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Pacm.raTpRBanrca. B03-MciJit:mie OIIMTI,1 rio>:&H.rnJie.n;oBan:mo 1ieyn~ .; ,-~ 
. . • ' ' '. ' ' . ' '' . ' ·,I 

pyrnx coy,ItapeH~n HYKJIOHOB IIO cxeMe N"Y·JN=,~-'JC~.~❖j( ,· 
- • I • -, •. 

; ~ j • 

3HeprIUI ~ 650 M3B• · YKa.SaHI,l H8TpllBI'1aJI:&HI.1'! B03M0'3:HOC'l'H OIIL!w• 
' . . 

TOB no yrJio:son KoppeJin:rutn :J't _ ""'Mescrna. n nyreJio:aa, '_B1.t'sBa.HH1:i1e .. .-

Ha..11nqHe1.r- a.3HMYTB,JI:&H0fi aCHMMeTprII{ -;B · ncnycitS.Hll~. 3?nX •~Byx° ttae_Tll.~ 0 ;'· ,:. · 
·" . • • ' ' . •. ' . ~ - . i ' ., • .. . 

. .. - , 

HYK1IOHOBo ,PactteTlil BtmorieHU B .,Tepm1rnax ',1teCHTU aMµJmTY.lt neynpy-..'. ·, 
. ,_ .,, , •·--• .. .-. ··J-m . _ .. :. . .. .. 

rix nepexo.n;oB' BHOCHntHX no npe,1tnQ~EHIM!O' OCHOBitOii . BKJ.ta.n; :e IIOJI-
' .·•· ' . . . . # 

HOe ce'tleHtre npo~ecca N+ x.~~ jt,-:Jrf{;,,~ }( npH 3Hepr1rn: 

650 M3Bo. 

Bo BTopon qactH - (II) :pacctrnxpeHa.1: no1mpM3a~Hn Heynpyro 

pa.eceHHHUX HYKJIOHOB, a TaKxe ROpperutIUia MX CITHHOBn!X COCTOffHMtto, 

{), 
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liccJie,n;oBaHHsr npon;ecco:s. paccesrmut HYKJIOHOB np:a 3Hepr:a:a 

,_ 650 M3B, HMeintvte CBoen n;em,10 IIP0B8,It8HH8 KOJUlll8CTB8HHOro 

lpa30B oro aHaJivI3a, 0XBaTBBaIOT 3ItCnepHM8HT!it I{aK no· yrrpyrouy, TaK 

n no HeynpyroMy paccesmmo HYKJIOHC>B~IIp0rpa1.n.1a. onBTOB no nsyttemno 
. .... . ~ ' ' ' 

ynpyroro npon;ecca, BKJIIOttaroman na6ino,n;enne pa31IllllHhlX• nonnpn;3an;H~ . 

OHHU.X ,acixPeKTOB, ll3B8CTHa B Hacroantee BpeM.rr )t0CTaTQtIH0 xopomP-., 2l 
t!To xe .:s:acaeTc.tr HeynpyrHx npon;eccoB, noJIHoe ce,emte KOTop:orx-

.It1I!J 3HeprH~ ~,so M3B npn6JIH3HTeJI1'HO paBHO IlOJIIIO:MY ce'tleHJ-710 ·. 

ynpyroro pacce.rrHHII [ 3], TO nporpaima OilhlTOB ,ItJUI IIMX )tO KOHUA ·. 

eiqe He paCCM0TpeHao TeopeTll'l!8CKlle 11••1110 pac50T!it KaCaJillCB . 

T0JU,R0 npon;ecca p +-p -= .J7:+ + d l 4-BJ, Ho He paec:uatp1,rna,m. 

doJiee ~HT8HCllBHHX B odJiaCTII ~ 650 m,B Heynpyr:ax npon;ecc0B 

P h -+ n_ I-.. h h -...,o Ii t,.., j + I" -p Jt. + + 14' H /= + Iv ~~- .J 1.. + t' + r • 
UeJI:F, ,n;annon padOTH •octOHT B TOM, tJTOd!it sanOJIHHTi HMeIO~Hn-

CSI lJPO 6eJI U Blit!!CHMTl, B03:M0J!tH0CTM no HadJIIO,Itemno peaKitHfi, H,D;YlJlHX· 

TIO ~Xe Me ~ + p{ ~JC+ p(.4. J{ 
1

o 13 rrepB0ft tlaCTM pa60TliI (I) 

npoaHamt~mpoBaHu yr110Boe pacnpe,1te1IeHne ~· Jl -M830Ha M yrJI0BU8 

KOpp81IHittiH 
F.-> . 

.JL. -Me30Ha H HYKJIOHa B 0nI:iITax KaK Ha. HenoJIRpH30= 

Ba~II0M, !&H:--H-Ha-H'8IIO~!fpHg.eBa11iIO?.!-j TaK H Ha Il0JIHpllS0BaHH0M nyt1-

Ke HyKJI0H0Bo PaclleTU BLITIOJIH8HH Ha np:m.rnpe .ItBYX peaKn;H: 

. + . 
p+p--Jr + n +.fa H p + p ---> Jc:Q + p + p . 

§ Ie 

I\8.R H3B8CTHO 9 IlOSIB1I8HHe HHTeHCHBHoro nornomemxn pacce•­

BaIOntMM n;eHTpOl.{ npHBO,ItHT K cymeCTBeHHOMY ycJIOjJCH8HHJO xapaKTepa 

ynpyroro pacceamt.rr o_ Ecmt neo 6xo,n;muo onpe,n;eJIBTI> o,n;mirn rpas pasJIMtr­

HhlX napqHaJil>HRX BOJIH nyTeM Ha6JIIO,D;8HHH ynpyroro npoqecca, TO )tJIH 

~ 
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3TOI'O Tpe6yeTCSI TaKEe 3HaT!> lIHTeHCHDHOCTH norJiomemtH COOTB8l'CTBY= 

IOiltllX naprcHaJil>HJ:iIX BOJIHo IIocJie,n;HHe MOJ1tHO JiatiTM B pesyJI:&TaTe aHaJrn: .... 

sa yrJIOBEX ll CilllHOBEX xapaKTepHCTHR ucnyCKaHHR BTOpHqHii[X ttac-

Tll[( no BceM B03Moxuw KanaJiaM Heyrrpyr11x nporceccoB~ Ham'.Sonee cJio:at""' 
I 

HbtM CJiyqaeM SIB_JIHeTCJl npoqecc o6pa30BaHHII :,l); -l:te30Ha~ )( ""F)r"'·""'""'Xi·J(•tJf, 

K0T0!)btH xapaKTepnsyercsr TeM, tJT.O; B KOH[(e McnycKaeTCJI!. Tpk! tJaCTll[(Lio 

Iie.Kon 1Ik'!6o ·cp:mccnpoBaHHEtt cJiytJai1. raKoro nporcecca, ecJIM-
. . . ~ . 

