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C llOMOUlhlO Ll BOHHOro npe.UCTSBJteHHH .M SH.lleJthCTaMa llOJty'leHbi npH6JtH>KeH­

Hbie HHTerpa.llhHbie ypaBH9HHSI Ll.llH napUHSJlhHbiX 8Mll.1lHTY Ll IJT -K pacceHHHH B o6-

.1l8CTH HU3KHX <:meprufi. 
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P .s. Isaev, M. Sewerynski 



1. BBe.n.eHrre 

Yiccne.n.oBaHHe B3aHMO.IJ.eitcTBHS! err -Me30HOB c K-Me30H8M.II rrpe.n.cTaBJIHeT 

HHTep~C HB TOJlbKO C q.IICTO TeopeT.IIqecKOH TOqKH 3peHHH 1 HO .II C TOqKH 3pBHHS! 

"rrpHKJl8.lJ.HOit" • YJMeHHO 4JT -K B38l!MO.IJ.BitCTBHe BXO.lJ.l!T KaK HBOT'bBMJlBMaH qaCTb 

rrpH HayqeHHH yrrpyrux 11 Heyrrpyr.IIx rrpoueccoB B3aHMo.n.eitcTBHH K-Me3oHoB c rH­

rrepoHaMH, B qacTHOCTH 1 rrpH pacceSIJ-tHH K-Me30HOB HyKJIOHaMH. 

B TeopHH BOaMymeHHit o6cy)K.n.aeTCH .n.Ba Tarra B3aHMo.n.eitcTBHSI, 

BaaliM o.n. eitcT BHe 

rrpe.n.cTaBJIBHHOB Ha pl!C, 

' 121 
B pa6oTax M HHaMH 11 

11 I 
1, 6b!Jl0 BBe.n.eHO illBHHrepoM ' 

naitca
131

• BaaHMo.n.eitCTBl!e 

K \<a ':If 'fi I 
14 I 

rrpettcTaBneHHOe Ha pHc. 2 1 .n.eTaJibHO o6cy)K.n.eHo B pa6oTax EapruaH • 

Ill 

121 

B HaCTOHLUee BpeMH HeT HCHOCTH 1 KaKo:ii: H3 yrroMHHyTbiX BbiWe BH.ll.OB B3aH­

Mo.n.eitcTBHSI HBJIHBTCSI 6onee npe.n.rroqTHTBJibHbiM. B IIOJib3Y B3aHMo.n.e:ii:cTBHH THrra 

12 I Mo:>KHO rrpHBeCTH cne.n.yiOmee coo6pa)KeHH e: ecnH cqHTaTb, qTo B3aHMo.n.eiicTBH~ 

K-Me30HOB .II 6apHOHOB HMeeT cpopMy ~ K Y 1 TO .IJ.JIH Toro 1 qTo6br TeopnH 6bma 

rrepeHOpMHpyeMa
1

He06XO.lJ.l!MO B raMHJlbTOHl!8H B38l!MO.ll.BHCTBHS! BBBCTH qJieH 

lj"'\1\(.\('l\~ laH8JIOrHqHo TOMY K8K B MB30.lJ.HH8M.IIKe BBO.IJ.HTCSl qJieHfl'{>':i HJll! B Me~ 
308JlBKTpO.IJ.l!HaMHKe - qJieH e Ar-~r"n" I. 

AHaJIH3 aKcrrepHMeHTaJibHbiX .n.aHHbiX rro K- tl pacceHHHIO, rrpoBe.n.eHHbi:ii: B 

13 4 51 
pa6oTax 1 1 

1 rroKaaan 1 qTo B o6nacTH He6oJibillHX aHeprHit I .n.o200 MaBI HMeeT-' 

cH xopowee cornacHe aKcrrepHMeHTOB, c TeopHeit, ecJIH HCIIOJib30BaTb B3aHMo.n.e:ii:­

cTBHe 121 .II cql!T8Tb 1 qTO KOHCT8HTa CBH3l! 'JT -K B38l!MO.ll.BHCTBHS! ""' 1-5. 

161 
YrroMHHeM eme 0 peayJibTaTaX l.bKoy ryaH-q)KaO OTHOCHTBJlbHO B03M0)l{HbiX, 

Cl!MMBTpl!qHb!X CBOHCTB .lJ.JlS! GJl-~ -cHCTBMbl. YJcXO.lJ.S! 1!3 raMl!JlbTOHH8H8 B Bl!.IJ.B: 

131 

r.n.e \-\'n -raMHJibTOH~aH 1 orrHCbiBaiOmH:ii: 51-~ BaaHMo.n.e:ii:cTBHH 1 HI< -raMHJibTOHH­

aH, OIIHCbiBaiOLUHit K-Me30HHOe B38HMo.n.eitcTBHe, 11 rrpe.n.rronaraH HHBapHaHTHOCTb 

raMHJlbTOHH8H8 131 OTHOCHTBJlbHO BpaLUBHl!it B l!30TOIIHqecKHX arr -Me30HHOM BeK-
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TOpH0:\.1 H K-Me30HHOM H3oerruHopHOM rrpoeTpaHeT~ax, OH rrony'!IIJI, 'ITO see aMrrTJn-

Ty.ribi 'If -K paeeeHHH5! 6e3 rrepe3apHLIKH paBHbl Me)!{LlY eo6oi1:, nee 8Mll.TIHTY LJ:bl 

