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BBeneaae 

PelKHM paOOTbl aanymeaaoro B Ha'lane 1965 r. MHKPOTpoaa-HHlKeKTOpa naco-
. Ill · 

paTOpHH ael!:TpOHHOl!: <jla3HKH OHHH . HMeeT 6naronpHHTHYIO ocooeHHOCTb. CoB-

MeCTHaH ero pafloTa c peaKTopoM HBP npoacxonaT ae aenpepbiBHO, a nepeMelKa

eTCH MHOI'OLtHeBHblMll. nepaonaMH1 KOrna HMnynbCbl aeJ!:TpOHOB LtnH SKCnepHMeHTa-

_TOpOB. o6ecne'laBaeT HBP 6e3 MHKpoTpona. 3To BpeMH obrno Hcnonb30Bano nnH 

nanbHel!:mero COBepmeHCTBOBaHli.H yCKOpHTenSI. 

K HaCTOllilleMy BpeMeHH CHCTeMa. 'HBP-MHKpOTpoa• npopaoOTana Ha SKCnepH

MeHT 1500 qacoB • .UocTnrnyTbi HMnyru,cnbte TOKH c<jloKycnpoBaHHbiX na MHmenb 

sneKTpOHOB 60-80 Ma HpH nnHTenbHOCTH HMnynbCOB · 1 ,3- 2,3 MKC9K H 'laCTOTe - ' 

HX cnenoBaaaH SO rn, npH'IeM oxnalKnaeMaH B0~~!~3M ypanoaaH MHmeHb aarpena-

eTCH TOKOM B 70 MS C nnaTenbHOCTbiO HMHynbCOB 1,8 MKCeK LtO npenenbHOJ!: TeMne-
' . 0 . . . . . . . 

paTypbi 500 C, coBMeCTHMOl!: c ee 6eaonacaol!: paooTol!:. B nocnenaeM pelKHMe rno-

6anbHbtl!: noTOK ael!:TpOHOB nocne pa3MHolKeHHH B HBPe npa nnaTenbHOCTH HMnynb-
. . . 13 '· 

COB 4 MkCeK COCTSBHn 6•10 HeJ!:T.ICeK. 

YKa3aHHbie napaMeTpbl npH HOpManbHOJ!: paoOTe CHCT9M sneKTpOHHTaHHll, B~l;tO

oxnalKLteHH!I.lil BaKyyMHOJ!: OTKa'IKH, KaK npaBHno, OCTaiOTC!I HOCTO!IHHbiMB Oe3 BMewa

TenbCTBa onepaTopa. OnnaKO OObl'IHO qepe3 1-2 qaca paoOThl, a B ae6naronplisrr-
' ' 

HbiX ycnOBtt!IX H 'lal!le1 B03HHK~eT HeOOXOLtliiMOCTb B KOpp~KTHpOBKe pelKHMa YCKO-

peHHll. 

§ 1. MarHHTHOe none H CHCTeMa BblBOAS ny'IKS 

121 
KOHCTpyKUB!I MarHHTa MHKpOTpOHa nH~ OTnH'ISeTC!I OT OHHCSHHOl!:;B nBWb 

TeM, 'ITO ero CpeLtH!IH nnOCKOCTb pacnonolKeHa BepTBKSnbH01 B MSrHHTOHpOBOLte 
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IIMSeTeS 8 OTBepeTBll BMSeTO 6, eiiCT9M8 niiTBHBS II BOAOO)tnSlKASHIISI BbinOnHeHa HB 

oeHOB9 xpyrnbiX MSARbiX Tpyf5ox II OOII'I8llK8 BBKYYM~Oll: KaMepbl 113rQTOBneaa S:e 

a3 naTyHII, a 113 aepJKaBeromell: eian11. 

TioeneAHee ooeTOSITenbeTBo npaBeno x eepbe3Hb!M B03MymeHHHM .B paenpeAene--
• 

HRII M~rHIITHoro nons Ha nepa¢epn11 paooqell: oonaeTII B oxpeeTHoeTII OTBepeTnft naT

pyoxoB xaMepbi. 

DpyrHM lleTO'IRIIKOM B03MYIII9RIIll: llBR~aeb KORII'IeCK8Sl eTSnbHBS TpyoKa MSr

·HIITHOrO xaHana. KpoMe aToro; BepTIIxam;il:as yeTaHOBKa epeARell: mioexoeTII Mar

HHTa np11Bena K YASlleRRlO 3R8'IIIT9nbHb!X OO'b9MOB eTallll 113 MBrHitTonpOBQAB 11 1 ene-
. -

AOBaTenbHO, K JiononHRTe~Rb!M lleKSlKSRIISM KOH!jlBrypaUHB I!Ol!S. 

Bee STII MOMSRTbl 38MeTRO OeliOlKRIIllll 38A8'IY ljlopMIIpoBBRIIS AOCTaTO'iHO OARP

pOAHOrO II eHMMeTpll'IROrO paenpeASlleRIISI MSrH!ITROrO nons yexOpiiTSliS. 

C nOMOIIIblO BHeeeHIISI B MarHIITRblii: 3830p nOA:ltOAlliiiiiX ~T~RbiX MaCe II R9-

3aBHeHMO nRT89MbiX TOKOBbiX BIITKOB Mbl nony'IIlllll npH9Mli9MOe paenpeA9l!9lme Mar-. 

HllTHOrO nOliSI B epSAHell: nnocxoeTR paoO'ISll: OOl!BCTII. 0AH8KO eneAY~ IIO~'Iepx~b 1 
'ITO K_SK np11o0p HMH-2, e IIOMOIIIblO KOTOporo Bbii!OliHSlliBeh MarRBTHb19 B3MepeHBS1 

TSK II Apyrlle B3B9eTHbi9 I!pHOOpbl_ He npBrOAHbl AliS yBepeRHOrO _H3M9peHBR IIPnOlK~ 

.. HBS TBK R83biBaeMOiL ep9AH9ll MarHHTHOll: Ill!OexoeTB ·a .MBKpOTpORe, TioenetUllOlO Cll9-

- AOB8ll0 Obi H83b!B8Tb "He nnoexoeTblO, a noBepXHOe'rbiOo Boo, K~K nPaBHl!O, B mo6o~ 
peanbHOM MarHBTe .P.alKe c oonee RSOAl~OPOJl.HbiM )IOlleM~ 'ISM B MBKpoTpOS:ei -_re.()-

. . .·.· ,' ' __ ,.., ... ,.,,.- .. 
MeTpB'Ieexoe MSeTQ TO'IeK1 B KOTbpbiX pa.P.B8llbii8S eOCT8BlllliOIII8S R8nplllK9.S:.IIOCTB" 

/ . . . . ·: ·r 
MarHnTaoro .nons paBRa aynro; 3aMeTRo PTnB'IaeTes OT lKenaeMOll: nnocxo.:::TB•. · · 

no· eB6ll:eTBaM TpaerropHll: yexopeHHbiX aneKTpoaoB Mbl yoe.P.Bnuc&, .. · 'iTO 1 aama 

cpeAHHH .MarHBTHaH noaepxJioeTb nelKnT onulKe x npaaoll: xpblmKe MarHBTa. · 3'1"0 no-. 

enylKHl!O npB'IIlHOji BB9AeHBH nOMHMO eTanbHb!X IIIBMM TOKQBbiX B~TKOB, B~I3~8~11111X 
perynapyeMyro eoeTaanS!lOmyro aanpHlKeHHOeTB MarHHTHoro .nons, napannem;ayio .cpe,11-· 

Hell: nnoexoeTB MarHHTa; TOnbKO ynoTpeoneHBe STBX. BBTKOB1 8-TBH;lKe peryf!Bp~~ 
nonOlKeRBSI epe.P.Hell: MSriiHTHOll:, noBepXHOeTII 118 nepB¢epHB_ C_ -IIOMOIIIbiO' BeTp9'IH~O -

BKniO'IeHIIS ABYX 113 BOebMH eeKURH .OOMOTKII 'MarHBTa· n03BOnHliB .Jl.:0B9CTil SII9p):"BIO 

yexopeHHbiX aneKTpOHOB AO 80 Mas. 
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1. llJHMMBpOB8HII9 ·-eeTeeTBSHHOrO enasa HanpSilKeHHOCTH 

MarHHTHoro non11 aa nep11¢epnn pa6o'Iell: oonacTn 

Ha KpaHX Kpb!IIISK KaMepbl Mbl yeTBHOBBliB ltOnbiiSBble CT8nbllb19 1111 

TOpble BMem IIIHpBHy ee'IeHBS 14 MM. II TOliiiiRHy .BbleT)'lia RB.A 3epxanc 

4,5 MM. HsMepeHIIH (pile.' 1) noxa3af!B, 'ITO B STOM ·enyqae Ha KOHa'IHO: 

BMeeTeS B OT.IlH'IHe OT MllKpOTpORa /2/ Re B03paeT8Ril9i a HeoOnbiiiOl! ciu 
\ . . 

Horo nof!s. Ha pile. 1 II Aanee BAOllb oell OPAIIRBT OTl!OlKSHO npeBblllleHI! 

Horo nons a :'laAaHHOii TO'IKe Ha.P. noneM B neHTpe xaMepbi. 

H3MepeHas paAHBllbHoro pacnpeAeneHHn nons oblna npo~enaHbl xe 

MoeljlepHOM AaBneHHH BIIYTPH xaMep:E>I, Tax 11 np11 ·BaxyyMe B aen; · Oxasano 

'ITO A8Bli9HB9 aTMOC!jlepbl Bbl3biB89T . AOnOl!HilT9nbHbi1!. CII8Jl. · MarHBTHOr 

nepHijlepBH B O,QS%. ToniiiBHa CTSnbHbiX Kpb1W9K KaM.Spbl COCTSBl!SeT

BHyTpeHHBll: ~B8MeTp· pacm:tp8IOIII9ll BX of511'IaftKH KaMepbl ·~. 1000. MM. 

2. llJHM.MilpOBBHHe f!OKanbHbiX H90L1HOpOilHOCTel! y OTBSpCTJ 

L1nH ¢naHueB 

Ha p11c. 3 uso6palKeHo. a3BMyTanbHOe pacnpeAeneHHe MarHBTHoro 
0 . . 

Horo us naTpyoxoB B oxpecTHOcTB ¢ '"-so Ha pa31J:B'IHbiX paABycax J 

UBII . ( nyH~TBp) H IIOell~ Hee ( enJIOIIIHble: KpBBble). Em a oanee cepbeSHb19 

Hllll npllMbiK8WT H; Jl.BYM mBpOKBM naTpyoKaM.•,.. y pe30HaTOpa :a y BXO~.i: 

MarimTHoro ltaHana. 

Pac'IeT iuBMM. /lliB KOM.neHcanBB <ITBX B03MYIIISHB:II: Mbl npoH3BOAI! 

B3 cnenyromero: aTB ·.Bo3MymeHBH nonHoCTbiO obinB obi cxoMIIeHcapoaam; 

o6H'IaAKa oblna cnnomHoA, T.e; aosMymeHHH Bbi3B1iHbi He HeOAHOpo.a.aoeTsu 

HblX eBoftcTB HeplKaBerome:ll: cTamt, .a TaM, 'ITO B onHopoAHOl!. no .Mat'HBT: 

-uaeM.ocTB . JL > 1 Maece oou'IaAKB. cnenaHbi :Bbipe;bi.' Tio.it'iepxHeM .r; 
JipyraH·"TO'IKS 3p9H!Ill H8 I!pB'IBHY a"osMyiiiSHBll KBK .Ha liOKallbHbl~. B03MYD 

HHTHoll: npoHHnaeM~cT;a HeplKBBeromeA · cTanB Ha ciapHbiX maax naTpy6xoB 

eyeTCS C ll3MepeHHOl! KOH!jlHrypannel! B03MymeHHA •• Bee B03MyllleaHS' Y 

npeAcTaBJilllOT eoooa. MSCTHble- IIOBbimeHIHI, a He ,noHHlKemis .aanplllK9.HH 

xax aTo ObiJIO obi B TOM enyqae, .ecn11 obi. oHH B03HIIKaJIH rr6 np:a:qua_e Y 

MarHBTHOl! IlpOIIIII1a9MOCTB 3aMKHyT~IX IIIBOB naTpyoKOB. · 
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naTSHHS H BOllOOxnaJKAeHHS BbinOliHeHa HS 

OOH'ISHKa BSKYYMHOll KSMepbl H3I'QTOB1IeHa. ire 

K eepbe3HbiM B03MymeaaHM B paenpenene-
• 

OKpeeTHOeTa OTBepeTaA naT-

KOHH'IScKaS eTanbHaS TpyoKa Mar-
- ~-

yeTaHOBKa epenaeA nnoeKOCTH Mar-

OO'beMOB eTanH H3 MarHHTOnpOBOila H1 ene

KOH~arypanaa nons. 

aanaqy ~OpMHpOBSHHH llOCTSTO'IHO OllHo-

MarHHTHOro nonR yexopaTensr. 

-Mace a.se-

Mbi nony"l:ana npaeMneMoe paenpeneneHHe Mar-. 

paoo'leii oonaCTa. Onaaxo enenyeT nan"l:epKHyTb, 

KOToporo 5bmonaRnaeb. MaraHTHbla aaMepeaasr, 

nparollHbi nnR ysepeHaor-o H3MepeaaR no;IolK~ 

nnoexoeTH .B .MHKPOTpoae. IIoenel:tsioxo cne

nosepxHOe'rbiO, aoo, K~K ttPaBHlld, B 1IIOOPM 

ra~ 
> .,.~ 0 •• J'c"; 

paJ:tHSllbHaS eoCTaB1ISIIODl8SI HSnpHlKeli!IOeTJI: · 
' -· .. - .. 'f .. 

OTnH'ISeTes OT lKenaeMOll II1IOCKQCTHo.. . 
. . I 

aneKTpOHOB Mbl yoaJ:tH1IHCb1 .. 'ITO ' Hama 

K npaBoii KpblmKe MarHaTa. · 3'1'0 n~ 

DlHMM TOKOBbiX BHTKOB, Bbl3biB810DlHX 

MarHaTaoro .nons, napannenbHYIO .epe,r:t-· 

ynoTpe6neHae STHX- BHTKOB, a- TaB;lKe perynap®~' 
Ha nepa~pHH_ c_ -IIOMODlhlO' BCTpe'IHO;r.O · 

noasonana .a-osecTa aaepraxo 

l-

.) 

l 

L ,. 

\ 

r 
1. Illa~Mimosaaae 'eeT~eTseaaoro enana aanpiDKeHHOCTH 

MaraaTnoro nonst aa nepapepHH pa6oqefi o6naeTH 

Ha KpSRX KpbiDl9K KaMSpbl Mbl yeTaHOBH1IH lt01Ibi!eBbl9 CTS1Ibflbl9 DlHMMbl, KO

TOpble HMSIOT DlHpHay ee'ISHH!l 14 MM. R T01IDlHay BbleTY!lS _Halt 3epK81IOM KpblmeK 

4,5 MM. HaMepe~aR (pae. ·_ 1) noxaaanB:, 'ITO B aTOM enyqae HS xoHe'llioM paSHY~e 
nMeeTeR s OT~'lae OT Ml!KpOTpoHa _ /2/ He sospaeTaHae,, a Heoom.'moil: eimn MarHaT

Horo nonn. Ha pae. 1 H ~:tanee s.nonb oea op.nHHaT OTnolKeHo npeBblmeHae MSI'HHT

aoro nons B 3SllSHHOfi TO'IKa HaJl noneM B neHTpe KSM9pbl, 

HaM.epeHHSI paaaanb.Horo pacnpe.neneHHB nons oblnn npoJtenaabl KaK npa a-r-

Moe~epaoM .nasneaaa sayTpa ItaMepbl, Tax H npa saxyyMe B Hen; 0Kasanocb (pae.2), · 

"''TO ~:tasneHae STMOC~apbl Bbi3blsaeT ·J:tononaaTenbHbi:Ii eua,~:t· MarHaTaor·p nons aa 

nepH~epHH · i 0,03%. TonmHHa eTanbH:&IX KpblmeK KaMepb1 cocTaBilHeT 85 MM, · a 

sayTpeHHHii naaMeTP pae~axomefi nx ooH'ISAKH KSMepbi ~ 1000 MM. · 

2. IIJHMMHpO'§SHHe liOKSllbHblX H901lHOpO,[!f!OeTeA V OTpepepA 

.gnSI dJ1!aHU9B 

Ha pHe; 3 asoopalKeHO asaMyTanbHOe paenpe,~:tenenHe MSI'HHTHOrO non g. y OJ:t:--
0 - - .' . 

HOI'O H3 naTpyoKOB B OKpeeTHOC.TH cp "'-90 HS. pS311H'IHblX pSJ:tHycax J:tO KOppeK-

naa (ny~xTap) H nocn~ see (ennomH~e: KpHBbie). Eme oonee cl'!pbe3Hble soaMyme

HHR npHMbiKSBn K I\BYM mKpOKHM naTpyoKaM•,.. y peaoHaTopa H y BXOJlii:OrO Koil:na 

MarHHTHoro KaHana. 

p ae"l:eT tnll:MM ,~:tnH ·KOMneHCaUHH .· 3TH X B03MyDleH~ll Mbl npOH3BO.IUUIH _ HeXOI\H 

11:3 ene.nyxomero: 9TH. B03MyDl9HHSI II01IHOeTb10 Obl1IH 6bi eKOMIIe~eap~eiui~, 'eemt ~bl
o6aqal!.xa 6i,ma ennomHoli, T.e; aoaMymeHHR Bbl3BSHbl He HeOJ:tHOPOABOeTHMH MarHH-r-: 

. . ' 
abix eaoll:eTa HeplKSs~xomeil. eTa1IH, a T.eM, 'ITO. B OJ:tHOpOJ:tHOA. uo MatHRTHOA npoaH-

·uaeMOeTH. JL > t :Maeee o6aqalixa e~:tE;lnaHbi .B:&Ipe3b~.'noit'lepKHeM -TYT -~~--'ITO 
, J:ipyraSI·'l'O'IKS apeHHSI JIS npH'IHHY B03MyDleHali KaK .Ha nOKanbBbl~ B03MymeHHSI.MSI'

HHTHOll npoHHnaeMf)eTJ{ HepJKaseromeli cTanH Ha eBapHbiX maax naTpy6xos He eorna-

eyeTen e' H3MepeHHOil: KOB~arypanHeA ~03Mymeaail:. -Bee B03Mymeaa~ y IrllTpyo~OB 
npeAeTSB1ISI10T eoooA_MeeTHble-. nOBbiDleHHH, a He :nQHalKeHRSI •ll:anpHlKSHHO{;TH- iiOn~,: 
xax sTo 6bmo tlbi B TOM enY"iSe, .eena tlbi · oHH sosnaxann IIO npn'IHH_e ysenH'IeHHH 

MSI'HHTHO:Ii npoHanaeMOCTI! 3SMKayT~X IIIBOB naTpy6KOB, · 
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HcXOASI ·ll3 STOrO, 6bina HaiW:!Ha nOAXOAlllllaSI KOHljJarypaURS!. KOMneHCRPYIOIURX 

WRMM B BRAe TOHKOCTeHHbiX KOnen, BCTaBnSieMblX B ropnoBRHY naTpy6KOB ll paCC'Ill

TaHa TOniUHHa IIX- CTeHOK.- HcXOAHblMII AaHHb!MII npll pac'!eTe 6binii nonHblfi IIOTOK 

B03MyWeHHOii HanpSilKeHHOCTR MarHRTHOrO nonS! Y KBlKAOro q,naaua no AaHHbiM H3Me

peHRii (B TOM '!Rene npa6opoM HMH-3) n sKcnepnMeHTanbHaSI Benn'IIIHa MarHaTaoii 

HHAYKURR B Tene IUHMMbl ( CTanb -3) Up II HOMHHanbHOM YPOBHe pa6o'!eli HanpSIJKeH-
• 

aocTn MarHnTaoro nonSI B MHKpoTpoae. Bemr'IHHa HHAYKrlnR B- cTann maMMbl. 6bma \ 

aariAe~a paBHoii 9000 raycc~ TiocneAHSISI nnljJpa 6brna ncnonb30Baaa .a npn pacqeTe 

KOMnaHCHpyiOIUHX 'norry6eCKOH8'lHbiX' IUilMM AnSI Mar.HHTHOrO Ka.HaJia. 

