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1. B a e n e H u e 

BTop11'1Hb!l! nyqoK, nony'leHHblil Ha BHyTpeHHel! MIIW0HII ycKop11Tem1, oGnanaeT MaKCH

ManbHO B03MOlKHOl! HHT0HCIIBHOCTblO, ecnu yron 3MIICCHH Bb!B01l0Hllb!X BTOpll'IHblX qacTHU 

e 6n11aoK K Hynro rpanycoa. CuHxpo,j,aaoTpoH OIUUi 11MeeT MarHHT H -oGpaaHoro no-

nepe'IHOI'O C0'18HIISI, 'ITO npenonpenenSieT Bb!BOll ny'IKOB C HMnynbCOM p > 1 raa/c qepe3 

npSIMO.Jll!Hel!Hbte yqacTKH ycKop11TenS1. Ecnu ycTaHOBHTb MHW8Hb HenocpencTB0HHO B npl!MO-

.Jll!H8l!HOM yqacTKe, TO qacTHllbl, BbmeTeawue non H000.JlbWHM yrnoM e K npoTOHHOMY 

ny'IKY, nonanyT a llpMo MarH11Ta cnenyromero ceKTopa ycKop11TenS1, noaTOMY M11we11b no

MemaJOT n Marn11THOM none npenwecTayromero ceKTopa, KOTopoe uaruoaeT TpaeKTop1111 aapll

lKeHHbIX BTOpH'IHblX" qacTHU B HylK!IOM Hanpaanel!IIH (puc. 1). 

B CIIHXpo<pa30TpoHe co cnaool! <pOKycupoaKol! MOlKHO aapbupoaaTb ll0.JlOlK0Hl!e MHIIl0HH 

a KaMepe no pan11ycy u no aa11MyTy a rnupoK11x npenenax. Pan11anbaoe nepeMemeHue MHmeHu 

orpaHH'l0HO oGnacTblO MarHHTllOI'O nom1, B K01"0pol! coxpaHSl8TCSI nonepeqHaSI yCTOl!'lHBOCTb 

llBHlK8HHSI npOTOHHOI'O nyqKa. B CIIHXpo,j,a30TpOHe OHHH WHpHHa 3TOl! oGnaCTH K KOHlly yc

Kopemrn COCTaB.JlS10T 0,8 M. Bb!OOp aauMyTa MHW0HH orpaHll'IIIBaeTC!I Tpe6oBaHH8M, 'ITOObl 

'laCTHllbl C H'ylKHblM HMnynbCOM He nonanan11 B CTOl!KH MarllHTa ycKopHTen11. 

0TK.Jl0110HH8 BTOpH'IHblX 'laCTHll MarHHTHblM noneM Bbl3bIBa8T nucnepcuro no HMnynbcaM 

u ,poKycupoaKy (unu ne,j,0Kyc11poaKy) nyqKa. B naHHol! paooTe uccnenoaaHa aaauc11MoCTb 

yKa3aHHblX xapaKTepl!CTHK OTPHU8T8IlbHOI'O BTOPH'IHOI'O nyqKa OT nonOlK8HHSI MHlli8HH, aenn

'IHHbl" HMnynbca H yrna 3MHCCHH qaCTHll. 

2. noc~'!'?8HH8 nuarpa::fM Muxoanca ll.JlSI OTpHUaTenbHOI'O BTOpH'IHOI'O ny'!Ka 

/1/ 
Ha 3BM M-20 no nporpaMM8 803-1 Obl.JlH paCC'IHTaHbl TpaeKTopuu OTpuuaT8.JlbHblX 

BTOpH'IHblX 'laCTHU B M81lHaHHOl! nnOCKOCTH MaI'HHTa YCKOpHTensi. nonolKeHue 'ISCTHllbl B 3TO<I 

nnoCKOCTH onpenensinocb B UH.JlHll!lpB'l0CKOl! CHCTeMe KOOpllHHaT ( R, <p ) "f rii:e R 

paccTosi11ue OT ue11Tpa nau11oro ceKTopa cu11xpo,j,aa0Tpo11a 'B M, a ¢ aanMyTanbHbil! 

yron, OTC'IHTbIBa8Mb!l! B panuaHax OT Ha'lana C8KTopa B 11anpaaneHHH llBHlK8IIHSI npoTOIIIIOI'O 

ny'!Ka. B Ka'l8CTB8 naqanbHblX AallllblX ucno.Jlb30Banucb: panuyc 

MHlli0HH, HMllY.JlbC qaCTHllbl p H yron 3MHCCHH e OTHOCHT0.JlbHO KaCaTenbHOl! K op6u-
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Te npoToHoB, KOTopyID npHHHManH 3a OKpyJKHoCTb pannyca Rm • Yron ' e C'IHTancB no-

nOJKHTen&HblM, ecnH '18CTHil8 BblneTana H3 MHIDeHH H8PYJKY llp0TO~Holt op6HTbI. 

C8Ten&HyID K TpaeKTOpHH '18CTHllbl B TO'IK8 BbIXona llOCnenHelt H3 MarHHTHOro 

TOTOllTpaeKTOpHH.fionoJKeHHe TpaeKTOpHH B MeAH8HHOlt nnoCKOCTH B o6naCTH
1 

Ha3oBeM Ka-

nom1 acnMn

coo6onHolt OT 

nona, xap'aKT8pH3yeTCB yrnoM a C OCbID ox H BenH'IHHolt 0Tpe3Ka Y 
I 

OTCeKae-

Moro 8CHMnTOTOlt Ha OCH OY ( pnc. I)• Ocb ox COBMemeHa C nponon&Holt OCbI6 np,rMo

nnHeltHoro Y'l8CTK8 YCKOpHTenn, 8 OCb OY HBnneTCB rp8HH1telt ceKTOpa CBHXpo¢a30TpoHa. 