'IT -K paeceSIHHSI e rrepe3apH.nKoi1: paBHbi HY!IIO, H rrpoueeebi aHHHI"H!I5!UHH K+K~n'51 

IlpOHeXO.USIT TO!IbKO '!epe3 H30eKa!IHpHOe COeTOHHHB, 

B .naHHOiJ: pa6oTe 'IT -K B3aHMOJlei1:cTsne H3y'lJaeTeSI MeTo.noM .nsoiJ:HbiX .nne· 

rrepcHOHHbiX rrpe.neTasneHni1: MaHnenbeTaMa, B Ka'!eeTse rrepsoro :3Tarra ueene.::tosa­

HHSI B pa6oTe BhlBO.USITC5! 11pH6JlH)!{eHHhle HHTerpanbHhle ypaBHeHHSI !1.115! napUH811bHhlX 

aMII.1HTy D 'IT -K paceeHHHH s o6.nacTu HH3KHx sHeprui1:. CTHMy.noM K n3y'leHHIO 

'J\ -K B38HMO.neiicTBH5! MeTO!lOM LlBOIIHbL< .nueaepHei10IIHbiX eOOTHOWeHHii no­

cny:»{IIJIH: I/ sa:»<HO~Tb :3Toro 133aHM•)D.er"IcTBIIH npu nccne.CJ.OBaHim K- N pacceH­

HHH r: 21 pa6oTa EcppeMosa, fv'\ewepHKosa u LllupKosa
171

, s KoTopoti 6bmll yc-

llBWHO npeo.noneHbl TpyJJ:HOCTH 110 ycTpaHBHH!O KHHe::-.1/lTII'!BeKHX OC06eH-HOCTer"! no-

cpe.nCTBOM paCCMOTpE'HUSI COOTBBTCTBYIOUll1X CHM'>IBTpH30B8HHbiX H aHTHeiiM:\.ieTpU-

30B8HHbiX Bblpa)!{BHHH. 

norH'IBCK85! IlOC!Ie:·toBaTB!IbHOCTb npOllBCCOB ;l!IH CH!IbHO B38HMO.c!Br"!eTBy !OW11X 

'laeTHU IlpH H3Y'IBHHH 'fl -K p3CCB5!HIHI npHBB!:lE'IIa Ha puc, 3, '11'~.,-r paCCBHHI!e 

6bmo rro.npo6HO uccneilOBaHo B pa6oTax t.{y 11 ;\\ aH.aenbCTilMa 
81 

u 4y, N\an.:tenh-

cTaMil u Hot'!eca 
191

• B HllWHX ypasneHuHx .:t.:HI Gfi. -K paeeeHHHH qJa3bi "'T-GJI 

pacceHHHH C 11IIT8IOTC9 3f.l!lllHHb!Mll, 

AMnnuTy.na 

~1. 
nepeMBHHOA ~ 

Clj\ -K paeCBHHII5! paCCMaTpHBaeTC5! B Il!IOCKOCTII KOMnrieKeHOll 
6/:1 

i q,l -nMllYJibC B· CHC~BMe UBHTpa MllCC pellKUI!IIGj\-~o~-':l~-\ \(, 
_, :1. Ml -'lL a 

KHHB:>.!IlTH'IBCKHll pa3pe3 no '\. B JI!ITBpB11'1B -1'1 ~ 4, :.-,v. ' f'.c!B m n }I-

I. 

"taccbi K-Me3oHa u ~ -"te:JoHa
1 

conTseTCTBBHHo, ycTpaHHeTcn erroco6oM, rrpen.no· 

a-<eHHbiM B pa6oTe/
7 1 • 06ru1cTb aHa.nnTU'IHOeTH MHHMOI"I qacTH aMn.nuTy.!lbi ~~ K -

paceeHHIIH O;JpB,r:t2.JI$18TCH 1!3 ITpC'J_1CTanneHI15! ;\\aH.:IB.rJbCTl1:1.1[l U Hll OCHOBB TeOpllll 

B03MyLU0HHli B rrpenrro.no:»<BHHII B38HMOLl8llCTBHH ;2/, 

HecpH3H'-!eeKI1l! pa3p83 OT peaKUI!H on -\e.ii _,K ... K yeTpa!IHBTC$1 c no-

ll 0/ 
\IO!llhiO MeTona N\ycxe.nl!wBILTJII-01\Hieea • HcrroJib3YH nallee yc.:lOBile yHnTap-

HoeTH, Mbl ITO.llY'IllJIH 3aMKHyTy!O Cl1CTe\1Y ITp116.TJH)!{8HHbiX IIHTerpa.nbHblX ypaBHBHIIlt 

D.l$1 llMll.fiHTYJ:l Gj\ - K pllCCBHIIHH, B KOTOpbW BOW.,H .cpa3bl ~-~ paeeeHHIIH, 

npHOJIH)KCHHe 311K.JIIO'IaeTC$1 B TOM, '-ITO 11p11 rro.ny'lei!IIH eHCTBMbl IIHTerpa.llbHblX 

ypasHeHHii 6bi.JIH Y'lTBHbi .n:Iil.lb 6niUI<ai1mHe oco6eHHOeTn. 3To, eeTecTBeHuo, npuno-

. .,~ 

.nHT K pa3yM;.;oMy orpaHH'IeHHIO HII3WHMII rrapuna.nbHbiMII sonHaMII nnH ~\ .... K pac-
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CBHHH.H ~ H p -BOJlHaMH. ilnH HHX ITOJlyqeHa CHCTBMa HHTBrpanbHhlX ypaBHBHHft 

.nayMH crroco6aMI1: 1 I .nnH rrapuHa.TihHbiX aMrrnHTyn, ycpe.nneHHbiX no seeM yrnaM 

pacceHHHH
1 

H 2 I .u.JIH rr apunanhH biX aMrrniiTy .n, B3HT biX .nn H yrna pacceHHHH ua3a.ll. 

