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BaeneaHe 

/2/ 
B .pa6oTe onHcaHa nporpaMMa B Kolle E8CM-4, KOTopast reHepHpyeT · 

lj>HKTHBHbl9 Tp9KH Tfl:lK91IblX 3apst:lK9HHblX 'IaCTHU. 

HacTOSIIUaSI rrporpaMMa, -HanHcaHHast Ha SIS biKe FORTRAN • reaepHpyeT 

TpeKH TSI:lKellblX 3apst:lKeHHhiX 'IaCTHU 1 a TaK:lKe TpeKH aneKTpOHOB C Y'I~TOM 

panHaUHOHHhiX noTepb. HH:lKe onHChiBa~Tcst npouenypa reaepauHH. 

OrrHCSHHe renepsUHH ¢HKTHBHoro TpeKs 

.. 
TpeK "LJ:aCTHUhi pas6HT aa paBHhre y"LJ:aCTKH, llliHHa Ka:lKnoro y'laCTKa 

o6osJiaqeaa "LJ:epes ·STEP • B nepsoll: TO'IKe TpeKa sanaeTcst HMnynhc ~0 ,, 

. asHMyTallbHhiif H rny6HHHbtli: yrnhi · f3 0 
. ' . ' 

I a T8K:lKe KOOpllHH8Tbl ao 

X 0 Y 0 · Z 0 • 8TH wecTb napaMeTpoB pacc"LJ:HTbiBaroTcst nocne 

npoxo:lKneHHSI 'IaCTHUeli: nyTH STEP H 6ynyT HCXOllHhiMH nnst cnenyromero 

y"LJ:acTKa nyTH H T.n. -

B OCHOBe paC'LJ:~Ta ne:lKHT CHCTeMa ypaBH9HHJi:/3/: 

da 
-rs-

e ( H Y_ cos {3 - H x sin {3 ) , (l) 
PC 

-M_ 
ds 

(2) 
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dP ( dP 
) m)H ds ds 

dX 
COB {3 = COB a 

ds 

.AX. cos a sin f3 
ds 

dZ sin a 
ds 

B aTHX Bbtpa)!{eHHSIX 

....!L =. 0,3 
c 

+ (~) 
ds pall. 

(3) 

(4) 

(5) 

(6) 

H x H Y 1 · Hz - rrpoeKUHH Ha ocu KOOpllHHaT HarrpSI)!{eHHOCTH MarHHT-

. HOrO IIOJISI B KliJIOrayccax, 

ds STEP ( B C8HTHM9Tpax) • 

. flepBbiH •mel! ypaBHeHHH ( 3) xapaKTepuayeT HOHH38UHOHHbie IIOTepn ..... ~ ~ ,, 

KaK llJISI Tn)KeJibiX q:ac:ruu 1 TaK n .rtJISI aneKTpoHa. BTopofi ';IJieH y"'HTbi.BaeT 
-' 

cpe.rtHHe pa.uuaunoHHbie rroTepn ,TOJibKO .rtJISI aneKTpoHa. 
• ' • • > 

' ' . . 
ilJISI _"l8CTHU TSI)!{eJiee aneKTpOH8 pa.rtli8UifOHHbie IIOTepH He Y"'HTbiB8IOTCSI, · 

Pa.rtlf8UifOHHbie IIOTepH .rtJISI aJieKTpOHOB MOryT CHJibi!O OTJIII"l8TbCSI .QT Cp_elli!HX, . ' 

B. nporpaMMe aTo yqTeHq _cne.rtyiOmHM o6paaoM. 

B np,eHe6pe)!{eHHH. rroTepSIMif .Ha CTOJIKHOBeliHSI BepoSITHOCTb. Torol 'ITO 

.aneKTpoH c HMIIYJihCOM P 
0

. 1 npoii.rtSI cnoii ds. 1 6y.rteT nMeTh uMnynbc 

OT p .rtO p + d p , .rtaeTCSI Bblp8)!{eHHeM/ 4/: 

W,(P) dP 
. . t- 1 

;;, dP- (fn ~) 
Po P · 

-1 

[f(t)] (7) 

ds -..,..-------. - . 
fn2 . X0 

X 0 ..: pa.rtHauuoHHaSI .unuHa. 
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Jl.m. t « l . r( t) 

p 
Tipll -:-p- "' 

. 0 

W(P) 

l 

l ·-

., 

· Cpenaee aaaqeaHe HMnynhca aa Bbixone cnoSI ds 

p P0 (l- tfn2) 

paBHO: 

