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npn TpaHCHOpTHpOBKe ny'tKOB 38PH*eHHblX 'taCTHU H3 YCKOpHTenH CO 

cna6oA ~OKYCHpOBKOA 't8CTO neo6xonnMO CO'teTaTb B onaoM aneMeHTe CHCTe

Mbl caoAciaa noaopoTa n ~oKycnpoBKH/ 11. B 'taCTHOCTH, npH ~opMHpoaanH~ 
BbiBeneHHOrO H3 yCKOpHTenll nyqKa. npOTOHOB nepBbiR OTKnOHliiOmHli MarHHT 

non*ell ~oKycnpoaaTb B ropH3011TanbiiOA nnOCKOCTH. B nauaoli pa6oTe on~ca~ 
rpa~o-aaanHTnqecKnli MeTon, KOTopwli ncnonbaoaancll npn pac't~Te necKonb

KHX aapHaHTOB. nepaoA CTyneHH CHCTeMbl TpancnopTHpOBKH BbiBenenaoro npo

TOHHOro. ny'tKa. PaccMoTpeHbl. cnenyromHe cnyqan: 

1) • .MarHHT C rpanHeHTOM - ny6neT oKBanpynonbHblX nHH3 paBHOA nnH

Hbl; 2) . MarHHT c rpanneaToM - ny6neT KBanpynonbHblX nnaa paaaoli nnnHhi; 
. . . . 1 • 

3) MarHnT c rpannenToM - onna Kaanpynonbnall nnnaa. llnll pac't~Ta nan*e-

HHll npoTOIIOB B aneMenTax cncTeMbl ncnoilbaoaanncb nnaeAHble ypaaneHHH. 

XapaKTepncTHKH npoTonaoro nyqKa aa Bbixone H3 · ycKopnTenH onncbiBanncb 

C no~ombiO. TaK H83biBaeMblX MHHMblX HCTO'tHHKOB/~/ 0 nono*enne H pa3Mep 

KOTOpbiX npencTaanmoT co6oli ncxonHbie naiinhie nnH pacit~Ta cncTeMbl Tpan.:.. 

cnopTHpOBKH. npe~e .'t~M nepeliTH K H3nO*eHHIO ~rpa~o-ananHTH'teCKOrO Me

.Tona paC'ti'\Ta CHCTeMbl Tp8HCHOpTHpOBKH 0 paCCMOTpHM HeKOTOpble xapaKTepH-

CTHKH BbiBenenaoro ny'tKa H pac't~T ero MHHMbiX HCTO'tHHkoB. 

1. Pac't~T MHHMbiX HCTO'tHHKOB.BbiBeneHHOrO npOTOIIHOrO ny'tKa 

napaMeTpbl ny'tKa npOTOHOB. C HMny_nbCOM 10,59 raa/c HS BbiXOne H3 

yCKOpHTenll 6binH nony'tellbl H8 OCHOB8HHH ·paC'ti'\Ta nim*eiiHH npt:>TO!fOB HO 
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CXeMe peaoHaHCHOI'O BbiBO.Qa/ 1,3/ o npn 9TOM paaMep H yrnoBaSI paCXOliH

MOCTb BbiXOliS!IIlei'O ny'lKa onpe.nenstiOTCSI O'leHb MHOI'HMII ljlaKTOpaMH: xapaK

Tep!ICTHKaMH UHpKynnpyrolllei'O. ny'lKa, CBOfiCTBaMH napaMeTpH'leCKOI'O pe30-

HaHCa1 ljloKyCHpOBKOfi cenTyM-Mai'HHTa H1 B 3Ha'lHTenbHOfi CTeneHH1 ljlOKYCH-

. pyrolllHMH cBoitcTBaMn paccestHHoro nonst ycKopnTenst. He_ Bhtxo.ne na pacce

SIHHoro nonst ycKopnTenst B unnnH.npnqecKoli: cncTeMe Koop.nnHaT nporpaMM.bl 

1047/3/ (pHCo 1) (a3HMYT 1,57 pa,n) 6bJnli Bbl'lHCneHbl KOOpliHHaTbl H yrnbl 

60 npoTOHOB, a nMeHHo: R 1 - pa.nnyc , a 1 - ropnaon:ranbHbtit yron, 

z 
1 

- OTKnoaenne no BepTnKann, a 1L- BepTHKanhHbtfi yron. 

