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AHHOTlllliiSI 

npe11naraeTCSI HOBblit M9T 0ll peW9HBSI 3 llllll'l TeOpHK nons C cPBKCHpOB&H-

HbJM HyJtnOHOM. cl>opManR3M H9 C8H3llH C 8QIJINRHOA KOHCTllHTbl CBS13H, ll OCHOBaH 

Hll MllTpH'IHbiX MeTOllllX peweKHA nHKeAKbiX llHcPcP9p9HUHllnbHbiX yp8BH9HHA1 pa3-

8HTblX J.1.A . 1J an no- JlaHHneBCXHM • ?ewe HHSI n o ny'lll IOTC Sl B BHlle pHll O B, llnSI 

K OTOpblX H3B9CT9H KOKKp9THbllt 8Kll f1... -r o 'lneHa. nony'leHbl s -MaTpHUbl 

llnH CKanapKOI 38pSI>K9KHOI H CKMM9TpH'IH O A TeOpHH C cPKXCBp088KHbiM HCTO'IHH

XOM, a Tax>Ke 11na MOllenH, npe11no>KeaaoA 5HnbJHHUKHM-5HpynH . PaccMOTpeHbl 

KOHCTSHTbl peKOpMHpOBOK. nepeHOpMHpOBSHHblA 38pilll B 9THX MO llenHX npH nepe

X Olle K TO'I9'1HOMY 838HMOlleiCT8KIO He C0ll9p>K HT norapHcPMH'l{eCKKX paCXOllHMo -

CTeA. 

r• 



Bae.aeHue 

npe.anonO>KeHHe 0 C11860A CBSGH H npHMeHeHHe TeO pHH B03MyweHHSI K ypaa-

HeHHSIM Me30.QHH8MHKH npHBO.QSIT K pe3ynbT8T8M, npOTHBOpe"18UlHM OflbJTy. noaTOMy 

>KenaTenbHO C03.Q8Tb MeTO.Q, 8 KOTOpOM fl0CTOSIHH8SI CBS\3H He HCflOnb30B8n8Cb 6bl 

KaK napaMeTp HTepauHA, a npK6nH>KeHHR cTpOHnHcb no .apyroMy npHHUHny. B aTOM 

OT H OUJ9HHH MeTo.a TaMMa-.QaHKosa oKa3ancR Hey.aa"'HbJM H3- 38 TPYllHOCTeA c nepe

HOpMHpOBKaM H. B nocne.aHee apeMR ycnew HO pa3BHB8CTCR Me Ton .aHcnepcHOHHbiX 

COOTHOUJCHHA ; O.UH8KO, OCHOB8HHbiA H8 C8Mb!X 06UlHX npHHUHn8X KOB8pH8HTHOCTH , 

flPI.f'IHHHOCTH, YHHT8pHOCTH H Cn9KTp81lbHOCTH 0 OH 38Kn IO'i89T B Ce6e 6onee 6ellHYJO 

HHcpopMauHJO, "!eM KOHKpeTHbiA raMHnbT OHH8H B38HMO!leAcTByJOwux noneA. Bauny 

TOrO, "'TO npH HCCnenOB8HHH ypaBH9HHA KB8HTOBOA TeOpHH nOnS! BCTp9"1810TCSI 6onb-

W He M8TeM8TH"'9CKHe Tpy.UHOCTH, H3B9CTHyJO nonynRpHOCTb npH06peno H3Y"'9HH9 

pa3nH"'HblX Mo.a e neA Teopuu. 

O co6oe BHHMaHHe npasneKaeT Knacc Mo.aen e A c •¢HKCHpOBaHHbiM HCTO"'HHKo~· 

T,e. K Or.aa ¢epMH OHHOe none Xap8KTepH3yeTCSI nHWb CflHHOBbiM:H H H30TOflH"'eCKHMH 

cTeneHRMH cao6o.abl. To o6cTORTenbCTB0 1 "'TO 3KCnepHMeHT81lbHble ¢aKTbl no 

s3aHM o.acACTBHJO <](;' -Me3oHoB H HYK110HOB npH HH3KHX aHeprHSIX 6bJnH o6'bSICHe-

Hhl MOLlenbJO t{y-noy / t/, OTHOCS!Ul9ACSI K 3TOMy K118CCy, I"'OBOpHT 0 TOM, "'TO 

.Q8HH8SI M0Ll91lb B KaKo A-TO CTeneHH OflHCbiB89T peanbHOe B38HMO.aeACTBHe. no-

3TOMy c n e.ayeT O>KH.Q8Tb, "'TO pS!.U npo6neM TO'iHOA TeOpHH flOliSI COXp8HS'I9TCSI 

npH aTHX ynpowa JOWKX npeanono>KeHHSIX . B CBSI3 H c 3THM, 3H8HH9 TO'iHblX 

peUJ9 HHA T6KKX M0Ll9119A flOMO>KeT flOHSlTb npOHCXO>K.Q9HHe Tpy LlHOCTeA B TaOpHH . 

0LlH6KO .Qa>Ke .Q11SI paCCM8TpH B89MOI"'O K116CC6 MO.QeneA /aa HCK11JO'ieHH9M TpHBH8nb-

HOI"'O Clly'i8SI B38HMOLlCACTBHSI CK811S'IpHb!X H9ATpa1lbHbiX M930HOB C flOKOSIWHMCSI 

HyKnoHOM /2/ j He cywecTayeT MeToaoa peweHHA
1 

OT1lH'iHbiX OT BbJwenepe'iHCneR

HbiX. 

B HaCTOstweA pa6oTe Ha npuMepe B38HMO.aeAcTayJOwe A CRCTaMbi aapst>KaRHbiX 

CK611SipHbiX M930HOB C flOKOSIUlHMCSI HCTO'iHHKOM H3 1181"'89TCSI HOBbiA MeTOLl pewe

HHSI ypaBH9HHA M 930.QHH8MHKH .anSI 3TOI"'O K118CC8 MOLleneA. npe.anaraeMbiA cPop-

M811J.!3M He CBSI38H C B911H'iHHOA KOHCT8HTbl CBSI3H, 8 OCHOB8H H8 M8TpH'iHbiX 

M9TOLl8X peweHHA 11HH9AH b!X .QKqxpepeHUH8llbHbiX yp8BH9HHA, p83 BHT biX Y1.A . nan no-
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I s/ 
.QaHHll9BCKHM • lOBOpSI o6wenpHHSITbiM Sl3biKOM, HOBbiA <t>opM81IH'3M 3KBHB8ll9H-

T9H TeOpHH B03MyWeHHSI, KOr.U8 B K8'19CTBe H9603MyWeHHOrO 1"8MHllbTOHH8H8 Bbi6H-

p89TCSI raMHllbTOHH8H CHCT9M bl H 9 i\Tp81Ib HbiX M930HOB H nOKOSiwerOC st HYKllOH8 . 

0.UH8K0 1 npeRMYW9CTBO 38Klll0'18eTCSl B TOM, 'ITO BbinHC biD89TC51 ft, - hrA •1neH 

npH6JIR}i{9HHSl B 38MKHyToA cPOpMe , B TO BpeMSI K8K B T eO pHH B03MyWeHHst MO:>KHO 

llHWb H 'l i\TH nJ06oA KOHKpeTHbiA 'ill9H pS1.U8 1 HO He n - biA . 3TO 06CTOSIT9.TibCTBO 

n03B01ISI9T t B npHHUHne, HCClleLIOB8Tb CXOLIHMOCTb pstLIOB. 

M eTo.u peweHHH ypa BHeHHSI LIJISI $ -M aTpHUbl cKanstpMoA a apst >KeHHoA Teo -

pHH HanaraeTcst s paa.uenax 1-3. B paa.uene 4 o6cy:>KLI8JOTCst KOHCTaHTbi nepe-

HOpMHpOBOK s sToA MOLieliH . Paa Lien 5 nocsstweH pacnpocTpaHeHHJO MeToLia Ha 

CK81IstpHyJO CHMM9TpH'IHYJO TeOpH!O. 8 paa.uene 6 HOBbiA MeTO.U npHMeHsteTCSI K 

Mo.uenH, npe.uno>KeHHOA BstllbiHHUKHM-BHpynst/
4 / • Bee pac'leTbi noMeweHbJ a npH -

1IO:>K9HHH. 

1. npe.UCT8B119HHe s -M8TpHUbl B BH.Ue KOHTHHY81lbHOI"O 

HHTerpana 

PaCCMOTpHM CHCT9My CK811stpHb!X 3 8pst >KeHHbiX M930HOB, B38KMO.U9ACTBYIOWHX 

c cPHKCHposaHHbiM npo'TSI>KeHHbiM HYKliOHOM. B 3TOA M"o.uenH HYKllOH HMeeT TOllbKO 

.us e H30TOnH'IeCKH e cTeneHH cao6o.obi /npoTOH H HeATpoHI. CRcTeMa onHCbiBaeTcst 

raMH1lbTOHH8HOM: 

H= m. (Y..'.Y)+ :t i fdx.f;,;i-r)•(r? lf,-tXJ)':,.Ihf..'r.i[/: 
(=t 

"Z 

+ 8 ~ f di" ('f-f~·'f )f,·fi{p{,ij ) 
,::I 

-r 

r.ue 'f;::.lfp Cp ~'If" c, - onepaTop HYKllOHHOro nonst, c..AI (A/.::;>, h) 
onepaTop yRH'ITO>KeHHst HyKnoHa, ~- cnHaop, onHCbiBBJOWHA HyKJIOH 

I 1.1 I 

rv; =(t}, ?}j,-::::(.f)) ; iii 'X;!i)1A 'f,•fj/- OnepaTOpbl M930HHOI"' flOJist, 

j)IKJ=-I'fftlf)f- ¢opM-cP8KTOp H)'KllOHa; '2";· - M8TpHUbl H30TOnH'Ie
l< 

CKOrO CflKH8 } /2 . 

B npeLicTaBlleHKH aaaHMo.ueAcTBHst 

W9My ypaBHeHHJO: . 

$ - MaTpHU8 y.uosn eTBOpHeT cne.uyJO-

I 
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·J 
lat Srt, to) =- Hz tt )S ft, to) 

s (-t, t 0) It =-t 0 j_ J 

I 1.2 I 

rae 

B cHMBOtiH'!ecKoA Q:x:>pMe peweHHe ypasHeBHSI 11.21 HMeeT BHa : 

• -t 

S(-1-, to)= Tt Tcfex!f-t'ftiTflzf[J } , 
~0 

11.3/ 

0CHOBH8SI 3e /18'i8 TeOpHB - npeaCT8 Btl9HH9 ,1 -M8TpH Ubl B BRae HOp-

/5, 6/ 
M81IbHbtX npoH3BeaeHHA - 'i8CTH'iHO MO>KeT Obrrb swnonHeH8 s o6meM BRae 

VfMeHHO, MO>KHO T8K npeo6pa 30B8Tb Bbtpa>KeH HeS MaTpHUbl, 'iT06bt OHO ObinO yno-
A 

pS1aO'i8HHbiM no M930HHblM onepaTopaM if . npH 9TOM , oaHaKo, HYKtiOHHbie 

onep8TOpb1 r H r-t OCT8 IOTCSI neynopSI,aO'i8HHbiMH IT,e. noa 3 HSKOM T -npo

H3BeaeHHSII. TaKoe 'i&CTH'iHOe ynopHao'ieHHe aocTHraeTCSI nyTeM npe.acTasneHHSI 

s - M&TpHUbl B BHae KOHTHHy&tibHOrO HHTerpana. 

CneaySI ct> eAHM&H y / B/ , npeanono*RM, 'iTO mo6oA ¢yaxuHoaan 7' LA}, 
onpeaeneHHhiA H8 M'!O>Kec-rae cKanSip Hbtx <PYHKUHA A(s) , 38aaHHbiX aa HHTep

B8ne [to, t J , MO>K8T 6brrb npenCT8Btl8H K8K Cynep1103HUHSJ 9KCI10H8HUH81lb-

Hb!X ¢yHKUHOH8nos laB8tiOPH'iHO HaTePp8ny ct> ypbe a nSI o6bt'iH biX ¢yaKuHAI: 

11.4 I 

rne 1 fcp] - HOBbtA <tJyHKU HOH81I 0 SIBtiSI IOUlHACSI ¢YHKUHOH81I bHbtM o6pa30M 7 £/1]. 
j1lf>C[~] - 03H8'i88T <tJyBKUHOHStibHOe HBTerpHpOBSHHe no npOCTpaHCTBy neACTBH .. 

