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1. B n ocneAH~e rOA~ 3 Ha 4~T enbHoe Me CT O B ~ccnCAOB a H~R X H en~ 

H e~H wx RBneH~~ B ~~3 ~ Ke KOHAeHc~pOBaHH~X CPCA 3AH Rna MOH~en 4~H 
1 ' 

COJl~TOHa , Oco6e HHO ~HTeHC~BHO, BB~AY 04 eB HAHbl~;, n p W..I HH, Y13y 

4a~ TCR con~TOH~ B KBa3~OAHOMe pH~x c~c TeMaX 'e,9 K Ha ~Goncc npH 

BneKa T enbH~M C H C TeMaM B 3TOM nnaHC n p~H aAnema T oAHoMepH~U Mar

He T ~ K~ . AnR 3T o ro e CTb PRA OCHOBa H~~ . 0 5 "b eK Tbl n OADo6HO IK (.. nc 

AOBa J1~(, b Ic~~ . 0630P ' 4 1 eLUe AO B BeAe H~R HCll ~ l1ciil~bIX 'H.. n C t(fOR 

B AaH H Y D 06naCTb, ~ HeKOTop~e MOAenb H~e C HCTeMW A o n YCKilDT AP
TanbHoe Teo p e n14eC Koe paccMOTpeH ~e. A I1R o npC A enel 1l111 "At'KB,l T

HO C TIoI pa3H biX MOA e Jle l1 ce~ 4a c ~~WD T c n Moul Hble 3KCnep~M l! l lT ilJ1bll bJ( 

MeT oAbl - B n e p Byl0 04 e p e,Q b ~1CTOA Marl i ~THoro pa CC l' RHt-lR HCIITPO lj OA , 

3 a Me T VlM , 4T O c Ylllec TB yc-r gO C T <) T 0 4 Hoe p a3HO()6 p 03 11( ' I(D ,'3HOnllm~\'p

HblX ~\a rHe T Vl KOB 4 ' K 4~cny Ha~6once X OpOI'JO ~ 3y q ('IiH hI X fll) .... lI tl" JI I':~11 T 
C1lepPOMa rHC TI1K CsNiF:1 . \I1 ~'1 C H HO eM Y n O '_BnlI\CHO B no(;. J1l '/WL'1 , Il J)('MA 

HaV160nbwee KOJllol4CCTBO P <160 T 10.\, CCblnKI1 B 4~, I , 11I1TLJ.)n jJl!Ti'l q ~ ;1 
H el~ TpOHHhI X Aal~Hbl x Ha R3blK e con~ T OHOB 6blna v'HAYll IIIP () Bi3 I~ ,l POriO l (J ~ 

r1l-1KeWK~ · (j , K O T OP blii n peAno)f( ~n On~ Cbl(3 <J T b H~Ha '·H1K Y " K I10Cl V1 QlJL KI1 X " 

cn~HOB B C~ N i F;~ B npl-1 c YTc T B I1~ B HC WH c r o f~ a r'H I-1 TH()rO n on n YP:I ()I~c 

Hl-1 C ~'1 c ~ H yc-rOPAOH ler I . f<ilK xopOWO ~3 I3C C T I-iO 7. :no YDd(1 t1 1' 1I 11 L' 

06nilAaCT peW C H~RM~ TpCX T~n OB : \ '<!JO HOHbl" . K ~ H"~ l aIlTl-1 K ~ IIK I11 

.... OPIII3CPU IG~OH bl / , nOcnCAH~e ABa B~A<) pe Ule H~l' RB n RIO T Cfl nJ1 R Iwac 

C lol4 CC Ko r o ypa BH e H~R er B c Tpo r o M CM~cnc COf1 I11 T OH ilMIII 7', M ~KCWK ~ 
B 6 rlOC4~ Tan "na pannenbHbl~\; A~HaM~4CCK I111 C TPYKTY P HU i , Cb,l l<1 () P 

I AC'1l1 S ·I (q, (d) Hcynpyr o r o pacceRH~R He ~TpOHOB I f 01 K ~l fK,lX I~ '-IHHt-

K~ H K<JX 13 np I16n~me H~vl ~ACaf1b l -iOr O Hc p e nRTIIIB~CTCKo r () 1" ,"13<'1 ""11 

4,lC Tvll.\cnonoGHbIX o6be KT 0 13 , Ero npcAcKa3il H~R. KacaiOU,\ I1C' Cri n nt' P BY~) 

0 4 (! P CAb 3aBIoIC~MOCT~ S ., (q) OT T eMn e paT Y Pbl . 6~l n lll 13 Or;lIl lltX ~I' pl a x 

n OA T a e p )f(n C Hbl ::lKC n C p~Me H TanbHO ~c c l1eAOB aH""f1M I1 l:I l il i1HI'Pi1 11 I< b l ) '~

Ci3 ' 1:1 C 4 e J1bl'J YJ1Y 4WCHHR cornaC~ R MemA Y T CVplllei; 11 31« IIl'PI1f~ l'H rOf1 

Teo p c T ~4 ec KaR K ()H4e m.\~R YT 0 4Hnna c b B pRAe pa60T 1tI ;:'Jn p11f1 ' 'f) . 
'9· 

K po,·\c BKflaAa Inapannen b Ho r o " l1C t.ll, 13 Ha 5 J1 I")Ail CMbll~ l~l ' lI l p'1 n b Hbl~ nl-1K 

I I~n l paCCe RHl-,n H e~ TPOHOB HLl K~HKax .6 b ln pa Cc \~IItTa H HX BK n .." ~ B 

" n e pn (O:HA ~KynRpH "lii" ,llCc'l S (q. ( 0)) . K p OMe T o r o , to r JlilC.Io1L' C 3 1(C n C p I1
~ q 

MCHTOM H CC KonbK O yny4w~no "pe nR T IIIBH C T CKO(' " p accMuT IW HI1l:' 1('0 6
lll i3R tjJ 0 PMYJ10 gnR pa3n~4Hbl X C TPYI<TYPl1bI X \~rlKT Op() e p <lI.; rl'n tlI1 R Ha 

loI,q ea nbHOf'\ p c nnT~I3~C T CKO'~ ra3e K~HKOB 6bln a nl)JlY "HHi ., () ' \0 ·1 . OA 

H a KO 3u B I1C~ f'\O CTb OT T CMn Cp,lT YPbl 11 O T M.-l rHI-I T HO r O nonA () llc nOM 

06bAC HI1Tb He Yl1anocb . OTMeT \o1 M . B I..I <lC THO C.TH. 4 T O An fl yC Tpa I H?H ~A 
3Ha 4~ T L' Jlbll bI X pa CX O~AeH~~' M el~AY TCOIJ~ (' I';\ II :)t(c n e pw1 t! II TOt~ Pil i;' T. e p / ll · 

n pcAno)f(~n o nl1C blBaTb HCIITpOHHble 3 KC ncpw~eHTbl 11,1 CsNi F :l He B paM 

Ka x H c n ~HC ~Ho i1 cr - f,\OAen.1. a c n OMOIl\blO Cn llt llOD blX BonH , C 4c n biO 

B blA ene H~A BKni.1A<l cnwr BonH OBblX III K~H KOBbIX B036Yllll~eHIII~ B Ae~ 
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GblnVl BbinOnH CHbl HOBblC 3KCnepvlI-IeHTanb Hble p i ,I 'l ' 1t4 1t.('il!IIW Lll . " :, I. 
B ' " Ha6n1OAaC"'We 13 3KCnepVlMeHTaX nOBeAeH~1e ill.ll. Ijlhit ' , " ,I I"K, 

tlTO CnVlHOBaR AVlHaMVlKa CsNi F3 13 MarHVlTHO'-I n o n c , II, ' J!YU I "" II'" '"M

MCTPVlIO, RBnReTCR KOM6V1HaL\""ci1 cnVlH-BonHOBbIX npC' 'l ' 'lt.illl II ' It ' ,I 'YIU)1C

H V1 ~ KVlHKOBoro T""na. 

n PI-1 3TOM, OAHaKO, 6p.13epbl AnR 06bRCHCH""R 3Kc n cp"'MI'I I I III I,I II IX 

AaHHbix 13 / 5 ." He npVlBnCKanl-ICb, XOTR OHVI, KaK 1'1 KI1HKI'I, Atl iIH"'r ' ll 

YCT0i1411l3bIMVI pcweHVlRMVI IconVlToHaMVlI AflR Cr-ypaBHCH~1R. tin" ll "!.1I lI i l 

Heo6xOAI1MOCTb npVlBnC4eHVlR 6pVl3epOB AflR 06bRCHeHVlR yn o MAI"Y 1 1·1 

3KcnepVlMeHTOB 6blno YKa3aHO, nO-BVlAVlMOMY, B paGoTe 12 ' n o nblTH d 

Bbl4V1cmHb BKnaA 6pVl3epoB B Iln npeAnpVlHRTa B ' 13 " BKnaA 6p Vl 3e p OB 

n03BonVlfl HeCKonbKO ynY4wVlTb c ornacVlc C 3KcnepVlMe HTOM, HO TOllb

KO npVl yc noB""VI AononH""TenbHoro orpdH",,4eHVlR Ha HaVl6onbwVl~ pa3Me p 
.' 1 '3 ' 

6pVl3epa. B . nonHaR CTpYKTypa VI aHanVlT",,4eCKVlI:j BVIA ,aCOl nonY4 e Hhi 
' 14 ' 

