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A H H o T a u H R 

0nHC8Hbl MeTO.llbl H3MeHeHHR BpeMeHH B38HMO.lleitCTBHR, ny'!Ka C MHWeHb!Ot 

IlpHMeHReMbie Ha CHHXpd<!Ja30TpOHe 06'be.llHHeHOI"O HHCTHTyTa R,llepHblX HCCne.oo

B811Hfi. llauo OIJHC8HHe pe:lKHMOB, IJ03BOnRIOWHX pa60TaTb B O.llliOM UHKne YcKO

pe!iHR uecKOn.bKHM sKcnepHMeuTaTop,a!'!• 

Abstract 

The methods of chapging the time of the beam interaction. with the target are given. 

These methods are used at the Joint Institute for Nuclear Research synchrophasotron. 

The regimes which allow seveml experimental physicists to work in the same accele

ration cycle are described. 



WHpOKHi!: ¢po!IT. cPH3H'IeCKHX axcnepHMeHTOB, npoBO.llHM biX Ha CHHxpo¢aa.o

TpOH& 05J,e.llHH9HHOrO HHCTHTyTa H.ll9pHbiX HCC1I9.llOB8HHi!:, 110-Tp9Q_9B81I OCYlll9CTit-

119HIUl cno:lKHbiX pe:lKHMOB BbiBO.lla nyqxoB pTopH'IHbiX 'laCT'Hll H3 ycxopn:Tenst;, B 

'18CTHOCTH, IIOTpe50B8110Cb C03.ll8HH9 pa31IH'IHbiX IIO .ll1IHT91IbHOCTH HMIIY1IbCOB 

BTOpH'IHbiX '18CTHllo YfMIIY1IbCbl BTOpH'IHb!X '18CTHll o6pa3yiOTCSI IIP;H 6oM6ap.llH

pOBK9 ycxopeHHbJMH IIpOTOHaMH MHW9Hei!: 1 paCII01IO:lK9HHbiX BHyTpH KaMapbJ ycxo-

pHTenH. BpeMR coyaapeHHH nyqxa c MHW9HbiO onpeaenseT anHTe.nbHOCTb HM

nynbca :eTopH'IHblX 'I&CTHu. HaH6onee npocTbiM cnoco6oM BbiBO.lla npOTOHOB Ha 

MHW9Hb HB11H9TCH weCT9CTB9HHOe• CBOpa'IH~aHHa ny'IKa.riocne npaKp8lll9HHH 

ycxopeHHH B H3M9HHIOlll9MCH MarHHTHOM 110119 • .ll1IHT91IbHOCTb HMIIY1IbCa BTOpH'I

HbiX '18CTHII 1 05pa3yiOlllHXCH npH 'aCT9CTB9HHOM w BbiBO.lla, COCT8B1IHaT 4,5 MCaK,. 

Oauaxo ans npoaeaeHHH MHOrHx <Pn:an:qecxn:x axcnepHMeHTOB Taxas .ll1IHTanb

aocTb stBnHaTcst Hey.aoaneTBopn:Ten&Hoi!:. Tax; .ll1Ist nony'leHHst xaqecTBeHHbiX <Po

Torpa¢HA H& nyabipbKOBblX xaMepax Tpe6yaTCH HM9Tb HMIIY1IbCbi BTOpH'IHbiX 'laC; 

THII .anHTenbHOCTbiO -. 1 Mcex H MeHeet npn: pa6oTe co cqaT'In:xaMn:, n:a-aa Hami

'IHH y annapaTypbl MepTBOrO BpaMeHH, npH 601IbWHX HHT9HCHBHOCTHX BbiB9,ll9H

HblX ny'IKOB .ann:Ta1IbHOCTb HMnynbca Tpe6yeT~st yaenH'IHTb ao 300 Mcex. AaTo-
• . 

paMH HCCJl9.llOB8Hbl H IIpa!tTH'I9CKH ocymecTB1I9Hbi ~9TO.llbl M9,ll1I9HHOrO H 6biC-

Tporo Bb!BO.ll8 ycxopaHHOrO IIY'IK8 Ha MHW9Hb 1 a T8K:lK9 KOM6HHHpOB8HHbi9 pe

:lKHMbi1 II03B01IHIOlllH9 pa6oTaTb B O.llHOM lliiK1I9 YCKOp9HIISl H9CK01IbKIIM 3KCII9p!I

M9HT8TOpaM1 npRMSHHIOllliiM pa31IH'IHYIO MeTO.llHKY n:ccneaoBaHHSio HH»Ce aaeTcR 

OIIHC8HH9 H9KOT0pb!X 113 3THX M9TO.llOB 0 H8W9.llWHX IIpHM9H9HH9 Ha CIIHXpociJaao

TpOH9 06~9.lliiH9HHOro HHCTHTyTa Sl.ll9pHbiX HCC1I9.llOB8HHi!:o 

1. M eTO.ll hi yaenH'I9HIHI apeM eHH B38HMO.llei!:cTBHst 

ycxopeHHoro nyqxa c MHW9HbiO-

HaaecTHo, 'ITO aMnnHTY.llHaR n:nn: qacTOTHast Moaynsun:st ycxopRIOlllero Ha

nps»CeHHSI C. '18CTOTOi!: 1 61IH3KOi!: K '18CTOT9 cP830BbiX K01Ie6aHHi!:, llp,HBO.llHT K 

peaoHaHcHoi!: pacxaqxe aTHX xone6aHHi!:. Y.xaaaHHoe o6cTostTe1IbCTBO 6blno n:cnonb-

30BaHo .ll1ISI yBa1III'I9HIISI BpaM9HII COY.ll8p9HHSI YCKOp9HHOrO IIY'IK8 C MHW9Hbl0o 
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Pe30HaHC B036ym.uaJJCH HCKyCCTB9HHO rryTeM BB9ll9HHH B 'laCTOTy YCKOpHIO

IUer.o HaiipHmeHHH rrepHOllll'l9CKOrO B03MYIU9HHH C 'laCTOTOll: cl:Ja30Bb!X KOJJe6a

HHfi, nocKOJlbKY B CHHXpocl:Ja30TpOH9 '18CTOTa cl:Ja30Bb!X KOJJe6aHHfi H3M9HH9TCR 

