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Pa3paboTka cHCTEMBI BRICOKOYAaCTOTHOTO IIUTAHUA JIHHEHHOTO ycxopmc.rm
Tsoxénsix woHoB: [Ipenpunt UTI® 41-00/

P.M.Bem'pos, B.J1.3parusnes, B.I".Kyssmuués, JI.A.JIsxan — M.,2000-20c.

Tlpennoxena W peanM3oBaHA CXEMa CHCTEMBl BRICOKOHACTOTHOTO IHTAHHS JHHEHHOTO
YCKOpHTENS TSDKENLIX HOHOB, paboTatomero Ha gacrore 27 MI'm. IlpeacraBneHs! pesyisTaTsl
pacyéra aBTOTEHEPaTOpa M YCTPOHCTB BBOKA MOINHOCTH B pesoHatop. IIpeanoxeHHas METOXHKA
PAIHOTEXHHYECKOH HacTpoBKH yCTpOMCTB BBOJa MOMIHOCTH MO3BONHIA ROCTHYL  XOPOIETO
COTJNIAaCOBAHHA pPE3OHATOp2 C BEIXOJHEIM  KackaJoM asroresHepatropa. C  mOMOHIBIO
JIONOJHHTENHHOTO KOHTYPa HOJIOKHTENLHOH oOpaTHON CBRS3¥ B TIpEeJBApATENBHOM Kackase
yAanoch BO30YNWTH aBTOTCHEPATOP H JIETKO HPEOJONeTh 00/1aCcTH BOSHUKHOBEHHSA . BTOPHIHO-
3ACKTPORHEIX Pa3pANOB.

Development of RF power system of the heavy ion linear accelerator.
R.M.Vengrov, V.L.Zviagintsev, V.G.Kuzmichev, D.A Liakin

The scheme of RF power system for heavy ion linac operating at 27 MHz is described. The
calculation results of oscillator and coupling devices to the resonator are submitted. The offered technique
of radio engineering adjustment of these devices has provided the good matching of the resonator with the

final cascade of the oscillator. The additional positive feedback contour in the preliminary cascade enables
to excite the oscillator and easily overcome secondary - electronic discharges.

Puc.-17. Cuucok nur.-6 HauMm.

@ HHCTHTYT TeoperHueckofi m skcnepuMenTansHoBR ¢usmxn, 2000



1. Beeaenne

YCKOPCHHHC IMy4YKH TOKENLIX HOHOB HAXOAAT CaMoe UIHPOKOE NPHUMEHCHHE B pa3snM4HbIX obnacTax
HaykH M Texnuky. B UTO® Bemyrcs paboTel MO CO3NAHUIO JIMHEHHOrO YCKOPUTENS TAKENBIX HOHOB, B
KOTOPOM HCNOJIB3YeTCA Pe3OHAHCHAA CTPYKTYpa C IPOCTPaHCTBEHHO-OXHOPOIHOH KBAZPYTIONLHOH
okycuposko [1]. CTpyKTypbt Takoro THNA NO3BOJNAIOT HCMOAB3OBATL WH3KOBONBTHLIA WHMKEKTOP H
ofecreunBalOT IPAKTHYECKH MOJHBIA 3aXBAT YACTHI, H3 HOHHOTO HMCTOYHHKA B TIPOLIECC YCKOPEHHS.
CoRpeMeHHRIH yCKOpUTEb NpeACTaBiIseT cobolf CIOXHOE TEXHHHECKOE YCTPOHCTBO, COCTOSALICE M3 pla
cHCTeM, o0ecreyHBAIOLIMX MOMYYCHHE YACTHIl, HX YCKOPEeHHE M (OKYCHPOBKY. OfHON M3 TAKHMX CHCTEM
sBnsercs cucrema BU-nuranus, npenHazHaueHHas ANA CO3NAHWA MOLHBIX 3NEKTPOMArHHTHBLIX KoneGaHui
B YCKOPSIOIEM PE3OHATOpE.

B OonsiunHcTBE CBOEM cHcTembl BU-uTanma yckopHTeneH 3apaXCHHbIX 4aCTHIl COCTOST W3
BBICOKOBOJILTHOrO MOJIYJIATOpA, 3a/MAfOIIEro TEHEPAaTOpa M BHICOKOYACTOTHBIX YCHAWTENEH, kaHana
TPAHCTOPTHPOBKA M BBOAOB MomHocTH. K TakuM cuctemMaM npeabsBaseTca uenbidf pag tpeGoamuil,
OCHOBHbIMH M3 KOTODLIX ABJIAIOTCA: ofecrnedeHHe CTabHILHOIO M10 AMIVIATYAE M YacTOTe YCKOPAIOHIEro
NOJIA B pe3OHATOpe, BHICOKaA HAN&XHOCTh, MPOCTOTa B YMPABICHHM M CPABHMTENBHO HEBLICOKAs
CTOHMOCTb,

B Hacrosmeid pabore H3nOkeHbl OCHOBHBIE 3Tanbl paspaboTku cuctembl BYU-nvranun, naércs
ONMHMCAHHE €€ CTPYKTYPHOH CXeMbl, NIPEACTaBIEHbl Pe3y/ibTaThl pac4yéra aBTONCHEPATOPa M MapamMeTpoB
COTJIaCOBaHMs BBOJZOB MOILHOCTH C pe3oHaTopoM. PaccMaTpHBaloTcs npobieMsl, CBA3aHHbIC C HACTPOHKOH
KacKaJoB asTOreHeparopa, ero Bo3byX/AeHHeM M MPOLECCOM BBOAA MOLIHOCTH B PEIOHATOP.

2. CTpykTypnad cXema cacrembl BU-nuranns

Tak Kak pe3OHaHCHAd CHCTEMAa IJaHHOTO YCKODMTENA COCTOMT H3 OJHOTO pE30OHAaTopa, TO C
9KOHOMHHYECKO#H TOUKH 3PSHHSA BBIFOJHO WCIOJBL30BATH ABTOKONEGATENLHYIO CXeMyY, BIUTIOHaIOLLYIO B ceba
CaM pe30HATOp, IEHEpPAaTOPHBIE KACKAaRbl M 4ETHIPEXNOMOCHMK obpaTHON CBA3M c dasoBpamareyiem.
IlpyriMax 570 BO BHHMaHME, OBUIO NpPHHATO pelUeHMe cospare cuctemy BY-muranms Ha ocHoBe
TPHOJHOTO aBTOreHepaTopa. B KauecTBe aKTHBHOTO 3JIEMEHTA PELIEHO MCHOJB30BATL ICHEPATOPHYIO
nammny TH-27AM, xoTopas Ha NPOTAKEHHH YK€ MHOTHX JIET YCIIEHIHO IKCILTyaTHpyerca B cucreMax BY-
NHTaHHA THHEHHBIX yckopHTenel potoHor «H-2» n « HCTPA-36».

CTpyKTypHas cxeMa cucreMbl BU-nuTaHus mpencTaBneHa Ha puc.l. BEICOKOYACTOTHAN MOIOHOCTH
OT OKOHEYHOro xackajga asroreHepatopa K2 k yckopsiome#i cTpykType nepefaércs no AByM
KoakcHanbHbIM Kabesam PK-50-24-16 opuHakoeo# ¢asosoit mmuHbl. H3mepeHMA ypOBHA MOUEHOCTH,
BBOMHMOH B pPe30HATOp, H KO(PGHLMEHTOB OTPAKCHHA B JIMHHAX Nepesaud MNPOM3BOAATCA IByMA
pedrekromMeTpaMy METIEBOr0 THNA HA OCHOBE KOAKCHAILHBIX BOMHOBOJOB, YCTAHOBJICHHRIMH MENTY
ycrpoiicteamn Boga BY-mouHoctH m papgmowacToTHeIMH kabensmu. Kpome srtoro, nabmomehue 3a
tdopmoii orubarommelf BHICOKOWACTOTHOTO CHIHaNa M3 PE30HATOPa M €ro YPOBHEM OCYLIECTBIAETCS C
TOMOILBIO KATHOPOBaHHBIX H3MEPHTEJbHBIX METENb, PACTIONOKEHHBIX Ha O/{HOM M3 (U1aHIIeB BAKYyMHOTO
koxyxa. CurHan ofpaTHOH cB3H, cHHMaempli ¢ newid I3, nocrynaer BO BXOAHOH KOHTYp
npefBapuTensHOro kackana Ki. B tpakT 0OpaTHOH CBA3M BKUTIOUEHA PA3NBWKHAS /IMHKUA, TIO3BOJIAIOMAS B
HeGOoMLIIMX npenenax UIMeHATs a3y BHICOKOHACTOTHLIX KONeGaHHH.

