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ORUAfI XAPAKTEPMCT.IB{A PABOTH 

AKTY8JlbHOCTb TSM11. llCCJISAOBaHHJ! B o6JiaCTH CBepxnpoBO~OCTH HH
TBHCHBHO npoBOUJITCJI B TeqeHne nocJienHHX llBYX ASCJITHJISTHH. 3a BTO 
BpeMJI CBepxnpoBonHHKli HamJIH lliHPOKOe npHMSHSHHe B aKcnepHMeHT8JlbHOH 
,rnepHOH ~H3HKe, B nepByID oqepenb B ~H3HK8 BHCOKHX aHeprni •. EHJI pas
pa6oTaH p,rn MO!leJISH CBepXIIpOBOUJimHX MarHHTOB, B qaCTHOCTH,MaI'HHTOB, 
HCnOJib3YSMHX B YCKOPHTSJII,HHX ycTaHOBKax ~H3HmBHCOKHX BHeprnn. 

OnHoH H3 sanaq BKcnepHMSHTaJibHHX liCCJISUOBaHHH CBepxnpoBO!lHMOC~ 
Tli HBJIJJ:eTCJI H3MepeHHe KpHoreHHHX li MarHHTHHX napaMeTpoB, qTo Heo6xo~. 
llHMO.ll,]lH nsyqeHHJ! CBOHCTB CBepxnpoBOllHHKOB H ll.7lff HCnHT8HHH CBepxnpo
BO!lJ!UlHX MarHHTOB. Ilpli BTOM Tpe6yeTCJI o6ecneqHTb K8K sanaHHYID TOq
HOCTb, TaK H BliCOKJID npOH3BO!lHT8JII,HOCTb pa6oT no npoBSUSHliID li8Mepe
Hd. IloCJIS!lHJIJ! oco6eHHO, Ba~Ha npH 6HCTpoi nnarHOCTHKe CBOHCTB CBepx
npoBOUHHKOB, HJIH Korna H8MepeHHJI BHnOJIHJIIDTCJI Ha 60JiblliOM KOJIHqeCTBe 
o6pa3UOB cBepxnpoBO!lHHKOB. 

ijeJib pa6oTH. J{HccepTauHH nocBHmeHa pemeHHID sanaqH cosnaaHJI CHC
TeM H3MepeHHfi napaMeTpOB CBepxnpOBO!lJ!IllllX MarHliTOB H CBepxnpoBOUHH
KOB. IlpHMSHSHHe TaKHX CliCTeM no3BOJUl8T,nOBHmaTb TOqHQCTb H3MepeHHfi 
H cymeCTBSHHO COKpamaTb BpeMJI npoBeueHHJI aKcnepHMSHTOB. UeJibID pa6o
Tli HBHJIHCb TaKXe paspa6oTKa li cosnaHHS annapaTypHliX li nporpaMMHHX 
cpencTB c6opa H o6pa6oTKH naHHHX Ha JIHHHH c 3:BM, npenaasHaqeHHHX 
ll.7lff HCnOJib30B8HHJ! B KpnoreHHHX BKCnepHMSHTax. Pa6oTa BSJIBCb B paM
Kax HCCJISUOBBHHfi' npoBO llHMHX no TeMe "HyKJioTpoH" ( CBepxnpoBollJ!lllHfi 
YCKOpHTSJib peJUITliBHCTCKHX ,rnep) B Jia6opaTOpHH BHCOKHX aHeprHR OIDIII 
B nepnon c I9?? no 1982 rr •. 

MeTOUHKa•npOBSllSHHJI liCCJISllOBaHHJI • .n,JJI pemeHHH nocTBBJISHHHX 38-
uaq HCnOJib30B8JICJI MaTeMBTHqecKHR annapaT TeopHH HH~OPMBUliH, TeOpHH 
BSPOJITHOCTH H MaTeMaTnqecKofi CTaTHCTHKH, a TaKxe MSTO!lHqecKne OCHO
Bli C03~aHIDI nporpaMMHO-MOUYJII,HHX CHCTSM H KpliTSpHH liX OU8HKH, no3Bo
JIJ!IDUlH8 onTHMH3HpoBaTb BH6op THnoBHX pemeHHfi CTPYKTYPHHX cxeM CHCTe
MH. IlpaKTHqecKaJI qacTb llHCCepT81.U!H OCHOBHB8JI8Cb Ha HCnOJib30B8HHH 
MHHH- H MHKpo-3BM, MOnyJieR H YCTpofiCTB o6MeHa B cTaHABpTe KAMAK. 

HayqHaJI HOBH3H8 llHCCepT81.U!H samqaeTCJI B paspa6oTKe MSTOJµn<H 
C03UaHHJI CliCTSM c6opa li o6pa60TKli uaHHHX ll,7lff H3MepeHHfi KpHoreHHHX 
H MaI'HHTHHX napaMeTpOB. BnePBHS B cTpaHax-yqacTHl!UaX OIDIII 6HJia co
snaHa CHCTeMa Ha JIHHHli C 3BM, HCnOJib30B8HHaH 1l,1lH HCCJISUOBaHHJI napa
MSTpOB CBepxnpoBOUJimHX HMnJJII,CHHX MarHHTOB n'cBepXIIpOBOllJ!IllllX IlpOBO
!lOB H Ka6eJiefi. Paspa6oTaHH annapaTypHHe cpencTBa H nporpaMMHoe o6ec
neqeHne CliCTSMH ll,7lff npoBS!lSHliJI BKCnepliMSHTOB no H3MepeH:mo noTepb 
BHeprHH, KO~HUliSHTa TSIIJionpoBOUHOCTli H TSIIJIOSMKOCTH CBepxnpoBon-
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HHKOB n cBepxnpoBOUJI!IlllX MarHnToB. CosnaHH annapaTypaue cpencTBa o6ec
neqeHWI KplloreHHHX 3KCnepllMeHTOB no llCC~enoB8HllD nOJJRpll381Ulll llOHOB. 