B T9'19HHe UIIKJJa YCK0p9HHH OT 2000 ru llO 800 ru, 'laCTOTa B03MYIU9HIIH Bb!6H • 

paJJ8Cb B 38B~CHMOCTH OT Toro, B K8KOfi MOM9HT UHKJJa YCKOp9HHH Tpe60B8Jl0Cb 

npOH3B9CTH Bb!BOll ycKOp9HHoro ny'IKa Ha MHW9Hb, BenH'IHHa B03MYIU9HHH Bbl" 

611panacb TaKoft, 'IT06bi ynenH'ISHHe aMnnHTYllbi ¢aaoBbiX Kone6aHnll: rrpnnelio K 

Bbrxo.uy qacTnu H3 o6nacTH ¢aaonofi ycTofi'IHBOCTH, Bhmanwne na ycKopeHHH 

'laCTHUbl CBOpa'IHBaJJHCb. B H3M9HHIOIU9MCH MarHHTHOM IIOJJe Ha MHW9Hb, .[lnu-

TeJJbHOCTb coy.uap eHHH ycKopeHHoro rry'IKa c MHW9HbiO onpe.uenHnacb aMnnn

Ty.uofi noaMyrueHI!H, 8THM MeTo.uoM y.uanocb ynenu'IHTb .unnTenbHOCTb rry'IKOB 

BTOpH'IHb!X '18CTHU llO 250 MeeK, HeQOCTaTOK M9TO.lla COCTOilT B TOMt 'ITO 

BBHlly cna6oro H3M9H9HHH '18CTOTbl cl:Ja30Bb!X KOJJe6aHHli B KOHU9 YCKOpeHHH H9"! 

CTa6JIJlbHOCTb 'laCTOTbl B03MyiU9HHH npHBO.lliiT K 60JJblllHM KOJJe6aHHHM MOMeHTa 

Ha'laJJa Bb!Ilall9HIIH 'laCTHU II3 CHHXpOHH3Mao 

M e.uneHHOe yM 9Hblll9HHe. aMnJJHTYll bi ycKops:roruero Hanps:meHnH .................................................•....•...•......•••.••..•••..••..•....•• 

STOT M9T0ll TaKme OCHOBaH Ha IIpiiHYllHTeJJbHOM Bb!BOlle YCKOpHeMb!X qac

TIIU II3 CHHXp0Hil3Ma 3a C'l9T yMeHblll9HHH o6naCTH cl:Ja30BOfi YCTOil:'IIIBOCTH, 

CoKparueHHe paaMepon cerrapaTpHCCbi rrpOH3BOllHJJOCb rryTeM Me.uneHHoro yMeHb· 

lll9HilH aMIIJlliTy llbl YCKOpHIOIUero HaiipHm9HHH vo o nocKOJlbKY K KOHUY yc-

KOpeHaH '18CTIIUbl 3aHIIMaiOT TOJlbKO 'laCTb o6naCTII YCTOfi'IIIBOCTII 0 Bb!XOll II3 

cnnxponHaMa Ha'IHHancs: npH yMSHblllSHHH V0 .uo onpe.ueneHHOT'O 3Ha'leHHH• B 

38BIICHMOCTil OT H8'18JlbHOft aMnJJHTYllbl pa.uHaJJbHO-cl:Ja30Bb!X KOJJe6aHHfi Kam.uofi 

'I aCTilU9 COOTB9TCTBOB8Jl CBOil: MOM e!IT Bb!XOll a H3 ycKOp 9HHH o B biUaBlll He 'lac-

THUhl H9 nonyqaJJH B Cp9llH9M 9H9prHH OT 9Jl9KTpll'19CKOrO nOJJB li CBOpa'IHBa

JJHCb H8 Mlllll9Hb 0 .[lmiT9JlbHOCTb IIOna.oaHHH '18CTHU Ha MHlll911b Ol1p9ll9JJHJJ8Cb 

CKOpOCTb!O H3M9H9HilH V0 • npaKTII'l9CKH OHa orpaHH'IHB8Jl8Cb TOJlbKO npHeM-

J19Mb!M llJJH IIpOBOllHMOrO 9KCII9pHM9HT8 paa6pOCOM IIpOTOHOB ·no llMIIYJJbC8M 0 

/1/ 
B pa6oTe Bhl'IHcnell aaKoH H3MeHeHHH 

I 
V0 , o6ecrre'lnBaiOIUHfi paBHoMepr-

H9e rrorra.uaHHe rry'IKa Ha MHW9Hb .uns: cnyqas: pacnpe.oeneHHH qacTHU rro aMrr

nnTy.uaM pa.onaJJbHO-cl:Ja30BhlX KOJJe6aHIIfi no H9KOTOpOMY np116JJH)K9HHOMy 3aKO-
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Hy •. ¢aKTH'I9CKH tPYHKUHH pacrrpe.oeneaHH IIO paLlH8JlbHO-¢aaOBbiM KOJJeoaHHHM 

HBJJHeTCH oonee CJJO:lKHOH H MO:lKeT H3M9HHTbCH B .aaBHCHMOCTH OT YCJJOBHit aax

BaTa B rrpouec.c ycxopeHHH 1 pac~pe.D.eneHHH rro aMIIJJHTy.oaM csooo.oHbiX xoneoa-

HHH B OeTaTpOHHOM pe:lKHMe II T.rr. noaTOMY aaKOII H3M9H9HHH vo IIOLlOHpan.,.. 

CH 9KCII9pHM9HTa1lbHO, C yqeTOM ·TpeoOBaHHH paBHOMepHOrO IIOIIaLlaHIIH 'IaCTHU 

Ha MHWeHbo 

Me.oneaaoe naMeaeaHe qacTOTbi ycxopHromero aarrpSI:lKeHHH ..............•.............•......•....••...•.•.....•..•••••••••••.....••.•.....•• 

Y'CKOpeHHJ,Iit IIy'IOK B CHHxpo¢aaoTpOHe y.oep:lKHBaeTcH Ha IIOCTOHHHOM pa, 
.onyce R

0 
aa cqeT TO'!Horo BbmonaeHHH aaKoH~, CBH.abrBaromero H3MeaeaM:e 

'!aCTOTbi YCKOpHIOlll9f'O HaiipH:lK9HHH. f 0 C H3M9H9HH9M Maf'HHTHOI'O IIOJlHe npH 