Pe3y'nbTaTbl H3Mepeaaii pacnpeAeneaHSI nonSI c IUHMMBMR B naTpy6Kax .annro

cTpnpyiOTCSI Ha pHC. 1 Il 3." 

B CBS!3!l C HeB03MOlKHOCTbiD ycTaHOBIITb. Ta~yro IUIIMMY B pe301UlTOpltblfi ljJna

aeU KOHljJnrypaU!lS! ero IUIIMMbl cneunanhHb!M o6pa~OM nO)lOrHa.Ha TaK, 'lT06bi aKCR

anbHblli pa3Mep • oTBepcTHSI 4Jnaaua ae yMeHbmancSI. lliHMMa 2 (puc. 4) BbiCTYIIaeT 

H3 OTBepCTHS! BHyTpb KaMepbl Ha 10 MM, 'ITO Aano B03MOlKHOCTb paCIU!lpRTb ee aK

C!lanbHblfi IIpOCBeT, Heo6XOA!lMblii AnSI BBOAa pe30HaTopa •. 

/ 3. MaranTHbiii KaHan 

BoaMymeaHe OT KOHH'lecKoro KaHana ~toHe'lJioii Jl JlllHbl, ycTaHOBJiea.aoro- y .aac, 

!l3.06pruKeHO Ha pllC. 5. PacqeT KOppeKTHpyiOIUHX IUHMM MOlKHO B.blnOn.HHTb, nOnb3y

S!Cb H3BeCTHoii MeTOAHKOii pac'IeTa.pereaepaTHB.HbiX OTKJIO.HS!IOIUKX cacTeM·B 4Jaao-

Tpoae. 

MeTOAHKa BKpaTUe CBOAHTCS!. K CJieAyromeMy. TipeAnOilaraeTcsr, "'TO B03MyiUe

Hne MOlKHO CKOMneHCllpOBaTb napa~tll IIJIOCK!lX TOHK~ CTBJib.HbiX JlllOTOBbiX. IURMM1 . -
H306paJKeHHb!X Ha pac·. 6, B. KOTOpb!X AllnOnbHblfi MOMeHT 81lllHIIUbl 06'beMa' M OllHO-

poneH 11 aanpaBnea BllOnh H 0 ( II ocn 0 Z ) • 

Torna, nonbaySicb naBecTHbiM BbipaJKeaaeM JIOTeauaana nanonSI 

¢.. f (!.! grad -.-·-1- ) d V ', 
v' . I r..,. r'l 

( 1) 

rAe li f' KOOpllllHBTbl TO'lKR Ha6nroneHHH a. sne.MeHTapaoro o6'beMa IUIIMMbl 

a~ . 
H =-·--, "' ·a z 

d V' COOTB8TCTB8HHO, MOlKHO nony'lRTb BblpalKaHHe B03MymellllS! 

6 

!I 

BHOC!lMOrO napoli IUIIMM, Ce'leH!le K01' 

CHMMeTpll'lHOrO CnY'!BS! TOHK!lX 6eCKOI 

x x-8 
H · = 4M( arctg- -arc tg ---

z h h 

.QnSI 'nony6eCKOHe'lHbiX' IU!l~M (AJIS! 

M8lKilY CTanbHb!Mil KpbiWKBM!l KaMepbl 

IIOlK!lTb (113-38 OTpalKeHHfi) b ... 
1 

X 
H = 4 M ( nrc tg h 

Tiocne sKcnepHMeHTanbHoro onpeAenE 

MOlKHO II01160p0M paCCTOS!HilS! OT O~!l 

MaMH . 2h no6aTbCSI xopoweii KOMI 

TOniUHHB IUHMM llOJilKHa OT BXOilHOrO 

UllOHanbHO BH8WHeMy llllaMeTpy Kalla~ 

y BXOilHOro ero· KOHJla AO nnOCKOCTII 1 

nenbaa o6pa3yromeii BHewaeii KOHH'Iec 

Ha .Ha BXO):le 8 = 0,4 MM1 TC 
BX 

8 
250 

.. 1,2 MM. 

0KOH'laTeiibH8H KOHljJHrypaUHS! 

npH'leM Heo6xoAilMbie acrq:iaBJieHHSI p1 

Hb!M MeTOilOM MOlKeT 6biTb TaKJKe 

!l3MeHeHRe TOJIIU!l.Hbl IU!lMM Ha paCCI 

B1111 pacnpeneneHHSI MarHHTHOr( 

H3o6palKeH ~a pac. 5. OTMeTHM, 'IT• 

OKa3aJIOCb CTOnb OllHOP011HbiM 1 'ITO 

6binll B03MOlK.Hbl CTaHAapTHbiM npae 

Tipll npoeKTHpOBBH!lll C!lCTeMbl 

sneKTpOHOB 6yneT aaneBaTb cTeHKH 

. 6brna CKOHCTpyHpOBaHa C!lCTeMa BOll 

ljJaKTil'l8CKaS! s4J4JeKTHBHOCTb BbiBOAa 

IIpll MHOronHaBHOfi KpyrnocyTO'lHOii I 
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intJHa no.axo.aS!illaSI Kon<jlarypauaSI_ KOMneHCllpyromax 

acTaBnSieMhiX B ropnoaaay naTpy6KoB n pacc'!a

npn pac'!eTe 6bmn nomihiil noTox 

lr,m:THoro no.ng y xaJK.aoro <jlnaHI!a no .aaaHb!M naMe-

11 9KCnepl!MeHTanbHaSI aenl!'ll!Ra MarRIITROil 

pa6o'!eil aanpS!lKeH

BenH'lHHa IIH.tiYKIIHH B. CTanR IIIHMMbl. 6bma 

~cnellHHH I!H<jlpa 6bma ncnonbaoaaaa n: npn pas;:,~eTe 
.tinS! MarHIITHOrO KaHana. 

nol!SI c mHMMSMR B naTpy6Kax nnnro-

ycTaHOBl!Tb. Ta~yro IIIIIMMY B pe30HaTOpHbiA <jlna

o5pa~OM no.aorHaHa Tax, 'lT05bi aKCll

yMeHbmancSI. lllnMMa 2 (pac. 4) BhiCTYnaeT 

10 MM, 'ITO .aano B03MOlKHOCTb paCIIIllpl!Tb ee ax-· 

.anSI BBO.tla pe30HaTOpa. 

MarHIITHbii!: KaHan 

XOHe'lROil .tl niiRbl 1 ycTaHOBneHHOrO. y HQC1 

IIIliMM MOlKH? BblnOnRl!Tb, nOnh3y

OTXJlOHS!IOIIIHX Cl!CTeM B <jla3~ 

Tipe.anonaraeTcSI, :t!TO B03Myme

nnocxnx TOHK~ CTanbltbiX JlliCTOBbiX IIIl!MM, 

ll.HnonbHbiil MOMeHT e.aHHRI!bl o5'baMa' M onHo

ocn OZ ). 

BbipalKaHIIeM noTeauHana AHnonSI 

6 

grad -L) dV' 
·-: , 

I r ...,. r'l to 

ane.MaHTap·Horo o5'beMa maMMbl 

BbipalKeHne aoaMymeHHSI H = --~' 
z a z 

'l 

II 

r . 
BHOCllMOrO napofi IIIIIMM1 ce'!eHl!e K01'0pb!X l!306palKeHO Ha p:n:c. 6. Hanpl!Mep, .tim! 

Cl!MMeTpll'lHOrO Cn}"'aSI TOHKIIX 6eCKOHe'lHO .tiJl!tHHb!X IIIHMM HMeeM: 

X X-o X X-0 
H = 4M[ arctg- -arc tg -·-- -arc tg -- + arc tg --- ] . 

z ' h h h h I · · 1 

.UnSI 'nony6ecKoae'!HhiX' IIIIIMM (.anSI KOTOpb1X 2b 1 6naaKO K .nonHoMy aaaopy 

MelKI!Y CTanbRbiMH Kpb!IIIKaMII KaMepbl MarHHTHa1 a h -. HeBenl!KO ) cne.ayeT no-

nolKl!Tb (na-aa oTpaJKeHnfi) h ... 
1 

II 31leCb 

X X- 0 
= 4 M [ me tr: - - arc t~t ---·- l . 

. b h H (2) 

nocne aKcnepaMeHTanbHoro onpe.aeneHl!SI M ( n H.tiyKIIII g a JKeneae B = 4 " M 

MOlKHO non6opOM paCCTOS!Hl!SI OT Oqll KaHana, TOniiiiiHbl 0 ll 3a3opa MelK.tiY IIIIIM-

MaMII 1b .ao5IITbCSI xopomeil XOl~meHC8Ullll B03MyiiieHIISI OT KaHana. PaayMeeTCSI, 

TOniiiHHa III!IMM .aonlKHa OT BXO.tlHOrO KOHUa KaHana B03paCTaTb npl!MepHO nponop

UIIOHanbHO BHeiiiHeMy .tlllaMeTpy KaHana. Y HaC Bb!5paHO: paCCTOSIHRe OT OCll KaHana 

y axonHoro ere· KOHI!a no nnocKoCTll IIIl!MM - 20 MM,- .aanee nnocKOCTb IIIHMM· napan

nenbHa o5paayromei!: aHemHei!: KOHH'leCKoil noaepXHOCTII KaHana, 2b .. 50 MM1 TonmH-

Ha Ha BXO.tle lJ ':" 0;4 MM
1 

TOnii!HHa Ha paCCTOSIHHH 230 MM OT BXO.tla 
BX 

0 
230 

.. 1,2 MM. 

0KOH'laTenbH8SI XOH<jJHrYJiai!HSI xoppexTllpyeTCSI no peaynb'r8T8M aaMepeHHil 1 

npl!'leM He06XOill!Mbie ncnpaaneHIISI paCC'll!TbiBaiOTCSI no ( 1) • ,llocTaTO'lHO a<jl<jleXTIIB

HblM MeTO.tlOM MO)i{eT 6b1Tb _TaKJKe nponopi!HOHanbHOe .OCTaTO'lHOMY B·03Myii!eHII!O 

l!3MeHean:e TOnii!l!Hbl II!IIMM aa paccMaTpnaaeMOM .a3HMYTe pa6o~eA· o5naCTl! nonS!. 

Ban pacnpe.aeneang MarHRTaoro nonS! B oKpecTHOCTH xaaana·nocne:xoppeKI!IIII 

II305palKeH ~a pl!Co. 5. 0TMaTIIM1 'ITO nocne IIIl!MMIIpOBaHIISI MarHIITHO~ none 3.tleCb 

oKaaanocb CTOnb o.aHoponHhlM, 'ITO BnnoTh no npe.anocne.aHeil op5nTbl aaMepeHIISI 

5hmn aoaMOlKRbl cTaH.aapTHbiM np116opoM HMH-2. 

Tipa npoeKTllpOBaHl!ll Cl!CTeMbl Bb!BO.tla npe.anonaranOCb 1 . 'ITO 3aMeTHaSI .tiOnSI .. 

an~KTpoHOB 5yneT aaneaaTb cTeiiKll MarHHTHoro KaHana ll HarpeaaTb era, noaTOMY 

. 5bma CKOHCTpyHpoaaHa.·cacTeMa BonooxnaJKneHIISI BXO.aHoro xoHua KaHana.· O.aHaKo 

<jlaK:rn'leCKaSI a<jl<jleKTliBHQCTb BbiBO.tla OKa3anacb paBHOil 100%, noaTOMY XaHan nalKe 

npll MHoro.aHeBHOi!: xpyrnocyTo'lHOi!: pai5oTe He oxnaJK.aaeTCSI. 
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Llns · MarnnT!i:oro ·KaHana o6ecne'leHbi cneJlyiOmne perynnpoBKR 6es napyrne-

HHS BaKyyMa! _nepeMetneHB;e BJlOnb OCR B npeAenax ±_8 MM, CMetneHR9 

· BXOJlHOrO KOHUa Ha ±_2 'MM. B HanpaBneHHH, nepneHJlHKyngpHOM cpeJlHell: MarHHT-
. ~ . -

HOJl: nnOCKOCTH, nepeMetneHHe BXOJlHOrO KOHna B palxnanbHOM HanpaBn~HHH Ha :!:,l5 MM 

II nepeMemeHKe .BblXOJlHOro KOHUa Ha ±.6 MM B paJl!IanbHOM nanpaaneHHH. Bee STK 

peryn!IpOBKH ncnom;soBanRCb He TOnbKO npR noncKax onTnManbnoro nono*eHIIS Ka-
. \ 

•aana np!I nepBH'lHO.ll: nanaAKe, no, B 'laCTHOCTH, nepeMernenRe KaHana BJlOnh ero ocR 
_.; 

KoppeKTnpoBanocb npR Ka*l!ofi saMeHe pesonaTopa. 

§ 2. CRcTeMa l}loKycRpOBKR ny'lKa n si}li}leiTnBHOCTb pa60Tbi 

ypaHOBOH Mnrne HR. 

Konl}l~ypauRs cl}loKycnpoBaHHOrO na MB~Hb ny'lKa onpeAenseTcs neil:cTBReM 

napbl 4-noniOCHbiX r!Inep6on!I'l9CKHX MarHBTHbiX n!IH3 H pa36pOCOM napaMeTpOB Bb~ 
seneHHhlX 1'13 KaMephl ycKopnTenn sneKTponoa. 

Llns ycnetnHOrO yCKOpeHHII aneKTpOHOB JlO 30-il: 'op6HTbi, KaK H359CTHO, CT86H~ 

n!Isauns MarHRTHcro nons MnK!'ioTpona ne Tpe6yeTcs. 0JlHaKo KaK · pacqeTbi, TaK a ' . . 

3KCnepHM9HT noKa3blBaiOT, 'ITO BbiBeJleHHbiH H cl}loKyCRpOSaHHbiil: Ha MHtneHb ny'lOK 

o6ecne'lR5aeT CTa6nnb~lO MOtnHOCTb HEPa TOnbKO npR aanH'lRII xoporneil:'CTa6nnn-

3aUHH MarHnTnoro nons MnKpoTpona n l}loKycnpyrornnx nnns. 8!Ieprns aneKTpOHOB aa 

BblXOJle H3 KaMepbl MHKpOTpOHa' E Bblpa*aeTCS C X;OpOtneil: TO'lHOCTblO iPopMynoil: 

E "'e H p 

( F - a aprax,· e - sapliJl s aneKTpona a CGSE 

nocnenaefi op6nThl' B eM}. 

,. 

(3) 

H a spcTeJlaX, p -pannyc 

0TnH'lHTenbHOil: oco6eHHOCTblO M!IKpOTpOHa SBnSeTCSl T.O, 'JTO KOHi}lnrypaUHSl 

paBH059CHhlX op61IT npn H3MeHeHHSX·5enH'lHHhl ·HanpS!*eHHOCTR·nOCTOSHHOr0:5·1IpO

CTpaHCTB9 MarHHTHOro nons ocTaeTCR aensMennofi, Ta;K · ;Ka;K· oHa · onpeii:en.HeTCR 

TOnbKO nHinb. )ln!IHOil: sonHbl' yCKOpSIOtnero. CB'l· HaiipS*9HHS, · KOTOpaH .CO spe:MeHeM 

He MeHSeTCS. lloaTOMY HMelOtnRe y HaC MeCTO cpa5HHT9nbHO oMeJlneHHble ·R3M9Heims 

.H BO speMeHH npllBOJlliT nntnb K, nponopnHOH!lllbHblM · .H3MeHeHRSIM. 9HepmK BbiBe

)leHHbiX aneKTpOHOB. 8TH nynbCaURR aaeprHR sneKTPOHOB K OKa3blBalOTCS. OCHOBHOi!: 

8 

;j 

l 
il 
'! 
-~ 

- i1 

l 
I 

'\ 

I 

npR'lRHOil: R3MeHeHRS MOinHOCTR 

nonanKaX cTa6RnnsRpyromel!: Mai 

CBOero MaKCHManbHOrO 3Ha'l9HRl 

CHCTeMbl i}loKyCHpOBKH ny'lKa H· 

MarHHTilblX nHH3. 

4-nonroc 

0TnH'lHT9nbHOH:oco6eHHOC 

CTBRe 3aMeTHblX OTKnOH.eHHfi 

npaKTR'leCKR so seen nx anepT 

BHyTpeHHHH )lRaMeTp BaKyyMR 

Ka*eHRil: nonst BHYTPR snettTpO: 

paTOPIIH npocTOMY cnoco6y ol 

BnnoTb no TO'lKR cpeaa, paccT 

nonyanepTypa nRH3bi. Llnnna 

· Bsnny Tore, 'ITO nnH3bi 

ecTeCTBeHHOe aosnyrnnoe oxna 

HOMY aoapacTaHBIO aeca nnna. 

Llnll KOppeKTBpOBKR none 

AeHo ynpaanseMoe c nym;Ta 

nRH3 B nonepe'lHOM·K OCR anE 

ell nepneannxynnpao cpenaell: 

npaaneaai, conpS!*eHHOM c n' 

B CBS3H C ynoMSHyTOH 

CTR HEPa no OTHornennro K 

50 apeMII aanaJlKR C!ICT9Mbl 

fiom;sySCb _B03MO*HOC, 

peK aneKTpOHOBO)la, Mbl CHS. 



c.net:tyromn:e pery.nn:poBKH 6ea aapyme-

B npe.ne.nax :t_8 MM1 . CMelll9HHe 

, nepneat:tn:xyngpaoM cpet:taefi MaranT

B pat:tn:anbi!OM HanpaBJI~IJHR Ha :!:)5 MM 

B pat:tn:a.llbHOM aanpaB.neHHn:. Bee STH 

non:cxax onTHMa.nbaoro no.nomeann xa

nepeMemeaRe KaHana Bt:tOJib ero OCR 

..,-' 

s!l>!l>eK.THBIJOCTb pa60Tbl 

MHrneHb nyqxa onpet:te.nsteTcst't:telicTBReM 

larHRTHbiX .IIHIJ3 11. pa36pOCOM napaMeTpOB Bbl..; 

'op6!1Tbl 1 KaK 113BeCTH01 CTa6n:~ 

Tpe6yeTCH. Ot:taaKO KaK pacqeTbl1 TaK H . . 