IlpaKTllqecKaR µeHHOCTb pesyJII,T8TOB pa6ora. Pesy~bT8Tb! TeopeTH
qecKoro 8H8Jlll38 xapaKTepHCTHK CllCTeM c6opa ll o6pa60TKll U8HHHX, llC
nom,sye.Mb!X MR ll3MepeHllil napaMeTpOB CBepxnpOBOUHllKOB, DpllMeHH.Mbl npll 
npoeKTHpOB8Hllll nono6HHX CllCTeM. Paspa60T8HHHe 8BTOpOM annapaTypHHe 
ll nporpaMMHHe cpencTBa 6~ll ncnom,soB8HI:l B 3KcnepHMeHT8X no ll3Mepe
HllID psi:na napaMeTpoB cBepxnpoBOWillll!X MaranToB ll CBepxnpoBOUHHKOB. Ha 
OCHOB8Hllll 3TllX ll3Mepeanil OO~ll C(!JOPMY~llPOB8HH Tpe60B8HWI K TeXHo~orllll 
ll3rOTOB~eHll.li CBepxnpoBOUJIIJlllX Ka6e~en ll CBepxnpOBOUJI!IlllX MarHHTOB C 
UMbID llX ncnom,soB8HllR B 3Kcnepro.ieHT8JlbHHX YCT8HOBK8X (!Jll3HKll BliCOKllX 
aaeprllil. PRn annaparypHHX pemeallil, saJioxeaHHx npn ncc~enoBaann CBepx
npoBonaHKoB, 6~ ycnemao ncnom,soBaa B npyrnx cncreMax c6opa n o6-
pa6oTKH naaaux B JIBS OIDlli ll B HacrnryTe aToMaoil aaeprnn HM. H.B.Kyp
qaroBa (MocKBa). 

PeMll38llM pesy~bT8TOB pa60TH. IlpeMoEeHH8R MeTOUHK8 C03U8HHR 
CllCTeM ll3Mepeanil 6H~a peMH30B8H8 B CTeHUOBO~ CllCTeMe ll3MepeHHil na
p8MeTpoB CBepxnpoBOit/IlllllX M8rHllTOB ll CBepxnpoBOUHllKOB, a T8KEe B CllC
TeMe c6opa ll o6pa6oTKll U8HHHX llCTOqHllK8 nOJJRpll30B8HHHX llOHOB IDJIH
PHCJ31!:Paspa.6oTa.mwe·rumapa.TYl)HHe H llpOrpaMMHI:le Cl)e,D;CTBa 6wm HCII0Jib30-
Ba.HI:l B CHCTeMaX,YCTaHOBJieHHI:lX B Jia6opa.TOpHll BHCOIGIX 9Heprm!: OHHH. 

Anpo6amm pa6Q'l'ij• 0CHOBHH8 pe3JJII,T8TI:l pa60TH UOM8ltJ:lB8JlllCb Ha 
CHMDosnyMe no DpllMeHeHHD MHKpo-SBM ll MHKponpoueccopoB (BynanemT, 
1979 r.i Ha X MexeyHapOUHOM CllMnOSllJMe no RnepHoil 3JI8KTPOHllKe (.l(pes
neH, I980 r.), Ha MeEeyHaponaoil WKO~e no BOllpOCaM npllMSHeHWI 3BM B 

(!Jll3llqecKOM 3KcnepllMeHT8 (A.nymTa, I98I r.).ll ony~KOB8H8 B npenpnH
Tax'n coo6meHHRX OIDlli. 

06~eM pa6om. ,llllccepTSUllR COCTOllT RS BBe,D;eHHR, Tpex rA8B H sa
KJil)qeHM, conepuT I06 CTpaHHU MaWHHOnHCHoro TeKCTa, B TOM qnc~e . 
28 PllCYHKOB, I3 Ta~,,4 llpMOEeHllR_ll 6HMHorpaqinqecKd cnHCOK AH
TepaTypH H3 75 H8HMeHOB8Hllil. 

' CTpyxTYpa pa6om. Bo BBeneHm1 o6ocaoBaaa BKTYWII,HOCTb pa6om, 
Cqx>pM,YAHpOBBHa ee uem, ll ll3JIOE8HI:l HOBlie pesym,Tam, noAJqeaaue 8B
TOPOM.: 

. B nePBoil rAaBe "BonpocH COSU8HllR CllCTeM c6opa n·o6pa6oTKll naa
HHX WIR. llSMepeHd.KpRoreHHHX H MarHRTHHX napaMeTpOB 11 npne~eH Teope
TllqecKd 8HMll3 xap8KT8pHCTHK OTU8JII,HHX 3A8MeHTOB CHCTeMH, B qacT
HOCTll, xapaKTepHCTHK H8KOTOPHX OCHOBHHX KpHoreHHHX ll M8rHllTHI:lX napa
MeTpoB. Ha OCHOBBHllll llOAJqeaHHX.pesym,TaTOB 8HMll38 6~a_COCT~eaa 
TRnOBaR CTpJKTYPHBR cxeMa CllCTeMH H3MepeHllil nap8M8TpOB CBepxnpoBOUR-

'•·Belushkina A.A. et al. JINR, E13-80-500, Dubna, 1980. 
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llll!X M8rHllTOB ll CBepxnpOBOUHHKOB. TipnBeneaa oueHKa aaneEHOCTll CllCTeMI:l 
ll sarpaT aa ee cosnaane. 