HaMeHeHHH 'IacTOTbi aa senH'IHHY A 10 pa.onyc pasaosecaoa op6HTbi HaMeHHeT-

cH Ha senH'IHHy A R 0 • CBH3b M9:lKLlY HHMH Bbrpa:lKaeTcH ypasaeHHeM 
121 

A Ro_ =- A fo 
Ro fo n+f32(1-n) - t 

21rRo+ ~ 

111 

r Ll e n - rroxaaaTenb crra.oa Maf'HHTHoro rronH, {J -oTHOW9HHe CKOpOCTH IIpO.., 

TOHa K CKOpOCTH CBeTa 1 ~ -cyMMapHaH LlJlHHa IIpHMOJlHH9HHbiX IlpOMe:lKyTKOBe 

A.oMa6aTH'!ecKoe naMeHeHne 'IacToTbi rrpHBOLlHT K MeaneaaoMy cMemeanro yc:xo

peaaoro IIy'IKa Ha MHW8Hb 093 IIOT9pH yCTOH'IHBOCTHo ~ aK cne.oyeT H3 ¢opMy

Jlbi 11 I r CKOpOCTb CMellleHHH IIY'!Ka Ha MIIW 9Hb IIpOIIOpUHOHaJlbHa CKOpOCTH na-

MeH9HHH f 0 • 8TOT MeTOLl Hawen WHpOKOe IIpHMeHeHHe LlJlH IIOJJy'IeHHH LlnH-
. . 

T8JlbHbiX IIy'IKOB BTOpH'IHbiX '!aCTHU. Yf3M8H9HHe f 0 ocymecTBJJHJJOCb IIyTeM 

BB9Ll8HHH B tPYHKUHOHaJlbHbiit rrpeo6p83!0B8I'eJlb CHCTeM bi CBH3H '!aCTOTbi YCKOpHIO • 

13 I 1 

mero aarrpH:lKeanH c MarHHTHbiM rroneM nMrrynbca HarrpH:lKeHHH. Tpe6yeMbiA 

aaKoH H3MeHeHHH - fo aa.oasancH ¢opMofi HMrrynbca HarrpH:lKeanH. H a pnc. 1 

IIOKa3aHa OCUHJlJlOI'paMMa HMIIYJlbCa BTOpH'IH~X 'IaCTHUt IIOJlyqeHHaH IlpH JJHH~A-

HOM H3M9H9HHH co cKopocTbiO - 20 xrulceK. Bn.oa'o, 'ITO rrorra.oaane qac-

THU Ha MHW9Hb IIpOHCXOLlHT HepaB!{OMepHO BO Bp9M9HHe HepaBHOMepHOCTb 

nerKo oo'bHCHHTb, ecnH yqecTb, 'ITO pa_s:rrpeaeneane rro aMIIJJHTyLlaM cso6o.oHbiX 

. 14/ 
pa.onanbHbiX Kone6aaHfi rrpe.ocTaBnHeT co6oa ¢YHKUHI0 1 6nnaxyro K peneescxoa • 

Haqano HMIIynbca COOTBeTCTByeT IIOIIaLlaHHIO Ha MHlllOHb '!aCTHU C OOJlbWHMH 



·a 

p H Co 1. 

Ocun:nnorpaMMa HMnym,ca BTOpl!"lHhiX 'lacTn;n, nony'leHHoro npn: nHHe:l!:HOM 

n:aMeHeHHH qacTOTbi ycKopsnomero HanpsnKeHHH, Ha HH:lKHeM nyqe - K"ann:6po

BO'I.Hbi:l!: CHI'H811 C '18CTOTO:fi 50 I'Uo 

aM.:IIIHTY.ll.aMH pa".z:tHallbHbiX KOne6aHH:l!:, 'IHCIIO KOTOpbiX MHHHM81IbHOo l.J:To6bi C.lle-

118Tb nona_.ll8HH9 '1.8CTHU Ha MH_lll9Hb 6onee paSHOM9pHbiM 1 H3M9H9HHe fo npo-

H380.llHIIOCb no 9KCnOH9HUH81IbHO:M y aaKOHy. n OIIY'l9HHOe npH 9TOM YIIY'Illl9HH9 

paBHOMepHOCTH HIIIIIOCTpHpyeTCH pHCo 2. ,llnHT91IbHOCTb HMnyllbCOB 'ISCTHU, no-

1IY'I89MbiX 9THM M9TO.ll0Mt OI'p8HH'IH889TCH TOIIbKO .llOnycTHMbiM paa6pOCOM no 

9HeprHHo He.llOCT8TOK M9TO.ll8 COCTOHT 8 TOM, 'IT.O npH M9.ll119HHOM' nO.llBO.ll9 

ny'IK8 K MHlll9HH H9CTa6HIIbHOCTb 38KOHa CBH3H / 0 C M8I'HiiTHbiM nOIIeM npR-

BO.llHT K KOne6aHHHM MOM9HTa H8'18118 nona.ll8HRH ny'IKa Ha MRW9Hbo 3To KOne-

6aHHSI MOI'YT 6biTb 3H8'1.HT91IbHO yMeHbW 9Hbi rrp·R 6biCTpOM IIO.llBO.ll e IIY'IK8 K Mlf-

W9Hlf C nOC119llYIOlllHM M9.llii9HHbiM CM9Ul9Hlf9M Ha MRW9Hb, 'ITO .ll0CTHI'89TCH 

COOTB9TCTBYIOlllHM nO.ll60pOM 38KOH8 H3M9H9HHSI f 0 

Bonee COB9pW9HHbiM, cnoco6oM, n03BOIIRIOWHM HCKIIIO'IHTb BIIRRHH9 yKa-

38HHO:fi H9CT~6HIIbHOCTH 1 _HBIIH9TCH KOppeKTRpOBKa 38KOH8 CBH3U C M8I'HiiTHbiM 

IIOIISM npH H3M9H9HHH. p8.ll'llallbHOI'O ltOIIO:lK9HRH ny'I.Ka C noMOWbiO o6paTHOit 
_,., > • 

CBSI3Ho ,llaT'I.HKOM p8.llH81IbHOt'O nono,:lKeH;HH Clly:lKaT .llB9 B9pTRK81lbHbl9 nnaCTH-

. /5/" 
Hbi HHllYKUlfOHHbiX S119KTPO.ll0B • CHrHan OT K8:lK.llOit nnacTHHbi IIOCTynaeT Ha 

BXO.ll llH<jl<jlpeHUR81IbHOI'O K~CK8.ll8 1 •H8 BbiXO.ll9 KOTOpOI'O npH CM9Ul9HHR ny'IK8 

'. 
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Puc. 2. 

