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CkpbITOE MPOCTPAHCTBO-BpPeMsl B (pU3HKe
A.B. Kamunckuu
(nonyuena 13 nosops 2004; usmenena 9 ausaps 2005, onyoruxosana 15 aueaps 2005)

Paccmampusaemca  eunomesa, coenacHo  KOmMopou 8  OCHO8e — K8AHMOBOU,
PENAMUBUCIICKOL U CTNAMUCMUYECKOU Meopull JexCcum cyobeKmugHas HenoIHoOma
@usuyeckol peanbHocmu.

BBepeHue

Hanuuue 6  @usuke  ckpulmblx  Geiuuyun  He  AGNAEMCA  HEOHCUOAHHBIM.
DyHOamenmanvHoe O02pAHUYEHUe HA CKOPOCMb  PACHPOCMPAHEHUs.  83aAUMOOelCmEull,
Hanazaemoe cneyuanvHou meopuei omuocumenvHocmu (CTO), npueooum xk momy, 4umo 0.4
Habaoamens 6 HeKOMOPOU cucmeme omcyema 00CMYNHbL MOILKO me MOYKU NPOCMPAHCIEA
- @peMeHU, KOmopbvie Jexcam 60 GHYMpeHHel uacmu ceemoeozo kowyca. Obracmu eHe
€8emoB020 KOHyca CKpblmvl om Heeo. B xeammosoii mexanuxe (KM) nanuuue cKkpvimuvix
COCMOAHULL cledyem U3 NPUHYUNA HeonpeoereHHOCHIL.

Menee ouesuoHo cywecmeoganue 8 Mmupe CKpblmblX COCMOAHUL, 00YCI081eHHOe
Hawiell NPUHYUNUATLHOU HeCnoCOOHOCMbIO NPOU3BOOUMb DECKOHEYHO MOYHblEe USMEPEeHUs U
BbIYUCTCHUS.  DmMom  GAJCHbINL ~ MOMEHM,  USHOPUPYEMbIU  COBPEMEHHOU  (DU3UKOL,
OHmono2u3uUpyemcs mezucom o guszuueckou Henoarnome mupa [1]. Cyovexm — nabrooamens
gcez20a wacms npupoovl. [losmomy, pacnonazas, no onpeoenenuio, MoabKo 4acmulo pecypcos,
O00CMYNHBIX NpUpooe, Mvl 8ce20a Oyoem ocpaHuieHvl 8 1dvIx cihepax ceoeli akMmugHOCMuU No
omHoweHuto K enewnemy mupy. C Opyeoi cmopowusl, npupooa, 001a0das npesocxooauumu
Haboamens pecypcamu, MAanunyaupyem mpanc@OUHUMHBIM C e20 MOYKU 3PeHUs 00bemMom
ungopmayuu. Iosops obpaszno, mvl He Mmodcem npogepums boea, mackonvko 6epHo oH
nposooum «viyucienus». "Kyxua' smux eviyucienutl ckpvlma om Hac 6apbepom HenoHOmbl.
He nonvzyemcsa au Oun ceoum '"cuyoceOnuvim nonosiceHuem”, umobvl ynpocmums cebe
pabomy?

Dtinwmertls, Kax uzgecmuo, cyuman, ymo boe yecmno nposooum eviuucnenus. Ho
menepb MHocue yoedcoenvl, umo Oun npocmo "6pocaem xocmu'" noododoHo Ham, Ko2coa mvl
eMecmo mozo 4moobbl UHMeZpuUpo8amy YypagHeHuUs, noabsyemcs memooom Monmexapio!. K
IMOMY BONPOCY Mbl euje 8EPHEMCs No3xce, d NOKA 3A0CMPUM BHUMAHUE HA CaAMOU NPpUYUHe
CYWecmeoB8aHusi 8 NPUPoOe CKPbIMbiX COCMOHUIL.

Jlanvwe Opyeux 6 noumumanuu 3moco eonpoca npoosunyracb KM. Onucanue
@uszuueckoeo cOCMOAHUS NPU NOMOWU MAMPUYbL NIOMHOCMU CO3ZHAMENbHO 68€0eHO 8
meopuro 0Nl OMPANCEHUs] CUMYayuu HenoIHomvl. IMom HnoOXo0 HpuHec C80U NIOObL.
bonvuwum oocmudicenuem nocneone2o epemenu A8UNACL MeOpUsl 0eKO2epeHyuU, KOMmMopasl
noKaszana, 4mo 0. Habao0ames, AGIAWE20CA YACMbI0 OMKPLIMOU CUCMEMbl, K8AHMOBO-
MeXanuuecKas Kapmura Mupa HeuszbedcHo pedyyupyem 6 kiaccudeckyio [2]. Oonako, meopus
oexozepenyuu nocmpoena Ha 6aze gopmanuzma obwviunou KM, xomopas 6 ceoeil ocHose
ocmaemcsi He nouama. Ilosmomy yenviii psad KOHYENmyaibHblX GONPOCO8 NO-NPEHCHEMY
ocmatomcesi 6e3 omeema. Cpeou HUx 00vACHeHUe NPUpoObl KEAHMOBOU HEeNOKANbHOCMU,
npoobiema K8AHmo8o2o UHOEMepMUHUIMA, C85A3b HeoOPaAmumMoCcmu K8AHMOBLIX U3MEPEHULl C
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npobemo 8pemenu u pso opyaux mpyoHvlx eonpocos. Hepeoxo mooicrno ecmpemums
MHeHUe, 4mo 2Mmu 8ONPOCHl, YX00AUUe KOPHAMU 8 2IYOUHbl (hunocoguu, He MakK Yic U 8ANHCHbL
o Qusuxku. Omo 3abnycoenue. Tonvko obocnosanue KM, xomopoe npusedem K
HOHUMAHUIO NPUPOObI KEAHMOBO20 NOBEOEHUs. MAMepull, co30acm HO8YI0 NepCneKmusy 0
oanvHevwux ucciredosanuil. Mvl, koneuno, omoaem cebe omuem 6 Mom, umo mpebosaHuem
NOHUMAHUS, Mbl CMYndemM HA OYeHb 3bl0KYI0 nousy. Ho umenno nonumanue, kax onopa ua
2NYOUHHbIe anpuopHvle NOHAMUS, a He NOHUMAHUe 8 CMbICe 3HAHUA POPMANTbHO20 annapamad,
Ooaem umnynoc mvicau. T1osmomy, Mol He pazoensiem NO3UMUBUCICKUL NPU3LLE 02PAHUYUNBCS
docmueHymvim  ycnexom 6 popmanviom onucanuu KM u  cuumaem, umo npobiema
obocnosanua KM peanvho cywecmgyem u, 6onee moeo, eecoma akmyanvha. Pewenue amoi
npoobremvl, 603MOICHO, NEPeBepHem 6ce Hauu NpeOCmAaslienus O pPedalbHOCmU, U mMo20d
OMKPOIOMCS HOBblE NEPCHEKMUBDL.

lasatime na e6pems 3abydem o cywecmeosanuu KM u nonpobyem 6 uawux
PACCYAHCOCHUAX UCXOOUMb U3 NEPBbIX NPUHYunos. Mmax mvl npeononazaem, 4mo 8 OCHOGe
MHO2UX 3AKOHOMEpPHOCMell U HAOM00aemMblXx 6 Npupooe ABIeHUU JIeXCUum HenoiHoma
@uszuueckoeo mupa, NpAMbIM Cle0cmeuemM KOMOpOU U AGNAEMCA HAIUYUE CKPbIMbIX
cocmosHull. Imoti cunomese MONCHO NPUOAMb ACHBIU PUULECKUL CMBLCIL.

Byoem ucxooums uz mozo, umo mup 6 yenom KoweueH, a Habaooamens (cyOvekm) —
eco uacme. Koneunocmvs Mmupa 30ecb NOHUMAEMC He KAK O02PAHUYEHHOCMb  UIU
U30IUPOBAHHOCL 8  NPOCMPAHCMBe, HO KAK NPUHYUNUATbHAA CYEeMHAs KOHeYHOCMb
MHOJHCECMBA COCMOSHUU MUPOBOU Yel0CMHOCMU, 6 danvHeliuem Mupa.

IIpocmpancmeo, nocmpoennoe Had MHOMCECMBEOM PYHOAMEHMATbHBIX COCOAHUT
Ha308em QyHOAMEeHMATbHLIM RPOCMPAHCHIBOM-BPEMEHEM 00BEKMUBHO20 HADI00ame .
CoomeemcmeeHnno, cocmoanus mupa, oughgpepenyupyemoie um, Hazoeem
dynoamenmanvHLIMU MUPOBLIMU COCOAHUAMU.

O0un U3 B03MOJCHLIX CHOCODO8 NOCMPOEHUS MempUiecKko2o @YHOAMEeHMalbHO20
npocmpancmea paccmomper 6 pabome [3]. DK3ucCmeHYyuanvbHulli cmamyc 00beKmueHO20
Habnooamens Mbl 30eCb He pAcCMampuedem, cyumas e20 66edeHue MamemMamuyecKum
npuemom. Ecau yuecms, umo obwee uucio ¢pynoamenmanbHulX COCMOSHUL MUPA PasHo:

Nmupa=Ncybvexma*Nobvexma (1)

I'oe Nmupa- uyucno cocmosamuti mupa, Ncybvekma - uYUCIO COCMOSHUL CYObeKma,
Nobvexma — uucio cocmosinuti odvekma (Mupa 6e3 cybvekma), mo2oda 04esUOHO, YMo
Habnooamenio O0O0CMYNHA MOAbKO 4Yacmb U3 00we2o0 uucia cocmoanuu mupa. Takoe
nojodceHue eewell Mbl HA3bl6aeM - (puzuyeckou Henoanomou. Tax eosHuxaiom 08a clos
PeanbHOCmu — CI0U 2UNOMEMUYECKo20 BHEULHe20 (e20 euje MONHCHO HA38aMb — 00bEeKMUBHLIM)
Haobarwoamenss 05l KOMOpPo20 OOCMYNHO KA cOoe COCMOSHUe Mupa u - Caou @uauueckoul
PeanbHOCmuy, 8 KOMOPOM Kaxicooe Qu3uuecKkoe COCMOsHUe OKA3bleaemcs 6blpO#COEHO NO
HEKOmMOopuIM NPUHYUNUATLHO HeHaOnooaemviM (CKpvimbiM) cocmoanusm. IloomHooxcecmea
YyHOAMEHMALHBIX COCMOSHUL HEOMIUYUMBIX C MOYKU 3peHUs cyOvekma obpaszyrom O0O0HO
@uszuueckoe cocmosinue (epanyny) . B coomseemcmeuu ¢ npunyunom ghuzuieckoi HenoaHomsl,
COCMOAHUSL  BHYMPU 2PAHYIbL  HEOMAUYUMbL Opye Om Opy2d HUKAKUMU @QU3UYeCKUMU
memooamu. Ilpocmpancmeo, nocmpoennoe HAO0 MHOMCECMBEOM HuU3UYUECKUX COCMOAHUIL
(epanyn) nazoeem _puzuueckum npocmpancmeom-epemenem [3] uau npocmpancmeom-
epemenem cyOveKmuenozo Habawoamena. Paccmampusas npoyeccol 8 00bEKMUBHOM
npocmpancmee QyHOAMenmanibHbIX COCMOSHUU, Mbl He UMeeM Npaea 2080pUmMs 0 08UNCEHUU 8
HeMm uwacmuy, nojieu Uuiu o0axce MAamepualbHvlX mouex. Omu noHamus u oOvekmol -
@uszuueckue u CKOOPOUHUPOBAHBL OHU UCKIIOUUMENbHO 8 @u3uieckom (cyObeKmugHoM)
npocmpancmee. Ilosmomy, 2o6ops o npoyeccax 8 06vLEKMUBHOM NPOCMpParHcmee, Ml 6yoem
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usbecamov KaKux — aubo Guauueckux aHaiocuil.

Memodonoeuuecku @Quzuka - 3mo CnOcoO ORUCAHUS NPUPOObL ee  CYOBLeKMOM.
Ilosmomy, cmpoco 2080ps, npoyeccovl, npomexKawue 6 0OHLEKMUBHOM NPOCMPAHCMEE He
aensaiomes  uzuveckumu. Mol He uckaouaem, umo 6 OdanbHeluwleM Cmamyc CKpblmoll
00bEeKMUBHOU PeanbHOCMU  USMEHUMCs, HO HA OAHHOM 2mane Ucciedo8anuli 68edeHue
00bEKMUBHO20 ~ NPOCMPAHCMBA — OOCMAMOYHO — CYUMAMb  DUBUKO-MAMEMAMUYECKOl
abcmpakyueil.

Kaxue npeumywecmea daem smom nooxoo? Ilpescoe 6cezo mvl cpasy e nonyuaem
NPOCMYIO  BO3MONCHOCMb  OOBLACHUMb — HENOKANbHbIE — 83AUMOCEA3U  MeXHCOY  UACAMU
Qusuueckoti cucmemvi. To ecmv npeonodcums noumu ouesuoHoe peuleHue npoodiIembl,
Komopas ¢ momenma ocroganusi KM evizvieaem oscecmouennvie cnopwi. M3 CTO credyem,
YUMo yacmuyvl MO2Yym 83auMOo0elticmeosams MoONbKO NPUYUHHO, MO eCmb NOCPeOCmEoM
CUSHAN08, PACNPOCMPAHAIOWUXC BHYMPU €8em08020 KOHycd. OOHAKO, Onblm 2080puUm HaMm,
UMmo 8 HeKOMOPLIX YCIOBUAX MONHCHO HADII00aMb KOPPENAYUOHHOE 83AUMOOeCmaue uacmuy,
PA3HECEeHHbIX HA NPOCMPAHCMEEHHO-N000OHoe paccmosanue [4]. Keanmoeas mexanuka
gopmanbHo onucvieaem 3mu A61eHUsI NOCPEOCNBOM MHO20YACTNUYHBIX BOJIHOBLIX (DYHKYUIL
(nepenymannvie cocmoanus). Mel npeononazaem, 4mo 3a 2mum Kpoemcs OYeHb Npocmas
Qusuxa. /leiicmsumenvro, eciu y dacmuy, CKOOPOUHUPOBAHHBIX & OObIUHOM 4-X mepHOM
npoCmMpancmee-epemMeHU, eCcmy euje 8 PAcnopsANCeHUU CKpblmoe epems (cmompume Huoice),
mo no uodee, 3a MO @peMsA uyAcmuysbl Mo2ym ycnemsv "0ocosopumvca’ O CUHXPOHHOM
nosedenuu. Ilpuuem, ona uac smu "cenapamuvie” nepecogopvi OyOym 8 HNpuHyune He
Habnooaemvl, ubo "npoucxooam” 3a npomedncymox gusuuecko2o epemenu At<Ax/c, ede Ax —
paccmosiHue Mexcoy Hacmuyamu. Yuumvléas KOCEEHHbIM O00pA30M HAIudue CKpblMbIX
COCMOAHUL, PeNAMUBUCICKASL MeopuUsi UMeem 8ce NpeonoCulIKU OJid NPABUILHO20 ONUCAHUS
HENIOKANbHBIX 83aumoodeucmsuil. MoocHo odxxcudams, 4mo HA OCHO8e 2MO020 NOHUMAHUSL
bydem paspewieno npomusopeuue mexcoy K8AHMOBOU U peNsmusUCmCKOL meopusmu,
umeroujee Mecmo Ha smane onucanus usmeperus [5].

