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T. BBEJlEHHE 

1 . Ann HccneAoeaHHfl CB060AH~X HYKnOHOB 8 HaCTo~~ee apeMA ~c 

nonb3ye Tcfl MOAenb KHpa~bHWX Me wKo B. r Ae cy~ecT 8eHH~ ponb ~rpa 

eT 93aHMOAeik TBHe Ha nOBepXHOCTH fot ewKa aanepTbiX B MeWKe KBapt<oD 
C Me30HHt.lM n OneM. COM 1 1/ • 3TB MOAenb YAOBneTBopRe T O~J1M TPC -
60eaHHRM TCOPHH no.n~ k n 03 BOn ftCT onkcaTb OCHOBHwC C B~CT8a CBO

60AMbiX aAPOllOB H HX B3aIoiMoAci:1cTBHH . 8 KOHKpeTHYX p aC4CTc1X "1oo40H
Hoe none CBM n o nar aeTcn AocTaTo 4 Ho cna6wM t Ta K ~TO MO_HO 8 HC 
XOAHOM n~rpaH*HaHe CBM orpaHH4HTbCR nHHeHH~M no nHOHHOMY non~ 
- II/a np~6nH*eHHeM . COOTBeTCTseHHO H KHpaflbHBR HHBa pHc1HTHOCTb 

06ecnc"lcHti npH 3TOM C TQ'tHOCT blO AO J1HH eHHblX no ;; '-4nCHOB. 6C3 
npCAnollOweliHA 0 cna60cnt -; Y,QaBanocb npOBeCTH pa C'-4e Tt.I An,. 
HCKyccTBeHHQ noc TpoeHHoro, 3aBCAOMO He¢M3H4eCKoro 06~eKTa 21 , 
HO K C.YUI,CCTBYIOU.lHM B np"'POAe HYKIloHaM TaloO'le paC4e TW ","-CTb OTt-tO
weHHR, pa3YMeeTCR , He MorYl. HHorO~HcneHHwa Hcc neAoaaHHA I I ! 

n03eonnOT CAenaTb sweoA 0 TOM, 4TO CBM, nHHe~HBA no n, ycnew
HO onHcwBae l c80McTsa ceo6oAHwX HyKnOH08, T.e. AflR HYKnOHa 
B nycloTe nMOHHae none -; AeH cT8Hlenb Ho OKa3 WBael CR AoclaT04Ho 
cna6tiM. 

2. [cnH HeWOK-HYKnOH HaxoAHTCA He a nycToTe, a 8 RAepHOM Be
~eC18e, TO ero OHOHHoe none MeHReTCA ~s-sa B3aH~OAeHCT8Hn co 
cpeAoH, "ITO Bne\.fCT Jet c06o~ H3Me UCH.~e Bcex ero c BoHeTB . 3T~ 

1013MeHCIi.... R TeM 3Ha4 ... renbHeC I 4CM 6oIlt>lue ntlOTHOCTb ",qe pHoro ee

~ecT8a. HO y*c ... An~ 06W4HO~ RAepHoH nnOTHOCTH OHM Moryl 6 WTb 
cy~ecTBeHHWMH. e pa60Te / ll 6wno npeAnpHHRTO H3y~eHHe ceO~CTB 
CBM 9 RAepH~ UeUi,eCTse. nPH 3T~ B l S I if BO B3aHMOAeHC1SHH 
C K8aPKaM.., Ha noeepxHO~TH MeWKa nonaranOCb AOCTBT04HO cna§YH, 
H 3TO B3a~MOAeHCTBHe 6panocb B npH6n~.eHHIo1, nHHe~HOH no ". 
S~O nOKa3aHo, '-4TO CHRr4eHHe nHOHH~ MOAbI D AACPHQM l~eCTBe 
et!Ae, I( YCHneHHO nHOHHoro nonA CBM . npH nnoTHocTlII P ~ Pc 8 
OHO CT3HOBH~CR CTonb CHnbHWM t 4TO HeB03MO~~O c~eCTeoeaHHe 

A~epHOiO 8e~ecTBa, COCTOR~ero H3 TpeXM9apK09W~ HeWKOB-HYKnDHOB. 
OTC~Aa RCHO t YTO, C1poro rOBopR, HenOcne~oBaTenbHO AnR COM 
B RAepHoM Be~eclBe nonaralb BO BsaHMoAeHcToHH C KBapKaM~ Ha 
n OBep)(HOCT I1 MCWKII n",OHHoe none clla6wM H AenaTb a na r paHJ«»3Hc 
CBM pa3110,..;CHYlC no ;,. HaAo HccneAoBaTb CBM B CPCAC t He 
npPAnonar3A ManQC1~ ; . 4TO ... ~enaeTCA a HacTOA~aH pa60TC. 
Ko1l< ,"... y6CAl1MCA, OCI1QBHblC Ka4ecf oeHl1b1e SLlaOAbl Da60TbI 3 ' aCTa 
IU' c..A gepHblI~11, HO 8enH~\o'Clia Kp~THl.4e CKO~ nf10THOC r~ PCD MO)l(eT 
3aMe11-i0 H3MC-HHTbCA . 
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• 	 B pa3Aene I I Mbi nOnY411M y paBHeHI1A CBM. Hen&.1He~ Hble no rr, 

~ B pa3A e ne III npeo 6pa3y e M &.1 X B npH6nH~eH&.1~ C$epH4e CKo ro MeWKa, 

Ka4ecTB eH I-toe ~ccIleAoBoJ HH e 3THX ypaBHeHIo1~ npOBeAeM B p a 3Ae n e IV , 
a B pa3Aene V npe,QCTaBIo1M J.1 0 6 CY ,QIo1M pe3yIlb Ta Tbi l.lIo1 CneHHbIX p aC4C rOB, 

n, YPA8HEHH~ CBM. HEnHHEfIHblE no nHOHHOMY nomo 

1. narpaH*HaH CBM 

f ~ !i' q , !i' ~ + of in' 	 /1 / 

COAep>+Uon Ilarp':'Ii-t~lo1aH I( Ba pKOB 8HyT p H Me WKa 

,r o (iq ~q -B)Ov' 	 /2/
' I 

n a r polH)I(l1aH n\.tOHHoro n OllA t KOTOPbli1 MbI, KaK &.1 p aHec [) :1 • 3anH 

we.... B B&.1Ae 


-:'2 ,. .... 	 -2 ' 1'2 1 	 ~ 2 l' .... 1 , [ (,)2\' -- n c - (d n) - - nil • - 1 - k -1]("" . , plln ,(r) ,
n 2 2 ~ 2 ." 2 (.,-,k' W, ' 

/3/ 

&.1 KHpaJlbHO I1Hs a plo1 a THbI'-:; narp .:lt·l).uota~t 83aHMOAe~CT8~R KBapKue C MC 

30 HHbiM none"", Hil n oee pXHnCTH MeWKiJ 


1 - i y~/ ;r'
-q(exp(---)) q6 I _ 0.663.f l ll l - -	 /4/2 I , 

3AeCb 0v 1 BHy1'PH MeWKa ..., 0 lme e r o, a ,) 3 - n 0 8e pXHOCTHtl R 

8 - $YHKLtl-tA. Mbi Io1cnOJlb 3 YCM Be 3Ae CMCTeMY CAIo'l I'fl<1 Lt b e . mn 

IlIo1Wb Ha p&.1c.1 101 2 p a AHYC MeWK3 R np~BeAeH B eA.~epMH . Ha nH ~ He 

n B /3/ OTnH4ae T 3T O By pa*eHHe OT narpuH*HaHd c a o6oAHoro n HOH 

Ho r o n OflA / CM. ' 3" / . 11 Y4&.1T Waaer BCe B3ClHMOA(tHC f S .... f1 nHOHHor o 

nOflA, KaK C Io1HblM&.1 n onAM~. T ilK H ~ro GilMOAe;;cTB .... ~ . Il HOHHOt! n onc, 

B3aw040Ae~cTB ylOutee C KsapKaMH Ha n09cpXHOCTI-I MeW"a. 8 RAepW')M 

a e l1l.eC T Be CKfla Ablsae TCA 101 3 noneH MHOn-H( MeUJK08-HYK llOHOB. coCTas

IlAIOUll1X cpeAY . B03MO)f(HOC Yb 3!ll¢le KT Yl UHO y 4ecT b :lTo BBCACHHeM cpeA
HeH nOflApI13a 4 "' ~1 c p e Abi 11 paCCMa Tp &.1 B.J fla Cb B 3 , lot MW ~Q HcpHeM-

CR K o6cY)t{A eHIo1IO 3To r o Bonpoca B KOHUe pa3Acna V AtlHHjJ~1 pa6oTt" , 
2 . ~3 /4/ n onY4ae M ypaBHeHlo1e AnA n HOHHorO nonA 

, n 
1 - ' 

(-(0) 2 -I t [('2 t (J(~ , k. pll ; ~ ~ ~ - 2ql~(_'!L1LI - ;; ~ I y~ ; I 
~ ,; , n T " 

2 

(;;1 " . Sin q;, l)_lIq h. 
"1 lY5 -r- ' -.-I cos ( In I. () 	 /5 /

!. 12 	 1; 1/ r 

TpcCiosaHa.1e o6pautem"A 8 Hy n b HOpManbHO~ COC l () Bn~lOU{ca:1 l O Ka 4epe a 

nOseprHOClb MCWKa jl~ U 9 AaBJ1CHHJ:1 H8 nosepX."OCht MeWKiJ 

iJ II T,l ,... 0 n plo190A1H I( onepaTH8HWM COO TIU)I.uCHHAM "I;) r piJWH~e MeWKa 

qICXP(JY5;;' ()Jq o. 	 /6/ 

2D -;,\[q[C%p(ly,;; Oiq l ~ u , 	 /1/
" 

HaHblC" BloIpa1tlCIH1,A 16/. /7 I yepC3 ooepaTOPbI n onef, nonY4ul(lT en TiJl< 

)t{ €, Kill( ~t npasaJ:1 ... ac T b IS/ . 
1'11('. 1, 'l ~ullIl"IIMI I.: Th 1IJ1. IIIIf", I) 

n~IHl ,:'I n(R) II , [(J 111IiJII I HUJtIlOli , ' 	 .1 J .' 
~ 'O(R) 11.1 /j' )l.hI IX II')(: III t-H!UJK : I , 

.	 1) .lllHYl· ,j Mt· UI .... 1 " Jtl'nll'IIHlloi X pit..... ,• 	 OT I' JUlH 1).I·JJIII~III .IX B. KptlHhlt' 
I . 	 --- ~-- ... ",; "I" nOJl y\It." H·, TIl)" D "'0,'. , ,, ] ,, ' 
~=-.::~.Y~ --  npil 0 = t t "V' - "PII U =2 , 

"4" - "Pit 11 ::1t J , :' . ('U. I(lWIILIt' 'Iil(' 0' 
, II KIHtlll.lX l OUT I .... " (: I IfY"'. , yeTnu 

, IJf' I, 	 'HtnnMy 1"111 10Hlllltll M(:!uk;l . R
I - JJ L' l l . rflt.'IlMII , ~j(J lI. thlll"" III' J I1!

" "	, '-IltIlhi U l"lL 11 f' ""' m,., r. I . 
I"\\ ................. , ... ... ... ... 
L 1 ....... ' ...... .... 