H c!l>OKyCHpOBaHHbiH aa MHIU9Hb .ny'IOK 

TO.IlbKO np11 l!aJIHqiJ:H xripomeii ·cTa6HJIH

!l>oKyCHpyiOIJlHX nHJis; 3aeprn:sr snexTpoaoB aa 

BbipamaeTcsr c xopomeii TO'IHocri.ro IPopMynoii 

(3) 

, · H B spcTet:tax, p -pat:tnyc 

SIB.IISI9TCSI_ TP,· 'ITO KOR!l>nrypaiiHSl 

·aanpstmeaaoCTH· nocTostHaoro :B· npo-

aanpsrmen:Hsr,. KOTopaH .co BpeMeaeM 

CpaBIJHT9.1IbHO • M9t:l.II9HHbi9· ·H3Mei!9HHH 

loPIIROI!a.llbHbiM . -H3MeaeHHsrM SH.epma . BhiBe

sneK~OHOB H OKa3biBaiDTCSI OCIJOBHOH 

-\ 

I 

npli'IHHOli. H3MeHeHHSI MOillHOCTR peaKTOpa, KOT_Opasr t:tame np11 He3Ha'IRTenbl!biX ae

nonat:tKaX CTa6anasapyromel\ MarHHTHOe none CHCT9Mbl n~pHOt:IH'IeCKH CHHmaeTCSI OT 

CBOerO MaKCHManbi!OrO 3Ha'leHIIH aa B9.1IH'IHI!y 20% H 6onee. 0CIJOBI!hiM S.lleMeHTOM 

CHCTeMhl !l>OKYCHpOBKH ny'IKa aa MHIUeHb (pHC. 7) 5IB.IISI9TCSI napa KsaJlpynonb.EibiX 

MarHHTHbiX .IIHH3o 

4-nonrocHbie MaraHTHbie nHH3hi 

0rnH'lHTe.llbHOH ;oco6eaHOCTb!O MarHHTHhiX . .11111!3 MHKPOTPO.Ha· SIB.IISI9TCH OTCyT

CTBHe 3aMeTHbiX OTK.IIOHeHHii pacnpene.neaHst MarHHTHOrQ nonst'OT Hll98nbHOrO 

npaKTH'leCKH BO BCeli HX anepType. PaCCTOHHH9 Memt:ty nO.IIIOC8MH B HHX - 100 MM, 

BHyTpeHHHH JlHaMeTp BaKyyMHpOBaHHO~O·sneKTpO~OBOt:ta- GQ MM. 0TCyTCTBUe UC

KameHHH nonsr BHyTpu sneKTpoHoBOila llOCTurn:yTo 6.naronapst Haiit:teHHOMY » Ra60-

paTopaa npocToMy cnoco6y o6pa60TKH nonrocoB c rHnep6o.naqecxoii Hanpasnsrromeii 

BnnOTb llO TO'lKU Cpesa, paCCTOSIHHe KOTOpOli OT OCR .IIIIH3bl pasHO 1,6 a , ·rt:ta a -

nonyanepTypa nuH3hl • .lln11aa nonroca no menesy - 200 MM. 

BBRilY TOro, 'ITO· .IIRIJ3bl pacnonomeHbl B sane peaKTOpa, 06MOTKR UX. HMeiDT 

ecTeCTBeHHOe B031lYIUH09 oxnam)leHR91 XOTSI STO o6CTOHTe.llbCTBO npiiB9.1IO K 3aMaT

HOMY ·BospacTaauro seca .nn:as. KamnaH nn:asa BeCHT 7o xr." 

.llnst KOppeKTRpOBKH nO.IIOlK9HHSl C!l>OKYCRpOBaHHOrO Ha MHWeHb nyqKa 6bl.IIO BBe

t:teHO ynpaBnsteMoe c ny.llbTa peaKTopa t:tHCTaHuRoaaoe.perynRposan:n:e no.nomeanst 

nn:Hs B nonepe'IHOM·K ocR s.neKTpoHOBOila n:anpaBnaHRII. Onaa-a3 JIRH3 nepeMemaeT

cn nepneHilRKy.nsrpao cpet:taeii MaraRTHoii n.nocxocTa MIIKpoTpoaa, a t:tpyrasr - » aa

npaBiieaaR, conpstmeHHOM c nepBhiM. 

3pdJeKTRBHOCTb · MHIUeHH 

B CBst3R c ynoMstHyToii BhiWe qpe3Bhl'laliao pesKoii 'lYBCTBRTenbHOCTbro Momao

CTII HEPa no OTIJOIUei!IIID K Ka'leCTBY !l>oxycllpOBKH ny'IKa s.neKTpOHOB HS MHIUe.Hb 

BO BpeMH Ha.II8JlKII CHCT9Mbl 6bl.II npot:tenaa ·Cnet:tyiDIJlllfi SKCnepHMei!T. 

llo.llb3yHCb _B03MOlKHOCTbiD .nonepe'lHOrO nepeMemeHHSI ·MarHH'I;HbiX .11111!3. none-

peK snexTpoaoaot:ta, Mhi casrn11 aasHCRMOCTb MomaocTR ·w HEPa OT nono)xen:Rsr 
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ocn c~oKycnposaaaoro fia Mnweab ny~Ka oTaocnTenbao ocn unnnaapn~ecKofi Mnwean 

npn nocTOIIHHOM TOKe aneKTPOHOB. Pe3ynbTaTbi aToro aKcnepnMeHTa H30I5palKeHbi 

aa pnc. 8. H3Mepeang obtnR npoaenaHbi Ha Mnwean'l ttnaMeTp KOTopofi coc-raansm 

10 ~M. Ee. pa3Meweane B aKTHBHOli 30He HBPa BHAHO H3 pnc. e. LlnaMeTp IIY~Ka 

aa aniOMHHneaoli neperopoaKe .._ 5 MM. Y~HTbiBl;UI1 ~To MHHHManbHall Tonwnaa amo

MHHneaofi ~o=rn ~ 0 11 MM1 pacxoanMOCTb aneKTpoaaoro ny~Ka acnencTane MHoro

KpaTHoro paccemru:si aa .ttnnae . L =200 MM coc-raBIIT .. 5 MM (cpenHHli KBanpaT" 
... -~ -4 . 

yrna paccesianll () ~ 1165 • 10 } 1 a AIIaMeTp ny~Ka sa Mnweaa 10 MM. B -raKOM 

cny~ae nerKo BRAeTb1 ~To CMeweime onTn~ecKoli oc:ir ny~Ka aa 215 MM np:nao.ttnT 

K np!IMOMY "'npOCTpeny"' B KOnbUeBOfi 3830p 38% BC9X aneKTpOHOB1 . a B. CBS131I C 

paCXOAHMOCTblO ny~Ka B C8MOH MHW9HH 38 C~eT paCC9BHRSl aneKTPOHOB . .11 yT9~KOli 

y -KBaHTOB BAOnb KOUbUeBOli wena Benn~HHa UOT9pb MOlK9T .tiOCTHrBTb 50%, 

Koa~~HUIIel]T npeo15paaoaaHRB aneKTpOHOB B aeliTpOHbi R a a , xapaKTepll3yro;.. 

WHH a~~eKTHBHOCTb MHWeHR1 MOlK9T OblTb onpeaeneH 113 COOTHOW9HRB: 

w 
cp 

t -7S1K tn 
.. s -·--11 .. 

0 l f 0 l l ( 0 l 
(4) 

rAe W - cp9AHBH MOWHOCTb peaKTopa B BT, s 0 - MOWHOCTb HeliTpOHHOrO HM-
'"' cp . . 

nynbCa MHW9HII B HeliTpof!/C~K1 t - AlmT9nl>HOCTb RMnynbca .-T()Ka MmtpOTpOHa 

B MKC9K1 II - ·~aCTOTa HMnynbCOB 1/ceK, 1 - CHUB· TOKa aneKTpOHOB B ttMnyUb-

ce a:a ,4i I- peaKTHBHOCTb no MrHOBe!lHbiM- a~fiTpOHaM. 
. 0 . . . 

Tipn nony~eHHbiX Ha aTOll MHW9HH napaMeTpaX CIICT9Mbl pMKTOp-MIIKpOTpOH 

. w .. 600 lri; t-,. .. 2,5 ·MKcaiq . , ...e~to.:.s~ 1 •60 'Ma-no :.popMina-1'4}--
cp . . _

2 
o . . -

K - 0,6•10 · aeiiTpoa/aneKTpoa, ~To 3Ha~IITen~;>ao MeHbwe pac~eTaoro. 
aa . _2 . 

J· -),85-2·10 nmr Mnwean H3 ypaaa nony15ecKoiie~aoli reoMeTpnn. TaKoe 
-~H . 

pacxolK~eaiie ol5ycnoaneao TeM; ~TO ny~PK aneKTVOHOB ( d nyqxa d MRWelili) 1 

npoXOAII _OAHY panRaUHOIIHYIO 9AHHRUy,_ npnMepHO ~aBHylO AnHH9 npooera aneKTpQ-

HOB C E 
0

· =30 Maa B ypaae , paciiiHpneTcR n3-aa paccesrann, .. BbiXOAR-38 .npenenbi 

MIIWElHH~ 8neKTpoHbi, BblOblBWHe: ":II3 nrpbl"' 1 CHIPKaiOT IIHTeHCIIBHQCTb-.•TDPM031£0rO. 

H3ny~eHIIR;: UOMHMO aToro y ~OTOHOB, pOJKA9HHbiX Ha nepii~epiiii, IIM99TCR oOmvuan 

BepORTHOCTb "'~poaanHB8TbCSr"' B KOnbU9BYIO Wenb, 

113 cool5palKeHHli TIOBblWE!HIIR BblXQAa ael!:TpOHOB AH8M9TP MHW9HH OblU yaena- .. 

~eH AO 15 MM, a CUOH aniOMHHIIR ( Q, f MM) H. renRR ( 2QQ MM) 6blira yCTpaH9Hbl 

10 

I 
I' 
ij 
.I 
'I 

i 

.~ 
I 

I 

I 

( pacnono \KeHIIe MIIW9HII BHAHO , Ha p~ 

MnoroKpaTaoe paccenaiie nepeA Mnwe 

MaKCRManbHblll .tiH8M9Tp ny~Ka B KO 

13-14 MM. B pe3ynbTaTe, KaK II cne 

H3 MIIW9HII OOnbmero AHa~eTpa. . 

K aa w, c 
--=::.2. = _2_ __.:. 

Y. V! ( 
3H 

1
· I I 

rne F i II F 1 - nnomana Mnweaen. 

A15conroTaoe 3Ha~eaae I\ a a 
Tio aKcnepHM9HTaUbHblM AaE 

TOUWHHbl k =0,0152 HeliTpOHOI 
/3/ . 

E
0 

"'29 Maa • 

TeMneoaT· 

Pac~eTbi noKa3ana, ~TO MaKe 

ny~Ke 9U9KTpOHOB _B MBID9Hb B3-3a 

o15ono~Ke nepen ypaHOM obtna npn1 

A9Hbl rpa~BKR T9Mnepa-ryp MHW9HB 

nnsi pa3nB~HblX .yMHOlKeHIIH no.ttKpB' 

Y~'fbtaasr, ~To ttnll ypaaa· AOI 

~OPMYU9 (4) H rpa~HKY 11, a TaK>I 

. (l•t) MaKC 

§ 3. Cac 

PeaoaaTop aoa15yJKAancsr.aa B 

HOH MOWHOCTblO H9CKOnbKO Meraaa 

nn-e ~aCTOTOfi TIOBTOpeHBII 50 rU.E 

HCXOllHU CaHXpOHHO C apameHR9M 

TIOAKpHTH~HOCTR peaKTOpa. 
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oTHOCRT9nbHO OCR URnHH.Qpn~eCKOA _MHW9HH 

•·'"""'aThi ·sToro sKcnepnMeaTa nao5palK&Hhi 

Mnmean, JIHaMeTp KOTopoA COCTaansm 

na pnc. 9. .llnaMeTp ny~Ka 

MHHHManbnas Tonmnaa anro-

9neKTpoaaoro ny~Ka acnencTane MHoro

cocTaaHT .. 5 MM ( cpe.ttH.HA KBa.ttpaT" 

.10 MM. B TaKOM 

OCH ny'IKa Ha 2,5 MM npHB.O.QHT 

•neKTpOHOB, a B CBSI3H C 

c~eT paccesan·H sneKTPOHOB n .Y'fa~KoA 

noTepb MOlK9T .tiOCTHraTb 50%. · 

B aeATpOHbl R , ~tapaK'l'epnayio;.. 
sa 

onpenenea na coOTaomeH.HSI: 

I r 
0 
I 

t n 
(4) 

s 0 - MOWHOCTb H9ATp0HaOrO HM

RMnynbca ·ToKa MRKpcrrpoaa 

TOKa sneKTpOHOB B-~nyn&-

CRCT9Mbl paaKTOp-MHKpO'l'pOB: 

. I •60 ~ Ma -no :.pop Mine J4)~-

nony5ecKone~aoA reoMeTpnn. Ta~toe 

d .. d - .), 
ny~a Mnmean 

~HMepao paaayro nnnne npo5era aneKTpt;>.-

nep.nljlepaa, HMee-rCs 5o~as 

.ttKaMeTp MHme.int 5bm yaen.n- .. 

H. renag ( 200 MM) 5blint YCTpaH9Hbl 

,j 

,I 

'~ :I 

J 

(pacnonol!<eane Mnmean annao aa pnc~ 10). OrcyTCTane ljJonbrH na AI HCKnro~nno 

MnoroKpaTnoe paccesane nepen Mnmeabro, n c y~eTo~_paccesnns B Tonme MHinean 

MaKCHManbHhiA .QHaMeTp ny~Ka B KOHUe TOpMOlK9HHH sne~tTpoaoa ae npeablmaeT 

13-14 MM. B peay1n,TaTe, KaK H cnenoaano OlKH.QaTb, BbiHrpbiW B ah!XO.Qe aeATpOHOB 

na Mnmeun 5oJibmero nnaMeTpa. 

K W r I t F 9H 2 2 I . I . 2 
----=:.2. = -- -- -- -- = 2, 58 .. -

K VI ri t F 
9H 

1
- I I 2 2 I 

rne F 2 11 F 1 - nnoman11 Mllmeuen. 

A5coniOT.Hoe aaa~eaae I\aa2 
-2 1,5;10 no-npelKHeMy HHlKe pac'leT.Horo. · 

no 9KCnepiiM8HTanb.HbiM .QaH.HbiM Paccena II AP· JinSI . u .- 238 50nbmoA 

Tonmnnhl 'k =0,0152 .aeATpoaoa/sneKTpOB: np11 B:a'lanbaoA saepra.n_ sneKTpOHOB 
/3/ . 

E 0 ~=29Msa • 

TeMnepaTypabiA pelKIIM MHmeHII 

PaC'I8Tbl TIOKa3an.n, 'ITO M8KCIIMyM TeMnepa'l'ypbl OlKl!r.Q88TCSI B 'MeCTe BXO.Qa 

ny~Ka sneKTpOHOB B MIIW8Hb H3-3a OTCYTCTBIIH Tenno~Taona C Topua. Ha CTanbHOA 

o5ono'lie nepen ypaHOM 5hma np11aapeaa TepMonapa •. Ha pacyaKax 11. H 12 · npiiBe

neabi rpaljJHKH TeMnepaTYp MHW9HII B 3aBIICHMOCTII_ OT TOKS II MOWHOCTR peaKTopa 

.QnH paami~HbiX -YMHOlK9B:IIl!: UOJ:IKpiiTII~eCKOl!: CIICT9Mhi. 
- 0 . 

Y'IHThiBaSI, ~To AnSI ypaaa · nonyCTHMa· TeMnepaTypa :500 C, nerKO noKa3aTb no 

ljJopMyne (4) 11 rpaljJIIKY 11, a TaKlKe H3 rp-aljJnKa 12, 'ITO 

· (I·t) MaKe 100 - 120 Ma MKCeK. 

I 
§ 3. CncTeMa aoa5ylK.tteHIIH- peaoaaTopa 

PeaouaTop aoa5ylKnancs .a:a aonae 10 CM cTaanapTHhiM MaraeTpoaoM HMnyJibc

aoll Momuoc'l'bro aecKOJibKO MeraaaTT. l1MnynbChi .MonynsTopa _Marae'X'poaa .. cneAoaa

nn- C ~aCTOTOA UOBT0p8HHH_ 50 ru II .ttniiT9JlbHOC'!blO OT 1,5 .QO .3. MKCeK. 3anyCK npo-

IICXO.Qiln CH.HXpOHHO C Bpamea-lleM OCHOBHOrO .QHCKa 11EPa· B MOM8HT MIIHRManbHOil 

UO.QKpl!rTII'IHOCTII peaKTOpa. 
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B naparpatjle o6 sneKTplii'IecKofi npO'lHOCTH pe::~oHaTtl}la 6yAeT. noKa::~ruio, .'lT_O 

HS-SS pasBHTHSl pesoHaHCHOI'O paspg,~:ta cymecTayeT 6apbepHhlU ypOB9Hb .MOmHQCTH. B 

pesoHaTope, KOTOpbifi cnenyeT npOXOJlHTb 6es 'lp9SM9pHOI'0 U()BblW91UiR JiaaneHRR B 

BaKyyMHpOBaRHOM OTp9SK9 BOnHOBOJla, TiocneAH99 ocymeCTBHTb 6es nnaBROfi perynH

pOBKH, nona'lH MOWHOCTH CBll Ha pesoaaTOp UO'lTH H9BOSMOlKHO, TiosTOMY oco6eH

H09. BRHMaHHe 6Hno yneneao paspa60TKe TaKofi cxeMhi TpaKTa· CBll,. 'IT06hi nepe

Aa'l~MomaocTH OT MaraeTpOHa aa pesoaaTop nonycKana nnaaayro ee perynHpoaKy 

npaKTH'l9CKH .OT ayng, 
/4/ 

0CHOBHhlM _sneMeHTOM TpaKTa SlBn5liDTCSl ·ABa nocneAOBaTenhHO aKniD'l9HHb1X 

UHpKynRTopa, OAHH HS KOTOpbiX HM99T . tjleppBTOBblU- MOCT C UOCTORHHbiM Mai'HBTilblM 

noneM, pacc'laTaHRbiM aa xopomyro pasaR::IKY Ma;raeTpoaa R B:arpysKa, .a. aTOpq:lt 

caa6JKeH sneKTpoMaraHToM. none 
aneKTpOMai'HHTS nnaallO perynHpyeTCR C nynhTS-

ynpaaneRBR, B 3'l:HX ycnOBHRX nocneAHH:It UHpKynSITOp ganSieTCR nenHTeneM • MOWHOCTB 

M9lKAY KaaanoM, aanpaaneRHbiM K pesoaaTopy, H TaK aasbtaaeMofi "6annacTao:lt" :ao-:

JISIRofi aarpysKQfi aToro uupKynSITopa. Tiepen aa'IanoM y~KopeaBSI MaraeTpoa pa6oTa

eT aa nonayro MomaocTh, ao _BCSI oaa aanpaaneaa a 6annaCTayro aaq)ysKy; ~J'IE!: 
rineaze ee aa pesoaaTOp onepaTopoM npozsaoAHTCSl a Tofi-Mepe,· a KB.KOA a'I'O aeo6xona-

.,_ 

MO AnSI nocTeneaaoro aoa6ylKJleHRSI pe3oaaTopa (eM. ablme). 

