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1\1\aTeMSTR'IeCKRe M011en11 MRorottpaTHoil KOHK38ilRR aneKTpoHKbtM 

y11apoM 11 BOHROil noaywtte. 2. AR8n&3 o6p8THbtX 38118'1 

npBBei18Rbl TeltCT nporp8MMbl II npKM8pbl peweHKR o6paTHblX 38118'1 

B0BB381lBB H& OCHOBe npe11nO>K8HHblX II pa60Te M8T8M8TB't8CICKX MOOeneil. 

B puym.raTe MaTeM&TR'Iecttoil o6p860TII:B 3ttcnepHM8HT8nbHO nony'teHRbtX 

IIApTBB 3B0n!OUIIB cnettTpOB MoryT 6b1Tb onpeoeneRbl Ce'leHRR rny60KOil KOHR-

38IIUIB BneKTpOHBblM Yll8pOM, 0nRC8Hbl npoUeCCbl B 8TOMHOli o6onO'tK9 

•• BOBBOII nosymKe. nporpaMM8 CHARGE OCKOB8H8 R8 M9TOilRKe peweHHH 

CRCTeM HenK&ei!RbiX ypaBR8RKli npH nOMOWH perynRpK30B8HRbTX KT9p8UHOH-

JIWX npoueccos f8ycc8-Hb!OTOH8, p8apaf'ioraHHbtX B nporpaMMe COMPIL . 
npaM8pbl 'IHClleHHOro peweHKR nOK83blB810T, 'ITO C0311SHRbl9 MOI19llH 110CT8TO'I-

BO TO'IRO ODHCbiB810T 3KCnepKM9HTSllbHble pe3yllbT81"1>l. nporp8MM8 

·CHARGE MOlK9T H811TK WKpOKOe npi!M9H8HR8 .(Ill!! onpeoeneHHII <jlyHil8MeH

T8llbBbiX 8TOMHblX B9lli!'IKH H8 OCHOBe 3KCnepKM9HT8llbHbiX pe3ynbTSTOB, 

DOny'I8BBbiX npH nOMOWK MeTOI11!KR HORHOli noByWKH. 

Pa6oTa B&monaeaa 11 Jl86op8TOPBR BbtCOttRX 3Heprall OIH!l1. 

Coo6weaae 061oe.aaaesaoro HHCTKt'}'Ta ll.llepHbiX l!Ccne.aosaHHll. lly6sa 1978 

Bochev B.Sh., Ovsyannikov V.P., 
K:utsarova T.Ch. 

P7 - 11567 

Mathematical Models for Multi-Ionization by 
Electron Impact in the Ion Trap. 2. Back Task 
Analysis 

A program text and examples of calculations of back 
tasks of ionization on the basis of mathematical models 
or ionization are presented. As the result of mathemati
cal analysis of the data on experimental charge evolu
tion, cross sections of a deep ionization by electron 
impact can be obtained, and processes in the atomic shell 
and ion trap are described. For solving the nonlinear 
equation system the CHARGE program uses the regulari
zed iteration Gausse-Newton processes, developed in the 

COMML program. Examples of numerical solutions show 
that our models of ionization agree well with experimen
tal results. The CHARGE program can be widely applied 
tor determining fundamental atomic values obtained by 
means of the ion-trap method. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

~/91,S 06•eDBH6HRNR BRCTB~ .aepRNX BCCOeQOBBHBR ~y6Ra 

1. BBE,4EHHE 

B paMKax npe~nolKeHHbiX B pa6oTe 111 MaTeMaTH'IeCKHX 
MO~eJieii HOHH3aUHH 3JieKTpOHHbiM y~apOM CTaBHTCJI o6paT
HaJI 3a~aqa naxo*~eHHJI ceqeanii nepexo~a nona c 3apJI
~oM i B HOH c 3apJI~OM e Ia if I Ha OCHOBe 3KcnepnMeH
TaJI&HO onpe~CJICHHOro 'IHCJia HOHOB ~aHHOB 3apJI~HOCTH 

i-1 Ni (t k) I a 3aBHCHMOCTH oT «lJaKTopa HOHH3aunn 
(jr)k -tk. 

pewenne nony'leHHbiX s 111 nepeonpe~enen-qHCJICHHOe 
HbiX CHCTCM ypaBHCHHB 3KCllOHCHUHaJI&HOrO THna JIBJIJieTCJI 
3a~a'leii, CHnhHO neyCTOB'IHBOB OTHOCHTCJI&HO KOJie6aHHB 
BXO~HWX ~aHHWX H OWH60K OKpyrJICHBJI npH BhlllOJIHeHHH 
apn«lJMeTH'IeCKHX onepaunii. OnbiT 121 noKa3wsaeT, 'ITO na
xolK~enne npn6nnlKennoro pewennJI nocTasnenHblx o6paT
nwx 3a~a'l C ycneXOM MO)I(HO OCYIUCCTBHT& Ha OCHOBe 
perynJipH30BaHHhiX BTepaUHOHHbiX npoueCCOB THna raycca
H&IOTOHa13( ,D;nJI 'IHcnennoro anann3a o6paTnwx 3a~aq rny-
6oKoii HOHH3aUHH 3JieKTpOHHhiM y~apoM HaMH pa3pa6oTaHa 
nporpaMMa CHA~Gf;, 6a3HPYJOIUaJicJI na cTan~apTHoii npo
rpaMMe COMPIL ' . a KOTopoii peann3osanw perynJipn-
30Bannwe HTepaUHOHHWe npOUCCChl THna raycca-H&IOTOHa. 

2. OIIHCAHHE IIPOFPAMM.bl CHARGE 

IlporpaMMa CHARGE I IIpuAoxeHue 1/ nanncana na 
anropHTMB'IeCKOM JI3WKe FORTRAN n BMecTe co cTaH
~apTnoii nporpaMMoii COMPIL14 •51 MOlKeT 6wT& ncnon&3o
sana ~JIJI 3BM 63CM -6, CDC cepnn 6000, IBM cepnn 
360 H 370 n p.11~a EC 1020 n 1040. 

