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npu npoeKTMpOB8HHH cnaf5oQ:JoKycup~lOWHX yCKOpHTeneil: 06bttlHO orpaHJitiHB811HCb paCCMOTpe

HH9M anusumst ua nyttoK nnueil:HbiX peaouaucoa nepaoro u BToporo nopstoKa: auewuero, napaMe-
/1/ 

TpHtt9CK0["0 1 H pe30H8HC8 CBSI3H 

Bo ua6emauHe ux onacuoro aoa.oeil:cTBHst pa6ottast o6naf:Tb no n Bhi6u:paeTcsr, KBK npaaHno, 

TBK~fi, ttT06bi SITU p930H8HCbi OTCYTCTBOB811H. B tt8CTHOCTH, B yCT8HOBK8X 693 npSIMOmiHefiHbiX 

IIpOMe>KyTKOB H K011bU9BOfi DO pa,onycy M8["HHTHOA .OOpO>KKOfi HCIIOI1b3Y9M8SI 06118CTb DO n rie

lKHT a npe!lenax 0,5 < n < 0, 75. 

B ycKopuTenHX c npstMonuueitHhiMH npoMemyTKBMH .aau.oy CMeweuuSI napaMeTpHttecKoro pe

aouauca npu v z = Vz , r.oe v x - ttHcno pa.ouanbHbiX 6eTaTpOHHhiX Kone6auuit, yKna.ohiBaromnx

CH ua onnoM o6opoTe ttacTau, aepxustst rpaunua no n uecKonbKO Bbrwe. Hanpu:Mep, .onst cu:uxpo

cpaaoTpoua OH.s:II-1, r.oe .f.. c: :1. L -.a.nnua Kam.ooro u:a 4-x nPstMonuue:iiubrx npoMe>KyTKOB, 

R - pa.a.uyc op6nThi ) pea~uauc 7 
v z = Yz ocymecTanncsr 6bi npH n = 0,79, BMSCTO ~ •0,75 -

B yCT8HOBK8X 693 Op0M9JKYTKOB. 

KaK noKaaana npaKTHKa pa6oTbi Mnorux cna6ocPoKycupyromnx MaWHH yK"aaauuoro Tuna, no.o

xo.o K paCCMOTp9HHlO 6eT8TpOHHhiX KOne6aHHA, OCHOB8HHblii H8 11HH9tlHDA .T90pHH, 6hin Bll011l:l9 

y JJ.OBI19TBOpHT911bHh1Mo 

0..0H8KO npH CTp9MI19HHH CB9CTH K MOHHMyMy 'rroTepH HHT9HCHBHOCTH nyliK8 tJBCTHU B npo

uecce ero ycKopeHHSI cne.o.yeT o6paTHTb BHHMauu:e u ua 6onee TOHKne u9nnueanble peaouanchi, 
/2/ . 

pacnono>KeHHbie a pa6otteA o6nacTn. B ttaCTHOCTH, ecTb ,YKaaauue , l{TO aaMeT_uoe anuSiuue ua 

HHT9HCHBHOCTb nyttK8 MO>K9T OK83biB8Tb H8liHH9A:HbiA p930H8HC Tp8Tb9["0 nopst.O.K8 C P8fiH8llbHbl-

MH KOI1968HHSIMH npH 2 • 8 'cuHxpocj>asoTpoHe OVIHV! :>TOMY pesoHaHcy cooTBeTcTeyeT 
3 

n •0,63. 

npH 8H811H39 .09ACTBHSI 3T0["0 pe30H8HC8 lfCTIOllb3Y9M. 06LUHfi DO.llX0.0 1 KOTOpciA 6hii1 paa

paOOTBH npH HCCne!lOBBHHH pe30HBHCHb!X SIBneHHA B YCKOpHTenSIX, H3nOlKeHHblA, HanpaMep, B /S/ 

Haw a 38..08tt8 6y ,OeT COCTOSITb r'll8BHhiM o6pa30M B OU9HK9 DOT9pb HHT9HCHBHOCTH nyttK8 B 

npouecce ycKopeaust, TO eCTb npH MHoroKpaTHOM npoxoJK.oeann ttepes peaouauc ua-aa pa.o.uanbuo

cpaaoawx K011968HHA. liHCI19HHbi9 p8Ctt8Thl 6y D.yT npOBO.llHTbCSJ C HCTIOI1b30B8HH8M napaMeTpOB 

CHHXpocj>asoTpoHa OV!HVI. 

