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IIpeaucaoBue

Ha cTpaHunax KHUIM NpeacTaBieH OKOHYATEIbHbIN BapUaHT
TMIOTE3bl B3aMMOJICHUCTBUSI MaTepuy C mpocTpaHcTBoM. Vccre-
JOBaHUSI POBOAMIIKCH IO CIIEIMATBHO pa3padOTaHHOM IS 3TO-
ro moaeau. Meroguka MOJEIMPOBAHUSI OCHOBBIBAETCS Ha TEO-
pun Bonbmoro BspeiBa. ComacHO 3TOM Teopuu y MaTepuu
¥ y IPOCTPaHCTBa ofHa npupoaa (popmuposanusi. O6e odpazo-
BAJIMCh U3 €MHON CYOCTaHIIUM SHEPTruH, Matepus He MOXET Cy-
IIECTBOBaTh 0€3 MPOCTPAHCTBA, a MPOCTPAHCTBO O€3 MaTepHU.
Bce ¢usnyeckue mporeccsl, siBJIeHUsI ¥ 3aKOHOMEPHOCTU OKpY-
JKAIOIIEro MUpa SIBJISIOTCS Pe3yJIbTaTOM B3aMMOAEHCTBHS STHX
KOHCTaHT.

DTO 3aBepUIAIOIINI 3Tall MPOBEJCHHBIX UCCIIEAOBaHUM. VX
YaCTUYHBIE Pe3y/bTaThl ObLIM U3JIOKEHBI B paHee OIyOJMKO-
BaHHBIX KHHUrax: «®Pusmka mpocTpaHcTBa», «COOpHUK cCTaTeit
1o (pU3MKe MPOCTPAHCTBA», « TaMHCTBEHHAas rpaBUTaLMs», «Ho-
BB B3IVISiI HA NPUPOLY MaTepud M MpOCTpaHCTBa», «llapa-
JOKCHI (pU3MKK». B KHUre mpejcTaBieHo yriyOieHHOe OHATHE
CBOWCTB MaTepuu U npoctpaHcTBa. Ha 310l OcHOBe onucaH Me-
XaHU3M I'PaBUTALMOHHOTO B3aMMOJIEHCTBUSI MaTepPUAJIbHBIX TeJ,
y/aJIeHHbIX Ha OOJIbIIINE PACCTOSIHUS IPYT OT pyra. [lo HoBoMmy,
MIOKAa3aH IMPOLIECC POXKAEHUS SIepP HOBBIX XUMHUYECKUX JIEMEH-
TOB B Heapax 3Be3/. [IpencraBneH HOBBIH B3I HA MEXaHU3M
NIepeXoa OIHOTO BUJIA SHEPIUU B Apyrou e€ Buj. JlaHo HOBOE



MIOHUMaHUe TpoIiecca MOsIBJICHUsI TEIJIOBOW SHEPTrUH TPU Tpa-
BUTAIMOHHOM CXaTHHM KOCMUYECKHX OOBEKTOB. Packpeita (hu-
3UYeCKasi CYITHOCTh W B3aUMOJECHCTBUE PA3IMYHBIX MO 3HAKY
NMEKTPUYECKUX 3apsaaoB. PaccMOTpeHO CTpyKTypHOE MocTpoe-
HUE JIEKTPOHOB, IPOTOHOB, HEUTPOHOB, KaK KBAHTOBBIX OObEK-
TOB, UCXOJII U3 0A30BBIX MPUHIIMIIOB CMOJEIUPOBAHHON CHCTE-
mbl. [Tokazan MexaHn3M 0Opa3oBaHus AKETOB SHEPTrUM (IITI00-
HOB) KBapKaMU, HAXOJSAIIMMUCS BHYTPU MPOTOHOB U HEUTPOHOB
NIPY UX JIBWKEHWU B CHJIOBBIX HUTSX SIEPHOTO MPOCTPAHCTBA.
[IpuBeneHs! MpUMeEpbl, KOCBEHHBIX JI0KA3aTeIbCTB PEealbHOCTU
CYIIECTBOBAHUS CUJIOBBIX HUTEH MPOCTPAHCTRA.

HccnenoBanust MpOBOAWIMCH C UCTIONb30BaHUEM (pu3nye-
CKMX SIBJISHM, TTPOLIECCOB (PAKTUUECKU TPOUCXOIAIIMX B MPU-
pore. B nmoareepikaeHue MoyuyeHHbIX Pe3y/IbTaTOB U BHIBOIOB
UCTIOJIb30BaHbl JIAHHBIE JIPYTUX aBTOPOB, MPUBEJICHHBIE B MyO-
myHOM nuteparype. Kaura copepxut 8 ras. B kaxoi riase,
Ipe/iCTaBjIeHa onpejieNieHHast (pr3ruecKast CyIHOCTb U MpPHUBe-
JIeHbI TyOJIMYHbIE CBEJICHUST O HEel

Knura ummoctpupoBaHa pucyHKaMu, PaCKpbIBAIOIIUMU CYTh
pe3yJabTaToOB TMPOBEEHHBIX HcchaenoBaHuii. OHa comepkuT
8 maB. B kax o1 raBe npeacraBiieHa orpeesieHHas pusnye-
CKasl CYIIHOCTb W TIPUBE/IEHbI MyOJIMYHbIe CBEJICHUsI O Hell Kak
0 KBAaHTO — MEXaHHUYECKOM O00beKTe. PU3MUecKue CyITHOCTH
PACCMOTPEHBI C MO3UIIMU CUIIOBbIX HUTEH. [ToydyeHHble pe3yib-
TaThl U3JI0KEHBI B I1ABaX.

Hacrosimas kaura paccumtana Ha JTOOO3HATENbHBIX JTyMalo-



X YUTATeNIed, B HeW MTPUOTKPHIBAIOTCSI HOBbIE TOPU3OHTHI (hU-
3uKkd. Kak BO BCeM HOBOM, B HEW MPUCYTCTBYIOT CIIOPHBIE aC-
TIEKTHI, UCUEPIIBIBAIOIINE OTBETHI, HA KOTOPbIE OYAyT MOTy4eHBI
CO BpEMEHEM



BBenenune

dusnka Hayka o npupoze. E€ ¢pyHIaMeHToM SIBISIOTCS Teo-
pUH, OCHOBaHHBIE Ha OTIBITAX, S9KCIIEPUMEHTAX, JOCTOBEPHO yCTa-
HOBJICHHBIX (pakTax. BONBIIMHCTBY Bemynumx e€ Teopuid mpen-
IIECTBOBAJIA TUIOTE3bI, KOTOPhIE 3aTeM MPOXOAWIUA TPOBEPKY
BpeMeHeM, MOATBEPKIAIHCh U 3aTeM MPEBPAIAIICh B TEOPHUH.
Ha ceronsimHuil ieHb MOHATUIHOE OCMBICIICHHE (DPU3IMUECKUX
IPOLIECCOB, NMPOUCXOIAIINX B MPUPOAE JaJeKO OT COBEpIIECH-
cTBa. M yem myOske OHM UCCIEAYIOTCS, TeM OOJIbIIIe MOsIBISIETCS
BonpocoB. K coxanenuio ¢pusrka, Kak HayKa O MpUpoJe reHe-
pupyeT HauOOJIbIlIee KOIMIECTBO MPOOJIeM, KOTOpPbIe HAXOST-
s B CTQ/IMM 3araJjoK U napajgokcoB. Perenue 3tux nmpooiem 3a-
KJTIOYaeTcsl B pa3pelieHre TUX MapajoKCoB.

['mroTe3a o B3aMMOJICHCTBUM MaTEPUH C IIPOCTPAHCTBOM, KO-
TOpasi OJIOXKEHa B OCHOBY JaHHOU padOThI, 0a3upyeTcs Ha TIpe/-
MIOJIOKEHUH CYIIECTBOBAHMSI CHJIOBBIX HHTEW IPOCTPAHCTBA,
OOBEKTHBHYIO PEaJIbHOCTh KOTOPBIX B HACTOSIIIICE BPeMs SKCIIe-
PUMEHTAJILHO HEBO3MOXHO YCTAHOBHTH. B TO ke Bpems ciemyer
OTMETHUTD, YTO B TIONOOHBIX CITy4asiX /151 HOATBEPKICHUS Teope-
THUYECKUX OOOCHOBAHMH MTPOIIECCOB, MPOTEKAIOIINX B HEJOCTYTI-
HBIX JIJIS1 UX U3MEPEHUs MeCTaxX, UCIIONB3YIOTCS KOCBEHHbIE JI0-
KazaresibcTBa. Harmpumep, Hezipa 3Be3/1. DTOT IPHEM KCTIONb30-
BaH M B JaHHOI padote. Tak, Harpumep, pe3yIbTaTbl MOAEIUPO-
BaHUSI HAXOASAT KOCBEHHOE MOATBEPKACHNE B PeabHO MPOTEeKa-



IoUMX (PU3MYECKUX ITpoLeccax U sBjeHnax. CMoaeampoBaHHas
CHCTEMA MO3BOJIAECT BHECTH ONPEAEIEHHYIO ICHOCTD B CYIIHOCTb
(puznyeckux mporeccoB, SIBIEHUM U B MOBEACHUE OTIEJIbHBIX
9JIEMEHTAPHBIX YaCTHULl, O KOTOPBIX B HAyKE IO CUX IOp HET Ofl-
HO3HAUHBIX OTBETOB. BHIBOIBI MOJEIMPOBAHUS TO3BOJIAIOT YIIIY-
OUTH MO3HAHMS (PUBNIECKUX CBOMCTB MaTepHAJIbHBIX TeJ, MPO-
LIECCOB Y MX B3aUMOJIEVICTBUI B CBETE COBPEMEHHBIX O HUX IPEJI-
CTaBJICHUI1 U clieJIaTh MPOTHO3bl peleHus IpooeM U myTel ux
pa3BuTHs. Tak, HanprMep, B KHUTE IAHO JIOTUYECKH OOOCHOBAH-
HOE (PyHAAMEHTAJIHOE CXOJCTBO U PA3JIAYME IEKTPUUYECKUX
3apsJ0B. YIIIYOlIeHO MOHATUE MarHUuTHoro MoHonosus. Ilo Ho-
BOMY, OObsICHEHA MPUYMHA KOJIOCCAJIbHON Pa3HMIIbl NIOKa3aTte-
JIell SHEPreTUYECKOr0 YPOBHS BaKyyMa IPOCTPAHCTBA, PACCUu-
TaHHOW (PU3MKAMU U TIOJTyYE€HHOW B pe3ynbTare HAOMOIeHNN.

I'mnore3a B3auMOAEUCTBUSA MATEPUM C  POCTPAHCTBOM
HE IIPOTUBOPEYUT OCHOBHBIM (DyHJAMEHTAIbHBIM (PU3NUECKUM
Y XMMMYECKMM 3aKOHaM, ITI03TOMY MMEET IPaBO Ha CYILLECTBO-
Banue. OHa He ompoBepracT HA Kakue (PU3NYECKUE TEOPHUHU.
B e€ pamkax cHMMaeTcs npoOJieMa 3aKOHA COXPAHEHU 1 SHEPTUU
B TEOPUM OTHOCUTEJIBHOCTU. YTOUHSIOTCS U yIIyOJsIloTCs TO-
HATUS NPUYMHBI pacnaja aTOMOB PaJUOaKTUBHBIX XMMHUYECKUX
3JIEMEHTOB U BJIMSTHAE TPABUTAIIM HA ABWKEHHE O€3MaCCOBBIX
YACTHILI.



