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Pa'AHaUHOHHOe ycKopeHHe cryCTKOB aapHXeHHl:lX qacTHU (nnaauu) 
'AO penHTHBllCTCrutX CKOpOCTeil, OCHOBaHHOe Ha KoreP.eHTHOM npHH~ne 
ycxopeHHH qacTuu, npe'AnoxeHHOY B.li.B~Kcnepou /I74 uoxeT ocymecT­
BnHT»CH c nouo~D cBq-nonell BOnHoBO'AHNX BonH 12 , I. Ilpu aToM 
H8O6XO'AID.10 Bl:lHCHHT», KaK B3aHMO'Ae.ViCTBYIDT Bl:lCOKOqacTOTHl:l8 nonH C 
ycxopHeUl:lMH o6~eKTaUH: HailTH CHnl:l, 'AeilcTBYDillH8 Ha crycTOK B none 
BonHu, aHepruD, npuo6peTaeuyD crycTKOY H HanyqaeuyD B npouecce 

'ABHXeHHH; Bl:lHCHHT» BnHHHHe rpaHHqHl:lX ycnOBHil Ha 'ABH~eHHe H yCTOil­
qHBOCT» crycTKa BO BHemHeu none, Hanuque peaoHaHCHli.X HBneHHil H 

HeycToilqHBOCT8il B cryCTKe, HaXO'AHmeucH B none CBq-BOnHl:l. 8TH npo6-
neul:l 61:lJIH BnepBue nocTaBneHl:l aKa'AeMHKou _B.li.BeKcnepou. 

J(HccepTa~H nocBameaa uccne'AOBaHHD pacceHHHH aneKTpouarHHT­
Hl:lX BOnH H8 KOn»ueBl:lX aapaxeHHl:lX cryCTKaX B Kpyrnou BOnHOBO'Ae. 
Pemelllle aa~aqH pacceHHHH BOHH Ha crycTKe B BOnHOBO'Ae num» B He­
KOTOpl:lX qacTHl:lX cnyqaflX Y'A88TCH HailTH aaanHTHqecKHYH MeTO'AaMH. 
IloaTOMY H8PH]Cf c 8HanHTHqecKHY IlO'AXO'AOM Heo6XO'AUUO npoBeCTH quc­
neHHO6 HCCH8'AOBaHH8 'pacceHHHH BOnH Ha cryCTK8X, nouemeHHl:lX B 
Kpyrnull BOIIBOBO'A, c uen»D onpe'AeneHHH o6nacTH anaqeaun napaueT­
poB na'AaDIIU1X BOnH, cryCTK8 H BOnHOBO'Aa, OilTHUan»Hli.X 'AnH ocymecT­
BJ16HllH pa;!U!8~OHHOro ycKopeHHH cryCTKa. 

.1(HccePT8UHH COCTOHT H3 BB8'A8HHH, nHTH rnaB, aaKnDqeHHH H 
npunoxeaua. 

Bo BB8@HHH AaeTcfi o6aop CO'AepxaHHH 'AHCcepTaUHH no rnaBau, 
8 T8KZ8 npHBe'AeH KP8TKHil o6aop HHTepaTypl:l no P8'AH8UHOHHOMY M8TO­
]Cf ycKopeHJffl. 

B nepBQI rnaBe 'AHCC8PT8UHH peme»a aa'Aaqa o Boa6yll[,1teHHH no­
ne! KOn»ueBml cryCTKOM, 38PH'AOB C TOKOM fr , 'ABHxymHMCH B'AOn» 
OCH Kpyrnoro BOHHOBO'A8• 3a'Aaqa pemeHa B ~yp»e-npe'ACT8BneHHH c 
nocneAyDIIUUI nepeXO'AOM K KOOP'AHHaTHOWY npe'ACTaBneHHD B Bl:lpaxeHHHX 
'AlIH nonell t qTO cymecTB8HHO ynpoCTHHO ee p81118HH8. B peayn»T8-
T8 pemeHHH 38'A84H Hail'A6Hl:l Bl:lpaxeHHH 'AHH nonell H TOKOB, BO36yll[,1tae-

Mli.X 'ABHZYIIUUIHCH KOH»U6Bl:lMH crycTKaMH B Kpyrnou BOnHOBO'A6i paccqu­
TaHl:l CHnl:l, AeilCTBYDmH8 co CTOPOHl:l BOnHl:l Ha KO1ILU6BOil aapHXeHHl:lil 
crycTOK C TOKOM; Hail'Aelil:l nnOTHOCTH H noTOKH aaeprHH nonen, BO3-
6yll[,1taeMl:lX KOnLUeBl:lM cryCTKOM. 

Bo BTopott rnaBe Bl:lBe'AeHl:l H o6CyX'AalDTCH ypaBHeHHH, OilHCl:lBaIO-­
mne pacceHHHe BOnH Ha 'ABHxymnxcH C IlOCTOHHHOil CKOPOCT»D UHIIHH'APH-
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1rnc1mx mra3MBHHllX cryCTKax B KpyrJIOl.! BOJIHOBO,lle C ll,lleaJil>HllMH rpa­
ttunaMH /

5/. Hali,llBHll pemeHUH IlOJiyqeHHllX ypaBHBHUll ,llJIH HBCKOJil>KHX 

qacTHllx cnyqaeB. Ilpe.11en1>HIIM nepexo.110M nonyqeHII pesyn1>TaTu, coBna­
.llOIOll!He c ,llaHl!llUU pa6oT 16 ,71; 

• YpanaeHHff, oni'lcuna10I11ue npouecc pacceHHUH BOJIH Ha crycTKe, 

IlOMUlll8HHOM Ii Kpyrm,;tl BOJIHOBO.ll, B 06[1\eM CJiyqae npe.11cTaBJIHJOT coCiott 

6ec1wueq11y10 CHCTel.!y JIHHeliHllX ,llH\WJep,~uaJil>HllX ypaBHBHHil nepBoro 
n·opff,llKa 0THOCHT8Jil>HO aMnJIHTY.lt BOJIH B npe,llilOJIOllteHHU JIHHeHHOCTH 

xapaKT8PHCTHK cryCTKa CJ j'1 H npOBO,llH!.!OCTH ~ • 
cl. f 1 y 33 / 31, 1/h.:t 
~=-~ [L (A;11.±fn.± -A, .. ± )+ 
di 2 "'jt: tt.h J. ~ 11 2 

" '"" , 3/tt. cl )] .r l L, (A;n.±an± -Aj>•:± ~ 
.. :l:=L <f cl i! , 

do,. .J. [ " ( mm. , rnrn d. .\ 
~ = - ---;;; L. A ·11,:t: ff u -A. .... :t ~; -
cir 2 ~± lz.:t:L d ef cl i! 

