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3a 40 Jrer, npoueArxzx co BpeMeHr.r Bo3HHKHoBeHHs xsaHrogoii
MexaHHKK, 6Hnl,t cosAaH.br MorrlHbre MeroAbr reoperr.rqecKoro ngy-
qeHr.rfl c[eKrpoB. 3naqurenluufi ox.na4 e eroft o6racrn npeAcraB-
,rarcr pa6orbr coBercKux Quenxon Bo r,'raBe c B. A. <Doxbu. Ilir.r-
poKoe npr{MeHeHr.re c[eKTpocKo[fiH B pa3Jrr.rqHbrx o6.nacrsx. l,tc-
c,re4onauuft, B ToM qr{cJre npn H3yqeHHr,r Jra3epoB r.r rtJIa3MeHHbr.x
cocroRHuft, cnoco6crnyer AaltneftrrreMy pa3Bnrltro reopufi, co3-
AaHIrro 6olee eQQexruoubrx MeroAoB r.r tlx npulreHenlrrc K cJrox(-
HbrM aroMau. f4norAa ycnerrluo l{cnoJrb3yrorcq [oly3Mnuphr{e-
ckue ueroAu. O4uaxo reopufl He AoJr>KHa orpaHr.rqriBarbcs cJIy-
qa f M H, KOrAa H Meercf SKcrrepH M eHral uH ufi rvrarepr{a.{. floarorrry
BaxHbrM flBJrfleTcfl pasnnrne rrHcTo TeopeTfirrecKHx MeTOAOB r.t3y-
qCHI{fl ATOMHbIX CHCTEM.

lnasnoe 
"aato 

B Teoperarrecxoft cleKTpocKorrr.ru gaHr.rMarof
Bonpojsr Bbrr*rcJreHufl Marpr..tr{Hbrx sJreMeHToB o[eparopa sHep-
inu. flpoqecc BbrrrucJreHr.rs B npn6nuxeur.rH u,eHTpaJrbHoro rroJlt
Mo)r(Ho pa3AeJrr.rrb Ha ABa grana: I ) BbrpalKeulre MarpHqHbrx
3JIeMeHToB r{epe3 paAua.rrbHF,re xHTerpaJrbr - Haxo)KAeHHe op6u-
rarbHbrx H crrr.rHoBbrx uacreri; 2) no;ryueuHe paAr,raJrbHblx BoJrHo-
aux_QyHxqHft [r suqricJreHr.re paAuaJrbHbrx HHretpaJroB.

Buqnc.neHur op6nra.nrHbrx H crrlrnoBbrx qaireft Marpnqubrx
. o4eMeHToB 6asupynrcr Ha MareMarnqecKorvl aflrrapare He[pHBo-

AHMbrx reH3opnbrx ofleparopoB r.r reHea.rroruqecKr.rx xoa@@uqueu_
rda, paspa6.oraHnor\r .(x. Paxax H Ap. npr.rMeueHlre n p^acverax
3!'rerflpoHHoft sHq[c,'r[re.truoft TexHHKH pa3perxaer neiexo4nrr,
K reoperr,rqecKoMy r.r3yr{eHnro 6olee cJroxnbrx xouenrypaunft r.r

ToqHee yqr.rrbrBarb peJrflTrlBHcrcKHe nsauuo4eftcrnvr. O4naxo,
BbrpaxeHr.rff AJrf MaTpHr{Hbrx SJreMeHToB OnepaTopoB MafHr.rTHbrx
asanuo4eficrsuft s cJryqae AByx r{ Aaxe oAioft tj6oloqrpr noJry-
r{aroTcfl AOBOd'rbHO CJTOXHbTMH n MaJro rrpHroAHbrMH !.rrfl rrpaKTa-
qecKr.rx slrqilcreHfift. 3ru rpyaHocrn Mox(rro lpeoAojrerb nyreM
BBeAeHr.rfl eAr.rHr4r{Hbrx TeH3opHbrx onepaTopoB MeTOAOM, [peAJrO-
)KeHHbrM .{,x. Paxax.
_ llonyueune paAHaJ-rbnbrx Bo,'ruoBsrx Qyxrqufi cssgaHo c eqe
6onrrunun BbrqHcJrHTeJrbHbrMH tpy4uocrirlrr. VroqneuHbre Mero-
Abr pacr{era rroKa orpaHHqHsarcrcq npocrefturuun xoH$urypaqr{r-