OcuunnorpaMMa HMIIYlibca BTOpH<rHhiX <racTuu, rrony

<reairoro !I pH 9KCIIOH9HUli8JtbHOM II3M9H9Hliii 'I8CTOT hi 

ycKopmomero aarrpmKeHHSI. H a HH )KJieM nyqe-Kanrr6-

poBO'IHhll CIII'HaJI C 'I8CTOTOI 50 I'U. 



• 
8 

no pa.oaycy Ha BemPIIfHY 1:!. R B03HHKaeT HanpsDKeHHe 1:!. U"' a 1:!. R • K osct>-

cPMUeHT nponopUHOH8ITbHOCTH a Onpe.oenHeTCH qyBCTBHT9IThHOCTbiD .ll8TqHK8 

pa~nan~Horo nono*eHHH. Pa3HOCTHhlfi cHrHan nocne ycnneHnH no.oaeTcH B 

cPYHKUMOHanhHhlfi npeo6pa30B8Tenb H ynpaBDHeT ll3MeHeHneM qaCTOThl fo• 

Kosct>ct>nuneHTbi ycnneHnH nne'I .onct><f>epeHunanbHoro KacKa.oa no.oo6paHbi TaKnM 

o6pa30M, qTo6bi npH nOn0*9HHH. nyqKa B UeHTpe BaKyyMHOfi KaMepbl pa3HOCT

Hb!H cnruan paBHHncSI uynro. CMerueHHe nyqKa ua MHll!eJih npOH3BO.llHnoch ny

TeM H3Meueunn Koscl:>cl:>~uieuTa ycnneunH o.oHoro na nneq no onpe.oeneuHoMy aa-

KOHy, KOTOphlfi onpe.oengn 38KOH H3M9H9HHH fo • npaKTnqecKH STOT 38KOH 

Bbx6npancH TaKHM, qTo6bi nona.oaHRe qacTiiu ua MHrueub nponc<eo.on no paBno

MepHO BO BpeM9HMo 

2. M eTO.llbl yMenbruennn BpeMeun 5aanMo.oefiCT)3MH ycKopeHnoro 

nyqKa c Mnll!eHhiD 

YMeHhrueHne pa.onanbHbiX pa3MepoB nyqKa Bo BpeMH ycKopennn .......•••...•...............•..........•...•.•......•......•..•.••.............•..•••••• 

llnnTenhHOCTh MMnynhC8 qaCTHU npn "ecTeCTB9HHOM" CBOpaqMB8HMH rryq

K8 Ha Ml'lill9Hb onpe.oenHeTCH p8.lli'I8IThHb!MH p83MepaMH nyqKa ll CKOpOCTblO CBO

paqHB8HHH MrHoBeHHbiX paBHOBeCHbiX op6nT. H aH6onee rrpocTbiM MeTO.llOM coK-

parueHHH .onnTenhUOCTH HBnHeTCH liCKYCCTB9HHOe YM9Hblli91IIi9 pa.oHanbHblX paa

MepOB /"o6.onpKa" I crycTKa B rrpouecce ycKppeHHH. "06.oHpKa" ocyruecTBnHrracb 

H8B9.lleHHeM nyqKa H8 O.lliiY H3 pacnonO)!CGHHbiX B K8Mepe MHUIGHefi M9TO.ll0M 

Me.oneHHOrO H3M9HeHI!H qaCTOTbl YCKOpHIOIUero H8UpH*9HHH, KOTOpbifi 6bm OnH

caH Bblill9 0 no Mepe CMell!eHHH nyqKa H8 MHill9Hb l!3 YCKOpeHI{H Bb!6biBanH 

qacTl!Ubi c 6onhillHMH pa.onanbHbiMH Kone6aHnstMH. K or.oa liHTeHCIHiHOCTh ocTaB

lllliXCH B ycKopeHHM qaCTHU .llOCTHrana 38.ll8HHOrO ypoBHH, MaHnnynHUHH f 0 

BbiKniDqanaCh, "o60.llp8HHb!H" nyqoK B03BparuancH K ueHTpy KaMepbi II YCKOpHn-, 

CH .llO KOHeqHOfi SHeprMH. nocne BbiKnroqeHI!H yCJ!:Ops:!IOIUero H8UpH*9HHH "o6o- . . 
.llP8HHbifi " nyqoK, TaK · *e, K8K UpH "ecTeCTB9HHOM" Bb!BO.lle, CBOpaqnBancH B 

H3M9HHIDU19MCSi MarHHTHOM none Ha MHUIGHho, H a pHC 3 UOK838HO KaK H3Me

HH9TCH .llnHTenhHOCTb l!MUynbC8 B 38BI'ICHMOCTH OT .llOnH qacTUU, ITOT9pHHHhlX 

npH "o6.oHpKe". BH.oHo, qTo· upH "o6.oHpKe" qacTnu c 6onhll!HMII pa.ona.nbHhiMH 
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Kone5aHJUIMH .onHTenbHOCT.b HMnyJJbCa pe3KO coKparu:aeTcH. Kor.oa pa.oHanbHbifi 

pa3Mep ny'IKll. CTaHOBHTCH Man, 5onbW:aH noTep.H HHTElHCHBHOCTH npHBOLlHT JJHlll., 

K He5onblllOMY yMeHbll19HHIO .[lnHTenbHOCTU HMnyJJbCBo 3TOT pesynbTBT COI"JJa

cyeTCH C xapaKTepoM cPYHKUHH pacnpe.oeneHUH no aMnnHTy.oaM CBOOOLlHhlX KO-

. /4/ 
ne5aHHfi, nony'leHHOl!: B pa5oTe • VIs p1:1c. 3 cne.oyeT, 'ITO .onH yMeHbllleHHH 

f MCel< 
5 

1\. 

" "' 3 

2 

0 0,2 

......... 

"'-· I 
~ r--

.. 
' 

0,6 qs 

p 1:! c. 3. 

