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l1pKerynos A.W., Ypa3aKOB 3,11., WsaqKa A.E. P9- ll897 
p 8,llH8UHOHHbie ITOTepH 3HeprH H pens:ITHBHCTCKOr'O KOnbl!eBOr'O 

cryCTKB H CHna p8LlH8llHOHHOI"'O TOpMO.>KeHHSI, lleHCTBYIOlll8Sl 

H8 Hero npH .OBH.IKeHHH B yCKOpHTeJlbHOM Tp8KTe C p83pbiB8MH 

BOJlHOBOllOB 

PaccqHT8Hbi TIJlOTHOCTb TIOTOKB 3HeprHH H3nyqeHHSI H p8JJ.H8UHOHH8R CH­

na, .neitCTBYIOIU8SI H8 peJlSITHBHCTCKHli KOllblleBO:ti: CrycTOK C jcp -TOKOM, KO­

TOpbiH .llBH)f(eTCSI B YCKOpHTellbHOM KaHane, o5pa30B8HHOM nony6eCKOHe<tJ:HbiMH 

K08KCH811bHbiMH B0llHOBOlJ,8MH. noK838HO, <tiTO p8,QH8UHOHH8SI CMI18 SIBilSieTCSI 

3H8KOTiepeMeHHOfi ¢YHKUHeH y 1 qro IIpHBO.IlHT K OCUHilllSIUHSIM CKOpOCTH 

.llBH)f(eHHSI cryCTKB. llnSI yCKOpHTellbHOrO Tp8KT8 KOHKpeTHOJi KOH¢HrypaUHH 

npOBe.QeH quclleHHbiH pac<tJ:eT HB 38M IIllOTHOCTH IIOTOKB 3HeprHH H: pa.t:J.HB­

UHOHHOH CH11bl 1 .oeftCTBYIDWeH HB cryCTOK. 

Pa5oTa BbiiTOilHeHa B na5opaTopHH Bbl<tJ:HCmiTellbHOH TeXHHKH 

H 8BTOM8TH:38UHH Ol1.Hl1. 

TipenpHHT 06'bellHHeHHOI"O HHCTHTyTa l!JlepHblX HCCneUOBBHHH, .Qy6Ha 1978 

Irkegulov A. Sh., Urazakov E.I., Shvachka A.B. pg - ll897 

The Radiative Energy Losses and the Radiative 
Force, Acting on the Ring Bunch Moving with 
the Relativistic Velocity along the Accelerating 
Channel with the Interruption of Waveguides 

The density of energy flux and radiative force acting on the 
ring bunch with i.p -current, moving with relativistic velocity along 
the accelerating channel, formed by the semiinfinite coaxial wave­
guides are calculated. It is shown that the radiative force is the 
alternating function of y The oscillation of bunch speed along 
the axis of the waveguide system is found. The density of energy 
flux and radiative force, acting on the bunch, for specific confi­
guration of accelerating system has been calculated via the compu­

ter. 

The investiP-,ation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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PacC~TaHH llnOTHOCTb nOTOKa SHeprHH HanyqeHRH H PanHauHOH­

HM CH.Jla, ,nefiCTBYJOII{M Ha peJI.ffTRB.iiCTCKHf KOJThUeBOH CryCTOK C 

j~-TOKOM,KOTOpHR ~BREeTCfl B yCKOPMTeRbHOU KaHane, odpa30BaHHOM 
no~6eCKOHe~~ KOaKCHa.JThHHMH BO~HOBO,I{aMH, lloKa3aHO, ~TO pa,n!!:­

auHOHHM CMa ~ .A:BJIReTCR 3HaKonepeMeHHOH lPYHKI.Uiefi O, ~TO 
ITpHBO,nl!:T K OC~HRM CKOpOCTH ,nBHXeHHR CryCTKa B,I{O~b OCR 

BO~HOBO.I{HOfi CHCTeMH. ~ KOHKpeTHOH KOH~HrypauHH YCKOpHTe~bHOrO 
TpaKTa ITpOBe,neH ~Hc~eHHHfi pac~eT Ha 3BM llnOTHOCTH nOTOKa 

SHeprHH H panHaUHOHHOM C~, ,nefiCTBYJOII{efi Ha CryCTOK. llpe,nrro~a­

raeTCR, ~TO KOJThUeBOH CryCTOK coxpaHReT CBOID ~OpMJ H ~HefiHHe 

paSMepl:l rrpH ,nBHXeHHH. Borrpoch! cos,naHHR TaKHX crycTKOB 11 rro.n,nep­

~HHR HX ~pMI:l B ,naHHOfi paOOTe He paccMaTpMBaiDTCR. 

