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 ClHRYNApHOCY

[MprnunHsaoLwee 6eCnoKONCTBO NOPOXAEHNE
YepPHOW AOblpbl — rosias CUHIYNAPHOCTb.
[lonroe BpemMsa (opM3nKnM nonaranu,

YTO JaHHOE ABJIEHUE HE MOXET

cylLlecTBOBaTb B nNpupose.

oBpeMeHHas Ha-

yKa 3HAKOMHT Hac

C MHOMKECTBOM YJUBU-
TeJbHBIX SBJIECHHUH, Cpefu KOTOPBIX
cyabba rubHyIIeld MacCUBHON 3BE3/bl
3aciy:xuBaeT ocoboro BHUMaHus. HMc-
YepIliaB roproyee, IoICPKBaBIIIEE ee
MUJIJIMOHBI JIET, HAIIIA «TePOUHS» 6OJIb-
Iie He B COCTOSIHUU COXPaHATH paB-
HOBECHE U II0J] JeHCTBUEM COOGCTBEH-
HOTO Beca CTPEMHUTEJIbHO CIKHMAaeT-
cs B TOYKY, KOJLIAIICUpyeT. PAgoBBIE
3Be3bl, Ioo6HbIe HameMmy CoaHLy,
TOKE CIKMMAIOTCS, HO BCETO JIUIIb J10
HEKOTOPOT0 YCTOMYUBOTO COCTOSAHUS,
pasMep KOTOPOro MEeHBIIIe UCXOTHOTO.
Eciu 3Be3fga JoCTAaTOYHO MacCHUBHA,
TO €e rpaBUTALNA JOMUHUPYET HaJ
BCEMH OCTAJbHBIMU CHJIAMH, CIIOCOG-
HBIMH IIPEJOTBPATUTH KoJuianc. Eciu
K€ ee TUaMeTp COCTABJIAET MUJIJIMOHBI

Tak nn 3107?

KHJIOMETPOB, TO OHA C'bEKUBAETCH J10
paaMepoB 6yJIaBOYHOTO YKOJIA.
MHorue GpU3HKH U aCTPOHOMBI CUH-
TaIOT, YTO GUHAIBHASA CTAAUA KOJJIATI-
ca ecThb 4YepHasd JAbIpa — 00'bEeKT, 06a-
JAloIMUi TaKko¥ CHUJIBHOU rpaBUTAIlU-
e, YTO HUYTO HE MOKEeT BBIPBAThCH U3
ero GiaMKaKIIero oKkpy:xeHud. YepHasa
ABbIpa COCTOUT U3 JByX 4acTed. B ee
IIEHTPEe PACIOoJIOKEeHA CUHTYISPHOCTD,
obyiacTb 6€CKOHEYHO MaJIbIX Pa3MepPOB,
B KOTOPOI BCE BEIeCTBO 3Be3/bl pa3-
pymaercs. 9Ty CUHTYISAPHOCTb OKpPY-
sKaeT 06JIaCThb IPOCTPAHCTBA-BPEMEHH,
13 KOTOPOU HEBO3MOKHO BBIOpATHLCS; €€
rpaHuIla — FOPU30HT coObITUH. HeuTo,
pa3 IPOHUKHYBIIIEE 32 TOPU3OHT COObI-

Ecnu ucxoantb U3 34paBoro cmbicna, To 60Mbluasn 3se3fa Hem3bexHo KonnancupyeT B 4ep-
HYIO ObIpY. OpHako, cornacHo HEKOTOPbIM TeOpeTU4eCKUm MmoaesiamM, BMeCTO 3TOro OHa MOXeT
npeBpaTUTLCA B TaK Ha3bIBAEMYHO FONYH CUHTYNSPHOCTb. BbIICHEHME TOrO, 4TO Xe NPOUCXOANT
B ENCTBUTENBHOCTU, — OfjHA U3 Hanbonee BaXKHbIX HEPELUEHHbIX 3afa4 acTPOUINKK.

OTKpbITUE 06HAXEHHbIX CUHIYNSPHOCTEN MO0 6bl UBMEHUTL cTpaTeruio noncka EgnHon te-
opun Bcex n3nYeCcKnx B3aMMoAencTB1I, N He TONbKO 6narofaps BO3MOXHOCTU NPOBEAEHUS

npAMbIX HabniogaTenbHbIX TECTOB TAKOM Teopun.

THUU, HaBCer/la TepsAeT HaJlewK-
1y BepHyTbcA. OT HajaroIiero
B YEPHYIO ABbIPY 00'bEKTa HE CMOMKET
YHATHA HU OJUH JIy4 CBETA, U HOITOMY
BHEIIHUM HabJIogaTe b HUKOraa 60Jib-
IIIe He YBU/IUT 9TOr0 00'beKTa.
Hackonpko mpaBpomoso6Ha Takas
kapTuHA? CorjJacHO M3BECTHBIM 3a-
KOHaM (pU3UKU, CUHTYJIAPHOCTD JIetic-
TBUTEJbHO (OPMUPYETCHA, OJHAKO
BOIIPOC O HAJUYUU T'OPU30HTA COOBI-
THUH YEPHOU ABIPHI IO CUX IIOP OCTaeT-
CA OTKPBITHIM. BoubImHCTBO GU3N-
KOB IIPOBOJIAAT CBOU pPacYeThl, IIPEIIo-
jarasi, 4YTo TOPU30HT COOBITUY TOJIKEH
chopMUPOBATHECA TOIBKO IIOTOMY, YTO
OH €CTb CBOET'0 Pojla OYEHb ITPUBJIEKA-
TEJIbHBIN... <HAY YHBINA (PUTOBBIH JIUCT.
Jles10 B TOM, YTO UCCJIEAOBATENH 0 CUX
IIOp He pasrajajy, YTOo Ke B TOYHOC-
TH IIPONCXOAUT B CUHTYJISPHOCTHU: Ma-
Tepus paspyllaeTcs, HO 4YTO Ke CIy-
gyaeTca ¢ Hed nmotoM? CKpbIBAIOIUN
CHUHTYJSPHOCTb TOPU3OHT COOBITHH
CKpBIBAeT M Opelb B HAIINX 3HAHUAX.
B CUHTYJISAPHOCTU MOTYT IIPOUCXOAUTH
BCEBO3MOYKHBIE HEU3BECTHBIE HayKe
IIPOLIECChI, KOTOPbIe HUKAK HE HOBJI-
AI0T HAa BHEIIHUU MUP. BrluepumBas
OpOUTHI INIAHET U 3BE3]], aCTPOHOMBI
MOT'yT CIIOKOMTHO UTHOPUPOBATh BHOCH-
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DHIHKA

MBbI€ CUHTYJISIPHOCTSAMU HEOIIpe/Ie/IeH-
HOCTH U YBEPEHHO HCIIOIb30BaTh 3a-
KOHBI KJIaCCUYeCKOU (PpU3UKU. UTO 6BI
HU ITPOMCXO/INJIO B YEPHOH IbIpe — BCe
9TO IIPOUCXOAUT TOJBKO BHYTPH Hee.

OpHako Bce GoJIbIIEE YHCTIO UCCTIe-
JIOBaHUU o6pamiaioT 9Ty pabodyio ru-
noTe3y B BOITpoc. PUBHUKU-TEOPETUKU
BBIIBUJIM Pa3HOOOpa3HOe KOJINYECTBO
clieHapHeB KoJulalca 3Be3J, IIPHU KO-
TOPBIX TOPU3OHT COOBITUN BOOOIIE He
o6paasyeTcs, I CHHTYJIAPHOCTh, TAKUM
o6pa3oM, CTAHOBUTCSA BBICTAaBJICHHOU
Ha BceobIee 0603peHre. YUeHbIe Ha-
3BIBAIOT TAKYIO0 CHHTYJIAPHOCTD I'OJION
(nnm «o6HakeHHOI). BeliecTBO U U3-
JIy4eHHe MOTYT KaK II0IIaIaTh BHYTPb,
TaK U YXOQUTH U3 Hee. HecMoTps Ha TO
YTO IyTELIEeCTBHE K CHHIYJIAPHOCTHU
BHYTPH YePHOH JIbIPBI BO3MOMKHO TOJIb-
KO B OZJHY CTOPOHY, BBI, B IIPUHIIUIIE,
MoOxeTe nmoaobpaTbcsa K OOGHAKEHHOU
CUHTYJIIPDHOCTHU TaK OJIM3KO, KaK 3aX0-
TeJIH OBI, a IOTOM CMOIVIY ObI BEPHY Th-
cA U paccKasaThb 06 3TOM.

Ecuu GBI CyIIiecTBOBaJIA I'OJIas CUHTY-
JIIPHOCTD, TO IOCJEACTBUA OKA3aJINCh
6Bl CTOJIb BHYIIMUTEJIbHBIMU, UYTO ObLIN
6bI CcIIOCOOHBI OKa3aTh CYIIECTBEHHOE
BJIMSTHUE HA COBPEMEHHYIO acTpodu3u-
Ky U GyHAaAMEHTaJIbHYI0 Gusuky. OT-
CyTCTBHE I'OPU30HTA COOBITHI MOIJIO ObI
03HaAYaTh, YTO 3araJOYHbIe IIPOLECCHI,
MIPOUCXOAIINE BOJIU3N CUHTYISAPHOC-
Tei, BTOPIVINCH BO BHEIITHUI MUP. ['oJble
CHUHTYJISPHOCTH MOIVIM CTATh IPUYNHOMN
HEeOO'bSAACHUMBIX COOBITUU CBEpPXBBICO-
KHUX 9HEPrui, HabJo/laeMbIX aCTPOHO-
MaMH, a TaKmKe IOCIYKUTh JabopaTo-
puell AnA uccieoBaHUA TOHYAWIIEH
CTPYKTYPHBI IIPOCTPAHCTBA-BPEMEHU.