:H3BeCTIIa 3Hepr1ur HaJieTatomero HYKJIOHa, :MOXHO - ox,paKTepH30BaT1 

noJIHOCT:&10, ecn~ .sa,n;aT:o 3Heprmo o;tHot1 H3 trac~urc, noJIJipm,te yr1rnr 

( e~ <j) HanpaBJieHHSI BEJI8Ta .3TOti traCTIU{H ,:B CoUoMo c;anmrnaI011tMX= 

CH HYKJIOHOB, a TaK~e ITOJIHpHue yrJibt :pasJieTa -OCTaJibHEX ,ItByx qacTH[( 
., + ~ , ' • 

B CMCTeMe KOO!),ItHHaT HX [(6HTpa Mace O ,Umpcpepem::cHaJil,HOe ce'lJenHe' 

TaICHM 06pa30M, ,ItOJIJCHO 3B.BllCIT:L OT IlSITH :aprYM8HTOB,o 

J{Jisr Toro, ttTo6u sa,n;aTl, ,yrJIOBYJJ ttaCTl> BOJIHOBOM ,cpyHKD;HM Tpex 

tJaCTHn; B ROH[(e., oc5ErtrHO .3a.n;aqy Tpex TeJI npRBO,ItSIT ;IC sa.n;atte , . .n:By:<:_ 

TSJI nyTeM BB8,It8HHH .,ItByx IlO,ItCHCT8Mo 3TO ;BBe;temre .MOJltHO OCYm8CTBHTl, 
. . - ' . 

O,Il;HMM M3 .n;Byx crroco6oB,o B .nepBOM CJiyttae ~B OJtHY irn_ IIO,ItCHCTeM 
~ct 

BXO.n;HT ,ll;Ba HJKJIOH~c,. Ta:rtoe pa36HeHH8 -Il03BOJISI8T npOM3B8CTH . CJI0'1C8Hlie'. . . . . . . . 

. HYRJIOHOB .B npe,11;eJiax 0,ItHOil IIO)tCUCTel,rfil H OT,IteJII>HO = op6HTaJil,HHe · 

MOM8HTE KOJIHtreCTB ,)tBHlCSHMH -B RalIC,ItOti IIO,ItCHCT8M8.o I!03TOMY Ta:rcoe_ 

.BBe.n;eHHe ,ItByx IIO,l{CMCTeM o6UtIHO npMHSITO . Ha3UBaTl, ( _t S )-cxeMOito 

YrJIOBasr ttaCTl, COBOKYIIHOCTM .D:BYX llO,ItCHCTeM sanHme.TC.ff B BH,Itei 
· (fs) ·· · '· · · 

11! ·~L (e.j m t-1I f;.j JM)~; (;r;)• -ytc1.2-). 
m-¥ t~-t1 . . . . ri • j 

YtrllTiiIBasr op6:0:TaJI:&HErft M01l8HT OTHOC:0'.TeJI:&Horo ,ItBmrcemra ,n;Byx HYKJIO= 

HOB H MX CilHHI:l, no.n:ytraeM OROHtJaTeJII,HO~ 
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t ;c~,. LL~~. ( f~ i rri ~\J~r,: § :r ~:1)(( s mt, ms) es }t,J(s,s.a ms;grn.c.,/t1S2. sms)~ 
m+(A = M · , 
mi+rns~t.{ . : ·. . (I) 

• m m; m1s m., 
Ylis,-irns.£..s,'!<mi .. ,~ 'l4 .(3e)\ • .\,,/(jA."). ;f~. (A);'Y .. .. s(.,) 

• 9'> • .., '·- • oe ·1, ~ 'L;,1 'b 'tsi ~ ' tJ, 

· mil m . m "' . me, 
r.1te Yt.1/~t") ~--.1g{o't: (e;i{",. :{~t) n Ye. (1,2)::; l1i C~.2•Cf·h)- mapOBIIe. 

. cpyHKUHH COO?BeTCTBYIOlltHX apr-yMeHTOBo IIpH 3TO:M yrJIN. ( 0ic; '!.re ) 
• > •• •> • ~~~ " - • • •• 

xapaKTep:tr3ytOT HanpaBJI8II:tre ·· BbIJieTa 1.• c., .,,.M830Ha B C.o!loMo ,ttByx 

CTaJIK:trBalOntHXCff HYKJI0H0B·, a yriniI (. 812 ~ 'fqi ) => narrpaBJI8IUie BHJI8= 

Ta HYKiIOHa '9IJV B CliCTeMe 1foo'p,1ttUiaT ,' ·cn.a:saHHOM C nenTpou Mace 

neynpyroro paccesrnnux nyrc;ronon o Hy:rcJioH 992" npn STOM ncnycxae:ccn 

B np0THB0TI0JI0XH0l! HallpaB1IeHmt, 'TaE qTo ~ . ·. 821 ~ JC = 012, i 

a <f ;i1 ::';; ;/,:z ~111=.. :IC o 

IIpe,ttcTaBJI8HHe yrJIOBOfi qacTH BOJIHOBOli ~YHKUHH B BH,tte 

(I) nan6oJiee y,rcoc5no :_,ttJI.a: onLI:r,o:a no na6mo,rcenmo :;:-;: .,,,Mesona. 

