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Il P E .Il H C JI O B H E 

BypH08 paSBllTJ18 ~3JIP:J[ np0BO,IUmtllX nOJIBMepoB B llOCJ[8,10!88 ,IJ;8CJITJI
JI8'l'liI8 B B8MMOI e-renemr CB.fIS8HO C xsyqemi:011 llOJlll~8'l'lfJI8Ha. 8'l'OT npo
CT81md .DBelHo-conpseiumit noDMep o6~eT ~8Jmlf ps,nOM np:mreu
TOJJI,Hia CBOICTB •. B HOJll8Jll,BHX yc.no:szn nOJDr~eTUeH smJMeTca xopoll!DI 
,l1118J(8lt'rpJIKOM. O.nuaxo npll .ll'.8I'Jlp0B8BlDI D88T 118CT0 pesxoe BOSpaCT81Dl8 
np0B0.1tllllOC'l'll BIIJIOTI, ,Il;O lI0.IHOI 118TBJ1DS8IODI. STo odycJIOBJIBB8.8T BOS
MOZHOCTI> lllllp0ROI'O IIpalt'l'H118CltOI'O npHM8H8HllJI np0B0.1UDIIIX IIJiac'l'lllacC,CIIO
co6ma 38118HHTI, odli'IHH8 M8T8JfJDi, 'II.TO, B CBOll 011.epem,, ll0SB0.1Jl8T SHa
'IIKTEl.ll'.l,HO yM8Hl>IIIHTI> B8C ltOHC'rpYRI4d. B 8TOM HaIIpaBJI8mot y-&8 B8,IJ;8TCJI 
donmas: pa6oTa. Heodwnrae CBOIC'l'Ba HOCJl:T8J[81 saps.na, ICBaSI0,10I0118pBOC'l'I> 
~eno11e1t n0JDl~8TJLl[0Ba B ,1ij))'l'B8 BSllBH8 CBOICTB8. np8,IJ;CT8BJIJlll'l' doraTHI 
11a'1'8PJl8JI ,Itl[Jl 8KCII8pD0BT8.lll,HOI'O It '1'80P9Tlt'll8CltOI'O 118y11.8HHJI IIOJDl~8'1'I
J[0H8.. 

HeT BOBMOUOC'l'lt B HacTOSD{ee :apellJl CltO.l[l,RO-HKdy;ItI, noJIBo oorpaS11n 
BC8 8KClI8pDt8B'l'8Jll,B!l8 B T80p8ffl8CD8 ,IJ;OCTD8DJI B 8'1'01 06Jl:aC'l'I. B 
~ Jl:8XItilJIX lIOCTaBJl8Ha ~8.ll'.l, JtSJl'.OEITl>.C MaKCJIM8J[l,HOI np0CTOTOI OC
HOBHHO np8,IJ;0'1'8BJl8HKJI O gmsneCitllX CBOICT~ no~8'l'U8Ha. 3!tcnepx-
118BTWII,BJa: peSy.lll,TaTOB 11H ltOCH811CJl B 118.ll'.OI CT8ll8mt, XOTJI noo-rapa011ca 
,JtaTI> llO,Jij)OdBJ]) 6x6.uorpaq1m • .6oJJ:ee'no,1ij)06HO w OOTaBOBJIIIOJIHa O'l',Il;8J[l,
ma Teope-rnecux ll,ll;&JlX,BUma Be TO.l[l,RO ~ 061.JloBeBIIJl cBOICTB JIOJDl
~eTUeBa, HO Jl C TO'IID sp8BJIJI CBfISB OT,IJ;8.ll'.l,BHX &CII8KTOB <plSIIXII ROB
,Il;8HCJlp0BaBHHX cpe,Jt B ltB8BTOBOI Teopo·IIoJUI. laT8PJIB.ll'. IIOC'rp08H CJl:8.JO'I)
~ o6paao•. B nepBOI r.ll8Be Ha dase H0KOTOPWC 8KCII8pm.101iT8J.[l,HWC ,IJ;8H-
ma C Jl:CII0.l[l,SOBaBB81f BYBO.Jl;OB BS BllX odcyz,Jt8HJl 'f80pe'l'I'll8CD8 MO,Jt8JDI, 

IIpJIBJl8Ka8MH8 .l,U O!DC&HKJI CBOICTB no.im~8'!'U8Ha B CJ[8~ •s DX 
np8.Jl;CRa88JDIJl. BTOpu r.181!8 IIOCBQ8Ha aB&IOI'D, . 08-81 •&OTO MUJtY 
,lUIJ118PBJilU .110,ltEWID KB8BTOBOI Teopn lIO.ll'.Jl B IIIO,Il;eJ[l,IJ no.m~eTUeHa. B 
rJJaBe 3 pacCIIOTpeB ps.n CJl:8,Jr;CTBd STOI aBalOI'D.B 1:Je'me].)'?01 r.DBe D

poEO o6CJZ,Jta8TCJI BOnpoc O saps.ne,Jl:Olt8JD[80B8JIBOJ( Ha OOJl:BTOB8. PacCMOT
peH 118~SM B08BltKBOB8HHJI ,1ij)06BHX sap.B;ltOB. B Illffl)I rJtaBe _pac- . 
C110'1'1)8H ps.nTeopeTiAecma J10.1tuel, npeTeJJJtY):D;l!X 11a oacane n0pexo,11;a 
,l1118.1181tTI>D-1118T&lrJ[ B IIOD~8TD8H8 • 06cy-&,lt8.l)'l'CB: 8RCII8PJ1118BTUl,HH8 ,ttaB
Hli8 no BCCJl:8.Jl;OBSBD> 8'l'oro nepaxo~. 
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r JI a a a I. H!3WIECK11E COOiiCTBA IIOJIBAUETii/IEHA (CH)x H TEOPETH-
1IECKA.H MO.ll.E}lb UX OIIl1CAHHfl 

§ I. ]{mmqecKoe ~Tpoe1me (CH) x 

]{mmq0cKBJI qx>IJ,1y.11a noJmaueTRJI8Ha - (CH)x, r.ne C -yr.11epo.n, H -
ao,nopo,n. B HOl)MaJII,HOM COCTOJUiIDI BH8lllIUd!: 9JI8KTp<>HHUtt CJIOI!: aror.m yr.110-

po.na ID488T CTPJKTYPY PHC _' la, H, CJI8,D:OBaT8JII,HO, yr.11epon MOlt8T o6pa3O

BaTb TOJU,KO ,nae KOB8JI8HTllli8 CBH3l!, Ta.rum o6pa30M, B MOJieKy.11O auerll

JI8Ha aTOMli yrnepo.na CBJl3aHli OJUIOR O -CBJI3I,D H .nBYMH 6OJI88 CJia6!lMH 

2p 2P 

C: 01 I I I I c·: ~ fl . 

a 6 

pH c. I 

XRMlI'lOCKHMH CtJJi3flMH - f;f -CBli3flMll. IlpH B036j'llt.118Illlli ITJJOHCXO,nHT H3-

M8H8HH8 CTPYKTYPli aJI8KTpOIIHOI'O CJIOJi (CM. p.ac. I) H BO3MOltHO o6pa3oaa

H1'18 yxe 'lOTlipex KOB8JIOHTlllil CBiI3eil. l1M8HHO 3TOT CJIY,laJt pea.,msy0TCJI 

IIpH llO.IDIM8pll3auBH. IlpH'lOM 8,nRHH'lHli8 CBJi3H (C-C, C-H) o6pa3:yDTCH rry-_ 
1. . 

'l'OM Sp -rnOpH,IlH3amDI MORTJJOHOB S- H P -o6OJIQtl8K II flBJIJD'.)TCJI Cf -

CBJI3SIM1'!, OpH811TllpoBWIHUMH B,nOJib Hallp8BJI8H1'1H C-C (CM, pHC. 2). B 
.nBO.l!:HUX CBiI3HX. HOMHMO ff -CBJi3ll, IlpHHmlaeT yqacTH8 60.1100 CJra.6as 

\ 

,, ' 
i 

.... ., 
I 

I 

PH C. 2 

I 
I 

\ 
\. 

i 

' 

., 

I 

SC -CBJISI,, 06paso:eaHBaJ1 Il8p8KpliBamt8M ]Il!,yx 9JI8KTpOHH!DC 06.JraKoB 

CB060.IUlllX (He y,m0TBYJ)l!OIX B Sp'I. -I'H6P1W1samm) 9JI8ItTpOHOB C p-op-
6RTanei1. fX -06.Jlaxa Opll8HTBpOBaHH nepneu;nmtyJIHpHO R IIJIOCKOCTK, B 

KOTOpol pa0IlOJrOJt8HH ff -CBJ'ISK. B pesyJII,TaTe I[QJD!M8PRS8Itlm o6pasye-r

CJI i:teno'l!Ra aTOMOB yrJiepo,na, BMElll!IIM ]Il!,a nma ROH~ (cu. pxc.3). 

C C 

~ 
~MC -(CH)x 

P :a: c. 3 

a~,., 
., ' C .. ,_~ 

~- ~ 

l C 

TPAHC- (CH)ic 

B [(BC -(CH)x MOZHO BH,IJ;8JIIITI, 3HepreTH'l8CKH 60JI88 CTa61J'JI1,mdt [tHC
TpaHCOll,It ll TpSHC-D;IICOJl,lt (p:e:c. 4). B CBOI) 011epew,,Tp8Hc-(CH)x l!M88T 
,ttB8 S8pK8JIJ,HO-ClOOl8'l'pl!1ml,I8 CTJ)YRTypH (CM. p:e:c. 4). 

D;IIC-TpSHCOll,It 

~ 
A TpSHC-(CJ{)X 

P :ra c. 4 

TpSHC-D;IICOJl,lt 

~ 
B 

O'l'lfe'l'D, "ITO IIpK noJmMepHsamm OBHT8SlfPYDl'CSI i:tenon:e: ItJio-(CH)x. Koa
~ TpaHC-(CH)x lllODO ll0Jry1DITI, :a:a ItJIC-(CH)x IIy'1'811 '1'8P,a.uS8.Itli[H 
SD BH8Jij)HJI npmrec1,. B ,n8Jll,HGb!elif 1!H 6p;OM B OCHOBHOII pacOMa'fl)Jll)an 
Tp8BC-Il0.D8It8TU8H. 

§ 2. hsnec:ae CBOICT!l& (CH)x 

II~e 118M nepeln K '1'80peTJN8CKOJly OI!Jl:OaBHI) ~8TD8Ha,Be
odxo~o c.nemn XOTJI dH KpaTXd o6sop OOHOBH!a 8E0Il8PD8BT8.II,Hl,IX 
,JtBBIDIX. 

IleJ)ll()Ha118.1ItHO ode~ CBOICTB& deonpmreosoro. ~c-(CH)x. 06-
paSig,1 JIOD&D;en.Hu •sroTO:e.umoa no M8TOJtD6 pado'l'B/I/. Hcc..e.no:aa-
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ims/1 ,2/ IlOK838JIB, 'ITO ,IVnrna CBR3B C-C D 01,neJihHOi!. UOIIO'lR8 ( CH) X 

COCT8.BJI.ll9T np:e6JIH3JlTeJil,IIO 1,4A, B TO ~peMJI K8K paccTomme M8l!.nY nTo

MBMR coce.zumx ueno"leR nopSUUUl 3,6-4,4A. TaKHM o6pa3oM,B,nepBOM np:e6-

Jllllt8HHH MOlltBO npe11e6pe'lh M8llU9IIO"l8"lH01!. CBR3hll. 3TO Il03BOJIR8T pac

_CMaTpBB8Th no,~eTHJIBH KaK CHCTOMY, COCTO.IIll{j'll R3 KJl83HO,IlHOMepmu HB

Tet!. (CM. TB.Kll8, 3 ) • B pe8JII,HOM o6pasue :eM88T MBCTO nepellJieTeHHe BOJIO- • 

KOH. COCTORlllHX H3 3THX RBas:eo,nHOMOJJIIUX IlOJIBMepmu ueno"leK (CM. p:ec. 5). 

P :e c. b 

IlpB ltOMHaTHOi!. T8MI19paTyp8 T z 300K IIOJIHE1U8TRJI8H .flBJUI8TCR n;1Y

np0BO,IlHBRO'll C ,nOCT8TO'lHO m:epoKott lll,8JII,IJ 26
0 

z 1,4-1,8 aB/3-S 

(CM. PH;· 8}· 31Ia"l9HH8 ,IIR3Jl8KTPH"l8CKOH ROHCT8HTH B,nOJih ueno"leR Ell z 
~JtI2 4 ' G • ITp:e H3Y'l8HHB M8X8.HH3M8 BOSHHRJIOB9IIHR lll,8JIB 6WIO IIOR888-

HO I, "ITO m.eJU, nopsuu<a I, 6-2 aB (B ,n8llte 60JI1,me) MOJtHO noJIY'll!n B 

pesyJILT8T8 8JihT8pHHpOB8HH.R (B3M9H8HHR .IlJJ llHU) CBJl381!. C-C :e C=C. ll8JI:e

'lli8 8Jll,T8pHHpoBBHHfl, o6yCJIOM8llllOI'O cnapaBrumeM fi -M8RTpoHOB (o6-
pa30B8HH8M tf -CBfl3R), npBBO,llRT R H3M8H8HIDO nep:eo,na uenO"lKB 8TOMOB 

ll -B03HHRHOB8HHI) lll,8.Jm B M8RTpoHHOM CllORTpe. TaKHM o6pa30M, Il,0Jll'IE1U8TH

JI8H MOllHO paCCMaTPBB8Tl, KBR o,nHOM8pHH1!. ,nH3Jl8RTpHK Ilat!.ersca. BeJIB'lBll8 

CM81ll,8Hlffl 8TOMOB OT "paBHOB8CHOro" noJI0~8HHR H3MepeH8 B 8 ,9/ ll coc

T8BJ1Jl8T u. "" 0,03.A. 06cp:,naJICfl H .lij)yroi!. M8X8HR3M o6pa30B8HHJI lll,8JIH 

B ~8RTpoHHOM Cll9RTP8 -
0

H8JIH'lB8 CHJll,HHX ROPPMJIUBi!. Vt -8Jl8KTPOHOII lU/. 
Jira He 6y;(OM paccf/laTpm,aTJ, B STllX JIOJ{Ul!.fIX 3TY B03MOEHOCT1,, xo-

Tff OH'' npe.ncTB.MJI8T onpe,ne,n:eHHH! HHTepec (cM./III). 3aMeTHM JIH1111,, 

"ITO BB YTB8pl!.n88TCJI, 'lTO 3Jl8RTpoH-3Jl8KTpoHH08 B38.HMO,n8ftCTBB8 H8 

onpe,n8JIJI8T 4D,t3HRY np0TJ!X8HJWX IIOJIH8HOB. Ila Ham B3rJIH.n s,necL Heo6xo

,IU!IMH HOBH8 BRCII8pBM8llTH. 

C.ne,nyeT O'ITll8TBTh, 'lTO B "IHCTOM TPBllC-(CH)X RM81lTCfl llO,nBDHH8 

ll8p!31(8rHHTHH8 U8HTPH C ROHUOHTpau:eeA I CIIBH 118 3000 8TOMOB yrJiepo

.na112 • 13/. I1pe,IUIOJiaraeTCJI. 'ITO 3TU UOIITPU. B03!AruKIIO. CDJI38lll1 C o6pa3ona
HH8M ,It8/peRTOB, conpoBOz.n;811ltHX UHC-TJ)8HC•H30M8pl!38.UBI>. 0,ItHaRO C BRC

nepl!IM8HT8JI!,HOtt TO"IKH 5p8HH11 Tlm B ,neT~ o6p830B8WUI BTHX ,?t8/peKTOB 

H8JIL5H 01111:TRTL OKOll118T8Jil,HO BHnCH8HHHM l 4/. 

HHTepec npe.ncT8BJIRllT ,n8Hlme no q:ororeHeprunra JIORBJIHSOBS.HHWC 

6 

COCTOrumitB U8HTpe Banp8Dl8HHOi! som/!5-IB/. K COll8JI81mll, MH He MOJteM 

llO.JU)06HO OCTSHOBHTLCH Ha T~ B~ pesynTaTax, Kalt ",ItHcnepcBOH

HHI 3/MleKT" I,8M8HOBCKH' ~md 19 , ua.mrme HBOTpoIIHOI'O IIHR8 norJIOD18-

HlUl npn auep:nm 8,6 ~ ~O • HSROTOPHX .JU>JTHX. Heodxo,lll!Ml:le cBe,nemm 

MOliO ualTH B odsope 21 • 

HaJ16oJl88 J!HT8p0CHHIOI, K&1( H8M IIpe,ltCT8.BJUl8TCH, ffBJIJDJTCff ,n8HlUl8 

no BJ181t'?pll1l8Cl!l!M II MaI'HHTmN OBOIOTBaM Jl8I'l'ij)OBSHHOI'O nOJIH8ll8TJIJI8Ha. 

B Ka11ecTBe npDecx :a:cnOJILsymcn lt8lt .ItOHOPH ( Na. • K , N JI!> ) , 
TaK a matenTopH ( As F5 , 1 , Fe. ct, ) . Ilpez,ne BCero OTMeTJDI 

T8 Beonpe,n0.1eHHOCTJI np:H noIIHTmllD[C8BJUI 119M8H8mrl CBOICTB (CH>x• 
OBJIBaHHHX O BB8lt8BJl8M IIpJDt8CJt 22 • Bo-nep:sax, npl!M8CL HO,n& (I) MO

aeT BHOOBTL B8ltOH'l'poJDIPY81108 CTPYKTYPH08 l:OKD8BJl8; BO-BTOPHX, npJ[ 

BH8.DJ)8BD AsF5 XJDOf11ecR8JI np-i,o,na pesy,IHHpYJlllel npoec11 sBB:aC:a:T, 

no-B~OIIY, OT T8XHBRJI BB8lt8BJIJI IIplDl8CB, 1lTO M<m8'1' JipJIBO.IUITL lt pas

pHB811 JJ!lm'l8CIQIX cusel B 5[ -U8ltTJ)OHHOI CBCT8M&. HaltoH8It, IIPJIPO.n& 
:a CTenem, B80,ItHOp0.ItHOCTJI IIpJDt8CK nJIOXO B3B8CTHH, a ~ltTH, odycJIOB

JI8HHH8 B80.JtHOpo.JtHOOTLD,MOI'JT ODS&TLCH B8CYf8 MXHMIO(. 

T8JI Be MeHee, :a:cCJ1e.1toB8Blld JI&r:epo:BaBHoro nonaueTJ1Jieua nosBO.D

.-o C,ItEIDTh Pll.It npD8118TeJILBHX saJtJIIJ1l8mrl. Ha p11c. 6a,6 np8,ItCT8.l!J[8Ha 

m110cTBeHH8JI aa:s:acJD10CTL npoBO.JtDIOCTH Tpauc-(CH}x o npJD1ecL1> AsF5 

OT ROHU8HTpauu / = Nnp/ IV , r,ne /II - 'illCJIO &TOIIOB yrJiepo.na B pac
CMaTpHB88NOM odpaSite, a TaD8 OT TeMIIepaTyPH/23 ,24/. 

0 

6(D,cnf 

t,OS O,lll 0,15' 1 

!!1-
0'(J,OIC) 

-tie fDo 

~ 6 
P !! o. 6 

Mt 

f- o¼ ~ 
2 • C\11, 
?>. o,S9·L, 
4 ·{"L 
S • 5 ·r. 
G ·l,S1. 
1 •lo~1. 

T 

Hs pxc. 6a BJI.ItHO, 'llTO B "'q][CTOM" TpSHC-(CB)x ll!H88TCH OCT8TO"IH8JI 

np0B0,11mf00TL, OdycJIOBJIOIImLfl, ll0-BK,1l;BJCOyY, lUlJIJAJ[eY .tt$ltTOB C H86o.1L

mol ltOHU8HTpamtel. C YDOJD[118HJl'.011 ltOHUO~ np11M8011 JD,!88T MOOTO 

p85R08 B03paOTamre JipOBO,ItHMOCTI[ ( "' rol pas)• HaoBl!l8Blt8 ,It00TBI'8.8'f:-

C11 nps 'ja.O,I CID% npncec:a); err:. = 220 (i2•oM)-1• 
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B CJIY'IR8 RO,D;a<IIpoBO,ItHMOCTL paCT8T 6oJI88 CJiado, ,D;OCTJU'8JI SHR1l8HHJl 
~(l) = 160 ( .0-CM)-1 npH 20% nplDll8CH. AHSJio~e HSMepemm ~ 

IU!C-(CH)/237 npRBO.IU!T K SHa1l8Hlm De ""560( .Q. Cll)-l npm: 14% npm,e
CH AsF

5 
, , • 3a.BzcmrocTL npooo~obTH oT T8MIIepa'fYPH (pm:c. 66) no,D;

TBepll.U;aeTca RSM8p8HHBMH padOTH/24 , r,D;e HCIIOnSOBaJIB.CL npHM8CL Hm/ 
no xaprutTepy 'l'8Mll8paTypHOi 88.BRCm.lOC'l'H dwm B~8JI8HH TJ)lI o~acTH Z4: 
a) y <. 0,05. IlpH BTOM ff-= 0

0
exp(-&/rf1

, r,D;e 2-10?>< f>< 10" 
B 06.lmCTH 0,022 <: y <. 0,05. &ra Sa:BllCm.lOCTb xapaKT8PHa ~ O~OM8P
HOi npHEKOBOtt npoBO.QMOCTH. 6) 0,06 < y ~ o,II. 0 = 6oexp(-Alr)1/", 
r,D;e I04 < A < 5 :X I05• TaI"...aJi 88.BHCRMOC'l'L l!M88'l'. M8CTO B TP8nt8pHHX pa-

synopa.no11emw:x cMa:sa:x. . ~ 

B) y > 0,15. (J = 60 T. C V ~ o,?, 11T0 xapaKTepHo ~ "rpas-

Hill" M8Ta.n:JIOB. 

Becma npm481laT8JILHH MarHRT~e CBOttCTBa 'l'paHC-IIOJOlaU8TltlI8Ha. Ha 
p:ac. ?a,d Ilp8,D;CT~8HH RSM8P8HM 25/ ROHU8HTPRIU!H napm.uu'HHTHHX IJ;8HT
poB . IV" , a 'l'ruat8 BOCnp:imM11RBOCTR flay.mt Xn It8.It wmaum _ y (npH-

M8CL A~Fs- ) • ,, ( ., ) 
~-~o' l"" iOe11tll/nJe 

lilt 

3oo 

0 •. ,s 0,10 

(a) 

-4 

y 
(0) 

PHO. 7 

r 

TaimM o6pasou, npx y <- 0, 05 X n - 0, TOr.tta Rait cm,a npoBO;nm,tOCTL 
paCT8T H~ H8CKOnKO IIO~OB: T.e. "HeT CIIHHOB", Y11RC'l'BYJlltl!X B npo
BO;nm.tOO'l'K. C .lijlyrol C'l'Op<>HH, C poCTOM y ~aeT KOHIJ;8HTPRIU!H napa
M8.l'lm'l'Hlll IJ;8HTp0B. IlpH y = 0,07 Xn pesKO BospacTaeT, H HM88T 
U8CT0 N8'l'a.n:JIH1l8CK08 IIOB8,D;8mt8. HeodxO,l!JDIO 0'1'N8'l'HTL, O~aKO, 'IITO ~ 
npm,ecx/o.I(ll HeT oospacT~ Xn mme npH BHCOKOI KoHIJ;eHTpaIJ;D npll[
Moc:-726 • 0TM8TD, 11'1'0 B/22 • 27 / C,D;8.JI8Ha IIOIIHTKa od!.acHeHU O'l'CyTCTmUI 

Xn npz mt:naa: KOHIJ;eHTPSitWIX npm1ecx HO,D;OOTaT011Holl -qyBCTBJIT8J[L
HOOTLD H81f8pl!T8JILIWX Ilpll6opoB. Ilpo,D;OC'l'aBJ!III OltOH1laT8.l[J,HHi!: O'fll8T SltC

II8pm&8HTaTOpSM, a IIOKa 6y,Iteu np1J,tt8pu:BaTLCJl ,1l;8HHl,IX pac. 7. 

B 8artm'118Hll8 9'l'Oro Iq>aTitoro odsopa qll8K118CKHX CDO!O'fll IIOJmaIJ;8TJr

JI8Ha O'l'M8'l'HM, 1lTO B Iti,Ic-5CH):X 6r 06HappteHa JIB!WI8CIJ;8HIJ;WI H npH 

&TOM OTCyTOTmt8 cl(>TOTORa 28• 29 • B TPaHO-(CH)X JIDm118CIJ;8HIJ;llli H~T, 

8 

HO IIOHBJIH8TCH 6oJILIIIM cl(>TOnpoBO,IO!MOC'l'L. B 06H1UlliX IIOJiynpoBO,D;HHK8.X 
80Tb R JIBUllll8CUOim>L~ H qx>TOnp0BO,D;lD,IOCTL. 

MH OrprumiDL'IIICL paCCMOTJ)eHlit8M H8l!6oJI88 BaEWX, IIO HameMy MH8HHD, 
CBOICTB Il0JmaIJ;8TRJI8Ha. Ilpl! ,Il;aJil,HettmeM HSJIOlt8Hl!IH TSH, r,D;e BTOH806:xo
,IO!MO, MH KOCH8MCH COOTB8TCTBYJ)ll!HX 9KCII8plDll8HT8.Jil,HWC ,D;8HH1,IX, 11'1'0 H8C
KOnRO ,D;OIIOJWHT BTOT Iq)STKd o6sop. IloRa O,Il;Ma8JI CJI8,nyD!IH8 BHBO,D;H. 
~SR1l80KH8 OBOiiOTBa IIOJIHaIJ;8THJI8Ha MOltHO ,D;OCTST011HO :xopomo OIDIC8TL B 
paMK8X KBaSHO,D;HOM8pHol MO,D;8Jll!, paoCMa'l'pllBaJl lISOJmpoBaHHYJ) IJ;8II0'lltY 
8TOMOB O 8J[LT8pH:RpOBaHlil8JI CBHS81. 

.l(aze B OTCYTCTBH8 JJpJD,1801! IJ;8IIOlUta OO,D;8piDIT IIapaMarHRTHH8 IJ;8HTPH. 
Ilpl! BH8.lijl8HD npoecmn: aTOMOB 'UICJIO napSMarmt:THHX IJ;8HTpoB yuem.maeT
ca, HO BOSHHKaDT sapJDt8Hml8 HOCHT8JDI des CIIl!IHa. 

§ 3. nitCKP8THM 110,1];8.lll, IIOJDlaIJ;8TllJI8Ha 

B np8.ltllJtYllt8M naparpaqie 6WIO OTM81l8HO, 1lTO ,D;H9Jl8R'l'pl['q80KH8 CBOit
CTrs 'OJIHaIJ;8TU8Ha JIOryT 6H'l'I, 06'W!CH8HH H8.OCHOB8118:xaHHSMa Ilal\epx
ca 30 • Ilalepxo IIORa8M, 1lTO O,Il;BOM8pHaa CHCT8Jl8. HeyoTOhna B O'l'HO
memm CIIOHTaHHOro Hapym8HHH sepKWII,HOI OlDIM8TPD IJ;8II01DQI aTOMOB ~ 
.1[1)601 H8HyJI8BOI 9Jl8KTpoH-cl(>HOHHOI c:e.a:sx. IlpR 8'1'011 BOSHJD<a8T 11t8JII, B 
0~09JI8KTpoHHOJI 9H8pre'l'll118CKOM OII8KTP8, O'l',Il;8.IU!Dll8Jl IIOJIHOCTLD 8aIIOJI

H8HHYI) ii IIyCTYD SOHH BPHJI.IIl)BH.a. Ilocxo,11,xy B (CH)x mf88'l'CSi poBHO O,JOIB 
"CB06o~" 9i -aJI8RTp0H Ha aTOJI yrJI8p0.I(ll, TO H8l!6oJI88 np8,D;II01ffll
T8Jll,HHM IIBJUI8TCH y,ItB08mt8 nepRO,D;a pemeTKH (pxc. 8). 

El~) tE~~l 

-.,,4- · 1"/zo O ir;z.. 11'/a . ... . ~ 

a) MOTa7IJJlf'i8CKWI qiasa 

~ / 
-11/4. • l'fta. 0 ff~,. ~,. k 

6) ,It1!3JlOKT,Pll'l8CRalI 4888 

pH C. 8 

lleo6:xo.nmro O'n18THTL, 1lTO apryM8HTH Ilalepxca CnpaB8,nuBU, CTpol'O 
I'OBOpJI, TOJil,KO B OTCy-TCTBii8 xyJiOHOBOKOl'O BS8mlO,D;8l\CTBlUI 8.!I81tTJ)OHOB K 

~ cTporo o,D;Houepma cucTeu. Hcnonsoll81il[e o~o•ePHOI 1110.11;e.im 11oxeT 
6HTL OnpaB.ItaHO B TOM C.1cy'1l8.I?, l".Or,D;a KIU[8'l'lA8CK8il 9H8PIU ],tBD8DJ! 
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8JI8KTp0Ha MeJOtY HRTJiMH f 1 MHOI'O Mem,me aHepnm, X8pa.KT8pHoit ,1T,1IJl 

pacCMaTl)l!BB.eMoro ajqleKT/311• B HameM c.ny,me E 1 << 2 ~ 0 • HMeHHo ' 

8TO DpH6Jmllt8Hl!:8 HCilOJILSY8TCR DpR IlOCTP08HRR MO,IteJm IlOJm8n8TWI0Ha. 

06'LSICH8Hll8 60JILmoro KOJl1l~0CT:ea SKCil8pxM0HT8JILHliX .It8HllliX MOll0T 

6HTL IlOJIY"l8HO Ha OCHOB0 MO.IteJm, HCil0Jll,3YJ)llt0it M8X8Hl!3M "BHyTp8HHRX ,It8-

48KTOB" B neno"IK8.X (CH)x. Ewro npe,I1,1I01t0Ho .naa no.nxona wm onRCaHRR 

.1te«>eKTOB • 

B nepBOM no.nxone npe,IUIOJiaraeTcs/
32/' 'llTO llpFIM8CHllli 8JI8KTp0H MR 

.Jtl:lPRa 61]1.YT np:imo,ItRTL K Hapymemm B 8JILT8p~mpc>BaHRR CM38I Il0JIK8n8TH• 

Jl8HOBOit neno1Utll[. B 'llaCTHOM CJIY'4ae .Jt848KT 8CTL Ra.f8H8Hll[8 na rso0 
qiB.SH 

pecyJIRpHOI'O Il0Jlll8n8TWI8Ha, npR110M Hapym8HJI8 HM88T xapaKT8p aapsmeHHOI 

.ItOM8HHOI CT0HRH. T8.IG!M o6paaoM' ,no68B011Hlift 8JI8K'rpOH BJlH .JtHPKa 6Y]J.YT 

aaHm.«aTL JIOK8.JIK30BaHH08 COJIRTOHO-no,no6H08 COCTORHR8, nepeBOpa'lllBaR 

qiaay pemeTO'IHOI ,ItRM0pHaamm. IlpocTeffmM MO.IteJIL, ~~ TaKOll co

JIHTOH, oIIHCHBaeTCR JiarpanuaaoM rmrn6ypra-Jirumay' 
32 

• 
33 

%, 2, 

L[u] -~ [ i(au,) Co'l.(oU) '( )2 V ] (I) 

- (UoC,J,_)i i"\aT - T ox - (.)A Uo ( u) , 
1 

r.ne U oIIHcHBaeT cMeuteHJie aTOMOB pemeTKH, · V (u) = t l 1 -(~J] , 
uo - 8.MIIJ1Z'l'Y M nru\ePJICOBCROI .JtRM8pHSSIUm' €' -cTa6HJIHBHPYJ'.llllM 

8H8PrHR Ha aTOM yr.11epo.na, (.JA -'llaCTOTa. OilTR110CKll:X qx>HOHOB, co -
CKOp0CTl,, xapaKTepHSYD!tM pemeT01UIYJ) ,ItRCnepCRll w: ('1) :: w! + c: q2 
npH /q/ « 1Tf2a. , ao -nocTOmtHM pemeTKH. MO.It0JIL (I) RM08T .ItBY-
KpaTHO-BHJ)OJ[,ll8ijH08 OCHOBH08 COCTOJIHJ!8 H ,nonycxaeT pemeHRe B BH.It0 co-

JIBTOHa 

u ( X) = ! Uo ianh ; , (2) 

l '2.C. 
r.ne : c.:,A X8pa.KT8PH3Y8T IIIKPHHY COJIBTOHa. SHepI'J!Jl COJIHTOHHOI'O 

Boa6yx.ne!W!: Es= ~llo/37i = 0,4 3&, Macca COJIRTOHa Ms= Gtne , 
t11e -MacCa 8JI8KTp0Ha, {"' Wa

0 
,COJIHTOHH08 napymelll!:8 (2) B0.It8T K 

aTOMHOI CTPYKTYP8, CHMM8TJlH11HOI OTHOCHTeJILHO aTOMa, pacnOJIOll8HHOI'O B 

neHTJl8 COJDITOHa. TaKHM o6paaOM, B neHTP0 nrutePJICOBC~I Dt0JIH Il0JmJIR-

0TCR JIOK!lJIH30:eaHH00 8Jl0KTpoHH00 cocromm:e, KOTOp00 MOll8T 6HTL StllUITO 

ll36HTO'llmM 8.18KTpoHOM HJIH .JtHPKOI. Ilpx aTOM COJIHTOH IlPPI06peTaeT MPH.It 

±< e ) . Mo.JJ:8JIL ( I) Haxo,ItRTCH B xopom8M corJI8CHH C BKtmepRM0HTOM, HO 

TJl86yeT 60J1Lmoit OCTOpollOOTH IlpH 8H8JIH30 B 06.JiaCTB ,JJ;8q8KT8 X -0 0 ' 
T.K. np:ii BTOM OHa 1™00T CimryJIRpHOCTL. 
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":i. 

B ,IWyroM no,nxo.140 npe,nnOJiaraeTcR,'ITo yze B nponecce noJIHMepHaamm 

BOSMOllO B03liRKHOB8HH8 TOilOJIOrH1100KH CTa6WILHHX .lt0ql8RTOB, paa,JJ;eJIJm

llti!X BHl)OJl[,llemme o6JiacTB (pHc. 9). · 

A B 
p KC. 9 

B OTCYTCTBH0 DpHM8CK o6JracTL ,J1;848KTS OOTaeTCR H8ffTp8.JILHOft, HO 

co.neJlllHT HecnapeHHldt cmm I/2. 

Mruq:OOKOilH118CKaH MO.lteJIL B~118llll1Wl HSPR'AY C pemeT01UD:IMH l'I 8JI0K

, Tp0HHH8 11JieHY, npe.ItJiozeHa B7M,35 • 0.ItHOMepHHit pemero'IHlil rmm1U,TOHll[

aH HM80T BR.It 

- ( + ) • K i M\•t H = - 2. t,,,,,., cn.,,,,Cn,s + 3.c, + I I(r,..,-:tn) + TL Yn 
,~.s · ' n 11 

(3) 

r.ne c:s ( c,.,s) - oneparop poll[,lleHR.11 (yHH11Tozem) ~ .:.SJieK'rpOHa co. 