, J .............. 


o,~...... "" _ 
__-0:::.--- ~afle~ M~ ~on.H~ np~M~H~Th 


, ' c.OO''''OWt~HM,", /S/-/7 / K HYKnOH y : 

~ , -', . 3 A' b ,p~AHee a T /S/ -/7 / no 


I 	 I " 

1.5 .• I " 	 COC TORHH~ Tpe x K D~PKO [) C non"'~MI 
I 	 I ",

J I I " 	 Cnl>1HOM 1/2 H l13 0 ToncnHHOM 1/2" 
I 

I , 

I, \ 1 H HX npO(>Kltlo1''*'''''' 0 z • tor 3 ' 
npM 3TOM D 	 Or~CM 'ny~ae 1-13 

/5/-/71 nonY4~OT 'fl COOT HoweHHA. 
KO Top~e c OAep*aT K p aHHe CflU* Hy~ 

cnHH-yrnOBYD H c n HH-H30cnHHoBym 

.:.1--' 
'9-- . 


Q 
 , P/ p: 	 3aa~CHMOCTb. H3 - 3a 4cro H X HC

c n eAOSaHH:C fie a K.;JKt.1X-n",Go yn p o 

lUeHM~ He n peAC T,J 6f1 Fle"R B03MO)l( 

H blM, ~ ltaM He06xoAHM O HaHn.., yn potllaD1l~,e npIo16I1 Io1 *CHIo1R, He c OAe p 

)Haw.~,e npeAnOIlo*eH~R 0 MaIlOCTIo1 nHOHHo ro n OllR, 4TO &.1 Ae naeTcA B 

cneAy~eM p a3A ene . 
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PHC . 2 . 3al:lHCHMOC fl. 311\!prUIl MeCK.J. 

E(R) ,:JHeprml Ko:-,plwn p(R). 
nonR H:t nOBepXHoC-rn HC~UKD iO (R) 
OT ero pa;tHyca npll P8'3JUtttllbiX:~r' ZC€C ! 1B I p. KPHkt311 ".1" UOJl)Nj 113 flpll 

B -I, S. p ~'"O =0 •.5; "'1" - "I'"" S - 1,7 , II == 0,9 .. 21'0;' "('" - "PH 
., B 2 . p .. PO!2 -0 , 2 . H~pxHlle 

( 
OC'1'IHt KPIfBhIX E (R) it COOTUt! 

" CTnYlOItllfe 11M DeTBII p ell) • J (J (RJ 
npoJtonJfl' .' Ik.'Tc~ ,no rleek,, : 1..~ t( tlOCTll 

flPIf R ... _. Ihn:unE: Be 1 II it E.(R)'" 
~ COOTlU~ 1 · c.TUYkJcUHe HI': UI'Tun peR),'" 

:1 

Qo (R) !l8IUiHll tlD iUII'TCH IIlHI unpi;.' 
Jlt.·.Jlt'IUlbl)( KOUet..ltltolX Rl K ,11<.. '.lTv 

Hll1tJlo 113 J1HC Yl:lc(1 . lk c Ue -mLJ.JIIltJ 

oe.1. . C-h=mt/'=L . 

~ 

. ..' R'" " 

TTL YPIIBHEHHR CBM JlAA CC!>EPH'lECKOrO MEWKA 

I . YcpeAH~B 15/-/7/ no C.OCTOI\H ....O Mt'WKu-H},KnOH(I I Mt.ol nonY\ laCH 

ypaAl-leH»1I1 onpeAMRIOI.L!He B RACPHOM BcweCToe era n06E'pXHOCTb, 
nHOHHOC none Ha nOBepXItOCl H H 3HepnU'1 aan~pn.l.I( D HeM KBaPK08. 

Hea03HO)t(HO PCWHTb an", ypa9HeHHJl r04HO 11 HanO nplootHRlb np\16n~*e-~ 

H~R) npHrOAHblC AJ1~ onHCC)HHft CBOl1CTB MPWKa-"'YKnONO D RAepHOM 

DelileCT Be. Ann l-4aWt1 x' HccneAODaHVI~ t 04 eS~AHO. t1enp",rOAHtJ H c nOl1b

30ailHHaR B 121 3al"lCH8 HyKno~la l{ettlH3~~4eCf(HM 06beKTOM -llherigehnetl 
··"elK". AM t<OToporO t 0 OTn~4.,e o r HyKlloHa, 3i3Aa4i1 pcw",e -rCR . 
He YAooneTbopReT Hac ~ TCOPHA noaHy~eH~H no I:I / r nOCI(OflbKYI 

M.bI HaMcpeHbI 11:JY4aTb u c.t.tnbHbtC" non,., HH Tepecyoqlo1e Hac HccneAO-

8aH~1~ MO)t(H O npoaecn1 9 npH6m1)t(Clt~"" C$eDH4eCI<OrO MeIUKa-HYl<n Olla. 

nonara.FI MCWOK c¢lepIo14eCKIo1-C"'M~eTpH"4HWM npl1 Bbl4""CnCH~I ' c;peAficro 

OT /5/-/7/ nO COCTOAHHO HYKflOHa. H~ Aanee y6e*AaeMc~. 4TO t<. 

TaKOHy np~6nH~cH~~t Ae~CTaHTenbHO. npHxOAHM, BwnonHRR eo Bcex 

nonY4eHH~X COOT~OWeHHAX ycpeAHeH~e nO yrnaM . 

BOIlHOBaR d)YHKI.lIo1f1 fo'CWKa-HYKJlot-m , r . c. coc.-r OAHhfl TPCA KOolpKOB 

t.0 CrH1HOH. 1/2 J.1 10130CnHHOM 1/2 ~1 101, npoeKLtIo1RM}1 (Til: "0 ' :l,cr po

..,lCA 1-13 n PQCTPitHC TOCHHWl( H crIHH-H30CnMH09b1x ¢JYHKUH~ KRrtPK DB 

~ :n (Jo(pr) \:, " o- tp' Ii = t /rQ.I5 1 (S!' I f? 181)\ . ~" 1(;;i1) J,(pr 

4 

06b14 HbU1 0 6pa 3Q10411.31 • 0 T CX )Ke n p /.otfi/U'1 )1(eH /.ot AX, 4TO H B l SI . B Ha c

TORLQ.eH p a 6 0 T e , Kat<. 101 p aHee I S .1 /, He Y 4HT bls a lOTCR ¢;nJ:J KTya UIoH1 nv.OH

Hor o nonA. a ce paC4eT~ 6~n onHACTCR B n p H6nH*eHHH cpeAHero nonA 

~ ..... N oj:! 'Nt:! 

<"> ~ <I> • <. > = '" 19/ 


nocne ycpeAHeHHR / 5/- /7/ no TaKOMY COCTO~HH~ MeWKa -HY KnOHB co 
CpeAHl-tM nonCl'4 ;J,N nOnY4ae M YPilB He HHA AJlA f/J... .N H YCflOB I-1R Ha r pa 

HHl.I.e ....eUJK8 , onpeAcnnllUl/.1e er~ pa:.u"ep~ w 3Hepnuo 3a"...e~n"x B He ... 
KoapKOB. COCTORHHe Me WK8 CTa4HoHapHoe, n03TOMY 101 ~ OT BpCMe 
HH Me 3aO'iCHT , 

.... ~ ... . ... .. (-1)1< ¢, 2k (;') n' " (_2 ~ I I k + J1(,•• k. p)) <I> (r) - 8 :l: x 

8ltt • k= O ! 21< (2~ • 1)1 


;(~ 2 2 lOJO(I)J ,(I) [ < N I(~ii) ;'IN>.x I - -- . 3(j (x) - I (I» - /1 0/ r a , 3 

.... ~ .... -. ,... .... 2 ........ 

+ <I>(r). <NI(u n )(4>(r) rlIN > .14>(r)1- · 2k1l ~ Q(r) . J: - pRo n . ;/ r • 

2 
• 2k 2

F. _ O. F (~) :n ~ (- I) le (r) I [ 3 (J 2(pr) _ i,(pr» _ 
- I 21< 0
4" k~ O (2k) l! 

/ 11/ 

e(r) 10 __ ~ 


---- J (pr)J , (prj <NI (un) 'I N> 1
o 

.• " _ :n 2 
- 28 = " v (F(r)) . - / 12/

• 4w 

3Ae.Cb <NI -COCTO~H",e HYKnOHa c onpeAeneHHblMlo1 npoeK4H.RM~ CnHHa 0' I. 

H H30cnHHa '0 . ~HaroHaflb Hwe no <NI MaTPH4Hwe 3neMeHTW /10/ , 
/11/ OTnH4HbI OT HynA flHWb A n " , 0 ' tI z. ' H AJl,. ~~, t/J ~ ./. 0 
nony~a~ TcA Aanee pa3n~~~we ypasMeHHA /22/. / 23 /. HHAeKc .8 
111 / , / 12/ YKa3WBaeT Ha TO, 4TO 3 T H COOTHoweHH~ Bbin OflHROTCR Ha 

nOBepXHOCl H MeWKa. Mw 3anMcanH S /10/-/12/ sin (tiL, C08 (ill)
t" f 

B BH~e PRADa, ~TO YA06HO AO~ AanbHeHwero. 
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2 . YpaBHeH~A / 10/ - /12/ OKa3~eaeTCA B03MO*HWM P~W~Tb B c ne
AYIOUlCM npJ.16m",*eHH~. 6YACM MCKaTb Me 30HHoe no ne 8 8~Ae 

-N No/>N(;) ¢N (r) <N I(;ni I N> tb (r) COS 00' Z 13/2 Ia a a 

- H 
r Ae q,. (r) nona r aCM He 3aBHCA~J.1M OT cnHH-y rnoB~x nepeHeHH~X. 

H • 

nce S,QOCKanApHo e none d>a (r) npeACTaSI1 e HHOe B BHAe PA Aa no
I 

CTe neHRM · coo 8. COACPlICHT nlo1 Wb He4e THbie CTen eH", C08 8: 

N • N 2n
<I> (r) - cosO· ~ •. (cosO) <NI". IN>. /14/ 

a r. an :r: 

CM~C fl np HHAToro HaM", npeAno~o*eHH~ , 131 B TOM. ~TO MW coxpa HR
eM B tPn C"""?> IIO CHO DH YIO MO~Y'II .... COBO H 3aMeH:ReH CYMMY 8CCX "o6ep
TOHOe " ee CpeAHI<1M 3Ha4eHHeM • .(lanee MbI Bbl4HCn:ReM Ta KOe ycpeA

-N N~leHHOe ¢a (r ) a r naBHaR 3 aBHCHMOCTb ~ cos OUz; Bbitle.m!Ha B / 13/I 

RBHO. nacne nOACTaHODK H /13/ B /11/, / 12/ nonY4aDTCA. KaK narKO 
BHACTb , Bwpa*eHHR , COAep*ilUlHe Jl~Wb 4eTHbie CTcneHH (cos 0) 2n . KO
Topble M~ 3aMeHAeM, a CQOTBeTCTBHH C np~HATWM owwe . HX cpeAHHM 
3Ha4e HJ.1 eM 

(C080)2 ,. ~ 1 / (2m t 1) , / 15/ 

nacne 4e ro BXOAR~HC B /11 /, /12/ PRA~ C Y~M~ pyQT~, ~ 3T ~ ypaB 
HeHJ.1R n pJ.1H~Ma~T aHA 

• - N 
F(r) - 3 u g (pr) _ );(pr»} "in( l,p (r) 1 

I iN(r) I r 
~ ~ ; 

10 (,p (r) · ,ir ~ - N 
[-cos ( 10/> (r) I) + SID( l,p (r) I )]- :rio(pr) i 1 (pr) r ::!. r

It N (I) I Iq, " (r) I 

F(R) ~ 0 , / 16/ 

n- 2B.!::. _ 1- F(r) I / 17/ 
2 dr r e R 

ECTeCTseHHO. 4TO a HaweM np~6n~*eH~~ nacne y cpeAHe HHA no yrnaM 
M~ npJ.1XOAJ.1M K C$ep~4eCK ~ C~MMeT pH4HOMY MeWKY. J.1, corn~CHO /1 6/ , 
/ 17 / J paAJ.1YC MeWKa R J.1 3Hepr H"" 3anepTbiX B He M KBapKOB p ~Ie 

3a8HCRT or yrnOB. 
3. HaM HaA11e)t(J.1T Tenepb y6eAHTbCR B TOM, '-ITO 0 HaweM n OAXOAe 

/13/ Ae~CTeJ.1TenbHO YAoeneTBopReT ypaBHeHJ.1~ /1 0/. 