Pac'l~T TpaeKTopnli: B III KBa.npaHTe ycKopnTenst c ncnonbaoaaaneM 

yTO'lHeHHOli: KapTbl pacceSIHHOI'O Mai'HHTHOI'O nonst/3,4/ ,nan peaynbTaTbl1 He-.. 
CKOnbKO OTnH'lHble OT npnBe.neHHblX B' pa6oTe/.1/: ny'IOK OCTaBanCSI no-npe)I{

HeMy CHnbHO paCXOliS!IIlHMCSI B I'OpH30HTanbHOli: nnOCKOCTHj B BepTHKanbHOli: 

nnocKOCTH no'ITH aa aanMyTe 1,57 pa.n Haxonnnocb neli:CTEHTenbHoe nao6pa-

)l{enne. 

nanbHeli:wnn paC'l~T TpaeKTOpnli: npOTOHOB npoH3BOAHnCSI B npstMoyronb-

HblX KOOpliHHaTaX CHCTeMbl TpaHCnOpTHpOBKH (pH Co 1) j 3.QeCb S - KOop.nn-

HaTa B.nonb _ocn cncTeMhl:, x - OTKnoHeHne oT ocn B ropnaoaTanbHOii nnoc-

/ "'' KOCTHj z - oTKnoHeane B BepTnKanbHoii nnocKocTnx • nono)l{enne ocn cnc-

TeMhl TpaHcnopTHpOBKH B I'OpH30HTanbHOli: nnOCKOCTH Hafi.neHO cne.nyJOIIlHM 
. - m R 

o6paaoM: na aanMyTe 1,57 pa.n pa.nnyc cncTeMbl R =~ · -. -
1
-:'Hanpaa-

'"'' m ·' 
m 
~ at 

neHne ocn cncTeMbJ· a ,. "" -m--1 r.ne m - 'lHCnO npOTOHOBo nnSI Ka)I{.QOli: 

'"'' ' 

ropH30HTanbHOfi npoeKUHH TpaeKTOpHH 6bJnH Hait.neHhl oTKnoHeHne n yron 

OTHOCHTenbHO OCH CHCTeMbl TpaHcnopTHpOBKH: 

x, (R
1
-R) cos (a 1 - a ) 

( 1) 

. f}a
1 

... a 
1 

- a 

x/ ' Ban.ny Manoro paa6poca no f}p,p Mbl He 6y.neM HHTepecoBaTbCSI 
ilncnepCHOHHblMH CBOli:CTBaMH Mai'HHTao ·noaTOMY KpHBOnnneitHOCTb oce

BOli: TpaeKTOpHH B Mai'HHTe He HMeeT 3Ha'leHHSio 
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Ro~2800cM 

'f=O 

PHCo 1. nepeXOll OT UHnlfH.Upii'I9CKHX KOOp.UliH8T nporpaMMbl 1047 K ITpSIMO

yronbHb!M KOOp.UHH8T8M CHCT9Mbl• Tp8HCITOpT11pOBKIIo 
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npe11nonaraeTCS1
1 

'ITO no BepTHK8nH OCb CHCTeMbl Tp8HCnOpTHpOBKH nelKHT 

B M8I'HHTHOfi Me11H8HHOA nnOCKOCTH ycKOpHTenSI, T8K 'ITO OTC'l~T Z H al. 