BTopaR r~8Ba "CncTeMa c6opa ll o6pa60TKll naaaux MR ll3MepeHHR 
napaMeTpOB CBepxnpoBOURllll!X MarHllTOB H CBepxnpoBOUHHKOB 11 nocBRmeaa 
npaKTllqecKoil peaJinsaunn cncTe.Mbl, cosnaaaoil B cTaanapTe KPJAflli aa 6ase 
3B!J_TPA-70 ll npenaasaaqeHHOil MR ll3MepeHHR BeAllqllHl,I UllHaMllqecKllX no
Tepb aaeprllll B CBepxnpOBOit/IlllllX llMllY~bCHI:lX MarHHTax ll KOpOTKllX o6pas
uax CBepxnpoBOWillll!X Ka6Meil. TipnBeneao onncaane CTpYKTYPI:l, <IiYHKUllO
HllPOBaHM ll MaTeMaTnqecKoro o6ecneqeaWI cncTe.Mbl. Onncaa pacmnpeamrn 
BapnaHT 3TOil CllCTeMH, ncno~b30BaHmrn MR llCC~enoBaHHR TeMonpoBOUHOC
Tll ll TeMoeMKOCTll CBepxnpOBO.UJI!IlllX DpOBOUOB n Ka6e~ea. IlpHBenea pesy~b
TaT npnMeHeHHR MHKponpoueccopoB UM nsyqeaHR norepb aaeprnn B cBepx
npoBOUHHKBX ll o60CHOBaaa ~e~ecoo6pa3HOCTb llCnO~b30BaHHR MHKpo-3BM B 
TBKllX 3KCn8pllMeHT8X. 

TpeTbR r~aBa "AnnapaTypaHe ll nporpaMMHHe cpencTBa o6ecneqeaM 
KpnoreaHHx aKcnepro.ieaToB" nocBRmeaa paspa6oTKe annapaTypaux n npor
pBMMHHX cpencTB, llCllOJII,SyeMHX MR c6opa ll o6pa6oTKH U8HHI:lX KplloreH
HHX 3KCnepHMeHTOB. 

B npMoEeHHRX npencTSB~eHH TexanqecKne xapaKTepncTHKll paspa6o-
TBHHHX 8BTOpOM annapaTypHHX cpencTB. 

Conepsaane pa6oTH. OnTllM8JII,H8R CTPYKTYPHBR KOHqJHrypaIUIR CllCTeM 
ll3Mepeanil napaMeTpOB CBepxnpoBOUHllKOB onpeneMeTCR Ha OCHOB8Hllll pe-

1 sy~bT8TOB 8H8~38 OTUMbHI:lX 3JI8MeHTOB CllCTeM. B COCT8B Kaxnoa CHCTe
Mbl BXOURT: llCToqHHKll' llH(!JOPMSUllll OT o6~eKT8 llCC~em>B8HllR: npll8MHHKl'I 

I 

HHqJOPM8Ul'lll, ycTpoilCTBO o6MeHa ll HCTOqHllK nporpaMM. '06~el(TllCCAenoBBHHR 
BKJillqaeT B ceoo K8K nsyqaeMHe CBepxnpOBOUHHKll, T8K 11 Bee ll8Mep11TeJII,
aoe o6opynoBBHlle. OCHOBHHMl'I ero xapaKTepHCTHKBMll RBAAIDTCR qnc~o KBHB
~OB ll3M8p8HHR, Bp8M8HHH8 xapaKT8pllCTHKll (mar CTp06llpOB8HllR, BpeMR 113-
MepeHHR) ll noTOK HH(!JOPM8Ul'!l'!. Ha OCHOBe 8TllX xap8KT8pllCTHK 
cqiopq.7mp0Ba.HH KOHKpeTHHe Tpe6o:aa.HHR K BeJmtmHe nponyCKHoil cnoco6Ho- . 
C'l'H ycTpOitCTBa 06MeHa R eMKOCTH 6yq>epHott na.MJITH HCTO'llllIKB. nporpaMM. 

fA8BH08 BHllM8Hl'!e npH BHMHSe yne~eao. onpeneAeHl'!D Bp8M8HHHX 38BH
CllMOCTeil KplloreHHHX 11 M8rHHTHHX napaMeTpOB. BuAll HCllOJII,SOBBHH M8TOU 
annpOKCHMaIUIH llpl'I ~llH8ilHoil H CTyneaqaToil HHTepno~HH ll MeTOU H8H
M8HbfilHX KB8np8TOB. IloKasaao, qTo DpH sanaaaoil norpemHOCTH HSMepeHHR 
mar CTp06HpOB8HM H nonyCTHMaR.cpenHeKBaJll)BTl'JqHaR norpemHOCTb onpe
neneHHR BMHqHHJ:l HCCneeyeMoro napaMeTpa ~TOR B38HM006YMOBJI8HHH
Mll H 38BHCRT OT saaqeal'JR K09PPllUl18HT8 annpoKCHMaIUlll o( • Ha pnc. I 
npencT~eaa 38BHCHMOCTb mara CTpo6npOB8HM OT aToro K09PPHUll8HT8 
llpll pas~qHHX saaqeHHRX norpemHOCTll llSMepeHHR MR AllHSilHoil (!JYHKUHH,. 
OllHCHBBDII!eil 38KOH llSMeHeHHR TOK8 B CBepxnpoBOURmeM MBrHHTe. 
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Plic. I. 38BHCHMOCTL mara CTp06HpoBaHH.fI OT KoajxpmmeHTa 
annpoKCHM8UliH lJ,7J.fI ~HeilHoil ~YHKUHH npa CTyneHqaToil HHTep
llOJIRUHH (ClllIOmHUe JIHHHH) H npa HCilOJIL80BaHHH MeTona Haa
MeHLmHX KBanpaToB_ (IlYHKTHp). 