He GbIIl Vl . S n (Q,6J) paCU1dTpVlBanCR TaK~,e B . OAHaKO Ha6niOAaeMbl11 


[lCctJ He 6blIl Bb141-1CneH. B '1 4 ' YTBCp)!(AaeTCR, 4TO B S.l (q,w) 6pVl3epbl 


BKflaAa He BHOCRT. BnepBble BKnaA 6pVl3epOB 13 S 11 1'1 S.l B nepBOM 


a CVlMnTOTVl4 e CKOM npVl6flVl*eHVlVI no K( K« l, CM./10// B~4V1CfleH B 15 


ICM . TaKlt<e ' 16 1 I. B pa60Tax ' 12, 14 - 16 ' OTMe4aJIOCb, 4TO TaK KaK AIlR 


5pVl 3 epOB 3Hepr""R aKTVlBaL\V1V1 paBHa Hy n lO, TO V1X BKflaA B AVlHaMVl4e


CK ""e VI CTaT",,4eCKVle xapaKTepHCTV1KVI Cf-C""CT eM MO)!(eT G~Tb 3Ha4V1

TeIlbH~M IC M. Ta6IlVlL\y/. npVl onpeAeIleHHWX 3Ha4eHI1RX 3KcnepVlMeH


TaIlbH~x napaMeTpOB OH CTaHOBV1TCR AOMV1HHPYIO~V1M VI npeo6IlaAaeT HaA 


BKIldAm1 KVlHKOB. AHaIlVlT~14 e CKVle paC4eThi B '15 ' nOka3am1, 4TO: a/6p11

3CPbl npJ.1 H""3K",,X TCMnepaTypax BHOCRT cy~ecTBeHHbll1 BKIldA B l~n; 


6/S u KpoMe un cOAepmVlT ABa 60KOBNX Y3KVlX c aT e nflVlTHWX nV1Ka; 


BI S.l Aa e T npeHe6pc}K""M~,1i1 BKflaA B I~n 11 o 6pa3y e T ABa caTeIlIlV1Ta. 


npeAnonaranOCb , KaK VI B ' 12, 14 ! 4TO np"" H",,3KVlX Te MnepaTypax OCHOB


HOi1 BKnaA B [lCO BHOCRT npOTRmeHH~e 6pVl3e p~. n03me B 17 6wn"" 


o6061l\eHbi V1 YT0 4HeHbi pe3YIlb Ta Tbl pa60 T 15 ,16 . Hai1AeHbl c)JopManb Hble 


T04Hbie aHanlHI14eCKI1e Bblpa )KeHVlR AnR S I I~ S.l 113 MOAenVl VlAeanb 


Ho ro ra3al KaK c)JYHKL\"""" BHyTpeHHei1 4aCTOT~ 6pV13epa. [lononHVlTenb

HO K ' 15. 16 '6blno nOKa3aHO, 4TO [lCtll COCTmn Vl 3 l.ln VI 6eCKOHe4Horo 


4V1 CIla c a TeIlmHoB, "4 e THbI X" / AnR S" / "1 " II C4e THblx" /AIlR S.l I , 

C B~COTaM V1 , YMeHbwalO~VlMIlCR no Me pe YAa n e HV1 R c aTe nnVlTOB OT u n . 


[lnR un VI nepB~X caT c nflVlTOB , Ha~AeHH~X p dHce ' lG,lH. B~4V1cneHW 


nonpaBK~ /~opMa flbHO Be Cb p Rgl. B pe 3 y nb Ta TP MO*HO Ha~TVI Xa paK

Te pVlCTVl KH c a Te nn MTOB, TaKVl8, KaK HX nOflO~eH H C, B~COTa , WHpHHa, 

npVl4eM MO*HO RBHO YKa3aTb 3aSHC HMOC Tb 3 T ~X ~a paKT e p V1 CTVlK OT 

napaMeTpOB C MC TeM~ VI 3Kc n epHMeHTanbH~X ycnOB H~. Ka4eCTBeHHO 

nOBeAeHVl e caTenn""TOB cornaCYCT CR C n OBeg c HH c M nVlKOB , nonY4eH

H~X 4V1cneHHWMVI MeTo gaMVI B 12 I S- 17 . 

HH*e M~ KpaTKO CYMMVl p ye M peaynbT aTN H npHMeHVlM nOIlY4 e H

H~e ¢opMyn~ An~ aHan""3 a KOHKp e TH wx 3Kc n epVlMe HTOB 5 Ha CsN i Fa 

P e3~MVlpYR nonY4 e HHw e H"" me pe3YflbT d T~. OTMe TVlM, 4TO cpaBH e HVle 

C 3KcnepHMeHTaM"" n03BOflReT 3aKfl~4""Tb , 4 TO H Y4eT 6pVl3epOB He 

npVlBOAHT K nonHOMY corflaCHiO Teo p""VI H 3 Kc n e pHM e HTa . OGCY*AaIOTCR 

B03MO*Hw e npH4V1H~ 3Toro He COBnaAe HHR . 
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2. OAHoMepHw~ ¢eppoMarHeTH K C aHVl30TponVlei1 TVlna IlerKaR nflOC

KOCTb, CsNi~ ,BO BHeWHeM MarHVlTHOM none II onVlC~BaeTCR 06W4HO 
raMHnbTOHHaHOM re~3eH6epra 

J{ = - J ~ SiSi+ 1 + D ~ (S Z )2 - gIL H ~ S x /1/i 1 B ! j 

C napaMeTpaMVI .' 4 , 5 ' 

J = 23,6K , D 4,5K. g = 2 , 25 . 11 al 

Mar HVlTH~e CBo~cTBa CsNj ~onpeAenR~TcR L\en04Koi1 , COCTaBfle HHo i1 "1 3 

"MarHVlTH bIX cnHHOB" N1 2 ' I S = II BAOIlb r e Kc ar OHan bHOli OC VI z . 
B3aHMOAe~CTBHe BHYTPH L\en04KVI Ha ABa nopRA Ka c Hfl bH e e , 4 CM B3aVl

MOAe~CTBHe Me )!(A Y L\ e n04KaMVI. [lIlR TeMn e paTYP T ~ 2, 66K IT cM n c PJT Y

pa nepexoAa B TpexMepHoe aHn1~eppOMarHVlTHoe cocToR HVl e l H T <. 21lK 

IKorAa e~e npHMeHVlMa MOAenb IlilCaNi F3 RBnReT CR xopowe~ p ca nH

3aL\Vle K oAHoM e pHoro roe ppoMarHeTVlKa C nIloc KocTHO~ aHVl30Tpo n Hc i1 . 

AVlHaMVlKa cnVlHOB B CSNiF s . nO-BHAVIMOMY, xopowo n OA4 "1 HR8 TC R Kn ac

cVl4ecKoMY on""caHHiO . no Kpa~Hei1 Mepe AIlR H = 0 3T O MO* HO C4 HT JTb 

YCTaHoBIleHH~M ' 4 1 IAeTaIlbHoe cpaBHe H"" e KBa HTOBO~ VI Kfl aCC Vl 4 e C KO~ 
TeopHVI C 3KcnepVlM8HT9M 8 3 TOM CIlY4a e G~flO npoBe g e Ho B 18 I. 

npeACTd13nRR cnHH Sj KnaCCVl4 e CKHM B eK Topm~ B c¢e pl~4 e CK HX KOOP
AVlHaTax . 
SI S ICOSOjCOS¢j . cosU,sin¢j' sinO j I.7 ' 12/ 

VI C4V1TaR yr nbl 0 j MaflhlMVI, a U j' ¢j - ~1 eAne HHo Me HRIOll\VlMIK R BAonb 
pewe TKVI, np""XOA""M K CI-raM""nbTOHVlJHY: 

. ') 2 

J{ = ,,' r _ 1 "'~ c a :2 ')A ao ~ 1 2 " ' j - 0- ( <II. - <l1 . 1 ) -I (oJ ~ (1 - cos ¢ j ) I. 
')a~ 1 It 0 131 
~ a 

3AeC b a 0 - pa CC TORHVl e '-IC*AY C nl~ HJM"" L\Cn 0 4KVI I a a 2, 6'/.. /, 
a CBR3b Me *AY n a paMeTpaMVI raMVlnbTOHVldHOB II I H 13/ cneAY~ll\JR: 

il2 
~ 2 -2 2 ~-2A~ --- C 
') 

= 2DJS a 2 t w = 2DSg /J l-ln . 
2 Da o o ' o B 141 

o 

Hcno Ilb3YR 4V1cneHH~e 3Ha4e HVlR Ila/ , Ha x oA""M Is eAVlHVlL\J X CH I : 

" . .A ; 3,44'10-3 7 , c~= 2,46 ' 10 ° 6) ~ ~ 2 , 33 · 10 2 2 H . 14al 

rAe H Vl3M e pRe TcR B KI C . Be nVl4HHa A pa3 Me pHOC TH IMdcca AflHHal 

3aAae T 3He pr eT H4ecKVI~ Md cwT a 6, C o"" wa HMe~T CM~cn x a pa KTepVl

cTM4ecKo~ CKOpOCT~ H 4dCTOTW. Ba*HNMH 6e3 pa3Me pH~M~ napaMeTpaMVI 
CVlCTeM~ RBIlRIOTCR ; 

a = 16$A,,,oc :: 30,2 !H,' T, d/ a 0 '" 12,4 I /H. d ~ CO l Wo .o 151 
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3A e Cb 0603 Hil4t'HO I i (ltS,!,) .1 n. lp.ltll' Til" ,1 011\.11 I 1( 1' 11 11 ' 11111 1 Onpe Ae 
n e HVlFt IH Vl 3K l-tX " TCMne pa TYP I Mlol WVl pOKO ~1C.tt '-)J lI , Iy l '~\ 0' 1 " I HUf<l: / , 

BTO POH n apa MCTp 3 <l ACl CT Kp\.1Tep 1>1 ~ npVlMCIIVlMOC r lt I{O ll l VlIIYilllb llOr O 
np1>16 n1>1 >Ke H1>1 Ft . ,LlnFl n1n l 'I~lrl bI X 3 KCne p1>1t1Ct-lTanbl lblX 3 1Jd'1I 111111 Mu r ll 1-1 1 Hor o 
nonFl ' 8,9 ' I H = 5 Kr cl VI AnA Te MncpaTy p nOPFtAKa 10 K yc n0B 1>1 e H1II3
K.1 X TeMn epaT YP rt » 1 Bblnon HReTCfI KaK a - 7. KOH TI1 riya n bl-l(lC n p1>1
6n lll lKe HM e ~opMy n 1>1pye T SR B BIllAe He pa s e HC Ts a d/a o» l. AnR To r O >Ke 
3 Ha 4eHllF1 H III Me e M d /8 o-5,5, a An Ft H = 10 Kr C lo6bl'lHoe 3 Ha 4C 
Hille , n p IIIM e HfleMoe B/ ;,I I, TOJ1bl<O -·3, 9. 113 r a Mlll n bTOHllla Ha 131 B KOH
HIHyaJ1 bHOM npIll6n VllKeH 1>1 1>1 cne Aye T y pasHeH1>1e c r Ani'l yrna IP(z.t) : 

