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HEKOTOPBIE BONNPOCHI HCCJEANOBAHHKS
10 ABTOMATHYECKOMY PETYJHPOBAHHIO H YNPABJIEHHIO
B BETATPOHHbIX YCTAHOBKAX

B. M. PA3HH

BeraTtpoHHash YCTAHOBKA HMEET B CBOeM COCTaBe HECKOJbKO OTIeJbHbIX
V3J0B, NPaBUJIbHOE B3aHMOICHCTBHE KOTOPBIX oOfeclneyHBaeT J10CTATOUHO
3(QQeKTHBHYI0 paboTOCNOCOOHOCTE YCKOPHTEA KaK HCTOUHHKA 3JEKTPOHOB
¢ aHepruell mopsjika HecKoJbKUX JecsiTkoB Msp. Kax ussectHo [1], stumu
V3JaMM ABJASIOTCS 9JEKTPOMAarHuT OCTAaTpOHa H ero CHCTeMa CHJIOBOrO NH-
TaHHsl, CHCTeMbl HHKEKUHH U CMELUeHHS, BaKyyMHasg CHCTeMa M T. 1. 37ecb
paccMaTpHBAIOTCA BOMPOCH, CBfi3aHHBle ¢ pa3paboTKOH M HCCIeI0BaHHEM
I;1aBHBIM 00pPa3oM CHCTEM HHXKeKUHH M CMCUIeHHS W OTYacTH CHCTeM IH-
TaHHS 3JIeKTPOMATHHTA, B KOTOPbIX aBTOp TIPHHHMAJZ HEMOCpeacTBeHHOe
yyacte B 1954—1968 rr., paforas B crenax Tomckoro opleHa TpyaoBoro
Kpacnoro 3uamenu noantexHundeckoro uHcrutyra uM. C. M. Kuposa (TITH).

ITpouecc vckopeHHs 3JeKTPOHOB B HHIYKLHOHHOM YCKOpDHTeJe THNA
feTaTpoHa MOXKHO VCJOBHO pa3le/dThb HA TPH 3Talla: BBOA, YCKOPEHHC
H BBIBOJ M4 cOPOC YCKOPEHHBIX 3JEKTPOHOB Ha MHUIeHb. IlpH mnHTanuu
3JeKTpoMarHuTa OeTaTpoHa OT 3JdeKTPUYeCKOHl  CceTH IIPOMBIUJIEHHOTO Ha-
3HAUCHHS 3TH 3Tanbl ONpeleseHHBIM 00pa3oM CHHXDOHH3HPYIOTCS NO OTHO-
IEHHIO K NepeMeHHOMY MAarHHTHOMY HOJI0 B MEXKIIOJMIOCHOM  IIPOCTPAHCTBC
feTaTpoHa ¢ TMOMOUIBIO aBTOMATHUECKHX CHCTeM VIIPaBJICHHS.

B OTIeJBHBIX CJIYUafix LEJIeCOOOPa3HBIM SBJISETCH HMIYJbCHOE ITHTAa-
11e 3gektpoMarHurta, [1ocKkobKy 3/eKTPOMarHur ©eraTpoHa norpebJder,
KaK NpaBuJo, 3HaAuUTe/bHble pPeaKTHBHBIE MOILHOCTH, TO TpPH 3TOM HeobOxo-
JIHMO KOMMYTHPOBATh HMIYJbChl TOKa DOPSIAKa HECKOJMbKHX JLeCATKOB
KHJ0aMIep TIpH HANpPSXKEHHH TIOPSAIKa 1eciTKOB KuaoBoabT. OIHH H3 Me-
TOJOB TeHepaluH 3JEKTPHUECKHX HMIIYJIbCOB ¢ NOJXOOHBIMH IapaMerpami
3aKJI0UaeTCcsl B MCHOJIb30BaHHH pa3psila eMKOCTHOIO HAKOMHTEJs 3IHeprun
Ha MHIYKTHBHOCTb 3JIEKTPOMArHHTa 4epe3 KOMMYTHPYIOIIHMe Ta3opaspsn-
Hble NPUGOPLI THIA HTHHTPOHOB M THPATPOHOB. llpn KoMMyTaumuu OOJBIIKX
TOKOB TpebyeTcs ofecrnieudTh pPaBHOMEPHOE pachpejeseHHe HArpy3KHM Ha
napaJga’ienbHO BKJAOUEHHbIe Ta3opa3psiHble NpuboOpbl, UYTO  MOXKeT OHIThb
JOCTHTHYTO ¢ IIOMOLIbIO VDPaBHHTEJIbHBIX DEaKTOPOB, AHOIHBIX JCJHTEJEH .
toka H T. . B nawei patore [2] npelioxena MeToZHKa pacueTa ypaBHH-
TeJBHOTO peaxkTopa, KoTopas o0ecneuyuBaeT 3alUUTy OT MEPerpysok OLHOTO
ICIPAaBHOTO rasopaspsiaHoro npudopa TpH  BbIXOJAe H3 CTPOsA BTOPOIO
napan’e]bHo BKJKUEHHOro npubopa. YMeHblleHHe Tieperpy3kd B 3TOM
clyyae TOCTHraeTcs 3a CuYeT aBTOMATHUECKOTO YBEJAHYCHHS HHIAYKTHBHOCTH
B pa3psiHoM KouType. TlostBienne oOpaTHOro HalpsiZKeHHs Ha aHOJe raso-
paspsiaHoro mpubopa mocJae nepesapdila e€MKOCTH Ha HHAYKTHBHOCTbL 3JeK-
TPOMarHuTa WHOT1a NPHBOINT K MOABJCHHIO OODATHBLIX 3a:XKHIaHHA U Hapy-
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IIeHHIO HCNpaBHOTO JeHCTBUsT KomMyTatopa. B paforax [3, 4] paceMmotpe-
HO pelleHue 3aJayy raulcHHs oOpaTHOro HAaNpsiKeHHs Ha aHOJe rasopas-
psaHoro npuoopa, KOMMYTHPYIOWIErOo HMIIYJAbCHBIH TOK uepe3 OOMOTKH
sjexTpoMarsura. ‘B Hamux paborax '[5, 6, 7] coBmecrno ¢ M. I1. Uyuaan-
HbrM, B. A, KouerypoBelM H Ap. paccCMOTpPeHLl BONPOCH HCCJIENOBAHHS,
pacyeTa W MOJeJIHPOBAHMA JPYTHX THIOB HMITYJLCHBIX TI€HEPAaTOPOB C €M-
KOCTHBIMH HAaKOTHTEJISMH 9HEPTHHU. . i