6 

BaCAR ¢yHKLtHIO r pH I1 a 

... -3 -t -It.t> .... .e "-11' <l r l ) = (2.) (dke (-k -1-n(O , k,p)) . /18/ 

nepenJ.1WeM /10/ B 8HAe 

,pN (r) ~ 4i"(r) <NI(;; ) I N> (dt, xq, -; 1 t)Q a (r;,) . /19/
a a 

nocne n OACTa HO BKJ.1 a Q nonA .'- /1 3/ B HaweM np~6J1...,)t(eHJ.1l>1 npa
a - ""'a

eaR 4aCT b 11 9/ Aon* Ha ~MeTb Ty *c cnHH-yrnOBY~ 3aaJ.1CHMOC Tb,4TO 
H neaaR, T.e . AOll)t{Ha . QKa3aTbCR nponOPt.tHOHanbHoH cos8.a ~. 
3ro . Ae~CTa""TenbHO, TaK H eCTb. nOAcraaflRR /1 3/ B npaayo 4aCTb 
/ 10/ . nonY4 aeM AnR Hee B~pa*eH~e Toro *e aHA8 , 4 TO ~ /14/, J.1 . 
eC Te cT BeH Ho, nOCTynaeM TaKJ.1M *e o6pa30M , Ka K J.1 paHee: OCTaanA CH 
n"'Wb OCHOBH~IO, - C'.os() 1 I 3aaHCJ.1MOCTb OT 0l, a Bc: e 4e THbie CTe 
neH'" (CObOl ).o:.m 3aMe H.A e M ~x. cpe AH"'M 3H8'-1eHJ.1eM / 15 /. TorACI Bblp8)t..e
HHe n OJ\ ~HTerpanOM a npanoH I.4 ,aCTM / 191 MO)t(HO 3an.J.1C8 Tb B aJ.1Ae 

~(~ - ; , ) Qa(;,) · Qa (R) < N I(~ ",):N ,X ( ';- ; I ) 

1201 

. ":0080 , ·Qa(R) T. 1I 1 - ' I ·)' - r, /'" r , . R . n 1 

r Ae Q a (r) Yl!~ He 3aaJ.1CJ.1T OT c:nJ.1H-yrnoa~x nepeMeHHbl X ~ Bbl pm"8 
eTC.R 4 epe3 ch a (r) . nOCKOflbKY Q COAep)I(HT noaepXHOc. THbie 'i - ¢lYH K

~ .... I-t fi 8 • e /19/ OC:TaeTCA }1J.1Wb J.1 HTer pan no Hanpaane HJ.1 RM eeK -
TOp~ ,', . B /20/ 3 an~WeM cosO I .• BHAC 

(".(lSO. = COs (J • cos 0 ' ~ sin (). sinO ' COG ,),. /2 1/ 

rAe 0 ' - y r o n Me*A)' Htlnpa Bne HIo1 AMI<1 Q ~ 11 I nn 1 . cosA' y 
yron MC*AY nnOCKOC TRM~. e KOTOp~X ne*aT BeKTOpw n'" . ii z '" n,ii • . 

I 

~YHKLI"'R :£ ( t - ; t l ) 3aOHCHT OT on 1 - cos" ', yr na 0" Me*J:IY n H n I , 
H HC 3asHtHT OT y. n03 TOM Y HHTerpan aT BTo por o 4 neHa B /2 1 
paBeH MynlD, a B nepBOM cosO BWHOCHTC.FI 3 a 3HaK HHTerpa na, H OCR 

npaaaA 4aC Tb / 191 nponOPllHOHa.nbHa 0 ~ cosO. 
~ . OKOH4t1 TenbHO B H8 we M noAxoAe AnA c~cpJ.1 '-1 eCKOrO MCWKa HaxO

A"'''' H3 /I 0/ . / 19/ ypaB He HHR /IflR ~ N(,) H3 / 13 
a 

3(J2 _ )2) iN ':'N !OJ ) , N ~ N o 1 0 1<1> I.1. 1_ 0. ' 0 5; ( _1<1>_) ~·Si(--· -) • 
2 " r~» 

fI<I> N 1 3 1i N I r 
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IIC" ) tta pHC. 2 HMelOT HHHHMYM, KOT OPOMY H COOToeTCT SYIOT P(R). iJR).
iO(R) , HaHAeHHwe H3 peweHHA ypa 8HeH"H / 16/ ./17/. / 22/ . B c nY4ae 
"a" )(OTR H Joo1MeeTCR COCTOAHkC YC T oH4 101 Bo r o p aSHoeeCIo1 R. HO CHC T eMB 

y *e cpaSHHTe.nb HO "HeAa neKatl OT He y c TOH\fHSOCTH: MHHHM)'M H MBKCH 

MY,", E(R) p831lH4alOTCR Ha He60n b wyao BenH4HH Y Emu.- E mto «j «Em1ft • 

Aan bHeHwHH POCT P HnH B npHaO~HT K AanbHeHweMY c6n lo1*eHHO E 
m1n 

H Emu ' a n p H KpHTH",ecKoH n.nOTHOCTIo1 P = pca(B) frotHHH,..)',.. '" fr48KCHMYM 

E(R) cnHsafOT cA , M npH P > PpasaBHCIotMOCTb E(R) Io1MeeT aH~ , n pe,QcTae

neHHw~ Ha pfo1C. 2 KPHeoi1 l i e' • B 3TOM c n Y4ae cHcTeMa, 0 4 eBHAHO, 

YC TOHI.4HBoro COCTORH..,R He HMeeT, MeWOK·t~YKJlOH s R~epHOM BC-l1leCTBe 

c TaKO~ p cy~eCTBOBa Tb ~e MomeT. 

.3 . Ha plooiC. 3 npC-A CTa sneHa 3aBMCHMO CTb KPHTw.tect<oH "nOTt-tOCTH 

PC ! B)H COOTBeTC TOYlOOIlcro eH KpHTH4eCKoro paAHyca MeWKa R o(B)Ol B. 
KaK 8HAKM, p.~B), R.(D) C peCTOM B YHeHb Wa~TCA, TaK 4 TO AnA 
B co 3 .. 0) 2 r3B/ c:tJ 3 MeWOI< Heyc TOH4HB y*e B AAepHOM eelij,e CT Be cpa e 

HHTen bHO Hc60nbwoH: nOOTHOCTH p __ p 0 - nroTHocTH OMHblX f1Aep . 
3 TO 03Ha4a.n0 tiM, 4 TO y*e RAepHoe 8ellleCTBO 06bt"4HOH "nOTt-teCT.., Po 
He Mo*eT COCTORTb n HWb ~3 06w4HblX T peXKBapt<OB~X MeWKOB-HYKno

Hoe, HO Aon*HO cOAep *aTb n pHMeCb HHWX COCTORHH~: t<Bapt< -rnOOHH~ 

nna3MW, MHorOKBapt<oBWX MewKOB H T.n . PaSYMeeTCR n p H p «poMeWOK 

YCTOH4HB H AJ'IR 04eHb oonbWHX B /CM. p..,C.)/; B n ycToT e , p =0 , 
poeT B e eAeT K YMe Hb weHHIO ero p a SMep a. 

PHc . 3 . 3aSHCHHOCTb XpHTKGeCKOA"f.. nnOTHOCTIl p 08(B)H COOToeTCTByro

Iltero en KpUTK"fe CKOf' O pa,tlHyca 

R. (B) OT BeJ1lt'1HIihI B. R - Bell .
" !fl , ne e OCTaJlbHb:le aeml4HUhl » e.a.. 
~.•.~-.-~--- h . c - =l.m1f"" 

~~...!
I '· • I " 

~. YBenH4eH~e p B~aWBaeT YMCHbweH~e R, HO H3~eHeH~~ 3TH, 

KaK sHAHO H3 pHC. 1,3, OTKOCHTeJ1bHO HeaenHKlo1 . np.... p - Po R(po ) 
o cero Ha -3";' Lt% MeHbwe R(O) B nycTOTe . HaHMeHbwee AOCT H....HOe 

npH AaHHOM B 3Ha4eHHC Rlpca) ) npH f(OTOPOM HacTynaeT Heyc Tol:1

~HBOCTb ~eWKa, OTnH~aeTCA OT nYCToTHoro R(O) He 60nee ",eM Ha 

- 10%. HeBo3Mo_HO Ha HHoro YMeHbWHTb paSMep Me~Ka-HYKnOHa . 
KaK 8MI\HO H3 pMC. I . npM P 2. Po nOnY4aeTC" <11 0 (R) - I • M Hen.

3R Y4MT~BaTb MeaOHHoe non e MeWKQ no T eopHH B03~y~eHHH, o r paHH

~~ a aRCb B HaW~x ypaU He HH"X n HWb 4ne HaMH, nHHeHH~MH n o i o(R) . 
OAHaKo An" p « Po non e f o (R) « 1, H n03TOHY onp88AaHa nH He a PH 3a
~"" CIlM II I . 

5. BmoiAHHC ItACp Hor o Dell(e c.TBii Hi) MeWOK -HYKnOH CHaSlIIlH l eTCn B 

CBM 8 H 3MeHeH HH He30HHoro noml t B3a HMoAe .:1cTElYDalCr O C KBapKilMl'1 

Ha n oaepXHOc.TH MeWKa , 4 TO B ~t illl.J l'1 X ~ CCl1eA08aHHn x Y 4 TC HO 8peAe 

H'1 eJoo1 kl 131 nonRpH3iU~ ~n., CpeAbi Il l,,) . B CBR3 l1 C 3T HH n o n C3HO a a 

,,,e THTb /CH . PHC .14/ I "'TO, c o r naCHO HaW~M paC4 e1' ()M , nHaHMo e n o n e 

Otle MeuU,a i6wBiJer o H tOCl1Ten b HO fr4eAne HHO: Ha paCCTOAHHYI . paSHOM 

c.peA HeMY paCCTORH~U Mel-A)' uyt<nOHclMH • .fo(r) e~e AO C ral' O\(HO BCIU1 KO . 

Cne A OOa T eJlbHO , MC:30HHoe none Hd rpaHMue A aHHoro MCWKa CKnaAbl o a

CTe A lo1 3 MC 3 0 HHblX n oneft HtlOr HK OK pY"'aJJLltHX e ro MCWKOS. 8 3HtX 

y Cl'KJ D"1 RK D03A eHcTo'-1e c p eAbl Ha HY K n oH, T . e. 14CK t]MlCHHC HeaOIUiOIO 

nOlln Ha nOl3epX~IOC TU MeulKa, MO)tl...·IO OnIoiC()Tb Bs eAcHHe M B t!J1~14Ht tbl 

U(p) f xa paKTcp I1 3 'y ll)U.j,e~ cpe AHlote c.eO~C:Taa RAepHoro eeute CTua H n l-1 -

OHHoro nonA n He M . nOAofiHO rOM)'. Kat< 0 ;Jl1e KTpOAl-1I~ ;]M~tK~ c p e/VIHc 

CBOHcTBa ~ peAU on~~~D~~T CR A~3neKTpH4ecKo~ npoHHU aeMu~T blO H Mar 

I'IHrHOtl BUc.n pl.u 1M'-',",OOC Tl.I10 . 