AHOAHOE HaNpAXKEHWe HA KaCKaibkl aBTOTEHEPATOpa MOJAETCA OT MOLIHOIO MOIYNATOpa,
€NocoGHOrO reHepHPOBaTh MMITY/NECH VIMTENLHOCTBIO 600 MKC ¥ amuuTyzoH Ao 30 kB. MakcumansHas
YacToTa TIOBTOPEHMA HMITYJICOB ONPEHENACTCA BpeMeHem 3apsana (GOpPMHPYIOLIEH JIMHUM U COCTABAAET V2
Mz TpuHuMnmansHas cXema MOIyNATOPA MoKa3aHa Ha pHC.2. CXeMa COCTOMT M3 CReoyloUMX OCHOBHBIX
3NEeMEHTOB: perymupyeMoro Tpexdasnoro rpancdopmaropa PTT-25/0.5, ¢ mfomoubio KoToporo
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OCYLIECTBIIETCS PEryMpPOBKA 3aPAAHOTO HaNpPAXEHHA Ha GOpMHUpYIOLieH NTMHHUM; BhIIpamuTens BTM-
12/40; neoitroN ¢opmupytowe nHHUH, coctosineit w3 14 LC-3eHbes; THpHCTOpHOTrO KOMMYyTaTopa. Jlns
COT/IacOBAHHMA CONPOTHRICHHS HATPY3KH C BOJHOBBLIM COMPOTHBIEHHEM (GOPMUDYIOLlEH NHHHU M
fIOMYHEHHeM HEOOXOHMOro HAMPMKEHUS Ha AHOAAX T'eHEPAaTOPHBIX JaMNl TMPUMEHACTCS PEIUCTUBHBIN
JEUTeNb, BITIOYCHHBIA MEXNY 3apAfHBIMM JIHHUAMH, 3apsAHOE COMPOTUBJIEHHE IIOAKMOYEHO K
MHHYCOBOMY BHIBOAY BBLINpsMMTENR. B KaueCTBC KOMMYTaTOpa HCIIONB3YETCA THPHCTOPHEIH CcTONG,
cocTosumii 13 48 mocnieoBATEMbHO BKMO4EHHBIX THpUCTOpOB TH[320.

3. Onpene.nelme HCXOTHLIX NapaMeTpoB JIH PacaeTa an'roreﬂeparopa

Jns sHepreTHyeckoro pacyéra kacKaaoB aBToreHepaTopa Heo0xoauMo 3Hath pafouyio yacToTy,
IMTEALHOCT,  DATHOMMITYABbCA W KOMeGATENBHYIO MOWHOCTE Ha INepeoi  rapmonmuke. M3
TIpERBAPHTENLHOTO PacyETa yCKOPSIOWEH CTPYKTYDH!, NPOBENEHHOTO HA HAYATLHOM 3Tane paspaGoTkH
YCKOPHTEIS, H3BECTHBI TAKHE NapameTphl, KaK ATHHAa CTPYKTYphi, €& MOrOHHAA EMKOCTb, COGCTBEHHAs
JOGPOTHOCTS, aMIUIMTY /A HANpPSOKECHHA Ha 3NieKTpoaax i t.x. [1].

TlonHas MONHOCTb NOTEPL HABISETCA OCHOBHBIM TAPAMETPOM, 3HAYCHHE KOTOPOTO HCIONB3YeTCS
TpH BHOOpe THNA rEHEpaTOPHOH NIAMOBI H SHEPreTHYECKOM pacuére peKHMa BLIXORHOTO KacKaja.
IlpencTaBuM yCKOPSIOMYIO CTPYKTYPY B BHE SKBHBRNCHTHOIO NapajuIenbHOro kosieGaTeNnbHOro KOHTypa,
COCTOAINEr0 W3 MHIYKTHBHOCTH, EMKOCTH M IUYHTOBOTO CONPOTHBJICHMA. CxeMa TaKoro 3aMeleHHs
IFHPOKO MCTIONB3YyeTCH B YCKOPHTEIBRHON TeXHHKE i OMHCAHHSA B3AHMOZEHCTBAR NOJIA H YCKOPIEMOro
nydka wactvl. [llyHTOBOE M XapaKTepHCTHYECKOE COMPOTHBJICHUA KOHTYpa, HAKOIUICHHYIO 3HEPTHIO H
MOIRHOCTB, PACCEHMBACMYTO B CTPYKTYPE, MOXXHO ONPENCIIHTH, BEMHCIMB MPEABAPHTENEHO SKBUBANCHTHEIE
&MKOCTE H MHAYKTHBHOCTS, Hike npuBeaieHa MOCNEN0BATENLHOCT PACUETA ITHX NAPAMETPOR:

SKBHBAJIEHTHAS EMKOCTh Co=C-1=1776-10"2¢ , [€X))
‘ 1 -9

IKBMBANCHTHAA UHIYKTHBHOCTE Lo =—— —— =18,68:10" ['n, 3.2
2z )y -Co 62

XapaKTePHCTHUECKOE CONPOTHRICHHE O = %0— =3,240m , 3.3)

o
IIYHTOBOE CONMPOTHBJCHAE KOHTYpa Ruwi = p-Q0'=162200Mm, (3.4)
HaKoIUleHHas dHeprus W = % -Co U* =12,78 Toic, (3.5)
U? 3

pacceHBaeMas MOLLHOCTb Po = =444-10° Bm. (3.6)

2-Ru

OHepryio ny4ka Ha BRIXOJE CTPYKTYpSI Aif YeTHIPEX3apaiHbiX HOHOB ypaHa Ujg MOXHO ONpEACINTL H3
CAERYIOLIETO COOTHOLICHUA:
We = N -(Eout — Ein), 3.7

rae N - konudecTBo HyknoHoB B aape; Ein u Eout- 3Heprus MOHOB Ha BXOJ€ M BBIXOJE YCKODHTENA B
K3B/HyKIOH. )
MOIIHOCTB, 3aTpaYeHHas Ha YCKOPEHHe Myuka, cocrasut Pb =We . Ib =262-10°Bm . (3.8)
Taxum OGPBSOM, TIOJTHaA MOLIHOCTH IlOTCpb, pacxonxyeMas Ha YCKOPEHHS IMy'ika W paccesiHMe B CTEHKax
YCKOPAIOINE#H CTPYKTyphI, Oyaer pasua 706 kBT.

Jina Toro, 9ro6BI MOMYYHTh YCKOPEHHBIH N0 HOMMHAILHOH 3HEPTHH IYYOK 3apAKEHHBIX YacTHl,
Hano obecneunTh cTabWIbHOE YCKOPSIOWIES 110N€ B CTPYKTYpE B TEUCHHE BCETO BPEMEHH MPONTETA YaCTHLL.
Bpems nponéra Qs NaHHOrO THIIA CTPYKTYD HE 3aBHCHT OT 3apsAZla YacTHU U OTPEAENfeTCs MPOCThIM
BBEIpa’K€HHEM:

n
= —27 >
TIe N- YHCNIO YCKOPSIOWHX A4eeK, f- pesoHarncHas uacrora.

