEXaHUIECKOM M META(PH3MISCKOM aCIeKTaX. AHAIH3UPYETCS Kak-
JIbI U3 yYKa3aHHBIX aClEKTOB.

Knroueewte cnosa: vacmtabnas cumMmmeTpus, bonpnoit B3psIB, KocMOJIOTHS, PyHAaMEHTAIIb-

Has (usnka, MeTapH3mKa.

B pabotax aBtopa [1; 2] 6b1a chopMmynrpoBaHa THIIOTE3a O TOM, 4TO bomb-
IIOM B3pBIB SIBUJICS CJEACTBUEM CIIOHTAHHOTO HapyLIEHHs] MacIITaOHOW CUMMET-
pUM B TOH pealbHOCTH, KOTOpasi UMeJla MECTO B MOMEHT bouiblioro B3pbiBa (Tak
KaK TOHATHE «paHee», MO-BUANMOMY, HENPUMEHHUMO K MOMEHTY Hadaia Qu3nye-
CKOT'O BPEMEHH).

OcHoBaHueM a7 GOpMyJIMPOBKU TaHHON TUIIOTE3bI SBISIETCS MPEII0KEHHAS
E. Xappuconom u f.b. 3enpaoBuuem [3; 4] unes o MacmtaOHOM MHBAPHUAHTHOCTH
paHHel BeeneHnHol /Ui pacueTa HaualdbHOM YacTH CIIEKTPa MEPBUYHBIX (QIIYKTya-
LIUH IJIOTHOCTU MaTepuH (1u1ato XappucoHa—3enbloBuya, puc. 1).

[Ipeanonoxenue E. Xappucona u S.b. 3enpnoBruya Ob110 4aCTUYHO TOITBEP-
xneHo HaomoaeHusmMu WAMP temnepaTypHOil HEOTHOPOJHOCTH PETUKTOBOTO
u3y4deHus (puc. 2).

Takke runoreza XappucoHa—3€JIbJOBUYA MOJITBEPKAACTCS MOCIECTHUMU
nanHbMH J1abopatopun PLANK, corimacHo KOTOpBIM U3MEPEHHBIN CIIEKTPaIbHBIN
MHJIEKC CKaIAPHBIX Bo3MyLieHui pasen n, =0,9663 10,0041, B To Bpems Kak a1

creKTpa XappucoHa—3eJlbJOBHYA 3TOT IApaMeTpP B TOUYHOCTH PABEH EAUHMIIE:
n, =1. ITO TOBOPUT O TOM, YTO PEANIBHBIIT CIIEKTP BO3MYILCHHIA II0YTH COBIIAZACT

CO CIIEKTPOM XappucoHa—3eNbJ0BHYA.
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®@ponos b.H. Tounast MacTabHasi MHBAPHAHTHOCTH B SIIOXY Havajia bonbIimoro B3pbIBa. ..
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Puc. 2. CriekTp aHM30TPONNH PEIUKTOBOI0 U3JIy4eHus o fanaeiM WAMP,
Bujaen BbIxoa Ha miIaTo XappucoHa—3e/IbA0BHYA CO CTOPOHBI MAJBIX [
CHAOWHAA TUHUA COOTBETCTBYET TEOPETHUECKOI MOCNH, MouKy — HAOIIOAaTeIbHbIE JaHHbIE

1000

+

Ha ocHOBaHMM U37105)KEHHOTO MOKHO BBICKA3aTh MPENOI0KEHUE, YTO IBOIIO-
s Beenennoit mocie bonbioro B3peiBa (B nepuoa HHGISAINANA U HECKOIBKO MO3/1-
Hee) MPOUCXO/INIa B IPOCTPAHCTBE CO CJ1a00 HApYIIEHHOW MacIITaOHON MHBapu-
AQHTHOCTBIO, KOTOpAs 3aTeM, IO MEpPE POXKICHUS PIICMCHTAPHBIX YaCTHUI] C HCHYJIC-
BOW MAacCOM MOKOs1, 0Ka3aJlaCh CUJIbBHO HapYILIEHHOM.

Konyenyusa o mounoii macuuma6bHnou cummempuu 8 3noxy Hauana borvuozo
83pblea npedcmasisiem coboll 8bl3068 COBPEMEHHBIM NPEOCMABIeHUAM (PYHOAMEH-
MAnbHOU (PUUKU 8 MAMeMAMUYecKom, QU3UUecKOM, KOCMOI02UYECKOM, KEAH-
MOBO-MEXAHULECKOM U Memaghu3uueckom acnekmax.
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Mamemamuueckuil acnexm poOJIEMBI CBS3aH C TE€M, YTO, COTIIACHO THIIOTE3e
aBTOpa, bobI110#1 B3pBIB MPOU30IIET B pe3yIbTaTe CIIOHTAHHOTO TOMOJIOTHYECKOr0
nepexo/a oT Hexaycnop(hoBa TOMOIOIMYECKOTO MPOCTPAHCTBA (B KOTOPOM OTCYT-
CTBYET IOHATHE PACCTOSHUS U MMO3TOMY MMEET MECTO TOYHasi MacuITaOHas MHBa-
PHAHTHOCTH) K POCTPAHCTBY, B KOTOPOM CIIPaBEIMBa aKCHOMA OTJIETMMOCTH Xa-
ycrnopda v MO3TOMY UMEET MaTeMAaTUIECKUI CMBICIT TIOHSTHE PACCTOSTHUSI.

Axcuoma otaenumoct Xaycaopda o3HadaeT ciaeayroliee:

Mooicno eblopams maxue okpecmHocmu 08yX pa3iutyHblX Mo4ex monojaocuye-
CK020 NPOCMPAHCMEa, Ymo ux nepecedenue 6yoem nycmolm MHOHCECMBOM.

O4eBHIHO, YTO €CITU PACCTOSHUS CYIIECTBYIOT, TO IaHHASI AKCHOMa BBITIOTHSI-
ercsi. 1 HaoOopoT, B Hexaycaop(OBBIX TOMOJIOTMYECKHX MPOCTPAHCTBAX HEJb3S
BBECTHU TMOHSITHUS PACCTOSHUA. Bce mouku makozo npocmpancmeda oKa3vl8aomcs
00UHAKO0BO OIUBKUMU OpY2 OPY2)Y.

Kax ykassiBasnocs B [1; 2], B Hexaycamop(oBBIX TPOCTpaHCTBAX, BBULY OTCYT-
CTBUSI PACCTOSTHUM, aKTUBHOCTb MOXKET MPOSIBIATHCS HE B BUAE MPOCTPAHCTBEHHO-
BPEMEHHON MPUYMHHOCTH, a TOJIKO B BUJIE€ MAaTEMaTHUECKUX U JIOTUYECKUX CMBbIC-
JIOBBIX B3aUMOCBSI3EH.

[ToaTomMy HEOOXOAMMO pa3BUBATh MaTEMaTHYECKHH ammapar Hexaycaopdo-
BBIX [TPOCTPAHCTB B MPUMEHEHUH K (yHIaMEHTaIbHON (PU3MKE B TUIaHE OMHCAHUS
JTUHAMHKHU B 9TUX MIPOCTPAHCTBAX HA S3bIKE OTNepanuii abCTpaKTHOM MAaTEMATHKH B
CUTYallld, B KOTOPOIl MPOCTPAaHCTBO-BpEMsI HE ABIISETCS MHOTOOOpa3ueM B (husu-
YECKOM CMBICIIE.

CrnenyeT OTMETUTB, YTO UJES O CBSA3U (PU3NYECKUX 3aKOHOB C NIEPBUYHOMN Ma-
TEMaTUYEeCKOW AaKTUBHOCTBIO pa3palaThiBaliach paHee. YKaKeM Ha paboThbl
10.C. BnagumupoBa 1o 6unaproti npedeceomempuu [7], Ha unero B.B. Kac-
caHapoBa 00 areedbpoounamuxe [8], a Takke Ha OMyOJIMKOBAHHYIO HEJTABHO MOHO-
rpaduio A.Il. EppemoBa, mogBOIAIIYI0 UTOTH €r0 MPEKHUX HCCICT0BAHUH, B KO-
TOPOM yKa3aHO Ha 8O3HUKHOGEHUE K8AHMOBO-MeXanuueckoeo ypasrenus Lllpeoun-
2epa u3 nepeoHaAuaAIbHbIX MamemMamuieckux 3akonomepruocmetl [9].

Dusuueckull acnekm TPOOIEMBI 3aKIIIOYACTCSA B TOM, YTO ()yHIAMEHTAIBHOM
IpyNIoi MHBAPUAHTHOCTU MPOCTPAHCTBA-BPEMEHH B AMOXY UHMISAIUU SBISETCS
He rpynmna Ilyankape, a rpynna Ilyankape—Beiins, B koTopoil mpeoOpa3oBaHUs
rpynisl [lyankape 1onoHeHbI MpeoOpa3oBaHUSIMU MTOATPYIILI Belmns — pacTsixke-
HUSMU U CKaTHSIMH (JUIIaTaIlsIMU ) IPOCTPAHCTBA-BPEMEHHU.

Ha sTtom myTtn Obuta pa3Buta kanuOpoBouHasi Teopusi rpynmsl [lyankape—
Beiinsg [10—-12]. B naHHO# Teopun MOKa3aHo, YTO B 3TOM ClIy4dae B MPOCTPAHCTBE-
BPEMEHU HUHIYIUPYETCSd TeOMEeTpUuecKas CTpyKTypa mnpocTpanctBa Kaprana—
Beiins ¢ KpuBU3HOM U KpyYEHUEM, a TaK)K€ HEMETPUYHOCTHIO BEUJIEBCKOI'O THIIA.
Taxoke OBIIO MOKA3aHO, YTO B 3TOM CJIy4ae BO3SHHUKAET HEOOXOAUMOCTh BBEICHUS
(B KadecTBe JOMOJHEHHUS K METPUUYECKOMY TEH30pYy) CKaJIIpHOro Mo (moss
Beitnsa—/lupaka), rpaiieHT OT KOTOPOTO OMpEesieT BEHIEBCKYI0 HEMETPUUYHOCTb
U KOTOPOE COBIAJAET [0 CBOMM CBOWMCTBAM CO CKAJISIPHBIM IIOJIEM, BBEJIEHHBIM
Hupakowm [13].

96



@ponos b.H. Tounas MaciTabHasi ”HBAPUAHTHOCTH B 910Xy Hadaja bobIroro B3psIBa. ..

CoOTBETCTBEHHO, AMHAMHKA 3€Ch MPEICTaBIsET OO0 COBMECTHYIO JHHA-
MHKY METPUUYECKOTO MOJs U cKaiusipHoro nojsi Beins—/upaka B mpocTpaHCTBE
Kaprana—Beiinsa. [loctpoenHyo Takum o0pa3oM TEOPHIO TPABUTALUU YMECTHO
Ha3BaTh KaIMOPOBOUHOM Teopuel rpaBuTanuu [lyankape—Beiins.

Brickazana runoresa [14], uto ckanaproe none Benns—lupaka na xocmono-
2UYECKUX MACumabax COBMECTHO ¢ KOCMOJIOTHUECKOW TIOCTOSIHHON uepaem poib
MEeMHOU JHepauU, a HA 2aNaKMUYecKux Macuimadax 6 CKONAEHUAX 2alaKMUK
U IOKATTbHBIX AGNEHUSAX GHYMPU 2ANAKMUK Uepaem poib MEeMHOU Mamepuu.

B nmanHO# Teopum B npocTpaHcTBe-BpeMeHn Kaprana—Benss co CKaJsIpHBIM
nonem Beitng—/{upaka HaiineHo cepuuecku-cumMmmeTpudHoe perienue [15; 16], Ha
OCHOBAHHHU KOTOPOTO MPEITI0KEHO BO3MOKHOE 00BICHEHNE O/THOM 13 00HApY KEH-
HBIX aHOMaJIUN OBYOKEHUS Tesl B COMHEYHOM CHCTEME, a IMEHHO IIPOJIETHOM aHO-
mamnuu (cm. [17]).

Takke HalWJIEHO aKCUAIbHO-CUMMETpPUYHOE penieHue [18], Ha ocHOBe KOTO-
pOro TMOJYYEHO BO3MOXKHOE OOBSCHEHHE OJHOM M3 aHOMANUil JBIKEHHUS Tel
B ['amakTrke, a UMEHHO Ha0JII0JIAEMOr0 IIOCKOTO BHJAa POTALMOHHBIX KPUBBIX
CIIUpaJIbHBIX TAJIAKTHK.

Kocmonozuueckuii acnekm npoOiaeMbl 3aKII0YaETCsl B HAWJCHHOM pEIIeHUN
Jutst anoxu uHsmun [19; 20].

JlaHHBINA pe3ynbTaT MpeAcTaBisgeT co00i BO3MOXKHOE DELICHHWE W3BECTHOU
«TpoOJIEMBbI KOCMOJIOTUYECKON MOoCcTOsTHHOMY [21]. JlanHas mpobiiema mpencraB-
aseT coboi OHY M3 BaXKHBIX MPOOIEM COBPEMEHHON (pyHIaMEeHTanbHOU (HU3UKH
U COCTOUT B OIPOMHOM pa3inuuu Ha 120 mopsiikoB MeXAy 3HaY€HHUEM 3HEPIUU
(bU3HYECKOT0 BaKyyma (TEMHOM SHEPTHH, OTTMCHIBAEMOM KOCMOJIOTHYECKOM MTOCTO-
SIHHOM) B HAuyaJbHOM CTaauu 3BOJIOLMK BceeneHHol (KoTopoe ompenensieTcs Ha
OCHOBaHUHU KBAHTOBOM TEOPUU MOJIS1) U €€ 3HAUYEHUEM, OIIPEIeIsIeMbIM Ha OCHOBa-
HUU COBPEMEHHBIX HAOIIOAAaTEIbHBIX TAHHBIX.

bruta Beickazana rumotesa [22; 23], 4To permeHneM nmpooieMbl KOCMOJIOTHYe-
CKOHM MOCTOSIHHOM MOXET OBITh AKCIMOHEHIIMAJIbHOE YMEHbIeHUE 3()PeKTUBHOM
KOCMOJIOTUYECKOH IIOCTOSIHHOM B paHHE BCelleHHOM: 3aTeM Ha OCHOBE T€OMETPUHU
Kaprana—Beiins Ob110 MOKa3aHo, 4TO MOJ00HOE YMEHBIICHHE MOXKET OBITh CIIE/-
CTBHEM JMHAMHKU T'PABUTALIMOHHOIO IOJIA U CKAJsIpHOTro mois Beia—/lupaka B
cBepxpaHHell Becenennoii [24; 25].

OxoHuaTeapbHOE perieHne MpoodIeMbl ObUIO MPEABIBICHO B JOKIA/IE Ha KOH-
¢epenuun PIRT-2019 [19; 20]. [TomyuyeHHOE pelIeHrE ONUCHIBAET KaK SKCIIOHEH-
[UalbHOE yBEIMYEHUE MacmTaOHoro ¢akropa a(t), TaKk M AKCIOHEHIIHAJIHHOE
yYMEHBIICHHE CKaJsipHOTO noiisi Beins—/{upaka B(t) 1 TeM caMbiM 3P HEKTUBHON
KOCMOJIOTHYECKON TTOCTOSTHHOM JI0 €€ COBPEMEHHOTO 3HaueHus (puc. 3 u 4).

Keanmoso-mexanuueckuil acieKT paccMaTpuBaeMoOn MPOOIEeMBI CBSA3aH C T0-
IBITKON OCMBICJIEHUS TaKUX MapaJ0KCaJIbHBIX SIBJICHUN KBAHTOBON MEXaHUKHU, KaK
MT'HOBEHHBIH KOJUIAIC BOJIHOBOUM (DYHKIIMU MIPHU U3MEPEHUH, a TAKXKE CYIIECTBOBA-
HHE HEJIOKAIBHOCTH KBAHTOBO-MEXaHNYECKUX MPOLIECCOB, OOBSACHSIONIEE SIBICHUE
KBAaHTOBOM Tenenopranuu [26].
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CBsi3b yKa3aHHBIX KBAHTOBO-MEXaHMYECKHX SIBICHUN ¢ IPoOIeMoit, 00Cyxkaa-
€MOH B JAHHOM CTaThbe, CICAYIOIIAs.

[Ipennaraercs paguKalbHBIA MEPECMOTP ONMUCAHUSA MPOCTPAHCTBA-BPEMEHH,
COIJIACHO KOTOpOoMY (hyHIaMEHTaJIbHOM Tpynmnoi MpOCTPaHCTBA-BPEMEHH SBIIS-
ercs He rpynna [lyankape, a rpynmna Ilyankape—Beiins ¢ cuiibHO HapylLIEHHOM Mac-
mITa0HOM MHBAPUAHTHOCTHIO.

CaoiicTBa MpOCTpPAHCTBA CO CIIOHTAHHO HapyIieHHoH [lyankape—Beiins cum-
METPUEHN OTJIMYAIOTCSI OT CBOMCTB MpOCTpaHCcTBa ¢ YucTO [lyaHkape cumMmeTpuei,
CJIEZIOBATENIbHO, U ONMUCaHMU (PU3NUECKUX SBJICHUN B ATHX MPOCTPAHCTBAX TAKXKe
JIOJIKHBI OTJINYAThCS.

31ech MOXKHO IPOBECTH AHAJOTHI0 C TEOPUEH XPOMOJAMHAMHUKH, KOTOpas
IPEJCTaBIsIET COOON TEOPUIO0 CO CIIOHTAHHO HApYIIEHHONM YHHUTapHOM CHUMMET-
pueil. [Ipuuem maremaTrueckasi CTpyKTypa TEOPHUH, OTPAKAIOIIAsl CBOMCTBA CUJIb-
HBIX B3aMMOJICMCTBHI, OCHOBAHA HA MOHATHUSAX W aIIapare TOYHON CUMMETPHUH,
a Ha HaOJIo/1aeMble MPOSIBICHUS OKa3bIBae€T BO3JCICTBHE Mepa HapyIICHUs STOU
TOYHON CUMMETPUHU.

AHAJIOTUYHO MOXKHO TIPEATIONIOKUTH, YTO TOYHAs MacimTaOHas CHMMETpUs
(B Mepy ee CIIOHTaHHOTO HApYIICHHS) MPOSBIIAET ce0sl, MPEKE BCEro, HA MUKPO-
CKOIMYECKOM KBAHTOBO-MEXAaHWYECKOM YPOBHE B BHJIE HE3aBHCHUMOCTH HEKOTO-
pBIX SIBJICHUH OT MPOCTPAHCTBEHHO-BPEMEHHBIX paccTosiHuid. Ham mpencrasis-
€TCs, YTO MMEHHO B 3TOM JIEKHT OOBSCHEHHE OOHAPYKEHHOH HEIOKaTbHOCTH
KBAaHTOBO-MEXaHUYECKUX siBJICHU. Hamo HameaThes, 4To JanbHEWIlIee n3y4yeHue
JTaHHOU TUTIOTE3bl MOXKET MPUBECTH K OoJiee yriyOIeHHOMY TOHUMAaHUIO CyIIecTBa
KBaHTOBOW MEXaHUKH.

B nHacrosimee BpeMs 00Cy>KAaeTcs BO3MOXKHOE MPOSIBICHHUE HEJIOKATbHOCTH
TaKXKe ¥ B MAaKPOCKOMMYECKUX ABIEHUX [27]. Bo3aMOkHO, 4TO 10100HBIE MPOSIB-
JICHUs HEJIOKAJIbHOCTH, €CJIM OHU CYIECTBYIOT, TAK)KE UMEIOT CBOE€ OOBSICHEHHE B
HapyleHHoH [lyankape—Belis CMMMETpUU IPOCTPAHCTBA-BPEMEHH.

Memadghuzuueckuii acnexm poOIeMbl U30kKeH B [1; 2], rae ObUT peaoxkeH
OJIMH W3 BO3MOXXHBIX CIIEHAPUEB NMPUMHPEHUS MATEPUATUCTUUYECKOTO HAYUHOI'O
OTIMCaHMS IPUPOJIBI C 0OBEKTUBHO-UICATHCTUICCKAM TTOHUMAHUEM PEaTbHOCTH.
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EXACT SCALE INVARIANCE IN THE ERA
OF THE BIG BANG BEGINNING
AS A PROBLEM OF FUNDAMENTAL PHYSICS

B.N. Frolov
Moscow Pedagogical State University
1/1, Malaya Pirogovskaya St., Moscow, 119991, Russian Federation

Abstract. Based on the ideas of E. Harrison and Ya.B. Zel’dovich, a hypothesis is formulated
on the exact scale symmetry of the Universe in the era of the Big Bang beginning and on the cause
of the Big Bang as a spontaneous violation of exact scale invariance. It is argued that this concept
of exact scale symmetry is a challenge to modern concepts of fundamental physics in the
mathematical, physical, cosmological, quantum-mechanical and metaphysical aspects. Each of the
aspects is analyzed.

Keywords: large-scale symmetry, Big Bang, cosmology, fundamental physics, metaphysics.
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KOPAH. Cypa 2: 255 (nep. B.M. Ilopoxosoti)

Jlynnuii npUBHOCUT B NaMSITh ABUKEHUE.
@urypsl €ro HCKyccTBa, Ha KOTOPBIX
HaHECEHBl OYKBEHHBIC 0003HAUCHIS
Wpneilt, He cTOSAT HA MECTE, a BPAILLAIOTCSL.

Dpencuc Herime. Hckyccmeo namamu

The mind is a time machine that travels
backwards in memory and forwards in prophecy.
David Lodge. A Man of Parts

Pazym — 53T0 MammHa BpeMeHH, KOTOpas [BMXKETCS Has3al B HaMsITH
(Past in the Future) u Bmepen B mpopouectBe (Future in the Past). Cormacho
P. [Tenpoy3y HEOOXOIMMO HCCIIEIOBATH MIPUPOTY pasyMma.

! E-mail: kamil.bakhtiyarov@gmail.com
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1. IlpyHIMO reHe3uca: BOSHUKHOBEHUE U YHHUTOKEHHE
(npobrema mabauy Apucmomens)

B nepBbix rmaBax «®@usukn» (O ¢uznueckux Havanax, ri. 1-5) Apucrorens
YTBEPKAAeTCd TPUHUTAPHOCTH Mpolecca BO3HUKHOBEHUsS: «C OHOW CTOPOHBI,
Havan He OoJbllle, YeM MPOTUBOMOJIOKHOCTEH, ... C APYTOH K€ CTOPOHBI, UX HE
BIIOJIHE /1Ba, a Tpu» [1. C. 77]. Bo3nuxknoeenue asnaemca mpemovum mepmuHom,
onucwleaouum nepexoo u3 Hedvimus 6 6vimue. B nocnennux riapax «PU3nKu»
(O mBwxenuw, ri1. 6-8) mocrynupyercs: «bosbIe Bcero 3arpyiHeHUI 10CTaBIsSET
BOIIPOC O BO3HMKHOBEHWHU JBIKEHHUS, KOTOpPOro panbine He Obuto» [1.C. 226].
Oco0oe MecTo 3aHMMaeT ero Tpakrtat «O BO3ZHUKHOBEHUU M YHUUTOXKEHUWY, TIE
OTYETIIMBO BIEPBbIE ObUT CHOPMYITMPOBAH MPUHIIUII TeHe3uca: «Bo3HuKaTh 1 ruod-
HYTb — 3TO TO K€, YTO KaYeCTBEHHO NU3MEHAThCS. .. CyIIIECTBYIOT IBE BEILH — CyIllee
U _He-CcyIliee, OTOHb M 3eMJs... MPOCTOH MEepexoi B HE-Cyllee — 3TO MPOCTOE
YHUUTOXKEHHE, a MEPEXO0Jl B MPOCTOE CyIlllee — 3TO MPOCTOE BO3SHUKHOBEHHEY.
ApucToTenp pa3auval BO3HUKHOBEHHE (yéveon [reHe3uc]) W YHHUTOXXCHHE
(pBopiov [propa’]). PakTUUECKH — 3TO CHHTE3 MPOIIECCYAbHOTO U CyOCTaHIINO-
HAJIBHOTO MBIIUIEHUS. «Martepusi — 3T0 CyOCTpaT BOSHHUKHOBEHHS U YHUUTOXKE-
Hus» [1. C. 385].

B 1-ii Tabmunie Apucrortens — kBaaparHou Jyorradmmme [1. C. 301] momu-
HauTel: BBITUE u HEBBITUE, cpacrasce, oOpasyror BeunocTs ¢ ee aputmueit
(arigmoz). dakTUuecku 3TO — dYeThlpex3HayHas Jyoruka bemnama [3. C. 159].
Bo 2-i1 Tabnune Apucrorens — kpyrioi renradmune [1. C. 303], oGpa3zyercst uuk-
muyeckoe Bpems [2. C. 55; 3. C. 152, 169]. Kpyrioe cuMBOIM3UPYET JIBHKEHHE,
Be/Ib Ha KBAJIPATHBIX KOJIECAX HE TOEEIIb. Bpems sBIIeTCs KOJIeCOM KHU3HU, [IUK-
noMm arpoce3oHoB: 00 3uma — 07 gecna — 11 jero — 10 ocens.

BnepBble mnpemiaraercs OuHapHOE KOAMPOBAHHE KIIIOUYEBBIX TEPMUHOB
Apucrotenss: BOSBHUKHOBEHUE = 01 u YHUUYTOXEHUE = 10. lomuHaHThI
anbda A u 6eta B [1, c. 303] nansl B IpeaoKEHHBIX MHOIO OMHAPHBIX KOJIaX KaK
max A= 11 umin 'V =00.

Tenmaonuya Apucmomens («kpyznvlii Keaopamy)

r= | 0'1.BOBHUKHOBEHUE, ra3n= = 1°1. BBITHUE, OTOHp A ™= ™=
- 1'0. YHUYTOXKXEHHUE,

0°. HEBBITHUE, TBepAb V= ——

HKHIKOCTD U ===

[Tpunuun Apucrorens pazsuBaet Mon Cuna. B ero «Hayke BO3HUKHOBEHUS
u yHuuTOXKeHUs»: «IlepBomarepus ecth CyOCTpaT BCEX MaTepUaIbHBIX IIPEAMETOB U
MPOLIECCOB, YCIOBUE MHAMBUAyATU3alMU (GOPMBI, Ay U Pa3yMHOM CIOCOOHOCTH.
KoHkpeTHbIMU €€ BUIaMH SIBIISFOTCSI 36MJISL, BOJIA, BO3/LyX U OTOHb, U3 KOTOPBIX 00pa-
3YIOTCSI BCE TEIIA, 4 TIABHBIMU CYIITHOCTHBIMH aKIHICHIIUSAMH (aTpUOyTaMH) — IBUXKE-
HHE, IPOCTPAHCTBO, BpeMsl. BmecTe ¢ TeM nepBoMaTepusi — U3MEHUYMBAsi CyOCTaHIHS,
YTO TPOSIBIISIETCS B TIOCTOSIHHOM TIEPEXO0Jie APYT B JPYra YEThIPEX AJIEMEHTOB U 00-
HOBJICHUH KOHKPETHBIX (hopM ObITHS TTpemeToB» [6]. [IepBoMartepus ecTh cyocTpat
Bcex npenmetoB (mepoanemenThl: 00. 3emus, 01. Bo3nyx, 11. Orons, 10. Boxaa)
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u mpoueccoB (nepBonpouecchl: 00. HeObiTHe, 01. Bo3HMKHOBeHHe, 11. ObITHeE,
10. yHHUYTOXEHHE), U3MEHEHUH, KOTOPBIE 00YCIIOBICHBI PUPOAHBIM ITUKIOM. DTO
YeThIpe CTOJITA, YIPABJISIOIINE YETHIPbMS CTOPOHAMH CBETA.

2. IlpyHUMD cyneprene3uca
(npobnema konyenmpuueckux maoauy MUon Apabu u Patimonoa Jlynnus)

[Mpunmun renesuca (remmatpuna I) passun Mo Cuna. Mo Apabu
u Paiimony JIyiumuii MOTYT cYUTAThCS CO3/IATEISIMU (DPAKTAITBHON JIOTUKU CYTIep-
reHesnca. Ananumuuecku @vipajicaem NPUHUUR GPAKMATbHOCMU CYynepzeH-
mampuya B.I'. Pymepa I'?, spnsiomasicst 1eBbIM TEH30PHBIM ITPOM3BEICHAEM MaT-
pHULIBI MUKPOCBOMCTB Ha MaTPHIy MaKPOCBOWCTB:

n A I'n T4
Ir’=r® =
V u IV Tu

N6H Apabu cumtaet, yTo «TpedyemMoe 0003HAUYMUIIOCh, pa3 Thl HAMETHII pa3-
psabl. OTa ujes Halia HauboJiee MoJIHOE BBIPaKEHHE B KOHIIEHTPUYECKUX KpyTrax
N6H Apabu. [Ipuenem 6a30ByI0 MaTpUIly B MOMX KOJAX: B OTJIMYKE OT PUMCKOU
apa0ckasi 3aII1Ch YUCEeIl UCIIOIb3YET Pa3pA0bl IECATKOB U €IMHUILL (AHAJIOTH TOCIIO
u paboB). Hampumep: X1 = 11. ApaGckas uaes NO3UIMOHHOCTH HalllIa OJHOE BbI-
pakeHHe B KOHIEHTpUYECKUX Kpyrax (La production des ciecles).

Cynepzenmabnuya Hon Apabdu («<konyenmpuueckue Kpy2ivie Kaopamaoi»)

01. LA PAROLE. PEUb 11. LA VOLONTE. BOJIS
01. Parlant. 'oBopsiuii 11. Volontaire. Boirstiuii
r’= 00. Puissant. Morymmii 10. Savant. 3Harommi
00. LA PUISSANCE. MOT'YIHIECTBO 10. LA SCIENCE. 3BHAHUE

HeBonpHO npuxoaut Ha ym (paniry3ckas nmocioBuna: Vouloir c¢’est pouvoir
(Xomemv 3nauum mouw).

He cnyuaiino apabckast kpyrias IedyaTh 3aMEHHIJIa KBaJpaTHYIO B EBporre.
Hoea konyenmpuueckux kpy20e 1on Apabu Taxoke Oblia 03/1HEE PeaI30BaHa B
noruyeckor MamnHe Panimonaa Jlymusd. Ero sorudeckas mammHa, KOTOpou BOC-
xumaiicst JIeOHuUI, cocTosia M3 KOHIIEHTPUYECKHX KOJeC, Ha KOTOPBIX ObUIN
HanucaHbl Kiro4eBbie ciioBa. k. CudT B «Ilyremectsun B JlamyTy» BbICMEsII €€
KaK MPETeH3MI0 Ha MALIMHY, HO3BOJISIOILYI0 MUCATh KHUTH JIFOOOMY YEJIOBEKY 110
J1r000My BOIPOCY, IIPOCTO Bpalllas 3TH KoJieca U JUKTYs 00pa30BaBIIMECS CTPOKU
nucuaM. Bpamass kpyru, mojgyyaem pasiMyHble KOMOWHAIMM IE€PBOJIEMEHTOB.
B neificTBUTENBHOCTH M€ MO3ULMOHHOCTH OKa3aJlach UCKJIFOYUTEIBHO IIpOrpec-
CUBHOH. B oTnuuune ot nepornuduueckoil puMCcKoi 3anucu 4ucia 0OUHHAOYamy:
XI =11 mo3unmoHHas apaOckasi 3aIUCh YHUCEN UCIOJIB3YET Pa3psabl JECATKOB U
euHUIL (aHaJIOTH Tocro U pados). [lociie kKaxI0ro MOBOPOTA KPYrOB MOJTydaeM
HOBBIE INarPaMMBI, YTO [TO3BOJIIET IIOMUMO IIEPBOITIEMEHTOB 3aIIMCBIBATH PA3JINy-
HBIE IIEPE-COCTOSHUSA THUIIA NIEPErPETOro Mapa Uild NMEePEOXIAKICHHON KUIKOCTH.
Hanpumep, dazoBsiii nepexon npu oxnaxaeHuu: /0 éooa — 00 1ed MOXET ObITh
omnucaH 4epe3 npoMexyTounble ctanuu: 10 10 eooa — 00 10 nepeoxnasxcoennas
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600a — 00 00 neo, 94TO BBIPAKALCT: He cO8CeM MAK N cO8CeM He MaK — BHEITHEE U
BHYTpPEHHEE OTpHUI[AaHUE, COOTBETCTBEHHO, UYTO BIIEPBBIC OBLJIO y ApPHUCTOTENA
[1.C.301].

B npeBnekuTalickoit «KHure nepeMmen» MpeiokeHa pa3BepHyTash cucTeMa
cTatuku 1 AuHaMuku. [lox ee BiusHueM Benukuil JIeiibHuIl co3nan TBOMUHYIO CH-
CTEMY M TIOCTaBUJI IPOOJIeMYy CO3aHUS YHUBEPCAIBHOTO s3bIKa. B KauecTBe mep-
BORJIEMEHTOB BBIJICJICHBI YEThIpe 0a30BbIC TPUTPAMMBI, M1 ABTOPOM BIIEPBBIC MPE/-
J10KeH0 UX 6unHapHoe koauposanue. Jomunantel A = 1°1, V = 0°0 umeror Hy1eBoit
WHJIEKC TIEpEeMEH (€Cli TOXAecTBO kKoopAauHaT X = Y, To t = 0). HegomuHaHTHI
n=0'1, u = 1'0 umeror HeHyneBOIl MHIEKC TepeMeH (ecu pa3anuhe KOOPAHUHAT
X# Y, ot = 1) Oro maer OuHapHOE KOAMPOBAHUE TE€HETHYECKOrO KOJAa
U TCUXOTUNOB B couuoHuke. Kaxaoe 3HaueHHe 3TOW MHOTO3HAYHOM JIOTHMKU
npescTaBiser coboit mapy Tpoek Bupa XY, rae X — mepBas KOOpPIHWHATA,
Y — BTOpast KOOpAUHATA M TPETHS IOMOJIHUTENbHAS KOOpAMHATA t. DTO — Imapamerp,
BEPXHUH uHOeKkc nepemen xoopaunar. [lapel Tpoek 00pas3yroT BIICICHHOE YUCIIO
6, KOTOpoe BKIIIOYaeT B ce0s JBOMYHOCTb M TPOUYHOCTH, XAPAKTEPHYIO ISt
MeTtadu3uKH, MO0 MHEHUIO (usuka-teopetrka npogdeccopa H0.C. Braaumuposa
[5. C. 414].

YHUBEpCaNbHbIN A3bIK BOCXOAMUT K 3HAKaM AJIXUMUKOB JJI YETBIPEX COCTOS-

Hui BeniecTBa: TBepaoe V = 00 = V, xunkoe u = 10 ===, razoobpazHoe

n=01==nN, oroub A=11==D. Coueranus TpurpaMm o0Opa3yIoT
rekcarpamMmbl. BUHAapHBIE CHMBOJIBI JOIYCKAalOT MHTEPIPETALUIO KPyrOoBOPOTa
Bogsl B mpupoge: 0°0 0°0 summmit men — 0'10'l Becemnmit map —
1°1 1°1 netuuii orons — 1'0 1'0 ocennss Boxa.

Juuamusm JleliOHuna siBiseTcss KpUTUKOM reomerpusma Jlexkapra. Monane
MPUCYIIN U CBOMCTBA BOJHBI A, U CBOMCTBA YacCTHUIIbI V OJHOBpEeMEHHO. J[elicTBH-
TEJIbHO, «B IPOCTPAHCTBE MEPBOHAYATILHOE MOJIOKEHUE U 00pallleHHOE HEe OTINYa-
I0TCSL APYT OT ApYray», a BO BPEMEHHU 3TO 03HAYaeT U3MEHEHUE MOpPSAIKa MOCIeq0-
BaTenbHOCTH — poxaeHue 01 npespamaercs B cmepts 10. IIpuHnnnumansHo BaxkHa
IpUCYyLIasl CTpele BPEMEHM aCUMMETPUSl BMECTO CUMMETPUU IPOCTPAHCTBA.
«Haruei myunieir Mepoil BpeMEHH SIBIISIETCS 10 CUX IIOp BpallleHHue 3eMJIM BOKPYT
CBOEH OCH... ¥ 9aChl CIIyXaT JyIs AeneHus 3Toil mepsi» [12. C. 152]. [Ipunnumn aei-
CTBHUS 4acOB OTOOpaxall fos1ee 8036viuieHHyI0 102uKy [Ipupobl, BIpaKaroIlyo
OpraHHu3aIfio ObITHS U caMOT0 00’KeCTBEHHHOTO pa3yma. Haiia Teopust — 3To TeHU
NOJ/UIMHHOTO TOpsAJKa, ycraHoBieHHoro B Ilpupone, Hemapom qeoria [Teopual
NEepeBOUTCS Kak «guoenue boeay». VIHp SIH — NpeBHUN CHMBOJI, BBIpAXKarOIIU
NPUPOAHBIN UK, purypupyer Ha repoe Hunbca bopa. B cyrounom nukie Bpemst
MU3MEHSETCS OT HOYM M BOCXO/1a COJIHIIA HA BOCTOKE K €r0 3€HUTY JHEM Ha I0re U
3aKaTy Ha 3aIajie, a B TOJOBOM IIMKJIE — OT 3UMBbI M BECHBI K JIETY U OCEHHU. Bpewms
ABJISIETCS LIUKIIOM arpoCe30HOB, KOJIECOM KU3HH.

