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IlporpaMMa SP£CTR Birn!CJIIIeT To-.I<H crreKTpa rro.rry6ecKoHe'<HHX 

p8.3HOCTHEiX RpaeBHX sa,u;ati B COOTBGTCTBl:lll 0 8JII'OpHTMOM, H3JIOJKElliHHM B 

I I f. OHa cocTonT 1!3 ,11Byx -.acTell - aHaJ!liTH-.ecKo:l! 11 "qi!CJIBHHol!:. A!I8JIJI
Tir«ecKM -.acTo rrporpaMMH pBaJ!lf30BaHa B Cl!CTeMe 11£PUCt: /2/ , -.l!CJieH-

Hail - Ha !13HKe FORTRAN • Ilo @YHK!li!OHaJThHOM)' HaBHa-.eHl!D Momo 

BbUJ;e..mrTO 7 OCHOBHI:lX 6JIOKOB. 

~ 

de+: 

I. B!>BO.J1 xapaKTepl!CTl!"ecKoro ypasHeHHH: 

P e 
F(:F, .il)"' Jet II 2 AtZ -.u n =0 . (I) 

t=~'l. 

2. BHBO.J1 MaT~ R .11BTBpMl!HaHTHoro yCJioBKH B rrepeMeHHHX 

~, ~~, • • · le J<-2. , I~,· I ~ -i , e · = d ,-;"l. 
$ 

E.(~)( I- ~4ioz:') 
rJ.:f ') 

(2) 
=o 

' 
~· - rrpocme I<opm< xapaKTBpl!cTl!-.eci<oro ypasHeHl!.f! (I), MeH1'>IIIl!e 

IIO MO.J1YJriJ I. 

~..!l-
3. llpeo6pasoB8Hlle CTOJI6I(OB MaT~ fG : I1BpBX0)1 I< Cl!MMBTpll

-qeCKl!M o)1Hopo,ll,lmM MHoro'<1IeHaM p,. ( <t",, •• ~<t"~) , I a!j f ~ 1. , '~ f, :Z , -2 .,; 3 • 
4. B!rn!CJIBHl!B IIO cpopMyJiaM H:!,moHa He06xO;I~HMHX Bllp!IZeHl!J! 

SJ = s,. (x, !I .c) , $_- = lt'.,i.,. ... .,. ce.'· J£.J s:t i=>' 2 
'2." ' '<1 u ) I. J ,_, 

X=:E<e· "= flz. 2 <.3 
,::., " ' d l=t e ' - .1 

i! - CIIBKTpaJThHHl! rrapaMeTp, 

5, Ilpeo6pa30B8Hl!B Cl!MMeTP!!-qBCKl!X MHOro'<1IBHOB P./(£.t,,,., a!"9 ) 

K Bli.J1Y P.· (X ,g > ..0) , BI;BQ)1 ypaBHBHll.f! c/e i: .€ u (X ,.f/, i!) , 

I 



6,. BHBO,I( nepBHX ,n;Byx ypaBH€IDii1 CHCT€MH, CB.fl3hiBaJOO:tUX rrepeMeHHI;le 

!=.,( ~, !1, ~) =0 X,!:f,~ :{ 

F._ { x, !f x) = 0 (3) 

clet H. (~, Y, x) =0 

~ 
7, AHalmTII-.ecJtoe perueHJ<e CHCTeMH ( 3) ; rrepexo;I\ I< yprulHeHim OT 

o,llRo:l! rrepeMeH!Iol!, 

8, 0CB060ll,11eHJ<e OT !Ipplli(HOHaJII,HOOTeil, Ilpn KB8,IijlaTII'li!Ol! 3aJl!!CII
MOCTH rrepeMeHHHX IT0Hyq€HHO€ B TI.7 Yp8BH€HH8 CO,I(€pmHT p~KaHH BTO
poft CT€IT€IDI. 0CB060~aHCD OT :MppanHOH8nDHOCTeM, rr~aeM ~rnorOqReH 
OT O,llROJi rrepeMeH!!Oli (OT )( , .f Will £!: ) , 