Cp~ii~ue >Ke panHaUHOHHbie noTepH Ha enHHHUY llnHHbi 6ynyT: 

dP 

ds 

p -P. 
.>pan. = __ d_s __ _ 

Po 
Xo 

(8) 

(9) 

B TaKoM B.Hlle B cpopMyne ( 3) BSH~ )~e~.• onpe~enHroutHil cp~~Hife 

pan.HaUHOHHbie n~Tepll:. 0TK~oHeime:. oT cpe~~~r:o ~Ha~eH~H HMnynbca,,,c. q 

.· 8 p = p .:...·.P. (II) 
: ... :. ;':. "".:'· 

onpenenSieT cpnroKTyauHro B panHauHOHHbiX rro.Y.epSix. BenH~HHa Mo>KeT 6biTb 
.~ ~.;, 

nro6oll: B.. npeneriax cneKTpa 11 onpenenHeTcSI cnenyroi.QHM o6pasoM. ·_:' 

EcnH nepeil:TH K HoBoll: nepeMeHHoii 
p 

u J W(P)_ dP 
Po 

J.W(P)dP 
0 . 

·"·- TO npH H3M9H9HHH 'p OT 0 llO p o ITO 38KOHY W ( p 

'6yi:J.eT M9HSITbCSI··oT 0 llO··.} C paBHOH BepoSITHOCThfO 'W:{U ) 

W(P) dP. dP 

: l (12) 

. nepeMeaaaSI ·u · 
lleii.CTBHTeflbHO, 

dU n. W (U) W(P) = const . 
cons! dU 

... ,. 

rlepeMeJUI8SI U H8XOllHTCSI C ITOMOUlbfO CT8Hll8pTHOH 'nporpaMMbl cny'laiiHhiX 
p 

'li!Cen. Jlng· cny'laSI . -p;;' 1 CBSIOb ·Me >KAy. · p ··n ,·U 6'ylleT IIM9Tb Bllll 
. 0 

p P 0 [1 -·(1 u ) l/t ] ·• 
"'.,• 

( 13) 



ilpH 6onbillHX IIOTepHX aneKTpOHOB B cnoe ds CBH3b Me:li<Jly p H u 
B3HT8 B _BHlle 

p Po [XI- I 

u - s~~~ )] . (14) + o,o1 ( 
sl -S 1-1 

p 

rne S I = f W ( p) d p Bbl'iHCnHeTCH 'IHCneHHbiM M9TOllOM npH p83HbiX . 
0 

P = P
0 

X 
1 

qepea onpeneneHHbiil: HHTepBan /l P = 0,01 P 0 • BenH'IHHa 

U YllOBn9TBOpH9T ycnOBHID 

Cpenuee aua'leHHe HMnynbca P 1 nony'leHH~e npH HHTerpHpoBaHHH 

ypaBH9HHH ( 3) 
1 

HCIIp8Bl!H9;CH H~ B9nH'IHHY 8 p , 11MrrynbC H8 BbiXOll9 

cno~. ds 

p P -8P (15) 

I. 
B ypaBHeHHH ( 1) -+ (3) noncTaBnHeTCH Y*e HcnpaBneuuoe aHa'leHHe 

HMrryn'~ca. MuoroKpaTaoe pacceSIHHe HCK.asHT peaynbTaTbi Bbmonueuuoro 

HHTerpHpoB~HHH~ Y'I~T.MHoroKpaTHoro pacceH~HSI H omH6oK HSMepeHHH 

cnenaH TaK 1 KaK B pa6oTe/21. 

OnHcaHHe nporpaMMbi 

, Ha pHc. 1 npHBeileua yiipomeuuaH cxeMa nporpaMMbi ·reuepauHH TpeKoB. 

C IIOMOIUbiD OCHOBHOit nporpaMMbl GENER BBOllHTCH cnenyiDUIH9 

B9nH'IHHbi: 

1. Ta6nHU8 3H8'19HHit npoeKUHil: H8 OCH KOOpllHH8T H8IIpH)K9HHOCTH 

MarHHTHOrO nonH, 

2. liHcno reuepauHii TpeKa ( N E V ) • MaKcHManbHoe 'IHcno reaepauHil: -

500.. 
3, _M aKCHM8nbH09 'IHCno TO'I9K H8 Tp9K9 ( ~ p ) • KOTOpoe MO>KHD Bb!B9CTH 

'H8 II9'18Tb1" OHO paBHO 20, 
4, War pac'leTa ToqeK B caHTHMeTpax (STEP) 