3aBHCHMOCTb .[lnHTenbHOCTH HMnynbCa BTOpH'IHhlX '18CTHU 

OT LlOnH HHT9HCHBHOCTH JCKOpeHHOI"O ny'IK~, noTepHHHOl!: 

npH "o5.oHpKe" • 

.onHT911bHOCTH HMnyllbCa LlO 1,5 Mce~ HHT9HCHBHOCTb yCKOpeHHOI"O ny'IKa .0011){{

Ha ObiTb yMeHblll eHa B 15 - 20 pas. n 09TOM y onHCaHH.bi'n M eTOLl npHI"Oll eH 

TOnbKO B Tex cnyqagx, KOI"Lla Tpe5yeTCH nony'IHTb KOpOTKHfi HMnyllbC BTOpHq

HbiX '18CTHU C Manol!: li~TeHCHBHOCTb!Oo 'Y:TOObi npH 9TOM 5onee acj;Jcj;JeKTHB!IO HC

nonb30BancH YCKOpeHHhll!: ny'IOK, .onHTenbHhll!: HMnynbC BTOpi:!'IHhlX '18CTHU, o5pa-

30B8HHbil!: n(>II "o5.oHpKe" CI"YCTKa 0 MHW9Hb 1 HCnOJJb30B8JJCH .onSI SKCnepHMeH-

TOB CO C'I9T'IHK8MH 0 
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. ,M ra'oseuuoe HSM eueaHe ¢asbi ycxopsuomero uanpsnKeHHH · ...... ~ .....••••••........•.............. ~ .......•• ~ ...........•••...•..•..•.• 

3THM MeTO.UOM COKpauteHHe BpeMeHH coy.napeHHH ny'!Ka C MIIUJeHb!O .noc-

THraeTCH Sa Ct!eT ysenH'IeHHH CKOpOCTH CBOpa'IHBaHHH MT'HOBeHHblX ·paBHOBeCHbiX 

op6HT. J1sBeCTH0 1 'ITO CM euteH!Ie MT'HOBeHHOll: op6HTbl no pa,nnycy sa O.UIIH 

()60pOT 'laCTHUbl onpe.nenHeTCH COOTHOUleHIIP.M: 
I 

r.ne R 

~·R· R ( ~ p 
T=n -p-

~ H ) 
ll 

-pa.nllyC MT'HOBeHHOft paBHOBeCHO~ Op611Tb1 1 

/2/ 

p :-IIMnyllbC 'laCTIIUbi 1 

H - aanpsr:m:eaaocT.& MarHIITHoro .nonsr, ~ P H ~ ll , cooTBeTcTseuuo, .npnpame

HHH HMIIynbCa., 'laCTHUbl H HanpH:lKeHHOCTH MarHHTHOT'O nonH sa BpeMH O.UHOT'O 

o6opOTa 'laCTHUbl,. n -noKaSaTenb Mat"HHTHOT'O IIOnst. ·KaK BH.UHO HS <!JopMynbi. 

/2/, npH TopMo:m:eHHH qacTHObi B pacTyuteM MarHHTHOM none I n:nH npn ycxope.

HIIH B cna.narouteM none/ CKOpOCTb CBOpaqiiBaHHH ee MT'HOBeHHOft op611Tbl BOSpac

TaeT no cpaBHeHHIO. C "ecTeCTBeHHbiM" Bb!BO.UOM • 3TO o6c.TOHTellbCTBO IICnOnbSO

BanOCb ,nnH yMeHbllleHHH BpeMeHH COy,napeHHH nyqKa C MHUJeHb!Oo npaKTII'IeCKH 

• 
TOpMO:lKeHHe 'JaCTHU llpOH3BO.UHnOCb nyTeM MT'HOBeHHOT'O H3MeHeHIIH <!Ja3bl YCKO-

pH!Outero Hanpsr:m:eHHH B MOMeHT BpeMeHH1 npe.nwecTBY!OutHll: Bb!BO.UY ny'IKa Ha 

MHlll9Hb,. nepeXO.UHblll: npouecc H3MeHeHHH <!Ja3bl COCTaBnHn OKOnO 100 MKCeK 1 

'ITO COCTaBnSinO H93Ha'IHTenbHYIO 'laCTb ne·pHo.na <!Ja30BbiX KOne6aHHll:. Pn:c. 4 

Hlln!OCTpHpyeT KapTHHy pa,nHanbHO-<lJa30BOT'O .UBH:lK9HHH '!aCTHU npH MT'HOBeHHOM 
0 • 

HSMeHeHHH ¢asbi ua 180 • 3.necb nyHKTHpHoll: KpHBoll: oqepqeua o6nacTb ¢asoso:H · 

yCTOft'IHBOCTH .UO H3MeHeHHH <!Ja3bl 0 sawTpHXOBaHHaH 'laCTb ee COOTBeTCTByeT 
. 0 . 

o6nacTH 0 3aHHTOft lly'IKOMo nocne llSMeHeHHH <!Ja3bl Ha 180 'laCTHUb1 1 B 3aBH-

CHMOCTH OT Ha'lanbHbiX ycnOBHft no OTHOUJeHi!O K HOBOft o6naCTH yCTOft'IIIBOCTHt 

6y.nyT .UBHT'aTbCH no pa3ziH'IHbiM <!Ja30BbiM Tp_aeKTOpHHM. t.J:acTHUbl 1 pacnono:m:ea

Hble B o6naCTH A, 6y,nyT HHT9HCHBHO TOpM03HTbCH H sa ··speMHo. M?Hblllee no

nOBHHbl nepHO.na <!Ja30Bb!X KOne6aHHft, CBepHyTCH BHyTpb Ha 3 - 4 CM. t.J:aCTH

Ubl rpynnbl B .nocTHr.HyT sToro pa.n11yca .lllllllb cnycTH speMH nopHi:tKa nepHo.na 

<!Ja~OBbiX Kone6aHHft 1 'ITO llpHBO.UHT K 3aTH:lKKe BpeMeHH COy,llapeHHH ny'!Ka C MHl 

. . 0 
Ul9Hbl0 0 nocKOnbKY paBHOB9CHaSI <!Jasa f/J

0 
paBHa K KOHUY yCKOpeHHH - 75 1 a 



Pa~HanbH07¢a30Bhle 

. ycKopsuoruero HanpsnKeHHH 

Vo = 8 KB. 

11 

P(cn} 

p H c. 4. 

TpaeKTgpHH 'l8CTHU npH MI"HOB9HHOM H3M9H9HIIH ¢a3 bi 

Ha 180 ~n51 3H8'l9HHfi BenH'lHH COS cp
0 

= 0,27; 
n = 0,67. 

p. H C 0 5. 