E.l!OR IY 

9, Pe8JIJ!31li(HH cxeMH Payca /3/ = MHoro'tlleHa OT rrepeMeHHoli .C • 

.§!!2!Ll 

IO. Co3~aHJ<e Ha6opoB 1\aHHHX, COI\6J!l1!8111ID' CJie.J1Ylll1Y!O Irnljio]lMaJI!!D: 

a) KOa<Mam;HeHTH nnrryqemmro B n.8 MHorottJieHa; 
6) COOTHOIDOHI<H, CBH3Jmalli1II9 rrepeMeHHHe )( , J' , if (rr,6); 
B) R03~eHTH xapaKTepac~ecKoro YpaBHeHMH, rrnnyqeHHoro B rr.I; 
r) .n;eT€pMKH8HTHO€ YpaBHSHHe ~ B~~€HHH RpaTHHX TO~SR CITSRTpa; 
;I\) Koa<Mam;HeHTH YpeBHOHHH )l;JIR BuqHC~eHI!H KpaTHHX ~ 

E.l!OK YI 

II, Bll'I!ICJieHI!e KopHell MHoro'tlleHa P ( .!/) • 
I2. BH'mCJieHJie ~· = 'I' ( '(>( .Y,;) , <t ·) 
I3. OT;I\MeHI!e mlKilllX TO'IeK crreKTpe, .;?· , /:ii/ '1--f !IBJU<eTCJI 

TQ'qRQ~ CITlRTpa,eanH H TanDR~ ecnH COOTB8TCTBynmH8 

.t· = !! 9!.· ( '?')) 1;· =?~'(.C.,;)) I <e.· I u ) t' _< .:J. 
~-" e.:' 

I4, IlpoBepKa rrM]'IeHHHX pe3ym.TaToB, llcJm -?· - KOMMeKCHoe, 
BH'IHCJIH6M 3Ha'I6HI!H ;I\6T6]lMirnaHTa (2) )J)IH IIOCJI6;I\OBaTeJIDHOCTII IIpll6~

llt6HI!l! {~:·'(~.>], llcJm .i!.J· - B61ItBCTB9HH06, H8XO,li!IM B~cy: 
a'a ~( ~· -t). a'et .R.(:C,· .. c) <0. 

E.l!oK YII 

I5. BI:Pm:CJieHHe Rp8THHX TO"~JeR crreRTpa. PemaeM ypaBHeHHe 

i. t Ae al" = o. Ilo ~· , I et;·/ :S :{ 
t'•· t. 
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B!l'lliCJU!eM .ft· • J/.Jm .i',; , I i!J I ~ i 1!3 xapa.KTepi!CTI!'<eCKoro ypaB-

HemrJI (I) HaxO)lHM ~· <'= L, 2 , It£; I ~ i 
I6. IlpoBepr<a .!(eTepMI!H8.HTHoro YMOBIIJI I1JLI! KpeTIIEIX TO'l:eK cneKTpe. 

J/.Jm -?· , I i!j f ~ :1. 11 OTBe'IIOOiliiX 11M KpeTHIIM Ci! : BH'!IICJ!eH!Ie sHa

'l:eHl!il .!(9T9pMID!8.l!Ta )lJLI! IIOCJI9.!(0BaTeJThHOCTJ! IIPJI6Jml!teHIIll { ~(k) ( "ft) J • 

Ilpi!MeP'< Jicnom.soB8.HIIJI nporpaMMH .SPEC T ,€. 

B nepBm< lJ.HYX npi!Mepax HCCJ19.J1Y')TCJI .!(OII01IHI!!TeJThHH9 rpaH!!'l:HHe 

YCJIOBHH ;I1.JJ.H. OXeM MBKCHMaJThHOro He'tleTHOro TIOpH;IUta TO'qHQQT]{, HamiCaH

HHX no HeCl!hft,eTpii'l:HOMy 'l:eTHOMy Ha6opy TO'<SK I 4 / • 

IIpnMep I 

i!CXO.!(HaJI H9IIp9j:HBHM Kp99BaJI 3!\l(a'l:a 

{
ue..-u.=o, t~o, .x~o, 

U(,K,o)=l(x), a(o,t)=O, 

aiiiipoKCI!MIIpyeTCJI pe3HOCTHOfi Kpe9BOfi S!l,J(a'l:efi 

u"'< f n 9 • .9 n 1 n 
y = -f6 tl Y-~ .,. jfj (I Y-< .,. -f6 (/ y -fG t/ "'"' 

n;,.o, v~z; 