CYnTaI0Ch, YTO TOPU3OHT COOBITHI —
Haubosee «IOHATHBIN» YYEHBIM 3JjIe-
MEHT YepPHOM IBbIPbI, CHUHTYJIAPHOC-
TH K€ JeUCTBHUTEJIbHO 3araJ04HBbI
U IpUHAJAJIERAT K 006JacTH IIpo-
CTPAHCTBA-BPEMEHU, B KOTOPBIX I'pa-
BUTAIMOHHBIE CUJIBI CTAHOBATCA Gec-
KOHEYHO GOJIBIIINMH, HapyIas, TAKUM
o6pa3oM, U3BeCTHBIE (PpHU3NYECKUE 3a-
KOHBI. COINIACHO COBPEMEHHOMY IIO-
HUMaHUIO I'PAaBUTAIUN, OCHOBAHHOM
Ha o0IIel TeOPHUH OTHOCHUTEJIbHOCTH
(OTO) 9#iHIITelHA, CHHTYJIAPHOCTU
HensbeKHO o6pasyloTcsa B IIpoliecce

KoJtarica TUraHTCKOM 3Be3apl. OTO
He IIPUHUMaeT BO BHUMAaHHE KBaH-
TOBBIE 9(PPEKTHI, KOTOPbIE CTAHOBAT-
Cf BaXKHBIMU I MUKPOCKOIIMYECKUX
06beKTOB. HO MOKHO ITPEIIIOJIOKUTD,
YTO BO3HUKAIOINE KBAHTOBBIE 3 deK-
TBI IIPEIOTBpAIAIOT obpalleHue rpa-
BUTAIUU JEHCTBUTEIbHO B 6€CKOHEY-
HOCTb. PUBNKH 10 CUX NOP OBbIOTCA HAJ,
npo61eMoil pa3BUTUA KBAaHTOBOM rpa-
BUTAILUU, HEOOXOIMMOM /151 00'bACHE-
HUA PU3UIECKUX ITPOIECCOB, IIPOUCXO-
NAINUX B CHHTYJIAPHOCTAX.

JlJIss cpaBHEHUSA: TO, YTO IIPOUCXO-
JUT B 06J1aCTU IIPOCTPaHCTBA-BpeMe-
HU BOKPYT CHHTYJSAPHOCTHU, KasKeTCs
JIOBOJIBHO SICHBIM. PaJinyc ropu3oHTa
COGBITUI 3BE3/] COCTABIAET HECKOIBKO
KHUJIOMETPOB, YTO ropas/io 60JbIIle, YeM
MacmiTabbl KBAHTOBEBIX 9(pderToB. He
BBO/JII HOBBIX 32 KOHOB ITPUPO/bI, MOXK-
HO CKa3aTh, YTO F'OPHU30HTHI COOBITUHI
yIpaBJATCA ToNbKO 3akoHaMu OTO,
KOTOpPAas OCHOBBIBAETCSH Ha yIKe U3BeC-
THBIX IpUHIOUIIaX U npouuia 90-iet-
HIOIO ITPOBEPKY HAOIIOACHUSAMU.

BooO1ie roBops, NPUJIOKEHUE Te-
OpHH K KOJIAICy 3Be3]] — JOBOJIb-
HO TpyAoeMKas 3ajada. YpaBHEHUS
rpaBUTanUy OWHIITENHHA HU3BECTHBI
CBOEH CJIOKHOCTBIO, U MX PelIeHUe
TpebyeT yNpOIIAIOIIUX AONYIEHUH.
AmepurkaHckue ¢usuku k. Pobept
OnneHxretimep (J. Robert Oppenheimer)
u Xaptnanpa Cuanpep (Hartland S.
Snyder), a Takke, HE3aBUCUMO OT HUX,
uHauckui pusuk B. JlaTT (B. Datt)
OpPEeAIPUHAIN IIEPBYIO IIOMBITKY HX
pemeHua B KoHIEe 30-X IT. NPOIIJIO-
ro Beka. [IJs ynpoIieHus ypaBHeHUH
OHM pacCMaTPHUBAJIH TOJIBKO B TOUHOC-
TH chepUIeCKU-CUMMeTPUYHBIE 3Be3-
JBI, COCTOAIINE U3 OJHOPOJHOIO rasa
C IpeHeOpeKNMO MaJIbIM JIaBJIE€HU-
eM. YUeHble BBISICHUJIN, YTO €CJIHU KOJI-
JIalICUpyeT TaKkas ujieaaIn3upoBaHHAA
3Be3/a, TO TPaBUTAIUSA HA €€ IIOBEPX-
HOCTH PacTeT U B KOHIIE KOHIIOB CTaHO-
BUTCH JOCTATOYHO CUJIBHOM JJIf TOTO,
9TOOBI INIEHUTH BCE BEIIECTBO U U3JLY-
geHUe, GOpMUPYd TAKUM 06pa3oM ro-
PHU30HT COOBITUN. 3B€3/1a CTAHOBUTCSH
HEBUAMMOM AJi BHENIHEro HabJjo/a-
Tess, U KaK TOJIbKO OHAa CKOJIJIAIICU-
pyeT, BCe TPAeKTOPHUH, HaXOAAIUeCs
B 006JIaCTH 110/l TOPU30HTOM COOBITHH,
OyyT BECTU B CUHI'YJIAPHOCTb.

IIpomecc 3BOIIONUY PeaIbHBIX 3BE3/I,
KOHEYHO, Tropas/io cllodkHee. VX miaoT-
HOCTb HEOJIHOPOJAHA, Ia3 BHYTPU HUX
obiajjaeT AaBJI€HUEM, U IO9TOMY OHU
MOTYyT IIPUHHMAaThb HECKOJIBbKO WHBIE
¢dopMBl. Bo3HHKaeT BOIPOC: Kamaasd
JIM I0CTATOYHO MacCUBHAaA 3B€3/Ia IIpe-
BpalllaeTcs B YepHYyIo ApIpy? B 1969 r.
¢usuk OKCPOPACKOTO YHUBEDPCUTE-
Tta Pomkep Ilenpoys (Roger Penrose)
IIPEAII0JIOKMII, YTO OTBET HA 9TOT BOII-
poc 6yneT moJIoKUTeIbHbIM. CorylacHO
ero rumnorese, GOPMUPOBAHUE CHHTY-
JIAPHOCTU BO Bpe€MsA I'PaBUTAIIMOHHOIO
KOJIJIarca 3Be3/bl HeU36€eKHO BiIeYeT
3a cobolt popMUpOBaHUE U FOPU3OHTA
cobertuii. Ilpupoga kak 6yATo 3ampe-
IaeT HaM BU/IETh CHHTYJISAPHOCTD, VK-
pbIBas €€ TOPU30HTOM COOBITHH. TakuM
obpasowm, ujges Ileapoysa 6blaa Ha3Ba-
Ha (TUII0TE301 KOCMUY€CKOU IIeH3y PbD),
KOTOpasd, TeM He MeHee, cTana dyH/a-
MEHTOM COBPEMEHHBIX HCCJIE€JOBAaHUN
4YepHBIX JbIp. PUBMKU PACCUUTHIBAINA
JIOKa3aTh 3Ty TUIIOTE3y TaK e MaTeMa-
THUYECKHU CTPOro, Kak 3To OBLIO cAesa-
HO ITPH JIOKa3aTeIbCTBE HEM30eKHOCTHU
BO3HHUKHOBEHUA CUHTYJISAPHOCTH.

OfHAKO HaJAekAaM CIEIHaJINCTOB
HE CYXJeHO ObLI0 cObIThCA. BMmecTo
TOTO YTOGHI IPUMTH K IPAMOMY JOKa-

YepHble AbIpbl ¥ FOfIble CUHTYNAPHOCTN —
ABa BO3MOXHbIX CbI/IHaﬂbeIX COCTOAHUA
npotecca konnarnca ruéHyLen maccmB-
Hou 3Be3[pbl. CepALeBmHY Kaxaoro u3 Hux
COCTaBSISIET CUHIYNSIPHOCTb — KIy60K Ma-
TEPUN TakoM BbICOKOW NIOTHOCTH, YTO CTa-
HOBSAITCA HEOOXOANUMbIMMW HOBbIE 3aKOHbI
hr3nKkKM gns ero onucanus. Bee, yto nona-
[aeT B CUHIYNSIPHOCTb, pa3pyLuaeTcs.

B 4epHOW Ablpe CUHTYNAPHOCTb «Ofe-
Tas» — OHa OKpYyXeHa BUpTyaNbHOW
rPaHNYHO MOBEPXHOCTbIO, Ha3blBAEMOW
rOPU30OHTOM COBbITUIA, KOTOpas CKpbIBa-
eT ee OT BHelUHero Habnopartens. Bee,
4YTO NPOHUKAET NofA 3Ty NOBEPXHOCTb,
HUKOrAa He MOXeT BEPHYTbCA Ha3ag.

