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fep,n B,TI., Tapacon O.B., WnpKou Il.B. P2 - 11547 

AHan11T1l"rnC-Ktte Dbt'lncne1111si ua 3BM n q•u3uKe II MaTeMaTnKe 

IlaH o63op coopc:.wtrnoro cocTommsi a11am1T11•1ec-K11x B1,1'111cne11un 

na 3B/\\. PaCCMOTpCll pS!ll nporpa'-tMlll,IX CHCTeM Aflf! a11a,111Tll'ICCKIIX 
nu•mcnennii. Ha116onec nonpo6110 o6cy><na,oTcst C1'oiicrna cucTeM 
SCJ!OONSCHIP. CLAM, REDUCE-2, SYME,\L, C,\~lAL, ABTO-AHAnllTIIK, 
KOTOpJ.Je DIIC/lpCHLI, nn6o 6yuyT Bt:CApstTl,CSl a 011.flil, a TaKn<e CIICTCMl,I 
MACSYMA, smnmowei"lcsi o)lnol1 ll3 Hau6once pa3a11rux nporpaMMHh!X 

C1icTeM nnu aH8nnTn'-1ecKax nuqncnenni'r. Ha ocnone aHD.-u13a MaTeMaTn
qeCKUX orrepauufI, pellJ11f30DD.HHblX ·a '3TUX cncTeMaX, ITOK8.38HO, "ITO C HX 

IIOMOUJLIO MO~rno pclllaTL lllllPOKllii t;.,acc 3ana'I <!·it.311KII II MOTC'-:BTIIKII, 
n, n qacrHocTu, 3.:1uat1u KBaH"ronoll: rcopnu nonn, ue6ccaofi MexaHIIKH, 

o6uml1 Teop111t OTIIOCIITC:lbllOCTil, ,!n3UKl1 n.,a3'-tbl II T.n. 0T)lCnhHO pac
CMOTpCHbl 3ana•m, pc11Je1111ue a Olfflll c no:.1011Jb10 nporpaMMHblX c11cTe'-1 
nnn ananHTlflieCKUX n1,1qncne1_-u~ll. . 

06aop npen11a3HB'Jell nnsi CITCl{IIIJ,111CTOB caMblX pa3Jlll'IIJUX o6naCTCII 
TeopeT11'1eCKOl1 !pll311KII II MaTeMaTIIKII, 

Pa6oTa n1,mon11eHa n :lafioparop1111 Teopern•wcKoii cpaa11Kn 
II naoop~TOpl!ll DU'IIIC.111TC.'lbHOii TCXIIJIKII I! anro,,:uTl!31lUIIH OHflH. 

Coo6wem1c 061,emrne1rnoro HHCTHTyTa st;:icpuux i:ccne11onau11ri. lly6na 1978 

Gerdt V,P., Tarasov o.v.,· Shirkov D.V. P2 ' - 11547 

Analytical Calculations Computer in Physics und 
Mathema.tics 

The review of present sk,tus of analytical calculations by 
computer is given. Some prof!rumming, systems for analytic<1l com
putations are considered. Such systems as SCIICO:-JSCH!P , CLA'.,1 , 
REDUCE-2, SYMBAL, CAMAL , .\l!TO-.\IJA:11nm, \\-hich are im-
plemented or will Le implemented in JlNR, and MACSY:\IA - one 
of the most developed systems - are discussed. It is shown on 
the basis of mathematical opetntions, realized in these systems, 
that they are appropriated for different problems of theoretical 
physics and mathematics, for example, for problems of qu.:mlum 
field theory, celestial mechanics, goneral relativity and so on, 
One section of this paper is devoted to problems solvc-0 in J[\JR. 

The review is intended for specialists in different fields 
of theoretical physics and mc,U,ematics. 

The investigation has been performed at the Laboratory 
of Theoretical Physics and Laboratory of Computing 
Techniques and Automation, JJ'.'Jr~. 

Commt•nication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1078 O61,cn11HeHHbliI HHCTl!TyT HJJ.epHblX HCCiTef!0Dlllfllii l1y6Ha 

Baenemrn 

TiepBhie ycneruHhle nonhITKll pean11aau1111 Ha 3BM aHa
n11T11qeCKOll (He q11cneHHott) onepau1111 - n11¢¢epeHu11poaaHllB 
6hinll npeanp11HBThI eme qeTaepTb aeKa Hasan/ 1, 2/. Cne
nyrom11u aamHhltt war a aToM HanpaaneH1111 - pean11aau11g 

non11HoM11anhH0ll anre6phI - noTpe6oaan 6onee IO neT 11H
TeHc11aHoro pa3B11Tllll nh1q11cn11TenhHOll TeXHllKll, paapa6oTKll 
H0BhIX Heq11cneHHhIX anropllTMOB/3/ 11 coaaaHllil anropllTMll

qecKllX B3bIK0B. K nocneaHllM 0TH0CBTCil xopowo li3BeCTHhie 
Anron, <t>OPTP AH ll ap. 1 a TaKme Me Hee ll3BeCTHhie, HO 

6onee /4P,llr0AHhie ang aHanliTliqecKllX Bhiq11cneHllll Il3h1Kll 
n11cn 41/ ll PE<t>Afl / 5~Haq11Hall C cepeaIIHhl rueCTIIAeCBThIX 

ronoa, 6hm paapa6oTaH uenhitt prul nporpaMMHhIX c11cTeM 
ang aHan11T11Gec.,1rnx BhIG1tcneHllll l CAB), npeaHa3HaGeHHhIX 
ang peweHllB urnpoKbro Knacca aaaaG ¢11a11K1t 11 MaTeMaTllKll, 

TeM He MeHee, Karna peGb aaxoa11T o TOM, GTO 3BM 
cnoco6Ha npoll3B0AliTb He T0nbK0 GIICneHHhie, HO 11 aHa
n1tT1IGeCKlle BhlKnaaKll, MH0rllM aT0 Ka~eTCil KpattHe YAllBll
TenhHhlM, T aKoe yn11aneH11e o6ycnoaneH0, C OAHOll CTOpOHhl, 
hpllBhlGKOll paccMaTpllBaTb 3BM KaK liHCTpyMeHT cyry6o 
GliCneHHhlX pacGeT0B, a c apyrou - 0TCyTCTBlieM H_eo6xo

AllMOll 11H¢opM8Ullll B Harnett n11TepaType. 
Xoporno ll3BeCTH0, qT0 B anropllTMllGeCKllX Il3hIKaX 

G1tcneHH0rO nporpaMMIIp0BaHIIIl, T8KliX, Hanp11Mep, K8K 
Anron 11 <t>OPTP AH I ace 11cnonbayeMhie CliMB0nhI cnymaT 
ang o6o3HaqeHllil HeK0T0pbIX q11cen, ll peaynbT8T Bb!GllC

neHllil TaKme ganBeTCil GliCn0M. 
B TO me apeMB CAB noaaongroT aHan11T11qecK11 abmon-

HBTh ~aK11e onepau1111, KaK n11¢¢epeHU1tpoaaH11e, ynpomeH11e 
Bh1pameH11fi (np11aeneH11e nono6HhIX GneHoa}, noacTaangTb 
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BM0CTO CIIMBOna IInII Bb!pa)KeHII.H npyroe Bbipa)KeHHe II T.a. 
B II Tore ( II 8TO oco6eHHO BB)KHO! ) pe3ynbTaT BbJqIIcneHII.H 
npeacTaBnsreT co6oA HeKoTopoe ananIITHqecKoe Bwpa)KeHHe, 
HanpHMep, qiyHKUHIO C .HBHOA 3BBHCHMOCThlO ee OT apryMeH
TOB, 3aaaHHb!X onp~aeneHHb!MII CHMBOnaMH. 

