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I. B B e A e R H e 

Pa~maumoRROe ycxopeRHe crycTKOB aapHZeRRHX qacTHU HHH nnaau~ 

~0 peXHTBBHCTCKHX CKOpOCTel, OCROBSHHOB RS KOrepeRTROM llpHHUHllB 

YCKOp8BBH qacTHU, npe~XOXBRHOK B.H.BeKcnepoM /I/, MOZBT ocy~eCT
BHHTbCH, BanpHMep, C nOMO~Il CBq-noneA BOHROBO~R~X BOHH / 2/. llpH 

STOM HB06XO~O 3H8HHB B38HMO~eACTBHH B~COKoqacTOTH~X noneH C yc

KOpHBMYMH cryCTKSKH, T.e~ CHH, ~BHCTBYil~X RS cryCTOK B none BOX~, 

aaeprHH, Hanyqaeuol m npHo6peraeuoa B npouecce ~BHXBHHH, ycnoBHA 

yCTOAqHBOCTB cryCTKS BO BRBmBeK none. 

TeopeTHqecKOe 060CHOB8RHB H pacqer TSKHX YCKOpHTBHbH~X YCT

pOACTB MOZ8T 6~Tb npoBe~eR C nouo~m TBOPHH CBq-BOHR / 3,4,5,G/. 

06NqHO npe~naraeTCH OllHC~B8Tb nonH BOHHOBO~OB B TepMHHSX noneH 

UHHHH~pHqeCKHX BOHR ~Byx THllOB - aneKTpHqeCKOrO H MarHHTHOro. 

Pacqer pacceHHBH aneKTpouarRHTH~x BO~R RS crycTKax nnaaYH 

OC06BRRO npOCT B npH6HHZBRHH ~HnOHbHOrO p8CC8HHHH nnOCKOA BOn~ HS 

uaHHx o67>eKrax. TaKHe pacqerH npoBe~eH~ p.R,IIOM c:.BropoB/7 • d, 9 • IO, I6/. 

Il 3THX paCloTaX ~ aa !!CKllll'iCI!lieU / 7/ ) YCK0p.Ril!lll18 cryCTOK 

CHJibl aaU,I~eHU B ,I;HllOJibHOM npH0HHI:8HI{H pacce.RHH.R ilJIOCi:CJ,. 

sneKTpouarHBTHoA BOn~ ua o~Hopo~HoA nnaaue. TaKHM o6paaou, nonHoe 

pemeHH8 aa~aqz 0 B38BM0~8HCTBHH aneKTPOY8rHHTHHX BOHH C orpaHHqeH

BHYB o6pa30B8HHHMH aapHI:BHHHX qacTHU llOKS He HSH~BHO· 

Hacroa.ee COOG.eHHe llOCB.R.eHO BeKOTOpHY BOnpOCaM B3aHMO,I;BACTBH8 

BOHHOBO~X BOHR C orpaRaqeHHiiMH H30TpOnHWIB (no !f B Z ) cryCT-

K8MBo 

B l-oa qacra pa6or~ /II/ npoBe~e~ pacqer~ KOS~lHUHBHTOB pac

ceHHHH SXBRTpOYSrHHTH~X BOHR HS KOHbUBBOM cryCTKB qacTBU B ~8H 
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8H8.lll/13 STHX B6.JlJ4qHH B 38BHCHMOCTH OT ~HSHqecKKX napaueTpOB BO.llHH H 

cryCTK8o 

HHZ6 Oni/IC8H8 np0~6AYP8 qHC.ll6HHOrO HHTerpHpOB8HHlt CHCT6MH .llH

H8IHHX ~~epea~aan:r:.Hux ypanaeazA ~a aunJIB'l'y~. BHnHcaHH BspazeHBfi 

A.llft KOB~H~I46HTOB CBCTBMH H ~8H 8H8.llH8 npe~BepHTe.lll>HHX pe3y.lll>T8TOB 

qJ4C.ll6HHHX KCC.ll6~0B8HRio 

2. ilOCT8HOBK8 88~8qa H MeTO~ ee pemeHHfi 

8neKTPOM8rHBTH06 none Kpyr.noro BO.llHOB0~8 1 np6ACT8B.ll6HH08 B BK

~e TE- H.llH TM-BO.llH, HaCierae! BS B8KJYM8 H8 KO.lll>~8BOA cryCTOK aapa

~OB c 38~8HHWH xapaKTepHCTIIK8MH 6' I f) r (npoBo~ocu, ~HS.ll6KT

PHqecxaa J4 uarHHTHSft npOH~88MOCTII COOTBeTCTB8HHO). CryCTOK HMee! 