TenbHhiX cK8nHpHbtX <PYHK uHA tp ( s). He KacaSJcb MaTeMaTH'iecx HX Tpya BocTeA npH 

onpeneneHHH a-roA onep8u1u1 IHanpHMep , onpeaeneH He Mepbt s npocTpaHCTse 

¢YHKuHA C/>(S) I , 6yneM noBHM&Tb noa J~¢t;'[¢] npenen 
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00 .,._ 

et·m f dcfls .. . J d 41 G c~ <Ps _ -· 4><1 ) 
11~ oc - .... "J. - -"'0 n -s' '-' ' ,...,, ' 

'IHcno TO'IeK pa36HeHHSI oTpe3Ka [ t:., -t:] • EcnH Y::£11} 3a.naH , TO 

MO>K9T 6biTb onpe.neneH H3 o6p8THOI'O npe06p830B8HIHI: 

-t: 

j: £¢]::: c j S!l exr (-{· /ds !Irs) ¢csij Y-i11] . I 1.51 

to 
r ·te C - HOPMHpOBO'IH8SI nocTOSIHHaSI , 

Tor .na onepaTop 7 f <{} onpe.nenS!eTCSI KaK 

7 [tj] 0< fb 1 eJ'f { fds if><sJfrs)] i T<PJ . 
-to 

11 .6 I 

r .ne g:::[rp138D.8H COOTHOW9HIHIMH 11.41 H l l.fl , 8 TIO.ll 011Cp8TOpOM 
-:_; -e /t q (t, f

0
) :::::. .e:Kf /iJ:s lf(s}.j>(SJ} nOHHMaeTCSI pewemrc onepaTopHoro 

llHcP¢epeKUH811bHOf'0 ypaBK eHH Sl 

I{ "' 

l c {t, io);::; i /f{f} ¢(f) C {i, T D) 
~-t ,-1 11 .71 

C {f, t . ) h:=-f.o:= j_. 
0CHOBbiB8SICb H8 3THX pe 3y11bT8T8X, s -MaTpHUY ypaBKeHHS! 11.21 MO)I{KO 

npeD.CT8BHTb B BH.ae: -b 

S(t, to) == jJ5'cf>, Scp2 .f?Xp {i /ds ~i (s)(/>i (s)} X 
~0 11 . 81 

r C 1 f[f/1~ ~Az. .exp (- t' jds Airs) t/Jirs) Sf~ tc /A,/12 ). 

"' "to 
3 .aecb S (t, to { t1..t Az_) HMeeT CMbiCn S - MaTpHUbl c HcTeM bi KnaccH'IecKo ro 

38pSI>KeKHOI'O M930HHOI'0 nonS! ;1,(-f}/ Jh (f) H KB8KTOB8KKOI'O HYK110KHOI'O TIOJHl 

t (f) H nO.a'IHH SieTCSI ypaBK9 HHIO: '2.-

l,J-s/t, to I 11,112.) :::: /1 ~ r 'I _,_1:i f) (\ ~{t) f (~ t~~ I 11, Az) 
...... t ;:l 

S (f, to/ A, /1-z.) /-f.:to;::. .J_ . 
't-

11.91 

On e paTOP exp {i f.«s ~(J) t:{J(~J} , TaK KaK OH no onpe.aeneHHIO y.nos-

n eTBOpSieT ypa BHeHH 10 I 1.7 I , .a on >K eK paccMB TpHBaTbCSI KaK ynopSI.ao'leHH biA 

no speMeHH /o6bi'I KOe 'T' - npoH JBe.aeHHel. XpoHonorH'IeCKOe npOH3Be.aeHHe 

M930HHblX onepaTOpOB MO)f{HO Bblp83HTb '!epe3 HOpM8JlbHOe npOH3Be.09HHe COI'J18CHO 

TeopeM e B HKa /
7

/ • 
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-1: 

T., exp{;fdsf, rsJ} = /Jf[e~y>(-;_jj;T"1Litj-?J ~L • } x 
t:" -t- t . -1:, at:ttJaJ:t?) 

I( exff'jd ~ tP. _,27 (- · ~t: 11 101 

• '"t, s.r--rs: .l?!J= eq> -.z /['f"-'l 4fJ-?)¢JT};;.·r;J}~ . 
'\ R..tf ( ,· -t{ d. S 'f,·fS) f/>,· (s)} ,' 

rae npk~HHH8H cPYHKUHH .a lf-?) OnpeaenHeTCH COOTHOWeHHeM 

(o/T { i rT) ~- {n) l fo> = iS; i .t.!j-'J} = i 61; L ..rl.-; e-i«>.tr-rtll .lll 
I J tU d (j K .2 t c.JIC 

0KoH~aTenbHO S -MaTpHua, HOpManbHO ynopHao'leHHaH no MeaoHRbiM 

A 
onep8TOp8M tJI , MO>KeT 5bJTb 38nHC8H8 B BRae: 

1 ~ t 

S rt, t .) "' ~ d ¢>, 'ri¢z exf f ~"j £."T"fA~?)f.·t;"J¢;.rp;} ~ 
X: upf.-psi rs)¢>Js)j:cjjdA,$Az~fJtsAJr)1>;c·~ sd~~)' 

TaKHM o6p.aaoM, aaaaqa Haxo>KaeHHSI S -MaT;~Ubt raMHnbTOHHaHa 11.1 I 
~ 

pa35HBaeTCSI. H8 aee: eo- nepBbiX , H8XO>KaeHHe K118CCH'I9CKOR s -M8TpHUbi , K8K 

peweHHSI yp8BHeHHSI 11.91 C npOH3B01JbHblMH K03cPQlliUHaHTHbiMH cPYHKUHSIMH 1\, l t \ /1 1• (t' 
H, eo BTopwx, cPYHKUHOH811bHOro HHTe rpHpoaaHIH! ee no ¢opM yne I 1 . 12 I . 

"" 2. Haxo>KaeHHe "KnacCH'lecKoR • S - MaTpBUbi 

TaK KaK HyKnOHHoe none HMeeT nBwb aee cTeneHH cao6oabi H onepaTopbi 

""' 
aToro nonst aHTHKOMMYTHpyiOT Me>Kny co5oA, To onepaTop S{~t,JA,/12) 
MO>KHO npeacTaBHTb a aHne cneay10wero paano>KeHHH no HyKnoHHbiM onepaT opaM 

'/J H 'I'+, KOTOpoe, K8K nerKO nOK838Tb 1 S1B11S18TCSI H8H6onee 06LUHM: 

5Lt,t.J!II A2)= :1. -t {2 fy~y)-ll+t 1Y~f~t. /A1 /J2.)+-3 / 12. 11 

+f. {tp+~. Y') h;'f t, i./A, A2), 
rae f H ~· SI.B11SI.IO'I'CSI. 06bJ'IHbiMH CK811SipHbiMH cPYHKUHSI.MH . 3TO HenocpeaCTBeHHO 

cneayeT H3 n erKo npoaepHeMbiX coOTHoweHHA: 
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( 'f -~-~ .. .p) L ;P rrz;·r) -= t. i ~e ' YTe f}-rJ{/!.2 f)"?!j - - tp~"I:Jj' 

('I' r~· IJ') [z t.l''i1 - {y, ty:,) j ~ l y ~:,. ~) . 
no.a. C T8B11SISI /2 . 1./ B ypasHeHHe /l.Q/ ' l npHp8BHHBaSI K03¢cPHUHe HTbl y 

O.llHH8KOBb!X CTpyKTyp, fl011Y'-IHM CHCTeMy ypaBH9HHA H8 f H -";• , K OT OpylO 

MO >K HO 3811HC8Tb B M8TpH<iHOA cpOpMe: 

r.a.e 

i~ ¥/~f.) = J F~;t ii) -r-t:;A.{tjj!l(t;t.,) 

lfdtt;t,Jit==t. ~ I, 

Y (~to)=-
-1.. -t- f + ~3 ) 

~~.;.. h 2 ~ 

J.::. - ,· /lz. 

1. + f - h.J 

/2.2 / 

Pew eHH e ypasHeHHB /2.2 I npe.a. eTa snBeT co6oA 3Ha q HTenbH bie T p y .a.HoCTH, 

flOCKOilbKY OHO CBO.llHTCSI K peweHHIO llHHeAHOrO IlHcPcPepeHUH81lbHOrO ypaBHeHHSI 

# 
STOporo nopBD.K8 ~ IlBYMSI npOH3801lbHbiMH cPYHKURSIMH, 0 6 bi"'HO T8KH9 y pasHe -

HHSI pewaJOTCSI MeTO.llOM TeOpHH 803My LUeHHSI, T . e , p831lO>KeHHeM no napaMeTpy 

~ , KoTopblA npe.a.nonaraeTcSI M81lbiM . Ecmr >+<e napaMeTp J-' senHK, T O y paAHe-

HHe /2.2 I MO>+<Ho npH6nH>+<eHHO pewHTh , nonh3ySICb "Ksa3HKnaccH'IecKHM" M e To-

.a.oM . O.a.HaKo s nocne.a.HeM cnyl!ae nony'iaJOwHecR Bbipa>+<eHHSI He y.a.ae T C SI cPYHKUlf-

OH81lbHO npOHHTerpHpOB&T b, 

J1 an no-.Q 8HH11 esCKHM 6b!1l p83 SHT M eTO.ll peweHH Sl CHCTeM Il HcP¢epe HUH81lb-

H biX ypasHeHHA, HCfl01lb3YJOLUHA TeopHlO cPYHKUHA OT M8TpHU, M eT O.ll 6a3 HRye T C SI 

H8 TOM, 'ITO cPYH KUH SI OT M8TpHU MO>KeT 6b!Tb npe.a.cTasneHa KOH e 'IHOi! CYMMOA 

OCH OBHblX KOMfl03HUH A M8TpHU C K03cPcPHUHeHT8MH 1 KOTOpble MO>KHO p83110 >KHTb 

s pR.ll bl no HexoTOp biM xapaxTepHCTH'IeCKHM napaMeTpaM MaTpHu. TaKHM o6pa3 0M, 

napaMeTpOM pa3110>K':_WHSI OK83biB&eTCSI He KOHCT8HTaff , 8 HeKOTOp bl e HHB&pH-

8HT bl MaTpHu, sxo.a.BLUHX s ypasHeHHe. M bl He 6y.a.eM ocTaHaBnHBaTbCSI Ha npo 

u enype nonyqeHHSI peweHHSI 1 3& BCeMH flO.llp06HOCTSIMH OTCblll&eM 'IHTaTenSI K 
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o6wHpnoA MOHorpa4>11H Yt.A.IIanno- .nenoneecKOI"O I 31. OnycKSB 0'19H b rpOM03.0KHe 

H .01lHHRbi9 npeo6pa30BaHHB peKypeHTHbiX COOTHOW9HK A /Ianno- .0aHK1l9BCKOI"O .OilH 

r .n e 

npH X >o 
DpH '- x<o. 

