
v<--'-l?>i.. 
OB'l>E,ZJ;HHEHHY:A HHCTI1TYT H,D;EPHYX HCCJIE,ZJ;OBAHH:A 

JlAEOPA TOPI-HI BbICOKHX 8HEPfHM 

13 - 6365 

A .,n;. KHpHJIJIOB 

nYqKJ1 BTOPJ.tqHbIX 3APIDKEHHbIX qACTl1U 
HA Cl1HXPO~A30TPOHE RABOPATOPJ111 

BMCOKJ1X 3HEPrl1M OBnE,ZJ;l1HEHHOro l1HCTl1TYTA 

H,n;EPHblX l1CCRE,ZJ;OBAHJ1M · 

Cne~mlJibHOCTb 040 - 3KCnepHMeiITaJibHa.H q>H3HKa 

A BTOpe4>epaT AKCcepTaI{KK Ha COKCK~HKe yt1eHoH CTeneHK 
. . . . . .. 

KaHAKAaTa 4>K3KKO-M aTeMaTK'leCKK~ HayK 

(llnccepTaunH nanncana na pyccKoM H3hlKe) 

lly6na · 1972 



Pa6oTa BHITOJIHeHa B Jia6opaTOPHH BHCOKHX 3Heprnii 

061,e;zr.HH8HHoro HHCTHTyTa .11:zr,epHHX HCCJie;noBaHHii 

O~HUHaJlbHHe onnoHeHTH: 

;ztOKTOP qJH3HKO-MaTeMaTHqecKHX HaYK 

CTaplllHii HayqHHii COTpmHHK B.H.K.OTOB 

;ll,OKTOp ~H3HKO~MaTeMaTnqecxnx HaYK 

CTapDIHii HayqHuii COTPmHHK B. A. CBHB!JlOB 

Be;zr,Yl!lee HayqHO-HCCJie;zr.oBaTeJibCKOe yqpelll;lteHHe: 

YiHCTHTYT TeopeTHtJec:Koii H 3RcnepHMeHTaJ!bHOii ~H3HKH 

r·.MoCKBa 

ABTopeqiepaT pasocJiaH .. Jv., ~..e::f 1972 r. 

3aJJtHTa ;zr,nccepTaunn coCTOHTc.11 " II 
I972 r. 

Ha 3ace;naHHH YqeHoro COBeTa Jia6opaTopHH BHCOKHX 3Heprnii 

061,e;zr.HHeHHoro HHCTHTyTa .11:zr,epHHx HCCJie;zr.oBaHHH (ny6Ha, MOCK.06JI.) 

C ;nnccepTanHeii MOlllHO 03HSKOMHTDC.II B 6H6JIHoTeKe JIBS. 

YqeHHii CeKpeTapb CoBeTa, 

KaH:ztH,11.aT qJH3HKO-M8T8M8THqCCKHX H8YK 

. ; \ ~·'" 

/' 

.B.MYXl1H 

\ 

) 
'._\ 

'l 
! 
' 

,j 

j 
I 
' 

13 - 6365 

A.,lJ;.KHpHJiJIOB 

nYqKH BTOPHqm1x 3APffiKEHHbfX·qACTHU 
HA CHHXPO~A30TPOHE RABOPATOPHH 

BMCOKHX 3HEPrHA OBnE,n;HHEHHOro HHCTHTYTA 

H,ll,EPHMX HCCRE,ZJ;OBAHHA 

Cneu;HaJibHOCTb 040 - :3KCnepHMeHTaJlbHall qJH3HKa 

A BTOpeq,epaT AHCC0pT8UHH ua COHCKaHHe yqeuoll CTeneHH 

KaHAH.QaTa q>H3HKO-M aTeM8TH'l8CKHX nayK 

( ilHCCepT8UHSI H8ITHC8H8 H8 pyCCKOM Sl3bIKe) 

r--- --~ 001..,;~~;--,.;~;..:1:t 1mc-.ru-cyr I 
~ ~~uuz ~e.itoia~ll 
f Gl.iSJMt,TEH:A ·-- ----·~ ---



Pa3BHTHe qJH3HKH. 3JleMeHTapHHX ttaCTHU H MeTO;llHKH q>H3HtteCKHX 

HCCJie;lloBaHHii B 3HatJHTeJII,HOii C,TeneHH o6JI3aHo nonBJieHHD YCKOPllTeJieii 

BllCOKIIX 3Hep!'lfil, EcJIH npH C03;llaHHH nepBHX ycKOPHTeJieii Bonpo/m 

0 6ecnettemrn f[lH3HtteCKHX 3KCnepHMeHTOB nyqKaMH nepBU'IH!lX n BTOPHtJ-

HllX ttaCTHU ue j{BJ!j{JIHCI, rJiaBHHMH, B llaCTOm]lee BpeMH ITOB!lllSHHIO 3c!J

cpeKTHBHOCTH HX HCITOJII,30BaHHH y;ir.eJineTCH Bee 6oJir,mee BHHMaHHe. He

npepllBHO npoBO;tl.HTCH pa6oTH, HanpaBJieHH!le Ha YJIYttllleHHe napaMeTpoB 

KaK CaMHX ycKopHTeJieii (yBeJ!HtJUBaeTCH HHTSHCHBHOCTI,, ttaCTOTa UUK

JIOB, ;llJIHTeJII>HOCTI, paCTHlKKH H T.;ll,)' TaK H. ITYtJKOB BTOPHtJH!lX ttaCTHU, .' 

lIIHpoKHii ;ir.Hana3oH Tpe6oBaHHii, npe;ir.'I>HBJrneMHii K napa.MeTpaM nytt

KOB BTOpH'IH!lX ttaCTHU, CTHMYJIHpyeT C03;llaHHe CJIOXIHHX MarHUTHO-OilTH

ttecKHX CHCTeM, B HSKOTO]:llX CJIYtJMX COCTOHlllHX H3 ;ir.ecHTKOB JIHH3 Ii 

MarHHTOB. O;ir.HH H3 TaKHX CHCTeM o6ecnettHBa!lT BllCOKoe m.myJII>CHoe 

pa3pemeHHe, ;ir.pyrHe-MaJillii KOHettHllii 3MHTTaHC nyqKa; TpeTI,U - xopomee 

yrJioBoe pa3pemeHHe H T,;ir.. 

3a nepHO;ll c !957 no I,97! r.r. B Jia6opaTopHH BHCOKHX 3HeprHii 

BBe)leH B CTpoii KOMITJ!eKc KaHaJIOB BTOPHtJH!lX 3apmKeHHHX ttaCTHU, . o6e~

nettUBmHii npoBe;ir.eHHe mHpoKoii Il£OrP.aMM!l HCCJie;llOBaHHii C npHMeHeHHeM 

CaMOii pa3HOo6pa3HOii MeTOllHKH/ - 87. 
B,llHCCePTaUHH CHCTeMaTH3HpoBaHH H o6o6meH!l pe3yJII>TaT!l HCCJie

llOBaHHii aBTOpa, CBH3aHH!le C npoeKTHpoBaHHeM H HaJia;llKOii KaHaJIOB B 

JIB3 OIDIH, ony6mlKOBaHH!l8 B npenpHHTaJC H COOOUlemrnx omrn: HJIH ;llOJIO-

lK8HH!l8 Ha KOH<pepeHunml6, 9-I3/, · 
,llHcCePTaUHH COCTOHT H3 tteTHpeX rJiaB H 3aKJIJOtJeHHH. B nepBoii . 

rJiaBe paccMaTpHBaIOTCH CBOHCTBa OCHOBHHX 3JieuenTOB MarHHTHOii OilTH

KH - KBanpynoJII>HllX JIHH3 H MarHl1TOB, a TaKlKe npocTeiimHX HX KOM6H

HaUHii. 