Hao6opoT, xor,tta HHTepecynTcs onara1.m rio nadJiro,n;eHmo' TOJI:&Ko ay:rcJio .... 

non, :ro s,ttecr, 'Y.itodiree Boero ncrroJI:r,soBa.T:& ( j i ) = cxe:r.ry BBe ... 

,!t8HHJi .ItBYX UO)(CHCTeM, Kor.n:a B O,n:Hy H3 IlO,ltCHCTeM BXO,!tliT Jt: -=-J.Ce .... 

30H H O,!tHH li3 HYKJ10HOBo'Heo6xoiMMO no,ttqepKHYTb, qTo sanucn yrJio­

B0it tJaCTH IlO ( es )-cxeue HJIH no ( ~l j ) ... cxeMe C00l'BeTCTBY= 

er ,!tBYM B03MOXHWJ paciitJ~O~eHRm.t yrnoBon ·qacTH BOJIHOBOtt ~YHKitirH 

. Tpex tJB.CTifD; TIO C06CTBeIIHint .q>YHXllHHM :rta'1t,tt0li H3 IlO,ItCHCTeire Rai<Oe. 

H3 3THX pasJioxemii'i o:rcaxercs ·t1onee y,ttodHW.t, T .,e ~ dy,tter ·· co.n:epmTl:i 

MeHbmee XOJili'tI8CTBO 8.MilJIHTY~. OTBeTCTB8HHLIX 3a OCHOBHon BXJia,tt 

B ceiJe1me 11 cJioxn1im ot1paso:M sa.nncnT or MexamrsMa rrpor~ecca o6pa.so-

Bamra 
~· . .. ·... . . . '.· . 

J,,; -MesoHa, xapaKTepa. nsanMo,ItefrcTBUJI ncnyc:rcaeimx · 

ttaCTHD; M8X,tty co6on, M MOl!C8T 6lit?i BbISICH8HO TOJI:&KO OlllilTOM 0 
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Yr!IOBaH tiacr:o BOJIHOBOft cpyHKL(IU! Tpex ttacTm.t no ( J j ) 

cxeMe 3amrmercn: B B~,rce i 

·ur (i O . ··r ~ "':'~- f" ,. · 1.,1· T f\1: 'l( 1 ,. m m J l 't r m~11,( '- :t rr nr1 1 ·9 ~ • ) · Jf ;;=;; i.- )~ ~~- :q .L1 Oil) llfli 1 · .-, J Ji. i A Li~'.?' r2 · J;,,i · 2 :..2. L,, ) 0 11~.f/' 11f ·Yd lfb/~'il j mi }( 
'""' ...._-r, -.... jJtl u "''. -, 'JJ .. ; u 

rni, •1~ rr1g,1 ."7:. m ;' 
m1 t- rri,s2 .... mrn (2) 

BaIOutHXC.ff HYKJIOHOB O Ec.1m BTOpH'lHI,Je HyitJIOHil ,n;onyCTIDJO pacm.mrpm._. .. 
. . 

Ba'.rt, nptHJJit1'.JlU:HIHO 6es ytteTa peJUITl!BHCTCROro B03pae1:am1.a: liX MaccLI, 

TO ~eoueTp~~ecKoe Mecto Bepmvm J\. _Jt~g_11o~_~e:rt;21?.a ~Y1£~0Ha 

COCTaBHT crpepy C pa,n;nycOMg, paBHmr. .. k~-c~/l·:11{vJ=·/;t:l1rm2)=-1iP2 , _ 
r,n;e. 'l/V = llOJ!HaH KMHSTHtJtWitaR 3HeprMSI B Co!tol!ot P- UMnyJil>C 

i!( =-ll830Ha£1 a . ft' H frt . 0 Mae cu BYEJIOHa H · :J;: -MeSOHao 

.Umr ;;noro cnyqa·n ner:rw no:rca3aT:&, 'llTO .n;mixfJepennnan nnoTHOCTI1 .:t /,,. 

:f.o ,< ( ;f .., ) K d,..;; ft{ .. 
Y,J0.30BOro O_v'I>e:ua ,7.tBy,c ttaCTH~ B · ,t., ~i =CXeMe i paBHH¥! IQ~~~~ · )' l'IA.7, 

0 
d~ • \.~ '11..) 'ft2. ':I. ~f 

He saBHCUT O? yrJIO:B ( 1~ .,. 'f12. . ) M onpe.n;eJIH81'CH BeJrn~HOll pag 

,n;11yca I"l o IIpt! ( j' j' · ) = pa36MeHMH 3TO yr;.e He m.reeT uec:r-m.: 
d.2.l( 

7,.._""~--·-~·--··" 
clQ (Ox1 ~ <f:ru) d.,V1/ 

3aBHCMTo 

saBHCHT OT yrJia ,i HO OT He 

§ 2o 
0 

B np0Be.1tennux pae-qexax Hcnon»s0Ba1wn: q>OpMa1IH3M paccMox·pec:::, 

HHH nonapnsannonnmc ~q>q>eKTOB B neynpyrnx coy.n;apennax HyKnonon, 

co.n:ep~a~nttea B padotef6]o 
HaqaJIDHaH q>yHKIU!ff ,n;Byx npOTOHOBp o,n;HH H3 KOTOpNx, BXO}tB~Mli 

B COCTaB l,U!I!t6HR~ HGITOJIHpM30BaH, 3armmeTC1I B BM,lte.i 

1£~.'>¥ = </1. + Cf 2 ; 
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Koarpqnrn;neHTiiI S1 11 F::.2 no,n;iumeHN ycJI0Bnto/e1/
2-/£2J2=1-; c~'i2 =0; 

lf OimCb!BaIOT He~OJIHPI1'.30BaHHyro unmeHI>, a 71 = C.0S :J.. e-~ t 
. /) ,t&. ' r~ ~ SLn ;/ e 2 

=• KO3cpcplll{lieHTb!, OllllChIBaIDntlle cmtHOBYJ) cpyH ... 