KOHeqHNe paauepH no r H 2- J4 pacnonozeH CHMM6TpHqHO OTHOCHT6Jll>HO 

OCH BO.llHOB0~8 (OCI:> ~ COBna~eT C OC:&n BO.llHOBOA8). TpeCiyeTCfi H8ATB 

pacnpeAeneaae nona B Bonaono~e npa HanBqaa B Heu aSHMJTan:r:.Ho - cu

ueTpHqHoro crycTKa aapa~oB. 

B paOoTe /I2/ noxaaauo, qTo aaAaqa o pacceHHHK aneKTpouarHHTHHX 

BO.llH H8 cryCTK6 B UH.llHH~pHqecKOM BOHHOBO~e CBO~H!Clt K CHC'1'8M6 HBHeft

HHX AH~epeH~aan:r:.Hux ypanuem~A ~ aunJIH!J~ nonel BOnH. CxcTeMa 

ypaBH6HHA ~.lift 8Mn.llHTYA BOSH, pSCCeHB88MKX H8 cryC!Ke, BUeeT BHA 

oL + =~,_i_~~ 'A~'ff- 'A~'f .A \ . +rA'}m -'A')MJ.. ~ 
en- d :tw.;,~ ~ J" ... J"'nf ... J + l "~t.:. J"' ~ .. i" c1~~")J, 

d . ::= - .J.. .;j "'"' I WIM ol • ''"' - I ~~~~ ol 
[ 

~ (I) 

d~ ~ ''I ~0l· ~--A;. d< ~-t~0J.t• A1, n1~1. 
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B oCi111e• c.nyqae au ypaBHeHHfi aen:r:.sa npOHHTerpHpoBaT:r:. ( ~ -+ o<:> ) • 

ilpH 38~8HHOA qacTOT6 fl8A8DIII6A BO.llHH 3T8 CHCT6M8 pe~UHPY6TCH K 

CHCT6M8 C KOHeqHHY qHC.llOM yp8BH6HKA, KOTOpyn MOXHO qHC.ll6HHO HHTer

pHpOBSTl>o CTene~ TOqHOCTH pemeHHH 38Aaqa onpeAe.llfi6TCfi B01IHOBOAHHY 

88Tyx8HH8M noneA BO.llH. 

IToaTouy qacno ypaBHBHHA CHCTeus (I) onpeAenaeTCH KOnHqecTnou 

BOJIH aneKTpnecxoro (JJ) H uarHIIITHoro (~A) THnoB, pacnpocTpaHHJO

IIIHXCH B BO.llHOBO~e (BspazeHHfi ~.lift KO~HUH6HTOB CJ4CT6MN (I) B OCiiii6M 

c,nyqae npi4B6~6HH B /I2f). Koa~~H~HBHTH CHCTBMH .llHH6AHUX ~~epeH
~H8.lll>HKX ypaBHeHKA (n.A.y) (I) A.llH aunnKTY~ noneA annaDTca WYHK~HH

ua SJI6KTPOM8rHHTHHX CBOttCTB cryCTK8 1 ero CHMM6Tpllll4, 8 T8KZ6 BO.llHo

BHX BeKTopoB na~an111ero H pacceHHHoro noneA. 

AllnJIHTy~ noneA H K08qxp!41{146H'l'H CHCT6t1H (I) HB.llflll'l'Cfi KOMII.ll6KC

HNMR BennHH81111 1 nOS'l'OMY (I) CBO~TClt K CHCT6M6 4 ~ ypaBH6HHA ~.lilt 

aunnBTY~ aneKTpHqecxoro H uarHKTHoro TBnoB, rAe ~ - qHcno pacnpo-

cTpaHft~xca BO.llH.vilepett~eu B (I) K CieapaauepaHM nenHqaHau 
I ~ I D 

'2 = e ' ~ = ~. Q. • r~e "(. - A.llHH8 crycTK8 no i! • Q -

pa~ayc BOnHOBO~a. Kpoue ,;ooro, aanameu KounneKcase nenaqHHH, nxo~

IIIH8 B (I), B BH~e 

( t,~); = (P, R)i + L (O,SJd· I (2) 