...f-, ( rn3 .t ~ 1113 df,.:t)] - i L-1 A1 .. :t: Jn..t: - nt;,,:t: - , 
n±=1. ~ dr 

(I) 

• -.J. 2 ... , JJ. J± - / / 
3,lleCI, Jp:, 1i± - aMnJIHTY.llll &118KTpHqec1<0il ( a ) 11 MarHHTHOH 

( m ) BOJIH C pa,llHQJll>Hlll.! HH.ll8KCOM j , pacnpocTpaHff.Blll\HXCff COOT­, 
DeTCTBeHHO HanpaBo ( + ) H uaneBo ( - ) ; Ajn:t,, AjM - Koa<N.11-

. ~m ruiettTll Tpaac~opuau.1111 n -on B01IHH 11 ; - y.BJ BOJIHy; ,, 

IlpO,llO]!I,HOe DOJIHOBOe qucno 3JIBKTpuqecKOil (MarHHTHOtt) BOJIHll. J.lnH 

pemeHHff CHCT8Mll (I) He06XO.llHMO aa.itaTl> KpaeBlle YCJIOBHH .llJIH aMnJIH­
Ty,ll. Koa\iJ\p11u11eHT.ll CHCTBMll (I) COCTOHT H3 cnaraeMIIX Tpex THilOB. 

K nepnoMy Tuny oTaocHTCff cnarae1.1ue, onucHBaIOil\He Tpaacwopuauun 

Bona 011uoro BH.lla ( 3 - , ,, m - m ) • Cnarae1.1lle BToporo u Tpene­

ro THilOB yqHTllBBRlT Tp8HCWOPM8UHIO BOJIH np11 HOJIH~HH P8.llH8Jil>HOH H 

83HMJT8Jil>HOH H80,llHOPO.llHOCTOH cryCTKa C00TB8TCTB8HHO. B K03<MiH­
UH8HTll CHCT8Mll ypaBH8HHH (I) BXO.llffT T8K H83llBaeuue HHTerpanll 

pacceHHHff, HDJiffIOil\HeCH HHTerpana1.1u no nonepeqaouy ceqeau10 BOJIHO­

BO.lla OT npOll8B8.ll8HHil # 6" , I - C H I - .l"'-.J Ha p88JIUqHlle 

KOMCiHH8UHH npoH8B8.ll8HHH ~YHKUHil EecceJIH (~E) ll ux npOH8BO.llHllX. 

Hanpuuep, a 
2T 

1:3 :~4 #;: = Jcxr e i(p-q,)rJrar<l>(,;f¥{vt1rJ.J; ri:o~ r-), (2) 
f11- 0 o 

4 

iJ 

r 

.,.. 

... 
l, 

r11e 

~}'- = ~ [a. f '(~a.)] 2_ 

3.ll8Cl> a. - P8.llHYC BOJIHOBO.lla, 

qHCJIO 3JI8KTpHq8CKOfi BOJIHll C HH.ll8KCaMH 

BO.llH8H no aprY118HTY OT ~E. 

(3) 
:, '73 - nonepeqnoe nonttonoe 

p,,j; J/(v/t a) - npoua-

~HKUHH <P(r,'f) onHCUB88T 88BHCHMOCTI, CBOHCTB cryCTKa OT 

nepeM8HHUX r- H 'f (paccMOTpemrn BB.llBTCff B UHJIHH,llpH'!eCKOYI 

CHCTeMe KOOP.llHHBT { r J Y' I z J ) : 

{

('1T/1<c)6{r;'f)} · 
m( ,\- t.- E(r-,<f) (4) , r, 'fr .1. _ _f-1-1( r, 'f) • 

K03WWHUH8HTll CHCT8Mll ypaBH8HHH (I) H BXO.llffll\HB B HUX HHTerpaJill 

pacceHHHH Y.llOBJieTBOPHllT ycnoBHHM 11aauMHOCTH. Hanpm1ep, npu pac-

CeffHHH uarHHTHUX BOJIH B uarHHTHll8 

r11e 

e Vn.m m.m. 2 \/,·m. J mm~ 
Njm V·m Ljh. (r, <P) = Nnm. ./,._m. 1 n.j (r; '?), 

J 
(5) 

2 1 / :z L) J.2 /Vpn = 2. la. - ~mz F (°'l'ja.). (6) 

IlpH pacceHHUH BOJIH H8 O,llHOPO.llHOM crycTKe OTJIH'!HllMH OT HYJIH 

HBJIHJOTCH a.unJIHTY.llll BOJIH ( ± ) O,llHoro THna C O,llHH8KOBllMH p, ~ K 

(? - 88RUyTaJil>HUn HH.ll8KC BOJIHll). B 3TOM cnyqae CHCTeMa (I) 

CBO,llHTCH K CHCTeue .llBYX ypaBH8HHn. Ecnu xe pacceuBaTeJil> pa,lluan1>­

HO HeO~HOPO.lleH, TO B08CiYx.it8IOTCff BOJIHll C ,llpyru.uu ~) 060HX 

( 3, m. ) THnOB C OAHH8KOBIDIU f , B TOM qucne H pe80H8HCHlle. 

Ilpu pacceffHHH BOJIH Ha aau.uyTaJil>HO-H80'AHOp0.llHO.U cryCTKe B08-

6yll,llaIOTCff BOJIHN C ~pyrH.UH 8H81!8HHffMH asuMyT8Jil>Horo HH,ll8KC8 p 
C paanuqHllMH Vpn. • B OCillle.U cnyqae 8H8JIHTH1!8CIUI yqeCTI, Bee 3TH 

3WW8KTll HBB08MOXHO. EcJIH Xe OTKROH8HHH cryCTKa OT CHMM8TpHH M8JIN 1 

TO aa,llaqa pacceHHHH pemaeTCff MeTO~OM Teopuu B08MYil\BHHH. 

