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Pa6oTa Bh!llOnHeHa B Jla6opaTopHH BhiCOKHX 9HeprHll 06'he

nHHeHHoro HHCTHTyTa RnepHhlX HCCnenoB8HHli. 

Hay'IHhili pyKoaonHTenh: 

nOKTOp TeXHH'IeCKHX H8YKo CT8piiiHli H8Y'IHbili COTpynHHK Jl.n. 3HHOBbeB 

O!j>HuHanh!ibie onnoHeHThi: 

noKTOp !j>H3HKO-M8TeM8TH'IeCKHX H8YKo CT8piiiHli H8y'1Hhli!: COTpynHHK 

B.B. Konhra, 

KaHnHnaT !j>H3HKO-M8TeMaTH'IeCKHX H8YK1 CT8piiiHli Hay'IHblli COTpynHHK 

H.E.Py6HH. 

Benymee H8Y'IHO-HccnenoaaTenhcKoe yqpe~eHHe: HHCTHTYT 

TeopeTH'IeCKOH H 9KCUepHMeHT8nbHOH !j>H3HKH, 

ABTope!jlepaT paaocnaH 1970 r. 

3amHT8 nHccepT8UHH COCTOHTCR w 
1970 r. Ha 

3acenaHHH Y'leHoro coaeTa Jla6opaTopHH BbiCOKHX 9HeprHll. 

Anpec: r. lly6Ha, MocKOBCKOH o6nacTH, KoH!jlepeHu-aan JlB3. 

C nHCCepTaUHeli MOlKHO 03H8KOMHTbCR B 6H6UHOTeKe Jl83, 

Y'leHhiH ceKpeTaph CoaeTa 

c.B. MyxHH 
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B fla6opa~opHH BhlCDKHX ,aHeprHA 06oe-

CTapWHH aayqHbiH CDTpyJlHHK fl.n. 3HHOBbeB 
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3naqnTenhHblft poeT SHeprnft H HHTeHCHBHOCTeft nyqKOB1 nony

qaeMhiX Ha COBpeMeHHhiX Yf:KOflHTemiX1 ripnBOllHT K HS06XOll.HMOCTH 

BhiBOlla nepanqHhiX qaC'tHU C MaKCHManbHO llOCTHJKHMOft scpcp~KTHB

HOCThiO. BbiBon nepanqaoro nyqKa BhiCOKoii sneprnn n nonyqenne 

xopornnx onTnqecKnx xapaKTepncTnK aaernaero nyqKa - nocTaToqao 

f' cnoJKHaSI cpn3nqecKaSI n HHJKeaepHaSI 3anaqa. MeTon Bhmona Bhr6n

paeTcSI B 38BHCHMOCTH OT cpH3HqeCK~X npo6neM na6opaTOpHH1 DT 
. . . . . Ill 

saeprnn, Tnna n cneuncpnqecKnx oco6eaaocTefi ycKopnTenSI • llnana-

30H nnnTenhHocTefi BhrBona oqeHh rnnpoK - oT nonefi MKcex '(6brcT...: 

phill OllHOo6opOTHhlll BhiBOll) llO COTeH MCeK (M~nneHHhlll. BhiBOll) • 

Han6onbrnaSI scpcpeKTHBHocTb Bhmoaa nyqKa, pacTSIHyToro ao apeMean, 

MOJKeT 6hiTh nocTnrHyTa npn ncnonh30B8HHH pe3oHaHca paananh-

HhiX 6eTaTpOHHhiX Kone6aan'n KaK MexaHH3Ma 3a6poca qacTnu unp

KynnpyiOmero nyqE:a a 3a3op ceriTyM-MarnnTa~ 

Ha ny6HeHCKOM. cnaxpocpa30TpOHe c 1962 r. HaqaTo BhlllOnHe

HHe o6rnnpaofi nporpaMMhi pa6oT no BhiBony npoToHHoro nyqKa. Bhr

aon ocaoaaH Ha nonyuimoM pe3oaaace pannanbHhiX 6eTaTpoHHhiX 1-
- . /2 3/ . 

Kone6aanft n IIpOH3BO):{HTCSI no cnenyJOmen cxeMe ' : 

1) pe30H8HCH8li pacKaqKa KOne6aHnfi H 3a6poc !IpOTOHOB 

B 3830p cenTyM-MarHHTa; 

2) OTKnoaeane n cpoKycnpoBKa ny.qKa npn nanJKeann era B no

ne cenTyM-MarHHTa n·KaanpaToB cnaxpocpa3oTpoaa; 

3) Tp8HCnOpTllpOBK8 BhiBeneHHOrO_ nyqKa K BHeiUHHM MHllieHSIM. 

npn STOM B 38BHCHMOCTll -OT cnoco6a BBe):{eHHli nyqKa B pe30H~HC

Hbie ycnoang MoJK.eT 6hiTh nonyqeaa nmiTenhHOCTb BhiBona oT 
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30 MKC8K !10 HeCKOnbKHX COT MeeK, BbiBO.Q npoTOHOB aa apeMH 

30.f100 MKC8K ( T,H, fibJCTpb!ll Bb!BO!I) 1 KOTOpb!ll npOll3B8!18H · 

a 1967 rony1 aaaepwnn ·nepai,Jii sTan aToil nporpaMMhJ, BTopoil 

sTan·- Me.QneHHb!lt Bb!BO.Q npOTOHOB C Bh!COKOll acpcpeKTHBHOCTb!O. 

oco6eaao aKTyaneH nnH c:~mxpo¢aaoTpoaa nBa npn noBhiweann 

· 1012 I - B" HHT8HCHBHOCTH nyqKa ):10 npOTOHOB HMnynbC, 3TOM cnyqae 

nyqoK ncnonhayeTCH aa aaewanx MnweHHX1 qTo o6nerqaeT panna

unoaayro aawnTy ycKopnTeng n pac~npgeT aoaMo~aocTb npoae

neang H8-H8M 3KCnepnM8HTOB, 

PecpepnpyeMaH nnccepTaunH nocBHmeaa nccnenoaaanro nnaa

MnKn nyqKa a npouecce peaoaaacaoro awaona n pacqeTy cncTeM 

Bh!BO.Qa npoToHOB aa cnaxpocpaaoTpoae OH.HH1 BKnroqag aaewane · 

TpakThl TpaacnopTnpoBKH. B OCHOBY nnccepTaunn nernn pa6o-
/2-8/ . .· •. . ··. 

