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1. BBE,UEHl1E 

B nattHoM BapttattTe TpeKoBoii cttcTeMhI nm1 YK.U npe,u.rraraeTCH coBMe• 

cTHTh ueHTpaJihHYIO TpeKoByro cttcTeMy (UTC) c neTeKTopoM peHTreHOB· 
CKOro nepexonHoro H3JiytieHHH (.Ilill1) Ha OCHOBe TOHKOCTeHHblX UHJIHH· 
npttt1ecKttx Tpy6oK, Ha3hIBaeMbIX "conoMoii" ("straw"-tubes) 11 , 21 . Ilo

no6Hbie neTeKTOpbl paccMaTpHBaIOTCH KaK cepbe3HaH aJibTepHaTHBa ,[(JIH 

TPMHUHOHHblX TpeKOBblX CHCTeM (npettqJOBblX KaM~p) Ha KOJIJiattnepHbIX 

ycTaHOBKax. Y)Ke C03naHbl BepUIHHHbie KaMepbl Ha OCHOBe straw-tubes ,[(JIH 
ycTaHOBOK MAC H MARK III 13• 41 , cymecTByIOT npoeKT BepmttHHOH KaMe

pbI ·nnH ycTattOBKH KE,llP (HoBoctt6ttpcK) 151 H npenno)KeHtte no TpeKoBoii 
cttcTeMe nnH SSC 161• · 

B npe,u.rraraeMOM BapttaHTe nOMHMO CBOHX o6billHblX 3anaq, TO eCTh 

BOCCTaHOBJieHHH TpaeKTOPHH 3apH)KeHHbIX tiaCTHU, onpeneneHHH HMnynhca 

H 3HaKa 3apHna t1acTHU, pa3neneHHH qacTttU B cTpyHx H npyrttx, UTC, coBMe
meHHaH C ,llillf, peruaeT TaK)Ke 3anat1y ttneHTHqlHKaUHH 3JieKTpOHOB. lfcnOJib· 
3YH TpeKOBYIO H KaJIOpHMeTpttqecKyIO HHqJOpMaUHIO, MO)KHO nocTHllb ypoB• 
HH pe,KeKUHH anpoHOB OT 3JleKTpOHOB 171 ~10 - 3. ,Uill1 B naHHOM BapttaHTe 
no3BOJIHeT nonaBHTb anpOHHblH qJOH eme B 10-100 pa3 B nttana30He 3Heprttii 
OT 2 no 200 r3B. 

·ueJiblO pa60Tbl 6bIJ1a TaK,Ke qnTHMH3aUHH reoMeTpttqecKOH CTpyKTypbl 

UTC c .Ilill1 c ToqKH 3peHHH HMnynhcHoro pa3pemeHHH H pe,KeKUHH nttoHOB. 

2. ,UOCTOI1HCTBA TPEKOBO0: Cl1CTEMbl C ,Uill1 
HA OCHOBE STRAW-TUBES 

"ConoMa" npencTaBJIHeT co6oii 06hlt1Hy10 UHJIHHnpttt1ecKy10 npeiiqioByro 
,py6Ky He60JibUIOrO nttaMeTpa C KaTonoM, H3rOTOBJieHHbIM H3 aJIIOMHHH· 
3HpoBaHHoro JlaBCaHa. ,llJIH YK.U npe,u.rraraeTCH HCnOJib30BaTb Tpy6KH co 

cnenyIOIUHMH xapaKTepHCTHKaMH: 
- BHyTpeHHHH nttaMeTp: 5 MM; 
-TOJIIUHHa CTeHKH: 30 MKM - nBa CJIOH JlaBCaHa no 12 MKM tt 5.,. 6 MKM 

KJieH; 
- atton: npOBOJIOKa nttaMeTpOM 30 MKM C pe3HCTHBHOCTblO :::90 OM/CM/~/ 

© 061,e.umeHHblH HHCTiiTYT 11,11,epHbIX Hccne,11,0BaHHH Jly6Ha, 1990 
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TipnMeHeHne "conOMbI" llMeeT cne)],yIOrn;lle )],OCTOllHCTBa. 

