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I . BBe,neHHe 

B Te'ieHHe nOCJIe)l}UlOC JIeT oOJIbWOa IIIITOPOO UWI I\lIJI O H3Y'ieHR8 

CBO! CTB KOJIJIeKTHllHHX COCTOsnuDt B llU COltOlJO:loYUOIUillX xnpax , HaTfl!!

HWl C nepsoro Ha6JIlmeHIDl I1U'aHTCIOOC Jll1l1OJILllJU pe 30HaHm (r.lIP) D 

aarperax ~ ~3YDItRXM IIpH P ItJm n - 38XBaTe ,B CJIlII.IDIm1 

Tsmnr HOHOB"~- R B rJIYOOK olleyn PYI'RX pcaKUWIX C TJDlMHMH HOH8

Mlt 5, il no C.HX nop y -pacnaa Df I C O I<U IJ 0 30~eHIDlx ane p OWl H3Mepe n 

BO MHOrHX 3KCnepnulHTax / 6-9/. D III1CTORll(l4.ll WMeHT ymJ H3B8CTn ~ M110rne 

x 8paKT ep :aCTHKH I'JIP B Harpo Tlu nnpax C TaMnepaTYpoA T 'V I - 3 MnB 
H cmmo.. 1 ~ 40~ ( CM. 0030P i'W/ ). oonee B JmX 38RJID ' I.Ilfl T OSl D 

yBeJIR'l:eHRR D1Hpmm :rnrIlIlTCIWI'O IlO30HUIIca (I'P) TaR JrJ3, KlIK II OJl IllII~1 

BHR3 era nearpoaaa 9HOprHH (ll~ ) C POCTOM TeamepaTYpH II CIlIUIII. 

Pe3YJILTaTH 3KCnepltMUilTOD o WIll conpososaeaa MHOKOCTIIOW 'r IlO!XIT H

lI8CKItX paOO'1' , OIIHOJm8I11\HX KOJIJII" (TKIlHHe COCTOJIHlI1l{ B H8rpuTlU IIJl l ll 

nyTeM oooomeHIDI o8CT OMl10 PflT}' Pj Ol 'O n p,HOJIH1l8!THJI CJIy'ialtJlJD< lW1'1 (I I O~ ) na 
KOHe'iHYIl TeMIlepaTYPY (Ir rIIC'I» CI- 20i' . O,nHa; .0 pe3YJIl>TIITIl IITlIl 1 ~1 11 0T 
n0K838JIH , 'iTO ITC» I 3!l IUICII T OHO OT TeMnepaTYpH Mil IIIJ't , 1111 ~ 

lteT ,naTI> ,IJ;OCT8TO'ffiO ItOPPOKTII OI 'O OllHC~ 38'!'YX~ 11', lilt IIIMII'IIl

HReM He KOTOpHX ,I1;HCKpoTIUDC !lOCll\81lJI8mrlt II,I3,I9. Kill': II ( Jly',II" IIYJle

BOA TelillIepaTYPli, umPillUl 11' npoJlCTaBJIRDT cocoa rJI8BlUlM ( >(1 1 

nmpmw r J. H n oHBJUIDTCJI 1l P03YJlbT8Te B3aRMO,nelcTmd! C I Jl (lllJ II:iMH 

ltOH!fi~U'YpaUWOOI, ( ~P-~h ) - COCTORllK1Dl.H il T.Jl. BKJIa.n umpHIi II I I [ 't B 

TOTa.m.HyJl 1lIli!PIDiy pacuuna IUIOCIIT CM3h C KOH~OJl. JIJI11111 I 

0K83~eTr OTHOOBTeJIbllO MWlUM JlamJ nPR CpammT8JIl>HO Ill'
 

TYPBX 17 . B ,neAoTBHTOJthIIOCTII npa ltOH.!l~ol TeMlI8paTYI
 

KHB8E!11Cl1 c ,ItByMII OJIe.nyDll}lMH MOXWmSM8MII IP:
 
I) 0 38TYJC8HReM JlYJII>THKB83naCTWIl!HX OOOTOSUDII B sarperux lUll
 

aTa npo6JI8Ma BHYTpeHHtl OBlI3aHB C umpIDl.O! 3aTYXSHHlI O.IlHO'UlOTlI 'UII 

TOHHRI B XOJIO~ JI,lUlIlX - BonpoCOII , BHXO.lt/llllHll 38 pEUIKi! ITC» (IUIII Irr 
LIO») . O'l'BeT HB Hero MOJtBT oHTL HaaneH TOJII>ltO C YlieTOM CM3H c. ( "/! ' 1, ) 
COCTommmm ( B.JlH ~068ooK(2p - 2pr, (2 h - 2h) - OOCTOmUUl).{H 111'11 liT ) 

aTo MeX8HBSM 38'1'YxaHlilJI) CM3aJUiliSl C KBaHTOB8.HlUlMil ~!wyallJ!JlMll ; 

2) C 38oryxaJDt8M Jla.a.nay, CBJl38HK1iJ1 co CT8 TRCTR'IeCJtB),Ol WK'l'Y8ltW1MH. 

B KT-ll0»,6y.ItY'DI TpaKTOB8HH.lDol H8 ypoane T80 JlHB cpenaero noaa, paoneu 

JI8HB.a J1aH):tay He 0K838JlOCb rJIaBHIDI JleXBHJI3110.. 3S TYX 8IIHIl: II JIe~OCL II 

O'leHI> cyI1IeCTBeHHO C H3M8HeHJ!eM TeMlIepaTYpH /15-17,I9~ JJonpoc 0 TOM. 

RaR:Y1l Jt8 pQn KI'pa8T S8TYX8Hl!e JI8H,T.lSY B TOM 0JIY'I88, ltOI';It8 BMIllleHH 

OM3H 0 (2p - 2h )-ROH4MrypaJ::UllWl!{ RS II I", OCTa8TClI noza O'1'Kpll1'HM. 

To R8K T8opeTJA8CXOe nOHHM8HB8 S8T)'X8HJUI JJ,J.t8p110ro ltOJJJIeJmlBHl>

ro ,ItlmK8JDU1 ,no ou nop He nOJIHOO'1'1>J) OOl:8lll8,O,EwmSM 88TYX8HJUI 

n j:BB.I8 Jt 60J11>1l10e BHJDI8HlI8 B n00JI8Jtll118 ro.nu: 2I-27 • J4nn DWlIftnOCT8 

.Jl811BKX JIC)QPOoa ,ItO OIIX nop -.xJ'l KOJ[H'IeOTB81UUlX OTDOroD. 

., 

.B aarpersx H CRJII>HO BpamaJJllRXCH .ff,lUlaJC ,necPopMalllUl cPopMli wm Bbl

coKH1t onaa, pacmeIJJUD')l1\He r.lIP H8 HeCKOJILltO KOMIlOHeHT , BHOOSlT BaJ!lUdl: 
BM 8,n B yBeJIR'l:eHRe lllPlpmJH l'P. 8TOT sonpoo nonpocao HOCJIe~OB8H BO NHO

lI8CTBe paOOT /23,25,29,30<H MI:l ero 3,n801> KaCSTI>CH He oy,neM. 

lie.g~HO MI:l OOOOlqRJIll KBa3R'IBCTH'lHl>-cPoHOHHYHl MO~eJIb JI,lUlIl ( K~Mfl) 
(CM. 13I! H COWIKl'I TaM &El), KOTOpWl ycnelIlHo npHMeWleTCH UP!! OIDICSHHlII 

MHormc xapaI<'l)8pI!lCTHR KOJIJIeKTHBHIlX B030YllmeHHtt, B~'1Wl D1HllIDiY 

38Ty XamuI rP' 22/ B XOJIO,ltHHX Sf.lUlBX, aa CJIY'i8A KT /I9,32 ,33/ • Bo CnOJIb 

30B8BWRCL TeXHRKOa TeMIlepaTYPHllX ~HKUHA fPHHa ,H8M y~aJIOCI> BHBeCTH 

B/32 ,33! JmHYII CHCTeMY OCHOBHHX ypaBHemrll K~ npa lIT (KT-K~ ) C 

YlieT OM TaKll8 .KTOB cPoHOHHHX ltOppeJIllUKlt B i CHOBHr COOTOmum R 

([loHOHHOro paC06JmR.R: . MH T8I<l18 npe~CTS BH1IH B 32,33 ,I1;HarpaMMHYI) wr
JIHlCTpaUKHl ~ !fiH3HlIe oKHX npo ~O OOB,OnHCHBaeMHX nOJIY'ieHHo A CHOT6MOA, 

11 YJt83BJm H' HOBHe ,IJ;H8 r paMMhl , B0 3HRJt8JJ1IHe HCKmJ'lHTeJII>HO npa KT 
( OM. TaKlle 34,35/ ) . Il0 3l!8 aJII>TepHaTHBH!ll\ nonxon C y 'IeTOM O~3 Rl 
tzp - 2h ) - ROH!fiHrYpaIll:l1lMH . lim! ~ npe,wIolltWIH HaHHYJIeac H lKaarl 36 

KaK 

oOOOmeHHe we BTOpH'ffiOr O IToV 37 HS lIT. lJRCJleHHble paC'iaTH sa TYx s HIDI 

O.IlHOlffiCTH'lHOro. ,ltBHJteHIDI H BllOpaUHOHHOro ,ltBHlIteHHJI B HmlaAmeM nopanse 
CM3H MeJ!,l)y 'i8CTHuaMH H KOJIe08HIDIMI'I ('lip - 1h " lB " cPoHOH" ) aa oc-

HOBe ([loPM8JlH3MB MaTCY08pa n pH KT npoBeJIH He,naBHO ~~H 11 ,IJ;p . 

