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1. B B e 11. e H n e, 

flepBaSI CTyneHb CHCTeMbl Tp8HCnOpTHpOBKH npoTOHHOI'O • ny'IKa, BbiBe

JleHHOI'O HS CHHXpocpaSOTpOHa 0115!11 /1/ 1 ¢opMHpyeT nepBOe BHeWHee HS06-

B npeJlenax sana ycKopHTenSI (pHc. 1). ITepBbiM aneMeHTOM 

CHCTeMbl S!BnSieTCSI nOBOpOTHO':'"cpOKyCHpyiOWHll M8I'HHT1 KOTOpblll OTKnOHS!eT 

ny'IOK Ha~ 5° (nocne qero nocneJlHHll MHHyeT BepTHKanbH~IO CTOHKY Mai'HH

Ta IV KBaapaHTa ycKopHTeng) H cpoKyCHpyeT ero B ropHSOHTanbHOii nnoc

KOCTH. ~OKYCHpOBKa npOTOHHOI'O nyqKa B I'OpHSOHTanbHOll nnOCKOCTH Cpasy 

JKe no BbiXOJle HS pacceSIHHOI'O nonS! YCKOpHTenSI Heo6XQJlHMa BBHJlY TOI'O, 

'ITO ny'IOK HMeeT SHa'IHTenbHblll I'OpHSOHTanbHblll paSMep H yrnOBYIO paCXO

.riHMOCTb, HanpHMep, npH 6biCTpoM BbiBOJle ny'IoK HMeeT B TO'IKe A (pHc. 1) 

nonHyiO WHpHHY ao 20 CM H nonHbiii yrnoBoii paCTBop ao 35 MpaJl, ITocne 

. Mai'HHTa npOTOHHblll ny'IOK cpoKyCHpyeTCSI HeCKOnbKHMH Mai'HHTHblMH KBaJlpy

nonbHbiMH nHHSaMH. ITepBoe CTHI'MaTH'IHOe Hso6paJKeHHe F 1 MOJKHo nony

'IHTb KaK npn pasHoll, TaK H npn OJlHHaKoBoii nonSipHOCTH nHHS. ITepBaSI 

CTyneHb CHCTeMbl C HCnOnbSOBaHHeM ay6neTa nHHS1 paCCMOTpeHHaSI B pa6o

TaX /1,2/, 6onee yao6Ha C TO'IKH SpeHHSI HaCTpOHKH H K09cpcpHUHeHTOB y~e

nH'IeHHSI1 ao Tpe6yeT 6onbweii cHnbi nHHS. B HaCTOSIWeii pa6oTe npnBeJleH 

paC'IeT H XapaKTepHCTUKH nepBOll CTyneHH CHCTeMbl TpaHCnOpTHpOBKR C 

nHHSaMH OJlHH8KOBOll nonS!pHOCTH, a TaKJKe paC'IeT H XapaKTepHCTHKH ynpo

WeHHOI'O BapH8HT8 BTOpofi CTyneHR, COCTOS!wefi TOnbKO HS Jly6neTa nHHS. 

TaKaSI CHCTeMa TpaacnopTHpOBKH npeaaasHa'IeHa JlnSI ncnonbsosaHHS! 

BbiBeneHHoro ny'IKa B npeJlenax sana ycKopnTenSI nnn B TaK HaShiBaeMOM 

HefiTpOHHOM nasHnboHe (pHc. 1, saaHne II ) • 
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PHc.l. PacnonoJKeHHe o6opyttoaaHHH CHCTeMhi TpaacnopTHpOBKH. To'l:Ka A -
·MeCTO BhlXOtta npoTOHHo~o ny'l:Ka H3 paccesaao~o nons ycKOPHTens, 
1 - aan ycKopHTens, II - HeiiTpOHHbiii naaHnbOH, F 

1 
-H F 2 - nep

aoe H BTOpoe H306paJKeHHR IlpOTOHHO~O IlY'iKB. 
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pac'!eTe 

nBlOKeH!Ie npOTOHOB B aneMeHTaX CIICTeMbl On!ICbiBanOCb C nOMO!llbiO 

nuaeiiHhiX ypaBHeHHii, nepeMeHHhie B KOTOpbiX paa~eneHhi (napaKcuanbHOe 

npu6n!I)KeH!Ie), Pac"'eT np0!13BO~IInCSI B npSIMOyronbHbiX KOOp~IIH8TaX CIICTe

Mbl TpaHCnOpT!IpOBKII, KpiiBOnHHeHHOCTb OCeBOH TpaeKTOpllll B Mai'H!ITe He 

y"'HTbiBanacb, T,K, BBHilY Manoro paa6poca no HMnynbcaM BbiBeJleHHoro npo-

~ . 
TOHHOI'O ny"'Ka (~=0,01%) Jl!ICnepCIIOHHble CBOHCTBa Mai'HIITa MO)KHO He npll-

p 
HIIMaTb BO BHIIM8H!Ie, Tip11 paC"'eTe nepBOH CTyneHII xapaKTep!ICTIIKII ny"'Ka 

Ha BbiXOJle 113 YCKOp!ITenSI On!ICbiBan!ICb C nOMO!llbiO JleHCTBIITenbHOI'O npo

Me)KyTO"'HOI'O IICTO"'HIIKa B BepTIIKanbHOH nnOCKOCTII II MHIIMOI'O - B I'Opii-

30HTanbHOH /2/, TionO)KeH!Ie L I' II L B (pHC, 2) II pa3Mep STIIX liCTO"'