! 3.9)
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Yucno yckopsmomsx sueek pasHo 382. INoacrasus 3naueHus A n u f 8 dopmyny (3.9), nomyunm Bpems
Nponé€Ta 4acTHL Yepe3 CTPYKTYpY - 6,9 MKc. 3HaueHHe 3TOTO NapamMerpa noTpebyercs B AaibHeAINEM NPH
AHAJH3IE BPEMANIPOSIETHOrO CIICKTPA YCKOPEHHBEX HaCTHI. BO3bMEM MHHHMAILHYIO JUIMTENBHOCTD ITyUYKa, B
TEYEHHEe KOTOPOWH' MOXKHO UpOBECTH u3Mepewus, pasHod 10mke. Ilpomecc ycranoBneHus
INMEKTPOMATHHTHOTO MO B YCKOPAIOLUEM PE30HATOPE XapaKTepH3yeTcs BhipaxKeHueM [2]:

E(t) = Emax-[1 —exp(-t/1)], (3.10)
rae T=2-0Onf/@® - nocTosHHas BpeMeHH YCTAHOBNEHWs TMOAd; t-Texymlee Bpems; K max -
YCTaHOBHBLIEECS 3HAMEHHE HANPDKEHHOCTH M0/1% B PE30HATOpE.

IMone aocturaer 99% cBoero crauMoHapHoro 3HadeHus 3a 4,67 [3]. Takum 0GpasoM, LIHTENBHOCTD
PanHOMMITYJ1bCa JAOJKHA COCTABINTb HE MEHEE

Ly =lop +1, +4,6-7=148MmKcC. @3.11)
Ha puc.3 nokasan npouecc ycranosnenms BY-roms » yckopsiomeid CTpykType, OmMChIBaeMbli
peipaxenrem (3.10). [To ocu opmHHAT yka3aHbl 3Ha4€HHA HANPAKEHHOCTH IEKTPHYECKOro NOjA B
OTHOCHTEJILHBIX €ITHHHMLIAX.

4. Paceér 1 paHOTEXHH4ECKAA HACTPOHKA ABTOreHepaTopa

PaccumtaeM OCHOBHbIE XapaKTePHCTHKH PEXMMa BEIXOJHOrO Kackafia aBTOTE€HEpATOpa I IABYX
BO3MOXHBIX CiTydaes. CHavyana paccunraeM pexxuM NpU OTCYTCTBHH MyH¥Ka YCKOPEHHBIX YaCTHIL, a [I0TOM C
yuéToM Harpysku ImyukoM. Hcnonkays ypaBHeHWe CTaLMOHAPHOIO pexkHMa aBToreHeparopa [4], Hainém
3HaueHue koa(duumenTa oGpaTHOM crA3H, obecneusBaloLIee BHINOMHEHUE YCIIOBHS CaMOBO30YKIeHHA
aBTOTCHEPATOpa IPH MHHAMAIBHOM Harpyske:

k= ﬁ +D, @.1)

np amin
rae D -nponmnaeMocts nammsl, S,
CONPOTHBIIEHHS AHOMAHOH HArpy3kH namnbl. [lanee, MCIIONb3Ys CBA3h MEXIY MPHBEREHHOH KPYTH3HOH
mammel S, W KPYTH3HOW XApaKTEPUCTHKM 2HOJHOIO TOKA S, HaXOIHM YTOJl OTCEHKH H BCC OCTANBHBIE

napameTpei:

-IpHBENEHHAS KPYTH3Ha naMimmel, K, . -MHHHMAIbHOE 3HaweHHe

1
TOJI OTCEUKH AHOAHOrO Toka yl= ———— =04, 4.2
Y N P'=5R, -k-D) “
HANPKEHUE Ha aHOZIHOM KoHType U, = /2. P-R: =66338, (4.3)
riepBasi rTapMOHHKA aHOAHOIO TOKa I, = 2(:,1) =132,64, 4.4
AMILTHTYZa 8HOOHOTO TOKA 1, = —"—; =2784, 4.5)
(24
MOCTOAKHAA COCTABIAIOILAN AHOAHOFO TOKa I,=a0-1, =8054, (4.6)
Hanpskenye Bo30yxKaeHNS U,=k-U,=1924B, “.7n
HanpsxeHwe cvemenny £, = % -U,+D-(7000-E, +U,)=-13498B, (4.9)
OCTATOYHOE HANpsKEHHe Ha aHOJe Comn = £, -U, =233708, ' (4.10)
MAKCHMANLHOE HATIPIKEHHE Ha ceTke e, = £, +U, =738B, @11
E |
COMPOTHB/EHHE KaTOOHOrO cMelenus R, = l—g—l =12,80m, (4.12)

ko

norpebnsemas mowmocts P, = E_ -1, =2416-10°Bm., (4.13)
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PaccyuTaeM peXXHM aBTOTeHEpaTOpa IPH HArpy3Ke pe3OHATOPA TOKOM Nyuka. [TonHyo MOIHOCT NoTeps,
3aTPAYCHHYIO Ha YCKOPEHME MMyYKa H PacCEWBAEMYIO B CTEHKAaX pe3oHaTopa, BosbMEM pasxoii 800xBr.

: P,
ConpoTHBIeHHe aHOQHO Harpyskw 6ynert pasuo K, = R, v};’— , rae P, - nonHas MOIIHOCTb TIOTEPD, 8 R, -

CONMPOTHBIICHHE NPHBOIMMOE K flaMNie NpW OTCYTCTBMM Nyuka. TpancdopMauns aHOAHOW Harpysxu B
6onee BBHICOKOE 3Ha4eHHe WPHBENET K I[OBHIUIEHHMIO HANPAXKEHWS HA AHOJE OTHOCHTENLHO CETKH H
v3MeHeHHIo ko duumeHTa o0paTHOH CBA3H:

U,=2-P,-R, =120608, (4.14)
k Y 0,159 (4.15)
=7 =019 .

a
TIpoBepuM, BBLINONHAETCA JIM AMIVIMTY/IHOS YCNOBHE CaMOBO3OYXACHMA aBTOreHEparopa, MOACTABHMB
HOBbIE 3HaYeHMA win koaddruueHTa oGpaTHON CBA3H H aHONHOH HArpy3KH B OCHOBHOC YPaBHEHHE
CTALMOHAPHOrO PeXKMMa aBToreHepaTopa:

(k—D)-S-R,, =2]17. (4.16)
TlockosnsKy, NoJydeHHoe 3taveHHe GOoNbIe CANHMLE], TO YCJIOBHE BHITOJIHAETCH. Jlasiee onpenensem yron
OTCEYKH 8HOAHOTO TOKA M BCE OCTAJILHEIE MAPAMETPH! B TOW K€ IOCIENOBATENBHOCTH, YTO H B IEPBOM
cryuae:

1

YTOJ1 OTCEdKH aHOAHOro Toka ¥l = m =0,46, ) 4.17)
2-P
nepsas rapMOHHKa aHOJHOTO TOKa I, =—>"=1334, (4.18)
Ial
aMILTHTY/la aHOJHOFO TOKa I = 1 =2704; 4.19)
o
[OCTOSHHAA COCTABSIOUIA AHORHOIO TOKA I1,=a0-I, =834, (4.20)
HanpmKEHUE Ha CeTKe U,=k-U,=1924B, 4.21)
Hanpskerue cmemenns £, = %""— ~U,+D-(7000-E, +U,)=-10138, (4.22)
|E:|
CONpPOTHB/IEHHE KATOFHOTO cMemenna R, = —- =10,20m, 4.23)
ko
ToTpe6sieMas MOIHOCTE P =E, I, =2492-108m, (4.24)
B
KIIJ{ anonso#t nemu = n = > = 0,32. (4.25)