Paccmompum smom eonpoc noopodonee. Ymo ecmv ckpvimoe epema? Apucmomens
nucan: "Bpems ne cywecmeyem 0e3 uzmenenus. Mb6o koeda y HAC caMux MuiCiu He
UBMEHSIIOMCSL UTU Mbl He 3ameydeM U3MeHeHUs, Ham He Oyoem Ka3amvcCs, 4mo HpOmeKio
8pemMs, mak dce Kak mem OACHOCIO8HbIM NH00AM, Komopvle cnam 6 Capounuu padom c
2eposimMu, Ko20a OHU NPoOYOAMCs OHU 8e0b COeOUHAmM npedichee "meneps’ ¢ nociedyrouwum u
coenaiom e2o eOUHbIM, YCMpaHss cie0cmeue Oecuyscmeus NPOMedHCymouroe epems’.

Oumonozuzayua cumyayuu, onucawHou Apucmomenem, npusooum K KOHYenyuu
cKpbimo2o epemenu. Jlanee mvl noxasxcem, 4mo HA OCHO8e MO uodeu, 0cxooauel K
Apucmomento, Mmooicem Oblmb nOCmMpoeHa  codepicamenvhas — usuyeckas —meopus,
yenyonaowas Hawe NOHUManue @uauyeckoeo mupa. Paccmompum 6 xauecmee npumepa
npoyecc Ucnyckawus u nozrowjenus ceema. byoem paccmampueams 3mom npoyecc 6 08yx
cucmemax:

1. B cucmeme cybowvekmusnozo nabnooamens SUBJ, cocmosweti monvko u3
ucmoynuxa ceema S, demexkmopa D u camoeo ¢omona P.

2. B cucmeme obvexmuenozo mabnooamens OBJ, sxaouarowei 6 cebs
Kpome NnepequcieHHbIX 3/1eMeHmo8 Habaooamelis ¢ 4acamu.

Ilycmv ucmounux ceema S ucnyckaem OOUHOUHBIL (DOMOH, KOMOPbBIU 3amem
noenowaemcs doemexkmopom D. Habniooamenv 6 cucmeme SUBJ, ne umerowuii cpeocme 014
usMepenus. 8pemMeHU, Haxo0Awulicss 8 Mol cucmeme, cMo2 Obl MOIbKO KOHCMAMUpO8ams
Gaxkm uznyuenus u axm noenoweHuss gomona. Ilpomedxncymox epemenu medxncoy 3mumu
08yMs1 cOOLIMUAMU OISl He20 He umell Obl HUKAKO20 CMbICIA.
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Cyoumv o 6pemeHu nporema GomoHa Mbl MOMCEM  MOAbKO  061a200aps
Cyuiecmeo8anulo 8 Hauiem pacnopsasiceHuu 4acos. To ecmv HeKOmMoOpo2o OONOIHUMENbHO2O
nepuoouyecKo20 npoyeccd, KOmopulil Mbl MOXMCEM UCNONIb308AMb 8 KAYeCmee Mepbl 6PeMeHU.
Du3zuyeckoe 8pemMs He cyujecmeyem 6He uzuueckux npoyeccos. Bpems - smo ne apena na
KOMOPOU pazvlepbl8aronicsi Npoyeccyl, a mepa camux npoyeccos. Iloomomy, koeoa yacmuya P
"nemum” om ucmounuxa S k demexkmopy D, mo epems & cucmeme SUBJ cmoum. Oma
cucmema cama A6IAemcs 4acamu, Ho C8epumsv NPABUIbHOCMb UX X00d ell He C YeM, pa3ee Ymo
¢ camumu coboi. B cucmeme oce OBJ, exnouaroweii nabriooamens ¢ uacamu, 8pems
nponema, modxcem ObiMb 1€2KO USMEPEHO CPABHEHUEM 8DEMEHHBIX MACUmMab08 08yX pa3HbIX
npoyeccos. Bpems, uzmepennoe no uacam cucmemvr OBJ ¢ mouxu 3penus nabniooamens @
noocucmeme SUBJ, nazosem cxpvimoim. Ilpowe 2oeops, meacoy "muxamu’ uacos SUBJ
npoucxooum n "muxos" uacos 6 cucmeme OBJ. Bpems, komopoe uzmepsem nabarooamens 8
cucmeme OBJ nazosem gpuzuueckum. Cea3b MedHcOy CKpolmvlM U PUIUYECKUM BPEMEHEM C
MOUKU 3penus 6Heulneco o0b6vekmusHozo Habawoamens 6 OBJ evipasxcaemcs npocmuvim

macwmabuvim  coomnowtenuem: Loy =My . s cybvekmueno2o oice nabnrooamens 6

cucmeme SUBJ kaoicowiil mynegoul unmepean 8pemeHu cooepiucum n- CKpblmulX OJisi He20
"mukog”  Qusuueckoeo @pemenu. bnuskuii nooxoo k npobreme obocunosanus KM,
UCNOABL3YIOWUL NPeOCmAaBieHUue 0 CKPbIMOM 8PEMEHU UCNOIb308aH 6 pabome [6] .

OCHOBbIBAACHL HA IMUX PACCYHCOCHUSX, MOINCHO NPEONOJIONCUMb, UMO, eClU Mbl CAMU
emecme CO 6cell Hauleli BCENeHHOU SBAeMCsl NOOCUCMEMOU HeKoell Oonee O0OWUPHOU
cucmemsl, MO KAM}CObL  HY1eOU  UHMep8Al HaAueco  QuU3UYecKo20  B8peMeHU 8
OelicmeumenbHOCMu umeenm OMAUYHYI0 Om HYJsl OTUMENbHOCb. AHANIO2UYHO MOJNCHO 86eCcmU
U CKpbimvle NPOCMPAHCMBEHHbIE KOOPOUHAMDBI.

Huoice mbl nokascem, 4mo KOHYenyusi CKPuino2o npoCmpaHcmed — 6PeMeHu MONCen
ObIMb YenewHo ucnonv3osana 01 obocrnosanus KM, CTO u mepmoounamuku u 015 peuieHus
PpA0a napadokco8, BO3HUKAIOWUX NPU NONBIMKAX CE3aMb MU Meopull 8 eOUHYI0 CXEMY.

AdBuxeHne B CyO bEKTUBHOM NPOCTPaHCTBE—BPEMEHMU.
PU3nMYEeCKNN CMbICIT BOSTHOBOU (PYHKLUMU

Coznacho K6aHmMo8oU MexaHuke, 4acmuya ¢ ONpeoereHHbIM UMNYIbCOM ONUCLIBACTNCS
NJIOCKOU 8OJIHOU, 3anonHAuel 6ce npocmpancmeo. Ilpupoda smoeo 601108020 npoyecca 00
cux nop evizvieaem cnopul. Mzeecmno makdwce, umo, eciu 4acmuya oKa3vl8aemcs NouMana
Odemexkmopom u 'xankan' (Oemekmop) 3aWeNKHYICA, MO BOJHOBOU NPOYecc, paHee
3anOIHABUWIUL NPOCMPAHCMBO, 6He3anHo npekpawjaemcs. Hao nowumanuem mozo, umo 3a
amum cmoum "nomanu’" 20108y yace HeCKOIbKO NOKOJIeHUU (u3uKos, HO MaK U He NPUULIU K
eOUHOMY MHeHut0. Imo cmapas npodiema KOPnycKyIApHO — 80JIHOB020 0YaANUIMA U PEOVKYUU
sexmopa cocmosiHus. MHuozue usuxku menepsb cyumarom, ymo npooaemvl 8o8ce Hem, U, Ymo
Mbl NPOCMO OOJIHCHbL NPUHAMb M) HOBYIO KE8AHMOBYI0 Napaoucmy, HecCMOmps Ha ee
HeoObIYHOCMb 0151 Haule2o 80CHpUAmMuUs. IMom nooxoo, KOHEYHO, umeem Npaso HAa HCU3Hb.
Ho e6ce oce mpyono nosepums, umo cozoae KM mwt docmuenu npedenvHou 2nyouHbl
noHUMaHusA ¢usuyeckoco mupa. Ymo — mo nodckasvieaem HAM, YMO HYIHCHO UCKAMDb
obvsACHeHue.

Coenacno obweti meopuu OMHOCUMENLHOCMU NEPEX00 Om OOHOU CUcCmeMbl Omcyema
K Opyeou, 6 obwem cryyae, ONUCHIBAEMCA 2PYNNOU  B8CEBO3MONCHLIX HENPEPbIGHLIX
oughghepenyupyemvix npeobpasosanuil npocmpancmea - eépemenu. Ima ecpynna coxpamsem
MOILKO MONoa02U4ecKue ceolcmea 2eomempuieckux guayp. B omauuue om samozo, nepexoo
K cyovekmuenou "cucmeme omcuema' ~ IKBUBANEHMEH CIONCHOU  MONOJOSUYECKOLL
nepecmpotiKe npoCmpancmea-epemMeru ¢ NOSAGNEHUEM CKPbIMbIX USMEPEHU.

mhtml:file://C:\Documents%20and%20Settings\UP\My%20Documents\I %20%20%2... 06.01.2004



Ckpovimoe npocmpancmeo-epemsi 6 (pusuxe Cmp. 5 u3 26

Humepecno u 6ajxcHo mo, 4mo CcKpvlmvle USMEpeHUs, Xoms U He OO0CMYNHbl
HeNnocpeoCmeeHHoOM) HAOIIOOEHUIO, KOCBEHHO NPOAGIAIOM cebsl 6 (Du3UYecKux npoyeccax.
Bonee mozo, noumu ece ussecmuvle nam Quzuyeckue s61eHUs U 3AKOHOMEPHOCMU C8A3AHbL C
9MOU CKpbIMOU CmMpyKmypou npocmpawcmea - epemenu. Kaxum oce obpazom maiinoe
cmarnosumcs aenvim?. Hexomopoe npedcmasnenue 06 5mom MONCHO NOTYYUMb, PACCMOMPES
agppexm myapa, K020a npu HANOHCEHUU MOHKUX KYCOUKO8 WENKA 803HUKAIOM NPUYYOIUBble
y3opel. Hepaznuuumas cama no cebe "muxpockonuueckas' cmpykmypa MKAHU NpOAGIAemcs
8 8UOde MAKPOCKONUYECKU BUOUMO20 Ihhekma moabKo npu ux Haioxceruu. I110006Ho smomy,
cKpulmas  Cmpykmypa — Qu3uueckoco nNpocmpancmed Nposasisemcs 6 uHmepgepenyuu
EKMPOHO8, 8 INIEKMPOMACHUMHBIX ABLEHUAX U M.O.

Ckpoimyto  cmpykmypy  6peMeHu  MOJCHO  ULTIOCMPUposams — Ha — npumepe
cmpobockonuueckozo agppexma. I[lpu oceewyenuu 8enocunedHo2o Koueca CHbLUKaMU ceema ¢
4acmomoul KpamHou CKOpOCMU e20 8paAujeHus, HAM OHO Kadxicemcs HenoosudicHvim. Ho, 6
0elicmeumenbHOCmuy, 3a NPOMENCYMKU B8DEMEHU, CKpblmble MexcOy BCHbIUKAMY, OHO
cogepuiaem 08U CEHUe.

Paccmompum uzonuposannyro ¢usuuecxkyro cucmemy. I1oo usonuposanHocmvio Mol
NOHUMAaeM OMCYMCMeUue 63auMoO0elicmsus mou cucmemvl ¢ OKpyduceHuem. Tpebosanue
U30IUPOBAHHOCIU, KOHEYHO Jice He OOnyckaem Habarooenue 3a dmou cucmemou. Takogvimu
ABNAIOMCA KBAHMOBbIE CUCMEMbl 8 NpoMedcymKe medxcoy uzmepenuamu. Ilpocmparncmeo
COCMOSAHUN MAKOU CUCMeMbl KOHEYHO U 3aMKHYymo. leomempus GO3HUKAIOWE20 ¢ MOYKU
3penust cybveKxma npocmpancmeeHHo-8peMeHH020 MHO2000pa3usi 860 MHO2OM ONpeoensemcs
KOHKpemHoul gusuyeckou cumyayuei. [1oamomy oanvheliuiee paccmomperue mvl NPOOOIHCUM
Ha KOHKDEMHOM npumepe C80000H020 OBUNCEHUS YACMUYbl. DMOM NpoCmetuuti npumep
N036801UM NPOOEMOHCMPUPOBAMb 8Ce OCHOBHbLE UOeU Hauleli 2UNOme3bl.