1 • .Llnsr ynpomeaust 1 u a TO me apeMst ue .oenaSI 6onhwoa owH6KH 1 paccMOTpeHne 6y.oeM 

B9CTH B 'rnB,OKOM npu611H>K9HHH~ HM9HHO: 6y.O.eM 'clfHT8Tb IIHH9.RHbi9 KOne68HHB r'8pMOHHtt9CKU:

MH C tt8CTOTOA. 

v = . 
npn 3TOM 38 H838BHCHMYIO nepeMeHHYIO Bbi6Hp8eTCSI (} 1 OTip€1.Qelist8M8B• ¢opMynoit 

s 
(J = • 

R ( 1 + l.!!_j 

I"D.9 S - TeKyiUaSJ .lli1HH8 B.OOlib paBHOB9CHOA op6HTbl.
17

R 

3 

(I) 

(2) 



Torna "'crna:meHHbie' ypasHeHnst pa.ananbHhiX 6eTaTpOHHbJX Kone6aHnA s paano>KeHnn .no 

3-ro nopH.O:Ka no I r - R H npH y~eTe T01lbKO ~meHoa, OTBeTCTBeHHhiX aa peaoHBHC v = l. 
R • 3 

6y.nyT MMeTb nun: 

I 
~ 

+ V Jr X = -11 ( ~ - 2n + 1 ) + [ tJ. H(IJ)_ (.!!..@ n ( IJ) -n )+ Y, ( !!i§.J, ( IJ) -n I Jl x • + 
2 H 11 H' ' (3) 

+ _1_[1-3 !J.H(I!l_]x'
2
+1(.!2-n +njx 3 +_l_(3n-4)xx' 2 • 

21 H 6 1 21 

3necb H onpeneneHo H3 ycnoBIHI: eH R ::.. - pc, p - HMDYiibC qacTHUbi; I = 1 + 1!=_ 
,R 

tiH (6) = H((})- H ; H(O) - axcnanbHBH KOMTIOHCHTB HanpH*eHHOCTH MBrHHTHoro nonH npn 

• r• a•H(r 0 z) z =0 H r=R; n (IJ) = n (r,IJJI , r,!le n (r,IJ)=(-1)-~ '' I _dn,n n 
k-1 k-1 r=R 11:-1 ll(t,(}) ark :z- I' 2 

- He 38BHCSilllRe OT (} 'HneanbHbie 1 3H8'1eHHSI napaMeTpOB n lr-
1 

({J) ( npn k = 1 nH.oexc _ •o• 

onyllleHL Cne.nyeT T8K)Ke nMeTb B BH.llY~ liTO nk-/8) npH k > 1 M0)KH0 Bbip83HTb qepea 

n ( IJ) , n' ( IJ ) = .i!_J.J!..!...§.l I , = ar R • •••··•• • 

(k-1) 
n (IJ) 

(k-J) 

!_ __ ~..!.!..:__!!_}_I 
k-J r=R or 

HanpnMep 1 2 
n 

1 
(IJ) = n • (IJ) + n(IJ)- n'(IJ)R, n

2
(1J) = n3 (0)+ 3n 2 (1J) + 2n(IJ)-Rn'(0)[3n(IJ) + 2] tR n"(O). 

