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I • Bse.neHHe 

B D:oCJie~He ro,D,bi see 6on&me BHHMB.HHR y~eJI.aeTc.R BOSMOJEHOCTH 

npoHaBe~eHH.a Ha 3BM BHaHHTH~ecKHX npeo6paaoBBHH~. C~ecTsyer 

yme AOBORbHO YHOI"O CHCTCM aHaXHT~8CKHX B~cneHHA (CAB), CITO

CO~H~ onepHpOBSTb anre6paKQ8CKHMH B~paM8HHRMH, OC~8CTBnRTb 

38M6HY O,D,HMX CHYBOJIOB HJIH Bblptm.eHMA ,IIJJYI"MMH H T.,a. XapaxrepHC

THKH COBP,SMGHHbiX CAB, a TaKJI.6 06JiaCTH HX npKMeH8HM.H OITHCaHbl B 

pa6oTe/I!. B Hacro~eR pa6oTe npH ~cneHHH Ha 3EM aAeMeHTOB 
~-MaTpHQ~ HCITOJI&3yeTC.H CHCTeMa SCHOONSCHIP/2/, cne~HaxbHO 
npe~aaaaqeHHaa ARH ~eneA KBaHTosoA TeopKH nona. 

HcnoJib30BaHHD 3BM npH pacqerax ~TP~HHX aneMeHTOB nocs.a
~eHo ~oBOAbHO MHoro pa6oT (CN.,Hanp.(3-01). B pa6oTaxf3•4/ 
npHeo,Il,HTCJi onHcaHHe nporpalOl, HaiiHC8HHbiX aa Hawtax WPI'PAH H 

nHCll, np~aaaaqeHH~ ~.H reHepHpOBaHH.H WeaHMSHoecKHX AHarpaMM. 
B pa6oTe paccMaTpHsaerc.a TaKXe nocTpoeHHe no~TerpaxbMHX 
B~pa58HHR K ~CJieH~Oe ijSXO~eHKe HHTerpanOB no ~RHMSHOBCKHM 

napaMerpau. PadoTDf 5
t
61 noc~e~~ HcnoB&30BaHMD CAB cOOTBeTCT

eeHHO ITpH UOCTpoeHHH nO~TerpanhHNX e~eHHA peHOpMKpOBSHHHX 

KO"\WJHtlHeHTHI<X 4/yHKl.lHR 3~B.HHhiX ~Harpa>OI lleRHIISHa H npH BbMIC
AeHHH KHTerpanoe. 

~nhn HaCTO~eA pa60T~ HsnReTCH no~eHHe C ITONO~hn 3BM 

BNpa&eHMR AHH sneMeHTa Ji~Tp~ B DpOH3BOXbHOM nOpaAKe ITO 

TeOpHM B03~eHHA, HCXO~ Henocpe~CTBeHHO R3 narpaH&HSHOB B3aH

MO~eACTBHR, a TSR&e npeo6paaOBBHHe Ha.3BM STOrO ~eHKR R 

BK,IJ3, H€06XO)I,KIIIOMJ ,IVIR llHCJieHH!iX paCNeTOB. IlpH 'l'B.KOM ITOAJCOAe 

He B03HHRaeT npod~eMU HCKmDqeHKR tOUOXOrH'leCKK 3KBHBaXeHT~ 



rp~OB npH reHepHpOBaHHH me~~aHOBCKHX AHarpaMM, OITHC~Bao~x 
~aHH~ ¢H3H~€CKHA npo~ecc13 , 4f, TaR KaK 3HaHH€ KOHKpeTHOI'O BH~a 
~Hai'paMM ~R B~HCRSHHH MaTpHtiH~X 3R9M€HTOB OKaaueaeTCR H€HJMH~. 
B pa60T9 paCCMaTpHeaeTCH anrOpHTM H npHBO)J,HTCR KpaTKOe OITHCaHH€ 
rrpOI'paMM, HaiTHCaHHb!X Ha H3biH9 CHCT€M~ SCHOONSCHIP, a TaKM€ 
ITpHBOAHTCR p93JRbTaTm pac~eTOB KOHKp€TH~ MaTpHtiHhlX 3A€M€HTOB 
c HcnonbaoeaHHeM 3THX nporpaMM. ITporpaMMhl npegHaaHaqeH~ ~R 
pacqeTOB aMITnH~ ¢HaHqecKHX npo~eCCOB B paMKaX H€ROK~bHOA 
MOA9RH KBapKOB • 

