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I~ BB e i e H He 

B H8CTOH11tel pa60TO pacc11aTpHB81lfCH µponeccu 

K-{ Ve, 4-+e; (I) 

(I( ..... fl y,.e+e-, K-e11ep.+p; K-pl},.f'-"'f'--,1<-e vee .. e-J. 9TH pe;Axue pacnaAH 

811t8 He H861Il>;A8JlHCi Ha onure. 0;AH8KO,nocKOJliKY HX O!BOCHT8JliB8fi BO

pOHHOCU;COCTSllJIHH ro-5+ro-8, TO OHH, H8COIIB8HHO, 6y'JfJT ;AOCTyn

HH 8KCII8PIDl8HT8JliHOIIY BSJ'll8Hllll ye B H8;ASJ18KOJI 6y;Ay11te11. 

Hccne;AOBSHHe uponeccon co CJ186HII H 8Jl8KTpouarHl!HHII B38DO;Aei

CTBH.fDIB n~AOT8BJUl8T 8H8'11H!8JliH!idt HHTepeo. B pa60T8 /I/ paocxaTpa-· 

B8Jlli1Ci pacIISAli. 'JC -e(jl) e+e- 0 nenill HBy'lleHHn BOnpoca O TOY, 

KSKYll HHl})OJ:M8UHll KOZHO IIOJlJ'IIRTh O CTPYKType 118TPH'IIBOro 8Jl8118HT8 

nponecca TaKoro THUS. 8;A8Ci UH BCCJ18AY8H C TOK Ee nenill auanorJNHHe 

psCil9AH KSOHOB, axcnepJDl8BT8JliH08 uayqeHBe KOTopwc nOBBOJlB! nony

'IIHTi HH!J/OpMSUHll O CTPYKType COOTBOTCTBYIIIIIOro KaTpHllHOro aneHOHTa 

D nponeccax C H3Y8H8HH8U CTPSHHOCTH. 

YatpHt1H!idt aneuea, nponeccon (I) no 0611teK cTpyKType, onpeAena

euon Tpe60B8HHr.=.IH rpa;AHeHTHOK H nopeun-HBBSpHSHTHOOTeK, oqeBHAHO, 

HO OTJlH'll88fCH OT COOfB8TCTDYJllqlDC BHpaEOHMK AJIH 'JC -pacnaAOD 

{l))opuyJIH (2), (7) H {IS) pa60TH /I/) H DpeACf8BJlB8T cywy ABYX qne

HOB, OIIHCHB81llltHX DBYTP8HH88 TOpll03B08 {IB) H CTPYK!ypaoe (SD) H3-

nyqeaua. 0;AH8KO ua-aa OTCYTCTBHB coxpaHOBHH B8KTOpHoro T~ / 

L'.S i=O COOTB8TCTBYmtHK BKJl8A He uoae, 6HTh CBH38H C xapaKT8pHCTH

K8Ull Apyrux pacnaAOB {n OTJIB'llle OT nponeccOB .c DHOHSUH). Kpoue To

ro, Tait KSK mmyniCH .7l8DTOHHWC nap K (napu t2.+ e,_- ) H Q (napu 

l, ¥, ) BOHM (- Jnl< ) , TO HCIIOJlh80B8HHOe B /I/ npeADOJlOlltOHHe 0 

cxa6ott 38BHCHKOCTH IJ10PJIWSKTOPOB <w-w.) CTPYK!ypHoro KaTpH'IIHOro 

SJie11eu;a ot k2. H Q2. B ;n;aHaou cnyqae HenpHKeHHUO. 
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B pa6o'fe/2/ Hccne.itoBanac:& saBHCHIIOC'f~ W•W• O'f Q
2 

.itnll pac

na.itoB K-t ~ r . YIIH'fWISJIHCI, ,ltBS nepBHX qne.~a. B pasno:&emm W•W• 
B Pll.lt no Qz. • TaK08 om1caHH8 'fpe6y~'f BB8,lt8HHll 118'fLIJ)8X napall8!pOB 

- .itBYX sHa11eHHl! W•W• npu Q"=O H . .itBYX KO~IDUf8H'fOB. nepe,1t Qz.. 

EcnH ,ltllll nocne,?tHHX npHHll'fl> SH8118HHll, CJ18AYllllU!8 HS npe,ltn0110ll8HHll 

" o K~ H KA -.ito1muaHTH~oH, 'fO, KaK noxasaHo B 12/, y11er sau

oW1oo'fH OT Qz llllnHe'foll HeoC5xO.itHlllilll. 

, Eomt' npH11em1n T8KOl1 · ze IlO,ltXOA • K paona.itall (I) t 'fO IlOOKOlll>ltY 

ux l.ia'fpH'liH!,n!''. ane11eu on»owiae'fCll· nnu~ <l1•W•-, saBHCHDtHKB OT 1<2- H-

Q2 t IlO'fpeC5yeTCH :BB8,lt8Hi::e CJlltlllKOll 'C50Uiuoro 11HCX8 napa11e'f).)OB; 

KO~opue Kpal!He TPYAHO onpe,?teJIH'fl> HS OllH'f8~ B CBllBH C ·aTBII i,peHOlle

HOXOrK118CRHl! 8H8JIH8 pacna,ltOB (I), llO,lt06HHit aaanzsy npo~ecoOB 

J<-lYif, BWIOnueuuouy B / 2/, ae mrneT oJW:o.na. 

B paC50T8X, llOOBHDt8BHHX TeOp8'fH1180KOIIY HC0118,ltOB8BHI> SllIUlH'fy- " 

.ltH paona.itoB K-lf( 13/ H K -4 ~ t}l; 141, zono.n:&so11a11.oc:& npe;n;no

.noxeuze o .itOHHBaB'fBOOTH · BHBK0.ne:&a111u peaouaHoOB K*, /(A · , p · · H 

W • n.na <l1•W• a, xapaK'f8PH~ym111ero BIUIS}t B8K'fOpaoro 'fOKS, B 

TaK011 onyqae cnpaBe.itnHBa ~p11y.na 

a(k~OZ)~aof 1 +~t}(t + ~~)}-: (2) 

'f.8. BOll SSBHOHIIOCT:& O'f ft H Q~ WSK!OpHBy8'fOH H OIIp8;11;81tll8!CH 

'fO,lll>KO 1180C811H. pesOHSHOOB • Bemt11HB8 a
0 
==~0) SBBHCH'f O'f K~HC'f8H 

CBHSH. HeKoTopse HS B'fHX KOBO'fSH 011eH:& Tpy;n;ao onpe;itenH!l> :es onu

,:a, fi08'fOIIY ,lt,llfi BH'lH01J8HHll ao ncnonsyD'fCH pa811.H'll!H8 'feOp8'fH1180-

RH8 npe,1t0!8B1l8HHH 131, ,lt8Dll!H8 SH8118HHH, O'f11H118Dll!H8Cfi B npe.itenax 

20%. T.o. B P811K8X ,ltOIIHH8HTBOro IlO;ltXO,lt8 S8BHOIUlOCU W•W• a O'f 

kZ- · H Q2 
HBBeO'fHa · C5onee TO'lHO, iie11· saaqeaze G._

0 
• • lloaT011y pa-

syKHo p8C0118TpHB8Tl> lf)op11y;ay (2) K8K npe,ltOT8l31!8HH8 AM a C 8,ltHH

CTB8HHl:Bf H8HSB80'fBUll napall8'fp011 G0 • 
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B pas,1te.ne 2 HSO'fOHll!el! paC50'fH IIOK838HO, 'ITO B UO,lt811H, Hononi.