AJ" = Bj\\ + i.. C J" . (3) 
CHCTeMa (!) B CieapaaMepHHX nepeM6HHHX npHBO~H'l'Cfi K BH~ 

('.B~~ 2w·) cl 7'>''~~ J ~'- 1(~ ~ 'c'"'L -' ~ .... ..~ ~\_ 
H- o:.' t:n' fd:~ 6 ... ~?.-+~\ A"cii'Q ... - d"cl~'R"'li" ~· '")-

- e -c::;-' I B"'~P. -C~3 Q - C~ ... R - 'B~"'~ \ 
- ~ ' i"' " ~.... ~ d... "' a" ... J ~ 
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Koa!JxllHLUISHTH CHCTSJIH (4) CO 3H8liKOU ( 1 ) HY611T paaMepHOCT:& [L-l], 
K03!JxllH~HeHTH 6ea mTpmta- [L-2 ] • BupazeHHH ,lVIH HHTerpa.liOB pacceHHHH, 

BXO~H~ B (5~ llPHBe~eHH B /I2~ YpaBH6HHH (4) C nepeYeHHHJIH K03!JxllH

~HeHTSUH (7) liHCXeHHO HHTerpHpyeu HS 9EU UeTO~OJI Pyare-KYTTS. 

4ns HHTerpHpOB8HHH CBCT8MH (4) npz pSS.liHliHHX 8H8li8HBHX 

napaueTpOB BOJIBH H crycTKa coa~auo nporpauuuoe o6ecnelleHBe, 

llOSBO.liHD~ee paCCliHTHBSTD TSKEe H B38HYO~e~CTBB6 S.lieKTpOU&rHHTHHX 

BO.liH CO cryCTK8MH liSCTH~ C P83.liHliHHJIH H30TPOllHHMH napaueTp&MH e,~ 

~ KSK ~YHK~HHUK KOOP~HIT /13,14/. 

CTpyKTypa CHCTeUH (4) TSKOBS, liTO USTpHey K03!lxiJH~HeHTOB ee 

paa6HBaeu Ha I6 6noKoB. PaauepHOCTD 6xoKa onpe~exaeorca KO.liHlleCTBou 

pacnpocTpaHam~xca BOJIH aneKTPHllecKoro {uarHHTHoro) THna. YKaaau

aaa YaTpH~a o6xa~aeT onpenexeHaol CHMUeTpHe~, noaTouy B ael co~ep

EHTca TO.liDKO BOCeUD H838BHCHUHX 6JIOKOB 1 KOTOpHe H HYEHO BHllHC.liHTDo ,.. 
~H M8TP~H A .lieBO~ li8CTH CHCTeUH (4) HU88U 

'BH -'c~~ - ·c~"' - /3~"' 

" =[ ·c~~ tg~~ l'B:;,M -'clt"' A 

'C""., 'B"":~ 'B"' ... ~C''"'' 

-'B"'~ 
\ 

'C"'~ I C""w. 'B,."" 
,. 

MaTpH~a B npaBol li&CTH (4) HUeeT aaanorHliHH~ BH~. 

06CyAHU TenepD npeABapHT6XDHH6 peay.llbT8TH qHcneHHOro UO~eXBpo

B8HHH pacceHHHH 3X8KTpouarHHTHHX BOXH H8 83HUYT8.liDHo-cHUM6TpHllHHX 

KOHb~eBHX cryOTKax. 
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3. AHa.liHa noJIYUHHioiX peayHDT!l'l'Oll 

llpoHalle~eao liHoneHaoe HHTerpapoBaHBe (aa SHY C~C-I604A RBTA 

OWUO CHCTeuw ypa:saeaH~ (4) no nporpauue PARAMP/14/ npz pac

ceaaHH TE - H TM-BO.liH B Kpyr.liOU BOXHOBO~e (pa~yc (l = 5 CU) H8 

88HUYT8XDBo-cHUMeTpHliHWX KOXD~6BWX cryCTKIX 88pli~Oll CO cne~m~H 

napaueTpauH: n.. = 5•IOIIcu-3; W!"= ro21ceK-I (co6CTJI6HHIH '18CTOT8 
Lfli"' ~ -~ 

crycTKa), Kc.G' = o,4-:- o,9; .1.-s = o,2+0,ar .J-1= o,3 -:- r,r; ,.a= 

!0-2 -:- 102 • llapaueTpW fiU811li!HX BOna: p = 0 -:- 5i L, = 3 -:- 5; 

W = KC = 6,3·IOIOceK-I; A = 3 cu. 