Camplii (hakT Havana nojapasyMeBaeT HEU30€KHOCTh KOHIA. « MBI HAXOIUM B
cebe caMHX CWJIy HaYMHATh WJIM HE HAYMHATh, IPOAOIDKATh MM KOHYATh» [12].
B ounapnom xooe 01 unu 00, aubo 11 uru 10. Bpems cBOOOTHO KAaTUTCS 4epe3
neovimue 00 — poowcoenue 01 — ocusnv 11 — cmepmo 10. To, 4TO MBI Ha3bIBaEM
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POXIEHUSAMHU, MPEACTaBIseT coOoii pa3BuTus (developments) u yBenuuenus; a to,
YTO MBI HA3BIBAEM CMEPTSIMH, €CTh CBEPTHIBaHUS (envelopments) M yMEHBIIICHUS.
Orto — npedopmanmu, MeTamopd 036l MOHAIBI. MHOTOPA3INIHE TOTO, YTO U3MCHSI-
€TCsl, He HAUMHAETCS U He KOHYAeTCsl, a pa3BUBAETCS U CBEPTHIBACTCA.

MoHaonorus Kak MHO20ACNeKMHOCMb eOUHO20 SIBISIETCS TEOpUel YHUBEp-
CaJIbHOTO $3bIKa. YHHBEpPCAIbHOE O3HAYaeT €IUWHOBpalleHHe (0T JATUHCKOIO
TJIarojia vertere = BpaiaTh), TO €CTh CIOCOOHOCTh €AMHOTO MOBOPAYMBATHCS pa3-
HbIMH TpaHsMu [21]. YHEBEpCYM — 3TO eUHOBpamiarensb. Tux-maxk — ero ¢a3sbl.
Kaxnmnoe mux 01 — Havamo, BO3HUKHOBEHHME, pPa3BEpPThIBAHUE, KaXKI0€
mak 10 — KOHell, uCYEe3HOBEHHE, CBEpThIBaHUE. IcTOpHUA MOBTOPSAETCS, 3aKpyUHBa-
acb B cnupaiib Bpoae JHK.

3. Jloruka cynmepresesuca

Nrax, OJHOYPOBHEBVYIO MOJIEJIb npeanoxun Apuctoreib Kak MpUH-
nun renesuca [1], a ABYXYPOBHEBYIO MO/JIEJIb kak npuHIuI cyneprexse-
3uca BbIIBUHYJ VIOH Apabu, a mo3»e oH ObLT pealln30BaH B JOIMYECKON MaIlInHE
Paitmynna Jlynmus [2]. Ucnonb3yst €€, MOXXHO NOCTpouTh @pakmanvustii 4 X 4
JIynnueewtit keaopam 16-3naunoil 102uKu cynepeenesuca:

1 11 01. 6o3nuxarouwee 11. CYHIECTBYIOHIEE
*01. 6o3nuxknogenue *11. BBITUE
*00. HEBBITUE *10. ucuesnogenue
00. HECYHIECTBYIOUIEE 10. ucuezarowee
00 10)
Puc. 1

Vcnonb3ys J0ruyeckyo Mauny Jlymims, MOXKHO OCTPOUTh Memagdu3uue-
ckue uacwl (c 0syma cmpenxkamu). Hanpumep, Ha puc. 1 merapuszndyeckue 4achl
nokaspiBatoT 01 11 — gosuuxarowee Gvimue. AHAIOTMYHO MOXHO IPEACTABUTH
01 01 — 6osHuxarwee 6o3HukHOGeHUe («HAYAIO Hadamy). JICMOHUIT TTPEATIOKIIT
OMHApHBIM KOJ, MCIONB3ys HJACK TPUIPAaMM, a B MPEACTaBIEHHOM MHOMO
06yXypoeHeeom OUHAPHOM Kode WCIOIb30BaHa upes rekcarpaMMm. Hemapom
b.B. buprokoB cunTan JOrH4YecKyro MaluHy B «ArsMagnay Jlynnus npoBo3BecT-
HUKOM HCKYCCTBEHHOTO MHTEJIEeKTa [5].

I'pammaTtuueckoe Bpems (tense) MOKHO BU3yaldbHO MpPENCTAaBUTh aHAJIOTUY-
HBIM 00pa3oMm B Buje @paxkmansrozo Jlynnuesozo keaopama:

01 11 01. Indefinite 11. Continuous

*01 *11 *01. Present  *11. Future

*00 *10 *00. Past *10. FutureinthePast
00 10 00. Perfect 10. Perfect Continuous
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A.T'. butoB ucnonp3oBan 16 BpeMeH aHIIMICKOTO IJ1arojia B Ka4eCTBE OIJIaB-
nenust pomana «lIpenogaBarens cummeTpun». FIMEHHO OH HaBen MEHs Ha pelle-
HUe Ipo0emMbl. HOBBIM SIBUIOCH MOCTPOCHKE IBYXYPOBHEBOW MaliuHbl BpEeMEHH.

Marpuna LIMKIOB HCTOPUM SBJSETCS CHHTE30M MaluHbel BpeMEHH H
Maiuunsl pazyma. Mmeror mecto 12-n1emnue yukiavl ucmopuyeckozo epemenu.
TPEXYPOBHEBYIO MOJEJIb npencraBum B BUAE pa3BEPTOK Ha JIBYX JIMCTax,
ONMCHIBAIOLIUX NE€PEXOA, WiUpmMUH2, KOTOPbII MPOUCXOAUT YEpPEe3 IPOCC JIET —
144 rona.

%1881 1894

1917 1905

+1953 1964 v199¢9 2000
1990 1976 20257 2014
21917 1929 £20257 20377
1953 1941 20617 2049?

IlepBslii ypoBeHb onuchIBaeT 36 J€T, BTOpO ypoBeHb — 144 rona, nanee Bbl-
X0/ Ha TpeTUd ypoBeHb — jopora B Oyaymee — «Time and Againy» (modTtu
no Jlx. @unnero). Beenem Tpu MexxBpemeHHbIx onepatopa Ctrl, Alt, Shift, koto-
pble ONMHUCHIBAIOT CpoKU 36 jet, 2 X 36 = 72 roga, 4 X 36 = 144 roma cooTBeT-
ctBeHHO. Hanpumep, Ctrla=eo, Alta=v.

Cnycts rpocc (JF0’KMHA JIIOKMH) JIET Tociie KopoHanuu Asnekcanapa II
MpOU30IIJIa HHayrypauus BToporo npesujenta Poccun: 1856 +144 = 2000, yto
coryacyercsi ¢ OyaymuM JIETOMCUMCIEHHEM coriacHo pomany [. VYamica
«Korga cramuit npocHeres». Crycts rpocc et nocie uaps & Anekcanapa 11 —
MupotBopua 6611 Ob1 808pemsa ¢ macms Hpro-MupoTtsoper.

3aMeTuM, YTO AJTXUMHUKHU JABHO HUCIOJIb30BAIM JAJIs IEPBOJIEMEHTOB KaK J10-
MHUHAHTBI-IKCTPEMYMBI TPEYTOJIbHUKU V U A — CUIIbHBIC 3HAKU 36MJIH M OTHSI, a JUIs
cJ1a0BIX 3HAKOB BOJIBI M BO3/TyXa — YCEUSHHbIE TPEYToJdbHUKH. [IpH HHTEprIpeTanun
npeBHEeKuTaiickoil «KHUTM mepeMen» MX Ha3bIBAIOT OoHbiuwiku U Kpwviuku [10].

“JJoHbluKam” COOTBETCTBYIOT CHAObI === = U 1 CHJIbHBIH === = \/ MUHHMYMBI.
OTH TpUrpaMMbI C IBYMS M OJHOM CIUIOIIHBIMH HIDKHUMH YepTaMH MOXKHO
00pa3HO pasznuuaTh Kak MEJKYI0 U TIyOoKylo Tapenku. byaem paccmaTpuBaTh
YeThIpe 3HaKa TPUTPAMM KaK CTHIIN30BAHHBIC 3HAKH 3KCTPEMYMOB:

2
D)

"I I" 1
1

ciia0Oble CHIIbHBIE

L I |
OrHenHple ™

11

Boasinbie = ==

A
(VA%

o
<
C

He cnyuaiino uccnenoBanue GyHKUUN IS TOCTPOCHHS Tpa)KOB OCHOBAHO
Ha HAXO0XJICHUU SKCTPEMYMOB (MakCUMyMOB M MHUHUMYMOB). CTaTUK CTaBUT
touky (HEBBITUE Min V = 00), a Ilunamuk rouut Bosny (BbITUE Max A =11).
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bynem uanonwams M no camoro makcumyma A M ybagname U 10 Camoro
MUHHMYyMa V, 9TO 00pa3yeT IMOJHBINA UKL

Bocnone3yemcsi  m3omopdusmom  mojenedl  co3HaHUS M (DUBHKH.
MAKPOYPOBEHbD: s nuaast IPOCTPAHCTBO u BPEMS npomescymou-
HulMu onemenmamu sBisAoTcs [lpocmpancmeo-Bpems (CTO) u Bpema-IIpocmpan-
cmeo (OTO). MUKPOYPOBEHb: mis auansl: YACTHUIHA u BOJIHA
NPOMEINCYMOUHBIMU dTIeMEHMAMU SIBISIFOTCS. KBaHTOBblE Yacmuya-Bonna v Bonna-
Yacmuya.

B nexnaccuueckoit makponapagurme [IpocrpanctBo-Bpems *01 ectb uetsipe
cucteMsl. [ToseBasi 01 u reomerpuueckas 11. O1o — kpviuku, e 01 01 HuU3Kas
kpviuika, a 11 01 Beicokas xkpwviwka. Penssuunonnas 00 u rpapuranuonnas 10.
210 — mapenxu, tae 00 01 rmy6okas mapenxa, a 10 01 menkas mapenxka. 3nech
HAJI0 BBIOMpATh: IIIyOOKas MM MeJKas mapenka? DTOro MHOTAa He jaenaroT [7].

S Bp1Gpan 00 = V === — r1y60KyI0 TapejiKy s PelsIUOHHON cucTeMbl! DTO —
Perfect Present. B xnaccuueckoit Mmakponapaaurme *00 HE0OX0IUMO pa3audaTh
yactuip! 00 u BoaHs! 11, a B kBaHTOBOM Makponapaaurme *11 Heobxoaumo pas-
nudath 35eKTpoHsl 01 u Gotonsr 10.

B Teopun cynepcTpyH HCIOIB3YIOTCS AONOJHUTENbHbBIE U3MepeHus. Bmecto
3TOTO TpeajaraeTcs BBeAeHHE Oosee TIyOOKOrO JONOJHHUTEIBHOTO YPOBHS
CYNIEPIJIEMEHTOB — MEPEUTU OT mpucpamm K 2eKcazpammam, KaK 3TO JIeNaeTcs
B JipeBHEKUTaNCcKON «KHUre nepeMen». OT0 reHepUpYyeT «yIABOECHHBIA pazym».

ba3zoBeiMu OyayT:

Yactuua Ilpocrpancrea 00 00 =

u Bosina Bpemenn 11 11 =

OHH MOTYT OKa3aTh CYIIECTBEHHYIO IOMOIIb B KAYECTBE CUME0106 PEATTLHO-
CTH BTOpOTro nopsjaka [3].

Ionuas xom6uHaTOpuka mnotpebyer BBenenus JBYXYPOBHEBOIM
MOJEJIN. Oto 0yner @paxmanshotit 4 x 4 keaopam 16-3naunoii 102uxu.

01 Yactumna-Bonna 11 Bosina
*(1 IIpoctpancTBO-Bpems *11 Bpems
*00 IIpocTpancTBO *10 Bpemsi-IIpocTpancTBo

00 YacTnna 10 Bonua-Yactuma

JIBa ypOBHSI MO’KHO TIPEJCTaBUTh OJHUM LU(PEPOIATOM C ABYMS CTPEIKAMH,
KaK B yacax.

Jlst mmaawsl Macca Yactuiipl — DHeprus BoHbI B peIITHBUCTCKONM KBAHTOBOM
MEXaHHUKE MPOMEXKYTOUHBIMU TEPMHUHAMH SIBIISIOTCA MdAcCCa-dHepaus 4acmuybl-
80JIHbL Y JHEP2UA-MACCA BOHbI-Yacmuysl. B cienaibHON TeOpUn OTHOCUTEIBHO-
CTH MMEEM JKBMBAJIEHTHOCTH Macchl U sHepruu no ¢opmyne E =mc?. C sroii
(hopMyJIOi acCOIUUPYETCS MOIIbL ATOMHOU SHEPTUU — Macca-IHepeus B ADC npu
peaknusx sigepHoro pacmana. CornmacHo C. XOKHHTY, pENTUBHCTCKAs KBAHTOBAsI
MEXaHWKa JO/DKHAa OOBEeIWHUTh B cebe OOIIyI0 TEOPHI0 OTHOCHUTEIHHOCTU
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U KBaHTOBYIO MEXaHMKY, YTO MU3HAYAJILHO MOXKET OBITh C/AEIAHO 10 3CTETHYECKUM
WK MeTa(hU3MIECKIM COOOPAKEHUSIM.

Jlis  onMcaHust  CKPBITBIX ~ INEPEMEHHBIX  IOTpedyeTcsi  BBEJCHHE
TPEXYPOBHEBOI MO/JIEJIN. Tpu ypoBHS MOXHO IPEACTABUTH OLHEM Libep-
Omatom ¢ Tpems crpenkamu. YeTblpe Makpomnapaaurmel **00, **11, **01, **10,
KaK CBOCOOpa3Hble KBAHTOPBI CYLIECTBOBAHMUS, OPOXKAAOT 64 TpUIUieTa cynep-
YUK108, BBEICHUE KOTOPBIX B MpexypoGHe8oU MOoOenu Mema@u3ukuy MONKET
CIIOCOOCTBOBAThH OINMCAHUIO CYNEPYACTUL] TEMHON MaTepUU U CyNEPBOIH TEMHOU
JHEPIUu.

@pakTalibHasi CHMMETPUS HEPAPXUU JIEKUT B OCHOBAHUAX MOJTHOM KilacCU(U-
Kauuu uznueckux teopuii B Teopuu ecezo. llpennaraercs BBeaeHue 64-3HauHOM
HEapUCTOTEJIEBOM JIOTUKU BBICIIETO YPOBHS KaK TPEXYPOBHEBOW MOJEIN TEOPHUU
BCET0. 37IeCh OYEHb Ba)KHO BBHINIOJHEHUE MPUHIMNA (PPAKTATBHOCTH, OO mapa-
JIUTMa KaXXJ0ro Havajia MOBTOPSET napaaurmy uenoro [4]. Otmerum, uro Ha Jly-
aueBbIX Kpyrax JxopnaHo bpyHo pasmectun 3HauuTenbHO OoJiblle OYKB, 4YEM B
KakoM-JIn00 U3 uckyccTB camoro Jlymiusa. bpyHo Obul 3axeauen uuciom mpuo-
yamsp, 9YTO COOTHOCHUTCA C UICEH «TpHUILATH O0XKECTBEHHbIX aTpuOyToB» [11].
TpexypoBHEBBIH MPUHLIMI ObUT NPUMEHEH B Hadaie XX BeKa B PaJHOTEXHUKE.
B cyneprereponunnom npuemnuke paguouacrora (BU) ne nmpeoOpasyercst Heno-
cpeactBeHHo B 3ByKoByro (HY), a cHauana B (pUKCHPOBAaHHYIO MPOMEKYTOUHYIO
gactoty (ITY).

OCHOBOM 1yaJIUCTUYECKON TEOPUU SABISAETCS MATPULA HAPHBHIX OMHOULEHUIL
JUIs  LUKIMYecKoW 3aBHUCUMOCTH. OOCTOATENBbHBIA aHaIN3, MPOBEAECHHBIN
10.C. BiagumupoBbIM, IOMOT MHE BCKpBITh JIOTMKY 3akoHOB Ilpupoasr [6; 8].
OPAKTAJIBHBIE ITAPBI MAKPO- 1 MUKPOJIOMUHAHT: npocmpancmeo-
eépemsa u Kkopnyckyna-eoana. CoraacHo M.A. MapkoBy, BO3MOKHOCTb 00bEIMHE-
HUSI Makpo- M MHKDOCBOICTB HE MEHEee YIUBHUTEIbHA, 4YeM OOBEIUHEHUE
Kopnyckyna-¢onna. MukpodakTopaMu SBISIOTCS (Pa3oBble BKJIAAbl HUCIYIIECH-
HOI0, HO €II€ HE MOIVIOIIEHHOIO M3Iy4eHus. MaKpOCKONHMYECKUE IPOCTpaH-
CTBEHHO-BPEMEHHBIE IOHATHUS YXOASIT CBOMMM KOPHSMU B MUKPOMHp, COIJIACHO
[1.K. PamieBckoMy, KOTOPBIN TaKK€ BBICTYNAJ IPOTUB I0TMAaTUYECKOTO B3IJIs1/1a HA
«MOHOTOJIBHOE MOJIOKEHNE HaTypasibHOTO psanay». C touku 3penus P. Ilenpoysa,
€BKJIMJI0BA CTPYKTypa BO3HUKAeT U3 KOMOMHATOpHBIX mpaBwil. WTak, rmaBHoe —
MNOCTHUYb ITAPAIUT'MY BUHAPHOCTM.

B nynnueBoM KBaapaTe BpallleHHE KBaApaToB MallnHbl pazyma MOpOXKAacT
Bce 16 ncuxotunos K. FOuHra. Boicuuii yposers Heobxo0um, umobsi co30ams Mbic-
aawux cywecms, cornacHo P. [lenpoy3y. [lonyuaem Jlynauee keaopam pazyma:

01 11 0'1 Ioeopswuii 1°1 Bosinyromuii
AE Ol
*0le  *11w *01 Huxmop *11 AkTép
SF NF
*00a *10% *00 IukTaTtop *10 3uamox
ST NT
00 10 0°0 JukTyrommii 1'0 Jymarowuii
Al OF
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baxmusapos K.M. YpoBHU cynepresesuca

Muxpotpuansi: XY, rae unaexc d = [X-Y|. Ha muxpoyposre: A/O (stAbile/
mObile) u unnexcel” £ (Introvertion/Extravertion). Ha wmakpoyposre: S/N
(Sensation—iNtuition) u T/F (Thinking—Feeling) [2].

Bonnytonuit AKTEp SBISETCS AUAJTEKTHKOM — MaKpPOJIUHAMUKOM, a J[UKTYy-
oM JlukraTop sABIseTCs JJOTHKOM — MakpocTaTukoM. [Ipumepom rapmoHUYHOMN
naps! sBisoTes: 01 01 — 11 10 Muxaun u Pauca I'opbaueBsr — ['oBopsimuii J{uk-
Top ¥ BonHyromuii 3HaTOK.

[Tpuniun reHe3uca ObLT BIEpBbIe CPOPMYIUPOBAH B TpaKTaTe ApPUCTOTEIS
«O BO3HUKHOBEHUU U YHHUTOKeHUM». [locTeneHHo npeoaoneBatoTcsi TPy IHOCTH
NOHUMaHMs TaOIHULl APUCTOTENS, ONUCBHIBAIOIIUX YETBEPULLY NEPEOnpoyeccos 1
nepeosnemenmos. Vimeem nBe nomuHaHThL: 11 ObiTme W 00 HeObITHE W J1Ba
nepexoaa Mexay HumH: 01 BOSHUKHOBEHHE — CTAaHOBJIEHUE ObITHS M3 HEOBITHS,
ucuezHoBenue 10 — cranoBnenune HeObITHs U3 ObITH. LMK popMupyeT BpalieHue
B I'eHTa0IMIe, U HET HEOOXOAMMOCTH NMPUBHOCUTH BpALICHUE BPYUHYIO H3BHE,
n00 OHO eMy MMMaHEHTHO npucyiie. «Cmepeoodneck» Cyneprno3uliul npoyeccos
01 Bo3HnkHOBeHUE — 10 YHUUTOKEHUE aICKBATECH JJIsI CUTYallUl HEOTIPEAECICHHO-
CTM B KBaHTOBOHM soruke. Crepeonmapa 4epHOro M O€JIOr0 JaeT He CepocTh,
a mepyatowuil 6aeck nporusonoioxxHocrelt (U. Yurcron). 1o o0ObsicHsET napa-
nokc kora IIpéauHrepa, KOTOpbIM BBOAWUTCS JJIA HAIJISJHOIO IIPEACTABIICHUS
CUTyallid HEONpEeACICHHOCTH. BcmoMHMM Takke crepeodP@eKkT BpeMeHu —
nevYeHbe petite madelaine (cBoeoOpasHoe “déja vu™).

KomnbroTepam noka HEJOCTYNHO TBOPYECKOE MBIIUICHHE, MPHBIIEKAIOLIEe
BHUMaHHE CBOEH Mopa3uTesbHOW 3P PEeKTUBHOCTHIO Oslaroaapsi MpUMEHEHHIO Ia-
panokcanbHbIX MeTadop. ['eHeTnueckuil Ko MO3BOJMWII HaM 3arjsHyTh B KyXHIO
[Ipupoas! ¥ MO3HATH MPUHIUIIBI CTAHOBJIEHHUS HOBOT'O, Pa3JI0KUB BCE 110 YPOBHSIM,
a He MPOCTO MO MOJOYKaM, YTO O0JerdyaeT KaueCTBEHHBIH CKauyOK Ha BBICIIHI
ypoBeHb. Mcronb3yst TOrMuecKyto MO3UIIMOHHOCTD U BCErO YeThIpe OyKBbI, KaK B
TFE€HETUKE, MOKHO JIETKO MPUBUBATh BETBH JIOTMUECKOIO JiepeBa MO MPUHLIHUITY
nogo6us 6e3 BBeIeHHUs] HOBBIX CUMBOJIOB. IIpeanaraercst BBeieHUE 1OMOIHUTENb-
HBIX YPOBHEH BMECTO [OIOJHUTEIbHBIX HM3MEPEHUH — CYNEpLMKIbl BMECTO
cynepctpyH. ®DyHaaMmeHTalbHbIE CYNEPAIEMEHTHl MPEACTABIAIOT TPUILIETHI
TPUTPAMM.

Jlana HOBas uHTepnperanus 4-3Ha4yHoil joruku JlykaceBuua Kak apucTOTe-
JeBa reHe3uca (HEObITUE — BOBHUKHOBEHHE — ObITHE — UCUE3HOBEHHUE), U Ha €€
OCHOBE IOcTpoeHa |6-3HauHas HeapuCTOTEeNeBa JIOTMKA METareHe3uca Kak
JBYXypOBHEBas MallllMHAa BpPEMEHHM — CHCTeMa TIpaMMaTHYecKux Bpemén
(4 Bpemenu x 4 BunoBble (popmbl). JIUIIb MoCie MOCTPOCHUS JTOTUKH UCKYCCTBEH-
HOT'O MHTEJJIEKTAa CTAHOBUTCSI BO3MOYKHBIM BCEPBHE3 TOBOPUTH O €T0 MOCTPOEHUH.
Boeironel w1 mpoOnembl, KOTOpbIE CYJIUT TpsAyllas pPeBOJIOLMS, OYEBHHO,
OKa)KyTCSl TPAaHJIMO3HEE TEX, YTO MPHUHECTIA C COOOM 3pa MEPCOHATIBHBIX KOMIIbIO-
tepoB [9]. Ho opurunanen 6but Tombko Co3aaTennb, KOTOPBINA JaBHO BCE MPUTyMal
U co3fall, U0O 6 2eHK0Oe UCTIONb3YETCsl TPeXypOoBHEBasl (ppakTabHast MOJEb.
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Abstract. Multi-level fractality provides immediate holistic knowledge. It is proposed to in-
troduce additional levels instead of additional dimensions — supercycles instead of superstrings. A
new interpretation of the 4-digit logic of Y. Lukasevich as the logic of Genesis is given, and on its
basis it is built 16-digit logic of consciousness and 64-digit logic of metaphysics. Using the logical
machine of Lullius you can build a metaphysical clock.

Keywords: genesis, hierarchy, fractality, multi-level, supercycles, shifting, metaphysical clock.

2 E-mail: kamil.bakhtiyarov@gmail.com



TABJIMLA MEHOEJIEEBA

DOI: 10.22363/2224-7580-2020-3-111-130

TABJIMLA XUMUYECKUX IJIEMEHTOB:
NCTOPUA U COBPEMEHHOCTb

A.JO. I'psizHOB

Quzuueckuil haxyromem MI'Y um. M.B. Jlomonocosa
Poccuiickas @eoepayusa, 119991, Mocksa, Jlenunckue 2opul

AnHoTanusi. PaccmarpuBarorcst Tpu mojxoja K mpo0jeMe CHCTeMaTH3allid XUMHYECKUX
AIIEMEHTOB: 10 aTOMHOMY Becy (MeHnzeneeB), cTpykType anekTpoHHoi obomouku (Tomcon, bop)
u crpykrype siapa (bypraes). OOCyxmar0Tcs TPYAHOCTH MEPBBIX ABYX MOJXOMIOB U YKA3BIBAIOTCS
MYTH WX pa3pelieHHs Ha OCHOBE MPEACTABICHUI O CTPYKTYpE aTOMHBIX SAEp, Pa3BUBAEMBIX
1O.B. bBypraeBbim.

Kniwouegvie cnosa: Tadnua Meneneesa, epuogMIecKuii 3aK0H, CUCTEMa 3JIEMEHTOB, CTPYK-

Typa aTOMHBIX ep, AAepHas Gu3nKa, KIacTepsbl, MOJEIh aTOMa.

Jpyroro HU4ero Ha CBETE HET...
Hwu 31ech, HU TaM — B KOCMHUYECKUX TITyOHHAX.
Bcé: oT necunHOK MajbIX 10 TUIAHET
M3 371eMEeHTOB COCTOUT CIHHBIX.
Cmenan unaués

CI/ICTeMaTI/I3aHI/Iﬂ XHMHUYCCKHUX 3JICMCHTOB IO aTOMHOMY BeCy

B 2019 rony ucnonaunocs 150 net nepBoMy BapuaHTy Tabnuiesl MeHeneesa.
B nanbHeiimem Tabnuua JOMONHSIACH M BUIOM3MEHSIAch, IPUOOPETS OKOHYa-
TEJIbHBIN aBTOpCKUil BuA B Hayane XX Beka. OgHAKO 0 CUX MOpP HE YyTHXAIOT
CHOPBI O TOM, KaKOH JTOJKHA ObITh MeajbHas Nepuoaudeckas Tabiuna 3JIeMeH-
TOB. B yueOHoI muTeparype BcTpevaercs pasHoOoi. Hanpumep, B Tabmuiie, Hame-
yaTaHHOM B yueOHuKe /[.B. CuByxuHa, HHEpPTHBIE Ia3bl IOMEIIEHB B BOCHBMYIO
rpymiy, a B yaeonom nocobun «1001 3amaua mo ¢pusnke» — B HyJIEBYIO, BOJIOPO.T
XKe B HepBoil Tabmuie momemieH kak B rpymmy IA, tak u B rpynmy VIIA,
a BO BTOpo# — Tosbko B rpynmy IA, kak y JI.11. Menneneesa.
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Bce BapuanTsl cBoeit Tabnuibl JMutpuit IBaHOBUY Ha3bIBaJ HEPUOTUIECKUM
3akoHOM. Tak, yxe B 1869 rony MeHieneeB npoBO3TiIaciil: « DJIEMEHTHI, pacioso-
JKEHHBIE TI0 BEJIMYMHE UX aTOMHOT'O BeCa, MPECTABISIOT SBCTBEHHYIO nepuoout-
Hocmob cBoucTBy [1. C. 52]. OgHako cTporo 3akoHa He BeIxomwio. Hampumep,
8 anemenToB B Tabmune 1871 roga (Os, Ir, Pt, Au, Te, I, Ni, Co) 6b1111 pacmnoio-
YKEHBI BOIIPEKU M3BECTHBIM B TO BPEMsI UX aTOMHBIM BECaM. DTO MPOTUBOPEUUT
pacnpocTpaHeHHOMY MHEHHIO, Oy 1T0 Ob1 MeHeneeB OTKpbLT NEPUOANYECKHH 3a-
KOH, IIPOCTO PacIoOJIOKUB AJIEMEHTHI B MOPSIIKE BO3pAacTaHUsI UX aTOMHOTO Beca.
Kpome Toro, pycckuii yueHblit ©3MeHUI aTOMHBIE Beca 7 anemenToB (In, La, Y, Er,
Ce, Th, U) u nomyctun HeoOXOAMMOCTb CYIIECTBOBAHUS LIEJIOTO psjJia ellle He OT-
KPBITBIX 3JIEMEHTOB, YETO HUKTO U HUKOTJ1a 10 Hero Aenai. Beixoaur, Menenees,
poAMpasCh yepe3 OypesoM MPOTHBOPEUUBBIX JAHHBIX, MPOMHUCAT IS TMPUPOJIBI
CBOI1 3aKOH M Ha €r0 OCHOBE Hayajl OLEHUBATh U UCIPABIATH SMIINPUUECKUIA MaTe-
puan'. Uto xe 370 3a 3ak0oH? O6 3TOM — HUXeE.

XapakTepHbl 3arojoBKu pa3zienoB B cratbe 1871 roga «Ilepmoauueckas 3a-
KOHHOCTb XUMUYECKHUX 3JIeMEHTOB»: [I[puMeHeHe 3aK0Ha IEPUOJUIHOCTH K OIpe-
JIEJICHUIO aTOMHBIX BECOB MaJIO MCCIIEZJOBAHHBIX 3JI€MEHTOB; [I[puMeHeHne 3aKkoHa
NEPUOANYHOCTH K ONPEEICHNUIO CBOMCTB HE OTKPBITHIX €lle 1eMeHToB; [Ipume-
HEHHUE 3aKOHA MEPUOJNYHOCTHU K HCIIPABJICHUIO BEJIMYMHBI aTOMHBIX BeCOB; IIpu-
MEHEHHUE 3aKOHa TIEPUOJUYHOCTH K JIOTIOJIHEHHUIO CBEICHUH 0 POpMax XUMUYECKUX
coequHeHuil. B 3To#l cTathe MeHeneeB NeTAIbHO MPEACKa3al CBOMCTBA HOBBIX
2JIEMEHTOB C BEPOATHBIMHM aTOMHBIMU BecaMH 44, 68 u 72. ITo 0oX0Ke Ha Ipo3pe-
HUE: yM TEOPETHKA BUJIUT TO, YETO €IlIe HET B omnbITe. Hey1uBUTENBHO, YTO MHOTUM
TAaKOM NOJXOJ Ka3aJicsi CIMILIKOM PHCKOBaHHBIM, M IpelcKa3aHus MeHneneeBa
BOCIIPUHUMAJINCh Kak rpesbl. «/la octaBeTe Bbl MeHS B MOKOE€ ¢ 3TUMM J0Traj-
KaMHu! — nmican MeHnzaeneeBy €ro yauTelb — COABTOP OTKPBITHS CIIEKTPAJIBLHOTO aHa-
mu3a PobGept Bynsen. — Takue npaBuiabHOCTH BbI HaiineTe Mexay unciamu Oup-
YKEBOTO JIUCTKA!»

[Toaromy JImutpuii iBaHoBUY, B COOTBETCTBUHU C HAYYHOU METOIOJIOTHUEN T10-
3HAHMUS, TI0JIarajl, YTo «ObUIO Obl HEMAJIOBAXKHBIM IIPUOOPETEHUEM /IJISl TEOPETUYE-
CKOM CTOPOHBI IIpeaMeTa, ecii Obl XOTS OJUH U3 0KUIAEMBIX 3JIEMEHTOB OBLI C
MI0JIO’KUTENBHOCTBIO OTKPBIT, U CBOMCTBA €r0 OKa3aJIUCh TAKUMH, KAKUMU MOXKHO
IPEJCTaBIATh UX ce0e PU CPAaBHEHUAX, OCHOBAaHHBIX Ha €CTECTBEHHOU CHCTEMEY.

U Bot B 1875 rony ¢panity3 Jlexkok ne byaboapan oTKpbIBaeT ramiuii, npen-
CKa3aHHbIM MeH/eneeBpIM 01 Ha3BaHUEM JKaalroMUHUM. lIpumedarensHo, 4TO
Byabonpan, mo MHEHHIO pyCCKOTO XHUMHUKA, HEBEPHO OIpEeJIeNIN aTOMHBIN BeC OT-
KPBITOrO UM 3neMeHTa. KakoBo ke ObLI0 ynuBieHre (hpaHIly3CKOro y4eHOoro, Ko-
I7la IpoBepKa MoKasaja, 4To npaB MeHzenees, y KOTOPOTro B pyKax He ObUIO HU
OJIHOTO aTOMa HOBOT'O 3JIeMeHTa!

UYepes uetbipe roaa mBena Jlapc HumbcoH 0OBSBISET 00 OTKPHITHH CKAaHUS,
OKa3aBILErocsi TOXJECTBEHHbIM MeHJeJIeeBckoMy dkabopy. Ho Hacrosmuit

! B CBS3M ¢ 3THM IPUXOINUT Ha YM BBICKa3bIBaHKE A. DUHINTEHHA O TOM, 9TO TOIBKO TEOPHS TOBO-
pHT, 9TO HA cCaMOM Jieie HabroaeTcs. Teopusi CTAHOBUTCSI HUThIO ApHaIHBI B JJAONPUHTE JKCIIe-
PUMEHTANIbHBIX JaHHBIX.
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Tpuymd HacTynui, korjna Hemen Knemenc Bunknep otkpeun repmanuii. «Het Hu-
KaKOro COMHEHHs, YTO BHOBb HAaWJCHHBIN 3JIEMEHT €CTh HE YTO MHOE, KaK Mpe-
CKa3aHHbIN 15 et Tomy Hazan MenzeneeBbIM SKacHIMIKANA. EBa 11 MOXHO HalWTH
uHOe, OoJiee MOPa3UTEIbHOE JTOKA3aTENbCTBO CIIPABEAJIMBOCTH YUEHHUS O MEpPUO-
JUYHOCTH KaK OCYILECTBIEHUE THIIOTETUYECKOTO SKACHIIULUS BO BHOBb OTKPBITOM
3JIEMEHTE. DTO HE IMPOCTO IMOATBEPKACHHUE CMEJION TEOpUU: 3/1€Ch MBI BUIAUM
OUYEBUJIHOE PACIINPEHNE XUMUUYECKOTI0 Kpyro30pa, MOIIHBIH I1ar B 00J1acTh MO3Ha-
HUs», — ucan Bunkiep B cBoeil cratbe 1886 roza.

K 1890 rogy 6bu10 MOTy4eHO MOATBEPKACHUE Psijla M3MEHEHHBIX MeHenee-
BBIM aTOMHBIX BecoB. Ilocne 3toro @puapux DHrenbc UMeN MOJHOE OCHOBAHUE
YTBEpXKAaTh, 4TO «MeHaeneeB COBEPIIMII HAy4YHBIM IOJBHUI, KOTOPBIM CMEIO
MOYKHO IIOCTaBUTb PSIOM C OTKpbITHEM JIeBepbe, BEIUMCIUBIIETO OPOUTY €lle He-
U3BECTHOM IUT1aHeThl — HenryHay.

OnHako peanbHas UCTOPUS HAyKH TOPa3/Io 3allyTaHHEE JIFOOBIX PETPOCIIEKTUB-
HBIX €€ N3JI0’keHNnI. Ha caMoMm zierie ydeHble IOYTH BCeria UMEIOT JIEJI0 C TaK Ha3bl-
BAaEMbIM «XaOCOM OILYIIEHU», TO €CTh OTPOMHBIM MAacCHUBOM IPOTUBOPEUMBBIX
SKCIIEPUMEHTAIBHBIX AAHHBIX. M OTHenuTh 3epHa OT IUIEBEN IO CHJIAM TOJBKO
BBIJIAIOIIMMCSL YMaM, CIIOCOOHBIM BBIICIHUThH CYIIIECTBEHHOE U OTOPOCUTH BCEBO3-
MOXXHBIE «TIOMeXW». Tak OBIJIO M ¢ MepUOIUIECKUM 3aKOHOM MeHnneneeBa. Benpb
4TO TBOPUJIOCH, K IIPUMEpPY, ¢ peakumu 3emisiMu? Tosbko B mepuon ¢ 1878 mo
1910 ron 6s110 3aduKcupoBaHo He MeHee 90 TOKHBIX OTKPBITUH PEIKO3EMENbHBIX
351eMeHTOB! «3T0 OBLIO MOpE OIIUOOK, ¥ KICTUHA B HEM YTOHYJIA!» — MHcal OTKPBI-
BaTelb Jitorenus ppanmysckuit xumuk XK. YpOoH.

