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1. B B e JJ. e H II. e 

B. UHKnoTpoaax H CHHxpounKnoTpoaax. BhiBO/l · ny"!Ka 3apSI)!{eHHhiX "'aCTHU 

ocymeCTBnsreTCSI C IIOMOII!h!O M8I'HHTHh!X KaHanoB, COCTOSiluiiX II3 cpoKyCHpyJO,.. 

mnx· H Bh!BO/lHh!X CeKUII~~ 

llbsr 11pOB~rieHH~-6~cTphlX npe/lBapHTenbHhlX pac"'QTOB CeKUHA.Heo6-

. XO.UIIMO IIMeT_b · XOTSI 6b! npn6nii3HTen~HYJO 3a~IICHMOCTb ftanpst)!{9HHOCTII IIX 

MaranTiwro nonS!"oT pa.unyca. llnH pac"'eTa Ha 8BM. MarHnTHoro KaHana 

CHHXpOUH.KnoTp_oHa. 6hmii COCTaBn9Hhi .UBe nporpaMMhi, HaJJHCaHHbie Ha:· SI3h!K9 
~ ·~ . 

"¢0PTPAH-63. 8TH rtporpaMMhl MOI'yT 6b!Tb HCIIOnh30BaHhl H .nnsr paC"'OTa 

1. nporpaMMa ' IRON C"'HTaeT pacnpe/leneHne_MarHIITHoro nonH co-

.. BoKynaocTII nnacTMH Maran THoro KaHana li Koppej<TI{pyromnx m~fMM, · PacironB- · .... ,~ .:.. 

raeMhiX rro HanpaB~~-HHlo .. K ueHTpy MaiiiHHhi ( pnc. _ 1). . . 

2. nporpaMMa CFIELil C"'liTaeT pacrrpe/leneane -MarHI_ITHOI'O nonSI 

· EiHyTpn ·• nnn 'Bae. KaHana E..uon& Iiero. '(pile. ·2). · . . ·- .... . ... ' 

B. CHHXpOUIIKno.TpoHe Mal'HIITHhlll KaHan COCTOIIT,- KaK npaBnno, H3 · He

CKOnbKIIX Bh!BO.UHh!X H cpoKycnpyiOmiiX C9KUIIA~ 
: • • • ,_·> 

. : nporpaMMhr' C"'HTaJOT pacnpei:teneHHe JJOnSI .UnH .1\fi)K.l:lOfj: C9KUlili 6e3 y~e:-_' 

Ta · BnHSIHHH · .npyrnx ceKuni'r; 
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ct>opMyna nmr pac_tieTa MarHHTHoro non 
;,., 

Pac'IeT H:arrpsnKeHHOCTH MarHHTHoro ·rronSI. KaHana n; 
ll!lfXCSI B MarHHTHOM II One YCKOpHTenSI1 . OCHOBaH · Ha IIpe)lii 

~OMepHoro HaMarHHqlfBaHHSI/1/, . -... ~- . \ . . ~ 
Pt;~-cppe)leneHire' nonSI_ C'IHTa·eTCSI B Me)llfaHHO:ii rrnoc 

( z,.o) '. :tO~TOMy :Bee KOMITOHeHTbl IIOnSI 6pyCKOB, lf3 KOT 

. KaHan n lliH~Mbi, KpoMe Z ..:cocTasnSIIOmeil: (H. ·) , paBHbi 
. . . . ' .· .. z. .. . • 

... 

B rrporpaMMe .IRON Mbi ·rrpeJlrromirami, · 'ITo 6pycKH. - . ' . ,.. ' .. . -~ . . . . . 

CSI rrpSIMoyronbHbiMH. 11crronbaosanocb cneJlyiOmee Bbipa*E 

MarHHTHoro.rronSI/1/: ~ 

~ z (X, Y ,of~M { ~r~tg·~:-R..:.A 
G-B 

Y-R+A 

x..;;.c 

.J( Y_-R.;...A )
2 

+(G.;...B)2 

X-C 
· -:-arctg·--·- •. .+ 

G.:.:.s· 2 · 2 ·· 2 
.. v(Y-R+A) +(G-B). +(X.,-C) 

· .. -.: - - . . .. 

~R+A 
+ arctg ---

.G +B 

Y-R-A ~ 
-. arc.tg • 

-arctg 

G+B 

Y-R-A 

G-B 

_ Y.-R+A 
+· arctg -.---

. t;-B 

x~c 

2 . 2 ·. 2 y( Y-R+A) + ( G +B) +(X-C J . 

~-_X-C . 

' 2 . . 2,. .. .. 2 .y( Y- R-A) + (G+B) +(X-C) 

':_ 

X+C 
. 2 .. 2 . 2 
y(Y-R-A) ,+ (G-:-B) +(X+C~, 

·X+t .. 

• . . 2 2 2 
y( Y .;.ft+A) +( G-B) ·+ (X+ C) . 
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<f>opMyna nnSI. pactJ:eTa MarHirTHoro rronSI 

PacqeT iranpsnKeHHOCTH: MarHHTHoro nonSI KaHana linn umM:_M, HaxonSI

mnxcSI, B· Mai'HHTHOM none YCKOpHTenSI 1 ·ocHOBaH ·Ha .npennonoJKeHUH HX paB-

~OMepHOI'O · aaMarHH'lHBaHnSI/ 11. :· · .r.. 

P~ctypeneneHne m;>n_SI_. C'lHTaeTcSI B MeanaHHoii: nnocKoCTM ycKopnTenSI, .. · : · 

( Z=O) , noaToMy see KOMITOHeHThi nonSI 6pycKoB, na KoTopbiX naroTosneHhi 
' . ' . . ., 

KaHan u mn~Mhi 1 KpoMe Z -cocTaBnSIJOmeii: ( H ·) , paBHhi HynJO.· 
. . . . ·. .· .. z.. • .: 

B nporpaM¥e .. IJ!ON Mhi npearromirami,_- >iTo ?PYCKH n lliJ!MMhi SIBnSIJOT..: : 

. CSI npSIMoyronhHbi!I.m. Hcnonhaosanocb cneny10mee BhipaJKeHne .AnSI onncaHMSI 

M8I'HHTHOI'O .f!OnSI/ 1/: _, 
... . Y-R-'A 

~ z ( X , Y , 0 ) == M { arctg ....;;;.._..;__ 
G-B 

X..:;.C 

):.R+A 
+ arctg 

'G+B 

-. arctg 

-arctg 

Y-R-A. 

G+B 

Y-R-A 

G-B 

_ Y.-R'+A 
+· arctg ----

U-B 

X-C 

. . X-C -· .;. ~ 

.; . . . 2 : . . . 2 . . 2 

.'\/(Y-R-A) + (G+B) . +(X-C) 

. . 2 .. 2 
. V ( Y- R-A) ,+ (G-:- B) 

.. 2 2 2 
'\/(Y.;...R+A) +(G-B) + (X+C). 

5 

··:· '. 

. .' ~ 

i .... 



I 
I. 

'I 

I 
I 

il 
t ~ 

H 

" \\ 
I 

;~ 
~ 

I 
i 
l 

l 

L 
I 

'· 
ll" ,. 
., 
~ ; 
I 

\1 .. ,: 
d 

~- ........... -.!~ •• 

. .. ·, 
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i . -,, 
~R+A X+C . 

- ar~tg ------ • - . · .+ . ·.z. · G +B . : - . 2 2 

~R-A 
+ arctg ----

G +B 

- y( Y-H+A) +(G+B) 

;,' 

·X+C 

2 
+,(X+C) 

--l.-
-' 2- 2 - • -· 2· 

v(Y-R_;A):.+(G+B) · + (X +C). 
"· J • 

·~. :· .:. ... . -. ·: 

-( 

~: f '(1).' 

.. 
f\ . . 

·-"· 
. rae .. M - HaMarHIPl9HHOCTb 1 KOTopaSI rrpll. HarrpmKeHHOCTII 'f!Onsi yCKOp!ITemi' 

Bb;liie 15000 .9 ' rrp!IHHM aeTCSI paBHofi 1\1 .=:'- 21000/4.rr· a •. 2A, 28, .2C - lllll:~ . .. . s . . . . . . ~ 

pima, BbiCoTa ·II ·nnnna rrpSIMoyronhnoro 6pycKa, a R n:G orrpenensnoT 

fi01I02Ke_H!Ie K8)1{)lOrO 6pycKa OTHOC!ITelihHO OCefi Z. 
(eM. '·:pnc. · 3). -· . 