Bee paC'leTbI BbllIOnHeHbl nnn cny'lan, Korna none Ha OCH KaMepbI paBHO 1,26 Tn, 'ITO 

COOTBeTCTByeT M8KCHManbHOli :,meprnH npoTOHHo,ro ny'lxa. 

/2/ Pe3yn&T8Tbl pacq:eToB npencTaBneHb1 B BHne nnarpaMM Mnxosnca • TTpn ¢aKcapoBaH-

HOM nonoJKeHHH MHIDeHH nnarpaMMa OTpaJKaeT 3aBHCHMOCTB 

a -· f (Y) P =oonet 

( I) 
H 

a= ¢(Y) ~= .. n ■t 

TaKH8 rpa¢HKH 6blnH nOCTpoeHbI nna TO'leK a, 6, B H 

lK8HHbIX Ha OCH KaMepbI ( R.. - 28,0 M) '1epe3 P8BHbie 83BMyT8nbHb!e HHTepBanbI ( pnc.2-

5). ConocT8BJIHH nnarpaMMbI, MOlKHO cynBTb O TOM, 

r Ha pnc. I, pacnono-

'18CTBUbl C onpeneneBHbIMB 3H8'1eHBHMB p B e 
MBIDeHB 

UBH 

¢., 

K8K 38BBC~T nonoJKeaae TpaeKTopnn 

B CB06onHOM npocTp8HCTBe OT 83BMyTa 

• JtaarpaMMa BTOporo THna ( pac. 6 n 7), Ha KOTOpolt npe/lcTaBneHbI ¢YHK-

a= 11(Y)R .. =aonat 

B 

a= x(y)9=ooaet 
(2) 

n03BOnHeT OlleHBTb BnBHHBe B8pB8UBB pannyca MBIDeHB R., B yrna 3MBCCBB '18CTHil e 
Ha nonolKeHne TpaeKTOpBB '18CTBUbI C aanaHHbIM BMnynbCOM 

'leHBB ¢., • p npn ¢nxcBp0B8HHOM 3Ha-

nnarpaMMbl ( J) B ( 2) He TOnbKO CBCTeMaTB3BpyIDT p8C'leTHbie naHHbie B HarnnnHolt 

rpa¢a'leCKOl! q,opMe - OHR naIDT B03MOJKHOCTb cynHTb O ¢oKycnpoBKe B 8Hanaae BTOpB'IHO-

ro ny'IKa MarHBTHhlM noneM ycxopnTena. 

3. $oKyCBpoBKa BTOPB'IHoro n~'IK8 MarHBTHbIM noneM CHHxpo¢aaoTpoaa 

'nnn Toro, 'IT06bI o6ecne'IHTb nonepe'IHYID YCTOli'IHBOCTb nBBlKeHnH npoTOHHoro ny'lxa, 

MarHBTHoe none CBHxpo¢830TpOHa cnanaeT no panuycy. 0TpBU8Ten&Hble BTOpB'IHble '18CTBDbI 

38B0p8'1BB8IDTCH MarHBTHblM noneM K Hapy:,rnol! CTeHKe KaMepbl. Ta B3 nByx '18CTBU C onn;_ 

HaKOBbIMB BMnynbC8MB1 KOTOpaH BMeeT MeHbIDHJ! yron 3MBCCBB e 
I 

nBBJKeTCH B 6onee 

4 

j 
~ 

I 
1 

I 

'I 

r 

'!1 

CBnbHOM none B OTKnOHHeTCH cnn&Hee. 8 peayn&TaT.e yron l!ia MeJKAy TpaeKTOpBHMB 

'18CTBU H8 BblXOne B3 MarBBT8 OK83bIB8eTCH MeHbme H8'18nbHOro yrna •f!.e • 0THomeane 

l!.a l!!.e .< 1 xapaKTepnayeT, ¢oKyCHpOBKY BTOpB'IHoro ny'IK8 B MennaHHOli · nnocKOCTH. 

Panuan&HaH COCTBBnHIDman MarHBTHOro nonm CHHXpo¢aaoTpOHa 

B =-~z 
r r 

coanaeT BepTBKBnbHYID cnny, KOTopaH B03BpamaeT CMeCTBBmnecn no BepTBKann npo

TOHbl K MBnHaHHOJ! nnOCKOCTHo nnn OTpBUaTen&HblX '18CTBU 1 BblneT0BIDHX B3 MHIDeHB B aan

paBneHBB nBBJKeHBg npoTOHHoro ny'IKa, 3T8 CHna OKa3hIBaeTcH ne¢oKycupyIDmel!. 

