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Haq·o:awee apeMa aeT aaJI~)KHbiX ouelioK' ~peMeHH pe.na~cauHif .ana· KOMHaya.a-

.. -~ o6Pasyto'lllllXCSI a peaK't~iiHX TH.lKenbiX HOHoe ,c s.apaMH. By.aeM'npe.auonar~Tb.· 
·... ·_ · " . III . · . . . . : . . . ~ ·.· -. 

·f(aK o6bi'IHO (eM.~ HanpHMep. · ) 1 'ITO pacna.a COCTaBHOi CKCT-eMbr npO.HCXO.llllT ~H3'· 
._, .. . -

J:l~BB'OBQCH$1, qpH'I~M OCHOBH.t:.ll\1 l'IHJlO.M pacna.aa Ha fiOCJIQ.ll-

y_ -.if3ny,'leaae CH_c't'eM.LI c ~epJ:.:et:ads6y.lK.aeHii:H ~ j.Q';;.t$· Mss~ ., 

MOMe!{TOM .llpameH~W~ - 20-30 

JA • /21 . . 
n3B9CTHO · 1 'ITO M8KpOCKOfiH'IeCK8Sl CHCTeMa, H8XO.llSii.J:llUlC't B UOJlHOM Tep~O.llH&&-

lvtll'.{ec~OM' paiS's,oaecJIH1 Mo.lKeT coaepmaTJ;> · apawaTenbHoe .nBH;>KeHHe: 'tOJlbKo· Kak _ll91JOe .. 
· -··- · · · { 1(9 }(_/+--1) , 

r,;-::.C; 9HepNtei spameHHSI . E BP =. Z'l • r.ae l ..;. *TBepJlOTenba'br.lt'' MOMell'r aaep-

·~~·'lia:a cHcTeMbl, aaaHCSilllHA, aoo6iue roaopH; o-i- nonHoA aueprHH E H MOMeB;Ta apawe..o 

.,._,_.,..,. . j •.:·CHCTe_td~I,_ 1:;~_{3:~:;;.*~,~~·-~·~~;~~~~~~~e.~·-~--q~o'pac"' .. 
~MaTpH&aeMyto CHCT&My· Moihw"'pa~61fTb aa PHA XB83HH~38BHCHMbiX fiOJlCHCTEjM. Ha~ 
. . . . . I . 

.a4eMoe Ha Ofib!Te 3&MeTHoe . OTJlB'IHe BQJlH'IHH MOMQHTOB HHapiiHH Sl.llep O'l'_._TBe'J)AOTQJl"-
.. r'- .- , . , ..... • 

-~X Of6'1>SICH5leTCSI He ManoA '"MaKpoCKOfill'lHOCTbiO' SI.Z:WpHbiX CHCTeM, a. H8,JlllWM ·doJH..-
.. . :-... -· - . . -.. . 

t;u11xKoppensuaii: t.fe>K;ay liyKrioHaMH a HHS!t!lx' Itaa&Toswx coc:;~sHHRx ·s.apa, K'OI'JJ,a se 
. • - .··- ' - .I • 

r;;:·BblfiOilHRlOTCH ycnOBHH npHMeHHMOCTH nptli&.aeHlioa-'1'eopeM_hi. 3aMeftM• ~'ITQ Ul;UJOr~;..;: ... ", 

SlB.IielfHEt npoaanHeTCSI B MS:Kp0CKQ'IIH'I9CKHX b6'be'Max :>KH.llKOrQ f'~_ilt:,~~O.llSIUle~s.."' \ 
.· :of J • ' ' 

"B ese:pxTeKy'leM COCTORHHH: MOMeHT H~PIIHH TaKHX CHCTeM MQHbWe T&ep.llOTellbH&IX 

.;a~a'leHHA. O.oaaKo,_ anHHHHe Tpex ¢a~tTopos, a HMeHiio, ~tieprHa ao36r)KJleHHH;, :Druu.wo

ro MOMeHTa B O.lKH.llaeMb!X B CB$l3H 'C STHM 60JlbWHX JlecpOpMB.!lHA _COCT8JlHOrO g.ci,~, 

·).co.lKeT n,R'JtBeCTH K. IIOJlHOMy paspyweHHIO KOppenHUHA Me.>K.llY 
/ - ,_. --- . ' 

sHeprH.H crrapJ!B8HtHI - 2 Mas, a ~anH'IHe MoMeHTa spallle~JUI. ewe 6onb"' 
131 ' .· . " - . 

we yMeHbWaeT ee • KpoMe 'r6ro, 6onbWHe .aeqmpMallHH.- O.lKH.aaeMble -cornacuo Kll- ·. 