Paccmompum  3amxnymoe  eskauooso  mHocoobpazue. s npocmomul  6yoem
paccmampusams 3aMKHYymoe 00OHOMepHOe NPOCMPAHCMBO - OKpyscHocmb Onunou L. Tenepw
nepetioem K cyovekmugHomy Habmooameno. Ilycms pasnuuumviic um pasmep @Guauueckou
auetiku (epanyavt) 6yoem &x"&t" . Ilpouecc nepexooa K cyovekmuenomy Habodameio

MOMCHO npeocmasums, KaK ZPaHyiuposéanue 00beKmueHnozo npocmpancmed. /lgudsicenue
MOYKU 8 MAKOM NPOCMPAHCMBE MONCHO NOHUMAMb KAK HAKPYYUBAHUE MPAEKMOPUU MOt
MOYKU HA MUKPOCKORUYECKYIO OKpYXHCHOCMb Onunou & . Hanomuum, umo nocmasumse 8
coomeemcmeue 6ewecmeeHHoMy ducty & Komniekchoe yucio @ oznauaem He 4mo uHoe, Kax
AHATIUMUYECKU BbINOHUMb NPOYECC HAKAMbIGAHUS YUCTI080U NPAMOLU HA OKPYICHOCMb ONUHDbL
1. (Mamemamuxu mnaszwviearom >mo omoOpadceHue HeMmpUBUATbHbIM —CYEMHOIUCTIHBIM
Hakpvimuem). Iloamomy, OudiceHue ¢ MoyKu 3peHusi cyOoveKmueHo2o Habrwoamens 6yoem
ONUCHIBAMbCS NEPUOOUUECKOU (YHKYUel

@ =R-exp(i§) (2)

2z 27
5 =w,.l — k X A W(’bj = h obj = h
Ilycmy objlobj T KovjXonj ghazoawitl yeo. o' u '

Unoexcom h (hide) mvi obosnauunu ckpvimvle eeruuunvl. &" u &" - pazmepol

epanynvl Quzuueckoeo cocmosauus . byoem paznuuame odOwvexmusHvle, cyOvekmugnvie (Uau
@uszuueckue) u cKpvimoie nepemenHvle. 3anuuem blpadceHus, ceasvleaoujue cyobeKmuHvle
(pusuueckue) u 06vekmusHvie KOOPOUHAMDBL:
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Ckpovimoe npocmpancmeo-epemsi 6 (pusuxe Cmp. 6 us 26

_ h
1, =01+t
_ h
X, = Px+x (3)
Atabj
30ecy t u x npusviunble Ham (Qusuueckue) epems U KOOPOUHAMA. At uucno
00BEKMUBHBIX CEKYHO 6 O0O0HOU CYObeKMUBHOU CeKyHOe (cmompume O0ObICHeHUe 6blude).
Ax?”
P Ax — HUCTIO 0OBLEKMUBHBIX MEempo8 8 0OHOM CYObLEKMUBHOM. PR TIL CKpbimble

BHYMPU DUIULECKO20 COCMOSAHUSA KOOPOUHAMBL.

Ioocmaensin (3) 6 (2) , u yuumvias, umo Pw™” =w u ak®” =k, 20e w u k —

d)u3uqec1<ue yacmoma u 60J1HO60€ HUCl0, NoJy4Yum (j)yHKL;M}O, onucslearwwyro noJe 6
00beKMuUHOM npocmpancmee - 6DEMEHU

)] =D, exp(iwt) exp(iwohjth)exp(—ikx) exp(—ikobjxh)
(4)

Buvioenum ¢uzuuecxyro vacmoe @, noayuum mo, umo uaswvigarom BD u ee cxpvimyio
uacmo:

D =D, exp[i(w,,t,,; — kK, X

obj

v =@, exp(iwt) exp(—ikx)

1//h = gxp(iwobjth)exp(—ikobjxh)
Obo3nauas ckpvlmolil FUKOHAN Yepes s, 3anuuem Gopmyny (4) é sude:
D =y(x,t)exp(ik s) (5)

Jeuoicenue, coenacno (5), gopmanvHo Mmodxcem ObIMb UHMEPNPEMUPOBAHO, KAK
ogudicenue no nogepxHocmu mopa. Ilpu nepexode K cyObeKmMusHOMY HAOIOOAMENO YACMb
COCMOSHULL 9M020 MUPA OJisl He20 O0INCHA CMAMb HeOOCMYNHA. DMO MONCHO NPedCmasumy
Kak '"ceepmvieaHue" 00vbEKMUBHO2O0 MUupa 6 mop Mmak, 4mo Yacmov cmeneHeu c80000bl
Komnakmuguyupyemcs.  Bozmosxcnocms maKoco npeocmasieHus NOOKpenisilemcs
U3BECMHBLIM (DAKMOM, 4MO 3AMKHYMOEe eBKIUO080 MH02000pasue 6ce20a Modcen Oblmb
00OHO3HAYHO U KOHGopmMHO omobpadxceno Ha mop [7]. [leudxcenue mouxu Ha maxom mope
NPOUCXOOUM NO €20 TOKCOOPOMAM.

T'eomempus onpedensiemcs ycrosuamu 3aoadu. Ecau mvl paccmampusaem pe3oHamop
@Daopu — Ilepo, mo Onuna 6OALWLOU OKPYHCHOCMU PABHA YOBOEHHOMY PACCMOSHUIO MEHCOY
sepkanamu L. Ecimu mwl paccmampusaem Osudicenue c80000HOU dacmuyvl, mo OauUHA
OKPYICHOCMU PABHA XAPAKMEPHOMY pasmepy camoeo mupa (Mup modxcno npedcmasums Kax
oonvuwioti pezonamop). Obpamum HUMAHUE HA MO YMO (8 cyuae KOHMUHYYMA), eCid Melcoy

onunotl 6onvwioll u manou okpyxcnocmeti L u " mem mnukaxozo yenouuciennozo
coomnowenus nL+n, &" =n, 20e n;, n, n; — yeivle, Mo Ogudxscenue nO NOEEPXHOCNILL

mopa 6Oydem 3peooudeckum [8]. B cayuae Ouckpemuozo NpOCMPAHCMBA — AHANOZ2
ap2oduueckozo 0eudicenus 6yoem umems mecmo, eciu L u &" 6zaummno npocmeie uucna. B

NPOMUBHOM CIy4ae CHeKmp B03MONCHBIX MPAEKMOpUll oopaszyem JiecKo Xapaxkmepusyemoe
MHONCECmB0, onpedensemoe omuowenuem L/ ox" .
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Ckpovimoe npocmpancmeo-epemsi 6 (pusuxe Cmp. 7 uz 26

o h
Ecnu x - ¢usuueckuti nymo 60016 601611020 Kpyea na nogepxnocmu mopa {x,x"},

Mo peanvHoe 00beKMUBHOE OBUIICEHUE ABIAEMCa NO Cymu O0eld GUHMOB0U HAMOMKOLU ee
Mpaekmopuu Ha nepumMemp CKpblmo20 U3MepeHust pasHviil o’ .

Baoicno mo, umo 3a ckpbimoe épemsi 8" mouka modcem He MOIbKO O8U2AMbCsl 6
npedenax epamynvt ", HO u npoxoOumv MaxKpockonuueckuii nyme 6007b OONbULOL
h

OKpYJICHOCIMU mMOopd, O0OHAKO nepemeujerue 6cecoa OO0JICHO Oblmb 6 npeoerax ox' .

eticmeumenvHo, no jo2uKke HAUWUX PACCYHCOEHUL 34 CKPblmMoe 8pemsi 00nycKaemcs noboe
OsudIcerue moyku, 3a UCKIIOYEHUeM Mo20, Ymo modcem Obimob 3ameyeno Habaooamenem. (3a
8peMsl MeAHcOy BCRbIUKAMU CIMPOOOCKONA KOJIeCO Modcem coelamsb NOIHbLUL 000pom, HO 3Mo
ocmanemcs HesameyeHuviM!). [ Hac uHmepecHa UMeHHO 3Ma 6Mopas 803MONCHOCHIb, MAK
KAaK OHA 8AXCHA OJIsL NOHUMAHUS UMEIOWUX MeCmo HeloKAIbHbIX senenull. Y Jletonuya ecmo
00HO 3ameyamenbHoe paccylcoeHue, KOmopoe umeem HenocpeoCcmeeHHoe OMHOWEeHUe K
nacmosiyemy paccmomperuto. OH  0mModicOecmensiem Hyae8yilo CKOPOCHb OBUNCEHUS. NO
OKPYIHCHOCMU ¢ OECKOHEeHHOU CKOPOCMbIO, K020a "'Kaxicoas mouKka OKPYHCHOCMU OOANCHA
gce20a HAxXo0UmMvcs 8 OOHOM U mom dce mecme" [9].

st moeo, umoobwvl Hawe onucanue coomeemcmeosano KM u onvimuvim Haba00eHUsM,
He0OX00uMo makaice, 4moodwvl Oblio R ~ /n, 20e n — YuUcio CKpblMbLX COCMOSAHUL 8 MOUKe X, 1.

Oonaxo, 0b6cyscoenue 3moco BONPOCAa Mvl OMILONCUM 00 CLedVIOwell elAbl..

Dynxyus (5) onucvieaem Osudicenue Mouku no 060IbUIOMY Kpy2y € yuyemom Habeea
Gasvt 3a cuem cocmasnfAOWel CKOPOCMU B00Jb CKPbIMO20 KOMHAKMUDPUYUPOBAHHO2O
U3MepeHuss Mano2o Kpyad.

DopmanvHo, pyukyus (5) asnsiemcs peuleHuem 80J1H08020 YPAGHEHUS:

2 2 2
a_+a__ia_ D=0
ox>  9s® ¢ or’ , (6)

E20 xapakxmepucmuueckoe ypagHenue:

2
2 _ W 2
ke=—3-Kk

toc (7)

Hns ycmarnoenenus coomeemcmeus ¢ puauUKoU KOHCMAanma ¢, KOHEYHo, 00ICHA Oblmb
m,c

OMOANCOCCMBIEHA CO CKopocmblo ceema, a s h

w

Ipu k; =0 nonyuum omcymemeue oucnepcuu  * ¢ Kax 01s hpomoHos.

Ipu kg #0 yur umeem oucnepcuro 6 saxyyme, xax ona maccusuvix yacmuy. Hanuuue

oucnepcuu 0Jis MANCENbIX YACMUY 00YCNI0BNEHO OBUNCEHUEM 8 CKPLIMOM NpOCmpaHcmee (no
Manomy Kpyey).
2 Ky
Honyuus u3z (7) epynnogyio ckopocms dk, W u noocmagus oopamuo 8 (7),

NOIYYUM:
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(8)

Y nac ecmo 6ce ocnosanus l’lpe()l’ZOJZOOiCMMb, umo:

KapmuHa K8AHMOBOIL pe.zmmueucmacoﬁ peaivrnocmu, pucyemasn CO¢p€M€HH012
£

duzukoii, aenaemca HU YemM UHBIM, KAK KIAACCUYECKOU ~ KAPMUHOU C MOYKU 3PeHUs
Ccy0beKmuno20 nHaoarwoames.

Jleticmeumenvho, Mol 8UOeIU, KAK KEAHMOBO-BOJIHOBLIE CEOUCIBA BEUECMBA 68 NOJIHOM
COOMBEMCMBUU C PENTMUBUCTICKUMU MPEeDOSAHUSIMU COBEPUICHHO eCMeCMBEHHO 803HUKAIOM
npu nepexode K 3AMKHYMOMY HPOCMPAHCMBY ¢ 0cobol mononocuetll, 00SA3aHHOU
cybvekmusHomMy xapaxkmepy HabOmooenus. bonee moeco, camo nowsmue nons 6 Hauiell
uHmepnpemayuy  npemepnegaem KopeHHoe —usmeneHue. Ha cmeHy Kiaccuueckomy
npeocmasieHul0 0 noje, Kax Ynpyeou cpeoe Ul peulemre CEA3aAHHbIX OCYUILIAMOPOS,
nepeoaroueli 8030yxicoeHue, NPUXoOum npeocmasieHue 0 OBUNCEHUU 8 CKPbIMOM BPeMEeHU.
Kpome moeo, 6 Haweti unmepnpemayuu, 60npexu CyujeCmsayoujemy noHUMAanuio, noie camo
no cebe yoice He ABNACMCI OCYULIAMOPOM U He MONCEM CYULeCmB808amsb 8 C60O0OHOM ude Oe3
peszonamopa .

Hawa mooenv oaem mpusuanvrnoe obwvscnenue npoyeccy pedykyuu B®. Kax makosoii
PeoyKyuu 6 Hauiell Mooenu 6000we Hem, NOCKONbKY Hem U MPAOUYUOHHO20 NOHAMUSL NOJIA.
Ilocne nonadenus wacmuysbl 8 0emekmop, NpeKpawaemcs cam 60JHOB80U Npoyecc, MmaxK KaKk
UCTNOYHUK NOJISL - OBUNCYWASCS 8 CKPLIMOM 8peMeHU Yacmuya npocmo vlovisaem uz "uepoi”.
B pesynomame '"none” mpaexmopuii ucuezaem u3 6ce20 NpPOCMPAHCMBA 34 HYAE80U
NPOMENCYMOK 8pemMeHU (no uacam cyovbeKmueHo2o Habnooamers).

Paccmompum  anekmpomacnumnoe  none 8  npocmetiuiem — unmepghepomempe,
obpazosannom 08yms 3epkaiamu (unmepghepomemp Dabpu — Ilepo). /lns moco umoobwl
npoussecmu usmMepeHue, HYHICHO 6Hecmu OemeKmop 6 MNOI0CMb pe3oHamopa. [lemexkmop
npedcmasnsiem coOO0l KIACCUHECKYI0 CUCMEMY C O2POMHBIM YUCIOM CmeneHeli c80000bl.
Cmenenu 8000061 OemeKkmopa, COeOUHUBWUCH CO CMeneHaMU Cc80000bl pe30Hamopd,
obpaszyrom 00mny cucmemy. Tenepb 0cHO8HOE 8peMs MOYKA OyOem npogooums 6 3HA4UmeabHoO
bonee "npocmopnom” pazoeom npocmpancmee demexkmopa. Beposmuocms obnapyscumeo ee 6
€80000HOU yacmu pezonamopa 6yoem npubaudcamvca K Hyao. Imo u ecmv xoananc BO. B
Hacmoswee 6pems uMepeHue NOHUMAIOM KAaK NepenymvleaHue KEaHMOBbIX COCMOSHUL
npubopa u obvekma usmepenus. Menckuii nuwem: "Bzaumooeticmeue 08yx cucmem
HA3bl6AemMCcs UMepeHueM 6 Mom cayuae, Ko20a OHO 6edem K CHeyughuueckou Koppenayuu
IMUX CUCmeEM, MAK YMO HYIHCHAS UHDOpMayUus 0 cOCMOSHUU OOHOL U3 HUX 3aNUCbIBAemCs 8
cocmosnuu opyeou" [22] . B Hawell unmepnpemayuu nepenymvléanue NPUHUMAEn 6ecbMd
Haenaonvltl  cmulcn.  Koppenayuonnas cea3v  cucmem  603HUKAem 6 pe3yibmame  ux
"saunyposku’ mpaexmopuet yacmuybi.

Ilockonvky 6ce oOvekmuenvle MomeHmvl 6pemenu 6Hympu &' 0na cybvexkma

00HOBPEMEHHbl, CYOBeKMUBHBIL HAOII0O0amenb He umeem Nnpaea 2080PUMb O OBUICEHUU
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Ckpoblmoe npocmpancmeo-epems 6 Qpusuxe Cmp. 9 uz 26

yacmuysl no mpaekmopusim. OH ModHcem 2080pumb MOIbKO O OGUICEHUU CAMUX IIUX
mpaexkmoputl. To ecmb Mbl ModHceM paccmampueams OBUNCEHUE MPAEKMOPUL, KAK YelbHbIX
NPOMANCEHHBIX 00beKmo8 no Hopmanu K Hum (pucynox 1). Ha pucynke cunum yeemom
NOKA3aHbl  MPAeKMOpUY  4acmuysl, a YepHOU CMPENKOU Osudxicenue @GpoHma mux
mpaekmopuil. Tax 6 Hawieti Mooenu 603HUKaem npeocmasgienue o0 Nnoie MmMpaeKmopul,
3amensouee Kiaccuieckoe npeocmasienue o noJe.

