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B Teopum Ha ocHOBe HOBOro noaxona K ¢pusMKe rpaBuTaLMyM B pamKax C
NPUHUMMIOM  COOTBETCTBMA K  K/IACCMKE, MOMKHO OOBACHUTL  Npupoay
MPOUCXOXKAEHUA TEMHON MATEPUU U TEMHOMN 3SHEPrMM, aHOMAJIMIO MUOHEPOB.,
bGU3NYECKMI CMbICN B3aMMOCBA3M OOMIbLUMX YMCEN U B KAKOM-TO Mepe HOBbIN

B3rNA4, HAa QHTPOMHbIMA NPUHLMI.

JTobaweHKo IOpuli Hukonaesuy.

Teopusa eauHon pu3nYeCKOH

Bcenennou (TEDB)

lMpumeHaembIli Mamemamu4vecKuli annapam HOCUM Yucmo MoKa3amesbHbll

Xapakmep.

Mpexcde yem solimu 68 cymb TEPB, Heobxo00umMo paccmompems CoO8pPeMEHHbIE
meopemuyeckue U 3KCNepumMeHmMasnbHble HAPAbOMKU MpPOUCXOXOeHUA U
paszseumusa BceneHHol, mozda Ham nezye b6ydem ysudemb B03HUKHOBEHUE
80MnpPOCO8, HaO Komopble Nnoka Hem omeema. HayHém ¢ ucxodHozo 6a308020
mamepuana, meopuu 6oabwoz2o0 e3pviea (BB) c¢ sepcueli UHGDAAYUOHHO20
Ha4ana.

UngnayuonHas BeeneHHas (paspabomuuk A. lym, A. Jluvode [3))

W3 KocMOIOrMYecKHX HaOJIroJeHUH (KpacHOE CMEIICHHE CIeKTPa,  PEeMKTOBOE H3Iy4eHHE,
M30TPOIHOCTh M OJHOPOJHOCTH IPOCTPAHCTBA) CTANO sICHO. BceneHHast oOpa3oBanachk B pe3ysbTare
rurantckoro B3psiBa (BB) mpocTpancTBa 061acTbi0 Ry, ~ 10° M M B CHEICTBHS PAaCIIMPEHHS, HA
COBPEMEHHOM 9Tame npuodpena pasmepHocTs Ry, ~ 10%° m. Jerann BB Takoswl, Gepyrcs



KPUTUYECKHUE HAaYaJIbHbIE YCIIOBUSI COCTOSIHUSI KaXA0U «TOUKU» BeeneHHoi, Ha3piBaemMoi spoi [1nanka.
B3speiBanyich MCHOBEHHO, T.€. NPUYMHHO HE CBSI3aHBI, BCE DJIEMEHTAapHbIC OOJIACTH MPOCTPAHCTBA C
HAYaJIbHOW CKOPOCTBIO CBETa, CHJa B3pbIBA BO BCEX OOJIACTSX ObUIa C HEBEPOSITHOW TOYHOCTHIO
OJIMHAKOBOW M OKa3alach TOYHO <«IIOJAOTHAHHOM» K BEIUYMHE TpaBUTallMM KocMmoca. HayuHo, 31O
Ha3bIBaeTCcs OajaHCOM JIWHAMUKMA pa3BuTHs Bceenennoil. Jlnsi oOBsICHEHHsT 3TOTO0 HEMBICIUMOTO
OanaHca, M30TPONHOCTH M OAHOPOJHOCTH, ObUIa BBIIBUHYTa HAesl MHQISIUMOHHOrO Havaia bB.
Bcenennast B Hauane HaxoJWJIach B COCTOSHUH JIO)KHOTO BakyyMma, JUIIEHHOTO BEUIECTBA U YHEPIHUU.
B3phIBagach NPHYNHHO CBA3AHHAS 00J1aCTh IPOCTPAHCTBA (BAKYYMHBIH MMy3bIph) pasmepom 102 M u 3a
Bpemst 10 cex pacmmpmiace mo 10° M, mpu stoM cosgaB 10% mpHUMHHO He CBSI3aHHBIX
[TnankToHOBCKHX oOnacTei. T.e. MHGIAIMSA co3qaia aOCOMIOTHO paBHBIC CTAPTOBBIC yCiaoBHs bB mis
K10l HE3aBHCUMOH dJIeMEHTapHOW obOnactu mpoctpancTBa. KTo ke 3aBEN 3TOT MexaHu3M? DTO
CBOMCTBO JIO)KHOTO BaKyyMma: aHTHUTPaBUTAILMSA, OHA JK€ CHJa OTTAJKWBAHMWSA, OHA K€ OTPHUIATEIHHOE
JlaBjieHue. BceneHHash yCKOPEHHO paclIUpsieTcsl MO ASKCIIOHEHTE, T.e. WAET MNPOLECC YJIBOEHUS B
TEOMETPHUYECKON TPOTpecCcry, pacTET B TaKOM JK€ TMOPAAKE W TMOTEHIMalbHas »Heprus. Hacrymaer
MOMEHT pachaja <«I0KHOro» Bakyyma. Yem oOycioBieH STOT pacnaja. Bo3MoKHO BakyyM, co3naBast
TUTAHTCKYIO CHJy OTTaJKHBaHUs, OOEcleunBaeT BCE YCKOPSIOLIEECS paclIMpeHue, HO €ClId Mbl
UCXOAMM M3 aKCHOMBI - CKOPOCTh B3aHUMO/IEUCTBUS HE MOKET IPEBBIIIATH CKOPOCTH CBETA - TO BCETJA
HACTYNUT MOMEHT, KOT'JIa CKOPOCTb Pa30yXaHusi COCETHHUX CJIOEB MPHUOIM3UTCS K CKOPOCTH CBETA, a 3TO
npuBeAET Kak Obl K OTPBIBY NPUUMHBI pa3OyxaHus, T.e. CHJ OTTaJkuBaHus. [loTeHIManbHas SHEPrust
BAaKyyMHOTO ITy3bIPsI IEPEXOJHUT B SHEPTUIO 00pa30BaHUs BCETO BEIIESCTBA C MTHOBEHHBIM €€ HAaIPEBOM.
[Ipouzomén ¢as3oBblii epexo JIOKHOTO BaKyyMa B MCTHHHBIH, Aajblle MOLUIA BIACTh MPABUTALUHN U
cueHapuii bB.
Kro 3anycTui undasuuio?

Jlrobomy cnedcmeuro Hy¥HaA rnpuvuHa. MHpaayua — amo caedcmeue, npuvyuHa
A8HO omcymcmeyem. Paccmompum  yucmo  ¢hunocogcKku  8ornpoc o
g83aumoodelicmeusx. Bce meopuu o BceneHHoU cxo0Imca 80 MHeHUU, Yymo 8
Hayane BB ece cunbl 6biau obvbeduHeHbl, cyuecmeosana eouHasa cynepcuna
(Teopus Cynepepasumauyuu unu CynepcmpyH [3]). Mo Mepe pacwupeHus
BceneHHoU cunbl pa3beduHAAUCh, Npuobpemas ceoro UHOUBUOYAsIbHOCMb 8 8UOE
¢pyHOaMeHManbHbIX KOHCMaHm. B OanvHeliwem BceneHHaa npowna uyenoil
aman npeobpazosaHuli 00 noay4eHUA Ucxo0Ho20 mamepuana 8 sude 34 u
KeaHmMos. Bo3HUKaem 8onpoc: ecau 3mom npuHuyun pasossili (omkpeimas
mooenb BceneHHoU), mo omkyda pomwOEéHHAA BceneHHas moxem 3HAMb O
CyujecmeosaHuu 8cex cus, ecnau 00 3mo2o Hu4ezo He bbino, Kpome ®PB. lNpupoda
He moxcem cama cebs 8bI0ymbieamb €030a8as MHO20/UKOCMb, 3HAYUM 3mu
cunel bbinu 3aMKHymobl, 20e-mo 3anoxceHsl 8 ®B. Jliobol 3aKOH npupolsbl
copmupyemca u delicmeyem peasnbHo, Opy2umMu €108amMu, Ymobbl 3aMKHYMbCA
nwbomy  83aumolelicmsuro, HYHHO CHA4Ya7Aa pPeasnbHO  Cyuw,ecmeosame
(delicmeosams). A amo o3Hayaem: 0o BB OonxHa 6bina cyujecmeosams
BceneHHas, Komopaa 3aMKHYnAdce U npueena mexaHusm bB e delicmeue, m.e.
BceneHHaA UuKauyHa (3akpbimas moolens BceneHHol). Toeda Kakas ecé-maku




cuna usnu cunel ynpassadarom YUKiom BCE’/’IEHHOU, HECOMHEHHO Kr1ro4Yesyro posib 8
3AMOM ripoyecce uepaem b6anaHc OuHaMuKu passumus BceneHHoll.

I B uém cymo 6ananca?

Mo ®puomaHy BceneHHaa moxcem bbimb omKpbimol u 3akpbimol. banaHc —
3MO KAK pa3 2paHb Mex0y omKpbimoli u 3aKkpeimol, m.e. «uHgAAYuUA» co30ana
yC/a108UA PpaBEHCMBa Cusbl 83pbiea, 8 OasbHeliwem uUHepuuu, ¢ epasumauyueli
Kocmoca. [ns moeo 4mobbl MoHAMs, 8 4YEM Cymb 3mo20 pPaseHcmed
cmoldenupyem udeasnbHyro BceneHHyrwo 8 coomgemcmeuu Cmpo2oMy peueHuro
cueHapus BB, nymém esoda agpemepHbix meopemuyecKux 34. bydem cyumameo
Ha4yanbHble cmapmossblie ycnosua bB spol aaHKa, ucxo0Hoe cocmosHue rnocse
UHgnayuu, mozaoa macca 34 pasHa macce [1naHKa MmaHKzlo'gKe paccmoAHuA
MeHOY HUMU Anpan=10"M, cmapmosas ckopocme paciupeHus pasHa cKopocmu
ceema. PacwupeHue BceneHHOU NoO4YUHANOCL CAeOyHUWUM 30KOHAM (U3 meopuu
BB [2]). Mycmb n — 4ucao yacmuy, yKAaObIBAIOUWUXCA 110 AUHUU duamempa
BceneHHoli, moz20a CKOpocmb pacwupeHus, 30 8PemMs MPOXOHOeHUs CUu2HanAa
mexncdy coceOHUMU Yacmuuyamu (cnoamu), Ha4uHasa ¢ C nadaem KaK Vpae, =C/n,
(2¢0e n = 1.2. um.0.) me. 8 momeHm BB ece yacmuybl 6biAU MPUYUHHO
HecBA3aHHbIMU, COOMBEMCMBEHHO PACCMOAHUA Mex Oy COCeOHUMU CA0AMU
pacmym Kak Apacw =Annank *n, 8 makom e nopaoke, coanacHo K3/,
ymeHbwaemca macca 34 =M ../n.(cHumaem, ymo macca nokos 8800uUMbIx Y
gce20a pasHa M,y,.,). Oxeam BceneHHoli coomeemcmeyem cmpesne epemeHu
Recen=C*At, s1€2KO 00KA3aMb, YMO Rucen =Anpac* N°, @ Apacu :\/C*Athe,,*An,,aHK.
BceneHHaa Ha4ana pacwupamsca npumepHo 13.7 mapo. nem Ha3ad, moz2da 8
COBPEMEHHYIO 30Xy Apac = 10'4'5/\4, m.e. 8 101‘5pa3 MeHbWe YeM Apeppira, PAZMEP
BceneHHOU Ryee,=C*At =10°°m, mo2da yucno cnoée n=\ Rycen /Anpanc =10°%°. Mmak,
pasmep BceneHHOU HAYUHAA € Anpau*N BbIPOC 00 =Apamct N’ WA2 PACMAMKU,
HAYUHAA C Appank  8bIPOC 00 Appank™n. 3SHepeus coomeemcmeeHHO, HaYUHAA C
Ennan =10° 03, ymeHbwiunace 00  Eyey =1077°0x¢. banaHc o3Ha4yaem paseHcmeso
epasumayuu y*szacm/Apaqu C UHepyuel pacwupeHus Mpacm*Vzpacm, obobwum
amo ycnosue Ko eceli cmpene 8pemeHU Macy=Mupan/N, Voacw=C/N,  Apacu
=Anpank ¥N, mo2oa y*MzmaHK [Ampar® N°= MppaukC2/N°, m.e. meopus 6B 8 ceoém
udeasnbHOM B8apuaHme cmpo2o Ho f1I0KAnbHo cobawdaem banaHc. 3amemum, 8
nocmpoeHuu moodenu BceneHHol, u3 3a Rycen =Anpanc® n® =C*At,ce, ucrnons3yemcs

mosbKo 00UH Habnarwoaemoil napamemp Atgee,= 13.7 MAp0, 8cé ocmasnbHoOe 3mo




KoHcmaHmel K3/, mozda macca BceneHHoli onpedendaemca npocmol

3a8UcumMocmeto.

