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I.BBe.n;eH:tJie - I -

IIpl-1: npoeKTHp0BaH11:tJI ,UyCiHeHCKOI'O CJIIHXpocpa30TpOHa Ha IO r3B 

paC'lleThl ero XapaKTOpHCTJIIK J1I ,ICOIIYCI:OB CihlJI:tJI BhiiiOJIHOHhl, KaK npaBI1-

r.o, Ha OCH0BaHMI1 JII1He~HO~ TeOpMH /1,2,3/. HHTOHCHBHOCTL YCKOpH

TOJI.H, KOTOpbit:i Ha'llaJI paCiOTaTL B I9~i7 r •, ,ICO HaCTO.Hll{ero BpeMeHH 

OCTaeTCH 3Ha'llHTeJILHO HHl(e B€JIH't!HHH, onpe,ICOJIHeMOit pa3M€pa.MH Ba

KYYMH011 KaMephi 11: TOKOM HHJIC€KUJII¥io J TO JKe BpeM.R xapaKTepHCTI1KI1 

MarHMTa YCKOpHTeJI.H, B tiaCTHOCTI1 e:~o .n;ecpOpMaUJ.1M, 3HatiHT€JILHO OT

JIH'llaiOTC.H KaK OT IIpOeKTHLIX / ~' 3/, Ta_K M OT TeX, KOTOpble C'llMTaiOT

CII ,ICOIIYCTHMblMM Ha ,n;pyrHX YCKOpHTe.fi.HX KJiacca CHHXpOcpa30TpOHa /5, 

6,7j. 

HMxte npMBe.n;eHhl pesyJILTaTbi pacqeTOB .ICBMJKeHH.a tiaCTMU UHPKYJIM

pyroll{ero IIYtiKa C ytieTOM BJIHRHMSI ,n;epOpMaUMi1 M MCKalt€Hl1SI IIOKa3aTe

JISI IIOJIR, MMeromMX M€CTO B MarHMTe YCKOpMT€JI.flo 

0CHOBaHHeM cpyH.n;aMeHTa CMHXpccpa30TpOHa OMHM CJiy~aT M€JIK03ep

HMCThle DhlJieBaTUe BO)l;OHaChlll{eHHUe r.eCKM TMIIa IIJIUBYHOB, paC'lleT-

HOe COIIpOTHBJieH:tJie )l;JI.H KOTOphlX IIIHHMMaeTCSI paBHhlM 2,0 Kr/c1f, 

O,ICHaKO cpaKTH'll€CKaSI Harpy3Ka Ha ri'YHT IIO)l; YCIWpMTeJieM COCTaBJISieT 

He MeHee 2,6 Kr/cJ!. /4./ • B 3TOVi paCiOTe A.H.KoMapOBCKHM eme B 

I96I r. OTMe'llanocL: "B .n;aHHOM cnyqae CihiJia .n;onymeHa neperpysKa 

OCHOBaHHSI IIpOTHB HOpM npMMepHO Ha 30% • 3THM1 Oti€Bl1:,1l;HO, npeJK-

.n;e BCero OCi~.HCHSieTCSI TO, tiTO IIPJII YCTaHOBKe B SIHBape 1955 r. OC

HOBHOro OCiopy)l;OBaHMSI B€COM B 36 ~niC o T Ha'llaJiaCL OCa,ICKa cpyH.n;a ... 

MeHTa, .n;ocTHrmaR 23 w. Hs-sa He;~ocTaTOtiHOtl JlCOCTKOCTJil caMoro 

cpyH.n;aMeHTa OTa OCa,IJ;Ka MMeJia HepasHOMepH~H XapaKTep (B BM)l;e BOJI

HOOCipa3HOtl Kpi1BOti) • llpi1tiJilHO}t Hep.J.BHOMepHOCTH OCa,ICKM, HeCOMHeH

HO, CiUJia HepaBHOMepHa.H sarpy3Ka pyH.n;aMeHTa OCiopy,ICOBaHJileM IIpli 

ero MOHT~e. HepaBHOMepHOCTL OCa~KM cpyH.n;aMeHTa HaCiJIIO,ICaJiaCL KaK 



- 2 -

B~O~h OCH ¢YH~aMeHTa, TaK H nonepeK ee, T.e. B p~HaRhHOM Ha-

npaB~eHHH ••• 

ITO MHeHH~ HayqHoro PYKOBO~CTBa YCKOpHTena, npOHCille~maa oca~

Ka HBRHeTCH npe~eRhHO~: TipH 60fl1ille~ OC~Ke MarHHTHOe TIO~e He~ 

B03MO~Ho 6uno 6~ BUnpaBHTh ~aEe E ~aHHOM ycxopHTene... EcnH 

HeT B03MOXHOCTH o6ecneqHTh 6esoca~oqnue yc~OBHR ~~a ¢YH~aMeHTa ••• , 

He06XO~HMO MarHHTHOe KORh~O YCTaEaB~HBaTh Ha TIOCTORHHUe pery~H

pyromHe ycTpO~CTBa~ Yxasann~e ~e~cpMa~HH He 6~~* ycTpaHenu B 

nepHo~ MOHTaxa H sanycxa ycxopHTEna, a TaK:a:e npm ero nocne~yro

me~ ~KCn~yaTa~HH, ToKo MarHHT He HMeeT pery~HpyromHX MeXaHH-

qecKHX YCTpO~CTBo YMeCTHO OTMeTHlh, qTO ~pyrHe C~a60~0KYCHpyro

J.qHe YCKOpHTeRH, HanpHMep E3BaTpOF.. /6/, HMeiDT CTa~l10HapHyro CHC

TeMY ~~fl peryJIHpOBKH BhiCOTHOro nc~noxceHHfl MarHHTa, qTO AaeT 

B03MOJlCHOCTh TipOH3BO~HTh ero IDCTHpOBKY BO Bpe:wi peBH3Hlle Cor~ac

HO Tpe60BaHHflM npOeKTa ~onyCK Ha pa3HOCTh B~COTHOrO TIOJIOJ:eHHfl 

KBaJJ;paHTOB MarHHTa CHHXpO¢a30TpOl[a ~OJDiteH COCTaBJIHTh j;2 MM:/3,8/ • 

O~naxo K I972 r. ~e~op:MaiJ;lUI ¢YH)taMeHTa AOCTHrJia 25-28 w /9/. 

