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B nanHOM BBINIyCKe KypHaia riaaBHbIN pasfesn nocssuieH 100-neTHel ronos-
IIMHE CO3/IaHUsI KBAHTOBOW MEXaHUKHU. BOJIBIIMHCTBO (DU3HKOB CYUTAIOT, UTO POK-
JIEHUEM KBAaHTOBOM TeopuH cieayeT cuuTath 1926 roa. B cBs3u ¢ 3TuM ObLT HaliieH
coopuuk «CoBpeMeHHass KBAaHTOBasi MEXaHUKay», U3/IaHHbIN B 1934 romy 1o pyko-
nucsim 1. /1. IBaHeHKO, B KOTOPOM, BO-TIEPBBIX, COJIEPKUTCS €0 TPAKTOBKA (HA TOT
MOMEHT) CYTH U Ba)XKHOCTH KBaHTOBOW MEXaHHUKHU WM MPUBEJIEHBI KpaTKue Ouorpa-
¢uu rnaBHBIX ee co3nareneii: B. ['eitsendepra, 3. lllpenunrepa u [1.A.M. lupaxka.
Janee B muzmanuu coaepxkarcs HoOeneBckue yieknuu TUX (QU3UKOB. Pemaxius
KypHaJa pernia nepenu3aaTb 3TOT COOPHHUK.

[IpuBeneM psii XxapakTepHBIX BbICKa3bIBaHUM U3 3TUX JIeKUMi. Tak, B. ['elizen-
Oepr B 3aKIIOYEHUM CBOeH jekiuu «Pa3BUTHE KBAaHTOBOW MEXaHUKW» CKa3all:
«B OynyiiemM Mbl TOMKHBI OBITh TOTOBBI KO BCSIKUM HEOKUIAHHOCTSAM, KOTOPBIE
MOTYT BO3HUKHYTh KaK B 00JIACTH SIEPHON (PU3UKH, TAK U TPU UCCIEIOBAHUN KOC-
Mudeckux Jiydeid. Kak Obl, 0JTHAKO, HU IO JaJbHEUIIIee Pa3BUTHE TEOPUH, TIPEIbI-
IyIIasi ICTOPUSI KBAHTOBOW MEXaHHMKHU YKa3bIBAC€T HA TO, YTO MOHUMAHUE HESICHBIX
€Ile CTOPOH CTPOEHUSI aToMa MOKET OBITh JOCTUTHYTO TOJBKO MyTEeM JajbHeil-
Iero OTKa3a OT HArJISAHOCTH U CTPEMIICHHUSI K 00bEKTUBH3AIMH. Y Hac, MOXKalyii,
HET OCHOBaHUH COKajeTh 00 3TOM. [[eHCTBUTENbHO, BCHOMUHAS O 3HAUYUTEIbHBIX
THOCEOJIOTHYECKUX TPYAHOCTSIX, C KOTOPBIMU MPUXOUIOCH OOPOTHCS HATTISAHOMY
MpEeJICTaBICHUIO 00 aToMaxX MpeXHEeH (PU3UKU, MBI MOKEM HAJIESAThCS, YTO Pa3BH-
BaIOIIAsICs TeMEepb a0CTpaKTHAsI aTOMHAas (PU3MKa OKaKeTcs B Oyaymiem Oosee rap-
MOHHMYHOM COCTaBHON YaCThIO BCETO BEJIMKOIO 3aHUS HAYKH».

D. I'eitzenbepr B cBoelt jekuun «OCHOBHAsI UAES BOJHOBOW MEXaHHUKW 3a-
aBuIl: «Jlemo He 00cTosI0 OBl Tak MI0X0, €CI Obl MBI JOJKHBI OBLIIM BOBCE OCTa-
BUTH CTAPYIO TEOPHUIO U 3aMEHUTH ee HOBOH. K coxkaneHuto, peub UaeT He 00 TOM.
C TOYKM 3peHUs: BOJTHOBON MEXaHHKU OECKOHEUHOE MHOXKECTBO BO3MOXKHBIX Tpa-
€KTOPUN TOYKH SIBJIICTCS YeM-TO (PMKTUBHBIM, HH OJIHA U3 HUX HE UMEET IMPEUMy-
1IecTBa OBITH PealbHO OCYIIECTBICHHON B KaKOM-JIMOO KOHKPETHOM Ciy4ae, HO,
KaK s y>K€ yIIOMHUHAJ BbIIlIe, Mbl BO MHOTHUX OIBITaX JIEHCTBUTEILHO HAOIIOAaeM
MyTH OTAENBHBIX YacTHIl. BOIHOBOE MpeCTaBIeHNE MOXKET 3TO O0BICHUTH TOJIBKO
¢ OOJBIINM TPYAOM WA BOOOIIE HE B COCTOSTHUM JIaTh HAa 3TO OTBETY.



OT penaxkmu

IT.A.M. Hupaxk 3akoHumi cBoto HoOeneBckyro jekuuio «Teopus 37eKTpoHOB
U TIPOTOHOB)» BBICKA3bIBAHUEM COMHUTEIFHON Ha CETOMHSIIHUM J€Hb THIIOTE3bI:
«BnomHe BO3MOXKHO, YTO HEKOTOPBIE 3BE3/bl MOCTPOEHBI UHBIM ITyTEM, UMEHHO
TJIaBHBIM 00pa30M U3 MO3UTPOHOB M OTPHUIIATEIBHBIX MPOTOHOB. KoHEYHO, B Mupe
JOJIKHO OBITh OJJMHAKOBOE YHCIIO 3BE3[ Kaxaoro copta. Oba copra 3Be3n OyayT
MMETbh B TOUHOCTHU OJJMHAKOBBIE CIIEKTPHI, U B HACTOSIIIEEC BPEMS HET BO3MOKHOCTH
pPa3IUYUTh UX KAKUMHU-JINO0 aCTPOHOMUYECKUMHU METOAaAMM).

3aTem B 3TOM paszjienie xypHaia nomenieHa ctaths A.FO. CeBanbHUKOBA, CIie-
ajgbHo HanmucadgHad K 100-1eTHe! rooBIIMHE KBAHTOBOU MEXaHUKU. B 3TO0i1 cTa-
ThE COACPKHUTCS COBPEMEHHAs OlleHKa BaXKHOCTH, COCTOSIHHS U MPOoOJIeM KBaHTO-
BOIl Teopuu. B cBs3M ¢ 3TUM oT™MeTUM, 4TO TIo pykoBoacTBoM A.FO. CeBanbHHU-
KOBa MOATOTOBJICH K M3AaHUIO COOPHUK, TakXKe MocBsmIeHHbIH 100-neTuro co3na-
HUs KBAaHTOBOM MexaHWKU. B HacTosiiee BpeMsi OH TOTOBHUTCS K IE€YaTH B W3-
tenscTBe YPCC. Kpome TOro, B 3TOM e pas3fiene COASPKUTCS €Ie JIBE CTAThH:
A.A. TleuenkuHa, B KOTOpOM oOCykmaercss WHGOPMAIIMOHHAS WHTEPIPETAIIHS
KBAaHTOBOM MEXaHUKHU, MpEJIokKEeHHas yxe B KoHIle XX BeKa, a TakkKe CTaThs
A.T". )KunkuHa, B KOTOPOH N3TI0KEHBI UAeH OMHAPHON TeoMeTpOoPU3HKH, HalleeH-
HBIC Ha PENISIIMOHHOEC 00OCHOBAaHME KITIOYEBBIX MMOJIOKCHHUI KBAHTOBOW TEOPUU U
BOOOIIC (PU3UKKN MUKPOMHPA.

Bo BTOopom paznene xypHana «MeTtadusznka 1 METOIOIOTHSDY COACPIKATCS TPU
CTaTbH, CoepKalllie MaTepHall, COOTBETCTBYIOIINNA ero Ha3BaHUIO. Tak, B cTaTbe
B.H. KusizeBa u A.A. JlemeHntbeBa « MeTOA0IOTHYECKHM UTIOPATIU3M B COBPEMEH-
HOM KOCMOJIOTHMY» U3J1araeTcsi MbICIb O HEOOXOIMMOCTH HECKOIBKUX B3TIISAI0B HA
KOCMOJIOTHIO U €€ pobiemMbl. B cTtaThe yTBepkaaeTcs: «...HayuHoe 3HaHue — 310
MOCTOSTHHBIN MOUCK JTyYIIIUX, HO HE OKOHYATENIbHBIX MPEJICTABICHUNH O TPUPOJIE.
CMmeHa Teopuit — BaxkHas 0COOCHHOCTH MOTMHHONW Hayku. OHAa BO3MOXKHA, €CIIH
MOHUMATh, YTO TEOPUHU HE TIOCTUTAIOT OKOHYATEIbHON UCTUHBL. [IpyruMu ciioBamu,
HOBas HAyYHAas TEOPUs MOXKET OBITH TOJIBKO B UEM-TO JIy4YIlle YK€ CYIIECTBYIOIIEH
Teopuu, U He bonee Toro. CrenoBaTenbHO, TI00ass KOCMOJIOTHYECKass MOAETb MO-
KET OBITh BPEMEHHBIM OOBSICHEHHEM TOTO, YTO YEJIOBEK BHIOMPACT MM CIIOCOOEH
HaOmonaTh Bo Beenennoii. <...> B 3aBepiiieHue ciaeayer Noa4epKHyTh, UTO MOJy-
YEHHWE HOBBIX DJKCIIEPUMEHTAIbHO-HAOMIOaTeIbHBIX JIaHHBIX 32 TMOCICAHUE
2-3 roga Gnaromapst kKocMuaeckomy Teneckony Jlkeiimca Y2060a Bce 6onee cBujie-
TENbCTBYIOT 00 yIMBUTEIHHOU MPOOIEMHOCTH U Ja)Ke€ HEBO3MOXKHOCTU COTJIACcO-
BaHUS UX C FOCTOACTBYIOIIUMHU TEOPETUIECKUMH KOCMOJIOTUYECKUMH MOJIEISIMH,
BKJIIOUAsl TaK Ha3bIBaeMYIo napaaurmy bosibiioro B3psiBal»

B cratee B.H. KaTaconoa o6cy»xnaetcst mpobiiemMa 6€CKOHEYHOCTEH B COBpe-
MEHHOW MaTeMaTHKe W (PHU3uKe, (PaKTUIeCKH BO3HUKIIUX M3 PEIIMTHO3HBIX MPE/-
craBieHuil. B Tpetweiil ctathe A.C. XapuTOHOBA MOKAa3bIBAETCA BAXKHOCTh y4yeTa
psaaoB @ubonauuu u Jlroka B pa3BUTUU CTATUCTUUYECKON (PU3UKH.

B Tpetbem pa3zene JaHHOTO JKypHala COACPIKUTCS CTaThsl, B KOTOPOU BhICKA-
3BIBAIOTCS TUIIOTE3bI METAPUZNIECKOTO XapaKTepa, B TaHHBI MOMEHT BBI3BIBAIO-
IIME COJIeP KATEIbHbBIE JUCKYCCHUHU.
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Hakowner, B mocnegHem pasiene KxypHayia, MOCBAIIEHHOM BEJIIMKUM COOTeue-
CTBEHHUKaM, cojepxarca ase crarbu JI.D. Bmagumuposoit u b.M. Bragumup-
CKOTO.

Crarpa JI.®. BnagumupoBoit «B caMuX NOHATHUSAX €11I€ HE 3HAYUTCA UCTUHAY,
nocesmena 200-netueit ronosuuHe oTkpbiTua H.U. JloGaueBckuM mepBoi He-
eBKJIMI0BOM reoMeTpuu. B Hell u3noxena nnpopmanus o noknaae H.M. JloGaues-
ckoro «Crkatoe U3JI0KEHHE OCHOB T€OMETPUHU CO CTPOTUM JI0KA3aTeIIbCTBOM TEO-
pPEeMBI 0 MapalyIeIbHBIX», clieTaHHOM B (heBpasie 1826 rona Ha 3aceaHUN YUYEHOTO
coBera Kazanckoro yHuBepcureTa. B Heil, B 4aCTHOCTH, NMPUBEACHA CIIETYIOMIAs
BBIJIEP>KKa U3 ATOTO BBICTYIIICHUS: « EBKITMIOBEI Hauana, HECMOTps Ha Bce OIuCTa-
TEJbHBIE YCIIEXH HAIIM B MATEMATUKE, COXPAHWIN JIO CUX TIOP TIEPBOOBITHBIC CBOU
HejocTarku... HanmpacHoe crapanue qoka3ars V MocTylnar OBKIUAA. .. B IPOTSHKE-
HUE JBYX THICSY JIET 3aCTABHJIO MEHS MTO/I03PEBATh, YTO B CAMUX MOHATHUSX €II¢ HE
3aKJII0YAETCS] TOM MCTHHBI, KOTOPYKO XOTENIN JA0Ka3aTb U KOMOPYIO HpOGepumbs
HOO00OHO Opy2um uzuieckum 3aKoHam Mo2ym auiib onvimsl. Kakosvl, nanpumep,
acmpoHomuydeckue Haonooenus...». Kpome Toro, B cratbe OMHCAHO OTHOIICHHE
€ro KOJUIET K 3TOMY OTKPBITHIO.

Crarbss b.M. Bnagumupckoro «K croneruio HamucaHus IJIaBHOM pabOTHI
A.JL. YnxeBCKOTO» MOCBSIICHA HCTOPUU HAMMCAHUS U OCHOBHBIM pE3yJIbTaTaM, U3-
JIOKEHHBIM B pabote Anekcannpa Jleonnmpouua «Puszndeckue GakTopbl HCTOPH-
yeckoro mporeccay. B pabore b.M. BnaguMupckoro mpocnexuBaroTcs pe3yib-
TaThl TeTMOOMOIOTHYECKUX UCCIIEIOBAHUN HE TOJBFKO BO BpeMeHa YMmkeBCcKoro, HO
U B TOJIBI, TIPOIIE/IIHE TTocIe myonuKkau «Dusndeckux GakTopos...», BIUIOTH J0
Halux aHer. Takke, BAXKHO OTMETUTh, 4TO boprc MuxaisioBUY SBJIETCS OJHUM
U3 BEIYIINX CIEIHUAIMCTOB MO COTHEYHO-36MHBIM CBSI3SIM, BIUSIHUIO KOCMHYECKOM
MOrofibl HA TUHAMUKY COLIMAJIbHBIX SBJICHHUM. DTO J€NaeT ero CTaTblo 0COOEHHO
MHTEPECHO.

10.C. Biaaumupos
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K 100-NETHEW rOOOBLUMHE CO3OAHUA
KBAHTOBOW MEXAHUKMU

N3 KHUTU
«COBPEMEHHAA KBAHTOBASA MEXAHUKA.
TPU HOBENEBCKUX OOKNALOA»

MPEOUCNOBUE

Hacrosimuii cOOpHUK COCTaBICH W3 JOKJIAIO0B, YATAHHBIX B CTOKroibMe
Tpemst HoOeneBckuMu staypeatamu. [lomydenne npemuii 3a 1932 r. (I'eitzendepr) u
1933 r. (qupax u Ulpeaunrep) tpems puznkaMu-TeoOpeTHKaMHU HECOMHEHHO SIBJIS-
€TCSl OT3BYKOM HEOOBIYaifHO BO3POCIIEr0 3HAYEHHSI TEOPETHUYECKOW (PU3UKU
BOOOIIIE ¥ KBAHTOBOW MEXaHUKH B YACTHOCTH.

B HamucaHHBIX OCTATOYHO MOMYJSPHO JAOKIAAAX YUTATENh, TOMHUMO YHUCTO
¢u3nveckoro Marepuana, HaliaeT yka3zaHus U Ha (uinocodckue BO33peHUsT aBTO-
poB. ['eitzenOepr, SBISIOMUNICS OPTOTOKCATHHBIM MOCIEI0BATEIIEM «KOTICHTareH-
CKOW» IITKOJIBI, TIPEJICTABIISIONICH COO0I0 HOBEHIITYIO BEPCHIO MIO3UTHBU3MA, Pa3BH-
BaeT B3MUIAIbI HA GU3NYECKYIO TEOPUIO, YPE3BBIYAITHO OIM3KHE K TeM, KOTOPHIE 3a-
mmany [rorem 1 Max u KOTOpbIe B CBOE BPeMsl ObLITH MOABEPTHYTHI OCHOBATEb-
HOW MAapKCUCTCKOM KpuTHKe. LleHTpanbHbIM MOTHBOM Quiocodckoro credo
IeitzenOepra sBisieTCS 3aUTa «HAYAIA IPUHITUITHATIEHOW HAOII0JaeMOCTHY, 3TOM
HOBOU (HOPMYJIMPOBKU CTapOTo MPUHIMIA «YUCTOrO omucaHus». Jupak, mpen-
CTaBJISIIOIIMNA «OTIEPATUBHYIO» «KAIMOPHUIKCKYIO» IIKONY, HE OCTaHABIMBAETCS B
CBOEM JIOKJIa/ie CreruanbHo Ha rmocodekux Bonpocax. OAHAKO, OMIIO3UIINS €T
YCTaHOBKAM «KOTIEHTAreHIIeB», CKAa3bIBAIOIASCS, HAIPUMEP, BO BBEACHUH HEIIO-
CPEICTBEHHO HEHAOII0IaeMBIX OTPHUIATEIBHBIX YHEPTHiA, IPOSBISETCS B €T0 JI0-
KJ1aJie J0CTaTOYHO ompeneneHHo. Uro kacaercs llIpenunrepa, To, He NpUMBbIKas HU
K OJTHOW U3 YIOMSHYTHIX IIKOJI, OH 3aHUMaeT MO3UIIHNI0, TPUOIMKAIOLTYIOCS K 3a-
IIUTE «MOJEJIbHOCTH» M «HATJSIAHOCTH» ¢u3ndyeckoil Teopuu. [IpusnaBas Bax-
HOCTb a0CTPaKTHOTO MaTeMaTHu4ecKoro ¢hopManansma ais GU3ndecKoil Teopuu, oH
(XOTS ¥ ¢ OTOBOPKAMHM) MPOTECTYET MPOTUB «HAYaJIa MPUHIUIHAIEHOW HaOII01a-
€MOCTW», YKa3bIBas PU 3TOM, UYTO BBITEKAIOIINN U3 «HAYATIA» OTKA3 OT TUIIOTE3 O

* TIpencTapiaseM BHUMAHMIO YMTATENls OTPBIBKU U3 u3ganus: CoBpeMeHHas KBaHTOBAs MEXaHUKA
Tpu HOoGeneBckux noknaxa / B. T'eizenbepr, 3. penunrep, 1. A. M. [lupax ; nep. ¢ pyKOIUcH
. Ueanenko. Jlenunrpan, Mocksa : ['oc. TexH.-TeopeTud. u3a-Bo, 1934. B Tekct BHeceHa MUHHU-
MajbHas peJaKTopcKas MmpaBKa.
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TOM, «KaK B JIEHCTBUTEIILHOCTH YCTPOEH MHUP», €CTh IPOCTO-HAIPOCTO YKIOHEHUE
OT TPYJHOCTEH, KOTOpPBIE CTABUT NIPUPOJIA NIEPE]] CTPEMSIIEHCS paCKpPBITh €€ MeXa-
HHU3M Y€JI0BEYECKOH MBICIIBIO.

B oOmem Bce Tpu JOKIaAa MPEACTABISIOT COOOK0 JOBOJIBHO SIPKUE JOKY-
MEHTBI, XapaKTEPU3YIOLIUE TEOPETUUYECKHE KOHTYPBI MJIECHHOTO pa3MeXeBaHUS,
MMEIOLIET0 MECTO B COBPEMEHHOM (pU3HKe.

Kpatkue 6uorpadun 1okna qukoB, IOMEIICHHbBIE HIDKE, AAl0OT 00IINe CBee-
HUS1 00 OCHOBHBIX BEXAX MX JKU3HU.

buorraoun

Bepnep I'eiizenoepr (WernerHeisenberg) ponuncs B Bropuoypre B 1901 .
Ero oten, BplIaronuiicss BU3aHTHUCT, ObLT YJIEHOM-KOPPECTIOHAEHTOM AKaJeMHUH
Hayx CCCP. I'efizenbepr npoiien UCKIIOUUTENBHYIO KOy, padoTas B MIOHXEHE
y 3ommepdenbaa, 3ateM B ['ertunrene y bopHa u, HakoHen, accucrenTom bopa B
Konenrarene.

Eme crynenrom I'elizenOepr Haval, ¢ psiaa cTaTeil 1o TeOpUH CIIEKTPOB, CBOIO
YIAUBUTENFHYIO IO Pa3HOCTOPOHHOCTH M IUIOJOTBOPHOCTH HAY4HYIO PpadoTy.
B 1925 r. I'efizenOepr meyaraeTr nepByro padoTy 10 HOBOW KBAaHTOBOW MEXaHHKE,
co3laBasi TEM CaMbIM €€ NEepBbI BapHaHT: MATPUUYHYIO KBAaHTOBYIO MEXaHHKY.
B 1927 r. I'eiizenbepr myOiukyeT paboTy O MPUHIIMIIE HEOMPEACICHHOCTH, Jat0-
1ieM 000CHOBaHHE HOBOM MEXaHHKHU.

I'elizenOepr sBIsieTcs TTaBHBIM NpejacTaBuTeneM BopoBckoil «komeHrareH-
CKOI» IIKOJBI, 3allMLIAIONIEH IOJOKEHUE O IOCTPOCHMHM TEOPHUM Ha OCHOBE
«TPUHIMTHAIEHO HaOIr01aeMbIx» BenmuanH. Kpome coznanus ocHoB I elizenOepry
npuHAIIekKAT PyHIaMEHTaIbHBIE PaOOTHI TI0 CaMbIM Pa3HOOOpPa3HBIM BOIPOCAM
KBaHTOBOI MEXaHMKH, B YaCTHOCTH, 10 3a/1a4y€ MHOTUX TeJ, KBAHTOBOM 3JIEKTPO-
TUHAMUKE, a TaK)Ke TeOpHH (peppoMarHeTusmMa u CTPOSHHUIO siep.

C 1927 1. I'eiizenbepr — npodeccop TeopeTndeckor pu3uku JIeHnurckoro
yHuBepcureTa; B 1933 1. on nonyuaer npemuto Hobemns no ¢usnke 3a 1932 1.

Kuura I'eiizenbepra: «®usnyeckue MPUHIMIB KBAHTOBOH TEOPUN», U3aHA
I'TTH, JI. 1932 r.; Teopus anpa u3jioxeHa B nokiajae Ha CoJIbBEHCKOM KOHTpecce
1933 r. (mevaraercs nepeBoxa). bonpmmHCTBO padoT ['eit3enOepra HameyaTaHo B
Zeitschrift fiir Physik.

JpBun peaunrep (Erwin Schrodinger), cvin u3BecTHOr0 G0TaHMKA, PO-
nuicsi B Bene B 1887 1.; okoHuns BeHCkMiT YHUBEPCHUTET M HAa4asl TaM e paboTy
M0 KCIEPUMEHTAIBHON U TeopeTudeckoi ¢usuke B 1911 1. [Tocne npodeccyp B
[rytrapre, bpecnay, Lopuxe Llpeaunrep B 1929 r. uzdbupaercs unenom I[pyc-
ckoit Axkanemun Hayk u ctanoButcsa npodeccopoM bepiamHckoro yHuBepcutera
(xadenpa [Tnanka). [Tocne ¢ammuctckoro nepeBopora B ['epmanuu Llpenunrep us
npotecta yexai B Okcop, XOTs eMy U He yrpoxkall naparpad o «Heapuiiax».

Kpome psina oTnenbHeIX paboT 1Mo KIIACCHYECKOW M KBAHTOBOW (pU3UKE, HATTH-
CaHHBIX, KaK U BCE €ro TPYyJAbl, 3aMEYaTEIbHO SCHBIM M OCTPOYMHBIM SI3BIKOM,
[lIpenuHrep co3maeT, OCHOBBIBAACH HA UAEAX 1€ DBpoWis, BOJHOBYIO MEXaHUKY
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(1926 t.) 1 cTpout 3aKOHUYECHHYIO Teopuio 1BeToB (1920-1926 rr.). IlpekpacHbie
uccienoBanus no reopun Jupaka Hanedarans! Lllpenunrepom B 1929-1932 rr. B
«M3Bectusx [Ipycckoit Akagemun». B 1933 r. HIpeaunrep aenut BMecte ¢ upa-
koM npemuto Hobenst o ¢usuke 3a 1933 1.

IHoab Axpuen Mopuc {upak (Paul Adrien Maurice Dirac), ceiH yunuTens
A3bIKOB, poauiics B bpucroine B 1902 r. [Tocne nomydeHust BHICIIET0 TEXHUYECKOTO
oOpa3zoBanus [{upak crenuanusupyercs o reoperudeckoi pusuke y daynepa B
KemOpumke, rie oH Noixy4aeT CTUIICHIUIO.

B 1925 r., cpa3y xe mocie nepBoil pabotsl [eiizenOepra, J(upak HaunmHaeT
neyaTaTh CBOM (pyHJIaMEeHTalIbHbIE pa0OThI [0 OCHOBAM KBAaHTOBOW MEXaHUKH, UC-
ToMB3ys MeTox cko6ok ITyaccona. B 1927 r. Jlupak cTpOHT OHOBpEMeHHO ¢ Mop-
JTaHOM OOIIYI0 TEOPHUIO MPEOOPA30BAHUN U CO3JAET TCOPUIO M3ITYUEHHUS U METOJ
BTOPUYHOTO KBaHTOBaHUs. B 1928 . mosBisieTcs ypaBuenue [upaka, B 1930 1. —
obbsacaenue orpunarenbubix 2Hepruit. C 1930 r. upak unen Koponerckoro O6-
mectBa. Ocenbro 1932 r. Jlupak nomyuaet nociie Jlapmopa 3HaMEHHUTYIO CTapeii-
myto Jlykacuanckyto kapeapy B KemOpumke, kotopyto panee 3aHumani Heroton
u Crokc. B 1933 r. lupak Bmecte co lllpenunrepom nomyuyaet npemuto Hobemst
no ¢uzuke 3a 1933 r. Jlupak HEOAHOKpPATHO YMTAN JEKIUU B AMepuke, AnoHuw,
O®panuuu. pyr coBerckoil Hayku, [upak nsate pa3 nocetus Coserckuil Coros,
IPUHUMas 31€Ch Y4aCTHE B ChE3/1aX, KOHPEPEHIHSIX, KOHCYIbTALIUAX.

Knura [lupaka: «OCHOBBI KBaHTOBOM MexaHukw», mznana I'TTU, JI. 1932
(c nononHeHusiMu aBTopa). OcHoBHbIE paboThl Jupaka HaneuaTansl B «Proceed-
ings of the Royal Society», London.

Bce naypeats! — wnenbl-koppecnonienTsl Akanemun Hayk CCCP.

PA3BUTUE KBAHTOBOW MEXAHUKU
B. I'eiizen0epr

KBanToBas MmexaHuka, o KOTOpo# g OyAy 37€ch JOKJIAAbIBATh, 10 CBOEH BHEIII-
Hell (opMe BO3HUKJIIA U3 MONBITKUA MOCTPOUTH CTPOMHYIO MaTEMaTHUYECKYIO CXEMY
IIyTEM YTOYHEHMSI BBICKAa3bIBAHUKA BOPOBCKOro MpuHIMIA cOOTBETCTBUA. Pu3nye-
CK{ HOBasi TOUKa 3PEHHUs, KOTOPOW KBAHTOBAsl MEXaHUKA OTJINYAETCS OT KJlaccuye-
cKoM (hu3ukH, ObUIa OArOTOBJIEHA TPYJAaMH MHOTUX HCCII€[OBaTeNel, 3aHUMAaB-
LIMXCS AHAIU30M TPYAHOCTEH, BCKPBITBIX B bOPOBCKOM TEOPUU CTPOCHHUSI ATOMA U
B TEOPHH CBETA.

B 1900 r. Ilnank, uccienysl HaiIeHHBIM UM 3aKOH YEPHOIO M3JIy4YeHHs, OT-
KPBUI B ABJICHUSAX CBETA COBEPILEHHO YY>KJbIH KIaCCHYECKOH (pU3HKE MPEPHIBHBIIHI
37eMeHT. Yepes HEeCKOJIBbKO JIET 3Ta MPEPhIBHOCTH HAlllJla CBOIO Hambousee sIpKyIo
(opMyIMPOBKY B FMIIOTE3€ CBETOBBIX KBAaHTOB DifHIITeiHa. HeBO3MOXKHOCTH 00B-
€MHUTDH TEOpHI0O MakcBesuIa ¢ Haras AHBIMU [IPEICTAaBICHUSIMU, CBSI3aHHBIMU C I'-
MIOTE301 CBETOBBIX KBAaHTOB, MPUHYAMJIA BIOCIECICTBIH (PU3UKOB CAEIATh BBHIBO/I,
YTO NOHUMAHUS SIBJICHUN U3Ty4YEHHs BO3MOYKHO JOCTUTHYTh TOJBKO IIyTEM JAJIEKO
UAYLIETO OTKasa OT HamnHoro onucaHusd. OtkpeiToe yxke Ilnankom nu
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UCTIOJIb30BaHHOE 3aTeM DHHIITeHHOM, J[ebaeM u IpYyruMH TEOpEeTHKAaMH 00CTOS-
TEJIBCTBO, YTO 3JIEMEHT IPEPHIBHOCTH, HANICHHBIN B SIBIICHUSX U3ITy4YECHUS], UTPACT
BAJKHYIO POJIb TAKXKE M B MaTE€pUAIbHBIX MPOLECCAX, HALLIO MO3HEE CBOE BhIpaA-
JK€HHE B BOpPOBCKMX OCHOBHBIX MOCTYJaTaX KBAHTOBOM TEOPHH. DTU MOCTYJIAThI
BMECTE C KBAaHTOBBIMU YCJOBUSMH aTOMHOTO ctpoeHus bopa — 3ommepdenbaa
MPUBEIN K KAY€CTBEHHOMY TOJIKOBAHUIO XMMUYECKUX M ONITUYECKUX CBOMCTB aTo-
MOB. JlomyIlieHue OCHOBHBIX MOCTYJIATOB KBAaHTOBOM TEOPHH COCTOSUIO B HEIpe-
0JI0JIMMOM MPOTUBOPEYHUH C IPUMEHEHUEM KIIACCHYECKOW MEXAaHUKH K aTOMHBIM
CHUCTEMaM; C IPYroM CTOPOHBI, KJIaCCMYECKash MEXaHWKa, MO0 KpallHEel Mepe Kaye-
CTBEHHO, Ka3allaCh HEOOXOAMMOM N7l TOHUMAHUS CBOWCTB aTOMOB. DTO 00CTOSI-
TEJIBCTBO MOCIY>KHIJIO HOBBIM apryMEHTOM JJIsSl IPEATION0XKEHHS, YTO IIOHUMAHHE
SIBJICHUH MPUPOJIbI, B KOTOPBIX UTPAET CYIIECTBEHHYIO POJib nmocTosinHas [lnanka,
BO3MO>KHO TOJIBKO IIPH 3HAYUTENILHOM OTKAa3€ OT HArJsAHOIO ONHCAHUS 3TUX SB-
nenuit. Kinaccuueckas ¢pu3nka okazanach HarjasiAHBIM MIpeIeIbHBIM CITydyaeM MpuH-
UIHAIBHO HEHAJIATHOM MUKPO(DU3UKH, CIIydaeM, KOTOPBIHA OCYIIECTBISETCS TEM
TOYHEe, YeM MeHbllIe [[1aHKoBCKas MOCTOsSIHHASA CPABHUTENBHO CO 3HAUEHHUSIMU Be-
JUYUHBI IEUCTBUS B CUCTEME.

N3 3TOr0 moHMMaHMs KIIAaCCMYECKOW MEXaHUKH, KaK MPEeAeNIbHOrO Ciydas
KBAaHTOBOW, ¥ BO3HHK IIPHHIIMIT COOTBETCTBHS bopa, Oiarogapss KoTopoMy okasa-
JI0OCh BO3MOKHBIM IIEPEHECTH, IO KpailHEN Mepe KaueCTBEHHO, PsAJl BBIBOJOB Kilac-
CHYECKOM MEXaHWKHU Ha MEXAHHMKY KBAaHTOBYIO. B CBf3M ¢ Ha4ajqoM COOTBETCTBUS
JUCKYTHPOBAIach BO3MOKHOCTb, UTO 3aKOHbI KBAHTOBOM MEXaHUKH MOTYT UMETh
NPUHIUIHAIBHO CTATUCTUYECKUN XapaKTep; 0COOEHHO SICHO CTaTUCTUYECKAas IpU-
poJZia uX CKa3blBajach B DWHIITEMHOBCKOM BbIBOJIE [[11aHKOBCKOTO 3aK0OHA U3JTyde-
Hus. HakoHel, aHanmu3 CBSA3M TEOPUU U3IYUYEHMS U TEOPUM aToOMa, MPOIEIIaHHbIN
bopom, Kpamepcom u CiatepoM, npuBEN K CIAEAYIOMIEMY MOJ0KEHUIO BELIEH.

CoriacHO OCHOBHBIM MOCTYJIATAM KBAaHTOBOM TEOPHUH aTOMHAsl CHCTEMA MO-
JKET HAaXOJUTHCS B JUCKPETHBIX CTAIMOHAPHBIX COCTOSHUSX, T. €. IPUHUMATh JUC-
KPETHBIN psijl 3HAUEHUI HEPruy; U3TyUYeHUE U TOTJIOIIEHHE CBeTa Mo100HON CH-
CTEeMOIl IPOMCXOJUT BHE3aIHO, CKAYKOM, €CJIM peub HJEeT 00 PHEepPruu aToma.
C npyroil cTOpOHBI, HATJIIHbIE CBOMCTBA UCITYLIIEHHOT'O U3JTy4eHHsI OMMCHIBAIOTCS
BOJIHOBBIM IIOJIEM, YacCTOTAa KOTOPOI'O CBsS3aHA C PA3HOCTBIO SHEPrUil aroMa B
Ha4YaJIbHOM M KOHEYHOM COCTOSTHUSAX cooTHOIeHueM: E1 — E> = hv. Kaxnomy cra-
LMOHAPHOMY COCTOSIHUIO aTOMa CONOCTABJIEHA COBOKYITHOCTh BEJIUYMH, KOTOPbIE
OIPEACIISAIOT BEPOATHOCTHU NEPEXO/A C UCITYCKAHUEM CBETA U3 3TOTO COCTOSIHUS B
Kakoe-10o npyroe. HemocpeacTBeHHO CBA3M MEXKIy M3ITyUYe€HHEM, KOTOPOE ObLIO
OBl HCITYIIIEHO 0 KJIACCUYECKUM 3aKOHAM 3JIEKTPOHOM, BPAILLAIOLIUMCS Ha OpOuUTe,
U ATUMHU BEIWYMHAMU, OINPEICISAIOIMMHA BEPOSTHOCTh HCIYCKAaHUSA, HE CyIlle-
cTtByeT. OgHAKO, COTJaCHO MPHUHIMILY COOTBETCTBUs bopa, KaxaoMy Hepexonxy
aToMa MOYXHO COIIOCTaBUThH OIPEJCICHHBINA UJieH pa3iioxkeHus B psaa Oypre kiac-
CHUYECKOM OpOUTHI M BEPOSTHOCTD MIEpEX0/1a MOAYUHIETCS KAUeCTBEHHO TEM XKe 3a-
KOHaM, KaK U MHTEHCUBHOCTb JaHHOM KOMIIOHEHTHI Dyphbe.

Taxum o0pa3om, XOTs aHAJOTUsl aTOMa C IUIAHETHOM CUCTEMOM 3JIEKTPOHOB B
uccaenoanusx Pesepdopaa, bopa, 3ommepdenbaa u npyrux aBTOpoOB U MpUBETA
K KaUeCTBEHHOMY TOJIKOBAaHUIO ONTHYECKUX U XMMUYECKHUX CBOMCTB aTOMOB, BCE
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K€ KOPEHHOE OTIMYHE AaTOMHOIO CIIEKTPA OT KIACCUYECKOTO CIIEKTPA 3JIEKTPOHHOM
CUCTEMBI NPUHYKIAET HAC K OTOpAaChIBAaHUIO MOHATHSI OPOUTHI 3JIEKTPOHA U K OT-
Ka3y OT HarJIJHOTO OMUCAHUS aToMa.

K mepecMoTpy noHATHS OpOUTHI NIEKTPOHA BBIHYKAAET TAKXKE aHATU3 HKCIIe-
PUMEHTOB, HEOOXOAUMBIX JI HAaOII0eHUS 3Toi opOuTHl. IMEHHO, 3a/1aB BOTIPOC,
KakiuM 00pa3oM BO3MOXHO HaOJIOaTh JABMKCHHE JJICKTpPOHA Ha €ro opoure B
aToMe, MbI IPUJIEM K BBIBOAY, YTO HAHOOJIee HETIOCPEACTBEHHBIM CIIOCOOOM OyieT
HAOJII0JIEHUE 3JIEKTPOHA, CKaXXEM, B MUKPOCKOIT UCKIIIOYUTENIBLHO OO0JIBIION pa3pe-
mraroreit cuiibl. Ho Tak kak ocBelieHne 00bekTa HabJI0IeHUS! B 3TOM MUKPOCKOTIE
JOJIKHO OBITH IPOU3BEIEHO CBETOM BEChMa MaJIOi ITTMHBI BOJIHBI, TO YKe MEPBBIii
CBETOBOW HMMITYJIbC, KOTOPBIA MOXOAWT OT MCTOYHHMKA CBETa K AJIEKTPOHY H K
Hallemy a3y, corjaacHo 3akoHaM 3¢ ¢exra KomnToHa BEIOPOCUT 3IIEKTPOH U3 €T0
op6utel. Takum 00pa3oM, U3 Bceid OPOUTHI BOZMOXKHO OYyIeT HAOIIOAATh TOJIBKO
OJIHY TOUKY.

[Ipu Takoit cutyanuu ka3zainoch Haubosiee pa3yMHbBIM ¢ CaMOro Hayasia 0Topo-
CUTH BOOOIIIE MOHATHE OPOUTHI SJEKTPOHA, XOTS OHO U OINPAaBABIBACTCS OMBITAMU
Bunbcona, U TONBKO BIIOCIEACTBUM YK€ HCCIENOBATh, HACKOJIBKO MOHATHE Op-
OUTHI AJIEKTPOHA OKAXKETCS JOMYCTUMBIM B KBAHTOBOW MEXaHUKE.

B kiaccuyeckoil Teopun 3aJjaHUE YacTOThI, aMILTUTY/Ibl U (a3bl BCEX HCITY-
IIIEHHBIX ATOMOM CBETOBBIX BOJIH ObUIO ObI ITOJIHBIM 3KBUBAJIEHTOM 3a/1aHUIO HJIEK-
TPOHHOU OpOUTHI. J[eHCTBUTEIBHO, UMEs aMILTUTY Ay U a3y UCITYIIICHHOW BOJIHBI,
MBI MOKE€M OJIHO3HAYHO OMpeNeianTh KOA((UIMEHT COOTBETCTBEHHOTO YJI€HA B
pa3I0KEHUH IEKTPOHHOU OpOUTHI B psia Dypbe; TakuM 00pa3oM, U3 3HAHUS BCEX
amMIIuTy U (a3 BrosHe onpenensercss opouTa 3nekTpona. [1omo0HkIM ke 00pa-
30M B KBAaHTOBOM MEXaHHUKE COBOKYMHOCTh BCEX aMIUTUTYJ U (a3 UCIYIIEHHOTO
aTOMOM H3JIyY€HHUSI MOYXKHO pacCMaTpUBATh KaK MOJHYIO XapaKTEPUCTUKY aTOMHOM
CUCTEMBI, XOTSI UCTOJIKOBAHHE ATUX BEJIMYUH B CMbICIIE HATMYUS 3JIEKTPOHHO Op-
OUTHI, IBMKEHHE TI0 KOTOPOH BENET K M3NyYeHHUI0, U HeBO3MOKHO. Ha mecTo ko-
OpIMHATHI JIEKTPOHA B KBAHTOBOM MEXaHMKE CTAHOBUTCS TIO9TOMY COBOKYITHOCTD
BEJIMYHMH, COOTBETCTBYIOUINX Kod(duirentaMm Oypbe KIacCHIeCKOro JBUKECHUSI.
Opnako 31 K03()PHUIHCHTHI He Oy Iy T Y’KE PaCcTOI0KEHBI TI0 SHSPTUSIM COCTOSTHHIMA
U HOMEpaM rapMOHUYECKHX 00€pTOHOB, HO OyIyT COOTBETCTBOBAThH KaX/blil pa3
JIBYM CTaIlMOHAPHBIM COCTOSIHUSAM aToMa U OyAyT UTpaTh CYIIECTBEHHYIO POJIb JUIS
BEPOATHOCTEH Mepexoia aroMa U3 OJHOTO CTAIMOHAPHOTO COCTOSIHUS B JAPYTOE.
[Tono6nas coBokynmHOCTh K03 PHUIIMEHTOB OyIeT aHaTOTMYHA MaTPHIlEe, BCTpeda-
fonieiics B areOpe JMHEHHBIX peoOpa3zoBaHuii. COBEPIIEHHO TaKUM K€ 00pazom
MBI MOKEM KaX/10i BEIMYMHE KJIACCUUYECKON MEXaHUKHU, HATIPUMEDP UMITYJIbCY WIH
SHEPIrUH 3JIEKTPOHOB, COMOCTABUTH COOTBETCTBYIOILYIO MaTPUIly B KBAHTOBOM Me-
XaHHKE.

UToOb! BBIITH 3aTEM U3 Kpyra MPOCTOr0 MPEeCTaBICHUS SMIUPUUECKOTO Ma-
Tepuana, HeOOXOIMMO CBA3aTh 3aKOHOMEPHBIM 00pa3oM MaTPHIIbl, COMOCTABIICH-
HBIE Pa3JIMUHBIM BEJIMYMHAM, TaK K€ KaK COOTBETCTBYIOINE BEJIMUMHBI KJlaccude-
CKOM MEXaHHKH CBSI3BIBAIOTCS B HEW YpaBHEHUAMU JBMKeHUsA. Ecim Mbl cTpe-
MHUMCS [IpH 3TOM K Haubosee OJIM3KOMY COOTBETCTBHIO MEXAY KJIACCUUYECKOW U
KBaHTOBOM MEXaHUKOU U OepeM CliokeHne 1 yMHOKeHHe psaoB Dypre 3a oOpaszenn
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AJI CJIOKCHHA U YMHOXKXCHUS MaTpPUIL] KBaHTOBOU TCOpHHU, TO HanOoJiee ecTeCTBEH-
HBIM OyZIeT ONpeieNuTh NPOU3BeIeHNE ABYX BEJIMYMH, IPEICTABICHHBIX MaTpH-
[[aMU, 4epe3 MaTPUILy MPOU3BEACHUS B CMBICIIE TMHEHHOM anredpsbl; mocaeaHee 10-
MyIIEHUEe HampaluBaeTcs yKe B BUAY pe3yJdbTaToB Teopuu aucnepcuu Kpa-
mepca — JlagenOypra.

BBI/II[y BCCTO 3TOro npeACTaBJIAAJIOCH MOCICAOBATCIBHBIM IMPOCTO NCPCHECCTU
YpPaBHCHUA IBUKCHHUA KJIACCHYECKOU (1)I/ISI/IKI/I B KBAHTOBYIO MCXaHHKY, ITOHUMaA
UX KaK COOTHOIIEHHE MEXI1y MaTpUllaMH, COOTBETCTBYIOIINMH KJIACCUYECKUM TIe-
pemennbIM. KBanTOBBIE yeioBusi bopa — 3ommepdensaa, KOTOpble TakKe OKaza-
JIOCh BO3MOYKHBIM HCTOJIKOBATh KaK COOTHOIICHHE MEXy MaTpUIlaMi KBAaHTOBOM
MCXaHUKH, BMCCTC C YPABHCHUSAMU ABUKCHUSA 6I>IJII/I AO0CTAaTOYHBI TCIICPb AJId OIIpC-
ACJICHHUA BCCX MATpUll U TCM CaMbIM BCCX JSKCICPUMCHTAJIBHO Ha6HIOI[aeMBIX
CBOICTB aToMa.

3acnyroit bopra, Mopmana u Jlupaka 6bu1a paspaboTka HAGPOCAHHOM TOIBKO
YTO MaTEMaTHYECKON CXEMbl B IMOCJIEIOBATENbHBIM U MPAKTUUECKH MPHUTOJHbII
TeopeTudeckuil ammapar. [Ipexae Bcero »TUMH aBTOpaMH OBLIO 3aMEYEHO, UTO
KBAHTOBBIC YCJIIOBUSA MOTYT GBITB HanmMCaHbI KaK IMEPECTAHOBOYHLIC COOTHOUMICHUA
MEXIy MaTpULaMH, IIPEACTABIISIOIUMU KOOPAUHATY U UMILYJIbC JIEKTpoHa. [Ipu
9TOM UMEIOT MECTO CJICIYIOIIHE YpaBHEHUS (pr — MAaTPHIIBI UMITYJIbCA, ¢r — MaT-
PHIIBI KOOPIUHAT):

Prds — gqspr = (h/zﬂ'l)érs,
qrds — qsqr = O,
pps—pspr=0;0s={ 1npur=s; 0npur#s}.

[Ipu momoImu 3TUX NePECTAHOBOYHBIX COOTHOLICHHWI yIaJIOCh U B KBAHTOBOM
MEXaHUKE J0Ka3aTh HAJIMYME 3aKOHOB, UTPAIOIIMX OCHOBHYIO POJIb B MEXaHUKE
KJIACCUYECKOW, UMEHHO MOCTOSIHCTBO 3HEPTUU, UMITYJIbCA U MOMEHTA KOJIMYECTBA
neuxkeHwus. [loctpoeHHas TakuM 00pa3oM MaTeMaTHYeCKas CXeMa B KOHIIE KOHIIOB
BHEIIIHE BEChbMA MOX0Ka HA KIIACCUYECKYIO TEOPHUIO U OTINYAETCS OT MOCIEIHEHN
TOJIBKO HAJIMYMEM ITEPECTAHOBOYHBIX COOTHOIIEHU, IPY TOMOILU KOTOPBIX, BIIPO-
YyeM, YPaBHEHHUS JBUKEHHSI MOTYT ObITh BbIBEJIEHBI U3 (pyHKIMU ["aMuIbTOHA.

Opnako QuU3MYEeCKUe CIEICTBUS KBAHTOBON TEOPUU CYIIECTBEHHO OTIMYHBI
OT BBIBOJIOB KJIACCHUYECKOM MEXaHHMKH, YTO MPHUHYKIAET HAC K MOJAPOOHOMY aHa-
JM3y HaIJSIAHOTO COJEpXKaHUsSI KBAHTOBOW MEXaHUKU. B onmmcaHHON 10 CUX MOp
¢bopMe KBaHTOBas MEXaHHKa MO3BOJISIET MPOU3BECTH PACCMOTPEHHUE H3ITYUYCHUS,
HCITyIIIECHHOTO aTOMOM, 3HAaY€HWUW SHEPrUU CTALIMOHAPHBIX COCTOSHUN U JAPYTUX
XapaKTEePHBIX JUIsI STUX COCTOSIHUN BeIMYUH. TakuM 00pa3oM, TeOpUs COrIacyeTcst
C ONBITHBIM MAaTEpUAIOM, HAKOIUIEHHBIM HCCIIEIOBAHMSIMU ATOMHBIX CIIEKTPOB.
OnHako BO BCceX Te€X CiIyyasix, KOrja peyb MAET O HAIJISIIHOM ONMHMCAHUM T€YEHUs
npoliecca BO BpeMEHH, HarpuMep 00 CTONKOBaHUN BuiibcoHOBCKUX poTorpadui,
MaTEeMaTUYECKUil anmmapaTr TEOpUH, MO-BUAMMOMY, HE Ja€T HUKAKUX CPEACTB K
aJIeKBaTHOMY OIMCAHUIO SKCIIEPUMEHTANbHBIX (DaKTOB. B 3TOM mMyHKTE KBaHTOBOM
MEXaHUKe IPUIIIa HAa IOMOLIb BOJIHOBAsI MEXaHWKa, pa3BuTas lllpeaunrepom Ha
OCHOBE Te3UCOB z1ie bpoitns.
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B cBoux nccienoBaHusix, 0 KOTOpbIX OyIeT 371ech TOBOpUTH cam aBTop, Llpe-
JUHTEp CBEJl BBIUMCJICHME 3HAYEHUI SHEpPruu aroMa K IpobdiieMe COOCTBEHHBIX
3HAYEHUM, OMpEeNesIIeMO HEKOTOPOM KpaeBOW 3ajadeil B KOOPAMHATHOM IIPO-
CTPaHCTBE COOTBETCTBYIOIIEH aToMHOM cucteMsl. [locine Toro kak llpenunrep no-
Ka3aJ] MaTeMaTUYECKYI0 SKBUBAJECHTHOCTb TOCTPOCHHON UM BOJIHOBOW MEXaHUKHU
C MEXaHUKOW KBAaHTOBOM, TUIOIOTBOPHOE COESMHEHUE 00EHX CTOJb PA3TUYHBIX (u-
3MYECKUX HJICH MPHUBETIO K YPE3BBIYAHOMY PACIIMPEHUIO U O0OTAIEHHIO MaTeMa-
TUYECKOTO armnapara KBaHToBOM Teopuu. C 0JTHOM CTOPOHBI, TOJIBKO BOJIHOBas Me-
XaHUKA MO3BOJIMJIA IPUCTYIUTh K MAaTEMAaTUYECKOMY aHAIU3y CIOKHBIX aTOMHBIX
CHCTEM, C JPYroil CTOPOHBI, aHATH3 CBA3M 00enx Teopwii npusen Jupaka u Mop-
JaHa K pa3BUTHIO TaK Ha3bIBaeMOW Teopuu npeolOpa3zoBanuii. He nmes Bo3MokHO-
CTH OCTaHABJIMBATHCA CelYac AETAJbHO HA MATEMaTUYECKOW CTOPOHE MOCIeAHEN
TEOPHH, 51 OTPAHUYYCh TOJBKO (HYOPMYITHPOBKOW €€ MPHUHIUIMHAIBLHOTO (U3NYe-
CKOro 3HaueHus. Teopus mpeoOpa30BaHM, UCTIOIH30BAB (PU3UUECKUE TTPUHITUIIBI
KBAaHTOBOI MEXaHUKU B CBOEM OOOOIIEHHOM MaTeMaTH4YeCKOM arlapare, mo3Bo-
JIMJ1a COBEPILIEHHO 00IIMM 00pa30M BBIUKCIHUTD AJIS aTOMHBIX CUCTEM BEPOSATHOCTD
HACTYIUICHHS OMPEIEJICHHOTO IKCIEPUMEHTAIbHO HAOII0aeMOro COOBITUS TpU
3a/laHHBIX YKCIIEPUMEHTAJIbHBIX YCIOBHUSX.

[IpeanonaraBmascs y:ke paHee B HCCICAOBAHUAX 10 TEOPUH H3IIyYEHUS U
chopmynupoBaHHasi TOYHO B BOPHOBCKOWM TEOpHUM CTOJKHOBEHHM THIOTE3a, YTO
BOJIHOBasl (DYHKLHMS ONpPEeNsieT BEpOSITHOCTh HAIMYUS YaCTULIbI, OKa3aJlach YacT-
HBIM ClTydaeM oOIIeil 3aKOHOMEPHOCTH M €CTECTBEHHBIM CJIEJICTBUEM OCHOBHBIX
MOJIOKEHUH KBAaHTOBOM MEXaHUKH. biaronaps 3ToMy CTaTUCTUYECKOMY MCTOJIKO-
BAaHUIO BOJIHOBOW MEXaHHKH, @ TAKXKE [MOJHOMY BBISICHEHHUIO TOTO 00CTOSTENbCTBA,
yTo Teopus [lIpennHrepa umeer €10 ¢ BOJIHAMU B MHOTOMEPHOM KOOPAUHATHOM
IIPOCTPAHCTBE, CBA3b ek llIpeaunrepa ¢ nepBoHaYaIbHBIMU TE3UCAMMU i€ bpoiiiis
OKa3aach, KOHEYHO, He CToib Oimskoit. Oxpnako llpeaunrepy u mosmuee Mop-
nany, Kneiiny u Burnepy ynanocek pazpaboTath 10 KOHIIA B paMKax MaTeMaTHue-
CKOr0 anmnapara TEOpHH TaKKe U IEPBOHAYAIbHYIO MBICIb JI€¢ Bpoiisis, BO3HUKILYIO
€l1l€ /10 CO3/1aHNs KBAaHTOBOW MEXaHUKH, O HaIJISAHBIX MaTepUAJIbHBIX BOJIHAX, pac-
IIPOCTPAHSIOIIMXCA B IPOCTPAHCTBE U BPEMEHH.

Emie 3amonro 10 pa3BuTus KBaHTOBOM MexaHUKH llayin Ha OCHOBaHMH 3aKO-
HOMEPHOCTEU MEePUOJUYECKON CUCTEMBI 3JIEMEHTOB YCTAHOBUJI M3BECTHBIN MPHUH-
LUII, YTO B OINPEACICHHOM KBAaHTOBOM COCTOSIHUM BCErJla MOXET HaXOIUThCS HE
Oombie ogHOTO 3MeKTpoHa. [lepeHeceHre 3TOro MpUHIMIA B KBAHTOBYIO MeXa-
HUKY 0Ka3aJI0Ch BO3MOKHBIM Ha OCHOBAHUU CJIEAYIOLIETO Pe3yJbTaTa, IoKa3aBLle-
rocsi CHa4aJjla COBEPIICHHO HEOKUIAHHBIM: COBOKYITHOCTb CTal[MOHAPHBIX COCTOSI-
HUM, KOTOPBIE MOKET IPUHUMATh aTOMHAsl CUCTEMA, PACIIAJAETCs HA ONPECIICH-
HBIE KJIACChl TAKUM O0Opa3oM, UTO aTOM W3 HEKOTOPOTO COCTOSIHUS, MPUHAIJIEKA-
HIeT0 K OJAHOMY KJaccy, MHOTJa HE MOXKET MEpPeWTH B KaKoe-INO0O COCTOSHHE
JIPYroro Kiacca Mo BIUSHUEM KakuX Obl TO HU ObLIO Bo3MyIieHud. [1omoOHBbIHM
KJIaCC COCTOSIHMM, Kak ObUIO 3aT€M COBEPLICHHO SICHO YCTAHOBJIEHO paboTaMu
Burnepa u Xynna, xapakrepusyeTrcs OlpeeIeHHbIM CBOMCTBOM cuMmeTpuH Lpe-
JTUHT€POBCKOM COOCTBEHHON (PYHKIIMHU 110 OTHOLIEHHIO K IEPECTAaHOBKE KOOPUHAT
JIBYX 3JIEKTPOHOB. BBy TPUHIIMIINATBHON TOKAECTBEHHOCTH 3JIEKTPOHOB BCAKOE
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BHEIIHEE BO3MYIIEHHE aTOMa OCTAeTCsl HEM3MEHHBIM IpPU IMEPECTaHOBKE JBYX
3JIEKTPOHOB U [TO3TOMY HE JaeT MOBOAa K KaKUM ObI TO HU OBLIO MEepexoaaM MEXTy
COCTOSIHUSIMU pa3inyHbIX KiaccoB. [IpuHnun [laynu n yctaHOBIEHHas Ha €ro oc-
HOBe cratuctuka @epmu — Jlupaka 3KBUBAJICHTHBI JOMYILIEHUIO, YTO B MPUPOJIE
OCYILIECTBIISIETCS] TOJBKO TOT KJIACC CTALMOHAPHBIX COCTOSHHM, B KOTOPOM COO-
CTBeHHasl (DYHKIIMSI MEHSIET 3HAK MPU MEPECTAaHOBKE BYX AJIEKTPOHOB. BbIOOp *Ke
CUMMETPUYHON CHUCTEMBI TEPMOB IIpHBEI ObI corsiacHo Jlupaky He k npuHuuny Ila-
yJIU, HO K TaK Ha3bIBa€MOM CTaTHUCTUKE bo3e — DUHIITEHHA 1J1 3JIEKTPOHOB.

Mexny NOHATHEM KIIACCOB CTAllMOHAPHBIX COCTOSIHUM, IMOJYUHSIOLINXCS
npuHuuny llaynu unu cratucrtuke boze — DitHIITEHA, U MPEICTaBICHUEM [1€
Bpoiins o BomHax MaTepuu CyIIECTBYET cBOeoOpa3Has cBs3b. [IpocTpaHCTBEHHBIN
BOJIHOBOM Ipoliecc MOANAETCS TPAKTOBKE COIVIACHO MPUHIMIIAM KBaHTOBOW TE€O-
pHYH, €CIu IMIPOAHAIIN3UPOBATH €T0 COrsacHo TeopeMe Dypre 1 paccMaTpuBaTh 3a-
TEM KaXIYI0 OTACIIbHYIO KOMIIOHEHTY Pypbe BOJIHOBOIO JIBM)KEHHS KaK CUCTEMY
C OIHOM CTEIeHBI0 CBOOOIBI IO OOBIYHBIM 3aKOHAM KBAaHTOBOM MeXaHWKH. Ecim
MPUMEHUTh 3TOT METOJ KBAaHTOBOT'O ONMCAHHUS BOJIHOBBIX IPOIECCOB, OKa3aB-
HIMICSl BEChbMa IUIOAOTBOPHBIM TAaKXKE M B UCCIeIOBaHMIX JMpaka 1Mo Teopuu u3-
Jy4eHHUsl, K BOJIHaM MaTepuu e bpoiissi, To Mbl MOJTYyYUM TOYHO TE K€ pe3yJIbTaThl,
KaKHe JaeT KBaHTOBasi MEXaHUKa COBOKYITHOCTH MaT€pUAJIbHBIX YaCTUIl B Cllydae
BBIOOpA CHMMETPHUHOH crcTeMsI TepMoB. O6a MeToza GynyT cormacHo Mopmany
n KneliHy 5KBUBAJICHTHBI 1aK€ TOTJ1A, KOTJ1a Mbl YYTEM B3aUMOJEHCTBHE IIEKTPO-
HOB, T. €. IPUMEM BO BHHMAaHHE B BOJIHOBOW TE€OpHUH A€ bpoilsia sHepruto mnosns,
BBI3BaHHYI0 HENPEPBIBHO PACIPEIEICHHBIM IPOCTPAHCTBEHHBIM 3aPSAIOM.

OTH pabOoThI BBISICHWIN, YTO CPAaBHEHHE aTOMa C IUIAHETHON CUCTEMOM, COCTO-
AIIeN U3 sSApa U 3JIEKTPOHOB, HE SIBISIETCA €IMHCTBEHHO BO3MOKHOWM HarJISIAHOMN
KApTUHOM, KOTOPYIO MBI MOKEM HApUCOBATh s aroMa. HampoTus, o4yeBUAHO
CTOJIb K€ MPAaBUIILHO MPEJICTABIATH ce0e aTOM Kak 00JIaKo 3apsijia U UCII0JIb30BaTh
3Ty KapTHHY, COTJIACHO MPUHLHUITY COOTBETCTBUS, JJIsl MOJIYYEHHUS! KaYE€CTBEHHBIX
3aKJIIOYEHUH O moBeAeHnu aroma. OHaKo Oosee IeTalbHOEe PACCMOTPEHUE ITHX
BBIBOJIOB SIBJISIETCSI YK€ JIEJIOM BOJIHOBOM MEXaHMKHU.

Bo3Bparumcs tenepb K MaTeMaTUYECKON CXEME KBAHTOBOW MEXaHUKH; MPU-
MeHEeHHE ee K PU3NYEeCKUM Mpo0IeMaM 4acThiO BHITEKAIO U3 MEpBOHAYATIBHBIX OC-
HOBHBIX JIOMYIICHUI TEOPUH, YACThIO MOKOMJIOCH Ha TEOpUH MpeoOpa3zoBaHUii, Mo-
CTPOEHHOU TPH MOMOIIY BOJIHOBOW MeXaHHKHU. Ternepsh pedb UIET O TOM, YTOOBI
YCTaHOBUTH HarIsAHOE COJAEPKaHUE TEOPUU ITyTEM €€ CPAaBHEHUS C KIACCUUECKOM
(bU3UKOIA.

B xmaccudeckoil (pu3nke menbio NCCIIeIOBaHUS SBISUIOCH ONpeeieHue 00b-
€KTUBHBIX, IPOTEKAIONIMX B IPOCTPAHCTBE U BPEMEHHU, SBJICHHUN U UCCIIEI0BAHNE
3aKOHOB, OIPEIEAIONINX TeUeHNE IPOLECCOB 10 HaYalbHBIM JaHHbIM. [Ipobiema
CUMTAaJach PEHICHHOHN B KIIaCCUYECKOM (U3UKe, €Clii y1aBajJoch J0Ka3aTh, YTO Ka-
KOI-1100 mporecc 00BEKTUBHO UMENl MECTO B MPOCTPAHCTBE M BPEMEHH, U IOKa-
3aTh, YTO OH MOAYMHSETCS 3aKOHAM KIIACCHYECKON (hM3HUKH, POPMYTUPOBAHHBIM B
muddepeHranbHbIX ypaBHeHUAX. Criocod, KakuM ObLTO JOCTHTHYTO MO3HAHWE
3TOTO Mpoliecca, MepeuncaeHre HaOoIeHn, KOTOpbIe MPUBEIN K €ro dKCIEepH-
MEHTAJIbHOMY HaOJIOJCHHIO, SBISUIMCH COBEPUICHHO HECYIIECTBEHHBIMH. TOYHO
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TaK ke JUISl 3aKIIFOYEHUN KIACCUYECKOW TEOPHUH HE UTPal PO BOIMPOC, IMTyTEM Ka-
KHX HAOJIIOICHUI MPOBEPSITUCH BBIBOIBI TeOpUHU. OTHAKO B KBAHTOBOM TEOPUHU MBI
BCTPEUYAEMCsl C COBEPILIEHHO WHBIM IMOJIOKEHHEM Belleil. Yxke TOT (pakT, 4To maTte-
MaTH4YecKasi cXeMa KBaHTOBOW MEXaHUKH HE MOKET ObITh MIOHMMaeMa KaK Harjsi-
HOE OMHMCaHMUE MPOLIECCOB, MPOTEKAIOIINX B TPOCTPAHCTBE U BPEMEHU, ITOKA3bIBAET,
YTO B KBAaHTOBOW MEXaHUKE BOBCE HE HJIET pedb 00 OOBEKTUBHOM YCTaHOBICHUU
MPOCTPAHCTBEHHO-BPEMEHHBIX COOBITHIA.

Hanportus, MaremaTrnyeckas cxema KBAaHTOBOW MEXAaHUKH JIA€T BO3MOKHOCTh
BBIUKCIIUTD JIUIIb BETMYUHY BEPOATHOCTH ISl KAKOTO-TMO0 IKCIIEPUMEHTAIBHOIO
pe3yibTaTa, OCHOBAHHOI'O Ha SKCIEPUMEHTAIIBHOM 3HAHUU NPEAbIAYIEro COCTOS-
HUS aTOMHOM CHCTEMBI, MTOCKOJBKY TOCTEAHSSI He Oblia MOABEp)KEHA HUKAKUM
WHBIM BO3MYIIIEHUSM, KPOME TeX, KOTOPBIE TPEOYIOTCS CAaMHUM dKCIIEPUMEHTOM. To
00CTOSITENILCTBO, UTO JaXke MpHU Haubosiee MOJTHOM 3KCIEPUMEHTAIbHOM 3aJaHUH
CHUCTEMBI JUIsl OTIPEJEIIEHHOTO PE3YJIbTATa CIEYOLIEr0 SKCIIEPUMEHTA MOKHO YKa-
3aTh TOJILKO €ro BEPOSTHOCTb, TIOKA3bIBAET, UTO Kaxka10€ HAOII0JeHIE TPUBOIUT K
HEKOTOPOMY IPEPHIBHOMY M3MEHEHHI0 MAaTEMAaTUYECKUX BEIIMYUH, XapaKTepU3y-
IOILMX aTOMHBIH MpoLIeCC, U, CIEA0BATENbHO, K IPEPHIBHOMY U3MEHEHUIO CAMOT0
bu3nYecKoro SIBJIeHUs. B TO BpeMst Kak B KJIACCHYECKOU TEOPUH CIIOco0 HaOIroe-
HUs OBUT HECYIIECTBEHHBIM JIJISl TEUCHHSI MPOIECCa, B KBAHTOBOW TEOPUU BO3MY-
IICHUE, C KOTOPBIM CBS3aHO Ka)kK10€ HAOJIOJICHHE aTOMHBIX SIBIICHUM, UTPAET pe-
HIal0IIyI0 posib. Tak Kak, najnee, pe3yibTaT HAOMIOAEHHS BOOOIIE MPUBOAMT
TOJIKO K BBICKA3bIBAHUSAM O BEPOSITHOCTU OINpPEACNCHHBIX pPe3yJbTaToB Oojee
MO3IHUX HAOMIOICHUH, TO, KaK MoKa3ani bop, pemaronum st HEIpOTHBOPEYUBOTO
IIOCTPOEHUSI KBAHTOBOW MEXAHUKH SIBJISIETCA YYET NMPUHIUIIMAIBHO HEIMOIIAr0-
mieiicss KOHTPOJIO JOJM paccMaTpuBaeMoro Bo3MyieHus. [lonobHoe oriamune
KJIACCUYECKON (PU3WKH OT (PU3WKH ATOMHOH IMOHSATHO, MOO IS TSDKEIBIX Tel,
HalpuMep IIaHeT, Bpamarmuxcs Bokpyr ConHila, JaBIeHUEe COJTHEYHOIO CBETA,
OTpakarollerocs OT UX MOBEPXHOCTH M HEOOXOAMMOTO JJisi HAaOIIOeHUs, HE UT-
paeT HUKAKOM poiu; A7 MeTbUallINX e YacTULl MaTepPHH Kaxa0e HabIoaeHue,
Onarogapst MaJIoi Macce, O3Ha4aeT CYNMIECTBEHHOE BMEIIATEICTBO B MX (U3HYe-
CKOE€ ITOBEJICHUE.

Bo3Bparumcsa mo3ToMy K MareMaTH4ECKON CXeMe KBAaHTOBOW MEXAHUKH U €€
NPUMEHEHUI0 K (pu3nueckuM mpobdiieMaM — BO3MYILIEHUE UIPAET 3aTeM Ba)KHYIO
pOJIb IPU YCTAHOBJIEHUH TPaHULl, BHYTPU KOTOPBIX BO3MOYKHO HAIJISAHOE OMNHUCa-
HUE aTOMHBIX mporieccoB. Eciu Obl CyIecTBOBAINM SKCIIEPUMEHTHI, KOTOPBIE O3~
BOJISLTH OBI POBECTH TOYHOE U3MEPEHHE BCEX CTOPOH aTOMHOU CUCTEMBI, HE00XO-
JTUMBIX VISl €€ KJIACCHUECKOT0 OMMCaHUsI, KOTOPhIE JaBajiu Obl, HAPUMEpP, TOUHBIC
3HAYEHUS JUISl TOJIOKEHUSI U CKOPOCTH Ka)JOTO 3JIEKTPOHA CHUCTEMBI B KaXIbIi
JTaHHBIH MOMEHT, TO BCE PAaBHO PE3YJIbTAThl 3TUX JKCIIEPUMEHTOB HE MOIJIU Obl
OBITh MCIOJB30BAaHbI B HAIlell MaTeMaTUYeCKOW cxeme, OOJbllle TOTO, OHU OBl
npsiMo el mpoTuBopeumid. Takum 00pa3om, 37ech, OUEBHUIHO, OMISITH UTPAET POJIb
Ta K€ MPUHLMUIHUAIBHO HE MOAMAOMIASICA KOHTPOJIIO YaCTh BO3MYIICHUS, BbI3BaH-
HOI'O0 CaMUM HM3MEPEHUEM, KOTOpPAsl HE MO3BOJISIET MPOBECTH TOYHOTO U3MEPEHUS
KJIACCUYECKUX BEJIMYMH U TEM CaMbIM JEJIAET BO3MOXKHBIM IPUMEHEHUE KBAHTOBOM
MEXaHUKH. boiiee neranpHOE UCCIENOBAHME MATEMAaTUYECKONW CTOPOHBI TEOPUH
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MOKa3bIBaET HAaM, YTO MEXIY TOYHOCTBIO, C KOTOPOH MOXKET OBITh YCTAaHOBJICHO
NIOJIOKEHHUE YACTHLIbI, 1 TOUHOCTBIO, C KOTOPOH OJJHOBPEMEHHO MOXKET ObITh N3Me-
PEH €€ UMITyJIbC, CYHIECTBYET OIIPEEICHHOE COOTHOIIEHNE. FIMEHHO mpon3Bene-
HHE BEPOSTHBIX OIIMOOK IPU U3MEPEHUH MTOJIOKEHUS U UMITYJIbCca Bceraa OyAeT 1o
MEHbIIEH Mepe paBHATHCA ocTossHHOM [Inmanka, nenenHoi Ha 4n. Takum o0paszom,
BCErja J0LKHO UMETh MECTO

Ap Aq > h/Ar,

racpuq 0603Ha‘-1aIOT KaHOHHNYCCKU CONPSKCHHBIC IICPCMCHHBIC. OTH COOTHOIIIE-
HUA HCOMMPCACICHHOCTH JIA PE3YJIbTATOB U3MCPCHHA KIIACCUYCCKUX NTCPECMCHHBIX
SABJIAKOTCA HCO6XOILI/IMBIM YCIIOBUEM TOI'0O, UTO PE3YyJbTAT USMCPCHUA MOXKET OBITH
BBIPAXKEH B MaTeMaTUYECKOW cxeme KBaHTOBOW Teopur. Ha psige mpumepor bop
MokKa3aj, KakuM 00pa3oM HEMPEMEHHO CBS3aHHOE C KaXKIbIM HaOIIOJEHHEM BO3-
MYIIIEHUE B CaMOM JieJie TPUBOJUT K TOMY, YTO HIDKHSS TPAHUIIA, yCTAHOBJICHHAS
COOTHOILIEHUSIMH HEOTPEICIIEHHOCTH, HE MOXET ObITh nepeiiena. To o0cTosTens-
CTBO, UTO 4aCTb 3TOT'0 BOBMYILICHUA OCTACTCSA NPHUHIUIIMATIBHO HGHBBGCTHOﬁ, I10-
KOHTCs, coryiacHO bopy, B KOHIIE KOHIIOB, HAa HEONPEICIEHHOCTH, KOTOpasi BHO-
CUTCS] CAMHUM TOHSITHEM U3MEpPEHUSI.

JlefcTBUTENBHO, SKCIIEPUMEHTAIbHOE OMMCAaHUE KaKuX Obl TO HU OBLIO MpO-
CTPaHCTBEHHO-BPEMEHHBIX MPOIIECCOB BCET/Ia MpenoaaraeT HEeKOTOPYIO TBEPAYIO
cuctemy (Hampumep, KOOPIAWHATHYIO CHCTEMY, B KOTOPOW MOKOUTCS HaOmIroma-
T€Jb), OTHOCUTEIBHO KOTOPOM U IIPOU3BOASATCS Bce U3MepeHus. Jlomyckast, 4to 3ta
CHUCTEMA SABJISACTCS «TBepILOI\/JI», MBI TCM CaAMBIM OTKAa3bIBACMCA 3apaHCC OT 3HAHUA
€e UMITyJIbCa, TaK KaK MOHATHE «TBEPIBI» Kak pa3 U 03HAYAET, YTO Kakue Obl TO
HU OBLJIO U3MEHEHHSI UMITYJIbCa CUCTEMBI MTPHU B3aUMOACHCTBUU C HEH HE JTOJIKHBI
uMeTh MecTa. [IpuHIMnUuanbHO He0OX0AMMas HEONPEIEICHHOCTb, TOMYIIEHHAs B
3TOM MECTE, paclpOCTPAHSIETCS 3aTeM JIaJbIlle Yepe3 U3MEPHUTEIbHBIN anmapaT Ha
ATOMHBIE TTPOIIECCHI.

HpI/I TaKOM ITIOJIOKCHUU BCHIGI;'I €CTECTBCHHO ITOMBITATHCA O6”I)GI[I/IHI/ITI) 00BEKT
HaOJI0/IeHUS], U3BMEPUTENbHBIN anmnapat v HaOIroAaTeNs B OJJHY KBAHTOBO-MEXaHH-
YECKYI0 CUCTEMY U TEM CaMbIM YCTPAHUTh BCIO HEOMPEEIEHHOCTb. 3/1€Ch BasKHO,
OJIHAaKO, TOJYEPKHYTh, UTO CAMbIH aKT M3MEPEHUSI N0 HEOOXOAUMOCTH SIBISIETCS
HATJISTHBIM, TaK Kak B (PU3HMKE B KOHIIE KOHIIOB peYb BCETJa HIET TOJHKO 00 OmH-
CaHNHU NPOCTPAHCTBCHHO-BPEMCHHLIX TPOLCCCOB. HOBC[[QHI/IC Ha6HIOI[aTeJI$I " €ro
HU3MEPUTEIEHOTO TPUOOPa TOJKHO MO3TOMY aHAIM3UPOBATHCS MO 3aKOHAM KJac-
cu4ecko hU3UKH, 10O B IPOTUBHOM CiIydae BOOOIe He nMelia Obl MeCcTa HUKaKast
dbusndeckas npoodsiema. [103ToMy BHYTpH H3MEPHUTEIBHBIX TPHUOOPOB, TaK Ke KaK
OBLIO MOAYEpPKHYTO BopoM, Bce Mpolecchl TOMKHBI pacCMaTPUBATLCS B CMBICIIE
KJIACCUYECKON TEOpUH, KaK JETEPMUHUPOBAHHEIC; IMOCIETHEE SBISETCS, KPOME
TOro, HCOGXOI[I/IMLIM MMPCATIOJIOKCHUEM JI1 BO3MOXKXHOCTH OJHO3HAYHO 3aKJIIO-
YUTh, YTO, COOCTBCHHO, MPOMW3OILIO, HA OCHOBAHHH PE3YJIbTATOB H3MEPEHUSI.
OOpIuHas cxeMa KJIaCCUYEeCKON (PU3UKH, 00BEKTUBUPYIONIAs PE3yJIbTaThl HAOIIO-
J€HUS, TIPU TIOMOIIIM JOIMYIIEHUS MTPOLIECCOB B IPOCTPAHCTBE U BPEMEHH, MEPEHO-
CHUTCSI, CIIEIOBATENbHO, TAK)KE U B KBAHTOBYIO TEOPHUIO M IPUMEHSETCS 3/1€Ch JI0 TEX
Imop, NoKa OHa HC HAXOAHUT CBOIO IMPUHIUIIUAJILHYIO I'paHUly, CUMBOJIM3UPYCMYIO
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noctostHHOU [IaHka, CTalKUBasCh ¢ HEHATJISAHBIME Y€pTaMU aTOMHBIX IPOIIEC-
COB. [[7151 aTOMHBIX MTPOIIECCOB HATISIIHOE OMMCAHUE BO3MOKHO TOJIBKO BHYTPU U3-
BECTHBIX T'PaHUI] TOYHOCTH, U BHYTPHU ITUX T'PAHUI] TaKXKe BCETJa UMEIOT MECTO
3aKOHBI KJIACCUYECKOMN (PU3UKU.

BBuny Hanuuus rpaHuil TOYHOCTH, YCTAHOBJICHHBIX COOTHOLIEHUSIMU HEOTIpe-
JEJICHHOCTH, KJIacCHUYeCKas KapTHHA aTOMa HE MOXKET OBITh OJJHO3HAYHO OMpe/e-
neHa. HanpoTus, 0CHOBOM [J1s1 HATJISTHOTO MPEICTABIICHUS aTOMA SIBJISTFOTCS B PaB-
HOM Mepe Kak KOPIYCKYJISIpHAsl, TaK ¥ BOJTHOBAasI KAPTUHBI.

3aKOHbI KBAHTOBOM MEXAaHMWKH MMEIOT NMPUHLIUNHUAIBHO CTATUCTUYECKUN Xa-
pakTtep. Ecam MBI ycTaHOBHM MyTeM SKCIEpUMEHTa y KaKoW-1u00 aTOMHOH cu-
CTEMBI BCE OMPEESIONINE €€ JaHHbIe, TO Pe3yNIbTaT OyayIero HabmoIeHus, BO-
o0111e TOBOpSI, HE MOXKET OBITh TOYHO Tpeicka3aH. Ho B Kax bl mo3qHeimmii Mo-
MEHT BPEMEHH CYIIECTBYIOT HAOJIIOACHUS, PE3YJIbTAThl KOTOPBIX MOTYT OBITh ITPE/I-
CKa3aHbl TOYHO; JIJISl APYTUX HAOJIOJACHUM MOXHO JIMIIL BBIBECTH BEPOSTHOCTHU
TOTO WJIM WHOTO SKCIIEPUMEHTAJILHOTO pe3yJibTaTa. 3HAUYUTENIbHAsA CTEIEeHb Olpe-
NEJICHHOCTH, TpHUCYIIas TakKe M 3aKOHAaM KBAaHTOBOM MEXaHWKH, MPHUBOJIUT,
HanpuUMep, K TOMY, YTO 3aKOHBI COXPaHEHUS YSHEPTHH U UMITYJIbCa UMEIOT MECTO B
MOJTHOW CTPOTOCTU. DTH 3aKOHBI MOTYT OBITh MPOBEPEHBI C JHOOOW TOYHOCTHIO U
BBITIOJIHSIFOTCSI 3aTEM C TOYHOCTHIO, C KOTOPOM OHM ObLIH JoKa3aHbl. CTaTUCTHYE-
CKHI XapaKTep 3aKOHOB KBAHTOBOW MEXaHUKH CKa3bIBa€TCs, OJTHAKO, B TOM, YTO
TOYHOE HCCIIEJOBAaHHE DHEPIeTUYECKOT0 COCTOSHUS HCKIIIOYAeT OJHOBPEMEHHOE
HaOII0/IEHUE COOTBETCTBEHHOTO TMpOIlecca B IPOCTPAHCTBE U BPEMEHH.

Haubonee sicHBIM aHaMM30M OCHOBAHHM KBAaHTOBOW MEXaHHMKH MBI 0OSI3aHBI
uccienoBaHusiM bopa, KOTOpeIii B 0OCOOCHHOCTH MOAYEPKHYI 3HAUCHUE TTOHATHUS
JOTIOJTHUTEILHOCTH /I TOJTKOBAHUS KBAHTOBO-MEXaHUYECKUX 3aKOHOMEPHOCTEH.
VKe COOTHOIICHUS HEOTPEIETICHHOCTH JAl0T MPUMEP TOr0, KaK B KBAHTOBOU Me-
XaHHUKE TOYHOE 3HAHUE OJTHOM MepeMEeHHON MOXKET UCKIII0UaTh TOYHOE 3HaHUE Jpy-
TUX MEPEMEHHBIX. ITO COOTHOIIICHUE JOMOTHUTEIBLHOCTH MEXKIY Pa3IMYHBIMU ac-
MEKTaMU OJHOTO U TOTO e (pU3MuecKoro mnpoiecca IeHCTBUTENBHO SBISETCS Xa-
PaKTEpPHBIM JIJIsl BCETO TUIIA 3aKOHOMEPHOCTEN KBAHTOBOM MeXaHUKH. Kak 51 TObKO
YTO yKa3aj, ONMMCAHUE YHEPTETUIECKUX 3aKOHOMEPHOCTEH HAXOUTCS B HCKITIOYa-
IOIIEM COOTHOIIIEHUU K HUCCJIEJIOBAHHMIO MPOCTPAHCTBEHHO-BPEMEHHOTO TEUCHUS
co6pITui. [T0100HBIM k€ 00pa30M pacCMOTPEHUE XUMUYECKUX CBOMCTB MOJIEKYJIBI
SBIISIETCS TIOTIOJTHUTENBHBIM K UCCIICOBAHHIO JBHKEHHUI OTIEIbHBIX IEKTPOHOB
B MOJIEKYJie; HaOI0ieHHe ABICHUI HHTEp(EPEHIINN CTOUT B IOTIOJTHUTEIEHOM CO-
OTHOIICHUU K HAOJIOJCHUIO OTJEIBHOTO CBETOBOTO KBaHTa. HakoHer, u obnactu
MPUMEHEHUS KJIIACCHUECKOM U KBAHTOBOM MEXaHHMKHU TaK)K€ MOKHO OXapaKTEpHU30-
BaTh C 3TOM TOYKH 3peHus. Kitaccnueckas pu3nka nmpecTaBisieT TOT BUJI CTpEeMIIe-
HUS K TIO3HAHUIO MIPUPOJBI, IPU KOTOPOM MbI CTapaeMcs 3aKII0YUTh 00 00bEKTHB-
HBIX TPOLIECCaX, MO CYIIECTBY, HCXOAS M3 HAIINX ONIYIICHMIi; TOITOMY MBI OTKa-
3bIBa€MCsl 3/1eCh OT yuyeTa BIMSHUN, KOTOpPHIE OKa3bIBAIOT BCE HAOMIOACHHS Ha
HaOmronaemMblil 00bekT. Kimaccuueckast pusuka kak pa3 ¥ KOHUaeTCsS B TOM MECTE,
I7IC HEJIb3s YK€ OTKA3aThCs OT yueTa BIUSHUS HaOIIOCHUS HA UCCIIeIyEeMBbIE TPO-
neccel. KBanTOBas MexaHuka, HA000POT, MPeJIaraeT BO3MOKHOCTb PACCMOTPEHUS
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ATOMHBIX IPOLECCOB yTEM YaCTUYHOI'O OTKa3a OT UX ONMMCAHUS B IPOCTPAHCTBE U
BPEMEHU U UX O0BEKTUBUPOBAHHUS.

ITpexne yeM 3aKOHUUTH 3TOT 0030p KBAaHTOBOI MEXaHMKH, 51 MO3BOJIIO cede
COBCEM KPaTKO OCTaHOBHUTHCSI HA BOIIPOCE, YETO MOYKHO 0’KHJATh OT JaJbHEMILIEro
pa3BUTHs 3TOM 00sacT 3HaHUA. M3nMiHe ynmoMuHATh MPH 3TOM, YTO Pa3BUTHE
TEOpPUHU JOJDKHO TaK)KE€ OCHOBBIBATBHCSA Ha UccieoBaHusx Ae bpoiuns, peaun-
repa, bopna n Jlupaka. Buumanue gpusnka-reopeTuka npexjae BCero NpuBIEKaeT
3[1€Ch BOIIPOC O TOM, KAaKUM 00pa30M MOYKHO COEIMHHUTB JIPYT C IpyroM TpeboBa-
HUS CIELUAIBHON TCOPUU OTHOCUTEIBHOCTH M T€OpHUH KBaHT. HecmoTps Ha uc-
KJIIOYUTENIbHBIE YCIIEXH, JOCTUTHYThIE /IMpakoM B 3TOM HaIlpaBJIIEHUH, O KOTOPBIX
311ech OyIeT TOBOPHUTH CaM aBTOP, BCE YK€ OCTAETCS OTKPBITBIM BOMPOC, BO3MOXKHO
7u OyieT yIOBIETBOPHUTD, HE BIIa/1asi B IPOTUBOPEUNs, TPEOOBAaHHUSIM 00eHUX TEOpUit
0€3 OIHOBPEMEHHOT'O OIpENeICHUsT 30MMEPQENbIOBCKON TMOCTOSHHONW TOHKOM
CTPYKTYPBHI.

Baxueiimme ykazaHus Ui JaJdbHEWIETO PAa3BUTHS KBAHTOBOM MEXaHUKH
MO’KHO IIOJIyYUTh TaKXK€E U3 dKCIIEPUMEHTOB, OTHOCALINXCSA K CTPOCHUIO aTOMHBIX
siiep. AHaIU3 3TUX 3KCIEPUMEHTOB IpU NTOMOIIYU TeopuH I'aMoBa, 0-BUIUMOMY,
YKa3bIBa€T HA TO, YTO MEXKIY DJIEMEHTAMHU aTOMHOIO sipa ACUCTBYIOT CHJIbI, HE-
CKOJIBKO OTJIMYAIOUIUECS] OT CUJ, ONPENEISIONINX CTPOSHUE aTOMHON 00O0JIOUKH.
Onprtel [lITepHa NOKa3pIBAIOT ajee, YTO NOBEACHUE TSHKEIIBIX JIEMEHTAPHBIX Ya-
CTHII HE MOXET ObITh OITMCAHO IIPU MOMOIIY MaTEMaTHYECKOTO anmnapara JupaKkoB-
CKOM Teopuu 3ekTpoHa. Takum o0pa3om, B OyIyIeM Mbl JOJKHBI ObITh TOTOBBI
KO BCSKUM HEOXKUIAHHOCTSAM, KOTOPBIE MOTYT BO3HUKHYTh KaK B 00JIACTH S,A€PHOM
(U3UKH, TaK U MIPHU UCCIIEOBAHUN KOCMUYECKHX Jiyueil. Kak Obl, 01HaKo, HU 10
JaNbHENIIee pa3BUTHE TEOPUH, MPEAbIAYIIAs NCTOPUS KBAHTOBOM MEXaHHMKHU yKa-
3bIBa€T HA TO, YTO NOHUMAaHHE HESICHBIX €Il€ CTOPOH CTPOEHUS aTOMa MOXKET ObITh
JOCTUTHYTO TOJIBKO ITyTEM JAJIBHEHIIEr0 0TKa3a OT HAIJISAHOCTH U CTPEMIICHHS K
00BEKTUBUPOBAHUIO. Y HAC, MOXKaJTyd, HET OCHOBaHUHN coxaneTb 00 3ToM. Jlei-
CTBUTEJILHO, BCTIOMUHAS O 3HAUUTENIbHBIX THOCEOJIOTUYECKUX TPYIHOCTSX, C KOTO-
PBIMHU NIPUXOIMIIOCH OOPOTHCS HATJISATHOMY MPEICTABICHUIO 00 aToMax MpexHen
(GU3KKH, MBI MOKEM HAJIEAThCS, YTO pa3BUBAIOIIAsICS TENEPh a0CTPaKTHAsI aTOMHAs
dbu3rKa okaxeTcs B OyaymieMm 0ojiee TApMOHUYHON COCTAaBHOW YacThIO BCETO Be-
JIMKOTO 3[aHMsI HAyKH.

OCHOBHASA UOESI BONMTHOBOW MEXAHUKHU
9. Hlpennurep

Korna nyd cBeta mpoxoauT yepes onTHUecKuil mpudop, Hanmpumep TpyOy miu
dororpaduyeckuit 00bEKTUB, OH UCTIBITHIBAET HA KAXKI0M MPETOMIISIONISH UITH OT-
paxkarolel MOBEPXHOCTH U3MEHEHHUE HaIpaBiIeHUsA. MBI MOXEM IOCTPOUTH XOZ
Jqyd4a, €CIIM U3BECTHBI 00a MPOCTHIX 3aKOHA, KOTOPBIE YIPABISAIOT STUMU H3MEHE-
HUSAMMU HAIIPaBJICHUA: 3aKOH IMMPCIOMJIICHUA, OTKpBITLIfI JABCCTH JICT Ha3a Cuemnu-
YCOM, U 3aKOH OTpPa)KEHUs, U3BECTHBIN yxKe OoJbllie YeM JIBE THICSYM JIeT Ha3a
Apxumeny.

20



W3 xanrn «CoBpeMeHHast KBAaHTOBast MEXaHHKa. Tpr HOOEIEBCKUX JOKIama»

depma chopMyIHPOBAT 3aKOH PACTIPOCTPAHEHHSI JIyda CBEeTa ¢ Topasio boee
o0uieil Touku 3peHus. CBET pacrpocTpaHsIeTcs B pa3InyHbIX cpefax ¢ pa3InyHOM
CKOPOCTBIO, ¥ TIYTh JIy4a OMpPeaesaeTcs TakK, Kak OyATO ObI Tydy OBIJIO BAXKHO BO3-
MOYKHO OBICTpEe JOCTUTHYTh TOH TOUYKH, B KOTOPYIO OH NMPHUXOJIUT. (3aMETUM NpHU
9TOM, 4TO 32 HaYaJIbHYIO U KOHEYHbIE TOYKU MOYKHO B3SITh JIIOOBIE JIBE TOUKHU BJIOJIb
ny4a). Maneiiniee OTKIIOHEHHE OT JCHCTBUTENHLHOTO IyTH O3HA4YaIo0 OBl 3aMe/e-
Hue. B 3ToM 3akirouaeTcs 3HaMEHHUTHIN PUHIINAI KpaTYalIIero ONTHYECKOTO Iy TH
®depma, 3amMeyaTeTHHBIM 00pPa30M OTPEACISIOMINI BCIO CyIb0Y CBETOBOTO JIy4a B
OJIHOM — €JMHCTBCHHOM II0JIO’KEHUH, 1aXKe U B TOM CIIy4ae, €CIIM CBOMCTBA CPE.IbI
U3MEHSIOTCS] HE CKQYKOM Ha KaKOH-TMOO MOBEPXHOCTH, HO MOCTENEHHO OT TOYKH
K Touke. [IpumepoM mocneanero sBisercs 3eMHas atMocdepa. Uem riayoixe mpo-
HUKAcT B HEE MAJAOLIUN U3BHE JIy4 CBETA, TEM MEIJICHHEE PacIpOCTpaHsIeTCs OH
BO Bce OoJiee u 0oJiee TUIOTHOM BO3/YX€; XOTsI pa3HHIIA B CKOPOCTH PacIpoCTpaHe-
HUS ¥ OyJIeT Ype3BbIUaiiHO He3HAUUTENbHOM, MpuHIHI Depma Bee ke TpedyeT mpu
9TOM, YTOOBI ITyTh JIy4a CBETa ObLI BOTHYTHIM IO OTHOILEHUIO K 3eMJle, MO0 Tornaa
Jyd HECKOJIBKO J0JIbIIe OyeT 3a1€p’KUBAThCSI B BBICIIUX «00J1ee OBICTPBIX) CIOSX
U NIPUJIET K LIETM CKOpee, YeM Ha 6osiee KOPOTKOM MPSIMOM ITyTH.