Pa3yMeeTcsr, 3BM MO)K0T DOMOqh TOnbKO Toraa, Koraa 
npoueaypa Haxo)KaeHIIsr pemenusr nocTaToqHo srcHa, T.e. 
H3B0CTeH qeTKHA anropHTM nocrpoeHH.H Hy)KHOro pemeHH.H, 
flo cyruecTBy, CAB MO)KHO paccMaTp1rnarh KaK MOIUHh111 

II npaKTHqeCKII 8):{HHCTBeHHhlA HHCTpyMBHT pemenusr cneayJO
IUHX /:lBYX THDOB 3a):{aq: 

I) Tpe6yJOruHx nenoMepiro 6onhrnux 3aTpaT pyqnoro 
Tpyaa, 

2) oqeHb qyBCTBHTenbHhlX K DOTepe TOqHOCTH nptt 
qHcneHHOM pemeHIIH. 

K 3aaaqaM nepBoro THna OTHOCHTcsr, Hanpm,1ep, 3aaaqa 
o6parueHII.H MaTpIIu aocraToquo BbICOKoro nopsraKa, 8neMeH
Thl KOTOpoR .HBn.HIOTC.H CHMBOnaMH Hnu anre6pa1IqeCKHMH 
Bbrpa)KeHtt.HMH. 

Ba)KHbIR DpIIMep 3aaaqtt BToporo THDa DpHBen B CBOBM 
o63ope Xepa/6~YcnOBHe CTa6HnhHOCTH nna3Mhl B YCTaHOBKe 

TIIDa "ToKaMaK" CBO/:lHTC.H K ycnOBHIO cyrueCTBOB8HH.H Hynsr 
HeKOTopoR ~YHKUHH B 3aaaHHOH o6naCTII. flono)KeHIIe 8Toro 
Hynsr oqeHb qyBCTBHTenbHO K DOTepe TOqHOCTH B npoMe)Ky
TO<iHbIX BbJqHcneHIIsrx. fl08TOMy 38TpaTa HBCKOnbKHX qaCOB 

MalllIIHHoro BpeMeHH Ha CaMbJX MOIUHb!X COBpeMeHHb!X 3BM 

aaeT nHlllh MIIHIIManbHO Heo6xoattMyJO CTeneHb YBepeHHOCTH 
B npaBunhHocrtt nonyqeHnoro pe3ynhTaTa. B To )Ke BpeMsr 

c ITOMOIUhIO CAB npo6neMa nonHoCThJO pemaeTcsr 3a ue·
CKOnhKO MHHyT. 

06ruue xapaKTepuCTHKH CAB 

B OTnttque OT qncneHHbIX nporpaMM, CAB Tpe6yJOT 
3HaqttTenbHO 6onhmero 06'beMa U0HTpanbHOii: DaM.HTII 3BM 
(aec.HTKII, a TO II COTHII Tb!C.Hq MalllttHHblX cnoB). 3To 

o6ycnoBneao xapaKTepoM ucnonh3YeMbIX HeqIIcneHHbIX anro
PIITMOB II. Heo6xoaIIMOCTbIO coxpaH.HTh B naMSJTH Bee npoMe
)lcyToqHbre pe3ynhTaTbI, KOTOpbre, KaK npaBttno, CHnhHO 
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"pa36yxaroT" B npoue<;:ce cqeTa. flo8TOMY HaH6onee MOlil
Hb1e CAB peanH30BaHhI na 6onhlllIIX 3BM, TaKIIX KaK 
IBM - 360/370, CDC-6000/7000, PDP-10 u ap. KaK npuMep 
CAB, peanII30BaHHoA Ha Manoi1 3BM, MO)KHO npIIBeCTII 
CIICTeMy AHAJU1Tl1K/7/ ansr MalllIIH cepttu "MHp", pa3pa-
6oTaHHYJO B CCCP. HecMoTpsr Ha ru6KOCTh H npIIMeHHMOCTh 
cttcTeMbI AHAnl1Tl1K K caMbIM pa3HbIM aaaaqaM, ee B03-
MO)KHOCTlI orpaHHqHBalOTC.H cpaBHIITenhHO He6onblllHMII no 
o6'beMy BbIKnaaoK 3aaaqaMH. 

Bee IIMeroruIIecsr CAB MO)KHO ycnoBHo pa3aenttTh Ha 
nae 6onhmIIe rpynnw: 

1) CneuIIanII3HpOBaHHhle - opIIeHTIIPOBaHHhle Ha onpene
neHHYIO o6naCTb npuMeHeHII.H. llnsr TaKHX CHCTeM xapaKTepHO 
cpaBHHTenhHO He6onhlllOe _qHcno BCTpOeHHhlX onepaUIIii:, Bhl-. 
COKOe 6bICTpoaeAcTBHe H OTHOCHTenhHO He6onblllHe Tpe6oaa

HH.H K o6'beMy ueHTpanbHoi1 naM.HTH 3BM. 
2) YHIIBepcanbHhle - c 6onhlllHM qHcnoM BCTpOeHHhlX 

B03MO)KHOCTeii: H no8TOMY' KaK npaaHnO, Tpe6yJOIUHe. 6onh
woro o6'beMa ueHTpanbHOH naM.HTII H BhlCOKHX BpeMeHHhlX 

3aTpaT . no cpaBHeHHIO co cneuHanH3HpoaaHHbIMH CAB. 
CneayeT noaqepKHYTh, qTo MHOrIIe tt3 cneuttanH3HpoBaH

HbIX CAB HanHcaHbI Ha .H3bIKe HH3wero ypoBH.H ( .H3bJK 

AcceM6nepa), npeacTaansrJOruero co6oA CHMaonhHYIO ¢opMy 
MalliIIHHbIX KOMaHa, qTo H o6ecneqHaaeT, BO MHOPOM, HX 
KOMnaKTHOCTh tt 6bICTpoaeAcTBHe. · 

B TO )Ke ap;M.H caMbie MOIUHbie H3 yHHBepcanhHbIX CAB 

HanttC8Hbl Ha .H3h!Ke ·nHCfl. 3To He TOnbKO o6ycnoanHBaeT 
HX lliHpOKHe B03MO}KHOCTH, HO, 'ITO oco6eHHO Ba)KHO, no-
3BOn.HeT nonh30BaTenJO pacwHpHTh HX B cnyqae Heo6xontt
MOCTH. 

nJ1Cfl, OJlHaKo, Tpe6yeT CpaBHHTBnhHO 6onhlliOPO Ma
lliHHHOrO BpeMeHH Ha Bb!IlOnHeHHe OTJl8J1hHblX onepauttA, 

qTo npIIBOJlHT K OTHOCITTenhHOA "MeaneHHOCTH" cqeTa 

C nOMOIUhlO YHHBepcanbHblX CHCTeM, HanttcaHHbIX Ha nJ1Cfle. 
K cneuttantt3UpoaaHHbIM CAB MO>KHO OTHeCTH, HanpIIMep, 

cttcTeMbr: SCHO(i)NSCHIP /s/ u ASHMEDAI ' 9/ - npeaHa3Ha
qeHHh1e ansr Bb!IlOnHeHH.H CTanaapTHblX BbIKnaAOK B KBaHTO
BOA Teopuu nonsr; CAMAL/ lO/ - nnsr He6ecHoi1 ·MexaHHKH 

H o6rueA yeopHH oTHOCHTenhHOCTII (OTO); CLAM/ 11/ H /1a/ 
SHEEp/12, - lWSI BbJqHcneHIIA B OTO; ABTO-AHAnl1Tl1K -
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/lnH pemeHHH H8KOTOphlX 3a)laq MaT~MaTnqecKoil. ¢n3HKII, 
pa3pa6oTaHHaH B HI1I1 npnKnaaHoil. MaTeMaTHKH H Me

XaHHKH npu ToMCKOM rocyaapCTB8HHOM YHHBepcnTeTe 
u peanuGoaaHa Ha 3BM E3CM-6. 

