
{l 1~?, 

OS'bED.HHEHHblt:f 
HHCTHTYT 
SID.EPHbiX 

HCCnED.OBAHHA 

D.y6Ha 

! 

• !S 

P9 · 4102 

BJ1..lltaHMJIOB, B.B.MyxMHa, 3.A.fioJI<Pepoa 

I 
! PACqET CWCTEMH BHBO~A CWHXPOUWKnOTPOHA 

• • .. 
I • .. 
~ 1968 / 



P9 · 4102 

B.H.,l\aHHJJOB, B.B.MyxHHa, 3.A.OoJJcl>epos 

PACIJET CHCTEMbl BbiBO,l\A CHHXPOUHKJIOTPOHA 



I.BBEnEHI1E 

B HaCTOSIIUee BpeMSI AeHCTBY!OlllHe CHHXpOUH:K 10Tp0Hbl Ha 9HeprHJO B 

HecKonhKO coT M9B H:MeJOT K09cpcjmuH:eHT BhiBOAa He 6onee 5t- 7%. B ro )Ke 

BpeMSI nO'!TH BO BCeX na6opaTOpH:S!X MHpa, HMeJOIUHJ< MalUH:Hbl TaKOI'O THna, 

pa3pa6aTbiBa!OTCS! npOeKTbl yaenH:'leHHS! H:HTeHCH:BHOC rH AO AeCSITKOB MH:KpO

aMnep. npH TaKOM 3Ha'!eHH:I1 TOKa nOAaBnSIJOIUee 60nblUH:HCTBO 9KCnepH:MeHTOB 

MO)KeT npOBOAHTbCSI Ha BbiBeAeHHOM ny'!Ke, n09TOM;' AOCTH:I'HYTb!H ypoBeHh 

9cptPeKTH:BHOCTH BhiBOAa AOn)KeH 6hiTh 3Ha'IHTenhHO yEenH'!eH. TonhKO B 9TOM 

cnyqae acpcpeKT yaenH:'leHHSI TOKa BHyTpeHHero ny'!Ka 6yAeT HCnonh30BaH on-

TH:ManhHbiM o6pa30M. • 
B nepBbiX aapH:aHTax CH:CTeMhi BbiBOAa 11-31 rcnonh3oaanach ABe no-

KanhHhle HeOAHOpOAHOCTH Mai'HHTHOI'O nonS! (B036y.IHTenh H pereHepaTop) 

AnSI C03AaHHS! BbiHY)KA8HHhiX paAHanhHbiX Kone6aHHH. 0AHaKO y)Ke '!epe3 He

CKOnbKO neT 6binO npeAnO)KeHO 3aMeHHTh AeHCTBHe .l036YAHTenSI AeifCTBHeM 

Kpaeeoro nonSI MarHHTa, a pereHepaTop c naHeRHhiM 3aKOHOM H3MeHeHHSI no

nil no paAHYCY - Ha pereHepaTOp C KBaApaTH'!HbiM noHeM. npH 9TOM HeCKOnh

KO yrrpomanaCh KOHCTpyKUH:SI CH:CTeMhl BbiBOAa (oTCyTCTBHe B036yAHTenSI) H 

yaenH'!HBanach MaKCHManhHall 9HeprHSI BhiBOAHMoro rr:''!Ka. B HaCTOSllliee ape

MSI B CHCTeMe BbiBOAa HaH6onee KpyiiHbiX CHHXpOUHK lOTpOHOB ( MalliHHbl Ka

nHcpOpHHHCKOI'O yHH:BepcHTeTa, CF.RN a NASA ). KpOMe ycKopaTen51 OI1HI1, 

AnSI paCKa'!KH paAH:anbHbiX KOneoaHHH M:CIIOnh3yeTC~I TOnbKO pereHepaTop. 

nn51 OTKnOHeHHSI '!aCTHU C IIOCneAHHX pa60'!HX Op6HT YCKOpHTenSI HC

nOnh3yeTC51 Mai'HHTHbiH Kanan. MarHM:THbiR KaHan IIp•lAHa3Ha'leH An51 CHH)Ke

HHSI HanpmKeHHOCTH OCHOBHOI'O Mai'HHTHOI'O IIOnSI yCK<·pHTenSI Ha nyTH OTKno

HeHH51 BhiBOJUfMhiX '!aCTHU. B npocTeifmeM BH:Ae MarH rTHhiH KaHan npeACTaB

n>~eT co6oii pa3MeHleHHhTe P. cpenHeli nnocKocru nae napannenhHhie np>~Moy-
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I'OnbHble rrnaCTHHbl C 31t30p0M Me)I{AY HHMH. KaK rrpaBHnO, Mai'HHTHb!l!: KaHan 

COCTOHT H3 HeCKOnbKHX CeKUHH pa3HOI'O paAHyCa KpHBH3Hbl. DonH OTAenbHb!X 

CeKUHl!: MOI'YT 6hiTb CcpO ;lMHpOBaHbl TaKHM o6pa30M, 'ITO, KpOMe CB09I'O OCHOB

HOI'O Ha3Ha'leHH5l ( OTKn )H5!Tb BbiBOAHMbie 'laCTHUbi) , 6yAyT BbJIIOnHHTb H Apy

ry~ cpyHKUH~- cpoKyCH)OBaTb rry'!OK. B '!aCTHOCTH, MarHHTHoe rrone rrepBoli 

CeKUHH KaHana KanHcpOf=HHl!:CKOI'O CHHXpOUHKnOTpOHa H rrocneAHeH CeKUHH CHH

XpOUHKnOTpOHa 0!1fl!1 mnHeTCH cpoKyCHpy~IUHM B paAHanbHOM HarrpaBneHHH. 

B 011.Hl1 rrpeAnO)I{ ~Ha KOHCTPYKUHH ")l{eCTKocpoKycHpy~mero" Mai'HHTHoro 

KaHana 
141• Ero rrepBa ;~ ceKUHH C03AaeT crraAa~mee rro paAHycy none, cpoKy

CHpy~mee '!aCTHUhl rro BepTHKanH. Bo BTOpoli ceKUHH rrone HapacTaeT rro pa-

AHycy, o6ecrre'IHBaH cpllKYCHpOBKy 'laCTHU B paAHanbHOH rrnOCKOCTH. Docne 

IIpOXO)I{):leHHH rrepBOH C<!KUHH Mai'HHTHOI'O KaHana '!aCTHUbl IIOIIaAa~T BO BTO

py~, KOTOpaH HBnHeTC~ I "3epKallbHbiM" OTpa)I{9HHeM rrepBOH. 3AeCb 'laCTHUbl 

HCIIblTbiBa~T T8K)I{9 OTK noHeHHe II ~KYCHpOBKY, HO YlK~ B paAHBnbHOM HarrpaB

neHHH. 

TaKHM o6pa3oM, rrocne 3a6poca 'IACTKU • rrepByJO ceKUH~ MarHHTHoro 

KaHana H IIpOXO)I{AeHH5 ee ITO AnKHe 'IACTHl{bl 6y,a.yT He TOnbKO OTKnOHeHbl, 

HO H CcpOKyCHpOBaHbl B ABYX B3&HMHO nepneHAKKyn!!:pHioiX HarrpaBneHHHX. 

CneAyeT OTMeTH!b, 'ITO B KOHCTJ'YKiolKH Ha'!an&HioiH y'l&CTOK Mai'HHTHO

I'O KaHana HBnHeTCH AIH 'laCTHU I'eOMeTpH'leCKH ITJ'03p&'lHioiM. 

llnH C03A8HH5l 9cpoeKTHBHOH CHCTeMbl BbiBOAa Heo6XOAHMO lllo16paT& COOT

BeTCTBY~IUHe rrapaMeTI bl pereHepaTopa H Mai'HHTHOI'O KaHana ( HaiipHMep, 38-

KOH H3MeHeHH5l Mai'HHTHOI'O IIOnH pereHepaTopa, KpHBH3Hy CeKUHH Mai'HHTHOI'O 

KaHana H T.A.). CAenE Tb 9TO rrocpeACTBOM aHanH3a H HaXO)I{AeHHH perneHHH 

ypaBHeHHH ABH)I{eHHH 'aCTHUbl B 3aMKHYTOM BHAe rrpaKTH'leCKH HeB03M0)1{HO, 

II09TOMY COOTB9TCTByJoiUHH aHanH3 MO)I{HQ BbliiOnHHTb pelllaH ypaBHeHHH ABH

)I{eHHH Ha aneKTpOHHO- Bbl'lHCnHTenbHOH MalllHHe. 

llnH OIIHCaHHH AIIH)I{eHHH 'laCTHUbl MOI'yT 6b1Tb HCIIOnb30BaHhl cneAy~-

IUHe ypaBHeHHH: 

(Ia) 

(16) 
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3JleCb r z 0 - paJlHanbHaR, aKCHanbHaR H a3HMyTanhHaR KOOpJlH-

HaTbl "'aCTHUbl COOTB8TCTB8HHO; IIpOH3B8Jl8HH8 H 
0

r 0 
xapaKTepH3yeT HMIIYnbC 

"'aCTHUbi; H - CyMMapHaSI Hai!pSI:lK8HHOCTb Mai'HHTHOI'O IIOnR. 

OnpeJleneHHe napaMeTpoB .cHcTeMbi ·sbiBOJla o•:ymecTBnReTCR TpaHcljlop

MauHea paJlHanbHOI'O H aKCHanbHOI'O ljla30Bb!X rrpocrpaHCTB IIY"'Ka B Te"'eHHe 

COT8H H TbiCR"' o6opOTOB "'epe3 IIOne peneHepaTOpll, a 3aTeM H Mai'HHTHOI'O 

KaHana. ITpoBeJleHHe KOMIIneKca TaKHX paC"'eTOB la:lKe JlnR MHHHManbHOrO 

"'HCna "'aCTHU RBnReTCR HeTpHBHanbHOH 3aJla'lea, 

MeTOJl pac"'eTa, HCIIOnb3yeMbla B )laHHOH pa6ore, II03BOnReT orrpe)lenHTb 

paJlHanbHoe ~aaosoe rrpocTpaHCTBO rry"'Ka Ha BXOJle MarHHTHoro KaHana noc

peJlCTBOM TpaHCij!OpMaUHH 'lepea CHCTeMy BbiBOJla KOOpJlHHaT TOnbKO OJlHOA 

'laCTHUbl JlnSI Ka:lKJlOA aMI!nHTyJlbl paJlHanbHbiX KOnE '6aHHH. 