SYDll!8A 'f8XllHKY Z80'fKHX K80HOB /S,G/, CXO:&afi OHTyS~Hfi Hll88T 118CTO 

H }tllll 118!!:HpeX 8KCH81ll>HliX W•W• 4 C) d H I,_ • B COO'fB8'fC'fBl4H C 

aum 11a npe.itnarae11 aonolll>SOBS'f:& .it.nfi .itBYX cy111eo,:neH~HX W•W• & H 

C (BMa,u,i, co,1tepxall!He W•W• /i H d , 0KasW1aDTca npeaeC5pellJDlo 

U811.W4H) II8p8¥8!rp.1188IUU>, JIO,ltOC5HyD (2) C S81l8H0!1 /ll-K"Jt HS m_~-
11aocy pesouauca KA (I240). Tor.ita-paco11a'fpHBae11se npo~eocu 11ouo 

OIIMOS!l'l, 'fP81lll napaue,pa1n1 ao , & Iii C t xapaKT8pH8JDI/UDIH SHS-
0 0 

118HHH W•W• a , g H C npH k2=Q~o. Huse 1(1,1 oC5oy,ltHII BOSJ.IOZHOCU 

HX onpe~8J18Hli1R HS OIIHTS. 

S1tonepHHeH'fa11.:&aoe 1ocne.ito:eam1e npoueocoB c e+e- -napoit sa- -

!py;n;aeHo us-sa ipoHa o,: Kt3 -pacna.1ta c noone,1tyDD1HH paona~oll 

7l~ (e"'e-, B KO!OpOll r -KBSB'f He perHC!l'pHpyeTCHo 

llpOHBBe.iteHHe BepoaHoc!l'eit npouecco:e K-,tl'IJ H .9[0-(et'-coo
Ta:enne!l' (4 + s) •rn-4 O'f noIJ.Bo1t :aepon,:Hoo,:H K -pacna;n;a l-¼, • 
llooxon:&Ky npo~eccu K-)'-~e~e-• K-e11ee+e- HAYT Ha ypoBHe 3,o-ro-s-wK 
R 2,I"IO-?IA/K COO'fB8TCTB8HBO, TO iU188'fOH 8H811H~eniaoe np8Blilll8HH8 

ipoaa Ha;n; a<J1Wex!ou. B4paC5o!l'e / 7/ us :zoo.ne.ito11a11.u :eonpoc o 11oa11ox

Hoc,1 8KCnepoeH!'81J.l>BOro ll0,lt8B1J.8HHH ~Ha HS OCHOBe 8H81JH88 KHHe-

118!1:HRH - npouecoo:e. 

'iH01J.8BHHe P8C118!H pa_oµa,ltOB (I) IIPOBO,lti_JJIHOI, Ha SBY O IlOllOJlll>D 

ue,:o~a ll0He-Kap11.o cnooo6~11, aHanoruqH!ill uanoxeHH011y B /I/. B 
npo~ecoax K ➔ j-'-}_r.f-H K -e Ve e+e- y1111Twia11.Kci. aqic;peK'fH Toz;n;ec,:

:eeuHoo,1118CT~ B XOH811HOll·coo!'OHHHH,_ Q'fO, K8K OK8S81l0Cl>; HBIJ.Re'f

Cll H80ISXO]UDU:m. 

B paC5o,:,e /Bl paona~ /(-_}'-y,_e•e- aaa11.Haupo:eanca c 'fOQRH sp~HHH 

nonyqemrn HBlpOpKS~HH. 0 B03HOEHOU . OH860-8118KTpOMSrHHTHOU Bapyme

BIIH T-HHB8PHSRTiiOCiH. B pa6o,:e / 4/ -B~H01l8H!i HHTerpaIJ.l>Hlie B8POH!-

5 

• 



Hocu H cneupu no./<.:i. ,!{Jill npoiteccoB K-J,lie+e- H K-eVejl:fL-• 
MH npOBO,l{HH COllOC'f8BJl6HH6 qacTH HBmHX pesyJib'fS'fOB c·peayJIDTBTBMR 

arHX pac5or. 

PacqeTH pacna,l{OB K-:11-1},.JLJC HK ---eVe e+e- B oc5sqaoa TeopBH. 

CJlac5wc B88Hll0,!{6ICTBHI BH:llOJIR6HH B HBCT0llllt61 .pac5ore BnepBse. 

PaccuaTpHBaeliue npoite~cs o6cya,ltanHcD. Taae :e pa6oTax 19 ,IO/ 

C TOqKH apeHHll B03HODOro BKJI8,!{8 8HOHBJIDHl:DC qeT~peDienTORHOro H 

meCTH\l18PHHOHHOro B88JDIO,!telcT:BHI. 

2. 1>taTpaqa.mUmeJ1eHT 

MaTpaqHH:l anexeHT pacna.itoB (I) 

. K-t(qJ-~rp,J +~rpJ +~+(p2) +{-(p3) (3) 

oeeT BH.it /I/ 
' ' ' t ' ½. ' •. ' 

(J/5/&)= iezc:J1;.;;fio7 f<~(f~J7rJ'{f-f,+ft+f1 -i)x (4) 

x['lZ(p)~(t+{s)_j5,_;_,m, E u(-p,) +€"-M<ip0] ·, 
r.ite mt - uacca nenToHa f, , /fl - xacca nenroHa !2.. , ~":' f-t.+A, 

Q=p+f, =9'"'.x I co( = fi(oA)J;. ufp,,), t; = ll{f JJ;(l+J;-).r?ffo~-.£.- onpe; 

.iteHHCll :eepoHTROCTDI> K--y-t,Jj. pa_cna.ita l¼-➔/~ -: f::.1m;,f-ff 
BTopoa qneH B Kll8,!tp8TRJa CK06K8X BH:PBZ6Hlfi (4) np~,!tCTBBJIHe! 

00601 cyuy BM8,l{OB ABYX cnac5wc TOKOB, 13K8~ CTpaHHOC!b t -

B6K!OpHoro H 8KCH8llHOro. 3anHmeu ero B BB,l{e /I/, 
M (2.G.,i+~) s;_ f f ,,.//. zl 20, /4 o ,I ) 
,.~ = - Q2.+m.; 0_p + 6lJ +~t'{KJ~{'f<~ 7Q/y~ - (5) 

-a(lf;Q; 6,yyc-1.,Q6' + 8{k~Q1XQ.;.k~ -t}k)~) + · 
+C{lr//}{k.1.k,-*tb;,)+ m! l{k~rt)(l:1{l -{Qk},t)Q1} , 

r.ite d{Ki) = fJ_i (f-F; (k1» , a l(fi(K-}- aneKTpouaruauwt \ll .\ll ~ xaoaa. 1Ip11 

TSKOK onpe.iteneuu :nee lll•W• c5eapasuepaw. 
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IIOCKOJIDKY KH npe,1tnonaraeu, qTo HH68T H6C'f0 T-HHB8PH8HTHOCTD, 

w.w. fiBJlfll)'fCll »em.ecTBeHHI,DfH 4>YHKW!lDlH e- ii Q2. • 
Il6PBbl6 ,!{BS cnaraeuux D (5) Bll8CT8 C nepBI& qneHOH B (4) 

OllBCWIBl)f BHYTP8HBOe !Opll08U08 uaeyqeane, 8 OCT8JIDHbl8 CJlaraeHbl8 -

- CTPYRTypaoe Hsnyqeame. 

Hu BWIHCJIBmf )Ul~W5peHI.tH8nI,ByD B8pOH'fHOCTD npoiteccoB (3). Bu

paseHH8 ,!{Jill aee npHBO.iteHo D npunoseaua. 

~nll Toro qroc5u HSATH BepOllTHOCTH pacc11aTpHB88JIWC pacnaAOB, 

nouoo npe.itnonoaeHBll o TOJI, uo aaBHCl'IKOCTD \l/•41• o, f<.Z. H Q2.. on

pe~enlleTCH qiopuyJIBHH (2), Heoc5XO,l{HIIO OI.t6HHTD HX aaaqeHH.il npH 

e-=:Q1 = 0 1 UO 11000 C,!{8Jl8TD HlllD B p811K8X H8KOTOpoii 110,l{OJill. 