(I; = I ( Yh) J y.., (); 
n 

u. : () ' 
{J AH .f" n f5 n .f" • { L/ n 

1 = jjtl,. " ;j Lt1 - ;ctt.._ + fG .I 

(4) 

Ilo~K annpoKCHM!l,J(HII Ha pemeHHH eon 0( h1
) • Ailre6pa!I'l:eCKaJ< s!l,J(a

-qa BWmCJieHWI "rrpoCTbiX TO"WK CIIeRTpa" CBO,nl!TCH R pememm Cl!CTeMH 

{

IK/- .9 z,"-r .fC .?"/ .C - .9 te,. ; f = tJ 

<l'z.
1

- .9tP/ .--tt'.ll!/ 2 -.92'z ;{ =tl 

~z.,. .lf~ ...rt•/ -s(.r:,•~)rf'S -?'6"~=0, /.i!:l ~ d . 

!loCJie saMeHH nepeMeHHHX X = £, ".!il!~ 
t":: ~, .Z , liOJIY"i8eM OKCTeMY 
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~ - rro-rrpel!!leMY crreKTpa.m;HHl! rrapaMeTp. .L 
!Is rrepBW<: .llBYX ypaBI!eJml! Haxo)11!M .?=(9-x•,y)/f'o ,A'=.f~.9J'. 

lloaxe~OBSTS~HO llO~CTBBnSH 3TH B6pa36HHR B ITOcnenHee YpaBHBHHe, 
rrwryqaeM 

Js;_ ""¥ t r r~ J'J -.;r.J'" '"GJ' - f' ""o . 
Pac-qem noKBSimBilT, 'liTO HBT TO"tJ:eR cneRTpa B odJ:racTH I & I ? ~ 

Il!l!!Mep 2 

Herrpep!lBHM K]J911BM sa.rta'l:a ( 4) anrrpoKCI<Ml!pyeTcl! pasHOCTHoli 
KpeeBoli sa.rta'<ell 

(/ """ _ .:l n _ .:!.£. A + !££ 111 ~50 11 A n y - -lsG"•-s .<s&t/,_~ .ls& v,_,' _ vy _ .<s v .,. L- v ~ .lso .lSG n• .ts-6" >" 
h~O,Y~3, 

t/; = {(Yh), Y~O, 
• 

". =0 ' 
u:'': f'!...vo",dfSt/:-{£!lv3.'+ t'.l6"u;- ~.s-t/• .,._t_ t/• ~~o <:>G .tsti .tso <s6 " .<so $" , 
t~""" ~ " ~1/S " -t~O n "' ..[~ , 4 " . .. =-.t5"6t/o r atlr '.f.iit/2. -,;~0 + 2?6{/" - .t5"6 {/$". 

Ilopl!l(oR arrnpoKciiManroo: Ha pememm o ( h S") • AJire6paeqecKM 
s~a-q:a BH~CXeHRH "rrpOCTaX TO~K Cll9KTpa" CBO~TCR R pemeHHD OHCT9-

3 ~/·-.<s1/+ ( fso-<s6~)r/ +1':><!?.2',"'- <:rK, +J ~o 
3:l:t-.<:s-z-/ +(fstJ-.ts6 i!)r} +f':s-t7~· -.l.SK.. +.3 =o 
:;S" '( J .. ., .23 -.<':>~ + -fsO --<'.5"6i!)2'.J +1'.st?.tlj -.zsrJ ,...3 =O 

1 f ( 

ciet ?', (~) =0 

~ .. (a-J) , JZ:J )}.1., 

'e,(a:)=6a• ( .3ts-.z:>6i!)a: -.uoa:-< dZG<J:J-¥szo" + i' il' .$" , 
· ~(a:)= -7'+f'OS<1!+(.UO-.l.S6:C);e-<-i'O£+.UZ" -J.Z-: 
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B Hon:n: nepeMemru:x: x = il"',..,. .ll'"'z. ., z~ , J' = «"'.,.. ~ ~ , I~~· I s 1 
t. =: :f. 1 3 1 ITOJIY""Q:aeM CKCTeJzy 