<Jla30BOe ITpOCTpaHCTBO aKCHanbHbiX KOne6aHHJt ITy'IKa Ha BXOJle B Mar

HHTHbla KaHan HaXOJlHTCR H3 paC'IeTa ypaBHeHHa JlBJ!:lKeHHR B Te"'eHHe TOnbKO 

rrocne)lHero rrepHOJla npeueccHH. 

ITpH BbiBOJle ny'IKa H3 KaMepbl yCKOpHTeng npeJli!OnaraeTCR TpH BHAA 

IIOTepb 'laCTHU: 

1. IToTepH H3-aa sepTHKanhHoro pacrrnbiBaHHR rry"'Ka Ha rrocneJlHHX o6o

poTax rrepeJl BXOJlOM B Mai'HHTHbiH KaHan - 71 1 

2. IToTepH Ha-aa paccornacosaHHR paJlHanhforo 9MMHTaHca ny'IKa c 

aKCenTaHCOM Mai'HHTHOrO KaHana -71 2 • 

3. IToTepH 's MarHHTHOM KaHane Ha-aa HeOJlf opOJlHoro pacrrpeJleneHHR 

rronsr rro sepTHKanH - 11 8 

TorJla aljlljleKTHBHOCTb BbiBOJla f MO:lKeT 6biTb orrpeJleneHa cneJlylOIUHM 

o6paaoM: 

(2) 
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II • METOll P ACLIET A 

JlBH)l:eHHe "'BCTHI.I C y"'eTOM MBrHHTHOro IIOJHl 

pereHepaTopa 

ITp1:1 pacqeTe JlBH>KeHHR "'aCTHU Ha'lallbHbie ycnoBHR xapaKTep~:~ayiOTCR 

pa,llH8nbHblMI:! 1:! 8KCH8nbHbiMI:! «lJa30BbiMI:! rrpOCTp8HCTB8MH rry'IK8 H8 BXO,lle 

B pereHepaTop. Ha p~:~c. la cxeMaTH'IeCKH npe.ucTaBneHa .paaoBaR .u~:~arpaM

Ma ( r , r' ) ny'IK8. (Bee 'IHCneHHble peaynbT8Tbl pa60Tbl npHBO.llSITCSI ,llnR 

napaMeTpOB CHHXpO! li:!KnOTpOHa 011.H!1 ) • ~ CnOBH8SI rpaHHU8 ITO M8rHHTHOMY 

rron10 pereHepaTopa cooTBeTcTByeT TO'IKe r • Ha p~:~c. 15 Hao5palKeH 9MMHTaHc 
per 

rry'IKa Ha <!JaaoBOH rr.!OCKOCTH aKcHanbHbiX Kone5aHHH. PaanH'IHbie annHITCbi x) 

XapaKTepH3YIOT 'laC rHUbl C pa3HbiMI:! Ha'lanbHbiMH 8MITnHTY.ll8MH 6eTaTpOH-

Hb!X Kone6aHHH 1:!, cneAOBaTenbHO, ,llnR paAHanbHOro ABH>KeHHSI C pa3HbiMH 

~Ha'leHHSIMI:! 9HeprHH. 

Dn5! TpaHc«iJop!l- auHH ny'!Ka qepea MarHHTHOe none pereHepaTopa Heo5xo

AHMO paCC'II:!T8Tb TpaeKTOpi:!H COBOKYITHOCTI:! 'I8CTHU C pa3nH'!HblMI:! Ha'Ianb-

HbiMI:! ycnOBHSIMH. Dp1:1 aTOM MO>KHO paccMaTpHBaTb .UBa aTarra 151 ABHlKe

HHSI 'IaCTHU '!epea ~ereHepaTop. 

1) ITepBbiH 9T:tn pereHepaTHBHoro npouecca - aTo ABHlKeHHe B Teqe

HHe nepBbiX coTeH •>5opoToB, Kor.ua 'IaCTHUbi "rrpocKanb3biBaiOT" pereHepa-

Top. 

:d) HTOpOH 9T,tn - HeCKOnbKO IIOCneAHHX 060pOTOB, KOr,lla rrpOHCXOAI:!T 

HenpepbiBHOe yBenwieHHe aMrrnHTYAbi pa.u~:~anhHbiX Kone6aHHH:. 

p aCCMOTpi:!M t)onee IIOAp06HO .llBH>KeHHe 'IBCTI:!Ubl 'Iepe3 pereHepaTOp 

OTAenbHO Ha K8>K.ll0 \4: 3l'.!llle, rrpH'IeM Ha nepBOM 9Tarre 6y.UeM C'II:!T8Tb pa

AHBnbHbie 1:! aKCHani>Hble KOne6aHHSI He38BI:!CI:!Mb!MI:! Apyr OT Apyra. 

nepBbii[ 9T8II pereHepaTJIBHOrO IIpoaecca 

PaaHanbHbie xone6aHJIH 

Ha rrepsoM aTarre qacTHUa cosepwaeT o5hl'IHOe rrpeueccHOHHOe ABHlKe

HHe, TOnbKO HHOrAl 110118A85! B none pereHepaTopa. KaK 110K838HO B pa6o-

x) H ,. " 
a C8MO!\! nene, Kpl! 385! 1 XapaKTepH3YlOlll851 3\1!\HITBHC nytrK8 Ha '+'830BOH 

nnocKOCTR panHa:IbHbiX .one6a.HHn, crporo rosopH, He smns::reTC51 3JlJ1HnCoM. 
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/6/ 
Te , BMIInHTyaa paaHanbHbiX KOne6aHHJ1 IIpH STOM aonHHB yMeHblll8TbCSI, 

MexaHH3M npoxoJKaeHHSI 'IBCTHUBMH nonSI pereHepaTopa npeJ :cTaBneH Ha pHc.2. 

C OaHH8KOBOJ1 BepOSITHOCTbJO '18CTHU8 nonaaaeT B none I•ereHepaTOpa K8K 

C IIOnOlKHTenbHbiM 1 TBK H C OTpHUBTenbHbiM 3H8'1eHHSIMH npc H3BOaHOJ1 r'., dr/ dO, 

OueHHM cpeaHee H3MeHeHHe aMnnHTyahi Kone6aHHl1 'IBCTHUbJ. B nepBoM npH6-

nHlKeHHH anSI 6eCKOHe'IHO yaKoro no 83HMYTY pereHepaTcpa H3MeHeaHe 

MOlKHO npeaCT8BHTb B BHae 

~r'=(r-r ), F (r-r l, 
per per 

(3) 

rae F, -lj;JyHKUHSI, xapaKTepH3YJO!llaSI aeliCTBHe nonSI per• !HepaTopa Ha pa

aHanhHOe aBHlKeHHe. OpH KOHe'IHOli a3HMyTanhHOl1 npoTSilK€HHOCTH pereHepa

Topa B COOTBeTCTBHH C TeOpHeli 0 cpeaHeM 

~r' "' 8+0! •. ' ...,....--- (r-r lF (r-r 
~(J (J per r 

per 

ldO.(r-r 
per per 

l. 
per (4) 

3aecb - slj;Jij;JeKTHBHOe 3Ha'leHHe paaHanbHoli KoopJJ:HIIaTbi 'IaCT!iUhi, a 

!'!.0 per - 831iMyTanbHBSI npoTSilKeHHOCTh pereHepaTopa. nocne npoxoJKaeHiiSI 

pereHepaTopa aMnnHTyJJ:a Kone6aH!il1 'IBCTHUbi (npli I !'!..r' <I r' I l 

( , ~ , ) 2 1 
r, 2 2r 

, . 'lr' 
(p ) = v p 2 

.. v p2 +r+r -- .. + + -----k max H 112 H II 2 2 
II 

r ' 
2 2r'•~r' r ' ~ r 

, (5) 

- y(p ) + 
.. 

(pH )max [ 1 l = II' .. H max II 2 II 2 (p ) 2 
r r H max 

2 , 2 

p •y(p ) t _r_- BMnnHTyaa p8Llli8nbHbiX 6eT8TpOHHb!X KOnE·68H!iJ1 nepea no-
H H max 112 

r 

naaaHHeM '18CTHUbl B pereHepaTop, II ,. yl -7 , rae n - IIOK83aTenb He-
r 

OJJ:HOpOJJ.HOCTH OCHOBHOPO M8r'HiiTHOrO nOnS! CHHXpOUiiKnOTp )H8, J:jeA\i'11iH8 II 
r 

npeanonaraeTCSI HeaaB!iCHMOH oT paaHyca. 

Cpe.uHee 3Ha'leHHe (p k paBHO 
max 

(p k) max : (p 
H max 

[ 1- I r' I 
211 2 (p ) 2 

r H max 

(6) 
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IIOCKOnbKY a6comoT lhle 3H8'1eHHS! ' r rrpearronararoTCSI paBHhiMH. 3aec& 