2. AMrrnHTy.na rrpouecca 

'IT -K pacceHHIHI H ee H30TOITI1'lBCKaH CTQYKTypa 

MaTpiFIHbiB aneMeHTbl rrpoueccoa pacceHHIIH 

on t IL. --";> ~' fl( ' 
1. 

n. rn'+K -":> 'n-+ '{;.' 

11 po)KDBHHH nap K-MG30HOB 

w. 'IT-t "J\ -':> 1,( + iC: 

B cooTnoweHHH /4/ 'L. p~ -cyMMa 4 -x nMrrynhCOB acex qacTIIu, p10 H Plo 

aHeprHH K-Me30HOB, Q H (C) , 0 - 9HeprHH ~- MB30HOB, 
'.-10 ., ' 

cPYHKUHH rpHHa. 

ilnH rrpouecca pacceHHHH .nucj:Jcpepenunanhnoe ceqeniie Bbipa:>KaeTcH cj:Jop-

dG-: _!_ l'ttl A \T\ 1 
151 

cl .0. 0 J1)
1 

\ ~1l ;\ (, ~1o ?to 

B cHcTeMe uenTpa Mace \ 'tt. \-:: \ q1 \ · 1 P2 o = f1., = £" H cooTnoweHHe /5/ 

£!~ \"' .,\t rrepeXO~HT B COOTHOWBHHB dn: '«)JTE~t I , Vf30TOITHqecKaH CTpyKTypa aMITJIHTY.llbl 

pacceHHHH '3T -Me30HOB K-M,B30HaMH nMeeT au.n: 

/6/ 

r.ne A H B -cKamipHbie cPYHKUHH, 3aBHCHLUHe OT cKanHpHbiX rrpon3ae.neHIIA 4-x 

HMITYJihCOB ? Q 0 0 1 1 1:z., HJ-v1 
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CB5l3b A n B c H30TOITIFiecKHMH cocT05lHH5lMH 'JT -K CHCTeMbl HMeeT 

BH.'J: 

A = ~ T )~ -~- T 
11~· 

3 
D 3;. D = -T _j ~ 1112 

3 
I 

rne T·% ~ 
T ~ -cocT05lHH5l co 3HaqeHueM H30TorrnqecKoro crruHa 3/2 u H 

COOTBeTCTBeHHO, 

1 /2, 

M3oTorruqecKa5l cTpyKTypa rrpouecca 

TypoA rrpoueccoB I u ll , a CB5l3b T 0 
III 

H 

COBITauaeT C H30TOITHqecKoA cTpyK­

T1 /cocT05lHHA co 3HaqeHHHMH H3o-

TorruqecKoro crruHa 0 u 1, cooTBeTCTBeHHo/ c A H B coBceM rrpocTaH: 

To A T1 B. 171 

3. KrmeMaTuKa peaKuuA 

Ey neM paccMaTpHBaTb KOacpcpnuueHTb! A H B KaK cpyHKUHH HHBapnaHT-

HbiX rrepeM.~HHbiX S1 , 51 n ~?I , orrpeuenHeMbiX o6brqHbiM o6pa3oM: 

~1=- Cro\"' ~.Y sl :::-(p1+~,y s~ =- ( ?1. + p2).t. 

B CHCTeMe ueHTpa Mace peaKunn 9THf'HHBapHaHTHbJe rrepeMeHHbie HMe!OT BHU: 

~ 1 = M t -~- }"-t + ~ ~ ~ + ~ {ou *;~ ,) c ~~ + M l) 

s' ::: M ~-~-r t - ~ ~ ,1 c.o ~ G 1 - 1 v c q ~ \k.\)cct~t + M 1 1' 

S:, =- - ~ ~ ~J 1..- cos G'l j , 
IBI 

rue G1 -yr_on pacceHHHH rraua10mero Me3oua. M3 cooTHOIUeHnA /6/ u /7/ cne · 

JJ:yeT, qTo 38M eHa J.. ~ ~ COOTBeTCTByeT 3aMeHe ~1 ~ S~ II rrpu 9TOM 
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To M bi rrony'IIIM, '!To A . I !:11. , s.2. 'S:, I HB.JIHeTcH aMrrJIHTy.noil pea'<unu II 

B o6nacTII cfJI13II'!ecKIIx 3Ha'!eHHH BTopoil peaKUIIII, Ha pHc, 4 rpactJuqecKH H3o6pa­

)Kena cBH3b rrepeMeHHhiX 1, II peaKuiiil, Bhipa)KaeMoil cooTHoweHI1HMil 1101, I II I. 