,II.Jin onHcaHHH ;llBHlKSHHH ttaCTHU B JIHH3aX H MarHHTaX HCllOJII>3yeT

CH MaTpHttH!lH annapaT, ll03BOJIHIO~Hii )lOCTaTO'IHO llpoCTO BllHBHTI, 06mHe 

CBOHCTBa KaK OTllSJlI,HllX 3JieMeHTOB, TaK H CJ!OlKH!lX OllTHtteCKHX CHCTeM. 

AHaJIH3 ;ir.eHCTBHH MarHHTHoro llOJIH Ha ttaCTHUH npoBOllHTCH B JIHHeiiHOM 

npH6JIHlKSHHH, KOTopoe ;ir.onycKaeT 11e3aBHCHMoe onHcaHHe TpaeKTopHii 

ttaCTHU B BepTHKaJII>HOii H ropH30HTaJII>HOH ITJIOCKOCTH. 

BBO;llHTCH npe;ir.cTaBJieHHH 11 TOHKOii" u"nOJIYTOHKOii" JIHH3!l, HCTIOJII,-

3yeMHe Becr,Ma ttaCTO )lJIH npaKTHtteCKHX pactteTOB npH BH6ope OilTHtte

CKOH cxeMH KaHaJia. B 3TOH .rJiaBe paccMaTpHBal'.lTCH TaKlKe KBanpaTH'I

II!le a6eppauuu KBanpynoJII>HHX JIHH3, npHtteM oco6oe BHVIMaHHe y;ir.eJIH-
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eTcJJ HaH6oJiee CHJibHOii a6eppauHH - xpoMaTHqecKoii. 3aKaHqHBaeTcJJ 
rJiaBa OITHCaHHeM o6l!lHX CBOHCTB CHMMeTpHqHIJX uarHHTH!iX CHCTeM. Bo3-
MOlKHOCTb rrpocToro MaTpHqHoro npencTaBJieHHJJ CJIOllUtUX CHMMeTpHqH!ix 
CHCTeM qacTO IT03BOJIJJeT npH pacqeTaX KOHKpeTH!iX, o6!l'IHO HeCHl\lMeT
pHqHUX CHCTeM, onHpaTbCJJ Ha THITOBUe CHMMeTpHqHue CHCTeuu. 

Bo BTopoii rJiaBe o6cyl!r;l!.aIOTCJJ Borrpocu, CBJJ3aHHue c BH6opou on
THqecKoH cxeuu KaHSJia. 

EcJIH H3BeCTH!i HaqaJibHlle xapaKTepHCTHKH ny'!Ka (Ha BHxone H3 
YCKOPllTeJIJJ) H llteJiaeuue napaueTpU B paHoHe 3KCITepliMeHT8JibHOH ycTa
HOBKli, TeM CaMHM oKa3UBaDTCJJ H3BeCTHUMH HeKOTOptle (1morna BCe) 
K03ip\pHUHeHTU ITOJIHOH MaTpl!UU nepexona. 3anaqa COCTOHT B TOM, qTQ6U 
rrono6paTb TaKHe KOM6HHaUHH 3JleMeHTOB B TPaHCITOpTHpy10meii CHCTeMe, 
KOTopue o6ecneqHJIH 6u BIJilOJIHeHHe 3THX ycJIOBHH. 

Bu6bp OITTHqecKOH cxew KaHSJia BMID'laeT: 
I. OnpeneJieHHe KOJIHqecTBa, THITOB, uecT ycTaHOBKH H pel!mMOB 

pa6oTll KBa;npynOJibHUX JIHH3 H MarHHTOB; 
2. Onpenenemrn noJiolKeHHJJ, pasuepoB H MaTepnSJia MHmeHH, ·HM

nyJihCHux, anepTypaux H npyrHX KOJIJIHMaTOpoB; 
3. OueHxy nonycKoB Ha napaMeTpu ::ineueHToB; 
4. OueHKY HHTeHCHBHOCTH, HMITYJibCHoro paspemeHHJJ, pa3MepoB 

H3o6paxreHHJJ, pacxonHMOCTH H ~oHa. 
BemecTBO H pa3Mepu MHmeHH BU6Hpa!JTCJJ HS YCJIOBHJJ ITOJiyqeHHJJ 

MaKCHMaJibHOH HHTeHCHBHOCTH BTOpHqHUX qacTHU npH BUITOnHeHHH TaKllre 
n npyrnx Tpe6oBaHnH K ny'!Ky (pasuepu H3o6paieanii, nunyJibcHoe pas
pemeH11e, pacxonHMOCTb H T.n.). B KaHSJiaX, ~OPMHpyDmnx nyqKH ~JJ 
nysupbKOBUX Ka!.lep,npnueHJJDT TOJICTUe MHmeHH (5-IOcu) H3 BemecTBa 
c 6oJibmHM :1 (ueno, CBHHeu, BOJihWPaM, ypaH), qTo yBeJIHq11BaeT BH
xon BTopHqaux qacTIIU H yueHomaeT BpeuJJ BSaHuoneftcTBHJJ. Tipn wopMH
poBaHHH ny'!KOB 'AJIJJ aJieKTpoHH!iX aKcnepHMeHTOB HCITOJlb3YDT KaK TOJl
CTUe,TaK H TOHKHe~MHmeHH - np11 co6JIKmeHHH onpeneJieHHUX ycJIOBIIH 
3WWeKTHBHOCTb JJnepHoro B3aHMoneiicTBHJJ ITePBllqHoro ITyqKa C TOHKOH 
uumeHbIO MOlKeT 'AOCTHraTb - 0,6, a BpeMJJ B3aHMonefiCTBHJJ ~ 500 ucex 
(H3-3a MHoroxpaTHoro npoxolfi!l,eHl!JJ). 

BU'AeJIJJeMl:lH KaHaJIOM HHTePBaJI HMITYJibCOB onpeneJIJJeTCJJ pasuepauH 
3asopa KOJIJIHMaTopa, pacnonaraeuoro B ITJIOCKOCT'll HSo6pruKeHHH nepBo-

*/TOHKO~ cqHTaeTCJJ TaKM MHmeHb, HOHll3aUHOHHUe ITOTepH B KOTOpoH 
rrpH onHoKpaTHOM npoxolfi!l,eHHII nePBHqHuX npoTOHOB MHoro MeHome 
np11pocTa ::iaeprHH sa onHH o6opoT. 
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ro o6'l:>eKTHBa. Pa3nenemrn Ha KOJIJil!MaTope TeM Jiyqrue, qeu 6onorue 
nncnepc1101rnoe cuemeH11e H MeHome pasuep 11so6paJKeHHJJ. •Iiopua IIM
nyJibCHoro cneKTpa np11 yBem1qeH11n pasnenemrn cTpeMHTCJJ K npm,10-
yrom,Hoil. YMeHoilleHne 3asopa cHaqana cnnJKaeT 1mTepBaJI nponyc1meuux 
HMITYJibCOB, He ueHJJJJ rrpaKTHqecKH qJOpMU cneKTpa. l\aJibHeiimee cylKe1rne 
3a3opa, Korna paCCTOJJHl!e uer;n.y nnaCTl!HaMlt KOJIJllll.laTOpa CT8HOBl1TCll 
cpaBHHMUM C pasuepaMU nso6paJKeHirn 'AJlll p. • Bll3UBaeT CHl!Ji[8Hlle 
llHT8HCl!BHOCTH, H3MeHeHl'le cpop1,ru crreK•rpa H JIHillb He3HaqHTeJibHOe 
yueHomem1e Af . ,Il,71.11 ynyqmemrn paspememrn B pllne CJiyqaeB. meJib 
B KOJIJIHMaTOpe neJiaIOT "qlllrypuoii" - 60KOBll8 CT8HKH HaKJIOHlllOT TaKHM 
o6pa30M, qTo6H CBo6onuo npoxonl!JIII KpaliHl'le TpaeKTOpl111 qacTHU C IIM
nyJibCOM P. - AP 11 p. ~ t:J,P • "<'.P11rypHHii" KOJIJIHMaTOP 6oJiee BHroneH 
11 C Toqx11 3peHl1JJ CHHJKeHl1JJ_qioHa - qaCTHUll 38 npeneJiaMI! 3a3opa ne
pec:iKaIOT cTeHKH non ueHollIIIMH yrJiaMH 11 B cpenneu TepllIOT 6oJihllIYIO 

sueprmo. . 
.I111cnepcHJJ qacr11u IT03BOJlll8T BuneJIJJTb l!MITYJibCHHH l!HTepBaJI B 