S nymaro, BbI BCe 3aMe4alld, YTO COJIHIIEC, HAXOAACH Y TOPU30HTA, KAXKETCS HE
KPYTJIbIM, HO CIUTIOILEHHBIM, TaK YTO €70 BEPTUKAIbHBIM JUAaMETP MPEACTaBIACTCS
YKOPOYEHHBIM. DTO TaK)K€ €CTh CJIEACTBUE UCKPUBIIEHUS JTy4eil. CorjiacHO BOJIHO-
BOM TEOPUU CBETA JIy4U UMEIOT, COOCTBEHHO rOBOPS, TOJIBKO (PUKTUBHOE 3HAYECHHUE.
Onu He ABIAOTCA PU3NYECKUMH TPACKTOPUAMHU KaKUX Obl TO HU OBUIO CBETOBBIX
YaCTHII, HO JINIIb MaTEMaTHYECKUM BCIIOMOTaTeJIbHBIM IOCTPOCHUEM, TaK Ha3bIBa-
€MBbIMU OPTOTrOHAJIBHBIMU TPAEKTOPUSMHU BOJIHOBBIX IIOBEPXHOCTEH, T. €. TAKIKE BO-
o0pa)kaeMbIMH JTMHUSIMH; [TOCJIEHUE HAIPABIEHBI B KaXKJI0M TOUKE MEPIEHINKY-
JISIPHO K BOJIHOBOM IIOBEPXHOCTH B Ty CTOPOHY, B KOTOPYIO IBUTa€TCs MOCIIEIHSIS.

IIpencraBnsieTcs yIMBUTEIbHBIM, YTO CTOJIb BasKHBIA BCEOOIIMI MPUHLIUT OT-
HOCHUTCSI HETIOCPEJCTBEHHO K 3TUM MAaTEMAaTUYECKUM BCIIOMOTaTEJIbHBIM JIMHUSIM,
a HE K BOJIHOBBIM TOBEPXHOCTSIM, BBUJY 4ero npuHuun depma MOXKHO ObLIO ObI
paccMaTpuBaTh Kak HEKOTOPbIM MareMaTHYeckuil Kypbe3. Ha camom nene Bce 00-
CTOUT COBEPIICHHO MHAa4Ye. TOJBKO C TOYKHM 3PEHMSI BOJIHOBOW TEOPUM MPUHIUII
®depma CTaHOBUTCS BIIOJIHE IOHATHBIM U [IEpPECTAET ObITh Uy10M. [{eficTBUTENBHO,
C BOJIHOBOM TOYKH 3pEHUS TaK Ha3bIBacMasi KpUBU3HA JIyda CBETa SIBIIIETCS rOpas3io
0osiee OHATHOM, YeM MOBOPOT BOJIHOBOM MOBEPXHOCTH, KOTOPBIM TPUBHATBHBIM
00pa3oM JOIKEH UMETh MECTO, €CIT COCEAHHE YaCTH BOJTHOBOW MOBEPXHOCTH pac-
IIPOCTPAHSIOTCS C PA3JIMYHON CKOPOCTBIO; TOYHO TaK K€, HAIPUMEpP, €CIU poTa
COJIJIAT BBIIOJIHAET KOMAaHAY «3aXO0KJICHHUs HalpaBoO», TO COJAThI JEIAr0T IIaru
pa3IMYHON BENWYMHBL: MPABO(IIAHTOBBIA — HAWMEHBUIHA, JIEBO(PIAHTOBBIA —
HanOoJNbIINH 1Iar. B Hammem mpumepe ¢ mpeoMIICHHEM JTyda B 3eMHOM aTMocdepe
KyCOYeK BOJIHOBOH moBepxHOCTH WW NoJKeH 00s3aTeabHO MpoJienaTh MOBOPOT
HanpaBo kK W'W', Tak Kak ero jieBas 4acThb JIKUT B 00jiee BBICOKOM CJIO€ MEHee
IUIOTHOTO BO3/yXa M MOITOMY JIBUXKETCS OBICTpee, YeM IpaBasi 4acTh, Jiexkalas
HIDKE.

[Tpu OmmkaiiieM paccMOTPEHUHU OKa3bIBA€TCs, 4TO MpuHLUN Pepma 1o cBo-
€My COJAEP)KaHUIO COBEPLUIEHHO HSKBHUBAJCHTEH TPHUBHAJIBHOMY M camMoO COOOH
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pa3zyMeroniemMycs yTBEpKIEHHUIO, YTO IPH 3aJaHHON EPEMEHHON OT TOUKH K TOUKE
CKOpPOCTH CBeTa ()POHT BOJIHBI JOJHKEH 3aru0aThCsl yKa3aHHBIM oOpa3om. S He
MMEI0 BO3MOXKHOCTH JTOKa3bIBaTh 3TO 31€Ch, HO INOMNBITAIOCH CHIENATh YKa3aHHOE
yTBEp)KJEHHE MPaBJONo00HBIM. BepHemcs omsTh K mpumepy MapLIUpYHOIEro
orpsina conpar. Ilycte nmast Toro, 4toObl COXPaHUTH MOJHYIO MPAaBUIBHOCTD
(bpoHTa, CONAATH COCAMHEHBI ITTMHHOM NaIKOM, KOTOPYIO KaXIbIi TBEPAO JEPKHUT
B pykax. Ceifuac HHYeTro He OyJeT TOBOPHUTHCSA O 3aXOXKJICHHH, KOMaHJa TIACUT
npocTto: «IlycTh KaXablid UACT WU OCKUT KaKk MOKHO ObIicTpee». Eciu xapaktep
penbeda MoYBbI MEJUIEHHO MEHSIETCA OT TOUKHU K TOYKE, TO CHayaia, CKaXeM, Ipa-
BOE, 3aTEM JIeBO€ KpbUIO (ppoHTa OyaeT IBUTAThCs OBICTpee, U caMu coOoi OyIyT
OCYILECTBIIATHCS TOBOPOTHI (poHTA. Uepe3 HEKOTOpoe BpeMsi MbI 3aMETUM, YTO
NPOMICHHBIH ITyTh HE SBJISAETCS MPSIMOIMHEWHBIM, HO ObIT KaK-TO UCKpUBJIEH. TOT
(dakT, 4TO ATOT KPUBOJIMHEMHBIN MyTh B TOYHOCTU COBMAJAET C KpaTyalIlUM B
CMBICJIE BPEMEHU NMpPHOBITUS B JaHHBIN IyHKT NPH 33aJJlaHHOM penbede, sBIISeTCs
110 MEHbIIEH Mepe BecbMa MpaBAONOJ00HBIM, TaK KaK BEJb KaXKAbIH COIAAT CTa-
paJicsi IBUTaThCsl KaK MOXHO ObICTpee.

Takum ob6pazom, nmpunuun depma npencTaBiseTCss MPOCTO TPUBHAIBHON
KBUHTICCEHIMEN BOJIHOBOU Teopuu. [103TOMY COBEpIIEHHO YIUBUTEIBHBIM I10KA-
3aJI0Ch OTKPBITHE, CACIAHHOE B OJINH IPEKPACHBINA J€Hb [ aMMIIBTOHOM, YTO U AEH-
CTBUTEJIBbHOE ABMKEHHE MaTEPUAIbHBIX TOUEK B CUJIOBOM I0JI€ (HalpuMep, IIaHeT
BOKpyT CoJHIIa MM OPOIIEHHOI0 KaMHs B I10JI€ TSKECTH 3eMJIN ) IOJUUHSETCS CO-
BEPILLICHHO TAKOMY Jk€ OOIIeMy NPHUHLHMITY, MOJYYUBIIEMY MMs CBOETO aBTOpa U
ceNaBUIEMY ITOCJIEIHEE 3HAMEHUTBIM. XOTSI IPUHLINI ['aMUIIbTOHA U HE TOBOPUT
COBCEM TOYHO, YTO MaTepHajbHasi TOUKa BbIOMpaeT Haubosee ObICTPBIM MyTh, HO
€ro yTBEpPXKJACHHUE CTOJb OJM3KO, aHAJIOTHSI C MPUHIIMIIOM KpaT4aWIlero ontuye-
CKOTO IIyTH CTOJIb HETOCPEICTBEHHA, YTO sBiseTCs 3arafno4Hor. Kaszamoce, 4To
pUpoAa Kak OyJTO OCYIIECTBUIIA OJHY U Ty YK€ 3aKOHOMEPHOCTb BYMs pa3iIuy-
HbIMU criocobaMu. OJMH pas3, B cllyyae CBeTa, IPU MOMOLIH JOBOJILHO SICHON UIPBI
BOJIH, JIPYTO# pa3, B Cllydyae MaTepUAIbHBIX TOYEK, TJ€ MOJIOKEHHE Bellel ObLIO
HENOHATHO, €CJIM TOJBKO HE CTapaTrbCsl M 3/€Ch TaKXKE I'OBOPUTH O BOJHOBOM
IpUpoJie.

Menpuaiiie nocieIHUe YacTUIBI MAaTEPUHU, KOTOPhIE MBI celyac ¢ ropaszio
OONBIIMM IPAaBOM Ha3blBAEM «MaTEPHAIBHBIMU TOUKAMHU», Ka3aJUCh TOTAA €Ile
YEM-TO COBEPLIEHHO TMNOTETUYECKUM. TONBKO MOCIE OTKPBITHS paAOAKTUBHOCTH
Pa3BUTHE HKCIIEPUMEHTAIbHOW TEXHUKH MPUBEJIO K TOMY, YTO OKa3aJI0Ch BO3MOXK-
HBIM M3y4aTh CBOMCTBA OTAEJBHBIX KOPIIYCKYJ WJIM YacTHIL; B HACTOALIEE BPEMs
BO3MO>KHO JIa’K€ OCTPOYMHBIM criocoboM Bumnbscona dotorpaduposats u (mpu mo-
Mot crepeodoTorpadun) BeCbMa TOYHO HU3MEPSATH MyTH OTIEIbHBIX YacTuil. B
peenax TOYHOCTH ITUX U3MEPEHUH [T JBUKCHHS KOPITYCKYJI TOATBEPKIAI0TCS
TE K€ MEXaHMYECKHE 3aKOHBI, YTO U JUIs OOJBIIUX Tel, IJIaHeT U T.A4. Brpouew,
BBISICHWIOCH, YTO, KOHEYHO, HU MOJIEKYJIa, U HU OTJEJIbHBINA aTOM HE MOTYT CUH-
TaThCs IIOCJIETHUMHU KaMHSMW» MaTEpUH, HO YTO U aTOM SIBJIIETCSI BECbMa CIIOXK-
HOM cucTeMOW. B HameMm npecTaBieHnH BOZHUKIN KaPTUHBI CTPOCHUS aTOMOB U3
YaCTHII, 10-BUANMOMY, aHAJIOTHYHBIE KapTHHE IIJIAHETHOM cucTeMBbl. BrionHe ecre-
CTBEHHBIM OBUIO IMOMBITATHCS CIIEPBA COXPAHUTh 37I€Ch T€ XKE 3aKOHBI JIBUKEHUS,
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KOTOPBIE CTOJIb 3aMEYaTEIbHO OMPaBAATHCH JJI OOJIBIINUX TEN. ITO 3HAYHUT, UTO K
BHYTpPEHHEMY MOBEJCHHIO aTOMa TakXke Oblila IPUMEHEHa MeXaHuKa [ aMuibToHa,
KOTOpas, KaKk s yKasaj Bbllle, popMyIUpyeTcsl B raMUIbTOHOBOM MpHHIHIE. To
00CTOSITENECTBO, YTO STOT MPHUHIIUIT BEChbMa aHAIOTUYEH ONTHYECKOMY MPUHITUITY
®epma, ObLITO TTOUTH coBceM 3a0bITo. Ecm 06 3TOM U BCIOMHMHATH, TO yCMaTpH-
BAJIM 3[I€CHh TOJIBKO 3a0aBHYIO CIIYy4aiHOCTh MAaTeMaTHUECKON TEOPHH.

[Tonoxxenue Bemieil ObUTO MOBOJILHO Oe3HaAekHBIM. Ecnu Obl cTapas mexa-
HUKa ObLJIa COBCEM OTOpOIIIeHA, JACJI0 He 00CTOsII0 OBl €Ile CTOJb CKBEPHO, y HacC
OBLIM ObI OTKPBITHI BO3MOXHOCTH JJIsl CO3JaHMsI HOBOM MEXaHUKU. MBI ke CTOsIIH
nepeja TpyIHOM 3a1aueli ClacTH CYIIHOCTh MEXaHUKHU, Yb€ AbIXaHUE SICHO YYBCTBO-
BaJIOCh B MUKPOKOCME, U B TO K€ BPEMS, TAK CKa3aTh, BEIIPOCUTD y HEE MPU3HAHUS
KBAaHTOBBIX YCJIIOBUH, B KAUECTBE BBITEKAIOIINX U3 €€ OCHOBAHMH MOJIOKEHHU, a HE
rpyOBIX BHEITHUX TPEOOBAHHIA.

Boixoz ObL1 HaliieH B yIOMUHABLIEHCS YK€ BO3MOXKHOCTH YCMOTPETH B IPUH-
rune ['aMuibToHa TakKe pe3yIbTaT UTPbl BOJIH, KOTOPBIA, COOCTBEHHO, U JIE)KHT B
OCHOBE JIBM)KCHHSI MaTEpUATIbHBIX TOYEK TOYHO TaK K€, KaK Mbl y>K€ JaBHO IpPH-
BBIKJIM BUJIETh BOJIHBI B SIBJICHUSX CBeTa ¢ UX npuHuunom ®epma. OtaenbHas Tpa-
€KTOpUsl MaTepUalIbHON TOYKH TEPSIET, BIPOYEM, BCIEICTBUE 3TOTO CBOM HEMO-
CPEJICTBEHHBIH (PM3NYECKUI CMBICT U CTAHOBUTCSI YEM-TO (PMKTHUBHBIM, BPOJE OT-
JIEIBHOTO M30JMPOBAHHOrO Jy4ya cBera. Ho CylmHOCTH TEOpUH, MUHUMANbHBII
MPUHIIUI, HE TOJIBKO OCTAeTCsl HE3aTPOHYTHIM, HO JIMIIb NPU BOJHOBOM CIOCO0E
PacCMOTPEHHMS PACKPBIBAET CBOE€ UCTUHHOE MPOCTOE 3HAYEHUE, KaK YXkKe yKa3blBa-
nock Bbiie. HoBast Teopusi, COOCTBEHHO TOBOpS, BOBCE HE SIBJISETCS HOBOM; OHA
npezcTaBisier co0oil opraHMyeckoe MpoAOIDKEHHE, X0Teloch Obl CKaszaTh, Ooee
TOHKOE TOJIKOBAHUE CTAPON TEOPUHU.

Ho xakum >xe 06pa3oM MOTIIO IPUBECTH ATO HOBOE, 00JIee «TOHKOE» TOIKOBA-
HUE K 3aMETHO MHBIM pe3yJIbTaTaM, KaK CMOIJIO OHO YCTPAHUTh TPYIHOCTH, BCTpPE-
TUBIINECS B aTOME, C KOTOPBIMU CTapasi TeOpus He Moruia crpaBuTbesa? Kakum 06-
pa3oM MmpexkHee «rpy0oe BMENIaTeIbCTBO» KBAHTOBBIX YCIOBHI CTAJI0 TEPIIUMBIM,
WIH JJa)K€ 0KA3aJI0Ch CBSI3aHHBIM C Pa3BUTHEM HOBBIX UAEH?

OTH BOMPOCHI JTyYIlI€ BCETO Pa3bsICHUTh TAK)KE IMyTEM ONTHYECKOW aHATIOTHH.
$1 Ha3Bau1 BBIIIE C MOJHBIM MPABOM NMpUHIUIT PepmMa KBUHTICCEHIMEN BOJIHOBON
Teopuu cBera. HecMoTpst Ha 3TO, OH HE MOXeT U30aBUTh HAc OT 0oJjiee TOUYHOTO
M3Yy4EeHHS CaMOro BOJHOBOTO mporiecca. Tak Ha3bIBaeMble sIBICHUS AU(paKkinuy U
uHTep(EPEHIINN MOXKHO MOHSTH, TOJIBKO MPOCIEIUB B JIETANIX IBUKCHHE BOJH,
TaK KaK IIpU 3TOM Peub UJET HE TOJIBKO O TOM, Ky/a B KOHLIE KOHLIOB IIPUIET BOJIHA,
HO TaKXe O TOM, B Kakoil (pase mpuaeT oHa Ty/a B JaHHBIH MOMEHT BpeMeHu. [Ipu
CTapbIX, Oojee rpyObIX, IKCIEPUMEHTAX 3TU ABJICHUS UTPAJIM POJIb TOJIBKO HE3HA-
YUTENbHBIX JIeTalel U YCKOIb3aiau oT HabmoaeHus. Kak Toiabko, 0lHAKO, HA HUX
Ob110 00palieHo BHUMAHUE U OHU OBLIIN MPABUIHLHO BOJIHOBBIM 00pa30M MCTOJIKO-
BaHbI, OKa3aJI0Ch HETPYAHBIM MPUIYyMaTh OIbITHI, B KOTOPBIX BOJHOBAs HNPUPOAA
CBETa IIPOSIBIISAETCS HE TOJIBKO B JIETAJISIX, HO COBCEM SICHO BO BCEM XapaKTepe sB-
JICHUS.

Bropsim, enie 6osiee MpocThIM MPUMEPOM SBIISETCS TEHb, KOTOPYIO AAa€T He-
OOJIBIIION TOYEYHBIH HMCTOYHHUK CBETAa OT HEMPO3PAavyHOro mpeamera. YToOwl
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MOCTPOUTH (POPMY TE€HH, MBI JIOJDKHBI IPOCIIEIUTh KaXKIbIi JIyd CBETAa M TIOCMOT-
peTh, He MEIIAeT JIM eMy Hepo3payHoe TeJI0 AJOCTUYb dKkpaHa. Kpaii Tenu o6pasy-
€TCsl TEMU JTy4YaMU CBETa, KOTOPbIE, IPOXO sl MUMO, €I1I€ KacaloTcs Kpas IpeaMeTa.
U3 ombITa W3BECTHO, YTO Kpail TEHU Jaxe MPH TOUEYHOM MCTOYHHKE CBETa U CO-
BEPIICHHO PE3KOM IpaHULIe IPeIMETa, NAIOIETO TeHb, B IEUCTBUTEILHOCTH HE OY-
net pe3kuM. [IpudrHa 3Toro CoOBepIIeHHO Ta ke, YTO U B IPEKHEM ciydyae. OpoHT
BOJIHBI, TaK CKa3aTh, pa3pe3acTcs MpeIMeTOM, YTO MPUBOAMUT K 00pa30BaHUIO He-
PE3KOro Kpasi TeHH, KOTOPBIH ObLI1 Obl HEMTOHSTEH, €CJIU Obl OTJENbHBIE Tyl CBETa
SBIISTTUCH CAMOCTOSATEIbHBIMU U PACIIPOCTPAHSIIUCH HE3aBUCUMO JIPYT OT ApYTa.

D70 sIBIEHUE, KOTOPOE TakxKe 0003HauaeTcs nudpakumei, y O0IbIINX Tell BO-
o0I111e He CIMIIKOM SIPKO BBIpaxkeHo. Ho ecnu Teno, naromiee TeHb, UMEET He3HAUH-
TEJIbHBIE pa3Mephbl XOTsl Obl B OJJTHOM HAIPaBICHUH, TO JU(pakuus OyneT mposis-
JSATBCS TOTJIA, MPEXKJIC BCEro, B TOM, YTO BOOOINE HE OyIeT MMETh MECTO COO-
CTBEHHO TEHH, BO-BTOPBIX XK€, U 3HAUUTEIHHO sIpUe, B TOM, YTO 3TOT HEOOJBIION
IpeIMEeT caM OKa)XeTCsl CBETSIIMMCSA M MCITyCKalOIIMM CBET 10 BCEM HarpaBJie-
HUSM (BOpPOYEM, MPEUMYIIECTBEHHO MO/ MAJbIMU YIJIaMU K Taal0IIEMy CBETY).
Koneuno, kaxaplii U3 Bac HaOJONal TaK Ha3bIBAEMYIO «COJIHEUHYIO IBUIB» Ha
IYTH JIyda CBETa, IPOHMUKAIOIIETO B TEeMHYI0 KOMHaTy. HeOonbIme cTeGim TpaBbl
Y Ay THHHBIC HUTH Ha BEPUIMHE X0JIMa, 32 KOTOPBIM IPSIYETCSI COTHIIE, UITA BOJIOCHI
YeJI0BEKa, CTOSIIIETO TPOTUB COJHIIA, CBETATCS YacTO 3aMeyaTeIbHO KPacHuBO B JH-
(bparupoBaHHOM CBETE, HA YEM MOKOUTCS TaK)Ke€ BO3MOXKHOCTb BUJAETDH JIbIM U TY-
MaH.

Bo3BparuMmcst onsiTh OT ONTUKM K MEXaHUKE M MTOCTAPAaEMCsl MOJHOCTHIO UC-
N0JIH30BaTh AHAJIOTHIO MEXTy HUMHU. CTapoil MEXaHUKE B ONITUKE COOTBETCTBYET
MBICJICHHOE OIIEPHPOBAHUE C M3OJUPOBAHHBIMH, HE3aBHCUMBIMHU JPYT OT Apyra
CBETOBBIMU JTydamMu. HOoBOI1 BOJIHOBOI1 MEXaHUKE COOTBETCTBYET BOJHOBAS TEOPHUSI
ceta. [lepexoast oT cTaporo kK HOBOMY NPEJCTABJICHUIO, Mbl BRIUTPHIBAEM B BO3-
MOKHOCTH YYMTBHIBATh SIBJICHHE TUPPAKIUH, U, Tydlle cKa3aTh, HEUTO BeChbMa
AQHAJIOTMYHOE SIBICHUIO TU(PAKIIMU CBETA; 3TH SBJICHHS B MEXaHUKE, KaKk U B OII-
THKE, TOBOPsI BOOOIIIE, HE JOJDKHBI UTPAaTh 0CO00H poJiv; B IPOTHBHOM CIydae CTa-
poe MpeacTaBIeHIEe MEXaHUKH HE MOTJIO ObI CTOJIb JIOJT0O€ BpeMs Hac YAOBJIETBO-
paTe. Ho He TpyaHO goragatbes, 4TO B U3BECTHBIX CIyyasx siBJIeHHE IU(pakuuy,
KOTOpOI MpeHedperanoch, JOMKHO ObITh BECbMa 3aMETHBIM, LIEIUKOM YIPABIISIO-
MM MEXaHMYECKHUM MPOIIECCOM U MPEACTABISIONUINM ISl CTapOi TeOpUU Hepas-
PEIIUMYIO TPYIHOCTB; 3TO OyIeT UMETh MECTO TOT'/1a, KOT'JIa BCS MEXaHUYecKasi CH-
cTeMa o CBOMM pa3MepaM CpaBHUMA C JUTMHOUN BOJHBI «MaTepUATbHBIX BOJHY, UT-
paromyXx sl MEXaHHUECKUX MPOLIECCOB TY K€ POJIb, KAK CBETOBBIC BOJHBI JIJIS TIPO-
[[ECCOB ONTHYECKHUX.

Judpakius sSBisieTcss IPUIUHON TOro, TOYEMY B 3TUX KPOLIEYHBIX CHCTEMaX
aTOMOB CTapO€ MPEJICTABICHUE 0Ka3aJI0Ch HEMPUTOJHBIM; OHO OCTAETCs MPUMEHH-
MBIM C 0OJIBIION TOYHOCTHIO K IPyObIM MEXaHHYECKUM IpoLeccaM, HO yXkKe He K
TOHKOH UTpe B 007acCTAX MOPsIIKA OJHON WIM HEMHOTHX JUIMH BOJIH. Upe3Bbyaii-
HOW HEOXKUIAHHOCTBHIO OBUIO OTKPBITHE, YTO 3/1€Ch MPU HOBOM BOJIHOBOM IIpE[I-
CTaBJIEHUU caMH COOOM MCYE3al0T BCE TE€ CTPaHHbIE J00aBOYHBIE TPEOOBAaHUS, KO-
TOpbIe OBLIM HACWJIBHO BTHCHYTHI B CTapyl TEOPHIO, YTOOBI MPUCIIOCOOUTH
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MOCTIEAHIO K OINHCAaHUIO aTOMa M CyMETh Kak-HUOyAb IMOHSTh €ro peajbHOE
MOBEJICHUE.

MBI BUAMM, CYIIECTBEHHBIM ITyHKTOM SIBJISIETCS. TO OOCTOATENBCTBO, YTO Pa3-
MEpBI aToMa U JUIMHBI BOJIH THIIOTETUYECKUX BOJIH MATEPUM SIBISIOTCS BEJINYM-
HaM¥ NPUMEPHO OJHOTO MOpsAJIKa. Bbl, KOHEYHO, CIPOCUTE, SABJISAETCS JIU YUCTOU
CIIy4allHOCTBIO, YTO IPU HAIllEM HCCIEAOBAHUU CTPOCHUS MAaTEpUU MBI KaK pa3 B
TOM MECTE CTAJIKMBaeMCsl C BEJIMYMHOW MOpsAKa JUIMHBI BOJHBL. Bbl cpocure
3areM, OTKyJa BOOOIIE W3BECTHO 00 3TUX UIMHAX BOJH MAaTEpUU, MPEICTABIISIO-
IIMX COBEPUICHHO HOBBIM MHCTPYMEHT TEOpPUH, HMKOTJA M HUTAE IPEKIEC HE
HAOJIFOJABIIUIACS.

KoHneuHo, 3T0 coBnasieHne pa3MepoB OTHIOJb HE SIBISETCS IPOCTBHIM CIIy4acM,
Y HaM HE HY)KHO JIeJIaTh HUKAaKOT0 HOBOT'O MPEANOJI0XKeHUs. Pa3Mepsl 11H BOJIH
MOJTYYar0TCs CaMH COOO M3 TEOPUH, M BEJTMUMHA WX IPUBOUT K CIIEIYIOIEMY 3a-
medatenbHoMY (akTy. OnbiTel Pezepdopra n Uensuka Hajx paccestHueM aabda-y-
4yel, MOXKHO CKa3aTb, JOKa3alaH, YTO TSDKEJIOE SIAPO aToMa 3HAYMTEIbHO MEHBIIE
CaMoro aToMa U MO>KET ITI03TOMY pacCMaTPHUBATHCS B AAJBHEHIIEM KaK TOYEYHBIN
LEHTP NPUTSHKEHHUA. BMECTO 3J€KTPOHOB MBI BBOJMM TMIIOTETUYECKUE BOJIHBI,
OCTaBJISISI MX JITTMHY BOJIHBI TIOKA YTO COBEPILICHHO HEOTPEIEICHHOM, 0O MBI 0 HEell
HUYEro He 3HaeM. Torna B HalIMX BBIYMCIEHUSX OYJET CTOATh HEKOTOpast OyKBa,
HanpuMep, a, 0003Havaronas Kakoe-To elle HeN3BECTHOE Yncio. K aTomy MblI yxe
IIPUBBIKIIM, 1 HUYTO HE MEUIAET HAM BBIYHCIUTH, YTO ATOMHOE AP0 ITOJDKHO BbI-
3BaTh AU(PAKIMIO ITUX BOJH aHAJOIMYHO HEOOJBIION MBIIMHKE B CIy4yae CBETA.
Tak xe, Kak TaM, Mbl IOJTY4YHUM, YTO pa3Mepbl 001aCTH BO3MYIIECHUS, OKPYXKaromei
STIPO, TECHO CBSI3aHBI C BEJIMYMHOM JJTUHBI BOJHBI U OyyT OJHOTO MOPSIIKA C I0-
cnenHelt. Ternepp Mbl TOJDKHBI MPOJAETATh PELIAIONINM IIAr: Mbl OTOXKIECTBIISIEM
00J1acTh BO3MYIICHHS WM apeHy TUPPAKIUU C aTOMOM; MBI YTBEPKIAeM, UTO
aTOM B JECWCTBUTEIBHOCTH SIBISETCS HUYEM HHBIM, KaK AU(PPAKIUOHHBIM sIBIIE-
HUEM 3JIEKTPOHHBIX BOJIH, TaK CKa3aTh, OWMaHHBIX aTOMHBIM siipoM. ToT ¢akr,
YTO BeJIMYMHA aTOMa U JJIMHA BOJHBI OyAyT OJHOIO MOps/KA, HE SBJISETCS yiKe
OoJblIe CIy4ailHOCTBIO, HO MPEICTaBIsAeTCd O4eBUAHBIM. OJIHAKO MBI HE 3HAEM
€lIe 3HAYCHHUI HA TOW HU JAPYrou BEJIMYMHBI, TAK KaK B HAIlIUX pacyeTax BCE €IIe
CTOUT OJIHA HEOIpPEJICJICHHAs MMOCTOSHHAS, KOTOPYIO MBI Ha3BaJld 4yepe3 a. Y Hac
MMEIOTCS IB€ BO3MOKHOCTH, B3aMMHO KOHTPOJIUPYIOLINE APYT APYTa, Ul ONpese-
JIeHUs1 3TOW HEU3BECTHOM. Bo-nepBbIX, MBI MOXKEM BBIOpATh €€ TakK, YTOObI BHEIII-
HUE MIPOSBIICHUS aTOMa U MPEXKJE BCEr0 UCIyCKAEMbIE UM CIIEKTpajbHbIC JIMHUH,
KaK U3BECTHO, H3MEPEHHBIE BECbMa TOYHO, OTYYalUCh Obl B KOJIMYECTBEHHOM CO-
[JIaCUU C OMNBITOM. BO-BTOpPBIX, MOXHO BBIOpaThb HEU3BECTHYIO BEJIMYHMHY TakK,
yTOOBI apeHa U paki oKa3zajach COBHajaarolel ¢ pazMepamu atoma. O0a 3TH
olnpeeneHus (13 KOTOPBIX BTOPOE, BIIpOYeM, OyIeT ropa3/io MEHEee TOUHBIM BBULY
HESICHOCTH TOHATHS «BEJIMYMHA aTOMay) BIIOJIHE COTNIACYIOTCA APYT € APYroM. Mbl
MO’KEM, HaKOHEIl, 3aMETUTb, YTO HEOINpe/IeJICHHAs OCTOSIHHAS (PU3UYECKH UMEET
Ha CaMOM JIeJIeé pa3MEpPHOCTh HE JJIMHBI, HO BEIMYUHBI JEHCTBUS, T. €. SHEPIUH,
YMHOKEHHOW Ha BpeMsl. B TakoM citydae siBIsieTCsl BeCbMa €CTECTBEHHBIM I0JICTa-
BUTH JUUI1 HEE 3HAYCHHE YHMBEPCAJIBHOW NOCTOSHHOM KBaHTa naeWctBus [limaHka,
XOpOILIO U3BECTHOE U3 3aKOHOB TEIIJIOBOI0 M3Iy4eHHs. OKa3bIBA€TCs, 4TO IIPH BCEH
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BO3MOXHOHM B HACTOSIIEE BPEMsi TOYHOCTH MBI BO3BpaIaeMcsi K iepBoMy (HanoOo-
Jiee TOYHOMY) OTIIPEICIICHUIO.

Taxum o6pa3zoM, Teopust 00XOTUTCSI ¢ MUHUMYMOM HOBBIX MPEATIOI0KEHHH.
B Hell comepxuTcs €IMHCTBEHHAsh IMPOM3BOJIbHAs TMOCTOSIHHAsS, KOTOPOM MBI
JOJKHBI IPUJIATh YUCIEHHOE 3HAUYEHHUE, XOPOILIO U3BECTHOE U3 CTapOl KBAaHTOBOM
TEOPHUH; TAKMM ITyTEM MBI TIOJTy4aeM, BO-TIEPBhIX, MPABUIBHYIO BETUUUHY U paK-
IIMOHHOH IUIOIIAKHU, KOTOPYIO MBI MOXEM pPa3yMHBIM 00pa3oM OTOXAECTBUTH C
aTOMOM, U MOKEM, BO-BTOPBIX, KOJTUYECTBEHHO MMPABUIILHO BBIUYNCIUTH BCE MPOSIB-
JICHUs aTOMa, UCITYIIEHHBIM UM CBET, pad0Ty MOHU3ALUU U T. 1.

S moneITancs 34€Ck pa3BUTh MEepe BAMH OCHOBHYIO HCH0 BOJHOBOM TEOpUU
MaTepuH B BO3MOKHO Ooiiee mpocToii ¢opme. Paspemnre MHE CO3HATHCS TENEPb,
YTO, CJIEys] CTPEMIIEHHIO BO3MOYKHOM MPOCTOTBHI, 51 HECKOJIBKO IPUYKPACHUII [10JIO-
KEHHE BEIIei. DTO HE OTHOCHUTCS K MTOJTHOTE, C KOTOPOH OBIITM OATBEPIKICHBI IKC-
MIEPUMEHTOM BCE, IOCTATOYHO OCTOPOXKHO CJIIEJIAHHBIE, BBIBOJBI TEOPUH; HO PEUb
UIET O MPUHIUIHUAIBHOM JIETKOCTH M MPOCTOTE, C KOTOPOH BCE 3T CIEACTBUSA
OB MOTy4YeHbl. Sl He UMEIOo 3/1eCh B BUAY TPYAHOCTH MaTeMaTU4YECKue, BCETa B
KOHIIE KOHLIOB TPUBUAJIbHBIE, HO IMEHHO TPYJHOCTH OCHOBHBIX NMPUHIMIOB. Ko-
HEYHO, JIETKO 3asBUTh, YTO MbI JOJKHBI IEPEUTH OT MPEACTABICHUS TPACKTOPUHU K
CUCTEME BOJIHOBBIX TOBEPXHOCTEH, NEPIIEHANKYIAPHBIX K HE. Ho 3TH BosHOBBIE
MOBEPXHOCTH, AK€ €CIIM MbI OyJIeM paccMaTpuBaTh UX HEOOBIION y4acTOK, OXBa-
TBIBAIOT BCE K€ HEKOTOPBIN Y3KUI My4OK BO3MOKHBIX TPACKTOPUIA U HAXOAATCA CO
BCEMH HUMHU B OJMHAKOBOM COOTHOIIEHHH. COINIACHO CTapoMy MpeACTaBICHUIO
OJIHA U3 3TUX TPACKTOPUH BBIAEISAETCS B KaXKJIOM KOHKPETHOM Cllydae Kak <«JIei-
CTBUTENIbHASA» U3 BCEX OCTAJbHBIX «IIPOCTO BO3MOXKHBIX». B HOBOI Teopuu neno
o0cTouT nHaue. Mbl cTaJKuBaeMcs 3[1€Ch CO BCEM INTyOMHOM JOTUYECKON MPOTH-
BOIOJIOKHOCTH MEXIY CIydaeM: «MJIu — WIn» (MEXaHHKa TOYKH) U CIIy4aem
«¥ — W» (BOJTHOBAsI MEXaHUKA).

Jleno He 00CTOsITO OBl TaK MIJI0XO0, €CIH ObI MBI JOJHKHBI ObLITH BOBCE OCTaBHUTH
CTapyl0 TEOPHIO U 3aMEHUTH ee HOBOoM. K cokanenuto, peus uaet He 06 3tom. C
TOYKHU 3pEHHsI BOJTHOBOM MEXaHHKH OECKOHEUHOE MHOKECTBO BO3MOXKHBIX TPaeK-
TOPUM TOYKH SIBIIAECTCS YeM-TO (PUKTUBHBIM, HU OJIHA U3 HUX HE UMEET MPEeUMyIie-
CTBa OBITh pealIbHO OCYIIECTBIEHHON B KAKOM-JIN0O KOHKPETHOM Clly4ae, HO, KaK
g y’K€ YIIOMHHAJ BbIIlIe, Mbl BO MHOTHX OIIBITaX JAEHCTBUTEIHLHO HAOIIOAAEM ITyTH
OTJICbHBIX YacTUll. BomHOBOE MpeaCcTaBlIeHUE MOXKET 3TO OOBSICHUTH TOJBKO C
OOJIBIIINM TPYJIOM MJIM BOOOIIIE HE B COCTOSIHUM J1aTh HA 3TO OTBET. Ham bsBOIIB-
CKHU TPYTHO OOBSIBUTH ATH CJICIIBI TPACKTOPUI, KOTOPBIC MBI BUJIUM, TOJBKO Y3KHUMHU
y4YKaMH, PAaBHOIPABHBIX BO3MOXKHBIX IyTEH, KOTOpbIE CBSI3aHBI IPYT C JIPYroM
BOJIHOBBIMH MOBEPXHOCTSIMHU. OJIHAKO 3TH CBSI3U HEOOXOAUMBI, YTOOBI TIOHATH SB-
neHue Tudpakuuu 1 UHTEpPEPEeHLINH, KOTOPbIE MOKHO HAIJISIHO MPOJIEMOHCTPH-
pOBaTh Ha TOM K€ YaCTULIE C TAKOU K€ OTUYETIMBOCTBIO, & HE TOJIBKO 3AKIHOYUTH O
HUX Ha OCHOBAaHMM TEOPETUYECKHX MPEICTaBICHUI 00 aToMe.

Xot4 11eno U 00CTOUT TaKUM 00pa3oM, 4TO Mbl B Ka)KJJOM KOHKPETHOM 4acT-
HOM CJIy4ae MOXEM OTBETUTbH Ha BONPOC, HE BIaJasi B IPOTUBOPEUNE C KAKOH-JIN00
U3 JIByX TOUYEK 3pEHUs1, HO Mbl HE MOXEM 0oJiee ONepupoBaTh C TAKUMH MPUHATHIMU
U Kak OyITO HEOOXOIMMBIMH MOHSATUSMHU, KaK «JIEHCTBUTENbHBIN WM «TOJBKO
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BO3MOXKHBIIN); HUKOT 1A HEJIb3s CKa3aTh, UTO B ACHCTBUTCILHOCTH UMEET MECTO HUIIH
B JICHCTBUTEILHOCTH MPOUCXOUT, HO JIMIH yKa3aTh, 9TO OyAET HAOIIONATHCS B
JTAHHOM YacTHOM ciry4ae. JIOJKHBI JTM MbI HaBCET/Aa YIOBJICTBOPUTHCS TIOT0OHBIM
nonioskeHueM Benieit? [IpuHIMnuansHo, KOHEYHO, na. [IpuHnunuansHO TpeGoBa-
HUE, YTO TOYHAs HayKa B KOHIIE KOHLIOB JIOJ’KHA CTPEMUTHCS K ONIMCAHUIO IEHCTBH-
TETHHO HAOIIOJAEMOT0, BOBCE HE SBJISICTCSI HOBBIM. BOIIpOCOM SBJISIETCSI TUIIIH TO,
JTOJKHBI JTX MBI OYJIeM OTHBIHE OTKAa3aThCsl CBSI3BIBATH ATO OMHUCAHUE C KAKON-TN00
SCHOW THMIIOTE€30M O TOM, KAaK B JIEUCTBUTEIBHOCTH yCTPOEH MUp. MHOrne XoTsT
yKe CEero/Hs 3asBUTh 00 ATOM OTKaze. Ho MHe KakeTcs, 4TO TeM cCaMbIM MbI He-
CKOJIBKO YKJIOHSIEMCSI OT TPYAHOCTEH.

51 oxapakrepu3oBall Obl COBPEMEHHOE COCTOSIHHE HAIIUX 3HAHHUH CIIeTyIOIIIM
oOpa3om. JIyd UM TpaeKTOpHUs YaCTHUIIBl OTBEUYAIOT MPOJOIBHON CBS3U MpoIlecca
pacripoctpanenus (T. €. B HAIIPABJICHUH PACTIPOCTPAHECHHS), BOJTHOBAS KE TTOBEPX-
HOCTb COOTBETCTBYET IONEPEUYHON CBS3H, T. €. IEPICHANKYISIPHO K HAITPABIICHUIO.
O6a criocoba cBsi3u 0€3 COMHEHUS SIBISIOTCS PEaTbHBIMK: OJMH JTIOKa3bIBaeTCs (o-
torpadusimu Bunbcona, npyroit — uHTep(hepeHIIMOHHBIMU OTIbITAaMU. OXBaTUTh UX
€IMHOM KapTUHOM HaM JI0 CHX MOp €Il He yJAanoch. ToJbKO B KpalHUX CIIydasix
MEPEeBEIINBACT MOTIEPEYHAsI, CIIONCTas, WIH K€, Ha000pOT, JTydeBasi MPOIOJIbHAS
CBSI3b HACTOJIBKO, YTO MBI HaJIeeMcsl OOOUTHCH P TIOMOIIXA OJTHOM BOJTHOBOH WIIH
OJIHOW KOPIIYCKYJISIPHON KapTUHBI.

TEOPUSA ANEKTPOHOB U MNO3UTPOHOB
II.A.M. Mupak

OU3UKU-IKCIIEPUMEHTATOPbI OOHAPYKUJTU, UTO MaTepUsi COCTOUT U3 MaJICHb-
KHX YaCTHII Pa3JIMYHOTO COpPTA, IPUYEM YaCTHUIIBI K&KIOTO COPTa B TOYHOCTH TI0-
NOOHBI IpyT Apyry. HekoTopbie U3 3TUX YacTHUIl, HABEPHOE, SBJISIFOTCS CJIOKHBIMU,
T. €. COCTOAT U3 APYTUX YacTull Oonee mpoctoit nmpupoasl. OMHAKO CYIIECTBYIOT
APYruc 4acCTulibl, CI0KHOCTb KOTOPLIX HEC 651113. IMOKa3aHa 0 CUX HOp U, KaK MbI
HagceeMcCs, HUKOTIrJJa HE 6YI[6T AOKa3aHa, TaK 4YTO MbI CUUTACM HX 3JICMCHTAPHBIMU
1 OCHOBHBIMH.

Ha ocnoBanum o0mux ¢uiaocohckux cooOpakeHUH XOTeNoCh Obl, KaK Ka-
JKETCsl Ha TEPBBIA B3IV, UMETh BO3MOKHO MEHBIIIEE YHCIIO DJIEMEHTAPHBIX Ya-
CTHII, JTy4IlIe BCETO OJIMH COPT, WJIH, B KpallHEM cilydae, IBa, TaK, 4ToObI BCS MaTe-
pust 6bu1a ocTpoeHa U3 HUX. OTHAKO pe3ybTaThl SKCIIEPHUMEHTA ITOKa3bIBAIOT, UTO
OCHOBHBIX YaCTHII JIOJDKHO OBITH OoJiblie. B camom Jiese, 4uciio 3jieMeHTapHBIX
JacTul CTPEMHUIIOCH JOBOJIBHO KaTaCTpO(bI/I‘-IeCKI/I YBCIIMUUBATLCA B TCUCHHUC I10-
CJICJTHHX JIET.

[Moxkainyii, Takoe MOJOXKEHHUE BELICH HE CTOJIb CKBEPHO, TaK Kak Oosee Oim3-
KOE PACCMOTPEHUE TOKA3bIBACT, YTO HEJIb3SI POBECTH CTPOTOT0 PA3IUYHS MEIKITY
SJICMCHTApHBIMU U CJIOKHBIMH YaCTHIAMU. I[JISI HHTCPIIPETALIUN HCKOTOPBIX HO-
BeHUIINX SKCIICPUMCHTOB HCO6XOI[I/IMO MMpEAIIO0JI0XKNUTE, YTO YaCTHLIbLI MOT'YT CO3/1a-
BaThCSA W YHUYTOXKATHCS. [103TOMY, €ciii MBI HAOJIFOIa KaKyo-Ti00 YacTHILy,
BBUICTEBINYIO W3 JPYroil, Mbl HE MOXXEM C YBEPEHHOCTBIO YTBEpPXIaTh, 4YTO
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HOCTIEAHSIS SIBJISIETCS CJIO’KHOM, TaK Kak IepBasi 4yacTUIa MOIJIa 0Ka3aTbCs CO3/aH-
HOM BHOBb. Paznuune Mexay 3J€MEHTApHBIMU U CIOXKHBIMU YaCTULAMH CTaHO-
BUTCS IO3TOMY yCJIOBHBIM. OTHOTO 3TOT0 COOOpakeHUsl JOCTaTOYHO, YTOOBI MPH-
HYJIUTh HAC OCTABHUTH MPUBJIEKATENbHYIO ¢ (PHIOCO(DCKONW TOUKH 3PEHHS MBICIb,
YTO BCA MaTepHs MOCTPOCHA U3 OJTHOTO MM MOKET OBITh JIBYX COPTOB KHUPIIUYH-
KOB.

S xoTen OBl OCTAaHOBHTHCS 3/1€Ch HA 00CYKICHUU 0oJiee IPOCTOro copTa ya-
CTHUIl ¥ IOCMOTPETh, YTO MOKHO CKa3aTh O HUX Ha OCHOBAaHUU YHCTO TEOPETHYE-
CKHX apryMeHToB. Hambosee mpocTeiMU BHAAMHU YacTHI] ABISAIOTCS: 1. DOTOHBI,
WM CBETOBBIE KBAHThI, U3 KOTOPBIX COCTOUT CBET. 2. DJIEKTPOHBI U OTKPHITHIEC HE-
JTABHO TO3UTPOHBI, SBJISIOMIMECS YEM-TO BPOJE 3€PKAIbHOTO U300paKEHHS HIIEK-
TPOHOB U OTJIMYAIOLIUECS OT MOCJIEIHUX TOJIbKO 3HAKOM 3JIEKTPUUECKOIO 3aps/a.
3. Tspxenple YaCTULIBI — IPOTOHBI U HEUTPOHBI.

S O6yay paccMmaTpuBaTh 3[€Ch MOYTH HCKIIOUUTENBHO AJIEKTPOHBI U MO3U-
TPOHBI HE TOTOMY, YTO OHU HanboJiee UHTEPECHBI, HO TOTOMY, UTO TEOPUS JIJIs1 HUX
Obla pa3BuTa Hambosee MoyiHo. B camoM ferne, BpsI M MOXKHO CenaTh Kakoe-
1100 TEOPETHUECKOE 3aKJIIOUCHHE O CBOMCTBAX OCTaIbHBIX YacTull. C 0JTHON CTO-
POHBI, POTOHBI CTOJIb TPOCTHI, YTO JIETKO YKIIAABIBAIOTCS B JTI00YIO TEOPETUYECKYIO
CXEMY, TaK YTO TEOpHUs HE HAKJIabIBAET KAKUX-IMO0 OrpaHMYEHUI Ha X CBOICTBA.
[IpoTOHBI %€ U HEUTPOHBI, C IPYTOM CTOPOHBI, IPEACTABIAIOTCS CIUIIKOM CIIOXK-
HBIMU, U JI0 CUX IIOP HE OBLIO OTKPHITO KaKoe-1100 Ha/lexKHOEe OCHOBAaHUE AJIS TO-
CTPOEHHUSI UX TEOPHUHU.

Bonpoc, KoToporo Mbl 1OJKHBI KOCHYThCSI IPEXKE BCETO, 3aKJIIOYAETCS B TOM,
KakuM 00pa3oM BOOOIIE TEOPHUSI MOXKET J1aTh KaKue-Tr00 CBEICHUS O CBOMCTBAaX
AIIEMEHTAPHBIX YacTHIl. B HacTosee BpeMs CyIiecTByeT o0Iias cucteMa KBaHTO-
BOIl MEXaHHKHU, KOTOPYI0 MOXHO MPUMEHUTH JIJISl ONMUCAHMS JBUKEHHS JTH0O0Tr0
COpTa YacTull, KaKOBBI ObI HM OBLIIM CBOMCTBA mocheaaux. OmaHako 3Ta o0mas cu-
CTE€Ma KBAHTOBOM MEXAHMKHU HE MPUTOAHA JUIsl CIydas CKOPOCTEU, CPaBHUMBIX CO
CKOpOCTBIO CBETa, KOT/Ia HAUMHAIOT UTPaTh POJIb APPEKTH TEOPUU OTHOCUTEIHHO-
ctu. B Hacrosiee BpeMs HE CyLIECTBYET PEIATUBUCTCKOM KBAHTOBOM MEXaHUKH
(T. €. IPUrOHOM B ciIyyae OOJIBIIUX CKOPOCTE ), KOTOpasi MOrJia Obl MPUMEHSATHCS
K YaCTULaM ¢ IPOU3BOJIbHBIMU CBOMcTBamu. [1oaToMy, moaBeprast KBAaHTOBYIO Me-
XaHUKY PEISTUBUCTCKOMY 0OOOIIEHNIO, MBI HAKJIaJbIBAEM TEM CaMbIM OTpaHHUYe-
HUS Ha CBOMCTBA 4acTHI]. TakuM MyTeM Mbl MOKEM BBIBECTH PsAJl 3aKIIOYEHUH O
YacTUIaX U3 YUCTO TEOPETHUECKUX COOOpaKeHUH, OCHOBAHHBIX Ha 00UIMX (hu3u-
YECKUX MPUHIIMIAX.

DTOT METOJ] 0Ka3aJcs yAauyHbIM B CIIydae 3JIEKTPOHOB U MO3UTPOHOB. Crieyer
HAJESThCS, UTO B OyAyIleM aHaJOTUYHasi TeOpHusl OyJIeT MOCTPOeHA U AJIs IPYTUX
yacTull. Sl Xo4y onucaTh 3[eCh 00LIMe YePThl TEOPUU FJIEKTPOHOB U MO3UTPOHOB,
MOKa3aB, KAKUM ITyTEM MOHO BBIBECTH CBOWCTBA CIIMHA («BPAIICHU» ) HIEKTPOHA
1 3aKJIFOYHTD O CYIIECTBOBAHUY MO3UTPOHOB C MOJOOHBIMU e CBOWCTBAMH CIIHHA,
CHOCOOHBIX MMPUTOM YHHUYTOXKATHCS IIPU CTOJIKHOBEHHH C 3JICKTPOHAMHU.

28



W3 xanrn «CoBpeMeHHast KBAaHTOBast MEXaHHKa. Tpr HOOEIEBCKUX JOKIama»

MBI IMeeM Tpexk/ie BCEro ypaBHEHHE, CBS3BIBAIOIIECE KHHETHIECKYIO YHEPTUIO

W n xonuuecTBO IBUXEHUS pr (r = 1, 2, 3) 4acTULbl B pEASTUBUCTCKON Kilaccuye-
CKOM MEXaHUKE:

W?/c? — p? —m*c? = 0. (D

Otcioma BO3MOXKHO TIOJyYUTh BOJHOBOE YPaBHEHHE KBAHTOBOW MEXaHHKH,
nojpasymeBas nox W u pr onepatopsl i-h/2n - 0/0t u —i-h/2w - O/Oxr 1 nercTBYs
JIeBOM 4acThIO YpaBHEHUS Ha BOJTHOBYIO (pyHKIHIO . Ternepb Mbl MOKEM HaNKMCaTh
BOJIHOBOE YpaBHEHHE

[W?/c? — p? — m?c*|y = 0. (2)

BcenomHuB Teneps obiee TpeOOBaHNME KBAHTOBOW MEXaHUKH, YTOOBI BCSIKOE
BOJIHOBOE YpaBHEHHE OBUIO JIMHEHHBIM OTHOCUTENLHO omnepaTopa W umu 0/0t, Mbl
BUMM, YTO HAIlle ypaBHEHHE eMy HE YAOBJIETBOPSET. MBI JOJKHBI 3aMEHUTH €T0
KaKUM-TO YpaBHEHUEM, JIMHEHHBIM B WV, a, 4TOOBI ypaBHEHHE OBUIO PENIATHBUCTCKH
MHBAPHAHTHBIM, OHO JOJDKHO OBITh TaKXKe JIMHEHHBIM OTHOCUTENBHO pr. Takum 00-
pPa3oM, MBI IPUXOJMM K PACCMOTPEHUIO YPAaBHEHUS BHIA

[Wlc — aups — aomc]y = 0. 3)

OTO ypaBHEHHE 3aKJIIOYaeT B ce0e YeThIpe HOBBIE IIEPEMEHHBIE Or U 010, KOTO-
pbI€ SABJISIOTCS ONlEpaTOpaMH, 1eHCTBYIOIIMMU Ha (DYHKIHIO Y. MBI IPEIOI0KHUM,
YTO OHM YJOBJIETBOPSIOT CIEIYIOIIUM yCIOBUAM:

ap’>=1; apov +ovop =0 mma p # v; p,v=0, 1, 2, 3;

a Tak)ke, YTO 0. KOMMYTHUPYIOT CO BCEMU p U W. DTH CBOMCTBA O IETIAIOT YPaBHEHHE
(3) 10 HEKOTOPOIi CTETICHH YKBUBAJICHTHBIM YpaBHEHUIO (2), TaK KakK, YMHOXHB (3)
cieBa Ha W/c + aups + oomc, MBI IOTYYUM TOYHO ypaBHeHue (2). HoBble nepemen-
HBIE 0., KOTOPHIE MBI JOJDKHBI BBECTH, YTOOBI IOJTYYHUTh PEISTHUBUCTCKOE BOITHOBOE
ypaBHEHHUE, IMHEWHOE B W, MarOT CTIMH 31eKTpoHa. M3 00IMX MPUHIIMIIOB KBAHTO-
BOIl MEXaHUKH JIETKO BBIBECTH, YTO MEPEMEHHBIE 0 IPUBOAT K 3HAUECHUIO CITUHO-
BOT'O MOMEHTAa KOJIMYECTBA JBIKEHUS, PABHOTO MOJIOBUHE KBaHTa JCUCTBUSA, Je-
JIEHHOTO Ha 27, ¥ K 3HaY€HUI0O MarHUTHOTO MOMEHTA, PaBHOTO MarHeToHy bopa u
HaIPaBJIECHHOTO MPOTUB MOMEHTA KOJMYECTBA ABUKEHUS. DTU PE3yJIbTaThl HAX0-
JTCS B TIOJTHOM COTJIACUU ¢ dKcriepuMeHToM. Ha camom niene oHu 1 OblN BIIEpBbIE
MOJTyYEHBI U3 CIIEKTPOCKOMMYECKUX HAOII0I€HUI U TIOATBEPKICHBI BIIOCIIEICTBUN
TEOpHUEH.

BenuuuHb o0 IPUBOASAT TaKkKe K HEKOTOPHIM COBEPIICHHO HEOKUIAHHBIM SIB-
JICHUSIM, CBSI3aHHBIM C JIBIDKEHUEM AJIEKTPOHA. ITOT BOMPOC OBLT TOAPOOHO HCcie-
noBaH llIpenunrepom. Oka3pIBaeTCsl, YTO NEKTPOH, KOTOPBIN MPEACTABISAETCA HAM
MEJIEHHO ABWKYIIUMCSI, B I€HCTBUTEIBHOCTH JOJKEH IPOEIbIBaTh KOjIe0aTelb-
HO€ JIBIKEHHE OYeHb OOJIbIION YacTOThI M MAJION aMIUIUTY/Ibl, KOTOPOE HaKIa bl
BaeTcsl Ha HabJ0JaeMoe HaMH PaBHOMEpHOE JIBIKeHUe. B pesynbTare 3Toro xo-
nebaTeabHOro IBUKEHHUS CKOPOCTh 3JIEKTPOHA BCETa PaBHAETCS CKOPOCTH CBETA.
OTO cleICTBUE TEOPUH HE MOKET OBITh HETIOCPEACTBEHHO MTPOBEPEHO SKCIIEPUMEH-
TOM, TaK KaK 4acTOTa KOJICOATEIIbHOTO JBIKEHUS CTOJIh BBICOKA, a aMIUIMTYAA
CTOJIb HE3HauUMuTeIbHA. HO MBI TOJIKHBI JOBEPSATH 3TOMY CIEICTBUIO TEOPUH, TaK
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KaK JIpyrue BbIBOJbI U3 HEE, HEPa3PbIBHO CBSI3aHHBIE C TOJIBKO UYTO YKa3aHHbBIM Ia-
paloKCalIbHBIM CIIEZICTBHEM, KaK, HAIIpUMED, 3aKOH PACCESTHUSI CBETA AIEKTPOHOM,
HOJTBEPIKIAIOTCS SKCIIEPUMEHTOM.

Hamm ypaBHeHust 0071a1a10T €11e OJHUM BaXXKHbIM CBOMCTBOM, Ha KOTOpPOE 5
XOTel OBl yKa3aTh 3/1€Ch M KOTOPOE MPUBEIIO K MPeICKa3aHuIo Mo3UuTpoHa. U3 ypas-
HeHus (1) MbI BUIUM, YTO OHO JIOMYCKAET JUIsl KHHETHYECKOU sHeprun W wiu no-
JIOKUTENIbHbIE 3HAUEHUsI, OOJIBIINE M c?, UM OTPULATENIbHbIE 3HAUEHUS, MEHBIIINE
—mc?. DTOT pe3ynbTaT COXPAHAET CBOIO CUIIY M IIPU NIEpexo/ie K KBAHTOBOMY YpaB-
HeHuto (2) uiu (3). Takum 006pa3oM, STH KBAHTOBBIE YPAaBHEHHS, OyAydd UHTEP-
NPETUPOBAHBI COIVIACHO 001l cXxeMe KBaHTOBOM JAMHAMHKH, JOIMYyCKAaIOT B Kaye-
CTBE BO3MOXHBIX PE3YJbTAaTOB U3MEPEHMSI KHHETUUECKOW 3HEpTUU W niM Kakue-
1100 3HaYeHHUs1, OOJIbIINE mc?, U Ke 3HAYCHHS, MEHBIIINE —11C>.

B nelicTBUTENBHOCTH KMHETUYECKAs SHEPT Ul YACTHUIIbI BCET1a SBJISETCS MOJIO-
AKUTeIbHON. VTak, MBI BUJIUM, YTO HAIM YPaBHEHUs JOMYCKAaIOT Ul JIEKTPOHA
JIBa BUJa IBUKEHUS, U3 KOTOPBIX TOJIBKO OJJUH COOTBETCTBYET IIPUBBIUHOMY. Jlpy-
roif BUJI IBUKEHUSI COOTBETCTBYET 3JIEKTPOHAM C BECbMa CTPaHHBIMU CBOMCTBaMU;
Hanpumep, 0ojiee OBICTPOMY IBHKEHHUIO COOTBETCTBYET MEHbIIAst SHEPTHSL; YTOOBI
3aCTaBUTh TAKOH AJIEKTPOH OCTAHOBUTHCS, HY>)KHO IPUJATh €MY dHEpruto. MokHO
OBLTO OBI TOATOMY TOIBITATHCS BBECTH B TEOPHUIO B KAYECTBE HOBOTO JIOMYIICHNUS,
YTO TOJIBKO OJMH U3 BHUJIOB ABMKEHHs BCTpedaeTcs B AedcTBUTENbHOCTH. HO 3TO
IPUBOJUT K CEPbE3HOM TPYAHOCTH, TaK KaK Mbl HAXOAUM U3 TEOPHUH, UTO IEKTPOH
1OJ| IeHCTBUEM BO3MYIIEHUS MOXKET IEepEiTH U3 COCTOSHUS JIBUKEHUS C MOJIOKU-
TEJIbHOM 3HEPrUuel B COCTOSIHUE IBMXKECHUS C OTpULIATEIbHOM dHepruei. [loaromy,
JTa)Ke €CJIM MBI IIPEATIONIOKHUM, YTO BCE JIEKTPOHBI B MUPE HAaXOJATCS BHAYaje B
COCTOSIHUSIX IOJIOKUTETIbHON SHEPTUH, YEPE3 HEKOTOPOE BPEMs YacTh U3 HUX OKa-
KETCs B COCTOSTHUSIX OTpULIATEeNIbHOM dHeprun. Takum o0pa3om, JoIycKas COCTOs-
HUS OTPULIATENIBHOM SHEPTUH, TEOPHsI IPECKa3bIBAET HEYTO, NO-BUANMOMY HE CO-
OTBETCTBYIOLIEE UEMY-THO0 U3BECTHOMY U3 3KCIIEPUMEHTA, HO YTO MBI, OJTHAKO, HE
MOXEM OTOPOCHTH MPOCTO IyTeM HOBOTO MPEArNoyiokeHus. VTak, MbI TOJKHBI
HAWTH (PU3NYECKUN CMBICII OTPULIATENIEHBIX COCTOSHHIA.

bonee neranbHOE paccMOTpeHUE MOBEACHUS JIEKTPOHOB B 3TUX COCTOSTHUSX
B JIEKTPOMArHUTHOM I10JI€ TOKAa3bIBAET, YTO OHU COOTBETCTBYIOT IBUKEHUIO DJICK-
TPOHA C MOJIOKUTEIILHBIM 3apsJOM BMECTO OOBIYHOT'O OTPULIATENBHOIO, T. €. TOMY,
YTO HKCHEPUMEHTATOPBl HA3bIBAIOT TeHeph MO3UTPOHOM. [103TOMy MOXKHO OBLIO
OBl MOMBITATHCS TOMYCTUTh, YTO AJIEKTPOHBI B COCTOSIHUAX OTPULATEIBHOM SHEp-
MM KaK pa3 sABIA0TCA no3uTpoHamu. Ho Takoe perieHne Bonpoca He TOANUTCS, TaK
KaK HaOJI0JjaeMble Ha OMNbITE MO3UTPOHBI, HABEPHOE, HE UMEIOT OTPULIATEIBHBIX
SHepruil. Ml MOXKeM, OJIHAKO, YCTAHOBUTD CBSI3b MEXKJy 3JIEKTPOHAMU B COCTOSA-
HUSIX OTPHULATENBHOM SHEPruM U MO3UTPOHAMHU MHBIM, 3HAUYUTEILHO MEHee Mpsi-
MBIM 00pazoMm.

M1 Bocnonb3yemcst npuHuunom [laynu, corimacHo KOTOpoMy B KaKJIOM CO-
CTOSIHUHU JIBUYKEHUS MOKET HaXOUTHCS TOJIBKO OJIMH 3JIEKTPOH. JlonycTUM Teneps,
YTO B M3BECTHOM HAaM MHPE MOYTH BCE COCTOSHUS OTPULATENIbHON 3HEPIUU ISt
JIEKTPOHOB 3aHATHI KaK pa3 OJHUM 3JIEKTPOHOM B KaXKJIOM COCTOSIHUM U YTO PaB-
HOMEPHOE 3aIlOJHEHUE BCEX COCTOSIHUH OTPHLATENBHOM SHEPruM sBIISETCS
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COBEpILIEHHO HEHAOII0AaeMbIM sl Hac. JlomycTuM Janee, 4To Kakoe-Tudo Hesa-
HSTOE COCTOSIHHE OTPHUIATEILHOM YHEPTHH, Oy Ty9IH OTKIIOHCHHEM OT PaBHOMEPHO-
CTH, HaOJII0/1aeMO U KakK pa3 SIBISIETCS MTO3UTPOHOM.

Hezanaroe cocTosiHue OTpUIIATENBHON SHEPTUU, WIH JbIPKa, KaKk MbI OyaeM
Ha3bIBaTh €T0 JUIS KPATKOCTH, OyJeT 00J1aAaTh MOMOKUTEIHHON YJHEPTHEH, TaK KaK
OHO ABJIACTCA MECTOM, I'IC UMCCTCA HEAJOCTATOK OTpHHaTCHLHOﬁ OHCPIUH. B camom
Jiene, IbIpKa BeeT ce0st COBEPIICHHO TOA00HO 0OBIYHON YaCcTHUIIE, M, OTOXK/ISCTBUB
€€ C MO3UTPOHOM, MBI HanboJIee pa3yMHBIM CITIOCOOOM M30aBIsIEMCS OT TPYIHOCTH,
CBSI3aHHOM C MOSBJICHUEM OTPHULIATEIIBHBIX SHEPTU B HAIIUX ypaBHEHUsAX. C 3TOM
TOUYKH 3PEHUS MIO3UTPOH SBIISETCS TOUYHO 3€PKAIBHBIM U300pakKeHUEM SJIEKTPOHA,
UMEIOIIUM TY K€ Maccy, HO MPOTHUBOIOJIOKHBIN 3apsia. TH BBIBOJIBI OBUTH YXKE B
O6H_II/IX gcpTax NOATBCPIKIACHBI SKCIICPUMCHTAM. HO3I/ITpOH JOJIPKCH 3aTEM HUMCETH
TaKOH e, KaK y 3JIEKTPOHA, CIIUH, HO ATO 3aKJII0OUEHHUE HE OBbLIO eIle IPOBEPEHO HA
onelte. Ha ocHoBaHuu Hamei TCOpCTH'—ICCKOfI KapTUHBI MbI JOJIKHBI O KU AATh, YTO
OOBIUHBIH 3JIEKTPOH MOJIOKUTEILHOM SHEPTUN MOKET YIIACTh B IBIPKY U 3aIIOJTHUTD
ee, MpuYeM OCBOOOUBIIASCS PHEPrHsl OyJeT BBIIEICHA B BUAC DIEKTPOMArHUT-
HOTO M3IIy4eHHUs. ITO OyIeT COOTBETCTBOBATH MPOIIECCY, B KOTOPOM IJIEKTPOH U
MO3UTPOH B3aMMHO YHHUYTOKatoTcs. OOpaTHBINA mporiecc, UMEHHO CO3/IaHUE AJICK-
TPOHA U MO3UTPOHA U3 SJICKTPOMArHUTHOI'O U3JTYyYCHHA, TOKC MOXKET UMETH MECTO.
OTH MpoLIECCH O-BUANMOMY OBUTH 00OHAPYKEHBI IKCIIEPUMEHTAIBHO U B HACTOS-
11ee BpeMs UcClleyloTcs 6oJiee 1eTaabHO.

Teopust 31€KTPOHOB U MO3UTPOHOB, KOTOPYIO ST TOIBKO YTO Habpocal 3/1ech,
SBIISIETCS JIOTUYECKU 3aMKHYTOW KapTUHOM, KOTOpas COTNiacyeTrcs CO BCEMHU H3-
BECTHBIMH SKCHEPUMEHTAIbHBIMH (hakTaMHu. BbuTo OBl KenaTenbHO MOCTPOUTH
CTOJIb K€ YJIOBJIETBOPUTEIHHYIO TEOPHUIO U 1JIsi TPOTOHOB. [loxkamyii, MOKHO OBLIO
OBl IPENOJIOKUTD, UTO Ta YK€ camasi TEOpHsl IPUMEHUMA U K IPOTOHaM. JTO MpH-
BeJIO ObI K BOBMOXHOCTH CYIIIECTBOBAHUSI OTPULIATEIHHO 3aPSKEHHBIX MPOTOHOB,
SBIISIONIUXCST 3€PKaJIbHBIM H300paKeHUEM OOBIYHBIX, MOJOKUTEIBHO 3apsKeH-
HbIX. HeaBHUE aKcniepuMeHTanbHbIe pe3yibTarhl LlITepHa, kacaromuecs: CiMHO-
BOTO MarHUTHOTO MOMEHTa IPOTOHA, MPOTHUBOpEUaT, OJAHAKO, MOJA0OHON Teopuun
npoTOHOB. Tak Kak MPOTOH 3HAYUTENIBHO TSDKEJIEE 3JIEKTPOHA, TO BIIOJIHE BO3-
MOYKHO, 4TO JIJIsl HETO TpeOyeTcsl 3SHAYUTEIBHO 00JIee CII0KHAS TEOPHS, XOTS ceifuac
HEJb3s CKa3aTh, KAKOW OHA JOJHKHA OBITh.

Bo Bcskom ciydae, s CUUTA0 BEPOSITHBIM CYIIECTBOBAHUE OTPUIIATEIBHBIX
MPOTOHOB, N0O, TOCKOJIBKY MBI MOYKEM €I11€ ONTUPATHCS Ha TEOPETUYECKUE BBIBOIBI,
MCKAY HOJOXKHUTCIBbHBIM W OTPHULIATCIBHBIM 3JICKTPUUCCKUMU 3apsaaaMUu UMCECTCA
IMOJIHAaA U COBCPUICHHAA CUMMCTPHUS, U €CJIU 3Ta CUMMCETPUA HCﬁCTBHTGHBHO HOCUT
(dyHIaMEHTAIBHBII XapaKTep, TO JOJHKHO OKa3aThCS BO3MOXHBIM 00paIaTh 3apsi
moboro copta yactull. KoHeuHo, oTpuiatenbHble MPOTOHBI OyAET ropas3io Tpy-
Hee 00HAPYKUTh SKCIIEPUMEHTANBHO, TaK KaK JJI 3TOr0 He00X0ANMa 3HAUUTEIHHO
0oJIbIIIast SHEPTHUS, COOTBETCTBEHHO OOJbIIIEH Macce.

Ecnu MBI cTaneM Ha TY TOYKY 3pCHUS, UTO MMOJIHAS CUMMCTpPUA MCKAY I1OJI0-
JKUTCIIBHBIM U OTPULATCIIBHBIM 3JICKTPUYCCKUMU 3apiaaMU SABJIACTCA (bsz[aMeH-
TaJIbHBIM 3aKOHOM MPUPO/IBI, TO MBI TOJKHBI pACCMaTPUBATh KaK CBOETO POjia CIIy-
4ailHOCTh, YTO 3€MJIs, U, BEpPOsATHO, Bca CoJHEUHas cucTema coiepxaT M30bITOK
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OOBIYHBIX OTPHUIIATEIIBHBIX AJICKTPOHOB U MOJIOKUTEIBHBIX MPOTOHOB. BrioiHe BO3-
MO’KHO, YTO HEKOTOPBIE 3BE3/Ibl IOCTPOEHBI UHBIM IyTEM, UIMEHHO TJIaBHBIM 00pa-
30M U3 MO3UTPOHOB U OTPULIATENBHBIX MPOTOHOB. KOHEYHO, B MUpPE TOJIKHO OBITH
OJIMHAKOBOE YMCJIO 3Be3] Kaxaoro copta. O0a copTa 3Be311 OyayT UMETh B TOUHO-
CTHU OJIMHAKOBBIE CIIEKTPHI, U B HACTOSAIIEE BPEMSI HET BO3MOKHOCTH PA3IUYUTh X
KaKUMH-TTHO00 aCTPOHOMUYECKUMHU METOIAMH.

FROM THE BOOK
“MODERN QUANTUM MECHANICS.
THREE NOBEL REPORTS”
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AnHoTanus. B craTtbe paccMaTpuBaeTcs mpobiiemMa pealbHOCTH B KBAHTOBOW MEXaHUKE B €€
(hm3nIecKoM 1 MeTapU3NIECKOM U3MEPEHUSIX. AHATN3UPYIOTCS HCTOPUIECKHE TPEIIIOCHUIKH CTa-
HOBJICHUS KBAaHTOBOI TEOPHH, 0OCOOEHHOCTH €€ MaTeMaTHIeCKoro (popMali3Ma, a TaKkKe H3MeHe-
HUS TIPEJICTABICHUN 0 Ha0IojaeMoM 1 HeHaomrogaeMoM. Oco0oe BHUMaHUE YACTSICTCS PUHIIAITY
Heonpeaenéunoctu, DI1P-napagokcy, HepaBeHcTBaM benna, Jlerrerra u Jlerrerra — ["apra, a Takke
JKCIIEPUMEHTAM C OTJIOKCHHBIM BBIOOPOM M «KBAHTOBBIM JIACTHKOMY. [IoKa3aHO, 4TO COBpEeMEHHbBIC
SKCIIEPUMEHTHI TOATBEPKAAIOT MPECKa3aHsd KBAHTOBON MEXaHHUKH U CTaBST [IOJl COMHEHHE IIPHU-
MEHHMOCTb KJIACCHIECKOTO peann3Ma K KBaHTOBEIM 00bekTaM. OOOCHOBBIBAETCS TE3HC O TOM, UTO
KBaHTOBBIE OOBEKTHI HE MOTYT OBITh ONHMCAaHBl B TEPMHUHAX KIACCHYECKOW MPOCTPAHCTBCHHO-
BPEMCHHOW OHTOJIOTHHU JI0 aKTa M3MEPCHUS. B 3Toi CBsI3M mpeanaraeTcs Metadu3ndeckas nHTep-
mpeTanys KBaHTOBOM pealbHOCTH Yepe3 pa3indeHHe MOTEHIMAIbHOIO U aKTyaJbHOro, a Takke
yepe3 aHajJu3 KaTeropuil BO3MOKHOCTH, JEUCTBUTEIHLHOCTH U BPEMEHH B TPAJIUIIMU APUCTOTENS,
I'erens u Xaiimerrepa. Jlemaercs BbIBOA O HEOOXOIMMOCTH PACHIMPCHHS OHTOJOTHYCCKUX
1 SIIMCTEMOJIOTHIECKAX OCHOBAaHHUN COBPEMEHHON (DH3UKH.

Knroueesie cnosa: XxBaHTOBAs MeXaHUKa, PEalbHOCTh, HAOIIONEHUE, BpeMs, IPUINHHOCTH,

NOTCHINAJIbHOCTDb, OHTOJIOT U

ITpoGnema peanbHOCTH B KBAHTOBON MEXaHHKE OCTAETCsl OAHON M3 Haubosee
CIIOKHBIX ¥ TUCKYCCHOHHBIX B COBPEMEHHOH (pHM3MKe, HaXOAACh B IIEHTpPE Hay4-
HOro BHUMaHHUS Oonee Beka. KBaHTOBas Teopus (QOpMHUpYET IpeICcTaBICHHE
0 PEaIbHOCTH, CYIIECTBEHHO OTIIMYAIOLIEECs OT KIIaCCHYECKUX MOJIeNei, pa3pado-
TaHHBIX KaK B ()U3MKE, TaK U B 3aI1aIHOEBPOIICHCKON (hrocodun.

PesynbraThl 3KCIIEPIMEHTOB, HAPABICHHBIX Ha NMPOBEPKY (yHIaMeHTab-
HBIX OCHOBAaHUI KBaHTOBOW MEXaHUKH, POTUBOPEYAT KIIACCHUECKOMY PEaTH3My,
COTJIACHO KOTOPOMY 3JIEeMEHTAapHbIE OOBEKTHI 00JIaJaf0T ONpeAeIEHHBIMH CBOM-
CTBaMH HE3aBUCHMO OT aKTa HaOJro/IeHHs. B KBaHTOBO Teopuu mpennonaraercs,
9TO TaKKue 00BEKTHI HIMEIOT HHOWM OHTOJIOTHYECKHH CTaTyC IO MOMEHTA H3MEPEHHUS;
B YaCTHOCTH, OHH HE CYILECTBYIOT B IIPOCTpaHCTBE-BpeMeHH. [Ipu 3Tom «Hecy1e-
CTBOBaHHE» HE O3HAYAET IMOJHOTO OTCYTCTBHsS OBITHS, KaK 3TO yTBEP)KIACTCS B
paMKax KBaHTOBOTO aHTHpeanu3Ma. Peub HIET 0 MpU3HAHUK Pa3IMYHBIX MOIYCOB

* E-mail: sevalnicov@rambler.ru
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OBITHSI, HE CBOJUMBIX K MIPOCTPAHCTBEHHO-BPEMEHHOMY, B KOTOPBIX CIIEAYET pac-
CMaTpUBATh KBAHTOBbIE OOBEKTHI.

CoBpeMeHHbIE HUCCIIeIOBAaHUSI HEPEAKO XapaKTepPU3yIOT KBAHTOBYIO (DM3HKY
KaK (hOpMy «IKCTIEpUMEHTAIbHON MeTapU3UKI», B paMKax KOTOPOM OHTOJIOTHYE-
CKHE YTBEPKJICHHS MOIY4aloT SMIMPUUECKYIO poBepKy. Ha ceroansmnuii neHp
OTCYTCTBYIOT SKCIIEpUMEHTAJIbHBIE PE3YJIbTAThI, IPOTHBOPEYAIIIE KBAHTOBOM TEO-
pHYU; HAMIPOTHUB, HOBBIE JIAaHHBIE TIOJITBEPKAAIOT U YIIIYOJISIIOT €€ HeTPUBUAIILHBIE
BBIBO/IBI.

Oco0oe 3HaueHHE HMEIOT HCCIEIOBaHUS, CBSI3aHHbIE C MPOBEPKOW Hepa-
BeHcTB Jlerrerra — ["apra, skcriepyMeHTaMu THIA «KBAaHTOBOTO JIACTHKA» U JPY-
TUMH pabOTaMU, YKa3bIBAIOIIUMHU Ha CIIOKHBIE BPEMEHHBIE KOPPEIISAILINHT, BKITIOYast
CUTyallud, B KOTOPBIX pa3iuyue MEXIy NPUUUHON U CIIEICTBUEM OKAa3bIBAETCS
WHBIM, HEKEITH TO, KOTOPOE YKOPCHHIIOCh B paMKaX COBPEMEHHOW (HIIOCO(UH.
[TonoGHbIe 3(PheKThl UHTEPIPETUPYIOTCSA KaK MPOSBICHHE HEIOKAJLHOCTH BpE-
MEHU U OTHOCATCS UCKIIOYUTEIHFHO K KBAHTOBOM 00IaCTH.

HakoruienHblil sKcniepuMeHTaIbHBI MaTepuan TpeOyeT He TOJbKO (uznye-
CKOU MHTepHpeTaIuu, Ho U MeTadu3udeckoro 000cHOBaHus. B 3T0i cBsI3u aHamu3
MOHSITHUS PEATBHOCTH PUOOpPETACT KITFOUYEBOE 3HAUCHUE /ISl JAIBHEUIIIETO Teope-
TUYECKOT'O OCMBICJICHHSI KBAHTOBOW MEXaHUKH.

B pa3ButHu KBaHTOBOI MEXaHUKH MPUHITO Pa3INyaTh «CTAPYIO» U «HOBYIO»
cranuu. [Tepuon 1900—-1925 rr. paccMarpuBaeTcs Kak 3Tal CTAaHOBJICHUSI KBAHTO-
BOil Teopun. Ero Hauano cBs3eiBaercs ¢ nokiaaaoM Makca [Inanka ot 14 gexaOps
1900 r. «O npobaeme u3myueHust abCOMOTHO YEPHOTO TeIa», a 3aBEPIICHHE — CO
ctateéit B. I'eitzenbepra «O KBaHTOBOTEOPETUYECKON MHTEPIPETALIMU KHHEMATH-
YECKHX U MEXaHUYECKUX COOTHOIICHUI (29 uronst 1925 r.) [1], o3HamMmeHOBaBIICH
Nepexo]l K HOBOMY 3Tally pa3BUTUS TEOPUHU.

VYkazanHas paOoTa BBISIBHIIA PSIJT POOJIEM, BIIOCIICICTBUM TPUOOpETIINX (PyH-
TaMEeHTaNbHBIA XapakTep. E€ mosiBnenune Obuio 00yCIOBIECHO HaYyYHBIM KOHTEK-
cToM, chopMHpOBaHHBIM B MIOHXEHCKOM YHHBEPCUTETE TOJ PYKOBOACTBOM
ApHonbna 3ommepdenspaa, rae [eiizeHOepr mpoxoauwsn OO0y4YeHHE COBMECTHO
¢ Bonsgranrom [Taymu. B pamkax 1aHHOTO HAYyYHOTO CEMHUHAPA PacCMaTPUBAIACh
3aJja4ya BbIBOJA 3aKOHOB CIIEKTPa M3JIyYEHUs aToMa BOAOPOa, KOTOpas Ha MPOTsi-
KEHUH JUIUTEIHLHOTO BpEMEHH HE HaXOoInja pelieHusl. DTH UCCIEeI0OBaHus CIIOCO0-
CTBOBAIM (OPMHPOBAHHIO HOBBIX TEOPETUYECKUX TMOAXOMOB, TOJIOKUBIINX
Hayajo KBaHTOBOM MEXaHHKE.

[TpuHIMIUATHEHO 3HAYNMBIM SIBIISIETCS TO OOCTOSATENHCTBO, YTO MaTeMaTHYe-
CKHU ammapar, MpeoKeHHbIH [ eii3eHdeprom, He ObUT BEIBEICH U3 3apaHee chop-
MYJIMPOBAHHBIX (U3UYECKUX MPHUHIIMIIOB, a HOCHUJ SBPUCTHUECKHH XapakTep.
B ornmmume ot Kiaccudeckoll MeXaHHMKHM, OCHOBAaHHOM Ha 3akoHax HrroTOHa, a
TaK)K€ TEOPUU OTHOCUTEIILHOCTH DHHIITEHHA, OMHUpAroIeiicss Ha YETKO 3a/1aHHbIE
MOCTYJIaThI, KBAHTOBAas MEXaHHKa HA MOMEHT CBOETO CTAaHOBJICHHS He oOiamana
byHIaMEHTaIBHBIM KOHIIETITYJIbHBIM OCHOBaHHEM.

Briocnencteun O0butH c(hOpMHUPOBAHBI TPU SKBHUBAJIICHTHBIX MATEMAaTHICCKUX
dopManu3zmMa KBAaHTOBOW TEOPHM: MaTpHuYHAas MEXaHHWKA, BOJHOBAas MEXaHUKa
[lIpénuurepa U MeTOJ KOHTHHYyaJIbHOTO MHTEerpupoBanus deitnmana (1946 r.).
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HecMoTpss Ha pasznuuue HCIOJIb3yeMbIX MaTEMaTHMYECKHUX CPEACTB, YKa3aHHBIE
(dopManu3Mbl MPUBOJAT K IKBUBAJIEHTHBIM (PU3UUYECKUM PE3yJIbTaTaM.

Taxum 06pazoM, OTHOI U3 KIIFOUEBBIX OCOOCHHOCTEH KJIACCUYECKOW KBAaHTO-
BOI MEXaHUKH SIBISIETCS] OTCYTCTBHE BBIBOIA €€ MaTeMaTHIECKOro anmapaTa u3 0o-
aee oOumx npuHIKNoB. Co3aTesin KBaHTOBOM MEXaHUKH HE PacIojiaraiy CUCTe-
MO OCHOBaHUi1, N3 KOTOPBIX MOTJIa OBl OBITH IeAyIIUpOBaHa e€ CTpyKTypa. B aTom
KOHTEKCTE YMECTHO T'OBOPUTH 00 «ypOoKe KBaHTOBOW MexaHukm» (k. A. Yunep),
YKa3bIBAIOIIEM Ha HEOOXOAMMOCTD MEPECMOTPa TPATUIIHOHHBIX MPEICTABICHUH O
COOTHOILIEHUH (PU3NYECKON TEOPUU U €€ OHTOJIOTMUECKUX OCHOBaHMIA.

Vaxe B cratee 1925 1., ¢ KOTOPOI1 CBA3BIBAETCS CTAHOBJICHUE HOBOM KBAHTOBOM
Mexanuku, B. ['eiisenbepr B uMmummuutHoO# dhopme GpopMyIupyeT METO0I0THYE-
CKYIO YCTaHOBKY, BIIOCJIEACTBUU OJYUYMBLIYIO UHTEPIIPETALNIO KaK «ypPOK KBaH-
TOBON MeXaHHKH». B Oojiee pa3BepHYTOM BHJE NaHHAS MPOOJIEMATHKA TPOSIBIIS-
eTCs B €ro AUCKyccuu ¢ A. DiHITeHOM (1926 T.), peKOHCTPpYHUPYEMOI Ha OCHOBE
TekcTa ['eitzenOepra «Hacte u 1emoey», B rmaBe «KBaHTOBas MexaHWKa U Oecena ¢
OWHILTEHHOM.

AHanu3 yKa3aHHOT'O HCTOYHHMKA MTO3BOJISIET BBISIBUTH KAK UCTOPUKO-HAYYHBIM,
TaK ¥ KOHIIENTYaIbHBIA KOHTEKCT 00Cy)aeHwus. Peub uaér o noxnane ['eitzendepra
Ha (PU3MYECKOM KOJUTOKBUYME BepiIrHCKOTO yHHBEpCUTETA — OTHOM U3 KIIFOUEBBIX
HAy4YHBIX LIEHTPOB TOr0 BpeMeHH, e padoranu M. [Inank, A. DitHiureiiH, M. ¢pon
Jlays u B. I". HepHcr. [IpeacraBiienre HOBOM KBAaHTOBOM MEXaHUKH B JaHHOW HAay4-
HOM cpele OOYCIOBMJIO TIOCTAHOBKY BOIIPOCOB, BBIXOASIIUX 32 MPEAEIBI
cOOCTBEHHO (PM3UYECKOTO OMUCAHUS U 3aTparuBaronnx Gpuaocodckre OCHOBAHUS
TEOpUH.

B xone mocnemyromieir Oecenpl ¢ DHHINTESHHOM NpPEAMETOM OOCYKICHHUS
CTAaHOBUTCS OTKAa3 OT KJIACCHYECKOIO IMPEACTaBICHUS 00 AJIEKTPOHHBIX OpOUTaXx.
JlaHHast mO3UIMS TOABEPraeTCs DUHIITCHHOM KPUTHKE C TOYKU 3PEHUS Kilaccuye-
CKOTO peain3Ma, arneuiipyomero K HabIo1aeMOCTH TPAeKTOPUN YacTuIl (B 4acT-
HOCTH, B kamepe Bunbcona). Tem cambiM QUKCHUpYETCS TPOTHBOPEUHE MEKIY
KJIACCUYECKUMU MPEICTABICHUSMH O (PU3UUECKOM pearbHOCTH U HOBBIMU NTPHHLIU-
aMU TEOPETUYECKOTO OMUCAHUSI.

B otBeT Ha nanHoe Bo3paxkeHnue ['elizeHOEpr popMyIHUpyeT CIEAYIONIYIO TO-
3unnio: «OpOUTHI 3JEKTPOHOB B aToMe HAOMIOJaTh HENb3sl, — TaK MPUMEPHO
OTBEYaJl 5, — HO MO M3IYYEHUIO, UCXOALIEMY OT aToMa IpH pa3psaKe, MOXKHO
HEMOCPEJACTBEHHO 3aKIIOUYUTh O YaCTOTaX KOJEOAHMW M O COOTBETCTBYIOIIMX aM-
IUTUTYJaX 3JICKTPOHOB B aTOMe. 3HaHHUE BCeX KOJeOaHUI U aMIUIUTY ]l B MaTeMaTH-
YECKOM BBIPKEHHH — 3TO BE/Ib U 110 TIOHATHIM MPEXKHEH (U3NKHA MOXKET CITY)KUTh
YeM-TO BPOJE dp3alia 3HAHUS 3JEKTPOHHBIX OpOUT. I[I0CKONBKY ke pa3yMHO BKITIO-
4yaThb B TEOPHUIO TOJHKO BEJIMYMHBI, MOJAAIONIMEcs HAOIIOACHUIO, MHE Ka3aJloCh
€CTECTBEHHBIM JOIYCTUTH JIMIIb 3TU JaHHBIE, TAK CKa3aTh, B KAUECTBE MPE/ICTABH-
Tesieit opouT anexTponos» [2. C. 190-191].

JlaHHas TO3UIHMSI MOKET OBITh MHTEPIIPETUPOBAHA KAaK BBHIPAKECHUE PUHIINIIA
OIepalMoOHaIN3Ma, B COOTBETCTBUU C KOTOPBIM B CTPYKTYPY (PU3NUYECKON TeOpUU
BKJIIOYAIOTCSl UCKIIIOYUTENIBHO Ha0II01aeMble BETMYMHBI. TeM caMbIM OCYIIECTB-
JseTCd OTKa3 OT KJIACCHYECKOW OHTOJIOTHH, IMPEANOJIararollell CyIeCTBOBAHHE
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00BEKTOB C ONpeAeEHHBIMU CBOMCTBAMH HE3aBHCUMO OT YCJIOBUN HaOIIOJCHMS,
u (hopMUpyeTCs HOBas SIUCTEMOJIOTHYECKas: yCTaHOBKaA, JeKalas B OCHOBaHUU
KBaHTOBOM MexaHukH. Takum oOpa3oM, aHalu3 paccMaTpUBAEMOIo 3IMHU307a
MO3BOJIAET 3a(UKCUPOBATh MEPEXO] OT KIACCUYECKOTO K HEKIIACCUYECKOMY THUITY
Hay4YHOM PallMOHAIBHOCTH, B paMKaX KOTOPOI'O M3MEHSETCS KaK CTaTyC TEOPETH-
YeCKHX O0BEKTOB, TaK ¥ MPUHLIUIIBI UX OTIMCAHUSL.

C dbopmupoBaHrEeM HOBOM KBAHTOBOW MEXaHUKH B HAYYHBIN 000POT BBOAUTCS
paznuuue Mexay «HaOJI0aeMbIMU» U «HEHA0II01aeMbIMI» BEJIMYUHAMU, KOTO-
poe B 1920—-1930-¢ rr. cTaHOBUTCS LIECHTPAJIBHBIM IPEAMETOM TUCKYCCUN U BHOBb
AKTyaJIM3UPYETCS B CBA3U C COBPEMEHHBIMU KCIIEPUMEHTAMU, HAIPABJICHHBIMU HA
POBEPKY PyHAAMEHTAILHBIX OCHOBAaHUI KBAHTOBON TEOPHUH.