O6HaxeHHas CUHTYNAPHOCTb HE OKpY-
XeHa Takol rpaHNYHOM NOBEPXHOCTbIO.
OHa Bnagmma BHelLHeMy Habnogartento,
1 06bEKTbI, ABMXYLLMECS MO Hanpasse-
HUIO K HEel, MOTyT, B NpyHUWMNe, pasBep-
HYTbCS BNIOTb [0 LOCTUMXXEHUS CaMOW
CUHIYNAPHOCTH
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OU3NKA

HenpekpaluatoLmecs cropbl 0 TOM, MO-
XeT N hopMUpoBaTbCsi 06HaXEeHHas
CUHTYNSPHOCTb, — YaCTb AJIMHHOM UCTO-
pYK O YePHbIX Ablpax

O6wwas Teopust oTHocuTenbHocTn (OTO)
npefckasbiBaeT YepHble Ablpbl, HO JIH-
LWUTENH COMHeBasncs, MOryT i OHU CYy-
LLlecTBOBaTb B EMCTBUTENBHOCTM.

O>x. Pob6ept OnneHrenmvep (J. Robert
Oppenheimer) (no3e BO3rnaBuBLUUIA
MaHX3TTEHCKUI MPOEKT) U Apyrue yye-
Hble Nokasarnu, 4To YepHble Ablpbl MOTYT
dopmmposaTtbcs

CTtuBeH XokuHr (Stephen Hawking)
n Popxep MeHpoy3 (Roger Penrose)
(Hmxxe) pokasanu, 4To 06pa30BaHNE CUH-
ryNAPHOCTU HEN3OEXHO

MeHpoy3 yTBEpXAar, YTO CUHTYNAPHOC-
TV OOMXKHbI 6bITb CKPbITbI FOPU3OHTOM
cobbITUIA. HekoTopble yyYeHble npuaep-
XMBaNUCb NHOW TOYKM 3pEHUS

3aTeJbCTBY T'MIIOTE3BI KOCMHUYECKOH
LI€H3Y PbI IIPU JII00BIX PU3NUIECKUX yC-
JIOBUAX, yY€HBbIe OKa3aJIMCh BEIHYK/E-
HBl pacCMaTPUBaTh Pa3jJUYHBIE CIIY-
Jau KoJjjIarca, OAUH 3a JPyTUM, II0C-
TEeIeHHO yKpallad TeopeTHYecKUue
MOJeIU AeTaJIAMHU, B KOTOPBIX HYXK/Ja-
JINCh HavaJIbHbIE UCCJIEJOBAHUA B 9TOM
o6nactu. B 1973 r. HemMenkuii GU3UK
l'anc IOpren 3eiidepT (Hans Jurgen
Seifert) u ero Kosuteru BBeJU B pac-
CMOTpEeHHEe HeOJHOPOAHOCTb pacipe-
JleJIeHUs BelllecTBa B 3Be3ge. VHTpHU-
I'YIOIMUY pe3yJIbTaT: CJIOU IPOHUKA0-
IIIEr0 B YEPHYIO AbIPY BeIleCTBa MOTJIU
GBI CTAJIKUBATBCHA, IOPOKAAA HE CKPBI-
Thle TOPU30HTOM MT'HOBEHHBIE CHHTY-
JIAPHOCTH. HO CHHTYIAPHOCTU MOTYT
GBITH Pa3HBIX THUIIOB, U T€, 0 KOTOPBIX
UaeT peyb, OKa3aluch Obl «MATKUMID.
JlpyrumMu cjaoBaMy, HECMOTPA Ha TO
YTO IJIOTHOCTHh B HEKOTOPOH 06s1acTH
6pl1a 6bI 6€ECKOHEYHOM, TpaBUTALIUA
ocTaBajach 6bI KOHEYHOM, U, TAaKUM
o6pa3oM, CUHTYJIAPHOCTD He cixasia 66l
BEIIEeCTBO U IoITaJalolye B Hee 00beK-
TBI /10 pa3MepoB OGyJIaBOYHOI'O YKOJIA.
B Takol CUHTYJIPHOCTHU COXPaHUINCh
661 3akoHBI OTO, 1 BEIecTBO IIPOAOI-
#aJo OBl IBUTATHCA JaJIBIIE IO CBOEH
BCTPEYU C UCTUHHOW, IIEHTPAJIbHOU
CHHTYJISPHOCTBIO.

B 1979 r. lyrnac Upaau (Douglas M.
Eardley) ns KanudopHuiickoro yHu-
Bepcurera B CanTa-Bap6ape u Jlappu
Cmapp (Larry Smarr) u3 ViiauHoric-
CKOT'0 YHUBEPCHUTETA CAeJIaHU CIeAY-
IOIIUH IIar, OCyIIeCTBUB YHCJIEHHOE
MOJIEJIMPOBAHUE 3BOJIOIUU 3BE3JBI,
obGaarlneil 3aKOHOM HW3MEHEHUSd
MIJIOTHOCTHU, IIOBBIIIEHHOU B LIEHTpe
¥ Me/IJIEHHO yObIBaroIei K nepudepuu.
Tod4HO TaKHUe ke, HO yike 6oJiee TOUHbIe
pe3yJIbTaThbl ObLIM IOy 4YeHbl B 1984 1.
Hemetpuocom Kpuctomony (Demetrios
Christodoulou) us I1IBefiniapckoro dee-
PaJIBHOTO TE€XHOJIOTMYECKOI'0 HHCTHUTY-
Ta B I{ropuxe. CorjjacHO 3TUM JABYM MC-
cJIeIoBaHUAM, 3Be3/]a CAKUMAaeTCA A0 Hy-
JIEBOTO pa3Mmepa ¢ o6pa3oBaHUEM TOJION
cHHTyJIApHOCTH. OgHaKo o6e MojesHn
BCe ellle He YYUTBIBAIU JaBieHue. Pu-
yapz Heioman (Richard P.A.C. Newman)
u3 Moprckoro yHusepcuTera Beruko6-
PUTAHUH IIOKA3aJl, YTO 00pasyoomasaca
TaKUM 00pa3oM CUHIYJIAPHOCTb CHOBA
OKa3bIBaeTCA IPaBUTAIIMOHHO CI1aboii.

BooayiieBlIeHHbIE II0JYYeHHBIMU
pe3yiapTaTaMM, MHOTHE HCCJeI0Ba-
TeJU, BKJIOYasg aBTOpa 9TOH CTaThH,
3aHAINCh (POPMYJIMPOBKON CTpOrou
TeopeMBbl, IJIacAIlel, YTO TrojIble CUH-
TYJIAPHOCTH BCEerja T'paBUTAIMOHHO
ciaabple. Ho HU4Yero He IOJIYyYUIIOCH.
I[Ipy4ynHa BCKOpPE BBICHHJIACH: OKa-
3aJI0Ch, YTO B HEKOTOPBIX CIydaax He-
OZTHOPOJTHOTO KOJlJIalica o0HaMKeHHbIe
CHUHTYJSPHOCTU OGBIBAIOT CUJIbHBIMU,
T.€. UICTUHHBIMU CHUHTYJAPHOCTAMH,
B KOTOPBIX IIOJHOCTBIO pa3pyliaeTcs
BEII[ECTBO, ¥ KOTOPBIE, TEM HE MeHee,
OCTAIOTCA BUAUMBIMU /I BHEIITHET O
Habamogarensa. OOIMN aHAJIU3 KOJI-
JIarica 3Be3/Ibl (XOTH II0 IIpexHeMy 6e3
ydJeTa JaBJIeHUsA rasa), IpoBeJeHHBIN
B 1993 r. UnnpemewM [[BuBeau (Indresh
Dwivedi) us YHuBepcuteta Arphl 4 aB-
TOPOM 9TOM CTaTbU, IOATBEPAUJIU
Y IIPOSICHUJIU 9TH IOJIOKEHU .

B Hauvase 90-X I'T. IPOLLJIOTO BeKa
6GBIJIO YUTEHO U JaBJeHUe ra3a. AMoC
Opu (Amos Ori) u3 I3pauabCKOro Tex-
HOJIOTUYECKOro HHCTUTYyTa (TexH1oHa)
u [Bu [TupaHs (Tsvi Piran) ns apanab-
CKOro yHuBepcureta B Mepycaiaume
IIPOBEJIN YHCJIEHHOE MOJeJIMPOBaHUE,
a rpylia aBTopa CTAaTbH HOJIydHiIa
TOYHBIE AaHAJIMTUYECKUE PELIEHU CO-
OTBETCTBYIOIIUX ypaBHEHUHN. Pe3yib-
TaT TaKOM: 3Be3/bl C PEATUCTUYIHBIM
COOTHOIIIEHUEM IUIOTHOCTHU U JiaBJie-
HUSA IIPU KOJIJIAIICE MOTJIM GBI TIOPOIK-
JlaTh r'ojible CUHTYJIApHOCTH. [IpruMep-
HO B TO K€ BpeMs Hay4Hble I'DyIIIbI,
Bo3rasiagemsble [lxynno Manbu (Giulio
Magli) u3 MIuJIaHCKOI'0 IOJIUTEXHUYeC-
koro yHuBepcuteTra u Ken-uun Hakao
(Ken-ichi Nakao) u3 YHuBepcurera
Ocaky pacCMOTpeIH MOJieIb KOJlIam-
ca 3Be3bl, obnasanieil JaBJIeHueM,
KOTOpOe 00yCJIOBJIEHO BpaIllAIOIMUMU-
cf YacTUIlaMU. Y4YeHbIe IIOKa3aJH, 4TO
ISl IIUPOKOTO Kjacca JOIMYyCTHUMBIX
B TAKOW MOJeJU ITapaMeTpoB (dUHA-
JIOM KoJulallca TaKike CTAHOBUTCH 00-
HaKeHHad CUHTYJISAPHOCTb.