Hau6onee HPKHMH npe/lCTaBnTenHMH YHHBepcanhHhlX 
cncTeM HBnHIOTCH HanucaHHhre Ha fll1CITe cncTeMbr 
REDUCE-2/t

4
/, MACSYMN15,,~ SCRATCHPAD/1~/npnqeM aae 

nocneaHue HBnHIOTCH CaMblMH pa3BIITbJMH H MOlliHblMII 1!3 

cyruecTay10ruux CAB. K yHnaepcanhHbIM CAB MmKHO, no)Ka
nyii, OTH8CTH II H8KOTOpbl8 apyrue CIICT8MbJ, HanpnMep, 
SYMBAL/1

7
/ ALTRAN /ls/ u AHAfll1T11K /7/ nMe10ruue OTHO-
' ' 

CHTenbHO He6onhmoe, HO npuMeHuMoe K llIHpOKOMY Knaccy 
saaaq qucno BCTpOeHHblX B03MO)KHOCTe11. 

. Ba)KHO noaqepKHyTh, qro paCCMOTpeHHaH BbIWe Knaccu
qJIIKaUuH CAB OCHOBaHa IIM8HHO Ha BCTp08HH1,IX B HUX 

B03MO)KHOCTHX. ITpn H8KOTOpbIX ycnnnHx co cropom,, nonb-
30BarenH cneuuanusupoaaHHb1e CAB MoryT B pHae cnyqaea 
C ycneXOM npHM8HHThCH anH pellieHHH 3a)laq, JI8)Karunx 

aaneKo BHe o6nacru ux cneuuanu3aunn. 3ro B03MO)KHo, 

rnaBHbIM o6pa3oM, 6naroaapH MOlliHOMy annapaTy noacTa
HOBOK, npucyrueMy nceM CAB. B KaqecTae npocTeil.wero 
npuMepa npuaeaeM noacTaHOBKY 

xN ➔ NxN-1 • 

no3BOJIH10ruy10 npoau¢¢epeHuupoaaTh mo6oil. nonnHoM no x. 
TTpeKpacHoii nm110cTpauueil. sroro aax,Horo caoiicTaa CAB 
MOPyT· cny)KHTh TaKx,e np11Mepb1 ncnonh30BaHHH CIICT8Mbl 

SCHOONSCHIP a OI1.Hl1, coaepxrnruuecH a 3aKn10q11Tenh-
HOM pa3)lene HaCTOHrueii CTaThH. 

HeKoTOpbie npuMeHeHuH CAB 

AHamI3y CAB u ux npuMeHeHuHM B pa3nuqHbrX o6naCTHX 
cjJH3HKH H MaTeMaTHKH noCBHlli8HO HeMano o630pHbIX pa-
6oT/6, 19-26/. ITo8TOMy HH)Ke MbJ BbJ!lenuM Jlllllih Hau6onee 
HpKue pesynhTaTbI. 

I1cropuqecKu cno)Knnocb TaK, qro Tpu o6nacru npuMe
HeHHH npuaneKJIH Hau60Jihlliee BHHMaH11e pa3pa6oTqHKOB 
CAB: He6ecHaH MeXaHHKa, o6ruaH reop1151 OTHOCIIT8JihHOCTII 
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H KBaHTOBaH reopuH nonH (KBaHTOBaH 8JI8KTPO/llIHaMHKa}. 
TaKoii nHTepec 6h1n o6ycnoaneH cTpyKTypofi auan11TuqecK11x 
BbIKJia)lOK B 8THX aa_)KHbIX o6naCT5IX ¢113HKII, KOTOpbl8 coqe
TalOT HCKJIIOquTenbHYIO rpOM03)lKOCTh BbIKnaaoK co cpaBHH
TeJihH0 He6onbllIHM KOnuq-eCTBOM Tpe6yeMb!X auanuTuqecKHX 

onepauuii. I1HTepec K He6ecuoi1 MeXaHnKe noaorpeaancH 
TaK)l{e )Ken·auueM npoaep11Th pe3ynhTaThI, nonyqeHHbI8 erue 

B cepe/lHH8 npownoro CTOneTHH B MOHyMeHTanbHOM pa6oTe 
llenousf 271.AaTop sToii pa6oThI Bb1q11cnun KoopanHarhI aau
)K8HHH flyHbl B C8)lhMOM nop5IllK8 no ManbIM aenuqnHaM, 
TaKHM, KaK 8KCU8HTpHCHT8Tbl f H f, nyHHOil. H 38MHOM op-
6uT, OTHOIII8HH8 a/a, cpeaHHX paCCTO.HHIIM 3eMnH )lO flyHbl 

u ao ConHua 11 r.a. CaM llenous n0Tpar11n Ha 8To 20 neT, 
npuqeM, no oueHKaM /lB8/lll8THn8TH8M )laBHOCTII /2s~ Heo6xo
/lHMO 6bIJIO 3aTp8Tl1Th 200 qenoaeKo-neT nporpaMMl1pOBaHH5I 
anH aocnpo113aeaeHnH ero pe3ynhTaToa Ha 3BM. K cqacThlO, 
8TH neCCl1MIICT1IqecKue nporH03bl OKa3anuch 5IBHO H8COCT05I
T8nhHbIMH, 11 a 1970 roay rpynna aaropoa /29/. cocToHruaH 

. ' 
acero n11mh us Tpex qenoaeK,. a l'eqeH11e roaa aocnpo11saena 

pesynhTaTbI llenoHs c noM~llihlO CAB, pa3pa6oTaHHoi1 O/lHIIM 
H3 8THX aBTOpOB - POMOM 30(npuMeqaTenbHO, qTO B Tpyae 
llenoH8 /21,< coaep)KarueM oKono 40 Tbrc. 11roroa1,rx ¢opMyn, 
o6aapy)KeHa acero oaHa (! J omu6Ka. 

llpyr11M ~pnMepoM nnoaoTBOpHOCT11 np11MeHeH11H CAB 
5IBl1nHCh BbJq11cneH11H g KBaHTOBOM sneKTpO/llIH8Ml1K8 TaKOM 
B8)KH0M ¢n3uqecKOM aenuquaw, KaK aHoManbHhlM MOM8HT 
sneKrpoaa B wecToM nopH/lKe reopu11 nosMyrueH11ii/3 1/: 

a ,., al2)(!L)+a<4)(~)2 +a<6)(~)3 + .... 
2 277 2rr 2rr 

Ben11qnHa a<2) , onpeaenHeMaH oaaoii a11arpaMMOii cfleiiHMaHa 
2 

~-

A. 
paaaa a~) =1/2 u 6bma Bb1q11cneaa a 1947 roay Wa11HrepoM/3zi_ 
llnH Bb1q11cneHHH cneay10ruero nop5I/lKa Teopu11 B03Myrueauil: 
noTpe6oaancH yqeT nHTII pa3n11qHhlX a11arpaMM 
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TT onHbIH !IX BKna.a. B a 2 6bm Bbl'IIICne H crryCT51 nee 51Tb / 
neT nocne illBrrHrepa TTeTepMaHoM/ 33/ rr 3oMMepqienbJlOM ' 34/ 

( 4) 197 rr2 2 . 3 
a = --+- - rr ln 2 + -((3), 

2 144 12 4 
00 

1 (6) rne ((3) = I - . AHanrrTwiecKoe BhI'rncnemie a 
2 

rrpaK-
k=l k3 

T!IqecKn y)Ke HeB03MO)l<HO BbJIIOnHIITb BpyqHyIO H3-3a Heno

MepHo nnnHHhlX swqncneHnfi. TTporpec~ B STOM HarrpaeneHHH 
6hm nocrnrayT nnrnh B rrocnenHne f'OJlbJ 6naronap51 rrpnMe
HeHHIO CAB H, B rrepsy10 oqepenh, ASHMEDAI / 3/. B pe
aynhTaTe +ra ceronHHlllHHH neHh na 40 pa3nHqHhlX mrnr

paMM, orrpenen51IOIUHX a c;> , ynanOCb JlO KOHUa .BbJqncnuTb 
aHanuTuqecKu BKnan or 27 nuarpaMM. TTpuqeM Hau6onee 
cnO)KHblMH H3 HHX nng BbJqHcneHHH OKasanttCh JlHarpaMMbJ 

KOTOpble B npoMemyToqHoil: CTaJlHH pacqeTa COJlep)Kanu JlO 
24 000 cnaraeMb1xl35.' u rroTpe6osanu Ka)KJlaSI OKono 150 MHH. 
cqeraoro BpeMeHu Ha 3BM UNIVAC-1108. 