AxczaJXDHble qi.qi. ~C d a Ii 11ory, OHTD Jlhlq11cneHH c nouo~DIO 

TeXHBKB secTKIDC KBOROD,/5/ llllJIHJ>~eAcll o6o6~8HH611 'fOXHHKH ZOC!KHX 

nHoHOll, paaBnoA B 161. Ilo,1to6Hble pecqeTH BHllOJIHeHu B pa6oTe / 4/. 

0)tllaKo,ncnonL30D8B ,!{Jill aunnBTY.itH npe,!tCTSBJIOHHe (5), B OTJIHqHe OT. 

rpo11oa;iumx qiop11yn' pac50TH / 4/ HblllOJiyqzJlll KOIIU8KTHH8 DUpaaeHHff .itJ[ll 

qi.qi. ,Kpo11e ,or~, Ow:io oc5aapyaeao, qTo O.itHH Ha \ll•lll• HaH,1tea B / 4/ 

He:eepHo. PeayJIDT8TH~BsqHcneaHA BKOl>T DHA 

tr :i :iJ _j_ \ fTl;/7l~ {)K~(-D) 
,A,Q, - 2 L., £21n2.. r.k:z.+m .. )tr/·+m'- 1 

V2 t,W K fllKA \I v fl KA} 

c (l<.1- .rrt) f [ m.; l m:ffeA L1 + t} 
. 1 l,( =-z. 11,1.+mt\ C'-m2. f,i'- m11.) ' (6) 

'l=f,w {/\ v/ 1,c_ "'KA (4 +t"K,4 

d(k1 = f c (k~O}, 
If 1.!l.A 

/,/It rt' --1[ . mx m., 9kA LJ . 

VJ J - lv~,wf;zm,.: {f.'-+tn:}{Q'-+~) 
BeKTOpHwl \l/•4>• a IIOEO'f OHTD nonyqeH Ha OCHOBe 00WIHOro 
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npe,tnoHoxeHHB o K~ -:itOMHHSHfHOCfB / 3/ 

a(k'-Q~= mKt./ll: I 9rG-x"K{ I 
' IF,J(x,.+m;){{/-+m;,.J (7) 

B ~p:uyJiax (6) H (7) 9K")9KA J c,K"'KJ' - KOHCTSULI pacna,to:e 

K~t11 'KA -t~ H K*-Kr COOTJl8fCT:BeHHO; F; ""·"k /ff sin 0 ' . 
0 · - yroJI Kadu66o, fr - napaueTp uo,teJIH, mie1>BUdl WHBHllecKHit • cuucJI 

anouaJII>Horo uernnnoro uoueu,a KA -ueaona (,taJiee • b noJiaraJiocI> -

pallHWl -1 /6
/) t /J =m~/m/· -f - D , fflv, mK,. J /Tl.KA - UBOO!i J)(w ); 

K*- H l<.A -M880HOB. . 

IlpH BWlO]l8 WOPIIYJI (5) HOUOJll>ayeTOH OOOfHOmeHH8 /S,6,II/ 
a:1.. /2 2 r1. . · . 1- 1 2. 
Jkyi//TlKA + rK = f/K"' / mK" 
8Jll>Horo TOKa {PCAC). 

H rHDOTeaa qaoTHqaoro ooxpaHeHHH axou-

~JIH noJiyqeuHa J~uononI>ayeu npaBHJIO cyo /IZ/ fKz.,/m;. = 
= 91/rnj = iii/ . ~na Gt<"J<l npH11e11 anaqem,ie /

3/ {j-K .. ~r =°' 9Kf'3C-; 
one~Dntee Ha SU<3)-cHJ01eTpHH H Ksuepeauott :eepoHTHOCfH paona:ita 

W
0

-.fl
0

f • 0THOW8H'Tll.8 F« /~110'8'1M.8H KS 8KCnepHMeHf8Jll>HHX SH8i8HH11 

:aepOHTHOcTel paona:ito:a gr ->jl "}. H K--:Ji-lj.. :itJIH yrJia Ka611660, pa:a-

aoro 0=°'24. IlpH aT011"2F;/F,; = I,27. ~aJiee HonoJll>ayeu np16JIH

zea11e mw = my , Toquocu KOTOporo OK88W388TCH Jiyqmett O,I%. llHH 

uaco peaouanoo:a npoeu suaqemrn m.f' = 765 Ma:a, /Tlk,._=892 Mall H 

lllKA = I240 Ma:a. Tor,ta :itJIH W•W• npm /('·=0 H 0._=0 noJiyqHu 

a0 == 0)35', 4 =O,o4a, c0 = (J62, d0 =IJ3t, h,, =-qo33_ <8> 

0Tll8THII fenepI>, iTO B paccuaTpH:aaeuott HO]l8llll B npH6JIHX8HHH . . 
flly ~ mw :itJIH 8KCH8Jll>HWC W•W• cnpa:ae~JIHBU OJ18~1lllUl8 (popuyJlli 

l(k~ll) = l{{t~~:)f ~ ~t)]-~ <9 > 

d(k} = ij(!_,41.r: (9•) 

h(k~(/) = t[(i ~ ftt)f +/nlf )rt (9") 
. 'J' KA /j ) 

8 

' ·1 ,\ 

c(1~tf) ==c.,fc/1~m<i"J-
1

+1-c1Jft+ :;)- 1 

. l' ~ I' 'J , 
(IO) 

r:ite C; = 0,33. 

IlpH HCll0Jll>80B8HHH npe,tCTSBJleHHH (5) ]lJlll aunnHTYJ.tli,BllP81'eHHe 

(9) ]lnfl W•~• /j llll1lli8TCll C8Klill OCintKH B Jlll60lt 140]l8JIH1 OOHOB8HHOlt 

Ha J.tOKHH8HTHOOTH 6JIHEaltmHX pesOHSHCOB ['JJ. Bone,tCTBH8 8Toro,xax 

H B cnyqae W•<I!• a , WCPIIYJIY ·· (9) llOllHO paCCK8TPHB8Tl> KBK O]lHOna

paueTpHi8CK08 npe,tCT8BJ18HH8 ]l1Ill 6 • 
HeoKOJll>KO HHSH CHTyanHH weeT MeOTO ]lJlH <I!-<»· C ,. B KOTOpOY. 

88BHCHIIOOTI> OT Q:z. ne II/~KTOp~aye'fOll. BuqHCJ18HHll ll0K88Wl8DT, O]l

H8KO, qTo oTnmqHe (IO) OT npe,tcTaBJieHHH 

· · · C{k~Q; ~c0 [{r+ ;}(i+ ~)}_, (II). 