/241 , paaaaaaa nonxon T8 0Pil.H JUlep HliX nOJIe!\ (TmI) 2 • I1x 
p83y JII>TaTH II0K838JIH, 'ITO IIOJIOJteHIDI 1'1 umpmw: I'P B lIeTHO-lieTHl:lX c4JePR

tIeOKHX smpax 0 Jt838JIHOL ~OBOJII>HO Y CTO~blMH 0 H3MeHeHHeM TeMIl epaTY

p H. HeCMOTPR Ha He KOTopHe nOllHTKH paOCMOTp eTI> OM 31> ~TC KHX BH6 

paIl)ll 0 Te pMaJIl>lWMlt If\7rYKTY 8 UHRMH smepllo ! n OBepxHoOTH / 23 ,25 ,26 ,38/ , 
npoaenennse n03J18, ,no owe nop oToyToTBy m n0JIJUl6 MHKPOCltOJmlI80KHe 

paC'IeTH C y tI eTOM B3aHMO,neAcTBH! C C2p - 2h ) -KOH!fim'Ypamunm H CTa

THCTHlIecKHX W KTYa UHA npa KT. 
B H8CTORIlle! paOOTe MH CJIe,ny6M n0 3TO~38 MHKpocXOJmlIeCKHM no~

XO~OM KT-K~, npe,n,nOJtElH1WM HBMH B / 19 ,32 , / ~ OllHOaHHf[ I'P B '1eTHO

'ieTHHX c4Jep1'l'leCKHX RJUl8X IIPR KT. B HameM nonxone MO,neJILHHA I'8MWII>Tl>

HRaH BHpax8eTCH sepe a T8PMaJII>HHe ([loHoHHHe (~~3H'18CTlI'IHHe) onepa

ropa, OTPYKTY pa XOTOpHX BlrnICJlSleTCH B KT-IIoV.L9. CM 3b C (2p-2h)-R01$!
ryp8UBHIIH paccu8TpHBaeTcli nyT8U BBe,neHBJi BOJIHOBHX ~ B036~eH

Hl:lX cocTommA, OOOTOJDIlHX H3 O.IlHo-, 'Wx([loHOHHHX KOMIlOHeHT nPR KT, 
aHaJIo:rn'ffiO OeCTeMnepaTYPHOA K@UI 3 • MH TaKlle nO.IrIepKl'lB8eM B3aHMl>

CMSI> MeJmY s8TYXBHHeM JIaH,n8Y, OOli3SHHHM CBOHM npoHcxoor,neHHeM CTa

T1ICTRlIeCKl'IM (wm TepMJ,II;IlHaMHlIeOKHM) iflrrYKTYal.ijfJIM, 11 KBaHTOBblMH iflrrYKTYaIJ;B

m.m, BH3B8HJWMH B3aHMO,nelloTBRJIMH C (2p - 2h) - KOHqmrypaIJ;BRMPl. 8Ta 

B38HMOCM31> 0 Jt83Jm8eTCH ~lHe~OA )1,JIJI KOppeKTHOro OIDIcaHIDI HaOJIll 

,naeMoA nmpmw I'P npa lIT 9,28 . XOTJI paClieTii OYJIYT upoBe,neHH B H80Tl>

RIlle! p a o OT8 TO.JlI>RO ~ H30B8XTOPBHX rnr (HB-r.llP), pacnpooTpaaeHHe H8 
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60JI 8e DUCOlme MYJI!>TlIllOJI!>HOCTli Ocym8CTBJIReTOJI H8nocpSJ\CTII IJIIII U. O uax Ubl 

6y ,neM rosopar s B c.ne.nyDllJlx Haumx ny6JIIDt8IUlJI)C. 

CTOl'lT TaMe OTMeTRT1> , 'ITO aau nonxon OpraHl1'1lI0l(l\ 1I1 (J1 MI'II 1Ij '!' napna e 

KOPP8~ cBe~~i0,Il,flll\ero TmI8 nPH KT. Kart nOJtll :ll um J~I IIYJII,TIITIl PlI
,na pa6 0T 28 ,3 , nPH KT aa-sa 60JI1>IlIID( TOpMlLlllolllI X Ill/IY 1I'\'YIII\11", nas
DaHHllX KOH8tIHOCT!>1O anpa , rrapaas lI\eJI!> He HO'l030 0'I', II \HJ'I'/II,1' WI J~ODOJI !>

HO CY1II8CTDeHHOa ,nBJKEl n PH y MepeHHllX TeMllopaTYfJ/IX ( I\lUIU'I' I, Jlo :)+4 MaB ) . 

IloaToMy B 06JIacTll lIHTepecy 1lJlJlRX Hac T8Ml1epaTYP Oil IVlIlJlIlIl lI M Il IlJlJ,3I! 

npeneope -n , B1mJnm e napa sx KOPP8JISIUHil: npa KT Jill JI/IOIIIl'J) lOJIOIIl IU CM 

aJI8KTPlI1.f8.Crmx nepexonoa HSy 'l8JIOC!> B KT-IlC~ Il 1111 6 0 '1'11 / It l • •:ll . :~ IJ . JI I •42~ 
OHO TaD e 6WIO ytlT8HO B HCc.n8,nOB8HIDlX C!VIYIITYllnIl A Il ll~ PU II 

HI:lX Ha6~a 8 M1:lX D He CKOJI!>m paoorax / 39 ,43 , 4'V . II IIIIIIIOM I10J1,.X 0,l(0 nap

Hlle KOpp eJIJIIJ;lnt oaepxnpoaonsuero TIDl8 BKJID'IOIl II II OIl IM)JlOJIII II II Il ItIIUSII 


'IaCTRll EoI'OJlI06oBa npa KT. HaKOH8U, MHKPOCltOl lII ' lIJO IUlII ' "10 '111'1' 11 a yxe

TOM ( 2p - 2 h) - KOH<Inu'YpaUHil npa KT B paxsn x 1II1111 l)I~ J 11I1)lXO) lO MOl'Y T TaK


lK8 IlpoJDllTb HeKoTopua CBe T aa oueRRY IlOJIYl tlJIl OOII 'f1JOIIOm CII IIl CIIIIl IIJI HB

I',IrP, npennoa eaaoro H8,n:aBHO B 0606meHHOM 1l0JI,.XOJlO 11.1111 0111 11 1 II INI(10'1'O
 

Ka!1 HaH!'YaHI'a R JlH Topcl2 7~
 

PaOOTa OpraHRSOBa Ha CJIfflJOOtHM 0~30M . IIl1p/I 1'I1/1111 :.:: Oy MMlI llyOT 

OOHOBHlle nOJIOlIteHWl: KT-K@tff I ,32,33 • Ilapnr plII lI :1YO'I'/II I1J1 l ll ll l ll IlJT 

DKpaTUO CM Sb MBlr,I\Y y paBH8HRJIMH KT-K@ffi II MOTOJlOM mUllI lllU Il 'YII1U\111. 

llpIDIeHeHHHM npa KT ,lJ,JIJI B1i'lllc.neHWl: 113 II r~ . Or1uya.Jt/l I1 'I'Oli II [JHH

~n B&6opa napaaerpoa MO,neJm . IIaparpa~ 4 nOODJlIIlll lI 'llllUIIIIIIIIIM IWICqe
oBN " !jo :zTaM OllJIOBllX q,yHK1ij{A HB- I',IrP D ~ H ~r IIj lll IWIIIJI I1 ' II I1U 'I'OWl Opa

TYP8X II me OM SH 0 8KCIlepIDdeHT8JI:blWMlI ,l(8HlWMH . II fl PII I ' l wlIl ' b ll'I'IIf.IJlIlH 

,IT,1IJI S8 KJI!l'lemm II He KOTOpllX DHBO,n:OB. 

§ 2. ~PfdElJW S M no.u;xo,na 

KT - KfiUI HOnOJI:&sy eT TOT JIt8 raMWIJ>T01m8H Kt%lMff /3 1/. ~ \l l"l1 l. Mil 

BOOnOJIbsyeMOSI raMWII>TOHBaHOM. OOOTOJDIlRM HS CJIaraeMHX, 0 11110111 II IUllll lt , 

OOOTBeTOTDeHHO, ,IJ;BDe1me HYKJIOHOD 11 cpe,n:HeM IIOJIe H ' MOIIOllllJll ,llU \ av 
napnse BSaRMO,neAcTBIDl: oa epxnpoaoasnero THIIa Hpair H ocr ar o-nn«: lI all 

HMO,n:el oTBHlI 11 DH,ne cenapaceasaax MYJI1>TmIOJI!>HI:lX cp - h ) CRJ ~ 111•,/ , 

B 0611\eM, 6 0JIee CJIOlItHI:le C~i DKJlI)'la!JltHe cmm- MYJIbTmIOJI1>HUS 1:.1 I . 1 ~ 11 • 
HSOBeKTOpaue TeHs opaue 46 BSaHMo,ne Ao TBHlI H T.,n., MOryT OI:lTL 

Ta IOle paccaorpeaa, B aToA pac or e npa paCCMOTpemm EJ.. -nspexon oa Mil 

OCTaBJ1JleM TOJIbKO MYJIbTHIIOJIbHlle (p - h )-OBJIH. 