1. TpeKOBaH CllCTeMa Ha OCHOBe "conOMbI" )],OnycKaeT MOAYnbHYIO 

CTPYKTYPY, llTO cymecTBeHHO ynpomaeT 3Kcnnyarnn:nw ll yaenllllllBaeT Ha
Ae)KHOCTb BCeH CllCTeMbl. 

2. Ha)].e)KHOCTb. 0TCYTCTByeT orpoMHOe KOnlllleCTBO KaTO)],HblX npOBO
noK. 06pblB XOT.fl 6bI 0)],HOH ll3 )],eC.flTKOB {nnn COTeH) TblC.flll npoaonoK 

o6billHOH )],pe0q:>OBOH KaMepbl MOiKeT BblKnlOllllTb 3aMeTHYIO llaCTb TpeKo

BOH CllCTeMbI; o6pbIB O)],HOH npoaonoKll a "conoMe" BbIKnIOllaeT TonbKO 

OAHY n:nnHH)].pntiecKyw .fllleHKY. 
3. B pe3ynhTaTe coBMern;eHH.fl UTC c .llTill oTnmaeT Heo6xoAHM·ocTb 

B C03)],aHllll cneu:nanbHblX nponopn:noHanbHblX KaMep An.fl .llTill. 
4. TipollHOCTHbie CBOHCTBa naacaHa {npn. MMOH pa)].llaQllOHHOH TOn

IUHHe) no3B0ll.fllOT Ha)],e)KHO pa6oTaTb C ra30BOH CMeCblO npfi AaBneHllll 

-3..,- 4 aTM, llTO 3HallllTenbHO ynylllllaeT KOOp)],llHaTHOe pa3pellleHne (lr ¢ {co 
::!100 MKM npn 1 aTM )],0 ::40 MKM) 191 npn ncnonb30BaHllll npOCTOH 3neKT

pOHllKll. 3TO n03BOn.fleT npaKTHlleCKll 6e3 noTepb B llMnynbCHOM pa3pellle

Hllll C)],enaTb UTC 6onee KOMnaKrnoii. Tipn noM cymecrnyeT B03MO)KHOCTb 

noMeCTllTb iKll)],KOaprOHOBblH KanopnMeTp YK.ll n:enHKOM Hnll ero 3neKTpo

MarHllTlf{IO llaCTb BHYTPll CBepxnpOBO)],.flIUero coneHOHAa, llTO ynytilllaeT 
3HepreTntiecKoe _ pa3pellleHne /10/ n, KpoMe Toro, y)].ellleBn.fleT ero 6naro

Aap.fl yMeHbllleHlllO KOnllllecrna ypaHa. 
5. ManbIH pa3Mep .fltieeK cymecTBeHHO ynpomaeT pa6oTy TpeKoBoii 

rucTeMbI npn 6onblllHX 3arpy3Kax, OiKllAaeMbIX Ha YHK: 
- cymecrneHHO nmaeT BepO.flTHOCTb co6bITllH c HeCKOnbKHMll TpeKa-

Mll B o)].HOH .fllleHKe; 
- B03paCTaeT 6bICTpO)],eHCTBlle CllCTeMbI; 
- yMeHblllaeTC.fl Bnll.flHlle MarHHTHoro non.fl H ero HeO)],HOpOAHOCTH; 

-yMeHblllaeTC.fl 3q:>q:>eKT
0

npocTpaHCTBeHHOro 3ap.flAa llOHOB. 
6. Tipn 6onblllllX 3arpy3Kax C oco600 OCTPOTOH CTOllT npo6neMa CTa

peHll.fl ,IJ,eTeKTOpOB. ManbIH pa3Mep .fllleHKll cymecTBeHHO CHlliKaeT CKOpOCTb 

HaKonneHH.fl 3ap.fl)],a Ha eAllHHU:e MHHbl aHO)],HOH npOBOnOKll {0)].l:IH ll3 

napaMeTpOB CTapeHH.fl) ; KpOMe Toro, cnnolllHOH, a He npoBonOllHblH KaTO)], 
yMeHblllaeT npo6neMbl C KaTO)],HOH nonnMepn3an;lleH, .flBn.flIOlll;eHC.fl npllllll

