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KaMaHHH B.B. 11 - 10492-l 
PeweHHe o6parHblX 3aJla'l ·HaXOlKJleHHSI repMOJlHHSMH'IeCKHX 

xapaKrepHCTHK liJlpa no 9KcnepHMeHranbHbiM Jl8HHbiM f'r /[' n 

H ~X B MOJlenH c nocroSIHHoii reMneparypoll 

Pa3pa6oraHbl nporpaMMbl Jlnll peweHHSI o6parHblX 3aJla'l HaXOlKJleHHSI 

repMOJlHH8MH'IeCKHX X8p8KTepHCTHK S!Jlpa B MOJleDH C nOCTOSIHHOii TeMnepa

rypol! no 9KCnepHMeHT81lbHbiM Jl8HHbiM 9HepreTH'IeCKOli 38BHCHMOCTH 

I( /['n (E*) H 9<1$eKTHBHbJX BeDH'IHH ~)( 
3

dxb, H3MepeHHblX C nOMOWbiO 94>4>eK

ra TeHeli B pe8KUHSIX H8 MOHOKpHcranmi.feCKHX MHWeHSIX. OporpaMMbl 

H8nHC8Hbl H8 S13b1Ke <I>OPTPAH C HCnonb30B8HHeM CT8HJl8pTHOii nporpaMMbl 

COMPIL, B ocHoBe KOTopoii nelKaT perynHpH30BaHHble HrepaUHOHHble 

npouecCbl faycca-HbiOTOHa. 

Pa6ora BbmonHeHa B Jla6oparopHH SIJlepHbiX peaKuHii OvHIH. 
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1. BeeoeHue 

3KcnepHMeHTanLHMe AaHHMe JHepreTuqecKo~ JaBucu

MOCTH OTHOWeHHB AenHTenLHO~ H He~TpOHHO~ WHpHH pac

naAa BAep r f I rn B o6naCTH 3HeprHH B036y)I(AeHHB 

40 < E * < 120 M3B MO)I(HO BocnpoHJBeCTH B MOAenu 

c nocTOBHHO~ TeMnepaTypo~ B npeAnono)l(eHHH T" 
=const H Tc =Tc IE* + k(E*-E*) - cna6aB nuue~HaJI *!I; Jo o 
4JyHKl.(HJI E · , T n H T f - TeMnepa TYPLI JIAep nocne He-

napeHHJI ue~Tpoua H ua Bepwuue 6apLepa AeneHHJI, cooy

BeTCTBeuuo. llapaMeTpLI MOAenu Tf IF*=T( , k u B'f 
/)I(HAKOKanenLHaJI COCTaBnBJOll.(aB 6apLepa AeneHHJI/ CHCTe

MaTHJHpoBaHLI B BHAe rnaAKHX 41YHKI.(H~: T( (Be -B n) 

k(B( - B n ) H B( (Z 2! A) , 8
0

- JHeprHB CBBJH He~Tpoua. 
3TO AaeT BOJMO)I(HOCTh C XOpOWe~ TOqHOCThlO npOHJBOAHTh 

pacqeTLI I( /rn (E*) AnB n106wx BAep BAHanaJoue 60<Z< 85, 
qyo, B qaCTHOCTH, He06XOAHMO AnJI TeopeTHqeCKO~ o6pa-

60TKH JKcnepnMeHTanLHMX AaHHLIX no BpeMeHaM )I(HJHH 

JIAep, HJMepeHHhiM C llOMOll.(hlO 34l4JeKTa TeHe~ I 2 ,:Ji. 

B uacTOBll.(e~ pa6oTe npHBOAHTCB CTPYKTypa nporpaM

MLI RATIO, c noMOll.(LJO KoTopo~ napaMeTpLI MOAenu 

onTHMHJHpoBanncL AnJI TeopeyuqecKoro BocnpoHJBeAeHHB 

3KCnepHMeHTanLHMX JaBHCHMOCTe~ rf/r 
0
{E*) paJnHqHMX 

BAep, nonyqeHHMX B peaKl.(HBX C TB)I(enLIMH HOHaMH OT 
11 

B, AO 
2

2 ~e/ /
4

•
5

•
61 u onucaua npoueAypa crna)I(HBaHHB 

napaMeTpoB / 1 

B pa6oTe npuBeAeua TaK)I(e nporpaMMa DELTA, B 

OCHOBe KOTOpO~ ne)I(HT MaTeMaTuqecKaB MOAenL, OllHCM

BaJOll.(aJI 4JHJHqecKyJO COCTaBnJIJOll.(yJO rny6HH TeHeBMX MH

HHMYMOB B yrnOBMX pacnpeAeneHHBX OCKOnKOB AeneHHB 
OT MOHOKpHCTannuqeCKO~ MHWeHH C yqeTOM AeneHHB llOCne 

ucnapeHHB ue~TPOHOB 171 . C noMOll.(LJO JTO~ nporpaMMM 
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pewaeTCH o6paTHaH 3a)J.a1.fa HaXO)I()J.eHHH BpeMeH )I(H3HH 
BWCOKOB036y)I()J.eHHWX COCTaBHWX H)J.ep B paMKaX MO)J.enH 
C llOCTOHHHOH TeMnepaTypoH llO 3KCllepHMeHTanbHWM )J.aH
HhiM rny6HH TeHeBWX MHHHMYMOB. Pe3ynLTaTW pacl.feTOB, 
llpOBe)J.eHHhiX )J.flH H)J.ep B )J.Halla30He 79 < Z < 89, CHCTe-
MaTH3HpOBaHhl B /7/. - -

IlporpaMMW HallHCaHhl Ha H3hiKe <l>OPTPAH c ucnonL-
30BaHHeM 6u6nuoTe'-IHOH nporpaMMhi COMPIL /6u6nuo-
TeKa nporpaMM OllJill, C40lj/l3/ .LJ.nH 3BM CDC-6500. 