B pamkax ganHoro noaxona, Hanpumep, [ eli3eH0epr OTHOCUT TaKoe TOHSTHE,
KaK TPaeKTOpHs JBUKEHMS 3JIEKTPOHA B aTOME, K YHMCIy HEHAOJII0laeMbIX BEJH-
YUH. DTO CTaBUT BOIPOC O COAEPKAHUHM CAMOI0 MOHATUSA «HEHAOII0ZaeMoroy,
KOTOPBIH U CTAHOBUTCS TIPEAMETOM OOCYKJICHHUS B €T0 TUCKYCCHH C A. DUHIITEH-
HOM. [IpuHIIMTIHANIEHO Ba)KHO, YTO HEHAOIIOAaEMOCTh HE TOXKJIECTBEHHA HECyIIe-
CTBOBaHMIO. Tak, 3J€MEHTapHbIE YaCTHIbl, BKJIIOYas 3JEKTPOH, HE IMOAJNAIOTCA
HETOCPEICTBEHHOMY Ha0JIIOJICHHUIO, OJTHAKO UX OHTOJIOTUYECKH CTaTyC B (pu3HKe
HE NIOJIBEPraeTCsi COMHEHUIO.

Bwmecte ¢ Tem B uHTepniperanuu ['eiizenOepra peub UIET HE O YACTHUIE KaK
TaKOBOMW, a O TPACKTOPHUH €€ ABMKEHUS B aroMe. OTKa3 BKIKOYATh JAHHYIO BEJIU-
YUHY B TEOPETHUYECKOE OMHCAHUE MOKET CO3[aBaTh BIEYATICHUE OTPULAHUSA €€
cylecTBoBaHMs. FIMEHHO NPOTUB TaKOW MHTEPNpPETALMH BBICTyNAaeT DWHILITEIH,
amneyuupys K SKCIEPUMEHTAJIBHBIM CUTYAIMsIM, B YaCTHOCTH K HaOJII0/1aeMOCTH
TPEKOB JJIEKTPOHOB B KaMepe Buibcona.

Tem cambiM quckyccus Mexay I'eizenOeprom u DUHIITEHHOM CMENIASTCs B
3MHACTEMOJIOTHYECKYIO IIIOCKOCTh M 3aTPAaruBaeT BOIPOC O TOM, KAKUE UMEHHO Be-
JUYUHBI — HAOI0JaeMble WM HEHAOII01aeMbIe — JOJHKHBI COCTaBIISTh OCHOBAaHHUE
¢usuueckoil Teopun. OgHAKO Jekalas B €€ OCHOBE OHTOJIOTHYECKas Mmpobdiema
ocraBanack HepeméHHoi. Ha momeHT oOcykaenus [eiizenbepr He pacronarai
KOHIENTYaJIbHBIM aNapaToM, IO3BOJISIIOIIMM JaTh HAa HEE HCUEPIBIBAIOIINN
OTBET; OH MOSIBUJICA JUIb B 1927 . ¢ BBEJICHUEM NPUHIIUIA HEOTIPEACIEHHOCTH.

W3 npuHnuna HeonpeneaéHHOCTH CIEAYET, YTO TOYHOE ONpPENEIICHUE OTHON
U3 COMPSDKEHHBIX BEIMYUH (HAIIpUMep, KOOPAMHATHI YACTHIIBI) IeJaeT HEBO3MOXK-
HBIM OZJHOBPEMEHHOE TOYHOE 33aJJaHHe APYTroi (MMIyJbca), 1 Ha000poT. JlanbHen-
IIe€ pa3BUTHUE HTOrO IOJIOKEHUS MPUBOJUT K NPHUHLUIINAIBHOMY BBIBOAY:
napaMeTpbl KBAaHTOBON CHCTEMBI, COOTBETCTBYIOLME HEKOMMYTHUPYIOIINUM OIepa-
TOpaM, He MOTYT paccMaTpHUBaThCs Kak 00Jajaromine onpeaenéHHbIMU 3HAYEHU-
MU J10 aKTa u3Mepenus. Jlannas npoOiemaruka Oblia BIIEpBbIE CUCTEMATUYECKU
npoaHanu3upoBaHa A. DifHmTeliHOM B coBMecTHOM pabote ¢ b. Ilogonbckum
u H. PozeHoM «MOXHO 511 CUMTaTh KBAHTOBOMEXAHUUECKOE OIUCAHUE PEATTBHOCTH
nosHbIM?» (1935 1.).

B ykazanHo# paboTe popMynmpyeTcs KpUTHKA CTAaHIAPTHOW HHTEPIPETANN
KBaHTOBOM MEXaHUKH U YTBEPKIAETCS, UTO «ECIIA KOJIMYECTBO JIBUKEHUSI YaCTHUIbI
W3BECTHO, TO €€ KoopaAWHaTa He uMmeeT (u3mdeckon peanmbHOCcTH» [3. C. 606].
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ABTOpBI B pe3yJibTaTte GOpPMYITHPYIOT AIbTEPHATHBY: «WIH 1) KBAHTOBOMEXaHUYE-
CKO€ OMMCaHUE PeaIbHOCTH HETIOJIHO, WK 2) KOTJja OTIepaTopbl, COOTBETCTBYIOIINE
IBYM (pU3MUYECKUM BEJIMYHMHAM, HE KOMMYTUPYIOT, 3TH JBE€ BEJIUYMHBI HE MOTYT
OBITh OTHOBpEMEHHO peanbHbIMU» [3. C. 606].

Tem camMbIM CTaBHUTCS O]l COMHEHUE MOJHOTA OMMCaHUs (PU3NUECKOI peab-
HOCTH TIPY IOMOIIIM BOJTHOBOH ()YHKIIMH. B 3aKITI0YUTENBHOM YaCTH CTaThH aBTOPBI
YKa3bIBalOT Ha HEJIOKAJIbHOCTh KBAHTOBO-MEXAHUYECKOTO OMMCAHUS pealbHOCTH,
C YEM OHU HE MOTYT COIJIaCUTHCA: «...peaibHOCTh P 1 Q cTaBUTCS B 3aBUCUMOCTD
OT IpoLEecca U3MEPEHUs], IPOU3BOJUMOI0 HaJ IEPBOM CUCTEMOMH, XOTS ITOT IPo-
11ecc HUKOMM 00pa3oM He BJIMsIET Ha BTOpYIo cucreMy. Hukakoe pasymHoe ompe-
JiefieHNe peaJIbHOCTH He JI0JKHO, Ka3alloch Obl, fomyckath 3Toro» [Tam xe).

DHHINTEHH, paccMaTpHBast Be albTEPHATUBBI, C(POPMYIMPOBAHHEIE B CTAThE,
CKJIOHSUICS K NIEPBOMY U3 YKa3aHHBIX BBIBOJOB, MpeAroiaras HETMOJIHOTY KBaHTO-
BOl MexaHuku. OHAKO TMOCIENYIOIIEee Pa3BUTUE IKCHEPUMEHTAIbHON (DU3HKH,
BKJIIOYAsl UCCIIeIOBaHUA BTOPOl mojIoBUHBI X X — Havyana XXI B., He BBISIBUIIO MTPO-
TUBOpEUUH C KBAHTOBOM TEOpHEW M, HAIPOTUB, MOATBEPAWIO €€ MpeACcKa3aHMUs.
OTO NPUBOJIUT K BBIBOAY O TOM, YTO KBAaHTOBbIE OOBEKTHl HE MOT'YT OBITh HUHTEP-
NPETUPOBAHBI KaK OOJIafarolue OnpeeNéHHBIMI CBOMCTBAMU B KJIACCHYECKOM
IPOCTPAHCTBEHHO-BPEMEHHOM CMBICIIE 0 aKTa U3MEPEHMUS.

B nanHOoM kOHTEKCTe MokaszaresbHO BbICKa3biBaHue B. I'eitzenOepra o tom,
YTO «aTOMBbI HE BEIW», OHU 00JIalal0T UHBIM OHTOJIOTHUYECKUM cTaTycoM. Cxon-
Hyto nosunuto passusaet ['.-I1. {ropp B pabote Es gibt keine Materie! (2012) [22],
Ha3BaHUE KOTOPOW HOCHUT IOJIEMHYECKUN XapakTep U aKLEHTHPYeT HeoO0Xonu-
MOCTb [IEPECMOTPA TPAJAULIMOHHBIX IIPEACTABICHUIN O MaTEpUH.

Takum 00pa3oM, BO3HUKAET MapajoKcaabHasi CUTyalUsl: MUKPOCKOIIMUECKHE
00BEKTHI, COCTABIISAIOLINE MAKPOCKOIIMUECKHE Tella, 00J1aJat0T UHBIM MOIYCOM CY-
IIECTBOBAHUS, HEXKEIN CAMH MAKpPOOOBEKThl. DTO MPOTHUBOPEUUT KaK UHTYULUSAM
KJIacCHYeCKOM (U3UKHU, TaK U MOJIOKEHUSIM HOBOEBpoOIIeHcKoi (unocoduu u tpe-
OyeT pa3pabOTKH HOBOM OHTOJIOTHYECKON U SMMCTEMOJIOTMUECKON PAMKH.

JIONOJTHUTENBHYIO OCTPOTY JaHHOHM MpoOieMaThKe MPUAA0T COBPEMEHHBIE
HKCIIEPUMEHTBHI, B YaCTHOCTH MTPOBEPKU HepaBeHCTB JlerreTra — ["apra u Tak Ha3bl-
BAaE€MbI€ «OMBITHl C KBAHTOBBIM JIACTUKOMY». VX pe3ynbTaThl CBUAETEILCTBYIOT O
HaJINYUY HETPUBHUAIIBHBIX BPEMEHHBIX KOPPENSLNi, TPH KOTOPBIX PE3YIbTaThl U3-
MEpEHUI MOT'yT 3aBUCETh OT MOCIEYIOIUX SKCIIEPUMEHTAIbHbIX YCIIOBHA. B psine
ciydaeB (DUKCHPYIOTCSI CUTyallMH, B KOTOPBIX U3MEHEHUE yCIOBUI B OoJee mo3-
HUII MOMEHT BPEMEHHU NPUBOJIUT K MEPEUHTEPIIPETALNN PAHEE NOJYUYEHHBIX pe-
3yJbTaTOB, NPUYEM COOTBETCTBYIOLINE COOBITHS HE CBSA3aHbl KIACCUUYECKOH MpH-
YHHHO-CJIEICTBEHHON 3aBUCUMOCTHIO. J[aHHBIE 3(h(eKThI TPeOYIOT CreHaIbHOrO
aHanmu3a ¥ OyyT pacCMOTpPEHBI Jajee.

CoBpeMEeHHOE COCTOSIHME HCCIeI0BaHUN B 001aCTH KBAHTOBOW MEXaHUKH BCE
yale XapakTepu3yeTcsl Kak 3Tall «IKCIepUMEHTaIbHON MeTau3UKU», B paMKax
KOTOPOTO BOIIPOCHI, TPAJUIIMOHHO OTHOCUMBIE K (QHIIOCO(PHH, TaKue KaK MPHPOJIa
peanbHOCTH, CTAaTyC CYLIECTBOBaHMS M HECYIECTBOBAHMS, a TaKXKe HaIlpaBJICH-
HOCTh («CTpeyia») BpPEMEHH, CTAHOBSTCA TMPEAMETOM SKCIEPUMEHTAIBHOU
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POBEPKHU. B CBS3M ¢ 3TUM B TOCIIEAHHUE TOBI HAOIIOIACTCS 3HAYUTEITBHBIA POCT
qyucia padoT, MOCBAMIEHHBIX TaHHOW MTPOOJIeMaTHKE.

O060061mas pe3yapTaTbl COBPEMEHHBIX 3KCIIEPUMEHTOB, MOKHO BBIACIUThH He-
CKOJIBKO KJIFOUEBBIX MOJIOKEHHH. Bo-TIepBbIX, Bce MPOBEIEHHBIE HA CETOTHAIITHUIMA
JIE€Hb HKCIIEPUMEHTHI MOATBEPXKIAIOT MPEACcKa3aHusi KBAaHTOBOW MexaHHWKH. Bo-
BTOPBIX, MTOJIyYCHHBIC JAHHBIE CBUACTEIHCTBYIOT O HECOCTOSITETLHOCTU MeTa(hu3H-
YECKUX YCTAHOBOK KJIACCHUYECKOTO peaim3Ma MPUMEHHUTEIHLHO K KBAHTOBBIM 00b-
ektaMm. B wacTHOCTH, OIpOBEpraeTcst TE3UC 0 TOM, YTO GU3HUIECKUE OOBEKTHI 00JIa-
JAIOT ONpEeeNIEHHBIMU CBOMCTBAMH B NMPOCTPAHCTBE U BPEMEHU HE3aBHCHUMO OT
IpOLEAYPhl U3MEPEHHUS, a TAKXKE TOJT0KEHNUE O HEBO3MOXKHOCTH JalIbHOACHCTBUS
¥ MTHOBEHHBIX KOPPEJSIIIHIA MEXKTy IPOCTPAHCTBEHHO Pa3eIEHHBIMHI CHCTEMAaMH.

OcoOblif UHTEpEC MPEACTABISIOT YKCIIEPHUMEHTHI C OTIOXKEHHBIM BBIOOPOM U
TaK Ha3bIBAEMBIC «OIBITHI C KBAHTOBBIM JIACTHKOMY, KQXKIbII M3 KOTOPHIX HAIIPaB-
JIeH Ha aHallu3 crenuuyecKux acleKTOB KBaHTOBOW peajbHOCTU. BmecTe ¢ Tem
KIIIOYEBYIO POJIb B OMIIUPUUECKON MpoBepKe (yHIaMEHTATbHbBIX MOJ0KEHUI KBaH-
TOBOI TEOPHH CHITPATH YKCIEPUMEHTHI TI0 MPOBEpKe HepaBeHCTB benna, akTHBHO
pa3BuBaBimecs HaunHast ¢ 1980-x rr. K 2015 r. Obutn peanu3oBaHbl CEpHH YKCIIE-
PUMEHTOB, B KOTOPBIX YCTPaHEHBI OCHOBHBIE METOMOJIOTMUECKUE <JIa3eUKM»,
JOTTYCKaBIITME KJIACCUYECKYI0 MHTEPIIPETAIUIO pe3yabTaToB [4. P. 14].

OO60O0MEHHBIN BBIBO 3TUX HCCIEAOBAHUMN 3aKITIOYACTCS B CICTYIOIIEM: IS
KBAHTOBBIX CHCTEM OKAa3bIBAIOTCSI HEMPUMEHUMBIMHU JHUOO MPUHIMUIBI Kiaccuye-
CKOTO peanusma, JU0O0 MPHUHIIUII JIOKAJbHOCTH, TU00 00a OTHOBPEMEHHO. DJKCIIe-
PUMEHTAILHO YCTAHOBIIEHO CYIIECTBOBAHHME HEJIOKATHHBIX (MIHOBEHHBIX) KOppe-
JSAIUI MEXKIY «3allyTaHHBIMIY» KBAaHTOBBIMH YaCTUIIAMH; TPU ITOM IMepenada
KJIAaCCUYECKON MH(OpMALIMK CO CKOPOCTHIO, MPEBBIIIAIONIEN CKOPOCTh CBETA, OCTa-
€TCs1 HEBO3MOKHOM.

Hapymenue nepasencts bemna daxktuuecku gaér oTBeT Ha nuiemMmy, cop-
MyIHMpoBaHHYIO0 B pamkax JIIP-nmapanokca: mubo KBaHTOBO-MEXaHMUYECKOE OMHCa-
HUE PEAbHOCTH SIBJISIETCS HETIOHBIM, JITNOO HEKOMMYTHPYIOIIUE BETUYUHBI HE MO-
YT OJHOBPEMEHHO 00ianaTh (PU3MUECKON PEaTbHOCTHIO. DKCIEPUMEHTAIbHEBIE
JIAHHBIE CBHUJICTEIBCTBYIOT B IOJIb3Y MOJTHOTHI KBAHTOBO-MEXaHMUECKOTO OIHCa-
HUS U, B YaCTHOCTH, UCKITIOUAIOT BO3MOXKHOCTD BBEICHHSI JIOKAJIbHBIX CKPBITHIX Ma-
pameTpoB.

OpaHako U3 ATOTO HEMOCPEACTBEHHO HE CIEAYyeT OKOHYATENbHBIN 0TKa3 OT pe-
ATHCTUYECKON MHTEPIPETAIMU: TEOPETUUECKH JIOMYCTUMAa MOJETh HEIOKaIbHOM
PEaNTbHOCTH, B PAMKaX KOTOPOU CBOMCTBA KBAHTOBBIX 0OBEKTOB COXPAHSIOT CYIIIe-
CTBOBaHUE B MPOCTPAHCTBE-BpeMeHH. J[JIs1 MpOBEPKU TaHHOW BO3MOKHOCTH ObLIH
npeyiokKeHbl HepaBeHCTBa Jlerrerra, HampaBieHHbIE Ha TECTHpPOBaHHME Oolee
HIMPOKOT0 KJlacca peaJTucTUUeCKUX Teopui [S].

Pe3ynbpTaThl COOTBETCTBYIONINX KCIIEPUMEHTOB JEMOHCTPUPYIOT HApyIIIEHUE
HepaBeHCTB Jlerrerra [6], 4TO CYLIECTBEHHO YCWJIMBAET BBIBOJBI, IIOJYyUYEHHBIE
panee. Takum oOpazom, mpodIeMa He CBOJIUTCS K HEJIOKAIbHOCTH KBAHTOBBIX KOP-
peTSriA: TT0 COMHEHUE CTaBUTCS caMa MIPUMEHUMOCTh KJIACCUYECKOTO MOHSITHS
pPEeaNbHOCTH K KBAHTOBBIM O0BEKTaM U MX CBOMCTBAM.
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CnenoBaTenbHO, COBOKYITHOCTD 3KCIIEPUMEHTAJIbHBIX JAHHBIX IPUBOJUT K 00-
JIee paJuKaIbHOMY 3aKIYEHUIO: KIIACCUYECKAsi OHTOJIOTHsl, IIPEAIIOIAraroIasi Cy-
IIECTBOBAHNE (DPU3MUECKUX CBOICTB HE3aBHCHMO OT aKTa M3MEPEHMS, HE MOXKET
OBITH COXpaHEHA B paMKaX KBaHTOBOI TEOpHUH.

KBanToBas Teopus GopMyIupyeT psij MOJI0KEHUH, IPUHIUITHAIBHO IPOTUBO-
peyanmx KJIacCU4eCKUM IMPEJICTaBICHUSIM O JBM)KEHUH M CBOMCTBaX (PU3MUYECKUX
00BEKTOB. B KBaHTOBOI MEXaHUKE OTCYTCTBYET MOHITHE ONPEACIEHHOMN TPAEKTO-
UM YacTHIIBI B KJIIACCHYECKOM CMBICIe. B paMkax kimaccumueckor (pu3mKu JIBHKe-
HHE 00BEKTa MOXKET OBITh ONMHUCAHO YePe3 OJHO3HAYHYIO TPAEKTOPHUIO C MapaMeT-
pamu, BbIpakaeMbIMU BEILIECTBEHHBIMU YHCJIaMU. B KBaHTOBOM TEOpHUH 0 aKTa U3-
MepeHUs] HEBO3MOKHO MIPUITUCATh CUCTEME OINpeieIEHHbIe 3HAaUeHUs (PU3NYECKUX
BEJIMYMH TaKOr'o THIIA.

Jljis SMOMpUYECKO IPOBEPKHU TAHHOTO MOJIOKEHUS ObUIH IIPEJIOKEHBI HEpa-
BeHcTBa Jlerrerra — ['apra, HanpaBiIeHHbIE HA TECTUPOBAHUE BO3MOKHOCTH KJIac-
CHYECKOro (MaKkpOpeaIrCTUUYECKOT0) OMMCAHUs SBOJIIOLUU KBAaHTOBOM CHUCTEMBI
[7. P. 857]. OTu HepaBeHCTBA yCTAHABIMBAIOT OTPAaHUYEHUS, KOTOPHIM JIOJKHA
yZIOBJIETBOPSATH CUCTEMA NIPH YCIOBUU HAJIMUUS ONpeAeIEHHbBIX 3HAUCHHH, Ha0IIt0-
JAEMBIX B KaXXIbIi MOMEHT BPEMEHU U OTCYTCTBHUS BIUSHUSA U3MEPEHUS Ha €€ u-
HaMUKy. OKCIIEpUMEHTAJIbHbIE IPOBEPKU I[IOKA3ajJu HapylLIeHHE HEPAaBEHCTB
Jlerrerrta — 'apra, 4To UCKIIFOYAET BO3MOKHOCTb OMMCAHUSI KBAHTOBOU 3BOJIIOLIMHI
B TEPMHUHAX KIACCHUYECKON TPAEKTOPHH, JIOKAJIBbHOTO Peaanu3Ma MU CKPBITHIX I1a-
pametpos [8].

Cy1ecTBeHHOE 3Ha4Y€HUE AJI1 IOHMMAHUS MIPUPOJBI KBAHTOBOH PEAbHOCTH
MMeeT JIBYXILEJIEBOU dKCIIEPUMEHT, TPAIULIUOHHO UHTEPIPETUPYEMBIN KaK JEMOH-
CTpalus KOPIYyCKYJSIPHO-BOJIHOBOrO Ayanu3Ma. OJHaKo 1oaoOHas MHTEpIrpeTa-
U SBJSETCSA YNPOIIEHHOW. B KiacCM4eckol IMOCTaHOBKE HKCIIEPUMEHTA MOTOK
KBAHTOBBIX YACTHULl IPOXOIUT YEPE3 DKPaH C ABYMS ILEIAMU U PETUCTPUPYETCS HA
JIeTeKTope, INe HabmofaeTcss MHTep(depeHLMOHHas KapTHHA, XapakTepHas s
BOJIHOBBIX TporeccoB. Ipu 3akpbITin oHOMN U3 Lieneil nHTepdepeHLus ncuesaer,
YTO OOBIYHO TPAKTYETCs KaK CBHJETEILCTBO JIBOMCTBEHHOW MPHUPOJIBI KBAHTOBBIX
00BEKTOB.

AHanu3 NoKa3bIBaeT, YTO JaHHAs KAPTHHA HE MOXKET OBITh a/IEKBaTHO OMMCaHa
B TEPMMHAX KJIACCUYECKHUX BOJIH. Peub HIET HEe 0 (U3NYECKUX BOJIHAX B IPOCTPaH-
CTBE, a 0 BOJTHOBOI (yHKLIMH, 00J1afaronieil MHBIM OHTOJIOTMYECKUM cTaTycoM. B
9TOM CBSI3U LIEHTPAJIBHOM CTAaHOBUTCS Mpo0seMa e€ OHTOIOIMYecKoi HHTepIpeTa-
un. [[puHIMNHANbHO BaXKHBIM SBIISIETCS TO OOCTOSTENLCTBO, YTO HHTEP(EpeHIIn-
OHHasl KapTHUHA MCYE3aeT HE TOJbKO MpHU (PU3MUECKOM 3aKPBITUH OJTHOM U3 I1eNei,
HO U B ClIy4ae, KOI/1a B OKCIIEPUMEHTE pealn30BaHa BO3MOKHOCTb ITOJTyYEHHUs] H-
(opmanuu 0 MyTH YacTUILB, JaKe €CIIM U3MEpPEHHE (PAKTUUECKH HE OCYILECTBIIsA-
etcs. Takum oOpa3oM, HaOIIOAAEMBIN pe3yNbTaT OKa3bIBAaeTCS 3aBUCHMBIM OT Ca-
MO BO3MOXHOCTH U3MEPEHHUS.

JlanHO€ 00CTOATENBCTBO YKa3bIBACT HAa (PYHAAMEHTAIBHYIO POJIb POLETYPHI
WU3MEPEHMS B KBAHTOBOM MEXAaHHMKE M CBHJIETEIBCTBYET O HECBOAMMOCTH KBAHTO-
BOI'O OIIMCAaHHs K KJIACCUYECKUM IPEJCTaBICHUSAM. B 3TOM KOHTEKCTE MOKa3a-
TeNbHO BbICKa3biBaHue H. bopa 0 TOM, 4YTO OTCYTCTBHE KOHUENTYaIbHBIX
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TPYZHOCTEN IPU MHTEPIpPETAMK MOA0OHBIX KCIEPUMEHTOB CBUIETEILCTBYET O
HEJ0CTaTOYHOM MOHUMAaHUU UX (PU3UUECKOTO COAECPIKAHMUS.

B ¢Bs131 C U3710KEHHBIMU pe3yIbTaTaMU BO3HUKAET BOIIPOC O MEXAHU3ME BIIU-
SIHUS U3MEPUTENBHON MPOIeIyphl Ha CBOWCTBA KBAHTOBOM CHCTEMBI: KAaKUM 00pa-
30M YaCTHUIA «pearupyer» Ha HaJU4ue U3MEPUTEIBHOTO YCTPOUCTBA U HA KAKOM
aTame omnpenenseTcs e€ HabmogaeMoe moBeaeHue. [ MposiCHEeHUsT TaHHOW Tpo-
osiembl JIx. Yuuiepom ObUT TPEIIOKEH SKCIIEPUMEHT € OTIIOKEHHBIM BEIOOpPOM [9].
KoHuenrtyanbHO JaHHBIN SKCIIEPUMEHT HAIIPABJIEH HA YCTAHOBJIEHUE 3aBUCUMOCTH
MEX/1y MOMEHTOM MPUHATHUS PELIECHHUS O TUIIE U3MEPEHHs (KOPIYCKYISIPHOTO WIH
BOJIHOBOTO) U TIOBEJICHUEM KBAHTOBOTO 00BeKTa. B wacTHOCTH, mpenmnonaraercs
BaphbUPOBAHUE BPEMEHHOI'O HHTEPBAIA MEXy MOMEHTOM BbIOOpa crocoba n3me-
pEHUS ¥ MOMEHTaMHU MPOXO0XKJICHUSI YaCTHULIEH SKCIEPUMEHTATbHON YCTaHOBKH,
YTO TI03BOJISIET TOCTABUTh BOIPOC O TOM, KOT/Ia UMEHHO (OPMHPYIOTCS HabIro1a-
eMble CBOMCTBa cucTteMbl. CleayeT OTMETUTh, YTO CTAHAAPTHBIA BYXILEIECBOM
SKCIIEPUMEHT He Aa€T BOZMOKHOCTH OJHO3HAUHO Pa3pelluTh JaHHYIO IPoOIeMy.

CopepxaTenpHO cXeMa JKCIIEPUMEHTa C OTJIOXKEHHBIM BHIOOPOM MpeAroia-
raeT, YTo PEIICHHE O XapaKTepe U3MEPEHUs! MPUHUMAETCS MOCJe TOTrO0, KaK KBaH-
TOBAs YaCTHIIA YK€ MPOIILIa 00JIaCcTh (IBE MIENH), B KOTOPOU B KJIACCHUECKOM OITH-
CaHUM JOJDKHO ObLIO Obl ONpenenuTbes €€ noBeneHue. TeM caMbIM UCKITH0YaeTCs
BO3MOKHOCTh HMHTEPIIPETAllMN PE3YJbTATOB B TEPMHUHAX MPEIACYIIECTBYIOIIMNX
CBOMCTB YacTHIbl. OCHOBHOHM BBIBOJI, CHOPMYIUPOBAHHBIA YHUIEPOM, 3aKIIrOYa-
€TCsl B TOM, YTO KBAaHTOBBIC SIBJICHUS HE MOTYT OBITh aJICKBATHO OMKCAHBI B PAMKaX
KOPITY CKYJISIPHO-BOJTHOBOTO Ayayin3Ma. OHH MpeACTaBIAIOT co00ii 0coObIii THT (e-
HOMEHOB, HECBOJJUMBII HU K KJIIACCUUECKOM KapTUHE YACTUIl, HA K BOJTHOBOMY OITH-
CaHMI0, HU K MX KOMOUHAIINH.

B 3101 cBsi3u Yunep GpopMynupyeT Tak Ha3bIBAEMbI «OCHOBHOM YPOK KBaH-
TOBOM MeXaHMKW»: «Hukakol KBaHTOBBI (JEHOMEH HE MOXKET CUMTATBhCS TaKO-
BBIM, [TIOKa OH HE SIBJISIETCS] pErUCTPUPYEMBIM (HabI0aeMbIM) (DEHOMEHOM.

JlaHHBIM BBIBOJ KOHIIENTYaJIbHO COTJIACYeTCsl C pe3ysbTaTaMH aHalu3a
OllP-napasokca M HOCIEAYIOUIMX  3KCIHEPUMEHTAIbHBIX  HCCIIEJOBaHHUU
[10. P. 966-968]. OH yka3bIBaeT Ha TO, YTO KBAHTOBBIN OOBEKT HE 00JAACT OIpe-
JeIEHHBIMM CBOMCTBAMH B KJIIACCUYECKOM CMBICIIE 10 MPOLEAYPBhl U3MEPEHUs,
ero (¢pu3nYecKre XapakTepUCTUKH aKTyaIU3UPYIOTCS B IPOLIECCE B3aUMOIEUCTBUS
C UBMEPUTEIIbHBIM YCTPOICTBOM.

Cpenu paznUYHBIX THUIIOB KBAHTOBBIX SKCIIEPUMEHTOB 0OCO0O€ 3HAYCHHE
MMEIOT KCIIEPUMEHTHI C TaK Ha3bIBAEMbIM «KBAaHTOBBIM JIacTukom» [11]. Mx ana-
JU3 TO3BOJIIET YTOYHHUTH POJIb WHDOpMANMKM W HW3MEpeHUs B (POpMHUpOBaAHUHU
Ha0JI0/TAEMBIX CBOMCTB KBAHTOBBIX CUCTEM.

B pamkax MoauunupoBaHHOTO ABYXIIIEEBOTO SKCIIEPUMEHTA TIOKa3aHO, YTO
peructpanus HHPOPMAIUH O MYTH YaCTHIIbI (HaIpuMep, C TIOMOIIbIO JETEKTOPOB
y 1Ieneit) IPUBOIUT K HCUE3HOBEHUIO HHTEPPEPEHIIMOHHON KapTUHBL. OTHAKO MPU
NOCJEIYIOIEM «CTUPAHUNY 3TON MH(OpMAIIK HHTEPPEPEHIHS MOKET OBITH BOC-
CTaHOBJIEHA. JTO YKa3bIBAET Ha TO, YTO PE3YJIbTAT SKCIIEPUMEHTA ONPEAEIIAETCS HE
TOJIbKO (haKTOM U3MEPEHHMsI, HO U HaJM4YUeM WM OTCYTCTBHEM MH(POPMAIUH O CH-
crteme. JlaHHBIE SKCHEPHUMEHTHI JIEMOHCTPUPYIOT BO3MOXKHOCTH OOpPaTHMOCTH
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HEKOTOPBIX aCIEKTOB HM3MEPUTENBHOIO mIporecca. B otnnume oT cTtaHAapTHOro
NPEJCTaBICHUS O HEOOpaTMMOM KOJIJIalce BOJIHOBOW (DYHKIIMHM «KBAaHTOBBIM
JIACTHK» ITOKAa3bIBAET, YTO IPHU ONPEACIEHHBIX YCIOBUAX BO3MOXKHO BOCCTAaHOBJIE-
HHUE 3aQUKCHUPOBaHHOTO cocTosiHUA. Emé Oonee paaukanbHble BBIBOJABI CIEAYIOT
U3 SKCIEPUMEHTOB M0 «KBAHTOBOMY JIACTHKY C OTJIO)KEHHBIM BbIOOpoM» [12].
Oxa3bIBaercs, 4To 3a()UKCUPOBAHHBIHN PE3yIbTAaT U3MEPEHUS MOKHO M3MEHUTH «H3
Oyaymiero». B aTux cxemax pemieHne o xapakrepe 00padoTKu HHPOpPMALUHU TpH-
HUMAETCs MOCJIe PErucTpali YacTULIbI, TPUUEM B MPOCTPAHCTBEHHO YAAIEHHOU
obmactu. Tak, B OZHOM M3 SKCIEPUMEHTOB, PEATU3OBAHHOM HA PACCTOSHUU
144 xM, peructparyst 01HOro (POTOHA CONMPOBOXKAATACh MOCIEAYIOLIeH MaHUITY -
1el ¢ KOppeaupOBaHHbBIM (3aIlyTaHHBIM) (POTOHOM, YTO BJIMSJIO HAa MHTEpIIpETa-
LU0 pe3yJbTaToB u3Mepenus: mepporo [13]. Ilpu sTomM BpemeHHOI HHTEpBa
MEXJy perucTpauueii u BbIOOpOM crocoba H3MEpPEHHs COCTaBIsUl COTHH
MHUKPOCEKYH/I.

ITonoGHBIE pe3yabTaThl €€ HE CBUAETENBCTBYIOT O NMPSIMOM BIUSHUM Oyny-
IET0 Ha NPOIUIOE B KJIACCUYECKOM CMBICIIE, OAHAKO OJHO3HAYHO YKa3bIBalOT HA
CYILLIECTBOBaHHE HETPUBUAIbHBIX BPEMEHHBIX KOPPEJIALNNA B KBAHTOBBIX CHCTEMAX.
B gyacTtHOCTH, OHM MOTYT MHTEPIIPETUPOBATHCSA KaK IPOSIBICHNE HEJIOKAJIbHOCTH HE
TOJIBKO B MPOCTPAHCTBE, HO U B CTPYKTYpE BPEMEHHBIX CBS3EH. AJBTEPHATUBHO
Takue PPEKTH MOTYT paCCMATPUBATHCS KaK OTPaKEHUE TOTO, YTO CBOMCTBA KBAaH-
TOBOM CHCTEMBI aKTYaIU3UPYIOTCS HE B MOMEHT «COOBITUS» KaK TaKOBOIO, a B 00-
Jee IIMPOKOM KOHTEKCTE SKCIEPUMEHTAIbHOM KOH(PUrypalmuu — B KOHEYHOM
UTOre, KOI'/1a «kKBAaHTOBOE COOBITHEY MOJHOCTBIO 3aBepIlIeHO. B 11eoM 310 Tpebyet
IIEPEOCMBICIIEHHS KaK CaMOr0 MIOHATUS BpDEMEHH, TaK U MOHATHSI IpUYUHHOCTH. Ta-
KUM 00pa3oM, SKCIIEPUMEHTHI TUIA «KBAHTOBOI'O JIACTUKA» CYLIECTBEHHO YIUIyO-
JSIFOT IOHUMaHKE B3aUMOCBSI3H MEKAY M3MEpeHHEM, HHPOpMaIueld 1 OHTOJIOTH-
YECKHM CTaTyCOM KBAHTOBBIX OOBEKTOB, OJTHOBPEMEHHO JIEMOHCTPHUPYs OrpaHH-
YEHHOCTD KJIACCUYECKUX MPEICTABICHUIN O IPUUNHHOCTH U PEaIbHOCTH.

PaccmatpuBas mpobGieMmy HaOnmro/ieHus B KBaHTOBOM Mexanuke, B. I'eifzen-
Oepr nmoT4EpKUBaAI HEOOXOAUMOCTD PA3TUUYCHUS TOTCHIUAIBHOTO U aKTyaJIbHOTO.
Tem cambIM 00CYX/I€HUE HEMTOCPEICTBEHHO BHIXOANT B 00JIaCTh METaU3UKH, TJE
po6JieMa COOTHOLIEHHSI BO3MOYKHOT'O (MIOTEHIIMAILHOTO) U IEHCTBUTENIBHOTO (aK-
TyaJIbHOI'0) BOCXOJUT K ApUCTOTEIEBCKON TPaJULIMH U 3aHUMAET LICHTPAJIbHOE Me-
CTO B OHTOJIOTHH.

Wnes paznuueHust MOAYCOB ObITHSI — HOTEHIIMAIBHOIO U aKTyaJIbHOTO — OKa-
3bIBAETCSl METOI0JIOTMUECKH IPOAYKTUBHOM U1 UHTEPIIPETALlMU KBAHTOBBIX SIBJIE-
HU. B 3TOM CBA3M BO3HHKAET BOMPOC O XapaKTepe Mepexoia OT MOTEHIIUAIbHOIO
COCTOSIHUSI CUCTEMBI K €€ HalJl0laeMOMY aKTyaJlbHOMY COCTOSIHMIO, a TaKXe€ O
poJH HaOJIOJEHN B JaHHOM IIpoIiecce.

JIOTIOJIHUTENBHYO CII0KHOCTD IIPEJCTABIISIET BOIIPOC O CTAaTyCce KBAHTOBOM pe-
QJIBHOCTU BHE HAOJIOZCHHUS, B YACTHOCTU B YCJIOBHUSIX OTCYTCTBHUS HaOJIOATENs.
Pa3znnunble MHTEpHpEeTalUuU MPEAIaraloT IPOTUBOIMOIOXKHBIE OTBETHL: OT YTBEp-
KJACHUSI HE3aBUCUMOTO CYIECTBOBaHUS (PU3MUECKON PEabHOCTU 10 OTPULIAHUS
OCMBICJICHHOCTH ITOI00HBIX YTBEPKICHUI BHE KOHTEKCTA U3MEPEHMSL.
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[Tepexos OT MOTEHIMAIIBHOTO K aKTyaJbHOMY B KBAaHTOBOW MEXaHUKE MMEET
NPUHLUIKATBHO HEKJIACCMYecKHil xapaktep. B pamkax cranmaptHoro Qopma-
JM3Ma OH OIMKUCBIBAETCS OCPEACTBOM PEAYKIIMH BOJIHOBOM (DYHKIIMH, ITPEICTaBIs-
fo11eil co00¥ TUCKPETHBIN MePEX0, HE BIBOAUMBIN U3 ypaBHEHUN AUHAMUKH. Ta-
KUM 00pa3oM, B CTPYKTYpe TEOPUHU (PUKCUPYETCS pa3pblB MEXy IBOIIOIMEH CH-
CTEMBbI, OMUCHIBAEMON B TEPMHUHAX KOMIUIEKCHO3HAUHBIX BEJIMYMH, U PE3yJIbTa-
TaMH U3MEPEHUS, BRIPAXKACMBbIMH JICHCTBUTEILHBIMHU 3HAYECHUSAMH HAOJI01aeMbIX.
[lonpITKM yCTpaHUTH JAHHBIM pa3pblB B paMKax €AMHOTO HENPEPHIBHOTIO
ONMCaHUs, B TOM YHCJIE B MHTEPHPETALMAX, OCHOBAHHBIX HA YHUBEPCAIbHOCTH
BOJIHOBOM (DYHKIIMH, CTATKUBAIOTCS C MTPOOIEMOI HHTEpIpETAIIK €€ OHTOJIOTHYe-
CKOro cTaryca.

B »T0if CBsI3M BO3HMKAET BOMPOC O TOM, YTO MMEHHO OMHUCHIBAET BOJIHOBAs
GyHKIUS: GU3HYECKOE COCTOSIHAE B KIIACCHYECKOM CMBICIIE MU 0co0yto (hopmy
MOTEHUUATBHOTO OBITHS, HECBOJAUMYIO K aKTyaJIU3UPOBAHHBIM HAOJI0JaEMbIM Be-
anarHaM. Jlanee BCTaéT Ipyroil BOMpOC: eciii BOJHOBas PyHKIMs 00J1aaeT onpe-
NENEHHBIM OBITHEM, TO HOCUT JIU OHO OHTOJIOTMYECKUN WIIH SMTUCTEMOIOTUYECKUI
xapaktep? He Oymy ocTaHaBIMBAaThCS Ha JAETANSAX; YKaxy JHIIb, 9TO JKCIIEPH-
MEHTBI HE MOATBEPKAAOT SMUCTEMOJIOTHYECKOT0 XapaKTepa BOITHOBON (PyHKIIMH
(cMm., Hanpumep, [14; 15]).

Crnenyroomuil acekT CBA3aH C MHTEPIPETAMEN COOTHOUIECHUS MTOTEHIINAb-
HOTO M aKTyaJIbHOTO B TEPMHHAX KBAaHTOBOW Teopuu. B dopmanmn3me KBaHTOBOMU
MEXaHHUKH BEPOSATHOCTh OOHAPYKEHHS CUCTEMBI B 3aJAHHOM COCTOSIHHH, OMTUCHIBA-
€MOM BOJTHOBOM (pyHKIHEH (7,7), OnipeaenseTcst KBaIpaToMm e€ MOIYJIs:

AW = y(r, O (r,0)dV,

rzae y* — KOMIUIEKCHO-conpsikEHHas pyHKUus. COOTBETCTBEHHO, HEHAa0I01aeMoe
COCTOSIHUE CHUCTEMBbI ONMCHIBAETCS] BOJIHOBOM (DYHKIMEH (MM ONEpaTopoM B Teid-
3eHOEproBCKOM IPEJICTABICHUH), TOTAAa KaK HaOJr0gaeMble BEJIMYMHBI BbIpaXka-
IOTCSI Yepe3 JeHCTBUTENbHBIC 3HAUCHUSI, TTOJTydaeMble U3 |y|2.

JlaHHO€ COOTHOLICHHWE YKa3bIBA€T HA NPHUHLIUIHUAIBHYIO IBOWCTBEHHOCTb
ONMCAaHUA: KOMIUIEKCHO3HAa4YHas CTPYKTypa, XapaKTepu3ylolias MOTEHLIHAIbHOE
COCTOSIHUE CHUCTEMBI, IIpU Mepexo/ie K HaOmro1aeMbIM BeJTMUMHAM IpeoOpa3yercs
B JCHCTBUTENbHBIC 3HAUCHUS BEpOsATHOCTEH. B ¢unocodckom miuaHe 310 MOXKET
OBITh HHTEPIIPETUPOBAHO KaK MEPEX0/1 OT MOTEHIUAIBHOTO K aKTyaJIbHOMY, COIPO-
BOXKJIAIOLIUIICS TpeoOpa30BaHUEM CTPYKTYpPbI ONMCAHUS.

Bo3HukHOBEeHHE HaOII0a€MOr0 COCTOSIHUS B KBAaHTOBOW MEXaHUKE HUMEET
JUCKPETHBI XapakTep (CKAa4OK) M B CTaHIAPTHOM HHTEpPHpPETallMU CBS3aHO
¢ penykuueil BoaHOBOH ¢(yHkiuu. C TOUKM 3peHHs HaOmonaTens OTAEIbHbIE
KBAaHTOBBIE COOBITUS (HAlIpUMeEp, pacna paJloaKTUBHOTO sipa WIK PErHCTPaLus
YaCTHUIIBI HA IETEKTOPE) MPOSIBIISIOTCS KaK CIydaiHble. DTO 00CTOSITEILCTBO UCTO-
PUYECKH MHTEPIPETUPOBAIOCH KaK CBHJIETEIBCTBO MHJIECTEPMUHHU3MA KBAHTOBOMN
TEOpUHU.

OnHako Oosiee KOPPEKTHBIM IPEACTABISIETCS. pACCMaTPUBATh IaHHYIO CUTYa-
IIIO HE KaK OTKa3 OT MPUYMHHOCTH, a KaK HEOOXOIUMOCTh €€ MepeOCMBbICIICHUS.
Kiaccuueckoe HOBOEBpOIIEHCKOE IOHMMAaHWE IPUYMHHOCTH, OCHOBAHHOE
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IIPEUMYIIIECTBEHHO Ha JEMCTBYIOLIEH IPUYMHE, OKa3bIBAETCSI HEJOCTATOUYHBIM IS
OINMCaHUs KBAaHTOBBIX MpoOIECCOB. B 3TOH cBSA3M akTyannsupyercs 0ojee mupoKas
KOHIEMIHS TPUYUHHOCTH, BOCXOAIIAs K ApUCTOTEIEBCKOM TpaaulMK U BKIIOYa-
I011as pa3UYHbIC THITH TPUYNHHBIX OCHOBAHMIA.

Ha mam B3risia, OHTONOTHMYECKYIO CTPYKTYpPY peajbHOCTH Haubonee aaek-
BaTHO OIKCHIBAET TETPAKTHIA — HEKasl YeTBEpHIIa, COCTABIICHHAS U3 JBYX Map Mpo-
TUBOIMOJIOKHBIX HadaJl. JDTa YeTBEpUIIa, HAMEUEHHAsl YK€ y ApUCTOTENS, UCIIOJIb-
3yercs u ['erenem, a BnocneacTBuu U Xaiaerrepom. OHa JIOTHYHO OObEIUHSET Yye-
ThIpe Mojyca ObITHS, YeThlpe (HOpPMbI BpEMEHH U 4YeThipe (OPMbl MPUUMHHOCTH.
Monycsl ObITHS IPEICTABICHBI TapaMu: ObITHE — HEOBITHE (MEOH) U ICHUCTBYIOIICE
Havano — ObITHE aKkTyanbHOE. beITHE cBs3bIBaeTCst ¢ (GOPMOIl BEUHOTO BPEMEHH,
MEOH — ¢ (hOpMOI HACTOSIIETO BPEMEHH, NEHCTBYIOMIEE Hauano — ¢ popmoii Oy y-
IIET0 BPEMEHH, a ObITHE aKTyallbHOE — C ()OPMOM NMPHIIEANIET0 BPEMEHH, a HE
HACTOSAIIET0, KaK MOTJIO ObI ITOKa3aThCs Ha NEPBbIN B3IMsAA. B cBOE BpeMst Ha 3TO
yka3biBasl A.D. Jloces, Tpaktys ['eresns.

Ha nam B3risia, KBaHTOBas MEXaHHKA HE CTOJIBKO yCTpaHSIET MPUYMHHOCTD,
CKOJIBKO TpeOyeT e€ paciipeHHOro Gprunoco(CcKoro OCMbICICHUS, YYUTHIBAIOIIETO
MHOXECTBEHHOCTh MOJAYCOB OBITHSI U COOTBETCTBYIOIIUX UM (OPM NMPUUYUHHOMN
00yCIJIOBIEHHOCTH, 0 Y€M MBI KpaTKO TOBOPWIM BbIlIE. B 1ie0M 3Ta TeTpakTuaa
npescTaBisieT co00i pa3BEPHYTYIO TPUAAY IMOHSATHI KIIACCUYCCKOW METaPU3UKH:
HEOOXO0INMOE — BO3MOKHOE — JIEeHCTBUTEIBHOE. BO3MOXKHOE caMo 110 ceOe IBOii-
CTBEHHO: ATO BCET/a Mapa — aKTUBHAs U MacCHBHAs BO3MOXHOCTb. J[aHHas mapa
00HapyKUBAETCS HE TOJIBKO B 3aMaJHON MeTa(u3uKe, HO U B KUTAWCKON TpagUIINH
(KOHIENIIXS UHb-H), a Taloke B uHAuickoi ¢punocodpun (Ilypyma u Ilpakpurn).

Emé pa3 obpartumcs k moxycam ObiTus. BTopas mapa mpoTHBOIIOJIOKHBIX
HayaJl IpeJICTaBlIeHa KaTeroOpusiIMU BO3MOXKHOT'O U AecTBUTENbHOT0. Bo3MoxHOE
TPaKTYeTCs KaK UCTOYHUK JIBH)KEHUS, «HAXOSAIIUNCA B MHOM M CaMO SIBJISIOLIEECs
UHBIM», U COOTHOCHUTCS C JCHCTBYIOMIEH MPUYHHON. B 5TOM KauecTBe OHO CBA3aHO
C HaIlpaBJICHHOCTBIO B Oy/yIlee, BEICTyMAs KaK MPUHIUI CTAHOBIEHUS. DTO U €CTh
apHUCTOTENIEBCKOE NOHATHE «JIIOHAMUC». Ero MOKHO COOTHECTU C aKTMBHOM BO3-
MO>KHOCTbBIO, KOTOPasi BO3/IEUCTBYET HA MEOH, TO €CTh HA HEO(OPMIIEHHOE ObITHE,
B pe3yJIbTaTe Yero BO3HHUKAET ObITHE JCHCTBUTEIbHOE. 3aMETHUM, 4YTO 3JIeCh
nposiBisieTcs: popmalibHas CTOpPOHA KBAHTOBOM MEXaHUKHU: ONepaTop JAeiCTByeT Ha
BOJIHOBYIO (DYHKIIHIO, B pe3yJbTaTe Yero Mmoixydaercs OmpenesnéHHOe (IeicTBH-
TeIbHOE) 3HAUCHHE HAOII0JaeMOM BETUYHHBI.

JlelicTBUTENbHOE TPEACTaBIsIET CO00N OCYIIECTBIEHHOCTh M COOTHOCUTCS C
IEJIEBOM MPUYUHOMN, YTO MO3BOJISIET CBSI3aTh €ro ¢ (JOPMOI MPOILIOTO BPEMEHH.
[MomoOHast mHTEpHpeTanys BOCXOAUT K Kiaccnyeckor (uinocodckoit Tpagummy,
MPEJCTaBICHHOM, B YaCTHOCTH, y ['erens u Jlocena.

[lenTpanpHOE 3HaUEHUE IJISl AaHATU3a BPEMEHH MMEET TMOHSATHUE HACTOSIIETO.
Bormpoc o mpuposie BpeMeHH CBOAUTCS, MO CYLIECTBY, K HHTEPIPETALUU HACTOS-
11ero MOMeHTa BpeMeHu. Kitaccuueckoe onpeneneHue ApucToTens — «BpeEMs €CTh
YHCJIO ABM)KEHHUS 110 OTHOLIEHUIO K IIPEABLAYIIEMY U NocieayomeMy» («Dusukay,
219b) TpeOyeT WHTEpIpETallMA B KOHTEKCTE COBPEMECHHOH MPOOIEMATHKH.
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B nanHOoM ompeneneHuM (QUKCUpPYETCS CBSI3b BPEMEHHU C JABM)KEHUEM H, ILHPE,
C U3MEHEHUEM.

C oTOM TOYKHM 3peHUs BpeMs HE MOXKET paCCMaTPUBATHCS KaK CaAMOCTOSTENb-
Hasl CYLTHOCTb, OTAENEHHAs OT (pu3nyeckux npoueccoB. OHO HE CYLIECTBYET BHE
COOBITHI M M3MEHEHHH MaTepuanbHOro Mupa. JlaHHas MO3MLMs MOJTy4aeT Jallb-
Heifmee pa3Butue B punocoduu I'erens, riae Bpems HHTEpIPETUPYETCs Kak hopma
CTaHOBJICHUS, HEOTJENUMasl OT PEAbHOCTH: «HE BO BPEMEHH BCE BOSHUKAET U Ipe-
XOJIUT, @ CAaMO BPEMSI €CTh 3TO CTAaHOBJICHHE. ..» («DPunocodust mpupoas», § 258).

Taxum o6pa3zom, BpeMs 00J1aAaeT PeNIUOHHBIM XapaKTepOM U HEPa3pbIBHO
CBSI3aHO C NIPOLIECCaMU U3MEHEHUS. B rereneBckoi TpakTOBKE BBISIBIISIETCS €TI0 aH-
TUHOMMUECKas PUPOAA: PeaIbHOE, C OJHOM CTOPOHBI, OTJIINYAETCS OT BPEMEHH, a
C ApYTroi — TOXKJIECTBEHHO €MYy. JTO YKa3blBa€T Ha BHYTPEHHIOIO IPOTHUBOPEUH-
BOCTb CaMOIl KaTerOpuy BPEMEHH.

B ucropun ¢unocodpun npeanokeHo HECKOIbKO TUIIOB €r0 MHTEPIPETALUN:
LUKJIMYECKOE U JIMHEHHOE, PENIALMOHHOE U CyOCTaHIMAIbHOE, JUHAMUYECKOE U
CTaTHYECKOE, HENTPEPBIBHOE U AMCKpETHOE. PaccMaTpuBaeMblil IOAXO PEAToa-
racT CHHTE3 YKa3aHHBIX XapaKTEPUCTUK B paMKax €IMHON KOHLENTyaJlbHOMN
cxeMmbl. B cunmy orpanndeHuii o0bEMa ganee akieHT OyeT cAeNlaH JHUIb Ha KITFo-
YEBBIX acleKTaxX JaHHOM KOHCTPYKIUH.

B paMmxkax aHaim3a npupoIbl BpEMEHH CYIIECTBEHHOE 3HAYCHUE UMEET ITPOTH-
BOIIOCTABJICHHUE PEJIALIMOHHOTO U CyOCTaHIMAIBHOT0 oax010B. CoBpeMeHHas (u-
3MKa yOeUTEIbHO AEMOHCTPUPYET PESILIMOHHBIN XapakTep BpEMEHH, POSIBIISIO-
IIMHCS B €r0 3aBUCUMOCTH OT (PU3MUECKUX MPOILIECCOB U COCTOSIHUN cuctem. Oni-
HAKO JTAaHHBIH YPOBEHBb OMMCAHUS OTHOCUTCS K cdepe MPOSBICHHOrO, TOTAA Kak
BOIIPOC O MPOUCXOKICHUN BpEMEHH TpeOyeT oOpamieHus: K MeTa(u3nIecKumM oc-
HOBAaHMSM.

C Touku 3peHus MeTa(U3NKH UCTOK BPEMEHHU CBA3BIBACTCS C aOCOIOTHBIM
HauvaioM. Yke y Ilnatona Bpems ompenensieTcsi Kak «IOJABHXHBIN 00pa3 Hemo-
JBUKHON BEUHOCTH», YTO YKA3bIBAET HA €r0 MPOMU3BOJIHBIN XapaKkTep IO OTHOLIE-
HUIO K BeuHOMY. B nanbHeiiem nanHast TMHUS [OJy4YaeT pa3BUTHE B puitocopuu
['erens, rie BpeMsi paccMaTpUBaeTCs B KOHTEKCTE pa3BEPThIBaHMS AyXa depes3 Ipo-
LIECC CAaMOOTPHIIAHUS U MTOJIaTraHUsI HHOOBITHS.

B rereneBckoil cucreme npupojia MHTEPIPETUpYETCs Kak popmMa MHOOBITUS
UJcH, Kak €€ BHeEIIHee cyllecTBoBaHuE. COOTBETCTBEHHO, CTAHOBJICHUE MHpa BO
BPEMEHM CBSI3aHO C MPOLIECCOM «BMAJaHUA JyXa BO BPEMA», TO €CTh C IEPEXOJOM
0T a0COJIIOTHOTO K €r0 BHEUTHEMY MIPOSBICHUIO. B 3TOM cMBICIIe BpeMs BBICTYIIAET
KakK (hopMa OCYIIECTBICHHS AyXa B UHOOBITHH.

AHanu3 TaHHOM KOHIIENLMYU MOJy4YaeT KPUTHUECKOE OCMBICIEHUE B (PUIIOCO-
¢bun M. Xaiinerrepa. B § 82 «beiTus m BpeMeHn» OH ykasbiBaeT, uto y I'erems
HCTOPUYECKOE Pa3BUTHE AyXa MBICIUTCS KaK MPOTEKAIOLIEe BO BPEMEHH, OJHAKO
ocTaéTcs HEACHBIM, KaKUM 00pa3oM BO3MOKHO CaMO «BIIAJaHUE» JTyXa BO BpeMsl.
Xaiizerrep NoA4YEPKUBAET, UTO, HECMOTPS Ha NONBITKY ['ereis yCTaHOBUTH CTPYK-
TYpHOE POJCTBO JyXa U BPEMEHM 4epe3 KaTeropHio OTPULIaHUs OTPHULIAHMS, TIPO-
HCXO0XJICHNE BPEMEHH OCTAETCsl HENPOSICHEHHBIM. B pe3yiibTaTe BpeMs BBICTyIAcT
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KaK HEYTO JaHHOE MO OTHOUIEHHIO K AYXY, YTO COXPaHSET OHTOJOTHYECKYIO HE-
onpenenEéHHOCTh UX B3auMocBs3u (cm. [16. C. 19-20, 49-50; 17. C. 428, 435]).

Tem cambIM BbIsBIsSETCS (yHIAMEHTalbHAs TPYIHOCTb: C OJHOM CTOPOHBI,
BpEMs MBICIIUTCS KaK IPOU3BOIHOE OT a0COJIIOTHOIO, C APYroi — Kak He0OXOAMMOe
yCIJIOBHE €r0 MpOosiBIeHUs. JJaHHast aHTUHOMMS yKa3bIBAE€T HA OTPAHUYEHHOCTh KaK
YHCTO PEJSILMOHHOIO, TaK M YHCTO CYOCTaHIIMAIBLHOTO IMOAXO0J0B M TpeOyeT MX
CUHTEe3a B OoJiee 00111ell OHTOJIOTUYECKOM MEPCIIEKTUBE.

TpaauumonHass MeTadu3MKa ONMUPAETCS HA TPUAAY KaTeropuid: HEoOXOaH-
MO€ — BO3MOXHO€E — AelcTBuTenbHoe. [Ipu 3ToM KaTeropus BO3MOKHOTO BBIIOJI-
HseT (QYHKILHIO ONOCPEIOBAHNS MEXAY HEOOXOAUMBIM U AEHCTBUTEIbHBIM U BbI-
CTyHaeT B KaueCTBE CBOETO poJa «CpeIHEero TepMHHa». Bo3moxkHoe, ¢ oqHOMI
CTOPOHBI, TPOTUBOIIOCTABIISAETCS HEOOXOAMMOCTH, a C JPYTOM — CIIY>KUT MEePEeX0/I-
HBIM 3BCHOM K JICHCTBUTEIILHOCTH. B 3TOM CMEBICIIE HEOOXOIUMOE COXpaHSICT
TPAHCLEHJEHTHBIN CTAaTyC MO OTHOLIEHHIO K BO3MOXXHOMY, TOTJa Kak JI€HCTBU-
TEJIBHOE MIPEJCTABIAET COOOM pe3yabTaT ero OCyIIEeCTBICHUS.

B knmaccuyeckux MHTEpHpeTanusx, B 4aCTHOCTH B HEOMJIATOHUYECKON Tpaju-
IIUH, JaHHBIA TIepeXo/1 HepeaAKO ONUCHIBAJICS B TEPMUHAX 3MaHAIUH, TJe JeicTBU-
TEIBHOE MBICIUTCS KaK «MCTEUEHHE» U3 BO3MOKHOTO. B aTOM cilydae neicTBu-
TEIbHOCTh UHTEPIPETUPYETCS Kak (opMa camMopa3BepThIBaHUS WM caMoIloyara-
HUSL BO3MOXKHOTO. B reremeBckoit ¢unocoduu, HanmpoTHB, HpeasiaraeTcsi WHas
cXeMa, BOCXOJIasl K TpaJAulMOHHOW MeTapHu3uKe, HO MEepPeoCMBbICIsAonIas e€ B
TEpMUHAX JUAIEKTUKUA. Y)XKe MOHSATHE BO3MOXKHOI'O KaK «HAyajao JBHKEHHS,
HaxoJslleecs B MHOM WIM caMo siBismonieecss uHbIM» (Apuctorens, «Mertagu-
3uKa», V, 12), pukcupyeT npuHLIKI ABOHHOTO OTPHULIAHUS: BO3MOKHOCTH OTpese-
JSIETCSI Yepe3 «MHOE» MO OTHOILIEHUIO KaK K CBOEMY MCTOYHHKY, TaK U K CBOEMY
pe3ynbrary. CxoaHasi XapakTepUCTHKa OOHApyHUBAeTCsl U B apUCTOTEIEBCKOM
IIOHUMAaHUM BPEMEHHU, KOTOpPOE OIpeNeNIeTcsl Kak BCEerga «UHOE M HHOEe»
(Apucrorens, «Pusuka», 215a). Ota cTpyKTypa ABOHCTBEHHOM uHO20 BHOCIEN-
CTBHH 10JTy4aeT pa3BUTHUE B JUATICKTHKE [ eress u CTaHOBUTCS IPEIMETOM aHATIN3a
y Xanzgerrepa.

BosmoxHOe, TaKuM 00pa3oM, BBITTOTHSIET JBOWHYIO (DYHKITHIO: OHO CBSI3aHO C
TPAHCLIEHJECHTHBIM OCHOBAaHHEM (PMETUUYECKUM OBITHEM) U OJHOBPEMEHHO BbI-
CTyHaeT KaK «MHOE» [0 OTHOLICHMIO K PEATM30BAHHON IeHCTBUTENBHOCTH, KOTO-
past MOKET OBITh OHATA KaK 3aBEPIIEHHOCTD WM OCYIIECTBIEHHOCTD (IHTEIEXUS).
Bynyuu onpenenéHHbIM Yepe3 HHAKOBOCTb, BO3MOYKHOE TIOPOXKIAET JIeHCTBUTEINb-
HOE ITOCPEJICTBOM CBOETO PO/ia CAMOOTPHULIAHHUS.

B ¢dunocopun Xaiinerrepa qaHHBINA TEpeXo]] HHTEPIPETUPYETCS KaK «Iepe-
nag» WIA Pa3pelB MEXIY pPa3TUYHBIMA MOAycaMH ObITHs. Bo3HHMKHOBeHHE
JEMCTBUTENILHOTO HOCUT AUCKPETHBIM XapakTep U HE CBOJUTCS K HENPEPHIBHOMY
nepexony. [logoOHas cTpykTypa Mo3BOJSET UHTEPIPETUPOBATH KBAHTOBBIE IPO-
[IeCChl KaK MPOSIBIEHUE aHAJOIMYHOIO Pa3phliBa: HAa0I0JaeMOe COCTOSHIE BO3HU-
KaeT He KaK pe3ysbTaT IUIaBHOM 3BOJIOLMY, @ KaK aKT aKTyaJIn3aluy, UMEIOIIHNN
XapakTep CKauka, i1 Hac KaXyIIMICAd CIIy4yalHbIM, HO B JI€MCTBUTEIIBHOCTH
ABJISIOLIMICS LEJIOCTHBIM TMPOIECCOM, XKECTKO JAETEPMUHHPOBAHHBIM BEUHBIM,
SUAECTUYECCKIM HAYaJIOM.
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Takum 00pa3oM, TeUCHHE BPEMCHH MOKET OBITH CBS3aHO C JIAHHBIM IMEPEXO0-
JIOM MEXIy MOAYCaM{ BO3MOXXHOTO U JEHCTBUTENBHOTO, YTO YKa3bIBa€T HA €ro
byHIaMEHTATBHO HEKJIACCHUECKUH, TUCKPETHBIA 1 aHTUHOMUYCCKUN XapaKTep.

Kittou k nOHMMaHUI0 BpeMEHHU B pacCMaTPUBAEMOM MOAXO/I€ CBSI3aH C IUaeK-
TUYECKOU CTPYKTYpPOU OBITHS, MPEXKIE BCETO ¢ MPUHIIUIIOM «OTPHUIIAHHS OTPHUIIA-
HUS», KOTOPbIN OJHOBPEMEHHO Pa3/AeIIeT U CBA3BIBACT JBA MPOTUBOMOJIOKHBIX I'0-
pU30HTa — BEYHOE M MPOsBIICHHOE. IMEHHO B 3TOM MEPCIEKTHUBE PACKPHIBACTCS
CBSI3b BPEMEHHU C MPOILIECCOM CTAHOBJICHHUS.

ApucToTenp ompenenseT BpeMsl KaK «UUCIO JIBWKEHHUS MO OTHOIICHHIO K
npenbiayIeMy 1 nocienyromemy» («D@usukay, 219b); mpu 3ToM camo ITBUKEHHE,
TOYHEE €ro Hauajo, XapakTepU3yeTcs Yepe3 KaTeropruio BO3MOXKHOCTH: «BO3MOXK-
HOCTBIO (MJIM CTIOCOOHOCTHIO) HAa3bIBACTCSl HAYAJIO JIBIKEHUS, KOTOPOE HAXOAUTCS
B MHOM WJIU camo ecTh nHoe» («Metadusuka», V, 12). ConoctaBiieHHE 3TUX OTIpe-
JIEJICHUH TI03BOJISIET MHTEPIPETUPOBATh BPeMs KaK KOJIMYECTBEHHYIO XapaKTepH-
CTHKY U3MEHEHHSI, UMEIOIIETO CTPYKTYpPy UHAKOBOCTH.

B sTOoM KOHTEKkcTe IBMKEHHE MOHUMAEeTCs HE TOJNBKO KakK (U3UYECKOEe
nepeMenIeHue, HO MPEXK/I€ BCEro KaK aKTyalu3allys, TO €CTh MPOLECC CTAHOBIICHUS
CylIero. AKTyanu3aius HOCUT TMHAMHYECKUHN XapaKkTep U Hepa3phIBHO CBA3aHA CO
BpeMeHeM. B 3TOM OTHOIIIEHNH BpeMs MOXKET OBITh TOHSITO KaK «4HCIIO CTAHOBJIE-
HUS» (B TereieBCKOM MHTEPHpETaluu) WIM KaK CTPYKTypa akTyalu3aluu
(B TepMHHAX XalAETTEPOBCKOTO aHATN3a).

PaccMoTpenue BpeMeHH B pamMKax MeTa(pu3n4ecKod TeTPaKTUIbI MTO3BOJISIET
UHTEPIIPETHPOBATH €T0 KaK MPOU3BOHOE OT OoJiee hyHIaMEHTAIbHBIX OHTOIOTH-
YEeCKMX OCHOBaHUMH. B 3TOM cMbICJI€ MIHOBEHHME BBICTYNAET KaK TOYKa
MepecevyeHusi BEYHOTO M BPEMEHHOT0, OTpaXkasi MPUCYTCTBUE HEM3MEHHOTO B W3-
Mmenstoemcs. [lono6Hoe moHuMaHue COOTHOIIEHUSI BPEMEHU M BEYHOCTH MMEET
rTy0oKre KOpHU B (UII0COPCKON TpaIUIIUHN.

Tak, B pabotax Xanca Ypca ¢on banbrazapa nonuépkupaercs, 4To BpeMs He
SIBJISIETCS] CAMOJJOCTATOYHOM PeaIbHOCTBIO, @ CYIIECTBYET B COOTHECEHHOCTH C BEU-
HOCTBIO, KOTOpasi OJTHOBPEMEHHO YUPEIKIACT i OTPAaHUIHUBACT €ro: « YToOBI BpeMs
MOIJIO JITTUTHCS, B HETO BHEAPSIETCA boXus BEUYHOCTh... TpaHCUEHIEHTHOCTh 3TOMN
MMMAaHEHTHO BXOJISIIEH BO BPEMS BEUHOCTH TO3BOJISIET €1 B JTI0O00H MOMEHT aKTy-
aTM3UpoBaTh ceOs B HEM Kak MHOE U BeuHoe...» [18. C. 40—41].

Takum 06pazoM, BpeMs MpeAcTaéT Kak aHTUHOMHUYECKasl CTPYKTypa, B KOTO-
poil coUeTaroTCsl TPAHCLIEHIEHTHOE U UMMAHEHTHOE, HEMPEPBHIBHOCTb U Pa3phIB,
CTAHOBJICHUE U 3aBEPIIEHHOCTh. DTO MO3BOJIIET pacCMaTPUBATh €r0 HE KaK camo-
CTOSATEIBHYIO CYOCTAHIINIO, a KaK OpMY MPOSIBIICHUS 00Jiee TITyOOKUX OHTOJIOTH-
YECKHUX MPOLIECCOB.

B koHTekcTe aHann3a npuposl BpeMEHU MPEICTaBISIeTCS 3HAYMMON TTO3UILIHS
M. Xaiigerrepa 0 TOM, 4TO UCXOJHBIE HUITOCOPCKUE OMpeieTCHHsI MOTYT COMep-
’KaTh CMBICIIbI, BBIXOSIIINE 3a MPEAeIIbl IEPBOHAYAIBLHOTO 3aMbIcia. B 3TomM oTHO-
IICHUU apUCTOTEJIEBCKOE OMpPEACIICHUE BPEMEHHU KaK «UHCIIA JIBHXKEHHS 110 OTHO-
HICHUIO K MpeIbIaynieMy U nocuenaytomemy» («®dusnkay, 219b) nomyckaet Oonee
TyOOKYIO0 HHTEPIPETAIIHIO.
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Ocoboro BHIUMaHUS TpeOyeT MOHATHE «aucia» (ApBpog), KOTopoe B rpede-
CKOM KOHTEKCTE CBSI3aHO HE TOJIBKO C KOJMYECTBEHHBIM M3MEPEHUEM, HO
U C UACSIMU PUTMA, COPa3MEPHOCTH U YIIOPSJOYEHHOCTH. TeM caMbIM BpEMs MOXKET
OBITh UHTEPIPETUPOBAHO HE IIPOCTO KAaK KOJUUECTBEHHAsl XapaKTEPUCTUKA JIBHKE-
HUsI, HO KaK CTPYKTypUpOBaHHasi (opMa CTaHOBIIEHUs, 00J1aAatolasi BHyTpeHHEH
PUTMHUKOM.

JlaHHBIH [101X0/1 TO3BOJISIET COOTHECTH PA3INYHbIE KOHILIETILINY BPEMEHH — pe-
JSIMOHHYIO W CyOCTaHIMAIIbHYIO, JTUHEWHYIO M IHUKINYeCKylo. B ¢duszngeckom
MHUpPE BpEMs NPOSBISICTCA KaK JIMHEHHOE M HAINPABICHHOE, YTO CBA3AHO C €ro
YKOPEHEHHOCTBIO B TIpoliecce ocylecTBieHust (sHTenexuu). Kak ormeuaer
M. Xaiinerrep, HEBO3MOKHOCTh «0OpallleHHs» BpeMEHU 00YyCIIOBIEHA €ro IK3H-
CTEHIIMAJIbHON HAaNpPaBICHHOCTHIO K 3aBepiuenuto [18. C. 426].

CoBpeMeHHbIE 3KCIIEPUMEHTAIbHBIE HCCIEA0BAaHNs B KBAaHTOBON MEXaHUKE
NPUIAIOT TaHHOHU MPOoOJIeMaTHKe HOBOE H3MEpeHHe. B 4acTHOCTH, pacCMOTpEHHEIE
BBIIIE DKCIEPUMEHTHl C «KBAHTOBBIM JIACTUKOM» M IIPOBEPKAa HEPABEHCTB
Jlerrerra — I'apra 1eMOHCTPUPYIOT CYIIECTBOBAaHUE HETPUBUAJIBHBIX BPEMEHHBIX
KOPPEJSILMM, IPU KOTOPBIX PE3YJITaThl U3MEPEHUM OKa3bIBAIOTCS 3ABUCUMBIMH OT
YCIIOBHH, 3a/1aBaeMbIX B Ooiiee mo3qHue MOMEHTHI. [Ipu 3TOM cooTBeTCTBYIOIINE
COOBITHSI HE CBSA3AaHbI KJIACCUYECKON MPUYNMHHO-CIIEICTBEHHON 3aBUCHMOCTBIO.

[TomoGHBIE 3(h(peKThI HE CBUACTENHCTBYIOT O HAPYIICHUH MPHYUHHOCTH WIIN
«0OpaTHOM TEUEHUH BPEMEHM», OJJTHAKO YKa3bIBAIOT HA 00JIE€ CII0KHYIO CTPYKTYpPY
BPEMEHHBIX OTHOIIEHUH. OHU MOTYT OBITh MHTEPIPETUPOBAHBI KaK MPOSIBICHUE
II1yOOKOH peNsIIOHHOCTH BPEMEHH, B KOTOPOM HACTOSAIIEE COOTHECEHO HE TOJIBKO
C MPOLUIBIM, HO ¥ C OYYIIHM.

B 3TOM KOHTEKCTE apuCTOTENEBCKOE ONPEIETIEHUE BPEMEHH TPUOOPETAET J10-
MOJIHUTENIbHBIN CMBICI: «YHCIIO JBH)KEHUS» OIPENENseTCs] Yepe3 OTHOIICHHE K
«TIpelbIIyIEMY U MOCTIEeYIOIEMY», UTO YKa3bIBaeT Ha (DyHIaMEHTAIbHYIO 3aBU-
CHUMOCTb HACTOSIILIET0 OT LIeJIOCTHOW BpeMeHHOH cTpyKTypbl. [TooOHas nnTepmnpe-
Talusl OKa3bIBAE€TCS CO3BYYHOM COBPEMEHHBIM IOJAXOJAM K «KBAaHTOBOMY Bpe-
MEHHM», B YaCTHOCTH MOJIENISAM, pa3BuBaeMbIM B pabotax C. Jlnoiina, XoTd ux KoH-
LENTyaJIbHOE COJIEp’KaHNE HE COBIAAET MOJIHOCTbIO.

Takum 00pa3om, COBMEUICHHE KJIACCHUECKOW MeTa(U3MKH M COBPEMEHHBIX
KBAaHTOBBIX UCCJIEJIOBAHUI MO3BOJIAET BBISIBUTH 0OJI€€ CI0XKHOE, aHTUHOMUYECKOE
NOHUMaHHE BPEMEHH, BBIXOASIIEE 32 pAMKHU KaK YMCTO (PU3NYECKOr0, TaK U Tpaiu-
IIMOHHOTO (PMII0CO(CKOTO OMHCAHUS.

OnHoii n3 nHTepnpeTanuii 3pPexTa «KBaHTOBOTO JIACTUKA» SIBJISETCS THUIIO-
T€3a 00paTHOrO X0J1a BpEMEHH U PETPONPUIMHHOCTH. Mies oOpaTMoro BpeMeHu
UMEET JJIUTENbHYIO UCTOPHIO: OHA 00CYXk/1ajach B KJIACCUYECKOW 3JIEKTPOJUHA-
MUKE, TIOJTy4rJia pa3BUTHE B KBAHTOBOW TEOpHH B CBs3u ¢ padboTtamu I1. lupaka u
Obula mpoaHanu3upoBaHa ['. PelixeHOaxoM B KOHTEKCTE MPOOJIEMbl HAaNpaBJIEHUS
BpEMEHHU. B KBAaHTOBON AJIEKTPOJAMHAMUKE KOHLENIUS IBYHAIIPaBICHHOIO Bpe-
MeHH Obli1a IPe/Io’KeHa B paMKax TeopHH B3aumoeictus yactun k. A. Yusepa
u P. @elinmana. B coBpeMeHHOM IUTEpaType JaHHbIE UEW UCTIOIB3YIOTCS IS UH-
TeprpeTani KBAaHTOBBIX KOPPEISALUI, BKIII0UYas pe3yJIbTaThl 3KCIIEPUMEHTOB, CBSI-
3aHHBIX ¢ HepaBeHcTBaMHu bemta. Tak, M.C. Jletihep u M.®. [Tst03u ipeaoxumim
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MO/JI€JIb, B KOTOPOH JOMYyCKAeTCsl PETPONPUUMHHOE BIUSHUE U3MEPEHUS Ha Mpe-
IIECTBYIOILIEE COCTOSHUE CUCTEMBI, YTO JOCTUTAETCA MOCPEACTBOM CHUMMETpPUY-
HOTO PAaCCMOTPEHUS MMPOCTPAHCTBEHHO-BPEMEHHBIX MmapaMeTpoB (cm. [19]).

C Touku 3peHus ¢punocoduu Takas Teopus He HOBa. [IpencTaBneHune o moToke
BpPEMEHH, HAIPaBJICHHOM W3 OyAyIIEro B MPOIUIOE, YK€ UCMOIb30Bal 0. ABry-
ctuH B cBoelt «McnmoBeam» (kH. XI). CxonHble uaen Obutn Bhickazanbl M. Xaiiner-
repom B nokiane «llonstue Bpemenn» (1924). B HEM OH mpsMO TOBOPUT:
«IIpoucuiecTBusi CyTh BO BpEMEHH; 3TO HE O3HAYAET, YTO OHU MUMEIOT BpeEMs, HO,
npoucxoas W mpucyTcTBys [daseiend], oHM BcTpedaroTCs Kak MPOXOJSIINE
HACKBO3b Uepe3 HEKOTOpoe HacTosimee. Bc€ mpoucxosiiee BIKaTbIBaeTCS U3 Oec-
KOHEeYHOro Oyayiero B 6e3Bo3BparHoe mporuioe» [20. C. 90].

Tem He MeHee BBEJIEHUE PETPOIIPUUNHHOCTH CTAIKUBAETCS C PSOM IIPUHIIM-
NUAIbHBIX BO3pakeHUH. B yacTHOCTH, crienuanbHas TEOpUsl OTHOCUTEIBHOCTH J10-
MyCKaeT CYILIECTBOBaHHE COOBITHI, NPOCTPAHCTBEHHO-BPEMEHHONW HHTEpBa
MEXIy KOTOPHIMH HCKJIIOYaeT BO3MOXKHOCTh HPUYMHHOTO B3aMMOCHCTBHUSL.
HmenHO Takue KOH(GUTYpAIK PEAIM3YyIOTCS B OKCIIEPUMEHTAX TUIA «KBAHTOBOTO
JacTUKay», 4TO JIeNaeT MpoOJIeMaTHYHBIM BBEJCHUE HANpaBJIEHHONW «0OpaTHOID»
CTpesnbl BpeMeHH. Ecin v mbITaThcst BBECTH MOA00HBIH X0/1 BPEMEHH, TO OH JOJKEH
IPOTEKaTh MFTHOBEHHO U3 OyAyIIero B mpoluioe. BmecTe ¢ TeM CyliecTByrOT 3Kc-
NepUMEHTalbHbIE yYKa3aHUs Ha TO, YTO CHUTYyalllsl MOXKET OBITh MHOW: B Mapre
2018 r. ObLTH OIMYOIMKOBAHBI PE3yJIbTAThl, CBUACTEIBCTBYIOIINE B TIOJIb3Y OHO-
BPEMEHHON «CMECH», CYNEPIIO3UIIMHU IPUUMHBI U CIEICTBUS B KBAHTOBOM 00JIaCTH.

JIOTIOJIHUTENbHBIE DKCIIEPUMEHTANIBHBIE JaHHBIE, B YACTHOCTH PE3YJILTATHI
2018 r., yka3bIBalOT Ha BO3MOXHOCTb KBAaHTOBOH CYINEPIO3ULIMH IPUUMHHO-CIIE-
CTBEHHBIX CBSI3€H, IPU KOTOPOH pas3iInuue MEXIY IPUYNHOMN U CIIEICTBUEM OKA3bI-
BAETCSl HEONpPEAEAEHHBIM [21]. DTO MO3BOJAET MPEANOIOKUTh, YTO B KBAHTOBOM
o0JyacTu TpaJAULIMOHHOE MOHITHE BPEMEHHOU HANpaBICHHOCTH YTPAuMBAET IMpPH-
MEHUMOCTb.

B pamkax paccmaTpuBaeMoro rnoaxoza BpeMsl BO3HHMKAET KakK pe3ysbTar Ie-
pexona OT NOTEHLUHUAIbHOIO K aKTyaJbHOMY, COIPOBOXKIAIOLIETOCS Pa3pbIBOM
MEXy pa3IMuHbIMH MOJTycaMH ObITHS. TemM caMbIM BPEMEHHOCTh MOXKET ObITh UH-
TepIpeTUpoBaHa KaK MPOU3BOHAS CTPYKTYpa, OTpakarollas Mpoliecc akTyaau3a-
IIUU U CBSI3aHHYIO C HUM JMAJIEKTUKY IIepexo/a.
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QUANTUM MECHANICS AS EXPERIMENTAL METAPHYSICS:
THE PROBLEM OF REALITY AND TIME
A.Yu. Sevalnikov”
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Abstract. This article addresses the problem of reality in quantum mechanics in both its phys-

ical and metaphysical dimensions. It analyses the historical preconditions for the emergence of quan-

tum theory, the distinctive features of its mathematical formalism, and the transformation of
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concepts concerning the observable and the unobservable. Particular attention is devoted to the un-
certainty principle, the EPR paradox, Bell’s inequalities, the Leggett and Leggett—Garg inequalities,
as well as delayed-choice and “quantum eraser” experiments. It is demonstrated that contemporary
experiments confirm the predictions of quantum mechanics and call into question the applicability
of classical realism to quantum objects. The paper substantiates the thesis that quantum entities can-
not be described in terms of classical spatio-temporal ontology prior to the act of measurement. In
this context, a metaphysical interpretation of quantum reality is proposed through the distinction
between the potential and the actual, as well as through an analysis of the categories of possibility,
actuality, and time within the traditions of Aristotle, Hegel, and Heidegger. The study concludes by
arguing for the necessity of expanding the ontological and epistemological foundations of modern
physics.
Keywords: quantum mechanics, reality, observation, time, causality, potentiality, ontology
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NMHOOPMALUMUOHHAA MHTEPMNPETALNUA KBAHTOBOW MEXAHUKU
A.A. TTeyenkun”

Huemumym ucmopuu ecmecmeosuanus u mexuuxu um. C.H. Basunosa PAH
Poccuiickas @edepayus, 125315, Mocksa, yn. barmuiickas, 0. 14

Annoranusi. TupopmannonHass MHTEpIpeTalys KBAHTOBOM MEXaHMKH BO3HHUKIIA B KOHIIE
MPOIIOTO BEKa B CBSA3U C HOBBIMU KOHLENTYaIbHBIMH MPOOJIEMaMH, TOCTABICHHBIMI KBAaHTOBOU
uHpopmarukoil. Kak mokaspIBaroT uTepaTypHbIE CCHUIKH, B HBIHEIITHEM BEKE OHA CTaja OJHOM M3
TIOTYJISIPHBIX HHTEPIIpEeTanuii. B cTaThe peds uueT 0 KOHIENTyaabHO PopaboTaHHOH BEPCHH ITOM
MHTEPIIPETaLNH, BEIIBUHYTOH aBCTPUICKUM (U3HKOM-3KcTiepumenTaropoM A. Laiimuarepom. Un-
(opmaronHas naTeprperanus L{aiinmHrepa craBUT BO IN1aBy yrila HOHITHE «BBICKa3bIBAHUE), aK-
LEHTHPYET Ty HH(POPMAINIO, KOTOPYIO HEMIOCPEICTBEHHO HECET IKCIIEPUMEHT, IPOBOJUMBIN (hU3H-
KOM-9KCIIepUMEeHTaTopoM. MHpopManoHHas HHTEpIpeTaly NPOIMBaeT CBET Ha IOHATHUE CILy-
TaHHOTO COCTOSIHUSI, CTaBIIIEE aKTyaIbHBIM B CBSI3U C Pa3BUTHEM KBAaHTOBOI MH(OPMATHKH.

Kniouegvle cnoea: KONECHTareHCKash WHTEPIIPETAls, JONOIHUTEIBHOCTh, BBICKA3bIBAHME,

OJICMCHTAPHOC BbICKA3bIBAHUC, CITYTAHHOCTDH
Yro Takoe HHTEPIIPpETAlNA KBAHTOBOII MeXaHUKH?

Boo06i1ie roBopst, MHTEpIIpeTalueil Ha3pIBalOT MPUINHUChIBAHUE 3HAYCHUN 3J1e-
MEHTOM (opManbHON cucTeMbl. Hanpumep, npunucsiBaHle 3HAU€HUH «0011e3Ha-
YHMO», «BBIMIOJIHUMO» U «UCTHHHO» (OpMyJIaM HCcUUCIeHHs npeaukaToB. Korna
peub uAeT 00 MHTEepPIpeTallud KBAaHTOBOW MEXAaHUKHU, CIOBO «UHTEPIIPETALIUS»
UCIIOJIb3YETCS B IIMPOKOM CMBICIIE.

Bo-nepBbIX, oA MHTEPIIPETALIMEN HMEETCS B BUIYy SMIIMPHUUYECKas HHTEPIIpeE-
TalMsi MaTeMaTUYECKOTO anmnapaTa 3Toi Teopuu (OIMCaHue TOro, KakuM o0pa3oM
MaTeMaTHYeCKui (popMaIn3M COOTHOCUTCS C BO3MOXKHBIMM pe3yJbTaTaMH HU3Me-
pPEHUS U CO CTATUCTUYECKUMH YaCTOTaMHU, C KOTOPBIMH 3TH PE3YJIbTaThl MOSABIISA-
I0TCS1, KOTJJa U3MEPEHNE TPOBOAUTCS HEOITHOKPATHO).

Bo-BTophIX, HHTEpHIpEeTanus — 3T0 GOPMYIHpOBaHNE (HU3NIECKON KapTUHBI
MUpa, (PyHIAMEHTAIbHBIX MOHATUH, KOTOPbIE ONPEIEIAIOT U 00BEAUHAIOT MOCTa-
HOBKY W pELICHHE TEOPETHMYECKHMX 3aJad, MO3BOJIIIOIIMX M3JIaraTb KBAaHTOBYIO
MEXAaHMKY KaK CHUCTEMATHYECKYH0 HAy4YHYIO IUCLUIUIMHY, YUTATh JICKIIMOHHBIC
KypCHI ¥ ITUcaTh yueOHUKU. B KBAaHTOBOI MEXaHUKE — ATO B NIEPBYIO ouepepb «hu-
3MYECKasi CHCTEMay, «COCTOSTHUE (PU3MUECKON CHCTEMBD», «HAOII0IaeMasD».

* E-mail: a_pechenk@yahoo.com
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[Tpobnema MHTEpIIPETALINK BCTANIA TIEPE] TCOPETHKAMH YKe Ha MEPBBIX IMapax
dbopmupoBanust Teopun (koHer] 1920-x — vauano 1930-x rr.). HoBas kBanTOBast Me-
XaHHMKa cpa3y K€ BO3HUKJIA KaK MaTeMaTHyecKas CXeMa, KaK HCYHCIIeHue. JTa
cxema mpojoirKaia pa3BuBatbes. Hamo ObLT0 MOHATH, Kakue (U3HuecKue MOHATHS
UMEIOTCS B BUJLY, KOT'JIa IPUMEHSIETCS 3Ta CXeMa.

«Kak He pa3 6b1Baio B ucropuu pusuku, — nucan B.A. ®ok, — maTemaTnyie-
CKasi 4aCTh TEOPHH, BMECTE C HEKOTOPBIMH ()OPMAIbHBIMHU PEIETITAMH, CBS3BIBAIO-
IIUMU TEOPHIO C OTIBITOM, ObLjIa IIOCTPOCHA PaHBIIE, YeM ObLTH BhIPaOOTaHBI COOT-
BETCTBYIOIIHE (PU3MUECKHUE TOHITHS. ATIapaT HEPEIITUBUCTCKON KBAaHTOBOU Me-
XaHWUKH, HE COJEP KAl HUKAKUX BHYTPEHHUX MPOTUBOPEUUH, YCTICITHO MpUMe-
HSUICS K PEIICHUIO KOHKPETHBIX 3a]]a4 aTOMHON (U3UKH, HO (PU3UYECKOEe TOJIKOBA-
HUE €ro OCTaBaJIOCh JOJI0O€ BpeMs HEACHBIM. Bce ocTpee m ocTpee crana omry-
1aTbcs HEOOXOAMMOCTh HaJuIexkalel pU3n4ecko MHTEpHpeTali TOTOBOIO ar-
napara KBaHTOBOM MexaHukm» [1. C. 461].

B GospirHCTBE COBpEMEHHBIX YUeOHMKOB KBAHTOBASI MEXaHHUKA U3JIAraeTcs C
MO3UIMH KOTIEHTareHCKON MHTepIpeTanuu, BeiaBuHyToi H. BopoM u mogaepxan-
Hoit B. I'eiizenGeprom, B. Ilaynu, M. bopHom u psaom npyrux (Gu3MKOB, PUHU-
MaBIIMX y4yacTue B pa3paboTKe KBAaHTOBOM MEXaHMKH Kak (pU3UYECKOH Teopuu.
B Coserckom Coro3ze KONEHrareHCKYI0 WHTEPIPETALMIO MOAJEPKUBAIN TaKHe
KpynHbie pu3ukn, kak M.A. Mapkos u B.A. ®ok, nocneauii, npasia, COMPOBOX-
Jal 3Ty MOAJEPKKY KPUTHUYECKUMU 3aMedyaHus MU putocodekoro xapakrepa. Ko-
MIEHTareHCKasi MHTEPIpEeTaIs MPUCYTCTBYET B TAKOM M3BECTHOM KypCE TEOPETH-
yeckoit pusukw, kak kype JI.JI. Jlannay u E.M. JIudpmmuna. C no3unuii 3Toii MHTEp-
npetanuu Hanucana kaura B.E. TapacoBa «KBanToBast Mexanuka. Jlekiuu no oc-
HoBaM Teopumn» (m3nanue 2000, 2020 rr.). B pycckom nepeBoje M3laHbl KHUTH
1. boma, A. Meccua, «®@eiiHMaHOBCKHE JICKIIMHU MO (PU3UKE», B KOTOPBIX TAKXKE
MPUCYTCTBYET KONIEHrareHcKasi MHTepIpeTaus.

Henp3s, onHako, HE 3aMETUTh, YTO MO BOMPOCY MHTEPHPETAIMN KBAHTOBOM
MEXaHUKHU y (PU3UKOB HUKOT/Ia He ObLIO equHOMBICIHA. Yoke B 1920-e roasl ame-
PUKAaHCKUI (PM3UK, BHECHIMHA BKJIAJ B KOHIENTYaJbHYIO pa3palOTKy KBaHTOBOU
Mexanuku, [[x. CiaaTep mpeaioxkml CTaTUCTUYECKYI0 (aHCaMOJIeBYI0) HHTEPIIPE-
Tanuo. DTy HHTEpIpeTanuio nogaepxan pan ¢usukos u3 CIIA u u3 CCCP. Cra-
TUCTUYECKYIO (aHCaMOJIEBYIO) MHTEPIPETALMIO TOEPIKA Tak)Ke aBCTPUHUCKHI
¢unocod K. [Monmep, uznoxus ee B cBoeil kHUTE «Jlornka HAy4YHOTO OTKPBITHD)
(1934 r.). [IpaBna, B MOCIEBOCHHBIE TO/IbI OH OTOMIEN OT 3TOW MHTEPIPETALINH.