¢ - c~<Jl z + w~ sin¢ = o. 
tl 161 

rVlFt CsNiF3 ' KaK YlK e yn oMIll Ha nO Cb, 3TO ypa BHeHIll C nonY411n t1l11 Ke w
Ka '6 ' npill 3TOM He oGxoAIllMO 6~no c Ae na Tb e~e OAHO n pe An o n o lKe Hllle , 
4TO 2DS » g il yJI. n Oclle AHee He pase HC TBO Cl1 nb HO YXYAwaeTc FI C poc Tor·, 
H. TaK, AJ1f1 H .. 10 Kr C IIIMceM 2 D8/ glI B H- 6. npl1 BeAe HHbie Ol~e H KIII 
YK Cl 3 bl BalO T Ha TO, 4T O B c n y 4 a e 06b14 HO n plllMe HRe MblX B 3KcnepIIIMe HTe 
none~ c aMO ypaB He HVle 161 HY lKAa e TCFt S YT0 4H e HVl iII . 3 Ae cb M~, OAHa 
KO, 6 YA 8M C4111TaTb, 'l TO c r-ypa sH eH1>1e AOCT a TO 'lHO x opowo o n lllC WBa
BT ~VlHaMM KY cn lllHO B B CsNiFs B 06 n aC Till 3 Kcn e p III M e H TanbH~X y cno
B1>1 ~ 5; III paCC MOTp1>1M AC ~ pa CCeFlH1>1 Ft He~TpOHOB Ha Ta Ko M CIll CT e Me . 
OTMCTIIIM, 4 TO np lll BeAe HH~e B~we He pa Be Hc TBa C1>1 n bHO or paH III 41>1Ba~ T 

06n a CTb noneH III Te Mn e pa TYP , np 1>1 KOTO p~X Teop III R MOlKe T np1>1Bne 
Ka TbCR AnR 1>1 HTe pnpe Ta 41>1 1>1 AaHH~x 3 Kc ne pMMe HTa. AnFt cpaBHe HIll Ft 
C 3 KCnep 1>1Me HTOM n0 3ToMY 04 eH b samHa 3a BIII C1>1MO CT b C TPYKTYPH~X 

~a K Topo B OT Ben1ll41>1 H q III W. B HeH TpOHH~X 3Kcn e p ~MeH Tax 3 T1>1 Be
n 1>1 4I11 H~ Mo r YT 1>1 3MeHfiTbC Ft B W1>1POK HX npe Ae nax. 

3. B 3 Kc n e p MMe HTa x no Hey n pyrOMY MarHMTHOMY pa CCe RH1>1D He HT
POHOB on peAenRDTC Ft ~YPb e -06pa3~ cn MHOB~X n a pH~x KoppenFl~IIIOHH~X 

~YHK4I11A - AMHaM H4eCK 1>1e C T PYKTypH~e ,aKTOpw. npM 3TOM MO* HO He -
3aB1>1CMMO o n pe Ae n RTb AC¢ pa 3HbiX C nMHOB~X KOM nOHe HT. AC~ AnR i -x 
KOMnOHe HT c nVlH a B r a 30BOM n p1>16nMmeHMM paBeH 

Si(q.w) '" NS i (q, ).
1 /71 

-t 
rAe B oAHoMepHOM c n Y4ae q - r; - KOM nOHeHTa BeKTopa pa CC e Ft HMFt Q 
N - c pe AHee 4M cn o pac cC Io1B a tO~l-tX o6"eKToe B cHcTeMe. a 8 ~ 
~opM~a KT op OTAen bHo r o pacceMBaTellR. nnR S~ MMeCM '9 

I -~ i( C)lb-Wtj I . 
Sl(Q,(<I) ", (2r.) (dzdte < S (Z,l)S' (0,0) · . 18/

(t ) 

3AeCb < ... "'(.1 ) 0 3Ha4aeT y cpeAH eHMe AIlR OAHor O paCCe Il1Ba TeJ1Ft. Oc
HO BHW MM BenH4 1>1 HaMII1. onpeAenReMWM1>1 1113 pa c ceRHMR Ha CsNi ~, AonN 

Hbl 6blTb . BB MAY MallOC TI'! Z -KoMnOHeHTb\ Cnl'!Ha, "napanne nb HblCtlf I no 
OT HOWeH1>11O K HI x' / 1>1 " nepneHAMKynflPH blH " AC<!>: 8 I~ SJ. . B 3 Kc ne
pll1Me HTe OH~ MorY T 6WT b onpeAeneHW He3aB II1C I'!MO. 3TO 03 Ha 4 ae T, 4 T C, 

4 

corna CHO 12/, np M B~41>1Cn e H 1>1 R X Ha AO np0 1>1 3B OA1>1Tb ycpe AHeH 1>1 e npo 
111 3 Be AeHIll Ft cos¢ (z, t ) cos<1J (O,O) IAnR 8 I I 1>1 s in¢ (z ,t ) s in <1J (0,0 ) 
IAnFt 8~ I . B c nY4a c K1>1HKOB~X pe We H1>1M TaKoe yc pe AHe Hille ocy~ec T
Bn Fle TCR npocTo / I0 ~ B 181 c n e Aye T nOACTa BMT b 

1 r dp d Zo - .BEK ( P) <... > jK(T ) -h- e (oo. ) , ( 1 ) 

rA e h - nO CTORHHaFt nnaH Ka, E K ,P M Zo - 3H e pr lll Ft, MMn ynb c III Ha
4anbHoe nono~eHMe K1>1HKa, a i~10 - CTaT I'!CTIII 4eC Ka Ft cYMMa AnFt KiIIH
Ka . Ec n1>1 IIIM eeM IIIAeanbH~A ra 3 1>1 4 Mc no 4a CT1>14 s He M o n peAe nR e TCR 
TonbKO TeMnepaTYPOH, TO 04 e B1>1AHo ik (T) =N . OKoH4 aT enb Hbl~1 pe 3ynb
TaT An Ft S II ' C 1>1Cn0J1b30BaHllle M 171 1>1 IB I, 1>1M ee T B1>1A 

5 3 I q I -ay ( v 0) ' 2 - 2 0 
S (q, w ) = 2 "Ad ---·e sinh (---) , / 91 

K I1 h y (v ) 2 y(vo> 
o 

-lh 
rAeo = 7Tqd , y(v ) = (1- w2 / q 2c~) - . B 191 Y4Te Hbi BKn a Abl K1>1H
KOB M a HTVlKIIIHKOB ~ S K~ n0J1 Y4 I11M, ecn1>1 B 191 3aMe H1>1Tb sinh Ha 
cosh .'9 /. 3 a MeTIIIM, 4TO Y4 e T B 3 a1>1Mog e ~ cT B Ill FI KIIIH KO B C <!>oHo Ha MM 1 19 I 

He CKOllbKO 1113Me HFte T npeA3Kc n OHeH~1>1anbH~~ ~a KTOp B 19/ * 3TO pa 3 
n1>141>1 e , OAHaK O, AnFl p eanbH~X 3K Cne p1>1M eHTanbH~X n a paMe TpOB n04 T1>1 
He n pOFlBnFl e TCfI. n03T OMY AnR O~e HK1>1 BKnaAa K1>1HK OB B AC$ MW 6 YAe M 
nonb30 s a Tb CFI ~opMynoH 19/ . AC¢ 6 p1>13 e pOB TaK*e 6YAeM BN4 111cn fl T b 
B MOAenlll IIIAe anbHoro ra3a. KaK B1>1A HO 1>13 19/, KIII HK1>1 AalOT BKn ClA 
TonbKO B un cu ;; (-A lc o, lq lc o )' Ha6nlOAaeMbie B 3 KC n ep 1>1MeH Ta X n06 0 4
H~e nIllKIII / 5: n p lllnMC ~BanlllCb npo ~eccaM pO lKAeH IllFt 1>1 YH III4 To*e H1>1R c n1>1
HOBblX BonH. 

/7,15 .16 14. 5p1>1 3e pH~e pe We HIllFt ypaBH e H1>1R I 6I HM e~T cneAYIO~ III ~ BMA . 

-2 

¢ = 4 arc t gK . K C - - ---t: ' IJ WoU (t - VZ c a ) -I- va '


J 1-02 Sin e 

o cosh s 

1 r:-;::- 2 - 2 - 1/ 2 
f; = d- V 1- 0 2y (z-vt- z )' y - (1-v Co ) , - oo< Z; Zo :t<,~ . /1 01 o 

0 < 0. < 1 . -Co <v< co ' O:s °0 ,::; 2 11 , 

3 AeCb 0 , v , z ~ t - BHYTpe HHFtFl 4aC TOTa 6p 1>1 3e pa, e ro CKOPOC Tb, 
n pOCT pa HCTBe HHaR I'! Bpe MeH Ha R KOOP A1>1Ha TW, a Z ill 0 - C S06oAH~e 

napa Me TpN I Ha 4 an bHo e nono*eH ~e 6 p~3e pa H e r o $a3il/, 3 He prlll R 6p1>1
3e pa ~ ero ~Mnynb c paBHW 

* 0 6cyy.<.D. e H He 3 a K OH H OCT H y<leTa B 3 al1Mo.o;eHc'rBHH COJlHT01l0n C 11>0

ROHaMH B paMKax TO'lHO lU I Te rpHpy eMo r1 MO,lJ.e nH cr c u.o;epJRHTC fI B f 3 

5 
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E = a YV 1 - n"' . p .-.. Evco - 2 111 / 

BM~ pewe H~A 1101 npe~onpe~enneT B~y~CnMTenbH~e TPY~HOCT~ paBHO

Be CH~X ~ ~~HaM ~4 ee K~X xa paKT e pMC T~ K 6pM3epoB, cpaBHMTenbHO 

C paC4eTaM M ~nA KMHKOB y paBHeHMH cr: a p r YMe HTOM KMHKOBW X pewe

HJ,1i1 6 blna npOC Ta A KOM6~Hal\~A - Cz- vt - zo ). Tene pb HeTp~B J,1 anbHbIM 


C TaHOB~TCA ycpe~HeHMe no Bo . a Ta K~e B03 HMKa eT AononH MTenbHaA 

BHYTpeHHAA nep eM eHHaA n . YcpeAHc HMe no n B AanbHei1we M npOBO

AMT CA npl-1 np e~nOnO)!(e H I-1RX , CctJOPMYIl ~lpoBaHHblx B/ 1 n< T. e, B npe Ano 

nO)l(eH~ M, 4TO OCHOBHblM RBJ1 Ae TOl BKIlaA 6p~3e poB C n ", 1. 


