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1. B B e A e H • e 

npJI: BLIBOAe ny'IKOB 38pll)l{eHRLIX 'l8CTKil B3 CBHXPcxP830TpOH8 Tp8CC8 BLIBOA8 o6LI'IHO 

Ra 6onJ.lllOM npoTsr)l{eRBB nepeceKaeT paccesrHlloe M8rHIITHoe none ycKopuTeng. B onTK'lecxow 

OTROllleHRB paccesruuoe Mar&BTBO& none nono6uo canJ.HQ¢oKycapyKlweA nuuae B cywecTBeu

BbiM o6pa30M BnKlleT Ha ABBJKe&Be B cpoJ<yCBpOBity BLIBeA&BHWX ny'IKOB. nosTOMy npa p8C'le

Te B HanaAJ<e J<aHanOB BLIBeAeBHLIX 'laCTBil 1tp8i!Be Ba>KHO TO'IBO 8Jian&a&pOBaTJ. BX ABBJKeHlle 

B pacceRHHOM warHBTBOM none. B uacTORWeA pa6oTe onacau weTOA pac'l&Ta ua snexTpo•ao

BLI'lBC~TenJ.Hoil M8WBHe ropH30HT8nJ.BLIX H BepTBJ<8ni>BLIX npoeJtnBI Tp8eltTOpBA 'laCTBil B 

pacceliHHOM" none cuaxpocpaaoTpoua OH.H11. B ocaoay pac'leTOB nonoJKeHa xapTa pacceaHHoro 

M8rBBTHOrO nonS!, B3MepeHH811 B 1965 r. B KOHne Ill J<BanpaBT8 ycKOpBTenK npa BBAyltllBB 

Ill 
B aaaope MarHBTa 12300 raycc To'IHOCTJ. uawepea&K oTHocaTenJ.Boro pacnpeneneR&ll 

MarHIITHOrO non11 COCT8Bnlln8 0,3%. 3TO J:l8n0 B03WOJKBOCTI> y'leCTI> &enH&eA&Lie 'lneaw npa 

H8XOJKJ:leHKB JtOMUOBeHT M8rBHTHOro non11 Jl: 3H8'lHTenJ.BO yTO'lBBTI> paaee c'yweCTB' 8BlllBI 

121 
weTon pac'leTa • HxJKe 6y neT onxcaua MeTOJ:lJI:K8 pac'leTa Anll BCex cny'laea, acTpe'laJO-

waxcK B npaxTKKe BLIBOAa BTOpJI:'lBLIX • nepBB'lHLIX 'laCTKn Ba cuaxpo¢aaoTpoaa OH.HH: 

a) p8C'leT TpaeJtTOpBB 'l8CTBIILI C J:laBHLIM BMnynJ.COM, BLineTaJOWeA B3 WHW8HII non 38AaH

HLIM yrnoM; 6) p8C'l8T nonoJKeBHll MIIW8Hll no 3aA8HHOMy B8Hp8Bn8BHIO LlBKJKeBBll 'laCTKII B 

CB060J:lHOM npOCTp8HCTB8 J:lnSI 38J:laHBOrO BMnynJ.Ca B yrna BLin8T8 'laCTIIII H3 MHW8Hll; 

B) paC'l8T TpaeJ<TOpBI npOTOBOB npa BLIBOAe 83 YCKOpHTBnll C y'leTOM BX ABHJK8HHll B OTJtno

BIIIOW8M wara&Te, pacnpeneneHHe nonll B I<OTOpOM MOJKeT 6LITI> 3aA8HO J<U 8HanHTH'l8CKH, 

T8K B B BKJ:lQ K8pTL1. 6epTKK8nJ.Ba51 H ropH30HT8ni>Hall npoeltiiHB TpaeJ<TOpHI 'l8CTHil p8CC'lH

TWBaiOTCII lt8Jt cpyBJtllRH aap11J:l8, IIMnynJ.Ca, B8'18nJ.BOrO ~3BMyTa, paJ:!HyCa H B8pTBK8ni>HOrO 

CM8W8HHll, 8 Talt)l{e H8'18nJ.BOrO rOpli30BT8nJ.BOrO H BepTBit8nJ.BOrO yrnoa 'l8CTIIII,• 

2. M e T o L( p a c 'I e T a 

np11 paC'l8T8X HCIIOli1>30Baaw ypaaaeBHll ABHJK8HHll aapRlK8HHOA 'laCTHIIW B warHIITROM 

nOlle B IIBnHHJ:lpB'l8CKOA CHCT8W8 KOOpJ:lHHaT ( CM., BanpHMep, /3/): 

( 1) 



z • A
0
y'1-f3

2
{ A• -zA]; 

(1) 

• 1 --2 • • • 
¢ =RI A 0 y'1-f3 {Acp-R¢A]-2R¢ l 

3JJ.&Cb R, ¢, z - p8JJ.Byc, 83RMYT • aepTKI&nlioBoe c~~o~eweaRe .'18CTKllhli A 0 =-e--; {3-.:L m 
0 

c2 c 

V - CltOpOCTb, e - 38p11JJ.. m
0 

- M8CC8 noJtOII '18CTRllhl, C- CltOpOCTb caeT8, 

CocT&aJIIIJOWRe aeJtTOpHoro noTeHnRan8 M8rHHTHoro non11 A onpeJJ.enszJOTCst qepea 

ltOMnOB9RThl M8rHRTHOrO nOJlll a.. BR RB.p 

AR= R<!>B.- zB.p; 

A.=RB.p-R<f>BR; (2) 

A.p= :iBR- RB •• 

Jlu<P<Pep&RUBpOB8HH9 npOH3BOJJ.HTCSI no (ct) , rJJ.8 C - CltOpOCTb Ca9T8, 

J.1cnonb3y&M8SI npu p8C'I9T8X UHJlBHJJ.pR'I9Cit8SI CBCT9M8 KOOpJJ.HH8T Bb!fip8H8 CJl9JJ.YJOWBM 

o6p830M ( pKC. 1): U9HTp CHCT8Mhl coan8)J.89T C U9HTpOM KB8JJ.p8HT8 YCK0pHT9JlSI, 38 H8'18ll0 

OTC'I9T8 no 83HMYTY npHHSIT TOpUOBbll cpe3 aepTHK&nbHhlX CTO&It stpM8 M8rHBT8 H8 BXOJJ.9 a 

npOH3aOJJ.BTCR npOTRB '18COBOI CTp9JIKB a COOT-
KB8JJ.p8HT ycKOpHT&JlSI, 0TC'I9T 83HMYT8 cp 
aeTCTBHB c uanpaaneuaeM JJ.BB>K&HBH ycJtopHeMoro nyqKa. AaaMyT ¢= 90° cooTB&TcTayeT 

Topuy aepTBK8JlbRhiX cToeJt HpMa M&ruaTa ua JJ.pyroM Jtoaue KB8JJ.p8HTA. PaccTOHHB& no 

p8JJ.BYCY OTCqHTbiB89TCSI OT U9HTp8 KpBaB3Hhl )[88JJ.p8HT8, nnoCKOCTb (R, cp) COBn8JJ.89T CO 

Cp9JJ.Hell reOM9TpR'19CitOII nnoCitOCTbiO yCIOpBT9llSI, p8CCTOSIHB9 ±z OTC'IBTb!B89TCSI OT KeG. 

cooTB&TcTaeuuo aaepx a auaa. HanpaaneHBe ropaaoHTBn&Hol npoe~tuaa TpaeKTopaa a KB>KJJ.OI 

TO 'lit& X8p8KTepKay&TCR ropB30BT8llbHbiM yrnOM a= arctg ~ Me>KJJ.Y K8C8T9llbBOI It ropR-
• R'l' 

30HT8JliioBOI np091tllBB Tp89KTOpHB a JJ.8HHOII TO'IK& B lt8C8T&lliioBOI K KOOpJJ.HB8TBOI Olt~y>KHOC-

TH (eM. pHC, 1), npOXOJJ.IIW91 qep93 9TJ TO'llty, BepTBK8JlbHblll yron a .1. =arc sin , Z , , 
vR 2 +CRcb) 2 +z

2 

onpeJJ.ensteTca K8lt yron Me>KJJ.Y JtacaTen&uoA 1t aepTHKBn&uoll npoeJtuHB TpaeKTO'pHii H lflioc-· 

KOCTbiO (R,cp), 
Jlnll yJJ.OfiCTB8 8B8JlB38 Tp891tTOpHI 8 CBOfiOJJ.HOM npOCTp8HCT~9 BB9JJ.9B8 

.llOnOJlBRT9JlbH811 npaMOyronbB8SI CRCT9M8 KOOpJJ.HH8T, U9HTp KOTOpOA H8XO.llHTCII a TO'IK9 0 I 

nepeceqeHRII paaaoaecuoll oKpy>KHOCTR (R = 2800cM)c Kpal!HHM pa.naycoM IB8JJ.p8HT8 ( pac. 1 ). 