CllHHOM 5 Ha n.-tt (CH)-rpYJIIl8, ~r,, -KOH~OHHH8 KOOp,ItRHaTli :' 

,It1IJi KSJmOA (CH)-rpynnH, OIIHC!lB8.IJQII0 TJlaHCJIJmD> B.ItOJIL JIHH81Horo OCTOB8 

neno11KK, M - Macca rpynnu (CH), K - ynpyraa nocToRHHRH. B npz6JIH:.. 

xemm: CWILHOft CBRSH KHT0rpa7I nepEixpHBaliRR 8JI8KTpoHHHX o6JiaKOB gj -8JI8KT-

pOHOB tn,n+t MOX8T 6HTL paSJIOll8H ,Jl;O nepBOro nopH.nRS OTHOCH-

'1'8.JILHO H0.ItRM0PH30:eaHHOro COCTO.fJHl!R ,,,,,.., = to - d. ( 'In,, - 'Jr,,) , r.ne 

to -HH'l'8rpal[ nep8KJ>HB8HHH .ltJlJJ H8.ItRM0PR30BaHHOff U0IlO'llKH, r:/, - KOH" 

CT8HT8 8JI8KTp0H-qx>HOHHO! OBR311. , 

0TM0Tml, 'ITO B (3) HCK.lll)118Ha MEiXn8Il011811H8.R CMSL H He y-qHTH:ea8T

CR KYJIOHOBOK00 BaaHMO,neftCTBH8 i -BJI8KTpoHOB. 3Ha,emte ~apaM0Tp0B 

r8MHJILTOHH8;'a: i 0 = 2,5 aB/3 ,7/, K. = 2I aB/A2 36 ,371, cl., = 
, = 4 ,I aB/A 341. IlOCKOJILKY MHHS C-C CBR3H COCTaBJIJl8T B8JIH1DUIY t = 
= I,4 A, TO IlOCTORHHM pemeTRH (pHc. 4) eon ao = I,22A; OT-

C110T SHepnm IlpoHSBO,ItRTCR OT ypoBWI ~p.m. 

Ilpx d. = 0 rmm.in,TOHHaH (3) oOJia,IlaeT CRMM0Tpx0! OTHOCHT8Jil,HO 

sepKaJILHOI'OOTJl8.ll8HM ·'In ➔ -f,,,, r.e. H(-~11 \0) = H(~n\o). 
IlpH rJ. * 0 llM08T M0CTO aapymemie cm.weTJlRK OCHOBHOI'O COCTO.fJHl!JI: 

H(~n,d.) =I- H(-~nl~). 
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§ 4. 0CHOBH08 COCTORHlI8 (CH)~ K H8KOTOPH8 pe3yJII,TaTH,IlOJIY'l8HHH8 Ha 

OCHOB8 llHCK08THOli MO.I{SJ{ll 

Onpe.n;eJIHM :mepI'.llll OCHOBHOI'O COCTOJllil!JI CKCT8Mll, OnHCHBB.eMOJ! ra
MRJILTOHH8.HOM (3). Ilp:e: 8TOM HCilOJII,3yeM np:e:6.lnmeHHe EopHa-OnneHrel!Mepa: 
npeHe6peseM KHH8TH"48CKOJ! 3Heprne! qx>HOHOB H npe,nCTaBHM CTaTH"48CK08 

CM81118HH8 "y3Jia Yl. " B BH.n;8 
II, 

~n.=(-i)~. (4) 

B pemeTKe 6e~ CM81118HWI (HOp,!8,JII,HWI qia.sa) 3JI8KTpoHHHil: cneKTp 

HM88T BH.n; 

E " - 2 to~ qa.o , r.ne ~00 = 
2
;"'( n = O, ti,•· r {), N--rmcJio 

aTOMOB B pemeTKe. B pemeTK8 co CM81118HH8M (4) 

f .,2 ( q) = ± rc~ojinqa.r•(2·lo CO:l ~ao { (5) 

2nn 
r.n;e qa0 = -;i° C n = o, ±I, ••• ± N/4, T.e. soua Epl!JLIIB)aHa YMem,-

11IWiaCL B 2 paaa ( 
Tpe 6.0 = 4d..Y 
3H8pl'l!1! ~ep,!H. 

jqF I = Tf /2BJ, :e: BOSHHRJia 111eJIL B M0KTp0HHOM cneK-
• OTM8TJIIM, 1iT0 cneKTP (5) CRMM0TpR~8H OTHOCKT0JII,BO 

CB060.n;HM 3H8pl'HSI 8JI0KTp0HOB H pemeTKH 

F(~
1

T) = -TJ
2 

fn.(1+exp(-E,(1)/r)]+2rJK{ (6) 

'I 

r.ne T -TeMnepaTypa. Ilp:e: 'T = O :e: N ➔ oo cBo6o.n;Hrut aueprHH Ha 

O,ItHH aTOM yrJiepo.n;a HM08T BH.n; 

F(~.o); 
i. 2 

H. E (~ _ z2·) + Klo 2 
71 'l.,J." 

(?) 

i = 2.d.f / -to 

. ~h ___ --, 

E (-1-l) = J J1-(~-l)~in1.~., J~ 
J 

0 

IlpH i1 ~<. t
0 0 

2.) I) Le .() 2 E(l-i = 1 + 1(w.i11 - 2 2 + •..• 

12 

Mmnn.ms:e:pySI F( ~• 0) ·(?) IIO ? ·, IIO~8M CM81!l0HH0 'J'" Ao/Jid. 
C 1). 0 :: (Bio/e) eXp(-1rl<.f:0 / ,4tl.2

) • B TO'llt0 'J- = 0 HaXO,ItHTCSI JIOK8JII,-

. UH! M8ltCHMJ'M, B COOTB8TCTBHR C T0Op8MO! Ilattep.,rca. BH.n; Iq)HBOtt 

F(~,o) a E0 (~) H3O6pa:ateH Ha p:e:c. IO. 
F(y,o) 

i; 

p JI c. 

Ta.Rml o6pa30M, OCHOBH00.COCTOJllIH8 np:e: T = 0 SIBJIJI0TCSI ,ItBylq)aTHO 

B~emwM. Ilp:e: / b. J = O,? aB 11 ti., = 4, I sB/A • CNemeHKe 'J. = 
0,04A B corJiaco c 37 • 

liaJm1me Bllp0Jt.It0HKSI o6ycmBJmBB.eT BOSmtKHoBeHKe TOIIoJiorn11ecKKX 
COJIKTOHOB, pa3,I1;8JUDllltilX. A- JI! B, -q>a.Bli (p:e:c. 9). lJ:e:CJI0HHli0 paC1i8Tli, 
IIpoB8,ll;01llili0 B pm.ma.x-pemeT01iH1 MO,JJ;0JIK, IIOKa88Jm CYi110CTBOBaHH0 peme
mrs B Biue .v;oMeHHo! CTeHIGr/35_. Ilp:e: STOM BBO,IJ;HJICR napmreTp IIOpSl,ll;K8, 
cBJisa.mndl: c nepeMelililOOJ '/11. : I/',, ,. (--1)"'yt>- . 

ll>a31i A R B MO.lltHO onpe,It0JIKTL IIOCp0,ItCTBOM 

~ =i 'Jo , qia.sa, A ; 
0 ~ _ u qia.sa B . 

d. I ~ 

Ilpe.n;IIOJIOJtmll, 11'1'0 B 0Iq)0CTHOCTR ySJia n = 0 qiopmpyeTCH ,ItOM0H
H8Ji CT0mta, pa3,JJ;8JIJDll(M A- H B -06.JJ:acm. ,IlJm TOI'O 1iT061i ycTpaHKTL 
rpa.HH'Ulli0 sqxp0KT!l, paCCM8TpRB8DT poz,tte~e nap1,1 COJIKTOH-aHTHCOJil!TOH, 

npneM C1DITMT JIX 111Hp0KO pas,e~~- 1iT061i RCltJIJl11ltT~ B3am.IO,JJ;0!CTBH0 
(CM. pxc. I4). EllJIO IIOKaSaHO 3 • 11'1'0 MO,IteJII, (3) ,JJ;OIIyCKa0T pememre B 
BH.n;8 

4',, = ;Jo tank° ~a. {8) 

IlapaM0Tpli CO.'DITOHa OK83aJD[C~ CJI8,llyl)li!H0. lllHpima COJlHTOHa [ "' '1 ao 
suepI'HJI poz,v;emts COJDITOHa, Es. = 0,42 sB, r.tacca Mr. = 6 ma . 

.luIJI l!S~8HKSI 8JI0RTp0HHOI'O CII0ItTp8 B IIpRCYTCTBlm: COJIKTOHa H006-
XO,ItHMO Bli1!KCJIHn H3M0H8HH0 B WIOTHOOTH COCTO.FWIIJ!, o6yCJIOBJI8HH00 COJIK

TOHOM. ~CJieHR.li J];8.llT CJI0,JJ;ylJlllyll KapTimy (pxc. II). 
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f(E) 

~-¼Z=-<2 ,,;:;-· J -> /~- E. 

I I I 
pH c. II 

0TM8THM IlO.fIBJI8HH8 ,nonOJIKHT8JI1,HOI'O COCTOmmJI </>,, B U8HTP8 saepreTH~ 

li8CROff meJIH. YCJIOBH8 noJJHOTli aJI8RTpoHHHX BOJIHOBHX qiyHRIUiff ¢" Ha 
RaJt,UOM yaJie fl, no~a3YM8Ba8T, liTO HHT8rpM no 8H8PI'HH OT JIORaJII,

HOff MOTHOCTlJ .f nn ( E ) J!,JUI JIJl60ro ysna " fl, " paBeH 8~HHU8 
00 

_l fnn (E) cfr. = f , (9) 

r,ne .Inn (E) = 2./cp.,(nl'8(f.-E"). IloCROJil,Ry r8MMLTOHHaH (3} ., 
HHBapHaHT8H OTHOCHT8JI1,HO onepa.nHH 88.PMOBOI'O conpSllK8HHJI, TO 

An (E.) = .Pnn (- E) . Tenept, MOlltHO pa26HTL cneKTpMLHliff HHTer
pM ( 9) H B~eJIHTL ~CKP8TH08 cocTomme c HyJI!lBOH :meprHel <p0 ( n), 
B03HHR8Jllll88 B npHCyTCTBHH COJIHTOHa. 

0 

2 j f~nlE) d~ 
-00 

0 

+ I 'f>o ( r1) i1 = 2 S .Pnn ( E) J £ • 
-oo 

r.na .P:n ( E) - JIOKMJ,HM IIJIOTHOCTJ, 3JI0KTpoHOB BM8HTHOA 30Hli C 
~eTOM H8.JllA1ffl TOITOJIOI'Hli8CKOI'O COJIHTOH8. TrumM o6pasoM,_JioK8..1.II,.HJrlt 

,nBqBmHT BM8HTHOI 30HH COCTaBJLJl8T 
0 ,. 

~ d E l P~n ( f.) - .fnn ( E)] :: -J I 'Po ( 11) I 
- ot> 

(IO) 

CYMJOPYJI no BC8M ysnBM liI :ecnonsyJI HOµ.mp0BKY BOnHOBOtt (NHKI.Otlil 'P.(11), 

HaxO,ll;liIM, liTO 06111lilff ,neqmtHT BM8HTHOA 30Hli COCTaBnJieT TO~O I/2coc
TOJIHliIJI Ha CilliIH. EcJIH BB8CTlil B paCCMOTpeHHe cmrn, TO noCJie CyMMRpo
BaHHJI B (IO) npliIXO,ll;liIM K BUBO.Icy', liTO B npHCyTCTBHH COJIHTOH8 BM8HT
H8Jl 30H8 "He,nOC'IBTHBaeTCJI" TO~O o~oro 8JI8KTpoH8. B OTCyTCTBH8 
npliIM8Clil o6naCTl, ,neqeRT8 OCT88TCJI H8HTp8JI1,HOff. 0~8KO IlOJIBnJI8TCJI 
"HS6HTO~" MeKTpoH B COCTOJimra 'R, , noKan:R3yewn Ha yrJiepo,ne 
"c6oJI" Jl -CBJI3H. (3ToT c6ott o6ycJiaBJIHBaeT ",neq.op,1an:en" pacnpe.ne
JIBHHJI 8JI8RTpOHOB B CRCT8M8 B 06JI8CTH ~ e ) . IlOCROJThKY B BM8HT-

1 I 

HOH 30H0 BCe CIIl!Hli cnapeHH, TOSTO COCTO.mme 6y,neT HM8Tt, HecnapeHHHff 
CimH I/2. TaRHM o6pa30M, nOJIY'i88M He!Tpa.,n,mul: COJIHTOH co CilHHOM I/2. 
Ec.;m: cocTomme c/>0 He 38.HRTO wm ,IJ;B8ll,'!Ul sarurro 6Jiaro,napJI, HanpHMep, 
npRM8CH, TO CilHH COJIHTOH8 p8B8H HyJIJO, Tor,na K8K 38PM p8B8H ± e . 

COJIHTOHHaJI RapTHHa n03BOJIJI8T o6~JICHHTJ, OCHOBllli8 CBOffCTBa IlOJIHa

neTMeHa. Y'IBTHB8Jl, liTO 8H8pI'HJI pox,n:eHHJI COJIHTOH8 E.!. < ~o, MOlltHO 
npe,nnoJIOJKHTb, liTO npHMeCH8Jl IlpoBO,nHMOCTt, B nOJIHaIJ;8T.HJI8He ocymeCTBJIJI-
8TCJI npeHMymeCTB8HHO 38 Cli8T COJIHTOHOB. IloCROJIJ,RY sapJillteHmm COJIHTOH 
I!M88T HyJieBOii cmm, TO He ,nOJllltHO H86JID,IJ.8TJ,CJI HSMBH8HH8 M8I'lmTHOii BOC

npID!MllHBOCTH, liTO ll HM88T M8CTO (CM. pHC. 76). C ~yt'Off CTOpoHH, Heff
TpaJILHliff COJIHTOH HM88T CIIHH, liTO corJiacyeTCJI c RapTHHOff PRC. 7a. Eo
Jiee TOI'O SHepnm a.RTJIB8IJ,lm J!,JUI 8JI8RTPHli8CKOtt npoBO,nRMOCTH £ a = 
0, 3 aB1~~/ /opowo corJiacyeTCJI c aHeprHeff CBJI3R COJIHTOHa Eca."" 0, 31 -
0,33 aB 34 • B axcne~eHTax no HHqipaRpacHoMy nor~omeHHD Ha6JID,nMcJI 
IlHR B o6JiaCTH 0,I aB 6 ,391, liTO cor~acyeTCJI C KOJI808T8JII,HOff MO.non 
COJIHTOHa Tl Ws. = 0, 07-0, 08 aB/34/. MMeeTCR nemili PM ~ no,nTB.8:p
!t,Il;8HHil COJIHTOHHOI'O M8X8.Hll'.3Ma B IlOJIYaIJ;eTHJieHe (CM. 0030p I). 

Cpe~ ,naJII,H8llillRX :e:CCJie.noBaHH.it D pm.max )tll:CRpeTHOil MO,neJIH ( 3) Bli
.neJIHM ,IJ;Ba HailpaBJI8HHJI. Bo-nepBHX, npe,nrrpHHRM8JIHCJ, IlOilliTKHreTa Ky
JIOHOBCKOI'O B38HMO,nefiCTBHJI Mellt,ny fji -8JI8KTpoH8MH/I0, 40-42 • IlpR 9TOM 

K (3) ,no6aBJIJieTCJI liJieH 

He-e = f L f11tf h~ + f I Unn' fJ,. Pn, 
n n~n' J 'J' (II) 

r.ne MSRTpOHH8Jl IIJIOTHOCTt, fn ,._ X C ;s Cns 
s 

1IHCJI8HHIJ8 HCCJie,nOB8HRJl Ha ROH8lililiX neno'IB8X IlOR838JIR/43 , 44/, liTO 

npR Vnn' = 0 ,nRMepnsruniJI neno'IKH BospacTaeT c pocTOM V ,no snalieHHJI 
V h ,::, 4 i 0 E W , r.ne W - WHpnHa 30HH EpHJIJI10sna, a saTeM CJierRa 

YM8Hl,W88TCR. KpoMe Toro, H3yli8HO BJIHmme B38HMO,neflcTBHH M8)[.Icy' OJIHlltai!-
lllRMH COC8,ll.RMH I/ fl, n, I H BTOpw.m coce,llRMli Un, n•Z Ha ,nHMepH3anHJO. 

IlOR838HO, liTO IlpH U~,h•I f V/4 HMeeT M8CTO ycHJieHHe ,IU!M8pH88UHH, 
a npH U11,11 , 1 ~ V/ 4 ea ocJia6JieHHe. C .npyrott CToponu, V11,n,z 'eilcT
ayeT IlpoTHB BJIHmmJI U n,n,1 B 008HX 00JI8CTSIX. MM8JOTCJI YK83alillJI 45/, 

liTO npH yqeTe acero r&mJll,TOHBaHa (H) .nnMep:asan:eH 6y,neT HM8TL MecTo. 

BTopoe H8IlpaBJI8HHe IlOCBHlll8HO yqeTy RDaHTOBHX ~~YKTYanHOHllliX 8q>-
q€KTOB qx)HOHHOro nOJIJI. Bl:Pll!CJI8HRfl M8T0.1l;OM MOHT8-KaPJIO rrpn npOH3DOJI1,
HOH Macce M rpymm (CH) H liHCJie ItoMnoHeHT BJISRTpoHHoro crnrna 
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n = I,2 ll0Ka38JIR/4G/, 'lTO npz n = 2 BCer,na RM88T M8CTO ,nBM8pH30-
Baml08 OCHOBHOe COCTOmme. KpHTR'l8CK08 3Ha'leHHe M8KTpoH-!pOHOHHOil 
KOHCTaHTll CBR3H c/..c , npH KOTOpoM ,nBMepH38.Iij!R HC'lB3aeT, B 3aBHCH
MOCTH OT H H n npe,nCT8.BJI8HO B Ta6.mme: 

Macca Y\ = I n = 2 

M: oo d.c : 0 d.. = 0 

0 < M< oo r:J.. > 0 d., e = 0 

M= o J.. = /2Kl~ d. C =0 

Bnrunme !pOHOHHUX qiJiyKTYBUHil CBO,nHTCR K 15% llOHBlK8HIDJ ,nllMBpH38.UHR, 

~pyrHM BBl!HllM HanpaBJie~eM .IIBIDI8TCR HCCJIB,nonrume TO'lHO pewaeMUX 
,nHCKpBTHUX MO,neJieil Ilruie~ca 47 •48/. 3TO OT,neJIJ,HOB 60JIJ,W08 HanpaBJteime, 
Ha KOTOpOM MU He HM98M B03MOJKHOCTH OCTaHOBHTbCK ,neTmHo. 

§ 5. KoHTHJIY8JIJ,HM MO,IJ;8JIJ, (CH)x • CTaTR118CKM H ,nHHBMH1lBCKM Bepc1m 

CymeCTBBHHOB pa3BHTHB z,ne:a COJIHTOHH!lX B036yitt,neHl!tt B 0.n;HOMBpHoil 
CHCT8MB C MeKTpoH-!pOHOHHliM B3aRMO,n;BilCTBH8M 6WIO no~BHO llOCJIB noc

TpoeHH' KOHTHHY8JIJ,HO! Mo,neJIH, ,nonyCKaJ01118li TO'lHOB aH8JIRTH'l8CK08 pewe
ime. B 49 ,5o/ Ha ocHoBe KOHTHHyWHoil Mo,neJIH o.n;HoMepHoro ,nza.11eKTpHKa 

Ilailep.nca 6wro llOKa3aHO' 'lTO CTa.Iij!OHapHHM! B036YJ!,l];BHHUMil COCTOHHHSIMH 
TaKOtt CHCT8Mll HBJIJlDTCR 8MIIJIHTy.n;Hue COJIHTOHll, Tip:a STOM HCTIOJIJ,3YBTCR 
KBa3H~CCH'lBCK09 no peweTO'lHliM CTBllBHHM CB06o,nu np:a6JnnteHHe. B/5l/ 
IIOJIY'lHJllI KOHTRHYMMIYJ! MO,IJ;8JIJ,, HCXO,nri H3 rm.mJil>TOIDiaHa ( 3). B/5z/ c,ne

JlaHO 0606111eHHe Ha ~ali COH~r~rott CHCT8MH. B KOHTHHymHOM npe,ne-
.718 rru.mJIY,TOHHaH (3) HMBeT BH,n 5 . 

H = ~ ~clx{-d~(us<">l Ltstx)- 11J>l.'l,{(x))+ ~~>+iAl">]U:<x)t{(x) 

+ [ !).~)+ ~~(ii>] ~(,c)U,CX)} + ( 2Alitff YJJ,c (21l+(~)llG<) + 7160,)• tlc.:>) , ( lZ) 

r.ne A ::4la011C~K , ~ = Ztoao 1 ( f.. = c. = i) , napaMeTp 11. 
l!M88T ,nBa SHa'lBlll!JJ: "J =. l ,nJffi COH8M8pHMO! CHCT8Mll C f/F = J' /zao , H 
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~ 

't]_ = 0 WU! HBCOH3MBpHMoil. IloJIH U(J<) ' 'lf(x) xaprutT8PH3ytOT MBK-
TpoHHlle COCTomma B6JIJIISJ/I m.mym,ca \l>ep11H ± 9 I' ' a {)+( X) H ~ (x) 

CBR3aHU C pemeTO'lHOil ,ne!pOpMa.Iij!BR, IlPH1l8M SaBHCHMOCTb OT BpeMeHH HC
KJIXJ'l.8Ha (ncnom,syeTCR a,nza6ar:a11e0Koe npn6JimlteHHe). 

B/53/ llOJiy'l8Hll ,Iti!H8MI!1l8CKH8 ypa.BH8HHR MO,IJ;BJIH llOJIH~BTHJieHa (3) 
B KOHTHHY8Jll,HOM npe,neJie C HCllOJil,30BaHHBM no,nxo,na, OCHOBaHHOro Ha 

pacuellJlemm KOppeJIRTOPOB/54/_ C TO'l!HOCTbID .no /58,0B nopR,nK.a a! 
CBMOCOrJiaCOBa.HHM CHCTeMa ypaBHemrl!: HM98T BH,n 53 

. ~.. a: ( ~.. ~.. 1 ~.. ) 
lllt = - l 1/; U x -r 1/ /1 + ,; ll 'l&x • 'Ux ti, ,c + 2 ~ L:l )C,c , 

i 1ft 
z. 

· ~ ao ( ~ - 1 ~ ) = l ~ 1/; + ltfj + z ~U.xx + IAxli" -t- i u,Cl.xx 1 

(13) 

~ H 

'-9 

~ 

• 

M~u .. Ka:&)()( :: - 4K~ - {Glao ( U111/'.+-1J"u1) 

4 2 ~ [ ., 1' ( ¥- ,, )] - r1. Clo U 'lfxx + 1f llx)( + '1/, U ?fx)( + if Uxx . J 

r,?te napaMeTP 111eJIH L\()(
1
{)= Lh,i) +11[()(,i) u. = 8ll(x,t),1!.:= 'olf(.v~ 

I: ·i 1 r 'a X A o)( . 
IloCKOJII,KY pemHTI, STY rpoM03,nKytO CHCT8MY ne npe.nCTaBJIR0TCR B03-

MOlltHUM, C,nBJiaeM PR.n npa6JimteHJIR. llpe:ame BCero HCKJIID'lHM B (13) 'IJieHU 
z 

llOpR,nK.a a0 H BHIIIB. KpoMe Toro, 6y,neM HCllOJil,30B8.TI, KBa3HCTaTR'l9-

CK09 IlPH6.mmeHHe' npeHe6perM 11JI8HOM 1-1 ~,t • IloCJie m-oro CHCTeMa 
npmmMaeT BH,n 

L. tf.i: :: - t. !fi: tlx +- '1/" j" 

t' 1ft = i'll;:~ + u3. (14) 

t:, _ 4 ia., [ '( • r ) - - K Uk ~ + 1 Z{ U1,: 
i.,s 

r,ne CyMMl!POBaHHB ocymeCTBJIRBTCR no 3aHRTHM COCTOJIHHJIM B BaJIBHTHOA 

Q!>unntteW:lhtil rmCT.U'llT~ 
r.mtr,n_ex tttgel .. onauaa 

61ftSnf,tOTl;KA 



30H0, 0TM0THM, 'ITO ypa.BH8ID'I.II .ll,1IR M8RTpoHHllX BOJIHOBHX ~tt m.!010T 
CTPYKTYPY peJIBTHBHCTCRoro ypa.Buem,.11 .II.Hparui 'laCTmJ;H B no~e. HeTpy.n;Ho 
y6e,ll,HTbC.II, 'ITO CHCTeMa yp8.BH8HRH (14) o6~a,naeT HHBapHaHTHOCTb!O OTHO
CHT8mHO npeo6pasoBBJmtt Ropeima, r,ll,e.BM8CTO CROpoCTH CBeTa HM88M CRO-
poCTI, weµ.m: X _. x' = ( x- llf.)/ fi- v';v/', l _,, (= (l - ,rx;,r/)/lf-111/i~/. 
CJie,ll,OBaTeJil>HO, MOXHO orpa.HH,µtTbC.II pemeID'!eM CTa.nHOHapHl:lX ypa.BH8ID'ltt 

(14). Onpe,!1,eJIJUI U(x,i) = e•W·tun (>c) , 'IT(x.-l.) = e'o.1"-l1f., (IC) , 

HM88M 
· .r oUttfx> ~ W11 U11 (,c) = - lllF ~ + '!fn(x)/1(1C) 

Wn 11,. (x) = i ~ c)~ (>c) t- t/11 {K) Ll(x) 
'3 X 

2 

l(,c) = - J,~a .. r.'cu:+,fVn(x} + 11r,."cx)Ut,(x:)). 
K ll,S 

(14'a) 

(l4•o) 

~8JI88 MU OI'p8.HH'IHMC.II aH~SOM ~a.II nepexo,ll,a B COH3M8pHMYJO CTpsRTS-
py ( 1 = l). Trurne peweHH.II 6~ HaimeHH pa3JIII1lHHMH MeTo,ll,md 

5o, 5 , 6( 
HMeeTc.11 'leTupe KJiacca pemeHHtt. 

B OCHOBHOM COCTO.IIHHH ~8HTHM 30Ha noJIHOCTI,10 3allOJIH8Ha, B03-
6yx.neHHtt HeT, Ilpz STOM 111Mb B M8RTJ)OHHOM cneRTpe IlOCTO.IIHHa, 6, -:: 

/).0 ='wexp(-1/n.)-3JreRTpoHHHe BOJIHODH8 qiymanrn B D8JI8HTHOtt 30H8 HM8-

IOT BH,ll, 

Uk (,c,i) = N, (li(kr-wi) 
le . I 

-t{ (x,i) = _ r(ei{lx-t.1t) 
) 

(k) = - {tf_ + ru"i tJ = _!_ ( w- 6.,)1h((.J1-A. -ttI,:) w • f , l fin w kv;, , 

;,/ = _I (~")''2(~f:. 0 t/.-p;_) 
l firr W ~tfF • 

Jtpyroa KJiacc pemeHHff CHCT81'lll (14) - KHHKH •. HCTIOJib8Y.II/57 ,5s/ H YR8-
3aHHYJO BHlll8 HHBaPHaHTHOCTI,, H8Tpym10 y6e,I1,HTI,C.fl B cnpa.Be~BOCTH pe

meHrot 

~ (x,t) = b.at:anh x-lkl +-X., 
re I (15) 

ROTOpoMy COOTB8TCTDY8T M8KTJlOHHHtt cneRTp C I'OMCTOyHOBCKOtt"Mo,ll,ott. 
BoJIHOBH8 qlyHKnHl! SJI8KTpol!HOI'O COCTO.lllllUI C W = 0 

_l ., lx-/fttX, i~ J,x-.1.{l+Xo ., fiF:' 
U0 (,c,-r.) = /Vo j(,Ch (e, , ~ (x,i).: • V kC f c , , No= i ffr;_. 
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llbqnma OOJIHTOHa f, = ~ J<-;1' 1 } .. 'r./v,, , 'V = /(i+}')/(1-J,).; 
m.mJmTY'AEl Iv,, cTam; T8.KHM o6pasoM, x ~ea cROpocn: No="'(~). 
B BM8HTHOii SOH8 

., i 0(",t>[t I 
Uk(x,./) = 1v1c 8 ann 1.. 

f .. 
. (.,)-J~ 1 

+t. - ' 11<1o 

f'i ('Jt,t) = - i'1 iB(r,il tanh J. - i~ w•kffr:] , 
'/ 1c Ao 

(I5•) 

{:: X-ffcf +Xo I () (11:.{) :e kt+<At+90 I u).:: 2tot I 

J flo 
, 0 :: Zio N, - 8 [ 1tp, 1'/z 

I ~(rfe) - o 8110(8-JkQo) 

011e;ro, '4TO npJI ~ = I ( 'lfc = 0) l!M8DT M8CTO OTaTJ!118CKH8 
pemeu11s:f58 • lllllpea coJDtTOHa CJ1:erxa yuem,maeTca npn .ItBDemm: f, ('If.) 
< f .. (o).IIocmnicy B noDaiteTH.11eue 'I',; ~ ro6cu/c • np1t6.mmemte 

'lfc. « 1fF OTB8'48.8T 11)tll4XWSJDl:11 ,ll,OM8HHOI CT8HRll JI M0a8T 6HTI,. BilOJIH8 
npl!8YJI811HM. B TO ze BP8MJI l'OBOp:ltTl, 0 ,ItHHSMJllt8 COJDITOHa B IlOJDIOM 

CMBCJl:8 H8 IlpJIXO.Jtl!['l'CJ!. CylqeOTBym', TipaBJUl, IIOIIHTRJI noo·Tpo'n ~ 
COJDITOHOB Ha OCHOB8 mtyC'l'Jf48CROI MO.ItH B llOHOHHOM Cil8RTp8 59 , 

nuc. o6pasOM, B JipJIC:yTCTBDI COJDITOHa IIOJJBJUl8TCJI ,ll,OJIOJ[HltT8JII,Hd 
ypoB8HI, B cepe)tl!Be 8Bepre'l'Jf48CROI ~8JII 8Jl8RTJ)OHBOI'O CII8ltTpa, KOTO
pHI 11oaeT 6H'l'l, s8BJ!T n = o,r JtJIH 2 BJiexTpouSMJI. 

2fl . 
3Bepnm Jl(m.IlemtJI· COJDITOHa E, = T ~ 0,44 aB: TO ecT1> HSJDllto· 

xopomee cor.mCR8 C BH'U[CJl8HJIJIMJI B p8MR8.X .ltl!CKP8'1'HOI MO,ll,8.JDI (3). 0'1'-
118Tml, '4TO B KOHTJIBY&lltBOI 110lt8JDt 8TO T0'4HHI pesy.nTaT. MH Be 6YJt811 
00"'8_:r™"'f\CJ! Ba lt8T&IIJIX BH'U[CJl:8mtJI 8H8pl'lUI COJDITOHa (CM. DO 8'l'Olly 
DOBO _50,51/). . 

B pamax KOBnByal[I,BOI 110lt8JDI Ylt8J[OCI, DOJIY'Ul'fl, 8Jlt8 O,ItHH TJUI 

B086ya,ltemtl - DOJIJ!IlOH. 

IloCKO,D,KY 8.B8JIKD1l8Clt08 BYJ)8llt8mt8 088'1' .lt0C'1'a'1'01UIO CJIOJtBHI BJIJt, 
IGI Be 6YJt811 mmKCJma'fl, .Jt)D181m'q8CXIII8 pememtJI, D8J! BCer.!Ul B BlilJtY' "pe
neil'l'" n JIO.Q'18Bllll sa 0110'1' .1ope1meBcROro C.JtBJII'a. 

B C'l'a'l'R8CKOII CJry11S../56 ,58/ 

~(x) =fl
0 

- K
0
1T,{tanh(Ko(x+x.,)J-tanh[l<0 (x-Xo)]} (16) 
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B 3HepreTZ'l9CKOM cneKrpe B npncyTCTmm TaKOtt ,neip::>J:fdamm TTOHBJifl-

BlTCfl JI.Ba CllMM9TpH'lHO pacnoJIOl!WHHIDC JI.HCKP9THUX ypoBHH E = .t Wo · 

3.JieKTPOHH~e BOJIHOBHe qiymu.um npa E = • v,)o 

U
0 
(x) = t¼ { (t-i) Jteh [ ka(Xtfo)] + (-f tt) Jech [ 1<0 (x-io)J}, 

v;, M :: Na{ {iti.)Juh[Ko()(+Xo)] + (-f-L):1ech[l<o(X-Xo~}} 

I¼ :: f /k: 
1 

ko tff -= f K'0 - W~ t -J:~nh Ko X0 = ii~: ~0 

Ilpa E =-(,Jo u_o=ilfo L,j IJ.o~-LU-o B B8JI8HTHOll sone 

U_{k,x)..: J¼eJx[(w+~o-l<tri,)-}(1t-i-)i.++b(1-i.)L] 

I ,I Jx ~ 
/f..(1<,X)= -JV"e [(Wtilo .. k~)-J(i-i)t+o(~t-i.)L] 

tt ',: tanl1[Ko(XtXoJ] w = j 1/ir/ ,_ fl~ 

\~ = Yl1 -~ ·1 
~ · 'l W-00 

S .,. Ka 'lfF [ { -t i,k ~ 1 
2. ' w-£\a 

N, ·1 [ w-d ·11(1, 
le == i/Irr w(k\r;, ;; v/) · 

11: HaKOHeU, OT,D;MbHO CJT.CJJ.yer O'rM8THTb pajoT/
7 I/' r.ne 6wro noJiyqeuo 

peweHHe 11erBepwro r,ma B nn.ne 6noHa: 

L\ (x,t) "' Li,, [I+ 8(x,i)j 

s (x,l) :: RE [ Jech iu:/x Jl ~(1-12.)wRt.] + jt/[jech1 
mEax l· 

fQ ,. 

ff eo~[2(1-{)wlt] - tj + O(e~) 

r.ne £ - MMllK nnpDMeTp' fo = ·'If;: IO O , (.,),_.; "-'o {i"i J '-'0 
-. 

- 'laCTOT~ (f.OIIO!lOB. 8HeprnH HOltOJJlil0rOCfl 6HOlla E,.-=- 6aE. (2fi'/rr)A 
[ { - St~ t O ( €~) J . BM8.ll 6ROHOB B qM3Wl8CltR8 npoa;eccu MOJK0T 
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C!HTl, Cyill80TB8H8H/72/, II08TOMY H3l"l,8Im8 C!ROHOB B no.mi:aneTWI8H9 HBJISl-

8TCJl B8CLMa BBZHOI 38,Il;a"leii. K omrcamm ~31A9CIGIX Ilp0~8CCOB B (CH)x 
IIOKB. 6ROHH08 pemeHJle H8 I!pRBJI8K8J!OCL. 