4HT8T91lb MO>KeT y6e.nHTbCH Henocpe.nCTB9H HOA DO.OCT8HOBKOA , 'ITO peweHK 9 

/2.3/ Y.OOBIJeTBOpsteT yp8BH9HHIO /2.2/ C Tpe6yeMbiM H8'181lbH blM YCilOB H e M . 

ct>yHKUHH A, {S) H Az. (S) axo.nstT a pewenHe /2.3 I co eepwe HHo cuMMeTpH'I..; 

H0 1 T8K KSK, pa31181"8SI rHoep60IJH'I9CKH9 KOCHHyC H CHHyC B PSI.Obl H M9HSISI DOCIJe-

.OOB8T91lbHOCTb CyMMHpOB8HBH 0 DOlly'IHM .npyroe Bblpa>K9HB 9 .OIJH ry;t; f"~, 
r.ne A1 ( S) H /J2{.S}, ~ t.t ~ MeHSIIOTCB MecTaMR: 
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( ) l ffl i: -t: ~( 

- l-J · fau_ ... fJTu+r (I /12 7i) ~ 
-t _,_ r ( ... , 

0 ~ 0 /2.4 / 

x ['0. Ch. { i q fb A, r sJ ![as f;· ~ - i 'Lj 14 (,j {J rAJ. rs J,l I m ;:;), . 
t- 21 -fl -t ?.. ff l g 

d t 0 J I f.o J=l 

.Q nst pst llOB / 2 , 3/ H / 2.4 / n erKO M O>KeT 6b!Tb BblnH C 8 H M 8>KOpH p y!OWHA 

cPYHKUHO H a n , TaK KaK eBH ll Y neACT B HTe n bH OCTH /11. H A 1.. K OCHHY C H C HHyc 

H e n peBblW8 JOT 9 llKHHUbl , 8 OC T8 IOWH eCSI pS! ll bl n e rKO C YM M Hpy IOTCSI , 

'/f(t,t. ) £, ( r+~ ) lmh [eJt/j f:s }A,rs)j}, e1'(4J.;?•/A,rs~:2 .oJ 
TaKHM o6paaoM , p eweHHe y paeH e HHSI / 2 . 2 / n pencTa en SJe T C SI pS!ll8MH /2 .3/ 

H / 2 . 4 / , KOTOpbl9 C XOll SITC SI p8BH OM epH O H a 6coniOTHO H8 OTp 9 3 K 9 r t t J , ecnH, ~ ~ ~ .I 0 

n o KpaAHe A M e pe, o n HH u a HHTerpanoaJ.JIIsjA, fsJ/ uJ fds/1J.(sJ/ o rpaHH'I e H 

H a [ -t, i:
0

] • -I.e t-o 

0 C BSI3H M9>Kll Y M 9 T OllO M fl a nno - .QaHHn eBQ.KOf"O H TeOpHeA 80 3 M YLU911HSI 

llnSI ypa8H9HHA T Hna / 2.2 / C M O TpH npHnO>K 9HH 9 A. 
,v 

3H8SI 'lf(t, to) t nerKO H8n HC 8Tb 8 blp8>K9HH 9 llnSI "'Kn8CCH'I 9CKOA "' s -
M8Tp1'1Ubl 1 naeaeMO A pa 89HC TBOM /2,1 / : 

5 (~to /At~ft).::: ::.L - r-2 rfr) - f,tff)'i + 

+-f. { ('J)2f.. ~ . t 2f. 

r·· ( 2'(,-J! /'{;. . .. fd72t ![ IIJfi) x 
o "t:o t-1 

1 
[ cJ. (ii IJ.sA,rsd!w·fi )\/i.rr"')-(tt)'1-(t+'l:. .Lljh{i4~sA/s)ltcs-Ti~ 

-to J - 1 ~ ') r T 'J' '2{1 4 t J::' J1j 
("-j )19-t1 ~ t 'll/+1. 

0 

--""7 fd'f, .. . fdfz.q~r Jr A1.. ([t) x 
. -to "t to '/. e l -t- 'Z9+1 

x {rt~f )Ch{tj j~s;ft(sjffa!J)}+ if;'ty 'f') 1/r (;7 f-•1/, (>) ]J,Ers-yill 

12.61 
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¢OpMyna CHMMeTpH'IHS OTHOCHTenbHO nepeCTaHOIJKH HHll9KCOB 1 H 2. 

3aMeTHM 1 'ITO nony'leHHblll: TSKHM CllOC060M KpHTepHll: paBHOM9pHOll: H a6co-

niOTHOll: CXOll HMOCTH He stBnH:eTCSJ llOCTSTO'IHbiM anst nposeaeHHSJ cPYHKUHOHSnb

HOrO HHTerpHpOBSHHH 0 TSK KSK npH HHTerpHpOBSHHH BCerna HSAllyTCSJ TSKH9 cPYHK

UHH ;11{J}If tf,_{S), KOTOpb19 He YllOBneTBOpstiOT nony'leHHOMy KpHTepHIO. TeM He MeHeq 

M bl OCTSBHM B CTOpOHe BOn poe 0 KOppeKTHOCTH npoueaypbl cPYHKUHOHan bHOrO HHTe

rpHpOBSHIHI0 TeM 6onee, 'ITO llOKS ll0K83SHO cymecTBOBSHHe cPYHKUifOHSnbHbiX HH

TerpanOB TOnbKO n nst O'leHb y3Koro Knacca cPYHKUHOHanoe, M bi npen nono>KHM , 

·~TO pstll MO)f{HO HHTerpHpOBS'llii> llO'IneHHO. 3Ta HellOX838HHSSI On~pSUHSJ MO>KeT 

6b!Tb OnpaBllSHa T9M 06CTOSJTenbCTBOM, 'ITO s -MaTpHUS, nony'leHHSSI B pe3ynb-

TST9 HHTerpHpOBSHHSJ 1 YllOBneTBOpsteT HCXOllHOMy ypaBH9HHIO /1.2/ , B 'leM MO>KHO 

y6eaHTbCH Henocpe.QCTB9HHOA nOllCTSHOBKOA, 

3. Haxo>KaeHHe KBaHToeoA S - MaTpHUbi 

¢yHKUHOHSnbHOe HHTerpHpOBSHHe "KnSCCH'19CKOll:" -MaTpHUbl MO)f{eT 

6biTb nposeneHo 6e3 Tpy n a, TaK KaK peweHHe KnaCCH'IeCKOrO ypaBHeHHSJ 

HMeeT "rayccoscKHA" BHn. Cnoco6 Bbi'IHcneHHSI noao6HbiX cPYHKUHOHanbHbiX HHTe

rpanos H3BeCTe H ewe H3 pa60T 8HHepa /S/ , a B npHMeHeHHH K KBSHTOBbiM 3aaa

'ISM p83BHT ¢ell:HM8HOM /S/ , npHB9lleM OKOH'ISTenbHb!ll: BHll s -MaTpHUbl 

/eM . npHno>KeHHe 6 I . 
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8bipa>K9HHe 13.1 I CHMMeTpHttHO OTHOCHTenbHO nepeCTSHOBKH HH.Q9KCOB 

H .QB8 1 ttTO COOTB9TCTByeT CHMMeTpHH B Kn8CCH'l9CKOA cPYHKUHB ':J~to) 1 
OTpa>KeHHOA B 38DHCH 12.31 H 12 .41 . 

O.QHH 

nonytteHHOe Bblpa>KeHHe .anR $ -MaTpHUbi 1"'8MHnbTOHH8H8 11.11 38nHce-

HO B HOpM811bHOJ\ cj:lopMe KSK nO HYKilOHHbiM , TSK H no M930HHbiM onepaTopaM , He

nocpe.QCTB9HHOJ\ llO.QCTSHOBKOJ\ MO>KHO y6e.QHTbCR, ttTO s - MaTpHUS YAOBneTBO

pReT ypaBHeHHIO 11.21 C Tpe6yeMbiM H8tt811bHbiM ycnOBHeM , 

TaKHM o6pa3oM, onepeuHR cj:lyHKUHOH81lbHOro HHTerpzpoBaHHR, He RB1lRHCb 

060CHOB8HHOJ\ C M8T9M8TH't9CKOI}.. CTOpOHbl 1 npHBO.QHT B .QSHHOM C1lyttae K npaBHIIb-

HOMY pe3yllbTaTy, ttTO no.aTsep>K.aaeTcR Henocpe.acTBeHHOR no.acTeHOBKoA. 3To 

06CTORT91lbCTBO MO:>K9T Clly:>KHTb O.QHHM H3 llO.QTBep:>K.QeHHA Cnp8B9.QIIHBOCTH 

npe.a1IO:>K9HHOrO ¢ef%HM8HOM M9TO.Qa, 

npH p83110:>K9HHH no KOHCTSHTe CBR3H J" nony'lSIOTCH pH.Qbl O't5bl'lHOJ\ 

TeOpHH B03MYW9HHH C T9M 1 O.QHSKO t npeHMyW9CTBOM , 'lTO 3.Q9Cb Mbl HM99M 

HBHbiR BH.Q fl.- -ro '1119Ha 3TOro pR.aa , B TO Bp9MH KSK cyweCTBYIOWHA anna-

paT TeOpHH B03MyW9HHJ\ ll03B01lH9T llOIIY'iHTb 111060R KOHKp9THbll\ 'ill9H pH.aa , HO 

He /t, -biRo 3TOT H9.QOCT8TO'JI: TeOpHH B03MYW9HHSI , no HSWeMy MH9HH 10, HBIIHeT-

CH OCHOBHOJ\ Tpy.QHOCTbiO npH H3ytteHHH BOnpOCS 0 CXO.QHMOCTH pH.QOB TeOpHH 

B03MYW9HHR • 

.[l11H BbiRCH9HHH cPH3H'i9CKOI"'O CMbiCIIS HTepauHA B 5 - M STpHue /3.1 I 

BepH9MCSI CHOBS K yp8BH9HHIO 11.21: 

13.21 

A .;of 

OnepaTopeMH 3apH:>KeHHbJX Me30HOB RBIIRIOTCR Bbrpa>KeHHR tf, :tl<f1- 1 a TO Bpe-

MSI KSK onepSTOpbl if, H c&.. npHBO.QHT K pO:>K.QeHHIO H1lH YHHttTO>K9HHIO onpe -

.aeneHHOit KOM6HH8UHH ll01lO:>KHT9.1lbHbiX H OTpHU8T91lbHblX M930HOB 1 HSllpHMep, 
A 

onepaTop ~ COOTOOTCTByeT KOM6HH8UHH t (7f':,. 7f'+j , Tenepb BMeCTO 

OCHOBHbiX HYKIIOHHbiX COCTORHHJ\ 11f H 'lftt 1 BBe.aeM 'lf;. ~ fi ('fF,+'If"t~,) 
H 'tf::: ;;f(vp- llh) • 3TO npeo6pa30B8HH9 03H8'18eT nepeXO.Q K HOBblM 

opTaM a H30TOnHtteCKOM npocTpaHcTse. B HOBbiX opTax ypasHeHHe 13.21 3anH-

W9TCR TSK: 
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i ft s =< ~[r'f'~t!Y:rtJ+(f'i;.'fJirt!J;: 13.31 

3.aecb '? I - 'lf+. (.,_ + 1f:_ C-
) c+ - onepaTop yHHttTO>KeHtHI ttacTHn [14-v.) 

12: 
"'1 

B ypaeuef!H e 13.31 onepaTop lf, 8XO.L1HT BMecTe c .aRarouanbuoA MaTpR-

ueA 'Z3 H , cne..ao8aTenbuo, .of! OT89TCT89H9H 38 HCllYCK8HH9 H nornoweHH9 

T8KOA KOMOHH8UHH OTpHU8T9nbHbiX H llOnO>KHTenbHb!X M930H081 KOTOp8H He 8bl3bi-

889T nepexo.ao8 HyKnOH8 H3 COCTOHHHH vt- B 1/:. B oopaTHO , EcnH Obi He ObinO 

a npa 80A ttacTH 13.31 8Toporo ttneua, M bi HMena obi HeATpan bHY 10 TeopHJO , Kor.aa 

HCllYCK8HH9 H nornOll.l9HH9 M9301f8 He 8bl3b!889T B3M9H9BHH H30TOllK'I9CKHX KOOp-

..a KHaT uyKnoua. PeweuRe 13.1 I ax8aeaneHTHO peweau10 MeTonoM TeopHH eoaMywe-

( , + 1) .... 
HKH 1 KOr.aa 38 803MYW9HH9 DpHHSITO Bblp8>K9HH9 "' 'l; 'f'/ ~ (-t) , 8b!3b!B8JO-

Ul99 nepexo.a bl M9>K,ay COCTOSIH H HMH '11+ H 'lJ: , 0TM9THM , 'ITO ,apyrHM llOBO-

pOTOM 8 H30TOllH't9CKOM llpOCTp8HCT89 \G.:: ;f (1'l +1.''1/i,); 1{:. • * ( 1!p - t'1/lr.) 
MO>KHO .LlH8rOH8nH3Hp088Tb M8TpHilY tz:"'.,(,, CTOS!WY""IO llpH OnepaTope t/'z. , Tor..aa 

•ao3MYW810li.lHM• •meROM 6y..aeT {~'+G 'I J'/:t.(f) · 3Ta CHTyanRH COOT89TCTBy

CHMM9TpHB :> -M~TPHUbl OTHOCHTenbHO OnepaTo-eT y>Ke 
~ 

OTMetta swelteR pauee 

poe lf, H % • O..auaxo, ecnu orpaHJ!'!HTbCR Koue"!Hb!M "!HCnOM ttneuo8 a pH.ay 

I 3. 1 I, To CHMMeTpRsr 6y.aeT aapyweua lo..aHH onepaTop crouT a noKa3aTene 

3KCllOHeHTbi, npH pa3nO>K9H K H KOTopolt llOSIBnS!eTCSl ni008H CT9ll9Hb 9TOrO onepaTO

pa, a ..apyroa 6y..aeT exo..aHTb a KoHe'IHoA cTeneuKI. RpH paooTe c o6opeaHHbiM 

pst,aOM ..anSI t!> - MBTPHUb! MOryT 803HHKHYTb npoueCCbl 0 H8pyW810li.lR9 38KOH co

xpaH9HHSl aapH..aa. 3To npoa3oA..aeT , ecnH ..anSI npoueccoe, BKnJOttaJOwax 6onbwe 