L'\-;± - H3MeHeHHS! ' r IlpH ero IIOnO~HTenbHOM HnH OTpHUSTenbHOM Ha-

'lanbHOM 3Ha'leHHH. raK K8K BCert:ta I !1-;:~ I :::I Sr:.. ' TO npH MHOroKpaT

HOM,IIpOXO~Il9HHH '18CTHU9H pereHepaTOpa 8MIInHTYil8 p81lH8nbHhiX KOne6aHHH 

aon~Ha yMeHbiiiSTbCSI, T,e, (pk l 5;(pH) • 
max max 

C apyrOH CTOpC Hhl, IlpH yCKOpeHHH 'ISCTHUhl B CHHXpOUHKnOTpOHe aMnnH

Tylla ee paaHanbHhiX 6eTaTpOHHhiX Kone6aHHH yBenH'IHBaeTCSI, Ha pHc. 3 no-

K838HO H3MeH9HHe a viiinHTYilhi npH llBH~9HHH Ha KOH9'1HhiX paaHyCaX B OT

cyTCTBHe pereHepaT•>pa, 3TOT peayn&TaT nony'leH 'IHCneHHbiM HHTerpHpOBa

HHeM ypaBH9HHH llBH K9HHSI ( 1 ) , 0'19BHilHO, 'ITO llBH~9HH9 IIpH HanH'IHH pere

HepaTOpa oyaeT OIIpE aenSITbCSI KSK MarHHTHhiM noneM CHHXpOUHKnOTpOHa, TSK 

H MarHHTHhiM noneM pereHepaTopa. Ha pac. 4 rrpeacTaBneHo paaaanhHoe <lla-

30Boe IIpOCTpaHCTBO 'ISCTHU IIY'IKa OllHHSKOBOH 8MIInHTYilhl IIpH llBH~eHHH HS 

rrepBOM aTane pereiepaTHBHoro npouecca. Ka~llhiH annarrc xapaKTepaayeT 

rrono~eHHe COBOKYITH•>CTH '18CTHU C H8'18nbHOH SMIInHTYilOH pI =0,5 MM 'lepe3 

O'lepeaahre 100 o6op )TOB, ITocneaHHH annarrc npeacTaBnSieT <llaaoBoe nono~e

HHe 'ISCTHU rrepea E TOpbiM 9TaiiOM pereaepaTHBHqro rrpouecca. Yla aToro 

pHCYHKS BHilHO, 'ITO IIpH 381l8HHbiX napaMeTpax pereHepaTOpa rrpOHCXOilHT 

aaTyxaaae paaaanbH .rx 6eTaTpoHHhiX Kone6aHHH, IT one pereHepaTopa HMeeT 

83HMyTanbHYIO IIpOTS ~eHHOCTb 0,1 pall H H3MeHSI eTCSI C paaayca 275 CM no 

2 
38KOHY L'\H = 40[(r-275) + (r-275)], 

per 

AKCHSJibHbie KOJie68HHH 

ITpa llBH~eHHH 'laCTHU 'lepea MarHHTHoe none pereaepaTopa oco6oe 

3Ha'leaae HMeeT yeT >H'IHBOC'l'io aKcaanbHhiX Kone6aHHH ny'IKa. Ha pac. 5 cxe

MSTH'IeCKH rrpellCTallneHO H3MeHeHHe ¢a30BbiX XapaKTepHCTHK 8KCHanhHbiX 

Kone6aHHH rry'IKa B re'leaae oaaoro o6opoTa. PereaepaTop rrpeanonaraeTCSI 

OeCKOHe'IHO y3KHM DO 83HMyTy, f1onyannHITC (a) Ha pHCYHKe COOTBeTCTByeT 

nono~eHHIO ny'IK8 'ldCTHU C OllHH8KOBOH 8MITnHTYilOH rrepell pereHepaTOpOMo 

Ha BhiXOile pereaepo~Topa ny'IOK xapaKTepaayeTCSI rrony9nmmcoM ( 6). Baa-

HO, 'ITO '18CTHUbi IIy'iK8 HMeiOT y~e He UJ.(HHtU,OtlyiO 8Ml1nHTYilY 1 a xapaK

TepH3YIOTCS! CIIeKTpC M, IIpH'IeM MO~HO ITOK838Th, 'ITO M8KCHM8nbH8S! H MH-
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HHM8JibH8.11 8MIIJIHTYilbl STOf'O CII8KTpa OIIp8Jl811.11IOTC t C IIOMOil{biO Cll81lYIOil{HX 

Bblp8lK8 HHll! 

2 

( +(2(v'1+ 
(- ( 2 ~[1 2 

+ + y1- ) l. (7aJ max 2 y1+ ( 2 ,; 1 + e 2 J 1 ++e 
2 ( ~ e z _z_0_[1 +(2(y1- _-y1. ) 2 l . (76) 

mln 2 
vi"7f2 v1+ e v1+e 

3Jl8Cb ~ - F I 2 v z z 
F !jlyHKUH.II, xapaKT•!pH3YIOI1{8.11 Jl8llCTBH8 ITO-

11.11 pereHepaTopa Ha 8KCH8JibH08 llBHlK8HHe, 

8MIIJIHTYil8 8KCH811bHbiX KOJie6aHHll. 

z 0 -. H8"'18JibH8.11 

Ha pHc. 6 rrpellCTasneHa 3aBHCHMOCTh z SKCTP.' z 0 oT ~ • BHilHO, 'ITO 

IIpH ~> 1 B8JIH"'IHHa M8KCHM811bHOll 8MIIIIHTY/lbl CTaHOBHTC.II IIpOIIOpUHOH8JibH01i 

~ , a 3H8"'18HH8 MHHHM8JibHOll CTp8MHTC.II K HyJIIO, 

OonysnnHITC \B) ( pHC, 5) COOTB8TCTByeT II0JIQ)i:8HHIO "'18CTHU rrepell BX0-

Il0M B pereHepaTop· "'lepe3 OllHH o6opoT. CTaHOBHTC t yJKe 3aMeTHbiM yBeJIH

"'l:eHHe 8MIIJIHTYil 8KCH8JihHbiX KOJie6aHHll llll.ll H8KOTO]lb!X 3H8"'18HHll H8"'18JibHbiX 

!jla3. 

OueHHM TaKoe H3MeHeHHe aMrrnHTYil Ha rrepso~ sTarre pereHepaTHBHO

ro rrpouec ca, KOf'lla "'laCTHUbi "rrpocKaJih3biBaiOT" ~ ereHepaTop. 

00CJ18 IIpOXOlK/l8HH.II 6eCKOH8"'1HO-y3KOf'O per~HpaTopa 

z' az' +~z' 
k H 

Ha BbiXOile pereHepaTopa KOOPilHHaTbi z k"" z H H 

z , OIIp8/l811.118MOll 113 COOTHOlli8HHll 

'2 z 

II 2 

•2 j.z'2 
2 ZH 

yz + --+ --+ 
II II 2 II 2 

2t1z'z~ Az'2 
+---

11 2 II 2 
7. 

, ·~ 

I. !I 

:r 

2Az 'z~ 

(8) 

Z k COOTB8TCTByiOT 

(9) 

( 10) 



EcnH BTOpOH H TpBTHH 'WBHbl IIOJl 3H8KOM KOpHSl MHOro MBHblllB 

~ z, 2 

"'z "" ,1. z + 
0 0 

zl! 
0 

, HMB-

( 11) 

C y'leTOM Toro, 'ITO 

HOH 8MIIJIHTYJlhl ZH 

L1z ' "'F z ZH , CpBJlHBB 3H8'1BHHB IIpHp8lllBHHSl H8'18Jib-

F 
~; .,z __ z_(F +2V }, 

0 0 6 v z ( 12) 
z 

TaKnM o6pasoM, 11pn rrpoXOlKJlBHHH rronSI pereHepaTopa rry'lOK B cpenHeM 

6yJleT pacrrnbiB8TbCSI rr o sepTHKann. B TO lKB speMSI rrpn JlBHlKBHHH s none 

CHHXpOUHKJIOTpOH8 JlO p 3JlHyCOB, r)le n < 0,2 , 8MIIJIHTYJl8 8KCH8JibHblX KOJIB-

6aHHH saTyxaeT. TaKoe H3MeHeHne aMrrnnTyJlhi rroKaaaHo Ha puc. 7. PesKoe ee 

rrponcxc ·JlHT H8 p8JlHyCaX, COOTBBTCTBYlOlllHX 3H8'lBHHlO 

n.= 0,2. 

PacqeTbi rroKaaann, 'ITO Ha rrepsoM aTarre pereuepaTHBHoro rrpouecca 

He rrponcXOJlHT 3Ha'lHTEJibHOro (6onee 'IBM s TPH pasa) ysenn'leHHSI aMrrnn

TYJlbi 8KCH8JibHbiX KOJIE 6aHHH, TonbKO H8 HBCKOJ!bKHX IIOCJIBJlHHX o6opoTaX, 

KOrJla 'laCTHUhl Kam~hl' pa3 rrpoxonSIT Jle~oKycnpy10mee none pereHepaTopa, 

B03MOlKHbl IIOTBpH 'l8C1 HU IIY'!Ka, 

1:3 ropoii 9 ran pereHepa THBHoro nponecca 

Ha BTopoM aTarre JlBH)KBHHSI 'lctCTHUbl Ha KalKJlOM o6opoTe rrpoXOJlSIT pe

reHepaTop. Bnaro)lapSI 9TOMY, Ha'lHHalOTCSI BbiHYlKJlBHHhiB paJlH8JibHbie KOJie-

6aHHSI C HerrpephlBHhlM yBBJIH'lBHHBM p8JlH8JibHOH KOOpJlHH8Thl Ha 83HMyTax, 

6JIH3KHX K 83HMYTY pel'BHBpaTOpa, Ha pifC. 8 IIOK838HO H3MBHBHHB BBJIH'lHH 

r' B npouecce ycKopeHli5I B ToqKe () = -1 pa.o. { Haqano cn:cTeMbi 

KOOPJlHH8T 9=0 COBII8Jl8BT C rrepBJlHBH rpaHHUBH pereaepaTopa) B TB'lBHHB 

HeCKOJibKHX rrocnenanx IepHOJlOB rrpeueccnn. CTaHOBHTCH ylKe saMBTHhiM ·38-
h 

TSirHB8HHB" IIBpHOJla rrp ~UBCCHH p8JlH8JibHhiX KOJIB68HHH II pH IIpOXOlKABHHH 'l8C

THUBH pereHepaTOpa, .f- aiipHMBp, IIpH JlBHlKBHHH, CXBM8TH'lBCKH IIOK838HHOM 
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Ha pac. 8, qacTaua coBeprnaeT B npeAnocneAHa:ii nepaoA npeueccaa 18 of5o

poTOB C HapylKHblM OTKJIOHeHaeM 11: TOJibKO 10 C BHyTpeHHRM. 

Ha paC. 9 B KOOpA11:H8T8X ( r , r , ) npeACT8BJieHO ABRMeHIT~ '18CTHU 

c OAHH8KOBO:ii Ha'laJibHO:ii aMnnaTyAo:ii, HO pa3JIR'IHbiMH !jla3aMa. Pe3yJibT8Tbi 

TIOJiy'leHbl 11:3 pellleHRSI ypaBHeHHSI ( l) AJISI z 0 = 2 CM 11: z~.~ 0 • BrrAHO, 'ITO 

!jla30Bble TO'IKR paCTIOJIOMeHbl B TIJIOCKOCTR (r,r' ) TIO'ITR TI•J npSIMOM, KOTopyJO 

MOMHO H83B8Tb "JIRHHeM 3MMI1:T8HC8 If AJISI ll8HHOM H8'18JibHO I 8MTIJIRTYilbl. p 83-

Hb!M H8'18JibHbiM 8MTIJIRTYA8M OYAYT COOTBeTCTBOB8Tb CBCR JIRHHH 3MMHT8H

ca, a COBOKYTIHOCTb 3Tl1:X Jll1:Hl1:ll AJISI BCeX 8MTIJIHTYA OTip ?AeJISieT 3MMHT8HC 

ny'IKa. 0TKJIOHeHHe HeKOTOpbiX !jla30BbiX TO'IeK OT npSIMOii Oo'bSICHSieTCSI BJIRSI-

HaeM z -llBRMeHRSI Ha pa)lH8JlbHbie KOJieoaHRSI. 