5. Macca qacTHUbl a MaB!c
2 

(AM) , 

6 
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6. rny6miHblll -yrbn B pannaaax (A 1- ) • 

7. AanMyTallbHhiii yron B pannaaax .(A 2 ) 
·.: ' . j .• ~. . 

8. HiP:IallbHblll -HMIIYllbC 'laCTHUbl B M 3B/ c (A 8 ) 
. . ' 

9. K~opnnHaTbi Ha'lanhHOii TO'IKH TpaeKTopnn ( A 4 A~ , A 6 ) • 

10. ·naa nrieaTnqmKaTopa · IS W ( 2 ) , . KoTopb_Ie nr:paroT ponb nepeKnroqa­

Teneii. 

11. HoMep!l .Hatianhaofi n Koae<laofi TotieK aa TpeKe, B KOTopbiX cTpOHTCH 

pacnpeneneanH no nMnynhcy ( KJ . NT ). 

12. t.Jncno, onpenen~IOIIIee llHTepaan· Me:x<Jly TO'lK8Mll 1 B KOTOpbiX CTpOHTCH 

pacnpeneiteari"il : ( K N ) 

DporpaMMa GENER -Bbi3biBaeT nollnporpaMMy FIKTIV , B KOTopofi 

ocymecTBnHeTcH npouenypa reaepaunn TpeKa. ~~pManbHhiMn napaMeTpaMn 

STOll nollnporpaMMbl SIBIISIIOTCSI: 

1. t.Jncno renepaunii: TpeKa ( NE V ) • 

2. t.Jncno To'leK Ha TpeKe ( N P ) , KOTOpbte BhiBOJlHTCH na i:IetiaTb. 

3. War pactieTa To'leK . (STEP·) : 

4. Omn6Kn B onpeneneann KoopnnHaT .( · Dx , D y ) . 
5. Koa¢¢nuneHT MHoroKpaTHoro pacceSIHHH (C MD) ., 
6. Pa.:~naunoHHaH nnnHa ( R L ) 

Kpol'vie nonnporpaMMbt FIKTIV eme HCnOllb3yeTCH ll nollnporpa~M.· . . 

MAGFIL Bhl'inc.imeT B Ka>K.Oofi TOtiKe TpeKa KoMnoHeHTbt aanpSI}Kea:.:· 

aocTn MarHnTHoro nonsr; Tionpo6no a_Ta nporpaMMa cinncaaa B ·pa6oTe/l/. 

-EXTERN BhttincnSieT · npaBbte qacTw ypaanennfi ( 1) .. · (6). 

AUTORK • HHTerpnpyeT lln¢¢epeHtuHanhHhie- ypaBHeiimt ("1) ' .. _'( 6) MihollOM . 

Pyare-KyTTa c aBToMaTH'leCKHM Bbt5opoM mara. 3Ta nonnporpaMMa Bbi3b!BaeT 

nonnporpaMMy INTSTP·, _.. KOTopaH BbJIIOliHHeT Ty }Ke ponh, 'ITO H AUTORK' 

HO llliH noCTOHHHoro· mara HHTerpHpOBaHnsi. · 

RANNOR reHepnpyeT nna cnyqat'iHhiX qncna, pacnpeneneHHhiX no· Hop.;;· 

MallbHOMy 3aK~Hy C JlHCUepcHefi; paBHOll e)lHHHUe. 

RNDM reaepnpyeT cny'laiiHhte. 'lncna, paBHoMepHo pactipeneneHHbte 

B nHTepaane ( 0, -1). 

EKSTR, DISTRI , HISTOG 

no HMUyllbCY B. TO'lKaX TpeKa •. 

ocymecTBliHIOT nocTpoeane pacnpeneneHHfi .. 
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. HEITLR onpenemteT paabtrpaaaoe aHatteHHe HMnynbca P · Ha BbtXolle · 

CJIOSI STEP 

llollnporpaMMbt AUTORK INTSTP RANNOR · , RNDM onHcaHbi 

.B 6n6nnoTeKe err H8 M811lHH9 BSCM-6. ITon 38I'OJIOBKOM "INITIAL PARAMETERS" 

nettaTaiOTCSI .ae~IH'IHHbi, nepaoHattaJibHO BBelleHHbte nporpaMMoii GENER 

floll aaronoBKOM "CALCULATED PARAMETERS" B CTpottKy nettaTaiOTCSI paccttn­

TaHHbte B9JIH'IHHbi: HOMep TO'IKH 1 paCCTOSIHHe TO'IKH OT H8'18Jl8 Tp9K8 1 I'JIY~. 