CornacHo aTof:l MO.n,enH, peaJibHble ¢HaHtteCKHe '!aCTIDJ;bl - a,n;pmrn
-MOI'JT B3aHMO)J,€ACTBOBaTb M€~ C060A TOJibKO qep€3 KBapKOBble 
ITOJifl. )WyrHMH CJIOBB.MH, a,o;pOHbl, KOTOpi:.!€ OITHCblBB.JOTC.R OCillltlH!:& 06-
paaoM, B3aHMO.n,eAcTByiDT .n,pyr c .n,pyroM He Henocpe.n,cTBSHHo, ~ ny
TeM 06MeHa RBaj)KBMHo C riOMOIIlb!O MSTO.IJ.OB HeJIOKa.JibHOA KBaHTOBOA 
TeOpHH riOJIR/B/ MO!t8T 6h!Tb riOCTpOeHa KOH8t.IHM j'HHTapHaR $' -
MaTpHqa H suqHCJ!8Hhl MaTp~Hhle 3JI8MeHThl paaJiaqHWX ~H3wqeCKHX 
npo~eccos. 

B pa6oTax/9- 12/ a paMKax HeJIOKaJibHOA uo.n,enH xaapxoa 6~JI 
paccMoTpeH PffA ¢HaH~eCKHX npoqeccos c yqacTHeM MeaoHOB H 6a
PHOHOB HH3KHX 3HeprH~,H npH 6TOM llOJiyqeHO XOpOmee COB~8HH8 
C 3KCnepHM8HTaJib~ .IJ,aHH~H. 0nHCi¥H/e B HaCTORrqeA pa60T8 
nporpaMMW HcnonoaoeanHCb s pa6orax IO H /IZ/ npH B~QMcneHHH 
nonpaaoK K MaccaM 6apHOHOB H npH pact.~erax pacn~oa .n,eKyTIJieTa 
6apHOHHhlX peaOH&HCOB. llpHMeHeHHe 3THX nporpaMM npe,IJ,CTaBrrff8TC.ff 
OC068HHO nepcneKTHBHhiM B CBH3H C Heo6XO,D.KMOCTb!O pac~eTa BCe 
6oJiee cJIO!tHhlX ¢eAHMBHOBCKHX AHarpaMM npH .n.anoHeAmeM paaBHTHH 
MO,I1,8JIH, Kor,n.a "pyqHHe"MSTO,!Cl:l CT8HOBHTCR: MaJIOaqxfleRTHBHhiMI1o 

2. ~H3H~8CKaR llOCTaHOBKa aaga~H 

By.n,eM paccMaTpHBaT& ~H onpe.n,eneHHoCTH MarpHQHNe aJieMeHThl, 
COOTB8TCTB~~e ¢H3HqecKHM ITp0~8CcaM C ~CTHeM 6apHOHOB.KaK 
TIOKaaaHO B/Il/, nar~SH 83SMMO.n,eACTBHR Me~ 6apHOHHUM H 
KBapKOB~H ITOJIRMH, HHBapHaHTHhiA OTHOCHT8JlbHO ~lf(3), M0~9T 
6~Tb aanHCaH B BH,IJ,8 

(2.I) 
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- ORT€THaR MaTpHQa 6apHOHOBt ' - KOHCTaHTa CBR-

' '1-.,_(X} 

• ~ .. (") 
~:(x) 

r,IJ,e m H a.. cooTB€TCTBeHHO SU(3) K IJ;BeTOBOA HH,IJ,eKCbl. 

fiP.KqKHHN€ ¢YHKIJ;HH fpHHa KBapKOB~ ITOHeA aanHC~BaDTCH B 

"*11•/71 

<o I T('j-:r•J ~;(lfJ) I o> = O'KJ"f' G- (x-1), 

( f - , -ip (X-~} 
r:i(x-:~J = r•:r/i G-(p)e al'p , 

" L'l. 2. 