KlUU0 IlOJIHOCT:&IO IIOJI1Ipl1!30B8.!IHOro nyqxa npOTO~OD B HanpaBJiemm 

( fJ_, S )o 

B ,n;aHH?if pa6oTe B03MOIC!fOCTll pa3JillqH_hIX He3aBHCHt!liIX '9Il:blTOB 

paccuoxpem,r .1rnm:& ,n;.11n o,n;Horo ttacTnoro cJiyqasr, yqHTLIBaDI!lero e>rpa-: 
. ,. ~ ' . . . ' ' . ' 

nnqenHoe xomrqecTBO aMITJII1'.TY.It neynpyrnx nepexo,n;oBo Ha ocnoBe TaKo-. -, ; . . . .. . . . . •-. -b . 
ro -qacTiioro pac-qe:ra ,n;e.11a,10Tcn HeitOTOphle xattecTB_emrue ocSottemtJio A 

uuenuo s, 6y.zteM npe,1tnoJiaraT1,, tt:ro B pa~!.rtax ( t $ ):.cxeMiiI B 06-
• 

JiaCTll 3Hepr1m HaJieTaIOIJlero Ilp0'I'0Ha -.,, 650 MaB .It0CTaT0'lllO npmISITI> 

BO BHUMamte nepeXO.ItE, rrp1rne,n;eHHlife B TadJim:(e I 0 

, CxeMa. · 
ne exo a 

. TaCS mn:i;a Io 
0 
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\Jio. Cxe:ua .Aun,m T YJ:ta 
nenex .. nenexoJia nenexo.Ira 

. is -"-(~s p) . 0 1 O C 1. ( p.1i:) 
-

1 D2 -(3S1.p)2 ;:C2 (p.rc) 
-

610 
3Po -:;-{1R/J)o ~e1. (1>1r) 

-

?,cl; -(ip1 f )1 gz {pii) 
- . 

3P2. -{1P1 P )2. t~ CP:~) 
. 

• ~- -<- • . . 
3f~ ~(1f1? )z ~4 (pJ[) 

.. .,:;::-.. ·•· 

.\"" 

·:,,,, 

A.MnJIHTY.2ta'xax,i,;orb-nepexo,2ta'JIB1IR8TCH cpyHKr(Mei1 HMQ'JII>Ca 

S'C ""Me3oHa H aHepr:mr na.ztarontero rrpoToHao B ,BLipa~eHMI ;tJur 

. cettemrit lie~ dy'ii,yr'· Bxo;inT1,· m,my;rtc11 HYKJiouoB;~rnocKOJI:&Ky tpa30trnn 
,:,"I• 

Od'I>9ll noicirnTeMIJ ll3 ,n;13yx. IIYKJIOHOB He 3aBllCHT, OT yr JIOD MX .. 
• ... 4-,:~>- :-..~. 

pa3Jie~~: '.c 8-12 ,' <f-12. .: )o IIHatte rOBOPH, yrJIOBasr u HMilYJiliCHaH l.laCTU 
B KOHr(e .. 11-0JIHOCTlilO pa3,tt8JitIIOTCSitt 

·§ 3o 

B pado:re nuxuc1Isr11nc1, cpe,11;mre 3Hatzem1JJYcnnH-TeasopoB, 

KOTopue Henocpe.ItC~BeHHO CBJJSaHu c na6nro.ztaeum.m B onarax ~nsm­
ttecK.m.nr. BemttJHHaMH o Ta:rt, Hailpln.rep, cpe,ItH8e;·3f!atf8IUie CilHH-TeH ... 

- ' .. 

sopa HyJieBoro paHra <T00> · · . onpe.zteJme:rf.zt11cpcpepeHrtHaJIJ,Hoe ce~ 

tzem-re HCIIYCKaHHJt :JC =M830Ha B HanpaBJieHfi.U ( . g.K ~ </St ), 
KOr,Ita HYKJIOHLI pa3Jiel'aIOtCJJ B HanpaB1I8HHH ( , 8,12.:, 112 ), 

---hv ... ~, 

11 

I 

·-



01'CtJMT:&r:B~eMO}Jl_ O:L Han:pa:sneHHJI BH.n:era J(, 0 Mesom:i B CHCTeue 

KOOp,!(IffiaT neHTpa Mace ,lt:BY'X HJKJIOHOD O II:pH -3T0M. cmtH=Te·usop 

<Too>-- H ~mpcpepe!:IqHaJibHOe ·cetre!me CBSI3aHEI C00!H0meHH8lU 

cra.n:pBaIDmHXCH HYKJIOHOB~ 

paBHbIH _p E = p; • R (px; w") O 

BoJIHOBaJI rflYHKqHJI B K0HU8 HMeeT BH)U 

• i C rp ... '0 1 0 -1.J I\ = "47L - ·1.1 { a ~+ 0(,. {1 + J31 11 + Y1. 11 ; 

-r,n;e KoarI)(P~UHeHTu _AJ. ~ o<' 1 

CBH3aHu c aMn.n:nxy,n;a1m nepexo,n;oB: 

(5) 

(6) 

A · 3ffn .•· .[ii ) ~ e liprr co fill )' fl '. t\ i_r1z.l :1"'""-LG\.i.Tz'L'-t>_ + 2 2 •S1.n9n:-C.«H 12•e ;+ o_-2-02 •C.OSCTj-r' S,o, t112,•e J~ 

. =Lq2 • 3[(1i ~-6+)~LY18;;rsLn B12 c.o-s(p~-'foi.J +(¼·~26+).co$ 9x•Ll>S B1J; 
(7) 

j 
. I 

I 
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s · c C-t- a· · 13 d , D - • f\ • c · ) J pl.. -ll]2 L- '§I'cos Jt + L 2 1 . sin un-. St Yi 012 • $IN\ <f rr - tf-1a + 

• I 3 d4 . L<fJri 13 . 3 . • l'f12 • 
. • ·. • . . • . I ]! 