B CTPYKTYPY nporpaMMW CHARGE B s~e OT~en&Hwx 
6JIOKOB BKnJO'IeHW BCe npe~JIOlKCHHWC B pa6oTe/1/ MaTe
MaTH'ICCKHe MO~eJIH, npe~CTaBJIJIIOIUHe HCKOTOpWB pe~n&HWB 
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HHTepec. Bb16op ocy~eCTBJUieTcJI onepaTopoM NPN, paBHblM 
] ,2,3,4 ~JIJI MO~eJIH 2a, 26, 3a H 36 COOTBeTCTBeHHO. 

3 aM e q a H He 1. ECTeCTBeHHO, DpH COCTaBJieHHH npo
rpaMMbl MO:>KHO BOCUOJib30BaTbCJI TOJlbi<O MO~eJibiO 36, 
ll03BOJIJIIOJ..QeH peaJIH30BaTb UOTOM BCe OCTaJibHble. Tai<OH 
UO~XO~, O~HaKO, JIBJIJieTCJI BeCbMa He3KOHOMH'IHblM C Toqi<H 
3peHHJI JaTpaT Mamuuuoro BpeMeuu. 

Bxo~uble ~auuble /3KcnepuMeuTaJibHO onpe~eneuuoe 
qucno uouoB l Ni (t j) I. Beca I ANi (t j) I. uoMep 3ap.11~a l i I 
H BeJIH'IHHa apryMeuTa liJaKTopa HOHH3aUHH l t j 1 I HMeiOT 
'leTblpexMepuyiO CTpyKTypy H, TaKHM o6pa30M, o6pa3yiOT 
4 * J -Mepuyro Ma TPHUY, AJIJI I<OTOpoii OTBO~HTCJI MaCCHB 
YR(4*f). 

B nporpaMMe npe~ycMoTpeua B03MO:>KHOCTb B I<aqecT
Be MaTpHUbl BeCOB 0 HCDOJlb30BaTb KBa~paTbl CTaH~apT
HbiX OTKJIOHeHHH l a~ l, 3I<CnepHMeHTaJibHble OWH6I<H 
l oN i (tj) l. 3KcnepHMeuTaJibHble BeJIH'IHHbl I N1 (t j) l HJIH 
e~uuuquble Beca B cooTBeTCTBHH c onepaTopoM NW =1 ,2,3,4. 
IIpHBe~euuble npuMepbl nonyqeubl _nJIJI e~uuuqublx BecoB. 

3 aM e q au He 2. IIpu pa6oTe c e~uuuqublMH u uecTa
THCTHqeci<HMH BeCaMH TaK:>Ke MO:>KHO BOCUOJib30BaTbCJI Teo
pueii omu6oK ~JIJI oueui<H pemeuHJI ua ocuoBe MeTo.na uau
MeHbmHx KBa.npaToB, npHMeuJieMoro I< uaunyqmeii HTepa
uuu /

6
•
71 

/B CMblCJie MHHHMyMa x2 H MaJIOCTH p n H MAX DEF, 
CM. ~anee/. 

KpuTepHJIMH 
151 

ycnemuoro pemeuuJI Ja_naq JIBJIJIIDTCJI 
ManocTH uopMbl 4Jyui<uuouanoB 

T 
RO = p - IIJ G (f xn- y) II 

B n 

MAX DEF- l!fxn-y II 
BeJIBqHHbl -

j 2 
HISQ = x2- l gi (f.x -yi ) • 

i•l 1 n 

,D.n.11 nocTpoeuuJI npu6JIH)KeHHH MaTpHUbl JII<o6u Jn 
npHMeu.ReTCJI qucneuuoe .nu414JepeuuupoBauue c maroM, Ja· 
BHCJI~HM OT a6COJIIOTHbiX BeJiuquu ueH3BeCTHbiX, KOTOpbiH 
Ja.naeTCJI onepaTopoM D . 

3 aM e q au He 3. B nporpaMMe CHARGE npe.nycMoTpe
ua B03MO)KHOCTb nonuyro o6paTuyro Ja.naqy pemaTb no 

4 

qacTJIM - C UeJibiO yMeHbllieHHJI qHCJia OTbiCKHBaeMbiX 
ueHJBeCTHbiX I orpauuqeuue no o6'beMy naMJITH ucnonb
JyeMOH 3BM/ H 3I<OHOMHH MalliHHHOrO BpeMeHH. ,IJ.nJI 
pemaeMoro yqacTI<a Ja~aqu onepaTopaMH INI H INF Ja
.naroTCJI uaqaJibHbiH H I<OueqHbiH HOMepa 3apJI~a HOHOB. 
,D.anee I<onuqecTBO JapJI~OB .nauuoro yqacTI<a o6oJuaqaeM 
IZ- INF- INI + 1 . Mace us uaqanbHblX npu6niDKeHBii HeH3-
aecTHbiX XX pa3MepuocTbiO N Ja.naeTCJI B cooTBeTCTBHB 
c ucnonJ.JyeMoii Mo.neJibiO. ,[(nJI NPN -1 HeHJBeCTHble Be
JIHquubl ceqeuuii I a i I JanoJIHJIIOT Mace us XX (N) co
OTBeTCTBeHHO 

XX (i) -a1 ( i-INI , ... , INF). 

,D.nJI NPN -2 BMeJOT MecTo cooTuomeuuJI 

XX(i)-a1 (i-INI. ... ,INF) u 

XX(i)-A 1 (i-INFt1, ... ,INFtiZ), 

r.ne I A1 I - uaqanbHble ycnoBHJI pemaeMoii Ja_naqu. ,D.nJI 
NPN -3 HMeeM cooTBeTcTaeuuo 

XX (i ) .. aek( f -INI , ... , INF; k -INI+1, ... ,INF; i .1, ... , IZ :(IZ-1)+ 1), 

XX(.) (. IZ * (IZ-1 ) 2 N 4 ) 
1 - a 1 1 • + , ... , - · 

2 

,D.nJI NPN -4 HMeeM 

XX(i) • afk (f -INI, ... , INF; k- INI t1, ... ,INF; i-1, ... , IZ *iZ-
1
\1), 

XX(i)-Ai (i • IZ * (IZ-1) + 2 ' ... , 
2 

IZ * (IZ tll ), 
2 

XX(. ) ( · IZ *aZt1) 1 N-4) 1 • a. 1 • + , ... , 
1 2 

/a - uopMHpoBoquble I<03414JHUBeHTb1/. 
3414Jei<Tbl uenuueiiuocTH /.no TpeTJ.ero nopJI_ni<a/ B Be

JIHquue liJai<TOPf BOHB3ai(BB yqBTbiBaiOTCJI Bblpa)KeHBeM 

(jr) = tk ... l XX (N- m) ,·q~ (k .1, ... ,J ). 
k m•O 
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3 aM e 'I a H He 4. Ha6mo.naeTcJI ocna6neuuaJI Jaoucu
MOCTb peweHHJI OT Ha'lanLHOrO OpH6nH~eHHJI H YCTO~'IH
BOCTh HTepauuouuoro npouecca. 