Oc& y uanpaaneua no R , ocb x uanpaaneua no K&caTenbHol 1t paauoaecaol o~tpy>KHOCTH 

B TO'IK& 0
1 

, nonO>KRT9JlbH09 3R8'19BH9 X OTC'IRTbi889TC!I B H8np8Bll9HBR JJ.BR>K&BHR nyq-

K8, 

KapT8 aepTHK8JlbHOI COCT8Bll!IIDW91 M8rBBTHOrO non11 B• (R,cp, 0) (pac, 2) 6hlll8 CRRT8 

4 

• 
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t, 
'·' 

t 

...~ .... 

a cpeJJ.H&I reoa.t&TPJI'I&CIOI 11JlOCIOCTR yciopRTena (z • 0) a 11pst~~o~oyron& 

H8T0 119HTp ltOTOpol COBI18)J.8&T C TO'IItOI nepeceq&BBII OCR 110CJl&JJ.Rero 

paaaoaecaol op6RThl yc~topaT&nR (R-2800 ca.c ;¢=1,374.)no aaMepeaaoMy 

Bz (R,cp,P) a ltOBil& U8JJ.p8BT8 CS.wno COCT88Jl9RO p8CnpeJJ.eneaae Bz (R,c;l 

KB8JJ.p8RTy. npa 9TOM npeJJ.nonaranOCb, 'ITO p8cnp&JJ.&Jl&HB& Bz B 88'111 

Ta coai18JJ.8JOT. Ha ,pac. 2 aRJJ.BO, 'ITO ,aaqaaaa OT oca OKRa·, B, cna(io 

a.cy 6blll0 CJJ.&ll8BO JJ.Onyweue , 'ITO 11011& a o6n&CTB M&>KJJ.y OCSIMB Kp8IB 

csz a aa11paaneaaR aaaa.tyTa, T8IBM oCSpaaoM, lt8pTa nonsz aa 11pOTR>Keaaa 

38JJ.8H8 a CJl&JJ.yJOii.lea.t BBJJ.e: 110119 a o6n&CTB OT OC&I 1tp8IBBX OKOH a H~ 

lt88JJ.p8RT8 38JJ.8HO a aBJJ.& 1t8pT a UBJlHHJJ.pB'I&CitOI CBCT&Me ltOOpJJ.BH8T, 

M8>KJJ.1 OCIIMB ltp8IBRX OKOH B311TO B9 38BRCIII.l.IIIM OT 83BMyT8 R BM&IOWI 

JJ.9119BB9 110 R , lt81t B H8 OCIIX OltOB, nep&C'I&T K8pTb1 n01111 83 npiiMOJ 

lt00pJJ.BH8T B llBJlBBJJ.pRq&cKyJO npOB3BOJJ.RIICR B8 9Jl91tTpOBBO-abi'IRCJlBT9Jlb 

p8C'I9TO~ B8pTBK8JlbHOI B rOpH30BT&nbBOI npo&KUBB Tp89RTOpRI B&OfiXOJJ.I 

R9BT non11 Bs(R,cp,i), BR(R,cp,z),Bcp (R,cp,z) ao BC9M BRT&pecyJOlL{&M ft, 

H8xo>KJJ.&Rae 9TRX ao~~o~noaeaT a npocTp8HCTB& DpOB3BOJJ.BJlOCb C TO'IBOCTI 

BTOporo nOpliJJ.R8 M&JlOCTB DO B3B&CTBOI B&JlR'IBB& B z (R,cp, 0) no cne, 

2 a 2 
B.(R,c,6,z)=B.(R,c,6,0)-+{t B.(R,¢,0)+ a B,(R,¢.0) 1 • 

. aR aR2 +"'R2-

BR(R,¢,z)• as. (R,cp,O) 
CJR z; 

Bc,6(R,c,6,z)=-i oBz(R,cp,O) 
a<t> z. 

TauM oCSpaaoM, ace aoa.cnoaeBTJol non• B npocTpaacTBe 6blna Bblp&lKeaw 
. x/ 

aenaqaay a. (R,c,6, 0) • te npoaaaoJJ.a.we no R a c,6 • Bwqacneuae aen 

npOB3BOJJ.BJlOCb no p83HOCTROI CX&Me C y'I&TOM B&JlR'IHB.W non!! B 3 TO'IR8 

aa.(R,p,o > 
aR 

B• (R + 1\R,¢, 0)- Bz (R -1\R,.p, 0) 

21\R 

x) Bwpa>Keaaa JJ.nH KoMnoaeaT nona nony'I&Hhl H3 ycnoaast rotB=O, divB• 

npeJJ.nonaranOCb, 'ITO Cp&JJ.BRR r&OM&TpB'I&CR8ll B M8rHRTH8SI llJlOCKOCTR COl 

rOBOp!!, llOCJl&)J.B&e YCIIOBR& Bb!llOJlBR&TCll He BC&rJJ.a, 0JJ.B8RO JJ.IIR y'I&T8 n 

RbiX 9THM s.p.peaTOM9B&06XOJJ.RMO 3R8Tb pacnp&JJ.&Jl&HRe KOMDOR&BT B R R I 
(R,cp,O), BBBJJ.y M8JlOCTR 3TRX B&JlR'IRH OCyW&CTBBTb SIX B3~9p&BBe 88 n~ 
38Tpy JJ.HBT&JlbBO, 

5 



-z • A 
0 
y 1 - f3 2 

[ A • - z A] ; 
(1) 

if, =ffl A
0 

y 1-(32 [ Aq,- R4>A ]-2R.j.l 

yc, 83HMYT H 
aepTHK1i1IbH09 cMewesxe ,"18CTRI1hl; A

0 
__ e __ ; {3-.:L 

m 
0 

c2 c 

38pH~; m
0 

- M8CC8 nOKOR "14CTRI1bl, c - CICOpOCTb caeT8. 

eKTopsoro noTeHnaana warsHTHoro nonR A 

0 non• a. • aR H a¢ 

AR=R<l>B.-iaq,; 

A,=Raq,-Rq,aR; 

Aq,= iaR- Ra. 

onpe~enxmTcR qepea 

(2) 

npOH3BO~HTCSI no (ct) , r~e C - CKOpOCTb caeT8, 

pH pacqeT8X 

HTp CHCTeMbl 

UBnBH~pH"'eCK8ll CHCTeM8 IC00p~HH8T Bhl6p8H8 cne~710WRM 

coana~aeT C ueBTpOM Kaa~p8HT8 yCKOpHTenSI, 38 H8"18nO 

pHHSIT TOpUOBblll cpe3 aepTBICiiJibHbiX CTOeiC llpM8 M8rBBT8 H8 BXO~e a 

• 0TC"'eT 83HMyTa </> npOR3BO~BTCll npOTHB "18COBOII CTpenKH a COO~ 

HeM ~BH>KeHRSI ycKopSieMoro ny"'K8. A3RMYT <I>= 90° cooTBeTCTByeT 

cToeK HpMa MarHRTa Ha ~pyroM xoHue IB8~p8HT8. PaccTOIIHBe no 

CSI OT ueHTp8 KpHBB3Hbl ICB8Ltp8HT8. nnoCKOCTb (R, </>) COBn8~8eT (:0 

KOI! nnocKOCTbiO yCKOpHT9nH, p8CCTOIIHBe ±z OTC"'RTbiB8eTCSI OT Hell. 

a BHB3. HanpaaneHae ropH30HTanbHOII npoeKURB TpaeKTopaa a K8>K~oll 

CSI ropB30HT8nbBhiM yrnoM a= arctg R ~ M9>KLIY IC8C8TenbBOII K rppa-

TpaeKTOpHB a ~8BHOI! TO"'ICe B K8C8TenbHOII IC K00p!1BH8THOII OK~y:lKHOC-

XO~HWell qepe3 aTy TO"'Iy. BepTBK&nbHhlll yron a l.= an: sin • z • • 
yR2+(Rcb)2+Z2 

On Me>K~Y IC8C8TenbHOII 1C B9pTBK8nbHOII npoeiCURB Tp8eKTOpBH il mfoc-· 

nH y~o6CTB8 8H8nH38 Tp8eiCTOpHII B CB060!lHOM npOCTpaHCT~e BBeLteH8 

oyronbH8H CHCTeM8 KOOp~HH8T, neHTp JtOTOpOA H8XO~HTCll a TO"'Jte 0 I 

CHOA OKpy>KHOCTB (R = 2800CM )c Kp81!HHM pa.oHyCOM ICB8~p8HT8 ( pHC. 1 ). 

no R , ocb x sanpaanesa no JtacaTenbHoll K paasoaecaoll OKPY:lKHOCTB 

>KBT9nbBOe 3H8"1eHBe X OTC"'BTbiB8eTCII B HanpaaneHHB ~BB:lK9BHll nyq-

nbBoll COCT8Bn!IIDWell M8rHBTHOrD nonH a,(R,<f>,O)(pBC. 2) 6bin8 CHHT8 
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a Cpe.llH911 I'90NeTpa"'eCIOI DnOCJtOCTR YCKOpBTenll (z • 0) a DpSNOyronbBol CHCTeNe KOOp~II

H8T, neRTP ICOTOpOI COaD8J188T C TO"'KOI nepece"'eBBll OCR DOCn8.llR8I'O OIH8 Xa8.llp4BT8 B 

p8BBOa9CBOI op6HTW ycxopHTenll ( R = 2800 CM ; </> = 1, 374.) no H3M9p8BBOMY pacnp8.lleneHHJO 

a, (R,¢,0) a I011118 ua~paBTa 6wno cocTaaneHo pacnpe.11eneaae a. (R,¢, 0) no aceMy 

IB8.llp8HTy. npa STOM npe.llDOn&ranOCb, 'ITO pacnpe.lleneHB8 a, B B8"18ne B IOBU8 .J[B8.llp8B-

T8 COB!l8.ll810T. J.13 pac. 2 BH.llRO, 'ITO 1H8"1HB8B OT OCR OltRS·1 B, cna6o 38BBCBT OT <f>, DOaTo

Ny 6wno C.llenaao ~onyweue, 'ITO none a o6n8CTB Me:lK.llY OCSMH Kp8IBHX OltOR He B3M8HlleT

Cll a aaopaane&HB &aHNyTa. Taxaw o6paaow, xapTa nons aa npoTll:lKeHBH acero IB&Jlp&RTa 

38.ll8B8 B cne.llTIOlileN BB~9! none B o6n8CTB OT OCel Kp4IBHX OKOH B H8Dp8BneHHB Topuoa 

KB8.llp8BT8 38!1880 B BB.lle K8pT B UHnHB~pB"'eCKOI CBCT9Me KOOp.llBH8T, none B o6nacTR 

M8:lK~7 OCllMH Kp8IBHX OKOH B3STO ae 38BHCHWBM OT 83BMyT8 H BMeJOWHM T8KOe :lKe pacnpe

.ll8neHB8 no R , K8K H Ha OCSX OKOH. nepec"'eT 1t8pTbl nona 83 npswoyronbHOI CHCTeMhl 

KOOp.lliiH8T B UBnBH~pH"'ecJtym npOB3BO.llBnCs H8 an8KTpOHBO-abi"'BCnHT8nbBOA M8WHH8. JlnH 

p8C"'eTOB B8pTBJt8nbHOI B ropH30BTii1IbBOI npoeKUHH Tp8eKTOpHI Beo6XO.llBMO 3Ha&Be KONDo-

H8BT non11 a.(R,<f>,i), aR(R,<f>,z),B.p ·(R,,P,z) so aceM BBTepecyiOweM Hac o6 .. ewe nons. 