B TaKoi!: cxeMe KCBH aarpy3KH Marae-Tpoaa HRKOrlla · ae · npeBOcxonan · .1 ~2 -lt 

aenpepblaaaSI .MHorocyTo'IHaSI pa60Ta reaepaTopa a TpaKTa 6b1na aazieJKaolf a:. ycTol!:- .. 

qzaofi. Beg oTpalKeaaaSI OT pesoaaTopa· ·MomaocTh nornomaeTcR aonggojLaarpysKoA, 

ycTaaoaneHHOil.. aa 4-M nonroce pasaSl3bi~romero .uapKynRTopa. ~OKasanoc&, .'JTO ~oc

uznnorpaMMa orz6aromell. aMnynhca OTpaiKeaaofi .MolltHQCTH. coneplKBT aero. seo6xoJIH-
. · . /4/ " . 'c' "• · 

Myro JinSI KOHTpOnSl yCKopeHHSl aalf!opMaUHID .. 1 npa'IeM .QnepaTOp UO XapaKTepy 

ocnHnnorpaMMhl pocTaTO'lHO yaepeaao MoJKeT onpenenxn., ~CTb nil ~KK~m;_6o ae

AocTaTKH B pa60Te ycKOpHT9n5l- H ecmt eCTb, TO KaKHe liM9HROa 

Ha pac, 13 Ks<i6palK9Hb1 TBUH'lH~e . )lnSl pasRblX \ cnyqaea BBJlbl HMIXynbCa. OTpa

lK9HHOfi MOWHOCTB, Cny'lail. 13a cooTaeTCTByeT: .:IXOOHOMY •Oipa~'HHIO. ~OWROCTR. (J'r 

pesoaaTopa. 0TpalKeRBe a.MeeT MeCTO _KaK npH paCCTp09HHOM• peSOHSTOp.e,. TaK. H npH 

pasBHTHH a aeM pesoaaBCaoro pasp~a. 136 (cnnom.saS-naHH'sr)· ...... pesoilaTOp aa

cTpoea, ao ae B:arpyJKea; 136. (nyRKTap) - npoMs')K1-TO;,:Hble -9CnllnnorpaMMhl-nPR 

aa'lane aacTpol!:KB: pesoaaTopa; 13a- OT aacTpoeB:riore.pesoaaTopa npa cnamKOM 
. . 

'-. 6on&mOl!: IXOJlSBaeMOlt MOWIIOCTR O.;;.palK9HH~ ee ·RaCT:yiXS9T. R3-3a p930HaHCHOI'O 
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paspg,~:ta npeHMYW9CTB9HHO K KORUY 

. C HaKanzaaeMOI'O KaTOAa npa OJlHO: 

ynyq~aeT cornacoaaHHe.pesoaaTopc 

ayeT KCBH .·,. 1 ( cnnomRaSI Kpzaa~ 

ae TO'lRO aa 'laCTOTy_reaepaTopa; 

~"ocXOJlHT OUTHMSnhHyiD; 13s - B Hi 

6nasuncR K Kopnycy pesoaaTopa, E 

npH ROpMSnhHOM ycKOp9HRD UpOHCXC 

aonoa aa rpaaHne "aaKyyM-anera 

KPO!-J.9 a), BblSBaHhl ReCOOTB9TCTBHE 

soaaTopa aa nepenaeM H sanaeM tPI 

~ CHCTeMY ynpaaneHHSl pacn~ 

· naepelt B sane MHKpoTpoaa, · cxeMa 

pallHaUHOHRYID 6esonacROCTb o6cny~ 

nora'IeCKaSI cxeMa 6noKzpoaKI 

a) Ecnz naepb sana MHKpoT 

azeM MomitocTH CBll ae aKnro'leH~ 

6) Ecnz npz OTKpbtToil. naepz 

paTop, aeo6xoAHMO -BKnro'iHTb aneK 

MomaocTK a TYM6nep ynpasneaaSI 

acg MomaocTb CB"i ineT a oann 

aa pesoaaTop aeaosMOlKRO, 

a] TinaaaaB riona'la Momaoc'I 

UpH SaKpbiTOli .ABepH sana MHKpOTI 

TOBSSl caraanHsaUHSl o paspeweaHB 

B aa'lanhRblli nepHOA aanano 

aanCR H .COCTaans!li ellHRbii!: BaKyy 

aaaRhiA TpaKT CB"i aMen naa C) 

llOI'O BCKpbiTHSl BBKYYMHOI'O o6~eM 

6hl . B CHCTeMe CHOBS nony'lHTb PI 

R8Sl TpeHHpOBKS aonHOBOllOB H UH 

BbiJienRromerocSI. sa cqeT aarpea• 

3TH HellOCTaTKH 6binH . yCTpaaeRbl 



peaoa:aTopa 6yt:teT. noKaaaHo, :qTo 

cymeCTByeT oapbepHbili ypOB9Hh MOIUHQCTH B 

oe3 'l:p93M9pHOI"O. IIOBbliU9HHR .nas.rieHHR B 

ocnet:taee ocymecTBHTh oea nnasnoli peryne

nO'l:TH aesoaMoJKa:o. IIoaToMY ocooea:-

TaKoli cxeMbi TpaKTa CBti,. trTOObi· nepe

t:tonycKana nnasayro ee perynHposKy 

-ABS I!OCl!9AOBST9nbHO BKliiD'l:9HIIb!X 

.l.onnRTOBblli MOCT C nOCTQRIIHbiM MSI"IIIITIIblM 

Mara:eTpoa:a 11 irarpya:xu, .a: BTOpoll: 

nnasa:o perynupyeTca c nyl!hTa. 

.. ATOIJV 1 II TaK Ha3biBSE;lMOli 'oannaCTIIOli' B0':" 

ycxopea:ua. Mara:eTpo.a .paooT.a-· 

B oannaCTHyro aarpyaKy; a OT~~e~~ 

.,113BOJ:lHTCH B TOJ!:-Mepe,· B KaKOil STO H900XOltii

BbiWe). 

HIIKOr,qa · a:e · npeaocxomm ·1,2 _ -lt 

Tpa:xTa 6oma a:aaeJKHOA- x·. ycToli

nornowaeTca BOtiRHOA a:arpy3KOli, 

.saromero -napxynSITopa, -.Oxaaanocb~ • ,I'JTO ~oc
IL~ea:a:ol!: :MOWHOCTII.coneplKIIT scro.a:eo6xozta-

/4/ ,,,. ··--··---·- . .. 
npll'l:eM-onepaTop no xapaKTepy 

Onpenel!lt1'fo1 9C.Tb nR xBKHe-nHOQ He

TO KaKHe liM9HHO. 

IIMnyl!hca. OTpa

.TBV<>'J': -liCmiiOMY .-QTpa~lmiO··:uom.HOCTH- OT 

pacCTp-oea:aoM.- peaoiraTope,. T.aK_K npu 

136 _ (cnnomaa.$r. JIHIIHn). -•.peao.iiaTOp ~

- npoMeJKy.T01Jllble -9CnllnnorpaMMb!--npii 

ee nacTyna~_Ha-a.a peaoa:aacaoro 

, . .-'· 

1 
I 
j 

'I 
I 

paapsma npenMyiUeCTB9HIIO K KOIII!Y HMI!yl!hCaj 13r (nya:KTHp) -· B0311HKIIOB9HB:e TOKa 

C llaKaliHBa9MOI"O KaTOAa npa OAIIOBpeMeiiHO-IIS'l:HIIaromeMCH YCKOpeHHII 9l!9KTpOIIOB 

yny>I~aeT cornacosaa:lle_peaoa:aTopa c TpaKTOM. OriTIIManba:aa a:arpyaxa COOTBeTcT

syeT KCBH --., 1 ( cnnomaag KpHBaH) i 13t:t II e - a:arpylKea:ilblli peaoa:aTop IISCTpoea: 

a:e TO'l:a:o a:a 'l:SCToTy rea:epaTopa; 13JK - a:arpyaxa a:acTpoea:a:oro peaoa:aTopa npe

~-ocxot:taT onTaManha:yro; 13a - B a:arpyJKea:a:oM a:acTpoea:a:oM peaoa:aTope KaTOA-. npa

onnaanca :x :xopnycy peaoa:aTopa,. a MeJK.Qy HIIM 11 xopnycoM IIAeT paapRI!i 11 11-

npa IIOpMSnbiiOM · YCKOp9HIIII npOIICXOAIIT IICKpea:ae B ApOCC9nhHOM C09.QHII91Ulll BOl!IIQ

BOAOB a:a rpaa:11ite -.. saxyyM-aneraa'. Y3KIIe :xpal!:a:ue Bbiop·ocb! so scex. cnytraHX, 

KpOr.,te. a), Bb!3BS11b!- 119COOTB9TCTBII9M 'l:SCTOTb! I"911epaTopa_COOCTB911HOli 'ISCTOT9 p_e-

30IISTOpa liS nepe.QII9M II 3a.QII9M.~pOIITaX IIMI!YllhCa. 

~ CIICTeMy ynpasneHIIH pacnpet:tenea:lleM MOIUIIOCTII CBl! BBet:tea:a Ol!OKHpOBKa 

· asepeli B sane MIIKpoTpoa:a, ·cxeMa KOTopoli aaa:a a:a puc. 14, rapaHTIIpyromaa non11yro 

paaaanao.aa:yro oeaonac.aocTb oocnyJKIIsaromero nepco.aana. 

norn>Iecxaa cxeMa 6nox11posxa cneayromaa: 

a) Ecnn ·aseph sana MIIKPOTpo.aa OTKpbiTa, a cxeMa ynpasne.aua pacnp~t:tene
a:neM MOIUHOCTH caq _a:e BKl!ID'l:eHa, TO BKliiD'U!Th rea:epaTop CBti H9B03MOlKHO. 

6) Ecnu np11 OTKpb!Toli t:tsepli aana MIIKPD_Tpoaa TpeoyeTca BKliiD'l:HTb CBl!_ rene-· 

paTop,- a:eooxoanMo. BKliiO'iHTh ane:xTponaTaa:ne a:a cxeMy · ynpasnea:na pacnpet:tenena:eM 

Moma:oCTII 11 T}rMonep ynpasnea:11a MOIUHOCThro nocTaBHTh B nonoJKeHIIe, npn KOTopoM 

BCS! MOIUIIOCTb CBli· HlteT B oannaCTa:yro a:arpy3Ky, npH'l:eM OTB9TBli9HHe MOIUHOCTH 

a:a p930HSTOp H9B03MOlKIIO. 

B) Ilnasa:ag no.Qa'l:a MOIUIIOCTH CBl! B peaoa:aTop MHKpOTpOa:a - B03MOlKIIa liHWh 

npn 3SKpb!TOl!: AB9pll aana MHKpOTpoaa. Haa BXOAOM B aan MIIKpOTpoa:a HM96TCH CBe-
.. 

Tosaa cara:an11aanua o paapewen1111 una aanpemea:1111 sxoaa B aan. 

B HS'l:Sllhllb!l!: nepaon Hal!S.tiO'IIIbiX paoOT H~ .MHKpOTpOHe -TpaKT .CBl! OTKa'l:H-
i . . 

Bane a II COCTSBl!Hn 9.tiHHb!il- BaKyyMRb!ll: OO'b9M C KaMepoA YCKOpHTeng; --BaKyyMHpo-

Ballllbiil TpaKT CBl! ltMen ABa cymecTsea:a:b!x a:eaocTaTKa: so-nepsb!x,. nocne _ KalK--

aoro scxpb!THH saX:yyM.aoro o,6'beMa Tpeoosancsr oonhwoa npoMeJKyTOK speMeHH,.-_ 'ITo

obi B CIICT~Me CHOBa nony'l:IITh paOO'IIIil -BaKyyMj BD-BTOpbiX
1

- Tpe.6osanacb 't:tniiTem.

IISSI Tpea:llpOBKa BOl!IIOBO.tiOB II llllpKyliSITOpOB C ll9llhiD ynaneRHSI- OCTaTO'l:ROI"-0 raaa, 

Bb!t:tenSiromerocSI aa C'IeT aarpesaRIIH np11 no.na>Ie CBti Moma:oc.Z.11. B .nallhlleAmeM 

9TH II9tiOCTaTKII Ob!l!H YCTpaHellb! TBM1 'ITO BOli-IIOBOAIIb!A TpaKT CTan a:anOliiiHThCS! 
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CMeCb!O anerasa c BosnyxoM (sa, 1 oti'beM Bosnyxa - 2,5 o6t.eMa 31!erasa), 11: Tom.

KO 'laCTb BOnBOBOJla, IIpHMbiKa!Omasr K peSOHaTOpy1 BaKyyMRpOBaBa R HCII01lbSyeTCSl JlnSl 

OTK8'1KH nocnenBero. 3Ta qaCTb BOnHOBOil8 OTilenena OT OCTanbBOrO TpaKTa KBapne

BhlM OKHOM, 

_.i § 4. PesosaTop 

.QnHTenbH8Sl 9KCIIIJYaT8UHSl MlU{pOTpOHa IIOKasana, 'ITO !ieOOXOilHMOCTb B pas6op

Ke yCKOpRTenst B03HHKaeT, KaK np8BHnO, 'B CBSl3H C HapymeHHSlMR B peJKHMe pa6arbr 

pesonaTopa. TexBH'leCKasr npo6neMa o6ecneqenHSI ero aaAeJKaofi pa6oThi .oKasanacb 

aaH6onee TPYilHOfi, HaM ynanocb noKaSaTJ>, 'ITO AaJKe npH OTKa'IKe KaMepb1 ycKopH

Tensr :R pesoa.aTopa napoMacnSliihiMR H AH<P$ysROHHhiMH aacocaMH . (npn Jlaanell~H. oi::
TaTO'IHoro rasa _:10-e MM pT,CT,) MOJKHO llOOHTbCSl nenpepbiBHOl!:. H8AeJKHOl!: pa60Tb1 

pesoaaTopa B Te'leBae II9Jlena. 0AH8K0 ~aKTH'leCKH pa360pKH MHKpOTpoga npOHCXOilH-

11!1 31Ia'IHT911bHO 'lame. 

OcaoBHhle TRnhi aapymeaal!: peJKHMa pa6oThi pes.oaaTOpa cneAyromHe; 

Haa6onee '!aCTo npo~~:cxonaT npeKpa~eaae nocTYnnenHst.llOCTaTo'laon AnSI ycK~ 

peaaa CB'1: MOmHOCTH B pesoaaTOp, 'ITO Mhl ycnoBno HaSb1B8eM .orepMHH(!M "'nOTOpst 

aneKTpH'leCKOli, npO'IHodTa', HaorJia B03HHK8eT YXYAJneaae OIITH'leCKHX CBOltCTB pe-. 

30HaTopa, conpoaOJKAaiomeeca pe3KRM CHRJKeHHeM BhiBelleHBQrO. !13 MHKPOTPOHa TOK8 

aneKTposoa. 3To srazieHRe Mhi aasaana • a~~eKTOM KpH:Sor.o · py~a":, TaK KaK ero ·. 
' ' ' 

npa'IHBoli SlB1lsteTca acKpaaneaae canoBhiX nRHHtl: ycKopmomero .. aneKTPH'teCK9ro nona 

B pesoaaTope as-sa aaKnoaa .JlRCKa MeM6paaaol!: KphlmKH pesoaaTOpa.no OTHomeHRro 

K cpeAaeli MarHHTnofi nnocttocTa ycii:opfiTena. BayTpeHnRe. noaepxBOCTH .Kph1mett. pe.

soaaTopa .OK83biBalOTCSI ae napannenbHhlMH, R .B03HRK810maa llJlH aTOM He CKOMnea-

CHpOBaHH8Sl COCTaB11SllOJn8Sl aneKTPH'leCKOro II011Sl BJlOnb- BeKTOpa HaiipSIJKellHOCTR 
I 

MarHHTHOrO UOnR MHKpoTpOHa npHBOilRT K cymeCTBeHHblM IIOTepKM ¥CKopneMbl~a11eK

TpOHOB, TpeTHll THO HapymeHRli- pa311H'1Hble HeHCnpaBHOCTH K8T01l8 R•ero aarpeBa-

Tensr. 

DpeJKne 'leM nepel!:Ta K aaan~~:sy 'npaqaa, nepeq~~:cne'aah1x aapymemrlt :ynoMSliieM 

eme, 'ITO BaKyyMH8Sl OTKa'IK8 npOH3BOilHnacb TpeMH ~apOMaC~liiRbiMH. HaCOCSMR npo

H3BOJlHTenbHOCTt.ro no 500 n/ceK KSlKJlhlli, CHa6JKe)!HhlMH nonynp;O~OAHli!I«lB.biMH nQ... 
' v ' 

BymKaMn (MnHaManbnan 'i'eMnepaTypa lK811103H -. 40 C) 11: .JKHJlK9830THQll: noaymKoll: 
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BHyTp!! KaMepbl MRKPOTpOHa. 0JlHH !!:; 

7:.!x34 MM, ll11HH8 OK0110 1 M) Ohln IIOilKl 

qepes KOTopoe nponcxonBna OTKS'IKa p 

21xl2 MM. '1:!Jpes nponeTHhte· OKHa (}I 

'coo6mancg c KS:Mepoli ycKopnTenn, K KC 

ca. Bonnsoe oxnalKJleHne .xopnyca pesc 

1lb!O, B KOTOpOli BOlla· nocnellOBaTellbHO 

nnn nornomeaan OTpaJKeaaoli CB'1: Mom 

moe yJlOOCTBO aToll: cxeMhi, nosaonnBI 

CB'1: MomsocTa B HarpysKax 11: ·pesos 

cneJlCTE\HH, a cymecTB~HHhili aenocTaT 

panaKa11bHO ananeT Ha aneKTPH'leCKY!O 

paTyphi nonaaaeMoli Ha pesoaaTOp BO. 

ycKopHTen~ pa6oTaeT aane~HO 110 16-

CKoli npoqsocTH. B CBHSH c aTHM B 

Mbl oxnaJKJla11H no HeSaBHCHMOli BOil!lHI 

nepaTYphi pesoHaTopa. ,UepJKaTenb ~ 

TaKJKe OTJlettbHOfi MarHCTpanbro; 

0 neKTPH'leCKa II 

BBOil B )leliCTBae ycKOpHTenn 1 

eTCH C TpeHHPOBKH pesoaaTopa, B. 

MOJnHOCTbo DpH clJHKCHpOBaHHOM 3Rf 

Hanbiiol!:, Bcerna aa6nrollaeTCII peSK 

npo'laocTH pesoaaTopa. Oaa conpo 

OTpeSKe BOnHOBOJla,.qepes KOTOPP 

aMnynAca OTpaJKeHHOll: OT pesoaaTC 

TenbcTBOBaTb o TOM, 'ITO CBli ·M 

TOT cjlaKT, .'ITO noc-rynneaBe B peSJ 

HOM ee yp.OBH9 1 UOK8SbiBaeT, 'ITO 

eTCH peSOHaHCHbll!: CBepXBbiCOKO'la• 

IE 



8~ayxa - 2,5 o6'beMa ::merasa), H Tom.