B npenmeCTBYIDIItHX paccyJKAeHHHX He 6blno Y'ITeHo, 'ITO Bil CBOeM nyTH BTOpH'IHblli ny

'IOK nepeceKaeT KpaeBoe none MaranTa ycxopnTena. Ecnn HopMan& K rpaHnue non~ B TO'IKe 

Bbixona OTpnnaTenbHOli 'laCTBUbl pacnonoJKeHa C Toll lKe CTOpOHbI OT TpaeKTopnn, 'ITO B 

lleHTp KpBBH3HbI nocnenHeli1 KpaeB00 none Ae¢0Kycnpy8T ny'IOK no B0pTHKann H q,oKyCHpyeT 

ero B ropR30HT8n&HOli ( MeJtnaHHoli) nnocKOCTH. Ecnn }1{0 nopManb nelKHT caapylKH TpaeKTOPHR, 

TO Kpaeooe none nel!CTByeT K8K ne¢oKycnpyIDman nRH3a B ropH30HTan&aol! nnocKOCTR R KaK 

q,oKycnpyIDman - B B0pTHKanbHOli. KaKRM OK8lK8TCH CYMMapaoe nel!CTBH8 OCHOBHoro H pac

C0HHHOro nonel! B ropH30HTanbHOli nnocKOCTH- q,oKyCHpyIDmHM nnn ne¢oKycnpyIDW~M, - aa

BHCRT rnaBHblM' o6pa30M OT 83RMyTan&aoro nonOJK0HHH MRmenn. 

flyTb, npOXOABMbll! BTOpB'IHblMH 'IaCTBUaMB B MarnBTHOM none cnaxpo¢aaoTpoaa, coc

TaBnHBT III{Wb ne6on&WyID 'Ia~Tb o6meil npOTHJK8BHOCTB MarHBTHoro Kaaana, ¢opMBpyIDmero 

nyqoK. flo3TOMY nnn pacqeTa CRCT0Mbl TpaacnopTRpoBKH ny'IKa B nepBoM npn6nBlK0HBH MOlK

HO nonaraTb, 'ITO MarHHTH00 none ycKopnTenn 3KBBBaneHTlIO TOHKOli HOHHOOHTH'l8CKOli nnaae, 

UBnJKeHBH 'IaCTHllbl B ropH30HT8nbHOli R B8PTHKan&Hoil nnOCKOCTHX He CBH38Hbl /lpyr C /lpy-

/3/ 
roM I H )lBe COOTB8TCTBYIDmHe nHH3bI cne)lyeT paccMaTpHB8Tb paa)len&no. 

CBeTOBOli nyq pacnpOCTp8HH8TCH npHMOnHH0ilHO /10 BCTpeqn C nnoCKOCTbID TOHKOli nnn-

3bI, rne cKa'IKOM M8HH0T CBoe HanpaBneane. 'ITo6bI HaliTB nonoxceane TOHKOil nBH3bI, Hano 

npononJKHTb nanaIDmHli H BblXonnmnl! ny'IH BHyTpb TonCTOli nBH3bI no nepeceqeHBH B TO'IKe 

C (pnc. Sa) H npoBeCTB qepea STY TO'IKY HnOCKOCTb, nepneHnHKynnpHyID onTH'10CKOil OCH. 

AHanorH'IHblM o6pa30M MOlKlIO onpei:iennTb nonOlK8HHe TOHKOl!, llHH3bI, )leilCTBHe KOTO

pof\ Ha ny'IOK B ropnaoHTan&aol! nnoCKOCTB SKBHBaneHTHO )l0i!CTBHID MarHHTnoro nom1 YCKOJ)HTe

llH. Bb16epeM 'B KaqeCTBe neHTpan&HOli TpaeKTOpHH ny'IKa TpaeKTO):>HID 'I8CTHllbl C HMnynbCOM p 
0 

H yrnoM SMHCCHH -~ O • flpoBeneM K8C8Ten&Hbl8 K neHTpanbHOil TpaeKTOpnn B Ha'IallbHOil TO'IKe 

M H B TO'IKe Bb!Xona H3 MarHHTHOrO nonn N ( pn~. 86) I ypaBH8HHH KOTOpblX 

Y = Y8 + Xdg(¢., -t
0

) 

H (3) 

y = YA + Xtga0 • 
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3nec& H nanee nnn onpeneneaaocTH nonaraeM { >.0 • npHpaBHHBllll npaBMe qacTH aTHx 

BhlpalKeanl!, aaxonnM a6cnnccy ToqKH nepeceqeaHH KacaTen&HhlX 

YA -YB 
Xc=---------

te:ao - ctg(¢m -· e O) 

'lfa pHCo 86 YB = 8D :--· h , 

a BD = T ctg ( ¢ m - { o ) • 

rne 

yrnoM 

h -cTpenKa nporn6a, a a· -xopna cerMeaTa nyrn pannyca 

2 ( .!L 
2 

npn nOJlCT8HOBK8 

¢m ) t 

XO 

a, cnenoBaTen&ao, 

YA+h-,v2ctg;(¢m -{0 ) 
Xe =- --------

tgao -· ctg(¢m - eo) 

B mo6oe na Bb1paJKeHn·ll (3) nonyqaeM Y0 

(4) 

Rm C neaTpanbHhlM 

(4) 

AcnMnTOTa neHTpan&aol! TpaeKTOPHH cnylKHT onTHqecKol! OCblO TOHKOl! AHH3b! ,nnoc-

KOCTb 

TOqKH 

KOTOp0i! npoX0JlHT qepea TOqKy (XO , ·YO ) opToroa.an&HO K OCH. PaccTO!IHIIe OT 

A no, nHH3bl, H3M8peaaoe Bnon& OUTHqecKol! OCH, 

f = -2£__ 
(J)S a 0 

(5) 

Ac1IMnTOTbl. TpaexTopnl! nByX qacTHU C onnaaKOBblMII HMnynhCSMH, Bbll18Tal01lllIX II3 

TOq8"1HOJ! MHlll8HH non pa3Hb!MH yrnBMII { O H e I K npOTOHHOMy ny"IKY, nepeCeKBIOTCH 