8BeAeM TaK H83biBaeMbM K03qJtPRUReHT YCHJieHHSI pE AH8JlbHbiX KOJief5a

HHM, onpeAeJISieMblH K8K 

K(r ),.r /r 
I 1+1 I 

( 13) 

3AeCb r I a r I+ 
1 

- llBa nocnenoBaTeJibHhiX ( qepe3 1 of5opoT) paAaanbHbiX 

TIOJIOlKeHRSI '18CTHUbl H8 A8HHOM 831fMyTe. floCKOJibKY BeJIJ 'llfH8 TIOJISI pereHe

paTOpa yBeJia'laBaeTcSI no paAaycy, !jlyHKUHSI K (r) AOJIMHa Ob!Tb pacTy

meii, npa'leM cKopocTb ee n3MeHeHHSI onpeAenSieTCH nOJ:eM pereHepaTopa. 

11aA aT oil !jlyHKUifR 38Bl1:CRT oT Ha'laJibHoil aMTIJIIfTYAhi Konee aH11fr 'lac Tau. MolK

HO yTBepMA8Tb, 'ITO eCJIH H8 JIHHiiH 3MMHT8HC8 (pHC. 12 1 TIOJIQ)K8I!He !jla30-

BOll TO'IKR COOTBeTCTByeT paAaycy ·r 1 , 8 UOJI )M8HH8 TO'IKH f ;'-

panHycy r; , TO ¢la30Bb!e TO'IKR, X8p8KTepa3yJOUIHe B1:e '18CT!illbl C A8H-

HOM H8'18JlbHOll 8MUJIRTYAOH, AOJIMHbl B KaKae-TO MOMeHTI>I BpeMeHR JieMaTb 

Me MAY TO'lK8MH 11 r*1 , T.e. p8Al1:8JibH85I KOOpJJ 11:H8T8 JIJOOOM 

11:3 paCCM8Tp11:B8eMb!X 'l8CTI1:U f5yAeT B K8KOM-TO MOMeHT {AOBJieTBOp5ITb yc

JIOBRJO 

( 14) 

TaKHM of5pa30M, Bee 'laCTRUhi AaHHOil aMTIJIHTYAhi 6yAyT nocneAOBaTeJibHO 

TipOXOARTb Ha !jla30B0ll UJIOCKOCTH 11:HTepB8Jibi p8AHYCOB ( ' l, r*
1 

) , ( r ~ , r *;' 

• 
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1i T,A, 3~o CBOilC TBO li03BOnlleT OIIpeAenRTb IIOTepR '!8CTRU 1 CBS!38HHbl8 C He

cornaCOB8Hii8M raAR8nhHOro 3MMRTaHCa IIY'!Ka C aKCeiTTaHCOM MarHHTHOrO 

KaHana. 

Pac•1er aKcenraHca MarJIHTJioro KaHana 

LlBHlK8HH8 'l8CTHU qepe3 MarHHTHhlH KaHan CX8MaTH'i8CKH !IOKa3aHO Ha 

pHc, 10a. EonhlliiMH 6yKBaMH A, B, C o6o3Ha'!eHhi Ha'iaJihHhie rronolKeHHst 

HeKOTOphlX 'iaCTHl Ha BXOAe B MarHHTHhlH KaHan, MaJIWMH - XapaKTepHhl8 

TpaeKTOpHH AnSI '.aCTHU. c Ha'lanhHhiM rronolKeHHeM B. TpaKTOpHst a COOT-

B8TCTByeT BepXHPll rpaHH'IHOll TO'IK8 aKC8ITTaHCa MarHHTHOro KaHana, T,e, 

'laCTHUhl C r '> . rrorraAa!OT aa HapylKHYIO ero creaKy (pHc. 106), l.fac-
a 

THUhl C Ha'IaJibHh MH 3Ha'I8HHS1MH 1 M8HbUIHMH 
, 

r 
a ' 1 HO 60nhll!HMH 

, rrpoXOAst r MarHHTHhiH KaHan. IT pH r' <.r' 
b 

'!aCTHUhl Ha'IRHa!OT no-

naAaTh Ha ero BHyTpeHHIOIO cTeHKy. TonhKO rrpH 3Ha'IRTenhHOM yMeHblli8HHH 

r' 'IBCTHUa Ha'IHHaeT ITpOXOAHTb MHMO MarHHTHOrO KaHana 

H AenaeT Oll.{e OA~ H o6opOT npelKA8 1 '18M BOllTii B o6naCTb .U8HCTBHS! IIOCneA-

Hero. 

Ha pHC. 106 lii!HHst MM COOTBeTCTBeyT 3THM 3Ha'!eHRS!M r' Anst BCe
d 

ro crreKrpa aMnnr TYA paAnanhHhiX Kone6aHHll, 

MolKHO rrpH~ S1Th cne.uy!Oll!Hfi rropstAOK pacqeTa aKcerrTaHca MarHHTHoro 

KaHana, 8 Ka'!eCTBe Ha'!anhHOll a3RMyTanhHOH KOOpAnHaThl Bbi6RpaeTCS! yron 

0 1 COOTOeTC TBYIO!l!Hll n1160 a3nMyTy BXOAa B KaHan, mr6o H8KOTOpOMY 

a3HMYTY nepe11 KaHanOM, f1epBOHa'!anbHOe 3H8'!8I!H8 paaHanhHOll KOOp.UUHa-

Tbl r H !IpHtiHMaE TCS! paBHhiM r A ' a r' Bbi6npaeTCII 38BOAOMO 60Jih-

llle 
, 

r 
a 

• f1oc1e upocqera KalKaoii TpaeKTopnH 
, 

r YMOHhllllleTCS! Ha 

1'1 r, TaKHiv o6pa30M, L!iHI ABHHOi'I a!l-mnnrynhi paL\HBilhHbiX Kone6aHnfi 
1 

paBHOll r A -r S r S -paoHOBOCHhlli paHHyC) 1 OllpO):lOnSl!OTCII l'paHR'!HhlO 

TO'IKH aKcenTaHca MarnnTHoro KaHana 

ro yMeiU maeTCSl Ha 1\r 

r 
a b 

, 
r 

d 
[1 ocne sTo-

II paC'!OT llOIITOpsteTC51, llpOllOCC C'!OTa 

nponOnlKaOTCS! AO rex !lOp, IIOKB CYlllGCTOyiOT 'IBCTf!llbl C f\£\llllblM r S 

XOL\51ll!H8 KAHan, 

, npo-
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CnenyeT OTMeTHTh, 'ITO IIOCKOllhKY IIY'IOK Ha BXOJlo KaHana HMeeT 3Hep

f'eTH'IeCKHH pa35poc /),. E , TO, B !IpHHUHIIe, HylKHO pac :C'IHTb!BaTh aKCeiiTaHC 

JlliS! BCero JlHaiia30Ha 3Hepl'HH 'laCTHU. 0nHaKO, TaK K aK OTHOll!eHHe /),. E/ E cp. 

E cp, - cpeJlHS!S! 3Hepl'HS! 'laCTHU IIy'IKa) paBHO BCef'O HeCKOllhKHM IIpOUeH

TaM, TO H3MeHeHHe aKCeiiTaHCa Maf'HHTHOI'O KaHana IIPH y'leTe 3Hepf'eTH'IeC

KOI'O pa35poca Mano ( pHc. 11 ) . 

Pacqer stjJtjJeKTHBHOCTH CHCTeMbi BbiBoaa 

llnSI Bhi'IHClleHHS! slj>lj>eKTHBHOCTH BbiBOJla ( H~05XOJlHMO 3HaTh KQ-

slj>lj>HUHeHTbl 'T/ 
1 

, 'T/ 
2 

, XapaKT9pH3YIOll!H9 IIOTepH IIy'IKa B pa3-

nH'IHbie MOMeHTbi rrpouecca BbiBona • 

., 2 orrpenenSieT rroTepH rry'IKa H3-3a paccornacc,BaHHSI: ero SMMHTaH-

ca c aKcerrTaHCOM Maf'HHTHoro KaHana (pH c. 12). Ha Be:)xHeM pHCYHKe crrnolll

HaSI liHHHSI: npencTaBliS!eT aKCerrTaHC KaHana, llYHKTHpHaa - 3MMHTaHC llY'IKa, 

Ha HHlKH9M pHCYHKe npHB9Jl9Hhl KOSij>lj>HUHeHTbl yCH119HH51 panHallhHbiX KOlle-

5aHHH JlliS! Tpex 3Ha'leHHH Ha'lallhHbiX aMllliHTyJl, 

· ll.ng TOI'O, 'IT05bi nony'IHTb 3MMHTaHC llY'IKa Ha lj>a30BOH JlHa!'paMMe 

aKCerrTaHCa, 11pOBOJlHTCS! liHHHSI: 3MMHTaHCa nn·g BC9X E 03MOlKHbiX aMllliHTYJl 

panHanhHbiX Kone5aHHH p 
1 

• B TO'IKe rrepece'leHHSI: 3"HX KpHBbiX c nHHHefi 

MM aKcerrTaHca H3 HHlKHero rpalj>HKa orrpenenSieTCSI: K ( r l nnSI Toro lKe p 
1 

no 3TOMY 3Ha'ieHHIO K ( r ) Bbi'IHC11519TC51 MaKCHMt nbHbiH paJlHYC r 

Kyna qacTHUhi MoryT 5hiTh .'3a5pollleHbi 'lepe3 nepenHIOK cTeHKY KaHana. Ta

KOe IIOCTpOeHHe JlliS! BC9X Ha'lallhHb!X aM!IliHTYJl JlaCT 3!v MHTaHC IIY'IKa, COOT

B9TCTBY!Oll!HH aKCeiiTaHCy JlaHHOI'O Maf'HHTHOI'O KaHana, 

3.P.PeKTHBHOCTh ( 
2 

= 1- 'T/ 
2 

O!IpenenSieTCS! H3 3T Jf'O pHCyHKa ClleJlyiO-

ll!HM o5pa30M, PaCCMOTpHM COBOKYIIHOCTh 'iaCTHU C Ha' allbHOH aMrrmfTYJlOi! 