Hapymme xpaa KB~paHTOB onymenu 6on1me, tieM BHYTpeHHHe H 9Ta 

pa3HHIJ;a ,JtOCTHraeT no pa3HhiM H3MepeHHflM OT I,5 ~0 5 :MM /9/. 

C 1973 r • Ha CHHXpO¢a30TpOHI~ opraHH30BaHhl Ce30HHhle reo.zte-

3HqeCKHe H3MepeHHfl B~COTHOrO TIOJIOJlCeHHH MarHHTa, BhiTIO~HeHHhie 

rCfrn. 3TH H3MepeHHa TI03BOJIHT OIJ;eHHTh 3aBMCHMOCTh BeJlHqHHhl HC

KaJteHHit :ua.rHHTa OT ypOBHH rpyHT0.3WC BO~• 

llie BJIHHHHe ,Ite~OpMaqHH MarHHra Ha BepTHKaJihH~e op6HT~ 

HeToqnocTb nano:a:eHHa KBa.n;pa:iTOB ycxopHTena no BhiCOTe ~Bo

RKHM 06pa30M BJIHfleT Ha ~BH~eHHe qaCTH~: I) Bhl3hiBaeT HCKaEenHe 

BepTHKaJihHUX op6HT; 2) npHBO~HT ~ B03HHKHOBeHHID CB83H Me~y 

paJJ;HaJlhHhlM H BepTHKaJlhHhiM ~BHJ:eH~eM qaCTH~, qTO MOJ:eT CTaTh 
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npUtzHHO~ pe30HaHC0B CBS3H 6eTaTpOHHWC KOJie6aHH~. B ,ItaHHOM pas ... 

,D;eJie paCCMOTpeHO BJIHSHHe ,ll;e~OpMallil~ MarHHTa Ha HCKaJCeHHe Bep

THKaJIDHHX Op6HTe 

B cJiac5o~oxycHpyiOmHx yc:a:opHTe.Tiax Bhipa.xeHJIIe .ItJIS ropliSOHTaJID

Ho~ KOMIIOHeHThi MarHHTHoro non.a E~ R HMeeT BH.It: 

Q_ \t 5"l ~~ 
PRe:::..- ~ - '1 (I) 

r,D;e '\1, -nOKa3aTeJID IIOJIS, ~ - paCCIO.fiHHe IIO BepTHKaJIH OT Mar-

HHTHO~ Me,ll;HaHHOil nOBepXHOCTH YCKOpHTeJia, ~~- BepTHKaJIDHaa KOM

noHeHTa non.a Ha pa,D;Hyce R. ·EcJIM aapy:~muit :a:pait IIOJIDCOB :MarHHTa 

HaKJIOHeH no OTHOWeHHIO K ero BHYTpeHHeMY KpaiO (nepeKOC) H oc5pa-

3YIOIJ48.SI ero Me,li;HaHHOiit IIOBepXHOCTH COCTaBJI.fleT yroJI d..< 0 C ropH-

30HTaJIDH0~ nJIOCKOCTDIO, TO nOSBJISeTCS ,ll;06aBOtzHa.fi ropH30HTaJID

HaH COCTaBJIHIOmas IIOJI.fl: 

B~ ==- B~ s~'{)_ cl.. . (2) 
HanpHMep, .ItJIS cHHxpoq,asoTpoaa npM B~ = -!60 rc (none HHxe:a:n;HH), 

R = 2800 eM, \\.. = o, 67 H 1.. = I CM BeJIHtzHHa B ~ cocTaBJI.a

eT 0,038 rc. B TO JJCe Bpe:MH npH ~ = 0,625 Mpa.It, 'tlTO COOTBeTCT

ByeT nepexocy I MM Ha dase !600 ~M (6asa npHH.fiTaa npM reo,D;esH

'tleCKHX HSMepeHHax) BeJIH'tlHHa ~R-o= -o,r rc. TaKHM oc5pasou, saa

tzeHHe ,lJ;OIIOJIHHTeJIDHOil COCTaBJI.fiiOmet, B03Hl1t¢aiDmeil 3a CtzeT ,ll;e~op

Man;H~, npeBhimaeT padoqyro KOMIIOHeETY B~. 

13LlpaJJteHHe ,ll;Jlfi HCKa.JJI:eHHOlii BeiiTHKaJIDHOlit Op6HThi IIOJiytzaeTCS 

IIpl1 pellleHHH JIHHeli!HOrO ypaBHeHHfi HepTHKaJibHhiX deTaTpOHHhiX KOJie

daHJIIil c npaBokl tzaCTblO /!0/' R 
II · \ 0 '2.. D z. -\- \l, I~ ~ B~ ~: D~Q; (3) 

s.n;ec:& T = \+'l,L /"S\ R - KO ocpcpliin;HeH~: peliicTpetzHOCTH ycxopHTena, 

L - ,IJ;JIHHa npSIMOJIHHeilHoit ceKn;HH:, Bo- BepTHKaJihHaa KOMIIOHeH

Ta no11.a Ha paBHOBeCHOM pa,n;uy.ce yoxopHTeJia R<) • EcJIH B~'d He 

3aBHCHT OT aSHMYTa YCKOpHTeJIR 9 , pemeHHe ypaBHeHHR (3), KOTO-
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poe CJie,IJ;yeT MCKaT:b B BM,IJ;e '"t '::.CO tl st, dy,IJ;eT: 

l =-- ~ci(\-:></R.,)~e: ,..J 

lA. 'Q. ;::, vV\. V'\ ' ( 4) 
3,IJ;ec:b KOMnoHeHTa B \<o sanMcaHa B Jn1He~HOM npMdJIMJICeHHH: 

SRc F- Bo( \- n.X/Ro) £-t.~~A d. > (5) 
r,IJ;e )(--= R- R" • B ,IJ;aHHOM CJiyqae nepeKOC .± I MM BLI3hlBaeT MCKaJICe .... 