Kana.ne, onHaKO YBeJiaqnBaeT pasuepu ny'!Ka B nocnecTOJJIJll!X aJieMeHTaX 
11 B KoneqH.OM H3o6palKeHl111. )lJIJJ. HCKJIID'leHHJJ BJil1llHUJJ n11cnepc1111 ua n~
paMeTpu ny'!Ka npoBOMT K0Mneucaun10 yrJioBoii 11 JIHHei1:110H n11cnepc1m 
qacTHU - axpoMa'l'H38UHIO. AxpoMaTll3aUHJJ - COBMemeHHe (B JIHHei1:HOM 
np116JIHJKeH1!1!) OC8BHX TpaeKTOpHH II ceqeu11ii ITytJKa 'AJlJJ Boero Ha6opa 
HMTIYJibCOB, nponycKaewx KaHaJIOM. MeTon& ITOCTpoeHHll axpoMaTnqecKHX 
MarHHTHO-OITTHqecKHX CHCTeM paccMaTpHB81JTCJJ B nnccepTaUHl1 Ha np11ue
pax 3ep:KaJibHO-CIIMMeTpl!quux CHCTeM 11 CIICT8M C CIIMMeTp11eii 6onee 

CJIOlKIIOro Bl!n8. 
ECJIH yCJIOBIIJJ, CJIOlKl!Bm118CJJ B 3Kcnep11MeHTaJiblIUX sanax, ne nos-

BOJIJJl)T C03'A8Tb axpoMaTHqecxyD CHCT8My, KOMil8HC11pyeTCll TOJlbKO JIH
HSHHM nncnepcnH (nJIJJ nonyqe11nn 6onee ysxoro Konequoro Hso6pa~e-. 
HHJJ), · HJIH TOJlbKO yrJIOBM (np11 tix>pMHpoBaHIIH nyqxoB C MaJIOH pacxo
nHMOCTbD). K ny'!KaM co CKOMITeHCl1poBaHHOH JIHHeiiuoii n11cnepcnei1: B . 
KoHeqHQM H3o6pal!l'.eHHII Ha errnxpocpasoTpoHe JIB3 OTIIOCJJTCJJ nyt!l(I! BTopnq
HUX qaCTIIU, cpopMllpyeMl:le B xanaJiaX ]Mi! 3, lJ, 6, I3, I3a~ (PacnoJiolKe
HHe KaHaJIOB noxasauo Ha pnc. I • ) 

B KaHaJie JH npnMeHePa OITTl!qecKaJJ cxeMa, TI03BOJlllIOmaJJ OCyl!\eCT-
BJIJJTb -KOMTieHC8UHIO yrJIOBOll nucnepcHH npn OTKJIOll811Hl'l nyqKa Ha nBa 
HanpaBJieHHJJ (A 11J111 B). 
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,ll.JrH 3KCnepnM6HTOB, npoBO;!l.llMHX C nysupoKOBHMll KaMepaun,Tpe6y

DTCR nytJKll BHCOKOit tJHCTOTH ("tJIICTIDAl'l 11 CtJl'lT8!0TCR nyirirn, B KOTOPHX 

0 THomeHl'le H6HYJKHHX '!8CTHll K IlOJI63_HliM He npemlmaeT IO%). 
Cyl!l6CTByeT H6C1'0JloKO M6TO;D.OB npocTpaHCTB6HHoro pas;n,eJieHlrn 

tJaCTHll pa3HOit_Maccu: 

I) 3aM6;!1.JI6HHe B _ norJIOTllT6_Jie C _nocJie;n.yvlllHM HMilYJioCHUM aHaJill-

3oM; 

2) pa3;D.6JI6Hl'le no CKOI)OCTHM B 3Jl6KTplltJeCKOM IlOJie .(ITOCTORHHOM 

HJill BHCOKO'!aCTOTHOM), ... _ . . 

Tipn qJOpMHpoBaHl'lH ".tJl'lCTUX" u o6oral!leHHUX IlY'iKOB BTOPl1tJHHX tJaCTl!ll 

B. 06JiacT11 aHeprnit ~o 5-6 ThB na1160Jiomee pacnpocTpaHeHne noJiyq11JI 

M6TO;D. cenapaun11 no,CKOP0PTHM B 3JI8KTpoCT8T~tJ8CKOM llOJie. Pa3Hl!Ua B 

yrJiaX OTKJIOHemrn qacTHll C Maccoit m, H -~ B noJie npoTHlKSHHOCTI,Rl 

t' II aanpHlKSHHOCToll £ paBHa ' 

~ - !.:.§.:!!. (_.!. - _f.) 
A - p.c · ft, ft ," 

3M Co: p. - HMilYJioC. j:l, u )3-e: -OTHOCHT8JioHUe CKOpoCTH tJaCTHll C 

Maccoit m, n m.t , e - sapH;n.. 

B o6JiacTH 60JII>m1tx aHepritt ( f ~ £ ) 
;__ f?. £.e .A m:J. . 

Ad """ .2 {~c).J O 
· J 

( a.mo" =m'!-mf, E= ..Jp.z .. m;- ). 

p:ir - Am:= o, 86 nrn2 

K7C - Aht; = 0, 23 TuB2 
Ilpn pas;n.eJieHHH: 

. ,, . ~- . 2 
pd - A/n0 = 2, 60 ThB • 

Bonpocu BH6opa OilTH'IeCKHX cxeM ;r,:aHaJIOB, <POPMHPYRllllHX "tJHCTHe" 

H o60raII\8HHU8 IlY'IKH, paCCMOTp8HH. B rJiaBe Il ;D.HCC8pT8llHII (§6). 
Ilp11M8CI, qJOHOBUX 'I8CTHU .B ,{flOpMHpyeMOM nytJKe B 3H8'IIIT6JII>HOH 

·cTeneHII 3aBHCHT O_T napaMeTpoB Hecpox'yc11pyRll!lHX 3JI8M8HTOB K8HaJia: 

pasMepa, MaTepaaJia n Mec-ra pasMel!leHHH KOJIJIHMaTOpoB. Ilpo;n,oJII>HHit 

pasMep KoJIJil'lMaTopa BH6l'lpaeTCH HS ycJIOBHH oTieJieHl'lH npn noCJie;n,yJD

!!18!.I aHaJIH3e 'upome;n.mnx 6.rroK qacTl'lll C MaKCHMaJII,HHM ;n,JIH ;n,aHHOro KaHa

Jia HMilYJioCOM. 