Mla, a B cJryqae cJro>KHbrx aroMoB JryqulrlMn Qynrqtarnrn ocranr-
cfl perxeHflff ypannennfi Xaprpu-<Doxa. 9nsresuufr lrerog peue-
Hr.rr 3rr.rx ypaeueHuft 6u.n paepa6oran A. Xaprpn u B. A. <Do-

rou, M. H. flerpaurenb, a e AarrHefrueM pa3Br,rBarcq [pr4MeHr.r-
TeJIbHo K oJreKTpoHHbrM Bbrqr{cJlr.rreJlbnbrM MarrlrHaM III. Opea,
A. B. I4nasoeofi, B. <D. bparqeebrM r.r Ap. OAnaro, uc[oJrb3ye-
Mbre aJlropur}rr,t o6H.{Ho rpe6yror 3Haqr{TeJlbHoto qucJla Harrafib-
Hbrx orIeHoK H rrpeABapr.rreJrbHoro Bbrqr,rcJleHrlfi xoeS{tuqueuroo,
3aBr4csrqrax or repMa, rrpu paAuaJrbHbrx HHTerpaJrax. I4x npuue-
HeHr{e 3aBHcHr or r.rMelourr4xcff HcxoAHux SvHxuufi. Cocrasren-
Hbre y Hac B crpaHe ABe nporpaMMbr perueur4s ypanneuaft
Xaprpu-<DoKa qucJreHHbrM MeroAor\r 

- 
orpaHr.rqr.rBarcTcfl ronSr.r-

rypa(urrrru, coAepxaqHMu He 6otee 9 o6o.noqex.
B npe4crasneHr'roft pa6ore paccMarpriBarorcrr HeKoropbre Bo-

flpocbr pacqera MaTpr.rqHbrx SJIeMeHToB oneparopa 3Heprr]H B

cJryqae cJro)KHblx aroMoB. B ueft fipecJreAyriorcfl TpI{ B3aHMocBfl-
3aHHbre qe"'m: l) yver MarHHTHbrx nsauN{oAeftcrnuri <ctltm-cul,rH>
H <<clr4H-op6ura>>, crrcreMarr.r3arluq pacqera MarpHr{HbIX gJIeMeH-

ToB nyreM BBeAeHHfl eAr.rHr{qHbrx reH3opHbrx oneparopoB; 2) nq-
d'ryqeur4e r{Hc,'reHHbrx Synrunft Xaprpu-@oKa AJrt cJlox(Hbrx aro-
Moa; 3) npr.{MeHeHue sJreKrpoHHoft nlr.rucrr.rrenuofi TexHr.rKr.r npr{
perueHuu arux 3aAar{. Pa6ora cocronT r.r3 BBeAeHr,rg, AByx rJIaB,
BbrBoAoB, cnncKa Jrureparypbr u 4 npnroxeuufi. Osa Hanr.rcana
HA JII'TOBCKOM fl3bIKC.

B nepnoft r.naee (66 crpaHuq) ronyqeHbr BbrpaxeHufl onepa-
TppoB sgaurloAeftctgug <<cnr.rH-crrr{H>> H <<crnlH-op6ura> qepe3
eAuHxr{Hbre reHsopbr u Qopuynur AJrfl MarpullHbrx oreMeHToB B
cr'ryqae oAsoir H AByx o6onoqex.

..BsauNaoAeficrenq <<cflrrH-crrHH> r.r <<cnHH-op6nra> o6ycnoenu-
narbr rray,nrrurrJrerHoe pacurenJleHr.re repMoB. Coornetcreyrcurae
oneparopbr nor'ryqarorcfl H3 peJrflrrlBr.rcrcKoro ypaBHeHr.rs Bpeft ra.
flo.rusrft oleparop naanr,roAeftcrBufl <<cnriH-op6ura> cocronr r.r3

4nyx uacreft: l) oneparop 83auruoAeficrnua, Bo3Hl.IKarou,ero H3-3a
ABrlxeHlrfl 3JreKTpoHa B 3,'IeKTpHr{ecKoM [o,'Ie flApa; 2) oneparop,
coorBercrByrourufr Mex3JIeKrpoHHorvry ssauMoAeftc'I'Bnro. f[c-
cKoJrbKy Bbrqr.rcJreHl{e MaTplrqHbrx SJIeMeHToB rlepBoro onepaTopa
He rrpeAcraBJrfler rpyAuocreft, a pa6ore paccMarpuBaercff roJrb-
Ko oneparop Mex3JreKTpoHHoro n3aNnroAefictsfis.