TepMo~MHaMMKa 6pM3epo B pa3 pa6o Ta Ha B 3Ha 4MTenbHO Me Hbwei1 
c T e neH~ 4eM ~IlA KMH KOB. B~4 M cneHMe c Ta TMcTM4 ecKoi1 CYMM~ ra3a 
6P M3epoB, B 3aMMo~ei1cTBym~Mx C ~oHoHaMM, npJ,1B e nO CHa4ana K pac
XOAMMOC TAM 20 '. B 121/ 3Ta pacxo~MMOCT b 6b1na YCTpaH eH a , ~ CTaTMCTM
y eCKa A cY~IMa 6f.1-1 3e pOB nonY4eHa B Ha11H~1 3weM n pl16nJ,1)Ke HMM Ie T04
HOCT bm AO -. (3 - '/ . He co r naC Y IOI'~eMC R, oA Ha KO. C T04HblMI1 BbI4J,1Cne 
HMAM M n o Me TO~Y T pa H C $epMaT pM ~bI. ~nA nnOT HOC TM Gp~3epOB B Ha
CTOA ll1e e epeMA HeT oGule np t-1 3 Ha HH Oro Bblpa)He IiMA . 0 n poc Te i1wei1 MO
Ae n M ~~eanbHo ro ra 3a OCHOBHble TCpM o,QMH a MJ,1 4 CCKMe 0YH K~~M 5p 1-1 3e
POB 6b1Il~ Ha I1~CHbl B E,,1 7 , B ~ : B 3 TI-1X pi160Ta X I-1C nOnb3 0 Bam1Cb ABa 
Bapl-1a HTa " HOPMI1POB KIi1 " CT(lTI-1C Tl1 4 eC KOi1 C Y ~\M bI GpM3 CpO B IT eM caMblM 

~ {lC<1> /. '1 ,,-1 7 ' 
al B 6P~3 C P paCCMi) TpMBa nc A Ka K 4 MCTO KnaCCI-14 eC KI-1i1 06beKT, 

a nepeMe HHblc ° 1-1 U _. arc Cos 12 - KaK napaM eT p bl , no KOT OPblM npO~3-0 
Bo~~nocb yc peAHcH~C . C T a TMCT~4 eCKan cYMMa oAHoro 6 p~3e pa J,1 3 
no,q c ~cTCMbl C t!J J,1 KCl-1pOai3H HbIMJ,1 ° ,() paBH a j(T; O. ( 0) - h -1rdpdzoexp (-(3E);0 
4~cno 6pJ,1 3e pOB B no,qcHcT e Me N= j, a J,1 X c pCAH ee nonHoe 4 Hc no n o 
nY4 a e TcA nYT e M ycpc~HeHJ,1A no ~ O. Cpe ,qH ee OT $YHKU J,1~ 6p~-0 0 
3e pHor o pewe H ~R GYAC T , c ornaCHO 171. lS I: 

<- F (7. .P. () . 0 )" - r(2 11 ) -Id 0 (2 IT - I) dO h-1 dz dp exp ( - PE) F' . 11 210 0 0 o 

, 22 . " J' •

61 B . cneAYA ~~ C4~TanOCb , 4T O K a HOH~YCC K H COnpA )I(e HHblMH 
SCn M4t-1Ha MJ,1 , onMC blB a~ll1HM H 6pH3ep, ABnA~T c n (zO,p) 10nJ,1c~B a~ T 6 PH
3ep KaK ~enoel ~ ( Oo .q;, ~ 16 A co (J, O <q, < 8 17Ac o 10nH CblB a lOllj l-1 C BHYT
pe HHee COC TOAHl-1e 6p ~ 3epa /, 3T J,1 B en~4 1~H bl o n pe ~enn lO T t!Ja 30Boc 
npOCTpa HCT BO 6 p t-1 3epa . Ecn~ 3 TO Ta K, TO ,qnA C TaT~CT~4eC Ko ~ CYM
MW o TAe nb Hor o 6 p H3epa MMeeM 

- 2 L 217 817 AC o - BE - 1 
j (T ) ~h ( dxo r d Oo r d<l> (e dp = M. 16LA ru oh l K llo- 1 K ], 11 3 

o 0 0 1 0 

r'Ae L - AIl I1Ha CMC Te Mbl , a ¢YH K ~MM Eecc e n A K • I 3<:l BI>I CAT OT 
aprYMeH Ta a/ 2. jeT) B 1131 OT m lQa e TCA OT C T a T~1CT~q e C Koi1 CYMM bl 
B Ba p J,1 a HTe al COMHO)j( ~ T eneM M=1617 2Ac h - 1 / n o nH o e 4 ~cno COC TOAo
HM~ , cooTBeTcT BYlOll1 J,1 X n p H KBa 3I1KnaC CJ,14 e CKOM KBa HTOBaHJ,1~ BHyTpeH 
He MY COCTOR H I-1~ 6pH3e pa/ . CpeAHee ,qIlR t!JYHK ~ I>I ~ F (z ,p,O, O ) Te 

O 0 

6 

nepb TaK~e YBeIlJ,14eHO B M pa3 l,qnA CsNiF3 M= 40!/ . 06beAJ,1HAA 
06a BapJ,1aHTa, B ,qanbHei1weM 6YAeM ~cnonb30BaTb nOCTOAHHY~ K, 
HMeA B BJ,1A Y, 4TO K paBHO nJ,160 1 IBapJ,1aHT al l, Il~60 M I Ba
pHaHT 611. 3aMeT~M , 4 TO 6pJ,13ep C KOH e 4H~M ~a30B~M oGbeMoM , 
COOTBeTcTBymllj~M ero BHYTpeHHeMY C OC TORH~IO . pa C CMaTp~BanC A Ta K
)l(e B paf50Ta x ' 20 ,21 ' IB ' 14 ,llC<1J AnA 6pH3epOB C pa3HblMI-1 n 3 a ml Cbl
BanOCb npOCTO B BJ,1Ae ~HTerpana no BceM «(,Jon)'/ . 

llnA nnOTHOCT ~ 6pH3e pOB t-1 MeeM n = j(T) f L. npl1 H Io1 3K~X Te Mn e 
paTypa x 3TO 03Ha4aeT n .::.. K(8hA woc~(32) - l ' .1!)/C nO MOll1bIOHT) n c rKO 
B~4J,1CnAmTCA M APyrJ,1e TepMOA~HaMI14eCKJ,1e xapaK TepJ,1CTJ,1KH 1~- 17 ,2 2 ' 

06paT~MC9 Ten epb K B~YHCneHMm ,llC~ pa c c CAHHA He i1TpoHoB Ha 
6p~3 e pax. S u (q,w) o npe ,qcnAeTcA ycp e AHeH J,1 e M np0 J,13B e ACHJ,1A 
cos<fJ (Z,t)COS<\l (O,O) , rAe, cornaCHO 110/. 

1-cos<fJ = 8,,2 (L' K2 )-2 , 114 1 

OnYCKaR cna ra eM~c, Aa~ll1~e BKna ~ B 6p3rroB c Koe pa c c CRH HC, 3,lnH-
WCM C nOMOll1blO 17/-/81 n<:lpannCnbH~~ DC®: 

K __1_ (dz dz c1tdp dUo 2 d n i( qZ.- wt l -{-j B( p)
S 

(277)2 h 0 217 -;;.- - - - ev1_ n 2 
1151 

x 0- cos <IJ (z •t ) )(1- cos <IJ (0,0) ) . 

nOCn e pAAa npeoGpa30BaHM~. n03BOnAIOlljMX OCY~CCTBJ,1Tb 4e TNpe HH
TerpHpOBaHJ,1R B 115 /, S , Mo~e T GblTb npe~CTaBneHO B cnCAYlOlljCM 
BI~~ e I noAPoGHo Bc e 3Tanbl BbIYJ,1cneHI~ll on~ c aHbl B 17 /: 

N 
S lI (q, rU) '~ SCCq,(d) ~ S sat (q, u) . / 161

N-1 

n epBOe cnaracMoe, Sc,onpe,qcnACT npAMO~ OKna~ B un , OC l a~ bH~e 
Ic N = 1, 2 ,. -. 1 , CnCAYA ' I". GYA e M Ha3blBaTb caTe nn~ T aM H . Il UrlHbl C 
T 04H~e B~pa)j(e HHA ~nA un M CaT CnnJ,1TOB HMCIO T B~~: 

10 " -(3E( \' ) 
~e 0<2 Aco C_l )_n_ ( i-.n':')n ..So K r c1v dO y [~ 

C 17 2 h w <! nC1-n2) 11- 1 r(n-l) lJ2 12 2 
o 171 

x r(n- i: )2 j 
2 i5 (aJ, 

10 :2 n2-fi E(v ) (_1 )n2 A Co dvdnyN = K-~ _,_ e [ I . 
S lI s a( 172 h w~ n=N (n+ N) '(n - N n(1-n2 ) 

:2 1181 
1-n )n l r(n-l ~) 2 ]2[ .s(a-2N) + o(a ,. 2N)]. X(ri2 2 
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B cpopMynaX 117/, 118/ BBeAeH~ 0603Ha4eH~R 
-2 

qv - w b ~ yd q-wvc oa = y 1191%0 J 1 - 02 

r~) 03Ha4aeT raMMa-CPYH K 4~D, B~)- AenbTa -~YHK4~~ n~paKa. ~HTer
p~pOBaH~e n o v npOBOA~TCR B n peAena x - co < v <c ' no 0 - B npe o 
Aena x 0 < n < 1. HYlKHO 3aMeT~Tb, 4TO npL1 ManblX 0 PRAbl B /17/ 
H / 18/ CTaHOBRTCR HeYAo6H~M~ AnR B~4~CneHL1~ - C B03paCTaH~eM 
~HAeKc a n cnaraeM~e PRAOB paCT YT . OAHa Ko, Ka K YlKe ynOML1HanOCb , 
OCHOBHO~ BKnaA B pacceRH ~e np~ H~3K ~X TeMn epa Typax AonlKH~ BHO
C1H b 6p~1 3ep~ ManblX a~\nnL1TYA ( K« I, 0 ., 1 )" 15,16 -~ 3TO CBR3aHO 