~(P) = L elp + .-P 
' 

L.. H e - napa.MeTp:ol MO,IJ,€JIH. 

IlpH pact~eTax G-{x) npe,D,cTaBJIHeTcR B ~e 

G(x) = A (x'-) + i X 8 (x') , 

rge B €BKJIH,IJ,OBOA M€TpHK€ 

A(-x;} = :r;L, II ( IJE4
, 's ), 

{i[·Br-x:) = Jl';L. :f.3(v-.~} }. 

> = ze 
J T 
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.rr , 1 J 4 r.T -P,'- i (P, Ll'e) <>¥-(1!., .f)=,., a P. Coo (fv P.;) e- , 

({) t~:' ) _ -'... J 4 i(P.UE!. Sin({/P[;. e_P:-i(P.ilf:) JV(,,j -31", df>. ·'li.' 7 . vuE- vrE 2 !lpe,llcTaaneHHe IV!H <I>YHKL!H~ ;;f(v;,~}), .93 (cr,, J), 
HCITOnb30BaHHO€ ITpH pac~eTaX B pa6oTax/IO-l2/

1
,a TaKJPO:€ M€TO)J.HKa B~HcneHHR aHanorwqHUX HHT€PpanOB OITHCaHa B/ J/. 

Ec.rra Terrepb a~aH HeKoTopcdi JiarpSHi!tHB.H saam.to.o.e_HCTBHR: 
THIIa ( 2 • I) , TO $- MaTpHu;a MOJPO:eT 6hlTb II0CTpo€Ha CJie~ o6pa-
30M /S/: 

KaK ITOKaaaHO B pa6oTaxf9-l2/, ~KTHBHaR KOHCTaHTa pa3JIO~€HHR 
8 pR,IJ. ITO T€0pHH 803M~€HH~ 0Ka3~Ba€TCR: C~€CTB€HHO M€HbiD€ €)J.H
HH~, qTo 06ecneqHBaeT B03MO~OCTb npHMeH€HHH 8 paNKSX H€JIOKanb
HOH MO)J.€JIH KBapKOB T€0pHH B03M~€HHH npH OnHC8.HHH CKnbH~ B3aKMO
,IJ.€HCTBH:i1. B n. -M nopR,JJ,Ke TeopHH soaM)'lq€HHi:i MaTpHt.~HblA 3JI€MeHT 
m.teeT BHA 

(2.5) 

(2.6) 

B~eHHe Zrrx")· . . £xrx11.) MOlleT 6bi:Tb npe,n;cTaBJieHo s BH.D;e npo-
H3Be,118HHH nonea '1:(x) H r-MS.TpHL! (MaTpHL! ,1\HpaKa HJlH HX 
KOM6HHB.qHR). TBK, HanpHMep, s.neKeHT S -wa.TpH~, COOTBeTCTBYJ)
~A ¢eAHM8HOBCKOA ~arpaMKe C06CTBeHHOA SHeprHH 6apHOHa BO BTO
pOM nop~e no TeopHH B03YylqeHHR, H306paxeHHOif .Ha pHCym<e, IIpli 
B~6ope narpaHXHaHa B3aHMOAeACTBHH,cOr.naCHO (2.!A HMeeT BH~ 

S,rx,'JJ ~ -i)'T ["8(;;r, 'J-~M ~~(x;f",~j•J ~:~~!~ ~;'r1J~llf!~ 6'/1;) x 
Kmn «.,sl' ·se ~Gc (2. 7) •E. £ [" £ } 

r,lle r. ~ rq = i i r;_ = '3 = Os • 
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Pac~eT B~~eHHR TKTia {2.7) CBR3aH C yqeTOM BC8X B03MO~HX CBep-
m 