Bupaxeuue oneparopoB MaTHHTHbIX esaul\,IoAeflcteuft <<cnilu-
ctrI,IH>> I] <<CltLIH-Op6nra>> qepe3 eAIrHr.lr{Hbre TeH3opbI AJIfl 3KBHBa-
JreHrHbrx 3JreKrpoHoB 6u.nu noryqeHu E. Xopu l.t <D. I,IuHec.
B I rnase npeAcraB,{euHoft pa6orbr 3To BbrrIoJIHeHo AJIfl HeaKBLt-
BaileHTHbrx SdleKTpOHOB.

Bupaxeune ofieparopa qepe3 eAuHr4qHbre reusopbr no3Bo-
Jrfler ocraBHTb B $opuy.nax oAuoo6o,'Ioqerr,Hbie cy6ntarpuuuue
3JIeMeHTbt o[eparopa lkrkz, cocraBJlenuoro r{3 eAI.rHI,frIHbrx TeH-
3opoB, e uessHofi rpopve KaK v 3nj-xoaSQurlueHrbr n Apyrue
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craHAaprHbr€ Befir.rr{Hnbt. flpu pa6ore BpyqHyro HX MoxHo 6pat
H3 qr.{creHnux ra6luq. llpu pa6ore Ha aJleKrpouHoft srtqucfin-
rgruroft Maur.rHe onr BbrqucJrfllorcg lro coorBercrryrcqeit cratt-
4aprnofi noAnporpaMMe.

PagrH,{HHe oneparopbr esaarvloAefrcreus LIMexlT aHaJIoruq-
Hyro cTpyKrypy tr 9ro rro3BoJrf,eT Bbrpa3r.rTb Hx qepe3 eAHHI{qHbte

TeH3opbr 6es KolIKperr{3aqHr.r paHroB l,t o6osHaqeHl,Iir (pas-
4el I ). B eayuae o6uenuoft r{acrr.r noflBJrflercr cyMMLIpoBaHHe
[o paHraM. Or MarpHqHbrx paBeHcrB Mox<Ho rrepexoAnrb K

O[€paTOpHbIM paBeHCTBaM, KOTOpble I'IMeIOT Crtlty Ailn Kd'IaCCa

Syut<{nr1, cocraBJreHHbrx I!3 aHTlrcllM}terpr43oBaHIIbrx lrpoI.{gBc-
4eHafi oAHosJIeKrpoHHbrx SyHrurzft. B pasAeJre 2 c nououltto,
MATEMATHI{CCKOTO AilIAPATA HCTIPflBOAHMbIX TCH3OPHbIX OICPA.
TOPOB IOTYI{CHbI BbIPAX(CHI.IS AJIfl MATPHqHbIX 3JICMCHTOB ONE.
paropoB, 4eftctnyrcqux BHyrpr{ o6oroqrlr r.r Mex(Ay o6o.noqxa-
un. BupaxeHrle Ans AByxsJreKrpouHoro oreparopa cyMMr4pyerct-
tlo KoopALlHaraM s,rIeKTpoHoB, H [oflBJrglorcfl oneparoprt VkrL:..
Ecnu o4ua unu o6e o6o.noqxu 3anoJlHeHbr flor'rHocrblo, nor9..
qaercq pflA orpaHnqeHaft AJrff paHroB Aeftcrsypqero oneparopa-

B pas4e;re 3 o6l1ue Qopuy;ru KoHKperH3HpoBaHbr AJIfl otte-
paropa seaur4oAeftcrnr.rfl <<c[]rH-crrnH>. B cnyuae Asyx o6ono.{eK
flpfMag qacrb MarpHr{Horo SJIeMeHTa Ar.raroHaJrbHa oTHocr.rreJrb-.
HO KBaHTOBbIX q[CeJI CTapil]I.THCTBA Yy Y1t VI y2, Y2t, OAHaKO AJIfl
o6ueugoft qacrn 9To He rcMeer Mecra.