A ucropus ¢ MHEPTHBIMHU ra3amMy 4ero cTout! B mepBbIx BapuaHTax TaOIUIbI
HeT renus. «B 1o Bpems (1869—1971 1r.), Koraa yCcTaHABIMUBAJICS MEPHOIMICCKUIA
3aKOH, COBEPIIEHHO OBLIIM HEU3BECTHBI M BOBCE HENPEIBUANMBI TAKHUE HEJlEATElb-
Hble B XMMHYECKOM CMBICIE 3JIeMeHThl, kak aHaimoru aproHa (He, Ne, Kr
u Xe)...» — nucan MengeneeB B 8-M wm3manuu (1906 r1.) «OCHOB XHUMHM»
[2. C. 259]. A Beapb renuii ObUT OTKPHIT B 1868 roy B COMHEYHON KOPOHE C TIOMO-
1IbI0 creKTpanpHoro ananusa. Ho To Ha Connue! 1 Mennenees nosnarai, 4To He-
U3BECTHAsl paHee CIEeKTpaibHas JUHUA (IMHUSA D3) MokeT nmpuHaexarb BOAO-
pony, HaXOASIIEMYCS B CTOJIb SKCTPEMAJIbHBIX yCI0BUAX. COMHEHUS OTIAJIM JIUIIb
toraa, korga B 1895 rogy Bunbsim Pam3aii u Bunesam Kpyke oTkpbuin 3eMHOI re-
aui. A 3a rox o atoro Pam3zaii u Paneii o6Hapyxunu B atMocdepe 3emMiu apron
(B cMecH ¢ IpyruMu 0JaropoJHBIMU Ta3aMu, O YeM IIepBOHAYAIILHO HE JI0TabIBa-
auck). M 310 ObUI0 HACTOSIIMM MCIIBITAHUEM AJIS IEPUOANYECKOT0 3aKOHa MeHne-
JeeBa, Be/Ib aproH HE BIUCHIBAJICS B TAOJUILY JIEMEHTOB €CTECTBEHHBIM 00pa3oM.
[Tonoxenne Moryio Obl criacTh OOHApy>KEHUE IPYIMX MHEPTHBIX I'a30B, KOTOpPHIE
cOCTaBWJIU ObI CBOIO 0COOYIO IpyMITy 31eMeHTOB. OTKpBITHE 36MHOTO I'eliusl MOA0-
crerno Kak pa3 keratu. Ho atoro 65110 maino. M Bot Pam3aii, Beps B iepuouaeckuit
3aK0H, B 1897 rogy mnpou3HOCUT pedb MoJ Ha3BaHHEeM «HEeOTKpBITBINA a3
(TspKenee Tenus U Jierye aprosa). Tak ObU1 npeacka3ad HeoH. Ho mo Bose cioyyast
(B Mae 1898 roga) cHavasia ObLT OTKPHIT O0JI€€ TSHKEBIA aHAJIOT apTOHA — KPHUIITOH.
OTO HUCKOJIBKO He cMyTHJIO Pam3as, 1 B cooOIIeHNN 00 OTKPBITUN KPUNITOHA OH
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YBEPEHHO 3asiBIJI, YTO «HEOTKPBITHIH ra3» OyIeT OTKPHIT B OJinKaiiiiee BpeMs, YTO
u npowusonwio. W npakruuecku cpasy ObL1 0OOHApPYKEH eIlle OJUH MpPEeCTaBUTEINb
65aropoIHOro ceMeiicTBa — KCeHOH. TakuMm o0pa3oM, MEHee 4eM 3a J[Ba Mecsla
OBUTO OTKPHITO TP HOBBIX XUMHUYECKHUX JIEMEHTA. Takoro HCTOPHUS XMMHUH €lle He
3Hana. M tabnuna MenaeneeBa, BrIpaXkarolas €ro NepruognuecKuii 3aKoH, Oblia
criacena [5].

bruna, npaBna, olHa HEMPUATHOCTH (2 MOXKET, U HE OJIHA). 3HAYEHHE aTOMHOTO
Beca aprona kak 0yaro Obl 6110 Oosibiie, yueM y kanus (40 u 39 coOTBETCTBEHHO),
YTO HE MO3BOJISJIO IOMECTUTH apTOH B €CTECTBEHHBIN (110 BO3PACTAHUIO ATOMHOTO
Beca) psAl XMMUYECKUX AJIEMEHTOB TOcje Xjopa U mepen kaiawem. Ho mpyroro
MecTa JiJIsl aproHa B Tabiuile He ObLI0. 3HAYUT, IPUXOAMIOCH HAPYIIATh «ECTe-
CTBEHHYIO» MOCJIEI0BaTeNbHOCTH 3NeMeHTOB? C 3TuM MeHzaeneeBy TpyaHO ObLIO
CMHPHUTBCS, U OH JI0 TOCJIETHETO COMHEBAJICS B MPABUIBHOCTH U3MEPEHUH aTOM-
HOTO B€ca aproHa, NIpUIKCHIBas eMmy (MpaBaa, IOA BOIPOCOM) 3HAYCHHE
38 (MeHblue, yeM y Kanus). Takas ke UCTOpPHUS BBIXOAMJIA U C ABYMs IpYTMMHU Ma-
paMu COCETHUX 3JIEMEHTOB: KOOANbT — HUKENb U TeJTyp — Hox. JmuTtpuii MBano-
BUY HE MOT MPUIHUCATh KOOAIBTY U TEIUTYPY OOMNBIIHI aTOMHBIN BEC, YeM HUKEIIO
U H0ly COOTBETCTBEHHO (BE/b MPO M30TOIbI TOI/IAa HUYETO HE ObLIO M3BECTHO!).
B ero tabaune (omsaTh e Moj BOMPOCOM) KOOAIbTy M HUKENIO MPUITHUCHIBACTCS
O/IMHAKOBBI aTOMHBIH Bec — 59, Telypy W #HOMy TakKe OJMHAKOBBIA — 1277,
[ToMensTh MecTamMu TEUIyp M WO HE TO3BOJAECT MEPHUOJUYECKUNA 3AKOH:
TEJUTYyp JOJDKEH OBITh B OJJTHOM CTOJIOIIE CO CBOMMH ToMoJioraMu (cepoil u cene-
HOM), a M0l — CO CBOMMH (JPYrMMH raJIOrT€HaMu).

BooO1ie ToBops, BOIpOC 0 CXOAHBIX dJeMeHTax HeTpuBHaneH. «[loHsATHS 0
CTETIEHU CXOJICTBA HEPEAKO OYIYT OTHOCHUTENIbHBI U PE3KOCTU WJIM TOUYHOCTH He
npencTaBisioT. Tak, JIUTUH CXOJEH B OJHOM OTHOIICHHUHU C KallueéM, B IPYTHX C
MarHueM, OepuJTUil CXOJICTBYET C aJIIOMUHUEM M C MarHueM. B Tamiuu... ecTh
MHOT'0 CXOJICTBA CO CBUHIIOM U PTYTBIO, HO €CTh YaCTh CBOMCTB, IPUHAIIEKALIIX
muthio U kanno» [2. C. 253]. Yto xe B34Th 3a OCHOBY? PycCkuil XuMHK Ipeasa-
raeT MCXOJIUTh U3 TOYHO U3MepsieMol BenuuuHbl. «Ho y 31eMeHTOB ecTh TOUHO
U3MepseMOoe U HUKaKOMY COMHEHHIO HE TIOJjIeKalllee TO CBOMCTBO, KOTOPOE BbIpa-
JKEHO B X aTOMHOM Bece» [Tam xe]. OnHako Mano pacloI0KUTh AIEMEHTHI 1O
BO3pAacTaHUIO aTOMHOTI'0 Beca, HaJI0 €Ile U3 BCETo pa3HOO0Opa3usi UX CBOICTB BbIje-
JIUTH T€, KOTOPBIE TTO3BOJIAT OMPEACTUTh, KAKHE DIIEMEHTHI SIBISIOTCS TOMOJIOTaMHU.

[To MenpeneeBy, 31€MEHTHI-TOMOJIOTH JAlOT MOX0XHE (POPMBI KaK BBICILIUX,
Tak ¥ HU3mux coequHeHui. «Eciu CO2 n SO2 cyTh /1Ba ra3a, OUeHb CXOJHBIE KaK
10 (PU3NYECKUM, TaK U TI0 XUMHUYECKUM CBOMCTBAM, TO IPUUMHY 3TOTO HE CIIEAYyeT
€lIe UCKaTh B CXOJICTBE CEPBI C YIIEpPOAOM. ...JleHCTBUTENBHO MEXIAY CEpON U
yIJIEPOIOM CXOZCTBA Majo, KaKk BUIHO HE TOJBKO U3 TOro, uro CO2 ecTh svicuiasn
¢opma oxucnenus, a SO2 UMEET CIOCOOHOCTH OKHUCIISTHCS B BBICIIIHIA CBOM OKUCEIT
SOs, HO Takke U3 BCEX PYrux coequHeHui... Haubonee mexmy coboit xummuue-
CKH-CXOJICTBEHHbBIE 3JIEMEHTBl XapaKTEpU3YIOTCS TEM, YTO JAar0T MpeAeibHbIE

2 CoBpeMenHbIe 3HaYeHns: 58.93 (ko6ankbT), 58.71 (aukens) u 127.60 (Temtyp), 126.90 (ioxm).
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COCJIMHEHUSI OJUHAKOBBIX (opM... CXomHble MeXay COOOH Talouabl NAIT U
HU3LINE, U BhICIINE (POPMBI COETUHEHHUM OJTHU U Te ke. TaKoBbI K€ U IIEJTOYHbIE
METaJIJIbl, TAKXKE MIEJIOYHO-3EMENbHBIE. ... ITO CXOACTBO MPOCTUPAETCS Ha COCTaB
U CBOWMCTBA YIJIEPOJIUCTHIX, A30TUCTHIX U BOJIOPOJIUCTHIX COCIUHEHUH, OoJee ke
BCETr0 OHO BUAHO B coyisix» [2. C. 253]. BOT B 3TOM M 3aKiIIO4YaeTcs OTKPBITHE
MengeneeBa. OH MOHSI, YTO CYLIECTBYIOT ABE PENEPHBIE IPYIIIBI JIEMEHTOB —
IEJIOYHbIE METAJIJIbl M TaJIOTE€Hbl, MEKIY KOTOPHIMU M HY>KHO pacroyaraTh Bce
ocTajbHbIE (KpOME HMHEPTHBIX Ia30B) B MOPSAKE BO3pacTaHMsi aTOMHOIO Beca.
TakuMm 00pa3oM, eciii o — raJioreH (Tajgoui), TO OH JOJDKEH CTOSATh B TaOJIHIle
MOJl APYTUMU TajioreHamMu (OpoMoM, XJIOpOM U PTOPOM).

[TocmoTpumM, kak MeHeneeB CTPOUT TOCICIHUNA BapUaHT CBOSH TaOJHUIIBI
(puc. 1), KOTOpPBII 3aMETHO OTIMYAETCS OT MPUBBIYHOTO JIJISl HAC BUJA.
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bepem mHEpTHBIE ra3bl U paclnonaraéM UX BEPTUKAIBHO B MOPSAJIKE BO3pacTa-
HUS aTOMHOTO Beca. Ha3piBaeM 3TO HyJIEBOW TPYIIION, TaK KaK 3TH OJIATOPOTHBIC
ra3sl XUMUYECKH HEAKTHUBHBI (M, B YaCTHOCTH, HE OOpa3ylOT OKCUIOB, YTO IJIS
MenzeneeBa NpUHIMINAIBHO). 3aTEM OT I'eJins BIPAaBO pacrojaraeM 1o Bo3pacra-
HHUIO aTOMHOTO Beca OJmsKaifiiuie ameMeHTs 1o GTopa (3To BTOpoii mepuos’). Ja-
Jee OT HeOHa BIIPABO MPOJIENIBIBAEM TO XKe caMoe JI0 XJiopa (IojyyaeM TpeTu me-
puon). OT0 1Ba Mawbix iepruoja. B kakoM U3 HUX UMEEM 110 § FIIEMEHTOB, pacio-
JIOKEHHBIX B rpymnmnax ot Hyjesoii 1o VII (Bcero moka 8 rpymm).

3 B iepBOM pacrooKeH OIUH BOAOPOI.
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Bmecte ¢ MenzaeneeBbiM 3ameuaeM: «DJIEMEHTHI, 00Nagaromyue HauMEHb-
MMM aTOMHBIMU BECaMH, XOTS UMEIOT OOIIMe CBOMCTBA IPYyMI, HO MPU 3TOM U
MHOTO 0COOBIX CAMOCTOSTEIBHBIX CBOMCTB». ['OMOIIOTaM «Bceryia CBOMCTBEHHBI U
HEKOTOpBIE O0JIee pe3Kre 0COOCHHOCTH, KaK 3TO SICHO BHJIHO TIPpH OJIMKaiIeM 3Ha-
KOMCTBE C OpraHMYeCKUMHU COSAMHEHUAMHU. Tak, PTop OTIHYaeTCss MHOTUM OT JApY-
TUX TaJIOUJIOB, JIUTUI — OT APYTHX IIETOYHBIX METAJUIOB U T.1.» [2. C. 255].

OcTanbHble 3JEMEHTBl PACIONIOKHUM MO Oonbwum nepuogam. Mnes Tta xe:
HAJI0 JIBUTAThCSI IO BO3PACTAHUIO ATOMHBIX BECOB, HAUMHAsl C UHEPTHOTO ra3a u
3aKaH4YMBas rajoreHoM, TaKk YTOOBI BCE TaJIOTE€Hbl OKA3aJIUCh B CEIbMOI Tpyre
(Bce MHEPTHBIE Ta3bl YK€ HaXoIATCs B HyJNeBoil). [IpaBaa, Teneps B mepuoje ot
aprona (Ar) go Opoma (Br) umeem 18 snmemenTtoB, B nepuoae oT kpunrtoHa (Kr)
1o toga (J) — 17 (oauH >I€MEHT, BUAUMO, MOKA HE OTKPBITY), a B CIEAYIOMEM
nepuojie — oT KceHoHa (Xe) U Janee — BooOle HEMOHATHO, CKOIBLKO 31€MEHTOB .
I .. MenneneeB otmedaeT: «Ot nepus (Ce = 140) no tanrana (Ta = 183) neunsBe-
CTEH 1elblid 6obioi nepuos. Cuntas okucisl 3a R203, cloga BXOIAT peaKue Me-
tamnel: Pr= 140, Nd = 144, Sm = 150?, Gd = 156, Tb = 160, Er = 166, Tu = 171°
u Yb=173»" [2. C. 264].

Kak Bce 3TH 371€MeHTBI pacloI0KUTh OTHOCUTEIBHO JIEMEHTOB MaJIbIX MEPH-
0o10B?

[Tpuniun cnenyroumii. Pa3déuBaem Gombine MepUoIbl Ha YemHbvle U Heuem-
Hble PAIBL, MEXTy KOTOPBIMU MOMEIIAIOTCS TPH 3JIEMEHTA €Ille OJAHON — AEBATON —
rpynnsl o HoMepoM VIII, Benb Bockmu rpymi yxe He xBataeT. OHa, mpaBa, Ka-
Kas-TO CTpaHHAasi — B HEM 110 TOPU30HTAIM PACIIOIO0KEHBI TPU FIEMEHTA.

CrapaeMcsi coOmoaaTh clemylomee npasuno’. «Eciu B HEKOTOpOil rpymme
HaxonATcs 3aeMeHThl Ri, R2, R3 v B TOM psify, rie coaepKuTcs OAMH U3 3THX dJie-
MEHTOB, HanpuMep Rz, HaxoauTcs nepen HUM 3y1eMeHT QQ, a ocie Hero 3JIEMEHT
T, To cBolicTBa R2 onpenenstorcs no coiictBam Ri, R3, Q u T. Tak, nanpumep,
atoMHbIi Bec R2 = Y4 (Ri1+ R3+ Q + T). Hanmpumep, cenen naxonutcs B VI rpymnme
mMexay cepoit (S =32) u temmypom (Te =127), a B 5-M psany nepel HUM CTOUT
MBIIBAK (As=75) u mocine Hero Opom (Br=280). Orcioga aTtomHbIi Bec
ceneHa = (32 + 127 + 75 + 80) = 78,5 — uucno, 6au3Kkoe K AeHCTBUTEIBHOCTI
[2. C. 256]. «Takas ke cTeneHb CXOJICTBA, KaKyo yxke 3HaeM Mexay K, Rb u Cs,
niu Cl, Br u J, unu Ca, Sr u Ba, cymiecTByeT u Mexay 2IeMeHTaMu IPYyTUX BEPTH-
KalbHbIX cTonOIOB. Tak, Hampumep, Zn, Cd u Hg npencrasustor Onmxkaiiime
aHamoru maraus» [Tam xe. C. 255].

4 Tak oHO ¥ ecTb. DTO TeXHELMA, OTKPHITHIA B 1937 roxy.

5 Mbl ceroias 3HaeM, 4TO OT KCEHOHA 110 PaJoHa — 32 3J1eMeHTa.

¢ CoBpemennoe 06o3HaueHue Ty Tm, ero OTHOCUTENbHAS aTOMHast Macca paBHa 168.93.

7 Imutpuii UBaHOBHY, O-BUAMMOMY, TOUHO HE 3HAET, B KAKHME KJIETKH TAOJIULBI IOMECTUTH 3TH
3JIEMEHTHI (OH OIPEAEISIET MECTO TOJIBKO UTTEPOHIO).

8 Mennenees o606maer npasmwio Tpuan Jéoepeiinepa, KOTOPBIA 3aMETHII, 9TO €CJIH PACHIOIOKHTh
TPH CXOJIHBIX IO XUMHUYECKUM CBOMCTBAM AJIEMEHTA B TTOPSAKE BO3PACTAHUS HX ATOMHBIX BECOB, TO
ATOMHBII BEC CPEIHETO IEMEHTa COCTABUT CpeaHee apu(pMeTHIeCKOe aTOMHBIX BECOB TIEPBOTO H
Tperbero. JI€0epeliHep MPeTOKMIT TP TPUAABL: KaIbIMA — cTpoHIwiA — Oapuit (1817); muTwit —
HATpHd — KUK U cepa — cenied — Tesutyp (1829).
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I'pynny Bmecte ¢ MeHzeneeBbIM ONPENEseM, IPEKIE BCETO, MO «COCTaBY
BBICIINX COJIe0Opa3HbIX okucioB». «IlepBas rpymnma gaet R20, Bropas R202 nnun
RO, tpetbs R203 u T.1. ®OpM OKUCIOB BOCEMb, & MOTOMY M TPYII BOCEMb.
JlBa psna maroT OOJNBIION TMEPHOI, H, CIEIOBATEIBHO, TE€ K€ (DOPMBI OKHCIIOB
B OOJIBIIIOM TIEpPHOZE BCTpEUaroTcs AByKpaTHO. Hampumep, B nmeproae, HauMHaI0-
memcs ¢ K, oxucner cocraBa RO o6pasytorest Ca u Zn, coctaBa RO3 — Ce u Se
u T.1. OKHCIIBI YETHBIX PSAOB, NMPU TOU ke Qopme, 00JIaAAIOT OCHOBHBIMHU
CBOWCTBAaMH B OOJIBIICH Mepe, YeM OKHUCIBI HEUETHBIX PSAAOB. A 3TUM IMOCIEIHUM
IPEUMYIIIECTBEHHO CBOWCTBEH KUCIOTHBIN xapaktep» [2. C. 256].

BemarpuBasics B mocieqHuil BapuaHT aBTOpCKod Tabiauisl MeHeneesa, Mbl
3amedaeM CBOOOJHBIC MecTa it 14 B OyIyIieM OTKPBITBIX AJIEMEHTOB (TpaHCypa-
HOBBIE IIOKa HE CUUTAeM): /JIsi TEXHEUHMs, MPOMETHUS, EBPOMHs, AUCIPO3HUs,
TOJIbMUS, JIIOTEIHsL, TadHUs, peHHs, TIOJIOHHS, acTaTa, paJloHa, ppaHIMs, aKTHHUS,
npoTakTUHUA. s necatd u3 HUX B TaOJMIlE MMEIOTCS BIIOJIHE OINpesesieHHbIE
MmecTa. Jl71g ocTaabHBIX YeThIpeX — HeomnpeaeneHHbie. [IpaBaa, uMeroTcs U TUIIHNIE
MecCTa, HO MX B HUKHEH yacTu TaOaMIbl HEMHOTO. BOnpockl BO3HMKAIOT IO TIOBOAY
CBOOOIHBIX MECT B MEPBOM IEpUOJE, T/Ie HaXOAUTcsl oauH Boxopoa. Kak Oyaro
Jmutpuit IBaHOBUY HE YBEPEH B OTCYTCTBUU B IIPUPOJE IJIEMEHTOB, PACIIOJIOKECH-
HBIX MEX]y BOJOPOJIOM U I'eJIUEM.

CucreMaTH3amMs 3JIEMEHTOB 10 CTPYKTYPe YIeKTPOHHBIX 000J1049€eK

MeHieneeB mosyaraj, 4To MPUUUHY MEPHOANIHOCTH H3MEHEHUS (PU3UIECKIX
U XMMHUYECKHUX CBOMCTB 2JIEMEHTOB HaJI0 UCKATh BO BHYTPEHHEM CTPOCHHH aTOMOB,
KOTOpPOE KaK-TO CBSI3aHO C MX Maccoil. «Macca eewjecmea ecmv umeHHO maxoe
CBOUCMBO €20, OM KOMOPO20 OO0NHCHbI HAXOOUMBCS 8 3ABUCUMOCTIU 8CE€ OCMAIb-
Hvle ceoticmeéa... [1oaToMy OnmuKe M ecTeCTBEHHEE BCEro MCKaTh 3aBUCHMOCTH
MEXJ1y CBOMCTBAMHU U CXOJICTBAMHU AJIEMEHTOB, C OJTHOM CTOPOHBI, 1 aTOMHBIMHU UX
Becamu, ¢ Apyroi» [2. C. 254]. TouHoro 3aKkoHa HE MOJIYYUIOCH: HEKOTOPBIE dJIe-
MEHTBI He HaXOJHJIu ceOe OMpee]IeHHOro MecTa B TabuIle, JaKe eClIM pacroia-
raTh UX IO BO3pAacTaHUIO aTOMHOTO Beca, a CaMU aTOMHBIE Beca MHOrAa «OyHTO-
BaJIM», Hapyllas CTPOryK NEPUOAUYHOCTb, B KOTOPYIO BEPUJI BEIUKUN PYCCKHM
yueHblil. OH He JOXWJI O OTKPBITUS aTOMHOIO SiApa, KOTJa IMOSBHJIACh HOBas
uzest — UCKaTh 3aKOH CMpo2oli TIEPUOJUIHOCTH U3MEHEHHSI CBOMCTB 3JIEMEHTOB
B 3aBUCUMOCTHU OT 3apsja sapa aToMa. YBbI, U 3Ta UAes A0 KOHLA HE MpoIla,
HO TIOTIBITKU €€ OCYILECTBICHHS MPHUBEIN K TEKTOHUYECKUM CABUTaM B (pHU3MKE U
xuMud. OHaKO 000 BCEM I10 MOPSAIKY.

B nepBoit yetBepTr XX BeKa MOSBIIIACH TEOPETUYECKAS CXeMa, KOTOpas mpe-
TEH/0Bajia Ha MPAaBUILHOE 0OOCHOBaHME MEPUOIUYECKOTO 3aKOHA U UCTIPABICHHE
tabnuiel, co3ganHou .M. MenneneeBbiM. [1aBHy10 posib B 3TOM chirpain Hube
Bop, BIOXHOBIEHHBIN MMOHEPCKUMHU UCCIEIOBAHUSMU CTPYKTYPHI aTOMa, BBITION-
HEHHBIMH TI0J] pPyKOBOJCTBOM DpHcta Pesepdopaa. Ho mepBas mombiTka 060CHO-
BaTh MEPUOINYECKUI 3aKOH HAa OCHOBE TEOPUU aToMa ObLjia npeanpuHsTa J>koHoM
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Jxozepom Tomconom. Ero mozens atoma’ (1904), xoTs U okasanach B LEJIOM
HEBEPHOH, MM0o3BoIMIIA CHOPMYITHPOBATH MIPEICTABICHHS, KOTOPbIE ObLIN HCIIONb-
30BaHbI B IaJbHEUIIEM pa3pab0TUNKaMU ITAHETAPHON MOJIEIH.

TomcoH nmpunruMan noaxon nopaa KensBuHa, corimacHO KOTOPOMY yCTOWYH-
BOCTh aTOMa, COCTOSIIIETO U3 OTIEIbHBIX OJHOUMEHHO 3apSKEHHBIX YaCTHUL, MO-
XKeT ObITh oOecrieueHa, eclii YacTUIbl, OTTAJIKUBASCh JPYT OT JIpyra, OZHOBpE-
MEHHO NPUTATUBAIOTCA K HEKOEMY LEHTPY CHJION CHEUaIbHOW KOHCTPYKLHH
(uToOBI HEe BcTynuia B CBOM IpaBa Teopema Mpumioy). [To Tomcony, Takoii cuioit
MOJKET OBITh CHJIa MPUTSHKEHUSI K LIEHTPY PABHOMEPHO 3apsDKEHHOTO (TIOJIOXKH-
TEJbHO) MIapa, JEHCTBYIONIAs Ha OTPULIATEIHHO 3apsKEHHBIE TIEKTPOHBI, HAX OIS~
muecs BHyTpu Hero. OHa MponopIHoHaibHA PACCTOSHUIO OT 3JIEKTPOHA /0 IIEH-
Tpa. TOMCOH Kak OTKpBIBaTENb 3JIEKTPOHOB 3HAM, YTO 3TH YACTHUIIBI €CTh B KaXKIOM
arome. HelTpaJlbHOCTB aTOMa 03HA4aeT, YTO MOJIOKUTENIBHBIN 3apsij 11apa 110 Be-
JUYMHE PAaBEH CyMMapHOMY 3apsiy 3JIEKTPOHOB. DJIEKTPOHBI MOTYT COBEPILATH
rapMOHUYECKHE KOJICOAHUSI OKOJIO TOJIOKEHUI paBHOBECHS, M3yyasl MPH 3TOM
AJIEKTPOMATrHUTHBIE BOJHBL. KakoBa INpupoja IMOJOKHUTEIBHOIO 3apsiaa, HEus-
BECTHO, XOTsI, BEPOSITHEE BCETO, C HUM CBsI3aHa MOYTH BCsi Macca atoma. Ho monens
roToOBa, U OHa OKa3aJlach BIIOJIHE pabouei.

Bo-nepBbix, aToOM mony4dusics yCTOMIUBBIM. «I10710)KUTETBHOE STIEKTPUIECTBO
NPUTATUBAET KOPITYCKYJIBI K LIEHTPY c(hepbl, MEXTY TeM KaKk B3aMMHOE OTTaJIKHBa-
HUE CTPEMUTCS YIAAIUTh UX OT 3TOTO LIEHTPA; B CIIydae paBHOBECHS KOPITYCKYJIbI
pacmojoXaTcsl TaKuM 00pa3oM, 4TO MPUTSHKEHHE, 00YCIOBICHHOE MOJIOKHUTEIb-
HBIM 3aps0M, YPaBHOBECUTCSl OTTAJIKMBaHUWEM Mpouux kopmyckym» [3. C. 98].
Ecnu B aToMe 0JIMH 3JIEKTPOH, OH PACHOJI0KUTCS B LIEHTPE 111apa, €CJIA ABa, TO OHU
yIATYTCA Ha NPSMYIO, IPOXOASIIYI0 YEpe3 €ro LIEHTP, HAa PAacCTOSIHUM JIPYr OT
JIpyra, paBHOM €ro paauycy. TpH 3JIeKTpOHA pa3MECTATCSA B BEPIIMHAX PABHOCTO-
POHHETO TPEYTOJIbHUKA CO CTOPOHOM, PaBHON paauycCy, IPUYEM LEHTP TPEYroJib-
HUKa COBIIAJIaeT C UEHTPOM Hapa. YeTsIpe 3JeKTpOHa YCTOMYMBO PACIIOIOKATCS B
BEpILKMHAX TETPadIpa, UMEIONIETro 00U HeHTp ¢ mapom. U 1.1.

Bo-BTOpBIX, MOZIENB aTOMa 1T03BOJIMIIA TOMCOHY OOBSICHUTD COEIMHEHUE aTo-
MOB B MOJIeKYJ1y. OH BBIYHUCIIIII SHEPTUH B3aUMOJICHCTBUS YCTONUYMUBBIX KOH(UTY-
pauuii 3apsI0B B aTOMax C pPa3IMYHbIM KOJIMYECTBOM DJIEKTPOHOB (OT OAHOIO J10
IIECTH, ajie€ OKA3aJI0Ch CIUIIKOM CJI0KHO) U TIOKa3aJl, 4YTO IByM aTOMaM dHepre-
TUYECKH BBITOJTHO OOBbETUHUTHCS B OJHY MOJICKYITY.

B-tperbux, moaens ToMcoHa 1Mo3BoOIMIIA HAllylaTh KaueCTBEHHOE OOBsCHE-
HUE JIMHEWYaThIM CIIEKTPaM aTOMOB U, B-UE€TBEPTHIX, IPUBENIA K IEPBOMY TEOPETH-
YECKOMY HMCTOJIKOBAHMIO IIEPHOAMYECKOro 3akoHa MenpeneeBa. I To u npyroe
BO3HMKJIO U3 pa3/iesIeHNs 3JIEKTPOHOB aTOMa 110 KOJIbIaM.

Bynyuu He B cuitax peluTh MaTEMaTHUECKYO 3a/1a4y HaXOXACHUs YCTOMYH-
BOT'O PaBHOBECHUS B aTOME OOJIBILIOTO KOJIMYECTBA 3JIEKTPOHOB, TOMCOH ympoIaer
MOJIEJIb — 3aCTaBJISET BCE 3JIEKTPOHBI PACIIONOKUTHCA B OTHOM MockocTH. [locie
9TOrO BBIICHHUJIOCH, YTO HAYMHAS C IIECTH YCTOWYMBOCTH JIOCTUTAECTCS TOJIBKO B

? E€ 4acTo Juist MOMyJISIPHOCTH HA3BIBAIOT MOJIENBIO KEKCA WU Iy IMHTA.
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TOM CIIyyae, €CJIM AIEKTPOHBI PACIPEAEIAIOTCA 10 OTAEIBHBIM TPYNIHUPOBKAM.
«Koip1o u3 mecTn KOpIyCKyJl B BEPIIMHAX IPABUIBHOIO MIECTUYTOJIBHAKA CaMO
1o cebe HeyCTOWYMBO, HO OHO CTAHOBUTCSI YCTOHYMBBIM, €CJIM B LIEHTpE LIECTHU-
yTOJIbHUKA MOMECTUThH €Ile OAHY KOpPIYCKYJy... YTOObI chenarh yCTOMYMBBIM
KOJIBLIO M3 JIEBATH KOPIIyCKYJI, BHYyTPH HErO HPHUIETCS IOMECTUTHh JBE KOPITyC-
KYJIbI; BOOOIIIE, YHCIIO KOPITYCKYJI, KOTOPbIE HYKHO MOMECTUTh BHYTPH KOJIbIIA TS
COXPaHEHMs €ro yCTOMYMBOCTH, PACTET BEChbMa ObICTPO € YBEJIMYEHHUEM YHCIIa KOp-
nyckya B koiiblie» [3. C. 102]. C yBenuueHrneM yucia 3JeKTPOHOB pacTeT KOJIude-
CTBO KOJIEII, IPUYEM CJIeIyromas KoHPUTypamus Koiel popMupyeTcs Tornaa, Ko-
r7a npeaslaylias yxe peanu3oBanack. TOMCOH, Haiisg crmoco0 pacdera yucia
AJIEKTPOHOB B KOJIbI[aX U PACIIOJIOKHUB aTOMBI B ONPEJIEIIEHHOM 1OCIIEI0BATENBHO-
CTH, OOHApYXHJ NEPUOAUYECKYIO 3aKOHOMEPHOCTh. «ECIM MBI pacCMOTpHUM...
4Kclla KOPIYCKYJ B pa3iIM4HbIX TPYNIIUPOBKAX, TO 3aMETUM, YTO YUCJIA, KOTOPBIE
IIOMEIIEHbl B OJJHOM M TOM € BEPTUKAJIBHOM CTOJIOLE, 00pa3yloT MOCiea0Ba-
TEJIbHO I'PYTIIbI, UMEIOIINE MHOTO OOIIIEro 0JfHa ¢ APYroif; UMEHHO, KaXKaast Takas
rpyTIIa NOXy4aeTcs U3 ONMvKalleld BepXHel My TeM MPUCOSTNHEHNS K Hel CBEpXY
OJIHOTO HOBOIO 4Hcia. ...ECTECTBEHHO NpEeANOIOkUTh, YTO CBOMCTBA ATOMOB,
COCTAaBJIGHHBIX M3 TaKUX KOPIYCKYJSPHBIX TPYyMIN, HMEIOT MHOTO... OOIIUX
CBOMCTB KaK XUMHUYECKHX, TaK U ¢puzudeckux» [3. C. 107].

Crpos cBoIO Teoputo aTromMa, TOMCOH HU Ha CEKYHly HE COMHEBAETCSI B OCHO-
Bax Kjaccuueckoi pusuku. OH Jaxke cCbUIAeTCs Ha 3KCIIEPUMEHTBI C MAKpOTEIAMHU
C LIEJIBIO TPOUJUTFOCTPUPOBATH IPOLECCHI, IPOUCXOISIINE B aTOME.

Hunee bop momuepkusan, uro uaen ToMcoHa naxe Iocie OTKasza OT €ro
MOJIETIM aTOMa NPOAOJIKAIN UTPaTh BaKHYIO POJIb B TEOPETUUYECKOM OCMBICICHUH
NepUOUYECKOT0 3aKOHa, HO yXe Ha 0ase manerapHoit moxenu. My TomcoHa,
n y bopa nepuogu4HOCTs H3MEHEHHS CBOMCTB XMMHYECKHUX JIEMEHTOB C POCTOM
Yucia 3JIEKTPOHOB B aTOME 00YCIJIOBJIEHA MEPUOANYECKUM MTOBTOPEHUEM OIpeie-
JICHHBIX 3JIEKTPOHHBIX KOHPUTypaluil.

Opnako cama ruIaHeTapHast MOJIENb POAWIACE B MyKax. BaxxHelmuii sxcriepu-
MEHTaJIbHbII MaTepual s Hee Obu1 coOpaH yxe B 1908 roay. I'eiirep u Mapcnen
COCYMTAIIM 10 YKa3aHuto Pesepdop cCOTHU THICSY CUMHTHIUIALUN U caMble «yaad-
JUBBIE» anb(a-4acTUIBl YK€ OTCKOUMIM Ha3zaJ OT METaJUIMYecKOW (OJbIH,
HO Pesepdopn nmpeOriBai B riry0OKOM pa3ayMbe: KOHIBI ¢ KOHIIAMU HE CXOIUIIHCH.
OH y>ke IoHUMaJ, YTO «OTPaKEHHE» OJAHOM U3 BOCBMU ThICSY allb(ha-4yacTULl — 3TO
pe3ynbTaT eAMHUYHOTO CTOJIKHOBEHHUS, @ HE MHOTOKPATHBIX HEOOJIBIIUX OTKJIOHE-
HUI OT IpsMonuHeitHo# TpaekTopun'’. EMy yke ObII0 ICHO, UTO B IIEHTPE aToMa
HaxXOAWTCS MAacCCHUBHOE IIOJIOKUTENBHO 3apsbkeHHoe sapo. Ho  3acraButh
JIEKTPOHBI ABUraThCsl BOKPYT Aapa Peszepdopa Hukak He cornamancsa. Beap 3To
03HA4aJI0 BOWTHU B POTUBOPEUHE € AIEKTPOANHAMUKON MaKcBelia: u3imydas JIeK-
TPOMAarHUTHBIE BOJIHBI, 3JIEKTPOHBI JOJKHBI YIIACTh HA Apo. BeixoauT, nianerap-
HBI aTOM HE MOJKET CYLIECTBOBATH!