B TO"IK8 M a<pq> ( pnc •. 1), KOTOpaH cnylKHT aq,q,eKTHBHbIM IICTOqHIIKOM "IBCTIIU ( np81lM8-

TOM) nnn CHCT8Mbl TpaHcnopTIIpOBKII nyqKa, np1IpaBHHB8H npBBbl8 qacTII ypaBaeanl! BCIIMn

TOT 

y Y0 + Xtga
0 

H 
y = Y 1 + Xtga 1 , 

l!BXOlllIM a6cunccy a<f,q,eKTIIBHOro HCToqHIIKB 

xi ~o-:_ Y1 

tg a 1 - ti;a 0 

PaccTOHHII8 BllOnh OCH AIIH3hl OT OY llO T0"IKII 

L= 
t:,. y a>sa 1 

Sin (a 
1
-a

0
) 

6 

t:,.y 

tga 1 - tga0 

M 
aq,q, 

l':,.Yrosa1 

!':,.a 

(6) 

(7) 

i: 

\ 
I 

I 
! 

·, 
) 

l 
f 

I 
j, 

CnpoeKTHpyeM npoT!IJK8HHYIO MHlll8Hb M Ha onTnqecKylO OCb H npoBeneM 

JlBB nyqa, OJlH11 H3 KOTOphlX Bb!XOJllIT H3 U8HTp8AbHOl! TOqKH non yrhoM~ = {1 -•{0 

K OCH, BTOpol! npoXOJlHT H3 Kpal!Hel! TOqKH MHllleHH qepea U8HTP TOHKOil nHH3blo Ha pn_c. 9, 

Ha KOTOpoM BhlnonaeHO 3TO ·nocTpOeHHe, BHnao, qTQ aqxj,eKTHBHhll! HCToqHHK qBCTIIU npen-

' CTSBn~eT co6ol! nao6palK8HH8 MH1118HH, o6paaoBBHH08 3KBHB8A8HTHOl! TOHKOll n1IH30l!, 

Koaqllj,nuneaT nnael!aoro yBenuqeann naaahl 

K = t:,.{/l':,.a 

3aan paccTonaue OT n1IH3hl no aao6paJKeHnn 

T= L - f 

MOJKHO aal!TH paCCTOHHH8 no MHlll8HH 

S = T/K 

H, HBKOHeU, q,oxycaoe paccTdHHH8 HHH3bl paBHO 

f 
q,OK, 

Ks 
(K - 1) 

f 
ne<f,. 

!CS 
(~) 

(8) 

(9) 

(IO) 

( 11) 

HeTpynao BHn8Tb, qTO BenHqlIHbl 

nnarpaMMhl Mnxoanca ( 1). 

L H K MOJKHO onpenenHTb aenocpencTB8HHO H3 

EcnlI Mnmeab ycTaaoBneHa B 1-2 MOT Kpan ceKTOpa ycxopnTeng, TO nyqoK lle¢oKy

cnpyeTCll B ropH30HTMhHOll nnocKOCTH paccellHHblM MarHIITHblM noneM ( Ta6nm1a 1). npn 

3TOM yMeHh1118Hl!Oe MHHMoe H3o6paJK8HH8 MHlll8HII pacnonaraeTC!I M8JKAY 1l8q,0Kyc1Ipy10mel! 

TOHKOl! JIHH3ol! n peanbH0l! MHlll8HblO (pnc. 9a). 

no M8pe CM8Ill8HH!I MH1118HH B rny6nay ceKTopa pacTeT q,oKycnpy!OlllHll 3<pql8KT OCHOB-

aoro nong ycKopHT8All. nplI onpeneneaHOM 83HMYT8 ¢m q,OKYCIIpOBKB B OCHOBHOM none 

nonH0CTblO KoMneacnpyeT /leq,oKyCHpOBKY nyqKa B pacc8HHH0M (Ta6n1Iua 2). Koa<M>nuneHT 

nnael!aoro yBen1IqeHIIH K cTaHOBIIT'cn pBBHblM 8/llIHIIHe (!':,.a =· t:,.t) • Ecnn H 1l8Ab-

111e YM8Hb1118Tb a3HMYT MHlll8HH, TO BTopaqHblll nyqoK q,oKyCHpyeTCH no ropa30HT8JIH i on

HBKO q,oKyCIIpY!OlllBH nnaaa OK83bIB88TCll HBCT0nbKO cna6ol!, 'ITO naeT nHlllb M'1HMOe H306-

paJK8HII8 MH1118HH 38 peanbHblM HCToqaaKOM "IBCTHU (pac. 96). npa q,HKCHpOBBHHOM nono

JKeHHII MHlll8HH pacCTOHHHe no nao6paiiceHHH L II KOaq,q,m1HeHT yBenHqeHHH K aaBH

CHT OT IIMnynbca H yrna 3MHCCHH qSCTHU. lJ:eM M8Hblll8 HMrryJihC p • TeM 6naJKe BblXO

JlHllllil! II3 MarHIITB rryqoK K napannen&HOMY II TeM, COOTB8TCTB8HHO, 6on&llle pacCTOHHII8 

no aq,tpeKTIIBHOro ncToqHIIKB II Koaq,q,nulieHT yaennqeHJIH ( Ta6nlIUbl 3 n 4). 3aBHCHMOCTb 

L H K OT yrna 3MHCCHH oco68HH0 38M8THB, KOrlla BTOPII'!Hb!l! ny"IOK npOXOJllIT 6onb-