HIIKOB nony"'eHbl Ha OCHOBaHIIII paC"'eTOB ~B!I)KeHIISI npOTOHOB B ycnOBIISIX 

peaoaaaca B ycKopuTene, cenTyM-Mai'HHTe 11 KpaeBOM none III KBaJlpaa

Ta YCKOp!ITenSI /S/, PaCCTOS!H!Ie OT IICTO"'HIIKOB JlO BXOJlHOI'O KpaSI aneMeH

Ta 6yJleM C"'HTaTb nonO)K!ITenbHhiM ( L > 0} , ecnu HCTO"'H!iK pacnono)KeH 

cneBa OT aneMeHTa (npoCTpaHCTBO IICTO"'HIIKOB), PaCCTOS!HIIe llO !1306pa)Ke

HIISI 6y )leT nonO)K!ITenbHbiM ( T > 0 } , ecn11 uao6pa)KeHHe HaXOil!ITCSI cnpa-

. Ba OT aneMeHTa · ( npocTpaHCTBO uao6pa)KeHHH). B nuaeiiHOM npu6nu)KeHRII 

M8I'HIIT C rpaJl!leHTOM ll KBa~pynonbHYIO nuaay MO)KHO paCCM8Tp!IB8Tb KaK 

aneMeHTbi, npouaBOilSIIIIHe nuaeiiaoe npeo6paaoBaaue HCXOilHbiX aaaqeauii cMe- · 

1119HIIH II yrnoB TpaeKTOpliH B liX KOH9"1Hbie 3Ha"'eH!ISI, .lleiiCTB!Ie Mai'HIITOB, 

CB060JlHbiX npOMe)KyTKOB II n!IH3 npeJlCTaBnSieTCSI KaK PS!Il nocneJlOBaTenbHbiX 

nHHeHHbiX npeo6pa30B8HliH, KOTOpbie aan!ICbiBaiOTCS! C nOMO!llbiO MaTp!IU, 

Puc,2, flepBBH CTyiieHb CHCTeMbi TpdHCIIOpTHpOBKH: M - MarHHTi n- OHH

aa.; d MM - paCCTOHHHe MelK!1Y MarHHTBMH i d MO - pa.CCTOHHHe 

MelK!1Y OHH38.MH i L - H T - pa.CCTOHHHH /10 HCTO'lHHKOB H H306pa.

>KeHHi1. 
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MaTpl!Uhl noBopoTHOf'O Maf'Hl!Ta, tjloKycnpyromef'o nyqoK B f'Opl!30HTanb-

HOH nnOCKOCTll ( noKa3aTenb nonH n < 0 ) , l!MeiO.T Bl!Jl: l 
Ro sinK I e 
K I 

cos K e 
1 • ' 

(

m 11 

M = 
f' 

ro21 

m 12 ) 

m 22 r 
(

• COSK 0 
I 

K1 • --SinK 0 
R 1 

M 
B 
=t ll 

\m 21 

m 12) 

m22 B 

0 

") . (

ch K 
2 
e 

~ShK 0 
R 2 

0 

~ chK2 
K2 

Ch K
2 

0 

( 1 ) 

3necb K =v'~ , K., =v'Gf" 1 • Ro ll 0 - paBHOBeCHbiH pannyc H 

yron noaopoTa Mai'HHTa. MaTpnua nepexona MarHnTa cBst3biBaeT nonmKeHue 

HCTO'IHllKa ll ero H306pa*eHllH 141. ilOCKOnhKY paCCTOSIHHe JlO HCTO'IHHKOB 

L r n LB HaM naHO, MO*HO HaRTH nonmKeHHe H306pa*eHllH X) T I'M .II 

T BM nocne MarHHTa: 

T = 
I'M 

L r cosK 
1
0 + 

e 

Ro sinK 1 0 
Kl 

+ COS K e - Lr~ sinK 
R 1 1 

0 
(2) 

L B chK2 e + 
Ro sh K 2 0 

T =
BM --'1<: K 2:--------

LB-2- shK e + ch K e 
Ro 2 2 

B CBo50JlHOM npocTpaHCTBe Jlnnaoit S 

s = (s 11 

I'B 

s 
21 

:·:) ( 
\ 0 

npOTOH JlBl!)!{9TCH npHMOfll!H9HHO: 

s ) (3) 

Ecnn none BJlOnh OCll Mai'HllTHOH KBaJlpynonbHOH nnH3bl annpOKCllMllpOBaHO 

npstMoyronhHHKOM CO CTOpOHOH f , MaTpHUbl nepexona nUH3bl B <jloKycnpyro

lllHX ll ne<jJOKYCHPY!OlllllX nnOCKOCTSIX 6ynyT: 

x) ) <PopMynht (2 cnpaBeJlnl!Bhl JlflH· ceKTopaoro Mai'Hl!Ta. Ecnn Mai'Hl!T npH-

MoyronbHbiit, nonpaBK8 H8 KpaeByiO tjlOKYCllpOBKY BO BC9X KOHKpeTHblX cny

'18HX ae npeBhtwaeT 1 t-2%. 
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-('" ''} (=" ..L 
'''" ) L <jJ 

k 

e ~ 1 e20 -ksmk e cos k e 
" <P 

("' ''} ( ~" ~ ,, ") (4) 

LA 

e 21 e ksh k e chk e 4 22 
A 

3.lleCh 
G k=y-- crrna miH3hi, 

BR - rpa.llneHT nnH3hi, BRI rc eM]-

Mai'HIITHaSI )1(9CTKOCTh npoToHa. B aaweM cny'Iae nnH3a ( nnn HeCKOnhKO nnH3), 

CTOSIIII8fl nocne M8I'HIIT8 C I'p8.ll!I9HTOM, IIM99T ,lle~OKYCIIpOBKY B I'Opii30HTanh

HO~ nnoCKOCTII II ¢oKyCIIpOBKY - B BepTIIKanhHO~, ~aTpiiUa nepeXO.lla BCefi 

cncTeMhi K 5y.lleT npe.llCTaBnSITh co5o~ npo!I3Be.lleHJie scex MaTpiiU ee 

aneMeHTOB: 

k 12} 
k [L][S][M]. 