PH~ . 4 . 3a:Dl I!: Il MOCl , . ~o(r) MH {U1 3 

rf ~, I 1.-- JHlllHblX B f P • I\.p UHlHl II t \I lIIJ.11Y

• 

-Wlt8 ntHl 8 . 2 . [I - 0 ,7, "' PllOlIlt .'?H_ 

tlpH 8 ..... 2 , p "' O, b. t\ Plf lH1R II » " ~ -~ n p H 8-0,li , r ...- I .L 
--- cc~ 

1 ,.I11f 11>1• 

I'I . 3AKJ1I04EIHIE 

npOAo n * aR B HacTo ALqe H pa60Te Hb~aToe B I S .I n ccn CAOBilHl-1 e C:JM 
D RAe p H(»t SCu,tCCT De , MW OTK~ 3anYlC b OT n peAnOOO)f(CHHR 0 c n afiOCT'1 

n HOHHora nonA MCWKa ~ BwnonHHn~ Bce pac~eTW C HenHHCHHMMH no n 
KI1 PiWb HWM na r paHm..,dt·tOH /~/ . Kat< Mr.t lhtA enlo1, OC HOe1lbl (! Ka4eCToeHHwe 

BblSOJlj tll p a6oTbl /8 / ocralOTCJ=I B CH Ile. Yee.nlo14CHHe P De lle T t< CMfl.r4CH j.11O 

n HOliHoH HOAt.! .., y CHIIeM l110 n HOHHOrO nOJlR '; 1 (fu. 410~ B COOtO 04e

peAb t npltl DOAlo1T K YMe Hbwe H",,1Q p a 3 ....epoB MCWt<a . B cpe Ae C p > P(; U 

cy~cTBoBaH lote MeWKa HeBO~MO~HO . nPM 3TH~ p n ...,OHHoe none " CTa

HoBHT e " C Tonb c~nb H WM, 4TO HCB03MO*HQ nOCTp OHT b ~MCTeMY 1013 Tpex 

KBapKOB, 3anCpr~~ B MeWKe ~ B~a~MOAe~CTBY~HX C " H a n 0 8 e pXHOCTH 

MewKa , c o rnaCHO 14/. Ho 8 AaHHoH pa60Te MW nonY4H n H CYLqeCT8e HHO
/ 31 

HCHbWY1O, ",eM B I S /, K pHT¥l4 e CKYIl n JlOTHOCTb P c O. P ilC.... £!TbI 0 A olBa 

m t P OB - Po . rAe Pc .. 3p 0- nn0 1""'o cTb , np'" KOTOPOH An" k~ .. 38 /30/ 
06pa~anac b 6w 8 Hynb "4aCTO. Ta !, HOHHO~ MOA~ B RAe pHOH Be~eCTBe 

., ' S 4
t.>( ko) ~O. T. e. w=O 8 /3 01 . . Corn aCHO ..e pe3ynbT,Ha" A8H>'OH 

p a60Tbt . y.e " PH cpaBHHTcnbHO He 6011bwoM B ",, 3 nnOTttOC Tb p C; [J 0 Ka3w

aaeT CR t. YlqCc.TD e.,tHO MeHbWe P c ' AnA 8 n onHC pa3YMHl..lx 0 .. 0.2 r30/cI'>3 
npoc ToH TpexKoapt<oB~~ MCWOK Mo*e~ C1a T b HCYC.TO~4~B~~ y*c npH 

p .. p 0 ... nooTHOCTH OWI.4 HWX nAe p . B03MO)KHO, RAepHo e Bel14eCl' BO o GbI'-f. 
HOYt nnOTHOCTH Po He ~eJU"(OM COCTO~T 1013 HYKl10 HOB t t iC cOAep*~ T HC

KOT OPYIO np...,MeCb COC TOAHHH HKo.::i-np5'lpoAbf. 4 T O HH TCHCl1B HO 06CY* Aa

eTc.A CC Hl,.lac. a pnAc paGo T ICJo<I. Ha n pHMep, n .lo/ . 8 Hc)W.1X IItccneAoea
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lOjo j I ::." ,j,
"N 

:n 
2 

+ ;0 iO(I) j 1( 1) sint/ll. .. <,,," (Il) / t, x = pR o 
¢" r N ~N [SI (~) - 010(-- )]1 4,;""1(R, r) /22 / / 26 /o 0 0 t f r =R3 tN 3 

-N :: N - -N N npH 3TOM p(U). K.J K ctJYHK 4HR R , onpeAetlFlCTCR 113 /1 6 / . Pa 3YMeCTc A.3(,2 ,2 ) 10J O J1 9 0' O- N ) 0 - ) 1 AnR YC ToH4HBoro COCT OflHHR MeWKa /2 5/ Aon~HO COO TC e TC TDQBa lb~I- Si(~) +9Mo(') 
2 :. }\ r . s ..HH..... y ..y E (R) . 

o f 3 1i 
NI /23/ COBMCCTHOC peweH"e R. p • ~o(R) ypaBHcHH~ /16/ ,/1 7/ ,/22/ CD ~ 


OT BeTCTB YC T yCTOH~HOOMY paBHoaeCHIO Metul<a , CCIH1 n p H Jhf)( R. P ,!N : rI 
1<1> 1 IQ I 

2 
0o(R)3HcprHR /26/ HMeC T a 6co n IOT Hbik MH HHMYM. n O J TOMY B HClUH1X

• [51(--1 - 6In(--)11 R ~ I{R, r)
f r p. AanbHe~wlo1x ~'C Cm!AOB aliHJ:n( Mba n p o eep ReM. COOTBCTCTOYCT 11..., H3H,Q,eH 4" 

Hoe npH naHHblX B . I' pewe HHe /16/. / 17/ ,/72 / MH HHMYMY E(R / 26/ . 
Ecmt It:C AMI HCKor opoi1 nnOTHOCTI1 p ypaaHeHHR /16/ , / 17/,/72/ lie 

J(R, r) ~ R2 r dn'(nn') f.( ; -r ' , ) . I;' :R, ~MeK)T COBMeC T HbiX PCWCHI1i:1, E( R) He "'MeeT MHHHMyMa , H:, CflCAoaa 
TGn bHo. B RAepHOM Bc~ec TBe , T ~KO~ ~ MeWo K-HYKnoH cy~eCT BoBO~ b 

t,e MOllfeT .-N 
KOt-lnOH eHTbl ~ ( r) c ~O H a# 0 , Kd K BHAHH, a3n1.1'·U-Ibi . P~WCH~'C 

A1lR J; :(r) HMe:T I3V1A 

LV. KA4 EC TBEHHOE ~CCnEAOBAH~E YPABHEH~~ 

i O'tr) : i o(r) < N I' 0 ' N> • /24/ 
1. ~o o6cY*AeHHR pe3ynbTaToB 4HcneHHo ro ' c4eTa npoBeAeM Ka

4eCTBeHHoe ~CCneAQBaHlt! e HaWI1X ypaBHeHH~. 3an~weM / 16/ B BHAe 

rAe 3aeHCI1MQCTb OT npOeKLtHH H3DTonH4ccKoro cnHHa,N BbiAcne'la 9 j ~(.) - j i (x) ¢O(R) 
flBHO. nOACraBIf1B /2~/ B / 23/ '" Y4HTblBaA. ~TO ( r N ) 2 ~ l, nonY4 aeM 1 , x ~ pR.Vi' - ctg" /27 /

I< 0 
nocne COKpaL1.leHl-1R 06:"HX 4a CTe;' Ha TO y p a_BHeHHC AnA ¢ o(r)· = 10 J' (x) i (x) "' ~ f 

o 1 
Y paBHeHlo1e /23 / AnJ't cP ~ I- 0 Io1HeCT peWCH"1e '" B=- 0 '" HHbP( pe~~HH;' 

HMeTb He MOH<eT • .Ilei::tcrllVlTellbHO, cell"" npe AnOnO)l(I-1Tb. 4TO ¢- f3 7' 0 , npl1 113MeHeHHH ~ O T HynR A O " neBaA 4aCTb / 27/ MeHAeTCA OT HynA 


TO o6e .... acTH /23/ Ha ¢~ ,",O*HO COKpantTb. n O Cfl P 3Toro Her pYAHD AO 00Q t n pH '" -. 0 OHa ... 1/1/3.... 0, a npH ifJ f " Ha~AeM AfIR Hee 


B"Ae Tb . "TO / 23/ c OBMec 'fHo C /22 / D"o.b np" SI Ct"! I f) : 0 , 4cr o ~ 1/ (" - ~~) .... 00> . Yael1H4eHHe r/; OT HynA AO ~ cooTBeTcTs yeT YMeHb

- N -'K 
 WeHH~ x OT x = Xo = 2,04 /nepBblH l<OpeHb ypaBHe..IHR jo(x) "" j/') /

6bJT b H e MO>tleT. MC30 HHo e nOlle ....MeeT m1Wb KOMnOH e HTY ¢ 0 ' It! I~ 1= 

AO tlYl1F1, TaK 4TO npaaaJ"l ·... acTb /27/ MeHReTCS OT HynA AO ~ 3 / l: • 00> 
~ ¢ 0 " / 16/ ,/17/ ,122/. HJ COB,,~cTHoro £,eWeH"R ypaBHeH"~ / 16/. 
npH I - 0 . Ho COOTHOWeHl1e HeonpeAe11HHOCTI1 AOnYCKaeT nl1Wb x ~ 1,/ 17/ H !.22/ np~ r =R Ha~OAHM ¢o(R). </10 (R) , R. p. a 3 aBHCH
H AnR ~3H4e~KI1X COCTOAHH~ nHOHHoe none 3 a BeAOMo cy~ecTBeHHO 

MOCTb ~o (r) ' '' o(r) OT r nplt! Ha HAeHHbl x R, P o npe AenneT CA (J)YHK-
MeHb we r ." = 2 . T aKHM o fipaaoM , YH<e H3 y e llO D..-u" ~ r = 0 / 27/ aaK

~Het1 I(R ,r) B /22/, . A 
ll~4aeM , 4TO KHpanbH~~ Me WO K Mo*eT c~ecTBo BaTb , I1MeR Me SOHHo e 5. KaK 1t!3Be C: THQ 1·>, ycno sHe nil T il "" 0 /' 7/ cosnaAaeT C ycno
none TonbKO MeH bwe 3Toro Kp1t!TH4eC Koro. 