0603H8l!HM KoaclJcf:>HUH:eHTbl (BKJl~'-189: 3H8KH) IIpR x 2, x' 2, XJ, ~x' 2 COOTBeTCTBeHHO qepe3 

r, A, K, 1.1 H p~3J1Q)KHM 38BHCSIIUHe OT (J Ko:::;cpq:m:uneHTbi r H A B pH.!l <Pypbe: 

r = y + 2 ( y cos k 6 + ll• sin k 1J ) , A = >. + 2 ( >. • cos k 1J + e sink 1J). 
0 k= 1 k 0 II:= 1 ' k 

By .a eM acKBTb pewemte npHaeneaaoro ypaaHeHHst npu v = ~ + Av , Av << 1 
/4/ 3 

M8TO.ll0M ycpeLIHemt:SI 

PemeHne o.naopo.nuoro ypasHeHHSI HMeeT BHLl! 

x = a cos ( vO - · o/J ) , 
(4) 

r.ne a H t/J - KOHCT8HTbi. 

Hcnonb3ySI s-ry ¢opMy peweHHSI, HO cqu-TaSI a H f/1 Me.nneHHblMH cpyHKUHSIMH () , HeTpy n-

HO nony'IHTb H3 (3) CHCTeMy Yitop0'16HHblX ypasHeHUit .llJlSI KBBLip8T8 8MllJlHTY.llbi D = a 2 

KOne6aHHit, 3TH ypaBHeHHSI 38TIHWeM B r8MHJlbTOHOBOll ciJopMe:-

rae 

3d •1• D'= __ > D sin3¢ 
8 

aR a;;;- . 
¢'= !!..!_D 14 cos3¢- ~D t!l.v= a}(, 

M M oD 
. • 1 31> 

}( = !l.v·D -.1.. tD +-d D cos3¢, 
32 8 • 

</>=- ,P+!J.v·IJ+-!}-

--------------
d2= v'cf->-.-y,J2

+ cfe,-ll,J2 

t 

4 

.L>,-cos~=.fL_>Y>. 4£-d --,Sln~=?}2 /l 2 

3K + !._ J1. 
9 

2 -a;-

u cpaabt 

(5) 

(6) 

~ 

KaK u cne,lloaano O)KH.ll8Tb, pesoHaHc Bbl3biBai?TcH nHWb BTopoA rapMOHHKoll a aoaMyWeHnstx 

napaMeTpoe, xapaKTepHayromnx MarHHTHOe none. Ky6nqHaR HemfHellHoCTb a ypaaHeHKSIX (3) .naeT 

.nononHnTeJibHhifl cnetu' qacTOTbi Kone6aHni:t (aaancsnua:A: OT D ). 

2. nono:>KHM .1.v = canst • Torna raMHJibTOHHBH 6y.aeT HHTerpanoM JIBIDKeHtHt. CooTBeT-

CTBYIO~He HHTerp81lbHbie KpHBhie y.no6HO npeLJ.CT8BHTb H8 cfJa30BOi1 llJIOCKOC:PH B IIOJISipHOi:t CHCTe

Me KOOp,!lHH8T (eM, pHC. 1 H 2l. 

Ha yKasaHHbiX pu:cyHxax nonSipHbtii yron eCTb cP • a nonSipHblii pannyc z = ~ d a • 
16 • 

napaMeTp g = 1..[ L OTp8)K8eT BJlHSIHHe Ky6HtiHOii HennHeiiHOCTH H 38BRCRT T8K)Ke OT Benn-
3 a• 

t{HHbl d
2 1 

onpenelistiM-Oii B03MyWeHHSIMH B M8I"HHTHOM none. 

KaK BH.!lHO H3 pHC, 1a, rrpH ll =0 H !J.v = 0 peaOH8HC npHBO.llHT K 6eCKOH9liHOMY Hapa-

CT8HHIO llMTIJlHTy.ll. npn H8J1H'IHH paCCTpOilKH Llv .f 0 (pHC, 16) H IIpH M8nbiX aMrrnHTy.!laX 

B03MO)KHbl YCTOii'IHBbJe KOne68HHSI C cna6o B8pbHpyiOweilcst 8MllJ1HTY.llOfi~ 06naCTb OI"p8HH'IeHHbiX 

8MTIJ1HTY .ll H8 TIJlOCKOCTH Z, cb HMeeT BH.ll p8BHOCTOpOHHero TpeyronbHHK8 C p8.llHyCOM BTIHC8H-

!J.v 
HOH OKpym.HOCTH z 0TCIO.ll8,pe30H8HCH8SI non OCB onpeJiemtTCSI COOTHOllleHHeM 