Jeuoernue gponnu npaexknopuii 6
00beKMI8HOM NPOCHPAHCHBE.

Puc. 1

Bcnomuum 6 ceazu ¢ amum, umo, pasnacas gyukyuio 8 psao Pypve, Mbl onepupyem
BOIHAMU — 2APMOHUKAMU YEAUKOM Om -© 00 +o, KAK aKMYalbHO CYWecmeyiouumu

NPOMANCEHHbIMU 06b€KmaMu, oaice He 30()yMbl@dﬂCb 0 npasomovHocmu makoco oelicmeust.
Bonnosoti naxkem, Hanpumep, cocmount u3 Cymmvbl maxKux npomsAaICeHHblx 00beKmos - 80NIH.

h h
Duzuueckue GenuyuHbl He OO0INCHbL 3A6UCemb Om CKpbiniblx Koop()uﬂam {X 1 } .

Hnaue nocneonue doviiu 61 06HapydcuMbl. IMo Max HaA3vieaemoe ycioue YuIuHOPUYHOCMU
[10], komopoe 6 panHux MHO2OMEPHBIX NOJIEBbIX MEOPUAX 8800UIOCH UCKYCCMBEHHO.

1]

Hanoowcenue na ypasnenue (6) ycrosus yukiuuHoCmu
KOOpOuHame

noneu no CKpvimou

D =y(x,y, zt)exp(ikx") (9)

npueooum k ypasvenuro Knevna- I'opoona ons ckanapHulx me30H08. Imom gaxkm 6bin
oonapysicern O.Knevinom u B.A.@oxom [11] xax pazsumue namumepro meopuu T.Kanyyo.
Ommemum, ymo 6 omauuue OmM PAHHUX padom NO MHO2OMepUio, 20e 3Mo O0eldloCh
@opmanbHo, Mbl Mmenepb NOHUMAEM CMbICA KOMRAKmugurayuu mempurku. B nawem ciyuae

ycaoeue uuﬂuudputmocmu 603HUKaem COBEPUIEHHO €CmeCmEE€HHbIM 06pa30M u
A6/IAEMCA AHATTUMUUECKUM 6blPpAICEHUEM (ﬁuzuueCKoﬁ HenoJiHombl mupa.

Bce uccnedosamenu muocomepus om Kanyyvl 0o Bnadumuposa [12] nomewanu 6
KOMnakmuguyuposanusvie — npocmpancmea odOvlunble  Keawmosvie Y - nona. Mol

npeanJzazaeM, umo VYV - none sensiemcs nposieiienuem osudicenust Cy6K60Hm06blx

(Hed)ub’ulleCKMx 6 0ObIUHOM nOwaaHuu) 00beKmMos 6 CKpbIMOM Nnpocmpancmee - 6peMeEHU.
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Ilosmomy, mbl paccmampueéaem He pACNpPOCMpAHeHue @u3udeckux nouet 6
KOMNAKMUPUYUPOBAHHOM NPOCMPAHCMEe, KAK MO 0en1aiocb 00 CUX nop, a O08uUdceHue
uacmuy 8 abCmpaxkmuom Heghuzuieckom npoCmpancmee, C8A3aHHOM C 0ObIYHbIM U3UUEeCKUM
NPOCMPAHCIMBOM — 6PEeMEHeM NOCPeOCmEOM Onepayuu nepexooa K CcyObeKmugHOMY
Habnmooamenio. Eciu cobnodamv cmpoecocme  uznodcenus, mo npasuivHee 0vL10 Obl
2080pUMb He O YACMUYAX, A O HeKUX CYOK8AHMOBLIX 00beKmax — npoobpase guzuyecKux
yacmuy. OOHaKo, 6600UMb OONOJHUMENbHYI0 MEPMUHOTIO2UIO €08a iU ONPABOAHO 8 HAueM
cnyuae. Q2060pu6 3mom MoMeHm, Mbl Oy0em CUUmamy, Ymo He OMCMYnaem Om Hcenaemoul
cmpozocmu nPoOOINCASl UCNONb308aMb mepMuH "vacmuya”.

Cybovexkmusnas — @usuxa, NOCMPOEHHAss Ha dmux udesix Oydem  meopuell
NPUHYUNUATILHO HOB020 muna. Bce uzeecmuvle Ha ce200HAWMHULL OeHb MeopuU MONCHO
KAACCUDUYUPOBAMb NO OMHOWEHUIO UX K MPeM PUIUYECKUM Kame2opusm — nojetl, 4acmuy u
npocmpancme [13]. B nekomopuoix meopusix, kak nanpumep 6 meopuu Dokepa — Peunmana
nepsuuHbl yacmuywvl. B keanmoeou meopuu nonsi — nepsuunvl nois. B ceomempoounamuxe
Yunnepa nepeuuno npocmpancmeo. Hzeecmno mnodcecmeo npumepos couemauus 35mux
napaouem. B passueaemoti 30ecy meopuu cyoveKmusHoUu @usuxu ece mpu uzuieckue
Kamezopuu — emopuunsl. Ilepsuyen Hekuii 0emepmuHuUpo8anHulil 00bEeKMUBHbBIL NPoOYecc Ul
aneopumm, ONUCHIBAIOWUL O08UNCEHUe YACMUY 6 O00BLEeKMUBHOM NPOCMPAHCIEe-8PEMEHl,
KOMopoe Helb3sl OMHOCUMb K (YU3U1ecKoll peaibHOCmU nO ONpedeieHuUo.

NMouyemy kBagpaT moaynsa B onpepensetr BEPOATHOCTb?

Paccmompum uepy 6 opranxy. B pesyromame Opocanusi MOHemMbl 603MONACHbL MOJILKO 2
ucxooa: |0pefz> u |peuu<a> . Xomst Mbl U 80CNONB308ANUCH 30€Ch 0O03HAYeHUAMU [{upaxa, HO O

KM noka peuu nem. Muvi ob6cyscoaem abecmpakmuyio mooenv. Bozomem smu cocmosinus 3a
OasucHvle U NOCMPOUM O080UYHOE NPOCMPAHCMEO CcOCMOsAHUL. Takoe npocmpancmeo
COCMOSAHU He AGNAeMCs JUHEUHbIM, MAaK KAK 6 HeM 3anpeujeHvl Cynepnosuyuu mund

V= x| 0p€ﬂ> + }’| pewxa>. U, oeiicmeumenvro, maxas cynepno3uyus JUEHA 8CAKO20 CMbLCAA

— MoHema He MOdcem Ynacmv HA oOpel U peuwKky o0oHogpemenno!. (Ooumarxo, makou
CYnepno3uyul 8ce He MONCHO NPUOamv OnpeoeseHHblll CMbICI, ecli NOCYUMAmb, YmMo OHA
svipascaem coboll Hauile He3HAHUe UCIMUHHO20 COCMOAHUsL cucmembl. Eciu x=1 u y=1, mo
cocmosanue Y opmanvHo onucviéaem HeKoe HeonpeoeieHHoe COCMOAHUe CUCMeMDbl,

KOmMopoe Modcem uUMems Mecmo, eciu pe3yibmam He U3eecmen uiu CKpblm no Kakou-aubo
npuuune. Hanuuue 6 ¢usuxke cKpblmvlx CcocmosHull Oenaem paccMompenue makux
cynepnozuyutl npocmo Heodxooumvim. Tocoa npocmpancmeo cmaHo8UMCs TUHEUHbIM U Mbl
umeem 3 cocmosiHus:

W(open) = ]| oper> + 0| peuma>
W( pewka) = 0|0p€]l> +]| pemka>
W(open UJIU pewxa) = ]| 0p€]l> + ]| pemka>

Ilpu coomeemcmeyroweri HOpMUpOBKe, YUUMbBIBAS OYEeBUOHYI0 OPMO2OHANTLHOCHb
0a308bIX COCMOAHUL, NOJYYUM 8ePOSMHOCMU KAK K8AOPAMbl HOPM IMUX 8EKMOPOS.

L

P(ope/z)z\/El//(opeﬂ)%l//*(opeﬂ)=§<0peﬂ|0peﬂ>=é
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L

w( euma)i
2 p

P(pewxka) = 7 Vv *(pewka) = é<peuu<a|peuu<a> = /2

1 1
P(open UJIH pewka) = —=y(open UJ/IU pewka)——=y *(open UJ/IU pewka) =
V2 V2

= é [<0pefz | opeﬂ> + < peuika | pemka> + <0pefz| peuuca> + < peuuca| opeﬂ>] =]
B smou cxeme seposmuocme oOHApyscUms cucmemy 6 6a3060M COCMOAHUU 6Ce20d

1
pasua /2 B ¢uszuueckom mupe smo ne max. Bepoamnocms obHapyscume, cxasicem,

NEKMPOH CO CNUHOM 68epX ‘T> Modicem Ovimb Kaxkou yeoono 8 umwmepeane {0,1}, xoms
NPOCMPAHCMBO €20 COCMOSHUL MAKHCe 08YXMEPHO. DMOm 8ANCHBIN MOMEHM O3HAYAem mo,
YUMo CHUHbL Yacmuy ulu Jodvle Opyue K8AHMOBble COCMOAHUS He ABIAIMCA CHOlb
npocCmuiMu, Kax |opeﬂ> u |pem1<a>. Omo paccyscoenue no3eonsem 3aKaOYUMb, UMo
duzuueckue cocmosanus 6vblpoIHCOeHbl NO HAOOPY HeKux 06olee NpPOCMbIX COCMOSHULL

Cocmosimue Y(opern WM pewika) =1| opeﬂ>+]| peuma> 68 Haulem npumepe yice MONCHO

cuumamo  uzuveckum. OHO BbIPONHCOEHO NO NPOCMBIM COCMOAHUAM |0Peﬂ> u |pem7<a>_

Jlroboe peanvhoe gusuueckoe cocmosnue 8vipodcoeHo no N cyObeKmugHO Hepa3IUYUMbIM
CKPbIMbIM COCMOAHUAM (coOepoicumoe epanyivl). Pusuxku pabomarom ¢ n-MepHuIMU UIU -
MepHbIMU 2UNbbepmosbimu npocmpancmeamu. Ho smu npocmpancmea nenpepwvighwvl. Onu
onpeoeneHvl Ha0 KOMNIeKCHbIMU yuciamu. Mvl npeononazaem, umo guzuueckue cocmosHus

KOHCMPYKMUBHbl U Kaocooe Hucmoe d)uS’uueCKoe cocmosHrue, mo eCcmb COoCmosAHue,
onucwslearouieecst 6€Kmopom YV , mooxcem ObImb PA31094CEHO 6 basuce Hekoeco CKpblnoco

~ %
noonpocmpancmea Ry, onpedenennozo nad nonem (0,1} na N ~WYY* crpoimoix

(pyHOamenmanvheix) cocmosHuu. Huvimu crosamu, mvl npeonoiazaem Cywecmeosanue
¢yHoamenmanvHo2o npocmpancmea RObj 00BbeKMUBHBIX COCMOAHUU, ABNAOULE20C NPAMBIM

np0u3eedenueﬂ4 CKpblnoco u gbu&’u'ieCKOZO npocmpancme COCMOsAHUIL.

RObj = RSubj ® Ryige

IIpocmpancmeo cybvekma (guzuueckoe npocmpancmeo) smo amanoe uibbepmosa
npocmpancmea KM. B smoil cxeme necko NOHAMb NnoYemy 6epOSMHOCHb GuU3UYEcKo2o
cocmosnus Y onpedensiemcs OIUHOU 8eKMopa & 2ulbbepmosom npocmpaucmee. /leno 6 mom,

umo sma ONUHA NPONOPYUOHANLHA YUcty N CKpbIMbIX COCMOAHUL, COCMABTIOUWUX SPAHYTY
Pusuueckozo cocmosinus. Keaopam Hopmvl 6eKmopa 6 080UHHOM NPOCMPAHCMEE CKPLINbIX
cocmosiHutl Oyoem:

P~N-= [\/]2 +1IP+7 +...+12J2
¥ (10)

Ha PUCYHKE, 6 Kauecmee npumepda, NoKa3anHo pasjloiHCeHue 4ucnoco COCmos»HuUA V s

mpexmepHom 0souunom Oazuce. Bo uzbedxcanue HegepHO2O0 NOHUMAHUS, NPeOYNpeouUM
yumamens, Ymo Ha puc. 2 u3obpaxiceHo 6oece He cunvbbepmoso npocmparncmeo KM, a
COBEPUIEHHO HOBbIU JJIeMeHm Meopul, KOMOPbBI BO3MOICHO MNO380IUM YeryOums Hauie
nonumanue KM.
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0,1,0>

0,0, 1>

17,0,0>

Cxpoinast cnpyknypa puzuieckoeo
cocnosaHUsl, ONUCBIBAIOWE20CS 8EKNDPOM
cocnosanus ¥

Puc. 2

Ecnu osuosicenue mouxu 6 RObj apeoouuno [14], mo eeposmnocms nepeceuenus
epanynvl usuueckozo cocmoanus &' " mpaexmopueti mouxu 6yoem nponopyuonanvha
yucny — QYHOAMEHMANbHbLIX — COCMOAHUL, — 3AKIIOYEHHLIX 6  9mol  epanyie P ~np

Coomeemcmeenno, 8epoAMHOCMb  OOHAPYHCEHUS. IMO20 COCMOAHUS NPU  USMEPEeHUU
onpeoenumcsi Kak keaopam nopmol. I 0e n — pasmepnocms npocmpancmea 2panyvl (puc.2).

PenatuBmam B cyobeKTMBHOM hunsunke.
Cwmbicn runepb6onunyeckon reometpumn B CTO

Teopusi omnocumenvHoCcmu, Kax u 106as opyeas gusuyeckas meopus, NPUCNoOcod.1eHa
ons cyovekmusHo2o Habdmooamens. [lonumanue smoco gaxma modicem nporums céem Ha
HeKkomopvle 60npocyl, ocmasiennvie 3a npederamu gopmanuzma CTO u scoywue ceoeco
obocnosanus. Cpedu maxux 60Npoco8 — NCe800esKIUO080CMb NPOCMPAHCMEBA — 6PEMEHU.
Bosmoorcno, vl ckasiceme, umo 30ecv Hem npeomema 05 NOUCKA, NOCKOIbKY NPUpood mak
yempoena u ece mym! Mvl He cmanem cnopume ¢ NO3UMUBUCCKUM ME3UCOM O MOM, MO
npupooOa maxkosea, Ho NO360IUM cebe He CO2NACUMbCS C MeM, YMO ) 9Mo20 hakxma He Moxcem
Oblmb mex unu UHBIX NPUYUH, 4 MAK JHce ¢ mem, 4mo Oonee 21yO0Koe NOHUMAHUE
HeB03MOMCHO.