B § 2 BTopon rnanu ueTo.llOM Teopu11 noaMymeHHtt pemeaa aa.11aqa 

0 pacceHHHH 3JI8KTPOM8rHHTHllX BORR Ha orpauuqeHHOM no Z ,llU3JIBKT­

PHK8 co cnaCiw.tH H80,llHOpO~HOCTHMH no BCeM KOOp,llHH8T8.U 191, noue­

Il\8HHOM B Kpyrlilltt BOJIHOBO.ll. PemeHHe 38.llaqu H8H,ll8HO nyTeM paanoJKe­

HHH B pH,ll T80pHH B03MYil\8HHH K03(J!(i,HUHBHTOB H aMnJIHTY.ll B (I) C 

ToqHOCTl>IO ,llO BenuquH BTOporo nopH~Ka M8ROCTH. Hatt,lleHU aunJIHTY.llU 
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BHOBI, l303H.l'IRaIO!ll11X BOnH .l'I nonpaBR.l'I R aMnJI.l'ITYA8M pacnpocTpaHHIOlll.l'IX­
CH BOJIH. KapTHHa pacceHHJ,!fl BOnH Ha ;ziuaneKTP.l'IRe co cna6oil Mo;n;ynn­
U.l'Ieil HOO;!lHOpo;n;HOCTell Mano OTn.l'IqaeTCfl OT RapT.l'IHLI pacceRH.l'Ifl Ha 

O;!lHOpO;!lHOM ;zt.l'IaneRTp.l'IRe. C yBen.l'IqemieM "mepoxoBaTOCT.l'I11 aneKTpOMar­
H.l'ITHLIX CBOtiCTll pacce.l'IBaTenH ycHn.l'IBaeTCH nepepacceRH.l'Ie llOnH O;!lHOro 
T1ma. IlonpaBK.l'I R. HnTerpanau pacceHH.l'IH il Ii. c pocToM 1,1o;n;ynn 11me­

poxollaTocTn11 .1rnem HeCRonr,Ro MaRC.HJ,IYMOB. B3a.l'IMO;ztetiCTBUe BOJIH C 

60JI:OIDl1M.l'I ( ~ I_O) pa;zil1aJI:OHLIMU UH;zteRCaMU j, rL yMeHiilllaeTCHo MaRCl1-

MaJI:OHaH TpaHcwopMau11n BOJIH ;zipyr ll ;n;pyra HMeeT MeCTO ll cnyqae, 

Ror;zia reOMUTp.l'IH nonH na;n;aIOlJleli llOJIHLI COOTBeTCTByeT npocTpaHCTlleH­

HOli neo;n;nopo;n;HOCTU cryCTRa. O;n;HaRO ;n;nH Rallt,1lOH llOJIHLI MOJKHO Bb16pau 

pacce11llaTeJI:o C TaRUMU aneRTpOMarH11TIILIMl1 CBOiiCTBaMU, 'ITO na;n;aIOlJlafl 

BOJIHa HO 6y;n;eT nepepacce11llaT:OCH 1l ;n;pyrue llOn11u. Ilp.l'I na;n;emrn BOnH 

Ha a311MyTan:0Ho-11eo;zi11opo;n;H1,JH crycTOR U3nytJ8IOTCH llOnH!:l C 8311MyTan:o­

llLIM 11H;llO!tCOM p , Cl3H3811llh!M C UH;zteKCOM '] na;zt8IO!lleti llOnHLI npa­

B.l'IJIOM OT60pa p = i - ~f (MHOrORananr,11an TpaHC@OpMaUUfl) U 

np0113BOJII,HLJM.l'I pa;n;11aniiHb!Ml1 UH;zJ;eRCaMu. 

YcnoB11e renepau11u HOBLJX llOnH npu pacceaHun Ha pa;n;Hanr,Ho-. 

neo;n;nopo;n;110M ;ziuaneicTpnRe { f11.. l~rl = C;,Jz..lj pe3Ito orpaHUtJHllaeT 

MHOroRaHanr,HyIO TpaHCi;pOpM8UUIO llOnH, ICOTopaH peam13yeTCH numr, npu 

ycnoB.l'IU ~r~ of.I')-' ./11'}, r;n;e olfi~ /3?) - 6e3paaMep-

HLle nonepetJHble llOJIHOB!:le lJl1Cna aneRTpU'lOCRUX u MarHl1THl:,JX BOnH co­

OTl38TCTl38HHO. B ;n;pyroM npe;n;enr,HoM cnytJae (ae;.. .~ olfi,J;;) ycnoBue 

alrj = -13f'i 38npemaeT TP8HCi;pOPM8U11IO uarH.l'ITHLIX llOnH l3 aneRTpu­

lJ8CR11e. 

Ilpu llhlnOnHemm ycnOllUH 

'Si { df'J +/3fj) = ± &i. IJ'f,t'- -cf/f / ayj-J¾,11./ (?) 

H8T nepeXO;!lOll ;ZJ;PJT l3 ;zipyra llOnH aneRTPUtJeCROro U Mar~UTHOro TUnOll 

npu pacceHHl1l1 Ha a3UMyTanr,HO-HOO;!lHOpo;n;HOM crycTRe. 

B § 3 BTOOOij rnaBU MeTO;!lOM Teopuu l303MYlll8H.l'Ifi pemeHa 38;!!8'!8 

0 pacceHHl1U llOnH Ha O;!lHOpO;ztHOM cryCTRe, UM8IO!llOM pe3RUe rpaHUULI no 

z H r JJ6JI.l'I3.l'I cTeHoR nu6o B6JIU3.l'I oc.l'I llOJIHOBo;n;a. B RaqecTJJe 

HyneJJoro npu6nHJKeHUH ucnonr,ayeTCH pemeHue, Haii;zteHHOe ll § 2 npu 

f+ (o) "' I U f-(e) = 0, r;n;e t - ;n;nHHa crycTKa no 2 • 

6 

:. 

,. 