3 aM e 'I a H He 5. Bee DODbiTKH peweHHJI .naHHhiX Ja
.D.a'l C DpHMeHeHHeM 06hiKHOBeHHOrO npouecca raycca
HLIDTOHa /6e3 perynspuJauuu/ npuoo.nsT K pacxo.nHMOCTH 
Bhi'IHCnHTenLuoro npouecca. 

BLI.naqa peJynLTaToo o ou.ne Ta6nHULI ocymecTonseTcs 
no.nnporpaMMO~ OFR . 

3. IIPHMEP CJHCJIEHHOFO PACCJETA 
OEPATHOH 3A,4ACJH 

~nH Ka~.noro qucneuuoro pac'leTa, o'leou.nuo, ueo6xo
.LUIMO KOHKpeTHO DO.D.XO.D.HTh K BLI6opy MO.D.enH, .D.aHHOrO 
HTepauuouuoro npouecca, ou.na H wara 'IHcneuuoro .nu~e
peuuupooaHHJI, uaqanLHhiX npu6nu~euu~ u T . .n. 0TMeTHM 
TaK~e, 'ITO .D.nH peanHJaUHH 6biCTpO CXO.Il.JIIUerOCJI HTepa
UHOHHOrO npouecca oecLMa oa~HLIMH sonsroTCJI nepeuop
MHPOBKH ueHJoecTHhiX I XX (i) I. oxo.nuhlx 3KcnepuMeHTanL
HhiX .naHHhiX IY.JKGII (tj)l. oecoo IAY(tj)l u apryMeu
Ta 1 t1 l . 

llpuoe.neM npuMep 'IHcneuuoro pac'leTa o6pa THO~ Ja.na'IH 
OThiCKaHHJI OTHOCHTenLHhiX ceqeuu~ HOHHJauu~ I a. ik l ua 
OCHOBe 3KCnepHMeHTanLHhiX _naHHhiX 0 JapJI.IJ.OBO~ 3BOniDUHH 
uouoo Ar. 113MepeHHhle KonuqecToa uonoo IN i (t j) I /nop
MHpooaHHhle Ha e.D.HHHUY/ B JaBHCHMOCTH OT $aKTopa HOHH
JaUHH I t .i I .nnH JapH.nnocTe~ OT INI .. 2 .no INF -18 npu
oe.neuhl ua puc. 1. 

Ha OCHOBaHHH xapaKTepa 3BOniDUHH cneKTpOB JapH.IJ.HO
CTe~, a TaK*e TeopeTH'IeCKHX C006pa~eHH~ MO~HO npe.n
nonaraTL, 'ITO C 6onLWO~ oepOJITHOCThiD HMeeT MeCTO npo
uecc MHOrOKpaTHO~ HOHHJaUHH. C _npyro~ CTOpOHhl, HalJano 
HJMepeHHJI npouecca 3BOniDUHH Japs.na HOHOB Ha'IHHaeTCJI 
OpH apryMeHTe Jr, DpH KOTOpOM Y*e B JaMeTHOM KOnH
'IeCTBe npucyTCTBYIDT JapH.D.HOCTH Bhlwe BTopo~. Bee 3TO 
_naeT OCHOBaHHJI .D.nH HCDOnhJOBaHHJI MO.D.enH 36 -a /B npo
rpaMMe CHARGE NPN-4/. lionLwoe KonuqecToo HeHJoecTHhiX 
(N -193) o 3TOM cnyqae JacTaouno uac pewaTL Ja_naqy no 
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'laCTJIM. 3TO, no- BH.D;BMOMY, Be MO)I(eT BBeCTB 6oJILWBX 

BCKa)l(eHBH B OKOH'IaTeJILHOe peWeHBe, T .K. BOHLl C 3apJI,n· 

HOCTLIO Z ~ 11 nOJIBJIJIIOTCJI npB cllaKTOpax j r , AJIJI KOTOpWX 

uaqaJILHWe 3apJI,nw (z ,.2 ,3 ,4) y)l(e npaKTB'IeCKB non

HOCTLIO "BwropeJIB". /IlpB 'IBCJieHHOM aHaJIB3e COOTBeT

CTByJO~Be KOppeJIJIU:BOHHLle K03«llcllBU:BeHTLl HaXOAJITCJI npB· 

Mepuo ua yposue 10-3
- 10-4

/. 
Ha pUC. 1 CnJIOWHWMB KpBBLlMB noKa3aHO BOCCTaHoB· 

JieHBe 3KCnepBMeHTaJILHOH KapTBHLl 3BOJIIOU:BB cneKTpa 3a

PJIAHOCTeH uouos Ar no pe3yJILTaTaM peweHBJI o6paTHoi 

3a,na'IB BOHB3aU:BB. He60JILWBe paCXO)I(AeHBJI, KOTOpWe 

ua6JIIO,naiOTCJI B "xsocTax" ,nnJI Z-3,4,5, MoryT 6wTL csJI-

3aHw KaK C HeTO'IHOCTLIO B3MepeHBJI, TaK B C 3«llclleKTaMB 

HeJIBHeHHOCTB B cllaKTOpe BOHB3aU:BB. 
Pe3yJILTaTw pac'leTa npuse.neuw s ma6A. 1. BeTBB 

C pa3HOCTLIO 3apJI,nOB 60JILWe 7 nonaraJIBCL paBHLlMB 

HYJIIO B OCTaBaJIBCL cllBKCBpOBaHHLlMB BCe BpeMJI paC'IeTa. 