Haxo:lK.ll&BBe aTBX KOMnoaeHT B npocTpa&cTae npoB3BO.llBnocb c TO"'BOCTbm ~o aenH"'HH 

BTOpOI'O nopH.lllt8 M8JIOCTH DO H3BeCTBOII BenR"'HBe a. (R,¢,0) no cne.llyiOWBM ¢opMynAM: 

B, (R,</>,z)= B.(R,¢, O) _ + [* a a, (R,p, 0) + a2
a,(R,P, 0) +..1_ _a 2

B,(R,¢, 0))· 
. aR aR2 R2 a.p2 • (3) 

z. . 

z. 

(4) 

(5) 

T8IIIM o6p830M, BCe KOMDOReHT.W nong B DpOCTp8BCTB9 6bln& Bblp8:lKeH&I "'epe3 113BeCTHyiO 
. I 

aenR"'BBy B (R,¢, 0) B ee DpOH3BO.llRble Do R a q! . Bw'IBCneaae aenB"'RHbl DpoB3BO~BbiX • 
DpOB3BOLtBnOCb DO p83HOCTHOI CXeMe C y"'eTOM aenB"'BHhl nons B 3 TO"'K8X! 

aa.(R,.p,o > 
aR 

B, (R+~R,<j>,O)- Bz (R -~R,p,O) 
2~R 

(6) 

x) Bb!pa>KeHHII .11na xownose&T nona nony"'eHbl B3 ycnoaaa rot B=O, div B= 0. Kpowe Toro 
1 

npe.llDonaranocb, 'ITO cpe.llHIIH reoweTpB"'ecxaa a MArHBTHaa nnocxocTa coana.oaiOT. CTporo 

roaopa, nocne.llaee ycnoa&e BblnonaaeTCa ae acer.11a. 0.11aaxo .llUR y"'eTa nonp8BoK,Bhi3Baa

HhiX STHM slj:>lj:>eJtTOMtBe06XO.llHMO 3H8Tb pacDpe.lleneHBe KOMDOBeHT BR H B.p a DUOCKOCTH 

(R,¢',0) • BBH~y Mli1IOCTH STHX BenH"'BH OCyWeCTBHTb BX H31';'epeaae Ha Dp8KTBJte BeCbM8 
38Tpy .llHBTeUbBO. 
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a2
B. (R,cf>, 0) 

aR 2 

a2 
B • (R,cf>, 0) 

a.p 2 

B .(R+AR,</>,O)+B
0 

(R -AR,cf>,O) -2Bz (R,.p, 0) 

AR 2 

B. (R,cf>+ Acf>, 0)+ B 0 (R,cf>-Acf>, 0)-2B.(R,cf>, 0) 

A.p 2 

(6) 

VfHTerp11pO&llllB9 ypasHeHHI ( 1) npOH3BOAKnOCb H8 Sn91tTpOHIIo-BW'IIICnHTenbHOI MaWRH9 

M9TOnOM PyHre-KyTTa (nporpaMMa 1047). War BHTerpllpoaaHRSI COCTaanSin 10 CM. Haxo>Kne-

HKe aenB'IHRW Bz (R,cp,O) B npOM9>KyTO'IIIWX TO'IKax npOH3BOnBnOCb no 113MepeHHbiM aena-

'IHHaM MeToAoM napa6onH'I9CKol HHTepnonHnHH no TpeM TO'IKaM. Hy>KRO OTMeTHTb, 'ITO s 

AaHHbl pa6oTe 119 y~'ITbl&aeTCSI R3MeHeHH9 nona ycKopRTena so speMeHH, nocKonbKY STO 

H3M911911Re Alii! pacC'IHTbiBaeMwx TpaeKTOpHI B9CbMa Mano ( < 0,005%). A6comoTHaa senH'IB

IIa non11, npHBSITaSI 3a 100%, MO>K9T 3anaaaTbCSI B COOTB9TCTBBH C KOHKpeTHblMH ycnOBHaMR 

3aAa'IH. no:::JCODbKY 600bWHHCTB0 TpaeltTOpHI paCC'IHTb1Ba9TCSI B HHTepsane 3HaqeHHI nona 

12000 ~ 12600 rc, B HacTOsiWee BpeMSI B nporpaMMY BB9AeHa BeOH'IHHa B 
0 

•12620 rc, 

AOII KOTOpol npoTOH C p = 10.593 rss/c HMeeT pasHOBeCHbll paAHyC 2800 CM. npa 9TOM 

npeAnonaraeTcH, 'ITO ~tapTHHa pacceHHHoro nons B yJta3aHHOM HHTepsane aanyKnHll cosnana

eT c ItapTol non11 npa 12300 raycc. 

3. p a C 'I e T T p a e K T 0 p H l! B T 0 p H 'I H bl X 

3ap!l>K9HHbiX 'I a C T H 11 

n p o I' p a M M a 1047 ) 

no llporpaMM9 1047 MO>KHO npOH3BOnHTb pacqeTbl Tpa91tTOpRI BTOpH'IHbiX 'laCTHil no 

Talt Ha3WBa9MWM npSIMOMY H o6paTHOMy aanpasneHHIIM. npa pac'!eTe no npSIMOMy Hanpasne

HHIO ( npo rpaMMa !047-1) onpenenSI9TCS TpaeJtTOpHSI '!aCTHnbl C 3aAaHHblM RMnynbCOM,BbiXO

nSIWell 83 BHyTpeHHel MHW9HH nOA 3aAaHHbiM yrnoM • .[ln. STOI'O Heo6XOAHMO 3aAaTb 

CDeAyK>WH9 Ha'!aObHble ycnOBHSI: a 8 [ paA 1 - rOpH30HTaObHbll yron BW09'1"a 'laCTHilbl H3 

MIIW9HH; U.).H [paA 1 - B9pTHKaObHbll yron Bb109Ta 'laCTHilbl H3 MRWeHH; cp
8 

(pan 1 - a3H

MYT MHWeHa; R 8 [cM 1 - panayc MHweaa; z 8 [cM 1 - Ha'lanbHoe sepTHKanbHOe cMewe

aae; p [ rss/c 1 - HMnynbC '!aCTHilW t "' - 'IHCOO, xapaKTepH3yiOW9e 3HaK 3ap11Aa 'laCTHilW 1 

nOCitOObKy none B nporpaMMe B311TO C nonO>KHT90bHbiM 3HaKOM ADS noOO>KHT90bHbiX 'laCTHn 

M = - I, nnSI QTpHilaTenbHbiX M• + 1. npe pac'!eTaX MaWHHa MO:lK9T ne'!aTaTb BCIO 

Tpa9JtTOpH10 HOB '!aCTb ee, a3HMyT Ha'lana H KORila ne'!aTH yKa3biBaeTCSI B Ha'!aObHbiX ycOOBH

SIX. npa pac'leTe no o6paTHOMY HanpasneaHK> (nporpaMMa 1047-2) no 3aAaHHoMy Hanpasne

HRIO nBH>KeHHII 'laCTKilbl B CB060AHOM npoCTpaHCTBe MO:lKHO HaiTH n000)1(9HH9 MHW9HK B 

none YCKOpHTenSI AO!l 3aAaHHOrO yrna BbiDeTa 'laCTHilhl 83 MHlll9HH • .[l.nll STOrO He06XOAHMO 

3HaTb: KOOpnHHaTbl X H, y H, Z H [ CM KaKol-nK60 TO'IKH TpaeKTOpHH B CB060AH0M' 

6 

• 

\~I 

I 
l 

f. 

npocTp8HCTBe B np!IMOyronbKol CRCT9Me KOOpARHaT; ropH30HT80bHbll yron 

llp!IMOYI'OObHOI CRCT9Me ltOOpnHHaT; a .J. ( paA 1 - 89pTRKanbHbll yron; p [] 

'!acTRUIII; M - 3HaK 3apSIAa 'laCTRilbl; a 8 [pan 1 - ropK30HTanbHwl yron 
x) . 

R3 MRW9HH • B naHaoM cny'!ae acerna neqaTaeTcSI BC!l TpaeltTOpHH, C'l91 

a3HMyTe cp , npH KOTOpOM yron BblneTa 83 MKWeBR noCTRraeT 3anaaaol 

pac'leTe no n1060My aanpasneaHJO aa Ka)I(AOM ware HHTerpaposaBHII ne'!aT• 

a, a.J. !I UKnHBApH'I9CKOl! R X, Y, a rrp !I np!IMOyronbBOI CHCT9M9 KO 

3anaBKII Ha'!anbHbiX ycnOBHI H nOpSIAOK neqaTB pe3ynbTaTOB paC'l9Ta npHB• 

Pe3ynbTaTw pac'!eTOB no nporpaMMaM 1047-1 11 1047-2 6wna npose~ 
- + . 