~ 

I r 

C yqeTOM yCJIOBHH .;1 a. << a. ' r;n;e .1 a. -paCCTOHHHe crycTKa 
OT CT8HOR n.l'I60. OCH llOJIHOBO;zta, Hafi;zieHLI nonpaBK.l'I R R03\IiqJ.l'Il\.l'I6HT8M 
ypaBH8HUH pacceHH.l'Ifl .I'! R aMnJI.l'ITy;ztaM pacnpoo-.rpaHHIOl\HXCH BOIIH. Ilo 

Hati;zteHHb!M aMnJil1T.)';!l8M paCClJ.l'IT8Hll pa;n;11auuoHHhle C.l'IJibl 1 ;!lOYJCTBYIO!ll118 Ha 

crycTOK; OHU BLIP8JK8IOTCH qepe3 nOTORH ~Hepr.l'IU, nornomaeMue .I'! .1'!3/IY­

'188Mhle crycTKOM. IIoTOR.l'I attepr1111 BOJIH c pa3n.l'ItJHhlM.l'I Vri ue HHTep<fJe­

PHPYIOT ;n;pyr C ;n;pyroM, T8R 'ITO nOJIH8H C.l'Ina, .neiiCTBYIOU\8H 118 cryCTOK, 

nponopU.l'IOHanr,Ha CyYMe KBa;n;paTOB aMnJIHTY;ZJ; pa3nHtJHLIX BOIIH. 

B'TpeTr,eti rnaBe npuBe;n;eHu pe3yn:0TaTbl tJHcneHHoro Hccne.noBaH.l'IH 

pacceHHUH BOnHOBO;!lHLIX BonH Ha ROJI:OUOB!lX 0,l{HOPO.l{HLIX U npo,l{OJJI,HO­

HeO;n;Hopo;n;HllX crycTRax 3apH;ztOB, nOM8lJl8HHLIX l3 Rpyrnuti BOnHOBO,l{. Bhl­

nonHeH pacveT ROS!;pi;p.l'IU.l'IeHTOB ypaBH8H.l'Iil pacceHH.l'IH /IO/ .I'! npOB0,!{0110 

qubneHHoe .l'IHTerpHpoBaH11e C.l'IcTeMN ypaBHeH.l'Iti ;n;nH aMnJIHTYA /II/ np.l'I 

pa3JI.l'IlJH!lX 3H8'leH.l'IHX napaMeTpOB na;n;8IO!ll11X ~OJIH, ICOJI:OUeBoro crycTK8 

.l'I BOJIHOBO.l{a. q.l'ICJieHHOe MO;!leJI.l'IPOBaH.l'Ie npOBO;!l.l'IJIOC!, ;n;JIH crycTROB, 

6JI.l'I3R.l'IX no ROHWHrypaU.l'Il1 R cryCTR8M, .1'ICilO/II,3yeMLJM B ycKOp.l'ITOJIO 
/12/ · · BeKcnepa-CapaHueBa , c uen:010 -BL1Hc11eHHH o6nacTu 3Haqe11Hii napa-

MeTpoll na.naIOlJl.l'IX BOIIH .l'I cryCTRa, OilTUM8Jll,llhlX ;ZJ;JIH ocy1uecTBJJOHl1fl pa­

,l{.l'IaUHOHHOro ycKOpeHUfl 1-1 cpoKyc11pOBKl1 crycTRa. 

Ilpu 38](8HHOil ,'laCTOTe na.na10meil BO/lllbl BOJIH!,I C vf) > IC (K= {¥ -
BOJIIIOBOe lJHCJIO) .3KCilOHOHU.l'I8JI:OlJO 38T:YX8IOT 11 CHCTeMa (I) pe:ziyuHpyeT-

CH R CUCTeMe C KOHOlJHllM lJHCnOM ypaBHOHHil. CTeneHI, TQqHOCTU pewe­

H.l'IH 38;!lalJH pacceflH.l'IH np.l'I 3TOM onpe.l{OJiflOTCH BOJIHOBO,l{l!hlM 3clTYX8H.l'IOM 

none~ BOnH C vl'i >IC. 
q.l'ICJI8HHOe 11ccne;n;OB8HH8 npOBO;llHJIOCI, ,l{JIH KOJI:OUOBLIX a311MYT8JII,HO-

CUMMCTp.l'IqHLJX crycTROB co CJI8.l{YID!ll11MU napaMeTpaMn: 
fl. = I013cM-3 , w/· = L/7:nn.efl = 3 • I022ceR-2 , ea.-\ I0-2~102 , 

I - Co = 0.2~0.8, J1o = I, ~ = 0,6 • ro-3~0~6, a = 5 CM (pa.nHyc 

BonHoBo.na). IlapaMeTpu na.na10lJl.l'IX BonH: p "' o~s, j = .5~5, A =-
3 CM. 
il>yHRUUH 11> (r) (cM. (4) ) ,llJIH KOIIIiU.eBoro crycTKa HMeeT mt,!{ 

-1 , cl 
X - £&- ~ r ~ Xu + -2 , ~. 2~ 7 ~ 

</J(r') = { 
'Po ' 

0, d. ..J x~ - - > r '> x~ +- .!d... , 
2a. 2a... 

(8) 
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r.i:te X'½ - cpe.i:tHHit pa.zt11yc KOJI1>rteBoro crycTKa B eltHHHrtax ra. , (;{-
noJiylllHPHHa cryCTKa IlO r'J (/)0={6'.,J.i-co}, r'

1
- 6eapaauepHaH pa­

,llHaJI1>HaH KOOp,llHHaTa. B KaqecTBe KOJII,[(eBoro crycTKa IlOCJie,llOBaTeJI1,­
HO B1l6HpaJIOC1, a) TOHKOe KOJI1,[(O B6mrnH OCH BOJIHOBO.i:ta ( d.. = o.r a, 
)(Ii = a.rs); 6) TOHKOe KO.1I1,[(O B6ml8H CTeHOK BO.1IHOBO,lla ( X '.I = 

0.85); B) m.ipoKoe KOJI1>rto ( d = 0.6ct.. , X,s = 0.6). 

PacqeT no1taaa.1r, qTo 1toa(Wl11uneHTH Aj~ cncTeuu (I) c pocTOM 
aamJyTaJI1>Horo H pa,llHaJI1,HOro HH,lleKCOB yuen1,ma10TCH no MO,llymo H npH 