':'""ilen},ftol Mo.aenH 0 .ao~pKHbl npHBO~H~J4I X aq:;.peXTHB~MY, yME!HbW~HtHIO CIIll~B'8.JUI!l• .. ·.~ ~. 
. -- :· 

. B ·--pesynbTaTe noHan~eTCH a.ost.fo.lKHoCTh pacc_MaTpllBaTh cuc~e~y·, .tax Hae_anJ:.H~.it 

!pepMH-raa, HaXOJlSIU.{KllCSI 80 Bp4WB.IOW9MCH ¢ IIOCTOSIHBOI yrnoaoA CttOp0cTioJIOi.ll8cp()p-_ 
-__ ,.-_ 

MJIPOBaHHOM CB.MQCOrnacosli:llHOM IIOTeHilH8Jle •. 

3HepfHH BHyTpeHHero .llBH.lKeHHH E' npa aTOM pasHa 

h2 ,. 2 
E ·, -= E - j » 1 . (1) 

. . -:~ 

21 ( E, j ) ~ ·. ,_,._ 

.LlnH xapaKT&piJCTHKH BHYTJleHHHX 'coCT011HHit HyK:J'IOHOB BBe.lleM .iHlTpODBlO ) (i:•'-f, 
'?..._--~~-__;- {: 

. , . H TeMnepaTypy 
. . . 

T ( E '). Ka:K J!aaecTiio, .onH x.aeanbsoro <JlePMil-raaa 
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(2) 

~ . -1 
r.tle onpeJ:lenBeMbiA H3 onbiTa. na~SMerp a .. A/ 10 Msa ( A - 'IHCIIO HyKnosoa 

8 CBCTeMe, E II T 113Mepa~TC11 B Msa). nnoTHOCTb BHyTpeHHHX COCTOSIHHA paaua 

ror.tla• 

p(E, J) = ¢CE '), e'ha(E-aj2) 
,2 

, a= 2l(',j) 
'(3) 

r.tle ;p· (E ') - rna.tlKaB cpyHKUHSI apryMeHTa E' H npH ~ta'lecraeuuoM paccMOTpeHHH 

MO)K8~ 6~1.'b UOIJO)KeHa p8BHOI KOHCT8HTe1 T8K )Ke K8K H a • Bp8IU8T91IbH09 

cocrogue KomiexTHBiior'o AJ,JI11ceBa• c TO'IHOCTbiO·· .[lo · BbiPO*.tleilaa 2 i + 1 o.[lHoasa .. • 
. "' - .. '' ' ' 

so onpe.[lenseTcs J:l8HHbiMH E; j. • nos'roMy nonaaa nnoraocT& coc;:TostHHA a.Lipa c 

J:l.!lHBbiMil SHepnreA H M(U·,(9BTOM l) pasHa (2j + 1 )· p (E, j) • B J:l81IbHelmeM. 38 OCb 
. ~ ~ 

XB8BTOB8BHII. 6y.tleT Bb16Hp8TbCH sanp8BII8HH8 MOM9HT8 j , TaK 'ITO j = j H (3}. 6y-. z . 
.[l8T onpe.tleliHTb DOIIHYIO DIIOTHOt:Tb COCTOHHHia 

F\pe.tlDOIIaraeM1 'ITO DOCile HcnycX8H8SI Y -KB8HT8,SIJ:lPO CHOB8 H8XO~HTCB B 

COCTOSIBHH nOIIBOrO CT8THCTH'I9CKOrO p8BH089CHHe 

o b J.13 06IUeil: TeOpHH B38HMO~elcTBH.I!: SIT9kTpOM8rHHTHOrO nona C H~p8MH fcM. 1 

; H8ilJ)RM8p/
51 ) CII8.1lyE!T1 IJTO BepoHTHOCTb ·acnycxaliHSI. B e..aHHHoy BpeMeHH Y - KBas-., . 