KOlle5aHHll pI • Ha naHIIOH JlHarpaMMe lj>a30Bhle TO'IKH, COOTB9TCTBYIO

ll!H9 3THM 'laCTHUaM, 5ynyT B KaKOH-TO MOM9HT BpeMeHI! paCIIOliOlKeHbl B HH

TepBA.lle e I e '1 . C'iHTaSI 11110THOCTh HX pacrroliOlK 3HH51 Ha 3TOH 11HHHH 

IIOCTOS!HHOH, OIIpeneJIHM t:lliS! HHX (; KaK OTHOllleHHe 0Tpe3KOB e;e;' /f le;' • 
nocTyrrag aHaJtO!"H'IHb!M o6pA30M ( HanpHMep, Jlllll p 8 TOI'O lK9 pHCYHKa 

a = e, e, I e e ,, ) I T l 3 8 3 . 
8 

, Bhl'IHCliS!eM l 2 llliH BCeX aMIIlllfTYA pI , errepb 



)CTaeTCSI llpOCYMMHpOBaTh nony'leHHh!8 peaynhTaTbl 

C y'leTOM Ha'lanbHOI'O Cl8KTpa aMrrnHTYJl paJlHanbHbiX 6eTaTpOHHblX KOne6a-

HHii: <II ( 0 ) X), T.e. 

Pmax 
1 ---f t (pl «lJ(pldp. 
p max 0 2 ( 15) 

113 3TOI'O paCCMOTpeHHS SICHO, 'ITO f: 2 3aBHCHT OT K03!jl¢HUH8HTa ycHne-

HHSI paJlHanhHb!X KOne6a IHii:, KOTOpb!ii:l B CBOIO O.'lepeJlh 
1 

OllpeJlenSieTCSI lf>opMOii: \-' 

MarHHTHoro nonSI pereH•lpaTopa. Koa!jl¢HUHeHT noTeph "' 2 3aBHCHT TaK)K8 

OT TOniUHHbl BHyTpeHHei!: CT8HKH BTOpofi C8KUHH Mai'HHTHOI'O KaHana, Ha 

pHC. 13 npeJlCTaaneHa 3nBHCHMOCTb MaKCHManbHOH BenH'IHHbl f: 2 max OT 

TOniUHHbl f1 nepeJlH8ll nnaCTHHbl BTOpofi CeKUHH Mai'HHTHOI'O KaHana. BHJl

He MO)I eT 6h!Th paBHO 1 llpH KOH8'1HOM 3Ha'I8HHH f1 • 

TioTepH ny'IKa H3•·3a nonaaaHHSI 'laCTHU Ha "3aJlHIOIO" CTeHKy KaHana 

MO)KHO npeJlOTBpaTHTh )'M8Hhli18HH8M KOa<IJ<IJHUHeHTa ycHneHHSI paJlHanhHb!X 

Kone6aHHJl: JlnSI TaKHX 'laCTHUo npaKTH'leCKH 8TO JlOCTHraeTCSI H3M8H8HH8M £tlopMbl 

MarHHTHoro nom1 pereHPpaTopa Ha 6onbli1Hx paaHycax. 

noTepH 'laCTHU Sa C'l8T BepTHKanhHOI'O pacrrnbJBaHHSI ny'I:Ka T/ I 3aBH

CSIT OT £PopMbi nonH per 3HepaTopa H Kpaeaoro rronSI ycKOpHTenSI. KpoMe Toro, 

O'leBHJlHO, f: I '" 1- T/ I 6yJleT 38BHCeTb OT 3Ha'leHHH aMnnHTYJl paJlHanh

Hb!X H aKCHanhHhiX KOnl!6aHHii. XapaKTep <jlyHKUHii t: 1 (pl H t 1(zl npH 

IIOCTOSIHHblX Z H p COOTBeTCTBeHHO noKa3aH Ha pHC, 14 H 15. Pac-

'leT aHanorH'I•lH onpeJleneHHIO ( 2 , T.e. 

Pmax 

pmax 

f «lJ(plt (pldp. 
0 I ( 16) l I 

B aTOM Bbipa)KeHHH lPYJIKUHSI t: 1 (pl JlOn)KHa HaXOJlHTbCSI c y'leToM cneKTpa 

aMrrnHTYJl 8KCHanbHblX (;eTaTpOHHblX KOne6aHHll 110 <jlopMyne 

l (p ) =----
1 I z 

max 

x) 

zmax 

J «ll(zlt
1

(p
1
,zldz. 

0 

06 onpeneneHHK cneKTpa J•anuanbHbiX u aKcuanbHbiX 6eTaTpOHHbiX ( 15) Kone-
6aauA B CHHXpOUHKnOTpOHe CM, pa60Ty 111, 

14 

( 17) 



pI C'IHTBeTCSl IIOCTOSlHHOH BenH'IHHOH, B bipa)KeHI! Sl ( 16) H ( 17) MO)KHO 

o6~e~HHI!Tb 1 rrpe~CTBBHB E 1 B BH~e 

p 
max 

z 
l 1 

max 

HO ~nSl rrpaKTH'IeCKHX pac'!eTOB IIOnb30B8TbCSl 8TOH <J:l<•pMynoii MeHee y~06HO, 

4>yHKUHIO E 1 (pI , Z) MO)KHO HBHTI! cne~y!OIUHM ( 6pa30M, nnSl 38~8HHo-

paCC'IHThlBBeM ~BH)KeHHe 'IBCTHUhl ~0 HB'!ena BTOporo 8T8II8 pe-

reHepaTHBHOrO rrpouecca, 3aTeM, HCIIOnb3YSI B KB'IeCTBe HOBb!X H8'18nbHb!X 

B KOHue rreJ •Boro a Tan a pereHepa-

THBHoro rrpouecca H rronaraSI BenH'IHHY Ha6opa aHepl'HH aa o6opoT paBHoii 

HynJO, paCC'IHTb!BBeM B Te'!eHHe HeCKOnbKHX o6opOTOB ~BH)KeHHe 'IBCTHUbl qe-

pea none pereHepaTopa. ITony<IeHHaSI B rrnocKOCTH r r' KpHB8Sl XapaK-

TepuayeT rronO)KeHHe COBOKYIIHOCTH 'IBCTHU rryqKa C LBHHOH BMIInHTy~oii p 1 

rrepe~ HaqanoM BToporo aTarra pereHepaTHBHoro rrporecca. 

llanee rrpe~rronaraeTCSl 1 'ITO <jlyHKUHSl cp ( Z ) ll 8KCHanbHb!H 8MMHT8HC 

rryqKa He MeHSIJOTCSl Ha rrepBOM aTarre pereHepaUHH x), 

llnSI paC'IeTa ~BH)KeHHSl 'IBCTHU HB BTOpOM STarre B KB'IeCTBe HOBhlX 

pa~HanbHb!X HB'IBnbHblX ycnOBHH HCIIOnb3YIOTCSl 3H8'I€HHSl rrony'IeHHOH <jlaao

BOH KpHBOH 1 8 B KB'IeCTBe 8KCHanbHb!X - HB'!BnbHblH 8MMHT8HC IIY'IK8 (~o 

pereHepaTHBHoro rrpouecca). Ha ocHoBe aToro pac<IeT.t cTpOSITCSl aaBHCHMoc

TH E 1 ( z) = f( z) T8KOrO THIIa, KBK IIOK838HO Ha pH,~. 15, ~nSI pa3nH'!Hb!X 

p, • 0KOH'IaTenbHOe orrpe~eneHHe E 1 rronyqaeTCSI c rroMOIUbJO paHee 

Haii~eHHb!X <jlyHKUHH E 
1 
(pI , z ) I! COOTHOIUeHHSI ( 16), 

x) 
B JleilcTBHTenbHOCTH 3TH semPn!Hbi JlOJ1JKHbi MeH51TbC51, H 3TO H3MeHeHHe 

6yneT TeM 6onbllle, 'I eM 6nHJKe KO BTopoMy 3Tarry pereHepaTHBH< ro rrpouec

ca paCIIOJ10lK8Ha paCC'IHTb!BaeMa51 KplfBBSI HOBbiX Ha'laJ1bHblX ycno lllH, npose

ll8HHb!e paC'I8Tbl llJ151 HB'IBnhHOH BMIIJ1HTYJlbl panHanbHbiX 6eTaTpO !Hb!X Kone-

6aHHH 0,5 CM IIOKD3DJ1H, 'ITO eCnH 3TH HB'IDJ1bHbl8 yCJ10BH51 Ollp81!8J15110TCI! 

3a 30• 50 o6opOTOB JlO BXOJla 'WCTHU B MarHHTHbiH KaHan, TO pa lnH'Jile B 

KOHe'IHbiX pe3ynhTaTax cocTaBJ15IeT He 6onee 10-15%. KpoMe roro, aHanorH'I

Hbie pac'leTbi, onHcaHHbie s pa6ore 181, nanH xopoll!ee cornacHe c 3KcnepH

MeHTOM, 

15 



npH nonaAaH~H nyqKa Ha BXOA Mar'HHTHOr'O KaHana aMnllHTyAa aKCH81lb

HbiX KOile6aHHH He COTOpblX qaCTHU 6yaeT no KpaliHeH Mepe He MeHbllle Haqanb

HOH MaKCHManbHO i aMnnHTYAhi, B TO Me speMsr aKCHanbHasr npoTsrMeHHOCTb 

MarHHTHOr'O nonsr KaHana OrpaHHqeHa s$4JeKTHBHOH BbiCOTOH, paBHOH npH61lH-

3HTellbHO nonyBbi<:OTe nnaCTHHbl KaHana. nosTOMY qaCTHUbl C aMnllHTYAOH, 

60ilblli9H 3$Q19KTUBfiOH BbiCOTbl nnaCTHHhi, 6y11yT cna6ee OTKnOHSITbCSI H MOryT 

nonaCTb Ha BHyTp~HHIDID CTeHKY KaHana, QqeBHAHO, qTo TaKHe noTepu 6y11yT 

3aBHC9Tb OT paAH lnbHOH KOOpAHHaTbl qacTHUbl H'a BXOAe B Mar'HHTHbiH KaHan, 

nnsr BblqHCileHHSI t OS$$HUHeHTa noTepb Tf 3 He06XOAHMO TpaHC<fJopMHpOBaTb 

<fJa30BOe npOCTpat CTBO aKCHallbHblX KOile6aHHH qepe3 KaHan AilS! pa3nHqHhlX 

paAH81lbHblX KOOpi!HHaT qaCTHUbi, 

nnsr nonyqeJ[HSI aKCHallbHOr'O <fJa30BOr'O npOCTpaHCTBa Ha BXOAe KaHana 

HaqanbHblH SllllHnC B TeqeHHe HeCKOilbKHX 060p0TOB TpaHC$opMHpyeTCSI qepe3 

pereHepaTOp (TaKaS! TpaHC$OpMaUHSI $aKTHqeCKH npOH3BOAHTCSI npH pacqeTe 

f t ) , 3aTeM,' TpaHc<fJopMHpysr nonyqeHHhlil: SllllHnC qepe3 KaHan, CTpOHM 

3aBHCHMOCTb 

MallbHOe H 

f 3 • f. ( z ) AilS! r < r < r r max MaKCH-
o max- - min 

r mil, - MHHHMallbHOe 3HaqeHHe paAHallbHOH KOOpAHHaTbl SMMH-

TaHCa Ha BXOlle f KaRan). nonb3YS\C'I:> 8blp8>KefHUI~tf- 8f19nQ1"'1f'HiP\Hif (16) K 
(17}, 3amtweM 

f3 .. 
Pmax 

rae 

z max 

pmax 

f Ill (p)£3 (p)dp. 
0 

zmax 

J <ll(z)f (p ,zldz 
o 3 I 

H HBHAeM 3HaqeHH( ~3 BblpaMe HH Sl Tf 
3 

llb16op noneit pereneparopa 11 Marunruoro KaWJ!Ta • 

MarHHTHbiH Kanan 

( 18) 

(19) 

KoHCTpyKUHs MarHHTHoro KaHana cxeMaTaqecKH npeACTasneHa Ha puc.10a. 