Ha puc. 2 npe,ncTasneuw npuMepw socnpoB3Be,neHBJI 

3KCnepBMeHTaJILHOH KapTBHLl 3BOJIIOU:BB cneKTpa 3apJI,n

HOCTeH BOHOB a30Ta no pe3yJILTaTaM peWeHBH o6paTHLlX 

3a,naq BOHB3aU:UB AJIJI pa3JIB'IHLlX MO,nenei BOHB3aU:BOHBOrO 

npou:ecca. AuaJIB3 o6paTHWX 3a,na11 nposo.nuncJI ua ocuose 

Mo,nenei 2a, 26, 36 /B nporpaMMe CHARGE co

oTBeTcTseuuo NPN-1,2,4/. B •a6A. 2 cpaBHBBaJOTCJI no

nyqeuuwe peweHBJI. Mo)I(HO 3aMeTBTL, 'ITO MBHBMaJILHWe 

BeJIB'IBHLl HOpMBpOBaHHOrO B a6COJIIOTHOrO X2 noJiy'laiOT-

CJI ,nJIJI Mo,neJIB 36 (NPN -4). 

4. 3AK.RJOqEHHB 

• Pa3pa6oTauuaJI nporpaMMa CHARGE no3BOJIJieT 3cll-

clleKTBBHO npOBOAHTL aHaJIB3 o6paTHLlX 3a,naq HaXO)I(AeHBJI 

Ce'leHBi BOHB3aU:BB BOHOB 3JieKTpoHHLlM y,napOM Ha OCHOBe 

3KCnepBMeHTaJILHLlX 3BOJIIOU:Bi cneKTpOB 3apJIAHOCTei. quc

JieHHOe peWeHBe 3a,na'l B ero aHaJIB3 AaiOT B03MO)I(HOCTL 

BW6opa KOHKpeTHOi MO,neJIB ,nJIJI onucaHBJI BOHB3aU:UOHHOrO 

npou:ecca. 3T0
1 

CO CBOei CTOpOHW, no3BOJIJieT nony'IHTL 

6onee nonHYIO uucllopMau:BIO o ce'leHHJIX B yrny6BTL HawB 

npe,ncTaBJieBBJI 0 MeXaHH3Me BOHB3aU:BB. 

t 



AaTopbl Bblpa>KaiOT rny6oKyJO 6naro~apHOCTb E .,LJ;.,lJ;oH
u.y, JI.AneKcaH~poay, JI.JI.3HHOBbeaoii 3a none3Hble o6cy>K
~eHBJI. 

Ta6Aulla 1 
ABSOWTE HI SQUARE AilS HI SQ= .19400E+O) 

HOlUlALIZED HI SQUARE HI SQ= .11547E+01 

FROII TO 

2 

10 

2 - 3 
2 - 4 
2 - 5 
2 - 6 
2 - 7 
2- 8 
2 - 9 
2- IO 
2 -II 
2 - 12 
2 - !3 
2- H 

3 

3 - 4 
3 - 5 
3 - 6 
3 - 7 
3 - 8 
3 - 9 
3- IO 
3 - II 
3 - 12 
3- !3 
3 :.. 14 

4 

4 - 5 
4- 6 
4- 7 
4- 8 
4 - 9 
4- IO 
4- II 
4 - 12 
4 - !3 
4- !4 

5 

5 - 6 
5-7 
5-8 
5-9 
5- IO 
5- II 
5 - 12 
5 - !3 
5 - !4 

LAMBDA DEIIl'A LAMBDA 

. 75I66R OI +/-. !0!68~+02 

. 55835!':+01 +/-. 3!99·~ :+OI 

. I883B+OI +/-. 242:;~):·;-tOI 

.28556E-OI +/-.2SJ5I~tOI 

.2I432E-OI +3-.20II8E+OI 
0. +/-0. 
0. +/-0. 
0. +/-0. 
0. +/-0. 
0. +/-0. 
0. +/-0. 
0. +/-0. 
0. +/-0. 

.686I3E+OI +I-732764E+OI 

.I8263E+OI +/-.E8939~+00 

. I8I80E+OI +/-. II42S:_+or 
• I9440E+OI +/-. 95s-881MO 
.689601::+00 +/-.1>1II7E+CO 
.58339E+Cl0 +/-.I4333Z+GO 

0. +/-0. 
0. +/-0. 
o. +/-0. 
0. +/-0. 
(1, +/.-0. 
0. +1-0. 

.205I2E+OI +I-.I282I~~I 

• I723m-tOI +/-.320•12:;+00 
• I29I2E+00 +/-. 38632:hCO 
.I458IE+00 +/-.28963R+00 
.5328IF~OI +/-.28574E+OO 

0. +/-0. 
o. +/-D. 
0. +~-D. o. +t.-0. 
0. +/.-0. 
0. +/-0. 

.2223IE+OI +I-.II270E+OI 

• II3IO~rl-OI +/-. 27084Pri-OO 
.95I29E+DO +/.-.426I8~"ri-CO 
.I4076E+OO +/.-.42985~+00 

o·. +/-D. 
o. +~-D. o. +t.-0. o. +/-D. 
0. +!1-0. o. + -0. 

..- liOIDI3W.O:!OHHM UeiiOtf!W 
,4_. *l. ~. •· i/,. #IZ. -

l1oHH3awtOHHM ueno<tr:a 
II,.~" 5 ,t,. ,.,., 

ABS HI SQ= ,10499E+OJ 
!fORM HI SQ= • 82669E+OO 

LAIIBDA DEIJrA LAMBDA 

.185I8E+01 +1- .288G4~+0I 

. I?227Pri-OI +/- . !,1208:~+0! 
• I2S07::'r+OO +/- . !4:356~\+CI 

0. .f./-0. 
o. +/-0. 
o. +/-0. 
o. +/-0. o. . +/.-0. 
o. +/-0. 
o. +11-0. o. + -0. 

