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0HHIJleHKO n.M., Cati>OHOB A.H. pg - 12128 
Pac'leT aMnnHTY/lHOii xapaKTepacTBKB caaxpouaKnoTpoHa 0115111 

Onacb!BaeTcSI anropaTM, noaBonBIOlllBii paccqaTaTb aMnnaTy /lHYIO xapaK

TepaCTBKY H8UpSI)!{eHHSI Ha llYSHTe Ci!HXpOUBKnoTpOHa U g (t), o6ecne'IBB8IO

lllYIO yCKOpeHBe ny'IK8 6e3 tl>a30Bb!X ITOTepb npa MBHBMSnbHOH Bb!COK0'18CTOT

HOH MOlllHOCTB. Hanacaaaag Ha ocaoBe 3Taro anropHTMa nporpaMMa FAZOPT 
BCITOnb30Banacb JlnSI onpe/leneHBSI 8MITnBTY/lHblX XapaKTepBCTBK npB pa3Hb!X 

3Ha'leH&SIX qacTaTbi MallynBUBB FM , ycKapSIIOlllero HanpSI)!{eHBSI aa aaxBaTe 

ugo ' Bena'IBHbl MarHHTHoro nonS! B ueHTpe Ho B npa B8pi!8UBB r B - Bepx 

Heli '18CTOTbl /lB8IT830H8 '18CTOT yCKOpSIIOIJlero H8ITpSI)!{eHBSI. Opa ITOCTOSIHHOM 

Ugo 8MITnBTY/lbl Ug (t) B pa60'IeM HHTepBane '18CTOT B03p8CT8IOT npi! 

yMeHbllleHBB r B II npa yBena'leHBB F M B Ho . 00/l'beM Ugo Ha 36% ITpi!BO/lBT 

K pocTy U g B cepe/laHe llHanaaoaa TanbKO aa II%. 113 pacqeToB cne!lyeT, 

'ITO ITpB Han&'IBII 8HO/lHOrO MO/lynSITOpa BMeeTCSI B03MO)!{HOCTb ITOBb!CBTb 

aanpSI*eHae Ha aaxBaTe llO 22 KB 6ea yBena'leHBSI MOlllHOCTB BbiCOKO'IacToT

HbiX ITOTepb. 

Pa6oTa Bbmonaeaa B fla6opaTOpRB B/lepHbiX npo6neM 0115111. 

Coo6meaae 06'be/lBHeHHaro RHCTBTyTa BllepHbiX RCcnelloBaHali. lly6aa 1979 

Onishchenko L.M., Safonov A.N. 
pg - 12128 

Computer Calculation of RF Dee Voltage Program for 
JINR Synchrocyclotron 

An algorithm permitting to calculate the RF dee voltage prog
ram Ug (t) for the beam acceleration at minimum RF power without 
phase losses is described. The FAZOPT program written on the 
basis of this algorithm was used to determine RF dee voltage prog
rams for different values of repetition rate FM , dee voltage at cap
ture Ugo , magnetic field value Ho and at variation f 8 of upper 
frequency of RF range. At the constant U90 dee voltage u

9 
(t) in 

the operation frequency range increases at diminishing f 8 and at 
increasing F M and Ho • The 36 percent raise of U90 leads to the 
growth of u9 near the middle of the range only to 11 percent. It 
follows from the calculations that at the anode modulator of RF os
cillator available the dee voltage at the capture may increase up to 
22 kV without increasing RF power. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JlNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'hellBHeHHblit BHCTHTyT HllepHbiJC HCCDellOBBHBJl /ly6HB 

,lLa.HHaJI pa6oTa CTm.ty.JIKpOBaHa npoBO,ItHMHMH B HaCTORIIIee BpeMH 

liiCCJie,ttoBB.HHID4H Ha cliiH:xpoiJ;~IRJIOTpoHe Ollirn aHO,ItHoro MO,IJyJI.ilTopa, 

paspa6oTaHHoro ,ItJI.il ycTaHOBKlii "~" /I/. Hcno~soBBHEe aHO,ItHoro 

MO,llyJIJITOpa TI05BOJIJI6T CiPOp.mp0BaT:& aMIIJiliiTy.ItHyiJ xapaxTepitCTKKy 

cliiH:xpoiJ;~IRJIOTpoHa TaKJiiM o6pasoM, ~To6u o6ecne~T:& ycKopeHite ~

Ka 6es ljlasoBHX noTep:& np1ii MliiHitMB..7IbHO! noTpe6JIJieMo! B.~. MOIIlHO

CTlii. 0npe,tteH6HHe 9TOi xapaxTepHCTliiKlil OCHOBaHO Ha liiCTI0~50BaHitlii 

ypaaHeHKH, onHcHBa~ero a,Itlila6aTH~ecKoe saTyxaHite ~soBax Ko~e-

6aHlti B npo~ecce ycKopeHKH 121: 

) 
E,H 7/&,[h,E,K 

a(cos ~) = a (cos~, E H, Jl C ~ E Kf 7 
(I) 

r.ne a( cosn ) - HOpMitpOBaHHaH ~Oma.tt:& 06~aCTlii YCTOi~BOCTlii, 

~ - paBHOBecHaa: ~sa, E - nomaa: aHeprRII HOHa, H, 
s ~ J1[ 

K - MarHKTHOe no~e, YCKOpa:~ee HaTipHJit6Hl1!e Iii KO~eHT aBT*-

5HpoBKlii, -g - OTHOCHTeH:&HI:tit Ha6op 9HeprHH ~WHOM sa 060pOT. 

