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BBElEHl1E
CymecTBOBaHl1e Toro HiM I1HOrO COCTORH1HIneaecrea B Ma'I'e-

PHaJIhHOVi C11C'l'eMeSaBHCHT' OT YCJIOBl1l1» npa POAbI l1 xapaxrepa ssa- .•

HMOAei1CT~Y!Ho6pasyJOm1-1xBe:;€CTB,o qaCT1-1l\•• 06bIt.IHO paCCMaTpHBaIOT-

CH CJIeAYKlmne COCTOHHHHB&46C'TBa: "rnepnoe"; nJilli~KOetl ,fI raaooc-

paSHoe" H "n~a3MeHHoe".

YCJiOBHH B CHCTeMe K C~JIH BSaMMo,nei1cTB1-1HMeJKllY qaCTHLlaMH

neaecraa orrpe~eJIRJOTCH,neJ{C'TBHeMCHJI Ha qaCTHLlH9 COCTaBJIHKlIlu·!e

CHCTeMY. IlOA MaTepl1a.JIbHO~ cHcTeMolit paCCMaTpl1BaeTCH qaCTb Bce-

JIeHHOli, KOTOPM npa onpeaeaeansx YCJIOBHHXH onpeJJ;eJIeHHOMHH-

TePBaJ!e BpeMeHH OTHOCWre~.bHOSa.MKHYTaHg a npl1M3MeHeHHH 3THX

YCJIOBI1HMO]!\eT CTaTb OTKPHi'OH•• CYMMapHoe A811cTBHe CMJIB CHC'l'e-

Me MOJi\HOpaccxarpasar s Ka."CAeilcTBlle rrpOTl1BOnOJIOIKHOsanpasaea-

mix Cl1JI. C OJJ;HOMCTOPOHI:i,3'1'0 CHJIbl, YMeHbmaroIn11eBSal1MOCBHSb

MeJKAYxac rauaxa BelllecTBa# Hfu"1paBJIeHblItS CHCTeMbl1-1HX CYMMap-...·

aoe AeMCTBMe MOJKHOo606rrun.'h H paCCMOTpeTb KaK CHJIbl "HS CHC'l'e-

MhI" - F • C ,npyroH CTOPOHH, 3'1'0 CHJIbl,YBeJUftIHBaJOlllHe B3WIMO-

CBH3b MeJKAYqaCTHLlaM1-1,aanpaaaeau B CHCTeMy 11 l1X 06111eeAeHC~-

BHe HaSOBeM C1-1JIaMH"B CiIC5i'elqlt - P •
B uacroanea paccre aaasasapyerca 3aBVICHMOCTb113MeHeHHH

<i>OPMhICOCTOHHl1Raeae crea B SaBUCkIMOCTH0'1' Be'J'lH\lklHhICOOTHome-

HMH rrpOTHBOnO~OJKHOaanpaaseaaax CHJI F' l1 P (IFt/ J P I,) .Aeki-

CTBYIOIllHXB C1-I,CTeMe40

llPOHBJIEffi1E PASE14HtiX ~OPM COCTOflHHH BElllECTBA

B [11 YKasaHo, qTO ~OpMU npOHB~eHHH aeaecrsa saB.t1CHT OT

BeJIH'ffiHhI COOTHOIlleHl1HCH'! F u P ( Ir1/ I PI) .neMCTBYlOIltHXB

Cl1CTeMe•• IIpH CYIIteCTBOBamrn JeiSOJIUPOBaHHhIXaTOMOB MJIH MOJIeKYJI

H OTCYTCTBIUI BSaJ1Mo.ueWCTEiUiMeJi\.~ HHMl19 CHJIhI f H P no 0'1'-

aoueaaa It 3THM qaCTMLlaM 1paBHOBemeHhI, .11n03TOMY J Ft= IPI •
T.e •• 1F')/lPI:I. B ,naJIbHeihIleM BeJIil'UfHhI ,ll;eHCTBlUI CHJI F H

P 6y.T1J'l' paCCMaTpMBaTbClI no OTHomeHHIOK 3JI8K'1'pOHeiaTpaJIbHU'M
- ,

qaC'1'l1UaM- a'1'OMaMl1JIH MOJ!el\YJlaM ••

ECJU1B cucrexe ,ll;eih::'l'Blle CliJIF' HeCKOJIbKOYMeHbJ.J:rnTbno

OTHOIlleHMKlK CMJIaM P ,Hanpm~ep nYTeM yr-feHbmeHliHTeMnepaTY-

PhI, TO MelKA,YaTOMaMH B03ffiHtHy'l' BSaUMO,lleMCTBHlI» 11 n03TOMY npH
3THX YCJIOByHIX (1 F II IP J (I) BemeCTBO 6YAe'l' 13 ttJiU1JrKoMt1 .000-

'1'ORHHH. AM uJ!\l17UWrO" COCTOflHUlI xapaxr epao J C O;AHOHCTOPOHH.

HaJIHtU1e onpeaeaeaao ro 06'htn~a~ ac .n;pyroH -'O'1'CY'1'c'1'1311eoupeae-

"
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JleHHO.HcpOpMbleIIpl1 3TOM coxpaHHeTcH 6JlI1iKHI1HnopH,Z(oK aTOMOB" a

ll,aJIbHtiH 110PH7.(OKaapyaea, B CB010 oxepeas , ecza yBeJIH~Tb CHJIl:1

F , YBeJll1qVIBM TeMnepaTYPY J r orna ) F' > ,p, ,T oe Q

, F , / lP' >I, 11 npa 3Tl1X YCJIOBl'IHX BeIl{eCTBO nepeaner B "raso-
o6pasHoeli COCTOHHVIeQ XapaKTepHM oc06eHHOCTb "rasoo6pasHoro"

COCTOHHtiH SaKJIlOqaeTCH B TOM, qTO qaCTI1Qbl BemeCTBa He YJtepml-

BaIOTCHBMeCTe, a JtBl1ralOTCR B 06~eMe, SHa~TeJIbHO npeBblmalOmeM- .
06'.heM CaMHX qaCTVIQ., B 3TOM COCTORHVIl'Iseaecraa aapynaerca KaR:

6Jll1iKHI1I1, i'aK VI )\aJIbHHM no pHlJ,OK MeiK~ qaCTI1QaMH.. 3TH xac THl{bl

3JIeKTpOOTpHl~aTeJIbHll (MOJleKYJIbl H aTOMH).' BeJll1lfi1Ha OTHOllieHH.fI

IF' /, PI = I HBJIHeTCH KpVITl1qeCKO}! BeJIJ1truHOH, npa KOTOPOH;:B,e-

Il{.eCTBOHS "iKVI,zuwro" COCTOHHVIHnpespaaaerca B it raaoocpasace" ••

ECJJl1BeIl{eCTBO npecaeaer B "raao oopaaaox" COCTORHHH~ TO,

npa nOCTeneHHOM YBeJII1.qeHHH CHJI F no OTHomeHHIOK CHJIaM P lJ

) F' I / I PI > I H 6y,Z(eT yBeJIH~BaTbcR:I H npa cooTBeTcTByiomeif

KpHTHqeCKOH BeJIH'rnHe BemeCTBO npeaparar-ca B1tnJIaSMeHHoeu COC1'O-

HHHe, COCTOHmeeHS 3JIeKTpOHoB H HOHOBe B 3TOM COCTORHHHBeme-

CTBa BeJIHqHHa pasaocra b = ( I F I - I PI) cpaauaaa .c CHJIaMH

HOHl1S8.QHHaTOMa•• Ilpa ,l(aJIbHeMrueMyBeJIHqeHH~ CHJI F HapYlliHTcH

CBH3b He TOJlbKO Me)KAY aTOMHbIMH,l(POMH 3J1eKTpOHaMHlI HO H MeiKJ.ijT
COCTaBHllMH qaCTHMH HApa aTOMa - HYKJIOHaMH•• B peSYJlbTaTe nOJlY-

\iMM COCTOHHHeBemeCTBaD COCTOHmee H3 3J1eMeHTapHbIX qaCTHQ» KO-

Topoe MOiKHOHaSBaTb "CBepXnJIaSMeHHllM". npH ,l(aJIbHeHrueM YBeJIH-

qeHVIH CHJI F B CHCTeMe MOiKeMnOJlyqHTb COCTOHHHeaeueceaa

eme HS 60JIee MeJIKI1X COCTaBHbIX qaCTeH .npa 3TOM Ir If IPI .....•00
H pasxepa cHc'reMbIcTpeMRTcR K eo •

ECJ1HBemeCTBO npeoaaaer B ttJKH,l(KOMttCOCTOHHHHH B CHCTeMe

nOCTeneHHO y:eeJmql'IBaTb ,11,aBJIeHHe,T.e. CHJIll P ,TO IFl/IPI<I,
H npa COO'l'BeTCTBYIOmHXKpVITHqeCKliX SHaqeHHHX npoacxoaar npeapa-
meHVIeBeIl\E3CTBa•• CHaqaJIa BemeCTBO MS tt)KM,l(KOrO" COCTORllliR rrpe-

BpaTHTCH B "raepnoe" ~ Ilpa 3TOM (I P, - IFJ ) cpasaaxa C CHJIoH

CBH3H MeJK~ qaCTIU.laMVI, COCTaBJl.HlOmHMHraepnce BemeCTBO. B "raep-
AOM" COCTO.fIHLU1Me:l!\.Z~y qaCTHuaMM (MOJIeKYJlaMH, aTOM&U1HJIH HOHaMH)

coxpaaarca KaK 6JH1JKHHMTaK 11 ,ZI,a.JlbHl1MnOpH,ZI,OK0 ECJIH 11 B ,l(aJIbHeW-

meM YBeJll1\lli'l'b CtiJIbl P ,TO npa COOTBeTCTBYIOmeMKpHTHqeCKOM

3HaqeHHl1 lFI / lP I crpceuae aTOMa113MeH11TCH. 3JIeKTpOHbl Ha-

XO,Zl,Bml1eCRHa BHeJJHIHXenepreraxecxax yposnax npOB?-JI.fITCH Ha 60JIee
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4.
r.ny6oKMe ypOBHMG 3'1'0 COCTOHHl1eBemBCTBa MOJKHOHa3BaTb HBbIpO-

JKII;eHHO-TBep)(I:lM"& ECJlliI 11 nanee YBeJIMirnBaTb Cl1JIbl P ,TO npM

eue MeHbllleM KpMTW·leCKOM 3HaqeHl111 IF 1/1 PI npOM30M)(eT BSaJ1MO-

,n;eLiiCTBMe3JIeKTpOHOB C npOTOHaMM Hl(pa, B peSYJIbTaTe qero 06pa-

3YlOTCH aearpoua 11 BemeCTBO npeBpaTMTCH B I1HeViTpoHHoe". COCTOH-

HMe~ B 3TOM COCTOHHMl1BemeCTBO 06JIaAaeT nJIOTHOCThlO, CPaBHMMO~

C nJIOTHOCTblOaTOMHblX HAepc ~aAbHeMillee YMeHbmeHl1e 1rl/IP)
npMBOAl1T K B3al1MO)(eMCTBl1lOMe1KAYOTp,eJIbHHMl1HeMTpOHaMH C 06pa-

SOBaHl1eM OOJIee THJKeJIHX3JIeK'1'pOHeHTpaJIbHHX qaCTl11.1= r'l1nepOHOB8

TaKl1M o6pa30M o6pasyeTcH "rMnepoHHoe" COCTORHl1eBemeCTBa •• B
TaKOM COCTOHHl1l1BemeCTBO 6YAeT 06JIaAaTb TIJIOTHOCTblO,npeBblmalO-

meM nJIOTHOCTb aTOMHHX anep ,

PaccMoTpMMp KaK l1SMeHl1TCR COCTO.flHl1eBemeCTBa, eCJIl1 H AaJIh-

ue 6YAeT YMeHblllaTbCH SHaQeHl1e IF' 1/1 P 1 B peSYJlbTaTe YBeJJH-

l.{eHl1H Cl1JI P • Ilpa onpeneaeaaox Kpl1Tl1l.{eCKOM3HaQeHVIl1

II=' I /, PI, Cl1JIU P 6y:n;yT HaCTOJIbKO orpOMHU, l.{TO HliI Be-

necrao , HH KBaHT aaepraa He CMorYT nOKl1HYTb .2J.aHHYIO·Cl1CT6MY.