TOK no~e~ ~~(x), corHaCHo (2.2), npoee~eHHeN CYMMHPOBaHHa no 

nopeH~OB~ H~eKCaM, nepeMHOM€HH€M aHTHCHMM€Tp~~X T€H30pOB, 

rrpHee~eHHeM no~o6Hux ~neHoe H npe,D,cTaBXReT co6o~ e cny~ae 6onb

moro ~Hcna KeapKoe~ none" eeCbMa Tpy.n.oeMKyD onep~. CneAYD-

ll\HM aTanoM R.BJUieTCR npe,D,CTaBJieHHe G(x) e BHAe (2.4) H 

Bblpa><eHHe s~cx,, ... , x~; -qepea <jlyHK!1HH A (x') H 8(x') ny-

T€M ynpo~eHHR B~paMSHH~ H3 ~-MaTpH~, B3RTHR mnypoB, npH88,IJ,€HHR 

TIO,IJ,06HNX ~RSHOB C yqeTOM KOHKp€THOrO B~a MaTpKQ r, ~TO TaKBe 

HBRH€TCR ,IJ,OBORbHO Tpy,IJ,O€MKOR 3~a~e~. 06a 3TH 3Tana MoryT, O,IJ,

HaKO, 6HTb p€aRH30BaH~ Ha 3BM C TIOMO~bD OTIMC~BaeMNX H~€ rrpo

rpaMM. ~bHeRmHe pac~eT~, CBR3aHHH€ C qHcneHHYM H8XO~€HH€M 

HHTerpaJioa oT BblpMeHH~, co,llePJlB.II\HX A (X'), 13 (x'J, 

MO~T Ta~e ITpOH380,IJ,HTbCR Ha 3BM C TIOMO~bD M8TOgKKH, OllHcaHHOH 

• /13/, 

3. Omt:ca.HKe nporpaMM 

HcXO.z\HbiNH ,n_aHmm:K )I,JHI nporpawbl HaxoJ~,IJ.eHHR BblpalleHH" .IVIH 

3JI8M8HTOB $' -MaTpMI.\bl RBJlHIOTCH npOH3Be,IJ.8HHR Jiarpa.HJIU'IB.HOB B3B.H

MOA8RCTBHR, aanHCaHHble B WOpue, aHanorwqHo~ {2.?). PaccMoTpHM 

TBKOe ITpOK3B8,IJ.8HHe B cnyqae ITpOH3BOJibHOI'O ~CHa JV KBapKOB~ 

ITOJI€~ B CJie~eM ycnOBHOM BHA€: 

P,ll€ m, 
Q ((} ~ '1-.J. (X,) 

r ' 
e= "~·-·, N i 

/(iJ=I;u, i=f,._.,M; 

(3.1) 

f• '1', c - JIOpeH!10Bbl HH,lleKCbl, onpe,lleJIHiliiiHe peaJibHblll nopJ'IIIOK 

CJ!e)IOBB.Hl!Jl B€KTOpOB {{(tj H NaTpJ111 l ( i) B npoH3Be)leHHH 

,$' ; XK- K00p,D.HH8.Ta, COOTB8TCTBy:IOII{B.R K -R B8piOHH8 Ha ,IJ.HB.I'-

pawe; R - HeKoTOpoe BhlpaJteHHe, BKJOOtJ8.11Xqee B ce6H K03tf¢HizyJ:-

IJ, """/ 
8HT (ij) · L /fl.!, IIpOH3B€A8HHe aHTHCKMMeTplftiH!:lX T8H30pDB H T.,n_. 