22 

(5) 

PaCCTOSIHIISI AO II306pa>KeHIIii OT BbiXOAa II3 IIOCneAHeii niiH3bi: 

T 

T 

[' 

D 

L 8 K11B +K1z 8 

L B K 21 B + K 22 B 

3. Pac'!eT nepBofi CTyneau cucTeMbi TpaHcnopTHpOBKII 

(6) 

EbJnO paCCMOTpeHO HeCKOnhKO B8p!I8HTOB nepBO~ CTyneHII CIICTeMbl C 

IICITOnb30B8HIIeM pa3nii'!HhiX TIIilOB II pa3HOI'O 'IIICna M8I'HIITHhiX KBa.llpynonh

HbiX nnH3, tfTOOhl IIH.llYKU!Ifl B llOBOpOTHOM M8I'HIITe ~ (pnc, 1), ll0K838Tenb 
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non5I n B KOTOpOM JlOBOnhHO BenaK ( "' 102 H: Bb!llle) 1 He npeBhilllana 

10f12 K~C, He06XOJlHMO yBenH~HTh e~O JlnHHy, Ms KOHCTpyKTHBHbiX C006pa

llieHHH Ma~HHT 6bin p83JleneH Ha 2 aneMeHTa C a¢¢eKTHBHOH JlnHHOH 160 CM 

KamJlhifi, Dpo¢Hnh rromocoB o6oHX aneMeHTOB 6htn Bbi6paH TaKHM, ~To rrpn y~ne 

IIOBOpOTa B K8lliJlOM H3 HHX 1 paBHOM 0,052. pall, IIOKa3aTenh IIOnH n HMen Be

nH~HHY ·-140, MHHHManbHO B03MOlliHOe paCCTOHHHe M9llillY aneMeHTaMH Mai'

HHTOB 17 CM x), paCCT05IHH9 OT TO~KH A (pHC, 1) JlO BXOJla B rrepBblH 

aneM9HT Ma~HHTa 100 CM (OHO nHMHTHpyeTCH pasMepOM OCHOBHOH o6MOT-

KH Ma~HH:Ta yCKOpHTenH), 4ncno nHH3 IIepBOH CTyiieHH CHCT9Mbl H BapH8UHH 

paCCTOHHHH MelliJlY aneMeHT8MH B 3Ha~HTenhHOH Mepe o~paHH~eHa B Jl8HHOM 

Cny~ae JlnHHOH IIpHMOnHHellHO~O IIpOMelliyTKa CHHXpo¢asoTpOHa 1 KOTOpaH COC

TaBnHeT 800 CM, 

B HacToHmefi pa6oTe pac~eT CHCTeMbi TpancrropTHpoBKH rrpon3BOJlHnC5I 

c ncrronhSOBanaeM 3BM Knacca E3CM-4, DpeJlBapnTenhHO Bbi6npannch cne

llYIOillHe XapaKTepHCTHKH CHCT9Mbi: y~on IIOBOpOTa B KalliJlOM aneMeHTe Ma~;... 

HHTa 8 , rrpeAenbi · H3MeHeHHH n I ~He no nHH3, rrpeJlenbi H3MeHeHHH k e. 
paCCTOHHHH M9llillY BCeMH aneMeHTaMH CHCT9Mbl L I' H L B , nnH IIy~Ka 

rrpoTOHOB c P = 10,59 faBle rrpn 6hiCTpoM BbiBOJle L r = 673,5 CM n L B 

80 CM ( IIpH 8TOM y~on IIOBOpOTa B C9IITyM-M8~HHTe paBeH 55'20' 
1

1 IIOKa3a

Ten}> IIOnH B HeM - 75) • p ac~eT rrepBOH CTyiieHH CHCT9Mbl MOlliHO IIpOH3BO

JlHTh B 2-x pemnMax rrpo~paMMbi, B rrepBOM pemnMe pacc~HThiBaiOTCH pac-

CT05IHR5I JlO H3o6pameHHH T ~ H T B B 38BHCHMOCT!i OT kf C Iila~OM 

h ( kf ) Jln5I pa3Hb!X 3Ha~eHHil n B Ma~H!fTe C llla~OM h n , llJa~ IIO 

h (ke) H h n orrpeJleneH B Ha~anhHbiX ycnOBifHX, Bo BTopoM pemnMe JlnH 

KalliJlO~o n IIOJl6npaeTcH TaKoe SHa~enne kf B n·nusax, ~To5hi rrony~HTh 

Ha paccT05IHHH T CTH~MaTH~Hoe uso6pameHne c SaJlaHHoil TO~HOCTbiO .E 

EbtnH paCCMOTpeHbl BapHaHTbl 1 CTyiieHH C HCIIOnh30BaHH9M Mai'HliTHbiX KBall

pyrronhHbiX nHH3 THIIa MJI-15, MJI-17, a TaKme 20-K200 • .[lnH orrpeJleneHHH 

IIpeJlena 3Ha~eHHH HMIIynhCOB IIpOTOHHO~O rry~Ka, KOTOpblll M0lli9T Tpacrrop

THpOB8ThCH c rroMOillhiO 8THX nHHS, rrony~eHa saBHCHMOCTh CHnhi nHH3 H rrp 

IIpH MaKCHManbHOM ~p8Jlli9HTe B HHX OT HMIIynhCa IIY~Ka \pUC, 3), Ha pu,c,4 

npH:Beriena saBRCHMOCTh T ~ H T BOT H B nansax Jln5I cHcTeMhi HS 

xJ 3AeCb H B AanbHeiiweM BCe paCCTOSIHH.H 5epyTC.H OTHOCHTenbHO 9!l>tPeKTHB- . 