111ol! nyTh B MarHHTH0M none (Ta6nnna 5), 

no nporpaMM8 603-1 MOJKHO paccqHTSTb B8pTHK8HbH08 JlBHJK8HII8 qaCTHU C 0/llIHSKOBbl

MH HMnynbCSMH H paannqHblMH aepTHKBnbHblMH yrnaMII Bblll8T8 H onpenenHTb nonO>K8HHe 

aq,q,eKTHBHOro HCToqHHKa M ___.,.., B 3TOl! llJI0CKOCTH, OTPIIU8T8JlbHhlll BTOpHqHhll! 
""l''l'•B8pT. 
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ny'I0K Ae<!ioKycnpyeTC!I MarHHTHblM noneM ycKopnTen11 110 nepTHKanH, 1103T0My npn 38A8HH0M 

non0lK8HHH MHW8HH M ,1,,1, 0K83b1B88TC!I 3H8'1HT8nbH0 6nnlKe K Kparo MarHHTa, '18M 
ss"l'•BepT. , 

M ""'"' • PaccTORHHe Me:>KAy M ""'"' H M ~"'"' xapaKTepHayeT acTnr-
""l"t'•rop. """..,.nepT. """..,.rop. 

M8TH3M s<!xJ,eKTHBHoro HCT0'IHHK8 '18CTHU. Ecnn MHWeHb pacnonox,eHa Ha paccT0RHHH 4-5 M 

OT KpaR MarHHT8 1 TO, K8K BHAH0 H3 pHC. 10, AHR '18CTHU C llMHYHbC8Mll P .~. 5 fsn/c 8CTHr-

M8Tll3M A0CTHraeT 0'leHb 6on&wofi BenH'IHHbl, 

4. AHamt3 Hy'IK8 110 HMIIYHbC8M MarHHTHbIM noneM ycx:opnTenR 

HaaoBeM 0TH0W8HHe pa3H0CTH yrnoB Bb!X0A8 H3 MarHHTHoro nong ABYX '18CTHU C 0AH-

H8KOBbIMH e K pa3H0CTH HX HMHynbC0B 

,D = ~ 
P1 -p 2 

!'!.a 

l'!.p t=mnst (12) 

yrnonofi AHCnepcHefi ny'!Ka no HMHyn&cau. 3Ha'!eHHe D 

(1). Ha Ta6nHUbl 8 BHAH0, '!TO npn 38A8HH0M HHTepnane 

M0lKH0 nony'IHTb H3 AHarpaMMbl 

l'!.p AHCHepcHR HennHefiH0 38BHCHT 

OT B8HH'IHHb( ueHTpanbH0ro HMnyn&ca IIY'IK8 Po • Ilpn <jlnx:cnponaHHOM 3Ha'!eHnn p0 

yrnonag UHCII0pCHR napbnpyeT C H3MeHeHneM paAHanbH0ro II0H0lKeHH!I H 83HMyTa MHWeHH. no 

Mepe cMeW0HHR MnweHH K BHyTpeHHefi CT8HK8 K8M8pb! AHcnepcng ynenH'IHB88TCR; aHanorn'l

llblM o6pa30M 0TpalK88TCR Ha D H CMemeHn'e MHWeHH B rny6HHy celcTopa YCK0pHTenR. 

MHwenn, HCII0nb3Y0Mbie Ami renepaunn BT0PH'lllb(X '18CTHU, HMe10T paAnan&HyIO IIP0TR

lKeHH0CTb OT H0CK0nbKHX MHMHMeTp0B AO 1-2 CM. Tpaex:Topnn '18CTHU C 0AHH8K0BbIMH HM

nyn&caun, Bb!n0Tenwnx B MeAH8HH0fi nnoCK0CTH H3 pasnH'!HbIX T0'l8K MHW0HH HOA 0AHHM H 

TeM JKe yrnoM , K npoT0HH0MY uy'!Ky, nepeceKaIOTCR B TO'!Ke F BH8 M8rHHTH0I"0 

11om1. C H3MeH811H8M nonoJKeHH!I MHWeHH B M8I"HHTH0M none MeH!leTCR H nonolKeHne 'Kpoc-

conepa' :F 0TH0CHTenbH0 M8I"HHTa. KoopAHH8Tbl Kpocconepa; 

XF 

YF 

YG 
tga2 -, tga 1 

yo +·X F tgao 
¢ • =a>nst 

P = a>nst 

e = ex>nst 

( 13) 

rne HHneKCbl ·o·, ·1• H ·2· YK83HB8JOT, qTO TpaeKTOpHR aaquaaeTCR COOTB8TCTB8HHO B 

ueHTpanbH0fi T0'!Ke MHWeHH nnn B 0AH0fi 113 ee KpafiHHX T0'l8K. PaCCTORHHe OT Kpocconepa 

M0H0Xp0M8TH'IH0ro Hy'!Ka C HMnynbC0M 

Tp8eKTOpHH1 

PO AO OCH 

8 

OY, naMepeHHoe nuon& ueHTpan&Hofi 

\ 
I 
j, 

i 

-.. 

d 

M0JKH0 H8fiTH H3 ·unarpaMMbl (2). 