Tbi 1 BhmonaeHHbJe ailTopoM nnn npn ero y_qac1'nn a 1963-

1969 r.r. a OH.HH. 

llnccepTaunH cbcTonT na qeTbipex rnaa1 npnno~eanil n aa• 

KnroqeanH. 

B nepaoil rnaae npnaenea KpaTKnil o6aop n cpaBHrrTenbHhlil 

aaanna cymecTayromnx n npoeKTnpy~MbiX cncTeM BbJilona nepanqHbiX 

nyqKoB aa pHne Kpynaeilwnx ycKopnTeneil Mnpa n ·noKaaaao1 qTo 

aan6onee yanaepcanbHbiMn HBnHJOTCH peaoHaHCHbJe MeTO!Ihi1 KOTo

pb!e npnMeHnMhi KaK a a cna6o1 -TaK n. aa ~eCTKocpoKycnpyromnx 

MaWnHax1. n03BOnHJOT_ non_yqllTb Bb!COKyJO a¢cpeKTllBHOCTb Bb!BOna 

(no 90%) 1 ManbJil sMnTTaHc n aeaaaqnTenbHbiil saepreT.nqecKnil 

paa6poc unpKynnpyromero nyqKa, 3necb ~e paccMoTpeHbJ HeKOTOpb!e . . 
MeTonhi pacqeTa cncTeM BhiBO.Qa, YKaaaHHbJe pacqeTbi BhmonHHIOT• . 

CH B OCHOBHOM Ha oBM1 qTO noaaongeT npoBO.QllTb HX iJbJCTpO 

n onepaTnBH01 a TaK~e o6ecneqnaaeT Heo6xonnMyiO ToqHoCTb n 

I 
·I 
' 

Hane~HOCTb. peaynbT8TOB, _? -~' 

Bo BTopoil rnaae paccMoTpeao nan~eHne npoTonoB a MarHnT-
, . .. /2-4/ 

HOM none cnHxpocpaaoTpoaa OH.HH npn nonyuenoM peaoaaace 

nnH aoa6y~neanH KOToporo aeo6xonnM cnanr qacTOTbi pannanbHbiX 

6eTaTpoHHbJX Kone6aanil Ha o6opoT v R no .aenrrqnHhi 1/2 n aae-

4 

neane nepaoil rapMOHHKH '!\ n. B noKaaaTenb nonS! n , Ha cnaxpo

cpaaoTpoae OH.HH a1-n ycnoanH coanaiOTCH c noMowhiO qeTb!pex 

npoaonHnKOB noniOCHbiX o6MoToK1 npono~eHHbJX B I n II KBanpaH-
/214/ 

Tax • 

ilnH BbiBOna npOTOHOB 38 BpeMH 30 of 100 MKCeK pacKaqKa 

pannanbHbiX 6eTaTpoHHhiX Kone6aarril nponaaonnTcH nyTeM aoa6y~

neHnH peaoHaaca B ueHTpanhHOil qacTn pa6oqeft o6nacTn cnHxpo

¢aaoTpoHa1 rne nponcxonnT ycKopeHne npoToHoB, rapMoHnKa noKa

aaTenH nonH l'l n non~Ha HapacTaTb no pafioqeft aennqnHhJ a a 

BpeMg "' 300 MKC8K, 

noKaaaHo1 qTo· npn aaeneHnn HennHeilaoil aaancnMocTn n+l'ln OT 

pannyca nonyuenhili peaoHaHc. Mo~eT 6bJTb ncnonhaoaaH nng BhiBo-
. /3 4/ 

na nnnTenbHOCTbiO. no 300 MeeK 1 • PacTH~Ka npoToHoB ao 

apeMeHn nocTnraeTcH aa cqeT MenneHHor~ cMemeanH nyiiKa a Ha

PY~HYIO qacTb KaMepbi1 rne peaoaaHCHhJe .ycnoan5!' coanaH.bi aapa

aee n He naMeHHIOTcsi a npouecce BbJBona·;. llnnTenbHoCTb . a~mona 

onpenenHeTCH cKopoCTbiO. cM'emeHnH nyqKa a o6nacTb peaoHaHca,. 

aennqnaoil /',. n I aaqanbHb!M pannanbHb!M Pll3Mep6M ii nMnynh,CHb!M 

paa6pocoM nyqKa, B aaweM cnyqae aTo cMemeHne nponaaonnnocb .. . . .. 

aa cqeT yMeHbweang nonH ycKopnTenH ao BpeMeHn (Jl< 0) , 
' , ' . . x/ 

ilnH. pacqeTa pannanbHbiX npoeKunil TpaeKTopnn .·. · npoToaoa 

a ycnoangx peaoHa11ca ncnonbaoaaHbi nonHbJe ,ypaaaeang nan~eHnH 

a unnnanpn:eckoil cncTeMe KoopnrraaT KBanpaHTOB 

( pnc, 1) c .urr¢¢epenurrpoaaHneM no apeMeHn: 

d 2 R e ~RB + (~ )2 R --~-

dt
2 d t • 

z 
d l me 

2 .. 
:~ ~- _'_e _ __i_!{~- 2~ ~. 

dt 2 
me ·dt R ·dt dt 

ycKopnTeng 

(1) 

I --
R 

x/· . . 
nonyuenhiil peaoaaac He oKaabJBaeT aaMeTHoro annHHHH· aa 

aepTnKanbHoe nan~eHne npoToHoa, qTo npoaepeHo SKcnepnMeFTanbHO. 
I . • 
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Pnc. 1. Cx~Mbi peaoHaHcHoro BbiBO!Ia npoTO!IHDro ny'IKa Ha ·CIIHxpo

<jlaaoTpoHe OHHH. A. CxeMa BbiBO!Ia c O!IH!!M cenTyM-MarHllTOM: 

} - IIOniOCHbie 06MOTKII B036y>K.neHIIII pe30H8HC8 0 2 - npOBO!IHllK 

CIICTeMbl KOppeKUl!II IIOKa3aTeng IIOnii Ha Bb!COKIIX llH!IyKUllHXj 3 -
cenTyM-MarHIITj 4 - nepBaii CTyiTeHb CllCTeMhl TpaHCnOpTIIpOBKll 

rry'IKa npoToHoB. E •. CxeMa BbiBo!la c !IBYMII cenTyM-MarmiTaMn: 

1 -. IIOniOCHbJe o6MOTK!l B036y>K.neHl!II pe30H8HC8j 2 - UpOBO):IIillK 

CIICTeMbl KOppeKUllll UbKa3aTenii nonii Ha Bb!COK!!X IIH!IyKUlliiXj 3.
nepBbiH cenTyM-MarHllT (<jlopMarHnT); 4 - BTopoli cerrTyM-MarHnT 

( OCHOBHOH Marlll!T )i 5 - nepB81I CTyrrellb CllCTeMbl TpaHcnopT!!pOBK!l, 

0 I 1 02 ,· . Q 3 1 0 4 - ueHTpb! nonHpHbiX Cl!CTeM K00p!11IH8T 

KBanpaHToB ycKopnTenii, R o- ueHTpanhHbiH pannyc ycKopnTenii. 