-.9xy~rsox'j- ~ 76"J' xy .e- ttli'S" .tj' -I'J'x +.9J'"- 6~17tlJ-.e + 

+ ~<OO,f +i'S = 0 

-J'x} -.3X.Y3+.<S"y3 +.<Sj'z+.<So.j'-C -1'.3Vy -.3 =0 

.z i' x'j- 3-.9.< ;zx}-' +J't..r ';y~' -6'.9-f<x J-J-< dS"Oo-?x :;-..r...d'-r.x) ~.,. 

+ Sftll(x"'J'f_e -.Z.3~.9x-',y f+t'S.?.ZS6q~ - 1'1-'YO I'Y -r')J-

- fi'S"f x'j-~-SOff.Z.t'j- fc + I'J"YSOx"j-"+.<YSi'trO ;r',j-J..C <!-

- f3.9-1fi.i.zxJ-~ +J"WS"I'ox~"'-..?,r..?<-r:¥~ t-fd'J0.3x}"-'P;K~-

- Rf Xjs_ f~<..itrJ' x.,y "..e"+ f0<6'.<Y.Kjffg -d'·N'f'f' k !I t-

-.iS U. SCOXJ'~z + U.Z0.3S-l.KJ-3.e -.<.9J'.3.9.<.3 %.}' 3 + 

+ -f.t.tl31'Y XJ~ -.9J'.9-f.9 -Xjf<. -.9-<.i'Xjf -S"t'J'f J'.r..e + 

+ f6'1f ,f''- '/.9-fS.Zj'+.i! + .Zftr.:1.9jr + .-;.<SJ'<. .91'.Z.f 3 ,eJ-

- 33'1Z33oj'"'i!~- .9f"f'S.(?tl0j'3i! +.:1d"J'SS<J-"-.9.1'.3tl'fJ~i!<.-

- .zq .3tr'f<f'j'<-i! + -r;r.J>d',rsj(z_.ZJ'J'o jfi! +.3<.9f .7 +.Z-7 == 0. 

Peme:Eme ST0~1fl!CTSMbt: pBO,ItHTCJI R pememm llOJmHOMllaJThHOI'O ypaBBemm: " ( ) ... , '" .Y = <:o a;. ! • a, - 'lliCJIOBHe K08iMm~HeHTH I 4 /. 
Pac'tleTH ITORaSHBaDT, 'tiTO CIISKTp JISXHT BIJYTpll e,1UUI1ii'IHOit 0Rpy3Bo-

CTH. 

il!l!!Mep 3 (IIJli!Mep Ci.roYHa I 5 I , 16/ ) • 
JICXO,JIHM Heiipep;BHM KpaeBSH 38,118'18 

{

Lit =C{f;c, C>O, X'r-0, 

o(x,o) = tt(.x) · 

aiiiiPQI<CBMI!pyeTCJI pa3HOCTHOl! KpaOBOll 38,118'181! 
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• s 6'(.t~d <. 
.;!", - J' ;;r, .,. 

,.! 2 a:", + !' 3!', -f =0 

• J' 3 <7z - ~ + 6(;e'-');r.~ +d'Z 
,.! 2 " .. 

-1 =0 

G,(.l,z:,.,A,__v) Q,{i!,a<;.,.A,/') (5) 

=0 
'12:/i>i, 

6l.{.t,~r,A,ft)= j (2.':.-f),. ';:"r.c-tf+-.C(H-t'R:e~~«! .. --<z3), 

B HOBHX nepeMemmx. X= til'" + ~ , y .: R',. ~ , I.?,· I s :t 
(,. = :1. _, .Z , IICl.JIY1laeM CHCTeMy 

-xyi! +!'X.f'i! <-J'"".C -1'-<,Y..t
4

.,.1'-<.f' -i! =0 

-x,y'- -A' ~!',y"'.,. J'j =o 
-1/f'tJA'~ 3- i'S.Z x"'z"'+S2 X~ -.<1'6" A'j' .C

3
.,..<'1'0.X.Y i! <. + 

+ t'6'J' xy ..t ~,!''1'0% .c3 -rJ"1'6' A'i!.z -Jax i! -r't'.P y'-.c < + 

+ 111'-Z y.c 3
- 1'36'0.Y..t 4

-.!'tJd' y i! -~YS i!: y -ROY i! 
3 

+ 

+ .Jl.J' i!-<.,. SYO .t - .?i'3 =0 . 