--1--
a>s ao 

l'!..Y 

!'!.a 
ex>sa t 

' 

¢ = ex>nst 

p = ex>nst 

¢ = mnst 

(14) 

C ynenn'leHH0M HMHyn&ca '18CTHUbl <jloKycnpyIOTC!I nee Aan&we OT BbIXOAHOfi rpaHH 

-M8I"HHT8. BMecTe C TOM, '18CTHUbl C paann'IHblMH HMHyn&caMH cMemaroTC!I B none OTHOCH

TenbH0 APYI" upyra B nonep0'IH0M H8HpaBneHHH. B peayn&T8T8 Kpocconep1,1 un11 pa3HblX p 

pacnonaraIOTc!I Ha KpHnofi BToporo nopHAKa (pnc. 11), KoTopyro An!I He6on&woro HHTepnana 

,l'!,p M0JKH0 38MeHHTb oTp03K0M 11p11Mofi. 

O6bi'IHO B Ha'!ane M8I"HHTH0I"0 KaHana ycTaHaBnnnaeTC!I aHannanpy10mnfi MaI"HHT, KO

TOpblfi 3H8'1HT0nbH0 ynenn'IHB80T AHCII0pCHIO HY'IK8 110 HMTTyn&caM, HO HepeAKO npHXOAHTC!I 

orpaHH'IHB8TbC!I nHWb AHCIIOP.CHeil, npno6peTeHH0il B none ycx:opnTenH. Han6onee y3KHil HH

Tepnan nMnyn&con, noaMOJKHblfi npn AaHH0il yrnono8 Ancnepcnn ,D n wnpnne anannsnpyro-

mefi menn ·s , yAaeTCH n1,menHTb, ecnn men& pacnonoJKeHa B Kpocconepe '18CTHU c sauaH

Hb!M HMllynbC0M 
/4/ • Ycnonn11 AnH anannsa ny'!Ka 61,mn 61,1 nAean1,111,1 , ecnn 61,1 

Po 

~ 
'18CTHUbl C HYlKHblM HMlcy'.nbC0M <jloKycnponanncb B 0111108. T0'!Ke, OnnaKO B nefiCTBHTenb-

H0CTH '18CTHUbl, BblH0TeBWHe H3 pa3HblX T0'leK MHWeHH non yrnoM, oTnH'IHblM OT 'o 
co6npaIOTCH B T0'IKe, ne connanaromeil c F 

0 
• IloSTOMY MOH0XpOM8TH'IHblfi IIY'I0K HM8eT 

B Kpocconepe KoHe'!Hyro wnpnHy h 
, K0Topa11 11ponop1111011anbH8 HHTepnany yrnoB 3MHCCHH 

l'!.t , 38XB8TbIB80MOMY KaHanoM. 

IlpencTannenHe 0 xapaKTepe 38BHCHM0CTH K00p/l11H8T Kpocconepa OT ' 
M0JKH0 

nony'IHTb H3 Ta6nHUbl 7. PasHOCTb yrnoB 3MHCCHH rpaHH'lllblX TpaeKTOpHil fiY'IK8 D ropn-

30HT8nbHOil nnoCK0CTH o6bl'!H0 ne npeBb!WaeT 20-30 Mp81l. feoMeTpH'!eCKHM MeCTOM KpOC-

conep0B nn11 'laCTIIU C pa3nH'IHblMII ' 
H3 3T0I"0 Y3K0I"0 HHTepnana 

Mall, COCT8BHIIIOW811 yron /1 C 0CblO ox (p11c. 12). BenH'IIIHY fJ 

JKeHH!I 

tg/J 
YF2 -YFI 

XF1-XF2 

l'!,yF 

l'!.X F 

.,, 

l'!.g cny,KHT np11-

nax0llHM H3 Bbrpa-

( 15) 

rne XFl , YFl H X F
2 

, YF
2 

-C00TB0TCTBeHH0 K00pUllH8Tbl KpOCCOBepoB AJm rpaHll'IHbIX 

yrnoB el H e 
2 

• lllnpHH8 M0H0XpoM8T H'IH0I"0 ny'IK8 B KpOCCOBepe 

l'!.x • n) h = __ F_ ·srn(ao -,., , (16) 
CX>S {J 

'9 

...., 



'rne ao - yron ll8HTpanbHOll TpaeKTopnn C OCblO ox. Ecnu BOcnonb3oBaTbCSI JlaHHbIMII, npn-

B8Jl8IIHblMB a Ta6nI1I1e 7, n npennonoJKHTb, 'ITO B Kanan nonana10T 'laCTHIIbl c yrnaMn aMnc-

cnn OT el • 0,00 Mpa)l JlO e~ • t"l,64 Mpan, TO IlpH ao • 0
1
57688 P8.ll (38°) mapn-

Ha ,ny'llta c nMnyn&CoM 6 raa/c ~ KpoccoBepe 

187 MM 

h = 
0,886 0 ·01 423 a 80 MM

0 

JfnTepaany 6t - 11,64 Mpan aa BbIXO)le H3 nom1 COOTB8TCTByeT yron M8JK.lly rpaHH'lllblMH 
. Tp88KTOPHS1¥H ny'llta 

6t 6a "',c-
lJ,64 MM, 

2,33 
5 Mpan. 

O'leiinnao, 'ITO nonY'lHT& xopomee pa3pemeane no HMnynbcaM (6p/p .< 1~ ) , ncnonb3YB 

B K8'l8CTB8 aaann3aTopa MarnnT YCKOpIITenB, MOJKIIO TOnbKO npn 3H8'lHT8IlbHOM orpaHH'lennn 

ropn3oHTanbnoro yrna 3aXBaTa. 

