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HacToa~aa aaueTKa aenocpe~cTaeaao npHuuxaeT K aawea npeaaea 

pa6oTe/I/. Ee ~enb- noxasaTb, KaK c nouo~bD onepaTopoB npeo6pa

soBaHH~ Kpauua-Kpeaaa 12- 5/ npe~noaeaaaa a /I/ cxeua aoccTaaoaneaHH 

noTeH~Hana B p~HanbHOM ypaBHeHHH illpe~HHrepa no ~aae pacceaaHa 

npHueaaeTCH ~na pacqeTOB aa 9BY 06paTaoa s~aQH pacceaaHa B cny

qae H8HHQHH CBH88HHHX COCTOHHHa. 

PaccuaTpHBaeTCH xpaeaaa s~aqa, onpe~enaeuaa ypaaaeaHeY 

~ 11 + ( k 2-(}"Cx>)~=D , 

H KpaeBHM YCXOBH6M 

~(o, k)=O. 

(0 .I) 

(0.2) 

IloTeH~an t.T(X) npe~nonaraeTca BellleCTBeaauu H y~oaneTaopaD~M 

aepaaeacTBy 
DO 

J(i t x)J lT(X )I dx <: 
0 

06oaHaQHu 'lepea 'fv ex, k ) 
(O.I), onpe~enaeuue ycnoBHHMH 

Oo. (0.3) 

peweHHH ypaBHeHHH 
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H nycn 

~cb:::..P col::) (h..ho) · 5ck>=P c-kJ/.P tkJ (-.-<- k<--) (0.5) f.,. 111' 1 J ) IT iv Trr J 

COOTBeTCTBeaao WYHK~H ~ocTa H wyaK~H pacceHHHH a~aqH (0.1), 

(0,2), (J.1H~6KC IJ' yK83hiBS6T, qTO OTIIeqeHHaH B6JIHqHHa OTHO

CHTCH K yp8BH6HHD (0.1) c noTeH~Hanou tr .) 

CneKTP KpaeBoit a~aqH (0.1),(0.2) npa ycnoBHH (0.3) uenpep~

Bea Ha nonO:&HTeH:&HOH J<~.>O noJiyOCH 14 OOCTOHT HS KOHeqaoro qycJia 

npOCTHX OTPH~8T6JI:&HHX COOCTB6HHIIIX qHC6X ~L < )..i< • • • <)IN< 0,., ~ :o k/, 
r,J!;e kj • i. Xj < ~ > o) - uyu fPYHK~I HocTa /v ( k) B Bepxaeit 

nonynnocKOCTH J~ k > 0 • B.A.MapqeHKo 6~no noKaaaHocf61rn.J), qTo 

~8HHY6 paCC6HHI4H 
00 -:1 

S(IJ)=-t 5,Ck),(- oo<. k< .... ) j X_; (tr) 1 mj<lJ'):.{ JJ:c)(, i~.;h'>)uj )•t...NfO .6) 

onpe~enamT o~uoaaaqao KpaeBym aa,J~;aqy (O.I), (0.2) H nonyqeuo oc

HOBaoe ypaBH6HH6 o6paTHOI B~aqft T60pHH paCC8ftHHH, noaBOJIHD~ee 

HaxO,J~;HT:& 3fPfP6KTHBHO IT no ,S(l)') , 06aop paaJII4qawc nO,ltXO,l!;OB B 00-

paTHOI S~aqe pacceHHHH, OCHOBaHHHX B OCHOBHOII Ha CTaBmHX y:&e 

KJlaccnecKHMH B a!toit oonacTH pa6oT H.M.renf1Jaa;zta-B.Y.JleBnaaa, 

u.r.KpeiHa, B.A.MapqeHKO,CO;ztep:&HTCH B pa6oTe i.n.t~~eeBa/41. 
B TeopeTaqecKOII acneKTe npe;ztno:aeaaHI HB:&e anropHTII uaxo~eHHHtr 

no S(lJ') HBJIH6TCH H6CKOJI:&KO rpOIIOS;ltKHII no cpaBH6HHil C / 6/, HOC 

BYqJ.iCnJriT6H:&HOI TOqKil apeHHH 1 sa cqeT pemeHHH o6paTHOI a~aqH 

HTepa~OHHYII npo~eCCOII H npHII6H8HHH peryJIHpHaa~H, onpaB,J~;hiB86T 

ce6a aennoxo npH qucneaawc pacqetax. 

§ I. B aToll naparpaq,e MH HaueTHK cxeuy npHUeHeHHR od•ero 

ueTo~a H~~ToHa-KauTopoBHqa pemeHHH aexuaeHHHX ~YBKUBOHan:&-

HHX ypaBHeHHI/7/ B o6paTHOI a~aqe T60pHH pacceHHHH H nepeQHCnHII 

aeooxo;ztuu~e ~JIH nocTpoeaHH pacqeTaoro anropHTMa CBe;zteHHa o npeo6-
paaoBaBHHX Kpauwa-Kpelaa. 
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06oaaaq~y qepea ){ n~aestaoe, aopwwpoBaaaoe npocTpaacTBo 

Be~eCTBeHH~ WYHK~a if(X) , ~na KOTop~ B~nonaeao aepaDeHCTBO 

(0,3),~ HOpua a~aeTCH paB6HCTBOM 
oO 

lltrllx = j (J.+ X)lif(X)\ clX. (I. I) 

llycT:& SL CN))N= 0,1, ... -wao:aecTBa noTeH~~anoB if EX 1 ~Hf! KOTOp~ 

KpaeBaH a~aqa (O.I) 1 (0,2) HM66T pOBHO .N COClCTB6HHHX ~CeJI H 

WYHK~HH HocTa fvco);i 0 • OTweTHw, qTo Bee ..0. CN) HBJIHilTCH OTKpbi

T~MH uaoaecTBaMil B X. Ecnil U' E ..0. (.N) , TO WYHK~~H pacceaHHH 

S !J ( k) ( 0, 5) OClH~aeT CJ16;ztYil~HMH CBOICTBaM~ (/ 6/ r Jl o 3) : 

s~(k)= ~(-~)== 5lTCk) ~ & 5(_,.c+O)- ~ S(J'u- oo)=:zi.JIN) (I.2) 

fs (X)= in ~1- 5<f(k)}€. i.kX d_k (: J:(- t>o, oo);(t+ X)f;(X)t-f(o,oO). (1,3) 
_.,. 