TOp~saxyyMHposaaa H HCIIOnh3YBTCH JliiS 

OTJl9ll9H8 OT OCT8nbHOrO Tp8KT8 KBapue-

noxasana, 'ITO aeo6xollHMOCTb B pas6op

c aapymeaHHMH B pelKHMa pa60Thl 

ero aaae~aoll pa6oThl oxasanacb 

IlpH OTK8'1:Ke KaMep~I yCKOpH

H8COC8MH .(npz )l8BII9HRH OC
aenpepbiBHOJl H8tl9)KROJ1 pa60T~I 

pa360pKR MHKpOTpOHa IlpOHCXOllH-

pesoaaTopa cnaJlyiOmHe; 

nocTynneHHH_AOCTaTQ'I:HQll JliiH ycx~ 

YCIIOBHO H83hiB88M 'f9PMH!f(!M "IIOTapS 

YXYJlWBHHB OIITH'I:BCKHX CBOACTB pa-. 

BhiB9Jl8HHOro H3 MHKpOTpOHa TOKa 

~pxsor.o py,la.s-:, 'l'aK xaK ero. 

ycxopSIOmero aneKTpH'I:ecxpro nons 

KPhiWKII pasoaaTopa .no QTBomell:Hro 

BayTpaaaHe. noBepxaocn Kphlmex pe

R B03RHKaiOmas npx 3T.OM ae' CKOMnea

nonsr BJlOJn, B8K'l'Opa s:anpSDKeRROCTH 

CTB9HHhiM IIOTepRM yCKOp.sreMhiX- 3119K

K8TQJl8 H·ero aarpesa-

· nepe'l:llcne·aahlx aapynxaHHil .ynoMsaeM 

TpeMsr napoMaCJ11mhiMH. ·aacocaMa npo

.caa6~eaah1Mw :nanynp.;O~OJUIHKOBbiMH nO
R·lKHJlKOa9QTaoa nosymxoa 

! 
I 

I 
I 
l 

_ BHyTpll . KaMa phi MHKpOTpoaa; 0JlRR H3 RSCOCOB 0Tp93KOM. BOIIS:OBOJJ;a· ( C8'1:9RI!e 

7:.!x34 MM, JlliHHa OKOIIO 1 M) 6~111 IlOJlKliiO'I:ali K pa30HSTOpy, B KOTOpOM OKHO- CBS13H
0 

'l:epes. KOTopoe npOIICXOJlHna OTKa'l:xa pesoaaTopa aTHM aacocoM, HMeno pasMep~I 

21x12 MM, ti~pe3 nponaTH~Ie OKHa (16 X 8 MM1 13x 5 MM 1i 7x5 MM) pe30H8Top 

coo6mancsr c KaMepofi ycxopaTensr, K KOTopofi 6hlna npacoe!laaea~I JlBa Jlp.yrax aaco

.ca. Bo!lsraoe oxna~eaae _xopiiyca pesoaaTopa ocymeCTBnsrnocb caa'l:ana MaracTpa-

nbiO, B KOTOpOJl 
. \ 

BOlla nocneJlOBaTenbRO npOXOJlllna 6annacTHyiO aarpysxy, aarpysxy 

lliiH nor.nomeaasr 
- /4/ . . . 

OTpa~aHHOll CB\i MOIIXHOCTII OT pe30H8TOpa II pe30H8TOp, Eonb-

moe YJlOOCTBO 3TOJ1 CXBMhl, Il03BOIIHBmell 113MepsrTb· OTHOCIITB/IbHOe pacnpaJl8/I9HIIe 

CB\i MOIIXHOCTII 'B Harpy3K8X II 'pe30H8TOpe, TBI!IIO B ce6e, KaK Mhl B~IHCHHIIH BIIo

cneJlCT:SHII, II cym:eCTB~HHhlll HBJlOCTaTOK, 0xa38/I0Cb1 'ITO .TeMnepaTypa pe30HSTOpa 

paJlHKa/IbHO DIIII!IBT Ha 3ll9KTpH'I:BCKYIO IIpO'I:HOCTb B HaM, llpH'I:BM IIOB~Imaalle TBMIIe-
0 . 0 -

paTyp~I Il0Jl8B88MOJ1 H8 pe30H8TOp BOJl~I H8 1-2 (aanpiiMap, C 15 C, npa KOTOpOA 

ycxopnTen~ pa6oTaeT Halle_JKao JlO 16-17°C) '!:acTo. npHBOJlH.IIO It· noT epa anexTpH'I:e

cxoi!: npO'I:HOCTH, B CBS1311 C 3TIIM. B i:rocneJlHIIi!: nepH.Oll pa60'l'hl KOpiiyC pe30H8TOpa 

M~I 0~8~Jl81IH IIO H838BIICHMOJ1 BOJl!IHOfi M8rHCTp81U1 1 . 'ITO 008CII9'1:HIIO CHHlK9HH9 TaM

nepaTyp~I pesoaaTopa. lJ.ap~aTeiib KaTOlla 11 HHTH ero s:arpeBaTensr oxna~aiiiiCh 

T8K~e OTJlBIIbltOA MBriiCTpalxbiO, 

8neKTPH'I:BCK8!1 npO'I:HOCTb pe30H8TOpa 

BBOll B JlBi!:CTBRa ycKOpHTBII!I nocne ero O'l:apeJlHOll C60pKR.R OTKa'I:KH•H8'1:11H8-

eTC!! c TpeanpoBKH pesoaaTopa, B. x6Top~rl1 nocTeneaa:~ _BBOJlHT s:e6onbmyro .CBti. 

MOIIXHOCTb. npn_ tPHKCRpOB8HHOM 3.B:8'1:8HHR MOIIXHOCTH,' COCTaBII!!IOIIXBM ,.,. • 1% ~ QT HOMR

H81IbHOll, Bcer.na aa.6nio.naeTCH p~sxo B~IpalKaaaaH BpaMeaaas noTepsr anexTp.H'I:ecxofi 

npo'I:HOCTII pesoaaTopa. Oaa conpoBo~.naeTCil BHesa'nH~lM IIOB~Imea:H.eM .na~~H~H--B 
oTpesxe :so.naoBo.na, . 'l:epes xo.X.op~xa HAeT oTKa'I:Ka pesoaaTopa, · a ocn.nnnorpaMMa . 

.HMIIYIIbca OTpa~eHHOll OT pe30H8TOpa.MOIIXHOCT.H B 3TO. ~e Bp8Mii.H8'1:HH88T ·CBHJlB

T81IbCTBOB8Tb o 'l'OM, ·'!:To CBti MOIIIHOC'l'b O'l'pa)KReTcsr Q.r p.esoaaTopa nonaocTbro. 

ToT <!JaKT, . 'ITO IIOC'fYII/IBHHB ~ pe30H8TOp MOWHOCTH. 'npeKpamaeT~!I Ilpli tPHKC~pOB8H

HOM ee yp,OBHe, IlOK83hiBaeT, >iTo npaR.HHOll_ IIOTep.H. a·naKTpli'I:SCKOll npO'I:HOCTII HBIIil

eTC!! pesoaaac~rll CBepxB~ICOKO'I:BCTOT.B:~Ill pasp!!.lt· B pesoaaTOpe. 
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qeM CKOpee .onepaTop CyMeeT nepefiTR ~epes aTO oapbepaoe SHa~eaae MOmBO

CTH, HO TaK, ~OObl He Ob!no ~peSMepaoro (B H9CKOl.lbKO, pas} UOBbllll9HHSl AaBJleHHst 

B BOnHOBOAe no cpaBH9HHIO .C OObl~HblM (oes MOIIIHOCTR CBq} ero ypOBH9M, TeM 

cnoxofiaee oyAeT Aanhaefimast paoOTa ycKopaTenst, Tiocne.nepeXOAa oapbepa.ocTanb

HOfi AHanaSOH BBOAHMOfi B peSOHaTOp MOIIIHOCTR npOXOAHTCSl 0~9Hb ObiCTpO (B Te~e

HI!;9 10-20 MRH). 

PasorpeB XaTOAa Ha~HHaeTCSl B TOT MOMeHT, KOrAa aMITnHTYAa aanpstlK9HHOCTH 
~ ' ' ' ' . ' . ' -

anexTpa~ecxoro nonst_B pesoaaTope onasxa K paoo'leMy.ee s:aa~eaaro (aTo onpeAe• 

nsteTCSl no MOIIIHOCTH, CHHMS9MOfi OXnaJKAatomefi ·peSOHSTOp BO]:{Ofi) • 

Tiocne Toro, xax A03RMeTpa~ecxae npa6opbr cpari:capyroT no pess:oMy sospacTa

aaro. peaTreaoscxoro asny~eaast s sane MHKpOTpciaa lta<Jano ycxopeaag, ASnblieAmast 

.HaCTpOfiKa YCKOpBTenst npOBSBOABTCSl no noKaSSHBSlM aTBX npaoOpOB R npOOHRKOB. 

C nOMOlllblO OCUBnnOrpaMMbl BMnynbCa OTpalKeHHOfi MOIIIHOCTR. XOpOlliO. BBAHO, ~TO. 

AalKe HOpMam.aast paooTa ycKopaTenst aspe.Uxa conposo.JKAaeTcSI KpaTKOBpeMeHHb!M 

npeKpameHaeM UOCTYnneHBSl MOIIIHOCTH B peSOHaTOp (nonHHIMana Ha 'laCTH HM~nb-

ca} c nocneAyromaM socciaaosneaaeM nponecca ycxopeaast. Tiocne aecKOnhKBX cyToK 

paOOTbl peSOHaTOpa aneKTpB~9CKSSl npo~HOCTb ero nonOCTB CHBlKaeTCSj, MOM9HTbl non

aoro OTpalK9HHSl aaepraa CBq KOneoaHBfi peSOHSTOpOM p~SKO y~amaiOTC~; ~ BCKOp~ 

nponecc yCKOp9HRSl HapymaeTCSl HaCTOnbKO, ~TO M01liHOCTb peaKTOpa OKa3blB89TC~ 

CHnbHO MOAynHpOBaHHOfi BO BpeMeHH, CTaHOBHTCSl H900XOABMOit Sa~~~a: pe~oHaTOpa. 
. ' . . -

OCMOTpbr pesoaaTOpos nocne MHoroqHcnealib!x saMea yoeAB'renb!Io nonnepAHnH 

TOT cpaKT, ~TO OCHOB!IbiM nponeCCOM B nonOCTR peSOHaTOpa, BbliElb!BalOXuRM .. noTepro. 

ee aneKTpll'l9CKOfi np~HOCTH, cneAyeT C~HTaTb pesofiaHCitb!lt 'c8q paSpSIA •. 'Mbl nR. 
pasy H9 HSOniOAanH cneAOB TSK HaSb1BS9MblX npo6oeB BHyTpH peSOHaTOpa, HO acerna 

gpxo BbiCTYIIanH aa 'sayTpeHHHX nosepxapcTsrx no~epaeHBSI a ApyrHe. xsMeHeHHst no

sepxaocTa, KOTOpbre BCerJia oxasbrsanHCb Anst saAaaaoll: canOBofi naHBH ·MarHaTHoro 

nonst OAaHSKOBbiMa no -poe CTPpOHbl OT cpenaeil MSI'HBTHOJI: UnOCKOCTB •. 

HaTeacasaocTb pesoaaacaoro pa~pstna sasacKT B KoaeqaoM .c'leTe OT ri:oa¢

cpanHeHTa BTOpa~HOfi aMaCc~a aneKTpOHOB CO.CT9HOK' B.OT.nnOTHOCTB. B COCTaBa.OCTS

TO'IHOro rasa s nonoCTa pesoaaTopa. KpoMe Toro, aaTescasaocTb pesoaaacaoro pas

pstna oxasanaCb HBlKe s cey'tae . oc'l'pb!X (ae3axpyrneHHblx}. xpoMOK npOneTHb!X ~ep-

. ~THfi, nO.:sanaMOMy, noTOMY, ~TO, Korns KpOMKa· sdxpyrneHbl,, ttpnyqaeTCSl 6~mast 
nnomaJlb CTeHOK, Ha KOTOppli:-He paBHa aynro SKC!ia~aast (napann~nbHSH se~T~py 
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HanplllKeHHOCTa MarHaTHOrO UOnll B M~ 

nonst,.Hoo TOnbKO aTa COCTaBnSllOma 

paspstna, KOTOpblfi BcerAa aAeT snom 

6ope MaTepaana nnst pesoaaTopos I 

HHH BTOpH'IHOfi aMaccaa, HO a 0 AOC1 

'ITO xpoM a aeplKaseromast cTanb; xo 

abrx oKoa, rAe aaaoonee aHTeacasao 

ao nosbiiiiaiOT anex'l'paqecxyro npo~H! 

'IHT9nbHOfi nona nosepxaocTa non• 

BOSOylKA9HHSl .AO HylKHblX aMnnHTyn I 

aonoraqecxax Tpynao~Tefi asroTosne 

TOBKOJI: HS HeplKaseromei!: CTanH OT S 

roTOBn9Hhl HS 09CKHCnopOAHOH M9Al 

seprHyT ane~TpononHposxe H OTlKar 

nepaTYpe 500°C •. C6opxa pesoaaTop. 

CTbiKOB neTanei!:, o6pasyromax ero n 

nonocTa. Bo speMll coopKH cnenye, 

CKOCTell: MeMOpaHHOil B KaTOAHOi!: x: 

pyromHi!: TOp en· KaTona H HBTb KaTO~ 

MepHOMY paSBHTHIO p930HaHCHOrO 

ycxopeaHe B .aTOM cnyqae oKaSbiBa 

aneanbHO o6paOOTaHHblfi B coopaHE 

paoOTbl _nocTeneHHO yTpa'IHBaeT an 

c Teqea!ieM speMeHH, npaxonaTcst 1 

ycxopaTenn ToKa, 'ITOObi coxpaHHT 

CTapeHHSI peSOHaTOpa aaxonBTCSl 

CTeHOK peSOHaTopa,·npOBCXOA5llliB 

CTpHT B TOM; 'ITO B nonOCTH BOS 

pstnab!e nsneHHll, conposolKnaroma 

OCTaTO'IHOro rasa, QqesHAHO, 'ITO 

nlliOT CKOpOCTb CTapeHast, BTopai 

cTeHKB nonocTH qacTBn LaB 5 

naBaaooopasablil paaroa KaTona, 
' 
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aTo 6apbepaoe aaa'leHHe Morirno

(s geCKOnbKO pas) OOBbiWeHHSI ASBne.Emst 

MOWIWCT.It CBq) era ypOBHeM, TeM 

nocne nepexo.na 6apbepa.ocTanb

npoxoaHTCSI oqe!Ib 6biCTpO (s Te'le-

Koraa aMnnRTyaa aanpst~eaaocTH 

aaa'leaaro ( aTo onpe.iie

so.noll:). 

soapacTa

MHKpOTpoHa aaq:ano_ ycKopeaast, ~tanb!reltwas 

!!OK838HHSIM STHX !!pH60pOB H l!p06!rHKOB. 

OTpa1KeHHOit MOWHOCTH XOpOWO . BH!IH01 'lTO 

conpOBO*)KJXaeTCS KpaTKOBpeMe!l:Hb!M 

Ha 'lSCTH H~nb-

ero l!OnOCTH CHH~aeTCSj, MOMeHTbl non-

peaOHSTOpOM pe3K.O Y'lSWSIOTCSI; H BCKOpe 

MOII!HOCTb peaK.TOpa OX83b!BaeTC~ 

aeo6xo.naMoA aaMeHa · peaoaaTopa. 

I,'IHcneanbiX aa~ea y5eJ:mTenbHo noanepmum 
t• ':' 

peaoaaTopa, Bb!Sb!~lOmRM .·noTepro · 

llc'lnTaTb peao.naacab!A ·caq paap~:--Mbi mi 
npo5oes BHyTpa peaoaaTopa, no sceraa 

RX noqepHe.Ems a .npyrae.xaMeneaast no

aa.naanoll: CHnOBOA naJtHH·MarHHTHOrO 

MarHHTHOA l!nOCKOCTH •. 

B KOHe'IHOM . C'leTe 0T KOalf>- . 

OT nnOTHOCTH H COCTSBa-OCTa-

HHTeHCHBHOCTb peaoaancaor.o paa_
•eaa~rnv~nouuu-). KpOMOK nponeTHb!X 0-raep-

aaKpyrneHbl,, nonyqaeTcst 6~~as: 

axcaa~aas (napann~nbHa~ s~~iopy 

i 

-I 

aanpl!1KeHHOCTH MarHHTHoro nons B ·MnKpOTpone) cocTasnl!IOWa£1_ aneKTpH'lecxoro CBli 

nons •. J16o TOnbKO. STa COCTaBnSIIOWast -OTBeTCTBeHHa :. aa pa3BHTHe pe3oHaHCHOrO 

paapMa, KcYrOpbill: scer.na aaeT .s.nonb MarHHTHb!X CHiiOBbiX nHHall:. O.nnaKo npa Bbl-

6ope MaTepaana .nns pe30H8TOpOB !!pHXOAHTCS aa60THTbCS He TOnbKO 0 l!O!IaBne

HHH BTOpH'IHOJl: SMHCCHH, HO H 0 )lOCTaTO'lHOll: !!pOBOJlHMOCTH CTeHOK. EbinO Hall:~teH0 1 

'ITO XpOM H Hep1KaBei011!8S CT8nb, KOTOpb!M.It Mbl OKaHTOBbiBSn.li Te KpOMKK nponeT

HbiX OKOH1 r.ne HaH6onee HHTeHCHBHO pa3BHBaeTCS pe30HaHCHb!ll: paapSil 1 cyWeCTBeH

HO nosbiWaiOT aneKTpaqecKyiO npo'IHOCTb. Ho noKpbiTHe H3 TaKIIx MaTepiianos aaa-

'll!TenbHOJl: JXOnH·nosepXHOCTII l!OnOCTH pe30HaTopa HCKniO'Jano B03M01K!rOCTb ero 

soa6y)KJXeHIISI, !10 Hy~HbiX SM!!niiTYil Hanpst~eHHOCTII yCKOpSIIOWero nonsi. BBHAY Tex

HonorH'l9CKHX TPYAHD9Tell: II3rOTOBneHHSI pe30HaTOpOB C XpOMOBOll: II oco5eHHO OKaH

TOBKOll: H3 Hep1KaBeiOWell: CTal!H OT aTOll: Mepb! Mbl OTKaaanHCb.- Bee peaoHaTOpbl R3-

rOTOBnegbi H3 5eCKHCnOpOJXHOll: MeJXH, ITepeJX c6opKOll: Ka1Knbill: pe30HaTOp ~blli l!Ol(

BeprHYT ane~TpO!!Ol!HpOBKe R OT~nry B saKyyMe B T9'19HHe 3-x 'JaCOB -!!PH TeM-
. 0 . • 

nepaType 500 C. C6opKa peaoaaTopa non1Kaa o5ecne'lHsaTb aaae)Kltbifi. KOHTaKT Iice'x 

CTblKOB )leTanell:, 05paayiOWHX ero l!Ol!OCTb 1 R HCKl!IO'IIITb B03MOlKHOCTb 3arpE3H9HHSI 

nonocTII. Bo speMst c6opKR cneayeT o5ec~e'IHTb napannenbHOCTb sayTpeHHHX nn~ 

CKOCTell: MeM5paHHOll: H KaTonaoll: Kpb!WeK1 a 'I'~KlK9 npasanbHO Bb!CTaBHTb 3MilTTH• 

py!OW~ll: Topeu KaTona H HllTb KaTona. He5pe1KHaSI C50pKa CTbiKOB !!p.liBOnHT. K qpea

MepHOMY pa3BilTHIO pe30HaHCHOrO paapstna B !!Ol!OCTH B .caMOM Haq:ami.-pa50Tb!,. H 

ycKopeaHe s .aTOM cnyqae OKasbiBaeTcst aesoaM01KHbiM.- Mb! ynoMHHanH y1Ke, 'ITO a 

HneanbHO o5pa60TaHHblit H C05paHHb!ll: pe30HaTOp ·nocne MHOrHX· 'JaCOB. HOpManbHO:fl 

pa5oTbl _nocTeneano yTpa'lHsaeT aneKTPII'leCKyro npo'lHOCTb, Ha· pRe. 15 s~~:nao,-KaK 

C Te'leHHeM speMe.Em l!pHXOniiTCSI l!OCTel!eHHO CHH1KaTb sel!H'lHHY Bb!Beneanoro H3 

yCKOpHTel!SI TOKa, 'IT06bl COXpSHHTb HOpMal!bHyiO pa5o'ry yCTaHOBKil, :::lTOT !!pOUeCC 

CTapeHHH peaoaaTopa HaXOAHTCH B npstMO:fl CBSI3H C l!OCT_eneHHblM aarpS13ReHHeM 

CTeHOK peaoHaTopa1 ·npOHCXOJlSIWHM no HeCKOJ!bKHM npll'IHHaM. IT~pBast H3• HHX co-
' . -

cTpHT B TOM, 'lTO s nonoc~H soa5y:miteaaoro peaonaTopa scerna npoHcxonstT pas~ 

PSIIlHble SIBl!eHIISI1 CO!!pOB01KnaiOWHeCSI BKOJ!a'IHBaHHeM. B CTeHKH pe30HaTopa -'laCTII~ 

OCTaTO'lHOrO rasa. 0'leBHJlH01 ~TO COCTaB II l!l!OTHOCTb OCTaTO'IHOrO raaa.,onpene

JISIIOT CKOpOCTb CTapeHHSI. BTopas l!plfqHHa COCTOHT B cnyqali:Kb!X ·KallbiJieHHSIX Ha 

CTeHKH nonocTII 'lacTHil La B 8 
• TaKHe cny'laH nMeiOT · MecTo, ecn11- nonycxaeTc.a 

naBHH005pa3Hblll: pa3rOH KaTOJXa, Korna TOK HaKaJIHBaiOWHX ·KaTon SJ!eKTpOHOB l!P.It 
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q:peaMepaoM ero aarpeae Ha'IHHaeT HeynpaaiureMo aoapacTaTb, a KaToA· ncnapSieTC!I. 