3'1'0 COCTOHHHeseaec raa 6y)(e'1' HaSblBaTbCH "l.{epHO)(UpOl.{HblM""

llJIOTHOCTb BemeCTBa BO MHOI'O pas 6YAeT 60JIbme ITJIOTHOCTMaTOMHliX

H.2J.ep, '1'.e •• orpoMHoe KOJIMl.{eCTBOBemeCTBa (MaTepMM) 6y)(e'1' saHM-

MaTb osens MaJIblM 06'beM.. llpl1 ,ZJ;a.JIbHet:i.meMYBeJIHQeHMl1 Cl1.11 P 1'.e ••

l F 1 / I PI ....•..0, a nJIOTHOcTb6y,n6T CTpeMl1TbCR It 00 ,B

CBOlOOl.{epe)(b, paSMepu TaKO~ Cl1CTeMbl 6YAYT·cTpeMMTbcR K HOJIIOo

TaKoe COCTOHHl1eBemeCTBa HaSOBeM "CBepXl.{epHoJj;upOllHblM".

VlSBeCTHOJ l.{TO co nsaaa KOHUeHTPaI.U1HGHepnm npl1BO)(~'1' It 06-
paSOBaHl11Oneaecraa 11 aHTl1BemeCTBa [2] .. OrpoMRM KOHLleHTpaul1R

GReprl1l1 11 senec TBa Ha6JIIOAaeTCR B "qepHO,ZJ;hlpOl.{HOM"M 11 csepxxepao-

)];tlPOl.{HOMtICOCTORHkiHXneuecraa, T & e la I PI aaxao ro 60JIbme J F I,
J(l \ F 1/1 P \ < I VI CTpeMWl'CH It HOJIIO•• 1l0GToMY npa 3TliX yCJIOB~RX

ocpasyeecaeaeaaeaecrao , 11 \l6M MeHbme 3Hal.{et:m:el F 1/1 PI,
'l'eM 60JIbllle BepORTHOCT]) 06paSOBaHt1fl auraseaeoraa , B CBOlOoxe-

pens 3'1'0 npl1BO)];MT K'B3aJ1MO,ZJ;ei1cTBl1lOBemeCTBa H aHTl1BemeCTBa, '1'.e ••

npOl'lCXO,ZJ;MTaHHHrHJIHLr~Hl. ltl B peSYJIbTaTe J3bl~eJIHeTCR CBo6o,ZJ;HaJi

3HeprW:Rt xoropas YMeHbmaeT CMJIlil P l'l YBeJllitIMBaeT Cl'lJIuF •

TIpVI 06paSOBarnU1 ,nOCTaTOl.{HOrO KOJlt1Y:eCTBa CBo60AHOM aaepraa , :a

pesy JlbTaTe aHHltlrJi1JlRUMl19 HaCTYUli'1' MOMeHT,' Kor,ZJ;aSHaQeHl1S1Cl1JI F
CTaHy'T 60Jlbllle Cl1JI P Itl "csepxuepuonapo-nrce" COCTORlli16·pas-
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PYIlUiTC.fl. Bepoarao , tiTO B 3T'CM npouecce He ace aHTllBemeCTBO

aHHMrH]MpyeTCH. H yC~OBHH ~~~eCTBOBaHHH '1'011H~H Apyroll ~OpMH

COCTOHHMRaaraaeaecr aa nO,n;,O~HHBemeCTBY$ 'I' .e , AM COOTBeTCTBY-

nner-o SHatieHHH J J: J / IPI COOTBeTcTByeT onpenexeaaoe COCTO.fl-

HMe aHTl1BemeCTBa. 3'1'0 npa lCJlOBHH, tiTO aHTHBemeCTBO He B3aMMO-

,l4eMCTBY8T C BemeCTBOM. B03M«:DJtlHO,qTO B pesy.nseare ~JIYKTyau;¥m

o6pasyIDTcR 06~aC'1'11B npOCTpanCTBe, rAe B OCHOBHOMCOnep*H'1'CH

aHTl1BeIn8CTBO. TaKHM 06paSOM iloc~e paspyrneHHH "CBepXtiepHo.n;HpO-

tiHOI'O" COCTOfIHHfI BemeCTBao~pasyeTcfl orpoaaoe KO~HtieCTBO CBO-

60.n;HOtt 3H8prHH, tiTO npOfIBJI.E€:'TCfIB BVI.n;eCVIJI"MS CVICTeMll1l (F ).,
B peSYJIbTaT8 xer-o IFI» IPI , Toe. IFill Pl-' 0() 3 ;

KpOMe Toro, OCBOOOIK.n;aeTCHBemeCTBOH aH~'HBemeCTBO9 xoropae

npO.flBMIOTCH BO acex cnexrpe COCTOfIHMfI 0'1' "csepxxepaonupoxaoro"

no "csepxnaasxeaaor-o It (pl1c.I). O]J;HaKOpR.n; COCTOfIHVIH'He CTa-

6H~bHblX npa 3THX YCJIOBHRX l J F II lP' -+ 00). TaKMMH fI13MlOT";"

CH oc06eHHO COCTOflHMfl 13em8C:'lr]B~..n;M KOTOPHX.aeooxonaxce ycaosae

cyrqeCTBOBaHHfl J r: VI P' .6 I. l103TOMY TaKt1e COC'1'O.flHHfI13emeCTBa

Ha 3'1'011CTanJr.tH6y.n;y'1' nperepneaar s HHTeHCI1BHOe npeapaaeaae 1360-

aee cTa6MJIbHOe COCTOflHHe, DilpmycJIoBVIflX IF II I P \-+ 00 '1'.e. K

"naaaxeauoxy'' I1 11 C13epXnJIaSMeHHoMY" COCTOflHHRM.'C~eAYe'1' oTMeTHTb,

\iTO npeapaaeaaa COCTOfIHHHaeaecr sa 13 C'1'OPOHYyBe~M\ieHl1R IFVI PI
(pl1c.I) 6y.n;eT np0I1CXO)JJ1TbC nor-noaenaex eaepraa, tiTO npaaener .

K OX~aJK.n;eHl1lOCMCTeMbIM HeCKiD>JlbKOYMeHbilll1'1' .n;eticT13MeCHJl F' •
TaKMM 06paSOM, 13 SaBHCZMOCTl1OT l1SMeHeHHfI Be~Hql1HbI .

If 1/ JP, 11SM8H.flTCfl 4)Op.M:EICOCTORHMJI138IneCT13aH aHTM138llle'CT13a,

npHQeM OBH MeHfllOTCH npM co~~~eTcTByIDInHX KpMTM\ieCKl1X 13eJll1Ql1Hax

3T01"O OTHOilleHHH. Ilpa HSMeE£~JIl BeJIl1\iMHbI OTH01ll6HHfl , F II I P J
0'1' 0 ,ZJ,O00 B6llleCTBO.11 aHTUWemecT130 npOflBJIHIOTOfl I 13 CJle.n;ylOlllHX

COCTOHHMfIX: "CBepX\i6pHO.n;HpOJ1l3JiOe"."xepaonspoxaoe" g "ranepoaaoe",
"aearpouaoe"; "BfJlpOIK.n;eHHO-'l?'BsBpAOe","raepnoe", 11 raacocpaaaoe",
"nJIaSMeHHoe" H 11 CBepXnJIaSMeEHoeu

e rpatIm \ieCKl1 3'1'0 l1S06paJKeHO Ha.

pac sI~KaK 13R.n;HO,xasnoe C'O(c,![,:OflHHe13eIneCTBaH aHl'H13eIneCTBa

cymeCTBY6T B onpeneaeuasx lJlpxe.ZJ;e~ax3HaQermM OTHOllleHMll IF I/IP'e
CJIeZI,yeT OTM6Tl1Tb, QTO 13'JllOdtIlJ.j~.COC'1'OflHl1li13emeCT13a6Y11.YTnpacyz-

CTBOBaTb 13 KaKOM-TO Mepe R i~]rl1e COCTOHHM.flB pesy JlbTaTe <PJIYK-

TYa.!.{l1UBemeCTBaH oaepraa , :5 ~BOlO cxepeas H BeJH1tiHHH IfIll PI.
H. \iTO .n;~fJ.B3aI1Mo.n;eticTBklH p.~'HblXqaCTI1U coc TaB~fIlOrqHe 13emeC'l'130
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7.
cymecTBYlOT pasaae KpMTM'leCKl1e SHa'IemUll ~) I lP' 0 Ilea-
TOM'f. aanpaxep , B "rasocopaauox" COCTOHHI1I111 xpoxe HeMTpaJIb-

HblX qaCTMU Bcer~a MOJKHOHaJ1TMM MOHH M SJIeKTpOHH. J.(OM TOH

qJOpMtl COCTOHHMRBemeCTBa MaKCI1MaJIbHanpM AaHHHX YCJlOBMHX, KO-

ropoe ,COOTBeTcTByeT SHa'IeID1HM BeJIVI'1I1HHOTHomeHMR I rl/ IPI' Q

. H3MEHEffi1E COCTOHID1fl BEliiECTBA llPl1 3BOJIlOU,11MBCEJlEHHOK

B AaJIbHeHUIeM paCCMOTpI1M, KaK o6pasylOTcH COOTBeTCTBYlOm116

<lJOpMHCOCTOHHMRaenecraa B npapoae M KaKHM 06paSOM ooynecr-
B.rUi6TCH era npespaaeaae MS onao ro COCTOHHMHB ;n;pyroe.

tIaCTb BCeJIeHHOH MOJKHOpaCCMaTpMBaTb KaK CMCTeMYIolB KOTO'"

pOH xorna-ro BelI{e'CTBO cynecraoaaao B Bl1;n;e if CBepXqepHOAHpO'IHO-

ro" COCTOHHl1H, T.e •• CKOHl.\eHTpMpOBaHOB ocsese , pasxepu KOTO-

pclt CTpeMHTCH K HOJIIO, npa STOM J F 1/ j P I ~ 0 .• KaK YJKe asae

OTMe'IaJIOCb, B 3TOM COCTORHlU1B pesy JIbTaTe orpOMHOH KOHu·eHTpa•.•.