Kpoue Taro, cnpaBe~JlHBa aCitiiiUTOT~Ka ciS/ rJJ 0 12): 

1 ~ 
~ ck)=1 + ""'7L jv-cx>dX + o(&) ) 

(}' 2tp;, O 
k.- C>O • (I .4) 

llo ;ztaHH~M pacceHHHH :SC<f) (0,6) UOCTpO~M B .Q. (N) onepaTOp 

Af(lT)= t f~.,oo, (o<x<ooJj x.>cv>; ~;w>, cj=.J.;2, ... ,.NJ j , (I.S) 

r;zte fPYHK~HH f~17 (x) onpe.ztenaeTCH (1.3). OClnacu aaaqea~l onepaTo

pa 'i'Clf) co;ztep:a~Tcfl B npocTpaHCTBe X.N=-X E9 R~ aneueaTaMitl KO-

Toporo HBJIHilTCli Ha6opb1 ~a fPYHK~it fcxJE.-X ~ 2N Be!lieCT:SOHcib!X 

'!liGOJI X 5 • ;{<Jpua onpe~en.aeTca pa:seacTBou 
2.N 

\1 rf llx = U ~ UX + [_ I X; I 
~ )~~ 

( 1.6) 

!IyCT:& S~aH Ha6op B6JIHqHH 

!>.w=l5.ck),C-oo<k<-c.o); Xj,.; mJ~ 1 j=1.,2, ... ,NJ~ (I. 7) 

5 



rp;e ci!YHKUIIH 5. (lq yp;oBneTBOplleT ycnoBIIHY (I .2) ,(I .3), 

X·K m .... (.>' :::1 .z.
1 
••• ,.N)-2llnonoauen:&ablX qzcen, nepB!ie .N 

:J• I :)• I , 

TOpblX paaJIHQHii6•IIO KOTOPiiM IIOCTpoea 3JI6M6HT 

a 

Ha KO-

"'f*"" { f~ rx), (O"-X< ->; ~l; -ms~ ,cj-=i,21 ... , .NJ J eX.n.(I.S) 

~a TeopeMbl 3.3.3161 BblTeKaeT, liTO onepaTopaoe ypaBHeHie 

'"':¥ ((J) = rf * (1.9) 

C npaBO~ Q8CT:&Il ( 1 ,8) IIIM66T B n (JV) 6,1tHHCTB6HH06 p61116HI6 

ll* E: X , .ltJ!H KoToporo p;aaawe paccellHIIIll ..Sttl.)• ~. Sra ({JopuyJIEpoB

Ka o6paTHO~ 3a,lt8'1H paCC6llHHil II08BOJIII6T npHMBHIJIT:& MOAH({JH~pOBaHBbll 

M6TO.D; H:&~TOBa-KaH!'OpOBH'Ia/?/AJiil pemeHHll ypaBB6HHll (1.9), KOTOPKM 

H8XOXA6HHe p61116HIIIllll,..=- lim lf~ ...... CBOAHTCH K IIOCTpOOHIIl IIOC~6AOB8-

!'6Jl:&HOCTIII 

U"nu=lf,.- [-:f' 1Wo)f\"fc(J.,)-"f*), 11= o,1 1 ••• ) (I.IO) 

• I 

rp;e tr0 f:.0 CN) - aa'lan:&Hoe npHOmtxeHHe, rf (lfo) - npoaaBOl{Hall 

~peme onepatopa "':f'Cv) (1.5) .B T011Ke LT0 1 [--f''ct1'o)r1 - oOpanlill 

a aol onopaTop. TeopHa Boa•y~eHHll AJIII ypaBaeHKH Wpep;Harepa (0.1) 

II03BOJIH6T ,ltOKaaaT:& cy~e!'CBOB8HHe npOH3BO.D;HOI 'i 1
(V) B JIIlOOI 

T011K6 (J f: _Q (#) , KOTOpall IIBJIH8TCII JIIH6ltH1iY orpaai'I8HIIIll onepa

TOPOM D o6JiaCT:&Jl OIIp6,lt6JI6HIIslAH 3H8'16HI4HMH B X.N , !IBHYit BH,lt o6paT-
~T,' )-1 

HOrO onepa!opa [·I (lf) H8XO,ltl4TCII C IIOMO~Il ypaBH6HHH Map'I8H-

Koi.4(COOTB6TCTByll~8H BliKJISAK8 0WA8 IIOAPo6HO IIPOA64aH8 B/I/AAII CAy

'lall lff: ..Q. (0) , o6111HI cnyqal (Jf::SlW),.J.Irl_:lr paCCM8TpiiB88TCll 

aaanorH'IHO, B KOH6QBOM Cll6T6 1 AXIl fiOCJI6,ltOB8T6JI:&HOC'fll (1.10) IIOXy-

'188M BblpaaeaHe oo 

IT. (X) =-(}'111 LX)+ .it~ b Ji _)IT. ( k)- ~*(/r.)jl ~:(X)'·) d.k + 
.,.HJV _.. "' o ,L .t . (l.Il} 

ffi I. { (11\j(t.r")- ~t.>J:. (X, iX;lt.r,)) + IMJ~(~J(~}t.r,.)-~11)rx_/lt.ro (X,l~J) j. 
lXJ"i. ., 0 ... • ~ = iiCj (II'~ 
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HaJIE'IMe aaqan:&Horo npH6JIH&eHHil ll'0 , p;JIH KoToporo fi"'ll IT,..== <.T.,. 
~ ..... 