B onpe,n:eJIemm napHo1t lI\eJIll npa KT, KOTOpaR: BM8CT8 C O,n:HOlJBOTH'I

Hmll1I SHepI'BltMR Ej onpeneaser SHepI'IDII KB8 SH'I80TRU EoI'OJl1060 Ba Cj' 
MH HOIlOJIbsyeM TepMO,n:HHaMlI'I8CKH ycpe,n:HeHHHe SH8'1emm / 38- 42 , 47/ 

<Ll >=./LJ P{Ll,T)dLJ/!
00 

P(Ll,T) dLJ (I)
T o 0 

BMeCTO SHa'leHllA Ll , o npe,n:OJIJIeMUX JlS ypaDHemdl KT-BKlII. IlpwnrnaT 
HCnOJI!>SODaHWl: (I) BUSBaHa HaJIWmeM 60JIbIIDIX T8pMo,n:HHaMHlIeCKHX IPJIYK

TYa rm:ll B KOHetIHllX .IJ,Il;epHllX CJlOTeMaX npa KT. B OTJIIl'llle 0'1' 1I\8JIll LlT ' 
HC'IesaIOO.\eR nPR KpRTWIecKol TeMllepaType Tc. = 0 , 567 LlT",o , y c 

penaenaaa lI\eJI1> <Ll T>(I) IlPII T >T B HYJI!> He 06pa11\aeTOSI. Bec 
poJITHOCT1> P{.4J T ) lIS (1) lIM8eT BH,D; 

P(LlJT) = B(Ll)exp{-F(Ll)/T), (2) 

r,n:e F(.1) - CD060,n:HaJI SHepI'Hli CHCTeMl:li B (LJ) - .6 - SaDHCHMOCTb 

MaCCU /40/. Ha caMOMj,feJIe , onpeneaeaae <LiT> eme ,naeT BKJIM IPJIYX

Tya IJ;ltlI 'IllCJI8 'I8CTIm 48,49 , o6YCJIOBJIeHHaJI aecoxpaaeaaea 'Ill~8 
'1aCTl'lU B npeoopaaoaaaaa Boronnooaa, O,lJ;HaKO, KaK nOKaSaHO B 48/, 

STOT s@leKT MOlIt8T 01:lT1> YllTeH scppeKTRDHO nepeHOpMHpoBKOa rtapasx KOH

CTaHT (7~ • Ilo aToMY lIM MI:l npeHeopelKeM B HacT~eA pa60Te. Tep~Hlls 
qx>HoHHHe oneparopa D KT -KcflMH DBs,n:eHU CJIe.uyIOOlHM 06pa30M /19, 50 : 

+ ( -) ~ { ~ ,l iA+ ". ~)' iA .. "'Ai " ~)i + ". }QAfli T; = z ~j' A./JJ') - ~F J..!lJJ] +~F BA//JFJ- SJ' B).p (JF) , 
( 3) 

Q).fl / T) :=; [ Q:f l T)]+ , 
me A-+ , A , B ,B+ - HSBeCTHll8 oynepnoaa uaa JtBYXIm8SWffiCTlI'IHllX 

oneparopoa s A'"=[0<.; @o<jJ Aft • B= - [oej e CX"y J.ltH T.~I 9,3 I/.C Y'!e TOM 

JrSYX nOCJIe,Il,HHX CJIaraSMHX,co,neplKB1I\KlC B PI 8+. on eparops (3) OTJIll-

lJBl)TCJl OT MHKpoc KOIIK'Iec rmx qx>HOHHllX orrepar opoa IlCIII, 00 1:ltIH0 llCnOJI !>

syew x n o ClIX nop B K~ IlPH HYJIOBOI TeMllepaTYpe , zor n a <B) ""' n j 

paBRO HYJlJO , r n e nj - 'IllCJIO SaIlOJIHemm KB8 3lI1.fa CTH'UUlX ypoBHeA: 

nj :=:: [ exp(Ej / T) + 1r 
1 

• ( 4) 

~)HoHHl:le aMIIJIHTY,n:I:l ¥ , <P , 1 11 f H3 ( 3) oIlpe,n:eJUlJO'l' 

CTPYKTYPY TeI»<lBJIbHllX cfx:lHOHOll' QT(T) B KT - IT D:1'J / n , 12 , 19/. B&

pasaa raMM!>TOrmaH KT- K@ffi s epea (1) , nPHMeHJIJI M8TO,n mrneapusaIlID'l 

ypaDHeHWl: JtBlllleHWl: , MI:l IlOJIY'IllJIR D 19 ClICT8MY JIla BHOHlla KT-IlC~ , 

no sBOJI.lDJIIlYIO onpe ,n:eJIllT:&""aHeR.I'IDl: E-'A. i ( ,E) Te pMaJI!>HllX O,lJ;HOqx>HOHHllX BOS

6YlE,n:eHll1t H aMIIJmTY,n:I:l 'If , CP , ~ PI g HS (3 ). Ilo,n:0 6HaJI CIICTeMB 011

JIa nOJIY'I8Ha B pa oorax /II, 12/ a a OCHODe ,npyrroc MeTO,nOB . IlOCKOJIbKY 

aTH MBTePllaJIH XOp'olliO RSBeCTHU, MH C'Il'lTa eM lIX nOBTop SHHe 3,n:OCb R~

HllM . CCWI aJIC!> Ha7II, I2 ,19/. 
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TepMaJI:bHHe O.n;HOqx:mOHHUe BOSOYllmeHHlI ortpen cm nnon IIOJlIlOllllMli 

rpYHKlIJfJIMH 
(0 +11J!:rfvn\ = O;TMiT) \qT>, (5) 

r n e 10, T> - BOJIHOBaJI rpYUKlJJfJI TepMaJI:blloro OCIIOIIlIO1\) UOU'I'OJlIIIUI) :1 U KO

ropoe B 'leTHO- 'leTHlDC H8rpeTUX C~lCPH'IOCIGtX J~l nWIX II jllI lI 11 MJICJ1'r.J1 TCpMalI:b

:HU.ti rpoHOHlllllt BalqyM ' 

Q:n..,/T) IOJ T) = a .	 (6) 

Yc p e.n;HeHRe n o BaKYYJIfY IQT> :JIGlHDMOIlTIIO .VO jltJ.lllIlIllL1ll1 Il l) O'l'II '!'HCTWl eCKOMY 
aHCaMOJIlO / 19,32 , 33/: 

( ..) == Sp[. .. exp(-H/T)]/5p/t'xp 11/ I I. 
(7) 

~TO OU y'leOT:b OM S:b 0 (2 p -2h ) -KOIlcfMl'Y Pili UUIMII, Mil I1111 IJlllM , no IlU8JIOnm
 

C 6e CTeMllepaTYPHO~ K~) DOJIIIODUC WllltlU111 lIo lt (l Y~l llI lI l lI lX COCTO~,
 

KOTOpUO COCTOHT HS TepMaJI:bHllX OJUIO- 1\ .Illly .xI!. ,ItOIlIIlI X Ill)MIIOIIOIlT 32 ,331:
 

I'lTr (1- 2)" - Q+ (r) 10 I 
T TMI /T - J"MI I'	 (8)J 

r.n;e 
,\ -j I ' j-

Q+ (1)={L RI C;T)Q+ (T) -t- L P. l / (JI)/O ( l)lJOQA (T)l.lA+ 
;TMI v)l J"Mv ). t " I 1 I,', :z12 V ," 

1 ,1 
_ }.L 1:l. 

-t z:. S:1.;\:li)[Q;i (T) @ Of, /1) 1JM I ' (9) 
).1~ "1 1 1 1 I . 1 •f,L:l, 

KBa.n;P8THIDOJ CKOOKaYH 060SH8'lSHI:l TOHSOPIIUl) III 'Oll l lllll .ll lJlIIUI . lIoOJIe.n;

HHJI ayMMa B (9) rrO.HllJUl:eTCR: TcyI:bKO J:ij)H K'l: H IIgl\l lO)lll 'I' It 'I'n lt IIIIaIUJaOMOMY 
l$IleKTY rpoHOHHoro pacc esaas /32,33/. B / 32 ,3 / clWII I 1 ~I O ()MtJ 'I' PO II U B (8) 

:II ( 9) Taue , czaraease , cooTBeTCTBYJOOlHo OOpo TIIUM E1MIUII\'I'Y)VIM II IIpllBO,IJ;lI

ums TaKHM 06pa soM . R aifibe~ rponoHHllX KOppeJIJIlJJ{£l. n OOIlOlli lOM COCTOJ{

;;;'5 I~IIOJIY'ieHHlie ~32,33/ CHC'I'eW OCHOBHliX yp8Dll emiR J{'('- I{<DMlI 01<0:18

JIBC!> n09TOMY CJmIIIROM CJIO!tIiHMH WI.II 'lHCJISHHllX peaJIHCTH' IUOIGtX 11I IC'IIl TOD. 