Macer =M *Atacen/tummc= 102 *10 /10 *=10°*k2, cnedosamensHo:

Y* MBcen/RBcen:Y* IVInnaHK//\nnaHch2

A amo o03Hayaem, cbasnaHCUPOBAHHOCMb OUHAMUKU pa3sumusa BceneHHoU
ucxo0f U3 O0OHOPOOHOCMU U U30mMpornHOCMU fnpocmpaHcmea, mpebyem
HeusameHHocmu [pasumayuoHHo2o [Momenyuana ([T1) 8o e6cex moykax
npocmpaHcmea U no eceli cmpesne B8pPemMeHU, pPeornosioweHUe CropHoe U
mpebyem OornosHumensHoU ap2ymeHmayuu. Paccmompum Kak ¢ghopmupyemcs
[Tl Ha cmaduu pacwupeHus BceneHHoU, ucxo0s u3 caedyrowux coobpaxceHul.
OcHosHolU 8Knad 8 ¢opmuposaHuu [Tl ueparom Oanékue maccel, M.K. UX
Ko/uYyecmso pacmém ¢ paccmosHUem MporNopPYUOHAAbHO Nn°, KPOMe 3moa2o
epasumayuoHHoe 8o30elicmeue 0QnAEKUX MACC MNOOYUHAEMCA  30QKOHY
KOCMO/102U4€CKO20 pacuwupeHus, noamomy Maccy 3ghemepHbiX 31eMeHmMAapHbIX
yacmuy(34) ¢ npuemsaemoli MOYHOCMbIO MOMCHO cHyumame pasHoU Mya., 8
nbol mouke npocmpaHcmea. To20a umo2om UHMe2puUpoB8aHUA Ca0€8 MAcCC Mo
gcemy 0b6vémy, byoem [T] pasHblili:

q>(t) =y*MBCEH(t)/RBCEH (t) ='Y* I\/IFJE!CLLI.* n3 /AI'II'IaHK* nz =Y *l\/lI'II'IaHK//\I'IJ'IaHK=(:2

T.e. Mbl 00Ka3asu Ymo, ecau 8800UMble 3gpemepHsie 34 noovyuHaromcea K34, mo s
cbanaHcuposaHHoli BceneHHol [T1 ecmb KoHcmaHma u pasHa C° o kpadHeli
mepe, Ha ¢haze pacwupeHus. Obpamum eHUMaHue, ciedcmauem paseHcmeaa [11
KoHcmaHme C* ecmb HeusmMeHHocmb MaclumabHo20 hakmopd Race, (t) ~ t Y% no
gcell cmpene spemeHU, maKkaa mooens BceneHHoU 00axHaA 6bimb na0cKou. A
Ymo Ham 0aém peanbHAs BcesneHHas, paccmompum, Kak sedém cebs [Tl no
macce scex 34 8 coepemMEHHYH 3roxy.

®(t) = Y*Macen (t)/ Recen (t) =y* MHyk* n* / C*Atyee, (rme n=10°%°) =10 m.e.
MeHbwe 4yem CZ

Ana aHanuza evibepem ewé O0OUH OMPE30K B8peMeHU, 3py pPeKomMbuHayuu:
Atoee,=10" cex, ©(10" cek ) =y* MHyK * n*/ C*Atyee, (rae n =10%")=10"




Mol sudum, Oaxce b6e3 yyéma u3meHeHUA mMacwmabHoz20 akmopa, macca
BceneHHoU npakmuyecKu HUKakol ponu e banaHce He uepaem. Paccmompum [T1
10 PesIUKMOoBOMY U3/YyHYEHUK 8 30Xy peKoMbUHayuu:

®(10"cek ) =y* Mpen * n3/C*Athen = 10" Tpe Mpen=10"° kr. n=10%’

2 ..
MomeHyuan cmabuneH u npakmuyecku paseH C°, Ha cospeméHHom smarne u3-3a

UBMEeHEeHUA MacwmabHo20 harmopa ¢ Ry, (t) ~t Y% Ha ~t**, peaukm e 6anance

MPAKMuU4ecKU HU Kakol ponau He uzpaem, K Yyemy 3mo 8e0émcs.

Teopus pazsumus BceneHHoOU nocmpoeHa Ha udeu xecmoyaliwez2o 6anaHca, HO
MexaHu3mMa e2o cobnodeHUs COBPEeMEHHAA Meopus 2pasumayuu He 0aém, Mol
npu pasau4yHbIX COOMHOWEHUAX 8eUW,ecmea U U3sy4vyeHus, rnosayvyaem pasauyHsli
cueHapuli paszeumusi BceneHHol, a amo yxe Hacmopaxcusaem. Ham ewé
Heobxo0umo pa3obpambcs, YUMo 3mo 3a makue udeasibHble 3gemepHslie Y
omeeyarouwue udeasnbHol cbanaHcuposaHHoU BceneHHol, cywecms8yrom aAu OHU
Ha camom Oesne. Obw,aa kKapmuHa pa3sumus BceneHHol 2osopum 0b 00OHoM, 8cé
830UMOCBA3AHO, MPU 3MOM HENOoHAMHbIM 06pa3oM, no4yemy-mo 2pasumayus
2n106anbHO U 710KAAbHO abCcoOMHO MOYHO 8ce20a U 8e30e pasHa UHepyuu
pacwupeHusa. Kpome smozo pac4émel MACC  CKOMAEHUA  20a/A0KMUK,
2pasumayuoHHoe AUH3UposaHue, 0arom 00HO3HAYHbIU 8b1800: MAcCca peasnbHOoU
BceneHHoli 0onxcHa 6bimb 8 4-5 pa3 msaxcenee, oHa npucymcmayem, Ho Mbl €€ He
guduM. 3mo obuwernpusHaHHaa peanbHaa mémHaa mamepusa [5] mépmeasa 0na
gcex e3aumodelicmsuli, Kpome epasumayuu. 1 Ymo uHmepecHo, ¢ y4émom amoli
mamepuu meopemuyeckue U 3KCrepumMeHmMasbHele pacyémel cpeodHel
niaomHocmu eeuwjecmea 80 BcesneHHoOU nosHOCMbHO CO8MNaAaAU U COOMeemcmayom
6anaHcHolU  (Kpumuyeckoll) Pww=107" r/cm®. [lposedém aHanu3 OaHHO20
8apUAHMA B03HUKHOBEHUS BceneHHOU, a makx#e U3710HUM Kawo4Yyesble

npeonoceinku, m.e. pyHoameHm 3apoxcoeHus TEDB.
Ap2ymeHmol u @akmel

UHpnsayua pewuna npobaemy 6anaHca, HoO nomsHyaa 3a coboli csed, Ho8bix
npobaem. o cymu, Mbl umeem 803HUKHoBeHuUe BceneHHol u3 Hu4ye2o, a Ymobebl
He Hapywame 30KOH COXPAHEeHUS 3Hepauu 8800UMCA noHAMue o rosHol sHepauu
BceneHHoli pasHol Homo [3] ompuuamensHasa sHepaud pacmém, moz2da 6
MAaKoM xce NnopsaoKe O0AMCHA pacmu U MoaoXuUmenbHasa, 8 UHGAayuu amu 0ea
npouecca pasdesneHsbl 80 B8peMeHU, KOppeKmHo au smo. /[lansee 8 nepuood




UHGAayuu 00axHbl bbimb 30/104EHbI HEeOOHOPOOHOCMU Heobxodumele 0618
hopMUPOBAHUA 20AAKMUK, Ymo u Oesnaemcs, 30aKAadbieas «3amopo3Ky [3/»
8aKYYyMHbIX aykmyayul. B ®B momem  obpazosbisamsca becuyucseHHoe
MHOMecmeo BaKyyMHbIX ny3eipeli U y Kauooeo ceoA BceneHHas co ceoeli
¢usuKkoli. imeem AU cMbICA paccmampueams MHO20/AUKOCMb BcesneHHbix co
C8OUMU 30KOHAMU, He umerowjue opye Ha Opy2a HUKAKO20 8aUAHUA. KOHeYHbIm
umozom uHenayuu 0onxHa beina cmame nubo meopua CynepcmpyH, nubo
meopus Cynepepasumayus, m.e. pyHOaGMeHMasbHble KOHCMAHMb! 00AMXCHbI KAK-
mo b6bimb 83aUMOCBA3GHHbLIMU, U3 4Ye20-mo 8bimekams, ama npobsema 8
UHGAayuu ocmanacb omypbsimodi.

KocHémca 6onee KOHKpemHo npobaemsl npuqyuHHocmu. BoO3HUKHOBeHue
MPUYUHHO CBA3GHHO20 8AKYYMHO20 y3bIpPsA, MPOUECC CIOHMAHHbLIU, Komopebll 8
umoze, ab6coAOMHO NPUYUHHO, pacnadaemca Ha 10°° npuyuHHO He c8A3AHHbBIX
obnacmel, Hem su 30ecb KOHGAUKMA. MOXCHO 21U 3Mom KOHMAUKM paspewums
cnedyrowum crnocobom. WHepnayua oOonyckaem noAsseHue U mym  He
30X/10MbI8AHUE He CO3Pesuwux B8AaKYYMHbIX ry3bipel, a 803MOXEH /U [0/HbIl
obpamHebIl npoyecc, Harpumep KosaaarcuposaHue Hawel BceneHHoU, Oanee
0bpamHaAa UHGAAUUA U KGK Umoe 3axX/0Mbi8aHUe 8aKYYyMHO20 ry3bips, no uoeu
OH He 3anpewéH. MoxHo au cuumame 3mo cobbimue npu4yuHol UHGAAYUU, m.e.
Mbl KaK b6bl 3ayuknueaem rnpoyecc. MHpAayua u3auHas meopus, HO makxoe
npeonosnoxeHue oOesnaem eé bonee 4yucmol U 30KOHYEHHOU. Y Hac HAKOoHey
noAenaemca 3aMKHymas YUKAUYHAA cucmema cama cebsa 80cnpou3so0awas no
30KOHAM UMeEHHO Hawel u3uku. Ho 30ecb mbl cmasnKkueaemcs ¢ OOHoU
cywecmeeHHol Kocmosnozau4veckoli npobaemoll, Komopas He cosmecmuma C
gepcuell YuKnauyHocmu BceneHHoli. OKa3blieaemca BceneHHas, 6auxce K
cospeMéEHHOU 3rnoxe 3ame0sa19emca He MAK, KaK rnpeonucaHo 3akoHom Xabbna.
Ymobbl 0bvbacHUMb makxkoe nosedeHue, bblao 88e0eHO MNoHAmuUe mEemMHaA
sHepeusa [5] ompuyamenvHoe AasneHue Komopoli Mo mepe paclupeHus
BceneHHoli ocmaémca Heu3meHHoU. [MpumepHo 7 mMApO. nem momy Ha3ao
ompuyamenbHoe OdasneHUe CPABHANOCbL C epasumayueli Kocmoca U 8
cospeMEHHyH 3noxy oMUHUpyem, BceneHHaA HAYaAa pacwupamMsCA, Npu 3mMom
yCcKopeHo. TéMHaA 3HepauAa He umeem @u3u4yecko2o 0b6bvACHEHUA, Hapywaem
6aa1aHC, NpPaAKMuUYecKu cmasum Kpecm 4Yucmome meopuu uHgaayuu, 6onee
Hesernozo no ceoell BpedHOCMU OMKPbIMUSA NMPUpPooa Ham ewé He npernooHocuna.




Kak-mo cmpaHHO pa3zsusaemcs BceneHHas, cHayana nompebosanocb esedeHus
mémHoli mamepuu, 3amem MEMHOU 3Hepauu, @ HA COBPEMEHHOM 3smarie,
docmuaHys MaKcumMyma, mEMHasA aHepa2usl Ha Masbix Mmacuwmabax HU Kak cebs He
nposessem. Mpupoda  nompebosana ggedeHuUa  08yX  co8epueHo
MPoMuUBOMNOAOHCHbIX MOHAMUU, HO pa30esneHHbIX 80 8peMeHU, Ymo-mo 30ecb He
makKk. Camblli ayqwuli eapuaHm peweHus B803HUKwel npobaemsi, amo He
cCmpoumbs meopuu o rpupode npoucxomoeHuUa MEMHol mamepuu u 3Hepauu, a
npocmo om Hux uzbasumecsa. He coomeemcmeue UHMEHCUBHOCMU U3/y4YeHUs
CBEPXHOBbLIX CIIEKMPY 2aAAKMUK, 0mcymcmaue KpyrnHbix CKonaeHull eanakmukK 8
COBPEMEHHYK 3M0XY, BO3MOMXCHO 3MO MACKUPOBKA «4e20-mo, Moo 4Ymo-mo»
cogepuwieHHo He mpebyrw,aa YCKOPeHHo20  pacwupeHus  BceneHHOU.
lpednazaemoili 0anee MexaHU3M yrnpassaeHuUsa Yukaom BceneHHoU, 0aém 00HO
UHMepecHoe cneocmaue, HArpsamyro C8A30HHOE C 3ghpekmamu oo
UHmMeprnpemayuto meémHaa mamepusa u 3Hepaus. Ymobsl noHIMs, 8 YémM mym
cyms, Heobxooumo cobacmu nosmanHocMs u3ssnazaemoll meopuu, UMaAkK
gepcus Yuknu4yHoli BceneHHOU ¢ UHAAYUOHHLIM HAYas10M, MPUHUMAEMCA KaK
cmapmosas no3uyusa nocmpoeHusa TEPB.

I'paBuTanusa.

Omcymcmeue npuvyuHHoCmu B03HUKHOBeHUs BceneHHolU u npoueccos 8
hu3uKe MuKpomupa umerom o0Hy obuwyto ocobeHHocMb ¢ hunocopckoli moyxku
3peHus. ToYHOCMb NpuMeHAeMbIX 3aKOHO8 Hocum abcontomHsili xapakmep, a
80mM rMposfsaeHUe UxX HOCUmM B8eposMHOCMHbIU Xapakmep, npusodawull K
paszbpocy usmepaemsix napamempos (rnpuHuyun HeornpedenéHHocmu). O4yeHb
OCMOPOHCHO 3MO MOMHO U3/0M UMb U MAK, 4YeM MmOYHee Mbl MblMmaemcs
usmepums MOYHOCMb O00HO020 30KOHA (napamempa), mem 60abWUM Y HAC
nosy4yaemcs paszbpoc 0py2020 3aKOHA (napamempa), nepesods Ha ¢unocopcKuli
A3bIK, Mbl KOHCMamupyem: npu4yuHol movyHocmu Oelicmeusa 3aKOHA 8 OQHHbIU
mMomMeHm, 8 O0aHHoU obsacmu ecmb Hemo4YHOCMb Oelicmeus 0py2020 3AKOHA.
Kakoli mo «npuHyun Hecoomseemcmseus», 30ecb He ompuyaemcsa npuHyuUnmn
HeonpedenéHHocmu — amo ocHosa K3/, 0eno 8 Opy2om, Mbl U3 UeroyeK
becripu4uHHbIX cobbimull noay4yaem peasbHyr MPUYUHHO CA1e0CMBEHHYH C8A3b,
moxem cyms 30ecb cosepuieHHo 8 dpy2om. [1pedrnonorum, 4Ymo 80 8cex a3mux
pasbpocax newum He u3Mepsaemoll rpoyecc, m.e. [PuUYUHA ecmob, a
0b6Hapy#umo (usmepums) eé HeBO3MOMHO. Takue He u3mepsemsble 3ghgeKkmel




HAM  HeoXUOaHHO npernodHocum meopusa SUHwmelHa. Paccmompum

gaxcHeliwue cnedcmeusa CTO u OTO 3ldHwmeliHa [2].