BblTeKaeT Ha CYII\6CTBOB8HIJIH pemeHIJIH (}'fl (: .n. en) ypaBHeHHH (I .9) H 

OTKpblTOCTH YHOX6CTBa n CN). OnepaTOp!i npeo6paaoBaHHfl 
~ ·kt k 4 (X'' k) =d~. i. k x + J L c X', -1:) e ~ ol:l: ' ( ~ ~ o) 

(cu.,aanpHuep,/6/rn.3 § I) H npep;cTaBneaHe (1.3) noaBOHfi~T nony

'IMT:& BblpaxeaHe ,nJIH paBeHCTBa (I .II) nocpep;cTBOY "::' ( u") ( 1.5) H"fr 

(I .8), Ha KoToporo B!iTeKaeT, 'ITO lfY\ e:-X, Yl .. o, .ll... • Bb16op npo

CTpaHCTBa ){ c Hopuol (1.1) BuecTo paccuaTpHBaeuoro B /I/ ycno-... 
BHH j >C. IV"OOic:(X. 4 00 

1 
00'LSICHSI6TCJi Tell, liTO yCJIOBIJie (0 .3) o6ecne

l) 

llHB86T cy~eCTBOBaHH6 aCHYIITOTHK14 (I,4), aaaHHe KOTOpO~ IIOYOraeT 

cy~ecTBeHao npw onpe,neneHHH Ha'laJI:&Horo npH6JIE&eHHH lf0 (cu.§ 2). 

~opuyna (!.II) CBO.D;i'IT aa,D;aqy 0 H8XOll.D;6HHH tf'lt K IIpOCT!IlY 

14T6pa~HHY 1 O,I!;HaK0 1 TaK KaK .D;JlH 3TOrO HYXHO Ha Kall~OY wary HTepa-

1..\HOHHOrO npo~ecca Bii'IMCJIHT:& aHa qeaHH onepaTopa '"':£ ( tr"') , T. e. pe

waT:& npauyll aa,D;aqy pacceHHHR, TO ee aenocpep;cTBenaoe nplaaleHeawe 

npHBop;HT K aaallHTeJI:&H!iY Bbl'IMCJIHTeJI:&H!iY Tpyp;aocTau. lloaTouy npH 

paCll6TSX
1 

B CJiyqae HaJII4'114li CBHaaHHblX COCTOfiHH~, y~06HO CB6CTH CHa

qana aap;aqy K 6onee npocTo~ no cxeue, Hanoxeaao~ B cnep;y~~~~e~ 

neuue. 

Xeuua 1.1. llycT:& no aa6opy BeXH'IHH 

l.)itckJ (-oo<.k<: oo); (Jf.J.>(J(.:I.> ... >(J(.N j' (1.12) 

r,~te !J.>YHK~H 5 * < k) yp;OBJieTBOpHeT ycnoBHilll ( 1.2) ,(I .3), a .lCj 

(j=l,2r··,JV)- npOH3BOJI:&Hii6 llOJIDai4T6H:&Hb16 QHCXa 1 IIOCTpOeHa :lJYHK~Il 

ff ( k.- i:~C· )2. 5 ck>= lT ~k+·~· .J.ck> ) --' k'- (I 13) 
Olt j=l l J • 

Tor.zta cyU~eCTByeT e,~tHHCTBBHH!il noTeH~HaJI v0 • f: ..0. ( O) , .D;JIH KOTO

poro 5
0

,. c k> HBxaeTCH q,yaK~H pacceaHHH aap;a'IM (0.1) ,(0.2). Ilo

TBHI.\HancJiffnW~ ,!tliH KOTOporo ~*(k) Ill 'J..j=-Xl,{J=-1., ... ,$) 

7 



HIIHHeTCR COOTB6TCTIIeHHO ~YHKUHei paCC6RHHR H Co6CTII6HH~H ~CHaYH 

KpaeBo~ 3aA8'1H (O.I)-D.2)c ~~ tT* , onpe~enaeTCR c nouo~m 

tr0.c~) ~opuynoi 

)( 

CJ· Jl0.2. d·, i.~..\)rl/:) 0-$)(<. .... (I.I4) u ,,_~ v J 

rlz. ff 
tr.cx)= tr0 .cx)- J..-z L fm(i + 

X j-1 

r~e C j - npOH3BOHI>Hb16 nOJIO&MT6Jl:DHble nOCTORHHble • ~YHKUHH 'fj-}){,i'$) 

j =1, 2, .. ·.~./IT HBJIRIOTCH pemeHHHUH KpaeBbiX 3aA8'1 

~!!(JCJ'+UJ-.l CXJ)~ = 0 J (06 )+( o.o ),; lfj-.lC o, i.lej)=O, lf;~,/0)~)= 1 (I.I5) 

C noTeHIJ,l48JI8Ul4 1 onpe~eJIReUbiUH peKyppeHTHOa ~OpyYJIOU: 

tJ]Cx)=~-1 (IC)- .1.fx~ IM(i + c.;Jlf.i~td,ii1Cj)tlt)/j=1, ... ,N),; uo==~ •. (I.I6) 

ECJIH 'fu, (>C, i ~j) }j=:1,.., N} - C06CTB6HHb16 l{lyHKIJ,HH 3aA811H (0 .I) 
1 
(0 .2), 

y,noBJieTBopaiO~He aa'laHI>H~ ycJIOBHau (0.4), TO 
00 -1 I 2 

cj = i J 'f~. (){, i..ll.;) c{x J = [ 4cF. ( o, i.iiC,; >] 'Wij~ {«Fit). (I .I7) 

noKaaaTeJI:r.CTIIO 3TOH JI6UUbl OCHOII8HO Ha TeXHHKe onepa~opOB 

npeo6paaoBaHHi Kpauua-KpeRaa H co,nepXH~ca, aanpauep, B / 4,5/. 