§ 6. COJmTOHHl,18 BO~C!p.nemtH :e: qll'I3R'i8CKH8 CBOiiOTBa (CH);x 

KoCH8MC.II IqlaTRO BRJI8,Il;a COJmTOHHWC BOSC!}'llt,nemu! B ~3J!118CKH8 xa-· 
paKT8pl'ICTll'.KH (CH)x• 

lapa:KT8pHWi DIHpHHa IIOJIJIPOHa 

:lXo = ! t<lhh-"( Ko'll'F/~0 +ulo)] 
0 

(.J 0 :::: Ao/./i' . 

· wa O o 
TB.RHM oe!pasow , 2 Xo = 6~lz- -c.n. ( 1 + /2) .:: ,{o,g A . 
SHepm.11 IIOJIJIPOHHOI'O BOsC!yx,nemtH 

En = 2[ flo ~ 0, 9 ~o (I?) 

0TM8THM, "ITO IIPR Xo ➔ OO Wo➔ 0 1 :e: IIOJIJIPOHH08 pemeime (!6) 
nepeXO,IJ;HT B ll!HpOltO paSB8~8HHy)) napy COJIKTOH-aHTHOOJIKTOH (no,np<>C!Hee 
CMOTPH 06 STOM HD8 B rJiaB8 lI, §? ) • Ha PRC. I2 npe~CT8BJI8Ha SaBR
CHMOCTL napa111erpa 1118.7m /J (x) ;11,7II! KHHKB. H IIOJI.fl!)OHa, 

p JI[ c. I2 

Aj,i) ,,., 
0,5 

0 

-0.'5 

- 4,0 

T 
ti.. 
1 

•30 -20 -to o to 10 ~o "CA> 

a Ha p11c. !3 ll!lit8H8Hll8 8HepreTJA8CltOI'O CII8K-rpa B llpROYTCTBHJ! KHHKa 

JI IIOJl.llJ)OHa • H:tk) 

k 

PK c. 13 \ 
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O'i8Bl'l.I(HO, 'iTO IlOJI.fijlOHH .JJ.OJllKHH l'lrpaTI, cymeCTB8HHYJO pom, B qJ1'18HK8 

!10Jll'l8.l.{8Tl'IJieHa. IlOCKOJil,KY En (. t:!. 0 H E0 (. 2. E,. , TO IlOJI.fijlOHHIIB 
ypoBeHn .IIBJIR8TC.II HH8IIIIlM 8HepreTl'!'i8CRllM COCTommeM ,IJ,1IJl .lJ.Ol10JIHHT8JI1,HOro 
8JI8KTpoHa. IlO.IICIDlM 9TO 6oJiee .lJ.8TaJinHO. 

CorJiaCHO TeopeMe KpaMepca,CIIHH CHCT8MH C 'i8THHM 'iHCJIOM SJI8KTPO

HOB .JJ.OJI!lt8H 6HTn ueJIHM, a C H8'i8THHM - 110.llyu8JIHM. IlpH POllt.lJ.8Hlm COJil'ITO
Ha S0 

(HettTPam,Horo) o6mee tmCJIO 8JI8KTp0HOB CHCTeMH coxparuI8TC.II, HO, 
RaR 6HJIO 110R88aHO paHee, B08Hl'lR88T HecnapeHH!IB CllHH, 'iTO IlpoTHBOpetmT 

T80peMe. 

CHTyauH.II MOlKeT 6uTn HCnpB.BJieHa npH YCJIOBID!, 'iTO 0.I(HOBpeM8HHO C 
COJIHTOHOM pollt.JJ.a8TC.II aHTl!COJil'ITOH 5° Ha TrutOM paCCTO.IIHl'lH' '!!TO WC B8a

l'lM>ne~CTllll CM MOlKHO npeHe6pe% (pHC. 14, r.n.e ,IJ,1IJl y.n.o6CTBa paCCMOTP8HB 

88MRHYTM U8110'ql{8). 0.JJ.HOBp8M8HHOI'O pOlK.JJ.8Hl'l.lI $5 -nap TP86yeT TrutlK8 
ycJIOBH8 TOl10JIOI'H'i8CKOil CTa6HJil,HOCTl'l neno'lKH. 

·O· 
p H C. 14 

HM8HHO 1103TOMY IlOJI.IIpoHH08 COCTO.IIHH8 .FIBJI.II8TC.II 60JI88 BHI'O.JJ.HHM. ::,crrrH
M8HTli 110 SJ[8KTp0XHMH'i8CKOMY .lJ.011.l'lpoBamrn IlOJIR8.U8TWI8Ha IlOR83aJIH 60 , 
'!!TO 8BP.flllt8HHH8 HOCHT8JIH 38.HHMB.IIT npeHMym8CTB8HHO IlOJI.IIpoHHHit ypoB8Hn 

En • IlpH 9TOM CIIHH HOCHT8JI.II paB8H y2 ' a sap.II.II. ± e . 0.I(HrutO B 
paMRaX KOHTl'IHYBJil,HO! MO.JJ.8JIH IlORasaH0/61 ''!!TO .JJ.ByxIIOJI.fijlOHH08 pemeIDie 
YJl(.8 H8CTa6WII,HO H pacna.naeTC.II Ha COJIHTOH-aHTl'ICOJIHTOHHH8 napa. TaKHM 
o6pa80M, C yB8JIH'i8HH8M 'IHCJm IlpHM8CHWC SJI8KTpoHOB B U8110'1!R8 paCT8T 
'IHCJIO sapJOteHHWC COJIHTOHOB, '!!TO 06'1,.IICH.II8T HaJIH'IH8 3ap.fDl8HHWC HOCHT8-
JI8A 6e3 cruma (pHc. 76). 

B SaBHCHMOCTH OT 8allOJIH8HHJl JIOR8JIH30BaHHWC yp0BH8lt ± Cv0 B03-
MOllHO o6pa80BB.HH8.8ap.flllt8HHHX HJIH H8:liTP,aJI1,HWC COJIHTOHHHX nap. Trume 
napa 6HJIH o6HapYJl(.8HH 3KCI18pHMeHTam,Ho7621, IlpH'1!8M 'lllCJIO qx>ToreHepRJ)O

BaHHHX CllHHOB ORa3aJIOCn Ha .II.Ba IlOpJJ.JJ.Ra M8HbW8 'IHCJia 38J)Jlll8HHWC HOCH
TeJiel\, T.e. IlpH qx>TOB036Yllt.JJ.8HHH npeHMym8CTB8HHO p0llt.JJ.8.llTC.II 3ap.flllt8HHH8 
COJIHTOH-8HTHCOJIHTOHHH8 napa. 3TO H8IIIJIO l10.JJ.TB8pll.JJ.8HH8 H B T80p8TH'i8-
CRWC pac-qeTax/63/. 

CJie.n.yeT OTM8THTn, '!!TO BRJia,n, o6yCJIOM8HHHil COJIHTOH8MH H IlOJI.fijlO
HaMH B pa3Jll'l'!HH8 qiH8H'i8CRH8 nponecca (TPaHCilOPTHHe, 011TH'i8CKH8, BH6-
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PauHOHHH8 H T • .JJ..),H8y'l!MCJl R8lt T80p8TH'1!8CKH, TaR H 3KCl18pHM8HT8JI!,HO. 
HMel!lTCJl .JJ.OCTBTO'IHO y6e,IJ;HT8JlbHH8 llO.JJ.TB8pll.JJ.6HHJl. CBH.JJ.8T8JlbCTBYJOIIIH8 B ·. 

IlOJII,Sy COJIHTOHHOit rpTHHH B 110JIH8.U8TWI8He. C ,npyrott CTOpoHH, HM88TCJl 
PJJ.JJ. pa6ol22 •27 •64 , r.n.e a.BTopa BHCTynaJJT npoTHB coJIHTOHHott xonnemi;im. 
Ma B8PH8MCJl K RX o6CYJl,ll;8HHJ) B I'JiaB8 V. 

B Hamy sa.na-qy He BXO,IJ;HT .JJ.8TMbHIIB pas6op pa6oT, 110CB.IIIll8HHliX T80-
p8TH'i8CKOMY HCCJI8.JJ.OBa.mm paSJIH'!HHX npoJJMeHHA COJIHTOHOB H IlOJI.fijlOHOB 
B ynOMJJHYTWC BHW8 qiH8H'i8CKHX npoueccax. Heo6XO,IJ;HMO OTM8THTn TOJinKO, 
'iTO B HBCTO.IIIll88 BPeMJl B8.lJ.YTCJl HCCJI8.JJ.OBaHH.II no MHOrHM Hanp8.BJI8HHJJM, 
Rallt.JJ.08 H8 3THX Hanpa.BJieHHA,sacJIYJl{HBaeT OT.JJ.eJinHOro o63opa. B I'JlaB8 V 
Mil no.n.po6Ho OCTaHOBHMCJl Ha O.JJ.HOM K8 HHX - HHT8p!1p8TauHH nepexo.n.a ,IJ;H8-
JI8KTPHK -M8T8JLlI B TPaHC-no~aneTWI8H8. 

• A IlORa B8pH8MCJl K .n.mHelmeMY 06CYllt.lJ.8lm.Jl yTO'Ul8HH! CaMO:lt MO.JJ.8JIH 
(12). aitecn CJI8.JJ.Y8T Bl:l,Il.8JIHTn H8CKOJlnKO HanpaM8HHit. 

a) Y'ieT RYJIOHOBCKOro B88ltMO.II.8ACTBHJl ~ -SJI8KTPOHOB. Krut YJl(.8 OT
M8'iMOCn, ,wm sToro Ha.no .n.o6aBHTn B raMHJII,TOHHaH ( 12) CJiaraeMoe He. e 
(II). OcTaM.II.II B HeM TOJil,KO B8BltM~e,cTBae Ha O.JJ.HOM y3Jie Uno-' = O, 
npHXO,IJ;HM K raMWII,TOHHaHy xa66ap.n.a 65 , KOTOPW ,TlIB/0 H3y-qaJICJl B/66[ 
Ilp11 MB.JIHX 3Ha'ieHHJlX V MOllHO ncrrom,soBaTn MeTo.n. 54 , 'iTO npHBo,IJ;HT K 

8Ha'i8HHD lll8JIK it B OCHOBHOM COCTO~ £S 0 ,. \.J'exp[ -1'11"F/t,a
0
(1f'+v)], 

T. e. np:a MMHX V MlMepil:s~.11 ru~eeT MSCTO, HO nteJih c.nerxa nospacTeT. 
i1HTOp8CHO OTM8T1ITh, 'ITO C pOCTOM V B03:.IOJ:U!U KOHRY.GJ8HI~UI IIOpOXO,I\a 
Il.ai1ep.7Ica ll B08HllKHOB8Hll.lI BOJIH CIUIHOBOH IIJIOTIIOCTU, IlpllBOlVIIIIOl'O K an
TUqieppoMaI'ffiITHOlllY OCIIOBHOMY COCTO.IIllliJO. Taruuvl 06paso1.1, llpll CHJ!hl!Oll 
8JI8KTpOII-8JI8KTpOHHOH KOppeJim~rn MO)l(HO ronopllTn O )Ul3JI8KTDimo i,loTTa

Ilallep.n:ca. PacqeTU 8,I\8CJ, B UOJIOM xopomo COl'JiacymcH /
67 

/. IlpHMOllll- .' 
T0J1J,Ho it nOJI1!al\OTl1JIOHY noKa He .110110, 1,rucyn KOIIKpeTHyn. BOJ111'1Imy. m.1eei' V . 
3TOT BOilpoc Tpe6yeT ,I\Mnl18f1Wero YTO'll!Ollli.lI ll alla7.lll3a. 

6) BJirunme TPOXM8pHOCTH 3JI8K~roro Cl10KTPa Ha na.Rep.!ICOBCKHt\ 
CTPYKTYPlillff nepoxo.I\ ncCJie.n.oBaHO B .• ·B npe.n.nOJiozeHHH, qTo s;reKTpoH
HHA CI18KTP xapaKT8pH3Y8TCJl .Il.BYMJI IlO'iTH MOCKHMR IlOB8pXHOCTSIMH ~p.m 
OKOJJO TO'l!8K ± kr , IlOKa3aHO, 'iTO co11SMepm1IM ,IJ;H8JI0KTPH'i8CKaJI qa3a. 
HeycToA'lllBa. IlpH -t > ilo/{f , r,I\e i xapaKT8JJH3Y8T cTe11en1, 11one
pe,u1oro nepeKPHTHJl SJI8KTpoHHHX o6Jiaxon, ClICTOM8 BHI'O,nH08 HaxO.JJ.HTl,CJl 
B M8TB.1t1m'l8CKOM COCTOJJHHH. 0,nHB.KO M8T8J1Jml:10CK08 COCTOn:tmO,B CDOD 
o-qepe.m,,HeycTOlt'UIBO OTIIOCHT8JI1,HO·nepexo.n.a B ll8COH8M0p~oe COCTO.IIHl'le. 

B) B/69/ IlpRBe.n.eao TO'!Hoe pemeHHe Mo.n.eJIK Ilailep.n:ca c npoH3BOJil,HHM . 
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't!KCJIOM 8JI0KTpOHOB Ha W18M8HTapllj'K) JAettey. Jl:CCJie,D;OBa.Hr.!8 8TOI'O BO!IpOCa 

weeT B8!Ui08 3Ha11e1me ~ H3y,18HIDI JI8I'lq)OBaHHOI'O ll0Jma1{8nt1I8Ha, r,n;e 

C poCTOM tmCJia llplW8CHHX 8JI0KTpOHOB pacTeT OTRJIOH8HH8 O_T CJiy"4WI CT!)O

.ro noJiy3anOJIH8HHOtt 30lllil. -0nTH1:l.8CRWI Ille.III, B 3J!8KTpOHHOM Cll8KT1)8 ORB.3H

Ba8TCSJ HOnpel)lilBHoi no napaMexpy JJ , xapa.KTep1rnyuit9MY cTenem. sa
noJmemm 30HH ( .P = 1 )VIll llOJIY38llOJIH8HHO! SOHH)~ lI KOH811Ha. H3MeHe

HlI8 M81tTJ)OHHOl'O cnewrpa CBO.n;HTOJI lt l)aCllllq)emm COJIHTOHHOI'O -yJJOBHJt H 

06pas0Ba.HH10 ;n13yx CEMM8TJ>il'IHHX 3anp8llleHHHX 30H (pzc.I5). · 

E(lc} 

./ 1 '-..... 

A, 

~ i ·k 

r I °" 
PH c. 15 

MH B8pHeMCJl K o6cpmemm aTOro pesynTaTa B rJI. V npR HCCJl8,ll;OB8HIU'I 

CJIY'IM ROH811HHX T8Mn8paTfll. 

r) B/5o/paCCWTpeHO :BJIHBW!e M0Xll;8ll0'181lli0tt CBJISH Ha JIOK8Jll,-

Hll8 CBOICTBa COJIHTOHa. Ha.lm'lHe CBJISH M8Z,ll;y 1{8llO'IK8Mll IlplmO.n;HT lt H8.lI-

60JI88 CYl!l8CTB8HHOMY B38llMO,Ite:licTBHIOMeJt.DY -COJIHTOHaMK. KpoMe TOI'O, OKB

SMOC!,. 'ITO COJmTOll MOJt8T npHo6peCTH sapJI,It 6es llSM8H8lDIJI cmum. 

;n;) Ha.KoHett, B/70/ HSy,18HO BJmmme )U!cnepcmi qx>HOHOB Ha 8MlIJill

Ty.n;HH8 COJD!TOHli. 06uap;vxeuo llOJIBJI8HH8 H8It8JlOI'O JIOKBJIT,HOI'O SJI8KTJ)R118-

CKOI'O sapJI,Ita COJIHTOHOB. 

KpaTKO/OCT8HOBm4CR Ha MO,n;oom, npe~l!t8HHOit ,1UIJI Oill!CamJJI ItHC-llO

JIH8.lt8TJJJI8Ha 55/. 

B oTJIH'Uie OT xpa.Hc-(CH)x,B ItHc-(CH)x ocuoBHoe cocTOmme JIBJIJI8T

CSI H0Bupc>JK,D;8HIWM. CJre.n;omT&JII,HO, ~8llO'IX8. ItHC-(CH)x B8 MOX8T co,n;ep

ZB.T!, COJIHTOHHliX B036yz,JJ;eBd. 0JtH8R() llOJUIPOHH B ItHC-llOJIH8.lt8THJI81I8 

Bll0Jlli8 MOJIUtO OJDl.nB,Tl,. IlpocTeil:md: cnoco6 Oill!CamrJI TSltO:li CHTymnm: sax
JIJl11B.8TCR B llp8,ll;ll0Jl0llt8HHH, 'ITO BS.PHJtY C nalep.ncOBCROI ,11;1D18pBSSitH81t 

6~ (x) l!M88T M8CTO ,11;1D18pHS8ItHR no,n; BJlHJIHHeM _CK8Jl8Ta (J -CBJIS8:ll 6e. 
Tamm o6pa30M, B 061110M CJIY'l88 6 (x) = fle + e·"'tk (x). 
IlpH'IOM B8.1ll!'Wllli cf:, "' comt H fle ':I 6e (x) onpe,n;eJIHJOTCJl aTOMHOI 

CTJ>YK'L'j'p01t llOJDlM8pa. rmmm,TOHJII8H llM88T BH,n; 
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H = idx{g't~~i.(.x) + !fc.,.{-itrF~a~ +(e4~d")+L1e)o1J4'cxf (i8) 

0TMeTHM, "ITO BBe,n;eHHe B (IB) tJJ.IeHa C 6.e HapymaeT Cilw.18Tl)Hll 

OTHOCHTeJII,HO 88M8HH ~ (x) ➔ - 6 (X) H ( l(, 1/') ➔ ( u, - tf) • MO,JteJIJ, (18) 
,n;onycxaeT Hapsl,lzy c ll0.nJlPOlllWM pemeimeM; aHal!OrH'UWM (16), Ta.De CSH

llOJIJIIX)HHOe pemeHHe, npe,JtCTa.BJlJDlltee COJIHTOH-rur?HCOJlHTOHHyll riapy, B KO

TOpott COJmTOHll HMellT O,JtHHaROBlill 88Pff,Ite 

IlpH llOCJle.ztYll!qeM HSJIOlKeWJH HaM 1IOTpe6yeTCJl HeCKOJI!>KO ,JU>yraa q>e>p-
Ma SaIIHCH r&filJII,TOJmalla (12) . 

H = J cl, { i 6 <'> + 'I' i,>[ - ,,r, ~at • M,>6.i] 'lie,>} , <19> 

( 
l({r)) 

r,!le onyiqeH KllH8THqecKHii '11IeH ,ItJUI qx>HOHHOro llOJlJl L\ (x) 
1 

1/l(x) = '/f(',t). 
1 

wt12 = l<;tlao - 8qqleKTIDlHaJl 8Jl8KT!)OH~HOHHM KOHCTaHTa CBRSB, 

~ ~ - L".STPBlllil IlayJIH: ~ = ( ~ i ) , 03 = ( J _ ~ ) • CmlHOBilll mmeKC S 
B (19) ony111eH. 

YpaBHeHHSI (14) B CTa.I{BOHapHOM CJly'lae HMell'l' BM ( 14 •) , IlPB'leM 

8Jl8KTpoHHHe BOJIHOB!ie 41YHKitID1 IIMellT HOpW!poDlcy 

~ l z 
_[ Jx [tuh{x)/ +- /rzf,,(")f.J . = 1 (20) 

YpanHOHH.fl (I4•) npe,nCTaBJUIDl' co6oii CaMOCOrJiaCOBaIIHyll CHCTeM,Y ypaBIIe

nu« ForoJW6oBa - .l{e .ieua. 

Ha 8TOM Mil llOKa saK0111lUM KpaTKllA WIMH3 CBOilCTB KOHTlffiYanl,llOii 

J.D.11,CJll! lIO.lUJ~Tl!JlOHa. B CJle.ItYIJUlell rJiaBe dy,JteT IIOKa3ID10, qTo a Ta MO

,Jt8.lll, Hltl38'l' npnwe OTHOme11>1e K pn,ey MO,JteJieli PeJiflTHB11CTCROli JQlaHTOBOtt 

Teop:mI UOJUI. lh.llllHO aTa ana.normI CTalieT npe,IU.le'l'OM ,ztaJll,Heilmero H3JlO

ltCJl.l!SJ B ,JtaJillUX: JleKQl!HX. IloaTOMY Ml1 C neo6xO.IU™OC'l'bll OTMe'UleM, "ITO 

JlllW od:30p SIBJlileTC.11 3aBe.llO.MO H8UOJIJIUJ.I. HMeeTCSl 6oJu,moe KOJUI"leCTBO pe

sym,raron, llpe.l{CTUMiOOUUIX llOCOUJICJUIIJtt HHTepec .JJ,71Sl H8Y'10llil.fl qmamm 
llOJllHl.tteTHJiella, XOTOPHX IIaM Jle y.n;aeTCJI KOCHYT:&CJI. 3rumTepecoB8lllIUX tm

T8TeJieA OTCWiaeM K TIJY,IUU,1 MeJr,JtY.11apo,1Uiwc mnqiepCHllll.ll, 110CM1118HHWC 1rny-

11emu:> llOJmruteTBJiella, a TarUtO 0630pHW OT8Tl>Jlll. 

D 
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DIA.BA II. 1IBYMEPHI1E ( I+I) MOJIEJil1 EEIDI'TiiEK<:ITCKQfi ImAHTQBQU 

TEOPIDl: IIO.Wl 

B H'CTO)ill18tt I'Jl8Be paCCMOTpHM ,nBe IIOJie'e Mo,neJm: MO,neJII, Ipocca 

- Hen1,e 73/ H MO,neJII, cf> 4 c 4,iepr,momu.m 741. HeCMOTP,'t Ha TO, 

'iTO C TO'IJ.Kl! spemm: KBaHTOBOii Teop:m IIOJIH (KTII} H3Y'{eHBe ,nByMepmDC 

MO,neJiett JIBJUl8TC.II CKopee qx:>pMaJII,HllM MaT8M8TH'i8CKBM ncCJie,nOB8.lrn:OM, 

pesyJII>T8TH TaROI'O llCCJie,nOBaHR.11 BOCI>Ma IIPllMetJ:aTeJII,HH n, KaK OKa3aJIOCI,, 

llMOIOT IIPHJIOllteHBe B cpnsrute KOH,nOHCllpoBaIDIHX cpe,n. 

§ 7. Mone;r1, I'pocca - Hen~e 

Jiarparoman MO,neJill IIMOOT Bll,n 

,t -r . f' l z.r{-1' /'11 
IV, I= Ji['I' (1.1)'/'J-,. z:~,1f.Y' '/' j I (2.I) 

.r,ne 4' .. ( .,~) - 2-KOMIIOH0HTHW cmrnop, 9.11 - 6e3pa3M8PH~ KO~-

CTaHTa I 1=KJ,.?ir , j' = o, 1 ~ 6'o = G~ • tt = i,, 01 • \jl= 't' d'o. 
3ra MO,n~:r, OIIBCHBaeT t/ TllIIOB 6e3MaCCOBHX qiepMHOHOB, B38HMO,neilCT

ByPJ!ltl!X HeJmHeibIW& o6pasoM. 

0rM8TllM, 'lTO MO,neJlI, (2.1) 8KBllB8'8HY!a Xopomo H9B8CTHOii tJ:eTH~eX

MepHott MO,neJm HaM6y - lloHa - JiacnHBO 75 ,B CBOD OtJ:epe.ItI,,B Moi6Jlll/ 5/ 
peaimsyeTC.11 ,IUlliaMlltJ:8CK08 .aapymeime ltllpaJll,HOtt C:W.!MeTp.mi llCXO,IUIO-

ro J1arpaw1auma. Ilpn aTOM qiepwoHH np:e:o6peTam Macey, tJ:To anwiorn'µ,!o 

o6pa30BaHHD CBepxnpono,nmnett meJin B Teopim BKllJ. B IIOCJimee·npewf 75/ 
aKTHBHO RCnOJII,SyeTC.11 B Teop:im CWII>HHX Bsam.10,nettCTBlltt 61. 

B .nB'YX H3Mepemmx MO'AeJII, (Z. I) HM86T pa.n oco6eHHOCTett. Bo-11ep

BWC, OHS CTaHOBRTC.11 nepeHopMRpyeMOtt. Bo-BTOpHX, o6Jra,naeT CBOttCTBOM 

acm.mTOTHtJ:eCKOI CB06o,nu. HaKOHeU, MO,neJII, (2.I) IIOJIHOCTI,ll llllTerpn

pyeMa. 

Mol!!HO llOCTpoHTI, llp0H9BO.Il,IIllU!i! qiyilltUIIOHaJI 

l {"l,, if) = CJ c.l'f'd~ exp{i.[ i. ~JY, + i 'J~(ii'lff+ff'ro/71]} 

= c'J d'l'dfPdo Gxf[ i [i iiit'f- / t/-- 9w~'l'<r ,-fl'.-qi11JJ 
R y6e,nHTI>C.II, tJ:TO JiaHrpruratHaH (2.I) qiopMaJII,HO 8KBRB8JI8HT8H Jiarpan

uany 

I ~ f, [ i 'f'iY'' - j,.,,,-'Y1f 1J - f lJ' (2.2) 
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r.ne B03Hl!KIIO CKaJIJipHoe IIOJie (J • 0TM8TI!M, tJ:TO B (2.2) OTCYTCTB.V-

eT CJiaraeMoe c rrpmrnBo,nHoil no npeMeHH .wm (5 B OTJmti:ue o../751, 
r.n;e ,IUmaMnKa nOJI.11 G llOJIYlffi0TC.II sa cti:eT <J/epr,rn:oHoB, B ,nn-yx 

ll3MepeHl!RX H8B03MO'P10, ytJ:HTHBM pa,nnammHHHe IIonpaBror, ITOJIYtJ:HTI, 

CJiaraeMoe BH,na ~ ' ll nOJie O OCTaeTC.11 qx:>pMaJil>HllM 06'beRTOM. 

JiarpaHl!UlaH (2.I) o6Jia,naJI HHB8PllaHTHOCTI,IO OTHOCHT8JII,HO 11,IUICKPOTHO-

ro ImpaJII>Horo d"s- 11peo6pasonaH:rur11 :·' 'f--~s'f , Ks =}0}1 
B CJiytJ:ae (f-:/: 0 mrnapuaHTHOCTI> (2.2) oTHocuTeJI:bHO 11peo6pasoBaHR.11 

4' - a-s'i' HapymaeTcn:. B ,naJII>HeilllleM 6y,neT noKa38HO' tJ:TO BSKYYM, 

o6JI8,naJOI.llllil ,IUICKpeTHOil Js CUMMeTpllett He .IIBJI.IIOTC.11 OCHOBHUM COCT0.11-

IUieM CllCTeMH, H HMeeT· MeCTO ,I(ID{aMUtJ:ecKoe HapymeHne CUMMeTpuu. 

BCJie,ncTBHe aToro B crreKTpe O,nHOtJ:aCTHtJ:HHX COCTO.IIHllil ypaBHeHR.11 ,lJ,Hpa

Ka B09Hl!KaeT Maccoaaa meJII>, JIBJI1ll011laJICJI aHMoroM ,IUIMepnsauuo1rnoil 

me.JIU B IIOJIHSUOTHJieHe. 

YpaBH8Hll.11 ,nBID!t~HIDI ,wllI JiarpaIDKl'laHa (2.2) HM8IOT mm 

(ip - 9,11 0M) lf{x) = 0 > (2.3a) 

,., -r, f 
(J(x) = - a,,,,~ 'l'Ni'C") , (2 36) al p•l • 

r,ne (2.36) 00Tb COOTHomeHl!e CaMOCOrJiacoBaHIDI • .Ji]I.11 CT8UUOHapHHX coc-

TO.IIHllil ypaBHeHl!e (2.3a) rrpmmMaeT mm 
wr a I' i' 

WI\ 11n (x) = '3X ~n (x) + g,,1 O(x) </'in(") 

111 P ;) r I' (2.4a) 
c.vn Tin(x) = - ax IP,11(,c) - jt,1ff{;,) 1/Ji"(x) 

HeTpy,nHo y6e,IUITbCJl, tJ:TO ypaBH8HIDI (2~4a) 8KBHB8Jl8HTHll ypaBH8Hl!RM 

(!.14') C TOtJ:HOCTblO ,no 38M8HH 'f1 -t(Ll+1f)/./f , 'fz. -t -~('A-tl)j{f 
'i"'<J(x) - L1(x) , a TaroK.e C YtJ:OTOM M8ClllT86HOI'O npeo6pa30B8JU11I 

X ➔ VF)I' • IlOMUMO 8TOI'O Heo6XO,IUIMO ycTaHOBllTI, COOTB8TCTBile Mellt-

,ny f w n napru,1eTpat.m ypaBHeHl!tt ( I. I4,). 
EOJiee no,npo6HO OCTaHOBI!MC.11 Ha u,neHTH(pllKaUUH ypaBHOH~il (I.I4•) 

n (2.36) • .llmlaMUtJ:OCKOe HSPY.We'e CllMMeTpHH 03H8tJ:,eT, tJ:TO CYlll8CT-
ByeT pemeHl!e• O'(x) = (5

0 
756 • KaK IIOKa3aHO B 561, KoppeKTHaJI 

nHTep11peT8Ull.ll ypaBHeHRJI (2.36) TpedyeT BUIIOJIHeHHJI COOTHomeHHJI 

Z(A) 60 = - i7~ 2 lf~n,,c) '-flr(n,,c) 
(/' ~;

0
· ' (2.46) 

r.ne 2 (I\) ecTI> yJII>TpacpnOJieTOBaJI nepeHopMHpoBKa, A - UMIIYJII>c 06-
pesaHR.11. CyMMa B (2.46) ocymecTBJI.118TC.II no BCeM COCTOmm.llM C 8Hep

rneil, M8HI>meil ayJIJI. %~ no f 8H8JlOI'HtJ:H8 C,YMMHpoBalllilO no C!Il1HaM 

B (I.I4°6).CorJiacHo 6 , 
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A ,. 

l(A' = ~j tJJk = ~tlfn A•~ , ,, .,,. o /k~mf 7r . tn.,, (2.5) 

np11qeM m.,, = 9,1100,. OTMeTl'IM, qTo qlaKTOP l (A) B CJiyqae -KOH,D;eHCll

poBaHHOH cpe,nbl 8Ha/IOra He llMeeT. Ilpll Bhl6ope 

. m'f' =gwoo = 2f\exp(-7i/tlj,~) (2.6) 

IIOJiyqaeM c(I\) = i , qTQ COOTBeTCTByeT CllTY8UIU'I B Mo,neJill IIOJII'la-

U8TMeHa, CornacHo (2.6), npn'cpnKcnpoBaHHOM 111., n /\ __. 00 KOH-

GT8HT8 B38llMO,nel1CTBM $&Al CTp8Ml'ITC.fI K·HYJIKl KaK ., /&/\ • T,e. 

MO,neJlb (2.I) o6Jia,naeT CBoacTBOM 8CllMllTOTH'leCKOa CBo6o,nu. 

OKOHqaTeJibHM aHaJIOI'Rll CTaTnqecKHX ITOJIYKJiaccnqecKHX ypaBH8HHH 

Mo.neJin (2. I) n ypaBHeHHJ1 (I. IA') ycTaHaBJinBaeTcJI np11 Bbl6ope N = ·2 

n &7; = j'/zrJ! ·· · 
B1561 C TIOMO\!lb!O MeTo.na odpaTHOl1 3a,na'!H pacceruIM pe111eHa DrreltT

paJibHM 3aiaqa (2,4 a,d). 

B 38Bl'ICl'IMOCTl'I OT TIOCT8HOBK1I rpaHHqHblX YCJIOBJ'IH TIOJiyqeHU pe111eHM 

B mx,ne Kl'IHKOB u"nOJI.flpOHOB". OUllllleM Kp8TKO HeKOTOpble pellleHM (2. 4a) • 
0CHOBHOM,Y COCTOJ!Hll!O Cl'ICTeMbl COOTBeTCTByeT TIOJIHOCT:bKl 38TIOJIHeH-

HOe Mope crep~m. Tip11 C>(x): Da . HOpMl'lpoBaHllble pe111ellll.fI (2,4a) c 

OTPl'II.lllTeJI:bHOl1 3Hepr11el1 l'!MeIOT Bl'l,n TIJIOCKHX BOJIH 

·k ( I ) ~ (x) = t (x)' = ~ e' " ,,}-~.,, (2.?) 

~ • I I (lJ-m,;)i/2. 
r.ne W=ilc-•ffl'I' , f\i =lzi 2w . m 

HeTPY.nHO y6e,nHTbCJI, qTo 'f1, (") If i. {K) = -~ 

~ 'Vr (,c) 'I' :cic) = _ t!. J" m.,- Jk 
r·" " 21f /I'~ mf 
'-'•'O -h 

(2.8) 

T8K qTQ y CJIOBlle caMocorJiaCOBaHlf.lI (2. 46) BblTIOJIHeHo. 

BTopol1 KJiacc pellleHl'll1 - KHHKH, TIOJiyqaeTC.fI npn Bbldope rpru!llqffb!X 

yCJioBnl1 B · Bl'l,ne O ( + oo) : - 6' (- 00) = ~ Da ~ .lvm TIOJIJI O noJiyqeHo 

BblpalK8Hll8 

0 = 6'0 Lanh (tn't'l< +do) 
(2,9) 

r.ne tanhl. = (m'/I-C0 )/(m.,,•C0 ) • IlOJiarM Co .. m"' , rrpnxo,nl'IM 

K Bblpa~eHll!O Will rrapaMeTpa m~Jill B MO,neJil'I llOJil'laUeTRJieHa (1.15). ~p
Ml'IOHHblfi cneKTP co.neplltllT CB.fI3aHHOe COCTO.fIHlle C w .. = 0 , KOTOpoMy 

COOTB8TCTBYK>T BOJIHOBble <PYHKmru 
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~ (x) = [ti ~h (m~x + So) en , 
. (2.10) 

a Ta~e nMeeTcJI HenpephlBHb!l1 i::neKTP c Ct.)= ft' .. m~' u BOJIHOBllMl'I WYHKUll.fI

Ml'I B"MOpe 4iepMH 

. ,kx(tanh(m.,,x+So)-(c.,+J)) 
(/I_ (k,)() = Nie (1 I I •· 8) C-\) J (2,!I) 

Ulhl1 (mtx + o + ( -;;;; 

A{ = imr/2eu [ii . 
TpeTnil KJiacc pe111em1l1, "MemKI'!" ( ~~~") 
Hb!X YCJIOBMX 6'(,c) ➔ Oo npn"' IXI ➔ oo 

,nOJiyqaeTCJI npl'I rpannq

u .naeTC.fI cpopreyJioil 

(J (x) = 6;, - ~ M~h Ko((JC+,Co) + 81] jtch,1(
0

[(><-JC~)+ 6~] GJ.9,11 1 (2. 12) 

tanh. Ko'X. ~Cmt-Wo)/Ko. 1 -lat1tcfi =[,to(1,1q,-U¼)-c.wo]/ 

[ ] 
2. i. l. 

