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UABHJIA3 AL

BBeneHnue

XOTUM Bac M Hac MO3JpaBUTh, rocrnofa yutarean. Bo Bpe-
M5 HAIMCaHWsI 3TOM KHUTH MPOU3O0IIUIO 3HAMEHATEIbHOE COOBI-
te. 10 anpens 2019 roga B ceTu BriepBble MOSIBUIIACH (POTOrpa-
(pusi HEeHTpaJILHOTO TeJa Hallled raylakTUKU «Mitednpiid [1yTh»,
KOTOpOE YIEp:KMBAeT Kak Ha KOPOTKOM ITOBOJIKE BCIO Hallly ra-
JIAKTUKY OT pasiéra. ATy (potorpaduio MHOTME BUIEIU BOOUHUIO.
Ha ¢gortorpadguu yepe3 oueHb IJIOTHBIN YEPHBIT (PUITBTP U300-
paxEH ceTsmiics Top (OyOnuk), 4to moaTBepaaeT nHgpopma-
LIMIO OJIHOTO M3 aBTOpPOB 3T0M KHUTW MBana BacuiweBuua Ilo-
HOMapeHKO, KOTOPYI0 OH MOJIyYWJI C MOMOIIbI0 BBICOKOPA3BU-
TOUM IUBIJIM3AIMU CO 3BE31HOTO cKoruieHus1 «Ctoxapbl» («I1e-



si7Ibl» ), BTOpast 3Be3/a, TPeThsl IuiaHeTa. «Ho mo3BosnbTe, — cKa-
€T UHOW MPOTrPECCUBHBIA M HAYMTAHHBIM YMTaTENb,— HA (POTO-
rpacuu n300paxeH COBCEM He TOp, a YEPHas IIpa, KOTOpasi CBe-
TUTCS Yepe3 TOPU3OHT COOBITHIN».

DTOT Kazyc rOBOPUT O TOM, YTO OJIHY U Ty *ke ¢ororpaduio
MOXHO BOCIIPUHUMATD TO-pa3HOMY. TOT, KTO XOTSI OBl B OOIIUX
gyepTax 3HaeT «OOIIEHPUHATYIO» TEOPUI0 MUPO3JAHUS U BEPHUT
B He€, Oy/IeT BOCIIPUHUMATh €€ KaK CBETSILYIOCS YEPHYIO JbIPY,
KOTOpasi CBETUT Yepe3 TOPU30HT COOBITUI. TOT ke, KTO HUYero
HE 3HAET O «OOMIENPUHATON» TEOPUUA MUPO3/IAaHKS U O TOPU30H-
Te COOBITHIA, BOCIIPHMET 3Ty (POTOrpapuio TeM, UeM OHa sIBJISET-
Cs1 Ha caMoM JieJie, 2 MMEHHO, N300pakeHNeM CBETSIIErocs Topa.

[

Ha ¢pomoepagpusix uzoopadsicervl mop u OUck ¢ ObIpKoli 8 yeH-
mpe, uem-mo OHU NOXodce, KOHEYHO, HO He HACMOAbKO, Umoodbl

UX Heawb3si OblNo omauuums opye om opyea. Pomoepagpuu aemo-
P08, UCHOUHUK — APXUE ABMOPO8.




JlaHHBI TPUMEP TOBOPUT O TOM, YTO TEOPUU UCKAKAIOT MU-
POBOCIIPUSITHE YEJIOBEKA, U OH HAYMHAET «BUJETh» TO, YETO HA
camoM Jiesie HeT u B nomuHe. Kak roBopui Kospma IIpyTkoB:
«Ecnm yBuaMIlIb Ha KJIETKE CO JIbBBOM HaANUCh « TUrp» — HE BEphb
r1a3aM CBOUM». B KayecTBe 3TOM «HAIUCH» Ha ThIcS4ax (POTO-
rpadusix, pacruioAMBLIMXCS MO BCEW CETH, YEPHBIM IO Oeiomy
HanucaHo, 4To Ha potorpacdun qaHo M300pakeHne YEPHOM JIbl-
pbl. Tak, J10XKb, MOBTOPEHHASI MHOTOKPATHO CTAHOBUTCS KakK Obl
MpaBAOM, HO HaM HaJO MPOSBJIATH 3I0POBbIA CKENTULU3M JIU-
JIeTaHTOB. MBIl HE YTBEp:KJAEM, UTO OPTOJOKCHI BPYT 3JIOHAMeE-
PEHHO, KOHEYHO ke, HeT. OHM MCKpeHHe 3a0JTykIal0TCsl, HO OT
9TOTO JIOKb HE TMepecTaéT ObITh JT0kKbI0. Kak MbI yxke pazOupanu
BO BTOPOM BbINTyCKe cepur «PU3HMKa BHICOKOPA3BUTOM LIMBUIIN-
3alMi» B KHUre «MeTonoIorusl HayuyHbIX UcclieloBaHum» [1],
TIEpBHI 3TaN pa3padOTKU TEOPUH — BbIJYMbIBAHUE €€ W3 TOJIOBBI
(v no ®eitnmany: «CHavasa HaI0 JoraaaThes»). OgHaKo, Kak
Mbl BUEJIY HA IPUMEPE IPABUTALIMU [2 ], JOoragarbcs, WK BbITY-
Marth U3 TOJIOBBI JOBOJIBHO CJIOXKHO, OCOOEHHO I10 OOIIUM TEOPH-
sIM, KOTJIa SKCIIEPUMEHT CTOMT HE BIIEPEIN TEOPUU, & HAXOIUTCS
1o3au e€ Kak cpefcTBO MpoBepku Teopud. [loaromy pazpadbot-
Ka OOIMX TeOpUH, K KOTOPHIM OTHOCSITCSI TEOPUH MHUPO3/IaHUS
9TO MOBOJ AJ1s1 Oe3yIepKHbIX (DAHTA3UI OPTOJOKCOB, TaK KaK MO
VX MHEHUSIM, HUKTO HE B COCTOSIHUM ITPOBEPUTH Y IOATBEPIUTD,
WJTA OITPOBEPrHYTh 3TH (paHTazuu. OIHAKO OPTOIOKCH 3a0bLUIH O
BBICOKOPA3BUTHIX ITUBWJIM3AIUSX, KOTOPbIE MOTYT pa300JIauyuTh



MoOYI0 JIOXKb: KaK 3JIOHAMEPEHHYIO, TaK ¥ HEBUHHYIO JIOXb 3a-
OJTy K TAIOITHXCSI.

Teneps 1o nMoBoy Hallero AujaeTaHTu3Ma. Mol siBsiemMmcs 1u-
JIETAaHTaMU TOJIbKO MO TeopusiM. OIHaKO, 110 3TUM ITPECIOBYThIM
«OOIIeNTPU3HAHHBIM» TEOPUSIM MUPO3/IaHUS, WU, KaK TOBOPSIT,
10 KOCMOJIOTYECKUM TEOPHUSIM, TPOECCUOHANIOB-TO U HET, TaK
KaK 3TO HACTOJILKO OTPOMHBIIA, MHOTOIJIAHOBBIN, MATEMAaTU3UPO-
BaHHBIN W CJIOKHBIA 00BEM pasHOOOpa3HelIel nHgopmammu,
KOTOPBIM HE TOfI CUJTy Jake JI0OOMY reHHUAJIbHOMY OpPTOIOKCY.
[ToaTOMy MBI TPUBEIEM, KOHEUHO, K€ «OOIIETPU3HAHHYI0» TEO-
pUI0 MUPO3/IaHUS U, JAaxke, TOBEPXHOCTHO U KPATKO MpOaHasIM-
3upyem e€. Ho, Mbl momelniaem 3Ty TEOpUIO HE AJIS aHa/Iu3a, a
B OOJIBITIEH CTETIeHH, JIJIs1 CPaBHEHUS ¢ (DEHOMEHOJIOTHEe MUPO-
3[0aHus, TJe Mbl MIOKa €AMHCTBEHHblE NpodeccuoHansl. Koraa
Teopusi U (heHOMEHOJIOTUsI OyIyT Tepell IJ1a3aMu YHTartesisi, OH
caM CMOXET 1 COTIOCTaBUTh M BhIOpaTh. K clloBy cka3arh, HET HU-
KaKOro €IMHCTBAa U B CAMOM CTaHe OPTOJIOKCOB, €C/IA OHU Jei-
CTBUTEJIbHO YUYEHbIE, 4 HE YMHOBHUKM OT HayKu. B mkady kax-
JIOTO OpTa CIpPSITAH «CKeJieT» aibTa. OpThl, pasymeercsi, HUKO-
MY 3TOT «CKeJIeT B IIKa(y» He MOKa3bIBAIOT U3-32 CBOMX KOPIIO-
paTuBHBIX UHTEpecoB. Ho nHorga v y HUX ObIBAIOT CphIBHL. BoT
KaK BbICKa3aJICsl OOHAX /bl Niepest KypHasuctamu Ponbd-dutep
Xoiiep ( 6piBIHI ['enepanbbiii qupektop LIEPHa): «Crangapt-
Hasl MOZAEJIb — 3TO (IKCKbIO3 MH) FOBHO, (DAaHTACTUKA U HUYETO
HE OOBSICHSIET.

Hano Heckonbko CIOB CKa3zaTh O TEPMHHE «OOIIENpU3HAH-



Hasl Teopusi». DTOT TEPMUH NPUMEHSIETCST O(PUIIUATBHON Hay-
KO, YTOOBI MOAYEPKHYTh BCEMUPHOE €JUHCTBO OPTOIOKCAIIb-
HOW HayKH, HO 9TO MPECJIOBYTOE «EIMHCTBO» €CTh TOJILKO B BOC-
NaJIEHHBIX MO3rax akajaeMukoB. Ha camom pnerne, 3Toro eauH-
CTBa HET U B IOMUHE, TAK KAK aJbTEPHATUBHbIC YUEHBIE B KAK-
JIOM CTpaHe IpeJaraloT JECATKY, a, MoKy, U COTHU, TEOPUU
MUPO3/IaHUs Ha T000# BKYyC. [1o MeTooorumn HayyHbIX Uccrie-
JOBAaHUI TEOPUU OPTOAOKCAJIBHBIX U AJIbTEPHATUBHBIX YUEHBIX
HUYeM He omnyaioTcs. O0e 3TH pa3HOBUIHOCTH YUEHBIX Tep-
BBIM 9TAIl CBOMX TEOPUX BBIIYMBIBAIOT U3 CBOUX I'0JIOB, WX JI0-
rajgpiBaloTcs 1o PeiHMany. B 3ToM cmbIcie Teopun OpTOIOK-
CAJIbHBIX U aJIbTEPHATUBHBIX YUEHBIX aOCOTIOTHO PABHONPABHBI
Y [0 METOAOJIOTMYECKOMY 3aKOHY Tuxomuposa-IloHomapeHko
[1] — HecocTOATENBHBI, IOTOMY paccMaTpuBaTh aJbTEPHATHUB-
HBIE TEOpPUU HE MMEET CMbIC]IA, KAK HE UMEET CMBIC/IA MEHATh
OJJHY HECOCTOSITEJIbHYIO TEOPHIO HA APYIYIO — TaK e HECOCTOs-
TEJIbHYIO.