rt.~ IS npaKTHqecKH paBH1l HYJIIO. ~JIH cryCTKa, JIOK8JIH8OB8HHOrO y 

OCH BOJIHOBO,lla,aTa TeH,lleH[(HH B1lpaxeHa CHJI1>Hee no cpaBHeHHIO co crycT­

KOM y CTeHOK BOJIHOBO,lla. Koa(i/i.PH[(HeHT1l Aj~ ,ll.1IH SJieKTpnqeCKHX BOJIH 

Ha nopH,llOK Men1,me COOTBeTCTBYIOIJUiX KO8WWH[(HeHTOll ,llllfi MarHHTHHX 

BOJIH. 
B peayJI1>TaTe q11cJieHHoro MO,lleJIHPOBaHHH pacceHHlffi 8JI8KTPOMarHHT­

H1lX BOJIH Ha O,llHOpO;ztHOM no i! crycTRe pactJeTHw.1 nyTeM nait.i:teHH 

YCJIOBHH pe3OH8HCHOro pocTa 8MillIHTY;zt BO.1IH npH pacnpocTpaneHHH HX B 

cryCTK8 /I3/. KaR nOK888.1I pacqeT, MHHHM8JI1,HOe ycH.1I8HHe HCilNTHBalOT 

BOJIHN npH pacnpocTpaueHHH HX B crycTRe, pacnom~JB:eHHOM y CTeHOR 

BOJIHOBO,lla H MaKCHMaJII,HOe yCHJIOHHe - npn pacnpocTpaHeHHH B IllHPOKOM 

cryCTKe. YcToilqHBOCT1, K peaonaHCHOMY YCHJieHHlll llOJIH B cryCTKe onpe-
,lleJIHeTCH OTHOCHTeJI1,HOit ero ,l(JIHHOt! ta. - 1 

t npH KOTOpOU paa-

BHBaeTCH peaoHaHCHOe ycmxeHHe ( 11 peaoHaHCHaH" ,llJIHHa cryCTK8) • Bem1-

qHHa YCHJieHHH BOJIH B crycTKe saBHCHT OT Haqa.1r1>H1lX napaueTpOB H 

THila na.i:ta10meit BOJIHH, 8JI6KTPOMarHHTH1lX CBOilCTB cryCTKa, 8 T8Kllt8 

onpe,lleJIHeTCH nonepeqHHMH paauepaMH crycTKa H BOJIHDBo.i:ta. B Hepeao­
naHCH1lX o6JiaCTHX pemeHHH CHCTeMN (I) HUeDT KOJie6aTeJI1>H1lH xapaKTep 

C 88TYX8HH8M _B,ll0Jl1, cryCTKa. C pOCTOM pa.ztHaJI1>Horo HH,ll8KC8 BOJIH1l 

aaTyxaHHe ee B,llOJI1, cryCTKa B1lpallteHO CHJI1,Hee, npn 8TOM CKOPOCT1, aa­

TyXaHHH SJieKTPHqecKHX BOJIH 6on1,me, qeu MarHHTH1lX. 

IlpH HCCJie,llOBaHHH pacceHHHH aneKTpoMarHHTH1lX BOJIH Ha npO,llOJI1,HO­

HeO,llHOpO,llHOM KOJI1,[(8BOl,I cryCTKe /I4/ ( </) =<per; ,,n) pacqeT npe,llCKa-

8NBaeT HaJinqne npocTpaHCTB6HHOit "woKycupoBim" BOJIHOBO,llH1lX noneit 

B crycTKe, nouemeHHOM B BOJIHOBO,ll (uaKCHMYM aunJIHTY.ll1l nOJIH BHYTPH 

cryCTKa). KaK H B CJiyqae O,llHOpO,llHOrO crycTKa, ycnneaHe BOJIH B 
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cryCTKe, pacnOJIOl!t8HHOM y OCH BOJIHOBO;zta,BNpalKeHO CHJI1>Hee, qeu ,llJIH 

crycTKa Y CT6HOR BOJIHOBO,lla. IlpH 8TOM IlOJIOllteHue uaKCHMyMa aMnJIHTY­

,ll1l IlOJIH B crycTKe onpe,lleJIHOTCH npo,llOJI1,HOit H8O,llHOpO,llHOCT1,IO cryCTKa. 
PeaoHaHCHOe B8aHMO,llei1CTBl1e cryCTKa nJia3M1l C 8ll8KTp0!.18rHHTHOit Bon­

HOM B BOnHOBO,lle O6Hapy:ateHO Tamlte 8KCnepmAOHTaJI1>HO B pa6oTe /lS/ • 
Tiony1IeHHble peayJI1>TaT1l IlO,llTBe plK.i:taIOT BO8MOlKIIOCT1, pa.i:tnan1>HOil 

@oKycHpOBKH nyqKOB B none BOJIH1l Hor (onHC8HHe COOTB8TCTBY10mero 

8KCnepHM8HTa npHBe,lleHO B pa6oTe /I61). ~JIH WOKYCHPOBKH qacTH[( B 

nyqKe /l?/ (j?f = 5) Tpe6yeTCH, qTQ61l 

E > 16Trnoc6', (9) 
o Se 

r.i:te Eo - MllHHMan1>HO6 SHaqeHlle nonH, KOTOpoe H8OOXO,llHMO ,llJIH qJOKy­

CllpOBKU. 8TO yCJIOBHe npH 88,llaHH1lX ef BNnOJIHH8TCH npH 8Haqe­

HHHX Eo, COOTB8TCTBYIOlllHX peaoHaHCHOMY ycnneHHlll BOJIH B nyqKe. Sa 
cqeT YCHJieHHH IlOJIH B crycTKe 1,1 ero npocTpaHCTBeHHOM JIOK8JIH8a[(HH 

MOlKeT 61:1T1> ocymecTBJieHo paa.i:teJieHHe 1ton1,ueBoro crycTKa Ha crycTKH 
C MaJIIDIH npO,llOJl1,H1lMH paauepaMH. 

IloJiyqeHI:1 pacnpe,1leneHl1H IlOJieii B crycTKe no KOOp,llHHaTaM r H ~ 

B 88BUCHLIOCTH OT CKOpOCTU ,llBHlKeHHH cryCTKa B,llOll1, OCH BOJIHOBO,lla. 
Kpoue Toro, HCCJie,llOBaHO noBe.i:teHlle IlJIOTHOCTH 8Heprun BOJIH B crycT­
K6 B 38BHCIDIOCTH OT napaMeTpOB CHCTeMI:I crycTOK-BOJIHOB O,1l C U6JI1,IO 