OTO 3ldHwmeliHa enacum - 2pABUMAUUA 3MO He Cuad, 3Mo UCKpuUsseHUe
npocmpaHcmea, meno Kak 6bl asmomamu4ecku ebibupaem Haukpomyalwuli
nyme nepemeuwleHus (MpuHyun sAeHu), m.e. UCMOYHUK 2pasumayuu (macca)
usmeHsiem 2eoMempuro npocmpaHcmea. Fpasumayusa He umeem 3KPAHOB, OHA
Hocum HaKornumesbHbIl Xapakmep, oHa 0OUHAKOB0 delicmayem U Ha Maccy U Ha
usny4yeHue. Paccmompum b6osee 0emasnbHO ymeeproeHue 3KeusasneHmHocmu
Mo MmMsA20mMeHUA U YCKOPEHHO20 MEXAHUYECKO20 OB8UXEHUA, Hanpumep, 8
YCKOpeHHo oOdsueatowjelica 3amkHymol cucmeme Mol bydem owywame
msaz2omeHue U HUKAKUMU 3KCrepumeHmamu 00Ka3ames, 4Ymo OHA CO30aHa
UCKYCCMBEHHO, HeB803MOMHO. Haxodsce 6Hympu smoli HeuHepyuaabHol
cucmembl, Mbl r1oay4aem 6ce rnpu3HaAKU ma2o0meHus, m.e. yCKOpeHHoe 08uUXeHue
co30aém nosne mazomeHuAa. M Haobopom, msazomeHue, 03008 YCKOPEHHOE
osuxceHue obvekma, ybupaem e6ce UHepyuasbHble MPU3HAKU  0bbeKkma.
lMonyyaemcsa cnedyrowas KQpmMuHa: meso YCKOpeHHOo dsueaemcs, 8 Kakol mo
cpede, moz0a peakuyuel cpedbl HA 3mMom [pouecc ecmb CO030aHUe oA
msazomeHus u Haobopom, cpeda aHHyaAUpPyem 8ce rMPU3HAKU UHEPYUU, Npu 3mom
co30a8asA O0B8UX(eHUe 8 Mosie mazomeHusA. Beisod, delicmeue nonsa mazomeHus u
UHepyuu Ha MpPOCMPAHCMBO UOEHMUYHO U HOCUM s0KQsbHbIU Xxapakmep. A
Kakoe mecmo 8 epasumayuu 3aHumaem CTO, npuHyun omHocumesnbHoOCMu
anacum: onpedenums abcoMOMHOCMb OBUMEHUA HEBO03MOMHO, mMo20a KaK
66imb ¢ achpekmamu CTO, Hanpumep, ¢ meyeHUeM 8peMeHU, ecsu onpeodeaums,
ymo o0suxemcsa, Heso3MOMHO. M 30ecb CyObéli 8 amomM criope 8bicmyrnaem
yCKOpeHue, Yymo ycKopsemcsa (3amednaemcs) Ha mo u Oelicmeyem CTO. Ho
YCKOpeHHoe 0suxceHue co30aém rnose mazomeHue. [lepecmas, yCKOpAMCSH, Mbl
npocmo rnepewsnu 8 O0OHOPOOHOE 2pPas8uUMAyUoHHoe rone co ceoum [Tl 8
coomeemcmeuu 0ocmueHymoli ckopocmu. Mo cymu Oena CTO smo meopus
00HOPOOHO20 2pPABUMAYUOHHO20 M08, moa2da 3aggekmol CTO u epasumayuu
Hepasnuyumel. 30ecb pa32osop eedémca He 06 3KsusasneHmMe, a UMEHHO O
eouHol npupode B03HUKHOBEHUA 3pgpekmos, m.e. peaKkyuel cpedsbl. A
¢pusuyecku 4YmMo Ae8s8emca [MepsoUCMOYHUKOM 8cex 3ghgeKkmos, Harnpumep
3amedneHue spemeHu, Tl unu ckopocmes. Paccmompum npocmoti npumep. ycmeo
mesno Haxooumca Ha 3emMsae, ecmecmeeHHO o0 oelicmeuemM mAa2omeHuUs
cobcmeeHHoe 8pemsa e20 3amednunoce (0suxceHua Hem). [Momecmum mesno 8




yeHmp 3emau. Obpamum 8HUMAHUE HA BAXHbIU MOMEeHmM, 2pasumayusa ecms, a
msaz2omeHuUs Hem, pacyémel rokaseiearom, Ymo [Tl ymeHowunca e 2 pasa,
coOmBemcmeeHHO yYMeHbWUAOCL 3amMedsieHuUe epemMeHuU (0suxceHUA Hem).
Tenepb nycmb mesno 0suxcemca HA0 nosepxHocmeoro 3emsau ¢ 1-ol Kocmu4vecKol
cKkopocmeto. TazomeHus Hem, pac4émel 0arom 803pacmaHue 3ameodsIeHUA Mo
CpasHeHU ¢ spemeHem menaa Ha 3emsne, m.e. Ha [Tl 3emnau Haknadsieaemca
cchopmuposaswutica 1 3a cyém odsuxceHua. Mol suoum 3amedneHuUe spemMeHuU
C8A3AHO He C 0BUXKEHUEM KAK MAKO8bIM, @ UMEHHO C rpoueccom co3zoaHus [T,
m.e. npocmpaHcmeo (®B) peazupyem Ha u3mMeHeHue OB8UMCEHUA U3MeHeHUeM
ceoezo xee [T1. [lodsedém umoau.

1. Mo OTO 3iHwWmMmeliHa epasumayua 3mo ecmb UCKpUBsieHUe rnpocmpaHcmaa,
moeda pa3 ecmb 8o030elicmeue (2pasumayus) U ecmb peakyus HA 3Mo
go3oelicmsue (uckpusneHue), mo npocmpaHcmeo (®B) OdonrwHo obaadams
onpedenéHHoli cmpyKkmypoli ¢ KOHKpemHbIMU napamempamu 8 mom 4Yucqae u
maccoli, abcypod, Ho so30elicmeaue U peaKyus A8HASA, Mo He abcmpaKyus.

2. Moo mazomeHua moxoecmeeHHO Awboe yCKopeHHoe 08uxceHuUe, moaoa
peakyueli cpedbl (npocmpaHcmea) Ha nboe OsuxceHue obvekma (uHepuyus)
ecmos eé CmAMKa, XomsaA UCMOYHUKO8 2pasumauyuu u 8 nomuHe Hem. [elicmeue
2pasuMaAyuu U UHepyuu HA rnpocmpaHcmeo UOeHMUYHO U HOCUM s10KAsbHbIU
xapakmep.

3. PasHOmepHOMY O08UMCEHUK OO0MHHO COOMBemcmaeos8ams OOHOPOOHOE

epasumayuoHHoOe nosie.

4. pasumayuto, ecau pPAccMampueams KaK OOHOPOOHOE 2pasumayuoHHoe
nosne, HU npu Kakux nubo obcmoamenbscmeax ob6Hapy#ume (usmepums) He
803MOXHO, abconromHblil 1 eeanuvUuHa He uamepsaemas.

5. TaeomeHue 8 yucmom sude 0b6HaApy*ume (usmepums) He B03MOMCHO,
agpghekm e20 nposAsseHUs 803HUKAEM MOsbKO 8 npomusoodelicmauu ¢ Opy2umu
guoamu cun. Hanpumep: cuna maxecmu Ha 3emsne B03HUKaem 8
npomusodelicmsuu ¢ cuaamu 3/M MPOUCXOHOEHUS.

6. TseomeHue, 8 4ucmom 8ude 8030elicmeya Ha mesno, ybupaem s8ce
UHepyuasbHble Mpu3HaKu obvekma. Ecau mMmeicieHHO npedcmasume cebe
nepemeHHoe 2pasumauyuoHHoEe osae, Hanpumep, npopsims CK803HOU MOHHEesb




yepes ueHmp 3emau u co30ame 8aKyymM, mo e2o go3delicmsue 3acmasum meso
cosepwame KosnebaHus ¢ amnaumyool pasHol ouamempy 3emaAu C MoAHbIM
omcymcmeuemM UHepyuu (peakyuu), m.e. mesao amu KonebaHuUa cosepuleHHO He

noyyscmeayem.

7. Pazeosop o chyHOameHmManbHOCMU 30KOHOB8 COXPAHEeHUs 8 paMKAxX meopuu
SlHwWmMmeliHa, Moxtem 8ecmucb mosibKO 8 3AMKHYMbIX cucmemax.

lMouemy makoe ocoboe mecmo yoesnsemcsa epasumayuu. OOHUM U3 K/KYesbixX
MOMEHMO8 Meopuu UHGAAYUU ecmb Hysesoe ycaosue, nomeHUyuasbHas sHepaus
BceneHHOU cmpo2o pasHa nosHoU 3Hepa2uu 8cez20 8eu,ecmaa, y*Mzscen*/RBcen +
M cen ¥C2=0 umo 8 npuHyune sbinoaHAemcs, mo2d0a Mol MPOCMo 06A3aHbI KAK-Mo
C8A3aMb MOMHYK UHepuuansHylo 3Hepauro abo2o mena ¢ epasumayuel
Kocmoca. M Kawvu K amol ceA3Kke He 04e8UOHO, HO MpPOoCMampusaromcs 8
cnedcmasusax CTO u OTO npumeHumenbHo K npuHyuny Maxa.

Max, ucxo0a u3 udeu MosaHO20 CX00CM8a UHepyuanbHoU U 2pasumayuoHHoOU
cunbl, ymeepx0an: npupoda UHepuuu Kpoemcs 80 87auUAHUU 8cell Maccel
BceneHHoli Ha KoHKpemHoe meso [2] He ymo uHoe smo o3Hayaem, ecau ybpams
8cé sewecmso BceneHHolU Kpome O00HO20 mesna, Mo y 3mo2o0 mena
omcymcmeosana 6bl uHepyus. [lpednonoxieHue o4YeHb CriopHoe, HA OAHHbIl
MOMeHmM cospeMEHHol HayKol He npu3Haémcs, HO ¢ Opy2ol CMOPOHbI OYeHb
3amaH4yuso bbino0 b6bl csA3amb 80e0UHO epasumayuto beckoHe4HO 60s1bWO20
(BceneHHas), ¢ uHepuueli 6ecKkoHe4YHO Mmasozo, Hanpumep 3IY. Kakum xce
obpasom epasumauyus Kocmoca Moena bbl co30asameb  UHepuuro mes,
CAOMHOCMb 8 moMm, 4Ymo coenacHo CTO cKopocmbs pacnpocmpaHeHus
2pasumayuu He Moxem pesblILams CKOpoCcmu ceema, HoO BcesneHHAA 02pOMHQ,
a 8o030elicmeue, m.e. UHepyus, B03HUKAEM M2HOBEHHO, KOo/aUu4YecmeeHHas
CmopoHa soobwe He pewaema. ! Mmbl KOHCmamupyem, meopus lHwmelHa,
npusHasas npuHyun Maxa, onucames MexaHU3mM 3mo2o 8/USHUSA He 8 COCMOSAHUU.
Obpamum 8HUMAaHUe Ha cnedywwue ¢Gakmeli: 1. [Tl BceneHHoU,
coomeemcmeyrowuli 6anaHcy, 8cezda u ee3de paseH C°, ydusumesvHoe
cosrnaoeHue ¢ ¢opmynoli noaHol 3sHepauu a0bo2o UHepyuasabHo20 mena. 2.
banaHc OuHamuku pazsumus BceneHHol, o3Ha4Yaem paseHcmMeo ece20a U se3oe
cunel BB (8 OdanbHeliwem uHepyuu) ¢ epasumayueli kocmoca. 3. [elicmsue
epasumayuu U UHepuuu HA MNPOCMPAHCMBO UdeHMuYHsl. 4. TazomeHue 8
yucmom 8ude ybupaem 8ce UHepyuasnbHble MPU3HAKU obbvekma. Bce




U3/10MEeHHbIe Yemblpe hakma, smo pasauyHaa ¢popma uHmepnpemayuu camol
cymu npuHyuna Maxa, m.e. 2pasumayusa 6e3 uHepyuu He cywecmsyem u
Haobopom. BO3MOMCHO, 8 3MOM U eCmb K/AK4YU K pa32adKe npupodsl uHepyuu,
ecsu Mbl HaliOém, Kakum obpasom ocywecmensemcsa npuHyun Maxa, mel mem
cambiM €030a0UM €eOuHbIlU MeXaHU3M, ynpasaaruwuli yuxkaom BceneHHoU,
nosmomy u4mobbl MNoHAMb 6GecKkoHeYyHo bonbwoe (BceneHHasa) HYyMHO
paszobpamoca ¢ 6ecKkoHeYHo Masnbim (Pusuyeckum Bakyymom).