CK88W388TOH B8Cl>ll8 M8Jl0 (ou. nyHKT 8 one,ty1>111ero pas,tena), n08TOHY 

OllH08HH8 nponecCOB O IlOKOllll>Jl Tp8X napa11eTpOB ao , ti, H Co He 

npOTHBOpeqHT p8CCIIOTp8HHOlt MO]l8JIH~ 

B pa60T8X /I,I3/ ~WIO noxasauo, qTo B npe]lII01IOllt8HHH O_HeSaBH

C~OCTH W•W• o~ kt H Q:z. Ha PCAC H aJire_6pu TOKOB oJie;z.tyeT, qTo 

C = .2. d. rronyqeHaue" aa~rn C H d y,toBneTnopHIIT, ycJIOBHll 

C(t.;o)=-2d(t.j(c11. wopuyllli (6) H (8)), OTKy,ta co =2d,,. 0AU8KO B 

]l8HHOII cnyqaenocne]lHee ycJIOBH8 llll1lll8TOH OJ18]lOTBH8),( J.IOJ,t8JlH
0

H He 

l!Ollt8T ,6uTI> IIOJIY'll8HO TOJll>KO Ha_PCAC.H KOUMyTanHOHHLIX COOTHOmeHH11 

anre6pu TOKOB, llOOK01II>Icy npe,tnonoxeaHe O H888BHCHMOCTH <I!•<I!• OT 
J,t ··Q:l . . 
/\ H • Heonpane,tnHBO. T8XHHK8 llt8CTKHX KaOHOB npe,tOKS3Wl88T., 

:ao--nep:awc, qTo C = id = -f<t;l(1.,mt, 8 BO-HOPWC, ]1;88T 8HSqeHH8 
o o J ~ K · 

ope,tHeKBa,tpaTmqHoro sneKTpouarHHTHoro-pa,tHyca. xaoaa l(r;/>• KOTopoe 

[i] 9TO cnpane:itnHBO, eonH'oicyTOTBYJlT T8K H83!ill80Mli8 KOHT8KT
Hll8 qneHli, 0TBO'll8DlllHO HcnycxaHHII 'l'l/, -naph! 11 ,( -KB8HT8 lf3 O]lHOlt 
TOqKH • l.l!,1 npe].lnonarae!l, qTO STO ycnonHe BlillOJlHROrnfi, 
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4. IlpeHe6pexHJLo .u:a.nH llK.118ltli 1 co;itepxall!He qi.qi. fl. H d . 8To 

06:&liCHHe'l'cH ne c?ro.n1,Ko .u:a.nocu11 ca1n1x IL H d , CKO,UKO Ha.nuqu-
.t. 

eu MHOEH'l'e.na Ille nepe;it aTmtH llK.118;itaHH, ua-aa qero OHH oco6eHlio 

ua1.1L1 11 npoqeccax, r,l,le It - noaupon. TaKmt o6paaou, pacna;ztu_ (I) 
8q:gJ6K'l'HBHO OilHClill8iJ'l'CH TpeYn 41•41• a I g H C • , 

5. ll>.(p. Q H 8 npH f/=0 jtOUHii COBil8;lt8'1'1, C COO'l'lleTCTBYlllllH

UH qi.qi. 'A.lIH pacna;ztOD K-t1r. Ec'l'eC'l'B6HHO, BB.llll'IIHH!i ao H 4 llO

ryT 6UT1, H8i,l,18Hli HS 8KCnepHU6HTOB no HayqeHim a,mc npoqecco11. B 

pa6oTaX / 3< Il0Cl1Hlll6HHJ,IX ananuay 8Kil.lIHTYltli pacna;ztOB K.,,,/~(.;it.nR 

Be.lIJWHHli a0 no.nyqa.JIHCl', 8H8'118HHH 1 6.JIHSKHe K HCllO.lI1,80B8HHOHy HB

UH, .ll TO Dpeua KBK.'A.71H ~ 6wm Haff;ltBHU p8811H'IIHLl8 8HB'lleHHH, .ne

lltall!He ll HH!rep11a.ne O ~ I 8al < 0) 6 /aol • 
B Hcnon:1,aye.u:olt aa.u:H uo;item1 /t,,/ = D; f't/aj. 8THH 06:&acnaeT

ca uanOCTl', BX.718;l{Oll, CO;itepEalJlHX g (CH. TB6.7lHitLI I H 2). KHHe.U:BTH

'118CKHe Ee UHOllHT6.7lH nepe;zt a H g HMeJlT O;ltHH8ItOBLlff llOpll)tOK Be

.7l~l'IH1,1 lI cxoxy11 88llHCHllOCU OT k,_.t. (OCBOllHOe IlOBC;iteHHO / /1<2. ) • 
qucna B Ta6.nuqax uoryT 6HTI, .nerxo nepecqHTBHH )t.71H .n116ux ;itpy-

1 PI I D 
rHX a0 J 0 0 H C0 ~ OT.llll'IIHWC OT _a0 1 0 0 H Co (BanpHKep1 .. A'£ a/- A.2.- -lllt.718)t = az H T.;zt.). 

" 6. B Ta6.7lHit8X IlPHBe;zteHli peay.nnaThl I nonyqeHHlie npH llOCTOHH-

HliX 'P•W• (8) H npu W•W•-'PYHKitHS:X k 1- H (;-(7-IO). KaK BH)tllo, 

paa.JIH'IIHO )tllyX lli,NHC.716HHlt B8C1,K8 8HB'IIH'!'e.n1,Ho: B HOKOTOPliX BK.llB;itax 

OHO )tOCTHraeT 2()% ;zt.71H npOitOCCOD C e+e- -napolt H 35% - 'v"-J'--
napoi!. YtieT aa11acHKocT11 ip.rp. OT l<i H Q2. KB1.UiBTca, TBitHH o6paaoK, 

neo6xo;zuuua1. 

· 7. 3HBKH HHTepg'/epen1u1onnwc q,neno:a A) A.B H T.;it., B006!lle ro

Dopa, H8H3BeCTHLI. B paCCKOTpeHHOI KO)t8.lIH HOKOTOpL1e H3 HHX qiHKCHpO

DBHli KOHKPOTHhlK BH;ztOK qi.qi. (6). Heuanecren, O)tH8KO, OfHOCHTen1,Hwt 
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BHBK B8K!OpHoro W•\P•Q, B CJl81(0BBf8JliH0 1 H BCOX IIHTepqiepeHitJIOHHJ,IX 

qxeao:e, xoropwe ero co~epzar. 
a. 'ixc;a:a, IIp111e;1tealQie :e Ta6Uitax, no1cyqeHw c 11cnonno11an11eK 

i•W• (7-IO). Ks paccq1Tam1 rape nonH1,1e :eepoaruocTH H :e TOK cnyqae, 

KOr;l{a C ]t88TCH woi-:ynol (II). MBKCDB.JI1,B08 OT.lIH'IIHe, -oqe:eH)tHO, - c:l. -
·lll88! K8C!O B qneuax . 1, Kalt noICBaau :Bli'IIHCJIOHHK, He npOBl,I~ 

maet 3% f?J. lloa,oKy npHBB;it8HHHB :e ta6n11tax qucna npHrO;ltHHII 'A.JIH 

06cyz;1ta11■eroca.:ewe TpexnapaueTp!l'llecKOro on1cau11a npoitecco:e. 

Ha OllLl!O aena'!'OJliHO BBC!B HBKepeHIIH B !ex o6nac'l'BX waso:eoro 

06f>8Ka, r;ite B03KOllH1,1 BOSBBHCDl,IO onpe;iteneHIIH OT;ltO.Jil',BLIX 41•~·· HH

ae MLI 06cy;ztB11 xapaKTepawe qep!H xaJQoro ua qeTupex pacna;ltOB H 

yxaseK raae JtHHeKaTuqecae 06nac,1. 

4. Ilponecc K-;,oJ,_e+e-
' 

B f86Xmte 3 npBB8;lt8HH OCHOBHli8 DK.71B'Ali {6onmxe ro-10 np11 

:e!:i6paHBLIX a,, ' 8,, H co ) B HHT8rpanHy1> ~~p0JlTHOCTi ltllfl 'npo

ItOCCB J<.-:)', ;1« e-+e-. q,061,1 Br.uteun C!PJK!YJ!H08 HBllyqeaHe HB wa
ue ;1tou11a1pyJJlllero B4&TOK pacna;1te BJtJIB'AB I.B , ueo6xo;itDO o?r6Hpar1, 

co6at•~ c 60.n1,mo11 aaaqen1JD1H e:eap1aumol .u:a~c1,1 e't>--nap1,1 

J-k.!i /I/• 
B TB6JIBite 3 npHDO;ltBTCH IIH'l'8rpa.n1,uaa DOpOH!HOC'l'l, )t.7lft )tllyX 06-

peaaHd no-If- ( /k1> m: u IK/~2/11,,~ r,l,le ll1o - KBCCB X,0 -K880HB). 