6 

·! 

3necb R n </> - nonHpHbie KoopnnHaTbi, . ~ z - BepT!!IfHnbllaii 

KOMnOH9HTa nonii YCKOpllTenSI1 m ll ·e - Macca ll 38pii!I npoTO-
x/ 

Ha1 c - cKOpOCTb CBeTa • none YCKOpllTeng B KB8!1p8HT8X 

npllHIITO 83llMyTllnbHO-O.UHOpO!IHbiM C s4J<jleKTllBHOH .UnllHOH no 

a3!!MYTY " I 2 , none B rrpiiMonnaeliHbiX ceKUlliiX . oTcyTcT-

ByeT. no pa!lllycy none CllHXpo<jlaagTpoaa onncaHo 'Iepea <jlyHKUllll 

n'(R) ll n ( R) +i\n' ( R) • npn 6biCTpoM' Bb!BO.Ue B z (R~ N ) B 

n n KBanpaaTax nMeeT Bn.n: 

R n ( R) +i\n (R ,N ) 
-I dR R 

B (R,N)=B 
Ro -e ( 2) zO ' 

r.ne Bzo - none Ha ueaTpanbHOM pamryce )'cKopnTenii Ro, 
N - aoMep o6opoTa .'IaCTllUbi (B'peMII), aapacTaHne i\n ( N ) 

npOllCX~!IllT no Cll!lyCOll!l~,nbHOMY 38KOlly, npn. MeLtnellllOM Bb!BO.Ue · 

OCHOBHOe none YCKOp!!Teng.- <jlyHKUl!II OT BpeMellll 1 L\ n ( N) ':' C?DSI 

Tenepb B. (R, N 
.z B I n II KBanpaaTax onncaao cnenyiOIUllM. 

o6paaoM: 

R R · R 
-j·~R · . _ (. n(R)+i\p(R) dR -f n(R) dR .. 

RR il.·R il. R · B '(R,.N)= B I c o (l+yN)+(e o -e o )+D I z zO 

dB 
3necb y = - -.--z 

dt 
aa o5opoT, 

. __ r ___ 6eapa3M~pll81I CKOpeCTb 
B '· zO 

- rrepno.n o6pameHnSI npoToHa, 

(3) 

ll3MeHeHnSI nonii 

D - KoHcTaH-

T8 1 xapaKTepll3YIDIU81I 83l!MyTanbHYIO 8CllMMeTplliO nonii BO BHyTpe~

HeH qacin KaMepbi 1 Benl!'Il!Ha KoTopoli .aaBl!CllT OT cn'oco6a coana-

~ •. . 
llnii COKpaiUeHl!II BpeMeH!l C'IeTa npl! Me):lneHHOM Bb!BO):Ie C!lenaH 

nepexon K · .nn<P<PepeHunpoBaHI!IO no </> n . cncTeMa ( 1) aaMeHe
Ha .O.UHllM . ypaBH.eH!leM. . 
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L\n • ·rrone B III n IV KB8np8HT8X oni!ChiB8eT.cn npll 
1. . ' • 

HI! .II 

6biCTpOM II MenneHHOM BbiBOne cpopMyn8Mil ( 2) II ( 3) 
1 

COOTBeTCTBeH-. ,. ' ···:: -. . . . 

ao, nn.11 . L\ n =0. l1HTerpi1pOB8Hile yp8BHeHIIif ( I) npoii3Boniinocb 
-. ': . . ., ,· . 

MeTonoM Pyare-KyTT8 l!8 3BM ([v\-20, E3CM-4 II E3CM"-:6), P8c-

'leT Tp8eKTOpiiii 38K8H'IIIB8nc.H, Korn8 '18CTIIIt8 nocTnr8n8 38n8HHo

ro p8nnyc8 H8 rf> = 1T /2 nnii " 

B pe3ynhT8Te p8C'IeTqB Tp8eKTopnif npoToHoB c.P83nll'IHhlMII 

H8'18nbHbiMII 8MITnnTyn8MII II cp838MII.J,P8nll8nbHbiX 6eT8TpOHHhiX r:o

ne68HIIH 6binll nony'leHbi X8p8KTep!ICTIIKII COBOKyiTHOCTII '18CTI1It nocne 

' npoxomneHII.II pe30H8HC8 H8 Tpe6yeMoM R II rp YCKOp!ITen.ll, 

AH8nll3 aTnx n8HHhiX IT03Bonnn Bbr6p8Tb onTIIM8nbHbre pe30H8HCHhre 

ycnoBII.II B ycKopnTene, rronomeane cenTyM-M8rHIIT8 n rrony'IIITb 

cp830BYID K8pTIIHY ITy'IK8 H8 ero BXone, 

fl 
ITpn 6biCTpoM Bhmone ny'IIII!Ie X8p8KTepncTIIKII ny'IK8 nony'leHbi 

nn.11 rronomeHII.II npoaonHIIKOB pe30H8HCHOH 06MOTKII B K8Mepe H8 

R 0 · ·+ 10 II R0 ;_; 10 eM, aenn>mae L\n = 0,2 n KoopnnH8T8X 

cenTyM-M8rHIIT8 R 0 + 20 eM, rf> ;;, ". B aTOM cny'l8e yrnoBoif 

p8CTBop ny'IK8 H8 axone cenTyM-M8rHIIT8 MIIHIIM8nea, L\ a 0.0,6 Mp8n, 
• 

rny6nH8 386poc8 L\ p = 10 eM ( pnc, 2), Pac'!eTH8.11 acjlcpeKTIIBHocT!> 

Bbmon8 c y'leToM noTepb H8 cenTyMe Toniiinaoif 0,5 eM cocT8BmreT 

"' 90%; CM'emealle cenTyM8 H8 p8nnychr1 . MeHbiiine n 6onbiii!Ie 

YK838HHOro, np!IBOniiT linn K CHIImeHIIID acpcpeKTIIBHOCTII 38 C'leT yMeHb

IlleHII.II III8r8 H8p8CT8HII.II 8MrrnnTyn, nnn K yxyniiieanio cp83oaoif 

K8pTIIHbi ITy'IK8, 

l13MepeHH8.11 acjJcjleKTIIBHOCTb 6biCTporo BbiBOn8 ,;84<Jt 191' 0 • 

lln.11 Bhraon8 nnnTenb~OCThro no 300 MeeK ny'IIII!Ie X8p8KTepn.,. 