Ko (111q,-(,.)o )-+ Col.)o " Wo = m'I' - Ko . 
Blldl'lpM 6'\ = 0, npHXO,nl'IM K COOTBeTCTBYK>meiey pemeHHIO ( I. 16) B 

(CH)" · • B ~pMl'IOHHOM crreKTpe BoannKaeT CB.fiaaHHoe cocTo.R:Hue c 

3Heprnefi ± u.'>o 

ff ( 
JtM{K..(xt-)(o)1" f1]-♦ ~[k'.o(X-)(o)+SJ) 

lV, (x) : I <' J (2 13) 0 -:!L'Ck[~o(X+Xo)+~,] -t-5t(h.[Ko(x-Xo)+o1 . • 

CoCTO.fIHH.fI C OTPllI.lllTeJI:bHOfi aneprnel1 IDA8IOT Bl'l,n 

• · 1 Jx (- ik t t.} 1- l_ S ) 
(JJ_ (k,x) "" A{ a:. e w1-m'I' - t.)- • -l.J (2. I4) 

r.n;e i/z. o-=~c~-_4_> N, I _ _2_ ( {A)- my, J 
le - /ii 2W(~• kJ.) 1 2. w-m'i' 

8 = ko c~ ~ i.l_) 
2. w-m'I' 

, ~ = Kot- ~k 
1<: + k' 

8TH Bblp~eHM aHaJioruqHbl ( I. 15) wm U - n 1L B (CH) X • 
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I. 
I 

I 
I 

:' . 

OrMeTI™, 'ITO, corJiacHo / 56/, BeJIUtraHa c..,o onpe.neJIJieTCJ1 

nocpe,ncTBOM uJo(no) = m.,,e,o;s0(no), r.ne I ~ no~ IV- .. -KOJIU'leCTBO qiep-

MHOHOB, 3aHHMalOlllHX CBJI3aHHOe COCTOSIHlle + W 0 • Boo6me roBOpSI, 

MOJKeT B03Hl1KHYTb CUTyam,m C HeITOJIHllM 3aITOJIHeHl1eM COCTO.flHlUI - W0 

(,IU1po'!Hlle B036YJK.IteHHSI) • Ho Mb! 6y.neM paCCl.iaTpnBaTb TOJll>KO CJIY'lalt ·• 

Kor.nl;\ COCTOSIHHe - C.Vo IlOJIHOCTI,IO saHSITO. "YCJIOBHe KBaHTOBaJIIDI HMeeT 

BH.n /56/ 

(fe Ito) . l'I N j,nt1 = (j 

TaKHM o6pasoM, 

B(no) = [{!);) , 
H :meprHSI "Memoimo"-no.no6noro Bos6yJK.neHHSI 156/ 

E (n.) 

IlpH flo/N << ~ 

E (no) 

= fi Nfn'ldin 9(no) .. 

(2.17) npHBO,nHTCSI K BH.ltY 

l 1 n. m.,,7f = nom'I' - 21t,J' + • 

(2. !5) 

(2.16) 

(2.17) 

(2. 18) 

T.e. B 3TOM npe.ne.ne B036ylK,I{eHne MOlKHO paCCMaTpUBaTI, KaK CJia6o CBJI-

3aHHOe _COCTOSIHHe n0 (j)8pMHOHOB C MaCCOH m'I' . IlpH aanOJIHeHHn 

ypoBWI W0 , 6Jln3KOM K IV , 0(h. ➔ tv) ➔ 11/2, • TaKHM o6pa3oM, 

' 2 
E (ho) ~- n rJm.., (2.19) 

H Wo(n., ... N) ➔ 0 . Bo3BpamMCI, I{ (2.12), HeTpy.nno y6e,nHTI,CSI, 'ITO 

B 3TOM npe,neJie (5 (x) Be.neT ce6SI KaK pa3Be.nenHM Ha 6eCKOHe'filOCT!, 

( x. ➔ oo) .KIDIK-8HTllKHHKOBM rrapa. HaIIOMl!l!M, 'ITO 3H8prHSI KHH-

Ka B MO.IteJill ( 2. I) 
N 

E" -= Fm"' (2.20) 
CymecTB8HHllM OTJlll'lH8M "MeUiolfilo"-rro.no611oro B036yl!(,I{el!HSI OT Klll!.K8 SIB

JIJI8TCSI aaBllCHMOCTI, Wo OT 'lHCJia 3aIIOJIHeIDUI no : Wa (Mo)• 
IlpH ·n0 = 0 W0 : n1,r , T.e. D036YJK.nCHll8 OTCYTCTByeT, Tor.na 

1{81{ ,lJ,11.fl B036yJK.neHIUI B BJ,l,lle KltHKa 11ecymecTBCllHO, 3aHSITO COCTomme 

W0 = 0 rum HeT. Ilpll cpaBHCHllll c MO.IteJibIO (CH)x Heodxo.nm.10. 

orpaHll'lHTI,CJI CJiyqaeM /V = 2. COCTOSIHlle c tlo " i MOlKHO llHTep-

rrpeTHpoBaTI, ItaK IIPllCYTCTBne .no6aBO'll!Oro HecnapeHHoro MCKTpoHa B 

uenoqKe (CH),c c sapJI.noM (- e) n cillll!oM I/2. IlocKOJibKY HMeeTCJ1 
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I, 
1' 

\'1 
I 
! 

11 
fi 
j! 

;1 
! 

CBJI3I, C q>OHOHHHM nOJieM, ecTeCTB8HHO paCCM8TpHBaTI, 3TO B036yl!(,I{eHHe 

K8K "nOJISipoH". Ilpn n O = 2 m.ieeTCJI 6ecKOHe'llio pa3B8.It8HH8.II .KIDII<

aHTHKllHKOBa.fI napa. 

Ilpn HCCJie,noBaJJJm pemeHllil, 3aBHCJilllID{ OT BpeMeHH, Y.ItaJIOCI, IlOJIY-

'lllTI, TO'lliOe pemeHne, no.no6Hoe 62oey B MO.IteJin CllHYC - Top,noH. 

HaK.Jia,IUmaIOTCJ1 nepno,nnqecKHe rprumtIHue yCJIOBnJI 0-(.x-,i+T) = tf(,c,-l). 
ECJin ITOJIOJKUTl> g,,., = 1 , TO B e.nmmuax o;, pemeHHe nMeeT BH.n/56/ 

6(K,t) = 1 +{/z. + 1/i (2.21) 

f 1 t _., 
r.ne /i = 6 c.o:s.fl/; -:/,. = o .,._ (eo-sli.k.x- + a (.Oj.n • ~) , 

i. n X BllpalKeH~ B e,nHHnuax (j &,.,,O:, r ~ K, .fl I j, 'l, tJ, ' - KOHCTaH-

Tll, He 6y.neM no.npo6HO OCT~aBJIHBaTI,CJI Ha 3TOM perneHlrn ll ero CBOHCT

Bax, IlOCKOJII,KY, KaK OTM8'l8JIOCI, Bllllle, TOJI!,J{O B CTaTnqecI<OM CJiyqae 

HMeeTCJI ITOJIHM aHaJIOrHSI Mo.ne.nn (2.I) n KOHTnHYaJiblloil Mo.neJin (CH)x . 
,lllrnaMII'IeCKne CBOHCTBa Mo.ne.neit, IlO-BH.nllMOMY, COBepwe11110 pa3Jlll'lHll • 

.Ue.no B TOM, qTo B Mo,neJin (CH)x qoHoHHoc nOJie coOTBeTcTBYeT 

peaJibHllM KOJI86aHU.IIM pemeTKn, l'I • ecTeCTBeHHO, llMeeT CBOIO .nmmr.mKY. B 

MO,neJin (2.2) nOJie (5' .fIMSieTC.II BCIIOMoraTeJII,HllM, l!O(pl13nqecKUM, BC.fl 

.nnHar.mKa IIOJISI (j o6yCJioBJiena .ItllHar.nrnott (Jl8pMno110B. MaTeMaTnqecJ.{ll, 
. 1 

KaK ynoMHHaJIOCI, Bllllle • STO OTpaJKel!O OTCYTCTBll8M CJiaraeMoro C>i · 
B Jiarpa~ane MO.lt8Jlll ( 2. I) • 3TOT <paKT He II03BOJIJI8T IIOJIHOCTI,IO J,l,ll8H

Tll(pl1UliPOBaTI, MO,neJin ll, COOTBeTCTB8HHO, HCilOJII,3QBaTI, P.fI.It B8lKHUX pe-

3YJil>TaTOB, nOJiyqeJ!HllX D Mo.neJin ( 2; I) ( oco6em10 B KB8HTOBOM CJiyqae) 

,lJ,11.fl MO,neJin (CH) x • TeM ne Me nee, KaK 6y.neT Bll.JUIO ns .ItaJib!Ieilmero 

l13JIOlK8HnSI, 1™80TCJI PSI.It o6mux 'l8PT, CBOHCTBemua: o6enM MO.IteJIID.I, KO-, 

TOp!le Il03BOJillJlll nepe6pocllTI, "MOCT 11 MCJK.nY MO.IteJiffi,IH PKTII II IlOJlytil!TI, 

HOB!le KOJIHqecTBeHHlle pesyJibTaTll.: 

§ 8. Uo,nem, ¢~ c cpepMlloHmm 

.llamIM MO.IteJib OIUW!lBaeTcJI JiarpamKnaHOM 

I= f v,rci',-91') rr + 1.ca <1>)\ fp!<t,1-1 <1>" 
r•I :Z, .7 , Ji (2.22) 

Ko11cTa11T11 g 11 A nMeIOT pasuepnocTr, [3B] n ( 3e,2J cooTBeTcT-

Bel!lm. 0TU8Tl™, 'ITO D CJiaraer.rux ;rr,JIJr .IIOJISI lUll88TC.fI lJJ.101! C npoll3J30,IUIOtl 

no npeuem1: f <Pt.
1 

• Jlarpamiman (2.22) mrnapnru1Te11 OTHocnTCJILl!O 

,ltllCHPCTHOro npeo6pa30BaI!l!JI 'f ➔ - <:p , i/1 ➔ {.r 'I' . J{aK 6y,!ICT J!OI<838Il0 

l!UlKC, B OCHOBHOM COCTomnm CJIIAUeTplm CIIOl!TaJ!J[O I1apyme11a, 

J:3 /
77/ np1rne,I1el! _aJIMU3 CBJI3alU!llX COCTommti B MO.ItCJil1 (2.22). Mu 

HO m,meM B03MOr.UIOCTll OCTaHOBl!TbCJI Ha ,lleTansrx IIOJIYitJTHCCJPlCCltOl'O (IiYHk-

:n 



uaoHanI>noro MeTo.na / 7B/, .icnOJII>ayeMoro npu HrucOJK.nemm cneKTpa sa.na
'-m (-aTOT JKe MeTo.n llCilOJII,30BaJIC.fI ll np:ir_ OTblCKaHllll pemeHllil B MO.I{eJill 
(2. I) / 56/). B o6meM CJiytrae npu pewemm cneKTpanI>Hofi sa.na'-DI Heo6xo
.zum yqeT KBaHTOBllX nonpaBOK, 06yCJioB11eHH11X KaK qiepMHOHal.!ll, TaK ll 

6osoHaMJl ( B MO,neJill (2. I) - TOJII,KO qiepMHOHali!H). oTOT Kpyr BOilp0COB 
6y.neT o6cylli,IteH HIDKe no,npo6HO npu aHaJIH3e BOCCTaHOB7!eHH.fl CHMM8TPID1 
npH T, H nc. . B "KBa3HKJiaccH'iecKoM"npu6JIIDKemm, Kor.na <p(x,i) 
paccMaTpHBaeTC.fI KaK KJiaCCH'iecKOe IlOJI8 t npitHHM8IOTC.fI BO Blll'!Malllie TOJII,KO 
nonpaB~ OT qiepMUOHHblX 3alt.fITl1X COCTO.fIHHfi. IlPH 3TOM paCCMflTPilllaJOT ,!{Ba 
CJiy'ia.fI /77 / • 

IlepBOHa'iallhllO MO)KHO HCKJIIO'-DIT.b H3 paccMOTpeHll.fI ajxpe.KTll "MOP.fl 
:J?epr.m" l! yqecTI, .nHCKpeTHHil ypoBeH.b B 8Jle.KTp0HHOM cneKTpe Wo • B 
3TOM CJiyqae CTaIUIOHapmw ypaBH8Hll.fI .wt.fl cp (r) H 'Yo ('J() , nOJiy'iaeMUe 

113 (2. 22), UMe!OT BM 

[ CJ0 ~ 0 t Lifi £ -9 q>(x)] lJ'0 (it) = 0 , (2.23a) 

lI - ft/~> +- Ji cp;x) j':'P(K) = - Jllo "ifo<x)t/'.,(,c) 
• (2.236) 

r.ne n0 xapaKTep.i3yeT 3arrOJineHHe ypoBH.fI W0 , rrpH'ieM npe,nIIoJiaraeTc.fI, 
'iTO _[ 1/',/(x) 'fo(K) J,c = J. • IDI.neKC f' , HyMepYJOUUifi 'iHCJIO TllilOB qiep
kfilOHOB, B (2.23) onymeu. 

Pemelll'!Jl CUCT8MH (2.23) ll3BeCTHU: KIIHKII, "MeJIKl!e Melillilt" H 'n:sofume 
Mell!KH"- B036ylli,IteHU.fI "no;mpomroro" THlla • 

a) COCTO.fllme C CJ
0 

= 0 , BOJIHOBUe cpyHRtllW KOTOporo ,naJOTC.fI 

qJO pt\Y Jl8Mll 

</>(x) -:-~ tanh # T>: .fi 
#ft 

t (K) :: A ( ~h ff f VA ( 1) 1 

(2.24) 

(2.25) 

A - HOP,MHpoDo'iHllil MHOlltllTMI,. OtieBII.nHO. "ITO 'P (x) coBna,naeT c 
Kllll.KOM /56/ • 

8HeprH.fl mmxa He 3aBlICHT OT no ll B .KB8SU.KJI8CCHtieCROM np1t6Jimte-

mm UMeeT BM 

E - ?Ji.§. 
IC - ~ 'fA' (2.26) 

3anucn1.1oc-r1, cp {x) 11 fi,{x) = 1f/t1t)'f'o{1C) 1rno6pa'itena na pnc. 16 

:12 

f 

1; 
I 

6) Pemellll.fl "nOJI.flpoHHoro" THna 

cp(x) = j - j~
0

-Jech[ la()(+)(o)] ~vh(K0 (it-X'o)] (2.27a) 

l/J ,_ (I;' -iwot(:Jtdi[ko(t+x.)]-t- ~[k".(,c-1C0 )]) · 

To (x,t) - / S e , __ , _, 
1

7 
1 

- ~rlc.(r+r.,) + ~e,n[ l<o (A'.-X'o)J (2.276) 
J a. ii '2. •. I, 

Wako = h.f/s I w. = gJ -ko I t:4n KoX. = {9f-wo)/Ko 
H BBe.neH f = .f• / IX' . 

Onpe,neJI.fI.fI w. = 3-f Cc-!) 'f H. Ko = ff f fo, If 
CB.fISH L 

Jin2 'f{11.) = !1°/ 4/ 

8Heprn.fl CB.fISaIIHOI'O COCTO,fIHll.fl, COOTBeTCTBYIOlllM perneHHJO 
pe,neJI.fleTc.fI nocpe,ncTBOM 

E('f{na)) = Jgf~ [ 1in\f(n.) + :1,. Co~<f(11.)] 

, npHXO,mtM .K 

(2.28) 

'fen.) ' on-

(2.29) 

B CJiytrae no/4{1 > 1 ypaBne1rne (2.28) He IIMeeT pememrit. 
il..'lTepec npe.ncTaBJI.fIIOT .nBa npe,neJia_. Ilpu . n0 /4 f 2 << 1 HMeeTC.fI .nBa 
pemeHll.fI 

( ) ~ - ~ Ko (110) + - /f f28fa u 1ka(n.)' ~ ~ \' ~- if 

PaccMaTp,IBM 110Be,ne1me <P(x.) , onpe.neJI.fleMoe BllpaJKeHHeM (2.27a), 
ecT8CTBeHHo ll83B8TI, pememte, COOTBeTCTBYIOlllee (Ko (no))_ - "MeJIKHit 
MemoR", a ( K0 (11,.))1- - ".nBoitHoit MemoR" ( CM. p:n:c. I6, r,ne Hso6pa-
JKeHa 38BHCitMOCTI, aMITJ!liTY.I(U <p (x) ( CITJIOllllla.fl JllIHH.fI, JieBM llJitaJia) H 

~ 

Me RTpoHHoit ITJIOTHOCTH \/' (IC) 4' (IC) ( nyHKTIIPHM Jll!HH.fl' npaBa.SI llJKaJia) 
OT X ( B e,nmnm,ax 1/ 9 ) npu f == 1 : a) KIIBK 
(npu A = 2f· ) , 6) ".nBottltoil MellloK" ( 11. = :i) ). 

IlPH'ieM np:n: <{'( Mo) .:: T/ 4 HMeeT MeCTO CTa6IIJII,l!Oe pemelllte "MeJIIalit Me-
lllOR", a np:n: <f(l1o) > ,;., - necTa6HJII>Hoe ".nBoitHoit MemoR". Ilpa 

no/4/ 2 ➔ i 06a pemeHH.fl CTalrDB.fITC.fI BKBlmaJieHTHllMH. TaKllM 06-
pa80M, npH cpllRCHp0BaI!HOM f cymecTBY8T MaRCHMaJ!I,HOe 8Ha'ieHHe n. , 
IlPH ROTOp0M cymecTBYeT perne1nrn (2.28), a npll cpllKCHp0BaHHOM no -Mll-

llltMaJII,HOe f • Heo6xo,nru.nIM YCJIOBHeM CTa6:wrI>HOCTll COCTOffi{ll.fI 
HBlI.fleTC.fI 
(2.28) 

1 
c,/E/,N•f.,cn.) '> 0 • Hs (2.29) HeTPY.nHO ITOJIY'iHTI, c Y'ieToM 

i1:1 
dt1 4>(110) 

=- K35~ j1n,<('(l1o)Co52'{'(n.) 
(2.30) 

33 



[,~ // 'l ,.1 tr . 
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0 2. ·l ·\ 

Puc. 16 

TaI<nM·oopa3oM, CT80MJib!lllM MOJKeT Q!,[TI, TOJ!bI<O pernemie c o, <f(n.)' lf/4., 
u, CJIO,UOB8TeJII,llO, nee ".unoihrne Melllltn" l!OCT80U..1IbHll. Ilpn no/45 1 « l 
:meprmr ".nnol111oro uerrnm" 

i 

E g 13 i.!'!! 
A.H(no) = 3gJ + fGf ~ 

Y'lliTIIB8JI, 'ITO ::meprmr I<ll!ma Eir;. ~ff!!, (2.26), Bll,UIU,~, '!TO 

",nnol1Hol1 uernoI<" l!CCT861t/WI! OTHOCl1TOJH,l!O pacnaJ.J;a Ha COJIUTOJ!-UHTJ!

COJillTOillIYIO rrapy. Bo~c/ o CT80MJIJ,l!OCTU 
11

1,leJII<Ol'O MCIJK8" 60Jiee CJIO

lf.eH. AHaJill.3 ITOK838JI 77 , 'ITO aHepnm "MeJII<Ol'O uell!I<a" E Mtt (11.) <::! 

n0 gf - 9no1/J8'1£!, -t . .. ITpU l10/4t << :i COOTBOTCT

ByeT aHeprnu · no !ICB3Ull.MO,UelicTBYIOOlHX q1ep1.moHOB H fillJlRCTCR umrn-

M8JII,HOJ1. O,nnaI<O B 00Jl8CTR o, ~ ~ n. I 4 f L ~ ,( E 101 (no) > i E IC. J 

T8I< 'ITO CT8HOBUTCJI B03UOl!"JtuM pacna.n !!8 mnm-aIITHI<mmonyro napy • 

OTMCTUM, 'ITO npu 8HMU30 pellleirnlt MOJ.J;OJ!l1 (2.22) 6WI C,UP,Jl81! pR,u 

y11polllm.u1r;: npe,unOJioJKem1!1: ncnOJih~OBaJICR npe,ueJI CJIUclolt cBRsn }'! ,, A 
II ITOCTYJ1Hp<1Ilful0 P3EUHCTil0 ). = 2 f · Ilpll y·rn-re 3tfqc1mm "M)pi! ·lept.ru" 
YCJIOllHO J'llnHTOll81Ut.ll (2.28) DJ»UU!WlCT llll,n . 

~.( , 2~( ) n. _ 2'f{n.) 
N Jin no = N 1i (2.31) 

a anepr1m crurnmmoro cocToHmIB 

E.(Cf(tlo)) = ( CJf 3
,. 

2,!/'~')Jinf(II,,) - 1'J-f!,1,i<f(l7.} (2.32) 

0T!,teTHM, 'ITO IIpl! no < (I/ lll!iGCTCfI TOJII,I\0 O,uJ!O petuCl!IIO ypaDHe-

lU!Jl (2.31), cooTrieTcTnyr.x:.ice COCTOJU!lll:) 11 l,1CJll{Jlll r.:cmoR". f:oO.'ICO c,-;ox
lllliI Cl!TYaIJ;lffi B03lll!lillCT npn no = N' . }~CJII! cl. = 4f;.-v > 1

/rr , TO 

:11 

nMeJOT MecTo ooa pernemm. Ilpn cl.. ➔ "I TT pernemrn, onucunruomce 
11MCJII<Ilft MCiIIOR" C 'f ( no =N) : 'f,, < "h. . l!O,UXO,UIIT K pememoo ".unoi1-

H01'0 MClliI<811 C Cf ( no • t/): I('& :: Uf2. • JlpII of. < I/ 7f OCTUCTCfl TOJlbI<O 

pell!emrn <P (h,, :: N) = <fz • IIocI<OJihI<Y npu 3TOM c,J0 = 0 , TO us 
(2.3I) 11 (2.32) 

8 ! 2t191 
fAM (n,,=N) = '3" 3i + ,11 (2.33) 

'ITO cooTaBJIJieT TotIHo y,nnoemzy10 aneprn10 mnma npu ytreTe ajJqJCI<Ton MOPJI 

\llepMn /7?/. B rrpe.ne.ne W ➔ 0 m11eeM Xo ➔ oo , n I<o11ifi11rypa1.0m ".unoil:-
. " 

Hoii MelllOit" TO'll!O COOTB6TCTBYCT COCTO.IIHlllO HCB38Ul,lO,ll,eiicTBYJOOl6H I<lnIIt-

aHTllI<IlllI<OBOfi rrapu I T • e • He RllJIJICTCR HOBW/1 CBJI38HHl:ll,1 COCTomrneM B 

TeOplru. C .npyrott CTOpo!Ul,. COCTOJIHUe 11l,1eJI.KUli 1/lellloI<" II IIP!1 ytreTe 

• ajqleitTOB 11MOPJI <liepMH" OCT8CTCJI CT80MJII,lillM OTl!OCUTeJII,HO pacrra.na Ha 

IGUIR-aHTUKlffiI<OBYIO rrapy. B 38K1IIOtreHUe OTMeTUM, 'ITO B rrpe,ue.ne d _. 0 

YCJIOBlle I<BaHTOBaHIIJI (2.3I) ll BHepnm CBJI38HHWC COCTOmmn (2.32) COB

na,na!OT c COOTB6TCTBYJOUlIDllll BNpallteHll/IMl! (2.28),(2.29) MO,UeJill I'pocca -

Heni,e. Ilpn O < ol ~ -l/7T aHaJIOI'M ocTaeTcJI, a npn d. > -1 I 1f MO.IJ.eJI1, 

(2. 22) co.ne.PJKUT .norrOJllilITeJihHoe cocTomme - no ,, !ti "MeJI.KUfi Memo1t". 

B HeitOTOpoM CMl:lCJie MO,UeJII, <j, ,t C <l)epllll!Oll8Mll MOJKHO paCCMaTPIIBaTJ, 

Ka~ Hll3I"X>anepreTHtieceyD ajqle1tTUBizy10 Teopmo rrOJIJI "OOJiee qiy11,ua1,1e11-

TaJihHOil:" MO,neJill I'pocca - Hen1,e. 

§ 9. 3rutruOtr1l:TeJII,H!le 3aMetraH1ffi o MOJleJIRX PKTTI 11 MOJleJill (CH)4 

Oclcy,uID/1 I<p8TRO 1{8t{CCTBCHH1le rrap8JIJ!eJIII Melii,lzy Tper/llI MO,neJIRMII, 

paccMoTpeHHllllll! B rrepnoli H BTopott rJianax. IlpelK,Il;e ncero Heoclxo,uIDllo 

OTM6TUTI,, 'ITO .CT8Tll'I6CI<asI nepcHR MO,neJin J10Jlll8~TIIJI6H8 .IIBJIJICTCJI aHa

JIOI'OM MO,neJin I'pocca - Hen1,e. 3Ta 8H8JIOI'M YCTaHOBJieHa Kai{ Ha ypoBHe 

CT8Tll'leCKIDC ypanHeHHfi, TaI< ll BKIIIO'IM nClJllillfi CJ16!tTp pernemm 3a,natm. 

EcTecTBeHHo, 'ITO nee cn9ttcTna COJIHTOHOB, npncyunrn Mo,ne.nn (CH) x , 
nepeHocsrrCJI n Ha napHaHT MO,D;eJIH (2.I) rrpH IV = 2. (B CJiytrae /II' =I 
HMeeT MeCTO .npoclJieime eapa.na, JIOita7Il130BaHHOro Ha COJIHTOHe, 06 BTqM 

CMOTPH HllJ!te) • PacCMOTpeHHrut BHllle MO,neJII, cp/ no Itpatlliett Mepe H8 

Ita'I0CTB0HHOM yponue ID/166T 8HaJIOI'HtIJille CBOliCTBa. 3Toro MOlKHO 6WIO 
Ol!W.n8Th, IlOCitOJII,K,Y B rr~reJie N ➔ oo MO,neJIH (2.I) U. (2.22 ) qiop
MaJII,HO BI<BHB8JI8HTHH /7 • OTMeTHM pa.n BWltHHX o6IItHX cnottcTB, rrpHcy

IItlDC TpeM MO,neJISIM. 

. I. CnoHTrurnoe Hapymeime CIIMMeTplru OCHOBHOl'O COCTOJIHWI. H3ytte

mm CJI8,ll;CTBHtt BTOl'O o6CTOHT8JII,CTBa 6y,neT nocrumteHa BCJI CJI8.lC')lll8Jt 

'I8CT1, MaTepHWla. OTM6THM JilIIIII,, 'llTO B MO,ll;eJIH 1'J C8M BR,n 38TpaBO'I-

HOl'O IlOT8HUl'IaJI8 Po (IP) : -J'•½ <p1 
+ ~ cf> 'f ITpm!O,ll;RT (npK 

~ : 0 ) K CUOllTaBHOyY Hapymemm CHMM8Tpmi. B MO,ll;eJIJIX (CH).cH rH 
Heo6XO,ItID.tJ ytteCTI, ,nlll!8MH'll8CKH8 eqxileKTH, o6yCJIOBJ18HHli8 qiep~OH8MII, 
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qTQ npllBO,IUIT K 3qxi)eKTlIBHOMY noTeHI.lllaJIY C '!JleHor.t V(<r) ~ ai.t,, (f' , 

Tamm odpasoM, UMCCT MeCTO .rumar.mqecKoe Hapyrnemte Clll,1M8TpUII OCHOB-

11oro COCTORHll.fI, B pesyJib'l'aTe CllOIITaJIHOI'O Hapyrnemm .Cl1MMeTpm1 I!M89T 

MeCTO Bhlpoi;memie OCHOB!IOI'O COCTORHll.fI ( B H3lll91,1 CJiy'lae- .nBy ItpaTH09 

nupo;MeJme) • 

2. KaK CJIC.I(CTDl!8 BLIPOlil.neHlm, Bee MO.I(CJIU eo.neplKUT B036yi;memm 

B mme TOIIOJIOruqeeRUX eoJIUTO!IOB-RUHKOB, eM3UB8IOllUIX Bllpoi;memme Baey

y1.ru. B np11eyTeTBl1l1 TOIIOJIOruqeeKllX eOJIUTOHOB MeHReTeJI 3Jl8RTIJOH!lliii 

::mepreT11qee1cu:i1 CIIeKTP - IIOJIB)!JICTeJI .I(lleKpeTHltli ypoBeHb C HYJICBOit 

311eprueii ("rOJI.neToyHoBeRaJI Mo.na"). KaR CJie.I(eTBUe HeTp11Dll8Jlbl!Oii TO

IlOJIOI'llll, eOJil!TOHll l!MCIOT, neodU'lIU:18 enUH-38psI,ll;OB!Ie eoOT!!OlllCHllJI, 

3. llaRQJICU, nee TPll MO.I(eJil! eo.nepiKaT IlOJIJipoHHOC peIIICHlie. IIp11qeM 

tlo.I(eJib ¢t .norryeKaeT IlOJIJIPOHH09 pellleHl!e 11 de3 yqeTa aj$3KTOB, 

odyCJIOll.JIC!IHUX H8Jlll'll!CM B8JICHTHl1X 3JleKTpoHOB (MOpJI '1iep1.m). 

TaRl!M odpa30l,t, IJOTCHl(llaJI ¢, t, RaR du llM}[TllpyeT ajxfleKTll MCK

TIJOHOB BaJICJ!TJIOii 30Hll, J{pyroii Ba.lKl!llii MOMCHT - HaJil!'me rpa,IUieHTHOro 

,ureua ( 0 'P/ax )1 B Mo,neJI11 ¢; , oTcyTeTBYIOlllero B MO.neJIJIX (C H)x u 
rH . 3TOT tIJieJI yrrnTUBaeT HCJIORaJibHOeTb /5B/, ROTOPM B MO.I(CJIJ!X 

(CI-Ox 11 r I-{ DHOCl1Jiae1, npu yqeTe qiepMHOHHllX neTeJib, . • 

KaK BU,IUIM, nr.meTeJI PM odmux enoiicTB; qpe3Bll'laiiHo llHTepeeuux e 

TO'lKlI 3pemm neex Tpex MO.I(eJieii. l!uJKe Mil oeTaHOBUMeR .neTaJlbHO Ha 

.I(BYX ll3 llllX, B TpeTbeli rJiaBe Mil IlOIIllTaeMeSI MaKCl1M8.!ll,HO no.npod-

110 liCCJie,noBaTb CJie,nCTBliSI enoHT3Hl!OI'O uapymemm euMMeTplIU B 3Tl!X 

Mo,neJIJIX npu KOJ!e'llloli TCMIIepaType CllCTel\111 11 npll HaJill'llill aellMMeTplili 

'll!CJia 'laCTllU u UHTU'laCTllU ( MeKTpGJ!OB-.I(llpoK). B rJiaBe qeTBCpToil 

dy,neT no,npodHO paecMOTpe!I BO!IpoC .npodJiemm 3apsma, JIORaJilI30BaHHOI'O 

Ha COJlllTOHe. 

□ 
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rJIABA III 

U30Bl:lE IIFPEXOJUJ B IIOllEJIHX PKTII H (C H)x IIPK KOHEtIHHX 
IIIl0TIIOCTHX UPJIH0H0B K T:rlm.EPATYP AX 

Hcc.ne,1tOB8.RJIJl CXC?eM, 1 XO?opwx OCROBDOO OOCTOBJIJ18 oOm.u.aet 

ceuerpxel, otABQDol or 01DU1erp211 ra11111•tonaaea, noc1a~eao Oom.moe 
QBO!O pa6ot. cxcrewi C sapymeneol CHUll8Tp181 pea4B3fJlTCS laX I~-- . 
3JIX8 IOBAGHCHpaaaHnoro COCTOJIHHS (tKC), Tax II B p8.IUITMBXOtCIOI 
XB8JJTOBOI teopax DOJlJl (PKTil). HeoOXO,ltllllO Ofll8TBT•, qfo B OCHOB8 10-
C!l\ll;OBB&Ha cnouraunoro aapyaenua CllMMetpHB 1eur pa.n: ~YHJl8M8Bta1&
eux ltOU~ennaD, BD8.D:8BHUX B taO~RJl unorax D3rurMO~eiiCTIJYKllll:IX ~acT~ 

BoronmOonw. Tax, D pa6otax 17 a/ 1nepauo 611Jia npe,1t1ozeua a xcc.1e
.1toeana l,{O,Jt8JU, C DH.D:8J18BBlilM ltOB,lt8BCato¥ 60 F O • IlpfflleM HaDQIUt 
itou.n:euoara Z3 napnux Jt11631DlOJ18JtY .n C H006XO,Jl;Hl,l()CTbll DP.HDO.llJIT K 

11i1pos,tleBHJl cocronnan craractzqeoxoro i:nnuonecun 179o7 • tyn.n:auon
ra.u.aaa IOUil8Dillll Boro.100o1a O •itlS8.3XOpe,un• t ~opiqDpOBWIRIU B 
xr.accnecxoa paOote 179•1 , uoet orpoimoe 38'qen'e B otat•oraqe
cxol wexaaue np1 u~yq~uH oaepxnpo1u111100TH 79r , cHpuexyqec
tH, ~eppoM8.rD8TX3Ka H r • .n:. 3TH 11,ltGB D03BOJHBH oOoO•nr• NII 38,M,q 
crarnctaqecxol uexans1x u PKTil npa xoueimux tewiepatypax .-.ar~
aoe npucraueaxe reopH 1oa1411119uHI, ■apoxo Hcn~n3yeuoe I aacroa
~e• paOote. 

OOl!Ba cxew zccH~osaau 4la30Boro nopexo.ita cocroar a noctpoe
HH ~esunnoro noteultllaa c11cre111i1 (t.e. noromtaanuol aaepru 
c y11erou 1cex uanroaux nm paa01t) npx xoue1ill ol rewneparype II tep
MHounol D.IOTHOCU ~i>'I' ( (j, T, n) , !li8.H3 DBIDIJ)lll pl<f'f' 
D03BOHT DOJJJ'llXU ltpH?IN80ltH 3111,qeuu Tc. , n... , np• XOTOJ'&X 
c11oerpn 1occrasa1J111aaetca, llpx nocrpoeHH f>3<f'<P ( (>

1 
T ,n.) ueoCSxo

.itBMO OTCfDKpoaa,~ AJmrpruool telDMaBa C fQ9TOK 38.MOBK: IJ18B8.I ltOM• 
noaeuta xwnyuca k. ➔ i W11. , coonercneano, J Jk. ~ i T f 

27r . •••OO I 
r,;e Wn :a(2n.-t)liT-i.a.. (W11 :ln11T)- Trut nasJ:IBaeMHe Maizy"6apoBCmia 
qacrorK B c.nyqae qiep.mOHOB (60SOHOF). 