! llpo,no.m,'rur CKOpoCTb peJI.ffTMBMCTCKHX CryCTKOB B KOT.IJieKTRBHHX 
ycKopaTe~ 1•2/ onpe,neMeTcR Pa.nHaUHOHHI:lMH CMaMH H cM~aMH, 
,nefiCTByroli{HMH Ha CryCTOK ITpH rrpo~eTe HeO,I{HOpo.I{HOCTefi YCKOpHTeJTh­

HOrO TPaKTa. KpoMe Toro, H~eHHe MOJKeT MrpaTb cymeJTBeHHYJO 

po.m, rrpH~HieHMM crycTKa B a~eKTpoHHI:lX ycKopHTe~ 37. B 

pa6oTax 
4 •5 B~MC~eHH rro~e ITOTepH ,nBMJKyll{erOCR nyqKa ~aCTHU 

Ha H~eHHe, a TaKJKe HCC~e,noBaHO aBTOYCKOpeHHe rrpoT~eHHoro 

a~eKTPOHHoro crycTKa B pesoHaTope 11 Hafi,neHo pacrrpe.ne~eHHe c~ 
peaKUMH H~eHHR no ~He crycTKa. _ 

B HaCTOmuefi pa60T~ B~l'IC~eHH llnOTHOCTb nOTOKa SHeprHH Sic 
H PanHaUHOHHrur cMa F~ , ,ne.AcTByromaR Ha Ko.m,ueBofi TOR, .nBM­
~ficR B YCKOpHTeJThHOM TpaKTe C pa3pl:lBaMH BO~HOBO.I{OB. 

PaccMoTpHM ,nBa BapHaHTa ycKopHTe.JThHoro TpaKTa, npe,ncTaB~RID­

mero codofi Kpyr~ro Tpy6y pa,nHyca ac KOaKCHa.JThHo B~oJKeHHI:lMH 

B Hee Tpy6aMH pa,nHycoB cA" a cA1 , rrp~eM ol 1 < ot2. ~ a.. 
(cM.pRc.I). Ko.m,ueBofi crycToK ,nB~eTcR B,no.m, ocR ycKopR-

Te.m,Horo TPaKTa (ocb 1!-). CKopocTb crycTKa u. = f!'C . llpH 

,nBHJKeHHH B,I{OJTh OCR CHCTeMH CryCTOK noc~e,I{OBaTeJThHO HaxO,nHTCR 

B O,nHOfi R3 Tpex llpoCTpaHCTBeHHI:lX 06~CTefi BO~HOBO,I{HOfi CHCTeMI:l 

(CM.pRc.I). B CH~ S~eKTa ~onnnepa BO~, RcrrycKaeMHe RCTO~­
HRKOM, 6y.nyT HMeTb pa~~HYID ~aCTOTY ,no R noc~e rrpo~eTa cryCTKOM 

KOHUOB BO~HOBO.I{OB. llpH STOM ITpORCXO,nRT pas,ne~eHHe HanyqeHHI:lX 
BO~ no ~aCTOTaM 11 B03HHKaeT nepexo,nHoe HanyqeHHe, KOTOpOe 

RMeeT MeCTO TaKJKe B C~ae rrpo~eTa ITOCTORHHI:lX 3apR,nOB R TOKOB 
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MHMO paspHBOB BO~OBO]pB.ilOSTOMY ue~ecoodpaSHO paCCMOTpeTn BOS­

d~eHHe BO~HOBO~HO~ CMCTeMH cocpe~OTO~eHHHM HCTO~HRKOM OT~e~­

HO ~ ~0~ HS Tpex ITpOCTpaHCTBeHHHX Od~CTe~. 

TaR KaR ~ ITOKORmerOCR CryCTKa CRCTeMH KOOp~HaT cryCTKa 

R BO~OBO~a COBIT~aiDT, TO BOnHH, pacceRHHHe KOHUaMR BO~OBO~OB, 

RMeiDT TYEe ~aCTOTy, ~TOR TOK KO~UeBoro RCTO~HRKa. ITo~, 

BOSd~aeMUe cryCTKOM, saBRCRT OT paCITOAOXeHHH CryCTKa OTHOCR­
Te~HO paSpHBOB BO~OBO~OB / 6/. 