HOH caMonoMepiKllBawrn;eroc.fl pa3p.fl)].a. 
7. TipocToTa 3neKTpoHHKll. )ln.fl nonyqeHH.fl xopolllero BpeMeHHoro 

pa3pellleHn.fl n rr/e-peiKeKQllll MeTo)],oM ClleTa KnacTepoB 1111 HeT Heo6-

XO)].l:IMOCTH ncnonb30BaTb AUTI c napannenbHbIM BBO)],OM; AOCTaTOllHO 

npOCTOH noporoBOH 3neKTp0HllKll. 
Heo6xO)],llMO OTMeTHTb ll cnOiKHOCTll, B03HllKaIOlll;lle npn C03AaHllll 

ll 3KcnnyaTaQllll TpeKOBOH CllCTeMbl Ha OCHOBe "conOMbI". 

Bo-nepBbIX, Heo6XOAHMa HeCOMHeHHO BbICOKa.fl KynbTypa TeXHonorHll 
ll3rOTOBneHll.fl. 

2 

Bo-BTOpbIX, HMlllllle noBbillleHHOro AaBneHll.fl pa6ollero ra3a BblABHraeT 
Tpe6oBaHlle BblCOKOro 3anaca npollHOCTll { K03q:>q:>llU:HeHT -3-4) Ha pa3pblB 
AeTeKTopoB n yTellKY ra3a, TO ecTb Heo6XOAHMa MeXaHlllleCKa.fl npOllHOCTb 
CllCTeMbl BDnOTb )],O )],aBneHHH ::10;;. 12 aTM. 

3. rEOMETPllqECKAH CTPYKTYP A 

3.L 06ma.fl KOMnOHOBKa 

TpeKoBaH cncTeMa YK.ll cnyiKllT An.fl BoccTaHOBneHn.fl TpaeKTOpHH 3a
P.fliKeHHbIX llaCTHU: B lllllpOKOM AHana30He HMDynbCOB B TenecHOM yrne - 4rr. 

qaCTb TpeKOBOH CHCTeMbl, COBMemeHHOH c )lTil1, KOTopa.fl MOiKeT 6bITb 
C)],enatta H3 "conoMbI", noKa3aHa Ha puc. 1. 0Ha BKnIOtiaeT 1ci"·ce6.fl: 

- Bepllll:IHHbill AeTeKTop; 
- n:eHTpMbHYIO TpeKOBYIO CllCTeMy' 

myw AHana3oH no non.flpHoMy D 
yrny OT 36° )],O 144°; • 

- Topn:eBbie tiaCTll, perncT0 

pnpywmne llaCTHU:bI B AHana- 1 

30He yrnoB OT 2 ° AO 36 ° ll OT I 

I 
144° AO 178°. _. _' 

I 
I 

I 

Puc. 1. KoMnOHOBKa TpeKoeoii cu- D 
CTeMbI YK.U. B.U - eepmHHHbIH Ae

TeKTOp, UTC - ueHTpaJibHaH TpeKo· 

Bafl cucTeMa, TTC - TopueeaH , 

TpeKOBafl CHCTeMa. 