B o6eHX CHCTeM8X KOOp11HH8T COBn8118eT, no nany'leHHbiM 3H8'leHHSIM X I H 

fl. a 6bmH Hafi11eHbl Lip 
XI X I - paCCTOSIHHSI 110 MeCT8 

:::: 
ll.al tgll.a 

1 

nepeCe'leHHSI npSIMOnHHefiHOI'O npOI10nlKeHHSI K8lKI10fi TpaeKTOpHH C OCbiD CHC

TeMblo TaK KflK ny'loK B ropH30HTan&Hofi nnocKoCTH SIBnSieTCSI ·pacxoi1SIIUHMCSI 

( pHCo 2) 
0 

ydOMSIHYTbie nepece'leHHSI C OCbiD nelK8T B HanpaBneHHH, o6paTHOM 

HanpaeneHnro 11BHlKeHHSI qacTnu. Ha pnc. 2 noKa3aHo nepece'leHHe npS!Monn

HeAHbiX npOI10nlKeHHfi K8lKllOfi I'OpH30HT8nbHOfi npoeKUHH TpaeKTOpHH C OCbro 

CHCTeMblo BCe OHH nelK8T npHMepHO B .011HOM MeCTe, 'ITO COOTBeTCTByeT nO'lTH 

TO'le'IHOMY MHHMOMY HCTO'IHHKY rio ropH30HTSnHo PaCCTOSIHHe 110 o6ruero Me

CT8 nepeceqeHHSI npnMeM 38 paCCTOSIHHe 110 MHHMOI'O HCTO'IHHK8 L r 

nonepe'lHblfi p83Mep MeCT8 nepece'leHHSI COOTBeTCTByeT p83Mepy MHHMOI'O 

HCTO'IHHK8 'd I' , 11nSI cny'l8SI 1 KOI'I18 nOK838Tenb nonS! B cenTyM-M8I'HHTe 

n = -75, yron noeop~Ta 55'20" Lr.,. ., 569 eM 11 d I:'· = 0,6 CM, JlnST 

eepTHK8nb·HOfi nnOCKOCTH HCTO'IHHK B 118HHOM cny'lae 6y11eT 11efiCTBHTenbHbiM 

(pHC, 3), OH nelKHT H8 .paCCTOSlHHH 24,5 CM OT 83HMYT~ 1,57 pall no H8npaB-

neHHID 11BHlKeHHSI ny'IK8 0 p83Mep ero d a = 0,8 eM, TaKHM o6pa3oM, 

ropH30HT8nbHblfi H eepTHK8nbHbiA HCTO'IHHKH nelK8T H8 paCCTOSIHHH 593,5cM, 

T,e, l!MeeT MeCTO CllnbHblfi 8CTHI'M8TH3M1 Bbi3B8HHblfi pe3KHM cna!lOM pac-

CeSIHHOI'O nonS! yCKOpHTenSI, 

nepB8SI CTyneHb CHCTeMbl Tp8HCnOpTHpOBKH llOnlKH8 C03ll8Tb CTHI'-

M8TH'lHOe H306palKeHlle ny'IK8 H8 Tpe6yeMOM p8CCTOSIHHH, 

·2, PaC'l~T CHCTeMbl M8I'HHT C I'p8llHeHTOM ny6neT 

KB8!lpynonbHbiX nHH3 paBHOfi !lnl!Hbl ( f 1 = f 2 = f ) 

J.icnonb3YSI nOBOpOTHblfi M8I'HHT1 KOTOpblfi tPOKycnpyeT ny'IOK B ropH30H

. TanbHOfi nnOCKOCTH H -11etfloKyCHpyeT B BepTHK8nbHOfi 0 MOlKHO T8K nono6paTb 

napaMeTpbi cnenyromero 38 MarHHToM KBanpynon&Horo ny6neTa, 'ITO ny'loK 

6y11eT CtPOKyCHpOB8H B o6eHX nnOCKOCTSIX B HylKHOM MeCTe, npn paC'l~Te 

11BHlKeHHSI ny'lK8 'lepe3 M8I'HHT OfiTH'leCKHe xap8KTepHCTHKH nocnenHei'O Bbl-
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paJKanHc& 'lepe3 aneMeHTbi ero MaTpHUbi nepexo.na. MaTpHua nepexo.na Mar-

HHTa C n <0 6y.neT: 

1) ,nnH ropH30HTan&HOI'O ,QBHJKegng 

m 12) (cos K 1 0 

m 22 .:\- ;
0

1 
sinK 10 

~sinK 1 0) 
K I 

COSKIO I 

2) .llnH BepTHKan&HOI'O liBHJKeHHH 

~ChK 0) K
2 

2 

ch K 2 0 l 

(.3) 

3.nec& K 1 .. y 1 - n 1 K 2 ""VI n I I R 0 n 0 ·- cooTBeTCTBeHno paBHoBec

HbiA pa,nnyc H yron ITOBOpoTa MarHHTa. nocKOnbKY HaM H3BeCTHO pacCTOH-

HHe ,QO HCTO'IHHKOB Lr. H LB. 1 C ITOMOWbiO MaTpHU nepexo.na MOlKHO Hait-

TH paCCTOHHHe OT Bb!Xo.ria Mai'H~~a ,QO · H~06paJKeHHfi T r H T B .. /5/ • 3na

'le11He T 1 KaK o6bJ'IIIO, • C'IHTaeTcH nonolKHTen&llblM1 ecnn H3o6paJKenne lia-

XO.QHTCH 3a Bb!XO.QOM H3 Mai'HHTa IIO HanpaBneHHIO .liBHJKeHHH IIY'1Ka
0 

H OT-

pnuaTem:-HblM - B o6paTHOM cny'lae. TaKHM o6pa3oM, B naweM cnyTJae: 

T ·r 

Ro 
L.,J.l COS K I 0 + -- sin K I 0 

Kl 

9 
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T ,. -B 

Ro 
L _, ch K /) + -- sh K2 () 

.,. K2 

K2 . 
L51-- shK 20 +ch K20 R . 

0 

(5) 

B tl>opMynbl (4) 11 {5) eonm11 Lr 1= Lp+ S i 11 Le d..e+S (p11c. 4), r.ne 
I 

S t - paCCTOSIHIIe OT a311MyTa 1,57 !I;; BXO.[(a -s·-MarHIIT. ! .• M • 

BbtwenpiiBe.neHHbte tl>opMynht ( 2) +( 5) cnpaee.nniiBbi .nnn ceKTOpHoro Mar-

HIITa. Ecn11 MarHIIT M 6y.neT · npnMoyronbHbiM, To nonpaeKa Ha Kpaeeyro 

tl>oKyCIIpOBKy BO BCeX KOHKpeTHbiX Cny'laSIX He npeBb!WaeT 2%. TioCKOnbKY II 

eecb pac'I~T rpatl>o-aHaniiTII'JecKIIM cnoco6oM ee.neTcn c Tofi me TO'IHOCTbJO, 

nonpaBKa Ha Kpaeeyro tl>oKyCIIpoBKY He y'IIITbiBanacb. l13o6pameHIISI B ropii-

30HTanbHOll: II BepTIIKanbHOfi nnOCKOCTSIXo nony'leHHb!e 3a Bb!XO!IOM 113 Mai'HIITa 