I'nasa 1. Bzaumoaencreue
MaTepPHH C IPOCTPAHCTBOM

JanHas runioreza 000CHOBBIBaeTCs Teopueii bonbioro B3pei-
Ba, KOTOpasi JOMUHHUPYET U3 BCEX CYLIECTBYIOUIMX TEOPHIA B Ha-
crosiiiee BpeMs B Bopoce BO3HUKHOBeHUs Beenennon. Coryac-
HO 3TOM TEOpUM Yy MaTepUM W Yy MPOCTPAHCTBA OHA IPUPO-
na ¢popmupoBanus. O6e 006pa30BaIKCh U3 €INHON CYOCTAHINN
sHepruu, B MHQIAUMOHHBIN TIepro B Tpolecce (hOpMUPOBa-
Hus1 BceeneHHOW OHM pa3beIMHWINCh, HO TIOCTOSIHHO U HEIpe-
PBIBHO B3aUMOJICHCTBYIOT Mek/Iy COOOM. MaTepust He MOXKET Cy-
IIECTBOBaTh O€3 MPOCTPAHCTBA, a MPOCTPAHCTBO O€3 MaTepuH.
Bce ¢usnyeckue npoueccsl, IBIEHUS U 3aKOHOMEPHOCTH OKPY-
KAIOLLIET0 MUpa SIBJISIOTCS Pe3y/IbTaTOM B3aMMOIEUCTBUSA ITUX
KOHCTaHT. [loatomy ¢pusudeckuit Mup (R) MOXHO npeacTaBUTh
crepymwonien (popmynoii:

R=W+P
rae W — marepusi, P — npocTpancTBO

s Gornee riyOOKOro MOHUMAHUSI KapTHHBI (PU3UYECKOro
Mupa ObUla CMOfIEIUpOBaHa cucTeMa. B Hell 00e KOMITOHEHTHI
ObLIIM pa3JIe/IeHBI 10 HEISTUMbIX TUTIOTETUIECKUX YaCTHUII, KOTO-
pbie 0003HAYCHBI CIIEAYIOIUM 00pa30M: g — MOJOKHUTEIBLHO 3a-



PsKEHHAs! YaCTUIIA MAaTepUU — IPABUTOH,  — OTPULIATENILHO 3a-
PSKEHHAS 4aCTUIA TPOCTPAHCTBA — IIPOCTOH...

[IpocTpaHCTBO B cHUCTEME MPEACTABIEHO COBOKYIHOCTSMH
IIPOCTOHOB, COOPAHHBIX B «CHJIOBbIE HUTH», KOTOpbIE, B CBOIO
ouepesib, 00pa3yloT CBOEOOPa3HYIO «CETh», PABHOMEPHO HAIpsi-
JKEHHYIO BO BCEX HAIPABJICHUAX 32 CUET CUJI OTTAJIKUBAHUSA OfI-
HOMMEHHbIX 3apsaoB (Puc.1. a)

Marepus B cucreMe Npe/iCTaBjIeHa COBOKYITHOCTSIMU T'paBU-
TOHOB, Pa3MEIIeHHBIX OIpeAeIeHHBIM 00pPa30M B CHJIOBBIX HH-
TsX. CrocoObl 3THX pa3MeIleHui ONpeaessioT MHOrooOpasue
(puznueckoro mupa (Puc.1.b.c).

Bpems B cMoAenMpoBaHHOM CUCTEME ITPeCTaBIeHO (hOPMOit
B3aMMO/IEMICTBUSI MAaTePU C MPOCTPAHCTBOM.

DHeprus B CUCTEME ABIAETCA (POPMOM B3AUMOCB3U MaTepUU
C IMPOCTPAHCTBOM. B Hell oHa npecTaBiieHa B BUAE SHEPTUU Ma-
tepuu (Em) u snepruu npocrpanctsa (Ep). Onu B3anmHoO nepe-
XOIAT APYT B JIpyra U CIIy’KaT OCHOBOM /1J1s1 (DOPMUPOBAHUS pas3-
JIMYHBIX BUJIOB SHEPTUU U CIIOCOOOB WX Mepexoa OJIHOTO BUA
B JPYyTOMu.

[IpoTOH CkuUMaeT, a 3JeKTPOH paclIMpseT CUJIOBbIE HU-
TH TpOCTpaHCTBA.. [lpu cxkaTtum sHEprusi marepuu Mepexo-
JWT B SHEPTHIO MPOCTPAHCTBA, & TP PACIIUPEHUH, HA0OOPOT.
B sToM ux (pyHAaMeHTaIbHOE CXOACTBO U pasinnuue. Hecmotps
Ha TO, YTO IIPOTOH Tsikeliee 3eKTpoHa B 1840 pa3, y HU oquHa-
KOBBIE MO BEJIMUYMHE, HO Pa3HbIE MO 3HAKY 3aPSI/IbL.

Bce marepuasibHble Tena ABUKYTCS B CHJIOBBIX HUTSIX IPO-



CTpaHCTBa M CAMMAOT MX. Ha ckarve CuIOBBIX HUTEH Mpo-
CTPaHCTBA 3aTPAYMBAETCS] SHEPIUsl MATEPUM, KOTOpasl Mepexo-
JWUT B SHEPTUIO MPOCTPAHCTBA, a NIPU UX PACIIMPEHUM BblAES-
eTcs SHEPrus MPOCTPAHCTBA, KOTOPast 3aTEM NEPEXOIUT B SHEP-
TUI0 MaTepUU.

B ¢pmzrueckom mupe pusndeckie, XUMUIECKue, OoIornye-
CKUe, siIepHble TPOLIECCh, SIBJIEHUS, B3aUMOJCUCTBUS SIBJISIIOT-
Csl pe3y/IbTaTOM B3aMMOJEWUCTBUS SHEPTUU MATEpPUU U SHEPrUU
IPOCTPAHCTBA. DTH SHEPIUU B3aUMHO IEPEXONAT APYT B Jpyra,
oOecrnieunBasi Bce MHOrooOpasue BIUI0B MaTepUaIbHON SHEPTUH:
TEIJIOBOM, CBETOBOM, SIEPHOI U IPYTUX BU/IOB SHEPIUHU. .

Bce nocnenyonue Marepraisl B KHUTE U3JI0)KEHBI HA OCHOBE
BBIIIIE [IEPEUUCIIEHHBIX KPUTEPUEB.
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Puc. 1. Ilpeanonaraemass cxema crpoeHusi MUpOBOU ceTu
U3 CWJIOBBIX HUTEH MPOCTPAHCTBA U CXeMa PACHOIOKEHUS pa3-
JIMYHBIX TUMOB YaCTUIl MAaTEPUU B CUJIOBBIX HUTSIX MPOCTPaH-
CTBa:

a — MupoBas ceTb U3 CUJIOBBIX HUTEW; b —IIOpsiIoYHOe pac-
MOJIOKEHNE TPABUTOHOB B CUJIOBBIX HUTSIX; C — XAaOTUYHOE pac-
MOJIO)KEHNE TPABUTOHOB B CUJIOBBIX HUTSIX; S — CUJIOBasl HUTh;
g — TPaBUTOH;  — IPOCTOH

#
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BuiBoabI

[TonoxeHnuss cMOAEIMPOBAHHOM CUCTEMBI B3aUMOIEWCTBUSA
MaTepuy ¢ MPOCTPAHCTBOM OOOCHOBBIBAIOTCS] KPUTEPUSIMU TEO-
puu boutbiioro B3peiBa.



I'nasa II. O0pa3oBanue
XNMHUY€ECKHX 3J€MEHTOB

B Hacrosee Bpems B HAy4HOM MHpE JOMUHUPYET TEOPUS
poxaenns Beenennou B pesynbrare bonbioro Bapeisa. [Io Hero
OHa ObLIa CKaTOM 10 TOYKH, TaK HA3bIBAEMBIM HUUTO, C KOJIOC-
CaJIBHOW TUIOTHOCTBIO. B 3TOM HMYTO IIJIM IIPOLIECCHI, KOTOPbIE
JOBEJIN €0 IO ONPEAEIEHHOTO COCTOSHUSA U OHO B30PBAJIOCH.
ITocnie Bonbuioro B3peiBa HaYaIOCh MO3TAIHOE POXKICHUE, CTA-
HOBJIEHHE U (PYHKLIMOHMpPOBaHKUE BceneHHoU Mo crepyoimemy
CLICHAPHIO.

[NepBoii nocne bonbioro B3peiBa cunraercs [lnaHkoBckas

3M0Xa ¢ TeMIIEpaTypoi 102 K 1 motHOCTSI0 0KOMO 105 T/CM3.

JlarenbHOCTD €€ coctasiisiia 10 4 cek. B 910 BpeMs BO Bcee-
JIEHHOM OblJ1a TOJIBKO SHEPrHsl

“Iepe310_3 > CeKyHIpl mocne HactyrieHus: [liaHkoBckon
SMOXM HACTyINWJa 3pa UHQIISALIMOHHOM 3M0XU. B 3T0T mepuon
Bcenennas yenmumiiach B 10°° pa3. B Heil BcE emé npeoOnana-
eT M3JIyYeHUe, HO 3[ICh yXkKe MOSBUIMCH CyOATOMHbIC YaCTHIIBL:

KBAapKH, KOTOPBIC ITIOKA HE NUMCJIN MACCBI.

Mexny 1072 u107° cekyH/bl nocse bonbioro B3peisa Ha-
CTyIMJIa KBapKOBas 31oxa. TeMreparypa B 3TOT IEPUOJ Pa3BU-

ist BeenteHHoi cocrasiisiia, 6oee 1012 K. [Ipu Takux ycinoBusax



KBapKH He MOTJIM 0Opa30BbIBaTh aJIpoHbL. B 310 BpeMs Bceenen-
Hast OblJIa 3aMoJIHEeHa KBAPK-TITIOOHHOM T1JIa3MOM.

B Teuenue ot 10 u 10 1 ¢ nocne bonbioro B3peiBa TeM-

neparypa BcesnenHon omycrunach nnxel0? K, u KBapK-IJII0-
OHHas IIa3Ma OXJIAJWJIACh 10 BEJIWYMH, NP KOTOPBIX KBAPKHU
IPYNIHUPOBAJIMCH U 0OPA30BBIBAIM aIpOHBL. B Xo1e aapoHOBOM
snoxu (1 — 10 cexyHn) agpoHBl AHHUTWJIMPOBAINA C AHTUAIPO-
HaMmu. B pesynbTate MosiBUIMCH Mapbl JIEITOHOB M aHTHJIENTO-
HOB. /I3 Bcex JIENTOHOB camble U3BECTHBIMU JIEITOHAMU SIBJISI-
I0TCS1 JIEKTPOHBI.

[Io mepe nmanbpHEMIIEro OXJAaXIEHWSA BceneHHOW NpPOTOHBI
¥ HEWTPOHBI O0OPA30OBBIBAIM spa BOAOPOIA M Telusl W depe3
3 MuHYTHI, niocie bonbioro B3pbiBa BO BeeneHHOW Havyaioch
(hopmupoBaHmre CTaOMIIBHBIX AaTOMOB BOjIopo/a 1 renust. ITpouc-
XOJUJIO 9TO MYTEM 3aXBaTbIBaHUS IEKTPOHOB sIpaMu BOAOPO-
Ja U reaus. D1a 3noxa HaszbiBaeTcs: potoHHoM. [Iponomkanack
oHa 380 Tteicsu sieT. K e€ koHiy Temneparypa BcenenHoi omny-
cruiack 110 3500 K 1 oHa crana npo3payHoi AJ1s1 IPOXOKACHUS
¢potoHOB

B pamMkax cMoienMpoBaHHOI CUCTEMBbI ITO3TAITHOE CTaHOBJIE-
Hue BceneHHoi npeanoaokUTeNIbHO IPOUCXOAUIIO CIEAYIOUM
obpazom.