B pa3AeJre 4 paccuarpHBaercfl oneparop ssaHrloAeficrsplq
<<cnun-op6nra>>. floxa3aHo, rrro ero MoxHo pa3AeJrHTb sa 12 qa-
creft, KaxAafl Hg Koropbrx npeAcraBJrter o'rAe.nlunfi cnyuati
s6trlero oneparopa. Paccuorpeubr cBfl3rr MexAy HHrerpaJIaMLI'
paaperxarcufle ynpocrurr Soplry.nu.

B pas4e.ne 5 npune4eHbr Bblpax(eHr.rt Arq Marpnr{Hbrx ore-
MeHroB orreparopa sgaHr,roAeftctsnq <<cnun-op6ura>> B cryqae
oAsoft r.r AByx o6oroqex. B unx He rtoqBrqrorca 3nj-xoe$Qu-
III{eHTbr 6onee BbrcoKoro noprAKa, tr€M il:3. @opuy;ru BnoJIHe
.[pxroAHbr Aflq nporpaMMlrpoBaHtfl, a n npocrefiunx cryr{anx
Moryr 6srrr su.{acJreHbr r.r Bpyqnyrc, flcIIoJrb3yq ra6rr.rqar Ann
MarpnqHbrx eJreMeHroB Vkrkr la 9j-xoeQQHuHeHroB.

B noc;reAHeM pagAeJre eroft rnasH onilcr,rBaeTcfl MeroAHKa
fiporpaMMr.rpoBaHr.rq clinHoBbtx n op6ura.nluurx qacreii Marpnq-
Hbrx oJreMeHroe. OHa ocHoBaHa Ha [peAcraBJreHr{u qnceJl B Br{Ae
rrpoH3BeAeHHfl crerreHefi npocrnrx qHceJr. 3ro noseonqet ils6e-
X(aTb IIepeIOJIHeHI4fl MaUIIIHHbIX Cr'IOB IIpH BblqIICJIeHnI] MHO}I(II-
renefi rnna Qarroplranon, a TaK)I(e noJlyqarb pe3yJlbrarbr B

roquoft n 6o"ree yAo6uofi Qopue. Blr.na cocraBJreHa 6u6;tnorexa
IIoAnporpaMM AJrfl Bbrr{HcreHLrf MaTpHqHbrx 9JIeMeHToB, KoTo-
pat IxHpoKo I{cno,'Ib3oBaJIacb B npaKTlIKe. B ,{acruoctn, 6stIt{
cocraBJleHbr ta6,nnUu cy6naarpuuttux 3JIeMeHToB Vktt, AJIF
oJreKrponoB f2, fB s fa.



Bo nropofi rJraBe (31 crpannqa) paccuarpnBaercq MeroAHKa
perxeHxq ypasueuzft Xaprpr.r-<DoKa, He 3aBHcqurHX or rntra
CBfl3LI, qHCJIeHHbIM MeTOAOM, nO3BOJIflIOUIafl COCTaBLITb yHI'rBep-
.caJrbHyro nporpaMMy perxeHr.rq arnx ypaBHdHnfi. O6cyx(Aaercs
-aoqHocrb noryrreHHbrx Syuxqnfi r.r flx np[roAHocrb B pacrlerax.