0CT86TC1i BOCCT8HOBH!.D ~o• (X) no ~YHK!l,HH 0.,11 ( k) (I • I3) • 

9TO UOKHO C,ll;eJI8Th U6TO~OU 1 OCHOB8HH~ H8 CJ!e~y~~eu y~Bep~eHHH 
/I/ §5. 

neuua I.2. llyCTD Ha6op BeJIHqmH (I.I2) Y.ll:OBJieTBOpHe~ YCJIOBHHU Jieu

Ubl I.I H ~YHKIJ,HR .50~ ( k) nocTpoeaa no wopuyne (I.I3). 

Tor.na Bcer.na cyiJleCT:ayeT H8'18JI:r.HOe npH6JITrl&eHHe (}"
0 

c- _D_ ( 0) 

KO~Opoe UOSHO Bb16paT:b ,li;OCT8Toqao 6JIH3KO K HCKOUOUY tr0* 
Toro, qTo6bl nocne40BaTen:&aocT:& 

' ~JIR 

00 ~ 

u: ClCJ=U:CIC)+.!.i.. fs5 (k.J-5 ck>jl Pu:(x,k)c:lk M=0,1, ... (I.I8) 
Ml "' X J.~ ) I ll'-t~ D* j1 o 1 

-oo 
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CXO,ll;l4Jl8C:b npl.\ 1'1 ~ r>o no HOpUe (I .I) K nOT6HIJ,J.\8JlY (...'"c.>,. f.- _Q ( 0) , 

,n.llil KoToporo 5<1'
011

d:) = \,.c k). 

§ 2. OnKrneM cxeyY, no KoTopo~ 6biJia cocTaBJieHa nporpau-

ua ,n;JIH pac'leTa aa 9BM o6paTHbiX aa,naq, paccuaTpHBaeubiX 

B aacTOH~e~ aaueTKe*>. 06oaaa~u qepea 

Su-tkJ=t~ .Su-ck), 0!:: k.:.. 00. 
(2.I) 

~aay pacceHHHH KpaeBaA aa,na~ (0.I),(0.2). Ey,ne~ C'IHT8T:b 1 He 

orpaHH'IJ.\Baa o6~oCTJ.\, Ou- c. I<.) HenpepbiBHO~ fl.JYHKIJ,He~, aopuHpoBaH-

HOi yCJIOBHeU OIT(+OO) = 0 1 'ITO Bblfi0JlHH6TCH 1 6CJIH 

il.Jaay C nOUOI!ibiO fll830BOrO ypaBH6HJ.\H (/9/,rJI. 4): 

Bbi'IHCJIRT:D 

o;cx,k)= t\T(X)~in'ckx-OIT(x,kl),(o' )(.<. oo); Sa (0, k):: 0 ' (2 .2) 

OTKy,ll;a 

0: c.k)= itm &vcx,k), o < k.c. oa. (2.3) 
IJ .:k ... "" 

B KaqecTBe .naHHbiX pacceaHHH noTeHIJ,HaJia tT e: .D. (N) 6y.neu paccuaTpl.\

BaT:& aa6op BeJIH'IJ.\H 
!>" -1: 

Qctr)= i Oc.r(k),(os k<- oo) ~ a(j(a); C;;,(ll'J=tJ\f6l.(lt,i<lto(U'))tlxj};-=1,..4)\2·4) 

onpe,ll;6JIHIO~X 1 K8K H (0.6) 1 O,ll;H03HaqHO!tp8.6:syil aa~aqy (0.I),(0.2). 

Bu6op aopuMpOBO'IHbiX nocTOHHHbiX C j BuecTo ~j (0.6) noaBOJIHeT 

aenocpe,ll;CTB6HHO non:&30IIaT»CH npeo6paaoBaHHHUH (I.I4)-(I.I6), eCJIH 

yqecTL, qTo cnpaBeAJIHBa cne.nyDlaH neuua. 

*) Peayn:&TaTbl 'IHCneaaoro pacqeTa aenocpe~CTBeHHO no cxeue,HaJiosea-

aoR B neuuax !.I Tr1 !.2 1 6Y.ll:Y~ ony6BHKOII8Hbl OT,ll;6JI:bHO. 
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Re»»a 2.1. ITycT» a~aa aa6op BeXH~H 

Q .. == j S,.ck>J(o!; kooJ; ~.;,. .i cj,. ;cj=.t,z., ... _,N>J , 
onpe,JteJiilllllliiX O.JtHOaaaqao nooreHUMaJI <..r. ~ .Q W) , ;ztna KOToporo 

QfV",,)= Q* • Tor.J{a lj}yHKLUUI 

.N fie. 
S cb::Sitck)+2?arc.fQ~ J 

0* ,>•..1. J 
o"lc:.c:oo 

(2.5) 

(2.6) 

HBJIH6TCII !}/aao" paCC6liHirfll nOT6HL\H8Jl8 ()Doll ~ ...Q ( 0) 1 C DOIIOIIU>II 

KOTOporo <.J* BOCCT8H8BJIHB86TCll tOPIIYJlBIIH (1.14)-(1.16). 

noKa38T6Jl»CTBO. RorapH~IIHpya o6e CTOPOHH (1.13) H YtfHTHBaa, tfTO 

1 k- i~,; = - 2 i a.rda ~ ·.. A r 
1M i::+i.at· (J Jr:: J J 11 2.J""".J.JV 1 

noxyt~aeu (2.6~. Ha u. ~X cne.l{yeT, \ITO (io11 E: X , TaK KBK 

~YHKL\Itll4 .6~ ex>== ~ lx)- l.-S-J ex) 
1 
(j=1,.-,N)B cHxy (I. 16) , HBJIHilTCll ae

npepHBH~»H i{lyHKL\Itlillllrf 1 .l{Jlil KOTOPHX cnpaB6,li;JIHBH aCHIInTOTirfKH(/4/ §12): 