Havauababiil oTcuer. B Havase BspbiBa (10_43—10_

35 CCK.) OQHEPrud MaTCpyur, W SHEPrud IIPOCTPAHCTBA ObLIN



06oco0nensl. [Tepemenaauch 1 Ha4YaIM B3aUMOAEWCTBOBATh OHU
B 9py UHQIAIMH, creayonylo 3a [lTaHKOBCKOM 3MOXOM.

dpa nndussuu. B 310T Nepuoa B 3apoxjaronierics Bee-
JIEHHOM Havajad OOpa30BBIBATHCSI MECTHBIE YIJIOTHEHHUsI SHEP-
ruii. B Mecrax, rae JOMUHMpOBaJa HEPrusi MaTepuu, BO3HU-
KaJld «rOpsYre» CTYCTKM SHepruu (IpaBUTOHBI), A TIIe Mpeoo-
Jlajajla SHeprus MpOCTPAHCTBA, TaM BO3ZHUKAIN «XOJIOIHBIE «
CTYCTKH 3Hepruu (mpoctonsl). O0a crycrka JUIoNbHbe, Y HUX
IUIOTHOCTb SHEPIMM Ha OJIHOM KOHIIE IPEBBIIAET IUIOTHOCTD
Ha gpyroMm e€ koHue (Puc.2. a). Bcnencreue pa3HOCTEN IUIOTHO-
CTell SHEepruil Ha KOHIIaX TPOCTOHOB, OHU HayaJll OObEeJUHSATh-
csl B «CHJIOBBIe» HUTH. Ha 3TOT mporecc ucrparuiach OoJbias
YaCTh SHEPTUU POCTPAHCTBA. 3HAUUTEbHAS YaCTh SHEPTUU Ma-
TepUM M3PACXOI0BAJIACh HA PACTSKEHUE CUJIOBBIX HHUTEH Mpo-
CTpaHCTBa M 00pa30BaHKE U3 HUX CBOEOOPA3HOM «CETH», PAaBHO-
MEpHO HampsiKEHHOW BO BCEX HampaBJeHUsIX, TO eCTh Ha (op-
MHPOBaHUE MPOCTPAHCTBA COBpeMeHHoU Beenennon. M3 ocras-
IIMXCSl YacTeld 00enx SHepruil 0Opa3oBaIMCh CBOOOIHBIE Ya-
CTUIIbl: T'PABUTOHBI U MPOCTOHBL. OO0 YacTUIbl MPUCYTCTBYIOT
BO Bcex yrosikax Bcenennoit. C MOMeHTa Hauyanaa B3avMOJIeu-
CTBUSI SHEPTMI HA4YaJIOCh TEYEHNE BPEMEHHU.

KBapkoBas snoxa. B HacrynuBiieil snoxe temmneparypa

BO BcenenHon cHU3MIACE, 10 10'? K. Crenens cxaTus CHIOBBIX
HUTEUN MPOCTPAHCTBA CTajla MAaKCUMAaJIbHOM, a PACCTOSTHUSI MEX-



1y HUTSIMU MUHUMaJIbHBIMU. B pe3ynbraTte co3nanucek ycioBus
IUTsl 0Opa30BaHMsI M3BECTHBIX B HACTOsIIEE BPeMs HEJICTIMMBIX
YacTUIl KBAPKOB CJIEIYIONIMM IyTEM. ['opsiune CrycTKU MaTepuu
I'PABUTOHBI, JBUTAITUCH B CUJIOBBIX HUTSIX, COCTOSIIMX U3 XOJIO/I-
HBIX CTYCTKOB MaTe€puM MPOCTPAHCTBA, U B3aUMOJEMCTBOBAIN
¢ HuMU. [Ipu 9TOM rpaBUTOHBI CTSTUBAM CHJIOBbIE HUTHU B Ha-
MIpaBJICHUM CBOETO JIBUKEHUS. B pesynbrate nosiBisiach SHep-
r'vsl MaTepuM, U3PACcXOOBaHHAsl HA PaCTsKEHUE CUJIOBBIX HU-
Tell B UHGIAIMOHHBIN Tiepuon. OHa BO3JENCTBOBAIA HA T'PaBU-
TOHBI B HAITPABJICHUH MX COMMKeHUsl. [ paBUTOHBI OOBEJMHSIINCH
B ONPEJIE/IEHHbIE TPOCTPAHCTBEHHbIE COBOKYIMHOCTU — KBApPKHU.
B Hacrosiiiee Bpemsi u3BectHo 6 TUIOB KBapkoB: u. d. s c. b.
t (Puc.2. e). KBapku 06pa30BBIBAIMCH TIO HUCXOASAIIEH JTMHAN
1o Macce. B Havyasie, copMHpOBaIMCh MaCCUBHBIE KBApKU t U b,
3aTeM KBapKH C U S, a B KOHIle KBapku d 1 u. VICTMHHBIN KBapK

t umeer maccy 173 I'3B/ cek’, a BEPXHUI KBapK U MMeEeT mac-

cy 2,01 M>sB/cex?. dtor (pbeHOMEH MOXKHO OOBSCHUTH TEM, UTO
KBapK t 0Opa30BAJICSl B CUJIOBBIX HUTSAX C MUHUMAJILHBIMU pac-
CTOSIHUSIMM MEXJY HUMH, a KBapK U, KOIJ1a 3TU PACCTOSIHUS CY-
IIECTBEHHO YBEJIMYMUJIOCh. VICTUHHBIN KBapK t HE MOXKET Cyle-
CTBOBaTh B CBOOOJHOM COCTOSTHMM M OBICTPO pacnajgaercs, Iro-
TOMY UYTO OH 0Opa30BaJICsl B SKCTPEMAJIbHOW CTETIeHW CKATHS
CWJIOBBIX HUTEW. BepxHui1 KBapk u c(popmMUpOBaICs B CUIIOBBIX
HUTSIX ¢ OOJIBIIMM paccTosiHueM Mexy Humu. [loatomy cyie-
CTBYET BHYTPH INPOTOHOB Y HEUTPOHOB.



Jnoxa BO3HUKHOBEHMNSI a/IPOHOB U JenToHOB . [lo Mepe
pacipenusi BceneHHOM U yBeJTMUYeHUs €€ painyca, MJI0THOCTh
U3JIyYEHU s SHEPTUU U TeMIIepaTypa B HEM YMEHbBIIIATIUCh, & BMe-
CTe C HUMU CHU’KaJIaCh U CTENEHb CKaTHs CUIIOBbIX HUTeW. KBap-
KM, JBUTAsICh B CHJIOBBIX HUTSIX, OOBEAMHSIINCH, PHOOPETAIN
Maccy ¥ TpeBpaIiajvCh B MPOTOHBI U HEUTPOHBI, CBOOOIHbIE
MIPOCTOHBI OOBEAMHSITUCH U 0OPa30BBIBAIN IEKTPoHBI. OOpa-
30BaHME YaCTHUII IO MPU OOJBIIMX MMOKA3ATENSIX CTENEeHH CKa-
TUM CUJIOBBIX HUTEU, TOITOMY KECTKOCTh MX KOHCTPYKLIHUH OCY-
HIECTBJISUIACh 32 CYET CKATUsl B HAX MPOCTOHOB M I'PaBUTOHOB
CWJIOBBIMU HUTSIMU, TaK, TPOTOH COCTOUT U3 TPEX KBAPKOB: IBYX
KBapKOB U M OHOro KBapka d. [laBneHue BHyTpHM MpPOTOHA Ha-
npaBJjieHoO OT nepudepur K HeHTpy. OHO y HEro KoJjaoCCajibHO

u cocrassier 10% Ma (Puc.2. k). ¥ 9JIEKTPOHA HA0OOPOT, JaB-
JIeHWe HarpasJieHo OT lieHTpa K nepudepuu (Puc.2.f.). [Toatomy
IPOTOH CKMMAET CUJIOBbIE HUTH, POXOJAIIME CKBO3b HETO IIPU
JBUKEHUU, A JIEKTPOH MX PacIIUpsieT.

doToHHada 3n0xa. B 31oii craguu sBomonyu BeenenHoi, eé
TeMIieparypa v IiIOTHOCTb U3Ty4YeHHs], a TAK:KE CTETIeHb CKaTHS
CWJIOBBIX HUTEW MPOCTPAHCTBA MPOAOJIKAIN CHUKaThesa. Y mpu
JOCTVKEHUH OTpe/Ie/IEHHBIX BEJIMYMH, COOTBETCTBYIOIIEH MOKa-
3aTelisiM CTENIeHW CKAaThsl CUJIOBBIX HUTEW BO BHYTPHUATOMHOM
MPOCTPAHCTBE ATOMOB TeJIMsl CUJIOBBIE HUTH CTaM JOCTYITHBI-
MU JJIsl CKaTUsl UX TPOTOHaMU. B pesynbrare 3eKTPOHbI, KO-
TOpbIE BCET/Ia IBUTAIOTCS B HAMTPABJICHUY MOBBIIIIEHHON CTETeHU



CKaTUsl CUJIOBBIX HUTEH, CTaJI COEIMHSATCS C MPOTOHAMU, 00pa-
3ys aTombl renust. Ho 1ot mporiecc 3aHrMan HeOOIBINON OTpe-
30K BpeMeHU. VM pu CHUKEHUU CTETeHU CXKATHUHM CHJIOBBIX HU-
Tell paBHOM MOKA3aTeNIo CTENeHU UX CXKaTHs BO BHYTPUATOMHOM
MPOCTPAHCTBE aTOMa BOIOPOJIa HAYald OOpPA30BBIBATHCS aTO-
MBI BOJIOPOAA. A Tak Kak, NepBasi CTa/ivsl MPOAOIKaJIach 3HAUU-
TeJIbHO MeHbIIIe, YeM BTOpasi, TO U aTOMOB TeJiist 00pa30Bajioch
MEHbIIIe, YeM aTOMOB TeJiusl. DTUM MOXKHO OOBSICHUT TOT (PaKT,
YTO B 00pa30BaBIIIEMCSI KOCMUYECKOM OOJIaKke aTOMBI TeJIHsI CO-
craBiisui 25%, a atomel Bogopona 75%.