YrnoMsiHyTHE Bblllle NMPOLECCH BBOJA HHXKEKIHHM M BBIBOJAA lam cGpoca
3JEKTPOHOB B 0eTaTpoHe OO0CCHEUHBAIOTCH 3JACKTPHUECKUMH HMMITY.ILCHBIM I
CXeMaMH HMHXKEeKLMHM u cMelleHHd. Hamu Obina pazpaborana HH:KeHepHas
METOJHKa pacueTa CXeM HHIXKCKLHH H cMemtedus [8, 9, 10, 11, 12], koropas
OblJia npoBepeHa SKCIEPHMEHTAJIbHO H MOJYUHJIa [OpPaKTHYeCKoe BHEApPeHHE
B 1eJ0H cepHH 6ETaTPOHOB, H3rOTOBJeHHbIX B TTIM.

B pesyabTaTe TeOPeTHUECKHX pAacueTOB H IKCIEPHUMEHTAJbHBIX HCCJIe-
JOBAHHH HavMH ObLJIO IOKa3aHo, UTO AJaA (POPMHUPOBAHHMS HMIVJbCOB Halps-
JKEHHS HHKEKIHH Leaecoo0pasHo HCMOJAb30BATH METOAbl M CXeMbl, MPUMCe-
HsoWKecsd B painoioKauud. MCTO4HHK MMIYJABCOB BLICOKOTO HaNpsKeHud
B IepBOHAYaJbHBIX MOJeJsX OerarpoHa B BHJIE «BO3AYIIHOIO» TpaHcdop-
Matopa OblJ 3aMeHeH HaMH UMIYJbCHBIM TPaHCHOPMATOPOM C KeJAe3HbIM
cepaeunnkoM. Hamu Obio BBRICKa3aHO NpenosoXKeHHe, YTO CTPOras <«Ips-
MOYTOJbHOCTbY HANpPSXKEHHUsI, Kak 3To Tpebyercs B PaJHOJOKALHOHHBIX Ic-
HepaTtopax MMIYJbCOB, He oO0sd3aTesbHA, H 3TO 3HAUUTEJbHO OCJAaBUIO Tpe-
00BauHA K MarHHTHOMY MaTepHady cepleuHHKa WMIYyJdbCHOTO Tpancdop-
matopa. PacyeThl NoKasaJH, UYTO CepIeUHHK HMNyJbCHOrO TpaHnchopMmaTtopa
MOJKeT ObITb H3rOTOBJEH H3 OOBIUHON TpaHchopMaTopHoil craau D4A To:-
wuHo# 0,35 mm. OnbiTel NOATBEPAMJIH CNPaBEIJHBOCTb 3THX pacuetos [9].
BblaI0 M3rOTOBJIEHO HECKONBKO 00PA3l0B TaKHX HMIYJAbCHBIX Tpancdopmarto-
pPOB C JBOMHOHM MOBHIILAIOLIEH 0OMOTKOII, UTO NMO3BOJHJI0 H30EkKAThH NPHMC-
HEHHS HaKaJbHOTO TpaHchOpMaropa ¢ BLICOKOBOJALTHON u3oasinuelr. Mu-
NyJbCHBIH TPaHCcGOPMATODP C KEJAE3HBIM CepJIeYHUKOM I03BOJHJ  CO34aTh
TeHepaTop HMNyJAbCOB C MAJbIM BHYTPEHHHM CONPOTHBJEHHEM, 4TO JaJ0
BO3MOKHOCTh §€3 CYIECTBEHHOrO CHHXKEHHS aMITHTYAbl HMNYJAbCOB HAMps-
xenus obecneuuTh paboTy NPU TOKAX B HMOYJbCAX, OJH3KHX K ONTHMAJb-
HoMy. O1HOBpeMeHHOe MNOBHILIeHHe HANPSKEHHS B MMIIyJALCC NPH BO3MOIK-
HOCTH paboTaTh ¢ ONTHMAJbHBIM TOKOM IMHCCHH KAaTOJda NYIUKH IO3BOJH.IO
NOBBICHTE HHTEHCHBHOCTh M3JyueHHss OeTaTPOHOB Ha MOPSAIOK ¥ OGoJiee 1o
CPaBHERHHIO CO CXEMOH HHXKEKIHH Ha 6ase «BO3IYLIHOrO» TpaHcopMaropa.
C 1953 r. na Bcex, 6e3 ucx/oyenusi, 6erarponax TITH craan MpHMeHATbes
paspaboTaHHbie HAMH CXeMbl HHXKEKIHHM Ha 0a3e HCHOOJb30BAHMS HMIYJIbC-
HBIX TPanchOpMAaTOPOB ¢ KeJIe3HBIM CepIeuHHKOM. HaMu OblaH H3TOTOB.JC-
Hbt 06pasilpl ManoraGapUTHEIX HMIYJAbCHBIX TPaHCHOPMATOPOB € AMILIUTY-
10i HanpsxeHus 1o 100 k6 npu aamTtespHOCTH HMHAyJbca 5—10 mKcek.
Iosanee MeTOIbl pacueTa H TEXHOJOTHSI H3LOTOBJCHHS OBIIH 3HAUHTEJIBHO
VCOBEpLIGHCTBOBAHLI H noJ pykosoicTtsom H. M. Bopofbesa u B. A. Mocka-
desa B TITH ObtnH H3rOTOBJEHB UMAYJbCHBlE TpaHCGOPMATOPHl HAa Hamps-
xeuns 400 ke u Gosee. Hamu rakixe Oblia paspaGoTaHa HHMKeHepHas Me-
TOJHKA pacueTa CXeMbl CMeLleHHS JJIsl PasjiH4YHBIX CrnocoboB cbpoca ycKo-
PEHHBIX 3/IEKTPOHOB Ha Muulenb [9, 10], npuuem GbisH MOJVUYEHB pacyeTHLIE
(opMysBl ¢ yueTOM paaHALMOHHOIO TOPMOMKEHHA 3JCKTPOHOB B IPOLECCE
YCKOpeHHa TNPHMCHHTEIBHO K YCKOPHTeaM Ha GoJblude sHepruu [11, 12].
JTa METO1HKAa HallJa NPAKTHYECKOe NPHMCHEHHE IPH KOHCTPYHPOBAHHII
CXeM CMeIHIeHHsI Ha MHOTHX THIAX 0eTaTpPoHOB, H3roToBMeHHLIX B TIIU.