Bo Bcex NIpOBEIEHHBIX HCCJIEN0Ba-
HUAX KOJUIAIICUPYIOIee TeJIO IoJlara-
Joch c@epuYeCcKu-CUMMETPUYHBIM,
YTO HOpeAcTaBasgeT coboll xopomiee
NpUGIUIKEHNE, IIOCKOJIbKY peabHbIe
3Be3/IbI JIOBOJIBHO OJIN3KU K TAKOH pop-
me. Kpome Toro, cTporo cepudecKku-
CHMMeTpHUYHBIEe 3Be3/1bl 06/1aa0T 60-
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ALFRED T. KAMAJIAN

ABA KOCMUYECKUX YYJOBULLA

B CYLHOCTWN, obHaxeHHas CUHIYJIAPHOCTb — 3TO 4YepHasda ablpa 6e3 cBoen <<‘-IepHOl7I>> YacTu: OHa MOXET Kak BcacblBaTb B cebs
MaTepuro n nusnydeHune, Tak u uctopratb Ux n3 cebs. Takum o6pa30M, ronasa CUHryndapHOCTb MOXET BbIrNMAneTb No-pasHoMy

1 MO-pasHoOMy BNMSATbL Ha OKPYXKatoLLlee NPOCTPaHCTBO

HYEPHASA [bIPA

AKKPELMOHHBIV
AnCK

o

KnioyeBas xapakTepucTvika YepHoi Ablpbl —3TO FOPUSOHT COBLITUN, MO-
BEPXHOCTb, NMOJ, KOTOPYIO MOXET NonaaaTth BELLECTBO, HO U3-MOA KOTOPO
OHO HMKOTAa He MOXET BbINTM HAapyXy. Kak npaBuio, ropu30HT COBbITUIA
OKPY>XEH BpaLLaloLLMMCS Fra30BbIM LUCKOM

B3rngag co
CTOPOHbI

BHELUHEIO
HABIIOOATENA

C TOYKM 3peHMsi BHELLHETO yAaneHHoro Habnogarens YepHas ablpa Hanomu-
HaeT YepHbIN Kak CMonb LWwap. CUHFYNSPHOCTb PACMoNoXeHa BHYTPY U HE MO-
XeT Habnpatbes. TpeHne BO BpallalLLeMcs BOKPYr YepHON Abipbl AUCKE
nopoXxpaaeT MHTeHCMBHOe n3ny4eHve. OgHa 4yacTb BelecTBa ANCKa Bbibpachl-
BaeTcs B BUAE [)KeTa, apyras normioLiaerca

MPOCTPAHCTBEHHO-
BPEMEHHAS
AVATPAMMA

Y1 CBET:
CUHrynsipHoCTb Ilysu caera

FOpU30HT cobbITUIA

OpHopopHasi 3Be3fa 6ea y4erta AaBfieHuUs rasa cxXvMmaeTcs (Kosinancupyer)
B YEPHYI0 AbIpy. (paBUTaLMs 3BE3Abl HAPACcTaeT, BCe 60bLUE U GOMbLUE UCKPYB-
NS TPAeKTOPUU ABUXYLLUXCS BONW3N Hee 06bEKTOB (BKIOYas (DOTOHbI)
1 B KOHLIE KOHLIOB 3aMbIKas UX

OBHAXEHHAA CUHI VJIAPHOCTb

Bei6pacbiBaemoe
BELLECTBO

Mapatoiee
BELLeCTBO

[onas CUHryNAPHOCTb HE MMEET ropnM30oHTa co6bITMI. Tak Xe, Kak
1 4yepHas Ablpa, OHa MOXEeT MornoLarh BeLecTso, HO, B OT/IM4ME OT
Hee, MOXeT 1 BbibpacbiBaThb BELLECTBO

WcnyweHHoe
BELLECTBO,

Mapatowiee

W) §

VoapHble BOMHbI

lonas CUHTyNsiPHOCTb BbIFMAAMT Kak KpoLLeYyHas necymHka, kotopas,
npaepa, obnagaeT HeBoo6pa3MMON NIOTHOCTLIO. MNafatoLLee BeLLecTBo
MOXeT 6bITb Ha6loAaEMO 0 CAMOro Noc/ieAHEro MOMEHTa CBOEro ABK-
XKEHWsI Mo HanpaBeHUIo K CUHIYNAPHOCTU. CuibHas rpaBuTaums MoOXeT
NopoXaaTh MOLLHbIE yAapHbIe BOSHbI

B cnyyae, koraa 3Be3fa HeogHOPOAHa, ee rpaBuTaLns MOXeT U He Bo3pac-
TN AOCTATOYHO CUIIbHO [Nl TOro, YTO6bI NIeHUTb (DOTOHLI. 3Be3Aa Konnan-
CUPYET B CUHTYNAPHOCTb, HO 3TY CUHIYNAPHOCTb MOXHO HabnoaaTh (nowa-
rosoe MogenMpoBaHue 3Toro npowyecca Bpeska Ha ctp. 30).




OBAMYTU PASOABIIMBAHNA 3BE3[bI

KoMnbloTepHOe MOLENMPOBAHMWE BbISBISET YCNOBUS, NMPU KOTOPbIX
3B€e3[a KonnancupyeT B YepHYIO ObIpYy UK B OGHaXKEHHYHO
CUHIYNSPHOCTb. MoKasaHHbIe pe3ynbTaTbl MOAENIMPOBaHUS nosaraoT

HEPHAA [ObIPA

1. HawanbHas KoHurypaums 3ase3gbl —
PbIXMbIA Wap

4. B KOHEYHOM CHETE rpaBuUTaLs HapacTaeT
Tak CUNbHO, YTO OHA MNEeHAET Aaxe MOTOHbI,
1 06pasyeTcs FOPU3OHT COBLITUI

Jiee 6J1aronpPUATHBIMU YCIOBUAMH JJIS
¢dopMupoBaHUA rOPU30HTA YACTHIL,
YeM 3Be3/Ibl, OTKJOHAIOIINECS OT 9TOHU
koHurypanuu. CieoBaTeJIbHO, €CIN
THUIIOTEe3a KOCMHUYECKON I[eH3yPhl Ha-
pyumaeTrcs yxe 1ia chepudecKu-CuM-
METPUYHBIX 3BE€3J], TO YTBEPIKIACHUE
ee BCEOOIIHOCTH BBIIVIAAUT ele 60-
Jlee COMHUTEJbHBIM. YUeHbIe IPOJ0JI-
KA KCCJIe0BaTh HecheprudecKui
kosnarnc. B 1991 r. Croapt lanupo
(Stuart L. Shapiro) us ManuHolccKo-
ro yHuBepcuteTa u Cayi TIOKOJIbCKUHM
(Saul A. Teukolsky) n3 KopHyaabcKoro
YHHUBEPCUTETA IIPECTABUIH PACUETHI,
COIJITAaCHO KOTOPBIM HechepudecKue
3Be3/1bI KOJJIAaIICUPOBaJju 661 ¢ 06paso-
BaHUEM OOHAMKEHHBIX CHHTYJISPHOC-
Tell. HeckonbKO JeT crycTa AHIKEH
Kpouak (Andrzej Krolak) s ITosbckoit
aKaJleMHUH HayK COBMECTHO C aBTOPOM
9TOM CTAThU TaKIKe U3ydan Hechepu-
YeCcKUH KOJIIAIIC M TaKiKe OOHAPYKUIN
o6HaMKeHHbIe CUHTYIsApHOCTH. Hamom-
HHUM, 4TO 06a YKa3aHHBIX UCCJIe0Ba-
HUSA He YYUTHIBAIU JaBJICHUe rasa.
HekoTopble CKEIITUKU BBICKA3bIBAJIN
COMHEHHE, JIeHCTBUTEIbHO U TaKHUe
CUTyaIlU! SAABJIAIOTCA OOGIIMMU. BbI30-
BET JIX He0OJIbIII0e U3MEHEHHE HaYaIb-
HOM KOH(QUTypanmu 3Be3bl BHE3all-
HOE IIOABJIEHWE TOPU30HTa COOBITUH,
CKPBIBAIOIIEr0 CUHIYJIAPHOCTE? Eciu

2. B xone konnanca 3Be3ga BHavane
CTaHOBUTCA 6051€€ NNOCKO

5. BellecTBO, HaxoAsLLeecs Nog ropu3oHToM
COObITUI, NPOAOIIXKAET KonnancmposaTh 40
06pa3oBaHNA CUHFYNAPHOCTH

Ja, To Torja obGHa:KeHHAas CHUHTYIAP-
HOCTB MOIJIa 6Bl OKa3aThCA BCETO JINIIb
IOGOYHBIM CJIEACTBUEM HUCIOJIb3yEeMBbIX
IpH pacyeTax IIpUOIMKEeHUN, a He Gu-
3UYECKOH peaJIbHOCThIO. HekoTopnle
SK30THYECKHE CIIEHAPUH C HEOOBIYHBI-
MU popMaMU MaTEpPUU JEeHUCTBUTEIb-
HO YyBCTBHUTEJBHBEI K pacueTaM, HO,
COITIaCHO pe3yJbTaTaM aBTOpa 3TOH
CTaTbH, FOJIbIE CHHTYIAPHOCTH IIPEUMY-
IIECTBEHHO YCTOMYMBBI OTHOCUTEIBHO
MaJIbIX BO3MYIIIEHUY HadaJIbHBIX yCJIO-
BUH B 3Be3/le, UTO CKOpee YKasbIBaeT Ha
HUX OOIITHOCTD, YeM HAAyMAaHHOCTb.