MarHHTHOe none nepBOH CeKUHH, COCTOSIWeH H3 OAHOil: "aaAHeli" nnaCTHHhl, 
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!jloKyCHpyeT 'laCTHUhl ITO BepTHKanH H SIBnSieTCSI ne!jlnKyCHpyiOll!HM B panHanb

HOM HanpasneHHl!, 8TopaSI CeKUHSI HMeeT TOnbKO II ~penHIOIO nnaCTHHy 1 li ee 

neMCTBHe Ha ny'IOK npOTHBOIIOnO~HO neMCTBHIO nepEOM CeKUHl!, (B peanbHOM 

KOHCTpyKUHH KaHana uenecoo6pa3HO HCIIOnb30BaTb H "3aAHIOIO" nnaCTIIHY BTO

poii ceKUHH. Ee TonmHHa non~Ha 6biTb MeHbllle TOnDlHHhi nepenHeM nnaCTHHhi, 

B sToM cny'lae ooxpaHHTCSI !jloKycapyiOmee neMCTBHe ceKUHH Ha ny'loK H, Kpo

Me T0£'0 1 yMeHblllHTCSI a6coniOTHOe 3Ha'leHHe Mai'HlTHOI'O nong BHyTp!i CeK

UHll). Pac'leThi aKcenTaHca MarHHTHoro KaHana, npnseneHHhie nnSI rrapaMeT

pos CHHXpouHKnoTpoHa Ol1.Rl1, noKa3anH, 'ITO rpanHet T Mai'HHTHoro nong BTO

poH CeKUllll non~eH 6biTb MaKCHManbHO B03MO~Hbllv. npH Ml!HHManbHOM Ton

lllHHe nepenHeM nnaCTHHhl, 3TO Tpe6osaHHe npOTHBO Je'IHBO, 3aBHCHMOCTb pa-

~HanhHoro aKcenTaHca OT rpanHeHTa rrong nepBOi CeKUHH Mai'Hl!THOI'O Ka-

Hana cna6aSI, rrosToMy ero uenecoo6pa3HO Bhi6HpaTJ,
7
co6niOAa!J. ycnosHe on

THMan»HOCTH aKCHanbHOI'O aKcenTaHCa , 

B pac'leTax rrpHHHManoch, 'ITO MarHHTHOe none Ha rryTH BhiBOAHMhiX qac

THU B TpeTbeM H 'leTBepTOM CeKUHSIX yMeHblllaeTCSI H~ 6000 3, ITpH MeHb

llleM 3H8'1eHH11 nong Tpe6yeTCSI 6onblllaSI Kpl!BH3Ha .lBYX nocneAHHX CeKUHM, 

PereHeparop 

B uonoii CHCTeMe BhiBona CHHXpOUHKnoTpoHa Ol1.Rl1 npennonaraeTCSI 

11CIIOnb30BaTb TOnbKO Henl!HeHHbiH pereHepaTop, a ~Onb B036ynHTenSI 6yneT 

BhliiOnHSITb OCHOBHOe M8I'HHTHOe none YCKOpl!TenSI, p ~I'eHepaTOp non~eH Bhi-

6Kp8ThCSI rrpu ycnOBHH MHHU~IyMa IIOTepb 7l I 1 C <•AHOli CTOpOHbl 1 II AOCTa

TO'IHOH BenH'IHHbl K03!jJ<pHUHei!T8 yCHneHHSI panHanbHJ,JX KOne6amdi Ha BXOAe 

B MAI'HHTHhtii KaHan - c npyron. KosljJ<fluu•IeHT yc11net HSI ue aon~eH 6biTb ao

CTaTO'IHO 6onblllHM 1 'ITOOhl 'laCTHUhl HO nepeopaChiBc m!Cb '1epe3 MBI'HHTHhlfi 

KaHan. 

C CllCTt)I\IOil /jl.tH0/[<'1 

H:1 ocnoB<lHHa IL'.I<.'>)hPHifor·o ''o~;~Io nponno;;d!Tb ::nonyiolllYKJ cxeMy pa3-
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1, npoBeCTH Ha MaKeTe lliHMMHpOBaHHe Maf'HHTHOf'O KaHana, napaMeTpbl 

BTOpOH CeKUHH cne)lye·~ Bbi6HpaTb TaKHMH, 'IT06bi BbiiiOnHSinOCb ycnOBHe MaK

CHMyMa rpaJlHeHTa H 11HHHMyMa TOnlliHHbl nepeJlHeH nnaCTHHbl BTOpOH CeKUHH 

Maf'HHTHOf'O KaHana. 

2, JliHMMHpOBaHl e nonS! cneJlyeT npOBeCTH OJlHOBpeMeHHO C paC'IeTOM 

aKcenTaHca KaHana. O:ITHMYM napaMeTpOB KaHana JlOn)KeH onpeJlenSITbCSI MaK

CHManhHOii BenH'IIIHOH paC'IeTHOf'O 3Ha'leHHSI f 2 

3. nnSI Bbi5paHHOf'O 3Ha'leHHSI aKCenTaHCa KaHana Hy)KHO OUeHHBaTb He-

06XOJlHMbie K091jlljlHUHeHTbl ycHneHI!SI pa)lHanbHbiX KOne5aHHH, no 3aJlaHHblM 3Ha

'leHHSIM 9THX K091jlljlHU118HTOB Bbi6HpaeTCSI ljlopMa nonS! pereHepaTopa, nnSI 9TO

f'O paCC'IHTbiBaeTCSI JlEH)KeHHe 'laCTHU qepe3 pereHepaTOp JlnSI HeCKOnbKHX TH

nOB Maf'HHTHb!X noneii, 

4. EcnH qacTHU ,r c 6onblliHMH aMnnHTyJlaMH nepe6paCbiBaJPTCSI qepe3 

MarHHTHbiH KaHan, HeC 6XOJlHMO CKOppeKTHpOBaTb none pereHepaTopa B o6nac

TH 6onblliHX paJlHYCOB, 

5, npoBeCTH lliHHMpOBaHHe pereHepaTOpa, 

6, HaiiTrl JlnSI Bb 6paHHoro pereHepaTopa E 2 • 

7. PacC'IHTaTb aKCHanbHbiH aKcenTaHC KaHana. 

8, p aCC'IHTaTb 8 KCHanbHb!H 9MMHTaHC ny'IKa Ha BXOJle KaHana, 

9.HaiiTH f 8 • 

10. BapbHpySI nap lMeTpbi pereHepaTopa 11 MarHHTHoro KaHana, Hy)KHO 

OnpeJlenHTb onTHMam: HOe 3Ha'leHHe sljlljleKTHBHOCTH Bb!BOJla f "'l t • l 
2 

• f S • 

HexoTOJJbie oco6eHHOCTH 'lHcnessoro pac'lera aBH)}(eHHH 

'l8CTHII 'lepe3 MarHHTHOe none pereseparopa 

npH 'IHCneHHOM pac'leTe JlBH)KeHHSI OT)lenbHOH 'laCTHUbl 'lepe3 pereHe

paTOp B Te'leHHe JleCSTKOB HnH COTeH 060pOTOB nro6oe He O'leHb Manoe H3Me

HeHHe Ha'lanbHbiX ycnbBHH Maf'HHTHOf'O nonS! H JlpyrHX napaMeTpOB npHBOJlHT 

K H3MeHeHHID KOHe'IHOf'O nonO)KeHHSI 'laCTHUbl Ha ljla30BOH nnoCKOCTH, B TO 

)Ke BpeMSI npaKTH'IeCK~ HeB03MO)KH0 npH TaKOM HCCneJlOBaHHH JlBH)KeHHSI BBeC

TH B ypaBHeHHe TO'i.H6Ie 3Ha'leHHSI BCeX B03MO)KHb!X napaMeTpOB, HanpHMep, 

npH npeJlBapHTenbHOM BbJ6ope pereHepaTopa HeH3BeCTHO C JlOCTaTO'IHOH TO'I-
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HOCTbiD pacnpeaeneaue ero MarHHTHoro nonH. YLJeT ~aaosoro ABH*eHHH noa

MO*eH TOJlbKO npu 3H8HHH 38KOH8 H3MeHeHHH LJ8CTOTbl H HanpH*GHHH Ha Ko

HeLJHbiX paauycax, C KOTOpbiX H8'iHHaeTCH BbiBOA nyLJKa 'J aCTHU, 

Opu npoaeaeHHH TaKHX paCLJeTOB B KaLJeCTBe OCHOB,JbiX yCJIOBHH npHHH-

MaiDTcn cneayiDwue: 

1) BCe ~a30Bble TOLJKH, COOTBeTCTBYIDiliHe LJaCTHUaM C aaaaHHOH HaLJaJib

HOH aMUJlHTYAOH, He AOJl*HLI 3HaLJHTeJibHO OTKJIOH9TbC9 )T HX JIHHHH 9MMH

TaHCa npu H3MeHeHHH HeKOTOpbiX napaMeTpOB, BXOAfllliHX B HCXOAHbie ypaB-

HeHHHj 

2) 9HeprHH LJaCTHU, nonaaaiDiliHX Ha BXOA MarHHTHC•rO KaHana H3 pac

CMaTpHBaeMOrO ~a30BOrO npOyTpaHCTBa npu H3MeneHHE p9Ua napaMeTpOB 

H V H ap,) yCKOpHTeJISI 1 UOJI*Ha OCTaBaTbCfl HeH3MeHHOH C TOLJ-
yCK 

HOCTbiD ao 9HepreTuLJeCKoro paa6poca, onpeaenSieMoro Ka~ 

.~ F: n P N np e V 
0 (20) 

rae N np qucno o6opoToB, coBepwaeMbiX qacTuuefi aa nepuoa npeueccuu, 

a e V 0 - cpeuHHH aa6op 9HepruH aa o6opoT. 

lJBH)KeHne rry'IKa 'lepe3 "oTpl!llaTeJibHOe none" pereHE oaropn 

Peanbaoe MarnHTHoe none pereaepaTopa xapaKTep~ayeTCH aanuqueM 

"OTpHUaTeJibHOrO UOJIH" B 06JiaCTH pauuyCOB, MBHblliHX HaLJSJibHOrO pauuyca 

9~~eKTHBHoro ueficTBHH pereaepaTopa. MccneuoBaaue BJiiHHHH Taxoro nonS! 