uaa BemeCTBa a 3HeprMH 06pasyeTcH aHTMBentecTBO~ H B pesyJIbTa-

Teero aHHl1:rHMUMH BH.n;eJIHeTCHorpoxaoe KOJII1tIeCTBOCB060AHOki

asepraa , 'ITO npHBO)l;I1T K YBeJII1qeHI110CMJI t .M YMeHbWeHI1lO

C~1Ji P .• Hacrynar MOM8HT, xorna 1F I » l P] ,11 rorna

11CBepXtIepHO~blPOtIHOe" coc TOHHI1e pas PYUU1TCHQ Ilpz 3TOM OCB060-

JKAaeTCH BemeCTBO, aHTHBemeCTBO H cB06o;n;HaH 3HeprHHQ B ;n;aJIb-

Hei1meM, eCJrn B pesy JIbTaTe lPJIYKTyauMH, aHTMBemeCTBO B AOCTa-'

TOqHOH Mepe H30JrnpOBaHO 0'1' BemeCTBa, TO OHO nO;n;JI~iT aHaJIO-

rnqHOMY 3BOJIIOUHOHHOMYnpoueccy KaK H BemeCTBOe 3TOMOiKeT

npUBeCTH K nOAo6HOH Ha.tIIeMCl1CTeMe BO' BCeJIeHHOViI) TOJIhKO ORa

BMeCTO BemeCTBa co,n;ep*HT aHTHBemeCTBO& TIOCKOJIbKYnOCJIe pas-

pymeHHR "caepxnapoxsoro" COCTOHHHH JFJ/IPI ...•.OO, BemeCTBO 1-1

aHTiiBeILteCTBO UPOXOZlilTBeCb cneKTp COCTOHHHH11 6YJJ.YTCTpeMHTb-

CR ,K "CBepXnJIaSMeHHOMY". Ilpa 3TOM reneparypa CHCTeMl:I YMeHb-

mHTCH, TaK KaR qaCTb CB06o~HOH SHeprMH nOrJIOT»TCH B pe3y~bTa-

re STI1X npeapaaeaaa \I tITO npHBe,n;eTK YMeHbIlleHHlOCHJI F .•
B CEOlOoxepens ,Bbl,neJIeHHe SHeprl-Hi BblSHBaeT npoueccu panaoas-

THBHoro pacnana naep 3JleMeHTOB THJKeJIeexeaesa H repxoanepaae

npouecca-npespaaeuaa aTOMHhlXHAep 60JIee JlerKVIX 3JI6MeHTOB 0'1'

BOAopOAa ;l.(OSKeJI6Sa[3] • 3TVI npoueccu npViBoJVIT It YBeJU1l.J:effi11O

mUl F. T ••e. YBeJl.HtIeHl1lOOTHOllleHHR IF J I JP I •
TIOJIy-qaeTcH. 'qToeCJIH 61:i B npapozre OTCYTCTBOBa.mf xaxae-



8.
JJlII60 )1;06aBOQHble CMJIbl "a CHCTeMY" ( P ) liiJIM MO)KHO3TH CHJIl:i

HaSBaTb CI1JIaMMu CBHShtBaIOIqHMI1u•TOr,D;a B ~aHHOW CI1CTeMe BeIIteC-

TBO CTpeMV1JlOCb6bI K npe06paSOBaHHD )1.0 "mlaSMeHHOrO" HJIH na-

xe nCBepXnJIaSMeHHOrOIl COCTOfIHHH, H B 3TOM CJIyqae CHCTeMa oec-

KOHetIHO paCIllV1pHJIaCb Ohl~ Oi/1.HaKO, OKa3hl.BaeTCH, B npaponecyae-

CTBYIOT"i/1.0nOJIIrnTeJIbHhlell CV1JIl:i"B CHCTe~1I V1JIH"CBHSl:iBalOIItHe" -

CV1JIbIrpaBMT8.UHOHHOrO npMTH)KeHHfI, AeMCTBYIOIItMeMe)K~ qaOTHQaMH

Ha 6eCKOHe"lHOM paCCTOHHHH. K 3THM 4e CV1JIaM, HanpHM8p, CJI8~eT

OTHeCTH 11 CHJIbI KYJIOHOBClwe. i/1.8MCTBYIOIIU1eMe)K~ nporanon oJIOIKH0

SapHJK8HHblMV1qaCTV1QaMYI»ozuaxo .HX A811cTBHe B. ueJIOM xoxneacapyer-

CH Ky JIOHOBCKHMJ1cvtJIaMH, ,1(eWCTBYIO~HMl1MeJK,1.lYO)1.HHaKOBO·sap,{JK8H-

HbIMH. qaCTMUaMHH HanpaBJIeHHbIX B npO'1'BOnOJIOJKHOeuanpasaeaae s K
CHJIaM HE CHCTeMY" ( P ) OTHOCHTCH llH,n;epHI:l~ Cl1JIH, AeMOTBYIO-

ll(l1e Me:lK,ZlyHYKJIOHaMl1, Oi/1.HaKO3Tl1CiIJIbI npOl1BJIHIOT·CE08 i/1.eWCTBHe

Ha OQ8Hb MaJIl:iX paCCTOHHHHX - Ha paCC'1'O:HHH:HX,COHSMepHMl:iXC :H)1.-

POM aTOMOB" Ilo3TOMY, OJIarO,1.lap:H. B nepsyn oxepens., ,Zl8WCTBHlO

rpaaarauaouaax CHJI He npOHCXO,1(HT6eCKOH8tIHOepaClImp8HHe CHCTe~-_·

Ml:i V1 npeBpanteIme BeIIteCTBa B Cl1CT6Me TOJIbKO B I1CBepXfiJIaSMeHHoe"

COCToRHHe. PaCCMOTpl1M, KaK )Ke 3'1'0 npOV1CXO,llHT?

KaK Y)Ke OTMeqaJIOCb aane , !lJJIyKTyauHH BeIIteCTBa H anepraa
npHCYTCTByeT 11 B HCXO,n:HOMCOCTOHHiH! seaecrea, B "caepxxepaons-
POqHOM"•• Bo BCeJleHHoPi nOCJIe paspyaeaaa arorc COCTOSIHH:H,aeae-

CTBa~ TO)K8 ,n:OJDKHl:iObIJIH OH CYIIteCTBOBaTb (P.nyKTyautU1 BeIIteCTBa 1-1
eaeprna It B pesy JIbTaTe, OOJlaCTH Bce.JleHHOW. rJ(e nJIOTHOCTb Bell(e-

CTBa OblJIa HeCKOJlbKO ooasue cpe;ZUiei1• .l(OJIJKHl:i0l:iJ1l1SaM8.,ZtJIHTbCBO,e

pacuapesae sa cxer rpaearauaoaaoro npHTJIJKeHMRqaCTHQ B8ll(eCTBa •

.B KOHe"lHOM Cq8Te, TaKV18 OOJlaCTH ;l{OJIJKHbl npexparar s pacnapeaaaa
C)KaTbC:H, T. e 0 YB8JIHqHTb nJIO'l'HOC'l'b 'B8IIteCTBa, qTO npMBO,1(HTK (po-
pMHpOBaHMIOraJIaKTHK, SBes,Z( H ,Ztpynix OO'1>eK'1'013.B HTore, B 3THX

.06JIaCTRX BCeJIeHHoi1, B KOTOPWCYBeJilltJ:HBa8TCR nJIOTHOCTb aeaec-

TBa J B pesy JlbTaTe ,Ztei1cTBHR rpaEU'l'a;uH OHHl:iX CtiJI npHT:H)KeHHHMeJit-

llY qaCT¥IUaMH YBeJIHqJ.iBaIOTCHOHm P u npoacxonar YMeHbmeHHe

:eeJIMt.rnHH J r I / J PI. IT03TOMY B 3TMXoc5JIaCTRX YBeJIH"IHBa-

eTCH ,nOJlfI B61ll8CTBa "rasocopasncro" COCTO)1H~IH.

B ,ZtaJIbHeWllleMpaCCMOTpHM, qTO npOHCXOllHT C BeIIteCT.BOMnpH.

oopaSOBaHMI1 3B83,Zt». xorcpue B CBOil Oqepellb(poPMHPYlOT raJIaKTHKli.

B OOJIaCT!1BCeJIeHHOW, rne onpasyerca 60JIee nJIOTHW1crYCTOK Be-



necrna - OOJIaKO, Yl3KOTOpOrO C TeqeHl1eM npexeaa nOA BM~-

eM rpaBI1TaI..{110HHblX Cl-1JI npl-1TH;a;eHMH, oopa3yeTcH CpaBHl-1TeJIDHC

nJIOTHW1 map - npcr oaaeaaa [4,5).
AaBJIeHl1e BHYTp11 mapa He B COCTOHH11MnOKaYPaBHOBeC~b

CMJIH npMTHJKeHMH OTp;eJIbHHX ere qaCTeM, n03TOMY OH oyp;e? Be-

npepusno C*MMaThCH, T.e 0 nenpepunao 0YAYT B03pOCTaTb CJ!J!iliI P .,
HpM CJKaT11Mreaneparypa B nape nosuaaerca I1 3HatrnTeJIhHaH

qaCTh OCBOOOJKp;aIDI.qeHCHnOTeHI..{l1aJIhHOM OHeprHH H3.1IyqaeTCli B OK-

pYJKaIDI.qee npOCTpaHCTBO, qTO npOHBJIHeTCH J3 BHp;e C11JI "H3 c~e'['e-
MI::l" - '. r: , OAHaKO, 3TH C11JII::lene HeAOCTaTOqHO OOJIhmHe. QTO-

OI::l ypaBHOBeC11Tb CMJII::l P 11 B OorqeM B C11Creae 1F 1/ IPl< !..'
TIOGTOMY map npoAo~aeT C*MMaTbCH. Ee pa3MepI::l CTaHOBHTCB

MeHhme, a ee TeMnepaTypa Bce OOJIhme B03paCTaeT. H Ko~a ~eM-

neparypa AOCT11rHeT resmeparyps OKOJIO 11 MJlH.K, B aenpax 3TO •.•.

ro mapa HaqHYTcH TepMOHp;epHI::le npol(eCCI::l npeBpameHMH H~ep :50-

nopo na B snpa reJIMH. [ 4,5 l. BI::lp;eMIDmMCH saepras B peSIJlh-
TaTe TepMOH;l4epHOrO npoI..{ecca YBe.1IkiqMBaeT;l4aBJIeHkie B He~pax
mapa, "1'1'0 ypasaoaeuaaaer rpasarauaoaaoe cxarae , B pe31A"1'a-

re xero map nepecraer CiKllMaThCJI, 11 aaxaaaer H3.1IyqaTh 3Hep-
rllIDll npeapaaaerca B3Be3,ny. Ilpa GTOM C11JlI::l r: ypaBHo.:seilIl.8-

HI::l CllJIaMH P 11 AaJKe F HeCKOJIhKO 60JIhme P', qTO Ilp60-

MeTCS! B Bl1p;e M3.1IYQeHllH 113 3Be3jJ., Toe. npa cymecTBoBamnt

3Be3AbI B TaKOM qJOpMe \ FJ / J P J > ~ • Ilo3TOMY B sses-

ne Ha GTOM CTaJI.1111BeI.qeCTBO npeoasaer B OCHOBHOM B COCT'C1.UU!-

HX "nJIa3MeHHOM11
, It CBepXnJIa3MeHHOM", a ;l40JIS! "rasoacro" coc-

TOHIillH YMeHbmaeTCS!. "
" ~ _f-' "

C.1IeA,YeT OTMeTkiTh,qTO npki 06paSOBaHkil1 crYCTOK BemeC'i'B

xeasae Hamei1 COJIHeqHOH MaCCbI He np011S0H.Zl6T HaCTOJIbKO ~Jlh-

Hoe CJKaT11et qTO MOJKeTOOeCne\l11Tb YBeJIH seaae TeMnepaTYpy.