KaK BB;l{HO, Blt.71B'A ]f> J)lea1,11aerca · np• a?roK Ha TPH nopQxa H cTa

HOBHCH cpa11umwu. co CTpyKTJpHl,DOI :BKJISABKH C • Cz. 01t11axo 

q.neu1,1 A 1. H • B 1. tape 3JIHH8~I,Bo YJ18HHB1>Tca npH 6onilllll / 1<1
/ , 

noa,o.u:y nenaa .BH'AeHn o6nacn,r;lte 6H11H 6u BOJIBKII ·BK.llBltli lf!•W• 
a H 8 • .. ' , 

[y OTKeqeHJiaa' cna6aa SBHCIIMOC!l', OT at. KSCaeT'cs 'l'OllltO 
q,neHOB, CO]lOpXSJllHX \P•!lJ• C • 88BHCDOC!H> 0'l' Qt- HeJIL3li npe- ' 
se6perBTl> :e JU)yrn: W•W• 
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l 
OcHOBHOll BKJIB)t B 06JI8CTH /k1 > m/· )tal>T 'llJieHU IB, A, C 

H C fl • llpn aTOLI cTpynypaoe mmyqeaue HUeeT O'fHOCHTemHy10 

BepOllTHOCTI> 2°10-8 Wk , 'llTO Ha )!BB nopH;iutB 60JII>me, qeu B 06-

JIBCTH 60JIHHX /k..Z/ )tJill npo:a;ecca f[-eve+e- (cu. /II). 
Eon1>maa B6JIH'lll!H8 HHTepqiepeHQHOHHHX q;neHOB A H C noaBOJIH

eT onpe)teJIHTI, 3HaKH qi.qi. ll H C O'fHOCH'feJIIiHO /;_ • 

TaKHJ.I 06paao11 B o6JISCTH /k 1
/ ~m/· p8CD8)t Dp6)tCT8BJlll8'f 3HBIIHTeJII,

Hull HB'fepec C 'fO'llKK apeHKll K3y'lleHHll_qi.qi., xapaKTepH3YDDtHX CTPYK

TYPH08 uanyqem1e. · 

3H8ll8HH8 o6pe38HHfl 1 paBH08 lll0~,Dl:16paHO H3 )tBYX C006paK6HHn. 

.. Bo-nepEux, npu TBKOK o6peaaHHH Y'lte CHJII>HO DO)t8BJI8HO TOPM03H08 H3~ 

nyqeHHe H 6llt8 B8JlllKO CTPYK'fYPHOe t BO-BTOpwc, o6nacu / k2
/ > m/· 

CB060.ztH8 OT qiOHa. Hay'lleHH8 S'fOro paCD8)t8 B o6JIBC'fH, 38Hfl'fOA qiOHOU, 

XOTH.H B03UOmIO (KBK DOK838HO B /?/) , HO He npe)tC'f8BJIJleT HHTepeca 

us-aa )tOKHHHpoBaHHH IB 
.B 38KJ!E'll8HHe cpaBHHU Hamn Bl:l'llHCJieHHll C Hil6DIIU!HHCll B JIH'fepa

Type peayn;~TaMH. B pa6oTe / 4/ )tJifl ripoQecca K ~e+e- npHBO.;. 

)tH'fCH Jl8JIH'llHH8 R,. = \½.s (l<o >2011:d)/WK = 0,82.·to-~. Mu 

nony'llHJIH fl, = I ,6 • io-5; B pa6oTe / 8/ uoJiy'lleHo 

fl.i == WzB {&,)tOlf3'1PJO>to,u&)A"3,3"l0:61lu ~e aa~u /I.:,_ = 9,8·ro-6 OJ. 
Y'llH'fl:lJIBll T8K08 p83K08 pacxoz;z,;eHH8 peayJIL'fSTOD, LIU npoBepHJIH 

aamH pacqeTu, HCDOJII,3YllJltH8 Ke'fO)t MOH'fe~Kapno,ny'fCU 8HBn~'fH'll8,CKOro 

Jll:l'llHcneuua BKna;z,;oB npmi:wc ;z,;uarpao JI noJIHyD BepoaTHOCTI> )tJln J1Ce~ 

'll8THJ)8X pacna)tOB. llO)t06HO 'f~JI._Y'. KBK ~:ro C)teJIBHO. :B pa6o~ax / 4 ~14/ t 

ftl B pa6oTe / 4/ 'CO)tep:IB'fCfi YTB8Pll,lt8HEe j uo P83JlJitlHe 118:ll,ltJ / 
nony'1l8HHl:lll R.1 "'O,K:t. ·10-G H fl.,_= 3,3·fo-6 13 paoO'fU /8/ 06til1CHJ18!'Cll 
omuCl'J:to! JI 1/'f' )tOnyDteHHOit B pa6oTe /8/. H ;z,;eitCTliHTeJIIiHO R,"' ¾ K1 • 
HeIJOHflTHO, O;z,;H8KO, KOK KOEHO CP8BHHJl8U Jl8JIJ111HHU fl, ·u· Ki. ' IDl8-. 
DDt-ite paaHfilt qiHSH11ecKHA c1,1ucn. HamH pacqeTs noKBaaJIH, 'llTO fl

1 
H R.,_ 

OTJ?{'ll8HCH llO'll'fH B)tB08e · · ... ·· ·· · · 
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OHH 61:lJIH CB8)t8HU K ;D;JIOiiHWl HHTerpanaK H Bll'llHCH8HU 38T8lol Ha SBM. 

Yu nony'llHJIH ~'AHHBKOJIUe peaynI>TBTU )tJlfi II., H BKJ18)t0JI npm,:ux )tHar

paw B llOJIHjl) BepOHTHOCTI, npH ny~ cnoco6ax Bl:l'llHCJI8HHll ( /l~ H 

o6U8HHue BKJ18,IU,i He LIOryT 6!:ITI> CJ18)t8HU K ;ltl!OimbW HH'ferpanau). 

s. Ilponecc K-et{Jl--+;--

llocKonKy pacna)t /(-e~ no)taBJ'leH, BKJia)tu 1 B H DHTepqie

peHnHoHHwc qneHon A B H C .D nonHyD BepoflTHocu npoQecca . ) 

K-e1p1+1L..- npeHe6pemu10 :u:anu. ,llaX>T BKJia;z,; TOJII>KO A2 /JC H c~ 
v ,/ ) 

npH'lleu ;ztOHHHHpyeT C 2. • · 

' Hccne)tOBBHHe aToro pacna;z,;a ll03J101lHT HBll'fH B8JIHIIHHy Co • 

< ,lln.a noJIHott J1epo.arHocT1& uu aamms I/I ( K - e Ve_j1)1) = "3 · f0-9Jlk 
B oTnHliHe oT aHaqeaHa I, s •ro-8 WK , npne;z,;eaHoro B 14/. 

O;z,;HaKO B )tBHHOlil cnyqae H8Jll>3ll c'onpe;z,;eneHHOCTI,J) rOBOPHTI, 0 

pacxoE;z,;eHHH peaynI>'fB'fOB, nocKO:ll~KY JI llO:llHjD'BCpOHTHOCTI> pacna)ta 

)t88'f JIKJia;z,; TOJII>KO C'fPYKTypHoe H3:71Y118HH8, a B / 4/ He DPHBO;z,;RTCll 3H8-

'll8HH.fl napaueTpoB, JIXO;ztlllllHX :e 41<>p:u:ynu (6) H {7). Boa1,10:mo,pacxon

;z,;eHBe 06l>HCHR8'fCR oaH6Kott, )tOny~eHHOI B / 4/ B onpe;z,;eneHHH o;z,;aoro 
' Iii 

Ha~-~• (cu. paa)ten 2). 