Hanhmeaae La Be , no-aHAHMOMY, npoacXOAHT n: npa o6ht'IHO:li pa6oTe, ao ropaaAo 

Meaee HHTeacaaao. PeayllbTaTOM o6oax STHX nponeccoa smnsreTC!I 6pocaromeecH -B · 

· rnaaa noTeMHeaae aayTpeaaei!. noaepxaocTn:· peaoHaTopa, oc~6eaao paaan:Toe B o6nac-· 

TH MaKCHMSllbHblX Jianp!IlKeHHOCTe:li sneKTpH'IeCKOI'O nOn!I. Tiocne MeXSHH'IeCKOI'o yAa

nean:!I sToro aaneTa, sneKTpononapoBKH a OTJKHra peaoaaTopa B BaKyyMe HopManbaaS!: 

sneKTpaq:ecKa!I npo'IHOCTb ero nonaoCTbiO aoccTaHaannaaeTC!I. BalKHbiM ycno'BHeM co

xpaaeanR.sneKTpaq:ecKo:li npO'IHOCTH SIBn!IeTC!I CB09BpeMeHHOe CHHlK9HH9 nOA8B89MO:li 

aa peaoHaTop CB4 MOlllHocTa B cny'lae paaaaTH!I B HeM npoAOnJKaTellb!Ioro- peao-:. · 

aaHCHOI'O pa3p!IA8 1 llpH KOTOpOM oco6eHHO 6biCTpO npoHCXOAHT aarpSiaHeHHe CTeHOK 

peaoaaTopa •• TaKHe cny'laH conpOBOlKASIOTC!I nOBbimeaaeM A8B.Jl9H){sl B BOlUIOBOAe H 

peaoaaTope, a o6ht'lHO cneeyeT BhiJKAaTb aecKOllbKO ceKyH.ti nocne CHHJKeHH!I Mom

HOCTH, 'ITOObl BSKYYM BOCCTaHOBHnCSI. Hana'lHe· B cxe~e TpaKTil sneKorPOMai'HHTlil 

UHpKyn!ITOpa-AenaTen!I, none KOTOporo perynapyeT_CS11 H OllHC8HHbi:li Bblllle xapaKTep 

pa6ciq:efi o'Cnn:nnorpaMMbi (pac. 13r - cnnomaan KpaaaSI) HMIIYllbCa oTpa:lKeHHOli Mom

aocTa noaaonana.paapa6oTaTb npocTOe aBTOMaTH'lecKoe'ycTpo:licTB~, MaRHny~pyro-. 
mee · MOlll!IOCTblO B 3TH KpHTH'leCKHe MOM91ITbl BMecTO onepaTopa. ABTOMaT' He paop- . 

T89T1 ecnH YCKOpeHHe HA9T HOpMallb!I01 HO KOI'Aa HMny.JlbC_ OTpa:lKeHIIOR MOlllHOC-TH 

HeCKOnbKo ·paa. noAp!IA npao6peTaeT BHA1 noKa3a!I!IblR Ha pac. 13a' anH 13B, TO-TOK . . . 

B036yJKAe!IHSI sneK'l'pOM8I'HHT8 UHpKyn5rropa-AenHT9.11Sl .aBTOM8TH'l9CKH npepbiBaeTt;:Sr1 

H TeM CSMblM MOlllHOCTb B pe30II8TOpe CHHJKaeTCSl nO'ITH HanOnOBHHY Ha perynapye

MOe Bp9MS! 1-5 C9KYHA. Tiocne STOI'O npelK!IH:li pe:lKHM BOCCTa!IaBnHB89TGR. 

§ 5. KaTOA 

C UenbiO aa6elKaTb R9KOTOpblX He6JiaronpHSITRblX_ OCOoeHHOCTeli K8TOAOB C np!I-

'MblM HarpeBOM. (nOTepS1 SMHCCHH lllTa6aKa · :Ira La Be '• aarproaeH;aoro.npH-

noeM H3 AHCHnHUHA8 MOnH6AeHa, !IeOOXOAHMOCTb naliKH B BaKyyMe H .. _np.) Obin paa-

·pa6oTa!I KaTOA as LaB e C noAorpeBOM sneKTpORHblM ·-ny'IKOM; llnHT9llb!IaSl SKCne-

paMeRTaJib!IaSI ero paapa6oT.Ka aa cnenaa.JlbHOM cTeaAe noKas.ana, 'ITO co6.1llOAeHRe-
. . . . . . . 

HeKOTOpbiX HeCnOlKHblX TpeoOBSHHfi COOOlllSeT .TSKOMy KSTOAY !IaAe)I{HOCTb-1--IISMHOI'O 

6onbmyiO, '19M B cny'lae naRHHOI'O . B ·BaKyyMe KSTOA-8 C np!IMbiM. HarpeBOM. 
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CxeMa. yCTpotl:crila;:.-OnoKa .. ·xa· 

acTaariea 6ea na:liKH H aamTa~osaa 

KSTOAROH KpblmKe pe30HaTOpa. 0r no 

DHT Ha aeMniO Bile KaMepbl yCKOPKTell 

MomaocTb 11arpeaa KaTOAa AO- Heo.6xo 

CRT OT TOnlllK!Ibl TSHTanOBblX :YCKKOB ll 

3H C STHM AH8M9Tp C9'19RHSI 060KX yc: 

H npK AnKHe KalKAOI'O . YCKKa 15 MM ll 

EoM6apAapyiOmKe UKnHHAp sneKTpoabJ 

TOpyiO llOA8eTCS1 OTpKUaTellbROe Hanps 

TOK AO 7 a. CnHpallb HH~ RSXOAHTCS! 

HKTHOI'O nonS!, BC.JieACTBKe 'l9I'O sneK· 

K8TOA8 1 T8K KaK npOTHBononOJKHOe II< 

yKpenneaa HHTb1 !ISXOASllllHMC!I nOA T 

MeHTallbHO 6hlno aaliAello, 'ITO B nelll 

npS!lK9HHSI !I906XOAHMO BB9CTH conpo 

cxeMbt xopomyro cTa6Hllb!lOCTb~ 

!I 6. 

· Ha!IllleCTBO Koaqmrypanaa TPae: 

npoSIBn!IeTCSl _B pHAe MHOI'O'IKCneHHblX 

npo6neMy B:a6nroJJ;e!lHR op6KT. Tipome 

nepeMemaeMoro _ BAOllb. o6mero AKA ME 

HKMR KpyrOBblMH op6llT8MR riocTOml 
X 

neKTopa Me!lbme - , TO nepeMeme 
11 

nepHOAK'19CKKM H3M9H9HH9M TOK8 yc 

KOR nepHOAK'IHOCTblO MOlllHQCTH nOT 

noMolllbiO_ nocneAaero smneaKSI anepB 

yCKOpeHHSl sneKTpOHOB AO 15 op6HTb 

PacnpeAeneaKe_TOKa ny'IK8 no 

neKTOpOM1 COCTO!IlllKM H3 ABYX naME 

M9pbl 0,5 MM BaKyyMHblM npc:~Me:lKy'l'l 

• OKpy:lKeHbl · 9AHHblM 383eMneHHblM Me 
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5 o3pacTaTb, .11 KaTon· ncnapneTCsr. 

.11 npa oohi'IHoli paooTe, no ropa3AO 

nponeccoii mmneTCH opocaromeecn .I\ · 

pe30HaTopa, OC90eHHO pa3I\RTOe II OOllac-· 

UOllli. IJocne MeXaHH'IBCKOI'O yna

pe30HaTOpa II BaKyyMe HOpMSnbHag 

5 occTaHaiiliRIIaeTcsr. BalKHbiM ycnoaaeM co

lii\lllleTCli caoeapeMeHaoe caa~eaxe nonaaaeMoli 

pa3IIHTRli II HeM ttpOA0ll~HTellbHOI'O·.pe3o- ' 

obiCTpo npoacxonaT 3ai'pli3HeHHe c'i'eHOK 

-.,"a""""Sl UOBblllleHBeM ):{ai\lleHHll B IIOJUI0BOA9 . .11 

aeCKOllbKO CeKyHA ttOClle CH.II~BH.IIll MOill

HaliH'I.II9·B cxeMe TpaKTa anexTpOMSI'HHTa 

perynnpyeT_Cll, .11 onxcaHHbi:li Bhime xapaKTep 

cnnomHali Kp.I!IIaSJ) HMUYllbCa OTpa~eHHOli ~om

ai\TOMa.TH'IecKoe'ycTpOliCTI\~1 MSH!Illy~pyro- . 

MOM9HTbl BMe<;TO OUepaTQpa. ABTOMaT He paoo- . 

HO KOI'Aa .IIMUyllbC OTpa~eHHOli MOillHOCT.II 

.Ha puc. 13a' ana 13a, '1-.o . Tox 

·ll~Da-Aell~TeliSI SBTOMST.II'IeCK.II npepbiBaeTCH~ . 
nO'IT.II _HanOliOBIIHy Ha perynnpye

npe~H.IIli pe~.IIM I\OCCTSHaBll.IIBS9TCll. 

§ 5. KaTon 

~e5naronn""<M'HblX OC06eHHOCTeli KSTOAOB C npst

.113 laB 8 '• 3arpS13HeiiHoro .npn

naliK.II B BaKyyMe a.Jtp.) Chill pa3-

CTeHAe nOKS3.ana, 'ITO C06liiOA9HHe-. . .. 
TSKOMy KSTOAY HSAe~OCTbo- HSMHOI'O 

BaKyyMe KaTOna c npnMhl~ aa~peaoM. 
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CxeMa yCTpo11:CTBa;·-6noxa:·x.a-r:o.na· .:rroxa3aHa ·Ha· pnc. ·.16. :ilumnmp · 1!3 LaB 
8 

BCTaBll9H 6e3 naliK.II .II 3SlllTH¢ToBaH B TSHTSliOBOli Aep~SBK91 yKpenneanoli na 

KSTOAHOli KpblmKe pe30HaTopa. Or nOCll9JlH9.li 0.11 .1130ll.llp0BSH1 .110 TOK C KSTOAa yxo

A.IIT. Ha 3eMliiO BH9 KaMepbl yCKOpiiT9llli '19pe3 .113MepHT9llbHOe conpOTIIBll9HH9 75 OM. 

MclllHOCTb HarpeBa KaTOna no· He0.6XOA.IIMOli· TeMnepaTYpbl B. OOllblllOli CTeneHH 3aBH

C.IIT OT TOlllllBHbl TaHTaliOIIblX YC.IIKOB AeplKaBKH1 OTBOAllllliiX Tenllo OT II.IIliHHApa.B CBSI-

3.11 C aTliM AHaMeTp C9'19HIIll OOOHX yc.IIKOB 6blll 113llT paBHbiM '0,6 MM. B STHX YCliOII.IIliX 

.11 np11 AliHHe Ka~AOI'O yCHKa 15 MM. AOCTaTO'IHS MOillHOCTb Harpeaa KaTOAa 15-20 BT. 

EoM6apnHpyiOillH9 ll.llliiiHAp alleKTpOHbl 9MHTT.IIPY10TCll BOIIbcppaMOBOA HIITbl01 Ha KO

TOpyro noAaE!TCst OTp.IIIIaTenbHOe Hanpg~eHHe 400-600 B .II nepeMeHHbiJi : HarpeBSIOill~li 

TOK no 7 a. Ctt.HpSllb ml~ HSXOAHTCst Ha OOill.IIX C II.Hll.IIHAPOM C.HliOBblX liHHHliX Mar

HHTHOI'O nong, BCll9ACTBH9 '19I'O 9ll9KTpOHbl MOI'yT AIIHraTbCli TOllbKO II HsttpaBlleH.IIH 

KaTOA81 TBK KaK npOT.IIBOnOl10~H09 Hanpaiill9HH9 3aKpbiTO 9ll9KTpOAOM1 Ha KOTOpOM· 

yKpenneHa HIITb1 HaX.OAstlllliMCll non TeM ~e OTpHIIaTellb.llbiM IIOTeHIIHaliOM •. 3KCnepa

M9HTal1bHO OhlliO Halineao, 'ITO B nenb nona'IH Ha H.HTh ycKopgromero anexTpOHbl-Ha

npg~eH.IISJ Heo6XOAHMO BBeCT.H COnpOTHBlleHHe 200--1000' 0~1 'ITO CO~ismaeT pa60Te 

CXeMhl xopomyro CTaOHllbHOCTb; 

§ 6. Ilponecc ycKopeHHSJ 

. l13ll1lleCTIIO KOHcpHrypaiiHII TpaeKTDp.llli YCKOpl!eMbiX B MHKPOTpOHe 9ll9KTpOHOB 

npOliBliS!eTClJ B .pSI):{e MHOrO'IHCll9HHbiX cnenCTBH:li, KOTOpbl9 nenaiOT ocoGeHHO npOCTO:li 

npoilneMy aa6~IOJ:19HHS! opOHT. Ilpome BCero HX .. IICClleAOBaTb c nOMOJlU>IO KOllll9KTOpa, 
/5/ ·. ·. ,· ' . ' . 

nepeMemaeMoro anollh oomero nHaMeTpa opoaT • 3neCb paccToSIHae Me~ny cocen-

HHMH KpyrOBblMH opollTSMJl Iioc1-omo li pa~~o £:"'. ·: :::-Ecri~::;anua~.!WA. pa3M~p: K.Oll .. X " . ... . 
lleKTOpa MeHbllle - 1 TO nepeMellleH.He KOlllleKTOpa COnpOBO~naeTCll He TOllbKO 

" . I • . 
nepaona'leCKIIM B3MeHeHHeM TOKa yCKOpeHHblX aneKTpOHOB Ha K0l1l1eKTOp1 HO II _pe3-

KOii: nep.IIOAII'IHOCTbiO MOillHQCTB IIOTOKa Y -ny'leil B 3ane M.I!KpOTpOHa.· KaK . pa3 C 

noMOillhiO nocnenaero HBneaag anepahle Ha HameM MHKpoTpoHe 6bm ·ooHapy~eH cj>aKT 

ycxopeHBli aneKTpOHOB no _15 opoHTbi B. cj>eapane 1964 rona.· 

PacnpettelleHHe. TOK~ ·ny'IKa no Op.OBTaM Ha MBKpOTpOHe. nHctl -H3MepS!liOCb KOll

nexTOpOM, c~cTOlllllHM .113 .ixayx. naMene:li·, pa3neneHHhiX no Menxaliao:li nnocxoCTB xa

Mepbl 0,5 MM x;;axyyMHblM npoMe~KOM •. Ooe naMeliH AilS! ycTpaHeHHll HaBonOK Oblll.ll· - . . 
OKpy~eHbi · enHHhlM. 3a3eMneHHhiM. MeAHhiM xo~XOM TOlllllHHoli 0,5 MM; 
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TeopeT!PteCKII nponecc ycKopeHIUI -sneKTpoaoa ·ao II -M · pelKB;Me--accnenonall 
/5/ /6-7/ /8/- /8/ . . . 

:e pa6oTax ' · n • B pacctrnTaHo pacnpenene~me TOKa no .op6nTaM c ytre-

TOM TOllbKO 4Ja30Bb!X nOTepb B npeltnOllO)KellHH; 'ITO 'IBCTOTa ll aMnJIItTyJia yCKOpmo

mero IlOllSI IlOCTOHH!Ibl, M8I'HIITH09----IIO'lle ·l3HyTpi!- KaMepbl yCKOpllT9JlSI OJIHOpQ~~~~ . a . 

IlllOCKOCTb CHMMeTpllll pe30HaTopa COBna]laeT CO cpeJIHefi-IlllOCKOCTbiD MSI'HHTHOI'O . - . 
nonn •. · B neficTBRTellbHOCTH STII · Tpe6oaaansr die. BbinOllHSIIDTCsr. H Me JOT. MeeTo YXOJlhl 

'IBCTOTbl II SMilllllTYJlbl YCKOpsrromero nOllSI KSK B npenenax _nMnyllbCa, -TSK -ll · OT HM-

nyn~c~ K aMnynbcy, a TBK)Ke :eoaMymeann B · ·pacnpeneneRHa MarHIIT.HOr.a..non.ll·•- B.oa--

Mymeane nponecoa ycKopennsr nponcxonnT TaK)Ke n CB'4 noneM, :eoa6y)KJiaeMb!M 

"!epe3 pe30H8TOp BHYTPll :eeefi KaMepbl MllKpQTpOHa. Bee STO npllBOi:IHT K~l!; K nOTe~ 
pnM TOKS 113-38 B030Y)KJieHHSI aKeHallbllb!X II palUISllb!Ib!X ~K()J]:eoaHR.i!: El nymte1 TaK 

a K npefi4Jy ·op6HT• KpoMe Toro, Jia1Ke ecn11 ace pac"!eTHble npemiOIIQ)KeHHsr :ehmon- . 
~/ -

aeHhi, :e noKaaaHo, tr'I'o MarHHTHoe CB4 · none peaoaaTopa ·Bbi3b!BaeT. Jipel!:4J Ol)OHT, 

nepneHltHKYllSip!Iblli UX OOilleMy llllSMeTpy, KOTOpb!.i!: B HSIIIHX yCllQBHSIX K· KOHIIY yeKo

peHHSI (K 30-:l!: OpOHTe) MO)KeT ltOCTHI'HyTb 2-2,5 CM, 

npolleTHble OKila B .nepBO]'d llCCl1eJ:\OB8HilOM HSMH peaoltaTope Ob!Jm CJienaHbl. 