HMe BepTHKaJI:bHO~ OpdMT~, KOTOpoe Ha ~o COCTaBJIReT + 32 MMo -
ECJIH MarHMT MMeeT K-YID rapMOHHKY nepeKOCa, pemeHHe ypaBHeHMfl 

(3), KOTOpOe Tenep:b CJie,IJ;yeT HCKaT:b B BM,I(e i: = C S~vt. \(~ dy,IJ;eT: 

':2 ~ 0 -r a.c \- t\.X 1 R o ') .~. d s. . .,, v 8 z:o.~=- 'ln.-\<~ \:lvV\. · l-1\," . (6) 

HaHdonee onacHa ,IJ;JIH TaKoro xapaKTepa nepeKoca I-an rapMOHHKa, 

nOCKOJI:bKY Tenep:b nepeKOC MarHHTa C aMnJIMTY,IJ;O~ I MM (0,625 Mpa,IJ;) 

npM npoqHX paBHhlX YCJIOBHRX MCKaJICaeT OpdHTY Ha + I25 MM. -
Kor,IJ;a KBa,D;paHThl MarHHTa HMeKT K-YID asMuyTaJI:bHYID rapMOHH

KY CMemeHMR no BLICOTe OTHOCMTeR:bHO ,D;pyr ,D;pyra~B npaByiD qacT:b 
\":::> \1, ~ ·?: 

ypaBHeHmR (3) BO~,IJ;eT B R B CBOEM OdbiqHoM BM,IJ;e D~ =- R o 

r,IJ;e ~ 0 -paCCTOHHMe OT CMemeHHCM Me.I(MaHHO~ nOBepXHOCTM: 
2 

II - '"\..~I ~ 0 ~ ~ .. e l ·+ ll- 'll '= - R . -- ~\.)'<\. \< t~o 
(7) 

MJIM c yqeTOM TOJI:bKO JIMHeViHhiX qneHOB Bz H npe,n:cTaBJieHHeM R 
B BM.I(e R, Ro (\ '* 'X /?..o) : 

z ~~~ n.:~ I 7.: - n 1.~1 ~L·\- ~ (\- n.)/Ro 1 ~·\.,"' \{ e . (8) 

BhlpaJteHme ,n;nn MCKailCeHHO!ii op6HThl ~~enep1 6y,n:eT: 

~ o\"tT 
2 
[-\- ~ (\- ~LJ/ Ro 1 . s~"\'\. \( 8 . (9) 

~·1)..~ =- ltL -\( 2. 

JlaHHaR cpopMa reoMeTpMqecKMX MCKa,teHMi1 MeHee onacHa, qeM nepe

Koc MarHMTa no R . HanpHMep, I-aR rapMOHMKa napanJieJI:bHoro 

CMemeHMfl KBa,n;paHTOB MarHHTa C 8Ml11IHTY,1I;Oi1 2 MM Bhl3hiBaeT MaKCM

MaJI:bHOe MCKaJICeHHe Op6HThl BCero~ 9 MMo ~TOdhl MCKaAeHMe OpdMTbi 

OT nepeKOCa COCTaBJIHJIO TaKJICe ~9 MM, aMnRMTy,n;a I-0~ rapMOHMKM 
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nepeEoca He ~on~Ha npeBhlmaTh o,o7 MM (0,044 Mp~) , T.e. ~onycE 

Ha nepeKOC MarHMTa ~OmltHhl ()biT!> 3H8'tJMTeJI:bHO J!C8CT'tJ8o 

IY. Mccne~OBaHMe pesoHaHcOB CBR3M C5eTaTpOHHhlx E0~6aHMnL 

Bhi3BaHHhlX ,necfJOpMal;M.aMH MarHMTa 

I. Pe30HaHCU CBR3Mo 

HaitJIOH MarHMTHon Me~MaHHon TIOBepXHOCTM YCEOpMT8JI.fl TIO ~ 

TipMBO,JJ;MT E TIO.fiBJieHMIO u;enoro EJiaCCH pe30HaHCOB CBR3M /II/ o 

RaE lt13B8CTHO, eCJIM ~JIR tJaCTOT Bep"MRaJibHhlX M p~MaJI:bHbiX 6eTa-

TpOHHbiX EOJie6aHMtl ~)< M ~·~ BbiTIOJIHR8TCR COOTHOilleHMe: 

~ ~r: -\ ~ ~ x ·= ffi , 

r~e Q, K H m -u;eJihle tJMcna, TO np1~ HaJIHtJMitl tn-on rapMOHitiKH co-

OTBeTCTByromero B03Jzy~eHitlR B036Y:llt.~aiOTCR pe30HaHChi /IO/ • 3~eCI> 
\K \ -t \ Q_ \ -nop.a,JJ;OK pe30HaHCao 1)611\Itle CBOJlCTBa pe30HaHCOB ()e ... 