C o6pe3 aDlI\L1M Ae~CTBL1eM ~aKTopa exp (-ay v 'I="TI2) np~ a » 1, 4TO 

B 3KcnepMMeHTe XopOWO B~nonHRe T CR. B 3TOM CM~cne peweHHe /171 
M /18/ onpeAenReT /~opManbHo Bce / nonpaB K~ K peWeH~D : 15,16 

J1e rKo B~AeT b, 4TO yme np~ rt- >1;'2 PRAbl nepeCTaDT 6blTb CPopManb 
H~M~ . OH ~ XopOWO CXOARTCR ~ MOlKHO nonb30BaTbCR L1 X OTpe3KaM~ 
/3aMeTMM , 4 TO npM Man~X 0 6pM3ep HeOTnM~ MM OT nap~ KL1HK-aHT~

KMHK. B MOAen~ MAeanbHOrO ra3a KMHKOB, aHTMKL1HKOB M 6pM3epOB 

HaM~ YlKe Y4TeHbi Ta KMe COCTORHMR . OT CDAa B03HMKaeT eCTeCTBeHHoe 
orpaH~4eHMe Ha Ha~MeHbwee 3Ha4eHL1e 0: 0 > aO/ d '3 ' ' /). 

/ 15 /
B03H MK HOBeHL1e nepB~X caTennMToB, npeAcKa3aHH~x B pa60Te ~ 

RBnReTCR rnaBHO~ oco6eHHOCTbIO paCCeRHL1R Ha 6p~3epax . BblCOTbl 
OCTanbH~X caTenn~TOB C POCTOM N CL1nbHO YM eHbWaD TCR / 17:M M~ 
He 6YAeM MX 3AeC b paCCMaTpMBa Tb . 

PaCCMOTp~M CHa~ana 60nee nOAPo6HO L(n. OAHO L1HTerpL1pOBaH~e 

B /17/, BBMAY 0 -¢YHK4M~, n e rKO OCYlI\eCTBnReTCR. ~HTe rpL1pYR, 
HanpMMe p, n o v, nonY4L1M 

S = K ( 2
5 

)2 ~ r dO 1-0
2

(v ) e- {3E( vo) r f (_I)n (1:02 )n >: 

C 71 h Iq ! 04 
y 

0 11= 0 (n I) 2 0 2 

/20 
x lr(n +l + ib ~vo » 12]2, v 0 = wi q . 

B 60nee KOMna KTHOM BL1Ae 3TO me ElblpalKeHMe MOlKHO 3an ~caTb C no-
MOlllblO rL1nepr eOMeTpM~eCKO~ CPYHK 4~M F"" 2F1 '24/: 

- (3E(v ) 

d O_e _ _ _ 

o

SC=K .28d 3~- r IF( i lXVo). l+ ib(vd;1. 1 -0~ 2 20a 

hy(v
o 
. sinh2 (17b(V

O
) 2) - 2 2 

Mm1 B BMAe , YAo6H OM AnR AanbHe~WvtX 04e HoK , 

2 [) 0 f Ad n O)
s ~ K(- - ---- r dO e g(n). /206/ 

c To h lq l y(v )o 

rAe 

r eo) c - a y Cvo) v't _ 0 2 - o / y(V )jl - n2 , 
o 

8 

'-' 
-4 --o/ y (v lv'1-02 _ " 00 ( 1)11 1-1 ,2 n ., b- ) J2 .

gCO) = O (l-e 0 ) -[1 + ~ -=-e---=--f lI(f'"
0 2 	 4n= 1 Cnl)2 f = .l 

" d 	 ' 15.,16 
3AeCbU = 17q , ~<aK 11 B ~opMyne /9/ Anll KL1HKOB . B _ 6bln Mcnonb
30BaH TOT ~aKT . 4TO npM a » 1 c1JY HK4MR f(O) MMeeT pe3K11~ MaKCMMYM 
npM o=n - 1 : 1 - ~ ; =o,a y2 (V ) , n03TOMY AnR Ol\eHK &-1 &-1HTerpa.!12-.

O 
B / 206/, KaK M 8' 1;) ,16 , BOcnonb3yeMcR ~\eTOAOM nepeBana (2 J ao » 1, 

o l a «	 l) : 

11 ' 4
10 	 n n'" f'2 , 2 

2 Ado ' 4 - 2vaOr1 :; (-1)_ x It (~ + ..9- )] , / 21 / 
K - " 	 ) 5 e ~ - • a 41r 2P2SC '" 17:V2 h i q \ y" (Vo a 	 lI= l y 2I1evo ) '= 1 

BeAYll\M~ 4neH aCMMnTOTMKM /cpaKTOP n epeA KBaApa TH~MM cKo6KaM&-1/ 
nOnY4eH paHee ' 15,1 6,' / B 3T &-1X pa60TaX 6blnO n OnO)!{e HO A (o)o = c = 1 /.o 
Y4eT BKnaAOB cnaraeMbiX B KBaAPrlTHblX cKo6Kax [1-v2 '-1I4/4- 116/36 h: ,1 ~ 
lI =o /2r.y (v ) 	 npMBOA~T K MOAvt~M Ka4MM pe 3ynbTaT a ' 15. 16 . 

O 
04eHMM Te n ep b S Nsa t. onpeAenReMoe ypaBHeH &-1eM / 18 / . Bo cnonb

3y eMcR M3B eCTHO~ cpoPMynoCi AnR 8 -CPYHK4 M&-1 , o(<JlCx» =~so Cx-xs ) /\ ¢ ' (x) l . 
rAe x s - pewe HMR ypaBHeHMR ¢ (x) =0. flnR onpeAeneHHocT~ 6YAeM 

C4MTaTb q , (tJ ~ O. 1-13 ypaBHeHvti1 a ± 2N =0 nonY4aeM KBaApaT &-1 ~Hble 

y paBH eH MR OTHOC&-1TenbHO v : qv - w ± 2Nwo 0 y - 1 = O. l1cnonb3YR 3Tvt 

peweHMR, nonY4V1M, nocne &-1HTerpMpOBaHMR no v . napannenbH~~ AC0, 
KOTOPbl~, aHanorM4HO Sc, MOlKHO 3an~lcaTb C nOMOll\bD rMn e prem~eTpM

4eCKV1 X ¢YHK4&-1~. B pa3BepHYTOM B~Ae peWeHL1e AaeTCR ¢opMyno~ 

SN = K A (2 7d)2 fdO,OCfl) (eF--I(Ol _ eF- (O) ) , 
sat h 

BN(O) ~ (qd)2 + (2NO)2 

F+(fl) = - = -a v l - 0'" --- 0(0 ) 

- JI-02 i qd DNI 17± 2Nn(tJ/ w
O

i 

/22/ 
II 2 2 

3 B N3(I-e-BN /~ (-1) (11+1) (1=..0 1111 r 2{ ~ - 11 	 02~ ) 
~N-1 Cn+l-N)! (n+ I + N) 1 

2 
n 2 B N 2 

x n (f t- - ----)1. BNCO) =71/ CQd)2 + (2NO )2 -- (Wi (do r 

f =0 4u 2(I _ n2 ) 


' 1' 16 ' B D _ MHTer p&-1pOBaHVle no 0 6blno OCYll\eCTBneHO, Ka K ~1 B cnY4a E' 

SC' MeTOAOM n epeBa na B T04Ke n." 1 . 3TO CBI'l3 a HO C TeM , 4TO 
AnR 60nbW &-1X a M AnR w . He Cn&-1WKOM 6nM3 KMX K 4aC TOTer:---:- -------	 -.
1/ (qc )2 + (2N w	 )2. c)JYHKl\M~ F+ CO) MMeDT pe3K &-1i1 MaKC VlMY',\ npM O-U .

O O
TaKMM n YTeM B 	 '15- 1'(16blnM YCTaHOBneHbl cneAYDlI\ ~e oco6eHHOCTM AnA 

S N ;sa t a/S ~ sat npeACTaBnRDT co6o~ Y3KMe nMK~ no 4 a CTOTe;
II 

6/ CaTennL1TbI pacnOnO)!{eH~ B6nM3M 4a CTOT . onpeAe nR eMbiX paBeHw N 

CTBOM 
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----
" 2 2W N = J(q CO) + (2 N W 0) ; 	 123/ 

B/ npM HM3KMX TeMnepaTypa x nono~eHMe caTennMTOB cna60 3aBMCMT 

OT TeMnepaTYp~, HO C POCTOM T OHM CMe~a~TCR K un, a MX B~COT~ 


YD enMYMBa~TCR ; r/ B~COT~ nMKOB C POCTOM N CMnbHO YMeHbwaDTCR , 

3aBMCMMOCTb nono~eHMR caTennMTa OT 3KcnepMMeHTanbH~X napaMeTpOB 

q M H BMgHa HenocpeAcTBeHHO M3 ~opMyn~ /23 / , C yyeTOM /4/; 

AI C YBenMyeHMeM q MnM H caTennMT~ CMe~a~TCA no HanpaBneHM~ 

OT un, 


, 15-17 . 
np~MeHeHH~M S MeTog O~eHKM MHTerpanOB B / 22/, XOTA 

M n03BonReT cgenaTb HeKOTopble 3aKnI04eHMR, Ka4ec TseHHo cornacylO
N

~Me c~ C 3 Kcne pMMeHToM, AaeT Hen paBMnbHoe nOBegeHMe S Usa t npM 
w~ w N /oc06e HHo 3TO npOABnReTCA, KaK YBMgMM n03*e,B cnY4ae 
S~ Bat /, n03TOMY 3Ae Cb npMMeHMM gpyroA, 60nee TOYH~A MeTog O~eH
KM, M paCCMOTpMM n e ps~~, caM~A MO~H~~ CaTennMT / N = 1/ . BKnag 
caTennMTa B un He paseH Hyn lO, HO Man. OH 3aMeTHO OTnM4aeTCA OT 
HynFi TonbKO B 06naCT M CBo e ro MaKCMMYM a : B6nM3M 4aCTOTbi I~ , 3a(V 