1. O0menpuHsATast TEOPUS
MHPO3aHNsI 3eMJISTH

[Ipexpae, yeM XxapakTepu30BaTh U U3JIaraTb 3eMHYIO TEOPUIO
MUPO3/JaHusl, 3aMETUM, 4TO, €C/IM B CTPOEHUM BEIlECTBA HAIIU
3HAHMS YIMBUTEIBHOM OOpa3oM BO MHOIOM IOXOXKH U TMOYTU
COBIIAJIAIOT CO 3HAHUEM BBICOKOPA3BUTOM IIMBUIIA3AIINH, TO B BO-
pocax MUPO3JAaHUsI BCE COBEPIIEHHO HA0OOPOT.

JlefiCTBUTENILHO, MBI TIPABUJIBHO OMPEICIINIIN, YTO BEIIECTBO
COCTOMUT U3 aTOMOB, a aTOMbI B CBOIO OYepe/lb UMEIOT B CBOEM
coctaBe 000COOICHHBIE JIEMEHTAPHbIE YACTHIIbI: TPOTOHBI, HEH-
TPOHBI U MEKTPOHBL. [IPOTOHBI ¥ HEUTPOHBI COCPEIOTOUEHBI B
LEHTPEe aToMa, a NMEKTPOHbI HAXOIATCS JaJIeKO OT MPOTOHOB U
HEWTPOHOB, Ha BHEIIIHEW rpaHulle atoMa. B crpoeHnu Belectsa
y HaC TOJIbKO OJTHA HE3HAYMTENIbHASI OIMOKA, KOTOpasi 3aKJII0va-
€TCs B TOM, YTO KBAaHTOBbIC MEXAaHUKHCTHI 3a9€M-TO OObETUHH-
JIY TIPOTOHBI M HEUTPOHBI B, TAK HA3BIBAEMOM, HYKJIOHHOM SIJIpe.
Bbo aBe ommbOKu, HO ceifuac onHa. Bropas ommoOka 3akiova-
J1ach B TOM, 4TO JIO CUX TIOP He ObLJIO OTKPHITO UCTUHHOE SIIPO
aToMa, KOTOpOe eCThb OT/eJIbHasA IeMeHTapHas yactuua. OgHa-
KO 3Ta ommoOKa Hamu yxke ucrpasiera. B 2018 rony Hamu cae-
JIaHO (PU3MUYECKOE OTKPBITUE, UTO PO aTOMA SIBJISETCS OT/EIb-
HOW 3JIEMEHTApPHOM YacTHIIeH, KOTOpOe OMyOJMKOBAHO B MEK-
JOyHAapoIHOM pedpeprupyeMoM HaydHOM KypHaie «Hayka uepes



NpU3My BpemMeHu» [4].

K coxanennio, B BOIpocax MUpO3J1aHus BCE HE Tak. B 3tnx
BOMPOCAX y HAC OffHA CIUIONIHAS OIMMOKA. MBI CXOOUMCS JIIIIb
B OJIHOM, YTO TaJIAKTUKH BCeJeHHBIX pazoeratorcs. Ho mouemy
umMeHHO? OO0 3TOM y Hac COBEpIIIEHHO pa3Hble MHEHHUSI.

XapakTepHO, UYTO CamMble HAYaIbHBIE TAIlbl PA3BUTHUSI BCEJICH-
HOW HAlIM 3eMHbIE YUEHBIE «3HAIOT» rOpa3/o JIy4dlle, YeM STallbl
e€ pa3BUTHs OoJiee MO3/IHETO BpeMeHU. Tak, yu€Hble «3HaAIT»,
YTO MPOUCXOAUJIO 33 MUJUIMAPAHbIC, MUJUTMOHHbIE U THICSIUHBIE
JI0JIM CeKYH[IBI Tociie BonbIioro B3peiBa, HO YeM Ovke K Ha-
MM BpeMeHaM, TeM OoJibllie 3aTPyJAHEHUIN 1 HeOoNpeIeIeHHO-
cred. Tenepb paccMOTpUM, Kakue 3Tarbl Pa3BUTHUS BCEIEHHON
HaMm npejajaraet Bukuneaus.

«[Ipeomemom OanHOU cmamou 16151€MCsi COBPEMEHHOE NPeo-
cmaeneHue 00 OCHOBHbIX amanax paseumust Beeaennoii ¢ momen-
ma eé obpazosanus u 00 Hawux oxeti. OHO bazupyemcst Ha cie-
OYIOUUX MeOPUSIX.:

1. meopuu pacuupenuss Ppuomana;

2. meopuu boavuozo e3pviea (meopuu 2opsiueii Bcenennoii);

3. meopuu ungasiuuu;

4. uepapxuueckoti meopuu (poOpMUPOBAHUST KPYRHOMACULIMAD-
HOUL cmpyKkmypbl,

5. meopuu 36€30H020 HacCenEHUS.

Ixempanonayus pacuiupenus: Beeaennoti nazao 6o epemenu
NPUBOOUM K MoUKe KOCMUUECKOL CUHYASPHOCTU, BONU3U KOMO-
DOl HblHe U38eCHble 3aKOHbl (PUBUKU NEPECAaiom padomanmo.



Bpems oice pacuupenusi u3 3moii KOCMU4ECKol CUH2YAAPHOCU
00 COBPEMEHH020 COCMOSIHUS HA3b18alOm 803pacmom Beeaennoii;
NO PA3AUUHBIM OAHHBIM, OHO COCMABAsen npuonusumenvro 14
MAPO. nem».

Ve nepBasi IpUBEIEHHAS LUTaTa BEAET K HEOMPEIEIEHHO-
ctu. VI3 3T0Oro OTphIBKA CIIE/yeT, YTO BCEJIeHHasl y Hac oOpa3o-
Bajach onHa. To ke crieayeT U U3 OOIEro KOHTEKCTa CTaThU.
OnHaKo 3TO MPOTUBOPEYUT HAOMIOAATETLHBIM JAHHBIM. B cTaThe
MPaBUJILHO YKa3bIBAETCS, UTO rajlakTUKK paszoeratorcsi. Ho Torma
BCEJICHHAsI He MOKET OBITh OJTHOM, TaK Kak VIHTepHeT moJyioH ¢o-
Torpaduii cavBaloIMxcs raakTuk. Ho pa3 HeKoTopble rajiak-
TUKU CJMBAIOTCS (COETUHSIOTCST), TO BCEJICHHBIX JOIKHO OBITH
MHOT0, TI0 KpaiiHel Mepe, HeCKOJIbKO. Beib CTUThCS MOTYT TOJIb-
KO TaJIaKTUKW Pa3HBbIX BCEJIEHHBIX, pa3 raJlaKTUKKU OJHOUN U TOM
ke BCEJIEHHOM pa30eraiorcs. ITo CIMsSHUE TalaKTHK, a TaK ke
npuOIMKEHUE K Halllel TalakThKe «MJIeUHbI TyTh» TajlaKTH-
k1 «TyMaHHOCTh AHAPOME/IbI» BBI3BIBAET Y OOBIBATEIISI HE/IOBE-
pue K y4éHeiM. He MOTryT e rajakTUKy pa3jieTasich CONMMKaTh-
cs 1, TeM Oostee, civBarbes. Ho 310 mpocto o0bsicHsIeTCs — ra-
JIAKTUKY OJJHOM U TOM ke BCEJIEHHOM pa30eraiorcsi, HO rajlakTH-
KM Pa3HBIX BCEJICHHBIX MOTYT U COJIMKATHCSI U CJIMBATHCS. DTO
OU€Hb BaXKHBIN BHIBOJI, TAK KAK CJIMBIIMECS TaJIAKTUKY (paKTHye-
CKU OOBEAMHSIOT BCEJICHHBIE, U UX CTAHOBUTCS MEHBIIIE YUCIIOM.
Ho B BukuneaueBcKoy CTaThe O KOJMYECTBE BCEJICHHBIX HUYE-
ro He ropoputcsl. OIHaAKO MHOKECTBEHHOCTh BCEJIEHHBIX UMEIOT
OUE€Hb BaXKHbIE CJEICTBUS: 3HAUUT, TAaK HA3bIBAEMBIX, «BosbIIIIX



B3pPBHIBOB» OBLJIO MHOTO M CaMO€ IJIaBHOE, OHM He 00S13aTeJIbHO
MIPOVICXOIWIIN B OJTHO BpeMsl. 3HAYNT, CJIMBAIOIINECS TATaKTUKU
UMEIOT Pa3HbIil BO3PACT, U, CJIEI0BATENILHO, Pa3HbI CPOK IBOJTIO-
1MUY 3BE3/1. B OHOM CITMBIIEICS TraJlakKTUKE OKa3bIBAIOTCS 3BE3-
JIbl pa3HOro Bo3pacra. Kpome Toro, o JaHHBIM BHICOKOPA3BUTOM
LUMBUJIM3ALIAY, HAIlleW BCeJIEeHHOU He 14, a 17 MumapioB Jier.

Kpome Toro, B mepeuHe TeopHid, Ha KOTOPBIX Oa3UpyeTcs 3eM-
Hasl TEOpHUsI MUPO3/IAHMSI, MPOMYIIEHa eIl¢ OJHa TEOPHs O TOM,
YTO HAIlIY ITPUBBIYHBIE SJIEMEHTAPHBIC YACTUIIBI — TPOTOHBI, HEH-
TPOHBI 1 JIEKTPOHBI — 3TO ¥ €CTh OAPHOHHAST MaTepHsl, Ha3bIBaEC-
Mas BetiecTBoM. Ho 9T0 HEBEpHO BEIIECTBO COCTOUT U3 IBYX Ma-
TEpUI: TIOJIOKUTESTbHOM (CBET/ION) M OTpUIIATEIbHOMN (TEMHOM).