TanbKo Ana" -a" -MeaoHOB B.C.KnaAHHilKHM K A.C.BoseHKO. no nporpaM 

paCC'IHTaHa TpaeKTOplla 11- - M930HOB C p = 5,13 rss/c, KnyWRX R3 MRL 

HOI B KOHne 1 KBaApaHTa YCKOpHTenll 88 83KMYT9 1,37446 paA, paneyce 

BbiM yrnoM swneTa K3 MaweHx. Ha 83KMyTe cpe3a spMa MarHHTa ( 1,57 1 

TanbBO onpeneneaHwe 3Ha'leHas paAayca a aanpasneaaa TpaeltTopaa 6wna 

29°40' , cooTseTcTseaao, pac'!eTHble - 3000,50 eM a 29°45'. To'IHOCTb 

0,5%. npa BblBOne ny'IKB 11+- M930HOB B KOHne n KBaAp8HTa YCKOpHT 

K8HB08 B CB06onHOM npOCTpaHCTBe 6&100 3anaao cnenyJOWBMI KOopnRH8T8 

HOI CIICTeMe: X sQ, Y =-169,5 CM a no =-0,3185 pan. no STIIM HaqanbHb 

aaiAeHo nono>KeHHe MHllleHH B none ycKopRTena no nporpaMMe 1047-2 ,Ill 

BhJOeT8 'laCTHil 83 MHWeHH. Pac'leTHOe 3Ha'leHHe HMnynb<:a COCTa&nSIOO 4,8 

pRMeHTaObKO 6&100 onpeA90eHO, 'ITO HMnyObC qacTHil 1 BbiXOnSI!UHX ll3 MHlll• 

aa pBC'l9THble KOopnHHaTbl, K HAY!UHX no 3anaHHOMY HarrpaBn9HKIO B CB06< 

CTBe, COBnaASeT C pac'leTHbiM 3HB'leHHeM C TO'IHOCTbiO nyqllle 1% • Ta! 

nons, casTyJO B III KsanpaaTe ycKopaTena, MO)I(HO c nocTaTO'IHOII TO'IHOC1 

AnSI pac'leTa TpBeKTOpHI 3apg)l(eHHbiX 'IBCTKil B OI060M KBBAp8HTe ycKOpH1 

OT pBC'leTHbiX 3HB'leHHI CBSI38Hbl, no-BKAKMOMy, C 0UlH6KaMII npH ycTaHOI! 

KaMepe YCKOpHTenSI, a TaJt)l(e C HeTO'IHOCTbiO K3Mep9HKII B'!!OK'IKHbl HMnym 

x) 

• 

.[l.ns OTpHUaTenbHOI'O rOpK30HTanbHOI'O yrna ABK)I(9HKS '!aCTKUW B CB 

CTBe Ha'laObHbl9 ycnoBHS AnS nporpaMMbl 1047-2 non)I(Hbl 6WTb 38A 

BRAe, Kalt H AnS nporpaMMbl !047-1, HO B STOM cny'lae cp- HB'Ia~ 

118 ne'IBTH. 
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o2 B.(R,cf>,O) 

oR2 

a2 a. (R,cf>,O) 

aq, z 

a .(R+6R,,P,O)+B• (R -6R,,P,O) -2Bz (R,cf>,O) 

6R 2 

a. (R,cf>+6cf>,0)+ a. (R,cf>-6cf>,0)-2B.(R,cf>,O) 

6cf> 2 

aHeHHA ( 1) npOH3BO,llBnOCb Ha sneJtTpOBHD-Bbi'IIICnBTBnbHOA MaWHHB 

(6) 

Ta (npO!'paMMa 1047). War HHTerpBpoaaHBR COCTaBnlln 10 CM. HaXO)I(,lle

,cp, 0) B npoMe)l(yTO'lHblX TO'lKaX npOH3BO.llBnOCb no H3MepeHHb!M BenH-

~a6onH'leCKOA HHTepnonSIUKH no TpeM TO'lKaM. Hy)I(RO OTMeTHTb, 'ITO B 

'iliTbiSaeTCH H3MeHeHHe nonS! yCKOpHTenSI SO speMeHH, nOCKOnbKY 9TO 

f'IHTwBaeMhiX TpaeKTOpHll sec&Ma Mano ( < 0,005%). A6comoTHaH aenR'IR

~a 100%, MO)I(eT 3a,nasaTbCSI B COOTSBTCTBBH C KOHKpeTHblMH ycnOSHSIMH 

60UbWBHCTBO TpaeKTOpRI paCC'IHTb!SaeTCSI B RHTepsane 3HaqeHRA nonS! 

, B HaCTOS!lllBB apeMSI B nporpaMMY 88e,lleHa 8enH'IHHa a 
0 

•12620 I"'C, 

p c p = 10,593 l98/C HMeeT pa8H08eCHblll panHyC 2800 CM. npa 9TOM 

o KapTHHa pacceHHHoro nonS! 8 yKa3aHHOM HHTepsane RH.llyKuHA co8nana

pH 12300 raycc. 

~'leT TpaeKTOpRA 8TOpH'IHblX 

3apg)l(eHHbiX qaCTHU 

n p o ,. p a M M a 1047 ) 

e 1047 MO>KHO npOH380.llHTb paC'lBTbl TpaeKTOpHA 8TOpH'IHblX qaCTHU no 

~pSIMOMY H o6paTHOMY HanpasneHHSIM, npa pacqeTe no npSIMOMy Hanpasrre-

047-1) onpe,nerrSieTCSI TpaeKTOpHSI qacTHUbl C 3a,llaHHbiM HMnynbCOM,SbiXO

Hell MHWeHH no,n 3a,naHHblM yrnOM. JlnH 9TOrO He06XO.llRMO 3a.llaTb 

Hbie ycU08HSI: aH( pa,n ) - ropH30HTanbHbll! yron Sblne-ra qacTKUbl k3 

l - 88pTKKaUbHbll! yron SblneTa qaCTKUbl H3 MRWeHB; cp H (pa,n ) - a3R-

CM) panKyC MRWeHH; Z H(CM ] - HaqanbHOe 8epTHKanbROe CMewe-

RMnynbC qacTHllbl ; M - qacno, xapax:TepH3yiOwee 3Rax: 3apH.na qacTRUbl, 

nporpaMMe B3SITO C nonO>KKTenbHblM 3HaJtOM AnSI nono>KRTenbHbiX qacTRU 

OTpHUaTen&HbiX M= + 1, npH pacqeTaX MaWRHa MO>KeT neqaTaTb SCIO 

jacTb ee, a3HMyT Haqana H KOHUa neqaTH YKil.3biBaeTCSI B &aqanbHbiX ycnoaR

ro o6paTHOMy HBnpasneHHIO (nporpaMMa 1047-2) no 3a,llaHHOMY &anpasne

THUbl 8 CS060AHOM npoCTpaHCT8e MO>KHO Hfti!TR nono)l(eHRe MHWeHH B 

pnS! 3B,llaHHOrO yrna 8blneTa qacTHllbl H3 MRWeHR. JlnH 9TOI'O He06XO,llHMO 

hi X H, y H, z H ( CM KftKOA-nK60 TO'IKH TpaeKTOpKR 8 CS060AHOM 

8 

• 

I 

:,1 
.'!1 

I 
·~ 

~ 

'11 

) 

npocTpaHCTBe B npSIMOyronbROll CRCTeMe JtOOp,llRHaT; ropR30HTanbHblll yron an p (pa,n) - B 

HpSIMOyron&HOil CRCTeMe JtOOp,llRHBT; a.!. ( pa,n ) - aepTRJtanbHbll! yron; p ( rsa/c )- RMnynbC 

qacTHnlll; M - 3HaK 3apR.na qacTRUhl; aHlpan I - ropK30HTanbKblll yron ah!rreTa qacTRUhl 

x) ' K3 MRWeRR • 8 ,llftHHOM cnyqae acer,na neqaTaeTCII BCSI TpaBKTOpHSI, C'IBT KOH'IBBTCSI Ha 

a3RMyTe cp , npR KOTOpOM yron Bh!neTa H3 MRWeHR .llOCTRraeT 3a,llaHHOI aenR'IIIHbl. npa 

paC'IBTB no n1060My Hanpa8neHRIO Ha KB>K.llOM ware RHTBrpRpOBaHRSI HB'IftTaiOTCll R , </>, z' 

a 
1 

a.l. 8 UKnRH.llpR'IeCKOA H X, Y, a np B npliMOyronbHOil CHCTeMe KOOp.llRHaT. nopll.llOK 

3ft,llaHHll aaqanbHblX ycn08BI! H nopH,llOK neqaTH pe3yn&TftTOB pacqeTa npR8e,neH B pa6oTe/
2

/ 

Pe3yn&TaTbl pacqeToB no nporpaMMaM 1047-1 R 1047-2 6h!nB npoaepeHbl sKcnepRMeH-

- + T&nbHO .nnH rr -H tr -Me3oHoB B.C. Kna,nHRUKHM H A.C.BoseHKO. no nporpaMMe 1047-1 6~o~na 

,- - Me30HOB C p = 5,13 rsa/C, HAYIUHX H3 MRIUeHH, pacnono>KeH-
paCC'IHTaHa TpaeKTOpHSI 

HOi! B KOHUe 1 Ksa,npaHTa yc~opHTenH Ha a3HMyTe 1,37446 pa,n, pa,n&yce 2824 CM H C Ryne-

8h!M yrrrOM 8h!neTa R3 MRWeHR. Ha a3RMyTe cpe3a RpM a MarHRTa ( 1,57 pa.n) 9KCDepRMeH

Tan&HO onpeneneHHh!e 3HaqeHHSI pa,nayca H HanpasrreHHSI TpaeKTOpRR 6binH 3000 CM H 

29°40' , COOT8eTCTSeHHO, pacqeTHbie - 3000,50 CM H 29° 45' • TO'IHOCTb cosnaneHHSI nyqwe 

0,5%. npa BbiBO,lle ny'IKa 17+- Me30HOB B KOHne TI K8a,npaHTa yCKOpHTenH HanpaarreHHe 

KaHana B CS060AHOM npoCTpaHCTBe 6hlll0 3a.llaHO crre,nyiOU1HMI KOOpAHHaTaMR B npSIMOyron&

HOi! CHCTeMe: X ~0, Y =-169,5CM an
0

=-0,3185 pan. no 9TIIM Ha'laUbHbiM ,naHHbiM 6blll0 

HaA.neHo nono>K.eHKe MHweHH a none ycKopaTensr no nporpaMMe 1047-2 .anH Hynes oro yrna 

8b!lleTa qaCTHll H3 MHWeHII. PacqeTHOe 3Ha'leHRe RMnyrrJ,ca COCT8BllSIUO 4,85 rss/c, 3KCne

p11M8HTanbHO 6hlnO onpe,aeneHO, 'ITO HMnyn&C qaCTHU 1 BbiXO.USIIUHX H3 MHWeHH, ycTaH08neHHOi! 