HcTopuyeckoe pa3BUTHE MHTEPIIPETALMH KBAHTOBOM MEXaHHUKH IPOCIIEKEHO
B kaure M. Jxemmepa, omyonmukoBanHo B 1974 romy [2]. CoObiThs KOHIA
XX BeKa M HOBeiIIasi UCTOPUA MPEACTaBICHA B KOJUIEKTUBHOM TPYAE MO UCTOPUHU
KBaHTOBBIX MHTepHperanuii, uzganHom Oxford University Press B 2022 rony [3]
(xHura Ob1a nepeusgana B 2025 r.).

Nudopmanuonnas uaTepnperanus. O0mas XxapakTepuCcTHKA

Urto Ttakoe mH(bOpMAIMOHHAS WHTEpPHpeTanus KBaHTOBOW MexaHuku? CTpo-
roro OmpenesieHus 37eCh HET, Kak, BIPOYEM, HET CTPOroro M OOUIETPUHSATOTO
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OTIpeIeJICHNS KOTICHTareHCKOW MHTEPIIPETAIIH M BOOOIIIE IPYTHX HHTEPIPETAIINH.
B nepBoM npubnukeHuu 3Ta HHTEPIpETAIHsl, COTIIACHO KOTOPOI COCTOSIHUE KBaH-
TOBOW CHCTEMBI «IIPEJCTABISIET COOOM UL HAIM 3HAHUS, UHPOPMAIHIO, MOJTY-
YaeMyIo MPU U3MEPEHUN KBAaHTOBBIX cuctem» [4]. «Hdbopmarus MoxkeT ObITh OT-
HOCHUTEJIBHO BCETO AKCIIEPUMEHTAIBHOTO YCTPOWCTBA, BKJIIOYAs ,,[IPUTOTOBIICHUE
COCTOSIHUA™ M U3MEPUTEIIBHOE YCTPOUCTBO... THpOpMaLus MOXKET Takke BKIIIO-
4yaTh 3JIEMEHTHI, KOTOPbIE JOCTUTAIOTCS, KOTAa SKCIEPUMEHTANIbHBIE PE3yIbTaThl
CTaHOBSITCS U3BECTHBIMH U MOJBEPralOTCs HEOKUAAHHBIM U3MEHEHUSIM. JTO CBOIi-
CTBO MOYKET OBITh MPUBJIEYEHO, YTOOBI BBECTH PEAYKIIHIO BEKTOPA COCTOSIHUS KaK
YUCTO MEHTAJIbHBII MPOLIECC, BOBHUKAIOIINUN TIPU MPUBEACHUN K HBIHEITHEMY CO-
cTostHUIO uHpOpMarmm [4].

E.A. MaMuyp yka3bIBaeT Ha JJOTHYECKYIO U METO/I0JIOTUYECKYIO OJIM30CTh UH-
(opMallMOHHON MHTEPHpPETALUU HEKOTOPHIM PAaHHUM BEPCHSIM KOIEHrareHCKON
uHTeprnperauuu. «C No3UIMHN paHHEN BEPCUH KOIIEHTareHCKONW MHTEPIIPETAluU, —
roBoputcs B cratbe E.A. MaMuyp, — TO, 4TO B KBAHTOBO MEXAHUKE XapaKTEPU3y-
€TCsl KaK COCTOSIHHE KBAHTOBOW CHCTEMbl, HE MMEET OTHOILIEHHUS K pPeaJbHOMY
MUPY, a MPEACTaBIAeT cOOON UMb HAIIM 3HAHUS, HH()OPMALINIO, TIOTYYECHHYIO B
IIPOLIECCE NU3MEPEHUS KBAaHTOBBIX ccTeM. C TOUKM 3pEHMSI HEKOTOPBIX U3 KOIEH-
rareHIleB PeIyKIHs BOJHOBOH (PYHKITUH MTPOUCXOIUT B CO3HAHUU HAOIIOIATENS, U
HE TIOTOMY, YTO 3/IECh OCYIIIECTBIISICTCS] HEKUW YHUKATIBHBIN (pr3nyeckuii mpoiiecc,
a MOTOMY, YTO COCTOSIHUE KBAaHTOBOM CHUCTEMBI SIBJISIETCS KOHCTPYKTOM HaOJt0a-
TeJsl, a He OOBEKTUBHBIM CBOMCTBOM (przmueckoit cuctemsi» [4] (cMm. Takke [5]).

E.A. Mamuyp otmeuaer, uto B mybnukanusax H. bopa, mosiBuBImxcs B KOHIe
1920-x u B 1930-¢ roapl, o003HaumiCs HOBBIM MoTUB. H. Bop cTanm paccyxaars o
«KBAHTOBOM SIBJICHUM» — O LIEJIOCTHON CTPYKTYpE, BKJIIOYAOLIEH HaO0II01aeMblii
00BEKT (IIEKTPOH, (POTOH | T.1.), MprOOp U (TOpOii) PU3KKaA, TPOBOMISIIETO IKC-
nepuMeHT. «Besikoe HaOMoAeHEe aTOMHBIX SIBJICHUH BKITIOUAET TAKOE B3aUMOICH-
CTBUE TMOCIEIHUX CO CPEICTBAMU HAOIIOCHUS, KOTOPBIM HENb3sl IpeHeOpeuby, —
nucain H. bop [6. C. 31]. «<Hu ogun pe3ynpTar ombiTa, KacaroUIerocs SIBICHUS, B
NPUHIHIIE, JISKAIIETO BHE 00JIaCTH KJIacCuYecKol (pU3HMKH, HE MOXKET ObITh HCTOJI-
KOBaH Kak Jarolnii HHPOPMaLMIO O HE3aBUCUMBIX CBOMCTBaX 00BbEKTa, CBOMCTBAX
00BeKTa camoro 1o cedex», — mucan o Takxke [6. C. 283].

«ITpoumtupoBannbie Beicka3zbiBanusi H. bopa, — numer E.A. Mamuyp, —pa3-
TPAaHUYMBAIOT JIBE€ MHTEPIpPETAlMd KBAHTOBOM MEXaHHUKH, KOTOPbIE HMEIHUCH B
BUJy BBINIE: KOTMEHTareHCKYI0 WHTEPIPETAlMI0 U HHPOPMAIMOHHO-TEOpETHYE-
CKyI0. DTH BBICKa3bIBaHUS OBUIM B3SITHI HA BOOPY>KEHHE B IEPBOM U3 HUX, BO BTO-
poil ’Ke peusb IIJ1a 0 paHHUX BhICKa3bIBaHMIX bopa u ['eit3enOepra, BhICKa3bIBAaHUSAX,
XapaKTEePU3YIOIIUX KOPITYCKYJISIPHO-BOJIHOBOM ayanu3zmy» [4].

«MHpopmanrioHHas UHTEpIpETaIHs OTPUIIAET OOBEKTUBHOE CYLIECTBOBAHUE
BOJIHOBOM (DYHKIIMU M BEKTOpa COCTOSIHUS, MPUIUCHIBAsI UM CTaTyC MaTeMaTuye-
CKUX abCTpakiuil, HCKIIOYUTENbHAS POJIb KOTOPBIX CBOAUTCS K HHCTPYMEHTY BbI-
YHCICHUI», — TUIIET Ipodeccop pusnueckoro pakynprera MI'Y um. M.B. Jlomo-
HocoBa B.A. benunckuil. «9T0 cpa3y CHMMaeT psij BONPOCOB K OOJIBIIMHCTBY
KBaHTOBBIX MapajoKkcoB. Hampumep, HETY mpobIieM ¢ KOJIarncoM BOJTHOBOH (pyHK-
UM TaK KakK €€ B mpupojie He cymecTtByeT...» [7. C. 1335].
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«B ocHoBe HMH(DOPMAIMOHHOW WHTEpIPETAINK, — MUIIeT nanee B.A. benwn-
CKHI, — JIEXKUT TMIIOTE3a O TOM, UYTO PE3yJbTaT U3MEPEHUSI KBAHTOBOW CHUCTEMBI
3aBHCUT OT TOM MH(OpMAINK, KOTOPYIO MOJy4UsI HaOII0AaTelb B X0€ IKCIepH-
MEHTa WJIM UMEET MOTEHUUAIbHYI0 BO3MOKHOCTh €€ MoiayunuTh. Hampumep, eciu
MO>HO Y3HATh, U€pPE3 KaKyIo LIeIb IPOHUKAET KBAaHTOBAs YaCTHIIA B XOJI€ JABYIIIE-
JIEBOT'O OTIBITA, TO MOBE/ICHNE KBAHTOBOUM CUCTEMBI PAJIUKAIILHO MEHSETCSI — UHTEP-
depennus ncuezaer» [7. C. 1335].

B crarbe bennHCKOro nprucyTCTBYET TAKXKE UICOTOTHYeCKas XapaKTEPUCTHKA
MH(GOPMALIMOHHON MHTEpIpPETallii, XapaKTePUCTUKA B paMKax JAUJIEMMBI «MaTe-
pUaNu3M — HUJeaTu3M». «ITO HAeaNucTh4YecKas Teopus, — numer B.A. benun-
CKHI, — TIOCKOJIbKY COTJIACHO €1 B OCHOBE JIGKUT MH(poOpMamms, a He MaTepwsl.
OTUM OHa OJIM3Ka TMO3UTHUBHU3MY KOIEHTAareHCKOW HMHTEpIpEeTaIluy, HO HUIET To-
pazno Jfanblie, (QakTU4YECKH CTaBs IO/ BONPOC OCHOBBI HAyYHOTO METOAa
no3HaHus. Benpb eciii HeTY 00BEKTUBHOM PEATbHOCTH, TO YTO MBI TOT/[a TTO3HAEM?)
[7.C. 1335].

«IToguepkuBanue ponu WHGOPMALIMK MPUBOIUT K APYTOil MOMYISIPHON HH-
TepIpeTay KBAHTOBON MEXaHHMKH, — UIIET PpaHIly3CKUl UMUK aBTOP KHUT H
¢unocopckux crarel Mo MHTEpIpeTauuu kBaHToBoW Mexanuku ®. Jlano, 3aBep-
IMB 0030p MOCIICHUX H3JIOKCHHI KOTICHrareHCKoW nHTepnperanuu. — Madopma-
U MOXET KacaTbCsl BCEr0 3KCIEPUMEHTAIbHOIO YCTPOMCTBA, BKIHOYAKOLIETO
IIPUTOTOBJICHUE COCTOSIHUS M H3MepUTeTbHOe npucnocodnenue... Nudopmanus
MOXKET TaK)K€ BKJIFOYATh B CBOM COCTaB TO, YTO JIOCTUTAETCS, KOI/1a SKCIIEPUMEH-
TaJbHbIE PE3YJIbTAThl CTAHOBSITCS U3BECTHBIMU. OHA MOXKET MPETEpIIeBaTh U3MEHE-
HUS, KOTJIa 9TU PE3yNIbTaThl HEOXKUAHHO U3MEHSIOTCS. DTO CBOWCTBO MH(OpMa-
IIUF MOXET OBITh MPHUBIICYECHO, YTOOBI TPAKTOBATH PEAYKIUIO BEKTOPA COCTOSHUS
KAK YUCTO MEHTAJIbHBIN IPOLIECC, TPOCTUPAIOIIMIICS OT TOTO MECTA, II€ U3MEPEHUE
UMEJI0 MECTO, K OKpYKeHHIO (BKIItouast Habmomatens)» [8. C. 46].

Kak u muorue npyrue ¢pusuku, @. Jlano nogyepkuBaer, 4To uHGOpPMAIIHOH-
Hasl TOYKa 3pEHHs] Ha KBAHTOBYIO MEXAaHMKY CTaja MOIYJISIPHON B CBSI3U C Pa3BU-
THEM HOBOH 00JIACTH KBAHTOBBIX UCCIICOBAHUI — KBAHTOBOW MH(POPMATHKHU.

HNudopmannonnas unrepnperanus A. llaiiaunarepa

ABctpuiickuii pusuk maypeatr HoOenesckoil mpemuun mo ¢usuke (2022 r.)
A. IlaiinuHTrep B cCaMOM KOHIIE MPOIIIOTO BeKa MPeII0KHI CBOIO BEPCHIO HH(OP-
MAaIMOHHOHN UHTEPIpETALMH, BEPCHIO, KOTOPYIO MOXKHO HAa3BaTh KOHLIENITYyaJIbHOM.
B nocnenytomiem 3ta uHTEpnpeTanys Oblia yCOBEPIIEHCTBOBAHA UM COBMECTHO C
ero ObBIIMM acniupanToM Y. BpykHepoM. B mocnemayromem u3moKeHUH MBI, OJ1-
Hako, OyzieM cienoBath cratbe Llainarepa, omyoimukoBanHOM B 1999 roxmy.

Xots LaiinuHrep M0AIbHO OTHOCUTCS K KOMEHTareHCKOM MHTEPIpEeTaIii, OH
cMelIaeT akueHThl. Ha mornyeckoe nepBoe MECTO Y HETO BBIXOJAT HE MOHATHS 10-
MIOJIHUTEJILHOCTH U 1yaJlu3Ma, a 3JIEMEHTAPHbIE BHICKA3bIBAHUS, HETIOCPEICTBEHHO
buKcUpyromue To, ¢ 4eM QPHU3UK UMEET JIENI0, IIPOBOAS SKCIIEPUMEHTHI. «B oTinmune
OT TEOPUH OTHOCUTEIBHOCTH KBAaHTOBAsI MEXaHHKA JI0 CHX IOp elle He Oazupyercs
Ha OOIIENpU3HAHHBIX OCHOBaHUSIX. B HacTosieill craThbe mpeanosiaraercs, 4To
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YIYLIEHHbIE TPUHIUIBI MOTYT OBITH pacliO3HaHbI UCXOJI U3 TOrO (haKTa, YTO BCE
Hallle 3HaHUE, COCTaBJISIoNMEee QU3NKY, MOKET OBITh BBIPAKEHO B BHICKA3BIBAHUSAX
U 4YTO DJJIEMEHTapHas CHCTEMa IPEICTAaBJIICT MCTUHHOCTHOE 3HAYEHHUE OIHOIO
BBICKA3bIBaHUs, TO €CTh HECET 0AUH OUT nHpopmaruu. CienoBaTeabHO, Mbl HCXO-
UM U3 TOTO, YTO 3JIEMEHTApHOM €AVHMIIEH 3HAHUS CIYXKUT PE3yJIbTaT, OJydeH-
HBI TIpU OAHOM creuupuueckoM wuMepeHun. OO0s3aTenbHast CIy4aifHOCTb
JIpYTUX JaHHBIX (OPYTUX W3MEPEHWI) BO3HUKAET TOT/A, KaK HEOOXOIUMOe CIe/-
ctBue» [9. P. 634].

Xots [Haitnuarep Ha D. Maxa He ccputaercs, ero huimocodust HecéT OTIeYaTOK
uzie 3Toro aBcTpuiickoro Gpusmka u puiocoda. LlaiauHrep UIeT 3neMeHTs MUpa,
HEeUTpasbHbIE [0 OTHOLICHHUIO K (PU3MYECKOMY M MCUXHYECKOMY. DTO «3JEMEH-
TapHBI BBICKA3bIBAaHUS», KOTOPBIE, C OJJHOM CTOPOHBI, HHTEPCYOBEKTUBHO POBEPSI-
eMbl ((PUKCUPYIOT SKCTIEPUMEHTHI M HAOTFOIEHUSI, BOCIIPOM3BOIUMBIE OTHUM U TEM
e (PU3UKOM B Pa3HBIX CUTYalHUsAX M JaXe B Pa3HBIX JIAOOPATOPHSX, a TaKKe B
NPUHIUIE U JPYTUMHU (QU3UKAMH), & C APYTOld CTOPOHBI, «TEOPETHUECKU Harpy-
JKEHBI», IPEAIOIAraloT TEXHUKY IPOEKLIMOHHBIX ONEPATOPOB, BXOIALIYIO B MaTe-
MaTHYECKHI anmapar KBaHTOBOM MexaHuku, chopmynupoBanubiii U. pon Heitma-
HOM B ero «MareMaTn4ecKux OCHOBAHUAX KBAHTOBOM MEXaHUKMNY.

«MBI moTy4aeM 3HaHUE, TO €CTh HHPOPMAIHIO 0 KAKOM-THOO 00BEKTE TOJIEKO
nocpeAcTBoM HabmoaeHust, — nuiet Lainunrep. — JIro6oe noHsATHE O peaIbHOCTH
JIOJDKHO 0a3upoBaThesi Ha HaOmoaeHUH. OJJHAKO OTCIO/Ia HE CIEAYET, YTO peallb-
HOCTb — 9TO YUCTO CyOBEKTHBHBIN YenoBeueCcKuil KOHCTpYKT. M3 Hamux HaOmoe-
HUI MBI MO’KEM KOHCTPYHMPOBATh 00BEKTHI peasibHoCTH. [Ipenacka3anust, mocTpoeH-
HbIC HA TAaKUX CIEUU(PUUIECKUX MOJEISAX PEealbHOCTH, MOTYT OBITh KEM-TO ITPOBeE-
peHbl. MBI moiydyaeM HMHTEPCYOBEKTHBHOE COTJIALICHHE, Japyromiee O0OBEKTHB-
HOCTh HAIlIMM MBICIIEHHO CKOHCTPYHUPOBAHHBIM CTpyKTypam» [9. P. 633-634].

B oTnmune oT OOBIYHOrO M3JI0KEHUS KBAaHTOBOM MEXaHMKHM B y4eOHHUKaX,
A. IMaiinuHrep M Ipyrue CTOPOHHUKN MH(OPMAIIMOHHON MHTEPIPETALUU MOAUED-
KHBAIOT MTOHATHE COOBITUS KaK YHUKAIBHOTO SIBIEHUS, B KOTOPOM OOBEAUHSIOTCS
npupoaa, usydaemas (U3UKOM, (U3UUYECKUN SKCIEPUMEHT, KOHCTPYUPYEMBbIi
(GU3MKOM, M MHIUBUYaJbHBIA MOIX0/ JAHHOTO (PU3UKA.

«CornacHo CTaHJApTHOMY IIOHUMaHHUIO KBAHTOBOW MEXaHWKH, — IUIIET
[atimuarep, — cnenuduuecKuii pe3ybTaT 00bEKTUBHO CIyYacH, €ClIM CHCTEMa He
HaXOJUTCSI B COOCTBEHHOM COCTOSHHM OIepaTopa MPOEKTUPOBAHU, ONMHUCHIBAIO-
1iero u3mMepeHue. J{efcTBUTENbHO, PpACCMOTPUM COCTOSIHUE | ), KOTOPOE SIBIISETCS
COOCTBEHHBIM COCTOSIHMEM MPOEKIIMOHHOTO oreparopa P = |y»<«y| ¢ cOOCTBEHHBIM
3HaueHueM /. DTO MPOCTO O3HAYAET, YTO KBAHTOBAs CUCTEMA, OITMCAaHHAs 3TUM CO-
CTOSIHUEM, OYyJIET C ONPEIEIIEHHOCThIO OOHapYXeHa KaK HaXOAA1asCsl B COCTOSIHUU
|y>, eciy U3MEpEHUE OCYIIECTBISIETCS COOTBETCTBYIOLIMM TPHUOOPOM.

YroObl aHaIM3UpPOBaTh MH(OPMAIMOHHOE COJEp’KaHHE 3JEMEHTapHBIX CH-
CTEM, Pa3I0KUM CHUCTEMY, KOTOpasi MOXKET OBbITh MPECTAaBICHA CUETHBIM YHCIOM
BBICKA3bIBaHUI, Ha COCTaBIISAIOLIUE CUCTEMBI. ECTECTBEHHO AOMYCTUTh, YTO KaX-
Jlast U3 COCTABJIIIOIINX CHCTEM OYZET Mpe/CTaBlIeHa MEHBIIUM YHCIIOM BBICKA3bI-
BaHui. OgHAKO, 9TO e nanbie? YTo HaMm AacT TaKou Mporecc pa30ueHHs CHcTeM?
OueBugHO, mpenen OyIeT AOCTUTHYT TOTJa, KOrJa Mbl IPHUIEM K CHUCTEME,
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MPEACTABISIEMON TOJBKO OJHUM BBICKa3bIBaHUEM. TakWe CHCTEMBI Mbl OyneM
Ha3bIBATh 2JIEMEHTAPHBIMHU.

DneMeHTapHasl CUCTEMa MPEACTABISIET ICTHHHOCTHOE 3HAYEHHUE OJHOTO BbI-
CKa3bIBaHMA. DJIeMeHTapHas cucteMa HeceT / 6ut undopmarum» [9. C. 635].

[aiinuHarep oTMeYaeT, 4TO JAAHHOE MPEUIOKEHUE MOXKET pacCMaTpUBATHCS
KaK OTpeJielIeHre TOT0, YTO TaKOoe dJIeMeHTapHas cuctema. B ctpykrype undopma-
IIMOHHON MHTEPIIPETALUN PEAYKLHs BOJIHOBOTO MAKeTa HE HAaXOAUT ce0e MecTa.
HNudopmanmonHoe coaepkanre koHeuHo. KBaHToBas cucrtema He HeceT uHpopma-
IIUI0, KOTOpasi MO3BOJIIIIAa Obl OTBETUTH HA BCE BOMPOCHI, KOTOPbIE MOTJIH OBl OBITH
c(hopMyIHPOBAHBI UCXOSI U3 IKCIIEPUMEHTA.

«Hame onmcanue QU3NIECKOr0 MHpPa COCTOUT U3 BBICKA3BIBAHHIA, — MHUIIIET
Haitmarep. — JIto6o# pusnyecknii 00beKT MOXKET OBITH OMHCAH COBOKYITHOCTBIO
BbICKa3bIiBaHWH. [loHOE ommcaHue — 3TO OOBIYHO JJTMHHBIA CIUCOK BBICKA3bIBa-
HUW. B 0OBIYHOM KU3HM MBI paCCMAaTPUBAEM STH BBICKa3bIBaHUS KaK OINMHCHIBAIO-
IIME T€ CBOWCTBA, KOTOPHIMU OOBEKT NEHCTBUTEIHLHO 00JIalaeT OOBIYHO €IIe 0
Habmonenus. Teneps 3amaaum cede nBa Bompoca. Kak Mbl IPUXOAUM K 3TUM BbI-
CKa3bIBaHUSM M KaK MBI MOXKEM UX BepuduiupoBats? OTBeUast Ha MEPBhI BOMPOC,
MBI TOBOPHM, YTO TaKWE€ BBICKA3bIBAaHUS MPUOOPETAIOTCS MOCPEICTBOM TOTO, YTO
MBI HaOI0Jai. JTO He 00s3aTebHO eIMHUYHOE HAOII0ICHHE U He 0053aTeIbHO
HaOJI0/IEHUS B KAKOE-TO OJTHO BpeMs U B KAKOM-TO OJTHOM MECTE.

OtBeuass Ha BTOPOM BOMPOC, MBI 3aMe4aeM, YTO JIOOOE TAaKOE CYXKICHHUE
MO3KET OBITh BepU(UIIMPOBAHO MOCPEACTBOM OyayIiero HaOmoAeHHs. MBI TaKuM
o0pa3oM oTMedaeM, 4To JII000e CBOMCTBO, KOTOPOE MOKET ObITh MPHUIHUCAHO 00B-
€KTy, BO3HHKAET TOJIbKO U3 HAOIIOJACHUN U OCTAETCS 32 HUM TI0Ka, OHO HE TPOTH-
BOPEUUT AaJIbHEHIINM HaOmoaeHUsIM. OOBEKT, CTaI0 OBITh, MOJIE3HBIA KOHCTPYKT,
00ycioBIeHHBIN HaOmoAeHUIMIY [9. P. 636].

«MpbI 3HaeM, T.e. obiamaeM wHpOpManueil 006 00BEKTe TOIBKO OJaromaps
HaOmoeHuto. TakuM 00pazom, J1I000e MOHITHE O PEATbHOCTH JIOJDKHO Oa3upo-
BaThCs Ha HaOmoaeHnu. OIHAKO OTCIOJA HE CIIEIYET, YTO PEATbHOCTh €CTh CYyOh-
EKTUBHBIN 4eJI0BEYECKH KOHCTPYKT. Vicxoas U3 Hammx HaOII0AeHUH MBI MOKEM
MBICJICHHO KOHCTPYHPOBaTh OOBEKTHI peajbHOCTH. lIpencka3aHusi, OCHOBBIBAIO-
nMecss Ha HaOMIOACHUSX, MOTYT OBITh NMPOBEPEHbI KaxAbIM. B pe3ynbraTe Mbl
IPUXOJIUM K HHTEPCYOBEKTHBHOMY COTJIAIICHHUIO O MOJIEIM M TaKUM O00pa3oM
HAJIeNIsieM MBICJICHHO CKOHCTPYHPOBAHHBIE OOBEKTHI CMBICIOM OOBEKTHUBHOCTH
[9. P. 636].

[aiinuHrep mo-cBOeMy CBUAETEIBCTBYET B IMOJIb3Y HEBO3MOXKHOCTHU «CKPbI-
TBIX MIAPAMETPOB» B KBAHTOBON MEXaHUKE. «B0O3bMEM CleyOMNNA NPUMEp: CIIMH
YaCTHUILIBI C MOJYLEIbIM CIIMHOM 00€CIeYrBaeT UCTUHHOCTHOE 3HAUEHHUE TOJIBKO
OJIHOTO BBICKa3bIBaHUs. B Hamiem ciyyae 3To ciaeayrollee BbICKa3blBaHue: ,,J3me-
pEeHUe CIuHa BIOJIb OCH Z C OIPENEIEHHOCTBIO JaeT pe3yibratr +*“. CiMH 4acTULbI
HECET OTBET TOJBKO HA OJIUH BOMPOC, & UMEHHO — Ha BOIpoc ,,KakoB CIUH BHOJb
ocu Z?%. TonbKo eciu Mbl IEHCTBUTEIBHO OCYILECTBIIsIEM U3MepeHue B Z 6a3uce,
pe3ynbpTaT u3MepeHus Oyaet onpeaenéHHbIM. [IockobKy 3TO TONIBKO Ta HHpOpMa-
1Us, KOTOPYIO Mbl MOKEM TOJIYUYUTh, U3MEPSIsl CIIUH, TOJIBKO Ta HHPOpMAIIHS, KO-
TOPYIO HECET CHHH, U3MEPEHHE BJIOJIb JIOOOro IPYroro HampaBiIeHHs JOJKHO C
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HEOOXOIUMOCTBIO COJICPIKATH DJIEMEHT CITYyJaitHOCTH. MBI OTMEYaeM, 4TO ITOT dJIe-
MEHT CIIYYalHOCTH HEYyCTPaHUM, T.€. OH HE MOXET OBITh JIMMHHHPOBAH MyTEM
CBEJICHHS K CKPBITBIM CBOMCTBaM, B IPOTHBHOM Cllydae CUCTeMa Heclia Obl OoJee,
yeM oJuH OuT urdopmarmm» [9. P. 636].

HNupopmanuoHHAs MHTEPNPeTALMS U CIIyTAHHbIE CHCTEMbI

Cratps Llaitnunrepa, o KOTOpOM 3/1€Ch UAET peub, COCTOMUT U3 ABYX YacTel. B
nepBoit (CM. BhIIIe) GOPMYIUPYETCS Ta HHTEPIPETAIUS KBAHTOBOM MEXaHUKH, KO-
TOPYIO OTCTauBaeT aBTOP, @ UMEHHO — HH(pOpPMallMOHHAsl HHTepnpeTanus. Bo BTo-
poii LlainnHrep npuaaraer 3Ty MHTEPIPETALUIO0 K OJHOMY M3 TPYIHBIX SIBJICHUM
KBAaHTOBOH (PM3HMKH — SIBICHUIO CITyTaHHBIX (entangled) cocTosHuii.

[IpocTeiM mpuMeEpoOM KBaHTOBOW ciyTaHHOCTH sBisgercs OlIP-mapa (mapa
AJIEKTPOHOB, 33J€MCTBOBAHHBIX B MBICICEHHOM DJKCIIEPUMEHTE OWHINTEHHA —
[Tomonbckoro — Po3eHa, Mpu3BaHHOM IPOAEMOHCTPUPOBATH HEMOIHOTY KBAaHTO-
Boil Teopun). DIIP apryment 6bu1 chopmynuposan B 1935 roay, B TOM xe roay
H. Bop ony6yinkoBasl OTBET Ha 3TOT aAPTyMEHT.

Opnnako nonsitue OIIP mapbl M CHyTaHHOCTH OOpeNu CBOIO COOCTBEHHYIO
*u3Hb. UTO ke Takoe ciyTaHHOCTh? Bocmombizyemcs hopmymnuposkoit J1. boma.
VY Hac ecTb mapa 3J€KTPOHOB C MPOTHUBOIOJIOKHBIMU CIIMHAMU. MBI, 0JIHaKO, HE
3HAEM CIIMHBI 3TUX 2JIEKTPOHOB, PACCMaTPUBAEMBIX 110 OTAEIbHOCTH. IIycTh onnH
U3 3JEKTPOHOB OBLT OTIPABICH KyJAa-TO JAJIEKO OT MECTa MPUTOTOBICHUS ATOMN
napsl. Tem He MeHee, TPOBe U3MEPEHUE CIIMHA JIEKTPOHA, KOTOPBIM OCTalCs B
HAIlleM PacIOPsKEHNUH, MBI OIIPEJICIISIEM U CITUH JIEKTPOHA, KOTOPBIH ObLT OTIpaB-
JIeH Kyaa-To ganeko. Jlanee, paccyxxnanu DiniTeitH, [logonbsckuit u Po3en (B un-
Teprnperanuu boma), a KakoB ObUI CIIMH 3TOr0 3JIEKTpoHa N0 u3MepeHud. [lo-
CKOJIbKY Ha yJIJIeHHBIN 3JIEKTPOH HE ObLIO OKAa3aHO HUKAKOro (PM3NYECKOTIO BO3-
JeMCTBUS, €CTECTBEHHO MPEATOJIOKUTh, YTO U 10 U3MEPEHUS 3TOT 3JIEKTPOH 001a-
Jlall TeM K€ CIIMHOM, YTO M CIIUH, OOHApy>KEHHBIN B pe3yJIbTaTe U3MEPEHHUS.

Hac, onnako, B KOHTEKCTE M3NI0kKEHUA cTaThbu LlainuHrepa uHTEpecyer cam
¢denomen cryranHoctu. Ha sToT dheHOMeH ykasbiBai emie O. Llpenunrep, o0cyx-
nast skcriepuMenT JifHiuTelHa — [lononbckoro — Poszena B 1935 rony «Korna ase
CHUCTEMBI, ITPO KOTOPHIC HAaM M3BECTHBI UX COCTOSHUSA 110 UX B3aMMHON PENPE3CH-
TalMM, BXOJSAT BO BpEMEHHOE (PU3NYECKOe B3aUMOIeHCTBHE Oaroaps AeHCTBYIO-
MM MEXJIy HMMH CWJIaM M KOI'Zla IOCJ€ HEKOTOPOr0 BPEMEHHOIO B3aUMOCH-
CTBUS 3TU CUCTEMBI PaCXOJATCS CHOBA, OHU YK€ HE MOTYT ONMCHIBATHCS TaK, KaK
paHbllle, KOT/a Kax/jas U3 HUX npejacTasisiia camy ceds. [locne B3aumoaeicTBus
cUcCTeMBbI cTaHoBsTCSs crryTaHHBIMEY [10. C. 555].

deHoMEH CITyTaHHOCTH MPUOOPEN OOJBINON yACIbHBIN BeC Oarogapsi pa3Bu-
TUI0O KBaHTOBOM wuHpopMatuku. Jx ba®d B cBoell crarhe, MOMEIMIEHHOMN
B CTeH]opacKoil SHIUKIIONEANHN 10 PUI0COPHH, Ha3bIBAET CIIyTAHHOCTh BAaXKHBIM
HIPUPOAHBIM PECYPCOM, TOJOOHBIM SHEPTHH.

Paccyxnenus [lalinmunrepa mo BOmpocy CryTaHHOCTH MOXHO ObLIO ObI chop-
MYJIHpPOBATh B BHJIE ahoprsma: 11esoe 60IbIIe CyMMBI YacTel, COCTaBIISIONIUX 3TO
nenoe. KoHkpeTHee: HMHYOPMALMOHHOE COAEPKAHUE CIyTAHHOW CHUCTEMBI
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NPEBBIMIACT CYMMY HHPOPMALMOHHBIX COJIEPKAaHHUM TEX €€ YacTel, KOTOPBIE B HEM
CITyTaHbl.

«BwmecTo Toro, yToOBI BEIOMPATh BHICKA3bIBAHUS, KOTOPbIE OMMCHIBAIH OBl MH-
TUBUYaTbHBIE COCTABIISIFOIINE CHCTEMBI, MBI MOKEM allbTEPHATUBHO BHIOPATH BhI-
CKa3bIBaHUs, KOTOPHIE OMHUCHIBAIOT PE3yJbTaThl COBMECTHBIX HaOmroAeHuid. Pac-
CMOTPHM BBICKA3bIBAaHUE ,,JIBA CITMHA OJUHAKOBBI BJOJb OCU Z. SICHO, YTO MBI TO-
I/1a UMEEM JIBE BO3MOKHOCTH: JBa CIIMHA MOTYT ObITh 00a HaNpaBJIeHbl BBEPX IO
OCH Z WY JiBa CITUHA MOTYT OBITh 00a HAaMpaBJIEHbI BHU3 110 OCH Z°.

Ecau 310 BCE, 4TO MBI 3HAaEM, CHCTEMA HE OMMCAaHAa MOJHOCTHIO. MBI MCIIOJIb-
30BaJIi TOJBKO OJIHO BO3MOYKHOE BBICKa3bIBaHUE, T.€. OANH OUT uHpopmarmu. [Ipa-
BUJIbHBIN TYTh OJHOTO OMUCAHMS CUCTEMBI TPEOYET MPEAOIIOKUTh CITUH OJHOTO
KOMIIOHEHTa CHUCTEMBbI, T.€. JOMYCTUTh UCTUHHOCTHOE 3HAYCHUE BBICKA3BIBAHUS
,»CIIMH HarpaBJIeH BBEpX mo ocu Z“ Torma mMbpl MMEeM JBa BBICKA3bIBAaHUS, IO-
CKOJIbKY JAPYrO€ BBICKAa3bIBAHUE HEMUHYEMO BO3HUKAET, & HMEHHO — BBICKA3bIBA-
HUE: ,,CIIMH 2 HAIPaBJICH BHU3 IO OCH Z‘¢

OnHako BO3MOKEH APYrod MyTh: JOMOJHUTH OMHCAHUE CUCTEMBI ,,JIBE Ya-
CTHIIBI IMEIOT OJMH U TOT K€ CIHH 0 OcH Z*“. BMecTo TOro 4To0s! BEIOUPATH BTO-
po€ BBICKA3bIBAHHME KaK BHICKA3bIBAHUE O CBOMCTBAX MHAMBHUIOB, MBI MOKEM BbI-
OpaTh BTOpOE BBICKA3bIBAHNE KaK OMMCHIBAIOIEE COBMECTHBIE CBOMCTBA. DTO MO-
KeT OBbITh BHICKA3bIBaHUE, YCTAaHABIMBAIOIIIEE AJI1 HEKOTOPOTO JPYroro HampasJie-
HUS TO, YTO JIBa CIIMHA PAaBHBI BJIOJIb 3TOI'O HAIIPaBJICHUSI.

DTO0 cocTosIHUE HE COMEPKUT MH(pOpManuu 00 MHAUBHUIAX, BCS MH(GOpMaLUs
COZICPKUTCSL B COBMECTHBIX CBOMCTBAX. /[€HCTBUTENILHO, TENEPh HE CYILECTBYET
Kakou-m00 nHpopmauu, HECOMON HHIMBUAMU, TaK KaK JBa OuTa nHOpMamu
UCYEPIBIBAIOTCS ONPEAEIEHUEM 3TOr0 MAKCUMAJIbHO CIYTAHHOTO COCTOSIHUS U
HETY BO3MOXXHOCTH 3amm@poBath HHGopManuio o0 nHauBuaax» [9. P. 636].

3akjaro4yeHue

KBanToBass MexaHuka, Bo3HUKIIAsA B 1925 roay, BHOBb CTana MpeaMETOM
OKUBNEHHBIX punocodckux nuckyccuil. Crarbu LalinuHrepa — olMH U3 KOMIIO-
HEHTOB 3TUX AUCKYCCHH M UX HaJ0 BOCHIPUHUMATh B KOHTEKCTE TE€X BOIPOCOB, KO-
TOpPBIE CTABATCA B X0J1€ ITUX AUCKYCCHM, U B KOHTEKCTE TEX TOUEK 3pEHHsI, KOTOpbIE
bopMyIHpyrOTCs MX ydacTHUKaMU. B yacTHOCTH, HEOOXOAMMO YUUTHIBATh KPUTH-
YeCcKHe 3aMEYaHus1, KOTOpbIe ObUIN MMM BbICKa3aHBbI.
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BbIPOXAEHHbIE BUHAPHbBIE CUCTEMbI
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AnHoTanus. B pabore paccMOTpeH ampTepHATUBHBIA CIIOCOO OMUCAHUS B3aUMOJICHCTBYIO-
KX DJIEMEHTAPHBIX YacTUI] B OMHApHON reoMeTpo(H3HKe, ONMHPAFOLIUICS Ha HCIIOJIb30BAaHNE BbI-
POXKICHHBIX OMHAPHBIX CHCTEM KOMIUIEKCHBIX OTHOIICHUH cuMMeTpu4HOro panra. C metadusuye-
CKOU TOYKH 3pEHUS aHATU3UPYETCs IPO00Opa3 3JIEKTPOMArHUTHOTO B3aUMOJIEHCTBHS DJIEKTPOHOB H
mo3uTpoHOB. [Toka3aHo, 9YTO UCXOHAS BRIPOXKACHHAS OMHAPHAS CTPYKTypa paHra (4, 4; a) »KBUBa-
JICHTHA COBOKYITHOCTH HaBEICHHBIX HEBBIPOXKIEHHBIX OMHAPHBIX CTPYKTYyp paHra (3, 3). B kaxxnoit
HaBEJCHHOW OWHApHOW CHCTeMe KOMIUIEKCHBIX OTHOIICHWH, OIMCHIBAIOIIEH 3JIeMEHTapHBII
MIPOIIECC B3aMMOEHCTBHUS IBYX OTJEIBHBIX YACTHUI], UMEIOT MECTO Ipoo0pa3sl ypaBHeHHH [upaka
1 Makcgena.

Knrwouegvie cnosa: GunapHas reoMeTpodu3uKa, METApEISIMOHHAS apaJurmMa, napagiurmMbl
TEOPETHYECKON (PU3MKH, 3IEKTPOMATHUTHOE B3aWMOJCICTBHE, ypaBHeHHE Jlupaka, ypaBHEHUS
Makcaenna

BBenenne

B Gunapnoii reometpodusuke [ 1; 2] oTnenpHas OMHapHAast CHCTEMa KOMITJIEKC-
HeIX otHomeHu (BCKO) uHTEprIpeTHpYETCS KaK 21eMeHmapHblil npoyecc, B KO-
TOPOM MU NEPEXOAUT U3 OJTHOIO CBOETO COCTOSIHUSA B Apyroe. [Ipu 3Tom orpanu-
YUBAIOTCA PACCMOTPEHUEM TOJBKO CUMMETPHUHBIX OMHAPHBIX CTPYKTYp. CoBo-
KYITHOCTb BCEX BO3MOKHBIX 3JIEMEHTAPHBIX MPOLIECCOB COCTABIAET yHusepcym. 1o
cBouM xapakrepuctukam BCKO oka3bpiBatoTCs BIIOJIHE SKBUBAJICHTHHIMU MOHA/1aM
Jleitonuua [3; 4]. OTnenpHbIE 3J€MEHTApHBIE MPOLIECCH MOYKHO TPAKTOBaTh Kak
MaTepHabHbIE POEKIIUU MOHA/I.

bunapnas reomerpodusuka omupaeTcs Ha MOHHMCTHYECKYIO Hapajurmy
TEOpeTUYeCKON (U3UKHU, OCKOJIbKY HCIOJb3YeT OJHY OOOOIICHHYIO KaTerOpHUIo
[1; 2]. B kauecTBe eMHOTO NIepBOHAYaNIa (HPU3NIECKON PEaTbHOCTH pacCMaTpHUBa-
eTcs OuHapuas npedzeomempus, KOTOpas B IEJIOM TPEACTABIIET cO00i yHUBEp-
CaJbHYI0 MUPOBYIO cyOcTaniuio. Kpome Hee O6obIiie Hu4ero Het. Beck mup u ectb

* E-mail: zhilkin@inasan.ru
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3Ta YHUBepcallbHas cyOcTaHuus. Tem He MeHee OMHapHas IPEereoMeTpUsl POsIB-
asieT ce0sl OTHOBPEMEHHO U B BUJIE CYOCTpaTa Kak COBOKYIHOCTb OT/IEIbHBIX 3JIe-
MeHTapHbIX nporeccoB (BCKO). Jpyrumu cioBamu, K OWHAPHOM MpereOMETPUN
MOKHO MOJXOJIUTh KaK C MO3UIUU XOJU3Ma, TaK U C TO3HUIMH PEIyKIMOHU3MA.
Teopuss BCKO cTpoutcsi Ha ocHOBE Tpex MeTadU3HUECKUX MPUHIUIIOB:
IyaJIMCTUYHOCTH, TPUHUTAPHOCTU U CUMMETPHH [S].

Jlyig onrcaHusi CBOOOIHBIX 3JIEMEHTAPHBIX YACTHI] UCHIOIB3YIOTCS HEBBIPOXK-
neanble BCKO cuMMeTpudHbIX panros. Hampumep, Teopusi CBOOOIHBIX 3JIEKTPO-
HOB W TO3UTPOHOB cTpouTcs Ha 0aze BCKO MuHMManhHOTO HETPUBHAIBLHOTO
panra (3, 3) [2; 6]. B pabotax 0.C. Bnagumuposa (cm., Hanpumep, [2; 7]) mis
ydeTa B3auMOJICHCTBUS MIPeAIaraJoch UCIOIb30BaTh TAK HA3BIBAEMOE HA3080€ OMm-
HoweHue. Jns ciyuast HeBbIpoxkaeHHOM BCKO panra (4, 4) oHO 3anuchIBaeTcs B
BUJIE CJIEAYIOUIETO OKaMJIEHHOI'O OINPEAETUTENs, COCTABICHHOIO U3 MapHBIX OT-
HOUIIEHUI

0 1 1 1 1
I u u, u, u
ia if in iv
afuv i
y =1 U Uyp Mg U (1)
ymn
1 uma umﬁ umﬂ umv
1 una unﬂ un,u unv

OTO BBIpa)XKEHUE MHTEPIPETUPOBAIOCH KaK NMPooOpa3 JarpaHxkuaHa B3auMo-
JeMcTBUS IBYX 3JEMEHTapHBIX YaCTHLl, KaXKAas U3 KOTOPBIX COCTABJIEHA U3 JIBYX
nap 3neMeHToB. [lepBoii yacTuIle COOTBETCTBYIOT AJIeMEHTHI (i, o) U (f, ), a Bropas
YyacTHIIAa cOCTaBlIeHa U3 nap (m, n) u (n, v). Harnaanas cxema Takoil MHTEpnpeTa-
[IMY B BUJIC aHajora quarpaMmbl DeifHMaHa rpecTaBieHa Ha puc. 1.

op [TRY

—

NS

Puc. 1. Bozmoxnas uaTepnperanus 6azosoro otHomenuss BCKO panra (4, 4) kak npooo-
pa3a JarpaH:kKMaHa B3aHMMOJAECTBHSA ABYX 3JIeMeHTAPHBIX YaCTHI]
Hcmounuk: cOCTaBIEHO aBTOPOM.

Bwmecte ¢ Tem CIIeay€CeT 3aMCTUTh, YTO B PaAMKaxX HAHHOI'O MOAXOJa ITOKa HC
YAaJIOCh IMOJYYHUThb HGO6XOHHMLIﬁ pe3yiibTar. HOSTOMy BO3HHUKACT €CTCCTBCHHAA
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MBICIIb [TOIPOOOBATh IPYrHe BO3MOKHOCTH OINMCAHUS B3aUMOJEHCTBYIOIIMX Ya-
ctuil. [Ipexne Bcero, npoaHaau3upyeM OCHOBHBIE HEJOCTATKU MPEKHETO MOX0a.

OOpaTuM BHUMaHHUE HA TO, YTO TAKOE OMMCAHUE OMUPAETCS Ha JOMOIHUTEb-
HBII MOCTYNAT B BUJE BhIpaxeHwus (1) mist mpooOpasa marpaHkuaHa B3anMOJICii-
CTBHSI, KOTOPBIX TpeOyeT OTAeIbHOro 000cHOBaHMA. B Teopuy CBOOOHBIX 371€MEH-
TapHBIX YacTHUI] MpooOpa3 JarpaHXuaHa HE PAcCMATPUBACTCS, a BMECTO 3TOTO
BBIBOAMTCS alredpandeckoe TOXKIECTBO, HTPAIOIIEe poJib MPpoodpa3a ypaBHEHUS
Hupaka. Kpome TOro, mpu OnmMcaHuu B3aWMOJICUCTBUS YaCTHUIl HE PACKPBIBAETCS
Henb MoJdy4yeHus mpooOpas3a JarpaH)kvaHa, Beb U3 HET0 B KOHEYHOM CYETe
JOJKHO CIIeZIOBaTh JWHAMUYECKOe ypaBHeHUE. Henb3s He OTMETUTh, YTO MPHU
TakoM mojaxojae HeBbIpokaeHHass BCKO panra (4, 4) obnagaer HEKOTOPOU «JIBY-
JIUKOCTbIO». C OJTHOM CTOPOHBI, OHAa ONUCBIBAET JIEMEHTAPHBIN MpoLIECC, CBSI3aH-
HBI co cBoOOAHBIMU afpoHamu. C npyroit cropossl, 3Ta ke BCKO omnuckiBaet
B3aMMOJICIICTBHE, HANpHUMEp, ABYX 3JeKTpPOHOB. [lOCKONBbKY B 3KCHEpUMEHTax
TaKHe MPOIIECCHI JIETKO Pa3INyaloTcs, OHU JOHKHBI YETKO pa3iniaThbcs U B TEOPUH.
Hakonen, mpu TakoM moaxo/ie He HaxoaAuTcs Mecta 1y BeipoxkaeHHbIX BCKO, ko-
TOpBIE TAKXKE SBJSIIOTCS MOJHOLEHHBIMHU PEIICHUSAMH (DYHKIIMOHAIBHBIX YpaBHE-
HUI{, ONIMCHIBAIOLINX CBOWCTBA (PyHAaMEHTaIbHON cuMMeTpui [8; 9].

B nanHoi1 paboTe aHanu3upyeTcs albTepHATUBHBIA BapUAHT ONMCAHUS B3au-
MOJICHCTBYIOLIMX YaCTHUI] Ha OCHOBE BhIpOkKIEeHHBIX BCKO cuMmeTpuyHOTO panra.
Okxka3sbIBaeTcs, YTO MOJOOHBIN cIOCO0 MO3BOJISET HE TOJIBKO MPEO/I0JIETh BhILICYKa-
3aHHBIE HEJIOCTATKH, HO U MOJIyYUTh HOBBIE HHTEPECHBIC PE3YIbTAThI.

1. IIpooOpa3 3JIeKTPOMATHUTHOI0 B3aUMO/1eiiCTBUS

Paccmotpum Beipokaennyto BCKO panra (4, 4; a), 3akoH (pyHIaMEHTAIbHON
CUMMETPHH KOTOPOI OMMCHIBACTCSI PABEHCTBOM

0 1 1 1 1

via vi ) vz' V4 vi§

i« Vip Vi Vis|=0. (2)

1
(4.4:a) =1
1 v, Vie Vip Vis
1

sa sp Vsy Vs5

BribepeM napy onophuix anemenmog | i A 13 HUAKHETO U BEPXHETO MHOXKECTB
COOTBETCTBEHHO. TOT/1a JIETKO TTOKAa3aTh, YTO UCXOIHBIN 3aKOH (2) MOKHO TEepeTH-
caThb B BHJC

u.|=0, 3)

Uy Uip Uy,
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rac

U, =V, =V, =V, +V,. “)

1124 1124

[Mocnenusist popmyna anst GUHAPHOM MPEATeOMETPUH SABIISETCS aHAJIOTOM M3-
BECTHOM B €BKJIMJIOBOM I'€OMETPUHM TEOPEMBI KOCHHYCOB. lIpMeHeHHass Kk caMuM
ONOPHBIM DJIEMEHTaM, OHa JaeT HYJIEBbIE 3HAYCHMs IapHBIX OTHOILIECHUH,
ui = uio = un = 0.

[TomyuyenHoe paBeHCTBO (3) cripaBeUIMBO Uil IPOU3BOJIBHOTO Habopa u3 Tpex
AJIEMEHTOB HW)KHETO U BEPXHETO MHOXECTB. JTO O3HAYAET, YTO OHO OIHUCHIBAET
3aKOH (yHIaMEHTaJIbHOW cuMMeTpuu HeBbIpoxaeHHoW BCKO panra (3, 3).
C npyroii croponsl, nanHas BCKO Bo3HHKaeT 11 KOHKPETHOW Mapbl OMOPHBIX
JJIEMEHTOB M, CIIEZIOBAaTENIbHO, OHA SABISAETCA HagedenHou. BpiOupas paziauuHble
omopHbIe neMeHTh B BeIpokaeHHOW BCKO panra (4, 4; a), Ml OyJieM moaydathb
pasnnyHble HaBeleHHbIe HeBbIpoxkaeHHbIe BCKO panra (3, 3). IIpoctoit noxacuer
TIOKa3bIBaeT, 4To AaHHas BepoxkaeHHas BCKO panra (4, 4; a) nopoxaaer N? HaBe-
neHHbIX HeBbIpoxkIeHHBIX BCKO panra (3, 3), rae N — 4uciio 3J1€EMEHTOB B KaKJI0M
U3 MHOKECTB.

Ilomnas cTpykrypa [Tomuerit 6a3mc
(@ p) ) STEEER
e o e | e e o
e o o | o e o
A L "
YacTtHna HcTounnk bazuc

Hageneunas BCKO

Puc. 2. OcHOBHBIE IPYIINBI 3JIEMEHTOB B MOJeJIU B3aMMO/eHCTBYIOIIMX YacTHIl Ha 6a3e
BCKO panra (4, 4; a). IlepBas rpynna (i, a) u (j, B) popMupyeT BbIAeJIeHHYIO YaCTHILY.
Bropas rpynna (k, y) u (/, ) 0oTHOCHTCH K MCTOYHHMKY noJjs. Tperbsi rpynna (m, p) u (1, v)
siBJisiercs1 6asucoM B HaBeaeHHOH BCKO pawnra (3, 3). OTMeueHbl TaK:Ke NMOJIHBIIA 0a3uc,
NnoJHas cTpykTypa u HaBeaeHHasa BCKO panra (3, 3)

Hcemounux: cOCTaBIEHO aBTOPOM.

310 roBoput o ToMm, uto Teopus bCKO panra (4, 4; a) umeer €10 ¢ 4acTH-
namu Toro >xe tumna, 4yto u Teopuss BCKO panra (3, 3). B kauectBe 3TUX YacTuil
MOHO paccMaTpUBaTh 3JIEKTPOHBI U MO3UTPOHHI [2; 6]. ba3uc B BhIpOXKACHHON
BCKO panra (4, 4; a) cOCTOUT U3 TpeX Map dTAIOHHBIX 37eMeHTOB. [loaToMy onu-
ChIBaeMasi CTPYKTypa Tak)Ke JOJIKHA COCTOSITh U3 TpeX KOMIOHEHT. Ecnu nepBbie
JIBE KOMIIOHEHTBHI CBSI3aTh C pacCMaTpUBAEMOM YaCTHIICH, TO OCTaBIIyIOCA Mapy
3JIEMEHTOB MOXXHO aCCOLIMMPOBATH C OJHOW M3 KOMIIOHEHT (JIEBOW WM MpPaBOii)
BTOpOH YacTHIbl. Takum oOpa3oM, JaHHAs TPEXKOMIIOHEHTHAsi CTPYKTypa Oynaer
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OIMCHIBATh CBSI3aHHOE COCTOSIHUE BBIJICJICHHON YaCTHUIIbl, HAXOASILENHCs BO B3au-
MOJICHCTBUHU C HEKOTOPOU JPYror YacTHUIICH.

BriGepem 6asuc, moCTpOCHHBIM HAa TPEX ATAJOHHBIX AJIeMeHTax (m, n, [) u3
HIDKHETO MHOXKECTBA M TPEX 3TAJTOHHBIX AJIeMeHTax ([L, V, A) U3 BEpXHETO MHOXKe-
cTBa. PaccMOTpUM HEKOTOPYIO CTPYKTYPY, OIUCBIBAEMYIO TpeMs dIeMeHTamH (7, /,
k) 3 HIKHETO MHOXECTBA U TpeMsl dJIeMeHTaMH (., 3, ) U3 BEpXHEro MHOXKECTBA
(cM. puc. 2). Beibupas onopHble 351eMeHTHI (/, A), Mbl BbIJENISIEM HaBEACHHBIHN Oa-
3HC, IOCTPOCHHBIN W3 OCTABIINUXCS ATAJTOHHBIX 3JIEMEHTOB (m, n) u (W, v). 13 Tpex
nap HEATAJIOHHBIX AJIEMEHTOB MOXXHO BBIJCJIUTH ABE COMPsKEHHBIEC Maphl (i, o) U
(7, B), KOTOpBIE OMUCHIBAIOT pacCMaTpUBAEMYIO JIEMEHTapHYIO yacTully. Torma
ocrapiryrocsi mapy (k, y) B COBOKYIHOCTH C IMMapoil OMOPHBIX 3JIEMEHTOB (I, A)
MOYKHO CBSI3aTh CO BTOPOM YaCTULIEH, B3aUMOJEHUCTBYIOLIEH ¢ IEPBOM. Takyro mpo-
HEeaypy MOXHO OCYyIIeCTBUTh Beerna. OmgHako, pukcupys mapy 3aeMeHToB (k, ¥),
MPUXOJIUTCS MCIIONB30BaTh HE MPOU3BOJBHYIO, a BIIOJHE OMNPEICIICHHYIO Mapy
OTIOpPHBIX 3JIeMeHTOB ([, A). [Ipyrumu cioBaMu, pedb HUIET 00 HCIOJIB30BAHUU
BIojiHe KOHKpeTHoW HaBeneHHoM BCKO panra (3, 3) mpu omucanuu mpouecca
B3aUMOJICHCTBUS JBYX YACTHII.

Bropas yacTuma B Takoil KapTUHE HeE SIBJISETCS MOJHOICHHOW. OHa Kak Obl
paciienieHa Ha ABe KOMIOHEHThI. O/1Ha KOMIIOHEHTa OTHOCUTCS K OIMCBIBAEMOIt
CTPYKTYpe, a BTopasi GopMUpyeTcsi ONOpHBIMU 37eMeHTaMu. [Ipu onucanuu mnpo-
1ecca B3anuMoielicTBus B pamkax HaBeneHHoW BCKO panra (3, 3) ot BTOpoO# va-
CTHIIBI OepeTCs TONBKO OJIHa KOMIIOHEHTA, JieBas WiH mpasas. [loaTomy B3aumo-
JIEWCTBUE BBIICIICHHOW YaCTUIbI IPOUCXOAUT TOJIBKO C JIEBOW WJIM MPABOM KOMIIO-
HEHTON BTOPOM 4aCTULIBL.

Taxkum 0Opazom, Tporiecc B3aMMOICUCTBUS HOCUT KUPALbHbIU XapaKTep, MO-
CKOJIbKY B HEM HM3HAYAIBHO MPOSIBISCTCS OTIIMYUE MEXKIY JICBBIM M TpaBbiM. Jl1ist
ONMCAaHUS TIOJHOW KapTUHbI HEOOXOJUMO UCIOJIb30BaTh [BE HAaBEJICHHBIC
BCKO panra (3, 3). B ogHO# 13 HUX ONOPHBIMU dJI€MEHTaMU SBISIOTCS ([, A), a B
npyroit — (k, y). B Takoil TpakTOBKE BTOpasi YacTHIIA SBISACTCS UCTOYHUKOM B3au-
MOJCICTBUS, a MepBas yacTulla — NpueMHUKOM. OcTaBIIneCs CTPYKTYpPhI (IBYX-
KOMITOHEHTHAs YacTHIA U HaBEJACHHBIA 0a3uc) oTHocsTCsS K HaBeneHHoi bCKO
panra (3, 3). IlockonbpKy paccMaTpUBaIOTCSI TAKUE DJIEMEHTAPHBIE YACTHIIBI, KaK
3JIEKTPOHBI U TMIO3UTPOHBI, TO, CIIEJIOBATEIHHO, JaHHAS MOJIEb OMKCHIBACT MPOOO-
pa3 AMEKTPOMAarHUTHOTO B3aUMOIEHCTBUSI.

2. Ilpoo6pa3 TMHAMHMKH

Ananuz TIOKAa3bIBACT, UTO BBIACIICHHAA TPDECXKOMIIOHCHTHAA CTPYKTYpa JOJIZKHA
O6J'IEI,Z[8.TB CJICAYIOIUM CBOMCTBOM HWHBAapUAaHTHOCTHU:

'k, + k% +iG, =q, By, +y'a,+a'B,=q , (5)

.q a
rae I , 0 — IBYXKOMITOHEHTHBIE CIUHOPBI, & ¢ — HEKOTOPOE KOMILIEKCHOE YHCIIO.
Kak u B Teopun cBOOOJHBIX 3JEMEHTAPHBIX YacTull [2; 6], claeayeT cuuTarh, 4YTO
CHI/IHOpHBIe I/IHBapI/IaHTBI CaMHuX 4aCTHUull ABJIAKOTCA HOpMI/IpOBaHHBIMI/I,
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ij, =%1, a'B, ==lI, (6)

TAC BEPXHUC 3HAKU COOTBCTCTBYIOT YaCTULaM (3J'IeKTpOHaM), a HH’)KHUEC — aHTH4a-
CTHLaM (HOSI/ITpOHaM). OcraBmmecs CIIMHOPHBIC NHBAPHUAHTLIL

Jko=s, ki =5y By, =S, Y, =s, (7

HE SBJISIIOTCS HOPMUPOBAaHHBIMH. 3HAYEHUS BEJIMYUH S1 U 2 B OTACIBHOCTH HE CO-
XPaHSIOTCS B cilyyae o0Imux npeodbpa3oanuii 6a3uca. OQHAKO OHU OCTAOTCS MH-
BapUaHTHBIMU OTHOCHTEIBHO YHCTO CIIMHOPHBIX MpeoOpa3oBaHUN B HaBeIEHHOMN
BCKO panra (3, 3).

Kaxxnoi mape CONpsKEHHBIX JIEMEHTOB MOXKHO ITOCTaBUTh B COOTBETCTBHE
YEeTBIPEXMEPHBIA U30TPOIHBIA BEKTOP. I BBIICICHHON YaCTUIBI C YYETOM YCIIO-
BUSI HOPMHUPOBKH CIIMHOPHBIX MHBAPHAHTOB (6) CyMMa 3THX BEKTOPOB JA€T €lu-
HUYHBIA BPEMEHHUIIOA0OHBII BEKTOp u*, KOTOPBIN aCCOLUUPYETCS C BEKTOPOM CKO-
poctu. Jljis BTOpOil YaCTULIBI MOKHO MTOCTPOUTH TOJBKO M30TPOIHBIA BEKTOP, KO-
TOPBIN 0003HAYNM depe3 kM. DTO MO3BOJIET ONPEACTUTh BPEMEHU-TTIO00HbIH BEK-

top U" =u" + k", xotopsrit urpaer pons npoo6pasa o6obuennozo umnynvca da-
CTHIIBI BO BHENTHEM T1oJie. OTCIO/1a, B YaCTHOCTH, CIICIYET, YTO H30TPOITHEIN BEKTOP
k" MOXXHO paccMaTpHBaTh B Ka4ECTBE MPOOOpa3a nomeHyuala 21eKmpomacHum-
HO20 NOJA.

B teopun cBoGomHBIX 3nemeHTapHBIX Yactuil Ha 0aze BCKO panra (3, 3)
UMEET MECTO allredpanveckoe TOKIECTBO, UTpAOIIee POoJib Poodpasa ypaBHEHUs
Hupaka [2, 6]. Eciin nmocnenoBareibHO MPUMEHUTh AHAJIOTUYHBINA MOAX0 K CIIy-
yato BbIpokJeHHON BCKO panra (4, 4; a), To mojiy4aeTcsi HE OJJHO, a Ba COOTBET-
CTBYIOIIIMX aJlreOpandecKux TOKAecTBa. JIJIs 3amUCH 3TUX TOXKIECTB 00BETUHUM

- a
napsl JBYXKOMIIOHEHTHBIX CIIHHOpPOB (I°, ) u (k. y ;) B UETBIPEXKOMIIOHEHT-
HBIE DJIEMEHTAPHBIC OUPAKOBCKULL N MAUOPAHOBCKUL OUCTTHHOPHI
- a
i k
v=| | v.=| | ®)
B Vi
-a a
3nech crmHopsl I° u B, sBIsOTCS pasauuHbMA, a K¢ u Y, — conpsbkeH-

HBIMU. Torz[a YHOOMSAHYTBIC TOXKACCTBA MOT'YT OBITh MMPEaACTABJICHBI B BUAC

Uy v+Sy.Fy=0, 9)
Uy, v. + Sy —iSy“ =0, (10)

TAC MaTpHULbI
S, :diag(sl*,sl*,sz,sz), S, :diag(sz,s;,sl,sl), (11)

a 3Ha4yok C o3HauaeT 3aps10Boe conpspkenue. [leproe anredpandeckoe COOTHOILIE-
Hue (9) caeayeT TpakToBaTh, Kak ImpooOpa3 ypaBHeHUs Jupaka aJjis 4acTULBI BO
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BHeNTHeM ToJie. Bropoe coornomenue (10) mpencrasiser codoit mpoobpa3 ypas-
HeHni MakcBesa.

Crnenyetr OTMETUTH JTHOOOMBITHOE 00CTOSATENHCTBO. B ypaBHeHmsx (9) u (10)
npooOpa3 3MEKTPOMArHUTHOTO TIOJISI OMIMCHIBAETCS IBYMS BETUUMHAMMU: U30TPOTI-
HBIM BEKTOpOM A" 1 MallopaHOBCKUM OuCIIMHOpPOM .. Bekrop A* sBisiercs mpo-
0o0pa3oM MOTeHIHaNa MEeKTpoMarHuTHoro nois. [Ipu mepexone K KBaHTOBOMY
npezieNry U3 Hero Imoirydaercs 0e3MaccoBoe BEKTOpHOE mose AY, KBaHTaMH KOTO-
poTO SBISAIOTCS 00BIYHBIE (DOTOHBI — O€3MaCCOBBIE HEUTpaIbHBIE 0030HBI CO CITH-
HoM 1. Jlnst MailopaHOBCKOTrO OMCIIMHOPA [/, B aHAJIOTMYHOM CITy4yae MoJIy4nIoch
Obl 0e3MaccoBOE CIMHOPHOE I0JIe, KBAHTAMH KOTOPOTO SIBJISIOTCS 0€3MacCOBBIC
HelTpanbHble pepMuOHBI co cnuHoM 1/2 (poTrno). Takum 06pazom, Ha JOKBAHTO-
BOM YPOBHE MPo0oOpa3 3JIEeKTPOMArHUTHOTO TOJIsl 00J1aaeT CBOWCTBOM CYnepCUM-
mempuu [10]. Eciin Ob1 3TO CBOICTBO B MOJIHON MEpPE COXPAaHUIOCh B KBAHTOBOM
npejene, TO y Hac MOTYYHIIOCh Obl CYTIEpCUMMETPUYHOE JIEKTPOMArHUTHOE TIOJIE,
KBaHTaMU KOTOPOTO ABIISAIOTCA POTOHBI U PoTHO. OIHAKO, KaK MOKAa3bIBaeT aHa-
JU3, TIPU TIepexo/ie K KBAHTOBOW AIEKTPOAMHAMUKE OCTAETCS TOJIBKO BEKTOPHOE
none A", a maillopaHoBckoe mone \J, ucueszaer. UTo Kacaercst 3JIEKTPOHOB,
TO JJIsl HUX CBOMCTBA CynepcCUMMETpHH B ypaBHeHUX (9) u (10) mposiBisitoTest Me-
Hee SBHO.

Martpuust S1 1 S2, Bxoasuue B ypaBHeHus (9) u (10), xapaktepusyroT HHTEH-
CUBHOCTb 3JIEKTPOMarHUTHOTO B3aUMOJICHCTBUS. AHAIM3HUPYS NIEPEX0] K KBaHTO-
BOI AJIEKTPOAMHAMHUKE, MOKHO YCTAHOBUTH, UTO CIUHOPHBIE MHBApHUAHTHI (7) OKa-

3bIBAOTCA PaBHBIMU
s, =+J4ra, e™, s, =\/4r0, e", (12)

TI€ 1, X2 — HPOM3BOJILHEIE (asbl, O, = e’ / fic — KOHCTaHTa AIEKTPOMArHUTHOTO

B3aMMOJEHCTBYS (IIOCTOSIHHAS TOHKOM CTPYKTYphl). CIIMHOpHBIE HHBAPUAHTHI S1 U
§2 OTIMYAIOTCS TOosbKO (azamu. [Ipu 3TOM 4YMCIEHHOE 3HAYEHHE AMIUIUTY[bI
|S1| — |S2| ~ (0,3 GIM3KO K €IMHHMIIE.

3. [IpooGpa3bl KaTeropuii TeopeTHYECKOi PU3UKHU

C Touku 3peHHst MeTaU3UKU MOKHO BBIACITUTH HECKOJIIBKO KaTeropui, Hc-
HOJIb3yEMBIX B TEOpeTUUYECKON (hPr3HKe I onrcanus pu3ndeckoi peaabHocTH [1].
B mepByto odepenb BBIACIAIOTCS OA306ble KATETOPUU uacmuy, NPOCMpaHcmea-
epemenu W nojis. ITU KaTErOpUM SIBISIOTCSA TpeMsl HEOOXOIUMBIMU 3JIEMEHTAMU
JUISL OTIMCAHUS KJIACCUYECKOW CXEMBbl B3aUMOJEUCTBUSA U, CJIEA0BATEIBHO, [TOJHOM
JUHAMUKH (pU3HYECKON cUCTeMBL. [IaHHYIO CUTYyallMi0 MOXKHO HAIJIATHO MPEACTa-
BUTh B BHJIE MeTau3nYecKoro TpeyroiabHuka [11], mokazaHHoro Ha jeBoM aua-
rpamme (puc. 3). BepimmHbl 3TOro TpeyroibHHKa 0003HAYaIOT TPU YKa3aHHbIE
0a30Bble KaTETOPUH, a €r0 BHYTPEHHSS YaCTh CUMBOJIM3UPYET caMy (PH3HUECKYIO
peanbHOCTb.
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Puc. 3. Kateropuu Teoperuueckoii ¢pu3uku (c1e6a) u ux npoodopas3bl B paMKax TEOPUHU
BCKO panra (4, 4; a) (cnpasa): U — vactuupl; I1 — none; [1B — npoctpancTBo-Bpemsi;
UIIB — uckpusnennoe npoctpanctso-spems; KII — kBanroBoe none; PY — pensiunonHele
yacTHIbl; M — MCTOYHHUK B3auMoeicTBYs; b — HaBeneHHbIH 0a3uc; [1b — momHbIi 6asuc;
[1C — monnHas crpyxrypa; HBC — HaBeneHHas OuHapHas cTpyKkTypa panra (3, 3)
Hcmounuk: cocTaBIeHO aBTOPOM.

B pamkax TpHAIMCTUYECKUX TapaIuTM MPH MMOCTPOCHUH (PHU3UIECKIX TCOPHMA
BCE TpH 0a30BbIE KATETOPUU PACCMATPUBAIOTCS KaK CAMOCTOSITENIbHBIE U HE3aBUCH-
Mble. MOKHO BBIIETUTH TP MOAX0/a, KOTOPBIE COOTBETCTBYIOT Kak ObI B3IJIs1aM
Ha (PU3UYECKYIO PEATbHOCTh C TOYKU 3PEHUS TPEX BEPIIUH METaPU3NIECKOTO Tpe-
yroineHUKa. B eeomempuueckom nogxone Mol u3ydaem (HU3NIECKYIO PeaIbHOCTD C
TOUYKH 3peHUs 0a30BOM KaTeropuu MpoCcTPaHCTBA-BpEMEHH (BEpXHsIsl BepiuHa). B
meopemuKo-noieeom noaxoae Gu3ndeckas pearbHOCTh PACCMATPUBACTCS C TOUKH
3peHus 6a30BOM KaTeropuu mosis (IpaBas HWKHsIA BepiiuHa). Hakonen, B mexanu-
cmuyeckom TOAX0/1e UCCIIEIOBAHUE CTPOUTCS ¢ TOUKH 3peHusi 6a30BON KaTEeropuu
yacTHIl (JIeBasi HIKHSS BEPILNHA).

B nyanuctuyeckux mapagurmax Juisi IOCTPOCHUs PU3NIECKOM TEOPHH HEOO-
XOJIMIMO OTIEPEThCS HE Ha TPH, a JIMIIb Ha ABe Kareropuu. [Ipu sToM u3 AByx 6a3zo-
BBIX KaTeropuit ¢dopmupyercs oaHa o0oOIeHHas ceepxkameeopus [12—14],
a ocTaBLIasiCs TpeThs 0a30Basi KATETOpPHUs OCTAETCs B UCXOAHOM Buje. Ha metadu-
3MYECKOM TPEYTroJbHUKE (CM. JIEBYIO IUarpaMMy Ha pHC. 3) CBEPXKaTErOpHsM
yA00HO COOTHOCUTH €T0 CTOPOHBI, MOCKOJIEKY OHU KaK pa3 OMUpParoTCs Ha JIBE BEp-
muHBL. B pe3ynbraTe CHOBa IMONyyaeM TPU CBEPXKATETOPUH: KBAHMOBOE Noje
(HIDKHSISL CTOPOHA), UCKPUBIEHHOE Npocmpancmeo-epems (IpaBas CTOPOHA)
U pensiyuoHHble yacmuysl (JIeBasi CTOPOHA).

[Tpu mocTpoernn pU3NIECKON TEOPUH B paMKax TyaTUCTHICCKON MapaiurMbl
MBI KaK ObI H3y4aeM PU3NYECKYI0 PeaTbHOCTh C TOYKHU 3pEHUSI HEKOTOPOM CTOPOHBI
MeTaU3UYECKOTO TPEYTrOJIbHUKA, KOTOPOM COOTBETCTBYET JaHHAs CBEPXKATEro-
pusi. [Ipu 5ToM B KadecTBe BTOPOI KaTerOpUHU HCIIONB3yeTcs 0a30Basi KaTeropus,
COOTBETCTBYIOIIAs MPOTUBOIIOJIOKHOW BepmnHe. Tak, HampuMmep, B TeoMeTprye-
CKOM IIO/IXOJI€ MBI U3ydaeM (PU3UIECKYIO PEaTbHOCTD C TOYKU 3PEHHS CBEpXKaTe-
TOpPUH MCKPHUBIIEHHOTO MPOCTPAHCTBA-BPEMEHHU (IIpaBasi CTOPOHA) C HCIOIb30Ba-
HUEeM 0a30BOM KaTeropuu 4acTull (JieBasi HIKHSA BepiuHa). Takas kaptuHa husu-
yeckoil peanbHOcTH paccMarpuBaercs B OTO. B TeopeTtuxo-moneBoM moaxose
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¢uznueckas peanbHOCTh UCCIEIYETCS C TOYKU 3PEHHUS CBEPXKATErOpUM KBAaHTO-
BOTO TOJIsI (HIDKHSISI CTOPOHA) C MCITOJIb30BaHWEM 0a30BOW KaTETOPHH MPOCTPAH-
CTBa-BpEMEHH (BEPXHSS BEPIINHA). DTO COOTBETCTBYET KBaHTOBOM Teopuu. Hako-
HEIl, B MEXaHUCTHUYECKOM MOJXofe (pu3uueckas pealbHOCTh TPAKTYETCSI C TOUKH
3peHusl CBEPXKATErOPUM PEJSLMOHHBIX YacTull (JieBasg CTOPOHA) C MCHOJb30Ba-
HUEeM 0a30BOI KaTeropuu moiisi (Mpasasi HIDKHSS BeplInHa). Takoi BapuaHT clie-
IyeT COOTHECTH C PENALMOHHON Teopuel [12—15], koTopas k HacTosIIeMy MO-
MEHTY €Ill€ OKOHYATEIbHO HE TOCTPOECHA.

bunapnas reomerpodu3uka onupaeTcs HA MOHUCTUYECKYIO MapagurMy Teo-
petnueckoit ¢usuku [1]. B ocHOBe 3TOM TeopHH JEKUT €AUHOE MEePBOHAYAIO B
e OMHApHOM MpEeAreoMeTpuu, KOTopas IMpOosBISETCs Kak B BUAE cyoOcrTpara
(oTnenbHBIE OMHAPHBIE CTPYKTYPBI), TaK U B BUJE CyOCTaHIMU (MHOXECTBO BCEX
OMHAPHBIX CTPYKTYP).

B cBepxkareropusix, HCIONb3yEMBIX B JyUTUCTUYECKUX MapaJurMmax TeOpeTu-
YecKOM (PU3MKHU, MOXKHO YCMOTPETh 3a4aTKU COOTBETCTBYIOIINX IBYX 0a30BBIX Ka-
teropuid. K npumepy, B cCBepXKaTEropuu UCKPUBJIEHHOTO MPOCTPAHCTBA-BPEMEHHU
HECJIO’)KHO YBHJIETh 0a30BbIe KaTErOpUHU MPOCTPAHCTBA-BpPEMEHH U 1oJis. B camom
JieNe, B OTCYTCTBUM KPUBHU3HBI 3Ta CBEPXKATETOPUsI HEMIOCPEICTBEHHO NIEPEXOIUT
B 0a30BY10 KaTErOPUIO IPOCTPaHCTBAa-BpeMeHU. Eciu ’e KpUBU3HA ABIISETCS HEHY-
JIEBOM, HO TpeHeOpeKUMO €1a00i1, TO BCIO CUTYaLIMIO0 MOYKHO MPEICTABUTh TaK, KaK
ecyu Obl B TNIOCKOM IPOCTPAHCTBE BPEMEHHU OBLIO paclpeesieHO HEKOe TpaBUTa-
LMOHHOE TOJIE.

OTH co00pakeHUs1 HABOAT HA MBICIIb, YTO B OMHAPHOM reomeTpodusmke, oc-
HOBAaHHOW HAa MOHHMCTUYECKOH Mapaaurme, Takke JOJKHBI B HEKOTOpOil (opme
IPOSIBISATHCS 0a30BbIE KAaTETOPUM U CBEPXKATETOPUM TEOPETUUYECKON (U3HKH.
Teopuss CcBOOOAHBIX DSJIEMEHTAPHBIX YacTHIl, mocTpoeHHas Ha 0aze BCKO
panra (3, 3), He SIBISETCS MOJTHOIICHHOM, MOCKOJBKY HE YYHMTHIBACT B3aMMO/ICH-
ctBue. Clie10BaTeIbHO, B TAKON TEOPUU HEBO3MOKHO YKa3aThb COOTBETCTBHS BCEM
KaTeropusiM teoperndeckor (usuku. Teopus B3aMMOAECHCTBYIOUIMX 3JI€MEHTap-
HBIX YacTHll, noctpoeHHas Ha 6aze BCKO panra (4, 4; a), siBIsieTCs B ONpeeNIeH-
HOM CMBICIIe TIOJTHOIICHHOH. [loaTOMYy B HEW MOJOOHBIE COOTBETCTBHSI JTOJIKHBI
UMETh MECTO.

[TocmoTpuMm emie pa3 Ha cxemy, MPUBEJAECHHYIO Ha puc. 2. HeTpyiHO yBUAETD,
YTO BBIJICJICHHBIE TPYMIbI 3JIEMEHTOB MO3BOJISIIOT IPOBECTU €CTECTBEHHYIO aHAJIO-
THIO MEXJly HUMH U KaTerOpHAMHU TEOPETHUECKO (pu3nku. MOXHO CKazaTh, YTO
BBIJICJIEHHBIC HAMU TPH CYLTHOCTH, (OPMHPYIOLIUECS Ha JBYX Mapax 3JIEMEHTOB,
NPECTaBISAIOT co00i MpooOpa3bl 6a30BbIX Kateropuid. [Ipoodpa3zom 6a30Boif Ka-
TErOpHH YaCTUI] CITyXKAaT 3JIEMEHTapHbIE YaCTUIIbI, KOTOpbIe (POPMUPYIOTCS HA IBYX
napax COMpPsDKEHHBIX AJIEMEHTOB, HanpuMmep Ha mapax (i, o) u (7, B). [Ipoobpazom
0a30BOI KaTeropuu MpOCTPaHCTBA-BpEMEHU SIBJSIETCS HaBeIEHHBIH Oa3uc, chop-
MUPOBAHHBIN HA TAJOHHBIX 3JeMeHTax (m, n) u (W, V) IpU yuyeTe OMOPHBIX 3Jie-
MeHTOB. [IpooOpa3 6a30B0ii KaTeropuu Mojsk MOXKHO CBSI3aTh C UCTOYHUKOM B3au-
MOJACHCTBUS, (POPMUPYIOIIUMCSI Ha TPEThEH Mape JIEMEHTOB U3 OINHUCHIBAEMOU
CTPYKTYpHI (k, ¥), a TaK)Ke HA IMape OMOPHBIX AIEeMEHTOB (/, A).
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[ToaTomy Bce Tpu 6a30BbI€ KATETOPUH SIBHO MPOSIBIISIFOTCS B BUE CBOUX IIPO-
00pa30B. DTa MbIC/Ib HAIJISJIHO TOSICHSAETCS Ha MpaBoil [uarpamme puc. 3, rie B
tepmuHax BCKO panra (4, 4; a) n300pakeH aHasior MeTau3uIECKOTO TPEYToib-
HMKa, TOKa3aHHOTO Ha JieBoi auarpamme. KoHeuHo, B OMHapHO# reomeTpodusmke
npooOpa3bl 0a30BbIX KAaTEropuil He SBISIOTCS HE3aBUCHMBIMHM CYIIHOCTSMH,
a yBsI3aHBI B OOIIYI0 CAMOCOTJIACOBAaHHYIO CXEMY, MOJUUHSIONIYIOCS 3aKOHOMEp-
HoctsiMm BCKO panra (4, 4; a).

He cocraBnsier Tpyaa yka3aTh W pooOpasbl cBepxkareropuit. iMm cooTseT-
CTBYIOT I'PYIIIbI, COCTABJIEHHBIE U3 TPEX Map CONPSKEHHBIX 3JeMEHTOB. I1oIHbIM
0a3uc, COCTaBJICHHBIN U3 TPEX Map STATOHHBIX dJIEMEHTOB (m, n, [) u (W, v, A), cie-
JyeT CYUTaTh MPOooOpa3oM CBEPXKATErOpPUM HCKPUBJIEHHOTO IMPOCTpPaHCTBa-Bpe-
meHH. [Ipy 3ToM OH BKITIOUaeT B ce0st Kak HaBeACHHBIN 6a3uc (mpoodpa3 KaTeropuu
POCTPAHCTBA-BPEMEHH), TAK M YaCTh UCTOYHHUKA (TIpooOpa3 KaTeropuu mojsi) B
BUJIE OMNOPHBIX AJIEMEHTOB. DTOMY IpooOpa3y COOTBETCTBYET IpaBas CTOPOHA
TPEYroJIbHUKA, H300pa)KEHHOTO Ha MpaBoi nuarpamme puc. 3. [lanee, onuckiBae-
mas B Teopun bCKO panra (4, 4; a) monHas CTpyKTypa, COCTaBJI€HHAs U3 TPEX nap
BBIJICTICHHBIX 3JIEMEHTOB (i, /, k) u (o, 3, ¥), MpeAcTaBiseT co0oi mpoodpas cBepx-
KaTeropuu KBAaHTOBOTO 1oJisi. OHa BKIIIOYAET B ce0s JIEMEHTapHYI0 YacTUIly (IIpo-
o0pa3 KaTeropuu 4acTull) U 4acTh UCTOYHHKA (IIPOOOpa3 KaTEropuHu IMoJisl) B BUJIE
OJIHOM M3 KOMIIOHEHT BTOPOM AJIeMEHTapHOM yacTHlbl. [laHHOMY pooOpasy cooT-
BETCTBYET HMIKHSSI CTOPOHA TPEYrOJIbHUKA, IIOKa3aHHOTO Ha MpaBoOd AvarpaMmme
puc. 3. Hakonern, y Hac eme ocraercs HaBeaeHHas BCKO panra (3, 3), 3akoH
(byHIaMEHTaJIbHOW CUMMETPHH KOTOPOM TAKXKE OIpeIeNIeTCsl TpeMsl MapaMu dJie-
MeHTOB. DopManbHO OHa OMUCHIBACT JIEBYIO (7, 0) MJIH MpaBylo (j, B) KOMIOHEHTY
BbIJIEJICHHON YacTULIbI (MTpo0oOpa3 KaTeropuu 4acTHIl) HA OCHOBE HaBEAEHHOr o Oa-
3uca, CYOPMUPOBAHHOTO HA ATATOHHBIX AJIEMEHTax (m, n) v (U, V) TP ydeTe onop-
HBIX A1eMeHTOB. DTy HaBeaeHHYI0 bCKO panra (3, 3) wim gaxe BCIO UX COBOKYTI-
HOCTbh CJIEIyeT COOTHECTHU C MPOOOPa30oM CBEPXKATETOPUU PENISLIUOHHBIX YaCTHULL.
Omna BKJIIOYAeT B ce0sl 3JIEeMEHTapHYI0 YacTully (Ipoodpa3 KaTeropuu 4acTHIl) U
HaBeJIeHHBIH Oa3uc (mpooOpa3 KaTeropuu MPOCTPAHCTBA-BpeMeHH). Takomy
npooOpa3y COOTBETCTBYET JieBasi CTOPOHA TPEYTOJbHUKA, IOKa3aHHOTO Ha MIPaBoOn
nuarpamme (puc. 3).

[IpencraBienHast Ha puc. 2 U 3 cxema MO3BOJIIET HAMETUTh MyTH OCYILECTB-
JIEHHUS TIPeJIeNIbHBIX MePEX0A0B OT OMHAPHOW reoMeTpOPU3UKU K TPEM JyalluCTH-
YecKUM TeopusiM. /i 3TOro B mepByro oyepeab HEOOXOIUMO BBIJCIUTb OJIHY U3
Tpex 0a30BBIX KaTETrOPHi, MCHOIB3Yys B KayecTBE OCHOBBI ee mpoodOpa3. Torma
OCTaBIIASACSA YacCTh €IMHOTO IMEepBOHAYaiIa (U3NIECKON pearbHOCTH OyIeT OTBe-
4yaTh 3a POPMUPOBAHUE COOTBETCTBYIOLIEH CBEPXKATETOPHH.

Jlns mepexoia K KBaHTOBOM TEOpUH HEOOXOMMO MTPEKIE BCETO BbIICINTh Oa-
30BYI0 KaTeropuio npocTpaHcTBa-BpeMeHH. Ilockonbky ee mpoobpa3zom siBiseTcs
HaBeJIeHHBIN 0a3uc, TO JaHHas 0a30Bas KaTeropHs NODKHA (OPMHUPOBATHCS U3
HETO ¢ IMOMOIIBI0 HEKOTOPOH Mpoueaypsl ycpenHenus [16]. B pesynbrare Takoro
IpEeJIeIbHOI0 MEePexo/ia MoHas CTPYKTypa MepeiieT B CBEPXKATErOPUI0 KBaHTO-
BOT'O IOJIS, @ UMEHHO BO B3aMMOJICUCTBYIOILINE MEXIY COOOM COMHOpPHOE (3JIEK-
TPOHHO-TIO3UTPOHHOE) U 3JIEKTPOMArHUTHOE KBAaHTOBBIE MOJS. AHAJIOIMYHBIM
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00pa3oM MO>KHO HAMETHTH CIIOCOOBI OCYIIECTBICHHUS U IPYTUX NPEAeTbHBIX Tepe-
xonoB. Jyis nepexona k OTO cieayeT BIACIUTH 0a30BYIO KATETOPHIO YACTHII, HC-
noJIb3ys €€ MpooOpa3 B BUJIC MIIEMEHTAPHON YaCTHIIBI 1 HEKOTOPYIO CIIEIIUATBEHYIO
npoueaypy ycpennenus. [lepexon k pensiinoHHON T€OPUH OCYIIECTBISETCS MyTEM
BbIJICTICHUS 0a30BOI KaTETOPUH TOJIsI HA OCHOBE €€ MpooOpas3a B BHJIE UCTOUYHUKA
B3auMoieiicTBUs. [Ipy 3TOM TaxKe T0JKHA UCTIONB30BaTHCSI HEKOTOpas crenupu-
YyecKasi Mporeaypa yCpeIHEHUS.

4. IlpeoOpa3zoBanus Bbipo:kaeHHbIX BCKO

3akoH (yHmameHTanbHON cummeTpuu st HeBbIpoxkIeHHBIX BCKO panra
(3, 3) obnanaeT KOHPOPMHOI HHBAPUAHTHOCTHIO [2; 4]. DTO MPUBOAMT K TOMY, UTO
takue BCKO mopoxmart xongopmuvie nyuku. B Gu3ndecku A0MyCTHMOM KOH-
(OpPMHOM ITyUKe MO>KHO BBIJIEIIUTH OONIBIIOE KOJTUUECTBO KOHPOPMHBIX cmpyil, KO-
TOPBIM COOTBETCTBYIOT OTAEIbHBIE peanbrocmu. Kaxaas Takas peanbHOCTb Xapak-
TEpU3yeTCcs CBOMMH HE3aBHUCUMBIMM 3HAUEHUSIMHU (PU3MUECKUX KOHCTaHT. MbI
JKUBEM B OJIHOM U3 Takux peanbHocTel [4; 17]. [TogoOHast TouKa 3peHusi COOTBET-
CTBYET KOHIICTIIIUU MYJIbTUBCEIIEHHON, B KOTOPOH MUP TPaKTyeTCs KaK COBOKYII-
HOCTb peasibHO CYIIECTBYIOIIMX NapajulebHbIX BeeleHHbIX [18]. OTcrona ¢ mo3u-
i OMHApHOU TeoMeTpOdU3UKN BO3HUKAECT HOBBINA B3I HA MPOOJIEMYy aHTPOTI-
HOT'O IIPUHIIMIIA.

Hetpyano ybenutscsi, 4To 3akoH (pyHIAMEHTAIbHOM CUMMETPHH (2) AJs BbI-
poxnennbix BCKO panra (4, 4; a), o0CHOBaHHBINM Ha UCIIOIB30BAHUH OKAaUMJIIEHHOTO
OTIpeNieIUTeNs, He 00J1a1aeT CBOMCTBOM KOH(POPMHOI HHBapuaHTHOCTH. OKa3bIBa-
€TCsI, OJTHAKO, YTO CYIIECTBYET JIPYroe Tio0abHOE Mpeodpa3oBaHue, 0 OTHOIIIE-
HHUIO K KOTOPOMY 3TOT 3aKOH OCTAa€TCSl MHBAPHMAHTHBIM. DTUM IIpeoOpa3oBaHuEM
ABIISIETCA TTI00ANIbHAS MPaHCAYUs, KOTOPas ONUCHIBAETCS BBIPAXKEHUEM

~

Viy =V T €+ (13)

e ¢, C; — IIPOM3BOJIbHBIE KOMILJIEKCHBIE YKCa. IHaue roBops, €ClIi UCXOIHbIE
IapHbIE OTHOLIEHMS V, yIOBIETBOPSAIOT 3aKOHY (DyHIaMEHTaIbHONM CUMMETPUH
(2) nrs BeIpoxkenHoit BCKO pawra (4, 4; a), To 1 HOBBIC IAPHBIC OTHOLICHUS V,,

OyAyT yAOBJIETBOPATH TOMY XK€ 3aKOHY.
[Tytem BbIOOpa Mapbl OMOPHBIX 3JIEMEHTOB, YIA€TCs MOIYYUTh Pa3IoKeHUE

v, =u, + W (14)

io?
IJI€ TIApHbIE OTHOLIEHHUS 1/, YIOBICTBOPAIOT 3aKOHY (DyHIAMEHTAIbHOH CUMMET-
puu (3) s messipokaerHor BCKO panra (3, 3), a

w

io

=V, +V, —V,. (15)

HeTpyaHo npoBepuTh, 4T0 KOIPOUIUEHTH W, TIOJYMHSIOTCS 3aKOHY (yH/a-

MEHTaJbHON cumMeTpuu s BeipokaeHHoi BCKO panra (2, 2; a)
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0 1 1
Doy =1 W, wy,|=0. (16)
Iowie wy

[Tomy4yeHHBIH pe3ybTaT 03HaYaeT, YTO Mbl PA3JI0KUIH HCXOJHYIO BHIPOXKICH-
Hyto BCKO panra (4, 4; a) Ha komno3unuto HeBblpoxkaeHHONH BCKO panra (3, 3) u
BoIpoxkieHHOM BCKO panra (2, 2; a). [Ipu sToM naHHOE pa3noxeHHe HOCUT JIO-
KaJbHBIM XapakTep, MOCKOIbKY OCHOBAaHO Ha BBIOOPE KOHKPETHOM Mapbl OMOPHBIX
3JIEMEHTOB.