k4

OKBHBJICHTHAA CXE€Ma ABTOFEHEpaTopa, IOKA3aHHad Ha PHC.4, HCIONTL30BANACK NPH aHAM3e paboTh
ABTONCHEPATOPa C IIOMOILBIO NPOrPaAMMBl  CXEMOTEXHHYECKOr O mopenuposanus  MicroCAPS.
AgToreHeparop mnpeicTaBnseT cobol ABYXKackamHylo cxeMy ¢ ofmieH CeTkOH, BBIUTONHEHHYIO Ha
COCPE/IOTOHEHHLIX 97eMeHTaX. B  Kackazax HCnone3yiores reHeparopusie Tpuonsl TH-27AM.
VYckopsiomas CTpyKTypa MpeJCTaB/ieHa B BHAE MapainensHoro pesoHancHoro kontypa L1,C1,R1. Crasb
nereab BBoxos BU-momHocth L2,L3 ¢ pesoHaTOpoM BhIpaskeHa Yepes p3auMAbe HHAyKTHBHOCTH K1 11 K2
cootBercTBeHHO. CHrHan ¢ nemin oOpaTHOM cea3u L4 no ymbua nepepauu T3 nocrymaer Ha BXOX
npensaputensHoro kackama JI1. Mexry xackanamy slunodeHa mHHMA Nepenaun T4 (pammoyacToTHBIA
kabens PKS50-24-16 wivHoit okoo 7 MeTpOB), TAK KAK KACKAABI PacroNOKEHbl B Pa3HbIX MECTax.
MomHOCTs B Pe30HATOp OT OKOHEYHOro kackaja JI2 mepepa€rcs mo JByM paanovacToTHBM Kabeswam
PK50-24-16 ¢ omuaxosoti asoeoit anunoi. Ha cxeme oun nipefcTarfeHs Kak nuHMH nepenaun T1,T2.
Bo BXOAHEIX H BEIXOAHBIX LEMAX KACKANOB PacTiONOXeHEl COrnacyromue KoHTypa. Ilpouece Bo3byxueHus
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KonebaHWit B JKBHBANEHTHOM KOHTYpe MokasaH Ha puc.5. TlepHox remepupyeMux KoneGauuit mpu
YKa3aHHBIX napameTpax coctasigeT 0,036 Mxc.

Pannorexnwyeckas HacTpoika Ha HayaNLHOM 3Tane COCTON/MA B HacTPONKE KOHTYPOB B AHORHBIX H
KaTONHLIX LENAX FeHEePATOPHLIX KACKANOB M H3MEPEHHWH aMILTHTYRHO-YACTOTHBIX X4PAKTEPHCTHK TIpH
XOSIO/THBIX JIaMNiaX. METOE! HACTPOAKH CHCTEMBI CBA3AHHBIX KOHTYPOB XOPOIIO H3BECTHBI M OMHCAHB! BO
MHOMMX Y4eOHBIX MOCOOHAX MO pajHOTeXHHKe, Hanpumep B [6]. TlockombKy, reHepaTOpHLIE KacKabl
PacnoNiOKEHbl Ha 3HAYUTENPHOM PACCTOSHHH OT YCKOpAIOMEH CTPYKTYPHI, TO M3MEpEHHUs (ha30BBIX JUTHH
KkaBenel MpOBOAWIHCH 0COBEHHO TaTensHo. Vi3MepeH#e BXOIHOTO CONPOTHBIICHHS B TOYKE BIUTIOYCHHA
kaGenet PK50-24-16 B aHOAHbIH KOHTYP MPOBOJKIOCE ¢ NOMOLIBIO LIMPOKOMIONIOCHOTO: peduiekToMeTpa,
daszomerpa ®K2-29 w  wamepurensHoro reneparopa I'4-143. 3aBHCMMOCTh aKTHBHOW M peakTHBHOMN
COCTaBNAIOMIHX BXOJHOTO COMPOTHBIEHHS B TOYKE COCAMHEHMA MABYX Kabesiell C  BOJHOBBIM
conpotusiicHHeM 50 OM, Mo KOTOPBIM NOCTYNAeT B PE3OHATOP MOLLHOCTb, OT WX JJTHHMN, yc‘ranonneunax
PacHETHBIM Iy TEM, IOKa3aHa Ha pHC.6.

OxoHyaTeNLHAS HACTpoOiika NPOBOAWIACH IPH TOJa4Y€ HA TIEHEPATOPHLIC JIAMIIBI HaKana M
HeOOMBIIOrD 8HONHOIO HANpPAXKEHHA TIpH aTMOcepPHOM OaBieHHH B Pe3OHATOpe. B 3TOM pexume
H3MepIca KO3QQHIHEHT yCuieHus TIO HaNpSIXEHHIO BCEro TPaKTa IPH PasOMKHYTOM iend ofpaTHod
cBa3n. CnexyeT OTMETHTh, 9TO C OJ/HHM FeHepaTOPHBIM KackagoM K03 ®HLUHEHT YCHIEHHS OKa3a/ICH SBHO
HCAOCTATOYHBIM. Tonsko ¢ NOAKIOYEHHEM BTOPOro Kackajia yaalnock JOCTHYb HCOGXOILHMOI'O 3uaqeri1u.
B pexume asroreHepamH asa ofpaTHOW cBA3W MOACHpanach MyTEM HM3MEHCHMA MUIMHH Kabes.
Perynaposka $a3sl B HEGOJIBIIHX NpenesTax OCYIECTBAAETCS C IOMOMIBIO Pa3/IBIDKHON NHHHH.

5. Koncrpyknus ssoxa BU-MomHOCTH B pacuér miomaay neray ceasa

{leTneBbic ycTpoHCTBA CBA3M YCKOPSIOUIMX pE3OHATOPOB C KOAKCHAIbHBIM TPaKTOM IIMPOKO
HCHONB3YIOTCH B METPOBOBOM M JIELIAMETPOBOM JMAMNA30HaX AIMH BOJMH. JyiA JIMHEHHBIX yckopmrenel
MOHOB OHH AB/IAIOTCE OCHOBHBIM THNOM BBOZIOB BU-mowtoctw [3]. OHH HMeIOT npHeMJIEMBIE pa3MepBl H
BLICOKHE MOIIHOCTHBIE XapaKTepHCTHKH. KoHctpykuws seoma BU-mommnocTn upencrasnensa Ha puc.7.
Bsoa BU-MOLHOCTH COCTOHMT M3 NETAM, KOHYCHBIX EPexXo/0B, HTOPOILTacCTOBOrO H30/14TOpa, XBOCTOBHKA,
BHEUIHeH TPYOBl H coeavHuTENbHOTO (uiania. Tletna npaMoyronsuoi (opMbl HIroTORICHA M3 MEIHOH
Mofockl  TOMWHHOH 3 MM M mmpuuod 38 mMMm. BakyymHas pa3sBf3ka OCYLIECTB/ACTCS C MOMOUIBIO
PE3VHOBKIX YIUIOTHEHHI HA COCAMHHTC/IBHOM QUlaHlEe W JBYX KOHLCHTPHYECKHX BBICTYNOB Ha KOHYCHBIX
nepexofax, umeromux ¢opmy 3yba. Tak kak okHo BBoma BU MomHOCTH Ha BaKyyMHOM KOXCyXe
PACTIONOXKEHO HA ZHAUMTENBHOM PACCTOAHHH OT TOYKH MAKCHMyMa HalpsDKEHHOCTH MarHHTHOro mons B
CTPYKTYpE, TO Ha4aIbHas YaCTh METIH BBINONHEHA B BHJIE ABYXITPOBOAHOMN JTHHHH.

JInst OLeHKH IUTOMaAH NETIH BOCIIONB3YEMCs JAHHBIMH H3MEPEHHH, NpoBenEHHbIX Ha Makere RFQ-
54. PesonaucHas yacTota Maketa cocrasnsna 51,5MITu. CofcrsenHas RoGpoTHocTs paBHanach 1720.
H3mepHTe/bHAs MET M3 METHOTO MPOBOJA AMAMETPOM IMM M miowansio 64cm’ pasmemanack B
MaKCHMyMe MAarHMTHOrO moJIA. HMHAYKTHBHOCT: H3IMEpHTENsHOH mneris coctapnasa 273HIH, a e
peakrusHoe conpotupienne 88,30M. ConpoTHBNEHHE NOTEPh,BHOCHMOE 3TOH NETIEH, MOXHO OMNpPEeNeIATs
M3 BBIPKCHUA:

r*(arM)l-Ro_(a)-M)z G.1)
, Ro® + X* 206 '
rae Ro=500M; X-peakTHBHOE CONPOTHBIICHHE [IET/IH.
CoupoTHB/ieHHe TNOTepb, BHOCHMOE MNCTIEH B PE30HATOP ITIPH CKOMIEHCHPOBAHHOM HHIYKTHBHOCTH
X =0, 6yger B 4,1 pasa Menbuie. [Ipu cobeTeHHOMN 106pOTHOCTH PeanbHON CTPYKTYphI, paBHOR 4600,
BHOCHMOE COMPOTHBIICHHE NIt QOCTHXKEHHA KPHTHUYECKON CBA3H NO/KHO GbTe B 2,67 pasa MeHblie.