K a3tomy Bpemenu temneparypa BceneHHoll ymana,
1o 3500 K. B neit 1aBuHOOOpa3HO HapacTaia e€ Mpo3pavyHoOCTh,
a BMECTe C Hell U TUIOTHOCTh BEIIeCTBa, B pe3y/ibTaTe OHA CTajia
JOCTYITHOM JJ1s1 TPOXOXKIEHUS B HEW CBETOBBIX BOJIH. Hactymnua
9pa (popMUPOBAHUS TIEPBBIX 3BE3/1 U TATAKTUK.
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Puc. 2. Ilpegnonaraemas cxemMa CTPOEHHSI CHJIOBBIX HUTEU
IIPOCTPAHCTBA, PACIIOJIOKEHNS B HUX YaCTUL] MAaTEPUU U CXeMa
CTPOEHHS YaCTHIL:

a — CWJIOBBIX HUTEW; € — KBApKOB; K — IpoToHa; f — a5iekTpoHa

OnHUM W3 CaMBbIX TUCKYCCHOHHBIX BOIPOCOB B (pHU3HKE SIB-
JsieTcs 0Opa3oBaHue sep XUMUYECKHUX JIEMEHTOB BCel Tiepu-
oMYecKoi cuctembl MeHzesneeBa [4], 3a UCKTIOYEHUEM SITEp
BOJIOpPOZA U TeJius, KOTOPhIE B OCHOBHOM OOpa30BaJIKCh B TIEp-



Bble, MUHYTHI kU3HU BceneHHo. CornacHo JOKTpPUHE COBpe-
MEHHOH (PU3MUYECKON HAYKH OOIIETIPUHSATO CIUTATH, YTO CTOU-
HMKOM 00pa30BaHMs siiep OOJBINTMHCTBA XMMUYECKUX JIeMEH-
TOB SABJIIETCA MOCIIEA0BATEILHOCTD IPOTEKAHUS TEPMOSIIEPHBIX
peakuui, IlepBbIM 3/1IEMEHTOM HYKJIEOCHHTE3A B SIAEPHBIX TOI-
Kax 3Be3 sBisiercs renuwid. Ero sigpa oOpa3syloTcs B IEHTpaib-

HOM 4YaCTH 3BE3[Ibl NPU JOCTHKEHUU TeMIIepaTypbl 107 C. [po-
UCXOJIUT 3TO B PE3YJIbTATE CJAUSHUS YEThIPEX MPOTOHOB C BbIE-
nenuem 12,85 MaB.

3areM, pu JOCTUKEHUU TEMIIEPATYPBI 10%C, AApa rejaus Ha-
OMpPAIOT CKOPOCTH, MO3BOJISIONIYI0 MM COMM3UTHCS HA PACCTOS-
HHE JTOCTATOYHOE /ISl CIMSIHUS MX B siApa OoJiee TSKEIbIX XU-
MHUYECKHUX JIEMEHTOB (YIJIepoi, KUCIOPO/, HEOH U 1p.). Tak Ha-
3bIBa€Mble UYETHbIE JIEMEHTBI, Y KOTOPBIX 3apsij siApa cpasy IMo-
BBIIIIAETCS Ha JBE eIUHUIB. HedeTHble ameMeHTh 00pa3yloTcs
apyrum criocobom. B Havaste, siipo 3axBaTbiBaeT HEUTPOH, B pe-
3yJIbTaTe €ro Macca yBeJIMUMBAETCS HA €IMHUILY, a 3apsijl OCTa-
ercs npexxHuM. [1pu aTom, ecitm 0Opa3oBaBIIeecs siIpO OKAKET-
sl He CTAaOWIIBHBIM, TO TTPOM30MET OeTa-pacna, HeUTPOH Ipe-
BPATUTCS B IPOTOH. 3apsi/l y TAKOIO siApa BIPACTET HA €UHMUILY,
¥ OHO MPEBPATUTCS B PO CIEAYIOIEro Oosee TSKEIoro Je-
MEHTA.

Snpa TsKENTEE KeTe3a B TEPMOSIIEPHBIX PeakIUsX He 00pasy-
10TCsl. MexaHu3M Mx 0Opa3oBaHusI JpYyroil. YueHsle rpemosara-
I0T, YTO OHM 00pa3yIoTCs B ABYX BUJAX SJEPHBIX PEAKIHUsIX, CO-
MPOBOKAAIOIIMXCS 3aXBAaTOM OIHOTO MJIM HECKOJIbKUX HEUTPO-



HOB. B niepBoMm cityuae siiepHasi peakiyst OCyIeCTBISIeTCS] Me/I-
JICHHO ABWKYLIMMMCS HEUTPOHAMU. Takom IpoLecc Ha3bIBaeTCsA
s-rpoueccoM (MeIeHHbI mporiecc). TakuM crnocodbom cuHTe-
3UPYIOTCS TSKENbIE JIEMEHTHI [0CIe Kee3a BIUIOTh JI0 30J10Ta.
Bo BTOpOM citydae siiepHble peakiiy MPOUCXOIAT B pe3yJibTare
OBICTPOTO 3aXBaTa HEMTPOHOB, TAK HA3BIBAEMOTO I' — TPOIIecca.
Ero cyTb 3ak/iouaercs B 3aXBare si;ipOM He OJIHOTO, & HECKOJIb-
KHMX HEUTPOHOB cpasy. Toraa npu 6era-pacrnajie CUHTE3UPYIOTCS
SITIpa TSDKEJBIX M CAMBIX TSDKENBIX JIEMEHTOB OT 30J10Ta BILIOTh
1o Topusi 1 ypana. Ho, rae Takue npoiieccbl MOTyT UITH, Y (pu-
3MKOB TEOPETUKOB Ha ITOT CUET HeT eAUHOro MHeHus. s noj-
JepKaHusl STOro Mpoliecca B HeApax 3Be3/1bl HEOOXOAUMO HaJU-
yre OOJIBIIOr0 KOJMYeCTBAa CBOOOAHBIX HEUTPOHOB. OHO MOXKET
MPOSIBUTKLCS TIPU BCIIBIIIKE CBEPXHOBOM 3B€3/1bl B KOHIIE SBOJIIO-
IIUM MACCHUBHOM 3BE3[Ibl, KOTJIA JIEKTPOHBI CIIUBAIOTCSA C MPOTO-
HAMU U B pe3yJibTaTe 00pasyeTcst O0JIbIIoe KOJTUYECTBO CBOOO/-
HBIX HEUTPOHOB. KpoMme Toro, Taks:ke MHOrO CBOOOJTHBIX HEHUTPO-
HOB TOTyYaeTCsl PU CAUSTHUM IBYX HEUTPOHHBIX 3Be3/1.

O0630p pa3nUyHbIX Cr1I0cOO0B 0OPA30BAHUS SIIEP XUMUYECKUX
9JIEMEHTOB CBHUJIETEILCTBYET O TOM, UYTO BCE OHU B OCHOBHOM
CBOSITCSl K CIUSIHUIO (L -4acTUI[ U 3aXBaTy HEUTPOHOB sIapa-
MU, UX «BJaBJIMBaHUs» B Sipa, C MOCIEAYOIIUM B—pacnagoM
siiep NepernoHeHHbIX HelTpoHaMu. B pesynbrate f—pacnana
HEUTPOHBI PACHAJAIOTCSI HA TIPOTOHBI U SJIEKTPOHBI, KOTOPBIE 3a-
TEM BBUIETAIOT U3 siAep. B utore y saep yBenuuuBaercs 3apsij,



Y OHU TIPEBPAIAOTCS B sApa OoJiee TKENbIX IeMeHTOB. [Ipu
9TOM, KaKOe MECTOIOJIOKEHHEe 3aliMeT HOBasl YacTHIIA, B SIIpe
HEe yUuThIBaeTcs. B Toke BpeMsl ciie1yeT OTMETUTh, YTO AaTOMHOE
SIIPO TIPEJICTABIIsIET COOOM CIIOKHYI0O MHOTOYACTHYHYIO CHCTe-
MY C CUJIbHBIM B3aUMOJICHCTBUEM U OOJIBIITMM HAOOPOM CBOKCTB.
UM oT TOro K Kako# 4YacTH siipa MPUCOSIUHUTCSI HOBAsl 4acTH-
11a, OyJeT 3aBUCeTh B OCHOBHOM WJIM B BO30YKJIEHHOM COCTOSI-
HU OylieT HaXOAUThCsI HOBOE sIIpo. Takol moaxon K N3y4eHHIO
NIPOUCXOXK/ICHUSI SIEP XUMHUYECKUX IEMEHTOB, HAXOISIIUXCS
B CTaOMJIBHOM (OCHOBHOM) COCTOSTHMM HE JaeT TOJTHOW KapTH-
HBI MEXaHU3Ma UX POXkKJIeHHsI. MHOTO HEesICHOCTEH TaKKe OCTaB-
JISIIOT CYIIECTBYIOIIUE CIIOCOOBI ONMCAHMU I BHYTPEHHETO YCTPOi-
CTBa si/ipa, KOO JI0 CHX TIOp HE CYIIECTBYET MOC/IeI0BATEIbHOM
TEOpPHH CIIOCOOHOW BOCIPOM3BECTH B TIOJHOM OOBbEME TMOBejie-
HME HYKJIOHOB BHYTPH $1/Ipa, W3-3a OTCYTCTBUSI 3HAHUU O CBOM-
CTBax SIIEPHBIX CHJI. PacCMOTpPHM 3TOT BOITPOC B paMKax cMojie-
JIMPOBAHHOUN CUCTEMBI.

CornacHo 6a30BbIM MTPUHIIMIIAM 3TOW CUCTEMBI BCE YaCTHIIbI,
U3 KOTOPBIX COCTOSAT aroMa U MOJIEKYJIbI MPEACTABISIIOT COOO0M
COBOKYITHOCTH I'PaBUTOHOB, OIPE/ICIEHHBIM 00pa30M Pacrioyio-
JKEHHBIX B CUJIOBBIX HUTSIX IPOCTPAHCTBA. [IBUTasiCh, rPaBUTOHBI
CKMMAIOT CUJIOBbIE HUTH B HarlpaBjieHnu ApwxkeHus. [Ipu stom
BBIJICNISICTCSl SHEPTUsI MaTepyy, 3aKOHCEPBUPOBAHHAsI B CHJIO-
BBIX HUTSIX B pe3yibTarte Bosbioro B3pbiBa. dta SHEprusi U pas-
TOHSIET MOJIEKYJIbl 3BE3[JHOTO Ta3a, yBEeJIMYMBAET CTENeHb CkKa-
THSI CUJIOBBIX HUTEW MPOCTPAHCTBA U TOBBIINAET TEMIEPATypy



BHYTPU 3Be3/1bl. [Ipu JOCTMKEHNH CTENIEHU CKaTUsl CUIIOBBIX HU-
Ted B LIEHTPAJIBHOM YacTH 3BE3[bl CPAaBHUMOM C MOKA3aTesieM
UX CKaTWs BO BHYTPUATOMHOM IIPOCTPAHCTBE aTOMa BOAOPOIA
JIEKTPOH IIPEOIOIEBAET MPUTSKEHUE Apa U BBUIETAET U3 aTo-
Ma. Ob6pazyercsi» OyIbOH « U3 OBICTPO JBHIKYIIUXCS IIPOTOHOB

Y JIEKTPOHOB. [lasipHeliIee NOBBIIEHUE TEMIIEPaTyPbl JO 10'K
Y CBSI3AHHOTO C HEN YBEJIMYEHUE CTENEHU CXKATUsl CUIIOBBIX HU-
Tell NPUBOAUT K CJELyIOIMM nporeccaM. [IpoToHs! noromarot
SMIEKTPOHBI ¥ TIPEBPAIIAIOTCS B HEUTPOHBL. 3aTeM MPOTOHBI 00b-
€IMHSIOTCSl C HEUTPOHAMU U 00pasyloT AelTpoHbl. Kak TosbKo
CTEIeHb CKaTHUs JOCTUTHET BEJIMUYMHBI PABHOM TAKOBOW B s/ipe
resus, JBa JEUTpOHA CIIMBAIOTCS U 00pasyloT sapo renus. 3a-
KOHCEPBUPOBAHHAsl B CBA35IX MPOTOH — HEUTPOH SHEPrusi Mpo-
CTPAHCTBA MEPEXOIUT B SHEPTUI0 MaTepUU U BbIIENSIETCS B BU-
Jie SiZIGpPHOM SHEprum. S1Ipo rems npeacTaBisieT coO0M MepPBYIo
SHEPreTUYECKyI0 000JI0UKY (), BXOASIILYIO B COCTaB SIAEP BCEX
XUMUYECKUX 371eMeHTOB (Puc.3. a). Kax/aplil HyKJIOH B siipe Ha-
XOAMTCS] B KBAHTOBOM COCTOSTHUM, 00J1aJaeT ONpe/IeIEHHbIM KO-
JIMYECTBOM SHEPrMM U MOMEHTOM BpalleHus. B cooTBercTBUn
¢ npuHuMIoM [laynu, B OJHOM COCTOSIHUM MOTYT HAXOJUTBHCS
He OoJiee OTHOTO MPOTOHA ¥ OOHOTO HerTpoHa. O00I0UKa COCTO-
UT U3 IBYX SHEPreTUYECKUX YPOBHE: YPOBEHb ITPOTOHOB U YPO-
BeHb HEUTPOHOB. OHA MOJTHOCTHIO 3aroIHeHa HyKJIoHamu. M30-
Tom aroma renus ¢ ssapoM 4He crabuieH u nMeeT MOBBIIEHHYO
YCTOMUYMBOCTb. BOKpYT siipa oOpalnaioTcs /1Ba IeKTPOHa C aH-
TUNapaseabHbIMU criuHaMu. O0a 37eKTpoHa HaXOASTCs Ha ca-