MJmeKC f COOTBeTCTByeT pa,ItlilyCy 'Z f , Ha~aa: C KOTOporo, Be-

mliiHa {; MeHJieTCJI 8,ItHa6aTH~ecKH (B cliiHxpo~oTpoHe OM.ffi! 

'l !:::. 20 CM). J3Be,IVI BMeCTO Q ( COS ro ) HO:eyiO ~ B BH,Ite 
t Ts 

])(coSCf.)= ~ (eM. pHc.I), MOJKHO saTyXaHHe ~50BHX 
s cos~ 

KO~e6aHHH ~THBaT:& ITO iPOPMY~e 

EKf
2rr· .Dfcosrt_) = ])fcos(o) ' 2 -.' 

\' s ( ~ Tst E k f j 
( I 

(2) 

KOTOpaH ITO~eHa HS ypaBHeHRII (I) ITO,ItCTaHOBKO~ 

E·f 

[{=- 2e~Kf2.eoS<fs (3) 
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. elf 
r.ne f - 'W.CTOTa ycKOPIDlllero ua.np~memm, a f= dt - npoKs-

BO,nHaa qacTOTHOI ITporpaMM!i ITO BpeMeHJI. 

YpaBHeHJie (2) ITpll H3B6CTHHX ITapaMeTpax E, K, f H f (CM. 

Ta6Jnmy .xapaRTepKcTKK) ITOSBOJIJieT pacc'IKTaTI> BeJ.IH1IHHY D B 

SaBHCKMOCTK OT pa,ItKyCa ll ITO rpa.iputy BJill 'Te.6Jrlme ~HKLUUI 

]) ( CoS f. )i5 orrpe,ne.nHTb C()$ ro , COOTB6TCTByDIIHi!:, TaKKM o6-
s Tg 

paSOM, ~OBHM KOJI66ammM ,no r~ (paSOBOi YCTOI'IKBOCTK. 3aTeM 

ITO cpop.!YJI6 (3) Mom:IO HaiTH BMILllliTY.nHYJ:l .XSpaKTepHCTKEY CKHXpo

~OTpoHa, o6eciTe~ ycxopeHKe 6es ~OBHX ITOTepb IIpH MK-

HKMaJil>HHX ~ ,nJIJI ,naHHOI 'laCTOTHOI ITporpaMMH. 

HarmcaHHaa C RCITOJI:b30Ba.HH6M STOrO 8JII'OpHTMB. nporpaMMa 

FA 2 0 PT .naeT BOSMo:amocTl> pacc'IHTI:lBB.TJ> BMIIJIHTy.nHYJl .xapaRTe-

pzcTRKy ITpR paSHHX 3Ha'I6HHRX 'laCTOTH MO.ny~ ~ , ycKOPIDlll6-

ro HaDpiiXeHHII Ha 38.XBaT6 Ufo H BeJJlf<DlHI:l MarHJITHOrO IIOJlii B 

neHTpe H
0

• .l!RcTHHr nporpaMMH FA Z o P T ITpKBe,neH B IIpHJioze-

HHR. 

B ITporpaMMe KpoMe &; onpe,neJI.f.leTCJI T8.RlK6 SaBHCKMOCTb 

MOmHOCTH BHCOKO'IaCTOTHHX ITOTepb OT BpeMeHJI ~ (t} H Cpe,nHSS 

B. '1. MOmHOCTb F:p , Bl:l,IJ;eJI.f.leMaa B peSOHaHCHOli CHCTeMe sa ne-

pHO,n MO.ny.JI.HIJ;ID!. B. lJ. MOmHOCTb paCC'IHTHBa6TCJI ITO cpop.lYJie: 

u.z. 
!I P. = tv 

(4) 
- - ' 

K;Rt" 

r.ne R~ - Bxo,nuoe conpoTRBneHHe pesoHaHcHoi cHcTeMH, a 

K = #- - xoaqxlJm!,HeHT TpaHcipo:ruanmr BXo,nuoro Hanpm!teHKH [/"' 
T Ut. 