6ea yqeTa B03M0)Kil0CTH 3aMeT.HOI'O npel!:4Ja, BcneJieTBHe ST.OI'Q KS)Kllbll!:_. paa ·.ycKOpe

lllle 38K8H'IHB8l10Cb lla 1_5-fi OpOIITe, nocne TOI'O .KaK palUiallb.Hbll!:- paSMep . nponeT- -

llb!X OKOH Oblll yBenatreH Ha 4 MM, noTepa ~Ka aa-aa ero pa.tl'aaiu.aoro JlBH)KEl.HjtS{. 

B peaoHaTope npeKpa'l'HlliiCb1 ll Mbl CMOI'11H JlOCTHI'HYTb-'27-.i!: OpOIITb!, .. 0JIH8KO llOT9pH 

H3-3a. aKCHSllbHOI'O. JlB.B)KeHHSl IlpellRTCTBOBSllll JlSllbfteltmeMy yt:KopeHJtiO, ·ll.ltsr .. ye'tpa

HeHHSI nocneJIRHX Obll10 BBeJieHO ynoMSIHyTOe. Bhlllle perynHPOBaHHe ,nonolK81lllill epeJI

nefi MarHIITHOA nnot:KocTH .Ha nepa¢epaa pa6otrelt o6naCTH, 11 ~HyTpll KaMep~- isb;na.

ycTaaoane.Ha caeTeMa TOKOBb!X BHTKos, .Ka)Kllhili na --~.Q.'l'Opb!X Bnalle'I'. na aKcaallb.ti:oe 

cMemeaae ny"!Ka aa o~penene.HHb!X op6aTax. YcKop,eHHe . no :30 Ms:a {SO-Il.: op6a'I'a) 

OblllO nonytreHO cp~ay IrO. BBeJiellHH B JieAc'!'BHe STHX aneMellT,QB; .3aMe.T~l pOeT .. 

TOKa 'aa 30-l!: op6aTe npo.aaomen a peaynbT-aTe acnonbao:Saaasr :xba4JIIt"ypamm nponeT-' . 

Hb!X ·.OKOH :e peaoaaTope, npeJll10)KeHHOA B.H. MenexaHb!M•. XapaKTepHOlt·-~co6eallo- .. 

CTb!O' ee. iiBllll9TCR Cylli9CTB9HHOJ! . npeBblllleHHa _BKCHt!llbllOI'O pji::iMepa Bb!X®HOJ'D OKRa 

no CpaBH9Hll!O · C BXOJlllb!M, 

Ha p.ec. 17 nallbi pacnpeLteneHHSI TOKa no op6aTaM l1D BBeJie:Has per.ynapo:eKa. 

nOJlO)KeHHll cpeJIHeli MBI'JIHTHOli nnoCKOCTH H- TOKOBbl~ BHTKO~ (KpHBaSI 1);_ nocn'a- _ npa

MeHeHHR perynapOBKll cpenael!: IlllOCKOCTll1 HO oea BHTKOB (KPH5aR 2) ll·O~THMa:Ibllall/ 
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KpnaaSI 3, nony"'eHHaSI e ncnonbao:e 

OblllH CHRThl 1 HS'lHHal! C 13-l!: OPOHTb 

84J4J~KTHBHOCTb JieliCTBIISI BBe~eHHbl: 
o"co6eaao SipKO npoRBnnmi.eb np11 E 

peaKTOpa, .lloeTaTotrHO eKa38Tb 1 '"1TC 

BHTKOB npRBOJIHll K eHH)KeHHIO. MOIIIHI 

TallbHoro RccneJio:eaansr pacnpenene! 

pol!: B9llH'lHH8 TOKS npaHRTa Ha eJIHHE 

H9HHll ll8ll OJlHH ll3 :eapHSHTOB pae"!E 

Topa e KB8Jlp8THblM CetrellaeM nOllOC1 

'ITO aenbasr 6biTb yaepeHHbiM a TO! 

HOM-cnytrae B TO'IHOCTH C00TBSTCTBO! 

pappaaameMy a paC"'eTe, no npntrHHE 

3b!BaeT, "'TO liD 25-l!: OpOHTbl HM9El'I 

enepHMeHT81 "'TO-CBlllle~ellbCTByeT 0 

o6naci'l'n. OnHaKo, Ha'lHHBll c 25-l!: op 

srpKo Bbipame:HHOe yobiBaHHe TOr.a B n 

· Ca yCKOp.eHHn Ha. nepa4JepHlillb!X OpOH' 

Mnll)rToro Bhlllle aoaMymeaaSI a paenpc 

KOli BBKyyMHOli KBMepbl, BbinOllHellH< 

00llblll8ll traCTb B03MyllleHHR CKOMileHC 

'IHTb lie yJl8110Cb·. ( CM, pHC, -1,2). 

Ha pac, 19a, 6 a s npH:ee.tteabl 

Ka)Klloli op6a~~ Me)I(Jly ycno~o ~;~iE 
maeMoro .BJIOllb o6mero JIHBMeTpa OJ 

nytrKa OTHOCHTellbHO cpeJIHeli.reoMeT] 

KOBblX BHTKOB H peryn.epOBKH- cpeltlle 

Hae YK838Hilb!X epeJlCTB (pHC. 19a) H 

ny"!Ka , .110 TeM 11e Mellee 3aMeTHO ec 

RHIO. ero npOXOllHMOCTH DO TpaKTY B 

npaKTH'leeKn DOJlOOp onTHMSllbH< 

Ha e nDMOmbro JIOnOnHHTellbllbllt OOMC 

Ka)Kl:IOli 38MeHbi. pG30HBTDpa Hl1H Mar 
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~t.neKTpoa:oa ·ao. II -M · pe~Me --H.cc.neztoaa.a 

TOKa no.op6a:TaM C yqe-

'ITO qaCTOT8 H aMn.IIKTyJia ycKOpmo

B!IYTPH KaMepbl ycKOpn:TeJISI Olt.IIOpQltHO, .. a . 

co cpeztHefi ITl'IOCKOCTbiO Mai".IIHTHOI"O 

-a:e aDinona:moTCSI. HMeiOT. MecTo yxoztbi 

KaK a npenenax a:Mnyl'Ibca, .TaK H oT a:M

B · ·pacnpeneneHBa: MarHaTHOr.a..non.si.:. B..oa-

11 CB'll noneM, aoa6yJK.QaeMblM 

Bee sTo npaa·o.iliiT Ka~ K nOTe-

pallHal'IbHbiX K9Jl90a.IIBi1 B. ny:.me, TSK 

pac'IeTHble .npe)UIO.IIOJK9HHSI abinOn.,.. . 

peaoa:i!TOpa ·Bbl3biBaeT llpeAcp OP,6BT, 

ycnQBHSIX K'KOHUY ycKo-

CM, 

a:aMH pesoitaTope 6blJIH cztena.abl 

BcnenCTBBe ST.OI"I) KaJKLtblll_ .pas· ycxope

.xaK · pallHal'IbHDill . pasMep :. npon:e'I'- · 

113-Sa ero paJIHSl'IbHOI"o llB~JKe$sr. 
ztocTa:ra:yTh· 27-a op6HTbi, .. OnHaKo nOTepH 

zta.llblteftmeMy yeKopemrro. · .ll.ns .. yc'l'pa

BDime perynn:pbaaHHe ,nonoJKea.lur cpezt-

paoo'Ieit o6nacTH, n ~iryorp11 xaMepb!·5bxna.· 

H3 ·KOTOPb!X BJIHSieT Ha SKcKa1IbaOe 

. no 30. Msa '(30-Sr. op6HTa) 

_.,CTBBe STrut sneMaRT:OEI; .. 3aMeT.libl.ll:'. pOCT .. 

a:cnol'Ibao5aa:a:n:K6ncjlarypauaa: npon:eT

Menexa:HDIM• . XapaxTep.aoa · ~co6eaa:e>- .. 

aKca:iinb.IIOI"O pj3.3Mepa BblXOltHOI"O OKHS 

no OP611T8M l{O BBezteUaSI petynKpOaKR. 

TOKOBbiX BHTKOB (KpRBag 1);. nocne npa-

6es BHTKoa (xpa:aas.2) H·O~Ta:Ma.llbaasr/ 
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Kpa:aan 3, nonyqeaa:asr c n:~nonb30BaHHeM o6on:x peryna:pyroma:x cpaKTOpoa •. KpHBble 

6bi.IIB cHRTbl 1 Ha'IHHSR C 13-it op6a:Tbl, H Bena:qn:Ha .TOKS .aa· .aeit npHHSITa a'a eztRHRilY• 

ScpcpeKTHBHOCTb zteAcTBHsr aaeiteHHbiX peryn11poaox onTHKH ycxopa:Tenbaoro 'TpaKTa 

o"cooeHHO SipKO nposmnsnacb npn: HCUOl'Ib30Ba.IIHH 5bi5eilaHHOI"O ny'IKa . .aa MHW9HH 

peaKTOpa • .llOCTST()'IHO CK838Tb, 'ITO BbiXOll H3 CTpOSI CKCTaMbl. nn:Ta.aHSI O.OHCI"O · H3 

BHTKOB npHBOllH1t K clfliDK9HIIIO. MOWHOCTH ·peaKTopa BllaOe, Pe3~l'IbTaTbl SKcnepiiMeH

TanbHOI"O HCcneztOBaHIIS pacnpe.neneHHSI TOKa no opOIITaM, Ha'IHHas C 5-fi,.Ha.KOTo

pofi aena'!ll.aa TOKa npa:HRTa aa 9ll11HIIIlY, npllaeneHbl. Ha p11c. 18. TaM JKe. nnn cpaa-· 
/8/ ' . 

HeHIISI ztaH O.OIIH 113 BapHaHTOB paC'I6THOI"O pacnpenene.IIIISI llnSI TOI"O JKe peso.aa-

TOpa C KBaztpaT~blM ~e'IeHHeM nonOCTIIo llp11 cpaBHaHHII C TeopHefi cneztyeT .nOMH;IITb, 

'ITO H6l'Ib3R 6blTb yaepeH.IIbiM B TOM, "'TO napaMBTpbl- YCKOpeHHSI B KBJKLtOM peanb

HOM cnyqae B TO'I.IIOCTR COdTBeTCTBOBanH cpiiKCHpOBBHHOMy. ~a6opy napaMe.Tpoa, cpary

pn:ppBaBWeMy B paC'IeTe, no npH'IHHe TpyLtHOCTeA.n:x H3Mepea:asr; CpaBHeHn:e .noKa-

3biBaeT, 'ITO ltO 25-a Op6HTbl HM6eTCSI YltOB.IlaTBOpHTenbHOe cornacae TeOpHH H .sK

cnepiiM6HTa, 'ITO. CBHl{e:r'e1IbCTBye_T 0 MB.IIOCTH Heon~aBLta.IIHbiX noTepb nyqKa B STOit 

o6naCTH. 0ztHBK01 HB'IHHag C 25-fi op6HTbi, B . .llaWeM YCKOpHTene eme npOHCXOLtH1IO, 

SipKO BblpalKeHHQe yObiBBHHe TOKa B lly'IK6 BonpeKH .TeOpHH, 8TO B03MYW9.11H6· npouec-

· ca YCKDpeHHll Ha ·.nepHcjlejlKAHblX opfiHTaX, BepORTHO, npOHCXOltliT nO npR'IHHe yno-
MRHYTOI'O Bblme B03MYIIl6HHSI B pacirpeJ:teneS:HH · Mai"illiTHOI'O nonsr, BHeCaHH(WO. ofiHqaJI

KOfi BBKYYMHOit K8M6pbl 1 BbinOnHaHHOit H3 HaplKI:IB9IOIIlei1 .CTam{, lliHMMHpOBa.IIHeM .. 

60.IlbWaSI "':BI::Tb . B03Myllle_~SI · CKO~~eHCB:pOBaHa, OllHSK01 nonHyiO KOMneHCaitHIO o6ecne

'IHTb He yztanOCb:. (eM. pHc._, 1,2). 

Ha pac, 19a,6 a 8 npn:ae.naabl na.aHble o pacnpeztene.aHK TOKa snexTpoHOB Ha - -------
KaJKL{oit op6.li:Te ·MelKJ:IY ycnoa.ao· ~npaaoa• H 'nesoA' naMensrMH- xonnexTopa, :nepeMe-

waeMoro BllOl'Ib o6mero naaMeTpa op6n:T. EpocaeTcsr·.B .. rnasa pesxasr ac.HMMeTpHst 

nyqxa OTHocaTenb.ao cpeztHea .~eoMeTpH'Iecitoa. nnocxocTH. B<-Cny"'asrx .. oTc;:yTCTBHSI To

KOBbiX BHTKOB H perynn:pOBKH cpeztHeit Mai"HHTHOfi nnOCKOCT!i,. COBM6CTH06 :npHMeHe

HHe YKa3aHHbiX cpeztCTB (pHC. 't9a) He npiiBOLtHT K nonHOl!: KOMnaHCSIIIIH 8CHMM6TpHH 

ny'IKB 1 HO TeM He M9Hee 38M6T.II0 ee ·yl'Iy'IWaeT H. TaM c;:aMblM npHBOltHT K ,ynyqme

HHro ero npOXOllHMOCTH no TpaKTy B HecKOnbKO pa3, 

llpaKTH'IeC~H nozt60p onTHMS.IlbHOI"O pacnpezteneimn •Mai"HHTHOI"O .nonst MHKpOTp.o-

Ha C noMOWbiO ztononHHT9.llbHbiX o6MOTOK H BHTKOB C _TOKOM :QCyWeCTB.IIH6J'Cst .nocne 

xa:nl:noa saMeabi pesoaaTopa ann: Marae-Tpoaa.' B xaqecTBe KpHTepa.sr, noasem~u;;ero 
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CyAHTb 06 OllTHM81lbHOCTH KOppeKUaH, MO~eT 6hlTb HCll01lb30B8H8 BellH'iHH8 TOKa Ha 

npo6HaKe, pasMemeHHoM nHe ycKopaTenst. Ilponecc · KoppeKnaa saKmoqaeTCH· ~ no.n-

6ope HanpaB1lellliH H -BellH'iHHhl TOKOB B KOppeKTHpylOlllHX sneMeHTaX MeTOAOM no

CiteAOBaTellbHbiX npa6na~eHHfi, Cne.ny~T 38MeTHTb1 'iTO Haa6onee OCTpag 3aBHCH-. . 
MOCTb BbiBeAeHHOI'O H3 M~l\:pOTpOHa TaKa aa6monaeTCH. llpH H3MeHeHHH TOKa 'iepe3 

ceKD:HH o6MOTKH Mar naTa, BKllro'ieHHbie · nci:-pe'iHO~ II osTOMY nac;aanaoaaoe yCTpolt-
. . . .. \ 

C~Bo1 It03BOllHlOlllee H3MeHHTb STOT. TOK, ]:lOll~HO o6ecne'iHBaTb TO'iHOCTb ycTaHOB- . 

!f'a no~neAHero nopanKa 1%, Heo6xonaMaH nnanaocTb p·erynapoBKH TOKa qepes. Kop

peKTHpyiomae naT~H o6ecne'iHBaeTcH aBTOTpaacljlopMaTopaMH Tana PH0-25D-2, BKillO

'ieHHbiMH B nepBH'iHYIO nenb naT-aHn"a BI,mpHMHTenelt, B. cny'iae; ecna 'iacTOT8· no-

BTOpeHHH HMilYllbCOB MHKpOTpOHa OTllH'i89TCH OT 'i8CTOTbl llHTalOlllefi CeTR· HnH 01'-:'. 

cyTCTByeT CHH_Xp0HH38IlHH 3auyCKalOlllero ycTpOfiCTBa C Ce'l.'bl0 1 Ha. BbiXOAe Bblnpg

MHTenelt, naTaroniax KOppeKTHpyromae ycTp~ficT~a; non~Hbl fihiTl> npenycMQTpeHhl 

¢HllbTpbl nna 'crna~HB8HHH nyllbcaualt. Be1lH'iHH8 nocne.riHHX He .non/Klia npeBbllllaTb 

2-3%. B npOTHBHOM · cnyqae aa6nronaeTCH aMnnaTy.nHaH ·MOAYllH!lltH HMllyllbcOB Bbr

neneimorci TOKa C pa3HOCTHOlt 'iaCTOTOli, rny6HHa s~olt · MOllYllH!lHH 38BHCH'f . OT. COOT-

HOllleHHH TOKOB B KOppeKTHpylOlllliX ycTpOfiCTB8X H llpH ae5naronpHHTHhlX ycnOBHHX 

MO~eT llOCTHI'aTb 100%, Onb!T SKCllnyaT811HH MHKpOTpOHa ll0K8381l1 'iTO :npH aec;a-

6anhHOCTit aanp~eaaa naTaromefi 'ceTa nopanKa HecKonbKax nponeHTOB Heo6xonaMoC'l'b 

B perynapoBKe .TOKOB qepes KOppeKTRpyromxe BHTKH He B03HHK.'aeT. K CTa6RIIbHO-. 