Mr cnymaT. B Ka'JeCTBe npoMemyTO'IHbiX IICTO'IHIIKOB .nnn .nanbHefiwero pac-

'I~Ta CIICTeMblo C Y'I~TOM paCCTOSIHIISI S2 OT Bb!XO!Ia 113 Mai'HIITa !10 BXO-

.[(a B nepByJO n11H3y (pile. 4), nony'JIIM paCCTOSIHIISI !10 IICTO'IHIIKOB Lr2=S2-Tr, 

~2=S2 -T B PaccToSIHIIe L C'IIITaeTCSI OTpiiUaTenbHb!M 0 eCnll OHO neJIUiT· 

oT cpe3a .naHHoro aneMeHTa CIICTeMbi no HanpaeneHIIJOLtBII>KeHIIHny'IKa 11 no

nomnTenbHbiM - B o6paTHOM cny'lae. llm1 nony'leHIIH acTIII'MaTII'IHoro 113o6pa

meHHH aa· Tpe6yeMoM paccTOHHHH 3a .ny6neToM KBa.npynonbHbiX niiH3, no.n6op 

rpa.nlleHTOB B HIIX npon3BO!IIIncn nyTeM rpatl>ll'lecKoro peweHIIH ypaeaea11fi 

.ne11meHIIH cnoco6oM, no.no6HbiM npiiMeHeHHOMY B pa6oTe/6/. 

PacCM_OTpiiM CHa'l.ana !IBIImealle B BepTIIKanbHOfi nnocKOCTIIo nocKOnbKY 

MarHHT .netl>oKycllpyeT ny'IOK no eepTIIKanll, .nepeaH n11a3a .ny6neTa BbiOIIpa

eTcn. tl>oKycllpyromen no eepTIIKann, BTopan -· .netl>oKycllpyromell:. Ecn11 'JaCTH

ua IIMeeT aa exo.ne B KBa.npynonbHYJO niiH3y oTKnoHeHIIE!· z 0 11 yron z'0 

COOTBeTCTBeHH0 0 TO Ha Bb!XO.[(e 6y.neT: 

a) B cny'lae tl>oKyCIIpOBKII: 

Z

0 

} 

z = z 0 cosld:' + -k-- sin kf . 

- z 0 k sin kf + z ~ cos k£ 

( 6) 

z 
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6) B cnyqae ~y~oKycllpOBKII 

\ 

z' 
0 

_ z "' z 0 ch kf + -,c- sh 

... '•"'" +.;a.:} 
(7) 

3~ecb f ,.. s~eKTIIJiHSSI ~n11na, k - c11na niiH3bi. Dp11 pacq~Tax IICnonb3y

eTCSI TOT ~aKT1 qTo KaCaTenbHSSI K TpaeKTOpllll Ha BbiXO~e 113 nepBOli niiH3bl 

(a HSWeM cnyqa~ TpllrOHOMeTpllqeCKSSI KpiiBSSI ~nSI BepTIIKSnbHOli nnoCKOCTII) 

nepeceKaeT OCb CIICTeMW B TOli ~e TOqKe 1 qTo II KaCaTenbHSSI K TpaeKTOpllll 

Ha BXO~e BTOpoli niiH3bl - O~IIH II TOT )Ke 0Tpe30K X d Ha piiCo 5a.- 3~eCb 

ncnonb30B8Hbl cne~yiOWIIe ooo3naqeHIIH: a d .. La 2 ,a0 • Lr 2 , bd 11 b 
0 
-pac-

CTOSIHIISI OT BbiXO~a 113 BTOpO!i niiH3bl ~0 1130opa~eHIISI B BepTIIKSnbHOli II 

rOp1130H!SnbHOli nnOCKOCTSIX S 3 - paCCCTOSIHIIe Me~llY niiH38MII1 f -~niiHS 

niiH3o 113 p11Co 5 BII~H0 1 qTO B nnHefiHOM- npuonu~eHIIII 

zo 
z~ 

z (8) 

ad• X I z' 
n xd .. X 1 - s

3 

Mcnonb3YH ~opMynw ( 6), nonyquM AnSI nepaoli nnH3bi: 

xt .. 

X ... 
d 

a dcos k 1£ + 
sin· k tf 
-k-,-__ .:.____ _____________ _ 

- a d k 1 sin k 1£ + cos k 1 f 

a dcos k 1f + 
sink/ 

k 1 
- Sa 

- a dkl sin k/ +cos ktf 

12 
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Hnn, paanenns o6e 'taCTH nocne.aaero paseHcTBa. HEi · f , nony'lHM aasncn-
Xd . . 

MOCTb --y- OT ( k£ ) ! 