‘ du3zuueckuil Bakyym

®B fAsnaemcsa nepeHocHUKom ecex sudos e3aumoodelicmsuli u npoyeccol 3mu
Hecym obmeHHbIl xapakmep (NpuHYUn KBAHMOBAHUS), HO ecmb HroaHcbl. C OB
c8A3aHbI cnedyrowue npobaemol: 8 K3/ cosepwieHO He MOHAMHO U3 4Ye2o
B803HUKAIOM U 80 4ymo npespawaromca 34, Kyda oOesaromca Heodesnumsble
anekmpuyeckue 3apsadsl. B meopuu BB - umoO KOHKPemHO 83pbl8asocs,
npeonosnazaemca npocmMpaHcmeo, HO 078 HuU3U4YecKo2o OonucaHus OaHHO20
theHomeHa HeobxoO0UMO KAK MUHUMYM HaodesneHus mnycmomeol, Kakol aubo
CMpyKmypbl € onpeodenéHHbIMU napamempamu. W Kak cnedcmsue s8cmaém
80MPOC, KAKOB8 peasbHblli MexaHU3M  UCKpus/aeHUA npocmpaHcmeda, noo
go3delicmsuem  epasumauyuu. [lyme  00uH, 3mo  mMamepuanusayus
npocmpaHcmea u 00HUM U3 Kardeli nooxoda K ®B caedyrowuli. Ymo makoe
aHHU2unayusa? Mol noHUMaem, Ymo HUKyoa ama napa (4yacmuya-aHmuyacmuya)
He desaemcs U He pacrnadaemcs, OHU NPOCMo nepexoosm 8 ocoboe c8A3AHHOE
cocmosAHue, m.e. 8 cmpykmypy ®B, ¢ HaumeHbwel ¢oHosolU 3sHepauel,
rnonbimaemcs (husu4yecku cMooenuposams amy c843aHHY0 cmpykmypy. lpexcoe
g8ce2o, 88e0EM roHAMuUe 2pasumayuoHHsIl 3apad ([3), ece cospeméHHble
meopuu pabomarom mosbKo ¢ 3apAa0amu U 06MeHHbIMU KBAHMAMU, U Yy Hac Hem
MpuU4YuH omoesnaMb 2pasumayurd om 3mo2o GyHOaMeHManbHo20 MPUHYUNG,
mozoa Yyemy OH paseH. Bo3spawaemca k bB, 8 spy lNnaHKa ece 34 umenu maccy
lMnaHka, sBom u 6ydem cuumame, Yymo ece 34 umerom I3 pasHoili macce [1AaHKa u
3apA0 amom Heodenum, Ha Nodobuu 3nekmpu4yeckoz2o. Ho 8 npupode Hem makxkux
3apAdos8, Kak mym 6bime. B apy [lnaHka noaHas 3sHepaus 34 Mot C
PABHANACL 2pABUMAUUOHHOL SHEP2UU Y*M? 1 auk / Ananx MEHOY HUMU, HO 3MO ¥ce
yC/108UA (hOPMUPOBAHUA KAACCUYECKO20 2pasumayuoHHo20 Koananca (IK). Bom
u bydem cyumame, Yymo Ha4ano bB o3HameHosasnocb K Kawdol mpolku
71eMMOKB8APKOB, 3MO MOXHO UHMeprnpemuposams KaK omoeseHue spasumayuu
(scex epasumoHo8) om seuwjecmea (nepsoili sman 8 meopuu Cynepepasumayus),




a dasee 8 nNapbl YacmMuuybl-aHMuUYacmuybl (peaukmosoe ussay4yeHue). '3 donxiceH
6bimb 30MKHYM 10 7AUHeUHOMY 3AaKOHY, 3mo mpebosaHue 8bimexkaem U3
npuHyuna coomeemcmeus K8aHMo8ol  371eKMPOOUHAMUKE U  30KOHY
pacwupeHusa BceneHHol, 3Has gpu3uyecKyro cyuyHocme nocmosHHoU 1aaHKa, Mol
Yyucmo sno2uyeckum nymem 8o6i800UM opmyny K Mes=Mauk™ Annanw/ Apacw. TO20a
®B npedocmasnsem cobol ocobywo cpedy CKOAAArcupoB8aHHbIX COCMOAHUU,
HA308éM uUx 8aKyymMHbIMu a4elikamu (BA), macca BA coomeemcmasyem chopmyne
Mes=Minank ¥ Annan/Apacs, 3MO KaK pa3 u ecms me uodeasbHble 34, omeeyaroujue
30 coxpaHeHue banaHca BceneHHol, Haldenawwue ®B maccol, amo ¢oHosas
nos0XumenbHAA 3Hepaus, m.e. Mbl mamepuaausosanu ®B. Toeda ymo makoe
macca yacmuysl? 3mo ocmamoyHoe AssaeHue acummempuu 'K, m.e. oucbanaHc
pabomel cun epasumayuu ¢ opyeumu s8udamu 83aumooelicmeus U OH Mmoxe
30MKHYymM 1o auHelUHOMY 3aKOHYy. Toe20a Kak 6bimb ¢ Knaaccuveckol
delicmsumenbHocmoto? [lesno 8 mom, Yymo 8 (2os10m) sude 34 paccmampusams
Henb3s, OHA B8ce20d OKpy#eHa 0671aKoM, 8CE C  pacwuparouuMcs
npocmpaHcmeeHHbIM waz2om BA, a mak Kak BA o6aadaem maccol, Mbl nosny4yaem
Knaccu4eckuli nepexod 8 meopuro 2pasumayuu HetomoHa (paccmampusamecs
byoem Huxce). BsedeHue K 8blHy#O0eHHaA Mepa, nonsimaemcsa ez2o
obocHosame.

1. Kocmonozusa Ha co8peMEHHOM 3mare HeoXUOAHHO CMOsKHYAAcb C
npobnemol mémHaa mamepusa, m.K. BA obnadaem wmaccol u, Kak 6blao
8bISICHEeHO 8blwe, CyMMapHo omeevyarom 3a banaHc BceneHHol, moz2da posab $B 8
Kauyecmse mEmMHoU mamepuu 8rosiHe Mpocmampusaemcs.

2. Bce ucmuHHo 34 coenacHo K3/] aenaromca mo4yeyHbiMmu ob6beKmamu, moaoa
8 BbIYUC/AEHUAX UX napamempos nosenaomca beckoHeyuHocmu. B K34 smy
npobaemy pewarom € MOMOWbIO UCKYCCMBEHHO020 MAMeMamuyecKko20 MpIoKda,
nepeHoOpMUpPOB8KA. BO3MOMHO UCMUHHOU 371eMeHmapHocmu He cyujecmasyem
(Hem ¢ uem Konnancuposams, K oxsameisaem UMEHHO MpPU ernmMOKB8ApPKa,
noyemy mosibKO mpu — 3mo omoesnbHas mema), moz2oa y Kaucool 34 007amHO
6bimb Mpu AUYUAG HAMPUMeEP, 3/1EKMPOH — MIOH — may-71emoH, moxe u y
keapkos (b,d,s), eo3momHO 34 s3mo ecmb npPocMpPaHcMeBeHHbIl KeaHMOos8bIli
nosopom o HANPAeseHUto O0BUMEHUS, m.e. dacumMmempuss Mo mMpém
HanpasneHuam cocmasHo2o obvekma. K ¢ ycmol4usbiM 8HYMpPEHHUM
banaHcom (paccmampusamescsa bydem Oanee) ybupaem b6ecKkoHeyHocmu, m.e. 8




beckoHeyHoCmAX noAenaemca npedesn HA OCHose banaHca cun 2pasumayuu ¢
Opyaumu sudamu 83aumooelicmeus.

Hadenue cKonnancuposaHHsbiM cocmosHuem awbyo 34 u mamepuanuzosas
@B, Mbl memM caMbIM NMPUOMKpPbLIBAEM MyMb K MOHUMAHUIO MexaHu3ma oelicmsus
K3/, ecmb u3 Ye2o u 80 YMO rpespPaL|ambCH.

TémHas mamepus u 3Hep2us |

Lo  anoxu  pekombuHayuu BceneHHasn npeocmasnana cmpozo
cbanaHCUPOBAHHYIO cuCmeMy, 3Hepausa peasukma C 6ewecmeom Cmpozo
pasHAnace aHepauu @B, m.e. Ha 00UH peaukm npuxooumcsa o0Ha BA. Ecau 6 amy
cbanaHCUPOBAHHYIO cucmemMy 8Hecmu ewé U mEmMHyro Mmamepuro, 8 mom suoe
KaK rnpeocmassieHa oHa cospeMéHHol Haykol, Komopaa cocmasnsem 23% om
obuweli aHepauu, Mo Mbl NoaAy4YUM Kamacmpoguyeckue nocaedcmaeus, BceneHHas
yr#e moeoa 0oaxHa b6blaa CKoAAAnNcuposamscs, Ymo-mo 30ecb He mak. Bce
6e0bl Ha4Yanucb ¢ aNoxu omoeseHUA U3ny4yeHUs om 8ew,ecmasa, m.e. U3MeHeHue
macuwmabHoz2o pakmopa ¢ Ry, (t) ™ t2 na Recen (t) ~ t¥ 3 aamo npusooum, K
8C€ Bo3pacmarowieMy HapyweHuro 6anaHca U KAaK ciedcmeue, K 8Cé
go3pacmarowemy rnpossaeHuro mémHol aHepauu. Mol coenanu 86i800, 3a 6anaHC
OuHaMuKu pa3sumus BceneHHoU 2n106a16HO omeeyaem mMamepuanu3o8aHHsIl
®B, ymo coomeemcmayem cmabuneHocmu 11 = C* fo eceli cmpese spemeHu.
Bcé sewiecmeo BceneHHol 8 b6anaHce, Npakmu4yecku HU Kakol poau He uepaem,
8CI0 (hyHKUUIO pacwiupeHus bepém Ha cebs @B, a smo 8 KopHe MeHAem KapmuHy,
®B amo ocobasa hopma mamepuu NPAKMUYEeCcKU He U3y4YeHHas, 8 KAKolU-mo mepe
amo 2pasumoHHaA naasma c¢ [ M=C>. Tozda Yy HAc [0A8nAemca peasnbHaA
apeymeHmauyusa He MeHAMb macwmabHbil hpakmop 8 rnepuod pekombuHayuu, ¢
Rocen (1) ~ t2 Ha Ry, (t) ~ t*° @ ocmasume ez0 HeusmeHHbIM. B 3mom npocmom
peweHuu npobaemsl 27108HbLIM KAMHEM MPEeMmKHOBEHUS 8bicmyrnaem pesaukm,
deno 8 mom ymo Habmodaemas sHepaus peaukma = 3°K, a no cueHapuro t?
domkHa 6bimbe 6 7-8 pa3 eviwe, 3mo MowHelwul ¢Gakm 8 oa63y
obwenpuHamol moodenu BceneHHOU. IHepauto peauKkma MOIHO YyMeHbW UMb 00
3°K donycmus, ymo BceneHHas npodonxiaem pacwupameca 00 Apacm=10'3/w no
cueHapuro t*2 mozda eé 803pacm 003 eH cocmasname nopsaoka 200mapo. nem,
Ymo cosepuweHHo He npuemaemo. Ka3anoce 8cé, nonbimku yKpomumes mEmMHYH
SHepauro noayvunu nosHoe huacKo U 8cé e ecmb 00HA 3auernka. Beuwecmeso,




omoenuswucs om peaukma, npeocmassasem cobol PpuoOMaHCKyo mooesnb
nbinesoll pacwuparowelica BeceneHHoll [3] coenacHo komopol npocmpaHcmeo
pacwupsaemca ¢ macuwmabHeim aKkmopom  Rpeper (t) ~ t 2/3, a som 30ech
Haspesaem KOHMAUKM. Penukm u eewecmeo, cmas c80600HbIMU, HAYAAU
ynpassasams 3aKOHOM pacwiupeHus BceneHHol, m.e. epasumayueli kocmoca. ®B
amo mamepuansbHas cmpozo cbanaHcuposaHHasa cpedd, C /10KAAbHbIMU
ocuunnayuamu BA. He ayywe nu cyumame: peaukm pacuwupsemcs rno 3aKoOHam
mepmMoOuHaMuKuU, BceneHHasa no 3akoHy cobnwodeHua 6anaHca. Ho ecmaém
gonpoc: Kyda Oesaemca 3Hepaua bosee ocmeiswez20 peaukKma U 680 4Ymo
pacwupaemcs penukm, ecau Hem «c80600H020 MNPOCMPAHCMBA», pPeaukm
pacwupunca 00 Apenua=107°m, npocmparcmeo 00 A,,q=10"m. Monpobyem K
amol npobaeme nodolmu u3Hympu, m.e. n0KaneHo. Ana nwbol 34 6anaHc
/IOKA/IbHO 03Ha4yaem, KoHueHmpayuro BA sokpye 34 0o 6banaHca (paseHcmesa),
Kak no 3, mak u no sHepeuam. OyeHb 0b6pa3Ho: 0bwaa pa3meimasa 00 ¢GoHa
3HepauA uernoyku u3 BA, scez0a pasHa sHepauu 34, moxce camoe u o 3. B anoxy
omoeseHUs penukKma, U3-3a paseHcmea  3Hepaul, O0OHOMY  K8aHmy
coomeemcmeosana 00Ha BA, unu 0nUHA 80/HbLI pesuKMa coomeemcmaeosana
waey pacmaxku mexwody BA. K uyemy smo sedémcsa, umobel bbino Kyoa
pacwupamca peaukmy Ham Heobxoouma acummempus BA u usnyyeHus e
nponopyuu  10°°BA Ha 00uH KeaHmM, moz20a ocmvleas Peaukm Kak pas u
3anonHun 6bl smu eakaHcuu. Bosspawaemca K BB, y Hac ecmb 00HO benoe
namHo, 3mo 3man 8 eoOUHUUax OnAuHbl: Anaw - Oelicmeue meopuu
Cynepepasumauyuu, AnnaHK*\/137 — Oelicmeue TBO (paeeHcmsoAnnaHK*\/l37
gbimeKaem U3 ycs08uUs y*Mzn,,aHK *AzmaHK/A3pacm=e2/Apacm). Ha samom smane
npoucxooum omoeneHue epasumayuu om TBO, HayuHaemcs enobasnbHoe
mopmoxceHue, hbopmupyromcs BA, amo 6e3 keaHmoswlili npouecc. Aasnee 8 amom
e rnpouecc Ha4uHaem smewusamocs ¢ 8cé Hapacmaruwel ckopocmero TBO u
Ha ompe3ke, 8 macwmabax OnuUHbI pasHoU An,,aHK*\/137 CKopocmu
8bIPABHUBAIOMCA, @ B0OM 5MOM rpoyecc 8e0ém K obpa3osaHuto He BA, a yacmuy
Xuzaca [3] Mamepuan ucyepnancs, cghopmuposanuce ece BA u ecé nepsuyHoe
gew,ecmeo, Mbl roayvunu rnpuemaemyo acuMmempuro, Komopas 00HO8PEMEHHO
pewuna npobaemy c mémHol mamepuell u 3Hepauel, 8Cé cmaso Ha c80U Mecma.
Ecau BceneHHas paszeusaemcs no cuyeHapuro ¢ napamempom tY% a acé
c80600HOE Uu3s1yYeHUe (peauxkm, ceemumocms, KPAacHoe CMeuwjeHue criekmpa)

PACWUPAIOMCA M0 3aKOHAM MmepModuUHaMuKu ¢ napamempom t*°, mo y Hac




ecmecmeeHHO MOoABAAIMCA  Hecoomeemcmseus, KOMIMeHCaUuus Komopbix
mpebyem 8800a mMEmHoOU 3Hepauu U mamepuu. VICKaxeHUs ¢ HapacmaHuem
Ha4yanu cebs nposasname 8 nepuod nosaHol pekombuHayuu, eo3pacm BceneHHol
mozada cocmasnan npumepHo 0.5mnapd. nem. C Opyz20oli cmMopoHbl, Mbl CMOMPUM
Ha BceneHHyto, Kak 6bl 4Yepe3 ysenuvyuUMesibHOE CMEKsA0, Mm.e. UCKaMEeHUs
pacmym npornopyuoHasA6HO PACCMOAHUID, CYMMUPYA amu 08e cocmasnsroujue
Mbl r1oay4aem MAaxkcumym 8 uckaxceHusax 3-4 pa3a Ha paccmosHuu 7-8Mnpo. aem,
Ymo coanacyemcsa ¢ HabnrwoeHuUAMU.