Ha pacqeTHble KOOpAKHaThi, H H.UYU1HX no 3a,UaHHOMY HanpasneHKIO B CB060.UHOM npOCTpaH-

• TaKHM o6pa3oM, KapTy 
CT8e, coana.aaeT C pacqeTHblM 3Ha'leHReM C TO'IHOCTblO nyqwe 1% 

nonS!, cHHTYIO s III Ksa.apaHTe ycKopKTenH, MO>KHO c nocTaTO'IHOll TO'IHOCTbiO npHMeHHTb 

.anSI pacqeTa TpaeKTOpHll 3apSI>KeHHbiX qaCTHU B n1060M Ksa,apaHTe ycKOpHTenSI. 0TKUOHeHBSI 

OT pacqeTHbiX 3HaqeHHll CSSI3aHbl, no-sH.UHMOMy, C OWH6KaMH npH ycTaHOBK9 MHWeHell 8 

KaMepe yCKOpHTenH, a TaK>Ke C HeTO'IHOCTblO H3MepeHKSI s~nH'IHHbl BMnyn&Ca. 

x) JlnR OTpKUaTen&HOrO ropH30HTarr&HOrO yrna .UBH>K9HHSI qaCTHUbl B CB060.UHOM npocTpaH-

CTSe Ha'l&nbHhlB ycrrOBHSI ,anSI nporpaMMbl 1047-2 .UOn>KHhl 6h1Tb 3a.UaHbl 8 TaKOM >Ke 

8H.Ue, Kalt R .anSI nporpaMMhl 1047-1, HO B 9TOM cnyqae cf>- Haqana neqaTB > cp- KOH-

ua ne'laTH. 
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4~ p a C ·'I e T R I K }I( e H K II n p 0 T 0 H 0 I n p K 

Bhlaone nepBH'IHoro ny,xa H3 

C H H X p 0 cb a 3 0 T p 0 H a (n p 0 r p a M M a 978) 

B~>Z:aon nepaa.uoro ny'lxa npoToaol K3 cauxpocpa3oTpoua OvUU1 npoB3BOJlBTC!I no 

cneny1oruea cxeMe
141

: I) pe3ouaucuas pacxa,xa 6eT&TpOHHhlx panaan&Hhlx xone6auaa • 

386poc ny'IKB npOTOHOI I MBrHHT-JlecpnexTop; 2) OTXnOHesae ny'IXB H Dp8JlBBpHTen&Bag 

cpoxycapo:axa ero a ne<PnexTope a a MarHBTHOM none ycxopaTenu; 3) TpaucnopTapoaxa 

Bb!BeJleHHOrO ny'lxa X H3MepHTen&Hol nnowanxe. PBC'I.eT CBCTeMbl B&IBOJla HB 3CM nocTpo

eH TBUM o6p830M, 'ITQ6&1 BH&nB3BpOBBTb JlBB}I(eHHe ny'IKB npoTOHOB HB OnTBMyM B M4rBIIT

H&IX nonliX JlecpneXTOpa, p&CCeHHHOM none yCXOpHTeng B B CRCTel\le TpBHCnOpTBpOBKKI 3nec& 

M&l 0CT8HOBHMCH TOnbKO Ba M8TOJlBX9 pBC'I9TB JlBK}I(QBHH B JlecpneXTOpe H pBCC9RHHOM none 

ycxopRTeng. MeTOJl pBC'IeTa Beet CHCTeM&I B nenol\1 6yJleT onacaa OTJl8nbH0
1 

PaccwoTpRM caa,ana JlBRJKeuue 'IBCTHo a warHBTe-ne<PnexTopel Maruar-ne<PnexTop 

pacnono>Kea B cepenaue npawonaHetuoro npoMeJKy'!'xll MeJKJly uanpBHTBMH cauxpocpaaorpo

ua fl B Ill 1 U9BTp ero 3B30pa HBXOJlHTCH BB pBCCTOHHBK d OT OCH np!IMOnHBeluoro npo

MeJKyTKB (pH C. 3). CpenHaR reoNeTpH'I9CKBH nnOCXOCTb JlecpnexTopa ( Z = 0) COBn&JlBeT CO 

cpenuea reoweTpB'Iecxoa nnocxoCTbiO ycxopaTena~ Y:acTRIU-1, aa6poweHBble a aa3op necj:lnex

Topa H nony'IHBWBe B HeM OTKnOHeHBe BB onpeneneHHbll yron, IIpH JliBlK8HBB JlO B&IXOJla 

aa ycxopaTenu ua 6on&wow npoT!IJKeHBK nepecex&IOT pacceuauoe HOne cauxpocpaaorpoual 

~OKyCHpOBXa DY'IXa BB BhlXOJle B3 YCXOpRTeng 38BHCHT OT yrna OTXnOHeBHg B JlecpnexTope 

a aaxoaa pacnpeneneuag IIona a ero aaaope
141

1 npa pacqeTe aanaqa CTasanac& TBXHM 

ot5pa30M, 'IT06bl npH 3BJlBHHOM yrne OTKnOH8HHR ODpenenBTb 3aXOH pBCIIpeJleneBH!I IIOng B 

necpnexTope, npa XOTopow onTB'Iecxae xapaxTepBCTHKH nyqxa ua BbiXOJle aa ycxopHTenR 

nony'IBIOTC!I OnTRMBnbHbiMBI C 3TOI uen&IO Bbi'IHCnHnBCb Tp89KTOpRB 'IACTHil II MBrHBTe-.Qe

cpnexTope R 11 pacceaHHOM none ycxopaTeng JlnR t5onbWoro 'IRena HB'IBnbHbiX ycnosaal Coso

xynuocT& JlBHHbiX BB I&IXOJl8 YCXOpBTeng n03110n!leT OIIpenenBTb 31\IHTBHC BbiB9Jl9HHOrO 

IIY'IXB. 3BXOB pacnpeneneBHR DOnR II Jlecj:lnexTope Bhl6Hpancg TBXBM, 'IT06bl 3MHTBRC 6&In 

MHHHMBnbH&Il\11 ):{ng pBC'IeTa TpBeXTOpHI II JlecpnexTope HCnon&30BBnHCb ypBBRQHB!I JlBBlKe

HBH a uanRHJlpR'IecxoA cacTewe xoopnHBBT (I) I npa pac'II!Tax npennonaranoc•, 'ITO none 

a ne<Pnexrope aaawyran&Bo onuop.onao~ KowiioHeHTbl IIOnR B • a B R 6blnH 3&JlBH&I aHaiiii

TH'IecKH C Y-"'leTOM 'lneBOII BTOporo nopanxa B uHnBHJlpB'Iecxojl CHCTel\le KOOpJlBBBT Jlecpnex
Topa: 

Ra-Roa 1 B (R ,z)·Boa [1-n s +Rkn( • oa oa Ra-Roa 2 nz 2 0-k)], 
.,.._._;...) -~-~ 

oa oa (8) 

8 

• 

3neciio 

BR(Ra,z)=Boa+n(l-k~) I oa R rfi1 

R0a aa. > 
n = - -B- ( """"dif" R = R oa oa 

z=O 

R~a a2 s. 
kn="""IC>a (-aR2 )R=R BblpBlKeHo B 

. 0 oa 
z=O 

ueHTpanbH&IA panayc necpnexropa, xoTopbll 6y neT paaaoaecHbiM nnu npo, 

COM }0,5934 raa/c; B oi1- aepTBXBnbHBH KOMnOH9HTB .IIOnR HB ueHTp&nbiiOI 

Ra- Texywall panayc; xoucparypaua10 M&rHRTHoro nonu necpnexTopa MOJKH 

aanaaaa paanH'IHYIO aenaqaay n H k I npH'19M npa aanaHHOM n aenH'IR 

eT axnaa aenaaellaoro nonu~ 11arerpapdaauae xax B MaraaTe-aecpnexTope, 

!fOM npOCTpaHCTBe npHMOnBH8liHOrO npOM9lKYTK8 DpOR3BOaBnOCb B 8JlHHOll D 

CBCT8M8 KOOpaHRAT nporpaMMbl 1047 (pee~ I )I noaTOMY ana onpeneneHHa 

H8 KBJKaOM ware BHT8rpBpOB8HHH H&XOaBDCH p&JlHYC Tp88KTOpHH B llBIIHHJl 

KOOpaHR8T aecpnexTopa~ Ecna '18CTBil8 HBXOaBTCH B K8KOJI-na6o TO'IKe no111 

K00pJlBH8T8MH R 1 , -cp 
1 1 p&JlBYC ee II CHCTeMe KOOpaHH8T Jlecj:lii&KTOpA 

(pac~ 3): 

Ra=v(-R
1 

Sin</>
1 

+400) 2 +(Roa+d+2800-R 1 Coscf> 1 )
2 

0TM9THM T8XJK8, 'ITO &3-38 TOrO_, 'ITO HHTerpHpOBBHHe B8Jl8TCH B CHCT&Me 

ycxoparenu 1B cpopMyne anu BR aaMeHeH aaax, nocxon&xy aanpaaneHH!I I 

XOOpaHH&T ycxOpHT8D!I H aecpn&KTOpa npOTBBOnOnOJKHbl. npoT!IJK8HHOCTb B 

aoro nona warHHTa-aecpnexTopa no aaHMYTY onpeaenunac• ypaaaeHH!IMH ne 

r'p&HHobl nonR. MoJKHO npoaaaoaHTb p8C'I8Tbl an!l M&rHHT8 KAK npHMOyr'OD 

C8KTOpHOti cp0pM&11 ):{DR M&rRHT8 npRMoyroUbHOJI cpopMbl ypaBH8HH!I nepeaHE 

rp&HHU 6y ayT COOTB8TCTB8HHO: 

.. 
R 

R 

rae - aoBHB M&rHBT&, R 

CBCT8M9 XOOpaBRBT nporpaMMbl 

400+f/2 
-COs(cf>+!T72) 

400 -t/2 
Ciis{cp+rr/2) 