Heo6xo;l411MOH AM npox oxneaaa TepMOHAepHI::lX npoueccoa, Ha on-

pe,Zle.1IeHHoM CTa.Zll1l1 GTOrO ocsexra B P6SY JIbTaTe .!leHCTBHll CH,JI·'

npllTHiKeHHH TeMnepaTypa BHYTPH BospacTaeT .!lO TaKoM Be~~HH9

npn KOTOPOM OCBOOOiK;l4alOI.qaRCfInOTeHl(l1aJIbHaS! saepras ypcmsoBe-

CHT CI1JIbl ClKaTVIH 11 uacrynar paBHOBeCHoe COCTOHID1e, KOQ&

IF ,'- JP I . TaK ocpasynrca nJIaH8TI::l, r,Zl8 Ha noaepxaocm !MO-

JK8T 6I::lTb J F J HeCKOJIbKO 60JIhme ,p J • I1x oopasoaauae Ha6Jlm-
,ZlaeTCHI13 cryc rxoa Bem8CTBa Ha nepl1<l)epl1H nepBHt.{Hoit nposo-



tu,
3BeS,l{1l. uocae YCTaHO.BJIeHt.uIpaBHOBeCMf! MelK,l{YCMJIaMMF .M P
aeuecrao Ba naanerax npecasaer B OCHOBHOMB "TBep](OM" COCTO-

flHM¥!, ozaazo B pe syJIbTaTe CPJIYKTyauMMCMJIU F MoryT 611Tb He-

CKOJIbKOOCll.bllle CMJI PM, BellleCTBO Ha TIJIaHeTaX MOJKeTnpeca-

BaTb B COOTOHHMflX:ttiKijAKOM", "ra3000pa3HOM", if AaJKe B He60JIb-

mOMxepe ~ 13 "nJIa3MeHHOM"•• "loM "rnepaoro" COCTOflHMflno 06'.0-

eMY MeIDH~'i'C.R:B3aBUCHMOCTl10'1' COCTaBa, T.e •• 01' pa3HUX qaCTHU,

npe6l:lBaeMMX B pa3HHX OOJIaCTflXH 0'1' CPJIYKTyauMMBelllecTBa M no-

JIf!•• E03MCErlO, "iTO MoryT npOf!BMTbC.fI 06JIaCTM BHyTpH nnaaeru,

r ae J FI/ ,P \ <!, H B 3TOH OOJIaCTHYBe.mrtIMBaeTCfI .n;OJUl

nenecraa .B COCTOflHHHlIBUpo:lK](eHHO-TBep,l{OM"•• Co apexeaex 06'beM

'nJIaHeTbt .BCeOOJIbme YMeHbmHTcfl Bpe3YJIbTaTe rpaBHTauHoHHoro

C:lKaTHfI,a era nJIOTHOC~b 6Y;l~eT YBeJIH\fMBaTbCfl, 'iTO npasener It

ace 6oJU,[UeMYYMeHbmeHMlO I F V JP J •
Ilocze npeapsaeaas OCHOBHoro KOJIv.p·leCTBasonopona B' reJIlIfM.

B anpe 3.BB3)(U, Bll,l{eJIeHlIfe euepraa B I.teHTpaJIbHHX 06JIaCTfIX aaes-
All npeKpamaeTcfI, Te~mepaTypa lIf .n;aBJIeHlIfeHe MorYT nO,l{,l{ep:lKH-

BaTbCfI 'faM Ha y pOBHe, Heo6xo,l{lIfMOM,l{JIfI npOT.HBO,l{eHCTBHfI.ClIfJI

rpaBMTak~~OHHoro npHTfl:lKeHlIffI, C:lKl1MalOllleM3Be3](y. HapymaeTcfl pa-

BHOBeCrte Mel6.J1.YCMJIaMH r HP, ClIfJII1 P Ha'iHYT BOSpOC-

TaTb H 1) pesy JIbTaTe BeJIM\{lIfHa I Fill P , 6YJI.eT CHOBaYMeHb-

uar scs , a TeMllepaTypa era nOBblmaTbCfl•• AOMHHHPYlOlllllfM6y.zteT co .•.•·

crosnae aeaecraa, aaxoaaaeecs HaJIeBO 0'1' COCTOflHlIf.fI11 csepx-. ,.

TIJIa3MeHHoro" (CM.pRC ••I) $ KaK H3BeCTHO (2] , Ha 3TOH CTa,l{v.Ut·

3Be3Aa npeapaaaercs B "KpaCHl1H raraar" B pesy JIbTaTe pacaape-

HH.fI BHemHHXOOJIaCTeM3BeS.ll11no,n. p,eiiCTBl1eM OCBo60:lK.n;alOmeMCfl

nOTeHquaJIbHOM GHeprHH nplIf C:lKa'l'HHflApa 3Be3A~$ nOCJIe Toro !taK

TeMllepaJ:ypa C:lKl1MaIDlllerocRnJIOTHOrO reJIMeBOro RApa 3Be3~u -

"xpacaoro rnraH'l'a" - ~OCTMrHeT 100-150 MJIH.K~TaM HaQHeTCR

HOBM aaepaas peaxuaa , 31'0 npespaaeaae snep reJIMfI B anpa

ar oxa yrJIepop;a •• KaK TOJIbKO aaxaercs GTa peasuaa, C:lKaTHefl~pa

npexparsreca , T.e. CHOBa ypaBHOneC.fITCfICHJI~ FM p'. 11 no ...•

CKOJIh~SBe3p;a Ha 3TO.t1:C'I'a.n,I1HUSJIYQaeT eaepran, BemeCTBO OH-,.

JHi F 6y.)JJT 60JIbme CtiJI P $ T.e. IFI/IP' > I. B pe-

sy JIbTa?e OCHOBHoeCOCTO.fIHHeBemeCTBa3BeS,lIJ.l CHOBa 6YcAeT CMe-:-

nreao aanpaao BCTOPOHY CQCTORffiiH"caepxnaasaeaaoro'",
KorAa peaKI.tHR It reJIHM .•.•.••.YI'JIepo)4·· It 13I.teHTp.aJIbHI1Xo6_-



11.
~aCTHX npeKpaTVITcH,

aapynar cs J CVIJIbI P
UMOHHoro CJKaTVIfI~

TIo coapeaenaux npencrasneaaaa £4,5) Ha GTOM arane :3BO-

~lOl.um 3De3,1l;J xacca K01'OPhIX xeasne I,2 MaCChI COJIHua, 'IaCTb

cnoea MaCChI, 06pa3YIOmylO l1X HapYJKHYf.)060~O'IKY 9 "ccpacsaaar"

B pe3y~bTaTeBbl,ZJ;e~HlOmeMCH aaepraa npa C:lKaTvIManpa aaesnu ,

TIocTerreHHO, AOBO~bHO MeA~eHHo OCTaBaH, 3BesAa rrpeBpaTMTcfI B

"6e~blM KapJIMK"~ Ha GTOM CTa.l(MMaaesna npOM3B07J;M'I'M3~yqeHMe,

no cxo nsxy Ha nOBepXHOCTl1 Cl1~bl I Fl:>J P' VI 'f"1!IPI). I,
a B HApe 3Be3,Zl;hIB03MOiKHO11 'ITO I PI> IFI 9 nOGTOMY'BemeCTBO B

3Be3,Z(e HaxoMTCH B, OCHOBHOMB COCTOHHHVI0'1' "BblpOiKAeHHO-TBep-

Aoro" ,ZJ;O"cBepxnJia3MeHHoro", (pl1c.I). C Te'IeHVIeM BpeMeHl1 "6e-

~ble KapJIMKVI" aca ooasne OCThIBaH Bce xeasue VI MeHbme H3~y'Ia-

10'1', nepexons B HeBl1AMMl:le"xepuae Kap~l1KM". 3TH oosexru

oxeas 60~blllOM nJIOTHOCTH, B MVI~JlliOHblpas nnor aee BOAU. I1x pas-

Mepbl MeHbIlle paSMepOB 3eMHoro mapa, XOTfI MaCCbl CpaBHMMbl C CO~-

He'IHOM0 B pesyas rare OCThIBaHMfI 3Be.1lAU B "vepasx KapJIMKaX Cl1~bl

) 1="1< 1PI. TIOGTOMYOCHOBHoe COCTOHHl1eneaecrna Ha GTOM CTaJijil1

6Y,Zl;eT"Bblp0:lKAeHHO-TBep,Z(oe" 11 ¥lTBepp,oe"

PaCCMOTpMM, KaK npOH30M,ZJ;eTGBO~IOUl1fISBeS,l( 60JIee THiKe~blX

I, 2 CO~HeqHblX Macc!) TIOCKO~bKYxacca TaKOM aaesnu oo nsue p TO

nocze npoxoxneaas TepMOH,n;epHIlX peasuaa C 06paSOBaHl1eM arOMOB

y r-nepona CHOBa npOMCXO,ZUi'PCJKaTVIeTaKVIX SBeSAnO.D: .D:eMCTBMeM

rpaEVITaUYIOHHhIXCl1~it B pesy ~bTaTe B aenpax SBes.D:U6YAeT BOS:""

pacrar s r exnepaeypa, 11 KOr,ZJ;aJlOCTHI'HeT 300 M~H.K, Ha'IHYTCH

TepMOH,ZJ;epHblenpoueCCbl BSa.YIMO,Zl;eHCTBMHH,Zl;ep yr~ep0,ZJ;a, :qTO npl1-

BOAMT K 06paSOBamlIO ocaee THJKeJIb1XaTOMHhIX saep [4,51. TaK

06pasylOTcH GJleMeHTbl 0'1' aSOTa AO HaTpVIfIG Co BpeMeHeM KOJIH't{e-

CTBO yI'~epOAHblX H,Zl;epHC'IepnaeTCH<> nOCJle GTOI'O CJIeAyeT CHOBa

C1KaTMeSBe3AbI~ 'ITO npHBOAl1T K BOSpOCTaH11IOTeMnepaTypbl VI npo-

XO:lK.D:e~lOTepMOH,ZJ;epHblXrrpoueCCOBi ijO C y'IaCT11eM OOJIee THiKeJIHX

- aTOMHb1XJ1.D:ep.,TaKMM ocpasox, nooqepep;HO 6Yl1.eT npOXOJJ;MTbCiKa-

THe VI npI10CTaHOBJI8HYIe CJKaTMfIB pesy JlbTa'l'e npOXOJK~eHl1RTepMO-

HAepasx IT poueccos , llpa CJKaTk:1llCHJlIl P 6YJJ:JT 130SpocTaTb no

CpaBHeHI1lOC CHJIaMI1 F ,Toe •. BeJIM"llMHa JF"J/JPI6y,~eT

YMeH'blllaThCR 11 nOG'fOMY npespaueaae COC1'OHHYIHB8meCTBa -6Y]J.eT'

paBHOBeCVIe MelKl1.YCV1JlaMI1F' 11 P CHOBa'