Takum o6pasom, mma RFQ27 npu (Jo=4600 wu CKOMNEHCHPOBAaHHONW WHAYKTMBHOCTH NETIH

conpoTuBneHne cBsisM @ M [OOwKHO GuiTh B \/Z,1~2,67 pasa MeHbIE, 4eM Ha Makere. Tak Kak
Pe30HAHCHAs YacTOTa peanbHON CTPYKTYphI B 1,86 pa3a MeHblue, TO ¥ BIAHMOMHAYKTHBHOCTb BO CTOBKO



J4,1-2,67

%€ pa3 yMeHbIIHTCA M ~ 186 =1,77 . Tlpu nepexone c MakeTa Ha peanbHLIN PE3OHATOP pazMephl
9!
npuMMEpHO yRBauBaOTCA. M3BECTHO, YTO BIaUMOMHAYKTHBHOCTb CBf3aHa C PpaJHyCOM pe3oHaTopa
S
CIIEMYIOLHM COOTHOWIEHHEM M ~ ré rae S-rrowans net, R-paguyc pesonatopa. ClieioRaTENBHO, IU1d

COXpaHeHHA NPEeXHEr0 3Ha4YeHHA B3AHMOHHIYKTUBHOCTH NPH YBCJIMUCHUH paavyca pe3oHaTopa B 2 pa3a

2
HAZO YIABOHTH mwiomale nernd. Taxkum oOpasom, ruommagbr neTad RomkHa GbITe B 7 =113 pasza
£l
6omsie, YeM Ha MakeTe. YUHTHBAs HEPABHOMEPHOCTb pACMPEEIEHHA MArHMTHOrO MOJIS B (IOCKOCTH
neTiy, yRenuduM ed mwiomans B 1,5 pasa. B wWrore miowask netaH MpH  CKOMNEHCAPOBAHHOH

rHayxTuBHOCTH Gyner pasua S =Sm-113-15= 108cm?. Ecnu ucnons30BaTs ABA BBICOKOYACTOTHBIX

BBOJla MOIHOCTH, TO MUIOMmiaAh ofHOH mernyu Gyner B V2 pa3 menswe. Halingm napamerpnl netmis,
omans kotopoi cocrasnser 110 cu?. MopMy netsn srGepem npamoyronsHoil. [Iporoa, #3 KOTOporo
netng GyAeT H3TOTORMEHA, BO3bMEM TAKKE NPAMOYTONBHONO ceyeHHA. MHAYKTHBHOCTE NET/IH BLIYACIHM
o hopmyae [S]:

L =0,00921-[(h+a)-1g%"—”-h-lg(h+d)-a-1g(a+d)}+
*e (5.2)
+0,004-[2-41—1'%+0,447.(b+c)}

rae a=14 cm (HHa newid), A=7.8 cM (Bsicora nerau), ¢=4,2 cM (wMpuHa npoeoaa), b=0,3 cmM

(Tonmmna nporona), d =Ja+h.

HIHAYKTHBHOCTS NETIH C TAKHMH NapaMerpamH cocrasnsetr 142 nlH. Ha wacrore 27,6 MI'n peaktuBHoe
conpoTuBiieHMe netad Oyaer pasuo 26 Om. B  paneueiiineM, NpPH NPOBEACHHH H3MEpeHHH
HENOCPEACTBEHHO Ha YCKOpsoielt CTPYKType [UIOIaAb netsi 6yaeT CKOppeKTHPOBaHA.

6. CorjacoBamne YCcKOpHIOmeH CTPYKTYPH € BBOJaMH MOmMHOCTH H XaaHGpoBka
HIMePHTEAbLHBIX HeTeb.

PesoHarop npeacTaBaseT coboi Harpy3Ky s reHepaTopa, COriacoBaHHOTO C fIEPEfAIOIEH NHHUEH,
BenwwmHa BBUIENAIOMICHCA B HArpy3K€ MOLUHOCTH oOMpenensercs ueped Koapduument nepenaus,
MaKCHMMaIbHOE 3HAYEHHE KOTOPOr0 AOCTHMIAeTCd HA Pe30HAHCHOM YacToTe NPH YCIOBMH COIJIACOBAHHUSA
pe3oHaTOpa C JIMHHEH mepesaud. 3TO BO3MOXKHO, €CNIH CBA3b pe3oHaTOpa C reHepaTopoM 6yner
KPHUTHYECKOH, KOria CoGCTREHHas I0GPOTHOCTL Pe30HATOpa PaBHa BHEINHEH nobGpotHocTd O, = Qpy HIH

1
HarpyXeHHas 06POTHOCTb paBHa noNosuHe cobcteeHHol () = 3 Oy

Cxema, 10 KOTOPOW TPOM3BOAMNACE HECTPOMKa BBOJIOB, MOKa3aHa Ha pHC.8. BhiCOKOYACTOTHBLH
CHrHall OT M3MEPHTENbHOro reneparopa 1'4-143 noctymaer B CTPYKTypy 4HEpe3 NETUO ¢ MATbIM
k03 PuumeHTOM CBA3H. YPOBEHL BXOAHOrO CHIHala KOHTponmpyercs dazomerpom ®K-29. Curnam c
pabounx reTens HIMEPAIOTCH TAKKE ¢ MOMOMBIO hazoMerpa. IpdexTuBHA IUIOWANL NETNH HAMEHANACh
MyTéM TNOBOpOTA COEAWHWTENBHOTO (MaHNA BOKPYT cBoeif ocu. [lpouecc nacTpoiixu sakmodancs B
cnenyromem. Himenss >¢dekTHBHYIO IUIONIafb MMeTels NOOMBAEMCA TAKOrO 3IHAYEHWS HarpyXeHHO#H
noGpoTHOCTH, Npu koTopoif obGecnevnBancs Obl pexUM HEGONLILON MEPECBS3H PE30HATOPA ¢ BBOAAMH
MOLIHOCTH, HATPY)KCHHBIMH Ha 50-OMHbIE ITAIOHHbBIE Harpy3xku. CHrHANb], 3MepseMbie $a3oMeTpoM, NpH
ITOM JOJUKHEI OBITH MPHMEPHO OAWHAKOBHIMH. B 3TOM cllydae NpH Harpy3ke pe3OHaTOpa ITy4KOM
yckopeHHbIX yacTHl BennyuHa KCB B BY Tpakte Gyzner 6im3ka Kk ontuMaibHol. B Tabn.! npeactarieHs!
Ppe3yJ1bTaThl APOBEAEHHBIX H3IMEPEHHH. '
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Tabnuual. 3uauenns HarpyXeHHOH JOOPOTHOCTH B 3aBHCHMOCTH OT [UIOIA/AH NETENb.

Ne |BponBY | Inowame | Amnnmtyma | Affl-f2 fo Qu ]
H3M | MOIJHOCTH | n€TAH CHTHaIa [xFu) [xlu]
. [em?] [MB]
1 1 198 39,0 11,7 27618 2360
98 38,8
2 1 112 38,3 13,2 27619 2092
2 112 37,7 j

OCHOBHBIM HapameTpom cornacoBanua sensercs KCB. Munnwmanshoe 3nauenwe KCB, koropoe
MOKHO [OCTHYb MPY HECKOMIEHCHPOBAHHON HHIYKTUBHOCTH METIH, OTIpEfeNSeTCH MyTEM MOACTAHOBKH
3HAYECHUA MORYIA KO3QOHIMEHTa OTPAKEHUSA B UIBECTHYIO Popmyny:

kcp=2T ' . (6.1)

1-I )
3naverme koddpdHUMEHTA OTPaKEHMS BEIYHCISETCA uepe3 MONHOE CONPOTHRIGHWE NeTiH ZH
conpoTHBieHne Harpysku R, . Kak Menserca 3sauenne KCB npn M3MeHeHHM BKTHBHON COCTaBISIOMEH