Bel!l8CTBO KOJIJIHMaTopa ;D.OJilKHO HM8To: 

]) BliCOKYRl TOPM03HYRl cnoco6HOCTo' (60JiomHe HOHH38llHOHHHe no

T6pH) n MaJioe pacceHHHe ( 6oJII>maH pa;n.naunoHHaH ;n.JIHHa - X0 ) ; 
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2) ua.nyn ;nmrny JI;nepHoro B3aHMo;neiicTBHJI ( A ) ; 
3) .llOCTaTOqHo 6oJibmyD llJIOTHOCTb (.f ). 
3TH Tpe6oBaHHJ! J!MJ!JOTCJ! npoTHBopeqHBHMH, TaK KaK ueHbmyD 

,ll.Jll!HY JI,ll.epHoro B3aHMO,ll.eHCTBHJ! H 6oJibmyro P~llaUHOHHyJO ;nmmy HMe
DT J1erx1rn BemecTBa. ·· 

EcJill ll,JIJ! oueHKH npllrO,ll.HOCTll BemecTBa BBeCTII K03(JxfmuueHT 
"KaqecTBa". COCTaMemrnii C yqeTOM B1:1menepeq11cJieHHl:IX Tpe6oBaHllii 
( f = A ), OKa31:1BaeTCJ!, qTO HallMeHbmyro BeJil!ql!Hy ~ . .naroT Jier
Klle MaTepl!aJil:I (6epl!JIJll!H, yrJiepo.n l! T.;n.). M3 MeTaJIJlOB MeHbmee 3Ha-
qemie '}" 1rne10T BOJibq>paM, Me;nb II JKeJie3o, HaH6oJinmee - cBHHeu. 
TaKllM o6pa30M, B o6JiaCTH cpe;nHHX H Bl:ICOKl!X 3Heprl!H Hall6oJiee ueJie
coo6pa3HO HCilOJlb30BaTL ,ll.JIJ! l!3rOTOBJieHHJ! KOJIJIHMaTopoB BOJIL<ppaM, O.ll
HaKO, yqnTl:IBaJI ero CTOHMOCTb H TPY.llHOCTb o6pa6oTKll, qa111e npHMeHJI
JOT Me,ll.L HJIH JKeJie3o. B HeK0Top1:1x CJiyqaJix ;neJiaDT KoM6HHHpoBaHH1:1e 
KOJIJIHMaTOPl:I - 60JILmaJI qacTL 6JIOKOB l!3I'OTaMHBaeTCJ! 113 JKeJie3a, a 
BllyTpeHl!He CTeHKH - U3 Me;nH wrn ;naJKe BOJibq>paMa. 

IlpH Bl:16ope OilTHqecxoii cxeMl:I BCer.na YqliTflBSeTCJ! BJIHJ!Hl!e l!3Me
HeHHJ! napaMeTpoB 3JieMeHTOB KaHaJIS Ha KOHetJHl:le xapaxTepHCTl!Kl! nyq
Ka. B rJiaBe TI (§9) npHBO.llJ!TCJ! <popMyJil:I .llJlJ! oueHKH ;nonycKOB Ha H3Me
HeHl!J! napaMeTpoB MarHl!TOB l! KBa.npynoJibHl:IX JIHH3, Bbi31:1BaeMl:IX Oll!l!6Ka
MH B ycTaHOBKe 3JleMeHTOB B KaHaJie H OTKJIOHeHl!J!MH TOKOB OT pacqeT
Hl:IX 3HaqeH11ii. 

B KOHUe rJiaBl:I paccMaTpl!BaDTCJ! Bonpoc1:1 pacqeTa uarHUTHO-OilTH
qecKl!X C'CTeM qo cneUllaJibHl:IM nporpaMMaM Ha 3BM (nporpaMMa "®Kye" 
H I047) IL1,I5/ ~ . 

B rJiaBe ill 06cyl1'illa1l'llCJ! BOilIJOCl:I peaJIH3aUHH npoeKTOB TpaHcnopTH
PYDIIIHX Cl!CTeu: 'l'P accHpoBaHHe HanpaMeHidi KaHaJIOB, ycTaHOBKa l! 
DCTHIJOBKa 3JieMeHTOB, l!CCJie;noBauHe napaM8TPQ.B l! Bl:16op OilTHMMLHl:IX 
pelKllMOB pa60T1:1 (c nyqxoM BTOpHqHl:IX qacTHU). 

PacqeTl:I .llOilYCKOB, Ill)OBO,ll.HMl:le npn npoeKTHpoBaHHl! KaHSJIOB B 
J!B3' Il03BOJIHJIH oueHl!TJ, Heo6XO,ll.HMYIO TOqHOCTJ, ycTaHOBKH 3JieMeHTOB 
I'! CTa6l!JILHOCTJ, no.n;nepJKaHHJ! B HHX 38;naHHl:IX TOKOB: 

a) rronepeqHoe cue111eH11e KB~pynoJILHl:IX JIHH3 
AXfoy)~O,I MM ; 

6) IlOBOpoT JIUH31:1 BOK:fYI' nonepetJHOH OCH x(y) 

""~' .,s o, 02 pa;n, ; 
B) IlOBOIJOT Jllll!31:1 BOKpyr OCH ,Z (OCL KaHaJia) 

d'~ "" 3. 10-3 pa;n; 
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r) rrpo.noJibHoe cMemeane uarHHTa 
AZ~ I MM; 

;n) CTa6HJibHOCTb TOKa B JIHH3ax 
tJ./ ... 2.ro-3

• I,; 
e) CTa6HJibHOCTb TOKa B MBrHHTaX 

Al ~ 2.ro-4-I.; 
IlpHMeHJieMaJI B J!B3 MeTO.llHKa o6ecneqHJia Tpe6yeMyD TOqHOCTL 

DCTHIJOBKH. 
Orrpe;neJieHHe MarHHTHOH OCH KBanpynoJI,Ho; JIHH31:1·npoBO.llHJlOCL 

cnoco6oM, npe,ll.JlolKeHHl:IM B 1966 ro.ny B J!B3 16 • Crroco6 OCHOBl:IBaeTCJ! 
Ha TOM !paKTe, qTo Ha ,napaMarHHTHl:le H .llHaMarHHTHl:le TeJia, IlOMe111a
eM1:1e BO BHemHee MarHHTHoe noJie,;neiiCTBYDT CHJil:I, HarrpaMeHHl:le B 
cJiyqae napaMarHeTHKa B CTOIJOHY noJIJOCHHX HaKoHeqHHKoB· (B CTopoHy 
6oJiee CHJibHOrO IlOJIJ!) H -B CJiyqae ,ll.HaMar'HeTUKa - B CTOpoHy OCH JIHH-
31:1, r.ne noJie paBHo,HyJID. EcJIH B·KoJIJIOH.llHHii pacTBop·riapruAarHHTHoii 
coJIH (aanpHuep, /;; Cl., ), rroMe1IteHHHi1 B npo3paqHoil KIOBeTe MelK.lly no.;. 
JI~Hl:IMH HaKOHeqm1KaMH, ,ll.O 6aBHTb KallJIIO ,ll.HaMarHHTHOH · lKH.llKOCTH, ;nna
MarHeTHK co6epeTCJ! Ha MarHHTHOil OCH·JIHH31:1, o6pa3yJI rrpo3paqHuii 
UHJIHH,ll.p, Bl:ITRHYTl:IH no Bceii ;nJIHHe KDBeTl:I, IlpH OCBe111eHl!H KIOBeTl:I c. 
paCTBOpoM HCToqHHIOI CBeTa Ha TeMHoM q>OHe KOJIJIOll.ll8 BH,ll.Ha RPKM . 
"Toqxa", q>HKCHPYIOIIIM IlOJIOlil'.eHHe OCH. ToqHOCTb onpe.neJieHHJ! MarHHT
HOH OCH .naHHl:IM cnoco6oM He XylKe :!:. 0,05 MM. 

Tax XSK cenapaTOPl:I, npHMeHJIBmHeCJI B J!B3, He HMeDT KOMneHCH
PYJ!lllero MarHHTHOro IlOJIJ!, Bl:IBO.ll: rryqxa Ha OCL KaHaJia ocymecTMJieTCJ! 
MarHHTaMH, ycTaHoMeHHl:IMH HJIH Melfilly .llBYMJ! ceriapaTOPaMH (O.llHH Mar-
HHT) HJIH c o68HX CTOpoH. cerrap'aTopa. + 

B KaHa.nax, q>OpMHPYIOIIIHX 06orameHH1:1e nyqKH K"'"-Me30HOB HH3KHX 
3HeprHil (~I I'BB), ycTaHOBKa .llBYX KOMil6HCHpyJ0!11HX MarHHTOB CYl!leCT
BeHHO' YB6JIH'll!BaeT ll,JlHHy KaHa.na: B J!B3 npe,ll.JloJKeH cnoco6 KOMil6HC~
UHH C IlOMOlI!LD KBa;npynoJibHl:IX JIHH3. O;nuy H3 JIHH3 nepe;n cenapaTOPOM 
CMe111aDT B IlJIOCKOCTH cenapaUHH TaKHM o6pa30M, qT061:1 nyqoK Ha BXo;ne 
B cenapaTop HMeJI yrJioBoe oTKJioHemrn cx/.z ( oC.: - yroJI OTKJIOHeHHR 
noJie3Hl:IX qacTm~ B cenapaT01>e). CMemeHHe o;nHo.il H3 JIHH3 B1:1xo;nHoro 
o6~eKTHBa, onpe;neJIJieMoe H3 yCJioBHJI 

A!fdt-V;) v,,.; .+ l!;.ff,.,[1 -V,,,) V~-m = 0, 

( Alfi , e.l/,,, - BeJIHq11H1:1 cMem;emrn JIHH3 ;no H nocJie cerrapaTopa; . ¼ , V,., 
- K03qiq>l!Ull8HTl:I YBeJIHqeHHJ! CMentaewx Jil!H3; v.,.; , V,,_,., - K03cpqll!Ul!6H-

9 



i 

Pirn.2. 