2. 0CH06Hble COOmHOUieHUJI 

a/ p a c q e T rf I r n (E *) 

*" B pacl.feTax If /rn (E*) (GFN) ucnonLJOBanacL H3BecT-
HaH $opMyna/8/ B npe)J.llOflO)I(eHHH 3aBHCHMOCTH llflOTHOCTH 
ypOBHeH OT 3HeprHH B036y)I()J.eHHH p= Constexp(E*/T): 

I~ T k E * B E f E* B E ~ (E *)"" f o ex [ - C R - - n- R I 
f' 2 A273 T 2 p T T ' 

n c n f n 

r.LJ.e Ac (AC) - Maccoaoe '-IHCno cocTaBHoro H.LJ.pa, Tf ( TF) -
TeMnepaTypa H.LJ.pa Ha aepwuHe 6apbepa, T 0 (TT)- TeMne
paTypa H.LJ.pa nocne ucnapeHHH HeHTpoHa, Bf(BF) - 6aphep 
)J.eneHHH H.LJ.pa, B (BN) - 3HeprHH cagJu HeHTpoHa /II; 

n 
f 

ER ( ER) H E R (ERF ) - cpe.LJ.HjlH apa~a TenLHaH 3Heprug, 
COOTBeTCTBeHHO , COCTaBHOrO H)J.pa H H)J.pa Ha BepWHHe 
6aphepa, ko = 12,25 M:JB. 

Cpe.LJ.HHH apa~aTenLHag 3Heprug cocTaBHoro H.LJ.pa aw
'-IHCnHnacL B COOTBeTCTBHH C / 9/, llpH 3TOM MaKCHManL
Hag apa~aTenLHaH 3Heprug orP.aHH'-IHBanacL caepxy Kpu
TH'-IeCKHM yrnoawM MOMeHTOM ·· 10~ Bpa~aTenLHaH 3HeprHH 
B Ce)J.nOBOH TO'-IKe Bhl'-IHCngnaCh Ha OCHOBe )J.aHHhlX pa6o
Thl/l2/. 

~ 3.LJ.ecL H .LJ.anee B CK06Kax yKaJaHo o6o3Ha1.feHue Be-
nH'-IHHhl Ha BHyTpeHHeM H3WKe nporpaMM RATIO H 
DELTA. 
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6/ p a c q e T ~X 3:pcp 

,lJ;ng pac•IeTa BeflH'-IHH ~X:Jd:Jcp , HCDOflh30Banacb $op-
Myna, BWBO)J. KOTOpOH )J.aH B paooTe !7 I: 

1 n 
X (a ) = n ~ ~ X. (a) ; 

~ P. i>E() 1 1 

j,,O 1 

X. (a)= 
1 

1 
vr. stn a 

1 

i 
~ c. ! 

k=O 1 k' 

)3 r 
2D(vrk sin a [ 1 _0+--c-. --)x 
~-- vr stna R k 0 

rc ----
xe . 1 r )2 vrk s1na __ (--.!.:-.- e 

2 vrkstna 

---~-
+ vrk sina e 

vrk sin a 
I 

r 
c 

vrksina ]+ 

BenH'-IHHW aepoHTHOCTeu .LJ.eneHHH nocne ucnapeHug i 
HeHTpOHOB pi (AK) Bhl'-IHCflHflHCL C DOMO~hiO cne)J.yiO~ero 
COOTHOWeHHH: 

p err~ )i h __.! ___ 0 

(1+r.r 1r ). i=O 0+ rr 1r ) . 
n 1 n J 

BenH'-IHHW r(TIME) onpe.LJ.engnucL cne)J.yiO~HM o6pa3oM: 
r=h /(I~ ,r,), rc (Rc) - napaMeTp o6pe3aHug aTOMHoro 

noTeHu;uana, C ik /eM. 17 I /; D - napaMeTp, Y'-IHThl-
BaiO~HH OTflH'-IHe DOTeHD;Hana peanbHOH aTOMH0:3 D;eDO'-IKH 
OT HenpepwaHoro u;unHH.LJ.PH'-IecKoro noTeHu;uana 3apg)l(eH
HOH ocu; R 0(RO ) - pa.LJ.Hyc o6'heMa, npHXO.LJ.g~erocg Ha 
O)J.HH aTOM B MOHOKpHCTanne; V(V) - CKOpOCTh OT)J.a'-IH 
COCTaBHOro H.LJ.pa, a (ALPHA) - yron Me)I()J.y O)J.HOH H3 pa-
60'-IHX OCeH H HanpaaneHHeM ITY'-IKa HOHOB. 34>4>eKTHBHag 
aenH'-IHHa ~ x c yqeToM .LJ.eneHug nocne ucnapeHHJI HeHT
POHOB onpe.LJ.enJinacL KaK 

~X "'X(al)-x(a2). 3cpcp 
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3. HaxoJKOeHue napaA-tempoe MoOeAu c nocmoJIHHOU 
meMnepamypou 

01fCBH,D,HO, 'iTO ,D,nH HaXO)I(,D,CHHH Tpex napaMeTpOB MO-

,D,CnH Br , Tf' u k(EK) Heo6xo,D,HMo HMCTb KonuqecTao 

ypaaHeHHH M~ 3. )l,onycTHM, 'iTO HMeeTCH M JHepruii Bo3-

6y>K,D,CHHH' ,D,nH KOTOpbiX H3MepeHbl OTHOWCHHH If I r (GFN(I)), 
I I ,2, ... ,M. II 

Tor,D,a HMCCTCH CHCTCMa HCnHHCHHbiX ypaBHCHHH OT

HOCHTCnbHO HCKOMbiX napaMeTpOB: 

I' f ( --) 
I' 

II 

. . f 

T; k " E'- B ~- E H E * - B 
11

- En 
= --------- cxp I------;--- - --------- 1 , 

2A
2

,.:l T~ T; Til (xx) 

i = 1,2, ... ,M. 

B Tex pa6oTax, r,LJ,e npuao,LJ,HTCH JKcnepHMCHTanbHbie 

,D,aHHbie o 3aBHCHMOCTH l'r II~ (E * ), M > 3. C ,D,pyroii cTo

poHbi, HCB03MO>KHO OT,ll,aTb npC,D,llOlfTCHHC KaKHM-nH60 TpCM 

TOlfKaM H3 MHO>KCCTBa M, llOJTOMY CHCTCMa(xx) CTaHOBHTCH 

nepeonpe,D,eneHHOH. 