OHHHbiii H 83H.MyTaJibHbtii YI'Jibl1 HMnyJibC H KOOpllHH8Tbi TO'IKH C .Y'I~TOM 

OlllHOOK H3MepeJIHSI, YK838HHbi9. B9JIH'IHHbl ne'I8T810~CSI .llJISI K8>KJlOii. TO'IKH 

TpeKa llJlSI ll8HHOI'O 'IHCJI8 reHepaUH!i, 11Me9TCSI B8pH8HT nporpaMMbi1 -KOI'll8 

KpoMe nettaTH, Bbu:ta!OTCSI eme rncTorpaMMbt pacnpelleJieHHii no P, .• B o6onx 

CJIY'I8SIX npOHCXOnHT 38nHCb.pe3yJibT8TOB H8 M8I'HHTHYIO Jl9~Ty, 

nposepKa nporpaMMbl 

SbiJIO reaepnpoBaHo no 500 TpeKos: 

rr-- Me3oHoB C: . P~ ·:: 5000 Masjc, 

npoToHOB c Po = 2000· Mas/c, 

aneKTpoHOB c Po = 1500 Mas/c. 

., 

3Tn TpeKH o6cttHT8Hbi no reoMe'J'pHtteCKOH nporpaMMe. fE04>l1T -1 

PeayJibTaTbi npellcTasneHbi B BHlle rncTorpaMMbi .cooTBeTCTBeHHO Ha pn­

cyHKax 2_ (a,o,B) H B T80JIHUe. BHllHO, 'ITO nocne o6c'I~Ta no ~porpaMMe 
fE0<1>11T -1 nony'leHbi B. npelleJiaX OlllHOOK Te >Ke 3H8'19HHSI HMnyJibCOB. 

ITpellnaraeMbiH MeToll ytt~Ta pallHSUHOHHbiX noTepb llJISI aneKTpoaa 6hm 

npoaepeH eme HHbiM cnoco6oM. reaepHpOB8JIH<ib TpeKH aneKTpOHOB c. Po = •. 

= 300 Maa/c c ytt~TOM TOJibKO pallHBUHOHHbiX noTepb H MHoroKpaTHoro pac­

ceSIHHSI, nonytteHHhte pacnpeneneHHSI no HMnynbcy Ha BbtXolle cnoSI nponaifa ron­

IIIHHoii 10 CM H 20 CM npellCT8BJI9Hbi Ha pHC, 3 ( a,o), Ha 3THX >Ke pHCYHK8X. 

HalreceHa TeopeTHttecKaSI KpHBaSI, BHllHO, '!TO B o6onx cnyttastx Ha6ll!Oll89TCSI 

YllOBJieTBOpHT9JlbHOe COI'JI8CH9 Me)l{ny I'HCTOI'J:i8MMOH H TeopeTH'IeCKOH KpnBOH. 

B 38KJllO"'eHne C'IHTaeM CBOHM npHSITHbiM nonroM no6naronapHTb M.H. Co-. 

JIOBbeBa, E.H •. KJiallHHUKYIO, B.H. lleHe.Ba, B.M·: nonoB'y, B.A. BemiKOBa,. 

X.H. CynnttaKoBa n IO.B. Teaaallae aa nocToSIHHbtfi HHTepec K pa6oTe n o6-

cy>KJleHHSI. 

8 



ABTopbr TaK*e 6naronapSIT na6opaHTKY B.C. BaKCHHY aa nonroTOBKY 

nporpaMM. 

n H T e p·a T y p 8 

1. A.Y. A f5pypaXHMOB, HryeH D.nn Tbi, B. H. fleHeB. Cooffme!llle OHHH, · 1-5140, 

Jly6na, 1970. 

2. A.D.. MaKapeHKOBB, B.H. Mopo.s, A.fl. CTenbMBX, r.H. TeHTIOKOBa •. flpeiipHirT• 

OHHH, P 10-3526, Jly6na, 1967. 

a. r.A. EMenbHHe/lKO,· K.fl. lloMOB, r.H. MaKapeJIKO, B.H. Mopos, H.C. CaiiTOB, 

A.fl. CTiml,Max. ITperrpHHT OHHH, P-2829, Jly6ua, 1966. 

1:. B. raiiTnep. KBBHTOBBH TeopHH H311Y'fel1HH. un,. MocKBB, 1956. 

PyKonHCb nocTynHna B H3AaTellbCKIIfl OTAe/1 

4_AeKa6pH 1970 rolla. 
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'• ' ~ ~ . 