TaTpOHHhiX KOJie6aJUin paCC:MOTpeHhl B pa60Te /I2/ C MCTIOJih30BaHitl-

eM raMitlJibTOHOBa ~opMaJIH3Ma. B ~aH~OM CJiytJae raMHJihTOHHaH ~JIR 

TIOTiepetJHOrO ~BMJ!C8HitlR tJaCTitliJ;hi B MarHHTHOM TIOJie npe~CTaBJI.fleTC.fl 

B BH~e: 

(IO) 

-- raMHJibTOHHaH HeB03MYII\8HHOn 

- ,n;oc5aBEa sa CtJeT B03MYII\eHHtl 

MarHHTHOrO TIOJI.flo ITOKa3aTeJib TIOJI.fl npH GTOM ItlMeeT BM~: 

" 0?. . '"'iJ3 . ~ .2. ~ ~ ) 
n..~); \l.c +~~X·~~~ "o1~.~ Xz."- ~: ~ 3.X~""' \I.e·\- n.,x ~(~}. \'1l * 3 \ ~a"~- ) (II 

r~e \1.;), n i, ~ 2 V\ Q'S COOTB8TCTBj'IOT KBa.n;pynOJI:bHOkl, Ce;KCTYTIOJib

HOtl, OKTYTIOJibHOtl M ,D;eKaTIOJI:bHO~ COCTaBJI.fllOII.\HM BepTHKaJibHO:A KOMTIOit 

HeHThl non.a ycKopHTen.a. TIMHeapiti30JaHHhie ypaBHeHM.a ,n;BHlll:eHH.a B 

np_ItiCYTCTBltlM B03MJII\8Hltlt:i ItlMeiOT BH,JJ;: 



(I2) 

CYMMy KB~pyrrOR1HOro,ceKCTYITOR1HOro, 0KTYITOR1HOrO M T.~. B03WJ

iq0HH11. I\aJIC~Oe 113 HHX MOJli:HO OITHCaT1 CKaR.HpHhiM ITOT0HUHMOM 4 ()<., ~ ), 

qepe3 KOTOphlli KOMITOH0HThl MarHHTHOrO ITOR.fi BhlpaJll:aiDTC.fi cne~yiDII{HM 

odpa30M: 

(I3) 

3TH B03MJII{0HH.H MM0~ H0CKOR1KO ITRCCKOCTei1 CHMM0TpMH, B Kax~Oli 

H3 KOTOpUX 3HaqeHMe'VMOJli:HO rrpHH.fiTb paBHUM Hynro. B OdiqeM cnyqae 

ITROCKOCT1 HyneBOrO ITOT0HUHaRa B03~~ll{eHM.fi MOX0T COCTaBR.fiT1 He

IWT0phli1 yron d. C ITROCKOCT1ID CMMME Tpvm H0B03MJTIIt0HHOrO ITOR.fi • 

B ITpHBe~eHHOit HMJite Tadm11-'(e Kajjt~C'MY BH~y B03MYII{0HHll ITOCTaBneH 
u (\) 

B COOTB0TCTBH0 raMMR1TOHHaH 1\ • 

Bl1,n; B03-
:Myll{eHIASI raMl1JII, T OHMaH 

Tadmn:ta I 

I10pfl,II;OK 
pe3oHaHca \\<\-t\~\ 

-----------------------------------------------------------

3.n;ecn xo 3cpqmuHeHThl 1\ L nponopu11oE an1H11 \t ·\; • 

113 Tadnv11~bl I BH)J;HO, qTQ npH o/. '=F 0 B \-\ <.!} ITORBRlliOTC.fi )J;Oda-



BOqH~e qneHH, BH3HBaromue pesoHaHcu: I)~~ ±Jt = rrL - rrp~ 
I\Ba,Itpyrron.&HOM B03MYmeHuu; 2) 3 ~~ = ffi u ~"t -±2.Jx == t'fL rrp~ 
CeKCTYITOn.bHOM ~03MJll{eHHH; J) ~J~ -± ~X = \Q U ~-z. ~ 3~J' -=\11 rrp~ 
ORTYITOJibHOM B03M.yll(8HHH u T .~. Peso a:aHchl CBSISH 4-n~ nopSI,ll;Ra 

H '3 ~'>'- ~Z = 1_ , JIH!l~U ROTOpbiX rrpOXO,ll;SIT Bc511H-

3M pac5oqell TOqRU YCKOpHTeJISI (p~c. I), B03c5y~aiDTCSI B ,ll;aHHOM 

CJiyqae (T • e • rrpu ol-:¢: () ) Ha ORTYITOJibHOM (,..., \)2. J B03:tzymeHHH ITOJlii • 

lliHpHHa pe30HaHCHO~ ITOJIOCH M CMna pe30HaHca onpe,ll;enSieTCSI aMnJIM

TY,ll;Oll rapMOHHKM B03MJll{eHHSI npu COOTBeTCTByromeM qJieHe. AMnnHTy,ll;a 

B CBOID oqepe,ll;b 3aBHCHT OT ~ • MCBa%eHHe ropH30HTaJibHHX H Bep

TMKanbHhiX Opc5HT BH,ll;a a')l-=d"o ~~'n~e U dz;=~o S\.;"'<t tj , Bhl3HBae-

MOe CJ_-MVI rapMOHHKaMH a3HMJTaJibHO~: aCHMMeTpHH ITOJISI H ,11;eq>cpua .-

UI1i1 MarHHTa, rrpHBO,ll;HT K TOMY, qTo HhlllleyrrowmyThle pesOHaHCH 

4-ro IIOpSI,ll;Ka B03c5yilt,1la.IOTCSI He TOJibi:O Ha OKTYITOJlbHOM (~ l"t a) HO H 

Ha ~eKafiOJibHOM (<'V Q~) B03Myll{eHI1lr ~aJKe rrpM d = 0 • JJ.etlCTBH

TeJibHO, no one 3aMeHhl nepeMeHHHX ·x-= Cl.x-+ X -t u c = d.z. 4-~ \ rrony-

qaeM raMMJibTOHHaH B HOBhiX KaHOHWI8CKHX rrepeMeHHhiX /12/'f. i \A~ 1 , 

B KOTOpOM eCTb ~OITOJIHMTenbHHe qnenu: 

H(l'\ A5 ~" (. "3 . - I 3 
=- s Bo '-2.0 a~ x\ l, s\_,Y)qec.os~o-.- 20 <A)( X-t l, x (r4) 

S\.n~es~~S~ ~ ·200.! 1.;x \ s~Y\ ~eco~S~- '2Qo." ~:x\ S:.\.:V)(\.es:U"'i5ol). 