3a,D,alfa lfHCnCHHOrO peiiiCHHH nepeonpe,D,eneHHbiX CHCTCM 

ypaBHCHHH HBnHCTCH HCYCTOHlfHBOH no OTHOWCHHIO K Ko

ne6aHHHM BXO)l,HbiX ,D,aHHbiX H OIIIH60K OKpyrneHHH npu pa-

60TC 3BM. C uenhiO npeo,D,oneHHH JTux TPY.D.HOCTeii npo

rpaMMa RATIO ,D,nH peiiieHHH cucTeM · ypaaHeHHH Tuna 

(x x) 6brna ocHoaaHa Ha cneuuanhHO pa3pa6oTaHHOH ,D,nH 

peiiieHHH no,LJ,o6HhiX Ja,D,alf nporpaMMe COMPIL · 13 / llpo

rpaMMa COMPIL 6a3upyeTcH Ha nporpaMMe REGN c 

anropHTMOM, OCHOBaHHbiM Ha perynHpH30BaHHbiX HTepa

UHOHHbiX npoueccax raycca- HblOTOHa, H npe,D,Ha3HalfeHa 

,D,nH nocTpoeHHH ycTOHlfHBhiX HTepauuoHHhiX npoueccoa / 14 ' 

TeKCT nporpaMMhi RATIO, 3a HCKniOlfCHHeM nporpaM

Mhi COMPIL, npuae,D,eH B IIpuAoJKeHuu 1. 
Cne,D,yeT OTMCTHTb HCKOTOpbiC OC06CHHOCTH pa60Tbl 

c nporpaMMOH RATIO. 
MaTpHUbi JIK06H, COCTaBnHIOIUHC OCHOBY o6meii HTC

paUHOHHOH cxeMbi B nporpaMMe REGN, 4JopMupyiOTCH c 

6 

noMOIUbiO qacrHoro .D.H<WJepeHuupoaaHHH IPYHKUHH Y = GFN(I) 
no HCl<OMbiM HCH3BCCTHbiM. 0,D,HHM H3 CnOC060B ,D,H<WJe

pCHUHPOBaHHH HBnHCTCH lfHCnCHHOC ,D,H414JepeHUHpOBaHHC 

/Knacc D /. 
OnbiT pa6orw c nporpaMMOH RATIO noKa3an, 'iTO 

HaHny•HIIHM BapHaHTOM B Knacce 0 ,D,nH pCWCHHH CHCTCM 

(xx) HBnHCTCH ,D,H!lJ!lJepeHUHPOBaHHC C WaroM, 3aBHCHIUHM 

OT HCH3BCCTHbiX. 3TOT npouecc peanH3YCTCH npHCBOCHHCM 

/cM/
13

1, crp. 18/ lfHcnoaoro 3HalfeHHH oneparopy D. TaKoii 

Bbi6op mara .D.H<WJepeHuupoaaHHH uenecoo6pa3eH BBH.D.Y 6onb
woro pa3nHlfHH (-104

) B aenHlfHHax napaMeTpoa. 

llpHMCHHeMax B nporpaMMe REGN "a.D.,D,HTHBHaH pery-_ 

nxpuJauux" HTepauuoHHoro npouecca ocyuteCTBnHeTCH paJ

nHlfHbiMH cnoco6aMH npH nOMOutH npHCBOCHHH O~C,D,eneH
HOrO lfHcneHHoro 3HalfCHHH onepaTopy EI /cM/13, crp. 11/. 
0nTHManbHbiH pe3ynbTaT peWCHHH CHCTCMbi (x~ C TOlfKH 

3peHHH MeTo,D,a HaHMCHbiiiHX KBa,D,paToB HISQ c HaHMCHb

WHM KOnHlfCCTBOM HTCpaUHH ,D,OCTHraeTCH C nOMOlltblO aa

TOperynHpH30BaHHOrO npouecca nepaoro Tuna, npu JTOM 

EI =E.,, r,D,e E 0 - 3a,D,aaaeMax nocTOHHHaH. 

llpu pa6oTe c nporpaMMoii RATIO B 6onbiiiHHCTBe 

3a,D,alf Ha6niO,D,anOCb MOHOTOHHOC CXO>K,D,CHHC peiiiCHHH, 0 lfCM 

MO>KHO 6wno CY,D,HTb no MOHOTOHHOMY y6biBaHHIO OT HTe

pauHH K HTepauuu aenulfHHbi HISQ. 06bilfHO ,D,nH nony

lfCHHH PCIIICHHH CHCTCMbl (xx) 6binO ,D,OCTaTOlfHO 3a,D,aTb 

10 - 100 HTepauuii, npu JTOM H3 MO.D.H!lJuKauuii anropHTMa 

npepbiBaHux HTepauuoHHoro npouecca Bbi6upancx BbiXO.D. 

peWCHHH, COOTBCTCTBYIOutero HTepauHH C HaHMCHbWHM 3Ha

'-~CHHCM HISQ, npu ,D,OCTH)I(CHHH 3a,D,aHHoro lfHcna HTepauuii 

ITN~I0 /cM/ 131, cTp. 22/. 
Cne,D,yCT OTMCTHTb, 'iTO CYlltCCTBCHHOC BnHHHHC Ha 

CKOpOCTb PCIIICHHH OKa3biBaiOT BenHlfHHbi HaqanbHOrO npu-

6nH>KCHHH HCKOMbiX napaMeTpOB, 3a,D,aBaCMbiC nocpe,D,CTBOM 

npHCBOCHHH onepaTopaM xx(n) lfHCnCHHbiX 3HalfCHHH, a 

TaK~C cnoco6 3a,LJ,aHHH BCCOB g. BCnHlfHH (f'f If' ). 
· I II I 

11MCCT MCCTO COOTHOIIICHHC /cM/13/, CTp. 22/: 

g.= ---- 2. 

I c~ c rr 1 r ). ) 
n 1 
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r,IJ;e <'l(rf If' ) . - .IJ;Hcnepcuu aenuquu (f'flr ). Tuna cTau-n 1 n 1 
.IJ;apTHOrO OTKJIOHeHHS. 