MO¥ HU3IIEH MO SHEPruu OpOUTAIH 152, rpaHWYHas MOBEpX-
HOCTb KOTOPOU SIBJISIETCS CUMMETPUYHO-C(hepruieckorl. BHyTpu
9TON MOBEPXHOCTU CUJIbI CXATHsl YPaBHOBEIIMBAIOTCS CUJIAMU
pacmpeHus. 30eCh MEKTPOHHASA IUIOTHOCTh JOCTUTAET CBOETO
MaKCUMaJIbHOTo 3HaueHus. CreneHp aedopMariyy (C:xaTue) CH-
JIOBBIX HUTEN MPOCTPAHCTBA /10 TPAHUYHON MOBEPXHOCTHU BBICO-
Kas 1 OHHOPOJHA. 3a Heil, TO €CTh BOKPYT 3(P(PEKTUBHOIO paau-
yca aToMa CTEIleHb CXKaThsl OYEHb HE3HAUMTEsIbHASA, UTO JIE/IAET
XUMMYECKYIO CBSI3b €M C IPYTUMHU JIEMEHTAMU TPYIHO JO-
CTYIHOM.

YacTuiia mpoTOH BXOAUT B Spa BCEX XUMHUUYECKUX JIEMEH-
ToB. KonmmyectBo mx B siipe ompezesnseT ero 3apsa. B pabo-
Yyel TMIoTe3e CMOAEIMPOBAHHON CUCTEMBI TPOTOH CKUMAET CH-
JIOBbIE HUTH, TIOITOMY CTEIEHb (CHJIA) CXKATUM CUJIOBBIX HUTEU
BHYTPM $1/pa aTOMOB OyIET ONpeesaThCsi OOIMIUM KOITUYECTBOM
ux B aape. B atome BOOOpoma HaxomaWMTCsA OAMH HMPOTOH. Ec-
JIY IPUHATD CTENIEHb CXKATUSA s/1pa aToMa BOOPOJA 3a EAUHULLY
(1h), TO creneHp cxKaTUsl CUJIOBBIX HUTEW BHYTPU aroma rejvsi
cocraBut 2h (Tabmn.1).



TabGauia 1

HaumeHOoBaHue Konuuectso HOEPHBIX CTE]’]EHb CAHaATHUH

NEeMEHTOB obonouek B sape CHJIOBBIX HUTEI 1o
OTHOILEHUIO K 971pY
Bogopon h

Bopopon 0 lh

Tenuii 1 2h

Jhawmii 2 3h

Bepunuii 2 4 h

Bop 2 5h

Vrnepop 2 6h

Asor 2 7h

Kiucnopon 2 8h

drop 2 9h

Heou 2 10h

Kpemmmii 3 14h

Keneso Bl 26h

[To mepe BbIropaHusi BOJOPO/A B LIEHTPE 3BE3/bI B 3TOW 30HE
BO3pACTaeT, 1 CTETNIeHb CXKaTHsI CUJIOBBIX HUTEW U TIPU JOCTHKE-
Huu e€ 1o 3h ABa sapa refus HAYMHAIOT JBUKEHUE HABCTPEUy
Ipyr Apyry. B KOHEYHOM MTOre OHU CIIMBAIOTCSI B OMpEHesieH-
HOM TOJIOXKEHHUH, 00pa3ys sapo u3orona oepwnmsa 9Be. V uzo-
Toma atoma OeprLIHs ABe SHepreTrudeckue ooonouku q u f. (Pu-
c.3.b). B kax 1ot 000710YKe HaXOAMTCS 10 1B MPOTOHA U 10 J1Ba
HEUTPOHA, KOTOPbIE B3AUMOAEUCTBYIOT C JIEKTPOHAMU, HAXO/IsI-
IIMMUCS Ha OPOUTANISAX C Pa3IMYHBIMU SHEPTeTHUECKUMHU MTOKa-
3aTeNisiIMU. DJIeKTPOHBI, YIIPaBJIseMble POTOHAMU BTOPOM 000-

JIOUKH, HAXOATCS Ha opoutamd 1s” 25> u obmamanT Golblieii



SHEPrueu, 4eMm JiBa Apyrux eKTpoHa. OHU UMEIOT BBICOKYIO Ba-
JIEHTHYIO CIIOCOOHOCTh, TIO9TOMY OepHILTMI XUMHUYECKU aKTHB-
HBIA DJIEMEHT.

Korna B nieHTpe 3Be3/1bI TEMIIEpaTypa JOCTUTHET 108K, a cre-
NIeHb CKaTUsI CUJIOBBIX HUTEH cOCTaBUT 4h HauMHAeTCs COMMKe-
HUe sijiep Oepwus ¢ siapamu reiausi. ClivBaloTes siipa refus
B OIPEJEJIEHHOM MOCIEJOBATEbHOCTY U B PE3YJIbTATe TPU AA-
pa rems npesparanTcs B oqHo Aapo yrepoaa 12C. Sapo sro-
ro M30TONa yrjaepona, Kak U sipO U30Torna Oepusuivs, UMeeT
JBE siIepHbIE OOO0NIOUKU, HO Y HETO B 3TOU 000JI0UKE HAXOASTCS
He 7Ba, a yeThipe nportoHa (Puc.3.c). M3oton craduieH u nMe-
eT OoJbIIIoe pacpocTpaHeHne. BHenHue 371eKTpoHsl aToMa yr-
Jepona 3aHMMAIOT IEKTPOHHYIO, OpOUTab 2p, HO MPOCTpaH-
CTBEHHAs] OPUEHTALMs1 BHELLIHETO 3JIEKTPOHHOIO CJIOS IIPU BO3-
OyXJEeHUM aToMa JieJlaeT BO3MOXHBIM IIPOMOTHPOBAHUE OHO-
0 U3 CIIAPEHHBIX MEKTPOHOB ¢ OpOUTANIU 28 Ha OpOUTATb 2 P.
B pesynbrare yriepon o0pasyer OOIIMPHbIE XUMUYECKUE CBSI3H.

fAnpa aToma Kuciopoa HaYMHAIOT (POPMUPOBATLCA B S7Ep-

HOW TOMKE 3BE3[l, KOIJa TEMIIEPATypa MPEBBICUT 10% K, a cre-
TIeHb CKaTWsl CWJIOBBIX HHUTEH nocTurHeT 6h. OOpa3oBBIBATHCS
OHHU OyIyT MyTeM MPUCOSIUHEHUS Aep Tenns K sapam yriepo-
na. [Ipucoenunenre OyeT MPOUCXOIUTh HATIPABJIEHHO € 00pa-
30BaHUEM OIPEIEJICHHON (POPMBI AApa, IPA KOTOPOM Kax b1
MPOTOH Oy/IeT B3aMMOJIEUCTBOBATH TOJILKO C COCEIHUMU HYKJIH-
JAMH ¥ C JIEKTPOHAMM OITpeie/ieHHON opOuTamu. Mtorom 3to-
ro rnporiecca Oyner cuHTe3 u3oromna kucinopoaa 160. OH cradu-



JIEH U IIMPOKO MPEACTaBIIEH B IPUPOJIE MOCIIE BOIOPOAA U TeJUsl.
V Hero nBe saepHbIX 0007109kK. Bo BTOpOii 060510UKe n30TONA
(pynkmonupytor mects npotoHoB. (Puc.3.d). Yersipe n3 HUX
1e(OpMUPYIOT (CKUMAIOT) CUJIOBbIE HUTH IIPOCTPAHCTBA BHEIII-
HEro JIEKTPOHHOTO CJIOS U CO3JAI0T MPOCTPAHCTBEHHYIO HATIPAB-
JIEHHOCTD JICWCTBUSI BAJIEHTHOU opouTanu 2p. Bece 310 B coBo-
KYIHOCTH JIeJlaeT KUCIOPOJ OHUM U3 CAMBIX arpeCCHUBHBIX XH-
MHUYECKUX 7IEMEHTOB. 110 XMMMUECKOW aKTMBHOCTU KHUCJIOPOL
yCTynaeT TOJIbKO (hTopy.

Hcrorienune 3anacoB aTOMOB I'e/lvsl ¥ YIJIEpOJL BHYTPH 3B€3/1bl
NPUBOJUT K JaJIbHEHILIEMY POCTY TeMIepaTypbl U CTENIEHHU CKa-
THS1 CUJIOBBIX HUTEH B €€ LIEHTpe. B 3T0 Bpems1 HauMHaeTcs cusi-
HUE s1JIEp KUCIOPOJa U sifiep reus. Sapa renvsi npucoe uHsIoT-
s K SiipaM KHCJIOpoa TaKUM 00pa3oM, YTO B Pe3y/bTaTe CHH-
TE3UPYIOTCS sIpa N30TOIA HEOHA CO CBOEOOPA3HOM, TOJBKO MM
npucyien Kougurypaiuei. Y sapa aroma HeoHa 20Ne umeercst
JBE SIIEPHBIX OOOJIOUKH, HO B OTJIMYME OT sIIep aTOMOB JIPYTHX
3JIEMEHTOB, €r0 BTOPasi aTOMHast 000JI0UKA TTOJTHOCTHIO 3aroJTHe-
Ha Hykiuaamu (Puc.4.e), mostomy sapo HeoHa 001a4aeT MOBbI-
IIEHHOW YCTOMYMBOCTBIO. Y aTOMa HEOHA Ha BHEILIHEH 3JIEKTPOH-
HOW BaJICHTHON OpOMTaM 2p HET CBOOOIHBIX JIEKTPOHOB, OHU
BCE CIIApEHHBIE, I03TOMY aTOM HEOHA XMMMUYECKU UHEPTEH

C BbIrOpaHMEM KHUCIIOpOfia B LIEHTPE 3BE3/bl MPOIOKAETCS
POCT TEMIEPaTypbl U CTENEHU CKaTWs CUJIIOBBIX HUTEW U MPU UX
ckatuu Ao 14h HauuMHaetcs ropeHue sigep HeoHa. OHO corpo-
BOXKJIAETCSI OTPBIBOM OT SIAEP HEOHA O — YacCTHll (siiep Tesusi)



Y MOCTIEAYIOIIUM MTPUCOETMHEHUEM UX K IPYTUM siApaM HEOHa.
B pesysbTare nprcoeinHEeHNsT OOHOW 0L — YaCTUIIBI 0Opa3yeTcs
SIIPO MarHusi, a Mpu MPUCOETUHEHUM JBYX 4acTHIl, 0Opa3yerT-
cq Aapo KpemHus. [IpucoeanHenne mpoucxoau, Kak 1 B MPe/ibl-
JyIIMX CHHTE3aX HOBBIX JIEMEHTOB, HAPABJIEHO ¢ 00pa30BaHU-
€M ONpelesieHHON KoH(purypauuen sapa. M3oron sigpa Kpem-
Hus 28Si umeeT Tpu sHepreTyeckue oodonoukn (Puc.4.k) B Tpe-
Thell (y) 0Oosouke HaxonATcs 4npoToHa u 4 HenTpoHa. [Ipoto-
Hbl B3aMMOJIEUCTBYIOT C IBYMsI 9JIEKTPOHAMU BHEIIIHEN, BAJICHT-
HOU opOuTamm 3p, a TakkKe y Hero JiBa CIapeHHBIX JIEKTPOHA
Ha opOuTaM 3s MPOMOTHPYIOT Ha BakaHTHYIO opOuTans 3d, mo-
TOMY KPEMHMI YETHIPEXBAJIEHTEH. DTO JAa€T BO3MOKHOCTb aTO-
My KpEeMHHUS MPOSIBIIATh ceOsl KaK XMMHUUYECKH aKTUBHBIN 3Jie-
MeHT. KpeMHuii IBJISIeTCS IMPOKO PACIIPOCTPAHEHHBIM JIEMEH-
TOM B MPUPOJIE.