Hh!X AnHH M8I'HHTOB 1i nHH3, 
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22 Ke,P 
' 

2P 
1,8 

1.6 

1,4 

12 1 

1,0 

0,8 

0,6 
2 

0,4 3 

0,2 

2 4 6 8 tJ p,B7; 

PHc.3, 3BBHCHMOCTb kf np B MBl'HHTHbiX KBBI!pynOJibHbiX J1HH3BX OT HM

nynbCB qacTHil: 1 - JIHH3B 20-K200, G = 1000 rc/cM; 2 - nHH3B 

M/1-15, G = BOO rc/cM; S - nHH3B M/1-17, G = 650 rc/cM, 

asyxaneMeHTHOI'O Mai'HIITa M II 2-x n1IH3 TIIna Mn-15. TioKa3aTenb rnonSI 

B M8I'HIIT8X B3SIT B npe.nenax (-110)+-(-150), PaCCTOSIHIIe Memay M8I'HIITOM II 

nepsofi nHH30H d Mn = 100 CM, Memny nepsofi H BTopofi nHnaoit d nn =25cM, 

KaK BHJlHO II3 pHc. 4, ·IIaMeHeHHe n cna6o snHSieT na T B H CHnhHO - Ha 

T r' flepeceqeHIISI T r H T B c oaHHaKOBhiMH ana'ieHHSIMII n aaJOT TO'i-

KII CTIII'MaTH'iHhiX Hao6pamen1Iit. TonhKO nnH n =- 110 II -120 ana'ieJmSI 

kC s TaKoit CHCTeMe nemaT nHme npeaenhHhiX anSI IIMnynhca 10,59 ras/c. 

Ha pHc. 5 anSI Toit me CHcTeMhi npiiseaeHa aasiiCIIMOCTb kC , neo6-

XOaiiMbiX nnSI nony'ieHIISI CTIII'M8TII'iHbiX II306pamefmit, OT paCCTOSIHIISI Mem

ny .BTOpbiM M8I'HIITOM II nepsoit n1IH30H d Mn ( BepXHIIe KpiiBbie) llpii paa-

Hb!X paCCTOSIHIISIX Memny nnH38MII d nn II pa3HhiX n • B HIImHeit 'iaCTII 
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Kt 

Tr "-150 

-------------~~ 

---------------~~ 
~=--n-120 

Kt.,. 

--~==~==~---=~------~~ ~~-~ 

0_1_2_3 4 5 6 7 8 9 10 11 12 13 14 15 l6-11-11i--19 20 T,H 

PHc,4. 3BBHCHMOCTb T r H T8 oT kf B liHH3BX anu cncTeMbi H3 asyx
sneMeHTHoro MBrHHTB H 2-x liHH3 ~n-15. llyHKTHpHOR liHHHeR rro
KB3BHO rrpeaelibHOe 3HBqeHHe kf = 0,46 /lliH HMHylibCB rrpOTOHOB 

p = 10,59 TsB/c, rrp 

TOI'O )1(9 pacyHKa ITOKa3aHbl COOTBeTCTByiOIUlle paCCTOSIHIISl flO CTIII'M8TH'IHO

I'O nao6pa)KeHHSI T. BHflHO, 'ITO c TO'IKH apeHaSI yMeHhllleHHSI k£ uenecoo6-

paano paccT051HH51 d Mn H dnn CBeCTH K MHHHMYMY. ITpn <jlaKcnpoBaHHOM 

n B M8I'HIIT8X paCCTOSIHHSl flO H306pa)KeHHSl MO)KHO M9HS!Th TOnhKO 38 

C'IeT H3M9H9HHSI I'eOMeTpliH CHCT9Mbl, HanpHMep, B paccMaTpHB89MOll CHCTe

Me npn n = - 130 n d nn = 20 CM H3Menenne d Mn OT 30 flO 60 eM 

MeiiSieT T oT 9 flO 5,75 M. I1aMeHeiine n npn <jJHKCHpoBannoil reoMeTpllH 

d Mil = 30 CM
1 

d nn = 20 CM) flaeT B03M0)Kll0CTh M9HS!Th T B 6onee 

lllllpOKllX npeflenax: T B03pacTaeT OT 3,25 flO 9 M npH yMeH:bllle!IHH n OT 

/150 flO 130/ (puc. 6). ITocKonhKY B nepBonaqanhHOM ncnoniieHHH B Mar-

HllT8X He npeflyCMOTpeHa B03MO)KHOCTh H3M9H9Hl151 n 1 TO npH Bbi6paHHOM 

' n =- 140 CTHI'MaTH'IHOe uao6pa)Kenne MO)KHO nony'IIITh na paccTOSIHIIII T = 

5,35 M BITrrOTh flO llMITynhCa npOTOHOB p = 9 f:::m/c ( k£ = 0,476) • 
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I<Z 
a) 

0~ 

tl6! 