B pa6oTax / 4,5,6/ ,IJ;Hcnepcuu BeJIH'lHH rf lr n He npu

BO.IJ;STCS, ll03TOMY MO~HO 6hlJIO HCnOJih30BaTL npOH3BOJIL· 
Hhle BeJIH'iHHhl. bhlJIO YCTaHOBJieHO, 'ITO .IJ;JIS noJiy'leHHS 
peweHHS C MHHHMaJILHhiM OTKJIOHeHHeM pacqeTHhlX H 3K· 
cnepHMeHTaJILHhlX BeJIH'lHH rc I r n .IJ;JIS BCeH CHCTeMLI 
ypaaueuuil ( xx) /KpHTepuu RO u MAX DEFECT, cM./13/, 
CTp. 10/ HaHJIY'iWHM cnoco60M 3a,IJ;aHHS BeCOB HBJIHeTCS 
BLipa~euue 

gi 
1 

(<'l(rf /rn)/(rrl~ ))2CE104 

r,IJ;e 

CE=(~-)2. 
E* 

4. CzAaJKueaHue napaMempoe 

C noMOII.l;LIO nporpaMMLI RATIO 6wnu o6pa6oTaHLI 
3KCnepuMeHTaJILHhle 3aBHCHMOCTH rf I r (E*) .IJ.JIS 19 peaK
uuil H3 pa6oT /4,5,6/. ELmo o6uapy~enuo, 'ITO, uecMoTps 
Ha CHJILHhlH pa36poc, HaH,IJ;eHHLie 3Ha'leHHS napaMeTpOB 
HMeiOT perynspHLIH xapaKTep tl>YHKUHH BH.IJ;a B{ ~ B ~ (Z 2 I A ) , 

3.IJ;ecL B( - ~H.IJ;KOKaneJILHas cocTaBJIHIOw;as 6apLepa 
.IJ;eneuus, KOTopas onpe.IJ;ensnacL no cxeMe H3 pa6oTLI 115/; 

Tf"" T{(Bf-Bn); k :k(BI-Bn). 
KoppensuuoHHLie f031fltl>uu;ueHTLI, KoTopLie .IJ;aiOTCs npo

rpaMMOH COMPIL 
113

, yKa3LIBanu Ha .IJ;OBOJILHO CHJILHYIO 
CBJI3h napaMeTpOB npH peWeHHH CHCTeMhl (xx). IiLIJIO 06Ha· 
py~eHO, 'ITO pa36poc napaMeTpOB MO~eT 6hlTh 3Ha'lHTeJihHO 
yMeHLWeH nyTeM HCnOJih30BaHHS TaKOH CBS3H. 

,IJ;ns 3Toro npoBO.IJ;HJIOCL crna~uaauue O.IJ;Horo H3 napa
MeTpoa, HanpHMep Bf , H COOTBeTCTBYIOII.l;He 3Ha'leHHS 
BBO.IJ;HJIHCL B nporpaMMY B BH.IJ;e Ha'laJILHOrO npH6JIH~eHHS 
XX(I). B nporpaMMe COMPIL HMeeTcs B03MO~HOCTL tl>uKcu
poaauus HCKOMhiX napaMeTpOB, C I.J;eJILIO HCKJIIO'leHHS HX 
nOHCKa npH peweHHH CHCTeMhl, nyTeM llpHCBOeHHB onepa
TOpaM DX(n) e.IJ;HHH'IHLIX 3Ha'leuu:H. TaKHM o6pa3oM, npo
rpaMMa RATIO ucKana peweuue TOJihKO no .IJ;BYM .IJ;pyruM 
napaMeTpaM. 

8 

.. 

ELmo o6uapy~euo, 'ITO crna~uaauue napaMeTpoa 3<tJ
tl>eKTHBHO .IJ;OCTHraeTCS npH .IJ;BY - TpeXKpaTHOM nOBTOpeHHH 
3TOB onepauuu no aceM napaMeTpaM. 

Crna~eHHLie napaMeTpLI TF100, EK, BF .IJ;JIH o6pa-
6oTaHHLIX 3aBHCHMOCTeB f'f lf'n (E *) npHBe,IJ;eHhl B pa6o-
Te I L. 

5. IlpuMep ucnoAb3oeaHUJJ npozpaMMbl RATIO 

B Ka'leCTBe npuMepa peweuus o6paTHOH 3a.IJ;a'IH uaxo~-
,IJ;euus BeJIH'lHH BF , TF100 u EK no 3KcnepuMeHTaJILHOH 
3aBHCHMOCTH r f lr n (E *) 6LIJia BLI6paua peaKI.J;HS I ~t Yb + 
+ 16 0--> l?gPt /4/ . 3a.IJ;a'la OTHOCHJiaCL K THny k = 3 , 

8 
kk =3 I eM. 1131, cTp. 24/, npu 3TOM BeJIH'lHHLI 1/ g. HOCHJIH 

I 

uecTaTHCTH'leCKHB xapaKTep. Xo.IJ; peweuus npe_ncTaaneu 
Ha'laJILHOH H KOHe'lHOB HTepai.J;HSMH B 1110611. J. B ,IJ;aHHOM 
CJiyqae HCnOJih30BaJIOCh 'lHCJieHHOe .IJ;Htl>ti>epeHI.J;HpOBaHHe C 
waroM D = 100.002, u uaqaJILHas perynspu3au;us 3a,IJ;aaa
nacL B BH.IJ;e EI = 100. Hao,IJ;euuoe peweuue BF = 
= 20,086 M3B, TF100 = 0,793 M3B u EK = 0,109·10-2 

nonyqeuo npu tl>uKcupoaaHHOM 3Ha'leHHH Tn = 0,9 M3B. 

6. 06pa6omKa 3KcnepuMeHmaAbHbiX OaHHbiX Llx3cpcp 

KaK 6LIJIO cKa3aHo BhiWe, c noMOII.\LIO nporpaMMhi 
RATIO 6Lma nonyqeua cucTeMaTHKa napaMeTpOB /I/ 

n03BOJIHIOIUaS C xopowe:B TO'lHOCThlO OnHChiBaTh 3HepreTu
'leCKHe 3aBHCHMOCTH If lrn (E* ). He3aBHCHMOCTh cucTeMa
THKH OT Tn ,IJ;aeT B03MO~HOCTh HCnOJih30BaTh BapHai.J;HIO 
3TOH BeJIH'lHHhl .IJ;JIH H3BJie'leHHS a6COJIIOTHLIX 3Ha'leHHH 

WHpHH ['n H [' f H3 3KCnepHMeHTaJihHLIX ,IJ;aHHhiX 3tl>ti>eK
THBHhiX BpCMeH ~H3HH BhiCOKOB036y~eHHhlX COCTaBHhiX 
H,IJ;ep, H3MepeHHhiX C nOMOII.\hiO 3tl>ti>eKTa TeHeH. 