6Y,ZJ;JT13oapOCTaTb 13 pesy JlbTaTe rpasara-



I2.
CMetqaTbCfl HaJIe13Q OT "CnepXflJIa3MeHHOrOIlCQC l' QflHI1fl (pao, I)
AO "13HpmKt(eHHo-T13ept(OI'O'" CQCTOflIDIfl •

.B C130IDoxepeas , 13 nepaon npoXOJK,2I.eH1Hi TepMOfl,2I.epHblXpeaK-

~11i1 F .>_P .." 110CKOJIbKY saesna ¥l3JIY'IaeT ~3Hepr11IO11 .BeIlle-

CT130•• TI03TOMY 13 3TOM I1ep110Ae COCTOflH11e Bem8CT13a CHo:saCMec-

T.t1TCfl 13I1paBO 13 CTOPOHY "C13epXIIJIaSMeHHOron COCTOflHMfl 11 seae-

CT130 13 OCH013HOM6Y,2I.6T HaXO)J.l1TbCfl O~I.'"raaooopaaaoro" 7(0 "cnep ..••

XnJIa3MeHHoro" COCTOflHl1flX It

Ilpexpaaeane npOX01K,2I.eHHfl TepMOfl,2I.epHI:lX peaxuaa HaC'I'yn11T,

xorna 13 aaesne o6pa3YIDTCJI anpa aTOMOD xe neaa, I10CKOJIbKY Bsa-

kIMOAeMCT13l1e HAep aTOM013 JKeJIesa I1 ·6oJIee TflJKeJIblX aTOMHblX fl)l;ep

He npl1130,2I.l1TK 13bI,2I.eJI6Hl1IO3Heprl1l1. TI03TOMY nOCJIe HaKOflJIeHl1fl

snep aTOM013 JKeJIe~a, 313eS)I;a H8MS6eJKHO 6YJl.eT nansue CJKI1MaTbC.fl,

a TeMflepaTypa 13HYTPl1 BospOCTaTb, np11 3TOM OCBo60JK,2I.aeTCfl 01'-

poxaoe KOJIl1'IeCTBO nOTeHl.\l1aJIbHOH 3He praa , 'ITO npl1BO)J.l1'l' K

B3PblBY 313e3;n;bl 11 OT)J.eJIeHHfl ero BH8111Hl1XCJI08133 B TaKl1X c~qa-

.flX 1'OBopflT 0 13CflbllllKe "CBepxHOBOi1n 313eS,ll;bl•• llpl1 3TOM npOHp;YT

pfl;n; flA8pHblX npoueCCOB, KOTOPbl8 npl1130,MT K 06paS013aHHIO 60JIee

TBJK8JIblX 3JI8MeHT013, qeM JKeJIe30.

TIo C013peMeHHblM npe).(CTaBJIeHl1lIM [ 3-5 ] ~ npa )J.8.JIbHetillleM

CIltt1MaHHH 313e3A, y KOTOPblX ocrasuaaca xacca 60J!bWe 1,2 COJI- .

He'IHblX xacc , He MorYT 06paSOBaTb yCTOM'll1BYIO KOHCPl1rypauHIO

"6eJIoI'o KapJIl1Ka"o OKaSblBaeTC.fl, 3Bes.n;bI. y KOTOPblX OCTaBlllaHC.fl

xacca HaxO,lU'lTCfl B npenexax 192-2,5 COJlHeqHblX xacc , nOA.n;e-

MCT13l1eM rpaBl1Tau110HHblX Cl1Jl nparaxeaaa CJlmMaIOTC.flno nopanxa

IO KM !I npl1qeM l1X Cp8Jl.HflB nJIOTHOc'rb .,7J.OCTMraeT nJlOTHOCTl1 aTO-

MHblX snep 11 AaJKe n pesauaer k1X (nopflAKa 10I51"/CM
3) It I1Pk13TOM

cynecmeuno 1303paCTYT· CHJlbl P no cpa13HeHHIO C Cl1JIaMH F,
T.e. JfJ/IPI <. I ..BOSMOJKHO, 'qTO Ha 3TOM CTap;Hk1

3BOJIIOUl1l1 3Be3)J.1i paCCTOfllill.fl MeJK~ qaCTk1UaMH HaCTOJIbKO MaJlbl,

qTO Ha'IHYT ;n;eticT13oBaTb anepase Cl1Jm npl1THJKeHHfllt B aenpax

3BeS)J.bl YCJI013k1fl OKaJKYTCfl TaKHM.t1v KOI';n;a 13ellleCTBO 13 OCH013HOM

n peoopasyercs 13 "HeM TpOHHoe" l1 It ranepouaoe" COCTORHkHl, T.e.

npOMp;8T npoU8cc B3aMMO;n;8MCT13l1Jl3JI8KTPOHOB C npOTOHaMl1 C o~-

paSOBaHl18M H8MTPOHOB 11 I'l1n8pOH013. Ocpaaosasnaeca 06'I:leltTIi no-

JIy'll1JIl1 Ha.3BaHl1e "aearpo aaax 3Be3;n:" [3-5 ] D Ilpeanoaaraeecs ,
8CJill: OCTaBlllMCR Macca SB8SAbI nOCJIe npexpaaesaa fl;Ll8pHHX npo-
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I..\eCCOBnpensnaer 2,5 COJIHeqHblXxacc , !3BOJIIOIUH!3Be37Ul He npe-
zpaaaerca Ha CTaAi1l1 If HeM.TpOHHOMSBes)t,b111

11 a n pOAOJIJKaeTnana-

me CJln1MaTbCfl~flP113TOM CMJIH P 6YlSYT ]30SpOCTaTb no cpasaeaas

C CMJIaMU F, T "8,, \ F 11 I P I 6Y:ZleT YMeHbmaTsea npa He-

KOTOPHXKpWrUQeCKl1X SHRQeHHHX, BemeCTBO .B 06'beKTe .B OCHOBHOM

npeocpasyerca B "sepaonapoaaoe" COCTOHHueM, B CBOD oxepens ,

3TH 06'beKTll Ha3BaJlli IIqepHHMM ,ZlHpaMZ". B peSYJIbTaTe orpOMHoii

nJIOTHOCTMaeaec rna B 06pa30BaBlIleMCH 06'beK1'e, mum nparaxeaaa

HaCTOJlbKO6Y7I.YT 60JIbIlll1e~ qTO HH Be!l!leCTBOt Hl1 3HeprHH He MO--

ryT nOKMHYTb 31'0'1' 06'beK1', a Hao6opOT, B onpe,ZleJleH311Xnpe,n;e-

JIax JiS BHelllHeH cpe.n;bl 6y,n;e1' nOrJIOmaTh xaK Bell1eCTBO, 1'aK It 3He-

pran [3-5) .•
CJIeAYeT -oTMe'l'HTb, 'lITO BHmeYKasaHHble MSMeHeHHHCOC1'OHHWl

Bell1eCTBa npOXO,IJ;HTHe OAHOBpeMeHHOBO .Bcex 06JIaCT.flX BCeJIeHHoH.

A KaK yYti.eOTMe'llaJIOCb, B pesyJibTaTe ~J!YKTYaI.lMMseaecrea H

3HeprHH, ,Zl~e B HaqaJlbHOH CTa,1tHH3BOJIIOl..\HHpaCCMaTpHBaeMOH

qaCTH BCeJIeHHoi1, nccxe paspyaeaaa nepaaxaoa n CBepXqepHOH

.ZlblPbIuH, xorna 3Ta CHC1'eMapacnapaercs , MO)KeTHaqaTbCH 4Jop-
MHpOBaHMeasesn .. 11 MX 3BOJIIOl..\HH3a..":tOH'lM1'CRTeM oucrpee , qeM

60Jlbille MaCCl:i BemeCTBa B HHX 3aKJIroqeHOo O,n;HaKO,qepes onpe-

p,eJleHHOeBpel-Ul ace 06'beKTbl, xoropse 06pa30BaJIHCb B pe3YJIbTa-

re CHJl npHTIDKeHH.fl, npoana onpeneaeaaaanran 3BOJIKll..\HH,rorna

B SaBMCMMOCTH01' HX MaCCbl OHM6Y.~T B CJIeAYlOll1MXCOCTORHHRX:

1.ECJIH MX MaCCbI 3Ha'IDTeJlbHO xeasae COJlHeqHOWMaCCll, TO

B HX aenpax He npOXO,ZlMJIHrepxcanepaae npoueccu, if npa 3TI)M

06pa30BaJlRCb nJIaHeTbI, a B KOHl..\e3BO~IDl..\HH13emeCTBO13 HHX B

OCH013HOMrrpe6H13aeT 13 "raso06pa3H014.", ItJKH,llKOM". "TBep)tOM" H

. "BllpOJK,ZJ.eHHOTBep,Z(OM"COCTORHHRX 1f 11 J Pl' I..CJleJ{yeT OT-

MeTMTbJ qro nOCKOJlbKY nxaaeru 06pasylO'I'CR CpaBHWreJIbHO 6JIHS-

KO 01' saesn (no OTHOllIeHHIOIt paCCTOHHM.flMMe)K.ZlY3BeS;l{aMH), TO

13npouecce 3BO'JlIOl..\Hl1:3BeS,1tOlli1 Mory'I' 611Tb paspyueaa 11JlHnor-

JlOllleHI:iHMH U 'I'OJlb.KOB HCKJlIO'lHTeJibHiiX CJIyqaRX rrpOHTH nOJIHYll

3BOJIIOQHID.H 3TS'BepO.flTHOCTb TeN 60~bllIe. qeM MeHbIDe Macca

6JIH)KatillIetisBeS;l{1X K p,aHHoti naauere 11 nOCKOJIbKY TeM MeAJIeHHee

npOXO,1l.flT.l1 H3MeHeHHfI COCTO.HHt1R3Bes.nl:i.