JJ;r1! npRMElHemm B paox erax IF B H8r pSTWC H,IU)8X 9TH y po lJ!'iJUI IIYlIUlO 

ynpoCTlIT!>. Hanm npe.I\B8PHTem,HHe oIJ;eHKl!, npoaeneanae B o Il ptlMIQlX 

npocroz ~poDHe DO~ oxeae , nozaaeaa , 'ITO l$IleKTIl rpoHOlUlllX xo ppc

JIlIII;HI B OCHOBHOM oo orosaza >! rpoHOHHOro paoc eanaa nPH KT ORaS8JIliOL Mll 

JIIlMl{ no CpaBHSHmO C ~R'l'aMH CMSH C ,nBy$HOHHl:lN p~eHHeY ( OJIa-

r8SMI:lS '" [ Q+Q+ ] B (9 ». C .n.Pyrol CTOpoaa, IIPHHIJ;WI IIa~ M03[eT 

ONT:b y'lTeH IIPR6.Jml!eHHo aHaJIOrH'lliO npoue,nype npa T == 0 52/. Hanm 

6 

p 8C'leTU upR HYJIeBOH TeYnep8Type B paMKaX K~MH T8Kae nOR8SaJIH, 'ITO 

WI.II s aTYxa~ I'P zrsa cno cooa y'leTa rrpIDlll;Rll8 IIaYJm ( npliOJIl!lKeHHO wrn: 
60JIee TO'lliO 340,n~ nO~TH o~aROBue pesy JI:bTaTIl B 'leTHc-'leTHWC 

e4JepmtecKIDC SI,IU)SX 22/. IIo 9TOtt npw OOI.e B ,naJI:bHelhneM MIl npeneope

lK8M a<IxlJeKTaMH rpoHOHHllX KOppeJIJIlIJdl D OCHOBHOM COCTOsnnm H~acce~ 

rpoHOHOB npa KT. CHcTeMU ypaBHem KT-K@MI, 1I0000'leHHHe B 2,33, B 

9TOM CJIy'l80 cyU\ecTBeHHo ynpo!I\8lOTCR:. IIOMS uezoropax BIlKlIa.n;OK MU 

nOJIY'UfJIR as HIDC, HMOS! B BH,IJy ycpe,I\HeHRe (7), Cel\YJIJIpHHe ypaBHemm 

,I\JIS! onpe~SJIOHHSI sHeprKa Boso~eHHllX cocToSIHHA ITPR KT B rpoPMS 

~i1. ).2.i2."\	 U . (.Ti2 U . (:li') ( 1+1-1 +)) - ))Jdet II [w.(T)-7J6 i L .1.,11 T ).,1.1 T Aj i 1 ).ll2. == 0,j i - 
II 2.~~1 W ,(T)+W.(T)-? (IO) 

)Ll 2. ,V1 A..zlz. 

r,ne ~i - 'lHCJIO sanOJIHeHIDI O.n;HOrpoHOHHOro ypoBHSI C :mepI'He~ '1lT) 
IIPH TOMllepaTYpe T: 

-i 
~i = [exp(WA/T)/T) - i ] .	 (II) 

Mu ell\e pas ITo,n'lepromaeM, 'ITO O.n;HO~'OHHHe SHepI'HH ~i (T) B (10) 

BwnICJIJmTCR: lIS ypaBHSHd KT-IIC» / 9 • Ko 9qxJMlJJIOHTU U T 
B (10) }IMelOT T8ttOS aspaseaae, RaK COOTBeT cTBYJ<lllHe IDvl KO~lJJISHTIl 

U npa HYJIeDOR TeMllepaTYPs / 32- 3 4 , 51 , 5 4/ . O.n;H8KO paSHRIJ.8 

SaltlIlO'laeTCR: B TOM. 'lTO llPU KT see rpoHOHHu e aMIlJIHTY.I\Il ,~~e B 

OIlIl6~eJIeHHSI UT , BwnICJISIIOTOSI :lIS ypaBHeHR~ KT-IIC» 19 , CTPYK'tY r 

KOTOPWC OTJI1I'l8eTCR: OT CTPYKTYpli y paBHeHmt 6 eCTe MrIepaTYPHoro IIe» (+ • 
YpaBHeHWt (10) - aTO ueHTpa1I1>HHS ypaBHeHHSI C y 'leTOM (2p - 2h ) - KOJ$!

rypalJJI~ IIp>! KT B HaweM nonxone , xo r opse MU oy,neM Bnpe.I\:b HCnOJILSO

BaTL DO Bcex HamHX paC'lSTaX saTYXaHHlI HB-r.nP B 'leTHc-'lSTHIlX H8rpeTWC 

cqepK'leCRHX SI,IU)SX B HaCTOSIU\e! paOOTO. 

3.	 CMs:b MeE,IC' ypaBHeHlISIMH KT-K@UI :II MSTO,ItOM CMOBllX WHKIJ;lrll: 

npu KT. Buoop ll8paMe TpoB H ,neTaJm pa c~eToB 

MJ,J DOCnOJILsyeMCR: cTaH.na PTHHM MeTo,nOM CBJIOBllX W HKIJ;ldl /53/, yo

rrennto IIPHMOHJD)[qRMCR: B OIIIIICaHRH saTYxaHM I'P B 6SCTe MITepaTYpHoa 

k~MW3I ~3TOT YSTOA TauS OWl p aSBHT B ,lijlynlX KOHTeKETax WHJtlIl!! OT

XJIHKalI 2 , I 5 , 2I / KnH eJIyqaIHoro NaTpR'lHOrO aHCaM6JIRl 26/ . T8K, oupe

+)IIepexO,It OT U npa T = 0 B U npa T", 0 ocyU\eCTBJISIeTCSI SaMeHot!: 

lfT=o -- (fJ== e P.. - ( ¥'J == r;;'T=O ~ ~ 

C 1/J'ljJ - @+@ :II T.II. 
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.uOJJ;lY>l CWlODyKJ cWHKlIlm npn KT aHWIOrn'IHO CJIY'I81O HYJIODOl!: TOMlIOpary

p~3~ 2 

h(cPJ7) = ~ \ ¢J) f (?- '1v ), ( 12) 

r.uo <Ph - 8MIlJIHTy.ua D0 36YMOJrnoro COCTO.IIHHJI ( 8 ). EClJIH Bos6Y]Jf,ll;eIDle 

(8 ) npoxonar 'IOpOS TOpNaJIbHHO O.ltlI~lIOHHHO KOMllOHeHTU DOJIHonon 

<pylIKmfil, MIl HMllOM 

ep = L R ~(:r)JtG-r ' . (13) J)I i:1. ,/:1. 

B H811IeM CJ!Y'Iae :J1bJ i - MaTpH'lHble aJIOMOHTbl EI-nepexo.uoD RS TOpMaJIb 

noro o CHOBHOro COCTOHlOOI ( 6) D TOpMaJIbHLIO o.ItHo~HOlrnuo COOTOfi

mu/I 9/ . ~HKUWI ITJIOTllOCTH f (7 - 7v ) lIMOOT JIOPOHl.\8DY ~pt.\Y /3~ 

/ (7- 111 ) = ~'ij[(?-1v/+( ~ j lJf J . 
(14) 

~K~ ( 12 ) MOlKe T 6L1Tb neperracana B y~06 Hon .rtJlII paC'IeTOD ~p-

MO/ 22, 3I/ : 

b (~? ) =: ~ Im{~/ fi; il? -ri¥ /Z)J!C.r.,Jtt;.j,/T(7 ·t, ·i Yp /Z)J' (I5) 

r n e Y'('l-l- i i Iz)- .ueTOpMIDlOllT JIeDOn 'IO CTH ( 10) UpH ICOMlIJIOKCHIDC SHO'lO

HIDIX ~lHeprm1 , 0 fiii' - er o M1DlOp . BLlPIllKOIIWI )I)lJ I H:.J H spreadi ng 
lIIHIJHHH r l- npa KT TOlGIe lKB, KaK IlPH T == 0 . lip\! OTOM non r J, 
nonpa eyaeaaercs IIIUPHHa pacnpe.ueJI o~ liollon Il lYlI KI Uffl 110 :Ja ~aJ rno~ 

IDlTepB8JIY aaepraa , Olm nPHBo.ueHLI B 3 , H MU :l) \tlC h I1X 1I0DTOpllTb He 

6 y .ueM. B ( IO) s ee BeJIU'IUHLI B ( 12 ) - ( IS) :JIIIII1GlI '!' r e ne p s OT Te Ml1e

parypLl If y cpe,ll,HeIDI e ( 7 ) scern a n o.up a SYMeBae Tc lI . COCPO)\OTO'illM BIDI-

MaIDIe Tenepb Ha ~US H'IOCKOM CMHCJIO nSpaMeTpa i II (12)- (15) npn RT . 

3T OT n apaaerp MOliteT 6L1Tb p a c cacr pe n KaK II11I)I·IMlJ'r p :JIl 'l'YXll IlHJI TOpYaJI1>HOr O 

O,ll,HO~HOHH oro COCTO.IIHHJI (8). Ero o6paTIl00 :JIlU 'IUIII1I ! 0' r 1 
n03ToMY 

nOIDlMaeTCR: Ka K Bp OMfI, n eooxomceoe ,lJ)ISI nepexon a K:J TOpMllJlhllOrO OCIlODHOro 

COCTO~ B Tep MaJIb llOe O.ItHo~HOHHO e B036YlV\OIllIOC COCTOJIIlHO ( CM. Ta K

l!tB /261). B TO BpOMfI Ka K saryxaaae omro xac m -mo ro )\UIDtClOOI ouie HO n o 

xonua lf3y'lBHO, MOlKHO OlltH.ItSTb , 'ITO saBBCHMO CTb "'I OT llJollOlUIOlt 3HOp

I'ID1 r (n II TOMl1BparyPLl T IDIe e T BlUI , aHWI OI'H 'IlIliR 1l0~O~J4I1Y aaryx a-

Hml JIromay HYJIOBOrO 3ByKa B reopna IP3pMH-lItH.l\KOCTolt I ;:) • T8IG{M 06

pa30M, MOlIlHO HCn OJIb30BaTb )I,IDI "i CJlO,ny1lXJ(Y1O nopaMOTpH:JUI \RIl : 

y = cS [ i + (2.Jl: T/7 (T) )J2 . (I6) 
rAP 

PaC'IeTH / 13,19,42/ nOKasaJIH , 'ITO XOTfi HMeOT MeCTO 60JIo e lIIHPOKOO pac

U\elTJIeIDIe )I,IDI MO,nLI IF D KT-ITC~ , MLI DCO se HMOOM cmnuKOM ySKHe paonpen e 

JIOHRR: CM no CpaDHOHml C Ha~ae MHMH IIJHpmI8MH . 