+Lq1. 2-[(d,-ff}St,r10.r.•CoS G,,2.•e +(-2a3 + ~ d'-t), GOS 011·· &u, 012' e . :, 

- - . tro • • 
'Y . l C;. . e nr 1.J3 ...J ( 'l/'11. e l~ )] 01.= tq2 - 2i. · Su, :rr· e O + 2 Vz~i \.Go!>0r.•SiM 012· e - s[~ 8 ;r' C.Os l\i €. )I:' + 

+ lci1 · ~ .D · s,'.t-, 9_ • s im E) . eL(<fir + tf-i2.) 
-, 2 + Jt 12 · 

• ' _.!) 

A. ' 3 Tio . rs (J ). • ,'l . {'). -L<J>ir (() J! ~ 1··. /\ . ,., -ir112.1 
2. ::::.l9aiJtLlo-+ 2 o2 •S1,,no,.,coso42

1 e + c_-2 b2, ,c-os."ri' &lh1;112-e -
• 

- tq1· 3 [(if'-t+)•Sth18;r-•S~h 012,' ~5(f'll'-'f1z)+{~+2&-,.}cos e,rr · Cos 0,i2J~ 
I • -} . r: c_ ' e -U:f,; 1 fi _, (,_ il • I:! -up12. • /\ e -llj71)\l 

cx2 =L91L- 27S~h :ii' e +2'lz-0..1tOSC1,r" ~\ln012•e - St,n Or,•'-0S 12.· e u-
' . . ... , e n -lCl.f>,r-t- lD 2.) 

-Lq2· ~ •.D;.·St~ ;;'.)W\1712·E! T 1 ; 

~ . . [C+ (\ I fl .I • t\ I (\ • ( )'l r 2 = t.91 2t COS. Or. -f-~ 2 ci1' .Svn \J,r• S vh O,i2 ' $1./h lf1i - lf\z. 'j + 

' 3 rrd d,.,\ . L\ e , -Llj17r (..f3cl". 3. __J) . , -L<f>.,,z] 
t tq2.·7L1..,1 2-ffyStm~n·COS 12.•e + 2 i + vtff_v¼ •CDS elf. st,'(\0-1,·e ; 

I 
L • , 

v- . [c- . e Lfn - 1.. 13 ;, 0 . ,,,· Uf'12. . e fi l(J}r,)] 
~2=Lq1, 2i.·$LYl_rr·€ +zvzd1.lf,D!> ,r'SLJvl01z•0 -.Si1-1 ~•C.OSCl1i•e -

· 3r113d 3 ,.J) e l\ . ,, . f'I -tc'frt-lf-12.) ir,ll >7 - I.C/2.2L\..V2 3- VToL-Uf ,co~ 11·c.o~ 012 -D_• s(;'hC:,ir· SIM 012.· e -Jcl.'t· ~i.,,,,81r•jine,ie vrn--1?,z.j. 



g~ ~J;+ ~/··: 
g_=-f.g~,,1-- .i'!;· 

.nanee m.reeMg 

<Too'>= \i:, 1.2 + /F,. la= ~~[IA,, I~ I cli I"+ I ti J 2,. I (1 12+ /A/·, 1c<212
+ If,, 12+ IF /1~) 

(IO). 

3:n:eci P :c:re'rteH:& no1rnp1rna1tMn na.n:armnero ny'IKa npoTOHo'B, 

nanpaBJieHnon s;n;oJih o'cR OtJ , a ! 

<Tr ) ::~t:Jfg + f, co•/ 0,r f j)2' UJ';,2012 -f- f 3 ·C0;,20..Jr • C.o~zo-,~ -{- .. 
oo HF.-nDA l~t.irr)\ o 1 r: · (II) 

+ f,1. S!Xl E}Ji. c.os O_n· si.n 012,. WS e1.2 I G.oS(Cf-r - ?12) + 
+ . f $" • s (;Yi 

2 8,r . s fr, 2 e 12 . cu, s. :i ( <f,r _,: 'fn)} ; 

< Ta, > RD/I ~p ~ ~,-{stn e,. ,co; a,,{( i?, +- g,. CO; ll,2 +. ~ > c.os2012 }c.os r,,-0-/- . 

· _ · +· ~ 3 , 5&,-.
2 612 , Cos (ptr -· 2,p,i) J +-

(I2) 

+Sin fl,2• !'.OS 012 [ ( ~4 .f' (t ;•C.0<,28,r) •COS 'P,z + gG: si..,"8,,,cos('f,,-2 rrU] + 

+ r.lnD1z{C<e1 + es•co,2 err) •GO/; 'f12 + ge• siv/'8,., cos C'f12-2fr)] J' 
' . . 



=II .... 

3Rattemrn Koscpqmr:meHTOB fa, f1..,..... n Q0 .,'f?t:, .. ,ttanu B npuJiozcemtm:., 

BI:itpax,eHHe (II) OTJIHtiaeTcn OT Bb!pa:m:emmr ,ttJur ,ttmpipepeHnuaJir,Horo 

cettemtsr neynpyrnx nponeccoB c ncnycKaHueM .ttBYX t1acTnn, a HMeH= 

HO I' ,ttnqxpepeHunaJir,Hoe cettemte 11cnycxam1n ~ii::' =MesoHa B nanpaB= 

Jiemrn~ ( ese'!l f.f7i;" )I' a HJKJIOHOB B HanpaBJI8HIII-t ( ft2) <fi2 ) ,...;. 

co,I1;ep~T acm.weTPl_V0 no OTHocnTeJI:&noMy asmryTaJI:&HOMY yrJIY C 
( <f.1r·-<f1.2 )p Kalt B BH,Il;S cos(p.rr-nz)' TaIC H B BH,tte ca~2(\f1I"-~.J. 

ECT8CTB8HH09 B03HH:rtaeT He06XO,ttHMOCl'l, H3Mepemta Toil H ,ttpyron 

acm.merp1111 9 noc1<:oJir,ey 9 na6mo,ttaa ee 9 M0XH0 onpe,I1;eJIR!r, ,ttBa ae~ . . . ' 

3aBHCHMiiIX K03qxi>HUH8HTai f 11 H fs- . 0 KnneMaTHtrecxaa cxeMa . 
. . 