3.2.BeplllHHHbIH AeTeKTop 

COBMemeHHYIO C )lTil1, noKpbIBaIO-

I 
UTC . B.ll ~r TTC 

I/ D I 
1M 

Bepllll:IHHblH AeTeKTOp (CM. pHC. 1) HMeeT pa3Mepbl OT 5 )],O 10 CM no 
pamiycy H 1 M B MHHy. OH COCTOHT ll3 5 cynepcnoeB Tpy6oK no 2 cno.fl 
a KaiKAOM (pHC. 2). Tpy6Kn 
AHaMeTpoM 5 · MM HMeIOT pe-
3HCTHBHoe KaTO)],HOe n0Kpbl
n1e, 6naroAapH tieMy B03MO
iKeH c1>eM KOOPAHHaTHOH llH
q>opMaU:HH npn IlOMOlll;ll BHelll
HHX CTpHnOB, HaKneeHHbIX Ha 
,Tpy6KH c lllaro~ 5 MM, llTO 
AOniKHO AaTb KOOPAIIHaTHYIO 
TOllHOCTb BAOnb OCH z (lz !:' 
s; 250 MKM, TO eCTb He xyiKe 
5% OT lllllpl:IHbI CTpnna 1121. 

Puc. 2. reoMeTpH•IeCKafl CTpyKTy

pa Bepll!HHHOro AeTeKTOpa. 

3 
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O6mee KOnHtJeCTBO Tpy6oK BepnmHHoro ,neTeKTopa COCTaBmieT 9100 
lllTyK. O6mee tJHcno CTpHnOB =1000. 

3.3. UeHTpanbHaJI TpeKoBaJI CHCTeMa 
H .neTeKTop nepexo.nHoro H3nytJeHHH 

UeHTpanbHaJI TpeKOBaJI CHCTeMa C .neTeKTopoM nepexo.nHoro H3nytJeHHH 
HMeeT UHnHHAPHtJeCKYIO q:iopMy H pa3Mepbl no pa.nHycy OT 10 .no 120 CM 
H 300 CM B AnHHy. Ee reoMeTpHtJeCKaJI CTpyKTypa (pHC. 3) HBnHeTCH pe3ynb
TaTOM onTHMH3aUHH no HMnynbCHOMY pa3pemeHHIO ·H K03q:Jq:JHUHeHTY pe
:JKeKUHH nHoHOB (cM. pa3,nen 4). BHelllHHH pa,nHyc UTC Bb16paH c ytJeTOM 
B03MO:JKHblX pa3MepoB ypaHOBoro KanopHMeTpa. O.nHaKO pa6otJHe xapaK
TepHCTHKH npe.nnaraeMOH TpeKOBOH CHCTeMbl HeKpHTHtJHbl K He6onblllHM 
H3MeHeHHHM BHelllHero pa,nHyca. 

TiepBbie meCTb cynepcnoeB 3aHHMaIOT OT 10 .no 32 CM no pa,nHycy H co
.nep:JKaT Ka:JKAhIH no tJeTblpe cnoH Tpy6oK AHaMeTpOM 5 MM. TaKaH tJaCTaH 
CTpyKTypa o6nerqaeT pacnyThlBaHHe TpeKOB B6nH3H BeplllHHbl B3aHMO· 
,neHCTBHH. 

Cne.nyromHe 8 cynepcnoeB 3aHHMaroT no pa,nHycy OT 33 .no 120 CM H 
H3rOTOBilHIOTCH TaK:JKe H3 Tpy6oK ,nHaMeTpOM 5 MM. Ka:JK,nblH cynepcnott 
co.nep:JKHT 90 nonHnponuneHOBblX q:JOnbr TOilIUHHOH 20 MKM, B KOTOpblX 
reHepHpyeTCH nepexo.nHoe H3nytJeHHe; ,nBa cnoa Tpy6oK, HanonHeHHhIX 
CMeCblO Ha OCH0Be Xe, AnH perHCTpaUHH peHTreHOBCKHX·Y·KBaHTOB H tJeTbl· 
pe cnoH Tpy6oK, AaIOIUHX KOOPAHHaTHyro HHq:JOpMaUHIO (pHC. 4). 

Bee cynepcnOH pa36HBalOTCH Ha Mo.nynH, KOTOpbie CTbIKYIOTCH TaK, 
tJTO MepTBhie 30Hbl He o6pa3ylOTCH (pHC. 4). 