Elm Haxo~eHRR Be~H si! R F~ Heodxo~o peum:Tn 

KpaeBJID S~a~ 0 BOSd~eHRR BO~HOBO~HO! CRCTeMH KO~UeBHM 

TOKOM. Pe;e;ne yKaSaHHO! S~a~ B -~yphe - rrpe~CT~eHRR H~eHO 
B ~doTe 7 • Mcno~SYR MeTO~ R pesy~TaTU, no~eHHHe B 

/ 6 ' 7 ~ B~RC~ [flyphe-KOMITOH6HTY (({l.K.) MarHRTHoro RHBapRaHTa 
[r,6mj. 3HaR [r',lm], H~eM ({l.K. COCTaBJIJD:l!IIRX S~eKTpR~8CKOrO 

H MarHRTHOro ITO~e!, BOSd~eHHHX HCTO~KOM. ilpo~e~ odpaTHOe 

rrpeodpasoBaHRe <»ypne ITO rrpo~O~HOMY BO~HOBOMY BeKTopy W , 
Ha~eM [r, ~m(Z.,I{)] B Koop~HaTHOM rrpe~cTaMeHRR. Be~­
~Ha [r, C'iYI ( 'i. 1 ~t:)j CYIIIeCTBeHHO SaBHCHT oT rro~o:ateH!IIR crycTKa 

B BO~OBO~HO~ CIIICTeMe. Harrp!IIMep, B Od~CTJII 3 BO~OBO~O! 
CRCTeMU, rrpiiiBe~eHHO~ Ha pRe.! a, 

r ; 7 \'fJ.'l)(th,tl~}-~ E"P{ 1..'/·(2 ~ JlA 
L r; om(~, K) = L (d,,az)+ N rd,,rlz)_ II - Nt xc -q I • 

A - ~ rlz lh)_HPEil.(K-tK,J{j!f~i~fiK-")(~p}!.[K-JK.'f{li'~f 1 
J \_ - L£1Vs +W.] (/, a~.J-NrJ1,JzH t[t{K-!/1,)-Kv.J-£} 

3~eCn l, S - JII~8KCU paCC8RHHO~ III IT~aiDme~ (JIICITYIII8HHO~ crycT­

KOM) BO~ COOTB8TCTB8HHO. 

IV (o.le) = -v (a.',~)( a1C) _ { a. [(a', € l t + 4 (JT v-o..Y'J w}-.t. 
:± + , 

r~e \r - KopeHn ypaBH8HRR (a 1 g) = 0 ; (Cl1 g ) ± - o6o sHa~eHRe 
~ ~ Eecce~ i IIIX KOMdJIIH~, <{laRTOpiiiSOBaHHHX ITO M8TO~ 
BIIIHepa-Xorr<{la~Ka 6 ; w = ...JI'11-va.

1

, . w = t<.C , 

~ - pe~JIIBJIICTCKIII! ({laRTOp. 
Elm Haxo~eHIIIR BupaEeHR! ~ s~eKTp:JII1iecKoro III MarHRTHoro 

ITO~e! BO BpeMeHHOM rrpe~CTaMeHJIIIII B~IIIC~ <{l.K. ~OTHOCTJII TOKa 

~III:BtYIIIerOCR KO~U8BOro Cr,Y.CTKa B CIIICT8M8 KOOp~HaT, CBR3aHHO! 

c Bo~oBo~oM. Cor~cHo 161 <{l.K. ~OTHOCTIII TOKa IIICTO~HRKa JJw,K)B 

od~CTIII :C < x2 (CM.piiic.la) B~C~eTCR no ({lopMY~e 
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• 1 eli-P(-t'fiit) • ("-"""') r.. flK-"")1 (Z) 
J,.(wiK}=cur. {tf1(1<-~wHc..j .. £) A ~ elCp L~~2.\ lj!> ~ 0 

3~8Cn £ > 0 - MMaR ITO~OlKJIITe~HaR BeJIR~IIIHa, ITOKaSHBaiD!l1aR, ~TO 
e~RHCTBeHHHH ITO~ <{l.K. ~OTHOCTe~ TOKa HaxO~TCR B BepxHe~ 

( B.IT.IT.) ~ J,. III B HIDKH8~ (H.IT.IT.) WJR Jn. ITO~OCROCTRX 
Ko~eRcHoro rrepeMeHHoro K. B CHCTeMe Koop~HaT, CBRsaHHO~ 

C BO~OBO~OM, <{l.K. ~OTHOCTJII TOKa SaBJIICRT OT ~aCTOTU B036~8HMR 

KC~ K ... C -~aCTOTa KOJJedaHHM MCTO~HIIIRa B CHCTeMe cryCTKa. 