HuskenpuBejeHHbIEe KOHTPIIPUMEpPHI
Kk rumnoTe3de [leHpoy3a HOKa3bIBAIOT,
9TO KOCMHUYECKas I[eH3ypa He IIpeJ-
cTaBiasAeT cob60il BCeOOIUI NPUHITUIL.
®U3NKN HE MOTYT YTBEPKAATH, UTO
«KoJljIamnc 1000l MacCCHUBHOMR 3Be3/bl
IPUBOJIUT K CO3JaHUIO TOJIBKO YEPHOMI
ABIPbD UM «JII000W (pu3myecku pea-
JIMCTUYHBIN KOJIJIATIC 3aBepIIaeTCs ee
nosiBiaeHreM». OTHU CIIeHAPUU IIPHUBO-
AT K POKJEHUIO YePHOM IBIPHL, a IPY-
rve — K NOsIBJIEHUI0 OOHAKEHHOU CUH-
I'YJISPHOCTU. B HEKOTOPBIX MOZJEIAX
CHHTYJISPHOCTb BU/IIMA TOJBKO HEKO-
TOpoe BpeMs, a 3aTeM chopMHUPOBaAB-
IINMCA TOPU30HT COOBITUN CKPBIBAET
ee; B IPYTUX e TaKasd CUHIYJIAPHOCTh

3Be3[ly POeM HacTuL, rpaBuTaLms KOTOPbIX HACTONbKO MOLLIHA,
YTO OCTasbHble CUMbl, AENCTBYIOLLME B 3TON CUCTEME
(Hanpumep, faBneHune rasa), NPeHe6PEXMMO Marbl

3. ...a3aTeM CXUMaeTCcs yXe no Bcem
HanpaBneHuam

6. ®uHanbHas cTagusa 3BONOLMK 3Be3abl
MOXeT 6bITb CMOLAENNPOBaHa, HO B peanbHOCTU

Habngath ee HEBO3MOXHO M3-3a Hanm4uus
ropn3oHTa cobbITUN

ocTtaeTcsa BuguMoil Bcerga. OGBIYHO
rojasg CHHTYJISPHOCTb pa3BUBaeTCHd
B F€OMETPUYECKOM II€HTpe KoJlIarca,
HO 9TO HE BCEr/la COOTBETCTBYET Jieic-
TBUTEJbHOCTH, OJJHAKO AK€ €CJIM 3TO
NPOUCXOAUT, TO CUHTYJIAPHOCTb MO-
JKET PacIpPOCTPAHATHCA B Apyrue o6-
sactu. (Harota» GbIBaeT pasHBIX BHU-
JI0B: TOPU3OHT COOBITHI MOKET CKPBITH
CHHTYJIAPHOCTb OT HACTOMYMBOIO Ha-
6aronarens. B To e BpeMdA ecli OH
IIPU JOCTATOYHO 6JIU3KOM paccMoTpe-
HUU IPOHUKHET BHYTPb F'OPU30HTA CO-
OBITUIN, TO YBUAUT CUHTYJIAPHOCTD J10
TOro, Kak GyJIeT el0 yHU4TOoxeH. O6u-
JIi€ BO3MOKHBIX BAPUMAHTOB IIPOCTO
c6UBaeT C TOJIKY.

ABTOp 9TOH CTaThU C KOJJIETAMHU BbI-
JeNNIN XapaKTepHble OCOGEHHOCTHU
Pas3IUYHBIX CIIEHAPUEB, IPUBOJAIIAE
UM He NPUBOJAAIINE K 00pa3oBaHUIO
ropusoHTa cobeiTuii. Oco6oe BHUMa-
HUE UCCJIe0BATEN YAEIUIN POJIU He-
OZJHOPOAHOCTEMN U AaBjeHulo rasa. Co-
rnmacHo OTO, rpaBUTAUA €CTh CJIOMK-
HBIM (peHOMEeH — TakK, pa3Hble CJIOU
BEIIeCTBA MOJABEpPrarTcad XapaKTep-
HBIM CMelleHuAM. Eciu IJIOTHOCTh
KOJIJTAIICUPYIOIEeX 3Be3Jbl BeJHKa
HACTOJIbKO, YTO 3B€3Jja He JAeT CBe-
Ty YUTH, U K TOMY € HEOJHOPOJHA,
TO 61arogapsd ApyruMm apdexram cBeT
BCE-TAKH CMOMKET BhIpBaTbcA. CABUT
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LILA RUBENSTEIN; SOURCE: STUART L. SHAPIRO University of lllinois AND SAUL A. TEUKOLSKY Cornell University (computer simulations)



FONAA CUHIYIIAPHOCTb

1. HayanbHas KoHurypauns 3asesfbl
HarnoMuHaeT MAY4 B aMepukaHcKoMm yT6one

4. XoTs rpaBuTaLna HapacTaeT, OHa HUKorpa
He CTaHOBUTCA AOCTATOYHO CUMbHOW A5 TOrO,
4TOObI NNIEHNTHL POTOHbLI M CHOPMUPOBATL
FOPU3OHT COBLITUN

BelecTBa BOJIM3U CHHTYJIAPHOCTH
MOIKET, HalIpUMep, BBI3BAaTh MOIIHYIO
yAapHYIO BOJIHY, BbIOpAChIBAIOIIYIO
BEIIEeCTBO U U3JIy4YeHue, T.e., 10 CyTH,
NPUBECTH K I'PaBHTAIlMOHHOU Oype,
HapymamoIine Immpornecc GopMHupoBa-
HUA TOPU30HTA COOBITUN.

IMpuctynuM K GoJsiee JeTaJbHOMY
paccMoTpeHUI0. BospMeM opgHOpOA-
HYIO 3Be3Jly, IpeHeOperas AaBIEHUEM
rasa (aBJjieHHUe U3MEHAET AeTaIu IIPo-
1iecca, HO He BJIMSeT Ha ero obliee Ipo-
TekaHue). ITo Mepe TedeHUA KojIamca
HaINIpAKEHHOCTh TI'PAaBUTAIIMOHHOIO
10JIA HapacTaeT U CUJIbHO UCKPUBJISA-
€T TPAaeKTOPUHU JBUKYIIUXCA 0O0bEK-
ToB. TpaekTopuu GOTOHOB TaKiKe BH-
JOU3MEHSAIOTCA, W HACTyIlaeT TaKoH
MOMEHT, KOIJla UICKPHUBJIEHUE HACTOIb-
KO CUJIBHO, YTO CBET 6OJIbIIle He MOKEeT
YXOAUTH OT KOJIJIAIICUPYIOIIEeH 3Be3/bl.
O61acTh, B KOTOPOU CBET OKa3bIBA€TCA
NJIE€HEHHBIM, YBeJIU4YUBaeTCHA, AOCTU-
ras cTabuUJILHOI'0 pasMepa, IPOIOPIIIO-
HaJIBHOTO Macce 3Be3bl. Mex Iy TeM 3a
CUYET TOTO, UYTO INIOTHOCTH 3BE3JbI OfI-
HOPOJHA 110 IPOCTPAHCTBEHHBIM KOOP-
JUHaTaM U MEHAETCS TOJIBKO BO BpeMe-
HU, 3Be3/la KaK IeJI0e OJHOBPEMEHHO
paspymaeTca B CHHTYJISApHOCTH. I1e-
HEHUeE CBeTa IIPOUCXOAUT /10 3TOT0 MO-
MEHTa, U, TAKUM 06pa3oM, CUHTYJIAP-
HOCTB OCTAETCS CKPBITOU.

2. 3Be3fa Konnancupyet CUMMETPUHHO
OTHOCUTEJIbHO CBOEW 0CK

5. Hanbonbluas nnoTHOCTb JOCTUraeTcs Ha
NPOTMBOMOMOXHbIX KOHLaX «BepeTeHa», rae
1 (hOPMUPYIOTCA CUHTYNIIPHOCTH

Tenepb paccCMOTPUM Ty € CaMYIO
CUTyaIlWIo, IIPEAIIOJIOKUB, YTO IJIOT-
HOCTb NAJJa€T C POCTOM PACCTOSHUSA
OT LIEHTpa 3Be3Jbl. MOKHO CKa3aThb,
YTO 3Be€3Ja B 3TOM ciiydae obiajaeT
CTPYKTYPOH JIYKOBHUIIBI C KOHIIEHTPH-
YeCKUMHU CJI0SMU BellecTBa. 'paBuTa-
IIMOHHOE IT0JIe JeHUCTBYeT Ha KaIbII
U3 HUX M HAXOAUTCHA B 3aBUCHUMOCTH OT
cpeaHe! IIOTHOCTU MAaTepPUH BHYTPU
cyos. M3-3a Toro, 4To HauboJIee IJIoT-
Hble BHYTPEHHUE CJIOM NOABEPHKEHBI
6os1€e CUIbHOM I'paBUTAIIN, OHU KOJI-
JANCUPYIOT OBICTpEe, YeM BHEIIHUE.
Bcs 3Be3ia He KOJJIAIICUPYET B CUHTY-
JAPHOCTBh OJHOBpeMeHHo. BoJee riy-
60KMe CJION KOJIAIICUPYIOT OBICTpeEe,
a 3aTeM OfMH 3a APYTUM — BHEIITHUE.