Ilpn Hanuuuy 3HAUHTENBHBIX 70 BEJHYHHE CIyYalHbIX H3MEHeHHH Ha-
NpSAXKEHNss NUTAlOUIeH 3JIeKTPHUYECKOH CeTH B psile cIydaes legecoobpas-
HBIM SABJISETCS NPHMEHEHHe aBTOHOMHOM CTaGHIM3aLHH TAKUX NMAapaMeTposn
B CHCTeME MHXKEKIHH, KaK aMIVIMTYJ1a HMIYJAbCHOTO HaUPSKEeHHS H ToK
SMHUCCHI KAaTOJda MHXKeKTopa GeraTpoHa. PaspaboraHHble HAMH CHCTCMbI



ctaGUAN3alUHH yKa3aHHLIX napaMeTpoB HHxKekuuu [13, 14] 6w nccaeno-
BaHbl 3KCACPHMEHTANbHO, TNpHueM Ko3(Q(QHUHEHT <Talu/IM3alHH 0Ka3aJcs
JIOCTATOYHO BBICOKHM.

QueHb Ba)KHLIH Bonpoc oO0mefi crafuJaH3alMH HapaMeTpoB OeTaTpoHa
KaK MCTOYHHKA KECTKOTO 3JEKTPOMArHHTHOTO H3JyUGHUS BHEpsbie pac-
cvmaTpusasacs Hamu B pabore [15]. 31ech ObLIM  yCTAHOBJEGHB  [J1aBHBLE
NpHYHHbl HECTAOHIPHOCTH TAKHX BBIXOAHBIX Mapamerpos OeTaTpoHHOH ycra-
HOBKY, KAK HHTEHCHBHOCTb H YHEDPTHs U3JAYUEHHS, H HaAMEUEHbl H HCCJIeL0Ba-
HbI pa3Jnunble cnocoOpr cTa0HIH3alHH H ONTHMHU3auuu uaaydenns. Ilosaunee
B STHX HCCJAEIOBAHHAX B KAuecTBE BCTIOMOLATENBHOrO OGOPYAOBAHUA HC-
N0Jb30BAJCH pa3p860TaHHbIH noJ PYKOBOJACTBOM aBTOpa HMHTaTOp Oera-
Tpona [16].

IlpoGnema obueit cTabHIH3AUHH M ONTHMH3AUHH BBIXOIHBIX MapaMer-
poB GeraTpoHa paccMaTPUBagaCh HaMM ¢ HCIOJb30BAHHEM Pa3JHUHBIX NOA-
x010B. OJHa M3 Ba:KHeHIIMX CTATHYECKHX XapakKTepHCTHK OerarpoHa Kak
o6beKTa peryJHpoBaHus, NpeACTaBJadgroUlass 3aBHCHMOCTb HHTEHCHBHOCTH
H3JVueHHs OT (a3pl HHXKEKLHH, HMeeT SPKO BbIPaxKeHHBIH 3KCTPEMyM, T. €.
MAaKCHMAaJbHOE 3HauyeHHe BBHIXOJAA H3JAVUEHHS TOCTHTAeTCs IIPH HEKOTOPOH
CTpPOro ompeledeHHOH B JaHHBIX YCHOBUAX (pa3e HMIY/IbCa HaNPAKeHHH
HZKeKIHE N0 OTHOIIEHHIO K MepeMeHHOMY MarHHTHOMY IOJI0 B MEXKIOJIIC-
HOM fpocTpaHCcTBe OeTaTpoHAa. YCJOBHS, ONpejensiouiHe ONTHMAMIbHYIO
B cMblcae obeclieueHdss MakCHMyMa H3ayyeHHsa a3y HHKEKUHH, MOryT
cayyafiupM 06pa3oM H3MEHATbCsl MOA AeHCTBHEM pasJH4YHOro pola BO3-
MYUIAIOIHUX CHJL