KpemHuii sBisieTCsl MOCTAEAHUM 3JIEMEHTOM CIIOCOOHBIM
K TePMOSIIEPHBIM 3K30TEPMHUUYECKUM peaklusm. TepMocuHTe3

C €ro y4acTUEM HAYMHAETCA MPU TeMIeparype 10° K u crene-
HU CKaTWsl CUJIOBBIX HUTeW 26h. 3-3a BBICOKOW TemmepaTyphbl
4acTh sIep KpeMHUs noasepraercs: oTOAUCCOLMAIIUY C Bble-
JIEHHEM 0. — YaCTHII. 3aTeM CBOOOIHBIE Ol — YaCTHIIbI ITIOCTIE/I0BA-
TEJIbHO MPUCOEAUHSIIOTCS K OCTaBIIUMCS sapaM KpeMHuus. [1pu-
COEAVHEHUE 0. — YACTUIL K /1Py KPEMHUSI IPOUCXOAUT HaMpaBJie-
HO ¢ 00pa3oBaHNeM ONpe/IeIeHHON KOH(pUTryparuen sjep mpo-
MEXKYTOUHBIX JIEMEHTOB U TaK BIUIOTH J0 saep xkene3a. Mzoromn
snpa xene3a 26Fe umeer 4 saepnbie ooonouku (Puc.4.u). B uer-



BepToi (j) 000JI0UKe HAXOAATCS 8 MPOTOHOB U 8§ HEUTPOHOB.
[TpoTOHBI B3aUMOJEUCTBYIOT C J€KTPOHAMHU BHEIIIHEUN BaJICHT-

HOW opOuTaIn 45, Ha KOTOPOW HaxXoAsATCs 3 BaJEHTHBIX JIEK-
TPOHA, IO3TOMY XkeJIe30 TPEXBAJIEHTHOE, HO 32 CYET TPOMOTUPO-
BaHUsI KOJIMYECTBO BAJICHTHBIX JIEKTPOHOB MOKET YBEJTMUUTHCS
1o 8. Kene3o cpenHen akTMBHOCTH MeTasul. Ha kpuBou pacripo-
CTPAHEHHOCTU XMMUUYECKUX JIEMEHTOB OHO BXOAUT B MATEPKY
JIMJIEPOB: BOIOPO/I, TeJIUiA, KUCJOPO/, HEOH, kee30, Ho, nepsble
YeThIpe JIEMEHTA rasbl, a xkesne30 meraui, CiaenoBareabHO, OHO
SIBJISIETCSI CaMbIM PaclpOCTpaHEHHBIM MeTaioM B CoTHEeYHON
CHUCTEME.

Slnpa renmst 1 CBOOOTHBIE HEUTPOHBI B OOJBIIMX KOJTAYECTBAX
BCEr/ia MPUCYTCTBYIOT B SIIEPHBIX TOMKAaX 3BE37. DTHU YACTHUIIBI
SIBJISIIOTCS] OCHOBHBIMU KOMTIOHEHTaM1 00Pa30BaHMsI HOBBIX XU-
MMYECKHUX JIEMEHTOB B HeJlpax 3Be3/1. Eciu U3 a — vactun (saep
resvsi) oOpa3yloTCsl YeTHbIE SJIEMEHTHI TIePHOJUYECKON CHCTe-
MBI, TO JUIs1 (DOPMUPOBAHUS HOBBIX HEUETHBIX JIEMEHTOB HEOO-
XOIUMO ydJacTue AeuTpoHoB. Tak, oOpa3oBaHue sapa cTaOUIb-
HOro HeveTHOro atoma jutus 7Li HauMHaeTcs MpU JOCTUXKe-
HUM B LIGHTPE 3BE3/Ibl CTENEHU C:KaThsl CUJIOBBIX HUTel 10 3h.
DTO MPOUCXOUT MyTEM MPUCOESTUHEHUsI IEUTPOHA K SApY re-
qus (Puc.5.a). Mectom npukperieHus AeUTPOHA OIpeIessieTcs
KOH(UIypauus spa JUTUSL U BMECTE C HEN U €r0 XUMHUUYECKHE
cBoMcTBa. B pesynbrare npucoeauHeHus y sapa Jutus cop-
MUPOBBIBaeTCS BTOpas siaepHast odonouka (f). Teneps mpoto-
HBI 9TON 00O0JIOYKM OyAyT B3aMMOJEHCTBOBATh C EKTPOHAMU



BHEIITHUX JIEKTPOHHBIX BAJICHTHBIX OpOUTAJIEN y BCEX XUMHM-
YECKHX JIEMEHTOB BTOPOTrO MEPUO/ia NEPUOINIYECKON CUCTEMBI.
B Heil y muTHs HAXOASATCS OWH MPOTOH U JiBa HelTpoHa. Bro-
POl HEUTPOH siBIIsIeTCs «Oyhepom», MPeIOTBPAIIAIOIIUM CJTH-
sHMe 000s104YeK. [TpoTOH, BXOAAIIMI B COCTAB JIEUTPOHA B3aM-
MOJIEHCTBYET CO CBOOOTHBIM JIEKTPOHOM BHEIIHEH BaJICHTHOM
opbutamu 2s. Hamume oqHOro mpoToHa BO BTOPOM 00OJIOUKE
MpeaCTaBIsAeT coOO0M HEOOBINOM 10 3(PHEKTUBHOCTH 3apsif S/1-
pa, uTo JIeNIaeT BHEIIIHUU 7IEKTPOH JIMTHS JIETKO JOCTYITHBIM JIJIS1
00pa30BaHMs KOBAJICHTHOW XUMHUYECKOW CBSI3H C APYTUMH XH-
MUYECKUMU 3JieMeHTaMu. JINTuil SBseTCS OTHUM U3 TPeX peji-
KHX JIETKUX 3JIEMEHTOB.

Anpo npyroro He4eTHOro cTabuibHOrO 1eMeHTta 6opa 11B
oOpazyercsi 0OObeIUHEHNEM Siipa OepHUUs C ASHTPOHOM TIpH
cTeneHu cxkarusi cuiaoBbix HUTEW B Sh. Ilpucoenuusiercs peu-
TPOH BO BTOPYIO SHEPreTHUYECcKylo OOOJOUKY siipa Oepusuius
K HaxofAmumcs TaM HykjJoHaMm (Puc.5.b). B pesyasrare sauep-
HBIU 3apsi B HEW MPEJCTaBIISAIOT yKe TpU MpoToHa. [IBa u3 Hux
B3aMMOJICHCTBYIOT C JIEKTPOHAMM HA BHELIHEW 3JIEKTPOHHOM
opbuTanu 2s, a OJUH MPOTOH C OIHUM JIEKTPOHOM Ha HOBOW
BHEIITHeW opOuTaiy 2p. 3aroiHeHre IeKTPOHOM HOBOW OpOu-
TaJIM JeJlaeT aToM OOpa KAWHOCUMMETPUYHBIM 1 U3MEHSIET PO-
CTPAaHCTBEHHYIO HAITPaBJIEHHOCTh JIEKTPOHHOrO obnaka. B oc-
HOBHOM COCTOSIHUM y aTOMa O0pa Ha BHEIIIHEW BaJIEHTHOW OpOU-
TaJM 2p HAXOJUTCS OIMH CBOOO/IHBIN IEKTPOH, a B BO30YKIEH-
HOM COCTOSIHUH 32 CYeT IPOMOTHUPOBAHUS JBA JIEKTPOHA HAXO-



JSATCSI HA OpOUTAIM 2p M OOUH Ha opOuTanu 2s. ITo jenaer 6op
TpexBaJieHTHbIM. Kak 1 jiuTwii, 60p peAKuil JIeMeHT.

A3OT TpeTul HEYETHBIM JIEMEHT BTOPOrO MEpUoja MepUo-
JUYECKON CUCTEMBI. SIIpo a30Ta CUHTE3UMpyeTcsl B pe3yJibTaTe
OoObeMHEHHS Spa YIIepoaa C IEUTPOHOM TpU CTETeHU CKa-
TUs CWIOBbIX HUTeW B7h. [lpucoenuHenue neMTpoHa MpoOMCXO-
JWT BO BTOPYIO SHEPreTHUECKyIo 000I0UKY spa yriaepona (Pu-
c.5.c). [Ipu 3TOM NpPOTOH, BXOAAUIMI B COCTaB AEUTPOHA, ITPU-
KperuisieTcsl TaKUM 0Opa3oM, YTO MEXAY HUM W JIPYyTUMHU Ha-
XOASIIUMHUCS TaM TPOTOHaMU ObLTM HEHTpOHHBL. B pesymbprare
NIPUCOEMHEHMsT SACPHBIN 3apsi BTOPO OOOJIIOYKH OyleT co-
CTOSITh U3 5 MPOTOHOB. TpW MPOTOHA M3 HUX B3aMMOIEHCTBY-
10T C BHEIIHEHW BajieHTHOW opoOutaybio 2p. Ha Helt Haxomsarcs
TpY CBOOOHBIX JIEKTPOHA, TOTOMY a30T TpexBajieHTeH. [Ipo-
CTPaHCTBEHHAs! HAITPABJIEHHOCTb BAJICHTHBIX OpOUTAaJIel 2p B CO-
BOKYITHOCTH C BBICOKOH CTENEHbIO AepOpMaIK CUJIOBBIX HUTEN
MPOCTPAHCTBA BHELITHETO JIEKTPOHHOTO CJIOS MSATHIO IPOTOHAMU
BTOPOW SHEPreTUIECKOM SAEPHON OOOIOUKH, AETAeT a30T OTHIM
U3 aKTUBHEMIINX XUMUYECKUX JIEMEHTOB. A30T fBJSETCSH OfI-
HUM U3 CaMbIX paclpoCTPAHEHHBIX JIEMEHTOB I10CJIE KMCI0poIa
Y HEOHa B MPUPO]IE.