:vlTaK, Hap_H.oy c ctJyrrKuHIIMH A I 

6y.neM paccMaTpiiB8Tb cfJYHKUII11 

si. , s 2 , ~:, 1 11 

* of 
A .1 s\ , s 1 , s~ 

B I S1 , s
2 

'* I 11 B I 51 

, \) 
~ 

, sz .. 
!>;, I. CllMMeTp11'!HaH H aHTI1C11MMeTpii'IHa5l KOMOI1Hauiiii 9THX cfJYHKuufi He 6y.nyT 

co.nep)KaTb HppauiiOH8JlbHY!O 38BI1CHMOCTb OT KOpH5I K (q1
"):: 'R£t~ -+.r-1)(q~-+ {)\tj

1
• 

TaKUM o6pa3oM, cPYHKUHH . 

l~ = ~ (q12~:z1,-~-~)+ ~(q;)~-\,-1<) 
II 

~ "¥(q~,z.,+K)- ~(q'~,z~,-K) 
~ '!'a.:::· ~1.( I 

r.n.e 'i: o6o3Ha'!aeT JII06yiO H3 cPYHKUHil: A HJIH B, He 6y.nyT co.nep:x<aTb KH· 

HeMaTH'!eCKOf'O pa3pe3a, 

-( ~ 
ne)KaT: OT peaKuun II - B HHT~:.•pBarre Pa3pe3hi cfJYHKUHH t£ ~1, :.Z1,-~) 

[O,tco] H B UHTepBane [-M\-'t .. 1.nnH :z, ~ ~, oT peaKunu III - B llHTepnarw 

HeT, 3aiTUCbiB8H Terrepb .lliUI qJyHKUliii CfQ (- <:>e:~ ,- $ 1. OT peaKuuu 1 pa3pe3a 
1-'Z.\ 

v. ~~ o6bi'IHYIO TeopeMy Kowu B rrno·cKocTu KOMrrneKCHhiX 

CHOBa K cfJYHKUIHIM ~ 1 rrony'IllM! 

..... ~ 
<1.1 II B03Bp8WE!SIC~ 

QO 

A'l(-'~ -t() = 1.) ~ ~ ~(.~!,+~<)i)~~ ~(q~,-IC)'f(+) JQ',~ 
:r ~1 ,.z~, <:i1 1. ) (5',2.- _, 1 v 1. --\-

0 ¥1 ~1 M ~ 
- ,_,a· "h.-. -r q} )- \{ - -1 2 

~ <c.z.) - ~ :t:.c..., 2 ) 

\ \w. ~cq:' +I() rfU.! dc•t + ~(;zc }t) -) z _,2 'JU l cd.~1 ;-

rue 

-+ J zt,r~-qt J y. JN. qi\-q'l 
___..... - 'L -~ ~, 

l t 
- .!:1:::.. 
r~· k ~ut~,+IC)'}(i} + "hn '2CC{'~-\L)j'(+) 

-\- j . -\2 ...,., ~ 
-00 't,1.-q_1 

J ( i~ ~ 1 ± KCCr) 
\((~~ 

d
_, ~ 

()1 1 
-\- 1 . 

1121 
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}l 
~1'\'l<. :l1 ? M: 

'\-"~ :t~'S~~ 

t'111+r-l-~t'f'l,..:zi 

1.-:Z:.s. 

.....:>~ 
Ha puc. 5 H305pa)KeHbi o6rracTH HHTerpupoBaHIUI no 9.,. 1 B ypaBHeHHU /12/ B 3a-' 

BHCHM OCTH OT :C 1. • 

kl3 puc ,5 BHD:ll 0 1 L!TO npu· ;;! 1 :: i OTJ!H'l HbiM H OT HYJIH 06JiaCTHM H IIHTerpHpO• 

c;·t..o. B8HHH OCT810TCH JlHWb 06JiaCTH ~ .- 3TO COOTBeTCTByeT rrepeXOD:Y K 

05b!4Hb!M D:UCnepCHOHHblM COOTHOW8HHHM D:JIH CJiyL!aH pacceHHHH BIIepen. 

O'a1 npu :Z 1 =- ,i BKJiaD: OT OTpHUaTeJibHb!X 1.-

0T TpeTbeft peaKUUH, 

npoiiCXODHT TOJlbKO OT pa3pe3a 

Ypannenue I I 2/ 6 b!JIO Bb!Beneno H3 rrpencTannenuH M aanenbcTaMa 6e3 Ka­

KnX-nH6o npn6mnKenuA. OrpaHHL!IIBaHCb 6JIH)!{aftwnMH oco6ennocTHMH, a H:,leHHo, 

y4HTb!B8H JIHWb L!8CTb pa3pe3a OT TpeTbeft peaKUUU, Mbl B LlllJlbHeflweM paCCMa 

TpnnaeM TaKoe ypanneHue: 

Do 

\ 1r.-n ~(q!,~Kjj\(t) + ~~(9\~~-"'>:f (+) 
_, < -) t 
q.'~-qi 

5. YcTpaueaae ueqJH3IILJecKoro pa3pe3a OT peaKUIIH III 

"\ .h ( > 2 If' \ ( 4> c-' 1 Z I I \ 
B ypannenun /13/ MHHMbie L!acTu oi'W'>.'±:..~ 1 ,+1'. J 11 Ov'n- q 1)- K-J B 

- ~ 1. 2 't1 
HHT epnarre L- ~. >-~ j 6y neM paccMa·rpunaTb KaK aaanuT aL!eCKH•~ upon on *eHIHI 

COOTB8TCTBY!OlUUX 4JyHKUHi'i H3 cJJH3H48CKOl! o6rraCTH S~ ~ 4 M. ~ • 

Pa3JIO}!<HM aMnJIHTY LlY ~ (c;, 11 c;,~,'l.!>J no napuuanbHbiM nonnaM peaKuuu III B 
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o6naCTH ¢H3H'I8CKHX 3HS'I8HHH 
-l. (h H c..n~G'!,·· 