X 
d ]. 

-t cos(k O) sin(k 1f) 
• tt + --. " sa 

--,:--

x) 
( 10) 

l ad 
--f-(k 

1
0 sin(k 

1
0+cos( k p 

AHanorH'lHO MOlKHO nony'lHTb Llml BTOpoll: nHH3bl! 

xd 
bd 

-T.ch (k/) + ( 11) 
--e-= 

b 
+(k

2
f)sh(k

2 
f )+ch(k 2 f) 

ad 
OTMeTHM, 'ITO <jlopMyna (10) cnpase.annsa, ecnn [-f-(k10sink 1f+cos(k 1f)]<O. 

3To ycnosne oaHa'taeT, 'ITO aHaK yrna TpaeKTOpHH B nepsoll: nnHae c on

pe.aeneHHoll: senH'lHHbi naMeHHeTCSI Ha o6paTHbtll:, Ec1m 

[ ;d ( k 
1 

t) sin(k
1
f ) + cos( k 1 f ) ]> 0, 

TO J;J If HYlKHO Bbi'lHTaT& na npasoll: 'lSCTH <jlopMynbl ( 11). ( B aToM cnyqae 

.ay6neT He nMeeT .aell:cTBHTen&Horo nao6palKeHHSI B paccMaTpnsaeMoll: nnoc

KOCTH). 

B ropnaoHTan&Holl: nnocKoCTH ycno~ne <jloKycnpoBKH oaHa'laeT, 'ITO Ka-

caTen&HaH K rnnep6onH'leCKoll: Kpnsoll: Ha Bbtxo.ae nepsoll: nHH3bi .aonJKHa ne

pece'l& OCb B TOll: JKe TO'lKe, 'ITO H KaCaTen&HSSI K TpHrOHOMeTpH'leCKOll: KpH

BOll: Ha BXOLle BO BTopyro nHH3Y - OLlHH H TOT lKe OTpeaoK -X 0 Ha pHC, 56, 

x/ . B <jlopMyne ( 10) sse.aeH Mo.ayn& .anSI y.aoocTBa nocTpoeHHSI 'KpHBbtX 
npn onpe.aeneHHH _ k 1 H . k :i • KpHBbte, pacC'lHTaHHbte no <jlopMynaM ( 10) 
.H ( 11) 

0 
oy,llyT npH 3TOM pacnonolKeHbl B sepXHell: 'lSCTH 'lepTeJKa, 
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r 

I 

nocne npoxo~neHnH noaopoTHoro MarHnTa nyqoK a ropnaoHTanbHOA 

nnOCKOCTH . CXOAHTCR 0 T.e. a 0 < Q • B aToM cnyqae co cTopOHbi nepaol!: 

ni!H3bl HMeeM: 

-~chk f + 
f 1 

Co CTOpOHhl BTOpol!: nHH3bl B ropll30HTanbHOl!: nnocKOCTH: 

b c sink 2 f --coskf + _x_,_ = _.:;e ___ 2 ____ k..e.2_f ___ + Sa. 
.e -e- · 

be 
- -- k f sin k

2 
f + cos k 2 f 

f 2 

llnst onpeneneHnH k1 f n k2f npn aanaHHbiX 

HY~Ho no tjlopMynaM ( 10) ... ( 13) nocTponTb KpHBble 

CHMOCTH OT k f ( pllCo 6) • 

Ha nocTpoeHHbiX 4 KpllBb!X (ad), (bd ), (ac n (b c 

( 12) 

( 13) 

( anecb (ad ), 

(bd ) , (a c) o603HaqaroT KpllBb!e 0 B KOTOpb!e BXOART Benn

ll b 
0 

, COOTBeTCTBeHHO) HY~HO Hai!:TH TaKne 

TQqKn, no KOTOpb!M MO~HO 6hlnO 6b! nOCTpOHTb npHMOyronbHIIK 0 TOqKn ne

peceqeHHR aepTnKanbHhlX cTopoH KOToporo c ocbro a6cuncc onpenenstiOT 3Ha

qeHnH k1 f ll k2f •. npi!BeneM npnMep HCnOnb30B8Hllst onncaHHoro M6TOAa 

nnst pacq~Ta noaopoTHo-cf>oKycnpyromel!: cncTeMbi, a KOTopyro axonnT MarHnT c 

atjltjleKTHBHOJ!:. AnliHOl!: 180 CM li ny6neT KBanpynonbHblX nliH3 paBHOJ!: AnHHbl 

f 
I f 2 

eM. B naHHOM . cnyqae Bb!6paHo cnenyromee pacnono-= 110 

x/ • B tjlopMyne (12) aHaK MnHyc nepen npaaol!: qacTbiO BaHT nnst Toro, 
qTo6bl KpnBaH, nocTpoeHlmst no aTol!: tjlopMyne, Haxonnnach B HH~Hel!: qacTn 
qepTe>Ka. 
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~ .JSt 
.. ~ 

f1=-60 fl=-70 

;~~ ~ ~-84 , ~ 
4 

2 

0 

-2 

:l.ac/ £ ~:K / -2 

-3 

-4 

fl=-80 B.t~ • ·. \d n=-82 -5 

3~4 3 

2 

:;j ;1/ -11 

-12 
-3 

-131/8.: IOc 
-14 

-1 . 