6. llpouecc I< -;II;'':/';µ -
lloJIHaa Bepon'fHOCTI> pacna)ta K 7 'I},/' J<:.. , panaa Wv,- = 

I,o·ro-8 \A{ • B see, KOK llH;z,;HO-·H3 T86JIHQU 2, BHOCRT :eKJia;zt tzneau 

I. B A~ A /Y ,B · C ~ C · · njJC , Ha 1to'fopwc oco6eHHo cy-
, ' ' ' ' ' lll,ecneauu I.B • c!t B c . 

BKJia;z,; HHT8Pi8peHD;HH DpllllHX H 06K8HHL!X ,ItHarpao JI llOJIHjD'Be-· 

poaTaocu ·pa11e~ 3,I·ro-9 ~-. · 
Hccne;z,;oBaHHe aToro pacna;z,;a noaBoJIHT nony'llHI> nnqi<>puarum o · 

BC8X 'fpex m1paKeTpax (1,, t Co H C., ' • 
B03lolOllH8ll llOC'f8HOBK8 onuTa )tJill HCCJIC)t0B8HHH SToro nponecca 

06cyz,?tanac1> B pa6o,e 191. 
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IlpOl.l8CC 

Ta6m11.1a I. 

qHCJieHHble 3HaqeHHH BKJI8,ll;OB B noJIHyD B8POHTHOCTl> B8JIHqHH, 

BXO,ll;llllU1X B P8B8°HCTBO (12) B 8,ll;HHHl.l8X f o-8 ~ 

K - .J,L- ... /1,;,. +e+-4-e- K - e + ~ +.JL+•1:,1r 

WOpMcJ/8KTOPU IlOCTOHHHUe cJ/YHKl.lHH IlOCT0jiHHb18 cJ/YHKl.lHH 

'.l'Hn BKJIB,11;8 
IB ..... 3,oo·rn3 -3,00·I03 3,05•rn-5 3,05•10-5 
A2 8,95 I,I5'IO 3,44'I0-2 4,65'I0-2 

A ':::4,63"!0 =5,26'!0 -r,oa•rn-5 -1,25•rn-5 
B2 r,1a·rn-I 2,02•rn-I I,26'I0-3 l ,67'I0-3 

B -8, 75 -9,4! 2,29•rn-6 2,63'I0-6 
A•B o, o, o, o, 
c2 1,07 I,2I 5,m·ro-I 6,83"!0-l 
C 4,83 5,07 4,05•ro-5 4,69'I0-5 
A•C o, o, o, o, 
B•C 2,2r·rn-I 2,55•rn-1 3,7s·10-2 s,02·10-2 
H2 I,89'I0-5 2,20·rn-5 6,30'10-ll a,40•10-ll 
H -l,26'I07"2 -l,39'I0-2 -l,47"10-8 -I,67'10-8 . . 

A'H o, " o, o, o, 
B'H <1,oo·rn-6 <r,oo·rn-6 <1,00·10-11 <1,uo·ro-11 

c•H -3,I7·I0-3 -3,57'I0-3 -4,16"10~8 -5,62'I0-8 
D2. 1,s5•ro-2 l,62'ID-2 2,84°10-8 3,65°10-8 

D 5,52·rn-1 5,s1·rn-1 3,13•10-7 3,52°10-7 

A"D o, o, o, o, 
B •.D <1,oo·rn-4 <1,oo·rn-4 <1,oo·rn-ID <1·,oo·ro-IO 
c·.D 7,99'I0-2 8,68'I0"."2 8,42·10-7 1,12·10-6 

H•.D -1,05•rn-3 -l,I6'I0-3 -2,61·10-9 -3,50·10-9 

CyWla -2,98°!03 -2,98°!03 5,77·10-1 7,83'IQ-l 
0mH6Ka 9,31"!0 9,31'!0 l,64"I0-3 2,I3·I0-3 
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Ta6mn~a 2 

q1101.1eHHbl0 sna'l!eHllfl Bit1.la;!lOB B IIO1.ll!YIO BepOllTHOCTI, Be1.111'l!111!, 
BXO;!llllllHX B paBel!CTBO (12) B e;ztlll!llU8X 10-

8
\VK 

flpouecc K--e+ Ve +e-++e- K..:. ./-l-+ ~ +.)A- .. ;,.P--

<!!op1.1tf!a1tTOPbl I IlocTOlll!l!hle ' tJ!YHltUllll flOCTOllHHlie tf!YHKUllll 

Tm1 B1t1.1a:zta 
IB 
A2 
A. 
B2 
B 
A•B 
c2 
C 
A•C 
B•C 
H2 

H 
A"H 
B"H 
c·H 
D2. 
.D 
A-J) 
B;D 
C·D 
H"D 

Cy1.11,1a 
O11rn61ta 

-2,33•10-1 -2,33•10-1 3,80·10-
1 

1,24•!0 l,55"!0 . l,OO;I0-2 

~5,81°10-2 =6,29°10-2 -7,12"10-
2 

2 53•10-l 2·35•10-l 6 91°10-4 
' ' 't 

-8,08·10-3 -8,42·10-3 2,57·10-
2 

<1 00·1□- 2 <1 00·10-2 -3 35•10-
4 

' ' ' l 3,31 3,87 2,07•10-
6 55•10-4 6 94•10-4 3 43•10-l ' ' ' ' <1,00·10-2 <1,00·10-2 <1,00·10-

4 

5,18°10-l 5,99•!0-l 2,!3•10-2 

6,44°10-lO 7,50"10-lO 6,62•10-7 

-2,88·!0-7 '.""2,95•10-7 · -7,72•10-5 

l, 77•!0-6 2,12•10-6 ~,42•10-6 

-2,60•10-7 -2,98°10-7 -7,1~•10-
6 

-3, 72•10-7 -4,20·10-7 -3,ro·ro-4 
4,55•10-7 4,o4•10-7 . 3,26·10-4 

<1,00·10-6 <1,00·10-6 -1,72•10-3 

-4,33•10-5 -5,52·10-5 1,21·10-4 
·1,04•10-6 7,67•10-6 1,59•10-4 
8,24•10-6 9,09•10-6 6,77·10-3 

-3,18•10-8 -3,56°10-8 -2,94"10-
5 

l,68°!0 
6,l6•I0-2 

2,06'10 
7,53°10-2 
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9,2!•10-l 
1,35•10-3 

~ 

3,80·10-1 
1,34•10-2 

-8,27·10-2 
9,14•10-4 
2,95•10-2 

-4,48°10-4 
2,69•10-l 
3,89·10-l 

<1,00·10-4 
2,79•10-2 
8,72·10-7 

~8,95•10-5 
=8,92·10-6 
-9,42·10-6 
-4,04•10-4 

4,09·10-4 
-1,91•-10-3 
l, 70•10-4 
2,03•10-4 
8,57°10-3 

-3,78·10-5 

l,U3 
1,98·rn-3 

Ta61.1nua 3 

Gy~eCTBeHHli8 Blt1.18;!lhl B IIO1.IHYIO BepOHTHOCTI, B e;ztnHnuax 10-8 t'4 
Ilpouecc K-,.j1+1j. +e++e-

061.1acTb @aso- Ilo1.1Haa /Id> m: /k'-/~ 2,m; Baro 06:r,eua B8pOllTHOCTI, 

~OpMiI)8KTOpbl IIOCT. qiyHK. IIOCT. qiyHK. ITOCT. QlyHK. 

