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KaK H3B0CTHO, qia30B00 ,ll;BHlK0HH8 qacnn\ BO BC8X pesoHaHCHh1X ye

. KOpH
1
T0JUIX, OCHOBaHHh1X Ha npnmume aBTO(pa3HpOBKH, omrn1,rnaeTCll O,ll;HO

THflHh!M ypaBH0HlieM, KOTopoe B odll{8M CJiytrae MOJltHO sanHC'aTl> B BH.n;e x): 

(I) 

lf s "".' cirnxpoHHan: cpasa, 

"CHHXpOHHOlt. 

0.n;Holt H3 OCHOBHUX sa.n;aq .TeOpHli ycKopHTeJielt HBJIHeTCH onpe.n;ene-

HHe ,odnactH saxBaTa, T.e. odnacTtt HatraJI:&Hh1X_ 3H~tr€'HHlt 'f' 0 
, 'f O , 

li3 KOTOPHX npH t = to , BHXO,ll;SIT pemeHHst, KOJiedmJll{l18Cst OTHOCHT8JI:&HO nc 

JIOJ!t0HHSI YCTOlttrHBOro paBHOB8Clist 'f -= 0 • 

31mntte o6JiaCTli 3aXBaTa fl03BOJisteT BHlIHCJIHT:& AOJID HHJ!t8KTHpyeMh!X 

tiaCTUU, nona.n;aDillHX B CHHXPOHH!ilit peiKHM ym,opeHHH H' CJie,ItOBateJI:&HO' 

BHxo.n;stlllHX HS ycKopHTeJIH c :rneprHett, <5JIH3Kot:i K pactreTHott. IlocKoJI:&K,Y B 

ypanReHHH (I) cpyHKUHH m(t) H f (tJ MeHSIDTCst B KOHKpeTHHX cnytrasx 

BeC:&Ma M8,l(JI8HHO, TO B HeKOTOpOM npH<lJutE:emrn: HX MOJKHO CtrHTaT:& noc-
"'.~ . ,, 

TOSIHHhlMH, lITO ll03BOJIHeT nerKO npOHHTerpHpOBaT:& ypaBH8HH8 (I) (KOH-

cep~aTHBHOe npH6JIHlK8HMe). rpaHHUa odJiaCTH saxBaTa onpeA8JIH8TCst Tor

.n;a cpopyYJiolt: 

x) 0TM8THM, trTO Ml,! npeHe6peraeM B ypaBHeH:trn (I) trJieHaMH Tlma BH8!11H81l 
CHJil,I . }(t) , a TaKllCe He ytrHTUBaeM A8J:iCTBHH Oei'IieJ,moro sapSIAa. 
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)Vo 

' ll('fo) :::: f'u~f) df ' 
- MaKCHMYM L,( ( f) 

(2) 

(npHHHTo m(t.)=f<l> 
=I, tlTO He HapymaeT o6mHOCTH). IlpH f O::: O mHpHna odJiaCTH 3aXBaTa 

paBHa, Otl8BH,IiHO d 'fc = 2 J's + 'f~ . , rAe r.-.0 

H 

- t f.s - KOpHH ypaBHemrn U(if) =- Uw, (KopeHI, - !i'f!o - ABY-. . ' 

KpaTeH) B tlaCTHOCTH, ecJIH lS'i <,<. I (qiaKTHtl8CKH AOCTaTOtlHO npeAnOJIO-

Y.l:HT!i, 'ITO Ifs <. "30° ), TO i..ri.: ~ ~ H A'fe ~ 3fs • 
.llBHJR:8BHe qacTHU' ,l\JIH KOTOpHX Hat1am,Hbl8° 3Hatl8HH8 . 'f O 

• ' i 0 

JiemT BHYTPH anueodpa3HOn o6JiaCTH, orpahHll8HHOll KpHBblMH (2), dyAeT 

YCTOittlHBblM. 

OTM8THM, llTO ypaBH8HHD (I) COOTB8TCTByeT. npocTafi MexaHHll~C~aH 

MOJ.i8Jib llaCTHUbl, J.iBHraromencn B IlOT8HUHaJibHOll 8Me, orpaHH~eHHOll CJieBa 

ropdoM Um (pHc. I). C 3TOll TOllKH 3peHHH ycTollllHBHM HBJIHeTCH 

ABHJB:8HHe ~IaCTHU, :meprHH KOTOpblX £ = ~ (f O ):I, + u ( y; 0
) 

He npeB1i1maer ll m , °" - .:l fs < 'f O < 'f,: . Ha <pa30BOU nnocKOCTH 
. ; 

TpaeKTOpHH TaKHX tlaCTHU HBJI8DTC8 3aMKHYTHMH. TpaeKTOPHH, Halla1IbHbl8 

3Hall8HH8 J.i1IH KOTOphIX Jie.~T BHe 061IaCTH onpeAenHeMoil (2), HeyctonllHBbl 

H YXOAHT Ha deCKOH8llHOCTb (pHC. 2), 3a HCKJIDll8HH8M TpaeKTOpHll, KOTO

pue COOTB8TCTBYDT HatJa1IbHblM 3Hall8HH8M 'f O 
1 
y0

:. + V'lU...,.-~ ucr0 J 
. . > 

nemmHM CJieBa OT ropda noTeHuHaJibHOll HMbl. ,llellCTBHT81IbHO, tlaCTHUbl, 

Halla1IoHble KOOp,ItHHaTbl KOT0pblX ne:m:a.T CJieBa OT ropda ()..., ' a Halla1Ib-

Ha8 CKOpocn YAOBJI8TBopneT COOTH0ill8HHD '{ 
0

:. + f 2 UM - J, U{ 'f 0
) ,~, 
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,ll;BHJityTCH no TpaeKTOpHnM, acm.mTOTHtreCKH CTpeMHll(HMCH K TOtrKe Heyctott

tmBoro paBHOBeCHH - :t 'f s •. 