H Y, COOTBeTCTBeHHO 

Dpn pacqeTe .pacrrp~~eneHnSI ··rronst snonh ·MarHll:THoro KaHana BHyTpn 
• " • I •· •, 

ero :(nporpaMMa CFIELD ) · neo6xorin:Mo yqHTbiBaT6 TOT- cjJ~KT, qT·~-.--KaK.;. 
liiHpHHa rrJiadTHH; ll3. KOTOpbiX; COCTOIIT Ka~an,· TaK ll ~a3op' Mei)l{llY HHMll yse-

liHqJI:BaiOTCSI. 
·,· • \ ,..·J •· 

· B aToM cnyqae. JlnSI 

flliOCKOCTH HMeeM: 

Z -:C:ocTaBnSIIOIIIefi MarnnTHciro rronSI'B · MennaHHi)li:; 

x-f , 8[Y-·A:_k·(x-·gn 
f ~ ' -
X. •(g\·8 2hi,;![Y-A"-k(X::()]~ B 2

• 

Hz (X, Y, ·o) =·2M 

8[ Y +A+k(X-01 . ,. 
+''' ' . ' . • l dg' 

+ .. 

.- ::··~. 

: '. }~· ... 

., .. ... 

( 2) .. 
.•. ~ 

. ' 

_(g2+ 82) vi2+[Y~ A+k(X-f>J2 + .B 2_ 
; ~. ' t 

r)le f = D s ( J) - JlliHJa, ' A - rronyrnnpHHa rrpll X= 0. ·.' B - rronyBbiCOTa' 
~ -· I 

~ k - yrnoBoli:: KoacjlcjJnuHeHT nnHeii:npro pacmHpeHHSI rronyrnHpHHbl ( cM.pil:c.5) 1 ' • 

.;;. 

g=X'-X, _ '(3)' .... "J 
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'4.rr· a •. 2A, 2B, ·2C - uni,.. . . . . 
1 H- n G · onpenenSiioT 

H y 

'HHTHOrO 

~aTb TOT 

COOTB9TCTB9HHO 
; . 

KaHana,f;lHYTPH 

ljlaKT
1 

'IT·~· .K8K~. 
. . ''· 

3830p Me~ny HHMH yBe-

THoro nonSI'B Mennaaa~n: 

• I 

+. .... ''. ·-·· 

( 2) 
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[~o·'·. B nonyB~lCDT~I 
1 nonyump~HM (cM.pnc.5),' · 
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rJle X:' ;.... KOO?JlnHaTa. 9neMeHTajmoro oo'beMa,. a ·x, y 
HaomoJleHnH; 

Ecnn ssecTn Jlpyroil Ko9¢cjlnuneaT pacmnpeHnH 

( 
Til (J +1)-TH(J) 

C T J) = , 
TII(J) 

TO nony'IUM, 'ITO 

CT(J) TH(J) CT(J) A(J) : 
k::: = . 

2 DS(J) DS(J) 
.J 

TorJla BhiPa*eHne ( 2) MO)KHO rrepenncaTh: 

X-DS 

II z(X,Y, Q),2M I 
B 

X 

X (f 2+ B2] 

· Y-A-( A· CT/DS) (X- f). 
X 1.-

v'~f~[Y-A-(A·C'f/DS)(X- f>'l
2

+ B 
2 

KOOpJlUHaTbl 'TO'IKU 
1,, 

(4) 

( 5) 

.... "":· 

... ( 6) 
+ 

.. . 

Y+A+(A.CT/DS)(X-f) : .. : 
+ · ::::::::=='-=========· ·----------=.::.= I d f. 

.. 2' . . . . .. :·2~ .• 
y' f + [ Y +A+ (A· CT/DS )(X - f ) ] + B 

.r, 
B JlanbHeilrneM BenH'IHHa MarHIITHoro rrons:1 HaxoJlnnacb 'lncneHHhiM HHTer.-

pnposaHneM:. 11MeeM 

II . ( X , Y , 0) = 2 MF ( X ) , z ( 7) 

a 
X- DS 

F(X)=f FF(f)df, 
X 

( 8) 

8 

) '. 

11 

•' 

·' 
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.-

·.'• 

rJle FF(~) - noJlnH.TerpanhHoe BhipalKeline B cjlopMyne ( 6), 

nponsBoJlnncSI c noMOIIlb!O cTaHJlapTHoil nporpaMMhi SIMP 

III. OrmcaHIIe nporpaMM 

-· 1 •. flporpaMMa IRON 

KalKJlaSI ~ ceKUUSI MarHHTHor'? KaHana CHHxpounKnoTr: 

nesHhiX nnacTHH, nnomanh nonepe~Horo ce'leHHSI. KoTop 

B8TbC51. 

OnHaKo rrporpaMMa C'IUTaeT none TonbKO nnSI rrr 

KOB H no9TOMy B cnyqae:. paCIIliipSiiolliHXCSI opyCKOB B Ilpi 

BBecTn cpenHne senu<mHhi rnnpHHhi H BhiCOThi. BosnHKaJ( 

norpeiilHOCTb oyneT H83H8'1UTenbHa. 

B peanhHhiX ycnoBHHX ripH ljlopMHpoBaHHH. MarHHTHh 

Y'IHTb!B8Tb BnHHHUe. IIOn!OCHhiX H8KOHe'IHUKOB .. Ha MarH 

HnU IIIHMM1 T8K KaK OHII ()Obi'IHO. pacrronara!OTCSI Ha no 

UnH · B HenocpellCTBeHHOH 6nH30CTU .oT. HI'! X • 

TaK KaK MarHHTHhifi sasop orpaHJI'IeH nsyMsr rrosE .. . . . . . 
synhTHpy!Omee · MarHHTHoe. none B sasope 9neKTpoMarm 

'B ceoSI nonsr OT llBYX 6ecKOH8'1HhiX CIICTeM aep.KanbHO 0' 

·· MolKHO C'lll'::aTb~ <i:To sepKanbHo ~To6pa)K8HH~Ie IllHMMI 

B8!IH'I~Hy HaMarHH'I8HHOCTU. BKn'an OTpalKeHHH Bhiiile, Tpe 

'III He, Ti!K H II~ npOU3BOJlHOH SIBnSieTc~ ManhiM/2/. Oo~ 
C'IUTaeTCSI TOnbKO BKnan nepBhiX .JlBYX OTpa?KeHHH. 

Mar HHTHoe .no'n·e OllHOH ceKUHH cnenyeT paccMaTpu 

noneii !lsyx. 6pyc.Kos·n Hx oTpalKeHnii n~ ns HeKoTophiX . K 

IllUMM TaKlKe CO CBOHMH. OTpalKeHUSIMH. TaKaSI . C8KUHSI f 

Crroco6 o6o3Ha'l_eHnR B npoq)aMMe · 9TI:l;_ 6pycKoB, rrap rnu 

IOIIIIIX OTpalKeHH.il: noKa3aH Ha pHC. 4. ¢oKyCHpy!OlliYIO C8KU 

p~~aTb KaK 'lac~HhiH cny'laii, rne see reoMeTp~qecKne ~ 
paBHhl Hyn!O • 
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y· .. - KOOpllliHaTbl TO'IKII 

( 4) -

( 5) 

·--.+ 
( 6) 

·., 

_, ~.,;l··d e !' • · 

:lt 
::tunacb qucneHHhiM IIHTer_-

( 7)' 

( 8) 

.. -

, .. ::0 

', 

., 
rne FF(f) - nonnRTerpanbHoe Bhtpa;>Kenne B cjlopMyne ( 6). Pacq~T IIHTerpana 

rrpOli3BOllllnCSI c noMO!llbJO CTant:iapTHOH nporpaMMbl SIMPS. 

III. OrmcaHne rrporpaMM 

·'. ·1 •. nporpaMMa IRON 

.. 

.·. 

, Ka;>KllaSI CeKUIISI MarHHTHOI'<? KaHana CHHXpOUHKnOTpoHa COCT?HT H3, ;>Ke

ne3HbiX nnacTHH, nnomanb nonepeqnoro ceqenuSI. KoTopbiX ·Mo;>KeT yBenuqu

BaTbCSI, 

OnnaKo nporpaMMa C'iHTaeT none TonhKO nnSI npSIMoyronbHhiX 6pyc.,. 

KOB ll IIOSTOM'y B cnyqae paCIUllpSIJOIUIIXCSI 6pyCKOB B IIpOrpaMMy He06XOllliMO 

BBecTn cpenHue BenH'iHHhi IUIIpiiHhi H BhiCOThi, BosHHKaJOlliaH 5 aToM cnyqae 

norperunocTb 6yneT nesHa'inTenhna. 