CISl 

CIS3 

tl49 

(145 

0,41 
ljOO T.H 

IJl1 
7,00 

fiX! 
~ 

I(1J 

~ 

2fXJ 

Pl 

Puc.5. CucreMa ua aByxaneMeHTHoro MarHuTa M u 2-x JIHH3 Mn-15; 
a) 3BBHCHMOCTb k£' OT pBCCTOHHHH Me)l{{ly BTOpbiM MBI'HHTOM H rrep-

BOit JlHH30H d MJI; 6) 3BBHC11MOCTb paCCTOHHHit ll'O CTHI'MBTH'lllbiX 

H306pa)l{e/lHJt OT d MJI • 

Bbllla paccMOTpeHa TaKMe B03MOMHOCTb ~rcnonb3oBaHIHI JlJIH JlaHHoll: 

CUCT8Mbl JIUH3 Tuna MJI-17, TI OCKOJlbKY I'paJllf8HT B 8TifX J!UH38X HUMe, '18M 

B MJI-15 ( G Mn- 15 = 800 rc/cM,. GMn- 17 MJI-17= 850 rc/cM), cpa

sy paCCMaTp!iBanaCb ClfCTeMa, B KOTopyiO BXOJlSIT Tpli JllfH3hi, BKJIIO'l8HHb!e 

C 0JlUH8KOBb!M 3H8KOM I'p8Jllf8HTa, 

Ha puc. 7 np~rBeJleHa saB!fCifMOCTb paccTOSIHllH JlO CTlli'MaTll'IHoro 

nso5paMeHnH T OT n B Mai'HUTax n 1£ , Heo5XOJllfMbiX JlnH rronytJeH!fH 

aToro uso5palKeHuH, PaccTOSIH!fe d Mn 30 eM, paccTOSIHifSI MeMJly nnH

saMn d = 20 CM, Ecnu n =-140, TO Ha paCCTOSIHUU 4,25 MeTpa OT Bbl-nn 
X0Jl8 U3 110CneJlH8ll nUH3bl MOlKHO rrony'llfTb CTifi'MaTU'IHOe lf305paMeHne JlO 

p = 7 faBle l k £ = 0,347 ). HyMHO oTMeTnTb, 'ITO np~rMenenne n~rns 

MJI-17 HeCKOJibKO Bh!I'O.t:!Hee, ITOCKOJibKY 50Jibll!a5I anepTypa · ITOCJ18JlHllX 
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16 

141 
13 

12 

11 

10 

7;f.f 

9L- __ ('5_£J..nl' --- .... -----
8 

7 

6 

5 

4 

3 

2 

-100 410 -120 

Kl 

.u7 -140 450 

Pnc.B. CncTeMa. na I{ByxsneMeHTHoro Ma.rnuTa. M n 2-x nuH3 M/1-15. 3a.
BifCHMOCTb pa.ccTOHHifH I{O CTurMa.Tif'IHOro nao6pa.>KeHifSl T If kl 

n noKa.::Ja.TenH nonH n B M8rHifT8X. 

( a = 15 CM, a Mn 
17 

= 26 CM) yMeHbllllfT B03MO)I{Hbl9 IIOTeplf 
Mn- t5 • -

Ilplf Tp8HCIIOpTHpOBKe rryqKa C pa3HhiMH HMIIynbC8MH. nHH38 20K-200 B rrep-

Boil:. CTyiieHif naeT B.03M0)1{H0CTb rronyqlfTb. CTIII'M8THqHOe lf306p8)1{9Hife H8 

paccTOSIHHH T = 5,5 M ( n =-140) no MaKCHManbHoro HMrrynbca rrpoTOHOB. 

4. BTopaSI cTyrreHb CliCTeMhi TpachopTiiPOBKii 

C IIOMOlllbiO BTOpOH CTYII9Hif CIICT9Mbl TpaHCIIOpTHpOBKif He06XOllHl\tO 

rronyqHTb CTHI'M8THqHoe H306pa)l{eHH9 ( Hnlf, ITO Kpaii:Hefi Mepe, MHHHM.anhHhlll 

paaMep rryqKa B rop1130HTanbHoii rrnocKOCTH)B HeiiTpOHHOM rraBHnbOHe. Pac

qeT ny6neTa KB8llpyrronbHhlX nHH3 BTOpOii: CTyrreHH I1pOH3BOllHnCSI T8K)I{9 C 

IICIIOnb30B8Hif9M MaTpHqHOI'O MeTOll8 H8 3BM. 
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Ebillll paeeMoTpeHhi B03MOlKHOeTII llenonbsoBaHIISI tWSI aToii uen11 n11HS 

'Mn-7 11 Mn-15. PaeeTomme oT nepBoro 11so6palKeH11SI JlO BXOJla BToporo 

Jly6neTa L = 6,5 M; paeeTOSIHIIe MelKJlY niiH3aMII 90 eM, 8hi60p 9TIIX pae

eTOSIHIIH o6yenoBneH paenonolKeHIIeM o6opyJlOBaHIIH II 6eTOHHOH 3aiUIITbl B 

paiioHe KaHana TpaHenopTnpoBKH npoTOHHOI'O nyqKa, PaeeTOSIHIIe OT BhlXO

Jla BTOpOI'O Jly6neTa JlO BTOpOI'O eTIII'MaTnqHOI'O 11306palKeHIISI eoeTaBnSieT 

8 M, C ITOMOIUhiO niiH3 .Mn-7 Tpe6yeMoe eTIII'MaTIIqHoe 11306palK:eHIIe MOlK

HO rronyqiiTh TOnhKO JlnSI IIMrrynheOB JlO 3,5 faBle, a e ITOMOIUhiO Mn-15 -

JlO 5 faBle. TonhKO npiiMeHeHIIe n11HS Tllrra 20K-200 )laeT B03MOlK:HOeTb 

nonyqiiTh eTIII'MaTIIqHoe 11306palK:eHIIe JlO IIMrrynheOB 10 faBle. Ha p11e. 8 

ITOKa3aHa 3aBIIeiiMOeTb k
1
C II k

2
C ~ng Jly6neTa niiH3 20K-200 OT pae

eTOSIHIISI JlO eTIII'MaTIIqHoro 113o6palKeHIISI T rrp11 paeeTOSIHIIII MelKJlY niiH3a