BHeM 

2. H3 / 22/ H /27/ nOllY4aeTCFI YAo6Hoe Al1A Ka4eCTBeHH~X Hccne
aE(R) = 0 • /2 5/ A O SdHHH COOTHoweHHe 


aR 
 t 
rAe E - 3 HeprHA CHCTeM~ !. -1(R. R):n 2 1 : a(p) • b(",) . c(X). · a lp) t 


2 4"t 2 
o ~ '\11 3

E ~ rT °d r = E, + E o t E. ~ 3p + :I R B + /28/ 
sio '" 12 • b (" ) Si '" + - - ---- c (x) ~ j ~(x) - J~ (x) • 


+ R:n-I(cos" _ sin "' )( ~j (xl il(S) ..!, - 3(i ~(X) - j i(x» + T t/I 1- ", ctg", 

4 of; 3 0 " 


CBA 3b1BalO~ee r.P ex, p • 
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Ben.4.Ha 1 B /22 / , 128/ cOAep"'.T 't(r) /18/ . B nycToTe,np.
n:: 0 ~O {r) xopowo 1013S€CTHa 

't O(r) _ e -r / 4", . 
/29/ 

Bblpa}l( e H~e t:I.nfl ~(r) B At:l e pHOM Be~eCTBe 

A . r c -r! r 1'1:(r) - 2"'1' e c(~o sin(kor) + - cos(kor)) r j y , 
r ' cc <;2 

5V w". ~A2b2 - 2' h b, -20 > 0 ; /30 /o 4 (l) 

< W(pc "' o· "' 
-2o , ~. (J . (uo 

(~~"= c(p ~ -p ) + 5a .'\ . . kg =k~! ,dp -p:l . P '=1,b 5a" c = 1 ,1.c e"' c 

pC 1,51, • 0.2, b ~ 0,6 , Ie = 1,3. k 2 e 3, y - 0,8 , 
C c 

6~no nonY4eHo H o6CY~Aa~ocb a 31 .4T06~ o 6eC nel.4HTb Henpep~D HblH 
nepeXOt:l 01 / 29/ K ~ (i) B cpe,Qe . Mbl B Be nH B /30/ K03¢¢~IlHeHT A I 

KOT OPblH Me)-lfleTCA nHH e l1HO nO p OT y/2 npH P - 0 AO 1 np.., P 2. ,J 0 = 

=0,5. npl-1 3TOM OCTaIlbHbje Ben"'4~Hbi B /30/ MeHAIOTCA TaKHM me 06

pa3 0 M OT CBOHX nycTOTHbiX 3Hal.4 CHHH k o =0" ;;,t! = 1 ,. =-1 . r (" = 1 A O 

3Ha4 e HH ~ B AAe pHOM Be~ecToc H3 p a60T 13 , 1 . HanOMHHM , 4TO n pH 

Bbl 4HC.l1t~H"" ~ II 8 ' t 'y 4 .... TbrBanHC b H 3 <f)¢1e KT w Hem t He i1 Hble no n HO HHOMY 
t 

n OIlio, \..lTO OC,lIte CT Bn RflOCb oeeAeHHeM 3 $¢1eKT I.1BHO r O mr -8 3 aIo1110

Ae~ C T a HR 1\';' 14 . Be JlH 4 111Ha }\ ....el.13BCCTHa 101 AB n AeTCR na paMC Tp<»t 

Teop~.., . P e3ynb T a Tbi pa c~e TOS B AaHHOH p a 6 0 Te, . KaK H npH BeAeHH~e
·S f 

8 n pe ,QblA>;~.CH , A nA p a3JlHI.4 Hbf )( n S A:£ l pa3JlH"'I aIOTCR HeC YlI&e CTa eH-

HO / e M , ' 'I. n03TOMY . 4T06w He 3ar pOMO.A~T b DHCYHKH o 6 H nMeM 

KPH B~X , Mbi npH BOAHM Aanee 9 pa3Aene V pC 3ynb TaT~ 4 Hc neHH~x pac

~CTOB c 1\&0.5, C .T -4>YHK4~A"~ 8H/<a /29/, /3 0/ I(R, r ) ne r HO 
' 3 ' BbI4 "'C nA CT CR !CM. I,.., He r pYAHO BHAe "l b , 4 TO poct n nOT HOC T lo1 

seAe r K pOC Ty HR . R) ~ :I B /28/, T .lf( Kat< y a e l1 l.ot"l e H Lote' p yae flH 4H

BaCT r e 101 Bee sblpa'ttet·u1e 13 0/ . 
3. 4 T06~ B wnonH~fiOe b / 28/. pOC T a ~On*eH conpo80~AaTbCA 

YMeHb We HJ.1 e M n p OH38e,qe HMA bl w) .c(x) Kat< Mbi YJH:e BbiACH..,nf.1, 1013

Mef~eHHIO l.3 o r Hyn A A O TT 0 j:lHO'3Haiojl-f O c.OOTBeTCTBYCT ..,3MeHefou" e x 

OT 1 0 A O rtYll A . Be0a.14t1 Ha c(x) MeHfH~:TCA O T C _( x - 10) -"0AO eAI1Hi1UW 

npH 1.1 3MC HeH ~101 I 01 :l 0 AD HyOR IT . e , ~ OT 0 A O rr / . n pY! ~J .... U 
Hai1AeM b ltil) ~ 3/ vJ 2 <:>c, Ll b llJ) _ 1/2 , C Yl.4e T oM o n Hc a"U iOro nOBe -0 

AeHHR a(p). b(Ib), c(x) MO*HO BblRCH~rb CBo':;'c TB a p e WCM I1H /28/ npH 

pa3nY!4H~X p. np~ MarlO", a ( p ) IT. e, Ma nOH p i AO CT a TO-4HO 60nb

W.YIO 8enH4~HY c ,b MO>KHQ n o nY41.1Tb npl.'l MnnOM tb « l iT . e . cna60M 

10 

non e /, T . K . n p~1 ~/' O. x • .1. 0 npol.13BeAel"'U1e cb MO)f(eT eTaTb CKOJlb 

yr oAl1o 6onbwHM , ~1 /28/ GYAe T BbinOnHe HO npl'! fl106oM, CKDllb yrOAHO 
H allOM a. . npJII yBe.Jlj,.11.4 et-U1t.1 p H a n OFlBJlAeT CA '" l.1HaR B03MO)t(HOCTb 

Y AOBn e T BOpt1 Tb /28/ : Bell "'~HI-ty l / a MOMCH O nOJlY4""Tb. eCJ1101 a He 

CJlIo1WK OM Mana, He TOflbKO npH I/J « 1, x ... x o. HO H npH Clo1nb HOM none 
'" ~ l J.t x < "0' KorAil b(I/!) - Ih , c(x) ~ 1 . Ta K"IM o 6 pa30M. Mor YT 6b1 Tb 
ABa ~pMal1bHWX pcweHMA 128/ , ~. Ha~AA HX, MW Aon*HW npoeepHTb , 
KDKoe ..,3 HMX COOTSCTCTBYCT MHHHMYMY E( RY26/. K a t< 3 T O p a3"'bRC 

1'It4110Cb e KOM lte npC-AUI-AYl.Qcro paSAena", lo1a on HCaHHOiO 9~U1e n OSeAeHa.1 J=1 

C (.l) I b{""l RC IIO . lITO CAenaTb npOH 3BCAe",,,,,e b . C CKOJ1 b y r O,QHo ,..a

TIIIM 1~enbJA. nO:~nOMy n plo1 ,Q,oC'TaTO"-l HO 6 0J1b WOH a ~ p 128/ H~ n p"1 

KaKHX ~,x 8 wnOflHHTb Henb3R ! Me WO K B ~~epH OM Be~eCTBe CT o n b 

60nbWO~ nnOT HOCT~ Cy~ecT8oBaT b He Mo*eT , 

v. PE3YflbTIITbi 4HCflEHHblX PAC4ETOB H HX 0 6CYJI(IlE HHE 

1 , n e pcHACM T encpb K OOc.Y*.QeHI11O pe 3Yfll:t TaToB l·n 1cneHKOiO pe

weHH" Y P~8HCHH~ / 161 ./ 1 7/,/13/./22/./ 2 ~/ C T-~YHKUHe" / 30/ 
'" a~4HCT1CHI1:R 3Hepr~14 E(R) /26/ . Bee HaW'1 ypaBHeHH ft 3aBH CAT OT 

Ben~4HH~ D~Kyy~Horo Aa BneH ~A Bt KOTo poe CBR3~s aeTCA C nnOT

HOC.T blJ 3Hepnt~ KXJ;l s a K)l yto'la E V.l
C 

/ $ / . Cor n aCHO c ospeMeHHblM HC

Cf1eAOBaHHR~ 1$.& / , MO)t( HO nona r aTb -Evac _ B = 0,4 rs B/Cl) 3. ' 10 Ba 

KYYM ~3 Ofi'beM i3 MCWKi) MOll(eT I3 b1 TeCH RTb CA n l.1Wb 4aCTW-lHD / CM. 15.6 / / I 

H B COCTa snAeT nHWb A OIlD 3TO~ Ben~4 HHW . nOCKOnbKY B B HaweH 

3aAa 4 e TOI.4HO He 1.138CCT HO, Mbj npOBoA~nH paC4eTbl C pa3nW·IHblM~ 

npHeMneH~M~ 3Hal.4eHHAMH B, I.1CCne AYA 3aBHC~MoCTb pe 3ynbTaToB 

OT 3TO~ Ben~4HH~. KaK SHAHO H3 p~c.', AnA pa3nHI.4H~X B peWeHI.1A 

HaWHX ypaBHeH~~ ¢'O' <folo I R, P 3aBHCAT OT nnOTHOCTH P B OCH08

HOM n OA06HblM oopa30M . np~ He6o nb woH nnOTHOCT~ P < Pi (B) eCTb 

nHWb OAHO peweHHe, H 306pa~eHHoe Ha pHc. l cnnOWH~M~ KPI.1BbjMH . 

np H" ::H OM R l(P) He3Ha4HTe Jlb HO OTm1~,taeTCfl OT nYCTOTHoro 3 Ha"teH HA 

R, O) , n~OHHoe non e pa cTeT C POCTOM I) ~ He n peBOCXO AI.1 T _ 1 ,a 

Benl14l-'1HB .t == 2. ,llnA Ka)KAOrO B Haw~ ypaaHeHIo1A l-iMeIOT , Hal.4lt1 Ha,A C 

HeKoTo p o ro p ~ P I (B), 1.1 BTopoe pew eHHC /WTp~xoBaHHble _ KpHBbie Ha 

PHC , 1 / C MeHbW HM paAHycoM ~ CJ.1nbHbiM nHOHHbiM noneM (/l o(p.~~ 1 .5 ~ 2. 
KoTopoe C pOCT OM P YMeHbwaeTCR. ,llnA ST oporo peweHHA x ~ 1. C poc

TOM P oca peweH~A C6n~}I(aIOTCR ~ C08naAa~T n p~ KPHT~4eCKOH nnOT

HOCH1 P CB(B); AnA P > PCB Haw~ ypaBH e H~A COBMeCTHbtX pewel-U1H 

He "'MeIO T . KaK BHAHM, pe3YIlbTaTbt I.4~CneHHbtX paC4eTOB nonHoc T b ~ 

COOTBeTC7 BYlOT BbtBoAaM npOBeAeHHoro BbjWe Ka4eCT eeHHoro HccneAo

saHHfI Haw~x YDaBHeH~H. 

2 . HaxoAA Anfl t:l a HHb!X p, D 3HeprHIO E(R) 126/, Ka K 3TO om1Ca

HO 9 KOH~e pa3Aena ITI, Mbt y6e)KAaeMCA , 4 T O nepaoe peweH~e 

/cnnOWHble KpHB~e Ha pHC. 1/ cooTBeT clByeT MHHHMYMY E(R) ,BTopoe 

peweHY!e 06y cnoB.neHo HanY!I.4He~ y KP~BOH E{R) STOpOH T04KY! 

InpY! MeHbWeM R /, rAe JE(R) laR. HO cooTBeTcT8yeT OHa He MY!HY!