C yuerom BeiOOpa onopHbIx 31eMeHToB / 1 A B BCKO panra (4, 4; a) paccMoT-
pUM KOMOMHHPOBAaHHOE MPe0Opa30BaHKE CIETYIONIETO BUA!

via = uiu + Wi(x > (17)

~ _ ~ _ ! !
u, =ccl,, W,=Ww,+c+c,. (18)
OueBuaHO, YTO MpeoOpa3zoBaHNEe TPAHCIAILUH, OonpeaeasieMoe Ko uIreH-
TaMH C, U c;, HE M3MEHSeT 3aKOH (yHIaMeHTaIbHON cuMMmeTpun (16) ans BbI-
poxxnenHoit bCKO panra (2, 2; a), KOTOpOMY YAOBIETBOPSIOT NAPHbIE OTHOLICHUS

W, - llepoe cootnomenue B (18) onuceiBaeT KOHPOPMHOE NPEOOPa3OBaHKE HaBE-

nennoit HeBbIpoxkaeHHOM BCKO panra (3, 3). [losToMy COOTBETCTBYIOIIHI 3aKOH
dynnamenTanpHoi cummeTrpun (3) Takke ocraerca B cuie. [lokaxkeM, 4TO
obmee npeodpazoBanue (17) He maMensieT 3akoH (2) mis BeipokaeHHoH BCKO
panra (4, 4; a).

B nepByto ouepennb, uzbapnseMcs OT KO3PPUIINEHTOB cl.' u c(;, MTOCKOJIBKY
3aKOH (yHIAMEHTaIbHON cuMMeTpun aiisi BeipokaeHHoi BCKO panra (4, 4; a)
0CTaeTCsi MHBAPUAHTHBIM OTHOCUTENBHO TI00aNIBbHOTO MpeoOpa3oBaHus TPAHCIIS-
uuu (13). Jlanee, ¢ y4eToM TOro o0CTOATENBCTBA, YTO MAPHBIC OTHOLICHUS W,

ONPENENAIOTCS BhIpaKEHUAMH Buaa (15), mapameTpsl V, , V, , @ TAKKe U JOMOI-

HHTENBHOE CJIaraéMoe V, MOXKHO PAaClEHMBATh KaK KO3(Q(QHUIMEHTH HEKOTOPOrO

r1100aIbHOTO MPeoOpa30BaHus TPAHCIAMH. B pe3ynbpraTe NpUXoauM K COOTHOILIE-
HUIO

0 1 1 0 1 1
1 v v, 1 u, ... 1

io 7| _ ia iy ' (19)
L v, o v | |, o on,

Onpenenurens cripaBa MOYKHO Pa3JIOKUTH 110 IEPBOU CTPOKE, a 3aTe€M KayK bl
NOJYYEHHBIH OINpPEENINTENIb CHOBA PA3JIOKUTh 10 IepBoMy croudiy. MTorosoe
BbIpa)keHUE OYyJIeT coJepkKaTh CYMMY U pa3HOCTh oNpeAenuTesnei panra 3x3, Kom-
TIOHEHTaMH KOTOPHIX OyJIyT BCEBO3MOXKHbBIC IapHbIC OTHOLICHWS Buia i, . Bce
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TaKHUe OMPEENIUTENN PaBHBI HYJIIO, TOCKOJIbKY ATH MapHble OTHOIICHUS YIOBIe-
TBOPSIOT 3aKOHY (yHIaMeHTanbHOU cuMmMeTpun (3) st HeBbIpoxkaeHHOH BCKO
panra (3, 3). CnegoBaTesbHO, TIOJIHBIN ONPEEIUTENb TakKe OyJeT paBeH HYJIIO.
Orcroma nomy4aeTcs, 4To MapHbIE OTHOIMIEHUS V, IO-TIPEKHEMY OYyAyT yIOBIE-

TBOPATH 3aKOHY (yHIaMeHTalbHOW cuMMeTpuu (2) g BelpoxiaeHHo BCKO
panra (4, 4; a). [loguepkuéMm emé pa3, 9YTO pacCCMOTPEHHbIE KOMOMHHPOBAHHBIC
npeoOpaszoBanus (17), (18) He HocAT obmiero xapaktepa. OHM NPUBSA3aHbI K KOH-
KPETHBIM OTIOPHBIM 3JIEMEHTaM U, CJIEI0BATENIbHO, SBIISIOTCS JOKAIbHBIMHU.
I'noGanbHble TpaHcasiuuu BoipoxkaeHHON BCKO panra (4, 4; a) Hukak He 3a-
TparuBaroT HaBeA¢HHbIE HeBbIpoxkaeHHbIe BCKO panra (3, 3). [IpeoOpa3oBanus

TPpAaHCIAIUN (13) HC U3MCHAIOT IMapHbIC OTHOIICHUA ui(x , IIOCKOJIbKY OHHU BJIMSIOT

TOJIBKO Ha BCJIMYUHBI W,

o
cMoTpuM onHy u3 HaBeeHHbIX BCKO panra (3, 3), COOTBETCTBYIOILYIO OOPHBIM
anemenTaM / u A. Konpopmusie npeobpazoanus nanHoit BCKO npuBogsT k u3me-
HEHHUIO TIApHBIX OTHOINEHMH U, , @ CJIEOBATENLHO, U MAPHBIX OTHOLMICHUH V, B

dbopmupyromue HaBeaEHHyo BCKO panra (2, 2; a). Pac-

ucxonnoi BeipokaeHHoit BCKO panra (4, 4; a). 9To 03Ha4aeT, 4To KOHPOPMHBIH
casur ogHoi u3 HaBeneHHbIX BCKO panra (3, 3) npuBoauT K cABUTY (HEKOHGOPM-
HOMY) ucxonHoi BeipoxaeHHoM BCKO panra (4, 4; a) (puc. 4). CaBur ucxoaHou
BCKO panra (4, 4; a) TyT k€ IPUBOAMT K CIABUTY (TaKke HEKOHGOPMHOMY) B BCEX
ocranpHbIX HaBeaeHHbIX BCKO panra (3, 3).

Koudopmuoe

npeoOpas3oBanue

H
(L, %)

‘\. BCKO panra (3, 3)

BCKO panra (4, 4
—o ‘/ o
Hagenennsie BCKO panra (3, 3)

Puc. 4. Kougopmuoe npeodpazoBanue oaHoii u3 napeaeHubix BCKO panra (3, 3),
COOTBETCTBYIOLIEH ONOPHBIM 3j1eMeHTaM / 1 A, BbI3bIBAET HEKOH()OPMHOE CMelleHue
ucxoaHoii BCKO panra (4, 4; a). 910, B CBOI0 04epe/b, IPUBOAUT K HEKOH(POPMHOMY

cMellleHHI0 BeeX ocTanbHbIX HaBeneHHbIX BCKO pawnra (3, 3)
Hcmounux: cOCTaBIEHO aBTOPOM.

ITpousBonpHbIe KOH(OPMHBIE MpeoOpazoBaHusl JaHHOM HaBeneHHo BCKO
panra (3, 3) HOpOXJIal0T HEKOTOPbI KOHPOPMHBIH My4YOK, B KOTOPOM y4acTBYET
kak cama ucxoanas bCKO panra (4, 4; a), Tak 1 BeCh OCTaIbHOW HaOOp HaBEIEH-
HbIX BCKO panra (3, 3). fIcHo, uT0 MOg00HYIO0 POIEAYPY MOKHO OCYIIECTBUTH C
moboi apyroit HaBenénHoi BCKO panra (3, 3). B pe3ynbrare Mbl NOTyYUM HE
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O/lH KOH(OPMHBIH ITy40K, a COBOKYIHOCTh M3 N? Iy4KkoB, rae N — KOJIUIeCTBO
AJIEMEHTOB B Ka)KJIOM MHOXECTBE. Bce BMecTe OHM ONMUCHIBAIOT BECh BO3MOYHBIN
Habop KOH(OPMHBIX mpeoOpa3oBaHui  gaHHOM  BeIpoxzaeHHOM  BCKO
panra (4, 4; a). 9Ty COBOKYNHOCTb ITyYKOB MOYXHO Ha3BaTb KOHGOPMHBIM cEepX-
nyuKom, KOTOpBIN MopoxkaaeTcs gaHHoM BeipokaeHHo BCKO panra (4, 4; a).

Taxkum 00pas3om, 1Mo cpaBHEHUIO co ciyyaeM HeBbIpoxkaeHHbIX BCKO panra
(3, 3) [4; 17] 3nech mobamisieTcst euié OAUH YPOBEHb, COOTBETCTBYIOIINI CBEPX-
nyukaM. C Touku 3peHust BeipoxkieHHbIX BCKO panra (4, 4; a) yHUBEpCYM COCTOUT
U3 KOHQOPMHBIX CBEPXITY4KOB, a T€, B CBOIO OYEpe/lb, YXKE paclnajaroTcs Ha OT-
JenbHble KOHQOpMHBbIE Mydkd. Takas CTpyKTypa YHUBEpCyMma BBITJISLAUT Oosiee
CJIO’KHO, OJTHAKO OHA OTpa)kaeT TPUHHUTAPHBII XapakTep B3aMMOAEHCTBUS 4acTHUI]
U, KpOME TOT0, BIIOJTHE MOXKET OBITh yuTE€Ha TEMH CIIOCOOaMHU, KOTOPhIE TPUMEHSI-
JIUCH paHee IS ciiydas CBOOOIHBIX 3JIEMEHTAapHbIX yacTull [16]. B wactHoCTH, B
KBaHTOBOM IIpejiesie TPEXYPOBHEBAs CTPYKTYypa YHUBEpCYMa (KOH(OPMHBIE CBEPX-
IIy4YKH, KOHPOPMHBIE ITyYKH, KOH(QOPMHBIE CTPYH) MO3BOJISAET NPUNTH K KOHLEI-
IIUM KBAaHTOBOT'O TOJI.

3aKjao4YeHue

B pabore npoanann3npoBaHa BO3MOXHOCTb OIMCAHMS B3aUMOAECHCTBYIOLINX
3JIEMEHTapHBIX YacTUIl Ha 6a3e BeIpoxAeHHBIX BCKO cummerpuanoro panra. Pac-
CMOTpPEH MPOo0Opa3 AMEKTPOMATHUTHOTO B3aUMOACHCTBHSI MEXKAY SJICKTPOHAMU U
no3utpoHamu. [lpemmaraeMblii B cTatbe MOAXOJ IO3BOJIAET MPEOJOJIETh HEIO-
CTaTKH, MPUCYIIIHME paHee peasiarapuumcs noaxonam [2; 7].

Pa3BuBaemas Teopus B3aMMOJIEHCTBYIOIINX YaCTUL HE COAEPKUT HUKAKUX J10-
NOJTHUTENBHBIX MOCTYJIaTOB. BMecTo mpoobpasa narpanknana MOKHO cpa3y MOIy-
YUTH aIredpandeckue COOTHOIIECHHUS, UTPAIOIIKE POJIb MPOOOPA30B AMHAMUYECKUX
ypaBHeHui. Kpome TOro, mocturaercssi ONpENENIEHHOE pPaBHONPABUE MEKIY
BBIPO’KJIEHHBIMU ¥ HEBBIPOkKAeHHBIMM BCKO cMMMETpHUYHBIX PaHIOB: HEBBIPOXK-
nernbie BCKO onuchIBatoT cBOOOIHBIE 3JIEMEHTAPHbIE YaCTHUIIbI, @ BEIPOXKACHHBIE
BCKO ucnonb3yroTcs A1 ONUCaHUS UX B3aUMOICHCTBHUS.

Amnanmu3 mokaseiBaet, 4o BeipoxkaeHHass BCKO moxer ObITh npezcTaBicHa
KaK COBOKYMHOCTh HaBeIECHHBIX HEBbIpOkACHHbIX BCKO menwiero panra. Ilo-
3TOMY B TaKOM TEOPUHU B3aUMOJACHCTBYIOIINX YACTULl OCYILIECTBIIAECTCS €CTECTBEH-
HBII TIEPEeX0]l K YaCTHOMY cllydaio CBOOOJHBIX YacThll. B kaxIoil HaBeqeHHOU
BCKO nmetor mecto pooOpassl ypaBHeHu# Jlupaka u Makcsesa.

B pamMkax npeasioskeHHOM MO1eIM MOKHO YCMOTPETh MPo00pa3sl 0a30BbIX Ka-
TETOPUH U CBEPXKATETOpUH TeopeTndeckoi hu3uku. JlaHHOE 00CTOATENHCTBO 103~
BOJISIET HAMETUTBH ITyTh IIPEAEIBHBIX MEPEXOI0B K TyaTUCTUUECKUM TeopusaM. [
3TOr0 HEOOXOAMMO BBIACIUTH KaKyIO-THOO 0a30BYI0 KaTEropHI0 HAa OCHOBE €€
npooOpasa, a 3aTeM OCYIIECTBUTh HEKOTOPYIO CIIeU(UIECKYIO TPOLEAYPY yCpea-
HeHMd. B actHOCTH, IpeAenbHBIHN Mepexo ] K KBAHTOBOM TEOPUU MOXKET OBITh OCY-
IIECTBJICH MO aHAJIOTUU CO CIIydaeM CBOOOHBIX AJIeMEHTapHbBIX yacTuil [17].

[To cpaBHEHMIO CO ciydaeM CBOOOJIHBIX YaCTHII, ONMKMCHIBAEMBIX B paMKax
HeBbIpoXkaeHHBIX BCKO panra (3, 3) [16], mis B3auMOJEHCTBYIONIMX YaCTHIL
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00aBISIETCS elle OJIMH YPOBEHb CTPOCHUS YHUBEPCYMa, COOTBETCTBYIONINI KOH-
dbopMHBIM CBepXITydkaM. B pe3yibTaTe BO3HUKAET TPEXYPOBHEBAS CTPYKTYpa YHH-
BepCcyMa, BKIIFOYAIoNIas B ce0s KOHPOPMHBIE CBEPXITyUKH, KOHPOPMHBIE MTyYKH U
KOH(GOpMHBIE cTpyu. Takas CTPYKTypa BBITJISIUT MOTHOLUEHHOM ¢ TOUKH 3PEHUS
MeTa(U3nIecKoro MpUHLIUIA TPUHUTAPHOCTH [5; 11]. B yacTHOCTH, B KBaHTOBOM
mpejene Takoe CTPOCHHE YHUBEPCYMa €CTECTBEHHBIM 00pa3oM MPHUBOIUT K KOH-
LEIIMA KBAHTOBOTO MOJIA.

Aemop ebipaxxaem bnazodapHocmb FO.C. Bnadumuposy u UN.A. babeHko 3a rnose3Hbie
o0bcyx0eHus.

Paboma ebirosiHeHa 8 pamkax eocsadaHusi mo meme «YucneHHoe modenuposaHue
medeHull 8 0Ko/038€30HbIX 0bOoMoYkax u ammocghepax dk3ornnaHem (Lugpp -
OK3OlMJIAHETBI) (FFWN-2024-0006)».
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DEGENERATE BINARY SYSTEMS OF COMPLEX RELATIONS
AS A WAY OF DESCRIBING INTERACTING PARTICLES

A.G. Zhilkin"
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48 Pyatnitskaya St, Moscow, 119017, Russian Federation

Abstract. The paper considers an alternative way of describing interacting elementary
particles in binary geometrophysics, based on the use of degenerate binary systems of complex
relations of symmetric rank. From a metaphysical point of view, the prototype of the electromagnetic
interaction of electrons and positrons is analyzed. It is shown that the original degenerate binary
structure of rank (4, 4; a) is equivalent to a set of induced non-degenerate binary structures of rank
(3, 3). In each induced binary system of complex relations, describing the elementary process of
interaction of two separate particles, there are prototypes of the Dirac and Maxwell equations.
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physics, electromagnetic interaction, Dirac equation, Maxwell equations
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METOAONOMMYECKUA NNIOPATIU3M
B COBPEMEHHOW KOCMOJOIMH

B.H. Knsizes'?, A.A. JleMeHTheB!

I!Mockoeckuil nedazocuueckutl 20Cy0apcmeeHHblil YHUGEDCUMem
Poccuiickas @eoepayus, 119991, Mocksa, yn. Manas [lupozosckas, 0. 1, cmp. 1
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AnHoTanmsi. B craTbe BBIpaXEHO aBTOPCKOE MOHMMAHHUE METO0JIOTHYECKOTO IUTIOPATN3MA,
HEen30eKHO Pean3yOIerocsi B COBPEMEHHON KOCMOJIOTUH. ABTOPBI OITUPAIOTCS HA aHAITU3 PE3yIib-
TATOB MCCJICAOBAHUM, IS0 KOTOPBIX CTAJIO BBISIBICHUE KOHKYPHPYIOIIUX MOIX0JI0B K PEIICHHIO
(yHIaMEHTATBHBIX METOIOJIOTHYECKHX MPOOJIEM B KOCMOJIOTHH. DIHUCTEMOJIOTHYECKAs POJIb Me-
TOJIOJIOTHH TUIFOPATU3Ma YPE3BbIUAfHO 3HAYMMAa HE TOJILKO JUTS PACKPBITHS THHAMHKH HCTOpUYE-
CKOTO pa3BUTHUS aCTPOGHU3UKH U KOCMOJIOTHH, HO U JUISl OCMBICIICHHSI KX COBPEMEHHOTO COCTOSIHUSL.
B paborte BBISIBICHBI IPOTHBOOOPCTBYIOIINE MTO3UIIUHU HCCIIEIOBATEINCH, PETaraloinX KOHKYpH-
PYIOIIHE METOIOJIOTHUECKHE MOX0/IbI B KOHTEKCTE CIIOKHUBIIMXCS TEHICHIIUI B COBPEMEHHOH KOC-
MOJIOTHH, U UJIEH, CIOCOOHBIE HEHTPaIU30BaTh HETATUBHOE BIUSIHAE HEKOTOPBIX U3 HUX. [Ipencras-
JIEHO 000CHOBAaHUE OIPAHUYEHHOCTH TPATUIIMOHHOTO MBIIIIIEHHS B KOCMOJIOTUH U TIPEIOKEHO pe-
I[IEHHE IS TPOTUBOJCHCTBHS €r0 BIMAHHIO. B paboTe UCONB30BaHbI KIIOUEBBIE MUCTEMOJIOTH-
YCCKUE TE3UCHI, TO3BOJIMBIINEC JOITYCTHUTDH, UYTO YEM 6OJ'H)H_ICC KOJIMYECTBO KOCMOJIOTHYCCKUX MOJIC-
JIel, TeM BBIIIIE IAHCHI HA MOJY4EHHE B TIOCIEIYOIIeM ONTHMAIILHO BEPHBIX M aJeKBATHBIX TPE/-
craBlieHU 0 BceneHHo.

Knrouesvie croea: KoCMONOTHs, METOJI0JIOTHS, TUTFOPAIA3M, KOCMOJIOTHUECKAST TOCTOSTHHAS,
3HaHus 0 Beenennoit, Oeitepabenn

BBenenue

[Tpu penieHnu METOAOIOTHUECKHUX MPOOIEM KOCMOJIIOTUH BO3HUKIIN TPOTHUBO-
peuusi MEX]ly CTapbIMH M HOBBIMHU TEOPHSIMU U3-32 MOSBIICHUS 3HAHUM HA OCHOBE
HOBBIX (pakTHueckux naHubix [1. C. 17]. HecooTBeTCTBUSI BOSHUKAIOT IOTOMY, YTO
HayKa OCHOBaHA Ha OMbBITE, a HAONIOJCHUS HENB3s MPOBEPUTH TCOPETHUCCKH
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HelTpaiabHbIM criocoOoM. TeopeTHueckre U SMIMPUUYECKHE MOAXObl MOJ4ac
TPYHO pa3ieinThb. B Cuily H3BECTHOM METOAOJIOTHYECKON YCTAHOBKH O «TEOPETH-
YECKOM Harpy>K€HHOCTH (PAKTOB)» MBI HE MOKEM OTIEIUTh YMIUPUYECKUE TaHHbIE
OT HalIMX CYIIHOCTHBIX MpeacTaBieHuit 00 oobekrax [2. C. 33]. IlosToMy smmnu-
pHUYECKHe TaHHBIE — TJIaBHBIN KpUTEpUit 000CHOBAHUS CYIIHOCTH TOTO WU WHOTO
KocMmonorudeckoro gernomena [3. C. 213].

CoBpeMeHHast KOCMOJIOTHSI CO3/1a€T TOBOJIBHO IMOJIHYIO KapTUHY acTpodusu-
YECKUX SIBJICHUH B UX pa3BUTHUU. [Ipu 37TOM MeTOM0IOrHUECKUl KOHCEHCYC B KOC-
MOJIOTHMH CKOpE€Ee OTCYTCTBYET M3-3a BIMSHUS JIMYHOCTHBIX U COLMAIBHBIX [IEHHO-
CTEH yUEHBIX, KOTOPbIE KPUTUKYIOT CYIIECTBYIOIINE TEOPHUH [4].

C Hamieil TOYKu 3peHUs], B aKTUBHO HBOJIIOLMOHUPYIOIIEH KOCMOJIOTHYECKOM
HayKe KOHKypHpYIolee MPOTUBOOOPCTBO MOAXOA0B, BBIPAXKEHHBIX BO B3IJISAAX
CTOPOHHHMKOB Pa3NIMYHBIX HAayYHBIX HIKOJ, — 3TO 3HaUMMas Tema B (GuiIocopuu
Hayku. Hampumep, B COBPEMEHHBIX HCCIIEIOBAaHUSAX MpPEIaraeTcsi MHOMXKECTBO
OOBSICHEHHI TOr0, YTO TaKO€ KOCMOJIOTHYEeCKas mocTosinHas /. YeTBepTh Beka
Ha3aJ, Korjga HabmoJaTeNbHbIe TaHHBIE 00 YCKOPEHHOM PAaCIIMPEHHH OBbLTH HO-
BBIMH, Ha YPOBHE YCTAaHOBIEHHBIX 3HAUCHUI MIPeIaraioch OOJIBIIOE YHCIO BapH-
aTUBHBIX OOBSICHEHUI: IOJlyyaeMble JaHHbIC CBUICTEIHCTBOBAIN O BO3MOXKHOM
KaJTMOpPOBKE WJIM ONPEENIEHHBIX OIIMOKAaX M3MEpPEHUll, 3BOJIOLUU CBETUMOCTH
CBEPXHOBBIX, IPUCYTCTBHU CEPOH MBUTH HIIH IPYTHX acTpopuszndeckux 3ddexrax
[5. C. 47].

[Tocne cbopa maHHBIX O CKOPOCTH PACIIMPEHHUS, MOTYYCHHBIX B Pe3yJbTaTe
MHOTOUYHCJICHHBIX HE3aBHUCHUMBIX MCCIEIOBaHUMN, COOOIIECTBO acTpO(hU3UKOB U
KOCMOJIOTOB Ha pyoexe XX—XXI BeKOB MPUIILIO K MapaJurMaJbHOMy MHEHUIO O
TOM, UTO paciuirpenue BeenenHolt yckopsercs. B HacTosiee BpeMs npo1oiKaeTest
NOUCK OOBSICHEHUH, KOTOPBIE IPUMEHUMBI K pa3IMYHBIM UCTOYHUKAM HaOroe-
HUH, 00pa3yOmUX METOIO0IOTHIECKUN ITIOPATU3M B COBPEMEHHONW KOCMOJIOTHH.

HeHe cymiecTByeT MUHMMYM IIECTh OCHOBHBIX TPAKTOBOK KOCMOJIOTUYECKON
MOCTOSIHHOU /1

— TOCTOSIHHAs, BO3HHUKAIOIIAs U3 GU3NUECKON MaTepuu, Kak HeKast MOTu(pu-
Kalusi CTaHAapTHON MOJeNn (GU3UKHU dIIEMEHTAPHBIX YacTull. B 3Toif TpakToBKE /1
paccMaTpuBaeTcs Kak pe3ysbTaT KaKMX-TO CBOMCTB MaTepuu, KOTOPHIE HE YUTEHbI
B CTaHIApTHOU (pru3nke 3nmeMeHTapHbIX yacTull [6. C. 8];

— (QyHIameHTanbHas KOHCTaHTa MPUPOJBI — U3MEPAEMBIi mapaMeTp (Kak u
rpaBUTalMOHHAs TocTossHHAsA G wnu nocrosinHas Heiorona) [7. C. 81];

— 3¢ deKT TeMHOI YHeprur B Ka4eCTBE HOBOTO THIIA MAacChI-9HEPIUHU, KOTO-
past MOKET OBITh CKaJISIPHBIM IOJIEM, MOJOOHBIM YacTHIle XUITCa, WIH YeM-TO 0O-
JIee CJIOXKHBIM M HE 00513aTeNIbHO SBISIETCS MOCTOsTHHOM BenmmunHoi [8. C. 91];

— 3¢ (deKT KOppeKIUn ypaBHEHUN OOIIEH TEOPUH OTHOCHUTEIBLHOCTH, 00Yy-
CJIOBJICHHOM 0oJ1ee MOJIHOM TeopHel rpaBUTAINH, B PE3YIbTATE YEeTO OHA BBITTISAUT
KaK CKaJIIPHOE MOJIe, HO TaK)Ke UMeeT JuHaMuueckue nocneactsus [9. C. 36];

— 5dodexr HenmpaBwibHOro npuMmeHneHust merpukd FLRW (®punmana —
Jlemetrpa — Pobeprcona — Yoxkepa), unu Beenennas @puamana, Kak pe3yibTaT Jo-
KaJIbHO HEOJHOPOIHON BceneHHo#, Win ClIeACTBUEM KaKUX-THOO IPYTUX CHCTE-
MaTHYECKHX OIIMOOK B HAlleM MOJEIMPOBAHUM SIBICHUN, CBSA3aHHBIX C
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yckopeHHbIM paciiuperueM [10. C. 9]. Ecnu Beenennas He Tak 01HOpoAHA U U30-
TPOIHA, KaK MpeaosaraeT 3Ta MOJelb, WU €ClIM B pacyeTax €cTb CUCTEMAaTH4e-
CKHE OIIMOKH, TO YCKOPEHHOE PACIIMPEHHE MOXKET ObITh MHUMBIM, a / — IPOCTO
CJIEZICTBHEM 3TUX OIINOOK;

— DJHEeprus BakyyMa, B HalleM ciydae MyiabTuBceneHHoi [11. C. 22], koro-
past MOXKeT UMEeTh OoJIblIee 3HAUCHHUE, YeM MBI 0’KUIaeM OT (PU3HKH dJIEMEHTaPHBIX
YaCTHII, U3-32 KAKOTO-TO HEU3BECTHOI'O MEXAaHU3MA.

OtkperToe moutu 100 et Hazan Xad610M pacmupenue BeenenHoit mopoauio
HEpelIeHHbIe IPOTUBOPEUHsl B JoKa3aTeabHOM 0a3e. Hayka oObluHO opueHTHPO-
BaHa HAa TOYHbIE 3HAUECHUS XapaKTEPUCTUK 0OBEKTOB U sBIeHHH. BMecTe ¢ pa3Bu-
THEM IpeJICTaBICHUH O pacmupeHnn BeeneHHoM pacTeT 00beM 3HaHUM, YTO CO-
3/1a€T HOBbIE POOJIEMBI U IPOTUBOPEUHs. B 4acCTHOCTH, 0KHMIAJIOCH, YTO TEIECKOII
JlxeiiMca Y3060a macT TouHyro WH(pOpMAHIO O CKOPOCTH pacimmpeHus Bceenen-
HOM.

OnHako BHOBb CJI0XWJIACh CUTYyallusl, BHECIIAsl HEYCTOMYMBOCTb B paHee, Ka-
3a10¢h Obl, He3bI0IeMble TaHHbIE. BhIABICHHbBIE IPU HAOMIOACHUAX JaHHBIE B HE-
KOTOPBIX aCMEKTax BCTyNalau B mpoTuBopeune. CkaxeMm, komanaa A. Pucca u3
VYuuBepcurera JlxoHca XomnkuHCa OOHAapy>KWiia, YTO CKOPOCTh PACIIMPEHUs
Bcenennoii Ha 8 % Bbie TeopeTndeckux npeackazanuii [1. C. 22]. PesyiapTaTom
BBISIBJICHHBIX HETOYHOCTEHN CTAJI0 MPEANOJIOKEHNE 00 OTCYTCTBUHM B COBPEMEHHOM
TEOPETUYECKOH KOCMOJIOTMYECKOH MOJENN KaKOTro-TO JOMOJHUTEIBHOTO KOMIIO-
HEHTa, YCKOPSIOLIET0 KOCMUYECKOE PAaCIIUPEHHUE.

OOpa3zoBaBmuiics KOH(MJIMKT, TMOJYYUBIIMNA Ha3BaHUE «HAMPSIKCHUE
Xab60:ma», MOXKET OBITh pa3pelIeH B caydae, €CIH yIacTcs HATH MpeanoaaraeMbli
KOMIIOHEHT, OTCYTCTBYIOLIMI B HAcTOsIIE€e BPEMs B KOCMOJIOIMYECKONH MOJENH
[12. C. 136]. KoHeuHO, pacXOXJI€HHE pPe3yJIbTaTOB JBYX METOJOB HE O3HAYAET
HapyleHHs 3aKkOHOB ¢u3uku. OHO CKOopee yKa3bIBaeT Ha CUCTEMHYIO OIIMOKY B
OJTHOM U3 METOJI0B OIPE/IeNIEHHs] CKOPOCTH pacuMpsitomieiicss BeeneHHo.

Tak, B paMkax o(UIIHaTEHON SKCIEPTHON OIEHKH OBLIHM MOJyYeHBI PE3yJib-
TaThl, YKA3bIBAIOIINE HA HAIMYUE HECOOTBETCTBUS B HAOMOIeHUAX D. Xa00a Kak
pa3 B npenenax uamepenuit [1. C. 23]. B Takom ciydae pelieHue CIoKUBIICHCS
KOH(POHTAIIMK B HUCCIIEIOBATEIBCKUX MO3MLUAX SABISIETCS HEOOXOAMMBIM YCIO-
BHEM YCTpaHEHUS «HAIPsDKEHUST Xa0011ay.

ITpu TakoM NOJX0/1€ yTpaunBaeTCsi HEOOXOIUMOCTh B CO3/1aHUU CYILIIECTBEHHO
HOBOM KOCMOJIOTHYECKOU Monenu. Ha ceroqHsmHui 1eHb 3Ta «HAIPsHKEHHOCTH)
TOYEK 3PEHUS] COXPAHSACTCS BBUAY OTCYTCTBHS JAaHHBIX, CIIOCOOHBIX OBITH IPOTH-
BOIIOCTaBJICHHBIMU JaHHBIM Teneckomna /[x. Y300 u cymecTByromieil 10 HacTos-
miero BpemeHn CTaHIapTHOM KOCMOJIOTHYECKON MOJEIH.

Bo3HuKaI0T KOMIIPOMUCCHBIE BAPUAHTHI C Pa3HBIMU JOIYIICHUAMU:

1) ramakTHKH AEHCTBUTEIHHO CYILECTBYIOT, HO OHU HE HACTOJILKO OTPOMHbBIE
WIN HEe HACTOJIBKO paHHUE, KaK yKa3bIBaJIOCh B 00Jiee paHHHUX MCCIIEIOBAHUSAX;

2) OHHM coJep)KaT CBEPXMACCHUBHBIE YEPHBIE IBIPbI, KOTOPHIE HArpeBaroT
Onn3nexalinii ras, B pe3yJibTaTe Yero rajlakTUKU KaKyTcsl Apue U, CIeI0BaTENbHO,
MacCHBHEE, UeM OHH €CTh Ha CaMOM JIeJIE.
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OAHOBPEMEHHO € 3TUM CYIIECTBYET NpoTruBonooxHas nozuuus [1.K. Deite-
pabeHna, KOTOpbI B paMKax KOHIEMIMHM SHUCTEMOJIOIMYECKOro aHapxu3ma
YKa3bIBa€T Ha HEBO3MOXHOCTh YCTAHOBJICHUSI YHUBEPCAIbHBIX KPUTEPUEB UCTUH-
HOCTHM 3HaHUs, MO3HAHUE KOTOPOTO OCYIIECTBIISIETCS CTUXUHHO, B XaOTUYECKOM
neperuieTeHuy Beex GpopM cozHanus u aestensHoctu [13. C. 54].

DeifepabeH]T CUUTACT, YTO HE CTOUT IMBITATHCS CBECTH BCE UIEH K €MHOMN CH-
creme. OH crienuanbHO M30€raeT CTporol OpraHM3aluy CBOMX B3IJISI0B, YTOOBI
COXPaHUTH OIIYIIEHHE Xa0ca TaM, i€ OOBIYHO BUIAT «YIOPSAOYCHHOE (DYHKIIHO-
HUpOBaHMeE Benen u npoueccony [13. C. 37]. Takoil moaxo/1 MO3BOJISIET CYILIECTBO-
BaTb MHOXXECTBY HAy4YHBIX TUIIOTE3 U MOAJIEPKUBAET «IUIOJOTBOPHYIO HETOU-
HOCTb», B KAKOM-TO CTENIEHU CTHUPAsi ITPAHULIBI MEXIY HaAYKOW U UCKYCCTBOM.

[Tpumenenune merononoruueckoro aHapxusma deiiepabenna Kk COBpeMEHHON
KOCMOJIOTUU JIEMOHCTPUPYET MPOAYKTUBHOCTh COCYILIECTBOBAHUS TNPUHIUIIN-
aJIbHO Pa3IMYHBIX MOAX0/10B K MOHMMaHUI0 Beenennoit. CrangapTHas KOCMOJIOTH-
Yyeckas MOJIeb, OCHOBaHHass Ha MeTpuke dpuamana — Jlemerpa — Pobeprcona —
Yokepa, mpenmnoiaraeT OAHOPOJHOCTh U U30TPONHOCTh BeeneHHON Ha 60MbIINX
macmrabax. OgHako HHQIAIUOHHAST KOCMOJIOTHS TMpeiaraeT KapJuHAIbHO HHOU
METOI0JIOTUYECKUI MOAXO0/, OCTYJINPYs NEPUOA FKCIIOHEHIIMATIBHOTO pacIlupe-
HUS B paHHEll BceneHHOH, 4TO MO3BOJIAET OOBACHUTH HAOIIOJAaEMYIO TIOCKOCT-
HOCTb ¥ OTHOPOJAHOCTH 0€3 IpyruX anpruOpHBIX fonyiieHni. @pakraabHas KOCMO-
JIOTHsA, B CBOKO OY€pEeb, OTBEPraeT MPUHIMUII KOCMOJOTHYECKOW OJTHOPOJHOCTH,
npejiaras UepapXuvecKkyro CTPyKTypy MaTepuu Ha Bcex maciuTtabax. CormacHo
OeilepabeHny, Takoe pa3zHOOOpa3ue METOAOJOTHMYECKHUX IMOAXOAO0B HE TOJIKHO
paccMaTpuBaThCs Kak mpoOiema, Tpedyromias BEIOopa «IpaBHILHOW) TE€OPUH, HO
KaKk HEoOXOIUMOE YCIIOBHE HAYYHOTO MPOTPEcca, MOCKOIBKY KaKIBIH IMOIXOM
BBICBEUMBAET PA3JIMYHbIE ACIIEKThl KOCMOJIIOTHYECKON peaIbHOCTH, HEAOCTYIIHbIE B
paMKax €IMHOM HapaJurMsl.

B coBpemMeHHBIX MyONUKalUSAX aBTOPHI MOAYEPKUBAIOT HEOOXOIUMOCTH B
paMKax pa3BUTHUsI KOCMOJIOTMM KaK HAy4YHOW AUCIUIUIMHBI CO3JaHUE KOCMOJIOTH-
YECKUX MOJENEHN, OTIIMYHBIX OT CTaHJAPTHO NMpU3HAHHBIX Mojenend dOpuamana —
Jlemerpa — Pobeprcona — Yokepa, BBIXOAIINX 32 OMUCHIBAEMBI UMU KOCMOJIOTH-
yeckuit cuenapuii [14. C. 41].

ATnpTEepHaTUBHBIE MOJENIHU, B OTJIMYME OT CTAHJIAPTHBIX, OCHOBBIBAIOTCS Ha
OTMCAHUAX, TECHO CBSI3aHHBIX C pealbHBIMU HAOMIOJECHUSAMHU. DTO AaET BO3ZMOXK-
HOCTbh KOCMOJIOTaM MPOBEPATh U YTOUHATh OCHOBBI CTaHapTHOM MOJENH, yCTpa-
HSATB IPOTUBOPEUNS MEXKY Pa3HBIMHU B3IUIIaMU U CO3/1aBaTh HOBBIE HAIIPaBJICHUS
UCCIIEA0BaHUMN.

B nmanHOM ciy4ae MOXHO CIeNaTh BBIBOJA O TOM, YTO OOJBITMHCTBOM HCCIIe-
JIOBATeJIe MpU3HAETCs IeUCTBEHHOCTh CTaHIapTHOM KOCMOJIOTMYECKOU MOJIENH,
HE JIOMyCKasi €€ COBPEMEHHOE YCTapeBaHHE B KOHTEKCTE MPUOOPETEHHBIX B MO-
cienHee Bpems 3HaHUU. bosee Toro, mo MHEHUIO YaCTH UCCIEAOBATENICH, CIEAyET
NOJIEP’KUBATh B3aUMOCBSA3b CO «3/10pPOBBIM» KOHTEHTOM 0a30BbIX HaOIIOAECHUH C
LEJIBI0 pa3BUTHA 00JIee CAMOKPUTUYHON U MEHEE JOKTPUHAIBHOW KOCMOJIOTHH, B
KOTOPOM JiBa B3aUMOJIOTIOTHSIOIINX MOX0a BEITOAHO B3aUMOIEUCTBYIOT, JOMOJ-

HSIsL APYT ApyTa.
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Pe3y.]IbTaTbI HCCJICJ0BaAHUA

Co BpemeH ["anunes: yueHble OnpenesioT UCTHHY Yepe3 MPU3MYy B3auMOJCi-
CTBUSI TEOPUHU U OMBITA, B KOTOPOM THIIOTE3a MTPOBEPSIETCS ONBITOM KaK MCTOUYHH-
KOM U TJIaBHBIM KPUTEPUEM UCTUHHOCTU HAYYHbBIX 3HAHUU.

ITo JI. bonbipmany, Bce TEOpUM — 3TO NPEACTABICHUS NIPUPOJIHBIX SBICHUN
[15]. B cBoux ¢unmocodckux padoTax OH BBICTYMAJ MPOTUB JTOTMAaTH3Ma M HacTa-
MBaJ Ha TOM, YTO HAy4YHbIE TEOPUH — 3TO HE a0COJIIOTHBIE UCTUHBI, a JIUILb MOJEIH
WIH «KaQPTUHKWY», C TIOMOIIbIO KOTOPBIX MBI O0BACHSAEM U MOHUMAEM SIBJICHHS TTPH-
poasl. B KOHTEKCTE 3MUCTEMOIOTHUECKOTO MbIlUIeHUs JI. bonplMana KOHIENIH
HMCTUHHOCTH COXpPAHSETCS, MOCKOJIbKY OCHOBaHAa Ha MPUHIIMIIE TEOPETUYECKOIO
TUTIOPAJIA3MA, JTOMYCKAIOIIETrO MPEICTABIECHNUE PA3HBIMA MOJCISIMUA OJJHOM M TOU
K€ TPYIIBI IPUPOIHBIX siBIeHUNA. CI0XKUBIIMECS 00CTOSTENHCTBA HE MO3BOJISIIOT
BbIOpaTh OJHY MOJIEh KaK €JUHCTBEHHO BEPHYIO U3 MHOKECTBA BOZMOXKHBIX. AK-
[EHT MEPEHOCUTCS Ha aJIEKBATHOCTh MOJIENI U3y4aeMOMY SIBIICHUIO.

CornacHo bonbiiMaHy, B HayKe HE CTOUT CTPEMHTHCS K OKOHYATEIIbHOMH, a0-
COJIFOTHOM MCTHHE, KOTOpasi Obl MOTHOCTRIO onpenensuia [Ipupoay. Bmecto atoro
3a/1aya HayKu — CTPOUTH BCE OoJiee aJleKBaTHBIE U MOJIE3HBIE MOJIENIH, KOTOPbIE MO-
T'YT MEHSTHCS M COBEPIICHCTBOBATHCS IO MEPE HAKOIJIEHHsI HOBBIX JAHHBIX U pa3-
BUTHUSl MBIIUICHUSA, «OTPa)Kash BHEIIHUN MUP, CIyXallMid MyTEBOIHOW 3BE3H0M
B... DKCIIEPUMEHTAaX», U alallTUpys UX K U3MeHUNBbIM ycioBusaM [15. C. 137]. Otu
paccyxaenus bonpliMana KOppenupyroT ¢ MOCAEAYIOIIMMH SBOTIOLUOHHBIMU HUJIE-
ssmu W, JlakaToca B €ro KOHIIEMIIUU METOA0JIOTUN UCCIE0BATEIILCKUX TPOrPAMM.
[ocnenuuit nuwert: «cmopus nayku dviia u 6yoem ucmopuel conepHuiecmasd
ucced08amenbCKux npocpamm (U, eciu y200Ho, «napaouemy), Ho oHa He OblLia
U He 001JCHA ObIMb YepedosaHueM Nepuod08 HOPMAIbHOU HAYKU. YeM Ovicmpee
Ha4uHaemcs ConepHu4iecmso, mem ayuue oisa npoepeccd. ,,Teopemuueckui nito-
panuzm “ ayuue, uem ,jmeopemuyeckuii MoHusm : 30ecw s coenacen ¢ Ilonnepom u
Detiepabenoom u ve coenacetr ¢ Kynom» [16. C. 117].

Takum oOpa3om, cieayeT TUCTAHIIUPOBATHCS OT MOMBITOK YMOPSAOYHNBAHUS
BCEr0 B COOTBETCTBUU C M3BECTHBIMHU HaM KaTETOPUSMHM, a HE UCKATh MYTH aJieK-
BaTHOM a/1anTalliy K N3MEHYUBBIM OTPEOHOCTSIM TeKyIero MoMmeHTa. [lockonbky
TEOPUH MPENICTABISAIOT 000 TeopeTHuecKre 00pa3bl IPUPO/IbI, BCE OHU 00TIaAat0T
HEKOTOPOU OOBSACHUTENbHON cuioi. [logBeprasch CHIBHBIM HamajkaM CO CTO-
POHBI KPUTHKOB, TEOPHS CIOCOOHA CaMOCTOSATEIHHO N30aBISATHCS OT HEYMECTHBIX
el DJIEMEHTOB, B TO BPEMs KaK 3HAUYUMBbIE DJIEMEHTHI OCTAaHYTCS B €€ JIOHE.

BaxxHo moguepkHyTh TO, UTO TEOPUU SIBISIOTCS PENPE3CHTALUSIMU COOTBET-
CTBYIOIIUX (parMEHTOB PEAJTHLHOCTH U Ha OIPEICTICHHOM 3Talle MOABEP>KEHbI BIIH-
SIHUIO CYOBEKTUBHBIX MPEANOYTCHUN UCCIIEe0BATENs, HO IIPU STOM OHH HE MOJIHO-
CTBIO TIPOM3BOIBHBL. OCHOBHAS IEIb TF000H TEOPUU — OTOOPA3UTH TO, YTO MPOHC-
XOJIUT B MPUPOJIE, U YCIICUIHASL TEOPHUSl B 3HAUUTEIBHOU CTENEHU JTOCTUTAET 3TOU
1[EJTH, UCTIONIb3YSI CHMBOJIBI MJIM MAaTEMAaTUUYECKHUM SI3BIK MMPOCTO B KAYECTBE YCIIOB-
HBIX 0003HAYECHU.
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OpHako, MOCKOJIbKY TEOPHSI JOJKHA COAEpKATh IPECTaBICHNUE O CaMOil IpU-
POIHOM pealbHOCTH, €€ YCIIOBHBIE 0003HAUYEHUS BCET/Ia OTPaHNYEHBI TOIBKO TEMHU
acIeKTaMu, KOTOpble NEHCTBUTEILHO OTPaXXalOT peajbHbIe YEPThl UCCIIETYEMbIX
sprneHuil. Henmp3st cka3aTh, 4TO TEOPUU — 3TO MPOCTO YCIOBHOCTH, TOTOMY UTO TIO-
CJIe TOTO, KaK OHU OBLTU TIIATEIHHO U3YUYEHBI UCCIEIOBATEIAMU, OHU CTAHOBATCS
«TpUBA3aHHBIMUY K Npupoae. CyliecTByeT OAMH BaXKHbIM KPUTEPUN MPOTHOCTH-
YecKOW CIocoOHOCTH T000H Teopetndeckoit monenu. [IpenckasbiBas HeM3BeCT-
HBIE SIBJICHUS, MOJIEJIb [TOKA3bIBAET CBOIO OOBSICHUTENbHYIO CHily. OHa BBISABISIET
HOBBIE «(PparMeHTbI», U3YYEHHE KOTOPBIX YIIIyOJIseT Mo3HAHHE.

Onwupasch Ha OJIHY U3 KJIIOUEBBIX IIeJiell HAyKHU — paCIIUPEHUE U CUCTEMaTH-
3a1usi 3HAaHUHM O IPUPOJIE, MOXKHO MPEATOTIOKUTH O MOBBIICHUH BEPOSTHOCTH UC-
N0JIb30BAHMUS BCETO pa3HO00pa3us TECOPH U MOJIeNel I pa3bsiCHEHHUS e1lle HeTlo-
HSTHBIX HaM SIBJICHUN IPUPOABI. METOI0IOrMYECKUI TUTFOPATIN3M IOy CKAaeT MHO-
YKECTBO KOCMOJIOTMYECKHUX MOJeNel ¢ pa3HbIMU oOpa3amu Beenennoit. Mctunnast
CYIIHOCTh BceneHHol ocTaeTcst HECKOJIbKO Hermo3HaBaeMol. B Takom ciyuae nor-
MaTHYECKOe (CTEPEOTUITHOE) MBIIIIEHUE IEUCTBYET pa3pyuTeasHo. OHO JUIIaeT
YYEHBIX BO3MOXXHOCTH MBICITUTH MO-HOBOMY, MPEMSTCTBYS MOSBICHUIO TEOPHiA,
BaYKHBIX JIJIS1 pa3BUTHSI KOCMOJIOTHH.

OnucreMornoruueckuii aHapxusm QDeiiepabenna 0COOEHHO aKTyalleH B KOH-
TEKCTE COBPEMEHHBIX KOCMOJIOTHYECKUX IUcKyccuil. Ero mpunuun anything goes
(«BCE MO3BOJICHO») HE O3HAYAET Xa0C, a YKa3bIBaeT HA HEOOXOIUMOCTh OCBOOOXK-
JEHUST OT METOJIOJIOTUYECKUX OTPaHUUYEHUH, KOTOPhIE MOTYT MPENATCTBOBAThH OT-
KPBITHUIO HOBBIX aCHEKTOB KOCMOJIOTUYECKON peaqbHOCTU. Tak, MOMBITKH CO3/1aTh
«TEOPHIO BCEro» MM CBECTH KOCMOJIOTHIO K €IMHONW MareMaTudeckon (popmyiu-
poBke, ¢ ToukH 3perns Deiiepabenna, MpeaACTaBISIOT cO00# HopMy HAYIHOTO 10T -
MaTu3Ma. Bmecto atoro ciaenyeT noompsarh pa3padoTKy B3aUMHO HECOBMECTUMBIX
TEOpUH, MOCKOJIbKY MMEHHO UX CTOJIKHOBEHUE U KOHKYPEHIUS CIIOCOOHBI BBISIBUTD
CKPBIThIE TIPEINOCHUIKH TOCMOICTBYIONINX MapaJurM U OTKPBITh HOBBIE UCCIEO-
BaTEJIbCKUE TOPU30HTHI.

B 1aHHOM KOHTEKCTE OUEBUIHBIM SIBJIIETCS IPEAOCTABICHHUE IIPOKOIO CIIEK-
Tpa BO3MOXKHOCTEHN CYIIECTBOBAHMSI PA3IMUYHBIX TEOPETUUECKUX MTPEICTABICHH B
KOCMOJIOTHH, CTIOCOOCTBYIOIIHX €€ Pa3BUTHIO, HEB3UPast Ha ToMUHUpoBaHue CTaH-
JTApPTHOM KOCMOJIOTUYECKON MOJIETU B YCIIOBUSIX COBpEMEHHOCTH. C Halel TOUYKH
3peHusT METOJIOIOTUYECKUH TUTIOpaIN3M HEo0sA3aTeIbHO MOAPA3yMEBAET TOIBKO
KOHKYPEHLIUIO MEXKIY Pa3TUYHBIMU TEOPHSIMH, HO CIIOCOOCH BBICTYNATh B Kade-
CTBE B3aMMOJIOTIOIHAEMOTO 3JIEMEHTa B paMKaX (PeHOMEHOJIOIHYECKOTro MOAX0/1a
K KOCMOJIOTHH.

Omnupasice Ha Te3ucsl J. Jloitua, Bce Teopun 00J1a1al0T HEKOTOPOH OOBSICHU-
TEJIbHON CHUJION, KOTOpasi B KOHEUHOM UTOTEe CBHJIETENIbCTBYET O HAJMUYUU KaKUX-
1160 (HU3HUECKUX MPOIECCoB, Mpoucxoaauux Bo Beenennoii [9. C. 222]. Cneno-
BaTEJIbHO, METOOOTUYECKUH TUTIOPAIN3M HE SBISETCS MPOOIEeMO s JTydIlero
noHuMaHus BceneHHoil. 1 ecnu B BBISBICHHBIX Pa3InyMsAX MPUCYTCTBYIOT 3Ji€-
MEHTBI, IPOTHUBOpEYAaIUe APYT APYTY, TO HAOII0JeHNE BBICTYNAET B KAU€CTBE OIl-
TUMAJbHOIO MEXaHu3Ma, Oyiarogapss KOTOPOMY BO3MOXKHO  yCTpaHEHHE
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HETIOAXOISIINX 3JIEMEHTOB, a TAKXKE JOTOJTHEHNE OTCYTCTBYIOIUX 3HaHUH. OnHa
KOCMOJIOTHYECKAsi MOJIENIb MOKET OBITh JIyullle APYTod JIMIIb YCIOBHO.

B coBpeMeHHOI KOCMOJIOIHH €CTh U aJIbTEPHATUBHBIE HJIEH, KOTOPbIE HE I10-
JYYUIIU J0CTaTOYHO SMIMPUYECKUX MOATBEPXKICHUN, HaNpuMep MHPOPMALUOH-
Has U ¢pakranbHas koHuenuun Beenennoii [17. C. 211].

CkaxeMm, (pakranbHas MOJEIb HpEAINoJaraeT, 4ro CTPyKTypa BceneHHO#
yCTpOE€Ha Mo MPUHIHITY (hpaKTaia, TO €CTh COCTOUT M3 CAMOIIOIO0OHBIX HJIIEMEHTOB,
HOBTOPSIOLIMXCS Ha pa3HbIX MaciTabax. B paMkax 3Toi Mozenu Matepus pacipe-
JiefieHa He PaBHOMEPHO, KaK B KJIaCCMUECKOW kocMmonoruu. CKOIMIeHHUs U CBEpX-
CKOIUICHHUs 00pa3yroT MepapXxuu, MOXO0XKHE JIpyr Ha Ipyra, HE3aBUCHUMO OT Mac-
mrada. CoBpeMEeHHbBIE HAOMIOIEHUS MTOATBEPHKIAI0T OAHOPOJHOCTh Ha OOJBIINX
macmTabax ot 100 mapcek u Bbime. OnHako uaeu (paKTaaoB MOTYT YCIICIIHO IpU-
MEHSTBCS JJISl aHaJIM3a CTPYKTYpHI BeeleHHOM Ha MajbIX U CPETHUX MaciuTadax.

3akJjaroueHue

Onwupasich Ha JOCTUTHYTHIE B paMKaX COBPEMEHHBIX aCTPO(PU3MUECKUX HCCITe-
JIOBAHUSIX PE3YIbTAThl, MO)KHO CPOPMYIIMPOBATH PSIJI BEIBOOB, COTIIACHO KOTOPBIM
JIOTMaTU3M IPENATCTBYET HaydHOMY Iporpeccy. YToObl n3dexath 3TOro, He00Xo-
JUMO MPUHSTh METOAOJIOTMYECKUH TUIFOPATIN3M KaK OCHOBY KOCMOJIOTHYECKHX UC-
CJIeIOBaHMM. ITO TIOMOXET M30eKaTh HEOOOCHOBAHHOM BEPHI B HJICH, 0a3UPYIO-
HIMecs JUIIb HA JIMYHBIX YOSKICHUSIX U CIOKHUBIIUXCS TPATUIIHIX.

MeTom0I0rnYecKii TUTIopaJIN3M HE00X0AUM st OPMYITMPOBAHUS Pa3HBIX
NpeJCTaBICHUN O MPHUPOJIE M CBOOOIHOIO TBOpUECTBa HMccienoBareneid. OnHako
CJIEIyeT YYUTHIBATh UMEIOIIMECS B 3TOM CIy4yae OrpaHUYEHHUs, O0YyCIIOBIIEHHBIE
HAJIMYUEM JINYHBIX YOSKIEHUIN YUEHBIX, KOTOPbIE HE MOTYT OBITh MPUPABHEHBI HUA
K OJIHOM «MCTUHHOW KOHLENIMW» BceneHHOW, MOCKOIBKY €€ MOJIMHHASA pealb-
HOCTb JIAJIEKO HE MOJHOCTHIO MO3HaHAa.

CrannmaptHas Mojnenb BceneHHOlt He crnocoOHa OOBSCHUTH IUIOCKOCTh
Bcenennoi, undnsiponHas Mmoens BeeneHHo# npennonaraeT CBEpXyCKOPEHHBIN
nepuoj paciupeHus BceeneHHON Ha paHHEM 3Tane, a HEKOTOpble BepcuH UHQIIS-
IIMOHHON MOJENH — pacTyluil ¢ppakTal, 4TO CYHIECTBEHHO OTJIMYAETCs OT CTaH-
JTApTHOI MOJIeH, B YaCTHOCTH, TEM, UTO OHA OOBSICHSAET HEKOTOPBIE MPOIIECCHI, KO-
TOpbIE HE MOTYT OBITh OMMCAHBI B paMKaX CTaHAAPTHON MOJICIH.

BBuny TOro, 4To HM OZJHA KOCMOJIOTMYECKAsi MOJENIb HUKOT/1a HE CMOXET CO-
JIEp’KaTh OKOHYATEJIBbHOIO 3HaHMs 0 BceneHHoH, U3 3TOoro cieayer, YTO HUKaKas
KOCMOJIOTUYECKask KOHLEIIUS HE MOKET CO/IEP KaTh BEUHbIX UCTUH. B 3TOM cityuae
JOTIYIIEHHE, COTJIACHO KOTOPOMY, YeM OO0JIbIlIe KOJTNYECTBO KOCMOJIOTHUECKHUX MO-
Jiesiei, TEM BBILIE IIAHChI HA TO, YTO MBI ITOJIYYUM ONTUMAIbHO BEPHBIE ITPEACTAB-
neHusi 0 BeeneHHoil, cneayer cuuTaTh BEPHBIM.

HayuHoe 3HaHME — 3TO MOCTOSIHHBIM MOUCK JIyYILIHNX, HO HE OKOHUYATEJIbHBIX
npencTaBieHuil o npuponae. CMeHa Teopuil — BakHasE OCOOCHHOCTH MOJTUHHON
Hayku. OHa BO3MOJKHA, €CJIM [IOHUMATh, YTO TEOPUH HE JOCTUTAIOT OKOHYATEIbHON
UCTHUHBL. J[pyrumu cioBamu, HOBasi HAy4Hast TEOPUSI MOXKET ObITh TOJIBKO B UEM-TO
Jy4Ille yKe CyUlecTByIollel Teopuu, U He Oosee Toro. CrenoBaTeslbHO, JTH00ast
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KOCMOJIOTHYECKast MOJIEITb MOKET OBITh BPEMEHHBIM 00BSICHEHHEM TOTO, YTO YeJI0-
BEK BBIOMpaeT Wi criocoOeH HabmoaaTh Bo Beenennoit. Kak Tonbko o0bsicHeHUE
chopMyIHpPOBaHO, OHO YK€ OOPEUCHO Ha MOCIICAYIONIYI0 TpaHchopmaIuio, HO HE
BO BCEM, a B omnpe/eieHHOM acnekTe. COBOKYMHOCTb CHOPMYITHPOBAHHBIX HAMHU
BBIBOJIOB TIO3BOJISIET MPEIIMOIOKUTh, YTO BaXKHBIM, Ha HAIll B3TJIS, SIBISIETCS MPH-
3HaHUE TEOPUM U MOJENel 0 BCeIeHHOM B KaueCTBE HHTEIUIEKTY AJIbHBIX PEIPE3CH-
Tanuii. B 3aBepiienue cieayer moa4epkHyTh, YTO MOIYICHUE HOBBIX IKCTIEPUMEH-
TaJbHO-HAOIIOJATENbHBIX JAaHHBIX 3a MocienHue 2—3 roga Omarojaps KocMHuye-
ckoMy Teneckony [[xeiimca ¥Y200a Bce Oojiee CBUIETENHCTBYET 00 yAUBUTEIHHON
MpOOJIEMHOCTH M J1a)K€ HEBO3MOXKHOCTH COTJIACOBAHUSI UX C TOCHOJICTBYIOIIMMHU
TEOPETUUYECKHUMH KOCMOJIOTMYECKUMU MOJETSIMU, BKJIIOYasi TaK Ha3bIBaEMYIO Ma-
paaurmy bombImoro B3peiBal
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Abstract. The article expresses the author's understanding of methodological pluralism, which
is inevitably realized in modern cosmology. The authors rely on the analysis of research results, the
purpose of which was to identify competing approaches to solving fundamental methodological
problems in cosmology. The epistemological role of the methodology of pluralism is extremely
important for revealing not only the dynamics of the historical development of astrophysics and
cosmology, but also for understanding their current state. The work identifies the opposing positions
of researchers offering competing methodological approaches in the context of existing trends in
modern cosmology, and ideas that can neutralize the negative impact of some of them. The
justification for the limitations of traditional thinking in cosmology is presented and a solution is
proposed to counteract its influence. The work uses key epistemological theses that allow us to
assume that the greater the number of cosmological models, the higher the chances of obtaining
optimally correct and adequate ideas about the Universe in the future.

Keywords: cosmology, methodology, pluralism, cosmological constant, knowledge of the
Universe, Feyerabend
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AnHotanmsi. B cratbe paccmarpmBaroTcs (GMIOCOQCKHE pasMBIIUICHHA Mpodeccopa
Mockosckoit [JJyxoBaoit Axamemun @.A. ['omyOmHCKOTO, Kacaromruecs MpoOIeMbl aKTyaabHOM
0ECKOHEYHOCTH.

Knioueswle cnoga: aktyanbHas U IOTEHIMAIbHAS OECKOHEUHOCTS, JleKapT, pasyM U paccylok,
BOJIS U pa3yM, bor 1 6eckoHeuHOCTh

ITpobnema 6eCKOHEUHOCTH UIET KPACHOM JIMHUEH depe3 BCIO 4eIOBEYECKYIO
KyJIbTYpY. BeckoHeuHOCTh €CTh TpauIIMOHHAs TeMa HayKH, puiiocopuu, 6orocio-
Bus. B xpuctranckom 6orocioBun Tema OeckoHedHocTH bora Bcera Obuia B 11eH-
Tpe BHUMaHusA'. Pycckas 60rocnoBckas TpaauIus He SBISIACH 371€Ch HCKIIOUe-
HUeM. B 3ToM mijaHe 0COOEHHO MHTEPECHBIMU MPENCTABISIOTCS PAa3MBILUICHUS
npodeccopa MOCKOBCKOM TyxoBHOM akamemun npoTouepes Genopa AnapeeBuda
["omy6unckoro (1797-1854). Koneuno, He yIMBUTEIBHO, YTO MpodIemMa OecKoHed-
HOCTH HaxOJUT CBOE€ MECTO B Kypcax AYXOBHBIX aKaJeMUH NEPBOH IOJIOBUHBI
XIX Beka, MOCKOJIbKY, TOYTH OT CaMOT0 Hayasla XpUCTHAHCKOTO OOTOCIIOBHSI OHA
ObL1a KIaccuueckoi yacTbio nocieanero. Ho paccyxnenus ['oayO6uHckoro nnte-
PECHBI UMEHHO TEM, YTO OH 00CYXIaeT MpobiieMy OECKOHEYHOTO B CBOMX JICKITHSIX
1o gunocoghuu, ¢ TOUYKU 3PEHUS €CTECTBEHHOTO pazyma U (GUiI0COPCKUX TPaaHIIHA,
XOTS M HE YIIyCKaeT BO3MOXKHOCTH 0003HAYUTh OOTOCIOBCKHE UMIUIUKALMU CBOMX
pa3MblnuieHd. HecMOTpst Ha OTAaIEeHHOCTh BO BPEMEHH U 3HAUYNUTEIBHO U3MEHUB-
mmiics punocopckuit nanamapT 06CyKASHHUH MPoOIeMbl OECKOHEUHOT0, TyMalo,
YTO pasMbIILIEHUS IPOTOUEpes — IPpodeccopa JOCTATOUHO MHTEPECHBI U CETO/IH.

Paccyxnenust 5Tu MBI HAXOUM BO BTOPOM BhIITycKe JIekiuii mo ¢umocodum,
BO BTOpOM otaeneHuH yactu «OHronorus». IlepBoe otaeneHue nocBsmeHo oo-
CYX/IEHUIO c(epbl KOHEUHOTO OBITHS, BTOPOE HOCUT Ha3BaHMe «YueHHe o becko-
HeyHoM» [ 1]. Bee paccyxneHne Bpamaercss B OCHOBHOM BOKPYT OUYE€Hb BaKHOTO U
NPUHIUITHAIBHOTO BOIIPOCA: OTKY1a, BOoOIIe, 6epercs y Hac uesi 6eCKOHEYHOro,
€CJIM BECh YEJIOBEUECKHH OMbIT, MO-BUAUMOMY, KoHeueH? llepen obcyxaeHuem

* E-mail: vladimirl Sk@mail.ru
! Kparkyro ucTopuro GECKOHEYHOCTH CM. B MOEH cTathe [5].
2 Cm.: HK. I'asprommn [2]; C.B. Kopuunos [3].
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3TOr0 BOIMPOCA, CIPaBEUIMBO cunuTaeT ['oayOMHCKUIN, MBI TOJIKHBI TIPEXKIE BCETO
chopmMyIUpOBaTh, YTO MBI TIOHUMAaEeM TOJ uUdeeli BOOOIIE W KOHKPETHO, — TOJ
uneei 6eckoneyHoro. «I[Ipex e Ha3pIBaIM HIeeH BCIKOE MIPEICTABICHHE, U 00Jee
YyBCTBEHHOE U YMCTBEHHOE. B 3TOM 3HaUeHUU MPUHUMAIIN UJCIO MOCIE0BATEIN
Jleitonuna u Bonbduannel. Ho [InaToH He Tak mOHUMAT UACI0, OH OTIUYAI €€ U OT
YyBCTBEHHBIX MPEICTABICHUN, WM BO33PEHUH, M OT OOIIUX WIIH POJAOBBIX MOHSATHI
pasyma. B cmbicne [TnaTona mMel OyaeM nmpuHUMaTh uzeto o beckoneunom. OHa He
€CTh HU OLIYIIIEHHE YyBCTBEHHBIX IPEIMETOB, HU 00I1lee MOHATHE pa3yMa, COCTaB-
JIGHHOE€ U3 YYBCTBEHHBIX npencraBieHuin» [1. C. 67]3. Wnes OECKOHEYHOTO HE MO-
KET OBITh YYBCTBEHHBIM JIaHHBIM, MO0 TOCIEAHHUE BCET/a MOIYMHEHBI YCIOBHSIM
IPOCTPaHCTBA M BPEMEHHU, — cchutaeTcs Haml (uiocod Ha Kanta, — u OyayTt Ko-
HewHbI. He MOXKeT oHa MpUHAAIeKaTh U K OOIIUM alipUOPHBIM TTOHATHUSM PACCyIKa
(3ameTM, ['0TyOMHCKHIA MCTIONB3YEeT BMECTO TPAJAUIIMOHHOTO JIJISi CETOIHSIIIHETO
bunocockoro crmoBapsi pasneiNeHUs paccyoox — pasym TEPMHHBI pazym — ym
COOTBETCTBEHHO), OHM TaKXe TpPEOYIOT s ce0s YyBCTBEHHOM «MaTEpUN».
Wnest OecKOHEYHOrO MPUHAIJICKUT, COOCTBEHHO, yMy (pa3ymy), 3akjodaet
lNony6unckuii.

Nnes 6eckOHEUHOTO, OJTHAKO, HE SIBIISETCS ISl yMa SICHOW W OTYETIMBO BOC-
npuHuMaeMoil. OHa, noguepkuBaeT ['onyOuHCKUN, TPEACTaBIAETCS HAM CMYTHO U
MOCTUTAETCsI, CKOpee, B CBOUX ClIeCTBUSAX. « KOHEUHO, MBI HE BUANM U/IEU, HO JCii-
CTBUS €€, BO30YX/ICHUS WIH CTPEMIICHUS, TPOU3BOAUMBIE €10 B KOPEHHBIX CHJIaX
IyIW Hallel, 6oJiee WM MeHee, )KiBee Wi cinadee [Mbl] MokeM oImymarthk. Maes
o beckoneunom cama B cebe Hercuepmaema, HoO Mbl MOKEM 0oJiee HIIM MEHee MpH-
ONMMKaThCs K HEW M pa3yMEeHHEM, U 4yBCTBOBaHHeM, U Bojewo» [1. C. 66]. Unes
0OECKOHEYHOT0 HE BMEIACTCS B YM YeJIOBEKa, HO MapaJoKCAIIbHBIM 00pa3oM IIo-
CIIETHUM CIYXXKUT MPOBOAHUKOM K 3TOH HIee, MPeACTaBIsIeT HaM 3Ty HJCI0 Kak
HEKHI TOPU30HT HAIIUX CTPEMIJICHHI. DTa CITOCOOHOCTh K OECKOHEYHOMY CTPEM-
JICHUIO B IJIaHE TMO3HAHUS, BOCIIPUATHS, BOJIEBOTO COBEPIICHCTBA MPUHITUITHAIBEHO
OTIIUYAET YEIIOBEKa OT KUBOTHOTO. FIMEHHO B 3TOH UeIOBEUYECKOI CIIOCOOHOCTH
3aKJTFOYEHO BBICIIEE JOCTOMHCTBO YEIOBEKa, U OHO 00YCIIOBICHO HIMEHHO TE€M, UTO
YeJIOBEK MyCTh U CMYTHO, HO UMEET UEI0 OeckoHeuHOoro. He momkHO cBepX Mephl
HU BO3BBIIIATh, HU MPHUHIKATH YEJIOBEKa, MOAYEPKUBAET (HUIOCO(-TPOTOUECPENA:
YeJIOBEKY OTKPHIT MyTh K OECKOHEYHOMY, HO B CBOEM aKTyaJbHOM COCTOSTHUH OH
BUJUT €T0 CMYTHO U HesicHO. B c¢Bs3u ¢ atum ['onyOuHCKuMil popmynupyeT cBoe
«TJIABHOE TOJIOKEHUEY, KOTOPOE OH JIa’Ke HAa3bIBAET 3aKOHOM YEJIOBEUECKOro yMa:
«...Jlyxy [ymy] uenoBedeckoMy CyIIE€CTBEHHO MPUHAJICKUT Ujies o beckoHeuHoM
1o OBITHIO U COBEPILICHCTBAM, U BCIICJICTBUE YETO NIEPBOHAYAIIbHBIN 3aKOH yMa CO-
CTOUT B TOM, YTOOBI JIJIsl BCETO OTPAHUYEHHOTO MO OBITHIO U COBEPIICHCTBAM HC-
KaTh NepBOHAYaJa, MepBooOpasa u koHMa B beckoneunom» [1. C. 67]. beckoneu-
Hoe 110 ObITuIO ['omyOuHCKUi MoHMMaeT kak CyIiecTBo, KOTOPOE HE OrpaHUYHBa-
€TCsl HUKAKUMHU TpeesiaMi TPOCTpaHCTBa U BpeMeHu. CyIlecTBO 3TO O Ompeje-
JeHu0 OyAeT HEeM3MEpPUMBIM, BE3ICCYIIMM, a MO OTHOIICHHIO KO BPEMEHU —

3 Tonybunckuil mumer beckoneunoe BCera ¢ 3araaBHOM OYKBbI, MBI Oy1€M HUCIIOIL30BaTh HAIIMCA-
HUE U C 3arjlaBHOM, U CO CTPOYHOM.
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BEUHBIM U HEU3MeHseMbIM. OJT0 ke CylecTBO HaJensercs U OeCKOHEYHBIMU
COBEpIIEHCTBAMHU. [ 0ryOMHCKUI MICXOIUT U3 TOTO, YTO CYIIECTBYET IieJias IIKasa
COBEPILEHCTB: Pa3yMHbIE CYyILECTBA BBIIIE HEPa3yMHBIX, HPABCTBEHHO
COBEpILEHHBIE BhIIIE PasyMHBbIX U T.1. beckoneuHoe CyIiecTBO MOMIKHO OBITh
Ens realissimum, 1o/mkHO 3aKiIrouaTh B ceOe Bce 3TU coBeplieHcTBa. «Mrak, naes
0 OECKOHEYHOM IO COBEPIIEHCTBAM €CTh MpecTaBleHne Takoro CyiecTsa, KOTO-
poe coBMmemaeTr B cebe BCe BO3MOXHBIE COBEPIICHCTBA ICHCTBUTENHHO, 0e3
BCSIKOTO OrpaHu4eHUs1, B OeckoHeuHou crenenn» [1. C. 70].

B cuny Toro, uto naest 06CKOHEUHOIO HE JlaHa HaM ICHO U OTYETIIUBO, a B TO
’Ke BpeMs OHa €CTh caMO OCHOBAHHME HAIIEro MO3HAHMS KaK CTPEMJICHHMS KO BCe
6osee SICHOMY TOHMMAaHUIO HAIIEro BOCHPUATHS, KaK CTPEMJICHHSI KO Bce OobIeit
MOJTHOTE HAIIEro BOJIEBOI'O CAMOOIPEACIICHUS, KaK CTPEMIJICHUS KO BCe OOJbIei
pa3yMHOCTH Hameil cBOOONBI, TO JOKa3blBaTh €€ CYIIECTBOBAaHHE HETOCpPE]-
CTBEHHO HEBO3MOXKHO. JI0Ka3bIBaTh MOXKHO TOJBKO OMHPASCh HA YTO-TO yXKE JaH-
HOE, MPELIECTBYIOIIEE, a B Uiee OECKOHEUHOI0 Mbl BCTPEYaeMCs C CaMUM I1E€PBO-
HayaJlbHbIM, TaK YTO BCE OCTAJIbHOE BBICTYINAET TOJIBKO KaK OrpaHUYEHUE BHYTPH
sTOoro 6eckoneqHoro. Iloaromy, noxuepkuBaet I'oryOMHCKMI, HE UMest BO3MOKHO-
CTH 00Ka3amb CYIIECTBOBAHUE TOM UJI€U, MBI MOKEM NOKA3aMb €€ MPUCYTCTBUE
B HaIlleM yM€ UCXOJIsl U3 clledcmautl 3ToN (yHIaMEHTATIBLHOM UJIeU HAIIEro CO3HA-
HUs. 11 B 3TOM CMBICIIE BBIIICOOBSIBICHHBIN 3aKOH, OTIIPABIISSICH OT BCETO KOHEU-
HOT'O ¥ OTPAaHMYEHHOT'0 UCKATh €r0 COBEPIIEHCTBA, IEpBOHAYAa, HICTOKA U KOHIIA,
CTAaHOBUTCS TJIABHBIM 3BPUCTMYECKUM IPUHIMIIOM, BO3BOJSIIMM HAac OT Ciel-
CTBHMH K mpuumHe. 31ech puinocod BUIUT TPU MyTH, U NEPBbIM U3 HUX nymsb npu-
yunnocmu (via causilitatis). Bce koHeuHOE MO0 CBOEMY OBITHIO 3aBUCUT OT YEro-TO
JPYTOTO U SIBJISIETCS B OTOM CMBICIIE CIIyYailHbIM, HE HEOOXoauMbIM. OT TaHHOU
BEIIM MBI NIEPEXOUM K €€ TIPUIHMHE, OT TIOCIEeIHEH — K €€ MPUUMHE U TaK Jajee,
CTPEMSCh MOCTUTHYTh NEPBONPUYMHY, OT KOTOPOH BCE 3aBUCUT U NPOUCXOMAMT.
Jaxxe ecnu Obl MBI CUMTAJIM, YTO BEIlb SABISETCA cyOcmanyueli 1 HA OT YEero He
3aBHUCHUT, BCE PAaBHO MHOXECTBO 3TUX CyOCTaHIMN CTaBUIIO ObI BOIPOC O MPUYHHE
UX eMHCTBA. Pa3yM Hall, oka He HalJeT 3TOro He0OXO0AUMOTO U €MHOTO OCHO-
BaHUS, HE MOXET OCTAHOBHUTHCS. DTOTO JABIKEHUS pa3yMa KO BCEOXBATHIBAIOIICH,
eMHON W HeOOXOAUMOM NprUrHEe He ObUTO OBI, €CJIM OBl aPHOPH OH HE 00JIaIa
nneeil 0ECKOHEYHOr 0 €INHCTBA.

Kpome nmytu npuunHHOCTH (uiiocop-npoTorepeil BeIAENsAeT elle J1Ba MyTH
BOCXOXKJIEHUSI K OECKOHEUHOMY: nyms ompuyanus (vianegationis) u nyms cosep-
wencmea (viaeminentiae). Ha myTi oTpuniaHus Mbl, HAUUHAs C YETO-TO KOHEYHOTO,
OITyCKaeM IOCTETIEHHO BCE MPHUCYIINE EMY HECOBEPIICHCTBA, BOCXO/S KO BCe 00ITb-
IIeH TIOJTHOTE JOCTOMHCTB, a Ha ITyTH COBEPIIEHCTBA MBI TIOCJIEIOBATEIBHO YBEIIHU-
YIBAEM yCMaTPHUBAaEMble B KOHEUHBIX BEILlAX COBEPIICHCTBA 10 OECKOHEUHOH CTe-
neHu. «Bce cuu Tpu 1y TH, BMECTE B3sThIE IOKA3bIBAIOT, UTO B HAC €CTh CTPEMIIEHUE
Kk beckoHeuHOMy, 0cOOEHHO TepBBIii MyTh (viacausilitatis), moka3bpIBaeT, YTO €CTh B
HAC CTPEMJICHHE HCKaTh JUIi BCEro KOHEYHOTO M YCIOBHOTO MEpPBO-TIPUYMHBI
B beckoneunom. Ho cero ctpemiienust He MOTII0 ObI OBITH B HAac, €CJiv OBl B HAC HE
ObL10 uaeu o beckoneunom, kak nepBo-npuyrHe Besikoro Obrtus» [1. C. 73].
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Kax koHKpeTHO JIeHiCTBYET B HAC 3TO cTpeMiieHHe K OeckoHeuHomy? ['onyOun-
CKUH 00CYXJaeT 3To, MOKa3biBas, YTO paboTa TpPeX IIaBHBIX CHJI YEJIOBEUYECKOM
IyIY, TIO3HABATEJIbHOM, CUITbI BOJIH, CUJIBI YyBCTBA HEBO3MOKHA 0€3 OpHUEHTAIIUN
Ha uzero 6eckoneynoro. [To3naBaTenbHas cuia NposBiseT ceOs B 1eHCTBOBaHUIX
YyBCTBA, paccyika, pasyma. [lo3HaBaTenbHas cuiia IBM>KMMa CTPEMJICHUEM K HC-
tuHe. Ho nctuHa He MoeT OBbITh HaiiieHa B 4yBCTBE, MO0 UyBCTBO JJa€T HAM MHP
B CITyTAHHOM, Xa0TH4YE€CKOM COCTOSIHUH, B KOTOPOM PAaCCYAOK JI0JIKEH €11le HABECTH
nopsiiok. Eciii Ob1 Hare mo3HaHue ObUIO OTPaHUYEHO TOJIBKO YYBCTBAMH, MBI ObI
HE OTJIMYAJINCh CYIIECTBEHHO OT KMBOTHBIX, JJII KOTOPBIX OINpPEAEIeHHOCTh, HC-
THHA BEIU HEOT/IeJNMa OT €€ YyBCTBEHHOW OMpeAeNIeHHOCTH, 3amaxa, Buja, 3By-
yaHus U T.4. Paccynok, BHOCAIIMI CBOMMM KaTErOpUsIMM MOPSAOK B HAlle YyB-
CTBEHHOE IIO3HAHME, TAK)KE HE AT HaM MCTHUHBI. Bo-NepBbIX, OH KaK OTJeNIbHas
CIIOCOOHOCTh M CaM MApPTHUKYJIAPEH, TOMOJHUTENEH K YyBCTBEHHOCTH. A BO-BTO-
PBIX, KATETOPUH IPEICTABISIIOT CO00I HEKOTOPYIO MHOXKECTBEHHOCTh, KOTOpas He-
00BsiICHUMA Ha YPOBHE CaMOT'0 paccyika U TpeOyeT JUIsi CBOEro OCO3HaHHUS pazyma
(yma). IMeHHO Ha ypOBHE MOCIEAHET0 Mbl UMEEM JIEUCTBUE 3aKOHA, CTpeMsIIIe-
rocsi BO3BECTH BCE OOYCIIOBICHHOE K 0€3yCIOBHOMY, HAUTH MCTOK M LIEJIb BCErO
CYILLECTBYIOIIIETO.

B neiicTBOBaHUAX BOJIM MBI TAK)KE HAXOAUM MIPEAYCTAaHOBICHHYIO UIEIO O Oec-
koHeuHOM. «Kakas menp Bonu? — BepxoBHOe Onaro. PaccmaTtpuBasi ctpemiieHus
HAaIlIel BOJIM K 3TOMY OJ1ary, Mbl BUAMM, YTO OHA HUYEM KOHEUHBIM, YCIOBHBIM HE
orpaHuuuBaercs. JlyX Haml WIIET MOJHOTO HE BO3MYIIAEMOTrO OJIaromonydus U
YZIOBJIETBOPEHHMSI, HO M camMOe OJIarornoyyue emie He eCTh KOHEIl ero HCKaHUs; n0o
OHO HE €CTb eIl HPaBCTBEHHOE JICHCTBOBAHKE, HO OH €r0 MoJTyyaeT (0TKyaa u OJia-
TOIOJIY4HE), UM HACIAXKIAETCS, YIOBIETBOPSIET CBOMM CKJIIOHHOCTSIM. .. [ TaBHas 1
CyILIeCTBEHHAs 1IeJb BEPXOBHOTO Ojara €cTh BhICOYAMIIIEE COBEPIIECHCTBO HPAaB-
CTBEHHOCTHU — IOJIHAs CBATOCTb U OTCIO/Ia MPOUCXOJIIEe Bbicoyaiiliee OyaxeH-
ctBo» [1. C. 76-77]. B HpaBcTBeHHOI1 cdepe uenoBek nmodyxaaer ceds 1encTBo-
BaTh HE U3 CBOEH CKIIOHHOCTH, & BOIIPEKH €i, U3 HPaBCTBEHHOroO 3akoHa. bopnda
CO CBOMMHM CTPACTSIMU OTKPBIBAET UEJIOBEKY M €r0 HPAaBCTBEHHYIO HEMOIIb, U O-
HOBPEMEHHO OECKOHEUYHYIO BBHICOTY HPAaBCTBEHHOTO Hieaiia. MIMEHHO mocienHee
3aCTaBJIsIeT YeJIOBEKa CMUPATHCS U MpUiIaraTh yCWINS K JalbHEWIEl HpaBCTBEH-
HOU paboTe. DTO OMATH MOKA3bIBAET HAM alPUOPHOE MPUCYTCTBUE B HAIICH TyIiie
uzaen 0ECKOHEUHOTO.

B cdepe uysctBa ['onmyOumHckuii oOpaimaer Haile BHMMaHHE Ha YyBCTBA
beckopvicmuble. 30eCh TOXKE Mbl BUUM OIPEIEIEHHYIO KAy Bo3pacTtaHus. Eciu
YyBCTBO YBa)KEHUS JIOIYCKAET U JAake TpeOyeT CBOCH MephI, TO BHICIIHE MPOSBIIC-
HUS TOJOOHBIX YYBCTB, TaKh€ KakK JIIOOOBb, OJIarOrOBEHHE, COOTHOCATCS YKe
¢ beckoneunpiM. Best 3HAUMMOCTh MOJIOOHBIX YYBCTB, UX OCOOEHHOCTH 00YCIIOB-
JICHbl UMEHHO UHTYHULIMEH OECKOHEYHOTO.

«Mrak, — 3akmouaet ['omyOuHCKHI, — KOTJa B OOIIUX MYTAX TyXOBHOM Aes-
TETHHOCTH YETIOBEKA BUIHBI TaKWE CTPEMJICHHS, KOTOPhIE HUKAK HE MOTYT OBITh
IIPOM3BENIEHBI U3 IPUBSI3aHHOCTU K KOHEYHOMY, TO CIIEYET, YTO €CTh B HAC HEUTO
BbIcIIee — uaesi 0 beckoHeUHOM, K PacKpBITUIO U Pa3BUTHIO KOTOPOW YelIOBEK
HenpecTanHo ctpeMutces» [1. C. 78]. X0Ts B AEHCTBUAX pa3TUYHBIX YETOBEYECKUX
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CIIOCOOHOCTEN HaM MPEACTABISAIOTCS KaXAbIH pa3 HAeajbl COOTBETCTBEHHOI'O
nopsizika, — 0e3ycjIoBHasi WCTHHA, BBICOYalIasi O6Jaroctb, OECKOHEYHasi KpacoTra
(6maxeHCTBO), — TEM HE MEHee, MOoaUepKUBacT (GriIocod, Mbl KOKIIbIH pa3 ©MeeM
JIEJI0 ¢ OJTHOM U TOH e becKkOHeUHOCThIO, PACKPHIBAIOIICICS HaM C Pa3HBIX CTO-
poH. ['omyOuHCKMii ymogo0sieT 3To npeAcTaBIeHUIo 0 bore kak eHTpe HEKOTO-
pOTO Kpyra M €ro pa3jiudHbIX CBOMCTBaX Kak TOUYKaX OKPYXKHOCTU; paziinyue
CBOICTB HE OTMEHSIET TOTr0, YTO ATO CBOMCTBA EquHoro bora, kak paznuune ToUek
OKPY>KHOCTH HE OTMEHSIET TOT0, UTO BCE OHU NMPUHAIICKAT OKPYKHOCTH C €AMHBIM
neHTpoM. beckoHeyHOCTH, MO3HAaBaeMbIe B Pa3IMUHBIX O0JIACTAX YEIOBEYECKOM
NESITEIbHOCTH, BCE TOBOPSIT O enHOM bokecTBEHHOI OECKOHEUHOCTH U €€ MPOsIB-
nenusix. Vinest 66CKOHEYHOCTH MPHUHAJICKUT YEIIOBEKY CYIIECTBEHHO, a HE CIy-
4aifHo, T.€. elf MPUYACTHO JTH000E YeIOBEUECKOe CO3HAHUE. XOTS, 0 BUAUMOCTH,
9TO U HE TaK, OJTHAKO >KM3HEHHBIN OMBIT BCE-TAKH CBUIETEILCTBYET B MOJIb3Y 3TOTO
3aKIIoueHus, cuntaet [ onyOuHCckuid. « OTBIT CBUIECTENLCTBYET, UTO YEJIOBEK OT Ca-
MOTO TPyOOTr0 CKOTOMOAOOHOTO COCTOSIHHSI MOXKET OBITh JOBEACH /10 COZHAHUS B
cebe unen CymiectBa beckoHeYHOro, ¢ Hepa3yMHBIMU KUBOTHBIMU HENb3sl CETO
caenarb» [1. C. 79].

Hanee ['omyOuHCKHI CTaBUT BONPOC: OTKYa OepeTcs B YeloBeke uziest o oec-
koHeuHoM? [IproOpereHa v OHa UM BO BPEMEHHU WJIHM TIEPBOHAYAIBHO M CYIIIC-
CTBEHHO JIaHa eMy BMecTe ¢ ero npuponoil? Ilpenmnonoxxenne o npuoOpeTeHUH
uaen OECKOHEYHOCTH BO BpPEMEHHM HE BbLAEpKHBaeT KpUTHKH. OOcyxknaiorcs
pa3inyuHble BapHAHTHl BO3MOXHOTO TMPUOOpPETEHHsI STOW HJIEU: uepe3 UYyBCTBA,
BHEIIIHEE WJIM BHYTPEHHEE, Yepe3 pacCcyAOoK KaK HeKoe o0llee MOHATHE M Jaxe
BO3MOXXHOCTh TOTO, 4TO HJiess OECKOHEUYHOTO JapOBaHa YEIOBEKY BO BPEMEHH 3a
KaKue-To TOCTOUHCTBa HEKUM beckoneunsiM CytiecTBoM. Maest 6eckoHEUHOTO HE
MOET OBITh MPUOOPETEHA Yepe3 BHEIITHUE YyBCTBA, OHU BCe KOHEUHBI. M HHKakoe
00bEIMHEHNE ITHX BOCTIPUATHI HE JTaeT HaM OCCKOHEYHOCTH. BHYTpEHHHIT OTIBIT
IyIlIY, BHyTPEHHEE YYBCTBO TAK)KE HE MOXKET HaM JIaTh UJIEI0 OeCKOHEUHOoTo. Jlyia
HAaIlla HE UMEET CBOWCTB OECKOHEUHOTO cyliecTBa. Mbl BUIUM ce0s Kak CyIIecTBa
KOHEYHBbIE, OrpAaHMYEHHHbIE U CciaydyaiHble. Jlyme nOpUHAAIEKUT TOJIBKO
cTpemIieHHE K OECKOHEUHOCTH, HO OHA BCET/Ia OCTAeTCsl B KOHEUHOM. Bcee mousTus
paccyaka Takke KOHEYHb. HecoMHEHHO, pacCcyloK MOXKET paccMaTpuBaTh
CIIOKEHHE TMPEJCTaBICHUA aHAJIOTMYHO TOMY, Kak B MaTeMaTHKE Mbl
paccMaTpuBaeM CIoKeHUE OTpe3KoB. Eciu k cyliecTByomeMy 0Tpe3Ky Mbl OyemM
BHOBb M BHOBb IpHJIaraTh JPYroi OTPE30K, TO MoiydyaeMas BelnurnHa Oyaer
HEOTPAaHMUYEHHO PACTH U CMOXKET IMPEB30MTH JTF00YI0 Harepe 3aqaHHyto. Ho mocie
KOKJOTO Imara Mbl OyleM Ioy4daTh TOJBKO KOHEYHYIO BEJIMUMHY, a HE
0eCKOHEUHY10. B 3TOM U COCTOUT OTIMYUE NOMEHYUANbHOU DECKOHeYHOCmU OT
aKmyanivHou, — pa3indyue, yCTAaHOBICHHOE ellle aHTHYHBIMH MBICIIUTEIISIMH.

BosmoxHOCTh TOTO, 4TO Haes 0 OECKOHEYHOM Obla JIapoBaHa YEIOBEKY 3a
KaKHe-TO HPABCTBEHHBIE COBEPILIEHCTBA, CTAIKUBAETCI C  CEPbE3HBIMU
BO3PAXEHUSMH CO CTOPOHBI PEJIUTUU U NMPECTABICHUSIMHU O MpaBocyauu boxuem,
noguepkuBaeT [ omyOunckuil. C 0HON CTOPOHBI, UTOOBI Y YeIOBeKa ObLUTN KaKHe-
TO O0COOBIC HPABCTBEHHBIC 3aClyTH, IOJDKHA YK€ CYIIECTBOBATH PEIUTHS,
BKJItOUarolias B ce0s npezacrasieHue o CBIATHIHE, T.€. 06CKOHEYHOM HPaBCTBEHHOM
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coepuieHcTBe. C Jpyroil CTOpoHBI, eciu bor mapoBam He BceM, a TOJIBKO
HEKOTOPBIM HJIEI0 OECKOHEYHOCTH, TO KaK OyIeT BBIMJIAAETh €ro MpaBoCyaue 1o
OTHOIIICHUEIO K TeM, KOMY 3Ta ujes He Oblia JaHa ? 3a 4To UX OCYXKAaTh, €CIIU OHH,
TaKk cKa3aTh, HE OBUIM WHGOPMHUPOBAHBI O BCEM OOBEME HPABCTBEHHBIX
TpeboBanuii? VIMEHHO MOTOMY, YTO YEIIOBEKY HM3HAYAIBLHO TMPUPOXKICHA HICS
OECKOHEUHOro, €My BMECTE C 3THM JIaHO U TO Mepuno, KOTOPbIM OH Oyjaer
cynuthes. «Mrak, — 3akmouaeT ['oyOMHCKUH, — TIOSMKY BCE BBIIIC O3HAYCHHBIC
Cllydau He MOTYT MMETb MecTa, TO CJEQyeT, YTo uaes o beckoHedyHOM He BO
BpEMEHH IIpUOOpeTaeTCs, HO MepBOHAYATIBLHO MPUPOXKACHA YyenoBeky. [lomimHHo,
exxenu Obl OHa JaHa OblIa YeIOBEKY BO BPEMEHH, TO YEIOBEK C HEKOTOPOTO TOJIBKO
BpEMEHH CTal OBl TeM, YeM OH Mpexkae He ObUI, T.. Hadal Obl UMETh JPYTYIO
npupoay. Ho denoBek ¢ Hayana cBOero OBITUSI BCE €CTh OJMH U TOT )K€ YEIOBEK,
Bceraa oauHakoBoi pupoas» [1. C. 83].