MII 90 eM, .D.nSI T=8M k
1 

1:: = 0,88 II k 
2
£ = 0,86, 

Puc. 7. CucTeMa ua aByxsneMeHTHoro MarHHTa M 11 3-x nuH3 Mn-17. 3a
BHCllMOCTb paccToHHI!H ao crurMaTI!'lHoro u:oJo6p.s)KellllH T n kf 
OT n B M8rHllT8X, 

PaeqeT TpaeKTOpllii qepes e11eTeMy TpaenopTIIpOSKII rrp0113BOJlllneSI e 

ITOMOIUhiO rrpOI'paMMbl 1 IT03BOnSIIOIUeH rronyqiiTh OTKnOHeHIIe II yron rrpOTOHa 

B n1060M MeeTe elleTeMbl, 8 KaqeeTBe lleXOJlHbiX Jl8HHb!X Hy:lKHO 38)laTb 
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OTKnOHeHIIe II yron Ha BXOJle CIICTeMhl 1 a TaK>Ke XapaKTepiiCTIIKII II C'eOMeT-

' 
pmo CIICTeMbl, TpaeKTOpiiii, MO>KHO pacC'IIIThiBaTb c y'IeTOM Heniiileil:HblX a<iJ-

<jleKTOB B Mai'liiiTaX II B niiHeil:HOM Ilpii6nii>KeHIIII /5/, 

PacCMOTpiiM CIICTeMy, B rrepByro CTyrreHb KOTOpoil: BXO)liiT JlByXaneMeH

HbiM Mai'HIIT II TpH nHH3bl Mfl-17 (T=4,25 M}, a BO BTopyro - JlB~ nHH3bl 

Mfl-7 ( L = 6,5 M, T= BM). B aToil: CIICTeMe paaMep rrepaoro nao6pa>KeHHH 

B I'OpH30HTanhHOM IInOCKOCTII 12 MM, B BepTIIKanbHOM 5 MM, pa3Mep BTOpOI'O. 

H306pa>K9HHH - 35 H 5 MM, COOTB9TCTB9HHO, 8TH pa3Mepb1 H306pa>KeHHSI 

COOTBeTCTByroT nHHeil:HOMY rronro B Mai'HHTaX, Ecnii HennHeMHOCTb B Mai'HHTaX 

HeCKOMIIeHCHpOBaHa ( n ( R) = const ) , TO ·9TO IlpHBOJlHT IlpH Bb16paHHhiX Bhl-

1119 xapaKTepHCTHKaX CHCTeMbl K HapymeHHID CTHI'MaTH3Ma KaK rrepBOI'O, TaK 

H BTOpOI'O H306pa>KeHHH H yaenn'IeHHID I'OpH30HTanbHOI'O pa3Mepa BTOpOI'O 

H306pa>KeHHH JlO 200 MM, 

Ke 

Z 4 6 8 W ~ M ~ ~ M ~ a ~ M X ~ ~ P 

PHc,8. Jly6neT KBB/lpyno/lbHbiX llHH3 20K-200, 3aBHCHMOCTb k / H k
3 

f 
oT paccTOHHHH tlO CTHrMBTHqHoro H306pa)l{eHHH T. PaccTOHHHe tlO 

l!CTOqHHKB L = 650CM, paCCTOHHHe Me}l{JlY /lHH3BMH ay6/leTB - 90 CM, 

14 
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DplWO)I{eH!Ie 1 

OmrcaH!Ie nporpaMMhi PCT -1 (pac'leT 1 cTynean 

CliCT8Mbl Tp8HCITOpTHpOBKii) 

flpOI'p8MM8 }:(JlR paC'leTa 1 CTyfieHit CltCT9Mbl Tp8HCfiOpT!ipOBKH lpHC.9) 

cocTaaneHa a 2-x aapltaHTax. B nepBOM aapHaHTe pacc'IHThiBaiOTCSI paccTOSI

HHSI ao H305pa>KeHHi!: T I' H T B B 38BHCHMOCTII OT k ~ C III8I'OM h kf 

HIT HIT H£T 

PHc.B. Enox-cxeMa nporpaMMbi PCT-2 • 

anSI pa3HblX 3H8'191IHi!: n C III8I'OM h • War no k e H n onpeaeneH n 

a ila'lanbHbiX ycnoBHSIX. BTopoi!: aapHaHT nporpaMMbi noasonSieT anSI Ka>Kao

ro n no.no5paTb TaKoe kf B nltH38X, 'IT05bi nony'IHTb CTHI'M8TH'IHOe HS06-

pa>K9HH9 C aaaaHHOi!: TQ'IHOCTb!O f 

5HTCSI B aaaaHHOe 'IHCnO pa3 

• npH :3TOM noa6ope III8I' no kf apo-

( onpeaeneH~ B Ha'lanr:.HbiX ycnoBHSix). Ha 

ll9'18Tb BbiBOaSITCSI n kf H paCCTOSIHHSI ao CTHI'M8TH'IHOI'O H305pa>K9HHSI. 