COOTB8TCTBYJOmero on,xa~ eCJIH ee H306pa3Hl'l, B CHCT8Me ~eHTpa 
. , . . 

uace CTaJIKHBaromuxcn HYKJIOHOBi,BT:itrJISI.1{8Tl, 6y,1{eT TaK, KaK 3TO 

Il0Ka3aH0 Ha pliCo2o COOTHOmeHne pa){Kyca R H HMilYJibCa 

:ft:" .:;; M830Ha 9 IIP:ITT38,1{8HHOe Ha 3tOM PHCYHK8, COOTB8TCTBYST 

0Hepr1rn: St::' -:ueaona,, 6m1sr<o1i K npe.l{eJII,HO MaiecmJaJibH0ti 3Hep": 

rKHo IIpn cpmccnpo13amu1x yr1Iax - 8s:;· n 812 , a TaKxe npH 

'flt'=D 9 cetteHue (II) np1rMeT BH.n;i 

<Too>= ho +h1• (.,Q!) P12. + h2-•CcJ 5 2tpi2 · 

){nn naxox.l{emur KO0ipq>HUReHTOB h1. H h z. ti a cJie.n;onaTeJI:&Ho 11 

K03q>cpIUttreHTOB ft, H '6- , HeO~XO.l{ltMO npOR3BeCTH H3MepeRHSl 

IIOJt yrJia1,rng ~2, :OO ~ 90o 11 I800 e. Ilpn M3M9pemnt acm.weTplUi 

(cos2(p71"~f12 )) U8Jiecoo6pa3H0 BIJdpaTl> yrJibt 0Jt lt 012 paBHmflt 

grJ'_, 1<:or.n;a acmnieTpmr ~ eo~ (<p,r-'/t2.) uctiesaex ~ 
Us:uepeHMe K03cpq>HilH8HTa f 5 1nre&T 6OJIIPmoe 3HatteHue , 

nocKOnbRY 3TOT K03~~M~H6HT 3aBHCHT TOJI1,KO OT TaKliX nepexo,tton, 

ICOTOpae CBSI3aHbt C HatiaJI:&IUiWlt COCTOHHHlm .l{Byx npoTOHOB ~ 

3Pa ~ ~P2 lt 3F2 !} 

---·-· 



= I2 ° 

HO He cmsrnam,r -D :rta:B.::Qix,nf=JtYiC>O ,n;pyr:m.m 113 BH6paHHHX H?J.!H nepe~ 

xo.n:rum o II0Bn)t!1M01,cy 1> B ep:m, eJie.n;ymmee o 6ntee saKJIIOttemte ~ BEJia,n: 

B lt!IEHI C · ls- ,ttaIOT rrepe.XO)!H !1:3 teX !'l)HilJieTHiilX COCTO~IUt,ll . HyI<:JIO= . 

HOB O y KOT,Ol)LIX -opdnTaJI:&HLtll M cmv.tHOBliti MOMeHTlil opneHTHpOB8.HbI mtC>O 

napaJI1Ie1t&Ho 9 Jntdo -aH~YrnapaJIJieJI:&Ho o 

B KatrecTBe npHuepa MOltHO paocuoTpeT» pea:rtr~mo p+ p-+-Jr 0+p+ p, 
tc,,, 

BKJia,D; B KOTopyro uoryT .n:a:r:c TOJI:hKO cs;! 0~epeXO,D;li!o B HameM 

ttacuro:u Blir<5ope Mcxo,n;m,1x nepexo,n;on I) 1rs1.repem1e _ neJIMttHHliI ,· f/ 
nocpe.n:cTBeHHO ,n;aeT aJ-rnmtTy.:n;y nepexo,n;a 3B, ~- (3E_p )0 o 

J(e~CTBUTeJII>HO ll · B 3TO:M CJiyqae miteeug 

11 1 3 - 2 -p-e 'r?,t? - ~-8-~ Id.,,--/· 
~ !,¾ " 1 • -

3Ha:rt tmHyc B (I3) os:a:attaer 9 
1rr~ pa3JieT IIO.lt yrJIOM ( ~;-::..:... p12 ) · 

~90° :60Jiee Bepo.a:Tell9 treM pa.3JI€T IlO,!t yrJIOU ( !fri; ~--_ ¼~:- )i:6°~>" ,_._,. 
Onb!Tl,lp B KOTOpbIX penrcTpliPYJOTC1I TOJII:iKO St:' c:,1Je3oH, 

a HYKJIOHU MOryT lHmyeI\8.Tl.CH B 11I06blX HanpaBJI8Hll!IX9' ,ttaDT CSonee 
. -

de.n:HYIO HHtpOp1,raquro ·IIO cpaBHeHMIO C TeMp ItOr,n;a perncTpMpyeTCSI 

TaKxe O.D;HH H3 HYKJIOHOBo A HMeHHO~ ! CJiyt;rae Ha6nro,n;eHHR TOJI~KO 

J'i': =M930Ha MMeeMg 

<Too> ceE, 'f;r,;pJr) ac.:. ( 1 o+ ¾la)+ ( {1. + {, f 3). cos 2 B1r !) 

1-1.n, (I4) 

r.n:e K03~MqneHTH f,, H fs- B1IIIMZ llOJIHOCT1>ro, a OCTaJIJ,HLte 
0 

crpynnHpoBaJmc~ nonapHOo 

_ }!3 paCCMOTpenna K03cpq>Rq'f!eHTOBs, onpe,JteJIHDillHX <Too't-mm~P , 

BH,D;HO' tITO K08qJq>HqneHTN 81. ~ .g ~ ' ~ 8 H gg 
co,n;epzai qJieHEI, odycJIOBJieHHae uHTepcpepeHqnen <t- H ~ 1 -nepe.,.. 

xo.n:o:a, cooTBercr:aenno 9 a HuenHog 1.rex.n:y -150--'ftofS1PJ:, ll :1.._Dz.-,-(3S1 f.>2) 



nepexo.n;aim n 

nepexo,tta1.m1? 

c:;:, I3 e 

'.;3E. ·c-3:r, ) 3 D /3D . , t ~ · 4,~op. 1; l1 ... i",'- 11P.J1 ; $1;...,., {3epJ1 
i 