B HeKOTOPBLIX CJaVuasix HCMOJb30BaHHS GeTarpoHa TJAaBHBIM SABJAETCS
LITerpasbHOe JeHCTBHE M3JYy4YeHHS, Kak, HanpuMep, B Je(eKTOCKONHH
TOJICTOCTEHHBIX H3TedHH, B MCAHLIHHe H T. 4. B 3THX yCJOBHAX XKeJaTesbHO
NMOAIEPKUBATL ABTOMATHUYECKHM MAaKCHMYM H3JYYEHHS [IpH HaAHYHH CAYy-
GAaUHBIX M3MCHEHHH BO3MYLIAOUINX BO3JedcTBHi. BrnepBele uies 3kcrpe-
MaJibJOro PeryJHpOBaHHs MHTEHCHBHOCTH H3JyueHHsi 6eratpoHa ©blia Bbl-
ckaszana apropoM cosMectiHo ¢ E. M. Benossim B 1959 roay [17, 18].
B agpuelillieM 3Ta HIesl TMO.JYUYHJIa UIMPOKOe PAa3BUTHEe B HaWHX pado-
trax [19, 20, 21, 22, 23, 24, 25, 26, 27] u B paBorax apyrux astopoB. Kax
[I3BECTHO H3 OOJACTH TeXHHYECKOji KUOEDHEeTHKH, CYUIeCTByeT JIBa HPHHUH-
NHaJdbHO pa3/JHYHBIX criocoba aBTOMATHUYECKOrO PeryJaHpoBaHHUS M yipasJe-
Hust. B pasoMKHYTBIX cHCTeMaxX aBTOMAaTHYECKOro YMPaBJeHHS KOMIIEHCa-
IHA BO3MYILAMINKMX BO3AeHCTBUH ofecreywBaeT BbLICOKOE ObLICTPOJCHCTBHE.
[lo1o6Horo poaa ycrpoiicTBa pa3pabOTaHbl M HCCAEAOBAHBI HAMH B JBYX
BapHaHTaX. AnaJsioroBbtii BapHAHT YNPABASIOUICr0 BBIMHCIHTEABHOTO yCT-
potictBa (YBY) u Teopust ero nedCTBHs paccMOTpeHbl B padoTrax [15 21,
25}. AHaJ0ToBbIl BapHaHT  YyNpPAaBJAAUWIEr0 BbIUHCJIHUTEAbHOrO YCTPOHCTBA
HMCCT [POCTOC YCTPOHCTBO, HO AHANA30H KOMIIGHCALHMH BO3MYLLAKLIHX
BO31eHCTBHE €O CTOPOHBLI HaNpsiXKeHUs NHTAIOLeH CceTH OKa3blBaeTcs orpa-
lHueHHBIM B npedenax 5—8Y%. Heckoabko 'Gonee caoxHbii undpoanao-
rosolil Bapuant YBY [28, 29] asaserca u GoJee COBEDLICHHBIM.

JiurTesibHble HCNBITAHHS MOCJAEIHEr0 YCTPOMCTBA [OKA3agaH, 4TO LHP-
poananorosoe YBY siBasercs HagexKHplM H 3PGOEKTUBHBIM CPeACTBOM o0ec-
NCUCHHA ONTUMAJbBHBIX YCJIOBHH HHMekUHH B Oerarpode. [llpum Haauuii
CAVUalHbIX OBICTPBIX H3MECHEHUIl HATIpsiKeHHus ceTdH B mpedenax 10 +125%
9T0 YCTPOACTBO o0eciieunBaeT MOBBILIEHHE CPeAHEero 3HAaYeHHs HUHTCHCHB-
HOCTH H3JyueHHsi OcraTpoHa npuO.Iu3HTe bHO Ha 25% 0o cpaBHEHHIO <O
BCEMH APVIHMH H3BECTHBIMH  croco0avu  CTaOHJAH3ALHA M ONTHMH3ALMH.
linppoananorosoe YBY ofecneuuBaer xoMMeHcallHo 10 JABVM MapaMeTpav
B BHAE HAlpPSAKEHHA HAa OOMOTKAX 3JEeKTpOMarHuta 6eTaTpOHA H AMILTHTY-
Abl HMIYJAbCHOTO HANPSXKCHUS HHKEKIHH OAHOBPEMEHHO.

B 3aMKHyTBIX cHCTeMax aBTOMATHYECKOFQ PeryAHPOBaHHsI H VHpaB.Ie-
11t HCTOMb3YyeTcss NpHHLHN obpaTHoit cBsisu. [logoBHoro poaa cucTembt
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obecrneuuBaloT HoJec TOUHOC PeryJAHPOBAHUC U yIpaBJeHHe, 0AHAKO BCJeld-
CTBHE MA.J0ro OLICTPOACHCTBHA CpeIHee 3HAYeHHC BDLIXOAA H3AYUYEHHS 1
MOXKeT 'OBITb TMOJYyY4eHO OJH3KHM K MakcumaabHoMmy. ONTHMaJjibHBiE pelle-
HHUS MOTYT OBITb MOJYUCHBI NyTEM HCIOJAb30BAHHS KOMOMHHDOBAHHBIX METO-
0B aBTOMATHYeCKOro peryJiupoBaHHs W ynpasJeHdda. B Hamux pabo-
Tax [26, 27] paccMOTpeHbl OCHOBHbIC NPHHUHNBI MOCTPOEHHS TAKHX KOMOH-
HHPOBAHHBIX CHCTEM VIPaBJEHHS IPHMEHHTEJIbHO K CTaOWIM3alUH H ONTH-
MU321HH HHTCHCHUBHOCTH H3JYUCHHA.