2 

!l.v < _l_ d a 
- 8 • 

(7) 

Ha puc. 2a, 6, a, r, npe.a.cTaaneHbi c.nyqaH, Korna , g f. 0 • KaK BH.llHO, snec:b HeT HHTerpanb

HbiX KpHBbiX, YXOLISIWHX B 6eCKOH9'1HOCTb. 0LIH8KO H8pH.llY C Manof:i CT8_UHOH8pHOii 8MITJ1HTY.llOi1 1 

yCTOf:i'IHBOii (pHC. 2a, 5
1 

r) HJlH HeycTOii'IHBOii (puc. 26), HMeiOTCSI T8K)Ke OTHOCHTeJlbHO 6onb

WH6 CTB.UROHB.pHbie 8MIIJ1HTYllbl (pHC. 2a, 5, B) 1 KOTOpbie MOryT npeBbilll8Tb nonyanepTypy, H B 

3TOM CMbiCne pC30H8HC MO)I(eT OK838TbCSI CTOnb me OII8CHbiM 1 K8K H rrpa OTCYTCTBHH Ky6H'IHOi% 

aenHHeiiaocTH. XapaKTepao TaKme, 'ITO KBpTHHa aa ¢aaoaoi:t nnocKOCTH cywecTaeaao aasncHT 

OT 3H8K8 Av • 

Ubi 

3. Bo BCSIKOM peanbHOM yCKOpHTene B6J1H'IHH8 n 06bi'IHO He IIOCTOSIHH8 IIO pa.naycy. 

B KBaaa6eTaTpOHHOM pemHMe, a TaK:me a npouecce panHanbao-cpaaoablx Kone6aaua: 'IB.CTn

MoryT IIpOXO.llU:Tb o6nacTb pe30H8HCHOI"O 3H8'1eHHSI n 1 H1 C1l~.llOB8TeJlbH0 1 He06XO.O.HMO 

paccMoTpeTb yaenuqeHne aMnnuTy.llhi Kone5aHHA npn TaKoM npoXO)K.lleHHH. KaK noKaaanH oueHKH, 

B KB83H6eTaTpOHHOM pe)KHM6 O,llHOKp8TH06 npOX0)1(.ll6HHe '18CTHU8MH pe30H8HCHO:A o6J18CTH fipaK

THqeCKH COBepllieHHO 6e30TI8CHO. B COOTB6TCTBHH. C 9THM Mbl 6y.oeM pacCM8TpHB8Tb TOJibKO 

MHOroKpaTHOe npoxo:m.aeHHe peaoHaHcHoit o6nacTH acne.a.crsne pa.naanbHo-cp~aoaoro .aaa)KeHHSI. 

3.a,eCb H8.C.O yqHTbiB8Tb LIB8 cf:>aKTopa - p8CK8qKy Kone6aHHit npH IIpOXO)I(.lleHHH pe30H8HC8 H HX 

anHa6aTatiecKoe aaTyxaH_He, a T8K)Ke aaTyxaaae pa.llHBJI.bHo-cpaaoBbiX Kone6aHHA Me:m.ay nocne

.noaaTeJibHbiMH npoxo>K.oeHHHMH. Ha _ocnoae rrpoae.aeaabiX oueaoK MO)KHO yTaep)K.O.BTb, 'ITO npn 
,· • ' - 1 • • .. • ,-;· - • 

pannanbao-cpaaosoM .nanmeHHH 'npoxo>K.aeHu:e qepea peaoHaHc 6y.aeT He a.o.ua6aTH'IeCKRM, a 

6biCTpbiMX). Mcn01lb3YSI. cO~TB~TtTByrowYK> aTOMy' cnY,qSro· -MeTo'nuK~. paCCMoTPeHRSI/a/ ~ rionyquM; 

'IT'O np~ M8JIO~· ~THOCHTeitbHOM irPHPocTe aMrinHTy'.n"br oeT'aTpCmawX'-K0"i-Ie6aaHA: ;H' O.llHOKp8.THbM. 

npoxo:m.neHHR qepea peaoHaHC 

:\ o-- ,,.._\'_-·) 

!J.D 
-v: 

> •,.)' 
t . 