ra c s~epraeA 
-+ . ....~ 

j (r= cb£) a 

H DOIIHbiM MOMeHTOM 1 1 Sl~pOM C SHeprsel E8 H MOM9HTOM f 

.,. ~ 2 k2 .. ~ 
P ( f, / ; Ea , J a ) d£<= 2rr/h I Vba I p ( E a - r, i a- J ) d f • 

8118ch 

3J:lec·b V ba - M8TpH'1Hbii aneMeBT B38HMO~eiCTBiiSI. SII9KTpOM8rHHTHOro nona C H.b.pOM1 

.B3HTbiA Me*~Y sa'lanbBbiM H KOHe'I.BbiMH cocTOsl:HHSIMH ..s..apa. BBOJ:lSI : npaae~eHIIyiO Be'"'"· 

· pOSlTHOCTb ~epexo..aa B ba.JA.]) ~na &neltTpB'IeCI(oro B) Mara,:rsoro sainy'leHHa 
. 2 

(A.=E,If) H HCnOIIb3YH .lliiHHBOBOIIBOBOe npH61IH)KeBHe. 1 6y~eM H~Q.Tb C y'leTOM (3): 

l) . . . 
nps CT8THCTH'IeCKOM paCCMOTpeHHH .npe~nonar,aeTCB1 'ITO ll01I0)KHT91II:>B8SI 