E,,"1. ¾ 
1'{4 

d.O t---

IS 

-

! I 
' I 

I ! 
T 

I 

0 
I 

f() 
H-l: _, 

i ~\--· 

a 
,_., : : \ 

I I \ I 

! : ' j ..... 
ss;; ,oo 

~. % 
Ne 

I ' 
I 

/I'. 
, I 

I ., i!. 

i : ·-
~~ 
I I 

I 

I I 
I 

I I \ 
./ I 
-soo 8So 

--

, 
l'-f0C4'.J-""0 .;i 

t.o.?_, • ,;zo.,., 
\.. ,tO~,olu-,oro 5,-. :1 
9JO i, c~..n~•~.i,.>.. 

Pacnpe~eJieHHe HHTeHCHBHOCTH qacTHU B KOHeqHoM 
H3o6pa:m:eHHH KaHa.na II (HaJia;noqHHH BapHaHT) 
I - ropH30HTaJILHaJI IlJIOCKOCTL (CHHT8 I,51.!11 CUHHTHJISTOPQM) 
2 ~ Be!)'l'RKaJILHaJI IJJIOCKOCTL (OHHT8 2 MM CURHTR~HTOpoM) 

4•~•S.•E1, 
61•:i,•S• 

60 

;r-
11' 

/ I 

/ ; 
f ! 
/ I 

.+J 

/ I 
I 

I 
p I 

/'i'\ 
I 

j I 

i!O 

-r I \ I ; \ 

~...J. 7 \ .... 
Ji' I 'a... .....,,. 

I I ', 

~ o ~ 4 6 & ~ M ~ -

PHc.3. Tipo<pHJIL nyqKa Ha BTOPQH MSCCOBOH meJIH K8HaJl8 ~r3 
(BepTHKaJILHIUI IlJIOOKOCTL) 

10 

l 
/, 
I 

' 

I, 

t 
J 
il 

I 

TH yBeJIHqeHHH CHCTeMl:l IlOCJieCTOS!llHX JIHH3) Il~3BOJIHeT BHBeCTH qaCTH
llll CHOBa Ha OCL KaHaJia. 

Been nponecc HacTpoHKH KaHaJia ;!l.MHTCS Ha HeCKOJILKO 3TaITOB, 
IlOCJie,ItoBaTeJILHOe BHilOJIHeHHe KOTOpHX o6ecneqRBaeT noJiyqeHHe·n~a 
C HYlllIHMH xapaKTepHCTHKaMH: 

a) IDCTHpoBKa sJieMeHTOB KaHaJia nyqitOM, 
6) HMa~a rrepBoro o6~eKTHBa, 
B) HaCTIJOHKa npoMelB:yToqaux H KOHeqHoro o6~eKTHBOB, 
r) IlpoBepita 3HaqeHHH RMITYJILC8 H llf , 
,It) onpe,IteJieHHe pacxo;!l.HMOCTH qacTHU H. MaCCOBOro COCTaBa, 
e) HSMepeHHe HHTeHCHBHOCTH. 
HccJie~oBaHHe.napaMeTpoB MarHHTHO-OilTHqecKHX CHCTeM Ha CHHXpo

qiaso:rpoHe JIB3 B. ,1tHccepiaIUtH, npocJie:m:eHo Ha npmi:epe KaHaJia 1H,qiopMH
PYIOlllero nyqKH n--Me30HOB ;!l.JIH 3JieKTpoHHHX 3KcnepHMeHTOB,H KaHaJia 
MI3, qx)pMHpyromero nyqoK aHTHllpoTOHOB. 

.JJ,nn npoBe,IteHHH HMa;noqHHX pa6o:r H HcOJie~oBrurnn napaMe:rpoB 

nyqKoB HcnoJIL30BaJiacL pasH006pasHan perncTprtpymtan anrrapa:rypa, 
paspa60TaHHan B JIB3. Hac:rpoilKa pelKHMOB .. pa6o:ru KaHaJIOB ocymeCTBJIH

. JiaCL ,KaK llpaBHJIO, Ha OCHOBaHHR H3yqeH1!H llpo<pHJI.11 nyqKa If Ha MaKCH
MYM HHTeHCHBHOCTH. HccJie,ItoBaHHe xapaKTepHCTHK K8HaJIOB BCer,Ita 6a-
3HpoBaJIOCL Ha pacqe:rax oJKH:z1.aeMl:lx napaue:rpoB nyqita B pa3JIHqHux 
xapaKTepHHX Mec:rax MarHHTHO-OilTHqecKHX CHCTeM, q:ro 1103BOJIHJIO 3Ha
qHTeJILHO COKpaTHTL BpeM.11. HaJia,ItKH. Ha pHC. 2 H 3 llpHBe,IteHU xapaK
TepHHe pacrrpe,IteJieHH.11 HHTeHCHBHOCTH qacTHU B KoHeqHoM nso6pallteHHH . 
KaHMOB .IH H JH3. 

· 0ITHCaHHe paspa60T8HHHX Ha CHHXpo<pa30TpoHe JIB3 K8HaJIOB, OC0-
6eHHOCTH HX OilTHqeCKHX cxeM H rrapaMeTpH Cqx)pMHPQBaHHHX nyqKOB 
,ItaIOTC.11 B qe:rBe!)'l'OH rJiaBe ;!l.HCCepTannH. KaHaJIH, qJOPMHPYIOlllHe B!JCOKO
HHTeHCHBHl:le nyqKH Jr -Me30HOB ;!I.JI.ff 3KCllepHMeHTOB C npnMeHeHHeM 
3JieKTIJOHHOH MeTo;!l.HKH,oKaaqnBaIDTCS, K8K npaBHJIO, B HSMepHTeJILHOM 
rraBHJILoHe rrepBoro Kopnyca (Koprryc npHcnocodirea ~Jin pa6oT!J c BO:zl.O
po~HHMH MHmeH.IIMH). KaHMH, TpaHcllOpTHpyromHe cenapHpoBaHH!Je nyqKH 
;!I.JI.ff 3KCllepHMeHTOB C rrysupLKOB!JMH KaMepaMif, pa3MemaroTC.ff B 3KC11epn
MeHT8JILl!OIA SaJle Kopnyca IE. 

IIpH npoeKTHpoBaHHH KaHaJIOB yqHTHBaJISCL B03MOlKHOCTL OTKJIOHeHH.11 
<pOpMHpyeMUX nyqitoB Ha HeCKOJILKO 3KC11epHMeHTaJILH!JX yc:raHOBOK. Ha
np11uep, Ha KaHMe JH (HanpaBJieHHe A) pacnoJiaraJiaCL sKcnep11MeHTaJIL-
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HaH annapaTypa AJIH H3MepeHruI IlOJIHHX cetJeHHil rrp B3aHMoneilCTBHH, 
a Ha HanpaBJleHHH B - CHCTeMa HCKpoBHX KaMep H MarHHTHHH cneKT'[lO
MeTp AJIH H3ytJeHHH peam,Hoil tJaCTH aMij.lIHTY7J.H ynpyroro pacceHHHH B 
rrp B38HMoneilCTBHH Bilepen. 