OcuHnnorpaMM a HMnynbca .BTOpH'IHI>Ix qacTIIU, nonyqeHHoro M eTo~oM 
0 

MI"HOB9HHOI"O H3M9H9HHH ¢a3hl YCKOPSI!OIU8I"O HanpSlJK9HHH Ha 180 • 
Ha BepxHeM ny'le OTMelJeH MOMeHT npeKparueHHH ycKopenHn. Ma
neHbKHfi HMnynbC '18CTHU, nocne npeKparueHHSI YCKOpeHHSI, COOTCTBY-

9T 'I8CTHUaM, OCT8BWHMCSI B oonaCTH cP830BOH ycTOfi'JHBOCTH aoc-

ne H3MeHeHHSI ¢a3bi •. CKopocTb pa3BepTKH 0,5 MCeKicM. 
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0 
a3HMyTa.Jt&HbiA paaMep nyqKa aaHHMaeT oKono 120 , qaeT& ny'IKa /rpynna B/ 

0 
npH H3MeHeHHH cl>a3bi Ha 180 oeTaeTeSI B o6naeTH yeToA'IHBOeTH. Ha pile. 5 

noKa3aHa oeuHnnorpaMMa HMnyn&ea, nonyqeHHoro npl! H3MeHeHHH cl>aabi Ha 

0 
180 • 4To6bi yMeH&WHTb 'IHeno 'iaeTHU rpynnbi B no MHHHMyMa 11 onHoBpe-

M9HHO o6eene'IHTb ycnoBHSI H~H60n&Wero TOpMO:lK9HHSI .z:tnSI OeHOBHOA 'iaeTH 

JJ;Y''IKS, H3M9H9HHe cPS3bl yeKOpSIIOI.ll9rO HanpSI:lK9HHSI BSpbHpOBS~Oeb B npe.z:xenax 

0 0 200 -220 .0nTHMan&H09 3H8'19HH9 e.nBHra cPS3bl no.z:x6Hpanoeb 9KenepHM9HTan&· 

HO no 9cPcP9KTy HaH60nbwero eoKp8lll9HHSI J:1 nHT9nbHOeTH HMnyn&ca BTOpH'IHblX 

tiaeTHU. 

Yf3 pHe. 4 ene.ayeT, 'ITO e TO'IKH 3p9HHSI MSKeHMan&HOro eOKpame-

HIISI Bp9M9HH eoy.z:xapeHHSI e MHW9Hbl0 1 HaH6onee BblrO.z:tH09 paeeTOSIHHe OT MH

W9HH .Z:XO U9HTpa ny'IKS B MOM9HT H3M9H9HHSI cP83bl eoeTaBnSieT 4 - 5 eM. Q.z:x

HaKO MaKeHMan&Hast aMnnHTy.z:xa eB060.z:tHbiX KOne6aHH~ B KOHU9 yeKOp9HHSI paB-

7 /4/ . 6 • 
HS eM 0 n09TOMy npH nH3HTb ny'IOK K MHW9HII MO:lKHO TOnbKO B TOM eny-

'I.ae, eenH npe.z:tBapHT9nbHO "'o6o.z:xpaTb"' 'ISeTHUbl e 60.JtbWHMH SMnnHTy.z:taMH 

panHan&HbiX KOne6aHHA MeTonoM, ~onHeaHHbiM Bblwe. TaKoA npHeM npHMeHHM He 

Beer.z:xa, ToKo OH eBst38H · e yM9HbW9HH9M HHT9HeHBHOeTH B yKOp0'19HHOM · HMnyn&

ee. Bonee 6naronpHstTHbiA ~eayn&Ta~ nonytiaeTest, eenH onaoapeMeHHO e MrHo

BeHHbiM H3M9H9H~eM cPS3bl npOH3BeeTH 6bieTpoe eMeiU9HH9 ny'IKa HS MHW9Hb 

nyTeM aaMeHeHHst /
0 

~ B sToM enyqae 75% tiaeTHU, eonep:maiitHxest B yeKop.ea-

HOM ny'IKe, ;6blll0 Bb!B9.z:t9HO Ha MHW9Hb 38 BpeMst 800 MeeK. 

OnHeaHH~IA MeTon Hawen wapoKoe npHMeaeaHe npH npoaeneHHH sKenepH

MeHTOB, B KOTOpbiX eyweeTB9HHO HM9Tb KOpOTKHA HMnyn&e 'I~eTHU 60nbWOA 

HHTeHeHBHOe~i. B K8'19CTB9 ae.z:xoeTSTKS M9TO.z:ta ene.z:xyeT OTM9THTb TO o6eTost~ 

Ten&eTB0 1 'ITO npH Bb!BO.z:te ny'IKS HS Hapy:mayro MHW9Hb MrHOB9HH09 H3M9H9Hll9 
.,, 

cPS3bl yeKOpstiOI.llero Hanpst:lK9HHSl npHXO.z:tHTeSI npOH3BO.z:tHTb Upll yM9HbWSIOIU9M-

eSI BO Bp9M9HH MarHHTHOM ·none. O.z:xaaKO B MOM9HT HHB9pTHpOB8HHst. 83HMy

TSnbHbiA pa3Mep ny~KS 3H8'IHTen&HO yaenH'IHBaeTeSI1 H 9cPcP9KTHBHOrO COKpawe

HHSl pnHTen&aoeTH HMnyn&ea B 9TOM enytiae nony'IHTb He ynanoe&. 
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M eTOll H3M eHemrsx 10 6biJI orrucau Bbi we B cB!I3K c rrpHM eHeHHeM ero 

llJI!I IIOJIY'I9HH!I llJIHTeJibHblX IIy'IKOB BTOpH'IHb!X 'Ia_CTHUo 8TOT )1{9 MeTOll 6biJI 

HCIIOJib30B8H llJifl yMeHbill9HH!I Bp9M9HII coyaapeHI:!!I IIy'IK8 C MI:!W9HbiO 38 

C'I9T yBeJII:!'I9HI:!!I CKOpOCT!I' H3M9H9HK!I • Coxparue1me BpeMeHH coyaape-

HH!I JIIIMHTHpyeTC!I KpHTH'I9CKOa CKOpOCTbiO H3M9HH!I , IIpii llOCTi1)!{9HHII 

KOTOpoa CM9IU9HH9 IIY'IKa Ha MHW9Hb COIIpOBO)KllaeTC!I Bbiiillll9HH9M 'IllCTHU HS 

CHHXpOHH3Mll. BeJIH'IHHll KpHTH'I9CKOa CKOpOCTH 6hlJI8 onpeaeneHa 9KCII8pHMeH

T8JibHOo CxeMa ·onbiTa noxaaaHa Ha pHc. 6. Y Hapy)KHOro Kpa!I pa6o'!ea o6nacTH 

~ 

4~~///lj/JL////~////////////£ 

M 
11!11!1 

p H Co. 6. 