B pa6otax, nocnmiteam,zx Teopmi: pa3JurqHhtX pe3oHaHCHHX ycKopHT~

nen, ,no CHX nop orpaHHqHBaJIHCh onpe.n;eneHHeM o6JtaCTH,3aXBaTa B KOH-. - ' '' ' " . ' '' 

cepBaTHBHOM npH6JIHJB:0HlU-1 cornacHO (2) (CM., HanpHMep, (I)); 

l{aqectBeHHO nonnn, · it ileMY npit:ao.n;HT B·o3pactaHHe m(t) H f(i.) (:no 

OOhlttHO HMeeT MeCTO) MO~HO C IlOMOll(hXr y:m:e HCilOJI:f,30BaHHOlt MO,ll;eJIH ttacTmiii 

B noTeHuHa_JthHOi:t nMe., ql'O KacaeTcn qacTHU, )tBHraIOI~~xcn .B KOHCepBaTHBHOM 

' nptt6m1:m:eHHH (Ha IlJIOCKOCTH 'f; , f ) no 3aMKHYThlM KpHBbIM, BHYT-

pH nnueo6pa3non o6nacTH, onpe.n;eneeaon (2), To·, oqeBH.n;Ho; qTo oHH npeBpa 

-ll(aDTCSI D. cnHpanH, ,IJ;JISI KOTOpHX npH t ~· 00, , Y, H f ➔ 0 t 

npHqeM 3aKOH H3MeHeHHH aMnmi:ry.n;1,1 :.'!Tll!X KOJte6amdl co BpeMeHeM MOl!tHO 

HallTH c IlOMOll(hD Mero.n;a a.n;Ha6aTHqecKoro HHBapnaHTa (CM. (I)). rpa-· .. 
HHUa 06JtaCTH HaqaJthHhlX' 3HatteHHll r O 

, 'f O 
, KOTOpHM COOTBe.T-

CTBYBT TaKHe ycTollttHBhle tpaeKTOpHH B pe3yJthTate B03pac_Tamrn md, u /<t), 
TaK:m:e ,IJ;OJI:m:Ha cyll(eCTB0HHO H3k0HilThCn. ~ellCTBHTeJthHO, paccMOTpHM qac

THuy, naxo.n;meyncn n HattaJthHl,lll MOMeHT B TOtrKe r", pacnOJIOJB:9HHOi1 

H0CKOJthKO npanee frrf (cM. pHC. !) ( f O < O ) • QqeBH,IJ;HO, 

qro ·ona 6y.n;er 'ABHraucg K rop6y l).,., , KOTOpJ,Iti 3a npeMH ee np11c5-

JIH:m:enHH HeCKOJthKO IlO.I(HHMa8TCH, H ll03TOMY qacTHUa MOJIC8T OKa3aThCil 

3axnaqeHnoll ·B notem:~imnhHon SIMe, ecnH ee :rnepr11n E:::. { ( f °]Z + U ('f') 

.n;ocraroqno.c5JIH3Ka K Urn • 3TH KaqecTBeHHhle cooc5pa:m:eHHH no.n;nep*

.n;arorcn pe3yJthTaTaMH qHCJI8HHhlX pacqeTOB 12fHs KOTOpblX cne.n;yeT, qTo 
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npH B03pacTaHHH m{t) U fct) o6JiaCTh. 3aXBaTa HeCKOJibKO pacmHpJieTCJI. 

B nacToameH pa6oTe H3JiaraeTcJI nocJieAOBaTeJihHllH pacqeT 06nacTH 
I 

3aXBaTa C yqeTOM HeKoHcepBaTHBHOCTH ypaBIIeHHJI (I), OCHOBaHHl:lH Ha 

npeADOJIOE:eHHH O MeAJIHTeJihHOCTH H3MeHeHHJI m(t) H f<iJ,, IlOHHMaeMOH 

B TOM CMHCJie, tITO BpeMJI 't' cymecTBeHHOrO H3MeHeHHJI m(b. H 

f < t) BeJIHKO no cpaBHeHHIO C nepHO)~OM 211'/5? Jimrenm,rx <pa.30-

Bl:lX KOJie6a1rnt1. 3TO. 0,3,HatmeT, qTo ypaBHeHHe (I) MOE:HO sanHcan B BH

Ae: 

rAe. 

J-r{mcd; fJ + f (d) u'(Y,J = o, 

t = ,.1T 
2 

·(Ia~ 

YpaBHeHHe (Ia) npaHaAJie:E:HT K qHcJiy ypaBHeHHll C 11M8AJieHHl:lM BpeMeHeM", 

KOTOPl:lM nocBameHO 60Jihmoe qHCJIO pa6oT H.H. Boron1060Ba HD.A. MliT

ponoJihCKoro / 6/H B.M. BoJIOCOBa 171. OAHaKo, ;a3BHTl:le B / 6,7/ Me~ 
' ' 

TOAl:l·HCCJieAOBaHHJI 3THX ypaBHeHHll OCHOBaHl:l Ha npe~oJioxeHHH, 'llTO HX 

pemeHHJI SIBJIJIIDTCJI KOJie6aTeJihHIDrn H BOnpoc o rpaHH~e o6JiaCTH'HaqaJihlll:lX 

3HatieHHll, KOTOpl:lM OTBeqaJDT TaKHe ycTollqHBHe pemeHHJI, yKa3aHHUMH aB

TOpaMH Boo6me He CTaBHJICJI._ 

,Ilnsi ypaBHeHHH pacm,1aTp1rnaeMoro T1ma (Ia) c B03pacTa10mnMH m(E.t) 

··~--- --- ---
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Hf cit) rpamuzy odnaCTH. !3aXBaTa MOJKHO H·ai1TH, PYKOBO,ll;CTBYSICl,' CJieJzyKlll{l1-

MH ~H!3Hll8CKHMH coodpaxeHHSIMH • Oll8BH,ll;HO, : _llTO BCSIKaSI llaCTH~a, npHXO.I(SI

.- _niast' 9npaBa ita Bepunrny ropda U ~ · c OTJIHllHOM OT HYJISI CKOpOCThIO 

,n;omma dhlTh HeycToi1 1urnoi1 ( CM~ pnc. I). 