19 Tozmmee (B 1914 romy) 310 GBUIO HAIPAMYIO OATBEPKAEHO B KaMepe Buibcona.
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B 1911 rony B bproccene cocrosiics nepsbiii CoabBEeEBCKHIM KOHIpecC, Ha KO-
TopoMm Pesepdopa mpocto mMonyall, MOHMMas, HACKOJIBKO HEJENOW JOJKHA Ka-
3aTbcsl caMma MJes IIaHeTapHoro aroma. lIpencenarenbCTByrOMMIT Ha KOHTpECCe
JlopeHu roBopuiI, 4TO «MOAENb aTOMa, NpeiokeHHas capoM [x. k. TomcoHoM,
...AMEeT MPEeuMYIIeCTBa, KOTOPBIX HENb3s He Mpu3HaThy». Ho oH gaxke HE ymoms-
HyJ pe3epdopIOBCKYI0 W0 00 aTOMHOM sJIpe, CIOBHO Obl W HE OBUIO B
«Philosophical magazine» 3a monroja 10 KOHrpecca HUKaKOW CTaThH O MPUHIIUITH-
albHO HOBOM Mozenu atoMa. M Hukro He ynomsnyi: HU Mapust Kropu, Hu OiiH-
mteitH, Hu [Inank, vu [Tyankape... A 3omMepdennba BooOIIe He xKenall HMETh J1E10
HU C KaKUMH «YaCTHBIMH MOJENSIMU aTOMOB». B To Bpewms, moxanyi, TOJbKO B
Mockse B «mnozsaie JleOemeBa» Bcepbes IIeT pa3roBOp O pe3ysbTaTax, MOJTydeH-
HBIX Pesepdopaom.

[Tepenom nactynun B 1913 roxy. Cuavana bop ckimonnn Pesepdopna k mpu-
3HaHHIO, YTO B aTOME He paboTaeT B MOJIHOM Mepe Kilaccuueckasi Gu3nKa, a 3aTeM
caM MATp Hayajl MOJJIEPKUBATh MOJIOAOTO (U3UKA B €r0 «pPa3pylIeHUH OCHOBY.
W 31eck He obommtock 6e3 meradusuku. [1o cytn, rmaBHbIM aprymenTom bopa 6611
dunocodcekuit. B camom gene, mouemy mpu IBUKEHUH 3JEKTPOHA BOKPYT siApa MO
«CTallMOHAPHBIM» OpOUTAM HapyIIAIOTCS 3aKOHBI KJIACCHUECKOH 3JIEKTPOJUHA-
muku? [lotomy 4to, oTBeuaer bop, y BcsAkoro (hu3M4ecKOro 3aKoHa HMEIOTCS
rpaHUIbl IpUMEeHUMoOCTH. B nanmbHelimem bop Oyaer comHeBatbes BO BeceoOIien
3HaYUMOCTH JlaXKe 3aKOHa coxpaHeHus sHepruu. Ho oTkyna narckuii Gu3MK B3sil
9ToT npuHIMN? W3 mpeacTaBieHus O TOM, YTO BCSIKOE 3HAHUE O MUPE POKIACTCS
TOJIbKO B OIIBITE, UHBIMU CJIOBaMH, YTO HE CYIIECTBYET alpUOPHOTO 3HAHUS.
Opnako cyaeHre o0 MCTOYHMKAaX MO3HaHUA sBiseTcs ¢uiaocopckuM. Takum
o0pa3om, bop BbICTynaer yacto He CTOJBKO Kak (PU3MK, CKOJBKO Kak (umocod
MO3UTUBUCTCKOTO TOJIKA.

I'maBHass «pasznararouias» uaesd, KOTOpyr mponosenyer bop, kacaercd
BOIIPOCA O CYIIECTBOBAHUU MPEPHIBHOCTH B CAMMX 3aKOHaxX Mpupojibl. [Ipodiaemsl
TEOPETUIECKOTO OCMBICICHHUS AICPHON MoJenu aToMa bop CBSI3pIBaeT ¢ KPU3UCOM
napaJurMbl KJIACCHYECKON (DU3MKHU, 3aKOHBI KOTOPOi cpopMyIMpOBaHBI Ha SI3bIKE
HENPEPBIBHOCTH. «BBIX0/ U3 ATHX 3aTpyAHEHUI HallIeH B MPECTABICHUSAX, 3alM-
CTBOBaHHBIX M3 TaK Ha3bIBAEMON meopuu keanmos. OCHOBBI 3TON TEOPUH 3aJI0-
eHbl [Inankom B €ro 3HAMEHUTHIX paboTax O 3aKOHE TEIMJIOBOTO M3JIy4YeHUs. DTa
TEOpHsl PEIIUTENBHO PAa3pPhIBACT C MPEKHUMH BO33PEHUSMHU: B HEW BIIEPBBIC MPHU
(bopMyIIMPOBKE 3aKOHOB MPUPOABI BBOAUTCS MPENIIOJIOKEHNE O HATUUNHU IIPEPHIB-
HocTei» [4. C. 77]. OngHako 0HO AEJI0 MPEPBIBHOCTD B 3aKOHAX IPUPOBI U COBCEM
JPyTO€ B XapaKTePUCTUKAX IPUPOIHBIX 06bekmos. [la, pyHaaMeHTaTbHbIe 3aKOHBI
KJIacCuuecKoi (Gpu3nku (HopMyIHpYyIOTCs Ha si3bIke HemnpepblBHOCTH. Ho u3 aToro
HE CIIe/YEeT, YTO Kilaccudeckast pu3uKa oTpuLaeT pu3ndeckrue 00beKThl, COCTOSHUE
KOTOPBIX XapaKTepu3yeTcsl IpepbIBHBIMU BenunHamu. [IpocToii mpumep agaert ru-
TapHasi CTpyHa. JT0, pa3yMeeTcs, COBEPILIEHHO KiIaccuueckuii o00bekT. Ho ee peso-
HAHCHBIE YaCTOThI AUCKPETHBI. CTpyHa MOTJIOUIAET U U3TY4YaeT 3BYKOBYIO SHEPTHUIO
n30upaTenpHO 1O JacTtoTaMm. bonee Brneyamisironuil mpumep — Gurypsl XJiaaHu:
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JByMEPHBIE YNPYyTUe MJACTUHBI PEarupyroT Ha BHELIHEE NEPUOANUYECKOE BO3EH-
CTBUE NpepbIBHBIM 00pa3oMm. [To mepe yBenndyeHust 4acToThl BO30YXKAAI0IIEH CUITBI
(burypsl MEHSIOTCS CKQUKOM, BU3YalTU3UPY s pa3IUYHbIE PEKUMBI KOJIeOaHH ¢ pa3-
HBIMU SHEPrUsIMU. BO3MOXKHBI U TpeXMepHbIE 00BEKTHI CO CBOUMU COOCTBEHHBIMU
yacToTamMu Kosiebanuii. [Touemy Obl 1 aToMy He OBITH TaKOM CUCTEMOM, UTO ecTe-
CTBEHHO IPUBEJIO OBl K INHEHUYATHIM CIIEKTpaM u3iaydeHus u nornomenus? Ho bop
HanpaBWi QU3UKY IO IpyroMmy myTH (mpuBeamemy kK npunuuny [laymnu, ypaBHe-
Huto [llpeaunrepa u K BEpOSTHOCTHON MHTEPIIPETAIIMH BOJIHOBOM ()YHKIINH), CTaB
OJIHUM U3 «OTLOB» KBAHTOBOW MEXaHUKH, KOTOPAsi COBMECTHJIA TPOTUBOMOIOKHO-
CTH BOJIHBI U YaCTHUILIBI LICHOW OTKa3a OT KJIACCUYECKUX MPUHLHUIIOB HATJISIHOCTH,
IIPUYMHHOCTH U JIOKAIBHOCTH. B nrore Puuapn deiiHman 3asBU1, 4TO KKBAHTOBYIO
MEXaHUKY HUKTO HE IOHUMAET.

Teopus nepuoUUecKOr CUCTEMBI DJIEMEHTOB, IIOCTPOeHHast bopoM, He Moria
OBI IOSIBUTKCS, eclii ObI B KOHIIE 1913 roga He COCTOSIIOCH OTKPBITHE, TTO3BOJIMB-
11ee CHSITh MHOTHE BOTIPOCHI, HAa KOTOphIe Y MeHieneeBa He ObLII0 OTBETOB. Y UEHUK
Pezepdopna 'enpu Moznu (1887—1915), uzydas xapakTepucTUIECKOE PEHTICHOB-
CKOE€ HM3JIyYEHHE PaA3JIMYHBIX AJIEMEHTOB, CyMEJ BHECTH SICHOCTh B 3allyTaHHYIO
npobiaeMy MX pa3MelIeHUs] B NepUOIUYEcKoi Tabmuiie. MO3IU ONBITHBIM IIyTEM
YCTAaHOBWJI JIMHEHHYIO 3aBUCUMOCTh MEXIY KOPHEM M3 YaCTOThI ONpPEIEIECHHOMN
JMHUAW PEHTTEHOBCKOI'O CIEKTPa U MOCIEI0BATEIBHOCTBIO HJIEMEHTOB B TaOIHIe
MenzeneeBa oT Kanplus A0 IUHKA. OH MOKa3aj, YTO B 3TOM PSAY 3JIEMEHTOB
HabOMo1aeTCs MocheoBaTeIbHOe U3MEHEHHE Ha €IMHHUILY 3apsa sApa aroma, a
3HAYUT, XMMUYECKHUE U (PU3NYECKUE CBOICTBA aTOMOB HAaXOJIATCS B IEpHUOAMYE-
CKOM 3aBUCUMOCTH OT 3apsi/ia aTOMHOTO Spa.

HccnenoBanne Mo3snu nokasanu MpaBWIBHOCTh Pa3MEIIEHUs B IEpUOAHNYE-
CKOM CHCTEME TEX JIEMEHTOB, KOTOPBIE 0 UX aTOMHBIM BECAaM CTOSUIM HE HAa CBOMX
mecrax'!. Tak, ko6anpT (59,9) 6b1 mocTaBieH MeHeneeBbIM nepes HUKeIeM
(58,7), a renmyp (127,6) — nepen rogom (126,9). Jlannsie no aromHbiM Becam Os,
Ir, Pt u Au ObLIH HCTIpaBJICHBI.

PaGoter Mo3nu co Bceil onpeneneHHOCTRI0 YCTaHOBHITH, YTO MEX]TYy BOJIOPO-
JIOM U T€JIHEM HOBBIX 3JIEMEHTOB ObITh HE MOXKET M YTO 00Ilee UX YUCIO MEXKITY
Ba u Ta paBHO 16, HO HEICHBIM OBUIO UX PACIIONIOKEHUE B CUCTEME.

Bort tyT Bop u ckazan cBoe Beckoe ciioBo. COrinacHo €ro Teopuu, B IEPUOE
(na puc. 2 »10 BeprukanbHbie ctondupl [4. C. 132]) comepxurcs 2, 8, 18 wiu
32 »1eMeHTa, 4TO COOTBETCTBYET hopMyJie 2n°, T1ie 1 — TaK HA3hIBAEMOE ITIaBHOE
KBaHTOBOE 4MCIIO. A fanee Bc€ o MeHieneeBy, TOJIbKO MEpUo HAUMHAETCS HE C
MHEPTHOrO rasza (MM OH 3aKaHUMBAeTCs), a C IIET0OYHOro MeTasuia (Wi ¢ BOAOpOaa
B miepBoM niepuoie). CBOOO I MaHEBpA HET: BCS TAOJINIIA CPa3y BHICTPAMBAETCS aXkK
1o 118-ro snemenra, koTopsii B 1921 rofy erie He ObLT OTKPBIT, HO TIPO HETO YXKe
«TOYHOY» OBLIO U3BECTHO, YTO OH JOJKEH ObITh MHEPTHBIM ra3oM. Kpacuso, Huuero

' B naneHeiimem, Korga ObUIM OTKPHITHL M30TOIBI, MPOOIEMa HECOBHANEHHSA PaCIOIOKEHHS
3JIEMEHTOB TI0 aTOMHBIM BECaM H I10 3apsiny sapa Obuia cHATA.
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He ckaxemb! Ho BcmomuuM 3aBeT BosbiMana: «OCTaBUM U3SIIECTBO HOPTHBIM
U canoxauKam ! » 2

56 Cs ——— 87 —
56 Ba —— 88 Ra
571.a 89 Ac
58Ce 90 Th
59Pr g1 Pd
60Nd 92 U
Bl —
9K ——— 37Rb 62Sm r—-1
20Ca —— 38 Sr 63Eu : |
2 Se 9 Y 64Gd | |
22 Ti s Zr 65Th I :
23V 41 Nb 66 Dy : |
~3Li ——— 1INa 24Cr 42Mo 67Ho I I
7 4Be ——— 12Mg '\ 25 Mn 43 — 68Er : |
5o 5B ——— 13AI \) 26 Fe 44 Ru 69Tu I |
IH(\ 6 C —— 14Si \ 27Co 45 Rh 0Yb | [
2He N 7N 5P \ | 28 Ni 46 Pd N Lu : |
\ao 6S 29Cy —— 47 Ag 72 — I i
~9F 17CI 30 Zn ——48Cd 73Ta | I
I0Ne IBAF\ 3 Ga ——— 49 1In 74 W I |
32Ge — 50Sn 75— L__41
33As ——— 51 Sh 76 0s
\ 3% Se — 57 Te 71r
3I5Br — 53| 8Pt
36 Kr ————— 54 Xe Y 79Au
80Hg
81 Tl
82Pb
83 Bi
84Po
85 —
86Rn ———— 118 —
Puc. 2

[TerTasice mogBECTH TEOpeTHUECKUi (yHIAMEHT moja Tabiuiy MeHzaeneesa,
(U3UKU BBEJH €Il TPY KBAHTOBBIX YKCIIA, @ TAK)KE HOBBIE «IIPAaBUJIa UTPbD) (IIPUH-
uun [laynu, npasuno XyHnaa, npasuio ManenyHra—KiiedkoBckoro).

Hac apudmeTukoit 6aHaILHOIO HE My4Yaii.
Han namu nume KiteukoBckuil rocioiuH.
A oH ckazan, uto 3 + 2 nomyuiie,

Uewm, Hanpumep, 4 + 1.

B.M. KiieukoBckuii BeIBEN MpaBmiio MajenyHra, y KOTOpOro OHO HOCHJIO Xa-
pakrep adhoc, u3 craructuyecko mMonenu aroma Tomaca—®Pepmu. OHAKO OHO
naBajio cOo 1Jisl TaHTaHa, akTHHUS U Topus. J[. XapTpu yka3bIBai, 4To cama «Mo-
nens Tomaca—®Depmu sBisieTcst NPUOIMKEHUEM U JUI BHEIIHUX 000JI0YeK aTOMOB
Jake ¢ OOJIBIIMM YHUCIIOM 3JIEKTPOHOB 3TO NPUOIMKEHUE, [T0-BUIUMOMY, HE OyJIeT
JaBaTh Xxopounx pesyibratoB» [6. C. 200]. Takum oOpa3om, CTporoi Teopuu rme-
PHOMUYECKOT0 3aKOHA HE MOIYYHMIIOCh, TaK KaK /I 3TOT0 TPeOOBAIOCH ObI PELIUTh
KBAHTOBO-MEXaHUYECKYIO 3a7ady MHOTHX T€Jl, YTO IIPAKTUYECKH HEBBITOIHUMO.

12 3ameTnM 10 X0y JI€NIa, YTO CaM 3aBET BoJbIMaHa OYEHb H3SIIEH.
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«IToaTOMY IPUXOAUTCS MOJIB30BATHCA SMIIMPUYECKUMU JaHHBIMU, B YACTHOCTH XH-
MUYECKUMH U B OCOOEHHOCTH AAHHBIMHU CIIEKTPOCKONMHUU 00 MOHU3ALMOHHBIX IMO-
TEHIMaJIax aTOMOB. JTO NPUAAECT TEOPUU NEPUOANYECKON CUCTEMBI IIOJTy3IMITUPH-
YEeCKHid, ONUCATeNbHbIN XapakTep. Jlyumie Ob1o OB TOBOPUTH HE O TEOPHH, a 00
00wscHenuu iepuoanueckoit cucreMel» [7. C. 291].

CucremaTu3anusi XuMHYeCKHX 3JIEMEHTOB 110 CTPYKTYpe siipa

Ecnu xuMuyeckue v HeKOTopble (pU3MUeCKre CBOMCTBA 3JIEMEHTA JETEPMUHU-
PYIOTCSI €0 3JIEKTPOHHOM 000JI0UKOH, CTPYKTypa KOTOPOM 3aBUCUT TOJBKO OT 3a-
psiZa aTOMHOTO Spa, TO, Ka3aJloCh OB, MEXK/Ty CBOMCTBAMH AJIEMEHTA U CTPYKTY-
poii caMoro sijpa HeT HUKAKOW CBSI3U, TaK KaK SAPO BO MHOTO pa3 MEHBIIIE aToMa.
B camom niene, CTpyKTypa 3J1€KTPOHHON 000JIOUKH aTOMa 3aBUCUT OT KOJIMYECTBA
3JIEKTPOHOB B HEM, KOTOPOE, B CBOIO OYEPE/Ib, PABHO 3apsAy SApa, BEIPAKECHHOMY
B €IMHUIAX DJIEMEHTAPHOTO 3apsiaa. B monmynspHOM nmpumepe, TarolieM HarsHoe
IPEJICTaBICHUE O COOTHOILIEHUU Pa3MepOoB siipa U aToMa, sIIPO COMOCTABIISETCS C
10JI0KOM, a aTOM — CO CTaJUOHOM. BOT 1 crparmmBaeTcs, MOTYT JIM CBOWCTBA CTa-
JIMOHA 3aBUCETh OT COpTa S0JI0Ka, JISKAIIETO B €ro LeHTpalbHOM Kpyre? OmHako
BIIOJIHE €CTECTBEHHO MPEANOI0KUTH, YTO 3apsijl AApa U €ro CTPYKTYpa KaK-TO CBsI-
3aHbI MEXy COOON. A 3HAUUT, €CIIU 3aps AApa ONPEACISeT CTPYKTYPY ICKTPOH-
HOM 000JI04KH (KaK 3TO MPUHSTO B COBPEMEHHBIX YUEOHHKAX ), TO MEKIY CTPYKTY-
poOii si/ipa ¥ CBOMCTBAMHM 3JIEMEHTA CYIIECTBYET CBsi3b. HO, BO3MOXHO, Aeno 00-
CTOHUT OOpaTHBIM 00pa3oM: 3apsia siipa (a TOUYHEe — KOJIMIECTBO MPOTOHOB) OIpe-
NENISET €r0 CTPYKTYPY, a CTPYKTYpa, B CBOIO ouepelib, POPMUPYET INEKTPOHHYIO
KoH(Uryparuio. IMEHHO Tak cuuTaeT aBTOp PyHIAMEHTAILHOTO HAYYHOTO TPpyJa
«Hyxmasl. Habpocok dhenomenonoruveckoro onucanus» 0.B. Bypraes. [IpaBna,
KaKiuM 00pa3oM CTPYKTypa MaJIeHbKOTO spa BIUSET HA OTPOMHYIO AJIEKTPOHHYIO
nepudepuro aToMa, IoKa He COBCEM SICHO.

HOpuit BacunbeBuy, 3aHUMasACh UCCIEAOBAHUAMU B 00JI1aCTH (DU3UKU YACTHII
U si/Ipa, U3HAYaJIbHO HE CTABWII Mepe]] OO0 3a7aul MOCTPOUTH TaOIHIly XUMHUYe-
CKHUX 351eMeHTOB. Ero nntepecoBanu ¢pyH1aMeHTaIbHbIE YaCTULIBI U HYKJIUbI. BbI-
SICHUB, KaK yCTPOEHBI IPOTOH U HEMTPOH, OH IEPELIell K IOCTPOEHUIO MOJENIEN CO-
CTaBJICHHBIX M3 HMX HYKJIUJOB, HauaB C MPOCTEHIIEro COCTaBHOTO sjpa — Jeil-
TpoHa. M1 BOT MOCTpOEHHBbIE TaKUM O0pa3oM HYKJIHUABI CTaJIH MOCIEI0BATEIHHO
YKJIaJBIBATHCS APYT 32 IPYTOM B KIETKH TaOimiel Menaeneesa! [Ipasna, Opun
CYILIECTBEHHBIE OTKJIOHEHHUS OT W3BECTHOro ee BapuaHta. COOCTBEHHO, B HUX-TO
BcE €10, Benb aBTopy «HyKkinmaoB» ynanock mo-HOBOMY OTBETUTH Ha BOIPOC O
pUPOJIe NEPUOANYHOCTH CBONCTB 2JIEMEHTOB.

CornacHo BypraeBy, cgoticmea 21emenmos nepuoouyecku no8MmMopsomcs ¢
yeenuuenuem 3apaoa A0pa, NOmMomy 4mo HOBMOPAIOMCS 0COOEHHOCMU CMpPYK-
mypul camux sadep. OMTHAKO CTPOTON MOBTOPSIEMOCTH CTPYKTYpPHI HYKJIUOB HET, a
II0ATOMY HE€ CYIIECTBYET M OJHO3HAYHOW MOBTOPSIEMOCTH CBOMCTB. BoT mouemy
MemnneneeBy ais psiia 3J€MEHTOB TPYIHO ObLIO HAWTH OIpeieIEHHOE MECTO B Ta0-
JIMILIE, @ €r0 TOMOJIOTH HE BO BCEM OBUIH TOXOXKH.
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ABtopy «HyxinaoB» ynanoch NpeoJoeTh «Maruio» cTpororo 3akoHa, KoTo-
pas ipecnenoBana Mengeneea, bopa, KieukoBckoro u ap. Ctpororo 3akoHa mne-
PHOMYECKOTO U3MEHEHHS CBOMCTB JIEMEHTOB HET, €CTh meHoenyusa. OqHaKo 1is
OOJIBIIMHCTBA 3JIEMEHTOB MOXKHO YKa3aThb COBEPILIEHHO OINPEIEIEHHOE MECTO
B TalnMue WM, 1Mo KpaiiHed Mmepe, Te MecTa, e UX TOYHO HE JIOJDKHO OBITh.
Tax, 118-ii anemeHT (oranecon), no bypraeBy, He IBIII€TCS UHEPTHBIM Ia30M, Kak
cuutas bop, mOTOMy 4TO CTPYKTypa €ro siipa COBEPIIEHHO HE MOX0Ka Ha CTPYK-
Typy siep OJaropoIHbIX Ta30B. A BOT 3JIEMEHT 1o HoMepoM 112 (komepHHUIHN)
UM siBisieTcsl. M 3T0 JOMaeT HBIHEIIHIOW CTPYKTYpY NEPUOINYECKOM TaOIuIbl.

«Hyxmuas» BypraeBa naioT oTBET Ha MHOTHE BONIPOCHL. BOT HECKOIBKO MpH-
MEpOB.

e [louemy B pupose HET YyCTOMUMBBIX sIIEP C MACCOBBIMU UUCIaMu 5 U §?

e [louemy y onoBa (Z = 50) MakcuMaabHOE KOJIMYECTBO YCTOMUYUBBIX U30TO-
1oB, a umeHHo 10? [IpuueMm s Bcex 3Tux u3otomnoB 12 <D <24, rne D=N - Z.
[Touemy?

e [loyemy TOJIBKO y 0JIOBA TPU YCTOMUYMBBIX M30TOMNA C HEUETHBIM YHCIOM
HYKJIOHOB? DTO YHUCIIO SBIIsAETCS MakcUMalbHbIM. [Touemy?

e Jlouemy y kceHoHa (Z = 54) umeercsa 9 ycroitunBbix nzotonos? [Tpuuem
s Hux 16 <D < 28. [Touemy?

e [louemy Temnyp (Z = 52) u xagmuii (Z = 48) UMEIOT MO 8 yCTONYMBBIX U30-
TOINOB?

e [louemy y Texneuus (Z = 43) u npometus (Z = 61) BooO11e HET ycToiun-
BbIX n30TomnoB? (Ouu y Bypraesa okazanuch romosnoramu!).

e [louemy cymiecTBYET JIUILb YEThIPe HEUETHO-HEUETHBIX YCTONUNBBIX HYK-
nunaa (IeUTpoH, utuii-6, 6op-10, azoT-14)?

e [louemy mexay BucMmyToMm (Z = 83) u topueMm (Z = 90) HET HE TOJBKO
YCTOHYMBBIX, HO U JOJTOXKHUBYIIHUX PAAUOAKTUBHBIX HYKINI0B?

e [louemy neneHue simep ypaHa, IUTYTOHHS, KadU(QOPHUS MEJICHHBIMHU
HEUTpOHAMHM aCUMMETPHYHO, a OBICTPHIMH CUMMETPUUHO?

«AcUMMETpHSI IPOJYKTOB JEJIEHUS] HaOJI01aeTCsl HE3aBUCUMO OT TOTO, MPO-
UCXOJUT JIM 3TO JIeJIEHUE MO JAEHCTBHEM IOIJIOLIEHHOr0 HEWTPOHA, MPOTOHA,
raMMa-(poTOHA WX JCJICHUE SBJSIETCS CIIOHTAHHBIM. ACUMMETpPHUS JIeNICHHUS CBS-
3bIBa€TCA ¢ OOOJIOYEUHOW CTPYKTYpOH fApa, XOTS nociedosamenvHas meopus.
amoeo aenenus omcymcmeyem» [8. C. 306].

MoxHO 3a1aTh aHaNIOrMYHBIE Bonpock! [ITonemero.

e [louemy Mepkypuii He oTxoauT oT CosHua 60blie yeM Ha 28 rpaaycos?

e [louemy Benepa ne orxoaut ot Comnnia 6osbiie yeM Ha 48 rpagycoB?

e [loyeMy ocTanbHbIE JIAHETHl MOT'YT HAXOJIUTHCS HA JIFOOOM YIJIOBOM pac-
crossHuu oT ConHua?

e [louemy, korjga HaOmonaeTcs nonsTHoOE ABMKeHue Mapca, fOnurepa u Ca-
TypHa, rutaHeTa u CoJHIle HaXOAATCS Ha MPOTUBOIOJIOXKHBIX CTOPOHAX OT 3eMin?

e [louemy >NUIMKIIBI IUIAHET CHavasa ypenuuuBarotcs (Mepkypuii, Benepa,
Mapc), a 3arem ymenbimarotcs (FOnurep, Catypn)?
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Omeem Konepnuxa. Teopust IItonemes B NpuHIMIIE HE MOKET OTBETUTH HA
o/1I00HbIE BOMPOCHI, TOTOMY YTO OHAa HE MMEET MPaBWJIBHOTO MPEICTaBICHUS O
cTpykType cuctembl «Comunie—JlyHa—TiaHeTs».

Omeem Bypmaesa. CoBpeMeHHas sijiepHasi U3NKa B IPUHIIAIIC HE MOXKET OT-
BETUTh Ha MIOJJOOHBIE BOMPOCHI, IOTOMY YTO OHA HE UMEET MPaBUIHHOTO MPECTaB-
JIEHUSI O CTPYKTYpE€ aTOMHBIX SEP.

C pa3ButueM siaepHOM (PU3UKHU OBLIO MPETOKEHO HECKOIBKO MOJIENIEeH CTPO-
€HHUs HYKJIUJOB, HO HM OJIHA U3 HUX HE MOIJIa MPETEeHI0BAaTh HAa OMUCAHUE BCEX
AepHbIX sBIeHUI. Hanpumep, kanenpHas MOJENIb HE MOXKET OOBSICHUTH AaCUMMET-
PHIO MacCOBOTO pacIipeleleHHs] OCKOJIKOB JENEHHUs sAep, SACpHbIE MAarHUTHBIC
MOMEHTBI, CYIIECTBOBAaHUE «Marndeckux» siiep (C 4yuciaMy NpOTOHOB U HEUTpoO-
HOB 2, 8, 20, 28, 50, 82, 126). A o6o0ueyHass MOJIEIb HE CITPABJISETCS ¢ OOBICHE-
HUEM SHEPTUU CBSI3U SJEP, KBAJPYMOIbHBIX 3IEKTPUUECKUX MOMEHTOB TSKEIbIX
A1ep, peaKkiyil 1ejeHns ypaHa u TpPaHCYpPaHOBBIX sIJIEp.

Kak n3o0paxarot sa/1po atoma B COBpEMEHHBIX yueOHUKax? ITO KaKOU-TO miap
U3 «Kalllkh» MPOTOHOB M HEWTPOHOB, NMPUYEM NPUHLUI HEONPEIEICHHOCTH Tpe-
OyeT, YTOOBI HYKJIOHBI IBUTAIIUCH B SAPE C OOJIBIIUMU ckopocTaMu. COrTacHo Teo-
puu bypraeBa, HyKJIOHBI pacnoJiaraloTcs B siAPEe B COOTBETCTBUU C 3aKOHAMHU UX
B3aUMOJICUCTBUSI, HO MPOTOH C MPOTOHOM, PABHO KaK U HEUTPOH C HEHUTPOHOM,
HE MOTYT HPUTATUBATHCS OPYT K APYry. DTO OOYCIIOBJIEHO TEM, YTO HYKJIOHBHI,
no bypraeBy, 001agatoT KUpalbHOCTHIO: IPOTOH — MPABOM, a HEUTPOH — JIEBOA.
JIBa mpotoHa (M [Ba HEUTPOHA) MPOCTO HE MOTYT COCTUHHUTHCS, TOTOMY YTO OHU
00JanaoT 0IMHAKOBOM KupanbHOCTHIO. [lo BypraeBy, mpOTOHBI yIepKUBAIOTCS
B sijpe Omaronapsi HEHTpoHaM, U SJEp, COCTOAIIUX U3 OJHUX MPOTOHOB WM U3
OJIHUX HEUTPOHOB, CYyILIECTBOBaTh HE MOXET. M B sHepruro cBs3u sAapa BKIaj
BHOCSIT B OCHOBHOM HEHTPOHBI, @ HE TPOTOHBI.

Cornacno monenu bypraesa (oHa xe FGH-monens), 11060t Hykinza, kpome
CaMBbIX JIETKUX, CTPOUTCS U3 TPEX COCTABHBIX YacTel MO ONpeAeEHHBIM 3aKOHO-
mepHocTsaM. [lepBast yacte — ocmog (o6o3Hauaercs F ot awen. Frame) cocrout
u3 anb(a-4yacTHYHBIX 00pa3oBaHU (KJIACTEPOB), KOTOPBIX CYIIECTBYET BCETO
5 BuzoB. [IpocTeiimmii 3 HUX — 2e1 — ATO AAPO aToMa reus (a-dactuna). Crnemny-
IOLUI — mpueen COCTOUT U3 0-4aCTULIbI, K KOTOPOH C YETHIPEX CTOPOH «IIPUKPY-
YEHOY IO IEHUTPOHY (Aapy aertepusi). Takum o0pa3om, TPUTeN COCTOUT U3 6 mpo-
TOHOB M 6 HEUTPOHOB, TO €CTh KaK OBl U3 TPEX 0.-YACTHII. 3aTEM CIEAYET neHmazer,
COCTOSIIMA M3 0-4aCTUIBl, K KOTOPOH C YETBIPEX CTOPOH «IPUKPYUEHO»
no o-vactuue. [leHraren coctouT u3 mATH o-4yactuil. Jlamee WAET HOoHazen —
KJIaCTEP, COCTOSALMI U3 IIEHTarela, K KOTOpOMY € YETBIPEX CTOPOH «IPUKPYUEHO»
o o-yactuie. Honaren coctout m3 neBiaTy a-dactui. M mocnemuuii — yedecen,
COCTOSIIIIMI M3 HOHArena, K KOTOPOMY C YETHIPEX CTOPOH «IPHUKPYUYEHO» IO
a-yactuue. Yeneren coctout u3 13 (4epTOBOW AIOKUHBI — OTCIOZA W HA3BAHUE)
a-yacTuil. bornee Tspkenmple KiacTepbl MPHUpPOJA HE CO3JAET: €CIU K ueAereiy
IPUCOEAVHUTH €IIE YEThIPE (-YaCTHIBI, TO IOJYYMBIIMICS KJIacTep IPOCTO
paszBanutcs. Ha puc. 3 mpexacraBineHbl YCIOBHbIE H300paK€HUS BCEX ISTH
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KIIacTepoB'°, koTopble Bypraes 0003HayaeT Takxke Kak o, K, Y, & U { COOTBET-
ctBeHHO (o = la, Kk =3a, ¥ = 5a, E=9a, { = 130).

L
= .

| .

|

Puc. 3

Ou4eBUHO, UTO KJIACTEPHI UMEIOT BBIJEICHHYIO B POCTPAHCTBE OCh CUMMET-
pYH, NEPIEHINUKYIISIPHYIO IUIOCKOCTH, B KOTOPOW MPOMCXOIUT MPUCTPAUBAHUE K

LEHTPAJILHOMY 0-KJIACTepy APYTUX 0-KJIACTEPOB MM JEUTPOHOB (Kak B cilydae C
TPUTEJIOM).

13 TloMMMO cammx KIacTepoB Ha PUCYHKE BHJHA M HEMTPOHHAS YIIAKOBKA (OPaH)KEBBIE KyOMKH —
3TO HEUTPOHHI).
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Bropast cocraBHas 4acTb HE OYEHb JIETKUX HYKIHMIOB — HEUMPOHHbIU NOAC
(o6o3nauaetcst Got awnen. Girdle) wim neiimponnas ynaxosxa. Ilosicom Moryt 00-
nanath -, &- U (-Kiactephl, KOIWYECTBO HEHTPOHOB B KOTOPBIX Uig Hambojee
YCTOMYMBBIX HYKJIUIOB COCTaBISAET 4, 8 U 12 COOTBETCTBEHHO.

Tpetweit cocTaBHOI YacThiO HYKIUAA MOXKET OBITh wanka (06o3Havaetcs Hot
anen. Hat). Imeercst nsaTh BUIOB WIATIOK: 7, p, NP, pHp W Hpn, T 1 U p — 0003Ha-
YEHUsI HEUTPOHA U MIPOTOHA.

Takum o0pazom, 000K HYKIHJ C ONpPENETICHHBIM KOJIMYECTBOM HYKJIOHOB
packianpiBaercs mo coctaBHbIM yactiM FGH-monenu. Ilpu sTom cobmromatorcst
TIPOCTHIE TPABHIIA, HACTOIBKO HPOCTHIE, UTO JaKe MIKOILHUKU MOTYT 3TO fenath ',

ABTOp ueThlpeXTOMHBIX «HyKInaoB» mpenctaBui CTpyKTYypy siiep Beex dJe-
MEHTOB Tabnuibl MeHaeneeBa, n3BecTHbIX Ha KoHeln 1990-x rogos. Kpome Toro,
OH TpeJICKa3aj, KaKUMH CBOMCTBaMHU JIOJDKHBI 00J1a/laTh €Ile He OTKPBITHIE 3ie-
MeHTbl. B wactHocTH, 118-i1 s7eMEHT HUKAaK HE MOT OBITh MHEPTHBIM Ta30M.
[To BypraeBy, B cTonbie OmaropoAHbIX Ta30B TMOJ PATOHOM OJIKEH CTOSAThH
112-i1 sneMeHT.

U Bot B 2006 roxy poccuiickum ¢puszuxkom FO.Il. OranecsHoM ObulM IpoOBe-
JIeHbI OMbITHl HAJ 112-M 31eMeHTOM (KOTNEpHUIIMEM), KOTOPBIH, COTIacCHO COBpe-
MEHHOHN KOHIEMIUU Ta0iuibpl MeHeneeBa, pacioyioKeH B OJTHON TPyNIe C PTy-
Tht0. O1HaKO onbIThl OraHecsHa BBISIBWIIM HECOOTBETCTBUE XMMUYECKUX CBOMCTB
KONEPHULIUS C XUMUYECKUMH CBOMCTBAMU PTYTH, BBIIBUB CXOKECTh CBOWCTB KO-
MEPHULIKS CO CBOMCTBAMU 3JIEMEHTOB I'PYIIIBI HHEPTHBIX Ta30B.

B cBoeM skcnepumenTe OraHecsH MpoITycKal yepe3 KPUOTeHHYI0 KaMepy C
30JIOTBIMU JIETEKTOPAMHU, KOTOPast ObLiIa IPEeIBAPUTEIHHO MO/IEIEHa Ha 30HbI C pa3-
HBIMHM TEMIIEpaTypaMM, aTOMbl pajioHa, PTYTH U KONEPHULMS B MOTOKE TIENHs.
Oxunanock, YTO KOMEPHULIUN, KaK U PTYyTh, IPOPEArHPyeT C 30JI0TOM IIPH J10CTa-
TOYHO BBICOKHX TemIeparypax (pTyTb oOpasyer amansramy npu 160 °C). Oto
ObLIO OBl TOKA3aTeIbCTBOM €r0 MOMOJIOTMM C PTYThi0. OJHAKO KONEpHULIUN HE
TOJIKO HE MPOpearupoBai ¢ AETEKTOPAMH, HO U «OIIED MPAKTUUYECKH 10 KOHIIA
KaMepbl, aHaJIOTHYHO pajoHy. Taxke OraHecsH 3aMeTHII, YTO TeMIepaTypsl CcyO-
JUMAaIMU PTYTH U KOTIEPHULIUS CHIIBHO pazHATcs (y pryTu 386 °C, y KOoepHULIUS
84+110 °C). Janbuie — 6onpme. Crenyromas mapa «roMojoroB» — (GpraepoBuil u
CBHMHEI] — UMEIOT Pa3HUILy B Temreparypax cyonumanmu oomnee uem 3000 °C.