ToqnocTb pac'leTa ~paeKTopnl! 'l8CTIIII onpenenS1eTCS1 omn6Kol! npn H3Mepennn MarnaT-

noro nonB YCKopnTenB ( = 2-3%). PaC'l8THbl8 Jl8HHble JlnB !ly'lKa ,,-· :..M830HOB C HM-
. ·. /5/ 

nynhcoM 5, 13 raa/c xopomo coanann c skcnepnMeHTanbHblMH pe3ynbTaTaMn • 

Aaropbl 6naro11apS1T B.n. n:,icenenoaa n B.E. <l>nBrnaa 3a nocTOBHHblll naTepec K pa-

6oTe n E.M. KynaKoay 3B none3Hoe oocyJKJleane oonpocoa, caBaanablx c ncnonb3oaaaneM 
nporpaMMbI 803-1. 
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1882. 
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\ 

~ 
l 
l 
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I 
!: ·~-., 

,, 

I . 

p 

p 

Taonnna 

0IlTH'l8CKH8 X8pBK;0PHCTHKH 8KBHBBn0HTHOH TOHKOl! nHH3bl llnSI MBmeHH C KOOpllH-

H8T8MH cf,,;; • 1,5053 pan; Rm =28,0 M.( e = 00) 

f'3a/c f. M K ' L,M S, M T, M 

1,00 1,07 0,875 1,65 0,66 0,56 
2;00 0,94 0,950 1,75 0,85 o,a1 
J,OO 0,92 0,976 1,75 0,90 o,aa 

Ta6nnna 2 

0rrTH'l8CKHe xapaKTepHCTY.KB 8KBHBaneHTHOH TOHKOH nHH3bl nnB MBW8HH C Koopnaaa-
\ ¢.m = 1,4401 pan; Rm . = 28,0 M ( e = 00) TBMH 

raa/c f,M K L,M S.M T,M 

2,00 2,59 2,378 8,31. 2,41 5,72 
J,OO 2,14 I,185 4,44 I,94 2 JO 

' 4,00 2,0I I,040 J,88 I,80 I,87 
5,00 I,96 1,012 '.3, 78, r,ao I,82 
6,00 I,93 1,001 J,72 I,79 I,79 
1,00 I, 91 0,998 J,70 I,79 I,79 
,a,oo I,90 '0,995 3,69 I,79 I,79 

• 11 



Ta6nnna 3 

OnTnqecirne xapaKTepBCTBKH SKBBBaneaTaoA TOHKoA nBH3hl nnu MBwean c KOopnuuaTa-

MB 'Pm • 1,3744 p~n; Rm • 28,0 M ( t - 00) 

p
1
fsB/c f, M K \ L,M S.M T,.M 

2,00 5,55 6,599 25,17 2,97 19,62 
3,00 4,44 4,971 21,90 3,51 17,46 
4,00 3,89 3,449 17,25 3,82 13,36 
5,00 3,56 2,334 12,00 3,62 8,44 
6,00 3,35 I,768 9,40 3,43 6,05 
7,00 3,21 1,465 8,oo 3,27 4,79 
8,0o 3,13 l,JOI 7,31 '.3,21 4,18 
9,00 '.3,08 1,205 6,72 '.3,02 3,65 

Ta6nnna 4 

OnTHqecKHe xapaKTepHCTHKH 3KBHBaneHTHOA TOHKOH nHH3hl nnu MHW0HH C KOopnuaa-

TaMH ¢m = 1,3000 pan; RID - 2s,o M <- e . s o0 > 

P, fsB/c f,_M K L,M S.M 'T,M 

5,oo 5,96 '.3,177 18, 75, 4,0'.3 12,80 
6,00 5,62 ' 2,832 17,48 4,19 II,m 
7,00 5,37 2,584 16,59 4,32 n,22 
a,oo 5,15 2,367 15,57 4,40 I0,42 
9,00 4,98 2,150 14,48 4,42 9,50 

12 
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l, 
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I. • 
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.J 
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T a 6 n B ll a 5 

3aBHCHMOCTL none>)K8HBH B3o6pa)K0HHH MBW0BII H KOscJ><l,Bllll0HTa yBenaqeHIISI OT yrna 
3MBCCHH qaCTBll C HMnynLCOM 5 fsB/c 

e 

90 
60 
30 
(J° 

_30 
-60 
_90 

L,M 

3,98 
'.3,86 
3,80 
J, 78 
3,76 

A3BMYT L n w e a n, ¢ID , pan 

1,4401 

K 

1,089 
1,048 
1,019 
1,012 
I,005 

L,M 

16,46 
18,68 
20,92 
24,42 
28,96. 

Ta6nnna 6 

1,3090 

K 

2,818 
J,177 
3,535 
4,086 
4,767 

3aBHCBMOCTL yrnoBOH nncnepcHH OT neaTpanLBOro BMnynLca Po HHTepBana 

i\p B yrna 3MHCCHH e 
(KoOpnBHaTbl MBW0HB ¢ ID = 1,4401 pan; R 

ID = 28,0 M) 

YrnoBaH nucnepcnu B pannaHax/fsB/c nnu yrna sMnccnu e 
p0 , ,fsB/c 

90 ,60 30 00 _30 

2,5 O,I'.37 0,150 0,167 0,189 0,2II 
J,5 0,084 0,094 0,103 O,II2 O,II6 
4,5 0,057 0,062 0,067 0,069 0,070 
5,5 0,041 0,043 0,045 0,046 0,046 
6,5 0,030 0,032 0,033 0,033 0,034 
7,5 0,023 0,024 0,024 0,025 0,025 