B Klll6CTJ8 KO.liD~6JOrO cryCTKI fiOC.lie~OB&TeXbHO BH6Hp8XHCb KO.llb

UI c aapa~aua: 

8) TOHK06 KOXD~O Jl6.liK8H OCH BO.liHOB0~8 ( J = O,Ia; .Xu,= 

o,I5 /II/); 

6) TOHKOe KO.liD~O Jl6.liRSH CT6HOK BO.liHOBO,ltl ( .)(..,= 01 85); 

ll) mHpOKOe KOXbUO ( "'-= 016a ~ .}(..,= 0,6). 

3~8CD o( - TO.liiiUIHI KMD~I no pa~ycy, 
x ... - c pe~HHii pa~HYC KO.liD~8 ll 6,ltHHH1{8X rIa., r~e 

r- T8KY~Ift p&AH8XbH8ft KOOpAHH8T8 crycTKa*l 

~ pemeBBH CHCTeMU (4) BW6p&HW C.lle~~e Kp&8BW8 YCXOJHH: 

( P, R) = I • (Q,S) = ro-2 HI BXO~e ]I crycTOK {npH r = 0). liTO 

COOTli8TOTliY8T liO.liH8 C U8n:I!IU 88TYX8HH8U. BOXH8 JIXO~HT Jl cryCTOK C 

SIAIHHWIIil napaMeTptUK ( e,r-;. I; ~ ;. 0), X8p8KT6pH3YiliiUIUH llOTepH, 

11 pacnpocTpa&aeorcs ll ueu. CrycTOK noue~H ll peaouaucuy11 cacTeuy 

( JO.liHO:IO .. ) • 

no~eHJWe ~aHHWe o xapaKTepMCTHKax noneA Bona, Bwpaxeau~e 

qepea IMnniiTY~ H&npftE6HHOC!B H npHpa~eRIH ~83W BO.liHW, YK83WB811T 

HI C.li8AJ~e 31KOBOM6pBOCTB: 

JE) B pa6oTe /II/ :nony111eHa HeTO'IHOCTD, x...,-
1
'!_ tl " \"' ~ x..., + .fi. • 
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a) Pe30H8HCHWe CBO~CTB8 BOnHOB0~8 UpKBO~T K 8KKyuynH~H 

aaeprHH B.q. nona, 8 Hanzqae ~HCCHUS~HH B cryCTKe BY3YB88T yBenz

qeHH8 a6conDTHO~ BenHqHHW npzpa~eHKR W88W BOnHY H yuea»meaze ee 

aunnHTY~ no ~nzae crycTKa (yBenzqeaue waaoBol cxopocTH H aaTyxa

aze nona B~on» crycTKs). 

6) llpHpOCT W83Y BOnHH npB pacnpOCTp8H6HHH ee B crycTK8 npHBO

~HT K pe30H8HCHOMY pOCTy sunnHTY~ llOnR BOnHY B cryCTKe /I7/KSK ~H 
81l6KTpMqecKOro, TSK H ~nR MSrHHTHOrO THUOB BOnH. CKsqoK ~SSW npH 

nepexo~e B peaOHSHCHOe COCTOHHH8 B61IHK H ~OCTHraeT1Q2, qTO HSXO

~HTCH B COOTB8TCTBHH C TeOpzea. 