2 2 2
Hanee ons npocmomui 6yoem nucamv émecmo dx” +dy” +dz” moavko dx?. Tax xax

NPOCMPAHCMBO eBKIU080, 8 OMCYMCMEUE NNl MONHCEM 3aNUCAMb.!
dx? +ds? =c*dt’? (11)

"n_n

Ona evipasxxcaem oOauny nymu 6 npocmpancmee {x,s). Koopounama "s" saeno 6
Quzuueckux A61eHUAX He NPosaBasemcs, mak Kak ona ckpvima. @opmyny (11) uacmo moocro
yeuoems 8 yueOHUKax no CReyuanbHou meopuu OMHOCUMENbHOCMU, 3ANUCAHHYIO 8 8Ude.

c’dt*—dx’ =ds’  (]2)

20e "s" paccmosinue 6 4-x MepHOM NCes00e8KIUO08OM Npocmpancmee {Xx,t}, pasHoe
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Oelicmeauio ¢ MOYHOCHbIO 00 HOCMOSHHO20 MHONCUmens (UHmepeal).

Cpagnenue gpopmyn (11) u (12) nozeonaem npeononoxncums, umo ¢hopmyna (12)
Aenaemca cneyuanvhHoil unmepnpemavuen Gopmynvt (11), umeroweii nonamuoli
o0vekmugHblit cmuicn. Ho ona cyovexkma ¢hopmyra (12) - eouncmeeHHO 603MONCHAA
unmepnpemayus. /leno 6 mom, umo 05 cyOvekma HAOI00AeMbiMU BeIUYUHAMU ABNAIOMCSL
MOIbKO KOOPOUHAMbL (X,1).

Paccmompum ewe pas sunmoeoe osudicenue 6 npocmparcmee { X, s} . C mouxu 3penust

00vekmueHo20 Habwoamensi OHO OyOem 8vlelsi0emb, KAK HA PUCYHKe Hudce. 30ech
uzobpasicen gpacmenm pazeepmku mopa:

dx

ds| o /cdr

B(

H_J

A
puc. 3

Cunum yeemom Ha pucymke nokasama mpaexkmopus yacmuyvl. Coenacno ypasHeHuro
(6) ¢gponm "sonmwl", obpazyemviii MpaekKmMopusiMu, 6cec0d O08UNCEMC ¢ NOCMOSHHOU
CKOPOCMbIO C .

Ilpoexyus smou cropocmu Ha Quauueckylo Koopounamy X oaem uUYeCKYIO
ckopocme V. Ecnu As=h/myc, mo Omuna npoexyuu O0OHO20 UMKA AN2OPUMMUYECKOU

mpaexmopuu Ha Qu3U4ecKyr0 KoOpouHamy X pasHa OnuHe 60aHbl Oe-bpoiiia. Jlecko
Ybeoumucs, ymo umeronm Mecmo COOMHOUEHUL:

As h

ﬂ:—:—
g mv, c,

(13)

B naweti mooenu pensmueucmckas ouHamuka modcem Ovlmb nocmpoena bOes
npueneyeHusi ncegooesKIu006020 npocmpancmea. Ilouemy owce cuumaemcs, 4mo 6 OCHOGe
PENAMUBUCICKOL Meopuu edcum nces0oeskiudosa ceomempus? Omeem ouenb npocm.
Obpamumcs kK npoekmusHoU ceomempuu. 3anuuiem ypasHeHue:

XX=cr+s7=0 (14)

B koopounamax {x,t.s} osmo ypasnenue onucvieaem nosepxHocmov 2-20 NOPAOKA.
Ceuenue omou nosepxHocmu NIOCKOCMbIO  S=5, Oaem eunepbony. Omu  eunepbonvl

nepecexaromcs ¢ npamou cxoda s=0 (6 KougueypayuonHom npocmpauncmee @GomoHos

unmepean s=0) 6 beckoneuno- yoaneHuvlx moukax x=Xct uau 6 acumnmomax c6emosozo
KOHYyCa.
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= ! __
\ C—
e X
S
puc. 4

Cseemosou konyc x=zxct ons ¢omonos u eunepb6onvl 05l MANCEALIX YACMUY HA
nirockocmu {x,t} aensiromes uzuueckumu 0opazamu UCMUHHBIX NPOYECCO8, NPOMEKAIUWUX 8
eunepnpocmpancmee  {s,x,t}. OoOnako, 012 Hac ¢ eamu — owcumeneu {x,t} moavko
npoekmusHvie 00pasvl HA NIOCKOCMU {X,t} obradarom cmamycom peaibHOCMu U Ux
npeobpazosanus onpedensiom 2eomempuio npocmpancmeéa  {x,t}. Bemuuuna c’t’ —x°

OUeBUOHO  ABNIAEMC  UHBAPUAHMOM  OMHOCUMENbHO NPeoOpaso8anui  uzuueckoco
npocmpancmea {x,t}, nockonvky cxkpvimwiti napamemp s He 3asucum om npeoopa308aHUll
6 @usuueckom cnoefx,t}. Iloomomy, ¢ mouxku 3peHuss CcyObeKMUHO20 HabIOamens
("l[Inockamuxa" - orcumens {x,t}) e6noane ecmecmeeHHbIM KANCEMCS UCHOAb3068ANb

senuuuny c’t’ —x’ 6 kawecmee mepoonpedeneHus paccmosHus 6 npocmpancmee {x,t},

KOmopoe maxkum o0pasom, CMaHOBUMCS eunepoonudeckum. Hmenno max- Kak meopus
CYObeKMUBHO20 HAbOAOOAMeNs, U O3HUKAEM CNeYUalbHAs meopus omuHocumensHocmu. Jus
NpUOAHUSL 3A68EePUEHHOCIU HAUuleM) AHAIU3Y NOKAdCceM, KaK nepeumu K npeoopa308anusm
Jlopenya.

3amemum, umo evipadicenue O ummepsara (12) moocno uzneuums” om
nCceB00eBKIUO0BOCMU NPU NOMOWU MHUMO20 NPeoOPaA308aHUA:

t'=1it
x'=x (15)

2 r 2 2 _ 2
BpeSyJmeame nojiyyum c dt +dx _ds .

B CTO nocmynupyemcs uneapuanmunocms unmepeana npu nepexooe 8 pasiuiHvle
UHEepYUaIbHble CUCeEMbl Omcyema . Y Hac sce NoOCMOoAHCMB0 dMOU 8eUdUHblL 00YCII08TIEHO ee
He3asucumMocmolo om uzuueckux Haobaooaemvix. Ilonyuennoe nugacoposo sevipasiceHue 8
HOBbIX  KOOPOUHAMAX, OYEBUOHO, UHBAPUAHMHO  OMHOCUMENbHO  2PYNNbL  OOLIYHBIX
OPMO2OHANILHBIX NPEOOPA3OBANHUIL:

xX'=xcos@Q—itsin@

it'=xsin@+itcos@ (16)

Ymnoorcum emopoe ypasnenue na MHUMYIO €OUHUYY U CIONHCUM €20 C nepeviM. B
pesyibmame, noayuum: x'—t'= xe'? —te'? . Iocre npocmeix npeo6pazoeanuil, NOLYHUM

¢J:ilnx_t

x—t'. Taxum obpasom, 3a "uzneuenue" ummepsara om ncegO0EBKUOOBOCMU, Mbl

PACnIamuIUCy MeM, Ymo NOIYYUAU OPMO20HANbHbIE NPeobPa306aHUs C MHUMbIM Y2lioM
nosopoma. Ionv3yscey popmynramu: sin(ix) =ishxy cos(ix) = ch x nonyuum npeobpasosarnus
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Jlopenya:

x'=xcho+tshe
t'=xsho+tche  (17)

3amemum cneyuanvrno, umo nonvzoeamvcs eskaudosol unmepnpemayueti CTO He
cnedyem 6e3 0coboul Heobxooumocmu. B bonvuuncmee ciyuaee MHo2o yOoOHee UCNONIb308aNMb
00bIUHYI0 MOYKY 3peHUsi cyObeKmueHo2o Habaroameni. M smo coeepulenHo ecmecmeeHHo,
maxk Kak —@uzuueckue meopuu "KOHCMPYUPOBANUCH' CNEYUANbHO Ol  OMPANCEeHUs
CYObEKMUBHOU PeaNbHOCMU, 8 KOMOPOU Mbl HCUBEM, HO HUKAK He 00bEeKMUBHOU PedalbHOCMU.
Tax, ecnu 6bl Mbl cMOMpPeENU HA MUp Yepe3 Kpusoe 3epKaio, mo hopma 3mozo 3epkaia Hauad
Obl ompadiceHue 6 OMKpPbI8AeMbIX HaMU 3aKoHax. bonee moeo, 3akonvl nepeghopmynuposanmvle
0714 cy4as 00beKmueHo20 mupa (6e3 Kpueozo 3epkaia), NOKa3auiucb 6bl HAM HeecmecmeeHHO
CILOJCHBIMU U HENPUCNOCOONEHHbIMU 0I5l pacuemos.. Tak, Hanpumep, hopmyna Ons ClLoHceHUs
cKopocmell 8 2UnepooIUdecKoll 2eoMempuu NOLYYAemcs: Cpazy dHce, KaK cunepoonudeckuil

o, = arcth L o, = arcth~2 .

MAHSEHC CYMMbL O8YX Y2Il08. c u ¢ ; B naweii soce unmepnpemayuu
noayyums  peutenue Ovl10 Obl MHO20 cnodchee. Tem He MeHee, pPACCMOMPEHHAs
unmepnpemayus umeem 601buUl0€ IEPUCMUYECKOE 3HAUeHUe U OyO0em OyeHeHa meM, Kmo He
V00811emeopsaemcst hoOpMaibHbIM HOOX00OM U NLIMAEMCS NPOHUKHYMb 8 CYMb 8eujell.

Cy6bekTUBHOCTb NPUHUMNA HAUMEHbLUEro 4EeNCTBUS.
(CBA3b CKPbITbIX KOOPAUHAT C AeNCTBUEM)

Ilpesicoe scezco, nanomuum yumamentd 06 OOHOU 3AMeUAMENbHOU OABHO U3BECMHOLU
ananocuu [15]. Ilpu A — (0 u3 601H0B020 YpABHEHUs J1€2KO HOAVHUMb YPaeHeHue OJis

9UKOHANA, KOmopoe 6 mouyHocmu cosnadaem c ypaeuenuem Iamunvemona — Hrxobu Ons
Oeticmsus. Takum o0pazom, 6 KIACCUYeCKOM npeoene SUKOHAN ucpaem pojib Oelcmeus.
Ilokascem, ymo sma aHano2us Ha camom oene AeuAemcs uzomopgusmom. Heobxooumocmo 8
Mmaxou unmepnpemayuy GelUYUHbl § C6A3aHA ewe U C meM, 4mo NPUHYUN HAUMEHbULE2O
oeticmeus, KaxK u38eCmHo, A61Aemcs NPAMbIM Cledcmauem 80J1H08bIX ceolicme mamepuu [16] .

s mozo. umobwvl Hawa moodenv coenacosviganace ¢ KM u 6 knaccuueckom npedene
nepexoouna 6 obwvrunyio mexanuxy, k, e gopmyne (5) onpederum xax Mmyc/h . Creoys

smomy, hopmyay (5) ModxcHo 3anucams Kax:

N

w=ye'  (18)

U3 kypca ceomempuyeckoll onmuku uzeéecmen NPUHYUn Haumenvuie2o epemenu. OH
cocmoum 8 mom, Ymo 8 HeOOHOPOOHOU ONMUUECKOU cpede C8em OBUNCEMCS MAKUM 00pPA30M,
umo epemst e20 nPoxXoo0a MexHcoy 08yMsi 30AHHLIMU MOYKAMU MUHUMATLHO. DMOM NPUHYUN He
02PAHUYUBAECTNCA YACMHBIM NPUMEHEHUEeM 6 ONMuUKe U 6 Haulell Mooenu npuobpemaem ocoboe
3HayeHue.

Tloxaoicem, umo npuHyUN HAUMEHbULE20 BPEMEHU 0N 00BEKMUBHO20 HAOI00amens
3aMeHsAem HNPUHUUN HAUMEHbUE20 OeliCmeus, KOMOpbll AGNAEMCA HNPUHUUNOM

CcyoveKmueno2o Haonoamens.

Pensmusucmcras meopus osudicenus 3ap}1006 6 JJleKmpozcpasumayuOrHoOM noJjie
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Modcem  OblMb  NOTHOCMbIO NOAYYEHA U3 9MO020 NPUHYUNA, HNPUMEHEHHO20 K
BLIPAICEHUIO: , 20e &y NON0ACUMENbHO onpedeneHHas mempuka. 30ech 1 u

k npunumarom suavenusn 1,2,3 - onsa xoopounam Xx,y,Z u 4 — 01 CKpbimou KOOPOUHAMbL S.
Hanomnum, umo 6pemsa 6 00veKmMu6Hol uHmepnpemayuu ucpaem poib Mepvl ONUHbL 8
npocmpancmee  {x,y,z,8}. Aia HaensoHocmu Mul  pacCMOMPUM  NpoOCMeuwutl  cryyai

U30MPONHOU MEMPUKU, He 3a8ucauell om epemeru &, = CONnst = g . Bapvupys, kax 00bluHo,

nymu 6 npocmpancmee {x,y,z,5}, 1e2ko nonyuums:
2

24: a\ g’

=\ ox' c’ (19)

Bocnonvsyemcs obviunvim 6 meopuu ougpghepenyuanvuvix ypasnenuii npuemom [17].

Bydem uckamv 3asucauee om 00no2o napamempa § (%, Y,2,8,t) =&, pewenue (19) 6

HesleHOM sule. ﬂﬂ}l Mmoco 3adMeHUM.

4
of ol
o' 9f
ot (20)

Takas 3amena ecmvb He 4mMO UHOe, KAK Nepexo0 K KOBAPUAHMHBIM OOHOPOOHBIM
koopounamam. To ecmv 2ma 3amMeHa 8 2eOMempuUyecKol UHMepnpemayuu npeocmasisiem
co001i nepexo0 8 NPOCMPancmeo svicuieli pazmepHocmu. B peyniomame nonyyum:

AL AN
=\ ox' ¢\ ot (21)

VpaeHeHue, 011661/107-10, PEAMUBUCTIKU KOBAPUARMHO.