TABJIIIlA 
'. 

napaMeTpbi . p 
_, • tga • .. f3. · 17- -M930H0Bi 3anO)K9!IHbie 

KaK Ha'lanbHbie ycrioBH.H B reaepaTop, a TaK)Ke 
peaynhTaTbrpac'leTa aTHx- rrapaMeTJJOB · · 

no rrpcirpaMMe fEO<Pl1T -i 

D IBr.ue'l'P tiClO co= pacq, . ClHTd uc- .. P e a ~ .1 • T a TH 
'rKQ 1 !Ill ; - I ei@fdj) 9DHT - 1 

~ 

PCIIealc) 1000 1001,78 +1.78:!: 2.68 
500 0.80934 0.30996 -o.00062 :!: 0.00032 I .. 1.57000 1.56988 -o.00012 :!: 0.00020 

40.0 40.0 

PCIIaa/c) 2750 . 2762.49 + 12.5 * 9.3 
2 500 -o. 30934 -o. 30959 -o.00025 :!: 0.00015 

1.57000 1.56984 -o. 00016 :!: o. 00010 
40 40 

PCIIalt"c) 5000 4998.89 -1.II :!: 6.5 
500 0.00 0,00!27 o. 00127 :!: o. 00009 

3 1.57079 1.57084 +0.00005 :!: 0.00006 
160 160 

PCIIalt"c) 10000 10002.3 +2,29 :!: 26,8 
0.0 0,00016 0.000!6 :!: 0.000084 

4 250 r;57oo 1.57000 o.o :!: o. ()()()WI 
IOO IOO 

PCIIa!t"c) 15000 15066 +66.0 :!: 59.0 
0.10033 0.10059 0.00026 :!: 0.000056 

5 500 1.57079 1.57075 -o. 0004 :1: o. 0003 
50 50 

P(Jaafc) '10000 39904,5 -95.46 :!: 85.8 
500 o.o 0.00019 0.00019 :!:~18 

I 1.57000 1.56998 -o. 00002 :!: o. 000012 
I20 120 
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?HoB; aano:>KeHHbie 
p, a TaK:>Ke 
:eTpoa·· '· · 

'H 

'8 t 2.88 
' t 0.00002 
~· 't 0.00020 

i 9.3 
~5 t 0.00015 
:6 t 0.00010 

1 t 6;5 
~7 t 0.00009 
15 t 0.00006 

' t 26.8 
:6 t 0.0 00084 
''·± o.ooom 

;. t'59.0 
~6 t 0.000056 
f,. :1: 0.0003 
. •. 

'· t 85.8 
t9 :t0;()()()18 . 
)2. :1: o. 000012 

X 
i5 

-D 
0 
:r 

ne.oz.amb_, 
3Q"'''.'U.C6 l-Id M/\ 
eucmo2pa..t1Mbl 

Pnc. 1. Ynpomeaaas:~ cxeMa nporpaMMbi. reaepaunn TpeKoB. 
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· Pnc. 2. "f>acrip·~~en'ean~ 'n 
KSM, rio nporpaMMe fEO 
38Jl8H Jlnll: a) TT ·-Me30HI 

n) aneKTpoaon.- ·1500 M: 
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· P11c. 2;'f:>ac~p~~e;i.eai!H,~M~yn~coe, ·B~IqHcneHHbiX no reaepnpoeaHHbiM Tpe­
KaM, rio nporpaMMe fEOc!>H T.;.l • HaqanbHbiit nMnynhc qaclrnu npn reHe.paunn 
aanaH nm1: a) TT -MeaoHOB - 5000 Mae/c, 6) npoTDHOB - 2000 Mae/c, 
B) aneKTpoHOB.- ·1500 M aB/ c. B KaJKnoM pacnpeneneHHH 500 co6biTHa. 
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PHc. 3. PacnpeneneaHsr HMnynhcos, Bhl'mcneHahiX npH reaepauHH: TpeKoB 
aneKTpOHOB 6e3. Y'I~Ta HOHH3aUHOHHbiX ITOTepb Ha BbiXOlle CnOSI nponaaa, 
TOnii!HHOti: a) 10 CM1 6) 20. CM. Ha'IanbHbiti HMnynbC aneKTpOHOB Ha BXOlle 
aanaaaoro cnosr nponaaa - 300 Mas/c. B. Ka:lKuoM pacnpeneneHHH 200 co6bi­
THti. 
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lpH reHepaUHH TpeKOB 
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