Pesynbrupyroiiee
MOKET OTCPOYUTH (POPMUPOBAHUE T'O-
pusoHTa coObITUN. Eciu mociaegHu

3ana3ablBaHUE

cdopMupyeTCH I7ie YTOAHO, TO 9TO HPO-
U30MJIET B IJIOTHBIX BHYTPEHHUX CJIO-
ax. Ho eciiu maJieHUe IVIOTHOCTU C pac-
CTOSHHEM IIPOUCXOJUT CIUIIKOM GbIC-
TpPO, TO 9TU CJIOU MOTyT He HabpaThb
JOCTATOYHONM Macchl I IJIEHEHUS
¢dotonoB. ChopmMupoBaBIIasacsa CHUH-
TyJAsApHOCTB O6yieT rosoit. TakuMm obpa-
30M, CYIIECTBYyeT HEKHUI IIOpPOT: eCJH
CTeIeHb HEOJHOPOJHOCTU MaJjla ¥ HUKE
HEKOTOPOH KPUTUYECKOU, TO YepHasd
AbIpa GOPMUPYETCH; IPU HAJIUYUH Ke

3. 3Be3aa CTaHOBUTCS NMOXOXEN Ha BEpeTeHo

6. Hnkorga He nosBnsieTCA ropu3oHTa Co6bITUNA,
CKPbIBAIOLLLEr0 CUHTYNAPHOCTU, U OHW OCTaloTCA

BUAMMbIMUW BHELLHUM Wabnogatenam

JOCTATOYHBIX HEOJHOPOJHOCTEH BO3-
HUKAaeT rojasd CHHTYIAPHOCTb.

B npyrux cueHapusax OCHOBHOH Ila-
paMeTp — CKOPOCTB KoJjarca. JlaH-
HBIN 9 PEeKT 0cCO6EHHO HATIAJEH B MO-
JeNAX, TAe 3Be3JHBIA ras II0JTHOCTHIO
IIepexXoUT B HU3JIy4YEeHHE, M 3Be3Ja
CTAaHOBUTCA TUTAaHTCKUM OTHEHHBIM
mapoM — CIleHapui, BOepBbIe Mpea-
JIoeHHBIA B 1940 r. uHAUNCKUM Du-
suxoM I1.C. Baiigpsa (P.C. Vaidya) B kKOH-
TEKCTEe MOJIeJINPOBAHUA U3JIy YaIOIIUX
3Be3/l. B mpeaoxeHHON MoJe/IN TaK-
e CyIIeCTBYeT IIOPOT: MEJIEHHO KOJI-
JIalICUPYIOIIe OTHEHHBIE IIaphl CTa-
HOBATCA YEPHBIMU AbIpAaMU, HO IPU
JIOCTATOYHO OBICTPOM KOJJaICce CBET
He OKa3blBaeTcdA INIEHEHHBIM I'DaBHU-
Taluel, U pomJaeTcs rojgas CHUHTY-
JIAPHOCTB.

B03MOKHOCTD CYIII€CTBOBAHUS I'OJIBIX
CHUHTYJAPHOCTEH IOPOMKIAEeT MHOI'O
KOHIENITyaJIbHBIX IPOGJIEM B HAY YHBIX
ucciieoBaHuAX. CorjacHo oOIIel 10-
TOBOPEHHOCTHU, TAaKHe CHUHIYJIAPHOC-
TH cjejaju Obl IPUPOLY HEIpesCcKa-
3yeMoil B cBoeld ocHoBe. IIOCKOJIBKY
B cuHrynsapaocta OTO napymaercs,
aHHas TEOpuA HE MOKET IIpeJcKa-
3aTh, KaK IIOBEYy T ce6s 9TU CUHTYJIAP-
"HocTu. [3xoH MpmaH (John Earman) us
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OU3NKA

MOXXHO JI B3JIOMATb YEPHY1O [IbIPY?

poMe Kak B mpoLecce Konnanca 3se3fbl,

O06GHaXEHHYI0O CUHIYNAPHOCTb MOXHO
co3fgaTtb U ApYyruM Cnoco6oMm: paspyLmnTb
YK€ CyLLeCTBYIOLLYIO YHEPHYIO Ablpy. XOTS 3TO
1 BbIFSIAMT HEBO3MOXHbIM, COrNacHo ypaB-
HEeHVSM o6Lle TEopun OTHOCUTENBbHOCTU
(OTO), ropu3oHT COBbITUIA MOXET CYLLECTBO-
BaTb TONIbKO ECNN YepHas Ablpa BpallaeTcs
He CMULLKOM 6bICTPO U €€ 3NEKTPUHECKINI
3apsAg He CNULLIKOM BenvK. bonbLlunHcTBO
(13NKOB nonaratoT, 4TO YepHasa Abipa
NpenaTCTBYeT BO3HUKHOBEHMIO CKOPO-
CcTu 1 3apsaga 6onbLUnX, Yem onpepe-
JNIeHHble BeNn4uHbl. Ho HekoTopble
CYMTAalOT, YTO YepHas Ablpa Hensbex-
HO NornéHeT, B pe3ynbTare 4ero ropu-
30HT CO6bLITUI pacceeTcs, 06HaXNB
CUHTYNSIPHOCTb.

Pa3orHaTb Y4epHyto Ablpy HETPYAHO.
BeuwiecTBOo NnonagaeT B Hee, obnaaas
yrnoBbiM MOMEHTOM BpalleHus,

[TuTcOyprcKoro yHUBepcUTeTa KaK-TO
CKa3aJl, YTO U3 TAKOU CUHTYJISAPHOCTH
MOTYT IOABUTHCA U 6G0JI0THAA THHA,
U IpoIaBIIMe HOCKU; OHU TOYHO Ma-
ruyeckue obyacTH, B KOTOPBIX HAayKa
6eccuibHa.

Konb CKOpO CHHTYJISAPHOCTHU OCTa-
I0TCA CKPBITBIMU TOPU30HTOM, IIPOU3-
BOJI UX IToBeieHUus oby3naH, u OTO xo-
POIIIO OIUCHIBAET IIPOCTPAHCTBO-BpeE-
Md, II0 KpaliHel Mepe, BHE TOPU30HTA
co6bITHM. Ho eciii CHHTYJIAPHOCTU MO-
TyT OBITH TOJIBIMHY, TO UX HEIIPEICKA3Y-
€MOCTBb YHUYTOKHUT IIPEJICKA3yeMOCTh
U Bcell ocTaibHOM Beenennoil. Hanpu-
Mep, korjga dusuku npuMeHanT OTO
K pacueTy op6uUThl 3eMau BOKPyT CoJl-
HIIQ, OHH, B CYIIHOCTH, JOJKHBI CJe-
aTh JOMNyIIeHNE BO3MOKHOCTHU TOTO,
YTO Iile-TO BO BcejleHHOM CUHTyJIAp-
HOCTb MOKET IIOPOAUTH I'paBUTAIU-
OHHBIM HMIIYJIBC, CIIOCOGHBIM H3Me-
HHUTBb TPAEGKTOPHUIO JABUKEHUA HaIlel
IJIaHETBHI.

ITorka Takoe orraceHre 6€CIIOYBEHHO.
He cBA3aHHAadA c HAPYIIEHUEM I'UIIoTe-

KOTOPbIN 3acTaBnfeT YepHyo Ablpy Bpa-
waTtbca 6bicTpee, Kak ABEPb-BEPTYLUKY.
HapalwmBaHwue 3apsifa cnoxHee, NockosbkKy
3apsXeHHas YepHasa Ablpa oTTankmesaeTt
YacTuubl 3apsifa TOro Xe 3Haka U NnpuTarun-
BaeT YacTuLbl NPOTUBOMOMIOXHOIO 3HaKa,
TakuMm o6pa3om CTaHOBACb HENTPaNbHOW.
Ho maccoBoe nafeHve BellecTBa B YEPHYIO
ObIPy MOXET HapyLUMTb HAMETUBLLIYIOCS TEH-
AeHuumto.

dyHpameHTanbHas xapakTepucTuka
YepHOW Ablpbl — €e CNOCO6HOCTb MOr0-
LaTb B 601bLLUMX KONYECTBaX OKpYXa-
loLLlee BELLLeCTBO, 3a CHEeT KOTOPOro oHa
pacTteT, — morna 6bl CTaTb NPUYMHOWN
ee CO6CTBEHHOro pa3pyLueHus. Miccne-
posaTenu NpoaosXalT ANCKYC-
CUW O TOM, COXPaHUT nn cebsa
yepHas Ablpa unu paspy-
LUMTCS, 06HAXMB CBOIO BHYT-

PEHHIOI0 CUHTYNAPHOCTb

3Bl KOCMHYECKOU [IEH3y PhI HeIIpeCKa-
3yeMOCTb U Tak npucyrtctyeT B OTO,
TIIOCKOJIBKY 3Ta T€OpUA pa3peliaeT Imy-
TeIlIeCcTBUA BO BDEMEHU, B XO/ie KOTO-
pBrIX 06pa3yroTcsa BpeMEHHBIE IIeTIHN
C HeNpeaBUJEHHBIMU MCXOJAMU.
B OTO paxke o6blYyHaA 4yepHas AbIpa
MOMKET CcTaTh Hellpejickadyemoi. Tak,
€CJIM B He3apAKEHHYIO YePHYIO ABIPY
rnomnajeT 2JEeKTPUYECKUH 3apsan, To
IPOCTPAHCTBO-BPEeMA BOKPYT HEE U3-
MEHUTCA U IlepecTaHeT ObITh IIPeICKa-
3yeMbIM. [Toxoxkasa cuTyanud BO3HU-
KaeT, KoI/la 4yepHasd JibIpa BpalllaeTCs:
IIPOCTPAHCTBO-BpeMs IlepecTaeT ObITh
YeTKO pa3/ieJIeHHbIM Ha IPOCTPAHCTBO
U BpeMsd, U YyUeHBbIe HE MOT'yT yCTAaHO-
BUTB, KaK UepHad JIbIpa 9BOJIIOIMOHU-
poBaja ¢ MOMEHTA CBOEr0 POXKICHUA.
Tosbko MpocTernIas U3 NPOCTENUIIUX
YepHBIX ABIP, He obsafarinas HU 3a-
pPAA0M, HU MOMEHTOM BpalIlleHUsd, M10JI-
HOCTBIO IpeJicKasyema.