~. -----
-- 211 

JavDv~ 8 . . • .· ... · .. •3! v 

;;,., ,(8) 

. , -~-~-, Hc;:Knroqa~ ,c~y~aA:. ,.Ko_r.na p~30~E!-HCHOMY,· ~~aqeHHID, ~ ~ --:·co~TaeTcT.ayeT. op.6J:~'I_'B,.Ta~oro 
pa.a.uY.ca . R '. ~T·o· ·R -~R. ~ b , r.O:e" b' ,~ aM~n~T·y·.n'a' ·pa.a:HB.nbao-cp'aaOabiX. ~olte5a~HA, R -
paBHOBe'ciibtJ 'fiB.nRYc;~-l, '~.)·•· ·;- r: l ,;! G ;.., .. •;;-·r;r.c;_,·t· -~< :,; ~i.· • 

5 



r:lc \ 1 .~., _:!_f~~:.I, \1· npo.anonar.leTCR nuueAuoR cflyHKUHeR () • \~v"l , ':lnpenenHeMoe H3 
dO 

p:l .. ::HrD..1UHo-tPa.aosoro .:IBniK9HifR a mtueiluoA o6nacTH 1 u:MeeT cneny101UHH au: .a: 

lt.v'l~/ 2 ~ _!_{I-J2_ blcosul. 
"'. 4 

(9) 

3.oec b l'-' - qaCTOT8 M8Jl!,IX p8.llH8JlbHQ-cpaaoBbiX KOJle6aHHA 1 W. - lJ8CTOT8 o6paiUeHH51 1 

. R
1
-R. • 

sm o = -----~ I R 
1

- pa.llH81lbHoe nonomenue peaonauca. 
b 

Qqesn.auo, liTO noTepH 'IBCTHU• aoaMomHbi JlHlllb s TOM c.ny~.~ae. ecnu ysemP.teuue aMnnuTy-

.llbi pa!l.li81lbHbiX 6eT8TpOHHblX KOJle6aHHi:t B peay1lbT8Te JIBYXKp8THOrO npoxo>KneHIHJ pe30H8HC8 

aa nepu:on panu:anbuo-cpaaoabiX Kone6auu:A 6yneT 6onbwe, qeM cyMMapuoe yMPHbWCHIIP. BMllJtH-

TY.ll 6eTaTpoHHbiX pa.n.HanbHbiX Oa H panuanbua-cpaaoBbiX Kone6auull Db ua-aa nx aaTyxanuSJ. 

TaKUM o6pa30M 1 ycnosu:e OTCYTCTBHH llOTepb MO)KHO 38llHC8Tb B BH.Oe: 

2t.a<5a+5b. 

CornacHo (8) " (9), 

d a
2 

.t ~ 2" -
.'. a = ~ v - b 1 dn llcosul 

8 R. I "' dr 

VIa anua6aTHli9CKHX HHTBapuaHTOB 

lla = H 2" 
2H.cu 

a ' 
l12rr 

lib = q --- b 
u. w 

(IO) 

(II) 

( 12) 

r..ae q - napaMeTp 1 MeHSIIOlUUilCH OT 1 ( BHe penRTRBHCTCKOA: o6naCTH) .llO 3/4 (a pe1lSITHBHCT

CKOfi ODI18CTH) • 

BsonSJ o6oaHalleHHR v = ...!!.._ 11 u = ..!!.._ 1 r.ne h - pa.ana.nbHast noitywupuua ycKopu-
h h . 