J ( IC-~~IC") - <{l.K. ~OTHOCTJII TOKa CryCTKa, B~JIIC~8HHaR B 
CBRSaHHO:l!: C HRM CHCTeMe KOOp~HaT ITpH Wk.= k:- 'If IC'4 • 

~11' . 
~HC~8HM8 KOMITOH8HT ITO~e:l!: B 1: - rrpe~CT~8HIIIH C ~eTOM 

SToro nOJJDCa ITpHBO~T K TOMY, ~TO <{l.R. TORa J~ orrpe~e~R8T 

no~ H~8HJIIR ~0 rrpo~eTa CryCTKOM TO~H paspHBa, J n. 

ITO~~ noc~e rrpo~eTa paSpHBa BO~HOBO~a. B Od~CTJII Me~ 

paspUBaMH ITO~ H~8HIIIR ({JopMJIIPJIDTCR rrocpe~CTBOM odeRX ({l.K. 
~OTHOCTe:l!: TOKOB. ITo~ BOJIH, JII~eHHHX KOHUOM BO~HOBO~a ~Jl 

~o rrpo~eTa crycTRa, H~eM no <t>oPMY~e odpaTHoro rrpeodpaaoBaHHR 
~pne MarHRTHOrO RHBapiiiaHTa [ r, ~ M l~;t)] 

~~ -~ICc.t. [r,€Ml~it)}= -~ c:hc. e_ [r.~m(~~I")J 
C"i2.\\ _..,... 

C ITOMO!l1biD T80pHR B~8TOB. 

ilpH C t ~ ~; - ~~ + R. , r~e e -~Ha CryCTRa B 

codcTBeHHO:l!: cRcTeMe, R = \ -:r - =t .z..\ ( =l - TO~Ra HSMepeHRR 

R~eHHOrO ITO~), SaMURaeM KOHTyp RHT8rp11IpOBaHRR B B.n.n. 

ITO~OKPYEHOCTniD deCKOH8~HO do~moro p~ca. ~0 npo~eTa crycT-

ROM TO~KJII ~ ( ~ :oo) BUITO~.HIDTCR COOTHOill8HJIIR ' 

j,.(w.,_) = ~- 1 j (wn .. ) e>Cp(-~Knd:)} w~~ = ~K.!-\t~ I 

. K..,= ~(lc: .... +j!-W.-,.) 
1 

d 1'\ l-w ... ) = 0 'NV\::. "( l rrl( .. + w .... ) 
M~eHRe BU3HBaiDT BO~HH, IIICITYIII8HHH8 IIICTO~HRROM BITepe~, 
ITpH \(."'-::: Q -CTaT:JII1i8CRH8 ITO~ B Od~aCTR rrepe~ JIICTO~HRKOM. 

ITo~ H~eHRR rroc~e rrpo~eTa crycTKOM TO~ X:. 1 Haxo~ 
ITO TO:l!: Ee ({lopMY~e odpaTHOrO npeodpaSOBaHRR <»ypne MarHIIITHOrO 

l'IHBap:~raHTa rrp:~r c i:~ ~ + if.:>+ (.2. • ( KoHTYP RHTerpRpo-
BaHRR saMUKaeM B H.rr.rr. Ro~eRcHoro rrepeMeHHoro ~ rro~oR­

PY:lJtHOCTniD do~moro ~ca W - oo ) • lloc~e rrpo~eTa paspUBa 
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EOJIHOEO.n;a HM88M 
j,.{w"} = \ 11-' ~ t-w .... ) ey.p(-iK~c1:) npH Wv. > 0 L , 

llPH W., <Q J 
B STOM c~ae Ha KOH8U EO~HOEo.n;a na.n;aiDT EO~HH, HCfiYm8HHHe cry­
CTKOM ITpOTHE Harrp~eHHR .n;BH~eHHR, OTH EO~ nepeMemaiDTCR 
C rpynnoEon CKOpOCTbiD, MeHDmen CKOpOCTH .n;B~eHHR crycTKa. 
II pH K"' = 0 H3JIY'IeHHe EbiS!ffiaiDT cTaTH'!eCKHe noM, EO 36YJK.n:eHHble 
E o6~CTH sa HCTO'IHHKOM ~ L. ~weT , KpoMe 3TOrO, noc~e 
rrpo~eTa cryCTKa EblnO~HReTCR paBeHCTEO 