K HaiipmKeHmo Ha KpoMKe .nyaHTa ~ 

ITporpaMMa 6HJia HCIIOJil>SOBaHa .nJI.f.l pac'leTa l{ H P...,. B 

pcl!U!Max pa60TH CHHXJXll~OTpoHa OH.ffi'I, 6JIHSKHX K SKCIIJIYaTall;PIOH-

;K; 3HalJeHID'! lj}yHI<.IJ;HH ]) ( CoS~ ) paCC'IHTI:lBB.IOTCJI B HalJaJie 

nporpaMMH H SaHOCJITCJI B IT8MHTb 8BM B BH,ne Ta6.JIRin:I. 
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nyqKOB R BHBe~eHHHX npoTOHOB C TOKOM MBrHRTa I 0 ~ 4300 A. Bcne~

CTBRe STOrO, R3MeHeHReM TORB. MBrHRTa He y,n;aeTCJl 3Ha'!liTeJil>HO Me

HJIT:& IIp0R3BO,IJ;Hyll Ha 3a.XBaTe, KaK ~0 R3 pl[C, 4, HanpmteHRe Ha 

,IJ;yaHTe R Pc., C H3MeHeHReM TORB. MarHRTa I 0 OT 4200 ~0 4450A 

B03paCTaDT HeHaMHOrO. Cpe~ MOmHOCT:& BUCOKO~aCTOTHHX IIOTep:& 

P0P YBe~eTcJI rrpH aTOM npRMepHo oT 35 ~o 39 KBT. MarHKTHoe 

no~e B UeHTpe MOXHO YBO~T:& TaRXe IIOCTaHOBKOH EaHe3HUX KO~eu 

Ha KpUWKH RB.Mepu / 6/, O~aKO STO CBJl3aHO CO BCKpUTReM YCKOpR

TeJil>HOH KaMepu R o~eHHeM nepcoH~a. 

B CRHxp0UllliJIOTpoHe 0Uffi1 IIpH HCIT0~:&30BaHHH KO~eHcaTOpa CB.Il-

3H OC060H KOHCTPYKUKH KMeeTC.Il e~e B03MOXHOCT:& MeHJIT:& XO~ ~ac

TOTHOH KpHBOH B BepXHeH ~aCTH ,n;HanasoHa, HanpKMep, ITO 3aKOHy 

f= f, -2(~-24)(t-qf/ (ff.Hrq),t[,.,cJ) co CIImBKOH c pe~:&
HOH ~acTOTHOH KPHBOH f(t) Ha ~acTOTe 24 Mru. Ha pHc.5 noKasa

Ho, KaK MeHJieTCJl aMnn:HTy~aJI xapaKTepRCTRRB. R B.~. MOmHOCT:& 

~ OT 25,92 ~0 25,52 Mru. ~ TaKOrO 3aKOHa IIpR R3MeHeHHH 

BimHo, ~To yMeH:&IIJeHRe j ~ { IIO~TR .D;O HYM ITpl[BO.n;HT K SaMeT-

HOMy pOCTy u, H P,y Ha 6onllieH ~acTR ,n;HanasoHa. 

TOR ~Ka B CHHxp0UlffiJIOTpoHe OUffii ITpH ~aCTOTax MO,I\Y,mmiDI: 

B6~3H I70 rn B03paCTaeT c YB~~eHHeM ycKOpJimmero Hanpaxe-

HHJI / 5/. ilOCKOJil>KY IIpH H~H~ aHO~OrO MO,I\YMTOpa ~30BUe ITO

TepH MOryT 6UT:& YCTpaHeHU, TO RHTeHCRffiiOCT:& ~Ra 6y~eT OIIpe~e

MT:&CJI, r~aBHUM o6pa30M, 3Ha'leHReM IIpoH3BO~O:ii '!aCTOTHOH rrpo

rpaMMH H Be~~oli ycKo~ero HanpREeHHJI B Te~eHRe BpeMeHH 

3axBaTa, Ha pHC, 6 ITOKa3aHO, KaK H3MeHJieTCJI 8MIIJmTy~aJI xapaKTe-

pRCTRRB. H p&lf B 3aBRCKMOCTH OT ycKOpmlllero HallpRltemm: Ha sa-

XBaTe u,... , BimHO, ~TO BMe~CTBRe saTyXaHHJl ~30BUX KO~e6a-

HHI ~ B cepe~e ycKopeHHJI B03pacTaeT Bcero JUIW:& Ha II% 

rrpH YBeJ!lr<IeHHH Ll,o Ha 36%. :3TOT qmtT TaKllte rrosBoMe'l' Ha,n;eJIT:&-

10 

PHc.4. BnHHHHe BenH'IHHH MarHHTHoro nonH ua aunnH

TYAHYD xapaKTepHCTHKY H B.'l. MO~HOCTb. 
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Puc.5. U1 H P&. npR BaPH~MH KpHBOit f(t.) no 3aKOHY 

f(t)= ~ - 2{f -24}ft-!J.I)Il B .I\Hana30He OT ~ • .1\0 24 Mr~. 