AHomanus nuoHepos |

3decb e ymecmHo paccmompems 8epcuro peweHuUs aHOManuu nuoHepos [4],
8 Yem eé cymeo. Bbiliosa 3a npedesnsbl conHe4yHoU cucmemsl 06a cnymHuKa cmasnu
ucneimeieame mopmoxceHue pasHoe 107° m/c?, npupoda smozo ssneHus
Heu3secmHa U 4Ymo UHMEPEeCcHO, 3mMO Me MOPMOMHEeHUE HAM O0aém 3aKOH
pacwupeHua  BceneHHol C*Hxa66n=108*10'18=10'10M/c2. Ymo  KoHKpemHo
rnpousows10, 08a CYMHUKA MPOCMO 8blWAU 3a npedesbl CoOMHEeYHoU cucmemesl,
¢huszuvecku amo o3Ha4yaem, Oelicmsue 2pasumauyuu eceli conHe4YHOU cucmemol
MPaKkmMuYecKu pasHo Hys, M.e. 3mo yxe He C8A3aHHaA cucmema. B uznazaemoli
meopuu O0oKasvieaemcs, 8 pacwuparwelica (cumarowelica) BceneHHoOU
cnedcmsuem cobardeHus 6anaHca, ecmb HeEU3MeHHOCMb Waad pPacmsamKu
(cmsaxcku) mexcdy cocedHumu BA, ecez0a u ee3oe pasHbIM Anjauk. ECAU MPUHAMBb
80 BHUMAHUE, YMO A sk 3MO MUHUMQAAbHAA (PYyHOAMEHMAAbHAA O/1UHA, MO
npoyecc pacmaxKu (CmsamKu) Ha MUKPO ypoBHe MpPUHUMAem KeaHmMosblli
xapakmep. Bblyucaum amo yckopeHue Uucxo0f u3 cnedyrouux coobpaxeHul:
coznacHo K3/, kaxdaa BA donxcHa umems 3Hepauto pasHol Es=hc/Ayacw,= MesC>,
moeaoa BA Haxo0Acb Ha mecme 00X HA OCYUAAUPOBAMb C YCKOPEeHUEeM CZ/Apacm,
3a epeMa Yukna pasHomy C/Ap,q, Mpoucxooum usmeHeHue waza Ha AgacuAnnane
mMo20a Aag;=C*/Apacw-C/Apacu-Annanc C*Annamd/Npacw =10°¥107/10°=10""m/ u
aMa 8esUYUHaA, UCX00A U3 8bIWEU3/10HEeHH020, OUCKpemHa. Tpu cosnadeHus smo
Ymo-mo 2n106as1bHOE, HE YMO UHOEe 3MO 03Ha4yaem, BcesneHHAA Ha CO8PEeMEHHOM
amane Ha4ana cxumamsca. Toeda noyemy bbi He nMPeodnosI0HUMb, YMO NMUOHepbI
ucneimeigarom oelicmsue KOCMOs102U4eCKo020 MOPMOXCEHUSA, MOOYEePKHEM, MaKoe
go30elicmeue OMHOCUMCA MOALKO K HE CB8A3aHHbIM  cucmemam. [Ipaeda
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Knaccuyeckol, 30ecb cospeMEHHAs meopus epasumayuu He pabomaem, smy




8e/1UYUHY MOXHO MPAKMo8amb MakK: 3mMo /I0KA/bHAA 8e/UYUHA KOHKpemHol BA
U 3ma OUCKpemHOCMb MOMXem MeHAMbCA KaK 8 60oabWyo MaK U 8 MeHbWYHo
cmopoHy  Apacw/+Anpamwe  mMo20a  0606wéHHOE  cpedHecmamucmu4eckoe
YCKOpeHuUe moxem npuHumame abble MUHUMAsbHbIE 3HA4YeHUs, HO ckopel
gce2o ompuyamesnibHas OUCKPEMHOCMb 8 COBPEMEHHYH 3Moxy rnpuobpemaem
maccosblli xapakmep. Bo3MOXHO cxamue cHa4asaa npoucxooum 8 MACCUBHbIX
0bbekmax muna 2aAaKMUKA, a Mex2anaKkmuyeckoe npocmpaHcmseo 3mum
rnpoyeccom ewé He 0X8a4YeHO, 80 BCAKOM Csry4yde 3ma 8epcud (pu3suKe He
npomusopeyum. Ho paccmompeHue 0aHHOU eepcuu umeem cosepuieHHo Opyayro
uesib, BCE HANPABAEHHO HA MEMHYIO 3Hepauro. TEMHAA 3SHepa2uA Ha4dana
nposename cebs npumepHo 7-8 mapo. nem HA3a0 U HA COBPEMEHHOM amarne
OOMUHUpPpyem, M0BEPXHOCMHbIE pacyemsl MOKA3bI8AOM: U3-30 YCKOPEHHO20
pacwupeHua mbl 8UOUM mosnbKo 1/7-1/8t0 yacme BceneHHol, a no meopuu 1/2,
NPUMEHAA NPONopyurd o  PaccCMoAHUAM U  8peMeHuU, Mbl  [oay4yaem
KOCMO/102UYecKoe YCKopeHue Ha PAaccmosHuu nuoHepos 8 npedenax 107°m/c’
Yymo 8rnosHe noooaémca u3mepeHUaM. Toe0a nuoHepsbl HAobopom, O00HHbI
YCKOPAMbCA, Ymo He coomeemcmeyem oOelicmeumesnibHoCmu, 8bI800: MEMHASA
3Hepaus He cywecmsyem.

Paccmompum ewé o0Hy uHmepecHyro rnpobaemy, smo cosrnadeHue b60oabwux

yucen [2] sbinuwem cHa4ana popmysbi: MBcen/MHnylOgo ; RBcen/AHyKn=104l ;

hc/ y*MZHyKn = 10”, HemoyHocmu 8 paseHcmsax  CEA3QHLI  C
Hecoomsemcmauem eceli bapuoHHoOU maccel banaHcHOU macce 8 npedenax 1/20,
M03MoMy ecmb 0CHO8AHUE 3aMeHUMb My, Ha 6aAaHCHY0 Mg,.

Mocen/Mos=10""/107°=10""; Rocen/Apacu=10"/10"°=10°"%;

hC/Y*MZBH=10_26/10_11*10_76=1061,' unu (MBcen/MBﬂ) 2/3=( RBCEI‘I/ApaCLIJ)Z = hc/ Y*MZBW
JoKaxeM amu paseHcmaa, ucxoos u3 cieocmaeutli banaHca BceneHHoU:
(I\/IBFI.>|< ng/MBFI) 2/3=( ‘/\FJE-]CLLI.>1< r\/‘/\paCLLI)Z = Y*M 2I'IﬂaHK* nz/ ’Y*le'll'laHK

n2 = nz = n2

Ymobbl rnoHAmMs usu4eckuli CMbICI 3MUX pPABEeHCmMs, pPAcCMOMpPUM UX
nonapHo.




MBCEJ‘I/MBﬂz( RBCEJ‘I/ApaCLLI)‘?I' Y*MBCEJ'I/ RZBCEH=’Y*MBH*RBCEI'I/A3FJ3CLLI ; ’Y*MBCEI'I/ RZBCEH
=Y *Mipan/ N pacws 101#10°°/10°°= 107 *10%/10°; 107°=10""m/c’.

PGCCMomPUM emopyro napy: (MBcen/MBﬂ) 2/3=Y*M2nnaHK/'Y*MZBﬂ;
MBCEH=M3I'IJ13HK/MZBHI. Y*MBcen/RZBcenzMnnaHK*Azpacm/RZBcen*Az nnaHKs

V*Mecen/R%scen= C/ Rocens 107#107/10°°= 10"/10°; 10%°=10""m/*.

M mbl oname nosyyaem u3 08yx He3a8UCUMbIX PABEHCMB8 3MO H(e Npecs108ymoe
yCKopeHue U moao xe rnopadka. Ymo smo o3Hayaem, smu opmynebl
rokaswisarom cocmosiHue BceneHHoU 8 cOBpeMEHHYH 3roxy U paseHCcmeo ux
208opum 06 0OHOM, BcenieHHaA HAXO0UMCA 8 MOYKe rnepexo0a om PacwupeHus K
cHamuro, o cmpese spemMeHu 8 rnpouisnoe u bydyujee omHoOWeHUA 8 pa8eHCMaax
YMEHbWAaromca U CmaHo8amMca pasHoeiMu 8 3noxy [laaHka. Mber sudum
(epasumayuoHHO) po8HO NonosuHy BceneHHol. JJuHamuky pazeumus BceneHHol
nokaseisaem 0606wéHHas popmyna C/ R(t)scen =Y*M(t)scen/R(t)scen U3 HEE
cnedoyem, R(t)scen MO HapacmaHue (oxeam) nNpu4yuHHO CB8A3aHHbLIX obnacmeli
npocmpaHcmeda,  U3-3ad C2=y*M(t)Bcen/R(t)Bcen M domweH npuHUMAamo
Heu3MeHHy abcontomHyro 8esnuYuHy U OH He uamepsemolli, moada [Tl 3emnu,
ConHua 8 nboii mouyke makie pased C°. B npuHyune, [T Kak ckaaap, amo
yO0b6HbIl Mmam/uHcmpymeHm, nod msazomeHuem Mbl 00X HbI M00PA3yMesameo
U3MeHeHuUe HanpamwéHHocmu (YCKOpeHus), m.e. U3MeHeHue 2pasumauyuu ecmeo
msazomeHue. Ham npupoda, Ha npumepe [MUoHepo8 HeoM UOAHHO rnpenooHecaa
MOOCKA3KY, cosepweHo H0B8020 8UO0d KBAHMOBAHUA 4Yepe3 Mepy Os1UHbI,
npuMeHUMenbHO K epasumauyuu 3mo 2pasumoH, HO C O0O0HoU cepbé3Holi

%> nopadkos Gonbwe yem

npobaemol: makasa epasumayusa 00axHa 6eime Ha 10
Knaccu4yecKas, Ho 8 amoli npobsaeme ecmo U na0C, 0OHHAA 8eauYuUHa abconromHo
He usmepsaemas. A 8om rovyemy OHA He u3mepAemas, 8edb Mbl Npeonoanazaem,
YUMo 3MO K8AHMOBAA B8e/1UMUHA, HAB80OUM HA MbIiCAb. A Hem au mym cessu
UHepuyusa + 2pasumauyus = Hynaw, m.e. Hynesol eapuaHm ronaHol 3Hepauu 8
meopuu UH@AAYUU, HO HA MUKPO YpOBHe, Pa30esnéHHbIX 80 B8peMeHU 4epes
KeaHmMosyo HeonpeoesnéHHOCMb, o0 Cymu 3moO KB8AHMOBaA He u3mepsaemas
«CcunbHaa» epasumayusa ¢ mam/annapamom K3/. o nozauke, ecsau amo ycsiosue
8bINOAHAEMCA NMpUMeHUMenbHo Ko eceli BceneHHol, mo moz20a OHO OO0/IHHO
8bIMNOMHAMBCA U /I0KAsIbHO. HayHEM smy pa3bopKy € KAAcCu4eckoz20 npuHyuna

K8AHMOBAHUA.




| Oauomepuocmb 8 MpexmMepHOM npoCcmpdaHcmaee.