Paccvorpennoe Bbimie nudpoanasaorosoe. ¥BY okxazaaoch Tak:Ke Mpii-
MCHHUMBIM H Ags cradnau3alHd JApyroro raaBHoro napamerpa OCTaTpoH:
B BHJe MaKCHMAJbHOIl 3HCPTHH TOPMO3HOrO H3JyueHus [31].

PassuTHeM yKa3aHHBIX BbILE MOIXOAOB K pELICHHI NpobaeMbl €TaGH-
JH3aUUH M ONTHMH3AUHH VCKOPHUTCAS 3apPAKEHHBIX YacTHLL SIBJASCTCH Pac-
CMOTPCHHE BO3MOKHOCTEH 00.€e WHPOKOTO HCNOJL30BAHUS HICH, MeToIOB
H CPeJICTB TEeXHHUECKOH KHOCDHETHKH B VCKODHTEIbHON TeNHHKE, H3J0MKCH-
Hoc B JApyrux padorax [27, 31, 32].

Kak u3BecTHo u3 06JacTH TeXHHUYECKOH KHOEPHETHKH, MCTO1 MOAEJH-
popaHud ABJAACTCA naubosaee 3QEPCKTHBHLIV CPEACTBOM INPH PELIEHHH 3ajgau
aHanM3a M CHHTE3a CHCTCM aBTOMAaTHYeCKOrO pervJiHpPOBaHHMS H Vil
paBJCHHA B Pa3/jJuyHbIX 00.1aCTAX TCXHHKH. [TockoabKky TeopeTHueckne pac-
4eTBl 9KCTPCMAJbHBIN CHCTEM Pery.JaHPOBaHHS NPH HAJNHYHE CYLIECTBEHHBIX
HeJHHCHHOCTCH ABJAKTCA BeCbMa 3aTPYAHHTEJbHBIMH, O0Ka3a4/0Ch LCJAeCo-
‘©00pa3HbBIM 3TH HCC.ICIOBAHMS BLIIIOJHHTb HA AHAJOTOBBIX BLIYHCAHTCABHBIX
MawmHax. [IposeicHHble NPH yyacTHH M MOT PYKOBOACTBOM AaBTOpa HCCJC-
Adosauus [21, 25, 27, 33, 34, 35] NO3BOJHJIH YCTAHOBHTL ONTHMAJbHDLIC
COOTHOLUEHHSI OCHOBHBIX MapaMeTpoB 3IKCTPEMAJbHBIX PEryJaaTopos 1as Oe-
TATPOHHBIX VCTAHOBOK Haubo./ee 3KOHOMHBIM CHOCOOOM H ¢ MaJblMH 3aTpa-
TaMu BpeMeitH. MeTo1pl 3JeKTPOHHOTO MOAEJIUPOBAHHA OKA3aJIHCh TaKKe
BecbMa 3(Q@eKTHBHBIMIL H TIPH PCLUGHHH 3a71a4, CBS3aHHBIX € TPAHCHOPTH-
POBKOM 3JEKTPOHHBIX TIVUKOB B VCKODHTEJASIX 3aPsKCHHBIX UacTHL Ha
Boabwne sHeprud. CoCTaBiCHHAS HAMH MaTeMaTHYeCKas MOIedb [T03BO.IH-
Ja yyecTb B ITHX HCCJICIOBAHHAX BJAMAHHE MPOCTPAHCTBEHHOTO 3apsja
MyuKa HAa TPAEKTOPHH KPallHHX 3JCKTPOHOB, ONPEIACJAAUIUX TabapHTLI
nyyka 3aeKTpoos [36, 37, 38, 39].

Boinoanennbie mol1 pyKoBOICTBOM M NPH yuacTHH aBTOPA HCCACLOBA-
HHA MOKa3a.IH, UTO NPHMEHCHHE COBPCMEHHBIX METOJI0B H CPEJACTB TEXHH-
uecKofl knOepHeTHKH K OTaTPOHHOIN YCTaHOBKE HJIH K JHO0OMY APyromy
THIY YCKODHT@JIA 3apsi?KeHHBIX uacTHIL JaeT 4YPC3BBIYANHO NJ0J0TBOPHbLIC
pe3yapTaTbl H CMOCOBCTBYET C€O371allil0  3IKOHOMHUHBIX, BbICOKOHAIEAKHbBIX
M J0CTATOYHO KAUCCTBEHHLIX TIHNOB VCKOPHTe.efl, NPHrOIHBIX A5 NPAKTH-
YECKOTO NPHMCHEHHS B NPOMBILLIEHHOCTH, MIHMUHHE H B JPYTHX 00./acTAX
HCIOJ/Ib30BaHUS.