~l~~, s~,s1l) = ~ P!<to t (~~+1.) {> ~(~\) P e_ C:~-, G,). 114 / 

KaK cne.nyeT H3 

.nnH ~::A H cyMMa ITO H8'I8THblM 

/9/ B COOTHOW8HHH /}4 / CYMMa ITO '18TH hiM l 6epercH 

E 6epf!TCH .UIT51 ~=-B • 3a!1I-!W8M T8K )1{8 

cooTHOWeHne yHHTapHOCTH .nnH peaKIII!H III: 

"( ~c. ~ " --"- \ q, I 'd \\, C:S 'Q'\ n -(~ ") 
d'rr\- s.,~.~., ;;_- ~~':]Tl ~~c->t) j ~..~. -ijjl . l . , 

VI t1,~. 
115/ 

r.ne 
l\ 
n 0603H8'I88T ap:viHTOBO-COITpHmeHHy!O 8MIT.TIHTY.UY peaKUHH :if +51 __, ST +'If xI 

1/13 17 I u /15/ cne.nyeT: 

\ " = .L. \ q~\ ( dQ' A en') nO/n'·) ~ ~ ~~~t w ~ ~ 
' 

1-vn ~ = .±.... \ 9\\ \dO.' B(O') ~ 1 (0") 
l,:,lgrl \..l ) • 

'!> -

OrpaHH'IHBaHcb B pa3.TIO}I<8HHH r1° 'n 1 n ITO IT8pUH8'.TibHh!M BOJ1H8M JIHWb S H 

.f' -B0,1H8MII COOTB8TCTB8HH0 1 ITOJIY'IHM: 

t
_.,, 0 .(l 

Pt c -~ ~ ) " 9.} . A c _, ~ ' ~ J 0 • ('I ~ \5! q)>2!> -= ~~ ~ m ~ ;J e. ~ ot> 

\ Q " -" t '\ 
~ Cl~ lq_,,2~J 

1'\ 
~ ~:Jf 

I_., \ 
~· 
u~ . 

fl' 

I . <' 

B ' ( -') 1,' L 
0 1 ' (\ (\ 

m £t~ 1 e.. '1s'Wl u 'l. e-o ~ LJ:) 

/16/ 

QqeBH.UIIO, 'ITO 8HBJ1HTH'I8CK08 ITpO.UOrJ}!{8HIIe p83JI0)!(81!HH /16/ ITO l~;c..o~G) B 

peaKilHH :if .. Ji _, K+t.e: B03MO)KHo niTnOTb .no ITepBoti oco6eHHOCTu, Ha KOTopoti MnH­

MaH 'ISCTb SMITJIHTy,nbi peaKUHH III HCITh!Thll388T CKS'IOK, rpai!HUY nepBoro CKl14Kil 

/11 I Mbl HSXO.UHM SH8JIOrH'IHO TO:V1y, KSK 8TO 6b!.!IO C.UGJISJJO B pa6oTe , 

rpaHH'IHbl8 Kpi1!3bl8 L1.'IH CI18KTpSJibllbiX Cj)yHKUHH HM810T !3H,n: 

xl 
I/130TOITHfg(KBH 

/eM,, HBIIpHMep, /; 
CTpyKTypa ~88KUHH 'Tl•"li-,>':ii+'JI Ill\188T l311Ll; 

r1"~'~e. = fli.S-'j\~U +n1 S'-fS~6 -~-O~S~()'St:~, . 
· o r 1 a CBH3b H30TOIJH'I8CKHX COCTOHHHH· CO CITHHOM 0 /n / H CO CITHHOM 1 /n / C 

CfJHUH8HTSMH n
1

, n
2

, n
3 

I!M88T Bll,n 

0 . n = an
1 
+ n

2
+ n,

3 1 
n = n ·- n 1 .3 

KOarl,-
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t s .., _ ti. ~ )'4-") [ ~ " - (M ~ r-) 1 
] [ s" - ( M - J'") t 1 - (, Y s. f 'i = 0 

lacrrMnTOTbi ';) 1-::(Mt}'-)1 
rr ~!I= A.~r- t_ 1 117 I 

H (s)-l{}'-4][~1- C.~+~r-YJ- ~2f-~(M+r-Y=O 

J.13 /1 I rr /18/ cne.uyeT, qTo aHaJIHTrrqecKoe npo.uon:>KeHHe MHHMoii qacTH aMnnrr­

TY.llhi peaKuHH III no nepeMeHHOii q: /npH cpH3HqecKHX· :t, I B03MO:>KHO .uo 

t. 
-2113~. "",; 

OonacTh aHaJIHTrrqHoCTH .uen;TBHTeJihHOii qacTH aMnmiTy .llhi peaKurrrr III on-

M r u /12/ 
pe.ll9JI519TC51 H3 npe,llCT8BJI9HH51 8H.ll9JlhCT8M8 C ITOMOillhiO TeopeMbl 9HH9 , 

rpaHHU8 I :r.1 1 .llO KOTOpOH B03MO:>KHO 8H8JIHTliqecK09 

npO.ll0Jl:>K9HH9 8MITJIHTY.llhl. Tp9Th9H peaKUliH H300pa:>KeHa H8 pHC, 6, 

r.ue 

~ AiJ:C~!,:z~) 
-',l _,, 1 

cq;1-q'l 

"(qJ) ] 
~c.c:t~1 

1191 

qTOOhl ycTpaHliTh H9cpli3HqecKHH pa3p93 B ypaBH9HH51X ,llJIH cpyHKUHH Bl oy.ueM 

paCCM8TpHB8Th cpyHKUHH -~ ::: s 
i -~ ~e. Q, 

I c:.-t- ~~ 
r.ue ) 