Bo3moxHO, Mbl 00 KOHUG He noHumaem ¢huszudeckol cywHocmu npuHyuna
K8AHMOBAHUA, MOMOMY 4YMmMO Hem @aHA/A0208, HAOM HE C 4YeM CPasHUMb,
npedcmasums KeaHMos8ble fesneHusd. Hanpumep, KAk MOMHO rnpedcmasume
nozsoujeHue 06bLEMHO20 MPEXMepHo20 3/M KeaHma, rnpu 3mom abcoaomHo
Mo/IHOCMbIO, MOYe4YHbIM 06beKmom rnycms 3amo bydem 371eKMPOH, roYyemy
KeaHmM n0bol OnuHbl He pacceusaemcs, usuyeckoeo obvsacHeHua 8 K3/ He
umeem u rnpUHUMaemcsa Kak nocmysam. Bonpoc nexcum 3Ha4yumesnbHo 2nybiice,
gedb KeBaHMyemcsa 8CE 3Hepaus, Mamepus, MNPUMEHAS MmMepMUHOA02U -
KeaHmosasA 2pasumayus, msl 06493aHblI KBAHMOBAMb U NMPOCMPAHCMBO U 8peMS.
Mbi npexcoe 8ce2o 00AMHbI YeMKO YACHUMb, Ymo 3Ha4Yum obmeHHbIl rnpouecc
(83aumodeticmeue). 34 He moxcem 6cé spemsa U3ay4yams (noz2ao0wWams) KBAHMbI,
el 4mobbl u31y4yums, HYHHO CcHa4aaad nnoz2aomums U Haobopom. Tozoa
nosyyaemcs, ymo 34 moxem obMeHUBAMbCA MOAbKO C 00HUM 06beKkmom,
rnpoucxooum rpouyecc 83aumoodelicmeus 8 OGHHOM HAMNPAssAeHuUu U € OGHHbLIM
o0bveKmom 3a onpeodenéHHbIlU MPOMENYMOK B8pPeMeHU, 8 3mom MOMeHm C
Opyaumu obveKkmamu e3aumodelicmeusas Hem, ux 34 «He sudum». Bcé amo 8
CyMMe mMamemMamuyecku HA OAHHbIU MOMEHM 03Ha4Yaem, Ymo pPasmMepHOCMb
pasHa eoduHuuye. B npuHyune amo mamemamu4veckas u2pa, Gu3u4YecKu Ha
K8AHMOBOM YpOBHE 3MO umMeem MpPUHYUNuasasHoe 3Ha4yeHue. KeaHmosaHue
noosodum Hac K abcypoHol, Kasanoce 6bl udeu, 06 o0O0HOMepHocmu
go30elicmsusi, Ha nodobue cmpyHol (meopua CynepcmpyH). B ¢u3suke
Mo/IHOCMbBKD OoMCcymcmeyem pacceusaHue mosibKo Yy OOHOMEPHbIX MPpoyeccax,
gecb rnpouecc UOém Kak b6bl Mo AuHUU, npunucas Abomy KeaHMoOBsoMy
obmeHHOMYy npoueccy OOHOMEPHOCMb, Mbl MeM CAMbIM Mamemamu4yecKu
obocHosbiBsaem uesnocmHocme nwbo20 KBAHMOB020 nosedeHuUA. Toeda nwbas
34 ecmb moyKa, napamempsl 8epOSMHOCMb Haxox0eHuUs onpedendaromca K3/,
K8AHM 3MO MOX(e MOYKA HO C 8PEeMeHHbIM napamempom eo3zdelicmseus m.e.
AUHUA. M1 umo o4YeHb B8aMHO AUHUU (KBAHMGbI), 8 3AMKHYMOM MpPEXMepPHOM
npocmpaHcmee, NMoO4YUHASACL 8 pacnpedesneHUU 06vLEMHOMY wiazy, Huz0e He
nepecekaromcs, NO3MOMy K8AHMblI He CManKusaromcs U He pacceusaromcs.




OO0HomepHOCMb 3mMoO ocHosa cobnwdeHua nopAadka 8 xaoce B, Hanpumep:
maccusHoe meso 08ueaemcsa co ckopocmetro bauskol K C, U Mbl KOHCmamupyem
¢akm, umo ece npouyeccol, coenacHo CTO ¢ abconomHo 00UHAKoB8oU
CUHXPOHHOCMbIO 3amednaromca. Ecau smo 6bino 66l He MaK, mo mozaoa y Hac
noAenaemca MexaHusm usmepeHus abconomHoli ckopocmu. Kasanoce 6bl,
dsuz2ascst 8 amom xaoce (®B) u cobaodams HEUMOBEPHYH CUHXPOHHOCMb, 3MO
abcypod. He zosopum au amo o obpamHom, ymo @B smo abcontomHebili NopAOOK.
M3 mupa KeaHmMoso20 xaoca Mbl noay4aem  abcoatomHeili  Nopsao0oK
(menesudeHue, comoeaa ceA3b, u.m.0.). TpexmepHoe pPocmMpaHcmMeo, 3mo
eo0UHCmMBeHHsbIlU nyms (hopMUpPOBAHUA OCHOBHbLIX 3AGKOHOB8 MpupoObl, KOMopsie
UHmMezpupyromca u3 6osee NPocmMoix 0OHOMepPHbIX 0BMEHHbIX MPOUECCOs.

30ecb xe 803HUuKaem ewé 00Ha npobnema Haubosnee unocopcKu
3anymaHHasa, MNomomy 4mo ap2yMeHmMupoB8aHHbIX hu3uvecKux obwbsacHeHul He
umeem. Cymob eé 8 cnedyrowem: Ymo maxkoe 3aMKHymoe rnpocmpaHcmaeo
(epasumayuoHHO) — 3mo Ko20a U3 KOHKpemHoU mMOoYKU ywau 2pasumayuoHHble
obmeHHble Yyacmuuybl (2pasumoHbl) Mo 8cemM HanpasaeHUAM 8 ornpeodesneHHoU
gpemeHHoU rocsedosamensHOCMU U OHU e, 8 mol e nocnedosamesnbHOCMU,
o0 8cemM HAMPasaeHUAM BepHynUCb K 3moli 3e mouKe, m.e. pocmpaHcmeo
npuobpemaem koHeyHocmos. CTO u OTO 3SlUHwmelHa NOKA3aau 83aUMOCBA3U
MpocMpaHcmMeo — 8pemMsa — mamepus, 3mo eduHoe yesoe (BceneHHas) o0Ho b6e3
Opyezozo He cywecmsyem. [pasumayus 3aHUMaemcsa CmaMKoli npocmpaHcmea u
Hocum HaKkonumesbHbIlU xapakmep, moz20a 8 3aKpbimol modenu BceneHHoU mobl
nosyyaem sgpgeKkm 8aUAHUA UCMOYHUKA 2pasumayuu camoz2o Ha cebs, m.e.
npuxo0 ucryweHHoU o 8cem HanpasaeHuaAm 2pasumayuu, obowedwel 8CH
BceneHHYyo ornamoe K UCMOYHUKY — ¢pu3udeckuli abcypo, 8 3amkHymol BceneHHol
5MO MOMCHO HA38aMb HAPYWeEHUEeM MpUYUHHO/ciedcmeeHHbIx ceasell. Yie ama
npobnema  Haknadbieaem  O2pAHUYEHUe  CKoOpoCmu  pacrnpocmpaHeHus
epasumayuu, He 6osee 4em CKOpoOCMb ceemd, MO3MOoMy, MOOeAUPYS 3AMKHYMYH
BceneHHyto, Mmbl npocmo 0643aHbl paccmompems samy npobaemy. Obpamum
BHUMAHUe, 4YmoO 8 3aMKHymol YUKau4yHolU BceneHHolU u3 6GecKoHe4YyHbIx
mMamemamu4ecKkux nocmpoeHuli, ecms eOUHCMBEeHHbIU 8apuUaHmM peweHuUs He
0620Ha UAU OoMCMABAHUSA, 0 UMEHHO COB8MAOEHUSA MPUYUHbLI CO Caedcmesuem.
Toeda meopemuyecku MOMHO cmolenuposeams ¢ yyémom CTO makyro
BceneHHyto, 8 Komopoli Hayano BceneHHoli (BB) u eé Konnanc, m.e. nosHbIl YUK,
paseH o 8pemMeHU rNMPoxXoXOeHUs 2pasumoHa (KBaAHMA) co CKOPoOCMebio ceema us3




KOHKpemHoUl moYKu 8 amy xe mo4Ky. 3mo ¢uzuyecku 060CHOBAHHAA MPUYUHHO
C8A3GHHAA 3aMKHymas b6eckoHeyHocmb. M 4ymo UHMepecHo, e20 He HAoo
mMo0enuposams, 3mo e ecmb 00HO U3 peweHul meopuu bB, 0na cay4yas
udeasbHo20 cobarwdeHua banaHca OUHAMUKU pa3eumus BceneHHol Ha cmaduu
pacwupeHusa. Mol e2o yxe pewanu, mo20a 30KOH pacuupeHus BceneHHoU
AosmHeH MpomeKame Mo CUeHapur ¢ MAacwmabHeIM aKmopom Ry, (t) ~ t 2
m.e. 8C€ MOYKU HAYAAU pacwupAmMsca mexdy coboli co CKopocmero ceema U Mo
Mepe 0xeama C€/10€8, CKOPOCMb pacwupeHuUs naoana npornopyuoHaabHO 3Momy
oxeamy, Kak C/n. Ecau cmodenuposame 3a Makol xce npomMeicymok spemeHu
0bpamHbIl npoyecc cmadusa CHamus, MO Mbl M0ay4Yaem rosHbIU 3aMKHymobll
Uukn BceneHHoli. BB pa3denun od0HospeméHHocmb cobbimuli coenacHo CTO Ha
gpemMsa MosHo20 UuKna BceneHHolU. Takaa moldens BceneHHol 0aém
HeoXUuOaHHoe mosKosaHue ¢unocogckoli npobaeme MpuvyuHbl U CAE0CMBUS.
Cobbimue, Komopoe npoucxooum 8 OaHHbIU MoMeHmM U uHgopmayusa o6 smom
cobbimuu, npowedwas secb Yuka BceneHHoli (npedvidywuli yuka), no uoee
0o HbLI coomsemcmeosames Opyz2 Opyay. A ecnu Mol OOKameM, 4Ymo
abcosromHsblil MOPAO0OK M0 OMHOWEHUK K 2pasumoHaM COXpaHAaemcsa ece20a u
ge3z0e, Mo OaHHbIU akm scmpeyu npoucxooawe2o cobbimusa ¢ cobbimuem
npeobidywe2o0 YuKkaa omHocumca K awboli mouke BceneHHoU, K saobomy
MomeHmy spemeHu. Mol Kak 6bl CUHXPOHU3YyeM MPUYUHY C npedbloyuwe20 Yukna
co cnedcmeuem peasnbHo20 cobbimusa HacmosAwe2o spemeHu. Mol 8cé spems
00/MHCHbI «8udemb 2pasumayuoHHo» BB oyepedHozo N-o20 cnoA. Hanpumep, 8

30°_1 cnos EB, a 8 MomeHM

Hacmoawul momeHm 00 Hac Oowu 2pasumoHsl 10
Konnanca nooolidym 2pasumoHsl nocnedHez0 c7106, m.e. yweowue u3 amol e
moyku 2*13.7 mapo. nsem momy Ha3a0, Komopele u rnpouseedym bB (cnedyrowjuli
UUuKn BceneHHoli). Toeda npuyuHoli BB ecmb Kosnnanc BceneHHoU ¢ npedsioyuje2o
UuKna, kKomopell u npoussedém bB. BceneHHas 8 yukae cama cebs nosmopsem
npumom abcostomHO 0OUHAKOB0. B Kakoli-mo mepe 3mo aHmMponHsIl npuHyurn,
m.e. ynpasneHuem X000M UCMOpUU [8A8emcs UHGopmayus ¢ npeodbidyu,ezco
UUKAQ, 3MO MoXoxe Ha CceepxchaHmMacmuKy, HO Mamemamu4yecku 3a0a4ya
pewaema. B 3amkHymoli BceneHHol ¢yHOaGmMeHMAarsbHbIe 30KOHbI COXPAHEeHUSA
pabomarom abcontomHo, s3Hepa2ua Mamepus, @ MAaK xe «uHgopmMmayusa» HU Kyoa
He desaemcs, X00 uUcmopuu usmMeHums Henb3s. [oxoxce, npupoda cama cebs

omuwnugosana. Bom ucxo0Hble 0aHHbIe MOCMpPoeHUs YUKAUuYHol BceneHHoU.




|Cmp0um YukKAu4Hyw BceseHHy10

AHanu3 cospemeHHO020 cocmosiHUsl BceneHHol u 8ce meopemuyeckKue pacyémel
2os8opAm 06 o0HOM, BceneHHaA HAXO0UMCA HA 2pPAHU Mex0y pacwupeHuem u
cHamuem, Kpumepuem yez2o fasasemcsa I'Ml. MHmeHcusHocmMb 2pasuMayUoOHHO20
g3aumooelicmausa Mo K7AaCCuke HeobblyaliHo Mand, HO 3a cYyem HOs/A0MEeHUs
nomeHyuano8 8cex UCMOYHUKO8 2pasumayuu (Macc) mbl rnosay4yaem cymmapHsili
m = C* no gcemMy npocmpaHcmey u no eceli cmpene 8pemeHu. Mol
paccmampusaemM 2pasumayuro Kaxk eaaumoodelicmsue epasumoHos ¢ 34 ®B, m.e.
Mbl 00/MHCHbI KBAHMOBAMb 0OHOPOAHOE 2pasumMayuoHHoe rose ¢ [Tl = C°. Ha
momeHm BB Mbl  pacnonazaem  08yMA  CMapmMoOBbIMU  apamempamu
2pasuMaAyUOHHO20 10715, KOMOpble MOMHO PACCMamMpusamse KAk napamempsbl
epasumoHa, amo [T1 =C2=y*Mn,,aHK/An,,aHK ocmarowulica cmabusnbHbiM o secell
cmpene spemeHu U yckopeHue  C’fAmnancY*Munan/ Annanc , 2DABUMOH  KaK
o0bmeHHas Yacmuua 0oaxeH Noo4YUHAMCA 8cem 30KOHAM pa3sumus BceneHHo,
8 YACMHOCMU 30KOHY KOCMO/102U4YEeCKO20 pacwupeHus, Hanpumep, doweowuli 0o
Hac epasumoH om n-20 €708 umeem Oelicmeue 8 n-pa3 MeHbwe, moz20a 8
COBPEMEHHYIO anoxy delicmsue 2pasumoHa pPasHo Cz/Apaqu
=Y *Manamd Annanc* Apacw = 10°'m/c?! Mo knaccuke daHHaa ¢opmyna umeem 6ud
V*Moacw/ A pacw = 10%° m/c?, umo cosepwerHo He cmoikyemca c [T1 BceneHHoll
pasHbimM C2. M Mol Mpuxodum K mopasumensHOMy pesyasmamy, poHo8as He
usmepAemas 3Hepaus epasumoHd o e83aumoodelicmeusm CcpasHUMA C 3/M
keaHmamu. Mebl, Kak 6bl npespawiaem 2pasumoH, u3 be3 nuyeso2o0 cocMosHUSA 8
He u3Mepsaemo20 MOHcmpa. Ternepb CMAHOBUMCA MOHAMHbLIM, KAKAA cunaa
coenacHo K3/ 3acmasnsem ocuunnuposame BA ¢ yckopeHuem Cz/Apacm — amo
2pasuUMOH, mo20a 803HUKAem 80Mpoc, He A878emcsa AU 2pasumayus, KaK nomok
PA3HOPOOHbLIX MO0 3HEPeUAM 2pasUMOHO08, NMepeoUCMOYHUKOM 8CeX KB8AHMOBbLIX
AeneHull (supmyanbHocme, haykmyauuu), m.e. npuyuHol. A camoe enasHoe, y
Hac noAaensemcs peasbHbll UHCMPYMeHm u3u4eckoeo onucaHusa cneocmeul
CTO, OTO u npuHyuna Maxa. Kak xe coemecmumes smy HeumosepHo 6onbwyo
8esIuMUHy € peasnbHo Habawodaemoli epasumayueli Kak bbimb ¢ Kaaccukol, 8
d0asnbHeliwem Mbl y8UOUM, KOK cO030aémcsa NpuHyuUn coomeemcmaus, HO cHa4yana
paccmompum, 20e 307104 eH CaM MEeXAHU3M YUKAUuYHocmu BceneHHoll.