LlnSI ocTanhHbJX 13 nuarpaMM, JlaIOIUtt:X BKnan B .a~), 

'IaCTb Bb!KnanoK 6bma BOCIIOnHeHa c IlOMOIUh!O CAB, a oc
ramnascsi: qacTb BbrqucneHuil: ( IiHTerpuposaaue) BblIIOnHsi:naci:, 
06hlql{b!M 'IHCneHHb!M o6pa30M. 

I I 

B peaynhTare• 311 nonHbIII BKnan B a
2 

0Kasanc51 e 6ne-
CT.SIIUeM cornactt:tt: C He]laBHHMlf Ilp8UH3HOHHb!Mlf H3MepeHH.51-
MHl36/ 8HOM8JlbHOf'O Maf'HHTHoro MOM8HTa 811eKrpoHa, Toq
HOCTb KOTOpbIX 0,2. 1 Q - 9 , 
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KaK rrnmocrpauHIO B03MO)KHOCTeil: CAB B 06me1'i: ieopuu 
OTHOCHTenbHOCTH paCCMOTpHM swqncneHue Ha OCHOBe C!iC
TeMbI CLAM CTaHnapTHblX senuqHH. g µv ' r µ 1 •VO 

R µvap , R µ:v , T µv=Rµv - 2 Rg µv nn.51 MeTpHKII 

2 e 2f3 2 2 2y 2 2f3 
ds = (V-- - u r e ) du + 2e du dr + 

r 

2 2y 2 2y 2 -2y . 2 2 ) + 2Ur e du d0 - r ( e d0 + e sm O dcp , 

r.a.e U , V , f3 u y - qiyHKUHH rrepeMeHHbIX u , r u O. 
LlaHHa.51 MeTpHKa 6bma rrpenno}lrnHa. B pa6oTe EoHJJ.H H np/s7/ 

rrp!i aHanH3e rpaBHTaUHOHHoro uanyqeHH.51 spama10mei1c.51 
3B83Jlb] H 6hrna HCIIOnb30Ba~a B pa6ore/24/ an.SI cpaBHeHH.51 
B03MO)l(HOCTeil: p51Jla °CAB. 

Bb1qucneHHe scex yKaaaHHbIX senuqHH nn.51 MerpHKH 
EoHJlH rpe6yer_ scero 32 c. Ha 3BM CDC-6500 . rrpu qpea

Bhrqail:Ho KOMIIaKTHOH rrporpaMMe Bb1qucneHHH ( CM. IlI2.rrnQ--
*eHii:e) B cucre~e CLAM. . 

KoHeqHo, cqiepbI rrpuMeHeHtt.51 CAB naneKo He ucqeprrbI
sa10rc.51 paCCMOTpeHHbJMH Bblllle o6nacT.51MU reopeTHqecKoil: 
<pH3HKH~ K Hacrosi:meMy BpeMeHH orry6nHKOBaHO HeCKOnhKO 
COT pa6or no IlpHMeHeHIIIO 3BM ]ln51 aHantt:THqecKHX BbJquc
neHHil: B C8Mb!X -pasnuqHb!X o6naCT51X 8CT8CTB03H8HHSI, 
B JJ.OII011H8HHe K Martpuany o630pHblX pa6or / 6,19 -26/ OT

MeTHM, HarrpuMep, rrpuMeHeHHe CAB B <pH3HKe rrna3MbI / 33/, 
TeOpHH aTOMHOf'O Hnpa / 391, f'HJlp0JlUHaMttKe I 4°1,reoqiH3IiKe/ 41;; 
KpucTanno<pH3HKe I 42/,Hemrneil:Hoil: OIITHKe/ 43/asponuHaMHKe I 44/ 

H T,Jl. 
PaayMeeTcsi:, CAB si:BnHIOTC.51 MOIUHbIM HHcrpyMeHTOM 

perneHH.51 H qHCTO MaTeMaTHqeCKHX aanaq, BbI]lenHM, B qacT

HOCTH, IlpHMeHeHHe 8THX CHCTeM JJ.1151 perneHH.51 JlH<p<pepeH
uuanbHbIX/ 45~HHTerpanhHblX/ 46/u pa3HOCTHbIX/ 4?/ ypaBH8HHH, 
reopuu KOMMyTaTHBHbIX Koneul 43/, a raKme MHoroqHcneHHbie 
rrimnomeHH.51 B Teopuu rpyrrrr I 49/. · 

Xopornee rrpencraBneHHe o npyrux 0611acT.SIX rrpHMeHeHHSI 
CAB MO*eT JlBTh 3HaKOMCTBO c Ma repHanaMH cchtnoK/ 49-5o/. 

B 3aK1110qeHue naHHoro pa3nena rronqepKHeM, qro Jla)l(e 
IIpH OTCyTCTBHH aHanuruqecKHX MeTOJlOB perneHH.51 K8KOH-
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n1I60 aaaaqlI, aeanlITIIqeCKIIe BhlKnaaKII MOryT OKa38TbCH 
Kpaii:ee none3HbIMII B COBOKynHOCTII C o6bJqHbIMII qucneHHblMII 
MeToaaMII. B KaqecTae np1IMepa np1IaeaeM pa6oTy / 51/,rae 

paccMaTp1Iaanoc& pemee1Ie nuaeii:ewx au¢¢epeeuuanhHhlX 
ypaBHeHIIH B qacTHblX npOII3BOAHbIX Tuna ypaBHeHUH Tenno
npOBOAHOCTU. 

CAB a 011.Hl1 

ITepaoii: CAB a· 011.Hl1 cTana cucTeMa SCHOONSCHIP, 
aHeapeHHaH a KOHUe 1975 roaa. B 1977 roay 6h1na aeeapeHa 
cucTeMa CLAM. B HacToHmee apeMH BHeapHeTCH REDUCE-2 
u a 6nuMaii:meM 6yaymeM npeanonaraeTCH BHeapeHue cucTeM 

SYMBAL, CAMAL II ABTO-AHAnJ1T11K. Hau6onee 06-

ruue CBOii:CTBa STUX CUCTeM, a T8KMe BCTpoeHHhle (pean1I-
30BaHHhie a Hux) MaTeMaruqecKue o6'beKTbI u onepaUIIII 
H8A HIIMII cyMMUpOBaHbl B Ta6n. 1 II .1.:_ llnH cpaBH8HIIH 

B nocneaaeii KOnOHKe KaMAOii Ta6nuUbl IlplIB?eHhl COOTBeT
CTBYIOllilie napaMeTpbI cucTeMbI MACSYMA /1 5 , HBnH10rueii:cH, 
HapHay c cucTeMoii SCRATCHP.AD/16/, caMoii: MOmHoii: B3 

cyruecTay10m1Ix CAB. 11a o6uiHx caoii:cTB ( CM. Ta6n. 1) BhI
aenHM HMe10mHii:CH B cucTeMax SCHOONSCHIP u REDUCE-2 
auanoroawii: (uHrepaKTIIBHhlii:) pemHM pa6oThl. Pa6oTaH 
B T8KOM peMIIMe, nonb30B8Tenb MOMer KOHTpOnHp0B8Tb 
npoMeMyroqHbie peaynbT8Tbl H TeM caMhIM pe3KO nOBbICUTb 

a¢¢eKTUBHOCTh pemeHIIH mHpoKoro Knacca aaaaq. CpealI 
acrpoeHHbIX B03MOMHOcTeii: CAB ( ra6JJ. 2 ) Ha Mu ee yKa
aaeb1: 

1. ITonuHoMuan&HaH anre6pa. 

2. Y rrporueeue Bb1paMeHuii: ( npuaeaeHue noao6HbIX qneHoB). 
3. AnnapaT noacraHOBOK, 

npucyruue BCeM coapeMeHHblM cucreMaM. ITpu aroM, KaK 
YMe OTMeqanOCb Bblllie, noacraHOBKU noaaonHIOT B oraenbHblX 

cnyqasrx cymecraeHHO pacmupHP:> B03MOMHOCTH CHCTeMbI no 
OTHOllieHUIO K BcrpoeHHbIM onep~UHHM. 