Crnenyrouuii BOmpoc, CyIecTByeT JIM HEUTO, UTO SIBISETCS OTPAKEHUEM UAECH
OCCKOHEYHOCTH, HJIH, MOXKET ObITh, OHA €CTh II0/1 YesIoBeuecKkoi panTazun? 3mech
[osyOunckuil uaer myreM, nposjoxeHHbM [lexkaptom [3. C. 269-270], koTOpBIii
TaKKe OT uaeu cosepiieHHoro CylnecTBa yMO3aKIOdal K €ro peajlbHOMY
cymectBoBaHuto. Mpaes cosepmeHHoro CymiecTBa JaHa HaM  IIOCTOJBKY,
IIOCKOJIBKY MBI OCO3HaeM ce0si HECOBEPIIEHHBIMU, CTPEMHUMCS K COBEPILEHCTBY.
[Tpuuem cTpemiieHne — 3TO €CTh CTpEeMJIEHHE K 0ECKOHEYHOMY COBEPIIEHCTBY. DTO
OeckoHeyHO coBeplieHHOoe CyllnecTBO HE JaHO HaM HEMOCPEICTBEHHO HU BO
BHEIITHEM, HU BO BHYTPEHHEM OIIBITE, MBI JIUIIbL UMEEM HICI0 0 HeM. YenoBek cam
€CTh CYIIECTBO OTPaHUYEHHOE, M HU OT ce0s, HU OT KaKOro JPYyroro KOHEYHOTO
CYIIECTBA OH MOJYYUTh ITY HJCI0 HE MOXKET. «3HAUUT, OHA COOOIIEHA YETIOBEKY
CymiectBOM OeCKOHEYHBIM — bOoroMm © coctaBisieT Ha4aToK bOKECTBEHHOTO
otkpoBeHus» [1. C. 83]. beckoneunoe Cy1iecTBo, ClIeA0BaTEIbHO, CYIIIECTBYET.

I'me ke cnexyer uckath 310 6eckoHeyHoe CymectBo? Haxoautcst i oHO B
MUpPE BUIUMOM UM HEBUIUMOM? B Mupe BUANMOM BCe CYIIECTBYIOIIEE KOHEUHO.
Bce (deHomeHbl Mupa CBSI3aHBI MPOCTPAHCTBOM U BPEMEHEM H, CJIEIOBATEIBHO,
ompesieieHbl U KOHEYHBL. «/lpyrue ¢uinocodsl, — MUIIET HAMl MPOTOHEpPEH —
dunocod, — AyManm, 9TO €CIIM MHP HE MOXKET OBITh Ha3BaH OECKOHEYHBIM IIO
4yacTsIM, TO JOJDKHO MO KpaliHel Mepe Mpumucatb €My, B3STOMY B LEJIOCTH,
HEU3MEPUMOCTh U BEYHOCTh. HO HeNb3sl NOMyCTUTh CEro MHEHUS MOTOMY, YTO
IIEJIOCTh BCENIEHHOM COCTaBleHa M3 YacTei; HO €CJIM YacTh KOHEUHBI, TO U LIeJ0e
JOJKHO OBITH KOHeuHoe. M3 MHOoXxecTBa Hynei Bce Oyaer Hynb. Ecnu kaxmoe
3B€HO B MHpE OTrpaHMYCHO; TO U IeJioe OyAeT OrpaHHMYeHO; M3 CYILECTB JKe
OTrpaHMYEHHBIX HE cjaenaeM HeorpanndyeHHoro» [1. C. 85]. 3mecy HeoOXoauMMoO
caenath 3ameuanue. Hemnb3s cornacuThes ¢ TeM, «4TO €CIIM YacTH KOHEUHBI, TO U
1enoe JOKHO ObITh KOHEYHBIM». MBI MOXEM B3ATh OECKOHEUHYIO MpPIMYIO,
pa3lelieHHYI0 Ha OTpPE3KH [UIMHOM, CKa)XXeM, B METp: HaJHIO aKTyajabHas
OECKOHEYHOCTD, CJIOKCHHAS U3 KOHEYHBIX yacTeil. Kak Bo3MokeH 3TOT mapagokc?
NMeHnHO 3TO cO BpeMeH AHTHUYHOCTH M OBUIO CYIIECTBEHHBIM BOIIPOCOM,
CBSI3aHHBIM C TPOOJIEMOIl OECKOHEUYHOCTH, BOIPOCOM, KOTOPBIH MOPOXKIAT M
JIpYToii, eme 0oee OCTPHIN: a HEJIb3s JIM TOHUMAaTh KOHTUHYYM KaK CJIOKEHHBIN
M3 TOYEK? MPOTSHKEHHOCTb, CIOKEHHYI W3 «HyJed mnpoTsbkeHHocTn»? Ho
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napajiokCc ¢ OecKOHEYHOW mpsiMoil oOBsicHseTcs. OHa CJIOKE€Ha M3 KOHEUYHBIX
yacTel, HO ATUX YacTel beckoHeunoe mMHodxcecmeo. Eciny B3sTh 100YI0 KOHEUHYIO
CYMMY OTPE3KOB, KaXKIbIil JUTMHOM B METP, TO BCET/1a OTYYUTCS TOJIBKO KOHEUHAs
BennurHa. To ecTh, NEHCTBUTENBHO, U3 KOHEYHOTO MOJIy4aeTCsl TOIBKO KOHEUHOE.
B GeckoHeuHoIi jxe MpsSMOii, CII0)KEHHON U3 KOHEYHBIX OTPE3KOB, OECKOHEUHOCTh
YK€ TIPEAToIaraeTcsi. A UMEHHO B OECKOHeYHOM KOuYecmee 3TUX OTPE3KOB.

Henb3st HaiiTn 6€CKOHEUHOTO ¥ B MUpE JyXOBHOM, OTMEYaeT | 0ryOMHCKHIA,
T.€. B Halleil Aylle U B MUpPE COTBOPEHHBIX NyxoB. Hama nyma Bo Bcex cBOMX
OTIIPaBJICHUSIX MOTPY’KEHA BO BpeMs, BCE €€ JACWCTBUSA MMEIOT Havyajlo M KOHell,
camo ee ObiTe uMmeeT Hauano. [laxe ee crpemsenus Kk beckoHeuHomy, K
COBEpIICHCTBY, TaK)Ke MPEPHIBHO BO BPEMEHH U MMEET KOHEUHBIH Xapakrep. Bee
noOpojereny, BCE YyBCTBA, BCE IMO3HAHMS, MPUCYIIME AyIle, BCEraa HMEIOT
KOHEUYHBIN xapakTep. Jlyma He sBnsieTcs 0eckoneuHbM CymecTBoM. «YUTo cka3aHo
0 JIyIIIe, TO e MOXKHO CKa3aTh U 00 AHTellax; U OHU OTpaHUYCHBI, KaK M0 OBITHIO,
HE MMes Hayana ero or ce0s camMHX, TaK M MO COBEPIICHCTBAM, JTaHHBIM MM,
clenoBaTeNlbHO, U OHU He OeckoHeuHbl. OnuH bor, KOTOpPBIN mpeBbIlle MUpa
BUJIUMOT'0 U HeBUAUMOTO, ecTh CyiiectBo beckoneunoe» [1. C. 86].

B cBoem Tekcte I'oyOuHCKUMIT KacaeTcs, Takke W BONPOca 00 OTHOLICHUU
OeckoHeyHOro kK KoHeuHoMmy. [Ipuuem BCE paccyxkaeHHe MMEET B BUJy UMEHHO
oHTOJNOTHIO. [IpoTomepeit-punocod crapaTebHO OMPOBEPracT TOUYKY 3pPEHHS,
UAYLIYIO OT 3JIeaTOB, pa3BepHYTYyIO Mo3xe CHUHO30i M BOOOIIE B MaHTEU3ME.
HNmeercss B BuAy TMpeACTaBIEHHE O TOM, UYTO B CHIYy HECO3MEPUMOCTH
OECKOHEYHOT0 U KOHEYHOTO MOcieIHee BOOOIIE HE CYIIECTBYET, 0ECKOHEUHOE €ro
Kak Obl moryomaer. Mup craHoBieHUs, MHp (eHoMeHOoB, 1o KceHnodonty,
IpEJCTaBIsIET CO0OM TOJIBKO BUIAMMOCTh. B Mupe cyllecTByeT TOJBKO €IUHOE
ObITHE, eHasi OeCKOHEUHasl CyOCTaHIMs, IPOSBIECHUSIMU KOTOPOH SIBISIETCS BCA
dbenomenanbHas chepa. [lonooHbIX mpeacTaBnenuii nepxkancs u Cnunosa. bor mis
HETO €CTh caMo ObITHE W UCTOYHUK ObITHsA. OH MOI00EH COJNHILY, KaK UCTOYHHKY
CBETa, a BCE BEIIM MHpA CyTh TOJIBKO OTPaXKEHHs ATOro cBeTa. | omyOuHCKwHiA
CUMTAaET 3TO YMO3PEHHUE HECIPABEMJIUBBIM 10 CIEAYIOLIUM IPUYMHAM:
1) paccyxnas Tak, Mbl yHHUkaeM OeckoHeuHoe CyllecTBO, U 2) UTHOPUPYIOTCA
OYEBHUJIHBIC CBHUJIETENIbCTBA co3HaHus. llepBoe cnexyer wm3 Toro, uro bor,
CosepuienHoe CymiecTBo, B 3TOM ClIydae CO3[aeT TOJIbKO MpPU3paKU ObITHS,
KOTOpbIE HE HMEIOT HHUKaKOro MOJ00Us CO CBOMM HUCTOYHHKOM. «...Takoe
npencrasieHue o boxectse HegocToitHO Ero, OHO Kak BcecoBEpIIEHHOE U TBOPUT
BCE JIydIliee, OCOOCHHO KOTJa OHO TBOPHUT BCE TOJBKO MO COOCTBEHHOU Oyaroii
CBOEH BOJIe, YTOOBI M B KOHEUHBIX CYIIECTBAX OTPAKAINCh COBEPIICHCTBA
Ero B TOM Mepe, B KakOW BO3MOXHO BMECTHUTH CYIIECTBAM OTPAaHUYECHHBIM)
[1. C. 87—-88]. Bropoe ke OCHOBBIBAETCSI HA OMbBITEC HAIIETO CO3HAHMS, KOTOPBII
TOBOPHT, YTO MBI UIM€EM B cebe Hauajio CBOOOIHOTO AeHCTBOBAHNUS, HE 3aBUCSIIIETO
OT BHEIIHEH WJIM BHYTPEHHEH CBA3M TNPUYMH. XOTS Yy Hac U €CTh Hued
0OECKOHEUHOT0 CYIIECTBA, HO MBI OCO3HAEM €051 KOHEUHBIMHU, OTJIMYHBIMU OT 3TOM
coBeplieHHOW cyOcrannuu. Hamie ObITHE, B YacTHOCTH, HE HEOOXOAMMO, MBI
CYILECTBYEM He OT ce0s1, a oT coTBopuBIIero Hac bora. Tem He MeHee cOTBOpEHHBIE

91



Meraduszuka, 2026, Ne 2 (60)

KOHEYHBIE CYIIECTBA MMEIOT CBOIO MEPY OHTOJIOTHYECKON COCTOSITEIBHOCTH U
["onyOuHCKUI HACTOWYMBO OTCTAMBAET €€ MPOTUB IMAHTEU3Ma U UcaTN3Ma.

JlroOombITeH ciemyromuii ab3al paccMaTpUBaeMOro COUMHEHHS: «XOTs BHE
CymectBa beckoHeyHOro uMEIOT OBITHE CyIIeCTBA KOHEUYHbIE, HO OHHU
OTpaHHYEHBI, KaK MO OBITHIO, TaK M TO coBeplieHCTBaM. Eciu Obl KOHEUYHBIC
CyIIECTBA HE WMENH OTPAaHMYCHHOCTH, Kak Mo ObITHIO (essentia), Tak W TIO
COBEPIICHCTBAM (existentia), TO HeJIb3s1 ObUIO ObI IPEACTABIIATH UX OTACIBHBIMU OT
cymectBa beckoneunoro. CienoBarenbHo, OHU caMu ObUTH ObI OECKOHEYHBI, YTO
HeBo3MoxkHO» [1. C. 88]. 3mech yraapiBaeTcs MNPUCYTCTBUE CIEIYIOMICH
MPEINOCHUTKU: MHOTHX O€CKOHEUHOCTEH CYIIECTBOBATh HE MOXKET, 0ECKOHEUHOCTh
TOJIKO Of[HA. DTO MPEJCTABICHUE — OJHO M3 CaMBIX PACIIPOCTPAHEHHBIX HAa BCEM
JBYXTBHICSIUCTICTHEM TMPOTSHKEHUU XPUCTHAHCKOW KyIbTyphl. OT HEro Hadamu
OTKa3bIBAThC TOJIBKO B KOHIE XIX Beka, korga Kantop B pamkax cBoel TeOpHUH
MHO’KECTB MOCTPOMJI IIeNIyl0 IIKany OeckoHedHocTed. XOTS, KaK H3BECTHO, O
rpaganusx B OECKOHEUYHOM SIBHO W apTHKYJIMPOBAHHO TOBOPWI emie (TICeBIIO)
Juonucuit Apeonarur [4. C.73].

3axrovasi, OTMETHUM €IIe pa3, YTO Uest OECKOHEUYHOCTH Y | 0ryOMHCKOTO €CTh
OJIHO M3 CBHJIETEJIbCTB E€CTECTBEHHOI'O0 OTKpOBEHMs bokecTBa, MaHHOrO BCeM
TIOASM. DTa Wies HUKaK HE MOXKET OBITh CBEJACHA HU K OIBITY BHEIIHETO WIIH
BHYTPEHHET0 YyBCTBa, HU K OMBITY paccylika. B uenoBeyeckom pasyme (yme) 3Ta
uziesl €CTb CBHJIETENBCTBO O BBICHIEM TOPHEM OBITHM W BCET/a BBICTYMAET IJIs
YyelloBeKa Kak HallOMUHAHKUE O ero boskecTBeHHOM poauHe.
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OU3NKO-MATEMATUYHECKAA MOAEJb 3BOJNOLUUN
B METOOOJIOMMU XOJNIM3MA KAK PA3PELUEHUE AHTUHOMUHA
PEOYKLUMOHU3MA
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AHHOTaHI/lﬂ. PaCCMOTpeHbI AHTUHOMUU MEKIY HAIIUM CYIIECTBOBAHUCM U U3BECTHBIMU 3a-
KOHAMH ecTecTBO3HaHMsL. [Ipeogonenne aHTHHOMUI PacCCMOTPEHO B METOJIOJIOTHH XOJIM3Ma 33 CUET
(hHU3MKO-MaTEMaTHIECKOW MOJIEIH SBOJIIOIMH, OIHMCHIBAIONIEH aKTHMBHOE B3aMMOICHCTBHE TPEX
MHOXECTB M coJiepKaiieil HHPOPMOAMHAMUYECKUE PE30HAHCH, THHAMUKY TPAHHUIl M MEXaHU3MBI
oOparHO# cBs3u. MoJens ONKCHIBACT MPOLECC Pa3BUTHA MHPOPMAIMOHHO OTKPBITOW CHCTEMEI,
KOTJa e¢ rpaHUIbl (OPMHUPYIOTCS TO TPEM 30JIOTBIM CHHPAISIM, YTO IO3BOJISET HCCIIECIOBATH
IMpOUECC 3BOJIIOIUH U MOBLIIIATE KAYECTBO HaIlleH >KU3HU. HpI/lBe[leHbl MPUMEPLI, NOACHAIOMINE aK-
TyaJIbHOCTh pacCMaTpUBAEMOI MOJEIH.

Knroueesle cnosa: aHTUHOMUS, XONMU3M, MH()OPMOIMHAMHYECKHHA PE30HAHC, TPAHHUIIBI IO
TPEM 30JI0TBIM CITUPATISIM

IIpenucnosue

«Bcé ectp uncno» — [Mudarop. «Het uncna u Het Haykm» — H.A. BepHiTeiin.
VY TBepakIeHUE OTHOCUTCS K HayKe, €CJIM y HErO €CTh YHUCIIEHHAs! MOJIEIb, KOTOpas
NO3BOJIsIET BepUUIMPOBATh UIH (adbcU(PUIUPOBATh €ro, a TaKXKe YCTAaHOBUTD
I'PaHUILY U LeJb €r0 IPUMEHEHUS.

Pa3BuTHe 4nCIEHHBIX MOJENEW B METOJOJOTUU PEAYKLUOHU3MA MIPUBENIO K
AQHTMHOMUU M3BECTHHIX 3aKOHOB (PU3UKHU C OMBITOM HAIIEro cyliecTBOBaHus. Tak,
MaTeMaTHKa, TIOCTPOCHHAsl Ha apudmeTuke, anredpe ¥ T€OMETPHH, MOJCITHPYET
yCTOIUMBOE paBHOBECHE (PU3NIECKOI0 OOBEKTA U €r0 ABUKEHHE B IIACCUBHOW MO-
JIeNTU IPOCTPAHCTBA U BPEMEHU NPU HAJIMYUK BHEIIHEN CUJIbI, @ PEaIbHOCTh U MBI,
Kak e€ 4acTh, SIBISIEMCSl aKTUBHBIMHU OOBEKTAMH, YXOJSAIIUMHU OT PaBHOBECHOTO
pacnpeeneHns YHEPIUM B MPOCTPAHCTBE U BO BPEMEHU (TEPMOAMHAMHUUYECKOTO
paBHOBecHS, J1a enlé ¢ YCKOpEHUEM), HapaluBasi CBOIO MaMATh M CBOOOIY BOJIH,
OpPraHU30BAHHOCTh U «CTPONHOCTBY», UCIIOJIb3Ys KOJUIEKTUBHbBIE B3aUMOAECUCTBUSA
pa3IuuHbIX PU3NIECKUX 0OBEKTOB.

[TpuunHy 3TOM aHTUHOMMHU MbI BUAMM B METO/I0JIOTUH PEIYKIIMOHU3MA, KOT/1a
UCCIIEI0BATENH, UCIIOIb3YS LIEJIbIe YHCiIa U TEOMETPHIO, BBEIH MOJIEIb MaTeMAaTH-
YECKOU TOYKHU U MOJEJIb MAaTEPUAIIBHON TOYKH, KOTOPBIE IPEAIIONIAraloT yCTONYH-
BOE PaBHOBECHE MOJIEIMPYEMOI0 OOBbEKTa U NMACCUBHYIO MOJIENb POCTPAHCTBA U
BpeMeHu. B crathe paccmarpmBaeTcsi B METOJOJOTHH XOJM3Ma (hHU3HKO-

* E-mail: kharitonov358@yandex.ru
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MaTeMaTHIecKasi MOAEIb aKTUBHOTO (PU3MYECKOTO 00BEKTa, pazpadaTeiBacMast aB-
TOpoM. Moienb COAEPKUT BHYTPEHHIOK PUYMHY aKTUBHOCTH (PU3MUECKOTro 00b-
eKTa, 00yCJIIOBIIEHHYIO0 HHGOPMOINHAMUYECKIUMH Pe30HaHCaMU, (OPMHUPOBAHUEM
HOBBIX TPaHMIl ¥ MEXaHHW3MaMHU OTPHUIATEIBHONH M TOJOXHTEIBHON 0OpaTHOM
CBSI3H.

Bb10op onbiTa 1J151 pa3BUTHA HAYKH

«YenmoBek — Mepa Bcex Beleil...» — [Iporarop, MOKHO NPOJOKUTE — YHCIIA
Y HaYKH, TaK KaK CBOMCTBA YE€JIOBEKa SIBJSIOTCS CAMbIMU JOCTYIHBIMH ISl HAy4-
HOTO MCCJIeI0BaHUs. YenoBEK ABIISIETCS YaCThIO SBOJIIOLNH AKTUBHOM PEaIbHOCTH.
OH re"epupyeT HOBYIO WH(OPMAIIHIO, OOMEHUBAETCSI HHPOPMAITUEH U OCTABIISICT
nocyie cedsl TOJIBKO MaMsTh B OPraHU3AIMK KUBOW MPUPOJIbI, B MOMYJISIUNA U B
OKpYy>Karotien cpene. ONbIT MOKa3bIBACT, YTO BOSHUKHOBEHUE, PA3BUTHE U THOECIb
YyesioBeKa O00YCIIOBJICHBI KOJUIEKTUBHBIMU B3aUMOJIEUCTBUSMU HE TOJBKO JIIOJIEH
MeXay coOOM, HO U CO MHOTMMH M Pa3HBIMH YacTSIMH PEealbHOCTH, BKIIIOYAs J10-
CTH)KEHUS U 3a0JTyK/ICHUS HAYKH.

D. Max yCcTaHOBWJI, YTO UMEHHO KOJUIEKTUBHBIE B3aUMOJEUCTBUS OMpeJie-
JSIFOT peajibHbIe CBOMCTBA (PM3NYECKOTO 00BEKTa, a TOYeUHasi MOJIeIb O0BEKTa U
MaTeMaTHYeCKass TOYKAa B TEOMETPUU SIBIIIOTCS MATEMATHYCCKUMHU (DUKIHSIMHU,
NPUBOAIIMMHU HayKy K 3a0yx1eHuto. Bo3nuk npunnun Maxa, KOTOPsIM HE BOC-
MOJIb30BaJIMCh OCHOBATEIM KBAHTOBOHM (DM3MKHU U CHEMATBHOW TEOPHH OTHOCH-
tenbHOCTH. [IpuHnmn Maxa, Kak s €ero MOHMMAaro, YKa3blBae€T Ha OTCYTCTBHE
B IIPUPOJIC YCTOMUMBOTO PAaBHOBECHOT'O COCTOSHUS Y (PM3NYECKOrO OOBEKTa, BCE
00BEKTHI HAXOSATCS B IPOIIECCE IBOIIOIIUH, HO C Pa3HBIMU CKOPOCTSMHU U B Pa3HBIX
HaIpaBJICHUSAX B PE3yJIbTaTe KOJUICKTUBHBIX B3auMOAeUCTBUH. Tak, 4To HEpaBHO-
BECHBIC CBOMCTBA YEJIOBEKA U HAIIECH MOIMYJISIUU U UX KOJUIEKTUBHBIE B3aUMO/IEH-
CTBUSI MOTYT CITy>KUTh OIBITHOM 0a30i IS u3y4yeHus (pu3nueckoi peanbHOCTH U
e€ HeoOPaTUMOI SBONIOITHH.

A. beprcoH ycTtaHoBUJI, YTO BOJIIOIMS YEIOBEUECTBA XapaKTEPU3YETCs PO-
CTOM ITaMSATH U CBOOOIBI BOJIM, KOTOPBIMH ITpeHeOperia (pusuka, uCIonb3ys Marte-
MaTudeckue uKiuu. Vcnoib30BaHne MaTeMaTHIeCKUX (DUKIMI BBEIO B (DU3HKY
TUIOTE3bI 00 yCTOMYMBOM PaBHOBECHH YACTHI], O TACCUBHOM IIPOCTPAHCTBE U Bpe-
MEHU U O TOJBKO BHEIIHEW MPUYKUHE SBOMIONHU. Tak, onpeaenéHHbIe 3aKOHbI PU-
3UKHU OINHUCHIBAIOT HKCIIEPUMEHT CIPABEMJIUBO, €CIIM OH YAOBJIETBOPSET 3Proauye-
ckoit runiorese JI. bonmbiiMana wim kBazudproaudeckoit rumnotese 1. Dpendecra.

MatemaTtrueckue PUKIIUU OTPAXKArOT CBONCTBA HAIIIMX OPraHOB YYBCTB TIO 3a-
koHy BebGepa — @exnepa. Pa3BuTie Hayku 1IUIO MPEUMYIIECTBEHHO 0 MYTH TeX-
HUYECKOI'0 YCOBEPIICHCTBOBAHMS HAILIMX OPTaHOB YYBCTB, KAK JBUKEHUE NTACCUB-
HBIX BEIIECTBEHHBIX OOBEKTOB Ha Pa3HBIX MaclITabax MaCCHBHBIX MOJENEH Mmpo-
CTPAHCTBA U BPEMEHU IIPU HAJIMYMU BHEILIHETO BO3/IEHCTBUSI.

du3uvecKue 3aKOHbI, TOCTPOCHHBIE HA MAaTEMATHUYECKUX (DUKIUSIX, OMHUCHI-
BalOT HBOJIIOLIMIO 3AMKHYTOM CHCTEMBI, COCTOSIIIEN U3 MaTEpUaIbHBIX TOUEK, K OU-
HapHOMY PAaBHOBECHIO MYTEM pOCTa Xa0ca, B TO BPEMsI KaK YEJIOBEK MBICIHT, HC-
MIOJIB3Ysl 3aKOH TOXKJECTBA C MEPOM Xaoca, PaBHOM HYJIIO, IPU 3TOM >KHUBBIE
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OpraHU3MBbl YXOJAST OT TAKOI'O PaBHOBECHS, Ja €€ C YCKOPEHUEM U HBOJIIOLIMOHU-
PYIOT K HEYCTOWYUBOM 30JI0TOH Mpomnopiiuu 1o aaroputmy EBknmna, «00kecTBEH-
Ho# mporntopuuu» JI. [lagonu, psaay ®ubonauuu, GopMupys CBOI OpraHHU30BaH-
HOCTb ¥ «CTPOMHOCTBY» U HapalluBasi aMsTh U CBOOOIY BOJHU, TEHEPUPYIOT HOBYIO
uH(POPMAIIHIO U OOMEHUBAIOTCS €10, UCTIONB3YS KOJIJICKTUBHBIC B3aUMOICHCTBUSI.

JLLA. UmxeBckuil ycTaHOBIII akTUBHBIE cBOMcTBa ConHIla, 3eMIIH, YeJIOBEKa U
UX B3aUMOCBSI3b U HCIIOJIb30BAJl UX B CBOEH HAYYHOU MPAKTHKE.

H.H. CemeHOB ycTaHOBUJT aKTUBHBIC YACTHUIIBI B XUMHH H B SIZICPHON (U3HKE.

H.A. Ko3bipeB ycTaHOBuUI akTUBHBIE cBoiicTBa ConHIA U JIyHBI.

C.B. benos uccnenyer 3aKOHOMEPHOCTH aKTUBHBIX CBOMCTB HAIlIEH MJIAHETHI.

B.1O. Taryp c koijieramMu yCTaHOBUJI DHIOTCHHYIO 3JIEKTPUUECKYIO AKTUB-
HOCTb HAILIEH MTOYBBI.

JI.LA. biaromeHpenb1 yCTaHOBHII, YTO )KUBBIE OPTaHU3MBbI, HAYMHAS C (epMeH-
TaTUBHOI'O KaTaJln3a, XapaKTEePU3YKOTCS aKTUBHOM MEPEMEHHON KOHCTPYKIHEH,
IIPUYEM B PA3HOM TEKYLIEM COCTOSHMUM KOHCTPYKIIMH, OHHM IPUJAIOT pa3HbIN
CMBICT Tody4aemMoi mHpopManuu. 3a cu€T MepecTPOCHHs] CBOEH KOHCTPYKIIUH,
JTUCCUTIATUBHON CTPYKTYPBHI, )KUBBIE OPTaHU3MbI MOTYT HapamuBaTh CBOOOIHYIO
HHEPTHUIO CBOETO 00pa30BaHUs, UCIIONB3YS METa00IM3M B KOH(OpPMAIIMOHHbIE JTU-
HaMUYECKHE MEPEMEHHBIE, B TO BPEMsI KaK IO U3BECTHBIM 3aKOHaM (PU3UKU CBO-
0oJtHast SHEPrusi 00pa30BaHUS CHCTEMBI MOXKET TOJIBKO yOBIBATH.

H.B. byraeB yctaHoBuJ1, 4TO JJIs MOJICJIMPOBAHUS POCTA MAMSTH B MPOIECCe
SBOJIIOLMU MO 3aKOHY MPEAYCTAHOBIEHHON FapMOHUHM HYXXHA MHasi MaTeMaTUKa
pa3pbIBHBIX HEJNWHEHHBIX QyHKUUH. b. Manaens0por 060cHOBaN (pakTaabHYIO
matematuky. V.I11. IlleBeneB BBEN anrebpanueckue GppakTaibl 30J0TOTO OTHOIIIE-
Hus. [1.K. PameBckuii ykazan Ha HE0OOX0AUMOCTb 0000IIEHHS HATYPaJIbHOTO Psifia,
TaK KaK OH OKa3aJcsI JOTMOU JUIA CIIOKHOM CUCTEMEL.

®.A. I"'apeeB OTMETHII, YTO BCE M3BECTHBIC YPABHEHUS TEOPETUUECKON (PUBUKHU
YAOBJIETBOPSIOT PEHICHHUIO MO 30JI0TOMY OTHOIIEHHIO, KaK Oy/ITO OBl CyIIECTBYET
HEKOTOpasi yHUBEpCcalbHasl YaCTULIA, B TO BPEMsI KaK peaIbHOCTh HAXOAUTCS B MPO-
LIECCE DBOJIFOLIUH MOJT BO3AEHCTBUEM KOJUIEKTUBHBIX B3aUMOJICHCTBUM.

N. Hpr0TOH OroBOpHII YCI0BUS IPUMEHUMOCTH CBOEH MEXaHUKH, KOT' /1A IIJI0T-
HOCTh B3aUMOJEHCTBYIOLIUX TEJI OCTAETCS MOCTOSIHHOM, M KOrAa MOXHO IpEHe-
Opeub CBA3bIO apU(PMETHIECKON U TEOMETPUUIECKOM Tporpeccuit (psaom dudona-
Y4M), a TaKXkKe KOT/Ia MOKHO NpeHeOpeub pe3oHancamu X. [tolireHca u BUXpsIMU
P. exapra. IIpu 3TOM MexaHHKa OTBEYAET HA BONPOC, KaK JBHXKETCS MTACCUBHAS
YaCcTHUIIA [10 UHEPLUHU U TIO]T IEUCTBUEM BHEIIIHEW CHUJIbI, U HE OTBEYAET Ha BOIPOCHI,
JUISL 4ero U novyemy (pu3nyecKue Tesla ABMXKYTCS U KaK OHU BOJIIOLIMOHUPYIOT.

I'. JIeitOHuIl Ha3BaJI MPOU3BOIHYIO, BBEIEHHYIO B KJIIACCHUECKOW MEXaHUKE,
MaTeMaTH4ecKol (QUKIHEH, mpeHeOperaronieil JMHaAMUKOW TpaHul] (PU3NIECKOTo
TeJa, U yKa3all Ha AIbTEPHATUBY B BUJE MOHA/IbI, TPAHUIIBI KOTOPOH HOJUUHSAIOTCS
3akoHy [IpenycTaHOBIIEHHON FapMOHHUH.

10.C. Bnaaumupos, ucnonb3ys teoputo ¢pusnyeckux crpykryp H.M. Kyna-
KOBa, pa3paboTall BApHaHT 000O0IIEHHUS 00IIei TeOpHH OTHOCUTEITFHOCTH KaK Mpo-
LECCYaJbHYIO Mapajurmy, B KOTOPOi cyOcTaHIus, MPOCTPAHCTBO U BpPEMs SIBJISI-
I0TCSl HEpa3AeIbHON TPUAJ0W, KOTOPYIO HAJl0 BBIBOJAUTH B METOI0JIOTUHU XOJIU3Ma,
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a HE MOCTYJMPOBATh UX MO OTAEIBHOCTH HE3aBUCUMBIMHU M IOCTOSIHHBIMH, KaK
IPUHATO B KBAHTOBOW (hU3HKE U CTIeUaIbHONW TEOPUU OTHOCUTEIBHOCTH.

Takum 00pa3oM, aHTUHOMHS UMEET MECTO MEXKAY HAIIUM aKTUBHBIM CYIIe-
CTBOBAaHUEM M M3BECTHBIMU 3aKOHAMH (PU3UKH, OMUCHIBAIOIIMMU 00paTUMOE JIBU-
JKEHUE PABHOBECHBIX YaCTHI] B TACCUBHBIX MOJEISAX IIPOCTPAHCTBA, BPEMEHU IIPU
HaJIM4MY BHEIIHEN CUIIBL.

[IpynunHOM 3TOM aHTHHOMUU SBJISIETCS U3YUYEHUE PEAIBHOCTH B METOI0JIOTUU
pPeAyKIMOHU3Ma, B KOTOPOM 3HAaHWS HaKaIUIMBaJINCh HAa MAaTEMAaTUYECKUX (UK-
LUSIX, LIEJIOM YUCIIE U TEOMETPUH, MOJIEIUPYS TACCUBHbBIE CBOMCTBA (PU3UUECKOTO
00BEKTa U MpeJnoaras MacCUBHbIMU MPOCTPAHCTBO M BpeMsl ITPHU HAJIMYUK BHEIL-
HEU CUJIBL.

JLLA. llenenuH ycTaHOBUI HEOOXOAMMOCTh PAa3BUTHS HE MAapKOBCKOH mapa-
JUTMBI, B KOTOPOH POCT MaMSTH B CIIOKHOW CHCTEME CBSI3aH € 30JI0TOH IIPOIOp-
LUel M KOTOpas HE CBOAUTCS K MOJENIM MaTEPUAIIbHOM TOYKU B KBAHTOBOM MeXa-
Huke [3].

P. JlekapT BbLAETII BUXPh Kak 0a30BbIi ()eHOMEH MPUPO/IbI, KOTOPBIH UMEET
IIEPEMEHHBIE TPAHMILIBI, BHYTPEHHIOK CTPYKTYpY Y NTaMATh, U OTMETHUII, YTO BUXPb
HE ONMCBIBACTCS B ACKAPTOBOM CHUCTEME KOOPAMHAT HU KaK TOYKA, HU KaK BOJIHA.

N.P. IIpuroxuH BBEN AUCCUNIATUBHBIE CTPYKTYPBI ISl MOJACIMPOBAHUS dBO-
JIIOLIMM U YCTAaHOBWJI, YTO JUISL UCCIIEAOBAHUS PEAIBHOCTH HAJI0 U3YYUTh CBOMCTBA
OTKPBITOM CUCTEMBI, B KOTOPOU AMCCHUIIATUBHBIE CTPYKTYPBI BOZHUKAIOT U HEJH-
HENHO B3aMMOJEHCTBYIOT CO CPEAOH, Yepnasi U3 He€ BELECTBO U DHEPIHIO.

IIpuMep CBOMCTB LEJIOr0 YHCIA

[TosicHuM (UKTUBHOCTH U OTPAHUYCHHOCTH M3BECTHBIX MAaTEMATHYECKHX MO-
JleTiel, BOSHUKIINX B METOJ0JIOTUU PEAYKIIMOHM3MA Ha TPUMEpPE LIEJIOr0 YHCa.

CBoiicTBa 11€710r0 YuCIia B HATYPaIbHOM psiie 00yCIIOBICHBI aITUTHBHOCTHIO,
MPUPALLEHUEM €IUHULBI IS MOCIEAYIOIIEro ynucia, 1, u oTHomeHueM 1:2 ans
ONpeJIeTICHUs YUCIIa KaK CPEAHET0 MEX Ay KpalHUMH YJICHAMU:

An = (Anfl + An+l)/2.

[IpsMOYrOJABHUK CO CTOpOHAaMH, paBHBIMH 1 U 2, MMeEeT JUaroHaib,
paBHYIO V5.

Pannyc onvcanHol OKpy>KHOCTH paBeH Ro = V5/2.

Pagmnyc BnmcaHHOH OKPY>KHOCTH B KBaJpat paBeH Rs = 1/2.

Otcrona umMeem

Ro—Re=d =0,618...
Ro+ Re=® =1,618...
R’ R?=1.
Ro>+ Rs*=3/2.
N3 »TuxX CBOWCTB CJIEAYET, 4TO MOJyJIUpyeMas LEJbIMH YHUCIIAMU CHUCTEMa

HaxoAuTCd B YaCTHOM CJIy4dac YCTOfIqPIBOFO paBHOBECHA, KOI'la eé PaBHOBECHOC
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COCTOSIHHUE I10 30JI0TON MPOMOPLMHU JJIsl TPEX MHOXKECTB COBIMAIAET C PABHOBECHBIM
COCTOSIHEM MOPOBHY JJIsl OJHOTO UJIN JBYX MHOECTB.

Hcnonb30BaHue 11eNIbIX YHCET BBEJIO B (U3UKY OMHApHbBIE BEIIECTBEHHbIE MO-
JeIu B BUJE aTOMOB J[eMOKpUTa, 4acTHIl, BOJH U TOUYEUHBIX 3apsA/IOB, a TAKXKE
[IaCCUBHYIO MOJIEIb IPOCTPAHCTBA, BPEMEHU IIPU HAJIMYMM BHEIIHEW CUiIbl. B pe-
3yJnbTaTe B3aMMOJACWCTBUE MEXIY MMAaCCUBHBIMH CHCTEMaMM OKa3aJoch 0OpaTu-
MBIM BO BPEMEHHM M MOBTOPSIOIIMMCS LUKIMYHO B MpocTpaHcTBe. [loatomy
MIOCTPOEHHBIE HA IIEJIBIX YUCIIaX KOMIUIEKCHBIE, TUIIEPKOMIUIEKCHBIE U JIBOMHBIE
yyciaa MOJACIHUPYIOT KakKHMe-TO YacTHBIE Ciydaud B3aMMOJCHCTBUS NAaCCUBHBIX
(bU3UYECKUX CUCTEM.

DOu3uK0-MaTeMaTHYeCKaaA MOAeJdb B METO0J0THH X0JIU3Ma

Pa3zperienue 3Tolf aHTHHOMUM MBI pa3pabaThIBaeM B METOJOJIOTHUH XOJIU3Ma,
KaK BHYTPCHHEE aKTUBHOE B3aNMOJICHCTBHE TPEX HEPA3/IEIbHBIX MHOXKECTB.

B meronmonorun xomu3ma s CTpOO MaTeMaTHYECKUH ammapaT ¢ 0000IeHHUs
(bopMyIIBI TOTHOTO HAOOPa BEPOSTHOCTEN IO YPAaBHEHHUIO

1=-) fiLog, f,+ Y. /iLog, (Kf)) = H+G, (1)

rae K — MHOXECTBO pacCMaTpHUBAEMBIX COOBITHH, f — BEPOSTHOCTH COOBITHIA,
[ — TIOPSIIKOBBIM HOMEP COOBITHI; H — TIepBOe cllaraeMoe — Mepa Xxaoca, — OHa COB-
najaeT ¢ u3BECTHOU Mepoii konudectBa nHGopmarmu K. [lleHHOHa, ¢ TOYHOCTHIO
J10 TIOCTOSIHHOTO MHOXHTEJIS;

G — BTOpOE caraeMoe — Mepa nopsiJika, Koropasl XapakTepu3yeT OTEHIalIb-
HYI0 MH(QOPMANHUIO, 00JacTh BEPOSTHOCTHBIX COOBITHH, BEPOATHOCTH KOTOPBIX
paBHa HYJIIO A1 (PUKCUPOBAHHON OPraHU3alMH CUCTEMBI.

Ot10 ypaBHeHUE (1) CBA3BIBACT €UHUILY C MTOMOIIBIO HOBBIX GyHKIMH H u G
C ABYMSI MHO’KECTBAMH: PEATM30BAHHBIC BEPOSTHOCTHBIE COOBITUS U IOTEHIIUAb-
HbIE BEPOSATHOCTHBIE COOBITHS. COTJIACHO 3TOMY YPaBHEHUIO, KX bl (pU3HuecKuit
00BEKT sBISIETCS MHPOPMAIMOHHO OTKPBITOW CHCTEMOM, CITOCOOHOW K JajbHEi-
IeH 3BOJIIOLMH, U3MEHSISI TPAHUILy MEXy PEaIn30BaHHBIMU U MMOTEHIIMAIBLHBIMU
BEPOATHOCTHBIMU COOBITHUSMHU.

51 BBEN CTPYKTYpY, KaK TPETUH KJIacC TMHAMHUYECKUX [TEPEMEHHBIX, IPU MOJIE-
JUPOBAHUM LIETTHON MakpoMoJeKyibl [ 1—4], u3-3a Toro, uTo €€ CBOMCTBO 001a1aTh
JIMHEHHOM MTaMAThIO HE CBOAUTCA K MOZEIIA MaT€pUAIbHOM TOUKH. YUET CTPYKTYPBI
MIO3BOJIMJI NIPUHATH PABEHCTBO MEP Xaoca M MOpsaKa B TPEX Kiaccax JAWHAMUYe-
CKHUX TEpPEMEHHBIX 3a WHBAapHaHT HMH(OPMALMOHHO OTKPBHITOM TPONCTBEHHOU
CHUCTEMBI:

Hip.q.s} =Gip.q.s} , (2)
1=H{p,q,s} +G{p,q,s}, 3)

[JI€ p — UMITYJIbCBI; ¢ — KOOPAMHATHI; § — CTPYKTYpa.

98



Xapumonog A.C. duznuko-MareMaTn4ecKas MOJIENb SBOIIONUN B METOIOIOTHH XOJIU3MA. ..

OTOT TPOWCTBEHHBIM MHBapUaHT (2) BKIIIOYAeT B ceOs Kak YacTHBIN Ciydaid
MUKPOKaHOHHUYECKOE pacrpesenieHne Bepositnoctedt W(p,q), Ha 0CHOBE KOTOPOTO
UCTIOJIB3YIOTCSI KAHOHUYECKOE U 0O0JIbIIOE KAHOHUYECKOE PACIIPEEICHHS SHEPTUU.

VYpaBHEHHE CUMMETPHUH AJIS IPOLIECCa SBOIIOLUN HH(POPMALIMOHHO OTKPBITON
TPONCTBEHHOM CUCTEMBI HUMEET BUJ

AH(q) + AH(p) + AH(s) = 0. 4)

Nwmeem 3! = 6 BapnaHTOB U3MEHEHHUSI OpraHU3alyd HHOOPMAIIMOHHO OTKPHI-
TOW CHCTEMBI B IIPOLIECCE IBOJIOLINU.

Pa3Butue B TaKoil MOJ€IN ONUCKHIBAETCS TPEMs BApHAHTAMU POCTa CTPYKTYp-
HOU 3HTpomnuu, AH(s) 1 yMEHbIIEHUEM TEPMOJUHAMUYECKON SHTPONHHU 1JIs1 KOOp-
nuHat AH(q) n quiis umnynscoB AH(p). Ilpu aTom Ge3pa3mMepHast SHTPOIHS CHCTEMBI
OKa3bIBACTCS PABHOM CyMM€ MEphI Xaoca M MEpbI MOpsi/IKa:

K K
S=1LnK ==Y fiLnfi + Y fiLnKfj =H +G |
i=l i=l

VYpaBHeHHE cUMMETpUH (4) yIOBIETBOPSIET PEKYPPEHTHOMY YPABHEHHUIO, B KO-
TOPOM CyMMa TPEX MOCIEAYIOIINX WICHOB paBHa HYJIO, COXPaHssd UHBAPUAHT CH-
CTEMBbI, a OTHOILIIEHHE MEX/Ty MOCIEAYIOIMMHU YIEHAMU PU MHOTOKPaTHOM IIOBTO-
PEHUM CTPEMUTCS K 30JI0TOMY OTHOILIEHHUIO U K 30JIOTON MPOMOPIIHH.

[TprunHOM M3MEHEeHUs] opraHu3alui UHGOPMAIMOHHO OTKPHITOW CHCTEMBI
SBIISIOTCS. UH()OPMOIMHAMUYECKHE PE30HAHCH MEKAY PEan30BaHHBIMH U IOTEH-
[IUAJTbHBIMU BEPOSTHOCTHBIMH COOBITHUSMU, KOTOPBIE YAOBIETBOPSIOT YPABHECHHIO
CUMMeETpuH (4) B METOAOJIOTUU XOJM3Ma U MOTYT OMTUCBHIBATHCS alreOpandecKuMu
dbpakramamu 30J10TOro oTHomeHus [ 1—4]. BaxHo, 9T0 OHU MOJEIUPYIOT TPOIEeCC
HEOOpaTUMOM PBOJIIOIIMU M €T0 BHYTPEHHIOK MPUUYHHY, 00YCIOBICHHYIO HH(OP-
MOJIMHAMUYECKUMH Pe30HAaHCaMU, KaK KOJIJIEKTUBHBIMH MPOIIECCaMU B TPEX Kilac-
cax IMHAMUYECKUX NEPEMEHHBIX, YAOBIETBOPSIOIIMMU PEKYPPEHTHOMY YypaBHE-
HUI0. B pe3ynbrare 3TUX pE30HAHCOB HM3MEHSIOTCA TPAHMULBI MEXIY TpeMs
KJIaccaMH JUHAMHYECKHUX IIEPEMEHHBIX, BO30Yy:K/1asi HOBbIE CTPYKTYPHBIE COOBITHS
U COXpaHssl MHBapUaHT MH(POPMAIMOHHO OTKPHITON cucteMbl. [IporeccyanbHyio
AaKTHUBHYIO PeaIbHOCTh BellleCTBEHHAs (M3MKa MOTepsia, UCIONb3Ysl MaTeMaTuye-
ckue QuKIUU U npeHeOperas (opMUpOBaHHWEM TIpaHULl (PUIUIECKOTO OOBEKTA,
KOTOpbIe 00€CIIeUnBaIOT MPOLIECCHl €T0 BEKUBAHUS U PA3BUTHS.

I'panuna paszpenser B cTaTUKE CUCTEMY Ha JIBE YacTH, Hampumep: beithe u
He6riTHE, peann3zoBanHOe U IycTOE MHOXECTBO. Kora noTtok sHepruu, BeuiecTsna,
uHGOpMaLIMU IPOXOJIUT YEPEe3 ITY «IPAaHUILy», TPAaHULIA pa3JIeNsieT TAKOW MOTOK Ha
TPH YacTU, U3MEHSS KOOPAUHATHI, UMITYJIbChl U CTPYKTYpPY 3TOTO MOTOKA, BO3HU-
KaeT MPEeNOoChUIKa /1711 BOSHUKHOBEHHS HOBOTO (DM3UUYECKOTO OOBEKTA.

Takum 0Opa3oM, METOIOJIOTUS XOJIM3Ma MPEATOoIaraeT, YTo Lesoe Mpesrie-
CTBYET U OIpEAEIseT CBOWCTBA CBOMX 4acTe. Llemoe Oomnbliiie cyMMBbI CBOMX Ya-
crelt. Llemoe npoie opraHn30BaHO B KaXI0M CBOEH YaCTH U LEJI0E TOITyCKAET KOJI-
JIEKTUBHOE B3aUMOJEHCTBHE CBOUX YacTeH, KOTOPOE U3MEHSIET IPaHUIly MEXAY pe-
AIM30BAHHBIMU BEPOSITHOCTHBIMU COOBITUSMHM W TOTEHIMAIBHO BO3MOXHBIMU
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BEPOSITHOCTHBIMH COOBITHSAMHU, JIOIYCKasi CAMOPa3BUTHE, JCTPAJAINIO H THOETh Ya-
CTH CBOMX 4acTeil. B MeTojoi0ruum xonn3mMa MO>KHO MOJIEJIMPOBATH HEOOPATUMYIO
3BOJIIOLNIO, UCTIOJIb3Ysl AaKTUBHOE B3aUMOJCICTBUE TPEX HEPA3AEIBHBIX MHOKECTB
o jorocy ['epaknura, U MpeasioKeHHYIO (U3UKO-MATEMATHYECKYIO MOJIEHb.

HuccunatusHas crpykrypa H.P. IlpurokuHa sBisieTcs MaJOHU3y4YEHHBIM
HEPaBHOBECHBIM (PU3NUYECKUM 00BEKTOM, B OTJIMYME OT YCTOHYMBOM U BEIIECTBEH-
HOU (pu3MUEcKOi CTPYKTYphl B Teopuu ¢usmdeckux crpykryp HO.U. Kymakosa.
I'.'I". MuxalJu4eHKO yCTAHOBHJI, YTO ISl TPEX AKTUBHO B3aMMOJCHCTBYIOIIMX
MHOKECTB HE CYIIECTBYET YCTOWYMBOM BEIICCTBEHHON CTPYKTYPHI U HET (PUKCH-
POBaHHOI reOMeTpHH.

B3anMoznencTere 4eTbIpEX MHOXKECTB HApyIIaeT aJJUTUBHOCTb MaTeMaTH4e-
CKuX (YHKLUH, KaK 1Mokasajia auarpamma Benna. [loatomy Mozenb clokHOU cu-
CTEMBbI MOKHO CTPOUTH B BUJI€ MEPAPXUU TPONCTBEHHBIX B3aMMOJCHCTBUM, BBOIS
TPAHMIIBI MEXKLY PA3HBIMU YPOBHSIMHU OpPraHHU3alUU CI0KHOM CHUCTEMBI. TpU MHO-
YKECTBA UMEIOT YeThIpe TPAHUIIbl, TPU U3 KOTOPIX MEPEMEHHBI, KaK UX 0003HAUMIT
H.K. Pepux B cumBone «3Hamsi Mupay. Tak 4To peaibHbl (pu3nyeckuii 0ObeKT
MMeeT KaKk MUHUMYM CEMb Pa3JInyuil C yU€TOM MaMSsITH.

[IpenenwpHBIN IEpexoa OT GU3UKO-MATEMATHYECKON MOJIEITH SBOIOIUH B Me-
TOJIOJIOTMH XOJIU3Ma K M3BECTHBIM MOJIEISIM Mbl pACCMOTPENH KaK MPOJJICHHUE ajl-
roput™Ma 3Bosonnu EBkimuna, ¢ =[1, 1, 1, 1, ...]. MaremaTtudeckue neicTBus 30-
JIOTOM MPONOPLIMH HAJl CBOUMHM YacCTSIMU C POCTOM MaMSATH B MATEMATHYECKUX AEH-
CTBUSIX TIO3BOJIMIIM BBIBOJUTS IIEJIbIE UKCia, reoMeTpuio EBkiua, anreOpanueckue
(pakTanbl 30JI0TOr0 OTHOIIEHUS KaK HOBOM anreOpbl A MOJEIMPOBAHUS IPO-
11ecca 3BOJIIOIMM OT YaCTH K IIEJIOCTHOM CUCTEME.

Caenenust 00 aKTUBHOM MPOIECCYyATbHON PEATbHOCTHU TEPSAIOTCS B pE3yJIbTaTe
yCpEIHEHHS €€ CBOMCTB, KOTJla MPOUCXOIUT 3aMEeHa HEYCTOMYMBOM 30JI0TOM MPO-
MOPLIMM B TPEX KiIaccax JUHAMHUYECKHX NEPEMEHHBIX YCTOWYMBBIM PaBHOBECUEM
MOPOBHY B JIBYX KJIaccax JUHAMUYECKHX MTEPEMEHHBIX.

Cornacuo nnessm H.. Ko6o3eBa o renepannu HOBo nHGoOpManuu 1 ooMeHa
€10, MBI pacnpocTpaHsieM IpUHLIKI Maxa Ha BEIIeCTBO, JHEPTHUIO U HAa FEHEPALIUIO
HOBOH mH(]OpMauy 1 0OMEH €10, a TaKKe Ha MX COBMECTHOE B3aMMO/ICHCTBUE.
[TonTBepkIeHNEM TaKOW KOHKpETH3alMu NpuHIMNa Maxa, Kak KOJUIEKTUBHOE
MIPOLIECCYATIbHOE MOJIETUPOBAHUE PEATbHOCTH, CITy>KaT AKTUBHBIE CBOMCTBA, yCTa-
HoBieHHble A.Jl. UmxkeBckum, nenHsle peakiuuu H.H. CemenoBa, oTkpbiTHE
«T-cmost» A.H. TuxonoBeiM u A.A. Camapckum, ¢$a3oBbIi nepexo]] KIyOoK-Ti10-
Oyna aJig monuMepa U MyJIbCAllMd DHEPTHH, OMBIT apXEOJOTHH, TUCCUTIATUBHBIC
ctpyktypel U.P. Tlpuroxuna, peakuus benoycoBa — YKaOGOTHHCKOTO W OIBITHI
C.D. llInons. Pe3onancHoe ucToskoBaHue KBaHTOBOTO 3(dekra P. Méccbayrpa
MO3BOJIMJIO MOJEIUPOBATH XOJOJHYI0 TPAHCMYTALUIO SAEp, MOATBEPKICHHYIO B
skcniepumenTax B.U. Breiconkoro u A.A. KopHHIIIOBOIA, KOTOpbIE HAILIH CIIOCOOBI
YIPaBISATh IPOLIECCAMH B KMBBIX OpraHU3Max U PaJMOaKTUBHBIM PACIa/IOM.

Taxum 06pazom, He TOIBKO YEIOBEK SIBJISETCS IPUMEPOM aKTUBHOW YaCTH He-
00paTUMOTro Tpolecca IBONIOIUU, O0YCIOBIEHHOTO PE30HAHCHBIMHU KOJIJICKTHB-
HBIMHU B3aMMOJICHCTBHSIMH, TeHEpalield HOBOW MH(pOpMaIuu U 0OMEHOM €10, Po-
CTOM MaMsTH, HO BCE MUPO3JIaHNE aKTHBHO 3a CUET KOJUIEKTUBHBIX IPOLECCOB B
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BUJIE UH(POPMOJMHAMUUECKUX PE30HAHCOB, KAYECTBO KOTOPBIX 3BOJIOLUOHUPYET
3a c4eT (OPMHUPOBAHUS HOBBIX TPAHUII.

IIpumepbl Hepa3ieIUMBbIX TPHAJ IJIS1 HCCI€I0BAHUS IBOTIOLMHU

10.C. BnagumupoB ompenenus, 4To CcyOCTaHIMS, MPOCTPAHCTBO U BpeMs
ABJIAIOTCSA HEPA3/AeIbHOU TPUaJ0i, KOTOPYIO HaJ0 BBIBOJUTH B METOJIOJIOTUU XO-
JaM3Ma, a He MOCTYJUPOBATh UX MO OTJEIbHOCTH HE3aBUCUMBIMU U MIOCTOSIHHBIMH,
KaK MPUHSATO CErOJHS B TEOPETUUYECKOMN PU3UKe.

ASl. XuH4urH 000CHOBAJI TEOPUIO MACCOBOTO 0OCTY>KMBaHUs, B KOTOPOU pas-
BUTHE 00IIIeCTBA OMPEACIISAIOT TPU MEPEMEHHBIX (DaKTOpa: BO3pacTarOIINe MOTPeo-
HOCTH OOIIECTBa, BO3MOKHOCTH HUCIOJIB30BATh UCTOYHUKH SHEPTUU U BO3MOXKHO-
CTH TEXHHKH KaK MpoIlecC KOMMYHHMKAalWW HHGOpMAIMM Ha TpUMEpe pocTa
CJIO)KHOCTH KOMMYTATOPOB IS TeJIe(h)OHHBIX COOOIICHUH.

I'enpu NikoBuu paszpaboTasl TPOMHYIO CIUpaibh Pa3BUTHs OOIIECTBa, KOTa
pOJIb TOCyJapcTBa U OM3HECA YMEHBIACTCS, POJIb HAYYHO-IKCIIEPTHOTO COO0OIIIe-
CTBa pacTeT.

MBI yCTaHOBWIIH, YTO MPOLIECC PA3BUTUSA PU3UIECKOTO OOBEKTa XapaKTepu3y-
eTcst (pOpMHPOBAaHUEM TPAHUI] TIO TPEM 30JOTHIM CHHUPAISM, TZI€ JBE CIHPAIU
CBOpPAYMBAIOTCS C 11aroM psia @uboHayuu, a ciupallb, XapakTepU3yroas CTpyK-
TypHOE MHOTO00pa3ue, pa3BopaunuBaeTcs ¢ marom psiaa Jlroka [1]. DTo oTKpbIBaeT
HOBBIE BO3MOKHOCTH JIJIs1 PA3BUTHSI METPOJIOTMHN — U3MEPATH HAIIPaBJICHUE 3BOJTIO-
LHUOHHOTO MpoLecca.

BemectBo, 3Heprus, nHGOpMaLUsA — TPU KJ1acca JTUHAMUYECKUX MTEPEMEHHBIX.

PekyppeHTHOE ypaBHEHHE JIJIsl TPEX aKTUBHBIX MHOKECTB M3MEHSIET UX Kaye-
CTBO, (OpPMHUPYET HOBBIE TPAHUIIBI MEYKAY HUMHU U COXpAHSIET UX KOJTUICCTBCHHBIH
MHBAPHUAHT.

W3 Hameit Mmojenu ciaenyeT, 4To BEDKUBAHHUE U pa3BUTHE (HU3MUYECKUX OOBEK-
TOB Ha BCEX YPOBHSX OpPraHU3aluu MOJUNHAETCS 3aKOHY IPEyCTAHOBJIEHHOM rap-
MoHuu JleitbHuma u popMUpOBaHUIO TPAHUI] TIO TPEM 30JI0THIM CIIUpPATSAM. Takum
o0pa3oM, H3ydaTh peallbHOCTb MOXKHO, MCIIOJIb3Yysl aKTUBHbIE B3aWMOJAECUCTBUS
TpEX MHOXKECTB 10 JIorocy ['epaknura u Gpu3NKO-MaTeEMaTHYECKYIO MOEIb 3BOJIO-
LM B METOAOJIOTHH XOJIU3Ma.

A.A. Pyxaaze yka3an Ha CJIEAyIONIYI0O aHTHHOMHIO B COBPEMEHHOU (hH3HKeE.
TeopeTtnueckas (u3HKa MOCTPOCHA JOTMUYECKHU M HEMTPOTUBOPEUMBO HA TOUCUHOM
MoJenu (pU3NIECKOro 00BEKTa, a (PU3MUECKUH OMBIT MMEET JENI0 C TPaHULaMHU
duznyecKux 00BEKTOB, KOT/a MPH MMEPECCUCHUU TPAHMII ABYX H 00Jjiee 0OBEKTOB
MOJKET MPOUCXOJUTh UHBEPCUS PACHpPEEICHHs MOJIOKUTENbHBIX U OTPULIATENb-
HBIX 3apsAa0B. [Ipu ATOM TOJIBKO Ha rpaHUIIAX PAa3HBIX B3AUMOAECHCTBYIOIUX 00b-
€KTOB MIPOUCXOIUT IBOIIONUS U BOZHUKHOBEHUE HOBBIX OMOJIOTMYECKUX OPTaHU3-
MoB. [IpuHUMas 32 OCHOBY TOYEUYHYIO MOJENIb 00BEKTa, CTaTUCTUYEeCKas (pU3MKa
npeHedperia AMHAMUKON TPaHUI] U B3aUMOACHCTBUSAMHE, IPOUCXOSIIUMH Ha ATUX
rpaunax (puzndecknx o0beKTOB. [ paHUIBI 00ECTIeUnBAIOT BEDKUBAHHE 00BEKTA,
ABJSIFOTCSL €r0 3JEMEHTaAaMU MNaMATH, TPUYMHON BO3HWKHOBEHHS SHTPOIMUMHON
cuibl JIx. ['m606ca u cuitbl X. Kazumupa, aHTEHHOMN 3JI€KTPOMArHUTHBIX BOJTH JJIS
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npuéma U nepeaadu HHGopMaluu MeXIy 00beKTaMH 1 OKpy Katolen cpenoi. [Tpu
9TOM H3JIy4€HHAs DJIEKTPOMATHUTHAS BOJIHA, IPOXOJS Y€PEe3 BE TPAHULBI CUCTEM
C Pa3HBIMU IEKTPUYECKOW W MAarHUTHOM NMPOHUIIAEMOCTSIMH, IIOPOXKAAECT HOBBIE
IIOBEPXHOCTHBIE BOJIHBI.

H.N. KoGo3eB chopmynrpoBa aHTHHOMHIO MEXKIY 3aKOHOM POCTa Xaoca B
(bu3uKe U 3aKOHOM TOXKJIECTBA C MEPOM Xaoca, paBHOI HYJII0, KOTOPBIA HCIIOJIB3YET
Hamle MblinuieHue. OH NpeuIoKuIl pa3pelieHue 3TOM aHTUHOMUHU MyTEM ydeTa
AKTHBHOTO aHCAMOJI COCTOSSHMM B KBAaHTOBOW (DM3UKE, KOTOPHIN CMOYKET YUUTHI-
BaTh F€HEPALIMIO HOBOM HH(pOpMaMK 1 OOMEH €10 MEXKAY aKTUBHBIMU YaCTHIIAMHU.
Hayky, koTOpast MOXET yYUThIBaTh T'€HEPaLM0 HOBOW MH(pOpMAIMM 1 OOMEH €10
MEX/y aKTUBHBIMH YacTULIAMH, KaK IPOLECC 3BOJIOLUM KadyecTBa B OTIMYUE
OT U3BECTHOM MozemnH 3Bosoiun koinnyecta, H.M. KoGo3es Hazan nndopmonu-
HaMHUKOM.

YenoBedecTBO JOCTUIIIO TAKOTO ATAla CBOErO Pa3BUTHS, KOTJA CTANO SCHO,
YTO 3aKOHBI (PU3UKH, IOCTPOECHHBIE HA OMHAPHBIX U aJTUTUBHBIX MATEMaTHYECKUX
OTHOIICHMSX, HA MOJAEIH YCTOHUYMBOrO paBHOBECHsS OOBEKTa OMMCHIBAIOT TOJIBKO
[IaCCUBHBIE CBOICTBA pealbHOCTH, KOIJIa BHEIIHASA cwia u3BecTHa. lIpenmerom
UCCIICIOBAaHMSI JOJDKHBI CTaTh KOJUICKTHUBHBIE (U3UYECKUE B3aUMOJCHCTBUS,
Ha KOTOpbIE BIEpPBbIE YKa3an J. Max.

IIpakTnyeckasi HEHHOCTh AKTUBHOM MOIeJ M (PU3HIECKON CHCTEMbI

@opMHUpOBaHUE HOBBIX TPAHULL 110 TPEM 30JI0THIM CIIUPAIISAM Ha BCEX YPOBHAX
AKTUBHOM OpraHU3allMM IIPUPOABI I103BOJIAET IOBBICUTH KAYECTBO KU3HU HAIECH
MOITYJISIITUH, K&KIO0TO YeJIOBEKA M IIO3UTHBHOIN OpTaHU3aIK 00IIECTBA, HATIPABIISIS
npolecc HeoOPaTUMOI SBOJIIOLIMHU K HOBBIM KOJIJIEKTUBHBIM B3aMMOAEHCTBHSM.

Jlns Kakaoro (pu3MYecKoro sIBICHUS MOYKHO YCTaHOBHUTH CBOIO HEpas3zieiu-
MYI0 TPHAy, YU THIBAIOLIYIO €70 aKTUBHBIE CBOWCTBA, U HCCIIEI0BATh BIIEPBBIE €T0
IPOIIECC IBOIIOIMU MYTEM (POPMHUPOBAHUS TPAHUI] MEKAY HUMHU.

YroObl MaTeMaTHKa MOJEIMpPOBANa HEOOPATUMYIO HBOJIOIHMIO B3aUMOJEH-
CTBUS TPEX HEpa3esIbHbIX MHOXKECTB, IPUBOJIA K POCTY MaMsTH, €€ Hal0 pa3pada-
TBIBaTh B METO/OJIOTUU XOJIM3Ma TaK, 4YTOObl UMEJI MECTO POCT MaMATH B €€ KOH-
CTPYKLHUAX U JEHUCTBUSAX.
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PHYSICAL AND MATHEMATICAL MODEL OF EVOLUTION
IN THE METHODOLOGY OF HOLISM AS A RESOLUTION
OF THE ANTINOMIES OF REDUCTIONISM

A.S. Kharitonov”*

Abstract. Antinomies between our existence and the known laws of natural science are
considered. Overcoming of antinomies is considered in the holism methodology due to the physical
and mathematical model of evolution, which describes active interactions of three sets and contains
informodynamic resonances, dynamics of borders and feedback mechanisms. The model describes
the process of development of an informationally open system, when its borders are formed
according to three golden spirals, which allows us to explore the process of evolution and improve
the quality of our life. Examples are given to illustrate the relevance of the model under
consideration.

Keywords: antinomy, holism, informodynamic resonance, borders on three golden spirals
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MUPOBAA CPEOA-HOCUTESb KAK NMPEAMOCBLINIKA PELWWEHUA
NMEPBOW NMPOBJIEMbI TMNbBEPTA
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AnHoTanus. OTTaIKUBAsACh OT CYIIECTBOBAHUS €JMHOIN YHHBEPCAIHLHONH MHUPOBOH CpEIsl —
HOCHTEJIS BEIECTBA, SHEPTHN M MH(OPMALINH, a TaKKe 3aKOHOB COXpaHEHHs B Hel, 000CHOBaHa
cnenyromas runoresa. CylecTByeT o KpaliHel Mepe 0JJHO HECUETHOE MHOXECTBO, HE MMEIOLIee
MOIIIHOCTH KOHTHHYyMa (T.€. MHOYKECTBO MOITHOCTH Ni) — 3TO MHOXECTBO BCeX (DOTOHOB B aKTy-
anpHO OeckoHeuHOH BceneHHOi, koTOpoe 1Mo cBoel MPHPOJe 3aHMMAaEeT MPOMEXYTOUHOE Kap/u-
HaJIbHOE YHCJIO MEXIy CUETHBIM MHOXECTBOM BCEX 4acTHIl BemecTsa (No) M MHOXKECTBOM BCEX
TOUYEK MOITHOCTH KOHTHHYyMa (2No) caMoii 3TOH MOCTyIHUpyeMOil YHHUBEPCATLHON CPE/IbI.

Knrwouegvle cnosa: KOHTHHYYM, MaTeMaTHIECKasi MOIIHOCTh, COOCTBEHHOE IOAMHOXECTBO,
MeraranakTika, 9aCTUIBI 1 aHTHYACTHIIBI, (POTOHBI

Mpb1 000CHOBBIBAEM IOIXO]T K PEIICHUIO TIepBOi mpobiemsl [ mibpdepra B pam-
Kax pacHIMpeHHOW (HU3MKO-MAaTEMaTHUYECKONH OHTOJOTMU B KOHTEKCTE HAy4YHO-
dbunocodckoit runoTe3bl 0 6eckoHeuHor Beenennoit. [Ijist 5TOro Mul mpeasiaraem
BBICTPOUTH OIPEACTICHHYIO «OHTOJOTHYECKYI0 MHpaMuiy»: 1) yHHBepcaibHas
KOHTHHYabHas cpena (2"No); 2) ¢hoToHbI (N1) KaKk HOCUTENN B3aUMOJCUCTBUS CO
Cpeiol — NHUCKPETHbIE HECUETHBIE M TMPOMEKYTOUYHBIC, 3) YACTHIIBI BEIIECTBA
(No) — IMCKpETHBIE, CYETHBIE, 00JIaIal0IIe MACCOH.

* E-mail: godarev-lozovsky@yandex.ru
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1. I'unoTe3a MUPOBOIi cpelibl — HOCUTEJISI BelleCTBA, JHEPTrUM
1 HH(OpMAIUM KaK NPeANoChlIKA pelleHHus nepBoii npoduaembl I'mianbepra

1) Ucxoonas akcuoma: cymecTByeT elMHasl YHUBEpPCAIbHAs MUPOBAs Cpenia —
HOCUTENb BellecTBa, sHeprun U nHpopmanuu (MCH), opranndecku o0beIUHSAIO-
11asi B €AUHBIA KOHTHHYYM MaTeMaTUYECKYIO U PU3NIECKYIO PEATbHOCTD.

2) IIpunyun noanomsr MCH: MHOTHE JOTUYECKU HENIPOTHBOPEUYUBHIE U TE€O-
pPETHUYECKH JOIyCTHMbIE BO3MOXKHOCTH TposiBicHuss MCH ¢ HeoO0XoauMOCThIO
JOJIKHBI PEaIn30BbIBATHCS, B TOM YUCIIE U TaKas BO3MOKHOCTb, KaK CyIlleCTBOBA-
HUE HECYETHOT'O MHOXKECTBA, HE UMEIOIIET0 MOIIHOCTH KOHTUHYYMa, BKJIIOYas Cy-
HIeCTBOBaHUE peepeHTa 3TOro MHOKECTBA B PU3NUECKON PeabHOCTH.

3) Ilpunyun coxpanenus yucen Ha YUCIOB0U NPAMOL. KAXKIOMY NE€HCTBUTEIb-
HOMY YHUCITy COOTBETCTBYET CIUHCTBCHHASI TOYKA HA YUCIIOBOM MPSIMOM, U Ha000-
POT, KaXA0M TOUKE YACIOBOU IPSIMOM COOTBETCTBYET €IMHCTBEHHOE JEHCTBUTEb-
Hoe 4ucio. COOTBETCTBEHHO 3TOMY: MHOXECTBO BCEX ACMCTBUTEIBHBIX YHCET,
MHOKECTBO BCEX pAI[MOHATBHBIX YHMCET M MHOXECTBO BCEX LEJIBIX YMCEN Ha
YHUCIIOBOM MPSIMOM SIBJISIFOTCSI «TBEPJBIMI» MHOXKECTBaMHU, T.€. MHOKeCTBaMu 0e3
BO3MOXKHOCTH J100ABJISITh K HUM HOBBIC YHCIIA WM YJIASITh U3 HUX CYIIECTBYIOIINE
qHca.

4) Tpebosanue 3axona coxpanenus snepeuu ¢ MCH: HePKBUBaJICHTHBIC B Ipe-
nenax MeTarajnakTUKU KOJMYECTBEHHBIE COOTHOIICHUS MEXKIY CO00M MHOXKECTBa
BCEX YaCTHI[ BEUIECTBA M MHOXKECTBA BceX (OTOHOB — B OeckoHeuHOU BceeneHnHoii
B I[EJIOM UMEIOT CMBICI U COXPAHSIIOTCS.

5) Tpebosanue 3axona coxpamenus 6apuonuwoco 3apsoa (uucna) 6 MCH:
HEIKBUBAJICHTHBIC B Mpejaenax MeTarajakTHKH KOJMYEeCTBEHHBIC COOTHOIICHHUS
MeXTy OO0 MHOKECTBa BCEX YACTHI] BEIICCTBA M MHOXKECTBA BCEX aHTUYACTHII
AHTHUBEIECTBA — B OECKOHEUHOU BCelleHHOM B 11€710M TEPSFOT CMBICT U HE COXpa-
HSIFOTCAL.

6) Obwas 3axoHoMepHOCMb: MHOXKECTBO BCEX YACTHI] BELIECTBA U MHOXKE-
CTBO BCEX aHTUYACTUI[ AHTHBEIIECTBA SBISIOTCS TPABWIBHBIMU YaCTSIMH
(COOCTBCHHBIMU TIOJMHOXKECTBAMHU) OOBESTUHCHHOTO MHOXKECTBA BCEX YACTHI[ U
aaTrdactul. Ho MHOXeCTBO Bcex (DOTOHOB M MHOKECTBO BCEX YACTHII BEIICCTBA
HE SBJISIOTCS MPABUIILHBIMHU YacTIMH (COOCTBEHHBIMH ITOJMHOKECTBAMH ) 00HE/TH-
HEHHOT'O0 MHOXECTBA BCEX YaCTHII BelecTBa U (poToHOB. IHBIMU cllOBaMU, Bellle-
CTBO M aHTHBEIIECTBO B COBOKYITHOCTH 00pa3yIOT €AMHYIO CUCTEMY (2 UX MHOXKe-
CTBA — «IPaBUIBHBIE YacTW» IIEJOro), THe ICHCTBYIOT 3aKOHBI COXPAHCHHUS
ocoboro pona. B To ke Bpems BemecTBo U (POTOHBI TAKOW CUCTEMBI HE 00pa3yroT,
WX MHOXKECTBA HE SIBJISTFOTCSI «IPABHJIBHBIMH YaCTSIMI» TI0 OTHOIICHUIO JPYT K
IpYTY, U 3aKOH COXPaHEHUS SPHEPTHHU YIIPaBIISIET MU HHAUE, COXPaHss rI100abHOe
KOJIMYECTBEHHOE COOTHOIIICHUE.

7) ['unomesa: cymecTByeT NMPOMEKYTOUHAsT MOIIHOCTH (N1), KOTOpOil 0ba-
JAeT CyMMapHOE MHOXECTBO (DOTOHOB (BKJIFOYAs] TUTIOTETUYCCKHUE IMPOJIOJIEHEIC
GbOTOHBI), TOTJAa KAk MHOXECTBO OapuOHOB CUYETHO, YTO TPUBOJUT
K HEHYJIEBOMY IUIATO JUCTIEPCUH 0apHMOH-(POTOHHOTO OTHOIIEHUS Ha MacmiTadax
R = 500h™! Mnk u K COOTBETCTBYIOMIMM KPOCC-KOPPEISLMOHHBIM CHTHAIAM
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Mexay CMB u kpynmHoMacmtabHoM cTpykTypoi. bymymue 0630pst Euclid u SKA
CMOTYT IIPOBEPUTH 3TO MPEACKA3aHUE ¢ YyBCTBUTENLHOCTRIO 10 10710 cm [1].

2. O exuHCcTBEe MaTeMaTH4eCcKOH U PU3NIECKOI PeaIbHOCTH
(nomosHenue K 1. 1)

[TposiBnenus: kpu3uca GpyHAAMEHTATHLHOW HAYKH OTMEUAIOTCS B psje MyOu-
Kauii (Hanpumep, cM. [1]). Llenb ganHOM cTaThu — HE ONPOBEPTHYTH OOIEPUHS-
ThI€ MOJIXO/IbI, @ M0Ka3aTh BO3MOKHOCTh MHOT'O, HEIPOTUBOPEUMBOIO B3IUIA1a HA
¢byHIaMeHTalIbHbIe TPOOJIeMbl, OCHOBAHHOTO Ha TUIIOTE3€ MUPOBOM CPE/bl U aKTy-
anpHOM OeckoHeuHocTH Beenennoit. Matemarnueckast u pusnyeckasi peaibHOCTb
€IHA, HO YPOBHHM CUCTEMHOCTH Y MaTeMaTHYECKOTO MHOXKECTBA U Yy (PU3NUECKOM
CUCTEMBI Pa3HbIE.

B crarbe E.B. Jlyuenko ¢gopmymnupyercss 1 000CHOBBIBAETCSI TPaHIMO3HAS
IporpaMMHasi UJesi CUCTEMHOTO 00OOIIEHNSI MAaTEMATHUKH, CYyTh KOTOPOM COCTOUT
B TOTAJILHOW 3aMEHE MOHATHS «MHOXECTBO» Ha OoJiee olliee MOHATHE «CUCTEMAY
U MPOCJISKUBAHUH BCEX MOCIEACTBUH 3ToT0 mara (cM. [2]). [Ipu saTom obecnieun-
BaeTcsl COONIOZCHNE MPUHIIUIA COOTBETCTBUSA, 00S3aTEILHOTO Al OoJiee oOmIeit
TEOpUH, TaK KaK cUCmema ¢ Hy1e8biM YPOGHEM CUCEMHOCU eClb MHONICECTEO.
Cucrema mpeacTaBisieT co00il MHOKECTBO AJIEMEHTOB, 0ObEAMHEHHBIX B LIEJ0€ 32
CYET B3aUMOJICHCTBUS AIEMEHTOB APYT C IPYTOM, T.€. 3 CUET OTHOLICHUIN MEXTy
HUMH, U o0ecreuyrBaeT MpeuMyIlecTBa B JOCTHKeHuu enei. [Ipeumyiectsa B
JTOCTMDKCHHH TIeJIeH 00€CTICUMBAIOTCS 3a CUET CUCTEMHOT0 d(dekra.

Cucremuslii 3h(eKT COCTOUT B TOM, YTO CBOMCTBA CUCTEMbI HE CBOIATCS K
CyMME CBOICTB €€ 3JI€MEHTOB, T.€. CHCTEMa Kak Iejoe 00JanaeT psaoM HOBBIX
(MepIKEHTHBIX) CBOMCTB, KOTOPBIX HE OBLIO Y €€ 3JIEMEHTOB, B3STHIX 110 OT/ENb-
HOCTH. YPOBEHb CUCTEMHOCTH TEM BBIIIIE, YEM BBIIIE HHTCHCUBHOCTH B3aUMO/ICH-
CTBUS DJIEMEHTOB CUCTEMBI U CHIIbHEE OTIIUYAIOTCSI CBOMCTBA CUCTEMBI OT CBOWCTB
BXOJISIIINX B HEE DJIEMEHTOB, T.€. YEM BBILIE CUCTEMHBIN 3((DEKT, TeM 3HAUUTEb-
HEe OTIMYAeTCs CHUCTEeMa OT MHOXECTBa. B 4acTHOCTH, cHCTeMa C HYJEBBIM
YPOBHEM CUCTEMHOCTH BOOOIIE HUYEM HE OTJIIMYAETCsl OT MHOXKECTBA 00pa3yIoLINX
€€ JJIEMEHTOB, T.€. TOXKJIECTBEHHA TOMY MHOXECTBY M HUKAKUX MPEUMYIIECTB B
JOCTHKEHUH LieIeil He oOecrieunBaeT. YncaeHHbIE pacyeThl U AHATUTUYECKHE BbI-
KJIAJKU TIOKa3bIBAIOT, YTO MPHU BO3PACTAHHM KOJMYECTBA AJIIEMEHTOB B CHCTEME
JOJIi CUCTEMHOM MH(pOpManuu B TOBEJIECHUU €€ DBJIEMEHTOB BO3pacTaeT. ITo
E.B. Jlyuenko npeiaraeT Ha3BaTh 3aKOHOM BO3PAacTaHUsl IMEPIKEHTHOCTHU: ueM
bonbule d1emenmos 6 cucmeme, mem 00IbWLYIO 000 codepaicaujelics 6 Hell

ungopmayuu cocmasniem uHGOpMayus, cOOepHCAUAACs 60 63AUMOCEA3AX ee
anemenmos (cM. Takxe [3]).

3. O nmosHOTE MUPOBO cpeabl (IONMOJHEHHUE K 1. 2)

«[Ipexxae Bcero, KOHTUHYYM, OyIydd COBOKYITHOCTBIO 6ceX BEIECTBEHHBIX
YHCedI, JOJDKEH ONPEAeIIAThCS KaK HEKOe TBEPI0€ MHOXKECTBO (110 00pas3ily, Hanpu-
Mep. .. OIPEACTICHNUS COBOKYITHOCTH BCEX aNreOpanvecKux 4rcen), 0e3 ocTaBIeHUs

106



Tooapes-Jlozosckuti M.I". MupoBasi cpeia-HOCUTENb KaK MPEANOCHUTKA PEIICHHUS. . .

BO3MOYKHOCTH BIIOCJIEACTBUHU 100aBIISATh K HEMY HOBBIE M HOBBIE UHciiay. Tak ompe-
JIeJIsUT KOHTUHYYM OJIeCTSIINA oTeuecTBeHHbIN MateMaTuk A.fl. Xunuus [4. C. 16].
MBI CO3HATENBHO pacIIUpsieM MOHITHE HENPEPHIBHOCTU Ha (U3NYECKYIO peallb-
HOCTb, HO JIeJIaéM 3TO MPUHIUIHNAIBLHO UHBIM 00pa3oM, 4eM 3To caenanu I. Mun-
KOBCKHH U A. DHMHIITENHH, KOTopble Ha MecTo 3¢(upa koHIa XIX Beka paxkrnyecku
OTIpEICTMIIA TIPOCTPAHCTBEHHO-BpEMEHHOE MHOT000paszue (cm. [5]). Ilpu stom
HaMHU [IPENIoJIaraeTcs, 4To eAMHas yHUBepcalbHasi MUPOBas cpefia — HOCUTENb Be-
niectBa, 3Hepruu U nHdopmanuu (MCH), gBnssach, Mo CyliecTBY, HacleIHULIEH
a¢upa, UMeeT MaTeMaTn4eCcKyt0 MOLUIHOCTh KOHTUHYyMa. O1HaKo, 4TOObI BCE ke
muddepeHMpoBaTh (PU3MYECKYI0 U MaTeMaTU4YeCKyl0 pPEabHOCTH, COXPaHUB
cneunduyecKre YepThl KaKJ01 U3 HUX, NpejyiaraeTcs o0paTUThes K Kiaccupuka-
LMY TUIIOB peanbHoCcTed 1o B.M. ®Danpko, KOTOpast UrpaeT KIOYEBYIO U IPUHIIK-
MUAJIbHYIO POJIb B IOHUMaHUM OCOOEHHOCTEN MaTepuu, SHEPTUU U MHPOPMAIIIH.
3TO BHIBI HATMYHOTO OBITHS, BHIJIEIIEMbIE B COOTBETCTBHU € (hOpMaMHU UX CyIIle-
cTBOBaHMs. Takux BUJOB YEThIpE: MamepuanvbHoe, 00Iaarollee NpOCTPaHCTBEH-
HbIMH M BPEMEHHBIMU IapaMeTpamH, udeaibHoe, KOTOPOMY COOTBETCTBYIOT
BHEIPOCTPAHCTBEHHbIE U BHEBPEMEHHbIE (OPMBI CYIIECTBOBAHUS, NCUXUUECKOE
(BHETIPOCTPAHCTBEHHOE, HO BPEMEHHOE), a TaKXKe UuH@popmayuounHoe, KOTOPOE
MIPEACTABIISIET COOOM MPOCTPAHCTBEHHYIO, HO BHEBPEMEHHYIO PEabHOCTS [6].

Knaccugukanus B.M. ®anpko, pasrpannuuBaionias MaTepuaibHyl0, HJeab-
HYIO, NCUXUYECKYI0 U HMH(OPMALMOHHYIO DPEATBHOCTH, IO3BOJIAET IO-HOBOMY
B3IVIIHYTh HA UEPAPXHIO MOIIIHOCTEM, MpeAsaraeMyto B JanHou cratbe. Ecin MCH
JNeHCTBUTENBHO SBIsETCS (YHIAMEHTAIbHBIM HOCUTENEM, OOBEAMHSIOUIMM 3TH
THUIBI OBITHSL, TO €€ MOUTHOCTh KOHTHHYYMa (2*N0) MOXKET OBITh HHTEPIPETHPOBAHA
KaK MareMaTH4YeCKO€ BBIPAXKEHHE CIIOCOOHOCTH OJHOBPEMEHHO MOPOXKJIATh Kak
JUCKPETHBIE, TAK U HENPEpbIBHbIE NIPOsiBIeHUs. IHPopMalioHHas peanbHOCTb, 10
®danpKo, SBISAACH MPOCTPAHCTBEHHOW, HO BHEBPEMEHHOM, BEPOSITHO, KOPPEIUPYET
C MHOX€CTBOM (pOTOHOB (N1), KOTOpbIE MTHOBEHHO B3aumoaencTBytoT ¢ MCH, Ho
UX TEepEeMEelICHUs HOCAT aTeMIIOpajbHbI UM CKaukooOpa3HbI Xapakrep. B sTom
KOHTEKCTEe ()OTOHBI BHICTYNAIOT HE MPOCTO KaK MEPEHOCYMKHU B3aUMOACUCTBHS, HO
¥ KaK OTpe/ieJICHHbIC HOCUTENN HH(DOPMAIINH, CBI3YIOIee 3B€HO MEXKTy KOHTHHY-
aJbHOU Cpellof U NUCKPETHBIM BeliecTBoM. TakuMm oOpasom, noaHora MCH pac-
KPBIBAETCSA HE TOJIBKO B PEANM3ALMM JIOTHYECKUX BO3MOKHOCTEH, HO U B OHTOJIO-
TMYECKOM CHUHTE3€ Pa3JInYHbIX TUIIOB PEAbHOCTH, IJie KaXXJIOMy YpPOBHIO (cpena,
(OTOHBI, BEIIECTBO) COOTBETCTBYET CBOSI MaTeMaTH4eCKasi MOIITHOCTh U CBOH CIIO-
co0 CyILIeCTBOBaHMs B MPOCTPAHCTBE U BPEMEHH. DTO MO3BOJISIET MPEAOIOKHUTS,
YTO MOIIHOCTH N1 SIBJISIETCSI HE TPOCTO a0CTPAKTHOM MareMaTHu€eCKO# CyITHOCTHIO,
a (PM3MYECKH COZIEPIKATENbHON XapaKTEPUCTUKON HHPOPMALIMOHHOTO CJI0S pealb-
HOCTH, YTO JIOTIOJIHUTEIBHO YKPEIUISET TE3UC O CYIIECTBOBAHUM MHOXECTBA (POTO-
HOB Kak pedepeHTa MpoMeKyTOYHON MOIIHOCTH.

OcnosHuoim ceoticmeom MCH sBnsieTcs HENPEphIBHOCTh (KOHTHHYaJIbHOCTD) B
peasibHOM (PU3NUYECKOM MIPOCTPAHCTBE, a IPyTHe €€ CBOMCTBA CIIeIyOIIHE.

Vnusepcanvnocms: MCH OIHOBpPEMEHHO TMpPOSBISET MPOCTPAHCTBEHHO-
BpPEMEHHbIE (MarepuanbHbIC) u IIPOCTPAHCTBEHHO-BHEBPEMEHHbIE
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(uH(OopManMoHHEIE) cBoOMcTBA. Ha pa3HbIX MacmTabax mpoOCTpaHCTBA MaTepHalIb-
HbIe 1 HHGopManmoHHbIe cBoricTBa MCH mposIBIISIFOTCST B pa3IMYHBIX TPOMOPIIHSIX
MEXy HUMH.

IIposenenue MCH 6 sewyecmee: aTOMHO-MOJIEKYIISIPHBIE ITPOLIECCHI PEATU3Y-
IOTCSI CTPOTO B peasIbHBIX (PU3MUECKUX MPOCTPAHCTBE U BPEMEHHU.

IIlposienenue MCH 6 keanmoeoti meopuu: N3BECTHO, YTO BEIUYMHA KBAHTA
neiictBus (nocrossHHOM Ilnanka) onpenenser rpaHulibl IPUMEHUMOCTH Kilaccuye-
CKOM M KBaHTOBOHW (PM3HKH, a B KBAHTOBOU (hU3MKE HapaBHE C MPOCTPAHCTBEHHO-
BPEMEHHBIMHU TpOIIECCAaMH MPHUCYTCTBYIOT TaKXke aTeMIopalibHble (BHEBpPEMEH-
HbIE) CKAYKH M TYHHEJIUPOBAHUS MHUKPOOOBEKTOB B peajbHOM (DPU3MUECKOM TMpO-
CTPAHCTBE.

IIpossnenue MCH Ha 0ONAGHKOBCKUX (MANbIX) MACUMAabax npocmpancmea.
3aryTaHHbIE KBAHTOBBIE COCTOSIHUSI SIBJISIIOTCS IPOCTPAHCTBEHHO-BHEBPEMEHHBIMU
(nHGOPMAIIMOHHBIMH) TIPOIIECCAMH, T.€. PEATU3yeMbIMH aTeMITOpPaIHLHO U 0e3 yda-
CTUSI SHEPTUH.

Crennrka mposiBIeHUs IPOCTPAHCTBEHHO-BpeMeHHBIX cBoiicTB MCH Ha fo-
IUTAHKOBCKUX MaciTabax mpoCTpaHCTBA, BOZMOXHO, CBSI3aHa C T€M, 4TO HH(OpMa-
IIMOHHBIE MPOLECCH PEANU3YIOTCS B pealbHOM (PU3MUECKOM MPOCTPAHCTBE U, Be-
POSITHO, AOMYCTUMO ITOJIaraTh, YTO AHAJIOTOM KBaHTa ATHUX IPOILIECCOB SBISCTCS OUT
nHdopmaruu.

XopoI11o U3BECTHA HIes «BCE U3 OUTOBY, peayioxkeHHas B 1989 roxy ¢pusznkom
JIx. Yunepom, KOTOpBIN yTBEpxkaai, yTo 6a3oBas TkaHb BeeneHHoil — 3To uHpop-
Malus, a y KaKI0ro (U3nYecKoro SBJICHUS €CTh WH(OPMALMOHHBIN SKBHUBAJICHT,
KOTOPBIi, B MHTEPIpPETAlUd YWIIepa, HEPA3phIBHO CBS3aH C aKTOM HaOMIOACHUS.
Ota unaes NpeAcTaBiIsIeTCs HaM BCE )K€ HECKOIBKO MaKCHUMAJIMCTCKOM, HOO HE BCE
13 OUTOB, HO BCE Ke... HEUTO, OmpeeieHHo, u3 Hux (cm. [7. C. 546]).