CTIIKII ny'IK8 pony'leHhi rrpn p8c.rroiromeann npoaonanKoB pe3oH8Hc

Hoif o6MoTKII, H.8 Ro n R 0 + 10 eM, Beiln'IIIHe L\ n .= 0,3, 

OTCYTCTBIIII 831IMYT8nbHOH 8CIIMMeTpiiii II KoppeKitiiii ITOK838Ten.ll 

~On.ll H8 Ben!I'IIIHY 0,2 BO BHyTpeHHeil '18CTII K8Mepbi (pnc, 3), 

Ecnn cenTyM-M8rHnT p8cnonomea H8 KoopnnH8T8X ( R 
0
+ 20, rf> = " ) , 

ny'loK H8 ero Bxone nMeeT rny6nay 386poc8, L\ p = 18 eM, cpenanil 

yron npoToHoB a ( N ) II3MeH.HeTc.ll 38 speM.II BhiBon8 oT 0 

8 

I 

I 
r 
I 
j 

ct,Mpaa 
~I 

r 
-4,5 

-#,4 

-~3 
D 

~1,2 
OD. 8 D 

D 

-(f • Do . D 
D 

-~ 
Ac a Da .x • • • • 

0 -q9 0 00 X X 
ox 

-qs 0)( 
" w• 

X 1: • 0 
-Q7 . 

X 

-qs 
-0,5 

f 2 l II 5 6 7 8 9 to 11p,c11 

Pnc, 2, . <Pa30B8.11 K8pTiiH8 ny'IK8, 386pollieHaoro B 3830p cenTyM

M8rHIIT8 npn 6biCTpOM BbiBone (L\pP8CCTO.IIHIIe OT K'p8.11·cenTyM8),q8C-. 

TIIIthi C fl83nll'IHbiMII H8'18n~HhiMII 8MllniiTyn8MII 0603H8'1eHbi: x ·-
0-t2 CMj 0 - 2 -t 4,5 CMj d-4,5 .f 7 CM, 
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,QO 1 Mpa.n, tJ.a (N) = 0,6 Mpa,n II OT BpeMeH!I He SaBIICl!T (pnc,4), 

LlnR Koop.nnHaT. cerrTyM-MarHnTa ( R 0 + 16 eM, " / 2 . ) rny-

6nHa sa6;oca L'l. p = l2 eM, yron a (N) pacTeT sa BpeMR Bh;-

Bo.na oT 1,2 .no 2,5 Mpall, tJ. a 0, 7 Mpa.n II OT N He SaBn-

cnT. noTepn Ha cenTyMe TonwnHoil 1 CM B nepBoM cnyqae coc

T.aBnsl!oT 8%, BO BTOpOM - 12%, LlmfTenbHOCTb Bb!BO.ll& C yqeTOM 
. /10/ 

I!MIIynbCHOI'O pas6poca :!:)MsB/c COCTaBnReT "" 200 MCeK llpli 

B = 30 rc/ ceK, npli yBenllqeHn!I HaqahbHOI'O pallnanbHOI'O pasMe

pa nyqKa sa cqeT asHMYT<lnbHOU acnMMeTpUH nonR 3Ta BenHqHHa BOS

pacTaeT llO "' 300 MeeK, KaK noKasan!I pacqeTbi, ¢aaoBhie xapaK-

TepHCTHKH -rryqKa Ha BXO,Qe cenTyM-Mai'HHTa llp!i rrpoqHx paBHbiX 

ycnoBHSIX rrpaKTHqeCKII He HSMeHRIOU'CR B npe,nenax llnHTenbHOCTefi 
141 .• . . ' -

Bb!BOila 0, 7 of 3QQ MCeK , nnoTHOCTb BbiBe.QeHHbiX llpOTOHOB BO 
. • ft 

BpeMeHH llnR Bbi6paHHbiX pe30HaHCHbiX ycnOBHU HepaBHOMe~Ha; OHa 

Ollpe,nenReTCS! HCXOilHbiM flaC~~IleneHHeM _npOT()HOB UHpKynHpyiOWe

I'O rryqKa IIO aMIInHTyllaM CB060ilHbiX KOne6aHHU, 

l.fTo6bi H36e~aTb MOilynS!UHH HHTeHCHBl!DCTH Bb!BelleHHOI'O nyq

Ka, neo6xo.nHMO rro.nasneHHe nynhcauHil nonS! ycKopHTenS! Ha ,"cTo~ 
I 11/ • 

ne" ToKa • HarrpHMep, npn 10-npoueHTHon MOilynS!UHH rryqKa llnSI 

rapMOHHKH C qacTOTOll f = 50 I'U OTHOWeHHe ee aMnnHTY.llbi 

' -7 
K B zO yCKOpHTeng ll,OnlKHO COCTaBnS!Tb B. 10 . '. 

B TpeTbeil rnaae llHccepTaunH paccMoTpeH cnellyrom~r~ sTarr 

IlpOUecca BbiBOila nepBHqHOI'O nyqKa - OTKnOHeHHe H tPOKyCHpOBKa 

. ' /2,4,6,8.,12/. 
ero B none cerrTyM-Mai'HI!Ta H KBallpaHTOB yCKOpHTenS! , 

npli BbiBOile rrpoTOHOB H3 CHHXpoljlasoTpOHa Tpacca BbiBOila . 06bJqao' 

Ha 6onbWOM rrpoTS!lKeHHn rrepeceKaeT pacceS!HHoe rrone ycKopHTenS!, 

KOTOpoe cymecTBeHHO ,neljloKyCHpyeT nyqoK B I'Opli30HTanbHOM 

HanpaBneHHH, LlnS! KOMrreHCaUHII 3TOI'O aljlljleKTa CenTyM-Mai'HHTbl 

HMeiOT lKeCTKyro tPDKYCllpOBKy B I'OpHSOHTanbHOll rrnoC~OCTll, npH-

MeHeHHe llBYX BHyTpeHHHX Mai'HHTOB llnSI nocnellOBaTenbHOI'O-OT

KnoHeHHS! rryqKa llpH. Me,nneHHOM BbiBOile IIOSBOnReT; 1) yMeHbWHTb 

yron OTKnoHeHHS! H TOnWHHy cenTyMa B rrepBOM M8I'HHTe H TeM 

CaMbiM CHHSHTb liOTepn Ha HeM; 2) CllenaTb BTOpOfi Mai'HI!T 

10 

'' 