~ 1.- r-cpa3a ~-S\ paccesmn:st, 
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~~~~ -
<PyHKUIHI - He conep:>KHT HOBbiX OC06eHHOCT8H H DJIH Hee MO:>KeT 6b!Tb 3BITH 

~,-<;2. ~ 

CBHO TO :>Ke rrpencTBBJ18HH8 MBHD8JibCTBMB 1 KBK H DJIH ~~P, 

AnanorH"'HO ToMy, KaK aTo 6bmo cnenano nnH cPYHKUHH A (i ~), M bi rrony-
,... 

'4:aeM cnenyiOIUY!O cH.cTeMy DJIH cpyHKUHH B : 

·--.__ 

00 ClO 

or-o~ :1. + ~\ _ .i_ ( c\~,t 1....-n 'B Cct;; :l1, + ~) 1: + .1J do·~ 
O\.v1) '1)- J- m) r" ~,t -"""'~ ~1:. ar) t,.i 

'b B(ct~\~ 1 ,-IL) >:~ 
i'~- tt~ ~ +' Jl 0 \-'I 9. 1 Jl () 

/20/ 

rne 

5 :!:. ;: -~ l e. ~(~~,.2.}-- ~ (<i:~,21) ! \((q~)] 
~ cq_'!) ~ 

6. WHTerpanbHhle ypaBHeHHH nnH rrapuuanbHhlX aMrrnnTyn 

pacceHHHH 

LJ:To6b! rrepeti:TH OT ypaBH8HHH /19/ H /20/ K ypaBH8IIHHM DJIH ITBpUHBJibHb!X 
1ft ~!1 

aMrrnuTyn. Mbi ucrronb3yeM pa3no:>KenHH T u T B pHn no rronnnoMaM Jie-

)Kannpa H yCJIOBHSJ' yHHTBpHOCTH: 

T:t{~i,~1\= t(~l+~) T~~ t<t,!) P~t:z1) 
T'I l~2,:c.) = 2:. o.q_~i~ T~ lq_~) P t l-t-.2J 

1: ") ~ \it.l \Tl(A:)\: 
k 1 Q. (tt-1 = s51 we~\.) l '1.-~ 

. T c-•1\ 1\ \ch\ \fil"(~")\2. ~W\ T t ~tj: ~11 W(~W l e. 9,, 

/21/ 

I= 1t,_ '%. 

/22/ 

OrpaHH"'HBaSJcb s H r -BOJIHBMH 1 H3 /19/-/22/ H YCJIOBHSJ OpTorOHBJib!IOCTH ITO-

JIHHOMOB ne:>KaHnpa, ITOJIY"'B8M: 

;12 1{ 1' [ ..... '\ l;; 1( l 

~1\(<r) ~:rt\'t')= 1 ~~dact'" w~~)~\'tl(~a.~t)(2 \T ~ur)\t + \T :c'{:1

H) 1-

. 0 /23/ 
11: 3 } +~~tl9;\~~-)(l\1\(ztlW + 1T:zc9:zJn 
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/24/ 

B ypaBHeHHHX /23/, I 24/ BBeneHbi cnenyiOwne o6o3Ha'WHHH: 



! 
1.. \I 

\ 

] ~· ·:' 

14 

" 
,.... !, - ~ I. =~ i.· ~ 

! ;):t S'I.C.t(~~,l.)l- ~1Cf('i•~,.4")1 
t1 . 

tte.C'ta.~t) ~ _\~.:tt P~(:tt) [ ~1~~1 4-
-;z_ JJC.q·~;z:1J 1 
rc~ t ) _,~ t q:,;z.1 -q 

-t-1.. 

'e t ( 'f:t~ 'l,~) "::> \ 0~1 Pe, Cz,) [ ~\:r."-~,. -t-
-1. '!,! - 9. 

'+i 
C (_,,l ""t) ( D [ c( + 
<Ol '1;.(\ = )d.:t1r.t.l-z1) - --

-i 

tl. 

wl(,\'tl)= ~d:t 1 PQ.(:z,) [._:C~~ 
· -i q;a-'\_2 

Vl- ~~ ((j:1, :t1) ~( ~~ 71) 

tC't·~ :l") - 9_t 

4- Z + iC§:~.z.d l 
{-Gt·!,:t41- ~' j 

- c""'Z r{( ... ' ;- ..t_.X, q,zi) ~ 9,'.;z;,)_J. 
rc-ot } -II • T q,z1 .. 9,1 

By a eM aanee HCXO.lll!Tb na npeanono>KeHnst, trTo B ypaBHeHnstx /23 I n /24 I 
. l'Z!i 

.llOCTaTO'iHO npoBeCTH O.llHO Bhl'iHT8HHe. '8 paCCMaTpHBaeMOM cnyqae HeT T8KOH 

Y.llOOHOH CHMMeTpH'iHOH TO'IKH Bhi'IHT8HHSI, K8K 9TO HMeeT M9CTO B cnytrae :rr-~ 

paccestHHst, TaK KaK Macchi K-MeaoHa H 'l'T -MeaoHa paanntrHhi. YcnOBHMcst no-

_,~, 0 
aTOMy Bbl'iHT8HHe npOBO.lllfTb B TO'iKe '\s.'"' , npn 9TOM _s -cpa3hl OY.llYT CBSI3a-