PemeHne 3TOfi CBCTSMH CBO~TCH K pemeHHD ITnrrKHOMRanDHOro ypaBH6HHH: 
p ., I' . 
~~ (':!) = lo CliJI" ~' 

Cli - 'll!CJIOBHe lt0~9HTH. 

6 



JJ;m ,I = '/z. , fi "' ._ / Z. llli'II!:CJI9HS TO'!Ka CII9RTpa 

i=(-0,10.<.?; 0, I'S3J') , I~ I = !,307. "KpaTI!IIX 
TO~SK CITSKTpa" HST. 

IIPJ!Mep 4 

Hcxo)1llaH HenpeJliBHaH RpaeBaH aa,J~a'Ia 

{

u, =V"x • )( ~()' t ~0' 
Vi= tl", tt(..l',o)=l/(.x), v-(.K,tJ)=,?(;r), 

q ( o, -6) = 0 

rumpoxcHMI!pyeTCI! no cxeMe PycaHoBa I 7 I TpeTDero IIOPJl;IIKa TO'IHOCTI!. 

He~OCTaromHe ITpHrpaHR~e TOqKH C~TaDTCH ITO CX8M8 BTOporo ITO~Ka 

TO'IHOCTH - cnyqafi I,no cxeMe-TpeHore - cnyqa~ II/8l XapaxTepncTI!'Iec

KOe ypaxHeHKe 8- fi cTeneHK 3KBHBMeHTHO l1HYM ypaeHeHKI!M 4- ~ cTerre-

HK 

z~-3!3-(-<~- ¥J'~)Il!"-3-tlil!! .-y:o, 

'/z~ -.!fll! 3
- (.<t'- 't'd".i!)Z .. -.3! .- L =tJ. 

(6) 

(7) 

EcTb 4 COdCTB8HHUX 3Ha~8HHH, M8HhrnKX ITO MO~XD I,z ~ 

A = r / h = ~ /z. aJII'e6paH'IecKaH aa,J~a'IS BwmCJieHM" npocT!IX TO'IeK 

CIT8KTpa" CBO~TCH K p8lli8HllD CHCTSMH 

.:1"/- dl'/- ( .(-1- ¥J' ~ )<7:/ -3-1 dl', '""' = 0 
t 3 ( • 

~ - ~ - .U--'t'J'.i)dl'z. -31'~ rf' =0 

h ~ .I ) .. 7K, -31'/l!.J -(.<1'-M'.i! Z 3 -ilj rt'=O 
(8) 

""~~ 3 ) .. "'" .. - 3f£~ -(.<f-f'J'z z~- z~.,. -r=o 
olet 1< ( ;e,, ~ , ;r .. , ;;e., , .e ) = o , I :c I ~ ::( . 

' 

EeTepMKHaHTHoe ypaeHeHKe ~IBHHeTcl! MHoro'!HeHoM Bame 6-o~ cTene

HK oT 5-TH nepeMeHH!IX HHI! o6onx BapnaHTOB rpaHK'IHIIX yCJioBn~. Ilpor

paMMa BHBOHKT CKCT9My (8)~ OHIISRO nepeXOH K HOBaM nepeMeHBHM llpHXo

)1l!TCI! BWIOJIJIJfTD BJlY'II!YlO fi_ KOpHl! :t!(i!.) ypaeHeHKJI (6) K(7) SIBJLIDlT

CI! BaaJ!MH0-.00paTHaMK ~I!Ml!. !lyCTD 
4 ~ . 

)( = ;;('3 +il'~ , .f = z_. z,. , /.?'.· I ~ i , t = 3, 't' , 

-· ot,· - pemeHKI! ( 7) , '"i 
Torl1a Ha (6) l! (7) CJie)1YeT, 

- pemeHKsr ( 6) • 

'ITO 
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' 
.i!, = 9.J't-X (~-;r)" tj_y,..zt 

~.!' 