H cp - TeXyiUHll paaayc H 83BMYT ~ UHD 

1047. ):{ng M&rHHT8 C9KTOpHOI cpopMbl yp&E 

t5yayT: 
R 

[ 400 + (2800 + d + Roa ) tg ,B 0 I 2] Cos ,B of2 
Cos ( </> +rrl 2- ,B 0 I 2) 
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II 

nyqxa npoToHoa as CHHxpocpasoTpoHa OH.RH npoHSBO.lllfTCH no 

) pesoHaHcHaK pacxaqxa 6eTaTpoHHhiX paa•anbHbiX xone6BHHI 11 

MarHRT-AecpneXTOp; 2) OTXnoHeHHe nyqlf8 H np9A8apBTenbB8H 

exTope a 8 MarHHTHOM none ycxopHTena; 3) TpBHcnopTBpo8xa 

MepKTeJibHOI nnomaaxe. Pacq_9T CHCT9Mbl 8b180Aa Ha 3CM nocTpo

aHaJIHSHp08aTb .ll8H>K9HII9 nyqlf8 npOTOHOB 118 OnTIIMYM 8 M8riiiiT-

8CCeKHHOM none YCXOpHT9nH II 8 CIICT9M9 Tp8HCnopTKp08KII, 3AeCb 

a M9TO.ll&Ke p8c'leTa .ll8H>KeBBII 8 .lle<PnexTope 11 pacceHBBON none 

eTa 8ceA CHCTeMbl 8 uenON 6y.lleT OnBC8B OT.llenbBO, 

.ll8&>Keaae qacTBil 8 MarHIITe-aecpnexTope. M8rBBT-AecpnexTop 

npKMOJIBBeAHoro npoNe>Ky'!'xil Me>K.lly KB8.llpaHTaMH ClfBXpocpasoTpo-

SOp8 H8XO.llHTCII Ha p8CCTOIIBHII d OT OCII npBNOJIIIB&IBOro npo-

RIIB reON9TpH'19CXaK nnOCXOCTb .lle<f>neXTOpa (zaQ) COBnaaaeT CO 

nnocxocTbiO ycxopHTens. LfacTKnw, sa6poweHHble 8 sasop aecpnex

OTxnoHeBKe 118 onpe.lleneHHbiA yron, np11 .ll81f>K9HHH .llO 8biXO.lla 

M npoTH>KeHRH nepecexaiOT pacceKHHoe none CKHxpocpasoTpoHa. 

XO.ll9 KS ycxopHTena Sa8HCHT OT yrna OTXnOBeBHR 8 .llecpnexTope 

nonH 8 ero sasope
141

, npll pacqeTe Sa.llaqa CTBBHnaCb T8KHM 

ROM yrne OTXnOHeBHK onpe.llenHTb saxOH p4Cnpe.lleneRHH nons B 

OnTaqeCxlfe xapaxTepHCTHKII nyqxa 118 8b1XO.lle HS YCKOpHTena 

, C 9TOI T!enbiO 8blqiiCnllnRCb TpaexTOpBB q8CTRII 8 M4rHIITe-.lle

none ycxopHTena .llna 6onAWoro q1fCJI8 aaqanbHbiX ycnos11A. Co8o

Ae ycxopHT9nH nOS80naeT Onpe.llenRTb 9MIIT8HC BbiB9.lleHHOrO 

lla nona 8 .llecpnexTOpe 8bi6KpancH TaKIIM, qT06bl 9MIIT8RC 6bln 

a TpaexTopaA 8 aecpnexTope acnonb3o8anHCb yp48ReHHH .ll8R>Ke

TeMe KOOp.llHR8T ( 1), npa pacqeTax npeAnonaranocb, 'ITO none 

lo O.llHOpO.llBO, KoMnoBeBTbl nona B • 11 B R 6blnll- S4AaHbl aaana

BToporo nopHAxa 8 QRniiR.llpaqecxoA CHCT8M8 KOOp.llBR8T .ll&cpnex-

Ra-Roa 1 Ra-Roa 2 2 
,z)=Boa[l-n,., +Rkn( R ')+_n_z_(l-k)], 

oa oa oa 2R~ (8) 

8 

ttl! 

BR(Ra,z>= B
0
a-•-n (1-k~). 

Roa R rta 
(8) 

3.lleCb 
R0a aa; 

n =- -B- ( """dR )R= Roa oa 
R~a a2 a. 

kn=Tca( aR2 )R=Rod 8blpa>K9110 B e.llHIIIIQBX n, R0a-
z=n z=O 

ueHTpanbHbll pa.llHYC .llecpneKTOpa, XOTOpbiA 6y .lleT p8BH08eCBbiM .llnll npOTOH08 C HMnynb-

COM 10,5934 ra8/Ci Boa- 8epTHxanbHaH xoMnoHeHTa 'nonK Ha ueHTpanbHOM paAHyce; 

Ra- TexyiUKA paAHyc; xoHcpRrypanHIO M8rHRTHoro non11 .ll&cpnexTopa MO>KHO 8apbHpo8aTb, 

sa.[la8a!l paSJIH'IHyiO B9JIH"HHY R H k , npH'IeM 11p11 sa.llaBHOM R B9JIH'IHHa k onpe.lleJig

eT BXJia.ll HenHHeAHOrO non11, VfHTerpapOBaHHe K8K 8 M8rHHTe-.llecpn9KTOpe, TaX H B CB060.ll-

~OM npocTpaHCTBe npaMonaHeAHoro npOM9>KYTXa npoRSBO.llRnOCb 8 e,l:lRHOA UHJIHB.llpHqeCKOA 

CIICTeMe K00p.llHH8T 11pOrpaMMbl 1047 (p,HC, 1). noaTOMY .llnll onp9.ll9JI9RRB aenH'IRBbl nons 

aa K&>K.llOM ware IIBTerpapo8aHHB HaXO.llllnCH pa.llHYC TpaeKTOpRB 8 UHnRHApH'19CKOI CBCT9M9 

xoop.llHBaT .lle<PnexTopa. Ecna '!aCTBila aaxO.llBTCB B xaxoA-nK6o TO'!Ke nonB aecpnexTopa c 

XOOp.llBHaTaMB 

(pRe. 3): 

R
1 

, -cp
1 

t pa.llBYC ee 8 CBCT9Me KOOp.llBHaT .llecpneKTOpa Ra 6y.lleT 

Ra=v <-R
1 

Sin</> 
1 

+400) 2 + (R oa+ d+ 2800- R 1 Cos</>. )
2 

0TMeTHM TaK>Ke, qTO as-sa TOrO_, 'ITO HBTerpHpOBaBRe ae.ll9TCII 8 CHCTeMe KOOp.llHHaT 

ycxopBT9nH,8 cpopMyne .llnll BR HsMeaeH saax, nocxonbxy aanpaaneaa11 R 8 cRcTeMe 

ltOOp.llHHaT ycxOpHTeJIII H .llecpneKTOpa npOTB80nono>KHbl. npoTII>KeHHOCTb H cpopMa a<t>ct>exTR8-

HOrO nonll MarBHTa-aecpnexTopa no 8SHMYTY onpe.lleJIIIJiaCb ypaBH9BHIIMB nepe.llHeA If sa.llH9A 

rpaHHQbl nons. Mo>KBO npoRSBO.llBTb pacqeTbl .llJIII MaraHTa xax npHMoyronbHoA, Tax a 

cexTopHOOI cpopMbl, Ana MaraaTa npHMoyronbaoA cpopMbi ypasaeaHB nepe.llaeA H SB.llHeA 

rpaBBQ 6y .llyT COOTBeTCTBeHBO: 

.. 
R 400+f/2 

Cos(¢+rrl 2) (9) 

R 
400 -f/2 

= COs(l/)+rr/2) 

r.lle t - unaHB MBrBBTB, R If cp - TeKylllHA p8.llBYC R 8SRMYT ~ UHnHHLlpH'!eCKOA 

cacTeMe xoop.llBHBT nporpaMMbl 1047. Ans MBrHHTB cexTopaoA cpopMbl ypasaeaHII rpaaau 

6y.llyT: 
R 

[ 400 + (2800 + d+ Roa ) tg f3 0 I 2 J Cos fl gl 2 

Cos ( </> + rrl 2- f3 0 I 2) 

9 

( 10) 



R 
[ 400- (2800 + d + Roa ) tcf3o /2 ]coaf3o /2 

cos(¢>u/2+tlo /2) (10) 

3.necb f3 0 - yron noaopoTa npoToaoa a .ne<jlneJtTope, d - paccTOSIIIHe ueaTpa aaaopa 

.ne<j:JneJtTopa OT OCR npar.conRHelaoro npor.ce>KyTJta. npa HHTerpaposaRRH nepe.llRJIR R 3a.llHJIJI 
x) 

rpaHRQbl .ne<jlneJtTOpa npOXO.IlJITCJI qacTRQel C aa,llaHHOI TO"'ROCTbiO f , .llnH STOrO 

H8XO.IlRTCJI caaqana (R -R nr )sinop H CpaaHRaa&TCJI C 38Ll8HHbiMH 
1 JtaJt TODbltO 8TH 

aeDH"'HHbl COBDa.llyT, Ha"'HHa&TCll RHT&rpRpoaaHHe 8 Done ne<jlneKTOpa, aaanorR"'HO npOXOLlHT-

Cll 3aLIHliR rpaHHQa Lie<jlneKTOpa, nocne "'ero Ha"'&HaeTCB RHTerpRp088HRe 8 CBO!iO.IlHOM 

.npocTpaHcTee. Haqan&Hwe OTKDOHeHIIR p 0 a :yrn~o~ a 0 LIDR pacqeTa ropaaoaTan&H~o~x npoeJtnall 

TpaeJtTopal non:y"'&Hbl aa aaar.cyTe Jtoana II ~~:eanpaaTa nocne pac'I&Ta naa>KeHRH npoToaoa 

a :ycnoeRRX napaMeTpsqecxoro peaoauca no nporpar.cr.ce 401. Ha"'an&Hoe oTKDOHeaae p 
0 

a naaaor.c cn:yqae OTC"'HTbleaeTca oT neaTpan&Horo pana:yca :ycJtopaTena, a yron a
0 

npen-

cTaenaeT C06oll HaJtnOH TpaeKTOpRR OTHOCRTeDbBO OCR npliMODRHeiHOro DpONe>KyTKa (pac,3), 