P a cU\e IIJIeIDle JIaH.J\ay / 19/ lISMOHfiOTCH 110 TUK CHJIbllO .n;alite C Y'IO

TOM TeMl1eparypHon SaBliCHMOCTlI saTyxOlOOl "'I - JIHIDln , Ka K B (16,742/. 
3T o OSHa 'la OT , 'ITO nHIIIb o~ 3aryxaHHoM JIall.ltay HeJIb3H BocnpolIsDocTll 

3KCn OpHMOHTaJIb HLIO .uflHHl,[O. C .zwyron CTOpoHbl, 1l011I nonxon B KT-RcmR: B 

caMOM .n;OJIO MOJKeT OnElHHTb spreading lIIHPHHY r l- , CBJls aHHYIO C KBaH

TODHMH lPJIYKTYaunm.m (wm BSallMo.uoltcTBHHMH C (Zp -zh)-KOH~palWI

mm). B HacTOHll\oA pacore MIl n OOMOTpHM, KaK COrJIaCOBaHHBfi KON6:BHBUIDI 

~x aTHX MoxaHH3MOD 6y .n;OT BJIllKTb Ha sa ryxaHHo tnP B Harp e TblX 

'10THO-'1eTHHX C~pH'Ie CKHX H)l;pBX . 

OCTaHOBEMCR: DKpaTl.\8 na DH60pe n ap aMOTpoB )I,IDI 'lBCJIOHHblX POC

'1eTOB . B R~ npR T= a opennee nOJIO OIlHCllB8e TCR: nOTOH~aJIi By.u

ca-CaRCOHa W , n apaMOTp bl KOTOpblX onpe.uoJISIlOTCR: COrJIa CHO 55. P8,lI;lI
BJIbH Bfi 'l8CTb O.ItHO'l8CTH'IHblX MaTp1l'IHblX M OMOHTOD ~c;! =- <i IIi),R/r)'f;.filli')' 
COOTDe TCTBYDmRX conapa6eJIbHHM~~THnOJIb~1 Bs aHMO.n;On CTDHRM,BLl6R

paer ca B ~pMe !S.(r)='dW/or 5 • llsOCKaJI.lIp HLIO 7£c;) H RSOBeK-

TOpHUO <£; ).) KOHCTaHTU MYJIb TImOJIbJlblX CM onpe.ztoJISIlOTCR: COrJI aOHO MO

TO,ny . n O,IijlO 6HO H3JIOlKOHHOMY nl3I ,56, 57/ . · Booome rosopa, npa 

KT B CO napaaerpa nOTOHlWI8JI 8 . KOHCTaHTbl DS allMo.uo~CT DlI!t H . CJIe.uOBa

TeJIbHO, O)I;HO'laCTH'iliWt onexrp II T.n. ,~U s aDHCOTb OT T OMl1eparypH . 

O.ItHaKO a exoropa e 'IPlCJIOHHUO paox era 58 y 'JI:o n OKa 3aJIH . 'ITO TOMlIe

paryp HBfi SaBH ClIMOCTb o)I;HO'lacTK'IIUOt llH o prnn OKaS aJIaCb ~OBOJIbHO CJIa

6 0 £1 H r JIa.n;KOn BIIJIOTb no T ~ 6 MaB. ITo llTOn n pa snne rrpa llHTe 

pe cy mm:x Ha c T0Ml10parypax aTHM oqxpeKT OM MOlKHO npeHo6peTh,lI MIl 

6y.ueM HCnOJIb SOBa Tb nPH RT TaKRO lKB O.ItHO'laCTH'IHLIO 3HOPrHll Ej , on

pe.n;OJIeHHLIO npa IlYJIBBOil T0Ml10parypo D nOTOHlI;HaJIO By.uca - cax ooaa, 

tITO Ka CaeTCR: :$fJeKTKBHblX MYJIbTIDtOJIbHblX BSaHMO~e~CTBH l!: , TO Bo n poc 

06 HX TOMlIepaTypHo A SaDllCHMOCTH .uo CHX IIOP o CTa OT CR OTKpLIT LIM, Sa 1I:C

RJIIO'IORH OM HeKo Top blX nOIIUTOK lIsy'laTb n ODo.uoHHO HSOCKaJIHpHblX MYJIbTIDtOJIb

HblX KOllCTaHT ~l)Ka K <IJynKlIlm OT TBMl10oaTypbl , KOTOpLlO noKaS8JIl! O'leHb 

CJla 6YJl re..neparrpnyn S8BHOHMOCTb KOHCTaHT ?t!~l)/59~ n03TONY lib! 6y.uolll TaK

xe HCIIOJIbSOBa Tb n pa KT re lltO CBMblO 'SHa 'lOIlHSl KOHCTaH T ~~A;, lIO~OH
we npa T= 0 no BHJIIeyxasBHHoNY Ne To.uy ( c p , 0/ 19/ ) . ' 

To~e yCpe)I;HOHHHO napnse lI\OJIlI, pacC'lHT8HHLIe HS (I). (2) B 

90Z r , npencraszeas Ka K cWHKUKSI OT TeMl10parypu aa pRC. 1. HOCMOTplI 

na TO, 'ITO t:.. - saBBCHMOCTb MaCCbl B(Ll) YMBHbl1l80T S8MOTllO U\eJIb(L1) 

H SH8'1eHlJfi (Ll(8), 00 BJlIDIIDlO n a pacnpezteneaae CM aJIORTpH'lOCIGIX 

HSOBOKTJ¥~ ,IOmOJIbHIDC nepexonos , Dbl'DfCJIeHHIDC u s ~P~JIbl D paMK8X 

KT-IT01l 9, OKBSIlB80TCR: n e SHa 'IH TeJIbHllM ( PHc. 2). IToaToMY MIl 6y.ueM 
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Ta ~ onycKaTb STY ~ - SaBHCHMOCTb Maccu Be 3~e B ~a~hHe~ pac~ e-

TaX saTYxalUm r Jll' npa lIT, noaaraa 8(L1) B (2) paBIlliM canst: • 

4. llHMeHlWe pa c~ eT I:l 

CMOBue !PYHKUHH b(E1J Q) )J)1JI l1B-rJll' B 58Ni npencraaaeaa na 

pllC. 3 npll HeCK~bKHX 3Ha~eHRJIX TeMn6paTypl:l. Pa c ~eTU ourru npo Be,neHI:l 

C na paMeTpa;.m i == 8 as (I6) , KOTopue BSJlTI:l HeSaBHCHMO OT 

reaneparyps , 3Ha ~elUm 0 BI:lOHpa~O b paBHUMII I MsB, pHC. 3a, H 

0,5 MaB , pllC. 30. COCTOJIHHJI l1B-rJll' pacnpe,ne~e Hl:l B ,nOBORbHO illHpo KOM 

:m epreTWIeCKOM mtT e pBa~e OT 8 MaB ~o 24 MaB npHMepHo . Sprea d i ng 
llJl{pllHa rI npa HY~eBo t! TeMnepaTYpe, BwmMeHH8J1 no epoPMYJIe H/31/ .pas

aa 4, 61 MaB. U3 £1 HB-I'Jll' pasea OKM O 17 MaB (cp, c/ 6U/). 

IIpl! K'f neHTPO~ aHepnm E1 ]I,lIR. l1B-r ,up CMell\eH B CTOpOHY 

MeH1>illHX sHa ~emftt ,B TO Bp eMII KaK spreading IIIHpliHa r J yMepeHll o 

YBeJl!'ffiBaeTCJI . IIpH T = 3 MaB Beml'UlH 8 rl pasna 5.7 MaB Ii 

U3 E1 ~OK8XH 30B aH rrpH 15, 2 MaB. 3H8pre T lI~ecKoe BSBemeHHoe rrp aB~o 

OyMM ( 3BIIC) )J)1JI l1B-r,np B Hamme pacser ax ac sepnaseer ca aa 87- 90% 

H OOTaeTCff ~OB~bHO YOTO~1:lM 0 pOOTOM TeMnepaTypl:l. TOHKBJI OTpy KTY
pa HB-I',UP npoaaaaer ca ooaee HpKO B pacxeeax C HOn~1> 3 0BaHBeM MeH1>Wero 

SHaqeHID! 6. 3'1'0 nponeaoa cr papoaan o peayJI1>TaTaMH pac , 30, r n e 

Ha6J!IOJ(aeTCff JlBHOe YOM elWe MOJ(l:l I'lU' , ~ e llt8 lUHX B oonee lWSl<oA o6JIacTH 

aaepraa, npa RT • TtTO za caerca poza naps or o B3aHMo,net!oTBBR: cs epxnpo

Bo~ero THna , TO MI:l aaWJIH , ~TO OHO o~eHb Ma~o ~eT RaR Ha 3Haqe

lUm nmpmw saTy xalUm l1B-rJll'., TaK H xa U3. B oaMOM.neae , pacxer a , lIPO-

Be~eHHUe C nOOTOJIHHolt napHolt ll\e~ l>lO D.T =/).r-o ~ 1 ,4 MaB B 58Ni 

,nam ,nBEe lIPH T = 3 MaB aaas eaaa 4, 58 MaB ,II)IJI spread ing lIIHPHHl:l 

r~ HB- r ,np 1I 3Ha ~eHRH 15 , 6 MaB )J)1JI ero U3. O,nHaKO epoPMa pa onpen eae

HID! CM B aHepreTWleoKoM RHTepBaJIe OT 8 ,no 24 MaB (pac , 4) He O K~b

KO OT~eT CJI no opaBHeHHD 00 ~qaeM , Kor.na pao~e Tu OUJIll lIpoBe~eHl:l 

o TeMnepaTYpHo saBHcIDIoA y ope,nHeHHolt napaoa lI(e ~1>il ( LJ. r> (pzc , 3), 
KBK MOlKHO a er so yBHJ(eT1>, cpamumaa: PlIO. 3 H pac , 4. B ~~e Llr L1 #o r

CMU ooa ee OOOpe~OTO~e Hl:l BOKpy r U3 (pac , 4) H OJ(BHr BHJI3 aroro US
 
c POCTOM T OKaSI:lB88TCJI ooaee MaOI:lM. 