KaHa.n .IH q,opMnpyeT nytJKH Ir ..;.Me3oHoi B 06.nacTH HMnyJibCOB 
I,5 - 7,0 I'3B/c. IlPH.pa6oTe B nHana3oHe HMIIyJibCOB 3-7 ThB/c nc
noJIE>3YIDTCH poTopHHe MHmeHH 6P H IOP, ycTaHaBJIHBaewe BO BTOPOM 
ceKTOpe ycKopHTeJUI. )J,nH reHepannn qacTmt c HMnyJIE>coM I.5 - 2,5 
r:rn/c IlpHMeHMaCb "MyHJKepHM" MHmElHb SB. MHmeHH HMeDT pa3MepH 
3 X 3 X .!00 MM3 H H3roTaBJIHBaDTCH tJaI!le _Beere>- H3 JiaTyHH. 

B Ka.Ha.ne IlpHH.iITa AByxo6MKTHBH8.H OilTHtJeCKaH CXeMa C KOMneH
canneil yrJioBoil nncnepcHH. B cJiyqae nepeBona nyqxa Ha HanpaMeHne 
B B ropH30HT8.UbHOH MOCKOCTH qJOpMHpyeTC.H nonoJIHHTeJibHOe .H3o6pa
lKeHH~ (nHH H3MeHeHHH. 3HaKa' nnc'nepcHH) ~ · Hl<iny.nbCHHH aH8.UH3. ocynteCT
MHeTCH MarnHTHHM noJieM CHHxpoq,a30TPOHa H MarHH'l'OII' MI (f =f-0,052 
pa;a.). GyMMapHoe mmeilHoe nncnepcHOHHoe CMeDt8HHe. Ha HMnyJibCHOM . 
KOJIJIHMaTope ~ 9 MM Ha I% ~ . · 

IlytjoK TpaHcnopTHpyeTcH B·BaKyyMnpoBone (naBJieHHe ~ Io~3-Io-4 

MM PT. CTOJI6a). 
B I97I rony Ha 3TOM KaHa.ne (HanpaBJieHHe A) 6HJI npoBeneH 

3KCil8pHM6HT no Ha6JIID~eHHD rr-Me30HOB BHCOKO~ aHeprHH, 06pasy?fH7-
CH npH CTOHKHOB6HHH peJIHTHBHCTCKHX neilTpOHOB c HnPaMH MHmeHH 17 • 

I<aHa.n ]~6 q,opMHpyeT nytJKH rr-Me30HOB B o6JiaCTH HMnyJibCOB 3-7 
I'3B/c; ',I{Jm, reHepaUHH Il-Me30HOB HCilOJib3YDTCH MHmeHH 9P(3-4,6 ThB/c) 
H 5P (4,6-7,26 I'3B/c). HatJa.nbHaH nHcnepcHH 'laCTHU - I2 MM Ha I%1.,. 
IlepBHH OCl'beKTHB (wn* - B BepTHK8.UbHOH ~OCKOCTH) !pOpMHpyeT Y3o6pa
JKeHHe. Ha ,KOJIJIHMaTope, paauepu 3aaopa KOToporo ll03BOJIHDT BHAeJIHTb 

xpe.xnponeHTHHff HunyJIE>cHHil HHTePBaJI. BTopoil o6~eKTHB (Ew - B Bep
THKaJIE>Hoil IlJIOCKOCTH) iiepeBOAHT H306paJKeHHe Ha aKcnepHMeHTaJibHYD 
ycTaHoBKy: YroJI llOBOpoTa B KOHetJHOM MarHHTe o6ecnetJHBaeT KOMlleH
canHD JIHHeHHC>H nHcnepmi:H. 

KaHaJI .IHO HMee-r 06my1> c xaHaJIOM .le6 roJioBHYD tJaCTo (MHmeHH H 
nepB!lH o 6MKTHB); 

,1.!HcnepcHoHHOe CMenteHHe Ha HMllYJibCHOM KOJIJIHMaTope paBHO pa3-
HOCTH HatJaJibHoro CMenteHHH H JIHHeHHOli nncnepcHH, onpeneJIHeMOH yrJIOM 

* WE - nep13aH JIHH3a rpoKyCHPYIOlllaH, BTOPaH - neipoKyCHPY!OlllaH. 
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OTKJIOHeHHH tJaCTHU B uarHltTe MI (oTKJIOHeHHe tJaCTUU B Marm1Te CllH
xpocpa3oTpoHa II B J.U npoHCXOAHT B pa3Jme CTOpoHH). 

Ha KaHaJie npoBOAliJIHCb HCCJienoBaHH.H panHaUHOHHHX pacnanoB 
6030HHHX pe3oHaHCOB H H3MepMOCb rr-p pacceHHHe B0JIH3H I80° B 06-
JiaCTll m.myJibCOB HaJieTa!Ollll!X rr--Me30HOB 4-6 ra:e/c. 

OcHOBHHe napaMeTpH KallaJIOB, !pOPMHPYIOlllHX nytJKH IC-Me30HOB; 
np11BeneHU B Ta6JIHUe I. • . 

KaHaJI Je3 HMHJICH nepBHM B JIBS KaHaJIOM, cpopMHpy10111m,1 cenapapo
BaHHHe nytJKH noJIJltl!TeJibHHX tJBCTHU • .ILnH pa3neJieHHH tJaCTHU no Mac
CaM (p, K+, Ir") TBKlKe BilePBHe llPHMeHHJIHCb aJieKTpocTaTHtJeCKHe ce
napaTOPH 6e3 KOMileHCHPYDl!lero MarHHTHOro IlOHH (KOMileHcauHH OTKJIO
HeHHH tJBCTHU C OCH KaHaJia ocymecTBJIHJiaCb OnHHM MarHHTOM, y9TaHoB
JieHHUM Mel!l;!ly ABYJJH cenapaTopru.rn) • .ILnH KOMileHcauirn XpoMaTHtJeCKOH 
a6eppanHH B IlJIOCKOCTH cenapaUHH HCilOJib30BaJI8Cb ceKCTYilOJibHaH JIHH3a, 
YCTaHOBJieHHaH B pafioHe nepBoro ·H3o6paJKeHHH (B ropH30HTaJibHOH llJIO
CKOCTH). BTopofi o6~eKTHB (KBapTeT KB8nPYilOJibHHX JIHH3, BKJIJOtJeHHUX 
no cxeue Ew - ~EB BepTHKaJibHOH IlJIOCKOCTH, C cenapaTOpaMH Ha napaJI
JieJibHOM ytJaCTKe) qJOKYCHpoBa.n nytJOK Ha pa3AeJIHTeJibHOM KOJIJIHMaTOpe. 
B KaHaJie IlpoBOAHJIOCb o6JiytJeHHe 0,5M Bonoponnoil u KCeHOHOBOH ny-
3HpI,KOBHX Ka.Mep Il+-Me30HaMH C HMilyJibCOM 2,4 I'aB/C. IlpHMeCb qJOHO
BHX tJaCTHU B nyt{Ke (p H _ft, ) He IlpeBuma.na IO%. 