11a oTaen&HhIX onepauuii:, npHaeaeHHhIX a Ta6n. 2, BhI-
aem1M uMe10ruy10cg B cucreMax REDUCE-2 u MACSYMA 
npoueaypy HaXOMAeHUH eau6on&wero o6mero aenuTenH aayx 
nonuHOMOB, noaaonHIOIUYIO npOII3B0AUTb yrrpomeHue apo6Ho-
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pauuoHan&HhIX Bb1pa:llrnHuii:. Erue 6onee aaMHOii: npo6neMoii: 
HBnHeTCH aHanuTuqecKOe UHTerpupoaaHue C nOMOIUbIO CAB. 
B Knacce aneMeerapHhIX ¢yHKuuii: aaHHaH rrpo6neMa peme
Ha, eanpHMep, a cucreMe. MACSYMA / 52a( PemeHue onupa

eTCH Ha ¢yHaaMeHTanhHYIO pa6ory PHwa /
526

~ B KOTOpoii: 
npeanoMeH yHuBepcanhHbiii: anropuTM UHTerpHpoBaHHH. Anro
PIITM Puma, ao-nepBbIX, aaeT OTBeT Ha aonpoc, BbipaMaeTCH 
nu UHrerpan qepe3 aneMeHTapHbie ¢yHKUUU, u, BO-BTOpbIX, 

npu nonoMuTenhHOM OTBeTe noaaonHeT B3HTb aaHHblli HH

rerpan. llpyroii: np1IaneKaTen&HOii: oco6eHHOCThIO anropurMa 
Puma HBnHeTCH B03MO:ll<HOCTb ero peanuaaUIIU Ha coapeMeH-

HbIX 3BM, qTo u caenaHo a cucreMaX MACSYMA u 
SCRATCHPAD. Boo6rue Me coaepMaruagcg a Ta6n. 2 uH¢op
MaUIIH aaneKo He ucqepnhrnaeT acex B03MO.MHOCTeii: cucre
MbI MACSYMA, a Koropy10 acTpoeHa rrpoueaypa BhJqucneHIIH 

m1Ip0Koro Knacca orrpeaeneHHhIX IIHTerpanoa, pHA crreuuanh
HbIX ¢yHKuuii:, rrpHMOe u o6pareoe rrpeo6paaoaaHUH narrnaca 
u MHoroe apyroe /15,50/. 

J13 mecru CUCTeM, COCTaBnHIOIUIIX 6nuMaii:myIO rrepcrreK

ruay ucrron&aoaaeug CAB B 011.Hl1, Hau6onee paaauToii: 
ganHeTcH, eecoMHeHHO, REDUCE-2. 06naaaH 6oraThIMU uc
XOAHhIMU B03MOMHOCTHMU ( ra6n. 2), REDUCE-2, rroaaongeT 

rron&aoaaren10 cpeacraaMu aeeweero H3bJKa orrpeaenHTh 
HOBbie 06'heKTb1 u ( u'fiu) HOBbie MaTeMaruqecKue orrepauuu. 
3ro oco6eeHo rrpuaneKaTen&eoe caoii:crao cncTeMhI REDUCE-2 
cnyMHT ucroqeuKOM ee IIOCTOHHHOPO pa3BUTUH. fnaBHblM 

Me ee HeaocTaTKOM HBnHeTCH cpaBHUrenbHO HU3KOe 
6bICrpoaeii:CTB1Ie. IToaTOMY ang rpOM03AKIIX BbJKnaaoK uene
coo6pa3HO ucrronb30BllTh, ecnu STD B03MOMHO, 6onee "6bICT-

pbie C1IcreMb1", TaKue, KaK SCHOONSCHIP, SYMBAL rr ap. 
BaMHO OTMeTUTb, qro neMaruag B OCHOBe crrcreMhl 

REDUCE-2 BepCIIH H3b!K8 n11cn/53/ MOMeT cnyMIITb He3a

BIICIIMbIM lIHCTpyMeHTOM ang aeanrrrrrqeCKUX BbJqrrcneHrrii:. 
.HpKoii: rrnn10crpaurreii: aroMy Moryr cny JKIITh HarrrrcaHHbie 
HerrocpeacrseeHo Ha nl1CITe rrporpaMMhI reHepaurr11 arrarpaMM 
cf>eii:HMaHa B KB8HTOBOH aneKTpoarrHaMIIKe / 54/ II KrrHeMaTII
qeCKoro aHannaa rrpouecca saanMoaeii:crsuH n106oro qrrcna 

qacrrru C rrpOII3BOnbHblM CIIHHOM /55/. 
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.... 
IV 

Ta<!mnta I 
0<!111He CBOllCTBa nporpaMW!UX Cl!CTeM ,J{JIJI aJ1aJIHTHqeCKl!X swq11cne11Hll 

CAB: SCHOON- CLAM f!EDUCE-2 SYl,IBAL CAMAL 
SCHIP 

3B1! CDC-65OO CDC-65O0 CDC-65OO CDC-65OO EC-1040 
EC-1040 

B11eA!ffH11e 
B Oli, I 

BHeApei!a »HeApe11a BHe,J{pJleTCJI OyAeT Oy){er 
s11e,J{pe11a BH8APJIUCJI 

H3hlK AcceMdnep AcceM<!nep JH!CII Accewdnep Accew<!nep peanH3anrrn 

1111 
B11eu111ero xx JH!CII AJ!fOJI AJlfOJI xx 
Jl3WKa 

JJ.11anorosw1t 
pe1rnw ecn H8T ecTJ, HeT Her 

O<!JiaCTL 
KTIIX OToX YHl!B.x m,x. OTO OCHOBHWC YHHB. 

npm.IeueHHI! 

XKTII • KBBJITOBaJI reopHJI non.11; OTO• 0<1111as· T80l)JIJI OTHOCHTtJl•Hocr•; 
K~ - KaTeMaTHqecxaa ~H31lt&j YBHB. - YH•aepcax•au. 

xx 
Cneuaa.uswa 83WJt ,l!aBBOI CIICUMW. 