12 

I 
f 

J 
I 

1{.,/!8) /!,[18r} 

\Ani ' 
(6,5 ~~' 

l~\ ~--.,.-It t8! lff.S ' 
l ~ 

.......,,.,..., 22,5 Sf,9 

J'Hc.6. AunRMTY.I\HHe XapaKT6PHCTJ1KH H B.q. WO~OCTb 

llPH pa3HHX HanpliX6HJ1JIX Ha 3axBaTe ~. 
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ca no~TI> yn~eHHe HH~eHCKBHOCTH nyqRa 6es c~ecTBeHHoro 

pocTa ITOTpe6xfi8MO~ B.~. MOmHOCTH. 3aBHCHMOCTH Cpe~e~ Sa nepHO~ 

MO,Izy"JIJD.J;HH B.~. MQmHOCTH p cp OT YCKOpmlllero HaiTpRJJteHHH Ha SB.XBa-

Te (/~ H306paxeHH Ha pzc.7 ~ ~eTHpeX 3Ha~eHHi ~acTOTH Mo-

,Izy"JIJD.J;HH • 

Hs aHaJmSa BHIIIeiTpHBe~eHHHX rpa.iplmOB B~O, ~TO ~ yBeJm

~eHHH HHTeHCHBHOCTH npz 3~aHHHX npe~e~HHX SKC~aTauHOHHHX 

napaMeTpax (HanpHMep: F?.,., = 50 KBT, ~ .. , = 22 KB, F_, = !80 

I'I4 H r_>t = 4320 A) CJie,ey-eT B nepByJJ o~epe~ yB~Tb Ha

IIpro!teHHe Ha SB.XBaTe u,., , TIOKa He 6y}l;eT ~OCTHI'HYTa npe~e~HO 

~OnyCTHMB.Si cpe,n;wm MOIIIHOCTb P_" , TaR KaK npK STOM U~ 
B cepe~e ycKopeHHH nospacTaeT HesHa~Te~Ho, a TOR nyqxa yne-

~BaeTCR c ufO 6HCTpee' ~eM no JmHe:il:HOMY SaKOHY / 5 ' 
7 I. 

Ec;m U,., cTaHeT paBHO V",..,.x paHbme, ~eM P cp Cpa.BHJieTCJI 

C p , TO ~~Hef.imee yBe~eHHe HHT8HCKBHOCTH MOlKHO npo-
'"~IC 

no~Tb yBe;m~eHHeM FM ~o F,.,"x 
xapaKT8pKCTHKa BHpaBHHBa8TCH, T. 8. 

• llpH STOM aMIJJmTy~asr 

tf, B cepe~e ycxopeHHH 

npH6JIJIIltB.eTc.a: K U:,")t • B ~e, eCJm H F_~r 6YJJ;eT ~ocTHrHy-
Ta IIpK P cp , MeHDmeM ~ , CJie,ey-eT YB~Tb npeMll saxna

Ta. ~ STOrO MOEHO IIOHREaTb BepXHDD ~aCTOTy, ~06HBasrCb YM8Hb-

meHHH f ~ { Ha ~acToTax saxnaTa. 3a.TeM ~ Honoil ~acToTHoil 
KpKBOii TaKJKe no~b U,o , FM K I 0 ~o npe~~Ho ~onycTKMHX 

SKC~aTauHOHHHX 3Ha~eHKii. 

Ha pKc.8 npHBe~eHH pac~eTHHe ~ K ~., ~ CYIIIeCTByD-

mei ~acToTHoA xpKBOil c £ = 26 Mrn (KpHBM I) K ~ ~CTOT-
' HOi! KpKBOH C yB~8HHHM BpeMeHeM SB.XBaTa TipK ~ = 25,52 ~ 

(KpKBasr 2), a TaKJKe ~ H F;, B 06~0M pelGIM8 pa60TH CHH

xpoUHKJIOTpoHa OIDIH (KpHBB.a: 3). :BlmHO, ~TO npz HCII~30BaHHH pac

C~TaHHHX aMILJDITy~ xapaxTepRCTHK MOEHO IIO~TI> yB~eHHe 

14 
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Plc.7. 3aB.CKKOCtl> Cpe~el Sa nepao~ MO~Y~RURB B.q. 
MO~OCtB Ot ~ B qaCtOtH MO~y~RURB. 
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lt/f8rl 
r--SIJ.7 . ··. 
2---lf 4!}.9. 
3--·- 51,2 

PH c. B. CpaBHeHHe pacctnfta.HHHX ~ II /j, (K:PJIBHe I II 2) 
C paOoqHKH ~~R CHHXPOUHIAOTpoHa ORffR 083 KO~ynRTOpa (xp. 3). 

16 

Ul'> HJil1I BpeMeHJI[ SaXBaTa 6es poeTa epe,nHeit sa nepl!O,It MO,ItyM-

nHH MomHOeTR, IIOTpe6Jll!eMOI B.~. eReTeMOft. 

TBKRM o6paaoM, B pesy~TaTe·npoBe.zteHHol pa6oTu: 

I. Cos,ItaH aJII'Opl!TM, nosBO.li.SBIItd pace11fta'l':& no nporpaMMe 

Flf 2 oPT 8MIIJili[Ty,ItHyll xapaxTepzeTm<y elii!DCJlOD;KKJIOTpOHa, o6ec

ne'IHBa!JilYil yexopeHJI[e ~ 6es cpasoBiiiX noTep:& llPH MmmMBJI:DHol 

MOmHOeTR BHeOKO~aeTOTHiiiX IIOTepn. 