[Tpomomkum nuTupoBath Bukunemuio. «Momenm obpaszosa-
HUSL PEAUKMOB020 (POHA SABNSEMCSL NOZPAHUMHBIM ONSL BOMOUUU
seuecmesa. Ecau 0o Hezo OHA NOAHOCHIBbIO ONPEOensiNaCh PACUAU-
peHuem, mo nocae ponv nepeoli CKpUnKu Oepem Ha ceost 2pasu-
MAUUOHHOE 83AUMOOELiCmBUe CKONNEeHUL 8euecmad, Kak opye ¢
OpYyeom, max u ¢ camum coooii. Umenno ona omseuaem 3a oopa-
308aHUe 36¢30, 36¢30HbIX CKONACHULL 2ANAKMUK, 4 MAKICe CAUSL-
HUe NOCNeOHUX.

Omoenenue peaukmogozo oHa Cmano 803MONCHLIM ONd20-
oapsi ocmouleanuto Bcenennoli, evizéartvim pacuuperuem. Ta-
KUM Jice NPOUECCOM, NPedonpedetusuuLl KoHel, SnoXu OOMUHUPO-
BAHUSL 2PABUMAUUL U NOPOHCOEHHDILL €Ul — UBMEHEHUE XUMUUECKO-
20 COCMABA U3-30 BCNBIUEK CEEPXHOBBIX 36E30».

Crasio ObITB, 10 MOMEHTa OOpa30BaHUsI PEIMKTOBOTO (poHa



rpaBUTAIMSI HE IEUCTBOBAJIA, WM ObLIa CYIIECTBEHHO MEHBIIIe
cu obecreunBalvx pacimpenre. Ho Takue CHITBI JOJIKHBI
OBbITh, UHAYE MPUJIETCS TPU3HATD, UYTO pacIIMPEHHE HAYAJIOCh Oe3
npuuuHbL. Tak U caeayeT u3 3ToM TEOPHH, TaK Kak O CHJIaX 00ec-
[EYMBAOIIUX PACIIUPEHUE HUYETO HE TOBOPUTCS, UTO SBIISIETCS
3aTPyIHEHUEM 3TOM TeOpUM. B mocnencreue, Mbl YBUOUM, YTO
B CTPOUTEJILCTBE BCEJICHHOM UTPAET POJIb HE T'PaBUTAIIMS, KOTO-
pas, IKOObI, COeAMHIET MUKPOOOBEKTH B OTPOMHBIE 3BE3/IbI U
TieJble 3BE3/IHBIE 00pa30BaHMs, a Kak pa3 HA0OOPOT — MOSIBIIA-
I0TCSI CHUTBI, KOTOPBIE IPOOSIT U pa3pyIaloT OYeHb OOJIbIIIE KOC-
MUYECKUE OOBEKThl — HA MEHBIIIME, OT OTPOMHBIX 3BE3]1 JI0 IMbI-
JIA, MOJIEKYJI U aTOMOB.

[Tponomxum nutupoBarb Bukuneamio: «/liankosckas snoxa

Inanxoeckas snoxa — camas paHHaAs dN0Xa 8 UCMOPUU Ha-
omooaemoti namu Bcenennoii, o komopoii cywecmeyiom Ka-
Kue-aubo meopemuueckue npeononodiceHusi. B smy snoxy eeuye-

cmeo Bceaennoli umeno snepeuro ~1 o”°r 3B, naomuocme ~1 0”7

Kk2/m>u naxoounoco npu memnepamype ~1 0°? K. Pannsist Beenen-
HASL NPeOCmAasAsing CoOO0ll 8blICOKOOOHOPOOHYIO U U3OMPONHYIO
cpedy ¢ HeOOLIMALIHO 8bICOKOL NAOMHOCTIbIO dHEP2ULL, MemMnepa-
mypoii u oaéreHuem. B pesyavmame pacuupenus u oxaagxcoe-
HUs1 60 Beenennoti npouzouinu ghazoasuie nepexoovl, ananoeuutvle
KOHOEHCayuu HCUOKOCMU U3 2a3a, HO NPUMEHUMENLHO K JNeMEH-
mapHoim yacmuyam. Ona 3aKoHuuAacy no ucmeuvenuu Ilnankos-

cko20 epemenu (1 0% cekyHO nocne boavuwozo Bapeisa). Ilocae



Tnankosckoli 3noxu 2pasumanoHHoe 83aumooelicmeue omoen-
N0Cb 0N OCMANBHBIX (PYHOAMEHMANBHBIX B3AUMOOEUCMBUII.

CospemenHas Kocmonoeusi noadazaem, wmo NnoO OKOHUAHUU
[1hankosckoli snoxu Hauanace eémopas gaza pazeumus Becenen-
Holl — 9noxa Beauxozo o6vedunenus, a 3amem HapyuleHue Cum-
Mempuu ObICHPO NPUBENO K INOXe KOCMUUECKOU UHPAIUUU, 8
meuenue Komopoui Bceaennas 3a kopomkuii nepuoo oueHv cunb-
HO YBeAUMUNACH 8 PAZMEPAX.

Tlockonvky 6 Hacmosiuee 8pemsi He CYuecmeyem oouenpu -
Mot meopuu, N0380AsHOUEL KOMOUHUPOBAMb K8AHMOBYHO MeXa-
HUKY U PeAsiMUBUCICKYIO 2PABUMALUI0, COBPEMEHHAS HAYKA He
MOHCEM ONUCAMb COOLIMUSL, NPOUCXO0SULUE 3A BPEMSL, MEHBULEE,
uem NAAHKOBCKOe 8peMsl, U HA PACCMOSIHUSX MeHble NAAHKO8-
ckoti Onurol (npumepro 1,616x 1 07 m— paccmositue, Komopoe
npoxXooum ceem 3a NAAHKOBCKOe 8PeMsL).

be3 nonumanus keanmogoii epasgumauuu — meopuu, 06seou-
HSIOUell K8AHMOBY0 MeXAHUKY U PeAsmUGUCICKYIO 2pasuma-
yuro, — gpusuka Ilnankoeckoii snoxu ocmaémcs nesicnou. Ilpun-
UUNwl, NeACaABUILe 8 OCHOBE eOUHCMBA (PYHOAMEHMANbHBIX 83AU-
MoOdelicmeuii, a makace NPUUUHLL U MeueHue npoyecca ux pazoe-
NeHUst 00 CUX NOP MANOUBYUEHDL.

Tpu u3 uemuipéx cun ObLAU YCNEUWHO ONUCAHBL 8 PAMKAX eOU-
HOIl meopuu, HO NPOOdAEMA ONUCAHUSL 2PABUMAUUL 00 CUX NOP He
peutera. Ecau ne yuumuvleams K8anmoawvle 2pasumauuorHble 3¢h-
¢exmwt, mo noayuaemcs, umo Bcenennas nauanaco ¢ curneyasp-
HOCMU ¢ OECKOHEUHOU NAOMHOCMbIO; Yuém Smux 3¢hghexmos noz-



gonsiem nputimu K Opyeum 6v1800aM.

Cpeou naubonee npopabomamHHvix U NepcneKmusHbIX KaHou-
0amos Ha 00eOUHSIOUYHO MEOPUIO — MeoPUst CMPYH U NeMNeBOT
Kearmoeoli epasumauuu. Kpome mozo, eeoémcs axkmusnas pa-
60ma no HeKOMMYMAMUBHOU 2e0MeMpPUU U OpYyeum 0ONACIAM,
NO360NSIOUWUM ONUCANb NPOUECCHL 3apodicoeHust BeenerHolil.

KcnepumeHmanvhble UCCAe008aHUS.

IKcnepumeHmanvHvle OarHvle, NO3BOASIOUUE ODOCHOBAMD
npeononodicenusi 0 Ilnankosckoli anoxe, 00 HeOABHE20 BPEMeEHU
NPAKmMu4ecKu Omcymcmeo8anll, Ho NOCAeOHUe Pe3yYAbmamol, No-
ayuermvie 30nH0om WMAP, nosgonunu yuéHvim nposepumso 2u-

nome3svl 0 nepeoui 1 0712 donu CeKYHObL cyuecmeosanust Bce-
NEHHOIL (XOms peauKkmogoe uznyuerue, Komopoe pezucmpuposan
WMAP, eo3nuxno, kozoa Bcenermoti 06110 yoice HECKOAbKO CO-
men molcsu nem). Hecmomps na mo, umo smom 6pemeHHol um-
Mepean no npedxcHemy Ha MHO20 Nopsokoe boavuie, uem [Lran-
KOBCKOEe 8peMsl, 8 HACMOosiujee 8pems NPOOOANCAIOMCSL IKCNEPU-
Menmul (8Kkatouas npoekm «llnawi»), umeroujue MHo2000ewaro-
uue pesynomamol, KOmopbvle no380Aam OMmoOGUHYMb 2PAHULY
«UBYUEHHO20» BPEMEHU DAUdICe K MOMEHMY 803HUKHOBeHUs Bce-
NEHHOU U 803MOJICHO 0adym ceedeHust o ILrankosckoli snoxe.
Kpome moeo, nexomopoe nonumarue npoyeccos é pamHeli éce-
NEHHOI 0arom OanHble ¢ yckopumeneti uacmuy. Hanpumep, sxc-
NepUMEHMbL 8 PEASTMUBUCICKOM KOANAAOEpe MHCENbIX UOHO8
(RHIC) nozeoaunu onpedenumv, umo KeaApK-2AH0OHHASL NAA3-
Ma (0OHO U3 PAHHUX COCMOSHUIL mamepuu) 8e0ém cedsi CKo-



pee Kak dcuokocmo, wem Kak z2as. Ha boavuom aoponrnom xon-
Aatioepe 803MONCHO UCCNe008aMb ewé bonee paHHue COCMosi-
HUsL Mamepuu, 0OHAKO 8 HACMOsUiee GDeMsL Hem HU CYUeCmaYio-
WUX, HU NAAGHUPYEMBIX YCKOpumeneii, Komopbvie N0380Asm NOAY-

uums sHepeuu nopsioxa Ilranxosckoii suepeuu (okono 1,22x 1 0!’
I5B )».