AJ!POpHTM pa6o"" !IpOrpBMMbl B 06illHX qeporax CBO,IIHTC!! K 
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I. 3~a€TC1! KOHKpeTH<~ BHi\ Q (C ) H r ( {) (ABa CITHCKa ITO N H M 3JI€M€HTOB C00TB9TCTB9HHO) 0 

2. @opMHpyeTCR 89JH1"l.IHHa S B BH.JJ;€ 
m 

S=L.S:J!jl 
(3.2) 

PA€ S J (j) 
Pl:lX 891Hfl.IHHt>I 

.FIBJIRIOTCR npOH3B9,[t9HHRMH Q (e) H { ( i) , B KOTO-
Q(e) o6oeAHH9H~ nonapHO 8 KOM6HHaQHH BH,JJ;a 

(3.3) 
HHbiMH CJIOBB.MH, KMeeT BH)J, 

E'J en= rc;J. Q (e,uJ)• Q (I',. I jJ! • rrz;. 
(3.4) 

... ~r(IH)•Q(fN-f(jJ)•Q(fN(j}) < r(M}. 

BeJIH~HHa nt B (3.2) onpe,n;eJI.FISTC.FI l.IHcnOM 803MOMHl:lX KOM6KHaQH~ 
THlla (3.4) H, KBX H9Tpy~O y6e,JJ;HTbC.FI, paSHa 

m •1·3· ... · (N-1}. 
4.HcJieHHoe HaXOJIUteHRS scex lp(j), p=-f,.~.,N; i-=1, ... , m npOH3-
BOi\HTCJl B OT!IeJlbHOA lj>oj)TpaHOBCKOA fl0!11IPOI'pa>!Me CONVOL. 3Ta 
no~pOI"paMMa RBH.FI9TCR yHKBepcanbHOA H He Tpe6yeT K3M9H€HHH ITpH 
paCtreTaX p8.3JIHqHblX )J,HS.I"pB.MM. IlapaMSTpaMH llO.lVJPOI"paMMbl RBJJJJ.IJTCiT.{J,j,N. 3. S..pal!teHKFI THna (3 .3) B K""'JIOM qJieHe S'J (j 1 3aMeHJl!OTCJl 
COOTB€TCTBJD~ CB9pTKaMH COI"JiaCHO (2.2). 3TO OC~9CTBJI.FI9TCR nyTeM Ha6opa no,n;CTaHOBoK: 

c -"' ~ 'f,..c(x) ~t->(1) = oKmO:~ 6-;,Eix-;rJ, 
K -m 'k_.o (x) ~j-, (x) : O, 

p • 

I< "' ~"'(X} ~,.('f) = 0, 
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K T.g.(3gecb C- onepaTop aapagoeoro conp~eHHa). 3ToT Ha6op 

ITOgCTaHOBOK .RBRR€TCR ¢MKCHp0BaHH~ K TaK~e He Tpe6yeT H3M€H€HHR 

npH nepexoge K pac~eTy ~pyroA ~HarpaMM~. 

4. Oc~ecrsnaerca CyMMHposaHHe no nopeHqos~ KHgeKcaM, T.e. 

eeJrn~HHbl G(x-:J) , fi e npoHase,n,eHHHX ewcTpaHs8lOTCR e H~e

Jla.UieM nopR,Il,Ke. 
5. llpOH3BOAHTCR npeo6pa30BaHHe B~p~HHR C yqeTOM COOTHOme-

r -< 
CG-(x·:tJC = G-(~-x), 

er. -c. 

6. llonyqeHHoe Bbl~eHHe JMHO&aeTCR Ha aBH~A BHA R K3 

(3.1), nocne ~era yqHT~Ba~TCH KOHKpeTHbi€ CBO~CTBa 3aga~H, T.e. 

paseHCTBO BKK(X"J = 0 ,JJ,.JUt OKTeTa 6apHoHoe nH6o cHMMeTpKtiHOCTb 

·~~ ZJr (X) OTHOCHT€RbHO nepecTaHOBOK IC, m, n. ,IVH!. geKyruteTa 

6apHOHH~ p€30HaHCOB H T.g. 0TM€THM, ~TO ITpHB9,Il,€HHe ITO,n,06H~ 

~R€HOB ITpOH3BO~TCR B 8BM aBTOMaTHqecKM. 

PeaynbTaTOM pa6orbl nporpaMMbi aenaerca ebipa&eHHe ~a 

S~(x,, ... ,Xn-) e BH,!I.e npoHasep,eHHR nponararopoe G(xi-XK) H 

r - MaTpH!1. 