2 lt. M930HOB, Orp8HH"'HTbCSI fl.._ '1119H8MB pst.aa , no3TOMY H900XO.L1HMO 8bl'IHCnSITb 

MaTpKttH biA aneMeuT OT nonuoro pH..aa ~ -MaTpBUbl H TOnbKO 8 pst..ay Nf8TpHttHO-

rO aneM9HT8 MO>KHO orpaHH<ill 'l:bCH T9M HnH BHbiM 'tHCnOM ttneH08, roaopS! H3b!KOM 

TeOpHH 803MYW9HHst, OT..aenbHb!f.\ 'lneu pHna 13.1 I BKnJOqaeT B C90H T8KHe rp8cPbi , 

,anSI KOTOpb!X He BblllOn RH9TCH 38KOH COXpaH9HHH 38pH,a8, H8llpHMep, n ~ />+ ;,; 
LlnH nonuoa ;i -MaTpRUbi 38KOH cox.pau eu~SI aapHna 8bmonueu TO'IHO H npH npa 

BHnbHOM Bbl'tHCneHHH M8TpH'1Hb!X aneMeHTOB, K8K YK83b188nOCb BbiWe, HapyW9HHe 

3TOrO 38KOH8 He B03HHK89T, noaTOMY B p83BHTOM ci:JopM8nH3M9 MO>KHO r080pHTb 

__. 
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0 HPB bJnOn He!IHH 3 8KOH8 COXpaHeHHSI 38pRna B BHpTy81lbHblX npoueccax , 8HanOrH'fHO 

TOI\.iY 1 K8K B HeKOB8pHilHTHOA cPoPMY11HpOBKe T eOpHH B03MyUJeHHSI Jl11SI BHpTyll11bHbiX 

npoueccos He BbmOnHReTCR 31lKOH coxpaHeHHH aHeprHH. 

4. KoHcTaHTbi nepeHopMHpOBOK 

Un~ nony q eHH~ C06CTBeHHhlX cPYHKUHA H C06CTBeHHhlX 3H8\feH RA raMH11bTO

x/ 
IU!IlHil / 1.1 / BOCnOJib3yeMC SI rHnOTe3oA llJlHil6aTH'fecKOrO BK1110\feHHSI 63/lHMO-

lleACTBIHl /10/ , KOTOpyJO MO>i.JiO cct>opMynHposaTb cnenyJOWRM o5pa3oM: 

nycTb cf:>n ecTb co5cTseHHaSJ cPYHKUHR cso5on Horo raMRnbTOHHaHa Ho 
EcnH nanee HosecTHO peweHRe ypasHeHHH nnSJ :: -MaTpRubi c anRa6aTR'fecKH 

HllpllCT810WH M B31lHMO!leACTBHeM: 

$ <(~ tD) =-- fiiff) e - .tltls ~r~ i:o) 

SY-trDJ!t=to==- i , 
To TorHa co6cT e e HHbiMH cPYHKUHRMH onepaTopa 1/= lit, of flz 6ynyT: 

em ,s'~(~ :too)~n 
tx'~() ((/Jh.J s'Y~ :too);;;;;;- I 

/4.1 / 

/4.2/ 

rLH~ Cit - HOpM lipoeo'fHaSI nocToRHHa~ , a 3HilKH / !_ / COOTBeTCTBJIOT ' pacxonR -

weACSI" H "cxo,::tSILUeHCSI"' BOJIHaM . 

l/t;,{:t) onpenem1 e Tc R pa eeHCTBOM: 

Co5c TBe HHoe 3Ha'feHMe aHeprHH s coCToRHHH 

14.3/ 

np~!le1lbHbltl n epex on n03B011SieT KOppeKTHO onpenenHTb 'fllCTHOe , TQK KaK 

41JCJlHTe1l b 11 3HilM e HaTe11b He onp e.a eneHbl H3-38 H811H\fH Sl cPil30BOrO MHO>KHTenSI 

ec ~ 
x/ 

¢yHK1liH1 rpHHa f'8MH1lbTOHH8H8 / 1.1 / 6btll8 nony 'leHa s pa6oTe 9 
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"AnHa6ani'WCKYION 
so( -

M8TpHuy, SlBJlHIOLUYIOCH pOlliOHHOM ypa BHCHHH /4.1/, 

nerKo nony'IHTb H3 /3. 1 / nyTeM aaMeHbi TaM acex LlHcpcj:JepenuHanoa 

H8 Bb!p8){<eHHS1 d[i e- 1( /{d H J.st' e - o(/Sif 
d-r. d s. I ( I • 

3aM 9 THM, 'IT O 8B9110HHe K OHTp'!Jl eHOB B HCX011Hhl a raMHJlbTOHH8H npHBOLlHT 

K 8BTOM8TH'!eCKOMY HCKJliO'!eHHIO 6eCK O H e'IH W X cpaa . XOTSl TAKOe BBOLlCHHe KOHTp

'IJlCHOB C'IHTaeT~Sl 6onee KOppeKTHOA npouenypoA, HaM Yll06Hee ll01lb30B8TbCSl npn 

Bhl'IHCneHHH M8TpH'1HhlX aneMeHTOB TeopeMaMH /4 .2/ - /4 .3/ 8llH868TH'ICCKOH rHno-

Teabi . 

ol. 
TaK K8K s -MaTpHU8 381l8H8 B BH LJ.O pH A a , TO MaTpH'II! bre 9J10M OHTbl 

6y11yT npencTaaneHbi a BHne npe nena npH o(~ 0 OT OTHOW eH lHI ,aByX p11l10B. 

0Ka3 bi eaeTcH, '-ITO ecnu paa.aenHTb o.aHH PSlll Ha npyroH H co6paTb qneHbi npH 

011 HH8K0Bb!X CTeneHSlX KO HCT8H Tbl C BS13 H, CTOSl LU9H nepel.l llOLlHIITf'rpan bHOA 9Kcno

H9HTOH, TO a nony·~eHHbiX T8KHM cnoco6oM '-lneHax cj:Jaaa coKpawaeTcst H, cncnona-

TenbHO, MO ){{HO nepeX011HTb K npeneny npH cX ~ 0 8 K8){{Ll0M 'IJ19He OT LlOIIbHO. 

B npHn0){{9HHH B aTa npouenypa Hnn IOCTpHpyeTcSl Ha npHM0pE' Bhi'IHCneHHS1 

nepeHopMHp088HHOA KOHCT8HThl castaH . DnH .apyrHx MaTpH'IHhlX aneMeHTOB Bhl'IH-

CJ19HHS1 npOBOLlSlTCSl 8H6110rH'IHO. 

nonyqa IOLUH9CS1 Bbipa){{eHBSl OK 8.3b1Ba!OTCS1 LlOBOJlbHO rpOM CX3llK HMH. ft..- - h!H 

# 
'1119H 1 XOTSl If MO){{HO BblflHC!1Tb, HO HCC119110B6Tb 110 KOHU8 OOK8 HC Y118110Cb. no-

9TOMY Mbl BhmHUJHM TOJlbKO BTonoe H Tpe Tbe npH6JTH){{eHHe . Bhr'IHcneHHe HHTe -

rpanoa 3H8'1HTenbHO ynpomaeTcH a npenenbHOM cnyqae TO'IC'IHoro A.."1811MOLlei-icTBHSJ, 

KOrLI.a cpopM-cpaKTOp 7Y( K) CTpeMHTCSl K CllHHHUe. M bl Bhi5CpOM cpopM-cp8KTOp 

a cnenyJOLUeM BHne: 

(/(K) == ~f (- WK-/'fj 
/ , 

rne l HMeeT CM biCJl MBKCHM 8JlbHOrO HM nyn bC8 o6peaaH HSl. n C"pP XOll K TO'-Ie'l -

HOMy 838HM0119HCTBHIO 6yneT OCYLUOCTB11SlTbCSl npH CTpCMIIeHHH 0 K oCCKOIIe'l-

HOCTH . 

PaceM o TpHM npe){{ne scero co6cTaenHyio aHeprHIO on n o HyKnOHHoro cocToSl

HHH. no TCOpeM e / 4.3/ flOJlY'IHM: 
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J61.UI<Ifelif'IW 

'liACJI a .. X Ht< ' 

6J15JIJ.1 ' 1 

/4 ,6/ 

• 1 
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KoHCT8HT8 nepeHOpM !ipOBKH c:PepM H OHHOrO nonS! z2. onpenenneTCSI , cornac

HO ee BepOSITHOCT HO!'v!.Y CM biCJl y, Bbipa )KeH HeM: 

z2.=/<olc.-f"r~ --;c;to/r-= !{;; tr-~i)~a~t' 

= qt{-ll- ¥f;3}B-J(~ Jl~;/JI -dftJ% 

x ~ { { 2_ "/:,~ f I+ e ~w?.,_ e -itv}l__ e ~wrr•vj}t- . ]. 

/4 .7 I 

PHn, cTOS!W 'Idl BHYTPH npS!MbilC cKo6oK , conep)KHT HeonpeneneHHbill c:Pa3oBbill 

• Jilt 0 ,_ 
MHO)KHTeJlb ~ tL I KOTOpbiJI HC'i e3B.eT npH B03Be.ll.eHHH 3Toro pS!Ll8 nO M OAY11JO 

s KBanpaT . OrpaHH'iHBB.S!Cb nepsbiMH nsyMSI 'UieHB.MH ~ B npenene, Korna /.;~ oa., 

HMeeM: 

'l 

z2 = (f)Jim'[t + 
2 

S!z.,-z. /!,i + ... ] /4.8/ 

1 -t 9/trz_ 
.. 

HaH 6onee HHTepecHoll c To'iKH 3peHHSI cPH3 H'ieCKHX cnencTBHll HBnReTcSI 

CBS13r nepeHOpMHpOBB.HHOA 1Ha6n IOllB.eMOl\ / KOHCTB.HTbi CBS13H fl "r. C 38TpB.Bo'i-

• 3 Ta CBS!3b onpenen SleTCSI COOTHOWeHiieM: 
HOll K O H CTB.HTOll .fl 

(+} 

ff-r == ( llf) 
J 

f t '<t-, f) 1fh) = .em < • 1 c, s "( ... o J rr<c. t J s'11 . ..,c;{~~ 
t:tl-+o <of cl' s~rao;, - Od~·,cl'+ lo/ 

.... 
D n H yno6cTsa nanbHellwero aH81lH38 6yneM C'iHTB.Tb , 'iTO none f; 

llHT B f'BMHJlbTOHHB.H B3B.HMOlleHCTBHSI C KOHCTB.HTOJI CBSI3H fl f , 8 n0110 

C KOHCTB.HTOA 1/z_ . 

sxo

A r'l 
nocne MeKOTOpbiX Bhi'iHcneHHA /eM . npHno)KeHH e 8 I , orpaHH'iHBB.HCb 

H(?CKOJlbKHMH 'iJl eHB.MH pS!ll8 , HM eeM: 
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MeCT8MH - 3TO eCTb Q H Q., MO>KHO IIOMeHstTb A --1 3aMeTHM , '"ITO KOHCT8HTbl q I 4 ._ t K8K 3TO 

<:!. - MaTpHUbt no onepaTopaM f, H ~ ClleLlCTBHe CHMMeTpHH V 

y>l<e HeOLlHOKp8THO IIOn'"!epKHB8 110Cb . 

'ITO cywecT eyeT KoHe•tHbtA npenen '""' /4 10/ 38Me'I8Te1lbH8 TeM , 
....- opMyna • 

1 
B j 

L ~ 00 f CM . npHno>KeH H e • npH CHstTHH o6pe38HHst , T . e . rrpH 
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!:. = 1. - i ' +i i /ffl 

1 
oo QO oo _:X~, +:.....:X~z--:-----g,r-;_2.. 