C y qeTOM TeMllepaTYPHO! SaBHOHMOOTH rtapaaerpa i us ypaBHe

HIDI (16) MbI aalll1IB, 'ITO ero SHaqeHHJI Y B e~trnB8IOT Cff 0 POOTOM T • IIo

aTOMY 3aTYxaHHe JIaHJ(ay raxor o THna OTpeMHTCff K sar mu omBHml TOHKO!! 

OTpyKTYPU. OOTaBJIJIH SaMeTlWMB TM:bKO OM 1>HO KOJUleKTHBHsHpoBaHHUe 

OOCTosnmJI (plio. 5). IIPH T = 3 MaB lI S-3a ,nOBMbHO OM1>Woro 3HaqelUm 

1 (T) aiWJeKT TeMllepaTYPHol! SaBHOHMOOTH "'1 (7) OKBaHBaeTCff TaKHM 
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Pac, 5. To lite. 'ITO HS pRc . 4 , c j HS (16 ) (o=1 MaB): 

8) !JT = IJ.T=O j 0 ) Li =<£'>r>. 

14 

CRJIl>HHM. 'ITO CTHpaeT ace TOHKHe CTpyKTypU B O,IOlOM I1IHpoKOM nasa, JIO

KaJIHSOBSHHOM B OOJISCTH HB-r~ . TeM He MeHee UpH BSpbHp OBaHHR 

TOJI1>KO napaser pa -; (T) spreading I1IHPHH8 rt YBeJIJroUlaeTCSI HeSH8'iH

TeJIbHO IIO opaaaeaan co MyqaeM • Kor~8 i He S8BHCHT OT TeMIIepaTY

pa, Spread ing llIHPHHH rt n U3 HB-r~ lWf. 58Ni IIOKa3aHH H8 

PHc. 6 KaK qlyHKlllm OT TeMIIepaTypbl T . PesYJI1>TaTH SICHO nOK8SHBaDT BJIR

JUme Henclies8lOl1lei! napaoa Il(eJm npa KT a a 3TH xapazrepacrasa I'P. IlPH 

~OM 3~aHHOM 3H8 lieHIDf T 5 pre ad i ng I1IHpHHa rt, BbllrnC

JIeHH8S! C 4r Ll7 =0 ' acerna MeHbwe TOi! r t , KOTOpaSI BbllrnMeHa 

C TeMIIep aTy pHo 38 BHCHMOi! y cpe,IOleHHoA llleJIbRJ B TO BpeMT[ ItaK<LJ.r>, 
COOTBeTCTBYlllllKA U3 £1scerna JIellmT BHWe. Te~eHIJWl cnnar a BlUIS JVUI 

U3 E1 H paCIIIHpeHHS! r l CPOCTOM TSMlIepaTYpu T, naonnnaeaaa 

B sx cn ep aaea r e , T8 KlKe BH.nH8. O,IOl8XO pacmap eaae 0K83I:lB8eTCSl ~OBOJIbH O 

MaJIHM npH KT H CHCTeMaTlNeCKH NeH1>me SKcn epHMeHT8JIbHHX ~aHHHX, IIOJIY

qe HHHX B 06JI8 CTH MaCCOBHX 'iHceJI 6Jm3KO pac IIOJIOlKe~ i 58 IIPH TOa 

lie caMoA TSMIISpa TYpe T ( sHspnm B030YllUl:eHIDl E * ) 7 • 3'1'8 cHTy a
~ He~HTeJI1>Ha. neACTBHTeJI1>HO, HSmH paCqeTH OHJIH npoBe~eHH lWf. 

H8rpeTHX C~PH'iecKHX anep 6e3 yqST8 a<M>eKTOB y r JIOBHX MOMeHTOB, B TO 

BpeMS! KaK SKCUePHMeHTaJI1>HHe ~SHHHe 6wm nonyQeHH B BHCOKOB0 36~eH

HHX ~pax C 3~8 HHOi! T8MIlepaTy poi! T 11: s c erna C 3~aHHHM cmmOM 

I 16-IO~ IlOS TOyY NIl NoxeN C~eJIa T 1> BHBO~ 0 TON , 'ITO BKn~ B38HN0~9A
CTBd C (2p - 2h) - KOH<PHrypaI.WJIMn B YlIIHpeHlIe r~ Ma60 MBRSleTCSl IIpH lIT, 

:II TO BpeMS! Ka K ~e<PopMaIl}U[ <PoPMH , IIpHBO,lJ,IDllaS! K nOSIBJIeHIDO yrJIOBOro MO

MeHTS,MOlleT CJIYlImTb r JI8BHOA UPH'ilIHoA. 

IIo,n;06H8S! cHTyaIl}U[ H86JI1O~8 eT CSl H B anp e OOzr . 3'1'0 mmHO 

R3 pR C. 7. npe~cT8BJIJm1le ro CRJIOBHe iPYHxmm. BbllrnMeHHHe IIpR HeROTO

pHX 3H8 Q9HRSlX TeMlIepaTypH C TeMlIepaTypHo S8BRCHMOi! y cpe,IOl9HHoi! II8P

HOi! lIleJI:b1l </Jr>,Il,1JJl 90Z r B ~BYX CJIY'iaSIX : C TeMIlepaTYpHO He38BR()HMI,IM . 

USp8Me TpoM i = Ii = I MaB H C 1 (T) OIIpe~eJIS!eMHM yp8BHeHH9N ( I6 ) . 
Spreading WHPHHH r~ H U3 £1 B 90 Z r npa T = 0 .1 . 2 l! 

3 MsB c o6p 8HH B TS6Jm ue . IlPH HYJIeBoi! reaneparyp e rf paBHS 3.7 M3B 

R EI p aB9H 16,23 MaB (cp. c/ 6I/ >. llpR KT B TO BpeMSl,KaK U3 EI 3aNeT

HO c.ztBiIHYT lUUl3. &pr eading IIIHpHHS r J y B9Jm'iHB8eT CSl 1IJI8BRO C 

POCTOM TeMIIepaTYPH. llTo KEl Ca eTCSl aKC IIe¥~HT8JI :bHHX ,n;aHHHX. n OJIYQeH

HHX B BHCOKOBoa6~eHHOM 90Zr 18, 0 • r~e ORJIbHO pacIIIHp eHH8S! 

IIIIilld r ~ 8.8 MaB 6wrs Hs 6JIlO,Il;eHa npa T I'::; I ,7 MaB C y r JIoBHM 

MOM9HTOM to~ 51'1. , TO paoxosneaae MelE,lJ;j' aTRMH ,n;8HHIlMH H r eopera 

'l9 CI<HMH MHKpOCKOIIHlIeCI<HMH paClieTSMH C Y'le TOIl CMSH C (2p-2h)
KOH~ryp~ llpH lIT B " HamBX P8CQ9 TSX BHOBb ~eMOBCTPHPye T 

BauyJJ POJI:b ~e<I>o PMaInDI B PSCIIIHpeHlIl'l rnP B BHCOKOB0 36~eHHHX JJ,ltPS. 