2. C ReTIO~SOBaHReM 8TOit nporpaMMH RS~eHO BHRRHHe Ha 

~Ty,ItHyiD xapaKTepReTRRy K B.~. MOmHOeTh ~aeTOTH MO,Ity~ 

~ , yeKopmaitero Hanpmtemtl! Ha .saxBaTe ~ .. K Ha~ol npo-

R3BO,ItHOH ~eTOTHOI nporpaMMH i 
0 

HOro TIOM B neHTpe H0• 

, a Truate Be.JmllHH!:l MarHJI[T-

3. ,Il.rui eYIIleeTBYmtel 'laeTOTHOft KpRBO! e ~ = 26 MI'n OIITR-

~HOI 6y.zteT BMIJJmTy.ItHM xapaKTepzeTRKa npz lly.. = 22 KB, 

~ = 167 I'n, H0 = !6729 3 (I0 = 4320 A). Cpe,ItH.Sm sa rrepl!O.It 

MO.ztY~ B.~. MOmHOeTb paBHa rrp:11 aTOM Pep = 50,7 KBT (eM. 

pKe.B, KpRBaR I). 
4. ilpR BOSMOXHOeTK IIOHJI[SRTh ~ ,Ito 25,52 MI'n CJie,eyeT 

zeno~soBaTb 8MIIJili[Ty.ItHYJl xapaKTepReTRRy e U,.. = I7 KB, F;.. = 
I67 I'n, H0 = I6729 3, KOTOpol eOOTBeTeTByeT Pep : 49,9 KBT 

(eM. pHe.8, KpHBaR 2). 

ABTopu rrpHsHaT~HH E.H.Map~eHKo, T.H.ToMHJil!Hol H E.H.Po

saHoBy Sa IIpe,ItOeT~eHHHe HMH ,ItaHHHe 0 rrapaMeTpax B.~. eReTeMH 

H sa no~esHue o6eYE,IteHBR. 

17 



IIPIIJ[OJLEHiiE III 

PROGRAM FAZOPT 

PROGRAM FAZOPT IINPUT,OUTPUTI 
OlltENSIO~ R1401 1 HI4~1,CHRI401 1 EVOI<t01 1 ANII2001t6314UI ,AII41,H0141 

1 1 FROI321 1 ROEIOI3ZI ,TKOI321 ,FII<tll ,uFTII411 ,UII411 
z,COSFIIZOOI,ONIIZUOI ,TII481 , RHIZOOI tFIOTERIZOOI ,TOI<t81 
3, PI 'tO I ,E 140 I , W 140 I , BETA 140 It F I 4U I , AN 1401 , A K 14 0 I, OFT (4 0 I ,u 1411 I 
't, T litO I ,COSFIR I 'toll , A I 'til I ,CO SFI 0 I 'tO I ,O 14ul ,COSFUOI<tO I ,U 0 I It~ I 
5,ROEI40I,TKI•01 ,ANOI2DOI,ONOI2uui,COSFOI2001 
& , £d4 I 40 I, 64H 1401, UF I'H ,OTI 91 ,utt 140 I 
7,0FNI481,FNI481 ,U~I481 1 TFI~ZI,DFTF1121 

R~AJ 1,EP,Z 
READ 1,R,H,OHR,EVO,ANI,a3,AI,HO,FRO,ROEIO,TKO,FI,OFTI,UI 
READ 4,NT,NXAP,I4tiH,IG,EAH,FHH,AIOtltKRtKTt~AI,FHI 

PRINT lrFI $ PRINT 1,0FTI $ FwiNT 1tUI 
IZ=Z S COSFIIli=O, ~ ONII11=886, 

EAH=EAI $ EAP=EAH $ IFH•FHI I IFP=FHH $ AI1=AI~ 

00 14 K•2r200 
CJSFIIKI=IK-11/200, 

14 JNIIKI=AHIKI/SlRTI COSFIIKII 
00 12 K•ltZOU 

A~OIKI=ANII2U1-KI $ ONOIKI=O~II201-KI 
1l COSFOIKI=COSFII201-KI 

IS=1J l JS=9 
NH=40 
NH=I 

0!=0,1 .; KH•1 
DI=lo 
JDFT=0.25 ~ OFH=1,5 
ODFT= Oo 
UOu=23o ~ OU=Zo ~ UOP=20o l U1=17o 
OU=Jo $ PBH•&Oo 
OE=2, :. EH=a,5 
OE=o. 
DFHJU•ZJ, ~ FHH=240o 
ilFHOD=O. 
OFO•J,2 $ Fu=25,9~1• 

fJ•25o521'+ 
OFO•O. 
NC=2 
NG1=,JG $ NGK='+ ~ DC=l• 
Fui=FJ ;; OC=Uo 

00 f:>3 K•Lt7 
J:nz•K·1l=UIIKI ;i UNI2"1<I=IUIIKI•UIIK+lll"ll,5 ~ TI<~•K·ll =J•l"~ 