Ilpa asBeCTHUX 8Haqem~x mara cTp06HpoBaHwr a 1tonycTHMoil cpeAHe
KBanpaTaqHoil norpemHOCTH npoBe~eHO Bll~CJieHae IlOTOKa HH~OPMBUHH, no
CTynruomero B ycTpoilCTBO 06Meaa. Ha pac. 2 IlOKasaHa 88BHCHMOCTL IlOTO
Ka HH~PMBUHH OT sanaHHOil norpemHOCTH H8MepeHWI lJ,7J.fI 8KCilOHem.m~HOil 1 

~YHKUHH, OilHCUB8IOmen 88KOH HSMeHeHWI TeMnepaTypu o6pasua CBepxnpo
BOitHHKa npa onpenMeHHH ero KO~HUHeHTa TelllloeMKOCTH. 
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Plic.2. 3aBHCH-
MOCTL llOTOKa HH-
~PMBUHH OT no-
rpemHOCTH HSMepe-
Hlill lJ,7J.fI 8KCllOHeH-

0,8 l,% UHMLHOil ~YHKIUIH. 
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,Ila.nee B pa6oTe paccMOTpeHa MeTOIUIBa H8MepeHd pana OCHOBHHX 
KpaoreHHHX H MarHHTHHX napaMeTpOB, T8KHX K8K TeMnepaTypa, MarHHTHOe 
noJie, ztHHaMHqecKae noTepa aHepraa a np. ,UJtll Kamnoro as HHX npoBeneHo 
BuqacJieHae 8HaqeHd ocHoBHUX xapaKTepacTHK. 06mee 8HaqeHae xapBKTe
pacTHK paCCMOTpeHHUX napaMeTpoB npencTaMeHO B Ta6Jr. I. 

Ta6.mma I. 06mee sHaqeHae xapaKTepacTHK KpaoreHHUX a 
MBrHHTHllX napaMeTpOB 

~paKTepHCTHKH · 

IlOTOK HH~OPM8UliH, K6ailT/C 
BpeM!I H8MepeHWI, C 
qHCJIO KaHaJIOB H8MepeHWI 
EMKoCTL 6y~epHoil naMIITH, K6ailT 

3Haqemrn 

~I5 
O,I + IO 
I5 + 20 
'I6 

Ilo pesyJILTaT8M aH~sa 6Wia COCTBMeHa THllOB8.fI CTPYKTypHa.fI cxe
Ma CHCTeMH HSMepeHH.fI napaMeTpOB CBepxnpoBOilRlltliX MBrHHTOB H CBepxnpo
BOnHHKOB. Bu6op ycTpoilcTBa p6MeHa ocymecT~eTC.fI no c~enY!OIIlliM KpHTe
pWIM: nponycKH8.fI cnoco6HOCTL, BMeCTHMOCTL, saTpaTU Ha COil!)fIEeHae. 
KpoMe Toro, lJ,7J.fI o6ecneqeaWI BOSMOlltHOCTH ItMLHeilmero pacilHpeHM H 
paSBHTM CHCTeMll meJiaTe~HO HCllOJILSOBaTL MOnY~Hllil npamwn llOCTpoe
Hlill 8TOro ycTpoffoTBa. MCXOil.fI H8 ,T8KHX coo6paJteHd B KaqecTBe ycT
poilCTBa o6MeHa 6WI BU6paa KpeilT RAMAK. 

McToqHHKOM nporp8MM MOJteT 6llTL JD06oil THll SIM, KOTOpuil HMeeT 
onepaTHBHYID IlaM!ITL eMKOCTLID He MeHee 16 R6ailT a MaTeMaTaqecRoe o6ec
neqeHae, Heo6XOnHMOe lJ,7J.fI o6pa6oTKH naHHUX. Bll6op THna SIM onpeneJllleT
C.fI RaR BeJIHqHaon nonycTHMllX saTpaT Ha aee, TBK Hee HaztelltHOCTLID. C 
8TOil TO~H spem~ ~qmHe IlOR88aTe~ HMeeT MHHH- ~ MHRpo-3BM. 

no BMHqHHe saTpaT H Hane~OCTH oTne~HUX MeMeHTOB CHCTel'ml 
MOJtHO cneJiaTL oueHKy no HaztelltHOCTH CHCTeMll H saTpaT8M Ha ee cosµaHHe. 

BI.Jra pe~SOBaHa CHCTeMa c6opa H o6paCSOTKH ztaHHUX C annapaTypol -
B CTaHnapTe KAMAI{ Ha CSase MHHH-SBM TPA-70, npenHasaaqeHH8.fI ii..nr, 'SMe
peHWI B~qmra ItHHaMHqeCRHX noTepL aaeprm1 B CBepxnpoBOitHHKa.r I • B 
paCSoTe npID3ezteHo OllHCaHae ee CTPYRTYPll, ~YHKIUIOHHpOBaHM H nporpBM
MHOro o6ecneqeHM. CTpyRTYPH8.fI cxeMa CHCTeMll llORasaaa Ha pHC. 3. 

·CHCTeMa oCSecneqHBaeT HSMepeHae llOTepL aaeprHH C ToqaocTLD He :xyJte I% 
npa HCiraTaHHH KOpOTRHX o6pasuoB CBepxnpoBOil.flmHX RaCSeJiea H 5% IlpH ac
llllTaHHH CBepxnpoBOil.flmliX MarHHTOB. 

IlporpaMMHoe oCSecneqeHae cacTeMII/2/ conepuT nporpSMMJ-ItHCneT
qep, ocymecTBJIIIDmYD ynpaMeHHe npoueccoM asMepeHM a cCSop naHHUX, a 
nporp8MM1,1 oCSpa6oTRH naHHb!X. Bee nporpaMMU HBilHCaHH Ha HSURe acceJ4CS
Jiep SHA TPA-70. Oim saHHMBDT He CSo~ee 5K I6-pa8pf!ItHb!X MOB onepaTHB-
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HOii naM/ITH 3BM, ns KoTopux 4K Bllne.rreHo l1,Jlll naKeTa cTaHnapTH!lX 6H6Jrn:o
TetnrnX nporpBMM, BXOitffmero B cocTaB 6asoBoro MaTeMaTnqecKoro o6ec
neqemm: 3BM TPA-70,. 

a) 

6) 

I 
I 
!, 
I 

Pnc. 3. CTpYKTYPHaJI cxeMa CHCTeM!l HSMe
peHnH IlOTBpb aHeprHll B CBepxnpoBOUHmHX 
K86eJIJDC (a) ll llMilJJll,CHllX MarHHT8X (6): 
I - nporpaMMaTop l1,Jlll HCTQqHllK8 TOKa, 
2 - HCTQqHllK TOKa, 3 - CBepxnpOBOUHmnfi 
M8rHHT, 4 - 6JroK ynpaBJIBHHH, 5a - ras
roJibnep, 56 - UlROJJU,MBTp, 6 - naTqHK 
o6~eMa rasa B rasroJibnepe, 7 - naTqMK 
TeMnepaTypu BxoUHmero B rasroJibUep rasa 
reJIHH, 8 - UHi{lpoBoil BOJibTMeTp. AIU! -
aH0.Jioro-UHi{lpoBofi npeo6pasoBaTeJib, ITH -
reHepaTop T8KTOB!lX HMnJJll,COB, C - cqeT
qllK, IIBP - nap8JIJieJU,H!lfl BXOUHOfi perHCTP, 
KK - cneUH8JIH3HPOB8HH!lil KOHTpoJIJiep 
KpefiTa. 