B Ka'leCTBe Ha'lanbHbiX ycnosni!: B nporpaMMe aon>KHbi 5biTb aaaaHbi cne-

. ayiO!llHe BenH'IHHbi: n ( HH>KHHi!: npe.nen), h n kf ( HH>KHHH npe.nen), hkf , 

LI" , L B' Ro , e () n (BepXHIIH npeaen), kf (Bep'XHHii 
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npe.oen), d MM • d 
Mn • 

d 
nnl'• E • 

• k::£0 , 'lHCnO nHH3 (2 

HnH 3), d nn2 • k::£ o. 

DpHnO)K9HHe 2 

OnacaHHe nporpaMMbi "PCT-2" (pac'leT CHCTeMbi 

TpaHCITOpT!ipOBKH ) 

.Un.11 CHCTeMbi H3 4-x KBaapynonhHhiX nHH3 no rrporpaMMe PCT-2 lpHc.lO) 

MO)KHO Hail:TH paCCT051HH9 T .llO CTHI'M8TH'lHOI'O H306p8)1{9HH51 If COOTB9TCTByiO

IllH9 kf B nHH38X no 38.ll8HHOMY Lr If L B , nporpaMM8 COCTOHT 113 

3-x 6noKoB: 1 ) 6noK Bbi'lHCneHHSI. T r 11 T B l EB); 2) 6noK aHanHaa pe-

3ynbTa TOB lEA) ; 3) 6noK ynpaBneHHSI UHKnaMH l BY), B nepBOM 113 HHX 

no MaTpH'lllbiM ¢opMynaM Bbl'lHCn51IOTC51 

r-
1 

I 

I" 

L-

HIT 

UOII' 

'""'"''"". llNICIIAHH 

EiY 

--, 
I .. 

T 11 
I' 

T B .on.11 TeKyiUHX 3Jia'leJIHil: 

liiOIC AHAMJA puvc"Atoa( 6 AJ ------------, 

JHAIC 
<o•r.oHNAC. 

' 
--- .J 

PHc,lO. Bnox-cxeMa nporpaMMbi PCT-2, 
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kf • B 6noKe ynpaBJieHHSI UHKJiaMn BY nponcxoanT nepexoa K HOBbiM aHa-

. '19HHSIM ke\.. B. nnHaax, a aaTeM ynpaaneHne nepeaaeTCSI nn6o Ha BB, nn6o 

Ha BbiXOJl na aaaatJn, ecnn ace aonycTHMbie aaatJeanst kf npoll:aeHhJ, B 

3aBHCHMOCTH OT npH3HaKa ( II ) 1 KOTOpbiH 3a,llaH B Ha'laJibHbiX yCJIOBHSIX
1 

·BY Mo:>KeT pa6oTaTb B pa3HbiX pe:>KIIMax. Ecnii Il=1, TO aHa'leHIIe kf BO 

Bcex 4-x nnHaax MeHsteTcst HeaaBIICHMo. MaMeHeHIIe npoiicxoaiiT B cneayro-

IUeM nopstJlKe: npii ,lJliiKCIIpOBaHHbiX ( k f) l 
1 

( k f )
2 

(k f )4 npOXOJliiT BeCb IIHTepBaJI 3a,llaHHbiX 3Ha'leHIIH C Illai'OM h (k f>_ 'l • 

3aTeM UIIKJI Bbi'IIICJieHIIH no ( ke) 4 nOBTOpSieTCSI nocne npn6aBJieHIISI ma

ra h TOJibKO K (kf)3 JlO TeX nop, noKa (kf)
3 

He JlOCTIII'HeT Bepx

H9I'O npeaena. AH{lJIOI'II'IHhie u~KJibi noBTOpSIIOTCSI npii I13MeHeHIIII ( k £) 
2 

II 

(kf) 1 • PactJeT 3aKaH'IIIBaeTcSI, Koraa Bee tJeTbipe 3HatJeHIISI ke aocTnr-

HyT BepxHnx npeaenoB. Ecnii Il=2, To pacctJHTbiBaeTC:SI CIICTeMa, rae nepBast 

JIHH3a coeaiiHeHa co BTOpofi, H TpeTbSI c 'leTBepTofi. Ilpii3HaK n MO:>KeT _6biTb 

3a,llaH OT. 1 JlO 14, 'ITO COOTBeTCTByeT pa3HbiM KOMMyTaUIISIM 4-X JIIIH3, 

BnoK BA aHaniianpyeT BenutJHHbi T 11 nx pa3HOCTII, Ecnn T r u T 
8 

<0, 
To ynpaBneHIIe nepeaaeTcSI Ha BY anst nepexoaa K HOBOMY k f • Ilpii T r 

II T 8 >0 aaaniianpyeTcst paaaocTb (T r-T 8 ). 11aMeaeane aaaKa 

pa3HOCTII 03Ha'laeT, 'ITO TO'IKa CTIII'MaTII'IHOI'O H306pa:>KeHHSI npofi,lleHa no 

ke. Toraa npoiiCXOJliiT ~oaBpaT K npe.llhi.llYIUeMy unKny II mar no kf apo-

6nTcst Ha tJaCTell: (aaaaHo B HatJaJibHbiX ycnoBHstx),_ noKa ( T r - T 
8

) 