B 3akaiouenne cae1yer oTMETHTb, UTO B DEUICHUH MHOTHX PacCMOTpPCH-
HBIX BbIWIC BONPOCOB NPHHHMAMH HelocpelcTsenHoe yuactue W, I1. Uyua-
auir, B. 1. llepcroburos, E. M. Beaos, H. 1. Maxapos. H. B. Tpuxauosa,
B. A. Kouerypos, B. JI. Pa6yXuu u mHorne Apyvrue cOTpyIHNKH ToMCKOro
IIOMHTEXHUYECKOTO HHCTHTYTA, KOTOPHIM ABTOP BbIPAXKAET CBOIO HCKPEHHIOW
6.1aroAapHOCTs. ABTOP TaKXKe HCKPeHHe 6JarolapHT 3aciy:KeHHOro Acs-
Tedd HaykH n TexHHKH PCOCP  nmokrtopa ¢usmko-mMaTeMaTHYECKHX Hayk
npogeccopa A. A. Bopobbesa, sipasowerocs HHHLHATOPOM B IOCTAHOBKE
UEJOro psiia HOBBIX INOAXOLOB B OTHOIICHHH aBTOMATH3ALIIH YCKOpUTeaell
H HAayUHbIM KOHCY.JIbTAHTOM B 00.1aCTH VCKOPHTE.TbHON TEXHHKH, 34 MOCTOSH-
HOC BHHMaHHe K paldoTe II 00CYAKACHUE MOJVUEHHBIX Pe3vabTaToB.



JIUTEPATYPA

1.JI. M., Anauwven, A. A  Bopoob6wes, B. M. Top6ysos. Huaykunorusi
YCKOpHTENb 3nekTpoHoB—6Gerarpon. M., IocaTomusaar, 1961.

2. B. M. Pasnn. K pacuery ypaBHNTEILHOr0 peaxkTopa AJsf mapaanelbHoil paGotrht
urnntponos. Masecrus TIIH, 1. 76, ctp. 148—151, 1954,

3. U.-Tl. Uywannuu, B, M. Pasnu. Pacyer ramenus oOpaTHOrO HampsKeHHS
B nMAyascHoil cxeme. JKypHan «Qaektpnyectso», Ne 9, crp. 39—41, 1957

4 U 7. Uyuwaauu, B. M. Paann Pacuer ramenns o6paTHOrO HanpskKeHUs
B nunyascroii cxese, Hapecrust TITH, 1. 87, cTp. 236—246, 1957.

"5 H. TI. Uywanunw, B. M. Pasun O napamnennnoft paGore HTHHTDOHOB B HM-
nyabcrom pexiime. Masecris TIIM, 1. 87, ctp. 247—251, 1957.

6. H. T1. Uyuanunu, B. A. Kouerypos, B. M. Paszun. K Bompocy o pacuere
aHOIHBIX AeanTedeil Toka. JKypHan «dyektpuvectsos, crp. 54—57, Ne 8, 1959,

7.B. A, Kogerypos, B. M. Pasun, A, A Tepemenko, H. B. Tpaxa-
nosa, I1. M. Hf annun. Pacuer 3aeXTPOHHO-ONTHYECKNX CHCTEM I HCCAEAOBAHHE HMIYJb
CHOFO TeHepaTopa ¢ eMKOCTHBIMH HAKONMHTEJASMI IHEPrun ¢ HOMOIUBIO CPeICTB aHaaoro-
BOIl BBIUHCANTEABION TexHuxn .Pykomucs aencunposana s HUHM 2UP, M., 1966.

8 B. M. Paznu Pacuer 31eMEeHTOB CXEMbl NHXXEKUHH 3JEKTPOHOB B OeraTpoHe.
Hapecrna TI1H, 1. 87, ctp. 164—177, 1957.

9 B. M. Pasnuun. Pacuer 3JeMCHTOBR CXeMbl CMEIIEHHSA 3JAEKTPOHOB B OeTatpoHC,

Hasectusnt TITH, 1. 87, cTp. 178—186, 1957.

10. B. M. Paanu YnopoileHHble cXeMbl IHXEKIM 1 CMeLEHHs 3JEeKTPOHOB B Oera-
Tpoue. Masectus TOH, t. 87, crp. 193—200, 1957.

It. B. M. Pasnn. Yuer pallallHOHHGIO TOPMOJMKEHIA B pacyere CMeIIEHHS HAa MH-
wieHbL VCKOPeHHBIX B Beratpone agaektponos. Masecrns TIIM, 1. 87, ctp. 187—192, 1957

12. B. M. Pasnn. Yuer paanallOHHOIO TOPMOMEHHsI B pacyeTe CMelieHIs Ha MH-
nICHL  VCKOpeHHBIX B GetarpoHe ajektpoHoB. JKypHanm Ttexnudeckofi ¢usukn, 1. 27,
Ne 8, crp. 18451846, 1958.

13. B. M, Pasun. SackTpoHHB ¢TabUA¥34aTOP HMNYALCHOTO HANPAIKEHHA HA HHIMKER-
tope Gerarpona. Mssectua TIIH, 1. 87, cTp. 216—218, 1957.

14 B. M. Paznn Crabuanzatop Ttoka synccmil. HMasecrns TIIH, r. 87, ctp. 201 —
205, 1957

13. B. M. PasuHd. Crabnanzaunsg nsayuennss Oerarpona. HMssecrna TIIH, r. 87,
crp. 206--215, 1957. .

16. B. M. Pasun, B. Il. IlHepcrtoburtons TpaxsnuctopHuil nMnratop 6eTarpoHa.
Wspectus TIIH, 1. 141, crp. 119—121, 1965,

177 EE. M. beaos, B. M. Pa3znun IxcrpeMaidbunlil peryJasTop HHTEHCHBHOCTH H3-
avaenns Getatpona. M3scetua Bysos, «[Ipuopocrpoennes, 1. 2, erp. 52—>55, 1959.