PensionHoe mMpocTpaHCTBO-BpEMS — 3TO yBaskaeMasi KOHIENIHs B (puioco-
¢duu, KoTopasi paccMaTpuBaeT MPOCTPAHCTBO M BPEMS HE KaK CaMOCTOSITETIbHBIC
CYIIHOCTH, a KaK OTHOIICHHUS MEXy MaTepHabHBIMU 00bEKTaMHU U MPOIIECCAMHU.
OcHoBaresb pesIMOHHON MapagurMbl, KPYIHBIA (U3HK U OOJBIION MBICIUTEND,
10.C. BnagumMupoB npeioxKuiI COBPEMEHHBIN PESIIMOHHBIN MOAXO0/ K ONTUCAHUIO
MIPOCTPAHCTBA-BpEMEHH B Gu3HKe (OMHAPHYIO T€OMETPOPHU3HUKY), B KOTOPOM MET-
pUKa IPOCTPAaHCTBA-BPEMEHH HE 334aETCsl aKCHOMaTHYECKH, a BRIBOAUTCS U3 OoJiee
aneMeHTapHO! cTPYKTYphI (cM. [8]). C 06003HauEHHBIX TO3UIIHIA: pEISIIUOHHbIE (U-
3MYECKOE MPOCTPAHCTBO U (PU3MUECKOE BPEMs MPEICTABIAIOTCS HaM MPOU3BOJ-
HBIMH OT OTHOLIeHU# B eauHou cpene — MCH, Benp npas IlnatoH: ennHoe — 310
He00XoIMMast MPENOChIKAa MHOXECTBEHHOCTH (cM. [9]).

[Ipeanonaraercs, 4T0 MUpPOBasi Cpela — HOCHUTEIb BEIECTBA, SHEPTUH U UH-
¢dbopmaruu 1oyiHa B CUITy TOTO, UTO B HEH, MPEATNOIIOKUTENBHO, PEATH3YIOTCSI MHO-
TUE JJOTUYECKH U TEOPETUUECKH JIOIYCTUMbIE BO3MOXHOCTH. JTO TaK MOTOMY, UYTO
peansHocTs MCH, no Hamemy MHEHUIO, HE OIpaHMYE€HA HCKIIOYUTEIBHO IpPO-
CTPAHCTBEHHO-BPEMEHHBIMH PAMKaMH PEAbHOCTU MAaTEPUAIIBHOM, HO BKIIIOYAET B
cebs1 peabHOCTh MH(POPMALMOHHYIO, T.€. TPOCTPAHCTBEHHO-BHEBPEMEHHYIO, KO-
TOPYIO, B CBOKO OY€pE/lb, MHTEPIPETUPYET YK€ MHAs, BbICIIASA PEAJbHOCTh — BHE-
MIPOCTPAHCTBEHHO-BHEBPEMEHHOE CO3HaHUE YesoBeka (cM. [10]).
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Cpenu npounx Bo3moxkHoctelt B MCH peanusyercst u Takas JOTHUYECKU He-
MIPOTHUBOPEUNBAsI BO3MOXKHOCTD, KaK CyIIECTBOBaHHE pe(epeHTa HeCUeTHOTO MHO-
JKECTBa, HE MMEIOIIETO0 MOIIHOCTH KOHTHHYyMa. Eciiu MHO)XecTBO BceX (hOTOHOB
UMeeT MOIIHOCTH N1 (TIEPBYIO HECUETHYIO), TO 3TO O3HAYAET, YTO 1O MOIIIHOCTH OHO
HAXOIUTCSI MEXIY MHOXKECTBOM TOUYEK CPEllbl U MHOXKECTBOM YacTHI] BEILECTBA.
HHTEepecHO, 4TO KpailHuE U3 MEPEYUCICHHBIX MHOXKECTB — 3TO BCIOAY IUIOTHOE U
HUTJIE HE TUIOTHOE.

[Tonmnora MCH peanusyetcs emie u B uepapxuu ee nposisnenuit. Cama MCH
MMEEeT MOITHOCTh KOHTHHYYMa. MHOXXeCTBO ()OTOHOB KaK HOCHUTEJEH B3aUMOJICH-
ctBuil ¢ MCH — Xi. MHOXecTBO yacTull Beniectsa — No. Bnoinne gomycrtumo, 4to
CYIIECTBYIOT TaKX€ YPOBHHM PEabHOCTH, KOTOPbIE UMEIOT OOJNIBIINE MOIIHOCTH,
yeM MomHocth MCH.

4. TlpyHUMNBI COXpPaHEHUs B MATEMATHKeE U (PU3UKe
HMEKT 001N cMbIC] (I0NOJHeHHe K 1. 3)

Ha yucnoBoii npsmoit coxpaHstoTcs 4ucia, a Bo BeenenHoii pabotaer 3aKkoH
COXpaHEeHHs >Hepruu. B o0oux ciyyasx Mbl UMEEM HEUTO, YTO COXpaHsIETCs.
Ho B otHOM citydae — 3T0 4uCIIo, a B IPYrOM ciiy4dae — 3T0 (U3NIeCcKast BETHIHHA.
To ecTb: eAMHCTBEHHOE UMEIOILIEECS pa3IniuKe — 3TO pa3Inure 00BbEKTOB COXpaHe-
Hust. CoxpaHEHHE 4YMCeNl Ha YUCJIOBOM MPSMOW MMEET MAaTEMAaTHYECKHUM CMBICH
(UKCUPOBAHHOTO MOJOXKEHUS YUCIIA HA YUCIOBON MPSAMOIl: KaX10€ YHUCIIO UMEET
CTPOrO ONpeAEAEHHYI0 KOOPAMHATY, YUCIO KaK aOCTpaKTHBIA MaTeMaTHYeCKUi
O00BEKT HE MEHSIETCS, @ MHOKECTBO YHCeI (HapuMep, HaTypallbHBIX, LENbIX, AeH-
CTBUTEJIbHBIX) 33JIaHO pa3 U HABCET/1a — €ro AIEMEHThI HE UCUE3al0T U HE MOSBIIS-
1ores. [Ipu aToMm coxpaneHne 3Heprun Bo BeesrleHHON HMeeT aHaJIOTUYHBIN, HO YiKe
(u3u4ecKuil CMBICI U ONUCHIBAETCS 3aKOHOM COXPAHEHUs YHEPTUU: TIOJIHAs SHEp-
T'Us 3aMKHYTON CHCTEMBI OCTAETCs IOCTOSHHOM BO BPEMEHH, SHEPTUS MOXKET Me-
HATH (hopMy, HO e€ ob11ee KOIMYECTBO HE U3MEHSIETCS.

5. O 3aK0HOMEpPHOM KOJMY€CTBEHHOM COOTHOIIEHNH MHOKECTBA YACTHI
BelecTBa U GOTOHOB (IONOJIHEHHUE K 1. 4)

3aK0oH COXpaHEeHHUs SHEPTruH paboTaeT UCKIIOUUTEIHHO B 3aMKHYTON CUCTEME,
a 3aMKHYTasl CUCTEMA — 9TO CUCTEMA, KOTOPasi HE UMEET BHELIHEW 110 OTHOLLIEHUIO
K cebe cpenbl. IMEeHHO TakoBOH siBisieTcsl Haubosee o0Ias COCTaBHAsA CUCTEMA B
npupoze, T.e. BcenieHHas B caMOM IIMPOKOM CMBbICIIE 3TOro noustus. U, Takum o06-
pa3oMm, B aKTyaJbHO OeCKOHEUHOI BceneHHoil 3akoH COXpaHEHUs SHEPTUH 0JKEH
HEYKOCHUTEIBHO COOIIONAThCA.

N3BecTHO, yTO B MeTaraiakTuke HeAKBUBAJIECHTHBI: a) KOHEUHbIE MHOXECTBA
YacTuI| BellecTBa M (OTOHOB; 0) KOHEUHbIE MHOXKECTBAa AHTUYACTHUI] M YaCTHUIL
Bemectsa. [Ipu 3ToM OTHOIIEHHE YKCTIa HYKJIOHOB K YHCITY (JOTOHOB MHUKPOBOJIHO-
Boro (oHa, mpumepHo paBHO 1:10°, a OTHOIIEHHE YHCIIa AHTU-HYKIJIOHOB K YUCITY
HYKJIOHOB Takxke npumepHo 1:10°. TIpencraBisercs, 9To mogqoOHOE COOTHOIIEHUE
HE SIBJISIETCS CIIy4alHbIM WM IPOU3BOJIBHBIM.
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[IpuBeneM cyiiecTBEHHBIE Ul HAC pacCykKaeHUsl pu3ukoB B ceTu. CpenHss
o0beMHasl TUIOTHOCTh BUJIMMOTO OAPMOHHOTO BellecTBa B MeTarajakTuke OleHH-
BaeTcs Kak po =4,1x1072® kr/m>. [Ipu Macce aroma Boopo1a, OCHOBHOIO 3JIEMEHTa
Bcenennoit (m = 1,67x107?7 xr), cpeaHsisi IIIOTHOCTh YKCIa aTOMOB BOIOPO/a BO
Bcenennoit = 0,25 atomos/M?. IIpu MIOTHOCTH SHEPIUU IEKTPOMArHUTHOTO U3-
nyuyeHus B Meraranaktuke = 0,25 5B/cM® mnoTtHOCTH 4rciia pOTOHOB MUKPOBOII-
HOBOTO (hoHa (CMB) cocrasmser oxono 400 hororoB B 1 cm?. [Ipu 3TOM (hoTOHBI
CMB 10 OTHOMIIEHHIO K OCTaldbHBIM (oTOHAM B MeTarajJakTUKe HaXOIATCS
B cootHomeHuu: 400 gactuil — Kk He OoJiee YeM OIHOW-IBYM YacThllaM. 10 eCTh
npumepHo 1,6 Mummmapaa ¢oronoB CMB mponerator uepe3 kaxasie 4 M3
KOCMUYECKOT0 TMPOCTPAHCTBA, B KOTOPOM B CPEJAHEM HAXOTUTCS JIMIIb 0OUH aTOM
BUAMMOT0 0apHOHHOTO BerecTBa. [Ipu 3ToM 0oHa Kiaccuueckas 3IeKTPOH-TI03H-
TPOHHAs AHHUTWISLUS CONPOBOXKIAET POXKACHUE 0O0HO20 aroMa BOJAOPOJA.
[TapameTpsl oOpa3syromuxcs MpU TAKOM AaHHUTWISLUMU Ha aTOMapHOM YpPOBHE
ramMmMma-(hOTOHOB KECTKO CBSI3aHBI M3BECTHOU dopmynon E = h*f, a camu ramma-
(bOTOHBI HAIEKHO (PUKCUPYIOTCS.

BrionHe 3akoHOMEpHO, 4TO 00BbEMHAS TUIOTHOCTh HEPTUU MUKPOBOJIHOBBIX
¢dortonos (0,25 3B/cm ky6 = 0,25 MaB/meTp KyO0.) He SIBIsSETCS TPOU3BOIBHOM (CITy-
YalHOM) BEJIMYMHON. DTa BETMYMHA OTHO3HAYHO M TIPEJIETHLHO TOYHO OIpeesieHa
MIPUPOIOH U CBs3aHA C UMEIOIICHCS B KOCMOCE MaTepuei (BOIOpOaOM) BEChMa Mpo-
CTBIM COOTHOIIEHHEM, COIVIACHO KOTOPOMY BCE€ CYLIECTBYIOIIME B Haauuuu ¢o-
ToHbl CMB SBISIFOTCSI HOPMUPOBAHHBIMH (CTPOTO TO3UPOBAHHBIMU) M 00pa3yrOTCs
HENOCPEACTBEHHO B IPOLIECCE TOSABICHUS BUIUMOM MaTepuy (aTOMOB BOIOPO/A).

DTOT BBIBOJ JOITYCTUM Ha OCHOBaHHMHU TOTO, YTO IUIOTHOCTH SHEPTHH (POTOHOB
CMB (0,25 MaB/metp Ky0.) MpakTHIeCKH aOCOIMIOTHO TOYHO COOTBETCTBYET YHEP-
UM aHHUTWIALKUKA OZHOW 3JIEKTPOH-TIO3UTPOHHON Mapbl, KOTOpas BIIOJIHE BEpO-
ATHO, YTO MPSMO WJIM KOCBEHHO IPUHKUMAJIa y4acTHE B NPOILIECCe MOSBICHUS (POXK-
JEHUs) KaKIOTo aromMa Boaopoaa. Ham HEmoHSATHO: MmoueMy 3TH HHTEpPECHBIC
MBICITU HE BBUIHIIUCH B HAYYHYIO TyOIUKanio?

MeI nionaraem, 4to Bo BcenenHo# HaOmomaemMoe B MeTarajiakTUKE COOTHO-
[ICHUE YMCIIa YacTHUI] BEIIeCcTBa M (POTOHOB, BEPOSTHO, HE SIBISETCS MPOU3BOIIb-
HbIM. [lomycTum oOpaTHOE: B akTyalabHO OeckoHeuHOW BcenmeHnHol Habmomaemoe
B MeraranakTuke COOTHOILIEHHE YKCIIa YaCTHIl BelllecTBa U (JOTOHOB HE COXpaHsI-
eTcsi. B aToM ciydae HapyIaeTcsi 3aKOH COXpaHEHHs SHEPTUU: TMO0 OTKYAa-TO MO-
SIBJISIIOTCSI «HOBBIE» YaCTHUIIBI BEILECTBA, JTUOO KyJIa-TO MCUE3AI0T <JIUIIHUE» (Ho-
TOHBL. [Ipu 3TOM caMu cylecTByromue Bo BeeneHHoM B3auMOIEUCTBUS MEX Y Be-
IeCTBOM U ()OTOHAMHU B MOMOOHBIX (U3UUECKHUX YCIOBHUSIX CTAHOBUTCS HEBO3-
MO’KHO OIHCATh U AaXKe MPEACTABUTD.

Opnnako: «MexXrajakTH4ecKoe BEHIECTBO MOMNIONIAeT paanodOTOHBI U Mepe-
U3ITy4aeT MUKPOBOIHOBBIE (DOTOHBI. .. HUKTO M3 UTPOKOB HE 3aXBaThIBACT HABCETAA
OTIIACOBAHHBIN €My ,,MAYUK". PU3NYECKUN BaKyyM JOJDKEH IE€pPENaBaTh SHEPTUIO
BELIECTBY, B IEPBYIO OYEPEAb IPOTOHAM, IPOTOHBI IEPEAAOT IHEPTHIO B OCHOBHOM
AIIEKTPOHAM, a AJIEKTPOHBI, B pe3yNbTare OJU3KUX MPOXOXKACHUH C MOHAMU a30Ta,
JOJKHBI TIEPEBOJIUTH MOHBI HAa 00JIee BBICOKUI YPOBEHb CBEPXTOHKON CTPYKTYPBI»
(em. [11. Kn. 2. C. 101]).
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Takum 0Opazom: kKak B MeTaraiakTuke, Tak ¥ B akTyaJIbHO OecKoHEeYHOI Bee-
JICHHOW COOTHOIICHHSI MHOXKECTB BCEX YAaCTHI] BEIIECTBA U MHOXKECTB BceX (OTO-
HOB OCTAI0TCsl HHBAPUAHTHBIMHU.

6. O 3aKOHOMEPHOM KOJIUYE€CTBEHHOM COOTHOINCHUHU MHOKECTBA YaCTHIL
BeIIECTBA U AHTUYACTHI aHTHBEIECCTBA (Z[()IIOJ'IHeHI/Ie K II. 5)

['moGanbHBIM 3aKOH COXpaHEHUsT OApHMOHHOTO 3apsia B beckoHeuHoU Beenen-
HOM CBSI3aH C JIOKaJbHBIM IPUHIIUIIOM 3apsII0BOM CHMMETPUHU B3aUMOICHCTBHI OT-
HOCHUTENFHO 3aMEHBl YaCTHUI] HA aHTUYACTHIIBI M CYIIECTBYIOIIEEe PAaBEHCTBO Bpe-
MEH XU3HU YaCTHIl ¥ aHTHYACTHI] BIIOJTHE OOBSICHIETCS 3TUM 3akoHOM. [Ipu 3ToM
3aIyTaHHOCTD B IMAPBI YACTHUI] K aHTHYACTHI] IIPEICTABISETCS (DU3UKaM BIIOJIHE JI0-
nycTumoit (cM. [12]).

Oo6parumcst K Teopur OapUOHHONW CHMMETPHUH, KOTOpasi yTBEP)KAAET CIEAYIO-
miee: «1) B ciayuae aktyansHo OeckoHeuHOU BeenmeHHOoM: cueTHOE MHOKECTBO HYK-
JIOHOB B3aMMHO OIHO3HAYHO COOTBETCTBYET CUETHOMY MHO)XECTBY AaHTUHYKJIOHOB.
2) IIpocTpaHCTBEHHOE pacIpeeieHe TUIOTHOCTEH HYKJIOHOB U aHTUHYKJIOHOB BO
Bcenennoii He ciy4aifHO (CM. aHTPONHBIA TpUHIUI). 3) BennumHa MmiaoTHOCTH
PaBHOMEPHOTO MPOCTPAHCTBEHHOI'O pacHpeesieHUs] HYKJIOHOB 3HaYUTEIbHO Tpe-
BBIILIAET BEJTMYHUHY IUIOTHOCTH PABHOMEPHOTO MPOCTPAHCTBEHHOTO pacpeieIeHUs
AHTUHYKJIOHOB BO BcenenHoil (AHanmorus: B3aUMHO OJHO3HAYHOE COOTBETCTBHE
MEX/Ty JIEMEHTaMU BCIOY TIOTHOTO MHOXKECTBA PALIMOHAIBHBIX YHCET U DJIEMEH-
TaMU HUTJIE HE TUIOTHOTO MHOKECTBA LIEJIBIX YHCEI Ha YUCIOBOU MpsAMOit). 4) 3akoH
coxpaHeHus: 0apHOHHOTO 4Kcia BO BeeneHHO BhIMomHAETCS aOCOMIOTHO, HO €ro
peanu3aisi HE OrpaHuuyuBaercs mnpenenamu Meraranaktuku (CBsi3b  BCEro
CO BCEM — 3TO (PyHJIaMEHTAJILHOE CBOMCTBO MpUPOsI). 5) Poxaenue (camopacmnan)
HYKJIOHA B mpezenax MeraralakTUKU COMPOBOXKAAECTCS OJHOBPEMEHHBIM pPOXKe-
HUEM (camopacrmaioM) aHTHHYKIIOHA 3a mpenenamu Metaranaktuku (Pacnanaro-
nrasicsl He JIOKAJbHO 3allyTaHHas Mapa OJHOBPEMEHHO COMPOBOXKIACTCS POXKIeC-
HUEM HOBOH HE JIOKAJIBHO 3allyTaHHOM Iapbl).

OxcnepumentanbHo THC mpenckasbpiBaeT cienyroliee.

1. Byner skcniepuMeHTaIbHO OOHAPY’KEH camopacinajl IpOTOHA U OYEHb BEPO-
SATHO, YTO B CAMOM JOJTOXHBYIIEM deMenTe: Tesurype (128Te) (ITomobHoe oTKpHhI-
Tue OyleT 03HaYaTh TO, YTO aOCONIFOTHO HE3aIMyTaHHBIE YACTUIIBI U AaHTUYACTHUIIHI B
aKTyallbHO OeCKOHEUHOH BceneHHOo onpeieIeHHO OTCYTCTBYIOT).

2. He OyayT KCIIEpUMEHTAIBHO OOHAPYKEHbI HEHTPOH — aHTU-HEUTPOHHBIE
OCIMIIIAUH (DTOT TUIOTETUYECKUI MPOLIECC SIBHO U UCKIIOUUTENBHO JIOKAJIBHO
Hapy1ana 061 0apMOHHOE YHUCIIO).

3. He Oynet oOHapy»KeHO MPOIIECCOB, HAPYIIAIOIINX COXPaHEHHUE OOIIETo JIeT-
TOHHOTO YHKCJa, KOTOPOE HE 3aBUCHUT OT nokoieHus yacTuil ([TomoOHbIi runoreTu-
YECKUU MPOIIECC MO3BOIISI ObI B3AUMOIPEBPAIIICHHE JICTITOHHBIX U 0aPUOHHBIX YH-
cen)» (cm. [10]).

Takum 00pa3oM, MHOXKECTBO HaCTHUI] BELECTBA U aHTHUBEILECTBA MPEACTaB-
JsieT co00i eAMHYIO U IIETYI0 CUCTEMY, KOTOpasi MPOsIBIISIET CUCTEMHBIH 3 dekT, a
00beAMHEHHOE MHOXKECTBO YaCTHI] BEIIeCTBA U ()OTOHOB HE MPEACTABISIET COOOM
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CHUCTEMY, HO €CTh MHOXXECTBO M, COOTBETCTBEHHO, OHO HE MPOSBISET CUCTEMHOTO
a¢¢dekra. C Hameld TOUKH 3peHusi, 3T0O MOKET 0O3HauaTh, YTO B OTJIMYHE OT «IIpa-
BUJIbHBIX» YacTeH CHCTEMbI 4acTU OOBEIMHEHHOTO 6He CUucmemMbl MHOXKECTBA HE
MOTYT OBITh SKBUBAJICHTHBI [IEIIOMY.

7. lloyuemy B OTHOM CJIy4ae MPH nepexoje K 0eCKOHEeYHOil cucreMe
COOTHOIIIEHHE COXPaHsieTCs, a B IPYIrOM He coxpaHsieTcsi?
(nomoyiHeHHeE K 1. 6)

VYHuBepcalbHBIN KOCcMosiorndeckui npuHoun I'M. HWmimca yrtBepxknaer:
«IIpu nepexone OT MPOU3BOIBLHOIO MUPA KO BCel BeelleHHOM HauieKalue Xapak-
TEPUCTHKH: JHUOO OCTAIOTCS TOXKAECTBEHHO HEM3MEHHBIMU YHHBEPCAIBHBIMUA MH-
POBBIMHU ITOCTOSSHHBIMM; JINOO MPUHUMAIOT OJHO U3 IBYX BBIJICJIIEHHBIX MTPEIEIbHBIX
3HaYEHUN — OCCKOHEYHOE...WJI, HAMPOTHB, HYJIEBOE...; JIMOO BOOOIIEC TEPSIOT
cMmbIci...» (eM. [13. C. 326-328]).

B nameMm ciyyae 3TOT IPUHLMI JOIYCTUMO UHTEPIIPETUPOBATH CIENYIOLINM
o0pa3om. COOTHOIIEHHE KOJMYECTBA BCEX YACTHUI[ BEIIECTBA M KOJIMYECTBA BCEX
AQHTMYACTHUI] AaHTHUBELIECTBA B MeTarajakTuke TepseT CMbICI IIpU Iepexone oT Me-
TaraJlJakTHKHU K OeckoHeuHOol BceeneHHol, a COOTHOIIEHUE KOJINYECTBA BCEX YACTHI]
BEIIIECTBA U KOJIMYECTBA BCEX (DOTOHOB, HAIIPOTUB, COXPAHSET CMBICI U OCTAETCS
HEU3MEHHBIM.

O06001M 00HAPY)KEHHYIO 3aKOHOMEPHOCTh: B aKTyaJIbHO OeckoHeuHOM Bee-
JIEHHOM: a) SKBUBAJIEHTHBI MHOJKECTBA BCEX YACTHUL] BELLIECTBA U BCEX aHTHYACTUIL]
aHTHBENIECTBA; 0) HEIKBUBAJICHTHBI MHOXKECTBA BCeX (DOTOHOB M BCEX YaCTHUI] Be-
LIECTBA.

JloGaBuM, 4TO 3aKOH COXPAaHEHHS SHEPTHH — 3TO, BEPOSTHO, Oojiee PyHIaMeH-
TaJIbHBIN 3aKOH, CBSI3aHHBIN C OTHOPOJIHOCTHIO BpeMEHH U Teopemoit Hérep, koTo-
pBII HapyLIaeTCs B PEISTUBUCTCKOM KOCMOJIOTMH, B TO BPEMsI KaK 3aKOH COXpaHe-
HUs OapuoHHOro uncia B CTaHAapTHON MOJENU — 3TO MeHee (pyHIaMeHTaIbHBIN
3aKOH, KOTOpBIA B PEISATUBUCTCKUX HMHTEpIpeTanusix Benukoro oObeauHEeHUs
TaK)Ke MOXKET HapyIaThcs. Mbl nojaraem, 4to 0eckoHeuHoi Beenennoil npucyia
COBEPUICHHAsI ONHOPOAHOCTb BPEMEHH, KOTOpasi Ha JIOKAJIBHOM YPOBHE MOXKET IPO-
ABIIATHCS. KAK OTHOCUTENbHAS.

O0600umM: 4To B MeTrarajakTHKe SBISETCS HapylleHueM (0aproHHAs acHM-
MeTpusi) — BO BceneHHoM B 1IeTIOM SIBISIETCS SJIEMEHTOM INI00ANbHOM CUMMETpPHUH.
A TO, 9TO B MeraraiakTuke coXpaHsercs (COOTHOIIECHHE BEIIECTBO — (DOTOHBI),
SIBJISIETCS TIPOCKIMEH TI00ANbHOTO 3aKOHA COXpAaHEHHs >Hepruu Ha BceeneHnyto
B LIEJIOM.

8. lMouemy konTHHYYM-rUnoTe3a I'. KanTopa
MOKeT ObITh He CIIpaBeNInBa? (10MOJTHEeHNe K 1. 7)

Kontunyym-runore3a I. KaHTopa cBOAMTCS K yTBEPKICHHIO, YTO MEXIY
CYETHBIM MHOKE€CTBOM M MHOYKECTBOM, UMEIOIIUM MOLIHOCTh KOHTHUHYYMa, HE Cy-
LIECTBYET HECUYETHOIO MHOXKECTBA MPOMEKYTOUHOM MOIMHOCTH. M3BecTHO, 4TO
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K. Tenmenp nokaszan: KOHTHHYYM-TMIIOT€3a HE MOXET OBITh OIPOBEPrHyTa
MpaouyUOHHBIMY CPEICTBAMH TEOPHH MHOXecCTB, a 1. Kosn cTporo ob6ocHoBam:
KOHTHHYYM-TUIIOTE3a HE MOXET ObITh HU JI0Ka3aHa, HU OIPOBEPTHYTA C IIOMOIIBIO
00bIuHbIX METOIOB TeOpUH MHOXECTB. To ecTh B akcuomaruke Llepmeno — @pen-
KeJIsl HeNb3s PEIIUTh ATy Ipobaemy (cm. [14—15]).

Ho paccyxpaast 1oruyecku: eciiu pacliupuTh aKCHOMATUKY TEOPUH MHOXKECTB
(HanpuMep, BKIIOYMB B HEe€ (pU3MUECKHE aKCHOMBI), TO TepBasi mpoliema [wib-
OepTa BIIOJIHE MOXKET MOJIY4YUTh peuieHue. Beab ¢uznueckas u maremaruyeckas
peanbHOCTH (B COOTBETCTBUM C HAIIEH MCXOJHOW aKCMOMOM) €IUHBI M, COOTBET-
CTBEHHO, MBI MOXEM pPacCMaTpHBaTh MHOXKECTBO KakK (U3UYECKYIO CHCTEMY,
a (U3NYECKYI0 CUCTEMY KaK MHOXKECTBO. TorJa eciim MHOXKECTBO BCEX YacTHUIL Be-
IIeCTBA B aKTyaJlbHO OecKOHEuHOW BceneHHO# — 3To onpeneneHHo c4eTHOe MHO-
KECTBO, TO MHOXXECTBO BCeX (POTOHOB [OKHO OBITH Ooiiee, 4eM CYETHOE,
HO HE HMMEIOIlEEe MOIIHOCTU KOHTHHyyMa. Takum oOpa3oM, MOYKHO 3aKJIIOUYHUTH
CleyIoIIee.

1. B cuny nmpunuuna noiaHotsl MCH B ennHOl (u3MKO-MaTeMaTHueCKON
pEaNbHOCTU JOJDKHBI PEaIM30BbIBATHECS MHOTHME JIOTUYECKH HENPOTHBOPEUUBBIC
BO3MOYKHOCTH, BKJIFOYasl CyIIECTBOBAHUE MHOKECTBA ITPOMEKYTOUYHOW MOIIHOCTH.

2. ®u3nvecKre apryMeHThI (3aKOHBI COXPAHEHHSI, COOTHOIIEHUSI TIIOTHOCTEMN)
YKa3bIBAIOT Ha TO, YTO MHOKECTBO (POTOHOB HE MOXKET OBITh HH CYETHBIM (KaK Be-
IIECTBO), HU KOHTUHYJIBHBIM (KaK caMa cpena), a ¢ HeoOXOIMMOCThIO 3aHUMAeT
IIPOMEKYTOYHOE TIOJI0KECHHUE.

3. B pamkax mnpemyiaraeMoil pacIIMpPEHHOW OHTOJOTMM MBI MOCTYIUPYEM
CYIIIECTBOBaHHE MPOMEXYTOYHOTO MO0 MOIIHOCTH MHO)KECTBA BCEX (POTOHOB, UTO
JIeTIaeT KOHTUHYyM-TumoTe3y Kantopa B 3Toi cuCTEME HECITPABEIJINBOM.

WHTepecHo, 4To 3TOT Hall TE3UC BIOJIHE MOKET UMETh OTHOILIEHUE U K UHBIM
KBAaHTOBBIM 4YacTUIaM, HalpuMep K HEUTPUHO KaK K IEPEeHOCUYHMKY Cl1aboro
B3auMopencTBua. OIHAako MBI JUIsl IPOCTOTHI M SICHOCTH IIOKa MMEEM B BUIY
UCKIIIOYUTEIBHO M TOJNBKO (POTOHBI — KaK MEPEHOCYHKH 3JIEKTPOMArHUTHOIO
B3aUMOJICHCTBHS.

9. HexoTopblie 10NOJHUTEIbHbIE 3aMeYaAHUSA
1o Bonpocy o nposisaeHusasx MCH

Bosnukaer gonpoc: spnserca iu MCH uncto Meradusndeckoil npeanocsi-
KO, HEOOXOAMMOM JUIs IOTHKH PACCYKICHUHN, HITH JK€ TIPEAIoNaraeTcsi, YTo y Hee
€CTh KOHKpPETHbIC (PU3NIECKUE TIPOSIBICHHS, KOTOPbIE, TIOMHUMO YK€ YIOMSHYTBIX
BBIIIIE, MOKHO OOHAPYKUThH?

Omeem: npennonaraercsa, uro y MCH Bo3MOXxHBI ciienyronue Gu3ndeckue
IIPOSIBIICHHUS.

1. Pensasmusucmckue 3¢pghexmoi. YpaBHeHUs: MakcBesuIa ABISIIOTCS ypaBHEHU-
SIMU 3JICKTPOMArHuTHOTO 1oJisi. OHaKo OOIETIPUHATHIE B HACTOAIIEE BPeMs ypaB-
HeHns MakcBeruia He MMEIOT aHAJUTHYECKOTO PELIEHUs U PElIaloTCs YHCIEHHO,
T.€. npubnmxenHo. f.I. Koz BBen B ypaBHeHHsI MakcBeljia BMECTO YaCTHBIX
NPOM3BOAHBIX IOJHBIE IPOM3BOAHBIE M yKa3zal Habop pemeHuidl amis
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MOJIyYMBLIETOCS ypaBHEHUS. [{71sl moyyeHus Cruiibl B3aUMOJCHCTBUS MEXKY IBYMs
nBIKyIUMuUCcs 3apsaamu S.1°. Kirommms npenioxui cBoro GopMyiry, OCHOBaHHYIO
Ha MPEIJIOKEHHBIX UM 0000IIEHHBIX YpaBHEHHUsIX MakcBeljia ¢ MOJIHBIMHU MPOU3-
BOJHBIMHU TIO BpeMeHH. JTa (QopMylia COACPKHUT HE TONBKO (HOPMYTY AJS CHIIBI
JlopeHiia, HO TakXe U PSJI APYTUX CHII, TOTYUYEHHBIX PYTHMH HCCIEI0BATEISIMU
(B wactHOCTH, 3TO (hopmymnbl st cuibl ['paccmana, BeGepa, Heitmana, Amnepa u
VYurrakepa). [lomyuennas f.I. KmrommaeiM (opmyna COAEPKUT TaKKe CHITHI,
3aBHCSIIME OT YCKOPEHUH JABMKYIIMXCS 3apsAaoB. TakuMm o0pa3om, nonHas npous-
B00HASL yYUMbBIBAEm POJlb CPeObl 8 OMAUYUE OM YACMHOU NPOUBOOHOU.

SI.T. KuromuH moka3bIBaeT, YTO NpUYUHA 6CeX PelsimUBUCMCKUX P pexmos
Kpoemcsi He 8 COKpaujeHuu npocmpancmed U He 8 3ameoneHul 8peMeHuy, d 6 Helu-
HetiHoM ¢hghexme conpomusnenus cpedbl O8UNHCeHUI0, KOTOPBIA MPOSBISAETCS NPU
Oonbinx ckopocTsaxX. OJHAKO B HACTOSIIEE BPEMsI B CTAHJAPTHOM TOAXOAE BIIMSI-
HUE cpe/ibl HE yUUTHIBAeTCS BHO, U ITpeoOpa3oBanus JlopeHia BBOASTCS MOCTYa-
TUBHO, TorJa Kak noaxoj KiromuHa npearaeT 1 HUX Qu3ndeckoe 000CHOBa-
HUE C YUETOM IMOJIHOM MPOU3BOAHON (KOHBEKTHBHOM YaCTH), CBA3aHHON CO Cpeqoid
(8 mameit repmunonorun — MCH) (cm. [16. C. 24-38]). [lo6aBuM, 4TO THIOTE3a
S.I. KirommHa BHOJNHE COMIACYeTCsl € KJIACCUUECKUM IPUHLUIIOM OTHOCHTEIBHO-
ctu ['anuies n HaIM4YMEM TaKoM BbIIEICHHONW CUCTEMBI OTCUETa, KAK MUKPOBOJIHO-
BB ()OH, KOTOpast, KaK MbI ronaraem, cBsizana ¢ MCH.

2. Keaumosvie s¢hghexmul. Jlornuecku — y KBaHTOBOTO MHUKPOOOBEKTa HEI0-
CTaTOYHO DJIEMEHTOB CYETHOTO MHOXKECTBA BPEMEHHU, YTOOBI JBUTATHCS TEMIIO-
paJIbHO, M Y HETO UMEETCs U30BITOK 3JIEMEHTOB HECUETHOTO MHOKECTBA TOUEK IIPO-
CTpPAHCTBA, YTOOBI IBUTaThCS TPAEKTOPHO, TIOITOMY €T0 JABIKEHHE aTeMITOPATBbHO
1 OeCTPacKTOPHO U ONUCKHIBACTCSI ¢ 0OOpaleHneM K KOMIUICKCHON BOJTHOBOM (DYHK-
uu. Mcxoas u3 nonobHoro o0ObsICHEHHSI Mbl YTBEPKIA€M, UTO COOTBETCTBYIOIINE
NPUHIUITY HeompeaeneHHocTn [ei3enbepra kBaHTOBbIE d(PEKTHI, CBA3aHHBIC C
aTeMITIOPAILHOCTBIO ANIEMEHTAPHOTO NEpeMEeICHHUI-TYHHETUPOBAHUSI KBAHTOBOTO
MUKPOOOBEKTa, — 3TO CyTh A(PQPEKThl IABUKCHUS 4Yepe3 HEMPEPBIBHYIO CpPELy
(MCH), peanuzyeMsbie B pa3pelieHie W3BECTHBIX aropuii 3eHoHa [17].

3. Pacxooumocmu 6 keéanmosuvlx meopusx. IIpobiiema pacxonuMocTe B KBaH-
TOBOM TEOPUH MOJISI BEIPAXKACTCS B MOSABICHUH OECKOHEUHBIX BETMYMH IPU IPSIMOM
PUMEHEHUU YpaBHEHUI Teopur B 001acTH OYEHb OOJBIINX U OYEHb MaJIbIX SHEP-
ruil. Ecniu nomycTuth, 4T0 B IPUPOZE HE CYLIECTBYET: a) OECCTPYKTYPHBIX (ToUYeU-
HBIX) YacTull; 0) HeMaTepUaIbHBIX YACTHII, B) aOCOTIOTHOW MYCTOTHI, HO CYyIIe-
ctByeT MCH, motennmansHo obmanaromias 0€CKOHEYHON dHEpTUeil U B3auMOJICii-
CTBYIOIIAsi C MAaTEPHAILHBIMU OOBEKTAMH, — PACXOAUMOCTH yCTpaHstorcs. B ¢u-
3MKe Ha3peBaeT IMOCJIEe0BATEIbHOE BBEACHNE IOHATHS HENPEPHIBHON Cpelibl B €
KOHILIETITYyaJIbHBIN anmnapar.

Bonpoc: nouemy paznuuHbl MaTeMaTHUYE€CKUE MOIIHOCTH MHOXECTB, MPOU3-
BoaubIX OT MCH vactun 1 momuocts MCH?

Omeem: mpuunHa Bcerna coBepiienHee cueactsus 1 MCH — Gonee yHuBep-
cajbHa, YeM MPOU3BOJHBIEC OT HEE YACTHUIIBI.
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Bonpoc: MmoxxHO 1, ocTaBasch B paMKax OeckoHeuHOU Bcenennoit, mpemsio-
KHUTb MBICIICHHBIN AKCIIEPUMEHT WM TIpelcKa3aHue sl HaOmromaemoil Merara-
JAKTUKH, KOTOpOe OBl CJ1€J0BAJI0 U3 TUIIOTE3bl €€ OECKOHEUHOCTH?

Omeem:

1. M1 npeockazvigaem, umo 6 6yoyujem 6yoem oouenpusHaHo: MUKPOBOIHO-
8blll pOH — IMO He penuKkmosoe uziyuenue, Ho OH MPOU3BOJCH OT MEKTalaKTHye-
CKOTO BEILIECTBA BHE METArajJJakTH4eCKOro POUCXOKACHUS U IPUXOJUT K HaM Ja-
nexo u3-3a mnpenenoB Meraranaktuku (cM. C.I. denocun: «Tounbsie n3mepeHus
TemIeparypsl OHOBOTO M3JTyueHHsI B Pa3HbIX HAIIPABJIECHUAX Ha HEOE TOKa3bIBALOT,
4TO (POHOBOE U3ITYUYEHHE TPUXOIUT C OUEHB OOJIBIINX PACCTOSHHIM, MHOTO OOJIBIINX
yeM 1 I'mx» [18]).

2. byoem onpedeneno, umo cywjecmeyem HeNOKANbHAS IHEPSOHACHIUWEHHAS
Mupoeas cpeda, IpU PA3IUYHON IUIOTHOCTU MPOCTPAHCTBEHHOI'O pacIpeeeHUs
BO BcelleHHON HEproBhIIEIAIOMNX B HEE M SHEPrONONIOIAOINX U3 HEE peak-
nuid. A.I. 11IneHoBBIM yke TMOKa3aHO, YTO HEHAOII0AaeMOe CKPBITOE BEIIECTBO,
BKJIIOYAIOIIIEE, B YaCTHOCTH, MAJIOMACCUBHBIE KOCMUYECKHE TEJIa, COCTABIIAET MEXK-
raJlakTH4eCcKoe BeLeCcTBO, KoTopoe 1aét 80 % ot 00111eil CBeTUMOCTH, @ OCTaJIbHbIE
20 % CcBETUMOCTH NPUXOAUTCS HA TANAKTUKU. YKA3aHHbBIE 3HAUEHUS COOTBET-
CTBYIOT CYIIECTBYIOIIEMY COOTHOIIEHUIO CKPBITON M BUIAMMOM Maccsl 11t Merara-
JIAKTUKU B 1IEJIOM, C YYETOM MPUCYTCTBUS 3Hepronomomaronux n3 MCH nponec-
COB B BEIIIECTBE TAJAKTUK, KOTOPHIE JaIOT COOTHOIIEHUE MEXy YUCIOM Ooiee sip-
KHX U MEHee SIPKHUX (HeAOCTYIHBIX HabIoneHno) 38e3 ~ 1:30.

B cBs13u ¢ mpo6aemMoit CKpBITON Macchl, HaXoAsIIeics 3a mpeaesraMu Haoro-
naemoii obnactu Beenennoit, ormetuMm BenuuuHy paccuntansoro B.I1. [lopsimre-
BbIM I'PaBUTALMOHHOTO paauyca Metaranaktuku: «Eciu yuyecTs Maccy rMIOTETH-
YeCKOM TEMHOM MaTepHH, KOTOpas mpejnoiaraeTcs B 5,5 paza Oosblie BUAUMOI,
10 nostyuuM: 40—130 MuIIMap0B CBETOBBIX JET...» [19].

3. B 6yoywem 6yoem npusHan 6ananc mexicoy HeloKATbHbIMU IHEP208blOeIs-
oWuUMU U SHEpeono2iowjaruwumu peakyuimu 6o Bcenennou. IlmotHOCTH mpoO-
CTPAaHCTBEHHOTO pacIpeesieHUs] CBOOOIHBIX MUKPOOOBEKTOB, IPEUMYIIIECTBEHHO
BBIJIETISIIOLINX SHEPTUIO B CPEy 3HAYMTEIHLHO MEHbIIIE INIOTHOCTH IPOCTPAHCTBEH-
HOTO pacHpe/eleHusT acCTPOHOMHUYECKHX Tel, B OCHOBHOM TOTPEOISIOMINX
9HEpruro u3 cpeapl. Ho JHEProBblACIIEHNE JKECTKO CBA3aHO C MPOCTPAHCTBOM
MeraraiakTuky, a MoniomaemMas BeecTBOM MOIIHOCTh OOJbIIEH CBOEH 4acThio
M3JIy4aeTcsl B BUJIE DHEPIUH JAJIEKO 3a IPeeIaMH IPOCTPAaHCTBAa MeTaraJlakTHKH.
[Tpu s3Tom: «CymiecTByeT Oananc MeX 1y SHEPTOBBLACISIONIMMHI U SHEPTONOITIONIa-
IOIMMH peakuusiMu Bo BceneHHo». YCIOBHO Ha30BeM ATOT OajlaHC TPUHITUIIOM
KOCMOJIOTHYECKOTO dHEepreTHIeckoro 6ananca. Takum oOpas3om, B Oymymiem Oynet
paszpelieHa npobneMa CKpbITOi Macchl.

4. Byoem npusHana e CKOpOCMHAA NPUPOOd KOCMONOSUYECKO20 KPACHO20
cmeujeHuss Ha OCHOBE 3aKOHa BceMupHoro n3nnydeHus A.l. llInenosa: «1. Ha kax-
JIOM OTpe3Ke, PaBHOM JIJIMHE BOJIHBI 1€ bpoiins, m000if MUKpOOOBEKT MOJIONIaeT
sHepruto AH u tepsiet suepruto hH, pasuyto snepruu [1-¢potona, B pe3ynbrare 4ero
YacTHLIAa JIEMOHCTPUPYET CBOMCTBAa BOJHBI... OJEKTPOH Ha 1-ii OGOpoBCKoOil
opOuTe B aroMe BOAOPOJA IMOMIOLIAET 3a | MEepHo] TaKyl e SHEpruto hH»

115



Meraduszuka, 2026, Ne 2 (60)

(em. [11. Ku. 1, C. 52-56]). Benp cam 3. Xa66:1 nokazain eme B 1936 romxy — koc-
MOJIOTUYECKOE KPAaCHOE CMEIICHHE MMEET BOBCE HE JIOIUIEPOBCKYIO, T.€. HE CKO-
pocTHyto npupoxay. Becenennas He pacmmpsieTcsi, HO IPOUCXOIUT cTapeHue GpoTo-
HOB, TMOCKOJIbKY HE CYIIECTBYET BOJIH, KOTOPbIE paCIpOCTPaHsUIUCh Obl 63 JuccH-
nauuu sHepruu [20].

Bonpoc: xakoB cMmbicn P-yHKIMU ¢ yueToM cymectBoBanus MCH?

Omeem: Kak y>K€ 0TMEYaJioCh, Mbl IIOJIaraeM, 4TO 21eMeHmapHbvle nepemeuje-
HUsl K8AHMOBLIX MUKPOOObekmos & npocmpancmee MCH peanuszytomesa becmpa-
eKMOopHO U amemnopanvHo (paspelieHue anopuit 3eHoHa) (cum. [21]).

Hama npocmpancmeenno-epemennas unmepnpemayus K8aHmMoBOU MEXAHUKU
yrBepxkaaer caeayromee. Eciu MCH peanbHa, TO U MHTEpIpeTanus KBaHTOBOM
MEXaHHUKH JOJDKHA OBITh NepecMOTpeHa. B 4acTHOCTH, MBI MpeiaraeM Clieaylo-
MK B3IV HA IPUPOY BOTHOBOW (DYHKIIMM M KBAHTOBBIX CKAuKOB, KOTOPBIH pa3-
pelIaeT u3BECTHbHIE MapajOKCHI.

1. Ilocmynam gpusuueckoco cmvicia 601H060U Gyukyuu.: P-PyHKIUS TOKA3BI-
BAeT B OKPECTHOCTAX KaKUX TOYEK MUKpOYacTHIIa OyAeT HaXOMUTHCS B OyIyIieM, a
kBajpatr Moy P-pyHkiu (| P]?) moka3plBaeT KaKylo 4acThb OT CyMMapHOTO Bpe-
MEHH HaXOXKJICHHUS BO BCEX BO3MOXKHBIX KOOpIMHATAX MUKPOUACTHLIa OyeT IPOBO-
JUTh B OKPECTHOCTH ONPEEIIEHHON TOUKH.

2. Hocmynam cywecmeoanusi npocmpaHCmeeHHO-8HEBPEMEHHO20 UHMep-
éana. P OMMCAHUU B KOOPAMHATHOM MPECTABICHUH 3JIEMEHTApHOTO TiepeMeltie-
HUS MUKPOUYACTHUI[bl BPEMEHHON HMHTEpBaJl OTCYTCTBYeT (A¢ = ()), HO TpOCTpaH-
CTBEHHBINH MHTEpBaJ cyuiecTByeT (4 # ()), a mpu ONUCAHUH B UMIYJILCHOM Ipe.-
CTaBJICHUH — KBa3UUMITYJIbC MUKPOYACTHIIBI JIEMEHTAPHO U3MEHSIETCSI BO BpEMEHU
Mo KJaccu4yeckoMy 3akoHy (dp # 0). Takum oOpa3om, 3JeMEHTApHOE U3MEHEHUE
KOOpJIWHAT KBAHTOBOM YaCTHIIBI ONlEpekaeT U3MEHEHHE €€ KBa3UUMITYIIbCA.

3. Illocmynam o momenme uzmepeHus: B MOMEHT U3MEPEHUS KOOPIAUHATHI MUK-
pOYACTULIBI U3MEHSIETCS €€ KBa3UUMIYIbC (p = /ik), a B MOMEHT U3MEPEHUS KBa3u-
UMITyJIbCa U3MEHSIETCS] KOOPAMHATA MUKPOYACTHULIBI (X).

4. Bozmooichoe gpunocoghckoe 0606uenue: IPOCTPAHCTBO U BPEMsI KBAHTOBOM
MUKPOYACTHIIBI TTPOU3BOIHBI OT €€ KOMIUIEKCHOW BOTHOBOU (pyHkimu. [Ipu sToM
OINMCAaHNE KBAHTOBOTO TYHHEJIUPOBAHUS, KaK «CKauKa KOOPAMHAT» MUKPOOObEKTA,
B COOTBETCTBUH C MaT€MaTHYECKUM aIlllapaToM KBAHTOBOW MEXaHUKU MOXET OBITh
MPEICTABICHO CIEAYIOIIUM 00Pa30M.

dusnueckoe B3anmonericteue ¢ MCH BOIM3U HEKOTOPOH KOOPIUHATHI B IIPO-
LJIBI MOMEHT BPEMEHH, XapaKTepU3yeMoe YUCIIOM (-1), MOpoKIaeT NOTEHIUIO U
aKTyaJIM3alHI0 MOCIEAYIOIIEro NepeMEIIeHUs] MUKPOOObEKTA, OMMCHIBAEMbIE KaK
\ =1, ¢ pe3yIbTaToOM i; —i; YMHOKCHHE MOTCHINN HA aKTyaIH3alHio, T.e. i * (—i),
MOpOXKAAaeT HOBOE (PU3NYECKOE B3aUMOJEHCTBIE MUKPOOOBEKTA CO Cpeaoi Ha HO-
BOM MecTe, B OyAyIIHii MOMEHT BPEMEHH, XapaKTepU3yeMoe YHCIOM 1.

Bce nepeunciienHoe U MHOTOE Apyroe siBisieTcs «d3pdexramMmu 6€CKOHEUHOCTH
Bcenennoin».

B kauecTBe OTIAJIEHHOM EPCHEKTUBHI JJIS1 JATBHEUIIIUX UCCIAEAOBAHUN OTME-
TUM TOIBITKY aBTOpa CTaTbH MOCTPOUTH MATEMATUYECKYIO MOIeIIb, KOTOpasi MOIyia
OBl CIIY)KUTh AaHAJIOTOM OINMCAHHOW BbINIE (PU3MUECKOW KapTWHBIL. Peub mumer o
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TUTIOTETHYECKOM MHOXKECTBE «METapaIloHaIBHBIX Yrcen. OIHAKO MOTYepKHEM,
YTO JaHHAs MaTeMaTH4YecKas KOHCTPYKIUS HaXOJUTCS Ha caMOW pPaHHEW CTaauu
pa3pabOTKH M HE SIBISETCS HEOOXOAMMBIM 3BEHOM B OOOCHOBAaHHMHM OCHOBHOTO
Te3uca cTaThu [22].

Hacrosimas pabora npencrasnser obcroarenbHoe (humocodckoe ucciaenoBa-
HUE: OT CMEJIOW THUIOTEe3bl Yepe3 JIOTUKY, MaTeMaTUKy W (Qu3ndecKkue HaOroze-
HUS — K MIPEJICKA3aHMsIM U HOBOM MHTEPIIPETAINK (PYHIAMEHTAIBHBIX TCOPHIA.

Jlureparypa

1.  Toodapes-Jlozosckui M.I"., Cemenos U.A. KapnuHaibHasi KOCMOJIOTHSI: OHTOJIOIMYCSCKHIA CTa-
TyC KOHTHHYYM-THIIOTE3bI, CHHIYJISIPHBIC PACHIPEACICHUS U IMITUPUYCCKAs TPOBEPIEMOCTS //
Zenodo. 2026. C. 1-23. URL: https://zenodo.org/records/21235846

2.  Jhwyenko E. B. IlporpamMmHas ujesi CHCTEMHOTO 0OOOIIIEHNST MaTEMAaTHKH U €¢ TIPUMCHEHUE
JUIs CUCTeMHOW Teopun nHpopMatmu // Hayunslii sxxypran KyGaHckoro rocyaapcTBeHHOTO
arpapsoro yuusepcureta. 2008. Ne 36 (2). URL: http://ej.kubagro.ru/2008/02/pdf/11.pdf

3. Tooapes-Jlozosckuii M. I'. Teopust MHOKECTB B CHCTEMHOM ITOJIXOJIC: €CTCCTBEHHO-HAYYHEIC
u unocodcekue acmekTsl pemreHus nmapagokcos // SocioTime / CoumambHoe Bpems. 2024.
Ne 4 (40). C. 9-21.

4. Xumuun A. A. BoceMb nexiuii mo marematudeckomy aHanusy. Mocksa : Hayka, 1977. 279 c.

5.  Teinop 3., Yunnep /. ®uszuka nmpocrpancTa-BpeMer. Mocksa : Mup, 1971. 314 c.

Danvko B. Y. Tunsl punocodeknx onronoruit ¢pusuku // Gunocodus Gpusnku : MaTeprasl
Hay4Ho! koH(pepenuun 17—18 nronst 2010 r. Mocksa : YPSS, 2010. C. 161-163.

7. VYunep [lnc. Kant m Bcenennas. Actpodu3uka, KBaHTBI W TEOPHS OTHOCHUTEIBHOCTH.
Mocksa : Mup, 1982. 560 c.

8. Bmamummupos O.C. [Ipuamun Maxa u MeTprka npocTpaHncTBa-BpeMenu // Meradusuka, 2020,
Ne 2 (36). C. 8-27.

9.  T'ooapes-Jlozosckuii M. I'. T'unote3a eAMHON yHUBEpPCAJIbHOW MUPOBOI CpENIbI-HOCHUTES Be-
IIeCTBa, SHEPIUH W HMH(GOPMAIMHM KakK pa3BUTHE THIIOTE3l MHOTOMEPHOTO BpeMeHH //
Martepuansr [epsitoit MexnyHapoaHoi HaydHOUW KOHpepeHInH «VHTeIeKTyanbHas KyIb-

Typa bemapycu B rio0aimbHBIX W PETHOHAIBHBIX KOHTEKCTax» (20-21 HosOps 2025 rona,
r. Munck). 2025. T. 2. C. 150-153.

10. T'ooapes-Jlozoseckuii M. I'. Co3Hanue, CUCTEMHBIN 3((EKT U 3aIlyTaHHOCTh B TEOPUU OapHOH-
Holi cummetpuu // Tesucsl noknanoB Beemupaoro Konrpecca «Teopust cucrem, anredpande-
ckasi OWOJIOTHS, MCKYCCTBEHHBI WHTEJIEKT: MaTeMaTH4eCKHEe OCHOBBI M IPUIJIOKCHUS.
MexnynaponHas koHpepeHuus: «Coznanue 2024», MockoBckas obnacts, KpacHoBHI0BO,
26-30 aBrycra 2024 r. Mocksa : buomamcucremst. 2024. T. 8. Ne 3. C. 87-89.

11. Iinenos A.I Muxpomup. Beenennas. XKusub. Cankrt-IlerepOypr, 2009. 4-¢ u3n. (Ku. 1, 2, 3).

12.  @eoopos A. K., Huxumenko E. O., Xabaposa K. IO. u dp. KBaHTOBas 3aIlyTaHHOCTB, TEIETIOP-
Tauus ¥ ciaydaiiHocth: HobGeneBckas npemus no ¢usuke 2022 rona. Pa3sutue HepaBeHCTB
Benna: kBaHTOBas 3alyTaHHOCTh KaK pecypc M KBaHToBas Tenenoptauus / YOH. 2023.
T.193.C. 1167-1172.

13. Honuc I M. OHTONOTHS €CTECTBO3HAHMS M aHTPOITHBIH KOCMOJIOTHYECKUH IIPHHILIUT B CBETE
aarporocodpun / MNUDOM. 2007. Mocksa : Hayka, 2008. 381 c.

14. Ienuwes B. B. HeonpeneneHHOCTs B caMOM TOYHOM M3 HayK: KOHTUHYYM THIIOTE3a U aKCHOMa
KoHcTpyupyemoctH // dunocodus Hayku. 2002. Ne 4 (15). C. 39-53.

15. Lenuwes B. B. [Ipobaema ceMaHTHYECKON H3OBITOYHOCTH U OIIPEASIIEHHOCTh KOHTUHYYM-TH-
ITOTE3bI B TECOPHUSIX MHOXKECTB [IEPBOT0 H BTOPOro mopsiakoB // dumocobust oopazoanus. 2016.
Ne 69. C. 9-19.

117



Meraduszuka, 2026, Ne 2 (60)

16. Knrrowun A. I'. DnexTpudecTBO, TpaBUTALWsA, TEIDIOTa — APYrod B3rmAn. 2-¢ m3n. CaHKT-
[MeTepOypr : MexxayHapoaHsIi K1y0 yueHbIx, 2015. 235 c.

17. T'ooapes-Jlozoseckuii M. I. BO3MOXHOCTb M OHTOJIOTHUECKHE OCHOBAHHUS aTeMITOPAIbHON NH-
TepIpeTauuy KBaHTOBOI Mexanuku // Bectnuk Ilepmckoro yausepcurera. Cep. @uiocodus,
nicuxonorus, conuoiorus. 2014, Ne 1(17). C. 60-67.

18. ®@edocun C. I'. KpacHoe cMelieHne U KOCMUYE€CKO€ MUKPOBOJIHOBOE (DOHOBOE U3ITyUEHUE KaK
CIeCTBHE B3auMOJeHCTBHS (POTOHOB ¢ HOBBbIMHU uacTuiamu // Galilean Electrodynamics.
2012. Vol. 23. Special Issues No. 1. P. 3—13.

19. Jopwiwes B. I1. Pagmyc Metaranaktuku. URL: https://samlib.ru/d/doroshew/radius.shtml.
20. Hubbl E. The real of the Nebulae. London : Oxford University Press, 1936.

21. Tooapes-Jlozosckuii M. I'. JIBwkeHue B MPOCTPAHCTBE W JIOTHUCCKUE OCHOBAHMS HAyKH //
Tperbu CrenuHckue ureHus. llepcriekTuBBl (GuiIOCOGHHM HAyKH B COBPEMEHHYIO 3IOXY :
MaTepHalbl MeXJIyHapoJHOH KoH(pepenuuu, r. Mocksa, 20-23 wurons 2023 r. Mocksa ;
Kypcek : 3A0 «YHuBepcurerckas kaura», 2023. C. 190-195.

22. Tooapes-Jlozosckuui M. I'. Koutunyym-rumnore3a Kanropa u npoGiiema KBaHTOBaHHUS T'PaBU-
tarun // Meragmsuka. 2024. Ne 2 (52). C. 52-66.

THE GLOBAL CARRIER ENVIRONMENT AS A PREREQUISITE
FOR SOLVING HILBERT’S FIRST PROBLEM

M.G. Godarev-Lozovsky"

Petrovskaya Academy of Sciences and Arts
9 Razyezzhaya St, St. Petersburg, 191002, Russian Federation

Abstract. Based on the existence of a single universal global carrier environment of matter,
energy, and information, as well as conservation laws within it, the following hypothesis is
substantiated. There is at least one uncountable set that does not have the power of the continuum
(i.e., a set of power 1) — this is the set of all photons in the actually infinite Universe, which by its
nature occupies an intermediate cardinal number between the countable set of all particles of matter
(No) and the set of all points of the power of the continuum of this postulated universal medium itself
(Here and below, the term «Metagalaxy» refers to the observable part of the Universe).

Keywords: continuum, mathematical cardinality, proper subset, Metagalaxy, particles and
antiparticles, photons
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B YECTb H.N. IOBAYEBCKOI'O:
«B CAMUX NMOHATUAX ELLE HE 3AKIMIOYAETCS UCTUHbI»

JL.®. Bragumuposa

AnHoTauus. [Ipennmaraemas ctates OoTHAET naHb oTedecTBeHHOMY rennio H.M. JloGaues-
ckoMy, 200-1eTre co IHS BEIUKOTO AOKJIaAa KOTOPOTO UCIIOJHHUIIOCH B 3TOM roxy. O HaydHBIX J0-
CTIDKEHMSX MaTeMaTHKa IIOYTH BCE CIHBIANM, YTO BOBCE HE O3HAYaeT NOHUMAaHMSA UX POJIH
B onncanny npupossl. O Bkiage H.U. JlobaueBckoro B cTaHOBIIEHHUE U pa3BuTHe B Poccnn ynusep-
CUTETCKOro 00pa30BaHUA MPAKTUUECKH HHUKOIZA M HUTZE HE YIOMHHAETCs, TO3TOMY HM3BECTHO O
€ro 3acilyrax B JaHHOM JI€JI€ JIUIIb y3KOMY KPYTY JIUIl. ABTOp CTaThbH B CHITy CBOMX BO3MOXHOCTEH
KpaTKO HallOMUHAET O 3HAUCHUH CyJb00HOCHOTO JOKJIaa TeHHaIbHOIO MaTeMaTHKa U 00 aJMHHU-
CTPATUBHO-YHHBEPCUTETCKON CTOPOHE JIESITEIFHOCTH HAIIErO BEJIMKOTO COOTCUECTBEHHUKA.

Knwueevie cnoea: HeeBKINIOBAa TIeOMETpUs, MaTeMaTuka, KasaHCKWH yHHBEpCHTET,
H.J. JloGaueBckuii, Jlenp MaTemaTrka, npoeccop, peKTop, NCTHHA, pehOopMbl, 00pa3oBaHHE, MHU-
PONIOHUMAaHUE

BBenenue

B 2023 rogy pextop MI'Y npodeccop B.A. CagoBHHYMI BRICTYIHI C UHUIU-
aTuBoM yupexnaeHusa B Poccun JlHsa matemaruka. B 2024 rogy BbIIUIO COOTBET-
CTBYIOIIIEE PAaBUTEILCTBEHHOE TIOCTAHOBJIEHHE, U AaTa 1 nekalOps crana J{HéM ma-
teMmartuka. [louemy Ob110 BBIOpaHO 3TO uynca0? CUUTAETCS, YTO UMEHHO B 3TOT 3UM-
HUW 1eHb — 1 gexadbpst — B 1792 rogy poawsics BEIMKUN YYEHBIN, BBIIAIONTUNCS
YHUBEPCUTETCKHUI JesATeNb, TaJaHTJIMBBIM OopraHu3arop — maremaTuk Hukonait
NpanoBuu Jlobaueckuii (1792—1856). (Hamomuto, uro MexXayHapOoaHBIA JCHD
MaTemaTuku — 14 mapta — yupexnén B 2019 rony. Keraru, 14 mapra pogwics B
1879 rogy A. DUHIITENH).

K Benmukomy oropuenuto, B cBoeit poanoii ctpane H.W. JlobaueBckuii mpakTu-
YECKM HHUKOTJa HE YJOCTAaWBAJICA TEX BBICOKMX IOYECTEH, KOTOPBIE 3aCITy KU
CBOCH JESITeTbHOCTHIO, KaK Ha 0J1aro HayKH, TaK W JUIsl HAYYHOTO Pa3BUTHS Yelo-
BE€YECKOU ITUBUJIN3AIIHUH.

OcHoBHy!0 4acTh cBoel xnu3HM Hukomnaii liBanosuu nposen B Kazanu. Oka-
3aBUIMCh B 3TOM NIPOBHHIMAIBHOM ropoje Poccuiickoil mMmIiepuu B AETCTBE B
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KayecTBE yUYE€HUKa F'MMHa3Uu, OH B HEM U CKOHUYaJCsA B 1856 romy oT jierouHoi
HEJ0CTaTOYHOCTH.

IIpocnexxnBast X0 KU3HEHHOTO ITyTH N€HUAJIBHOTO MATEMATUKA, MOKHO 3a-
METHUTh, YTO OH JOCTUT OIPEAeIEHHBIX BEICOT Ha FOCYIapCTBEHHOM ci1yx0e, HeoI-
HOKpPAaTHO OTMEYaJICsl HAPCKUMHU BJIACTSAMU 3a IPEIaHHOCTh UMIiepuu. CIIy»Kul ke
OH, KaK IPUHATO FOBOPUTH, Bepol U mpasnoil. OTcroa U psal TOCyIapCTBEHHBIX
OpJICHOB, U MEPCTEHb ¢ OPWIIIIMAHTOM OT caMmoro umneparopa. [Ipasaa, no cuze-
TENbCTBY COBPEMEHHHMKOB, OH KaK-TO PaBHOAYIIHO OTHOCHJICS K BBICOKMM Harpa-
JlaM, HUKOTI'J1a UX He HOCHJI (XOTsI Ha JJOUIEIIIMUX JIO HALIETr0 BPEMEHU HEMHOT 04K C-
JIeHHBIX nopTpeTax JIobaueBckuii M300paxkeH ¢ opieHaMH), a OpUIJUIMAHT TaK U BO-
BCE MPO/Iaj, YTOOB! HA BEIPYUEHHBIE IEHBI'H PAa3BECTH B CBOEM MMEHUN MEpUHOC-
HBIX OBEIl.

KoHeuHo, Kak TocyJapCTBEHHBIN CITyKaluil yu&HbIi ObuT PUTYpOii He3aypsi-
HOH, SIPKOH, BhIACNSBLICHCS cpenu pounX. CerogHs TpyaHO MPEACTaBUTh, KaK B
JAJIEKOM 3aIITaTHOM IOpOJie, HA OKpauHE KyJbTYPHOM YaCTH UMIIEPUU YHUBEPCH-
TET MOT TOSIBUTHCS U BBIPACTH B U3BECTHOE yUeOHOE M HayyHOE YUpeKICHHE.

Cyab00HOCHBII T0KIa]

NmnepaTopckuii KazaHckuil yHUBEpCHUTET, OAMH U3 cTapeuinx B Poccuiickoit
Nmmepun (4eTBEPTHIN 1O BO3PACTY) M CaMbIii BOCTOYHBIN B HEH, 7a U BO Bcel EB-
pore TOW MOPbI, ChIrpajl BBIIAIOIIYIOCS POJb B UCTOPUM Halied crtpaHbl. M He
TOJILKO O1aroiapsi UMEHUTHIM BBITYCKHUKAM U CTYJCHTaM, HO U OJarojaps cepb-
€3Hoi1 peopme yHHBepcUTeTCKOT0 00pa3zoBanus B Poccun XIX Beka. K coxarne-
HUIO, MBI MaJI0 MHTEpECyeMcs NMPeoOpa3OBaHUAMHU TEX JIET M MPAKTHYECKH HE
3HaeM 00 MCKIIFOUHMTEIbHOM 3HAYCHHH BKJIaJa pekTopa u npodeccopa H.M. Jloba-
YEBCKOT'O B PEOpPraHU3aIMI0 aJMUHUCTPATUBHOTO YCTPOWCTBA Ka3aHCKOTO y4deo-
HOTO 3aBEJICHUS U XOJa BCETO MPOoliecca YHUBEPCUTETCKOT0 00yUeHHs, HAKOHEII, B
CTaHOBJICHUE U Pa3BUTHE MPOCBEIICHUs 1 00pa3oBanus B Poccun. MbI He 3HaewM,
Kak Bo3HUKJIa B Kazanu camas nepenoBas B Poccuiickoit umnepun oobceparopus,
KaK HauMHaJIOCh U Pa3BUBAJIOCH IEPBOE B CTPAHE BOCTOYHOE HAIIPaBJICHUE UCCIIE-
JIOBAaHUM, KAKUM OOTaThIM M Pa3HOOOpa3HBIM COOpAHHEM KHHT, PyKOTIUCEH, IPEB-
HUX JIETONHUCEel W akTOB pacrojaraja YHUBEpPCUTETCKas OHOIMoTEeKa Yxke
B XIX Beke. 1 Bc€ 3T0 OBLIO JOCTUTHYTO Oaroiapsi HEYTOMUMON U €KeIHEBHOU
pabote pekxropa H.U. Jlo6aueBckoro. OH odullnaibHO 3aHUMAJl B TEYCHHE Psa
JIeT TOJKHOCTH U TIIaBHOTO OMOIMOTEKaps, ¥ TIIaBHOTO CTPOUTEIS YHUBEPCUTETA.

Crnucok noctwxkenuii mneparopckoro KazaHCcKoro yHuUBEpCHTETa MOXKHO
pacmuputb. Ho BCE-Taku IiIaBHBIM U IPU3HAHHBIM YCIIEXOM, ITOBJIMSBIINM HA BCE
MUPOIMOHUMAHNE, OCTAHETCS OTKPBITAsi U BIIEpBble 0OHAPOJOBAHHASI B YHUBEPCH-
TETCKUX CTEHaxX HEeBKJIMAOBa (TurepOonnyeckas, B 3TOM KOHKPETHOM CIydae)
reometpus. [Ipounsonio 3To poBHO nBectu jet Hazam — 11 despans 1826 rona,
KOTJja MOJIOJION npodeccop MaTeMaTHKH, CEPhE3HBIA M TAJAaHTIMBBIN HCCIIEI0Ba-
TeNb, MPEACTABIII BBICOKOMY COOpPAHMIO YHMBEPCUTETCKUX CBETHJI CBOM JOKIA
«CxaTtoe U3II0)KEHUE OCHOB T€OMETPUHU CO CTPOTUM JI0Ka3aTEIbCTBOM TEOPEMBI O
napajyIeIbHbIX».
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Jloknag BbI3BaJ, MSATKO TOBOps, HACTOPOXKEHHOE OTHOLIEHHE. A Kak XKe
nHaue? Monoaoi MaTeMaTHK MOCATall Ha IPUHATHIE ONTUCAHUSI IEPBOOCHOB OBITHSL.
B noknane oreepranacs npuBbIYHAS TEOMETPHS MUPA, OCHOBAHHAS HA €BKIINAOBBIX
HayvajlaxX, Kak eAMHCTBEHHAs U I0Ka3bIBAJIOCh, YTO MOKET CYLIECTBOBATh U Ipyras,
CTOJIb K€ HENPOTUBOpeunBas reomerpus. IIpogomkas noruueckue paccykiacHus,
MOYKHO OBLJIO TPUNUTH K BBIBOJTY, YTO CAMO MUPOYCTPOHCTBO MOKET OBITH OCHOBAHO
Ha HOBOW reoMeTrpuu. TeM caMbIM PYIIMIUCH TPAIULUOHHBIE OCHOBBI MHPO3/a-
Hus! /IaBHO M3BECTHO, U TOMY €CTh Macca MPUMEPOB, KaK YEIIOBEYECTBO TSIKEIIO
paccTa€res cO CIOKMBIIMMHUCA NPEACTABICHUSAMH, C YCTOSBIIMMHUCS B3IUIAIAMU.
31ech e pedb 11J1a He 0 KAaKUX-TO ObITOBBIX PUBBIUKAX, AaXe HE O OJIUTUYECKUX
B3IUIS1aX, B JJOKJIaJIE TOBOPUJIOCH O ITPOCTPAHCTBE, KOTOPOE HAC OKPYKAET U OIH-
ceIBaeTcs ThicsiueneTussMu (!) yCTOsIBIIEHCS B MEPOBOM COOOIIIECTBE TEOMETPHECH.

Huxonaii UBanoBu4, Ha3biBasi CO3JaHHYIO T€OMETPUUECKYIO TEOPHIO BOOOpa-
’KaeMoil reoOMeTpHEM, IPSIMO TOBOPHIT:

«HM3n0xkeHne Bcex MOMX MCCIENO0BaHUN B HaJJIEXKallleM CBETE MOTPeOOBaIo
OBl CIIMIIIKOM MHOTO MECTa U HPeOCmaAsieHUs COBEPUIEHHO 8 HOBOM CEeme écell
HayKu... <...>

EBKIMI0BBI Havaja, HECMOTpSI Ha Bce OJMCTaTeNbHbIC YCIIEXH HAIlld B MaTe-
MaTHKE, COXpAaHWIM J0 CHX MHOp NMEpBOOBITHBIE CBOM HeAOCTaTkH... HampacHoe
CTapaHue J0Ka3aTh V MOCTyJaT OBKIUAA... B IPOTSIKEHUE IBYX ThICSY JIET 3acCTa-
BUJIO MEHS II0JJ03PEBATh, YTO B CAMBIX MOHATHAX €MIE HE 3aKJIFOYAETCSl TOU NCTHHBI,
KOTOPYIO XOTENH I0Ka3aTh U KOMOPYI0 NPO8epuntb NOOOOHO Opy2um u3uiecKum
3aKoHam moeym auwb onvimul. Kaxoewl, nanpumep, acmponomuueckue naobaiooe-
Hus...» [4].

Bcé noxiagpiBaeMoe HaCTOIBKO HE COOTBETCTBOBAJIO IIPUHATOMY B HayKe Be-
KaMH, YTO MHOTHE U3 TIPUCYTCTBYIOLINX ITOCUUTAIN yBa)kaeMoro podeccopa He B
Jydield MHTeIUICKTyalbHOU opMe. [laxe ¢ HanMeHOBaHUEM «BOOOpakaeMash OT-
HOCUTENbHO HayyHoro (!) comep:kaHusi A0Kjiajga OOJIBIIMHCTBO CylIaTeleld He
MOTJIO COTJIaCUTHCH.

Tem ne menee 11 deBpanst 1826 roga BOIIIO B UCTOPHIO MUPOBOM HAyKH Kak
JI€Hb POXACHUS HEEBKINI0BOM reomeTpun. Tor nanékuit (eBpanbCKuil JeHb
1826 roga cran BenTUKUM JHEM HE TOJBKO B MCTOPUU HAYKH, HO U BO BCEH Halleu
nuBriIn3anu. OH pacIMpHII TPAHULBI MUPO3JIaHMs], pa3pyLIUII ThicAYeeTHHE Oa-
pPBEPBI U CTEPEOTHIIBI HAIVISIAHOCTH B BOCHpusATUHU npupoasl. Hacrynana cmena
3I0X B [N03HAHUU BceneHHOoM.

YHuBepcUTETCKUI 1esiTe/Ib

H.N. JIoGbaueBCKkHii ¢ FOHOCTH YaCTO IMOBTOPSUI, YTO B CAMUX MOHATHAX €IIE HE
3aKnmrodaercs uctuHa. HeoOxomumo mokaszaTenscTBO! A «korja 4To JTOKa3aHo,
HaJ0 OBITh TBEPBIM, UATH 10 KOHIA!». [lepkaThcs HalIeHHON UCTUHBI, HE TIA1aTh
nyxom!

Huxonait MiBaHoBWY U cam ciie10Bajl 3TUM MPUHIUIIAM BCIO CBOIO >KM3Hb.
HE TOJBKO B MaTeMaTuKe. Best ero yHuBepcuTeTCKAas NEeATeIbHOCTh HE pa3 BhIpa-
’Kajach B HEYKJIOHHOM CTPEMJICHUH K IOCTABJICHHOM LIEJI M1 YMEHUU TOCTUTATh €€.
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OHn Bcerma u Bo BCEM IEN BIepén, HE ymyckas M3 BUAY LENb U HE CTpallach
HENpeIBUICHHBIX OCIOXKHEHUHN WU MPETSITCTBUI.

Bech nyTh HAy4HBIX HCKAHHUI U MATEMaTUYECKUX OTKPBITUN T€HUATbHBIN yUé-
HBII TPOLIEN OIMH, HE BCTPETHB HU MOHUMAaHMsI, HU XOTs Obl COYYBCTBEHHOI'O OT-
KJIMKa OT€YECTBEHHBIX KOJIET HA CBOIO TEOMETPHIO ITPH KU3HU. 3HAMEHUTBIHN pycC-
ckuit xumuk A.M. bBytnepos (1828—-1886), Beimycknuk Kazanckoro ynusepcurera,
BCIIOMHUHAJI, 9TO 0 paboTtax JIo6aueBCKOro COBPEMEHHUKN TOBOPUIIH «C YIIBIOKOM
CHHCXOJUTEIBHOIO COMHEHHUS B Uy1aKe-yUYEHOM.

OnHako Kak PEeKTOp HEAAaBHO CO3JaHHOTO VIMImepaTropckoro yHUBEpCUTETa
JlobGaueBcKuil 3aIIOMHUIICS U CBOMM YUCHHMKaM, M IPEACTaBUTEIISIM BJIACTH KaK BbI-
JAOLINNCA PYKOBOAUTEIb U OpraHu3aTop. Belnkuil pocCuiicKuil 1 COBETCKUH Ma-
tematuk, mpodeccop MI'Y I1.C. Anekcanapos (1896—1982) nucan: «Ecau 651 Jlo-
0a4eBCKUII HE HAINKCA HU OJHOM CTPOYKH U3 CBOMX HMCCIICIOBAHUM, MBI, TEM HE
MEHee, OJDKHBI ObLTM Obl BCTIOMHHATH O HEM C 0JIaroIapHOCTHIO KaK O 3aMmeda-
TEJIBHOM HallleM YHUBEPCUTETCKOM JesITele, KOTOPhI BEICOKUM 3BaHUAM Ipodec-
copa U peKTopa yHUBEpPCHUTETa JaJl TAKYIO MOJIHOTY COAEp KaHusl, KOTOPOi He Ipu-
JaBajl UM HUKTO JPYTrOM U3 JUL], HOCUBLIMX TH 3BaHUS 1O HETO, B €TO BpEeMs WU
nocie ero cmept» [1].

PextopoMm Hamr repoit 6bu1 u30paH B Bo3pacte 34 net, 3 mas 1827 roaa, To
ecTb B HanboJiee akTUBHBIN eproJ1 HaydyHoro TBopuecTBa. HecMoTps Ha nepBoHa-
YaJIbHbIE COMHEHUS U KOJICOAaHUs NP BCTYIUIEHUHU B HOBYIO JIOJIKHOCTb, JIoOaueB-
CKOMY ¥ Ha aJIMUHUCTPAaTUBHOM IOCTY yJaJ0Ch JOCTUYb OJIMCTAaTENbHBIX PE3yib-
TaTOB, CPABHUMBIX C Hay4dHbIMH. OCTa&TCs TOJIBKO MOPAXKaThCsl, KAK MOIJIA OJHO-
BPEMEHHO COYETaThCs B OJJHOM IMYHOCTHU TAaKUE pa3HbIE TaJaHThl — CIOCOOHOCTh K
HanpsOKEHHOM M HEYCTaHHOM paboTe MbICIM HaJl aOCTpakTHBIMU MaTeMaTuye-
CKUMH IIpoOJIeMaMHy, KOTOpasl yBEHYaJIach YCIIEXOM Ha BCE BPEMEHA, C MOMCTUHE
0e3rpaHUYHBIMM YCHIIUSIMH 110 OPTaHU3aLMK U NEPEeyCTPOMCTBY LEION CUCTEMBI
YHHMBEPCUTETCKOTO 00pa30BaHUs U UCCIIEOBAHUM, KOTOpBIE TaKKe MPUBEIH K 3a-
Me4aTeIbHbIM Pe3yJIbTaTaM.

Pextop Kazanckoro MMnepaTopckoro yHuBEpcuTeTa, OAHOIO U3 MEPBBIX POC-
CHICKHMX YHHBEPCUTETOB, BHIBEI IMEHHO ATO yUeOHOE 3aBEJICHNE, PACIIONOKEHHOE
B OTJAJIEHHOW €Bpoleickoi yactu Poccuu, BIamyd OT CTOJMIBI TOCyAapCcTBa, B
OJIUH PS¢ JIydlIMMHU yHUBepcuteramu EBpornsl cBoero Bpemenu. Ilog pykoson-
ctBoM H.M. JloGaueBckoro Hayajloch pacIIUpEHUE YHUBEPCUTETA: MOSBHIUCH
HOBbIE HaNpaBJeHUs 00yUYCHMs, HAYAJIOCh CTPOUTEIHCTBO HOBBIX KOPITYCOB (3KH-
JBIX, Y4€OHBIX, Ta00PaTOPHBIX, OMOIMOTEKH, 00CEPBATOPHH, MACTEPCKUX, aHATO-
MHUYECKOr0 TeaTpa U T.I1.), IPOU3BOMIACH 3aKyNKa CAMOI'0 COBPEMEHHOIO U CO-
BEPIIICHHOTO 000PYI0BaHMsI, KAKUM HE 00J1a]1aTH JJaXKe CTOJIMYHBIE YYeOHbBIE yUpe-
K7eHus. Mo1o10i1 peKTop aKTUBHO M3ydaa Y4eOHUKH IO CTPOUTENbCTBY U apXH-
TEKType, BHMKaJl B XapaKTePUCTUKU HAy4YHBIX NPUOOPOB, JIMYHO COCTABIISLI
OMOMMOTEYHBIE KaTAJIOTH U PyKOBOAMI TPUOOPETEHNEM KHUT 7151 OMOIHOTEKH, 3a-
HUMaJICS U3/IaHUEM U PEeJaKTHPOBaHUEM «YuéHbIX 3anucok Mmneparopckoro Ka-
3aHCKOTO YHUBEPCHUTETa», IEPBOr0 HAYYHOIO KypHana Poccuu, KOTOpbIil OH ke U
ocHoBaJl. [Ipu HenocpeCTBEHHOM y4acTUU MOJIOZIOT0 PYKOBOJIUTENS yUeOHOT O 3a-
BEICHUsl ObUI paccUMTaH IPOEKT 3/1aHUsl 00CEepBAaTOPHUHU, a 3aTEM BBICTPOEHA U
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OCHallleHa cama oOcepBaTopHsi, 10 OTKpbITUS [lynkoBckol ObIBIIas Jiydined B
CTpaHe.

Kak uctunHbIl rpaxganud OTedecTBa M €ro NOJJIMHHBIN NaTPUOT, PEKTOP-
MaTE€MAaTHUK CTPEMUJICS BBIBECTU CBOIO POJUHY U3 BEKOBOM OTCTAJIOCTH HA YPOBEHb
BBICHIMX JOCTH)KEHHUM HayKH U KyJbTYpPbI HE HA CJI0BaX, a peajibHbIMU Aenamu. OH
ycTpanBaj OecIuiaTHbIE MPOCBETUTEIBCKUE YTCHUS JJIsl TyOepHCKOI 001IecTBeH-
HOCTH, JJUYHO YHTAJI TIOJIOOHBIC JICKIIUU HA MOIYJISIPHBIE TEMBI, CTApaJICA PacCIlIy-
PATH U YKPEIUIATH CBSI3M C 3aIlaIHBIMU YHUBEPCUTETAMH, KaK C POCCHMCKUMHU, TaK
U C €BPOIEHCKUMHU, HAIIPABIIAA Ty/Aa CBOUX CTYACHTOB Ul MPOIOJKEHUST 00pa3o-
BaHus. OH BBICTYIANI 32 BCECTOPOHHEE U MIyOOKOE N3YYEHHE BOCTOUYHOA3UATCKUX
cTpaH 1 HapoaoB. He pa3 opraHn3oBbIBa)l HAyYHbIE SKCHEAULINH B A3HUIO.

[Ipe6riBast B nomkHocTH pekTopa, H.W. JlobaueBckuil coBepiuan u repoude-
CKH€ TIOCTYNKHU paau MpOLBETaHUs yueOHOro 3aBeieHUs. Tak, OHaX bl OH clac
YHUBEPCUTETCKOE UMYILIECTBO OT MOXapa, XOTA caM IpPH 3TOM 3HAYUTEIBHO IO-
CTpaJali U BBIHYKJEH ObLT MPOXOAUTD UTUTEILHOE JIEYeHHE B OOJIbHUYHBIX yCIIO-
BUsX. B npyroii pa3z emy J0BeNOCh NPEeIOXPaHATh KOJUIET U CTYJIEHTOB OT Macco-
BOT0 3a00JIeBaHUs XOJEPOH, anuaeMus KoTopoit oxparuia [loBomkbe. Opranusa-
1Sl OXPAHUTEIHHBIX Mep ObllIa UM BBITIOJTHEHA TPAMOTHO M 06€3 POKOBBIX MOCIIE-
CTBHII.

Co BpeMeHeM M3 y4EHOro-MaTeMaThuka C(OPMHUPOBAJICS OIBITHBIA TOCYyIap-
CTBEHHBIN PYKOBOJUTENb, CO3/IaBIIMN B OTAAJIEHHONW OT CTOJIMIIBI YaCTH CTPAHbI,
Ha rpanuie EBpomnsl u A3uu, nepeoByr0 CHCTEMY YHUBEPCHTETCKOTO 00pa3oBa-
HUS B LIEJIOM Psiie JTUCUUIUINH, IPU 3TOM CaM JAOCTUTIIMI BICOYANIIINX BEPLIUH B
Hayke. lcTopuku HayKu, 3Hast O €ro OTKPBITUAX, CTABAT YYEHOTO B OJIUH P/l C Be-
JMYalIIIMU yMaMu yenoBeuecTBa — KonepHukowm, ["anmieem, HeroToHOM.

[Tpodeccop MaTeMaTHKN U PEKTOP YHUBEPCUTETA MOJTB30BAJICS OOJIBIINM I10-
yéroM y koiuter u xureneil Kazanu. Ho, yBbl, BOBCEe HE Tepesl HayYHbIMU 3aCITy-
ramy CKJIOHSUIM TOJIOBBI YHHBEPCUTETCKHE coolmiecTBa U rpaxaane Poccun. bes
BHUMAaHUs OOIIECTBEHHOCTH U BJIaCcTEl HE OCTaBallaCh OPTaHU3AIIMOHHAS JIeATEb-
HocTh Hukomas MBanoBuua JloGaueBckoro Ha yHUBepcHTEeTCKOM mormpuine. OH
HACTOJbKO LEHWICS 32 CBOIO aJMHUHHCTPATUBHO-OPTaHU3ALMOHHYIO paboTy, YTO
OBLJT OTMEUYEH MHOTOUYMCICHHBIMU UMIIEPATOPCKUMH HarpajgaMu U IPOYUMHU 3HA-
KaMH TNpU3HAHUS, MPOU3BEAEH B JBOPSHCKOE 3BAHHME C MOYKAJOBAHUEM JBOPSH-
ckoro rep0Oa. [IpaBaa, cnemyer emie pa3 moAYEpPKHYTh, YUEHBIN HE MPUAABAI OCO-
00ro 3Ha4Y€HHUs MPUCBOCHHBIM 3BaHUSIM M MPAKTUYECKU HE HOCHUII OPJICHOB U APY-
rux Harpaa. CMBICII )KU3HH U CBOIO 33J]a4y OH BUJEN B Ipyrom [4].

3aBepuieHune myTH

Jlaxxe B MOCJIEAHUNA TOJT )KU3HU, OyAydH YK€ COBEPILICHHO CJIEIbIM, CIa0bIM,
MHOT'/Ia TePSIOLIUM CO3HAHUE, OH CTApAJICs IPUIATh COBEPLICHHYIO (hopMy cBOEMY
OCHOBHOMY JlocTHKeHUI0. C momolipio yaeHukoB Hukomnaii MiBaHOBHMY Ipo1oKan
paboTy HajJ CBOMM IJIaBHBIM MaT€MaTHYECKUM TPYAOM, 00OOIIAIOIIYIO YaCTh KO-
toporo HasBain «llanreomerpusi». Ilucate OH yxe HE MOT, UUTAaTh TOXKE. Tak 4To
IOCIIEAHEE B KM3HU COYMHEHHUE NPUXOIUIOCH NUKTOBaTh. OIHAKO BBIOJIHATH
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MaTEeMaTUYECKHUE BBIKIAJAKNA OH HE MOTEPSUT CIIOCOOHOCTH, XOTSI TENEPh UX MPUXO-
JUIIOCH JIeNIaTh YCTHO, B yMe. «[laHreomeTrpus» Obliia HalMcaHa Ha PyCCKOM SI3BIKE,
3areM JloGaueBckuii mepeBén kKHUTY Ha (Ppanmy3ckuid. [lepBoe, pycckoe, nu3nanue
BBIIUIO B MOCIEIHUE JHU KU3HHU YUEHOTO, a BOT MIEPEBO NOSIBUJICS YKE B CIEY-
IOILIEM T'OJ1y, TO €CTh MOCJIE KOHUYUHBI MaTEMAaTHKA.

HayuHoe ke npu3zHaHue NPUILIO Yepe3 OJIHO-/Ba JECATUIIETHUS MOCe yX0/a
Y4E€HOTO M3 )KHU3HU. B mepByIo odepennr Oaromapsi eBpOIeHCKUM MaTeMaTHKAM —
9. benprpamu, @. Kieitny, A. [lyankape. bonbiiioe 3HaueHUE UMENN BOCTOPIKEH-
HBbIE 3amucH o Tpyaax JlobaueBckoro, HaliIeHHbIE B TOCMEPTHOM apXUBE BEJIUKOTO
K.®. I'aycca. Onu obpaTuiv BHUMaHHE HAyYHOTO MHUpA, Kak 3a pyOexoM, Tak,
HakoHell, 1 B Poccun, Ha OTKphITHE pyccKoro Maremaruka. CiaBa npuuuia, HO Te-
poii yxe ObLIT 1aneko oT 3Toro mupa [2-3]!

3akJjarouyeHue

MHorue yacTo NpeArnoaraiT, YTO HEEBKJIN0BA FeOMETPUs ObLIa € IMHCTBEH-
HbIM nocTikenneM H.U. JloGaueBckoro. 3to He Tak. BOT iHIllb HEKOTOpPHIE BaXK-
HbIE MaTEMaTUYECKHUE PE3YJIbTAThl YUEHOTO B IPYTUX pa3zesiax MAaTEMaTUKHU:

— B aneebpe — MeTO] NPUOMIKEHHBIX PEIICHUH YpaBHEHUH BBICOKOH cTe-
IICHY;

— B meopuu geposimrocmeti — (popMysia MHOTOKPATHBIX CBEPTOK paBHOMEp-
HOTO pacIpelesIeHNUs;

— B MamemMamuyeckom ananuse — psii TEOPEM sl TPUTOHOMETPUUYECKUX Psi-
JIOB, YTOUHEHHE OTIPEJICIICHUS] HETIPEPHIBHOM (DYHKITHH.

Jlasxe U3 3TOro O4EHb KPATKOIO MEPEYHs BUAHO, KaK JIOCTaTOYHO Pa3HOO0-
pa3Hbl ObUIM HHTEpechl JIoGaueBCKOro, YTO B 0OUEPETHOM Pa3 BbI3BIBACT YAUBICHHE.
A BeIb OH eIIE YNTa JICKIIMH 110 Pa3HbIM pas3zeslaM MaTEMAaTUKU — OT TEOPUH YH-
cell 10 MaTeMaTHuecKoro aHanusa (auddepeHnnanbHoe 1 HHTErpalbHOE UCUHUCIIe-
HHe) U TuddepeHaTbHBIX YPaBHEHUH, OT BBICIIEH areOpbl ¥ TEOMETPHH JI0 TEO-
puH BeposTHOCTEH M PyHKIMI KOMIUIEKCHOH nepemMeHHoi. bonee Toro, on Taxxke
YHTaJ JICKINH 110 (U3KKE, MEXaHUKE, THIPABIIMKE, ACTPOHOMHH U JaXKe BET acTPo-
HOMUYECKHE HAOIIOACHHUS BMECTE cO CBOMM pyroM .M. CuUMOHOBBIM, emié oj-
HUM OOJIBIIUM PYCCKMM YUEHBIM — aCTPOHOMOM U Iy TEIIECTBEHHUKOM.