TeabHoA KaMepbt, 11 noncTaBnHH (II) " ( 12) B ( 10), nonyqHM! 

v 
2 < 4r (v + 2n 1 .,jn.,; I cos u I , 

(13) 

rne 

r = .!!..::.l_!__ V-"' I dn ~-
Il. w.d

2 
2rrw. dr T 

KpoMe 3Toro, .aonm.Ho BLmonnstTbCSI ewe onuo uepaeeHcTso: 

v + ·u 2 1, ( 14) 

0Tp8)K810ll.l99 TOT q,aKT, ~TO CYMM8 8Mll1lHTy..a 6eTaTpOHHbiX pa..anaJibHbiX H pa.aH8JlbHO-cfl830BbiX 

KOJle58HHA: HP MO>K9T npeBbiW8Tb llOllyWapHHY K8Mepb1.-

l-13 ( 13), peWBH KB81lpllTHOe ypaBH9H!-19 OTHOCHTeJibHO V 1 nonyliBeM HepaBeHCTBO 

v:; 2r.,Ju.,Jicosul[l+.,j1+-~l 
rV1cosa 1 

pa36HB8IOIUee 06Jl8CTb 8MllnlfTY .a. 6eTaTpOHHbiX Kone6aHHA'. HB llBB HHTepaana. B OllHOM H3 

(15) 

HlfX CyMM8 8MIInriTy.ll 6t?T8TpOHHLIX H COOTBeTCTBYIOWifX p8..0.HaJlbHO-¢a30BbiX KOJie6aunil yMeHb-

waeTcst, a a .upyroM - ynenHlluaaeTcst. 

Tenepb Momuo npe.IJ.cTaBHTb cpnanlleCKyro KapTHHy npouecca, paasrtsaromerocst npu .aeA

CTBHH peaoHaHca. npoiUe scero ee paccMOTpt-]Tb npH R
1 

= R.(cos o = 1 J. 

npu MeHbWHX u I cornacao ( 15), yMeHowaeTCSI MHHUMB.1bH8R. senut.t~rHa v , Haquuag 

C KOTOpoH npoHCXO.llHT yse1lHlf9HHe CyMMbl 8MllJlHTYLl U + V , BMeCTe C T9Mf llpH 3TOM 

6 

l 
"!J . . '. 
: 
tl 
•I 
I 

''· 

\l 
11 

yaenHllllBBeTCSI MllKCUM8JlbHaR ae:tu•maa v , KOTOPYIO MoryT UMCTb liBCTUULI n ycKopv.eMoM nyt.tKe 

/eM. ( 14 )/. To ecTb lleM MeHbWe aMnnnTyna pa.auanbHo-c.PaaosbiX Kone6aunn, TeM 6o .. lbille o6-

nacTb a'MnnKTy.a 6eTaTpOHHbiX Kone6.sHKA, B KOTopoa nponcxo.anT yaenHlleHne cyMMbJ u + v 

.TaKHM o6paaOM 1 noTepH qacTnU npn: R
1 

= R., (casu""' 1) B OCHOBHOM ll.llYT aa ueaTpanb

uoA liBCTH 061lBCTII pB.lllf8llbHO-clJ830BOll ycTOlt'ilfBOCTR ( cenapaTpHCbl). 

B cnyt.tae, Kor.aa R =I R H u < I R,- R.l , pe3ouaac He npoxonHTCSII a .anSI ot5nacTH 
. I • h 

u > ~-R.l KB'ieCTeeuuo KapTHHB Ta *e caMasr, liTO H npH R = R • OnnaKo, KBK su..auo H3 
h I • 

npe.Obi.aywer-0 1 OnlfC8HHOMy ..ae:ilCTBHIO pe30H8HC8 a 9TOM cny•J.ae ITO..OBep)Kt!HO MeHbWee KOJIHlle-

CTBO 'i8CTUU. 

.llo CiiX nop Mbl ue yl.J.IITbrBanu Me.aneuuoe H~MCHeHH:e napaMeTpOB 1 HanpnMep r H u 

n npouecce yc~ropeuus. Y'"leCTb aTo Momuo, auanHaupys ( 15) npu cos a= 1. HanpnMep 1 np1-1 ..oocTa

TOliHO 60nbWHX \fu (15) npn6nHmeHHO MO)KHO 38ITHC8Tb B BH.ae:" 

v < 2.,j 2 
,;. 

u " r ( 16) 

TaK KBK a npouecce ycKopeHHSI v yMeHblliBeTCSI Me..aneuuee ,'ieM -·~ 1 a npasaSI liBCTb npn 
d V H. 1 

uenaMeHHhiX d u I _n_J s uaqane ycKopeuus na..oaeT npn6nuanTe.'IhHO KBK - , TO uepaseu-
2 dr H2 

CTBO ( 16) llJlSI H8t.t8:tbHOro 3T8TI8 ycKopeHUSI MO)KHO 38llllC8Tb B BH..Oe: 

v < 2v2 u'1'r"(!!.._g_)•1• 
o"" o H. 