15 
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To ~e, ~o HB pHc .4,cPRC. 5. 
a) L1T = L1T =o j 6) 

14 

20 

I 

24 

1 RS (16) (o=1 MaB): 

b = <~T>' 

CWlLHHM, 'ITO CTHpaeT nee roazae CTpyKTypU B O,IJ;HOM IIIHpoItOM nase , JIO

KB~S OBBHHOM B o6JIacTR HB-rnr • TeM He MeHee rrPR BBpLRp OBBHKH 

TOJILRO napaaer pa 1 (T) spreading nmpmlB rt YBe~tnlBa8TCH aeaaaxa
TeJIbHO no cpaBHeHIDJ co CJIytIaeM , Ro r~a i He SBBHCRT OT TeMilepa TY-

pa, Spread ing lIIRpHHU rt II US HB-rnr,IJ',JIH 58Ni rrOKBsaHU na 
PBc. 6 KBR <pyHRUro'l OT T8MIlepaTypu T. PesyJILTBTIl HCHO nOKaShlBaDT BJIH

HHB8 HeIICq eSaIOIlleft napaoa lI\eJIB npa KT aa 3TH xapaRTepRCTRRH I'P. Ilpa 
K8lK,IJ;OM SB,D;aHHOM SHatIeHIDI T 5 pre ad i n g IIIHpHHa rl, BUtnlC

JIeHHBH C 4t= LlT =o' scerna MeHLwe TOft rt, ROTOpaH BUtnlCJIeHB 

C TSMil SpaTy pHO SaBHCHMoJt ycpe,IJ;HeHHoft lI\eJIblO B TO BpeMn IUl K <LlT>, 
COOTBe TcT~ft US t:1 Bcer~a JI8XHT Buwe. Te~eHUKff C~B BHH3 ,IJ',JIH 
US £1 R pacnapeaas ri CPOCTOM TeMilspaTYpll T, na6.mo.nBeMBH 

B llKc n spHIISHT8 , TaRES BH,lJ;Ha. O,IJ;HaRO pa cusrpenae OKB3UBBeTCH ~OBOJILHO 

MBJIUM npn KT Ii CIiCTeMBTlI'lSCKH N8HLme 3RcrrePHMSHTBJILHWC ~aHHUX, rrOJIY-

tISHHUX B 06JIaCTH MBCCOBUX tnlC8JI 6~3KO pa crrOJIoae~ , 58 rrpR TOa 

JltS caMOJt TSMil SpaTYpe T (3HSPrKH Bos6YlK,I(SHIDI E* ) 7 • aTa car ya
UWI HeY;D;HBHTeJILHa. ,UeACTBHTeJILHO , HalllH paCtieTU Owm: nposeneas ,IJ',JIH 
narperax CqJepn'lSCIOlX JI,ltSP 68S ytI8Ta aqxpeRTOB y rJIOBHX MOMSHTOB , B TO 

BpeMR: KBK aKCrrepHMeHTBJILHUe ~aHHU8 6hlJIH UQJIYtI eHU B BhlC OKOBos6~e H

HWC M PBX C aanaaaoa TSMIIepaTy polt T H acerna C SB,D;aHlUIM CIIHHOM
 

I 16- IO( IToaTOUY Nhl NoxeN C~eJIaTb BhlBO~ 0 TON, 'ITO BKJIB,D; BSaHMOAel 


CTBmt C (Zp - 2h ) - KOH<I!HrypamtHM1I B YllIHpSIille r,np CJIaOo MeJUIeTCH npa KT , 
11 TO BpeMR: KBK .Ilelfx>pMBIlRH lfx>PMU , UpHBO.nmIIBH K TIOHBJIeHHlO yrJIOBOro MO

MeHTa , MOJItBT ~TL r JIaBHoft UplItIHHoft . 

IIOA06HBH CHTYa llWI Ha6.mo,naeT CH 1'1 B ~e eo Z r . aTo BH,IJ;HO 

:113 p :llC. 7, rrpe.I\CT8BJIHJl1ler o CWlOBble <PYHKmm , BUtnlCJIeHHUe rrpR HeROTO

pHX 3HatleHRHX TeMilepaTYpu C TeMllepaTypHo SaBHCHMoft y cpe,IJ;H8HHolt nap
aoa IqeJIL I) <11r>.IlJJJl 90Z r B .I\BYX CJIY'lamc: C TeMllepaTYpHo HesaBHCHMIlM . 

napaasr poa "i = 0 = I MaB 1'1 C "i (T) onpe.I\sJIHeMhlM ypBBH9HBeN (I6) . 
Spread ing WHpmm r t- H US £1 B 90 Z r IIPH T = O,I ,2 H 

3 MaB C06PBHbl B Ta6JIHQa . IIpH 1!YJIeBoA TSMIlepaTYpe r i paaaa 3 , ? M3B 

H EI PBB9H I 6 ,23 MaB ( cp , c/6I1 ) . IlpH KT B TO BpeYH , KBK US EI S8NeT

HO O.I\BHHYT BHlI3 , 5pr e a ding lIIHpmia r J y BeJIJr'lnmBeTCH M aBHO C 

POCTOM TeMilepaTYPu.qTO zacaerca 3KCUe~~HTBJIbHblX ~aHHHX , IIOJIYtleH

HWC B - BhlCO:KOBOB6~SHBON 90Z r 18, 0 , r Ae CHJIbHO paCIIIHp6HH8H 

IIIDIIM r ~ 8 ,8 MaB OhlJIa Ha6JI~eHa npa T ~ I ,7 MaB C y r JIo Bl:lM 

MoMeHTOM - fa ~ 511. , TO pacxosnenae MelK,Iij' aTHMH .I\BlUWMH H r eopera
tleCIGIMH MHKp OCKOIIH'ieCIGIMH paCqeTar.m C Ytle TOU CM BH C (2p-2h)
KOH~ryp~ npH KT B - HamBX p aCti eTaX BROBL AeNOHCTPBpy9T 

BauyD POJIL .I\E$> PNaInD! B p aclllllpeJDm rnr B Bhl COKOBOB6~9HHHX H,ltpa . 

15 
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6 Pnc. 6 . m~p~Ha rt ~ neHT 
pOHn aH enr~~ EI HB -P,ITP 

CD nJIR 58Ni ~ Kim YiYl!Kl.\m; 
~ 5 

OT TSWepaTypll. Pe3YJTh 
L TaTll rrp enCTa ~n e H!l rrpH 

a 

58Ni 6 

" 

4 
a) ..1T :=: ..1T" ' 

6 ) ~ =<AT>
O 

' 
MHTsr parr ~3RT no ~ HTep -

}larry 8 Ml'B~ ?~ 24 MaE 

C "( = <; = I MaB. 

17 

CD 
11) 

:L 

w 

15L , 
o 2 3 

i l MaB) 

Hama xacn enaue pa cxer u ,naIOT Ka'!eC TBelUiO aHaJIorwrnlill BllBO,n no 

cpaBHeHIDO c pa c'!eTaMH, lIpoBe,nelUil:lMH B \poPMBJm3MvaTCYdapa lIpH lIT 
c yver ox CM 3H THITa " 1p - 1h 6l \poHOH" H3 THTI /2 • aTO .1 K8aasaer aa 
OCHOBHO~ BKJIa,n \poHOlUlliX KOJlJIeKTHBHblX C T eITelle~ cBodo,nll B pa cna,ne 

rp lIPH HYJIeBO~ , TaK ~e KaK H npH lIT,B cJIy'!ae npeHedpe~eHHH BpameHHeM. 

B caMOM neze, 3aMeUIDI HeKOJIJIeKTHBHilll. \poHOH B K<mH (HJllI KT-KcmH) ,nByx

KBa3Id'!acTH'lHOH napo il , Mll lIe pe~e M OT ,mIar~r K~Mff ( KT-K~Ma ) K ,nnar
p8MMaM 00 , KaK dWIO IT0K83aHO B 12,2,3;>'- 4 • C ,npyro~ cropoaa. nau 
no~o,n ,naST dOJIDlliee y BeJIH'!eHHe lliHPHHH 3aTyxaHHH ~ rnP C poCTOM TeM

neparypa, 'ITO YKa3llBaeT aa BKJIB,n ,mIarpaMM, y'!TSlUlliX B KT-K~MH , HO 

oT6pomeHHHX B THTI . IIpHMepHO raxoe pacmapeaae rf It TaKOn C,nBHr 

BHH3 ME rnP dwrn TIOJIY'!eHH B nonxone , 0rOBBlUiOM aa ypaBHeHIDIX JIaH,llay 

- BJraCOBa a IIPS,lJ.7IOJKSHHOi.! aenasso B 727 lIPId TIo.nyKJIaCCH'!SCKOM onaca

HHH ME rP B aarperux anpax oes BpameHHfI.::lTo MOlIteT lIPOJIlITb aexcropaa 

CBeT na sonpoc 0 B3alIMOOTHOrneHHH MellAY. ~KpocKOlIll'leC.KHMH nonxonaaa, B 

TOM 'lHc,,1e 1I3 HaCTOJIlIle~ paoora lIJIR R3 72 ,H no.nyKJIaCCH'!eCKHMH nozxc

,naMH , KOTOpi:tlt no czx lIOP OCTaeTClI noxa OTKpHTHM. KOHe'lHO,B HaCTORll\en 

padoTe MH npeRedperJrn B pac'!eTax TaRXe TeMlIepaTypHoa 3aBItCRMOCTbD 

B3aRMo ,ne n CTB~, ~KTaMH \poHOHHblX Kopp~1 B OCHOBHOM COCTOHHHH 

It \POHolUioro paCCe.IIHIDI ITpR KT n T.n., RaK dWIO OTMe'!eHO BIDlle~ onaa-
KO RCCJIe,nOBBHRR: B aar per sx It C lIJI~O BpaJl\8lJlIlHXClI Jl',11Jl8x /23.2 .29,30/ 

16 

20 1814 16 12 

~ Or: A I .0 

24 

X 
e 8 

'" OJ 

.r--

-'co 16 
m 
:L 

32 [ i 'i i 

PHC. 7 
22 

~( M3B) 
To JKe , 'iTO HB pHC. 3,,IT,1IJI OOZr . 
CnnOlliHHe KpHBlle - pe3yJIbTaTll , BH

'lHCJIeHHHe C Y = I MaB . 

illTPZXOBU8 KpHBue - pe3yJIbTaTll , no-

JIYtIeHHlle c "i 1I3 (16 ) ( 8 = I MaB). 