2.EcJlli xacca 06'beKTa (sBes,nu) 6~ 3ItS K COJIHe'qHOHxacee ,
HO MeHbllIe 1,2 COJlHeqHoti MaCCH, TO npeBpa'l'.flTCH 13 UqepHHe Kap-
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OCHOBHOMB HTBep~OM" 11 "Bhl-

IFI/IPI < I).
3, ECJll1 l1X HaCCH OOJIhme 1,2, HO MeHbille 2,5 COJIHeqHt~X

xacc , ro npeBpaTRTC.H B "Hei1TpoHHHe snesns" 11 senec rso B HI1X

6y:rr.8T g ()eHOBHOM.B nHefiTpOHHOM" 11 "runeponaox" COCTORHVIHX

( If 1/ I P 1< I ).
4,. ECJrn HX loIaCCH60JIbIDe 2,5 COJIHeqHHXxacc , TO oaa 6YJJ.YT

B OCHO:E1iOMB "sepaonupovaox" 'COCTORHI1l1( , FI I lP' « I )"
llpl1 3TOM, 3TiI 06'b8KTH :l1 Ha ~aHHOM crane pa3B.I1TI1R6Y71.YT

. 113MeIDiThC:H" Bee mm non ,ltefiCTBl1eM Cl1JInpl1TR:lKeHVIR6Y.7J3TC*I1-

MaThCR.. H sa }fCKJ"iDqeHI18.M"xepuux AHp" 6YJ1.YT.I13JIyqaTb OTHOCI1-

TeJIhHO ae60JIbIDOe KOJll1qeCTBO 3aepran 11 neaee rsa, a "sepaue .D:I:l-

PH" nao60pOTI) 6YAYT IIOrJIOmaTb BemeCTBO 11 anepran •• Ha ,ZJ;aHHOk1

'cTa:zt;H~pa3Bl1TH.H 3TOll qaCTH BCeJIeHHOM, OHa 6y.~eT COCTORTbHS

CJIeAYlJl4B:xo61:leKTOB: uIIJIaHeT", "xepuax KapJIHKOB", "HeMTpOHHax

3BeSA", "xepuax A~P" H ~ieIK3BeSJ(Horo BelI{eCTBa 11pasaor o .BVIJJ.a

aaepraa e MOIKHOnpeAIIOJIOlKl1Tb, qTO Cl1CTeMa 6y.~eT paCIDl1pRTbCH

)1;0 rex nop , noxa B cnc rexe B )l;OCTaTOtIHOMKOJIHqeCTBe npa-

CYTCT5yeT CBo60AHaH3HeprHR (CI1JII:l F' ), ccecnesasaoaaa

pacazpeaae 3Tml CKCTeMH, 11 ee pacuapeaae __He 6y,n;eT ypanaose-

neao CUJIaMl1npUTH1KeaUR (Han pHMep, rpaBl1TalUlOHHHMH CI1JIaMH,

l' .a. CllJlaMH P ). O,nHaKO, nOCKOJIbKY 06paSOBaBDIl1aCR .'

"xepase AblpH" nOCTOHHHOnOrJIOmaIOTaeaecreo 11 CBo6o,n;HYIO

eaeprna , TO co apexeaex CI1JIH r . ooeone saaasaxe pacnape-

HRe 3TOM xacra BCeJIeHHOMI)6Y71.YTYMeHbma'I'bCH. 11 xepea 'HeKOTO-

pce BpeMH MeJK.zr.yCHJI&Ui - F 11 06eCnetIl1BaIOIliI1MI1pacnapeaae

H CUlUaMli . -P 11 KOTopHe Ha ~aHHOM3Tane npORBMIOTCR B BI1Jte

rpaaaranaoaaux CiiJI npHTHiiteHI1H, aacrynar paBHOBeCHe, T.e.

I Ft ~ , PI • qepes nexoropce apexa , B peSYJIbTaTe

nor-aoaeaaa csooonaoa 3Hepr11H "QepHl:lMI1 :n.HPaMl1"CMJIblnpl1TRJKe-

mUI IIJ!H CliJIH "a CHCTeMY" - P CTaHYT 60JIbme Cl1Jl "as Cl1CTeMbI" -

F ~·'1'••eo I F I <. I PI) 11 C aroro MOMeHTa 3Ta

qaCTh BCeJIeHHOH aasaer mimMaTbCR. CJIe.nyeT OTM8T.11Tb, 'iT0 :6:
peS;)fJIhi'aTe 4!.nyKTYaI..HUI3Heprl1l1 11 Belli8CTBa C)!{.11MaHl1eCl1CTeMI:l

~aqHeTCH He o:n;HOBpeMeHHO130 Bcex 06JIaCTHX.

B .na...ibHeti:.rueM,13 peSYJIbTaTe CJKHMaHl1Hcacreauaaue nepexacaea-

JIl1llli" i1 nemeCTBO 13 HUX 6Y)l;eT 13

pOJit.l\8fmO-TBepAOMu COCTOHlillRX (
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nue OO'beKTH 0Yl1.YT npM6JU1lKaTbCfI .n;pyr K :n.pyry, I1 CMJIll npara-
)f{eHI1R ( P ) nee 60JIbme 6Yl1.YT aoapocvaes , B npouecce 3BOJI1O-

Q~Hr uexorcpue MS OO'beKTOB CTOJIKHYTCfI, M B peSYJIbTaT6 YBeJIH-

qeHHR MX xaccs yt CMJIblnparaxeaaa, CMJIhl "B CMCT8MYIt
-. P

B aax YBeJIMqaTCfI, T ••e. BeJIM\{MHa I rl I ,P' YMeHblllMTCfl

}I BemeCTBO B 3TMX OO'beKTaX npesparn rca B COCTOflHMenee OJIv.DKe

K r'QepHOl1.blp0l.JHOMY".~TO ~ B CB010oxepens 11 npaaener K13Ce

60JIbmeMY BospOCTaHVI1OCMJI P M YMeHbmeHH10OTHomeIDHi

'.F'I/ lP' .. B 'pesy JIbTaTe,' B aexcr opax "xepaax nspax"
B8J1.11"lMHa \ F II lP' YMeHbIlIVITCfll1.0 KimTHl.JeCKoH~e.mpmHli

'"I (pMc.I) M rrpeapamrcs .s "caepxvepasn l1.blPY", a 13emeCTBO

B HHX 6Yl1.eTB OCHOBHOMB 11 csepxxep HOl1.blPOqHOM" COCTOHIDUi. B
l1.aJIbHei1meMCIKHMaHHeCMCTeMH (HeKOTopoi1 qaCTH BCeJIeHHoiii) 6y~

.~eT npcnoxsarscs AO rex nop , noxa B O.~HOi1HS It CBepXqepHHX

l1.HP" CHJIH P HaCTOJIbKO YBeJll1l.JaTCfl, l.JTOBeJll1\{MHa IF)/IPI
11.0CTMrHeTHeKOTopOM KpHTHl.JeCKHMaJIOMBeJIH~HbI - 6XHSK0i1 K

HYJIlO ( ,(,(J ). Ilpn 3TOM paccrosuaa MelKAY 'laCTHQaM~f B "caepx-
qepHoi1 AHpe'" 6YAYT 6eCKOHeqHO MaJIhlMMBeJIM·qMHaMHe

B pe3YJIbTaTe 60JIblllOM nJIOTHOCTHaeaecesa M aaeprza 13 CHC-

TeMe Ha 3'1'011CTap;HH.HHTeHCHBHO 6Yl1.e'1'06paSOBblaBT.bCH aHTM13e-

meCT130. 11 13 pe3y JIbTaTe aHHHI'MJIflQvHi Bbl,n;eJIfleTCRnee 60JIbllie 11

oo asue CBo60l1.H0i1 3HeprMH, 13 pesy Jibrare xero H CHJu:IFBCe 60JIb-

llie 6Yl1.YT BospOCTaTbo HaKOHeQ HacTynMT MOMeHTg KOI'~a MelKl1.YCM-

JlaMH F H P aacrynar paBHOBeCHa H IF'I1 :1PI
nepecrauyr YMeHblllaTbca ~ B 3'1'0'1'MOMeHT BpeMeID1 SaKOH'll1:'1'CJIOl1.HH

uepaoz 3BOJI1OQHH3TOM qaCTM BCeJIeHHoM. Bp;aJIbHei1111eMB CMCTeMe

Cl1Jll:i OTTaJIKMBaHHfl ( F ) peSKO BospaC'1'YT p qTO npasezer xpas-
PyrneHMIOtt CBepXqepHOM,llHPH" H 3Ta qaC'l'b BCeJIeHHOiIcHOBa Ha~1HeT

pacaaparsca, 11 TaK aacrynar HOBblMnepaon B GBOJIIOl.UUI3TOM xac-

TH BdeJIeHHoi1. . .
CJlel1.YeT OTMeTHTb, '-1'1'0HS npaauana 6eCKOHeqHOCi'~ MaTepHH

BO BCeJIeHHOM 11.0~HO cymecTBoBaTb 6eCKOHeqHOe MHOm8CTBOnOl1.06-

HHX CI1CTeM. Ol1.HHHS HHX conepxar B OCHOBHOMBemeCTBOg JtPyrHe

aHTHBemeCTBO.

TaKl1M 06paSOM, C OP;HOi1CTOPOHHnpoHCXOl1.MTpesxoe y:eeJm-

xeaae CllJI "as CVICTeMIi"·- F :e "c:eepX'I.!epHb!X aspax" it - npa :803-

HloIKHOBeHHHKpHTH'-IeCKoti KOHQeHTpa.L{HHaeaecrea, aameeaeceaa
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£1 aaepraa , xcropoe npl1BO,l(MT K MX paspyueaan B pesy JIbTaTe

aHHHrH~~M£1 Be~eCTBa M aHTMBemeCTBa, nOCJIe qero CMCTeMa 6y-

.n;eT paCllIMpHTbCH. fIPM 3TOM OCHOBHaHxacca neaecrna 1.3 STOM C11-

CTeMe 6Yp'eT CTpeMl1TbCH npe06paSOBaTbCH 13 "CBepXIIJIaSJ.!8HHoeil

COCTOHHl1e,.nOCKOJIbKY . \ F 1/1 P , -+ 00 • C :n;pyroH CTOPOHH, B

pesy JIbTaTe p'eiiICTBl1H Cl1JI n pa TJI)!WHl1H- P ,KOTOPl:W npOH13JIH-

IOTCH13 OCHOBHOMHa :n;aHHOMerane B B11;1(erpaBMT8.U110HHUXCMJl

np:Wl'mKeHMH, M <PJIYKTYa.r.{l1l1aeaecrna 11 3HeprHH, 6Ylf,eT rrpoYICXO-

,ZU1TbC2KM:MaHl1eOTAeJIbHHX 06JIaCTeM BCeJIeHHo:i1o fIpM 3TOM OCHOB•.••

HaR qaCTb neaeceaa 13 3TMX 06JIaCTHX 6y,n;eTCTpeM}1TbCH npeoo-
pasoaar sca 13'''CBepXqepHo:n;blpOqHOe'' COCTOHHl1e, nOCKOJIbKY

1F 1/ I Pi •...• 0 , 'ITO C 06pa30BaHl1eM "caepxxepaax nup'",
13 KbH~e KO~013 npHBe,ZteT K CJKaTl110AaHHoi1 CHCTeMH (qaCTHBce-

JIeHHoH) H 3TMM SaKOH'lHTCH O,Ztl1HMS nepMo.n;0133BOJIIO~HHo

CJIE,llCT.BNlH

'1.BCeJIeHHM COCTOMTMS 6~CKOHeqHOrO MHOJKeCT13aMaTepl1-

aJIbHHX Cl1CTeM, npMqeMOlf,lli1 l1S HMX, n0.l406HO Hamei1 CKCTeMe 13

HaCTOHIllee BpeMR paClliHpHIOTCH, a ApyrMe CJKHMaIOTCH.B C130IO

oxepens , ecna 3TH CMCTeMH OTKpHThle, TO BOSMOJKeHnepexon Ma-

repaa H.3 Op'HOH CMCTeMhlB npy ry 10• ECJIl1 PH)tOM HaXO,lVITCH A13e

CHCTeM~, KOTopHe paCllIMpHIOTCH, TO 13 KOH~e KO~OB 130SID1KHYT

06JIaCTH npO~TPaHCTBa, !',lte Cl1CTeMHriepexpusanr ,ztpyr )tpyra,

11 npOl1CXO,ZU1Taaaaxaoe npOHl1KHOBeHl1eMaTepm1 MS 3THX CKCTeM.