( 17) 

r.ae HH!leKC •o• OTMellaeT Bl?liH'iiiHbi 1 a3HTbie B H8'i81lbHblit MOM8HT. 

TaKIIM o6paaoM 1 s npouecce ycKopeuusr see 6onhwee KOJlHlleCTao qacTnu no..oaepraeTcR 

p8CK8lJKe 1 o6ecne'IHB810Welt yBeJIHli9HHe CYMMbi 8MIT1IHTy.a 6eTaTpOHHbiX H COOTBeTCTBYlOWHX 

p8.llHMbHO-cfl830BbiX K01le6aHHJ:i. 

KaqecTsenuo aTo cnpaseLI.nuBo u a ..aa.nbueAweit, penSITHBHCTCKoi\ o6nacTH ycKopeuus. 

np• Rl = R •• ITOKB 

u<~~ h , 

R1 f. R. (cosu 11) 

I"R -~ KaK 
h 

K8pTHH8 6y..aeT npn61lH3HTeJlbHO T8KOi1 me, KBK H npH 

u > TOJibKO B pe3y1IhT4Te 34TyX&HHR CT8HOBHTCSI 

COJTBeTCTBYIOlUH8 'iB.CTHUbl abJXO.O.SIT H3 06Jl8CTH li,etiCTBHSI pe30H8HC8., U1 eCJlll OHif H9 IlOTepS11IHCb 1 

TO s .aan·bueilweM y)Ke noTepSJTbCSI ue MoryT. 

npnaeneHHOe BbiWe Onucauue, KOHe"lJHO, HCCHT cyry6o npu6numeHHbiA xapaKTep. B neit

CTBUTenbHOCTH d, H J .A!!_ 1 sa af>eMSI ycxopeuus: 6yiJ.yT MeHSITbCst, H no:Io.meHife pesouaHca 
b . 

MO}KeT CMeW8TbCSI, KpoMe Tore, cyweCTBeHHbiit OTllellaTOK H8 xapaKTep TIOTepb MO}Ke_! HD.KJlQ-

.0.hJB8Tb MHoroKpBTHoe pacceSJHHe liBCTHU lf pH.n apyru:x aoaMyiUaiOillHX cflaKTopOs. B castau: 

c sTHM cTporoe paccMOTpeHHe .o.annoro sorrpoca aecbMa aaTpy.c.HHTenbHO. 8 nanhHeAweM Mbi 

np11seneM pacqer noTepb liBCTHU npu HeKo-rop_biX ynpowarowux npe.anono:.-KeHnsx, '1<?3BOJISIIOlUlfX 

c paayMHoft TOt.tHOCTbiO oueHHTb onacuoCTb .naaHoro pqaoHauca. A HMeHHo: 6y.o.eM npennonarcrb, 

liTO yc1mBHSI peaoHaHca sMTIOJlHSIIOTCst Ha uenTp.!i:thHOM p~IJ.cyce R
1 

=R.,u ace ttacTUUhi 1 ue y.noa

neTBOpSIIOLUne B H8'iane UHKna yCKOpeHHH HepaBeHCTBY ( 13) J C TClJ9HH9M BpeMeHH TepSIIOTCH. no.n

'-1epKHeM1 liTO !lpH 3THX ynpomeHHSIX :..-fbi, C O.O.HOA: CTOpOHbl 1 H9Cl~OJlbKO 38Bbllli89M peayJlbT8T 1 

npe.anonarasr, t.tTO paCCM8TpHB89Mbie li8CTHUhl o6SI38Te1lbHD. llOTep.SIIOTCSI, HO, C ..apyroft CTOpOHhl 1 