VpanueHua Xaprpu-<DoKa noryqar.orcfl rIpH BapbupoBaHllu
BbIpa)KeHl'lf AiIq 9HeprHu oTHocHTeJIbHo oAHos!'IeKTpoHHbIx pa-
r,LraJIbHbrx BoJrHoBbIx $ynxur.rft P(nlllr) l,t npeAcraBJlfltor cr.rcre-
,r,ry HHrenpo-AHQ$epeHur{aJIbHbIX ypannenuft. A. IO{Hc u fl. Bus-
.6apaftre npeAJroxu,rr.r olycKarb B vpaBHeHuflx qJIeHbt, zaBrcr.-
.rrlHe or rr.rfla cBfl3l.r, Koropbre HMeror ror xe nopfAoK BeJIHql{-
.HbI, qro lr He yql,trbrBaeMble qJIeHbI MarHHTHbrx neauuo4eficrenii.
,lloryuarcrcr ypaBHeHHi, ue aanncqurue or rr{Ila cBfl3lr, Koro-
pbre BbrroAHo orJlHqarorcfl or Apyrux Ir,toAz@nxaquft ypanueurafr
Xaprpr-OoKa, Aarouux oAHH na6op paAuaJlbHbtx SyHrqHft
AJrfl AaHHofi xonSurypaqHI,I, reM, qro oHlr He rpe6ylor npeABa-
'pHTeJrbHoto BbtrrHcreHr.rrr roa$suqNeHToB npr.{ paA}'IaJIbHbrx HH-
.Terpad'rax AJiq pa3Hbrx repMoB. 3ro o6croqreJlbcrBo qBrflercr
oqeHb yAo6HbrM npil peueHnl{ ypaBHeHufi c nououlblo sneKTpoH-
Hoii Bbrquc.nnrefiuuoft MaIUHHbI (paaaen 7).

llpuueuenre MeroAa caMocorJlacoBaHnoro lroJlfl no3BoJlfler
..p,as6um cucreMy yparuenuii Ha orAeJlbHr,re anSQepeHqHaJIbIIbIe
ypaBHeHr,rfl Breporo nopflAKa. B pas4e.re 8 paccuarpHBaercq
noBeAeHr.re npn6,rnxeuuux paAHaJIbHblx $ynxqaft. Bse4enLte
norapr.rQrrauqec6oft nepeueunoft pa3peruaer [oJIb3oBarbcfl nc-
crorrHHbrM ruaroM Bo BceM LIHTepBa,'Ie u3lt€nesns Syttxquft, uro
3HAI{I.ITCTbHO YNPOUIAET BbIqHCJIEHI,Ifl HHTCTPAJIOB.

B pasaene 9 o6cyxAalorcfl pa3JIHqHbIe q[cJIeHHbIe MeroAbI
perueHHrr AI,l$Qepenqt,taJIbHoro ypaBHeHHq: rlleroA Hyuepona,
-MeroA rlporoHKr..I I,l pa3JloxeHnfl LIcKoMoft (lylrxuilfi n pn4. OHi.t

AOIOJTHSTOT Apyr Apyfa LI oAHoBpeMeHHoe I{x [cnor'Ib3oBa]Ille
no3BoJrrreT BbrqHcrqrb syuxur.ill KaK HeftTpaJIbHblx, TaK I,I BO3-
.6yx4enuotx aronroe. Oproroua,nrHocrt paALIaJIbHblx SyHiuNft
o6ecnequBaercr [yreM BBeAeHI,tfl HeAI{aroHaJIbI{bIX Mgox<nte.ltefr
.Jlarpanxa (pas4e;l l0). BaxIrr,rM flBJlsercff ru6op ucxoAHblx

Qynkuilfi. Oxasa,nocl, r-rro xoporxee HaqaJIbHoe npu6.nuxetlue
npe4cran.naror QyHxqzu yHHBepcaJIbHoro norenqna.ld laurnapa.

Ha ocHoee srofi ueroAnxn 6u.na cocraBJleHa yHl'IBepcarbnar{
rrporpaMMa pettreugq ypanneuHft Xaprpn-OoKa r{uc.IIeHHbIM ilre-
rToAoM, no3BoJrrrorqaq flolyqarb paAI.{aJIbHue SyHrqnn B cryqae
:xonsr.rrypaqufi, co4epxauilx Ao l9 o6o.noqeK, npn pa3Hblx cre-
neHqx nos6yx4enLtfl Lt Ltotrr3arlnu. flporpaMMa ne rpe6yer npe.4-
'BapHTeJrbHr,rx orIeHoK H HHblx AaHHbIX, KpOMe SHaqeHIaft arOM-
.I,roro HoMepa, crerleHn HoHHgaIrltn H KBaHToBbIX rIHceJI o6o-
.noqeK.