.t.~cx> ...... -'t'C.;x,cx~o) j LH'jlx).-- ~.J (2~Jle-~.>.><Jx .. -). 
H3 STHX 8CitlllllTOTHK BUT6K86T T8KlE6 1 qTO 8CXH U"., eL!£(o, Od) 1 TO 

1r1 VOlt E:.t: (o,o..) (lrl o6paTHO), tfTO BlleCTe c aclrfllllTOTHKoitC181 rJI.I2): 

., 
8.,. c k>= fk J lll)()dx + o( f) ) k .. 00) (2.7) 

cnpaBe].piHBO~ .J{JIH xll6oro U" t: L 1 
( o, oo) , ){BeT cne.l{yl!lllee 

C.J1eACTBHe. ilyCTb onpe;zt6Jl6HHU~ )t8HHHIIH paCC6liHHH (2.5) DOT8HL\HaJI 

v, eX , oror.l{a VOw e X H 

"" .N" I)# 

Ju; ootix-lf l. ~. ==- Jif D<>J.x= fA·,.., 2.ko*d::). (2.8) 
0 Olf j•t ;:) 0 if k•o<> 

TaKHII o6paao11, ne1111a 2.1 Bllecore c xeuuoA 1.1. CBO,li;HT aa.l{aqy o 

BOCCT8HOBJ18HHI4 if* no Qtf (2.5) K H8XOlE,li;6HHII u;,,. no nplliB6,11;8H

HOft i{laae b
0
* (2 .6}. IIocne.ltHIIB 38.1{atm CBO,li;HTCH K pe11eH!llll ypaBHe

an/1/ 915 
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I 

I 

00 
t (01.) J P. h(ot.) 1 +(ol.) 
nk ex)- ... (x,tJ "'<.r>= '"' 0<) •• X v~ J 

0!.)(<-e><:>, (2.9) 

c npuoA qacu.11 

~ 

f 1
oiJ(X)= ~ J/~

2

d:>!i Su:ckJ- 8011 <k>) kebSk~olk. (2 IO) 
n Ji. 

0 
~~"o "" '"!.Lnllc • 

11-cKouiil noorealUian u;, *{>C) noxyqaeorca KBK npe;~~ex nplrf ~ .. - nocne

.JtOBaoren»aocTH u;,+J. (>C)= ~ oc H h~ { )( J 
1 

lo1=o,1,. .. , r.J{e <.T0 f: ..Q ( o) 

- Hatfan»aoe npHc5JIKaeaHe, 80 "~~- c k; - a~aeorca (2.6), Sv: c k) ... 
onpe)t8Jlli6TCII no <.J~ wopuynaiiH (2.2)' (2.3)' a I { (I<> I= - ~ = .expf k.....L .5

0 
u;,cx)~iM (2k)( -2 Ov.c)(,l<))dx j. 91..~~;.po 

:fU"o ()C;!) = i1"~P" {t- 2.><) Ku-o ( .:t J lt-!x ') + X~ f' 00 J 

+ Jjo(* KV"ocf, ~JKuoC~J 'uix')"al'lcu-.zx)du) 161 
r.Jte K v. ()C 1 t) - pemeaHe HHTerpan»aoro ypaBHeHHll 

f)~ ~x;l 
K ()(,t)=.J. juowJs 4- S ol.s J u;c.H~)Ku;,C!>+s .. s-J)dJ_, x.$f--. 

lJ"o .2. K-t t-t D 
z:- r 

BBB.ltBHHe perynapi4aHpyllntero napaueorpa ex-> o B (2.10) cooT-

BeTCTByeT aaanorHtfHOIIY IIBTO.ltY ycToA~Boro cyMMHpoBaHHH PfiAOB ~yp»e, 

npe,Jtnoaeaaoro A.H.THxoaoBHII 14 B.H.ApceaBHH11(/IO/rn.6).Haqax»H~e 
npH6JIHlE6HHII BH614paell B BH.lt8 

1
A(~-x).) o~x~-6, 

U: (X)= 
o 0 ' 8.sx<-r-, 

r,ll;e A H I> Y.ltOBxeuopHIIT ycxoBHil 
z. .N 

A t = -l.tw. 2 k o* c k) + '1 1- ac.; · 

( 2.. II) 

2. k•oo J=J .., ~ 
9TO pB.BeHCTBO, BII6CT6 C (2.8), A86T JC) (}".,(lf)t/x=: J()t:JOCX),()( npH 

Jlll6011 r\=O,J_,... , B CHJly CBOitCTBa j""~W)lX)flX= 0 (/l/§15). 
(> "' 

0TII6THII B 88KJIIIqeHitle 1 tfTO BODpOC~ o6 00A8CTK CXO,li;HIIOCTH 1161'0,1{8 

H»llfOHa B o6paTaoA a~aqe pacceaHHa a o6 aaaXHTJ4qecKoll o6ocaoBaHHI4 
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cxo,lii4MOCT!tl rJ,J.d..J c X) npltl o< ~ o, 'VI .... ,.., K ltiCKououy noTeHultlaJiy 