H OTpanaTellbHSSI 'leTHOCTH COCTOSIBHI paBHOBepOSITHbla 

.. 2) .n . · · · 61~n111 MHrx:oro y 
&OBllMB/ I, r.e. .llllst r -. ·. y 

cml-to-3• 

-aanyqeHHSI1 npOHBIISIIOIUeroCll B peaKQHSIX C TSI)KQIIbiMH 

1 Mss H paaMepoa cocraaaoro g~pa R - 10-12 CM1 

I 

::-•~ ~""~ 
""'f' .... ~ ... ~ ~r 

.:t" 
l 
~~~ 
' .. ;, 

~ .. ;;. ·' 

'~ ·~ .. 
'! / ~- J 

. ·~A. 

l -.l 
<l ~.;.y 

',J< 
:·~· . ., 

g 
. "' 
- •·-:r.~~ .. ,.t····· 

·',;..'. ·•;; 
. I .. 't·· •• J •• 

;;~ ···.: J·- ·.-

·-·1 
:'.<$ 
ti 

:~ 
t 

J 
·j 

l £' ... 
:1 

t 
t 7 

'J 
........ ,J ;, 

.:._ 
. :f . ·' 
.. ' 1 .. 

~i. . ,. it 

l'· . .__, .. 
. · .. l 

:tot 

:1 
- /.·'.
';, 

--·} 

.=F. _:·t,-
. ' . 

; 
'~ 
r '';~~-· 

0~-

f 

r.lle.' 



5 

I 

(4) 

. - 8 e2 1 +·1 
... 3.a.ec b C J "' rr he -J-;;[...-'(~2,.:;:],=+-:-1 .,..,) !:7! =] 2 

6eap_aaMepHblil MRO:>KHTenb, cna66 aa&HCSIWHA: 

OT. J . npH M8llblX J •. nonarag £<< E ~ •· 2aj a J « E;, MO:>KBO 38ITHC8Tb (4) B . 

2a ~t 
a 

-+ -+ -€ + 
» (£, ] ; E , i .) d£ =C 1/h B (A.])k2

J e 7'.: 
-11. a a ba € d£, (S) 

r.lle 
-+ -+ 

2aia] 
e· T a npHBO.Z:UlT I( TOMY 1 'ITO npe.lliTQ'lTHTenbHO 

-+ 
.llOn:lKHbl HcnycKaTbCSI' y -KeaHTbl c I uanpaeneHHbiM no Ha'lanl.uoMy MOMe&-ry · 

-+j J I . rl-...1-. 2a ia . _>'3)• T~'"'.ll8 . . 
Sl,llp8. a 1 T.e. C Z = 1 TBK KB:!f: K09't''t'HUHeHT ...___ J ,.... MO:>KHO nono-

~ 1 ~ *HTb a <PopMynax (4) H -(5), } 
8 

= i
8 

J 0 

0THOCHT9llbH8SI eepOSITHOCTb' H3lly'l&HH~ y -KBBHTOB paanH'lHOA MYllbTHn~nbHOCTH 

B ( 'I ) k21 " H MHO:liU!TenSIMH onpe,ll&ll!i19TCS np,HBe.lleHHbiMH BepOSITHOCTSIMH 

2a i8 ] . 

H 

e 1a • Via o6wHx coo6pa:>KeHBA c ne,llyeT. O:>KH.ll8Tb, 'ITO Z -aapSill COCT8BH0l"C 

H.llpa): 
2] 2 

zR (Jl(c) , B (M]) 

r.lle v r cpe.llHSISI cltopocTb uyiOioaoe B cocTaBHOM H.llpe, v - O,lc. HecMoTpH ua &Me-
. . 2) 21 

IOIUYIOCSI sKcnoueHUHBllbHyiO aaeHCHMOCTI;o OT I •. O'l&Hb CHllbHbiil. ¢aKTop. ( k R ) · np&- · 

BO.llHT K TOMy, .'IT~ no KpBii.Heil. Mepe1 He .llliSI MBKCHM~bHblX MOMeHTOB Ht COOTBeT

CTBeHH01 MHifHMBllbHbiX 'l;'eMnepaTfp, lla&6onee eeposn'HblM OJtaableaeTcSI &cny'cKaHHe. 

' 4) 
Y -iteaHToe HH3Koil MynbTHITOllbHOCTH. . El, E21 Ml • 

3HepreTH'l9CKHA CIT9KTp Y -Hally'I&HHS1 0 ' eCliH HCXO.llHTb H3 ttpH6liH:>K&HHOrO Bbtpa

:lK9HHSI ( 5), HM&&T BH.ll: 

S) B . 10-2M paccM~TpHeaeMblX peaKUHliiX a- · . as, 

4 ) Cne.llyeT oTMeTHTf>t 'ITO e cny11ae aua'I&TenbHhlX ueaKcHallbHhlX pasaoaec&!>Vi: 

,lleQJOpMauHA COCTaBHOl"O Sl.llpa MO:>KHO O:>KH.lllilTb H 38M9THOI"O E3 J!3lly'laHHSie 
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. 2/+l * f ·• 
dNld ~,f .· ·_(l···l;l dt. 

. ~ 

Ha . (8) 8H,llBOa. 'l'r~ j.,.4!&1.weafl~ T8MH8Pl!TYPbl 'T a HpJI 38JlBHH0.A nonaoA . 9HeprlUt ;/ 

3a. C'le'r Bpa;UtelUIB ,aon~~O llNJS<>Jl81'1> Jl.. 'CMBF'IeHHIO <:tleJt~pa ')' ..,..H3JJY'i8HHB. nPJI ' 
~~. ~':f'llB~ . 6oneij &Ill~~· 'f'Y~o""'~~HO~;H JlOiDKBO ' ~~t;. -~91J~ee . JKecTltHM. ":, • 