YuEHble COBEpIICHHO HANpacHO cTapaiotcss ciuTh OOy
TEOPHUI0 OTHOCUTEJIbHOCTU M KBAaHTOBYIO TEOPHIO I'PABUTAIIMU.
Her, cimuthb TO TEOpeTUUECKH MOKHO BCE, UTO yrogHo. Ho B aeii-
CTBUTEJIbHOCTH T'PaBUTALIMsI HE YMCTO KBAHTOBOE siBjieHUe. KTo
YMUTaJ MEePBBIN BBIYCK HACTOsIIEN cepun, «I paBuranus, HoBast
napagurma» [2], TOT yke 3HaeT, YTO rpaBUTAlLIMsl — 3TO KOraa
KKl MPOTOH, KaX/blii HEUTPOH M KakJ0€e siApo atoma (OT-
JieJibHAs JIEMEHTApHAs YaCTUIIA) B3aUMOJCUCTBYET Ha TMPUTSI-
’KeHHe C OOJBIIMMU MacCaMu sifiep 3BE3I, IUIAHET U CITyTHUKOB,
MpeCTaBIeHHbIE CUJTLHO YIIJIOTHEHHBIM MACCUBHBIM M OOJTHIITUM
KyCKOM OTpHIIATeNIbHON (TéMHOM) Matepuu. Takum oOpaszom,
(peHOMEHOIOTMYECKY TPABUTALMS SIBJISIETCSI CMECBIO KJIACCUKU U
KBaHTOBOW MeXaHUKH. [109TOMY, 4TOOBI CO3/1aTh YUCTO KBAHTO-
BYIO MOJIENIb €€, OPTOAOKCAM HAJ0 OY€Hb CHJIBHO MOCTApaThCs U
XOPOIIIEHBKO MOohaHTa3uPOBaTh. BeI3bIBaeT OOJBIIIME COMHEHUS
TaK)Xe, UYTO TPU U3 YETHIPEX CHJI ObLIM KOPPEKTHO OIMMCAHBI B
pamMKax OOHOM TEOPHH.

[Tponosxum nutupoBath Bukunenuw. «Pacwupenue Beenen-
HOUL — 3MO KPYNHOMACUMAOHBLL npouecc, X00 KOmopozo, no cy-
mu, onpeoensien x00 e€ 360MOUUU. U3-3A PACULUPEHUSL CPEOHSIS



memnepamypa naoaem, onpeoensisi Kak 00420 U ¢ KaKoli cKkopo-
Ccmoulo OYOem uomu nepeuUHbILl HYKAeoCUHme3, Ha poHe pacuiu-
PeHUs NPOUCXO0UM U pazeumue PayKkmyauuii, Komopbole 3amem
O00NJHCHBL CIMAMb 2ANAKMUKAMU U MAK Odnee. IKCnepuUmMeHmanb-
HO pacuuperue Bcenennoii nposiensiemcst 6 8uoe KpacHoeo cme-
UieHUsl CNEKMPANbHBIX NUHULL YOANEHHBIX 2ANAKIMUK 8 COOMBENT-
cmeuu ¢ 3axoHom Xaoona, a maxice 8 8U0e YONUHEHUS. BDEMEHU
BUOUMO20 NPOMEKAHUS. PASAUMHBIX NPOUECCO8 8 HUX (Oaumens-
HOCMb 8CNbIUEK CBEPXHOBBIX U OPY2UX).

Bcenennas pacuupsiemcs u3 HA4anvbHO2O C8EPXNIAOMHO20 U
c8epx 20psuez0 COCMOSIHUSL — MakK Haswvleaemulii boaviuoli 3powis.
AHensiemcs au UCX0OHOe cOCMOosiHUE CUHZYASAPHBIM (KAK npeocKa-
3bl6aem KAACCUMECKAsl MeOPUst 2pasumauiu — oouydst meopusi
omnocumenvrocmu uau OTO) uau nem — akmusHo dedamupye-
MBIl BONPOC, HAOENHCObL HA €20 Pa3peutetie Ces3bI8AIOM C paspa-
OOMKOI K8AHMOBOU MeopUU 2PaAsUMAauUiL.

Mooenv @puomana

B pamkax OTO écs ounamurka Bcenennolti 6 nepsom npudau-
JHCEHUU MOHCEM DbIMb C8e0CHA K NPOCIbIM OUPPepeHuabHbIM
YpasHeHusm ons macuimaonozo gpaxmopa a(t) — eeauuursl, on-
padicaroueli usmMeHeHue pacCmosiHuil 8 0OHOPOOHO PACUUPSIO-
WUXCSL UNU CHCUMAROUAUXCSL NPOCIPAHCIBAX:



¢ YPABHEHWUKD IHEPIHUKA

a\® 8rGp (ke LA
a/ 3 a* g

* YPABHEHWUIO ABUKEHNA
i 4rG ( 3P) Ac?
s B paar—cl i =

a 3

2

¢ YPAaBHEHWUIO HEPA3PbLIBHOCTH
d P

i —..’.H( ) ;
dt c?

20e k — kpususna npocmparcmea (npuHumaem 3Havenus: — 1,
0, 1), A — Kocmonoeuueckas NOCMOSIHHAS, Q — CPEOHsISt NAON-
Hocmb Bceaennoii, P — cpednee daenetue, ¢ — ckopocms céema,
a mouka Hao OYKeol 0603Hauaem 3simue nPou3BoOHOI nNo epe-
MeHU, Hanpumep, a=da/dt.

15t no00OHOLE MOOeau UHMEPBAN MENHCOY OB8YMSL COOLUMUSMU
3aNUCHIBAEMNCSL CAEOYIOUUM 00PAZOM:




ds® = *dt* — a*(t)dR?,

20e dR? onucvieaem zeomempuueckue ceolicmea NPOCMpan-
cmea Mooenu U s18A5emcsi MempUKOL MpexmepHo20 U30MPONHO-
20 U OOHOPOOHO020 npocmparcmaa: naockozo npu k=0, cgpepuue-
cko020 npu k=1 u zunepooruueckozo npu k=—1. B maxux cucme-
MAX KOOPOUHAM CKOPOCHb UBMEHEHUs (PU3UUECK020 paccmosi-
HUst | medcoy 08ymst moukamu, NOKOSUUMUCS 8 CONYMCMBYIO-
uieli cucmeme KOOPOUHAM, PasHda.:

a
v = —[.

4

9mo He umo unoe, kax 3akon Xaoona, z0e napamemp Xaoona
ecmb MEHSIOUASICSL OM BPEMEHU BEAUUUHA:



Ecau menepo noOCMasums 3mo 8blpadiceHue 6 YpaeHeHue
SHepzuu u npusecmiu 3HaUEeHUs, l’lpl/t)CO()I/tM K 8blpAdNCEHUIO.

L= Qm J ﬂk " Q,\,

20e Om=8nGo/3H2 , Qk = -(kc2)(a2H2) , QA=(Ac2)/
(3H2)».

Bc€ 310 X0pOIo 1 BO3MOKHO Tak Obl U OBLTO, €CJIU ObI IPO-
CTPAHCTBO JICUCTBUTEJILHO UMENIO KpUBU3HY. OJJHAKO MO CBefe-
HUSIM MPEJOCTaBJIeHHBIMUA HAM BBICOKOPA3BUTON ITUBUIM3AIIN-
el MPOCTPAaHCTBO He U3ruOAeTCsl, He SIBJISIETCS BEIleCTBEHHbIM,
Y HE UMeeT CTPYKTYphl. [IpoCcTpaHCTBO BCEro JIMIIb TPEXMEPHO,
MO3TOMY «BpEMsI» He SIBJISIETCS (PU3NUECKUM MOHSTUEM, A TIPU-
JYyMaHO 4eJIOBeKOM. Bpemsi — 3To MpocTo CUETUMK )il Hallle-
ro ynoocrsa. [loatoMy Bech BBIIEIPUBEIEHHBINA KYCOK TEKCTa
u3 Bukunenuu siBiisieTcsi MaTeMaTUYE€CKUM 11IAMaHCTBOM C HECY-
HIECTBYIOIIMMU (PU3NYECKUMU BEJIMYMHAMU U HUYETO HE BbIPa-



kaeT (pU3MYecKU. 34eCh Mbl BUJIUM, UTO YUEHbIE CaMU MPULLY-
MBIBAIOT TPUPOIHBIE (PEHOMEHBI (CTPYKTYPHOE MTPOCTPAHCTBO U
U3MEHSIEMOE BpeMsi) a OTOM MPUBSA3BIBAIOT K HUM MaTeMaThye-
CKM€ MOJIENH.

[Tponomkum uTrpoBath Bukuneauio. «HHgasuuonHoe pac-
wuperue

boavwoii é3pvie

Coznacro meopuu boavuozo é3pwvisa, Beeaennas ¢ momenm
00pazoeaHUs ObILAA 8 UPEIBLIMALIHO NAOMHOM U 20PSUEM COCO-
SHUU, HA3ZLIBACMOM KOCMON02UMECKOU CUHZYASIPHOCHBIO

Bonvuwoii 3pvié (anen. Big Bang) — kocmonozuueckas mooens,
onucvlearoulas partee passumue Bcenennoil, a umernno — Haua-
210 pacuuperusi Bcenaennoii, neped komopvim Beenernnas Haxoou-
AACb 8 CUHRYASPHOM COCOSIHULL.

Obviuno celivac asmomamuuecku couemarom meopuio bono-
uozo 83pvlea U mooenv 2opsvell Bcenennoii, Ho smu KoHuen-
UUU HE3A8UCUMbL U UCTOPUMECKU CYUECB08AN0 MAKCe NPeo-
cmaenemue o X0n00Hou HayavHoul Beeaennoii eonusu boavuiozo
e3pvisa. Umenno couemarnue meopuu boavuiozo é3pviea ¢ meo-
pueiti 2opsiueli Beceaennoli, nookpenasiemoe cyujecmeosanuem pe-
AUKMOB020 UBAYUEHUS, U PACCMAMPUBaemcs oaee.