- }_'~ jdx, j ax, jJr, {trx,)3iq'(t+xzl1tr• 
27['1 0 () 0 

X 

.1. (i + x, x'L )ii,-z {___:._1 ---~ 
(1 1 X1+-Kt -rx3) ( r-+ x3) · L (t+x.~xz yr1-1 K1 +X3t 

/4.111 

+- 2.. '2. 
{1+)/ +Xz-1X3 ) (I+K-;) 

- r P- "'0 oe 

.!_ (JX, fJ Xz. (J X3 
27T'I ) " ')" )' 

t7 D 0 

%.+ v ~ g.~~ ' ,z.. 1 x,•x~ /li -

(HXY·~'k·(, +x.,_)'+'IJ,. ... ~ (i+X3l{i+X,+X,•I3v -j 
3,aecl> 3,= 8t::Jt 
PaccMoTpHM no.apo6aee nepBbiA 'lneH Bbipa>KeHHSI /4 .10/ 

J~ f x·x? "'2K) e-iwX~{- 2!~1; V'l~J [1-e-'"'1}. /4.12,. 

'{ 

Jlei"'KO 38MeTHTb1 'ITO npH pa3nO>KeHHH llO.OHHTe!"'p8nbHOA cPYHKUHH llO .j l nony-

'189TCSI pH.a , co.aep>KaweA qneHbi , norapHcPMH'IecKH pacxo.aHwHecH rro LJ • rna8-

HaSI paCXO.OSIW8SICSI '18CTb 3TOI"'O pH.08 HMeeT 8H,O: 

i:fkt L f$: lifl&t 
Jt-::.o ( n+l ) ! 

/4. 13/ 

s nonHoM cooTBeTCTBHH -c peaynbTaToM Teopaa 803MyweHHH . B To >Ke speMH 

8blpa>KeHHe / 4 . 12/ HM99T npe.aen npH 4 ~ 00 0 p88Hblft 

a: -1 
rz J,/;,-r ( 1-+ 1:;712) 

TaKHM o6pa3oM HHTerpan /4 . 12/ KaK cPYHKUHH j:f , HMeeT non10c 

8 TO'lKe g; :::: 0 H , cne.ao8aTenbHO , He Mo>KeT 6biTb pa3no>KeH 8 pH.a TeAnopa 

15 OKpeCTHOCTH Jz = 0 . T aKa S! CHTyaUHSI HMeeT MeCTO H B cne,ayiOWHX 'lneHaX 

2 
pSI.aa, HO OrpaHH'I9HHSI Ha ifnl• npH KOTOpOM HHTerpanbi OK83bi8810TCH CXO.OH-

WHMHCH , MeHSIIOTCSI npH nepexo,ae OT O,OHOro nOpS!,OKa K ,apyroMy. VfMeHHO, Tpe -

TH A HHTerpan B /4 .10/ CXO.OHTCSI y>Ke npH $~) 1 , a 8 /1-0.J{ nopH.aKe 

HHTerpanbl CXO,OSITCSI ,anSI .:ftyz) (h- /} • Cne.ao8aTenbHO, .anSI Taro, 
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4T06b! ace '111eHbl pSI.a a 14 .9 I llpH CHS!T HH o6pe38HHH "~ c::ac::;:) 6bl11 H KOH9'1Hb!
1 

~ 

H C0 6 XOllHMO llp9!lll0110>KHTb /l* l 6eCKOH9'iHO 601lbWOA ae11 H'iHHOA . 3TH Ol"p8HH-

'leHRS! H8 KOHCT8HTY J't 1 pa3Hbl9 B K8>1<!lOM 'i119He pS!ll8 1 K 8>1<YTCSI llOBOJJbHO 

6 ecCM blC119HH blMH . ,D1151 T0!"0 1 'iT06bl H8ATH 06bHCH9HH9 9TOMY cP8KTy, acnOMHHM
1 

CfTO ab!p8>KeHH9 .01151 nepe HOpMHpOaSHHOA KOHCT8HTbl 14.9 1 CHMM9TpH'IHO OTHOCH-

T e llbH O 3 8Mel! bl J., ~ !/2. • Cne.noaaTe1lbH0 1 ace abiaO.Obl1 OTHOCSIWH9CSI K .it. 
aepH bl R .01151 ~1 ITa K KSK MO>I<HO npe.QCTSaHTb 14.9/ B BH.ae pR.OS no <fz.. 
8 j/ 6y.ae T BXO.OUTb T011bKO a nOKS3ST91lb 9KCnOHeHTbi/1 T . e . B9pHO YTB9p>K.Q9HHe

1 

'ITO " no $
1 

HMeeTcR oco6e HH OCTb a Hyne . TaKH M o6pa3oM , 

H e M O>I< eT 6 b!Tb np e.OCTSBI19H8 p83110>1<9HHeM a OKpeCTHOCTH 

Ho p51.a 14. ll I npe.acTaa1151eT pa3no>KeHHe HMeHHO OK0110 

/t = :1 c.f,J 9.,_) 
J1 : O H11H #r=O. 

~~= 0 3THM 1 

n o - BH .O R M OM Y 1 0 6bSICHSI9TCR TOT 6ecCMbiC11eHHbiA p e3y1lbTST, 0 KOTOpOM !"OaopH110Cb 

abiwe . 

TaKHM o6pa3oM , HanpawHBSIOTCS! c ne.nyiOWHe Bbiao.abi , KOTOpbie ewe H 91lb3R 

C 'iliT8Tb .OOK838HH biMH : ao-nepabiX 1 T O'iHOe p~W9HKe, no B CeA BH .Q HM OCTH 1 HM99T 

O C 0 69HHOCTb K8K a TO 'iKe § 1 ::: 0 , TSK H B TO'iK9 J& = 0 • TSK 'iTO HCKSTb 

p eweHHe a au.ae p83110 >I< 9HHSI OK0110 T O'iK H 9 =<f, =>(J2= 0 He1lb3R; 

eo-aTOpbiX • pS!.O fl anno- .QaHHneaCKOI"O ace >Ke nnox , XOTSI H n yqwe pR.a a TeOpHH 

a 0 3M Y IUeHHSI 0 nOTOMy 'iTO npe .a CT8B11SieT peweHHe 'iSCTH'iHO p83110>1<9H H biM no KOH-

C TSHTe CB513Hi a - Tp9TbHX 0 1IOr8pHcPMH"'9CKHX paCXO.OHMOCTeA , CaSI38HHblX C T O'ie'i-

HOCTb 10 B38HMO.aeACTBHSI A Bblpa>KeHHH .01151 nepeH OpMHpOBSHHOti KOHCT 8HTbl CaSI3H 0 

no-eH .a n~~ OMy, He c y wecTeyeT . 

[l nS! OK O H'i8TC1lbHOI"O Bb!SICH9HH51 3THX BOllpOCOB Heot5X0!1 HMO 6on e e !19TS1lb

HOe H 3 Y"'9HH9 HHT9l"p81IOB B p51.ae nanno-.QaH H119BCKOI"O. 

5 . CKS1151pHaR CHMMeTpH"'HaR T eopKR 

N\ e TO L1 1 H 3 110 >1<CHHblti B npe.a bl !lYW HX pa3 .091ISX, MO>KeT 6b!T b HenocpeacTB9HHO 

np11M 9 H 9 H K CK8.1HipH OA CHMMeTpH4HOA TeopHH 1 Oll HCbiB89MOA raMHilbTOHHSHOM: 



L 
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3 

H;: lno ('/'1-.P )+f [: jlx.[h;rxJ + (rr~Ix-))\ j't7'f,.~xi]:-~-
l.kl /5.1 I 
3 

+ 31- f di ( f+tfi f) ~· (X) .fCx) ) , .. , 
r.ae If, {X) - TpR .a eAcTBHT91lbHhlX CK611HpHhlX M930HHhlX n011SI' . 

B npe.acTasneHHH B3aHMo.ae ACTBH Sl' ypa BH 9HKe .am1 $ - MaTpHUbl HM9 9T BH.Q 

r.ae 

i ai Sftto)= fii (+J ~ Ct tl>) 

~ ('f, l:-o) /-1:. to=: j_ , 

) ..., 

~ (t) = 2 ~ ['f~· 'I) if; {t) 
t::t 

~· 8-) = c;-~ ra. -e - if4c + a+ e ;wiCtJ 
t L- ~ L • ciC + . -

i( V2WJt: LIC. • 

/ 5 .2/ 

npe.acTaBHB s - MaTpHUY "8 BH .ae KOHTHHY61lbHOrO HHTerpana 

+-t 

5 (i, to) :: f f f b~, S tp't ~ t/>3 €Xf {- i ffdrdJt A (J-7) tA f[) tp,. Ur J} J: IS .3 1 

i ~0 t 

" ; ett' {' J cL '3 fi l n fi C r J} c 'fff fA. [4, I A 3 .eJ:f f ,Jds J1i fi ) f.·f r ~ S G t, {9,1) 
~ 0 ~ 

I'V 

nonyqaM cne.ayJOwee ypaeaeHHe .ans1 'KnaccH'!ecKoA' S - MaTpHubi 

d ~ 3 ;"\.... 
I f.t S {i,to(A, At,A'J) == St;, {'l'"rt,· 'f);1i {1J 5 {ijio/A, !?tt1) 

S{""-f, j )LtftAJ)h =to = ::{_ · 

npH M9H9HH9 K 9TOM.Y ypa8H9HH!O M9TO.Q6 n anno- ,0.aHH119BCKOrO .aaeT 

cne.a y!OWHA pe3y1IbT6T 

/5.4/ 

t 

' 

t 
:I 
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-H enocpe.acTBeHHOA no.acTaHoBKO A MO>KHO y5e.aKTbCSI, 'ITO nony'leHH £HT S 
MllTp111l8 y.aoBI!eTBOpSieT yp8BH9HK IO /5 . 4/. ¢OpMyl!a /5 .5/ CKMMeTpH'IH8 OTHOCI1-

TP'lbHO UHKII H 'IeCKHX nepeCTSHOBOK H H.aeKCO B l ,2,3. ,.._ 
ct:>yHKU K OH8llbH Oe HH Terp11pOB8HH9 "Kli8CCH'IeCKOA " s -MaTpKU bl HP npP l 

CTil B!1Sl9T Tpy.aHOC T eft , T8K K8K ITOIIY'1810WH eCSI HHTerp8IIbl HMeiOT rayCCOBCKHfi FHID , 

Pe0yl!bTaT H HTerpK posaHH SI ecTb: 

$(t,to}= j- {2(f1'f) - (JP}J)j + 

1-~ ~ fJ;.. uiJ)'~'i"' - ~ . . {iJ/fL. • 

t t -t: t- 'l ( Zf 1.1!1-1 Zlt-1 

X fJr, ... J d(!Jf f d), ... f Jj2f 7! T! E (>; - 'J'j·) TT L1 (? - .,. ) TT ~ rre-Je+J X 
..L t _l. •-'l J .:l ?t ·1 /K /JM. e=-1 ~ . • -t 0 "{. . J<-

2 f '2.f t- 2f 2/' 

X: lT i <p 7T .f.rr r):x .'[2f'f1f )-rr+.;l) u.r[1tr'-r:;t)ps i~lf(S-r;) X 

~ p~ Q 

-1 t t 2f 2p ~ 

f{s -'fj) lfl (5)}; • e,t f' f ~~'!!:'- Js~l[/J! (s,-(.) res, Jj )Mq) f c~ -pEr~ -'1) J -
. 2 f . 1.pn + t- t 2 f 2 p+t 

- ('J) ;"' f ·J) i " fti fd> (ti.'J.fdy. 1/JTEIJ,--)j)' 
(2f-'1"' )! 2"'. m! (2fd -2h ).'2~ h! -t. 'f, · t. r•r J: ' •r+~,, d'' rs.a/ 
~-/ 2~-1 

} 7T L1 (l -~ ) 7T zq -1 .!!.!.' ,. 
l<=t K K+l e=t LJ [fe-ie4-): TT rz rr-J I I lf?> (jf ); X. 

, '[:. f.;,N f =2h+-! 

~ 2f "l.p+t 

X ('/1-t-'['3 f ):exo {i Q {'ftc; 'I) j dS 7! ~ £(!>-'>:· )t(s-Ji)~(~)l: X -, -r <l -t" ,_, J-' f' :r 
z...t-t- uif~ .l 

X exr [- l·9 j fd.~, dfl 7T r £(J;-(:)f<s; -'Jj)tl{f,-Jt)E(S2 -(,)Ec~,-)})J-.z 't"D fo 1::.1 J• 
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/5.7 I 
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n epenopM HpO a Ka H YK1lO H HOrO non S! ~ eCTb 

z = (:1__) !Jr2 [-1. + 1~rr-z_ £lhb -f ••. ] . 
:L L J -1+ f/ff z 

/5.8 / 

nepeHOpMHpOaKa KOHCT8HTbl CaS!3H onpe.aellSI eTCH 06hi'iH biM c n o co 60M H 

38 n HC biaaeTCSl a BH.ae: 

9~ 
~ 

~ 

~ 0.0 42<) .00 

i - £ - f_ 1_ fd.r, fJfz jtlf3 ( X Ir Jl) ~ 
~1. +.:L 1/1( 0 0 0 

/5.9 / 

)( { 3 - X 3 ~( (t+X,){t+Xz) 

[~+X~ xl)~ + x,x3 ~'L+ f!~r2 L I '+ x,+X.,_ 

'L 

'Jrt i} -

+[(I+X,)(I+X2 ) JfiTTJ./ I )1+ Bfrrt] . 
x3 {1o~x.,X1)(J+x,X2 ) •(/+X,+Kl. 