. He 6yJleT Hall:aeHO C 3a,llaHHOfi TO'IHOCTbiO l , Ilocne 9TOI'O netJaTaiOTCSI 

· (kf)
1 

(k£)
2 

(kf)
8 

, (k£)
4 

T r H TB • 

B HatJaJibHbie ycnoBnst BhiBeaea npuaaaK ne'IaTII tfllf): npii l04 }=0 ne

tJaTaroTcst Bhimeyka~aHHbie B9JIII'IHHbl 1 npii (Ilt.f J > 0 npOIICXOJliiT netJaTb kf J 

T I' II T B Ha Ka~JlOM mare. nnSI xapaKTepiiCTIIKII nonSipHOCTII JIIIH3 BBe

Jl9Hbl npH3HaKII nonS!pHOCTII (Ilil1 , .,, Ili14), .npii Ililt = 1 JliiH3a !floKy

CHpyeT B ropuaoaTanbaofi nnocKOCTII, npii Ililt =-1 - B BepTIIKanbaofi. Ha-

tJaJibHhie aaaahie B nporpaMMe JlOJI:>KHhi 6biTb aaaaabi B cneayiOIUeM nopMKe: 

1) Lr, L , k~O; 2)[(kf) 1 ~(kf)4 ] ; 3) f
1
+f

4 
• 4) h .!. 

, B HII:>KH, • 1 kfl ' 

5)[(kf}
1
.;.(kf)

4
)Bepx) 6) Ilil1 t-Ilil4; 7) d 

1 
.' d~ d

8 
(pac-

CTOSIHIISI M9:lKJlY JliiH3aMII); 8) nt.t; 9) n, k~ 0 • IlporpaMMa PCT-2 noa-

BOJISieT paCC'IIIThiBaTb TaK:>Ke CIICTeMy Il3 Meabmero 'lncna JIIIH3. B aToM cny-: 

"<Jae BMeCTO OTCYTCTBYIOIUJIX JIUH3 3a,llaiOTCSI aynn. 
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npnnolKeHne· 3 

OnncaHne nporpaMM "TCT" ( TpaeKTOpHH cncTeMbi 

TpaacnopTupoaKR \ 

DporpaMMa TCT ~puc. 11} no 3aJlaHHhiM ropusoaTanbHhiM n sepTn-

KanbHhlM OTKnOHeHHHM H yrnaM r 0 

1'0PMII~IIAHII£ 

JAfff.tw"t• 
""noH 

)llfHlHTOI 
CNC:TfHW 

ftf~~~: ... ~~,. 
npoHEli<'ITO I( 

UliCWJIICA .AliA 
HAICOMfHHII 

A,A(IIMHJA) 
,....---

HET("orHIIT) 

ao ' z 0 
, a .1. 0 n xapaKTepncTn-

H(T 

Pnc.II. Bnox-cxeMa nporpaMMbi TCT • 

.. KaM cncTeMbi
1 

cocToSimefi ns Mai'HHTOB n nnns, ocymecTsnSieT pacqeT r I• 

a , z , a .I. . aa shiXOJle us cucTeMhi n B mo6oM MecTe BHYTPH cncTeMhi, 

Konn"ieCTBO .aneMeHTOB MO)I{eT 6hiTb nro6hiM, HO He 6onbwe 1 ~0. I1H$opMa

nuSI K nporpaMMe JlOn)I{Ha 6hiTb saJlaHa B cneJlyromeM nopMKe: 1 ) qucno 

aneMeHTOB CHCT8Mhl; 2) r 
0 1 • a 

0 
, ~ O 1 a .\.o H8 BX0Jl8 CUCT8Mhl; 

3) )lnHHhl CB060JlHhlX npOM8)1{YTKOB; 4) n JlnSI M8I'HHTOB U kf JlnH mms; 

5) (} • JlnSI M8I'HHTOB H f JlnH nnas; 6) Ro )lnH M8I'HHTOB (JlnSI nHH3 

uynn); 7) n . npn yqeTe aennaefiHhiX a$$eKTOB B MarnnTax . ( nynb so scex 
1 . . 

npO"iHX cny"iaSIX); 8) npH3H8K D, XapaKTepn3yiOWHH aneMeHT: D ";> 0 -
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aneMeHT ropH30HTanhHo-¢loKycHpyiOIIIHfi, IT < 0 - BepTHKanbHo-¢loKycrrpyiOIIIHfi 

t ecnrr I IT I."" f > 1 , To JlaHHhifi aneMeHT pa36rrBaeTcSI Ha · f paBHbiX rrH

TepBanoB II napaMeTpbl TpaeKTOpllll ll8'I8T8IOTC5I B KOHU8 KalKJlOI'O 113 HHX) j 

' 9) paCCTOSIHlle OT Bh!XOJla ll3 CllCT8Mhl: Ha KOTOpOM HYlKHO llOJIY'IIITb napa-

MeTpb!TpaeKTOpllllj 10) llpll3H8KKOHU8j 11) r 0 1 a 0 , Z~ ,aJ.o CJ18JlY!O

'mefi TpaeKTOpllll ll T.Jl. Bh!Jl8'Ia pe3yJ1bT8TOB B Jl8flHOll nporpaMMe: 1 r ne

'IaTb llCXOJlHhiX. Jl8HHhlX CHCT8Mhl ll nepBOll TpaeKTOpllll j 2) ne'IaTb r a , 

Z 1 al nepBOfi TpaeKTOpllll Ha BXOJle nepBOI'O 9Jl8M8HT8 ll B TO'IK8X CIIC

T8Mhl1 OnpeJl8J18HHhlX B H8'l8JlbHhiX· .YCJlOBllSIX ; 3) ne'IaTb llCXOJlHh!X Jl8HHhiX 

CJ18JlYIOIIIefi TpaeKTOpllll ll T,Jl, 
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