.20870E+OI +1- .I2546E+OI 

.II310~+0I +/- .9I3G5D+CO 

.95I33E+00 +/.- .340921.1+00 
o. +f,-0. 
o. +t.-0. 
o. +1,-0. 
0. +t~O. o. +/.-0. 
o. +1.1-0. o. + -0. 

6 

6- 7 
6- 8 
6 - 9 
6- IO 
6- II 
6 - !2 
6 - 13 
6 - 14 

7 

7- 8 
7- 9 
7- IO 
?:- II 
7 - 12 
7 - !3 
7 - 14 

8 

I 8- g 
8- IO 
8- II 

' 
8 - I2 
8 - !3 
8 - 14 

9 

9.- IO 
9- II 
9 - 12 
9 - 13 
9- 14 

IO-

J 
10-II 
IO ;_ 12 
IO- 13 

\ IO- 14 

II 

II- 12 
II - 13 
II-!4 

12 

12 - !3 
12 - 14 

!!3 

I3- I4 

!4 

Ta6Aulla 1 /npoOOAJICeHue/ 

.I2729F.+OI +1- .77049Pri-OO .I3I59D-t00 +1- .5I744E+00 

• 65I84E+OO +/- • 32803'\-tOO .5·1274E-t00 +/- .32G23E+00 
.62I09B-t00 +!- .38846lh00 .773IIE+OO +/- .I9I2IE+00 

o. +~-0. 0. +/-D. 
o. + -0. o. +/-0. 
0. +'l.-D. 0. +/.-0. 
o. + -0. o. +/.-0. 
0. +~-D. o. +/-D. 
o. + -0. o. +1-0. 

• II639E+OI +I- • IBI70B·r00 .10394E+01 +1- .I3690E+OO 

,96208Fri-OO +/- .!75358+00 .I0394E+OI·+/- .I3690E+OO 
• 20I8IE+OO +/- .63535E-02 o. +/-0 • 

o. +/-0. o. +/-0. 
0. +/-0. o. +/.-0. 
0. +~-0. 0. +/.-0. 
o. + -0. o. +/.-0. 
o. +/-0. 0. +1-0. 

.50955E+OO +1- .76II4E-02 .55599E+OO +1- .7I952E-02 

.47897Frt00 +/- 746765J;:...02 .55599E+OO +/- .7I952Fr02 
• 30576E-OI +/~.29349~02 o. +/-0 • 

o. +/.-0. 0. +/-0. 
o. .f./-0. o. t./-0. 
0. +/.-0. o. +/.-0. 
o. +/-0. o. +/-0. 

.41738E+OO +1- .152611~1 .43489E+OO +1- .62I06E-02 

,40620E+OO +/- .77897Pr02 .43489E+OO +/- .62I06Fr02 
• 11I74E-OI +/.- .747I2E-02 0. +/.-0 • 

o. +/.-0. o. +/.-0. 
o. +~-0. o. +/.-0. 
o. + -0. 0. +/-0. 

• 30302E+00 +I- . 139231;;-0I .30366E+OO +1- .42573E-02 

.30302E+DO +/- .I3923E-OI .30366E+OO +/- .42573E-02 
o. +/.-0. 0. +/.-0. 
o. +~-0. o. +/-0. 
o. + -0. 0. +/-0. 

.198I3E+OO +1- .3I362E-02 0.20843E+OO +1- .26456E-02 

.19813~~00 +/- .21362S-02 .20843E+OO +/- .26456E-02 
o. +/-0. o. +/.-0. 
o. +/-0. 0. +1-0. 

.10000E-07 +l-0. .I4440E+OO +I~ .18852E-02 

.IOOOOE-07 +1-0. .I4440E+OO +/- .I8852E-02 
o. +/-0. 

.87540E-OI +1- .18647F~2 

.87540P~I +1- • 18647E-02 

.IOOOOE-05 +l-0. 
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Ta6Aul4a 2 

RPN = 1 

Al!SOilJTE HI SQUARE ABS HI SQ= • 55018E-D1 

NORJ4ALIZED HI SQUARE HI SQ= • 59802E-03 
LAMBDA DEI/l'A LAMBDA 

I .I4425Frt00 +/- .I5430E-OI 
2 .6I343F~OI +/- .3I35DF~02 
3 • 34I25E-OI +/- • 90439E-03 
4 • I3225E-OI +/- • 26787:?~03 
5 .I8I09E-02 +/- .37658E-04 
6 • IOOOOOE-07 +/-0. 

ZERO DISTANCE T= .I4793E+02 +/- .I24!2E+OI 

IIPN = 2 
.A.BSOilJTE HI SQUARE ABS HI SQ= • 26626E-01 

NORMALIZED HI SQUARE HI SQ= 

N LAMBDA DBI/l'A LAMBDA 

I .II262P~I +/- .59764E-02 
2· :85034E-OI +/- .40092E-02 
3 • 32728E-OI +/- • 79270E-03 
4 .I27?5~I +/- .23275F~03 
5 • I8403E-02 +/- • 37256E-04 
6 • 67739E-03 +/- • 44498F.,-04 
7 .IOOOOE-0? +/-0. 

.J0605E-03 

AMPLITUDA 

.76I22E-OI +/- .I0585F~OI 

.5I494E+OO +/- .II934P~I 
• 28I49E+DO +/- . I307GE-OI 
.!!740~00 +/- .9444IE-02 
.30543F~I +/- .65!753-02 
• 66455E-03T+/- • 58842E-02 

o. o. 
ZERO DISTANCE T= .37500E+OI +/- 0. 

12 

Ta6Au14a 2 /npoOOAJICeHue/ 

liPtl = 4 
ABSOUJTE HI SQUARE ABS SQ= .1?20BE-01 
NORMALIZED HI SQUARE HI SQ= .19??9E-03 

FROII 'fO LAMBDA DEI.JrA LAMBDA APLITUDE DELTA AMPLITUDE 

I 

I - 2 
I - 3 
I - 4 
I - 5 
I - 6 
I - 7 

FmBT 
.I4400E+OO +/-0. .96462E-OI +/- .I05IOE--OI 

.I4400E+OO +/-0. 
o. +Z-0. o. +Z-0. 
o. +ZZ-0. 
0. + -0. 
o. +/-0. 