C ,n;pyron cTopom,1, qacTH~hl, _.n;B11raKl11lHecR cnpana K ropdy n He,n;ocnr

ranmne ero, .fIBJIRIDl'CR ycToiit1HBf>IMH. IloaToMy cenapaTpnc~y, orpamtt~u-
. , , . d - • o 

BalOlllYFJ OdJiaCTI, YCTOiftlHBbIX 'f' , . 'fJ , ecT8CTB8HHO onpe,neJIHTl, KaK MHO:m:e- · 
. . o • 0 ' . . 

CTBO TaKHX 'f , 'f-' , 'ITO BblXO,ll;SIIJl:118 H!3. HHX npH . t = t~ TJB8KTOPHH acm,m-
. ' 

. TOTHtl8CKH npHC!JIHJKalOTCSI K HeycToittnrnoMy no_JIOJlt8HMKl pa.BHOB8CHSI - ¼ Ifs . 
.flCHO, qTo cymec_TByeT deCKOHeqHoe tlHCJIO TpaeKTOpHit (Mhl dy,n;eM Ha!3blBaTh 

liX rpaHHtlHb!MH), KOTOph!e y.JioBJI8TBOpSIKlT ycJIOBliIO r -'> - 2 ~l , a r---? 0 

npn t--'> 00 • 3a,n:atia ,n;aJihH8illllero MCCJI8,ll;OBamrn. CBO,ll;HTCJI K HaXOJIAe

HMIO .IPYHKUHOHaJihHOtl 3aBHCHMOCTM '? 0
::::: r o ( 'f 0) •. IlOCKOJibKy ypaBH8HH8 

(Ia) co.n;epJICHT MaJmll napmrnTp £ , TO MOii!'.HO nom-lTaThCJI Hai1TM rpa-

HH'IHI1~ TpaeKT-bpnu nyreu qiopMaJil>Horo' pa!3J!O:-Kemrn pememdt ypaBHeHHR (Ia) 

. B psr.n; no creneH.fIM · t • TaK KaK pacCI..ra.TpHBaeMa.fI odJiaCTh H!3M8H8HH.fI 

He3aBMcm.rnro nepeMeHHOro .fIBJIR8TCH deCKOHeqHon, TO TeopeJ,m IIymiKo.pe 

od aHaJIHTHquoCTM pemeHHll ypaBH8HHA THna (Ia) no t , MOKeT dblTb 

HecnpaBe.n;nn~a (CM. (8)). 

B.I(. Mem,intKOBb!M c5b!JIO, O,II;HaKo, noKa!3aH/9/, qTo qiopMaJlhHOe 

pa!3JIOJH:8Hl'1e · 'f = 'fo + f. r1.. +,. • , Y){OBJI8TBOpSIFJlll88 .ItODO,'IHHT8JI.bHlilU 

YCJlOBliSIM }Vo~ ·-.tr.s, 'to~ O , f<· ➔ 0 , 'fc· ~- o nfU t-'> oo 
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Hr,·= 0 U:>o) np!l 'fo = ~ ( 'fa - np0H3B0nLnan T0QKB, JieBamaR 

Z\OCTBTOtUlO 6ml3I~O K -.2 fs CilpBBB OT -1, <fs .l(JIR TpaeKT0pviii, np:m1JIHJita-

11iHXCfl It -2 'fs cnpaDa, 1-1 CJIBBB ".ztJifl TpaeitTop11i1, n~H6Jrnl:'tarocinxcn t< --~ Ifs 
CJieBa) RBJiflBTCR acm.mTOTl1t!BCKL'IM no ~ H ,'Zl;BHCTBl1TBJII>HO. onpe;zi;eJI.HeT cena

fiUTpl-ICCY B TOM CMb!CJie, tIT0 Ha-qaJIIiHLie 3HBtlBHHR rpaHlltIHhIX TpaeKT0ptiLi 

pa36I1BBIOT IlJI0CK0CTii ( '(
0

1 '/'
0
) HB 06JIBCTH, 113 KOTOphIX BhIXO.ztRT O,7:lHOTHilHb!B 

x) . . - -
peweHHfl • IToBe.ztemrn rpmrntnu.1x TpaeKTop1,di, oqem-1;zi;uo, cy111ecTBeHIIO pasmrq-

00 
HO, B 3aBHCHM0CTH OT 3UaKa f , TaK Ka.KB cnyqae l[Jo > 0 

M0ilteT cymecTB0BaTI~ ioqKa rioBopoTa (r.ne 'r = 0 ), 0Tcy:rcTBy10ma.11 
" • 0 

B cnyt1ae ~ < 0 • 

LiccJie.z{yeM CHUtIBJia rpaHHt!Hb!C TpaeKTOptrn ,l{Jlfl 'f 0<o. l!ih! 6y;zi;e1.i CtIH

TBTI>, t!TO "to== o· , a: m(oJ=f(o) = i _, tiero Bcer,l{a Mmmo .1{06HTI>

Cfl npu HB,l(JieY.ialliet,I onpe.n;cJiemrn t H DCC pactICTbl BBCTI-I, orpaHI1lU1BBflCI, 

BeJIHqHIIBUH nepBord nopR.ztKB no l • 

YpaBHeHH.R, IWT0PLIM YllOBJICTBopmoT WYHiiUHM 'fo, ~' ... , t·., ... 
fJ:1opuaJII>noro pa:3JI0)Kemrn, m:.emT 1m;zi;:-

'fo + u' ('f:,) = O • (3) 

(ft + ll'1 ( 'f.) <ft = .. froJ t ll'{'fo) - ~'(o) d1 ( <f,, t) (4) 

<(t· -I- l/' { 'f'-} f, = r, ( t , lf O ) (5) 

x) 0TMBTnM, tITO 8TB TeopeMa ,1{0KB3BHB B / 9/ TBK:iKe ,l{JIR ypanHemaii OOJiee 
o611iero Bw;zi;a, qeM (Ia). 

r 



· _ li3 ypaBHemrn (3) cne,n;yex: 

'1 f. 