HeoOXO,JUIMO cpasy :ao JTO'!BJIU, Qto ¥H nomn.neu DO.it DMH8CIDI 

DOTflB[t18.JfOM cJ., • 11pm CX0~8BJl8 d., CBUt\80 C BUJIIIHM aoco-

4DTDO coxpaaa•elca B&JXQllBlil, eanpxuep, 6apmonsoro q1c1a 180 ,86 ,871. 
Ilycn JV == f dx: iji60 '¥: , t.e. DJB.itCrauaer coCSol pasuocn o08'ero ttltC• 
Jfa 4,epMHODOB IUIB7C 06lJl88 llllC!O &JTJ4)8plHOBOB B CBCT0118 a -..uetca 
coxpau•~~olcs 1e1nqanol. Tor.Ill yqer atoro 481ta npoe,1;er s ,1;ono1u2-
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,,. 
'UJlbBOIIJ' UIBJ' B raJ1aJ1UOBl!lR8 - <J../1/ • llate1muqec1t11 3TO K c&e-
.1,etCI! 1t ffOl!BJl8BDl d, 8 Wn ( Cll. BliSe) • 

§ IO. llo.1.e.11• rpocca - He••e (Ill) 

a) IIp• noctpoeeH 31Weunaoro noTeBIU18Jlll 110.1,eJDI (2 .I) orpaB1-
q111ca yqe,:o• 0.1.Bonet.11e1ax •arpau • 6y.1,e11 •cno1•ao1at• np116J1J1xe••e 
cpe.1.sero no.111 Of 6(~), ,.e. npe.JtIJoJarae,ca rpasci1~osaaa BBBli
plaH'fRocu 1a1tyy11a. Ocy111ecru111 cyiuorpoaaue .1.J1arJ811)1 (p•c.17 ) , 

I 

--•-- ---0--
' • I 'O _,,, ·o· _,-
- , . 

, ' , I ' ' ,, 

Pac.17 

H89Jl 

~(o) = 1(/ - iN ~jll. .£(i i1
1

)" 
~,T 2 f.; (211)1 n /II t 1 

J. J. 2. / ,. 

N - uc.10 uno1 «,ep111101101 , A = NJtN' , f =- £. -'= • r.t.e 

C yqeTo• 1u■eyxasa11ol 3811tRK 

e / z -I 00 dk 0 
11'T(o-, T,cL) = z6 - 'lNT n~"° zrr Ut 

0 

'"° x" D 

. .. ) . 
1c .. w,. .. iJ~ . ... L. ♦ w .. 

r.t.t ■CD0Jll,3018.lla cpua !:_ n = - Ut,/4-Xf · 
BlNaCJmM cyuy • ('.3.2). lly~n I. tll,(<,J!•a•) a}: . 
.B.-ttepeRJtBPJ'• o6t qacr■ no a •;·iio1yqae11 

1)~ "" ia. ,f J,, 
<}a. = [ w~•a• = r ~, ~.-'!I: 

h•-ao (;fl T ct, T 
' ,. 

r.t.e yqreg llBBJll BIi.i. w,. • 13 ('.3.'.3) 

,. 

L = -J. + ln[1+exp(«-t)][i+exp("";a')]+C, 

('.3.I) 

('.3.2 ) 

('.3.3 ) 

('.3 .4 ) 

ue i, = d/r · , C - npo■aaoasaa 1toacTasra, se aauc~• OT a.,(~·~. 

38 

:, 
' 

Tenep• (3.2) nplBKll8.8T BB.I. 

R _ i 1 J00
Jk {1 [1+erp(¥JJ[i+exp(~)J 

34pq,(6,T,cL) - I CJ - 2NTo 21f (i +exp(";~)J['I + exp("-;k)] 

ue · c = Ji•.~~i.• 
llepaosaqauso accJie.JtYeK (J.5) npa d.;O. 
B atoK cJiyqae A , 

R <o 1) = 1. ~i- 2NJ ak (t-k)- 4rv1J,.,Jk t,, 1 + e * 
3ff , :z 21f 2r , e·,,_IT 

0 o 1 + 

('.3.5) 

('.3.6) 

r.t.e BH.t.es BllffYUC o6peaaua A • YqnMBa.a, tno nocJJe.itHI qHR 1 
('.3.6) ltOB8Q8H, ~OCTaToqso uepeaopKBpoBat• ~8ltTIBBWI ROT8Bllllal np• 
T-0. KcnoJiisyeJ1 .I.JIil atoro 7cJ1011e Koy.lllleaa - Bals6epra 

a1e.,.,,(o-) / = 1 (J.1 ) 
'l) 0 2 l<r=-ffo • 

r.1.e lYo -1tJiacc1Aec:soe nou. 
lJia (3.6) 010 npoo~n 1t ·coorao■esa~ 

tz_ A + J /\a,+ ( 9'1160 )
1 

= ,::=="=~ 
9,Nff,, · JAz.+(g,,,~

0
)

2 
('.3.8 ) 

lip• A>> 9"'6,, nee• cua. 2/\ = 9,.,6«,e • TanJ1 06paao11, • pe-
3JJI•TaTe .nepeaopJ111po1xx aces noll.a O • *•r•11011 noreanxaJie 
xcqeaaer aa•acoocT• OT napa11eTpa o6pe38.Baa. Tenep• 

~err (<5; 60) = t 0-2. + 1i! 61[ &i ({f -3] . ('.3.9 ) 

Pe-31.1ua, ('.3.9) secHa npoe'laTuea. Ilp8l!Ote acero ot11eTB11, ,uo 
yqeT 0.1,BODet .leBJlX nonpaBOX DpHU X noaU8B11) Alli'O.IBHt.naoro q.11esa' 

(J
1 fn (jz. I DOT8BllB8JIHOI Hepnr■ C ■CTellli. Ilp• 1111..IJIX (j 3'fOT- 1.18B 

»et 0Tp111lare.1r.sy1> nonpaaxy, xoTopaa .1.onnpyet. Dp• 6onnx (j no
,esnaMnu aaeprH no1ontur.sa • 1oapactaet. Tax111 00paso11, teopH 
HUetCI Cta6IJIHOI. B TOUe (5 = 0 oeer ll8CTO JlOKallBlil 118.JtCDJll. 
Yc.10111e a1tcTpell)'Jla ••eer 1a.1. 

c, Rrr co, 60. n/ = o. {1 • .! .f/,i(~)1- i] .. 21-J~ ( e \ if J 
<)O l~=~H H zrr ITo Jr D E. (J .IO) 
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llpK T-0 IUlHllMYM (J.6) ocyucTBJlll8TCa B T0'1lt8 

OM = :t 00 exr( i- •!).) (J .II) 

Ta1tw11 00pa3011, 4>epllllOBY 110.iteH rH np1100p1na1>T 11accy Hf B pe3y.111,-
TaTe .1txaw,1111ec1toro aapyaeH11 c1111weTp111t: M f,. ~,,,tr"' . llpx nepexo.ite 
It OAH011y 113 11HH»y11oa P,'f'f , aanpn11ep, -t O',.. , aapy11aetc11 caneT-

p11a HCXOAHOfO mrpaeuaea (2.2): 0 ➔ - (5 I ljl ... ;ts4' • 
B ~ep111oseo11 cne1ttpe eo3a11xaeT 11accoaa11_1118Jl1t Hf • Bu; noTeH~Jl8.J11t
eol aHepna np• · T = r/.. = 0 np1Be.1tee ea pac. 18. 

PlG) 

a 

Pac.18 

BazHO OTM8TaTL, 'ITO, B OT!B'IH9 OT qeTwpeXllepsol KO,Jt8.111 
Ha110y • Hoaa-Jiaaxuo·, eesyJ1eBoe aa1tyy1&soe cpueee 110,1teH rH ocy111ecT-
11aeTca np• npo■3BO!ltHOI, OTJll'IHOI OT syna, B8Jl■'IIIB8 JtOHCTaBTY 
CBIISB 'Im . none . 6 JIBJUl8TCII coc TaBBilll .uyxlf,epllKOBBIIII oOHJt-
T 011 tp4' • 11Keet 4>op11ane11I mpuTep. 3To Taue ou■11ne.11,sa11 

qepta .J.BYK8pH. B 110.1te.nH 175/ none (f · neet 4>113xqec1ty1> npapo-
,y, DOCltOJlltlty J,lla8TC8 no.eyqan JtJIII aero 11,ltKB8TJN8Cltlll qJleH. 

0) JqTeK B (J .10)' T811ll8JNlTJPHWI ll4>4>e&T. B np10.1■:sesu 9,,1o«T 
1sTerpa1 ,1tonycMet auan11TIRec1ty1> oneexy / 8l/: 

f°" Ji - [e1-P(/k'+fa,.,6ir) ·di~ _J..fn~l,._ l! -t 0r(~)
1J (J.12> 

O {f+(gi;,.,G']1 I T ~ /.j lh / Z t T 1 

r.1te (~ "" o,577 - nocToassaa 31upa, 1 (J.10) np:wmMaeT BIA 

<>~r,,(o;iro, r)::: '-[1- l(1 .. \" + .! f..n. !l(tl)\ 0[(~6")i ]] = 0 · (J .IJ) 
~ I/ TT de/ 211 }. ~ T ~v . 

.I() 

i 

' i 
! , 
r; 
I 

' 

I 
I 

Ha (J.IJ) nonyqae11, lffo np■ T> Tc. oeeT 11ecTo IIBHKMJII • O=O, 
a np• T < Tr. - llaltCDJM, rAe 

Tc. = f 9c,A, exp(I- f • ~e) = 'irH" (J.14) 

~ = exp;,-E • B 1861 onteqaJlaClt aaa.1~rH (J.14) c Oit8BJtOI 1tpHTJ1"8 .. 
cxol Te11Depnyp11 csepxnpcm o~._ero nepexo~, np1111e1& s11ecTo c1epx
npo10.-•e• )t8Jlll B (J.14) CTOKT llaCCa 4>ep11aoua. B JtaJl1,B8l■8M 0JA8T 
n01taaaao, qro Oo.1ee npoo (J.14) csaaasa c reKnepaTypol ctpyxTypso
ro naiiep.1IcoBCRoro nepexo.1ta, l!llem•ero uecTo I KOAeD noua~erxJ1esa. 
HeoOXO,AllllO OTK8TBT1t, qTo np11 BWBO,Jte (J.14) OiiJO llCDOJJ,30BaRO np•
OJIIIJ:88118 cpe,IO!ero no.11J1, cnpaae.uHoe, 100011le rosopa, npH tJ...., oo • 

Te11 He 11eaee, p11,1t peay.111ttato1, no~qeHBwx B 110Ae.11a rH,ocTaetca 
onpaB»HBilll • A,lla xo&e'IBWX Al 1561 • 3To neot1xoJt&o yq11t11Ban 
np• Cp!!.BBIIIU pesy.1natOB IIOA8Jel rH B (CH).., 1 Tait JtaJt aBaJIOrH 
ue:s.-y HIKH 111&eeT 11ecro np• /II = 2 • C APJrol cTopoHw, 1 1861 itoira
aauo, 'Ito aa pllll1ta1111 npxt1JD1:ses1111 cpueero nou, r .e. cutaa (5 = tJcx), 
np11 ltOBeqaol TeMDepatype B CIICT8118 Oy).JT c,-ecnoaan ltllBltll B OCBOB-
HOII COCTOIUIIOI. 0,1tB8.ltO DJIOTBOCf~ ltlBXOB npa KMYX T Ka.la,• np•-
0JlllJ:8B118 cpe.Qter O DOJla IICS8T oxaaa TltCS BD0.188 np11811.1811i111 1861 • 

1) DepelAeK JC a11aJ111sy (J.5) npir 1toue11ewx aaaqes111x r/., • B od-
lll8K c.1yqae OTilcitas■e IIHIK)'Ma P3<p,-(<f, T,d..) &.IBeTca BeCltKA TPYA-
sol aa,e'lel, X KJol orpaBJRKKCa ICCJl8,Jt018BHII npaO.IIDesH t/.. » T. 

IlpH 3T~ (J.?) DpHBlllaet-BQ 

U-q,.,u-):r - 1 

FL (60iL)=t6
1

- riff dk(d.-E)+fJt(E:.k).:.#) 
. ·1f I I ft O 0 ,_ (J.15 ) 

r.1te nep111I qJeB B JtBa,JtpaTBIIX CltOOJtax TOQ9CTB8BBO oOp8-aetCII I BY.llt 
np• of. < j,11(J • C yqeT011 nepe aop .. poux, nepen1■e11 (J .15) 1 s~e 

L Jt-fa,,,~f z 

~ {~6'o,d.) = t'11.+ 4~ 01.[ &({)- 3] -t[ I J{(J.-£) - f] · (J.16 ) 

Y.1toOso paCCIIOTpen .ua CJlJ'lfU 
1. d.<$,.~. hee11 

1 

() 1 1 .! 1[l!n.(i)1- 1,t t./J. . "¼f((J,(Jo,d~a,,1")=26-tlillo ~ 3 2n 
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YCJIOBB8 31tCtp8JIY)m (3.17) 

~ = o[~ - l 
'30 T 

+ l.l?,,,§J = 0 
7f (To 

(3 .18) 

HeoOxo.-.no OTll8T ■Tlo, IITO (3.18) He co.1tep:nt 31!.HCBIIOCTX OT cl • 
Hetpy.itHO yde.unc11, QTO B O =- 0 Hll88T 118CTO J10lt8..U.ll1d 118.ltCDfll, 

a I 0-H =- 0-o exp ( -t - 'I>.) - IIHIDIYJI'' (3. 17). 

,2. EOJl88 XR~epecea CJlyqall c(, > Jh/6 • Ilp11 3TOJI (3.16) JIOl'.HO 

38.naca n I BH.Jte 

P1'1,(o,o-,., r1 > J,,ir) =_ i 0 1 

+ A 01

[ &i(~Y- 3] + 

!![ l _ ~ /l-lo ~~)1 .,. fJ,,,~/tJ d f /1.1:.(f,,,!'f] 
1T 2 2. 'if"" z .. Ut J,.111tr 

(3~19) 

YCJIOBR8 31tCTp811YJ18. (J,19) 

~ = 6 ti. <f. + /;
1
-(#MtJJ2 = 0 (J ,20) 

'ao j6H 

B O = 0 1Dl88T 118CTO Jl8.KCHIIYV p"'f'f npB d,, < ff~ /2 II IIIHIIIIYJI 
np• OL- > j~/fL • Kpowe Toro, Hll88TCII p8118HK8 (J .20) B Blfl8 

(5":(jHl~-1
1 

(J.21) 
ff,,,6,,._ 

Ilp11 j .. ,.,6',.?:z < cl.< J,,.,611 HM88T Jl8CTU JIOltaJlbHlill M8.XCHK)'JI P1r1 ' 
DpR ri. > j .. ,,(J,. - MIIBHMfJI• 

l{aqectB8BHYI BRA pemeUHll npKB8,Jt8H ua pxc. 19. 

jc.6 · 

l 
1 
1_1 
-~i 

l 

t-~M I . 7 _, 
' 

o I ~ jdi" _____ -~ d. 
l! 

PHc.19 

12 

ina anan1aa QiaaoBoro nepexo,J,8 neodXO.JlltKO_BYDHcatb 3Htsllwu•e 

3~8XTIBHOro noteunaaM B TO'!KaX 8KCTP811JK8. 

p~ (01ci) = 0 
. 1 2, 

p~ (OH,d) = 1[; - (P;(j/J) ] 

P1rr (6~J) = 1 (d.-f.~6Ht 

(J .22) 

TaIWM oOpa3oM, otj ,~ ·g,,,/JM/(i' = HF/{i' • OTJ18TIIJI, QTO 3TOT 
. pe3y.nuat OTJIR118.8TCR OT 8 ",887 ' r,J.8 BCOOJU, 30BaJICR npe,1t8JI d» Mf ' 

IlpH ci < d.,. Rll88T M8CTO-nys:patHoe BWpOQ8Hll8 OCHOBBOro coct ORBIIR, 

a npH o/. ~ d.,. BYpoK.JteeHe cu11aetc11. Maccoeaa •eni, B ~epxaoiiao11 
cnextpe HCll838.8T,ll BOCCTaHaBJIHB8.8TCR CBMM8TpHB HCXO.JUJOro .narpaH•HaHa 
( o - - 6 _,_ 'Y --+ ~s-1.\' ). Y11Hn.1Baa, 1110 nJiotnocn 111ctHU B c1c-

tewe onpaaen11e1c11 nocpe.-.ctaow 
.... . -1 

fl = i j Ji [ eip( l/)t1] , (3.23) 
. 0 

npH T -> 0 ,11,Jia 083118.CCOBYX IW.CTHU nony11aew CB113J, 

- ;v'i n - - ' 7T 

(3.24) 

ue ,V no-npuuexy odo3m11ae1 1111cno unoa ~e?&BOHOB •• Tana& oOpa3oM, 

n~ -= NM£. 
7i{2' 

(3 .25) 

C TOll!R 3p8HRI MO,Jt8JIH fH 3TO IIRCTO •a1t30TIN8CltHI· p83fJILTaT, noxa3WB8.D

···, .IITO II B nyiaepmix MOA8JIBX MO.et peanB30BHB8.UCR Kp8.CHB8.II H,11,U 
BOCCT8.ROBJl8HRII H!'PYll8HHOI CHM118TpH C pOCTOM tea&nepatypw I (RJIII) 
OlOTHOCTII ~epKROROB. 0,JtR8.ltO, JtaX IIW YBIUJIII B RllbHel■eJl,B XB8.310 ... BO
M8pRol 110.-.eJIB DOJIHanetBJl8Ra, IBJIIDl!ellca aeaJ1orow M0 ... 8111 rH np• 
"'= 2, 3TI pe3yJIJ.T8.TW np•BIDl8.llT BDOJIB8 peaJIJ,HWI CllliCJI I COOTB8TCTBY

DT Bnonee peani,uol ~z3aqecs:ol cnyanKH. He xcumqeeo, 11to •no,1,8pox• 
np11po.-.w - tpaec-nonwaneTHJICR - OOMOX8T noHIITL H no,11,taep.-.HTL B8.JIIIIH8 
118Xl1HH3M8. BOCCT8.ROBJl8Hl8 CHJIJl8TpHR, HM8D.ero B8.l'.H8111He cne.-.ctBKI 
B XOCMOJIOrHR, actpo41H3Hlt8, XB8.HTOBOR xpoKOARH8.MHK8 H ,11,pyrHX odna.CTIIX 
4JH31lltM. . 

Ilepel.-.eM X H3Y118RHm ~a:ioeoro nepexo,IIA C BOCCtaBOBJl8HH8M CIIIIM8T

pu B W0,11,8JIM cf:,} 

H 



§ II • II0,l8JII, 'f>" C q)epMHOHaMR ( ¢,;) 

B 110,1eJ1a ¢; •11eerca tx3Bqecxoe cxa.upeo~ noJie c ca110.1telcr
ueK. CJI~oaareaeo, np11 noCTpoeau aiW>exruaoro noreBIUmJia cxcre& 
H800X0JtllK yqer ltBaBT0BIIX nonpa101t, 00yCJIOBJl8HHHX ffiltJ:8 K tJiy&u-yatt••
IIH Oose-nou. llp• 31'.011 Oy.r.e11 IICDOJII,30Jar1, Dpa0JID8BK8 CJlaGOI Cl.SK 

A ~ 91 
« };a • 3ro nos1onr orprnaunca o,JtBoneue1w np•Oazeuxe11 1 

a~eitrKBHOK noreanxaJie. 
llpe:a:Jte B cero R eooxo.-oo or11euu, q to y:a:e Oes yqera ue;uroaax 

DODpaBOlt MO)t8JU, cp; , B OtJIIIU8 Or 110Jt8H rH, 111188T ,ltBJltpatHO 
BHPOJ:Jt8BB08 OCHOBB08 cocroane DPII j': > 0 (p11c.I8) C TOllltaKK IIKH• 

11yi,a cf:,0 : :t .fol r,: • lloreaq11aaeaa seeprn c11cr8lllil B 1t.11accxqec1to11 
CJ!Jqae 

1 

~ (cf>) = -It 4>1+: cp" . (3.26 ) 

B ,1alleel■11x pacqetax 1111 Oy,1e11 npe,lDoJiaran tJ = 2 • beaao sror 
cny11al Dpe.JtctaBJl!let nrepec .ltJlll cpaaseeu c KOJt8J[I,J> 110.1111au:erx.118aa. 
OOoOlll&Hae Ha 11poas10JI1,eoe N rpaaxaJ11,ao (11pa·1aqKCJ1ea•• tepuoa
HYX D8'?8J[I, Bll8C'l'O 11eo:u1re.111 2 11oa1Krca IIBOHTeJII, IV ) • OqeBII.JtBO, 
qro yqeT .uanrOB~x 11cmpa101t Jt (3.26) npa1e,1er x pacxon11ocTx B 
*•'l'HBBOM DOT8BD;KaJI8, JtOropaa B CJIY'18.8 ABJ'X K31lepenl 0JJt8'l' .1ora
P•t11Hecxol. Ku x JI 110,1;ua rH, JIOJ:Bo ycrpaur.r. au pacxo.a:a .. eoa 
qJieaw, DepeaopKapya uccy 110.11a cf:, • B c.ayqae xoeeqaol reKDeparypa 
11 xnaucxoro no 'l'HD;KaJia 34lteitrx1ed DoreuttmJI 110 no sanacar.r. 1 
HJ;& /80,89/ 

~ ( <p) == fo(cfl) + f Q (T,d.)cp1 
1 

(3.27 ) 

qro cooT1eTcr1yer 11e,1eea11 .1onosne11,eoro q.1eea • 2rpaauaa 
J{' :: -f. Q(T,d.) c/>1 

, 11pne11 Q(r, d..) ■11ee'l' .11orapapa11ec1tJD 
paCX0.UJl0CU, JI U8B 61.' Bllctynaer I Jtall8CTB8 lt0B'fpqJeaa. 

OnpueJU01 nou cp' =- <f, - .f , r.i,;e cp' ecn ou.11oaeaae 
DO.la cp or DOJIOJ:ellH ll■Blllfl,la . 

aP!'frCct>)/ = o (3.28) 
o cp I </>=p 

C yqerow cnara B acxo.uo11 mrpanaaee (2.22) e,1;11BCTB8BB1111K o.JtBo
neueB1111■ Jt■arpaJ111&11a, cuepmlllllU 1orap11t11■11ecq11 pacxon•ccn, 
IIBJIHTCI •roJIOl&CHH· • coOCTBeBRal HeprH Oosoaa (c11. pac.20). 
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KoBTpqJieH 8 I. 1 noc.11e cn1ra np1unaeT BaJt 

0 , ' 
\ 

' \ I 
'T., 

0 
-... 

-- -- --( )--
.... ... 

I \ 
I I 

' I 
__ ..,._., __ ... -

0 
I --J.--

Pxc,20 

,·- -' 
I l 
I I 
. ' , 

'"r"" 
I - -·- --

S[' = f Q(r,rl.) <p,·1. + Q[r,t1.>Jcf>, + J O(T."'-)jJ. ('.3.29) 

llw KOJ:81( 011pe.iteJ1Br.r. Q(T,d.), TpeOya, uoow pt!.CXO.PllOCT• •roJIO• 
aactua• • coOct1eHnol aneprxn Ooao&a coxpa•aJ1•c~ xoarpqJ1e1u1 B 

('.3.29). C y11erou. &01eq1ol tewepatypw i x111111ecxoro noreaD;Kam BltJaJt, 
o6yCJioBJieHmm _ro.11oaactuaH (pic.20), ueer au 

'J1 =. - i(27iy1[3>.J,.(1,a1.)- 2(IF(t, 4 )]f , (3.30) 
r,ne 

J T ~ f ti [ I 2 1 2 1--1 
6 (T1J.) = 1.Tt~~.,,,' ~t k +m8 (7;al)1-Q_,6 (3.31) 

I T 00 f ·,1 · 11 1 · 1 -i 
F(r,ct) = ii L. 4,11c[ ~ + mf=(r,J.).-w11 F] 

p-~ ' 

I GJ,,6 = :ZnrrT , Wnf = (2n+-1)711 - i. d. - Ka.D;y08.po1-
Cltll8 llaC'l'Orli. 0Cfll8CTIJUIII Dpa 0011>1'1 ('.3 .'.3) C)'IUIJlpOBllBH B (3 .31) , 
DpKXO,J;JIJI lt 

j . I"° Jl • 1.1 w ( ) J (Ti) = - Corn. ~ , 3.32a 
I?) , 2Jr J.w6 n 

-oo 

J (r cl) _ l C Jk ii !:/f 
F 1 - 2T J 2t.> cl, ~ I ~ 

•oo F T 1- O'n T 

(3.32CS) 

C W& = /1./t IH~(T,ol) ... 1 (.,,)F • /i1
+flf;(T,ol)

1 

4.5 



l. 
I 

BX.118.A OT BTOporo qJeHa BO!' (3.29) IUl99T BRA 
S'J' == i(21i)

1
G(T,"'-)f • Taxo oOpe.soM, HO•pe.e11 

Q(r,,J,) = 3HriCT,ol) - 2/JF(1
1

r1.) • (3.33) 

HeTpJAHO yOeAanc• (ex. 1a91 ) , qyo np• UXOK BIIOope Q( 1, ol.) 
XOBTpqJJeHII I o i,' DOJIHOCTJ,D COX~IIT pacxoADOCTJ, • coOCTHBHOI 
aaepr•• Oosoaa. Ouet•11·sa••c•11oc-r1t acca Oosoasoro • ~epuoaaoro 
DOJlel OT T91lD8paTypll K XH11necxoro DOTeBitHa.aa. Tenep1t ~8KTHBIII 
notean•aJI (3.27) onpeAll8R, BO TpeOyeTCff YCTP,.RRTlt 1orapll4JK1qecxyD 
pacXOADOCTlt. Kax yxe or11eqa1oc1t, 3TU llOZRO OC)'lllCrl•r• IIJT8K nepe-. 
ROPIOIPOBKR llaCCII Ooaoaaoro DOJII. A neaao, 1aq1e• B (3.27) qiea 
! Q(o) c/>1. , q10 COOTB8TCTBJ8T 13M888BXll lfaCCII DOJUI ef, , T.e. 

2 1 · 1 /'I · 2 L 2T /o -:/ Jo i- w(o) /'- + 3A ,!.(o) - JJ JF{o) 

llOCJ18 3TOI nponeAJpY ~XTRBBYI llOT8HitKaJI CTaHOBBTCI XOH8qffw 
• neat n,1; 

p ~ ( f) = e,fH ( cf,) + t~(T,d.) f>J. , . 
. (3.34) 

a PHor.,.{<f') co~eT c yqno11 aa.eaw J'• ~/ c 

Qi. e, 1 t 
{7,d.) == 3A Ie,(T,o!) - 2g ]F(T,i1.), 

PoN)} 

r.ll.e 

LR "° 1J "' -t 
s (T,J.) :: Te,(1,.t) -1 (a)= Irr&, !111,(o) + 1J ~ le~ 1) 

e. mt>(T,.t) 11
0 

w6 l' . , (3.35 ) 
ll , 

]F(r,rl) -= JF(11J) -]F(o) = .i fn fl1;(o> - J.J"° Ji F{ ~ ~) 
<I fttp.(T,J.) 27, {.)F r I T 

, (3.36 ) . 
-oo' 

np•qe11 
·f '-~ 

P(~•f) =[ exrC¥)•1] +[ ~xp(~~+.l)+1] 

YCJIOBBe 3XC:Tp8IIJ)la a414l11tTRIHOro noteanaaia npmuwaeT BH,A 

~~lcf>-p = j[ A.fl 7~ 1-Q'hol(f)] = 0 (J.87 ) 

Otll8TH, uo B {}
1
(T,ollf) sxo.-., llaCCII noJiel . ~ • f • C ,lpyrol 
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cropoaa, m6 • mr= cM111 onpe,11e,u1Mca qepe3 QP-(T,« If) 

1 o2Br,Jt>)/ . . z t /)'( t ) 
me,(fiJ.) : 0 f> Z. /p1' "' 7 + JA_/ t- 4' T,J 'I (3.38) 

. . 

H 
/J!p =J/ · 
llpeiue Bcero ot11e:rx11, q10 (3.37) neet tplBll8JILHoe pe•eexe 

.f :!! 0 • llp• 3TOJI 4'epJ1110HH OeSllaccoBYe l1fF = 0 ' a Macca 0030RHOfO 
DO!R onp~~8JlR8TCR •3 YPlBHeHBR 

ma\r,oL) = y/ + {/(r,o1./o) 
(3.39) 

R 
llpH f = J. = 0 08811 Q _(o) = Q , B 00.118 <p JDl88T OTplllllT8JLHYll 
IIACCJ, qyo cxraaJB3Bpy8T O CDOBTaHBOJI sap;J118BBB CJDDl8TP•• B CBCT8Me. 
l1a no•ce 1etpxB•aJ11tHYX pe■eexl y,1100so nepen1cat1t (3.37), c yqe1011 
(3.38), B BKA8 

2 ,, 2 R -
m,,{~J) -V' +20(r,.J(f) = o. (3.40) 

~ 2. • 
TenepL np• T=ti = 0 neerca pe■es1e !>11,{o) = 31' , T.e. ooso1111 
npxoOpetallt fxanecxy1111accy. Cor.aacso (3.38), np• no• .fM/III' 7 

• fepuoaw ctaHOBRTC& 11accHB11H "1F(o) =- if/5' 
B oO•e11 c~ae asaJll3 ypaBH811H (3.40) npoucu Be y.-,aetca. 

KIi orpaHIADCI HeltOTOplillB npxODHHBIIH. llepBoHaqaJIJ,BO PlCCIIOTpllK 
TOJlllO T811Depatypa11e 31Me1tt11, DOJIOHB cl : 0 . 

a) B npx0JIH8HB me,{T), ntF{T) <~ T . •nerpe.JIII B (3.35) 
(3.36) AIIIJCKa5T aaaJIKTIA8CXJll onesxy /Bl/ Tax, qyo. 

Q ll. 1 { ,t /J 1114(0) 7 I [('!.A[!))t.JJ _ 
(T) = 3 A E, Ul ,4,rT. i- 2m1,(T} + ii,{ E r O r J 

j /_[.!_ti !!!!f!') + _j_ { + o[(/tfr(T))J.] J 
(! 2T TT 2'ff E T 

Up• 3TOK ypaBB9BB8 (3.40) np•aoaet BRA 

?, m8 (T) - prne.(r) + q .= o 
C 

P 
_. 2/- 3,\ &i flta{o) _ -1\ l. r gll PIF{o) 2q\ 

J 7f "411 T 1T QE rf"U,, 7fT + ':;f Q E I 
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(3.U) 

f= J~T. 



ABaJll3 xyOzqecxoro ypaBB8BHft (J.41) npHBO.-aT X 

qecxol TawnepaTypw 

31B qaBHll XpllTH-

4.ffM~[ 1 °l = ~ ~ - f &(T "T~J , (J.42) 

.3,\ [& gg~ ]- L[tn, 9/j).mF(o) ] 
f>(T==Tc.) =23l 1G~1 ~}e -}"1 41f7!J13 +Ji 

r.ite 

. 1 I 

onpe,lla.11aeT 11a.11yo nonpasxy, nocxom,1.ty A ~ 9 << /' • Ilp11 T < Tc. 
OCHOBBOe COCT OftBH8 CIICT8Jru BWPOX,ll8HO _f j O , LI. npB T ~ Tc. OCTLl.8T-

CII TOJI.&XO tpRBl!aJll>H08 pe118HH8 jJ = 0 • 0TH8TIBl, qTo np11 r:i = 0 
B1.t.1Ul)t, o0yCJIOBJl8HBHI yqetou &BLI.BTOBYX nonpasox <l>epuHOBBOro no.1111, cy

!118CtB8HHO DO.l,!l.BJl8H • BJlllSIHHe JUlll.HTOBLIX tt,ny1tTya1td II030IIBO ro no JIil Ha 

Tewnepatypnwl 4>a3oawl nepexo.it aannetcu poma.D~HK. 

Hec.110:ruo onpe)(en11u 3mqen1e napaworpa nopQita .f np11 cTpeu-

.11en11 It ltplltlN OCltOll Tewnepatype .f ( T - T .. -) .. 0 ,57 p(o) • Cne-

,llOBLI.TOJibHO, lll;:. (T ➔ r,:) = 0,51-mF(o). . ~ 
TalU!M ollpaaou, napaxeTp nop,wta B T011X8 T = 1 c. llClllilTWBa8T 

c1taq0Jt. COOTB8TCTBOHB0 1 

.Z. ( _) 1 1 +) Z 
fne, T- T,. = 0,·33me,(o) , mb(f➔ T,. :: O,fme,(o), 

t.e. Hacca Oo3ouuoro no JUI mne Huee? pa3pws s To111.te T = Tc. • Ilpu-

11ew a o0.111cu T ~ Tc. me, ue 00pu1aetca a uyru.. 