CrpyKTypHaJI cxeMa paspa6oTaHHoro nporp8MMHoro o6ecneqeHHH CHC
TeMH npenCTaBJieHa H8 pHC. 4a. Ha pHC. 46 IlOK838H8 npHHUHllH8JlbH8JI 
cxeMS CT8TYCHoro perHCTpa, C nOMOmbD KOTOporo ocymecTBJIH8TCH CHHxpO
HH88UM ps60T!l nporpaMM. 

HsMepeHH~ noTepb 8HeprHH B CBepxnpOBO.I(Hmtax npoBOUHTCH B-pas
JIMqH!lx pelltHMax HCDHT8HHH, KOTOplle onpeneJIHIDTCH 8HaqeHHeM napaMeTpOB 
TORS B CBepxnpoBoUHmeM M8rHHTe, T8KHX K8K 8MnJIHTYU8 TOKa, CKOPOCTb 
ero H8p8CT8HM H cnana, UJ.IHTeJibHOCTb naysu MeEny HMilYJibCaMH TOK8 H 
T.n • .Uo HaqaJia HsMepeHnfi sHaqeHne aTHX napaMeTpoB,sanruoT KBR ncxon
H!le yCJIOBHH aKcnepHMeHT8. PaHee 3SU8HHe HCXOUH!lX YCJIOBd ocymecTBJIH
JIOCb BpyqHYD C IlOMOmbD nporpaMMaTopa HCToqHifitS TOK8 IlHT8HHH CBepx
npoBo Itffmero M8rHHTS (CM.·_ pHC. 3) • 

.nnH U8JU,Heflmero p83BHTM CHCTeM!l 6Wla pe8JIH30B8H8 B03MOEHOCTb 
8BTOMSTHqecKoro ynp8BJI8HHH 38U8HHeM llCXOUHllX YCJIOBd 8KCnepHMeHT8. 
BuJI psspa60T8H PHU cpenCTB, C IlOMOmbD ROTopwc MOlEHO M8HHTb sHaqeHHe 

- napaMeTpoB TOKS M8rHllTS nocJie K8Enoro URRJIS HSMepeHllfl H llpOBOUHTb 
llCDHTSHRe CBepxnpoBOUHHROB llp8KTHqeCKll HenpepHBHO. 

CHcTeMS HBMepeHnfl noTepb aHeprHH 6Wla pscmnpeHa ll,1IJI HCllOJib30B8-
HHH B 8RCnepHMeHT8X no HCCJI8UOB8HHD TellJIOllpOBOUHOCTH H TenJioeMROCTH 
CBepxnpOBOWlmHX IlpOBOUOB ll Ra6eJiew'3/. CTpYJtTYPH8H CX8MS T8Koro BS
pH8HT8'CHCTeMH llOKS3SH8 HS pnc. 5. B 8TOM B8Pll8HTe llOUBepraeTCH H3-
M8H8Hllll TOJibKO HSMepHT8JlbHSH qaCTb CHCTeMH, See B!lqHCJIHTeJibH8H 
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UeHHe t' 

a) OCTBHOB 

•cron" 

A(1)P(9) 

"Ko Heu" 

"cepen." 

"HSQ8JI0 11 

A(0)P(9) 

A(0)P(0) 

!liqHcJieHHe 

a •• a.;B_;B 
T(W); tc; tp 

!iiqaCJieHee 
't ;P; 'ti; 

nunaqa naH111,1x 

6) 

flaKeT 
CTBHnBDTHUX 
CJHd,'t~oTet?HUX 
no nnporj:a,.,. 

IM0005-V0100 

Pnc. 4. a) CTpYKTypHaH cxeMa nporpaMMHoro o6ecneqeHHH 
CHCTeM!l HSMepeHHii noTepb aHeprHH; 6) npHHUHilll8JibH8H cxeMa 
CT8TJCHoro perHCTpa, HCilOJU,8J8Moro l1,Jlll CHHxpOHH88UHH pa-
6orn nporpBMM • 

l!aCTb OCTSeTCH llpelKHeit. B .nnccepT8ll;lm IIpllll8.I(eHO OnHcrume IIOCJI9,I(OB8.- · 
TeJicHOCTll pa60Tli H llpOrpaMMHOrO o6ecne~eHHH 8TOrO BapHfil!Ta CHCTeMli. 

.l{0.Jiee p8CCMOTpeH!l B08MOlltHOCTH llpHMeHeHHH MHKpo-3BM 'MISKA. paa
pa6oT8HH01t B JIBS OIDill, B 8KCnepHMeHT8X no H_SMepeHHD napaMeTpoB 
CBepxnpoBOUHHKOB. Mmtpo-SIN C08U8H8, B CT8HU8pTe KAMAI{ H~ 6ase Mmtpo
npoueccops HHTEJI-8080. KoHi{JHrYPSUHH CHCTeM!l HS 6ase U8HHOil MJmpo
SBM llpH HSMepeHHH UHHaMHqecxnx IlOT9pb 8HeprHH B CBepxnpoBOUHmllX 
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Pnc. 5, CTpYRTYPHall cxeMa CllCTeMbl nSMepemill 
TellJIOIIpOBOnHOCTll n TellJioeMKOCTll CBepxnpoBon
HliKOB, HllH - liCTQqHHK nnTaH!IB HarpeBaTeJI.II, 