- 7 -

T + V. ( 'f O ) :=. C • .. 
Hcnon'h3YSI ycnomrn r,,- -2~s, fo--;;, o npu t:_,,. oo, I.ITO ,n;aeT C=Utto, 

X . 

) t = J&ium-:UICy v-dr ; ... 
_'f., 

( . X - napm.1eTp, Bbl)t81UIIO~Ut1 O,n;Hy 113 rpaHHlIHbIY. TpaeKTOpvtil, 

y· - nepeMeHHUR l.alTerpHpOBaHirn). 

(6) 

• c' 

YpaBHeHHR ( 4) l-1 (5) JierKo npoUHTerpu:poBaTh, eCJIH BBeCTU B Ka-

qecTBe ne3aBHCHMOH nepeMeHno~ · tf Q , CBSI3annyri c iopMynon (6). 

,UeHCTBUT8JihHO, KUK Jier~o noKa3aTb, .!L ffe1'lf (1Jm-_ l/('f{)) + U~'fo)rJ=: 'f1 rt/t'f'.)'(1 
d'fo fa . · . 

u, cne,n;oBaT~JibHO, ypanHeHIIe (4) CBO){HTCSI K ypaBiteH11!0 nepBoro nopSI,n;Ka: 
. . 

2. ( Uvvi'- -'u C Po)) -~ <ft' + u' ( 'fo) <f1. = «iCt~)) 
Of fo 

r,n;e 'fo . . .. · ~-. 

q·c'f,) . -: m'(o) J r.rr Ja'r+ (m'{•!-fr•J jtcy)U'(5)dr 
~.2rs . . -2,'fs (7) 

-
1'13 (7), UCTIOJih3YS1 ycJIOB:IIe 'ft = 0 npH 'fo ==- 'fo ., HaXO.Jl:Hl!: 

''to . .. . -J. ~c1 J cir 
'fi ('f. l ~ y~ lk 'J,/J(r,) -r; (2-U..,-2 U(1))3/2 (8) 
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AHaJiorHqnan qiop:uyJia 1-meeT Mee To ,J\JIR ft· nl'u / > i • TaKHU oCipa3oM, ypaB-
' 0 . 

neHHe rpaHHqHUX TpaeKTOpHA npe ~ < 0 onpe,n;eJI&eTCR C TQqHQCTLID 

AO 4JieHoB nepBoro nopR,H;Ka no l <I)QpMyJim.rn: 

'f:::: t,,(t,X)+-E. 'ft(t,x)+ ... 

(g('-f, ) I f'f'o C§'tf )cit ] + 
't ==-¥2 lll";l - ~ll('fo) + i[yzu.,._-').,U(4'o) + u ( If.,) - (2t1..,.-.2U<~V¾. ... 

'f/., . (9) 

CBR3L MeXAY Ha4aJILHNMJII 3Ha4eHHRMH 3THX TpaeKTOpHll, OTBe4aID~HMH . 

t-:::: o · , noJiyqaeTcR npH 'fo = X , T. e. onpe,H;eJIHeTcH mwauerpat1ecKoil 

cpop:zynoil: 

'f o =: X -+- ~ ~ ( o I X) + , , , 
. . . t. IO(X,) 1 1x . ~(,)of~ J 

• o ,____ =us==- -t- U (X) ---':"~(-=-)1)%' + · · · r =-Y2Un-i-2U(X) + f, '/fUm-:lU(X) r5'),Ur,;-NU l; (IO) . ' 
X 

r.l(e (;/(x.J ~ m'fo) + /'roJ ]1_2_1)-.,..,--!l-U-('f-) cfy . 
. 2 -~~ 

BosBe.IteM lf' 9 
, onpe,J\eJIS1e1rne (IO), B KBa,n;paT, orpaHH4HBaSicL t1Jie-

Hru.m nepBoro nopSI.n;Ka no l . 3To )(aeT: 

( 'f O ):l = _?l ( llw. -, u_(xJ)-,- :it{ ~(;t) - u'(x)'ft_C0,1)+ .. :(Il) 

IIepen.n;eM renepL K Henocpe,I!;CTB8H~on 3aBHClUJ0CTH uex,ny_ ( 'i 0
) 

2 H t 0 

c T0tlH0CTLID .n;o qneHoB nepBoro nops.n;Ka no. E • Cornacno (IO) B 

3TOM npHC5JIHX8HHH X, = 'f O 
- l ~ (o1X}, IlO.IJ:CTaBJISISI 3TO B:blpazemte B . 

(j 
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(II)' Haxo.n;HM HCKOMYID qJOPMYJIY ,ll;JIR cenapaTpHCCH npH f O < 0 : . . r. -· 
( f O

) 2 -:-- % (if~ - ll {yi0

) J :,_ [_ }112llm-2U('f~ dr· 
-21a > 

uje, E. = f. (~'.Co) + f'Co)). ·(I~) 

B tiaCTHOCTH, WHpirna 06JiaCTH 3aXBaTa npH r O = 0 paBHa, 

fJ. r = r::. + :2, 'fs , r.n;e f,,,t U -Z 'fs - Koim~ ypaBHeHHsf 

. · • ~ c urn_- uc r>) + "f. f-v2u..,-:wcr> df"' o . 
-t~s 

oqeBH,ll;HO, 

·nerKo BH.n;et1>, qTo 
'f,v."~-------- . " ' ' - ', 

r..! = 'f.J + :iu;ct.:J .l:zu..,-lW(?Jol/=f..:'+rr,(D) 
r.n;e r r -npupamCHH8 o6JiaCTH 3aXBaTa 3a cqeT neKoHcepBaTHBHOCTU '. 