MYMY, a MaKC~MYMY E(R), 3aB.C.MOCTb E(R) '¢o (R), p(R) AnR HeC
KOllbKHX xapaKTepHblx cnY4aeB npeAcTaBneHa Ha p!.1c . 2. Kpl.1Bble ILaii I 
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=-N i 	 0101' 
0 1, 1 - I< N -II ,II! I... N n" 	 , 13 j (. ) j (.) sin "'I. '" • "VR) /( . x - pRo 

- sinl--' )]1 4,;"I(R. r) 	 o 1+ -- "' 0 ' 0 ,10 [81(--,) 	 /22/f r-., ~ 	 /26/
3.$'N I S 

-N ~N - N N 	 n pH 3TOM p(R). K'at( ¢lYHK.ql1R R) onpe~em~eTC~ 1A3 / 16 / . Pa3 Y'",E'eTc R. 3(J~ - j '1) IOlo I I <Po t 0- N _ ... H_ Sl(~) 	 AnJl yCTol44~Boro COCTOAHl.-tA MCWK8 /25 / AOn)l(HO c OOTee rCTBOBalbx
°fUo (r) - 2 • I " HHH"y><y E (R) , 1

I ~N I' 31i NI ' /23/ ~ Co.><eClHOC pewCHHe Il. p • io (R) ypaBHeHH~ / 16 /,/ 17/ ./22/ co 
-:: N ': N 2 OTBe T CTByeT yCT0I1\.1110OMY paBHOBe CHO ",eWK3, e CfH1 n pl<1 3TH X k t l' , 

¢o(R) 3Hepr iotA /26/ I1MeC T a 6co fllO T HbiM MIr1t-1UM)"~. n 03TOMY D HaWI1X[Sl(~) - 8iD(!.!J.)1l ~ I(R. r) 
r r t -= R 4. 	 AanbMCHWHX l1 c.cnC,lloaaHHRX H bI n p oa epAeM. c:.OO1 8CTcl' DyeT n1; H~i1ACH

Hoe n p" AaHH",x B. P peweH."e /1 6/ ,/17/ ,/22 ! .... 'i....y"y "(11 /26/ . 
[ e n ", ltCC AnA H CKO'l OPO'; n n O T HOC T H p ypaBHe H III R / 16/ ,/17 / ~/22J HC 

\ (R, r ) ~ R2 r d;'(nl1" ll"\; - ; '). ';' , =R , 	 ~Me~i coaMCCTH~X peweH~H , E(R) H e ~MCC1 M~H III MYMa t ~, c ne~08a

TellbHO, 0 RAe p HOH 8e~eCTBe C TaKOH J) HeUJOK-HYMIl0H CYlijeCT8 0aa'T b 

!--I e H O)Ker. 

KO ,.m OHe"ITW 
-N a,. O. KilK 9HAHM, pa3nW·IHbI. Pcwet'lote'" a(r) C a -0 " 

An" ~N(rl w",cel B~A 
o l V, KA 4ECTBEHHOE HCCflEAO BAH HE YPA BHEHHH 

i ;:t,r) = ¢0 (r) <N Ir 0 I N> !2~/ 
1. ~o 05cY*Ae H~ R p C3ynb TaTo8 4",cneH Hor o c~eTa npOBe~eH M3

~eCTBeHHoe ~ccneAOBaH~ e Ha wlo1X ypaaHeH~H. 3 anltlWe M / 16 / B alllAe 
N

rAe 3aBlo1CHMQCT b a T npOeKLlI-1I-., "'30 T OrU14eC Koro CnJ.1Ha r BbtAe lle Ha j~(X) -j~(O)
1 	 <Po(R) x • pR,ASHO . nOAcT aB ~1 B /2 4/ B /23/ 11 Y 414T WSClA, 4TO (rN} 2 2 1, nony~a eM VI - cIg ;; • L 	 /27/N 0 -	 10 '" = na cne cm<pall.\eHHR 0 6':,.HX 4 a CTe~ HOI r 0 YP tl_B He HHC AnR rPo( r) " jo(x) j l (x) 


Ypas HeHJ.1e / 23/ AIlR r/J lj'., I 0 Io1 Mee T peWe HJ.1e ¢ ft~ 0 '" l-1HbfX P~~H"'~ 

"'He rb He MQ)!(er. ,/l e~c T~"n enbHO . eCflH npeAnOIlO)t(..., Tb . 4TO ~ f3 .. 0 , Op'" 1013MeH e HI-H1 ¢ O T HynA A O ., neaaA 4 a CTb / 27/ MeHReT CA OT H}' nJl 


TO o6e ~a CTH /23/ HOI ~~ MO*tiO c.OKpa H 1T b. n~c'l1p 3;oro HeTpYAHO AO "" t np'" 1/, • 0 OHa - ~J/3 ~ 0 , a nplll i/J ~ Tt Ha~ACM AnR Hee 

BHAeTb , 4T O /23/ COBMeCTHO C /2 2/ Il14Wb r1plo1 SI CtNj/ f) =- 0 , 4 e r e - 1( " - ~) ... (lo<j . YBeIU1L4eHH e tJ.t aT HynA AO li cooTee Tc ToyeT YMeHb


- N .!N, weHlo11Q I OT x =- Xo = 2 , 04 / n epBblH l<OpeHb ypaeHeHVI.R jo( x) '" j)x) /6b1! b He MOlt{e T. Me30HHoe none MMeeT m1Wb KOMnOHeHTY r/J 0 ' M Ir/J -, 
AO HY IlR, TaM 4T O npaB3R '..taCTb /27/ MeHReT C.A OT HynR AO 8, 2. :" X ... "'" = ¢ Q • /1 6/./17/./22 /. H3 COBM! CT HOrO E e WeH"R ypaBHeH"" / 16/. 
nplo1 I • O. Ho COO THow e HHe HeonpeAe llHHOCTItI Aon yc KaeT JH1Wb ;: ~ 1./ 17! " !.22/ np". rs R Ha xOA"" <po (R) . <p o (R). R. p. a 3aB"C"
H AnR ~H3H4ecK Vl x COC TOR HVlH nlo10HHoe none J a a e AOHO cy~e c TBeHHo.'"IOCTb tPo (r) • ¢o(r) OT r npIII HatlACHHblX R , p onpeAeJH~e TCA ¢lyHM- ~ 
MeHbwe f . rr a 2 . TaKHM o6pa3 0 M , Y>I<e H3 Y CIlOBMM 

" 

v J = 0 /27/ 3aK
~"e" 1(R. r) B /22 / . 	 ~ 

1l~4a eM, 4T O KHpallb~~H MeWOK Mo*eT cy~ecTBo8aTb, ~MeR Mea OH Hoe5. 	 KaK lIJ38eCTHO 1 '. Y Cll0BHe all 'f '" "" 0 / 17/ CQanaAaeT C yCIlO

none TonbKO MeHbWe 3Toro KpHT~~eCKoro. 
e..., eM 

2. H3 /22/ '" /2 7/ n o ny4aeTCR ),A06Hoe AJlR Ka4eCTseH KbiX Io1c cne 
dE (Rl _ 0 • 
~ -	 ! ~5/ , AosaHHH COOT How e HHedR 

rAe E - 3Hepr lll.A C HCTeMbl 	 a lp) ~ :!... - I (R. R» )! 2 1 = a lp) . bl<b) , C{l)." 
2 4. ( 2 

rT oo' . E a 4. R3 BE = d r = Eq + Es ..f II' ~ P + T + / 28/ 
SiD !JJ 1 	 2 2 

52 ., 2 	 bl"') Si <b , -- --- -- C(I) 10(1) - J 1 (xl . 
R_Jl_ I(cos .p 'in "' )(~j (0) j (x) ~ _ 3(j ~ ('l -j~(xl) + 	 o/J oJ, 1 - oJ, ctg ", 

+ 4 --'P- 3 0 1 .p 
CBR 3b1 Ba lOlilee r.P c x, p . 
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Ben"""Ha I • /22 / , /281 cOAep~.T ~(~ /18/. B nycToTe,nplo<1 

n = 0 ~O(r) xopowo lt13BeCTHa 

~ O(,) -0-' / 4",. /29/ 

BblpameHlo<1e AIlR T,(r) B RAepHOM Be~eCTBe 

A . r c - r / t 
--e e(k . _1_ cos(kor )),~(,) 2nty 0 slO(k o' ) + Te J 

-0 
Y 

''c .," 
5 ... 2 0 \"w "+ ~,,2b2 - 2 Ab, W 0 > : /30/o 4 

< (~ (p c) = O'"' - 2o . '''; 0 $ 0 ; 

_.... 5&1\-2 c ( p ~ -p ) i' Sa lt . • kg "" k ~ .. f( (p- p;l . Pc - Pc +- c ,c =l,l ,"0 

pO = 1,51. • = 0.2 . b 0 0,6. I( - 1,3, k 2 ~ 3. r = 0,8,,o 

61:»no nOllY4eHO H o GcY*AanOCb 8 31 . Ll T 0 6bt 06ecnC 4101Tb HenpepblBHblH 

nepexOA OT /29/ K ~"'( r) a cpeA e , Mbi Been", B 1301 K03¢1¢1J.1I..\HeHT A, 
KOTOPbl~ MeHRCTCR nHHci:1Ho no p O T y/ 2 np~ p " 0 AO 1 npJ.1 P 2: P o = 
=0,5. npH 3TOM OCTanbH bl e BenH4Ht-tb/ B 1301 MeHRKlTCA TaKl-lM )f(e 06

p a30M O T CBOIo1 X nycToT HblX 3Hc34 e Hl-'li:1 ko ==0 ;:,2 =1 , y;l , [ l : =1 ,00 

3Ha 4eHH~ B RAe pHOM Be~ecr s e ~3 p a60T 13 .~ 1 . HanoMHHM, 4T O np.... 
" ' 8bly~c.ne'~HH II B Y4 ~T "'BanH C b f.o1 3~eKTbI, Hen~~lc~Hble no nlo10H HOMY 

nono I oL.l TO OC ~ tUeC T 8nAl1oCb eaeneHHe,.. 3¢i$C KTI-'I B HOr o rm - B 3a"";'40 

ACi1CTB~ R A;' I ., . Bem-14 l-tHa " HeVl 3gec. f H a H R 9f1 ReTCR napaMC TpOM 

Teo p~~ . Pe3ynbT at bl paC4 elOB B Aa HHo~ pa 6oT c, KaK H npHBeAe~H~e 

B n peAWAy.l1!.e~ Sf . AJlR pa 3 m ""' Hbix n =:; AS 1 paanH4a()T CR H ec yY.\e CTBeH

HO l eN. , 3 I. nO;Hm~y. 4T06.. He 3il r p~OI«Aa t b PH~YHKYI o61o'1l1lloo'let-t 
KPHSblX. MbI np~ 80AYlM ~a nee B p a3Aene V pe3ynbTal~ 4 ~cneHH~X pac 

" eTo. c A =0 ,5 . C i' -IlIY"'KU . RM~ 8~Aa 129/, /301 I(R. r) nerKC 
Bbt4 HCJlAeTC J1 /CM '. 