0.IJ;HaKO nepBLie nonLITKH BOCnpOH3BeCTH 3aBHCHMOCTh 
ilX3cpcp OT 3HeprHH B036y~,IJ;eHHS ,IJ;aJIH .IJ;JIS HeKOTOphiX 
peaKUHB uey.IJ;OBJieTBOPHTeJILHLIH pe3yJILTaT. ELIJIO ycTa
HOBJieHo, 'ITO ue6onLwoe OTKJIOHeuue aeJIH'lHH T( OT 
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CHCTeMaTHKH ,!J,OBOJILHO CHJILHO MeHBeT 3HepreTH'lfeCKyiO 
3aBHCHMOCTL ·~X 3cpcp • B caoro oqepe,D,L, BeJIH'lfHHa T{ 
liBJilleTCll <ilYHKD;He:ii apryMeHTa (8 f -Bn ), H ee OTKJIOHeHHe 
MO~eT fihlTL CB113aHO C HeTO'lfHOCThiO onpe,D,eJieHHll BeJIH
'lfHH Br a Bn 

C n;eJILIO ,!J,OCTH~eHHll TO'lfHOrO TeopeTH'lfeCKOrO DOC
npOH3Be,D,eHH11 3KCnepHMeHTaJILHhlX 3aBHCHMOCTe:ii dX,

3
cpcp(E*) 

a pac'lfeT 6wn BBe,D,ea ,D,onoJIHHTeJILHLiii napaMeTp CT f , 

xapaKTepH3YIO~HH OTKJIOHeHHe BeJIH'lfHH T( OT CHCTeMa
THKH. 

TeKCT nporpaMMhl DELTA , c noMO~LIO KOTopo:ii 
npoa3BO,D,HJIHCL Bhl'lfHCJieHHB, npaae,D,ea a IIpuAoJKeHuu 2. 
3Ta nporpaMMa TaK~e OCHOBaHa Ha CTaH,D,apTHOH nporpaMMe 
COMPIL a OTHOCHTCB K Tony k =3 kk =3. B nporpaMMy 
DELTA BXO,D,HT no,D,nporpaMMa LINT 1 naaeiiao:ii HHTep

nonBn;aa BeJIH'lfHH T~ a k cacTeMaTaKa/ 1 ~ 

7. 3aKAIO'IeHue 

B pa6oTe onacaaa nporpaMMa RATIO, 
CTaa,D,apTao:ii no,D,nporpaMMe COMPIL, 

OCHOBaHHall Ha 
KOTOpaB npe,D,-

aa3Ha'lfeaa )],JIB aaxo~,D,eHHB napaMeTpoa Mo,D,ena c no
CTOJIHHo:ii TeMnepaTypo:ii 83 3KCnepHMeHTaJILHhiX ,D,aHHhiX 
3aBHCHMOCTe:ii rf /rn (E * ). 

Ha:ii,lJ,eHLI onTaMaJILHhle 3Ha'lfeHHJI onepaTopoa, OTBeT
CTBeaawx 3a CKOpOCTh peWeHHJI 3a,lJ,a'lfH. 

Onacaa cnoco6 crna~aaaaaJI acKOMhlx napaMeTpoa 3a 
c'lfeT B03Mo~aocTe:ii, 3ano~eHHLix a no,D,nporpaMMe COMPIL 

liwno aa:ii,lJ,eHo, 'lfTO ,lJ,JIJI peweaaJI 3a,lJ,a'lf Tuna (xx) 
npaMeaeaae perynJipH30Baaawx HTepan;aoaawx npon;eccoa 
raycca- HLIOTOHa ,lJ,aeT XOpOWHH pe3yJILTaT. llpH 3TOM 
CJie,lJ,yeT OTMeTHTh npaKTH'lfeCKyiO He3aBHCHMOCTh pewe
HHJI OT Ha'lfaJlhHOrO npH6JIH~eHHJI. 

Pa3pa6oTaaa nporpaMMa DELTA,no3BOJIJIIO~aJI H3BJie
KaTL TepMO,lJ,HHaMa'lfecKae xapaKTepacTHKH JI,lJ,ep T n a 
T f H3 3KcnepaMeaTaJILHhlx ,lJ,aHHLIX 3cl>cl>eKTHBHhlX apeMea 
~H3HH COCTaBHhlX JI,lJ,ep, H3MepeHHhiX C nOMO~hiO 3cl>cl>eK
Ta Teae:ii, c y'lfeTOM ,lJ,eneaaB nocne acnapeaa11 aeiiTpoaoa. 
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B 3aKmoqeHHe aaTop cqHTaeT CBOHM npH.HTHbiM JJ.On
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pa6oTbl, C.A.KapaM.HHY 3a nnoJJ.OTBOpHble o6cy)I(JJ.eHH.H H 
Ji.Jioqeay 3a KOHcynLTaiJ.HH npH HanHcaHHH nporpaMM. 
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35 
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40 

12 

IlpuAo:w:eHue 1. TeKcm npozpaMMbl RATIO. 

PRCG~AN PATIO IINPUT,CUTPUTI 
COHMON/OUTN/ITN,~PN,KPFN/LC/LC 

COHMON/TYP/K,KK/ARFNITN,A1NIITSIITS 
COMMON/QROPX/DXI1001 
COMMON/LINT /LINT 
COHHON/NPN/NPN 
COHMON/X/X(101 
COMHON/KGSN/KGSN 

DIMENSION ZLI3,31 
DIMENSION Zl10,1qJ,XXI101,YRI1001 

COMHON/DATAS/Z1,A1,0Hl,Z2,A2,~H2,0~C,BN,Tl 
DI"ENS!ON fRI1~01 

ITEMP=3 
NUH= 20 
DO 3 II=l,NUH 

11=24 
N=3 

NPN=1 
EI=100, 
ITN=50 

D=10'J.002 
K=3 
KK=3 
KPFN=4 

READ2,Z1,A1,DH1oZ2,A2,DM2 0 DMC,BN,BF 
ZCCHP=Z1+Z2 
ACOHP=A1+A2 
DBFBN=BF-BN 

HW=H/3 
DOSI=t,MW 
J1=3 4 1 I-11 +1 
J~=3" II-11 +2 
J3=3"I 
REA020,YRI.J11 oYRIJ21 oYRIJ31 

ER IJ21 =YR ( J 21 
YRIJ21=1YRIJ21/YRIJ1l"25oiYRIJ3JI ..,2"10000. 