3a0adumca makum 80rpocom, Ymo o3Hayaem 6asnaHC OUHAMUKU pa3sumus
BceneHHOU HO MUKPO ypOBHe, 3mMO paseHCmao 2pasumayUoHHbIX Napamempos
2pasuMoHa € UHepyuasasbHbIMu ceolicmeamu BA, a menepb 06veduUHUM smu
delicmeus — npomusodelicmseua 8 eOuHblli npouecc. Ymo Mbl noay4yum -—
oCUUNAAYUIO Ha yposHe BA, Ho ocobyto, u3-3a pacwupeHus ¢ Pa3HbIMU Mae4amu.
Boiqucaum amy pasHuyy, mMel 3my Onepayuto yxce rnpou3soousu, HO C Opyaux
nosuyud:

-23 -12 -35
=Apacw/N=Anpan €CMb KOHCMAHMA, YMO MOAHOCMbIO  CO2/ACYemCcs C 30KOHOM
-23 -4.5 -18.5 -1
Xa661a Ve [Apacw=107"/107"=10""" ceK "=Hyae6,

45 24 2 2
Docum=Y*M pacw /Apacw =107° M7/, umo coomeemcmsyem V5

Toeda 2pasumoH, npoxods Kaucoyro BA, meHAem cmpyKmypy npocmpaHcmaa,
m.e. 8 nzie4ax OCUUAAAYUU B03HUKAemM acummempus, ece20a U se30e pasHas
Annanw YMO coomeemcmasyem ¢ 00HOU CMOPOHbI OUHAMUKe pacuwupeHus, a C
Opyzoli epasumayuoHHomy banaHcy mewody BA. [pysumu cnosamu, 2pasumoH
mopmo3um OUHAMUKY pacuwupeHus, cxumaem O0O0HOMEPHO [MPoCmMpPaHcmMao.
MoxcHOo ckazame U MakK, 2pasumoH noddepxcusaem cebs (ycunusaemcs) 3a cuem
CHUM(EHUA CKopocmu pacuwupeHua npocmpaHcmea. [Ipoucxooum nepexood
KuHemu4eckoll 3Hepauu pacwupeHus 8 nomeHUyuasabHy 3Hepauto 2pasumoHda.
Toeoa 4yem obycnosneHa ¢a3a naaseHozo nepexoda. [lpouecc 8cé
3ameonaruwe2oca 6anaHcHo20 pacwupeHus boian 6bl 6beckoHe4YHbIM, ecau bbl He
macca ecex 4. Ymobobl 3apaboman obpamHeili omcyém, 2pasuUMOH ycuau8uwuch
30 c4ém macc, 3a 8pemMsa cmaouu pacwupeHusa pasHoe 13.7 mapo. sem, 0onxeH
MOMEHAMb Pa3HUUYy 8 OCUUAAAUUU C MOA0XUMENbHOU HA ompuyamesbHyro,
8ce20 auUWb Ha An,,aHK=10'35M. Ha paHHem smane OCHOBHYKO sernmy 6HoOCUAU
penukm u HelmpuHo, bauxe K cospeMéHHol 3noxe K HUM 0obasusnuce ece
ocmansHele 34, m.e. maccel 34 uzeparom poab «mA2Ko20 Oemnigepa» 8 ¢hase
nepexoda. Toeda 3a 6anaHc OUHAMUKU pa3sumus BceneHHol omseuaem macca
ecex BA, a 3a spemeHHOl uHMepesan yukaa omeevyaem macca ecex 34. 3a eecb
YUK BceneHHol Kaxcdelli 2pasumoH, ezaumodelicmaya 10°°° pas, cHawana
pacwupsem 8 AGHHOM HANpPasaeHuu ocyuanayuio BA do A= 10*°m (cmadus
pacwupeHus), a 3amem cHumaem 00 Apm=10""M (cmadus camus). A mak Kak

ux 8 Kosibue He MeHee 1030'5, mo 340 8ecb UUKsaA pacwupeHue u cxamue eceeo




Konbya cocmasum coomeemcmeeHHOo 10°°m u 10*°m. UHmepecHo, KaK ¢ amux
nosuyuli cmpoumcs 3a0KOH 8cemMupHo2o0 msazomeHud. CoenacHo meopuu, aobas
IY 3a epemAa yuKkna pasHoe C/ApaCL,J:lO'lZceK. desnaem CMAXKY nNpocmpaHcmasa

MponopyuoHaAnb6HO c8oell Macchbl, 0418 HYKAOHA MoaAy4Yaem:

MoyiMen=10"; Voyir= A nask *Muyo/Mes *t =10 ¥10"°/107=10"""m/c mozda:
—\/2 _1n123 -15_ 48 2 )

Anykn=V HyKn/AHyKn—IO /107°=10" m/c°, ymo coomeemcmayem KAacCuKe:

V*Moyi/ N =107 * 1077/10°°=10° m/c?:

MpumeHumenbHo K Hawel naaHeme, no ouamempy 3emau YKaaobieaemcs
17 o
107"wm. HyKknoHos, moaoa ux obuw,ee so3delicmaue co30acm yCKoOpeHUe pasHoe:

a3eM,,1=aHyKn*NHyKn=10'8*1017 =10° M/CZ, amo yCKopeHue coomeemcmeayem
HelimpoHHoli 3emne (paccmosHus Mewdy HYKAOHAMU PasHbl A.,=10""m),
dasnee Mol pa3odsucaemM HYK/A0HbI 00 pasmepos cpedHeli naomHocmu pasHol
Acpeg=10'”/w, m.e. Ha 4Yemsipe nopadka. [lpu amom cuna epasumoHo8 He
MeHsAemcs, U3MeHAemcsa mosibKo UHMEeHCUBHOCMb MPoropyuoHasa6HO Keaopamy
pPa308UMKU Mo2oa:

2 9 8 1 2 9
Azemn2= Azemn1* N pasy=10"* 10°=10" m/c’, ymo cosnadaem ¢ KAACCUKOU.

B 0aHHOM nocmpoeHuu 3a0elicm8o8aHa MObKO 00HA KOHCMAHMA Apjauw
HUKQKUe cusbl oss He MPUMEHAMCA, Mbl Mpou3sesnu MmosabKo OOHOMEpPHbLIE
onepayuu. [loka 30ecb SACHO O00HO, cusna msa2o0meHuUs (cuna eoOUHUYHO20
2paBUMOHA) He 3a8UCUM OM PACCMOSAHUA U HOCUM HAKOMumesbHblIl xapakmep,
MeHAemcsa mosibKo UHMeHCUBHOCMb. 3amemum cpasy, 30ecb 8 KOpHe MeHAemcs
CMbIC/ 2pas8UMAyUU U ma2omeHus, 0es0 8 MOM YmoO 2pasumMayusa U ma2omeHue,
umes eOuHYyo rnpupody NpoucxomoeHuUs, 8ce-maxku pasHble sewu, pasumayus
3MO KAGK penukmosoe U3syvYeHue, MmoOsbKO PaccMmampueames HYHXHO 8 sude
nomoka 2pasumoHos, co3daruwe2o 8 sawboli moyke BceneHHol T n=Cc?
usmepume napamemps! epasuUMoHo8 (8 cymme 2pasumayus) He 803MOMCHO, MO
Cymu 3mo meopus He U3MepAeMbIX 8eAUYUH. B yem npuHyuUnuanbHas pasHuua
mexoy Kaaccukoli u npednazaemoll eepcuu epasumayuu. Knaccuka noo
epasumayueli nodpasymesaem Oelicmeue (Has0XeHuUe) 8cex UCMOYHUKOS8
epasumayuu 0OHOBPEMEHHO HA KauOyH MmoYky rnpocmpaHcmea. 1o meopuu
npoucxooum Kak b6bl CKaGHUpOBAHUE 2PABUMOHAMU  Kax0ol  MOYKuU




npocmpaHcmea, 20e YCcusneHHble 2pasumoHbl coomeemcmsyrom Maccam
UCMOYHUKO8, @  pdccmosHuaMm 00  UCMOYHUKO8  coomeemcmesyem
UHmMeHcusHocms. B cymme 3mo 00HO U moxe, HO @u3u4eckull cmbIcn
cosepweHHO pasHbll. IMeHHO makol MmexaHu3m e3aumoodelicmaus 2pasumoHa ¢
BA, 34 obvacHaem cmebicn eeomempusayuu msazomeHud. pasumayus — amo
ecmos UHMe2payusa ecex 0OHOMEPHbIX CMAMEK MPOCMPAHCMBA 2pA8UMOHAMU MO
gcemy o0bvemy. Peanuszauyus npeodsnoHeHHo20 B8apuaHmMa  UYUKAuYyHocmu
BceneHHoli mpebyem H0B8020 nMooxo0a K ¢hu3uKe uHepuyuu, Kak abcosiomHoz20
paseHcmea uHepyuanbHeix ceolicme ecex BA, 34 ¢ epasumauyuell KaK 10KAMbHO,
mak u enobasnbHO, 8 MNPOMUBHOM Cry4ae 6CA 3Ma cucmema mepsem
ycmolyueocms. Mbl 00axHbI peasnbHO 00KA3amb ycmol4yusocmbs mMaKo20
nosedeHua ®B u mexaHu3mM makoli Hawésncs, 3mo cummempus 8 epasumayuu u
K8GHMOBbIU NPUHYUN 08UXEHUS.

| Cummempus 8 2pasumayuu

Mamepuanu3zosae npocmMpaHCmMso, CMAHOBUMCA  [OHAMHbLIM,  YMmo
KOHKpemHo 83pbl8asocb, HO ocmaémca 3az2a0Kol, 4em obycnosneH BB,
B803HUKHOBeHUe U 8 dasnbHeliwem cobaodeHue banaHca. Npuxooumca 8so0umes
Hoeblli 3aghemepHbIli 8UO CUMbI C HEBEPOAMHbLIMU Napamempamu, 3mda cuna,
ocywecmeus bB, 8 danbHeliwwem cmpozo basnaHcupyem ¢ epasumayueli KocMoca,
KaK Ha MecmHoMm yposHe, makK u 8 macwmabe sceli BceneHHoU, m.e. KGKUM mo
obpazom nodcmpausaemcsa no0 OUHAMUKY pacuwupeHus. Bom 30ece Ham u
rnomoxem MexaHuU3sm peweHusa npuHyuna Maxa. [delicmeue epasumayuu u
UHepuyuu Ha rnpocmpaHcmeo UOeHMUYHO, yx#e CaMO PaseHCmeo Hamaskusaem
Ha MbICb, He A8AAeMCA AU CUAA UHepyuu cocmasHol 4acmoeto epasumauyuu, Ha
ymo amo noxoxe. [elicmeue— npomusoodelicmsue, 2pasumayus—uHepyus, a 8
CyMMe paseHCmaeo 2pasumayuoHHOU U UHepmHol maccel, m.e. 2pasumauyus u
UHepuyus  3mo Heomwvemsemble cocmasnaruue 2pasuUMayUoOHHO20
g83aumodelicmaus, moz20a 2pasumayus CUMMEMPUYHQ.

I IIpusedém ewjé uemvwipe d0800a 8 NO1b3Y CUMMEMPUYHOCMU.

1.Mlpasumayua 8 makom sude YEMKO 8birosHAem Hysesble ycaosua obuwel
SHepauu, KakK 710KasabHO, MaK u 2n06anbHo. [pybo 2o80ps, 6e3 2pasumoHa Kak
Hocumess UHepyuu u 2pasumauyuu, BA, 34 ocmaémca Hu ¢ yem.




2.[pasumayua He u3mepsema, MOMOMY 4YmoO OHA CUMMEeMmPUYHa, moaoa
nep8ouCMoYHUKOM nocmosHHoU [1AaHKa, KaK Hocumess UHepyuu, OO0/MHA
6b6imb epasumayus.

3.Ecnu 83amb KapmuHy pacwupeHusa BceneHHoU u npokpymume Kak 66l Ha3ao,
8rnsiomoe 00 bB, mo mbl noayvyum yucmeliwuli MexaHu3sm ¢hopmMuposaHusa ¢a3sbl
cxcamus BceneHHol u eé Konnanc, m.e. bB u Koanarnc cummempu4Hel. Toeoa Mol
He 86005, KaKkol aubo Hoeol cusabl, MoxeM omsemumb Ha eonpoc. Kmo
ocyuwecmeusn noKanbHo bB — [PpasumoH, Kmo ocyw,ecmaeusn A0KAAbHO KOAAarnc —
IbasumoH, makux ob6aacmeli 10°*°, cmonbKO Xe u 2pasuUMOHO8, 8 CyMMe 3Mo

ecA BceneHHas.