Om.itl'U Ra TI0JISI]?H3OBaHH01'.{ . nytrEe, ·Kor.n;a perHCTprrpyeTCR 

TOJILKO {JC <'.?Meaott, nosnonne:r onpe.n;e.1mi1, Bemitn:rHy 
0 

<1~o>n@l1-?f>(s,t, p,r~ px)= s·lh eJr. toS ~Jt.(~o + fgz),cos~;r, 

r,tte ·11s ,1teBn?n xoacixI>m.tr1eHTOB ce1rr, KO~~Mit£!6H?OB n1imamt, a 

(IS) 

. . 
OCTa'1$Hlile ,,n;Ba :Bomim B BrI,n:e JITAHei1Hon KOMd1mattHli,o 3?0 ·ycSe,n:nTeJII,-

lIO JfJuooc~pupye~ y:i:11ep~etme o xo1.r, Hae:tto.1u,:rto 6oJI!lrue cne,n;emrM /JJ;a<::> 

tot ontitts, 1eor,1ta per1tcTpnpye:rc.1 He TOJI!:iKO :Ti: --ueson, :Bo .H 

O,ltHR 113 HyP:JIOHOB.o 

B saKJIIO'tleRne aKTOp npv.u.mCY.C'!' 6.naro.n;apH0CT:& EHJI8H'.6K0UY C-o1iI .•.• 

Jianu;rcycy JI-~RG ·:tt PHHJtHHY P . .,~~o 2a rtennue .n;ucxycc:rni 11 coBeTH.o 



Roamciun1ne1r:N ·.· ,f U · tL .• ,rvm nportecea b,+·p·---Jt++'n ~P_ . . _- :~ . ,.,. \ ft,. ,. Sc. / 

ff =·.i/c_/
2 
+ ~-{.i.td.J + Jol2 J

2+ 3'1ci3 /2+ {-Ja.J2-i-/J,Jci2?-l41.oCOs{d~,1,-) :._ .• ro .2 4 6 . 4 . . . "'•, ,, 

- l{!!M/'4/cos(d3,c£,) _; ;oe~/2+ 1i3f<") + J(e,,/',+' . 
+ {[ I 83{-I e,~; -~ ;( &3, s,, )~ /ftc,/-1 ~,, I ,Oo~ (e,e. )-j /B,Ht.{t:os( ~;t3l}; 

JI /c+/'-lc lz g { 1 · -· 2 . .2·- 3 - , 2 · ..!:L fj 
1
•-,·,-1 · 1·· ·· ··-:~-.~\ · ~~ )·: ,_ · ~ 2 

r1 =- - 2--=-+ -·~. ~6:--·'id1./ -Id.al - ~1c:1"1_ · - ,fi!:",".lz ,_ '-l"·. · · c. 0 .1_. cl.a,·crti_· -~ -ll1/ + 4 4 .. v'S .. • - .... 3 

. + I /6, ,2+ f I 8,)
2 
+ f Je.12,-1; g,t /:/~/-cos{~~'~)+ /f ,s,/-/ 8

4 
/,6is (e,, &~) + 

+ •§·/~1/·/B,/ · cos ("'1,,63),;.2,[f 162/ ·/B,, J; ~s ( e,'. i.; + '~ /ea/{ ei~~ • ( 82,h i; 
· f 2 ~ * [ ¾ld,1

2

- ¾Id,/~~/ d,/ .... j!i;l~l · /dq/~~(<ia,c4)+ i #;~3)-ld.fws ( "-1, cl.)­

-fJB,/ + ½lgzf + ¾ /f,, ,2.+ ½18,,/
2-//.f.1e1) ,/&.J,co; { 6!/,,.) + :/8;,/,/C, /·eo~ (e 

1
,f,,) -

~ 4. lfte, I. 1e. I• C:,s (83,&.) + {6. / B,/•I Bt/, eo • (Be,&,,) c 3 I a.J.I &3 pu,S(ei}, ) ];, · 
f. = l [--½ Jd,1

2
+ f Jd, / 2+,-j I ciq /

2 
+ J;a,,. 1~ t Cco,(d,,d,,)- oiff.1<1~1-Iii:&~ (a,, d,,) + 

2 . ·- fl 1 . 2 - . . . ' . ,. .. '. 
+ /B1./ -.3/82/ -'2 /Bttf + s{B:Je,.~J·/ B11 / •eo&(B3, Cq) + 
- + ~ I 8-1/· I B4 I· cos ( 6:1.J54) + 2. /&., I·/ B3/' cos ( t1, €1,)} ~· 

f4 "' 3 [-J /ci1 I 
2
- jJ I ol,. I":._ I; I d.,/2 

+" ¾1/3'/d,/, I d3/, co;( cl,, d.
3
) 'f-· ' 

' ' . 
+: vif)d,/. /dq I· cos ( d,,c4 )- 2 /l{d2 /./d,,(,<-0s(d,,, dt)+!g,/~'- j /t,,,/2+j /c,(: . . 

-tie. 1\lf 18,l•l&.l<»s(B,,g,,) + 18,/. 1e, I-cos ( 81.(?,3)·:-·}f ts,/· /e~ f. eo • ( g ~,c*)]:. · 
fs - ~[-¼I d1f

2+j(IB11
2
+ j e31~) + ~ ,~'112 + {f.lB-sj. /6,lf I· C,O!:. ~&3,64) -

-Jf (lld-1 e../. CD; ( i>1, 84) - I 61/• I /l3/. Co; (61, €.) 7; 

· ~=~[½lcttl /,h(·sim(Ch,d,) -vir, /c/,/·Jd,,/ • Sih(d,,d,,)-16,/•/li2J.sin (6t, &2) -

-/61./·/f> 3 J•si~ (8:1,63) +J/61/·l811/•.sln(g1-g4) -/82.f,/83/•.sin (t2.B3)- ' 
-/¾ie2J·/B4 / ·Jim (Ba, &11) - -f /B3 ,. , fstt/-Slhl (t3, ~" )] ; 



----1:5,: .. 

g 1 ';' f [If 1c~J-frl,/ ,<os (c -•c/• )-#/l'-l· /d,;/·cO •f ~, d.,) -'- /c+ /•Id./, cos Cc+, c:1
2 