Ha ocHoBe cBoux sxcniepruMeHToB OraHecsiH 3a1aeTCs MOMCTUHE BOJTHYIOIIUM
BorpocoM: «bydem nu 118-i snemenm unepmuwvim eazom? Illomomy umo ecau nem,
Mo 9Mmo 03Hauaem KoHey nepuooudHocmu maoauysl Menoeneesa.

ITocMoTpuM Teneps Ha CTPYKTYPY sI€p MHTEPECYIOIMIMX HAC AJIEMEHTOB IO
BypraeBy (puc. 4).

4 Cm. xypuan «Kmaccuueckas gusnka u Teopus mo3Hanus» Ne 1 u Ne 5 (ctatem A. IlemkoBoii 1
A. Paposckoro, ®@. Cabyposa).
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KceHOH Xe) Paur(-);l (Rn)

[
Konepuumuii (Cn) PryTs (H)
Puc. 4

MBbI BUIMM, YTO HYKJIHJ KOTIEPHULIUS UMEET CTPYKTYpY, XapaKTEepHYIO s
MHEPTHHIX Ta30B. CpaBHUB €€ CO CTPYKTYPOM HYKJIHIA PTYTH, MOXKHO YCOMHHTBCH,
YTO PTYTh ¥ KOIEPHULIMNA — TOMOJIOTH, KaK 3TO yTBEPKJIA€T COBPEMEHHas TabuuLa
3IeMEeHTOB. XOTENOCh OBl OTAAaTh MOKHOE HayuHOoU yecTHOCTH FO.11. OranecsHa,
KOTOPBII HE MoAnaics «Marum» bopa n He «3acTaBUi KOTIEPHULINN BCE-TaKH, He-
CMOTpS HU Ha 4TO, IPOB3aUMO/ICHICTBOBATh C 30JI0TOM.

Ecnu konepHULIMH — roMOJ0T MHEPTHBIX ra3oB, TO xaccuid (108-i anemeHT)
JIOJKEH OBITh TOMOJIOTOM CBHHIIA M 0JI0OBa. B 3TOM MOHO yOequThcs, CpaBHUB
CTPYKTYpBI X OCTOBOB (pHC. 5).

0080 (Sn) Cunen (Pb) Xaccuii (Hs)

Puc. 5
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B 3axnrouenne mocMotpuM Ha Tabnuiy MenneneeBa—bypraesa (puc. 6).
DJeMEeHTHI, PacIiOJIOKEHHBIE MO0 BEPTUKAIH B IBETHBIX KJIETKAX, UMEIOT CXO/I-

HBIE YepPThI CTPYKTYphl ocToBa. Kaxnas accouumanus (®, E u A) uMeeT cBO BUJ
ocroBa. B cronbuax X, Y u ¥ pacnosioXeHbl NepexoHbIe 3JIEMEHTHI (IIEPexo]
MPOUCXOAUT OT OJHOTO BHIA OCTOBa K Apyromy). HeT HHMKakuX MOMEIIEHHBIX
B O/IHY KJIETKY JIAHTAaHOMI0B U aKTUHOUI0B, Y KOTOPBIX HE TaKUE y>K U OJJUHAKOBBIE
CBOICTBa. A 3JIeMEHTHI, PACMOJOXKEHHbIE B O€bIX KJIETKaX, BOOOIIE TPYIHO
MPUYUCIIUTh K KaKoW-1u0o acconuanuu. HeT cTpororo moBTOpEHHs! CBOWCTB 1O
Mepe BO3pacTaHMsI MOPSIIKOBOrO HoMepa 3aemMeHTa. EcTb Tenaenmus!

@-accounamua | X | E-accommanmma | Y| A ) H 2"'9 3'-'
= Bf C| N| O Ne| Na
RN EERL _BJ €[ NJ. o[ F|Ne|N
Mg S| P| S| Cl| Ar| K
12 14 |15 |16 |17 (18 |19
Ca| Sc| Ti| V[ Cr|Mn Ga| Ge| As| Se| Br| Kr|Rb
20 (21 |22 |23 |24 |25 31 (32 (33 |34 (35 |36 |37
Sr| Y| Zr| Nb| Mo| Tc Inf Sn| Sb| Te| 1| Xe|Cs
38 [39 (40 |41 |42 |43 49 |[50 |51 |52 |53 |54 |55
Ba| La| Ce| Pr| Nd|Pm A y
e |2 se loaleq A-accounanuna |V
Gd| Th Luj | ,
Gd[ T T ESERETRITIIDN
Hfl Ta| W| Re TIj Pb| Bi| Po| At| Rn| Fr
72 |73 |74 |75 81 (82 |83 |84 |85 |86 |87
Ra| Ac| Th| Pa Bk
88 |89 |90 |91 97
Cf| Es|Fm| Md Lr| Rf Bh|| Hs| Mt| Ds| Rg| Cn| Nh
98 |99 |100 |101 104 107 |[108 |100 |110 [111 |112 113
FIl Mc| Lv| Ts o)
114 115 [116 | 117 1
Puc. 6
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THE PERIODIC SYSTEM OF CHEMICAL ELEMENTS:
HISTORY AND MODERNITY

A.Yu. Gryaznov

Faculty of Physics, Lomonosov Moscow State University,
Leninskie Gory, Moscow 119991, Russian Federation

Abstract. Three approaches to the problem of systematization of chemical elements are con-
sidered: by atomic weight (Mendeleev), by the structure of the electron shell (Thomson, Bohr) and
by the structure of the nucleus (Burtayev). The difficulties of the first two approaches are discussed,
and ways of their solution are indicated on the basis of the concepts of the structure of atomic nuclei
developed by Yu.V. Burtayev.
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HAYAJIA CAMOPA3BUTUA NMPUPOODI
N NEPUMOANYECKAA CUCTEMA XUMUYECKUX IJIIEMEHTOB
O.1. MEHOEJIEEBA

O.b. bBanakmun

Hncmumym mawunosedenusi um. A.A. braconpasoea PAH
Poccuiickas ®@edepayusa, 101830, Mocksa, Manviii Xapumonvegckuti nepeynok, 4

AnHoTanms. PaboTa mocssieHa npodiaemMe caMOpa3BUTHS €CTECTBEHHBIX cucTeM [Ipupoasr u
aHanu3y e€ cBsa3u c Ilepuoguueckod cucreMoil xumuueckux siemeHtoB .M. Menneneesa.
I/ICTOKI/I TEMBbI CBSI3aHbBI C HpI/lHLII/IHaMI/l MeTa(l)l/I?)l/lKI/I, SIBJICHUCM 30JI0TOI'O CCUCHMHAI, l'lapH])lMl/I
nporpeccusaMu, psigamu Jlroka u @ubonauun. CaMoopraHU3ans CTPYKTYPHI U TApHBIE TIEPUO Y-
HOCTH CaMOPa3BUTHS OPTaHU3YIOT CAMOTIPOU3BOJILHO coBepiieHCTBO cucteM [Ipupoasl. [Tokaszano,
4TO TO/I0OHBIE CBOMCTBA NexkaT B ocHoBe I[lepmommdeckoii cucremsl J[.M. MenneneeBa. UneHs
MApHBIX PSIOB CaMOPAa3BUTHS OTOOPAXKAIOT (HU3UYECKA KOJIMYSCTBO AJIEKTPOHOB, IPOTOHOB
Y HEUTPOHOB aTOMOB DJIEMEHTOB M KOHCTAHTHI X OTHOIIeHHWH. KomdecTBeHHOE corflacue CBOHCTB
XUMHYECKHX DJIEMCHTOB C IPHUHIIUIIOM NEPHOTUYHOCTH CaMOPA3BUTHS E€CTECTBEHHBIX CHCTEM
MOATBEPKIAET TUIIOTE3y O €IMHCTBE JIOrMuecKux Hauan [Ipupoasl U COZHAHUS JTIOAEH.

Knroueevie cnoea: verapusuka, MEPUOTUIHOCTH, TAPMOHHUS, CaMOpa3BUTHE, CTPYKTYDEI,

30JI0TBIC KOHCTAHTHI, pS[I[I)I .HIOKa nu (DI/IGOHa‘I‘II/I, CaMOOpFaHI/ISaHI/IH, XUMHUYCCKUEC DJICMCHTHI.
BBenenne

JlaHHast cTaThsl yTOUHSET NEPUOANYECKIE Hayala Iepexo/ia OT NEPBUYHOI ca-
MOOPIraHU3alMNA TAPMOHHHU K camopa3BuTuio cucreM IIpuponsl. B xauectse mpu-
Mmepa B3sTa llepnonnueckas cuctema xumudeckux aieMeHToB .M. Menneneesa
[4], 150-neTHuit 100usIei KOTOPOIi B MPOLLIOM roy oTMmeuancs Poccuiickoii aka-
nemueit Hayk. OTmerum Taxoke, yto pemieaneM FOHECKO B [Tapuke 3TOT roa 6611
00bsBiieH rogoM [lepuoanueckoii TaOaUIBI [WWW.ras.ru&news].

Pabota siBsieTcst mpoIOJKEHUEM CTaThu aBTopa «MeTadu3nka caMoopraHu-
3amuu rapmMoHun» [1]. OHa crieayer oO0BeAMHSIONMEH CYIIHOCTH MeTa(u3uKH,
ABJstOIIEHCs B (yHIaMeHTanbHbIX padoTax FO0.C. Bnagumuposa ocHoBoi Gpopmu-
poBanus pusnueckoit Teopuu [2]. CyTh sSIBIEHUS cCaMOOpraHU3alu EMKO Ompese-
mun B.J1. 3axapoB B kaure «@usmka kax gpunocodus npupoas»: «Camoopranusa-
Us O3HAyaeT, YTO CHUCTEMa HE MPOCTO COXPaHSET CBOE CAMOCTOATEIbHOE
CYILIECTBOBaHHE, HO CaMOCTOSITEJIbHO SBOJIIOIMOHUPYET C MOCIEA0BATEIbHBIM
YCIIO)KHEHHEM CBOUX JUHAMMYECKHUX CTPYKTYp. CaMoe NpHHIUIINAIBHOE 31ECh TO,
YTO MOJOOHBIE CHUCTEMBI 00pa3yroT MOPSJIOK (CTPYKTYpYy) CaMOIIPOU3BOJIEHO»
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[3. C. 216]. OcoGeHHOCTAMU HCCIEAOBAHUS SBISIOTCS: MeTapu3nka, 000OCHOBaH-
Has 1O.C. BraguMupoBeIM Kak METOJ COBpeMEHHOW (u3uku [2], ompenesieHue
rapMOHUHU Kak 3akoHoMepHOCTH [Ipupossl, BeiiBuHyTOE M.A. MapyTtaeBbiMm [6],
pPEKOMEHALMSA PEHIeHHs] CJIOKHBIX 3a7ad OT HCTOKOB AaHIJHUICKOro (u3uka
C. Xoxkunra [11] u xubepnetuka Y. Pocc Dmbu o 3akoHEe HEOOXOIMMOTO
pasHoobpasus [16].

Meradusuka

Metadusuka oToOpakaeT U3MEHEHUS METOJ0JIOTHMH COBPEMEHHOU TEOpeTH-
YeCcKOW (PU3MKH U AOMYyCKAeT U3yUeHHUe MPeAeIbHOro Cllydas — UCCIeIOBaHUE ca-
MOOPTraHHU3alUHU Ipo1eccoB (rapMoHun) IIpupoabl, orpaHUYMBIINCE HHPOPMALIU-
OHHOM cTOpOHOM conepxanus [1]. B MeTadusnueckyro Mozenb caMOOpraHu3aluu
MIOJIOKEHBI TPH CYITHOCTHBIX MPUHIHNTIA (PUIOCOPHH U SIBJICHHE 30JI0TOTO CEUCHUS
(3.C.). IlepBsIif MPUHIIUIT OTPAYKAET UCXOTHOE CBOMCTBO CPEbl — B3aUMOJICHCTBHE
aJbTEPHATHUB; BTOPO — CAMOOPTaHU3AIIMIO IO THAIEKTUKE ['erens u TpeTui — BO3-
HUKHOBEHHE HHBAPUAHTHBIX CTPYKTYp CBS3H C TMEPUOJUYECKUMH (PEKyppEHT-
HBbIMH) cBoiicTBaMu [Ipuponbsl. OHE 0TOOpaXKaIOT COAEPIKATENbHYIO HH()OPMAIIHIO
CaMOPAa3BUTHS €CTECTBEHHBIX CUCTEM. B 11e710M 3TO oTpakaeT Kak Obl CHCTEMHBIH
meton Ilpuponsl, €€ «31paBblii CMbICI» caMOpa3BUTHUS. BelnBuraercst runoresa
(umest) o momoOouM MHMOPMAITMOHHBIX OCHOB camoopranu3anuu [Ipuposs! ioruke
CO3HaHMA JIoneH, uyTto mo ['ereimo oOecreunBaeT 00beIMHEHHE OOBEKTUBHOIO U
cyobextuBHoro [7. C. 98]. MarepuaibHble (hakTOpbl IPSMO HE YUUTBIBAIOTCS. DTO
CHMMAeT OrpaHMYCHHE MEXIUCUUIUTMHAPHOTO MPOrHo3a B psae obnacreil, KOTo-
pOE€ CBSI3aHO C JETEPMUHUPOBAHHBIM Xa0COM MEXAHUKHU, U3BECTHBIM KaK CTPAHHBII
attpaktop [15]. On 6b11 oTKpHIT [lyaHkape rnpu aHaau3e CBONCTB «HETUHEHHOCTI
B 3aJla4€ JBUKEHUS TPEX Tel.

Hayxka ucxonut u3 npobiem 1 He OrpaHuYUBAETCs TOJIBKO MPUBSI3KOH K mepe-
MEHHBIM (hakTaM OmbITa. VICTUHHOCTh HAYYHON TEOPHUH MOJTBEPIKIACTCS U3BECT-
HbIM kpuTepueM K. Ilonmepa, KOTOpbI OH Ha3Baj «KpUTepueM QaibCupuuupye-
moctu» [17]. Kpurepuit momyckaer, Bo H30ekaHHE TaBTOJOTHH, YTO TEOPHS
JIOJDKHA BKITIOYATh HE TOJBKO (PEHOMEHBI, IOATBEPKIAEMBbIE OTBITOM, HO M HO-
ymenbl Kanra, He noaTsepxkaaemMble e1o. [1oaTomy Hayka ToykHa ObITH CBA3aHA C
apreHussMU [Ipupoabl, KOTOpBIE «3aKOJBLOBAHbI», U €€ MPUHIIMIIAMA UHBapUAHT-
HOCTHU. Y CTaHOBJIEHO, YTO CAaMOOpPTaHU3aIUsl TAPMOHUH UMEET CUCTEMY OTCUETa U
aJIbTEPHATUBHBIE TTAPHBIE PSABI YHCEIT, MACIITa0bl KOTOPBIX CBSI3aHBI C €CTECTBEH-
HOM acummeTpuen siBiaeHul [Ipupoasl ¥ HalIpaBIEHHOCTBIO MTPOLIECCOB.

I'apmonus u 1uajeKTUKa

Onpenenenue MeTapU3NKK Kak sapa Guinocopuu CBA3bIBAET €€ ¢ rapMOHHUEN
U JOIyCKAaeT Mepexo] OT MPUHLMIA NPUYUHHOCTH MaTepHalnu3Ma K JHAJEKTUKE
NapHBIX TPOTUBONOJIOKHOCTEH NH()OPMAIIMOHHOM rapMOHUH. | apMOHMS €CcTh 0CO-
0oe nuanexktTuieckoe eAMHCTBO cBoMCTB [Ipuponskl. [1o onpenenennto oHa 3aBUCUT
OT TApHBIX AJTBTEPHATHB: OOIET0 M YaCTHOTO, cojepkaHus U (Gopmer u aAp. [6].
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ToxnecTBO anbTepHATHB €CTh yTBEpXKIACHHE: Kaxaas (GopmMa OOBEKTOB HMeEET
conepxanne. Kateropuu cojepkanus ONpeAeTsIoT eNioe, a KaTeropuu (GopMbl —
MHOroo0pasue 1ejaoro B yacTHoM. OHU GOPMUPYIOT IPyIIbl 00BEKTOB C OOIIMMHU
npu3HaKaMud. MHOXECTBO UX TOXKAECTB 00pa3yeT KJlacTep rapMOHHH ¢ HH(pOopMa-
IIMOHHO TOJNOOHBIMH CTpPYKTypamu. IlepBuuHas ¢opma camMOOpraHu3aliu
€CTh TPUEANHCTBO 1O ['ereiro «Te3nc-aHTUTE3UC-CUHTE3» B (hOpME IBYX OTpHIIa-
Hui [7].

3o0J10TOE CeueHUe

CamMoopranusanys Kak IpoLecc HAYMHAETCA ¢ TIEpexoJa OT HEOIIPEIEICHHbIX
TOKJIECTB TAPMOHMH K KaTErOpHUsM «IIEPEMEHHOE — NHBAPUAHTHOE» YPaBHEHUM.
WuBapuaHThl Beerzia OrpaHUYMBalOT pa3HOOOpa3ue COCTOSIHUM Xaoca, BBOJS Ipa-
Buna [16]. Koncrantel 1,618 n —0,618 30710ThIX ypaBHEHUI BHOCIT NEPUOAUYHO-
ctu [1; 5]. Je-dpakro oHM BBIpaXarOT yHUKAJIbHBIH HHOOPMAIIMOHHBIN aITOpUTM
NepUOINYECcKOil camooprann3anu. KoHcTaHThI Iporpeccuu odecrneunBaroT nap-
HOCTb HAIPaBJICHUN Pa3BUTHS U NPUHLMII NEPUOJUYHOCTH, MOATBEPIKIAEMBIN
ONBITOM. YHHUKaJIbHOE NIPABWIO pEKypPpPEHLUH, YCTAaHOBIEHHOE BIIEPBBIC
®uboHayuu, CBOAUT YETHIPE MpaBUiIa AapUPMETUKHU K ABYM. DTO OTOOpaxaer mpe-
JIEJIbHBIE CBOMCTBA KJIacTEpa MAapHBIX albTEPHATUB T'APMOHMH, OIPEAECISIOLINE
YHHUKQJIBHBIA aNropuT™ HH()OPMAIMOHHON caMoopraHu3anuu cucteM [Ipupossr.
[Tapa 3070ThIX KOHCTAHT OTPAHUYMBAET LIEHTP CaMOOPraHU3alluy U BBOIUT LUQ-
poBoe Hauano 1 = 1,618 — 0,618: «ecTecTBEeHHY10» €AMHUILY CUUCIECHUS «KBAHTa»
TpaeKTopuil camoopraHuzauuu nporpeccusiMu Jlroka u ®dubonauyu, cBoiicTBa
KOTOPBIX CJIEAYIOT IPUHLMITY NEPUOAUYHOCTH. AJITOPUTM BHOCUT B CAMOOpTraHU-
3alMI0 TOTAJIBHYI0 METPOJIOTHIO «AEJIEHUE OTpe3Ka B CPETHEM U KpaiiHEM OTHOILIE-
HUsX» ¢ Macmrabamu 1,029 u 0,972. OHU O0TpakaroT MApPHOCTH CBOMCTB: PAa3BUTHE
Y paclaj, CAMMETPUS U aCHMMETPHsI €CTECTBEHHBIX uncell. HaTypanbHbli psin ecTh
COJIepXKAaHHWE CUUCIIEHUs, a ero (opMmbl, JABE apU(PMETHUYECKHE MPOrpeccuu
€CTECTBEHHBIX UMCEJ, YhCIoBas rapMonus [ 1; 5].

PaccmoTtpuMm Mertadusndeckre UCTOKM M BBIBOJ 30JI0THIX YpPaBHEHHUH, BOC-
NOJIK30BABIIUCH (popmyIoit TpueauHcTBa ['erensi. OHa HOKa3bIBaeT, 4YTO HAYaIb-
HBI IIar CaMOOPTaHM3allMU €CTh NEPEXO0Jl OT HEOMNPEIEIIEHHOCTH TOXAECTB K
YPaBHEHMSIM C MHBAPHAHTHBIMU CBOMCTBAMH, OTPAXKAIOIUMH OJHY U3 HHU(POBBIX
KapTHH Nepruoaudeckor camoopranusauuu [Ipuponsl. IlpumemM B kadecTBe mapsl
IPOTUBOIOJIOKHOCTEH JBE POU3BOJIbHBIE Oe3pa3MepHble BeINUUHbI @ 1 Do, CBS-
3aHHbIE TOXKAEeCTBOM @ Po = 1. B xadyecTBe nmpuHIMIA TPUEIUHCTBA BBICTYIAET
cunres ['erenst B popme paBeHCTBA MEepeUUCIeHHBIX BemnunH @ + 1 = @. Hckio-
qas @9 =1/ @, mony4aem mepBoe 30J0TOC YPABHCHHE

- P-1=0
u ero Kopuu: @ = 1,618 u @o =—0,618. HUckimouass @, umeem BTOpoe

P+ Dd-1=0
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C MPOTUBOMOJIOKHBIMU 3HaKaMu kopHer @ = —1,618 u @o = 0,618. Utak, ananus
UCTOKA IBJIEHUS 30JI0TOI'O CEUYEHHUS U €T0 ypaBHEHUH MOATBEPKIAET, YTO B €T0 OC-
HOBE JIeXKAaT: MapHOCTh MMPOTUBOIIOJIOKHOCTEHN B (hopme ToxknecTBa @-Po = 1 u Tpu-
€MHCTBO B BUi€ paBeHcTBa @ + 1 = @. [IpuHIMN HHBapHAHTHOCTH OTOOpaxkaeTcs
KOpHSIMH ypaBHeHMI. Kak moka3aHo HUXKE, OH MPOSIBISIETCS TaKKe B HE3aBUCHUMO-
CTH MacIITabOB CUMCIICHUS U CBOMCTBA PEKypPEHLIMU OT MHOT000pas3us Gpopm ca-
MOOpraHU3alUKA TAPMOHHH.

[lepBas kOHCTaHTa 1 €€ ypaBHEHHUE ONPEAEIAIOT Ha4al0 BO3pacTaloIIel BETBU
30JI0TOM TEOMETPUUYECKON MTPOTrPECCHH, a BTOpasi — Ha4aja0 HUCXOJSIIEH 3HAKOIe-
pEMEHHOM BETBH.

1 +®=d?=1+1,618=2,618, (1)
1 — @o=@%=1-0,618 = 0,382. )

O0a paBeHCTBa Ha/IETICHBI MAPHBIMH CBOMCTBaMU peKyppeHuuu. OHa onpene-
JISIeT KaXABIN YJICH MPOTPECCUU Yepe3 MPEANICCTBY IO U MO3BOJISIET €€ CTPOUTD.
Jlns nepBoit BeTBH 1000 usieH nporpeccud @n+1 = @p+ Dy Wit Qp+1 = Oy .
Amnanmornunble GOpMyJIbI UMEEeM JUIsl HUCXOAsIIeH BeTBU ¢ @Do. B pesynbrare
UMeEEM 30JI0TYIO MTPOTPECCHUI0 € ABYMSI OECKOHEUHBIMH BETBSIMU:

...—0,236; 0,382; - 0,618; 1,0; 1,618; 2,618; 4,236 ...

IlepBas u3 BeTBel mpeacTaBiIsieT cOOOH TOXKIECTBO MAPMOHUHU MPOTHUBOIIO-
JIO)KHOCTH (POPM BO3pACTAIONINX YWICHOB MPOTPECCHH MX COJIEPIKAHUIO — KOHCTAHTE
1,618. Bropas €€ BETBb Take MPEACTABISAET TOXKIESCTBO (POPMBI KaXKIOTO HUCXO-
JIAILETO WieHA, U UX coaepskanust KoHCTaHThl — 0,618. Toxnectsa 3.C. u e€ 30510Tast
MpOrpeccus ONPEEsA0T UCTOKH CAMOOPraHu3aluu TapMoOHuU. B cooTBeTCTBUU €
MPUHIIAIIOM TIAPHOCTH 3Ta MPOTPECcCHst OTOOpaKaeT MPOTHBOIIOIOXKHBIE Hadada
JIBUKEHUN U BO3MOKHOCTh UX YPABHOBEIIMBAHUS B CHITy TAPHON CUMMETPHH UJie-
HOB €€ BETBEIl.

MacmitaObl €CTeCTBEHHBIX PSIIOB OnpenessitoTcs hopmynamu [1; 5]

g=(1+®)/VP=1,0291nuqgo=1/qg=09717. 3)

Ot hopMyIIBI TaKKE YAOOHO 3aMKUcaTh Yepe3 CMEXKHBIE WICHBI 30JI0TO Mpo-
rpeccun. OHM XapakTepU3yIOT MACIITaOHYIO CBSI3b JABYX WIECHOB Psi/ia AN M AN+1.
OTtHoleHne cpeqHNX apuhMETUIECKON U TEOMETPUIECKON OIICHOK JIAl0T, HAIIPH-
Mep, aist 3010toi mporpeccun: 0,382 u 0,618 macmrtal:

2\/ ANy

go =M — 2 /0,618 X 0,382/(0,618 + 0,382) = 0,9717. (4)

ay +ay,

HatypanpHblii psif €CTh coep>kKaHue CUMCIICHHUS, a YUCIOBbIE (MacIITaOHbIC)
PAABI apUPMETHIECKUX MTPOTPECCH OTPAXKAIOT ero GopMbl. DT MacIuTaObl 00Ha-
PYKEHBI M YCTOWYHMBO MPOSBISIOTCS B psifie 00JIAaCTe, HaIpuMep, B JCJIICHUH Tie-
puoaa mynbsca DKI' cepama yenoBeka, B OMOMEXaHHUKE, H3MEPEHUAX aCTPOHOMOB
Oouenuii maner CoOJIHEUHOM cHUCTeMbl, (uarTepe JomaTok TypOoKoMIIpeccopa
uT.a [5;6;12; 18].
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Haugana CaMOOpPraHm3alu CUHCTEM

B ocHoBe Hauan camoopranuzannu [Ipupoibl JIEKUT MapHBIM TPUHIMI CAMO-
JOCTATOYHOCTH. DTO O3HAYAET, YTO CAMOOPTaHH3alMs €CTh BCETJa CaMOIPOU3-
BOJIBHBIH CIOCO0 yrpaBieHUs «Kak Obl Ha ceOst». L]eb COCTOMT B TOYHOM BBITIOJ-
HEHUU MPEINMUCaHuil (JIOTHKH) CaMOOPTaHM3alMH HAa OCHOBE MEPUOTUUECKOMN allb-
TCPHATHUBBI ICPEMCHHOC — MHBAPUAHTHOC U CIICAYIOIICC NPUHIUITY NICPUOANIHO-
CTH BCEX U3MEHCHUI. 3TOI>'I OCJIM MOAYMHCHBI BCC ITpaBujia CAUHCTBA COTJIaCOBAHUS
JTaNoB, CTPYKTYp M Tpaekropuil. Hanpumep, NpuHIMI NApHOCTH MPOSIBISETCS B
CaMOOPraHU3allMk B JBYX 30JIOTHIX YpPaBHEHHM, ajlbTEPHATHBHBIX KOHCTAHTAX,
pekyppeHin u ap. [TepBasi KOHCTaHTa 30J0TON MPOTPECCHU OMPEILIIACT BO3pac-
TAoIY10 BEeTBb nporpeccuu. Koadduitment pasnoodpasust kp nmporpeccuii BBEICH
aBTOpOM B pabore [5]:

@p = kp D. (5)
BTtopas koHCTaHTa 7aeT HUCXOAILYI0 3HAKOTIEPEMEHHYIO BETBb (Tadu. 1):
Dop = —kp DY (6)
Tabauya 1
) 5 4 3 2 1
D 6,854 4,236 2,618 1,618 1
Dy 0,146 —0,236 0,382 - 0,618 1

Camoopranuzanusi UMEET TaKXe MapHble peKyppeHTHbIe cBoicTBa. [lepBoe
CBOMCTBO 110100 WieHOB nporpeccun @ Do = 1,618 - 0,618 = 1. Bropoe ucmonb-
3yeT paBeHCTBO @ — @o = 1. IX yHUKaJIbHOCTb B TOM, YTO BMECTE OHU OIPEIEIISIOT
30510TOE ypaBHeHne @ — @ — 1 = (. D10 10Ka3bIBAET TaKkke TeopeMa Buerta, onpe-
JENSIONIas €ro eAUHUYHbBIE KO3 (DUIIMEHTHI IO U3BECTHBIM KOpHsIM. CaMu ypaBHe-
HUS TakKe SBJSIOTCS MHBAPUAHTAMM 30JI0TOM MPOTPECCUM, CBSI3bIBAsI KAXKIBIM €€
TpexwieH. JIelCTBUTENbHO, BO3bMEM MPOU3BOJIBHBIA TPEXUIEH MPOTrPECCHH:
1,618 + 2,618 = 4,236. BreiHocs 3a ckOOKy mocTostHHYIO 1,618, onsiTh mosy4yaem
HCKOMOE ypaBHEHHE

1,618 (2,618 — 1,618 — 1) = @ (>~ ® — 1) = 0.

JlaHHBII TpUMEpP NOKA3bIBAET TAKKE, YTO 30JIOTYIO POTPECCUIO MOKHO YMHO-
KaTh HA MPOU3BOJIBLHYIO KOHCTAHTY kD B IENAX «Pa3MHOKECHHSD MPOTPECCUA, TO-
NOOHBIX 30710TOH [5]. E€ yHHUKaThbHOCTh — B HEOOBIKHOBEHHOM THOKOCTH «TEXHO-
JIOTUYECKUX» CBOMCTB CaMOOPTaHM3AIlMU. JTO TMPOSBISAETCSA, MPEXKIE BCETO,
B CBOIMCTBE PEKYPPCHIIMH, BJBOE COKpAIIAMOIICH MapHbIC MpaBuia apu(QMETHKH.
B pe3ynbTaTe Bo3BeAeHUE B KBAJIpaT TOCTUTAETCS CIOKEHUEM: P*=@+1urt.n
Bce BbIIIen3nokeHHOE YaCTUYHO OTBEYAET HA BOMPOC OO0 YHUKAIBHOCTH SIBIiE-
Hus 3.C. EquncrBenHocTs 3.C. CBsI3aHa € TEM, UYTO OHO SIBISIETCS MPEAEIIbHBIM
CBOMCTBOM rapMOHHUH, KOTOPOE COXPAHSETCS TOJIBKO MPHU €IUHUIHBIX KOIPPuIim-
€HTaxX YpaBHEHUH U ITAPHOCTH CBOMCTB peKyppeHuuu. [loguepkHem, 4To 30J10ThIE
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KOHCTAHTHI, KaK 1 MaCI_HTaGBI, HOI[O6H0 BUpYCaM, SABJIAIOTCA KaTaJIn3aTOPaAMH IIpcC-
00pa3zoBaHus OI00MS CTPYKTYPBI U MaciTada Mojieeii OMOMEXaHUKH B CUCTEMY
CaMOOpraHu3aluy rapMoHuu [5].

IIpuMepsl camoopranu3aunu

[TocTpouM KOMIOHEHTHI 30J10TOW mporpeccuu (tadn. 2). Ilycts kp paBHO
0,618, 1,618, a Taxxke 1; 2; 3; 4; 0,333; 0,5. 3070Tast mporpeccusi COOTBETCTBYET
kp= 1. B obmem cnyuae 1 < kp > 1 oxBarbiBaeT mIMpoKyto o0nacth. [logo0HbIE
MPOTPECCUU MOTYUNM, YMHOXKUB KaX bl €€ WIeH Ha MepeuncIeHHbIe KOHCTAHTHI.
3o70Tas mporpeccusi, Kak U3BECTHO, UMEET 3aBUCUMBIN psif JItoka, u mosToMy eé
MOJKHO, JIUIsl ONIPEICIICHHOCTH, HAa3bIBATh, J1ajiee TEM )KE UMEHEM.

Tabruya 2

Ilporpeccun ko IIporpeccust JIroka 1 ero KOMIOHEHTbI

k/Jlroka 0,333 -0,079 | 0,127 | -0,206 | 0,333 0,539 0,873 1,412
k/JIroka 0,5 -0,118 | 0,192 | -0,309 0,5 0,809 1,309 2,118
Jlroka-koM0. 1,272 0,486 | -0,618 | 0,786 1,272 2,058 2,618 3,33
Jloka 1 -0,236 | 0,382 | -0,618 1 1,618 2,618 4,236
k/Jlroka 2 -0,472 | 0,764 | -1,236 2 3,236 5,236 8,472
k/JIroka 3 -0,708 1,146 | -1,854 3 4,854 7,854 12,71
Cnpur Bopaso | 0,618 0,146 | -0,236 | 0,382 | -0,618 1 1,618 2,618
CrBur BI€BO 1,618 0,382 | -0,618 1 1,618 2,618 4,236 6,854
Oubonayun 2,236 | -0,528 | 0,854 1,382 2,236 3,618 5,854 9,472
®dubonayun 0,447 | -0,106 | 0,171 0,276 0,447 0,724 1,171 1,894

OTMeTuM, 4TO YMHOXEHHE IPOTrPECCUH Ha OJHY U3 30J0ThIX KOHCTAHT HE U3-
MEHsIET €€, a JIMIIb CABUraeT B pa3Hble HAIPABJICHUs Ha Iar Wiu 0ojee Ipornopuu-
OHaJIbHO MX cTeneHu. B obmeM ciydae nudpsl nogo0HBIX Mporpeccuii, 0603Ha-
YEeHHBIX K//[loka, COBEPUICHHO HE MOXO0XKM Ha McXozHble. [loaToMy mokaxkeM Hx
nojgo6ue A kp = 2 1o psy CBOWCTB FrapMOHUU: CBOMCTBY PEKYPpPEHIINH, MYJIbTH-
IUIMKaTUBHOMY TIPaBWITy U (GopMyiaM CBs3H. JleHCTBUTEIBHO, U IEPBBIX JIBYX
yucen umeem 0,764 +1,236 = 2,0. [logenum nociaeaHuid WieH Ha NPEabIIyIIUH 1
nanee: 5,236 /3,236 = 3,236 /2 =1,618. [1pu atom @p — @op = 3,236 — 1,236 =2
u @p @op = 3,236 x 1,236 = 4.

[IpousBonbHas BennuuHa Koddduuumenta kp MoxkeT oToOpa)kaTb M HOBBIE
cBo¥icTBa camoopranuzanuu. Paccmorpum npumep kp =v1,618 = 1,272, koTopsrit
BBIPA)KAETCS Yepe3 30JI0TYIO MOCTOSHHYI0. DTa KOHCTaHTa 00pa3yeT KOMOMHUPO-
BaHHYIO TIPOTPECCUI0 caMoopraHu3anuu k/JIroka B eCTeCTBEHHOU (30J70TOM) cH-
creMe curciienus (cM. Tabi. 2). [To dopme oHa comepxuT aBe mporpeccuu — JIroka
(c HesiBHOI (opMoii MaciiTaba) 1 AOMOIHUTENBHYIO «4epe3 Iary (¢ sIBHBIM Mac-
mrtaboM). ITO MPOSBISETCS B TOM, UYTO €€ IMPOrpeccusi COACPKUT €CTECTBEHHbIE
Yrcia 30JI0ToH apudMeTHuecKoii mporpeccuu, Harpumep yucio 2,058. OueBuHO,
4TO ero JejeHue Ha macmTade g = 1,029 maer HarypamsHoe gucio 2 = 2,058 / ¢
[12. C. 142]. O6a macmtaba ¢ U gqo = 1/g camMoOpraHu3aluy OIpPEEIISIOT
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€CTECTBEHHYIO cUCTeMy cuHcieHus. OHa HajeleHa OpraHU3YIOUIMM KayeCTBOM
qHCceNl CaMOOPTraHW3alUKM M IIMPOKO HaOmomaercs B psaae obmactei IIpupomsr
[1; 5]. [locnennue nBe cTpOKU TabJ. 2 KOMMEHTHPYIOTCS HIKE.