BI:IHCH6HHH BO8MOKHOCTH npO,llOJll,HOit ~OKYCHpOBKH cryCTKOB BI:ICOKoqac­

TOTHOH IlOTOH[(HallbHOtt HMOll H HaXOK,llefillH OilTHU8JI1,HOH pa,1lH8[(HOHHOll 

yCKOpHIO!lleit CHJI1l ~ ' ,llei1CTBYIO!llflit Ha crycTOK. 
B § I 3eTBepToll rnaBI:I nonyqeHH ypaBHeHHH, onnc1:1BaIO!llHe pac­

ceHHHe 8JieKTpoMarHHTH1lX BOJIH Ha cna6o-HeJIHHeitHOM cryCTKe, IlOMe­

llleHHOY B KpyrJIHt! BOnHOB0,1l. ~Jlfi 8Toro UCilOJI1,8yeTCH paanolKeirne ,llH­

aneKTpHqecKOit npOHH[(aeMOCTl,I cry~TKa B PH.zl no CTeneHHU HanpH~eH­

HOCTH aneKTpnqecKoro noJIH 

c = E,
0 

+ 0 flE/ 2 + ... (IO) 

TiyTeU nO,llCT8HOBKH (IO) B 1,!HTerpanu pacceHHHH uaii,1leH1l nonpaB­

KH K HHTerpanau pacceHHHH H nonpaBKl,I K aunJIHTy,1laM BOJIH, CBH88HH1le 

co CJia6on HeJI1,1HeitHOCT1,IO cryCTKa. 

B § 2 qeTBepTOij rJIBBU onncaHa MeTO,llHKa H peayJI1>TaTI:1 MaTeMa­

THqec1toro MO.i:tenHpOB8HHH Ha 8BIJ raaoBOll ~OKYCHPOBKH UlllIHH,llpHqecKHx 
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TOROBI1X C1IOeB. B OT1Ill'U'le OT ncnom,ayeMoro pH;llOM aBTOpOB M8TO;lla 

IlJIOCKIDC aapmIWl!HhlX C1IOeB / 18- 21/' paapa6oTaH MeTO;ll l..\lrnlrn;zipuqecRHX 
TOROBI1X C1IOeB, ROTOPhlll Il03B01IHeT 6011ee Il01IHO OTP83llT» I..\H1IllH;llpllqec-

RY!O wopMy nyqKa aapHJiteHHhlX qacTH~. 

TaR HOK Cll1I8 B38llMO'AeHCTBHH Mellt):(y ;llBYMH ;llBllll!Yll!HMIICfl C O;llHHa­

ROBOll CROpOCT»lO aapH;ztaMn eon 
2 v

2
) F ( r) = - ~.2 ( t - e2 , (II) 

r;zie nepBhlil q]IeH OOOTBeTOTByeT 31IeRTPOOT8TllqeoKOMY OTT81IRUB8HH!0 1 a 

BTopou Marlll'lTHOMY OTHrHB8HHIO, TO npHTHllteHne ;ztByx OKOMIIeHonpoBaHHhlX 

TOKOB MOllteT Cll1T» OMO;zte11npoBaHO RBK 31IeRTpOCTBTnqeOROe npHTHll!eHne 
2 a 2. 

C sqxiieRTHBHhlM aapH;ztOM e 9f'f = - e "J, • 
TioBe~eHne OHOT8Ml1 yKpynHeHHl1X qacTHI..\ 1221 onnohlB8eTOfl 011e;ziyro-

1lleil OHOTeMOil ypaBH8Hllt! ;llBHJitemrn: 
dx• 
~ = X.~-t-N, (12) 
~t.;+u =-(j3o/47TJ'o) Fcx~,=v), i,j = :t,, ... ,, N, 

r;zie N - quo110 yKpynHeHHhlX qaoTHI..\ ( N = 25; 100), ::x:i - Roop­

;zinttaTa l..\eHTpa i -ot! yKpynHeHHOii qacTUl..\11, Xi+N - ee OKOpOCT», 

oo - pe1IHTHBHCTOKHll WBKTOP~ B KaqeCTBe Haqa1IbHl1X ;ll8HHI1X pacouaT­

PHB81ICH c11y~at! paBHOMepHoro no ~ paonpe;zie1IeH1ffi IlOKOflll!HXCfl yKpyn­
HeHHl1X qaOTHl..\o 

B peayJI»TaTe MO;lle1IHPOBBHHH Bl1HCHeHO, qTo M8KOHM81I»Hl1H pa;zinyo 
OHOT8Ml1 yKpynHeHHl1X qaCTHI..\ OOBepmaeT K01Ie6aHHfl OK01IO HeKOTOporo 

cpe;ziHero aHaqeHnH, He npeB11ma101llero HCXO~HHR pB,ll;nyc Hapylltlioro 

I..\H1IHH;llpnqecKoro C1IOflo Tipn STOM yKpynHeHHUe qaOTHl..\11 OOBepmam He­

mrneiiHUe KOJie6aHHfl B 08MOOOr11aooBaHHOM no.11e n KllHOTnqeoKafl SHeprmt 

qaoTHI..\ nepepacnpe;zie11aeroH Mellt):(y HnMn, TO eoT» nponoxo;zinr tte11nHeil­

IIBH CTOX80TH381..\Hfl' \BHll!eHHflo 

B IIIITOil rnane onncaHo uaTeMaTnqeoKoe o6ecneqeHne ;zt1IH qucneH­

uoro nccne;ztOBaHUH paoceHHllfl 31I8KTPOMBrHHTHl1X D01IH HB K01I»l..\8Bl1X 
38pHllt6HHl1X cryCTK8X B Kpyr1IOM BOnHOBO;zte /23,24/ 1 B T8Kll!e IlpO­

rpaMM8 ;ll1IH MBTeM8Tl!qecKoro MO;ztennpoBaHUH raaoBOil i_[jOKYCttpOBKH l..\ll-
1IIIH.l{pnqecKl!X TOKOBNX cnoeB. 

B §§ l-2 IlHTOil rnaBhl OilllC8Hhl nporpaMMI1, npe;ztH83HaqeHHhle ,1{1Ifl 
Ta6ynnpOB8Hllfl IlO;llhlHTerpa1I»HhlX Bhlpall!eHHll HHTerpanoB pacoeHHHH. B 

onHan o TeM, qTo apryMeHThl WYHKl..\llH EeccenH B HHTerpanax pacceHHIIII 
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llMeIOT cnel..\1181I»HIJil Bll;ll U 113MeHHIOTOH B npe;zie11ax HHTerpnpoBaHnf_l 0 
nepeMeHHhlM M8ClllTa601.1, 3HaqeHUH <l)E Bl,Jqll01Ifl!OTOH O IlOMOl!l»IO 0Il81..\1181Ib-

HOH nporpaMMl1~ TiporpaMMB S'l!ORE onylltllT ;ll1IH Ta6y1111pOB8Hl!H <l)E 

H llX np0113DO;llHhlX. TiporpaMM8 PRODUCT I ll0Il01I»3Yfl peayn»T8Tl1 

pa60TI1 nporpaMMhl siORE 'Ta6y1111pyeT IlO;llhlHTerpan»Hhle Bhlpallte-

Hlifl HHTerpaJIOB pacoeHHHH. 