) + ~1c .. 1:/d,, /, c,,s (c-,, d• ij; .. 
@,~='t[ftd1/,/d,f ,si,n( d,.,d,)-f:/fld,././d,,/. s;,;, (d,,d

4
)-t- 3/6,/-/f.,f,.sfm (e;, 62) -

~,e,~1-1 th,/_· si11{8i, 63)+/ih}·'/ e~ I· SfYI (cl1, ~) +,S/62/ •/B3/, Sl1ri (62, th)-
, - 3 n,s~ ,. , e'4 / •Sttr1 (t,z,tn,) +.;[, e3/,/ gt/ I· sim (€3, r!u.,) J; 

~'.3 == -!{~ /d1.J. /d3/,Sw, (d-1,d3 ) ~fUldj.l•/~/. sim (di, C¼)- )B1/· IB2/, s lHI ( 6j, €2) -

-I 6~1-t 6'3 l·:5&. 
0

(B.t,~,?>)-t-/f/g.1./· (&" f. s(;v, (61.. ~") -- /fn/· I i3/ • Sw. ( 82 I g !) -

. -/f 1&2/•/ e. J. s;,,, (e., ts.) - ./§.1 e. /. I B• /. sit,, ( €3, e.. )]: · · 
@'I= f [-flci,/-id,/.sin(J,,d,) +½.R,1c1.1,td,,/. silr,(d,, d,,) + /6,./-/ B;ij.st,n (B,., &2) 

-.J 8t.f. f 6>/ ·6ln ( €i; t'3) +{fJiJ.J~/8t1/· slh (8:z, C4) -+- / €2.(, / C.,/. s w, ( B2, €3) + 
T,fl/62./ •/ FM- sfn (fl;;, t.) -'-f IB,J./13,/.siri (G,, "'• )}; 

gs ~ f ['- ½t d1 t, Ids/ -sW. (d,., d,) :+: 'fr//1 d1. / .( d,/. $/~ ( d. <,d/.)-3 I 6,/./e,,/. s;,,,, ( t1,&2 )­

-'/ 8t} · I 83/ • s~ (61 18?.) + s/¾IBJ.l•f B,i{: 5VY'I (&1/~4) + ;3 I 62.I ./ 83 I• slt-i ·( 6~., g3 )+ 
+3 If I g!,f,( e,,,i. sVn (62 , &,,) + 7f /tot· I 6• I• >in (t, ,, 5,.)] ; 

g 6 = e [- ~lei,,/. /d,/.si,,., (d.,;d;)+}';/ffel<¼t-ld..f-Si,;, (d,,ol,,)+./lh/, /82/ ·Slti (&1, "'~)­

~~/ &1/·I &3 I· s m,(61.., &:.) + /it tH,. re" 1. s ~ C&1, e.tf) -+- , 82.J· 1 e, '$ 1. slhl C e2, &3) -

_:_ k j 8'3/. /Bt;/. s (In ( &3, &4) + fl /fi2/ • /84/ •SVYJ ( e,2,_ g" il; ' 
g-, ~ 4 [- 3~ lc.'-f.J d2.f-c-os(c-,d.,)- fas /C-/, ld,/,cds (c:, ci~)-4'/i}t<'-J./i:J..1 c,,s (c-, d.g; 

~s = 2 {{ ,/;f fc-J. fd•f· co, Cc~,d,,) + "I,c-1 •J dzi.cos ( "-,d.a) + vf ic-/• /d, /•Col (c -, d, )­

-,¼Jc+/·/ d 3/.ccs (c.,, d;,)-:-" ~Jc.,././ d•/-eos Cc+A,) J; 

~9 =f[½v'J1q,Jd., /~s(c-,d,)~;blc~J-/d,/ •c.-o:, (c_, d,) -
2
,}.,/c_(. f d

4
/,c.os(c_, d

4
)}. -- ·. ·, 



= I6 = 

I 

1,_; , h li00QX2MimeHTLI r~ H_ Q/ JI1tH npouecca p+ p -,...Jt
0 -+ p -t- t: · 

,fl' 9[-f .2 2 3 · 2. S 2 I; . .. · ) · ·. 
; 0 = zr 6 (dd --1- ld2.) + 4 1 dz/ -+ 4 { d~I + vs}d2 /, Id~ I· c.os ( d2_, -~ -

- -g-{j/ d-sl• I d,J{. co~ ( d. 3, d,,, )j; . · _ 
f{= ~[! ld1.\2-1 d2.l2.-~-{d:~l~ - ttd~d-1 d<tl -~ (d2, c4)]; . 

pt 9(1
1 

·
1
z :; .· 12. 21 · 2. · c; · · d. cl., ·"3J-;,· · l r2- =- 4[ G d.j. ~- -zr: I ci3 ·- ·20 I ck. I - fs ld2f •l clt.,i' co ~c_ 2., 1u + 2. s- /cfa l·lcl4 /-co~(di,c4)J; 

r:~¾[- ~ ldi/2+ flcl?>/~+ 1 /d4/2+ ~{de/·/dq/,cos C~2, d.4)- G#Jd3J,Jd4/•co~ ( ol3,'d4D; 

,~ ~ 3[- ! !di(- MI C¼l2 
- . ~ r 1:bl2. + ~ 1/3 { dz,I,) d3 / • .~ (d2, d,3) + 

--t- ~~ {if / c:( ~ / · / dtd · CDS ( d 5 1 d4 )J ~ 
JJI :5 2 . 

· rs = - s I d1.I . ; . 

o icvt:!l\t;;!: . 

,:it~ J . 

, g~ = ¾ [ f {d~I• ld.::s),SWl (d1~d">)-fff ;d1/·/dq/• S&n (d.1, al4)]_; 
. . 0 

~ ~: = f [-/tid1l· ld'31·.S~h (ch1 ch;)+ ½ff.J.::hl•!~l•SiYl (c'1., cl4)]; · 

'('-,.
1 r./ ~ 1 h • s 3 = s2. -:::=. - ~ J.{ = - s s ., 

J 
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