- -. - .·.·. .. _-· ·._ - '"" ·. " . -_ -_-._-- . - .· 

~- npe.ll~9B'O~eB.Jnl · .lz ""./ nerJt.o nony'IHT&. yrnosoe pacnpe.lle.Re~~;aaay~aus:r• 

8 9ToM ~y'tae· 41Y•~~HSI JtOJ)~J:IBllBBt JlaiOWa,11 yrJJOBoe pacnpe,aeneaae' ~3JJy'lf!~nuL 
7 :· -~ • ~-- -. • -r-

A~CyJlti.TllllOifbHQCTH L O.TROCHTelli:>Bo seJtTopa MoMeHTa 1 a' pal'llia_: 

F (9) ..,._L_ 
J,J ~~1 

--=-_2_1.,...·_' ..,... --Sin 2( 1-1) () (1 + coa 2 6 ) . 
(] + 1 )! (J-l)! 

··t··===·t~~1l~zta-:r;~L~1~z,:~:;::·::~::::i'E 
8.WX .I)Aenpe.aeneaHI· JllUIOJJbBOJ'O, lt~a,llpyHOJfbliOI'O .H OKTYHOJlbHOFO H3Jly'<leHHst . " -·_ . .·- / -

BM8Tb1 COOTBeTCTBeHHO~ ~ ( '() :,ron M8.»<:Jly aanp8BJ18HIUIMB H3JJy'I8HHst H itB8;)K,8HHB 

aoaoa) 

f"-({)J ""l ·~ ~ Sin2 (} 

1 K&(OJ = l 2 318 Sin 4 '6. :,j~f'·· 

.~ ' . i
0

KT(0) ,= 1 -,·lf;_,_Si,; () --J/8 Sirt4 () + 5!16 Sin~ 0 •• 

... - - . ~~ 

Taut.i .o6paaoM,.cne.t~yeT o.»<:&JlaTb 6onblllo.ii auaaoT.p~~· aanyoteJlHB, 

- '-._ . . --~· . .11 I 3 . . 1 I 
HRRM PaoCSf>l· . ~- · aweT&M1 'ITO p ups6n~.»<:euaH. lz"' 

UHB B3Jly'ieHB.ii paanB~OI MYJJbTHDOJJbHOCTH1 Tal( KBK. MOM8HT KOH8'1HOFO OOCTOBillf.SI 

OJllt03Ha>tifo OHp8Jl8JlJieTCB Hli'i~b~I!IM MOMeHTOM j a H MOMeHTOM y -xBBHTil 

)h=ia.-1· 

npuee.aeuuoe s.wwe pacC:Mo'l'peaae orpaH&'IBBMocb o.a~M sTanoM xacxa.lla 

pacna.lloB cocTasuoro 51Jlpa. Ha~R.O.Y c uen~llqimlianbHWM Y~li~HeM paccMoTpe-- ' '. ,• - ··- ( 

Biut1 CBB38HH&IM C yqeTOM p83llH'iH&IX 803M0.2KHOCT~A 8 X8CKilll81 CJle,llyeT HM8Tb ·s 

. BHJly1 'ITO no Mepe 'BblCB8'1HBilHHB' SHeprHH BOa6y)i<:JleHHB H MOM8HT8 COCTilBHOI'O 

, S.llpa Hlil'IH,YT arpaT& pom • .- O'leBHJlHo, xoppenanua M8Jt.<.llY .Hy~~:noHaNH. O.llHlfM aa C~Je.a- · 
. . . . . ~ 

. cf:ea.A. STOFO BBHTCB 803MO.»<:BOCTb H051Bn8JJHB KQnJleJtTHBHblX BOa6y.»<:.t;t8HB.ii 51Jlpa1 OT"" 

JlH'IJr~. OT. pacicMOTpeHHOrO BblWe BpaWeHHBe nosTOMY DO~JlHHe 9TBHhl K8CKllJll) 
- . . 181 . . . 

JlOJI.lKHbl pacc'IHT-i>18ATbCB c yqeTOM XOHK~Taol CTPYKTYP&I HH3Jtone.»<:a!-UHX HJlep-

BblX yposaea. 

··r ,;< ·, 

\ --'~'f.~;; 
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Ho.a'l.epKHeM, 'ITO HBCTOSIWee paCCMOTpe~HHe npOBO.llHnOCb B npe.anonO)KeHHH 

yCTaHosneHHSI B cocTaBHOM B.ape nonHoro cTaTHCTH'I.eCKoro pasHoBeCHSI. PaccMoTpe

_Hife, OCHOB8HHOe H8 npe.anono)KeHHH 0 HBnH'I.HH B Kb~naya.z:x-cHCTeMe1 He· npHIIIe,lliiieA 

K nonHOMy paBHOBeCHI0 0 CTllTH'I.eCKOFO aneKTpH'I.eCKOFO .llHIT-OnbHOFO MOMeHTa
1 

npo-
/9/ . /61 

_IW.llHnOCb paaee 0 yb,.feiOWHeCSI B H8CTOS1Wee BpeMSI 9KCITepHMeHT8nbHbie :LlBHHbie 

He noa'sonSIIOT 6e3 ~TanbHhiX pac'l.eTOB Y -KacKa.aa c y'l.eTOM scex pacnpe.aeneHHil: 
I 

OUeHHTb BKn8Jl B Y -H3ny'l.eliHe CHCTeM1 npHIIIe,llWHX H He npHIIIe.lliiiHX K pBBHo-

seCHIOo BBH.lly 6nH3KOFO xapaKTepa 3HepreTH'I.eCKHX CITeKTpOB H yrnOBhlX pacnpe.aene
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