I f7cM. 

CxeMa pacrrono)KeHH£1 ycTpoficTB npn onpeaeneHKR KpuTn'Iecxoii 

CKOpOCTH II3M9H9HI:!!I. 'I8CTOTbl yCKOp!I!<JIU9T'O H8IIp£1)!{9H!Ilio 1- Hapy)!{JI81I 

CT9JIKa B8KYYMIIOH K8M9phl, 2-BJiyTp9HH!I!I CT9JIKa BaKyyMHoa KllMBphl, 

3- IIJlllCTII'I9CKIIH CIIIIHTHJillliTOp, 4-cBeTOBOll, 5- clJOTOyMJIO)K!IT911b, 

M-MHW9Hb 0 

• 6bma pacnoJIO)Keua MHWeJib M. YcxopeHHbifi rry'IoK CMemancs:~ c ueHTpanbHOi~ 

op6IITbi ua MHW eHb M nyTeM yMeHbW9HH£1 'IaCTOTbi 1
0 

• Y BHyTpeuHero 

xpa!I pa6o'Iefi o6nacTn 6biJI noMemeu "aOHll ", npeacTaBn£1IOWHfi co6ofi nnacTn

'IeCKHfi C!IIIHTHJIJI£1TOp1 YKpeiiJ19HHblll Ha K0HII9 CBeTOBOllllt IIpOTHBOIIOJIO)!{Hblft 

KOHeii KOTOporo HaXOllHJIC£1 B OIITH'IeCKOM KOHT8KTe C cPOTOYMHO)!{Jl:TeJieM. C 

IIOMOWbiO CIIHHTIIJIJI£1UHOHHOT'O "30Hllll" perHCTpllpOBllJIOCb nona'aaHIIe IIy'IKll Ha 
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MHW9Hb M. C!topocT& cM~I.UeHHSI: nyqKa nocTeneaao. ysenH'IHBanac& aa 

cqeT yB9liH'19HHH CKOpO~TH H3M9HeHHH f~ • 3aa'I9HH9 KpHTH'I9CKOft CKOpOCTH 

onpe,llenHnoc& no noHBneHHIO cnraana, CBH.ll eTen&cTByiOwero o nona,llaHHH aa 

CUHHTHllliHitHOHHbift "30H.!l". 'ISCTHUt Bbifl8BlliHX H3 CHHXpOHH3M8 H CB9pHyBwHX

CH K BHyTpeaaeMy KpaiO pa6oqeft o6nacTH. H a pH c. 7 npHBe,lleHa ocuHnnorpaM ·

Ma CHrHana OT "30H.lla" , COOTB9TCTByiOLU8H KpHTH'I9CKOft CKOpOCTH H3M9H9HHSI 

f o 0 nepBblft HMnyn&C COOTB9TCTByeT nona.llaHHIO '18CTHU Ha MHlli9Hb M, 

p H c. 7. 

OcuHnnorpaMMa carna.na oT cuHHTHnnHuHoaaoro "30H.lla ", no

nyqeaaaH npH KpHTH'I9CKOft CKOpOCTH H3M9H9HHH qaCTOThl yCKO

pHIOLU9rO aanpH:meaHHo B aaqane pa3BepTKH BH.ll9H IIMnyn&c, 

coo'I'BeTcTByiOLUH:l!: nona.llaHHIO nyqKa aa MHwea& M, BTopoft 

HMnyn&C o6yC1IOB1I9H 'laCTHU8MHt Bbin8BlliHMH H3 yCKOpeHHHo 

BTopoft oGycnoBnea qacTnuaMH, BbmaBw HM H n3 ycKopeaHH. ·On pe.ll eneaaaSI: 

TSKHM o6pa30M B91Ili'IHH8 KpHTii'I9CKO:l!: CKOpOCTH H3M 9H9HHH f 0 OKa3anacb 

pasaoA 10 1 Mru/ceK. 

npH KpHTH'I9CKOA CKOpOCTH CM91U9HHH nyqKa BpeMH ,coy.llape·nHH '18CTHU 

C MHlli9HbiO COCT8BliH9T OKOliO 3,5 MC9K 0 n peBbiW9HH9 KpHTH'I9CKOft CKOpOCTil 

CBH38HO C yMeHbW9HH9M HHT9HCHBHOCTH npoTOHOB, nona.aaiOLUHX Ha MHW9Hbo 

O.llHaKo, ec1lH npH cMeweHHH. ny'IKa co cKopocT&IO, Gon&weft KpHTH'IecKo:l!:, aa 
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Hapy)KHYIO MIIWeHb IIOTepB auTeHCIIBHOCTa BBnBeTCSI Hena6e)KHOH, I!pll CMerue

Hall H8 BHyTpeHHIOIO M!IWeHb cyrueCTBeHHOH IIOTepa aHTeHCIIBHOCTa He I!pOIICXO·-

anT, TaK KaK qacTIIUbi, BbiiiaBwne 113 ycxopeHnB, nonaaaroT Ha Ty )Ke MnweHb;• 

OrrbiT rroxaaan, 'iTO rrpn cxopocTa 4 Mru/ceK 90% ycxopeH,Horo nyqxa MO)KeT 

6biTb CMerueHO Ha BUyTpeHHIOIO M!lilleHb 38 700 MKCeK. BpeMSI coyaapeH!ISI C 

Hapy)KUO~ M!IWeHbiO 6binO T8K)Ke yMeH&WeHO AO 2 MCeK 38 C'ieT yaennqe-.' 