18. E. M. beaos, B. M. Paszun. Oreer Ha micbM0 B peiakunio. Vissecrtis By3os,
«I1puBopoctpoenne», 1. 3, Ne 3, 1960.

19. B. M. Pasun, B, Il WepcTro6uTtoB HexkoTophie cXeMHble 3JIEMEHTH MOAY-
NPOBOIKIKOBOTO ONTHMH3aTOpa [HTEHCHBHOCTII raMMa-usayuedns OGerarposa. HMssecrns
TITH, . 141, ctp. 114—118, 1965.

20. B. M. Pasnux Hexortopsle BONpOCH 9KCTPEMasbHOTO DPETYJHPOBAHISA HaJyUeHd
Geratpona. Tesichl JOKAaN0B | HayyHO-TEXHIUECKOH KoHpepeHunn (axkyabTeTa aBTOMa-
TUKII 1T BRIUHCANTENbROA TexHnki, Tomck, TITH, crp, 27—28, 1966.

21. B. M. Paanu. Hexoropbic BONDOCH TCOPHH CHEUHAJH3HPOBAHHOTO BHIYHCHHTE h:
HOTO yeTpoiicTBa 114 aBTOMAaTH3alnn GeTarpoHa M METOLUKA 3JEKTPOHHOTO MOAEAlpOBa-
HIST SKCTPEMAJBHOTO  PETYNATOPa IHTEHCHBHOCTH W3/AYyueHus 6GeTaTpoHa B  NpPHCYTCTBIIN
novex. Pyxonnen nenonwnposana s HUHM 3UP, M., J1-384, 1967.

22B. TI. Hlepcrob6uros, H A Maxapos, B. M. Pasun, A C. Bob6pos-
ckufi, B. M. Pefinep. DKcTpeManbHBI perynsTop HHTEHCHBHOCTH raMMa 1i3JydeHIis
GeraTpoHa Ha TOJYNPOBONHIKOBEIX TPIOAAX. Te3NCH 0KAAA0B Ha V MeXBY3OBCKOM
;;ggg)epeﬂuuu 0 3JCKTPOHHBIM ycxoprrensm 17—21 mapra 1964 r., Tomck, TI'Y. c1p. 24,

23. A, A, Bopof6brer, B. M. Pasun, H 5. Maxapos O6 3KCTPEMANBLHOM De-
TYANpOBaHI HATEHCHBHOCTH H3JyYeHHs OeTarpoHOB. Te3HCH GOKJAA0B BTOPOTO CHMIIOSLI-
¥Ma Nno sKketpemanbHbiM 3atayaM 25—28 man 1965 r. 8 Pure. MHCTHTYT SJ€KTPOHIKI 11 BbI-.
gitcanrenprofi rexankn. AH CCP, Pura, ctp. 51, 1965, '

24. B. M. Pasznu, AproMatuueckas cucteMa mnoncKa MagClMyMa HHTEHCHBHOCTH 13-
Ayuenia GetatpoHa. TesHChl 10KNa10B TPETBETO CHMNO3NyMa NO IKCTPEMaAbHBIM 3a1a4an,
Tomck, TTY, etp. 11—12, 1966.

25 B. M. Pasn H.nHeKompre BOMNPOCHL TEOPHHN CHEUHaNN3HPOBAHHOTO aHAJOFOBOTO
BRIUHCANTEIBHOrO YCTPOHCTBA AJISl aBTOMATH3aUNN GeraTpoHA N METOAHKA SJCKTPORHOTC:
MOJICMIPOBAHTIS SKCTPEMAJbHOFO PEry/ifTOPa HHTEHCHBHOCTH H3JYYEHHS GeTaTpoHa B Mpli-
cyrermiit noyex. I Bceecoiosnaa koH{epeHUNS 1O aHAJOrNOBON BBIYHCAHTENLHON TeXBIIKE.
Tesncol — andotaunn aoknanos. M., n31-so BHHHM3M, crp. 44, 1966,

26. B. M. Paann, H. 8. Makapos O HexoTOpLX HAaNpaBleHUAx IadbHeilmes:
aproMatusanmi Gerarponos, HMasectna TITH, 1. 155, etp. 21, 1968,

28



27. B. M. Pasun, H. SI. Maxkxapoe. O HEKOTODHX BONPOCAX HCIOJb30BAHHS IIPHH-
TLHAOB TeXHHYCCKOH KHOEpHeTHKH B YCKOpUTenpHOH TexHHke. Mrtorm mccaemosanuit no ku-
Sepuetnke, K 50-aetmio Coserckoit Baactil. TPy MeXBY30BCKOH Hay4HOH KOHQEpEHUEH,
nocesimenHoil  50-aetnio  Beanxoii OKTAGpbCKO{l cOLMaJHCTHYeCKO! pesoawonun, ToMck,
nza-so TI'Y, crp. 161—170, 1968.

28. B. M. Pasun, B. JI. Pa6yxuu. IlpeobpazoBatesb HMIYALCHOTO K- CHHYCO-
NaJbHOTO HanpmKeHHs B Lu(POBOl KOA A/ CXeM ONTHMH3alHHM H3Ay4YeHHs OGeTarpoHa.
C6. «CoBpeMeHHBlE METONBl HCCJAEZOBaHHIT», MaTepHannl Hay4uHoli Koudepenuuu, Towmcek,
Bbin, 1, cTp. 277—280, u3zx-so TIY, 1968,

20. B. M. Pasun, B. JI. Pa6yxun CrnennaiusupoBaHHOE BblULCAHTEJBHOE YCT-
POMCTBO A5 ONTHMH3AIHH YCJAOBHE HMHXKeKIHH B GeTaTpoHe. TesHChl LOKI4aL0B MeEXBYy-
30BCKOH KOHQepeHUHu MO TEOPHH H NMPHHUUNAM NOCTPOeHH: Hudposbix monened 1 [IMM,
Tarauporcxkuil pagHoTexHHueckuil nHctTuTyT, Taraupor, ctp. 75—76, 1968,

30. A, A Bopo6oesn, B.M Paauu CucreMa peryinpoBaHus 3Heprieii YCKOPEHHbIX
8 GeTaTpOHE 3/EKTPOHOB Mo oTKaoHenuio. Mssecrus TIIH, 1. 156, 1969.