. Pnc. 6. KpliBbte anH orrpeaeneanH k 1 n k 2 B cnyqae, Koraa anHHbt nnna 
paBHbl £ 1 = £ 21 = 110 CM. 

16 
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:>KeHHe aneMeHTOB CHCTeMbl ( pHCo 4): Sl = S 2 = 140 CM1 . Sa"" 50 CM0 

Yron noaopoTa ny'IK8 B M8rHHTe 6bin _Bb16paH 5°. nnSI npoTOHOB c 

p ., 10,59 · r 3B/C paBHOBeCHbilt p8.tiHyC M8rHHT8 paBeH 2078,6 CM, HHLIYK-

UHSI ·Ha R0 .. 17000 rc. Pacc.TOSIHHe no CTHrMaTH'IHoro H3o6pa:>KeHHSI - 11M. 

11 M). ·no <f>opMynaM ( 10) -t( 13) 6binH nocTpoeHbi KpHBbie 

(a),( b 
0 

) , (ad ),( b d ) LinH pa3HbiX nenH'IHH noKa3aTenH nonH n B · MarHHTe : 

D = -60, -70, -801 -821 .:_84 (pHCo. 6). no 3THM KpHBbiM LinSI K8:>KLIOro D 

MO:>KHO onpenenHTb k 
1 

f H k 2 f Hy:>KHO oTMeTHTb, 'ITO c ynenH'IeHHeM 

n CHna BTOpoit nHH3bl k 
2 

pe3KO yMeHblll8eTCSI 1 Toeo CHCTeMa npaKTH-

,'leCKH nepeXOLlHT B Liy6neT, COCTOSilliHH H3 M8rHHT8 M H OLIHOH nHH3blo Ha 

pHCo 7 npHBeLieHa 38BHCHMOCTb CHnbi nHH3 k. I H k 2 OT D B MarHHTe, no

ny'leHH8SI Ha OCHOB8HHH pHCo 6. npH TpaHCnopTHpOBKe ny'IK8 npOTOHOB c· 

pc c 10,59 ran/c Tpe6yiOTCSI O'leHb 6onbll1He rpSLIHeHTbl B nHH38Xo noaTOMy 

napaMeTpbl CHCTeMbl B uenoM npHXOLlHTCSI fiOLI6Hp8Tb T8KHM o6p830M0 'IT06bi 

-2 -1 
Kx/D CM 

-M-M r, B 

Pnc. 7. 3anHCHMOCTb cHnbi nHH3 H KOa<I><I>HUHeHTOB nHHeHHOrO ynenH'IeHHSI 

CHCTeMbl M r H M B OT n B MSrHHTe LlnSI f
1 

=f 
2 

= 110 CMo 

17. 



ocTaBaTbCSI no aoaMO)KHOCTH B npenenax npaKTH'leCKH ocymecTBHMbiX rpannea;.; 

TOB ("' 1000 rc/cM). MnHHManbHbl9 rpanne!ITbl niiii3 nnSI onnchiBBeMoro cny-

'lBSI nony'IBIOTCSI npn n = -84; G1= 1550 rc/cM, 6: 2= 530 rc/cM. Kos.P-

.PnuneHThi nnaeii:noro yeennqeanSI cncTeMbi M I' n M B npn ifJHKCHpOBBHHOM 

paCCTOSIHllll no ll306p8)!{9HHSI MoryT M9HSITbCSI B nocTaTO'lHO WIIpOKHX npene

nax ( pnc. 7) I 'ITO SIBn~eTCSI nOCTOHHCTBOM CHCT9Mbi npn HCnOnb30B8HHH1 

nanpnMep, aenonen)KHOii: enewneii: Mnwenn. OnnaKo npn T = 11 M o6a Kosifl ... 

.PnuneaTa ~ 1, a CHH*eHne cnnbr nn11a npnaonnT K peaKoMy yeennqeHnro M r• 

Xon Kpaii:nnx TpaeKTopnlt ny'lKa npn Bbr6paHHhiX napaMeTpax cncTeMbi {pnc.B) 

nnnrocTpnpyeT noCTBTO'lHYIO TO'lHOCTb p8C'li!T8 1 BbtnOnHeHHOrO na!IHb!M M9TO...; 

·noM. 