lf*(X)HY~.l\8DTCH B ,l\8JlbH6HW6U o60CHOBaH!tlltl 1 KOTOpoe 6y,lleT ony6JII4KO

B8HO OT,l\6JlbHO, 

§ 3. ITp!t!Be,lleHHaH B npe,ll~y~eu naparpawe paccqeTHaa cxeua 

npoBepRJI8Cb Ha UO,l\6JlbHhlX Sa,llaqax, ITO Sa,llaHHOUy nOT6HUI4-

aJiy IJ(X) CTpOU'CH H860p Q(lf) (2,4) 1 no KOTOpouy BOCCT8H8B

JlltiB86TCH noTeHUI1aJI cJ* 1t1 cpaBHI4BaeTCH c lJfx> • <1/aaa Bv- t k) Ha-

xo~mM, pewaa Sa,l\8~ (2.2) 1(2.3). Co6CTB6HHU6 qi4CJI8 H8XO,l\ltiU K8K 

HYJI!tl WYHKI..\14~ WocTa 4v ( i.~) npltl ~ > o . ·fu. (i. ~) onpe,lleJiaeu 

ilJopuynoii (0 .5) 1 r,lle fv { x, i.~) noJiyqaeu, pewaa ltiHTerpaJibHoe ypaB

aeal1e 

.P • -¥- + f!.h~a!-><) U"cb P d: i~)oll o5 ><"' 0<> tlf ()(, L~) :=. e. '/( ()(. T<.r J / 

ueTO.l\OU nocne,lloBaTeJibHhiX np1t16JIHa:eH14~. !due a /v ()(, i ~j ) ) S :::1, ... , N' 1 

H8XO,l\14U WI}" ( 0 ,6) , nna onpe,ll6ll6HitiH C j (I, !7) OCT86TCH llO,liCqJ4-

T8Tb 
""' .P' (0 iilt·)-- ~ · _ J Gh ~·t U"ci:) .P (t 1 i~;)oli; ( j=1r .. J.N" ). tv 1 :> - D 0 i> TO' v 

IIapaueTp o/.. > 0 BU6ltlpaeTCH SKCnep14U6HT8JlbHO B 14HT6pB8J16 OT 0 ,QI ,l\0 

0.005 1 yueabwaa ero aaaqeaHa no uepe yueabmeHHH pasaocTH 

61J,..ck)- &ott<k) B (2.IO). 

B Ta6n, I It! 2 np!t!B6,l\6HU pacqeTU ,l\liH llOT6Hl..\148JIOB 1 y KOTO-

pb!X OTCyTCTBYDT Co6CTB6HHU6 qJ4CJI8, B KaqecTB6 HCKOYOrO nOT6Hl..\148Jl8 

B Ta6J1.I BaHTa W.JJIKI..\HH tJ(x)= (x-1)(X-2)expf-(x/z) 2 Jio$x•oo). 

Ana aaqaJibHhiX npH6JII4&eHH~ 6paJIHCb WYHKI..\1414 

1/
0

()1.)= 0,1-5(1- x/2.9062), co•x .. 3)~ v.tx),. o,(3.:;x < -)~ 

v~ ex)= o, 31-2 6C .1 - x 1 s.t5J )co sx ~ 6)). v~v(){) = o I ( 6 .s x < -J _; 

v~>(x) == -=t,2 655( i- x 1 o. 3); (o s. x .so. 3)_,· v~ucx):! o ... ( tU$X c ... Jj 

v~> (>< J == o, o 69 x , (o 10 x'" 5. 't); v ~~>cxJ== 't.l'f J6 - o. B 219 x,(s. 'fuH) 

VJl>(X) S 0 , (_G .S X "' -) 1 

12 

KOTOpue npHBO,l\HT K O,l\HOIIY H TOlly ae peayJ1U8Ty 1/iS ( )( ) • Houep 

YK8SUB86T KOJII4qecTBO HTepaUJ4i. B T86JI.2 

vcxJ""O,r5(3X-2)(~X-.It')exp1-0XI¥) 2L (o~ x" r:.oJ.) 

Ha qaJibHOe npi46JIH&6HI4e V 0 (X) = 1..(1 ?J 59 3 ( [ - X ) J ( 0 ~ X ~ .1. ) J 

V11 (ll):s 0 1 (1 ~ X" t>t>) • 0 ( k.) - !118381 COOTBeTCTBYillll8H llUTeHUHa

JIY VCX) 1 012 { k) - (paaa 1 cooTBeTCTBYillll8H nonyqeHHOMY noTeHu>~any 

v12 ex) • B Ta6J1.3a npHBe,lleHu pacqeTu .l\JIH noTeHUHana U'lX):::::. 

: (lf-5X) €Xp~-Xj J(ou• .. )t Y KOTOporo ecn O,ltHO C06CTB6HHOe q~t~CJIO 

~ = 0.5391, a aopu14po:aoqaaa nocToaaaaH CJ. = 0.0542. v.1.; - rroTeH-

U14aJ1,cooTBeTcTBY~~ npHB6,l\6HHO~ !llaae (2,6) 1 Vi~ - H8W,lt6HHH~ 

no !llopuyJiau (I.I4)-(I.I6). 

B T86JI. 36 nOT6Hl..\H8Jl 1/ (X)= I 0 ( i - e. zx) / e i +X 2.1 (o' X""") 

J41166T ,l\Ba C06CTB6HHhiX qJriCJ18 ~ = 0.8056 1 Jt2 = 2.3813; HOpuHpo

BOqijH6 llOCTOHHHUe c;_ = !.27441 C2 = 0,9840, CqeT B6J1CH Ha 9BM 

C,llC-6400. 
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----------------------------------------------------------I 
X V(X) V~C.x) V0 CX) I V:(x) Vo'J(x) V~3J(X) 

----------------------------------------------------------
CoCO 

.15 

.30 
• '+~ 
.6o 
• 75 
.'10 

1,05 
1.2~ 

1.35 
1. ~(I 
1.65 
1.80 
1.'35 
2.10 
2.25 
2.40 
2.55 
2, 7U 
(',85 
3.00 
3.15 
3.3~ 
3.45 
3.60 
3. 75 
3,'30 
4.05 
... zo 
4.35 
4.50 
4, 1':5 
4.80 
4. '35 
5.:..0 
5.25 
5.40 
5.55 
5.70 
5.115 