3os10Tast mocTosiHHAst porpeccuii u psiabl PudoHaYIN

ConeprxaHueM Ipolecca caMOOpraHU3alMK SBISETCS 30JI0Tasi MpOrpeccus
Jlroka, BbIpaXkaromas OJHOBPEMEHHO YHCIIOBOW psa camopasBuTus. Hmeercs
TaKXXe U3BECTHBIN dMIHupHuecKkuii psiig @ubonauyn. B cOOTBETCTBUM C TPUHIIUTIOM
napHoctu nporpeccust Jlroka aomkHa oTOOpa)kaThb HEU3BECTHYIO IPOIPECCHIO
®uboHayun, UIMEIOLIYI0 U3BECTHBIA YMCI0BOH psil. KakoBbI BO3MOXKHBIE YCIOBUS
e¢ naeHTupukanumn?

Craenaem gomyIieHue, YTO MPOrpeccuu U psipl GuGoHauYM MOTYT JIOTIONIHATh
nporpeccuu u psabl JIoka, 00pa3ys CTpyKTYpYy CaMOOpPTaHM3alUH TPU TTOMOIIH
NIOKa HEW3BECTHOW BeIMYUHBI KodduuuenTa kg. [Ipn anammse maHHbIX TaOI. 2
OBUIO YCTAHOBJICHO, YTO BCE MPOM3BOJIHBIE NTporpeccuu JItoka UMEIOT TOJIBKO €ro
psizl, TO eCTh MapHble yucioBble pAabl JItoka 1 PuboHauYM yHHUKaJIbHBL. B 3TOM
cilydae OTHOILEHHE UX yucen L”/ F" MOXeT onpelenuTh NCKOMYIO0 KOHCTaHTy G.
ConoctaBuM OAHOMMEHHBIE uHcna pagoB Jlioka u ®PuboHayuM, cOriacoBaB
ux ¢ gucnamu nporpeccuu Jloka @” (tabm. 3). AHamu3 IOKa3bIBa€T, 4YTO
3a TpeneraMy TEPBBIX JIBYX YHCENl BO3HUKAET TIOCTOSHCTBO OTHOIICHUS
ke =L"/F'=2236=0,618 + 1,618. OHO siBNIsieTCA TPETHEH 30710TON KOHCTAHTOM,
OTKpbIBatoleil 1Be mporpeccuu Gudonauyn (Tabdm. 2).

Tabruya 3
Q" 1,618 | 2,618 | 4,236 | 6,854 | 11,09 | 17,94 | 29,03 | 47 76 123
L" 1 3 4 7 11 18 29 47 76 123
F" 1 1 2 3 5 8 13 21 34 55
G=L"/F" 1 3 2 2,3 2,2 2,25 | 2,23 | 2,238 | 2,235 | 2,236

BBeneM 1Be HOBbIe KOHCTAHTHI kG — paBHYI0 G = 2,236 1 00paTHYIO BEIHUUHY.
B cBsI31 ¢ MX 3HAYMMOCTBIO B CaMOOpraHU3alluu 0003HAUYUM MEPBYI0 KOHCTAaHTYy (&
OT aHTIIMHCKOTO cioBa 3051070 (gold). Umeem

ke=2,236 u 1/ ke = 0,447, npuuem 2,236> = 5. (7

O0e KOHCTaHTHI OINPENENAI0T OTHOCUTENIBHO Mporpeccuu JItoka 1Be cuMMeT-
puunsle nporpeccun Gudonauyn ¢ ke, papabivu 2,236 u 0,447 (cMm. Taba. 2). Ux
CTaTyC MOATBEPKAAETCS ABYMS LIEJIOYMCICHHBIMU PSAAAMU C OTMEUEHHBIMH KO3 (-
¢bunrentamu (Tadi. 4). OHU BBOJAT aTbTEPHATHBHBIC HAMMPABIEHHOCTH CaMOOpTa-
HU3alMH, OPTOTOHAIBHBIE CAMOPA3BUTHIO, a TAK)KE JIOTIOJIHEHHE MPUHIINIIA NIepU-
OJIMYHOCTH BTOPOM Iporpeccueii ¢ ocHoBanueM G = 2,236.

OnHOMMEHHBIE TIOPSIIKOBBIE yKcia mporpeccuit Jlroka u ®uboHau4n CBA3aHBI

TI0 OTIPENIEJICHUIO TOYHBIMH (POPMYJIaMH U IPUOIMKEHHO C psAIaMu
F=kp-LuF=1/kp-L. (8)
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Tabauya 4
Psaab1 kp IIporpeccuu u psaasl JIroka u ®udéoHaqqn

DuboH. 1 0,447 0,2 0,089 —-0,04 0,018

DuboH. 2,236 1,382 | 5| 0,854 | 5| 0,528 10 | -0,326 | 15 | 0,202 | 25
DudoH. 0,447 0276 | 1| -0,171 | 1 | 0,106 2 | 0,065 | 3 | 0,041 | 5
JIroka 1 0,618 | 1| 0382 |3 | -0,236 | 4 0,146 7 | 0,09 | 11
Jlroka 1 1,618 1| 2,618 | 3| 4,236 4 6,854 7 | 11,09 | 11
DuboH. 0,447 0,724 | 1 1,171 1 1,894 2 3,065 3 1495 | 5
DuboH. 2,236 3,618 | 5| 5854 |5 | 9472 10 | 15,326 | 15 | 24,79 | 25
DuboH. 1 2,236 5 11,18 25 55,9

Ouenum Gopmysl (8) ans psaaoB o otHowmeHuto L / F o popmyine bune
L/Fu=2 ®"/F-27236. 9)

Paboune nuama3oHsl yncen L 30JI0TOI mporpeccuu U yucen F mepBoro psjaa
®dubonauyu uzmenstores ot 6,853 mo 47 u 3 mo 21. Ux otHomenus mno (9) cocra-
BIIM 2,332 n 2,238, 4TO NPAKTUYECKN COBIAMAECT C TEOPETUUECKOIN OLIEHKON TO-
crostHHOW G = 2,236. [locTponM 4YuCIOBBIE Pl Tporpeccuit @uOOHAYYM CTaH-
JTapTHBIM myTeM (cM. Tabm. 4). [lyst 5Toro 10cTaTo4uHO ONpEeNeTUTh UX TIEPBhIC 1Ba
yiena. [locnenyromiye YieHbl CTPOSITCS IO MPABWIY PEKYPPEHIMH PSIOB.
Hns 1/ke

Fi=1/ke(F—Fo)=0,723+0,276 =1,

Fr=1/ke (F*—Fo*)=1,17-0,17=1.

CnenoBarenbHO, nepBblid pag Oudbonayun umeet Bua: 1; 1;2; 3; 5; ... u T.4.
(cM. Tabm. 4). ObpamaeT Ha ce0s1 BHUMaHHE CMEHA 3HAKa IPU ONPEeICHIH YHCe
®ubonauuu no cpaBHeHuio ¢ Jltoka. Yuureias orHomenune 2,236 / 0,447 = 5, no-
JydyaeM BTOPOM cUMMeTpuuHbIi psan @ubonauuu: 5; 5; 10; 15; 25; ... [lapHOCTH
CBOWCTB PSJOB TO3BOJSIET 3amucaTh WX B pa3BepHyTor (opme, uMeromen
00a HampaBneHuss camopaszButus. Jus psama Jhoka... 3; —1; 2; 1; 3; 4; 7;...
n Gubonavun —1; 1;0; 1; 1;2; 3; ... u-5;5;0; 5;5;10; 15...

IIpumeps! caMopa3BUTHA

JIBe cpeiHre HOMUHAJIBHBIE CTPOKH TaOIUIEl 4 TIpH kp = 1 ONpeaesitoT CuM-
METPHUYHBIE MTAPBI IPOIPECCUU U Liesble uncna pajga Jlroka. OHu U ABE CTPOKH 110
KpasiM Tabnuuel ¢ kg, paBHbiMu 0,447 u 2,236, onpeaensoT CAMMETPUYHBIE ITPO-
rpeccuu U psaabl @uboHauyn. s HArMAIHOCTH COMOCTABICHUN MapHBIE CTPOKU
BETBEH Iporpeccuil MpeacTaBieHbl napamienbHo. CyMMUpOBaHUE BETBEW Ipo-
rpeccuii gaet nenbie uncia Jlroka u @uboHavuu, MoKa3aHHBIE CTOIOIAMHU.

[TepnomuHOCTH 3HAKOB CTOJIONOB TabJI. 4 U 5 oOecnieynBaeT GyHIaMEHTAb-
HOE pa3iinyuue aJbTePHATUBHBIX (POPM UUCET CAMOOPraHU3allMy OT CAMOPA3BUTHS.
B nepBom ciydae oHO onpenensieTcs napou nporpeccuii caMmooprannszanuu Jlroka
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1 ®uboHauYM ¢ MppaLMOHATIBHBIME YKciaamMu. [lapHbie popMBbl caMOpa3BUTHUS BbI-
paKaroTCs MHOXKECTBAMH IEJIBIX YUCENl OJHOMMEHHBIX PSAOB. DTO YHHKAIBHOE
(caMonpOM3BOIBLHOE) MTPeoOpa30BaAHUE YUCEIT SBISETCS MPUMEPOM HOBBIX CTPYK-
TYPHBIX (POPM CaMOOpPraHU3aLNY, CBSI3aHHBIX C kG. DTO SIBJIEHUE MOXHO paccMmar-
pHBaTh Kak MpeoOpa3zoBaHUE «aHAIOTOBOW» (POpPMBI caMoOpraHM3aluu MyTeM eé
CaMOKOJAMPOBaHUs B IU(PPOBYIO (opMy paaoB. Bmecre ¢ Tem oHO obecrieunBaeT
HOBOE Ka4eCTBO PSAJ0B CAMOPa3BUTHS — «YPABHOBEILICHHOCTH) WICHOB UX MPOrpec-
CHIi C pa3HBIMU HAIPABICHHOCTSAMH. [[pHHIINTT TEPHOAMYHOCTH CaMOOPTaHU3auN
0TOOpaXkaeT U3BECTHYIO CTAOMIBHOCTh MAaKpO- 1 MUKpOMHUpa B MG poBoii hopme.
OpMH U3 IPUMEPOB BBISBIISIET «IITYYHBIN) [IEIOUUCIICHHBIN TapaMeTp 3apsja aTo-
moB. Jlaypeatr HoGeneBckoii npemun ¢pusuk P. deiitnman otmeuaet [10]: «Xumu-
YecKHe CBOICTBA 3aBUCAT OT BHEUIHEH 000510ukU (aTOMOB. — O.5.) — 3JIEKTPOHOB,
a TOYHee, TOJIBKO OT TOT0, CKOJIBKO X TaM. CIMCOK Ha3BaHH AJIEMEHTOB, COCTaB-
JICHHBI XMMHUKaMH, Ha CaMOM JIeJie MOXKET OBITh 3aMEHeH Hymepamued 1, 2, 3
U T.J..

3aBepiuas JaHHBIA pa3fiell, HaJo0 MOAYEPKHYThb, YTO MUMEIOT MECTO JIBE CH-
CTEMbI: CaMOOpraHM3alks U CaMOpPa3BUTHE, CTPYKTypa M B3aUMOJEHCTBHE KOTO-
PBIX YCIOKHUIIOCH U MOAJIEKUT HCCIIEI0OBAHUIO.

Hayana cTpyKTypbl CAMOOPraHM3aLMU €CTECTBEHHBIX CHCTEM

ComnocTaBineHre caMOOpraHu3alMi U CaMOPA3BUTHUS MO3BOJISIET YTOUHUTD MX
CTPYKTYPBI, B3aUMOCBS3b U OCOOEHHOCTH MPOSBICHHS MPUHLUIIA TIEPHOAUYHOCTH
nporeccoB. B Tabn. 2 u 3 nmokazaHnsl BO3MOkHbIE (popMbl iporpeccunt JIroka B 3a-
BUCHUMOCTH OT 30JI0TBIX KOOPAMHAT U KO3 PuIrenTa kp. 30J10Tbie KOHCTAHTHI CBSI-
3aHbI 3aBUCUMOCTRI0 0,618 =1/ 1,618. [Ipn yMHOXXEeHUY HA HUX TTporpeccuu JIroka
e€ WIEHbI CIBUTAIOTCSI BJIEBO MJIM BIIPaBO Ha LIar, U3MEHSS HallpaBJIEHHOCTH CaMo-
pa3BuTus. Beimie Obu1a oTKpbiTa HOBas mogooOHas dopma 0,447 =1/ 2,236. Ona,
BBE/Isl CHMMETpPHUYHBIE Napel mporpeccuil u psgoB GuboHauyu, onpenenuia Bo3-
MOKHOCTb IIOCTPOEHUS CTPYKTYPbl CAMOOPTraHU3aLIUH, [101001e KOTOPBIX obecrie-
yuBaeTcs nporpeccuei ¢ ocHoBanueM G = 2,236. Kaxxngas U3 nporpeccuii uMeeT
YHUCIIOBBIE PSIIbI U BMECTE OHU ONPEIEISIIOT CTPYKTYPY CaMOOpraHU3aluu U €&
NPOTHBOTIOJIOXKHBIE HAIPABICHHOCTH, OPTOTOHANIBHBIE camopa3BuTHi0. Koahdu-
LIUEHT kG onpeAenseT 1Be (POpMbl MPOrpecCM caMOOpraHU3aluy, UMEIOIEeH 3Ha-
meHarenb G = 2,236, B 3aBUCUMOCTH OT CIIOCO0a PeKyppPEHIUH:

...0,2;0,447; 1,0; 2,236, 5,0; 11,18; 25; ... (10)
-1,708; -1,472; -0,236; —1,236; 1,0; 2,236; 3,236; 5,472, 8,708; ... (11)

[lepBas cTpouTCsl HA OCHOBE PEKYyPPEHIIMN YMHOXKEHHUS Ha KOHCTaHTY 2,236.
OHa He UMEET YUCTIOBOTO pssa. Bropas mporpeccus CTpoOUTCsS peKyppeHIIMen ciio-
JKEHHSI CMEKHBIX YHCEN U COOTBETCTBYET psny JIroka: 1; 3;4; 7; ... B nmepBoMm ciy-
Yyau 4uciia kG ONpeessstoT MHOXKECTBO YepEeAyIOIIUXCs PSAOB cCaMOOpraHU3alluy,
CJIEAYIOUINX MEPUOJUYHOCTH CaMOpa3BUTHsL, HO UMEIOIIUX MEPUOAUYHOCTD IPO-
rpeccuu (10). DT paznuuus o6ecreunBaoT NapHOCTh MPUHIIUIA TEPUOTUIHOCTH
B IIPUJIO’KEHUU K CAMOPA3BUTHIO U CAMOOPTraHU3alINH.
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B nepBoMm city4au ero nepuoAuYHOCTD OIPEAEIAETC 30JI0TOU IPOrpecCueu
JIroka co 3HameHarenem @.

Bo BTOpOM Ciyuae nmepuoauIHOCTh onpenensercs nporpeccueit (10) co 3Ha-
MeHateneM G. OTcroaa cieayeT, 4To UCCIelyeMbIi MPOLIECC UMEET MapHbIe Hadalla
camoopranuzanuu cucteM. [IepBbIM HayalioM SBIISeTCS aKTUBHAS popMa caMopas-
BUTHUSA «BAOJIb» IO IMEpHUOAaAM KOOPAWHATHI @, a BTOPOC HadaJIO €CTh IMaCCUBHAA
dbopMa camoopraHu3aliy «IOMEPEK» MO MepruoaaM KoopAauHatel G, 3a1aBaeMoi
BEJIMYMHOM kg (Tab. 5).

Tabauya 5
O6o3nauenue | kg 1 2 3 4 5 6 7 8 9
Ipor. ®.8.3 | 11,18 | 2,64 | -4,27 | 691 25 | 18,09 | 29,27 | 47,36 | 76,63 | 124
Psin @.8.3 11,18 | 50 -25 25 0 25 25 50 75 125
IIpor. JI.B.2 5 1,18 | 1,91 | -3,09 5 8,09 | 13,09 | 21,18 | 34,27 | 55,45

Psin JLB.2 5 | 20| 15 510 5 15 20 35 55
Ipor.®.5.1 |2,236 0,528 |-0,854 | 1,382 2,236 | 3,618 | 5,854 | 9,472 | 15,326 | 24,8
Pan®m.1 [2236] 10 | -5 5 0 5 5 10 15 25
Tpor. JI.1 1 0236|0382 |-0,618| 1 | 1,618 | 2,618 | 4,236 | 6,854 | 11,09
Psix J1.1 1 | 4 3 -1 2 1 3 4 7 11
Ipor. ®.1.1 | 0,447 (0,107 | -0,17 | 0,277 | 0,447 | 0,724 | 1,171 | 1,894 | 3,064 | 4,95
Pan®.m.l |0447| 2 -1 1 0 1 1 2 3 5

Tpor. JLu.2 | 0,20 |-0,048| 0,076 |-0,124 | 0,20 | 0,324 | 0,524 | 0,847 | 1,371 | 2,218
PanJlu2 | 020 | -08 | 06 | 02 | 04 | 02 | 06 | 08 | 14 | 22
Tpor. ®.u.3 | 0,089 | 0,021 | -0,034 | 0,055 | 0,089 | 0,144 | 0,233 | 0,377 | 0,61 | 0,987
Pan®.n3 [0,089| 04 | -02 | 02 | 0 02 | 02 | 04 | 06 | 1,0

JlaHHbIe TaOIMIIBI OTPAXKAIOT YHUKAJIbHBIE, paHEe HEU3BECTHbIE OCOOCHHOCTH
CTPYKTYp CaMOOpPraHM3alllyd T'apMOHUH, OTIUYAIOUIMECS MEPUOJUYECKUMHU Tap-
HBIMHU TIPE0Opa30BaHUSAMU NPOTpeccuil U psiioB B QyHKIMH kG Kak OBl B (pOPMBI
JpyT B Ipyra. B nmeHTpe TabiuI! MpecTaBICHbI BBIICICHHBIC )KUPHBIM HIPUPTOM
UCXOJIHBIE ITporpeccus U psa JIroka camopa3BuTHs. Bbllie u HIKe MpeCcTaBIeHbI
CUMMETpHUUHBbIE uepeayromumecs napsl psaoB Gubonavun u Jloka ¢ ke, cnenyro-
muM nporpeccuu 10. JIns KpaTKOCTH psAbl 3anUcanbl Kak Pao @.6.1 v T.1.

OTHOILIEHUS YWICHOB MapHBIX MPOTpeccuii 001a1al0T, O OMPEIEIICHUIO, TO10-
OueM, paBHBIM TOYHO kG = 2,236, a ux psabl NpubImKkeHHo. BaxHas poib nepuo-
JUYHOCTHU TPOTPECCUI M PAOB MOTPeOOBaAIA JOTIOJHUTH MPUHIUAIIBI METahU3UKU
JAHHOM paOOoThl NMPUHLUIOM HNEPUOIUYHOCTU. [IpMHLIMI MEPUOJUUYHOCTH €CTh
YTBEPKJIEHHE, YTO OCHOBOM CaMOOpraHM3allMd U CAMOPA3BUTHUS CTPYKTYp e€cTe-
CTBEHHBIX CHUCTEM SBISIOTCS MEPUOJbI JBYX MPOTpeccuil, 3HaMEeHaTeNIIMU KOTO-
PBIX BBICTYNAIOT 30J10Thle KOHCTAHTHI: 1,618 u 2,236. Bee psiibl IpencTaBieHb! B
pa3BepHyTOl (hopMe C JIeBOW BETBBIO, OTPAXKAIONICH MAPHOCTh HAMPABICHHOCTH
camoopranuzauuu. Haubonsmunii HHTEpEC NpeACTaBIsA0T 3aKOHOMEPHOCTH CaMo-
OpraHu3alK CUCTEM C alIbTEPHATUBHBIMU HAINIPaBJIeHHOCTAMHU. OHU CONPOBOXK1a-
IOTCSl TMAJIEKTUYECKUM IIEPEBOIJIOLNICHUEM CTPYKTYphl PsIOB, MEPUOINYECKOMN
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CMEHOI1 ()OpMBI TAPHBIX MPOTPECCHIA, PSIIOB M 3HAKOB U Jp. AKTHUBHBIN U MTaCCUB-
HBI psapl Jlroka n @uboHawun 007a1a0T CIIOCOOHOCTHIO THPAKUPOBAHUS CEOS
nogo0Ho pacteHusMm. HabmrogaeTcst Takxke yepejoBaHUE Ha Pa3HBIX YPOBHSX ca-
MOOpTaHU3AIMH OJJUHAKOBBIX YHCEI PSAAO0B, HApUMEp, IpH kG, paBHBIX 2,236 1 5,
YyepeayroTcs uncia 5 u Takke 15, oTpakaroue AeTanu CTPYKTYphI 1enoro. AHa-
JM3 ToKa3al (PyHAaMEeHTaIbHOCTh CBOWCTB MIPOTPECCUl U PSIIOB, 3aMKHYBIIIHX 00-
Y10 MOJIeNIb CAMOOPTaHU3ALMKY TAPMOHUH CUCTEM.

Omnpenenum fanee MacmTad IpOrpeccuil ¢ y4eToM camMOOpraHU3aluu Ipu
ke =2,236 (cM. Tabm. 5) mo popmysie (4). BozpmeM /1Ba € mociie1oBaTeIbHBIX YHCIa,
Hanpumep, 3,618 u 5,854, mist KOTOPHIX cpeaHue apudMeTHIecKas U TeOMETprude-
CKasi OLIEHKU paBHBL: x4 = 4,736 u xr = 4,602. Ux oTHOIIeHHEe AaeT MaciuTad pa3Bu-
tust ¢ = 1,029. Ananornunsie oneHku Macmraba mis kop = 0,447 =1/ 2,236 narot
anbTepHAaTUBHBIN Macmtad qo = 0, 972. [loaTBepauM 3TH pe3ynbTaThl B Oojiee
obme popme 30motoit mporpeccuu Jlroka. B nanHoM ciyyae ynoOHO B3ATh J1Ba
€ro CHMMETPUYHBIX YJI€eHA OTHOCUTEIBHO €AUHUIIEI «uepe3 oaun»: 0,618 u 1,618.
Macrtab MOXHO OTIPEEIISITh IO €ro epBoit orieHke. OH MOATBEP)K1aeT HEU3MEH-
HBII MacmTad caMoOpraHU3aIuu

q=1/2,236/2=1,029.

Y CTaHOBJIEHHBIEC JAHHBIC IOKA3BIBAIOT, YTO MHOKECTBO aHAJIU3UPYEMBIX IIPO-
IPECCUM NPOSABIIAECTCS U CKPEIUISAETCS MPUHIMIIOM NIEPUOINYHOCTH, €CTECTBEHHOMN
CUCTEMOM CUUCIIEHHUS, MacIlITaObl KOTOPOM OTPaKaroT JIMIIb IAPHOCTh HANIPABJIECH-
HOCTEW CaMOPa3BUTH U HE 3aBUCAT OT CAMOOPraHU3aLNN.

JlanHble TabJ1. 5 TOKa3bIBAIOT PEKO HA0I0JaeMO€e COAPYKECTBO MHOMKECTBA
B3aMMOCBSI3aHHBIX MPOLIECCOB CAMOPA3BUTUS B MAaKpO- U MUKPOOOIACTIX, Hepe-
MEHHOCTb 1 HHBAPHAHTHOCTh KOTOPHIX HA0JII0JaeTCs U TOBTOPSIETCS HA BCEX YPOB-
HSIX TO00MS B (OpPME €CTECTBEHHOTO MPHUHIMIA TepuoauaHocTu. HeoObraHas
«OpPraHU30BaHHOCTBY» MX YUCEN TECHO CBA3aHA, HO COXPAHSET BaXKHYI0 MHAUBUIY-
aJIBHOCTB KAKJOTO U3 AJIbTEPHATUBHBIX PAOB HA OCHOBE IIPABUJIA PEKYPPEHIIUH.
[TpyHLIMI TEPHOJUYHOCTH PACIPOCTPAHSIETCA Ha €CTECTBEHHBIE UMCIIOBBIE PsJIbI
rapMOHUH, oOecreurBas UX MPEUMYIIECTBO HaJl HaTypajbHBIMHM YHCIaMH. JTa
NPUYHMHA ABISETCA OHUM U3 UCTOYHHKOB PAaCCOTTIaCOBAaHUS (PaKTUUECKUX CBOMCTB
MHO>KECTBA €CTECTBEHHBIX CUCTEM lIpHpoaBI OT UX MpeANnoIaracMblX TEOPETHYE-
CKMX aHaJIOTOB.

Camoopranusanus 1 nepeBoIviolieHHe CTPYKTYP

PaccMmoTpuM CBOMCTBAa CaMOOpPraHU3alMM, CBsI3aB €€ C OLEHKON IEPEBOILIO-
IIEHUS CTPYKTYpP Ha OCHOBE JaHHBIX Ta0JI. 5. YTOUHUM BHavajle 0COOEHHOCTH B3a-
MUMOJICHCTBUS JIByX aJIbTEPHATUBHBIX DPSIIOB, UCIOJIB3Ysl CBOWCTBO PEKYpPPEHLIMU
cymmupoBanusi. Haunem ¢ Beruntanus psga @ubonauun u3 psna Jlroka, oTHOCA
NIEPBBII K TACCUBHOMY Hauaiy, a BTOPOH — K AKTUBHOMY .

Borunraem psg @.u.1 uz JI. tabnuust 5. [pu ke = 0,447 umeem psn JL.:
3-121347..;pan ®u.1:-1101123..;uuxcymmy: 202246 10...
CoxkpaliieHre ero Ha MHOXKUTENb 2 faeT psig PuboHayun B KAHOHUYECKOH (hopme:
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...1011235..., Ho CABUHYTHI Ha MIAT (MIEPHO/) BIIEBO M3-32 MPHUPAIICHUS CTap-
IeTO WiIeHa 5 crpaBa. DTO MOATBEPKIACT OXKHUIAEMBIN pe3yibTar. EcTrecTBeHHO,
YTO OKOHYATENIbHOE pellleHre 0 BbIOope BapranTta B [Ipupo/ie Bo310KeHO pe30HHO
Ha CIIy4alfHOCTh €CTECTBEHHOTO 0TOOPa, KOTOpasi MPaKTUYECKH YPaBHUBAET UX KO-
JMYECTBO 3aKOHOM PaBHOM BEpOSATHOCTHU. BO3HHKAET BOMPOC — MOTYT JIM 3TH JIBa
IPOTUBOMOJIOXKHBIX Hayaja caMOOpraHU3alMy BOCIIPOU3BECTH Takke psz JIroka?
Jlpyrumu cioBaMH, MOXET JIM 10J00HOE B3aWMOJICHCTBHE BOCHPOM3BECTH cebe
no100Hoe? bruonoru OTHOCST €ro K OCHOBHOMY MPU3HAKY KHBOTO.

[Ipumem nst BTOporo mpumepa mnpexuuit psg JI. m HoBwld psig D.B.1
¢ ko =2,236. Ux cymma onpenenwna psia Jlroka: —24 2 6 8 14 22... Ilocne nenenus
Ha 2 OH uMeeT CBOM KaHoHWYeckul Bua: —1 2 134 7 11..., cqBUHYTHIM Ha Iepuoa
BIIPABO, YTO MOJATBEPXKAALT omylieHue. PaccMoTpuM aanee 0cOOEHHOCTH Tpeoo-
pa3oBaHUi JJIs ANbTEPHATUBHBIX PSAIOB 00Jiee BHICOKOTO MOPs/IKa cCaMOOpraHu3a-
. CymmupyeM Ui HarJIgJHOCTU TOJIBKO IpaBble yacTu psinoB @.B.4 u JI.B.3
(cm. Tabm. 5): ...25255075125...m...5 1520 35 55... Ux cymma ectb psip Jlroka:
...3 4 7 11 17, cnBunyThlii BieBo. MX pa3HOCTh Takxke pmaer psg Jloka
...20103040 70, ..., cOIBUHYTHII BOPABO.

WTak, yCTaHOBIIEHO, YTO CYMMHUPOBAHHE U BHIYMTAHHE AIbTEPHATUBHBIX Psi-
JI0B 110 KOA(PHUIMEHTY kG IPOTPECCHH CaMOOPTaHU3aLUU YepeayeT ux Gpopmy U
cMmemeHus 3a nepro. OUeHUM MOTPENTHOCTh 3TUX JTAHHBIX 110 CPAaBHEHHIO C TOY-
HbIMH (cM. Tabiu. 5). Pe3ynbpTaThl pacyeToB MPHUBOIWIN PSAABl K KAHOHUYECKOU
dopme nytem onpenenenus kodpdunuenta kp. Bee kg, onpenensioniue TouHbIe
pelleHus, MpeACcTaBleHbl B Tabn. 5. VX oTHOIIEHHE OmpeaemnseT MOTPEIIHOCTb.
Hanpumep, ans BTOporo skcnepumenrta umeeM kp = 2 u kp = 2,236, nostomy
norpemHocts kp / k¢ = 0,89, To ecth 11%. DTa morpemHocTs, NO-BUAUMOMY,
BHOCHUT HEKYIO M30BITOYHOCTH NpPEABAPUTEIHLHOTO MPOTHO3a, HANPHMEp, CABHTa
PE3YNBTUPYIONIETO pAa. DTU CBEICHUS OTCYTCTBYIOT B TOUHBIX JTaHHBIX TaOJI. 5,
OCBEILAIOIIUX TOJIBKO CTPYKTYPY CaMOOPTaHU3aI1H.

[TomHATHII BOMPOC MOYKHO PEIIUTH TOIBKO C YYETOM COBMEIIICHHUS aKTa CaMo-
opraHu3aiuu ¢ camopa3utiueM. OUeBUIHO, YTO CMEIIEHHE ¥ CYMThIBaHNUE UH(POP-
MallM{ CTPYKTYPHBIX PSIOB €CTh 3Talbl €CTECTBEHHOTO MpOIlecca IIaroBoi peau-
3alH, KOTOPBIA KaK OBl «paclIeni €IUHBIN MPOLECcC TMOCTPOCHUS CTPYKTYPHI
cucTeMbl Ha e€ camoopranuzanuio (3a cuet G) u camopaszButue (3a cuet @), HO
COXpPaHMJI UX COTJIACOBAHHOCTH U B3aMMOCBS3b HAa OCHOBE MPUHIIUITA IEPUOAUYHO-
cti. OHAKO OCTaNOCh JIBa JAOMOIHUTENBHBIX Bompoca. [lepBhIii Bompoc cBsi3aH ¢
HAyYaJIOM CaMOPa3BUTHA, KOTOPBIH PEaIbHO COMPOBOXKIACTCS CAaMOOPTraHU3aIUEH.
Bropoif Bompoc OTHOCHUTCS K TMOCTPOCHHIO KaK OBl «COCTUHHUTEIBHOI CBS3U
(TKaHM) MEXCTPYKTYpPHBIX IYCTOT IEpHOAOB, Tak Kak «llpupoma He Tepmut
MyCTOTHI».

Metadusndecknii MeTOA CAMOPA3BUTHS CHCTEM

VY CTaHOBIIEHO, YTO CIIOKEHUE WIIM BEIYUTAHUE ANbTEPHATUBHBIX psifoB Jlioka
u OuboHauym mpeodpasyroT uxX ApyT B Apyra, CMeIias pe3yibTaT Ha IIar BIEBO
win BrpaBo. OJHAKO U3BECTHO, YTO CMELICHHUE PSI0B MUMEET MECTO TaKXkKe MpHU
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YMHOXEeHHUH nporpeccuu JItoka Ha 3070Tble KOHCTAaHThI. OTCIOa CIEAYET BBIBOJ
00 SKBUBAJICHTHOCTH PE3yJIbTaTa, JOCTUTAEMOTO IBYMsI pa3HBIMU METOJaMH, U 3a-
KJIFOUEHHE, YTO BOCIIPOM3BEICHUE CUCTEM €CTh CIIy4ail COBMEIICHUSI CAMOOPTaHH-
3alliy U caMopa3BUTHUs. B 3ToM 3akimoueHnn Metadu3uKu IpOsBIsSeTcs e€ MpHUH-
[T TIAPHOCTH albTepHATHB. Bo3HUKaeT Bompoc o opme MposBIEHUS MPUHITUIIA
TPUEINHCTBA.

[IpoBeneHHBIN aHAIM3 OCHOBHBIX CBOMCTB CaMOPAa3BUTHS €CTECTBEHHBIX CHU-
CTEM TIO3BOJISIET TIOCTPOUTH METAPUINICCKUN METOJ] CAaMOPa3BUTHS CHUCTEMBI B
TUTOCKOCTH €€ pa3BUTHS KaK OBl «BIOJb U TIoniepek». [1oioxum B €€ OCHOBY ycCTa-
HOBJIEHHBIE CBOMCTBA: HEU3MEHHOCTh CTPYKTYPbI IPe00pa30BaHU U YepeOBaHNE
anbTepHATUBHBIX panoB Jlroka u @ubonauyu (cm. Tabdin. 5). [Ipumem obiee ycio-
BHE€ — COTJIACOBaHHbBIC MOJIOKEHUSI MEPUOOB BCEX MApHBIX MPOTPECCHN U PSIOB
®uboHaUUH 10 ¥ MOCJIE Iara caMmopa3BUTHUs mporpeccun Jlroka. 3To ycioBue Bbi-
TeKaeT W3 WHBAPUAHTHOCTH MPHUHIIUIIA IIEPUOTNIHOCTH, a Takke Gopmyiel bune.
JleficTBUTENBHO, MOSBICHUE TIPU CaMOOPTaHU3AI[Md HOBOT'O BHEIIIHETO CJIOS CO-
MIPOBOXKIAETCS OOIIMM CMEIIIEHHEM CaMOPA3BUTHS PSAIOB Ha TIEpHOJ (I1ar) UCXO/I-
HOI mporpeccuu u psifa Jlroka. B aTom mposiBisiercs Gpusndeckass HEpa3pbIBHOCTD
HOBOTO CJIOSl CAMOOPTaHHU3aIUy Nporpeccuu U psaa GuboHauyuu, KOTopas cieayer
nByM nepuogam. OHU CBsi3aHbl C OJHOBPEMEHHBIM CMEIICHHEM MEPUOJIOB KakK
BJI0JIb, TaK M MOTIEPEK.

PaccmatpuBaemasi opma COBMENICHUSI CaMOOPTaHU3alMM U CaMOPa3BUTHS
COIMPOBOXKAAETCS HOBBIM SIBJICHHEM TPUEAMHCTBA: HEU3O0EKHBIM 3aroIHEHHEM
MEXCTPYKTYPHOTO TEPUOJAUYECKOTO MPOCTPAHCTBA «COCIUHUTEIBHOI CBSI3BIO.
Jleno B TOM, 4TO aHANMM3UpyeMasi MOJENb CTPOUT HE TOJIBKO CTPYKTYpPY (CKeleT)
CHUCTEMbI, HO U BBIHYXKJI€HA 3aMOJHATH CBA3SMU MPOMEXYTKH IEPUOJOB, KaK B
[Ipupone, coemMHUTENHHON TKaHBIO. B 3TOM cilyyae mpUHIMI TPUEAUHCTBA MPO-
SBJISICTCSI B TOM, YTO TMPOMEXYTKH KaXIOTO Psifa 3armOoHSIIOTCS 32 KaKIbIM €ro
YJICHOM, a TIPOOEBI YJICHOB HOBOT'O CJIOS 3a UX Pa3HOCTHIO (Tabiu. 6-8). s map-
HBIX panoB Gubonayun u Jlroka umeem

R=Psan ®.B.1 —Pan JI.1, (12)

Pa3HOCTh KOTOPBIX 3aBUCHUT OT k¢ psina @.B.1. Onpenenum dpopmyiy mara psaa @,
YUUTBIBAs 4TO MEPEMEHHBIE PSI/IbI CBSI3aHbI 3aBUCUMOCTBI0 @ = k¢ L.