B § 3 IllITOtl rnaBl1 OilllC8H8 nporpaMM8, npe,n;HaaHaqeHH8H ,ll1Ifl Bbl­
q1101IeHll~ llHTerpanoB paoceHHl'lfl rpynnOBhl!.I MeTO,llOMo IlpOl..\e,n:ypa IIHTer­

pnpoBaHHH OBO,llllTOfl K nocne,n;oBaTe1I»HOMY oqnTIJBBHHIO aanncen nporpaM-

Ml1 PROlXJCT ,ll1IH T6KYIIIHX anaqeHntt apryMeHT8. TaKOll no;zixo.n: IIOK1IIO-

qaeT IlOBTOpHoe BhJqncneHne 3HaqeHntt IlO;lll1HTerpa1I»HhlX BhlpazeHUll npn 

ll3MeHOHllll IIH;lleKOOB ~E, qTo OYl!leOTB6HHO COKPBl!laeT npeMH oqe~a. 

B § 4 IIHTOH r1IaBl1 OIIIIOaHa nporpaMMa, npe;ztH83HaqeHHafl 'A1Ifl 

quo1IOHHOro llHTerpnpOBBHllfl CIIOTOMN ,n;nqiwep8Hl..\.1181I»Hl1X yp8BH8Hllll ;ll1IH 

8MII1I.11Ty;zi. B 3TOH nporpaMMO pea1Ill30B8H anropnTM pemeH.llfl_;ztBYXTOqeq­

HOll RpaeBOH sa,n:aqn 'A1Ifl 8MII1I.IITY'A MeTO;llOM OTpent6H. 

B § 5 IlflTOll r1I8BN 0Il.llC8H8 nporpaMM8 ;ll1IH qllC1IeHHOro MO;llOJillpO­

B8Hllfl Ha 8BM raaoBOH WOKYOllpOBKII l..\ll1IIIH'APHqeoR.IIX TOROBNX C1IOeB, B 

KOTopon npe,n;yCMOTpeHa B03MOlltHOCTD BNBO'A8 Ha ;ll.llOil1Iett co OBOTOBhlM 

KapaH.n:amo1.1 11ao6paJ1teHnH waaoBoil n1100KocTn "Roop,n;nHaTa-cKopooTb11 o 

nen»m Ha611ro,n;eHHfl 38 IIOBe;zteHHOM OllCTeMN YRPYIIHeHHIJX qaoTnn B .n:nHa­

MUKe. 

TiepeqnoJIOHHNe nporpaMMN H8IIIIC8Hhl Ha fl3NKe J!'ORTRA.N-63 ll 8BTO-

Ko,n;e CODAP-I ,n;nH 8llM c~c 1604-A. TiporpaMMl1 KOMII1IOK08 IIMeIOT 

MO~Y1I»HYIO OTPYKTYPY, qTo OYl!lOCTBeHHO ycKopn110 .IIX H8IlllC8Hlle ll 

OTna,n;Ky. Bo Bcex nepeq11011eHHhlX nporpauuax npe;ziyoMOTpeHa B03MOllt­

Hoon OCll!lOHllfl O 8BM B peuMe ;zinanora O IlO!.IOl!l»lO IIYJI»TOBoro Tene­

Tailna. 
B ;zinocepTal..\llll Il01IyqeH11 c11e;ziy10111He OCHODHI18 peay1I»T8TN: 

l) Tipn IIOMOIIIH Bl1P8llt8Hllll ;ll1Ifl 38II83;llhlBBrol!lllX IIOTeHl..\ll81IOB pemeHa 

aa,n;aqa O B036yllt):(eHU.II no11en K01I»l..\eBNMH cryCTKaMn B Kpyr1101.1 B01IHO­

Bo,n;e. B11nncaHN BNpallteHHH 'A1Ifl noneu ll TOKOB, B036yz;ziaeMl1X K01I»l..\e­

,BhlM.II oryoTK8Mll B RpyrnoM B01IHOBO;zte; pacoqJllT8Hl1 Cll1Ilil 1 ,n;euCTBYIOlllllO 

co OTOPOHN B01IHN Ha 'ABllJKYl!leiloH K01I»l..\eBoil oryoTOK C 38pll;ll8Mll .II 
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TOKaMlli Haii;n;eHhl IIJIOTHOCTll :mepr1rn IIOJJei1, B036yJK;n;aer.mx T8Kl!Mll 

KOJ!l>l\0Bii!Mll crycTKaMll. IlonyqeHa 38BllCl!LIOCTJ, aMIIJ!llTY.ll B01IH OT npo­

;ZJ;OJ!hHOll KOOp,llllHaThl 2 BHYTPll crycTKa. 

2. Ilp11 pacceHHllll l!OnH Ha crycTKax c onpe;n;eneHHhl!.!ll T1maMli 

Cl!MMeTpllll Ha6;rrro;n;aeTCH B3al!Mo;n;ei1CTBHe 1IllillJ, MeJK;n;y ll01IH8Mll, npnHa,ll­

JieJKauuurn K onpe;n;e;rreHHhlM 060C061IeHHULI rpynnaM. ,i'.!JIH Ma1Il:lX OTK1IOHe­

llllH OT Cl!MMeTpllll cryCTKa np1161IHllteHHOe pemeHlle 38,lla'lll pacceHHl!H 

Han;n;eHO MeTO,llOM TeOpllll B03MYllleHni1. 8TllM MeTO;ZJ;OM pemeHa aa.ziaqa 0 

pacceHHllll l!01IH Ha crycTKe, mrnroII1eM pesKHe rpaHlll\hl no 2 H no r­

l!611ns11 CTeHOK l!Jlll OCl! ll01IHOllO.lla, 8 TaKJKe sa;n;a'la O pacceHHllll B01IH 

Ha c;rra6o-HeO;n;Hopo;n;HOM ;ZJ;ll31IeKTPHKe ll Kpyr;rrOM ll01IHOl!O,lle. Ilo;rryqeHh! 