3'1'0 npH13e,lteT K YBeJIHqeHl110KOH~eHTpauMH BemeCTBa 13 3TOM 06-

JIaCTH no cpaBHeHl1lO C OT,ZteJIbHblMMCl1CTeMaMl1H, KpOMe Toro, Cl1-

JIH F' O.n;HOi1CHCTeMhl 6YlIYT npOHBJIHTbCH .l4JIff.,ltpyro}l Cl1C'l'eMH

CHJIaMM P • M Ha060pOT. TaKJ1M 06paSOM B3T0i1 06JIaCTYI npo-

CTpaHCTBa KOHUeHTpauHH aeuecrna H CHJIbl P 6YAYT ao apacrar s ,

'ITO 13 Ko~e-KOHUOB npHBe,lteT K CJKaTHIO3T0i1 HOBo06pasOBaHHOH

CHCTeMli.

2. BOSMOJKHO,qTO B, Hamei1 CMCrexe 130 BCeJIeHHOll cy1I{eCT13y-

10'1'06'beKTH MS aHTH13emeCT13aH npa COnpl1KOCHOBelliH1C BemeCTBOM

npOHCXOAHT HX aHH11rl1JIfi~HH, VI 13 nOCJI8.n;CTBMHBbllI.eJIHeTCJI 0130-

60p'HM 3Hepraa 13 :eMlI.e 113JIYQer.rnH.3TO Ms;ry'IeH)1e TeM coasue ,
qeM 60JIbWe neuecrna 11 aurasenecrna aHHVIr~Jll1pyeTCH. MOlKHO

\. 'f, npe.llnOJIOJKHTb,. 'ITO xnaccapu f!B~IOTCR 06'beKTaMM as aHTH13elI{ec-
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TBa. }1SJIyqeHMe ~MM 60JIbmOM MOmHOCTlIlnpoI1CXOP;liT B pe3YJIbTaTe.

aHHMI'1Il JiflLU111la .

3. llOCKOJIbKY npa ocpaaosaaan nnpOT03Be3~H" IF 1/ IPI <: I
TO B HeM B03MOIKHO06pa30BaHHe BemeCTBa M B "TBepJ.(OM" COC-

'1'ORHlIli1 ,11 npa GTMX YCJIOBHRXMoryT 06pa30BaTbCR MOJIeKYJIH pa-

3JIl1l'llHflX COeM HeHMti.•

4. Pasuaua M8IK~ COCTO.HHHRMMaeuec rsa "csepxsepaona-

. PoqHHM"M "CBepXnJIaSMeHHw,If1 npORBJUIeTCR B TOM, lITO pasnoe

KOJIllllleCTBO B8meCTBa (MaT8piHf) Haxo~wrcR B eAMH~ue oosexa,
T.e. B pa3HHue MX nJIOTHOCTH. OAHaKO 3Ta paSHMua CTMpaeTCR,

ecr.LH Cl1C~eMY (BceJIeHHYIO) npe.1(CTaBMTb He B 3-x xepaoa npoc-

TpaHCTBeHHOM KOOPAMHaTHofi CHCTeMe" ITpe~nOJIOIKMM,T.lTO3T~.j.l0-

6aBO'iHHe xoopnauaru npORBJIHDTCR Ha Oq8Hb MaJIhlX paCCTOHHl1-

HX, C0l13MepMMhlXC pasxepaxa 3••1J.eMeHTapHblXlIaCTMU. B TaKOM

cnyxae MOIKeMnpe:n;nOJIO)KMTb, 'iTO qaCTb Bem8CTBa (xarepaa) B

"CBepXlIepHo:n;hlpOllHOM"COCTOHillill CMeIIleHa B Ol!{YTMMYIOH&mJ-x

MepHyJOnpOCTpaHCTBeHHYIO CUCTeMY KOOP,llHHaT, l1GTO cxemeaae

TeM 60JIee npOHBJIH8TCH, qeM 60JIbme CMJIHP no CpaBHeHHIOC

Cl1JIaMM F • T.e. qeM MeHbme I F I / JP I ~B CB010oxe-

peas , B "CBepXnJIaSMeHHOM" COCTORH1U1n8m8CTBa OCHOBHaR

lIaCTb MaTepMH CMem8Ha B qaCi'b npOCTpaHCTBa, KOTopoe xapaK-

TepHsyeTcH ~Oc5aBOqHhlMHnpOCTpaHCTBeHHhlMli CHCT8MaMHKOOPJUt-

HaT, nOCKOJIbKY I F' I » IPI. ..
5. ITOCKOJIbKYnOCJIe paspymeHHH "CBepXqepHoti :n;flPflu H

I~I »IPI. T••e. IFI/ IPI...••.<><>, B GTOH qaCTH BC8JIeH-

HOH B OCHOBHOMBemeCTBO npeBPaLQa8TC.fI B "cnepXnJIaSMeHHoe1t

COCTORHHe•• B pesy JIbTaTe Ha onpe.1leJI8HHOH cTa.zuU1 3BOJIlOUHH

BCeJIeHHOM OCHOBHaRqaCTh BeJ18CTBa B GTOH 06JIaCTlIl npeoasaer

B BlI,1le nporoaos , 3JIeKTpOHoB If APynlx GJIeMeHTapHbIXqaCTMU..,

M .n;el1CTBMTeJIbHO,Ha COBpe!<!eHHOMCTa.n;MM3BOJIJOUHMGTOH qaCTH

BCeJIeHHOH CaMhlMpacnpOCTpa~eHHbIM XMMMqeCKMMGJIeMeHTOMRB-

JIReTCfl BOAOPOJ(, snpa xoropo ro flBJIHJOTCHnpOTOHaMl1g' MOJlmo

npe,nrIOJIOJIH1Tb,""!TO ,nOJUIBO,AOpO,l{aMOIKeT CJIYIKk1TbBeJll1'U'1HO~,

noxaauaanaea HaCKOJIbKO CkiJIH F 60JIhme CMJI P Ha COOTBe'l'-

CTBYlO1ll8Mar ane GBOJIlOUIUfB paCCMaTpViBaeMOH Ck1CTeMe•• ITOCKOJIb-

KY AO.JIflBOJ(opo:n;a COCTaBJIReT ·A.o92 aT.% [J J • M01KHOnpe,n-'

nOJIOMTb, ~TO GTa "!aCTb BCeJleHHOM Ha. ;llaHHOM arene npeousaee
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Ha CTa,Zl;t-H1, KQI',Zl;a. BemeCTBO B OCHOBHOM npO.HBJUleTCfl B "cnepx-

nJIa3MeHHOM" eo CTO.HHMM. 06 GTOM CBl1,Zl;eTeJIb cl'ByeT 11 paean p eaae

,Zl;aHHOM Cl1CTeMhI, 1.'" e. Ha CTa.n;I1I1~ KOrna IF' >> I PI .•
.6. MO:llmo npep;noJI01KI1Tb , qTO nOCJIe paapyneaas "caepxxep-

HaM AhlpbI" ace neaecrao B p;aHHOM qaCTl1 BCeJIeHHOM nOJIHOCTbIO

npeBpaTYIJIOCb 6h1 13 "CBepXnJIa3MeHHoe" COCTO.HHI1e, npI1'leM 3TH

npeapaaenas npox OP;HT C nOrJIOmeHl1eM 3He prna , TO B03M01KHO,

qTOB pesy JIbTaTe 3Tl1X npeapaaennn nOI'JIOTl1JIOCb 6h1 CTOJIbKO

oaepraa , qTO npl1BeJIO 6h1 K Y paBHOBeml1BaHHlO Cl1JI F l1P VIJII1

,n;aJKe K COCTOHHHIO, KOI',Zl;a I PI > I Ft • B03HI1KHOBeHl1e TaKHXCO-

CTOJIHMM 13 OT,ll;eJIbHbIX 06JIaCTlIX BCeJIeHHOM, BOSMO:lKHO, npH13e,ll;YT

KC:lKaTH10 BemeCTBa M CMJIa f KOTOpaf! npa GTOM BO3Hl1xaer J npO.H13.•.•

JI.HBTC.H 13 13.t1,n;erpa13l1Ta1U10HHbIX Cl1JI np11THlKeHl1.H MelK,IJ;y qaC'l'l1qaMl1

BemeCTBa 11JIl1 .n;pyrl1x CHJI npl1T.H:lKeHH.H Tl1na CHJI P ..
7. MOi!{HO npe.n;nOJIOIKI1Tb, qTO JI1060e K0JIl1qeCT130 aeaecraa C

TeqeIffi.eM 13peMeHH npe13paTHTC.H 13 IIqepHYIO ,1(hlPY" nO.zt.l(eMC'l'BHeM

CHJI npHTlI:lKeHHH, O,1(HaKO 3'1'01.' nepl10A BpeMeHl1 TeM 60JIbme. qeM

MeHbme Macca BemeCT13a 13 p;aHHoM CHCTeMe •• O,n;HaKo, 130 BCeJIeH-

HOM paasue 06pa3YIOTcH "xepaae nupa" HS 06'beKTOB, conepxaaax

60JIbme aeaecraa, qeM 2,5 COJIHeqHHX MaC0,. 11 13 .,n;a.nbHeHmeM

,n;pyrHe 06'beKThI no,n; ,n;eticT13l1eM CHJI npl1T.H:lKeHM.H npHTflHy'l'Cfl K

"qepHhlM AhIpaM" H COJIblOTCH C Hl1MHp H 13nOCJIe.n;CT13HHO'l',ZJ;eJI.bHue

11 xepase ,n;hlphl" COJIbIOTCR MeJK.lU' C06011 11 06pasYlOT II csepxxepayn
.ZJ;hlPY". BOSMOJKeH 13apl1aHT, 'ITQ ItqepHaJi ,n;hlpa", nOrJIOIIlM Bce

60Jlbllle MaTepl1l1 01.' p;pyrl1x 06'beKT013. TOiKe MOJKe'l' npeaparar sca

B"cBepXqepHYIO ,ZJ;hlPY".