,llnH onpe.neneHHH Z-KOOPAHHaThl npe.nnonaraeTCH HCnOilb30BaTb KOM6H
HaUHIO MeTo,na pa3,neneHHH. 3apH,na, .naromero TOtJHOCTb -1% AnHHbl aHOA· 

0 20 LO 60 80 100 

HOH npoBonoKH 181 ( 3 CM Ha AnH· 
He 3 M) , H MeTo,na cTepeonpoeK
UHH. ,llnH ocymecTBneHHH nocne.n
Hero Tpy6KH B HetJeTHblX cynep
cnOHX HanpaBneHbI napannenLHO 
OCH nytJKa,oa B tJeTHblX - noBep
HYTbl Ha 1 . B pe3ynbTaTe MO:JK· 
HO onpe.nenHTb z ·KOOpAHHaTy 
c TOtJHOCTblO - 1 MM. O6!uee ,. 

PHc.3. I'eoMeTpw1eCKaH CTPYKTypa UTC, 

COBMemeHHOH C ,IlTIH. tJepHbIM UBeTOM 

noKa3aHbI cnoH Tpy6oK UTC H .IlTIH, 

3aIIITpHXOBaHbl CTOnKH nonHnponHneHO· 

120 R,cm BbIX q>onbr .IlTIH. 
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PHC. 4. CTpyKTypa cynepcnoH 

UTC-,IlTIH: 1 - cTonKa H3 90 no· 

nHnponnneHOBbIX qionbr no 

20 MKM; 2 - ABa cnoH Tpy6oK, 

HanonHeHHblX ra30BOH cMeCb!O Ha 

OCHOBe Xe, AnH perHCTpaUHH peHT· 

I'-- I-- ... - I 
} -© 

I'>,,. .... .,.:-
....... :-:: --:i 

I - I 
,~ ~ - -reHOBCKHX Y·KBaHTOB nepexoA: ;: ... ..... I l ~ ~ 

Horo ll311ytleHRH; 3 - qeTbipe 11111111111,,, ................................ - - --

cnoH Tpy6oK TpeKOBOH CHCTeMbI; 

4 - CTblK MOAyneii. CD (2) ® 

KOilHtJeCTBO Tpy6oK B ueHTpanbHOH TpeKOBOH CHCTeMe COCTaBnHeT 

3 7800 lllTYK, B ,!l;eTeKTOpe nepexo,nHoro H3nytJeHHH - 15900. 
TipHBe,neHHaH KOMnOHOB.Ka ueHTpanbHOH TpeK_OBOH CHCTeMbl H ,!l;eTeK

Topa nepexo,nHoro H3nytJeHHH .non:JKHa o6ecnetJHTb: 

- norpemHOCTb H3MepeHHH nonepetJHoro HMnynLca 1131 : 

aPt __ aref,Pt(I'3B/c)./ 720 .e 0,05~/L ,,,1,9·10-4pte7,S,10-3, 
pt ~ o,aBL2 N+5 BL8 Xo 

(1) 

r .ne ~ ef, = 30 MKM - KOop,nHHaTHaJI TOtJHOCTb B nnoCKOCTH r ef,, B = -1,5 Tn; 
- HanpH:JKeHHOCTb MarHHTHoro nonH B 061,eMe ,neTeKTopa, L = 1,1 M -

.nnHHa ,neTeKTOpa no pa,nHycy' N = 56 - tJHCno H3MepeHHH BAOilb TpeKa 

( tJHCno cnoeB TpeKOBOH CHCTeMbl) , {3 = 1 - OTHOCHTenhHaJI CKOpOCTb, TOn

IUHHa CHCTeMhl paBHa L/Xo=0,065. OTHOCHTenbHO BbICOKaH TO'IHOCTb H3· 

MepeHHH KOOPAHHaTbl AOCTHraeTCH 6naro.napH HCnOnb30BaHHIO ra30BOH 

CMeCH npH nOBbillleHHOM ,naBneHHH, tJTO yBenHtJHBaeT nnoTHOCTb nepBHtJHOH 

HOHH3aUHH, yMeHblllaeT AHq:Jq:JY3HIO H, cne,noBaTenbHO, COKpamaeT HX BKnaA 

B Koop.n1maTHYIO TOtJHOCTb. CHMBOn 19 03HatJaeT KBa,npaTHtJHOe cno:JKeHHe; 

- ABYXTpeKoBoe pa3pemeHHe He xy:JKe - 2-2,5 MM (nonoBHHa ,nHaMeTpa 

3neMeHTapHott HtJettKH) . 