npalll!J18 OT6opa ll YCJIOBllH pea1Ill381\llll MHOrOK8H81IJ,HOro pacceHHllHo 

3~ IlpoBe,lleHO 'lllC1IeHHOe 11cc;rre;n;ollaHHe pacceHHHH 31IeKTPOMarHHT­

HhlX B01IH Ha O;ZJ;HOPO;ZJ;Hh!X ll npo,llOJIJ,HO-HeO;n;Hopo;n;HhlX KOJ!l>l\8llh!X 83HMY­

T81Il>IIO-CllMMeTpll'lHl:lX cryC'.rKBX sapH,llOB, noMeII1eHHl:lX B Kpyr;rrui1 B01IHO­

BO;n;. Il0Kaaa110, 'lTO npll COBna,llalOIIll!X KpaeBh!X yc;rrol!HHX 11a ll01IHhl, ;ZJ;llll­

lKYll(lleCH B npoTHl!OnOJJOlKl!hlX 11anpall1IeHHHX (±), l!MeeT MeCTO ycn;rreHlle 

O;ZJ;lll!X B01III 38 C'leT OCJ1a611e1111H ;n;pyr11x, npll 3TOM CYMMap11oe none ll 

cryCTKe OCL\ll1IJJllpyeT OKOJIO HeKOTOporo cpe;n;Hero 3lla'leHllH. B c;rryqae, 

Kor;n;a 1cpaeB1ie YCJJOBllH 118 ll01IHI:l (±) npll i! = 0 COBna.ziam, l!MeeT 

MUCTO ycuJIBHlle IIOJIH ll cryCTKe. 8TO YCH1IeHHe M8KCllM8Jll>HO ;ZJ;1IH mnpo­

Koro no , cryCTKa ll MllHHM81Il>HO ;ZJ;1IH cryCTKa, pacno;rroJKeHHOro y CTe­

HOK B01IHOllO;n;a. MaRCllMaJII>HaH aMII1IllTY.lla nonH ll cryCTKe 38BllCllT OT 

napaMeTpoB crycTKa H Tuna paccenHllhlX l!OJIH, a TaKJKe onpe;n;enHeTCH 

nonepe'lHI:lMH pasMepaMu crycTKa u B01IHOBo;n;a. 

Ilpu pacceHHHH BOJJH Ha npo;n;o111>HO-Heo;n;nopo;n;HoM crycTKe pac'leT 

npe;n;cKa3hlB86T H81Ill'lll6 MaKCllMYM8 II01IH ll IIJIOTHOCTll 3HeprHll BHYTPll cry­

CTKa, IIOMBll\eHHOrO ll BOJIHOl!O,ll ( "npocTp8HCTlleHH8H qJOKYCHPOBKB" no;rrH) • 

4. Ilo;rry'leHo pa~npe.zieneHHe nonei1 B crycTKax, onTUMa111>Hoe .zi;rrn 

ocymecTl!1I6HllH pa,llll81\HOHHOro ycKopeHHH crycTKOll, a T8KJKe llX npo­

;ZJ;OJIJ,HOM !lJORYCllpOBKll BhlCOKO'l8CTOTHOi1 IIOT6Hl\ll81Il>HOH HMOll. 
5. Bh!B6,ll6Hhl ypaBH6HllH,OnllChlll8DIIllle pacceHHllB TE- l'I TM-l!OJIH Ha 

c;rra6o-He1IHHellHOM crycTRe. Paspa6oTaHa M6TO;ZJ;llK8 ll BhlIIOJIH6HO MaTeMa­

Tll'leCKOe MO;ZJ;6JillpOB8Hlle Ha 8BM Hemrnei1HO!l ra 90l!Oi1 qJOKycupOBKll l\ll­

Jllln;ZJ;pll'l6CRllX TOKOlll:lX c;rroel!. 

6~ Co3,ll8HO M8TeMaTll'l6CKOe 06ecneqe1me ;ZJ;JIH 'lllCJl611HOrO 11cc;rre;n;o­

ll8Hllli pacceHllllH 31IeKTpOMarHHTHl:lX ll01IH Ha ROJII,l\6BhlX sapHJKeHHl:lX 
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cryCTKBX B KpyrJIOM l!01IHOBO,lle. IlporpaMMhl, BXO,llllll(Ue B COCT8B J.18TOM8-

Tll'lBCKOrO o6ec_ne'lemrn, llMelOT MO.ztYJII>Hyro CTPYKTypy. l{poMe Toro, B 

HUX npe;n;ycMOTpeH pelKUM ,llll8JIOra c 8BM c nOMOl;\J,lO IIYJII>TOBOro TOJie-

Tatlna. C03,ll8H8 nporpaMMa ,llJIH MaTeMaTll'leCROI'O l.!O,llem1poBUl!llfl Ha 8bU 

HemmeiiHOi1 ra30BOM WOKycupoBKll l\llJ!l!H,llpll'lOCimX TOKOBhlX CJIOeB, B 

KOTOpoll npe;n;ycMOTpeH mrno;n; Jl306pa:xeHUH Q1830BOi1 IIJIOC!{OCTll 11 1wop;n;11-

HaTa-cEopocTI>11 Ha ,llllCIIJiell co cneTOBhlM rrnpaH,ll8llIOM ,ll1IH 8bM C,lC 

1604-A. 

Oc110BHOe co;n;eplK8Hlle ;n;uccepTBL\llll ony6J111KOB8HO B pa6oTax / 5 , 

9-11, 13, 14 , 23, 24/, IlonyqeH11hle pesynr,TaTN ,'(OKJIB..'lhlBanucr, Ha CoBe­

ll(aH11u no nporpaMMllpOB8HlllO ll MaTe1!aTll'l8CKllM MBTO,llaM pellleHUH \l)ll31l­

qeCKllX sa;n;aq (,Uy6Ha, 197~), Ha KOH(llepem.um "JIOMOHOCOBCirne 'lTUHllll 11 

(MrY' 1975) t Ha KOH([iepeHL\llll no paspa60TKe ll npaRTll'lOCKOMy np1111e­

H8Hlll0 oJIORTPOHHhlX YCROpllTe;rreil (ToMCK, 1975), a TaiclKe Ila Ce!JllHapax 

B OT;n;ene Bhl'll1CJIUTe1IJ,HOi1 MaTeM8TllK11 JIBTA ~ B 0T,'(eJJe HOBhlX MOTO,'(OB 

yc1topemm OIIB11. 
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