MHHMYaHbHWMH pe30HSHCHYUH CBO~CTBSUH 06na~aeT cryCTOK 1 pacno-

1IOZ6HHYH y CTOHOK BOHHOB0~8 1 cne~ID~H no yCTO~qHBOCTH cryCTOK -

TOHKOe KOn»~O B U6HTpe BOnHOBO~a. M8KCHM81l»HY8 pe30H8HCHY8 CBO~CT

B8 Ha6n~&DTCR y mHpOKOrO crycTK8. YCTOHqHJIOCT» K pe30HaHCHYM HB-

1l8HHflU B cryCTKe onpe~enaeTCH BenzqHHOI ~·C(-I - OTHOCHT61lbHOH 

~1IHHOH cryCTKa 1 Ha KOTOpO~ npOHCXO~HT peaoHaHC ("peaOHSHCHaH" ~1IH

H8 cryCTKa) • 

B03HHKHOB8HH6 p830H8HC8 nona BOJIHH B cryCTKe aaBHCHT OT HS

qaJI»HYX napaueTpOB H THUS B01IHY 1 CBOHCTB cryOTK8 1 8 T8KX8 onpe~e-

1IH6TCH nonepeqHYMH paauepaue-cryCTK8 H B01IHOB0~8. 

Tax, Hanpuuep, npe pacceHHHH TE-BOJIHY c aaHMyTaJI»HYM qHcJiou 

p= I aa crycTxe c Xu,= o,Is npu -i-s.= 0,4 1 I - ~ = o,o9 1 

~~6' = 0,6 peaoaaHCHY~ pOCT aun1IHTY~ Ha6niD~aeTCH B cryCTKSX C 

ta.-I ~ 3. 

llpH TeX ze ycnOBHHX B cnyqae pacceHHHH H8 JOn»U8BOU cryCTKe, 

BaXOAfiiii611CH y CT8HOK BOnHOBO~& 

np11 -fa-I ~ Is. 
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)(~ = 0,85), pe30H8HC B03HIIK88T 

B) KaK BH~HO H3 PHCYHKOB (cu. TipznoEeHHe I, pHC. I-IO), BO 

BC6X cnyqaHX pacceHHHH BOnH UO~ynb HanpHE8HHOCTH H W83S nOHH BOHHY 

y6YBaDT no ~nHH8 CryCTK8 (as HCKniDqeHH8M pe30HSHCOB). B 601lbillHHCT

Be cnyqaeB CKOpOCTb HX y6YB8HHH ~nR BOnH aneKTpzqecKOrO THUS MeHb

me, qey ~nR BOnH MSrHHTHOrO THUS. 

C pocTou napsueTpoll crycTKa -i.- S: 1 f'-1 ~ nornoUieHJae 1/J pacceH

aze BOnH B H8U paCT8T AnR Hepe30H8HCHYX 061!8CT8~ cryCTKS. TaK, Ha~ 

npJIJMep,BenzqzHY MO~ynel 1/J W83 pacceHHHYX BOHH EI2 H HI2 Ha cryCTKe 
0 -1 .., 

c napaueTpauH X,= o,Is; -t.a= 3,o, I - E. = o,4; I - fi = o,o9 

c pocTOM Bemlqzaw ~![ 6" naAaDT (cu. Ta6nHey I, rAe tnod- aHaqe

HJ/le HanpHEOHHOCTH, ~ - ~ass B rpaAJCSX). 
Ta6nHua I 

%:· e-.1 
0.5 0.5 o.s 

I.(JT 6" 
ICC 0 4 0 6 Q.7 

moJ E.,2 (~1oJ 9 9 9 87 9.85 

"'"d H.,z. {llto-v 8 7 8 4 8.3 

eE.,2. -3 7 -5.5 -6 4 I 

I e H.,, -IO.I -I2.7 -U.9 ~~ 

TIOB6A6HH8 aunnHTYA H waa pacceHHHYX BOJIH EI2 1/J HI2 

c napaueTpauu X..,= o,85; lci1= o,s; 1-e. = o,I; I - j;. 
pOCTOII napSMeTpa 4:! 0 npHB6A6HO B Ta6nzue 2. 

KC 

II 

Ha crycTKe 

= o,o9 c 



Ta6nzua 2 

J!. e·1 
0.5 0.5 0 5 I 

4rr cS'" 
1<C O,I 0,4 0,9 

mofl E..t.2/<1o1 9 97 9 92 9 85 
ma~ H,z{IMJ' 9.99 9.96 9 9I 
f) E.,2 (x1o:J 4.86 2.63 -Q7 
9 H.,.z(¥1o·J 2 28 -I0.3 -30.I 

3aBHCHMOCfD xapaxTepHCTHK pacceHHHWX BOJIH EI3 111 HI3 OT ~HaneR

TpHqecxHx CBO~CTB cryCTK8 BIII~H& 1113 T86JIHUH 3. CryCTOK BW6paH C napa-

YeTp&M/11 Xu= o,8s; (c:f 1
= IS; lor(i = o,s; I- _i = o,o9 .. 