HY B8pR8MCJI X oOcyi,;,ll8BHll 3THX p83JJlb'fll.?0B npH auaJIK38 MO,llOJIH 

ll0JIHLI.J:{8THJl8Ra • 

0) Paccwo?pilll CJIY11al, ol 4 0. By,lleM HCllOJlb30BLI.Tb np11!J1Klt8HHO 

r:i » T II T » mF ( T, c1..) • Ilpa aTow a no,IUmT0rpa.in,H0M awpaae-

au: (J.36) uoxuo 11cnon3oaan paanoxeuHe no uanouy napa.Metpy J= '"~t_;:"->: 
00 

dt J,-
0 (Qxr.)8clit-J)+~] 

"" 
z if ~t 

o -l+e ... j8c-M 
= i1 tn_jl+e~;3•h+e2JJfj' 

/{1-t-e.'-/- 'J.'- J+ J'j-l(tte')')'-

~i-tya' 
r,JtO d. = ot,/T • Taxo o0pa3ou, 

Oil. '[ -I ti~) T + -f \.]· 2 1[ I fn !!!dE) J] {T,J.) = .JI\ fi 4rrT + ~) 211 Of - ~ zii T - 21T 

OrpaH1111BBaSCI, OCHOBBHM BX.118A014, np!IXO,ll)IU It ypaBB8dllll ua n1e,(T,d.) ; 

,rn 

" ( 1 .I. n.) me, (r,d..) - 3J' -9 r me.(T,c1..) + 3H "' O (J.43) 

r,;e BBOB!, y11teaa CBS3b DJIOTBOCTX teplllOBOB rt C UIIIR118Cltllll ll0'!8HIUl8-

.IOK (J .24) 11. : 2d../7T . 
Ctaa,llapTBHI aBaJlll3 ypaBH8BH (J.43 ) npllBOUT X XpHT1118C1'0llf 

386118B111> llJIOTBOCTH 

2 ~ 
n,. = f T 

ii~)'% ' ~ TS/3 
t 

(3.44) 

CJI8,Jty8T OTK8TIU, 11?0 B (J • 44) nepBHI 11Jl8H ollyCJI OBJl ea BltJIB.,llOK 

OT ~pKIORBWX D8T8.llb~ a BTOpol - Blt.lJAAOM OT 0030HBIIX D8T8Jlb. lip• 

A~ l << t• sua,;, o!lycJ10BJ1euawl qiep11aouaw11 neT no11, ptlllalllll••• 

IlpH ~HltCHpOBLI.HBOI teunepatype H n ~ I'\,. ypaBB8HH8 (J.37) 111188T 

e,Jtl1HCTB8HB08 p8118HH8 :.P ;. 0 • Ilp1D1811aT8.IIbBO, uo B ll:pXTnec1tol TQII

Jte nc.:: f/T,./ l ( c y11etou 11anocu napawetpos); Kalt ;rr,, n.) , 

taIC X m6(Tc.,nc.) o0palllt\llTCft B ay,111,. ~ 
B aa1tnoqeH11e 11cc,11e,,B;oooa1111 qiaaoao.ro nepexo.lla. B 110,;eJtH cpF 

BYA8JIXM npe,lle.l T .... 0 • HetpJ.llBO yOe,JtHti.cs, qTo B 3TOII c.11y11ae 

r:co,J..) ~ fir& ~Fi") , a I~ (o,~) .... 0 . Tall:Hll ollpa30K,' 

(J.37) DplHIIMaOT B11,ll . )/ =-_f'
1- f/!n.{J.rl./111F(o)) 1-1 

nc = m;(o) exf (7Jl/t) . (3.45) 

0TK8TIDI, 'l'fO BCO DOJlJ'l8HHW8 peay.11,taTW cnpaBt,ll.lXBW TO.IJ.ltO I 

HH3W81>4 nopB,lllt8 teopllH B0311Ylll8Bl11. B 1.tpxtx11ec1tol ol!JiaC'fK aeol!XOAHM 
y11eT swcux nonpasox. EcTi. ocsoMs•• no,11arat1,./B2/, 11to aau pe-
3JJibTaTw cnpaB8,ll.lKBII B83,lle, 1tpo11e Ka.1101 oOJta.CTI B0D311tpKTIA8CltOI 

T8llll8patypW. 
I1pe1t.ll8. 11e11 nepexo,ll11TJ. It 113yqeax1> CTpy1ttypuoro ta3oaoro nepexo,J,a 

B noual{8TKJl8B8, ne.11ecoollpa3B0 CAOJIATI, .PftA 3611811aad. Ill C03B8T8Jl1,B0 

,llOCT8TCRBO llO,llpolluo npXBOJIX aaa.1113 te,aoaoro nepexo». B IIO,ll8JIJIX PKTll 
aa OCBOB8 TOOpetlltO-DOJO 101 T8XBilltll. ,lluo B TOIi, qTo TeXRKita T811D8-

paTypawx <1>y111t~•· rplHa npli118BIIT8JlbBO It AJ(arpaoaw B1111KCJl8Bllll 

W8111)(6B8 D0310.118T DOJIY'IRTI, pa,ll ilBTepeCRWX pe3fJIJ,TATOB C T0111.tX 3peux• 

wKC. yxe H8XO,llBT ,llOCTaTO'IBO xxposoe npoeues1e 19o,9II. Tait, B /
91/ 

ua OCB0B8 3TOI T8XBIXX noctpoeaa ltB8.BTOB61 CT&TXCTll'l8Clt&I 118JaBH&a 

npoTH8HmlX oO'Hlt'fOB (co.lllTOBO») B paMltaX llOAOJlel CHHyc-rop,lloB, 1>" I T.n. 

49 



OO~aa cxewa .B;OCTaToqao llpOCTa. ~eltTKBHWI noTeHUHan, ltOTOpHR 
H8CJIOZBO nonyqxTL B 0~0Il8TJl8BOK npK0JIHZ8HHH, llpH EOHeqaol TeKncpa
TYP~ aanaeTca HH qeK HHW, xax TepwoAKHauqecxxw noTe~an:oM CHCTe
w/92/.n OTCYTCTB.110 COHTOHa paccxaTpHBallTCI KaJUle OTUOB8RIIS OT noJ!o-
UBIR KHHlli&ywa cf:, --+ cp =- cp I. JJ , H, nanpHKep, AJIS KO,J;enl 1>~ 
noJ1y11a11t tepKo,J;KuaKuqecxuR notes1U1an ..Oo , aHMoruqewl (J.34) npn 
~ = O • 3aTeK paccKatpHBaetca 1tHH1tosoe pemeHHe ( 2. 9) 

I BBO,J;HTCR <p ::. ¢ .. + cp' , .rAe ¢/ on11cwsaet OTUOHCHl!e nona <p 
OT rtKHltOBOro BaltY}')la. IlOBTOpaa npoUC,lij'py nonyqeB1111 .f2

0 
, nonyqallt 

12' - T8pKO.B;HHa1n(qec1tHI OOT8HUHaJI A»R O,ltHOltHltOBOro ceuopa. ,Tor,11a 
T8pKO,JtHH1UtHqec1ta11 4>YH~HS A)IS O)tl!Oro ltHBlta .J2K = ..Q' - · .Qo . 
Pea.nuauns 3TOI nporpaxww B pawcax K:O)t8Jllrt cp" /9I/ npHBO)lJIT 1t 3Ha- . 

, qeH111 seepru no1to111{eroc1 KKHJta 

E = ("'I - r J.n., = 212il -(..£ -_!_)ri)(, 
1t ~l" dT 3A .ti 4fi- ✓ (J.46) 

+ ftfll(ff) - bfff f(i1f) , 

r.1te w. _,, 

N(w) = ( er.. 1) , f(f/) =-¥ f Jk <.\,[(:ll'•fJ"("'i.) , 

Wk = J~i.., :fz.' • Ta1t1U1 00paso11, npx 1'=0 

£0 = ~3 - ( 2.. - _j_)ff~ 
I( ~/\ 27f Jill J 

a npx T >>_r 

Ett = 2'f;/' _ 2- -+ 1 
~ >. ./f li 2 

(J.47) 

(J.48). 

BeTpJ,J;BO oOoO.-t• p83fJILT6TW Ba Cffqal ,J;IKZ,.8roc1 COJlftOBa, a taltK8 
salt• IlJIOTROCt• qacm COJIKTOBOB 19 I. 

C ,1;p7rol CtOpon, Oo.n•■oe 1toaqectao paOot DOC,leJIIKX Jltf DOClll
•eso rep110,J;11BaD11ec1to awq■caae•a 11toseqsoteKDei;af1PBOI PKTll /90/• 
heetc• tea,;eauH 1t ace Oui.■eMJ cOazen11 aux ia,x oOacnl tnu•. 

lru, Ba npoepe ,J;BJX ,J;BJ]18plllX DOHllilX MOlHtl nou.auo, uo 
poet TIIIDIP,.TJpll c•cre& IIPIBO,J;ft 1t IOCCtaROU8BDI CUHtpu, ■apy-
■eRBOI up■ r.o. llp• T > Tc. c•crem ae co,;eput HB1to1 • u.ucne 
3Jl8M8Btap111x B030JZ,J;8BKI. BUByll poa• upan 1e111aeaa• IIJIOTIOCt• 
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cpepuouoB. 1Ipeqe11 C pOCTOll n.llOTBOCTK ~eJtTW,. oOyc.10BJ18BHYe ltOBeqaol 
cpepMBOHBOI DJIOTHOCT~ll, B03pactallT B CTaBOISTCII Go.nee cy.CCTB8HBWJII, 
BH8H T81UI8patypBH8 3CW1euw. B paKltaX llO)l8JIII 1: 3TO npllBOAKT It 

naMeHe1m10 BHNl ~asoJ10ro nepexo,1ta. nepel,1.eK x auamrny Ko,1.e.1H nom1ane- · 
THJl8Ba • 

§ 12. Ko,1.e.11L rpasc-ao.111aueTHJ1eea. 

Em,e pas uepueKca 1t asanorn, onaeqeauol B saqa.11e NlHHol. rnu1,1, 
K8Z.B;y llO)te.101 rB B tpauc- (CH)JC • IlpH 3TOK IIH Oy,J;eK HpO!tO 
axcnnyarapoBaTL CBll3L •ew llaCCOI tepKHOHa I lll)leJIH rB K ,J.KKepasa
UBOHB ol 111enLll B tpaH c- (c H) x • ECT8CTB8HHO npe,1;no10 SIU, qTo ~elt
TY, HKCllll!He lfCCTO B 111.1.eux PKTII, Oy .B;yT cnpaBUJIIIH K ,Ull aHaJIOU'IHWX 
110,J.eJlel tKC. Kalt y:ie OTlleqaJtoc,, UOJll!aueuJeB SBJIHTCII ,J;HJl8UplltoK 
Ilalep.11ca c y,1;1oesxeK nep110,1;a. Hsuectao, q70 c pocT011 Te11aeparypw 
CIICT811H lllleer ll8CTO no,11;aBJteHB8 nalep.llCOBCJtOI ,1.1111ep1sa1t111. IlpxqeJl 
1tp1Taqec1toe sHaqesae, np11totopo1111cqesaet ,1.11Mep11sauaouua11 •e.11,, 
asa1onquo (3.14) • neet HA Tc. "' tM•)/1f , r,1.e Ol0 ) - smqe-
Hae np• T .. o. 

B / 831 DOK8.3aHO, qTo BaJlllqae BH8■Rero no.n• Ta1tze nplBO,J;IT It 

.•cx.11onwaau11"wacc0Bol •en B wo.i;enu rn. 'eW1onqswl a~e1tt x11eer · 
•ecTo H B 110AeJ1H tpauc-no.11aauet•ne~a 184 • . 

Iloctpou T8pllO,J;KHaoqec1tKI noTCHUXaJt ,J;JIR CICteww B8B36DO,J;elct
BYIIIIIHX 3!81tTPOBOB Ra ,1.e4lopwapye11ol neaoqJte aTOllOB 

. 1 

_Q(ii,T,cL) = - ~T.l L 6i[1+e/(p("'~lt)J + ',1f A ' (J.49) 
Mt 1 o 

r.i;e i~, : ~ ~(ASin1f}'-+(z.l.,c.o$q)1 , IV - qacao atOKOB • uenoue, 
A= 4i,a 0 /r;~K' , d. - xnJIQecnl noteauaa.n. Kw Oy,1.e11 npx.i;a1an 
e11y II ,J,aJILHel•e11 TOT H CllWCJI, qTo K 11 110,JteJI.IJX PKTil, T.e. d, 

yqllTJlEaet 3Jl811: Tpoa-,1.11poquyr, aCHlleTpBII CBCT810l I ao : J • KpoMe 
Toro, B (J.49) J8CCll8.TpKBa8TCII O,Jl,HOPO.J.Hall ,JtJ111epxsaun A I A(,1t). 

Il•eeap•ay1 a1e1tTpoeewR cne1ttp 10.111aa 1011e1 teJI(• • nepexo,;a 1t 
!ODUHJ8JILBOIIY npe.i;e.ay ( ,\I ➔ oo ) , IlOJIY'IIII 

K~ · 2 . 

.Q (A, r, d.) = - /J J d1 Cn l 1 .. expt';£J][i .-e~p(i!f )] ~ 411~}. , (J.50) 
0 0 

r.1,e l = {q1+0" , K - awnync oopeaaeu. HeoOxo,1;H110 otweun, 
'Ito, E OTJIB'll(e ot 110,1.uel PKTII, Hayne oOpe3aR_Hll l< B (3.50) 
xoposo onpeieneu a coonercnye1 B11ny111,cr 4ep10I. IloJrnaa ■11paea SOHH 

J;pu:naRa vi = 24K'V'F~ .. A~ "' 2KtrF "~~o • 
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Ilpe:Ae qeu nepexo,1tHTb K anaJUtay (3.50),oTMeTltDI, qTo Tepuo.usa
MHqeeKHII llOT8BUJtaJI .Q(~1T1d..) JIBJIJl8Te.ll llOJIBlill asa.11orou 3qxp8ItTHBBOrO 
n0Tesu11a;m P;1cp,p(6"1T,c1..) s 110.1tena rH (3.5). Tait qto Bee aeene.1toBaHHe 
§ IO aTol rnasw 1101:so nepeseeTH, sa 110.1te.11b Tpaau- (CH )x • Eo.11ee no.1t-
poOuo IIH oeTaHOBH11ea ua 3TOM H81lltOJILKO ,ltanbme, npH aBaJIH38 110,ltenH 
IU1C -(CH).x • 

YeJIOBH8 3ltCTp811Jllt!. (3.50) HM88T BIIA 

("'\ K1Tp I h £ 
lu(6,T,c1.) = 6 (1 _ 2A f ~ :1 r ) = O (3.51) 

c}L\ j E.""f .. '!! 
0 T c,nT 

IloeKOJlhKY napa11eTpH io, A .1tna (CH )x onpe.1teneu1i1, 1101:Ho neene,1to
BaTb (3.51) q11eJI8RBO. PesyJlbTaTH paeqeTa npRB8,lt8HY Ha p11e. 21,22. 

l)(r) (:1~] &ld,}(3B) 

0,1 ~~,-.....----~ 

o,s o,s 

0 

°'" T(~) 0 qs q-1 c/..(3&) 

PHe,21 Pxe.22 

Ha pHc.21 npe,1tCTaBJ18Ra 3aBHCHIIOCTb ,ltH118pH3aUHOBBOI ~eJIH OT Te11nepa~ 
Typw DpH c:{ = 0 • llleJib oeTaeTea npa1tnqee1tH noeTOJIHHOll ,ltO 
T 0t 0,2 aB, a 3aTeM DJiaBHO YM8Hbmaetea AO ~ = 0 npH i -== 0,4 aB. 
011eBH,1tRo, qTo 3TOT pesynuat xopomo eornaeyetea e T, • Pe11em1e 

t:!. = 0 JIBJlll8TCR JIORaJlbDWL M.altel!llyllO:U, npH ,T < Tc. H IIJlHl!llyMOU npH 
T ~ T, • 

KpHsaa na pHe,22 noJl)'qeua npH T = SOOK (0,026 aB). Cpaay xe oT
ueTltDI, qto ana1or11qu1,1e Bwq•eneeHa npoBO.lUIJIHeb B HBtepaane 
250K < T < 350K, H 3aBHeHMOeTb OTT npa1tTK118eKH He BJIHS8T Ha pe3yJib
TaT. HHJ:BfR rpanxua T = 250K oOyeJIOBJl8Ba npe,1t8JlbHOI B03MOJ:HOCTbD 
acnoJlb3yeKoro itanhltynuopa. tJHenesHHe paeqeTw npe1tpaeso cornaeyDtca 
e asaJIHTHqee1tH11H (ell.§ IO). 
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Taltltlll o6pa30M, 1tpHTll'lee1taa llJIOTHOCT~ 

nc = Ii' 6(0) 
11~ 

(3.52) 

Onaeu11, qTQ B TO Bpe1u1 1ta1t T, = 4000K, qTo 3BMHT8JlbHO 111De 
Teunepatypw llJlaBJl8BHf nonxaueTHJiesa, 1tpllTJN8Citaa OJIOTBOCTL (3.52) 
HM88T Bll0JIB8 pa3yMHYD q1eAessyD oues1ty'• ll03B0Jff8T oO~aeHHTb 3Kenepx-
118HTaJlbBll8 pe3yJn,taTY no J18rHpOBaHHD 1tenoqeK Tpase-(CH)JC , IIY 11ep
He11ca K noApoOao11y z3yqes1m atoro sonpoca B rJ1. v. 

B rnase l 0T11eqa1ac1, aoauoxuoeth onHeasHa.Tpase-noJ1mqeta.11esa 
B pauax lp8BOll8HOJIOrzt1ee1tol MOA8nK ¢" 1321 • QqeBHJUIO, QTO MO,lt8JII, 

4>" asnae,ca asanorou MOA8JIH <p~ npl OTeyTeTBHH tepllllOHHWX QJl8-
HOB He yqeTOII 3all8Bll e1topoetH eBeTa sa e1topoeTb 3BYJta B 1tenoq1te 
aTOllOB, 

Yqet lpJIYKTyaqHI !S030HHOro OOJIB B panax ll0,ll8JIH c:p" npHBO.Ut 
K 1tp1ir~qee1toll Tellnepatype Tc.*= '1~ft/E >. = 0,385 f.=: , ue 

HCllOJIL30B8RY BYpaJ:8B18 (3.42) X (3.47). 'eJIH 1enOllb30BllTL asaqesae £: :a ~fl(o)/3if , nony-ilessoe B MOAUH ?21 , To npaxo.uu It. 

T: = 0 ,16 ~(o) 
C J~~rol cToposw, Oea yqeta •JIYKtyauxl Oose-no.111 B pa111tax 

MoAeJ1H / nonyqeso BYpa1:eu11e ic.: ~tl(0)/ 7r = 0,57~(0), 

Ta&D oOpasox, T[ / T, = 0,28 , T,e. nanToa.we tJ1Y1ttyaJUIX ;osossoro 
noia npxBo,llaT x nos1zesxm T8MD8}8TYPW nalep1co1cxoro nepexo.Jta n~•-
01aaxTen1,so B qetwpe paaa. 3To xopoao no,llTBepzAaeT BMBO,lll,I pa0ot131 ,~3/ 
· Kpoue Toro, 110.1teJ1b ¢" Hpoxo 1cnonayete1 All& on11caua ctpy1t-

Typswx ~30BYx' nepeXO,llOB, HaseeTHO 1941, qfo B O,lUIOM8pHOM CJtyqae 
np• CTpyKTJpBOll tpa30BOM,ll8pexoie OTCyteTBY8T wariaa lpOHOBBaJI MOJta. 
3To eorMcyeTea c npnuesaw■ peaynTataMK B _pauxax uo,lleH 

<f,; , ,neleTBllt!!UHO, B T:: T, 11acca 0030HHOro nou ■enwTWBaeT 
eitaquK K Be o0pallf\8Tef B HYllh. HeoOXO.UMO OTM8TIITL, QTO yqeT ltOS8Q
BOll tepllKOHBOI DJOTBOeT• .DPIBO,ltKT It c111rqeaD .OBOHHOI llOJl,ll B, Toq1te 
~30BOrb nepexoAa, BIIJIOT:b AO 00pa111ena B Rf.II,, 3TOT pesyJHAT llOHT 

Jlll8Th'BaSB08 smqes1e DpK K3yqes•• eTpy1tTypm,x'l(la30BYX nepexO,llOB ~ 
seeoOeneuswx ( n- KJIK f> - una) ao1ynpOBO,llSllltax, <11HCKB88JUIX 
B pa111tax KBa3KO,lll01'epBol MO,ll8JI 

§ 13. ioAeJb 1t•c-non1a1tet11eaa 

Jlo.-.eu Itle- (CH)JC OTJlllqaeTCB OT MO,ll8JIX tpasc-(qJI),. BaJI11q19y 
38.TpaBoqsol 111e1x, o0JCJIOBJl8BHOI AD8P■3aitKel 00,ll BJHBBH8ll •c1teJeta• 

(> -esasell. 3TO aeaior•qso B8Jl■q1m 3aT}8B0qijol lp8PllJIORBOI 11.&CCY 
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B IIO)t8JIH rH, T. e. B MrpaH:ntaR (2. I) ,It06aBJlSI8TCJI 'JJI8H 'YTI~ tj, lj', 
IlpH 3TOII )tHCKp8THaR(s CHMM8TpWI HCXO,ItHOrO ~arpawma.Ba Hap~8TC~, 
H MOXHO rosopHTb TOJlbltO o npHOJIHXeRHOII COXpaReHHH CHllll8TpHH /?6/. 

HeCKOTPR Ra T6K08 H800Jlbmoe H3ll.8H8RH8, 110.ll8Jlb~C-(CH)x npHoO-

peTaeT pai B6XHWX OTJlffqHT8JlbBHX CBOICTB, ynoll.lsyTHX B rn.I. 3iecb Wi 

pacc110Tpn, .Kalt 3TO 0Tpa3HTCII Ha tl<M>exrax, o<lyCJIOBJ18HBHX ltOBeqaolt 

Te11nepaTypol H:XHKHqecxlDl noTesnanJ1011. 

Tep110,J;HHaKHqec1tHI noteHnmn na O,JOIB 6TOK yr11epo,la HJl88T BH.Jl · 

2. 

.Q(~,T,cl.) ==- P;J 2 fn[~+elCp(';E)][~teir(";E)] + A;,\ 1 
. , · · 4nl.A 

(3.53) 

r,1;e l : ✓(3,~in~)1 +(2-t.Co-$'f)''
0

, Ef_=O. 
ll!8Jlb B 3118ltTpOBBOII cne1ttpe ~ 2. = fl~ + ,( + 2Ae/li. ~ ce . 
Ta1t1U1 o0pa3011, · · 

' l. = e/ - 2lle~'fh17(lle~inlff + fl:CO':.'J'f (3 .54) 
.• ,. . ' 

)hi pacCKaTpHBaeK 0.JlHOpo~oe COCTOilHl48 A :f. 6 (,c) • 

Hano11a1111, ~o <Iiaaa 'f = ltOBCT, onpue.11aeTCR 8.TOKHOI CTPYltTyPOI 
IlOJIJIKepa. 

YCJIOBll8 3KCTp811YKa (3.53) 8CTb 

. k~ IE 
0 = c).Q f A, T,J.)( - = Lio [ 1 !1 :11 r .t 

-a 6 Ii= t!J o t J, - • rJ,-. o · T · T 

1 ( Ae~'f j (3.55) 

- 2 >. 1-J6~-(6eSin~f~ · · 

IlpH /).e. = 0 oqeeH)t_HO npl!XO)tHK x (3.51) • 0TK8TH, qTo B ('.3.55) 

iS0 '> ~e:5inl(> , T.e. npH lle-:f:. 0, Ao'> 0 • .YpaBReRHe · 

(3.55) KOXRO p8111aTb npH nOKOU'JBM. MH HCilOJlb30BaJIH npH 3TOII ' 

aeaqenu napaKeTpos KO.Jl8.IIH 1351 K'l/i: =- 2t 0 =- 5 aB, 1/a.'A·-=- 2,664, 

PeaynuatH pacqeta npHB8.lleRH Ha pHc. 23,24,25. Ha pHc.23 npl!Be,llena 

3aHCHIIOCTb naP1K8Tpa !118JIH iSO OT T 91,mepatjp1,1. np11 ti, "'o, <{' "' 0 JI 

pa3JllQBHX 3Ha'l8Hl!IIX b1e , B OTJIHQll8 OT cnyqa11 /).,_., 0 ( CK, pi!C,21)', 

~8Jlb 60 R8 o<lpaDt8,8TCR B RY Jib 14 IIK88T ac1111nTOTHY tao➔ Cle npH , ... oo. 
C pocto11 /J. 8 pactet'K a11aqeHHe "'fS. 0 (T=O), np1Ne11 1tpua11 A;,(1) · 
ctasoBHTCR see Oonee nonorol. 

Ha pHc.24 npe.itCTaBJl8Hlil KPIIBH8 60 (T) npJI ct,HltCHpoBaBHOII 3Bllqe

HHH b1e = 0,14 3B I! npH pa3JIHqHlilX 3fiaqeaux yrna <f' • C pOCTOII· <f' 
3Haqcnus C)o (T) .j'll.8Bbllll\DTCII. IlpH T _. 00 IDIC8T H8CTO llCHMllTOTHKll 

~;(T) -+ ~e • BeCblla npHK811aTCJlbBOlt .Rl3Jl88TCII 3nBHCHKOCTb ~ .. (cL) 
npn «l>HKCl!pOBaHIIOlt TeKneparypc H If = 0 • IlpH KMWX Cle noBC)teI!l!C 

5-1 

'&0 (3&) <p : 0 

•.•l~•·'" 
0 1 0,1. o,, -1,0 i,11 

P:ac.23 

t.(~) 

o/j 

fle= 0100l 

0 

&.(~f>) 

o,5' 

!le 
T(i16) .0 

6.,, qo-1 

i,O 

Plic. 25 

b,: 01 ilt 

i,o f,li 

Plic.24 

T= O,02.&lB (~OOK) 

4>= 0 

d,(3&) 

T(it&) 

6. 0 (d.) 0Jlll31t0 lt CJ!Yqal) b.e= 0 (pHC.22), RO 8CTb cy~eCTB8HH08 

pa3J1Sq■e. Ilpl Cle ,j. 0 J!CqeaaeT KOpeBb flo .. 0 ' a IIK88TCII JIJl■b 
acHnTOTIIJta &o (ti.) ➔ Ae np11 ,J. .. 2-io • llpK J, .... 00 3o(cL) ➔ 0. 
0Tlll8TD !tplBfll i°5.

0 
( oL) np11 D,.e: 0 ,14 aB. Bo-nepBHX, 3H8118BR8 60 (0) 

B03pacTae,. Bo-BTopwx, ltplBllll CKe.aeTCII B B8CKOlblt0 B3118Rl8T CBOll 

ct,Opl"f, Cl8,l,y8T oxnat., 'ITO 3)t8Cb yze ee Tlllt pesxo dy)l8T BH)t8Jl8Ba 

CK8R6 peHKa, T, e. YK8HJ,DTC II CJtaQOlt 'l:-:.o(d.) , Kpo11e Toro I CK8Dt8,8TCII 
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CUMa !tpHTHqecKali T()(llta dvc. • tJHCJI8HHYlt pacqeT nOKa.3HBa8T I qTo 
0,8531> < d.c < 0,9 3B npH ~ 4 == 0,14 aB. 

Uenecoo0pa.3HO npoBeCTH H81tOTOpwtt aaaJIHTH'l8CKHlt aHa.Jm3. Ilpe:Ae 
Bcero omeTKK, QTO npH d. = 0 YpaBBeHHe (3.55) UpldlIBMaST BH.14 

K~ 

J 11. I I .E _ _j_ ( 1- ile~lf' ) 
e tann2r - 2>. I -l, ( • )1 

o . Ao- AeM'f 

B c Jiyqae T - 0 npHXO.IUIH K ypaBH8HHD 

~y 
60 

~ j_ (1 - .1eCD:S'f ---.) 
2>. J ti! -Ct.e~1·t1~Y 

YqHTHBaa, qTo npe 6.e = o 
nepenHmeu (3.57) B DH.Ile 

t:.o =- 1:!.
0 

= Wexp(-1/2>.), 

~- -- . p J /J.eto-S'f 
Vb.~ -(fle~inlf)1° l11 A: = 2X 

IlpH ycJIOBHII I lie~in~I <.<. i).0 113 (3.58) B8TPY.llHO no.11yqHTJ. 

3, -::. ~ (1 + LleCOl<P) 
o o aa 

0 

(3 .56) 

(3.57) 

(3.58) 

(3.59) 

Omemu, qTo aTa o~eaita ,lla8T xopomee cornacHe c qHcJieHHYH pacqeToH. 
C ,llpyrol CTOPOHY, npH T - 00 H3 (3.56) nonyqaeTCS aconTOTHKa 
25.

0 
- f).e , qTo cornacynca c pac.23,24. 

Eonee CJioxea aeanB3'cnyqaa rt *O • Ka1t H pauee, orpaaaqauca 
npH0JIU8HH81l d. » T .' Y,11;00110 paCCHOTpeu ,J.118 oOJlll.C~H. H3 (3.53) 
B ltOHTHBYallHOH np8,lleJie 

-1 -J. I!, 
_Q (A> d.) = - 11~ [ /4toci ~ 2t~ + / + f /n, ~ 0 

(J.60) 

~1 ( le~24' - 2t\e~l{'Jt-(t:.e~inlff )] 

YCJIOBHe 3KCTp8Hyita (J.60) HH88T BHA, aHaJioraqBYI (J.58) •. TaKHH odpa-
3011, B odnacu LS. > d.. Dee» pemee1e (J .59). Eonee HBtepecaa oO-
mcn. 3. < cl., ; 
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2 1 -J. -.t. /) fl 
Q (Li<°') = - nJ ~tod.. + 2{o + ~ + fa,, d.t-riFf, + 

d, rz-:;-r, 1 ( 2. ')] 2 ,l-t/ - Jt). Lle ~2<f - ·2fleeo5Cf Jll ~ (lleit'n'PJ2 

ofl(A~t1.)/ 
Ycnosae a1tcTpewyim O 6 I'd .• )/

0 
= 0 np11aai.aeT BH.ll 

J-•L (A :Ji LD)1 P ti+~= /J.erM<f ~- en, W ~ ~ 

PaccKoTpu nepsosaqaJIJ.BO ceyqal <f' = 0 H npe.lleJI ~•0 << f!!. o • 

TorAa (3.62) oeet pe11eue . 

(3.61) 

(J.62) 

A• _ ll.e (J.63) 
Uo - 2). fn 2d./Ao 

0TK8THll, qTO np• ol., ➔ A./21 OTJUlqxe OT c,nyqaa Tpaec-no.n1aneTBJI8Ba 
(pec.22), ycnoBHe (J. 62) se HileeT 1topael. Ilp1 ,J., ➔ oo B (J .63) 
ft,, ➔ 0 , a npa cJ ➔ z-l D , Ko ... ~e ' uo COBnB,Aa8T C q1c.neee1111 

pacqeToM (pxc.25). 
B npueu f::le//J.

0 
<< ~ ypasaesBe (J.62) co,lepxllT 1topea1, ·Ko : 

~
0

J.att;, -1 ' , . co1na,ll8.1>•d c P!!,3YJ1J.TaT011 B 110.1te.111 Tpaec-
- (CH)x • ECH DOCTPOIITJ. 3aBHCHllOCTJ, /).0 ( d..) OT cJ_ 1 TO np1uteM 
x pic.25. 

HeoOxo.101110 ICCJI8,llOBaTJ. 1 npx EaltHX 3Ba'l8RIIIIX cl oy.-eT IIH8TI> 

HeCTO IUIHIIIYlf _Q ( 6,·T, d.). llOCTpOD pll.3BOCU 

2 r, (-z. - i) _t, D Ao Aetm".Ai. . ,,.i.• 
_Q (!\~~) - _Q (6<c:i.} = - 111/j:Lii f!..-fl•o i- 2. {,h. 6• + -rr-.-(6,1Lh11 (J.64) 

-.. z. 
_ /S,,o fr,, flo _ ~ ~ _ Ile~'/' ,-.2. • . 1.'J 

i tf.-t-r;:::ti! 2. (/..-~o- 2AC10 -(4e1utlf) 

Hll8et c1111c.1 pacc110Tpen · npuu Ile= 0 11 <p = 0 • Tor Mo "b0 = ~o , 

H K3 (J.64) BeTPYARO no.1yun, UO _Q (Ao,o.) < .Q(A°'0 ,cl). 
C ,llpyrol cTopoaw, f2 (fl ') _ I'""\ (o Cl(.) __ j_ (.!"'t _ l f) · . o, C7o. ~L , - 1ru; "u. a , 
tax uo etc = ll./fi' B cor.mcn c (3 .52) • Aea.1orF1e11I pe3ynuaT 
11188T K8CTO II np11 8.e «. O.o . 

EcH 11cnonuoean uewl B11.ll l:!.o II yqecn (3.57) , TO (3.64) . 
HOXRO nepen11caTJ. B BH,ll8 
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('\(- ) r'\ - ) 2 [~(X1 -.2.) !J.e(A- °A.") r/.. ~1 ...\.l fl)d., -Jt.l(fi.c.d,.: -"JV'F ii u0-fS.0 +4,\ o-uo -1'/,f-flo . (3.65) 

. -,. 
B rpyOoll npHO~HJ:8Hi'IH r/. >> !lo 'H3 (3 '.65) H8CJ10J:HO no.11yq1n 

-:,. 

z fl.. fle (- 6e . ) 
de. = T '+ i>. 60 - 2X fu A! ~ ~. M~ ' 

o 2. 2>. 

(3.66) 

r.1te HCDOJIL30BaHO (3 .63). 0Tll8THK, liTO np• 6e ; 0 ,14 3B q1cJieHsaa 
0118Hlta (3.66) ,Jf,a8T olc = 0,87 :iB, ODIITL J:8 B xopome11 corJiaCHH C 
qHCJI8HHIDIH pacqeTaKx Ha 3BM. 

TaKHK o0pa3~11, B QHC-(CH)x np11 of. < clc; HM88T K8CTO ,llHKepli-
3allHOHBaa 1118.JIL Llo , TOr.Jta Kalt B Ol1JlaCTH cl~ ale. npOHCXO.JtHT Cll8Ha 
pexna, • peaJlll3Y8TCII COCTOIHKe c lll8JILI) ti.: (3 .63). 

B TOIIK8 c( : d., l0l88T K8CTO CJtaqoJt. napaKeTpa nopa~ L5. • B. CJIY-
qae ol = 0 napall8Tp OOpl,lllta OJiaJIHO K8HR8TCII C pOCTOll T8Jl08paTypY 

1 

cor.11acuo p•c.23,24. 3TH xe JIYBOAJ,t, oqeJIHAHO, CDpaBeAJlHJIY ,ltlJII KOA!JIB 
PKTII (2.I) C 3aTpaeoqHolt uaccolt $ep1UIOBOJI. B r.r.. V )11,1 oOcyJUD,l npne
BIIIIOCTI, no.11yqeaHKX pe3yJILTaTuJI lt pea.111,aol CHTY611HH JI QHC-(CH)x·· A 
no1ta nepeRAeK 1t AOCTaToqao no,11;puOHuMJ H3J1usee•1> sonpuca, CJIII3aBHoru 
C ,D;pOGBYMI 3aplIMllH COJ1KTOBOB B 0)tHCM8pHKX ll0.Jt8JIIIX. 

D 
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rJIABA IY 

COJlilTOIIH C .l{POlillWUI 3APHJIJJ.tlf B iKC w PKTil 

Hcc~eAOBa.HHI>. H800RqHl,IX ltBaHTOBKX qace.11, JIOJtaJIH30BQBHUX Ha 

To.no.11orxqec1tKX COJUITOHaX DOCJIS.88 11e.11wa PS.It paoo/74 ,35,95-IOI/ . ' , 
Ha pe3y.11LTaTax KOTOPHX X Oy,lleT OCHOJlaHO Halle ll3JlOXCHHe. 9H3Hqecxaa 
OO)tOCHOBa B03HIIXHOJl8BHII ,11;poOHlilX ltBaHTOJlilX qxceJI )tOCTaToqHo npo3-
paqna. 

Ha.11Hqae I CHCT8118 o0~8ltTOB C HeTpHBKaRLBOI TOllOJIOruel npHJIO.JtHT 
It X3118Bet!HI> CTP:,ltTYPH OCHOBHoro COCTOIHHS CHCtew. Ta.lt, sanpHllep, B 
ccyqae AOK8HHOR cteaxa tpeOyetca Oecxoaeqaaa aaeprH11 Alfa toro, qToOH 
ee onpOKHBYT• (n ]l8llOU~ llOJIH6]l8tHneHa (cu.pHc.9) seoOXO.lHKO •ne
peaepayn • OeciOH8QH08 QHCJIO fii - CH3el) • B teoplH no.111 Jtll8.HTOBaHl6 

no.11el ocy.ectsnaeTCI OTHOCHT8JIJ,BO B6ltYJMBOro COCTORR•a • B Ball8M 
ciyqae KBaBtOBas11e OTBOCHT8JlbBO BOBoro •coJIHTOBHOro• J1a1tyyva IIOSeT 
npHJl8CtHit aeoOuqswu KBaHtOJIKM qwc.11au, JIOJE8.JlH30B6BBHll sa COJIXTOH8. 