1lt. ''.t 
Hili C .llnHH8MH pacceSIHHSI 0.. If Q 1 COOTB9TCTBYIOUllfM H30TOfiH'i9CKHM COC-

1/1 'T1 ,,, 
TOSIHIISIM T 0 H J. 0 , KOTOphre BOit.llyT B ypaBHeHHSI "KaK napaMeTphi. B peaynb-

TaTe npOCTb!X Bhl'iHCneHHH nonytraeM cneayiOUlH9 yp8BH9HHSI: 

n [ . lt~, "''- -4l lit 1tt l\e.1Te.C<t~+1t~'t)]~~e.[2Ttl0)+1't(o)] + 



1 ;, 

c-;: 0 i 
) 

126/ 

rlu.:Iy'!IIM Tenepb cucToMy ypannenaii !:UI5l napunaJibllbiX aMrHIIITY!l n cncTe~Ie 
_,~, ..ol 

peaKI(IJII !1J15l pacce5ll!ll5l l!I13D.'l. B 8TOJ\l cny';ae '\,1= 9_.2 l1 J:1"'1.z=-i. npu no-

:Iy'lr:HITH CIICTPMbl ypa!IJiel!l!ll 6y.:reM l1CXO,'lHTb H3 COOTHOWGHI!H /}Ql H /20/. 3a­

KOHHOCTh pa3JIO/KCHH5l 3 TO'lKe ~ 1 :: -i flf,lT8!{!1eT 113 CBOiiCTII lll!llili!TII'lHOCTH cpyHK-

UHi\ A u B B ::JToii TO'lKe. 

kJTaK 1 liMe eM: . 

/28/ 
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T l(...,' !'i'':tc~a) 'l.,'l"(....,:)· q,",-1): I c <{4 -~I -1 9,1 

'0 ~ 't ( 0 2. ;c) = ~ '1' 't ( Ql") 
'Z y) l 1 ~ •. 

'2. .... -1 /29/ 

V1crrOJih3yH Bbrpa}KeHHH /27/ - /29/ , pa3naraH B pH.Ubi Tefinopa rro.uuuTer­

pa.TlhHbre cpyHKUHH B COOTHOW8HIUJX /}9/, /20/, rrpnpaBHIIBD.SI K09cpcfJHUH8HTbl IIpH 

O.[lHHaKOBhlX CT8II8HHX Z~ .... ~ 0 
H IIpOBOLlSI O.UIIO Bhl'iHTD.HHe B TO'-!Ke <t1 := , 

1 
rro-

ny'-!aeM .upyryiO CHCTeMy ypaBH8HHH Ll.TlH IID.pllllfll!b!Ib!X aMII.TlHTy.u: JA ft 

n [ ll)T ~l.r.(~L) '111
1( 'Q 1)] = Re. [ rrl-z( 0) + 1'

11
t ( o)] -;- _\ . p "t da·'-~~'l £ lllfo \ce)[~ llf'ol~·~l: ' 

~e "' o ~ + a ~ 0 . 0 scn4 ~ ~, Wlot)l 4:t(~1-Ci7.) .· 

[ ~'l·vt ~·: 11_')-Y( ~·~ o l) + \' "f\ f,o) j +?, i\'1' ~t~: ~ ~~flt [ t'l Ll'{:Wl-LC 9:~ o)) + 'i_ 'L c;r:o~ ~ 
Re.. r,. T312

(al) + r\.al)J = i. p1 Jo'~ 81_i 1 \1'~CG:~t\n:l(~·'W[..,,t(C(""·t~t)-C(""•'o''+ 
L i \. i l- &:rrt ~ ~- \t(~ln q;.,_c~'- ~l) ~ 9.).. tt, ~) 

~ ~ ~ .... t c ,...,,z o)] 1 Z t 1\t0~?)\1 
+ lT /(g·~)L .[ -.. ,1.( ac-•,t ....,l)- (\(-,,1 o)) +a 1 Q(O'·~O)l 

+ ~ \.'1 ) t ":) _, 2.(_-'1 2 -'1) Q' \ 'C: q: ,ct ~l..<{ J \' l, J 
r · ~ ~-q V 

~ fA l 

n [rr1'1r-31'-'\11
tr 01\l-==R [rp 1'\o'...:~l\o)\-~ p\o."d,:t£tt urolC'l·1)\2-li;Cg·~H~ 

r-.~ 0 \..q,J D \.. i-}J e_ \ 0 ') ' 
0 'J ~JI' ~ l- ~(~t)L i;2.(~,.-~) 

I I' lftc~ 1) 12 lrr l;t(-' l) It 
. [ '\ [l~',o;)- E(f,O)) + 9,'EC.f, 0)1 ') • ~(<i'~ q:)L~' L~'(F'l~:~J-F(~'~q)><j_'r[t~ 

OQ 1! J • 

~ 1t ~/: ~ \ \....,\ 1(..., 1)\t \IT'Yt('l)\' · n e. \ t(-'.1' -T z'al) = L n ·~-.,~t~f_trro '1.'- lo 9' \-0,1(~(-q.~al)-(;(ei·lo'\ ~ 1. ~' 1.\ \- 'tl':\'\2. r ~ \-K~l.) l £t:'C9,•1.- q_l.) \.\ ~j ~' ·~) 'JJ 
Q . 