®dT1op npeanocae HUN U YETBEPThI HEYETHBIN JIEMEHT BTO-
poro nepuoaa. Ero simpo o6pasyercsi mprucoeiMHEHUeM JIeHTpo-
Ha K APy KUCJIOpPOAA MPU CTENIEHU CKATUsl CUIOBBIX HUTEN 9h.
[TpucoenuHseTCs AEUTPOH BO BTOPYIO SAEPHYIO OOOJIOUKY K Ha-
XOIAIMMUCS TaM HyKJIoHamu (Puc.5.d). B pesynbrare snepHbii



3aps] 0OOJOYKM COCTABIISIIOT 7 MPOTOHOB. Y sapa atoma ¢ro-
pa B 3TOW 0OOJIOUKE HAXOOUTCS 5 aKTMBHO B3aMMOJEHCTBYIO-
IIMX MTPOTOHOB C BHEIIHEW BAJIEHTHON OPOUTAIIBIO 2P, TIOITOMY
(prop sABIIAETCA CaMBIM XUMUYECKH AKTUBHBIM 3JIEMEHTOM IEPU-
onnveckoy cucteMsl. Ha atoii opOutanu Haxonsrtcs 4 crapeH-
HbIE JIEKTPOHBI I OAWH CBOOOIHBIN 3MEKTPOH, UTO JIENAET €ro
OAHOBaJIEHTHBIM. PTOP JAOBOIBHO PacrpOCTPaHEHHBIN IEMEHT
B IIPUPO]IE.

Puc. 3. Ilpennonaraemasi cxema 0O0pa3oBaHUsl siiep YETHBIX
XMUMUYECKHX JIEMEHTOB IyTeM CIUSHUS SIep TeNus: a — SIAPO



resust; b — saapo Oepwius; ¢ — sApo yriaepona; d — spo Kuc-
Jopoza

Puc. 4. Tlpennonaraemasi cxema oOpa3oBaHUs siIep YETHBIX
XUMHUYECKHX JIEMEHTOB IyTEM CJUSHUS AEP TeIUs: € — HEOHA;
k — kpemHus; u — xesnesa



Puc. 5. TIpeanonaraemast cxema 0Opa3oBaHUS AP HEYETHBIX
XMMHAYECKUX JIMEHTOB: a — JIMTHs; b — O6opa; ¢ — a3ora; d —

¢propa
BoiBoabl

1. dapa XMMUYECKHX 3JIEMEHTOB CUHTE3UPYIOTCS B Helpax
3BE3[l IPU UX JKU3HU, A TAKKE B pe3yJIbTaTe UX SIPKOU «CMEPTU»
U uX cnusiHuA [6]. Sapa aneMeHTOB OT resus A0 Kejle3a CUHTe-
3UPYIOTCS BHYTPH 3BE3/1, 4 TTOCJIE KeJie3a IPU B3PbIBaX CBEPXHO-
BbIX 3BE3[] U CJIUSHUSI HEUTPOHHBIX 3BE3]I.

2. BO3HMKHOBEHHME HOBBIX SIIEp XMMUYECKUX JIeMEHTOB, Ha-
XOISIIMXCS B OCHOBHOM (HOPMAJIbBHOM) COCTOSIHWH, IPOMCXO-
JUT TIPU YCJIOBHUH, YTO CTENIEHb CKATUsI CHJIOBBIX HUTEW BHYTPU



3BE3HOI0 IPOCTPAHCTBA CTAHET PABHBIM CTENIEHU CKATUU BHYT-
PY AIEPHOTO MPOCTPAHCTBA JAHHOTO XUMUYECKOTO JIEMEHTA

3. Anpa snemMeHTOB 3TO HAOOp SAAEPHBIX O0OJIOYEK, 3aroJI-
HEHHBIX MMPOTOHaMU U HelTpoHamu. [lepBoil 0600UKOl y Beex
siiep SBJISIETCS PO Tefiusl, KOTOPOE COCTOMT M3 ABYX IMPOTO-
HOB U JIByX HEUTPOHOB. fl1pa BCeX OCTaJIbHBIX IEMEHTOB IIEPH-
OIMYECKO¥ CUCTEMbI UMEIOT OTpe/ieIeHHOE KOJIMYECTBO 000JI0-
YeK, 3aMOJIHEHHBIX TIOJIHOCTHIO WM YaCTUYHO HyKJIOHamu. O6-
pa3oBaHuE sipa HOBOTO 3JIEMEHTA MPOUCXOOUT IyTEM IPUCO-
€IMHEHUEM K APy NPEALIECTBYIOIIETO EMY IEMEHTA B IIEPUO-
JUYECKOU CUCTEME HOBBIX HYKJIOHOB. [Ipr 3TOM HOBBIE HYKJIOHBI
3aroHSIOT He 3alOJIHEHHBIE siIepHble 0O00IOUKU B ONpe/ieieH-
HOM COCTaBe, KOJIMYECTBE U 3aHUMAIOT OIPeJeSIeHHOE MECTOIO-
noxenre. OT KOJIMYECTBA HOBBIX HYKJIOHOB Y MECTOIOJIOKEHU S
UX MPUCOEIMHEHN S 3aBUCUT OYJET JId HOBOE SIIPO CTAOMJIbHBIM
WIU HET.

4. B npupofie He CyIIECTBYIOT XMMUYECKHUE JIEMEHTHI (Kpome
aToMa JIETKOTO BOJOPO/A), SApa, KOTOPHIX Obl COCTOSUTH U3 OfI-
HUX [TPOTOHOB. [IpOTOHBI B AApax CKUMAIOT CUJIOBBIE HUTU BHYT-
pH SIEPHOTO MIPOCTPAHCTBA, & JIEKTPOHBI, BXOSIIME B COCTaB
HEUTPOHOB MX pacHmpsiioT. Takue B3aMOAeNCTBUS TTPOTOHOB
¥ HEUTPOHOB MPUAAIOT CTAOMIIBHYIO YCTOMYMBOCTb SITIPY.



I'nasa I1I. Bpems

B Kakaylo 310Xy YelIOBEYECTBO NPEACTABIANO (PEHOMEH
BpPEMEHH orpezeieHHbIM 00pa3oM. Tak, Harmpumep, 930TepUKH
NPEACTABIISIA BpeMs KaK HEKYIO MPOTSKEHHOCTb, BBIIIEALIYIO
U3 BEYHOCTH, KOTOpasi 00s13aHa BEpPHYThCS B HEE. A BOT ApEeBHUE
I'PEKU TPEJCTABIISIIM €r0 B BUJIE 3aMKHYTOIO Kpyra. Xpucrua-
He BOCIpUHUMATH (peHOMEH BpeMeHH JIMHEWHO U HeoOpaTumo.
3aMeTHBIN BKJIAJ B OCMBICIIEHUE MTOHATHUA (DEHOMEHA BPEMEHU
BHecM HetotoH [20] u DiiHinreitH [34]. 1o KoHuenuuu nepBo-
ro Bpems abCOMIOTHO, OIHOPOIHO U HerpepblBHO. OH nosaral,
YTO JBUKEHUE MATEPUAJIbHBIX TEJl HE OKa3bIBA€T HUKAKOI'O BJIM-
SHUA HA TEYEHUE BPEMEHU M HAa CBOMCTBA IPOCTPAHCTBA. DWH-
HITEH COEVHUI BPEMs C MPOCTPAHCTBOM U MOKa3aJl, YTo MpU
JBUKEHUU MaTepHajbHbIX TeJ Ha CKOPOCTSX OJIM3KHUX K CKOpO-
CTU CBETa, CKOPOCTb TEUEHUS] BpeMEHU u3MeHsercs. MHTepec-
HEWIIMM BbIBOJIOM JAHHOM TEOPUHU SIBJISIETCS BIMSIHUE IPABUTA-
LIMM Ha CKOPOCTb TeueHu s BpemeHu. 11Lnu rojipl, oqHO orpenese-
HME NIOHATUIHOTO CMbIc/Ia (DEHOMEHA BPEMEHH CMEHSIOCh IpY-
T'¥M M B UTOTe IIPOYHOE MECTO 3aHSJI0 HOBOE €ro MOHATHE, Bpe-
Ms 3T0 (popma cyiecTBoBaHUs Matepu. OIHAKO U 3TO MOHS-
THE HEe JAJI0 MOJIOKUTESBHOIO OTBETA YIOBJIETBOPSIOLIETO BCEX
3anpocoB (pusocooB 00 ornpesesieHns BpeMeHH!.

B coBpeMeHHBIX (PU3NYECKUX TEOPUSIX: KJIACCUIECKOW (pU3H-
K€ U MeXaHWKe, OOIel TeOpUHr OTHOCHUTEIIBHOCTH, KBAaHTOBOW



MEXaHUKE U PeJIITUBUCTCKOUN (PU3MKE BpeMs BXOIUT BO Bce (hop-
MyJibl. [Tpr 3TOM OHO BXOOUT B HUX Kak (PU3NYECKUU MTapaMeTp
Y MCKJTIOUAeT Pas3iMyrs MeX Iy MpolutbiM 1 OymynmM. OmHaKo
B KQX/JI0M U3 3TUX TEOPUI PA3IMYHOE MTOHATHE CMbICIIa (DEHOME-
Ha BpeMEHU. Y MeXaHHKa BPeMsl OTOXKAECTBIISIETCS C ABMKEHU-
eM, y OroJiora ¢ XM3HEHHBIMH IUKJIaMU. ACTPO(PU3UKHU CBSI3bI-
BaIOT BpeMs C pacuipeHueM BeenenHou, 11 ncuxosora BpeMs
3TO CO3HAHUE

OcHoBHOM 3aauelt u3yueHusi (peHoMeHa BpEMEHU Ha COBpe-
MEHHOM 3Tale pa3BUTHSA HAYKU O BPEMEHM SABJISIOTCS MOUCKU
OTBETOB Ha cliefyioiue Bonpockl. OOpaTuMo BpeMsl U Het?
OnHO HanpaBJIEHHO OHO WJIM UMEET pa3Hble HanpasijieHus ? uc-
KPETHO OHO WJIM HenpepbIiBHO? PaBHOMEpEH MM HEpaBHOMEPEH
ero xon? MoxHO 11 ynpasiaTh BpeMeHeM? PeanbHo mm cyne-
CTBYIOT KBaHTbI BpeMeHu ? 13 uccnenoparenend XX Beka, Cle/IaB-
IIUX OIpezeieHHbIe YCIIeXU B YIIIyOJeHUU MOHATUSI (heHOMEeHa
BPEMEHH, CJIelyeT OTMETUTh IIBEUIIAPCKOrO0 YUYEHOro Jiaypeara
HobGeneBckoit npemun [puroxuna [25], aHITIMIACKOTO yUEHOTO
XoKHuHra, Haimux cooreuyectBeHHMKOB Ko3bipesa [16] u BepHan-
ckoro [10].