TadJrnIJ,8 • Spread ing lllPIplIHa r'" 1I U8HTPOR.n aHepI'IDl: E 1 
ME-rnP,IT,1IJI !l°Zr , pa CC'mTaHHHe C UleJIblO <L1 > 

T 
lIPK p a ~HHX 3Ha'!eHHRX TeMlIepaTYPll . Bce aHaqeHHfI ,naHU 
B MaB ( f = I MaB) 

j.j.T E1 
0 3,70 16, 23
 
I 4. H 15.53
 
2 4, 42 15,20
 
3 4, 60 I5. 0r
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H 3KCnepHMeHT8~bHHe ~aHHUe / I- IO~ no -B~MOMY, nO~TBe~aDT KnID~eBYID 
PO~b s!IXPeKTon , BU3BaHHliX y r~oBI:IM MOMeHTOM, B 6MblllOM YBeJIH ~emm lIIlIpmm 

ME f,np B BHCOKO B o36y~e HHHx Rnpax. 

5•	 3a KJm~elme 

B H aCTo~ea pa6 0Te .npn H 3y ~e ~ 3aTYxaHRff KB-r.uP B HarpeTHX ~e T

Ho-~e T HIDC cq,epH~e cKHX Rnpax MhI npHMeJrnJIH Haw nonxon; lIT -K~, KOTOpHa 

o60 6~aeT K~ Ha KT. 3Ta Mo~e~b n03TOMY n0 3BOnHeT HaM nOCJIe~OBaTeJIbHO 

y 'ieCTD B3aHMO~eaCTBHR C ( 2p - 2h) -KOHqrarypaI.lWOO'l npa KT. CyMMl'lpy.R: 

~CJI eHHHe pe3Y~bTaTH, MhI nauaa, ~TO : 

1) HeCNOTpR H8 TO, 'ITO y~eT CM3H C (2p -2h ) - COCTOlIHRIIMIl: 

MOJKeT HeMOXO noonpoaanecra lIIlIpmIy B US l1B-f.IJP. npa HYJI6BOa TeMIIepaTY

pe , OH OKa3HBa eTC.R: H6 ~OC T8 TO~1:IM npa ormcamm 6MbmOI'O paeaapeaaa 

ME-f,np C pOCTOM TeMIIepaTypu . C,ItllHr Blm3 US ¥lB-r.ILP H ax O~T C.R: B pa3yMHOM 
COr JIaCHH C 3KCnepHMeHTaJIbHI:IMR ~aHHHMn, B TO BpeMff KaK ero illBPHHa 

YB eJIH~ eTC.R: H6HaMHOr O C POCTON TeNnepaTypH. 

2) ~KT 3aTyXaHIDl JIaH,l(ay HyJIeBOrO 3BYKa, BKJIlllIeHHOI'O B Ha


lIlRX pa C'I eTaX C nOMO~bID TeMllepaTYPHOa 38BHCHWOCTH napaM6Tpa
 

H3 (16), 3arJI8XlIBaeT TOHRyD cTPJ"KTypY VlB-f,np, OCT8BJI.R:R TOJIbKO o,D;IDl
 

illBpOKRi1 JIopeHUe o6 p83 HH~ rmK C POCTOM TeMllepaTYpH.
 

3) Y~eT HeHclIe38I<I!leii ycpe~eHHoi1 napaoz ~eJIH, BH3BaHHOii TepMaJIb

HUMH qury KT Y 8mtHMl-I)YBeJIH~ e T CJIerKa nmpHHY 3aTYx8HIDI B nOHHlKaeT US 
ME-f,np npa KaJK,IJ;OM 3aMilllOM 3Ha~ e HHH TeMIIepaTypH. 

IIoaTo~ MhI MOJKeM C~eJIaTb BUBO~ 0 TOM, 'ITO BJmsnme CB.R:S:B C (2p-2h) 
- KOHqrarypallWIMli H8 ywHpeHHe KB-f,np CJIa60 M6HReTCsr B narperux anpax C 

HSMeHelmeM TeMIIepa Typhl• .lVm xoppexraoro ona caaaa aKCnepHMeHTBJIbHHX 

~aHHHX HYlKHO y ~ecTb TaKlKe: 

I)	 a<IxI>eKT yrJIOBOI'O MOMeHT8 H ~eq,opMamm q,oPMU; 

2) q,oHoHHHe KOpp eJIRmm B OCHOBHOM COCTOSUll1H, q,oHoillloe paccesnme 

H CMSb C KOHTRHyyMON, KoTopHe MOryT 6UTb SaMeTHHMH npa yMepeilllHX 

H BUCOKHX TeMllepaTYpax , 

3)	 CERSH C 60JIee CJIOJKHI:IMH , 'leM(2.p -2h), KOHqrarypaIJ;H.lIMH. 

Bonpo c 0 TeMnepaTYPHOa 3aBHCHMOCTlf OCT8TO~ BS8HMO~eLtcTBHi1 

STO roze onna HS Tex npooaea, aoropae OCTaKlTC.R: noza OTRpHTUMH H rpe

6YKlT nO~6HO I'O RSy'leHH.R:. 

HaROHen , CTOHT TaKlK8 OTlle'l'HTI., lITO npa T ~ 5 MsB nmpmi8 H 

CTPYKTYpa rnP MOryT BeCTH ceca HH8'le . '1eM npa HBSKHX TeMllepa Typax . B 

CaMOM ~eJIe ,ra8MXo JKe B np, H86JIlO,ItBJm YMeHbWeHBe lIIlI~ IU>B Y - pacnane 
40'A 'loG	 ~'D / 9/f ,ltP B pe 8ImWDC r + e C TeMIIepaTYpaMH '" 7 MaD • 3TOT q,eHoMeH 

MOJIteT 6liTI. o6YCJIOBJIeH ~rHM MexaHHsMoM CERSH rnP C ~e q,opMa ll;ll: e i1. He

~8BHO Bporeraa H np, npe,nJIoJmJIHAl~OCTYj) MO~eJI I. YMeHbllleHIDI lIIlIpllHH npa 
.JnmJKemm (motional n arrowing ) 2 I . TaK KaK STOT a<IxI>eKT MOJKeT HMeTI. 
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MeCTO npn BhlCOKHX resmeparypax (T:P 5 MaB) H lie M()Jf;CT 6hlTh pac 

CMOTpeH 6e3 ~eq,opMamm, ero H3Y'lelm e BHXO~T 3a paMKH HaCT O~e a pa6oThl . 

ABTOP BupaxaeT 6JI8ro~apHocTb npoq,eccopy B.f. COJIOBbeBY sa noc


TORllJlIDl. HHTepec l'I IIOM eplltKy. OR HCKpeHHe nplf3HaTeJI6H A.VI. B~OBHHY H
 

P. BYxTe S8 IIMe3Hhle o6cYJlf,I(elU'IR pe3yJII.T aTOB 11 KOHCTpYKTHBHhle 3aMC'la

HRff. OR 6JIaI'O~ a p e H TaKlite IIPOq,eCCOpy M.H. MHxaLtJIoBy , JI.A. M8JIOBY. 

PsI', HaSMliT,D;IDloBY H B.O. HeCTepeHRO (,lJy6Ha). npodeccopy A.B. YlrnaTD

K3 :H C.II. KaMe p~eBY (06HHHCK), IIpoq,eCCOpy JK. BaM6axy OIJIJIHHoLtC), 

rrpoq,eccopy M. ,IJ,1.r Topo (KaTaHIDl). HryeH BaH lKaii (OpC3) sa M110I'O'G1c.:J[l)J!

Hue IIJIO~OTBOPHHe ~CK3CCHH. OR 06R3aH Hryea 3yii TxaHry O(Y6HU 

XaHoit) , P. Ilenpoca If B . D. IIoHoMBpeBY ( ,lJy6Ha) sa nOMO~ B 'lHCJIOIUIUX 

paCqeTax 11 KOHcyJIDTamm. OR rrpHSHaTeJIeH TaKlite npoq,eccopaM P.A. Epor
JIHa (MRlIaR- KoneHr areH) , A. JI. I'y,nMaHy ('l'yJIaH), K. Y1aHHY~6acy (I'pe
Ho6JID). II. Pmiry (M1oHxeH) R K.A. CHoyBepy (CHeTJI) sa CTHM,YJIlfpylOOtHe 

zoppecnoaneauza, Kac8I<IIlBe()j{ paonana f ,np npa KT. 
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Damp ing of the Isov e~to r GIant Dipole Resonances
 
in Hot Even-Even Sphe rical Nucle i
 

An a p p roa~h bas ed on the Finite Temperature Quasi partrcl~ Phonon Nuc
lea r Model (FT-QPNM) wi th the coupling s to (2p- 2h) state s at fIni t e tempe 
rat ur e t aken in to account is suggested for cal culations of t he dampIng of 
g iant multipo le re sonances in hot even-even spherical nucl e i. The s treng t h 
fu nc t ions for the l sovec t o r giant dipole resonance s ( IV- GDR) a r e ca lcu l a ted 
in S8N1 and 90Z r fo r a range o f temperatures up to 3 MeV. The resu lt s show 
that the constrlbutlon of t he Int eractIons with (2p -2h) conf igura ti on s t o 
t he IV-GDR spreadi ng wid t h changes weakly with vary ing temperature. The 
IV-GDR centroid ene rgy decreases slightl y wi t h increa sing t emperature . The 
nonvan i sh ing super fluid pair ing gap due t o thermal flu c tu ations Is inc l uded . 

The inves tigation has bee n performed at the Laborator y of Theo ret ical 
Physic s, JIN R. 
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