B pasgene 12 paccuarpnBaercr ror{Hocrb H npnroAHocrb B

pacrrerax peueunft ypanneuuft Xaptpu-<DoKa, He saBnctulux
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or rr.rna cBq3H. 3ru perueuna BnepBble 6uln nonyqeHbl c no*
Morrrbro sJreKrpoHHoir sHqlrcrI,Ire.ntsofi MaIITHHbI. florperunocrn
SIT'INCTCHNfi HC3HAI{HTC'bHbI, H 3TO NO3BOJII{JIO OIICHHTb NO.

rpeurHocrlr, rrogBJlsrolqfiecq LI3-ga npene6pexeHaff BbIIUeyKaSaH-
HbrM[ qJreH auil. Vs noryl{eHHblx pe3yJlbraroB cJleAyer, qro ue-
lecoo6pasHo orpaHnqurbcfl peIxeHnflML'I ypaBHeuufi, He 3aBI{ctI-
UILX OT Tnna CBfl3H, BbrqnCJleHI{e n UCnOJlbSOBaHHe KoTopblx:
3HaqnreJrbHo npoilIe, qeM rorlHbrx Qynxqr.rft Xaprpu-Ooxa.

B npnloxenlrn I npeAcraBJreu 6n6.ituorpaQr,ruecxuft yKa3a-.
TeJrb qucJresuux ra6.nnrr MarplrqHbrx 3JIeMeHToB ofleparopoB.
ns a lr N,r oAefi crsnft <<cnr4H-cnr.rH>> l,t <<cnuH-op 6wt a>>, oxe arHeanulutl.
1949-1967 roArr. B npHJIoxeHHu II npnne4euu xoe$Qaqnentu
npu pa[ilaJrbHbrx HHTerpadrrax B BblpaxeHI,rH rrocToqHsofi cnnn--
op6lrranlnoit canau, coorBercrByloilrue nsauMoAerlcrBtlro MexAy
He3arloJrHensoft u 3anorHeHHbrMH o6orroqxauu. B npI4JIo)Ke-
HuH III colocraBJlnlorct paAHaJIbHbre 14HTerpaJIbI, 3Haqe-
Hr,rr 3Heprr414 r, IIapaMerpbI, noryr{eHHble IIpH r4crIoJIb3oBaHI,l]r

$yHxqufi, He 3aBlicflrrrrx or rnfla cBfl3t{, c coorBercrByloqu-
r{H BeJrHq14HaMr4 Ar'rr Apyrux lro;1u$uxaqufi ypannenufi Xapr-
pv--Ooxa. B npunoxesuu IV [pnBeAeHbr ra6nnqu paAuaJlb--
Hbrx r.rHrerpaJroB u ltapaMerpoB BoJIHoBbrx Qynxuufi 1.nn 33 aro-
MoB rpynnbr xeJre3a B cryr{ae xouQllrypaqufi 3dN4s, 3dN4p u
3dN. Ta6nuurt rcnoJlb3oBaJlilcb rlpH reopernqecKoM L{syqeHHH.
gHepreTHqecKux cneKTpoB gTr.rx aToMoB.

Ocnonnue p$yJrbrarbl Ancceprarlnn ony6rnxoBaHbl e JIr.t-
roBcKoM Quenuecxom c6opnnxe 5, 49-61 (1965); 6, 5-16.
(1966); 6, 479-486 (1966); 6, 487-496 (1966); 7, 5-26.. (1p67); B KHUre P. I4. Kapazua, f. V. Bnz6apafire, 3. E. Pyo-
3rrKac n A. fI. IOrrHc <<Ta6.nuqu AJIfl pacqera MarpIiqHbIX sJIe-
MeHToB oneparopoB aroMrrbrx BeJIr{qr.rH>>, Mocxsa, BI-L 1967; i}'
KHr{re <<Mareuarnxa, $zsuxa, xu6epHernna> (uarepnaJlbr Hayrr-
uori xouQepeHrlr.rn MoJIoAbrx yrleHbtx ,rluroecKofI CCP), Bnns-
Hroc, 1967, 87-Bg crp. Pesy"nrrarbl AoKJIaAbrBaJIHcb na IX r.r X
pecny6rNxaHcKrx xoH$epenqntx Qzslrxon n o6cyxAaJlr.Icb Ha,
ceMr.rHapax Queuxon-reoperr.IKoB r. Bn.nnnpca.