IO.F.Pymep, ommeuan smom c¢hakm, nucan: "..HAuw CNOCOO U3NONCEHUS MONCEM
cnyxcums  (KOHeYHo  Oaneko  He  uauyeckum U OOCMAMOYHO — UCKYCCIMBEHHbIM)
CAMOCMOSIMENbHIM  MEMOOOM B88€0eHUs NPeOCMABleHUll pelamusUucmcKkol cumMmempuu
npocmpancmea — epemenu.”

To, umo 6sedeHue Gpemenu 6 Kauecmee uemeepmol KOOPOUHAMbl NPUBOOUM K
PENAMUBUCIKOL  CUMMEMPUL 68 KOHMeKcme  CYObeKMusHoU  (Qusuku He  s67emcs
HeodcudannviM. bonee moeo, ono Quzuuno U ecmecmeenHo onucwieaem nepexoo K
obvekmusHomy Habaooamento. B cayuae npoussonvHoll mempuku ¢ Heucuezaroujum
aKkobuanom ypaenerue (21) umeem 6uo:

« 9§ 9¢
G2 % _y
ox' ox* (22)

B 06biunoil ¢usuxe mouno maxoe e ypasHeHue MONCHO NOLYYUMb BAPLUPOBAHUEM
oeticmeusi.

Omo ypasuenue, amanocuunoe ypasHenuto Iamunomona-Axkoou 01 NAMUMEPHO2O

clyyas, Haswvlearom ypasHeHuem S-duKkonanda. B Haweli ummepnpemayuu OO oOnuceaem
pacnpocmpanenue hponma mpaexmopuii (cm. puc. 3) 8 npocmpancmee KopouHam, epemeHu
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u Oeiicmsus (S=mcs). Kax noxazamu O. Kneiin, B.A.@ox 3adaua, onpedensemas
ypasnenuem (22), npu HARONCEHUU YCIO08USL YUWIIUHOPUYHOCMU JKEUBAIEHMHA 3a0ade O
OBUDICEHUU YACMUYbL C 3A0AHHBIM OMHOULEHUEM e/Mm 6 d1eKmpo-2pasumayuonnom noie G* .

Omum  Mbl  02pAHUYUMCA, NOCKONLKY 0Oonee 2nmybokas paspabomka Mooenu
CcYObeKMUBHOU U3UKU 8 paMKAX d9MOU cmambvbu Hego3modicHa. [loosedem umoau:

1. Ceoum npoucxoixicoenuem mempuxa MuHK08CK0O20 00a3aHa CYOLEKMUBHOMY
xapakmepy CTO. QOovekmusno mempuka 2annuneeea. M monvko ¢ mouxku 3peHusn
duszuuecrkozo (cyovekmuenozo) nadawoamens uzuyeckoe nPOCMPAHCHIBO OKA3bIEACHICA
Heu30excHo 2unepooIUYecKUM CO 6CemMu blMEKAIOUWUMU OMCI00a NOCAEOCHBUAMU.

2. Qu3uueckaa HeNOIHOMA NPUBOOUM K 8bIPOHCOCHUIO (YUZUYECKUX COCMOAHUIL RO
CKPbIMbIM COCHMOAHUAM U NOPOXHCcOaem npeocmasieHue 0 KOMNAKMUDUUUPOSAHHOU
mononocuu npocmpancmea — epemeHu. Cneocmeuem 33mo20 AGNAEMCA 607IHOBAA
MexaHukKa.

3. UHumepnpemayua B® kaxk nona ¢has O0euicenus moyku 6 npocmpancmee-
6peMEeHU CO CEOUCMEAMU, ONPEOEIEHHBIMU NPEOLIOYUUMU O8YMA NYHKMAMU, NO3605AEm
00bACHUmMb NPUPOOY PeOYKUUU U HEeTOKAIbHBIX Ihhexkmos ¢ KM.

Pymep, uccneoys pacnpocmpanenue 6e3maccosvix nonei Ha NAMUMEPHOM YUTLTUHOpE
npUXoouUm K peuleHusiM, CEOUCMBEHHbIM B0aH080U MexaHuke. OH 00CMAmMOYHO OAUZKO
nodowen Kk paseaoxe "maiinvl Cmapuxa', oouaxo, ciedys cmepeomunam, Pymep ne cmoe
omkazamoca om mempuxu Munkoeckozo. OH, Kak u éce e2o nocie0osamenu, UCKYCCMEEHHO
NPUBHOCUM ee 8 CB0I0 Meopuio, 4mo, KaKk HaAM menepb ACHO, ANAemcsa owuobkou. B nawei
MmoOdenu mempuxa MuHKOBCKO20 cama co8epuieHHO ecmecmeeHHO 603HUKAEm 8 MeopUl.

Pymep na ocnose smux npedcmenenuii nocmpoun 00CmamodyHo 602amyr meopuro,
Komopas moaia bvl npemendosams Ha 36anue — "eounou”. OOHAKo, KAK MaKosas, K8AHMOBAs.
MexaHuka co @cemu ee 3a2aokamu u napaooxcamu Pymepom ne obvaAcHanace u He
obocrosvisanacew. Ilocmynamor TO u kéanmoeoul mexanuxku Pymep npusnec 6 ceoro meoputo
u3eHe.

NMpupoaoa HeoGpaTMMOCTU B CYyOBLEKTUBHOM (hU3nKe

Cmamucmuyeckas Quzuxa u mepmoOUHAMUKA CMPAHHLIM 00PA3OM NPOMUBOPEUAM
Habnooaemvim  Gaxmam. Haubonee uszsecmuvimM napadokcom s61s1emcs npomusopedue
mexncoy  OelcmeumenvHo HaAOIOOAeMbIM CMPEMICHUEM 6CeX CUcmeM K pPAeHO8ecuio U
BPEMEHHOLU cumMmempuell 6cex ypaeneHuti uzuxu. He nonamno u mo, umo coenacHo 3aKoHy
803PACMAHUSL IHMPONUU, HAUL MUDP OOIHCEH ObLT Obl HAXOOUMbCS 8 PABHOBECUU, T020d KAK 8
0eticmeumenbHOCmuy, Mol HAOIO0AeM NpPiMo Npomueononodxcuyio kapmuny. Cozoaemcs
owyujenue, umo 00aaACMb NPUMEHUMOCMU MEPMOOUHAMUKU O02PAHUYEHA V3KOU cghepol
MEN08bIX MAWUH, OISl 4e20 OHA U Ovlia co30and. B muxpo u makpomupe ona oaem coou. Tem
He MeHee, MEPMOOUHAMUKA OblIa Nepeoll meopuell, 6blOeIUGUIell HANPAGIEHUE 6PEMEHU 8
COOMBEMCMBUU C UHMYUMUBHO B0CHPUHUMAEMBIM OOHOHANPABIEHHLIM NOmoKkom. Tlosmomy,
npU UCCIe008aHUU 8pemMeHu 000Umu nPoOIeMAMUKY MEPMOOUHAMUKU NPOCIO HEBO3MONCHO.

Inasnvim pesyniomamom mepmoOUHAMUKU ObLIO OCO3HAHUE MO20 Gakma, ymo psao
npoyeccog 6 npupooe NPUHYUNUAILHO Heobpamumsl. Hackonvko @ynoamenmanen smom

gaxm?

B smoti cmamve mul nonvimaemcs nocmpounisv yejavbHyro Kapmury, Komopas npuszeaHa
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COeOUHUMb  COBPEeMeHHble  NpPeoOCmAaslienuss — pelsimueUCmKoU,  K8AHmMoou U
CMAamucmuyecKkoll meopuu 8 eOUHYI0 CXemy.

Obpamumcs k cmamove I anakmuonosa [18], 6 komopoii oH 8bicKA3ANL UOEI0, KOMOPAsL
6 3HAUUMENbHOU CMeNneHy NepPeKIuKAemcs ¢ HaWuUM NOHUMAHUeM 3Motl npobiemsl U ¢ uoeetl
U Ilpucosxcuna 06 sumponutinom 6apvepe [19]. Oonako, xax s ceuuac nokaxicy, uoes,
8bicKa3anHas 1 anakmuoHosviM, He O00BACHAem, a MOJbKO KOHCmamupyem cam @axm
HeoOpamumocmu, npupoOa KOmopou 0Cmaemcs He GbIsICHEHHOII.

Ha pucynkax 5 u 6, nozaumcmeosannvix u3z ynomsanymou pabomsi I arakmuonosa,
noKasau ceemogoti koHyc. Yacmuya, nepemecmuuiucs uz mouku A 6 mouxy B, yowce Hukoz0a
He cModxcem nonacms 8 001acmu, 3aUMPUXOBAHHblE MEMHO-cepbiM. IOmu  obracmu
B03MOJICHO20  OyOyweco O0as uacmuysl 0yOym Hascezoa ympaueuvi. | anrakmuoHos
ymeepacoaem, 4mMo 9ma 0COOEHHOCMb  PeNAMUBUCINCKOL MeXAHUKU Modcem  Obimb
UCNONBL308aHA OJIs peueHUst npoO.IeMbl HeOOPAMUMOCTIU.
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puc. 5

Paccysicoenuss  ouenv  npocmul.  Ilycmv  uwacmuya oOsudicemcsi no  HeKOMopou
mpaexmopuu. Toeda oHa mepsem 603MONCHOCMb 08ULAMbCA NO T0O0U ANbIMEPHATNUBHOT
mpaexmopuu. TonvKo K6aHMO8aAs yacmuya moxcem cebe no3eoaums He bloupams. Pomon 6
unmepghepomempe "nemum" no obeum nieuam cpazy. Ham sice npuxooumcs evioupamo. U
8b100p He 6ce20a Ne2KO coenamv, 6e0b Mbl 3HAEM, YMO OMEEPSHYMble B03MONCHOCIU
ympauusaromes Hasceeoa!l. CTO npasunvHo onucvleaem smy cumyayuio. HMmenno Ha 3mo u
oopamun enumanue I anakmuonos. On noxasan, kax opmarsro smom gaxkm ompasicaemcs 8
CTO. Oouarxo, CTO He 00vsacHsem s3mom akm, a MOAbKO CUOEMETbCEYem 0 e20 HATUYUU.
eticmeumenvsrho, O0ocmamouno npeocmasums cebe B03MONCHOCMb OBUNCEHUA NPOMUB
meuenus gpemenu. Toeoa mpaexkmopus AB nepetioem ¢ bBA u ympauennoe npoutnoe 6yoem
6H06b o0bOpemeno. Ilouemy smo nesozmoxcno, CTO mne obOwsacusem. He obOvsachsem u
L'anakmuonos. bonree mozo, UMeHHO MAK U NPOUCXOOUM B0 BCEX O0OPAMUMbBIX NPOYeccax,
ONUCHIBATOWUXCA YHUMAPHOU KE8AHMOBOU OuHamuxou. Baoxcno nonumams, umo u KM ne
00bACHAem 603HUKHOBEHUE HeOOpamumMocmu,- ee ypasHeHus obpamumsl 80 pemeHu. M
MONLKO npoyecc pedyKYuu KEAHMOB020 COCMOAHUA, UMEIOWUl MeCmo Npu UMepeHul,
npuUBOOUmM K Heobpamumorl nomepe 3mo2o 6yoyuje2o u K He803MONCHOCMU PACCMAMPUBATID
mpaexkmoputo, oopaweHuyro 60 epemenu. OOHAKO npoyedypa peoyKYuu NelCUm yice 6He
komnemernyuu KM.

Cmp. 18 u3 26
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Memoo cybovexmusnou ¢usuxu [20] nossonsiem o00OHaApY’CUMb C643b KBAHMOBOU
meopuu U meopuu  omHocumenbHocmu ¢ Heobpamumocmolo. CocnacHo  Haulemy
npeocmasieHulo, HeoOpamuMoCcms, OelCmeUmenbHo, 603HUKAem 6 pe3yibmame nomepu
KadxCywe2ocs 803MOXNCHLIM  Oyoywezo. Ilpuyuna smomy — cyOvekmusHas Qusuyeckas
HeNnoIHoma, 6cie0cmaue Komopou Mvl He MOJbKO He MOXdceM 3HAMb, KaKas U3 albmepHamus
ocyujecmeumcs 6 Oyoywem, Ho 601e Mmoo, 6 NPUHYUNe He Mo2iu Obl YCMAHOBUMb NPUYUHBL,
no KOmopwvim Opyeue aibmepHamusbl Obvliu Obl He 603MOdCHbl. To ecmb pazeadxa
HeoOpamumocmu 8 ee cyObeKmMUBHOCU:

Oovekmuenwtii.  mup oopamum 60 epemenu. Cydvekmusenasa ¢u3zuueckan
peanvnocmo — Heoopamuma. Mosrcno noemopums écneo 3a iunuimennom, - boe ne ucpaem
6 Kocmu, - 000a6ue,- HO Mbl GbIHYHCOEHbL IMO Oeams!

B cmamve [21] a noxazan, umo mpaexkmopuro AB moowcno paccmampusams Kax
mpaexmoputo pocma nawie2o 3Hauus. Habnooas osudicenue yacmuyvi, Mbl 00HOBPEMEHHO
omopacvlgaem HeOCYWecmeaienHble 803MOMCHOCMU U meM CaMblM npuobpemaem 3HAHUE O
peanvhol mpaekmopuu. Mvl nokasicem, 4mo pocm HaAuie20 3HAHUAL PABHOCUNEH POCHY
sHmponuu mupa. To ecmv pocm 3HmMponuu, KOMmopuvlil u 3a0aem cmpeny 6pemeHU, HanpsImyo
cesa3an ¢ Habnooenuem. B omcymcmeue nabmooenus o060t npoyecc, KAk MuKpo max u
Mmaxpockonuyeckuti — oopamum. Obvekm, c80000HbI 0om Hauieco HAbOMOOeHUs, Cc80000eH
nepemewjamscsi 60 8peMeHU Kak emy 3abnazopaccyoumcs. IHmpOnuiHslil dapvep npupooa
6bICMPOUNIA MOTBLKO 0J1 HAC — CROCOOHBIX K peekcuu, Hadarwoamenen. llpuuuna 3mozo
NOHAMHA, - IHMPONUSL MUPA Oonpeoensemcs Hawum 3Hanuem. Ilosmomy, umobvl 6epnymuvca 6
npouinoe Ham HyxCcHo 3advimb. To ecmb 6epHYmuvCsa K momy Oonee npocmomy cyOvekmy,
KOmopulii ewe He npuobpen 3mo 3Hanue. UmeHHo 3mo moeno 6vi bblmsb peyenmom co30anus
eunomemuyeckou mawiunvl epemenu. Ho, kax necko nowsame, makas mawuna Oviia Ovl
coeepuienno becnonesna. Ha nepeviil 63271510 nonacme 6 npouinioe 3mum cnocoobom oueHs
neeko. [na smozo Hyd’cHo 6vi10 Obl NPOCMO AUKEUOUPOBaAmMb 6ce "YIuku' u 603MOdNCHble
ceudemenbcmea Haue2o npebdvisanus 6 Hacmoawem. I[lo cymu oOena, 3mo Ovlio Obl
PABHOCUILHO CHUNCEHUIO IHMPONUU MUpA HA GEIUYUHY, NPONOPYUOHATLHYIO YHOMAHYIMOMY
snanuto. To ecmv npeodonenuro moz2o0 camoz2o IHmMponulinoco 6apvepa. (OOHako,
VHUUMOJICEHUE 8CeX CBUOEMENbCNG IKCNEPUMEHMA, 0axce ecliu dMO 803MONCHO, NPUEeno Obl
K MOMY, Ymo 3amMemums 2Mom CKa4oK 8 npoutnioe 6ui10 661 Npocmo Hego3ModcHo. Ha cmaduu
npoBedeHUs IMO20 IKCHePUMEHMA Mbl HPOCMO 3a0bLIU Obl O Haulel NepPeoHAYANbHOL Yelu.
Takum 06pazom, mvl Kax*CObLU pa3 OKA3bIBANUCH Obl BHYMPU KAY3ANAbHOU CIMPYKMYPbl 8 C80EM
CYObEeKMUBHOM HACMOAUYEM.