Me HMB B / 2 2/ npM N = 1 , w > q c o 

II 2 
y = B (1l ) ! B (1) , 1\ -2~ I (U)1 ) 2 J1I 2 	 / 24/1 1 (.d - W , 


O 


nonY4MM gnR 1\ 0« 1 o ue HK Y 

2 	 ~ 
Y dy -a6 "' V1- Y - / 26.1SI K, ~(25d)2 AS rl 	 e ," [. sa t h i,l" 	 0 /25/o 	 sinh 2 (_TtY - - ) 

\ ' 1_ y 2 

Ecnl1 BblnonHReTCFI (l 0)6 u / 2 (oo " ,2Tt /3TO B03MO~HO np~1 (1 ) >1/, OCHOB
HaA 06na c Tb MHT c rpMpOB a HMFI HaXOAV1TCfl s6nM3M y _ 1, M npMMeH~M 
MeTOA n epeBana , B 3TOM c nY4a e nonY4aeM npe ~HIOIO <ll0pl-lyny 15,16 
YT04HeHH YlO B "17 

A(26d )2(Ttrvn5 ' 4 , ' 4 \ ' l1awA -:-o-_2S 1 K . - _JL) 6 (1- e " )
II sa t h a w II 	 . /26/ 

B cnyyae 	a ~ 1I w , 2 wO « 211MMeeM 

26
2 	 2

Sl ~ K . A(2"d )2 63 rl Y dy _ K ~(_d_ ) ~? 
II sat h II 0 ' - • h 10 C II / 27/ 

s inh2( l1y-==-) 
\ / l - y 2 

S I 0 IIT.e. IISat ~ npM w =o wl Ba6naCT M npoMe~yT04H blX 6 II ' r Ae Haxo 
gMTCR MaKcM MYM no ILl C\! YHKU MIo1 S~ "at ' oueH Ka Mo~e T 6~Tb 3anV1caHa 
cneAYIO~MM 06pa30M : 

1 A 2 6d 2 3 -nuJ{). n, 2w o
S K . -(---) 6 " e 

II sat h 10 	 /28/ 

10 

MaKCMManbHaR B~COTa nepBoro caTennMTa 

8 1 	 2w= O,OOK . A.. (25 d )2 ( O)3 
/28a/" sat l rnax h aw 

2 

gocTMraeTCR npM taw~ i I /2wo) =10.TaKMM 06pa30l-l, paccTOAHMe OT T04
KIo1 (,,11 AO Will. r ge Sill t 06pa~aeTCA S HYJlb, npM6nM~eHHO eC Tb 

max 	 sa 

3 4 5 II
II 2 ·10 liJ.L = ~l t 1 _ (~co f l ~ - W 	 / 29WI max 2 ( 1: )3" " a W l a- wI 

11 OyeHb Mano /4McneHHble O~eHKI-1 npMBog MM HM~e/ . 
06paTMMcR Te nepb K Bbl4McneHMIO nonepe 4Horo [J,C¢, S~ (q . (I ') . Bnep 

Bble 8 ~ paccMaTpl1sancfl B'15< r Ae 6blno YCTaHoBneHo, 4TO S~ ga e T 
npeHe6pe~MMO Man~A BKnag Bun, M OCHOSHOA er o oc06e HHOCTbIO AS
nAeTCA Y3KMA C~TcnnMTHbl~ nl-'1K, pacnonO>t<CHHbll1 86m13~1 4aCTOTbi 
w~ = (q2c~+ w20)1! . BbI4M c neHMA .' 15,16 / 6blnM npogon~eHbl B ' 17 ' rg e 6blno 

06Hapy>t<eHO, 4TOS~ COCTO MT M3 6 e CKOH e 4Ho A nocnegoBaT e nbHOCTM 
N 	 ~ IIHe4eTHbIX'1 Ca TenJH1TOB S ~ t' pacnono~eHHbl X BonM3M 4aCTOT (li N 

2 2 ., sa 	 ~ = (qcO)2 .. (2N -l 1) (dO ]1 / ;- N = 0,1, . . . (n p V1,o) = u) N MMe eM S~N = O) . 
S~(q.U) onpeAenAeTCfl ycpegHeH Me M npoM3s e geHMA sin<lJ(z,t) sin <lJ (0 ,'Hil 0) , 
rge, cornaCHO /1 0/, sin ¢ = 41( (1-K 2 )(1 + I( 2 ) - 2 , nOcne nOACTaH OS
KM 3Toro s~pa~e HMA S /15/ nonY4~M ' 17 1 

"" N 
S~(q.w) ~ S (q. (,,), /30/


N=O ~ sat 


rge 

n v 9 

(-1) (2n+1 f 1-W ,nS N _ K ' ~ (2 3 d )2 dn [ L - _ ._- - ----- ( - ,,- ) / 
.1 sal 11 h n2 9' n'-.N (n-Nl! (n 1 1 j N ) I n' 

N 

• 	 r-:::; '--2 
N (m 2 2 -all l-f1 2 E (n ) --{.I V I-I! E_(n)1 i .( , ' (n c -+- -B-=)! 1 (e j. e )

2 2 11 \, 1_112 • 

/31/
• n 2 2 " 21 1 / 29 N(u ) ~ Tt [(qd) - (Cd ~)ol (2N + 1)' n 

(qd)2 (2N + 1)2 n 2j _____.._____ .T_·___ _
E+ (n) 


I (2N +1)l! ("rl G) 1 qd 13' / 171 
o N 

HaM60ne e 3a MeT H ~A BKnaA B S.l SHOCMT nepB~~ caTennMT (N =O). 
PaccMoTpMM era nOAPoGH e e S HaMHIo13weM npM6n M~eHV1 M . MeTog ne peBa
na, Mcnonb30BaHHbl~ 8 15,16 Am'! a HanMTMyeCKOl1 annpoKCMMauV1\o1 S 1 , 

_ .1 sat 

HY~HO npMMeHATb C HeKO TopOM OCTOpO~HOCTb~, TaK KaK B6nM3V1 


'> 2 2 1 ' 2 
w 4 (q-CoIWO) npM e ro V1cnonb30BaHMIo1 MO~HO nonY4MTb pacxogA~Me-

CA Bblpa~eHMA. 
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B AaHHOM CnY4ae Heo6xOA~MO paCCMOTpe Tb ABe 06naCT~ ~3MeHe
HI-1R W: a/ 06naCTb un, w <qc o ' 3gecb pa60TaeT Me Tog ne peBana, 
1-1 Ol.\e HKY BKnaAa S1 sa l B un MOl!<HO 3anl-1CaTb B BI-1Ae: 

"',.-,-- -
5 "4 va B1(1)E1(1) _ 9 

S 1 '" K , 2 (__~~.o ) I[E- (l) I (1 + e ) :;, 
3 6 3 1 ' 4 

I 
1- S a l h Aw~385B '1(1) 

- 5'4 JaB~(1 )E_ (l) /32/ 
,~ rE_.(1)l (lie )2\ 

6 / 06nacTb w > qc ' B 3TOi'i 06JlaCTI1, B6n1-13~1 (: l ~, HaXOA I-1 TCR nl1K cao
 
TeJlnl-1Ta . 3aMeHo~ 


Y = Bl(n~ A _ - 1 ( 1- ) 2 2 11 ' 2 
u1- - (J) 0 W - w /33/ 

13 ~ (1) 
1 

3TOT nl-1K np~ t1.1- « 1 annpOKCI-1Ml-1pyeTcR $opMyno~ ,-
-awl'l 1- V t _y 2 , Wo 

9 A 2 (S 1 dy eK ~--d 1'l 1- /34
1- sa l ' h 0 2 TrY

cosh ( ,--=.--=- ) 
2 J l- y 2 

Ecnl1 ~)o awA1- « l /cy~ecTBeHHaR 06naCTb I-1HTerpl-1pOBaHI-1R HaxOAI-1T

CR B6nl-131-1 Y - 1/, TO , npl-1MeHRR Me TOA n e pe Bana, nonY41-1M pe 3ynb

TaT, cornacYIO~I-1~CR C /32/: 


1 29Ad 2 - 1 ' 4 aw - 5 ' 4 /rrul'lJ.w t w o _ 2
S K - - - - A ( .._- - ) (1 ~ e ) . /35

1- s at h 1- "W O 

B HenocpeAcTBeHHor::i 6n~30cTI1 w K (V~ ( (1wl'l 1- " 7TrrJo « l) ~MeeM 

1 27Ad2 1 - 2 "y A 3 2 
S ~ K ---t\1-( dycosh ( . J",K . - -(2 d) I'l /36/ 


1- sat hh 0 2 v 1- y-2 h 1

B o6nacT~ npoMe*YT o 4HblX 3Ha4eHI-1r::i w • awl'l1- ! "(J)o _ l , caTenm1T an
npoKC~M~pyeTc A ~o pMyno~ 

K A (23 d ) 2 A ~A wu)S 1 h u 1- e 0 /37/ 
1- sa t 

C MaKcl1Myr~oM np~ aUJI'lJ,. ! Wo _ 1, paBHblM 

S 
1 K ~(VO (id ): 38/ 

.L sa I lI\ax Sha u) 

PaC CTOAHl-1e OT T04KI1 ~1()KC W~Y~"i'l 6)~axAO (d~ np vr6nl-1)!{eHHO o npe AeJlRe TCA 