CONTl~UE . 
TT=0.8 

00 4 III=l,ITEMP 
TJ=TT+ol 
XX111=0F 

XXC21=0.9"TT 
XXI31=0.001"TT 

PRI ~T 2i 

45 

50 

55 

60 

i· 
i 65 

70 

75 

5 

10 

15 

20 

25 

6 
2 

20 
21 
22 

23 
24 
25 

26 
27 
4 
3 

5 
6 

.. 

.. .. 
• 

.. 

• 

PRI~T 26,ZCOHP,ACOHF 
PRINT 22,Z1,A1,Z2,A2 
PRIH 23,0N,TT 
PRIH 27,DBFBN 

CALL COMPIL (H,N,O,EI,Z,ZL,XX,YRI 
PRHT 25 
DO 6 IIT=1 1 HW 
J1=3" IIIT-11+1 
J2=3"IIIT-1 1+2 
J3=3"IIT 
XC11=YP.(J31 
CALL RELAOI (N,NP,INOEX,XX,Y,QFI 
G= y 

PRI~T 24,YRIJ1J,ERIJ2l 0 G,YRIJ31 
CONTINUE 
FOR~AT 12Fit.O,F7.3/ 
2F4.0,F7o3/ 
F7o3/ 
F5.3/F4o11 

FORMAT C3F10 of> I 
FORHAT(////15Xol3HFINAL RESULTS! 
FORHATI/////5X,3HZ1=,F4oOo2X,3HA1=oF4o01 
5X,3HZ2= 0 F4.0,2X,3HA2:,F4oDI 
FOR~ATC5X,3HBN=,F5.3,5X,3HTT=,F4o21 
FORHATI5Xo41F12,5,2XJI 
FOR~ATI//5X,12H EXPERIMENT,6X,5HER~OR,8X,&HTHEORY, 
8X,bHENERGYI 
FOR~ATI/I///5X,2HZ=,F4oOt2X,2HA=,F4oOI 
FORHAT(5X,6HDEFBN=,~5.21 
CONTI HUE 
CONTINUE 

Elm 

SUBROUTINE RELADI IN,NP,INDEX,T 1 Y,OFI 
COHMON/X/XUOI 

COMMON/OATAS/Z1,A1,CH1,Z2,A?,OM2 1 UMC,BN,TT 
UIHENSION TINI ,Of" 110 

EO=XI11 
R0=1o22 
Z=Z1+Z2 
A=A1+A2 
A3=A1••(1o/3oi+A2""11o/3ol 
DH=Of11+0H2-Dt1C 

ER=Oo9&•Zt•Z2•AIIA3•A21 
EB1=EO"A2/A+OH 
XZ=1.-Z••2/145o"AI 
W=t.-1.1&7•xz-s.oz&•xz••2+6o874•xz••3 
S2CR=IOo155•RO•AJ•IA1"A2•EB1/AI••o.5J••2 
EP=1Eil-OHI•AIA2 
S2"=0o0937"A1•AZ"A3••2•EP•t1.-EB/EPJ/A 
IFCS2M-S2GRI 4,5,5 
S2=S2H 
GO TO 6 
S2=S2GR 

CONTINUE 
ER=Do5"35o12•S21A""I5ol3ol 
ERF=W•ER 
BF=T 111 

TF100=TI21 
EK=TI31 

TF=TF100+EK• IE 0-100. I 
CFN=I12.25•TFJ/12o•A••t2o/3oi~TT••2J 
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45 

2 
1 

7 
a 

~ 
5 

27 

& 
21 

IlpUAOJICeHUe J. IJpoOOAJICeHue 

EABt=EO•I 11./TFJ-Clo/TTI I 
EA82=1BF+ERFJ/TF 
EA83=1BN+ERl ITT 

EABC=EAB1-EAB2+EAB3 
Y=CFN•EXPIEABCI 

RETURN 
EN( 

IlpuAoJICeHue 2. TeKCTfl npozpaMMbl DELTA. 

PRCGRAM OELTACINFUT 1 0UTPUTI 
COMHON/OUTN/ITN,KPN,KPFN/LC/LO 
COMHON/TYP/KoKK/ARPN/TNoA1N/IYS/ITS 
COHHON/OROPX/OXC1011 
COHHON/LINTILINTINFNINPN 
COHHONIX/X UDJ 
COHHON/KGSN/KGSNILCH/LCH 
COHHON/XTIXTCl61/fK/FKC321 
DIHENSION ZI1Do10t,XXI101 1 YRI100J,ZLIZoZl 