3 .4. TopueBaH TpeKOBaJI cHcTeMa (TTC) 

.UBe tJaCTH (npaBaJI H neBaH) TTC 3aHHMaIOT npocTpaHCTBO OT 150 .no 

200 CM {H OT -150 .no -200 CM) OT MeCTa nepecetJeHHH nytJKOB BAOnb 

OCH Z H OT 5 .no 120 CM no pa,nHycy {cM. pHc.1). Ka:JK,naJI tJaCTb COCTOHT 

H3 12 cynepcnoeB no 2 cnoH Tpy6oK ,nHaMeTpoM 5 MM B Ka:JKAOM. Cynep

cno:il: COCTOHT H3 ABYX CHMMeTpHtJHblX tJaCTe:il:, Ka:JK,naJI H3 KOTOpblX Ha6H

paeTCH H3 12 MO,nynett nmpHHOH no 10 CM, opHeHTHpOBaHHblX napannenbHO 
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Pnc.5. CTpyKTypa cynepcnon Topueaoii 

'laCTH TpeKOBOH CHcTeMbl. 

npyr npyry n nepneHJJ.HKynHpHo 
ny'IKY (pnc. 5). Cynepcnon noBep
HYThI npyr OTHOCHTenbHO npyra 
Ha yron 30°. O6mee qncno Tpy-
6oK B o6enx qacTHX TopueBoii: 
TpeKOBOH CHCTeMbl COCTaBHT 
23000 lllTYK, 

4. MOllEfll1.POBAHl1E IlPOXO)K,llEHHH Olll1.HOqHoro TPEKA 
ll PE)KEKU1111 Ill1OHOB B UTC - llilll 

Ilpn nonroTOBKe nattHoro BapnaHTa 6bmo npoBeneHo Monennposa
HHe npOXOiK.lleHHH onHHO'IHOH 'laCTHUbl qepe3 OilHCaHHYIO TpeKosyIO CH
CTeMy C nocnenyIOIUHM "neTeKTHpOBaHHeM" H Bbl'IHCneHHeM nonepeq
Horo nMnynhca no KpHBH3He nyrn. Ilpn KoopnnHaTHOM pa3perneHHH 
a r ¢ = 30 MKM, HHJJ.YKUIIB MarHHTHoro nonH B = 1,5 Tn n KOnH'leCTBe 
BemecTBa 6,5% X 0 (TonmHHa CTeHoK Tpy6oK s = 30 MKM) nony'leH 
cnenyIOIUHH pe3ynhTaT nnH pa3perneHHH no nonepetJHOMY HMnynbcy: 

aPt 

pt 
"' 1,85 -10-4 pt e 6,7-10-s. 

3aBHCHMOCTH pa3pellleHHH no Pc OT Pt npHBeAeHbl Ha pHc. 6 nnH ar c/J = 
=30 MKM (cnnolllHaH nHHHH) n 50 MKM (nyHKTHpHaH). 

IlpoMonenupoBaHo TaK)Ke BnHHHlle Ha ll3MepeHne nonepe'IHoro llM
nynhca yBenll'leHHH Konll'lecTBa BemecrBa B UTC ll3-3a yTonmeHHH cre
HOK Tpy6oK {s = 50 n 100 MKM, 'ITO COOTBeTCTByeT KOnl!tJeCTBY BemecT
Ba - 7 ,8% Xo 11 - 11,1 % Xo) • Pa3perneH11e B o6nacTJI ManbIX HMnynbCOB 
He3Ha'll!TenhHO yxynrnaeTCH ·np11 3TOM (pnc. 7) 113-3a MHoroKpaTHoro pac
ceHHHH. IlpMBeneHHbie pe3ynbTaTbI MonennpoBaHHH xopbrno cornacy10T
CH c pac'leTaMH no cpopMyne (1). 