Ta6Jntua 2 
3crpoeHJWe MaTeMaTH'leCKlle 061>eK'11,1 11! ODep!UlID! Ha.11 

HHMH E pa.3.l!lmwx CAB 

CAB: 

Jl,po6HO-paullO
HaJILHHe 
mIPIWlHWI 

SCHOON
SCRIP 

IloacK HaB60Jll,mero 
00111ero .zteJ111re.1111 

.lJ.H(W>epel!UllpOBaH11e 

IIHTerpllpOBaHHe 

KoMI!JleKC11118 
Be.lDl'lll!HH 

Painl OllaJILHII e 
'IIICJJa 

Ap!l\PMeTllRa 'IIICeJI 
c =anuell 3allf!
roll 
Pa6ora c oTpe3KaMII! 
crenemmx P8JIOB 

AJire(lpa. BeRTopoB 111 
reH30pOE 

MeTpli!'ll!WI a.zre6pa 

A.nre6pa t- llllTPllll 
11 cmmopo:e 

HeKOl<MYTaTll!BHM 
aJ!I'C6.J:a 

CLAM RF.!JUCE-2 CAMAL 

AllTO- MACSYMA 
AHAJ!l1Tl1K 

liJCM-6 PDP-10 

dy){er 
BHeApJIUCJI 

MaWl!HRWll JU1CII 
xo.-

xx AJ!fOJI 

Her 8CTL 

ld<r YHHB. 

HK - ■e<!ec•a• xexa■•xa; 

---.-c---,-, _o..~- - -~~~ .---, -----

AB'ro-AHA.lIH1W( MACSDIA 

ECe 

ecn 

eCTL 

eCTL 



TipuMeHemrn CAB B OH .Hl1 ,gnSI pememrn 

3a,gaq TeopeTuqecKofi $U3HKH 

B Ol1.Hl1 ucnonb30BaHue 3BM J:WSI aaanuTuqecKHX BhI
KnaAOK aaqanOCh C 1976 I'OAa, nocne BHeApeHHSI CHCT8Mbl 

SCHOONSCHIP. 3a ABB roAa 6bm pemeH uenhitt pSIA 3aAaq, 
B OCHOBHOM U3 o6nacTH KB8HTOBOll Teopuu nonSI H SIAepHOll 
qlU3HKH. CaMbie rpOM03AKHe 6hmH CB.SI38Hbl C Bb1qucneHH8M 

cpefiHMaHOBCKUX AUarpaMM. Ehn npoBeAeH pacqeT AByxneTne
BbIX AuarpaMM B Teopuu nonSI .Hara-Munncal56I,oAHOneTne
BbIX AuarpaMM B rpaBUTBllUH/57/ H paAH8llUOHHbIX nonpaBOK 

HU3Iliero nopSIAKa K ;f oyeccaM pacce.SIHUSI ToqeqHhIX qacTUll 
CO CnHHBMH O H 1 /2 S • 

flpu pacqeTe AuarpaMM B Teopn:n: nong .Hara-Mn:nnca 

Mamn:He 3aAaBanucb npamrna <t>efiHMaHa u AuarpaMMa B BHAe 
npOU3B8A8HUH BepllIUH u nponaraTopoB. nanee 3BM nepe
MHO)l{ana nponara TOpbI U BepllIUHbI, npOU3BOAHna CBepTKn: 
no nopeHllOB_bIM UHAeKCaM, npHBOAUna nOA06Hhie qneHhI, 
H nonyqeaaoe Bbipa)l{eHue npeo6pa30BhJBana K BHAY, yno6-
HOMY AnSI UHTerpupoBaHHH. HHTerpupOB8HUe npOBOAUnOCh 
C nOMOlllhIO nO/lCT8HOBOK no 38A8HHblM !pOpMynaM. flony
qeHHbill pe3ynhT8T, B:,Ip8)1{8HHblll qepe3 r -cpyHKllUU 3finepa, 

pa3narancg B PHA. nopaaa no ManoMy napaMeTpy. TioAbIH
TerpanhHhJe Bblp8)1{8HHSI, COOTB8TCTByIOIIIHe cpettHMaHOBCKHM 
nuarpaMMBM, nonyqanucb llOBOnhHO rpOM03AKHMn:: HeCKOnbKO 
/l8C.SITKOB TblCSiq qneHOB. flocne IIpn:BeA8HUSI nOA06HbIX qne
HOB Bb1pa)l{eHn:H 3HaquTenhHO ynpomanuch. l..J ucno pa3nuqHhIX 

uHTerpanoB, nonyquamuxc.SI nocne aToro, 6hmo OKono 200. 
IlnSI ux cqeTa ucnonb30Banocb meCTh o6mux cpopMyn. IlnSI 
pacqeTa Bcex 33 AuarpaMM noTpe6oBanocb 84 Mn:H.cqeT

aoro BpeMeHn: Ha 3BM CDC-6400. 
B. OAHOneTneBbIX pacqeTax B rpaBuTauuu/57/ 3BM BhI

nonHSina B ocaoBHOM Te )1{8 onepauuu, qTo u npn: pacqeTe 
SIHI'-Mn:nncoBCKHX AUarpaMM. Pa3nuque COCTOSino B nony
qeaun: Bhlp8)1{8HUSI An.SI rpaBUTBllHOHHOll BepllIUHhl U ucnonb-
30B8HIIU CHMBOnOB KpucTocpcpenSI. Bee BbJqucneHIIH noTpe-

6oBanu oKono 10 MIIH. cqeTHoro apeMeHu. TiporpaMMupoaa
Hue 0/lHOneTneBbIX pacqeTOB 38HSino OKOno 3 AHefi, TOI'AB 
KaK cocTaaneHue nporpaMM AnSI llByxneTneBhlX pacqeToB 
B Teoprru nonH .Hara-Munnca - nonTopa MeCSilla. 
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Tipu BbJqucneHIIU PBAHBllUOHHbIX nonpaBOK HH3Iliero 
nopSIAKa K npoueccaM pacceSIHUSI qaCTUll co CnHHBMH Ou 
1 ;2/5s/onepaun:n:, npon:3BOllHMhie 3BM, 6b!llH noqTu TaKn:e 

)1{8 1 K8K H B paCCMOTpeHHbIX BbIIlie npHMepaX. nononHUTenh

HO K HHM, nocne nepeMHO)l{8HHH nponaraTopoB 0 aepmHH 
3BM pa3narana npou3BeAeHHH MaTpuu n0paKa no nonaofi 
cucTeMe H3 16 Marpuu u 6pana mnypb1 OT npon:3BeAeHHfi 
3THX Ma Tpn:ll. Ha pacqeThl 6hJrIO 38 Tpaqego 5 MHH, cqeTHOI'O 

apeMeHII 3BM CDC-6400. 
0AHOtt H3 caMbIX rpoM03AKHX 3aAaq KBaHTOBOtt Teopuu 

nong SIBnHeTCH nocTpoeHHe KOHeqHbIX UHTerpanoa, COOT
B8TCTBYIOIIIHX nuarpaMMaM, T.e. Bhmonaeaue R -onepallHH/59/. 

Ilng CKangpHbIX Teopn:fi 6b!ll8 COCT8Bneaa nporpaMMa /60/, 
KOTopag CTPOUT nepeHOpMHPOBaHHbie K03!pqlllllUeHTHbie cpyHK

UIIH B BUAe UHTerpanOB no cpettHM8HOBCKUM napaMeTpaM. 
Ha BXOAe nporpaMMhI aaAaeTCH nuarpaMMa B BHAe npou3-
aeAeH1IH BepllIUH n: C08AUHSIIOIIIHX ux nuaufi. 3aTeM npon:3B0-
AHTCH BbIHBneHHe paCXOARIIIHXCH noArpacpoB H nocTpOeHn:e 
nOAbJHTerpanhHbIX Bblp8)1{8!{lill K8K AnSI C8MOI'O rpacpa, T8K 

u nnSI rpacpoB, nonyqa10muxc.SI nocne ycTpaHeHuSI pacxoASI

m0xcg noArpacpoa. 3Ta nporpaMMa M0)1{8T 6b!Th 0cnonb30B8-
Ha AnH BbJqucneHUH AuarpaMM BnnOTh AO 9-ro nopHAK8 
BKn10quTenhHO. KpoMe nepequcneHHbIX BblllI8, 6bm pellieH 
eme uenbJll PSIA JlOBOJJhHO rpOM03AKUX 38,[{aq BCilOMOI'aTenh
HOI'O xapaKTepa: pacqeT onpeAen0Tenefi 8-ro nopHAKa 
C aaanuTuqeCKUMU aneMeHTBMU, pa3n0)1{8HHH npOU3B8A8HUll 

a MaTpHll no nonHOll CUCTeMe U B3SITHe wnypoB, HaXO)l{,[{8-

HUe K03!p!pllllll8HTOB pa3n0)1{8HHH peweHUSI ypaBHeHHSI lllpe
llHHrepa C 38A8HHbIM noTeHllUanOM no CUHYC8M U KOCUHy
CaM u T,A. Bee YK838HHble sanaq0 6hmu peweHbI C no-. 
MOIIIhIO cucTeMbI SCHOONSCHIP. CoBceM HeAaBHO peweaa 
38Aaqa no H8XO)l{A8HUIO npunUBHbIX c0n B none TSII'OT0HHH 
qepHofi Ahipb/61/.Tipu peweeu0 aTofi 3aAaqu 6hma ucnonb30-