COHHON/OATASIZP,AP,OH1oZT,AT 1 0HZ,OHC 1 BNI9J,BFI9J,CONST 1 ANGLE 
COHHON/KA Y/K U 

REA07oiXTIIAt,IA•1,16l 
REAOI,IFKII8l 1 IB=lo3ZI 

00311•1,10 
H=&SN=ZSK=3SKK=31KPFN:4 
ITN•10ID•100,QI1IEI•100, 
READ2oZPoZToAP,AT,OHt,OHZ,OHC,CONST,ANGLE 

REAOt, IBN III ol=1o91, IBFII1ol=1 1 91 
FORHATC4F4oD/3F7,3/F~,2/F5,31 

FORHATI9F5o3/9F~o11 
ZCOHP=ZP+ZTSACOHP•AP+AT 

HW•H/3 
FORMAT 116F It oil 
FORHATI8F5o3/IF5o3/8F7o5/8F7o51 

0051=1,HI4 
J1=3•CI-11+1 I J2•J1+1 S J3=J2+1 

REAO~oYRIJ1J,YRIJ21 1 YRIJ3l 
FORHATI2F5o3 1 F~.Ol 

CONTINUE 
XXI11=1• I XXC21•1o 

PRINT21 
FRINT2& 1 ZCOHP,ACOHP 
PRINT22 1 ZP 1 AP,ZT,Al 
PRINT23,BN,BF 

PRI~T 27,CONST,ANGLE 
FOR~ATI//5X 1 6HCONST=,F5,3,2X,&HANGLE•,F5o31 

KA Y=O 
CALL COHPILIHoNoDtEioZoZL,XXoYRI 
0061IT=1o HW 

J1•3•CIIT-1J+1 S JZ•J1+1 S J3•J2+1 
X11t=Y~IJ3JIKAY=1 

CALL RELAOIINoNP,INOEXoXX,Y,OFJ 
fRINT25 

PRINT24oYRIJ1JoYRIJ2JoYoYRCJ31 
CONTINUE 

FORHATI/115Xo13HFihAL REZULTSJ 

50 

55 

1 

5 

10 

15 

20 

25 

30 

35 

~0 

~5 

511 

55 
5 
& 

26 FORHATC/15X,2HZ=,F~o0o2X,2HA=,F~,Ol 
22 FORHATI///5X,3HZ1=,F4o0o2X,3HA1=,F4,0/ 

• 5Xo3HZ2•,F4o0 9 2X,3HA2=,F4,Ql 
23 FORHATI/5X,3HBN=o91F&,3l/5X,3HBF=,91F4o1 1 2Xl/l 
2~ FORHATI5X,~I~X,F7o3 1 3Xll 
25 FORHATI/5X,12H EXPlRIHENT,6X,5HERROR,8X, 

• 6HTHEORY,8X,6HENERGYl 
3 CONTINUE 

109 
110 

611 

57 

~9 
111 

~ 

LN[ 

SUBROUTINE RELAOIC~,NPoiNOEX,T,Y,OFl 
OIHENSION TCNJ,OFINI 

OIHEHSION FUN1C1Gl FUN2110l 
~!HENSION VTOCJOCtOf,VT150C10l 
OIHENSION CCOCJOI10o10J,AC090110,10l 
OlHENSION CC150C10,101!AC15011V,101 
OlHENSION Hl1C10J,Hl21 OJ 

DIHENSION GNI101,TI~EitGl 
OIHI::NSION GFNI10ltGHI1DI,AKI1DJ,PPI10l 

OIHENSION Cl10o1DI 
OIHENSION APGFNC101 0 RAPC10 101 
DIHENSION RTIHSI10,101 1 0AR\ctO,tOI 

COHHON/XT/XTC161/FK/FKIJ21 
COHHON/X/XUO) 
COHHON/KAY/KAY 

DIMENSION FlloJ TFI18l 
OIHENSION ACU,fo£11 J,S2CUOI,ERI101, 

• ERF1101 RGNNC10 101 
COHHON/DlTAS/ZP,lP,OH1,ZT,AT,DH2,0MC,BNI9l 1 BFICJl,CONST,ANGLE 
OX HENSION TC 1101 

RCa,~ 
ED=XC11 
TN•T 11 I 
CTF=TI2l 

R0•1o22 
Cll•12o25 

Z1•ZP 
A1=AP zz.,z, 
A2=Al 

Z•ll+Z2 
A=Al+A2 
AJ•A1••Cto/3o I+AZ••Cto/Jol 
QH20M1+0H2-0HC 

EB•OoCJ&•Z1•Z2•A!IA3•A2J 
EB1=EB•A2/A+OH 

~~i!!i~~:~,~~~~:~~&•xz••2•6.&74•Xz••3 
S2C~•C0~155•RO•A3•CA1•AZ•EB1/AJ••0,5J••z 
EP= IEI-uHI •AIAZ 

VEL•.1JCJEZ•c•t1AI•IEP/A1J••,5 
IFIKAY-111119o110o10CJ 

GO TO 111 
CONTINUE 

PRINT 60,RC 
FDRHATI5XJ3HRC.,,F5,31 

PRINT 57oVEL 
FORMATC5XtloHVELa,floo2t9H+8 CHICEKI 
PRINT ltCJy N 

FORHATC5X 1 3JHNEUTRON EVAFORATION TEHPERATURE/20X,F~o21 
CONTINUE 

SZH•0.0937•At•A2•A3••2•EP•Ilo-EBIEPI/A 
IFIS2H-S2CRI lo,5,5 
S2•S2H 
GO TO 6 
S2•SZCR 

CONTINUE 

IFIE0-70ol1~,1~o15 
14 NNN• ~ 

60 GO TO 13 
15 IFIE0-80ol16o16o17 
16 NNNs5 

---- r 15 



17 
&5 18 

19 
20 

70 ZJ zz 
26 

75 
13 
100 

110 
101 
102 

85 

'10 

:6 

lib 

105 

110 

115 

120 

125 

130 

135 

1't0 

16 

GO Ti 1J 
IFCE -9~118 0 18,19 NNNo:& 
GO TO 1J 
lFCED-100oi20,Z0,21 

NNN•7 
GO TO 13 
IFCED-110oi22,ZZ,2& 
NNN=8 
GO TO 13 
NNN=9 

CONTINUE 
IFCKAY-11101,100,101 
ltffff•1 
GO TO 102 
fffflt=NNN 

CONTINI£ 
DO 201 NXN•HHit,NNN 

HfEF1=0o 
H EFZ=Oo 

co 202 II=1,1.; 
t.I'-II=oO 
ER!IIl~.o 
ERFIIIl=oO 
GNIIII=.~ 
TIME I II I =• 0 
APGFNfiil =.0 
AKIIII=oO 

2t 2 
TFIIII=.u 

CO•HHWE 
:JO 1 I=1,NXN 

7 

d 

9 

11 

1C 

12 

&l 

&2 
63 

CI=I 
ACIIl=A-.ICI-1.1 
IFCI-11 8,7,8 
C: I II =E J 
:>2C I II =S2 
GO TO 9 
Elli=Cil-11-~NII-11-2. 