-, ICC /" 

Ta6n111qa 3 

~.e,-t 0 05 0 05 Q.Q5. o_._os 
1-e. 0 4 0,7 0.8 0_._9 

htoc;f £13 (x10-, 9.94 9.92 9.9I 9. .. 90 
lttod H43 {x 1 o ·1 9.86 9.80 9.77 9 75 

8 E.13 (x1o·1 -1.8 -5.7 -7.0 -8,4 
8 H",. (x1o·1 -3.4 -7.9 -9,I ._:lQ.t6~ -~ 

3aBHCHMOCTD xapaxTepHCTHK BonH EI3 111 HI3 OT uarHHTHOU npoHH

uaeMoCTH crycTK& npHBe~eHa B Ta6mtue 4. Tiapauetpw crycTKa: Xct,=0,85; 

.fr£
1 = I ; i! <S' = 0,4 j I - £ = 0,4 • 
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I 

Ta6n111qa 4 

x_.e-1 0.5 0 5 0.5 
I 
! 

f' o.s 0 9 LI 
tr~ot:l Ers (/llo 9 98 9 96 9.95 
moDI H436tto7 9 97 9 9I 9.90 

8E4~~,: 3 8 0.7 0.2 
fJHe(,to~ 3. ?_ __ - 0._4. -

_-_0,8_ 
-· 

r) "Pe30H8HCHIH" ~llHHI cryCTKI p&CT8T C yBeJIHqeHH8M 83111MYT8llD

HOrO BOllHOBOro IIIH~eKCa {CY. T86llHUW 5-6). B T86ll111U8 5 npiiiBe~eHW ~aH

HWe ~na BOJIH EI2 111 E52 , pacceaHHWX Ha crycTKe c napaueTpauH: X~= 

o,Is; -la..- 1 = s,o; -1-E. = o,4; I - f = o,o9;· j{o = o,4. 

Ta6nHq!! 5 

"i·t·' O,I 0,2 0,3 o,s 0,7 0,9 I,o 
111od E12.(1-1oj I 29 - - - - - -
mod Es-.z I.O I.O I,O I.o I 0 I 0 I.O 

9 E • .z 65. - - - - - -
() Es2 (1to-f) 5.7 5.6 5.4 5.4 5.3 5_._2 ...S...I 

B Ta6nHue 6 npHBe~eBa 38BI/ICIIIIIOCTD MO~ynea Ill was BOJIH Eo2 Ill 

EI2 np111 pacceHHHH HX Ha crycTKe c napueTpauH: X...,= 0185J I - E = 

0,4; I - ~ = o,o9; ~~5' = 0,4, nplllqeu BOJIH8 c p = 0 pacceiiiBa-' · e ., f)_-1 
eTCH H8 cryCTKe C Gf = I,O;a BOllH8 C p =I- H8 crycTKe C ~ = 
I5. 
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Ta6nHua 6 
-z:.e-1 0_._ I 0 2 0,3 0,5 0,7 0,9 I,o ! 

~odEJ.>'10"' I.45 - - - - - - I 
~~tiJIIo; 9.99 9.98 9.97 9,96 9,96 9.97 9,98 

&Eo2. -89. - - - - - -
G E42. 0,02 -0.6 -1.2 -2 5 -3.7 -4.9 -5.5 

PeaoHaHc BOSHHKae~ B paanHqHWx Toqxax no ~JIHHe cryc~xa npH 

B8PDHPOB8HHH napaMeTpOB cryCTKa H 83HMYT8JlDHOrO HH~OKC8 f , TaK, 

HanpHMep, ~Jill cryCTK8 c Xu,= o,I5; -tci 1
=3,0; I- E. = 0,4; I -J..= 

0 109; ~:6) = 0,8 H cryCTK8 C TOMB llte nap&M6Tp8MH 1 HO C ffi~ 5,0; 

~ 6 = 0, 4 ~Jill BOJIH c f' = I, i = I ~ 3, peaoH&HC :soaHHKaeT :a 

Haqane crycTKa. 