FIO/HOTO CONMPOTHBJICHHA NIETIM, N0Ka3aHo Ha pHc.9. Muaykrussocts newin pasHa 140 ui'n. MHHHMaNbHC
nocriwxnmoe 3uadenne KCB npy nanxofl uHaykTMBHOCTH NeTny coctarnser 1,6. Kaknm 6yner KCB npu
HATpYXeHHOH fobpoTHocTH paBHON 2090 MOXHO OLlEHHTSH, BOCTONL30BABIIHCE CIEAYIOUIEH METORMKOH.
Ona ocHOBaHA Ha ONpPENICNICHHH BHOCHMOrO COTPOTHBAEHHA CO CTOPOHBI PE30HATOpPA B paGouMe METITH.
IpeaBapHTELHO M3MEPHIOTCH HArpyKeHHas ROOPOTHOCTL ¥ 3Ha4YEHWS CUTHAJIOB C  KAXKAOTO BBOAA
MOMHOCTH. 3aTeM BBRIYHCINIOTCA BHEWHAS AOOPOTHOCTE M BHOCHMEIE B NET/IH conpoTHRReHHA.Hinke
upHREACHbI opMyIibl, 0 KOTOPLIM fIPOH3BOAMTHCE PACHETEI:

-
1 1
BHewssiA pobpornocts O, = [—~ - ~J 6.2)
0, ¢
BHOCHMBIE A0OPOTHOCTH KAXABIM BBOAOM B OTEILHOCTH
Ul U,
Qanl=Qu‘ 1+UAZ7,‘ H Qan2=Q 1+T (6"3)
BHOCHMbIE B MET/IH aKTHBHbIE CONPOTHBIICHHA [PY OTCYTCTBUM ITy4Ka
-Q -2 R,-Q,-2
r‘“l = Rﬂ Q0 , rmz = 0 Qﬂ ; (6'4)
le Qquz
BHOCHMbIE B [1€T/IH AKTHBHbIE CONPOTHRIACHHA MPH HAHYMM MydKa
1 1
rml(nw) = E.rfﬂl 2 r;ml(nyv) = 5 "'m : . (65)

Jis yckopenus mmytka 4acTHy ¢ tokoM 10MA TpeGyercs npumepHo 8 4pa pasa Gosnbiue MOIUHOCTH.
NoaToMy, BHOCHMEIE AKTHBHEIE CONPOTHRICHHA NPH HANMYMH (Ty¥Kka GyAyT BO CTONBXO K€ pa3 MeHblle.
Ha cnegyiomem 5tane BLISHCSIOTCA HONHOE CONPOTABNIEHHE NET/H, MOAY /b KOIQQHUMEHTa OTPIKEHHA H
KCB npH oTcyTCTBHMH Ny4K2 H € IMy4KoM 1o HopMynam:

TIOJIHOE COTPOTHBNEHHE IeTH Z, =7, +i- X ; (6.6)
KOI)PHLMEHT OTpaKEHHS I = 22| ®.7
Z,+Z,
1+,

ko3¢ durmeHT crosueii sonast  KCB = (6.8)

1-r,
PesymsTaTei BRIYHCTEHHH BHOCHMEBIX COMPOTHBNICHHH, KO3(PHHUHEHTOB OTPaXEHHA U CTONHCH BOMHLI NIPH
HArpys3Ke IMy4YkoM M 6e3 My4ka JUIf KaXAOro BBOAA MpeacTaBneHbl B Tabn.2.
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Tabauua 2. Ilapamerps! COrNAacOBAHMS CTPYKTYPEI C BBOAAMH MOLUIHOCTH.

Beog | BHocHMOE cOnpOTHB. Koadd. orpakerus Koag. cr. Bonun
[OM] r KCB
6e3 myuka | ¢ my4xom 6e3 mydka | C mMy4YKOM 6e3 my4ka | ¢ my4koM
1 68,51 | 34,25 0,254 0,333 1,68 1.88
2 70,71 3335 0,261 0,322 1,71 1.86

HaMmepuTenbHble NETIN CIYKaT 119 ONIepaTHBHOrO HabnioneHHs 3a YPOBHEM BBOAHMOH MOLIHOCTH B
pe3onarop. JlBe H3MEPHTEILHBIX METNH PACIONIGKEHE Ha OfHOM W3 (UIaHIEB BaKyyMHOro koxcyxa. Ilpu
KanuOpOBKe BHICOKOMACTOTHBIH CHTHaJ OT reHepaTopa ['4-143 uepes COrIacCOBaHHBIA TPOHHMK NTOABAICH
x sBonamM BY mommocrn. 3nauenme KCB Ha BhIxome reHepaTopa W3MEpAIoCh € TOMOUDIBIO
IIMPOKONONOCHOrO pednekroMeTpa. JICHCTBYIOIME 3HaYEHMS  BXOJHOTO CHIHaja W CuTHana <
W3MEPHTENIBHON mnerm u3Mepamuch (asomerpoM DK2-29. Ha OCHOBE 3TuX NAHHBIX BbIMMCIIANCA
KOSHITHEHT NEpeiayH N0 HaNPMKEHHIO, H CTPOHIHCH KAnbpoBoUHEIe KpHEbIE AiA KaxaoH nerin. Ha
puc.10 npeacrasnena xkamubpoBovnas Kpusas uiA nerny Nel, a Ha puc.1] — xanuGposounas KpHBas Jna
neTnn Ne3. ITo ocH afcLMce OT/IONEHB! AMIUTHTYAHEIE 3HAYeHU CHIHaNa ¢ H3MepuTenkHoit netax Umax s
BOJITAX, @ IO OCH OPAHHAT 3HAYCHHS BBOJMMOA MOIHOCTH B BaTTaX.

7. HcnbITaHEe CTPYKTYPBI HA 3JICKTPHUECKYI0 IPOIHOCTH ¥ NPOOHLIiH BBOJ MOIHOCTH

BBox MOIIHOCTH B YCKODSIONTYIO CTPYKTYPY MPH aTMOC(HEDHOM AABINEHHH OCYLIECTBIICA HJA
ONPEAEIICHAA ATEKTPHYECKOH MPOYHOCTH CaMOM CTPYKTYPH! H OLIEHKH MaKCHMAIIBHOTO YPOBHA MOIHOCTH,
pH KOTOPOM BO3MOXHA mafdxHas pabota Bcero yckopuTens. KOHTpo/nbHBIH BBICOKOYACTOTHBIH CHIHAN
CHHAMAJICA ¢ H3MepHTelbHOH merin Nel u mo papmouacroTHoMy kaGemo PK50-2-11, nponoxennomy B
METaLIopyKaBe, NoAaBaiCA Ha BXOR ocumuutorpada LeCroy. Ha puc.12 noka3zata ocusutorpamMma, cHsras
B MOMeHT npofos, XapaKTepHBIM NPH3HAKOM KOTOPOro ABJIAETCA PE3KMH CKOJ HA BLICOKOYACTOTHOM
nmarynkce. [lonmbtif pasmMax wMITyninca A0 CKofa cocTaBaseT 2,6 BoabT. Tak KaK 3/1eKTpHyeckas TPoYHOCTE
BaKyyma mpuMepHo 8 10 pas Buille BO3ZyXa NP HOPMAAbHLIX YCIIOBHSX, TO MaKCHMANbHOE 3HAUEHHe
KOHTPONBHOTO CHMTHaNa ¢ mepsoif metnu B pafoueMm pexmme He JODKHO npessunats 26 B. ITocne
nony4enus paGouero Bakyyma B pe3oHaTope ObUIa MPEANIDMHSATA NOMNBITKA BBECTH MOMHOCTE. OAHako,
aBTOreHepaTop He BO3CYXIANCH HM MPH KAKMX 3HAYCHWAX RHORHOrO HANPMKEHMS HA JaMnax H ¢aze
curnana obpatHo#t ceash. IlpuumHONM OTCYTCTBHS BO30YX/IEHMS aBTOTeHeparopa ObulM BTOPHYHO-
SMEKTPOHHBIC PaspAnbl, & Talke ApeH] SAEKTPOHHOI TUIAIMEI BHYTPh Pe3oHaHCHOro o6b&Ma, TaK Kak
MarHMTOpa3piaaHble Hacock! 6bUIH ycTaHORIEHE 6€3 3aluMTHEIX pemérok. [IpoHnkarowas B pesoHaHCHbIH
o0bEM Mmna3zMa, OokaseiBana UIYHTHpyioliee JeliCTBME, 4YTO NPUBOMMIO K PE3KOMY YMEHBIUECHHIO
Ko3p¢HuMenTa oOpaTHOH cBA3M sepe3 pesowarop. IIpHposga BTOPHUYHO-IEKTPOHHBIX Pa3pA/IOB
JOCTarovyHO XOpOIIO H3yueHa u Haiigens! >¢dpexTrBHLIE cnocoGs ux mpeojoneHHs [2]. B BosHuKiei
CHTyalZHH TpeGoBaIOCH MPHHATHA AOMONHHMTEAbHBIX MeP. C 3TOA LENb0 B NPENBAPHICALHOM KACKANE
aBToreHepaTopa Ghita 3aBeAicRa AOTIONHMTEABHAS OOpaTHAR CBA3L, NO3BONMBLIAN YBEHUHTE CyMMAPHbIH
K03 GHIHEHT YCHIIeHHA B HAYANBHDI MOMCHT BOSHUKHOBEHHS KoneGamuii,