~~Ctii=tsz••.5-z.•ccr-t.ll••z 
CONTlNUE 

Ef< Ill= Oo 5• 3 5o 12• S2 C t I I/ AC I I I • • I 5 o/3 • l i:.RFII1=>1°CRI II 
XA=BFIII-BNIIJ 

T~~h~=ff~f!f~~l~,,t&,FK,Z,Fl 
EK=Fl21•TN 
TFIII=TF1uO+EK•IEIIl-100ol 
~FNII1=12o25°TFIII/12.•ACIIJ••c2.13.J•TN••?I 

• "EXPIEIIl•tlo/TFIII-11o/TNil-13FIII+FRF!IIl/TFC!l • +CUNIII+ERIIII/TNl 
APGFNIII=1o+GFNIIJ 
GNFIII=!o/&FNUI 

l~~f)~t=~fl!:~2FIIJJ 
PPIIJ=!. 
:;o TO 12 
PPIIJ=PPII-11/l1o+GF~II-11J 
~KCII=1o/l1o+GNFIIII•FPIIJ CONT HUE 
IF I Z-90o J 61, & 2, 62 
TGIIJ=TN 
GO TO 6J 
TC III=TFIII 
cora HuE 
G!llll=ACIII••cz.t3o J "TN••ztc3.141•12.251• 

• ~XPIIEIIJ-BNIIJ-ERIIII/TN-IEIIJ-ERIIII/TC!IIl 
TIHEIII=6o58E-&/IGNIII•I1o+GFNIIIII 

VT0901Il=VEL•TIHEIII 
VT1501Il=VT090IIJ•SI~IA~GLEI 

FUN11IJ=lo-11.+RCIVTu9ciiii•EXPI-RCIVT09ul!ll-
• o5•1RC/VT09DCI11••2•ExPI-RC/VT0901Ill 

FUN2lll=1o-l1o+RC/VT15YIIII•EXPI-RC/VT1501III-
• o5"CRC/VT1501IJJ••z•EXPI-RC/VTJ50Cill DO Z K=!,I 

R~~~~~f~~~~~!~~6~~l~ 1 r1 
~APIK,fi=APGFNIKI/A~GFNIIl 
RAPII,KJ=1./RAPIK,II 
RTIMSIK,IJ=RGN~II,KI•RAPII,KI 
RTIHSIItKI=1./RTIHSIK,II 
DART II<, U =1 o•RTit!S (K ,I I 
OARTIIrKl=1.-RTIHSII,KJ 

11<5 

1 ~a 

1S.5 

lt.O 

165 

170 

175 

180 

185 

190 

1 '15 

200 

21l5 

210 

215 

220 

2 

5il 

51 

5~ 

54 
56 

53 

52 

'19 

1 

200 

10 3 
104 
.... 
45 
105 

201 

106 
107 

23 

24 

25 

37 

4b 

'+7 

27 
36 

3a 
106 

CONTINUE 
SCl=Jo 
SA1=0o 
SC2= O. 
SA2=0o 

00 99 J=1,I 
IF II -11 51 , 50 , 51 

CONliN UE 
g~ 1 t5 1 5~· 
CONTI ~UE 
~g=~j NI=lri 
IFI~I-JIS4,55,54 
00=1. 
GO TO 5t. 
OO=OAHINI,JI 
CONTHUE 
PC=Pc•oo 
CO NT HUE 
gA~ft~u~TIHSII,JI/PC 

CCii 90 II t J I =C II, J I • V T J 90 IJ I ••.$ "FUN1 I Jl/ VTO 90 I I I 
AC0901IoJI=Cil,Jl•EXPI-RC/VT0901JIJ•RTIHSIJ,II 
CC150CI,JI=CII,JI•VT1501JI••3•FUN2CJI/VT1501Il 
AC150CI,Jl=CCI,JI•EXPC-RC/VT1501JII"RTIHSIJ,II 
SC1=SCJ+CC090CI,Jl 
SA1=SA1+ACD90(I,Jl 
SC2=SC2+CC1501I,JI 
SA2=SA~+AC1501I,Jl 

CONTI~UE 
Hl11Il~AKIII•ICONST•SC1+SA11 
Hl21IJ=AKIIJ•ICONST•SC2+SA21 
HIEF1=HIEF1+HI11Il 
HIEF2=HIEF2+HI21ll 

CONTINUE 
COEFF:ooO 
OU 200 JN=1oNXN 
COEFF=COEFF+AKIJNI 
CONTINUE 

HIEF1=HIEF1/COEFF 
HIEF2=HIEF2/COEFF 
OHI=HIEF1-HIEF 2 

IFIKAY-11103,104,103 
GO TO 105 
CONTHUE 

FRINT 44,HIEF1,HIEF2 
FORHATI5X,9HHI EFF90=,F8.b,5X,10HHI EFF1bO=,F8obl 

PRINT 45,0HI 
FORHATISX,8HOHI EFF=,F8o61 
CO NT HUE 
CONTHUE 
Y=OHI 
IFIKAY-111C&,l07,106 
GO TO 106 
CONTI~UE 

FRINT 23, IE II I rl=1t9r11 
FORHATISX,4HE =f916X,F5o111 
FRINT 24, IERIII, =1,'1o11 
FORHATI5X,4HER :,91bX,F5o211 
FRINT 25, IERFIII.I=1,9,11 
FCRHATI5X 14HERF= 1916XJF5.211 

PRINT 37, ITF III 9 1=1,9,1 
FOR~ATI5X,ItHTF "'• 'I lbX ,F5. 311 

FRINT 4&,(GNIII,I=1 9 9 11 
FORHATI5X,4HGN =t'lllX,E1u,211 
fi<INT lt7, ITlHEIIl ,1=1,':11.11 
FORHAT(ItXo5HTIHE=o911Xrt10o31/9X,918X,3H-1bll 
FRINT 27 9 1APGFNIIlri=1,9 11 
FORHATI3X,&H1+GFN=i912XpF9.bJI 
PRINT 36, OKUI ol= d,ll 

FORHATCSX,3HAK=,F7o51 
PRINT 38,COEFF 

FORHATI5X,18HTHE SUH CF AKIII =,1X,F7o51 
CONTHUE 
RETUR~ 

ENO 
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1 SUtlROUTINE LlNT1 IXAoXT,N,FK,KA,FI 
OIMENSION XT INI ,FK 1321 ,F IKAI 
T=XA 

5 
N1=1 
NZ=N 

J IT=N1 ,. IFIN2-N1-1l 10,10,£: 
E. A81=N1 

ABZ=NZ 
10 I=INTIIAB1+A02l/2.1 

IFIXTIN2l-XTIN11111,11,13 
11 IFIXTI Il-TI 6, 8,9 
13 IFIT•XTIIII 8,8,9 

d N~=I 
15 GO TO " Cj Nl=I 

GO TJ 3 
10 Tl=XT IITI 

T2=XT liT+ 11 
i.:O uc 1<1 KT= 1, KA 

INC=IT+IKT-11•N 
FT1=FKIINDI 
FT2=FKIIND+1) 

25 
F T = FT 1 +IF T 2 -F T 11 • I T- T 11/ I T 2- T 11 

FIKTI=FT 
18 CONTINtll. 

R!::TURN 
t:NO 
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