B peanbHhlX ycnoBHS!X npu cjlopMHpOB8HIIll MarHHTHhlX -noneli Heo6xOllllMO 

y'iHTb!BaTb BniiSIHHe nonJOCHhiX HaKOHe'IHHKOB·,Ha MarHMTHOe none KaHana 

IInii lliHMM 1 TaK KaK OHII o6bi'iHO pacnonaraJOTCS! Ha. IIOBepXHOCTll nonJOCOB 

unu B HenocpencTBeHnoli 6nusocTH oT · Hnx. '' 

TaK KaK MarHHTilhili sasop orpaHII'i~ll llBY~SI- noBepxnocTSIMH 1 TO p~--· 

aynhTIIpyJOIUee MarHllTHoe _none B sasope aneKTpOMarHiiTa 6yneT BKnJO'iaTb 

B ce6H IIOnSI OT llBYX 6eCKOHe'i,HhiX CllCTeM GepK~nbHO .· OToi5paiKeHHh1X llillMM,_. 

Mo;>KHO cqu~aTb; 'ITO sepKanbHO ~To6pax<enn~te lliHMMhi HMeJOT TaKyJO *~. 

Benuquny HaMarimtteHHOCTH, BKnan oTpa;>Kenuli Bhtrne .. TpeTbero 'KaK· -no Benu-
, . ' ' . . . .. •, 

'iHHe, T~K H no IIpOH3BOlliiOu SIBnSieTC~ ManhiM/2/, 009TOMY B IIporpaMMe 

cqHTaeTCS! TOnbKO BKnan nepBbU~ llBYX OTpa?f<eHHH, 

Mar HllTHOe no'ne OllHOH C8KUHH en en yeT. paccMaTpllBaTb COCTOS!ll1HM ll3 

noneli nByx_ 6py-c~oB'II llX OTpa;>KeHIIH ll ll3 H9KOTOph!X . KOppeKTliPYIOIUllX nap 

llil!MM TaK;>Ke CO CBOHMH OTpa;>KeHUSIMH, TaKaS! , C9KUHSI SIBnS!eTCS! Bb!BOllHOf!:, 

Cnoco6 o6o3HatteHHSI B nporpaMMe aTtix 6pycimB, nap lliHMM II' cooTaeTcTBy

·JOII1HX OTpalKeHHH fiOKa3aH Ha pliC, 4, ¢oKyCIIpyJOII1YJO ceKUllJO MO;>KHO paccMaT-
~ ' . ~ ' 

pnBaTb KaK qacTHhtli cnyqali, rne Bee reoMeTpll•IeCKHe paaMepbi 6pycKa N~6 . ' ~ 

paBHhl HynJO, 

9 
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B aaqane nporpaMMbi Bao.rUITCSI reoMeTpnqecKIH~ 

KaHana .C , A 1 , B 1 ,_ A6 , B 6 li 8 KoppeKTIII 

. A tt' ••• ' B 11' ... ' A s t • ••• ' B 6 t • .... ' ' E 
onp9A9n!ii!OIIIII9 nonO)K9HII9 B npOCTpaHCTBe 9THX 6pyCKOB I 

R6 , R1 , .. , G =G "' ·o, G , .... (eM. pa: 
t. '\ 6 . t t' • 

Iiocne aToro onpeAemiiOTCSI napaMeTpbi cooTBeTcTB 

-6pyCKOB II I_UIIMM II !IX nonO)K9HIISI OTHOCHTenbHO oceif OZ 

llB.HHbie napaMeTpb! C9KUIIII KaHana II IIIIIMM BBOASITCf 

qero aaqnaaeTcSI pac<JeT rionSI Hz = f(Y) a nnocKocTrr X = 
'IIIHaeTCSI npii Y = 0 1 a 3aTeM H8XOAIITCSI pacnpeAeneHIIE 

T,e, 3Hal:JeHrre MarHHTHOrO nonSI, nonyqeHHOrO OT COBOKynHOC 

B psrAe ToqeK nyTeM sapbrrpoBaHrrsr Benrr<IHHhl Y c onpeAen 

nprrMep, 0,5 eM. 

MeTOA pac<JeTa Ami n106oii TO'IKH cneAyiOmrrii : cqrrTt 

N~l B TO'!Ke y = y (J), noToM nepsoro rr BToporo· o~pa)Kef 

none BToporo 6pycKa c ero oTpa)KeHrrsrMrr n nonsr scex nap 

HHSIMH. Opn 9TOM cneAyeT HM9Tb B BRAy, 'ITO. BKnaA :pa3HI 

)KeT 6b!Tb KaK nonO)KHTenbHbiM1 TaK II OTfJHUaTenbHbiM, ··Oo . - . . . . 

IIIHMM II .BTOporo OTpa)KeHHSI C'IHTaeTCfl .nonO)KliT9nb}IbiM
1 

oTpa)KeHrrSI - oTprruaTenbHbiM, B · nporpaMMe 3HaK nonsr on 

tflrruHeHTOM F 

KorAa senrrqnaa nonsr H (J) B, TO 'IKe Y(J) onpeAe 

C'IHTaeT senrr<JHHy nonSI H(J +l) B TO'!KeY(J+l) II T.A, 

rAe Y - 3aAaHHaSI npeAenbHaSI senrr'IIIHa. Y. M . . 

B KOHUe nporpaMMbl B BIIAe Ta6nHUbi Benii'IIIH Y 

pacnpeAeneane MarHII~Horo nonSI no Y. 

2. nporpaMMll CFIELD 

3Ta nporpaMMa COCTOHT II3: 

a) OCHOBHOH qacTIIj 

.• 

6) pacqeTa tPYHKUrrn F( X) (eM. tflopMyny ( 7)); 

a) SUBROUTINE SIMPS , KOTOpaSI,C'JI!TaeT HHTerpa . ' 

r) pacqeTa tPYHKUrrn FF(~) 

11 



;!ft
. 
h 
~--··· . ~ 
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[tBf 

f,; 

B Ha'Iane nporpaMMbi BBOJlSITCSI reoMeTpH'leCKIH~ pasMepbi 6pycKoB 

KaHana .C , A 1, B 1 ,_· A6 , B 6 H 8 KoppeKTHpyromrrx nap IIIHMM 

. All , ••• • B 11 , ••• • A 
61 

, ••• B 
61 

, a TaKme aenH'IHHbi, 

onpe.llemrromrre nonomearre B npocTpaHCTBe 9THX 6pycKoB rr IIIHMM, T.e. R1 

R6 Ru·· , G =G "" 0, G , .... (eM. paa.llen V.l ). 
1 6 . 1 L 

f1ocne 9TOI'O onpe,llenSIIOTCSI napaMeTpbi COOTBSTCTByiOUlHX OTpameHrrfi: 

6pycKoB rr ~HMM H HX nonomearrsr OTHOCHTenbHo ocefi: OZ rr OY 

Lla.HHbie napaMeTpb! CSKUHH KaHana H WHMM BBO.IlSITCSI B MaWHHy, nocne 

qero Ha'IHHaeTcsr pac-ireT no.nsr Hz = f(Y) B nnocKocTrr X = 0 · Pac'!eT aa-

'IHHaeTCSI npH Y = 0 , a saTeM aaxo.llHTcsr pacnpe.llenearre nonsr no ocrr OY, 

T.e. 3Ha'leHHe Mai'HHTHOI'O nonsr, nony'leHHOI'O OT COBOKynHOCTH KaHana H WHMM 

B psr,lle TO'leK nyTeM BapbHpOBaHHSI BeJIH'IHHbl Y C onpeneneHHbiM Wai'OM, Ha

npHMep, 0,5 CMo 

MeTO.Il pac'leTa nnsr nro6oil: TO'IKH cnenyiOIIIHii : C'IHTaeTcsr none 6pycKa 

N91 B TO'!Ke Y=Y(J), noTOM nepaoro H BTOpOI'O· 0TpameHlfil:.9TOI'O 6pycKa, 

none BToporo 6pycKa c ero oTpamearrsrMH rr nonsr acex nap·wHMM c oTpame

HHSIMH. IT pH aToM cnenyeT HMeTb a suny, 'ITO. BKnan :pasHbiX· oTpame.arril: -Mo:

meT. 6b!Tb KaK . nonomHTenbHbiM, TaK H OTpHUaTenbHbiMo ··IT one CaJ'-10I'O 6pycKa - . ' . .l .. -
IIIHMM H .BTOpOI'O OTpameHHSI C'IHTaeTCSl; .IIOJIO)KHTenbJ{biM,. a none nepBOI'O 

oTpamearrsr - oTpHUaTenbHbiM. B nporpaMMe aHaK nonsr onpe~ensreTcSI Koa~c- ·' 

~HUHeHTOM F •. 