IIpH ;i:09TaTQqHo · Mam,1x • lf s MOi.tHO npmtstTh' q;o u.;, ~2.. + -1.:-. 
. .. 'f/• ~ 6lfs 

BBO,ll;Sl HOBIW BeJIHqUHli XO = ~ xo::::. - . , npe.n;cTaBHM ypaBHemrn 
• \j'_s > <f s 

cenapaTpHCCLI (I2) npu x "< o B Bt-1.n;e: 
xo 

.. _· (x 0
)

2 =- :l (~ :_ l/()(J) + l fv'~ -~UCx) c/x, " 
-1 :(14) 

x2 X 3 .. ) -, 
r.n;e U(x) = . -~ +- T , .i (U.,.,..-u(x) -= 3 (t-x) (J..+xl~·:' 

(..l Jr~ -Zl/(x:) olx ==-
- .t ,, 

J 2., -s 



r.n;e fx-

- IO -

1. 

~ J1u-x )(J.+x)R,:olx =
iu'(tJ -~ 

t/ 
-i 5 . 

Ha · p11c. 2. H3oc5paii:em-1 rparimKH cenapaTpHCCbl npM £°· -· (j 1 1 11 . 
l = o ~ J 

B irepeMeHHHX x" 
' 

)(0 , .Hail.n;eHHble no cpopMy1Ie 

(I4). 

Hcc1Ie.n;yeM Tenep1, none.1teH11e rpaHHtIHhlX TpaeKTop11tt npit · f O >- o 

(Hatia~LHan CKOpOCTl, HanpaB1IeHa C1I8Ba Hanpano). B 3TOM C1Iytiae c1Ie,1tyeT 

pa31IHtiaT.b )tBe B03MOiIHOCTH! 

I)tiacnII~hl naqmmIOT CBe )tBHJ!C8HHe CJieBa OT ropc5a IJM (Y,"<-.Z\f.s) 

H npnxo.n;nT Ha nepmHHY ropc5a C HyJieBOH CKOpOCTLID. OtieBH)tHO, tITO 

reoMeTpHtiecKoe ueCTO Hatia1I.bHLIX 3HatieHHH t O 
' t O )t1Ifl TaKHX 

-rpaeKTopnn nonyqaeTcSi 113 KpuBon t ~ + )'2u ... -1ucft)HeK0Toph!M c_Men1enneM 3a 

cqeT HOKOHCe~BaTHBHOCTH, 

2) qacTHIU:J HatrnHcUOl' CBOe .n;BHE8HHe CJICBa OT ropc5a H npHXO,ZSiT 

HU nero C OTJIIPIHOll OT IIYJISi CI-OpOCT:bID t > () HJIH HatimiaIOT. CBOe 

.ltBHJR:emte cnpaBa oT ropc5a ll~ · c · <f O 
"> o ·• B noM cJiytiae rpam1t1-

Hasr TpaeKTOptrn ;comma UMOT.b B HeKOTopun ·. MO;.mHT BpeMeHH t t ' npH 
• 

If > 0 · TOqKy llOBOpoTa, r.zte ~ = 0 , a B .n;aJihHetillleM ,Il;BHY.Cel'Cfl 

C r < o no TpaeKTop1rn, onpe,neirneuon Hai1.n;eHHoti pauee 4Jop1zynon (I2). . 

Pace>.t0Tpl1M cnaqaira nepnyID H::3 yKa3aHHUX B03MOlitHOCTell. rpaHI1tIHan 

TpaeKTopirn. OilI1Cb!BaeTCSI qiopMaJII:,HHM pa3JI0ii(8HHeM 'f = Y,o + e W + · , . 

r.n;e ~- no.n;tIHHSieTCSI TeM JR:e . .n;onOJIHHTeJI.oHUM ycJIOB~RM I1 HaX0,11;1tTCSI 
• 0 . 

TaK JJte, KaK B CJiytiae 'f < 0 • 0TJU~tIHe COCTOHT TOJl.bKO B TOU, 

' 
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-
qxo 3A8Cb CJI8AY8T BSSITI, B KaqecTBe· lfo TOtJKY, JI8Jmll{yl0 CJieBa OT 

t 'f d°f . . • 
- i lfs • Tor,1\a = J Y.iu..,.-~UCp , TaK KaK. npu t > o · , '(o > 0 

l1 'f' 0 > X. • rpamttJHhl8 TpaeKTOpl1H ?TTl1_C1maIOTCSI cpopyYJIBMH: 

'f == 'fo {t,X} + l f1 ct, X)-1-- •. · 

. •' . w . 
· f :; Y~ll~-fUl(r,,) + E. · · {q('f/o) · - u'(f.J.J . Ci<'fJdt ].,.. ; . 
. . . '2.Um-Zll('r'o) . '{). (1.6'./"""-iu('f»~,,, 

. . . . .. 1.,I5) 

a HX natJaJIIiHH8 SHatJeHHfi noJiytJalOTCSI HS (I5) 

nepenvrc1rnaeu·(I6) B B11.n;e: 
. -2, 

2l (; ~ u(x)) + i J Y~r---,t-U(:-x) rlx > 

-i 
xo. 

(I7) . 

H jl'_r ___ i_u_(x-)d X onpe,n;eJieHh! B (I4). 