CTH' HCTO'iHHK81 llHT8lOlllei'O CeKUHH 06MOTKH, BK1llO'i9HHhle·. BCTpe'iH01 'l.'pe60B8HHSI 

AOlllKHbl 6b!Tb 6onee Bb!COKHMH, 0AH8KO, eC1lH o6ecneqeaa CTa6HJib!IOCTh TOKa .'l:epe3 

sTH o6MOTKH nopgnKa 1%, He06XOAHMOCTb B perynHpOBK8X;.H9 B03!IHK89T ]:la:lKe npa 

.HenpephlBHOfi pa6oTe yCKOpHT91lH B T9'i9HHe HeCKOJibKHX CyTOK, 

§ 7. BbiBOA ny'l:Ka: 

KaK H cnenOBano O:lKHll8Th, BBHllY 6nH30CTH:pacnpeneneHHH·MarHHT!IOI'O ItQJlH 

K OllHOpOllHOMY BO BCefi pa6oqefi o6naCTII. ·MHKpOTpOHa CABIII'H ljla3 PMHalll?HbiX .KDne-

6aanil aneKTpoHOB B nponecce ycKopeHHH aesaa'l:II~·enbHhl. B caM oM. nene·, · KaK ns-

necTHO, Ha Ka~olt op6HTe CABHI' ljla3hl qr ·P8AHallbHOI'O K01le6aHHH paBe~ 

qr = n 11 
l l 

(5) paAaaa,., 
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-rAe n =- _r_ ~HI 
t. H !1.r l 

..;, TaK H83b!B 

aamax_ ycnoBHHX · JJ.nH llOAaBm~romero 

HOlt ~ ABYX op6HT ero BellH'iHHa At 

CABHI' cpa3hl pa.nHaJibHhlX KQlle6aHH: 

30 . 30 

l:'VafT! 
ll 

l'= 1 l=l 

nro5oit Apyrofi. MHKpOTpOH 06l 

TOpOrO.HBllHeTCH npaKTH'ieCKaH He: 

Mepa op6HThl, Ycnoaaa HH~eKnHK 

YCKOp9HHH1 TaKOBhl,· 'iTO OAHH H3 y 

lK9HHH HaXOAHTCH B pe30HaTope, T( 

. KaT~ K ofSmeMY AHaMeTpy op6HT 1 I 

± ..!!.__ paAHaH, paAHallbHbie pasMepl 2 .. 
TaKHM o6pasoM, OllTHMallbHO 

na - ysen Ha o6meM AHaMeTpe opl 

liTO KacaeTCH aMll1lHTYAhl pa.naal: 

cymeCTByeT 9AHHCTBeHHaH llpH'iHHa 

HHe CBepXBhlCOKO'iaCTOTHOI'O Mai'HH 

3aitHlll9M ypaBHeHHe ABH:lKeRE 

aanpaane!Iae o6mero naaMeTpa op 

d · dx dy 
-(y-) =-[-
dt dt · dt I 

1 . --2, 
v1--Yr 
- aMitbHTYAa 

r.ne y a H - B9llH'l:HHll 

CBtt . M8I'HH a sin k x 

~- IlHK1lH'i9CKaH 'iaCTOTa yCKOp~ 

llpOHCXOAHllO llpH X • 0 (BA01lb OC 

mecT:Boaano. no npyrolt npaqaae, 

nepBhlli HHTerpan ( 6) 1 KOTOpbllt E 

~~'oYC ~ 
y- ----;H d t 
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nerKO. BHA9Tb, 'ITO ST,OT )KG C8Mblli HHTerpan {7) npH TOM )KG C8MOM 3H8'I9HHH KOH-

CT8HTbl OCT89TCH cnpaBeA~HB'b!M H nocne Bb!XOA8 sneKTpOHa H3 pe30H8TOpa H ll81lb

HeliweM ABH)KGHHH B OAHOpOLlHOM MarHHTHOM none, nesasr 'I8CTb {7)· HM99T reoMe-

TpH'IGCKHli CMbiCn paCCTOS!HIIS! BLlOnb OCH 0 Y {nepneH!lHKyngpHoli K o6meMy rrnaMe-r-··· 

py op6HT) OT ll9HTpa KpHBH3Hbl TpaeKTOpHH sneKTpOHa LlO OCH 0 X . , .Mbl BHLlHM. H3 

{7), 'ITO 9Cllll 6bl CBl.J: MarHHTHOro nonS! He 6binO, TO neHTpb! KpHBH3Hbl BCeX Tpa

eKTOpHli sneKTpoaos scerna· ne)Kann 6bi aa o6meM naaMeTpe op6!1T, 
/8/ . 

,.1 OnaaKo pac'!eT, onacaHHbili: s · , noKaaan, 'ITO aa-aa aana'!Hll MarHHTHoro 

CBt.I nong B HaweM cnyqae neHTpbi KpiiBH3Hbi op6!1T sneKTpoaos s nponecce ycKope

HHsr UOCTeneHJIO ynanruoTCll OT, _o6mero J:U!,8MeTpa op611T, npH'IGM B. 38BIIC IIMOCTH OT 

Ha'Ia1IbJIOli tP83bl BblXOJ:ra sneKTpOHa H3 KaTOLl8 Ha 30-li op6aTe. pa36poC paCCTOHHHli 

neHTpos OT o6mero LlllaMeTpa so 2-M pe*HMe ycKopemtsr MO*eT nocTuraTI;; .. 15 MM. 

{eM, ·pnc, 20), a sen!I'!Haa Ma~caManbHoro YJ:raneHHSI- 25 MM. TaK 'ITo.caMo noHSI

Tne 'o6ma4i LlH8MeTp op6aT' B MHKpOTpOHe cnenyeT C'IHTBTb ycnOBHb!M, 803M0)KHQ0 

'ITO Ll068BO'IHble p8LlHa1IbHble H 8KCH81lbHble B03MyweHHH TpaeKTOpHli sneKTpOHOB npo

HCXOLliiT T8K)Ke H no npH'IHJie B036y)K!l89MDr0 B KBMepe pe30H8T0POM ·nonS! .CB l.J:, OLl-

liSKO, eCTb OCHOB8HHH LlYM8Tb 0 ''ITO OHH HGBenHKH, 

IJ ocne TOro, K8K onaCaHHblli HaMil: M:arHHTHblli KaHan 6hln yCTaROBnea, CBOHM 

BXOLlHblM KOHI!OM .TaK, 'IT'? ero OCb OKaaanaCb B6nH3_11 OCH ny'!Ka, Mbl YBH!lenH. CBe

Tsrmeecsr nHTHO OT BbiB9Ll9HIIblX sneKTpOHOB Ha nOKpb!TO,li .JltoMHROtlJopOM ·CKOWeHHOli . 

nnomanKe uanaH!lpa ~apanesr, ycTaaosneHaoro non MHKpoTpOHOM,.· Hecno*HhiMH peryna

pOBKaMH 6e3 HapyWGHIIH BaKyyMa KOStPtPHUR9HT BbiBona 6bin .. !lOB9Ll91t LlO 100%, llpH'!IGM 

ewe OCT8B8n8Cb B03MOlKIIOCTb · MGHSlTb yrOli BbiXOLl8 ny'!lKa . H3 MB:KpOTpoHa .il npe!le-
. 0 . . 
nax. :!:.1 6ea CHH*eRaSI s!l>!l>eKTIIBHOCTH BhiBOJ:ra, IIapaMeTpbi .. BbiBeneaHoro ny'IKB 6Ka-

aanacb 6nH3KHMH K paC'I9THbiM,. IJonHhlli pa!lH81lbHblil: pa3Mep ny'IKa .15-20 MM (B 

1 M OT BXOLlHOrO KOHU8 MarHHTHOro. KaHana},. a aKCHanbHblli era pa3Mep - .6 MM, 

Y'IHThiBaSI, 'ITO Ha sxone s KaHan nonepeqaoe ceqeaae ny'!Ka -4x5 MM, .MO)K-
- I 

HO O!lGHHTb, 'ITO BbiBGLlaHHblli llY'IOK HMeeT pa!lHa1IbHyto paCXOJ:rHMOCTb -15 MM/M. H 

aKcnanbHy.ro- 2 MMIM. 

B 3aKnto'I9HIIe asTOpbl npHHOCHT 6naroJ:rapHOCTb BCeM ,C.OTPYLlHHKaM. na6opaTO

PHH ael!:TpOHHoli !l>HaHKn OHHH,. npaRHMaBwHM yqacTHe B xoHcTpyHposaaaH, HaroTo

sneaHn, Hana!lKe H.SKCnnyaTallHH MHKpOTpOHa,.a T8KlKe KOlineKTHBY ~H3H'IaCKOli na-

6opaTOpHH H~n AH CCCP ·a a noMomb s pa60Te, 
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!!HTei'pan (7) npll TOM lKe CaMOM _3Ha'teH!Ill KOH

BhlXOA8 aneKTpOHa !13 pe30HaTOpa !I ABnb

none, neaag 'taCTb (7) !!MeeT I'eoMe

(nepneHAliKyngpHoli K o6meMy AHaMeT-.. · 

TpaeKTOpllll aneKTpOHB. AO OC!I 0 X · • · Mbl Bllll!IM !13 

HOI'O nong_ He ObtnO, TO neHTpbl Kp!!Bli3Hbl BCeX Tpa

neJKan!l 6hi Ha o6meM -!l!IBMeTpe op6!!T, 
/8/ . 

-HHbiH B 1 nOKB3Bn, ·'ITO !13-38 · Han!l'tllll ~BI'H!ITHOI'O 

Kp!!Bli3Hhl op611T aneKTpoaoa B nponecce ycKope

A~I.aMeTpa op6!!T, npa'teM s .3asnc HMOCT!I OT 

KBTOLlB Ha· 30-Ji op6!!Tepa36poc paCCTOgH!IJi 

pelK!IMe yCKOpeH!Ig MOlKeT !IOCT!II'8Tb. 15 MM. 

y.rtanemng -·. 25 MM. TaK 'ITO. caMo noaSI

MnKpoTpoae cneayeT C'taTaTb ycnOBHhiM. BoaMC:iJKHo, 

!1 aKCll8nhHbl8 B03MymeHng TpaelCTOpliH ailleKTpOHOB npo

B036ylK.rtaeMOI'O B lCBMepe pe30HBT0POM ·nang .CB q, 0!1-

''ITO OHll HeaennKn. 

HBMll MBI'H!ITHhlH KaHan ObiJI. yCTBRQBJieH.GBOHM 

och oKa3anacb' a6nnan. OC!I ny'!Ka, Mhi yaa.tienn. cae-

aneKTpOHOB Ha noKpblTOH .JIIOM!IHO<j;lOpOM.·CKOmeHHOH. 

ycTaHoaneHHoro no.rt MnKpoTpOHOM,.· HecnolKHhlMll pei'yna

Koa<P<PauaeHT. Bbtaona 6hln . ..noaeaea Ao 100%, npa'leM 

!13 MliKpOTpOHa.B npeae

BhlBOAa. napaMeTphl -BhlBeAeHHOI'O ny't!Ca 6xta-

nonHhlH. pa.rtHBJlbHblli pa3Mep ny'!Ka .15-20 MM. (B 

HRTHorn. KaHana},. a aKcnaillbHhiH era pa3Mep -·a MM; 

nonepe't!loe ce'te!lae ny'!Ka -4 x5 MM, .MOlK-

HMeeT paaHaillbHyro pacxoaaMOCT& -15 MMIM- n 

BCeM .COTPYLlHliKaM.fla6opaTO

•-!IPHHliMasmnM y'taCTHe a KOHCTpynpoaaann, n3rOTo

M!!KpoTpoHa,.a.TaKlKe KOJIJieKTHBy ~H3H'teCKOH na-

24 

fl liT ~-p a'T y p a 

1. B • .U. Aaali&ea, n.C, Al!If11HlB, C.n. Karuma, H.M •. MaTopa, B.H, 
. n.A. MepKyn:os, P.B •. Xapbl030B, AS 20, 106. ( 19_66). 

MenenH, J 
2. n.M.' 3biKHa, c.n. Kaniiiia,' B. H. Menexan, A,r. HeAenstea. M!!KpOTpO/! c Ooillb

maM TOKOM. TpyJ:thl MelKJiyRapoJUioli KoR<j;lepemmx .no ycKopn-remw..- Jly5sa,-
Hl63, i049_,. - . . . 

-3. I. L. Russel; Ir, K. L.-Grosble, C. A. Stevens. · .UoKrialt R -2836-. 'aa' coaemaau 
' . MArATS a nron:e 1966~ .Uy6Ra "Accelerator pulud fast ass~bly" w 

4. H'~M. MaTopa.~P.B-. X~~ .... B'Ml!.OBbAH~fi-.TPBKT M!!KpOTpO!Ut nH~ OH.HH 
Ha 30 Mas'. Bl-2737,-Jlyt)Ra 1966~-

5. c.n. Kanana, 'B.H. MeneXK!I, H.r. KpyTHKOBa, r;.a. npyAKOBCKHll. )l(ST~. iL 
376 (1961). ' 

II 

6. B.H. Men:exn!l. )l(ST~, 42, 622 (1962), >~· 

· 7. a.n. BbxKoa. )l(T~ •. 83,- 337 (1963). ·-v 
B. H.M. MaTOpa, n.A. MepKyllOB, 'H.H. WlinO!IIleB, npenpK!IT OH.HH 

.Uy6Ha 1966. . 
P-2706, ~ ~) • 

25 

P)"KOlll!Cb noCTynnn:a B li3Llii.TeJlbCK!!lt OTJ:len: 
18.· anpeng 1.967 :r. 



-· ---·-· -~--~---· . -- ·----· >,--·~- ··--··- ·~-----~···· ~~-

R 

OJ 

0.2 

O.t 

-o.t 

-0.2 

-0.3 

\ 
\ 

!LHH, [%] 

frMl t~~n · m 

80 

\ft 

120 

tn 

\. 

--R=LHcM. 
- - --R=4LicM. 

· (j) [rPA.a.] 
380 

lili_ [io] 
oJ H, . 

.-a KAIIItpt IIIKWM 

02 - - - I lllllltpt IIT....,pA 

O.t I 
-. I Q. __ ., ..... J 

!In ,,. ' lll . rrMl 



O.f 
<.g(rPAllJ 

tv 

0 80 .f20 380 
C» 

-0.1 I I 
\ / 

\ I "----, /. 

I I ..... / ' '-' -0.2 " 
-0.3 

PHc. 1. 

·ML[%] 
oJ H, . 

-I KAMipt IIIIWM 

\ 01 .-. - - a KIIMepe IIT~pA 
\ 

R 
O.t 

Q . 
. [cmJ '0. Ill . 30 20 tO iJ . [CIJ .. 

PHC, 2. 

~[%] 
0 . 

u 

O.t 

(j> [rPA.aJ 

-·~~· -~~· ........... :·r .•• 
·~ 

·tt 

-za 

Puc. 3. 



\. 

Puc. 4. 

0 

•' : ..!! 0 



P
u

c.
 4

. :;1
111

; 
0 "'
C

J 
:::

::1
 

"
'C

 
.)

:l
 

0 
C

D
 

(
"
)
 

~
 
.o

 
~
 

.a=
 

C
D

 
s :s:

: 
~
 

::c
 

:x
:J

 
II

 
II

 
.1:

::: 
U

)
 

-
C

D
 

n 
n 

J:
 
~
 

. 
"' 

'tl
 

Ill
 

CD
 

·p
 

?'
 

I 
Q

 
-

Q
 

6:
 
. 

It>
 

u.
 

.N
 

:&
:: 

.:r:
. "

X
· 

i 
. 

·~
· 

<-
6 

..
._

_ 

-.., 
. 

B
 

'C
 

:n
 

~
 

..
:.

..
-.

 



I 

'1J ' ...., 
(1.) = ·o 
0 p 

? :::r- ::r 0'1 ... 
X 

j 

Ill~~ T ' 
n 





w-

,.;/ 

[MM.] 
-q -3 -2 -1 0 , I 2 3 1.1 5 6 

Puc. 8. 

~ KT~ B HI=\~ 
)~ I i---200 

-e. c::: 
_ &AKY!IM ~ N 6 = ... 

I . ~~ ~ " 30HA .., 
CD 
::a . ·:s 

- :S• 

Puc. 9. 

32 

liOO 

300 

200 

0 

I 
[ 
( 

Puc. 11. TeMrrepaT)'pa 
( y 



w 

0 2 3 Ll 5 6 

Pac-. 8. 

HA ~ 
21111 I l 

A 

Pac. 9. 

32 

-,. 
CD ::a ·:s 
:S:• 

""' 

[MM.J 

[R_KT11B;Rll ) . r '1! I- BAKYYM 6 
L30HR___ J 

Pac. 10. 

tMr·c1 

LIJO. ' 

300 

200 

Wp[KIT.] 
0. 0.5 f.O l5 

Pac. II. TeMnepaTypa Ma:meaa: B 3BBHCHMOCTa OT CpeJlH~J! MOWHOCTH ·HBPa 
( Y1 .. 100, Y 2 •150; Y

3 
•200; t 

0
•30 Mss). 

33 



,i 

t,Mt-c1 

J [met) 
0 50 tOO 

Pac. 12. 3aBHCHMOCTb TeMnepaTypbl MHWeHH OT HMnynbCHOrO TOKa 
( t =1,8 MKCeK, n =50 1/ceK; .E 0<=30 Maa). 

34 

aneKTpOHOB I 

:J:~ 
~~ 

:JD:· 
~- ~ 
·:j·· £ 
~~ 
~--
~~ qg 

'" .,. 



II ::; Ut c.>· ()]:.I Q ~\ ot:! 
(1) 

-:r: 
,::.~. 

(') 
0 (1) 

PI >l 
:s; 

. ::: 
1:'1::1 

0 '< 0 Ll n ::! 
c.oO' Q. 
oo r--1 

:r: I 3:~ 
(j) o· ........ 
Dl .._>l 

0 
PI 
P> 
(j) 
::! 
(1) 

PI 
>l 
'0 
0 
ll: 
0 
Dl 

\.. 

PHc. 13. 

PT 

PHc. 1'4. 



\.
 

0 
N

 
8 

• 
• 

I 
c
t 

<
-.

J 

=
 

_
..

 
3 ,:a

 
~
 

• • 
't1

 
•• 

co
 

lsi
 

C
l;)

 
? .... 

I 
?'

 

ii3
 

/ 
0 

',·
 

i i 
c+

-.
 -.c -~

 
.....

. 

_·J
 KA

TO
AA

 



'tl •• lSI 
p ... 
Ol I 

2 

I 

i 
c+-. -..c 
•fit ....... 

. H 

Pxc. 16. 



JN. 

I r JB ~ J .. 

1.0~ 

. . 

a.-· 
\ . 

o.st··, ~ I U.'lt ... -- """-.:" -, 

\ ""- D.2 

""' 
0.6f ·, ...... . -

1 O.'H ·,., --~ 
0 

IS 15 .. ll" II 

·, '\ ' 
0.2+ ........ - .. y--2 

N ·-·-· \ < 

~ 
--·-. 

\ ·-·-
0 lS-T ll I' 17 19 21 2~ 25 27 29 u~ 

0 
0.8 . 

Pac. 17. 
D. II t-, 
0.1 ' '- .... ...... ~ ... 
0 

JN I 13 15 Jl _II 

Ts --- pActteT i l J. -; 

o.a Jas . 
1.0 

-- 3KCnepHMQHT 

1 
6-e 

oa 0.1 ---
0.6 ' --:----~I .I o.q 

O.Lit .......... .I G.2. 

01 N I 0 

05 
13 !5 Jl 19 

7 9 II 13 15 17 19 21 23 25 27 29 31 

Pac. 18 

38 



--
'\ ' - y--

. 2 -·-·-·-·-'·< N 
\ ·-·-

21 23 25 21 29 

pAClfQT 

- 3KCnepHt.19HT 

17 19 21 23 25 2'l 29 31 

Pac, 18 

38 

N 

""' 

J. 
D.al JIS 

'D.2 

--.. 

(1-ICOppeKTMpyto~MI TOKM 
ORTMMAniiHbl 

' 

OL-----------------Ja IS · 11 · 111 21 2S 25 27 211 . . N 

1L 
u· J .. 

_q t-, 
D.l ', - .... 
. I 
0 . 

13 15 17 

JN .· 

o.a+ J.s , 

OJ r 0.4 ....-... , 

15-TOK.cp&AHIM MOCKOCTM" 
ORTMMAn&H,IMTKM IWKniO~IHW 

---~------ .... _.,. ..... ....:'iiiiiiii 
I I 

_II 21 . 23 25 11 211 

6-1583 KOppeK~MM 

... ~ ,_ ... 0.1L 
013 15 17 19 21 23 25 27 211 

Pnc. 19. 

39 

N 

N 

> ·~ 



CJ) 

I 
I 
\ 
\ 
\ 
I 
I 
I 
I 
I 
\ 

\ 
\ 
I 
I 
I 
\ 

\ 
\ 
I 
I 
I 
I 
\ 

\ 
\ 
I 
I 
I 
I 

LCI 

\ 