Kor.lla aenrr'IHHa nonsr II (J) a· TO 'IKe Y(J) · onpe.lleneaa, nporpaMMa 

C'IHTaeT aemi'IHHy nonsr II(J +l) B TO'IKeY{J+l) H T.Jl., IIOK8 Y < Y M 

r.lle Y M - sa.llaaaasr npe.llenb'Ha·SI i3enrr'Irriui · Y' · 

B KoHne nporpaMMbi B · BH.Ile Ta6nrruhi aenrr'IHH y rr 11 

pacnpe.lleneaHe MarHHTHoro nonsr no 

2. npo'rpaMMa CFIELD 

3Ta nporpaMMa COCTOHT H3: 

a) OCHOBHOH 'l8CTH;~ 

y 

6) pac'leTa ~YHKUHH F( X) (eM. ~opMyny ( 7)); 

ne'!aTaeTcsr 

a) SUBROUTINE SIMPS , ·· KoTopasr C'IHTaeT HHTerpan B qJOpMyne ( 8); 
r) pac'!eTa ¢yaKurrrr FF(~) 

11 



. .,, ~ 

ITpor:paMMa cocTaBneHa nmr pac'l~Ta · riomr BAOllb Tpex ceK~nfi MarHn·T

aoro KaHana, OTAenbHO AnSI Ka:H<AOH 1 . 6ea Y'l~Ta ·. BnHSIHIISI Ha nee; CO~eAHIIX ' 

~eKUIIfi. TaKIIM )Ke o6paaoM M021\HO c."mTaTb none Bnorib mo6oro 'lHC~a noao6-

lthiX C~KUIIfi, 

B Ha'lalle OCHOBHOfi 'laCTII nporpaMMbl BBOaSITCSI napaMeTpbl CeKUHH; T,e, 

DS(J) CT(J) CS(J) B , TH(l) ll: S(l) '1 3Ha•teHIISI K~TOpblX 

npnBeaeHhi B paaaene V.2 n Ha. pnc. 5, · ITocne aToro C'lnTaiOTCSI· Benn'ln-

Hhi umpllHhl 6pycKOB ll sasopa B Hatlane cneayiOillliX ceKUHH c' TIOMOlllbiO lflopMyll··' 

: 111 (I ) :'" T H (J )[ 1 + CT (J ) ] , : 
( 9) 

so>,. sUlt·I + csu> 1 ~ .. ( 10) -

/ 

rae ·j =1, 2; .: .. a· I= J + 1. 

ITony_'leHHhie. ·BeliH'lHHhi ne'laTaiOTCSI, 3aTeM Ha'lHHaeTCSI pacq~T . nonsr Baom •... 
' ' ' ~., - - ' > • - / 

nepao:ft·ce·K:unn ( J~,'=-1), Pacq~T Ha'lHHaeTc.si nnsr X= -10 CM n KOH'la'-

eTCSI npn ·X.= DS(J) + 10 eM,. c UiaroM · 1 eM, B aaaope' · cyMMapHoe Mar

HHTHoe none SIBnste't'CSI CYMMOH MarHHTHhiX ·noneft OT JlBYX 6pyCKOB, rJone 

·Ka)K)lOrO 6pycKa C'lHTaeTCSI OTaenhH0 1 a TIOTOM nonyqeHHbie BeliH'lliHbl CK118Abl-. 

B8IDTCSI,, qT~O~I HCTIOllb30BaTb lflopMylly ( 6) 1 • He.o6~oaHMO: onpenenHTb . Bennqn-

·.·Hbl Y· 1 · · ll Y
2 

OTHOCHTellbHO Ka)Kaoro 6pycKa (eM, pHC, 5) · 

rae 

. . . 

Y = (GAP+YD)[l+BS·X/VS]+ A'[l+AS·X/VS], 1 ' . . 

Y
2 

~..;, (GAP- Y D )[ l+BS·X / VS ] - A [1 + ·AS·X /VS]; 
' .. . 

. · . S(J) . . . TH(J) 
GAP=--, VS=DS(J), A"'--

.2. 2 

AS= CT(J).· ' . 

'12 

BS =CS(J), 

( 11) 

. ( 12)' 

.-

. 

.\. 

I 
•;j 

··j' .... 
. I 

.I 

l 
r 

.. :.· ··'1 

I 
.j 

' .I 
j 

;1 

J 
H 

'.1 
..:' 

·~ 

\.J 
Vl 
A 

:' ~I + -e. h :: '-JI· 
~ _JJ_V) 

0 

~ 

~ 
i= 

'S 
~ .;;; I~~ 

~ 

Q. 

~ 

~ 
"t/) 

~ 

j 

~ 

C) 
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· B HameM cnyqae ·YO = 0 0 T.e. none C'IHTaeTCSI \ BllOnb. OCH MarHIIT-

Horo KaHana. 

T1ocne paC'IeTa B K8)!{ll0ll TO'IKe. neqaTaiOTCSI. aenii'J.HHbl x.·.. II z 
{cyMMapHoe ·none) n HZ I , H Z 2 - none Kaxuioro 6pycKa s cooTBeT-

CTByiOmefi TO'IKe. 

llpH X·= OS (I) + 10 CM pac'IeT nonSI pepsofi ceKUHH· KOH'IaeTcSI II Ha

'IHHaeTCSI. nono6Hbifi pac'IeT nnSI cnenyromefi ceKUHH·. 

nng paC'IeTa !flyHKUHH .. F( X) COOTBeTCTByiOmafl nonnporpaMMa - !flyHK-

UHSI Bbi3biBaeT SUBROUTINE SIMPS 3Ha'IeHHSI · napaMeTpos, Heo6xonnMhiX 

nnSI pa6oThi aT oil: cTaHnapTHofi rronnporpaMMbi, cnenyromne: A I = X - V S 

H BI =X · - npe:Uenbi _IIJ!TerpnpoBa.IIHSI,. H 1 =II= VS /20 - Ha qanbHbiH 

mar HHTerpnpo'saHHSI, REPS! = . 0,001 , OTHOCHTenbHaSI TO'IHOCTb HHTerpnpo

saHHSI, '.AEPS I = 10 . - 11 
- a6coniOTHa~. TO'IHOCTh niiTerpnposaan~, FUNCT

·- ·Ha~BEIHIIe, nonrrporpaMMbi-4J?HKUHH llnSI. B,bl'IHCne~HSI non~·HTerpanb.HOfi ~yHK-: 
unn FF(XI) , X=~ (nnn B nporpaMMe XI ) - apryMeHT rronrriiTer.:.. 

panhHOfi · !flyHimn, . ' AI aHa'Ieane IIHTerpana, · Alii .;.. aaa'IeHne H~Terpana. 

c maroM IIHTerpnpoBaHIISI, AIABS - 3Haqeane IIHTerpana OT Monyng non-
···-- . . . B 1 . · ·.. . . . . 

naTerpanhaofi !flyHKunn J . I FUNCT ( ~ ) I d ~. 
- ~!. . . 
3Ta nonnporpaMMa Bbi'IHCnSieT onpeneneHHhifi · HHTerpan c oTHocnTenb-

, . 
HOfi IInH a6coniOTHOfi TO'IHOCTblo MeTOllO~ CnMnCoHa .C . apTOMaTII'IeCKHM Bb!.:.. 

'' 6opoM mara HHTerpnposaHiH~. 

nonnporpaMMa - !flyHKUHSI FUNCTION FF(XI) .Bbi'IHCnSieT sennqnay non-
- ' . . . ~' . . 

IIHTerp~n~Hor'o ;mpa)!{eHnSI FF ( ~j C noMOllibiO !flop.Mynhi (6). 

'• IV. He.uocTaTKII rrporpaMM 

llporpaMMa IRON c•mTaeT none TonbKO mtSI "npSIMoyronbHbiX 6pycKoB. 

lloaTOMy nnSI .CeKUllll KaHa~a· II llnSI mHMM0 , • pacmHpSIIOlliliXCSI no .mHpHHe ( nnn 

BbiCOTe) 0 paC'IeTbl cnpaBenniiBbl TOnbKO B cpenHefi nnoC~OCTH. 6pyCK0!3. ( npH_ 

X= 0 ). 
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t{To -KacaeTcSI nporpaMMbi CFIELO , ee HenocTa1 

TaTb TO, 'ITO OHa C'IHTaeT none 6ea yqeTa OTpa)!{eHnfi. Xc 

nsyx . OTpa)!{eHHfi . SIBnSieTCSI cymeCTBeHHbiM, · nnSI yrrpomeHlll 

pemnnn HM rrpeHe6pe'Ib, TaK KaK 9TH pac'IeTbi 6binn· ncrrc 
\ . 

nnSI rrpensapnTenhHbiX .oueHoK MarHHTHoro nonSI KaHana. -. . 