'3 ' It 1'1 HeTPYAHO OI1AeTb. 4 'TO POCT nnOTHOCTH 

eeAeT K p oc, '1 l(R, R) '" a B /28/ • TclK Ka t< yaeIl~~eM lo1e p yeen"'4 H

e ael' r c H see Bblpa*eHHe /30/. 
3. 4r06w B~nonH AnOCb 128/, POC T a Aon~eH con pOBO*Aa TbCfl 

YMeHbweHHeM npOH30eA eHHR b(tIt)· c(s ) K aK Mbi Yllile BbI,RCH .... I1t1 , .... 3

MeMeH~~ ~ DT MynA AD n OAH0 3H~4 HO COOT e c Tc TBye T ~3MeHeHH e x 

O T 10 AO HynR . Ben H4 HHa c(1) MCHAe T CA OT c ... lx -10) .OAO eAH Ht.1 Ubl 

npH H3MeHeH~" .s: O T I O A O 11)' JlJt /T. C . til OT 0 AO " /. n p l-1 If, ..... 0 
Hai1 J,leM b l~) - 3/ t/; 2 ... _ , a b( l'\') - 1 /2 • C y 4CTOM om1CaHHoro nOBe-

AC HHA a(p). b (I!J), c( x) MO>tlHO BblRCHHl b CBo Hc TBa p eweHH'" / 28/ npH 

pa3nH4H~X p . npt.1 Ma n o i:1 a(p ) 1'1 . e. Manoi:1 p / AOC TaT04HO 60nb

wylO Bemf4HHY c·b MO}+(l tO n 0 J1y4lo1 Tb nploof ManOM I/J « l / T.e , cna60M 
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no ne/ . T. K . npH t!J _ 0 • x • x 0 np0lo13BeAe HIo1e cb MOlf(eT CT aTb CKonb 

yroAHo 60n bWH M. H /28/ 6 YACT B~nOJ1HeHO npH J1~60M, CKOIlb yrOAHQ 
ManOM a • np1--1 yeeru.14CH Io1 Io1 P H a nOABIlfleTCfI H HHafl B03MO)f(HDCTb 

YAoenersopHTb / 28/: DCflHYIo1HY l / a MOIf(HQ nony4lt1Tb, eCIllt1 a He 
Cn lo1 WKQM Mana, ~Ie TOllbKO npH .p « 1, x '=" x , HO 101 npl1 CHIlbHOM noneo 
'" ~ 1101 .I < zo ' KorAa b (~ ) ... 'h, c(xl - l. Ta KHM 0 6pa30M: , Mory T 61:Hb 

ABa ~pManbHWX peweHIo1A /28/ , 101, Ha~AR HX , M~ Aon*HW npOeeplt1 Tb, 
KaKOC "13 HHX COOTseT c T ByeT MHtfiotMYMY E( RY26/ I Kat< 3TO p a3 'bAC 

H~nOCb 8 MOH~e npeA~Ay~ero pa3Aena . Ha onHca HHor o 8~we noe eAe HHA 
0 (.1.) , b (r.!t) RCHO, 4 TO c Acm;nb npoH JseAe+"ote b . C CKonb y r oAHo Ma

m llM Hellb3R. 003'OMY npH AOCTClT 0 4HO 50.nbWO~ a VI p / 28/ HH nplo<1 

Ka KWK ~, X B ~nonH~T b Henb 3 R: MeWOK e ~~epHOM Be~eCTee CTonb 

60nb~O~ nnOTHOCT~ c y~e c T BoeaTb He ~o*eT. 

V. PE3YDbTATbi ljMCnEHH ~X PAC4ETOB M HX 06CYJI(AEHHE 

1. nepe~AeM Ten epb K o6c.Y)!(Ae I1~1O p e3YIib Tt:lTO B 4~cneHHoro p e 


weH~R ypa.HeH~~ 116/,/17/,/ 13 / , /22/,/2~/ c ~-$YHK~~e" 1301 

It! BW4l-tCneHlo1A 3Hepr l-l 101 8(R) /26/ . B c e HaWI1 ypaSHel-t..., R 3a BIo1 C~T OT 


eenl-t~lo1H~ BaKYYMHoro Aa8~eHkA B, KOTo p oe CBR3~BaeTC~ C nnOT

HOCTbO 3Hepr H H KX A eaKyyMa Ene 1601 . CornaCHO cospeMeHHblH Io1C


c neAoaaHkRM / 6,8/, MO)f(HO nonaraTb -Eva.c~ 8 = O ,~ r:lB/~3 . ~ I o Ba


KY YM H3 060eMa MewKa MO)l(eT BbiTeCHRTb CA JlHWb l..laCTlo14HO /eM. 1&.rUI, 

III B COCTaenReT nHWb AOIlIO :HOH BenH4 1-tHbi. nOCKonbKY B B Hawei:1 

3aAa4e T04HO He J.13BeCTHO, M~ npoeo AVI n H pac4eT~ C pasn~4 H~MH 

npHeMneM~MH 3Ha4 eHHRMJ.1 a, J.1CCn eAYR 3aBHCHMOCTb p e3ynbTa T OB 


OT 3T O~ eenH4HH~ . K aK BHAHO 1013 p Hc . l , AnA pa3nH4~~X B peweHHA 


HaWHX ypa BHefiJ.1~ ¢o' ~iO ' R , P 3aBJ.1CRT OT nnOTHOCTH P B OCHOB


HOM nOA06H~M o 6pa3 OM. npH He6onbwoM nnOTHQCTH P < pt( B) eCTb 

nHwb OAHO p€:uteHHe , 113 06pa>KeHHOe t-ta p HC. 1 c nnOWHblMH KpVl 8~MH . 
npH 3T~ R l(P) HeSHa"""n enb HO OTm,,~ae-rc~ OT nyc.ToTHoro 3Ha~eH "' R 
R( O) , "MOHHOe n one pacTeT C pOG TOM P H He npeBOCXO,QHT - 1 fa 
BenH~ H Ha J: a 2 . ,lln fl KaJK,Qoro B Haw lll ypaBHeHHR HMCIOT, Ha4 HHaA C 

HeKOTo p o ro P? Pi (B) 1 H BTOpOe p e WeHHe / WT p HXOBaHHble _KpH Bble lola 

pHC. 1 / C MeH bWHM paAHycoM H CHflb H blM nHOHHblM noneM cbo(~J ... 1 .S ~ 2 , 
KOTopoe C POCTOM P YMeHbwaeTCfl. AnA BT oporo p e We HIo<1A x .... ~ . C POC

TOM P 06a peweH HA c6nH~a~TCR H COBnaAa~T npH KpHTH4eCKOH nnOT-

HOCTH P CB(B): Af1 fl P> PCB HaWH ypas HeHHfI C09MeCTHbiX peweH Hi:1 

He HMe~T . KaK BHAHM, pe3YllbTaT~ 4HCneHH~X paC4eTOB nonHOCTb~ 
cooTBe TcT By~T B~BoAaM npoBeAeHHoro BbiWe Ka4eCTBeHHo ro Hc c neAO

BaHHA H a WHx ypaeHeHH~. 
2. HaxoA~ A/lR AaHHblX p, n 3HeprH~ E(R) /26/, KaK :lTO onHca

HO B KOH~e p a 3Aella I II , Mbi y6e)f(AaeMCR, 4TO nepBoe p e weHHe 

/cnnowH~e KpIIIB~e Ha pHC. 1/ cooTseTcTsyeT MHH HMyMy E(R) . BTopoe 

peweHHe o6ycnoBIleHo HaJlH4HeM Y KPHBOH E(R) BTOPO~ T04KH 

I n p H MeHbWeM R I , rAe aE(R) J aR. HO cooTBeT c TBye T OHa He MIIIHH

""Y""Y , a ,..,aKC.,..,Y""Y E(R). 3a."C~""OCT b E(R) ,io (R), peR) AnR Hec
ll 

KOnbKJ.1X xapaKTepHblx cnY4aeB npeAcTaBneHa Ha pHC. 2 . KpIIIBb4e lIa , 
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" C" , Ha P Vl C, 2 I1Moe llJT ~MHHM)'M . KOTOPOM Y Ioi cooTBeT cTBYIOT p(R) ., icrR). 
~~ (R) , Ha~AeHH~e ~3 PCWCHHR y pa .HeH~~ / 16/,/17/ , /22/ . B cny4 ae 
rla

ll 
XOT.A H VlMe e T CA COCTORH...,e yCTOH~H BOi O pa sHo s ecHFI , HO CH CTCMa 

}'1ICe c p aOHHT e n bHO " HeAan eKa" a T HeYCTOH4HBOC TH; MH HHMYM 104 MaK CH

MYM E(R) p a3n H4alOTCfl Ha He6 ol1bWYIO BenH'·4HI1Y E m.a1 - E «1 « E •mtn m1n 
,llallbHe'iwHH POCT P HllH B npHBOAHT K Aan b HeHwcMY C6nloi)KeHH() E 

mia 
H Emu J .a npw K pH TH4ecKo~ n110THOCTH P= PCg(D) MHHHMYM H Mat<cHMYH 

E(R) c.nH Ba~TCft, H np.H p > p Fo3aeHCIo1MOCTb E(R) HMee T BHA, n p e,qC Ta&

n eHHhfH Ha p HC. 2 KPHBoH " BI. B 3 TOM CJ1Y\.l.ae c HCleMa, ~eBMAHO ~ 
YCToH4HBo r o COCTORHHR He HMee t. MewOK-HYKnOH B RAepHOM Be~eCTBe 
C TaKoH p cy~ecTBoBaT b He Ma*CT. 

3 . Ha pHc . 3 n p e A CTasn eHa 3aBHCHMOCTb KPHTH4eC KOH n nOTHOCTH 

PC ~B) H COOTBeTCT9YDI4ero eH KpHTH4eCKoro pa.AHyca MeWKa Rc(B)o't B. 
KaK 8HAMM, PeaB) , Rc (D} C POCTOM B YMeHbwa~TCR. TaM ~TO AnA 
B "" 3 ." 0 .2 r38/q> S MeWOK HeycToH~HB y *e B AAepHOM BeQleCTSe Cpa B 

HI-tT e.nb HO He6 onbwoH nnOTHOC T H p .. p 0 - nIlOTHOe. TH 06w4Hwx AACP . 

3TO 03Ha 4ano tl"" , 4 TQ y*c AAepHoe Be~eCTBO ~HOH n .nOTHOCTM Po 
He Mo*eT COCTORTb n~Wb ~3 06w~H~x T p oxKBapKoBwx MeWKo e -HYKIlO

HOB t HO Aon *HO c OA ep*aTb np~MeCb HHWX COC TOAHHH : KBapK-rnooHHoH 

nna3Mw, MHorOKBapKOBWX Me WKoe III T.n, Pa3YMeeTCft npH p«poMe woK 
YCToM 4 H8 H AnA o~eH b 50nbwiltx B / ct". pHc.]/, 8 n YCTOTC, p - 0, 
p OC T B BeAeT K YMeH b we H 1011O era p aSMCpa. 

PHc.3. 3aBHCKMOCTb KPHTKQeC k OH"r--
nIlOTHOC'Tlt Po 8(8) H COOT DeTCTBYJI)

lIl.el~O eA Kp H1')f-Qe exoro pa,nHyc:a., ':1 
Ro(S) OT Ben"""",,, B. R - B CA. 

~ I uec OCTan'hrlWt! ge.rm'LHnbl B ell. 

h "CE:!'mll'~l.

1~~:=-··· · · · · 1 
, . 

4. YeenH4eHHe p BW3WBaeT YHeH~weHHe a 
f 

HO H3MeHeH""R aT~. 
KaK SHAHO H3 PHc..l ,3, OTHOC..,.TenbHO HeSen l1KIot . n pH p - Po R(po ) 
Bcero Ha -3 ":" 4% MeHbllle R(O) B n y cTOTe . Ha"'MeH b wee AOCTH)lHMO e 

npH AaHHOM 8 3Ha4eHHe R(pca} , npH K:OTOpoM HacTynaeT HeycToA 

4 HBOCTb MewKa, OT flH4a e TCA O T nYCTOTHoro R(O) H e 60nee ~eM Ha 


- 10%. Heso3Mo.HO HaMHoro YMeHbWHT~ pa3Hep MewKa-HYKIloHa. 


KaK BHAHO 113 pHC. 1 . npH p ~ Po nony~aeTcJI 6 0 (R) _ 1, H Hellb

3 R Y4HTWBaT b Me30HHoe none MeWKa n o Teop...,,,,, B03My~eHH~, o r paH..., 

4HBa~Cb B Haw~x ypaB HeH~ftx n HWb 4neHaM~, nH HeHH~~"" n o ~o(R) . 