0THOCHTe1lbHO noae.aeHHSl pS!,a8 .QllSI J'l_ MO>KHO TO'iHO nOBT OpHTb BC e TO, 

"'TO 6bi110 CK838HO npo nepeHOpMHpoaa-r· Hy!O KOHCT8HTy CBSl3~ 38pH>KeHHOfi T e OpHH .. 
/cM . pa3.aen 4/. 

3aMeTHM, 'iTO a CK81lS!pHOA CHMMeTpH'iHOfi TeOpHH He noHallHeTCS! HH'iero 

npHHUHnH81lb HO HOaOrO n o c pa aHeHH IO CO CK811HpHOA 38pR>KeHHOfi TeOpHeA . 

6. 0 6 o.anoa M o.aenH a T eopHH n o ns1 

B n e.aaaHeA pa6oT e 6Hn biHH uKoro-6Hpy ns:~ /4/ 6bma paccMOTpena Mo.aenb 

1lOK81lbHOA TeopHH nOllS! C cPHKCHpoaaHHbiM HYK1IOHOM 0 a KOTOpOA HYK1IOH MO >KeT 

H8XO.QHTbCSI a ,aayx COCTOHH H HX, OT1I H 'i810WH XCS! .apyr OT ,apyra no Ma c ce /M bl 

ycnoaHO 6y.aeM H83hla8T b 9 TH COCTOS!HHH npOTOHOM H HefiTpOHOM/ , 

raMH1lbTOHH8H CHCT9Mbl H MeeT aH.a: 

L 
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H"' m. ('/ 'f) +j Jai!:[:H}r·Hrvr&J/'+l•~rlx[j: .. 

+ 3 fdi{'f+~f)l/(Y}_fJ(Y)+A/Ho('f~f). 16.1 / 

3aNI9TRB, 'iTO 11pH tJ/nD: 0 11011Y'I89TCSI TO'IHO pewaeMbtA Clly'ial!: CK811SipHbiX 

M930HOB C cPHKCHpOBSHHbiM HCTO'iH RKOM , MO>KHO npJIIM 9HHTb T90pHIO B03Mywe·· 'IISI no 

KOHCTSHTe {J/n0 t He OI"p8HH'IHB8SI CR llbl B38HM O.U9 ACTBHSI M9>K,ay RyKllOHOM H M930-

H8MH , 3THM CI10C060M B pa60T9 /4/ 6blll 11011Y'i98 HHT9p9CHbll!: pe3yllbT8T 0 38K1II0 -

'1810WHI!:CSI 8 TOM, "'T O nepea'f>pMHpOBK8 38pH.aa OK838118Cb KOH9'1HOA , H9 co.aep>Ka-

weA 110I"8pHcPMH"J9CKRX oco6eHHOCT e A. 

C TO'iKH 3p9HHSI M 9 T O.U 8 1 p83 BHTOI"O B b iWe, I"8MR1lbTOHH8H /6,1/ HHTepeCeH 

T9M, "'TO pH.a n anno- .[l 8HH119BCK OI"O COBII8.U89T 3.U9Cb C pS!.UOM TeOpHH B 03Mywe

HHSI nO KOHCT8HT9 /1}110 ; O.UH8KO , K8K y>Ke OTM9'i8110Cb BbiWe, HOBbiA M9TO.Q 

1103B011SI9T 1101ly4HTb ~ 'inea psr.aa, 'lero He .a a eT TeopRSI B03MY weaHsr. B .aaa-

HOM C11Y'i89 STO llp9HMYW9CTBO n03B011SI9T TO'iHO aai!:TH CJ19KTp C06CT B 9 HH biX 

3H8'19HHA 11011HOI"O I"8MH1lbTOHH8H8 /5 ,} / . 

r.ae 

Y1 T8K, paCCMOTpHM ypa BH9HH 9 .QllSI $ -MaTpHUbi . By.aeM HCK STb cpa 3y 

s~ri, t.) - M8TpHuy, 'iT06bi BOCI101lb30B8TbCSI cPOpMy118MH / 4.2/ H / 4,3/, 

B npe.acTa aneaHH saaHMo.aeA cTBRH HM eeM: 

. ;; ttl. - "'If/ o( 
I~ S [~ fo) ==- )II (t}e S (~ f_o) 

s y~ t") H=-tD = :L ' 

ll.r ;::: J ( '/JT, '/'} r/tf/ ol-lhtt-' ()1-'"~'cz-3 "') 

~(f) ::::: z 'l)'(v) I~ e-r'WI( t + (·w~-t) 
~ V241k \' +a,iie · 

/6.2/ 

noBTOpSISI nOllHOCTbiO npoueaypy, H31IO>K9 HHY10 B p83.U 911 8X 1-3 , nOllY'iHM 

cne.ayiomee Bbtpa>KeaHe .ansr S ./. {f, f.}-Ma TPHUbi: 
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S'Yt, f~) == 1-- [2 (f"~f) -(yA!Jj + 

+ "S""' L t. m o (d (f. - ti ( tr, 1 + ... " /r;f/ P<::> [ (i• ) 'lq + -t- ) 

u , J' Tr ... ;aTtr e. )' 1:= o (21). +o -to 

'" -cl/sl _.. ?f ] 
x [U'I''f)-('f+tJJ:e.r!(-;grrtr,fJJ:se 'f(>)(!Us -j.) : x 

e Xf { ; t 7/ -J(IJ;ft It, f) lf '? 
' -z! /ls,Jst e /JE<s,TJMs,-s.JHs,I)j -

/6 . 3/ 
1: 'Z.'f+l {. t-

- li Alno) jJ7; ... jJ p-el{ IJ;/+·~ +l!lfll /} 
(2frt)/ -to I' -to fz.r+J X 

{ 
t_ - cl Ls-I --1 } ~ ('r+<tj'f):ex; ij('f~'f)fase _fiErs-f;)lf(sJ x 

-t. t=' 
t--t-

x ~f{- iat./fds,ds. e-«rts;/~ISzt)2f#' 1) 
z a-t t z 7T Ers, -7;) t1rs-,-~ JE'cs;_ -Tt) . 

c. 0 t::=f ,, 

V!MeH s -MaTpHUYt n erKO Bbi'I. H CnHTb KOHCTSHTbl nepeHOpM!ipOBOK. 

Co6cTseHHoe aKa~eHHe 
3HeprHH onKo¢epMHOHHOrO COCTonHH~ pOBHO 

/eM . npHno>KeHHe r I . 
o( +; 

£ 
- /J, < 0 /C~ fl s (0/- o.o)CA/ D> -

#-~~ -
ol~o < o I C~ S ~(~ _ o-) C,: jo /6.4 I 

z ~ } - h'f - :i.q1. Z IJf' Cl<) -r d. ·L).h1 0·~Kb{-a1 Z ~ 
0 2 <I - r ,7 /4/ r (/ - w J 

#( LUI( #< ~ • 
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rne 1111 Sl np OTOH8 

llJJSI HeAT p0H8 . 

OnpenenHM nepeHopMHpoaaHHhle /¢HaH~ecKHe/ aenH~HHhl 

/6.5a/ 

/6.5a/ 

nep9HOpMHpOBK8 fm TO~HO COBnanaeT CO cny~aeM CK81lS1pHhlX M930HOB 

8 none ¢HKCHp088HHOro HCTO~HHK8. VfHTepeCHO OTM9THTb, ~TO B 3TOA M01l9JJH 

COOCT89HH09 3HaqenHe 3HeprHH 01lHO¢epMHOHHOrO COCTOSIHHSI nepeHOpMHpyeTCSI 

.asyMSI KOHCT8HT8MH nepeHOpMHpoBoK, BMecro onHoA , KSK oobJ~Ho . 

8 CJJy 'i89 nepexona K TO~eqHOMy B38HM01l9ACTBH IO Tpe60B8HH9 KOH9'1HOCTH 

H8011101l89MbiX m ~ ~m llpHBOllHT K TOMy, 'ITO 38Tp8BO~Hbl9 B9JJH~HHbl ~ o H 

A IW 0 Heo6xonuMo c~HT8Tb 6ecKoHe~H biMH, npH~eM nopRnoK poeT a npH cHBTHH 

•oop938HHSI• y HHX p83JJHqHhlA: 

rne L - HMilyllbC Oope38HHSI . 

8bipa3HB .11 ""' o qepea 61)1 cornacHo /5.5e/ H noncTaBRB a 16.31, nony-

o( 
~HM Bbipa>+<eHKe nnSJ 5' -MaTpHUbi , npencTaMeHHOe pHnoM no Ha6niOnaeMoMy 

napaMeTpy tl /Pt 

Co6cTBeHHoe 3Ha~eHHe 3HeprHH CHCT9Mbl HYK1IOHa H ft_ - Me30HOB C HM-

nynbcaMH p,, ... Ptt paaHo , KSK H cnenosano o>+<RnaTb: 

rne naeT cs ¢opMynoA /6.4/. 
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1 8KOA cneKTp C06CTBeHHbl X 3H8'1eHRA SIBITSieTCSI eCTeCTBeHHbi M Jl.ITSI r'8MH1Tb':'O-

HH8H8 c cj:lRKcHpoeaHHbtM • Hy KnOHOM . 

KoHCTaHTa n e peHopMRpOBKR <:PepMH OHHoro nonS! ~2... onpe.:1enS1<:!TCS1 TaK: 

Zz -= /(o}C,.vSot(~-~Jc: /o)/2= 

1
.000 .c:::;- (- ~ 0 0 18.6 I == ..:::- -i6mo) fi7 r J. .trr,-~ ··jf) . z. a " ~ 

'f- o , tt · .. 1 R e I 

'f · •-.. - .. T fo .f7f [-! Jf's,Js, TJ.Us.-], JA(s,->,Wl) 

- { 'l.'> ~ (I()}[ . J f. ' • . • c) ~ - eKf' -.j t- zw • i • •t:. '"_~JT£ e H.:!;, e -·~r f!. fZ:!;, e '"''rj + ... 

r1pR ~71'2 .C::: / ece RHTerpanbt e KBAHPBTH btX CKOOKllX c x onsiTCfl , Korna 

1)'(K) ~ i IT. e. L ~ oc I . T 8KRM o6p830M) npR CHSITRH o6p038HIHI z2.. CTpe

MI~TCSI K HY/110 KBK {~) 9'A'Kz.. Corna c HO eepOSITHoMy CMhtcny Z z. paecucTno 

3TOA KOHCT8HTbl HYITIO 03H8'!8eT , 'ITO cj:lR3 R 'leCKifA HyKil OH He MO>KOT 6bJTb OOHOpy-

>K eH B "t"OilOM" COCTOSIHHR. 

n epeHOpMHp0B8HH8SI KOHCT8HT8 CBSI3 H aeonHTCSI o6hl4HhlM cnoco6oM .. 
~'r. 
-::::. 

} 
( nJJI) + ) vl'J)- -t·~rt rr) ('I' cc! lf 'n - ~7 o 

<o lq, s"ioo) o)(IJ;1~ !b)Si~ -~)r.~.1 I 
Y< o /CfS,;Iq-~JCt/D> (o/C, 5 ~~ --Jc:/•1 l 

OrpaHH'IH eastcL .a eyMSI '1/leH aMR a pRay 16.7 I {ucKJIIO'IeHHe 6ecKoHe'!HoA 

cj:la3bi H 3 16.7 I npOR3BonHTCSI TaK >Ke , KBK B 14.31} 6y.neM HMeTL: 

P = i - 2 {t<)mj {«x·x [#f fo.l{. "J;; e -iwj -j_ J + .. · 
16.81 

npH nepexoae K TO'!e'IHOMY B381fMOneAcTBHIO I lf{k)-i>/ l ~ r.t= I 1\CC' HH-

xl q 'Z; / 
Terpallbl e pSiny 16 .81 cxonSIT C SI anSI <l f7..1T'2. < j_ 

xl B pa6oTe /
4 / npHeeneHo HeTo'IH OO ycnosHe cxonHMOCTH :fjz 17 z <: ~ 
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CHTY8UHSI B STOlt MO.aeJIH cyweCTBeHHO OTJIH'I8eTCS1 OT TOft , KOTOpaR B03-

HHKJ18 .ans 38pSI>K9HHOft TeOpHH ( eM . /4.10/ K .aan.ee) . 