B ,ll;aHHOM cnyqae pesoHaJIC ~~.x- ~r, 1 B03c5yJK.naeTcSI npH HaJIMqMVY 

r-on rapMOHHKH n..~ VI a~ npu c~-::: 0 , a TaR:llCe np11 HaJIVIqun 

I-ot:t rapMOHHKH ~~ V\ G\ >< np11 ol.. -:~ 0. AHanornqno cymecTBYIDT 

~orronHVITeJI.&Hhle ycJIOBHSI ,ll;JISI B03dyJK;n;eHMSI pe30HaHCa ·3 ~e - Jx=2.( TpeTbe 

u qeTBepTOe cnaraeMoe B (14), O,ll;HaKo B 8TOM cnyqae TpedyeTCfl 

2-aSI rapMOHHKa B03MYll{8HHi1. llpe,ll;CTaBJieHHe \c(x) (puc. 2) CTe

neHHhiM pSI~OM ITOKa3aJIO, qTO KOGcp¢JI.UHeHThl "'~, \L~ V\ \\.3* 0, T.e. 

B CHHXpO~a30TpOHe B03MOJKHO B03c5yJ~eHue yKa3aHHhiX pe30HaHCOB 

Bc5JIH3H pac5oqei1 TOqKU yCKOpHTe1lfle PacqeT TpaBKTOpHll qacTHJ.l B 

pe30HaHCHhiX ycnOBHflX ,ll;JISI GTHX CJiyqaeB BbiiTOnHeH B HaCTOSimei1 
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padoTe C MCTIORb30BaHMeM 3BM E3CM~>. 

2. MeTo.n; pactzeTa Ha 3BM npoc~~paHCTBeHHoro MHoroodopOTHoro 

,1l;BHJ!CeHHSI tzaCTrin C ytteTOM HCKalCeHH:~ MarHHTHOrO IIORSI YCKOpHT8JISl. 

B HaCTOSIUleM pa3.n;en~rrmca.H MeTo.n; 'U1CJieHHoro pactteTa ropH-

30HTaJibHO~ 11: BepTHKaJibHO~ npoe:s:nH:a TpaeB:TOpHli tiaCTHn C ytzeTOM 

.n;e~OpManm~ KBa,11;paHTOB YCB:OpMTeJISI. llpH pactieTax d~JIH HCTIOJib30-
s 

BaHbi TIOJIHhle ypaBH8HHSI ,1l;BHjfCeHHSI 'laJTHU B MarHHTHOM TIOJie ~H-

JIHH~pHtieCB:OH M npSIMOyrOJibHO~ CHCT3MaX KOOp,11;HHaT B COOTBeTCTBHH 

CO CTpy:s:Typo~ YCKOpHTeJISI. KOMIIOHe:.lThl Be.n;ymero MarHHTHOrO TIOJISI B 

TipOCTpaHCTBe TIOJiytieH~ Ha OCHOBaiUHi H3MepeiiHOit 38.BHCHMOCTH TIO

Ka3aTeJISI TIOJISI \~(x) /2/ B MarHMTaO~ Me.n;maHHO~ TIJIOCB:OCTM(R,e 10) 
C HCTIOJib30BaHHeM ypaBHeHH~ MaB:CBenJia H npe,11;CTaBJieHHeM 

B o:s:pecTHOCTH 1: -= 0 p.a,11;oM Te~Jiopa: 

P... roe )=R( ·~\ __ z2..l~_i_~B.e-(RB:t))A- '0-!~(~~e.a\ * 
l-1Z l''~' ;1 ~ R,e,~J 2. R 'Q)<. '0 X~ 

.L ()~~c~le.o·) 1 -t R 2. ro e 2 , c 15) 

I, . rcB~l~~e~D) ~3 \ :L o2.E:e ('t<,B,_2) -
B R L 'R, e > 1) ·= · ~ '1-. 1::. - G- L K ro x ·2.. 

~ '0 B~ l~ ,e, 0) - __g__ 028~( ~l e.t>')1 
- gz . rox R3 '<)t\2. . 