BaHa cucTeMa REDUCE-2. 
Mb! np0aenn: AaneK-O He ·nonHI,18 cnHCOK y)l{e JjeweHHbIX 

38Aaq, TeM He MeHee, BUAHO, H8CKOnhKO wupoK An:ana30H 
npuMeHeHii:SI n:Me10mn:xcSI y Hae CAB. 

B 3aKn10qegue 8BTOpbI Bblp8)1{8I0T 6naroAapHOCTh 
H.H.foBopyHy, B.A.Memep.SIKOBY, B.A.PocTOBlleBy, P.H.<t>e-
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l 
l aopoaoft H B.TI.WupuKoay aa noneaehle o6cyMaeHHH 

H UBHHhle 3aMeqaHHH, a raKMe c.ID.CnaBHHOBj aa KOH
cynhTBUHH no cucreMe SYMBAL. 

TIPI1nO)KEHI1E 

TipttMephl .nporpaMM u pacneqarKH peaynhraroa 
BbJqucneHHll anH HBKOTODhIX CAB 

1. TionHhlil: reKCT nporpaMMbl u pacneqarKa HBKOTOpbIX 

CHMBonoa KpucrocpcpenH r ~VO" , a TBKMe oaeoil: H3 KOMnoeeur 
reeaopa KPHBH3HhI R µvap anH MerprrKII Eouau rr ap. / 3_7/. 

( CM. crp. · 9) a cttcreMe CLAM . 

BONDIS METRIC 
VARIABLES (T R E P) 

. FUNCTION (U (T R E)) 
FUNCTION (V (T R E)) 
FUNCTION (B (T R E)) 
FUNCTION (G (T RE)) . , 
METRIC(((+(*V(**R(-(11))) (EXP(*(2l) B))) (-(*(**U(21)) 
(**R (21)) (EXP (*(21) G))))) (EXP (*(21) B)) (*U (**R (21)) 
(EXP(*(21) G))) 0000(-(*(**R(21)) (EXP(*(21) G)))) 0 

(-(*(**R(21)) (EXP(-(*(21) G))) (**(SINE) (21)))))) 
STOP)))))) . 

GAM O = R2E2G-2BG + RE20-2B 
22 1 

0 
GAM 

23 
= 0 

OAMO = RSIN2(E)E:...2B-20_R2 SIN2(E)E-2B-20G 1 
33 

20. 2 2 20 2 20 20 2 20 
R 1212 =2RE G 1 +R G 1 E +RE G 11 -2RE B 1 -2R E B 1 G1 
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HcxoauaH MerpuKa gµv aaaaercH a rrncrpyKUHH METRIC, 
KOTOpaH OllHOBpeMeHHO HBnHeTCH KOMBHllOH anH BhJqucneHHH 

II pacneqarKH aenH'IHH gµv ' r µ ' R ' R ' R ,va 1wap µv 
T = R --g . 

/LI' µv 2 µv 

2. Bb1qrrcneeue onpeaenrrrenH 3-ro nopHAKa c noMomhIO 
cncreMhI "SCHOONSCHIP ", 8hI'IHCneeue aeaercH no cpop-
Myne: 

det = a 1i a 2 j a 3k • ( ijk 

( € ijk - nomIOCThlO BHTHCIIMMerprrqHbIH reeaop). 

PRINT NLIST 
PRINT NSTAT 
FA 
Z DET3=DS(J,1,3,(DS(K,1,3,(DS(L,1,3,(A(l,J) *A(2,K) * 

A(3,L) "DP(J,K,L))))))) 

*END 

DET3 = 

+ A(l,1) *A(2,2) *A(3,3) 

' - A(l,1) *A(2,3) * A(3,2) 

- A(l,2) 'liA(2,1) *A(3,3) 

+ A(l,2)*A(2,3)*A(3,1) 

+ A(l,3) * A(2,1) * A(3,2) 

-A(l,3)*A(2,2)*A(3,1) + 0. 

3. Br,1qucneurre nonttHOM0B fl13Maeapa C noMomhIO CIIC7 
reMhI REDUCE-2. fl.1rn Bh1qucnemrii ucnonb3oaaea ¢opMyna 

1 d n 2 n 
P (x) = --- -- [(x -1) ] 

n 2°n! · dx n 

17 



, 
' 
! 

ARRAY P(3); 

FOR l%=1%3 DO. BEGIN P(I) %=(X*"'2-1) **I; 

.FOR J%=1%I DO P(I) %=DF(P(I) ,X) /(2*J); 
WRITE P(,I, ) = ,P(I) END; 

P(l) = X 

P(2) = (3*X 
2 

-1) /2 

P(3) = (X*(5*X
2 

- 3)) /2 

END; 

JU1TEPATYPA 

1. Kahrimanian H.G. Analytical Differentiation by 
a Digital Computer, M.ADiss, Temple Univ., 
Philadelphia, MA, 1953 •. 

2. Nolan J. Analytical Differentiation on a· Digital 
Computer, 1\/1.A.Diss, MIT, Cambridge,· MA 1953 •. 

3. KHyT n. l1cKyCCTBO nporpaMMH:poBamrn nmr 3BM, 
r.2, "M11:p", M., 1977. 

4. Maypep Y. BBenemrn B nporpaMMHpoBaHH:e Ha 513hIKe 
J1l1Cil. "M11:p", M., 1976. 

5. Typ'IHH B.ct>. "KH6epHeT1rna", 1968, 4, c.45; KpacoB
CKH:H A.r. 11: np. PEct>AJ1, 'I. 1, OnHcaHHe 513bJKa H npHe
MbI nporpaMMHpoBaHHSI,Y'I.noco611:e ,l13n. Ml1ct>l1,M.,1977. 

6. Hearn A.C. Algebraic Manipulation by Computer: 
B rpynax MeMn. C0BeIU. no nporpaMMHp0B8HHIO If Ma
TeMBTH'IeCKHM MeronaM perneHH51 qm3H'I0CKHX sana'I. 
(Ily6Ha, 20-23 ceHT., 1977 r.).Ol1Hl1, Ill0~ll-11264, 

Ily6Ha, 1978. 
7. fnyrnKOB B.M. H np. Ku6epHeTttKa, 1971, 3, c.102; 

Korpela J. SIGS.M1 Bulletin, ACM, New York, 
No. 39, 30, ·1976. 

8. Strubbe H. Comp. Phys.Comm., 1974, 8, p.1. 
9. Perisho R.C. ASHMEDAI. User's Guide, U.S.A.E.C~ / 

Rep. No, C00-3066-44, 1975, 
10, Fitch J, CAMAL User's Manual. Univ. of 

Cambridge, Computer Laboratory, 1975. 

18. 

11, 

12. 

13. 

14. 

15, 

16. 

17. 

18, 

19. 

20. 

21. 