MarHnTJ~;npHBeneHa Ha 
pnc. 6 • IloKasaHo,. 
qTo xapaKTepnCTHKH 
Mmtpo-3EM ynoBJieTBOpii
IDT Tpe6pBaHl'IJiM no Toq
HOCTH, nponsBonnTeJI1,
HocTn ll B08MOlltHOCTll 
WYHKUnoHaJII,Horo pacmn
peHM CHCTeM, npenHas
HaqeHHblX IVIJiHCCJie,no
BaHM napaMeTpOB CBepx
npoBonHHKOB, RpoMe To
ro, ncnOJII,80BaHHe MHK
po-3BM B cncTeMax 060-
pa n o6pa6oTKn naHHWC 
nosBoJIJieT YJIYqmRTI, Ta
Kne xapaKTepnCTHKR 

R - KO~TaTop, BY - 6.JIOK ynpaBJieHnH, TTY -
TeJieTlllin, /J!CY - lp()TOCqHTblBaTeJII,, JlY - nepqo
paTop. CllCTeMbl, K8K HanelltHOCT!, 

n saTpam Ha ee cosAaHne. TBKRM o6pasoM, 
npRMeHeHne Mintpo-3EM B nono6HblX CRCTeMax 
JiBJIJieTcH ueJiecoo6pasIWM. 

,llJIJi o6opa n o6pa6oTKn naHHhlX KpnoreH
HHX aKcnepRMeHTOB 6WI paspa6oTaH pHn anna
paTypHHx n nporpaMMHWC cpencTB, 

YnpaBJIJie~ OT 3EM nporp8MM8.TOp nc- . 
ToqH~a TOKa nnTaHHH CBepxnpoBOnroilliX Mar
HRTOB/5,61 npenH~SHaqeH wm IlpOBeneHnJi Ha 
JIRHlili c 3EM ,8KCnepRMeHTOB no nsyqeHHID 
CBOflCTB CBepxnpoBonmmoB. CTpYRTYPH8Jl cxe

Pnc.6. RoHwnrypauwr CHO- Ma nporpaMMaTopa noKasaHa Ha PRC,?. OH 
TeMH Ha oase MRKpo-SBM B npencTaBJIJieT co6ofl sanannd reaepaTop HM
cTaanapTe RAMAR IIpR HSMe- nyJII,COB HallpiillteHHJl TpaneneRn8JII,HOfl Mli 
peann,n0Tep1, aaeprHR B TpeyroJII,HOfl WDPMH, saaqeane napaMeTpoB Ko-
CBepxnpoBonmnnx MBrHHTax. TOpllX (aMilJIHTyna, CKOpOCTI, aapacTaHWi H 
Riill - aBTOHOMHW:l: KOHTpoJI- cnana, Il,1.lllTSJII,HOCTh nays:u) MOEHO sanaBaTI, 
Jiep KpeflTa, cosnaHHHfl Ha KaK Bpyqayro, TaK n c noMOll!l,ID 3BM. HCUOJII,-
oase Mmq>onponeccppa soBaane nporpaMMaTopa B cncTeMax, pa6oTa»-
HHTFJI~080; ~ - HHT~p- llUfX Ha JIRHliR C 3BM, ll08BOJIJi8T IlpOBOnRTh 
~eflc nepRifJepnflawc 8KCnep:HM8HTll IlpaRTHqecKH H8Ilp8pHBHO, TaK 
ycTpOttCTB, KaK no aaqaJia 8KCnepHM8HTa MOEHO sanpor-
p8MMI!lpoBaTI, B 3BM BC8 naaHHe o saaqeHHR napaMeTpOB BHXOnHWC HMIIY~ 
COB nporpaMMaTopa, onpeneJIIIJlIIRS pel!HM!l HCimTaHHJI CBepxnpoB01l!U!KOB, 
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Pnc. ?. CTpYRTYPHaR: cxeMa nporpaMMaTopa. 
HHT - liHTerpaTop, RH - KOMnapaTop HYJIJi, 
RM - KOMilapaTop MaKCHM.YMa; BY - BHXOnHOfl 
YCRJIHT8JII,, 

PHn annapaTypHhlx 
cpencTB 6WI paspa6oTaH 
nJIJi HCTOqHHK8 IlOJIHpH80-
BaHHHX noaoB IDJIHPHC. 
YnpaBJieane pa6oTofl aTo
ro ncToqHHKa ocymecTBJIH
eTCH C IlOMOlllfil() MOnJJill 
I2-KaH8JII,HOro nporpaM
MHpyeMoro .~aflMepa 
r2m-354/7/. 

IIiyHKUHOHaJII,HaJi cxe
Ma MonyJill I2IIT-354 noKa
saHa Ha pnc. 8, OH co
neplltHT nBeHannaT1, Hesa
Bncnwx xaaaJioB, Kalltn:ufl 

HS KOTOpllX BKJIIDqaeT B ce6Ji II-paspHnH!ifl 6ywepHHfl perncTp, 2-neKanHHfl 
peBepcHBHHfl cqeTqHK, cxeMy BH6opa qacTOTH TaKTOBHX HMilJJII,COB H CX8MY 
YIIp8BJI8HlIB BHnaqefl BHXOnHHX CHrHaJIOB, OTJIHqliTeJII,HHM 8JI8M8HTOM MOnJJIJi 
JIBJIHeTcJI H8Jlllque B KaxnoM xaaaJie 6ywepaoro perncTpa, 6JiaronapH KoTo
poMy MOl!Ho ocymecTBJillTh MHoroKpaTHhlfl .sanycK TaflMepa 6es nepesanncn 
naaHWC B aero • 

Pnc. 8, iIIYHKUHOHBJII,H8Ji cxeMa I2-KaHBJII,Horo nporpaw.m:pyeMoro 
TaflMepa, BiroK-cxeMa onaoro KaHaJia B:uneJieaa nyHitTJilpoM, 

Opraansann:JI pa6ora 2-KpeflTHofl cncTew coopa H o6pa6oTKH naaHHX, 
liCilOJII,SJeMofl Ha YCTaHOBKe IDJIBPHC Ha JIRHHH C 3BM Tuna LSI-11, "an:EK- · 
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TIDID!KA.-60" H MERA-60 ocy111eCTBJlffBTCSi c noMOllll:,JO MOpYJIH.. npaflBepa BBT
BH KAMA.I{ IIBM-86I/S/. iI>YHKWfOmlJll,HruI cxeMa MOUYJIH. noKasaHa Ha pHC. 9. 