Ha pHC. 3 npHB8,11;8Hhl HCB:axeHHSI CpE.n;HeVt reoMeTpHtzeCKOH IIOBepx

HOCTH CHHXp0~30TpOHa, H3MepeHHhiE B 1973 r. ,11;.11SI ,11;BYX 3HatzeHHH 

pa,11;Myca R t,'l =- R o .± so eM. <i?YEKUHSI Z.:c. (e), onmchlBaiOIIlaSI npo

BHCaHHe KBa,11;paHTOB ,11;JISI yKa3aHHhlX t\ , 3a,IJ;aHa TadJIHtiHO OTHOCH

TeJibHO TIJIOCKOCTH l~ .,e·) B UHJIHH,1l;Jll1'18CB:O:ti CHCTeMe K00p,11;HHaT. 

llpOMeJICyTOtiHiile 3Ha'leHMSI :3TOH cpyHKilHM TIO ')( H Ej. HaxO,IJ;HJIHCb 

MeT0,11;0M B:Ba,11;paTH'IHO~ H JH1HeHHOH llHTepnOJISIUHH, COOTBeTCTB8HHO, 
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H HcrroJII>30BaJIMC:& rrpH BhiT.lMCJieHMH nOJ[SI. KOMnOHeHThi nona ,13."1 H BR 
dhiJIYI Hait.n;eHhi BHaqaJie B CMCTeMe KOOJl,IJ;MHaT, r,IJ;e IIOBepXHOCTL 

~(R\9-)coOTBeTCTBOBaJia YICKa:JieHHOit <:pe,Il;Heit reoMeTpHT.leCKOit IIOBepx

HOCTM YCKOpHTeJISI, IIOCKOJI:DKY MMeHHO ,IJ;JISI Hee dhiJIM BhiiiOJIHeHhi M3-

MepeHMSI \1.('><.) • ilpH'tleM rrp e,IJ;IIOJiaraJIOI}:b, 'tiTO MCKa:EeHMSI Me,IJ;Ma.HHhiX 

reOMeTpHqecKO~ M uarHMTHOit IIOBepXHOCTe~ YCKOpHTeJUl COBIIa,IJ;aiOT • 

B cpopyYJI.bl (15) BepTMKaJI:&HaH KOOp,IJ;HllaTa BXO,IJ;MT, TaKHM odpa30M, 

B BH)l;e: 

c, =- (~~- Zr) CQScJ. ·, (16) 

r;n;e ~>r M l: ~ -paCCTOHHHe ,11;0 HCKa:E 3HHO~ IIOBepXHOCTM ~I: ( ~~ 9) 
Yl Texymas KOOp,Il;HHaTa 'tlaCTH~, COOTBeTCTBeHHO, B UHJIHH,Il;pH'tleCKO~ 

CHCTeMe KOOp,IJ;HHaT H ~ - yroJI Mex,o;y YKa3aHHO~ HCKaJleHHO~ IIO

BepXHOCT:biO ~I l ~, 8) M IIJIOCKOCT:biO ·t: ( \<_ 18) B pa;n;HaJI:&HOM HarrpaB

JieHHM B TOllKe l R, e). TeitymYI:tt pa,Il;H}'C R ~ TaKl'e nepeCllHTaH c 

y~eTOM nepeKOCK KBa;n;paHTOB: 

3aTeM KOMTIOHeHThi IIOJIR ~~ M ts~ d~JIM nepeC~MTaHhi B UMJIMH,11;pHqec

KYIO CHCTeMY KOOp,11;HHaT: 

(18) 

6~R, e,'t)==--Bi.l~{,e,~.i)~~~-\ e:.~ (~,~~;·t:~) co\d... 
C y-qeTOM npOBHCaHMH KBa;n;paHTOB no 8 BepTHKaJI:&HaSI KOMfiOHeHTa 

IIOJIH 3aiiHChiBaeTCSI OKOH't!aTeJI:&HO: 

B~\~e ~,G;:t:) = \3~~ l ~~ \}i q) CA.')~ ~ \ (19) 
r.n;e ~ - yrOJI MeiC,D;y IIOBepXHOCT:bEl 6r c~\ 9 J H IIJIOCKOCTbiO 

:'l; l ~ 
1
6) B a3MMJTaJI:DHOM HanpaBJieHHMe A3MMYTaJI:&Hasi K01IDOHeHTa 

IIOJIH B UYIJIYIH,Il;piiiqecKOii CHCTeMe KOOp,ItHHaT dy,IteT: 

(20) 
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C MCllOJI:b30BaHlii8M Bhlill8lii3JIOJIC8HHO~ Me~W,II;liiKlii Ha 3BM (nporpaMMLI 

'])TSTO R Iii \3U l1 \? ) paccqMThiBaJIOl}h MHoroodopoTHOe npocTpaH

CTBeHHOe ,11;BM%8HM8 npOTOHOB M Ollp8,11;l~JlSIJIMCll B8pTMKa.JillHUe 3aMKHy .... 

Thle opdMThlo B nocne.n;ueM cJiyqae npo:~paMMa BUM.\? dhiJia ocpopMJie-

Ha B BM.n;e no.n:nporpaMMLI nporpaMMbi FIX ?Nrr /15/, onpe ... 

,Il;8JISIIOII{et,t TOqKM paBHOB8CMSI Ha cpa30BI)H llJIOCI<OCTM MeTO,lJ;OM KOOp

,lJ;MHaTHOrO cnycKa. B nporpaMMaX npe.~cMOTpeua B03MOXHOCT:b xoMneH

ca~MM MCKaXeHHhiX B8pTliiKaJillHhiX opdMT, BB8,Il;8HM8M KOppeKTMpyiOII{MX 

llOJieti B npSIMOJIMH8HHhiX CeK~MRXo 

3. BJIMHHHe pe30HaHCOB CBR3M Hil BepTMKaJilJHhiH pa3Mep nyqKa 

B CMHXpOcpa30TpOHe. 