CybvexmusHas unmepnpemayus SHMponuy mpeoyem, ymoowvl Mbl MO2IU OMEEUAMb HA
cnedyrouue 6ONPOCHL - NOYEMY, HANpUMep, Npoyecc OCMbl8AHUs Ydsl HeoOPAMUM, Mo20d KAK
nogedeHue KaHMmMoBoU 4acmuybl mexcoy usmeperusmu oopamumo? Kasanocv 661 abcypoom
oymams, umo 3a0blMas YawKka OCMvleaem UMEHHO 6 MOMm MOMEHM, K020a Mbl 80pye
BCNOMHUM O mMOM, umo codupanucy nums uwau. Omeem cocmoum 8 MOM, HMO
MAaKpOCKONUYeCKUull npoyecc oueHb MmMpPYOHO cOelamsv He HAOn00aeMbiM 6cCledcmeue
Ooekocepenyuu. OOHako, eciu Obl Ham 6ce e YOAloCL YoOpamv 6ce KOCBEHHblE
ceudemenbemea OUCCUNAyUY SHepeuu, mo Mol 8 Makpomacumade noayyuiu Ovl cumyayuio,
00CMamoyHo MUNUYHYIO OJisL MUKPOMUPA,- YAWKA, OelicCmEUmenbHo, 0CMbleand Obl CKAYKOM,
0e3 NPOMeINHCYMOUHBIX COCMOSHUL UMEHHO 8 MOM MOMEHM, K020d, Mbl HA Hee NOCMOMPUM, d 8
npomedcymke mexncoy Haboenusimu, nodoono Llpeounzeposckomy Komy, Haxoouiacs 6wl 6
COCMOAHUU CYynepno3uyul ¢ okpysicenuem. M coenamv 3mo mpyoHo moIbKO nO MeXHUYECKUM
npuyunam. Ilosmomy CcKaukooOpasHwllli HeoOpamuMvlii Npoyecc peoyKyuu K8AHMOB020
COCMOAHUS 6ce20a HAONI00aemcs ¢ Pomonamu u d1eKmpoHamu U HUK020a He HAOI0OaNCs ¢
yatinukamu u xomamu!. Ilosmomy, muposas mpaexmopusi Yyawiku - 21a0Kas JTuHus 6e3
paspvieos, a Kak makogou mpaekmopuu 6 Qu3uyecKkom npocmpancmee-epemeHy  OJisl
€80000HOU uacmuysl 8oob6we He cyujecmeyem. (Cywecmseyem mpaeKmopus 8 CKPblMOoM
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NPOCMPAHcmee-6pemMenHu 0 4em Mbvl 2080puiu eviule.) Pasnomepno oOeuscywascs
yacmuya 3anonHsem ece NpPOCMpaAHCMEOo SHYMPU U CHAPYICU C8EMOB020 KOHYCA U MOJIbKO 8
MOMeHm u3mMepeHust oHa npespawjaemcs 6 mouky. IlocredoeamenvHocms makux mouex
cocmasnsiem Mupogyo mpaekmoputo dyacmuysl. Takum o6pazom, Ko2oa mvl pucyem ceemogsoul
KOHYC, YKA3bl8Asl HA HeM MPAeKmMOopUuio 4acmuysl, Mo Mvl Hes18HO NOOpa3ymMesaem, Ymo umeem
0eno ¢ HeobpamumvimM X000M epemenu. Muposas nunus, uzodpasicaemas 6HYmMpu 3mo2o
KOHyca u3obpasicaem  4acmuyy, HAX00Awycs noo  NOCMOSHHbIM — "npucmompom”
nHaoarooamens [22]. Umak, ouesuono, umo CTO onucvlieaem nonosicenue eeuieil, Komopoe
CK1a0bléaemca npu 63aumooeiicmeuu Hada00amens ¢ 00beKmom Uccie008anus. mo euje
pa3z noouepkusaem cyovekmusnwiii xapaxmep CTO u mex ¢uzuueckux 3aKkoH08, ¢ KOMOPbIMU
Mol umeem Oeno. ToNbKO NOHAG BANCHOCML 3MO20 (akma, Mbl CMONCEM NPOOBUHYMBCA
oanvule 8 NOHUMAHUU DUUKU.

Pensmusucmckas xeanmosas meopus 603HUKIA KAK KOMOUHAMOPHAS OUCYUNIUHA,
00beOUHUBUIASL U CO2NACOBABULASL OCHOBHbIE UOEU KEAHMOBOU U PeNsIMUBUCIKOU Meopull.
Oonako, meopusl, npemenoyOWas Ha GYHOAMEHMANLHOCMb, Q0JHCHA ObIMb COOEPHCANENLHO
bonee enyooxoi. I[losmomy, He cmMompsa HA MO, YMO KEAHMOBAs Meopus Nois U OKA3aiach
MOWHEUUUM UHCMPYMEHMOM HeNnpes30U0eHHbIM 8 MOYHOCIU MOOEIUPOBAHUS PU3UYECKO20
MUpA, OHA OKA3ANACL HECNOCOOHOU XOmMb CKONbKO-HUOYOb NPOOGUHYMb HAule NOHUMAHUE
Oadice mex se6leHUll, Komopwvie OHA hopmanvHo onucvieaem. He 2oeops yoce o mom, umo
"geynvle" npobaemvl HeOOPAMUMOCIU, KBAHMOBO2O OANLHOOCUCMBUS U M.O. MAK U OCMAIUCD
8 CMOpOHEe OM MAUCMPATbHO20 HANPABIeHUs. HAYKU U UX, MAK Jce KAK Jemarouue mapeixku u
8eunble 0sueamenu, He NPUHAMO 00CYAHCOamb 8 pecneKmabeibHOM 00wecmae.

l'anaxmuonos obpamun mawe 6HuMaHue Ha mMom ¢haxm, ymo 6 HepersIMUBUCHICKOM
npedene C --> © nomeps 6yoywe2o He umeem mecma U, Cile008amenbHO, 8ce NpoYeccol
0bpamumvl, KaxK u n000baem 8 Kiaccudeckol MexanuxKe cm. pUCyHoK:

CHODOCTD CBETA CTDERIATCH K GeLHoHedHOCTH

——

FOHYE "PAECKDHBAsTCA” U AOTEDK WCYEIAKT

Puc. 6

Omum  mo2no  Obl  OCYWeCmeNAmMbCs — NpedeibHoe  COOMmEemcmeue  meopuu,
onucwlearowell Heoopamumocms u oopamumou ounamuxku Heromona. Oouaxo, 6eoa 6 mom,
umo CTO mooice obpamuma. Taxum obpazom, eciu 6v1 TO Oviia Heobpamuma, mo
dopmanvueim eviparxicenuem ee HeoOPAMUMOCHU ABNANACL Obl KOHEYHOCHMb CKOPOCHMU
ceema.

PeweHune npobrnembl HEOOPAaTUMOCTN B CYyOLEKTUBHOWN husnke

B npeovioywux enasax unam yoanoces, eciu He 00KA3amv, mMo 60 6CAKOM Caydae,
docmamouHo yoeOumenbHo, KaKk MHe XOuemcs OyMamv, NPOOeMOHCMPUpoOsams mom @axm,
umo 6 OCHOGe K8AHMOBOU U DelAMUBUCIKOU MeopuU JIedCum npuHyun cyovLeKmugHoll
@uszuueckoii nenonnomuvl mupa. Cywecmeosanue CKpblmbiX cmeneHeli c60000bl HA HAW
83271510 He NOONeHCUM COMHeHU. Dmo cmano scHo yoce 8 20-Xx 200ax npouLioeo cmoemus,
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K020a Obliu OOHAPYIHCEHbl UPe3BbIYAlHO Kpacusble pe3yibmambsl, KOMOPbIX Mbl
KOCBEHHO KOCHYIUCH 8blle U Komopble menepsb umenyiom "uyoom Kanyywi". Okazanocs, ymo
eciu 3anucamev S-MepHbulll aHanoe ypasHeHus DuHwimelHa, mo OoHo pacnadaemcsi Ha 10
00bIUHBIX 4-X MepHuIX ypasHenull Dunwmetina, 4 ypaeuwenus Makceenna u ocmaemcs ewje
00HO ypasHeHue OJisl HeK0e20 CKAApHo20 nos. Ecmecmeennvim obpazom eo3nuxaem meH3op
9Hep2uU UMNYIbCA OIS INeKMPOMASHUMHO20 NOJISl, KOMOPbLU paubuie 8600UNCS UCKYCCIBEEHHO,
a makdxce KanubpogouHoe nNpeobpazosamue, KOmMopoe B03HUKAem, KAk —Ccleocmeue
0ONYCMUMbIX  Npeodpazosanuti  namou  KoopouHamuvl  (max  Ha3zvleaemoe  Yclogue
yunaunopuunocmu). Cam Kanyya no smomy noeody nucan: "lloanocmvio yuumsigas ece
@uszuueckue u meopemuxo-no3Hagamenbhvie MmpyoHOCmMU, cPOMO30AUUEC HA HAuleM NYymu
npU  UNOHCEHHOM HNOOX00e, 6Ce e HENeeKO NPUMUPUMBCA C MbICAbIo, YMO 6ce dMmu
COOMHOUWIEHUsl, KOMOpble 8psA0 U MONCHO Npeg3oumu no OOCMUSHYMOU 6 HUX CHeneHu
GopmanbHo20 eOuHcmaa, - 6ce2o MUllb KANPU3HAas uepa 0OMaH4ueou ciyyarHocmu'”

Xouemcs noemopums smu cnoea écied 3a Kanyyeii ¢ omnowleHuu pazeusaemon Hamu
cyovexmusHou ¢husuxu. /leticmeumenvro, He CIUWKOM JU MHO20 U 30eCb CMbIKOBOK, YmobObl
00bACHUMb UX caydaunvimu cognadenuamu? [lonzoe epems meopus Kanyywr 6ocnpunumanacs
KaK Hayduas 9K30muka. Beedenue oOononnumenvno2o uzmepenus Ka3anioch 8ecbmd
UCKYCCBEHHbIM NPUEMOM, MAK KAK CMbIC OONOJIHUMENbHbIX USMEPeHUll 0Cmasancs He
sAcHbiM. Tenepsb mbl 8UOUM, YMO OONOJIHUMEbHBIE UMEPEHUA OMPANHCAIOM CYOBEKMUBHYIO
Henoanomy mupa. B mepmunonocuu mepmoouHamMuKu OONOIHUMENbHbIE CMEeNneHU c80000bl
obpaszyrom ckpvimolil (HeHaAOI00aeMblll) MenioBoll pe3epayap, KOMmopwlll NPUBOOUm K momy,
umo ¢usuueckull mup (Mup OauHwll CYOBLEKmMy) 005A3aMenbHO ONUCHIBACMC CMEULAHHBIM
cocmosanuem ¢ sumponuei omauuynou om uyas. C amou nosuyuu (Hazoeem ee meopueii
CcyObeKMuUBHOU uU3UKU) T1e2KO 00BACHUMb U CMBICI 3AKOHA 803DACMANUSL IHMPONULL.

Ha pucynxe nuoice noxasanwvl 4 epanynvl guzuueckux cocmosnutl fl, 2, 13, f4. 30ecs f1
— coomeemcmayem npoutiomy, f2 — nacmoawemy, a f3 u f4 osym aromeprnamugam 6 6yoyuiem.
Cybvexm, Haxooswulicss 8 cocmosHuu f2, 8 npunyune He modcem 3Hamv ceoe Oyoywee. OH
npocmo He radeem 3moti uHgopmayuetl, KOmopas, co2lacHO Hauemy NOHUMAHUIO, UMEenCsl
8 CKpbIMoM 8ude, HO He Modicem Dblmb GblAGNIeHA 8CIe0CMEUe PU3UYECKOl HeNnOIHOMbI.

Cnedyem ommemumyv a10O0NLIMHYIO QOPMANLHYIO AHANOSUIO C 3AKOHOMEPHOCMbIO
bexenwmerina [23], omnocawetica kK mepmoOuHamMuKe 4yepHuix Oblp, CGUOEmeNbCmeyiouel o
MOM, YmMo SHMpoOnus o0bIacmu nPOCMPAnCmed, U3 KOmopou, 6 NpuHyune, Heab3si NOLYYUNb
HUKAKYI0 UHGOpMayuio, nponoOpyuoHaIbHA O2panudusarowell ee nogepxuocmu. B nawem
crywae Qusuueckas epamyna  x"St" saensemca umenno maroti  obnacmoto. Tonvko

uHgopmayusi cKpvima 6 Heil He No0 20PU3OHMOM codvimuil, a noo "bapvepom" HenorHomul.
HUmeem ceasky S =1og,V . 30ecy S — nosepxnocme epanynel, pasnas pn. V- oovem V =2

PABHBLL YUCTY 803MONCHBIX (husuueckux cocmosanutl. Ilo eeruuune S — ecmov unghopmayus,
CKpblmasi N0 Mo HO8EPXHOCMbIO.
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Puc. 7
Kpacuvie «xpysicku — 2mo  ckpvimble cOCMOsAHUS, NO KOMOPLIM  BbIPOHNCOCHbL
coomeemcmaylowue usuyeckue cocmosnus — epauyavl (boavuiue Kpyosicku). bByodywee

cybvekma onpeoensemcs cKpulmou mpaekmopuei. Tax, eciu 08udicenue npoucxooum no
mpaekmopuu, YKA3aHHOU CUHEU CMmperKou, mo 6 0yoywem oOH nepetidem 6 @usuuecKoe
cocmosinue f4. Ecnu oice senenou, mo 6 cocmosnue f3. [leno 6 mom, umo ckpvimvle ¢azosvie
mpaekmopuu 0OHO3HAYHO CE5A3bIBAION 8Ce CKPblmble COCMOSHUS. fCHO, umo oKa3asuuch 6
Oyoywem 6 O00HOM U3 QUUHECKUX COCMOSHULL, KOMOpoe Bbli6Isemcss MOIbKO Nymem
npoyeodypuvl usmeperuss, cyobeKkm noiyuaem HeKyo 0ONOIHUMENbHYI0 UHDOPMAyUio, KOmopotl
OH He en1adeem 6 nacmosiugem. Tlokascem, umo noayuerue 3mou uHGOpMayUuU IKEUBALEHMHO
pocmy CyObeKMUGHOU SHMPONUU MUpd. DHMPONUs MUpa 8 YeioMm, GHe OMHOWEHUS K
cyOvbekmy He umeem CMbICAA U 8 IMOM CayyYdae Jyyuie 2080pumv 00 UHDOPMAYUOHHOU
eMKOCmU.