PeaoHaHC B Haqane cryCTK8 06HapylKeH T8KlKe ~Jill cryCTKI ex~ = 
li ,-1 I ftli -r 

0,85 npH t. .... =I5,0; .20,0; I - £ = 0,4; I - fi- = 0,09; KC_ l.l = 0,4 

~Jill BOJIH C f' = I, ~ = I ~ 3, llpH paCC8llHHH BOJIH C p = 0; 5 H 
0 --1 (a =I5 1 0 H8 cryCTKe C T6MH E8 X8p8KT6pHC~HK8YH T8KlK6 H86JI~A86T-

Cll peaoHaHc :a HaqaJie crycTKa. 

PeaoHaHc B Haqane crycTK& o6HapyeH npH f' = I, L = I ~ 3 

AJill cne~yiOmHx crycTKOB: crycTKa c fci"= I.; Yco= 0,4; 1-E = 0,4; 
I o-f -1 I - f4. = -0,43 H cryCTI\8 c -t.a =I5,0; I - £. = 0,69 I -1 = 0,09, 

~Jill BOJIH MarHHTHOrO THn8 peaOH8HC B H8q8JI8 cryCTK8 06HapyE8H npH 

lti1
=5,o; f = o; i =I~ 3; I -E.= o,4; 'fro= o,4; I -j; = 

o,o9. 

~Jill mHpoKoro crycTKa ( X..,= 0,6; of= 076 a.. ) peaoHaHc li Ha-
o -f • 

qane crycTxa cylllecTByeT npe 't..a = 015; f = I; t. = I ~ 3; I - E = 

o,4; 1fo = o,9; I - j = o,o9. 

~Jill MHOrHX BOJIH p830H8HC B03HHK88T B TOqKaX, Jl6lK8111HX BHYTPH 

14 

,, 
! 

e _, 
crycTxa. Tax, HanpHuep, ~Jill crycTKa c napaMeTpaue Xu,= 0185; tl = 
I5,o; ~6"= o,4; I - ~ = 01 09 peaoHaHc AJill BOJIH c p = I; i. = 

t -0 -f -1 
I - 3 B03HHK86T npH i!'C: = o,I6 ~Jill I - E = 0,9; npH z..e = o,I 

e-1 -f 
~Jill I- e = o,s; npB z. = o,52 ~Jill I- c = o,7 H npHil..·e = 

o,o? ~Jill I - ~ = o,6 • 

.l{Jrll crycTKa c napaueTp&YH X..,= 01 6; ol = 016a 1 I - ~ = 
o,o9 npH paccellHHH BOJIH c p = I, i. = I ~ 3 peaoHaHc :sayTpB crycT

xa B03HHK88T npH fa": 0,5 ~Jill I - E = o,I; u5"' = 0,9; a T8Kllt8 
p -1 4r. 

npB t..a. =I,O ~Jill I - l: = 0~4; ;«. (; = 0,4. 

4~ 3aKJIKJqeaHe 

TaKHM o6pasou, B pa6o~e npolieAeHo qecneHHOe eccne~o:saHHe c 

DOYO~Kl 9BM pacceHHHH BOJIHOBO~HHX BOJIH H8 KOJlbU606p83HHX cryCTK8X 

sapa~o:s.TionyqeHHNe peaynDTSTN yxaaw:saDf Ha pesoHaHcHwA xapaKTepii7/ 

B38HMO~e~C~BBH na~&KllllHX BOJIH C qaCTHU8MH B cryCTKe. llpO&H8JIH3HpOB8-

HO llOBe~eHH8 nOJIH B cryCTK8 no AJIHH8 cryCTKa, 

PesyJibT&~w pa6oTw noaBOJIHDf HSH~H onTHM&JIDHYH pelKir!Y PSAHSUHOH

Horo yCKOpeHHH KOJ1bU8liYX 38pll~OBWX o6paSOB8HH~. 

B 38KJ1IOqeHH8 8B~OpW cqa~a~ CBOKM npHHTHYM AOJirOY no6narOA8-

pH~b B.H.Moposa 38 DOA~epzxy H nocTOHHHWA HH~epec K pa6o~e It A,lli. 

Hpxeryno:sa - sa nouo~ B o~opuneHHH pyxonHcH. 
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