3. Pac'leT noeopoTao-if!oKycnpyromelt cncTeMbi MaranT c 

rpannenTOM - ny6neT KBanpynonbHhiX nnna paanolt 

nnHHbl ( f I f,. f 2 ), 

llnSI yM9HbW9HHSI rpanneHTOB OIIHCBHHOii: CHCT9Mbl Bbironnee HM9Tb nHH-

3bl paauoii: nnnal,r. B. aToM cnyqae T r n T 5 uaxo!1HTCSI no-rrpe*HeMy rro 

iflopMynaM (4) H (5). llnsr fiOCTp09HHSI KpllBb!X (ad ) · ll (bd) (B H8W9M 

cnyqae aepTnKanbnasr nnocKOCTb) ncnonbayroTcSI .PopMynhr: 

ad cos k 1f 1 sink 1 f 1 ------ + 

xd =I fJ kIf I I f 1 - S3 . ( 14) 
ad . 

-~k 1 f 
1
)smk

1
f 

1
+ cos k 

1
f 

1 e I 

bd shk2e2 
-- chk 2f 2 + 

k2 e 2 X 
e 2 e2 = d 
bd 
-e-Ck2-~2 )shVa Hhk2 e2 

2 

( 15) 
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BepTHKanbHaH nnocxocTb 

ropH30HT8nbHaH nnocKOCTb 

I 
I 
I 
I 
I 
I 
I 
I 
I 

.I 
I 

·I 
I 
I 

PH c. 8. X on KpaAHHX TpaeKTopHA nyqKa nmr, f 1 ... f 2 

19 

n..s~ 
}(, [',. 0.7;J 
Ktt't=a .. u 
ft :fz: f/,jC"' 

110 CM0 



KpHBbte ao H b 
. 0 ( ropH30HT8nbH8H nnoCKOCTb) paCC'iHTblBSIOTCH fiO QJOp-

MynaM: 

--l 
a -shk 1f 1 

J''. 
-......!:..cbk e + 

xo 
el I. I k lei 

_fao (klfl)shklftchklf I 

( 16) 

I. 

x. -l 
be sin k2 e 2 l ', + s,. 

-cos k2f 2 +, 
k2 e 2 f2 ( 17) 

-~ ( k e . ) si~ k e + cos k e 
f2 -.2 2 2 2 2 2 

3HS'ieHHH kIf I H k 2 f 2 npH 38U8HHWX paCCTOHHHHX UO HCTO'IHHKS H H30-

6pa)l{e~HH onpenenHIOTCH SHanorH'IHO TOMY1 KSK 6binO OfiHCSHO Bb!We. 

Ebtn pacc'iHTaH aapHaHT. noaopoTHo-Q>oxycHpyromefi CHCTeMbi nnH Tex 

)l{e p8CCTOHHHII 1 yrna fiOBOpOTS H nnHHW MSrHHT81 'ITO H npenwnyii!Hfi1 HO UnH 

f I = 160 CM H f 2 = 110 CMo Ha pHC. 9 npHaeneHa 38BHCHMOCTb k·l H 

· k 
2 

OT n cnyqae. MHHHMSlibHWfi rpanHeHT G 1 a· B MSrHHTe B UaHHOM 

KJt/IT:c11-' 
Q8i . 

Mr 

M, 
K, 

Kt. 

3'-M. -M 
r, ' 

:2 

1 

0,-1· I e I t I t I t I I 

-70 -80 -90 /1., 

PHc. ~~3aBHCHMOCT& ~Hl'Ibt nHH3 k ; H 

H f il • 110 CMo 
k2 OT n B MSrHHTe nnH f I • 160 CM 
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nepaon nnH3e Tenep& cnn3nncH no 997 rc/cM, npn aToM 

n = -82.- nnnefiHble KOscP<jJ11U11eHTbl yBenn•IeHHH CHCTeMbl H3MeHHIOTCSI Hp11-

MepHO a Tex ·lKe ·npenenax, 'ITO n B npenblllyiUeM cny'lae (pnc. 9), Kpafinne 

TpaeKTOp1111 nnH aToro aapnanTa noxa3aHbi na pnc, 10. Ha pa3Mep~I H3o6pa

lKelf11H H3Menenne nnnni:r nepaofi n11H3bl npn npoqnx paBHbiX ycnoa11srx npaKTH-

4, PaC'I~T HOBOpOTHo-.<jJOKYC11pyroiUefi C11CTeMbl MSI'HHT C 

rpan11eHTOM - KBanpynon&HaH n11H3a, 

B 9TOM naparpa<jle Ofl11CSH rpa<jJ11'1eCK11fi MeTon paC'I~Ta C11CTeMbl 0 COCTO

HIU11fi 113 flOBOpOTHO-<jJOKyC11pyroiUero MSI'H11T8 11 on110fi KBanpynon&HOfi n11H-

3bl, 0nT11'1eCK11e xapaxTep~CTH.K11 n11H3bl TaKlKe BbtpalKan11cb qepe3 aneMeHTbt 

ee MaTp11Ubl nepexona. MaTp11Ubi nepexona n11H3bl c ne<Poxyc11poaxofi no ro

p1130HTan11 11 <jloxyc11poaxofi no aepT11Kan11: 