63 TII2"KI=u.05"1Z"K•11 
:JC 61 K-=15,KT 
\J'~ IKI =UI (1(-71 

JFIHKI=DFTI (1(-71,. TI <KI= u.l" <K-71 
61 F:HKI-=FIIK-71 
2~ ~JJ=u ~ ~?a=u j I~=Alu"lUUUol 

IFIA1J.E<•~•32 I GC TO 37 
JJ=a1J ~ 1~=1 o 1E=1 • ~-~~=4 
JO 3.> 1=1,'+ 
c<MIII=iii!11 

33 F1JT_~(11=HOI11 
C~LL 3i'LINC(UJ, !K, IJ,i•~X.',~.I,FIJTt:R,VO,<GI 
.-t"H-='Il'IG "t1ul=t-<uH/<1(~1 

dJ j(; 4=i.,2u 
Hl.\1= !(Nl"HH JH.d•I=C1'i(i•l"rjl i<M un =•H:•+Z _, 
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H(N+ZOI=HuH"(1,•U,oJ1+(iJ3!1'1+2JI +l331NI "HUH) I 
l& FIJTERINI=H<N+201 

IK=1 S !8=2 $ NEXP=20 
00 37 ~=1,20 
UJ•RM(N) 
CALL SPLINCIUJ,IK,I6,NcXP,~M,FIOTEK,VONGI 

37 OHR(N+ZOI=-VONG 
35 30 38 N=1 1 40 

F(NI•O.J•Z•H(NI"R(~I 
EINI=SQ~T(P(NI••2+EP••21 
ol(tll=c(Nl-EP 
dETAtNl=SQRTIAHS(1.-IEP/EtNil*"2ll 

BET A I 11 = 0 • 0 Q 0 0 1 
F(NI=1431.~"L+H(NI/E!NI 

AN (NI=-RINI"OHR(NI/rl INI 
3d AKt:H=1.-ANINI/((1.+ANINII"B~T~(,UH21 

IK=1 $ Iil=1 $ NEXP=KT $ f~INT 7 
Oi::F=Fu-24. 

OJ 57 K=1,14 
OFN IKI=~C•NC"OCF"!,u5"1K-111""<~G-11 

57 FN<Kl=F~-NC"OEF•(,J5+(K-111""NC 
PRINT 1,F~ • P~INT loOFN J PNINT 1,UN 

18 DO '+l K•l,KT 

2II 

ldHKl=FNIKT-K+11 $ Tll(KJ= TIIKT-K+11 
41 FIOTiR(~J=TO!KI 

P~I~T 1,(Rt11Kl,«=1,KTI ~ PKI~T 1,TI :. PRINT !,TO 
D 0 4 2 :~= 1 , ~ u 
UJ•F(:<J 
CALL SPLINCIUJ,IK,Id,NEXP,"M,FIOTER,VONGI 

42 TINI=VONG 
PRINT 1,F,T 

UO 64 N=1,12 
TF ('jJ•((FJ·F<NII/ ING•DEFI I"+ tlo/,(Gl +U,1 

6 4 T ( N I= T F ltH 
PRIIH 1, TF 
1:<=1 <· 18=1 
llO 43 K=1,KT 
R 11 « J = T I < K l 

4J FIJTER<><J=OF,< <><I 
DO 41 :<=1,4u 
UJ=T t:ll 
~ALL ~PLINC!UJ,I(,IJ,NtX~,~1,FIJIER,VU~Gl 

4~ JFT(~J=VQN~ 

p,U~T 1,JFT 
JOt,:; <=1,12 

JFTF INI =:I~"IL"Di:F• <TF !NI-u ,1) "'' l <C-1) 
6S JFT<NI ='JFTF (,() 

PRI H 1 "JFTF 
6J I<=l ; IJ=1 

JJ '+~ <=l,:<T 
45 FI0TtRt<l=JN!KI•o.~ 

'J.J -t:J ~4=1, 4U 

JJ=T! II 
G>ILL :>PLI.ICIJJ,IK,IJ,t;~X,~,,,M,FiJTof<,IJO,~G) 

4o Ulhi=V~NG 

JO Gb N=l,I 
o6 Jt,<J=Jl 
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PROGRAM FAZOPT 