2 .I0255E+OO +/- .I0338E-OI +/- .53027E+OO +/- .I0980E-OI 

2- 3 .70742E-OI +/- .38500£-02 
2 - 4 .2808IE-OI +/- .377I5F~02 
2 - 5 .3727IE-02 +/- .27080E-02 
2- 6 o. +/-0. 
2 - 7 o. +/-0 • 
3 .26288E--OI +/- .25862E-02 

.240I4E-OI +/- .I2786E--02 

.22739E-02 +/.- .I3076E-02 

728899E+OO +/- . I0620F~OI 
3- 4 
3 - 5 
3- 6 
3- 7 

4 

4- 5 
4- 6 
4- 7 

5 

5-6 
5-7 

6 
6- 7 

7 

o. +/-0. 
o. +/-0. 

.II3I6E--OI +/- .43I79E-03 

.II3I6E--OI +/- .43I79E-03 

.77982E-OI +/- .I02IIE--OI 

0. +1.:1-0. o. . + -0. 

• I8I24E-02 +/- .22582E-OI 

.I8I24E-02 +/- .2558aE-04 

.80000E-02 +/-0 . 

0. +/-0. 
• 63680E-03 +1- .34384E-04 o. 
.63680E-03 +/- 734384E-04 

• IOOOOE-07 +/-0. 0. 

ZERO DISTANCE T= .37500E+OI +/- 0 •. 

+/-0. 
+/-0 . 

+/-0 . 
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c 

c 

IlpUAOJICeHUe 
PROC.RAII CHARGE IINPUT,OUTPUT,PUUCIII 

COHHON/NPH/tiPN/TYP/K ,KK/OUTll/ l Tll,I(PN, KPFN/LC/LC 
1 /CRITH/ROHW,RHW,REVHrC01,EPS1W,TAU1W/O~OPX/OXI1COI 
2 /X/XI101/SIGHA/SIGHAI1~;1/K&SN/I(GlNILCH/LCH 
3 /RPBC/AONISN,TTN,TTHICJN/ARPN/T~ 1 ~1N/lf5/IT5 
It /IZP/IZI1IZF 

OIHHlSI Otl Z 1821821, XX 1821 1 YtH H~OI,ERC251 I ,NEXER I 250 I 
OIH(NSION Zll82,&21 

C INPUT DATA 
c 

c 

NAE=1'llt 
N=82 
l2I=2 
I ZF=12 
Nil=;, 
H:~t•NAE 

RW=1e 
RA=1u~. 
RO=. 01 
00 1 I=1,NU 
J1=1t•II-11+1 
J2=1t• 11-11 +L 
J:>=lt• CI-11 +3. 
Jlt=lt•I 
REA02 0 YRCJ11 ,YRIJ21 0 YRIJ31 ,YRIJitl,llEXERIII 
Y~IJ11=YRIJ11•KA 
YRIJiti=YRIJiti•RO 
ERUJ:YP.IJd 
GOTOilOr20,30rltOINW 

10 YRIJZI=RH•YRIJZI 
C.O TO 50 

20 YRIJZI=IRW•YRIJZII••2 
GO TO 50 

30 YRIJZI =RH 
c.o ro ·so 

ltD YRIJ21~YRIJ11 
50 CONTiilU:O: 

PRINTJ, YRI J11, YR I JZI 1ER.II I, YP.IJ31 1 Yt.l Jltl ,m:Xt:Hill 
4 CulHII<U[ 

R:..AD .. , I XX I! I , OX I I I , I= 1, N I 
PP.ItiT Soil lXXlii ,OX III ,I=ii;U 

c 

c 

c 

llPN:It 
EI=-1• 
ITN=JG 
KGSH=1 
D=11i0 e01ili001 
K=J 
Kl(alt 
KPN=1 
KPFil=lt 
LCH=O 

CALL COHPILIH 1NIO,EI,Z 1lL 1 XX,YRI 
CALL OFRCHCH,N,XX,YR,ER,NAEI 

2 f0RHATI~F10.3,I1CI 
3 fO~HATI~F1~.J,I1ll 
It FURHATC11tX,E1Se'loF1!e91 
5 FORHAT15X,I2,3X,l15.9,F11.91 

END 

c 

c 
1~:1 

1u5 
1C8 

1L4 

111 

112 
113 

103 

c 
iZOCi 

c 

i2C4 
Zil5 
iZLJ 

ZL6 

i2U7 
2u8 

i201 

/IpU/IOJICeHue /npoooAJICeHue/ 
StJBROUTitll "-ELAD11fi,NP,INOEX,T,Y,OFI 
COMHOIUX/X I~(' I 
CO~HON/IZP/IZI,IZF 
0 HIUISI Jll T 1111 , or Oil 
01HENSIJil AI11,~1,111,BI11 1 111 

K=I~TIX1111-IZI+1 

IZ=IZF-IZI+l 
y =3. 
A J= T ltl- 3 I + T It 1- 2 I " X I 2 I + T Ill· 11 • X I 21 '"' r' t T I til • X I 2 In 3 
s~=a ~. 
GO TO I .tv.: ,;;r.: ,~1!'· ,40 .. I ,tlP 

co•nr~w:. 
OU1L JJ=.i., K 
P=l. 
p ;,.:j. 
001lltl=J., K 
IFIL-JI1~5,108,1l5 
P=P•ITILI-TIJII 
CurHINUt:: 
P1=P1•TI L1 
COIHINUt:. 
P1=P1/TIKI 
AR=-TIJI•AO 
IFIOR-AJSIARII111,111,11i2 
EXPU=li. 
GO 10113 
EXPO=EXP CARl 
CO'HlNUE 
Y=Y+P1•t:XPO/P 
COiHlNUE 
GO TO 5Jt 

COtHINUE 
Nt<i: lt~-41/iZ+K+l 
L=K+1 
002~1I=1,K 
0021111=1.1 
Pi=:..• 
P2=1. 
002~3 12=1,1 
IFI1~-1112Lit,2l5,2ult 