8. TpennpoBka K BBIBOJ YCKOPAIOWIEH CTPYKTYPSI HA HOMUHAMLHBIH YPOREAs MOIYHOCTH

TpenupoBka yCKOpsIOLEH CTPYKTYPbI SBISETCS OTBETCTBEHHBIM H OCHOBHBIM METONOM JOCTIDKEHHAS
ycroiignBo#l pafoTs! Ha HoMuHankHOM yposHe BU-Mommoctd. Kpurepuamu Takoii paGoTsi ABAAIOTCA
OTCyTCTBHE NpoboeB M coxpaneHde pabouero Bakyyma B pe3onarope. [lpouecc TPEHWPOBKH ANWICH B
TCYEHUE HECKONBKHX HC/C/ib, BKIIOYas TNEpCpuiBsl. Bo BpeMs TpeHUPOBKM (HKCHPOBAIHCH pobow,
H3MEpAIaCh MOLIHOCTh AO3bI PEHTI¢HOBCKOFO HIMYyYEHHS BJOINb CTPYKTYpPh.. MaxkcHMansuuie 3uauenus
PEHTTCHOBCKOrO M3Ny4eHHs OTMEYANC, B HaUaNIbHON M cpenell 9acTiX CTPYKTYPHI, TA€ pacnioIONKeHs!
BBobl BY-mounocT. Hanfonee TpyHONPOXOAMMEIM GBUT AMATIA30H HMITYIBCHON MOMHOCTH 0T 150 0
300 kBt (coorsercrByer 10-12B nonHoMy pasmaxy Wmiynsca ¢ KOHTponsHo# nemin Nel). Ha puc.13
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NPEACTABIEHa OCLMVIOrpaMma ¢ nioGpaxkenuem BY ummyibca npH MyibTHoaxkTopHoM paspase. [lpn
BO3HHKHOBEHMH MY/ILTMIAKTOPHGIX paspifos  ¢opma BU uMITyNecOB  MCKRKANACH, [OSB/LLIACH
XapakTepHsle penakcauud. ITocne HeAeJabHOR TPEHMPOBKH YPOBEHb BBOZHMOH MOLHOCTH COCTABIUT
nopsaaka 400kBT npH cTabWIbHOM # HEHCKAKEHHOM BLICOKOHACTOTHOM KMITYJTbCE.

JlansHeiiuan TpeHUpPOBKA CTPYKTYPbI IPOBOAHIACH 110 TOM Xe MEeTOMMKe. YCTaHaBIUBANCA PEXHM,
apu KOTopoM He Guuio NpoGOEs ¥ HEe BO3HMKATO MYNBTHIIAKTOPHBEX Pa3pAfioB. 3areM NOAHHMMANOCH
AHOZIHOE HANPMHKEHHE HA KACKAIAX MO 3HAYCHMA, NPH KOTOPOM MPOHCXOAWAM CpbiBbl konebanuit. ITocne
TOr0 Kak BocCTaHasimpanack ¢opma BU-ummyisca, CHOBa MOAHHMANIOCH AHOAHOE HAIPIDKCHHE, H
TPCHUPOBKA [IPOAOIDKANACcE. CIeRyeT OTMETHTB, 9T0 JNABICHRE BHYTPH BAKYYMHOTO KOXYXa MOCTETICHHO

yMeHpiianock H coctasuno 2,4-107la. Onsospemento ¢ HIMEPEHHEM YPOBHS BBOHMOH MOWIHOCTH
MIPOBOAWNHCH M3MEPEHHS PEXXMMOB KacKajIoB asToreHeparopa. B Tabn.3 moxazansi napamerpsl pexUMOB
OKOHEUYHOTO KAaCKaia M COOTBETCTBYIOIIKE HM YPOBHK BBOXHMO#H MOUIHOCTH.

TaGmuna 3. PexkMMBI OKOHEYHOTO KackKa/ia aRTOreHepaTopa.

Ua [xB] Ik [A] Ta [A] Po [kBr] | Up[B] P [«BT]
SHOAHOS TOK TOK noTp. u3m.netna Nel | BBoaumas
HEOPLKECHHE Karoga aHona MOILIHOCTh MOLIHOCTH
20 70 58 1160 12,0 400

22,7 95 83 1997 17,56 900
256 |04 |9 2457 20,78 1100

CTenenb COrnacosanns Ha BXO/E (PHIACPHLIX BBOJOB ONPENEANach IPH NOMOIIM peReKTOMETPOB.
Ha puc.14 npeacraricHa ocLpnnoOrpaMma ¢ MMITYSIkCaMH Najjaionieli BONHB Ha BXoae GuAepHOro BBoaa
Nel u ummynibca ¢ w3MepHTenbHON ey pesonaropa. Ha puc.15 mokasana ocluLIorpaMMa ¢ HMITYIbCaMu
OTPaKEHHOH BOSIHLI Ha BXOJle TOTO M€ (QUICPHOrO BBOAA H C W3MEPHUTENBHOK METNH pE30HATOpa.
CpaBHHBas TIOKa3aHUA pPeIEKTOMETpa BHOHO, YTO aMILTHTYAa OTPaXEHHOMK BonKbl B 3,3 pasa meubuie
aMILTHTYAB! napatouteit, uro coorsercrayeT KCB=1,85. Mamepennoe snauenne KCB Ha Bxone dupgepHoro
BBosa Ne2 pashserca 2,0. C BospacTanHeM YPOBHS BBOZHMOH MOLIHOCTH BO3PACTAN0 KOMWYECTBO
npoboes, ¢ukcupyeMpix no ¢opme BYU-umnynbca ¢ xosrponemoit nertnu. Ha puc.16 noxasana
ocuuiLiorpamma ¢ uzobpakennem BY ummynsca B MOMEHT npofos NMPH BLICOKOM YPOBHE BBOAMMON
momHocTH. [Toce TpéxHeaenbHOH TPEHHPOBKH, ¢ YHETOM BCEBOMOXKHBIX MEPEPHIBOB, GBUIM JOCTHIHYTHI
paboune ypoBHH BBOXMMOH MouHocTH. Ha pHc.l7 mokasana ocupuunorpamma ¢ WioGpaxenmem BY
HMMITYJIECA H3 PE30HATOPA, GMMUIMTYA4 KOTOPOro COOTBETCTBYET YPOBHIO BBOAMMOH MOIIBOCTH Hopaika 1
MBT B uMnynbce.