~ peanH3aqKH Ha 8BM BTOporo 3Tafla B~HCR€HMR (CM. n.2) 

TSKMe paapa6oraHa cooreercreyn~aa nporpaMMa. Bra nporpaMMB no,n,-

craBJI.ReT G {Xj - XK) e eotpaJKeHHe ,II,JUt MaTpH~Horo anew.eHTa 

cornaCHO npep,CTaBJI€HHD (2.4) M npOH3BO)l,HT yrrpo~eHHe B~~eHHA H3 

(-MaTpH~, B3HTH€ mnypoe H npMBe)J,€HH€ ITO,n,06~ Qn€HOB C yqeTOM 

KOHKpeTHOrO BM,II,a r; . PeayJibTaTOM pa60Tbl nporpaMMbl RBJHieTCR 

eblpBJ!eHMe c aeHoi\ aaeMcHMOCTbn or ~I.Uf£t A (x2) H Brx'-) • 
Pa60Ta nporpaMM TIORCHR€TCR B C~e~eM pa3~e~e Ha KOHKpeT

H~ UpKN.epax B~McneHHH MaTp~X a~eKeHTOB. 

4. T!mnrew liJ"llD4elleHWl !!W'?'?f!M! 

PacCMOTpKM B KaqecTBe npKKepa HSXO~eHHe Bblp8&€HHR ~R 3~e

M€HTa ~-MaTpH~, COOTBeTCTB~ero ~~HMaHOBCKO~ ~arpaMMe C06-
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CTBSHHOH 3HeprHH 6apHOHa BO BTOpOM nop~e TIO TeOpHH B03~8HHH 
(pHC. ). Mcxo~H ~8HHdMH ~R nporpaMMH B aTOM cnyqae RBnHeTCR 

""~ •u~ npo•3se,D,eH!re ~ rx; · :tr lj-) B <)iopMe (2. ?) ; N = 6 . Pe3yJib-
TaT pa.C50TOl IlpOI"'paMNbl - B!>ip8M8Hil8 )J,JIR ( 1/92.) · $2. ( XJ '3-) , ITOJiy-
t18HHOe Ha 313M CDC-6500,- noKa38H B II:pWIOJiteHIDI I.B o6bJ1lHOii 3B.IDICJii 
3TO B~paMeHHe HM88T BH~ 

j; S', (<,~) = Br•J/-24 r,Gr•-lf) f3 &(~-x;r;_ G-(x-;r; r;, -
(4. I) 

-24 r, G (x-lf) r4 Sp[ r, G(~ -x) r,_ G(X·:f)]} B r:r). 

&ipBJ<eH•e (4.I) cosnB,IIaeT c •~pa><eH•eM ,D,JI!i (1/~•) S,(x,<J} noJiyqeHH~ B/IIz 
B pa6oTefi2/ onHcaHH~e nporpaNM~ npHMeHKnHCb npH pact~eTax 

AHarpaMMd co6cTBeHHoH aHeprHH t~neHoe AeK~eTa 6apHOHHUX peaoHBH
coa, a TaK.ll.e ,rr;HarpBJrWI:l, onHCbiBa.xxqeR. paCIIa,D;11 AeKyiiJieTa. llpoK.JIJIIO
cTpHpyeM BTOpOA STan BHtiHCJieHHR MaTpHtiHHX 3JI8M8HTOB Ha npMMepe 
AHarp~ co6cTB8HHOA aHeprHH AeKynneTa. B~eHHe .D,JIR cooTBeTCTByiD~ro MaTpKtiHOI"'O 3JieM8HTa, nonyqeHHOe Ha 3BM, KNeeT B~l2/ 

S.f<.'f) = -i'lJ;v-(x} Lrv(x-:f) 'lJ,(~)' 
r):le MaCCOBhl~ onepaTop-L"ry (x- ~) : 

t• Lrv(x-~); -24!-~G(<-}!£3 G(~·x}~ G-(<-lf)r,

-12 i r:; G(x-:1) r;, Sp [r, G(:~-·x)r; G-(x-})]. 