Tnn BK1.la;zta 
IB ~3000 ~3000 5,83 5,83 l,03 l,03 
A2 8,95 II,5 0,20 0,26 0,04 0,06 
A -::'46,3 =52,6 -0,82 -0,93 -0,17 -0,20 
B2 0,!8 ' 0,20 o,OI 0,01 - -
B ~8, 75 -9,41 0,21 0,23 0,05 0,06 
c2 1,07 l,21 0,61 o, 73 0,31 0,39 
C 4,83 5,07 1,57 1,70 0,60 0,66 
B•C 0,22 0,26 0,09 U,II 0,04 0,05 

GyMMa -2980 ~2980 7,70 7,93 1,90 2,05 
Omn6Ka 93 93 0,08 O,u8 0,02 0,02 

Ta61.1nua 4 

GymecTB8HHNe Blt1.lft;!lbl Il ITO1.IHyIO BepOHTHOCTI, B e;ztllllllU8X 10-8 wK 

Ilpouecc K - e + }f +e++e-

061.1acT1, qiaso- IlonHaH /;j u/tt/ ~O,Of m; /k'-/ u/n:'/ ~ m:-Boro o6'.c8Ma :eepoHTHOCTI, 

~OpMqJ8KTOpb! ITOCT. qJYHK • ITOCT. qiyHK • ITOCT. 4JYHK • 

Tnn n1t1.1a:zta 
IB -0,28 -0,28 - - - -
A2 12,4 15,5 l ,91 2,36 0,18 ·0~23 
B2 0,25 0,28 0,05 0,06 - -
A'B o, o, -0,03 -U,04 -0,02 ~0,03 
c2 3,31 3,87 3,02 3,54 1,51 1,83 
A•C o, o, ~0,03 --0' l.i4 -U,08 ~0,09 
B•C U,52 0,60 0,44 U,Sl (J,IC, 0,18 
t;yMMa · lb 1 tl .,:'.U 1 b · ~,lf8 · b, SS i,95 2,37 
Omu61w u,u0 O,U7 L', 04 L,US 0,02 U,U3 
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IIPHJIOlmHIB 
3~8CL W npHB8~8M BHpaxeHHS ,Jtl!S .lUllWiepennHanLHott 

BepoitTHOCTH d W nponeccoB K -~ +1 +f;__++f. 
HJ) 

d. ,11 = \ dW,. 
up:- W f_, t ' 

. , s[B 

di' =,4a f{f2x1ff,/JJ[{9'f -l1} +2:xy[2(f,p}{(t}ff,KJ-(9rJ(f,rJ)+ 
•{irJ/(f,K}(fr)-(p,rXpK»-K2{2(f,p)(,P,1)-(fj}(f,K) •(,P,9}(pK»}
-f[2(pp){(p,K/-(p,rf} .. :!{p,r){{p,K)(pr)-(f,r}{px) + r2(,PK}(f,x) + 

+J<1(p,r)(fr} -•im1{p,p) ➔ :l.(?JJ(m/ •{p,K}}J}, 

dl¼,=A..ii a:-f{-{rppJ[Wfx1 +(K'-'lm1z2] +8/112{m/z'-K3/1J9f+Pf(A'f 

+2/p,K){p,fX~KJ]-2[ (f,r)'-zt. +2(/Vl9r{x'{f, iJ-{flK}(v» +(7rJY(wt +r1Jj' 
~ =A1vr(-aJ1/y[x1(fY)(9rJ-(,r-'l/1l~J[xYJx;}-{fK}(1JKffJ, 

dwff =A.ptfj (-2(,P,K'fpK)(rrf-f(QK/[(p,r){pf) + J.f1t(/J,flj + 2(0K}• 

•(9r)[(f',xtpr) •(p,rXpK} -K'[(pp)(~'- -(jrJ1/ -2.(f!K){fxfm: +K") -

-2{QK}({f,1<J/j'f,J +(f,7}{fx»J}, 

dJJla = Az,,r(-6) f[[2x1(pK}{x(9KJ-J(P,K)j-y{ l<1(frJ(irJ-l<YfKlf1<)

-'lnr(j>K){aKg-2(xffrJ-y(p,r)}[(7'}(fK)-(,Pr}{OK)j- xff (2(fxXOx) + 

•~{f'ff-2(0K}(X{f1J,) -f{f,,P/-2.{fK)(J'l1l; + f{fl9-»l}, 
· dlV,w =A~(-abJ ff 2 {(1'J[(f,rJ z' + (rJ(r(p,1J-f;ifp,KJ)j + 

+(OxJfrir.((f',KJffr) -(f,rfpKV +(K2 -'lm'-j(p,i}{fK) -(,P,Kin't/}' . 
dWcJ. = AspC1 dri!. frp,K){px} -(p,rXprJ -2.lfl.,.{ff J} 1 

dWc = Amcf 2. f rpx)[.r{9KJ-Jf P,K)-2!f'11-(frJ[x(9r)-y{,P,r)j

-K'{x(frj)-;jff P)-J(PKIJ}, 

dUf1c== 451J (-ac) dj: 2{ (f J[{p,KKpr)-(f,rX,PKj+(~-1pt){(jJ,ff,PK)-(jJ,x)JJy,i, 

dJv~=A,,p(-6cJ <j{ 2{tfyK)(p,r)(pr) +'lm'(f,p){6K) +ixt((f,Kf/JK)-(f,r)(fr}) 

-w){{f,K)(pr) +{fK}lp,r)}-K1{f,KXf>t/) +{f>,7}ff'K#, 
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\ 

rliift.. = 4.t,/f dr m/ iJ,2_ ) dMt = 4nn-!t f; t2_ J dv4H - 0, 

dJ,,;w={a~! f_: 2mJ t.3) c!WcH = 4SJ)cl2.m/t,,dr, 

~•=4s dl Jr r/i 1 dui.o=Arad'f{ (-2x/_i), dW.-i.o"' 0, 

dW40=AN,M f; (-2.:c/.,) 1 dWcp=4prCd <ff'(-fxl.} 1 

dt~ = Am'!.d df'(-x/4) , 

Ir d,➔ J,- d;t di,; 
~ at = ff. -1f:. pt, zjt, D{p +f, ',Pz 'f, -r;) , K~ /Jr'/JJ I r=:p., -p_. 1 , . 

Q ... p, +p, z.-'= (9Kf+m;K·Z, J>(l('jK)-K"F.1.J i=fi()',x)+K'y-', 

l,={i(p,p,[(9rr--z:t] Jm;•J 
4- 1:;ffl/:1[2rp,p-;{{rKXP,K)-(r;rXp,rJl +(7.rJ((t,KJ{f'J-0'<K1v» -
- kft{p,p)(p, ~)-{fXJ)(RK) +(/JKfp.i)}] j mi:~ 

~ f1rJ[(ir){pK) -(pr)(OK)j .:.K1{fKfjK) + {{}KJ{p(j) +(fK)llll} )m/ 1 

t9 ={(;JK)f1K) ~(pr)(ff)-K,.{JY/} }nr;-, - , ... · .· 
A -~ A - A,. A _A=:_ 

If, - :lrhl,: ) INT - m; J 5.D = i.tiif /fl; • 
B cny~ae_nponeccoB C T0~8CTB8HBHMH qacTHnaKH BHpaX8HH8 

,/fl . . • : , 
,ltJill ~11$I>epeenHaneoR B8p0it?HOCTH IOl88T BH~ 

HP --

zge dW = [;,If dt½ + d.~1 + {dtv, +d~)A~~}, 
~lVz~=Ar,s/f;,./2.YJ-2(p,pJY,,: •(prJY,/-fx11.)-ll")Y/ .. (fn)Y/- . 