3JreMeHTH ,IJ;eTepMHHaHTa B rrepeMeHHHX X , !I , ..C JierRo IIOJIYllaeM 

ITOCX8 3~8M6HTaPENX rrpeo6paaOBaHH~ CT~6rrOB /8j. Terrepo MOXHO B0306-

HOBHTo pa60TY rrporpaMMII. B CJIY'l88 rrepBoro BapHaHTa rpa!!lf'liii<X YCJIO

B~ S~~ BH~CHSHHR "rrpoCTHX ToqeK CII8KTpa" CB€,IJ;8Ha K pemeHHD YpaB-

'' . 
H6HIIJI P.,, (!/) = ~ tl.· ;-' = CJ 

1 
&#() 

Cl.: - 't!JiiOJIOBI:l€ K0~8HTH. BwruCJieHa TO't!Ka CII8RTpa 

i! = -1,063. Bo BTOpOM CJIY'lae ITCJIY'l8HO ypaBHSHHe 
$ . 

Pg(_y)= ?.#.· v'' 
&:11/.) r:r 

t: - 'T.JliCJIOBE:l€ It09!f$ID;a8HTli. 

CrreKTp JI8:atl!T BHYTpli S.rr;IDrn't!HOfi OKPYXHOCTH. 11Kp9.TlillX TO'I:I8K CII8KT

pa" HST. 

ilp!!Mep 5 (M.CyRa /9/). 

Hcxo.n;HM HerrpepNBHM Kp8eBM s~a-qa 

[ti~ = t/" , X ~ 0 , t ~ 0, 

Ltt(o, t) =O, 

arrrrpoRCRMHpy8TCR ITO CX€M8 l{pa.HR-HHKOJI&C OHa 

= !.. '"'ru - tl,.., 
( 

/ i /H-f ,.,.'( 

z Zh + 

". - '-'C 

Pememre CIICT8MEl ,IJ.JIJI Bl:ftmCJISHim "rrpOCTHX TO"tieK CIIBRTpa" 

{~ ( i!u)( a'/ -f) -r31', r~- it)= 0' 

~-f. • A ( -t-31',) =0 

CBO~TCH K p8ID8HHD yp8BH8HHH 

X = 31'• I ae, I ~ f. 

TO't~Rn cneKTpa %.., = ~ .z. = i. , 

;r 3-s-x2 •rX -.3 =0 

A= .T/;, = 1 /z 
:l.J = .<: 

8 
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!Imu.1ep 6 (t;J.CyHa /9/, /IO/). 
3a,r(aqa (9) armpoKmr.mpyeTCJJ: no cxeMe Kpa!icc-OJmrepa 4-ro rrop!l;I(

Ka TOliHOCTH 

fl+1 lf~f 11 , 
tly - tl... +' t/y.u- ttl'., 

.t. :r = y· z;, 
n 

u. =0 • 

"IIpOCTEle TO'tJlGI CITSI<:Tpa" C , I i!. I ~ 1 i!BJIID:!TOH perneliiD<Ml! CI'!CTeM!I 

6(i!.~-f~!J>r. _.,. =0 
tli!. ' ' 

o(r.'-'f>z~ J'K .. _.,. ==0 
tl i!. ~ 

t 
de1: =0 

' 

t.'= i, .Z r IIQ.JIJ"3:88M CRCT8My-

f
;r'J_e rd'X.Ji!. r.J'~ -t"..t.,J.i!.<.d.Z~-.C =0 
Xj"- X +-.f'~.l rJ",j =0 

.Zx2~- f.<.X.r. -.lcf.i!: +f"s.r."-.9 "'o. 
tl . 

Ee perneJme CBOMTCH K HaxOli!,IJ;8HIIlO perneJml! ~,(!/) = ~a, !I' = 0 
1 

t =(} 

Qi - UCJIOBbiS K08@Jmtu"8HTH • 

Pac'ti'eTH rroRa.af:lBBJJT. 't!To CHeRTp JiemrT BHYTPH e,IO!lllPmoa ox.PYE
HocTH. 
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