I 
l 
(, 
~ 

j, 
' 

,1: 

l 
I 7 

l 
l' 

' 

n 
17 

15 

3. . L¥ I /, k :>.. I I .4 
3 4 P,CM 

-70 -50 -30 -10 '10 ·30 50 70 I , 

PHC, 3, 3aBHCHMOCTb n (p) B YCKOpHTene rrpH HHilYKUHH 12600 I'C 

( KpHBaS! 1). 3aBHCHMOCTb tJ. n· ( p ) B I n . II KBallpaHTax, K;,I'Ila 
npoBOilHHKH · pesoHaHcHoil o6MOTKH HBXOAS!TC.II Ha R 

0 
·H R 

0 
+ 10 CM 

(KpHBa.ll 2), 3aBI!CHMOCTb n(pl+L'l.n(p)+L'l.n kop (p) , r.ne L'l.nkop(p) 
orrpe.nen.lleTC.II TOKOM B IlpOBO.llHIIKe ( 5) CIICTeMbi KOppeKUHH, 

3necb p = R - Rn • 

't5 

'tO 

Q5 

J.., f.fPAA 

5 

I 
I 
I 
I 
I 

"I 
JCI_.,cYxX:xxJC 

XJ(~~X',C,C X 

X x f. l. X m.f 1C X IC1#-- )C 

>~<t'~<" .... ,.. 1 oo_~:."Q .. 
0

11,.-•,. 
l!"l!', " Oo 1 °o_ 0o <0 oo "" 

J( Xjfl ~ I -o X I( 

X 0 0 I 0 " J'"':, 
••""" 0 0 0 1 a cP 0 "" " •tl'~ ~co 0 

' a . a a 0 I ~ · 0 a 0 0 
I ·~ ".P. a ~ Bla a a~0 a 0 S 

0 a a c" c I B a" a a" 
"'Jra 'b a I c 

' 
a 

D D D D 

....... " 
10 15 20 25 30 35 pcM 

PHC, 4, ¢aSOBbie KOOpAI!H8Tbl IlpOTOHOB Ha ABYX rrocne.QOBaTenbHbiX 

o6opoTax .no H nocne sa6poca .a saaop cenTyM-Mai'HHTa npH' Me.n

neHHOM Bb!BO,Qe, nyHKTHpOM liOKa3aH Kpafi cerrTyMa, 0603Haqe~H.II 
qacTHU Tl! lKe, qTo II Ha p!ic, 2, • 
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.. 
x/ 6 . 

aenO.QBIIlKHbiM C OnbllliiM · yrnoM OTKnOHeHII511 'ITO COKpaTIIT nyTb 
;., 

ny'IKa B .Qe¢oKyci1pyromeM KpaeaoM none CIIHXpo¢aaoTpoaa. Pac'I~T 

TpaCCbi BbiBO.Qa II ¢oKyCI1pOBKII ny'IKa BbJnOnHeH C IICnonb30B8HIIeM 

nonHhlX ypaBHeHIIli .QBIIlKeHIIH II oniiC8HIIeM nonH cenTyM-MarHIITOB 

aaaniiTII'IeCKII c TO'IHOCTbro .Qo aenii'IIIH BToporo nopH.QKa. Pacnpe

.Qeneaue BepTIIKBnbHOJi KOMnOHeHTbl nonH YCKOpllTenH 38.Q8HO .QBy-

. /13/ 
MepHbiMII Ta6nmtaMII c rnaroM 10 eM ' • B .QaHHOM cny'lae pac-

C'IIITbiBaniiCb o6e npoeKUIIII TpaeKTOpllli •. HaXOlK.QeHHe KOMnOHeHT 
_. .,J ' ,. . 

nonH ycKopnTenH B. (R,cp,z ), BR(R,¢, z ) n B¢(R,¢,z) 

nponaao.QIInocb no naaecTHoli aenn'IIIHe B z ( R, if>. , 0 ) : 

2 
.· z 2_ I a B.(R.¢,0) a B.(R,¢,0) I 

B ( R, ¢, z ) = B (R, ¢, 0) - - L -- ·· + + -
z z 2 R aR ·.;~n2 R2 

BR(R,¢,z) =as (R,¢,O) 
aR 

z • 

B¢(R,¢,z) 
I =, • aBz(R,cp,O) 

-:---- z 
a¢ 

<f>opMynhi '( 4) nony'leHbl Il3 ycnoaiili rot B = 0 

ft 

div B = 0 

2 a s.m.¢,o> 
---l. 

a¢2 

(4) 

B Ka'leCTBe Ha'lanbHhiX .QaHHhiX .QnH aacTonrnero pac'I~Ta ·IIcnonb"'-

30BanllCb pa.QllYCbl II yr.Jthl npOTOHOB B l'Opll30HTanbHOli IInOCKO-

CTII, rrony'leHHhJe B peaynbTaTe aaaniiaa IIX ·.QalllKeHnH B ycnoB!IHX 

peaoHaHca. nocne.QoBaTenbHhlli paC'I~T COBOKYIIHOCTll TpaeKTOpllli 

. qepea cenTyM:...MarHnT II none ycKopnTenH rroaBOIIIIn Bbi6paTb yron 

x/ 
· BnyTpeHHIIe MarH!IThi .QenaroTcH, KaK rrpaBIIno, no.QBlllKHhiMII, 

'IT06bi Il36elK8Tb noTepb ny'IKa ·Ha HIIX BO BpeMH I!HlKeKUllll. 