4 . 
§ 14. COJfflTOHII C ,11;po0BHKB 3apl,Jf,a)Of JI. 110,lt8JIH 4} H llOJIHa]letueae 

Paccuotpo uexaBH3K B03HO:HOB8RHI ,1!;p00HWX 38.Pl~OB Ha npHKepe 
J.to,11;ux ¢>/ ~ .l{H npoctotK noJ10:a11 N = I. Cor mcao (3 .26), naH-
KYM llOT8H]lllaJILBOH 3Hepru J!;OCtllraer CII npx < <p> = .f = r.j' I IX' • Ilp• 
atoll tllepuosw npeo6peta1>t mccy mF = iP • C1100o,llnoe ypaJ1HeBH-
.l{apaxa (2.23) 111eet pemesxe B BRA& n1ocxwx JIOJIH c ·senpep1,11aw aaepre-
tnec m cnenpow tk = ! ~ k1 + 111~ ' , npne1t uouo BKAUH_n pe■eau 
C DOJIOHTUiBKIIH U.~ (X) t 'lfl•(,c) II OTPHitaT8JILHKMH IA.'j,(,c) , 11; (x) 

1to,11;ao. Kaauoaauxe ocy•ecnJ1J1etca ctaa,11;apn1,111 pauoxesxe• no MUaK 

· ·, ( -u._lp &-l a.t:d+ <·> ) 
\/'. = T e t7iU,.(x) -t e. l ~ c_i<) 

(4.I) 

ue ck· ( ~,J I ,{ ( d,J- onepaTopw poQ8Bl8 (yeauoxesu) 11aCtxll H 

aetJAaCtll1l COOtB8fCfB8BBO. 
Jiarpaaz11as (2.22) cxnerpxqea oteocxTenao onepall•• aapa,11;01oro 

conpa:es•• 03 , nepe10A••el p1111es1e c no.110Dt8JILB0I aHaprnett B 
pa■8HHI C OfpH1'9,t9JILBOI aeeprxel ■ Raot1opot. Otll8'DIM, crro 
v;.<•l • ~(u~·>t. 

BB8A8M onepatop 38PIA!l 

Q = J dX; \Y(JC)'#'(.x); 
(4.2) 
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C yqe'fOII (4.1) 

Q = {(~~ti.- r{d1c) I 

m1t 'Ito Q lo'> -= 0 , t. e. ea1tyy» BB JIJ1etc11 uelltpaJibHhlK. 

B npBC.fTCTBHH COJIBTOHa eeo0XO)U1110 peon YpaBH8BH8 .Uxpam JI 

noJte COJtHTOHa. Kalt no1ta3aHO B rJI.Il, npH 3TOK B 3HepretH'l8CltOM cne1ttpe 

llOllBJl88TCH )U1C!tp8tHall 140,Jta C Hy~esol 3HeprHel. COOTB8TCTBYD~aa 

BOJtHOBall 4>YH1tltHH 'Po<x) neet BB)!; (2.25). IlpH'l8M 4>YH1t1Ut8 4',(x) 

HBJIJl8TCJI 3apa.i,;0B0-caKOConpaxeHBOII, T .e. -v:M= 6'~ \11:c•> = ,,V. (i<) • 

Ocy111ecn.ueu ItBaRTOBaHHe . 

11J w ( -ifkf c•> .e.l + · c-, ) 
T = a. To(t) + .L e Bk ud") -1- e f/Jk \{ c-> 

le . 
(4.J) 

B (4.J) Blil,Jte.neea BYJ18Ball KO.Jta; E1r, , Vtcx) , Vt1(x) 
aeeprHa H BOJtHOBH8 4>YHK!tBB ypaBB811BH .Uzpaxa B npHCYTCTBBH COJIH'tOHa. 

Onepatopw e,•k (Bk) , 7JZ ( 'JJ1c) ODpe.l(eJt8HY B COJtHTOBHOU C81tTOpe. Kalt H 
paeee, vt> = O!, (Ut)" • 0003Ba'IHII COJIRTOBBJ,111 BS.xyyu 15> • Tor,Jta 

~i.\S)"""O , ".ll1clS):O ,Bouepatop B:('J:):) 
p0Q8.8'f 4>ep14BOH (aBTB4lepMBOB) • IlOCKOJthKY co.ctOllBH8 4'o (,c) BYpoz;,;eeo 

DO 388prHH, ,J;81lCTBH8 onepatopa a ea COCTOSHB8 IS) nopOJ:,Jtl8T 

,a:pyroe COCTOIIHB8 C TOI lite :iueprwell. 0003HaUII 3TH COCTOllHHll I :f, S). 

Tor,1;a 

Q./+, S) = /-,S.) 

aJ-,S.> =0 

a ... 1-,s> -= 1-+,s) 

a+/+, S) = 0 

(4.4) 

B (J.4) llJIDC OTHOCBTCff lt 3aIIBTOMY COCTOIIHBD H KBBYC - It uesaua1011y. 

Onpe;,;e.11aM 3apH;,; COJIHTOHHOro ra~yyua, no;,;craBJIHH (4.J) B (4.2), 

o = a .. a. - J + I ( e,:&1c - 11;~,.) 
k 

(4.5) 

TaltKM oOpaaow, 

QI ±,s> = ~ffz,s> (4.6) 

r.e. xax;,;oe H3 ,J;BfX COJIBTUHBHX COCTOIIBKII BIC8T 1/2 8,l(BBHUY sapiua. 

AHaJtOrH'lHUI p83JJlbTaT OU.II DOJcy''leD B r11.1 npH ae~JIH38 CBOICrB 

110;,;e.11• noizaneraneea. B cJ1yqae Tpauc-no.oanetz1eaa JL-3Jt8KTpoes 

JOl8DT CDHH, H ;,;poOJ1eHH8 3ap11;,;a, lOKaJIH30118.BBOro ea COJIHTOHe, CKpYTO 

ynoeBHeM cteneeel CBOOo;,;y. 3to npHB8JlO K CO!HTOBall c aeoOHqBYll 
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coorao■eaxe11 cn■aa W 8aPJINl• K 3tllll BIIBOM,■ . IIODO np11lr■ COBC811 

npocto xs tono1orJAecux cooOpazea11. nycr~ 1111 nee11 ~enoqJty tpasc

( CH)" , · 111nJDD1ep, ., q,ase A (e11.p1c.1J), •· xotopol o6paaoauoc~ 
na CODtOBa Ba KOBellBOll cerweere. Cpe.BBD ,1;1e nenoqJtJI C OAHBaKOBW 

qacJIOII J310B (pHc.26). 

Pmc.26 
r. . 

31e11enapawl no,;cur llllCAA i/L - CBR3ell noxa3111aet, qro ea unneu p•-
cy11te aa BYAeJ1easo11 cerwesre·•ue xearaet• po1uo o)Ulol :ii -c1asx. 

TaKIIJI 00pa30M, ,l!;BJXCOJlllTOBBOe COCTOSBKe OKa3YBaetCH 3JtBBBaJ18BTBIIII 

OCHOBBOIIY COCTOSBHD ( B qltl.38 A B Ht\11811 CJiyllae) Illl)C o;,;ea !Ji -CWI3I,. 

EcJm RCitJIXl'lliTl, CillUI R I1p8)l;llOJ10lilliTl,, wrn: IlpOCTOTli, 'l:TO ~era 
Cl31l3H et>O'fB eTCTBJ8T O,ll)IB UeB:r poa, TO B np_B:ytCTBBII napw COJIXTOBOB 

DOHBJl88TCH .ite4>HJUtT poBHO B O)Ol]f 3J18ltTpoa. nocxom.xy H8T OCJIOBWIBI 

BYA8JUfT~ xaxol-JIKOO ll3 COJIBTOBOB, TO CHllll8Tp■a ll8J:JIY BHIIII DpKBOA■t It 

TOMY, qfo ltaJ:,IUII CORKTOH )!;0.1El88 H8CTJt 3Jl8KTpOBB08 qxc10 - 1/2. 

13 no11uuietueae Aeq>■nnt cocm11a:et .ua axeittpoea, t.e. xaJ:.Utl 

COJIHTOH R8C8T 3Jt8ltTpORB08 qxcxo - I. IOllBO .nJ)O,l;OJIDTb iaeaym x,1;eo1orx». 

K JBCCKOtpen II0,1;8Jlb C rpexxpaTBO BllpOJ;AtBBYII OCBOBRIIII COCTOIBH■• 

Ha pxc.27 B300pait8BH TpK BHpOJ;AalJIYX xou1>1rypan1• TPDl8pK3OBaBBOI ne
noqx11. 

A 

& 

--·=·-·-·=·---·-·=·-
-1 0 1 Z. !. " S ' 

-·--·=··-·-·=·-·-·=== -4 o 4 l & 't S ' 

C ~--·-·~·-·--·~•-·---c O ,( 2 .a At s ' 
P■c.27 

)lu y,a:oOcna atolOI npoa)'llepo11&1w. B q,ase l •no,1;urx11a11rca• 
atOIIY (-I,o), (2,"3), (5,6) ; •• , . 

B ~a3e B - (O,I), (3,4), (6,7) ••• , 

B 4838 C - (1,2), (4,5), ••• • 
AIIDJ!K'l'J)!;J Cll811l88Bll n. -ro aroua 13 UOJIOllHH paBBOB8CH IIOZBO 

38.IIHcaU. _. 11l,1;8 

In = yCOj(!1rn-e) , (4.7) 
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r,lle 'J H 0 qlHitCHpyroT CM81J18HH8 ll.'fOlla C n. :::. 0 1 npHqeM 6 = 1f/r, 
B q638 A; 0= 5"/li,'B illa38'B a0:3'Afi Bq>a3e c. 

Booll111e ri:>Bop11, B m1tol CltCTeMe MOXBO BH,iteJIJ1n .JtBa KJiacca .JtO-

ueuawx cTeBoK: KHBK TRna I oOpa3yeTc11 npH nepexoAe qepe3 q>a3H • 

A ~ B, B - C, C - A, 1tHB1t una II cootBercnyeT nepexo,Jty A - C, 

C-B,B-A. 

PaccuoTpHK llec1toaequy1> 11enoq1ty B ctia3e A, T.e. npll n -- - "" 
e = 1r1, . IIycn Ha 11enoq1te BY,lleJieHY TPII y3M n. , rtz , nA , 

ltOTopue·lDlpO!tO p~3B8,J'3BY ,llpyr OT ,llpyra • IIpnqex B OKpeCTBOCTR Y3Jia 

n... neeT xecTo B-ctiasa, B. 01tpecmocn ySJia n 1 - C-iI>asa. 
IIplll h "'n!, BBOBb BOCCTaBaBJllm a8TCII illa3a A. :3TO 03Haqaer I uo npH 

n ➔ n4 illa3a f) ~ S"V./r;, 1 npH tl - ll& 0 .. ~U/'). H npH 

n .. n?, 0 ... ,i~1t/b .•. 
. TaKIDI o0~30K, nOJIHOe lll3K8H8HK8 q63Y COCTaBJlll8T .6.8 = 21i 

IIpif 3!011 /
95 ' 6/ qepe3 rayCCOBY, noBepXHOCTb B,llflJIK OT KHHKOB Teqet 

Oll•K~ 3apll.Jt .6Q,,; - 6
11
8 \e( = -21e\. IIpe,llnOJ1ara11 Jl,Jt8BTHqHOCtb 

ltRHKOB Tina I, npRXO,J{HK K P83fJlbTaty, qTo 3apR.Jt Jta:S:,J{Oro KKBlta paBeH 

\ (eL •. B no11KaI1etH.11eae w p,.ccMaTpKBa.111 ,J{Ba KHBita, a H3~8H8HKe 

q>a3H taKXe OH.110 2lf • B.. oll~K c.nyqae ,Jtllll CHCT8KH C p Bl,IpOX,Jt8HBYIIH 

OCBOBBHKK CO~TOIIHKIIKH aaa.11orHqu1,1e p,.ccyx,lleHKII npKBO,JtllT_K 3apll.JtY, 

JI01taJ11i30BaBROIIY Ha C_OJIKTOHe, 1tp,.r11011y B8J1Hq1rne.te;f • ·OTKeTHII, qTo 3TB 

npocTue pe3y.111,taru corJ1B.cymc11 c q1c.11ena1D111 p,.cqera111t MR nenoqex 

KOHeqaoR ,J{JIHHH, a Talt:S:8 C aHaJIKTIN8CKHJIH p83YJlbT6T6MH C KCnOJib30~a-

Bll.8K Ker. oja cllIBK ';\Hit f pH Ha /gS/. • . _ . 
Tau» ollpa~o11, B. CIICT8118 C BHPQX,1!;8HRWII OCBOBRHK COCTOIIHK811 Hll81lt

CII crallH1lbBH8 B030yx,r.eHKII (rono.11orKqecKH8 ltRHJtH) C ,ItpOllBWIIK 3apRAallH.-

lJI11 1tuu1t0B tKna II sapRA paeeu -!let , r.e. OHR 11sn111>rc11 aurH-

1tRH1ta111t no OTHomeHKD It KKBKall I. B oeyqae p = 3, llnaro.1tap11 aapymeBHD 

OCHOBBoro COCTOIIHHR, MOXHO C03A6Tb napH KKHK-aHTHltKBlt KR HJIH rp11-

nnerw K\<\<. , KKK. TamIM o6pa30M,11Meetc.R H0KOTOPM rum;ror.11.fI c Krop

KoBoil CTpyitTypoi1 M030HOB .11 a,IU)OIIOB. IleC:bM3 lU!TepeCHOi1 rrpe~c1;aBID18TC.rI 
. . /!05/ 

IIOilllTKa omrnaTb 6apuom..1 KaK COJUlTOIIU B par.max 1.m,n0.JU1 CK1'lp!1'la • 

Il .I(Wll,H8.Ull!CM Mil He 6y,neM OCTaUaM.ll.BUTLCJl na CUCT0M3X C llp0ll3-

BOJII,!IJIM BUP0¥0HllOM BartyJMa, a orpanll'lllMC.fl p = 2. 

§ 15. Con•tOBH C ApOOHVIIR 3ap11AalUI B KOA8JIB ABYJCaTOWHHX 
no11u1ep0B 

PaccKotpn ll>,J{8Jlb C raWRJlbTOHRaROII 

1-l = J Jx [ tf q,_ r1 1/ + 41• ~ '{'<f + £ '¼'o-1 'f' + V(~) \ (4.8) 

np8AJIOll'.8HBlill B /IOI/ ,1{1111 onHcaBII nyxaTOIIBHX no11•11epoB. B (4.8) 
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4' = ( ~) , f. - napa11erp, yqRTl,IBalllllHR HapymeuKe CIIIIW8TPKII 

raHKJibTOHHaBa OTBOCIIT811LHO onepaI1HK 38.pll~OBoro conpaxeHHR, V(r) -
noteuu1an, 6', - 11atpHUH IIayJIH. IIpH €- = 0 K KOHKpeTHOII Bb1<10pe 

noteHtlHaJia ,V(~) 110A8nL (4.8) coana,J{aer npK nepeonpeAeneHHH no

Jielt 4' c KOHtHBYa.111,aol 110AeJib1> nonuauerllJieBa (Ilea yqera cnKHa) 

HJIH (V ::: l HOA8JIRM• PRTII B CTaTJ1118 CKOII ceyqae • .lln11 npoCTOThl H3110ll'.8HHII 

11w orpaH1nH11c11 c.lf(qae11 N = I, B nponeuou c~ime B (4.8) 1ieo<1xo.JtH110 

BB8CTH CYIIMHpOBaHH8 no qacny THOOB ctiepllHOBOB. 

He ltOBKpetH3Hpyll RBHHR BK.It V(cf), OyAeW npe,JtnoJiaran, qro B 

OCHOBRO)( COCTORBHH HKeer 11ecro ABYRpatHOe Bhlp0ll'.A811 He OCH OBHoro 

COCTOIIHBll, H, CJl8,1{0B8T8JlbHO, Hll81lTCII COJIIITOHHH8 pemeHKII lff,(lC). 
.n1111 onpeAe.lle!IHII 3ap11,lla, .JIOKMl130BaHHOro Ra COJIHTOH8, Be0<1XO.JlHMO 

388Tb cneKTp 3a,ItaqH B np11cyTCTBKH COJIIITOBa <f'(K) = lfs.(1<) H B ero 

OTCYTCTBH8 lf(•)" 1f 0 = c.on-.t • TOrAa 

Q = J Jr [f\x) -f<x>] (4.9) 

rAe _f{K) = ¾ 'l';(,cJ'l'.,(x') , cyw1tpoaaane ocy~ecre1111erc11 no sce11 
3aHIITHII YPOBB811 B ctiepMHOHHOII cneKTpe. 

Ypasaea1e .1l1pa1ta .1tn11 crau11ouapuwx cocto11uKR n11eer BHA 

(-i.~1.t + 0"1<f ~ 0"3c) "'" ~ E.,. 'Yn 

4>YHKI1HH 'V npe,JtnoJiarallTCII BOpHKpOBaBHHIIH SI "1 .. (x>I'' cAx "' -t • 
B KOIIOOHeHtax (4.10) npHll8T BIi,){ 

-1fx + Cf1f + E.U = EU

U" + 'fU - E.'lf :: E'lf 

(4.IO) 

(4.Il) 

r,1{8 'tr. "' ao/.3x , HH,Jt81tC It onyuu, non11 'If, u., if 3aBHC IIT OT X . 
H3 (4.11) no11yq11K 

1T" = 
Ux + 'f.U 

E+c-

- u,, J( + ( il- <fx ) u = ( E 2... t z) U-

? (4.12) 

Il pe:x,J{e BCero OTM8UM, qr_o npH <f= 'fo pemeID!eM CHCT811H (4.12) 
IIBJIIIDTCS nJIOCKHe BOJIHH 

Uk {K,t) = /~~(:' exp[i.Ch-Et)] (4.I:3) 

,.,; ') = 1/o+ik U(" {) 
'Vi:: (t,.; f+ t. I 
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C aenpepHBHHM cne1ttpo11 f = ±" Jk'l ... If:+ c
1 . IIpe,JtllOJIODII, tlTO 

C/'s(;<.Jfx ➔ ±.oo-+ :t/4>.( • 
HeTPYAHO y68.lUITbCII, tlTO B npHCYTCTBHH COJIHTOBa Hll88TCII .lUICJtpet-

HSII ypoBeBL npH Es= ± 1&.I (B M.J1LHellme11 6yAeK noJtaraTL E's"' 
€ > 0 ) C BOJIHOBOII 4)yH~Hel 

u!cx> = tJ
0

exp[-Jotx'<l's<l('J] • (4.14) 
s. 'lfe (x) ::= 0 

a tane nenpepw111,1I cnenp c E ,. :2: [k''t<P:+-€.a. 14 

s ~ s 
U (x) ==-v7e Uk(") (4.15) 

1f5(,c) = -
1 

-, ( O.ot ... lf'(x)) U~(JC) 
J(f♦E:)2f 

s 
r.-e u, (J() -H0pllHpOBtl.BBHe pemeHHII ypaBH8HIUI Wp8ABBrepe., lt0Hltp8TBHI 

BWA ltOTOPHX noJ.ta He Cflll8CTB8B8H. IloJ1ara11, tl'l'O ypOB8BJ> E, • E c10-

Co,11;eB, UOJlJ'UIK IJJIOTBOCTJ, 38.pll,Jta 

0 (x) = E
2
•c / U, (x>/

2 
+ I I ( O.< + 'f) ll1c(x} ( = (4.16) 

Jfc E " 2f(E+-£) 

1 ,, a'l . 1 1 c) ( . 1 

{Ui(IC>I + itf:(f+c) oXJ juk{JC)I _.. 2E(E-t-6) ax ~.tx,I {f(JC)] ' 

rAt HCUOJIJ,30B8BO Btopoe ypasnenuo B (4.12). QqeBXJUIO, qto B OTCJTCT

••• JtXBlt8. octaeTCII TOJlbltO nepBHA tlJICH B (4.16). Tenepb 

J ""f Jk [ s 1 o \
1

] r Jk ,, Q = "" 2Jr /Uk(i)I-IUk(") ... _i,zir 4E'(E+£)" 
-OD 

(4.17) 

[ alt 1u~cxl -t 2 lu~(K)(4'5(x)J 1:~~: 
Ometo, qfo IlpH BEB0)t8 (4.17) llU HCltJID~HIH B3 pe.CCIIOtpen•• ICt 
CH38.BBll8 COCTOSBH.8 1 xpwe E = c , npe,JtllOM.ras COJIX%0BBHI npo-
4)Bll1 oe■.-1 'l'OUJtO O)tHO cnasanooe COCTOIIBH. 3TO cnpa1e.uuo .us 
paccKa~pXBatDX IBJUI KOA8J!Ott. 

B (4.17) nol1ol UHTOrpan nuquc3ff8TCS IlOJIDOCTbD, DOCltOJlblty 

npe,xn01arattca CBOICTIO IIO.mJOt!i 4>YHitllKil U.J,(x) • Jlu atoro ~Octa-
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TOqHo BCUOKHl!Tb t tit O u; (,c) npe;tcTaBJlll8T ace mpe~ repoBCltll8 1,10)1,1,1 

a ea1tyy1,1e, a U!(x) y1toput1eHo OT nonHoro conHTOHBoro cextopa, Talt 

Ka!C IICK/!Dqeeo CBJI 3aHH08 COCTOIIHHe, ;tOdaBJIIID!ll88 -I .IC B8JIHIIIH8 Q 

(cp. C (4.5) ). 
~ I T ,k,.. 

Ilpe.U.IIOJIOlitllM U4 (x) r➔ oc> _,. e , s I J. -,t,, 
uk,~> }( ➔-: e .. ~e , 

r ;te T ii R - xoati4>HUi18HTbl npoxo1:,aeHa11 

eo, npl!'leM I Tli.+ llt\1
= 1. 

ii 0Tpa:X8Hi111 1 COOT~TCTB8H-

TaKHK odpa30M, 

Jed o1i ro l t t 1 Q -= _,( ... - - ITl +IR\d 
_

00 
2JT 2E(f'+e) · 

.., Jl 
'i. f ' 

,= - I + 211"_L ~) (4:18) 

r,J!.8 E " - )//+'{'!+-E 1-,. 

0KOH'll\T8JIJ,H0 1 

Q = - j_ a/ldq <to 
71 (f E 

( '*· 19) 

Hetpy;r.HO yOe,11.111.'bcll, qro npil Ee ➔ 0 3apH.Jl, /IOKaJIH30B8BHHlt Ha 

COJIIITOHe Q "' - ½ B cor JlaCHH C npUH.JU'llllU.111 BHBO,MWH. ECJIH aepnyTbCR 

It wo,11.en1111 PKTTI, TO qneH C E. B03HHKaeT dnaro,aapll B38.IIK0,11.eRcteHD 

<1>epKHOBOB C ,JlOnOJIHHT8JlbHW CltaJlllpHHK none1,1 'Pi , T,e. narpaenaH 

BJalll,IO,ll.8ltCtBllll 1r11,1eeT 811,.11. . .fr= jif,W1 ~,J;;;r/1, 
np11 11ew ·f'i(-.) ➔ .± w11,~t np11 x -, :t o0 . • 

Kpo1,1e Toro,OT1,18TKIA, •no B nouaneTMJl0H8 II 1,10,ll.8JIRX (2.I), (2.22) 
113B8CT8H MK llBHlllt BO COJIIITOHHoro pemeHIIII 11/{x) = 1/},, fahl1 11'0X, 

Tlllt ii ipepMHOHHH8 BOJIHOB1i18 <l>YHKUHM U1c(x) (1.15') 1 tax qro 1,!0'IHO BW-

1{1!C,HHb nJIOTHOCTb 3ap11,11.a. 

''- • "<> .If[ s O Q 0 
fix) "".lzn fi(xJ-JlrxJj = 2'f'.,'ixtfr{x). ( 4 .20 ) 

B 1971 1Hi1 1rncneHa aen11q11ea K.ealitoswx •I>nyuy~HI 3apl!Aa co1Htona. 

Iloxa3aeo, qyo cpe.llHIIII 1taaipatK qaa11 B8J!HtlHHll ,pnyuyanHH oneparopa 

3apRl6 OTBOCIIT8JlbHO c_p8,ll,H81t B8JIH'l11HH q ( B 00ll!tlf CJIJ'18.8 AP00Hol) 

Halla. Kalt O (!0 //.) llpll L >) f. ' f,1{8 r. - mwp11Ha. COJIITOBa, L -
,;1111ea neno•1xa. Tip1t L. -• c<, eonHosa11 ,~yH1tui11 coJ1iltoea 111n11erc11 

codctB8IIHOll •~YH1tlll!8:t u10par opa 38.pll,lla C ApOOBlilll co0CTB8BHHK 3Ba.qe

Hl!81,1. B 19s1 npOB e.l(ea~ odo6~e1111e 3TIIX pe3y JlbTatol na c.11yqall COUTO-

HOB c ,~epw11oe111i11i1 •111c110.11 1/ f • Up11 3TOK ynep1:.itu,u;11, •tro 4>ep11110H1111I 

3ap'1.l IIBAll8tCll xupu:110 onpo~e.tilHHOlt ·B8.0Jlll,lf:\81,!0ll, T.e. 1$ upHHQIIIle 

npe,1.110,1araercJ1 ao:i11omocH 1.rn11epe111111 ,llpo6aoro ,t>ep11HoBBoro 3aPIIAa., 

B 1991 pacwotpe11 0~0111,peH:t :)JldKTPOIDIWll ra:i C UOJlf3aUOJIH8HBOII 
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30HOI, B XOTOPOK anexTpuHU C~83t\BU C 118ZJ38Jll,HilllB B BBJTPKJ38A~JDID 

peHtoqai11111 ,;e4lopt~HKB. B o0.1acu, r,1te ooa una ,-ei,opKaJUI RKem 

B8BY••YD un,Jt:.eayn 88JIBIIBBY, B038Klt88r HOBmi: KJiacc COJIBTOBOB, 

KOTOp!ie CDOHT&HHO aapymaDT CIDmetpBD aapSAOBoro. conpueus ( e -f. 0 ) 

B 8BJl8DTC8 BB3■IOUI 3Jl81t'tp0HIIIIIIB B030J:s,J;8HBJDIB CHCTew. 3aps,Jt conatoBa 

npa 3TOM .SBB88TCS H8Dp8pHBHOI ~yex~xel XOHCTaHT CB83H. 

§ 16. H3118H8BH8 ,1tpoOeoro aaps,Jta COBBTOHa npH KOH8l!HliX T8JII18paType 

• DKBqecxox noTea~ene 

B /l02
,l03/ c,1tenaao oOod•eaae peayJU,tatoB aa CJ!Yqal xoaequol 

T8MD8patyp11 cactelOI, a B /lo41 np1est BO IBBJlaBB8 K xoaeqa11I Xl!IIK
qecxal noteBJUa.1 4>ePMKOHOB. lna atoro x ra■xn~toaaaay (4.8) aeoOxo

,1;D10 ,;oOann 11na tma - 1i.,f:·'/l+I/': Jy , y11nYBaJi••• acxDetpRD qxcna 

'laCTH~ B aetB11act•~- 0000.eaae BlipB.X8BBS (4.9) ,J;OCTaTO'IHO TpBIBall
BO /104/ • 

"" s 
O(«,T) =fa']{f[f,,·rx>-Jn°(x>}n(tz-«), (4.21) 

-oo 
-1 

r,;e ll(li-o(,) =[e"-pt·;.d)+1] - tYHX~XS pacupe,1teJ18RH tep11a. 
Tan■ o0pa30M, (4 .• 17) DpDl8T BB,J; 

- ~ i . 1 

(} (<i1 r) =..f a'j~._[ 2~ (!u:cx,(-Ju:cd} ll!/E-d.) + (4.22) 

0o x-~ 

2 f 2;
1 1 

[ ox{u!,~l +- 2/u:,,clic") { . fl.{JE-ot) 
f•tl-0o 1f E(j>E+-6) . X:--o. 

4- n {c -ol) ) 
r,;e yqnao, uo up• xoseqsox cl B03lll:Uo 3aDO.IIEse ypoaael mx 

E=~ , TS B 00.188 BIICOUX (a 3088 np010,1;1Mocu). '!JitB n(E-cl.) = 

{ ~: : : : f'llltllBae! 3aDO.IB8R■e ,l;BCXp~uoro YPOIBI E = € • 

B (4.22) E =Jk1+1f!+L'- • l.u xonpet111x xo,-uel, o,_x ,J;JI• 
.f 0 

sac Htepec, tya~H 'fs ('IIJ , u, (x) , u,, (IC) ■aaeet 111 
(cM. topMy.111I.I5, I.15•, 2.9-2.II, 2.24, 2.25), uoaTOIQ 

Q(<iT): -Jrf, xf-"' n(/£-.d) + 11,D, Jc,. ✓I n.(J'E-ti) 
I o /11 17. 1 t1C.To .!.. -

,f-oo ~"'"- /-,_21i !fEfJ'E+6) 
(4.23) 

+ n.{e- «). 
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B ,llaJlbHellmeM llH Oy,11;eM 8HaJIB3KpO&aTb BWpa:EeHHe (4.23). no 3Toro 

MW npaltTIN 8CltH HCltJID'lMJIH H3 paCCMOTpeHBJI ltOHltpeTHYlt BIU n OTB lml!a.Jla 

V('f'). 0,11;aa1to np■ BKJ!Dqeeax 3/Wl8KTOB xoaellHoA TewepaTypw a xa11H
qecxoro noT8BitHana 3/WlBltTHBHHII noTBBIUfaJI CHCT8MW H3M8BJl8tCJI, DpKQ811, 

Kalt Owno nolta3aBO B I'JI.lll, CYJ118CTBYDT XpHTl!ll8C!tB8 3Hlill8HHS T, H olc, 
BWme KOtopwx CHlllletpHS CHCT811W BOCCT8.flaBJIHB88TCa. QqeBHJl;HO, 'lTO co

JIBTOHOB B TaltOA CXCT8118 yze HeT, K ece'paccyz,1{8HHJI TepsDT CIIWCJI. 

TaKIOf o0pa30M, npH 8116H38. (4.23) B800XOABIIO Y1D1TWl8tb aa.naqae T, 

• de ' a tane 3aHCHIIOCTb (f = 'l'o (T,J.) (cw. p11c.2I-25). Il03TOin' 

npe,11;8JlbHH8 3Hall8HBJI T ➔ oo , d. ... oo , HCDOJ!b3ye1111e B 1102- 1041 ,J{JIS 

Q {cl., T) 
1 

88 Hll8DT 118Cta B CJI.Y'la8 ea■-x ltOH!tpetBWX IIO,lUel. 

IlepBOl!I. llaJlbHO pacc110TplDI CJl)'llall cl= 0. 

Tor .ita 

Q( ) 
Cfoj Ji . 

T = - Z'lr J.l+ lf
0

1 + 
c. <fa r Jl i h E f _ , 
21i h(Jl,'f;) Qh ir + (€'d), 

ue HCilOJll,30!811W COOTHOll8HHJI n..(E) ... n.(- E)::. 1 H 

ti(E) - n{-E) = - -lanhE/zr . 

(4 .24) 

HetpyJl;HO ylle,unc11, llTO np• T:O IIJ,I np■ xO,lBII It pe3yJlbT8TY (4.19) •. 

IlpH RH3KMX telGlepatypax BBTerpan I (4.24) IIOZHO ouee■Tb /l03/, a 

Q I MdA t + -
1 

fr) = - -;F---71 "l"" l;,, .. 1 
-'IL 

- -u2~ ("'~•£L)exp(- J~~•ta; 
+ 0 [ r, Uf(- l;,ezj] (4.25} 

BeCblla np■11ellat8Jlblllll I BJUl8tC JI npe,11;eJ1 c ~ 0 • Ilp• 3T0ll Q (1): 

=0, T.e. np• 1toseqsol teMDepatype cpe,le ■II 3apa.l 01taa11saetc• paanw 
BJJID. 3to 03eaqaeT, lltO np■ ltOR8'1BOI te11nepaType Jl;OJIDII p0Z)l,lltLCS 

COJIHTOH-aRUCO.IHTOBHW8 napw, ,.e. B np8,ll8Jl8 E ➔ 0 OCBOBHIIII COCTOJI

R■ell Oy,11;eT·JlYOJ1et COJHTOHOB c ~ep11BOHHWII q ■ CJIOII ! I/2, tax qto 

cpe,ll!ee ~ep11 ■0HH08 llHCJIO oOpa~etcs B HJJlb. 

Ilp• €. # 0 H T<<c Q(1) CTpentCJI X ceoe11y 3Hall8HHll 

np11 T=O, a np■ T"" c: Hll88T M8CTo· OCUHJIHUHS B8JIJIUHII Q(1). 

Tip• T ➔ T, 'fo(1) ➔ 0 B <9(T"*Tc.) -o , t.e. Hll88T 

118CTO ,i;eJ10Ka.1J13aUHS 3aps,la, nocxo.u.&y, B CBOll oqepe,lb, ,l8JIOlt8.JIH3f8tCI 

Call COHTOH. Ilp• ~ ➔ 0 f., ➔ 00 ' r,i;e {. - HPHH8 COJIMTOBa. 

~8JMBOHH1i18 110,JUI B ll030BHW8 KO.JUI paC~8fiJISllTC8, qyo H B8,let·x HYJIBBOIIY 

OKJl,J;a8MOIIY B8JIH'lHHW Q Ra COJIHTOHe. 

67 



•I 
I' 

PaccwotplUI (4.23) npH ltOH8'1HliX 3Ba'l8BHIIX c1 • IlepBOHa'laJlhHO 
orpaHH'IHMCR npe;i;enow T - o. IlpH 3TOM paCCMOTpHM TPH 06.naCTH 3Ha'l8HBI 

ol • IlpH o( > m(ol) , r;i;e mra) = /<e'aJ+tE 2 , maee11 

() (d >m) = ; [ w13 m-~ +. Mci3(f;i fanhf tllluh 1,} 
.1 ot / 

tlllCfj fo ] 1 
(4.26) 

r;i;e d / = (r1!11t
11

• 

B o6nacn £ < ol < m(ol) 

CJ ( e < « < />1) =: · ~ a;tdt; ~ J 
/ 7f <l 111-(:. 

(4.27) 

x, RaltOH81l, npH O<d < e 

CJ ( O<d<~) I+ _grur.dtJ ~ 
7T <7 ~-G 

(4.28) 

0TM8THll, 'ITO B (4.27),(4.28) HC'l83Jla 3aBKCBMOTh OT ol • 
AHaJIOrK'IBbl8 COOTHOll8BIIJI R8CJIOXHO noJiy'IHTh ,ll;nJI OTpHUaTeJlhBliX cl , 

npH'lew npH c: =- O ueet weeto CH1i1M8TPHII OTROCHtenJ.no TO'lltH cl. = O • 
B cnyqae 1I0,11;8JIJI nonHall8THn8Ha K rH E. = 0 , H 3aBIICIIMOCTh 
npe;i;crasnena ea pxc.28. B 110,11;enw ¢; HMeer xecto nnanean 1tpxsa11 
(pHc.29). 

IlpH €:::IO CM, pxc.30. ECJIH paCCMOTP8Th ltOBe'IBHe T8MnepatypY, 
TO B npe;i;ene « ')') T peayJlhTaTH OCT6HytCII npe:KRIUIH, a npH o/. ➔ 0 

{J(0T) ➔ 0 , Tait 'ITO ltpHBall Ba pxc,30 CJ!erm H3ll8HHTCJI (cu,pHC,31), 

Q(cl.) Q(a.) 