13 



T a,6 n II u a 7 

3aBIICHMOCTb nonolKeHH!I KpoCCOBepa OT yrna 3MIICCIIH '18CTIIU C HMUyUbCOM 5 r3n/c 

(KOOpllHH8Tbl MHIII0HII 'Pm, = 1,3744 pan; Rm = 28,0 M, panuan&Hblll pa3M0p MUIII0HU 

a = 0101 M) 

e I Mpall XF ,M YF,M d,M 

I I 

o,oo J,80'.3 4,254 4,453 
5,82 J, 721 4,247 4,'.362 

II,64 J,616 4,234 4,244, 
I 

17,45 J,535 4,223 4,156 

;-

;r 

l 
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t= a 
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0 

o<, 

~=6 / /,..u, 
p.aa l 
0,90 

30 /I I I 
nv // / / I 080 1 , 

0,70~ -60 // / / / / I 
p=1,0r3fl/c 

I 

0,60 
I I I I I I I - - d , I 

0,50~ ///Jllnr~l,_: I 

I 
o4o' I I/// I/ I I 

, 

0,30~ /I/JI Ilf>m=1,5053paal - I 
Rrn28,0M 

I / JJ . 
.__ 

I 020 , 

0 0,2 OA 0,6 0,8 1,00 'Y,M 

P H c. 2. IlHarpaMMa ( l) mm oTpHuaTenbHoro BTOpH'IHoro ny'IKa. 

16 

I 
=,,.....-----.:=c,:--~-·--- --·--.-.,..-- ~.,,_,,,_~..,., ___ .. _---c., __ • 

I 

Cl, I poa 

I 075 

I 0,70 

I 

0,60 
I 

I 
,t 0,50 

,I o,4o 

0,30 

' 

p=6 ra~/c 

7 
p~-=90 
60 

'Pm=1, 4401pa8 
Rm=28PM 

1,00 1~0 2po Y. M , 
P H c. 3. IlHarpaMMa ( l) nm, oTpauaTenbHoro BTOpH'IHoro ny'IKa, 
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d., 
paa 

0,80 

0,70 

0.60 

0,50 

0,40 

1,00 

-180 -150 0 

p=2,0G&;c~1? -90 -60 -3o 

/ ,5ra6/c 

5,0 
6,0 

7,0 
;i: 8,0 

,n , 

9,0 

if.~·9
• l1Pm=1,3 744 

* 6 Rm=28,0M 

2,00 3,00 ~OY, M 

p H c. 4. nnarpaMMB ( 1) l!JI8 OTPHUBTenbl!OrO BTOpH'll!OrO nyqKa. 

18 

ex, 
pa8 

0,60 

0,50 
7 

o,401gf-'g0 

1po 

-60 

2,00 

tpm =-1/>090 paa 
Rn,=28,0,-., 

~,QQ Y, M 

p H C. 5. nnarpaMMS ( 1) J.lllSI OTpHUaTe.'IbHOrO BTOpll'IHOrO nyqxa. 

19 



ex, 
paa 

0,76 

0,75 

0,73 

0,71 

0,69 

067 I 

0,65 

Rrn,.., 
27,7 

0631 ~ <f>n,=~,~744poa 
I t- p : 5,Q r3&/c 

2,20 2~0 2p0 2,80 3PO Y, M 

p II c. 6. n11arpaMMa (2) nmr OTpllliaTem,aoro BTOpll'IHOrO Uy'IKa. 

20 

OC1 r-----------------------. 
pa81 

~60 

0,55 

0,50 

0~5 ~;-30 

1,00 1,50 

<prn = 1,5 7 44 po'o 
p = 6,0 Gr:»1c 

2,00 Y,M 
P II c. 7. nuarpaMMa (2) nmr oTpunaTen&uoro BTOpu'laoro ny'IKa. 
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?.pO!-iUY,O 
nOA$1 

y 

{-(f,;\) 

X 

a) 

0 - 1~ ate ~M 
D 

'1t 
i- 2-YJrtt 

5) 

, II c. 8. Onpeneneane nonoJKeHIIH T0HK0ll nllH3bI a) 3KBIIBaneHTHoll ToncToll 0IITll'.'Iec
KOil nnaae; 6) aKanaaneHTHou MarHHTHoMy nonro ycxopnTena. 

22 

.. 
,_~,'. 

s 
T 
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M9~" 

6} 

p H c. 9. IlocTpoeane nao6palKeHHH MHWeHH B ropll30HTan&H0li nn0CK0CTH a) B cnyqae 
ne~oKycnpoBKH u 6) B cny'lae ~oxycupoaKH nyqxa. 

\ 
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1-

1,L,M 
r B 

20 

45 

10 

5 

0 
2 4 6 8 p,r1&/c 

pH c. IO. 3aBHCHMOCTb paCCTOHHHH AO sqi<peKTHBHoro HCToqHHK8 B ropH30HTanbHOH H 

BepTHKanbHOH nnoCKOCTHX OT HMnym,ca qacTHU ( cf, - 1,3744, 
Rm = 28,0 M). m 

p=Q 7, 5 3 29B/c Y,M 

5 

X,M iO 5 0 

p H c. 11. nonO}K8HHe KpoccoiepoB AnH qacTHll C paanaqHbIMII'. Il'.MITynbCBMH. Yron 

3Mil'.CCHII'. e = 0 1 WHpil'.Ha Mil'.lll8HII'. a = 0,01 M. 

24 

' 

P II'. c, 12. , K onpeAeneHmo yrna f3 Il'.3 cooTnowea;ig( 15). 
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