OAHa Ko AnR P « Po n one cPo(R} «1, to1 n 03TOMy on p aBAClHa n HHc a p H3a
~.. " CBM I l l. 
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5. BnH AIt...,e RAeptmro Bel!..leCTBa tiel foIIeWOK-HYKnOH CKa:3w.aaeTCA 8 

CBM B H3MeHeHHH ueaOHHoro nonR, B3aHMOAe~CTBYlOUJ.erO C K:SapKaMiIt 

Ha nonepxHOCTIo1 MeWKa, ~TO B uaWHX HC:CJ1CAOBaHHItX Yl.4TeHO BoeAe
Hl1eM B /3/ nOnApH3l)LtHH CpeAbi IHJ') . B CBA3H C 3T"1<4 none~HO 3iJ

J4eH1Tb /eM. PHC .11/. 4TO, cornac~o Hal:J...,M paC4eTaM. n~oHHoe none 
DHe Nlewt!a y6waacl OTIIOC ~1T e.nbHO MCAneHHO ; Ha paCCtORHHIo1, paSHO,"" 

cpeAHCMY pac.c.TOAHI1JJ Me_A)' HYKJ10HaMI-t, eEoCr) e~e AOCTaTO\.lHO aenHKo. 

CnCAooal c:na.HO, Mt.:30HHDe nOlle ftu rpaHHl.le AaHHoro tteUl.Kil CKJlaAblOa 

eTC,... ~3 MC30HHWX none ;; MllorHX OKpyItUI1OUl"'''' ero MeWKOB , e 3T..,.X 

y cnOBt.1RX B03/,\CI1C. TOlo1e c.peJlw Ha HYt""JtOH J r. e . HCKiI)lCeHlI1E! Me30HHoro 
nOIlR t la nooepxt-locnl MCWKa } HO*HO on~c.aTb BBe,QeHHeM Belll1\,IHHW 

lI(p) • X8paKTep~1.ay~e'1 cpe~ln1e CElO~CTaa RAepHoro ael:leCT9a U 011

DHHoro nonR B HeM, nop,06Ho TOMY, K~K B 3.neKTpOA~tHcU"~tl{e c: peAtH.te 
cnoHcTBa cpeA~ on~~WBa~TCA A~30e~Tp~~eCKoH npOH~~aeMoCTb~ H Mar 
H"'TiI OIo1 BOCnpHI1M4~GOC-rbl). 

Pur.. . 4 . Ja.H1( JlMOr.TJi io(r) IVlA pn,
if)' 1 	 nnqt-rhIit DI Ii • KPHlt~Hl Ill " 1l0I IY-

4CUt'l npH 0-=2 , p -0 , 2 , tcplitiaH "211~ 
llpll D;;:;;2, ,)~O,6. KpHI.'tlil 11 )11 p ~~~-~-- npu 	U:;::0,4, p=1 ,-L. ~ 

..... -- r-=

, l'RiPI 

Vl. 3AKnKl4EHHE 

n pOAon*a.A 8 HaCTORL1le~ pa60Te Ha4aTOC o/3 /uccl1c A oBaHHc caM 
B flAepHOM Be~eCTBe , MW OTKa3anMCb or npcAnonO_CHHA 0 cna6ocT~ 
nHOHHoro nonR MeWKa ..,. 8wnonHMn~ Bee paC4eT~ C HenHHeHH~M~ no " 

K~1panbHb'M narpatrllCUatlOM I~ / . t(aK Mbi BlItAeI1~. OCH08ItbiC. Ka4eC 1 tjl!HHble 

BblBOAbi pa60T w /3/OCTaC)TCR 8 CHIle. YBenH~eH.1e P BelleT K CMRr"leH.-. 1O 

nHOHHO~ '"'0AW VI )'t""I1CUH~ nHOHHOr O nonn ;:;, ;So, "ITO, 8 CBOIO 04e

peAb I nplo190AHT K YMCHbweH&oUG pa3Mcpoa MeWKCI . B cp~e c P;'.f C B 

C:Y¥CTB08aHHe MewKa He803MOHCHO. n pH aTlotX p nHot'IHoe nOlle rt CTa 

HOB~1TCA CTOl1b CUl1bHWM, 4TO HCB03MO}l(HO nOCTpOHTb SHCTeMY "'3 Tpex 

KsapKOB. 3~nepTWX B MeWKC H 83aHMOAeHCT8Y~HX C " Ha nOBepXHOCTH 

MeWKa J cor naCHO /'0 . l-to B ABHHOH pa60TC Mill nonY4HI1..., CYUleCTBeHHO 

HCHbWY1O, ""eM B 13 / , KPIo1T~14ec.KylO nnOTHOCTb PCB' PilC.4C TbI 8 
/S1 

Aaea

n H PCB - Pc' rAe Pcq3p 0- nnOTHOc.Tb, np'" KOTOPOK Ann kg .. 30 /30/ 
o6paUlanacb 6... a Hynb 48CTOTa }'~IOHt10~ HOAbi e A,qepHOH BCJitCC.TOC 

n I S"w(kO) =O, 1. " . 00-0 B /30/ .• 	Cor naCHo .." pe3ynb, aTa>, AaHHoH 
,a6oTw, Y)I(e npl1 CPBBH\.IfTCIlbHO Hc60nbwo,", n "" 3 n noTHoCTb Pc B OKa3b1

DaeTeR cYllIecT seHHo MeHbWe P e ' Jl/1.A Bnom-te paayMMwx D •., 0,2 r:lG /lP s 

npocToH TpexK9apMoB~~ MCWOM MO*CT CTarb HeycTo~~H8~M y*c np~ 

() .. p 0 - n J10THOCH1 0OO4HblX JlAep . 603MOII(1-40 , R.Qepl-ioe OeLt(eCTeO o6b1\..j 
HOM nJ10H-tOeTH Po He lleJ1Io1KOM COCTO.H r.t3 '~YKJ10HOB, tolO COAep:rttH T H€ 

KOTOPYIO npHMCCb COCTO~H""~ HHO~' np~poAaI t "4TO l;1HTCHCI1BHO oGcYMtJ~a
eTeR ceH4ac B p RAe pa60T ICH.Hanplo1M.ep, /1.10/. B HaWI1X HccneAOB,n 
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HHRX BbI .ACtteHOl t$~t3Y14('('KaR nplo1POAa n ORBnCHUA n pH 00l1bWH X P 
TOH4HBOCT .., COC 1 QAIIIIIA AllepHOrO BcU(eC Ts a . COAeplKilll(e rO IIV1Wb 

Tue t p e x KoapKOBbiC MeWK .., - HYKll0HbI - y nHleHIo1e m'10HHoro n o nA 

poCTOM p . 

CJ1(?AyCT QTHe"Tl.1'b I 4 TO n OAxOA. Vlcnonb30eaHHwi1 HaM.., AnA 

He yc 

~ poc 

17 	 C 

Io1 ccne 

,AOeaHHfI y paoHeHH" CDM • 11cnHHe~H~X n O -; . nplo1rOAeH '" B T OM 

cnY4ae. Kor A8 nonnp'13a lt HOHHblH onepaTop 11 8 / 3/ , f3b13b1BalOlltlo1~ CMAr 

"'CHVle nHO..tHO" MOAb!, YClo1neHl'le nHOHHaro nOIUl, oGyc..nOBneH He AeH
CTSVleM RAepHO~ CP~AW, a VlHO~ ~3H4ecKo~ npH4HHO~: HanpHMCp. 

c~nbHWM "n-npVl T RmcHHCM H l.n , 
Ko)K 11 0 pa501c 3 , MW, U r p;JHIo14 HBtlRC b cny4acM HynenOl1 TCMne

pdTYPbI cpeAkll . ~1( CneAOBiJll I1 COM c o CpeAI-tIo1M mtOHHLlIio1 n onC... "' ;".J. (,~: 
~1 He y "l "'1 bl Bam1 Ke atHOBblC a1 TCpMOA"IHat·U'1 4 C C KVle ctJlll' ...<TyD4 ...... 3TO'-0 

n u n R r; . a C J1CAYtO~eC1 ptJGOT(' Mbi H3nO)l\ I1M pe3Y J1bTalb1' ~ t CCnCAOB<U~HH 
n.", c y 4 e TOM IbJ1lOK,)' a~HfI ;; , wa l< Af1 A Hyne Bo.:1 H,!MnepaTyP\f, Tal< 

~1 AnR c peA'" C OTnW-4HOi1 01 llyJ'R lCMncpa T Ypo~. 
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np""""a~ ', ~ nogn " ,~a Ha npenOMHTW " t~e"H~ 06~eaH"eHHoro M"(TMly1. 
RnC OHW a HCC~~o.a~HM , 

)Cld"O.~H~ c neA~a~ C1OH"Oe'~ hoAnHC~H Hill 12 Hec~uel Hill H 3AaHM~ OHAH. 
8KOD~6R ncpeLwnKy. no ofAen. HwH te~ T"4eCkMH ~a,erOPHRH : 

l[I'UTHKA lIet<ilI no.an... CKM 

Hill rCA 
H~IJ£t(C 

o. J K cncP"N~H' .n.HaR ~H]HKa . weOK"'_ ]HeprHH 10 p . 80 ICOO . 

' eupe l H ~rC KaR ~H]H K. BY<OKHK 3Hepr~ 17 p . 80 I(on .1. 

) ICcncpHHe HTan. "' i!lA He~ l pOH".R ~H3 M~a It p . 80 _on .J . 

,. reooe lH~ec«aA • • ) HI(. HKlICH. 3Hepr ~~ 8 D. 80 Kon . 

It p , 80 ICon.s. "ol ,eoo.a r" ". 

AAepH.~ cne . ,poC MD~~ H pa AHOAHHHA p . 80 .call.6 . 

~3Hl(a T.*enwx HOHOa 	 2 p . 85 1C0fl. 

a p . 8S ICon .8 . ttpHOr l!'."" lCoi 

p , 	 80 .on .)'(, KOI)o4H!n..9. 

A. 'O~l"'aUHA c6paOo TI(H 3ICcnepHHe HT an.HWK10 . 
p , 	 80 Kon . 

AaH~~ 

& D. 80 I(on.8w~C""Ten.HaA HaTeHi!lTHH i!I H TeXHKKa1' 

". 	 p, 10 Kon .ltM_ " 

8 p . 80 "on,TeXMMKa ~MlM~ec~oro l~cnepM~eHT~I \. 

I ~ HC c..l'lll!AO.a..~" ,.ep~w)( Ten M IIlM,Q"Ot:: 1" e,; 
1 P. 70 ICon ,

RAeD~ ~ToAaM" 

J~cnepM MeMTafi~ .. aA ~M3MlCa Aoe pM~)( peaICUM,; 

nOM ""3~M)( 3 .. eprMA x 


os. 
1 O . SO Kon . 

P. 	 90 I(on .fio)M~TDMA M mM]MICA ]a~MTWl b . 

6 P . 80 I<on.leopMA ~OMAeMCMpo.aMMoro COCTOAMMAo 7 

Hc non.30.aMMC pe3yn.TaTO. M "'OAoe 

~y~.~~,an ...w. ,"3M~CICM)( Mcc ne,Qo.aMMH 2 p . 35 I<on . 


18. 

• CMe.M~X 06nac'". MayMM • ,eXMM~M 

I P . 20 ..on .
19. 6..oeM3..l<a 

Oo,anMCl<a MO~eT 6wT~ ~o~eMa c ,~ro ~CAua 'el<~ero rOAa. 

no .ce~ .onpoca" O=OOMnCMHA nQAnM' ICM eneAyeT 060••• '.'" • M 3AaTen.c~HM 
OlAen OIlAI1 no a.D.Pf'c), : 10 1000 Moc lOl ... . r n a .no.. ,aMn,. nfA 79 . 
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