Kpowme Toro, y Huxonas MBanoBuya Obliia 60sb1Iast ceMbsl, KOTOPast TOXE Tpe-
OoBasa ¥ BHUMaHus, 1 3a00T. [IpaBaa, OOJIBIIMHCTBO €ro AeTel yMepIio, Kak Toraa
cirydasioch B Poccun U B ceMbSX NMPOCTHIX TPY>KEHUKOB, U CPEIN 3HAMEHUTBIX JIBO-
psH. H.W. JIo6adyeBckmii Takke CyIIeCTBEHHO TIOMOTAN CeMbe OpaTa, MPaKTHIeCKU
COJIepKaIl €€, KaK U CBOKO MaTh JI0 €€ MOCIETHETO JHS.

WHTepecHo, YTO B ONMMCHIBAEMbIE BpEMEHA I€OMETpus, Kak 4yacTb oOIIen
HayKHM MaTeMaTHKH, JOJDKHA OblIa, KaK, BIPOYEM, M BCSI MaTeMaTHKa, OIUCHIBATh
UCKITIOUUTENFHO a0COMOTHBIEC HCTUHBI 0€3 BCAKUX YCIOBUN M OTOBOPOK, a Jaiee B
CBOEM pa3BUTHH M OTKPBITHIX 0053aTEIbHO HAXOIUTh MPAKTUYECKOE IPUMEHEHHUE.
[Mocrenenno oOpa3oBaHHBIE JIIOIM U HAYKa HAYMHAIH IIEHUThCS. B psine crpan yué-
HbI€ HAJIENISUIUCh OCOOBIMU MPUBHIIETUAMH, NIEPE]] HUMH, KaK HOCUTEIISIMU IIepeo-
BBIX WJEH M 3HAHWHA, NMPEKIOHsUMCh. OOyueHHe B YHHUBEPCUTETE CTAaHOBHJIOCH
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NPECTIKHBIM 3aHATHEM. YHCIT0 TOAOOHBIX YUeOHBIX 3aBeICHUI POCIIO 1aXe B yia-
JEHHBIX OT LICHTPOB KYJIbTYpPbI MECTAX.

OpnHako Tpaauius Obla TaKOBa, YTO MaTEMAaTHKa, a OCOOEHHO FeOMETpHs, He
paccMaTpuBanach Kak CaMOCTOSATENIbHAS HAayKa, a CYUTAJIACh JIMIIb TOACOOHBIM arl-
napaToM /s pacuéTa BOZHUKAIOUINX JKU3HEHHBIX MOTPeOHOCTEH, YTO 1UTO elé OT
JIPEBHUX 3eMIICACIIBLEB. Tak 4TO MaTeMaTU4eCKasl HayKa Ka3ajJlacb OTOPBAHHOU OT
HYX/I [UBWIN3ALNHU, €CIIH OHA HE HMCIIOJB30BANIACH ISl PEIICHUS 31000 THEBHBIX
BorpocoB. KazaHCkuil ke MaTeMaTHK NOWIENT HE TPaJAULIMOHHBIM ITyTEM U IIEN Ta-
KM 00pa3oM BCIO CBOIO )KM3Hb, HE CBOpPAaYMBasl U HE CTpallach OOBUHEHUH U mpe-
IATCTBUMN.

[Ipomenee ¢ snoxu JIoGaueBCKOro 10 HAIUX JTHEH BpeMsl TOATBEPINAIIO, UTO
o1MH 13 (heBpanbckux aHeH 1826 roga ObUT MOMCTHHE BEJIUKUM JTHEM B UCTOPUU
yenoBedecTna. [lenn 1 despans 1826 roga pacumpun rpaHUIbl MUPO3IaHuUs, pa3-
pymia TeicsyenetHue (1) 6apbepsl U CTEPEOTUIIBI B BOCIIPUATUH NPUPO kL. biaro-
Japsi MCCIENOBAaHUSAM LEJIOro psga KPYNHEHWIIMX MaTeMaTUKOB MHUpPA, YXKe
K XX BEKy pOJAMIIUCH HOBbIE MOAXOJbI K M3YYEHHUIO T€OMETPUU OKPYKAIOILErO
mupa. HoBast reomeTpurs HE TOIBKO MOCITY>KWJIa MICTOYHUKOM CBEKHUX MaTeMaTH4e-
CKUX HJIeH, HO TOBJIMsJIA HA pa3sBUTHE (PU3UKHU, HA B3IVIs/bl HA BeeneHnnyto B Lie-
joM. A kazanckuit mpodeccop matemaruku H.W. JloGaueBckuii cTan nepBbIM, KTO
PELINICS COBEPLIEHHO OTKPBITO M OCO3HAHHO OTKA3aThCsl OT THICSUEIETHUX yOeK-
JICHUH B HEKOJIEOMMOCTH TpecTaBiIeHuit o mupe. [loaTomMy ero aeHp poxkaeHHs —
1 nexabps — MbI TeNepb COBEPILIEHHO CIIPABEAJIUBO JOJKHBI OTMEUaTh Kak JleHb
MaTeMaTHKa.
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IN HONOR OF N.I. LOBACHEVSKY
L.F. Vladimirova

Abstract. The article is dedicated to the 200" anniversary of the birth of the none Euclidean
geometry and the scientific and the university activities of the great Russian mathematician Nicolai
Lobachevsky (1792—-1856).
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K CTONIETUIO HAMUCAHUSA MABHON PABOTbI
A.J1. HNXXKEBCKOI'O
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Poccuiickas @edepayus, 295007, Pecnybauxa Kpvim, Cumgpeponony,
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AnHotanusa. OTMedaeTcs, 9T0 U3 BCero TBopyeckoro Hacmeans A.JI. UmkeBCKOTO OCHOB-
HBIMH €r0 PadOTaMHU SBIIAIOTCS PAOOTHI 10 BIUSHUIO KOCMHYECKON MTOTOBI HA CONMANBHBIC SBIIE-
HUS, KUCTOPUOMETpUs». [IpociekuBaeTCst ICTOPHS CTAHOBJICHUS M Pa3BUTHSI STHX UCCIICIOBAHUH,
KOTOPBIE POKOBBIM 00pa30M CKa3auch Ha cynb0e yueHoro. K koniy XX Beka pe3ynbTaThl U cO00-
paxenus A.Jl. UmkeBCKOro Mo HaHHOW TpoOIeMe TMONYyYWId TIOJIHOE TOATBEPKICHHUE,
mpsiMoe U KocBeHHoe. OTHAKO B MTOCTIeAYIONIHE JECATUIETHS CIIOPHI IO TIOBOTY BIMSHUS KOCMUYe-
CKO¥ IOTOZIBI HA TUHAMUKY COLMABHBIX SBIICHHH, a TAKXKE X012 HICTOPUIECKUX IPOIIECCOB HE Tpe-
KpAaIaJInCh.

Kntwouesvie cnosa: padora A.Jl. UmxeBckoro «Puzndeckue (GpakTopbl HCTOPUIECKOTO ITIPO-

neccay, iCTOpuoOMETpUs, BIUAHUC KOCMHYECKOU Ioroabl Ha COLMAJIbHBIC ABJICHUS
Beryniienue

Tsopueckoe Hacienue A.JI. UmkeBCKOro BecbMa OOIIUPHO: BO3AEHCTBHE COJI-
HEYHOMN aKTUBHOCTH (TI0 COBPEMEHHOM TEPMHUHOJIOTUH — «KOCMUYECKOM ITOTOABI»)
Ha OMOJIOTMYECKHUE MPOLIECCHI: OT BIUSHUSA HAa HEPBHYIO CUCTEMY YEJIOBEKA U CO-
UAIBbHYIO TMHAMUKY 1O KOHTPOJISl HaJl pa3BUTUEM SIIUAEMHUI; IEPBbIE B MUPE IKC-
HEPUMEHTBHI 110 SKPAHUPOBAHUIO OMOOOBEKTOB OT UX 3JIEKTPOMATHUTHOIO U paju-
aIIMOHHOTO OKPY>KEHUsI; SKOJOIMYECKOE U TepaneBTUYECKOe 3HaUeHue aTMochep-
HBIX a9POMOHOB; U3yU€HHE MBICJICHHOTO BHYILICHUS (MTApariCUX0JI0THs); CTPYKTYp-
HBII aHaU3 JBMOKYILeics KpoBu. U eme: 6orareiiee coOpaHie CTUXOTBOPEHUH,
MeMyapHas Ipo3a, COTHHU >KUBOIMCHBIX MOJOTEH U aKBAPEJIbHBIX PUCYHKOB.

Mo3kHO 511 BBIOpaTh U3 BCEIO 3TOTO MHOI000pa3usi OCHOBHYIO TEMY, «CaMylO
raBHy0» padbory? OkaspIBaeTcs, TAKOH BBIOOP OJHO3HAYHO OIPEACIISICTCS, €CITH
MCIIOJIb30BaTh COBMECTHO TPU OUYEBUIHBIX KPUTEPHSL:

1) Kakyro paboty (cTaThio) cuuTan Haubosiee BakHOM caM ABTOp?

2) KakoBpl MacmTaObl MU3BMEHEHUH, KOTOPBIE CIIEIOBAIO ObI BHECTH B CYIIE-
CTBYIOIIME MOJICITbHBIE TIPECTABIICHNS B CBSI3U C PE3yJIbTATOM 3TON pabOThI?

* E-mail: bvlad@yandex.ru
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3) KakoBsI ocTpoTa 1 MacTabbl TUCKYCCHI (ITOJIEMHKH ), BRI3BAaHHBIC JJAHHOM
paboToii cO CTOPOHBI KOJUIET U 00Pa30BAHHBIX YUTATEIIEH?

Uro kacaeTcst OCTPOTHI OTKIIMKA Ha 00cyxaeHue Tembl «KocMuyeckas moroaa
U TICUXUYECKHE — IICUXOMAaTOJIOTUYECKUE dMUaeMun» B padore «Dusznueckue dak-
TOpPBI UCTOPUUYECKOTO mpouecca» [1], To quckyccus He mpekpamanach U B Hallu
JTHH, 0 YEM peub NMoiAeT Hke. Kaxkercs, B HCTOpUU OTEUECTBEHHOM HAyKH ITPOCTO
HET JIPyroro npuMmepa MoJeMHUKH CTOJb MPOJIOJKUTENBHON U 0KECTOUEHHOH. DTO
MOHSTHO: IIPU Pa3BUTHUU UCCIIENOBAHUN Ha ynoMmsiHyTyio TeMy A.JI. UnxeBckuit
MIPUMEHNI K ONHMCAHUIO HCTOPUM €CTECTBEHHOHAY4HbIN noaxoa. Ho eciau 3akoHsbI
[Ipupoasl 1 B camMoM Jesie HaJ0 IpUHUMAaTh BO BHUMaHUe Npu uzydyenuu Mcropuu,
TO MHOTHE TMPHUHIMIBI TPAJAULMOHHOW HMCTOPUYECKON HAyKH MOTPeOyIOT mepe-
cMoTpa. Moxer ObITh, caMa HayKa OyZeT U3MEHSTh CBOM 00IHK?

Ha temy «ctuxuiiHoro mposiBiieHus 4denoBedeckoro oesymusi» [2] A.JIL. Yu-
YKEBCKUW Hamucal 1enyto ceputo crareid. O1Ha U3 OCHOBHBIX, C 0OOCHOBAaHUEM CY-
IIECTBOBAHUS B Cpejie OOWTAaHHS YHHUBEPCAIBLHOTO TICHXOTPOMHOro areHTa [3],
UMEEeT MOCBAIICHHUE YeNIOBEKY, sl Anekcanapa JIeoHuaoBuya caMomMy OIHU3KOMY:
«I1y paboty nocssmaro Yuureno u Jpyry — Otiy». CymiectByet nu 6osee yoe-
JUTENIBHBIN IPU3HAK 3HAYMMOCTH 3TOW CTAaThU AJis aBTOpa? B 1eom HeT coMHe-
HUI, YTO IEPEYHCIICHHBIE PaOOTHI — KIPEAIYBCTBUEY COIIMOONOIIOTUH M COBPEMEH-
HBIX MaTEeMAaTUYECKUX METO/I0B aHAJIN3a COLMAILHOM TMHAMUKHU — CaMO€ TJIaBHOE,
4YTO ocTaBWJI AJiekcanip JICOHMA0BMY HAyKe HAIIUX JTHEH.

Celfyac ma)ke KaXKeTcsl, 4YTO BCE OCTAJIbHBIE €0 3aHATHS OBLIU JOMOJHUTEb-
HBIMH COCTAaBIISIOIIMMHU B pa3pabOTKEe OCHOBHOM TeMbI: aTMOC(HEpHBIE a3POUOHBI
TENepb pacCMaTPUBAIOTCS KaK OJUH U3 KaHAJIOB BO3JEHCTBUS KOCMUYECKOW IO-
rofibl Ha OMOOOBEKTHI; SKPAaHHUPOBAHUE CIIENATIOCh BXKHBIM METOJOM H3Y4CHUS
3¢ (HEeKTOB KOCMUYECKON TTOTOIBI B OMOJIOTHYECKUX B (PH3UKO-XUMUIECKIX CUCTE-
Max; caMoO CYIIECTBOBaHHE MHOTUX (Bcex?) mapaHOPMaJIbHBIX SIBICHUN 005S3aHO
BapualyaM KOCMHUYECKOW MOroJbl; CTPYKTYpHBIA aHAIU3 JBUXKYIIEHUCS KpPOBU
HAnpsSIMYyI0 CBSI3aH C MOJENSMHU, NPU3BAHHBIMU OOBSCHUTH (PUIUOIOTUYHO
CBSI3b BapualMii KOCMHYECKOW TOTOABI CO CTAaTHCTUKOM 3a00JeBaeMOCTH cep-
J€YHO-COCYIUCTON cucTeMbl. [l0ATHUECKM U XYAO0KECTBEHHbIE NPOU3BEICHUS
A.JI. YnkeBCKOTro MPOHU3BIBAET «Te€Ma €AMHCTBA YEJIOBEKAa U KOCMOca, 3eMJIU U
Bcenennoii...» [4].

Llenp uccnemoBaHusi — MPOCIEAUTh CTAHOBIEHHE M pa3BUTHE pabOT AJek-
canzpa Jleonnnosuua (A. JI.) mo Teme «kocMudeckasi orojia — ColuaibHbIe sBJe-
HUS, IPaMaTHIECKYI0 HCTOPUIO ITUX MyOIUKAIUN, MX CTaTyC B HAIIIX JHH.

OT HAaYaJIbHBIX HHTYUTHBHBIX J0Ta10K —
a0 nepBoi nyoaukanuu, 1914-1924 rr.

OcHoBHas ues, MOJ0KEHHas: B OCHOBY pa0OT MO0 O3HAYEHHOW TeMme, BbIpa-
xeHa A.JI. ¢ MOTHOM SICHOCTBIO: «...yBEIWYEHHE ISATHOOOPAa30BaTEIbHON JAEATENb-
HocTu COJIHLIA. .. OKa3bIBACT CUJIbHEHIIEE BIUSIHNE HA COCTOSIHUE 3JIEKTPOMAarHUT-
HOTO TOoJIs 3€MJIH... BO30yJas Macchl K JIEHCTBUIO, CIIOCOOCTBYSI BHYIICHHUIO»
[1. C. 58]. [loaTOMYy «T€UE€HHE BCEMUPHO-UCTOPUUECKOTO MPOIIECCA COCTABISAETCS
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W3 HETIPEPBIBHOTO psifa 1 1-JIeTHUX ITUKIIOB. .. MATHOOOPA30BaTEIbHON aKTUBHOCTH
Comnna» [1. C. 50]. B ctuxoTBopHO#i Gopme:

U 61066 u 6HO6b 830ULTU HA CO]lHue nAamHua,

U ompauunuce mpesavie ymbi,
U nan npecmon, u 6vi1u Heomepammbl
T0100HbIL MOD U YoICACHL YYMbL.

U ean mopckoti 6ckunen om konebanuil,
U nopo ceepran, u dsueanucoy cmepuu,
U poounuce Ha Huse cocmazanuil
Danamuxu, eepou, naraqu... (1921)

U3 TexcTa nepBoii myOnukanwu [ 1], BocmoMuHaHuii [S] v onrcaHus [UKIIA €T0
JKU3HU B 3TO BpeMs [6] ciaenyeT, uto A.JI. mpumien Kk 3TUM MBICIISIM BIIOJIHE CaMO-
CTOSATEITFHO Ha OCHOBE HEKOTOPHIX HAOJIOJCHH, BIPOYEM, OYCHb OTPHIBOYHBIX H
CKPOMHBIX 10 00beMy: OOeBbIe ACHCTBUSA HAa (poHTax BOWHBI (¢ mroHA 1915 1.);
MacmTaObl MACCOBBIX aKIIMK BO BpeMs poccuiickoi peBosroruu 1905 roaa; como-
cTaBJieHHe ¢ ynciaMu Bonbha HabmroaeHuii Hal moBeIeHHeM HEPBHOOOIBHBIX JIe-
Tel (MoHUTOpUHT ITpoBoAuiics BpauoM A.C. ConoBbeBbIM 110 MHULIMATUBE A.JL.).

OpHako oKOHYATEeNbHOE OPOPMIICHHE HIEH O CBSI3U BapHaIluil KOCMUYECKOM
MOTO/IbI U OOIIECTBEHHBIX MPOIIECCOB MPOXOUIIO MO BIUSHUEM MMPOUYUTAHHOTO U
obmenus ¢ koyuieramu. Y A.JI. OpuTH mpeaecTBEeHHUKH. YUTO KacaeTcst mepuoany-
HOCTH B UCTOPUHU («HUCTOPUOMETPHS»), TO AHAIIOTHYHBIE COOOPaKEHHS pa3BUBAII C
1912 roga mmpoxo u3BecTHBIN MO3T B. XneOHUKOB (BapuaHT NepeBojia ero MeTa-
¢dop Ha OOIIETIOHITHBIN s3bIK (CM. B [7]). «B XM3HU OTIAENBHBIX JIIO/IEH, — TTHUIIET
X7neOHUKOB B cBoeM dcce «Jlocku cyap0b» (CCHUIKH CM. B [6]), — 1 3amMeTHI 0coboe
rpemyuee BpeMs cTpoenns 2'3 + 132 (nueif)... MHe KaxeTcs, 4TO JyX OTBa)KHOIO
MOJIBUTA BBI3BaH B HEM TPUHAIATON CTENIEHBIO IBYX CUUTAs OT POKIACHUSN). DTOT
OMOJIOTHYECKUIT MAaKPOPUTM paBeH NBOWHOMY 1 1-T€THUMY IUKITY COJTHEYHOU aK-
TUBHOCTH. BaKHEWIIUM HCTOPUYECKUM IUKIOM XIJIEOHHUKOB CYHTAT MEPHOJ
365 net (moBTOpsieMOCTH BOiTH). HensBecTHO, BcTpeuancs i ¢ A.JI. X11eOHUKOBBIM
nnaHo. Ho 0 ero cooOpaskeHUsX OH MOT 3HaTh, HAIPUMEP, OT IM03TA U MAaTeMaTHUKa
C.I1. Bo6posa.

B Oubnumorpadun k «Pusznueckum ¢GakTopam...» €CTh CChIJIKa Ha 3aMETKH
J.0. Carckoro «O HEKOTOPOM COOTHOUIEHUH COJTHEYHOM NESITEILHOCTH U HAPO/I-
HBIX BoccTaHmi» [8]. Tam ke ynmoMuHaroTcs: ppaHIly3CKHii TIOOUTENh aCTPOHOMHHU
a66at T. Mops (Moreux, yuenuk K. ®rammapruona) u B.M. bextepes. Ho net
CCBUIKH Ha ele oAHY cTaTbio CBATCKOro «COJIHEUHbIE MATHA U HAPOHBIE BOJIHE-
Hus» [9] (TIe mpeAnpuHsTa MOMBITKA MOATBEPAUTh Ha 00Jiee paHHEM HCTOpHUYE-
CKOM MartepHayie €eHOMEH COBIAJIEHUI AT PEBOJIIOLMNA C MAKCUMAJIbHBIMU YHC-
JIaMU COJIHEUHBIX TisiTeH, HanaeHHbI 111 X VIII-XX BB. [8]). 1.0. CsaTckuit yka-
3an A.JIL. Ha aToT mpomyck. HexaBHo HaiiieHO oTBeTHOE MUCHMO UMKEBCKOTO, B
KOTOPOM OH MEKIy ITPOYMM Npu3HaeT npuopuret Cearckoro [10].

B Hamm 1HU MOHSATHO, YTO M3BICKAHMS MO MOBOJY NMPUOPUTETA HEYMECTHBI:
9TO OBUIO KOJIJIEKTUBHOE OTKpbITHE. B rof, korna A. JI. mpuaan rimacHOCTH UAEKO O
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kocMuueckoi purmuke Mctopuu (1918, 3amura nuccepranuun), B faekom Tomcke
BbIlIa Opourtopa B.M. Anyunna (1875-1941, stHorpada u nucarens) «Couunanb-
HBIN 3aK0H» [8—11], rae ObUTO CTATUCTUYECKH TIOKA3aHO, YTO PEBOJIIOIIUHU, OYHTHI
U CMYTHI CIIEAYIOT pUTMUKE 1 1-71€eTHel COMTHEYHON IMKIMYHOCTH. 3aMeTKy aHallo-
TUYHOTO COJIepKaHus HareyaTan Ttoraa ke poBecHUK A.JI. — B. Caiinuc (Sidis),
amepukaHckuit Onodusuk u ncuxosnor [12]. Unes «Hocmiack B Bo3ayxe». O cBsi3u
«ConHeyHble MATHA — PEBOJIIOLMK» ynoMuHan B cBoux jekuusax H.M. Kynsoun
(1868—1917, Xy noKHUK, ACATENb XyA0KECTBEHHOTO aBaHrapa, nepebiii B Poccun
Bpad-peHtrenosior). O Helt ke nmucan B 0HOW u3 cBoux crareid A.B. bapuenko
(6mo(u3MK U MUCTHK). YTIOMSHYTBIE BbIIIE 3aMeTKH CBsITCKOro 1 Mopa obcyxna-
muck B kaure J.K. Dnuka «ConHile mo HoBedmmM uccienoBanusm» [13] (kaura,
BEPOSTHO, Obla B Oubnuoreke A.Jl.). Ee aBTOp, acTpOHOM, NMOTyYUBIINN TIO3/IHEE
HIMPOKYIO U3BECTHOCTh, TAK KOMMEHTUPYET pacCCMaTPUBAEMYIO CBSI3b: «...y4acTHE
COJIHEYHBIX MATEH B 36MHBIX PEBOJIIOLIUAX MOKHO CPABHUTH C IEWCTBUEM CITUYKH,
OpOIIIEHHOW B MMOPOXOBOM MOTPEd: OT COJHIIA TOMYyYAETCsl JUIIb MOCISAHUN TOJ-
YOK, B3PBIBAIOIMI paHee HAKOIUIEHHBIM MaTepuain HenoBoiabcTBay [13. C. 100].

[Tpu yrennn «dusnveckux HakTopoB...» oOpaiaeT Ha ceOss BHUMaHue COMu-
JKEHHUE PEeBONIONUI U cuxonaTuueckux >muaemuii [1. C. 42]. Moxet ObiTh, A.JL.
OBLT 3HAKOM C TIEPEU3JaHHON HENaBHO KHHUTOM «PeBoonmoHHbI HEBPO3» [14]7
A MoOxeT OBITh, KTO-TO TTO3HAKOMHIJI €ro ¢ pesononuei Beepoccuiickoro chezma
Bpadeit (utonb 1917), KOTOPBIM TUAarHOCTUPOBAJ B CTPaHE HATMYUE OCTPOTO CO-
[IUAIBHOTO TICKX032a»?

[TponymbiBast u epexuBasi cBou MbIciu, A.JI. momyyan Kakue-To UMIYIbCHI
U OT JIo/ieH, ero okpyxaromux. Acrpoom C.H. braxko, o0yyaBImunii MoJI010ro
UmkeBCcKOro mprueMaM 3aprucOBOK COJTHEUHBIX MSTEH, OTHOCUIICS K Hiee 00 X BIIU-
SIHUM Ha COLIMYM PE3KO OTpHUIATETIbHO. A «uumccens0ypkey akaa. H.A. Mopo-
30B, HANpPOTHB, CUMTAJ TaKyr pabory mnpunamiexkamer XXI Bexy (Mexmy
npounM A.JL. cpasy ke MOHST NPUYHHY XPOHOJIOTHYECKHUX «CIIBUTOBY, KOTOPBIMU
TorJa 3aHuMancss Mopo3oB; eciii BO BCEMHUPHO-UCTOPUIECKOM IMPOIIECcCe eCTh Te-
PUOIMYHOCTh, TO MOXHO «CIyTaTh» peallbHble COOBITHA C WX aHaJOraMH —
«TOBTOpaMU»; IU(PPOBbIE TaHHBIE, JOKa3bIBaIOIINUE MPaBOTy YMKEBCKOro (CM. B
[15. C. 238-240)).

IlenHoii ObuTa TONJEpPKKAa OT KOJUJIET-€AMHOMBIIUIEHHUKOB; OT Teojora
A.IT. TIaBnoBa — moJaraj BaKHBIM «IK30T€HHOE» BIUSHUE HA T€OJIOTHYECKUe TIPo-
1ecchl; OT MeTeoposiora M.A. boronenoBa — pa3BuBai KOHIETIIHIO «T€IHOKINMA-
Tosorum»; ot 6uonora H.M. Kynaruna — unpopmuponan A.JI. 06 11-nerHeit muk-
auaHOCTH HayeToB capandn. Coodpaxenus A.JI. omoopmn B.M. bexrepes. [Too-
JKUTEIBHYIO perieH3nI0 Ha «PakTopsl...» Harcan K. /1. [{noakoBCckui.

Hekortopoe couyBcTBHEe cBOMM uaesiMm aBTop «DakTOpoB...» MOJIy4yan He
TOJILKO OT Y4€HbIX. B 3T0 Bpems B oO6pazoBanHOM ob1iecTBe Poccun crano pa3su-
BaThCS MUPOBO33PEHUYECKOE TEUYCHHE, MOJIyYMBILIEE MO3IKE Ha3BAHUE «PYCCKOTO
kocMusMay [16]. OHO ocTaBuIIO TIIYOOKUIl Clie]] B IUTEPATypE, TTOIZUH, U300pa3u-
TEJILHOM HCKycCTBe, prunocoduu. B cucteme stux naeit snmusiane Kocmoca Ha [Tna-
HETYy OBUTO (PEHOMEHOM «OOBIYHBIMY. Tak 4To 00IIAsICh, HATPUMEP, C TAKUM TIPE/-
CTaBUTEJIEM «KOCMH3Ma» B mo33uu, kak B.S. bprocoB, A.JI. mor HaBepHsKa
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BCTPETUTH 0j100peHne cBouM MbICsIM. Cam A.JI. mpHHAIekKAT «KOCMU3MY» HE
TOJBKO KaK MCCJIeA0BaTENb, HO M Kak M0o3T. HenaBHue apxuBHbIe pa3bickaHus [17]
oOHapyxwiH, 9To A.JI. TeCHO 00IIANICS C OHUM U3 AKTUBHBIX PACTIPOCTPAHUTEIICH
uaeit «xkocmuzma» — A.K. I'opckum, dunocodom u mosrom. «McropuomeTpus»,
KaK 0Ka3aJioch, OPraHUYHO BOIILIA B OJHO U3 ero 3cce. Koneuno, uaeun A.JI. paszne-
JSUTH B TOW WM WHOUW CTETEHU 3apyOeHbIe yUeHBICe, C KOTOPBIMU OH COCTOSUT B
MEePENUCKE.

Opnnako as OOJBIIMHCTBA OTEUECTBEHHBIX uMTareiied (cHadanma B Kamyre)
«®DaKTOpBL...» BEI3BAIIN PEAKLUIO PE3KO OTPUIATENIbHYI0. MHOTOE B 3TOM T€UEHHUH
OCTaJOCh MM HEMOHATHBIM, MHOTO€ TMOKa3aJoCh HEyOeTUTEeNbHBIM, OCHOBHBIC
UJICH — HeTIPUEMIIEMBIMU JIMOO «BpeIHBIMIWY. bpanb mpeobianana HaJl KPUTHKOM.
B HEkoTOpoii cTeneHn 3To OBLIO Pe3yIbTaTOM «HEONTUMATBHOTOY» CTHIIS U3JI0Ke-
Hus A.JL.: Bce-Taku 0e3 OTOBOPOK HE CIICIOBAIIO OpaTh 1O COMHEHHE OCHOBHOE,
Jyuiie 66110 ObI CIeNaTh aKIEHT Ha HEOOXO0AUMOCTH MTPOBEPKU BAXKHBIX «IMITHPH-
yeckux 0000meHuin». CoBpeMEHHOMY UYUTATENI0 XOPOIIO 3aMETHBl U HEI0YEThI
paboThI KaK UCCEI0BaHUS: TIPU OTOOPE UCTOPHUUECKHUX COOBITUMN, 00Pa3yIOUIUX Ty
camy KaHBY, TJIe YUTATENIO CICIOBAJIO YBUICTh MIEPUOTUIHOCTH, HIMEIl MECTO CYyOh-
eKkTuBU3M. He 00cyX)mamuch HEKOTOphIE OYEBUIHBIC BOMPOCHI, KOTOPHIC BIIUSIOT
Ha pe3yabsTaT. Hanpumep, kakue HCTOpUYECKUE COOBITHS SKBUBAJICHTHBI B JPEBHO-
ctu pepomonusiM XIX Beka, a Kakhue — HeT; Takke HEBEpPHO CYUTATh, YTO
11-1eTHUI UK COTHEYHOW aKTUBHOCTH BCETJa OAMHAKOB (9 IUKIIOB 3a CTOJIE-
tue). CyliecTByIOT U APyTye MUKIIbI COTHEYHON aKTUBHOCTH, TaKue Kak 22 rojaa u
okousio 60 net. [louemy paccmarpuBaercs Tosibko 11-netnuit? U tak nanee... s
TOTO YTOOBI CIENIATh U3JI0KEHUE O0JIee apryMEHTUPOBAHHbIM, 00JIee JOXOAYUBBIM,
Ha/10 OBIJIO IOJATOTOBUTH U OITyOJIMKOBATH 00JIee COBEPIICHHBIN TEKCT.

OT BBIX0J12 B CBET OCHOBHBIX CTaTeil — 10 CaMbIX TPArn4ecKux
crpanun oumorpapuu. I'ogbl moruanus, 1924-1964

JlBa uenoBeka sHepruyHo nomoranu A.JL. ¢ HOBeIMU IyOnukanusM. Bo-nep-
BbIX, 3TO OBLI TOrJalIHUNM MUHUCTp 3aApaBooxpanenus H.A. Cemaniko, Bpau. O co-
obpaxenusx A.Jl. OH y3HaI U3 HEOTHOKPATHOTO JIMYHOTO o01eHus. [locmenoBano
IpUIJIallleHue HaneyaTaTtbes B pegaktupyemMoM Cemaiuko «Pyccko-HeMenkom Me-
JULMHCKOM xypHase». Ctarbu BeilIM B 1928 rony [2; 3]. B otnuumne ot «camus-
nata» [1] oHn ObUTH HAaMHMCaHBI B aKaJEMUYECKOM CTUJIC: JIMTEPATYPHBIH 0030p,
OTMCaHMe UCXOJHOTO MacCHBa JaHHBIX, COMIOCTABJICHUE ¢ unciamMu Bonbda, rumo-
TE3bI 0 (PU3UIECKON MTPUPOJIE NEHCTBYIOLIETO IICUXOTPOITHOTO areHTa. APryMEeHTHI,
JIOKa3bIBAIOIINE PEAIbHOCTD €r0 JeMCTBUS, 3HAUUTENBHO Ooiee yOeqUTEIbHbI, YeM
B «®akTopax...». Coobuaercs, HanpuMep, 4TO 4acTOTa ClIeA0BaHHs TEPPOPUCTHU-
yeckux akToB B Poccum B 1902—-1921 romax Bo3pacTaeT ¢ yBEIMUYEHHEM YHUCEN
Bonbda, korpounmeHT Koppersuuu Ui CpelHUX 3a MECSI] COCTaBIISAET
0,74 £ 0,15. Yurarento SICHO, YTO ACHCTBYIOIIUI MCUXOTPOIHBIA (pakTop MMeeT
YHHUBEPCAJIbHBIA XapaKTep: OH HE TOJIbKO CTUMYJIUPYET HACTYIIJICHUE COL[HAIbHOM
HECTAaOMJIBHOCTH («TeJIMOTApaKCHs»), HO U BIUSET HAa TBOPUYECKYIO NMPOAYKTHUB-
HOCTb, @ TAKXK€ IICUXHUYECKOe 310poBbe. KOHEUHO, 3T MyOJIMKalluK B IPECTUKHOM
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KypHane nomoryin 0b1 A.JI. ykpenuth cBoi MMMJK ydeHoro... [IpaBaa, oH He-
CKOJIBKO «MCIIOPTHJI JIEJIO», HalleyaTaB 3aMEeTKH (Hampumep, [8]) o palmoHaabHOM
IIOJJOCHOBE aCTPOJIOTUU: PUTMHUKA COJTHEYHON aKTUBHOCTH CUHXPOHHU30BaHa C JIU-
HaMMKOH IUIAHET, TaK YTO UX KOH(UTYPALUU MOTYT CIY>KUTh UHAEKCAMU COJTHEY-
HOMW aKTHBHOCTH H, CJIEJOBATEIbHO, KOCMUYECKOH norosl. Celyac 3T0 U3BECTHBIIH
¢axt. Ho Toraa, B rox, Korjaa cbe3n actposioroB Poccuu ObUT yBe3eH KOMIETEHT-
HBIMHU OpraHaMu «Ha 00em», 1929, myOnukanus Moriia Obl BBI3BATh «IIOJIO3PEHUEY.

Bwmecre ¢ TeMm nosiBnenue crateii A.JI. B aBTOPUTETHOM KypHaJe UMEJIO ClIe-
CTBHE COBEPIIEHHO HEOXKUaHHOE: KTO-To cooommit U.B. Cranuny o0 unee comm-
KEHUs pEeBOJIOIMM ¢ MaccoBbiMU ncuxo3amu. H.A. Cemaiiko umen pasroBop ¢
Jlukratopom, BuanMo, kpaitne HenpusaTHbIN. C 1930 roga mo0ble myOauKanuu Ha
temy «Kocmuueckas morona — colMaibHBIE SBICHHS» OBLIM 3aIllpelieHbl, BCE
HaIMCaHHOE Ha ATy TEMY U3bSATO U3 OMOIMOTEK (IIEPEBEAEHO B «OTEI CIIELUab-
HOT'O XpaHEHUus» JM00 YHMUYTOKEHO). DTa aKlMs COCTaBJsIa TOCY/IapCTBEHHYIO
TaiiHy, y3Has Ji1 cpa3y o Heit A.JL.?

HacroiiuuBo nobusancs myonukainuu padot A.JL. takxke akan. [1.I1. JIazapes.
VY6exaeHHoCTh B BaKHOCTH uael A.Jl. Obu1a OCHOBaHa Ha €ro COOCTBEHHBIX KC-
NepUMEHTAJIbHBIX HaOII01eHuAX 3 (PEeKTOB KOCMUUECKOi moroel. JIazapes xona-
TalWCTBOBAJI O HaledaTaHWu aucceprauuu A.JI. mepen TorgamHuM INIaBOW W37a-
tenbckoro aena B crpane akaa. O.}0. [lmuarom. Otro KOnbeBrY, 4eI0BEK YMHBIH,
00pa30BaHHbIHN, OB «IPaBUIbHBIM O0JIbIIEBUKOM». CamMa MBICIb O CBSA3H PEBO-
JIOIMU C IMHAMHUKON COJHEYHBIX MATEH MPEACTABIAIACh €My OUEBHIHOW Helleno-
ctbto. C.0. IlIHonb MpUBIEK BHUMaHKUE YUTATENEH K 3allUCH Pa3roBOpa JBYX aka-
JEMHUKOB Ha 3Ty TeMy [19], onHOMY U3 caMbIX 3aMeUYaTENbHBIX JOKYMEHTOB JII0XHU.
Ha sTom 3nu30/€ XJ10MOTHI 0 Hanle4aTaHUU UCTOPUOMETpUYECKUX padboT A.JI. Bo-
o0u1e 3akoHumnuch — B 3ToM ke 1930 rony I[1.I1. Jlazapes O6b11 apectoBan. LleH3yp-
HBIH 3ampeT KocHyJcsa u opourtopsl A.JI. «Teopus renmuorapaxcun» (1930), no un-
TaTens He fouenmen. s pa3paboTKH KOCMOUCTOPHOMETPUYECKOI mpobiema-
TUKU B Poccun HacTynwiia snoxa Mmoiadanusi. A.JI. HOJIHOCTBIO yien B 0Mo(U3UKy
(9KoJIOTHMYecKoe U JeuyeOHOe 3HauUeHHE OTPULIATENBFHBIX a3pPOMOHOB). 3amperieH-
Hble «Pu3ndeckre GaxTopsl...» [ 1] ymoMHHANIHCH B 3TO BPEMS TOJIBKO B 3MIHU30/1aX
tpaBau A.JL. (1935 r., crares «Bpar nmoa Mackoil yueHoro» B rasere «IIpaBmay,
nHunuupoBanHas b.M. 3aBagoBckuM, neTanu cM. B moApoOHoi ouorpaduu [20]).
XapakTepHO, 4TO B XOPOLIO U3BeCTHOM «MeMopaHayMe O HayyHbIX TpyJax Mpo-
deccopa A.JI. Umxesckoro» (Mexna. Konrpecc no 6uonoruueckoit ¢pusuke, Horo-
Mopxk, 1939 r. — uepHOBHK HAMUCAH, 04eBHIHO, caMuM A.J1.) BaskHe#1as /U1 Hero
TE€Ma 3BYUUT «IIPUTTYIIEHHO»: « BHElIHee BIUsIHUE HA HEPBHO-IICUXUYECKYIO Jes-
TEeIBHOCTH...» [20]. A B stuBape 1942 roga B xu3Hu A.Jl. nmpousonuia katactpoda:
OH OBLT apecToBaH (ITOCJE JOHOCA) MOYTH Cpa3y Mocyie MpuObITHS B UensOnHCK B
sBakyanuo. @opManabHO OH OOBUHSIICA B aHTHCOBETCKHUX pa3roBopax («arura-
mu»). B crieacTBeHHOM Jene, OJHAKO, B KauecTBE «BELIECTBEHHBIX JI0Ka3a-
TEJILCTBY (PUTYPHUPYIOT Bce Te ke «DPakTophl...», — YBbI! — COJeiicCTBOBaBIINE 10~
naganuto B ['YJIATL aBtopa Ha 16 ner!

[IpeObiBas B narepe (M mpojoskasi 3aHUMatbes Ouodusukoit), A.JI. He mor
3HaTh O KJIKOYEBOM COOBITUM B pa3BUTHM BaKHEHWINEH Uil HEro TEMBbL:
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nepeoTKpblTuu [1. COpOKMHBIM NEPUOAUYHOCTH BCEMUPHO-UCTOPUUECKOTO IMPO-
necca. Pabora Obla crenana cTaTUCTUYECKUM METOJOM C MPUMEHEHHUEM CHelH-
aJbHO TIOCTPOSHHOTO MHJEKca (KpaTkuii ee pedepar cm. B [15. C. 425-427]). AB-
TOp paboThl (KpynHeimuii cormonor XX B.) paccMaTpuBall OOHAPYKEHHYIO PUT-
MHKY KaK KoJIeOaHus1, CaMOIIPOM3BOJIFHO BOSHUKAIOIIUE B COIIYME (110 COBPEMEH-
HOW TEPMUHOJIOTUH — aBTOKOJICOAaHNs1), BHE CBSI3U C pUTMHUKON Kocmuueckoid. Ho
kocBeHHO [1. Copokun nmoarBepaun pe3yasTaT A.JL.: caMblii 4acTo BCTpedaeMblid
NEPUOJT 111 COLMAIBbHOM KU3HU CTpaH EBPOIIbI, IO €ro TaHHBIM, COCTaBISAET OKOJIO
60 JieT — MOJIOBUHY COJTHEYHOTO 1 1-1eTHero nukia, Apyrue HaiJeHHbIE UM TIepHU-
0J1bl UMEIOT CBOUX KOCMUYECKHUX «IBOMHUKOBY.

A.JL. 6611 ocBOOOXaeH B 1950 rony (peabunutuposan B 1962 r.). ITo Bo3Bpa-
mIeHnd B MOCKBY OH TOJTy4YHJI BO3MOKHOCTh BO30OHOBHUTH padoTy Mo Onodu3suke
a’ponoHoB. Ho 01HOBpEMEHHO OH HAYMHAET SHEPTUYHO FOTOBUTHCS K MPOJOIIKE-
HUIO UCCJIEAOBAHUH M0 M3YyYECHHIO OUOIOTHYeCKUX d(PPEKTOB KOCMUUYECKOU TIO-
TOJIbl: YyrOBapHBaeT nepeexatb B MOCKBY Uil COBMECTHOW paOOThI M3BECTHOTO
crieruanycTa no Gu3nKe COTHEYHO-3eMHBIX cBsa3eil M.C. DiireHcoHa; 3aBsi3pIBacT
MEPENUCKY C UTATbIHCKUM XUMUKOM JI. [TMKKap i, OTKPBIBIINM BIHSIHUE COTHEY-
HOW aKTHBHOCTHU Ha JJabopaTopHbIe (PU3MKO-XUMHUYECKUE TECTHI (M cOOOIIaeT mo-
IpOOHOCTH 00 OSTOW BBIAMOIIEHCS paboTe OTEYECTBEHHBIM uHTaTessiM [21]);
pacckas3blBaeT B MOMYJSIPHBIX CTAaThAX M KHUTAX O MpodieMax rearno0HOoJIOTrUu
[22—-24]. EcTecTBEHHO, UTO UCTOPUOMETPHS B HUX BOOOIIE HE YITOMUHAETCS (XOTS
oubmuorpadust B [22] comepKHUT BCE «3alpeTHBIC» MyONUKAIMK, BKIIOYAs
«®DaKTOpBL...»).

[Tnanam A.JI. He cyxneHo ObuTo peann3oBaThes. Ho koraa oH yxe Haxonuics
Ha rnopore BedHoctH, B « TMpEKTUBHOM» KypHaie «[lapTuitHas )KxU3Hb» OSBUIIACH
€lle OJIHA CTaThsl, COBEPILIEHHO HEBEKECTBEHHAS U XaMCKasl, C KJIEBETOHM B €ro aji-
pec (nexadps 1964 r.). Bnosa, Huna Bagumosna UmxkeBckas-Ourensrapar (H.B.)
o0paTuiack K U3BECTHBIM YUYEHBIM C TUCBMOM-TIPOCHOOM — 3alIUTUTh YE€CTh U JI0-
CTOMHCTBO yueHoro. (CocTaBUTENb JAHHOTO 0030pa MMEHHO TOTJa U MO3HAKO-
musicst ¢ paboramu A.JI. UmxkeBckoro — Toraamuuii mupektop Kpeimckoit obcep-
Baropuu akana. A.b. CeBepHBIi, TOTYYHB 3TO MUCHMO, TIOPYUUIT «Pa3z00paThCsy...)
Axrust H.B. okazanack ycnentHoi: peakiyio KypHasa 3acTaBUIN U3BUHUATHCA (!);
K myOnukanusam A.Jl. ObUT0 IPUBJICYEHO MOMOJHUTENbHOE BHUMaHue; H.B. cranm
peryisipHo mocemuath GU3NKM, OUOJNOTH, MEIUKHU, UHTEpPECOBABIIUECS paboTamMu
A.JL Dtu nocerutenu ObUIM H OPTaHU3aTOPAMU MEXKTYHAPOTHBIX CEMHUHAPOB-KOH-
(epenmii, TIe 006CyKIATUCh HOBBIE PE3YJIbTATHI 10 BCEMY KPYTy BOIIPOCOB «COJI-
HEYHAass aKTHBHOCTh — Onocdepa» (Pura, Onmecca, MockBa, CeBacToroib, Snta).
B pabore HEKOTOpPHIX M3 TaKWX CEMUHAPOB MpHUHHMAJNA JHYHOE Yy4yacTHe
H.B. Hauanocs «Bo3poxaeHue» reamno0nonoruu, 4emMy CoAeCcTBOBAIO, KOHEYHO,
HIMPOKOE O0IeCTBEHHOE BHUMAaHKE K MccienoBannio Kocmoca Boo6ie moce 3a-
IIycKa IIEpBOT0 UCKYCCTBEHHOI'O CIIyTHUKA 3€MJIN.
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Pa3zBurtne reauoomnonornu. Cxkanaauasl «KocMunueckoi okpackm».
HogBast sku3Hb «PHU3HYECKUX (PAKTOPOB HCTOPHYECKOI'0 MPOLECCay,
1964-2020 rr.

[TonsITHO, YTO 17151 BCETo Kpyra 00cyk/1aeMbIX MPoOIeM UCKITIOYUTEEHO BaX-
HOE 3HAYCHUE UMEJIO Pa3BUTHE ONHUCATEIbHOM rearoounonoruu. K koHIiy Beka s¢-
(eKThl KOCMUYECKOM MOro1bl ObTN OOHAPYKEHBI MPAKTUYECKH JIJIS1 BCEX IpEeCTa-
BUTENEH OMoIoruueckoi cucreMaTuku. Camoe riaBHOE OTKPBITHE, OHAKO, COCTO-
AJI0 B TOM, YTO NEPBUYHOE JIEHCTBUE areHTa, OTBETCTBEHHOI'O 33 COJIHEYHO-OHO-
cdepHble CBA3M, peann3yercs Ha Pu3nko-xuMudeckoMm ypoBHe. Kocmudeckas mo-
rojia BIUSAET Ha MapaMeTphl BOAbI, XUMUYECKUE PEaKIIMU, COCTOSHHE TIOTYTIPOBO/I-
HUKOBBIX CTPYKTYp. Best rennobuonorusi BropudHa. 910 PyHIaMEHTAIBHON BaX-
HOCTH 3aKJIIOUYEHHUE CIIEAYET, Mpexe Bcero, u3 padot C.3. IllHons u ero coTpy -
HUKOB [25]. LleHHbIe pe3ynbTaThl OBLIN MOTYUYEHBI B paMKaX UCCIEIOBAaHUH 1O TaK
HA3bIBAEMOW «IKCIEPUMEHTATbHON T'eTMOOMONIOTUNY» — U3YYEHUS JTaO0PaTOPHBIX
UMUTAIMH MPEANoIaraeMoro 1eHCTBYIOIIET0 KOCMUYECKOT0 areHTa (3JeKTpoMar-
HUTHBIX MI0JIEH OYEHb HU3KOM YacTOThI), OHU onucaHsbl B [15; 26]. [1pu Takom moa-
X07le MeXly IpounM Obla peanu3oBana uaes A.JI. o momenieHun B 0co0yro 3Kpa-
HUPOBAHHYIO IajaTy BO BPEMsI MarHUTHBIX Oypb MallMEHTOB C OCTPON CEpAECUHO-
cocynucTo marosoruei [27]. be3ycioBHo, B Ipeiesiax CTaThy Ja)e MPOCTO Mepe-
YHUCIIUTh BaXKHEUIIINE TeTM00NO0IOTUYECKHE OTKPBITUSI HEBO3MOXKHO (OTYaCTH 3TO
caenaHo B ouepkax [28]). B aTo xe Bpems mpexHsis QHU3MKa COMHEYHO-3€MHBIX
cBs3eit, 3HakoMas A.JI., mpeBpaTHiIach B «IUTAa3MEHHYIO Tenuogu3uky» [26].

Co3znanue kopryca SMOMPUYECKUX TaHHBIX TO3BOJIMIIO IPUCTYIIUTH K IOCTPO-
€HUIO TEOPETUUECKHUX Mojieel. BhIACHUIOCH, UTO AJIs TEOPETUUECKOIO OMUCAHUS
HAKOIIJICHHOTO HAOJII0AAaTEIbHOTO MaTepHralia BOBCE M3JHIITHEH SBISIETCS TUIIOTE3a
O CYLIECTBOBAHUU KaKOI-TO HEM3BECTHON KOMIIOHEHTHI COJTHEUHOTO U3TYUEHUS —
Z — X u 1.1. ConHeuHasi akTUBHOCTh KOHTPOJIIMPYET BCE IKOJIOTHUYECKUE (HAKTOPHI
cpellbl OOMTaHMS, B TOM YHCIIe TaKhe, KOTOPBIE MPEX/Ie CYUTATUCH HECYIIECTBEH-
HbIMH (MH(PA3BYKH) WM OCTAaBAIMCH HEM3BECTHBIMU (HU3KOUACTOTHBIE DJICKTPO-
MarauTHbIe 1ouist) [28]. ['myOokoil peBU3HH-0OOHOBJICHHIO MTOABEPraach OMOPHUT-
Mosiorusi. Beio HalieHo, YTO UMeeT MecTo OoraThlii HAOOp PUTMOB (HE TOJBKO
cytouHnas Bapuanusi) [30]. Bce ocummmisiiiuu B opranu3max (WiId UX COOOIIECTBaX )
UMEIOT, KaK MpaBUjIo, BHYTPEHHEE MPOUCX0kaeHue (aBTokonedanus). Mx ycroii-
YUBOCTH 00€CIeYMBACTCS OMEPATUBHON CBS3bIO C KOJeOaTenbHONH CTPYKTYpOM
BHEIIIHEH cpefbl, a BeCb HAOOp MEPHOAOB Cpeabl OOUTaHHUS UMEET KOCMUYECKOE
npoucxoxaenue [31]. YnoMmsiHyTas CBsI3b peaiu3yeTcsl 4epe3 CUHXPOHU3AIMIO —
OUYE€Hb BAYKHOE SIBJICHUE JIs1 OMO(U3UKN KOCMUYECKOM MTOToab! (I0ApOOHO onrcaHa
B [32], B mepBoii yacTu — B OOIIEAOCTYITHOM BapUaHTE).

Bce mHOTOUNCIEHHBIE TyOIMKAIIMY 110 TEIMOOUOIOTHH (B TOM YHCIIE B aKajie-
MUYECKHUX JKypHajax), 0 KOTOPBIX IIIa peyb BHIIIE, HE KAcaTUCh KOCMHUYECKOTO
BIMSHUA Ha counyM. [Iponoskan neiictBoBaTh 1ieH3ypHbIH 3anpeT. Oka3anuch 3a-
CEKPEYCHHBIMH U CTpaHuIlbl Onorpaduu A.Jl., cBsI3aHHBIE C ero MpeObIBaHUEM B
3aKJTFOYCHUU U cchlike. He ObUTo 00 3TOM HUKAaKMX YIIOMUHAHUH B KHHTE [33], 1M0-
JY4YUBLIEH IIUPOKYIO U3BECTHOCTh. HEKOTOPHIM UCKIIOUEHHEM OKa3alUCh OYEPKHU
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o TBopuectBe A.JL. [34], rae paccka3bpIBaJIOCh O TEIMOTAPAKCHH — «TAKTHYHOY, CO
CCBIJIKaMHU Ha KJIACCHKOB TOCIOJICTBYIOIIEH Toraa uaeonoruu. Mcrtopus uzydenus
BIIMSTHUSI KOCMUYECKOW MOro/ibl Ha OOIIECTBEHHYIO KU3Hb OyeT HETOIHOM, eClu
HE paccka3aTh O JBYX CKaHAAIbHBIX MPOUCHIECTBHIX, KOCBEHHO CBA3aHHBIX C pa-
6oramu A.JL.

@pannysckuit ncuxonor M. 'oknen (Michel Gauquelin), n3yuaBimii xapak-
TEPbl U TEMIIEPAMEHTHI CTATHCTUICCKUMHU METOJIaMHU, OOHAPYKWI «CTPAHHYIO»
YAUBUTEIHHYIO 3aKOHOMEPHOCTh: JIFOJM, 00Ja/1aBIIne SPKO BHIPA)KEHHBIMH Kaye-
CTBaMU YHOMSIHYTBIX YepT JJUYHOCTH, POXKIAIOTCS C MOBBIIICHHON BEPOSITHOCTHIO
IIpU OMpeNeleHHbIX KOHPUrypauusax ruianet. Haubonee sicHO 3Ta «CTPaHHOCTH
OKa3aJlach BbIPAXKEHHOM Y 3HAMEHUTBIX CIIOPTCMEHOB C «KEJIE3HBIM XapaKTEPOM»:
OHM Yallle BCEro POXKJIAJUCh B MOMEHT, KOTJIa BOCXO/IUJIA UM KYJIbMUHUPOBAIa —
JUISL MECTa UX poxkaeHus mianera Mapc [35]. YMecTHO 00patuTh BHUMaHUE YUTa-
TEJIsl Ha TO, 4TO ATOT «Mapc-3ddexT» HeoOs3aTeIbHO CBA3BIBATH IMEHHO C MOMEH-
TOM POXKICHHUSI; 3aKJIa/iKa IMOJACUCTEM OpPraHK3Ma, BIUSIONINX Ha YePThl TUYHOCTH,
MPOUCXOAUT B MOMEHTHI BPEMEHH, YETKO (DMKCUPOBAHHBIE B CPEIHEM OTHOCH-
TEIbHO AHS poxaeHus. Pesynbrar ['okjeHa SBHO MOATBEPKAAET BO3MOXKHOCTD
ACTPOJIOTMUYECKOTO MporHo3a. benbrutickuii komuteT ckenTukoB (Committee Para)
peuui onpoBeprHyTh AaHHbIe ['okiiena. Unenst Komurera coOpain cBoit MaccuB
naHHbIX. OHu oOpaboTtanu ero cnocobom ['okneHa. M moaHOCThIO BOCTIPOM3BETH
€ro nepBoHavyaIbHbIM pe3yabTar! Ono30puTh ['OKJI€HA U ACTPOJIOTHIO HE YAAIOCH.
Toraa unenst KoMuTeTa pemmnm He myOIMKOBaTh UTOTH CBOEH pabOTHI U MOMbITA-
JUCh CKPBITh UX OT caMoro ['okiieHa (HeyaadHo, TOJPOOHOCTH 3TOM HEKPaCcHUBOM
ucrtopun uznoxensl B [35]). OueBunno, M. ['okiien noareepaun uaero A.JL [18].
Mapc-3¢hdekt 00ycitoBIeH BIMSHAEM KOCMHYECKOH ITOTObI, BEb KOH(OUTYpaITuN
MJIAHET SBJSIIOTCS MHACKCOM €€ Bapualuid, kak uucia Bonwsda. [1pu paccmoTpennn
COOTHOIIEHUS MEXIY acTpOJIOTHEN U U3BECTHBIMU 3P deKTaMi KOCMHYECKOIl Mo-
roJiel [37] CHHXpOHHU3AIUS «COTHEUHAsl aKTUBHOCTh — IMHAMUKA TJIaHET» 00CYX-
naercst 6osiee moapoOHO Oe3 cchUIKM Ha paboTy [18], HO ¢ ynmoMHHaHHEM UMEHHU
AJL. Mexay npouuM 3Ta Ujaes JIETJIa B OCHOBY MOCTPOEHUSI HCTOPUYECKOTO Clie-
Hapus IpoucxoxaeHus actposoruu (cMm. [15. C. 289-334]).

[TouTn OTHOBPEMEHHO pa3BOpPAUYMBAJICA €lIE OJUH CKaHAAJ, WILIIOCTPUPYIO-
U HEMPUATHE BIUATEIBHBIMU KPyraMH OOLIECTBEHHOCTH JIOOBIX MBICTIEH O BO3-
MOKHOCTH KOCMHUYECKHX BIUsSHUHN Ha xo uctopuu. JI.H. 'ymuneB obpatun BHU-
MaHHE Ha TO, YTO MOSIBJICHUE TPYIIII JI0JeH («I1acCHOHApUEBR») — OCHOBATENEH HO-
BBIX ATHOCOB — UMEJI0O MECTO OJHOBPEMEHHO B JIaJIEKO OTCTOSIIIMX APYT OT Apyra
pernoHax. YtoObl oOecnedynTh Takyl0 CHUHXpOHHOCTh (Hanmpumep, B XIII B. nu-
TOBIIBI ¥ 3(PHOTTBI), HEOOXOAMM BHEIIHUN «cUTHAM». B cBoei monenu [38] oH mpen-
MOJIOKHJI, YTO TAKOW CHTHAJI UMEET KoCMUYeckoe npoucxoxaeHue. B 1970-x ro-
nax ObUTH MPEATNPUHSATHI CIICIIUANBHBIE YCUITHSI, YTOOBI OTPAaHHYUTE PacCpOCTpaHe-
Hue TekctoB ['ymunena. [Ipodeccronansl OTHECTUCH K €r0 MOJIETH CKEIITHYECKH,
HO TIPEJICTABIICHUE O TOSIBIICHUU MACCHOHAPUEB («OICPKUMBIX)») MO/ BIHSHUEM
M3MEHEHUH KOCMUYECKOM MOr0/Ibl CTaJI0 OBICTPO HAOMPATh MOMYJISIPHOCTH (TEKCTHI
['ymuneBa cranu pacxoautcs B cnuckax). [laccuonapuu — 310, KOHEUHO, TaKXKe U
peBomonnonepsl. [loatomy commxkenue uaei ['ymmieBa — UmkeBCKOro BITOJTHE
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ecrectBeHHO [39]. Cam ['ymmiieB He MCKIIOYAT TOTO, YTO KOCMHYECKOE BO3ICH-
CTBHE O0YCJIOBJIEHO BapHalUsIMU COJIHEYHON aKTMBHOCTU. MHOTO 1o3:xe ObLIO Io-
Ka3aHO, YTO KOCMHYECKOE BO3/IeHCTBHE 00YCIOBICHO BapHallUsIMU UIMEHHO COTHEY-
HOW aKTUBHOCTHU. BbLIO MOKa3aHO, YTO HACTYIUICHUIO TYMUJIEBCKHUX «TIACCHOHAPHBIX
TOTYKOBY» JIEHCTBUTENBHO MPEIIIeCTBYET Bo3pacTanue uncen Bonbda [40].

C ormeHO# 1eH3yphl cTana goctynHa ouorpadus A.Jl. BrnepBeie 6€3 KakuXx-
6o ymonuanuii [41] (3aeck Ha3BaHa (paMUIIHS «OCHOBHOTO» JIOHOCUMKA, HHHUITH-
uposasiero apect A.JL., nucarens JI.B. HukynnHa, HErJIaCHOrO COTpyJIHUKA CO-
BETCKOM «OXpaHKW»). «Dusnyeckne (GpakTopbD» BEpPHYJIUCh K uuTarentio B 1990
roJly, CHavaja Kak TeKCT (C MPOIOIDKEHUEM) B KypHae « XUMHs u Ku3Hb» (1990,
Ne 1-3). IIpu 3TO0M ObUTH CAETAHBI HEOOJBIINE COKPAILEHHS, YTOOBI «yOpaTh» He-
NPWIMYHBIE U1 TOTO BpeMeHH MecTa: y A.JI. — «BBIABIKEHHE HA MOJIUTHYECKYIO
apeHy KpYMHBIX MOJUTHYECKUX JTUMIHOCTEI» (B MAKCUMYMBI COTHEYHOH aKTHBHO-
cti — Kepenckuii, JIenus. .. ). Penpuntnoe n3nanue [ 1] Obuio oTMEUEHO peLieH3uen
B OJIHOM M3 CaMbIX YHUTaE€MbIX KypHajoB TeX JieT — B «HoBom mupe» [42]. Ton
perieH3un OnaroxkenaTeNbHbIi, HO olleHKa uaei A.JI. OTHOCThIO OTpULIaTeIbHAS:
«...TaKoW MOJAXOJ «MCKaXKaeT caMy CyTh UCTOPUU UeJoBeuecTBa (c. 252)».

CraepxaHHOE OTHOLIEHHME K MJIe€ O BIUSHUM KOCMHUYECKOIO IICUXOTPOITHOIO
(dakTopa Ha OOLIECTBEHHYO KU3Hb U UCTOPHIO BBIPA3UIH U 3apyOEKHbIE UCCIIE0-
Barenu. B camoii moigHOM 0030pHOM paboTe MO COTHEYHO-3€MHBIM CBSI3SIM CEpe-
nuHbl XX Beka [44] onna u3 myOnukanuii A.JI. Ha 3Ty TeMy MPOCTO yIIOMHHAETCS.
[TepeBon «DakTOpOB...» Ha AHTIIMICKUI sI3bIK TosBHUICS B 1956 rony. Pabora mo-
JIpoOHO KOMMeHTHpoBajach B noknane 3. Jptou (E. Dewey) Ha koH(pepeHIun 1o
conHeyHo-3eMHOHU (pusuke 1968 rona B bproccene. O6mee 3akiodeHne ObIIO0 Ta-
KOBO, YTO BOIIPOC CJIEYET CUUTATh OTKPBITHIM [44].

Mexny Tem B Poccuu B cTaThsX U 3aMeTKax, B JOKJIaJaX Ha CEMMHapax, Io-
CBALIECHHBIX pabotaM A.JI., cTanu nmosBisATHCS HAOMIOEHUS, B KOTOPBIX KaKHUe-TO
UCTOPUYECKHE AMHU30/bI COMOCTABISUIUCh C MAaKCUMyMaMHU COJIHEYHOW aKTHUBHO-
ctu. VX aBTOpBI OTOMpaIN COOBITHS, KOTOPbIE MOKA3aTUCh OCOOCHHO «BAKHBIMIY).
Hexotopsle n3 nonoOHBIX cpaBHEHUH HeOe3biHTepecHbl. Hampumep, 66u10 0T™Me-
YeHO, YTO K MakcuMyMaMm uyucenl Bonbda TATOTEIOT BCIUIECKH «OOJBIIOTO
Teppopa» [45]. DpdekT HeoOsI3aTEIBHO «IPUBI3BIBATE» K 00OCTPEHUIO MTapaHOU-
nanbHoro Opena y Jlukraropa; B 3T0o BpeMs KMejla MECTO 3MUIeMusi T0HOcoB. Wnu:
CCCP BBOIUI B COCETHUE CTPaHbl CBOU BOOPY>KEHHBIE CHIIbI KQX/IbIi OYepeTHOM
MakcuMyM akTuBHOCTH: 1957 ronm — Benrpus; 1968 ron — YexocnoBaxus;
1980 rog — Adranuctas; B CIEIYIOLUINI MAaKCUMYM YyIIIed B HEOBITHE U CaM UMIIep-
CKHM PEXKUM.

Tem He MeHee MOSIBUIINCH U CEpbE3HbIE padOThl Ha JaHHYIO TeMy. B uacTHo-
ctu, A.A. TlytunoB [46] ocTpoyMHO n30exan ynpeka B CyObeKTHBHOCTH 0TOOpa
coObITuii. OH TPEaNONIOKUI, YTO MPO(HEeCCHOHANBI-UCTOPUKHA BKIIOYAIOT B CBOU
YHHUBEpPCaIbHbIE XPOHOJIOTHYECKHE TAOIUIIBI TOJIBKO AAThl 3HAUUMBIX («BAYKHBIX))
coObIThii. I TOrIa pUTMHUKY OOIIIECTBEHHOW XKU3HU B MPOILIOM MOXHO OOHApY-
KUTh, U3ydasl Bapualliy 4acTOThI CJIEIOBAaHUA JaT (3a KaxKIblid rox). B xauecTe
UCXOJHOI0 MaTepuaia UCHOIb30BAINCh XpOHOJIornueckue Tadbauipl «CoBeTcKon
HMCTOPUYECKOW HSHIUKIONEINN» W «BceMupHON HCTOPUU» — COOTBETCTBEHHO
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13 TeIC. U 4,6 ThIC. nat (1698—1963). [lanee 3TOT MHIAEKC «UHTEHCUBHOCTH XOJ1a
HUCTOPUM» CPAaBHUBAIM JIJII MAKCUMYMOB (£ 1 T071) 1 MUHUMYMOB (£ 1 TO) "mcen
Bonwda (Meton Hamoxxenust 3mox). Oka3aaoch, 4TO «HAPSHKEHHOCTDY UCTOPHYE-
CKOTO TpoIiecca B TOAbl MAKCHMYyMa BBIIIIE, YeM B TOJbl MUHUMYMa, — CTAaTUCTHYE-
cKku 3HauuMo Ha ypoBHe p < 0,001 mis obeux HazBaHHBIX Tabmum. Tesuc A.JL
0 «IEPUOANYHOCTH BCEMHUPHO-UCTOPUUECKOIO IMPOLECCay» IMOJIHOCTBIO MOJITBEp-
muics. CocTaBUTENIO JAHHOTO 0030pa HEM3BECTHO, MOTYUMIIN JIU 3TU 3aMevaTesib-
HBbIE pe3yNbTaThl JajbHEIIee pa3BUTHE — OCTAETCS JIU B CUJIE pe3ysbTar, eci,
HanpUMep, MCIOJIb30BaTh TAOIHIIbI 3apyOEKHBIX aBTOPOB? 3aMETHBI JIU B 3TOM
UHJCKCE ApPYyrue KOCMUYECKHE MEPUOAbI, T.e. CTPOWJICS JIM JUIsl HEro CIEKTP
MOILHOCTH?

BeiBog A.JL., Tak Tparmueckd OTpa3HBIICHCS HA €ro Cyap0e, «PEeBOIIOIHUU
CIIy4aroTcsl B O/l MAaKCUMYMOB COJTHEYHOI aKTUBHOCTH», OBbLI IMOATBEPKIEH rep-
maHnckuM ticuxosiorom C. Oprenem (S. Ertel) [47]. Tpynnas 3agada 0o0BEKTUBHO
BbIOpaTh COOBITHSA, Ha3bIBAEMbIE€ HE BIIOJHE TOYHBIM TEPMHUHOM «PEBOJIOLUSY,
ObLTa pelieHa DpTeneM B paMKax ClelualbHON BCroMorareiabHou padotel. CHa-
yaja ObUI COCTaBJICH CJIOBapb, MEPEArOIIUii BCEBO3MOXKHbIE OTTEHKH IMOHSTHUS
«Hapymenue conpanbHONH CTaOMIIBHOCTH CHM3Y», Ha JIBYX SI3bIKaX, HEMELKOM U
AHTJIMICKOM, 3aT€M TPYMNIbl CTYAEHTOB MPOCMOTPENN 18 aBTOPUTETHBIX UCTOPH-
YECKUX MCTOYHHUKOB Ha ATHX f3bIKaX M 3a()MKCHpPOBAIIN JAaTy KaXXIOrO COOBITHS,
Ybe Ha3BaHUE (PUTYPUPOBAIO B YIOMSHYTOM ciioBape. 3a 1698—1985 rr. 6110 110-
Jy4YE€HO CBbIIIE 4 THIC. CCHUIOK.

Jlanee — OCHOBHOM 3Tam pabOThl — BBIYHUCISUIOCH CPE/IHEE 3HAYCHHUE MUHH-
MaJIbHOTO BPEMEHHOT'O MHTEpBaJa, OTIEISABIIETO ATy COOBITUH OT Onrpkaiimieit
JaThl MakcuMyMa urcen Bonbda ais 26 MakcUMyMOB, U3BECTHBIX ISl YIIOMSIHY-
Toro orpe3ka BpeMeHHu (moutu 300 set). OKOHYATEIBHO: Yallle BCEro PEBOJIOIMHI
MPOUCXOIAT B MAKCUMYM COJIHEYHOM aKTUBHOCTH (pe3yJIbTaT CTATUCTUUECKH 3Ha-
yuM Ha ypoBHe p <0,001; xaxercs, 34eCh HEBO3MOXHO K YeMy-JIHOO MpH-
JpaThCsl. ..).

3acayru C. Dprenst B uccienoBanuu npobiemsl «Kocmoc — Ouocdepar
JIOJKHBI OBITH CTIEIMAIBHO OTMEYEHBI, B YACTHOCTH, €IIe ¥ TIOTOMY, YTO CPEIH €ro
myOJMKaIMi Ha 3Ty TeMy uMeeTcsl padoTa [48], B KOTOpOW YCTaHOBJIEHA CHHXPO-
HU3AlUs C COJTHEYHOM aKTUBHOCTHIO IUKJIA «/[snHHBIE BosIHBI KOoHnpaTtheBay. [1o-
IpoOHOe O0CYXKACHHE DPA3IUYHBIX aCMEKTOB 3TOTO BAXKHOTO OTKPBITHS, B TOM
YHUCJIE COLUATBHO-KYJIBTYPOJIOTUYECKOTr0, IpoBeaeHO B [49]. Bo3moxkHo, «/[nuH-
HBIC BOJIHBD (55 & 5 71eT) Moriu OBl CITy>)KUTh €CTECTBEHHON €IMHUIICH B HCTOPHO-
metpuu (y AJL atot nukn ynomunaercs (em. [1. C. 60]).

PaGora, o koTopoii nuia peus [41], BeiIUTa B cBET B roOumnenHblil ams A.JL.
rog — 100 net co aus poxxaerus. OH ObUT OTMEUeH MyONIHKalueil MaTepranoB JaHc-
ceptaruu [50] u mpoBenenreM B MOCKBe MpeCcTaBUTEIbHON KoHpepeHIn «Jleo-
Hapao Aa Bunun XX Bekay [51]. Coobmienus mo kocMopu3uke, OMOPUTMONIOTHH
U Onodusuke, MpeACTaBICHHbIE HA 3TOW KOH(EpPEHIINH, COAEPIKaIN WHTEPECHbIC
HOBbIE JaHHble. HO ypoBeHb BBICTYIUIEHHH Ha HCTOPUOCO(CKYIO TEMY OCTaBISI
s)kenath Jiyuniero. Oaun u3 gokinaaguukoB — FO.B. fIkoBell — BbIpa3uil MHEHUE, YTO
BbIBO A.JL. 00 11-meTHeill HUKINYHOCTH BCEMHPHO-UCTOPUYECKOTO TMpoliecca
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«...BpsiJ JIU MOKHO B IMOJIHOM M€pe CUMTaTh A0KazaHHbIM...» [S1. C. 152]. Ouye-
BUJHO, paboThl [lyTunoBa u DpTensa He ObUTH eMy 3HAKOMBI. TakoBa ke OblIa U
CUTyallusl Ha CEMUHape, CIEeNMaIbHO MOCBSIIEHHOM HcTopuomerpun, — «Kocmoc
¥ MHpOBas ucropus» [52].

Cnucok nepuoaoB, HAWJAEHHBIX B COLMAIBHO-UCTOPUUYECKOW JTMHAMHUKE,
MEXly TEM ITPOJOJIKAIT TIOTIOJIHATHCS:

— OBUIO HAlJCHO, YTO OKOJIOJIBYXJICTHHUH TEPHO, 3aMETHBIN TPH aHAIH3e
CIIPAaBOYHHUKOB «KTO €CTh KTO B...» HOCUT IJI0OOAJIbHBIA XapakTep; JIIOJU, POJAUB-
IIMECs B YETHBIN TOJI, OTIMYAIOTCS OT POJUBIINXCS B TOJI HEUETHBIH 10 Helpodu-
3MOJIOTHYECKUM TIoKa3aTeisiM [53]; 3ToT mepro 1 6J1M30K K OpOUTAITEHOMY ITEPUOTY
Mapca, Tak 4TO JaHHBIA PE3yIbTAT UMEET NPsiIMOe OTHOIIEeHHE K «Mapc-ahdexTy»
M. T'oksiena [35];

— B Komuccuu ninaneronornu PAH, B cBsi3u ¢ u3yueHuem pezoHancos B Col-
HEYHOW CUCTEME, BBISIBIICH HCTOPUKO-METpHUeCKuil mepuon 6,4 rona [54], 6nu3kuii
K nepuojy, HaiiieHHomy B cBoe BpeMms I1.A. Copokunsim (JaHHbIe cM. B [15]);

— BO3MOXHO, YKa3aHHBIH BBIILIE OKOJIO O-JIETHUI NEPUO/] ABJISIETCS] TApMOHUKON
(1:5) BersiBeHHOTO emie B XIX Beke rneproaa okouno 33 net, HabIr1aeMoro B COJTHEY-
HOM aKTUBHOCTH, KOCMO(H3HUKE U HEKOTOPBIX COIMAIBHBIX TIOKa3aTessix [55].

B pamkax craThi HEBO3MOXKHO pacCKa3blBaTh 000 BCEX HOBEUIIMX NAHHBIX,
CBUJICTEJBCTBYIOIIUX O BIUSHUM KOCMHUYECKOM MOTOJbl Ha XOJ HCTOPUYECKUX
MPOIIECCOB — 00CTOSATEIBHBIN 0030p cM. B [56]. Teneps MOHATHO, YTO HHAYIIUPYE-
MbI€ BO3MYIIEHUAMH KOCMUYECKOW MOTr0JIbl PEBOJIIOLUU MOXHO TPAKTOBATh Kak
colualbHOE Mcuxuarpudeckoe 3adoneBanue [57]. IIpuypodeHHOCTh TaKUX COOBI-
TAW (M ¥X aHajaoroB) K 11-JIETHUM MakCHMyMaM COJIHEUYHON aKTUBHOCTH HBIHE
npocnexuaercs 11 EBponsl XII-XVII BexoB [58]. [l MakcumMyma akTUBHOCTh
1968 rona rinobanbHYIO SMUAEMHUIO0 «CAMOBO3TOPAHUS MATEKHOTO JTyXa MO BCEMY
MHUPY» MOKHO OBIJIO 3aMETUTh HEBOOPYKEHHBIM B3I, A0M [59]. Jlymaercs, OCHOB-
HbI€ UCTOPHMOMETPHUECKHUE TE3UCHI, CHOPMYIUPOBAHHBIE IIIESI0N TaJaHTIMUBBIX
uccaenosareneld B Hauane XX Beka, runore3a A.JI. UmkeBCKOro o KOCMUYECKOM
(dakTope, BIUAIOLIEM Ha COLUAIbHBIE SBJICHUS, HAUIU YOEAUTEIbHOE MOATBEP-
)kaeHre. CUMBOJIMYHO, YTO Tenepb AJiekcaHipy JICOHMI0BUYY CYIIECTBYET BEU-
HBI KOCMUYECKHUI MaMITHUK — acTepou]l «UrmkeBckui» (OTKpHIT B 1972 T. KpbIM-
ckum actpoHomoM H.C. YepHbix).

3akjauyeHue

MoskeT mokasaThCsi, 4To ChOPMYTUPOBAHHBIN BBIIIEC OOITUI BHIBOJ HE MPEI-
noJjlaraeT Kakux-aubo JOMOoNHEeHUH U KoMMeHTapueB. OJHaKO 3TO COBCEM HE TakK.
Cnopsl Ha Temy «Kocmudeckas moroja — coluaIbHbIe MPOLIECCHI» JIaJIEKO HE 3a-
koH4eHbI [60]. BooO1ie MUpOBO33peHYECKast yCTAHOBKA UCTEKIIEr0 BeKa — MOJTHAs
u3osiust 6rnochepsl ¥ Hoochepsl OT UX KOCMUUECKOTO OKPYKEHHSI — MTPOIOIIKACT
JOMHHHUPOBATH B O0IIECTBEHHOM co3HaHUU. OnmoHeHTHI A.JI., GOJBITUHCTBO TPO-
q)GCCI/IOHaJ'IBHI)IX HUCTOPUKOB, B HAIllK AHU HC OCHApPUBAIOT KOHKPCTHBLIC JOBOAbI —
OHM UX IPOCTO UTHOPHUPYIOT. U elle oiHa XapakTepHast 1eTalb: COOOUIEHHSI O HO-
BBIX OTKPBITHSX W HAOMIOJEHUSIX, KACAIOUIUXCS BO3JEUCTBUS KOCMUYECKOU MO-
ToAbl HA HCPBHO-IICUXNYCCKUEC MPOUCCChI, HC MOMNagaroT U3 CIICHUAJIbHBIX Hy6JII/I-
Kalluii B HAyYHO-TIOMYJISIPHBIE JKYPHAJIBL, XOTS HEKOTOPbIE WX HHUX — MOJJIMHHBIC
ceHcanuu. EcTh onacenue yroMmuts UnurtaTens npuMepaMu, HO BCE Ke:
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— B COBPEMEHHBIX IKCIIEPUMEHTAX PEATU30BaHO MPSAMOE HAOIIIOIEHUE TICUXO0-
TponHOro (akropa YMKEBCKOTO — 3JIEKTPOMArHUTHOTO TMOJISi OY€Hb HU3KOH 4Ya-
CTOTHI, MH(PaA3BYKa, Ha JEKTPOIHIEPATOrpaMMy roJIOBHOTO Mo3ra [61; 62];

— MPOJEMOHCTPUPOBAHO, YTO JEHCTBHE TOTO € MCUXOTPOMHOro Qaxrtopa
OCYIIECTBIISIETCS B TI00ATLHOM MaciTabe: OKa3pIBaeTCs, YTO MHTEHCUBHOCTD 00-
CYXJIEHUSI HEKOTOPBIX (hrocodckux Borpoco (pusuku B IHTEpHETE TOCTOBEPHO
BO3pacTaeT C yBEJIUYEHUEM T'€OMarHUTHOM BO3MYILIEHHOCTH [63];

— Ha NPEeACTaBUTEIbHON CTATUCTUKE YCTAHOBIIEHO, YTO C MOBBIIIEHUEM TOU
K€ T€OMarHUTHOM BO3MYILIIEHHOCTH B CHOBHMJICHUSIX HAUMHAIOT JOMUHUPOBATH Xa-
paKkTepHbIE apXETUIINYECKNUE CUMBOJIBL, T.€. KOCMHUYECKasl [TOTro/1a BIUSET Ha Oec-
co3HarenbpHoe [64].

OtcyTcTBHE B HayYHO-HOIMYJISIPHBIX JKypHaNax (MEXIUCUUIUIMHAPHBIX!) TO-
JTOOHBIX COOOIICHUH 03HAYAET, YTO B TYMAaHUTAPHYIO BETBb 3HAHUI TaKue CBE/Ie-
HUS BOOOIIIE HE MTOCTYIAOT...

BooOmie ke nmanpHeimue ucciaenoBaHusi 3(PpPEeKToB KOCMUYECKOW MOTOJIBI
(meiicTBHE ICUXOTPOMHOIO areHTa) CAEPKUBAIOTCS U JPYyTUMH NIPpHUUHAMU. boib-
11as 4aCTh CTaTeH, KacarolMUXcsl JaHHON pOoOJIeMbl, MyOJIUKYETCsl B PYCCKOS3bIU-
HBIX XypHallax. K ABTOMAaTHYECKN» Yy 3TUX KYpPHAJIOB HU3KUUA MHUPOBON YpOBEHb
LUTUPOBAHUSA, & y UX aBTOPOB — HU3KUU MHJEKC Xupma. /1 3ara HbIX HCCIEN0-
BaTesiel TeMa ¢ TaKUMU MOKa3aTeNIIMU MaJIONpUBIIEKaTeIbHA. A €Ille OT 3TOH Mpo-
0JieMBI BCe BpeMs BEET JyXOM BYyJbrapHoil actposnoruu. HemaBHo mupexrop WUH-
ctutyTta kKocmudeckux uccinenosanuii PAH A.M. IleTtpykoBuu Ha BOIpoc O BO3-
MO>KHOCTH BIIUSIHUSI KOCMHUYECKON MOr0/ibl Ha OMOCOLMAIbHBIE SIBJICHUS OTBETHII
KpPaTKO — «CIEeKyIsuum» [65].

Hakowner, cama ucTopusi CTaHOBIJICHHUSI OMTMCAHHOW BBIIIE TTPOOIEMBI TpeOyeT
JIOTIOJIHEHUH U yTouHeHUH. Beap no ceil neHp yacth apxusa A.Jl. octaercs Heno-
CTymHOM 71l uccienosareneid. Hekoropeie ctpanuisl ouorpadun A.JI. monroe
BpEMsI CYUTAINCH HE BIIOJIHE IIPWIMYHBIMUY JUISl U3JI0KEHUS, HEKOTOPHIE JINLA U3
€ro OKpYy>KeHUs He ynoMuHanuch [62]. [losTomy TpeOyeT AOMONHEHUN U caMas
TOJTHAS HAa CETOMHAITHIN eHb ouorpadus A.JI. Umxesckoro [20].
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HALLUU ABTOPbI

BJIAJMUMHUPOB IOpuii CepreeBu4 — a0KTOp (hHU3HKO-MAaTEMaTHYECKUX
Hayk, podeccop pusnueckoro pakynprera MI'Y nmenu M.B. JlomoHocoBa, mpo-
(deccop UucTturyTa rpaButanuu u kocmonoruu PYJIH (Mocksa).

BJIAIMMUPCKUM Bopuc MuxaiioBuy, JOKTOp (HU3NKO-MaTeMaTHye-
CKHMX HayK, aBTOp MHOTHX IyOJuKamuii mo kocmodusuke, ouodpusnke. Jlaypear
I'ocynapctBennoit npemun APK, naypear menanu Ymxesckoro, Kpeimckuii dene-
panbHbIil yHUBepcuTeT uMeHu B.W. Bepuanckoro (Cumdeponoss).

BJIAIUMHUPOBA Jlapuca ®en1opoBHA — KaHAHIAT PU3NKO-MaTeMaTHIC-
CKUX HayK, BBIITYCKHHUIIA KadeApbl TEOPETUIECKON PU3UKN PU3NIECKOTO (aKyITb-
teta MI'Y (Mockga), aBTOp KHUT TI0 HICTOPUH (DU3UKH U MAaTEMAaTHUKH.

T'OJAPEB-JIO3OBCKUM Makcum TI'puropbeBud — pyKOBOIUTEIND
Hay4yHO-puiocodckoro cemunapa POO B Jlome yuensix B Jlecnom, IleTpoBckast
akajgemus Hayk u uckycctB (Cankr-IlerepOypr).

JEMEHTBEB Anexcanap AsekceeBHU4 — aciupanT kadeaps! Griocodun
MOCKOBCKOTO IEAaroriueckoro rocy1apCTBEHHOro yuuBepcutera (MockBa).

KMNJIKUH Anapeii I'eoprueBud — 10KTOp GU3NKO-MAaTEMAaTUYECKUX HAYK,
JIOLIEHT, BEeAYIIMH Hay4HbIi coTpyaHuk MHctutyTa actponomuu PAH (Mocksa).

NBAHEHKO [mutpuii JImutpueBuu (1904-1994) — nokrop ¢usuko-
MaTeMaTHYeCKHX Hayk, mpodeccop ¢usnueckoro ¢dakyiaprera MIY umenu
M.B. JlomonocoBa (MockBa).

KATACOHOB Baagumup HuxosiaeBu4 — 10kTOp (Puiocockux Hayk,
JIOKTOp OorocioBwusi, mpodeccop, 3aBeayrommid kadeapoit hunocopuu OoIIenep-
KOBHOW aCHUPAHTYpbl U JOKTOPaHTYpbl MMeHM CBATbIX PaBHOAmocTONbHBIX
Kupunna u Medoaus (Mocksa).

KHS3EB Bukrop HukonaeBuu — 10ktop ¢puinocodckux Hayk, nmpodeccop
MOCKOBCKOTO TI€IarOTHYeCKOr0 TOCYyAapCTBEHHOTO YHUBepcuTera, HarumoHams-
HOTO UCCJIeIoBaTeNnbcKoro yuupepcurera «MOW» (Mocksa).
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Hawu asmoput

INEYEHKHWH Anexcanap AJieKkCaHAPOBUY — JTOKTOpP QHIOCO(PCKUX HAYK,
npodeccop UHcTHTyTa HcTOpHH ecTecTBO3HAHUS M TexHUKH uMmenn C.U. Basu-
noBa PAH (Mocksa).

CEBAJIBHUKOB Amnapeii IOpbeBuu — go0ktop ¢(uiocopckux Hayk,
npodeccop Uucturyra punocopun PAH (Mocksa).

XAPUTOHOB Amnaronuii CepreeBuud — KaHaujgaT (uU3MKO-MaTeMaTHye-
CKUX HayK.
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O6wwme TpeboBaHMA No ochopmMIeHnIo cTaTen
ansa xypHana «MeTtadunsmka»

Agtop mnpescTaBisier OTBETCTBEHHOMY CEKPETaplo TEKCT CTaThH, O(OPMIICHHOI B COOTBETCTBHH C Ipa-
Bunamu Penakuun. Ilocne cornacoBanus ¢ I'TaBHBIM peJaKTOPOM CTaThsl HANPABIIAETCS HA BHyTPEHHEE pe-
LIEH3UPOBAHKE U 3aTEM NPUHUMAETCS PElIeHHe O BO3MOXKHOCTH €€ OITyOJIMKOBaHHA B KypHale «Metadpusu-
ka». O MPUHATOM PEUICHUH aBTOP HHPOPMHUPYETCSI.

®opMar cTaTbu:

e Texkcr crarbu — 10 20—40 THIC. 3HAKOB B 3JIEKTPOHHOM (hopmare.

e SI3pIK MyOJIMKAIMK — PYCCKUI/aHTTHACKHUH.

e Kparkas aHHOTaUs CTaThy (IBa-TpHU IpeiokenHus, 10 10—15 cTpok) Ha pYCCKOM M aHIIIMHCKOM
SI3BIKAX.

e KiroueBsle cioBa — He Oosee 12.

e Uudopmarnus 06 aBrope: @.11.0. momHOCTHIO, yUeHas CTENEHb U 3BaHHE, MECTO PAbOTHI, IOJDKHOCTD,
MOYTOBBIH CITy>KeOHBIN aJpec Ha PyCCKOM M aHTIMHCKOM SI3bIKaX, KOHTAKTHBIC TeNe(OHBI ¥ aAPEC IEKTPOH-
HOM MOYTHI.

dopMmar TekcTa:

— wpudt: Times New Roman; xernb: 14; uarepsain: 1,5; BeIpaBHHBaHUE: [0 IIHPUHE;

— a0zam: otcrynm (1,25), BeiOmpaercsi B MeHO — «[maBHas» — «AO3anm — IlepBas crpoka —
Otcryn — OK» (TO ecTh BBICTABISIETCS] aBTOMaTHIECKH ).

v UlpudroBbie BRIIETEHHS B TEKCTE PYKOIUCH JOITYCKAIOTCS TOJIBKO B BUC KYPCHBA.

v/ 3aronoBKM BHYTPH TeKCTa (Ha3BaHHs 4YacTei, MOAPA3/IeNioB) HAlOTCS BbieneHueM «K» (momyxup-

HBIH).
v' Paspsizika TekcTa, ad3albl M EPEHOCHI, PACCTABICHHBIC BPYUYHYIO, HE JIOIYCKAKOTCA.
v PUCYHKH M CXEMBI JOIyCKAIOTCs B KOMIIBIOTEPHOM (hopmare.
v Beka narotes TONbKO puMCKUMHU Hudpamu: XX Bek.
v CChUIKHM Ha JIMTEPATYPy AAIOTCS MO (BaKTy CO CKBO3HOM Hymepauuei (He 1o andaButy) u opopmis-

IOTCSl B TEKCTE apaOCKUMH nupaMul, B3ITHIMH B KBaJpaTHBIE CKOOKHU, TIOCIIE HU(PHI CTABUTCSA TOYKA U yKa-
3pIBaeTcs cTpanuna/crpanuist: [1. C. 5-6].

v HoMep CHOCKH B CITHCKE JIMTEPATyPhl JaeTCs apabCKUMU [udpamu 6e3 CKOOOK.

v HpI/IMe'-IaHI/ISI (ecnn OHH HCOGXOZ[PIMBI) O(bOpMJ'[HIOTCS{ ABTOMAaTHYCCKUMU IMOACTPOYHBIMU CHOCKaMHU
CO CKBO3HOM HyMepawuei.

Hanpumep:

- Ha mecTo kiaccoBoii opranuzaiuu odIecTBa NpuxoasiT « OOIMIHOCTH HAa OCHOBE 00'beK-
TUBHO CylecTBytomen onacHoctny [2. C. 57].

- O Poccnn mavanma XX Beka H.A. bepasieB mucai, 9T0 « TOCTBIAHO JIWIIb OTPHIIATEIEHO
onpenensaThes Boei Bparay [3. C. 142].
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1 o
C YBCJIMYCHUEM IMPOBOAUMOCTU KOJIbIA YUCIIO I/I306pa)K€HI/II/I BUPTYAJIbHBIX MArHUTOB YBCJINYU-
BAaCTCA U OHH CTAHOBATCA «ApUYC»; C€CJIM KOJBLO PA3PBIBACTCA U TEM CaMBIM IIPCPBIBACTCA TOK,
I/I,Z[yH.II/Iﬁ 0 KOJIbLly, TO H306pa)l(eHI/I$I BCCX BUPTYAJIbHBIX MAIHUTOB UCYC3AIOT.

1
MeiHOE KOJIBLIO 3aMEHSIIOCH Ha cepebpsiHoe.

Pepakums B criyqae Heony6nmnKoBaHWs CTaTby aBTOPCKUE MaTepuansl He BO3BPaLLaeT.
byoem paovt compyonuuecmay!
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