12 

KaK 

4 1
1- 1 o (d 

(D - (U a ( T3= _1 {l-( qco f 2 
1 max 2 ( ) a 2 ~- 1 . /39/

W
1 1 

5. Hcnonb3y eM Tenepb nonY4eHH~e B npeA~AY~I-1X pa3Aena x ~OPMY
n~ AnR 4I-1CneHH~X Ol.\eHOK BKnaAa 6pl-13epOB B AC~ B cnY4ae CsNiF3 
1-1 KOH K peTH~X 3KcnepHMeHTanbH~X YCnOB I-1~ / 5 : CpaBH~M BHa4ane BKna 
A~ B un 6 p ~3epoB 11 KI1HKOB . Hcno nb 3YR ¢opMyn~ / 9/ 1-1 / 2 1/ , OTHO
WeHl1e MaKC~ManbHbfX BblCOT SK II ~1 SJq, w ) 3anl-1C~BaeM B BI1Ae 

Sc(q,O) 25 0 3 '4, 2 0 ~ - 2J ao 2 
- '-- '" K . ---- smh 2'" e - [1- .. . 1. 40/
SK ,:(q,O) J; a 5 ' 4 

3AeCb a 1-1 0 onpeAenRIOTCR no /5 / 1-1/10 / , a c)laK Top( l - ... ] B3R T 
113 / 21/ / w = 0/ . PaBe HCTBO /40/ I-1MeeT 06naCT b npl-1MeHHMOCTH 
/B paMKax MOAenl-1 I-1Ae anbHor o ra3a K ~ H KOB, aHT~KHHKOB H 6 pM3epoB/, 
OrpaHI-14eHHYIO BblnOnHeHl-1eM HepaBeHCTB a/a« 1 • vao» 1. B 31<cnep~ -
MeHTa x / 5" 

i 
~cnonb 30BaHbi 3Ha4eHI-1R H • T 11 q, npl-1 KOTOPblX HaWI1 np~

6n~*eH~R BnonHe onpaBAaHH~ . npl-1BeAeM B Ka4eCTBe I-1nnlOCTpal.\1-1 1-1 
Ta6nl-1l.\Y OTHoweH~R Sc (q,O) ISK I (q,O) gnR 3Kcnep~MeHTanbHo~ CI-1Tyal.\l-1l-1, 
OnI-1CaHHor::i B/ 5/. 

T a 6J1I111a 

IlpHMep O THOllJeHIUI B bJCOT 6pH3epHoro Ii KHHK OBoro un 
,lJ;Jl ll 3KcrrepHNeH TaJlbHOH CI1Tyal\HH / 5 .' / H = 10 Kl'C , q ~. O,0517/ a ' 

o = 1,95/ 
o 

T ( K) ci. 
Sc(q,)O)/SI(/1 ( £l , O) 

K = 1 K = 40J 7 
[1- ... ]2 

I 

9,0 10, 6 0 ,027 1, 1u u , 59 

6 ,0 '15,9 0, 075 3,05 0,G G 

4,2 2 2 ,'( 0, 1'17 7,20 0,70 

3 ,2 29, () 0,657 26,'10 0, 73 

C4I-1 TaR, 4TO nOnp a BKa r1 - ...12 
He CYL4e CTBeHHO OT Jl~ 4a eTCR OT 

eAI-1HI-1Ui>I, B~AI-1M /Anfl K=- 1 L~Sc/SK II KaK ctJYH KUI1R a I-1Me eT M~HI-1
MYM nplo1 a=a , (Ja~ =\10+J o T 5/ 2 ) . CYl!1e CTBYIOT ABe noporoBblemIn mIn 
TeMnepaT Y p~. n p~ KOTOp~X BKn aA 6p lo1 3e pOB pa Be H BK JlaAY KIo1 HKOB. 
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B~we OAHO~ H3 H~x(Tl) H HH*e APyroR(T2 ) BKnaA 6pH3e pOB 6YAeT 
npe06naAaTb. B nepB~X 3KcnepHMeHTanbH~X HccneAOBaHHRX pacceR
HHR HcRTPOHOB Ha oGpa3Lla x CsNiF3/cl~.Hanp . /8.9 / I THnH4HblMH 

3Ha4 eH HRM H 6bIJ1H H = 5 KrC, q = 0,1 TT/ a 0 . ,lJ,nR 3THX napaMeTpoB 
H Te MnepaTYP 3Kcnc pHMe HTa I T = 6,3K - 14KI BKnaA GpH3epoB Bun, 
04eHHBaeM~A no 1401 , OKa3~BaeTCR He3Ha4HTenbH~M 13aMeTHM, 4T O 

HaWH npH6nH*e HHR B 3THX cnY4aRX RBnR~TCR rpy6wM~/ . B cnY4a e 
3KcnepHMeHTanbHbiX ycnoBHR .' 51 H AnR K = M = 40,7 cHTyaLl"1R CHnb

HO MeHReTCR. BblCOTa LIn 6pH3epoB Bc e rAa 60nbwe LIn KHHKOB; C no
HH*eHHeM T BKnaA 6pH3epoB Ha411Ha e T CHnbHO npe06naAan, . Y4eT 
0 AHI1X TonbK O KHHKOB, ccnl1 C4MTaTb MOAenb HAeaDbHoro ra3a c npa
Be AnHB oR , COBepweHHO HenOCTaT04eH . 

Ba*HO~ Ka4 eC TB CH HOA xapaKTepHCTHKOA RBnReTCR nonYWHpHHa un . 
CnaAaHHe SK u(q.w) 191 onpeAenAeTCR B OCHOBHOM 3K c nOH e HToA. n03
TOMY npM a » l . B He pe nATHBHCTCKOM npH6nH*eHHH, nonYWHpHHa SK n 
paBHa (~w)K ~ 2qc o(ln2 / a)I;'2 /lnR Sc(q,w)', eC.IlH nonpaBKa [1-... 12 
Hecy~ecTBeHHa, n o nYWHpHH a(Aw)B onpeAenAeTCR B OC HOBHOM 0aK

2 2 2 3 '2 2 " l.TOPOM (l-,,,q co) ' , TaK 4TO (Aw)B ~ qc ( I-2' ')1 ' 2 . nOnpaBKa c y o 
ll\eC TB CHHa np~1l,J' 0, yl~ e HbWa.A BblCOT Y un; np>I,u·,qco OHa CTpeMHT

CA K 1. n 03 TOI~Y Y4CT nonpaS KH YWHpA e T I\n. CneAooa Te nbH O , AnA 
peanbHblx (J wHpHH a I\n 6P>13CPOB 60nbwe WHP~IHbl u n f(HHKOB, npHl~ eM 

1 ' 0 
HX OTHoweH He MOlK HO 04e HHTb KaK ( I~(')B ( !~"J) K ::, 0 .37a - . C n OHH
~eHHeM T 3TO OTHo we HH e YB e nH4HBa CTCA . 

06paTHMcR Te n e pb K ca Tc nnHT aM . n e pBblii "4eTHbl~ " ca Tc nnHT 
npHGmllHCHHO o nH ChlBaCT CA 00pMyna MH 125/ - / 291 . [lcnH4Hlla S l t(q, 0)

I' Jl sa 
npc He 6pe*HMO Mana npH (v ' , O H 06pall1a eTC A B Hynb np>1 (" ~W i . Ka

4 eC TBCHHoe nOB CACH HC (V
l
{ npH H3M eHC HHH T ,II H q oGc Y)"r~a nOCb 

B~we. ,lJ,nA 3KcncpHMeHTanbHoA cH TyaLlHM 'G I CM. Ta6nHLlyi 4Hcne H
Hoe 3Ha4eH>le (d~ paSH O (" ~ "" l , Ol ' 10 1 2 c- l 0,67 ~13B, 4TO GnH3KO 
K 3KcnepHMe HTanbHOMY 3Ha4CHH~ . OAHaKO AnA nonowe HHA ncpBoro ca 
T c nn~1Ta >1 e r o BblCOTbl n onY4aCI~ pe 3ynb Ta Tbl, OTnH4a~UI>leCA OT 3Kcne 
pHMeHTanbHhlX, n o nmKCHHe Ma K C >11~YMa S:: sal o np e Ae nn e TCA (jJopl~ynoi:; 
129/, H3 KOTOpoA cneAycT, 4TO paCCTO RHH C wi -w ~ ax MaK CHManb

<> • 
HO npH q ... O. B 3TOM c ny4a e (d '" 2,d (1 -li u- ), TaK 4TO ('>~,a x OT-max o unH4aeTCR OT WI Bcc ro nHWb Ha HCCKOllbK O np04CHTOB, H AnA 06 

cY*AaeMoili Ha MH 3KcncpHMe HTanbH0l1 c HTyal.\HH nonY4iJ e M ,,,II -(V ~ ax 
2

"" 2,5'10- M3[3 IT = 9 fU H Me Hbwe I AllR Me HbWHX T I. C nOH'I
~eHHeM T 3Ta pa3HOc Tb YM eH bwa e TCR -, T 2 . HaGn~AaeMbHl B 3KcnepH

MeHTe nHK HMe e T MaKcHMYM np>1 (ll '" 0 , 4 M3B, H YI~eHbweHHe T He 
BnHReT 3aMeTHO Ha nono~eHHe 3T o r o MaKCHMYMa. Hecoo TBeTcTBHe 
C 3KcnepHMeHToM 06HapY*>1BacTcn TaK~le npH paCO'.OTpeHHH BhlCOTbl 
caTennHTa. TaK, AnA OTHow e H>IR Sill t .' S q(q,O) npH Tex >l< C 

s a rn a.~ ~ 
napaMeTpax HaxOAHM 4~cne HH~e 3Ha4 eH HR u,l~ IT = 9 K/, 0,80 
IT = 6K/ , 8,2 I T = 4,2 KI AnR K = 1 ~ COOTBeTCTBeHHO 7 , 73; 
32,53; 333,42 AnR K=M . XOTA OTHoweHHe BblCOT H3MepReMoro ca
TennHTa K B~C OTe un C nOHH*eHMeM T YBenH4HBaeTCR, TaKoili CHnb
H~R POCT 3Toro OTHoweHHR B 3KcnepHMeHTe He Ha6n~AaeTCR. 
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n e pB bli:1 "He4eTHbIH" Ca TeIl J1 HT onHCblBaeTC R q,o pM y n aMI1 135/-/39/ , 

~1. ~2 .1. .1.
C 4aCTOT0l1 (lll =v q~co + Wo MaKCHManbHoe 3Ha4 eH He pa3HOC TII! (d l - ez 'max 
paBHowo :a ~ Ta K 4TO 3Ta pa3 HOCTb e ll1 e MeHbwe i n p H TeX ! e T . H 
>1 q / , 4 eM B c n Y4ae S II Bal' nOnO*e Hl1e Ma KCl1MYMa nt~ K a S1. sa!' ero 
3aBHC~MOCTb OT TeMnepaTYp~ , a TaK*e B~COTa OTn~4a~TC R OT 3 TMX 
*e xa paKTep>1 C T~K n"1 Ka, HaGllDAaeMor o B 3KcnepHMe HT C . 