,[!ns Bblpa>KeHHR /6.7 I H /6.8/ TO'IK8 He HBJIHeTCSI OC06o A, 

T8K K8K B STOA TO'iKe HHTerpanhi orpaHH'IeHhi, B DpOTHBODOJIO>KHOCTb Bb!pa>KeHHIO 

/ 4 .12 / . noaTOMY 3.aeCb DpK DpHMeHeHHH TeopBH B03MyWeHBH 1 T . e. DpR npe.acTaB

J19HKK peweHHR a su.ae ps.aa no 9 2. , He B03HHKaeT norapa¢MH 'IeCKBX pacxo.au

MOCTeA no L , xapaKTepHhiX .ansr coapeMeHHOA Teopuu nonsr. B aToA CBH3H, 

.aaHHSSI MO.aenb, H8 HSW B3rns.a , He OTpa>KaeT HeKOTOphiX <i:>YH.a8M9HT8J1bHbllt Tpy.a-

HOCTeA , CBOftCTB9HHhiX TO'IHhiM ypaBHeHHSIM M930.aHH8MH KH . 

B 3aKniO'ieHHe npuse.aeM Bhipa>KeuHe MaTpH'iHoro sneMeKTa pacceRKHSI 

Me3oHa Ha u y KnoH e 
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VfCI1011b3yst, KSK 06bi"'HO , neneHHe pstn HS PSILl nnst HCKiliO"'aHHst 6eCKOHe"'HOH 

cpa3bi H orpaHH"'HBastcb neyw.st "'neHaMH nonyo;ra10werocst nocne 3ToA npouen ypbi 

BblpS)I<eHHst, 6yneM HW.eTb: 

. w 
. ,_ oo ~J!:.'"e ·w-; 

M;~i (w:~-)=== -2$/1/ql. v-c_:J Am !1-to; L/J:Jrln (dXjt'ni r;ll(w,_,,~ll 16.91 
<f Wf ~V [!- Wj }' ~~ '!Jt"· 

3aK1110'1eHHe 

Paa&HTbiA MeTon peweHHst aanaq TeopHH nonst c cpHKCHpoeaHHbtM HyKnOHOM 

11038011SieT HSXOnHTb peweHHSI B BHne pS1LlOB1 nllSI KOTOpblX H3BeCTeH h.. -btA 

'llleH. npH 3TOM KOHCT8HT8 CBS13H He S!BilSieTC.I'I napaMeTpOM p83110)I<OHHSI, H, Clle

noeaTellbHO, He Tpe6yeTcSJ npennono)l<eHHSI o ee ManocTH, Mo)I<HO HaneSlTbCst, 

'ITO 3H8HHe SlBHOrO BHna t'l. -oro qneHa pHna, rrpencTaBnstiOwero peweHHe, 

1103B011HT B nan bHeltweM n&Tb OTBeT H8 npo6neMy CXOnHMOCTH pS1LlOB, 110 Kp&A

HeA Mepe, nnSJ OTnenbHbiX MOneneA 3TOrO K118CCa . 0nH&KO H3y'leHHO nepeHop

MHpOB8HHOit KOHCT8HTbl CBS13H npHBOnHT, no- BH't{HMOMy, K BbiBOny 0 cyweCTBO

B8HHH B TO'IHOM peweHHH nnst H9KOTOpblX MoneneA 1101110C8 B TO'!Ke g:. 0 • 3TO 

yTsep)l<neHHe CTSBHT non cepbe3H09 COMHeHHe see MeTO.LJ.bl 0 HCI1011b3YIOWHO 

pa3110)1<9HHe 110 KOHCTSHTe g . 80 BCSlKOM Clly'iae H3 cpopMyllbl /4.12/ cneny-

eT , 'iTO norepHcpMH'IeCKH pacxOnSIWHeCSI 'illeHbi, OTCYTCTBYIOWHe B HaweM 

peweHHH, Heaa6e)I<H0 noS1BIIS110TCS1 npu paano)l<eHHH no fJ- . OTMeTHM ewe 

cneny10wee: npFIMeHeHHe Mano paapa6oT&HHOro MeTona cpyHKUHOH&IlbHoro KHTe-

rpKposaHHSJ, na10wero s naHHOM cnyqae sepHbie peaynbT&Tbi, noasonsteT Hane

HTbcH, 'ITO npH n&llbHaAweA pa3pa60TKe 3TOT MeTon H&AneT 6onee :;~cpcpeKTHB

HOe 11pHMeHeHH9 npH peweHHH TO'IHbiX ypaBHeHHA TeOpHH 11011st, 

B 3&K1110"1 eHHe C'IHTaeM CBOHM npHSITHbiM nonrOM Bb!p&3HTb rny 6 oKyiO 

6naronapHOCTb npocp • .D. . l-1 . EnoxHHueey H aKaneMHKY H .H. Eoron106osy aa 

eeCbMS 110ile3Hbl9 H CTHMyllHpyiO W H e o6cy>KneHHSI HSCTOSIWeA pa60Tbl, 
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npanO)K8BB8 A 

H a npaMepe npocTo r o .aa¢¢epeHuaanbHoro ypaaaeaast xoneC5aaHI MO)KHO 8&~

HCHHTb CMbiCn HT9p8UBA 8 'M8To.ae n anno-.Q&BBn88CXOrO. PaCCMOTpBM CBCT8My 

ypa8H9HHA , 38DBC8RRY10 8 M4TpB'IBOA cPoPM8! 

. _L ty 
lo t ]t+) = (1,r,+9,1:t.)'J~) 

I A.l l 

'YtD) ~ ~-. 

3.aecb $r H 3t - nocTOSI HBbl: x os¢¢auaeHTbl. Yfl.}- .0 8YXPK.aaas MaTpaua. 

CucTeMa I A,l I pewaeTcH TO'IHO B ee p ewesae 34nHChiBaeTcR B u .ae : 

/ A.2 / 

C .apyroA CTOpOHbl , M9TO.a n anno- .Q&HHneBCKOl"O .aaeT p8 W 9HB9 8 BB,ae : 

·of 

- T; JJ('J)tlsUs-p .. . ffS-J2fif}-_ 
( i $z. )21(-11 -t t- t; 

( 21f+l}! f"r, "l'hN ['ll d (tf, ps us J; ) ... Efs-Ji,, 5) + 

+ 
+(1:,:1:{)Jft (.j, [d~ f f <i-J,) ... Us-;rt.fH~ 
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8bi'IHCnSISI HHTerpanDI B IA. 31, MO)i{RO y6e.nHTbCH, 'ITO nony"'eHHbiR pSill SIMSI9TCSI 

paano>KeHHeM T eAnopa nnH cPYHKUHH I A.2 I e oKpecTHOCT K TO'IKK <fl::: o • HanpH-

Mep: 

c/(i/,.z+ zTt"z{LgL)Yf ;- -t • -t 2f 

Jt fz J 7VII / jt/;;· ..jrJ;;, f1 fJ, jtLr ,1!/'ff-?i» ~ 
IA.41 

-= cJr;riJ+ftij1 t)f,=11ttiff)r· .. 

PeweHHe e cJ>opMe I A.31 MO>KHO nony"'H Tb, npHM9HSISI K ypaeHeHHIO IA.l I TeopKIO 

B03MyweHHSI no KOHCT8HT9 St. , OAH8KO MeTOA nanno-.D.aHHneecKoro .aaeT 8 aTOM 

cny'iae 803MO >KHOCTb Bb!DHC8Tb h. - biA 'ineH pSIAS, 'I TO He TpH8H8nbHO 8 TeOpHH 

803MYW9HHSI, 

npHnO>K9HH9 6 

"-' 

VI HTerpHp088HHe "'KnacCH'i9CKoA"' 5 - MaT pH Ubi 12.6 I no KnacciP!eCKHM 

nonSIM A 
1 

s //2 ocHoeaHo Ha cnenyiOwHx cooTRoweaHHX: 

~ ~ 

C ffAz eq (- i /tlsA,f.r)tfzr.rJj /q> /1 /ti.J pls)/1,[IJ] = ts.ll 
f., -to 

- Tf 6{¢-z(s) - JPCr!)l 
r.ne f(.S) R9KOTOp8S!"i-A9ACTBHT9nbH8SI cPYHKUKSI OT S 

C fJ'A, Uf (- i ft~s /1, (f);, f.r)2 Attr). ·· A,lj;,) == t6.21 
~. j( If,' 

- i d - ... i.io ) 7T d"(~(s>) 
- otfi q;; IJ, rr, s 

.D.anbH9Awee HHTerpHp088HH9 no cPYRKUIHIM ¢_ H ~ TSK>Ke MO>K.9T I '~'-'2 

6b!Tb Bb!DOnHeHO 693 Tpy.aa: 'f: 
. +t- r ...# . ,? J 5¢-z. df{- f //drtf; Atj-'l)tf?Jj) fzfit)-~t/tlf~cr) fiir!f.J{tf{tf',t'rl;t.fm)= 
t.t. J 0 .s 15.31 

• 'f-1 f 

-= ~r {-/ !1/ "T4 ~rr-?J,tr,-Jpct J + '/ f!sfArsJ f)fsJ] 
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16 . 4 1 

npeo6paayeM cPYHKttH IO II\ K 6on ee y .ao6HoMy B H.ay. B 
• 

Hbl e rrp OH380.0 H bl9 M O .>i<..HO 38Mell ti1'b H 8 'l8C1' H bt e , T o r .a a 

+(- i.. J a... I k- 1 

3aM e TH M , 'ITO I ll f(, ... Jlr} HMHe T c R rro nH OCTb iO CHMMeTpH'lH O A cPYHKUHe n 

OTHoc w r enbHO nepecTaH oBoK 7J.··· Tn , n p R'le M o Ha HHTe rpHp y e T c R n o J;. - -~ 

8 O.OH HSKOBblX npe.aen ax 1'8K >Ke C n o nHOC Tb iO CKM MeTpH'IH O A QJYHK UHe A . n o9T OMy ,_, 
M O>K HO C'l HT STb, 'I T O nepe.a 9 K c n o HeuTo A e / 6.6/ CTOHT He L i.J'J·t« ZJ· , a 

J~l 

(h- t]A11_11 n ---r •. , , 3 THM M bl Hapywa e M C HMMe TpHIO cPYHKUH H /6,4 / , 0 .0H8KO 9 1'0 

He BliH ReT Ha peayn~>TST HHTerpHpo eaHHR no ff:· · T~t 
n o ny'leTCSl C119.0Y IOW9e peKypp9H T H 0 9 COOTHOW 9Hitt:t 

• T aKHM o6paa oM , 

16.7 I 
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3H8SI I, B r2 {sx JIQpKO nony'IBTb Henocpen CT89HHO H3 /E.4). H e TpynHO 

nOK838Tb M9TOnOM M&TeM8TH'IeCKOI HHnyKUHH, 'ITO 

[V I ' hr 
L = [-/) 11 Z n. t A 

h Jh;u 2/h lit/ (h-21!!}/ I,Z ··· L12~~ u,.' t/1~41 . .. ~ 

ft 

·;h(f; ... p, J ~ r-' hf ,~ "'"' · · · i ,~ tlkl ~ f f.[ [dr ar ll{n' ~ rr 1 ~ ~J ~s.s, 
r,t: 1 ,~. .,17 fP! , ·'" + i 1 ~ .rr, rs-J.,rr}_;,J c = n. L A 6 _ _ "' -c 

i. ;("f) % o .{; 2'""' , ( h -u.)' r J;J. JI ":h .... Ji,.) trr,_}-rtXJ 
rne 

[f]~(~. ecnH h :=: 21( 

ecnH h .;2 2 k + ( 

npuno>KeHHe B 

n ep9HOpMHpOB8HH8SI KOHCT8HT8 CBSI3H B 38p51>K9HHOA CK&THipHOA T90pHH onpe

nenSi eTCSI / 4.8 /. P&CCMOTpHM CH8.'l81t8 MaTpH'IH biJl ane MeHT, CTOSilUHA B 'IHC1lBTe11a: 

~ " M , .:; < o I cf s ( ~ D) r rf .,_ -r.,_ r) s -1( ~ - Od) c; 1 b > = 

::= <"I <p s--' r~ "J f rt~ +.rt t )+ "ffl' "~ 1t '! g s'fc: -Oo;rt /t:J/ -=-
IB.ll 

< /C ; [ ~ . .£_ 7 .,; + J > 
D ! 2J otf,ro) +- l Et!zro} s (oo,- ~) c h f) • 

Tax xaa $ - M&TpHU8 CHMM9TpH'iH8 OTHOCHT911bHO nepeCT'I!IHOBOK HHneKCOB 

1 H 2, TO 
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/8 .2/ 

n onCT88/HHI 8 /8.2/ Bblpa>KeHH e .lllUI s -MaTpKUbl /3. 1 I , nony'IHM 

tK- C\c- _!_ 2 f .4 .r 
11, - ~ fl ( -'li ) f ' /8.3/ 

38!1HC8H 8 8H.lle 

/8.4/ 
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{ 
i j_ L C) '1)-t. J 

E ecltOH9'1H&SJ cpaaa exr d "'l. L.. Wl onHH&KOB & B O ace x qneuax 

psrnoa M~ a !'/~ , no3TOMY ee MO>KH O coKp&THTb. 