,xo 

Ilccne,n;yeu, naKoneu, nocJieAHl1i1 cnyqatt • .I(B11JiCem10 qacTtt[(hl B HHTep-

Bane. ( ti J eo ) , T
1

• e. nocne TOtJKH noBopo:ra, Mhl 6yAeM 11cKaTii TaK

xte' KaK B CJiyqae t O < .0 • C IlOMO!l{IilO noJiyqeHHbJX paHee paSJIOJK8HHll 

(9) Mb! CMOJiC8M BbltJHCJil1Tii t ( ~ ) ( T. e. SHatJeHHe t D TOtJKe 
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IlOBOpOTa), KOTOpoe, KaK nerKO npoBepHTh C ToquoCTb .n;o qneHOB nep

. noro nopsr,n;Ka no • t · · BKJI10qHTe·n1,uo, onpe.n;ensreTcSI (D). IIocne :.,Toro 

Ha HR Tep Bane ( 0 1 ti) 'pemeHHB 'f ({) dy.n;em HCKaT:b. B BM,Ue psr,n;a 

't{t J = 'fo ( t) ~ ) + E )¾ (t, t-1. ) -;- ... 
.) 

r,n;e ipyHK11HH ~ ' t.z ' ' ... ' y.n;OBJie.TBOpSIIOT ypaBH8HUSIM (3)' (4) 

II (5) c Hallam,nm.rn ycnoB11m.m 'fo(tl) t1 )='f("C£), .~<tt,rt}= o H 

'fi:(l::1,,t1.)= 'fc.(t,, t£)=onpn. l:> o ~ (nmr noro p·asnoxe-

HHSI cnpaBe.n;mrna reopeMa IIyauKape 06 auam1T1,ttrnc1ton saBHCHMocrn OT 
. . 

napaMeTpa i ( CM. ( 8)). KaK H8TPY,IUIO ripoBepHTb .n;o TOtlKM no-

BOpoTa pemeHH8 C TOllHOCThlO .n;o qneHOB nepBoro nopR.n;Ka no ~ Hl.!88T 

BH,ll;: % - . . -----·J . ~<yJe1r· f - to + £ jzf.Y"l-'-,U('/lo) .J~fw-.-~l/(11)¾ + ... 
. 'fm2. .. 

. yr------ , . [ @(~.) 
lf =;tErvt-lU(y;) + c. y £ _ . (i J -

.. 2mtUr,, 
(, ~) 

. . r ~{~)cir ] . 
- ll'(~o)) (~£""'-tU(,))¾ -t .. . 

lv I. , 
. · . Tltt . · 

.) 

r.n;e Cwi =- . IJ{'fJ) . Us (IS), paccylit.n;asr TaK_xe, KaK 11 nptt Bh!Bo,n;e 

(I2),. nonyq~eM: 'fnf 

( f O )'l ;:;; ,2 (t..- - u ( y, • » + [ Jv'2 Em-:i.,ucy) d'f. 

· '/"' 
0 

• (I9) 

HanOMHHM, llTO [ty\ = LI ( r~ ) saBucnT OT E , T.e. B (I9) 
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KOCBeHHblM o6pa30M YtIHTl,IBaIOT,CSI t!Jtem,r DblCl!H1X nopSI,ICKOB no i • O,1rna-

Ko, KaK cne,nyer H3 Bb!BO.IT;a non qiopMyJihl ,n;aBaeMaSI eIO 0111n6Ka m,reeT. no. ( ' . . ' . . ,. ' 

~s , orpaHJIJtIHBaSICb B pa3JIOiiCe
~o 

1rneHmm He Bhlllie BToporo nopsi.nKa J1J ,JJ;eJiaSI 3aMeHy x O 
=: Y's , 

MOJKeM np1rneCTH BI,IpaiiCemrn (I9). K BH,ny: 

i. + !:L[ 
s 

,i u (x 0 ) + ~ Ji_r_+_' 2._I ___ ,t_L{_(.x-) J X. 

5 (20) 

COBOKYilH0C'Tb "cpopMyJI (I2), (I6) H (I9) ·Il03BOJISieT nocTp0HTb Ha nnoc-

KOCTH ( 'f OJ 'f O ) ·KpJIJBYIO, K0T0paSI J/1 .n;aeT rpa~Hµy OIJJiaCTH 3aXBaTa. 

3Ta Kp1rnaSI B nepeMeHHblX >( 
0 

,. >( ° C Il0M0L1l,ID q)0pMyJI . (I4), (It ) J/1 

(20) JIJ3o6paiiCeHa na puc. 2 ,IJ;JISJ e = t. (.m 'Co) ~ f'(o)) = o, i 

JIJ ,ICJISJ [ = f.. ( WI 1
(o) -f- f 'co J)= _O fl. 

Mo,iteT B03HHKHYTb Bonpoc, IlOlieMY B 3T0M nocJie,n;HeM cnyqae HaM 

npJ1Jm11oc:r, ,nonoJIHJIJTen:r,no BB0,I.CHTh H0Boe pa3JI0iiCemrn (IS), noqeMY npJ11 

t o > 0 HeJII,3SI !Jb!JI0 B0Cil0Jlb30BaTbC.R Ha BCeM npoMexyTKe [ O _, t>0 ) 

pa3JI0iiCeHHeM TJ/Jna. (9). Bee no CT~HOBHTCH 'SICHI,JM, ecirn Mhl o6paTHMCSI K 

pe111emrn ypaBHeHJIJSI ( 4), K0T0poe ,naeTCSI qiopMyJioli (8). B TOQKe II0BOpo

Ta '3HaMeHaTeJII, IlO,IJ;HHTerpam,Horo Bb!pai!!:emrn HMeeT HYJU, nopSIAKa He HH

:m:e · 3/2, _dnaro,napsi qeMy HHTerpan 1rneeT B T0QKe 'noBopoTa oco6eHHocn, 

K0TOpaSI H He Il03B0JISieT B0CilOJib30BaTbCSI Ha HHTepBaJie ( 0 , ti. ) pa3JIO

JKeHJIJeM (9). 
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IloJiyttenm.ie pesym,TaThI nosBoJISIIOT CAeJiaT1:, pSI,n 1.rnTepecm,1x 

BblB0,ll.0B' K0T0pli!e' no HameMy :i.memuo, i!oryT npe,ncTaBJISITb. TeX-

~H4~CKHA HHTepec: 

I. KaK"BH,lJ;ll0 H3 pHC. 2 npH E.>o o6JiaCTb saxBaTa Tep_SieT 

CBOll CHlU.1eTpH4HblH OTHOCHTeJihH0 npSIM0tl f" = 0 

60JI1>maSI 11rnp1ma saxBaTa nonyqaeTcSI (npH .l(0CTaT04HO 

He npH 'f O = o , a corJiacno qiopizyne (19) npH 

BH.n. Teneph nau-

1.ro.JihlX . c. > o ) 