Ilpn noMOIUll nporpaMM, npoBepeHHblX Ha neii:CTBYIOIUllX neTeKTopax 
nepexonHoro 113ny'leHHH, 6hm onTMMH3HpoBaH ,llill1 nnH nattaou reoMeT
pllll TpeKOBOH Cl!CTeMbI (cM. n. 3). Bhmll 3acpHKCllpOBaHbl cneny10IUHe 
reoMeTpnqecKne napaMeTpb1: 

6 

j 
l 
I 

) 
:j 

'•' 

Pnc. 6. 3aBHCHMOCTb pa3pe

WeHHll no nonepe'IHoMy HM• 

nynhcy OT nonepe'IHOI'O HM• 

nym,ca npn pa3nH'IHblX 3Ha-

11eHHHX KOOp,!UiH8THOI'O 

pa3peweHHH ar ¢ : cnnow

HaH nHHHll - Uf c/, 
=30 MKM, nyHKTHpHaH 

ar¢ = 50 MKM. 

t,pi .-----------7 
Pt 

1 

~ 
~ 

~ 

10 100 

~ 
0 

~ 

1000 Pt (r3B/c) 

P11c. 7. 3aBliCHMOCTb pa3- ~. r--------------------. 
peweHHH no nonepe'IHoMy Pt 

. 1 
liMnynbCY OT nonepe'IHOI'O 

HMny flbCa npH pa3flH'IHblX 

3Ha'leHHllX TOflll.lHHbl CTe

HOK Tpy6oK s : cnnow• 

Hall flHHHH - S = 30 MKM, 

WTpHx-nyHKTHpHaH - s = 

= 50 MKM, nyHKTilpHaH 

- S =100 MKM. 

., 
10 

10 
•I 

10 100 1000 Pt (r:aB/c) 

- KOnll'lecTso BemecTBa, npnxonHmeecH Ha cponbrn llill1, :::3% X 0 ; 
- MHHa no pan11ycy - -::.90 CM. 
IlapaMeTpbl onTHMH3aUHll: 
- 'll!'cno cnoeB pan11aTop - AeTeKTop; 
- 'lllcno cponhr B KaiK.lloM cnoe; 
- cyMMapHaH T0nIUllHa KCeHoHa B Tpy6Kax; 
- T0nIUHHa CTeH0K Tpy6KH. 
Ilony'leHo, 'ITO BhlXon y-KBaHTOB nepexonttoro H3nyqeHl!H 11 llX perllCT

pauHH cna6o 3aBHCHT OT q11cna cnoeB pannaTop - neTeKTbp, no3TOMY 6hmo 
BbI6paHo 'll!Cno 8 KaK OnTHManbHOe C TO'IKll 3peHHH reoMeTpllll, ,ll;m nanh
Heii:rnen 0IlTllMH3aUHll H3y'lanHCb pe)KeKUll0HHhle CBOHCTBa CllCTeMbl 113 
8 cnoeB pannaTop - neTeKTOp npn ncnonh30BaHHll MeTona C'leTa KnacTepoB 

7 



-

to 
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10 

/ 

0,1 10 100 ES3B 

Pnc. 8. rr I e ·pe:>KeKl.llfH B 3aBn· 

CIIMOCTlf OT 3Heprnn l!aCTlfQbl 

,[1,fllI pa3fllfl!HbIX yrnoB K Ha

npaanenmo nyl!Ka: 

• - 90°; 

0 -60°; 

• -30°. 

Pnc. 9. rr / e - pe:>KeKQHH 

npn lf3MeHeunn TOfl!QlfllbI naa· 

cauoBbIX cTeHOK Tpy6Kn s : 

• - S = 30 MKM; 

0 - S = 50MKM. 