B uacTOSIII{eM pa3,n;eJie npMBe.n:euu pe3YJI:bTaTu qHcneHHux pacqe

TOB TpaeKTOpMi1 qacTM~ npM pe30HaHC.lX CBSI3M, ,Il;JISI B036Y:liC,11;8HMSI KO

TOphlX HeOdXO,ItMMO HaJIHqMe ,n;ecpopMa~H~ MarHHTa M HeJIMHeKHaR 3a

BHCMMOCT1 llOKa3aT8JISI llOJIR OT pa,n;My~a. B6JIH3H padoqef1 TOqKH yc

KOpMTeJIR (pMCe1) eCT1 ,II;Ba TaKHX pe30HaHCa:3~,_-~::~ M 3Jt·-~x =-2. • 
ilOCKOJI1KY B CMHXpOcpa30TpOHe MM8IDT M8CTO yKa3aHHhle HCKa%8HMSI Mar

HMTa, 3TM pe30HaHChl MCCJI8,11;0BaJIMC1 C ~8JI1ID BhlSICH8HHSI B03MO~HO-

ro MeXaHM3Ma noTep1 qacTn~. PacqeT1, BhlnonHeHHHe Ha 3BM c yqeTOM 

M3MepeHHhlX~~¢opMa~wn,TIOKa3aJIM YB8JIMqeHMe B8pTMKaJI1HOrO pa3Mepa 

nyqKa, npeBhlmaromee anepTypy KaMepu. IIoJre3HaSI BepTHKaJILHaa anep-

Typa KaMephl CMHXpOcpa30TpOHa COCTaBJISeT ~36 CM, pa,n;MaJI1HaR 

anepTypa ·~ 120 CM, Pe30HaHC ::; ~X - Ji! = 1 

paCCMaTpMBaJICR npM ,D;BYX B03MO~hlX cnoco6ax ero B03dy~,Il;8HMR. 

A. ITep exo c MarHMTa cA. -::;t: 0. 

B .n;aHHOM cnyqae yqMTUBaJIMCh ~e¢opMa~MM MarHMTa c MaKCHMaJI1-

Ho~ BeJIMqMHOH nporMdOB 13; 23,5; 13,5 M 14,6 MM B I,II,ill, M IY 

KBa.n;paHTax COOTB8TCTB8HHOe llpM pacqeTaX M3M8HSIJiaC1 TOJI1KO Be

JIMqMHa nepeKoca KBa.n;paHTOB: aMTIJIHly.n;a I-ot,t rapMOHMKH nepexoca 

1...\\ COCTaBJISIJia 0,5; 0,75; M I MM, COOTB8TCTB8HHO, :viCTIOJih30Ba-
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JIOC:& vt3MepeHHOe pacnpe,n;eJieHHe \"1. ("~< ~~ • 11pvt pactreTax no nporpaMMe 

B MP c5hiJII1 noJiytreHhi 3HatreHvUI rpaHMtrHhiX aMTIJIMTy,n; BepTHRaJI:&HhiX Ro

Jiec5aHmn, ,n;JIR RO+OphiX BepTHRaJI:&Hhi~ pasMep nytrRa B npo~ecce pa3BH

THR pesoHaHca He npeBhiiiiaeT + IS eM. 3TH 3HatreHVIR ,n;JIR \l == -
= 0,665 VI ~~ = 0,6SI VI pa3JIVItrHhi] aMTIJIVITy,n; pa,n;MaJibHhiX 6eTa

TpOHHhiX ROJiec5aHMM X 0 npVIBe.n;eHhi E Ta6JI:vt~ax 11 I1 rn. HaqaJI:&Hhie 

BepTMRaJI:&Hbie aMTIJIMTY,D;hi "l 0 TipM r;)TO}v: OTCqVIThiBaJIVIC:& OT IIJIOCROC-

TH (R \g.). 
Tac5JIVIga 11 

( 'K = o,6sr) 

~ )( I 0,75 0,5 

54 0 2,5 CM 9 CM 

39 0 4,5 CM 9 CM 

29 0 6,5 CM 9 CM 

( n.., =: 0')665) 

-
~ 'J( I 0,75 0,5 

54 0 () 9 CM 

39 0 6,5 Cl\'; 9 CM 

29 0 6,, CM 9 CM 

-
f!yqoR ,n;ocTMraJI - BepTHKaJI:&Horo pasMepa .± IS eM B yxasaHHhiX 

yCJIOBHRX 3a BpeMR OT 2 ,ItO 50 060p0T0Be 

,UJin npHBe.n;eHHhiX nporH60B VI ne:)exoca c z n = o, 75 w, 6hi

Jia paCtrHTaHa HCKaJteHHa.fi BepTMKaJibHd..fi Opc5VITa (pHCe 4) aMIIJIM-
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TY,ll;a KOTOpOtl ,li;OCT~raeT 6 CM. Ha p~c. 5 ~ 6 np~B8)1;8Hhl pa,n;~aJI})-

Ha.a ~ B8pT~KaJibHa.a tPa30Bhle TpaeKTO]HU1 Ha a3~MYTe BXO,ll;a B I KBa,n;

paHT C OTCtreTOM ZoOT ~CKruiCeHHOH B~~pT~KaJibHO~ Op611Thl ~ Y., o = 54CM .. 

Ilp~ TaKOM OTCli8Te HaqaJibHhiX YCJIOBVIJ1 ttaCTJIID;hl C HattaJibHhltm BepT~ .... 

KaJibHhiJ.m aMTIJI~Ty.n;aMl1 )l;OCT~raiDT nep:CH~X ~JIM H~lli:HMX CT8HOK KaMe-

phi 3a rv 100 060p0TOB. 

Ilp~ YM8HbmeH~~ n, ,11;0 BeJIHtiJIIHhl 0 ,652. ttaCT~n;a c Xo : 54 CM 

~ 2. o < 6, 5 eM He yxo,lJ;.aT 3a npe.n:en:ll .KaMephl no BepT~KaJI~. 