1/'J._,. ¼. 

-d..c. -cil.~ 
0 oLc. cL 0 d.='f. (,L) -~ ~~ 

,.__-~-"h. ----,-"/2 

P.ac. 28 Plic. 29 
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1aiclii.!&. 
r. om-E: 

Q(cl.) 

O! E 

-iauln Cf,, 
" "ac 

Pac. 30 

IP. 
.&11u.ld __!. 
Tl q,n-E, 

f 
-1,aic¼'P-

0 

Q(,1.) 

PRC. 31 

l, cl, 

0TK8TBM, qfo no.lly'l8HHH8 peaynbTaTY KM8DT AOCTaTO'IRO IICHYD ~H3H

qecityD JIBT8pnpem1lJ1D, IlpH E: = 0 11 T= ol = 0 COJIHTOHBl,ilrl ypoB8Hh 
~opwxpyeTCII H3 IlOJIOBHHH COCTOIIHHII, OT~9Il/I9HHOro OT 30RY llpOBO.[(lli~OCT~ 

B flOJIOBHHY - OT B6Jl8HTROI 30HH (Mopa~epo). IlpK 3TOK KM88't M8CTO 
BYPOX,11;8HH8, II aapa,11; COJIHTORa paB8B :t/e/;z. • Ilpll BaJ111qn cnHBa y 
~epMHOHa ,11;po6J18BHe aapn,11;a C!tpYTO, H HK8DT M8CTO.COJIBTOBY co CilKROM 
I/2 t HO 683 3aps;i;a, • C aapll,D;Oll ± 1e.1 ' HO 683 cnxaa. IlpH d. >l'H(ol.) 

npOHCXO,ll;BT 36UOJIH8RH8 30HY npoBO,ll;JDIOCTB (onycTOM8HH8 BaJl8HTHOI 30HY). 
IlpB 3TOM aapn,11;, JIOJtaJIB30BaRHYI na COJIJITOHe, •1cto~a8TCJ1·. Ilpx ltpBTK

qecxax aaaqea111x r~, d.~ conHTOHY acq0:JaDT 1 H H8T B111taxol 101tana3a
llHH aapR,lla. 

B 11021 J:ll.CCMaTPBBaeTC8 tep»BOBRYI 3ap,u;, CBR36RRYI C CYJ{8CTBO
saaxex wononoJlhaHx pe•0nBR B 'letwpe:xw0pawx (3+1) eea6enuux xan6poaoq
awx teopux. 061lJ18 csolcna 1 otweqeRHYe_ B .1aHBol rMBe ,ua c11qa11 
,lBYX Jl3Mepenl, coxpa!llfDTCH ~a qempeniepewx KO,lUel. Ha 3TOK ll1i 

3aXOBqJDI o63op ,11;po6BHX ~epMBOHBYX aapll,lOB JI nepel,1ex X B3yqeBBD nepe
xo.r,a ,11a1exTpn - M8TMJ B non•a~et•neae. 

D 

69 



rJIABA V 

ITEPExon nn3JIEKTPHR - METAJIJI B Il0ilHAUETHJIEHE 

B naCTUSIDtelt rnane UH Oonee ,ll,8T8JlhHO OCT8HOBHUCSI Ha DOB8,ll,8HHH 
ITOJIHaneTHJieHa npH BHCOKOA KouneHTpaUHH npHuecH, 

§ 17, 31tcnepHM.et TMhHHe ,ll;aHllll8 

3JI81tTpH'18CltH8 H uarHHTHHe CBOi1CTBa o0pa3UOB (CH),c npe,11,cmueuH 
B rn.l. BechMa np:imeqaTeJihHHMH SBJISIDTCSI onTHll8CKH8 CBOllCTBa nerHpO
BaHHOro (CH)x • Ha pwc. 32 npe,11,CT8BJl8H cnenp norJIODt8HllSI TpaHC
DOJIH8U8THJl8Ha npH pa3JIHqHHX KOHU8HTpaUHSIX npHM8CH 11061, B Ka~eCTBe 
npHKeca Hcnon3yeTCS1 CiO't-. 

d.(1lc.;;{) 

I 
3 

;1 

I 
O,O~l 
o,on 

0,012 
o,oo,s 
o,oo?> 

01 0,5 i. !,5 2,0 2,5 :)flePn-1~ p&) 

PHc,32 

cl - ll03!ppHUH8HT ODTH'leCKOro norJIODt8HHSI. IlpH Y = 0,078 ue:a:-
30HBU8 norJIODt8HHe OTCYTCTByeT, T,e. llt8Jlh B 3JleKTpOHHOM cneETpe 
Hcqe3aeT, U,11,Halto ll8 00HapyDIBB.8TCSl H corJiaCHSl C Te OpHel! ODTH<le CKoro 
norJIODt8RHSI npy,11,e, xaprutTepeoro ,l/lSI HopwaJlhHBX M8T8JIJIOB, 

Cpe,11,H UHOJ:8Ct1111 ptiOOT IIU HCCJl8,D;OB8HHD T8pMu3.181:tpaqe1,;JtHX 
CBOACTB BH,11,0JIHM 11011 • 3KcnepH!ieeTaJlhHH8 ,11,MHHe B oOm.cTH BHCOKHX 
KOHU8HTIXlUHff corr.acyDTCSl C noB8,ll,OHH8M npocToro M8T8JIJia C H8ltOTOPHM 
OTJIH.qHeM B .ll;8T8J!SIX, nenaeTCSI ll!l.J:H!iff BUB0,11,, qyo IIM88T M8CTO MeTaJIJI 
C noJly38nOJIH8HHOI! 30Holl, npnqeu TpaucnopT CYDt8CTB8HHO 0,11,HOM.epen. B 
CJIY'la.8 np.-.uecn As Fs B wetannHqecitolt ¢a3e anuepeKponanHe CBR3dl 
OTCYTCTByer, a ,11,nn FeCi:. H I , no-BH,11,Huouy,c1rzyauHH Clonee c1101:
eaa, qyo MOJ:8T dirrh CB/13aHO C uapymeHIDIMH, oClyCJIOBJlCHHHUH 8TOMaMI! 
npHMCCH, 
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B B8CT08llt88 Bp8MSI HM88TCSI pSl,11, oO~SICH8HKI! 3<Wle1tTa M8T8JIJ!H36UKH 
nenoqeJt TpaHC- (CH)x, HM88T CMHC.11 BY.ll;8JIHTb ~a OCHOBHYX K8X8.HR3Ma: 
a) COJIHTOHBHI H 0) ltJl8CTepewl, npH ROTOPOII HeT H800XOAHMOCTH B COJIB
TOHHOR KapTHH8 BOOO~e. HeoClXO,llHMO ODITHT•, qyo IlO,llXOl, IICJtJIDqal)~HI 
COJ!HTOBY, B T~HC-~CH)x , pa3BIIB8JICSI c paOoT 127 ,281 H ,11,0CTaToqeo 
apryMeHTHpOBa!/22 , 41 , HweeT CMYCJI OCT8HOBJITJ,CSI ea no118KH1t8, CBll38H
nol ·c ,11,nyua 1oqxawH 3pee1n OoJee no.-poOeo, 

Ilpex,J;e scero, OTM8THM, qyo cTan,1,aptHaa 11etonm 11 •21 no3B0.11118T 
CHHT83HpOB8Tb oelpa3UY Ul'IC -(CH)x, IlpH BH8C8HHH npD8CH B rnic-(CH)x 
neoOX0,11,HIIO yqMTYBaTL QllC -TpaBC H30M8pH38UJUJ. Tait, npx 12:£ npuecH 

AbFs .111nHH Ul'IC·-~cH)x II pawaeosc1to11 ·cneupe paspyma1>tc11, a 11we1>TCS1 
JIHBIH Tpasc-(CH)x /I / • B oOJaCTII ROHil8BTJRUHI 0,02 <. y <. 0,05 
npeolSJa,-aet Ul'IC -noBe,ll&BHe, ,ll.nn npzwecH :110.na I cHtya1ut11 Oonee ne11cua, 
HCKH)qffT• 3CW>91t'f 130M8pH38IIHH iilOltllO nyTeK T8IlJIOBOI oOpaClOTJtX URC -
(CH)x, B p83YJlhT8T8 qeru nonyqaeTCSI TpaHr.-{CH)x, IlepBYII CBl,ll8TeJlbCT
BUM npOTHB COJIHTOHHol xapTBHY IIBHJUICh ,l8HHY8 paOOTB 1211 , r.-e 
HCCJ18,llU11~Jl8.Ch npoBO,llJIKOCTh K warHHTHaSI BOCnpHHMql!BOCTh oelpa3QOB 
rnic -(CH)x, RaK qxctwx, TaR H Jierv.poBaHHwt A!>Fs , a m1t1e qxctoro 
tpaac-(CH}x, EHJ10 c,11;eJiano tpa npHHIIBDHaJILHHX sweo,1,a: 

1) CnllHOBaSI BOCilpHHMqHBocn IUJC -(CH)x B03Jl1Cta8T C pucTOK 
KOHil8HTpaUHH npIDleCH B HM88T xapa1tTep BOCnpHIOlqHBOCTH TiayJIH, 

2) IlpunonaraeTCSI, qTo pe3yJIU6TY no URo-(CH)x npBK8HHKY It 

o0pa3U8K Tpaec-(CH)x, 0TCYTCTBl8 H3MeH8BHS Mal'HHTHOff BOCnpHHMqzsoc
TH X B oonactx MMHX xoeneHTJRnHI B tpanc- (CH)x (cw, pac,7) 
oO~SICBID'f B8,l(OCT8TOqeol qyncTBIIT8JlhBOCT•ll H3MepHTeJlhBYX npaClopoB, 
noc1tOJih1tf sospacraeze X B Tpanc-(CH)x AOJIIBO <lYTh aeanorBqHYY 

u11c-(CH)x 'T,8, IK8Th BeJIJlqJIBy nop11,lllt8 2,4·10-~7:,Tor.na Ka.KB 
q11cro11 TpaHc-?H)x X ~ l,2·10-6 , qTo B .itecan pa3 BHe, q8Jl B qxcTow 
Qllc-(CH)x. B 271 YtB8plM,8TCa, qto sapai:eeewe ee11arRBTRY8 COJIIITOHY. 
He tpeOyllTCI ,l(Jll o0HCH8HH IlpOB O,lDOCT B B TpaHc-(CH)x, 

3) YTB8pl:Rl,8TCI, qyo npoech, BBOCHII.I B o0pa3IIY n0Ha11etue-
Ha, pacnpe.-eneea H&OAHopo,lleo • :,,:e np• 1toe11eatpan ■• 0,7~ ( c np11M 
wecu As. F5 ) oOpasymtca 1wco1:onp0B o,;nue o0.111cn ( •1tam111•) • 
TI pee O,l;IKOCTJ, np11 3T OK 3aJ:Jll)qaeTCI B 'l'YHHeJI!1pOB8Hlm MOil)' ·11etaJ111Hqec1:1-
IIIM uOJl~Cllllll, TorM. J:alt nepexo.- ,J.113Jl8ETpBlt - ll8TaJIJI C11138B C ,l(UCTIIJ:8-
HH8K nopora nepe1tp11sau111 KeTaJIJIBqecux "xaneJih•, nocne JtOToporo 
HM88t M9Ctu fl:8 K8ta.lJ!Hqecx•I ltUHTIHY)'K, 

B 1221 an BWB0,11,W IlO,lTBepl,lal>tCI pSl,11,0K ,lpyrnx a1tcnep1D1eHT8JlhHYX 
,l;IUIRWX, B 122 ,641 u01,;yl.ll,!lDTCSI pa3J!HqHwe B3M8p8HB/I P oOpasnax tpanc
(CH)x H M,HH apry11eHTW npOTIIB COJ!ITOHBOI MPTIIHY. BooO~e roeopa, 
tpeOyDTCS HOBW8 Ounee t•aT8JlhHY8 3JtcnepillB!T8JlhllH8 ,li8.J!HH8, no3BOUDlll;H8 
OT,liath npe,liloqren•e JtaKOI-J!KClO 1tapTHH8. 
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§ 18. Teopernec1t1te 110.iten 

CooneTCTl8HRO .UYll DO,J;XOM,lf lllf81lTCJI P,.3JlllqHH8 HBtepnpetaitH . 
·nepexo.ita ,ltH3Jl81tTpX1t - lf8TaJIJI B DOJIHaU8THJl8B8oKaK yxe OTMS'!a.1.IOCh,~22/ 
npe,Iµ!Ol!tSHa MO.IJ:8Jih M8TaJIJIB'l8CROro OCTpOBa ("xawm"). Heo,Il;Hopo.n:-
BUCT• pa31181118BKJI BHe,Jij)eBHOi npx11ec• DPRBU,ll;KT It UOpl:L3UB8.BRll 118TaJIJR~ 
qeCltHX 06Jl8.CTt1I C OTHO~Jlt8Jl•Ho BHCOltOI ltOBU8BTJnl'.Ul81 DpD8CR, pas,1;e
JltlHHlilX noxynp'oBO,J;JIJl!IIMJI o0.11acuo. BHJ"tpH 11etaJIJIH8CltHX 06.11acTel OT
CfTCTIJ8T a.11•tepu11po&\IIH8 CtiJl381, ta& qyo COAMTOBO» TUM H8't 0 C poc
TOII ltORU8Btp~HH DPKll8CH pas11ep 11era,:utnecux. OGJiacte~ YB8JIHUBaetca, 
,11;0 tax nop, noxa ee <1y,11;et ,11oct·xrByt nopor nepe1tpwsaeu. Ot11em11, qto 
B DOJ!YllPOBO,JtJIIIIHX oGJiacux ,l;ODYCIUUlTCII COJIK't_OBBH8 B03GJX,Jt8BRII. Teopen
qecn MO,Jten Hll88T O<IQll anaJIOrHll C IIO,J;8JIJIIIH, HCllOJl:&3Y81fHIIH ,JtJl.11 omr
caHHJI rpaay.11speux 11eta.11J10B. B /lOS/ npe,1;ctasJ18HH aoswe ,B;IUIHHe no npo
so,1t1111octH no.11Haueu.11eea c npBKec:&11 As F5 • Pesyutat11 cor.11acymtc n 
c pacq eraKH /IIO/ ,1;.1111 11>.1teJIH, sx.11i>qa11iie 1 · eHco11:onposo,1;J1111He cer11eatu, 
pa3,ll;8Jl8BBH8 ,Jt.H3JIE!lttpHlt0!1 0 

B paMK8.X COJIHTOHBOI KaPTHBH np8,B;JIOZ8HO B8Clt0Jl:&lt0 o6~JICBeBRI 
nepexo,1ta· ,J;HUexrpux .- .11etau. Ilpez,;e scero npe,JUioJiaraetca, no npH 
yBeJIHqeeu q11c.m DPl&l8CHlilX aTOIIOB pactet UCJIO COJIH'tOB • aHTJICOJl~
TOHBlilX nap B uenoqxe, tax q?O 0Gpasyetc11 ·co.11atoBHai no,11;peaeua, ·110~
J1Hpy1111aa .1t1D1.epaso1assy11 pemeny ato11oe (c11. pac. JJ). 

* \: =f .... -\ ----·f--· --\:_ 
Pac.33 

IlpH 3TOII B uesrpe 3Bepr8TIR8CltOI_ 118ll Hll88T 118C't0 J3Kaa npa11ec
HaR sosa. COll'tOBBaR llO,B;pe■eTJta C03)l,a8T CJiaGHI 31tCDOB8Hl'.UlallirBO saty
xa11111al O<llf8BBIII llOT8HUHaJI /llI,ll2/ 118E,J;J' COJIH'tOBalfH. C poctoll ltOBU8H
tpal'.UIH HOCH't8J18I 110.Q'JlllpQllaHBaH ,l;H118pH30BaBBaR pe■8Tlta B8DpepHBBO ne
peXO,J;HT B B8COH3118pHJqll nalep.ncoscxym pe■eTJtY,H npHH8CRaa 30H& pac■•
paetca ( CK. pac.15), oGpana .ue nalepJICOBCU8 •en. IlpODOAIDlOC't~ 
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ocy111ecrBJlll8'tCR llO llpRM8CHOI 3088 II BOCH't q>peJIHXODCltHll xap,.1ttep • 
B /l09/ yqrea mue :XW,ext wezuenoqeqsol csasH • B.DHBHHe no.11a, 
C03Rl,Bae11oro llpH118CBWll aTOMOM. 

• B 11191 pacc11otp8BO B38.HIIOAeBcrBHe 118X)O' COJIKTOBallH H COJIH'tOH• 
-q>OBOHH08 B3allMOA81CTBHe. IlOJiyqeaa xpxraqecma KOHU8HTJBUHJI, np• xo-.. 
Topol CO.DHTOHBaH pe■8TEa •teqet• n._ ":, Q0 /I'f: 1 

( r,11;e ao 
llOC'tORBBaa peaerxa, {o - ■HpKRa COJIHTOHa),cormcy11~aca C 3ltCll8PH-
118HTaJU,BHWJI ,JtaHBHKH no Tp,.ac-(CHlc • B /ll'Jl yqteHo taue B3aHKo
AelctBRe CO.DIITOBOB C ll~HIIBC•ll· MH 88 OCTaBaB.DHBaeKCR ea ~pyrHX HHTe
pecBWX HCC.D8AOBaBH8X / 3,114-1161, OTCHJaH 3aHBtepecoaaHHHX qataTeJiel 
1t opxnaa.11•·eolt .nnepatype. 

qac.nesBHI JllCqeT )V!JI ltOB'tKBya.11•HOI 110,1;8.DH llO.DHaij8'tHJl8Ha (I.I~ 
npH npOH3BOJl:&HOII 3all0JIH8HKH 30HH (OJD13ltOII, O,J;BaXO, X 8.ltHRaue) npxae
A8B s 1691. OGo0111eaae ea c.iyqal xoseqsol tellllepatypw • x1111aqec1toro 
notesnHaxa c,1;uaeo a /II?/ • 

IloxasaHo, qto B 0G•e11 c.11yqae aKee-r 11ect,o pe■eHll8 ca11ocouacoaaa-
RHX ypaBH 811 Kil 

· • 11r d 'f/r} · i;- 11, E lU ) 
- t vF ~ - /::.(K)vz. y-{x) = ,-(x , (5.1) 

/),{x)"' -A11trFJ f[E~)('lfF-a{ t2A(x))juc",( 
., E11 

(r.n:e <f' -= ( ~) , f (f.,) - qiysxuaa pacnpe,11;e.11eHH teplll: ) B Blf.Jte 

l::.(x:} -= k11i,ct :Jh, (~X ,k), (5.2) 

ue 1n r~x, k) -3.DJIKlltJAecxaa WmtUHJI H1t06H. Pe■eBHe (5.2) ODHCH
Baet COJIH'tOBHYE peaetxy C llJIOTHOCT:&ll CO.DKTOHOB 

z . _, 
lls = t, k(lc) 

(5.J) 

K (~) - qiyexun Max,11;oaan,11;a. Ilapa11erpw k • ae onp'"W1mu1 ta
xaw 06paso11, qto<lw IIHBIDIK3llpOBaT:& t8pllOAKHallJA8CXHI llOT8BUHaJI 

L " .1.-E.. r l:lM 
.Q(-r.ol) = -212/:n(1+e r )+ 1JI(.;;;; 

1 n O AlVF (5.4) 

l - AJIHBa uenoqu. 
B npBJtue k ➔ 0 pe■eue (5.2) nepexo.ut. s 0611imwl casyc, a np11 

k ➔ ,t Kll8811 CT~apTRoe COH'tOBROt sapy■ esae ~(1<):: Aat.a11h lC/fo. 
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311exrpou111I aueprerHqecxzl cnexr~ B none t::.(!.), onpeAenae110■ . 
nocpeACTIOII (5.2), no.nyqes I /II/ • oeet BRA, H300paxeBBYI Ba pKc. 
15. Ilapa11erp k onpeAexaercn qepea XIDIJNecx•I noreBIUiax·nocpeAct-
BOIi COOTBO■eBBII 

d = 2ao•-·ECk') 
7f --,;;-- , (5.5) 

rAe k I=· -:.~ .• i~pm1eqarenuo, QTO B npeA8.1!8 L: ➔ ,{ DIIHQ8CUI no
T8fmlml! coBnaN1,e:·c aaeprHel noxoa•eroca xxam. Tep110,1t11Hauqecx•I 
DOT8BIU1aii pases /II7 ,211 -,. . , . 

1 i,i ) 
_Q ; - _i (7ft + .b. 2- .z. + 2 d. I 

l. 2(10 · · 
0 btro k' '' 

(5.6 ) 

II DAOTHUCU. np11118CBHX 3J18 ltTpOBOB 

V, . ao 
II, = 1/i:lc'k(t) 

••j ~-

(5.J) 

~aaouaa ~Harpaiom ~All JtOBTHBJ8JlLROI IIOA8.l!JI (CH)~ nocrpueHa B 11171 
H IIW88T BXA (pzc.34) 

! 
4. 
o.,~ 

0,4• 

0,'I. 

HOPIIMblll'li q)MI\ -

(MetfllJI) 

300'<,;,;,;;,?2%??7?<". 7 ;,;;, ?. 
D au , ook - -_, aa,. 001 Y . 

P•c.34 
~·•.l"' 

TaJtlOl eOpaao11, n~• XullHaTBol 78Wleparype yxe npll 118.llYX JtOBtl8BTJn
tlHIIX. npoec• ( Y"" 10- ) secoaa11epaaa.11 4iaaa om:tH118ercR a·iieprernecu 
npeAUOQTHT8J»Bee. 0TX8TXII, QTO B_3TOI oOxacTH T8MD8paryp B8T nepexo~ 
B BOPIIMUYJ> qiaay, T.e. 111eu D 3Jl8ltTPOBBOII cnexrpe,·x, COOTBeTCTHHHO, 
8!LT8~HKpOB8BJl8 C IIB381 HM68T IICCTO DP• B YCOltHX 'JtOBtltl! 'f~HX npauc• • 
B /Io I xcqeaeuueaxe aaeprerJAea'ol •en ·00~1caeeu·npoxa1oneY11 
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pacnonoxesae11 npoecH. Or11era11, ttto B ocsoue 3THX peayJ1Lrarou xexxr 
Auct~roqHo scsaa mptHHa. Corxacuo Teopexe Ilalepnca, OAaoxep111R 
xeranx c npuH3BOJ»BIUI aanoxueuae11 auau Epxnn1>aaa neycrolqau oreuc•
ren»au nepexoAa B Al(311exrpxqecq1> qiaay c ( B oO•e11 c,ryqae), necoxa-
11epIDAoil BO.l!HOI 3aPIAOBOI Dl!OTHOCTH. 3TOT qiaxr. H8XOAHT orpaxes•e 
ea pxc.34. 

C Apyrol croponHi 11ccxe~o1auae no1spxaat1wouuoro oneparopa toso
BOB (c11.,aanpoep, /JI) noxaaano, qro np• xaxox orxnoueea■ or 
nonyaano11H8HROI 30Hli y ~ Tc. 11.o npe.JJ;OOIITltT eni,uee OU3HB68TCB 
•xeRBO y.JJ;B08HKe nepHOAa. Ecx• npH )16JIYX Y C0■3118pH11al taaa 
ueycrolq1Ba OTBOCKT8J»HO nepeXOAa B 11>aay COJIITOHBOI pe118TK■ , TO npH 
Y = '/c. CBIUl8.8TCJI BYpo~eu•e OCHOBBOro COCTOIIIIHll,B COJIIITOBOB B CIC

rexe cy.ectBOBaT» B8 11oxer. qHCJl8RB8R Otl8BK6 (3.52) np•BOAIT Jt 

c11eAf1>•exy peaynT~ty: npn 0,7 aB <, A0 < 0,9 aB • W = IO aB 
xparaqecxaR xout1eHTpat1Hs 

o ,o6s .::. Ye. .:: o ,o9, ue 

V = Yk = 
/C. no 

2 Ii' 60 --., .,-w 
(5.8) 

• 110"' 1/tlo - nnotHOCT» /ii -aneupoHOB B 1l!ICTOIII tpaHc-(CH):z: • 
Or11eu11 xopo■ee coBnaAeBxe aHaqeuu Ye. c 11JtcnepKK8BTaJD,R1111H ASB
BIIM1t. Halt OTll8Q6JIOC» B11118, np■ y ~ 7<f.l

0 
= 0, 16 A!II IIOAIJIH tp8BC

-(CH)X 
1 

npeAUoqnrel!»R88 OX63KB6HC_B YAB08Hlt8 nep•oAa. Taux oopa-
30M, c onol ctopoaw np• y > Ye. aer co.11xToao1, a, CJ18AOBareJ1Luo, 11 
COHTOIIROI pe■eru. B TO H spe111 B8COH3118plOlall taaa 8118 HO JlBJlJIBTCJl 

AOIIIIBKpym•e•, H B03110X8B pa3pWB 4>aaosol AJ(arpallllY (c11. pRc.35), 

I 
G. o,,,______ 

o.~ 

0.2 

HCJ> 

...... , ...... .._ 

f1£C°"?>MtPI.IMASI cp"~"' 
Q o,oi o,O'I o,o, o,01 6, I. Y 

, , , k➔ -1 1 k .. o . I 
1.a11nx - ~n(x,ic) - :JLnx 

Pnc.35 

75 



Tax QTO u ReJtoTopol 06,mctH xouneuTpan1I ,1taze npH BH3KHX TellllepaTypax 

B03110~0 cy111eCTBOBaHH8 ll8TAJ1Jlllqec1tol ta3H. 3TOT Jt8.Q8CTB8BBHI BHBOA 
noaBoJUler 06-ucu11u ME ueraJIJIH38.IUtll nenoqex (CH~ npa Y>Ye ,ra1t H 

yweHLm8HHe npoBO,IJIWOCTH npH ,M.Jll,H81aew yB8llHQ8HHK KOHQearpanHH npllll8CK, 
CBll3aHH08 C nepeXOAOII B H8COH3118p11Myll it,63y. 

Taxu11 o6pa3ow, ecnH ,;ocraroqao nporazeuuwl yqacTox uenoqx1 
TpaHC- (CH>.it IIBl88T H36HTOJt 3Jl8JttpOHOB (~pox) BW■e xpHTHQ8CJtOI B8JIH
q1sw, TO uozer sacrynxrL 11eTaMHa~u••• Ilpx aT011 an&reps1po1aaxe csaael 
OTCYTCTBYBT, H ace 'Ji -3Jl8JtTpORW yqaCTBYllT B npOBO,l;IOIOCTB . 
(npOHcxo,;HT •pw3p1i11• Si. - caa311 ) 1921 • Ilp11 y <- Ye. OCBOBHoe cocT011-
1xe ,Ull8pH30BaB~H HM88T M8CTO COJIHTOBB8JI pemeT&ao Ilpll 880,J;ROpO,l;ROlil 
pacnpe,1;eJ18BH np11K8CII •pa3p,iB • Ji, - Cla381 6yAet npollCXOAHU B or
,J;UHWX npoTH8RRWX 06J1acux C JtOBU8HTpanxel, ,l;OCTIU'■81 1tpxuqecxoro 
3Baqe11a, QTO, 1006111• roaopa, corJ1acyeTca c MO.J;&JILll weraaaxqec1txx 
OCTPOBOB 1221. • Kpoxe roro, corJBCBO 11011 , npoBO,l;IDIOCTL rpasc-(CH)x 
npx BWCOltllX xounesrIBn••x npl9(8CH CYJl8CTB8HBO o.uo•epea, QTO T81tZ8 
cor.aacyeTca c weraJ1J1X38.n11el onC11.ep11i1x a11Tel. B o6•e• cnyqae, no-ax.-
MOKY, B03MOJtHO COCJlll8CTIOJIIHH8 I O,UOM o6paane •weTaJ1J1J1qecx1x• neno
qeJt H nenoqex c COJIHTOHBOI pe■er1tol. 3ro M0Z8T 6HTL CBR38.BO lt8.E c ··
,J;OM npHMecBwx aTOMOB, rax II co cnocoaox ,1;on■poaa111. 

Ecn• nepeaecrH an peaynuaTw HaQHo- (CH)x, TO !tpatfiecma 1to1-
neBTpanu HKeer BeJDftDIHY Ye -::: 0,12. IlP.H atow I cnenpe neat uecro 
aueprernecxaa 111eu ~e • Conacuo 1197 , J1118BH0 npx y ~ 0,12 
nxs11 uac~(cH)x a ner■poaassou o6paane nonaocr&m 1cqeaamT. onaxo 
ecn B. HrBpOBABBOII Tpauc-(CH)x 111en B 3TOI 06.taCTX JtOHU8BTp!lQHI 
OTC)'TCTByeT, TO B Jl8rKpOllaBHOll{lHC -(CH)x , nepe■e.ue11 B Tpasc-(CH)x, 
,;ousa ocTanca ,1;1111epxaau1oa1M 111e.111, D. e. • Taux 06paao11, sueyM
aauawl xexauxa11 nepexoAa AMGJ1exrp1x - »eTaJ1J1 wozer 6WTL aec&ua aazeu 
,J;JIII c1>n11u nerxpoBaHRWX :ua3HO,l;HOM8PHWX nonynpOBO,J;HIJtOB. B r.U8D8 Ill 
HC.Cle.zt0B8Jlacl> TaKEe BOSMOXHOCTl, BOCCTaHOBJl8HllSI CHKM8Tp11H np;i: noawme

RHH tewnepaTypw cucreww. Ilo.ayqeuawl peayJU,TaT T
0 

.. 0,4 aB ("' 4500 K) 
B CJ!Jqae noJ1HaneTHJ1eua 03eaqaeT, uo npx acex peaJIJ,BYx rewep.lrypax 
I.Meer wecro nalep.11COBClt8.S AI.M8pll3l.nlfl I QJICTOII TpaRc-(CH)i • 

3AKJllllJEHHE 

OrxeTxw ps,; peua~11x acnexros, ooyc.1a1J1usanux uenpepuBao 
·BO apacra1>lilll HBrepec a: cl>Hane noJ111a1tetxJ18Ba. 

ITpe:E,J;e Bcero, D806XOAllllO Ylta3aTL Ha orpolll!H8 nepcnc:tTHDH npaltTJl
qecxoro ncnoJ1&so1auxa nonHaiteTWieua B mqecT»e .11erxoro uetan;w.. 
31tcnepmaeBTaJJ.BHO HCCJIO,J;OBaHHH o6pa3ij0B (CH)x fiO,JtTD8p%.!lallT Taltyll 
B03110XHOCTL. 
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TeopeTJ1qec1toe on•caa•e no.1111aneruJ1esa onxpaorcs Ba 110,JteAL, 
K1181lllYD aaanor B PKTil. 3To, C O,J;BOI CTOPOHH, OTltpw:aaeT 6oJILD8 BO3M:>Z• 
HOCTJI B HCCJ18,JtOBaRHH H8Tp11BBMLBHX rxnoT83 T80p111! no.Ila, DOCKOJILKY 
peaJILHYe o6pa3QH (CH)x Jt<XIYCKallT HX axcneplOleHTMLHYD ~poaepxy. C 
,;pyrol CTOpouw, M8TO,ll,I PKTil .11oryr 6HTL acl>4>exTIBBO HCfiOJU,30BaHH.npx 
pacqeTax B MO,lt8JIK (CH~• OT.MOTHM ocno~HB8 ycneu, AOCTHrBJTH8 B 3TOII 
Banpauean: 

l) llByMepBH8 110,J;tlH PKTil JlODJCKallT cyll(eCT.IIOBaHH Q6'1i8ltTOB C 
H8TPIB HaJJl,HOI TODOJIOrHel. BJIHaRHe ta DX oll'r.eKTOB Ha qlli3ll'I8CKR8 
c11ulCTB8 pac_CKaTp11Ba8lOIX Cll!Ctell .118CJ.Mei CJl'81lTB8BHO, DOCltOJlbltY c;a118. 
CTpynypa OCHOBHOro COCTOIBU H3M8Hf8TCI B npHCYTCTBl!H COJIHTOROB. B 
noJixaitetuese 1.11e1>TCJ! axcnepBMeRTanuYe MHHYo, noATBepJCAalllllH cy
li18CT1oaauue COJIXTOBOB. 

2) 31Wiexr cnouraauoro·sapymea1a CHKM8TPHH npxcyrcTsyeT 10 
IIBOrHX ~H3HQ8CltH CO,ltOp:mT8JILBWX KO,lt8JIIX PKTil. B03KOXHOCTL BOCCTaHOB
Jl8HHll CHJOl8TpllH npH BHCOIUIX T81ffl8paTypaX H (JIJlH) D.IOTBOCTIIX cl>epllHO• 
HOB 0887 saoYe CJl8,ltCTBHS B KOCMOJIOrllll, acTpOcl>H3Hlt8,, XB~BTOBOI xpo..: 
JIOJU(HaJIHKe. B,noxHa~eTHJI8R8 BOCCTW10BJl8BX8 CHWl.8Tp11H oaeaqaeT HC
qe3BOB8HH8 nalepxc~c1tol ,1;oepxaa11u II citoco.OcnyeT nepexo,1;1 B M8TaJI
Jlll'IOCKoe COCTOmll18. 

3) 1l03KOXBOCTL ,;po6J8HHII ipep.MHOHHOro 38.pa;r.a upoxo odCJJ:AfletCa 
B PKTil. 0TU8TBK, QTO BHP0:1Jt8HH8 OCHOBROro COCTOIBHII CHCT8Kl,I ., a:aJt 
CJ8,J;CTBll8 1 HaJlllU8 TOfi~JIOrHQ8CKHX C OJIITOHOB C B806XOAHMOCTLll BUJT 

g ,;po6HWII c1>ep11HOBHWII sapa,1,a.11. B fiOJIHaiteTHJl8B8 JtP06JleRH8 •cxpwto• YJt
B08HK8M CT_eneael CB060,J;H 11a-aa 118.JIHQHI. CnHBa y 3Jl8KTpOHO!I•' 3TO npx-. . . . 

BOJU(T K COJUITOHaK C R806WQBBM COOTH0■8HH811 38.pll.lta JI cnxaa, QTO ua-
XO,JtHT a1tcnep&1eBTaJ1LRoe no)tr»epE.J;eRxe (c11. n.I)_. 

Teop8TIA8CIH8 HCCJle,Jl;OBaBHR noJ1aanor11J1eHa npOAOJIJallTCf B Teqe
nae lll8C'U no~Jl8,J;BIIX Jl8T II 811t0 AflJl8KH OT csooro 38.Bep■eR.HRo Ilpe,J;CTOIIIT 
6oumaa B DJIO,J;OTBOpHaa pa6oTa ltalt B 113Yll8HHH CBOICTB noJI111aneu.11esa, 
Tait III B ~1!3111Jt8 O,JtHOMepuux npOBO,JtHHEOB 1.ne.11~w. 

ABTOPW BHpamllT HCKpeHnmD 6mro,lf,!lpHOCTL BCOII CJIJllaTOJIR.M na.croa
~HX Jl8ltijlll H apeE.J;e scero npo¢eccopy B.r.Max:aH~KODY 38. DOJl83RB~ 
06cyx,1;ea11 saTpouyT&X Bonpocoi. 

□ 
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