HilS! CKOpOCTII aaMeHeHaB 1
0 

ao 1,8 Mru/cex. B aToM cnyqaeHa MnllleH& 

nonaaaeT 70%, 'iTO Bo MHorax cnyqasx sanseTcB anonHe rrpaeMneM hiM. 

npenMyiUeCTBO paCCMOTpeHHOI'O MeTOA8 IIO CpaBHeHUIO C OIIHC8HHb!Mll 

BbiWe 3aKniO'J.aeTCSI B TOM't 'iTO OH Il03BOnBeT yMeHbWaTb BpeMSI IIOII8A8HIISI 

IIY'J.Ka KaK Ha BHyTpeUHIOIO MaWeH&, TaK II Ha Hapy)KHyiO 6ea 3H8'i11Ten&HO~ 

IIOTepH HHTeHCIIBHOCTa yCKOpeHHhlX 'i8CTHUo 

3. K oM6nHHpoBaHHhle MeTOAbi 

C yaenaqeHaeM aHTeHCaBHOCTa yCKopeHHhlX 'i8CTaU a BBoaoM B ae~CTBae 
161 •• 

6biCTpoaei!:CTByiOIUaX pOTOpUb!X MaweHei!: -- B03HHKna B03MO)KUOCTb pacrrpe-

aeneHaB rry'iKa Me)Kay paana'iHhlMa aKcrrepaMeHTaTopaMa B Te'ieHae oaHoro 

uaKna ycKopeHas. B aaaacaMCCTH oT ycnoaail: aKcrrepaMeHToB, pacrrono)KeHaB 

MHweue~ B KaMef>e ycKopaTens n: T.rr. , aT a aaaaqa pew anacb rro paauoMy. 

3aecb Mbl OCT8HOBaMCSI Ha HeCKOnbKaX TaiiOBbiX cnyqasx. VfccneaoBaHHSI H£1 

CHUXpo¢a30TpOHe BeayTCB 0 B OCHOBHOM 0 C aCIIO~b30BaHaeM IIY3hlpbKOBhlX Ka

Mep, KaMep BanbCOHa a cqeT'iaKoa. K aK npaaano, ans pa6oTbi c KaMepaMII He 

Tpe6yeTCSI 6onbWO~ HHTeHCHBHOCTa BTOpa'iHb!X 'i8CTIIU 0 noaTOMY qame BCero 

rrpaxoaaTcB coBMeruaT& na6o pa6oTy HecKonbKax KaMep a oaHoM ttuKne ycKo-

Heuns, na6o pa6oTy oaHoil: KaMepbi n cqeT'<iiiKoB. n epaas aaaaqa pewanach 

nyTeM HaBeaeHaB nyqKa Ha pa6oqae MaWeHa MeToaOM 6biCTpOI'O IIS,MeHeHUR 

10 • B HY)KHbiil: MoMeHT uaKna ycKopeHHB poTopHaB Maw eHb, KOTopas pa6o-

Tana Ha Ty ana aHyro KaMepy, cTaBnnacb B pa6oqee nono)KeHne n BKniO'i<lnacb 

MaHnrrynsum f 
0 

• YcxopeHHbiil: rryqoK 6ea noTepn ¢aaoBoil: ycToil:'iHBocTu 

CMeruanCB Ha MHWeHb. nocne TOI'0 0 KaK 'i8CTb IIY'iKa 6f.ma "o6oap aHa", -OH 

pTBOAHnCB OT MHWeHH II rrpoaOn)Kan yCKOpBTbCB. 8Ty orrepaUIIKJ B. Te'J.eHHe 

.. 
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UHKna ycltopeuHsr Mo:>Kuo ol.xno noaT:opHTb t.tuorozi:paTxio •. Ec:n'H Tpeooaanoc& a. 

KOHUG yCKOpOUHS liOJlY'IH Th. HMliYJihC Ti8CTHU, .O.Jl·HTenb~OCTblO MGHb{u e. 1 t~Celtl, . .. . . . ... . . . - I 
OD.HOBpeMeHliO C YMGHbWGHHGM . 10 llpOH3El0D.llllOCb MT'HOBG!IHOG lt3MGHGHHG . 

cP83blo npn H~OOXOD.HMOCTH COBMeCTRTb pa6Q'l'y C'IOTTiitKOB H KaMepbi yCKOpeH.;.. 

HbiA lly'IOK ·Me.O.JIGHHO "o6i:r.HJ38l1CSI"' 0 MHWGHb; pa6oTarowyro US C'leT'IHKH~ 

Oc.TaBwHACSI cryCTOK yCKOpSIJICSl .t\0 HY:lKHOft ;aaeprnH H c6paCbiBSJICSI. HS .MH

weab, KOTopasr pa6~Tana aa KaMepy. Ha pn:c. 8 n·pe.n.cTaaneua ocliHnnorpaM-

p H Co 8. 

OcunnnorpaMMa .n.nnTellbHoro nMnynbca BTopn'IHbiX 

Ti8CTHU 1 liOCTyliSIOUlHX B KSHSJI CUitHTllllllSlUHOHHblX C'IGT'IHKOB 1 

II KOpOTKOl"O HMUYllbCS Ti8CTHU 1 liOCTyiiSIOUlHX B lly3blpbKOByiO 

KSMepy /HH:lKHHH nyq/. Ha BepXHGM lly'le OTMG'1GH MOMGHT 

BbiKJliOTiGHHSI yCKOpSIIOUlGT'O HaiipSI:lKGHHSio 

Ma 0 HJIJIIOCTpnpyiOUlSSI IIOJly'IGHHG .O.JlHTGllbHOT'O H KOpOTKOl"O itMIIYllbCOB 9THM 

CIIOCOOOMe 

npHBG.O.GHHbiMH llpHMepaMH !IG HC'1GpllbiB8GTCH p83H006paaHe B03MO:lKHbiX 

BapHSHTOB pacnpe.n. GJIGHHSI yCKOpGHHOT'O IIy'IKS ~ G:lKIJ.Y 9KCII epnM GHTSTOpaM He 

qacTo ObiBaeT ueooxo.n.nMo naMeHSITb nopH.n.oK pacnpe.n.eneunsr ny'llta B paa

JIH'IHhiX UHKJlaX YCK?pGHHHe 3TO IlpO!f3BO.O.HTCSI C IIOMOil.lbiO IIporpaMMHpyiOUlHX 

ycTpOltCTB, 38IJ.SIOUlHX 38KOH H3MGHGHHSI '18CTOTbl, 8MIIJIHTY.O.bl R cP83bl Be'lo aa-

IIpSI:lKGHHSI Ha yCKOpSIIOUlHX 9JlGKTp0.0.8X H ynpaBliHIOUlY.X IIOCJIG.O.OBaT OJlbHOCTbiO 

BBG.O.GHHSI M u:wenelt B pa60'1YIO o6naCTb yCKOpHTOJISio 

, . .., 
. ""'~ 

./ 

::u ,. 
,r. 

'-#: 
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