P1=P1•1TIL-I21-TIL-I111 
COiHINIJt: 
Pc=FC:•TIL-IC:I 
P2=P2/TIKI 
A~=-T IL- 111•1,0 
IFIOR-AOSIARI12,b,2L6,i2D7 
EXPO=t • 
GO TOi2[)8 
EXPO=EXPIARI 
CONTI N!JE 
Y=Y+T li~K-11 •P2'"EXPO/P1 
CONTINJ£ 
GO TO 5JC 
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16 

leO 

352 

350 

JOlt 
3.i8 

311t 

313 
315 
312 

309 
316 

litO 
317 
3?2 

321 

321t 
323 
301 

325 

326 
327 

1 

361 
c 

c 
It DO 

IlpuAoJKeHue /npoooAJKeHue/ 

CONTINUE 
I l1= 1 Z-1 
IJ=IIZ•IIZ-111/2+1 
NTT=Q 
00 3~0 Ji=l ,I Zi 
I>=J1+1 
NT=• 
BIJ1,J~I=u. 
81J~,J31=TIJJ•J1+NTTI 
00 352 J3=1::. ,IZ 
BIJ1,J11=BIJ1,J11+TIJ3•J1+NTTI 
NT=J3/J3 
NTT=IITT+tll 
CONTINUE 
B liZ ,IZ I= T I !31 
00 3(1 J1=1,K 
00 Jl1 J3=1,J1 
00 301 J2=1,J3 
I Z=J1·1 
lfll•Jil 301t,34C,301t 
IFIJ1-J31 3l8,Jt 'l,3L8 
AIJ1 1 J~,J31=Co 
00 312 Jlt=JJ,IZ 
lf(J2-J31 313,311t,3!3 
AIJ1,J2,J31=AIJ1,JZ,JJI+ 
AIJ~ 1 J2,JJI•B(J~,J11/IJIJ1,J11•BIJZ,J311 
&0 TO 315 
A I J1, J2, J 31 =C· • 
CONTIN 1JE 
CONTINUE 
GO TO 323 
1FIJ1·Jll 316,317,316 
AIJ1,J2,J31=Co 
GO TO 323 
CONTINUE 
If13-J1~J2•J31 321,32Zt321 
AIJ:~.tJ2,J31=1• 
GO TO 323 
AIJ1,JZ,J31=0• 
00 324 J6=1,12 
AIJ1,J2,J31=AIJ1,J2,J31·AlJ1eJ&,J61 
CONTINUE 
CONTINUC: 
00 3&1 J3=1t K 
00 361 J2=1,J3 
A~=-OIJZ,J31•AO 
IFIUR•AJSIARII 325,325,32& 
EXPO=Oo 
GO TO 327 
EXPO=EXP I ARI 
co:niNUE 
Y=Y+AIK,JZ,JJI•EXPO•Ttll+KI 
CONTINUE 

GO TO Sut 

CONTI hUE 

452 

451i 

4l•4 
4:,8 

414 

413 
415 
U2 

4u9 
41& 

4't0 
ltH 
422 

421 

4~4 

ltZ3 
ltu1 

425 

42& 
427 

461 
SJO 

1 

IZ1=IZ-l IlpUAOJKeHUe /npOOO/IJKeHue/ 
I3=CIZ"IZ1JI2•1 
Ilt=I3+IZ 
NTT=O 
DO 45l J1=1,IZ1 
I1=J1+1 
NT=~ 
B IJ1 ,JU =~ • 
DO 452 J3=ll, IZ 
DIJ1,JJI=TIJ3-J1+NTTI 
BIJ1,J11=01J1,J11+TIJ3•J1+HTTI 
IH=IH+J3/J3 
NTT=NTT+NT 
CUIHINUE 
BIIZ 1 1ZI=TC131 
DO 4f.1 J1=1,K 
00 401 J3=1,J1 
Oil 4l1 J2=1 1 J3 
12=J1-1 
IFC1-JU ~;o~+,44l ,4t.4 
IFIJ1-J31 41 8,~9 1 4t8 
AIJ1 1 J2,J;)J=C. 
00 412 J4=J3 1 12 
lf(J2-J3) 413,414,413 
AIJ1 1 J2 1 J31=AIJ1,J2 1 J31+ 
AIJ4,J2,JJI 4 BIJ4,J11/IOIJ1,J11-aCJ2,Jill 
GO TO 41S 
AIJ1,J2,J31=1. 
CONTINUE 
CONTINUE 
GO TO 423 
IFIJ1·J~I 41~,417,416 
AIJ1 1 J2 1 J3J=!i. 
GO TO 423 
co:niNUE 
If13-J1-J2•J31 421 1 422,421 
AIJ1 1 J2,JJI=Til3+J11 
GO TO 423 
A I J1 t J2 1 J3 I =l• • 
DO 424 J&=1,I2 
AIJ1 1 JZ,JJI=AIJ1 1 J2,J31-AIJi 1 J6,J61 
AIJ1,J2,J31=AIJ1,J2,JJI+TII3+J11 
co:niNUE 
CO'HINU£ 
00 461 J;)=1 1 K 
00 4&1 J2=1,J3 
AR=-BCJ.!,JJI "AO 
IFCBR-A1SIARII 425,425,4,& 
EXPO=!.• 
GO TO 427 
£XPO=EXP CARl 
COIHihUE 
Y=Y+AIK 1 J2 1 J31"EXPO•TCI4+KI 
CONTINUE 
COtHIN!JE 
RETURN 
END 
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c 

llpuAoxeHue /npoooAXeHue/ 

SUBROUTINE OFRCHlM,N,XX,YR,ER,NAEI 
COHKON/WPN/NPN/CRITW/RO~W,R~H,R~VW,C01tEPS1H,TAU1W 

1 /OROPX/UXl1(li/X/Xl1ui/~IGHA/SIGH~(1uCI/IZP/IZI,IZF 
OIMENSI1H XXINI,YRIMI,ERlNAEioJl2Jt2DI 

1tli 

1\IOil 

3;,1 

zooe 

1t6 

31)0;, 

352 

3S3 
351 

4000 

18 

HZ=IZF-IZI+i 
BB=L • 
DO 1C 1 I=1,t• 
BB=BB+OXlii 
HSH=REVW/INAE-N+INTtBBII 
PRINT10:j 
PRIIH 1G2 1 Rt.VW 
PRINT103,HSN 
GO TO 11~P0,2~LD,3~CO,-OOCI,NPH 
CONTI NUt:: 
PRINT1J4 
NLA=N-1 
DO 3C.1 I=1,NLA 
PRINT 3C2ti,XXIIItSIGHAill 
CotHINUE 
GO TO 50i,; 
CONTINUE 
PRINT 1Clt 
NLA= lN-l.) /2 
DO 1\;6 I=1 0 NLA 
PRINT105,I