PRINT 1,U 
2 DO 1o N=1,40 

TINl=TINl 4 FHl/FHH 
OFTINJ=DFTINJ•FHH/FHI 

UINJ=UINI"EAH/EAN 
16 COSFIRINI=EINI"DFTINJ/I£VOINI"UINI"AKINJ 4 FINI""2"2,"ZI 

COSFIRI11 =1, 
IFIKH.EQ,u I GO TO 21 
IK=1 .li NEXP=KR 
DO 47 K=1,KR 
RMIKI=FROIKJ 

47 FIOTERIKI=ROEIOIKI 
DO ltd N=lt'+O 
UJ=F IIH 
CALL SPLINCIUJ,IK,IB,NtXP,t<M,FIOTER,VONGl 

ltij ROEINI=VONG 
IK=l 
DO 4cl K=1 1 KR 

49 FIOT£RIKI= TKOIKI 
00 5J N=lt40 
UJ=FINI 
CALL SPLINCIUJ,IK,IO,N~XP,wH,FIOTER,VONGI 

50 TKINI=VONG 
21 IK=1 ; NEXP=2UO ~ UJ=COSFIRIII 

uO 51 K=1,2i.l0 
RM IKl =COSF I IKI 

51 FIOTERIKI= ANliKI 
CALL SPLINCIUJ,IK,Id,NEXP,~M,FIOTEN,VONGI 

Al=VONG 

3fi 

Jl=Al/ ~1RTICOSFIR1IIl 
iN 3 N=I,Itil 
A I N I= A 1 "H (N I "E I II • S Q k T I IE II I • U I I I" A K IN I• E V 0 II I II ILl N I • cl I N) 4 £ V 0 IN 

CI"AKIIIII/IHIII"EINII 
01 Nl =Jl"IF I NI/F III I ""2"£ I II /i. II'II"AKINI/A Kl 11 4 5\lRTI OFT I Ill OFT INI l 

IK=1 ; UJ=AINI 
OJ 5~ K=1,2UO 
t<MIKI= ANOIKl 

5~ FI~TERIKI=GOSFOIKI 
CALL SPLINCIUJ,IK,Id,N~XP,~M,FIUTER,vONGI 

CuSFID INI =Vo:;G 
IK=1 ,; UJ=JINl 
DO 5.3 K=1,2!JU 

5J RMIKl= uNOIKl 
GALL SPLl~GIUJ,lK,IU,NtXP,~M,FIUTER,VONGl 

,;a.>F:.JJ (,H =VONG 
UO I'll =C:IIll•uFT INl/ IEVOINI 4 AKINI"F IN) nz•2 ,•GOSFUOII'<I I 
UMINI=UDINI 

co:nnu:: 
uO 55 'l=1,N:1 

'i') cl'1 loll =L: I II 
JO 5:. ;;=t,'+u 
lfluJCU.GT,UUPI KU::J=1 

5o 0.: 3 •tl 'H = I U 1 t:H ITKIN I I "• 21 R 0:: 1.~ l • l u 0 <lo 
Jj lJ M=l,tiT 

IF IKd.C:Q, 01 PRINT 7 
PRill lJ,NXAP,C:P,IZ,IA,IFP,~~H,I~,IM,IG,EAI,IFM 

IF U:1.t: J, .. JI PtUiH '1 ~ Iflr;M,t;Q.II PdNT 2b ., Pt<l H b 
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..1=0 
DO 8 N=1,ltll 
IF IN.EQ.1) 

4B 

1PRINT 5tRIN),HCNI,OHRCNJ,ANCNJ,AKINI,BETACNJ,WINJ,FINJ,OFTlNI,UINJ 
2,TKCNJ,ROEINI,EB41NJ,TINI,RIN) 

IFIN.GT.1.ANO.N.LT. II 
1PRINT 5,RIN) ,HINJ,OHRINI,ANCNI ,AK·CNJ,BETACNI,WINI ,F INJ ,OFTCNitUINJ 
2tTKIN),ROECN),E841NI,TlNJ,RINI,COSFIRINl 

IF CN.GE. Il 
!PRINT 5,RCNJ,HINJ,OHRINJ,ANCNI,AKINJ,BETAlNJ,WINI,FINJ,OFTlNI,UINI 
2, TK IN) ,ROEINI, E84 INI, T INJ, RINI ,COSFIRINI ,CO SFI OINJ ,UO I Nl, COSFUO IN) 

..I=J+1 
IFIJ.EQ,ij) PRINT & 
IFI..J,fQ,6J ..1=0 

6 CONTINUE 
10 CONTINUE 

8411111=0. 
ua 19 N=1,39 
084H=Oe5•1EB41Nl+EB41N+1li 4 CTIN+11•TINll 

19 84HIN+11=84HINI+DB4H 
PB4=84H1401/IT1401-TI111 
84T=B4HI401"FHH/4166,8 
Ptl<tC=B4T4 4e1868 
IFIPB4C.GT.PBHJ KP8=1 
PRINT 20, P84,PU4C,B4T 
IFIKUO.EQ.1l PRINT 26 
IFIKPB.EQ.11 PRINT 29 