9. 3axmouenne

B pabore mpenctaBieHn pe3ynbTaThl pacu&Ta aBTOIEHEPAaTopa, YCTPOIHCTB BBOAZ MOLIHOCTH B
pe3oHaTop M HMX pamMOTEXHHHeCKOH HacTpoiiku. IToxasama JKBHBaIeHTHaA CXeMa aBTOreHepaTopa,
KOTOpa’ HCIONb30Bajlach NpH auanuse ero  paboTel ¢ MOMOWIBIO JIPOrPAMMBI CXEMOTEXBMYECKOro
moaesdposanka MicroCAP 5. Tlporeaena kanuGpoBka M3MEPHTENBHLIX NETeNb W PEGVIEKTOMETPOB LA
OMEPATUBHOTO ONpede/CHHs YPOBHA BBOAMMON MOUIHOCTH, MOCTpoeHs! KanuGpomounnie Kkpusbie, IIpH
MCTNTAHMH CTPYKTYPbl HA 3JIEKTPHIECKYIO FMPOWHOCTL WPH aTMOC(EPHOM [aBieHWH ONpenenéH
npeanpoCoMHbIt  ypoBeHb BBOAMMOH MOWIHOCTH. B mpomecce paGoThl  BHIABIEHL! NPHYKHDL,
TIPEILATCTBOBaBHIME BO30YKAcHUIO aBTOreHeparopa npu paboueM Bakyyme B pesoHatope. Brmouenne
KOHTYpa MONOAHTENbHOH ODpaTHOH CBA3M B NpeaBapHTEILHOM Kackaje TO3ROAMAO YBEAWuMTbL oOwmii
ko3 duurenT mepenaun W eo3bByanth aBToreHepatop. Ilpesnoxennan cxema cucremst BYU nuTanus
MO3BO/IWIA OCYIIECTBHTL (PH3MYECKMH MYCK YCKOPHTENS ¥ NOMYHUTH YCKOPEHHBIH IMyHOK LBYX3apSIHBIX
HOHOB Meny. Ilocne TpéxHenenbHOi TPEHUPOBKH ObLT MOCTHIHYT HOMMHATLHLIN YPOBEHL YCKOPSIOLIETO
TI0J1A B PE3VHATOPE NPH KOCTaTO4HO cTabwibHom BYU ummrysibce.
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Moaynstop

i
i

j_jl | n

K2 - K1

Puc.1. Crpyxrypnas cxema cucremsl BU-nuTanus.
I11,112,113-netmu ceasu; B- Beon BU-mounoctn; PO- pednexromerp; PK-pansouacrornniii kabens; ®JI-
tasocasuraroman nuHna; K1,K2-reneparopHeie Kackasn!.

cuTcuTcuTcﬂTcmT cg-[ Ca_l_ cyT C,T CST Q‘T

C3'[_(A‘:1j.' C!]’

Rt R2 R3 R4 RS R8 R7

K2 L48 58 L7 RSS 2 Ry LY R
OB —rr— — — — T
- +# —— K

048 D47 02 o1

e N N ]
T SN
T —s N
Bnox sanycea

Puc.2. DnexTpHYecKas cxemMa MOXYJISTOpa.
A- aBromar; JI- MarHuTHEI Myckatens;, PTT-25/0,5- perynupyemuit Tp8xdazubiit tpancdopmatop; BTM-
12/40- suinpamuTtens TpéxdasHel MacnsHeLl; P- pybuasHuxk,
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Puc.3. [Tpouece ycranosnenwus BU-nons 8 yckopsiomei crpykrype.

R1

Puc.4. DkBuBaneHTHaA cxeMa JBYXKaCKaJHOrO aBTOr€HePaTopa.
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GEN1.CIR Temperalure= 27 Case= 1

24310137 [ : I H : ' : : e

1.457¢13T

4.8280127

4.914012T} <o memb e meam b tae

-1.466013T------- -~ + ! H H

2440137 :
18500 20,600
o Right Detta Slope
v 6608504934698.003T 6860725248815.602T  252220314117.599T 7 008e+030
T 19.867u 19.703u 0.036u 1.000e+000
Puc.5. Tlpouece ROIHHKHOBEHHA KO/ICGAHHIT B IKBUBAICHTHOM KOHTYDE.
SOT
a1
361
297
227
= And
& 151 .
B .
..... 8T '_,-’
Ly 4 4 £ it oy t —yf
5 155 16_.-165 17 175 18 185 19 195 ..°20
-6t -
L) R T
20l

g3

Puc.6. 3aBHCHMOCTb aKTUBHOMU A, W PeakTHBHO#M B); COCTaBAAIOLINX BXOJHOTO
COTPOTURIICKHS B TOUKE COSAHHEHHA IBYX Kabeneif OT HX ANMHbL.
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Puc.7. Konctpyxima psoga BU-mowmocTn,

1,7-pe3nnoBeic ynnoTHeHus, 2-coeanuuTensHprii gaanew, 3-dgropomnactosniii
H30JISTOp, 4-BHEWHHI KOHYCHRIH Nepexolt, S-BHyTPeHHKH KOHYCHEIH nepexos,
6-netns, 8-BHewHAA TPYOa, 9-XBOCTOBHK.

RFQ27

1 ] | o
I'4-143

¢ H H
q3-54 OK-29

Puc.8. Cxema HacTpoiiku BBo10B BY-MOomHOCTH.
T'4-143- usMepuTensHE reneparop, Y3-54- qacrotomep,
H- cornacorannas narpyska 50 Om, ®K-29- dasomerp.
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KCB(R) 4t
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Puc.9. 3asucumocts KCB 0T akTHBHOTO CONPOTHRIIEHAS ITETIH.

16510° T

1.4810° 1

132:10° 1
1.1516° 1

98710° |

-+

& p(U,)82310
6.58.10° T
49410 T
3.29-10°

1.6510° |

Puc.10. Kannbporounas kpuBast HaMepuTenbHoi netan Nel,
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1510° T

13510° T

1216 T

105:10° |

910 T

P(Up) 7.510° T
610° T

4510 t+

310 T

1.510° T

Puc.11. KanuGposounas kpuBas W3MepHTENbHOH netnu Ne3.

18-Jan-00
16:58:44
1
58 ps
1.88 V

—

HHHH

L—.—J

S 3
«— 298 ps
ampl (] 2.84 ¥
Freg(] 27 8348 MKz
pkpk (P 250 v

Puc.12. Ocumnnorpamma BU-curuana ¢ KoHTponbHo# netiu Nel npH HCenbITarHKM
yckopsioluei CTpyKTyphl Ha aTMoctepe.
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16-Har-60
15:52:80 -
t— I )
.t ms L H
2.88 V 3 v
I )
T I TS PC U DI Y -+
T\
L r
I 1
I '
T '
T '
Freql(]) - - -
anpl<]) 5.68 V
pkpk(D 7.38 V

Puc.13. Orubaronmas BY-aMnynsca NpH My TETHIIAKTOPHOM paspsje.

17-Feb-68
13:40:36
gossshin b,
dm
2,08

ErTr] IR CRNEE i ) BT e

9
(]

.1ns
PR B

HE TS

[IITTITSRTTTTREIVATY A IR CXR T R T IC AL R ey

Frog( 20.5526 Niz
ampl (1) 2.4 ¥
Phpk (T 2.699

Prc.14. OcuwuiorpaMma ¢ HMITyNbCaMH DANAlOIIel BOIHE! B GHACPHOM
8BoAc (JTy41) H ¢ HAMEPHTENBHOH TIETNH pe3oHatopa (Tyd 2).
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17-Fab-68

1 -
2.68 V | i ‘,
i

20 J

IRTTRLIRT TR TRRTREYEY - YRTTY: 30 Ohisaanian g rannoes

Frey(D 21.5724 Mke
apl(P 8.72 ¢
phpk {1 881 ¢

Puc.15. OcupuiorpaMma ¢ MMITYTECaMy OTPaXEHHOM BONHLE B drcpHOM
BBOJC (JIy41) H C H3MEPHTENBLHON DETTH pe3oHaTopa (JTyd 2).

Z-Nar-66
16:82:84

]
1 1
|
1
I
B8 s
Fregth 27.6299 Wiz
ampl <)) 1.9 ¥
prpECl) 21.88 v

Puc.16.0cumanorpamma BY umimynsca 8 MoMeHT mpobos .
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2-Har-88
15:46:32

58 ps
58V

«— 88 |5

Fregt] 21,6249 ¥R
ampl(] 18.66 ¥
pek (D) 20.18 ¥

Puc.17. Ocumnorpamma BY ummmynsca npd ypoBHe BBOAMMO# MOWHOCTH nopsaka | MBT.
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