Paccmompum moodenv 3aMKHYMO20 KOHEUHO020 mupa, umerowe2o, Hanpumep, N= 2°

cocmosmuil. E2o ungopmayuonnasn emxocmv Lwpa = 6.

Ilycmy 2 6uma us muposvix pecypcos npunadnedxcam cyovexmy. Tozda on moodicem
Ppasiuiams moabKo 2°=4 Qusuueckux cocmosiHus. DHmMponus Mupa ¢ e20 MOYKU 3peHus

pasna Swpa = 2. Credyiouuii pucyHoK wiloCmpupyen onucasmylo CUnyayuio.
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OHTpoNus B yCnoBusaX oM3N4ECKON HENOMHOTbI

3710 6-6UTHOE CrOBO COCTOSAHMSA MUpa

Ona uvacm cnosa
ONHOCUNTA K " ( A sna yacmp
cybvekny omiocunts K 006vexny

ST = _J = 26uma O0no u3 uenvipex Qu3suyeckux cocnpAHU.
370 06bl4Has Ez0 sunponus S" =—I = 46uma
TepMmoaunHammnyeckas 3Ty QHTPONUIO 6y,u,eM Ha3blBaTb
3HTponusa. HarnagHo CKpbITOM

BUOHO ee CyObeKkTMBHOE

npoucxoxaneHne

h T
Maxcumanvhas uHGoOpMayuorHHas eMKocnb Mupa Sﬂmpa =§"+§ =2+4=606um

Puc. 8

30ecb unoexcamu h — oboznauunu ckpoimyio, a T — mepmoOuHamuyeckyo SHmponuio.

B cneoyrowuii momenm eépemenu 6 pesynomame usmepenus (a 6e3 3mozo ciedyroujuill
MOMeHm  6peMeHU HNpocmo He HAcmynaem), cyOveKm noxyyaem OONOJIHUMENbHYIO
ungopmayuro. Munumanvuwiii npupocm ungopmayuu pasern 1 oumy. Imo oznavaem, ymo

menepb cyObeKm MOodicem paziuyams yice 23=8 @uzuueckux coCmosHUL U SHMPONUL MUpa
nOIMOMY CIMAHOBUMCA pagHoti Swpa =3 . To ecmb pocm 3HaHUs CYGHLEKMA CONPOBONCOACMC
POCMOM SHMPONUU MUPA.

Takum obpaszom, mbl pasziuuaem OemepMUHUPOSAHHYIO OUHAMUKY, KOMOPAs umeem
Mecmo 8 CKpblmoM cloe pPeanbHOCmU, Om HeoOpamumon OUHAMUKU QU3UYECKO20 MUupd.
Cyovekmuenasa unmepnpemayus IHMPONRUU JI€2KO U €CHIECMEEHHO 00bACHAEm 6MOopoil
3AKOH MepMOOUHAMUKU U cmpeny epemenu. /s cybovekma — nabnrooameris, 8 NpUHyune He
enaoeroujeco ucuepnvigaoujeli ungopmayuel 0 OUHAMUKE CUCMEMbl, OOHO3ZHAYHO MOILKO
npouinoe. byoywee 015 He2o HeonpeoeneHHo. Dmo co30aem acUMMempuro 6pemeHuU.

Mo Hacmoswezo 6pemeHu CHUUMANOCL, UYMO Meopus O0eKo2epeHYuUu NpaeuUIbHO
ONUCHIBAEM NPOYECC USMEPEHUs MOIbKO Oas omKpulmbulx cucmem. Ilonvimku nocmpoums
CAMOCONACOBAHHYIO KAPMUHY UBMEPEHUs 8 3aMKHYMOU cucmeme NPUBOOUTU K CePbe3HbIM
KOHYenmyaubHolM mpyoHocmam. Illokadxcem, Kax cyOvekmuenas ¢usuxka pewiaem dmy
npoonemy.

Ilycmov npubop @ usmepsem cucmemy ¢ 6eKmopom :

a>+c”

W semern) =€ a’)

Bpe3yﬂbmame nojiyyaem nepenymarnHoe CoOCmosrnue.
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®>+c”

a' a')@") (24)

Omo nepenymanHOe cocmosiHue o3Hauaem, ymo eciu npubop nokadxcem D', mo
cucmema 6 pesyibmame usmepeHust oxasxcemcs 6 cocmosanuu a'. A max oace, eciu npubop
nokaxcem @', mo smo o3nauaem, umo cucmema 8 pe3yibmame UIMEPEHUsI OKAHNCEmcs
cocmosHuu a'.

o
WnepenymaHHOe> =C

Cuumaemcs, ymo GOpManbHLIM BbIPAICEHUEM UMEDPEHUS ABIACMCA HAXONCOCHUe
peoyyuposarHou mampuysl niomuocmu [24,25]

p= trqbll//><l//| (25)

Bonpoc 3aknouaemcss 6 mom no Kakomy npagy Mvl HPOU3BOOUM YCpeOHeHue No
cmeneHAM c80000bl OKpYdceHus (B nawem npumepe okpycenuem aensiemcs npubop). Imo
Oelicmesue He3aKOHHO, eCliu Mbl XOMUM 2080pUMb O HALleM MUpe KaK O 3aMKHYMOU cucmeme.
Ho ecnu mup 3amknym, mo 6 makom Mupe 6ce Kombl OblLiu Obl wpeouHzeposcKumu!.
Paspewums napaookc nomozcaem cybvexmuenas ¢usuxa. Kax mol yowce 2oeopunu, Oisl
cyOovekma 3aMKHYmou cucmemvl 00A3aMeNbHO  OOIMHCEH  CYWecmeo8ams — CKPbIMblll
(HenabaroOaemblii) mMennosoll  pezepeyap, KOMOpwlll U  OCYWeCmeIsiem  UCHMUHHYIO
OdexkocepeHyulo usmepsemMol cucmemvl. B pesynomame ¢usuueckuti mup (mup OauHvlil
cyovekmy) 00a3amenbHO ONUCLIBAEMC S CMEULAHHBIM COCMOSHUEM C dHMpOnuetl OmiudHol
om myns. Mvl nokazanu, 4umo mepmMOOUHAMUYECKAS IHMPONUs KAk U opyaue usuyeckue
8eUUUHbL - CYOvekmuena. B npoyecce uszmepenus sHmponus uzuyeckozo mupa pacmemn.
O6vexmugHas unu K8aHmMosas IHMpPONUs 6Ce20 MUpa pasHa Hyio.

Ha osmom mwvi ocmanoeumcsi, NOCKOIbKY OalbHelulee pazeumue meopuu Ha
Ka4yecmeeHHOM YpPOBHe BbleiadeNo Obl CHeKYIAMUSHO u HeobocHosanuno. Ml Oanexu om
MbICIU, YMO HAM YOAI0Ch XOMb CKOJIbKO-HUOYOb 3HAYUMENbHO NPOOBUHYMbCA HA NYMU
€030aHUs 3aKOHYeHHOU Henpomugopeyugou meopuu. (QOnaxo, Xxouemcs OyMamv, YMO
OpUGUHATIbLHASL Udesi 0OOCHOBAHUSL KGAHMOBOU U DeNamUSUCMKOL meopull, OCHOBAHHAS HA
npeocmasieHusx 0 (u3ULecKol HenoaHome Mupa, chopmyIupo8ana 6 cmamve 00CMamoyHo
sacHo. Haodeemcsi maxoice, umo mam yoanoce Hanmu OOCMAMOYHO GeCKUe apeymMeHmol,
KOmopule 3acmasuiu Obl Yumamesisi OMHECMUCH K Udee ¢ NOJHOU Cepbe3HOCMbIO U o0y U
€20 K pasmbluIeHUsIM.

Ho6aBneHue

B momenm, ko20a cmamws yoice 6vina 20moea K nyoIuKayui, agmopy cmaio u3eecmuo
o cywecmsosanuu pabomul Xiaodong Chen [26] uz ynusepcumema wmama FOma. B smou
pabome  uccnedyemcs  803MONCHOCMb — obocHosanus KM — nymem  66edenuss  08yx
OONOIHUMENbHBIX CKPUMbIX 6DEMEHUNO00OHBIX KOOpOuHam (1,t,), no006HO MoMmy, KaKk amo

coenano y nac. B ceazu ¢ smum obcmoamenbcmeom mul cuumaem HeoOX00UMbIM NPO8ecmu
HeOONbLUIOU CPABHUMEIbHBLU AHAIU3 U NPOKOMMEHMUPOBAMb MY pabomy.

Cmamws Hauunaemcs ¢ paccmMompeHus KiacCuyecko2o 08yXujene8020 IKCHepUMeHma
no unmepgepenyuu 31eKmponos. A8mop 60Cnpou3so0uUm O0ObIUHYIO NOCAEO08AMENbHOCTb
paccyxicoenuti, KomopulMu OObIYHO CONPOBONHCOAIOM ONUCAHUE 2020 dKchepumenma. B
pesyibmame OH  COBEPUIEHHO  CHpagedIuso  3akiwoyaem umo: "uacmuya  modcem
0OHAPYHCUBAMBCSL 8 OBYX PA3HBIX MECMAX 8 0OHO U MONCE 8PEMSL ... 8 MOM U MONKO 68 MOM
clyyae, eciu uUMeemcs HeKomopas CKpblmds 6peMeHHAs NepeMeHHds, KOmopas OJisl HAC He
docmynna". To ecmv "21ekmpon npoxooum uepes 08e weiu 00HO8PeMeHHO 8 "uzmepsemom”
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8peMeHU, HO 8 pasHoe CKpvbimoe epems’. 3amem aemop nokasviéaem, 4mo 68e0eHue
08YX OONOIHUMENILHBIX CKPBIMbIX BPEMEHHBIX NePEeMEHHbIX N0360Jislen NOLYYUMb CHUH, KAK
MONONI02UYeCKoe C8OUCMBO pPACCMaAmMpusaemo2o 3- 8pemeHHo20 + 3- NpoCmpaHCmMEeHHO20
MHO2000pa3us. Bvi6o0samcsi CnuHopHvie NONsA 8 NOJAHOM COOMBEMCMEUU C peuleHUAMU
ypasHenus [lupaka.

Cnedyem obpamums 6HUMAHUE HA 3AMEYAMENbHYIO NAPATENb MeHCOY HAWUM
uccie0osanuem ¢ KOmopulM 6bl MOJbKO 4MO O3HAKOMUIUCL U ucciedosanuem Xiaodong
Chen . Hanomnum, umo mbl npuwiiu K 0o2adke (cmompume @vluie), 4mo monoaio2us
NPOCMPAHCMBA-8peMeHU ¢ MOYKU 3peHus cyovekma usomopgpua mopy. A oeudcenue uacmuy
npoucxooum no ezo Jjokcoopomam. Coenacno Xiaodong Chen osudicenue yacmuyvl 8

CKpLIMOM 8peMeHU ABNaemcsi obpamuol npoekyueu Xonga c 6épemenHou cgepbi $? 6
npocmpancmee (1,t,,t,) Ha cgepy S 6 uemvipexmepHomM NPoOCmMpancmee-epemenu (X,y,z,t).
Oonako, me Kmo 3HaKom c meopuel paccioeHuss Xonga 3Harom, umo 6ciody HIOMHOe

MHOJHCECMB0 OONLUUX OKPYIHCHOCHEN HA S (sensowuxca crosmu nao S? ), obpa3zyrom
oKkpyosichocmu  Bunnapco na mope. Oma napainens mpebyem 60iee  0emalbHOO
Uccne008anusl, KOmopoe Mol NPeonoiazaem NpeonpuHIms 8 oaudcatiuiem o6yoyuiem.

B ynomaunymou pabome Xiaodong Chen ckpvimoe 6pems 8800UmMCsA YUCO
gopmanvro u e2o guzuueckuli cmvic He scen. Haw nooxoo omnuuaemces donvueri enyouHoll,
MAK Kaxk CKpulmoe 6peMs ) HAC B03HUKAem KAK eCcmecCmeeHHOoe JNo2uieckoe cledcmeue
@uzuueckoli HenonnHomovl mupa. Kpome moeo, persmuucmckue ceolicmea npocmpaHcmea-
8peMEHU MAK JHce BbIBOOAMCI U3 9MO20 PYHOAMEHMANbHO20 NPUHYUNA, 8381020 304 OCHOBY.
Omo nossonsiem Ham 6NIOMHYIO NOOOUMU He MOIbKO K YacmHolU npobieme obocrnosanus KM,
HO u noogecmu odwylo niam@opmy Ons CUHmMe3ad 8 eOUHYI0 CXeMy PpelIMUSUCMCKOU,
K8AHMOBOU U CMAMUCMUYECKOU MEOPUl.
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S
— Jlns nooueprusanus CMulcia Ml HECKOIbLKO ynpouaem cumyayuio. Peub udem He o kapmumne mupa,
PUCYEMOTL KIACCUYECKOU (OU3UKOL, a 0 HeKOMOPOU UCKYCCMEEHHOU cxeme, umerouell psio uepm KiacCuieckou

MexXaHuxku.

[1] .
Feozwempuqecxww sblpasitcernuem yCciosus uwmndpulmocmu Moorcem Ovlmb Komnakmuqbukauwl usmeperuu.

Hpu 2mom 015 nOﬂeﬁ, pacnpocmpanaiowyuxcs 6007 KOMnaKmuqbuuupoeaHﬂozo U3Meperusl 3anucoleaemcs
yciosue YyuKiudvHocmu.
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