12 

OTKnoneH!IH .!f noKaaaTenb nonH .a cenTyM-MarHl!Ta~,o6ecnequaaromux 

MuliiiManbHbie paaMepbi rryqKa, BhiXO!lHlltero no aaaaiiHoMy narrpaanennro. 

llnH 6biCTpOI'O BbiBO.Qa paCC'I!ITaHa CllCTeMa BHyTpeHHeli ¢o

KyC11pOBKII C IICnO/lb30B8HlleM O.QHOI'O cenTyM-M8l'HllT8, paCnO/IOlKeH-

HOI'O · Ha 831!MyTe 1T (pile. 1A) •· Orrpe.QeneH yr.on OTKnoHeHI!H 

{3 
8 

II noK838Tenb IIOnH n 
8 

'STC!l'O M8l'HIITa, npl! KOTOpblX BblXO-

• .QHIIlllli ny'IOK MO~eT TpaHCnopT!IpOB8TbCH 6ea peKOHCTpyKUIIII Mar

HI!Ta cnaxpo¢asoTpoaa. · Ha pnc. 5 rroKaaaaa .. aasnciiMDCTb pa.QI!anbHD-

. ro pasMepa ny'IKa 11 R na aaiiMyTe 3/2 11 ·oT n 
8 

B cerrTyM-Mar-

HIITe npn f3 ·
8 

= 55'20". nonHhili ropi130HTanbHhili paaMep rry'IKa 

COCT8B/IHeT 20 CM 1 IIO/IHhlli yrnDBOft paCTBOp 11 a = :!)7 Mpa.Q, 

95% IIY'IKa cocpe.QOTO'IeHbl B 14. ·CM. BepT!IKanbHblli. paaMep IIY'IKa 

11 z ne npeBbiiiiaeT 1 eM, aepTnKanhHbili yrnoBoli pacT BOp a :.1.. = 
= !.1,6 Mpa.Q. Pac'leTHhili ropnsoHTanhHbili aMI!TTaHc ny'IKa l R = 26" 

MM ~pa.Q, BepTIIKanhHbiJi l = 8,3 1T MM Mpa.Q. 

6R,cM1 ·I .I 1 1 71··· I 
20 
15 

10 

5 

I l I. l . I l Ins. 
-60 -70 -80 -90 -tOO 

t· 

A~i:ll ,. I . I II 
-so -10 ~so -90 -too ns 

Puc. 5. 3aBIICIIMOCTh .paaMepoB BbiXO.QHIIlero rry'IKa 11 R · II 11z 
OT noK838TenH IIO/IH n 

8 
B CeiiTyM-M8l'HllTe II pi! 6b!CTpOM Bbi~O.Qe. 

13 



flapaMeTpbl eenTyM-MBI'HHTa H xapaKTepHeTHKH IIY'lKa IlpH 
. . . . . /~ 

aaeTpOfiKe 6bieTpOI'() B~IBOJ.l8 XOpOI110 eOBIIanH e pae'l~THbiMH 

flpH MeJlneHHOM Bb!BOJ.le 6bin8 Heene).lOBaHa <jloKyeHpOBK8 Jlm! 

eneity~llliiX B8pH8HTOB! I) Henonh3yeTe·ll OJlHH eeiiTYM-MBI'HHT Ha 

KOOpJlHH8T8X ( R O + 20 eM, 1t ) 1 H IIY'lOK Bb!XOllHT .113 yeKOpH

Tenll B KoHue III KBanpaaTa ( p11e. IA); 2) 11enonh3YIOTeH JlBa 

eerrTyM -Mai'H11Ta, paenono)KeHHbie Ha KoopnmiaTax ( R0 + I6 eM, TT/'ij 

11 (R 0 ·" + 70 eM), rroeneJloBaTenhHO oTKnoHHIOI!l11e nyqoK, 

KOTOpbiH BbiXOJl11T 113 yeKop11TenH B aaqane III KBanpaaTa ( p11e.IE). 

B nepaoM enyqae Y'l11Tb!Banoeb 113Meaea11e yrna npoTOHOB aa axone 

M8I'H11T8 BO BpeMeH11o llnll eerrTyM-M8I'H11T8 A/I11HOH 80 eM nony

qeHbl eneJlyiOI!l11e xapaKTep11eT11K11 BhiXOlllll!lero ny'lKa Ha cp =3/2 1T : 

Haqano 

BbiBOna 

Koaeu 
BbiBOna 

f3 • • 
Mpan 

"• l1 R 
eM 

Ta6n11ua I 

!\a, 

Mp8Jl 

I4,8 . -IOO I2 ;!:.II,5 

13,9 -I.10 IO :!:.8 

z, 

eM 

;!:.0,2 

±_0,2 

ft 

al• 
Mp8Jl 

±_3,6 

±_3,6 

eR 

MM Mp8Jl 

I6 1T 

I3 1T 

Bo BTopoM enyqae BbixonHiu11H· rry'loK npoxOA11T MeHbwee ne-

<jloKye11pyromee none yeKOp11TenH 1 II09TOMY f3 • II n. BO BpeMeHII 

He 113MeHli/IIIeb~ 0pH f3 - II n B rrepBOM MBI'HIITe 10 Mpan II 
.sl · .s l , . 

-850 eooTBeTcTaeaao (nniiHa Mai'HIITa · 400 eM),·' ~y'loK· aa axone 

BTOpOI'O M8I'H11T8 e<jloKyeiipOBaH no p83Me~a l1 R = 9 eM, npu _ yrno-.. 
BOM paeTBOpe !\a "' 0 o Ooene OTK/IOHeH11ll BO :,BTO?OM MarHUTe Ha 

yron 0,107 pan (nn·uaa! MarHIITa 300. eM, n.2'= -28) ny'lOK Bhl-

XOn11T II3 yeKOpiiTe/Ill Ha 831IMyTe 1T + 0,33 pan Ii ·aMeeT enenyro-

lillie xapaKTepii';TIIKn: l1 R = 7;5 eM, l1 a· = :!:_3 Mpan,' l1 z = I, 7 eM; 

a:L. = :!:_2,2 Mpan. Yron OTKnoaeHIIll B rrepaoM ·MarauTe MO)KHO 

.YMeHbi1IIITb 0 eenii eMeeTI!Tb IlpOBOnHUKII pe30H8HCHOH o6MOTK11 

II 9TOT MarHIIT a a paeeTOHHIIe 30 -t 40 eM OT R 0 

I4 

Bee pacq~Tbi npoaeneHbi npn KoMneaeau1111 aenuaeilHbiX · a<jl<jleK-
/I4/ - . -

TOB B .eGIITyM-M8I'HIIT8X · ·, • Y'l~T 11MIIY/IbeHOI'O pa36poca IIY'lKa 

l\;p = ;!:.I Maa/e naeT yaenii'leH11e· l1 R II !\a , ae npeBbiWaiO-

mee BO BCGX eny'lBliX IO%. 