PHc. 9. iI>YHKUHOHaJII,HruI cxeMa npai!Bepa BBTBH KAMAK 11BM-86I 
CY - yseJI conpSilltBHM C MarHCTIJ8Jll,IO SEM. 

'l' • Co 

Y•1;k•1 

Y • X.Y 
Z•CkoY+C-k.Y-11------

k • k+1 

PHc .IO. CTIJYKTYPHM cxe.;; 
Ma 8JII'OPHTMa nporpaMMl:l 
THr!Pof9/_ 

.!waflBep BBTBH nosBoJIJieT nepe~aBaTb µaHm1e 
KaK no nporpaMMHOMY KaHaJIY co CKOpOCTI,JO 
50 K I6-paspfinm1x CJIOB B ceKYHUY, TaK H no 
RaHa.ny npSIMoro n:ocTyiia B naM1IT1:, co CRopoc
TI,JO 500 K CJIOB/c. 

,llanee npHBen:eHo onHcaHHB nporpaMM o6-
pa6oTRH n:aHm1x, RoTopue HaH6oJiee qacTo HC
noJ1I,sy10TCSI B 8RCnepHMBHTa; ~o HSMBPBHHJO n~
paMBTPOB CBepxnpoBOnHHKOW. 9 • IlporpaMMH co
CT8BJIBH11 nJIJI SEM TPA-70 H 0Tp8lm!OT cneIU!qlH
RY annapaTypm1x cpen:cTB, llpHMBHSiBMl:lX B T8-
RHX 8RCnepHMBHTax. 

IlporpaMMa TEMIU: ocymecTBJVIeT BHqHCJie
HHe TeMDepaTypH T no SHaqeHHJO conpoTHBJIBHHSi 
R TepMonaTqHRa no 4JOPMYJIB 

[ 
m k ] 1 T • L. Ck(lnR) - , 

k•-m 
(I) 

rn:e CR - ROHCT8HTH, COOTBBTCTBYlOOIHB npHMe
HSiBMOMY TepMona-rqHRy. AJiropHTM nporp8MMbI 
npencT8BJIBH Ha PHC. IO. 

IlporpaMMa PROPAR. HCnOJll,8YBTCSi nJIJI yn
p8BJIBHM nporpaMMaTopoM HCTOqHHRa TOR8 IlH
T8HHSi CBepxnpOBO!lSilllllX MarHHTOB. C ee no
MOllll:,JO Ha BHxone nporpaMMaTopa MOllHO IlOJIY-

IO 

I 
I 
\ 

~ 

~ 

PHO. II. ~OpMa CHrHa.n:a Ha BHxone npor
paMMaTopa, ynpaBJISieMoro OT SEM C IlOMOllll:,JO 
nporpaMMH PROPAR , C JIHHeilHO B08pacTaI0-
111efl aMIIJmTYnofl (a) WIH CROpOCT!,JO Hapac
TaHHSI H cnana (6). 

qHT!, cepmo HMilYJll,COB C JIH_HeflHo HSMBHSi!OllleflCSI 8MllJIRTynofl H/MH CRO
' POCTJ:,JO HapaCT8Hlm H cnana (CM. pHC. II). , 

IlporpaMMa RESIST BHnOJIH.f.teT BHqHCJIBHH8 BeJIRqHHl1 conpOTHBJI8HH.f.t 
R T8pMOA8TqHRa DPH HSB8CTHOM SHaqeHHH TeMnepaTypii T no ifJoPMYJIB 

- . 
R • exp{~[(1-C0 ~J+J(1-C0 T)2- 4C1c_1T2 ]}, (2) 

rne co, Cr H c_I - ROHCT8HTH. 

IlHBOztl.l H OCHOBH11e pesyJILT8TH pa6oTH 
I. l3HDOJIH8H aHB.nHS CTPYKTYPH CHCTe~ c6opa H o6pa60TRH naHHWC H 

sazi:aq, pemaeMHX B CHCT8MaX HSMepeHRH RpHoreHHHX H MarHHTHl1X nap8MeT
poB. Ha OCHOB8 8H8JIR8a npen:.noaeHa M8TOn:HR8 opr8HH88IUIH CHCT8M B 
cTaHn:apTe KAMAR aa 6ase MHHH- wm Mmtpo-SBwl:, npen:HasHaqeHHWC WI.F.t.Hc
noJI1:,soBaHM B 8RCnepHMBHT8X no HBMepemm napaMBTIJOB CBElpxnpOBO!lSilllllX 
MarHHTOB H CBepxnpoBOnHHROB. 

2. Paspa6oTaHa H cosnaHa CHCTeMa c6opa H o6pa6oTRH naHmix WI.F.t 
HSM8p8HH.f.t B8JIHqHHH Jll'IH8MHqecRHX n0Tep1:, aHeprHH B CBepxnpoBO!lSilllllX 
MarHHTax H RopoTRHX o6pasrnix cBep:x:npoBOll.f.tlIIHX RB6eJieff. Ilono6Ha.F.t cic
TeMa 6HJia cosn:aHa BnepBHe B CTPaHax-yqacTHimax owrn. · 

3. llpHM8H8H p8CmHp8HHHff B8pH8HT CHCT8MH H8 JIHHHH C 311v1.TPA-70 
nJIJI npoBen:eHH.f.t HBMepem ROl$I)HIU!eHT8 T8WIOilpOBO!lHOCTH H TBWI08MKOC
TH CBep:x:npOBOWllllHX IlpOBO!lOB H Ra6eJieff. 