Haqan&H&re :ycnoeal'r no z TaJt>Ke aanaroTca aa aaaM:yTe JtO&na II JtBB.IlpB&Ta. PacqeT 

TpBeXTOpHII 8 Lie¢DeJtTOpe npORCXOLlRT B CDeLiyiOIUeM nOpliLIK8 ( DporpaMM8 848): no aanaa

HbiM HaqanbHbiM LiaHHbiM &a KOHQe ll JtBa.llpaHTa HBXOLlliTCll pana:yc, aaaM:yT H rOpR30H

T&nbHblll yron qacTRQbl 8 QRDHHLipaqecJtoll ·c&cTeMe JtoopLIRHaT nporpaMMbl 1047, aaTeM 

npoaCXOLiaT aHTerp&pOB8HH9 a cao60LIBOM DpOCTpaHCTB8 LlO D&p&.llH&I rpaHHQbl nODS! ne<jl

neJtTOpa, nocne npoxo>K.neaaR nepenaell rpaaanbl Tp&eKTopaR pacc"'aT.bleaeTcR a none 

Ll&<jln&KTOp8 38Ll8HIIOII JtOH<jlar:ypauaR (npa 38LiaHH&IX 3H8'19HRliX n R k ) BDDOTb LlO 

npoxo>KLieHHR aanaell rpaaanbl non11 ne<PneKTopa. OnaoepeMeaao pacc"'HTb!BAIOTCR ropaaoa

T&n&HBR a sepTHKBDbHBR npoeKnaa TpaeK'ropaa. C:ymecTs:yroT eapaaH'rhl nporpBMMbl 848 c 

npRMO:yroDbBbiMR a C81tTOpHb1MR rpBHRQBMa nODS!, nporpBMMbl 848 a 1047-1 6biDH 06'b&LlHH&

Hbl H C03Ll8H8 :yDp88Dlii01U8JI nporp8MM8 978, ltOTOp8ll n0380Dli8T 88CTH p8C"18T HenpepbiBHO 

caaqana s MBrHHTe-ne<PneJtTope, aaTeM a none :ycJtopaTenR .no aanaaaoro aaaM:yTa. npa 

pacqeTe no :ynpaenRromell nporpauMe Bb!LIBIOTCR cnen:yrdmae pea:yn&T&Thl: KOOpLIHHBTbl a 

yrnbl Tp89KTOpaH H8 nepeLIHeJI H 38,1lHel rp8HRQ8X .ne<jlneKTOpa, c<j:JopMHp088HHb19 HB'I&nbHble 

:ycnosaR LIDR nporpilMMbl 1047 a BbiXOLIHble LIBHHble nporpaMMbl 1047. Ynpaenaroma11 npo

rpBMMa Dp&LI:yCMaTpHB89T 88pHaQHIO LlDHHbl H. nono>KeHall Lie<jlneKTOp8 OTHOCHT&DbHO pBBHO

BeCHOA op6RTbl, B &a"'eCTBe aaqanbHbiX :ycnoaall LIOD>KHbl 6b1Tb aanu~o~: OTKDOHeaae p 
0 

H ropaaoHT&nbHb!ll yron DpOTOHa, BepTHJt&nbHOe CMemeaae Z a eepTRK&nbHblll yron a lU , 

HMn:yn&e H 3H8K 38pl!LI8 npOTOHB, CM91U9HR9 QeHTpa .ne<jln&KTOp8 OTHOCHTenblio OCR npl!MO-

naaeAaoro npoMe>K:yTKa d , nnaaa ne<Pne&Topa , paaaoeecabll pa.na:yc Rca npoToaa 

C 38.1l8HHb!M HMD:yn&eOM p H none Boa H8 p8BHOB9CHOM pana:yce, DOK838Tenb DOnS! n H 

x) -7 
B aamax pac'!eTax aeo6xOLIIIMO 6wno a.bl6apaT& f- 10 CM, 

10 
~ 
~ I -

k , aaBMyTbl Haqana B ltOBQ8 neqaTR. 

npaee.ll8M DpiiMep pac"'e'ra. DO ODRC8HROI nporpaMM9, .llns .ne<jJneJt'rOpa, 

f • 60 CM R CM81UeHHOrO OTHOCBTellbHO OCII DpiiMODHII&IROrO npoMelKyT: LinBHy 

aae d- 25 eM, 6wna onpeneneaa &oa<j:Jar:ypanss nonR, npa JtoTopol paawep ny 

yCJtOpRTena DpR 38LI8RHOM :yrne OTJtJIOHeHall B .a:e<j:Jn&KTOpe /3 0 • 55'20"·no117 

wan&Rh!M, .llna aToro aanaaanac& paanR"'Rble aaaqeHRR n R onpe.nenanca ro~ 

a aepTRJtBn&Rhll paaMep.bl n:y"'lta aa ablxone :ycxopaT&nll. Ha pac.4 noJtaaaao pl 

"18CTRQ a ropR30HT8nbHOM aanpaBD&HRR R8 abiXOLl9 a3 yCKOpRTenB 8 ODTRMani 

D • -75 R k •1. Ka11: BHLIHO, 95% '18CTRQ cocpe.llOTO'IeHbl B 14 CM, nonRbll 

p83Mep n:y'llt8 HB B&IXOLl9 :YCKOpaTenll He npeBbllU8eT a 9TOM cnyqae 1 CM, 

B aaJtnJO'Ieaae aaTopw 6naronapRT H.B. HccsacJtoro aa noneaa.ble coae1 

HHll, 

n H T e p a T y p a 

1. E.A • .lleMeHTb&B, H.B. HccaHCJtall, E.M. K:ynaJtosa, K.n. MwaHHitOB, M. n 
<l>. Xoaaaeq. HaMepeaae Tonorpa<jlaa MaraaTHoro non11 caaxpo<PaaoTpoaa 0 
MR Xonna. npenpRHT OHSIH, p- 2818,.ll:y6aa, 1966. 

2. E.M. KynaJtoaa, n.A.CMapaoaa. Pac'leT TpaeJtTOpaft aapR>K9HHbiX qacTaQ 8 

none csaxpo<j:JaaoTpoaa OHSIH. B 2-1836, .ll:y6aa, 1963. 

3. C6opKHK 'YcJtopaT&nR', ATOMK3LiaT, 1960, 

4. n.n. 3aaoawa, H.B. HccaRCKRA, B. H. KOTOB, E.M. KynaKoaa, K.n. Mb13H 
nos. npenpaKT OHSIH, P-2387, .lly6aa, 1965. 

Pac.1, 

Py~tonacb nocT:ynana a aana1 
5 aar:ycTa 1966 l 

':0 

CacTeMw KOOpLIBBBT, HcnonbayeMwe npa pac'leTax: 0- neHTp uanaa.c 
CHCT9Mbl JtOOpLlRRBT; 0

1
- Q9HTp BCnOMOr&TenbHOll npRMOyron&aoll Cl 

HaT; ¢ • 0 R op • 90° - COOTBeTCTB:Y9T cpeaaM sepTaxanbHbiX CTOeK 
aa Topnax JtB&LipaaTa, 

11 



R 
[400- (2800 + d+ Roa) tgflo /2 ]co.flo /2 

cos(¢>u/2+tlo /2) ( 10) 

ron nosopoTa npoTOHOB B ae¢nexTope, d - paccToBHae ueaTpa aaaopa 

OCR np<IMODHHBIHOrO npOM8>K)'TK&. npa HBTerpapOBAHHH nepea&Sill H aaa&Bll 
x) 

TOpa npO><OaliTCll 'laCTHU81 C 3&a&HHOI TO'IBOCTbJO f , .Q.rur BTOrO 

(R -R nr )sin¢> II CpaBBBBa&TCll C saaa&BWMH , xax TOn&HO BTII 

aa'IHHaeTc<l HHTarpllposaaae B none ae¢neaTopa, aaanorH'IHO npoxoaaT

aaaua ae¢neKTopa, nocne 'lero H&'laHaeTca liHTerpsposaHae a cso6oaaou 

a'lan&Hwe oTKnoaeHaa p 0 H yrnw a 0 ans pac'leTa ropasoHT&n&Hwx npoexuall 

'leH&I Ha asHM)'Te Koaua II xsaapaHTa nocne pac'laTa asa>Keaaa npoToHoB 

aweTpaqecKoro pesoH&Hca no nporpauwe 401. Ha'lan&Hoe OTKnoHeaae p
0 

e oTC'IHTbiBaeTca OT ueHTpan&Horo paaayca ycxopaTens, a yron a
0 

npea-

HaKnoH TpaeKTOpHH OTHOCHTan&Ho oca npswonaHaiHoro npowe>KyTxa ( pac. 3). 

BHH flO z Tax>Ke aaaaiOTCll Ha aaaw;rTe xoaua II xsaapaHTa. Pac'laT 

B cneayiOmew nopaaae (nporpawwa 848): no aaaaH-

Ha KOHne ll xsaapaHTa Haxoa<ITCa paaayc, asaMyT H ropasoH-

QHnRHapR'IBCKOI ·CHCTBMB KOopaiiHaT nporpaMMW 1047, 3aTeM 

rpHposaHae B cso6oaHoM npocTpaHcTse ao nepeaHel rpBHRU&I nona ne¢

npoxo>Kaeaaa nepenHell rpaHauw TpaexTopaa paccuTwsaeTca a none 

&HHOI! KoH¢arypauaa ( npa aaaa&Hwx sR&'Ie&aax n R k ) snnoT& no 

nHel! rpaHRn&I nona ne¢nexTopa. OaHospeMeHHo pacc'IRTbiBAIOTCR ropasoH

K&n&Haa npoeKnRH TpaexTopaa. CymecTB)'IOT sapaaHT&I nporpaMM&I 848 c 

H CBKTOpHbiMR rp8HHU8MR nona. nporpBMM&I 848 R 1047-1 6&InR 06'b8llRHe

paBnHIOll..l8H nporpaMM8 978, KOTopaH nossonaaT BBCTH p&C'IBT HenpapbiBHO 

Te-ne¢nexTope, saTeM a none ;rcxopRTena ao aanaHHoro aaaMyTa. npa 

na10meil nporp&MMe swaaiOTCa cnen;riOmae peayn&T&Tw: xoopaaHa~"' H 

Ha nepenHaA a aaaael rpaaauax ae¢nexTopa, c¢opMHposaHH&Ie H&'l&n&H&Ie 

rpiiMM&I 1047 a B&IxoaH&Ie aaHH&Ie nporp&MM&I 1047. YnpasnaiOmaa npo

&TpasaeT sapaaua10 anRH&I a nono>Keaaa ae¢neKTopa OTHOCHTen&Ho pasao-

K8'18CTBe Haqan&H&IX )'CnOBRI aon>KH&I 6&IT& 38aaH&I! OTMOHBHHe 
Po 

I yron npoToHa, sepTHK&n&Hoe cMemeHae 
Z H B8pTHK&n&H&II! )'ron a CU. 