. V. - TpeoyeMaH :rrwjJOpMaUHH II peaynhTaThr 
' . . 

1. IlporpaMMa IRON 

B qncnosoM MaTepnane Hy)!{HO ssecTn cneny10mne .B• 

A( 6) ·., A (II); •.• ,A(BI). --. rronymn~HHbi 6pycKoB II mnM 

B (ll); •. ' B (81) .. - rronyBbiCOTbl 6py~KOB ll 'mHMM, R(l) ' .R(6) 

. paccTOSIHHSI IIO Y 6pyCKOB llnll .mHMM OT OCll OZ ·G(l) 

-G(I6)~ ... · G(BI) , . G(S6) - paccToSIHHSI iw Z , ·6pycK6s nnn 

Opn aToM: c~enyeT OTMeTHTh, 'ITO G( k)=-G( k·+.5). 
. ' 

BenH'IHHbl c - nnnHa' 6pycKa 'nnn mHMMbl ~ E - 3 

anTa M"amHHhi, rne HaxonnTcSI MarHHTHbifi KaHan , 6bmo 

: . HeiiOC pellCTBeHHO B. IIporpaMMe. 

Ha puc •. 6 rroKaaaHbi. pesynbTaTbi· pac'IeTa N!arHF 

6pyCKO·B, rrap~Me!pbl ,KOTO.pb!X Up~BeneHbl B TatSJIHUe .J 

2 • . I7porpaMMa CFIELD 
._' .. 

B ·qn'c'noi3oM MaTepnane aaxoaSITCSI cn.enyromne senn'~mH 

ceKUHH, . CT(J) - Koa¢¢nun~H~bi ~~Heil:Ho~o. pacmnpeHHSI I . . : . . 

CS ( J) . :- · Ko9¢¢nuneHTbi nnaeil:Hol;"'o · pacmnpeHHSI aaaopo: 

Benn'IHHbi, B- rronyBhiCoTa 6pycKoB, TH (I) · ·. Ji S(l) 

n aaaopos KaHai'Ia · B · Ha'Iane nepsofi ceKunn rrpnseneHbi . 

B nporpaMMe B eM. 

llpH IIOMO~ll naHHOH. IIporpaMMh( paCC'IliTBHO MarHH 

3-x ceKUHH KaHana·· Pac'IeT' ripoaonnncSI cnenyiOmllM o6pa31 

none BllOnb Ka)!{}:IOH CeKUHI1 0 BKniO'IaSI Kpaesoe none Ha ±.10 

3aTeM no'ng cocenaux ceKunfi cKnanhiBannch. PeaynhTaT m 

a·rrapaMeTphl ceKunfi B Ta6m~u,e 2. 
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HZ 

~ro 6pyCKa B COOTBeT-

eKUllll KOH'IaeTCSI ll aa·-

rroarrporpaMMa - cpyHK

JaMeTpoa1 aeo6xoaHMbiX 

eayromHe:. A l = X - V S 

j / 20 - Ha '18nbHblll 

lSI .TO'IHOCTb HHTerpnpo

HTElfpHpOB8HHSI1 FU~CT ~ 
ITO!IllHTerpanbHOil: cpyHK-

- apryMeHT IIO.UHHTer-

- 3Ha'leane n~Terpana .. 

~erpana oT Mo.uynsr rro.u-

HT~rpan C OTHOCHTenb

C a~TOM8Tll'19CKHM B~~ 

'. 
I'IHCnsre~ m~nn~nay rro.u-. 

nbl J 6>. ... 

)SIMOyrOnbHbiX 6pyCKOBo 

6mnxcsr rro uin pnne ( nnn 

noc~OCTH 6pyCK0!3 ( rrpn .. ; •. 

. . 

· 1.JTo .KacaeTcsr rrporpaMMhi CFIELD , ee He.nocTaTKOM.,MO}KHO. C'IH-

TaTb To, 'ITO oaa ·cqnTaeT none 6es y'leTa oTpa}KeHnil:. XoTsr aima.u· rreJmbiX 

JlBYX OTp8}KeHnil: sransreTCSI cymeCTBeHHbiM1 ansr yrrporuemrsr nporpaMMbl Mbl 

peummr nM rrpel!e6pe'lb, TaK KaK aTn pac'leTbi 6hinn·ncrronbsosalibi TOnbKo 

ansr rrpe,llBapnTenbHbiX OUeHOK M8rliHTHOrO rronsr KaHana. 

V.: Tpe6yeMaH HH<jlopMaUJIH 11 pe3ynbTaTbi 

B qncnoaoM · MaTepnane Hy}KHO aaecTn cneayromne aenn'IIIHhi! A( l) 

.A(6) t ,. A(ll); .. ~·,·A(81} "- nonywnpHHbi ~pycKOB II WHMM, B .(1), J3(6) 

B(ll); •• , 8(81) - rronyBhiCOThi 6py.cKoB II umMM, R(l) , .R(6) 1 R(ll); •• ,R(8l)-.. 
. paccTOHliHSI rro Y 6pycKoB Hill! . Wl!MM oT ocn OZ · G(l) · 1 , G(6) , G(ll) 1 • 

·G(l6);.~ G(8l) 1 G(86) - paccTOHHHH rro Z 1 6pycKoB HIIH )UHMM oT o,cn 0 Y, 

Dpii ··aToM. c~~.uyeT ~TMe;wn:,1 'ITo G(k)=-G(k·+5). 

Benn'IHHhi · c - annliif 6pycKa nnn WIIMMhi l_f E - sasop aneKTpoMar:.. 

HHTa M8WllHbl1 rae Haxoi:tHTCSI Ma~HHTHblll KaHan 1 6'bi1JO y.i1061Iee BBeCTll 

; . l!errocpeacTBeliHO B. npoq:iaMMe. .. ....... 
Ha pnc. 6 noKasal!bi .pe3ynhT8Thi· pacqeTa ~arliHTl!oro, nonsr nnsr 

6pycKoB1 . napaMe;pbi KOTOpbiX npnaeaeHbi a Ta6nHue .. 1 •.• >··. 

2. llporpaMMa. CFIELD 

B :~~·c~os'oM ~~·Tepnan~ .HaXO,llSITCSI cneay!butHe aenn<mHbi: DS(J) .UnHHbl 

_ ceKunn1 . CT(J) - KoacjlcjlnuHeliTbi ~~Heiil!o~o. pacwnpel!nsr ~npHHbi 6pycKoB 1 

·· CS ( J) _- :- · Koslj:l~muiieHTbi nimeiiHOJ;'O pacwnpel!nsr sasopoa. 

Benn'IHHhi, B- rronyBhiCoTa 6pycKoB1 TH(l) ·· n S(l) - wnpiilia 6pycKoa 

n.sasopoa Kal!aria-B·l!a'lane nepaoii ceKUHH npnaeael!hl l!enocpeacTBeHl!o 

B nporpaMMe B CM. 

Opn noMollln aauuoii· n'i>DrpaMMhi pacc'IHTauo MarunTuoe none· 'aaon'b 

3-x ceK.unil: Kauana.· Pac'leT npoaoanncsr cneayromnM o6pasoM. OnpeaEmsino'Ci,- · 

none anonh Ka}K!Ioii ceKunH, aK:nroqasr Kpaeaoe nom! Ha ±.10 eM, oT ee Topuoa. 

3aTeM no'nsr cocenunx ceKunil: cKna.UbiBannch. Pesyni.TaT IIDKasali l!a pnc. 71 

a· rrapaMeTpbi ceKunil: - B Ta6nJ!Ue 2 • 
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Ta6nnua 1 

Ng 6pycKa nnn R(k) A(k) G(k) 

lliiiMMhi,-K Cll Cll cit 

I -0,83 . 0,83 . o,oo . 
6 3,83 0,93. o,oo 

. II 5,25 .9,II 9 96 
. ' . 

2I 6,IO O,II . IO,IO 

31. 7,48 . 0,26 I0,50 

4I IO,OO 0,05 19,00 

51 II,90 o,I6 · I3,oo· 
' :-" .. 

6I I8,oo Q,I5 13,00 

7I . 25,00 o,oo 13,00 

8I 35,00 0,20 !3;00 

C • 20 Cll· HE • 46 Clle 

Ta6nuua 2 

· · DS(J) 
N9 ceKUIIII CT(J) CS(J) TH(J) _:_'_ ~ . - l . .. . Cll - . . . . ·c 

·1 

'2 

3 

B =I 2 CJ.t. 