3anuiieM nepBeld mar psga @, npubaBisis K L eUHAILY M BRIYUTAs HAYalo,
OTKYJla CJIEyeT

ke (L+1)—ks- L =ka. (13)

Marepuan Tabn. 5 oTpaxkaeT oOIIyr HMU(POBYI MOJENb AIbTEPHATHBHBIX
HATPaBIIEHUN CaMOPa3BUTHSI €CTECTBEHHBIX CHCTEM Ha OCHOBE YEpEIOBaHUS IO-
TOOHBIX TIporpeccuit, psaaoB Jlroka u @udonauun. Meradu3ndeckuii METo 1 Iepu-
OJIMYECKOTO CaMOPA3BUTHS MOKA3bIBACT, YTO CAMOOPTAHM3AIMS HOBOTO Psijia Ha
Ka)JIOM TIEPHOJEC TOTIOJIHSAETCS 10 UX JUIMHE OJJHOPOIHOM CBSI3BI0, 3aTOTHSFOIICH
MEXCTPYKTYPHOE MPOCTPAHCTRO.
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Havana camopa3sutus tpaekropuii JIroka u ®udoHaqyuu

Camopa3BUTHE €CTECTBEHHBIX CUCTEM UCTIOIB3YET CBOIO IEPUOTUICCKYIO CH-
ctemy otcuera. [lapamerp kp hopMupyeT eCTECTBEHHYIO CHCTEMY YHCEN TapMo-
HUM. B e€ Havane nexart: uesnble yncia kp ropu30HTANIbHOM OCH U YKCIIa PsJIOB ca-
MOpa3BHUTHA 110 BepTHKaHLHOfI OCH. FOpI/I?)OHTaJIBHaH OCh HAUHUHACTCA C CAUHUIIbI
Y BO3pacTaeT TakKe Ha eIMHULY. Bee uncia ropu30HTanbHOU OCHU SBIISIOTCS IIPO-
HN3BOAHBIMU OT PA3HOCTH ITapbl 30JIOTHIX KOHCTAHT, YMHO)KeHHOﬁ Ha BO3pacTaro-
e yrcia kodddunuenta pasHooopasus. O000mmmM cuetHblid psag N uncen Kp
TOXKIECTBEHHBIM PAaBEHCTBOM

N=Kp- (1,618 -0,618)=Kp, nipu Kp=1,2,3, ... n. (14)

PaBencTBO 00MaaeT kak Obl CBOMCTBOM «MHOXKECTBA B €TUHUTHOM).

DNEeMEeHTBl PeaTbHOrO TOJsI CAaMOPa3BUTHUS, OCOOCHHO XHMHUYECKOro, 00ia-
JTAI0T CIIOCOOHOCTBIO MOCIIEI0BATEILHOTO MTPE0OPa30BaHUS COCEAHUX IEMEHTOB.
BrniepBbie npeobpazoBanue sapa aToMa a3oTa B PO aromMa KUCIopoia ObLIO BbI-
MOJIHEHO aHruickuM ¢uzukom Pesepdopaom [9]. YTounum dopmy u3meHeHUs
CTPYKTYpPBI CaMOpa3BUTHs, KOTOpasi OTOOpakaeT CaMOOPTaHHU3AIUIO 3aMOTHEHUS
MEXCTPYKTYPHOTO MpocTpaHCTBa. [Ipu 3TOM €€ CTONOLBI M CTPOKK CaMOPa3BUTHUS
CBsI3aHBI MKy co00i mepuogamu psina Jlroka (Tabdmn. 6). Couetanue nepuoaNIHO-
CTH ¥ HETIPEPBIBHOCTH B OOIIEM CITydae JOCTHTAETCs TEM, YTO CTPYKTYPHBIC ITPO-
MEXYTKHU MEPUOA0B TIEPBOTO CTOJIONA PsAI0oB @, L M UX pa3HOCTH R TakKe 3aIoJi-
HAIOTCA 4uciaMu cTpok. CTpyKTypa CTpOK U CTONOLA NpPEACTaBISEeT €AUHYIO
TPaeKTOPHIO (1IeTIb), IEPUOABI KOTOPOH HaeNeHbl OOPATHBIMU CBSI3SIMH CTPOK.

Tabnuya 6
CrpykTrypa camopa3BuTus JII0Ka U 3an0/iHeHHe CTPOK NMEPHOI0B

1

3

4 5 6

7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24 ... 28
29 30 31 32 33 34 35 .. 46
47 48 49 50 51 52 53 .. 75
76 77 78 79 80 81 82 122

Crtpyktypa camopaszsutus @uboHayuu npeacTaBicHa B Tabn. 7. 3HaMeHaTeTn
MEPBOrO CTONOIA MOBTOPSIOT ISl HATISAHOCTH OCHOBHOU psii Jlroka. Octaercs
CIIPABEIJIMBBIM CBOMCTBO PEKYPPECHIIHMH YHCEIT: TOYHO JIJISl IEPBOTO CTOJIONA U TTPH-
OnKeHHO JUIs mocneayronux. Jlio6oe uckakeHne OJHOro U3 TOUYHBIX WHBApUaH-
TOB (MJIM 30J0THIX KOHCTAHT) CaMOOpraHu3aliy KoHTpoaupyercs. Camopa3BUTHE
SBIISIETCS. KOMIIPOMHICCHBIM, UTO XapakTepHo /s sieneHuit [Ipupoast. Ito obecre-
YUBAET «T€HETUYECKOE» YNPABICHUE BCEMHU 3BEHBSIMU CTPYKTYPbl U TAPAHTUPYET
COXpPAaHEHHE KaXJOro 3JEMEHTAa U MHOXKECTBO BUJOB OT HCUE3HOBEHHUS. IDTO
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CBOWCTBO TapMOHUHU OTOOPa)KACT OAHY M3 BAXKHBIX PUYMH Pa3BUTHSI MHOT000pa-
3us I[lpuponsr. Tabn. 8 3aMbIKaeT TPUEIWHCTBO CAMOPA3BHUTHUSI PA3HOCTH PSIOB
Jltoka n ®uOoHAYYM C 3al0IHEHUEM CTPOK X MEPUOJIOB.

Tabruya 7
CtpykTypa camopa3puTust ®ndoHaAYYH M 3aN0JIHEHHE CTPOK NepPHOI0B
2,236/ 1
6,7/3
89/4 11,1 13,4
15,6 /7 17,8 20 22,3
25/11 27,236 29,472 31,7 33,9 37,8
40/18 42,236 44,472 46,708 48,944 62,8
65/29 67,236 69,472 71,708 73,9 102,8
105 /47 107,2 109,4 111,7 113,9 167,8
170/ 76 172,2 174,4 176,6 178,9
Tabauya 8
Pa3znoctu psigoB JIioka u ®uboHAYYH U 3aN0JTHEHHE CTPOK MEPHOIOB
2,236/ 1 5
6,7/3 0
6/ 4 8,236
8/7 10,236 12,472
14/11 16,236 18,472 20,708
22 /18 24,236 26,472 28,708 30,944 33,76
36/29 38,236 40,472 42,708 44,944 55,764
58/47 60,236 62,472 64,708 66,944 91,764
94/ 76 96,236 98,472 100,708 102,944 149,764

MeTapuzndeckuii METO/ MOKa3all, YTO Havajla CaMOpPa3BUTHS OTOOpaKaroT
UH(GOPMALIMOHHO-JIOTUYECKUE CBOMCTBA CTPYKTYp €CTEeCTBEHHBIX cucteM [lpu-
ponsl. OHU 00ecreynBalOT HEPa3pPhIBHOCTH CAMOOPTaHM3AIMKM KaXIOTO ATama
CTPYKTYpBI C €0 MEePUOJUIECKIM CaMOPa3BUTUEM, MPU 00s3aTETLHOM 3arojIHe-
HUM CBSI3IMU NEPUOAOB MEXCTPYKTYpHOI'O NpOCTpaHCTBA cUCTEMBl. Bo3Hukaer
BOIPOC: B YEM IPOSBISAETCS OOIIHOCTh CAMOOPraHU3aIMM €CTECTBEHHBIX MEPUO-
JUYECKUX CUCTEM U3 AJIEKTPOHOB, IPOTOHOB, HEUTPOHOB aTOMOB XUMUYECKHX 3JIe-
MEHTOB, CJICAYIOIINX WHEPIIUAIbLHBIM 3aKOHAM B3auMoielcTBHs? OOIIHOCTD MPo-
ABIISIETCS B TIOJOOWHU MEPHOJUYECKHX CTPYKTYP €CTECTBEHHBIX CHCTEM, KOTOPOE
WLUTIOCTPUPYETCS] TPUEAMHCTBOM U MHBAPUAHTHOCTBIO Ta0J. 6—8 B KAHOHUYECKOM
dopme. XuMHUYECKHE HIIEMEHTBI OTHOCATCS K aOCOJIIOTHBIM MEPBONPOXOALAM Ca-
moopranuzauuu [Ipupossl. [IoaTOMy 0OHM 3aHHMAIOT 1O MPaBy TOJBKO JIBE HAYallb-
Hble (LIEHTpAJIIbHBIE) CTPOKU TadJl. 5, HO MOTYT pa3BUBAThHCS OJHOBPEMEHHO IO
BCEM HAIPABIICHUSM.

Jlaypeat HoGeneBckoit mpemuu o ¢pusuke . Buruep ormetni: «...pyHKus,
KOTOPYIO HECYT NPUHIMUIBI CUMMeTpuu (MHBapuantHocTH. — (O.B.), COCTOHT
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B HQJICJICHUU CTPYKTYpPOW 3aKOHOB MPUPOJAbl WM YCTAHOBJIECHUU MEXKIY HUMHU
BHYTpPEHHEN CBA3M, TAK K€ KaK 3aKOHBI PUPOIbl YCTAHABIUBAIOT CTPYKTYpPY WIH
B3aUMOCBsI3b B Mupe sBieHui» [13. C. 23]. 3akons! [Ipupoabl BeIpakaroT U odec-
NeynBarT o0mui mopsaaok Beenennoi. [IpuHIMIBI HHBAPHAHTHOCTH TTO3BOJISIOT
YCTaHOBUTH B3aUMOCBSI3b MEXIy oOmmmu cBoiictBamu [Ipupoapl. AkaneMuk
H.H. Moucees nonaraet: «3akonsl [Ipupo/sl 0051a1a10T CTPYKTYpOii, Ha3pIBaeMON
npuHIunaMu naBapuantHoct» [14. C. 36]. U nanee «3akoHaMu MpUpPOIbI MBI HE
MO’KEM Ha3BaTh YTO-TMOO MHOE, KPOME TE€X CBA3EH MEXKIY SBICHUSMHU IPUPOJIBI
(¥ cOOBITUSAMU), KOTOPBIE MBI MOXKEM YCTaHOBUTH SMIUPUUYECKU WU CPEICTBAMU
JIOTUYECKOTO MBIIUIEHUS. TOJIBKO 3TH CBA3M MBI MOXKEM OTOXKIECTBIATH C TEMH
MpaBUJIaMH, KOTOpbIE JEHCTBYIOT B HAllEM MHUPE U ONPEAEISAIOT €ro MpOILECCH
camoopranuzauun» [14. C. 40].

Moaeanb caMopa3sBUTHUA €CTECTBEHHBIX CUCTEM

Brime paccmoTpen Ha ocHOBE MaTepuaia Tabi. 5 Mmetadhu3ndecKuii METo 1 ca-
MOPA3BUTHSI €CTECTBEHHBIX CHCTEM. B TaHHOM pa3zeinie paccMaTpuBaeTCsl YUCIIO-
Basi MOJI€JIb CAMOPA3BUTHSI CUCTEM U €€ MHBapUAHTHBIEC CBOMCTBA. OHA yUUTHIBAET,
B YAaCTHOCTH, OCOOCHHOCTH XMMHMYECKHX 3JIeMeHTOB cucteMbl JI.J. Menaeneena,
OrpaHUYEHHBIE TIepBOH mapoi psnoB Jlroka m dubonauum (tabdn. 5). ObOmas
MOJIeJIb COCPKUT paHee HEU3BECTHYIO mporpeccuio PuOOHAY4YM ¢ KOHCTAHTOM
ke = G = 2,236 u e€ napusle psabl. B otnnuue ot pabotsl aBTopa [1], 31€6Ch yun-
THIBAIOTCS HE TOJIBKO MOPSAIKOBBIE, HO U MACCOBBIE UHCJIa XUMHUUECKUX AIEMEHTOB,
a Tak)Ke He BXOJdIlKE B cucTeMy MeH/ieneeBa yrciia HeUTPOHOB aTOMa B KAHOHHU-
4yeckoit popme Tabir. 6—8 U UX OTKPBITHIE KOHCTAHTHI.

®opmynsl (8), CBSA3bIBAIOLIUE NEPEMEHHBIE MApHBIX MPOrPECCHil U PsAOB
TabJ. 5 TO3BOJSAIOT MOCTPOUTH MOJENb CAMOPa3BUTHS, CBSI3BIBAIOIIYIO MapHBIE
pansl: L.1 u @.1:

R=(G-1)-L;L=1;3;4;,7;11;... F=G-"L. (15)
Ona ompezenser COBMELICHHBIE CBOICTBa psioB caMopa3BuTus Jlroka

u OuboHayuH, MOATBEPXKAaeMble MaTepuanom Tadmn. 9. Kimouom Bxona B Mojenb
ABIISAIOTCA ymcina psia Jlroka. OHa UMeeT Tpy yHUBEpPCaIbHbIE KOHCTAHTHI:

R/L=G-1=1,236; (16)
F/L=G=2236; (17)
R/F=1-1/G=0,553. (18)

IlepBast KOHCTaHTa ONpPEAEIAET OTHOLIEHUE YNCEN PA3HOCTHOIO psAJia K YHC-
nam Jlroka. C TOYKHM 3peHUsT XUMUYECKHUX JIEMEHTOB Tabuuisl MeHneneeBa 3To
OTHOIIIEHHE YHUCET HEUTPOHOB U AJIEKTPOHOB aTOMa. BTopas KoHCcTaHTa ecTh OTHO-
IIEHHUE YUCEJ UCXOIHBIX MAapHBIX pAI0B (Tal. 5), TO €CTh MaCCOBBIX YMCEI K UUCITY
3JIEKTPOHOB aToMa. TpeThsi KOHCTAHTA €CTh OTHOLIEHUE HEUTPOHOB K MaCCOBBIM
yyciaaMm aToMa.
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Tabauya 9
CpoiicTBa napHbIX psiaioB Jloka u ®ubéoHay4n
L 1 3 4 7 11 18 29 47 76
Fr 5 5 10 15 25 40 65 105 170
F 2,236 | 6,7 8,9 15,6 | 24,6 | 40,2 | 64,8 | 105,1 | 169,9

Fr/Lr 2,236 | 2,233 | 2,225 | 2,228 | 2,236 | 2,233 | 2,234 | 2,236 | 2,235
R=Fr—Lr | 1,236 | 3,7 4,9 8,6 13,6 | 22,2 | 35,8 | 58,1 93,9
R/Lr 1,236 | 1,233 | 1,225 | 1,228 | 1,236 | 1,233 | 1,234 | 1,236 | 1,235

AN | AW N =

Bo3HukaeT BOmpoc — MOXHO JIM, 33/IaBUIMCh MPOU3BOJILHBIM YHCIOM psila
Jltoka, cMHTE3UpOBaTh NapaMeTPbl MOJEIIH JIJIs TPOU3BOJILHOM Haphl albTEpHATHB-
HBIX pssioB Taba. 5? OTBET MOJOKUTEIbHBINA. [[eCTBUTENBHO, TJIaBHAsT 0COOCH-
HOCTb MAapHBIX PSAJOB CAMOOPraHU3alUU COCTOUT B TOM, UTO OHU MOJJOOHBI, TO €CTh
OTHOIIeHHEe uX KoddduumenTos k¢ Bceraa pasHo G. Hampumep, mist psoB @.8.3
u L.B.2 umeem 11,18 /5 = G = 2,236. D10 3Ha4UT, uTO hopMyisl (15) 1 KOHCTAHT
(16)—(18) ocTaroTcsi cipaBeUTUBBIMU JIsI OOIIETO CITydasl CAaMOOPTaHU3AIH CH-
ctem. Paccmotpum nipumep: L = 7. Jlyig BeIOpaHHBIX BBILIE JBYX Yucel kG UMEEM
3Hauenue = 11,18 - 7=78,26, L =5-7=35u R =43,26. [1lo popmynam (16-18)
nonydaeM: R /L =43,26/35=1,236; F/L=78,26/35=2,236 uR/®=0,553.

PaccMoTpuM 0cOOEHHOCTH CHHTE3a MapaMeTpOB B HIDKHEH MOJIOBUHE PacIio-
JOXKeHUs1 pAnoB Tabmuiel 5. OHM BO3HMKAIOT U3-3a TOro, 4To umcia @ Tenepnb
CTaHOBSTCS MeHbule uucesn L. PaccmoTpum mnpumep CMEXHbIX psinoB L.1 u
@.1.1. [Ipumem, mo-npexnemy, L = 7. Torma @ =1/ G = 0,447 - 7 = 3,129
uR=L-®=3_871. Umeem npexnue koncrantel: R / L = 3, 871/ 7 = 0,553
uR/®=3,871/3,129=1,236, HO oHH, B oTinuue oT hopmy (16) u (18), cmeHmIM
3HAMEHATEJHN Ha TPOTUBOMOJIOKHBIEC 3HaUeHUs F' 1 L.

Yro xe u3MEHseTCs IPU HapYIIEHUH MapHOCTH psaoB? PaccMoTpum npumep
IBYX kg, paBHbIX 11,18 1 2,236. Onu coxpansior F = 78,26, uamensitor L = 15,652
u R = 62,6. B pesynbrare nonysaeM R /L =4, F /L =5, R/ ® = 0,8. D10 3Ha4UT,
YTO pa3pbIB PANIOB Ha miar coxpanseT Gopmynsl (15—18), HO UBMEHIET KOHCTAHTY
G? = 5 nporpeccun camoopraam3zarmu (10).

OOmue cBoiicTBa aHANIM3UPyeMOW MOJAENU OToOpaxkaroTcs Tabm. 6—8 Tpex
CTPYKTYP CaMOPA3BUTHUS €CTECTBEHHBIX CUCTEM, C 3aIIOJHEHHBIM MEXIepUOIuye-
CKUM IIPOCTPAHCTBOM. PaccMOTpuM npuMep caMOpa3BUTHUS CTPOK (HATIOJTHUTENEH )
CTPYKTYpHbIX uncen Jltoka u ®udonayuu. BozbMeM Npon3BoIbHOE CEUEHUE MPO-
rpeccuu Jlroka, Hanpumep unciio 47. OHO onpeaensieT CorjlacoBaHHbIE Ynciia Te-
puonoB 47 Jlwoka um 105 ®OuboHauuu, psaabl KOTOPHIX HUMET k¢ =1
u ke = 2,236. B pe3synbrate 006a cTpyKTypHBbIX uncia 47 u 105, HauanbHbBIX YHCeNd
CTPOK BHECTPYKTYpPHOH CBSI3M, OTpaHHYEHBI T€OpeTHdYecKu uuciamu 76 u 170
(trabn. 7 u 8). Umeem 47 JI.: 48; 49, 50; ...76. u 105d.: 107,1; 109,3; 111,5;
...167,8. DT psanpl 4McCen MOBTOPSIOT SKCIEPUMEHTANIBHBIE JAHHBIE CTPOKHU:
47 Cepebpo tabmauiel Menneneena (Tadu. 12).

PaccMoTpenHble TpUMEpBI OTpa)KatoT CBOMCTBA JAMCKPETHOW MOJEIH CaMo-
pa3BUTHUSL €CTECTBEHHBIX cucTeM Tabn. 5. OHM MPUOTKPHIBAIOT METAPU3IUUECKYIO
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BEPCHUIO: HavaJl IPOUCXOXKICHHS, CaMOOOpa30BaHUE CTPYKTYpPHI Cpellbl M Heorpa-
HUYEHHOE CaMOpa3BUTHE B IIPOM3BOJIbHBIX HANpaBleHUsX. B €€ ocHOBe Jiexart: aB-
JIEHHE 30JI0TOT0 CEYEHUs, IEPUOANUECKUE CBOMCTBA CTPYKTYP M CKBO3HOE MHOTO-
MEpHOE 1Mo100ue TPAaeKTOPH U cBsA3el, oOecrieunBaeMble TApPHBIMU IPOTPeECCH-
SMU U psilaMU TapMOHMYECKUX YHCEII, TPYIION X HHBAPUAHTOB M KOHCTAHT. DTO
HOJTBEPKIAETCS MHOIMMHU MEXIUCIHUIIMHAPHBIMU (PaKTaMH M HIDKE aHAIU30M
smnupudeckoit Ilepuoguyeckon cucremsl .M. Menneneesa.

OO6cyxnast TeMy OrpaHHYCHHI CaMOPa3BUTHSA, OTMETHM MHEHHUE aKaJeMHUKa
H.H. Mouceesa «Ilo-Buaumomy, moapistoriee 00JIbIIMHCTBO (U3UKOB TITyOOKO
y0ex1eHO, YTO BCe CBOMCTBA MAaKPOYPOBHS YK€ 3aKOAUPOBAHBI B MOJIEIISIX MUKPO-
ypoBHs (camoopranuzauuu. — O.5.)» [14. C. 51]. 1 nanee: «/Ipyroit aprymeHr He
MEHBIIEH 3HAUMMOCTH — 3TO CYLIECTBOBAHHWE HA 3€MJIE T'€HETHYECKOro Koja,
€IMHOTO JIJIsl BCETO JKUBOTO. AN(aBUT U3 YeTbIpeX OyKB — YEThIPEX HYKICOTH]IOB
U elle ABa/ILaTH aMUHOKHUCIIOT, — 3TO, BEPOSATHO, CJIEACTBHE HEKOTOPHIX MPOIIECCOB
ecTecTBeHHOro otoopa...» [Tam xe. C. 29].

IlepuoaAMYHOCTH CAMOPa3BUTHS U yIIPaBJIeHH e

MHOXeCTBO NMEPHOANYECKUX PAJOB U MpOrpeccuii 00JaaaeT BaKHBIM CBOM-
CTBOM OKTAaBHOTI'O psi/ia — COBMEIATh IEPEMEHHOCTH IPe0Opa30BaHUI YKCEI 110 Te-
proaaM ¢ HEM3MEHHOCTBIO UX OTHOCUTEIBHBIX 3HaUeHUH (M3MepeHuit). Paccmort-
puM TIpuMep 30510TOH nporpeccuu (tadm. 10). B npenmnocnennei cTpoke npeacTas-
JICHBI TIEpEMEHHBIE Pe3yIbTaThl MPeoOpa3oBaHus Yncia 3 Mo mepuoaaM mporpec-
cun. [locneausisi cTpoka OTpa)kaeT MOCTOSHCTBO UX OTHOCHUTEIIBHOTO Pe3yJbTara.
Ecnu 310 He Tak, Hampumep, MOABWIOCH YUCIO 1,5, TO MpaBMIIO peKyppeHLUU
MPOTPECCUU Xn = Xp-1 + Xn-2 TO3BOJSIET BOCCTAHOBUTH MPaBUIILHOE 3HAYCHUE!
4,854 = 3 + 1,854. '1aBHad 11eJIb COCTOUT B 00€CIICUECHUN HEU3MEHHONM TOYHOCTH
HH()OPMAITMOHHBIX AJITOPUTMOB (T€HOMA) TapMOHUU cucTeM. [Ipumep mrocTpu-
pYyeT MPUHIIUI «KT€HOMHOT0» YIIPABIEHUSI TAPMOHUHU, €T0 TIOMEX0YCTOHYHBOCTb.

Tabnuya 10
n -2 -1 0 1 2 3 4
Iporpec. 0,382 0,618 1 1,618 2618 4,236 6,854
[epemeH. 1,146 1,854 3 4,5 7,854 12,708 20,562
Xn /Xn-1 1,618 1,618 1,50 1,618 1,618 1,618

OkTaBHBIE NIpeaebl TADMOHUHU

[Ipenenst B pusmKe MPUHATO OLIEHUBATH MOCTOSTHHBIMU OKTaBaMU HATypalib-
HOoro psga. llpeoOpazoBaHue TEPEMEHHBIX MEPHOJOB MPOTPECCHH B OKTABBI
BBINTOJIHEHO B Tabxn. 11. Pe3ynbTarhel moka3anu, 4To mpeaesbHas JIHHA TaOIHIIbI
MeneneeBa, orpaHMueHHAst 7 OKTaBaMH HAaTypaJbHOTO psAJia, HE JOJKHA MPEBbI-
maTh yuciao 128. OT1o peanbHo BbinonHsAeTcs 104 sneMeHTaMu. Y JOBIETBOPEHUE
M3BECTHOTO Mpesena (U3UKU B CEMb OKTaB CYMMOI! YHCeNl XUMUYECKHX 3JIEMEHTOB
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CHUCTCMBI MGHILCJIGCBB_ ABJIACTCA OUYCPCAHBIM CBUACTCIBCTBOM CAUHCTBA CaMOOD-
TraHu3anmuu HpI/IpOI[I)I. TI'unotesa OrpaHUYCHHA NPCACTIOB CaMOPA3BUTHA TOATBEP-
KAACTCA YHUCJIOM HU3BCCTHBIX XMMHNYCCKUX 3JICMCHTOB, 4 TAKKC CYIICCTBOBAHUCM
(T'PaHUYHBIX» HGYCTOI\/'I‘II/IBBIX OJIECMCHTOB C MaJIbIM BPEMCHEM CYHICCTBOBAHMA,
KOTOPOC MOXKET BO3BHUKATD IIPpHU Ooonpmux ynciax JIroka.

Tabnuya 11
A 4 7 11 18 29 47 76 123 199 322
b | 4236 | 6,854 | 11,09 | 17,94 | 29,034 | 46,97 76 123 199 322
B | 4,236 8,718 | 17,94 36,92 76 156 322
| 1,029% 1,029* | 1,0298 1,0291¢ | 1,029 1,029% | 1,029'28
pi 4 8 16 32 64 128 256

OrpaHuyeHne caMOpPa3BUTHS CHCTEM

CTapLHHe gucaa JIroka MPAKTUYCCKU TOYHO CJICOAYIOT 30JI0TOH nporpeccuun
@p = pi].

JlelicTBUTENHHO, pa3HOCTh uncen 7 — 6,854 = 0,146 mis p = 4 cocraBisier
mutib 1/47 dacte oT HoMuHANIA. [To3TOMY 1715 aHamM3a KHHEMAaTHYECKUX TTapameT-
poB mTporecca camopa3Butus Jloka Bocmoib3dyemcs (OpMYJON MPOrpeccuu.
CKopocTh caMOpa3BUTHUS OMPEIENAeTCs MPOU3BOIHON @p MO €AMHHULIE CYETA p
nepuoAoB psaa Jlroka

V= (@)= (p—1) 7.

OtHomieHne mnpeAmecTByOmuXx Gopmya ectb (haktop 7p, Onmpeaensroninit
yOBIBAIOIIYIO JIOJIIO p K PacTyIIuM nepuogam Dp

Tp:Lp/‘/p:®p/(p—1)

YcTaHOBNIEHHBIE OIIEHKM MOKA3bIBAIOT, YTO OHM MOTYT OTPaHUYMBATH JIOIMY-
CTUMBIC IPCACJIBI ITPOLICCCA CAMOPA3BUTUA U YHUCIIO XUMHUYCCKUX 3JICMCHTOB. CDOp-
MYJIbI CBUICTEIBCTBYIOT, UTO CAMOPA3BUTHE TAPMOHHH IPOXOIUT C BO3PACTAIOIICH
CKOpPOCTBIO mporiecca. B Hauane camopassutus paktop T1 =oco mpu p = 1, a B KOHIIE
BpeMs mporiecca Tp yosiBaeT ¢ poctom p. B ipeaene daxrop 7p = 0 mist 601b1MX
yucen p. lannasiii ¢pakrop dpuznuecku nompoden Bpemenu. [loatomy oH mposiBis-
€TCsl KaK M3BECTHBIN AMHAMUYECKUN MPUHIUI B3aUMOACUCTBUS TEI: YeM OOJbIIIe
DHEPIHsl y YacTHUIlbl, TEM KPATKOBPEMEHHEE aKT Ieperadyu €€ Teily. JTO SIBICHUE
MOATBEPKAAET IPUCYTCTBUE B XMMHUH KOPOTKO XKMBYILIUX DJJIEMEHTOB, KpalHe
OTPaHUYMBAIOIINX YHCICHHOCTD TabmuIly MenneneeBa. « TymUKOBBI» Ty Th XUMU-
YECKUX AJIEMEHTOB, C YETKOW MHIMBUIYabHOCTBIO UX CBOMCTB, OKa3ajucs HEMo-
XOJSIINM ISl pPACTEHHs U KUBBIX cucTeM. OHU MpeanowIn MyTh 0e3rpaHUuYHBIX
dbopM camoopranuzaiuu 6€CYNCICHHBIX CUCTEM Ha OCHOBE MHOT000pasus 1moa00-
HBIX CTPYKTYD.
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Hauvana camopa3BuTHS U MEPUOAUYECKAS CHCTEMA
xuMuiecknx 3ieMeHToB /.. MeHnaeeeBa

[Tepronuueckas cucreMa XMUMHUYECKHUX 3JIEMEHTOB, moctpoeHHas J[.1. MeHe-
neeBa B 1869 rony, siBunach OOHUM U3 KpynHeHmmx OTKpeITH XIX Beka.
OH nomnarai, 4To «eCTECTBEHHEE BCEr0 UCKATh 3aBUCUMOCTH MEKIY CBOMCTBAMHU U
CXOJICTBAaMH 3JIEMEHTOB, C OJTHOW CTOPOHBI, U UX aTOMHBIMU MacCaMH — C APYTOM»
[4. C. 30]. Cemb nepnoa0B 3aaHbl IEPBHIM NEPUOTAYECKUM CTOIOIIOM TaOJIUIIBI.
OHHU CBsI3aHBI C POCTOM JJEKTPOHHBIX OOOJIOYEK aTOMOB (KBAHTOBBIX YHCEN).
B xaxnoi crpoke umerorcs VIII rpynn xuMuueckux 31€MEeHTOB. YHCIIO0 3JIEKTPO-
HOB BO3pacTaeT Ha €IMHUILY, aTOMHBIE MacChl — Ha KOHCTaHTy 2,236. [Tocneaamii
cTos0er] TaOIUIbl 3aKaHUYMBACTCS HEUTPAIbHBIMU ra3aMiu. BHU3Y TaOmuIb moMe-
IIEHBI OTJEJILHO IPYMIbI 3JIEMEHTOB, 37I€Ch OIyIIEHHbIE, ITOJyYUBIINE Ha3BAHUS
JAHTAHOWIBl M aHTHHOWABIL. B Tabn. 12 mpeacraBieHbl SIEMEHTHI, HaYMHAS
C UCXOJHBIX Ta30B BOJAOPOJA U Teius, U Janee BHU3 TaOIHUIIbI JO TAXKEJIbIX MeTal-
JIOB U BIIPaBO K HEUTpaJIbHBIM Ta3am. Haio moguepkHyTh, yTO TalMIIa COCTaBICHA
B ()YHKIIMH YK CEIT, KOTOPBIE O3AHEE OB OTKPBITHI PpaHIly3CKUM YueHbIM JItoKa.
Omna comep>XuT B HesIBHOM (opme Takke uncia (6e3 ykazanus psga @uboHauun),
OTpa’kaloIIue OTHOCUTEIbHBIE AaTOMHBIE MAacChl, M HE COIEPKUT JaHHBIE O HEUTPO-
HaX, KOTOpBIE TOT/1a HE OBUIH U3BECTHBHI.

Tabauya 12
Ile- Psitnt I'pynna 3jieMeHTOB
pHox I 0|1 [ IV ] V | VI ]| VI VIl 0
1] 1LH; 1 2, He
2 | n | 3Li;69 |4.Be|lsBl6C|N[80]9F 10, Ne
3 | m 11,82 22912, ¢]13,A]14,8i] 15.P | 1658 17, 1 18, Ar
4 [ v [19,K;39,1 0, ca 21, 8 [22, Ti[ 23, v [24,¢r[25, M| 26, F 27, Co| 28, N
V|29, Cu; 63,5 30, Zn| 31, G 32, Ge| 33, As|34, Se[35, Br 36, Kr
5 | VI [37,Rb; 85,538, Sr|39, Y[40, Zr|41, Nb| 42.M [43, Tc| 44, R |45, Rh| 46, P
VI |47, Ag; 107,848, Cd 49,1 |50, Sn| 51,8b |52,Te| 53, 1 54, Xe
6 | vir |55, Cs; 132,9]56, B 57, L] 58 | 59 | 60 | 61 |76,08 77,1 ] 78,1
IX |79, Au; 196,980, g| 81 | 82 | 83 | 84 | 85
7 | X | 87,Fr;223 [88.Ral 89 | 90 | 91 | 92 | 93

SnpoM cucTEMBI 3JIEMEHTOB TAOJIULIBI SIBJISIOTCS KIETKU C MAPHBIMU XapaKTe-
pPHUCTUKAaMU: 3aps]l aTOMHOTI'O siipa Z, €ro OTHOCUTENNbHAs aTOMHas Macca A. 3aBU-
CHUMbIE 4Mciaa HEWTpoHOB N ObuM cBsizanbl ¢ 4 U Z B 1932 rony ¢opmyinoit
Npanenko—I eiizenbepra [4. C. 43].

Z=A-N. (19)

CnBuru uucen Jloka Ha €OUHUILY MO JUIMHE CTPOK HMEIOT aHAJIOTHIO
C BIepBbIE NOCTUTHYTHIM Pesepdoprom pusnueckum mnpeBpaiieHueM apa a3oTa B
coceiHee sApo Kuciaopoaa. B pesynbrare coeAMHEHUS AJIEKTPOHA € MO3UTPOHOM
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oOpasyertcs 1Ba poToHa y-mydeil. «Vcnyckanue mo3UTpoHa MPOUCXOAUT B pE3yJib-
TaTe MpEeBpallleHUus MPOTOHA B HEUTPOH U, CJIEIOBATEIIbHO, COMPOBOKIACTCS
YMEHBIICHUEM TIOJIOKHUTEIBHOTO 3apsaa aapa Ha enquHuiry. OOpa3oBaBIIMKCS IPU
JTOM DJIEMEHT NEPEMEIAETCS B IIEPUOJAUYECKOM CUCTEME Ha OJMH HOMEDP BIIPABO
oT ucxonHoro semenTa» [9. C. 64]. CTpykTypa ecTECTBEHHON CaMOOPIaHNU3alUH
XMUMHUYECKHX 3JIEMEHTOB MUMeeT JiBe (popMbl camopa3BUTUsl. OCHOBHOHM YCKOPsIO-
IIMHCS MPOLIECC 33JaeTCs IEPBBIM NEPUOIUUECKUM CTONIO1IOM Tabmauibl. C pocTomMm
NepUoAa YBEJIUYUBAIOTCS METAITIMUYECKHE CBOMCTBA 3JIEMEHTOB U MPOTPECCUBHO
COKparaeTcst uX (GakTop BpEeMEHH, OTPaHUYMBAsi IIPOLIECC CAaMOPA3BUTHA. 3aMe]l-
JIEHHBIN MpoLEecC MO CTPOKaM IpeolOpasyeT XMMUYECKHUE IEMEHTHI APYT B JIpyra.
OH 3aMelmaeT MeTaJNIMYEeCKHE CBOWCTBA HEMETAUIMYECKUMU U OIPAaHUYMBACT
3JIEMEHTBHI MHEPTHBIMU T'a3aMH.

[Tpo6nema coznanus [Tepuoauueckoii cucremsl J[.1. MeneneeBbIM cocTosia
B IIOCTPOEHMM CTPYKTYpbl TAOJIMLbI U3 M3BECTHOI'O, HO HEOTPAHUYEHHOI'O €Il
YHClia XUMHYECKUX 3ieMeHTOB XIX Beka. [IpencTosio o0beIuHUTS MEKIY CO00M
napHbie yncia okojio 100 XUMUYECKHX 3JIEMEHTOB — MOPSAAKOBBIE YHCIIA JIEKTPO-
HOB Z 1 OTHOCHUTEJIbHBIE s1IepHBbIE MacChl A. TpyAHOCTH AOMOJIHAIUCH TEM, YTO PSJL
Jlroka u popmyna bune e 6bUM U3BeCTHBI, hopmyna (19) orcyTcTBOBamNa, a psf
®ubonayun He u3ydeH. Bo3Hukaer Bompoc: kak aBTop Ileproguueckoi cucTemMbl
MOT TPEJCTABUTh U MOCTPOUTH B 3TUX YCIIOBUSX YCTOMYMBYIO MEPHOJUYECKYIO
CTPYKTYpy CaMOOpraHU3allui, HE UMesl CBEJICHUM O psiiax cCaMOpa3BUTHUS U UX CO-
npsoxeHun? [lepuoanueckuii psii ObUT OTKPHIT (PpaHITy3CKUM MaTeMaTuKoM JIroka
cinycta 10 ner nocne co3ganus tabnuibl. ABTop [lepuonudeckoii cuctemsl, o0ia-
Jasi OOIMPHBIMU 3HAHUSIMU BEJIMKOIO YYEHOIo U IiyOouaiiiieil mHTyuuen, cam
OTKpbUI B 1867 roay, no kpaiinen mepe, psag Jlroka. [loaToMy cripaBeasnBo HMeHO-
BaTh JJAHHBIN NEPUOANYECKHAN ps uMeHaMu MeHnaeneeBa—JIroka.