~ 
-1 • ( ) -l.K,._c.t Jl'\. (-wtc.) == ~ d -wK.. e_ npH 

0 nPH 

w.,. > 0 } 
w.,..t.. 0 

) 

Ww:,. = ~\Ca.--.t!', W~e = '(lw ... ~ ~k .. ), I< K = ~ tK"- f' 'W,u.) . 
OT .n:BHXYmerocR crycTKa Ha KOHeu Tpy6H, pacno~o~eHHon crrpaBa 
{CM,pHC.I 6), na.n;aiDT EO~, pacrrpOCTpaHRIDmH8CR E o6paTHOM 
HaiTpaB~eHHH C rpyrrrroEon CKOp0CTbiD, 6o~me! CKOpOCTH .n;B~eHHR 
KO~UeEoro TOKajrrpH ~ .. =Q TaKHX EO~H HeT, 0TM8THM, 'ITO 

llp:ll: {a < Q po~ J',. HrpaeT J n. H HB060pOT 1 ITpH 3TOM 
KapTHHa pacceRHHR HHB8PTHPY8TCR OTHOCHTe~HO OCH ~ 

Bo EpeMR rrpo~eTa cryCTKa Me~ KOHUaMH "'%.. '\ H =i.,r EO~­

HOEO,li;OE rrpH yc~OEHH '1t -~ + R < ct < f' + !~ + R.. 
H C y'!8TOM TOrO, 'ITO r I 

• _ 1 ·(K-lnc .. )J eJ~.pU~~t~-~)1 e.)CPE~(~ -w)11<3) 
Jep-c1fi'J ~ l \i.tl{(K·f>W)-K..)+E)- \i.t_l(l(.-~~ -K .. )-E}j' 
Ebl'lHC~eHHe no~e! ITpOH3BO.n;HM,3aMbiKaR kOHTYP HHTerpE:poBaHHR B 
H.n.n. ~ nepBoro ~eHa H E B.n.n. Ko~eKcHoro nepeMeHHoro 

~ BTOporo ~eHa i{x:>PMY~ (3). 
HarrpKMep, E 06~CTH 2 CHCTeMbl I (cM.pHc.Ia) noM orrpe.n;e-

~CR HHBapzaHTOM ·-- --------- r;·rlt. ~)i;j.U:).,. ExPf · ( )JA 
[P dm(£-I.P= ·' J N J 'I -t.W< :z-tz. ' (If} 

I I 'J (11.(.1/t + ( (T-f,{/1. -

A- 'Vt~l.)(cJ.,~J_E;f[-(b.i{llsr..+~Ku.)+llwlo-lf/p- Let)'{ "-.+,BJ.tt.si]. 

- L ({M+IItll~flz)_ Ntt,th. )+ 
·3HaR E!ipUeHHJl TJIUia (4), no~a~ ycpe.n;HeHHble no BpeMeHH 

SHB'leHHJl ILIIOTHOCTel noTOKa SHeprHH s~ /H rrpo.n;O~HO! pa.n;Ha.o;HOH-
HOI cliiJibl. ~~ ~elcnyDitel Ha crycToR 6/. Bbip~eHHR S ~ 1 F ~ 

6 

( 

, 
~ 

orrpe.n;e~TCR no i{lopMy~ 

--~--~r-~~~ 
$~-::= ~ K,W~ [_'(",fV'IIl'l,t)jt."f",€~l~;t~J'' I (5) 

·----~--------~----~~~ F = ~ ( ·i,.. t('.~,-t) Krlr,-=t.,t)o\V (6) 
:z. c..)o~. 