2.0CO 
1.564 
1.164 

• 610 
.512 
.272 
.0'10 

-.036 
-.112 
-.144 
-.142 
-.115 
-.a11 
-. 016 

.il37 

.086 
o133 
.1€-8 
.1'l2 
• 2116 
• 211 
.207 
.1'16 
.181 
.163 
.11,3 
.12 3 
.104 
o'l86 
.Of>'l 
.~55 
• Qlj 3 
,034 
.025 
.019 
.014 
o010 
.007 
• 005 
.004 

2.615 
1,928 
1.128 

• 783 
.49'1 
• 262 
.111 

-. 044 
-,111 
-.11,0 
-.151 
-.108 
-.074 
-.021 

.041 

.082 

.136 

.171 

.191 
• 207 
.206 
.208 
• 20!1 
.179 
.166 
.141 
,120 
o107 
• 083 
.l'71 
• t57 
• 040 
• 0 3& 
.021 
.011 

-.ora 
-.c 21 
-. 0 33 
-.051 
-.0&7 

.751:' 

.711 
• 673 
.634 
.5'15 
.556 
,518 
.47'1 
• 440 
.~oo 2 
• 363 
• 324 
• 285 
• 24 7 
• 2L 8 
.U'l 
.131 
.0'12 
,('53 
.us 

o.ooo 
0. OCD 
o.oco 
o.ooc 
0. 000 
o.ooo 
LoOOO 
0. 00 u 
o.ooo 
o.ooo 
o. 01!1' 
o.ooo 
G.ooc 
o.ooo 
o.con 
0. DOll 
0. 000 
0. ooc 
o.oot 
0 o !I DC' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.373 

.363 

.353 
• 34ft 
• 331t 
• 325 
• 315 
• 3 [6 
• 2<;& 
• 287 
• 277 
• 2ee 
.258 
• 21t8 
• 23'1 
• 22'1 
• 220 
• 210 
• 201 
.1<;1 
.1!12 
.172 
.162 
.153 
o11t3 
.13 .. 
.121t 
.115 
.1 (5 
.0% 
• (I 8& 

·" 76 
• (J67 
• (' !:7 
,048 
• (' 38 
.1'29 
• 0 19 
• 010 

o. 0 00 

7 .26E 
3.6 33 
o.oco 
o.oco 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooc 
o.ooo 
o.ooo 
o.ooc 
o.ooo 
o.ooo 
o.ooo 
o.coo 
o.ooo 
o.o~o 
o.oto 
o.OOD 
O,Ol'O 
o.ooo 
~.ooo 
o.ooo 
O.OJO 
o.ooo 
!1.000 
o.ooo 
o.oo11 
o.ooo 
o.ooo 
o.o~D 
D.ooo 
o.oan 
o.uoo 
o.c:oo 
o.ooo 
o.or;u 
Q,O"O 

o.ooo 
o01il 
.o 21 
• 0 31 
.041 
,052 
• 062 
.072 
,083 
.0'13 
.104 
.111t 
.124 
.135 
.145 
.155 
.16& 
,176 
.186 
.1'17 
• 207 
.217 
.22!1 
o236 
.24~ 
.25'1 
.26'1 
.27'1 
• 2'10 
.300 
• 311 
• 321 
• 331 
.342 
• 352 
• 362 
.373 
,21o'l 
.121t 

1), 0 01 

----------------------------------------------------------
Ta6uua I • 
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I 

---~---~!~----~!~~----~~~~--:---~-------~~~}-----~~~!.:~ 
a. a 
.1 
.z 
.3 ... 
.s 
.6 
.7 
.e 
.9 

1·0 
1.1 
1.2 
1.3 
1o4 
1.5 
1.6 
1.7 
1.8 
1o9 
2.0 
2o1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
z.a 
2.9 
3.0 
3.1 
3.2 
3,3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 

6.1100 
lt,691 
3.491 
2olt31 
1-535 
.us 
.270 

-.108 
-.335 
-.433 
-.427 
-.346 
-.21ft 
-.055 

.110 

.26ft 

.3'18 

.503 

.577 
o619 
.632 
.621 
.589 
o5fo4 
oft89 
.429 
.36'1 
.311 
.257 
.zoe 
.166 
.1311 
.1111 
.076 
.057 
o042 
.031 
.022 
.015 
.011 

7o215 
ft.646 
l.ft13 
2.1t44 
1.532 

.822 

.274 
-.128 
-.315 
-.ft36 
-.ft55 
-.325 
-·222 
-.056 

.101 
o270 
,396 
.502 
.571 
.613 
.633 
.617 
.587 
.541 
.496 
.ft3'1 
• 362 
,308 
• 25/o 
• 211 
.172 
.132 
.104 
• 07ft 
.057 
.042 
• 032 
• D3D 
.01'1 
.016 

4.359 
3.'123 
3.487 
3o052 
2.616 
2.181' 
1. 71tft 
1.3(;8 

.872 
oft36 

0 .ooo 
O, Ol'O 
0 oDIIO 
o.ooc; 
~ .ooo 
0 .ooo 
o.ooo 
o.ooo 
lioOOO 
o.ooo 
0, OI'C 
o.ooo 
o.cu;o 
0.1'00 
0 .OilO 
o.ooo 
o.ooo 
o.oor· 
o.ooo 
o .ooo 
0 .coo 
o. 000 
0. 000 
o.ooo 
o.ooo 
Q, OliO 
0.0011 
0 .ooo 
o.ODO 
o.ooo 