Kocmonoeuueckas cuneynaprocmeo

Kocmonoeuueckas cuneynsipnocmo — cocmosinue Bcenenmoti
6 HauaavHwlili momenm boavwozo B3pviea, xapaxmepusyouse-
ecsi OeCKOHeuHOU NAOMHOCHIbIO U memMnepamypoil eeujecmaa.
Kocmonoeuueckas cuneynsipnocmo sieasiemcsi OOHUM U3 npume-



P08 2PABUMAUOHHBIX CUHRYASPHOCTIEI, NPEOCKA3bIBAeMbIX 00-
weti meopueti omnocumenvHocmu (OTO) u Hexkomopvimu opyau-
MU MeOPUSMU 2PABUM AU

Bosnuxnosernue smoii curzynsipnocmu npu npoooAX*CeHUU Ha-
3a0 60 épemenu 1100020 peuterust OTO, onucvlearouiezo OUHAMU-
Ky pacuuperust Bceaennoii, 6vino cmpozo dokaszano 6 1967 200y
Cmueenom Xoxunzom. Taxowce o nucan:

«Pe3yavmamut Hawux HaAOAOO0eHUIE NOOMEePHCOarom npeono-
N0JiCeHUue 0 mom, umo Bceaennas éo3nukaa é onpedenérmulii Mo-
Mmenm epemeru. OOHAKO cam MOMEHM HA4ana MeopeHusl, CUH2Y-
ASPPHOCMb, HE NOOYUHSIEMCSL HU OOHOMY U3 U3BECIHBIX 3AKOHO8
PusuKu».

Hanpumep, ne mozym 0Obimv 0OHOBPEMEHHO OECKOHEUHbIMU
NAOMHOCMb U MeMnepamypa, max Kax npu OeCKOHeuHOoU naom-
HOCIMU Mepa Xaoca CMpemMumcst K HYyar0, Ymo He MOMcen coeme-
uamucsi ¢ beckoneuroli memnepamypou. Ilpobaema cywecmeo-
BAHUSL KOCMONOUMECKOU CUHZYASIPHOCMU S18A51eMCsl OOHOU U3
Haubonee cepbeé3HbIX nPodrem huszuueckoli kocmonoeuu. /eno 6
MOoM, MO HUKAKUe Haulld C8e0EHUs. O MOM, MO NPOUBOULLO NO-
cne bonvuiozo Bapwviea, He mozym oame HAM HUKAKOU UHopma-
Yuu 0 Mom, 4mo NPOUCX0OUN0 OO FMO2O.

Tonvimku pewenus: npodaembl CYUECmME08arHUsi IMOoLL CUH2Y-
ASAPHOCMU UOYM 8 HECKONbKUX HANPABNEHUSIX: 80-NEPBLIX, CUll-
maemcsi, Ymo K6aAHmMoeas 2pasumayusi 0acm Onucarue OUHa-
MUKU 2PABUMAUUOHHO20 NOASL, CBODOOH020 OM CUHZYASIPHOCMEL,
60-8MOPbIX, eCMb MHEHUe, Ymo Y4ém KeaHmoavlx 3¢hgexmos 6



Hez2pasUMayUOHHbIX NOASX MONCEN HAPYUUMb YCA0BUE IHEP2O-
OOMUHAHMHOCMU, HA KOMOPOM 0a3upyemcst 00Ka3amenbcneo
Xokunea, 6-mpemvux, npeorazaiomcs. maxKue MoOUPUUUPOBaH-
Hble Meopuu 2pasumauiii, 8 KOMopsblx CUHYAAPHOCHb He 803HU-
Kaem, maxk KaxK npedenvHO CHCamoe 8euyecmaeo HauuHaenm pac-
MAAKUBAMbCSL 2PABUMAUUOHHBIMU CUAAMU (MAK HA3bI8AEMOE
2pasUMayUOHHOe OMMAAKUBAHUe), a He NPUMSAZUBAMbCsL OpYe K
opyey.

Cs. Aszycmun ymeepoicoan, umo epemst — 3mo C80UCMeo ce-
JNEHHOI, KOmopoe Nosi8UNocb emecme ¢ Heii camou. [lockonvky
O0OHO3HAYHO20 HAYUHO20 0DBACHEHUS MAKO20 NAPAOOKCA He CY-
wecmeyem, I'eopeuti I'amos npeonrodicun Hazvieamo Ae2ycmum-
cKoli 3noxoui cocmosiiue Bcenernoti «0o» u «8 momenm» bono-
wozo B3pviea. Taxoe cocmosnue uacmo Ha3vl8aemcs HY1e6o0u
MOYKOLL UAU KOCMON02UMECKOT CUHYASAPHOCIBION.

CesTOll ABTyCTMH — 3TO KOHEYHO OOJIBIIION aBTOPUTET TIO
BCEM BOIIPOCAaM M IO BpeMeHH OCOOEHHO, TeM Oojiee YTO OH
4yTO-TO TaM yTBepkaal. Ho nouemy I'eopruii ['amoB He mociy-
a1 gpyroro apropurera Mmmanyuna KaHta, KOTOpblid yTBEp-
K JaJ1 JOBOJIbHO OOOCHOBAHHO, YTO BpeMsl He (pU3HUECcKOe MOHSI-
THE, a TPULyMaHO YEJIOBEKOM, B OCHOBHOM [1J15 3aHSITHSI HAYKOU.
3necp KanTt HemHoro nepedapiiyBaet, KOHeYHO. Bpems npuy-
MaHO Y€JIOBEKOM He TOJIbKO [IJ151 3aHSATUSI HAYKOM, HO M JJIs TO-
ro, 4TOObI 3HATH, KOTJ]a BCTABaTh U KOT/IA CIaTh JIOKUTHCS, KOT/Ia
o0enath 1 Koraa padoTaTh, TO €CTh «BPEMsI» YEIOBEK MPUIyMal
IUIs cBoero ynooctBa. Kpome Toro, 3ToT KycOK TeKCTa TOBOPUT



0 TOM, YTO MUCAJ €r0 YEJIOBEK, HAUMCTO OTPABJIEHHbI MaTeMa-
TUYECKUM (pOpMaIU3MOM, TaK KaK IUIIIET, YTO BHAYAJIE BCEJICH-
Hasl uMesia OECKOHEUHYIO IJIOTHOCTh U OECKOHEYHYIO0 TeMIlepa-
Typy. Hacrosiuin (puzuk He nomkeH nucath Takoro. [IpaBaa nu-
caresib 3TOT CchlTaeTcs Ha (pusryueckyio Teopuio — OO0 Teo-
PUIO OTHOCUTENIbHOCTH, OHA, MOJI, UMEET TaKyIo MpeacKa3aTeb-
HYIO CITIOCOOHOCTb B TOYKE, KOrja Bpemsl paBHO Hymo. Ho 1o
HallleMy MHEHMIO, U3-3a TUIOXOH IMpecKa3aTesIbHOM CIIOCOOHO-
cru OOI1Iel TeoOpry OTHOCUTEIBHOCTA XOKHUHTY HaJl0 ObLIO T0-
CUUTATh €€ HECOCTOSATENILHOM, a HE TOPOAUTDH Ha €€ OCHOBE OJHY
HEJIETIOCTh Ha JIPYTYI0 M He YMHOXaTh OECKOHEYHYIO TUIOTHOCTD
Ha OECKOHEYHYIO TeMIeparypy.

B nanbHeiem Mbl yBUIUM, UTO TEOPHS TOPSTYEH BCEJIEHHOM
BOMJET B HEPA3PEIIMMOE NPOTUBOPEUYHUE C BO3MOKHOU (PUZUKOU
MIPUPOBI U BEJET K MapaoKCy.

[Tponomxum nutrpoBare Bukunenuto. «Ilepgvie mpu muny-
mol. Ilepeuunvlii Hyxaeocunmes OcHOBHbIE s10epHble peaKuuu Ha
Imane NepeuUUHo20 HYKAeoCUHmMe3d.

IIpeononodcumenvho, ¢ Hauana podxicoeHus (Uau no Kpative
Mmepe ¢ KOHUA UHPAAUUOHHOU CIAOUUL) U 8 meueHue 8PeMEHHU, No-

Ka memnepamypa ocmaémcsi e Hudice 1 0% B (1 01 ¢ ), npu-
CYMCMBYIOM 8ce U3BECHHbLE INEMEHMAPHbIE UACMULbL, NPUUEM
8Ce OHU He UMEION MACChbl. IMom nepuoo Ha3ol8aemcs NEPUOOOM
Beauxozo o6wvedunenus, kozoa anekmpocaadoe u cCunvbHoe 83au-
Mooeticmeust eOuHbl.

Ha oannwiii momenm neso3modicHo cKkazamo, KaKue Hce UMeH-



HO 4acmuubl NPUCYMCmeYrom 8 mom MOMEHM, HO Koe-umo 6cé
aHce uzgecmmo. Beauuuna n sensiemces nokazamenem sHmMponuu,
a makoice xapakmepusyem UzOblmoK uacmuy, Had aHmMu4acmu-
UAMU.:

= =107".

B momenm, koeda memnepamypa onyckaemcsi Hudice 1 0"’

3B, éeposimno, evloensiiomces X- u Y-0030Hbl ¢ COOMBEMCMEY-
FOUUMU MACCAMU.

Snoxy Beaurxozo o6veOuHeHUst cMeHsiem 3MoxXa 3NeKmpoCcad-
0020 00BeOUHEHUS, K020 ANEKMPOMAZHUMHOe U CAaboe 83au-
MOOelicmaust npeocmasnsiton eouHoe uenoe. B amy snoxy udem
annueunayust X- u Y-6030n06. B momenm, koz0a memnepamy-
pa nouudicaemcest 0o 100 I'3B, snoxa snexmpocaabozo 0b6wvedure-
HUsL 3aKaAHUUBAeMCsl, 00pa3yomcst K8apKu, NenmoHvl U npome-
JHCYMOUHBIE OO30HDL.