'f~i, ~ ,f •(-J. 'f, J ~ V :i{Cm- U-) + [ J Y2f....-:l;U('f) dl 

Ona onpe.n;eirneTcSI 6mrn:anmuM K ·tti -KopHeM ypaBnem-rn 
.. wi 

Th1 -

( f mio ) 2 ·~ Jl ( E~ - U('fl) -t- l" j7f:tt--~UCf)clf 
r 

u 6JIHE:at1m:m-.1 t< - !i :fs KopHeM ypaBHelnUi 
- ~rs 

( 
. i 

·'fmi,,) == 
2 { IJ"'- U('f )) + f J f,--~ll-~--.?l-U-Cl) otr 

r _,, 

KopeHb nepBoro ypanHellHSI Mhl 6y,n~M HCKaTb B BH.l(e lf - er,; + ilt. tf 
KopeHb BToporo _ -- B BH,Ite 'f' == ~ ~ 1s -t- ~ 'f • Ilo,ncrannnsi noJiy-

tteHHHe n1:1paJ!teHirn B HaErn ypaBnemrn JierKo Haxo.n,m, ttTo B 1.ma,nl!leM qJieue 

pasnol!Cemrn no c 

(' 
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•' 

HeTpyAHO BMAeTb, qTo _c ToqHoCTl>IO AO qJieHOB nepBoro nopHAKa no t 

<lL 'f = ~ .2 ff , rAe ' <l 'f onpe.11eJIHeTCH no q>OPMYJie (i3) ~ 

TaKMM o6p.a3oM, npM f. > o nmp1rna saxBaTa yBeJIMtJMBaeTCH B MJiaA-

meM tJJie.He pa3JIOJiteHirn no f. Ha - c5;, 'f 

B nepeMeHHl:JX XG 
' 

xo 
' 

T.e. npM MaJil:JX CMHXpOHHl:JX cpasax B 
fo · .. ~t ~ 

e,ll;mmuax 'fs npv1pan1emrn o6nacTM saxBaTa paBHO x=--..L = iv f ··• ·". ·~ s . 
II pH l = o,~ ~X =I,O, T.e. llllf!)lUia 3axBaTa BO3pacTaeT no 

=0 B. KOHcepBaTHBHOM CJiyqae na JO%. ,, ;_ . 

2. ECJIH C,ll;Blfr HatJaJibHOH CKOpOCTlf qacrn npeBl:JlllaeT (B e.11~mn~ax o/ ) 
'f mt'" (CM. Buwe) , To tmcrnuu, 3axBaTuBae11ue B c1rnxpomiel1 

pel!CHM ycKope1rnn, rpynnHpylOTCH B ABYX crycTKax (yqacTKH . ( X1. 1 x~) H 
-

(X3 I Xy) ' OTBetJalOIUHe [::: o,, 1 Ha pMC. 2)' KOTopue )(JIMTeJil>HOe 

BpeMH MoryT cyn1ecTBOBaTb pa3AeJibHO, TaK KaK qacTMUl:J C yqacTI<:a (><, 
1 

X,t f, 
KOTOpl:le Bh!IIYr.CAeULI npOXO,ll;MTb tJepe3 nono:m:emrn Heycxol1qMBOro paBHOBeCMH 

, »MeSI TaM H86OJII:,myD CKOpOCTI,, nepe.n;BMraDTCSI Ha qias_onotl 

nJIOCKOCTH 3HaquTeJI~b!IO Me,I(JieHHee, qeu qacTHUbl C yqacTKa . ( X 3 
1 

X y ) • 

Bo3.MOJitHO, lJTO no. o6CTOHTeJibCTBO oKaJiteTCSI cymecTBeUHb!M B Teopmi, YlJM

TLIBaromett .n;etlcTn1rn O61,eMuoro 3apSIAa. 

3TM Bb!BO.IJ;H, MOryT npe;n;cTaBMTb HaM6OJibWMH HHTepec B npttMeHeHMU K 

npOTOHHOMY mrnetlHOM:Y YCKOPMTeJIR) C Tpy6KaMM Apeitqia. YpaBH8HHe qia30Bb!X 

KOJiedaHHtf B :3TOM CJiytJae MOilCHO santtcau B BMAe (CM.' Hanpmiep (II)): 
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J ( v;•r) ::: e £"' v;[eos (lfs + r) - .e-os 'fJ . 
cit · m . . . . , (21) 

<.() . 
r;i;e 'f' = ll: Q , Q -cpe;i;nee paccTosimi:e ue:iir;i;y paccMaTpirnaeuoit H c1rnxpou-

s / / . (' 1. J . ~1T £' 
no~. qacTn~aMM Ha ;i;aHHOM s Tane, G. = l l f ~ eos T Z. c/2; ( ~ -nan-

psi~eHHOCTb ycKopsiromero nonsi Ha ocn ycKopsiromero npoMe~yTKa .c ;i;nnHott 

L , B,nom, KOTOpott npOH3BO,ll;HTCSI, HHTerpnpOB1l,HHe); cJ = ~ff 1 7' .:. ne-

pHO,JJ; Bh!COKO48.CTHhIX. KORedaHHti, e . . , Yn ... 
·i:; - cKopocTb c11Hxp0Hno'n qacTHUhl, 

-3apsi;i; H Macca %CTI1Uhl~ 

t - Bp0MSI B CeK. OTMe-

IHM, qTo npMpamemrn ee CKOpocnt Ha O,JJ;HOM yCKOpSIIOlJl0M npoMeeyTKe onpe

;i;enSI~TC~ qiopMYn~tt /1 l{::::: -t¼ [ T e.os ~s. Mu npirneu .nmr npoci-oTu, qTo 3Ta 