E. Ilepe:rtoc MarHVITa d.. = 0. 

Pe30HaHC 3Jx- ~~ = i MOJICeT Ta~JKe B036yJK.n;aTbC.fi 3a CtreT "ft3 

VI VICKaJICeH~Sl BepT~KaJibHOM Op6HTLI, 693 nepeKOCa MaTHVITa, tiTO 11 

nO,li;TB8p,li;HJIJII HaCTO.fi~JIIe tlHCJieHHhle pactreThi. rapMOHJIIKa HCKaJIC8HHOH 

"l -op611Thl C Q~ ~ 6 CM C03,lJ;aBaJiaCb TOJibKO CMe~eH~eM I\Ba,ll;paH-

TOB OTHOCJIIT8JibHO ,n;pyr .n;pyra Ha zl5MM. Ilo-npeJCHeMY 11CnOJib30Ba-

JIOCb 113MepeHHOe pacnpe,n;eJI8HI1e h (-x ). l!aCT11D;LI C X o = 54 CM III 

'l o OT 9 ,n;o 0 CM Tep.RJII1Cb no BepTIIIKaJII1 qepe3 80-IOO oc5opo-

TOB. Ha p11C. 7 11 8 npiiiBe,ll;eHa pa,n;~aJibHa.a VI BepTHKaJibHa.a ~a30-

Ba.fl TpaeKTOp11SI npOTOHOB ,ItJISI TOTO J e a3HW,{Ta, qTO 11 Ha p11C.5 VI 6 • 

Pe30HaHC :S ~l -Jx = 2 ( '\\.. ?t~ = 0"652) paccMaTpHBaJic.a TaK

lte npH HaJIJ1qi1M YI OTCYTCTBVIH nepeKC ca. 

B nepBOM CJiyttae np11 BhlmeyKa3E.HHhlX B8JII1qi1HaX npori160B BBO

,li;HJiaCb BTOpaa rapMOHMKa nepe:rtoca <: Ov ~ = I 11 2 MM. B aT me 

yCJIOBHfiX qacTI1D;bi C )< c = 54 CM 11 :2:0 == 9 CM He YXO)l;SIT 3a npe

,11;8JILI KaMepbl no BepT11KaJIH1 XOTli l1 liCTihiThiBaiDT 6MeHJII.R C aMIIJIHTy .... 

,li;OM OT 3 ,11;0 5 CM. 

Ilpvr cJ.. =0 B~Opa.a rapMOHHKa 0.-a 003,ll;aBaJiaCb CMe~eHH8M KBa,II;

paHTOB no BMCOTe Ha ± I,5 CM. )lJI.H T8X Jite HaqaJibHhlX YCJIOBHH riO 

)( VI ~ rny6VIHa ~HenHn no E co~TaBJI.ReT 2 ~ 2,5 eM. 3TH pe-
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syJI&TaTbi noxashlBa.IOT, 'liTO HaH6oJiee onacea pesoaa.Hc 3J)(- )£ = i . 
Hacroa~He pacqerbl noxasanm raxEe, qro msueaeaHe noxasaTeJia 

noJia ycxopmreJia ,c neJibD yxo~a or yxasaaaoro pesoaaaca orpaamqe

ao CBepxy 6Jnl30CTbJD pe30Ha.HCa "~~)( -:::. 2~ ( rt. ~e~. = 0,692), KO

TOpbltt BOsdyJ~,Itaerca TOJibKO sa cqer \l1
3 

vt pesoaaaca ~)" -t ~~~ ="3 

(n.pe.~ ~ o,73). Y:ueabmeHHe noxasareJia: noJia orpaHHqeHo pesoaa.Hca

MH 3 ~)(. = 2 H ~ ~:i! - J x = I • 

Y. 3aKJIDt~eume 

Cy~eCTBYD~He HCKaEeHHS B :uarHHTHO:U noJie CHHXpO$a30TpOHa, npH

BO~S~He K BHmeyKa3aHHblM pe30HaHCa:U, B npMHnHne :uoryT dbiTb CKOM

neHCHpOBaHbl C nOMO~bJD COOTBeTCTBJD~KX· CHCTeM KOppexnHI. B TaKOM 

CJiyqae ~OJIZHbi KOppeKTHpOBaTbCS CJie~yJD~He napaMeTpbi: 

I) xosqxpmuMeHTH -tL!.,'lt2. ~ 1t3 B pasJio:a:eHHH noxasaTeJisr noJia; 

2) rapMOHHRH B noxasaTeJie noJisr; 

3) nepeROC MarHHTHOI Me~HaHHOI UOBepXHOCTH YCKOpHTeJisr; 

4) rapKOHHKH p~HaJibHhiX op6HT; 

5) rapMOHHKH BepTHRaJibHblX Op6HT. 

llpH 3TOM, DOCKOJibKY HCRa:a:eHHS op6HT 3aBHCSIT OT X ~ z; ' 
~Be nocJie~ame cmcreMU xoppexnml ~OJIEHbl no~pas~eJISITbca aa aecxo~

xo HesaBHCHMblX no~cucre:u (o6Jiacrel B npocrpaacrBe). Kpo~ xoro, 
BCe nepetiHCJieHHble CHCTeMbl ~OJIXBbl padoTaTb B ~HHaMHtleCKOM peZB:ue, 

KOppflliJVtPYIOil.lero 
npmt~eM H3MeHeHH~Ka BO BpeMeHH E Od~eu CJiyt~ae He 6y~eT BhiUOJI-

HSTbCSI no O~HOMY 3aKOHy. 

B CBH3H c 3THM, ooJiee npHeMJie~ux npe~cTaBJiaeTca ycTpaHeame 

dOJibmHHCTBa cy~eCTBYD~HX HCKaxeHH~ B MarHHTHOM flOJie CHHXp0~30-

TpOHa nyTeM JDCTHpOBKH uarHHTa H ~OEe~eHHe ero reoMeTpHt~eCKHX 

napaMeTpOB ~0 BeJIHtiHH, Onpe~eJISieUbll COOTBeTCTBYJD~HMH ~onycKaMH. 
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