1 

aapaaa npoToHa, CMemeaae ueHTpa ae¢nexTopa OTHOCHTen&Jio ocH npaMo-

>KyTxa d , nnaaa ne¢neKTOpa , pasaoseca&II paaayc Roa npoToHa 

a none Boa aa pasaosecaoM paaayce, noEasaTen& non" o H 
yn&eoM p 

eTax Heo6xonaMo 6&Ino sw6apaTJo t- to- 1 
CM, 

10 

• 

k , asHM)'T&I aaqana a xoaua neqaTa. 

npaBeaeM npHMep paC'l8'r&, DO OUHC&BHOI nporpaMM8, .D.n11 ae<l>neH'rOpa, HM81011..l8rO 

nnHH)' f • 60 CM H •oCM811..l8HBOrO OTHOCHTen&HO OCH npliMOnHB8IHOrO npOM8Xc)'TK8 88 p&CCTOII

HHB d = 25 cw, 6wna onpeaeneaa Koa¢ar;rpauaa nonsr, npa KOTopol paaMep nyqaa a a B&Ixoae 

)'CKOpHTB.IIa DpH 38a8HHOM yr.ne OTK.IIOB8BBa B ae¢n&KTOp8 /3 0 • 55 '20" UOn)''l48TCII MHHH

Man&HWM • .D.na sToro aaaasanac& paanau&Ie aaa'leaaa n a onpeaenanca ropaaoaTan&Hwl 

a sepTBK&n&H&II paaMep&I ny'IKB aa swxoae ycxop&Tena. Ha pac. 4 no~~:aaaao pacnpeaeneaae 

'l&CTRn a ropaaoaTan&HoM aanpasneaaa aa B&Ixoae aa ;rcxopaTena B onTawan&aou cn;rqae 

D • -75 H k •1. Kait BRaBo, 95% 'laCTBU cocpeaOTO'I8Bhl B 14CM. nonBbll B8pTRH811&Hbll 

pasMep ny'litB sa swxoae ycKopaTens ae npeswmaeT B STOM cn;r'lae 1 cu. 

B aaxnJO'l&BRe asTopw 6naroaapsT VI.B. VlccRacxoro sa noneaawe coseT&! a o6cyJKae-

BHa, 

n H T e Q 8 T Y p a 

1. E. A • .D.eMeBTJoeB, VI.B. VlccaHcKRA, E.M. KynaKosa, K.n. M&IsHaJtos, M. nonaa, 
<l>. Xosaaeu. VlsMepeHae Tonorpa¢aa MarHBTHoro nona CHHxpo¢aaoTpoHa OVI.RH aaT'lRJta
MR Xonna. npenpRHT OH.RI-1, p - 2818,.D.y6aa, 1966. 

2. E.M. Kynaxosa, n.A. CMRpHosa. Pac'l&T Tp88KTOpRA aapa>KaHH&IX 'laCTHU B uarBHTHOM 
none caaxpo¢asoTpoHa OH.RH. B 2-1836, .D.y6Ha, 1963. 

3. C6opaax 'YcxopaTena•. AToMasaaT, 1960. 

4. n.n. 3RHOBio8B, VI.B. HccRHCKRI, B. H. KoTOB, E.M. Kynaxosa, K.n. M&I3HHKOB, H. H. nas
.IIOB. npenpiiHT OH.RH, P-2387, .D.y6Ha, 1965. 

Pyitonac& nocTYnana a •aaaTenloCitBI oTae.n 
5 asrycTa 1966 r. 

·=o 

Pac. 1. CacT&M&I xoopaaaaT, acnon&syeMwe npa pac'laTax: 0- ueHTp uanaHnpaqecxol 
CHCTBM&I ItoopaaHaT; 0 I -uaHTp BCnOMOr&Ten&Hol npaMO)'rOn&HOI CHCT8M&I JtOOpaH
HaT; cp• 0 R cp = 90° - COOTB8TCTB)'8T Cp838M B8pTBKBn&H&IX CT08K apMa MarHHT8 
118 T?pqax JtB&ap&HTB, 

11 



!I 
BJY..) 2110{c"' J 

2!0 
220 i\ I 

' !r-----RPMo Maeuuma E-3 
210 

2110 
190 
lBO 

170 
ISO 
ISO 
IIHJ 
130 
120 

~l 
/10 
100 
90 
80 
70 

60 
50 

~k=S ~. 
~ b-1 

~--' 
:vr -~ ~ l"rl"""'f• ~---· 

:kll ,/_ 
F 

~ 17' v !.--: ~ r-sr: 1. ' ' ' ' ~~ ~-
[f ~~ 

m v !?' ::;:;"! 

L'.l. /_ V. - 1.111-.l I I'i-.. 
J :1 rr 'j /_ 

' '!l ~ 71. I .. r; 
J. 7., 

~::ii:· 

1! IJLJl;.Y.l 
I :t L 

JL.1.11l .. 1 
4D 
30 
20 
10 

~ .:t.---4 • ~I~ ~u • • ~~ ~ ~ ~+a+ ~ +\II ·~I• 'ljil~ "'• ~' .;u.jl ~· + t+ .p * lljt .p '+W.. 0 r 

l. 
11 
"'\: 

IT 
":!' ,. 'f...:: 
l\ 
~ 1:\: 
~ ~ 

l\ ~ 

1., in 
[en] 

[ 
. ·tr 

h.-

W!"MO 
L 

~JorinJnJoJIIJ!JJIIJI 

-10 
-20 
-30 

-40 
-50 

:r -60 
17 -70 

-80 
-90 
-100 :oo-TIO{JK)C 1'1111111 

maE-S 
-120 
-130 

-140 
-150 
-IIJO 
-170 
-lSD 
-tW 
-200 

PH c. 2. KapTa pacnpet:~eneHHSI pacceHHHoro non11 CHHxpo¢aaoTpoHa B Me.ctHan&HOA nnD<:&oc
TH 3830p8 MarHHT&, H3M9p9HH8SI B KOHU9 III KB8t:~p&HT& YCKOpHT9n!l, 

12 

• 

I I Oa 

I Roe 
I i Ra 

\Dl ,_ 
400 

I I ~- /Rt 

I 'P·O 

PHc.3. 
Pacnono>KeHHe MarHHTa-t:~e<PneKTopa B npHMOnHI{el!HOM npoMe>Ky 

13 



!I __Mr) 240{c"'] 
. \. ,r -fiPM_o_M_G-2J.I_U_m_a -::E-:-3:----::Jj : 

Ef-W-J=:E .1. L I I I l. .t J. I 1£ : 
-...... 

190 
~!: - -r--r-- lBO 

!,-; -- - '----'-

~ m 
ISO :I:: 1.--:J-' F"< --- ISO 

/p 
r? 

l'7l' 1 IV. 

!?" 
I< - ~=--' :C:b 140 I 1 Oa 

[/ v ::--. 130 
). ~ "'-:- 120 

~ ,..4. - - -- 1!0 II 1'-'=t--... 
.. •" •• ' 100 
.! • -- 90 

.11 · .r ~ so 
J: . I. '.[ 70 Ro~ I l 

J l 60 lif6 
: ~ 

40 

C7 

~ 
v 

J. 
~ 

1: 30 
20 

[it 10 

0 
-10 . o(o t 

~ • ~ ,,~ ~ ~ ll(.ll(a !II. '<(, ~ ..PIJr,(llllul• .(, 9fj1 aF ~ g;jr a4• ~1 ~ + ~ lljJ .. -20 
-~---

d p, 
-+-----'"---_L_. . ·--·~ -30 

-¥o 
-~ 

, -60 
,1 -70 

-80 
-90 
-100 --110 
-120 
-130 

-140 
J.1so 
-ltJD 
-no 
-lBO 
-IQO 
-200 
-210 

TI0/7IDC 1'1111Mi 
maE-3 

Ul 

'P•O 

-4oo 4oo-

IIL 

·-I-
Jj 

-m 
-230 RPMO mat1-1lmba •r- Pac. 3. Pacnono>Keaae MarHHTa-.lle¢neKTopa s npHMOIIH119ltHOM rrpoMe>KyTKe. 

' 
l~~~~~k~~k~~~~~~~~~~~~ 

-i4o[cM] 

L-aJ ocbi!9okHa 
-!I 

pacnpe.ll91I9HHll p8CC0liHHOI'O IIOIIR CHHXpOQJ830TpOH8 B M9llB81IbHOA IIIIOCKOC

opa M8I'HHT8, H3M9p9HH8H B KOHQ9 IlJ KB8Jlp8HT8 ycKopHT91Illo 

12 

• 

13 



:1?. 
If/ 

II 

16 

'" 
12 

6 

I, 

2 
I ,... I I I I I I? l'. 
M8 2910 296'- 2968 2962 2016 ' .,., 

PRc.4. PacnpeaeneRRe RHT&HCRBHOCTR nyqxa B aanpaeneHRR paaRyca aa BYxoae ycKopRTe

nst (aaRMYT 1,57 paA ). no OCR a6CURCC 0Tfi0)1(9HS eenR'IRRB pBARyca, nc OCR 

opAHstaT- 'IRCfiO 'ISCTHU B OTHOCRT9fibRYX &ARHBilSX , flOUBASJOWRX B ASHHblll 

HHTepean no pSARYCY, COCTSBfistJOWBll 1 CM. 
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