[Tpuroxkun pa3zpaboTail TEOpHIO, MO3BOJISIIOIIYI0 IO HOBOMY
OCMBICIIUTD TIpUpOAy Martepuu. B cBete e€ matepus crocoOHa
K camoopraHusauuu. B Hell MOHATUSA MPOIUIOro, HACTOSIIErO
u Oyay1ero BpeMeHu 00yCIOBIIeHb (PU3UUYECKOI MTPUPOION MU-
pa. XokuHr [35] nucan o Tpex pa3luyHbIX CTpeax BPEMEHHU.
Ilepsas crpena TepmoarHamuyeckas. OHa yKa3bIBaeT HalpaBJie-



HUE BPEMEHH, TJie pacTeT OecropsiIoK, TO eCTh SHTponus. [Ipy-
ras cTpeja NCUXOoJoruyeckass. B Her Xxon BpeMeHU HamnpaBlieH
TOJILKO B CTOPOHY Mpouuioro. I HakoHell, TPeThbsl CTpesa Koc-
MoJioruueckas. B 3Tom HarpaBiieHUM CTpesibl BpEMEHM YKa3bl-
Baercsi, uto BceneHHas He cxumaercs, a pacuupsiercs. Ko3bi-
PEB B CBOMX HCCIIEIOBAaHUSIX U3ydasl BIUSHUE BPEMEHHU HA Ma-
Teputo, [Ipu 3TOM nomyuns yoeauTesbHble 10Ka3aTebCTBA, YTO
B (PU3MYECKOM MHUpPE CYIIECTBYET JOIOIHUTEIbHBIN BUJ SHEP-
I'Y, KOTOPbI HOCUT Ha3BaHWE SHepruu BpemeHu. OH cuuta,
9TO BpPeMsI CYIIECTBYET OOBEKTHBHO, Y HETO €CTh HAIPaBJICHHBIN
XO[l OT TIPOIIEAIIEro K OyaylieMy, ¥ B OTIMUUE OT MAaTEPUX HET
umMIyabca. BepHaackuii BBes OHSATHE O OMOJIOrMYeCKOM Bpeme-
HU, KOTOPOE OTJIMYAETCsl OT (PU3NYECKOTO BPEMEHU CBOMM BHYT-
peHHUM conepxkanueM. OH paccMaTpuBajl BpeMsl Kak CMEHY MO-
KOJIEHUM U CYUTAJI €T0 EAUHCTBEHHO peaibHbIM BpemeHeM. CBou
YTBEPKJIEHUs] OH OOOCHOBBIBAJ TEM, YTO HUKTO M HUTJIE HE Ha-
Omro1an abnoreHes3a, MPOUCXOKICHHS )KUBOTO U3 HE KHUBOTO.

OpHuM 13 62a30BBIX TTPUHIUIIOB CMOJIETTMPOBAHHON CUCTEMBI
SIBJISIETCS TIOJIO)KEHHE O TOM, UTO BpeMsl sIBJisieTcsl (PyHKIUen
B3aMMO/IEIICTBUS MAaTEPUU C IPOCTPAHCTBOM

T=f (w p)

Bce peanuu pusrueckoro Mupa, ecTb pe3yJibTaT 3TOro B3au-
moaencTBrAd. [ToOHATUIAHBIA CMBICIT CJI0BA B3aUMOIEUCTBUE IO
pa3yMeBaeT IBUKeHHUe, TeYeHHEe, KOTOPOe XapaKTepu3yeTcsl CKO-



pocTbio. CKOpOCTh B3aUMOAEWCTBUE MAaTepUM U MPOCTPAHCTBA,
a B 9TOU UIOCTACH B CMOJIEJIMPOBAHHOU CHCTEME BBICTYTIAET Bpe-
Msl, OHO UMEeT OIpe/IeJIeHHYI0 HarpaBJieHHOCTb. CKOPOCTh Te-
YeHus1 BpeMeHU (Vt) HaxOOUTCs B OOPaTHOM MpPOMOPIMOHAIb-
HOM 3aBUCUMOCTH OT CKOPOCTH B3aMMOJIEMCTBUSI MAaTepUU U TTPO-
CTpaHCTBa (VWD),

vt=1/ vwp

[TpoucxoouT 3TO MOTOMY, UTO C YBEJTUUEHUEM CKOPOCTH JIBU-
JKEHUSI MaTepru (Macchl) B CHJIOBBIX HHTSIX ITPOCTPAHCTBA BO3-
pacTaeT ¥ CTeleHb WX CONMPOTHUBRIICHUS 3TOMY TBHXEHUI0. B pe-
3y/bTaTe CKOPOCTh B3aMMOJICHCTBUS MATEPUM U MPOCTPAHCTBA
CHUKAETCsI, a BMECTe C Hel 3aMeyIsieTcs] U TeUeHHe BPEeMEeHHU.
Paznuyatorcst crnenyiommye BUAbl T€YEHUI BpeMeHH: oOIIe Bce-
JICHCKOE TeueHHe BpeMeHH U JIOKaJIbHbIe TeueHUs BpeMeHHu. Jlo-
KaJIbHbIE TeYeHUS TIONPa3AesoTCs Ha (PU3NIECcKoe, OHOJIoTye-
CKOE U TICUXOJIOTUYECKOEe TeUeHHUE BPEMEHH.

Oomie BceneHckoe BpeMsi. B pamkax cMoneTmpoBaHHON CU-
CTeMBI 0011Ie BCEJIEHCKOE BPEMSI 3TO pe3yJIbTaT B3aUMOICHCTBUS
MaTepyu C TIPOCTPAHCTBOM, TIOTOMY €€ TeueHHe OMHOCTOPOHHEE
OT mpouuioro Kk Oymymemy. Hadanock o0iie BceJleHCKoe BpeMs
C TIEpBBIX MIHOBEHUU pOXIeHUs BcelleHHOW W MpojoiKaeTcst
B HaCTosIIIee BpeMsl.

doToHHasE 3M0Xa CTAHOBJIEHWsS BceleHHOW MiIach

3 10° sier. VI B TeueHue BCETO STOTO neprosia BpeMeHH 1o 00-



Ppa3oBaHHUC aTOMOB BOJOPO/A. WX HaKOMUJIOCh KOJIOCCAJIbHOE KO-

JnyecTtBo, 13,8 10° ner ouu Cropajim U MpOAOJIKAIOT Croparhb
B SIIEPHBIX TOMKaX TPULIMOHOB 3Be3/1. K KoHIly anoxu Temriepa-
Typa Beenennoii onyctuinace 10 3500 K, a crenens cxkarus cu-
JIOBBIX HUTEW B MpoCTpaHCTBe BeeneHHow AocTUria nokasaress
B 1h, Kak B siipe aroma BoJopoja.

[To coBpeMeHHbIM HAOIOIEHUSIM aCTPOU3UKOB TOJIBKO B BU-
JUMOM YacTH KOCMOCA, a OHAa COCTaBJISIET BCETO OJIHY JIByXCOT
NATUAECITYI0O YacTh OT Bcell BceleHHOM, HaXOoouTcs JEeCSITKU
MUJUTMApAOB ['aakTK, B KaXI0W U3 KOTOPHIX HACUUTHIBAIOTCS
MUJLTHAP/bI 3B€3]] 1 KOCMUUECKUX ITbLIera30Bbix 00nakoB. U Best
9Ta rPpoOMajia MaTepuu ABMKETCS B CHJIOBBIX HUTSX MPOCTPaH-
CTBa, pacTSruBasi X B HAMIPABJIEHUU CBOETO JIBUXKEHUsI, HEMpe-
PBIBHO B3aMMOJIEHUCTBYs C HUMM. ['aakTUKH, KaKk «ropsyue Io-
POXKHW>», pa3JIeTaloTCsl BO BCEX HAIlpaBJIEHUsIX OT LeHTpa bosb-
moro BapeiBa 1 pacimpsior MUpOBYIO CETh, «COTKAHHYIO U3 CH-
JIOBBIX HUTEW MpocTpaHcTBa. KocMonoruueckue ucciaeaoBaHus
CKOPOCTH pacipenusi BceneHHOM CBUIETENBCTBYIOT O TOM, YTO
B pa3JIM4YHbIe TIEPUOBI €€ pa3BUTHSI OHa OblIa pa3Hol. Tak, B MH-
(prALIMOHHBIN MeprOo/I, OHA YBEIMUMBAJIACh CO CKOPOCTHIO, TIpe-
BBIIIAIOIIEN CKOPOCTh CBETA. 3aTeM pacuimpenue BeenenHou 3a-
MeJTUJIach, @ BOT B HACTOsIIIEE BpeMsl aJIaKTUKU Pa3JieTaloTcs
¢ yckopeHreM. C MO3UIUKN CMOJIETMPOBAHHOM CUCTEMBI 3TO 00b-
SICHSIETCSI CIIE/IYIOIIM OOPa3OM.

YckopenHoe pacipenve BeeneHHON B MHQIISAIIMOHHBIN Te-
PHOJ OCYIIECTBIISUIOCH 3a CYET KOJIOCCAJBHOTO TOTOKA JHEP-



T'MY MaTepUy C YyAOBUILHOM TEMIIEPATYPOM U MJIOTHOCTBIO U3-
Jy4eHHs. DTOT MOTOK ABUTAJICA B CHUJIOBBIX HUTAX MPOCTPaH-
CTBa U «pa3ayBaj» UX, GopMupys U3 HUX MupoByio ceTb. B3a-
MMOJIEHICTBUE MAaTepUM C IMPOCTPAHCTBOM B 3TOT MEPUOJL ObLIO

O4YEeHb HU3KMM U pacimpenue BceenenHou B 10 pa3 npou3o-
110 MraoBeHHo. C poctom pa3mepoB BceneHHO# MIOTHOCTb
U3JTyYeHusl SHEPIUU MaTepuu Majajia, a ¢ Hell BMecTe BO3pac-
TaJIO B3aMMOJEUCTBUE MaTepUU C MPOCTPAHCTBOM. B pesysbra-
T€ TEYECHUE BPEMEHU U paclIMpeHus1 BeesleHHON 3amMeuIniiocs.
B Hacrosee Bpems, Kak MOKa3aad KOCMOJIOTMYECKUe UCCIe0-
BaHUsI, CKOPOCTh Pa3jieTa raJJAKTUK BHOBb YBEJIMYMIIACh, A CKO-
POCTh B3aMMOJICHCTBHSI M TEUEHHE OOIIEe BCEIICHCKOTO BPEMEHH
BHOBb YMEHBIIWINUCh. VI PUUMHON BO3HMKHOBEHUS 3TOro ¢e-
HOMEHa SIBJIsIeTCs SHEpIrus NpocTpaHcTBa. [leso B ToMm, uto, pas-
JIETAIOLIMECS TalaKTUKK PACTATMBAIOT CUJIOBbIE HUTH IPOCTPaH-
CTBA B HAalIPaBJIEHUM CBOETO ABUKEHUS U TEM CaMbIM CKUMAIOT
ux. B pe3ynbrare 3T0r0 cKatus BRICBOOOKIAETCS SHEPrus MaTe-
puM, 3aTpayeHHas Ha UX cxkaTue, Kotopas nopoxaaer cuiy (F),
JECTBYIOIIYIO B HAITPABJIEHUU UX JBUKEHUS 10 (popmyIe.



2

T 2P
?H rﬁ

rge  Z — Koa(Q(pUIIMEeHT CKAaTUS CUITOBBIX HUTEl
77 — paccTOsSHUE MeXY CHIOBBIMM HUTSMM JI0 Havasa cKaThs
72 — paccTosTHMe TIOC/Ie OKOHYAaHMSI CKaTHSI

F=kE,
rae k — koaddUUMeHT NMpoNnopLMOHaNbLHOCTH.

B Teuenue Bcero nepuona B3aMMOJEWCTBUSI MaTEPUU C MPO-
CTPAHCTBOM PacCTOSIHUAE MEX]ly CUJIOBBIMUA HUTSMH HEITPEPBIB-
HO yMeHbIaercs. M yem MeHblle epBOHAaYaIbHOE PACCTOSIHHAE
ME:KAY CUJIOBBIMU HUTSIMH JI0 CKATHSA, TEM BbILLE KOI(PPULIMEHT
CKaTHsl, TO3TOMY OOJIbIIE BBIAEIISAETCS KOJTMYECTBO SHEPIHU Ma-
TepUU M TeM OOJIbINasi CHJIA ISHCTBYET Ha FaJIAKTUKY B HAIIPaB-
JIEHUU UX JBUKEHUS. DTUM U U MOKHO OOBSICHUTh YBEJIMUEHUE
CKOpOCTH paciuvpeHus BeeneHHoM B HacTosILee Bpems



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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