··-.. 

40 

50 

45 

0,9212 0,9212 0~ 70< . 

I,OII 0,26 . I,345 

.. 0,91 O~I3 2,70 

16 

.,. 
.... I 

B(k) ·· 
ell 

'i 

3,II 

2,07 

7,77 
7,77 .. 

6,50 

5,00 

5,70 

3,00 

3,00 

3,00 

/ 

s(J) 

I,4 

2,69 
.. 

3,39 

;:.:. 

,. 

Z 1Hz 

·: 

fD • .toD<> 

1 ••• 

VJt>tl 

.f:OCiJ 

·. ~ .· ·.. I 

. ~. ~· 

Pnc. 6 

17 

.JD 

·~ 

~s 

.. ~ 

. -~ 



) G(k) 
[ cit 

13 .. o,oo 
13 o,oo 

-
I 9,96 
'· 

I ro,ro 
: 

~6. !0,50 
» > 

15 ,, !9,00 

6: 13 00 ,, ' . -
5 !3,00 

6 : !3,00 

0 '!3;00 

·. '• 

Tli(J) 
. ·QK 

2 . 0~70 . ' 

!,345 

2,70 

B(k) 
c:u 

3,II 

2,07 

7,77. 

7,77 " 

6,50 

5,00 

5,70 

s,oo 
s,oo 
3,00 

s(J) 
.. c:u 

I,4 
2,69 

>. 
,. 

3'39 

I 
I 
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... 

} 
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! 

'" 

!'' 'I 
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r. Hz 
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2. B.U. IlaHHnos n ap. IlperrpHHT OUHJ:f,. P-344, Ily6Ha, ·1959. 
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PROGRAM cFIELD 
DIMENSION DSC3>,CT(3)•CS(3>•THC4>;St4) 
COHI'ON/BLOCK1/VS 
COHI'ON/6LOCK2/X,Y~A.B•AS 
REAt 100,CDS(lA),IA=1•3) 

100 FORI'AT<3~8.4) , 
PRI~T 1D3~<DS<lf),lf•1;3J 

'103 FORI'AT<iHI ,;HiDS=3E13,~.//) 
REAt 100.~CT<IB>.IB=1•3) 
PRI~T 1n4~(CTCIG>,IG•1;3> 

104 FORI'ATC1H ~3HCT=3E13;5,//) 
'REAt 100,CCS11C),IC=1•3) 
"PRI~T 105oCCSiiH>,IH:1,3)· 

105 FORI'ATC1H ,3HCS=3E13•~•//) 

.35 

8==2 •' 
THC1>•0~7 

' s ( 1 ) :;: 1 • 4 ', 
DO 35.1==2•4 
J=I-1 · 
TH<l>•TMCJ)•C1,+CT(J)) 
S<I>=SC~)*(!,+CSCJ)) 
CONliNUE 

1,, 3,09.69 

.( 

PRI~t 101•<THCID>·ID•1,4) 
101 FORI"AT<1H .6HTHl1l=E1;s,5,2Xo.6HTIH2l=E13.5•2X·6HTI•{3l:;:f:t3,5,. -· 

12X,6HTHC4l=E13,5,//) . ·-
PRI~T 102•CSCIE),IE=1•4) 

102 FORI'ATC1H o5HSC1>=E13·5,2X,5~S(2l=E13;5,2X,5~SC3l=E~3·5• 
12X.=HS(4)=Et3.5o//) . . 
.J=l 
PRI~T 619 .. 

600 VS=I:S(J> 
GAP=S(J)/2. 
A=THJl/2, 
AS=CTCJ> 
BS=CSCJ>' 
X=-:.10, 
.PRI~T ·623 

601 YD=u,· 
602 Y1=CGAP+YD>•C1.+8S*X/VS>•A•(1,+AS•X!VSl 

Y2=-CGAP-YD>+C1,+BS•XIVS)-~+(i.+AS•x/VSJ 
Y=Y1 . 
HZ1=2.•1670.•F<X> 

·y:y;: 
HZ2=2.•1670.~FCX> 

. HZ=I-Z1+f.Z2 
- PRI~T 624,X,HZ,HZ1oHZ2 

603 X=X+1, 
·IFCX-CDSC~l+1~.))601,601•6~4-

604 J=J+] 
· :Go IO(o,!8-·6 5.6~·7,608>,J 

60':> PRI~T 6;:;0 
· r.o 10 6·:c 

60 7 P R I 1\T 6 21 
GO I o· 6':G 

· 608·.·sTOF- .. 
6{9 FORI'ATC12f. ·ST SECTICN) 

.-

·' 

62L 
621 
623 

'624 

FORI'AT(12H 2ND SECTICN> 
FORI'AT(12M ~AD SECTICN) 
FORI'ATCEXo1HXo8X,2HHZ•9Xo3HHZ!o8X,3~HZ2l 
FORI'AT<4F11,2) 
END 

.•• !, 



3,(19,69 

'. 

' 

62l FOR~AT<12H ?NO SECTICN> 
621 FOH~AT<12H ~HD SECTICN> 
623 FOR~AT<eX•1HX,8X,2HHZ•9X•34HZi,aX,3MHZ2> 

, 624 FOR~AT<4F1),.2>. .: 
END 

21 
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FUNCTION F(X)· · . 
COH~ON/8l0CK1/VS 

.. EXTERNAL Fr 

... 

~:VS/100. . . ~ 
CALL SII'P.S(XooVS,X,'H>0o001,,1l!•,O,rr,XI•AI•AIH•AIABSt ,. 
F=Al . . . 

.. RETLRN 
END 

.. 

>:.,.·· 

. ' 

.· 

/· 
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S~B~OUTINE SIMPS<A1,F1,H1,RFPS,,AEP~1.FUNCT,X,AI•jl~,AIABS>-
C ·S I t-:P.S ·· . . 
C Al.B1~~1HE ~~~iTS or I~TfG~ATION 
C ~1 ~AN i~ITIAL STEP OF INTEGRATION . 
C RE:FS1,AEPS1.- RELATIVE AI\D ABSOLUTF PREciSION ·or INHGR~TION 
c FUI\CT- -A II·A~E OF F"UNCTJOI\' SUBPROGR•M FOtf CALCULATION OF Il'iTEGRAND 

, C .. FLNCTIOr-; FUNCT<Xl ' . . ·' 
!c X - AN ARGU~ENT or· THE I~TEGRAND. ·• 

. C A I -,.; THE VALUE oF 'INTEGRAL, . 
·.:·C. AIH• THE' VALUE OF INTEGRAL: WITH THIO STE!' Of· PITEGRAliON .. 

.... "':. N 

,! 
"•·' 

.-~).' 

. C AlABs-· lHE VALUFo Of INTEGRAL FOR H•:DULE OF IHE INTEGRAN·• 
C .lHIS SUEROGRAM -CALCULATES THE DEFI• ITE tNTEuRAL-WlTH TH~ RELATIVE 
C ABSOLUTE PREtiSION BY ~II'PSON•S M~THOD wiTH T~E AUTOMATlCAL CH6!CE 
C Cf JHE.~STEP OF .INTEGRAl ICN . . . . ' . . . i . 
C If~AEP~i IS VERY SHALL<LIKE 1,E.17),1HEN CALCULATION OF 1NTEGRA 
C·WIIH REFSloANC·IF~REPS1 'IS VERY SM•·.LL-<LIKE 1•E•10>,THEr4 CALCULATI 
C- Cr liiTEGRAL'. WITH AEPS1 . . . . . . ::" . 
C hHEN AEPS1=REPS1=G. THEI\ CALCULATION WITH IHE CONSTANT SlEP H1 
c 

• 

. CIMENSICN FI7),PC5) 
~=SIGh<~i.B:•All 
S=SlGh<t.•Hl 
A=Al 
s=sf·· 
A (:C • 
AIH=:J. 
AIAES=O. 
P<2l=4.' 
FC4l=4 • 
Ft3>=2·.'·· 
Pt5>:1. 
IF<E.;;A) 1•2•1 

1· REPS=ABS<REPS1) 
AEPS=ABS<AEPSH 
1:0 ~ 1<=1.7 

3' · F<K>=10~E16 
x=A 
C=ll· . 
F~l>=FUhCl(X)/3. 

• ··-- 4 ·X: :)( 
,. "lf((X,).4.*H-I:!l*S>·5•!':•t: 

c ~::z<E-XOl/4. 
IFCI-) 7o2o7 

I tO 8 K:2,7 
8. F<Kl=10.E16 

C=l• . 
··-5 ti2=f"(1) . 