BenHtnrna noc_TOSIHltaSI, T.e·. Z1s":.·i'so+ ~v; t= z..rac:i: +;)' Vso - na-

uanb~aSI : cKopocTb ci,inxpoHHOM ·qacTHUhl, 't" = f v. T . · . BBe;i;eM des-
. t' t i pasMepHyro nepeMeHuyro = 2 · , ;22=. ew st'n lf,t(otieBH,TI:Ho, qTo 

. . . m\Jso . . . 
Q COBna;i;aeT C qacTOTOit JIHnetiHh!X cpa30Bh!X Konedamd1 npH' lJi = lrso ) • 

Tor;i;a ypaBnenne (21) c ToqHoCTbro ;i;o BennqMH nepBoro nopsi;i;K~ no e 
MOjjCHO samrnan B Bn;i;e: 

· ~ {( i + ~ f, t') dLt~] + ( 1. + £ t 1 
) U 

1 
(If) =- o Jt , 

(22) 
.. 

r.n;e U'('f) =- u~~s[eo~(tfs-t'f) - ~ 'fs] . E =· :. ::::: J. . VA 11s' 
- ) · 5? C.. 19. f(t;, lo ?f;. o · , , . . v;2. . ? JS 

Ilp1rnmmsi { · = YYI s O = · V M ~ t t.1> -= ,, 0 Ll v--~ · x) 
. <,o i . , JS."" J v;--=o,ov , . 

so '' ' . 

x) 3TH ,IJ;amme OTIIOCSITCSI K ycKopHTemo AnbBapena /II/ 

I 
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• Co:rJiacHo (I4) npupainemrn nmpHHH 3ax-

B_aTa nt,u f 0-= 0 COCTaBJIReT (B e,n.HHHUaX. !f's ) ,]\JISI paCC}i!a.Tp1rnaeMoro 

cnyqaSI cfx = J l = o, 3 } T.e. IO%. 

EcnH uaqam,uast :rnepnrn qacruu npem,imaeT pacqeTHYIO :rnepr:irn £ o 

Ha BeHH•m~; OT~esaD~av,(dx) ( ;f; )m,-~ ~ ~ tf'",'vi ~ _ T.e). Ha 

Bemrq1,rny () C. -= Co 'fs ?.,'ff ~or. clt! l'11i~npH • _?.!~JIHX_ CUHXPOHHI,IX cpa3aX , TO 

np11pa11!eHHe WHpHHH 3aXBaTa COCTaBnSieT · Y ~I/. i · • UHaqe ro-
5" 

BopSI, n paccMaTp1rnaeMOM np1-114epe noBNniemrn :rnepnm HHTerpupyeMh!X qacTHlt 
• ' • " ; • • • I ~' 

c E :::; 4 M 3 e na I60 K ;)·c .n.o_nxao np1rneCTH K_ YBeJI11qemuo 3ax-
o . 

BaTa np1rnepHo Ha I,4, r.e._ noqTu ua 50% no cpanHemuo c KoHcepBaTHB-
, 

HhlM np11Idnm1i.:en:r,rnM, _OTBeqaIOll!HM 'f' 0
;::; 0 • 

HHTepeCHO OTMeTHTh, qTo B padoTe1121, IlOCBRll!eHHOH onncaHHD 

mrnetiHoro ycKopHTenSI, npeHa3Haqemrnro ,n;nR HHliCeKTHpOBaHHSI B depKJIHeBCKHM 

d:rnaTpOH, yKa3bIBaeTCSI, qTo uandOJI:bllll1H 3aXBaT nonyqaeTcH, ecmI HattaJib

HaH 3HeprHSI npoTOHOB paBHa He pacqeTHOll (450 KB), a 'npeBHmaeT ee Ha 

IO KB x/ • B03MOii'CHO, qTo no HBJiemrn od'E>.fICHSieTCJI BHmeH3JIOJiteHHhlM_ od

pa3OM, T.e. nonumeHneM 3axBaTa npa yBeJIHqeHHU Haqan1>Holl 3HeprHH no 

cpaBH8HHIO C pacqeTHOW 3U cqeT neKoncepBaTUBHOCTH qia3oDoro ,ll;BHliCeHHH. 

B 3aKJiroqemrn MH XOTH!,i no.n;qepKHYTb, qTo BhUUeH3JIOliteHHhle TeXHHl.lec-

x) CorJiacHo namHM qiopMynaM, 1vtaKCHMan1,nan nmp1ma 3axnaTa, npmieHHTen1,
uo K .n.aHHhlM 3TOro ycKop11TenR, noJI.y1.1aeTCH npH 3HeprHH HHliCeKu:r,m, 
npeBumaromew pacqeTHYIO Ha 30 KGB. 

'.?"'~---->:----
·oo-.. e~r,111.:.il111:ti'I 111m1,; :·- :. 

11'Aepm.u HCCJJeJI.OBatrn! 

6H6Rl1t>TEKA 
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KHe coo6paxeHHfi HMeDT MeCTO He TOHDKO AHR HHHellHHX YCKOpHTenen, HO 

H .JJ;Hfi l\HKHlttleCKHX ycKOpHTenen T1ma .q>a3OTpoHa H CHHXpoqia3OTpoHa. B 

tzaCTHOCTH, MOii:HO YTBepY.t.i:i;an, tlTO_~o3paptaHHe co BpeMeHeM-aMnHHTY.JJ;I,J 

Hanpm1temrn B ycKopHID!ilHXCH npoMeJKytKax cnxporpa3otpona H neKotopoe noBH

meane Hat1am,Hon :rnepnrn mpotoHOB, nm1teKtnpyem,1x B · Hero no cpaBHe-

HHID C pactleTHOli, MoryT npnBeCTH K cymecTBeHHOMY yBenntzeHHR) qncna.tzaCTH~,-

3aXBa1.leHHhl~ B pezm.1. cmixpoHHoro· ycKopnTeirn. 

Bupa%aeM 6naroAapHoctb n.A. ~y.i:i;o~y, A.c. illB~pey n npo~eccopy 

A.C. KoMTiaHelley 3a o6cy~eHHe pe3yHDTaTOB 3TOn pa60TU. 
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