4. Paspa6oTaHo nporpru.1MHoe o6eciieqeaHe 31M TPA-70 WI.F.t ynp8BJie
HWI xon:oM aRcnepHMeHTa, c6opa H o6pa6oTRH n:aemix npH HSMepeHHH BHme
ynoM!IHY'nlX napaMBTIJOB CBepxnpoBO!lHHROB. 

5. Paspa6oTami annapaorypmie cpen:cTBa o6ecneqeaH.F.t aRcnepmeHTOB 
no HCCJIB!lOB8HHD n:HHaMHqecRHX noTepL aeeprHH. B qacTHOCTH, BllBPBH8 B 
CTIJaHax-yqacT~x owrn 6HJI cosn:aH ynpaBJI.F.teMJ:d! oT SBM nporpaMMaTop 
ltJUl HCToqHHRa TOR8 llHT8HH.f.t CBepxnpoBOll.f.tlIIHX MarHHTOB, nosBC>Jllmlllrlt 
IlpOBO!lHTL 8RCll8pHMBHTH np8RTHqecRH HenpepHBHO. 

6. IlpHMBH8H8.MHKpo-3BM B'CTaHn:apTe KAMAK B CHCT8M8 HSMepeed 
llHHBMHqecRHX noTepL aeeprHH. 060CHOB8H8 neJiecoo6paseocTL HCllOJILSO-, 

B8HH.f.t MHKpo-3:Bd B TSR.HX 8RCnepHM8HTax •. 
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, 7. Paspa6oTaH psi:n MOnyneE B CTaHnapTe KAMA.I{ UJIH HCilOJil,SOBaHHR B 
CHCTSMe RpHoreHHOE ycTaHOBRH IDJIHPllC. 9TH MonynH TaRme MoryT HEWTH 
illHPOROe npHMeHeHHe B npyrHX CHCTeMax c6opa H o6pa60TRH naHH11X. 

OCHOBHHe nonomeHHR llHCCepTaUHH ony6JrHROBaH11 B MSnYIDUIHX pa6oTax: 

I. XoaHr Kao 3yHr, XoBaHeu ~ •• flHillaR ]. CHCTeMa Ha nHHHH c 9BM 
TPA-70 B CTaHnapTe KAMA.I{ MR HSMepeHHH nHHaMHqecRHX n0Tep1:, B 
CBepxnpoBOllmill!X MarHHTax H Rade~. - .IlY6Ha, 1979. - IO c. (Ilpe
npHHT/06:r,en. HH-T HnepH. HCMen.: I0-12316). 

2. XoaHr Kao 3yHr. IlporpaMMHOe o6ecneqeHHe CHCTeMH Ha nHHHH c 9BM 
TPA-70 tiJIH HSMepeHHll n0Tep1:, 3HeprHH B CBepxnpoBO!lHHRax. -_,Ily6Ha, 
I979.- 8 c. (Coo6meHHe/06~en. HH-T Hnep.Hccnen.: I0-12344). 

3. Xepuor P., XoaHr Kao 3yHr, flHrnaR ]. CHCTeMa Ha nHHHH c 9BM 
TPA-70 lJ.)ISl H3MepeHHH TennoeMROCTH H TSMOilpOBOllHOCTH CBepxnpoBo
WlutHX MaTepHanoB. - B RH.: Tpynu X MemnyHaponHoro CHMn03HyMa no 
RnepHoll aneRTPOHHRe. - .D:pesneH, r,up, .I980, T.I, c. 54-56. 

4. XoaHr Kao 3yHr, XoBaHeu ~., flHrnaR ]. MHRponpoueccopHaH aBTOHOM
HM-CHCTeMa B CTaHnapTe KAMA.I{ lJ.)ISl H3MepeHHll n0Tep1:, 3HeprHH B 
CBepxnpoBOllHUIHX Ra6e~HX H HMnynl:iCHHX MarHHTax. - B RH.: Tpynu 
CHMilOSHyMa no IlpHMSH8HHID MHRpo-9BM H MHRponpoueccopoB. - Eyna
nernT, I7-I9 oRTR6psi: 1979, T.Il, c. 68I-687. 

5. XoaHI' Kao 3yHr, flHillaR ]. YnpaMRewll OT 9BM nporpaMMBTOp wm HC
_ToqHHRB TORB. - .IlY6Ha, I98I. - 4c. (Coo6meHHe/06~en. HH-T RnepH. 
HCCnen.: .PI3-8I-IOI) •. 

6. Xoaar Kao 3yar. 4-RBRMl:iHHll UAII, ynpaBJll!llutHll nporpBMMaTopoM HC
ToqHnRa TORB IlHTBHHR CBepxnpoBO!lHlllHX MarHHTOB. - .IlY6Ha, I98I.
-4 c. (Coo6meHne/06~en. HH-T HnepH. nccnen.: IO-SI-545). 

7. XoaHr Kao 3yHr, lllyToB B.E. I2-RaHMl:iHHll nporpBMMHpyewll TBffMep.
-.IlY6Ha, I98I.- 4 c. (Coo6meHne/06~en. HH-T Hnep.HCC~en.:I3-8I-708). 

8. CMHpHOB B.A., XoaHr Kao 3yHI'. OpraHHSBUHH B8TBH KAMA.I{ Ha nHHHH c 
Mmtpo-9BM LSI-11 , "9JIEKTR)ffi1KA-60" H MERA-60 • - .IlY6Ha, I98L
- 9 c. (Coo6meune/06:r,en. HH-T Rnepu.nccnen.: I0-81-528). 

9. Xoaar Kao 3yur. IlonnporpBMMH ynpBMeHHH n o6pa6oTRH pesym,TaToB 
RpnoreHHHX HSMep8HHfl lJ.)ISl 9Bvi TPA-70. - ,Ily6Ha, I98I. - 5 c. (Co
o6meune/06~en. HH-T anep. nccnen.: I0-81-830). 

PyKorm:01:, llOCTyimJia B Hs~aTMl:,~ OT'AM 
3 aBrycTa 1982 ro'Aa. 
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