MOMHO npoBeCTH, ecnu pauuanbHbie aaqaJibHbie ycnoBHH LJaCTHU nyqxa 6yuyT 

COOTBBTCTBOB8Tb pauHyCaM, MeHhWHM paAHYCOB ueACTBH~ "oTpHUSTBJlbHOrO 

nonH" (pHC. 16, 9JIJIJmc 6). 

Ha ~aaonoA nnocxoCTH pHc. 17 xpyMKaMH npeucTaBJIEHO UBHMeHue qac

TIIU Ha a3HMyTe nxoua B MarHHTHhiA KaHan. TpeyronbHHK'IMH uaHbi peaynb

TaThi paCLJeTa C OTpllllSTBJibHb!M llOJieM pereHepaTOpa. 0pCTS!MeHHOCTb TSKD

ro !lOlHI UJ15! 9TOrO CJiyLJaSI npHHHMSBTCH paBHOH 1 CM, M8KCHM8JlbH89 OTpH

UaTeJibH8SI BeJIHLJHH8 ero 50 9pCTBO, 
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Ha pHc. 18 rrpea;TasneHa aaBHCHMOCTb 'IHCna o6opoTos, cosepll!aeMbiX 

'18CTH1!8ll 1 OT B8n!i'IHHI>I Ha'lallb!Dll 8MIIllHTyabi paaHallbHb!X KOne6aHHll, KpH

BaH "a" COOTBeTCTByeT Clly'la!O aBH>KeHH5! IIY'!Ka 'Iepe3 OTpHIIaTellbHOe ITO

lie pereHepaTopa, Kp~BaH"6"xapaKTepuayeT asu>KeHne B OTCYTCTsue sToro 

rronH, P aanH'IHe B 'IHCJ :e cosepll!aeMhiX o6opoTOB aon>KHO paBH5!TbC5! i\N ,.i\r / s t• 

= 532 o6poTa ( i\r =1 CM - paauanbH85! npOT5l>K8HHOCTb OTpHI!8T8llbHOPO no-

liS! pereHepaTopa, s t 0,00188 CM - war op6HThi). 

06a 3THX pHCyHta (17 H 18) ITOK83WB8IOT 1 'ITO H8T cyrueCTB8HHOrO pa3-

IIH'IHH rrpH pac'!eTe a m>KeHHH 'lepea pereHepaTop c oTpHIIaTenLHhiM rroneM 

H 6ea Hero. 

A3f l'vtyran&Hble rpaHHUbt pereHeparopa 

f1paKTH'leCKOe O<:yiUeCTBlleHHe KOHCTpyKIIHH pereHepaTopa C 6eCKOH8'IHO 

pe3KHMH rpaHHI!8MH BeB03MO>KHO, 8 TO >Ke Bp8M5! B Ha'lallbHOll CTaaHH pac

'IeTOB TpyaHO orrpeaen iTb 38KOH H3MeHeHH5! MarHHTHOrO ITOII5! pereHepaTopa ITO 

83HMyTy, f108TOMY npeaCT8Bll5!8TC5! 1!8ll8C006pa3HbiM IIpOBepHTb Bllli5!HH8 

"CM5lr'leHH5!" rpaHHI! JereHepaTopa IIpH ycnOBHH COXpaHeHH5! H8H3MeHHOll Be

llli'IHHbl 

const • 

OH li Ok - rpaH~ l!bl IIOIIO>KHT8llbHOPO IIOJI5! pereHepaTopa ITO 83HMyTy, 

B pa6oTe rrposepeno aBH>KeHHe 'laCTHII qepea pereHepaTop, pacrrpeaeneHue 

ITOJI5l B KOTOpOM CX8!AaTH'l8CKH npeacTaBJI8HO Ha p!iC, 19, 

PeaynLTaTbi asJ:)I<eHHH H3o6pa}KaJOumx TO'leK an5l perenepaTopa Tpane

ueHaanLHoi1 !flopMhi n1 •eacTasnenbi na pnc. 17 ( KpecTHKH B KPY>KKe). IT onnoe 

'IHCIIO o6opOTOB, COB )pll!a8MbiX 'l8CTHII8ii 1 BO BC8X 3THX Clly'la5!X OaHH8KOBO 

C TO'l!IOCTL10 1 Orip8Jl( JI>WMOi\ 3HepreTli'IGCKHM pa36pOCOM Ha BXOae B Mar

IIHT!Ihlll KaHall, Oaua~o CllGllyeT 38MCTHTb 1 'ITO Bllllllllli8 "CMHP'IGIIII5l" rpa!IHI! 

pereHepaTopa l.lOll>KHo CKa3l>IBaTLCH Ha aKCHaJILHOM !lB!i}K<~HHH '!aCTHII. IToa-

TOMY npH paC'IGTG f 1 

rpAIIIHUlMH 1 HOllY'IeHliG!Mii ITp!i llll!M~!HpOJ\IliliUi l3 M[l!'JIHTHOM IIOIIC yCKOpHT8llH, 
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Yqer Ha6opa 3HeprHH 38 o6opor 

DpH pac"leTe ABH*eHHH qacTHU yBenH"leHHe 3HeprHf (yBenH"leHHe pa.nHyca 

paBHOBeCHOH op6HTbl) Y"lHTbiBaJIOCb C IIOMOIIIbiO COOT HOL IeHH H 

r s = r sCi + a () 

3.uecb r 80 - Ha"lallbHOe 3Ha"leHHe paBHOBeCHOI'O pa.UHyCa, 2rra - mar op-

6HTbl ( () = 277 orrpe.uenHeT OAHH o6opOT, COBej:rnaeMbiH "laCTHl.leii:). 

Ope.urrono*HM, "'TO rrpH KaKOM-TO 3Ha"leHHH nap~ MeTpa a "laCTHU8 

HeKOTOpblM Ha6opOM Ha"laJibHbiX yCJIOBHH COBepllJHJla 'i o6opOTOB. l13BeCT

HO, "'TO BCe "laCTHUbl AaHHOH Ha"laJlbHOH aMIIJlHTYAhl KOJie6aHHH COBeprnaiOT 

AO IIOIIa.UaHHH Ha BHyTpeHHIOIO MHlli8Hb HJlH BXO.U Mai'HHTHOI'O KaHana pa3HOe 

"'HCJIO o6opoTOB B rrpe.uenax rrepMo.ua rrpeuecCHH: 

N = N + N 
max np 

N =N -N 
mtn np 

T,e, "laCTHUbl IIY"lKa .UOJl*Hbl COBeprnaTb He 60Jiblli8 N max 

N min o6opoTOB, DpH yBeJIH"leHHH Ha6opa 3HeprHH B m 

6y.uyT COOTBeTCTBeHHO paBHhl 

Nm N 
+N 

max m np 

Nm N -N 
min m np 

(21) 

H He M8Hbllie 

pa3 N max H Nmln 

(22) 

Ha pHc. 20 npe.ucraBneHa 3aBHCHMOCTb "lHCJia o6oporm, coBeprnaeMbiX qac-

THuefl, OT rrapaMeTpa a • 1:13 3TOI'O pHCYHKa MO*HO liH.U8Tb 0 "'TO rrpH pa3-

JlH"lHbiX 3H8"18HHHX a "'HCJIO o60pOTOB 0 COBeplliD8Mb!C "laCTHUeii:, Jl8MHT B 

o6ycnoBneHI!btX BbilliO npenenax, onpe.uenHeMhiX nepHO.UO!I. npeueCCHH, 

Ha puc. 17 ( KpeCTHKH) H306pax<eHa JIHHH.Il 8MMIITaHca .UJIH "laCTHLlbi, 

XapaKTOpii3Y8MOH TOMH /1<0 liD."lD.J!bllb!MII yCJIOBHHMH, "1"0 H HCXO.UHa.ll JlHHH.Il 

3MMiiT8HCa ( KPY"'Kii) • 0,1l!aKO B 3TOM cnyqae Ha6op < HOpi'HH 3a o6opOT B 
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4 pa3a 60.IlbWe. l13 p fCYHKa BHJlHO, 'ITO HeT CyWeCTBeHHOI"O pa3.11H'IHSI npH 

JlBH)KeHHH H306pa)KalOII HX TO'IeK Jl.llSI TaKHX 'laCTHU, T,e, oco6oit KpHTH'IHOCTH 

B 3aJlaHHH napaMeTpa a He cymecTsyeT. TeM 6o.nee HeT Heo6XOJ1HMOCTH 

y'lHTbiBaTb s pac'leTa,. <ila30Boe JlBH)KeHHe x). 

III. 3AKnJOY:EHI1E 

Ha OCHOBaHHH Blo1WeH3nO)KeHHOI"O MO)KHO CJlenaTb cneJlyiOIUHe BbiBOJlbl, 

1) flpH JlBH)KeHHII 'laCTHU qepe3 CHCTeMy Bb!BOila OCHOBHbiMH npH'IHHa

MH TIOTepb SIBn51IOTCSI: 

a) sepTHKa.llbHOe pacnnbiBaHHe ny'IKa Ha noc.nellHHX o6opoTax nepe11 

BXOilOM B MSI"HHTHbiH KaHan; 

6) HecornacoaaHP.e pallHanbHOI"O 9MMHTaHca ny'IKa c aKcenTaHCOM Ka-

Hana; 

a) KOHe'IH851 sen!l'IHHa "9QJQJeKTHBHOll:" BblCOTbl KaHana, 

2) flp11 paC'IeTe pa,llHanbHOI"O llBH)KeHHSI MO)KHO He npHHHMaTb BO BHH

MaHHe HanH'lHe OTpiiUaTen~HOI"O ITO.IlSI pereHepaTopa ITO paJlHycy, a TaK)Ke 

C'IHTaTb, 'ITO ero a3Hr1yTailbHbie rpaHHUhi S1Bil51IOTC51 ")KeCTKHMH". KpoMe 

TOI"O, MO)KHO npeHe6pe 'lb Bill! 51HH9M QJa30BbiX KOne6aHHH, 

3) Ha rrocneJlHHX o6opoTax cneJlyeT y'lHThiBaTb HeOilHOpOilHOCTH s oc-

HOBHOM Mai"HHTHOM rrore, BHOCHMbie peanbHbiM rroneM MarHHTHOI"O KaHana, 

4) flpeJlBapHTenb Ihie paC'IeThi, npoBelleHHbie Jln51 CHHXpOUII:KilOTpOHa 

OJ.1 HJ.1, noKa3anH, 'ITO B 3aBHCHMOCTH OT rrapaMeTpos Mai"HHTHoro KaHana 

MO)KHQ nony'lHTb 9QJQJeK'~HBHOCTb BbiBOJla 20t- 50%. 