FHI=FMH ~ EAN=EAH 
IFIDU.£Q,Q,) .GO TO 11 

00 23 N=1t I 
2$ UINI=UINl+OU 

KH=O 
IFIUIII. LE.UOOI GO TO 2 
00 67 N= 1, I 

67 U I NI=U1 
11 IFIOI.EQ,O.I Gu TO 15 

Aiu=AIO+UI $ IFIAIU.LE.4.45J GC TO 24 $ AIO=AI1 
15 IFI::JE,EQ,O,l GO TO 17 

KH=~ $ EAH=EAH+O£ ~ IFIEAH.LE.EH I GO TO 2 i EAH=EAF 
17 IFIDFMOO.EQ,o,l GO TO 69 

KH=O $ FMH=FHH+OFHOO~IFP=FHH $ IFCFHH.LE,FHH I GC TO 2 
FHI=I FM 

69 IFIOfJ,fJ,Q,lGOTO 70$FO=Fu-OFO ~ IFIFu.GT,Filll GO TO 24 $ FO=F01 
F i1=25, 5214 

70 IFIDC.E~.O.l GO TO 25 i NC=NC+l ~ IFI NC.LE.NC~I GO TO 24 i NC=NC1 
25 IFIOOFT ,EQ,O,I GO TO 56 

00 31 N=1,JS 
OFINl=FI~l-FIN+ll 
DFTINl=OFTINI•C1.-UOFT4 1IS-NI/ISl 

31 DTINI=OFCNl/OFTINI 
KH=O 

I~=JS 

34 TINI=TIN+11·0TINI 
I~=N·ll IFIN,GT,JI GO TO 34 $ IFIOFTI1l .GT,OFHl GO TO 2 

56 STOP 
l FORMAT18F10.5l 
4 FORMATI5I5,3F10.4o3I5,2F5.11 
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5n 

PROGRAM FAZOPT 

5 FORHAT11X,f5,1oF8.4,F6.5oFi.5oFb.3of7,4,F8.J,F7.3tf5,2,F5,1oF5.2,2 
1f6.1,F6.J,F5.0o2F6.i,F5.l,F6.31 

fl FORMATI1Xl 
7 FORMATI1H1,1X/l 
'l FORMATI1X,tRICMI HIKERSI DHIKEICMI N K VIC WIMEVl Fl11 

iHZl UFT UIKVI KT R£ ICMl P IKI'll T IMSI R-CM CO:>F COSFD UC-KV CGSuD:tl 
13 FORHAT11X //42X,:tXAPAKT£P, YCKCP. HA 680 MEV N t,I3///3X,:tEO=t,F 

29.~,:tMLV Z=t,I2,t IO=:t,I4,tA FMF=:t,IJ,:tHZ 6AP=:t,F3.1,t~Vt,24X, 
3t64 XAP. OT :t,21!2,t.tl,I2,;t C E~=tf3.1,tKV, FH=t,I3,tHU//l 

20 FORiiATUX,tCPEUH. JA T YCKOP. F.J4=t,F6.1,t KW, CPEOH. 3A T MOO. P 
1J4C=t,F6.1,t KW, 3A T MOD. d4T=t,F6.2,t KKAL/St/1 

2& FORMATI1X,tRICMI iHKERSl OHIKE/CMI N K VIC WH1EVI FIM 
1Hll OFT :JIKVI KT REIOMI PD-·0~ TP1SI ;.:-CM COSF GOSFJ UO-KV CCSLD:tl 

2d FORHATI1H+,100X,tUDIUOFtl 
29 FORHATI1H+,110X,tPB4CIPBMtl 

END 

JIAI!Hb!E 

f[Ml'll] ;f[M!'q/Mc} H Uy 2 [•8) qepea !00 YKC 

26.00000 25.'11000 25.800JO 25.63000 2?. 330GU 24.9~000 24.54000 2it. ou Q 00 

23.50000 23.04000 22.560CO 22 • .l400U 21o670GO 21.2EOOO 20.80000 20.46U00 

20. oouoo 1'lo67UOO 1 'l • 240 JO 18.12uuo 1d.54JOO 18.2"uoo 17 .8'1000 17.48000 

17.11000 1&.76000 16.50000 1&.17000 15d0000 15.61000 15.37000 15.13000 

l<tdOOOO 1't.b70u0 14.520Jil 14. ,lliOUO 1'+.28000 1Lt.18uOO 14.12000 14.07000 

14.030UO 
o. ullOOO • 750 JO 1o550JO 2.53000 3.49000 ... 22000 4.65000 ... 86000 

4. q 00 00 ... 82000 l.t • 7 Zll U 0 4.61000 ... 50\JOO ... 36uUU 4.25000 lt.1uu00 

3.87000 3.82000 3.&·JOilO 3.55000 3.45000 3.55000 3.70000 3.&6000 

3.4'l0UO 3.2'+000 3,0t>OOO 2.dd000 2.73000 2.63000 2.&2000 2.5&000 

2.30J00 1.85000 1.500JO 1.270013 1.07000 .78000 .&10 00 ,lt8JOO 

• 3 00 "0 
27.000UO 32.DOOJU 33.uuuJO 3J.UOOUO 3.s.ouooo 33.0GUOO 32.00000 31.0 uuoo 
31.00000 31.000JO 31.0JOUO 28.0UUuu zq.ooooo 2'l.OCuOO 28.00000 28.0uu1JO 

26o000UO 27.0u000 27.00000 27.Duouw 27.00000 29.00!JOU 30.00000 Jt.ooooo 

32.000>!0 n.uooJo 34.1JJOil0 35. Juoua 35.00000 34.0(000 20.00000 21.oouoo 

30.00000 .l5.00UJO 36.0JUJ0 J5,0000U 35.JOOOO 36,0(1JUY 3b.OUOOO Jb,OOOOO 

38.00000 
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