4.BA samo cmabunbHaa cmpyKmypa u 8 moxe 8pema BA Aensemcsa
UCMOYHUKOM poxcOeHusa nwbbix ¢opm 34, m.e. Kakum mo obpaszom
npeodonesaemca K, yumo npomueope4yum ¢usudeckoli cywHocmu camozo
Konnarnca. Bom 30ecb Ham U romMoyxem CUMMempus 8 2pasumauyuu,
noseonuswas pasdeaums [K Ha 0se uyacmu. B Hay4yHolUi numepamype
00KQa3bI8AEMCA, YMO PEeasibHO MOXem Cyu,ecmeosamb MOAbKO MpexmepHoe
npocmpaHcmeo (umeemcs 88UOY OMKPbLIMbIX U3MepeHUl), a CKObKO
30MKHYMbIX, 3mo yxce sapuauuu meopull. Tpu nokoneHuss ¢hyHOAMeHMAsnbHbIX
thepmuoHo8 (mpu napbl K8APK + 7A€NMOH) — mpu U3MepeHUs NMPocmpaHcmaad,
ecmo 71U mym cesA3b. [eomemputo 08UMXCEHUSA 2pAB8UMOHO8 MOMXHO NMpedcmasums
8 sude KoabUa u3 yeroyeKk BA ¢ pasmepamu BceneHHol, 8 Komopom 08uxcemcs

He meHee 10°°%°

wm. epasumoHos. Bo BceneHHol 8 yesnom cmpozoe Koau4ecmao
2paBUMAUUOHHbLIX Koneu, ux He meHee n’=10%, amu konbya pasHomepHo
pacrnipedeneHsbl 8 obveme BceneHHoOU ¢ onpedesneHHbIM 00bEMHbLIM WA20M,
pasHbim  10%°m. Koneya He OonxHbl nepecekamecs, 3mo mpebo8aHue
Heobxo0umo 0na cobawdeHus nopaoka cmpykmypel ©®B coemecmHo ¢
epasumoHamu. lMocmpoeHue Haubosee npocmoli ¢ueypsbl (MamemMmamuyecku),
20e amu Koablya He nepecekaromcs, eCmb mpexmepHslil wap. B yemoipexmepHom
npocmMpaHcmeae 3mux Kosey, A0aHHO 66imb n°, ecau npednoaorHums Ymo, mpém
pasmepHoOCmAam OO0/ HbLI COOMBemcmeo8ams mpu 8uoa @yHOAMEHMAsbHbIX
tpepmuoHos (scrnomHum, Kaucoaa 34 umeem mpu nuya), mo BA donxcHa 6bimb
mpéxmepHoim obvekmom. Yemeépmoe usmepeHue mpebyem Haau4us
yemsépmoli napel hepmMuoHo8, HO m.K. BceneHHaa e asmoli cumyayuu

HepabomocrnocobHa, yemeépmoli napsl bbimb He Mmoxem. Ham ocmaémcs




cmoldenuposams BA nod mpéxmepHoe npocmpaHCmMeo, KaK OCHOBHOU KUPMUYUK
8 nocmpoeHuu ®B. Toz0a BA, cocmoAawaa u3 08yx KUpnu4vyukos C mpems
a71eMeHMamu 8 Kaxoom, npedcmasansgem cmpykmypy muna:

Pazbepém amy cmpykmypy 6osee 0emasbHo.

Mbi paHbwe npednonoxunu, ymo BA ecmb 3amMKHymoe cocmosiHue [3 no
npocmomy 3aKOHY MBA=Mppau* Anpane/ Apacw-  T€MEPL  8CMOEM gonpoc o
cmabusbHOCMU 3Mo20 COCMOAHUSA. Y HAC peasnbHO eCMmb mMpu HANpPassAeHus, o
Kaxcoomy HanpasneHuro Haxooamcsa anemeHmel BA (nenmokeapku) ¢ 3 8 cymme
PasHbIMU M U CYMMAPHbBIM 3/1€KMPUYECKUM 3aPAOOM PABHbLIM €, U MmOo20 UX
wecms. COAnAHCUPOBAHHOCMbL 3MOU cucmemsl MPUBOOUM K CAe0youum
meopemuyecKum 8b1800aM: 00AHHO Cyuwecmeosams 08a 8Uda I3 «+» U «-», HO 8
omsu4ue om 37eKmpuYeckKux OOHOUMEHHbIE MpumMA2U8a0OMcs, PAa3HOUMEHHbIE
ommarnkusaromca. Hanpumep: ece 34 Hadenaromcea 3 «+» u coomeemcmeeHHO
ece aHmu 34 umerom 3 «-». Tpu nenmokeapka Haxodsmca 6 K 3a cyem
O0O0HOUMEHHbIX 3 u KomneHcayuoHHsIU 6anaHc obpa3yemca 3a cyem
3/1EKMPOMA2HUMHO20 OMMAAKUBAHUA OOHOUMEHHbIX 3apA00o8 u Hacmyrnaem
npu Apacm=AmaHK/\/137, (coenacHo TBO Ha amux paccmosiHUsX mnpoucxooum
0bveduHeHue 371eKkmpocnaboz2o U cunbHo20 e3aumoodelicmeuli). OcmanbHbie
mpu aHMuU-1enmMoKeapKa Haxooamca 8 basaHce no mol e npu4yuHe. Toeoa, ¢
yyuémom 3amkHymocmu [3 u cummempuu 8 epasumayuu, CcmaHo8uMCcsA
MOHAMHbLIM  MEXAHU3M QHHU2uAAyuu u poxcdeHua 34. Cummempus 8
epasumayuu 4émkKo obbsICHAem CMbIC/a UHepyuu u 0aém 8038pamHbIli MEXAHU3M
8 ocyunnayuu. MpasumoH amo Hocumersns, KaK UHepyuu mak u 2pasumauyuu u
¢usuyecku obocHosbiBaem 8ecb Mnpoyecc Uukau4yHocmu BceneHHol. Y Hac,
803MOX(HO, ommnana Heobxooumocmes 8 UHPAAYUOHHOM 3mane passumus
BceneHHoli. [leno 8 mom, yumo npu KonaarncuposaHuu BceneHHoli ckopocmu




mexcoy coceOHUMU cao0amu npubauxaromca K CKopocmu ceemd, a 3mo
npusooum Kak b6bl K CAUAHUKO 2pasumoHa ¢ BA u coomsemcmeeHHO K
YMEHbWEHUIO 8/UAHUA cua 2pasumayuu mexcoy BA. Tpasumauyusa nopodus
Konnarnc, cama cebs 3e noxopoHua, Ha4yasca cyeHapuli bB, @ 3mo o4eHb cxoxce
Ha ¢a3o8bili nepexod0 /0HHO20 B4AKYyMa 8 UCMUHHbIU. Kpome smoeo
HeoOHOpPoOHoCMU, Heobxooumeole 0ns gopmuposaHusa 20/10KMUK,
a8MoMamu4ecKu 3aKnaosieaem cama Konanaricupyru,as BceneHHasa. 30ecb e
3Ha4YUMesnbHO yrnpowaemcs peweHue ewé o0HolU npobnemobl. B meopusx
obveduHeHua 8cex e83aumoldelicmeuli U 8ewecmea, 8 YacmHocmu
Cynepepasumayus, 0748 KOMMEHCAyUU oaoxumensHolx bGeckoHeYyHocmell
Komopeble B803HUKAOM Mpu [NepeHOPMUPOBKE OM 2PABUMOHHbIX [emers,
8800AmMcA 8ocemMb HOBbIX 34 co crniuHom 3/2 muna epasumuHo, GOMUHO, 2/1HOUHO
u.m.0. cozoaruwue ompuyamernbHble b6ecKoHeYyHocmu. Bo 2nase amol
B80CbMEPKU CMoum 2epasumoH CcO CMUHOM =2, cuMmmempusa 6 epasumauyuu
asmomamuyecku co30aém KOMMNEHCAYUOHHbIU MeXaHU3M U om c/rye 3mux
9K30MUYeCKUX Yacmuy, MOXHO OMKQA3ambCH.

Keanmoewlii npuHyun dgudiceHus: |

®B ssnaemcsa ¢pyHoameHmom 8 nocmpoeHuu eceli K3/ u 8 moxce epemsa He
npuemnem 004 co30aHua CTO. Kak xe coenacoeams 3smu  83AUMHO
npomuesopeyussie nosuyuu 8 sonpoce o ®B. Ipgpekmor CTO OTO, KBAHMOBbIE
agppekmeol, npobnema 3¢upa 3acMasAAOM HAC MNepeocmbicAUMb MOHAMUA
npocmpaHcmea, spemeHu U camol cymu OsuxeHus. [leno 8 mom uymo, 3¢gup
Heocrnopumas peasbHocMb (Mpasbl CMOPOHHUKU 3¢hupa), HO 8ce 3KcrnepumeHmel
8 pamkax CTO 2osopsam o obpamHom, agpupa Hem (npaessbl npomusHuUKu). Kakas
coBMeCmHO pewaemca 3a0a4a, 3mo npuHyun osuiceHusa 8 cpede u be3 cpeodol. A
Umo ecsnu omKa3ameCA om UCMOYHUKA criopa, He 3gupa amo cneocmseue, a
UMEeHHO camoli cymu 08uIeHUs U meM CamMbiM y008s1emeopumb U CMOPOHHUKO8
U npomusHUKo8 3agupa. [pednosorcum, Ymo KAk maxkosoz2o OsuxceHus 6 ®B
Hem, ecmb MO/bKO Mepeda4yd COCMOAHUS, KAK 3MO MOXCHO rnpedcmasume.
Bocnionsb3yemca o0HUM u3 ceolicme @B — supmyansHocms. Jonycmum ymo 34
ecmb e8akaHcua ®B m.e. HernosnHaa BA scez0a cmpemAw,aacsa 3anoaHUMbLCA
anemeHmamu @B (supmyanbHaA QHHU2UAAYUA) Npu  3mom  co30aémcs
QHA/102UYMHAA BAKAHCUSA HO yice 8 Opy2ol mo4Ke, co30aémcsa s¢hchekm 08UMHCEeHUS,
20e-mo ecmb QHan02UA C M0AYNPOBOOHUKOBbIMU OblpamMu. DPakmuyecku Mol




30ecb HU 4e20 HOB020 He 8bI0YyMblBaeM, OQHHbIU MPUHYUN 08UXEHUA He ABHO, HO
npocmampusaemca 6 K3/. [lsuxceHue 34 moxodecmeeHHO rpebbisaHuUw eé 8
00HOPOOHOM 2paB8UMAYUOHHOM Mosae, YMOo PABHO3HAYHO 0BMEHHOMY npouyeccy
mexcoy 34-BA HernocpedcmeeHHO 2pasumMoHAMU ¢ 3Hepauelli 8 coomesemcmaeuu ¢
docmueHymol ckopocmeto. To20a pasmepHOCMb U 8peMsa 803HUKAOM MOsbKO
rnpu obMeHHbIX MPOUECccax, He 8aMHO peasbHbIl uau supmMyanbHbIl, muna ecms
g83aumodelicmsue o OQHHOMY HAMPAB/AEHUK, ecmb U MexXaHU3M U3mepeHus
pasmepHocmu (HarpasneHHocmu) u epemeHu. mu mpebo8aHUA 8biIMeKaom u3
npuHyuna coomeemcmeus CTO u noHamuem gusu4eckol cyuHocmu spemeHu.
Jlsueasce co cKopocmbo ceema 34 «umeem (C843b» MOALKO C OOHUM
2paBUMOHOM, C KOKUM 08UX(emcs, HO MAK KAK 2pasumoHbl He repecekaromcs,
mo ece o0bmeHHble npoyeccbl U 8pema 8 coomeemcmseuu ¢ CTO
MpuoOCMaHasAUBaOMCcA, MOXHO cKazame U mak 34 nepexodum 8 abcosntomHolili
nopsAaodok ®B. 34 cmaHosumca MEpmebiM 0b6bEKMOM, COCmosHUe eé sce20a
coomeemcmeayem [ocse0HemMy 83aumooelicmeuto, KOCBEHHO 3mom (aKkm
nposendemca 8 akcriepumeHme Acneka [1] [lee 34 HaxodAacb 6 CBA3GHHOM
COCMOAHUU MOC/Ae 3mo20 Pas3anemasncs 8 pPA3Hble CMOPOHbLI co ckopocmbto C
COXPAHAIOM MaMAMb O CB8A3GHHOM COCMOAHUU 00 UX Heli nez2anu3ayuu, m.e.
usmepeHus npoussodumsie Ha0 34 He 3asucam om OruHbI UX Hez2o paszbeeaaq,
mozoa Koppenayus coomeemcmeylow,aa Hauyany pa3beza nepeHocumca K
MoOMeHmMy u3smepeHull. [pasumoH sensemcs Hocumesnem e2pasumayuu U
UHepyuu, 06veduHUB aMo HosoB8B8eOeHUEe C KBAHMOBLIM MPUHUUNOM OB8UMEHUS,
Mbl bonee apeyMeHmMuUpOoBaHO MOMEM KOHCMamuposamse: UCMUHOU rnpu4vyuHol
gcex 6e3 npuyuHHbIX cobbimuli A819emca 2pasuUMOH, 3MO YUCMO KBAHMOB8bIl

agpgpekm.

|Fpaeumauuom—1uﬁ J1asep |

Mamepuan, u3noxeHHbIl 8bllie, MOXem 8bi3bI8aMb PA3/UYHbIE CYHOEHUS.
be3 saKkcrniepumeHma (noomeepic0eHus) MOXHO 2eHepuposams t0bblie meopuu u
udess NMOCMAHOBKU 3KCNEpUMeHMa HAWAAcb, MOMHO HQA38aMb €20 KAK —
2pasumMayuoHHbIl na3ep. bepém ceepxOaUHHbLIU U C8epPXMOHKUU MACCUBHbIU
CmepieHs U 800sb €20 HanpassaeHus nomewaem 34 co cneyuansHoU
usmepumesnoHol annapamypoli. Tem cameimMm Mbl CO30aéM /10KAAbHYO 06s1aCMb
go30elicmauli, 8bIX00AWUX U3 CMepMHA YCUAEHHbIX 2pasumoHos, Ha 3Y,
cneyuansHaa annapamypa gukcupyem gaykmyayuu 34. Bozbyoum e cmepicHe




mexaHu4eckuli eosHosol rnpouyecc, m.e. Mbl MeHAeM /O0KAAbHY0 06aacme
YCU/IEHHbIX 2paBUMOHO08, 8 MAKM B0/IHE 8 CMepXHe, Ymo U (puKcupyemcs
annapamypoli. Ecau meopusa coomeemcmeyem OelicmeumenbHocmu, y HAC
grnepebie  0A675emca  peanbHull  MexaHu3sM  U3MepeHuUs  CKopocmu

pacnpocmpaHeHus epasumayuu.
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