B I967 rony B CB.H3H C peicaBOTPJXJU!ei KaHaJIOB B H3MepHTeJibHOM 
IlaBHJlbOHe Kopnyca II OilTHtJecKaH cxeua KBHaJia m3 6uJia H3MeHeHa 
(c neJibD YBeJIHtJeHHH TeJieCHoro yrJia). GqiopMHpoBaH nytJOK nefiTpoHoB 
C HMIIyJibCOM 2,5 ThB/c. ;ia KBHaJie npoBOAHJIOCb o<mytJeirne• 3MYJibCHOH
HHX KaMep ;D,eHTpoHaMH/6 • 

KaHaJI Je4 q,opMHpyeT nytJOK lct-Me30HOB c HMilyJibCOM 0, 75 ThB/c 
Ha KCeHoHoBrn ny3HpE,KOByD KaMepy. MMeeT nBe CTyileHH cenapauHH: 
nepBM - C npHMeHeHHeM aJieKTpoCTaTHtJeCKoro cenapaTOpa (AJIHHa UJiac
THH 2,75 M, 3830p - 7 CM, HanpHllteHHOCTb IlOHH - 46 KB/CM), BTOPaH -
cenapanHH no HMllYJibCaM. B MaCCOBOH DteJIH noMel!laJICH rpajlHTOBHii 38-
uenJIHTeJib (~ 50 r/cu2), o6ecnetJHBmHH noJiyqeHHe pa3HHUH B HMTIYJib
cax"' 50 MaB/C (AJIH If" H I<+). liunyJibCHHH aHaJIH3 tJaCTHU ocynteCTBJIH
eTCH uarHHTHHM TIOJieM CHHxpoq,a30TpoHa. HatJaJibHoe nncnepcHOHHoe 
cuemeHHe ~ 50 MM Ha I% Aflp.. 

KaHaJI JH3 qJOpMHpyeT 11 '1l'ICTHii" nytJOK aHTHilpoTOHOB c HMilyJibCOM 
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· Ta6,rnua I. OcHOBHHe xapaxTepHCTHKH KaHaJIOB, qx:>PMHPYIJ!llHX 

nytJKH rr-~Me30HOB ;II.JI~ aJieKTpoHHUX axcnepHMeHTOB. 

-
Jele HaHMeHoBaHHe 
nn na pro.1eT:£QB .IH Je2 Je6 .IHO 

I ;11.JIIIHa KaHaJI8 (M) 46 IO 45 45 

2 yroJI reHepau1rn 
'!aCTHil (pWf.) 0 0,140 0 0 

3 o6JiaCTb.llMil3JibCOB 
(ThB/c · · I,5-7,0 0,55 3-7 3-7 

4 HHTepBaJI HMilYJibCOB 
B % Ap/p_. , :t.I ±.2 :!;_I,5 ±,I,0 

5 BXO;ll.HOH TeJieCHHH 
yroJI- (cTepM) 2.ro-4 I,4.ro-3 4,5.ro-3 4,5.ro-3 

6 ;11.11c·nepcHoHHoe cMe-
meHHe Ha KOJIJIHMaTO-
pe (Ha I% Af'lp. ) 9MM 2IMM IOMM 9MM 

7 K03qq>HUHeHT yBeJIH'le~ 
HHJI CHCTeMu: 

·• a) BepTHKaJibHaJI 3,0 I, 7 3,5 
MOCKOCTb -

6) ropHSOHTaJlbHaJI 
MOCKOCTb - 0,35 3,I r,o 

8 pasMepu KoHe'!Horo 
HS06pa1KeHHJI: 
a) BepTIIKaJibHaJI 35MM 40MM 

IlJIOCKOCTb . 84MM 20MM 
6) ropHSOHTaJibHaJI 

nJIOCKOCTb IOOMM 80MM 45MM 30MM 

9 paCXO;ll.HMOCTb qac-
THU(MPM): . 
a) BepTIIKaJibHaJI 

0,60 ±,I5 +IO iIO IlJIOCKOCTb -
6) ropHSOHTaJibHaJI· 

IlJIO CKO CTb , 0,67 +30 +5 +IO 

IO HHTeHCHBHOC!a rr--Me-
3 - 4 - 4 r:-ro4 

3,5.IO 6,6.IO I,3.IO 
SOHOB Ha IO npoTo- MJI ;11.JIJI MJI MJI 

HOB, HaBO;ll.HMUX Ha Po= p = Po = Po = 
MHmeH:s' 

0 
4,6 0,5 4,26 4,0 
I'aB/c raB/c ToB/c ToB/c 
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2, 72 raB/C. }lueeT ;II.Be CTynem; cenapaUHH, c 3JieKTP0CTaTH'!eCKHMH 
cenapaTOpaMH (;11.JIHHa MaCTHH - II M, sasop - 7 CM) B Ka)QlOH CTyneHH. 

OnTHtiecxaJI cxeua ;11.JIJI Ka)Qloil CTyneHH B BepTHKaJibHOH IlJIOCXOCTH 
- O;ll.H006~exTHBHaJI (KBaPTeT KBMpynoJibHUX JIHH3, co6paHHUX no CXeMe 
n~ - ~n). Tiep:suft o6~eKTHB B ropHSOHTaJibHOH IJJIOCKOCTH qx>pMHpyeT 
H3o6paJKeHHe Me]Qly cenapaTopaMH (B KOMlleHCHPYIJ!lleM MarHHTe), r;11.e 
yCTaHOBJieH KOJIJIHMaTop, BH;ll.eJIJIIJ!llHH :!;_0,65% 4 f/P.. HunyJibCHHH aHa
JIH3 oc~eCTBJIJieTCJI M8rHHTHWl noJieM YCKOPHTeJIJI; BTopoil ;11.y6JieT nep
BOH cTynenH woxycHpyeT nyqox Ha 1.1acc0Byn·me.rro, Ha KoTopofi npoBo
;11.HTCJI BH;ll.eJieHHe aHTHilpoTOHOB H ITOBTOPHHH HMITYJibCHHH aHaJIHS. Mar~ 
HHT, CTOJimHil sa KOHJIHMaTOpoM, KOMITeHcHpyeT JIHHeHHYD ;ll.HcrrepcHD 
n oqnmaeT rryqoK OT pacceJIHHUX qacTHU. BTopaJI cerrapaunJI neo6xo;11.H
ua MJI OT;ll.eJieHHJI B OCHOBHOM pacITMHUX .fo ~Me30HOB. 

KaHaJI iIJa BBe;11.eH-B_CTpoil B I!nI ro;11.y BMeCTO XaHaJia II3. 
!Ipe;11.HasnaqaeTCJI ;11.JIJI O 6.rrytieHHJI ITOJIOllG!TeJibHWH (HJIH OTpHUaTeJibHHMH) 
qacTl!UaMII BO;!!.Opo;ll.HOii rrysupbK0130H KaMepu. llMeeT ;11.JIHHY 120 M. Tpac
ca roJIOBHOii qaCTH KaHaJia OTHOCHTeJibHO ycxopHTeJIJI BH6paHa Ta.KHM o6-
pa30M, 'ITO ;11.orrycxaeT HCilOJib30BaHHe MHmeHeii, ycTaHOBJieHHHX xax 
BHe, Ta.K H B MarHHTHOM rroJie. 3JieKTpoCTaTH'!eCKHH cerrapaTOp (;11.JIHHa 
ITJiaCTHH II M, HaITJ)JIJKeHHOCTb ITOJIJI 50 KB/CM) Il03BOJIJieT y:sepeHHO 
BH;ll.eJIJITb ;11.eilTpoIDI B o6~aCTH HMITYJibCOB ;11.0 4,0 ThB/c, rr+-MeSOIDl H 
rrpoToHu - ;11.0 3,0 ThB/c n W-uesoHII - ;11.0 2,0 Thn/c. Bu;11.eJieHHe HM
nyJiocHoro HHTep:sana B KaHaJie rrpoBO;ll.HTCJI nepe;11. cerrapauneil no cxo
poCTJIM. 

Ha KaHane npoBe;ll.eHo O 6Jryqe1rne ;11.eiiTPOHSMH C HMITyJibCOM 3, 6 
ran/c Bo;11.opo;11.Hoii KaMe:[ll, noJiyqeHo oxono 50 THc.woTorpaq>Hfi. TipH
uecb WQHOBHX qacTMU (B OCHOBHOM rrpoTOHOB) He rrpeBumaeT I0-12%. 

OCHOBIDle rrapaMeTpu KaHaJIOB, ~opMHpynmnx cerrapHpoBaHHHe rrytJKH, 
rrpHBe;11.eHu B Ta6JIHUe TI. 