:·: 

I:I3=AES<F<lll 
1:0 Cj 1<=2,5 
X=X+H . 

: . IF ( <_X- B h S > 2 3, 2 4 • 2 4 
~' 4 X =B 

•• "";-J IF(F(K)•l}.E16) 11J;11•10' 
···.1 F<K>=FU"CT<X)/3. . 

.. · I:I2=DI2+P(KI*F"(K) 
. ; . ·:· '1 t 13 = n I 3 + P <tn • A 8 S < F < K > > 

23 
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SUB~OUTINE SIMPS(A1,F1,H1,RFPS1,-EP~l•FUNCT,X,AI•Al~,AIAjS)

C ·S H~P·S. 
c Al.BL'~lHE LIMITS OF 11\TFG~ATION 
C 1-<'.1 ·AN ir-ITIAL STEP OF INTEGRATION . ·' 
C R~fS1,AEPS1 ~RELATIVE A~D ABSOLUT~ PREi;ISlUN ~F INTEGRITION· 
C FU~CT ·A ~~~EO( FUNCTJO~·sU~P~OGR•M.FO~ CALC0(~TION OF 'INTEGRAND+ 

.,C . FLNCTION FUNCT<X> ·' 
,'C X - AN ARGllt"ENT OF' THE I~TEGRAND 

.. c A l -: THE. 'OlliE IIF INTEGRAL< 
·.:;c. AIH• THE' VALUE OF INTEGRAL' WITH TH~ STEt- OF· PlTEGRAT.iON .. 

. C AIABS•'THE VALUr OF INTEGRAL FOR M•,DULE OF !HE lNTEGRAN·t 
C THIS SUEROGRAM C:ALCULATES THE OEF'IdTE !NTEuRAL·IdTH TH'· RELATIVE OR.• • . 
C ABSOLUTE PRECISION BY 'stt-PSON+S METHOD 1dTH PiE AUTOMATICAL CHOICE •. '", , t~;_. 

:·, C Cf IHE.:'STEP OF INTEGRATICN . . . . . 
C II'""AE~Sl !SVERY SMALULiKE l,E.17),1HEN CALCULATION Of INTEGRAL: 
C_wilHREFS1>ANC·JF"REPS1 'IS VERY SM"LL <LIKE 1•E•10),THE1~ CALCULATION. 
C-Ct l~TEGRAL'WITH AEPS1 
c hHt:N AEPSl=REPSl=u. ThEI\ CALcuurroN WITH IHE coNST!IN(sreP H1 
c 

• 

. CIMENSICN F<7),P(5) 
H=SIGI\<ri,B:•All 
S=SIG~(t,,Hl 

A=Al 
s=sf· 
AI'=o. 
AIH=:), 
AIAES:Q, 
P<2>=4 •• 
P(4l=4. 
F < ~f>: 2·:. · · 
P(5>='1 • 

. lf(E_;:A> 1•2,1 
l REPS=ABS<REPSl> . 

.AEPS=ABS<AEPSH 
-CO 3 K=t,7 

3. ·. f<K>=10~'E16 
X:iA 
c=u. 
F~ll=F~l\Cl{X)/3. 

·"·'-; ···" 4 .. X: :X 
,. 'lf((X,)+4,*H-I:l)•S> !5.~:;,f 

c r=<E-XOl/4 .• 
lf'<l-) 7·2·7 

·; t:O e K:2,7 
8. F<K>=10.E16 

;. C=1· 
:• S 1:12=FC1l . 

1:13=AeS<F<1>). 
.. CO c; K=2,5 

.- ~ ,.,,. X=X+H . 
:.IF< <X-B>•S> 23,24•24 

'<'·l X=B . 
·.· 1- J . IF ( F ( K > •1) , E 16) ltJ, 11 , 10 
···,1 FCKl:FUI\CT(X)/3. . 

. · [12=Dl2+P(KI*F<K> 
.. ; . ,.\ ';' C I 3 = n I :i + P ( K ) *A H S < F ( K > > 

23 
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Dl1=CFCi>+4,*FC3>+FC5l)•2,*~ 
Dl2=DI2*H. ·· : - . 
DI3=DI3•H 
·IFCREPS> 12.13,12 

13 IFCAEPS> 12.14,12 . 
-~l EPS=A~SCCAIABS+DI3l•REFS). 

1FCEPS•AEPS> 15•16 1 16 
· 15 EPS=AEPS· 

l6 DELTA:AESCDI2•DI1) 
IF~tELTA-EPS) .• 20.21•21 

20 IFCDELTA-EPS/8~),17•14,14 
17"'11=2·•1-t. 
'>f'(1):f(5). 

FC2hFC6) 
, FC3):f(7) · 
.. :DO .19 K=4•7 .... 

-19 :fCK>=104E16. 
GO'To 18 

14 FC1>=FC5) 
FC3>=FC6) 
f(5):f(7). 

F'C2>=10.E16' 
FC4>=10.E16 
FC6>=10.E16 
FC7>=10.E16 . 

18 .ti1=DI2+CDI2•DI1>/15. 
Al=Al+DI1 . 
AIH=AlH+Dl2 
A I AES::A IABS+DH 
GO.TO 22 

21 h=H/2; 
FC7>=FC5) 
f'(6):f(4) 
FC5):f(3) 

'F(3)::f(2) 
F·C2>=iO.E16-
FC4>=10.E16 

·· X=XO 
c=o. 
GO 1 o· 5 

·22 IF CC) 2•4•2 
2 RETlRt. 

. END. 

·,·, 
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FUNCtjot. FFCXI> 
COM~Ot./ELCCK1/VS , . 
COM~Ot./6LCCK2/XoY•~·E~AS; 
FF=E/CXI•*2•B••2>• 

ilCLY-A-CA•AS/VS>•CX•XI))j 
2SORTFCXI••2•CY·A~~~~AS/VS>•<X-•1>>••2+B••2>~~. 
~CY+A~(A*AS/VS)•(X·XI>>I . 
4SciRJFCXl•*2•CY+A+CA•~S/VS>~<X~vi>)*•2+B••2>) 

RETLRt. 
END 

·'· 

-

~ 

~. 
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FUNlti~h FF(XI> 
COM~O~/BLCCKl/VS , 
COM~O~/ELCGK2/X,Y,A.E~AS 1 

FF=E/CXI•*2•B•*2l* 
ilClY·A·<A•AS/VS>•<X•XI))j 
2SORlFCXI•*2•<Y-A~{j~AS/VSl•<X-•l>)••2+B••2>~~ 
S{Y+A+(A*AS/VS)*(X·~I>>I . 
4SciRJFCXI•*2+(Y~A•<A•~S/VS>i<x~vi>>*•2+B••2ll 
~ETLR~ 
END 

.r· 
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PROGRAM IRON _ -:-: I,; 

DIMENSION G<lOUl,BClOO),R(tOO>•Y150l,HC~Ol,~C100l,A<100~ 
REA[ 10;~(1l.AC6J,A(ll),At21),AC31l,AC41l~AC51l,A(61)•AC71)' 

1,A(ft); . _ _ - - . . . r . - _ 

REA[ 10oRClloRC6loRC11l,RC21l,RC31l,RC41l•RC51l,HC6t)•R(71l 
1, R c e i > · : - ·- • -- • · · -

REA[ 10oBCiJ,8(6),8{11),8(21liBC31),8(41l•BC51l,BC61)~8C7il 
'1, a c e 1 > · ·. - · · 

REA[ 1Q,G(1J,GC6J•GC11),GC16l,GC21l,GC2bl•G(31l,G(3~), 
1GC41),GC46),G(51),GC56),GC~ll/G(66l,GC71l•G<76),G~8tl•G(8bl E=4t:-, . - . -.--., - - - -- - .. 

c=2o. 
- X= 0 • 

DO 1. 1=2,5 
RCI>=AC1l 
ACil=A<H. 
B<Il=BC1l. 
RCI+_5)=RC6l _ 
A C 1+ 5) :A (6 l -
fl(I+5):6(6) 
DO ~ J=i,a 
K.:=H•J .. 