IToTepa npeacKasyeMoCTU U ApyTue
po6JIeMbI C YePHBIMU AbIPaMU B JIeHiC-
TBUTEJIBbHOCTU IIPOUCXOAAT HU3-3a IIO-
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2008 r.; BO BpeMs atak oH 6bi1 foMa 1 paboTan Haf 3TOW cTaTbew.

SIBJICHUSI CUHTYJISPHOCTEH; He HMMeeT
3HA4YeHUHA, CKPbIThIE OHU WJIU HeT. Pe-
IIeHNe 9TUX 3a4a4, BO3MOIKHO, JIEKUT
B cdepe KBAHTOBOM I'paBUTAIIUU, KO-
Topasa uget gaabme OTO u npeasyara-
€T IOJIHOE O0'bACHEHNE CHUHTYIAPHOC-
Tel. MoKeT ObITh JOKa3aHO, YTO B 9TOMU
TEOPHH BCE CUHTYJIAPHOCTH 06/1a4aI0T
6ONBIIION, HO KOHEYHOU IJIOTHOCTBIO.
losasg CHUHTYJIAPHOCTH MOMKET OBITh
cBOEro poza
CBEPXILJIOTHBIM TEJIOM, YIIPaBJIAEMbIM

«KBAHTOBOW 3Be3/I0M,

3aKOHAMU KBAaHTOBOM rpaBuranuu. To,
9TO Ka3aJ0Ch CIyYailHbIM, Telepb MO-
$KeT HAMTH JIOTUYHOE 00'bACHEHHE.

Jlpyras BO3MO¥HOCTb — CYIII€CTBO-
BaHUE CUHTYJISAPHOCTU C 6ECKOHEYHOU
IJIOTHOCTBIO, YTO HEOOXOJUMO HpPU-
HATDb KaK JAHHOCTB U YTO He 00'bACHS-
eTcA KBaHTOBOM rpaBurtanueit. Hapy-
menue OTO B CHMHTYJIAPHOCTUA MOKET
¥ He 03HAYaTh HECOCTOATEILHOCTH Te-
opuu caMoi 1o ce6e, a IPOCTO YKa3bI-
BaTh Ha HaJW4He 0co60M TOYKHU IPO-
cTpaHCTBa-BpeMeHHU. CUHTYIAPHOCTD
oTMedYaeT IpAHUILY, I7ie 3aKaHINBaeT-
ca pusmdecKkuil Mup. Mbl MOkKeM II0-
JlaraTh €€ HEKUM cOObITHEM, a He 00b-
€KTOM; MOMEHTOM, KOI/Ia KOJIJIAIICH-
pyolliee BemecTBO JOCTUTaeT 0Cc060M
TOYKH, ABJIAA co60M HEYTO IToJ06HOe
BoJsbioMy B3pBIBY, TOJIBKO HAYyIIee
B IIPOTHUBOIIOJIOMKHYIO CTOPOHY.

B sToM ciyuae cTaHOBATCA Gec-
CMBICJIEHHBIMU BOITPOCHI O TOM, YTO
BBIXO/IUT M3 I'OJION CUHTYJIAPHOCTH, —
HHUYEro, IIOCKOJbKY CHHTYJISPHOCTH
€CTh MOMEHT BPEMEHH, a He 0GBEKT.
To, 9TO MBI BUANM, HAXO/AACH HA HEKO-
TOPOM PAcCCTOAHUH, 9TO HE caMa CHUH-
TyJISPHOCTD, 2 HEKUI IPOIeCe, IIPOX0-
OAMANA B 9KCTPEMaJbHBIX YCIOBHUAX
COCTOAHUSA BellecTBa BOIU3U «COOBI-
TUS CUHTYJIIPHOCTI, TAKUX KaK yJap-
HbIe BOJIHBI, BBI3BAHHBIEC HEOJHOPO/I-
HOCTSIMH B CBEPXIIOTHOM cpeJie, U
rpaBUTAIIIOHHO-KBAHTOBBIE 3PP EeKTHI
B OKPECTHOCTH 9TOTI'0 COOBITHUA.

B pomosiHeHHe K HemnpeJcKasye-
MOCTHU, BTOPOH JOBOJ C HEIPUA3HBIO
BCTpeYeH MHOTUMU ¢usukamu. [Ipex-
BapUTEJIbHO IIPEAIIOI0KUB COXPaHe-
HUe I'UII0Te3bl KOCMHYeCKOH IIeH3Y PhI,
yYeHble B T€YEeHHE HECKOJbKUX JIeCH-
TUJIETHUH 3aHUMAaJIUCh (GOPMYINpOBa-
HUEM PA3JUYHBIX 3aKOHOB, KOTOPBIM
JOJIKHA MOAYMHATHCA YepHas JIbIpa,
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DHIHKA

U KOTOpBIE€ JOJMHBI OBITH yHHUBEP-
canbHBIMU. HO 3aKOHBI HE CBOGOJHBI
OT 3HAYUTEJBbHBIX ITapajokcoB. Ha-
IPUMEDP, COINIACHO HEKOTOPBIM U3 HUX,
B UYEPHYIO ABIPY NONajaeT U yHUUYTO-
sKaeTcsa mHopMalnuda, 4TO, B CBOIO
IIPOTUBOPEYUT Ga30BBIM
NpUHIMIAM KBAaHTOBOM MEXaHUKH.

o4yepenb,

ITOT HapaJoKC U IpyTHe 3aTPyIHEHUA
BO3HUKAIOT U3-3a HAJIMYHUA TOPU30HTA
cobeITuil. Eciu ero HeT, To HET U Ipo-
6;1eM. Hanipumep, eciiu 3Be3jia cMorjia
6Bl U3JIYYUTh OOJBIIYIO YacTh CBOEU
Macchl Ha MO3HUX CTAJUAX KoJLIamca,
TO HUKAaKOUM MH(MOpMaIuu He ObIJIO OBl
YHHUYTOKEHO U HE OCTAJIOCh Obl CHH-
TyJASAPHOCTH. B 9TOM ciiydyae He ITOHa-
no6unack GbI KBAHTOBASA TEOPUSA JJIS
00'bsICHEHUs CcUHTyJIApHocTeld, OTO
6B1J10 6BI JOCTATOYHO.

3a/10JIT0 10 TOT'O KaK I'0JIble CUHTYJIAP-
HOCTH IIPE€BPATHJINCH B ITpobiiemMy, pu-
3WKU HAILIA B HUX MHOTO IOJIE3HOTO.
Ecau cuHryinsapHocTH, chOpMUPOBAB-
miyecs B IIpollecce I'PaBUTAIMOHHO-
ro KoJIalca MaCCUBHOM 3Be3/Ibl, BU/I-
HBI BHEIIIHEMY HaGII0[aTeNI0, TO OHU
MOTJIM OBl MOCIYKUTH JabopaTopus-
MU, IPUTOAHBIMHU JUIS U3y4YeHUA Irpa-
BUTAIIUOHHO-KBAHTOBBIX 2(dEeKTOB.
dopMHUpOBAHUE KBAHTOBOW TI'paBU-
TalUd — TaKOW KaK TEOpPHUHU CyIllep-
CTPYH WUJIU NEeTIEBOM KBAaHTOBOH Irpa-
BUTALIN — IPOJBUrAETCA MEJJIEHHO
C TOYKU 3PEHUA HAJIUUIUSA UCXOTHBIX
Ha6JII0aTeNbHbBIX JaHHBIX, 6€3 KOTO-
PBIX IPAKTUYECKU HEBO3MOMKHO Orpa-
HUYHUTH ce0sl KaKOW-TO OJHOU Teopuen
M3 MHOMKECTBA BO3MOMKHBIX. PUBUKHU
UIYyT TaKWe UCXO/IHbIE JaHHbIE B PaH-
Hell BceleHHON, Korja yciaoBUA ObLIN
HACTOJIbKO 9KCTPEMaJbHBbI, YTO JTOMU-
HUPOBAJIU TPABUTAIMOHHO-KBAHTO-
BbI€ 9(PPEKTHI.