Hacmaéem adponnas spa, 3pa akmueHoz2o pojicoeHus: u aHHu-
2UNSAUUU AOPOHOB U NenmoH08. B smy snoxy npumeuamener mo-
MEHM KBAPK-A0POHHO20 Nepexooad Ui MOMeHm KOHPAHMeHma



K8apKo8, K020a CMano 603MONCHbIM CAUSIHUE KBAPKOB 8 AOPOHDI.
B smom momenm memnepamypa pasrna 300—1000 M5B, a ape-

o -6
M5t om podicoeHusi Bcenennoti cocmaensiem 10" c.
Snoxe adporHoli 3pbl HACAEOYenm NeNMOHHASL APA — 8 MOMEH,
Ko020a memnepamypa nadaem 0o ypoeus 100 M>B, a na uwacax

107%¢c. B amy 3noxy cocmas Beeaennoii nauurnaem noxooumso Ha
COBPEMEHHDILL; OCHOBHBIE UACMULUBL — MO POMOHbL, NOMUMO HUX
€cmb MONbKO INEKMPOHbL U HEUMPUHO CO CBOUMU AHMUUACTIU-
uamu, a makace NPOMoOHsL U HelmpoHvl. B amom nepuoo npo-
UCXO0UM OOHO BANCHOE CODLIMUE. BeUEeCB0 CIAHOBUMCS. NPO-
3pauHbIM 05 HelimpuHo. Bo3Hnukaem umo-mo Hanooooue peaux-
moeoz2o ¢pona, Ho ons Helimpuro. Ho mak xax omoenerue meli-
MPUHO NPOUBOUUN0 PAHbULE OMOENEHUSI (POMOHO8, K020A HEKO-
mopwie 8Udbl UaACMuUL, eué He NPOAHHUUAUPOBANU, OMOA8 CEOI0
9HEpPeUro0 OCMANLHLIM, MO U OCMbLAU OHU Oonvute. K Hacmosiwe-
MY 8pemeHU HelMpUuHHbILL 2a3 0ondicer Obin ocmoimo 0o 1,9 K,
€caU HelimpPUHO He UMEION MACCbl (UAU UX MACCbl NPEHeOPeX’CU-
MO MANbL).

Ipu memnepamype T=0,7 M3B mepmoouramuueckoe pasHo-
secue MexHcoy NPOMOHAMU U HEUMPOHAMU, CYULeCmaosasuiee 00
9M0O20, HAPYWAEMCS U OMHOUEHUe KOHUEeHMPAUUU HelmpoHoe
u npomoros 3acmoieaem Ha 3uauenuu 0,19. Hauunaemcs cum-
me3 s0ep Oelimepusi, zeaust, aumusi. Cnycmsi ~200 cexyno nocne
podicoerust Becenennoti memnepamypa nadaem 0o 3naueHuii, npu
KOMOPbIX HYKAEOCUHMe3 00nee HeBO3MONCEH, U XUMUUECKULL CO-
CMaes 8ewecmea OCmaémcsi HeUSMEHHbIM 00 MOMEHMA Podcoe-



HUSL NePBbIX 36¢30».

n’ — pt+e + 0. pt +n° —2 D+

iD+pt —3 He+1 iD +7 3 He +n"
2D 42D —3 T- 3T 42 D —4 He + n°
3He +3 He —1 i,i + Y 3He + n°® —3 T + p*
sHe +1 D —J He + p*t 3He +3 He —] Be + 4

ILi+ p* —4 He +3 He Be+n’ —7 ].1 ])i

OCHOBHbIE AAEPHbIE PeakUMu Ha 3Tane NepeNYHOro HyKneocuHTesa. &7

ITOT KYCOK TEKCTa BOCXUTHUTENIEH MO OECTOJIKOBOCTU U aJIo-
ruyHOCTH. BHavyane HaM roBopsT, 4TO K Havyaly 9THX TPEX ce-
KYH/I CYIIIECTBOBAHHMSI BCEJICHHOM, BCE M3BECTHBIE SIEMEHTAPHBIC
YaCTHILIBI YK€ MPUCYTCTBYIOT. U TyT e CTPOKOH HUKE TOBOPUT-
Csl, YTO HA STOT MOMEHT HEBO3MOXKHO CKa3aTh KaKKe ke MMeH-
HO 3JIeMeHTapHbIe YaCTULIBI IPUCYTCTBYIOT HA TOT MOMEHT. A TO,
YTO OHM (ITH MPECIIOBYTHIE JIEMEHTAPHBIE YACTHIIHI) HE UMEIOT,
KpOMe BCEro Mpoyero, emme U Macchl, 3To KoHevHo mezaesp. [o-
TOMY, YTO OH JIOTHYEH C TOUKHU 3PEHUS PEISTUBUCTCKON Mexa-
HHMKHU — 110 HeH «Macca» — 3TO pacy€THas BEJIMUMHA, 4 YeJIoBe-
Ka TorJa, KOHEYHO ke, He ObLJI0 M HEKOMY OBbUIO pacCuuTaTh UM
3Ty MPECNIOoBYTYyI0 Maccy. Ho meneBp 3TOT HelnorndeH ¢ TOUYKU
3peHrsi KBaHTOBOM MEXaHHKH, TaK KaK YTBEPKIAeTcs, YTO BCE



W3BECTHbBIE IEMEHTAPHbIE YACTULIbI YK€ MPUCYTCTBYIOT. 3HAUUT
1 0030H Xwurrca, HaurHas ¢ 2012 rofa yxe MpucyTCcTByeT. A pa3
Tak, T0 HaunHasi ¢ 2012 roga Bce 7eMEHTApHBIE YACTUIIBI HE
TOJIbKO JIOJKHBI, HO ¥ 00sI3aHBI Ha TOT MIEPUOJ] UMETh Maccy. Bo-
UCTHHY OJIHY U3 9TUX HayK HAJ0 YIPa3AHUTh, WU PEISTUBUCT-
CKYI0O MEXaHWKY, WJIM KBAHTOBYI0 MEXaHUKY, a JIyYllle BCEro —
o0e.

OOpaTtuTe BHUMaHHWE, FOCMOAA YMTATEIHM, YTO 37eCh YKe U
TeMIieparypy Hayajivd NpUBOJUTb B JIEKTPOH-BOJIbTaX. TO ecTh
Pa3MEepHOCTH MAacChl, SHEPTUH, pabOThl U TEMIepaTypbl CTaIN
OJIMHAKOBBIMH.

[Iponomxum uutupoBath Bukuneauwo. «3Inoxa Beauxozo
00BeoUHeHU s

9noxa Beaukozo Obwvedunenus (Oanee no mekcmy — 3B0) —
NOHSIMUe, NPUMEHSIEMOE 8 KOCMOAOZUU ONSl ONPEOeNeHUS. BMO-
poli pazvl pazeumusi Bcenennoii. Ha ocnoeanuu kocmonoeuue-
cKkoli modenu Bcenenmoli, komopas pacuupsiemcst, NPUHSIMO CUUl-

—4
mamw, umo IBO nauaracy 8 momenm epemeru ¢ ~10 3 CEeKYHO,

092

K020a NA0OmMHOCmb mamepuu cocmasnsiaa 1 2/em> a memne-

pamypa — 1 0% K. ®asoeswui nepexoo 6vl36a.1 SKCNOHEHUUANLHOE
pacwuperue Bceaennoii, umo 6vi36a.10 nepexoo K snoxe uH@As-
uuu.

OcHognvie nonodcenust IBO

B ¢pusuueckoii kocmonoeuu, npeononazas, umo npupooy onu-
coteaem TBO, IBO 6bina nepuooom 6 380410UUU PAHHELl 8ce-



neHHol, credytouum 3a Ilrankosckoli 3noxoil u npeoutecmeo-
sasuium HUngasyuonnoii snoxe. C momenma nauana IBO kean-
moevle 3pgpexmul craverom u ecmynarom 6 cuny 3axorvt OTO.
Omoenenue 2pagumanyUOHHO20 83aUMOOECMEUs. O OCIAAbHbIX
PyHOamMeHmanvhblx 83aumooelicmauii Ha paruue snox — Iaan-
KOBCKOIL U Beaukozo 06vedunenus —npuseno kK 00Homy u3 gpazo-
8bIX NEPEX0008 NEPBUUHOLL MAMEPUL, CONPOBONHCOABULE20CSL HAPY-
uteHuem 00HopooHocmu eé naomuocmu. Ilocae omoenenus epa-
sumauuu (nepeoe omoenenue) on 00veOUHeHUst PYHOAMEeHMAaANb-
HbIX 83aumooeticmeuii 8 konue Ilrankosckoii anoxu, mpu u3 ue-
MuIPEX 83aUMOOEUCMBULL — INEKIMPOMAZHUMHOE, CUNbHOE U CAd-
0oe e3aumooericmsus — 6ce eué 0Cmasanucb 00veOUHEeHHbIMU
KaK 1eKkmposioepHoe g3aumooeticmaue. B meuerue Inoxu Beau-
Koeo Obvedurenust, makue pusuueckue XapaKmepucmurku Kax,
Hanpumep Macca, apomam u usem Ovlau OeCCMbICAEHHb.
Cuumaemcs, umo 6o eépems IBO memnepamypa Bcenennoii
Oblaa CONOCMABUMA C XAPAKMEPHbIMU MeMNePamypHuIMU 2pa-
Oouenmamu meopuu 0d6veourenust. Ecau snepeuto eenuxozo 006o-

15
eounenus npunsmo 10~ 5B, smo 6ydem coomeemcmeosanmv

memnepamypam evlute 1 0% K.

Ipunsimo cuumamo, umo IBO 3akonuurace npubru3umens-

034

Ho 6 1 cekyHO ¢ momerma bonrvuozo B3pwvisa, kozoa naom-

HOCmb mamepuu cocmagasiaa 1 07 2/em® a memnepamypa 1 0%’

14
K, umo coomeemcmeyem snepeuu 10°" I'5B — ¢ amom momenm
BPEMEHU O NEPBUUHO20 B3AUMOOELICINBUSL OMOEASENCS CUNLHOE



s0epHoe 83aumooelicmaue, Komopoe HauuHaem uzpamv NPUHKU-
NUANBHYIO POAbL 8 CO30ABUIUXCSL YCA0BUSX. TMO omoeneHue npu-
8e10 K caedyiouemy ¢oazoeomy nepexooy u, Kak caeocmeue, Mac-
wmaobHomy pacuiuperuio Beenernoii — ungasyuornnoe pacuiupe-
Hue Bcenennoii u 3nauumenvhvle UaMEHEHUS NAOMHOCHU 8elye-
cmea u e2o pacnpedeneHust 60 BcenenHoli.