Ta KHM 06paSOM, MOA e nb HA e anbHoro ra3a GpH3epOB n 0 3BonRe T 
npeACKaaa Tb Ha nH4 He caT e nnHTO B B ,lJ,C¢ pa cceR HHR HC ~TPOHOB Hd 
Cs Ni~ . B on~Tax Ae AcTBHT enbHO >1 3MepA~TCA ca T ennHT~ co C B O~C T 
BaMH , nOAo6H~M I1 onHcaHH~M B~we . Ho KonH4 e CTB CH Hor o COr na C"1 R 
C 3KCnCp "1 Me HTOM TaKaR MOAenb He Aa e T. nOCKo nb KY xopowe ro Kon~ 

4 e CT Be HHoro cornaCHR C 3KCn e p l1Me HT OM AnR ~OPM~ J1 HHH H nce H 

Aae T HH OAHa TeOp "1R, npHBn e KaeMa R K OGbRCHCHHD 3Kcne p HMC HTa nb

H~X AaHH~X no pacceRHH~ Hel1TpOHOB Ha Cs NiFs IKH HKo BaA TCOP HR 
MHKewKH / 61 Te OpM.A cnHHOB~X BonH / 11 : H 06cy*~aeMaA B~we /, MO~H 
YTBep* AaTb, 4TO npeAno~eHH~e AnA On HCaH I1 A Cs NiFa MaT e Md T"1 4 e CKMe 
MOAe nH He RBnA~TCR BnonHe aAeKB a TH blMH $H3M4 CCKOili cHTya 4 HH . G 25 ' 

y~e 06CY)KAanHCb 3q,q,e KTbl "Y XOAa" cnHHOB H3 n e rKOVt nn oCKocTH .4TO 
Aon~HO npHBOA~Tb K nonpaBKaM THn a n er Koili OCM I wpegHH rcpoB c Koro 
THn a/ . 6 0 nee Toro, np H HH3KHX TeM n epaTy pa x 6YAY T C Ka3~B a Tb CA 
KBaHTOBble 3¢¢eKTW . He Y4TeHHw e B~we , np HB OARll1H e K o rpaHH4 e HM~ 

CH >1 3Y Ma CChi 6pH3 e p a . YcnOBHA HH3KHX Te MnepaTYP H KO HT HH y anbHoro 

npH6nH*e HMA BblnOllHADTCR nHW b C Hc 6 0 nbwHM 3anaCOM . HaKOH CII , 5 HO Hbi 
CYTb HCTH HHble conHTOH~ J1HWb B paMKa x 4HCToro cr ypaBHe HMA. 
B Ae Rc TBHTcnbHOCTfl Ka K B 3 Kc n ep HM CHT C , TdK H B "MoAc m1 ~IHK ewKH " 

npHC YTCTBye T 5 0nbwoe 4Hcno B03My~a~~Hx $ a KTopOB. n Oc n e AHH e HaM

60nce CHnbHOC BnH RH"1e 6YAYT oK a3 ~Ba T b HMeHHO Ha n OBeACH He 6PH
3epOB , Aena R HX BpeMA ~H3 HH KOHC4H~M, 4TO He MH Hy eMo np Hs e ACT 
K pa3M~TH~ pe30Ha HCHO~ KPHB Oili B nope H4 e BY H cABHr y ee 4CHTpa. 
K TaK H~1 q,a KTo pa M, B 4ac HIOCTH , OTHOC HTC A cn HH- q,OHOHHOC B3iJ>IM O
Ae~C TB HC . 

fl Y4WC 14eM q,opMa nHHHH I c or nacye TcA C 3Kcn e pMMeH TOM TaKa n 

Bc nH4HHa , KaK HHT e HC HBHOCTb un IC TaTH4 ccKHili CTP YK TYPHbl l1 ¢O KTOP 

Seq) - (S(q,(v ) dfol ) . !InA un KHHKOB , c ornaCHO 18 / , HI~ eeM B He p e nR
TH BHCT CKOM npH5nHme HMH 

6 :i l eA 4 e --a ( 2 
2 " G~ e __SK II (q) 141

h (,,:~ vn ~llIh~( 1i 2 ) 

a SK .l. (q) n OllY4.J " j(" c, [ I 101\ <.1 3 ()MU II Oi1 sinh • cosh. !3 Kn,dA 6PH3Ct' OB 
8 S(q), HC XOAR ~t 3 17 1 I. IIjHtti l tll 'Kt: liH') A<lC TCR tDOPMYllOi:; 

21 1AC~ b " '!\ ,' f J (.
S (q) ", K·-- - I . ::!v a /) • .01. 1421 C a 1/

I7 h l .... U
O

3TO Bblpa >l<eH lo1e Hccnp,HU'/ll lIt IH> 11 11" 1)' ll' Il;. Mil l1b/X Q , KOrila y~e He 
Bblnon HReTCR HepaBP II'. 'll tl! :! ../11'" > •• \ . 0'\1 1.1 1( 1') {o\nR q , 0 IlCrK O nonY41!1T b 
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60nee T04HY~ 04eHK Y: 
1 1 2 2 - 1 ' 2

2 Ade J 1 1 0 2 - u[(l- O) , (l-x ) IoSc(O) = K . ---- I r dxdO - --e 
11

2 h 00 yl- x2 

7 -- .- 911 /43/c, K(2 Y 2Ad cO/ l1bu.2 ) {51!+ - --- + •.. 1. 
23 u 2 

Ha p~C _ 1 n p~B eAeHa 3aB~C ~MOC Tb Seq) OT T C Y4 e TOM K~HKOB ~ 6p~

3e pOB. Pe 3 ynbTa T An R 0AHHX K ~HKOB npaKT ~4eCKH OA~HaKOB KaK B MO
Ae n H ~Aeanb Horo ra3a , Ta K ~ B MOAen~ ra 3 a KHHKOB , B3a~MOAe~ CT 

B Y~~HX C $OHOHa MH 19: Y4 e T 6PH3epOB HeC KonbKO y nY4waeT cornac~e 
c 3Kcnep~MeHTOM, HO HeAocTaT04HO AnR K = 1 H K =M. 3aB~c ~MoC T b 

Seq) OT BonHOBoro Be KTopa YKa3aHa Ha pHc.2 , B 3TOM cnY4ae/c HOP

MHPOBKO~ Ha 3Kcnep~MeHTanbHY~ T04KY np~ q = 0/ 6pH3ep~ YXYAwa~T 

....., 
~ ..... ,~ .. If .\ v) 

V) , 
I 

,'I 
,,,,,, 

\ 
\ 

\ 
\ , 

" " .... .... ..... 

0 0,05 ,, (l£ la) 
-.J 

0 5 10 T(I() 

PI-!C. I, 3 a DHcm-lOC'rb S rt (q) 0 1' T P liC. 2. 3aB liCI1MO C Tb S II OT q npH 

(S II =S K II +S c ) n pli q = O. H = 10 Klc , T = 12 K Ii K = 1 


H = 10 K r C Ii K = 1 /CTI 11 0W !cn JlOWlla R KpHBafl / H K ""M /nYHK


Ha ll 111-111 11"/ H K ", M ! n YHKTlIp/. THpHafl /. T Ot{KH - 3KCn e pl1M eH T 

T 04KI1 - 3KcnepliMeHl'aJTh llble .o:al-l ' ITPH K = M f1s -sa OOJlb UJo r o SHa QeHI1f1 

flbJe ' 5 ' npl1 K =M BKIla,n 6pw~epOB S c (0) p aCXolK,ll,eH.He C 3 K cnepHMeH

HBJUl e TCR Ba)KHbIM. T OH s Ha4 HTeJTh Ho e . np li K = 1 6pl1 

sepbJ Ma JlO B Jl I1f1IDT - pes YJlbTHPyro 

ll\a R K p l'ma fl lle3Ha~mTeJlbHO OTJlH 

4aeTCfI 0'1' paC'leTHOH S K II ( q). 
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cornac ~e c 3KCI1CPHMI: II TDM , I)Hc.3 ~ 4 ~nJ1~ C TpH PY~T S!I(q, w ) 

~ S.l (q , (u) C Y4 C rOM KI'I II K,)B. LlHTI-lK HHKO B v. 6p~13 e pOB , Bo Bcex p~CyH


Kax ~cnonb30B ilHol ItU l>MI1pOB KCI KPI~ B bIX, KaK BiCi t. 3 a MeTHM, 4T O ~c
'Jnonb 3 0 BaHI-le K ~ llilT'"A"1I h n pl-1B OAI-1 T K 3Ha4~TenbHO xYAwe MY corna 

c~~ c 3Kc ncpl~Ml· l lr O~\. 'IeM B c nY4 ae K = 1. 
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0'1' (J' rr pl-f T = 12K, H = I 0 ]( t c , 

P H C. 3 , 3aBliCHMOCTb S II (q, w) OT (u 

n p H T = 6 K , H = 10 Kl c, 
q = 0, 03 rr/ &O ' CnITO lIJl1 Ufl JlHWHI q = 0 , () ') 11/ 3 11 C YlJCTOM K I1JrKOB 
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'IHT C fI n o Lp"lJllll ' Jlt liO I' 1 "II ~ Vllh- [ · n 

rrpHMeplIO 1:1 II., H pil I. 
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Hepy 3a OOCYIKAe HHe a 03 MOI4i II (>(. 1 ~I 111,1/\1'111111111 IH'P,lAil (jp~3~POB B ACCIl 

B He~TpoHH bIX 3K c nepHMeH T3X. '1 :1l Hl'1I1D ( '~1Myl1l-lpylO'llt'e AaHIIY~ pa
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