31.A. A, Bopo6bes, B. M. Pazun, H. . Maxapos, O npuMeHeHiu MeToj0B
TeXHHUYECKOH KHOEDHEeTHKH B YCKODHTENbHON TexHHKe. TesHCH AOKIakoB HayuyHO-TeXHHUe-
CKOfi KOH(EepeHUHH MOJOAbIX YYeHBIX H CHELHAJHCTOB, CEKUHs <«ABTOMETDHS, aBTOMATH-
uecKoe ylpaBAeHHe, BHMHCaNTEeAbHas TexHuka», Poranpunt CO AH CCCP, Hesocubupck,
crp. 38, 1966.

32. A, A. Bopo6ber, B. M. Paaun, H. I. Maxkapos. O HeEKOTOPHX BoImpocax
TUpHMeHEHHS TNPHHOHOOB TeXHHYecKoll KHOepPHeTHKH B YCKOPHTEJNbHOH TexHuke. Tpynst
MEeXZVHADONHOrO cHMNO3WyMa no ©OerarpoHam 5—10 cenrabpa 1966 r., Hucrutyr
(puzuxn naasMe. AH UCCP, [para, crp. 80—82, 1967.

33. B. M. Pasuun, H 4. Maxkapos, B. Il. llepcro6uror DIeKTPOHHOR MO-
JeAMpOBaHNe 3KCTPEMaJbHOTO peryasTtopa OerarpoHa Ha MH-7. Masecrus TITH, T. 138,
crp. 216—219, 1965.

34. 5. 1. baawwes, H. 1. Makapos, B. M, Pasun, E. B. SIpuiruu 06
SAEKTPOHHOM MOJEJHPOBAHHY CHCTEM SKCTPEMasbHOro YNpaB/leHHs H3dydeHuem GerarTpo-
Ha. Tesucsl poxsianos Ha VI MexBY30BCKOH HayyHOH KOH(EDEHLHH IO JIEKTPOHHBIM YCKO-
pureasm, Tomck, usn-so TI'Y, crp. 47, 1966.

35.B. TI. llepcto6urtos B. M. Pasun, H. . Magapos M. CamMourxH.
Hccnenosanne paGoThl SKCTPEMAJbHOTO peEryJsiTopa HHTEHCHBHOCTH raMMma-usaydeHusi Oe-
TatpoHa Ha wmonxean MH-7. Tesucm nokiamo Ha V MeXBY30BCKOH KOH(epeHUHH MO
3MEKTPOHHEIM ycKOpHTeasiM 17—21 mapra 1964 r., Tomck, TI'Y, crp. 22, 1964.

36. B. M. Pazun, H. B. Tpuxaunos. Pacuer BpOTAXKEHHHIX S/JICKTPOHHBIX NYYKOD
C YYeTOM IPOCTPAHCTBEHHOTO 3apAfia Ha aHaJOroBOfl BHMHCAMTENbHOH Mammze, JKypuada
«DaeKTpoHHas TexHuka», cep. 1, «uexrpounka CBU», Buin, 2, ctp. 60—66, 1966.

37. B. M. Pasun, H B. Tpuxaunopa InekTpoHHOe MOAENHPOBAHNE HPOTIHEH-
HbIX NYYKOB 3JOTHYECKOrO CEUEHIs ¢ YYETOM NPOCTPAHCTBEHHOro 3apsiaa. «Paanorexhu-
ka», Ne 5 c1p. 62—66, 1966.

38. B. A, Kouerypos, B. M. Pasun, H. B. Tpuxaunosa, I1. M. llaxun.
Pacuer 37€KTPOHHO-ONTHYECKHX CHCTEM C TOMOMIbI0 CPEECTB AHAJOTOBOH BHIYHCHATENBHON
TeXHHKH. TesHCBl MOKIaZ0B HAYUYHO-TEXHHUECKOH KOH(EPEHIHH MOJOABIX VUYEHHXx H cre-
LHAJHCTOB, CeKIHss <«ABTOMeTpHS, AaBTOMAaTHUeCKOe YIpaB/IeHHE, BBIYHCAHTENLHAS TeXHH-
ka». Poranpuar CO AH CCCP. Hosocu6upcx, crp. 69, 1966.

39.B. A, Kouerypos, B. M. Pasnu, H B, Tpuxanosa, II. M. lllauunn
ABTOMAaTH3aUUA PACYETOB 3EKTPOHHO-ONTHYECKHX CICTEM ¢ TNOMOM(BIO CPEICTE aHaN0TO-
80l BBIYMCJHTENbHOH TexHHKH. Hrtorn uccrenosanmit no kuGepueruke. K 50-neruio Coser-
ckoil BaacTH. Tpymbl MexBy20BcKO#l Hayudoli KoHdepeHUuH, HocBsimenHoii 50-ietHio Be-
ilggém OKTaA0pbCKO# COUHAMHCTHYECKOH peBoaound. Tomck, nsa-Bo TLY, crp. 171-—184,