B 3aKJii'.l'JeHHe IlpHBO;ll.JITCJI OCHOBHHe pesyJibTaTU, XOTOp,re COCTOJIT 
B CJie;ll.yD!lleM: 

I. HcCJie;ll.oBaIDI Borrpocu nu6opa OITTH'!ecxnx cxe1.1 KaHanoB, wopM11-
PYDitHX ny'!KH BTOpH'lHHX sapJIJKeHHIJX qaCTHil. CqJopMyJIHpoBaHH OCHOBHUe 
noJIOJKeHHJI, o6ecne'lHBanmHe BH6op OilTHMaJib!II:lX BapHaHTOB OilTH'!eCKHX 
CXeM ;11.JIJI pemeHHJI KOHKpeTHHX WH311'leCKHX SMa'l HS CHHxpowaSOTpoHe 
JIB3 OHffii. Tipe;ll.JlolKeHa H rrpoBepeHa Ha rrpaxTHKe MeTO;ll.HXa rrocTpoeHHJI 
OilTH'!eCXHX cxeM KaHaJIOB. 
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Ta6Jmua II. OCHOBHHe xapru<Tepl!CTllKII KaHaJIOB, 1popu11pyIOll!llX 

ce napnpoBaHHHe nytJK11. 

HanMeHOB8HUe 
napaMeTIX>B 
,ll,Jll!Ha KaHMa (1.1) 

yroJI reHepaunu 
tiaCTl!U B -M11me1rn 

(pa;n) 

o6JiacTb l!MHYJibCOB 
(r:rn/c) 

llHTepBaJI l!MilYJlbCOB 
(B % A/J/P. ) 

13 

39 

0,349 

2,5 

±,I 
BXO,ll,HOH TeJieCHl:IH 
yroJI (cTepa;n) I,r.ro-4 

JinHeilHoe_pa3;neJieHne 
a) nePBM cTyneHr, _ 
6) BTOP8JI CTyneHb 

'KoaqxpnuHeHT 
cenapauHu 

K03q><pl!Ul!6HT YBeJil!
'16Hl!JI B KOH6'1HOM 
l!3o6paJKemrn: 
a) BePTl!KaJibHaJI 

IlJIOCKOCTb 
6) ropll30HTMbHaH 

IlJIOCKOCTb 

pa3Mep KoHe'1Horo 
ll 30 6paJKeHl!H : 
a) BepTllKSJlbHaH 

llJIO CKO CTb 
6) ropll30HTaJibHM 

llJIOCKOCTb 

npHMecr, moHOBHX 
tiaCTIIU ( 'N~ IN,,.,,,) 
K03qxpllijll6HT no;na~
Jl6Hl!JI l N. / Nx ) 
llHT6HCliBHOCTb tiaCTllU 
Ha IQ!U IlpoTOHOB 

24MM 

3 

I,8I. 

I,08· 

6MM 

IIMM 

O,IO 

N,·500 
N.-roo 
~- 20 

16 

1;4 

I7,5 

0,0f'll 

0,75 

±,I 

lf,4.ro-4 

IBMM 

2,2 

44Mld 

50MM 

2 

-
N.- 2.I04 

NK· 60 

JH3 JH3a 

64 I2I 

0 0,384 

3,0 4,0 

:!:,0,65 ±,I 

o,9.ro-4 I,BI.ro-4 

I5MM 20MM 
IOMM 

5 2 

0,64 I,6 

I,62 9,~0 

3MM 30MM 

5MM I20MM 

O,I8 O,I2 

2,7.ro4 2.I<Y 

N. =I.I03 N<1 = 5 
N; = I MR P=3.3 

raB/c 

2. PacCMOTpeHl:I BOilpoCI:1 CHl!JKemrn npmAecu q>oHa B ITy'!KaX BTOplltJ
HHX tiaCTl!U. Pa3pa6oTaHa MeTO,ll,IIKa, o6ecnetIHBa!OlllaJI OilTl!MaJlbHUH Bl1-

6op pa3MepoB II MaTepnMa ,ll,JIH KOJIJIIIMaTOpoB ll norJJOTl!TeJJn. 

3. Pa3pa60TaHa y;no6Han ,ll,JIR npaI<TlltieCKOro npHMeHemrn ITPH BH-' 

6ope OilTHtieCKllX cxeM KaHMOB CHCTeMa oueHOK ;nonyCKOB Ha T0'1ll0CTb 

ycTaHOBKll 3Jl6MeHTOB IlpH MOHTalKe KaHaJIOB. 

4. l1p6;nJIOJKeH cnoco6 onpe;neJieHllfl MarHllTHOH OCH KBa,n:pynOJJbHUX 

Jll!H3, Ilpl!MeHeHHHH i'\JIR IOCTllpoBKll JJHH3 B JIBS 0:U!n ll B ;npyrnx l!H

CTIITyTaX. 

5. Pa3pa6oTaHa MeTO,ll,l!K8 ycTaHOBKll l! JOCTHpoBKll 3JJ8M6HTOB uar

llllTHOil: OllTl!Kll, Hauie;nman npHMeHen11e npu C03,ll,aHIIII KaH8JJOB BTOplltJ

HHX 3apHlK6HHHX qacTllU Ha CHHxpoqia3oTpoHe JIBS O~iffi-1. 

6. IIpe,ll,JJOJKeH cnoco6 KOMnencaul!ll OTKJIO!leHlrn '18CTUU C OCI! Ka

HaJJa B cenapaTopax c noMOll!bIO Irna;npynoJJI>HHX JJllH3, c;nm1raeI.rux co-

o TBeTCTBYIOl!ll!M o6pa30M C OCl! KaHMa. Cnoco~ MOlK6T Hahn rrpnMeHeHlie 

npu C03;naHl!II KaHaJJOB, qiopMnpyIOll!l!X nyqKl! K""-Me30HOB cpaBlll!TeJJbHO 

H8BHCOKIIX 3Heprl!H (~ I raB). 

7. Pa3pa6oTaHa Cl!CTeMa perl!CTPllPYJ?ll!llX C'1eT'1l!KOB, HCilOJJb3ye
Ml:IX npu HaJia;nKe KaHMOB C nytJKOM BTOPHtJHHX tiaCTllU. 

8. Pa3pa6oTatta u npl!MeHeHa npu HaJJa;nxe MeTo;nnKa nccJJe;noBailllR 

napaMeTpoB nytJKa u Bl:16opa OilTl!MMbHl:IX pelKl!MOB B TpaHcnopTllPYIOll!l!X 

cacTe1.1ax, co3;naBaeMHx B Jia6opaTopuu Bl:ICOKHX aHeprnii (m.irryJJr,cHoro 

IIHTepBM8, pacxo;nl!MOCTl! l! T.;n.) 

9. Co3;naHl:I KaHMH, qiopMl'IPYDl!llle nytJKll W-M630HOB B illllPOKOM 

;n.ttana3oHe l'IMITYJJbCOB (J!i.'e I, 2, 6, IO) ,ll,JJR aJJeKTpoHHl:IX aKcrrepHMen

TOB. ITapaMeTpl:I nytJKOB IlOJJHOCTI,Rl y;noBJJeTBOPRDT Tpe6oBaHl'IRM 3Kcne

pl!MeHTOB. 

IO. CnpoeKTllPOBaHl:I ll OTJl8lK8Hl:I KaH8Jlli C 3Jl8KTpoCTaTll'18CKOH 

ce~a·paUl'leil (}/w 3, 4, IJ, IJa), q>opMllpyIOll!ll8 nytJKli ,ll,JJR rry3HpbKOBUX 

KaMep. llpoBe;neHO O 6Jiyqem1e: 0, 5M BO,ll,OpO,ll,HOH ny3HpbKOBO¥ KaMep1:1; 

KCeHOHOBOH KaMepu ll IM BO,ll,Opo;nHoil rry3HpbKOBOH KaMepl:l Jr, K+ -Me3o

HaMll ll ;neilTpoHaMll. Boero 61:lJIO IIOJJytieHo OKOJJO :r, 5 Ml!JJJJIIOHa qJOTO

rpaqiuiL 
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