( m II ch kf 

ksh k f 

) ( 

cos kf 

• = - "''" m 
22 

f- sh k e· ). · 
chkf 

1 . 
-sink f 
k 

cos k e 

( 18) 

( 19) 

/5/ 
0Tcrona nony'I11M paccToHHHH no 113o6palKeHnsr 3a nnH3ofi a o6enx nnoc-

KOCTHX: 

T 
L r 2 ch(k·f) + }sh(kf 

( 20) 
I' 

L r 2 k sh ( k f ) + ch ( k f ) 

21 
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T 
B, 

L 13 2 cos (k f ) + -f sin ( k f ) 

- T 1' 2 II -·r e2 
c 

( 21) 

( p11Co 4) 1 · .To eo npoMelKyTo'l-

Hbie 11306palKeHIISI 38 MSI'HIITOM cnylKST B KS'IeCTBe IICTO'IHIIKOB Ami niiH3blo 

no iflopMynaM (20) II (21) 6bmll paCC'IIITSIIbl r,I' II T,B B 3SBIICHMOCTII 

OT k AnSI pa3HbiX n e Mal'HIITeo. To'IKa nepece'leHIISI KpiiBbiX T 6 

AnSI onpeAeneHHOI'O n ASeT paCCTOSIHIIe·AnSI CTIII'MSTII'IHOI'O 11306palKeHIISI 

cllcTeMbi1 a TSKlKe eenii'IIIHY :k. e n11aae ( p11Co 11) o np11 pac'I~Te aToll cnc

TeMbi AniiHS MSI'HIITS 6blna yeenn'leHa AO 260 CM1 'ITO npn npO'IIIX paBHbiX 

ycnOBIISIX CHII3Hno IIHAYKUIIID HS el'O paBHOBeCHOM paAHyce AO 1400QI'Co Pac-

CTOSIHIIe MelKAy MSI'HIITOM II niiH30ll S 2 6bmO Bb!6paHO 100 CM1 aiflifleKTHB-

HSSI AniiHa niiH3bi 210 CMo. KaK BIIAHO na piiCo 11 1_ npn noKaaaTene nom1 n 

B MSI'HIITe -1201 -.115 n' -113, Mbl nonyqaeM pSCCTOSIHIISI AO CTIII'MSTH'IHOI'O 

11306palKeHIISI 11 M 1 151 75 M II 171 25 M 1 COOTBeTCTBeHHO ( HS piiCYHKe aaaece

Ha o.aaa KpiiBaSI T 6 , nocKon&Ky AnSI yKbaaHHbiX npeAenoe n , eenii'IIIHa T I' 

npaKTII'IeCKH He 113Me!ISieTCSI) o l.JT06bi- nony'IHTb 11306palKeHIIe HS paCCTOSIHIIH 

11 MeTpOB OT BbiXOAHOI'O cpeaa nHH3bl k·, B Hell AOnlKHO 6b!Tb 0 1004 CM-1 1 

'ITO COOTBeTCTByeT l'pSAIIeHTy 560 I'C/CMo TaKIIM o6paaoM1 ASHIISSI CIICTeMa 

6onee aKoHoMII'IHa 1 AnSI nee MoryT 6biTb ncnon&aoeaHbi niiH3bi Tnna Mn-16 

imn Mn-17o HylKHO oTMeTIITb1 'ITO Koa$$11UIIeHTbi yeenn'leHHSC\. CIICTeMbi no 

rop11aol!Tann 11 eepTIIKann Clln&Ho paanll'laroTcSI: Mr = 4 1 5 1 M 6 = 1,3o Me

HSITb paaMep ll306palKeHIISI MOlKHO TOnbKO npH OAHOBpeMeHHOM H3MeHeHIIII 

paccTOHHIIH AO; aero, 'ITO ae ecerAa :. YA06Hoo B cny'lae, ecn11 noKaaaTen& 

:nonH e Mal'HIITe aen&aH 113MeHHTb1 nonolKe!llle n paaMep llao6palKeHIIH npaK

TH'IeCKH ae perynllpyroTCSI, Bo_aMOlKHO aeaaa'IIITen&aoe HaMeaeane T Ton&Ko 

38 C'I~T 113MeHellHSI paCCTOSIHIISI MelKAy aneMeHTSMII CHCTeMbl ( npn $HKCII

pOBSHHOM HMnyn&ce ny'IKa). OnncaHHbiM MeTOAOM 6bmll npollaBeAeHbi pac

'I~Tbi HeCKOnbKIIX BapllaHTOB nepeoll CTyneHII TpaHCUOpTHpOBKH BbiBeAeHHOI'O 

npOTOHHOI'O ny'IK8 0 KSK· C ABYMH nHH3SMII nocne fiOBOpOTHOI'O M8I'HIITa/1/ 1 TaK 

II C OAHOll/7 /, 
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