- D 0 -~ I = 2 , 1 0 · 
RC!+K):R(K+l). 
AI I+K):A(K+l) 

.[)(!+Kl=ECK+l) 
- CONli~UE 

[JO 4. J=_1, 18 
K=5*J-3 -
J-1:5<tJ-4 · 
GCKl=E-G<M> 
(;(K-+1)=-E-G(M) 
G(K+2)=2,*E+li(M) 
G(Ki3)=-i·•~+GCM> 
PHII\T 4G 
P R I h T 31 , R c-: l , A ( 1 l • G C 1 l , 8 ( 1 l 
PRII\T 32,RC6loAC6~~GC6),8(6l 
PRII\T 3~,RC11loAC11l,GC11l,HCtll 
P~II\f 34,RC21),A<21l~G(21l,Biill. 
~RI~T 35,iiJ1),AC31),G(~l);UC31i: 
~~II\T'36,R<41l.AC41l,GC41l,AC41l· 
PRII\T 37,RC51),A(51l,GC51),HC51l :. 
PRII\T 3E,RC61),A(61l,G(61l,BCo1l 

· PR I 1\,T · ;~<;, R c.i 1) , A C 71> > G ( 71 i ; tH 11 l .. 
PR I 1\ T 41, R ( 81 l, At 81> • G( 81 l ,lH 81 l ·• 
J=l 
Y(JJ:~, 
IICJJ:•/, 
K=2 . 

-iJO ~ J:t,'ID 
IF< I-Kl21•2<•22 
F"=- i • . - -
IF< 1-10~4~24,23 

: 

·, 

.!·. 

2S · t\=1\+5 
GO H• ;>4 

2~· r='l· 
26 
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. ! · 24 HCJ>.=HCJ)+1671,15•F*C' 
1. ATA~f"((Y(Jl~RCil~A(Il)/IGCI>-BClll*l: 

.1 !SOATFC(YCJ)•~Cil-A(I)l••2+(G(J)-H(IlJ· 
1 -ATA~f"((Y(Jl~R(Il•ACil)/CGiil-BClll*i: 

1 1 SORTFCCYCJ)-RCI)+ACI)l**2+CG<-l)-1i(lll 
HCJ>:H(~)+1671.5•F*( 

1 +ATA~FCCY(Jl~RCil•ACI))/CGCl)+B(Il)*l' 
1 SQRTFCCYCJ)-RCIJ+A(l)l••2•<GCI)+H(Ill 
1 -ATA~FCCY(J)-R(Il~A(I))/(G(Il+BCill*l 
1 SQRTFC(Y(J)-R(IJ-A(I)l••2+(GCI)+HCill 
HCJl=HC~>+1671.5•F•< _ 

1. -ATAhF(CyCJ>~RCll~A(Il)/CG(I)-8(J)l*l 
1 SOATFC(iCJ)-RCil-A(I)l~•2+(G(I)-HCill 
1 · +ATA~f((Y(Jl-RCl>•ACilJ/(G(l)-8(1))*( 
1 SQRTFCCY<J>~RCil+Ail)l••2+CGCI)-H(J)J 
. H(Jl=H<~>+1671.5•f"*( 
1 -ATA~f"((V(Jl-RCil•ACI))/CGCI)+BC!)l*< 
1 SORTFCIY<j)-RCll+ACI)J••2+(GCI)+H(lll 
1 +ATA~f"((Y(J)-RCil-ACI))/CG(l)+8(1ll*l 
1 SORTFCCYCJ)-~<Il-A(I))••2+(G(l)~uCI)l 
CONll~UE 5 

7 

8 

J=J+1 
y ( J) = y ( ~ -1) + c • 5' 
lFCV(J)-15,)6,6,7 
YCJl=Y<.;-1>+3, . 
IFCY(J)-60.)6•8,8 
HJ=.; 
t-1=1 
J=1 

1/ w·<M ):YCJl 
w<M•1l=HJ> 
M=H+2 
J=J+1 
If"(w-foJ)17o17,9 

9 HM=I'-1 
PRI~T 11,(W(H),M:1,HI'i 
GO 10 .18 

10 FORI'AT<EF10.3) , 
11 FORI'ATC2X2f12.3) 
31 FORI'ATC11H HODE 1 
32 FORI'ATC11H · RODE 2 
33 FORI'ATI11H SHIM 1. 
34 FORI'AT<11H SHIH 2 
35 FORI'AT<i1H SHI~ 3 
36 FORI'ATC11H SHI~ 4 
37 FORI'ATC11H SHIH 5 
38 FORI'AT<11H SHIM 6 
39 FORI'ATC11H SHIM 7 
40 FORI'ATC49H 
41 FORI'ATC11~ SHIM 8 

END 

4f10.2) 
4F10.2l_ 
4f"10.2) 
4f10,;:1l 
4F10.2l 
4F10.2l 
4f10,2) 
4F10.;?l 
4F10.2l 

R 
4F10.2l 

27 
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AP 

~Ql,W<lOOl~A<100) 
l)•A(51loA(6J)•AC71l' 

1 l i ~ C 51>,, k C 6\ l • R C 71 l 

l)i8(51liBC61)iBC7il 

b >'• G ( 31 l • G ( 3 ~ l ' 
1) • G ( 7 6 l., G (·81 l 'G ( 8b l . ' .... 

-· ·, 

.. -... ~· 
"· . 

J. 

.. 24 

i 
I 
I 
' 

H C J >.=tH J l +1671,15•F* (' . t 
1. ATAhF(CY(Jl~RCI>~AC!l)/CGCil-BC!ll*lX~C)/ 

.1' 'SaRTF<CY!J)·~<I>·A<I>>••2+(G(i)·HCil~•*2+CX-Cl*•2)l 
1 -ATAhFC(Y(J)~RCil+A(!l)/CGCil•BClll*\X·C)/ 
1 SQRTFC(Y(J)·Rc·I)+ACill••2+CGC1)•H(Ill+*2+<X-Cl*•2)l) 

H<J>=H(J)+1671.5•F•< 
. 1 +ATAhF((Y(J)~RCil+A(!))/CG(Il+B(!ll*lX•C)/ 

1 SQRTFCCYCJ)•R(Il+A<l)l**2+<GCI)+H(ll>•*2+<X·Cl**2)l 

5 

7 

8 

1/ 

9 

10 
11 
3t 
32 
3'3 
'34 
35 
36 
37 
38 
39 
40 
41 

,. 

1 -ATA~FCCY(Jl·R<I>•AClll/CG(Il+BCill*iX•C)) 
1 5QRTFCCYCJ)•RCil•AC1))+•2+(G(J)+"Cll>•*2+tX-Cl**2)l) 

HCJl=HCJ>+1671.5•F•< 
1. ·ATA~f((y(Jl~RCll-AC!l)/CGCI)-B(J)l*lX+C)/ 
1 ·saRTFC('((,J)·RCil-HI)l.t+2+(G(!)·uci>>•*2+CX+Cl**2l 
1 +ATA~F(CY(J)·RCil+AC!))/CGCil•B(Ill*CX+C)/ 
1 SQRTFCCY<Jl~RCil+ACI)l+•2+CGCI)·HCll>•*2+CX+Cl+•2)l) 
HCJl:H(J)+1~71.5•F•C 

1 ·ATAhFCCY(Jl•RCil+AClll/CGCll+B(lll*lX+C)/ 
1 SQRTFCCYCJ)•RI·ll+A(l)l+•2+(G(!)+H(lll+*2+CX+Cl**2)l 
1 •ATA~FCCY(Jl·RCl)•ACll)/CGCll+BCI)l*iX+C)/ 
1 ~QRTFCCYCJ)-~Cll-~CI)l••2+CGCI)~U(lll•*2+CX+Cl**2ll) 

CONlliWE . ' ~ , . 
J=J+1 . 
y ( J) = y ( "-1) +c. 5' 
IFCYCJl•15.l6•6•7 
YCJl:YC.;·ll•3 •. 
IFIY(Jl-60.>6•8•8 
HJ=.; 
H=1 
J=1 
w·cM ):Y(J) 
W<H•1>=1-<J> 
H=M•2 
J=J•1 
IFC .. -f"J)17,17,9 
MM=I'-1 
PRl~T 11,(W(M),H:1,MI'l 
GO 10 .18 
FORI'ATC8Fl0.3) 
FOR~ATC2X2F12.3i · 
FORI'AT<11H RODE 
FORI' AT< 11H · RODE 
FORI'ATC11H SHIH 
FORI'Al(11H SHIH 
FORI'ATC~1H SHI~ 
FORI'AT<11H SHI~ 
FORI'ATC11H SHIH 
FORI'AT<11H SHIM 
FORI'AT<11H SHIM 
FORI'Al(49H 
FORI'ATC11H 'SHIM 8 
END 

1 
2 
1 
2 
3 
4 
5 
6 
7 

4F10.2) 
4F10.2l 
4F10.2l 
4F10.2l 
4F10.2l 
4F10.2l 
4F10,2l 
4F10,;?l 
4F10.2l. 

11 
4F'10.2) 
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