8Kerrep11MeHT8/IbH8ll IlpOBGpKa IIpliMeHlleMOll MGTOniiK11 paeq~

/I5/ TOB IIOK838na, _'ITO HX TO'lHOeTb eoeTaBnlleT ~I% • 

B ~eTaepToil rnaBe npHBeneH pae'l~T HeKoTopbiX aapiiaHTOB 

eHeTeM TpaHenopTHpOBK11 npoTOHHOI'O IIY'IKB rr"pii 6bieTpOM 11 Men-· 

neHHOM- BbiBOne, IIOny'lGHbl napaMeTpb! 9/IGMGHTOB el!eTeM,- p83Mepbl 
. ; ·. /2,4, 7,8/ 

U yrnoBall paexoniiMOeTb nyqKa Ha BHelliHIIX. MI!WeHHX · . • 

Paeq~T el!eTeM TpaHenopT11pOBKH -Bb!IIO/IHeH B /I11Heft~·OM I1p1I-

6nii)KeHHH e 1IeiiO/Ib30B8HI!eM MaTpH'lH.OI'O <jlopM8/I.H3M8 II IIOHliTIIll 

reoMeTpii'lGeKOfi OIIT11KIIo 0oBOpOTHO-<jloKyeiipyiOI!liiG eHeTGMbi, BKII,IO

'lBIOI!lHe B ee6ll MBI'HHTbl e )KeeTKOH <jloKye.HpOBKOH, a T8KlKe axpo

M~TU'leeKall qaeTh eneTeMbi paee'liiTbiBanueh Ka~ rpa!)Joaaani!TII'lee

KHM enoeo6oM, TBK ·11 Ha 38M. 

06l!liill BHn el!eTeMbl TpaHenopT11pOBKU, BTOp8ll e~yrreHb KOTO

pOH l!BnsieTell axpOM8.TII'leeKOH1 IIOK838H Ha pne. ~ 6. OepBall eTyfieHb 

OTKIIOHlleT BbiBeneHHblll IIY'lOK Ha 5° H <jlopMUpyeT. rrepBoe eTIII'MaTJi'l-

aoe u3o6palKeane F, B npenenax 3ana yeKopuTenH. ronoBHbiM 

aneMeHTOM STOll eiieTeMbl .HB/IlleTell MBI'HHT M2 t KOTOpbiH, KpoMe 

oTKnoaeauH rry'lKa, !)JoKyenpyeT ero a ropH30HTanhaoil nnoeKoeTII0 

'ITO ynpomaeT nanbHeilwyro TpaaenopTIIpOBKY IIY'l.Ka. napaMeTpbl 

M8I'HIIT8 M 2 U enenyiOI!lHX 38 HHM KBanpynonbHbiX /IIIH3 IIOA61Ipa

IOTell T8KUM o6pa30M 0 'lT06bi IlpOTOH~~Ill IIy_'lOK 6bin e<jloKye!IpOBBH 

B o6eHX nnoeKoeTl!X.Ha Tpe6yeMOM paeeTOliHHII; .8 TO'lKe F, MO-

lKeT 6b!Tb IIOMel!leHa M11I1IeHh1 IlpOXOnll qepe3 KOTOpyiOi nepBII'lHblll 

rry'loK rronyqaeT norronHIITenbHbiH pa36poe rro yrnaM II aaepr!IHM. 

tfT06bi H36elK8Tl, eBli38HHOI'O e 9THM- yBenl!'leHI!ll pa3MGpOB ll306pa

)l{eHHll B F 3 1 BTOpall_ eTyneHb, KpoMe cPOKYCIIpOBKU IIy'lK8 B I'Opii-

30HT8/IbHOM H BepTIIKBnbHOM H81Ip8B/IGHIIHX, nonlKH8 KOMIIGHCHpOB8Tb 

AIIeiiepeUIO B IIOBOpOTHbiX M8I'HIIT8X M
3 

H M4, Bbl3B8HHYIO 

nononHHTenhHbiM HMnynheHbiM_.pa36poeoM qaeTHU l1 p • BniiHHHe 

aaepreTH'leeKOI'O pa36poea 11eK/IIO'l8GTell e II()MOI!lb!O /IHH3bl Q 5 ; 

I5 
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Pnc. 6. 06mnfi BII.Q CIICTeMbl TpaHCIIOpTHpOBKII. PaccTOSIHHe OT Bbl..:. 

xona Q 2 .Qo F 1 ..:. · 11 M, oT . F1 .Qo BXO.Qa Q 3 - 7 M, oT Bhl

xo.Qa Q 4 .QO BXO.Qa · Q ~ - 12 Mo BTopaSI CTyiieHb CliCTeMbl SIBIISieT

CSI 8XpOM8TH'IeCKOfio 

rOPH30HT MbHA~ fWJCKOCT b 

I 

, I· 

I 

B<PTHKAAbHAR lf1110CKOCTb '[fCH 

100'cH 

I . 
Fz 

l..z.s-
1 

' ·934-------l 

Puc. 7. Xo.Q KpafiHHX TpaeKTOplifi B CHCTeMe· Tp8HCIIOpTiipOBKII IIy'IKa 

IIpii Me.QrreHHOM BbiBO.Qe. 

16 

cpoKycnpyiOIIlefi B I'Opli30HT8IIbHOfi IIIIOCKOCTII. TpexMepHbl~ M8Tpli

llhl rrpeo5pa3oBaHHSI Koop.QHHaT,yrnoB. n 1"1 pI .p - qac;nn oT TO'IKH 

1161 
Fl . .QO TO'IKH F 3 .QIISI I'Op1I30HT8IIbHOfi IIIIOCKOCTH: 

( 
mil 

l\1 = m 
21 

0 

.QIISI BepTHK8IIbHOfi IIIIOCKOCTH: 

N 
( 

n II 
n 

21 

0 

m 12 

m 
22 

0 

0 12 
0

22 

0 

m 13 

m 

I 

0 
0 

23 
) 

) 

(5) 

( 6)' 

.l:JT06bi.IIDIIy'IHTb B TO'IKe • F 3 CTIII'M8TH'IeCK.Oe li305palKeH!Ie ny'IK81 

paGMep KoToporo He 38BHCHT oT nMnynhcHoro pa36poca 1"1 p I p , 

He05XO.QHMO BhiiiOIIHiiTb yCrrOBHSI: 

m.12 = 0 0 12 = 0 ( 7) 

m Ia = 0 m2a= 0 

npn Bb15paHHhiX yrnax OTKIIOHeHHSI rry'IKa B M8I'HIIT8X M3 n M 4. 

pBC'IeT .QBHHOfi 'IBCTH TpaKTa TpaHCIIOpTHpOBKH CBO.QHTCSI K paC'IeTy ,, 
.Qy5neTOB. KBa.QpyiiOIIbHhiX IIHH~ Q

3 
- Q 

4 1 Q 
6 

:_ Q 
7 

1i Bbl5opy rrapa-

MeTpOB IIHH3bl Q 5 • Pa3Mepbl H YI'IIOB8SI paCXO.QHMOCTb IIY'IKa 

B TO'IKax F1 F2 H F3 TaKofi CHCTeMbl npn 5biCTpOM BhiBO.:. 