22. 

23, 

24, 
25, 

D'Inverno R.A~, Russel-Clark R,A, The CLAM 
Programmer's 1\/lanual. Part 1, King's College, 
London,1971; Part 2, Univ. of Cambridge 
Computer Laboratory, 197 2. 
Frick I, SHEEP User's guide, USIP Report 
77-15, Univ. of Stockholm, 1977. 
Apai1c E.A., Cu6up51KOB LB. ABTO-AHAJ1l1Tl1K. 
HoBocu6upcK, ll3ll-B0 HfY, 1973. 

Hearn A.C. REDUCE User's Manual, Second 
Edition, Univ. of Utah, 1973, 
Bogen R. e.a. MACSYMA Reference Manual: 
Project MAC, MIT, Cambridge, MA, 1975, 
Griesmer J,H. e,a. SCRATCHPAD User's 
Manual, IBM Research Report RA-70, ·1975, 
Engeli M, SIGSAM Bulletin, ACM, New York, 
No, 36, 21, 1975, 
Brown W.S. ALTRAN User's Manual, Third 
Edition, Bell Lab. , 1973. 
Barton D., Fitch J.P. Rep.Prag.Phys., 1972, 
35, p.235, 
Hearn A.C. Computer Solution of Symbolic 
Problems in Theoretical Physics. In: Computing 
as a Language of Physics, IAEA, Vienna, 1972, 
p.567. 
Sundblad •Y. f.. User's Review of Algebraic 
Systems. In: Proc. of the Third International 
Colloquim on Advanced Computing Methods in 
Theor,Phys., Marseille, June 25-20, 1973, v.1. 
Campbell J.A. Acta Phys. Austriaca Suppl., 
1974, XIII, p,595, 
Sundblad Y. SIGSAM Bulletin, ACM, New York, 
1974, No, 31, p.1. 
Cohen H,I. e,a, Gen.Rel.Grav,, 1976, 7, p,269, 
Hearn A.C. Symbolic Computation, In: Proc. 
of the 1976 CERN School of Computing, 
La Grande Motte, France, 12- 25 September, 
1976, p.201. 

19 



-i 

i: i 

~-

26. fepnT B.TI. 0 rrpuMeHeHuu cucTeM aHanuTuqeciux rrpe
o6pasoBaHuii Ha 3BM nm1 BhJqHcneHusi uHTerpanoB <t>eiiH
MaHa (o6sop). E Tpynax Me)K/l, coaeru. "."IO npocpa~Mu
poBaHu10 ll MaTeMaTuqeCKHM M8TOAaM pemeHUSI qmauqec
KUX aanaq, Ily6Ha, 20-23 ceHT., 1977; OIHH1, 
IllO, 11-11284, ,/ly6Ha, 1978. 

27. Delaynay C. Theorie du Mouvement de la Lune 
(Extraits des Mem. Acad. Sci.), Mallet-Bachelier, 
Paris, 1860. 

28. Davis M.s. Astr. J., 1958, 63, p. 462. 
29. Deprit A. e.a. Science, 1970, 168, p.1569. 
30. Rom A.· Celestial Mech., 1969, 1, p.301. 
31. Levine M.J. e.a. g -2: The Current Status. 

e . 
Talk presented at the Fourth International 
Colloquim on Advanced Computing Methods 
in Theor.Phys., St. Maximin, France, March 
21-23., 1977 • 

32. Schwinger J. Phys.Rev., 1948, 73, p.416; 
Phys.Rev., 1949, 76, p.790. 

33. Peterman A. Helv. Phys.Acta, 1957, 30, p,407. 
34.' Sommerfield C. Ann.Phys. (N.Y.), · 1958, 5, p.26. 
35. Levine M.J. e.a. Phys.Rev., 1976, D13, p,997. 
36. Van Dyck R.S. e.a. Phys.Rev.Lett., 1977, 38, 

p.310. 
37. Bondi H. e.a. Proc. R.Soc., 1962, A269, p.21. 
38; Kulp J.L. e.a. New Capabilities for Symbolic 

Computation in Plasma Physics, In: Proc. of 
the Sixth Conf. on Numerical Simulation of 
Plasmas, Univ. of California at Berkeley, 1973. 

39. Rudnicki-Bujnowski G. Comp.Phys.Comm., 1975, 
10, p.245. 

40. Atherton R,W,, Homsy G.M, J,Comp,Phys., 1973, 
13, p,45, 

41, Hanson J,N. J,Geoph,Research, 1973, 70, p,3260, 
42, Head R, Projective Representatio,ns for Energy 

Band Calculations: in Ref, 49. 
43. Kong J .A, Optics of Bianisotropic Media, In: 

20 

Proc. of Optical Society of America, Washington, • 
DC,April, 1974, 

i 

44. Howard J,C, The Transformation of Aerodynamic 
Stability Derivatives by Symbolic Mathematical 
Computation, The Aeronautical Ouartely, · vol,XXVI, 
May, 1975, 

45, 
46. 

Norman A.C, Comp,J., 1975, 19, No. 1, p.63, 
Stoutemyer D.R. ACM Trans, on Math.Software, 
1977, 3, No.2, p.128, 

47, Ivie J. Some MACSYMA Programs for Solving 
Difference Equations: in Ref, 50, 

48, Spear D.A, A Constructive Approach to Commu
tative Ring Theory: in Ref, 50, 

49, Proc. of the 1976 ACM Symposium on Symbolic 
and Algebraic Computation. Yorktown Heights, 
New York, August 10-12, 1976. 

so. Proc. of the 1977 MACSYMA User's Conference. 
Univ. of California, Berkeley, California, July 
27-29, 1977. 

51. 

52. 

53. 

54. 
55, 

56, 
57, 

Ulery D.L., Khalil H.M. Symbolic/Numeric Algo
rithms for Partial Differential Equations: in 
Ref. 49. 

a. Moses J. Comm.ACM, 1971, 14, p.548. 
b. Risch R. Trans.Amer.Math.Soc., 1969, 139, 
p.167. . 

PocToBUeB B:A. ~HCTeMa rrporpaMMHpoBaHH51 LISP 
Ha CDC-6500. B Tpynax Me,KA.CoBeruaHusi no rrporpaMM1I
poBaHu10 H MaTeMaTHqecKHM MeTOJWM pemeHusi QJII3, 
aanaq, Ily6Ha, 20-23 ceHT., 1977. OI1.HI1, Ul0,11-11284, 
lly6Ha, 1978, 

Sasaki T. J.Comp,Phys., 1976, 22, p.189. 
Frick I. ELKIN, a Computer Program for Kinema
tic Calculation of Interactions among Arbitrary 
Number of Particles with Arbitrary Spin, USIP 
Report 77-13, Univ. of Stockholm, 1977. 
BnanIIMIIpoB A.A.,TapacoB O.B • .H<t>,1977,25,c.1104 •. 
Kallosch R.E., Tarasov o.v., Tyutin I.V. 
Lebedev Phys.Int. Prepr. No. 185, 1977. 

58, 

59. 

EapAHH n.10., <t>enopeHKO O.M., lliyMeiiKO H.M. 
OI1.HI1, P2-10114, lly6Ha, 1978. 

Eoromo6oB H.H., lliIIpKOB n.B. BBeAeHIIe a TeOplIIO 
KBaHToBaHHhIX rroneii. "HayKa", M., 1978. 

21 



60. TapacoB O;B. OIHU1, E2-11573, lly6Ha, 1978. 
61. )K1IJJ.KqBa 11 .E ., HeiumKOB 11.IT., PocToBUeB B.A. 

011.Hl1, P2-11589, lly6Ha, 1978. 

22 

....... --

PyKOITHCb rrocTyrrnna B ll3A8TenbCKHli oTaen 
4 Masi 1978 roaa. 

-------------------- -

.\ 

r 
! 