Ecnu f,/ h 7 J, ... ) Tn , To cpopMyna /C .5/ ynpowa e TcSJ: 

'lfbtJ 11 e-1 T,; ry; .. r, )= -l z., --;:;1 [j,+2 L. L r-/''".e - iwf[,.-'k)7 :B.61 

JC Jt e .... 2 k.=-t --.J 

:ooTHOW9HH 9 /4.8/ C yqeTOM /C.3/ H /C.4/ MO>K.eT 6biTb nepenHC&HO B aane: 

.0... 

k == effl 
~ J.:,o 

rl 
~=.&in 
tf.1 _, "-? 0 2. 

- _L z 2-. ~'/ (- ~ J 'I A cV 
.fl:!• 1 /7 f 0.. 9o L:' ..L f- .1.,_ P ~ =-.t.,-~« L _J_ (- 7'' _: s.7/ 

/= pl .,_ } /1 D d;.u H I<.' ;:" }A I )1 , 

r.ae 
-J. J. 
A k. A,: J. a. f CBSJ3&Hbl Me>Kny C060A COOTBOW9HH9M 

.(. 
,A ,._ =- L.. 

)1 _1 t( - ci 

OTKyna f-+1:::11 pJ ~! li /' jJ 'I 

-cl 
A )1 := 

h-1 .,. r A c{ _a i) _ ~ n! ;- 61 a ti 
" ,. L H 'f ,_ f 

/B.8/ 

f~l '1/ (It-f).! 
3-ro peKyppeHTHC>e COOTHOW9HH9 D03B01ISI9T Bbl'lHCnHTb h_ - btl\ 'lneH, eCnH H3B9CT-

Hbl ace npenbtnywae. 
oL t{ .( 

HanH'IHe 6ecKoHe'IHOA cpa3bl a M, H M 'l. npoSianReTCSJ a TOM , 'ITO a. ,f-f 
"' - <( . 

H a f 'I&CTb HHTerpanoa paCXOD.HTCSI npH oL=o. OnuaKO B A? npH "= {) 
ace HHTerp&1Ibl CXODSITCSI . 3TO 03H&'I&9T , 'ITO 6eCKOH9'1H8SI cp&3 & T a M C8Mb1M HC-

-o/. 
JtnJO'IeBa, H nosTOMY a Bbtpa>KeHHB .anSJ Alt MO>K.Ho nonO>t<.HTb of= o , T.e. 

- - al lt-1 I 
A 1r = ~~ II, = (A,.-a..)-L. _n_. _ 

p/-. f.:t f! (11-f)! 
Iff !111- f I 

/B .9 1 

rne 

At;. At~.t~D ; a1 = a/£~, 
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00 ( nl. t -
!yQ == 2: o1 (-f-) 'Ao , 

<! f=o ,.. v / 8.10 I 

rae onpea enseTcH 113 /8.9 / , a A( H ~ 6epyTcH Ha / 8.3/ H / 8.4 I 

npH o( =o . 

PaccMOTpHM nepBbiA •m ea ( Ao=l} 

nony'IHM 

T8K K8K 
Clo ? _Ltv {f(v) f(v ....,) - 1] ~ _ '2 p~ = -2t. 

T enepb nepe AaeM K npea eny a A, npH 6 ---7P~ • K aK Ha ae cTao, npH-

'IHHHbie cpyHKUHH HMe iOT oco6eaaocTH npa Man biX a aa'leHHHX apryM eHTa. B bi6HpaH 

cpOpM - cP8KTOp B BHLt9: 

1f{t'J ~ ~(- UJ-e_Z 
21J j 

H C'IHTSH L aocTaTO'lHO 6on bwHM, nony<~HM noaeaeHHe 

npu Manblx apryMeHTax f pH ( f +ij'? /.t::J ) = 
np H'IHhHblX cpyHKUHA 

/8, 12 / 



.Qanee npe.acTaBHM npii:'IHHHbie cPYHKUHH B BH.Oe 

L 'lY

1

{1o .e - i~? = .1_ 1 9. e;: {h) 
K c..JK 7("2. tf +ill ) l -( 

~ ~~-;wr = - :?~"- ek ( f r'f t) +~1;(1[}, 
I( 

r.ae <J; (o) = 7;fo) -== 1 . 

Tor.aa MRTerpan /8 .1 1/ c yqeTOM /8. 13/ pascH: 

A- I ;: ;. f~ · r ftlk~ . r rtJ . 
o (t .,_ 1'7 )U~t 

r.ae !j:r;J = 7;f';Jrr;'tf )]?%-z 1 npa'leM q71J) =/ 

( 8 . 13/ 

/8.14 I 

cl>yHKUBSI .f7q) o6ecne'IHB89T CXO.Q HMOCTb H a 6eCKOH9'1HOCTH, JlerKO BH.Q9Tb 1 'ITO 

npH LJ -7 Qc:7 HHTerpan pacxo.aaTcst Ha HH>KHeM npe.aene. Pa3o6beM HHTerpan 

a/ 8 .14 I H a .a sa 

2-A-,==-i(i 
2 ~ t ~ 

( f )4 • / "t·'r --, fl'ti.)-3; (/}f, / jt !!fs. l51 
o (..L -H·Ir J?-ll_m- 2 I h 4 /J- ·}ul? 

L r / , c2 -11 / I'' 

BTOpOA 'l119H HC'le3H9T1 T8K K8K HHTerp811 CXO.QHTC51 H8 
8 npe.aene 4 ~ Oc::J 

~ O.OH8KO nepBbiA 'l119H .aaeT XOHe'lHbiA BK118.0 , DeA-
seeM HHTepsane [1, Otr::::> J 

it=L 
' L t ' (00 

r PJ'I _ t rr_:t:J--7 ~ J ~t -
" ( t-+;j) 2 -t 'A, 1 ~ L -?OC1 o {1-+J )2+~ 

CTBRTe1lbH0 1 npOH3B0.051 38M9HY 
nony'IBM 

/8.16/ 

A, :: ..z... 
JT1 

==...!.. r riY· X ? - _i:- _j_ 1 J 
JT 1 o ( 1-+ X ) 'l +11hz - 7f'l I '/n--z fi-t %t 

3.aeCb Mbl nepeW11H OT HHTerpHpOB8RHSI no 11Y'IY £: 0 / (.• <XJ J K {"tjc»] 

T8K K8K llO.QHRTerp811bH8st cPYHKUH51 8H811HTH'IH8 B 06118CTH Of: 4/cj ~ ~F . 

npHBe.aeHHbJe p8CCy>K.aeHH 51 npH nepeXO.Qe X npe.aeny npll b ~ o' B ¢opMy-

1ll''t /8. 15/ H /8 . 18/ MOf'YT 6biTb MaTeMaT H'leCKH CTpOrO .QOK 838Hbl , 

AHanorR'IHO MO>KHO non y'I HTb At. , A3 H T • .a. 
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Cornacao ¢opMyne / 4.3 / co6cTaeaaoe aaa•eaHe aaeprHH oaao¢epMHoaao r o 

COCTORHHR Onpeaen ReTCR TBK: 

I 
I 

rae 

<of£',.., /IJ"cl(tJ -,Ac,)C:/o> r r __ ..:...._ ____ ,_____ =- md .,-...,,.,. dthf. o~- de;, 1r .1 1 

{b/t';t, sci(~ - /Jd) c;!o> 
<t>'c~ ll.r J~/d. - 40) e,t //)' I"Etv: ~·H;( (' t•, '4, 

al-l() 

PaccMoTpHM MaTpH'IHbiA aneMeaT, CTOSJUJH A a 'IHCnHTene: 

/11«' = <I) 1 c;., l-t:z s"r.q, _, k: I• / = <I) /r,.,; rp ~ 1 J y;,, s~ -.J~ 
noacTaBnRR B Hero sel -MaTpauy H3 /6 .3/ , nony'IHM 

ttl 00 f 0 .,.. 7'-1' , 
;If, ~ - ~/-,.;; 6m.) _f4;;__£ "';; ·~f. "''f e .; { r.· " 

0 1r.21 

) ,"qlfas ~~ ~ r L 0 tifr.+.r.}f 
(f- e i tJrs J.7T frf"-'l:J· )f,('p - /j -{(ds. df € I ~ 

oc:! J::l I I 2 J) 4 I l. ,£~-7) .( 
- ()() ,·::::.J.. It 

VfaTerpan, CTOSJUJHA a noxaaaT ene axcnoaeaTbl, paaea / npa T,') k .. . ) q / 
I t:,_ } · zjj 0 oto;~ f.) f 
flf, ·-lf -:-fj f}ds;ds,~ .7Tecr, -7' )drr.-r,)£/~ -T.J-==-

- ":><1 (;r( /I I l I' 
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2. 
.:::= ~ l L v-}Kj(~ + ..J...)_q-zz Vo~I[Jo .,.[ (-)e-2 ·1P ~ze-t e<~~tp ti.I~ J..,) 

lr K L.cJ'- td. W d K wJ f/ R:::t -r L {-) -(. tr.4/ 
e=l ... =-, 

nepaoe cnaraeMoe a tr.4/ o,aHHaKOBO ,anSI acex qneHOB pS!,aa KUK fT;.'I I-ITenSJ , TaK 

H 3HaMeH aT enSI a , cne.aoBaTenbHO, coxpamaeTCSI. Bbi'~Hcnu B HHTerpan 

· tj0
J ./.s .:1... ?...,- t.t-}KJ 'l "o~J t-- e tr.5t 

t,q ~se. E(J'-7',)- [Cr-?')iAc.rJ==z j L --;::--f-jZ~'LtcJet"tcJl 
(/ _ 'b I' If x tu K. tu 

17 
e 

/r 2 / nonyqHM d -.r f B
HB ero B • • r?-r 

1
.,. T. 

1'1 no,acTa Od 'if f Q( C-1 }/ 

t( L .c;- cJ.fK} .11:-2 [-i ~~b) J"f, -~:a~lf t> ., ~ M ( = - 2 I C.- kJZ ?~J -~ 

•s'C: v't~J f_ (-1 ~e iwj; ~p (Jf (f, ·7i)} == tr.st 
K £.).. e=t 1 

y ,( 
1 -z tar "Ut J . A/1 

::::. - 2 3- Z wt. l 'lt.. 
IC. 

Od ~ li-4 t~f-,; 
- "2.[-i~~")f }L;-; .. j.#Ae '',-flr-• ·· "'!r: )&ff1flJf. r= I ..-?'d -QJ LT /t ,, 

t A qneH pS!.aa PaccMOTpHM Tenepb 

f, 
o J.f-, o1 T};· ;> L ) f-I } ~ f ;: _ f "<. ... f cl7f e ( 1 ( ~ + ·- + ~'! AJ' 1 

(}4/' - Po I' fl 1 
0 

7i Jf-r tJ{ fr; a 

-==-J "J; f dr, · ·· f "Til-t .e 'I (d.re "'0 t;. ~ Uf flf ff, .. r,.,' .-o[j + ~ - Otl tr. -~ 1 L r, u 
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YeT ~~pwyna /6 .4 I 0Tc~aa HenocpeacTB9HHO cnea ~ 

Py~on&cb nocTynana 8 K3aaTen&exBA oTaen 
2 wapTa 1960 roaa. 
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