.Qe npoToHoB rrpnBe.QeHhl B Ta5nnne II • B naHHOM cnyqae BTopaSI 

IIOIIC>BHHa CHCTeMbl OT · TO'IKH F2 .QO F 3 SIBIISieTCSI 3epK8IIhHbiM 

oTo6palKeaneM nepBofi. 

llrrSI Me.QrreHHOI'O BhiBO.Qa npoTOHOB npn BbiXO.Qe IIY'IK8 B KOH

ne III KBa.QpaHTa ycKopnTenSI 5bm pacc'InTaH TpaKT TpaacnopTn

poBKn; nepBaSI cTyrreHb KOToporo rro.Qo5aa Bbnneonncaaa'oil, a BTo-

17 



paH COCTOIIT ·113 ay6neTa':KBaapynonbHbiX .nl!H3o. Kpafiime TpaeKTO

p!!ll an'il Moao9irepreTn'lecKoro nyqKa npoToaoe, npoc<inTaHHbie qepe3 

sTy cncTeMy, npneeaeHbi aa pnc. 1; paaMepbi 11 yrnoBaSI pacxo.ttn

MOCTb nyqKa - B Ta6nnue III 

Ta6nnua II 

06oaHa'leHI!SI TO'IKII ,.,I 

fop1130HTanhH8SI 
mioCKOCTb 

BepTI!KanbHaSI 
nnOCKOCTb 

PaaMep, eM 

YrnoBa'il pacxoan
MOCTb, Mpaa 

Pa3Mep, eM 

YrnoBaSI pacxoan
MOCTb1 Mpaa 

Ta6nnua III 

06oaHa'leHI!'il TO'IKII 

fop1!30HTanbHaSI 
nnOCKOCTb 

BepTI!KanbHaSI 
nnOCKOCTb 

Pa3Mep, CM 

YrnoBaSI pacxoan
MOCTb, Mpaa 

PaaMep, eM 

YrnoBaSI pacxoan
MOCTb, Mpaa 

F, 

1,3 I 

;!_4 

2 

1,6 

F, 

0,4 

;!_4,5 

0,4 

;!_6,2 

F F 
2 3 

-
4 1,3' 

:!:..1,5 ;!_5,2 

1,4 2 ... 
;!_2,3 ;!_2,1 

F2· 
-
0,2 

-
;!_9,5 

-
0,8 

-
' I< 

;!_2,4 

11cKalKeHII'ii, BHOCI!Mbie B nepeoe nao6palKeHI!e ~ 1, a~cnepcneli 

3a C'liiT nMnynbcHoro pa36poca 0,01%, cocTaBnSIIOT "" 4%. 11aMeaeane 

n3.o6pa)KeHI!SI aa· C'leT xpoMaTn'leCKIIX a6eppaunli B aToM cnyqae 

npeae6pelKI!Mo Mano. <PopMa nomocoe MaranTa M-2 Bbi6paaa TaK, 

'lT06bi cBeCTII.· K MIIHIIMYMY HelKenaTenbHOe Bni!SIHI!e Heni!HeliHOCTefi 

ero nonSI, KOTOpbie aapywaroT CTI!rMaTII3M 11 yeenl!'li!BaiOT pa3-

Mep nepeoro 113o6palKeHI!'ii, 

Paccqi!TaHbi TaKlKe pa3Mepbi ny'!Ka B MecTe nepeoro nao-

6palKeHIISI npn MeaneHHOM BbiBotte npoToHOB B aaqane III KBattpaa-

Ta .·B Ka'leCTBe nepBofi CTyneH~. B ttaHHOM cnyqae IICUOnb30BaH, 

.ny6neT KBa.npynonbHbiX nnaa. Dpn paccTO'iiHIIII .no nao6palKeHIISI 
' ' ' 2 

"" 3 M ll'iiTHO Uy'!Ka B yKaaaHHOfi TO'!Ke !!MeeT nnowattb: 3 x0,3cM , 

Pe3ynhTBTbi pacqeToB, 113nolKeHHbie B HaCTOSIIUeli .nnccep

Taunn, nernll B OCHOBY paapa6oTKII CIICTeM peaoHaHCHoro Bb!BOAa 

npoToaaoro ny'!Ka Ha· cnaxpo<jJa3oTpo·ae 011HI1. · 

OcaoBHbie pe3ynbTaTbi .nnccepTaunn aaKniO'laiOTCSI B cne.nyro-

meM: 

1, Paapa6oTaHa MeTOlti!Ka pac'leTa TpaeKTopnli npoTOHOB 

B MarHIITHOM none cnHxpo<jJaaoTpoHa 011HI1 np11 nonyuenoM peao-

a a ace. 

2. Pac'leT 11 aaanna anaaMI!KII qacTnu B ycnoei!SIX 'peaoaaaca 

noaeonnn Bbi6paTb onTI!ManbHbie peaoHaHCHbie ycnOBII'ii, onpe.neni!Tb 

nonolKeHI!e cenTyM-MarHIITOB II hony'li!Tb ~aaoByiO KapTI!Hy nyqKa 

aa nx exo.ne B npe.nenax annTenbHOCTeli BbiBoaa 30 MKceK-t300MceK. 

3, ·npeanolKeHa 11 paapa6oTaaa MeToanKa pacqeTa TpaeKTopnli 

aapSilKeHHbiX 'l8CTI!U B cenTyM-MarHI!TaX II KpaeBOM HeOAHOpOltHOM 

none· YCKOpi!Ten'il. 

4, DponaBenea pac'leT Tpacc BhlBo.na, yrnoe 11 rpaaneaToB 

cenTyM-MarHIITOB II xapaKTepHCTIIK ny'!Ka Ha Bb!XOtte 113 yCKOpiiTenSI, 
t 

5, CttenaH Bbi6op CTpyKTypb! HeCKOnbKIIX BapnaHTOB Tp8KTOB 

TpaHCUOpTIIpOBKII UpOTOHHbiX ny'IKOB, 

6. Pacc'lnTaHbi napaMeTpbi aneMeHTOB STIIX TpaKTOB, paaMepbi 

II paCXOltiiMOCTb ny'!Ka Ha BHeWHIIX MIIWeH'iiX, 
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