9noxa pazoysarus (uHgdasuuu)

Meaicoy 1 07%% u 10772 ¢ nocae Boaviuozo Bzpvisa. B smy
anoxy Bcenennas 6cé ewié npeumyuiecmeenio 3anoaHeHa usnyue-
HUeM, HAYUHAIOM 00Pa308bl8amvbCsi K8APKU, INeKMPOHbL U Hell-
mpuno. Ha pannux cmadusix snoxu pacuupenus, oopasyroujue-
Csl KAPKU U 2UNepoHbl (KOMopble 3a0uparonm sHepeuro om gomo-
Ho8) Ovicmpo pacnadaiomcsi. [Ipeononazaiom cyuecmeosariue
UUKN08 UepeOytOUUXCSL Hazpeda U NOBMOPHO20 OXAAdICOeHUs Bee-
senHol. Ilocne okonuanus 3moz2o0 nepuooa cmpoumenvbHbolii Ma-
mepuan Bcenennoti npedcmaesnsin coboli Keapk-2at00HHY0 NAA3-
my. Tlo npowecmeuu epemenu memnepamypa ynana 0o 3Haue-
HULL, NPU KOMOPbIX CMAN B03MONCEH CAOYIOUWUIL (Pa308bili nepe-
X00, Hasvléaemvlii bapuoeere3ucom. /lanvreliuee nadeHue mem-
nepamypbvl npueeno K caredyrouiemy pazosomy nepexooy — oopa-
308aAHUIO PUBUUECKUX CUN U INEMEHMAPHBIX UACMUL, 8 UX COBPe-
MEHHOTL (hopme, Umo npuseno uepes 3MoXY 3NEeKMpocaadblx 83d-
umooeticmeuii[#], snoxy keapkos[#], snoxy aoporos[#], snoxy
N1enmoHo8[#] Kk nepexody K snoxe Hykaeocunmesal #].

bapuozenesuc

bapuozenes — cocmosinue Beeaennoii na npomedsicymke gpeme-



nu 107°—1071 cekyno ¢ momerma boavwozo Bapviea (Hh-
Pdaayuonnas snoxa), 60 epems KOMopozo NPOUCXo0UN0 00Beou-
HeHue K8ApKO8 U 21100H08 8 AO0pPOHblL (8 MOM uucae 8 6apuo-
Hbl), @ MAKJice HA36AHUE CAMO20 NPOUECCA MAKO20 00BEOUHEHUSL.
Cuumaemcsi, umo 6cnredcmeue 8vinornenust ycrosuii Caxaposa
(Hecoxpanenue bapuonnozo uucaa, CP-napywenue, Hapyuierue
Men.n08020 PABHOBECUSL) 80 8PeMS OAPUO2eHe3UCA BO3HUKNA MAK
Ha3vleaemas 6apuoHHas acummempus Becenaennoii —naonrooaro-
WAsCst ACUMMEMPUST MENCOY Mamepuell u aumumamepueli (6 co-
epementoll Beeaennoii npucymemeyem nouwmu UCKAOUUMENLHO
nepeast).

Cywecmeyem HeCKOALKO 2UNOmMe3, NLIMAIOUUXCSE 00BACHUND
s61€eHUe OAPUOHHOLL ACUMMEMPUU, OOHAKO HU OOHA U3 HUX He
NPUBHAHA HAYUHBIM COOOUECBOM OOCIMOBEPHO OOKA3AHHOIL.

Haubonee pacnpocmpanenvt meopuu, pacuupsiroujue Cman-
OapmHyro MOOeNb MAKUM 0OPA30M, UMO 8 HEKOMOPBIX PEAKUUSX
603MOJICHO Oonee cunvHoe Hapyutenue CP-unsapuanmuocmu no
cpasHenuro ¢ eé napywenuem 6 Cmanoapmuoi mooeau. B smux
Meopusix npeononazaemcsi, Ymo U3HAUAAbHO KOAUUeCmeo bapu-
OHHOUl U AHMUOAPUOHHOU Mamepuu OblA0 0OUHAKOBO, OOHAKO
6nOCAEOCMBUU 8 CUNY KAKUX-AUOO NPUMUH U3-30 HECUMMEMPUU-
HOCMU PeaKyuli OMHOCUMENbHO MO20, KaKUue Yacmuybl — eeuje-
cmea uau AHMUEEUECmaea — 8 HUX y4acmeyiom, npou3ouLA0 no-
cmeneHHoe Hapacmauue Koauuecmeda OapuoHHO20 8euecmed U
YMeHbUleHue Koauuecmea aHmuoapuornozo. 11o0o6Hvie meopuu
BOBHUKAION €CMECMBEHHbIM 00PA30M 8 MOOENSIX eAUK020 00B-



eOuHeHUsl.

Buxunosocmu no meme:

Yuénvie npeononazarom, umo 6apuoHHAS. ACUMMEMPUSL CE5L-
3aHA ¢ MEMHOU mamepuell

B 2010 200y 6vinra eviosunyma zunomesa, wmo OAPUOHHASL
acummempus cési3ama ¢ Haauuuem mémuou mamepuu. Coznac-
HO COeNAHHOMY NPEeONONONCEHUIO HOCUMENEM OMPUUANMENbHOZ0
OapuoHH020 3aps0a S8ASIOMCSL UACMULbL MEMHOU MAmepul, He
docmynHule 0151 HeNOCPEOCMBEHHO20 HADNOOEHUS 8 3EMHBIX IKC-
NEPUMEHMAX, HO NPOSABASIOUUXCSL uepe3 2PABUMAYUOHHOE 83aU-
Mooelicmeue Ha Macumaoax 2aiaKmuk.

9noxa 31eKmMpocaadvbix 3auUMO0eliCmauil

Meaicoy 1 0732 u 107" cekyHO nocae boavuiozo Bapelea. Tem-
nepamypa Bcenennoii 6cé ew¢ ouenv evicoka. Iloamomy anek-
MPOMAZHUMHbIE 83AUMOOEICBUSL U CAadble 83AUMOOELICIEUs
NOKa NPeocmasnsiion cO00li eOuUHoe 31eKmpocaadoe 83aumooeli-
cmaue. 3a cuém ouerb 8bICOKUX dHepeuii 0opasyemcsi psio 9K30-
MuuecKux uacmuy, makux kax 6ozon Xuzeca u W-oozon, Z-60-
30H.

Inoxa Keapkos

Meaicoy 1 0712 u 107% ¢ nocae Boavuiozo Bzpwviea. Inex-
MpOMAaZHUMHOE, 2PABUMAUUOHHOE, CUAbHOE, CAab0e 83aUMO0eli-
cmeust PpopMUPYIOMcst 8 UX cospemeHHom cocmosnuu. Temnepa-
MYpol U SHEP2UU 8Ce eUlé CAUUKOM BeAUKU, UMOObl K8APKU 2pYn-
nUPOBANUCH 8 A0poHbl. Takdice HA3bIBAEMCSL ANOXOLL KBAPK-2110-
OHHOU NAA3Mbl.



Dnoxa renmoHos
noxa adporos

Meosxcoy 1 075 u 100 ¢ nocae Boavuozo Bspwisa. Keapk-anto-
OHHASL NAABMA OXAANCOAEMCSl, U KEAPKU HAUUHAION 2PYNNUPO-
6aMbCsL 8 AOPOHbL, BKAIOUASl, HANPUMED, NPOMOHBL U HEmpO-
Hul. Yepes apems nopsioka 2 ¢ nocae boavuozo B3pwisa nelimpu-
HO 8blC8000HCOAIOMCSL U HAUUHAIOM CBOOOOHO 08U2AMbCSL 8 NPO-
cmparncmee. Habnaooaemvle u cez00ms, smu uacmuiybl 8edym ce-
051 AHAN02UMHO DOHOBOMY PENUKMOBOMY UBAYUEHUIO (KOMOpoe
BO3HUKNO 3HAUUINENLHO NO3JICE UX).

Snoxa Hyknreocunmesa

IIpubauzumenvro ¢ 100 cexyrowvl nocae boavuozo B3pvisa
Mamepusi OXAa0UNACb OOCMAMOUHO 0Nt 00PA308aHUSL CMAOUNb-
HbIX HYKAOHO8, U HAUANCS NPOUECC NePBUUHO20 HYKAeOCUHMe3d.
On onuncs 0o 8o3pacma Beenennoti 3 munymeot, u 3a 5mo pems
00pa308a.NCsL NEPBUUHDBILL COCMAB 36E30H020 BeUECMBA. OKONO0 25
% 2enusi-4, 1 % Oetimepusi, credvl 6onee MANCENBIX INEMEHMOB
00 bopa, ocmanvHoe — 8000POO».

Bort Tak, rocnona yvrtaTteny, Mbl HUKaK HE MOXeM MPOIBH-
HYTBCS JAaJIbllie TPEX MUHYT Mociie bosbioro B3peiBa. 1O yau-
BUTEJILHO, Be/lb OOJIBIIYIO YaCTh STUX TPEX MUHYT Y MaTepUH He
OBLIO Macchl, 0030HBI XHUITCA MOSBUIMCH OTHOCUTEIILHO HE/IaB-
HO, a M3BECTHBI CTaJM BOOOIIE B HOBeNIlee BpeMs, TOJIBKO B
2012 rony ot PoxaecrBa XpucroBa. 3HauuT, BpeMsl HE 3aMe/l-
JISJIOCh MacCOM, a IMeJI0 HOpMaJIbHYI0 CKOPOCTh OOJIBIIYIO YacTh
TUX TPEX MUHYT, HO OHU OYEHb JIOJTO TUITUCH (KaK MUJLTUAP/IbI