BonbIoi B3phIB ObLI YHUKAJIBHBIM
co6piTeM. Ecam 6Bl CHUHTYJIAPHOC-
TH MOTJIM OBITH TOJIBIMH, OHU JaJIN GBI
BO3MOKHOCTBH aCTPOHOMAaM HabJII01aTh
HEYTO II0X0Kee BCAKUU pas IpPH KOJI-
Jlarice MaCCUBHOM 3BE3/IbI.

JLJIs1 mcciaefoBaHUSA TOTO, KaK TOJIbIe
CUHTYJISPHOCTU MOTJIH OBl 1aTh IOHU-
MaHMe IIpolieccaM, HHa4Ye HUKaK He Ha-
6JII07JaeMBIM, aBTOP 9TOH CTATHH C KOJI-

PASHOBUAHOCTW 3BE3AHOIO KOJUIATI

I_I 0[06HO NMioAsiM, 3B€3AblI 061a4aI0T CBOUM
XW3HEeHHbIM Luknom. OHM poxpatoTcs
B FMraHTCKMX obnakax nbinv 1 ranakTu4eckoro
BelLecTBa B rny6yHax NpocTpaHcTBa, pa3BuBa-
SICb U CUSISt MUITIMOHbI J1ET, @ NOTOM HEN3GEXHO
npuxoaAaT K chase pacnaaa v ymmpanuvs. 3eesaa
CBETUT 3a CHET CXMraHWsi CBOEro BHyTPEHHEro
TONNMBA, KOTOPOE Ha PaHHWX CTaAUsiX COCTOUT
NpenMyLLecTBEHHO 13 BOAOPOAA, NOTOM U3
renuvsi N No3xe U3 TsHKenblx aneMeHToB. Kaxpaas
3Be3fanopaepxmeaeT 6anaHc Mexay rpaesvTa-
LiMen, CroHAIOLLIe BELLIECTBO K LIEHTPY, M NpOTy-
BOMOJIOXHO HaNpasSIeHHbIMWY CUaMW faBREeHNs
BellecTBa. ITOT 6anaHc yaepxvsaeTt 3se3gy
B PaBHOBECUW 1O TOFO MOMEHTA, KOrfja BHY TPeH-
Hee TOMIMBO NpeBpaLLaeTCsi B Xene3o, KOTopoe,
NCXOAs U3 TEPMUHOB AAEPHOW (OU3NKU, UHEPT-
Ho. Cunbl rpaBuUTaLMM NpeBanupyoT Haf Aasne-
HMEM, 1 3Be3[a Ha4MHaeT CXUMaTLCS.

Korpaa Hawe ConHue napacxogyeT cBoe Tomn-
JIMBO, €ro AP0 COXMETCH NoA BO3AeCTBMEM
COBCTBEHHbIX rPaBUTALMOHHbBIX CVM U MO pas-
Mepam cTaHeT He 6onee 3emnu. HaumHas ¢ ato-
ro MOMeHTa ero cyLlecTBoBaHue 6yaeT nogae-

JIEraMU CMOJIEJIIPOBAJI CiKATHE 3BE3/IbI
B OOHAKEHHYIO CUHTYJISPHOCTB C y4e-
ToM 3GdEeKTOB, NpeAcKa3blBaeMbIX
neTJIeBOM KBAHTOBOM rpaBUTaIUel.
CorylacHO 3TOH TEOPHUH, IIPOCTPAHC-
TBO o0JaZlaeT aTOMapHOU CTPYKTY-
poii, KoTopas HnpoABadeT cebs, KOor-
Jla BEIIeCTBO CTAHOBHUTCH AOCTATOYHO
IUIOTHBIM; B pe3yibTaTe o6pasyoTca
CHMJIBI OTTAJKUBAHUSA, YIIPEKIAIOIIIE
6eCKOHEYHO 60JIBIIION POCT NJIOTHOCTHU
(em.: Bodacosanw0 M. B no2oHe 3a cka-
uyuweti Becenennoti // BMH, Ne 1, 2009).
B npeanaraemoii Mojenu Takas cuia
OTTaJKUBAaHUA PacCeuBaeT BellecT-
BO 3Be3Jbl U He JaeT 00pa3oBBIBATh-
cA CHUHTYIApHOCTH. OKOJIO YeTBEpPTHU
Macchl BCeU 3Be3/bl BHIGpachIBaeTCH
B IIOCJIEJIHIOIO JIOJII0 MUKPOCEKYH/IBI.
Cpasy mocJie 3TOro yjAaJleHHBIH Ha-
GiromaTesb CMOr ObI YBHAETH BHE3all-
HO€ IaJIeHue MHTEHCUBHOCTHU U3JIY-
4yeHus KoJUIaIlCUpYyIoIleld 3Be3Jbl —
MIpAMOM pe3yiabTaT I'PaBUTAIMOHHO-
KBAHTOBBIX 3(p(PEKTOB.

B3pbeIB MOr OBI BBI3BATh BO30OyHKIe-
HUE raMMa-Jly Yell CBepXBBICOKUX 3HeP-
ruil, KOCMUYEeCKUX Jydel U ApPYyTUX
4acTHUll, HallpuMep HelTpuHo. O6opy-
Jl0BaHUE, 3aJeHCTBOBAHHOE B I'PANAY-
IMUX SKCIIEpUMeHTax, Takue Kak Koc-
Mu4YecKas o6cepBaToOpUsA 10 U3y YCHUIO
3KCTPEeMaJIbHBIX IIpolleccoB BceneH-
HoM, Moxynbs MKC, yeli BBoJ B 9KCILIya-
Tanuio IaHupyercsa B 2013 r., cMoxeT
obsagaTh He06XOAUMOM YyBCTBUTE/Ib-

PXXMBaTbCS GbICTPO ABUXKYLLMMUCS 31IEKTPOHAMMY,
co3panlnMn Tak HasblBaemoe faBneHue
BbIPOX/EHHOI0 3NEKTPOHHOrO rasa. Peaynbtu-
pytoLLMIA 06bEKT 6yAEeT Ha3bIBaTbCA 6€NbiM Kap-
nukom. 3ee3pbl, obnagatowime B 3—5 pa3 6075b-
wmMm Maccamu, 4eM ConHue, 3aKoH4aT CBOO
>XXW3Hb B APYrOM COCTOSIHWM, B BULE HEWTPOH-
HO 3B€3[bl, B KOTOPOW FpaBUTaLus Tak CUsb-
Ha, YTO 3NEeKTPOHbI BAABNMBAIOTCA B igpa ato-
MoB. MopaepxuBaemas JaBneHUEM YXe He
3MEKTPOHOB, & HEMTPOHOB HEMTPOHHAA 3Be3Aa
pocturaet 10 KM B guameTpe.

Bonee maccuBHble 3B€3/bl HE MOTYT CTaTb HU
6enbIMV KapnMKamu, H1 HETPOHHBLIMM 3Be3AamMu,
MOCKOSbKY UX AaBNEHUs yXXe HEAOCTATO4HO Anst
KOMMeHcaumu rpaButaumn. Jaxe ecnu gpyrue
BUbI AABNEHUS HAYHYT UrpaTh PoSib, rpaBUTaLM-
OHHbI KONNanc BCe paBHO CTaHET HEOBPATVMBIM.
IpaBuTauus 6yaet eAMHCTBEHHOW ONpeaensio-
LLieVi CUITON, cnepoBaTenbHo, PMHaNbHOE COCTO-
sHWe 3Be3[bl 6yAeT ONMCbIBaTLCA TOMNBKO rpaBu-
TaLMOHHOW Teopuein JWHLITERHA, COrnacHo
KOTOPOW (hMHANBbHOE COCTOSIHWE €CTb CUHTYNAP-
HOCTb. Bo3HMKaeT Bonpoc: Bua“mMa oHa unm Het?

HOCTBIO JJI PETUCTPAIUU IOA0GHOr0
u3ny4deHus. [IOCKOJIBKY JeTaau 3TOro
Ipoliecca 3aBUCAT OT TUIIA TPaBUTALIH-
OHHO-KBAHTOBOHU TeopuH, HabII0eHUA
cMoray Gl IOMOYb BBIAABUTH Haubosee
peauCTUYHbIE U3 HUX.

Kak moaTBepik/ieHne, TaK U OIIPOBEP-
#KEeHHe TUIO0Te3bl KOCMHYECKOU IIeH3Y-
PBI, HECOMHEHHO, OKa3aJIo Obl 3HAYH-
TeJIbHOE BIUSAHHUE HA HAyKY, [IOCKOJIb-
Ky Ipo6JieMa ToJIbIX CUHTYJIAPHOCTEH
CcOoCpeoTOYNBAET BOKPYT ce6d He OAUH
aCIIEKT COBPeMeHHOU ¢uaurn. 13 Te-
OPETUYECKUX UCCIEJOBAHUU CIIEAYET,
4TO KOCMHYecKas IleH3ypa He coxpa-
HAeTCcA B abCONIOTHOMU popMe, KaK dTO
npepanogarajock paHee. CHUHIyasap-
HOCTU CKPBITBI TOPU30OHTOM COOBITUH
TOJIBKO IIPU HEKOTOPBIX 06CTOATEIbC-
TBax. OcTaeTcs BOIIPOC: BCETAA JIU 3TU
YCJIOBUA BBINOJHAITCA B IIPUPOAE?
Ecnu ga, To pusmkm 6e3 COMHEHUS] I10-
JIFOGAT TO, YTO paHee BbI3bIBAJIO Y HUX
OIIACEHUH.
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