Hey1l:eT .aHf~aMHKH. 38HH)K89T era. npH. YK838HHUX npe.nnonomeHHSIX K03¢¢uuHeHT noTepb H3~3a 

pe30H8HC8. MOmHO 38DHC8Tb B CJI9LlYJ91UeM BU:.lle: 
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. urpl-u • 
K= _L (du (F(v,uldv, ([8) 

w 
•rp 

r.ae F (v,ur-cpynKUHSI pacnpeneneHHH qacTHU no aMnmn·ynaM 6eTaTpOHHhiX H pa.nnanbHo-cpaaosbJX Ko-
umaJII 1~u 

ne5aHnii nocne HH)f(€KUHlfrW = r du r F (v, u) dv - IIOJIHOe KOJlH"ieCTBO qacTHU, 38XB8'ieHHbiX 

B pe:mHM yCKOp€HHSI 1 V O~pe.a.en:eTCSl H3 p8B€HCTB8. (J5) 1 8 'U - H3 paBeHCTB8 
rp· rp 

vrp (u rp I = 1- u rp • 
(19) 

Ecna rrpenrrono>KHTb, '<ITO B o6nacTif HHTerpaposaHHSI F (v, u 1 = 1 , HHTerpan a ( 18) 

paaea 
"rpt~u . · 
( ( dudv = Urp (70 + 385 u + 616 "ip + 

210 ( 1 + "rp>' rp 
(20) 

G 

rp 

+ 462u' + 138u
4 + 9u 1 I, 

rp rp rp 

rne u cnenyro11mM o5pa3oM ceSiaaao c napaMeTpOM r : 
rp. 

T = 
2 

(1- urp_L 
(21) 

4vu(1+tt-pl 

ipa<j:JHKH G(rl H u (rl , a TBK>Ke K09cP<j:JHUHeHT noTepb k(rl npHae.neHLJ H8 pHC. 3, 4, 
rp. 

IIpHqeM IIpii BbPilt:ClieHHH k (r) npe,aii01I8I'81IOCh U m•~ 0,75 t "iTO I1pH61IH3HT€1IbHO COOTBeTCTByeT 

cnyqaro cnHxpo¢aaoTpoaa ua 10 BQs • .Onst cnuxpo¢aacTpoHa aa 10 Bsa napaMeTp 

-· -d--
T = 1,8·10 __!_ v __!!_ R ' 

d dr • 
2 

R ..!!!!_ = 1, ~.J_fl.l< 10~2 , iln(IJI~ 10~2 , a tln'(IJIR. 
• dt H 

MO>K€T• 6biTb 
-I 

"" 10 H 6onee. 

noaTOMy OCHOBHOit BKJ18.C. B 8MIIJlHTYJlY BTOpoii I"8pMOHHKH B03MyWeHHSI d'l: 6yaeT DHO-

CHTb tfJleH n n'(O)R •• nng npu:se.neaa'oro 3H8"19HlUI STOA senH"'HHbl r ~ 2. -~o-; H npR R = R 

ITOTepH '!aCTHU Mory'l" npeBb!W8Tb 70% (eM. pHC.4). 

KaK an.nao. npu cosna.neHHH nono.meanst peaoaaHca c pasaosecHblM pannycoM .oeA:cTsne 

peaoaaaca v = ~ · MOJKeT npaaecTH K yMeHbweauro n:HTeacu:saocTH a aecKOJlbKO pas. B cnyqae 
• 3 

>Ke, Kor.o.a R
1

-/= R
8 

noTe pH 6ynyT MeHbwe. a .aeA:cTsn:e peaoaaaca MO)I{eT npoSIBHTbCSI a coKpame-

HHH 83HMYT8JlbHOI"'O paaMepa YCKOpS19MOI"O CI"YCTK8 1 TBK KBK B . STOM Cnyqae IIOT9pH n:.ayT TOJlbKO 

na aaewaea o6nacTu: cenapaTpHCbi. 
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PHc.l. <Pa30Bbie TpaexTopHH a6nnaH peaoHaHca. 
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