Cucrema /.. MenaeneeBa u CTPYKTYpPHbI€ CBOHCTBA CAMOPAa3BUTHSA

B nanHom pasznene paccmaTpuBaercs HaudaibHas (opMa camMOOpraHHU3alii,
no100Hass SMIIMPUYECKUM JTaHHBIM B Tabm. 12. E€ Mozenpb BKIIOYaeT B COBPEMEH-
HBIX TepMUHaxX psan JIroka, onpenensouil NepuoInIecKyro CTPyKTypy dJIeMeH-
TOB, U psn PuboHayun, oTOOpaXKalOIMIMKA €ro MaccoBble 4ucia npu ke = 2,236.
OueHuM cCTeneHb COOTBETCTBHUSl UHWCIOBBIX JAHHBIX Ta0n. 12 TeopeTmyecKkum
TPAaEKTOPHUSM CaMOPA3BUTHS TAPMOHHUU U YCTAHOBUM (POPMYJIBI CBSI3H TPEX Iepe-
MeHHBIX Z, A u N ¢opmysl (19) ¢ mapamerpamu camoopranuzaruu. s 3Toro
COIMOCTaBUM CTPYKTYpY, CUCTEMY OTcueTa U nepeMeHHble Z u A tabn. 12 ¢ ycra-
HOBJICHHBIMH BBIIIE IEPEMEHHBIMH camopa3BuTus L, F'u R (Tabdn. 6-8). Bee cTpoku
Tabn. 12 HaunHarotcs ¢ yncen Jlroka nepBoro cTondia 1 Bo3pacTaroT M0 CTPOKaM
Ha enuHully. VX HadalibHblEe Yucla NOpUHAIEKAT pany MenaeneeBa—JIroka
U JIOTIOJIHEHBI TpeMs unciaMu @uboHavyy, a JITUHBI CTPOK OTPAHUYCHBI ITEPHO-
namu nporpeccuu Jlroka. IMeroT MecTo HEeCKOJIbKO HE3HAUUTEIbHBIX YHCIIOBBIX
OTCTYIUICHUH YK Cell epBOro cTosda tadi. 12 OTHOCUTENBHO TEOPETHUECKUX JaH-
HBIX 00OUX PSJIOB.
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ComocraBneHne MAaHHBIX TaOl. 12 ¢ TEOPEeTHMYECKUMH MPECTABICHO
B Ta0n. 13. B nepBoii cTpoke: BO-NEPBBIX, OTCYTCTBYIOT Ba uncia MeHaeneeBa—
JIroka 4 u 7, BO-BTOPBIX, TPUCYTCTBYIOT uncia ®ubonauuu 37, 55 u 87, B-TpeThuX,
HECKOJIbKO YHCEJI HE3HAYUTEIBHO OTJINYAIOTCS OT TEOPETUYECKUX JaHHBIX — YhClIa
19,37,79u 87 ot 18, 34,76 u 89. Bce oTCTyIUICHUS BBIAEICHBI )KUPHBIM HIPUGTOM.
3a ManocThIo, X 00IIee OTHOCUTENIFHOE BIMSHUE HA KOHEYHBIE PE3yJIbTaThl COMO-
CTaBJICHUI HE3HAYMUTENIbHO. Tpu BepxXHHME CTPOKM Tady. 13 moka3bpIBaioOT, 4TO
CTPYKTypa CUCTEMBI OTCUETA YHCEJI COBMAJAIOT C JaHHBIMM TpaekTopuil Jltoka u
®ubonauuu Tabda. 6 u 7.

Tabauya 13
ITepserit cTonberr 13 11 19 29 37 47 55 79 87
Yucna Menpeneesa—JIroxka | 1 ({3 (4| 7| 11 18 29 47 76
Uucna OuboHaugn 34 55 89
OrtHOC. aTOM. MaccChl 23 39 64 85 | 108 | 133 | 197 | 223
Teop. oTH. aTom. macc. 246 | 40,2 | 64,8 | 83 |105,1| 123 |166,6| 199

YcranoBuMm GopMysiel CBsI3M Tpex mepeMeHHbIX N, Z, A paBenctBa (19)
¢ mapaMmeTpamu camoopranuzanuu L u F, npuueM Z = L u A = F. Bocnosibzyemcst
dopmyo, cesa3biBatomieil psaasl Jlroka u @ubonayun F = G - L. U3 popmyiisl
Npanenko—I eiizendepra (19) onpenenum uncino HeHTpoHOB N

N=A-Z=G-L-L=(G-1)"L.
3anwuimemM uckombie GopMyITbl Ta0HIEl Menaeneea st N, A u Z.
N=(G-1)-LLA=F=G'L,Z=1L. (20)
WHTepBabl CTPOK ONPENENISIOTCS PABEHCTBAMH:
Luw+np=Li+1uFu+n=F. + G, (21)

rae G=1,618 + 0,618 = 2,236. Ota Mmojenb, kKak u obmas mozaens (15), umeet Tpu
paHee HEeU3BECTHBIC KOHCTAHTHI, MOATBEPKAaeMbIe Ta0l. 9,

A/Z=27236, (22)
N/Z=1,236, (23)
R/F=1-1/G=0,553. (24)

[TepBas KOHCTaHTa yCTaHABIMBAET HEU3MEHHOCTh OTHOIICHUN OJTHOMMEHHBIX
MacCCOBBIX UHCEN U JIEKTPOHOB aroma. BTopasi KOHCTaHTa €CTh OTHOIIIEHUE YHCIIa
HEHUTPOHOB K 3JIEKTPOHAM aTOMa, a TPEThsl — HEHTPOHOB K MACCOBBIM UHCIIAM.
[leproguueckue CBONCTBA 3JIEMEHTOB OIPENEISIOTCS 4YuciaamMu psaaoB Jlroka,
O®uboHauyu M OrpaHUYEHBI CEMbIO OKTaBaMH. Mojenb camMopa3BUTHS MaTepUU
UMEEeT MEePUOINIYECKYI0 CAaMOOPTaHU3AIHIO CTPYKTYPhL, CBOOOAHOE MEKCTPYKTYP-
HOE€ TIPOCTPAHCTBO KOTOPOH  3amlOJHSETCS  «COCOUHHUTEIBHOM  CBSA3BIO».
®opmynst (20-24) Ilepuoguveckoid cuctembl MeHzaeneeBa OOBEAMHSIOT [1Ba
ATBTEPHATHBHBIX Psila CAMOPA3BUTHS U TMOITOMY SIBIISIFOTCS YaCTHBIM CIIy4aeM
obmet mogenu (15), koTopas He UMeeT 3Toro orpannyeHus. OnHako 06e Moaen
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10T0OHBI U MOATBEPKAAIOT UCXOTHBIC MPUHITUIBI METa()U3UKN CaMOOPTaHU3AITHH.
[TosToMy Tpu BBIIEIEHHBIX 371eCh psaa Tabaumel MeHneneesa, nmeromue Gopmy
TEOpPETUYECKNX Tabi. 6—8 B MEPEMEHHBIX TapMOHHUH, MOTYT OBITH JIOTIOJIHEHBI
MOCIEAYIOIUMHU CTPYKTYPHBIMH PSAAMH B IPOTUBOMOJIOKHBIX HAIIPABICHUSX.

Bxonom (kmouom) kK Moaenu SBIs0TCS uncia L pana Jlroka nepBoro ctonodia
tabn. 12. Paccmotpum mpumep: cepedbpo ¢ L = 47. Ilo ¢popmynam (20) umeem
N =158; L =47; F=105. Tabnuunsie ganusie N = 61; Z =47; A = 108 6auskue.
[Iponomxum pacyer no CTpoke sl 0J0Ba U oaa. X pe3ysbTarsl COMOCTABIEHBI
C OIIBITHBIMU IAaHHBIMU Ta0J1. 12 1 MOKa3aju MOTPenrHOCTh B HECKOJIBKO TIPOLIEHTOB
(Tabn. 14). lanasie Tabn. 15 moaTBepaMIM MOJHYIO COTJIACOBAHHOCTHh TEOPHUU C
JaHHBIMU €€ TIepBOTO CTOIONA.

Tabruya 14
DJIeMeHThI N Nonvim L, Zonum F, Aonvim Fr/ Aonum
Cepebpo 58 61 47 47 105 108 0,97
O0BO 61,8 69 50 50 112 119 0,94
Won 65,5 74 53 53 119 127 0,94

[Tapubie nanHbIC Lmas 1 Fmes TaOMuupl MeHaeneeBa MpeACTaBICHBI CTPO-
kamu 2 1 5. ComnocTaBiaeHue TEOPETUUECKUX CTPOK 1 M 4 C ONBITHBIMUA JAHHBIMHU
CTPOK 2 U 5 MOATBEPKAAET XOPOIIEe COracue.

Tabauya 15
ConocraBjieHHE TEOPETHYECKUX H TAGJIMYHBIX JAHHBIX MEPBOr0 CTOJI0IA TAG MBI
1 L 1 3 4 7 11 18 29 47 76
2 Lynas 1 3 4 7 11 19 29 47 79
3 F; 5 5 10 15 25 40 65 105 170
4 F 2,236 6,7 8,9 15,6 24,6 40,2 64,8 105,1 | 169,9
5 Fonas 1,01 6,9 9 14 23 40 63,5 107,8 190
6 3-1 4 2 6 8 14 21 36 58 94
7 4-1 1,236 3,7 4,9 8,6 13,6 22,2 35,8 58,1 93,9

Yrtounum cratyc Tpex uncen Gubonayun, nonoHsonmMx psija JIroka TaGmirbt
MenneneeBa. Bo3pMem wmonmens — kKoMOuHUpoOBaHHOTO psiga Jlooka Tabm. 2
ckp=+/1,618=1,272, cokpamaromum 1,618 no 1,272. 1,272 /1,236 = 1,029 TouHo
orpenenser KoHcTaHty 1,272 B HoBoM MacmuTabe. Eciu [Ipupona nomyckaer kom-
OMHHPOBAHHYIO (GOpPMY CaMOPa3BUTHS «BIOJIb» HCXOAHON mporpeccuu Jlroka,
CJIeI0BATENIbHO, OHA JIOMYCKAET U MapHYyIo nporpeccuto GuboHauyu nogo0HyIo ei.
Craryc yucen Taba. 12 ecTh HOBBIN ATall CaMOPa3BUTHS «IUIOTHBIX)» TPOTPECCHIA.

CTpyKTYpHBIii aHAJIN3 CAMOOPTraHU3AHHI
nepuoanyeckoit cucremsl I.1. MenaeneeBa

Mertapusnyeckuil aHaqu3 caMOpa3BUTHS €CTECTBEHHBIX cucteM llpupossl
OrpaHUYMBACTCS NHPOPMALIMOHHO-JIOTHYECKUMU OCHOBaHUSIMU. OHU BCKPBIBAIOT
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SIBJICHUE HEPA3PBIBHOCTHU CJI0SI CAMOOPIaHMU3aLMK C €r0 MEPUOINYECKUM caMopas-
BUTHEM. Poslb M 3HaYeHHE NMPUHLUIIA MAPHOCTU aJIbTEPHATHUB CaMOOPIraHU3ALMU
BBIPAKAET YUCIIOBASI MOJENb B3aUMOJECHCTBUS YEPEAYIOIINXCS NPOrPECCU U ps-
noB Jlroka n duboHay4M, ONMPEACTAIONHNX CTPYKTYPY (HOPMUPYEMON CHCTEMBI.
[IpyuHUMI TpUEAUHCTBA AOMOIHIET CTPYKTYPY CAMOPA3BUTHUSL CUCTEM IMPUCOEIH-
HEHUEM COCMHUTENBHBIX CBsA3eil. C TOUKM 3peHus (PU3UKU WICHBI MAPHBIX PSII0B
0TOOpaXaroT JIEKTPOHBI, MO3UTPOHBI, HEUTPOHBI ATOMA U KOHCTAHTHI UX OTHOIIIE-
Huil. [leppoanuHOCTH BhIpaXaroT KaK BHEILIHUE ITapaMeTphbl aTOMa, TaK U BHYTPEH-
HIOIO CTPYKTYPY MaCCOBBIX YHCEN €T0 SiApa. ITOT BOIPOC JETANbHO pa3padoTaH B
xumun [4]. [IpoGnemMy CTpyKTypbl MAaCCOBBIX YHCEN siapa aToMa oTMeTHI P. deii-
HMaH B CBOMX JIeKIUAX. OH MOAYEPKHYJ MOJIOKUTENBHYIO CBSI3YIOIIYIO POJIb Ta0-
muuel JI.M. MeHneneeBa u OTCYTCTBUE €€ pe3yJIbTaTOB B MCCIEJOBAHUAX CTPYK-
Typsl anpa atoma [10]. IlosiBunacr BO3BMOXHOCTh UCCIIEIOBAHMS HA Pa3HbIX YPOB-
HSIX CTPYKTYpPBI HEPUOANUYECKON CaMOOpraHU3aI1H.

PoJib 3Heprum B 00pa30BaHUM XUMHYECKHX 3JI€MEHTOB

YacTHass TeOpHUsl OTHOCUTENBHOCTH DWHINTEIHA yCTaHOBWIIA, YTO HapsAy C
HEU3MEHHOM Maccoi okos mo Hel0TOHA CyliecTByeT nepeMeHHas Macca, 3aBUCS-
mas ot sHeprun. Hemeuxkwii pusuk 3ommepdernsa Ha3Bal €€ Maccoi JBMKEHUS
[19. C. 24]. Ona onpenensercsa Gopmyiaoi m = mo-N1 — B2, rae B — OTHOCHTENb-
Hasi CKOPOCTh. DTOT 3aKOH BIEPBbIE ObLT MOJYUYEH BEIUKUM TOJUIAHICKUM (HU3H-
koM Jlopenniom B 1904 roxy. OH nmoka3bIBaeT, 4TO Macca XUMHUECKUX 3JIEMEHTOB
dbopmupyercs sHeprueit. P. @eitnman onpeenui 3To cioBamu: «Martepus ecTh 3a-
CTBIBIIIAS DHEPTHUA. PackpbiTHe 3aK0Ha 00pa30BaHUS BEIIECTBA CBSA3BIBACTCS C KOH-
CTAaHTOM OTHOIIEHUS MacC MPOTOHA U AIEKTPOHA mp /me = 1836,152» [20]. Ycra-
HOBHM €€ MOJIOKEHHE Ha TUIOCKOCTH CTPYKTYPbI CaMOPa3BUTHSL, TOJ00HOM TabII. 5.
OTO ompenensier: NpeaeabHbld WieH psna JIoka, JomyCcTUMbIE TPaHUIBI CTPYK-
Typbl CaMOpa3BUTUSl M MPUPAIICHHS JIOKAJIbHBIX MAacC JIBH)KEHHS 3JIEMEHTOB.
Macca npoTtoHa BbIpaKkaeTcsl yuciaaMu F, a TPyIIbl 3JEKTPOHOB 3SJIEMEHTOB —
guciamu L. KoapumumenT u ero CTPYKTypHbIE 3HAYCHUS OMPEICIISIOTCS
Kpe=k'c- L= 2,236" - L,tnen= 1,2, 3,...

B Tabn. 16 mpexacraBneHsl: mpuMep MPeaeIbHON TPACKTOPUHA CaMOPA3BUTHS
JIroka, onieHkH Kpe M CTPOKOM 3 OHH 7K€ B IPOLIEHTAaX K MAKCUMAJIbHOMY 3HAYEHHUIO.
Koadpduuuent Kpe = £'G - L = 1900 npu k"G = 25, L = 76 (301010) U n = 4,
YTO C TOYHOCTHIO 3% Omu3ko Kk Kpe =1850 mpu L = 74. Ilpupaiienue mMacc IBHKe-
HUS CJeayeT mporpeccuu camopas3Butus Jloka.

Tabauya 16
IpucoennHeHnne Macchl ABMKEHUS K WieHaM psiia JIloka XHMHYeCKHX YJIeMEeHTOB
1 L 1 3 4 7 11 18 29 47 76
2 Kpe 40,5 | 65,5 106 171 277 449 726 1174 1900
3 Kpe, % | 2,1 3.4 5,6 9 14,6 23,6 38,2 61,8 100
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Camoopranuzanusi XUMUYECKUX 3JIEMEHTOB BcelleHHOM omnpenensieTcs: sHep-
TETUYECKUM COZIep>)kaHneM ux Macc nBrkenus. [locrosiunas Ky = 1836,152 orpa-
HUYUBAET MPOIECC CAMOPA3BUTHS U YUCIIO0 XUMHUECKHUX DJIEMEHTOB TIEPUOJIOM DJIe-
MeHTa L = 76. Cneayromuii nepruo UMEET paIiOaKTUBHBIE XUMUYECKUE DJIEMEHTHI
C MajbIMU TOJNYNEpUOAAMH pacmafa (MoNoHuM, paguit U ap.). OrpaHudeHus
UMEIOT KaK BEpXHsS UeTBEPTh 00s1acTu (Tabu. 5), Tak U €€ CUMMETpUYHAs HIDKHSAS
oOparHas nocrostaHas 1 / Kpe = 0,0005. Kocmuueckoe o0pa3oBaHre XUMUYECKUX
AJIEMEHTOB B MUPE M3 YHEPTUU SIBIISAECTCS MOBOPOTHBIM 3TANlOM CaMOPa3BUTHUS Ha
3emute. [locneayromuii mpoiecc BOSHUKHOBEHUS CPE/T BOJIbI, BO3TyXa U TTOYBBI pa3-
BHBAJICSl HA OCHOBE MOJTyY€HUs SHEPTUH U3 cpell U poTocuHTe3a. [ aBHBIM aTam —
MOSIBJICHUE PACTEHUI U KU3HH — CBSA3aH C OyPHBIM CAMOPa3BUTHEM CBOMCTB XHUMH-
YECKUX 3JIEMEHTOB B TPEX CpPe/lax HAa OCHOBE MCXOJHOM MH(POpMAIIUU UX MaTepH-
albHOM mamsATU. Marepust ocTaeTCs 3aCThIBIIEH JHEPrHEl, HO BEPXHUHU CIIOU
SIBIISICTCS )KUBOU MaTepuelt (Hoocdepoii) mo B.M. Bepuaackomy.

3akJjarouyeHue

MeTtadusndeckue METOAbl CaMOOPTaHW3allUd TapMOHHH TMPOTHO3UPYIOT
Hayana 00pa30BaHUs CTPYKTYPBl €CTECTBEHHON LEMOYKH XUMUYECKHUX 3JIEMEHTOB
MaTepuu. TpaekTopuu MNOCIEAOBATEIBHOCTH XUMUYECKUX IJIEMEHTOB CIIEIYIOT
psnam MenneneeBa—JIlroka, @uOOHAYYM ¥ MAPHOMY MPHUHIUIY MEPUOTUIHOCTH
(pexyppentun) [pupoasr. Ludposas moxens TpueauHCcTBa eMeHTOB [leproan-
YECKOM CUCTEMBI CBSI3bIBACT HEHUTPOHBI, SJICKTPOHBI M MAaCCOBBIC UMCHA SAEp aTo-
MOB M 00pa3yeT MOCTOSHCTBO OTHOIIeHHH. Moens moaTBepkaaeTcs Gopmymoii
POTOHHO-HEUTPOHHOM Teopun atomHoro siapa J1. /1. Banenko u B. I'eiizenoepra.
ConocraBieHue ONBITHBIX JaHHBIX C TEOPETUYECKUM ITPOTrHO30M 3BOIIOLUU XUMHU-
YECKUX DJIEMEHTOB MOKa3aslo ux cornacue. CaMopa3BUTHE PACTEHUH U )KUBOTHBIX
CIEIyIOT HayalaM CaMOOPraHU3allud XUMHUYECKUX 3JIEMEHTOB, MaTepualbHas
namsTh KOTOPBIX 0TOOpakaeT ux ¢popMupoBanue. EQMHCTBO 3TaroB caMOpa3BUTHSA
cucTeM Ha 3eMJie B3aUMOCBsI3aHO ¢ pasHooOpa3ueM Ilpupoasl. ITo moaTBepxIaeT
MEXIUCIUIUIMHAPHYIO THUIIOTE€3Y METaQHU3UKH, YTO JIIOAM MBICIAT 3aKOHAMH
IIpuponer.
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THE BEGINNINGS OF THE SELF-DEVELOPMENT
OF NATURE AND THE PERIODIC SYSTEM
OF CHEMICAL ELEMENTS OF D.I. MENDELEEV

O.B. Balakshin

Institute of Mechanical Engineering. Russian Academy of Sciences
4, M. Kharitonyevskiy Per., Moscow, 101990, Russian Federation

Abstract. Metaphysical methods of self-organization of harmony predict the beginning of the
formation of the structure of a natural chain of chemical elements of matter. The trajectories of the
sequence of chemical elements follow the Mendeleev-Luc, Fibonacci series and the paired principle
periodicity (recurrence) of Nature. A digital model of the trinity of elements of the Periodic system
connects neutrons, electrons and mass numbers of nuclei of elements and forms constants of their
relations. It is confirmed by the formula of the proton-neutron theory of the atomickernels
D.D. Ivanenko and V. Heisenberg. A comparison of experimental data with a theoretical prediction
of the evolution of chemical elements showed them consent. The subsequent stages of the
self-development of plants and animals follow the principles of self-organization of chemical
elements, material whose memory displays their formation. The unity of the stages of
self-development of systems on Earth is interconnected with the diversity of Nature. It confirms the
interdisciplinary hypothesis of metaphysics that people think by the laws of Nature.

Keywords: metaphysics, harmony, golden constant, self-organization, self-development, Luke
and Fibonacci's ranks, periods, restrictions, chemical elements.
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KaszaxcraHckas Hayka IOHECHA TSKEIYIO yTpaTy.

Viren U3 xKU3HU KPYHHBIM y4eHBIN, npeacenaTens cexkunn «Teopernueckas
¢usznka u actpodusmkay PecnmyOnMKaHCKOTO OOMIECTBEHHOTO OOBEIUHEHUS
«Kazaxcranckoe pusnueckoe oomiecTBo», wieH-koppecnonaeHT HAH PK Jleonnn
MuxaitnoBud YeuuH.

Jnsa Hac, komner u apyseit Jleonnna MuxaitnoBuua, — 3To Oonbiias moreps,
KOTOpasi OCTaBUT IIyOOKHUH cliesl B HAIIMX CepALax.

JlokTop (QHU3MKO-MaTeMaTHUYECKUX HayK, Mpodeccop, WICH-KOPPECHOHACHT
HanumonaneHoil akanemuu Hayk, Jlaypeat I'ocynapctBenHoi npemun Pecy6nuku
Kazaxcrtan B 007acTH HAyKW U TEXHUKUA UMeHH anb-Papadu (2015 r.), aBTOp U Cco-
aBTop Oonee 150 HayuHBIX pabOT M MyOIUKALUN, PyKOBOIUI ACTpOhU3HUECKUM
uHcTUTYTOM HM. B.I'. ®ecenkona (2004-2010 rr.), rae u paboTan Bce MOCIeayo-
1€ OBl IO CAMOT0 MOCJIEIHErO AHS.
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MHoro BpeMeHH MOCBAILIAN MOMYJIIpU3alluid HayKd U MEJaroruuyeckoi nes-
tenpHOCTH. [IpernonaBan u ObIT HAYYHBIM PYKOBOJMTENEM TUTUIOMHBIX, MarHCTEP-
CKHX paboT, a Takxke acnupanToB U PhD nokropanToB.

Jleonnn MuxaitnoBuu okoruns B 1971 rony ¢usnuecknii paxynprer Kazax-
CKOT'0 TOCYAApCTBEHHOTO0 YHUBEPCUTETA, CHEIMAIM3UPOBAJICS IO Kadeape Teope-
tudeckoi pusuku. C 1972 o 1974 ron — aciupaHT To¥H ke Kadeapsl y Oyaymiero
akagemuka HAH PK M.M. AOmwibauHa, 1mOoA PYKOBOJICTBOM KOTOPOTO B
1986 romy 3ammTIII KaHIUAATCKYIO TUccepTaluio B benopycckom rocyaapcTBes-
HOM yHHMBEpCHUTETE Ha TeMy «MOHaIHbIH OAX0 K MpobiieMe ABMKEHHUSI MHOTHX
TEJ B 00IIel TEOpUH OTHOCUTEIBLHOCTH» 10 crienuanbHocTh 01.04.02 — TeopeTu-
yeckas 1 MaTeMaTnueckas pusuka. B 1994 roay 3amuTiin 10KTOPCKYIO JuccepTa-
110 B TOMCKOM rocyjapcTBEHHOM YHUBEPCUTETE Ha TEMY «JIBHKEeHME Tel B Kiac-
CHUYECKUX KaTMOPOBOYHBIX NOJSIX» 1o crniennanbHoctu 01.04.02 — Teopetnueckas
¢dusnka.

® voxpopull.kz

JlaypeaTt HoGesieBckoii neMpm no ¢pusuke 3a 2006 rox, npodeccop JIx.@. CmyT 111
u npodeccop JI.M. Yeuun

Jleonnn MuxaitioBnd Yeunn — oOpasen WHTEIUIEKTyalla, YICeHOTO, HCCIIeI0-
Batesst. Bcio ¢BOIO KM3HB OH MOCBATWII MIO3HAHUIO MUpA U IIEAPO ACIUICSI CBOUM
3HaHUEM ¢ OKpyXaromMMHU. OCHOBHBIM HAay4HbIM HHTEPECOM, BOCHMTAHHBIM
M.M. A6auneaunbiM, y JI.M. Heunna Obuta Teoperndeckas ¢uszuka u actpodu-
3uKa: mpoOseMa JBUXKEHUS B OOIIEH TEOPUH OTHOCHUTENIBHOCTH, KOCMOJIOTHUS
panHell Bcenennodt m meronbl Maremarudeckoi ¢usuku. Jleonnaom YeunHbIM
ObLI0 chopMyTMPOBAHO HOBOE HANPABIICHUE B KOCMOJIOTHH paHHEH BceneHHOM —
KOCMHUY€EcKasi XpoMoguHaMuKa. OH MOT CTaBUTh U PEILATh CAMBbIE CJIOXKHBIE 33Ja4H
COBpeMeHHOU Kocmousioruu. MM Obul chopMymMpoBaH €IUHBIN KaTHOPOBOYHBIN
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Yeuun Jleonuo Muxatinosuu (1949-2020)

NOJXO0/ K MpoOyieMe JIBMKEHUS MHOTHX TeJl. 3aHUMAJICS HUCCIIEOBAaHUEM JHMHA-
MUKH TONOJIOTUYECKH YCTONUMBBIX KOCMHUUYECKUX O0BEKTOB, U B IEPBYIO OUEPEb —
JMHAMUKHA KOCMHYECKUX CTpyH. VccrenoBan pusnyeckue mpomeccsl, Mporucxos-
1M C MOHOMOJISIMH B Topsiueii Beenennoii. Baxkabie pe3ynbTaThl ObUTH MOTYUYCHBI
B IIpOLIECCEe U3yUEHHUsI KOCMOJIOTHHU camoi paHHel Beenennoii. Mim BriepBbie ObLIO
IIPEIUI0KEHO YCIOBHE NABJICHUA-TOMUHAHTHOCTH B paHHel Beenennoii. Onmpasichb
Ha 3TOT 3(eKT, OH CMOT eCTECTBEHHBIM 00pa3oM OOBSCHHUTH MPOHCXOXKICHUE
Ha4aJIbHOTO BPAILEHUS FaJIaKTHK.

bonbmoe BHumanue JI.M. YeuuH ynensul pa3BUTHIO METOJUKU OOy4eHMs,
B TOM YHCJI€ ¥ Ha aHIJIMHCKOM si3bIKe. Jlonrue roasl paboTas 10 COBMECTUTEIBCTBY
B Ka3zaxckoM HalMOHaJIbHOM IMEJAarorMyeckoM YyHHMBEpcHTeTe HMeHu Aobas,
OH BOCIIUTAJI MHOKECTBO IPEKPACHBIX N1€Jar0OrOB U YUEHBIX.

OH MOr HmpenyoXKuTh €I1€ 04eHb MHOIO MHUpY, CTpaHe U mofsaMm. OmHako
cynpba pacriopsauiach nHade. Ham OyietT oueHb He XBaTaTh €ro TOHKOI'O IoMOpa,
UPOHUYHOTO B3TJIS/AA, €r0 JOOPOTHI.

HckpeHHe comepexuBaeM U COOO0JIE3HYEM CEMbE, BCEM POJIHBIM U OJU3KUM
Jleonnna MuxaiinoBuua. Mbl Bceria OyieM ero noMHuTh. CBeTIast MaMsTh.

Chechin Leonid Mikhaylovitch
(1949-2020)



HALUU ABTOPbI

BABEHKO HUuHa AnaTosibeBHAa — acnupaHTka HCTUTyTa rpaBUTalluyd U
KOCMOJIOTUU Poccuiickoro yHHUBEpCUTETA IPYKOBI HAPOIOB.

BAJIAKIIHNH Ouser bopucoBuY — JOKTOp TEXHUYECKUX HAyK, Ipodeccop,
[JIaBHBIN HayuyHbIM coTpyaHUK MHcTUTyTa MammHoBeneHus umeHu A.A. bnaro-
HpaBoBa PAH.

BAXTUAPOB Kamuanr HoOparumoBud — J0KTOp (Prutocopckux HayK,
KaHIUAAT TEXHUYECKUX HayK, podeccop Poccuiickoro rocy1apcTBEHHOTO arpap-
Horo yHuBepcurera — MCXA nmenu K. A. Tumupszena.

BU3I'MH Baagumup I1aBioBuY — TOKTOp (PU3UKO-MATEMAaTHUYECKUX HAYK,
npodeccop MucTuTyTa BicTOpuU ectecTBO3HaHus U TexHuku uMm. C.M. BaBuioa
PAH.

BJIAJMUMHUPOB IOpuii CepreeBu4 — a0KTOp (DU3HKO-MAaTEMaTHYECKHX
HayK, npodeccop Kadeapsl TeopeTHdecko (u3uku ¢uzndeckoro Qaxyiaprera
MI'Y umenu M.B. JlomoHocoBa, npodeccop MHCcTUTYTA rpaBUTAlIUKA M KOCMOJIO-
ruu PY J1H.

I'PA3HOB Amnppeii FOpbeBuu — xanaunat gumocockux Hayk, IOICHT
¢uznueckoro gaxynprera MI'Y umenn M.B. JlomonocoBa.

KPEYET Baagumup I'eoprueBud — 10KTOp GU3NKO-MAaTEMAaTHIECKUX HAYK,
npogeccop MOCKOBCKOTO roCylapCTBEHHOI'O TEXHOJIOTMYECKOIO YHHBEPCHUTETA
«CTAHKHMH», npodeccop SpociaaBcKoro rocynapcTBEHHOIO IEJarorudyeckoro
yHusepcutera umenu K.J[. YmmnHckoro.

JIAIITEB KOpuii IMaBroBu4 — KaHIuAaT GU3UKO-MATEMATHIECKAX HAYK,
BBIIYCKHMK Maructparypsl MHCTUTyTa rpaBUTanuu U Kocmojoruu Poccuiickoro
YHHMBEpCHTETa JIPYKObl HAPOIOB.

PBIBAKOB HOpwuii IletpoBu4 — N0KTOp (hU3MKO-MaTEMaTHYECKUX HayK,
npogeccop Poccriickoro yHUBEpCUTETA IPYIKOBI HAPOJIOB.
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Hawu asmopui

OUJIBYEHKOB Muxaun JleoHH10BUY — JOKTOp (U3UKO-MaTeMaTHde-
CKUX HayK, 3aMeCTUTeNb AUpekTopa WHCTUTyTa IpaBUTallUd U KOCMOJIOTUHU
Poccuiickoro yHuBepcurera IpyK0bl HApOIOB.

®POJIOB bopuc HukosaeBu4 — JOKTOp (PU3MKO-MaTeMaTHUECKUX HAYK,
npogeccop MOCKOBCKOTO MEIarornyeckoro rocyapCTBEHHOTO YHUBEPCUTETA.

XOJAYHOB Anexcanap BacuiabeBud — KaHauaat pU3HNKO-MaTeMaTHUECKUX
HayK, Hay4HbIH COTpyIHUK HayudHo-HMcCIe10BaTENIbCKOIO HHCTUTYTA CUCTEMHBIX
uccienosannii PAH.



O6wue TpeboBaHMA No opopMIIEHUIO cTaTen
Ans xypHana «Metadusukar

Astop npezcrasisier OTBETCTBEHHOMY CEKPETapro TEKCT CTaTbH, O(QOPMICHHON B COOTBETCTBUH C Ipa-
Bunamu Pepaxuuu. ITocne cornacoBanust ¢ I'TaBHBIM PEAAKTOPOM CTaThsl HAIPABJIACTCS HAa BHYTPEHHEE pe-
LICH3UPOBAHNE M 3aTEM IIPHHUMACTCS PELICHHE O BO3MOXHOCTH ee OIyOJIMKOBaHUs B xypHane «Mertapuzu-
ka». O IPUHATOM pelIeHUN aBTOP HHPOPMUPYETCSL.

dopMar cTaTbM:

e Texcr cratbu — 10 20—40 TEIC. 3HAKOB B AIEKTPOHHOM (hopmaTe.

e  SI3BIK MyOJIMKAIIMK — PYCCKUI/aHT THACKHUI.

e Kparkas aHHOTaus CTaThU (IBa-TpU NpeIokeHus, 10 10—15 cTpok) Ha PYCCKOM M aHTIMHCKOM
A3BIKAX.

e KioueBsle cioBa — He Oomee 12.

e Uudopmanus 06 aprope: @.1.0. MONTHOCTHIO, yUeHast CTENICHb U 3BaHUE, MECTO PabOThI, JOJKHOCTH,
TIOYTOBBIH CITy)KEOHBIH afpec, KOHTAKTHBIE TeNe(OHbI U aAPEC NEKTPOHHON IMOYTHL.

dopmart TekcTa:

— mpudt: Times New Roman; kernb: 14; unrepsan: 1,5; BeIpaBHHBaHHUE: M0 MIHPUHE;

— a0zam: otcryn (1,25), BeiOmpaercss B MeH0 — «[maBHas» — «AOzanm — IlepBas crpoka —
Otcrymn — OK» (To ecTh BHICTaBISIETCS aBTOMAaTHIECKH ).

v UlpudroBble BRIIENEHHS B TEKCTE PYKOIHCH JIOITYCKAOTCSA TOIBKO B BUJIE KYPCHBA.

v/ 3arooBKM BHYTPH TeKCTa (Ha3BaHHs 4YacTei, MOAPA3/IeNioB) MAalOTCs BbieneHueM «K» (momyxup-
HBIH).

v’ Paspsijika TekcTa, ab3alibl U EPEHOCH, PACCTABIEHHBIE BPYYHYIO, HE OMYCKAIOTCS.

v PUCYHKH M CXEMBI JOIyCKAIOTCS B KOMITBIOTEPHOM (popmare.

v Beka narotcs ToNbKO puMCKUMU [udpamu: XX BeK.

v CChUIKH Ha JIMTEPATYPy JAAIOTCS MO (aKTy CO CKBO3HOM Hymepanmel (He 1o andaButy) u opopmis-
I0TCSL B TEKCTE apaOCKUMH IupamMHu, B3ATHIMU B KBaJpaTHbIC CKOOKH, TOCie HU(PBI CTABUTCS TOYKA M yKa-
3bIBaeTcs crpanuna/crpanuist: [1. C. 5-6].

v HoMep CHOCKH B CITHCKE JIUTEPATyPhI JaeTCsl apabCKUMH [udpamu 6e3 CKOOOK.

v’ Tlpumeuanust (ecinv OHH HEOOXOAUMBI) OPOPMIISIOTCS ABTOMATHYECKAMHE TIOJCTPOYHBIMU CHOCKAMHU
CO CKBO3HOW HyMepanuen.

Hanpumep:

- Ha mecTo kitaccoBoii opranuzaiuu ooecTBa NpuxoasiT « OOIMIHOCTH HA OCHOBE 00bEeK-
TUBHO CylecTByomel onacHoctny [2. C. 57].

- O Poccun mavanma XX Beka H.A. bepsieB mucai, 9T0 « TOCTBIIHO JIUIIb OTPHIIATEIEHO
onpenensaThes Boeit Bparay [3. C. 142].
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1 .
C yBenuueHHeM NPOBOIAMMOCTH KOJIbIA YHUCIIO U300pak€HUI BUPTYalbHBIX MarHUTOB YBEJINYHU-
BACTCSl M OHM CTAHOBSTCS «SIPU€»; €CIM KOJBLO Pa3phIBAETCS M TEM CaMbIM MpPEPHIBAaeTCs TOK,
WYL TI0 KOJBILY, TO W300pa)KEHHsI BCEX BUPTYaIbHBIX MAarHUTOB CYE3AIO0T.

! Menroe KONBIIO 3aMEHATOCH Ha CepeOpsTHOE.

Pepakuus B cny4yae HeOFIy6J'IVIKOBaHMﬂ CTaTbl aBTOPCKME MaTepuarbl He BO3BpallaeT.

byoem paovt compyonuuecmay!
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Jlnsa 3amemox




Jlnsa 3amemox