3):1eCb 

r, = 1, 

r, : '(I'" r,. , 0/"f ' "rr ' 
r = 
' r,, O.,p' r,, ~0' 

r4 = i, 'Op. i, r,. 

8 
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CooTHorneHHH \4..3) 03HatlaiOT, tlTO Lf'lJ/ (x-Y-) paEHO CJMMe tteTI:l

pex tlJieHOE, B KOTOpbCX fi. (1.·= fr .. , I.;) npHHHMB.KlT TIOCJIS,IJ.OBaTeJibHO 

I,n,ill,IY 3HatleHHH. Pe3yJibTaT MamHHHoro B~HCJieHHH ~H 

( if1z~>) r,.., (t) Il0Ka33l! B I!pl!JIOlltEllli!H Z.B 06H'llioll sarmca aTO B!l

p~eHHe KMeeT cne~ BEn: 

~~~' Ll",(t) ~ '(!'- t, (-4,5i A'B- 4,5i B
3
t') + 

+ J/. f, ( 3 A B, t'- 1, 5 A 3 ) + (, tl" (- 4,5 i A'B - 4,5 i 83t ') +

+ f,JI"(-10,5AB't'+3A 3
) +a, ttl' 13AB' + 

A ~ A. 2. ~ 2.) 
+tt~'-t.,·36iB + "rvi(22,5iA B -13,5iB t + 

+ t {!'- t, 1& A B 2 + t ov t I' (- 5 A B') + 

2 r ( A B'- ' A3
) + tl'-t.,·10AB + Ol"v -15 t +12 + 

+ a5 Y~ £,-v~J.t._ {13,5i A'B- 4,oi B
3t'). 

AHanorHtlHHM o6paaoM noJiyqanTCH s~eHHR ~H aJieMeHTOB li-MaT

pH~ paan~ ~H3HtleCKKX npo~eccos. 

B 3aKJIDtleHHe aBTOpH BWpaMRDT CBOIO 6Jiaro~apHOCTb r.B.~HMOBy, 

M.lbme>ixaay, O.B.Tapacoey sa rro.nesm.te o6cyz,~~el!Hil. 
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24 .•GAM1 CN1 ,N2 l •GG (X, Y, N2, N3J"' G AM3 IN3, N4J •GGI Y, X, ~t., NS l 

•GAM2!NS,N6J•GG(X,Y,N6,N7l•GAM41N7,N8J 

"'BX CN9, N10J "'BY !Nl 0, N9J 

- 24,•GAM1 (N1 tN2l "'GG IX ,Y, N2,N3l""GAM4 IN5 oN41 "'GA"t3 IN5 9 N6) 
•GG IY, X oN6,N71 •I;AM2(N 7 , I>J8l•GG IX, Y, Nil, NSJ 

"'BXCN9,N10J•~YIN10,N9J +a, 

P~IJ OF RU"', 

s::; 

llpruroliteHI!e 2 

GIJ,"'UJ•TOJUJ 

r - 4.S•I•t.••2•!)- '··~·r£•,~•::··,~·~ 

+ r~(...;,·i·J)"r,(J,I!'I) 

'.~.~"''l"•?•]:1 1 - i·'>•(,""? J 

+ C(J,I~LJJ•T(f>1'J) 

1 - .:..s•I•!l••;:"p- 4,s•::•,··-,•i·l~ 

+ ldJ,•JLIJ•GfJ,TJ"T(~!Jl 

( ~ 3, •A•8••2 J 
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IIpo.n;oJDKeHHe npw:ro11temm. G 

( J, I ) ""r ('''I) ' T ( ·r ·') 

r, \ J , ; ) • r) \ ,,, ~ , '1 r ) 

',:S?E·: ... l+l"l~~:~"T.li 

+ .: ( J, T) 01 r; ( ) , 1·1'!) ' f I !I' I) 

S ( .J,T) •r, (J ,fJ'I) • T 01!1) 

+ C:IJJ"TI'1UJ"T(CIJ) 

r:T (J) "D(M:!,Il'.l) 
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