1
XXlii,SIGHAIIItXXli+NLA),SIGHAli+NLAI 

CONTINUE 
GO TO 5,~t 
COtHII\UE 
PRINT 355 
I3=NZ"'INZ-1) /2+1 
IZ1=IZF-1 
HTT=f.J 
DO 351 J1=IZI,IZ1 
Il=J1+1 
HT=L 
A'l=l: • 
EAB=Oo 
DO 352 J3=l1, IZF 
AO=AB+XX IJ3•J1HITTI 
EAB=EAB+SIGMAIJ3-J1+NTTI 
PRINT 332,J1

1
AB,EA3,XXII3+Jl-iZI+11tSIGHAII3+J1-IZI+11 

DO 35J J3= I1, IZF 
PRINT 3&3

1
J1 1 J3,XXlJ3-J1+NTTioSIGHAIJ3-J1+NTTI 

tll=NT +J3/ J3 
NTT=NTT +tiT 
PRINT 382oiZF,XXII31tSIGHAII31,XXlN-41,SIGHAlN-41 
GO TO 50u 
C:lNTINU£ 
PRINT 401 
I3=NZ"' WZ-1112+1 
Ili=IZF-1 
I4=I3+NZ 
NTT=O 
00 451 J1=IZI,IZ1 
Il.=J1+1 
Nl=O 

452 

453 
451 

soc 

333 

zoo 
c 
c 

HO 
11.:2 
1t3 
1:.4 
105 
2t.1 
2\12 

3ii2 
3()5 
334 
355 

382 
362 
363 
4.>1 

462 
610 

AB=C • llpUAOJICeHue /npOOOAXeHue/ 
EAB=O. 
00 452 J3=I1,IZF 
AB=AB+XXIJ3-J1+NTTI 
EAB=EA3+~IGMAIJ3-J1+NTTI 
PRINT 46Z,J~ ,A'J,EAO,XXII3+JJ..-IZI+ll ,SIGMA ll3+J1-IZI+11, 

1 XX(I4+J~-IZI+11,SIGMAII4+Jl-IZI+11 
00 453 J3=I1,IZF 
PRINT 363,J1,J3,XXCJ3-J1+NTTI,SIGHAlJ3-J1+NTTI 
NT=tH+J3/J3 
NTT=NTT+NT 
P~INT 462,IZF,XX!~31,SIGHA(I31,XXII4l ,SIGMAII~l, 

1 X.<(l4+1lZI ,SIGi'IAII4+NZI 
CO:HINU~ 

1 

1 

1 
2 

PI{INT JuS 
00 333 1=1,4 
II=I-1 
PRINT 334,II,XX!Il-4+Il,SIGHA(N-4+Il 
COIHINUE 
PRINT 2u 2 
00 20& I=1,riAE 
J1=4• t I-11 +1 
J2=4•1!-11+<. 
J 3 =4"' I I -11 + 3 
J4=4"'I 
X111=YRIJ31 
XCZl=YRIJ41 
NP=NPN 
CALL ~ELAOIIN,NP,ItiDEX,XX,Y,OFl 
PRINT 2~·1 1 YRIJ1l ,Y, YRIJ2l ,YR.IJ41 1 YR(J3l 
COIHINUE 

PUNCH G!HtCI,XXIIl ,I=1,N) 

FORHATl1H1 1 2ZHINVERSE PROSLEH CHARGE,I/15X,2211~.ll 
FO~HATI~~X.~9HAUSOLUTE HI SlUARE ASS HI SQ=,E12.5,/I 
FORMAT(12X,27HNOR~ALIZED HI SlU~RE HI SQ=,E12.5,/1 
FuRHAT 111X, 1 HII, F,X, GHLAHtlO A, :i..l X, ... 2HOEL TA L AHRO A,15X ,'IH ~11PL ITUOE I 
FO~HA111vXtl~t5X,~Ifl2o5,?X,JH+I-,E12.5,10Xl I 
FO~HAli'>X,41E15.5,~XloE10.3l 
FORHAT(5X,3HEXP,17X,6HTHEORY,:~.4X,2HER,18X, 
4HTIH£,16X 0 6HCHARGE,/l 
FORM I\ T I H X, I2, 5X, E12o '>• 5X, JH+/-, 1:12.5,2 I 1U X, 5 !1H•l II 
FOR"'ATI/1LX,lJHNO'l LINEARITYJ 
fuRHATl1QX,I~.~X,E:~.2.5,?X,1~+/-,E12.5l 
FORHATilCX,LHFROH,3X,~HT0 1 5X,~HLAHdUA,14X,12HOELTA LA"DOA,SX, 
9 H A i1 P L I T IJ J!:., 11 X , 1 5 H J E L T A A IH' L I T U 0 E, II 
FORHAT!/1CX,I2,12X,21E12.5,5X,JH+/-,E12•5•5XI/l 
FORHAT(//1CX 1 21l::',5Xl,ZI£12,5 ,':>X,;)H+I-,E12o5o5Xl/l 
FORMATI1[X,21I2,5Xl ,E~z.S,SX,JH+/-,F12o5l 
FOR.HAT 1 ... : X ,4HF.,_OH, 3X 1 2>HO ,51 ,b'ILAI1:30A ,1'+X .12HOELTA LAHJOA,5X, 
9HAMPLITUOE,11X,15HJELTA '~~LITUJE,~X,~HA~PLITUDE,11X, 
i5HJELTA AMPLITUOC/h1X,5HFIJST,~5X,6HSECONO,/l 
FORHI\T(/~~X,I2,12X,31E12o5,5X,3H+/-,E12.5t5XI/l 
FORHATI7X,JHXXf,l2o2HI=,E~5.9l 

RETURN 
EIHl 
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