8.• ~fM3Hb. nO;n;06HM HameM, MOlKeTBOSHl1KHYTb 13 TOM C:»:y-
,

qae, xorna BemeCTBO B OCHOBHOM Haxo,n;HTCH B COC'l'OJUUUlX:-

"TBep.l(OM". nJKH.l(KOM" H "r'asooopaaaox", T.e. CHJIhI f H P
OTHOCHTeJIbHO ypaBHoBemeHbI H ,Zl;aJKeCl1JIht P HeCKOJIbKO 60JIb-

me Cl1JI F ,T.e •• 138JIVIql1Ha I r 1/ I P \6JIl15Ka It I.
ilOGTOMY JK113Hb MO:lKe'l' 130SHl1KHYTb Ha 06'beKTaxp Macca KO'l'OPhlX

MeHbme COJIHeQHOM11 'IT06h1 13HyTpH oopaaondsueroca 06l:1eKTaB

peSYJIbTaTe CliJI npl'lT5IJKemUI He 6HJIO BOSMOlKHOCTk'l BOSm!KHOBeHHil

YCJIOBlfM }J,JI5I npOXOJK.n;eH~R TepMO.fIAepHHX npOl.{eCC013, KpOMe Toro,

yCJIOB~51 lP' > J F I 06y CJIa:aJThmalO'l' cymecTBo:aaHHe YiKe 60JIee '1'.51-

.JKeJIblX 3JIeMeHTOB, H606xo)J,I1MbJ.X .z:r.JI51 CPOPMHPOBa:H1UI:liU!SHH fO UPH

•



19.
GTOM CM~ll P ,O~HU 6~Tb SHa~Te~bHO 60~bme C~~ F H HX

pas aaua II ( a = IP \ - IFt ) ;n;O.IDKHa6UTb no Be~'iHHe

CpaBHHMa c CH~aI4K XHMH~eCKOMCBH3H Me*;n;y aTOMaM~, B npoT~B-

HOM c·JIYl.J.ae,ecsa ll. 60JIbllleM~H MeHbme, qeM C~~b1XH~qeCKOM

CBHSM11 He !-wryT cymecTBoBaTb aTOMhI 11 coe.11.l1HeHHHHa ¥IX OCHOBe,

a Brroc~e;n;CTBHH He Mo*eT BOSHHKHYTb H *MSHb.

9. BemeCTBo npoHB~HeTcH B BH;n;e X~MHI.J.eCKHX3JIeMeHTOB

TOJIbKO B COCTOHHHHX: "rsepnox", ":/lm;n;KoM"J nrasooopasuox" H

eae 13 KaKoM-To czeneua .vI13 "rIJlaSMeHHoM" COCTOH~¥I, r ,e ,
KOI"Aa IFlztPl~urn IFI HeSHaI.J.MTe~bHO60JIbme ~~~ xeasue IPI,
a B OCTa~b!il~X -czyxaax BemeCTBO He npOHBJHl6'I'CrI B B~.lf.e XHMH-

qeCKHX 3~eMeHTOBo 3'1'0 OSHaqaeT, tITO TOJIbKO npH TaKHX YCJIOBl1-

HX npoxozar XHMJ1tIeCKHenpoueccs , a npa npyrax yCJIOB~rIx.T.a.,

KOI";n;anpORBYilleTCH SHatIl1Te~bHOe OTJI~~e Me*J.{y CHJIaMH F 11 P ,
npoxozsr npouecca , conpoaosnanaaeca C 60JIee SHaI.J.HTeJIbHl:iIMH

npeBp8II(e~HMH 3Hepr~M 11 qeM npa XHM~tIeCKHX peasuaax ,
10. ECJIH B CHCTeMe B o6meM 'F' 1IPI' I, TO B peayxs-

rar e tiJ~YKTya.I.unI BepOHTHOCTb BOSHH:KHOBeH~HJIOKaJIbHOJ(eHCTBY-

naax YCJIOBHM J F I 1 I PI » I B C~CTeMe, TeM 60JIbIDe.p tIeM

MeHbIDe OT~tIaeTCrI 0'1' I oouee saaxeuae OTHOllle~H IF"II IPI ,
r ,e , J Kor.n;aBe"eCTBO npeoasaer B "raepaox" 11.JIH naxe B

uJim;n;KOM"COCTORHHflX. ITPH 3THX YCJIOBMflX, B pesYJIhTaTe q>JIYK-

TyauH~, TeM 60JihIDe paSHOCTb A = I FI - I P ItIeM 60JIb-

me SHatIeHHSl Ci!JI F 11 P 8 ECJIl1 pasuaua C11JI A ,JIO-

KaJIbHO .nelicTBIIDrrtUX Ha 3JIeKTpOHbI~ B pesy JIbTaTe <PJIYKTyauHHJ

nocraro saa ,~Jm ,aeJIOKaJIHSa.I.tvm3~eKTpOHOB, TO BemeCTBO npa

3THX YCJIO:axHlx·yp,eT 06JIa).l;aTb MeTaJIJIHtIeCKHMHCBOMCTBaMH• .AJUl

MeTaJIJIOB 31'0 npoacxonar npz 06b1tIHblXYCJIOBl1RX. a .1J,JUl aexesaa-

JIOB TOJlbKO npH. ,AOCTaTOtIaOBhlCOKHXTeMrrepaTYpax. npHtIeM B Cl1C-

r exe ~1J,aBJIeHHecoxpaaaerca TaKHM, 'lT06bl B 06meMCOXpaHflJIOCb

YCJIOBl1e I Fill p, ~ I 11 IF' I1I PI 6JIHSKO It 10 C nocrenea-

HblM BospOCTaHHeM 6 B pesy JIb'l'aTe pOCTa KaR rexneparyps ,

TaK H AaBJleH~Ul1) He aapyaas neJIH'4.I1HbtSaatIeIDISl IF I1 JP I .
11 C BellieCTBOM.npOl1CXOAHT CJle.nylOmeenpespaaeaaer

~H3JleKTpllK --... rrOJIYrrpOBO;n;~K -.- MeTaJIJI.

TaKJ1M copasox, ~106oe aearec rao MOJKHOnpeaparar s B MeTaJIJI

np* ]l;OCTa.TOt{HOBblCOKOti l'eMnepaType H ;n;aBJIeHHH. UPH 3TOM



If \/ ,P \ " IJ n pHqeM

eTCH 0'1' I, '1'.8. BemeCTBO

KOM" COCTOfIHMf!X ••

20.
I F V lP' oxeas JI..aJlO OTJIHqa-

npe6hlBaeT B "TBepAO?Yll11!HJll1 lIiKHA-

BHBOllH
CyMMapHoe ~eHCTBHe CHJI Ha qaCTMLJ;H B M2:'S"'BPl1aJIbHOH CHC-

r exe MOiKHO paccxarpasar s KaK t(eHCTBMe npOTH:ECIWJIO:lKHO aanpaa-

JIeHH1:lX CHJI •• C O)lHOM CTOPOHhl, 3TO CMJIH "M3 C1IiC:TeMH" - F ,
YMeHbmaJOIltMe B3aMMOCBH3b MeiKlJY llaCTMI.{aMH Bemee'TBa. C ;n;pyroti

CTOPOHH, - 3'1'0 CMJIbI "a CMCTeMY" - P ,YBeJ.i.iPlliBalOII{Me B3a-

MMOC~fI3b MeJK~y xacranaaa ,
~opMa COCTO.l1Hl1R aenecraa 11 aHTItlBemeCTB8L :MeHHeTC.fl B3a-

BMC.MMOCTMOT :t13MeHeHH.fl BeJIMtI:t1Hfl ) F I / J PI npa COOTBeT-

CTBYIOII{I1X KpMTk1qeCKl1X 3HaqeHMRX aroro COOTHOOeIrn:Sl.

IIPl1 M3MeHemU1 Be.Jlli'lliHhl IF I/ IP I O"ll' .0 ;l{0 00' -<pop~

Mfl cocrosuaa senec rna (aHTMBemeCTBa) 113MeH£!IJf![,'CRno CJIe;l{JIDme-

My pHlJY: "caepxaepaonspo-raoe", nl.JepHOAhlpOqH~e';', "ranepoa-
Hoe", uHeMTpOHHoe", nBHpOJKAeHHO-TBepAoe", "'.t'Bepp;oell

, uJIill,n-

xoe"; "raaooopaaaoe", "naasxeaao e" 11 It CBepX!mJ!aSMeHHoe" ••

BepOHTHOCTb oopasoaaaan aHTMBemeCTBa T'el-4 60JIbme, l.JeM

xeasne 3Hal.JeHMe ) F I! t PI, nOCKOJIbKY npa YMeHbmemm

1 Fill P I YBe.JllitU1BaeTCfI KOHueHTpaul1fI3"SeprlUi H aenecraa
na , C O)lHOM CTOPOHhl, Cl1CTeMa Hal.JHeT pacaapassca npa Kpl1~IHqe-

CKM MaJIOM' 3Haqemml FI/ I PI 6JIVl3KOM K H,YE, nOCKOJIbKY

pe3KO YBeJIYlqaTCfI CMJIH F M BllOCJIet(CTB.ID.t IFIll PI--- 0() •.

YBeJrnl.JeHMe CMJI F npoacxonar B pesy JIbTaTe JBJlAeJIemut c:ao-

60)l;HOM: eaeprna , npa aHHl1rMJI.l1UHH aeaec TBa R a"flTHBemeCTBa.

C ,n;pyroi1 CTOPOHU, 6Yl1.eT npOl1CXO)l;MTb Cll£Jn~ali¥1e OT)l;eJIbHlIX

06JIaCTeti CMCTeMbl B peSYJIbTaTe ,nei1CTBM.fl CHJl P ,qTO B Ha-

xaae C)!mTl1JI CMCTeMbl B O>CHOBHOMnpOJIBJIHlOTCH. :a lill,ne rpaaaea-

UMOHHUX CMJI npMTBJK8HMJI. JIPM YBeJll1lleHHH CJKaT7J$:iCHCTeMll yBe-

JIWliiBaeTCH KOHI..\eHTpa.uI1JI aeaecraa , n03TOMY l'Ee.JIH"IMBalOTCfI H

011JIH P , T .•e •• 1F1/ I P I ---- o. .
Bo BCeJIeHHoHcymecTByeT 6eCKOHe"lHOe MEmKeCTJ30 Ma'1'Sp.M-

aJIbHHX CMCTeM J xoropae , '1'0 paClUI1pRlOTCH, TO C:Hrn:MaIOTCR.

'3aBMCHMOCTb >COCTORHMRB811.18CTBa H aHTitlaeI!leCTBa 0'1' 3Ha-

l.JeHHR If 1/1 PI naer B03MO)KHOCTb nporacanpcaar s COCTO.fl-

I-me aenecraa H aHTMBemeCTBa npa COOTBeTCTBYIl1I4.Y.lX YCJIOBHJIX
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