Ta6mn~a 2. 
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I Q, 0 Cll 
I .1 CO 
I • zro 
I o3CO 
I .4CC 
I , 500 
I .600 
I , 700 
I , 8 CO 
I , 'I CO 
I 1, fl CO 
I 1.1 CO 
I 1, 2 CO 
I 1. JCO 
I 1,400 
I 1, 5 00 
I 1. 6 DO 
I 1. no 
I 1. 8 CO 
I 1. 9 00 
I 2. D CO 
I 2. 2 CD 
I 2,ftCD 
I 2. 6DO 
I 2. sro 
I 3, 0 00 
I 3, sao 
I ft. oro 
I 4. 500 
I 5. 0 00 
I 5, 5 DO 
I 6. 000 
I 6. 5 to 
I 1. nro 
I 7, 5 00 
I a. o oo 
I 8. 5 CO 
I 9, C CO 
I 9. 500 
I 1 O, BCD 

o.oooo 
.1598 
.316Q 
o461t7 
.6011 
• 718& 
.8C80 
.855'1 
.8432 
.7511 
.se:n 
• 3'152 
.2515 
.t7C:3 
o11t2'l 
.1439 
.t601t 
o18ftlt 
.211'12 
.2 32~ 
.2~11 

.2768 

.2871t 

.2893 

.2860 

.2804 

.21t32 

.2057 

.1755 

.1522 

.131t0 

.1264 

.u '16 

.1135 

.1080 

.1021 

.0~83 

.091t1 
• 0 '10 3 
.Oit67 

0. t 0 30 
• 3191 
• 6311 
• 9283 

1.2012 
1ofo3f>lt 
1. 6157 
1. 7117 
1o6863 
1. 5010 
1.161t5 

• 7869 
• 500ft 
• 31t34 
• 2855 
• 21178 
.3214 
• 3682 
• 4175 
,ft&31 
.5D15 
• 553ft 
• 5752 
• 5776 
• 5713 
• 5606 
.'+856 
• 4114 
,3502 
• 3D39 
• 2670 
• 2521 
• 2386 
• 2269 
• 2159 
• 2J55 
o1963 
.1878 
.18D3 
o17Jit 



I 

---~----~-~~---~~!~~----v~~~--~---~~~2----~!~~----~~!~~-
o.o 

.1 
• 2 
.3 
.It 
• s 
.6 
.7 
• 8 
.9 

1.1! 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.6 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.~ 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3·'+ 
3.5 
3.6 
3.7 
3.8 
3,9 

4o0CO 
3.1&7 
2.1,5& 
1.852 
1. 341 

.910 
• 549 
.24a 

o. 00 0 
-.203 
-.3&a 
-.499 
-.&t2 
-.681 
-.71+0 
-.781 
-. 808 
-. 822 
-.82& 
-. 3ZJ 
-. 612 
-.796 
-. 776 
-.752 
-.726 
-.698 
-.6&6 
-.638 
-.&c8 
-.578 
-.548 
-.518 
-.489 
-.461 
-.434 
-.r.oe 
-.383 
-. 358 
-.336 
-.Jilt 

7.861t 
lt.256 
2.1t93 
1.7C6 
1.3Cit 

.897 

.566 

.21t6 
-.006 
-.211 
-.388 
-.5(6 
-.622 
-.692 
-.753 
-.788 
-. 616 
-.827 
-.832 
-.829 
-.820 
-. 8t6 
-.78& 
-.763 
-.713 
-.680 
-.661 
-.639 
-.613 
-.581 
-.548 
-.514 
-.461 
-.449 
-.lt21 
-.397 
-.376 
-.359 
-.31t3 
-. 330 

Ta6HHua 3a. 

7. 6&1t 
... 279 
2.541 
1.785 
1.1t19 
1.053 

.771 
• 501 
• 302 
.155 
• ~33 

-.033 
-,099 
-.125 
-.11t9 
-.152 
-.155 
-.11ta 
-.142 
-.134 
-.126 
- .11a 
-.110 
-.104 
-.071 
-.055 
-.055 
-.056 
-.051t 
-.oso 
-.(lltlt 
-. 036 
-.028 
-.020 
-.014 
-.010 
-. 010 
-.014 
-.021 
-.034 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o. 00 0 
-. 806 

-1. 73 8 
-2.7&1t 
-3.842 
-It· 921 
-5.955 
-6.886 
-7.66 8 
-8.261t 
-8.647 
-8. 80 3 
-8.73& 
-11.4&1 
-a, oo 3 
-7 .ItO 0 
-6.692 
-5.922 
-5.129 
- ... 349 
-3.611 
-2.937 
-2.34!1 
-1. 82 7 
-1· 397 
-1.Dit7 
-.769 
-.553 
-. 390 
-.270 
-.1a3 
-.121 
-. 079 
-.050 
-. 031 
-.019 
-. 012 
-. 007 
-. 00 It 
-. 00 2 

-.324 
- 1. 0 9 3 
-2.099 
-3, 272 
-lt.541 
-5.826 
-7,1J31t 
-a. o 43 
-a.753 
-9.097 
-9. 0 81 
-a. 76& 
-a. 250 
-7.62a 
-6.966 
-6.307 
-5.661 
-5.0 30 
-It, 411 
-3.808 
-3. 227 
-2.681 
-2.182 
-1.735 
-1.352 
-1. o~oa 

-.770 
-.555 
-.lt03 
-.287 
-.203 
-.139 
-. 089 
-.060 
-.o~oo 
-.027 
-. 020 
-.012 
-.014 
-.004 

Tac>mu~a 36. 

-.324 
-.175 
-.188 
-.253 
-.303 
-.314 
-.zqz 
-.21tlt 
-.188 
-.13& 
-.097 
-.r7& 
-.Goa 
-.~73 

-.o8o 
-. 090 
-.Cqlt 
-.fl'l4 
-.087 
-.075 
-.0&3 
-.047 
-.035 
-.~23 
-.G01 
-.uo& 
-.013 
-.301 

.001 

.ooo 
.1)05 

-.or.3 
-.0~1 
-.OQ3 
-.111)1 
.oat 

-.1!01 
.1!09 

-.C02 
-.012 
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