JieT). OcTaércs TOJbKO CUATATh, YTO BCS 9Ta MaTepusi IBUTajach
C OKOJIO CBETOBBIMM CKOPOCTSIMH, TOrJja MIOHSATHOE JIeJI0, BpeMs
3amesiock. Ho He morna ke marepusi JBUraTbCsi CO CKOPO-
CTSIMU CBBIIIIE CKOPOCTU cBeTa? XOTs B JII0OOM cityyae (DOTOHBI
10 TEOPHUHU JIOJKHBI ObUTA OTMEPEUTh BCIO OCTATIbHYIO MATEPUIO
Y yJIETETh B HEM3BECTHOM HAIlPABJIEHUH, HABEPHOE, 3a Mpe/Iesibl
BcesieHHo. Toraa, kak e CoJHIle NOChUTAeT HaM €KeCeKyH/IHO
orpomHoe yncio otoHoB? OTKyaa OHO UX OepET, eciu coriac-
HO NIPUBEIEHHOMY KYCKY U3 Bukwurennu, nepBbiMu 00pa3yloTcst
(oTonsl, HeWTPHHO 1 KBapKu. Beap Bce poToHBI, 00pa3oBaBIIy-
ecsl Tor/1a, IOJKHBI ObUTM OTIepeuTh HEUTPUHO M KBApKH, C Ka-
KOI1 ObI CKOPOCTBIO HE IBUTaIMCh TocienHue. HeldiTpuHo He Mo-
TyT cofepkarh B cede (DOTOHOB IO OMPEICTIEHHIO, U MBI TyMaeM,
YTO C ITUM COIIACATCS U OPTOHAOKCHL. OCTaETcsl MPEAIoIOKUTb,
410 (pOTOHBI OCcesM B KBapkax. Ho Tak Toxe He mosyvaercs, Tak
KaK KBapKM U TMIIEPOHBI OBICTPO pacnajaloTcs B MOXY pas3iy-
BaHMS ¥ BHICBOOOKIAIOT (DOTOHBI, ¥ (DOTOHBI IOJKHBI OBUIH KY-
na-To yierers. OnHako eciu BcnoMHUTh CTaHJapTHYI0 MOZAEb
aToMa, TO U B KBapkax HeT (poToHOB. OHU, OKa3bIBa€TCsl, CUIAT
B bo3oHax Xwrrca, KoTopble 00pa30BaJIMCh ropasio Mo3ke ca-
MUX (pOTOHOB. (HambOoJiee BEpOSATHBIN pacraj 0030HOB Xurrca
Ha /1Ba (poToHa). Tak 4To Bce (POTOHBI AOIKHBI OBUTH Pa3JIeTeTh-
cs 32 Bpemsl B TeueHure 3 MUHYT oT bosnbioro B3peiBa. Ho 310-
ro He npousonwio, CosHile BCE emE CBETUT. DTO HEMPEOJOH-
MoOe TIPOTUBOpeYre 3Toi Teopur. M BooOIIe BceX ropsumx Teo-
puii BcenleHHOMW. Be€ Ha Hell MO>KHO TOCTaBUTh KPECT M OOBSIBUTH



MOJTHOCTBIO HecocTosiTeNbHON. Ho 3710 eie nperouku. B amoxy
JIENTOHOB Y HAC B3aMMHO YHUUYTOXWIKUCH aJPOHBI U AHTU aJPO-
Hbl. A TTIOTOM B3aMMHO YHUYTOXWJIUCh JIETITOHBI U AHTH JIENITO-
Hbl. OcTtajcs Tonbko HeOobIoN 3amnac jenToHoB. [Tomyyaercs,
YTO HYKJIEOCUHTE3 HAyaJICs U3 JIEITOHOB? A W3 YEro Xe 3JeK-
TpoHbI? BOT cTanapTHas MOAEIb JIEMEHTAPHBIX YACTHII, KOTO-
pbie MOXXHO, SIKOObI, OOHAPYKUTh B aTOMaX.

QHEMEHTBPHHE‘ YacTnuyb!

BewecTeo Bo3oK Xurrca NepeHoCHMKN B3I aUMO ACHC TBMIA
Keapxu NenTonsl ®oTousl W'-uZ -GozoHel MnoHel pasnTomsl (7)
3neKTpoHbI
Anponb 3nexTpomarueTusCnaboe CunsHoe  [paBuTauus
KeanToman KeanTosan KeanTosan
Me3oHe! EapuoHbl INEKTPOAMHAMKUKA XPOMOAMHAMMKA FpPaBMTAaUMUA
(¥4}
Hyxn oHbI 3nexTpocnaban Teopun
AToMbl L - Teopun Benukoro ofbeauHenus (7)
Monexynsi Teopun Bcero (?7)
CocTaBHblie YacTumub! B3awmo,qei:cmuﬂ n Teopunun
KpaTtkuit 0030p paznuyHblx CEMENCTE 3NeMeHTapHbIX M COCTABHLIX YaCTUL M &3

TEOPWK, ONMCHIBAWME WX B3AMMOASNCTEMA. B NONE 3NeMEeHTAPHLIX YacTHY cnesa —
epMMOHEI, CpaBa — 5030H:l (U300paxerue URMepaKmueHo)

OpHako MpoAoKUM UMTUpOoBaTh Bukunenuio. Bapyr opro-
JIOKCHI HAlyT B ceOe CHITBI IIPEOIONIeTh BCE ITU 3aTpyAHEHME.
«I[Ipomonnas anoxa. Mexcoy 3 mun u 380 000 rem nocae



Boavuozo Bapvisa. Hyxaeocunmes zeaus, Oelimepusi, c1e008 Au-
mus-7 (20 munym). Bewyecmeo Hauuraem OOMUHUPOBAMb HAO
uznyueruem (70 000 nem), umo npueooum K U3MeHEHUIO PeXcuma
pacutuperust Beenennoti. B konye anoxu (380 000 aem) npoucxo-
oum pekomoOuHayust 600opoda, u Bcenennas cmanosumcs npo-
3pauroli 0ns. homoros mennogozo uznyuerus. Ilocae oanvreli-
ue20 nadeHus. memnepamypuvl U pacuiupenust Beeaennoti nacmy-
nUA CAeOYIOUUIL NEPEXOOHBIIL MOMEHM, NPU KOMOPOM 2pasUuma-
Uust cmana OOMUHUpYouel CUNOL.

noxa nepeuuHoli peKkoMOUHAUY

Bcenennas nocmenenno oxaasicoanraco u uepe3 379 000 nem
nocne boavuwozo Bapviea cmana oocmamouro xonoowoti (3000
K): 3ameonusuiuecss anekmponvl noAyuuau 803MONCHOCHb CO-
EOUHSMBCSL C 3AMEONUBUUUMUCS NPOMOHAMU (SL0paMU 8000pooa)
u anvpa-uacmuyamu (20pamu 2eausi), oopasyst amomvl (3mom
npoyecc Hazvieaemcs pekomounauueit). Taxum obpazom, usz co-
CMOSIHUSL NAA3MbL, HENPO3PAUHO20 05l OONbULEN UACTU INeK-
MPOMAZHUMHO20 UBAYUEHUSL, MATEPUSL NEPEUNA 8 2A3000PA3HOE
cocmosnue. Tennosoe uznyuenue moii 3AMOXU Mol MONCEM HENO-
CPeOCmBeHHO HAON00aMb 8 8U0e PeAUKNOB020 UBNYUEHUSL».

Terepp AeJ10 TOIUIO MOOBICTpee, KAaKOW KOJIOCCAIBHBIN CKa-
4yok OT 3 MuHYT a0 379000 ner. 3amemMBIIMECS NEKTPOHBI,
COEIMHWIIUCH C 3aMe/ITMBIIMMUCS ITPOTOHAMU ¥ 00pa30BaIIU BO-
nopoa? HenmoHATHO OTKyJa B3SUIMCh JIEKTPOHBI, BElb paHbIIe
PO HUX HUYEro He nucaiu. HemoHsATHO, Tak:ke, moyeMy 3JieK-
TPOHBI HE YIAJI HA MIPOTOHBI,  CTAJI 00PaIaThCsi BOKPYT MPO-



TOHOB? BeJib siipa mpoTHsi, 3TO COBEPIIEHHO 0COOBIE sI/Ipa, B HUX
HET BHYTPHSIEPHBIX 1 OOMEHHBIX B3aumonencTsuil. [lopaxaer
U3yMHTENIbHASL TOYHOCTh YUEHBIX, OMPEAETUTh C TOYHOCTHIO 0
MuHyTbl 379000 s1eT, HaBepHOe, ObLIIO OYeHb TPYIHO.

[Iponomxum nutrpoBath Bukunenuo. «Téunsie eexa. Medic-
oy 380 000 aem u 550 man. aem nocae boavuiozo é3puisa. Bee-
NEHHASL 3aNOAHEHA 8000POOOM U 2eAUeM, DEAUKINOBLIM UBAYUe-
HUEeM, UBAYUEHUEM AMOMAPHO20 8000po0a Ha onne 21 cm. 36¢3-
Ovbl, K6azapul U opyaue sApKue UCOUHUKU OMCYMCMEYony».

Heno yckopsieTcsi, CYET MOIIEN Ha MAJUTMOHBI JieT. 2Kajib, 4To
BCE MPOUCXOAUT B TeMHOTe. HO MOoHSATHO noyemy — (pOTOHBI-TO
yJIeTesn KyJa-To 3a TpU MUHYTHI nociie Bonbioro B3pbiBa. Og-
HAaKO MOCMOTPUM, YTO JaJiblile, BO3MOXHO HAWAYTCsl (POTOHBI.
Jlukasi Kakasi-T0 Teopusi BCE B3aMMHO YHUUTOXUIOCH, (POTOHBI
Ky[a-TO yJieTeJu, a BCeieHHas! 3aroTHUIach BOJOPOIOM U TeJH-
em. OTKyna e oHU B3sTiCh? [1po ameKTpoHbl BOOOIIE HUYEro
He nunryT. OHK, HaBepHOE, C HeOa CBATUIIUCS.

«Peuonuzauus

Peuonuzayus (snoxa peuonuzauuu, no6mMopHAs UOHUZAUUS,
6MOPUUHASL UOHUBAUUS 8000PO0a) — uacme ucmopuu Beeaennoii
(anoxa) mexncoy 550 man. aem u 800 man. nem nocae boavuto-
20 63pvlea (npumepHo, KpacHoe cmewierue om z=15 0o 7=6.4).
Peuonuzayuu npeowecmeytom mémnuie Beka. A nocae neé —me-
Kyujas spa eeutecmea. Odpasyromcs nepavle 36¢30bl (36€30bl Ha-
cenenus Ill), 2anaxmuku, Keasapvl, CKONNeHUsL U CBEPXCKONNE-
Hus 2anakmuk. Peuonuzauusi 6ooopooa ceemom 36¢30 u keasa-



pos. CKopocmb peuoHu3ayulL 3a8ucend om memnos (hopmuposa-
HUsL 00BeKmMo8 60 Bcenennoli. 3a cuém zpasumauuormozo npu-
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