(HHTer~ 6epeTCR no ECeMY 06~eMY cryCTKa, 3HaK * - 3HaK 

KO~eKCHOro CO!IpRllt8HHR), 3.n;ech K.: =~(K,cJ!'W~ W i. = 't(W14rf' I<") . 
Heo6xo.n;HMo OTMeTHTh, 'ITO cpe.n;Hee SHa'!eHze F~ OT~'!Ho oT HYM 

rrpH w.._ =We, -w ... -=- ±we + (± ~~) , r~e w,., we - rrpo-
~o~Hble BO~OBble EeKTOpbl BO~H, H~8HHHX HCTO~H:Il:KOM H 
ROHUOM BoJIHoEo.n;a cooTEeTCTEeHHo. ITo 9T:Il:M i{lopMY~ Ha 3BM ESCM-6 
rrpoEe.n;eHbl 'IHM8HHble paC'l8Tbl E8~H S~ ( CM, p:~~c,la, OdJiaCTI> 2) 
H F~(cM.pnc.I6, o6~acTb 4) rrpz orrpe.n;e~eHHbiX sHa'!eHHRX 
rrapaMeTpoE EoJIHoEo.n;a R crycTKa: a.= 8 , d4 = 2, d~. = 2, 4, 'ltt. = I2, 
X.1 = 33, € .. = 2,2, K..= n, r).. = ~ = 20, I + ro-6..:: r' ro4 , 

!=I;20, r"= 2,2. Pesy~TaTbl '!Hc~eHHHX pac'!eToB rrpE:Be.n;eHH Ha 
pHc.2,3. 

finOTHOCTb nOTOKa 9H8prHH ~~ y6biBaeT C poCTOM ~ !IpH 
6o~mHX SHa'!eHHRX ~ • Be~Ha s~ yJieJmtiE:BaeTCR c poCTOM 
nonepe'!Horo pa3Mepa rrpocTpaHCTBeHHo! o6~CTH. Ha'IHHaR c HeKo­
Toporo 3Ha'leHE:R ~ = ~o>I (EeJmtiHHa ~o 3aBHCHT OT pacno~O~eHHR 
HCTO'lHHKa B EO~HOBO.n;HO~ CHCTeMe)Be~~a S~ MeHReT 3HaK. OTO 

o6~RCHReTcR c~e.n;yiDmHM. B Eblp~eHHe S ~ EXO.n;FIT cyw.~a '2:. K.: w, . 
~ 1J.1reH 9TOit CYMMbi rrponopUE:OHMeH cp = W,.K .. (I+J!'t)- f'(-yj~-+'lf.:J , 
IlpH 0 £ A!. ~ cP > 0 , IlpH ~ ..::. A. d q; ..::. Q , r ~ _ ~ r 

Be~Ha Pa.n:HauHOHHo! c~ Fe _ Ta.Rllte YMeHbmaeTcR 
c pocToM o ( l' >> i) , rrpH'!eM Fr RBMeTcR SHaKonepe-

MeHHO! (\JyHKUE:ei! r (CM,pHC,3), 'ITO rrp:ll:BO.n;I'IT K OCUHJLIDilU'IRM CKO­

poCTH .n;BH~8HHR cryCTKa E~O~ OCH ~ , Mo~HO Ebl~e~Tb o6~aCTH 

SHa'!eHH:I!: 't , r~e HMeeT M8CTO "aBTOYCKopeHHe" KO~UeEoro CryCT­
Ka, nepeceKaiDmero pa3pb1Bbl EO~HOEO,li;HO! CRCT8Mbl, 
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PRe. 2. 

a 5 
a>d2 >6o>d1 

PRe. I. CxeMH yeKopHTe~HHX TpaKTOB. 
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~~--~"fiiF•IO ftF'~--·K;T 

r-1 

z. 

ilOTOK 3~8KTpoMarHHTHO~ SHeprHH, paCC8RHHOtt KOHUOM BO~-
HOBO.JJ:a Zs. , KaK <f!YJIKimR eKopoeTH eryeTKa. 
IlyHKTHpHaJI KPHBaJI eooTBeTcTByeT P< 0 , ciiJiomHaJJ: -

jJ>O ~ CJIY'laR. eHcTeMH, IIOKa3a.HHO~ Ha pHc.Ia, 06~.2. 

8 

I 

~ 

1

1:-u--" '"' 'JV If" v- v J 
~~ .... *" ,;,-. ~--­
~~-----'"'' 

PRe. 3. ilpO.JJ:O~HaJI pa.JJ:HB.UHOHHaJI eMa, .JJ;e~eTByJ!JI!IaR Ha KO~l\8BO~ 
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