IIOHII3aI.Ullf B,ll;Ollb Tpe

Ka /11/: pa.n;IIaTop - non1I

nponHneH0Bh1e q:>onhrlI, .n;e

TeKTOp - ,ll;Ba cnoH TOHKO

CT8HHblX naBCaHOBblX Tpy-

6oK ,ll;IIaMeTpoM 5 MM. 

TionyqeHo, qTo OnTIIMYM 

COOTBeTCTBYeT cnyqaro, 

Kor.n;a KaiK,IJ;hIH cnoii co-

.n;ep:>KHT 90 20-MKM q:>onbr II o6ru;aH TOJII.QllHa KCeHoHa COCTaBJIHeT 8 CM 

nplI HOpMaJibHbIX ycJIOBIIHX (0,468 r- CM-2). 

' Pe:>KeKu;HH IllIOHOB OT 3neKTpOHOB (.n;onH IllIOHOB nplI - 90-npou;eHTHOH 

3q:>q:>eKTHBHOCTII perlICTpaUHII 3JieKTPOHOB, nopor ,ll;IICKplIMHHaTopa 4,5 K3B) 

nplIBe,D;eHa Ha p1IC. 8 ,!J.JIH IlOJIHpHblX yrnoB 90°' 60 ° II 30 °. BH,ll;Ho, ~o B ,ll;IIa

na30He 3Hepr1Iil: OT 2 .n;o 200 r3B BepoHTHOCTb npHHHTb IlHOH 3a 3neKTpOH 

COCTaBJIHeT 1 + 10%. TiplIBe,D;eHbl TaK:>Ke KplIBbie pe:>KeKIJ;IIII ,IJ.JIH pa3llliqffOH 

8 

TOllI.I.l;IIHbl CTeHOK Tpy6oK s (p1IC. 9, s = 30 MKM II 50 MKM). Pe:>KeKIJ;HH 

yxy.n;maeTCH He3Haq1ITenbHO, cne.n;oBaTenbHO, nplI II3rOTOBJieHIIII Tpy6oK 

MO:>KHO IICilOllb30BaTb 6onee TonCTblH II npOqffblH JlaBCaH. 

Cne.n;yeT 3aMeTIITb, qTo nplI MO,D;eJIIIPOBaHllll npoxoiK,ll;eHHH qacrliu; qepe3 

nTIH He yqlITbIBaJiaCb B03MO:>KHOCTb npoXOiK,ll;eHHH ,D;BYX TpeKOB qepe3 

OAHY HqeuKy, qTo oqeHb B·epOHTHO B ycnOBIIHX 60JibllllIX 3arpy30K YKn, 

oco6eHHO BO BHyTpeHHIIX cnoHX, II .n;pyr1Ie HBJieHHH, np1I KOTOpbIX B03MO:>K

HO npeBbIIlleHIIe nopora ,ll;IICKPIIMHHaTopa B oTcyTCTBIIe KBaHTa nepexo.n;

Horo II3nyqeHHH II, KaK cne,D;CTBIIe, yxy.n;meHIIe pe:>KeKIJ;IIII B HeCKOJibKO pa3. 

B 3aKmoqeH1Ie aBTOpbl Bbipa:>KaIOT 6naro.n;apHOCTb A.r.qHnHHrapoBy, 

11.TiarnqKe, B.B.TOKMeHHHY, E.TapHtty, n.M.Xa3HHCY, IO.B.Ce,D;blx', A.r.Onb

IllCBCKOMY 3a IlOMOI.I.l;b B pa6oTe II IlOJIC3HblC o6cyiK,IJ;eHHH, 11.K.TipoxopoBy 

3a TeXHIIqCCKYIO IlOMOlll;b, E.B.A6a30BOH 3a IlOMOUJ;b B oq:>opMJICHIIII pa60Tbl. 

ABTOpbI oco6o np1I3HaTenhHbI COTPYAHIIKaM MH<l>H B.M.qepHHTIIHY 

II A.B.CyMapoKoBy 3a npenocraBJICHIIe nporpaMM Mo.n;en1IpoBaHIIH npou;ec

coB B nTIH, KOHCYJibTaUHII II IlOMOlll;b B pa6oTe. 
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