+ atGr (a•,_ o)l + 1 I i:l(q:t)\
2
- ll"'>( ~·1)\t r -q.zr \-\(o·la1)- \-\(a'1 o1) + q)iC<f o)j { 

'<- ") .l J ~.1r 6,1_ ct \ L ~,. \ ~,., ... ~) ') . , j , 

rue 

Bo Be ex cooTrowenuHx apryMeHT -1 o:JnaqaeT, '-!To cpyHKUHH OT rrero 

6 epeTCH B TO '-IKe 7..,. -1. 
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I ( ~,,t ... •a\ :: fd V'> -\- ( 0'2.-~) 6 ~ ~ ( q:t, :Z") \ 
~\.~ ,~J l" l-\ ~ %:1 .. +t~·l,~4)-ct '2.~-=-·1 

,_ ~(q•z,~.) 
E (C{_·~~t) = .(~(-1) + 'i>z/~ .. + z ... c-tl + (q2-~1)'D-z16;._ ~c~~i1)-~2 1z,,-i 

,,,. 

0TMeTIIM 1 'ITO B ypaBHeHIIgX /25/ - /26/ HHTerpaJibl B U. II f?> 6pn.IIHCb 

B npe.nenax (- ~~t~)"-1. 1- ~~ 1, a B ypaBHeHHgx /30/ - /33/ - HHTerpaJibi n u. 

II ~ 6epyTCH B npe.n eJiaX t 4.~ t,._ r ~ 1 , 
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3 a K .n ro <~ e H H e 

KaK BH.[lHO 113 /26/, /32/-/33/ Mbl 110JIY<il1!l11 CHCTCMbi 11pH6n!OKeiHihlX IIC.I!H­
. ' 

Heihlb!X HHTerpa!lhHbiX. yparmeHI1H 0 KOTOpbie MOf'yT HMeTb IICCKO!lbKO peWCIIHH, 

. OnHHM 113 B03MO:>KHhrx peweuuti aTI1X ypam~en11ti nnn>Ie'I'CH pewenue 
1ft t'f1 ~;, . . 6 13 / . 'T = I 

1 
<ITO conrranaeT c pe3yJibTaTaMH ' • OnnaKo, 9TO pewenue cnenyeT 

' ' q . . ~ 

c<IHTaTb rrpH6n:rr:>K~HIIbi~, TaK KaK .KoflcTauni' n·hi<IHT.a'~un Re.1 1
1G) n· Re.1' 2(0) I<OTo· 

. I 

pb!C 6epyTCSI H3 011b!Ta, B006I.Ue f'OfiOpSI; He 06SIS8Hbl 6biTb paBHbiMI1 llPYf' npyry H, 

KpOMC TOI'O, H3BCCTHO, <iTO CC<iCHI1C paCCC51HI1SI 1<- r'i C rrepe3ap51JlKOH OTJIH<!HO OT 

HYJIH. 

HepaneHCTBO KOHCTaHT Bbl<iHTaHI1SI CCTCCTBCIIHO CDSISaTb C paS!ll1<i!JbiM BJIIIH­

HI1CM BhlCWHX 110 aueprHH 6apHOHHhlX COCTOHUHH IJa HSOTOI1H<iCCKH-CI111HODhlC COCTO-

T ~ m~ if 
HIJI151 11 r aMIT!liiTy Jlbl ~- 1'--. pacceHHiiSI, 

Bo3MO:>KHo, 'ITo Hs-3a HemmeiinocTI1 ypannenuti /26/ 11 132 1-/33/ MoryT cy-

T 
1/t ··~~,2. 

IUCCTBOBaTb peWCIIH51 I OTJIH<!Hb!C OT peWCHHSI ::: .1, JlllX<e B TOM cnyqae, 1\0f'Jlll 

Re. 'T1'1(o) = 2.e. 't!>;llu). 

EcnH B COOTHOWCHH51X /22/ II /28/ y'ICCTb f'HI!CpOHHbiC COCTOHHIUI_. TO D ypnn­

HCIII151 126/ 11 /32/-/33/ BOHLlyT JlOITO!lHHTC!lhJ.l,biC <i!lCHbi, KOTOpbiC TeM 6onee 113Me-
{1t 1/t ~,1 • 

JIHT peu! CHI1C .L -::1 . 0 JlllllKO, rr3-3a Bb!COKOI;'O 9HepreTI1<iCOKOf'O nopora f'I111CpOH-

HblX C:OCTOSIHHH
1 

pOIIb HX BK!lallOI3 B ypaBHCHHH /26/, /32/-/33/ OCTaeTC51 IIOKa ne-

51CHOH. 

AnTopbr Bhrpa>KaiOT rny6oKyiO 6naro.napnocTb noi<Topy cpH3HKo-MaTeMaTH'!ec-

• ' ' 
Krrx nayK D.B. LlJHpKony, A.B. EcppeMony H B.A. M eruepnKony sa o3IIllKOMJJeiiHC 

7/ 
C pesy.TibTaTaMH pa60Tbl LlO ee ony6.T111KOBaHI151 11 IIO!lCSHhiC COBCTbl 11 llHCKYCCIHf, 

AnTopbi 6naro.napHhi A.A. AHCCJibMY H B M. IJiexTepy sa o6cyx<.neiii1e non-

poca, cnnsaHuoro c rrepesapSinKoti n "fi- ~ pacceHHIIH . 
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