B 3aKillO'leHHe aB ropbl C'lii:TalOT CBOHM ITp11:51THbiM JlOnroM Bb!pa311:Tb 

6naroJlapHOCTb pyKOBOilC"BY OTJlena CHHXpouHKnoTpoHa UEPHa n-py G. Brianti 

11 np-py E.G. Michaeli ~ 11 pyKOBOJlHTeniO rpyrrrrhi HOBbiX pa3pa6oToK 11-py 

N.Vogt- Nilsen 3a rrp ~nocTasneHHe B03MO)KHOCTH nposeJleHHH 'lHCileHHbiX 

pnc'ICTOII II a n I>J'IIICili!Te JlbiiOM KOMrrileKce UEP H a. 

x) 

22 



Jlureparypa 

1, J.L. Tuck, L,C, Teng. 170 Inch Synchrocyclotron, ln.3titute for \.'uclear 

Studies, Progress, Report III, 1950, Universif::r of Chicaqo. 

2, K.J. Le Couteur. The Regenerative Deflector for 5ynchrocyclotron, 

Proc, Phys. Soc., London B64, 

p. 1073-10/i-1, l'J:) 1. 

"· B. n. JlMHTpHeBCKHH H n.p. 11T3, L 11 (1956). 

4, B. 11. JlaHHJIOB, B. E. MyxuHa. AJJTOpcxoe CBHJJ.eTeJib<'TBO No 1355 c npu

opureToM or 5 Mapra 1965 r. 

5, G.T. de Kruiff, N.F'. Verster, The Orsay 160 MeV Synchrocyclotron 

with Beam-Extraction System, Philips tech, Rev., 1~381, 1901/02. 

6, s. Kullander, S.Lindh3ck, A, .Svanheden, Some Studies on Rer;gene

rative Beam Extraction in Synchrocyclotron, lEE,;;, 

Transactions NS-12 ( 1966), 10(), 

7. B. If. JlaHHIIOB H JJ.p. npenpHHT OHHH, P9-3968, Jlv6Ha, 1968 • 

8, A.C. Panl. Study of the Regenerative Extracto~ of the Berkley 

184 Inch Synchrocyclotron, UCID-3142, 1968. 

PyKonuch nocTynnna B H3.::laTe.1bCKnll OT .. e.1 

10 OKT5!6p" 1968 ro.1a, 

23 



r' a. 

r 

6. 
~'' z 

Puc.l. CxeM 1 ra~ecKoe IIJ.u~n.c·r<:J&llleHH.:: 11a tl;a3oOb!H. n~hA ... l\_t..•i... rtt th.t'PHlhHhlX 

ycnnr lfii 11JHI lJPCTHil C pa3n::~H!.:",nf. a~.1llnHTY!t{l'~M' p:1rJ~':lnf:!.IIhiX ( Kpll

BhiO If 1
6

) H 8JC('~I1.1lhHhiX ("pHfVHt,,ot) KOIT~t)flHHti. 
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Pac,2, CxeMaTH'leCKOe npeacTaaneaae paaaanbaoro llBil>KeHHll 'laCTHU 'lepea 
pereaepaTOp KOH9'1KOA 83HMyTanbHOA npOTlllK9HJ~CTH, 

p(cH) 

2,1L--------------
2,0 

o~------~--------~--~----~------~--~-
27J 214 215. 216 r:, {CH} 

Pac,3, 3aaHCHMOCTb aMnnHTYllbJ paaaanbHbJX 6eTaTpoau ,Jx Kone6aaaA oT pa
aayca npH l1BH>K9HHH '16CTHUbl B OTCYTCTBHe pereaepaTopa (pH =2cM), 
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r'(c,.,jpad) 
1.6 

f.4. 

1.2. 

1.0· 

08. 

06. 

04. 

02 -

0 
277 rrcr1) 

-0.2 -

-0.4 -

I 

-0.61-

Puc.4. l13MeHe iHe panuanhHoro ¢laaoaoro rrpocTpaHCTBa npu JlBH>KeHHH qac
THU a <nHxpounKnoTpoae npu aanuquu pereaepaTopa. 
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'i~c,.,/ pad.) 

3 ~(CM) 

PHc,5, CxeMaTH'IeCKoe npencTaaneaHe H3MeHeHHSI ljla3oaoro npo, :TpaacTaa 
8KCH8nbHblX KOneoaHHll npH naHlKeHHH '18CTHUbl a M8I'HH' 'HOM none 
CHHXpOUHKnOTpOH8 C OeCKOHe'IHO Y3KHM no 83HMYTY pei'aHepaTopOM, 
a) ljla3oaoe nonolKeHHe 'ISCTHU aa axone pereaepaTopa, 6) ljla3oaoe 
nonolKeHHe 'ISCTHU aa abiXone pereaepaTopa, a) ljla3oaoa nonolKeHHe 
'laCTHU aa axone pereaepaTopa 'lepe3 onHH o6opoT. 
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Z3KCTP· 
z. 

6 8 ~
_R -v 2 

Pf!c,6, 3auf!~;l!MOCTc 3Ke-• (.leMallbHhlX c~Ha'leHHii aMnnwryn aKCH8JihHbiX Kone-
6auuii OT ~ ITpll OllHOKP"'rfiOM rrp01<1))1(f"l8f{Hll pePeHPf111TO(.JA, 



-275 276 277 r{cl1) 

Pf!C, 7. 3aBHCHMOCTb llMIInf!TYA llKCHllnbllblX oeTaTpO!IIIblX wneoai!Hll OT pa

AHyca npn ADHlKeHHH ·~aCTHUbl D OTCYTCTBHe pel:'el epaTopa ( z II =2cM), 
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~ 
P(CM) 

281 

280! 

279 

278 

27l 
276 

1?\J~ ~:r. 
275~ "' ~ 
274 1 

560 600 640 
N(ooop) 

680 

~'-

r'(cMfpaa.) 
3 

2 

1 

0 

-1 1 J v----=~----=..I:_____;_--:::-1:-----L---~ 
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PHc,9,<1>aaosaH liHarpaMMa r, r Ha a3HMyTe BXOJ:IB B Maf''IHTHblft KaHan, 
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Pwc.lO. a) Cx2r.. a·ruqer::-Ke>o 1!.'306p,_l>K~fH!C MnruwTnoro Y..J"q~ra a -rp.t0k.ropnli 

H~k.Ul'Op •IX XapaKl'f~fHihiX 4H•_·•ntu; 0) llpHMCpHbiH BHil fU\1...-t::'lirflHC~ 
Mnt'lfWfH h'O KttHilila. 
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r' (c,.,fpad) 

Pac,ll, KpaBhie, xapaKTepaayiOIIlHe aKcenTaac MarHHTHoro KaHana AnH qac

THU pa3HbiX 3Heprali; a) 'IACTHUhl C MHHHManbHOH 3Hepraeli; 
6) 'ISCTHUhl C MaKCHManbHOH 3Hepraeli, 
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PHc,l3. 3aBHCHMOCTb • 2 max OT TonmHHbi CTeHKH ft. 'nepeJlHeli' nnac-

THHbi BTOpoli C eKUHH Mai'HHTHOI'O KaHana. 
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D fm~ p 
PHc,l4. XapaKTep 3aBHCHM<'<::TH f 1 

6eTaTpOHHbiX KOne6aHHil, 

6t(l) 

1,0 

OT Ha'iailhnoil aMnnH Ty nht panHanbHhiX 

D lmax l 

PHc.l5, XapaKTep 3aBHCHMOCTH E 1 

6eTaTpOHHb!X KOne6aHHM, 

OT HB'ianbi!OM BMllnH"ynhi 8KCH8ilbllb!X 
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Pac,l6, CxeMaTH'IE CKoe npeACTaaneaae Ha'lallbHOro aMMHTaaca paAHan&HbiX 

Kone6aHHA COBOKyilHOCTH '18CTHU ASHHOA SMnnHTYAbl nepeA Ha'lanOM 

pereaepaT~BHoro npouecca: a) pac'leT HS'IHHaeTcg npH ycnoBHH, 'ITO 

'IBCTHUbi c paay JKe nonaAaiOT B pereaepaTop; 6) pac'leT HB'IHHaeT-

CH, KOrAa '18CTHU8M AO npOXOJKAeHHH pereaepaTopa aeo6XOAHMO CO

BepWHTb ileKOTOpoe 'IHCnO 060pOTOB; B) '18CTHUbl 1 COOTBeTCTBYIOWHe 

cny'laiO 6 1 COBepwHnH HeKOTOpOe 'IHCno o6pOTOB 1 ll03TOMy HX 8MilnH

TYA8 paAH lnbHbiX KOne6aaaA B MOMeHT ll0}:(X0}:(8 K: pereaepaTopy CTB

na aecKom .Ko 6onhwe, 
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rcc,.,) 

PHc,l7.LlBHlKeHHe H306palKaJO!llHX TO'IeK B nnocKoCTH r, r Hl aaHMyTe 

BXO)la B Mal'HHTHbiH KaHan : 0 - paC'!eT 6e3 OTpHUI TenbHOI'O no
nS! pe;r'eaepaTopa, A - '!aCTHUbi npoxoJll!T oTpHuaTellbHoe no~e pe-
reaepaTopa, ~ - JlBHlKeHHe 6e3 oTpHUaTenhaoro no~l! pereaepaTopa 
npH '!eTbipexKpaTHOM yaenH'!eHHH aa6opa aaepl'HH Ga o 5opoT, ® -
JlBHlKeHHe 'lepe3 pereaepaTop TpaneueHJlanhaoil <jlopMbi no a3HMYTY, 
H306palKeHHbiH Ha pHC. 19, 
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Pac.19. CxeMaTH'IeCKoe npeAcTasneKae a3HMyTanbHoil $opMbl nonS! pereKe
paTopa. 
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