-2yj,f'({Kli)-11'} +m'(f"ll} + 't[-ll'-'( +{f4f)'fn_e -,(tz'(p,p)-mffnJ+ 
+Yn,{-(p3p)Y/ +K1. );:" +ty(K1(,P,p)-mYJJK)ff +2ym,1/J<ll.}~ + 

+{K1.{pn)-(Kllf/',,PJ}[-(4{2):/·+(f4).x, •{f1,j}X"jrt17,/-.X.Xej

-:;fm•+:l_{p,flUK2ff11.)- (3rn'-+2(p,fo}#J.f>){m)J}, 

JWJ =~aa.e/.[,. {n2[(f4111;({m)-,t}-l(p37"/(71g-ryKj)~(jXJJ/2-(K11.){(y1+. 
+(fa9)-1<Y911.J-n'f7Kg}+f.,IJ/-fm:x'll' .. .2(rz'-ntXJ111.XjK)•m:{K1zJ-,-2r;.1frKll)

-2(f<)n!/(9xJ+(fJ7p}-(K,nf[2(fXJJ{foj)•m:(f',p)§, 
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dW,.e=Aivr0-K~[2,1 (pf/ltl'·-(Kll}} +(p11.J{(1~-2(rr}} + ~[(fc;){1<1-(KnJ}+ 
. +3(fnX7x)-2(9K){p.f}} + ~[(pn)(91zJ-nl.(p'JJ] + '!;[{jllXM)-n!(rx)} -

- ~[£(Kn){ptp)-1-KL(pn)}-y[tt{pKfp,9J.:.2n!LK1rfxJ) -1-J(~-'lmtJ{f;xjfKll)-
-(rJKJ(pttj +'1rtffKlfof)-2(p..p}tfo'}lDl) +(folj)/Kf,Pll) -nr;xJ) -
-(911.){3(K11Xp4J)-f<~J)]}' 

dWfi=A~.i!!jl;.[£r9KJ[nl{~foXP9J+(fa7YfpJ+(fa7(r(fYLJ-ll~)-•
-r912Yfaf'){nt-nt-J] +.2(fa9YKll}[ff1tn-'--fKnJ +WJKf'z?JJ +m: /(K1t:f 1r//'.KJ-

-rm){p¥JP- J, ~n.Y,Di)} + 2.n.t.[ 1..t-1-K,.t,ie ll, 
dV( =41/T!~df { YJ2rrz~(fJip)-(f'K)} +l/{pl)(f, ')J + £nY11i- ',{ Jz~aYppJ+ 
+2fp.,i)(pn,)+/l!{Jx)J] + ~[K'rjn/ +ll'(rkj-t(KnXfoill + 2.>:i{{fofX?)-(DllJ1AJF 
+ Y,[2-v,n){Kn}-~ +yl_KVf"l}{{9'z)-3/,AfJ +(P,p$9nfl/K,.-2(Knj-J(Kn~?}+ 
+ 2m.Yp<X 9nJ + nL{(fKX9nJ +i.f,DK)fofJ-(9$f>J + f ~ rt{jxfj-2. ,rt; j, 
d~: = AliD at~./j;[,12:{(xll{llt/JK) +xitpnJ + 1.(fop)(n.i-{Kn.~ -rt'{~(fo!JJ+ 
+{pK(tr-t-.2mf})]-2m.'{2{fof(2.{p%Kll)-~{(Jll)}-Ktwz)f/'9ff + ~fo){fXJ)• 

•[K~ll)+rf(jK)-2{Kn/fo'JfJ-2(foj({tJK)+f9tzJ}[K:to/fl)-llf1k)] -1-l(p.,'Jf/ifi'J}+ 
+C'¼?[KY;inJ-n!(DKi .J.{fof (3Kfjn) -:2f/¼<jXK1t)-1t(1xiJ + 1 n.'-i:} , 

dV{;~ == ,Lcce dr(2t_t), JWc_e =-A:,,,rce 1{(2.te), 

dJ¼~ =Afi!Jacedj-f£t/}, d411;.=As,oJcel/(-2.t/-1~tf), 

<:al/~= A$/J/JedJ(fll'--l,se}, dJr: "'Arvr,(e dj:_ (f6e} J 

~: =A~a1ei(£m21;) / dAll;J,=Aspg1,.e,f:-(lmL/,1, 

dwc~ =A5,ocA.edr (2m:-t; ) dw.i,1 =Au, ddedJ /f:xx.et;r 

dMf = .4r8 Je f;.r-2xe~•) I dlJ/..iv,.. Arm-Jf{R,xe I;) J 
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dWe; =Amtdef/r-2-xef/), d/JIC: =Amcdedr(-2.xet.,e)~ · 

dW!f:o =::Ar,..;ld_~dF ~~{ (foi){(,11/t{KII) ~Ki-n.j ~2(f,f.~p}~. 
-2(/'f )(fo. yg -J mj f 'ffn}. + n'(fK) -2 (m)(p.f)}} ffli\ 

' ' . '' -. ' 

i3e. fl ap,+f}} ~e,,. (1{f1)-n.'r~ ae=a[p, 'fo] UT./:) S=P,-f.11' 

.· ¥,j = y{p,fiJ-:-.i{f3 f} , . "e ~ /j/fo-P~) '-x1fo9) J ~ =-:j(f>,K}-.X{fK)J 

'f:-;,.yt -X'{jK) J Yn.e~ f f-~Jll} ,-Y:=!fif!ll.} c.;,re{fjll) i 

Yy = :/fif) +a:m.f i. ~ == f{fo7J +xem:, ~ "'J(f,p) -.Xfftj)' 
'r;= y(fop)-a:~ff9) ~ 
tt=2.(9KJ[{p.fJ)(11'-(KnJ}+mtppj-(pJiJ[~fti'-2m4

) -.2(Kll)(,/J,PV -

. -1<'-/(pp~f1'1) +(f,9J(frJ + (pJp)(f9nJ-r9xJ], 
t_8=-ml{fxJ)+2{fop){ITl~_+{p,foJ I. 

f.t=~'(,jpK)+2.(f,pJ-4{p~J]-: '>:[.2(ollJ-{f,fJ] + j 'f;,K'-+ 

+j[ n'{pl<) -2(KllXfop) +mi(pK) +2xL%pJ], · · 

t,e =[2{fo9){p.K)-K'{1'9)]{(JJ,fo} +m.')-K'f,P.1fJ){2{p.1tJ) -(tjll)) + · 

~rp.1p){KYiKJ-2rKllJ{fo.iJl -2nrfrrzfl'KJ :.rp1riizJJ, -
t; =f!p.19){-2{p.1i}(f,p) •tpXjJrJ +{fr/}(ll'--(Knj +(ptl)(9f<ff + 

+Jm:[J<'(pn) -{Kn)(p..pJ}tn.;lf, _ . 
t6e ~{2(/49'/(ip,p)+(fop)) -f?11)(pr}-t(M(lxi,J ;-n!)-{pllX7KJJ-t{fo'J){bs)+ 

· + >f, (fYjff1<11.J~x?-'((fo9YpK) + f >; [xY,wzJ +tt'(fx)-2(Kn)(fopll-+ 

+y[2ff:.J9Jff~p((Kll)-K9 +(911){}:K'ff>,t)-ffV:lfJJ.,K} +K.L.f;ip/ + 1 ll'{f/11,p'.K)- . 

_-rps){9x)-2(9K){,P1fJ) - f K2{pjj +m.z(rpnYw<J-{jJK}(9~)-{;~)(p9JJ]m;_:, 
t: ffs)[KYP9)-(fKX9x)] ... (f.Jr(rfJXKl1} :..{,PKY9nJ}-(p,pj{(9KJ(9'2) +(Kn},nf 1-
-f tt[ mJ{pK) +{ff){JKj}m;~, 
t; =f 9~>[r7K}(pt,0) +{p,f}{/JKl+~p,pJ -2(px»J +(MJ(p.,r;J«Kn}-KL} 4. 

+{pxf(iKJ(ynJ ~ rrz}w1J] • j(M)tr{ki-(iK.I -K2[ptz)( jm; +(p.19j} m;2., 
t.,e ,!9<){1.(pt<l -(fop/ +{fof){pn) -f rt-{fx)jm/'. 
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