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BBE,UEHHE 

TIoCJIe,ll,HHe 15 -20 mIT OTMeqeHbI nOlJTH 3I<CnOHeH~HaJIbHbIM pOCTOM 

. . lJHCJIa ny6miI<aQHH no rrpofinesre aecranaoaapaoa TenJIOnepe,ll,alJH B CHCTeMe 

"rsepnoe TeJIO - :>KH,ll,I<OCTb"/l- 3 I . CTOJIb BbICOI<aH aI<THBHOCTb HCCJIe,D;OBa

HHH 06yCJIOBJIeHa He TOJIbI<O HHTeHCHBHOCTblO pa3BHBaIOlUeHCH reopaa 

nepeaoca, HO H nOTpe6HOCTHMH nepe,D;OBOH TeXHOJIOnm B anepreraxe, I<OC' 

MHlJeCI<OH H YCI<OpHTeJIbHOH TeXHHI<e, 3TH nOTpe6HocTH, B cnysae, aanpasrep, 

COBpeMeHHblX yCI<Opt1TeJIeH, MoryT 6blTb CBH3llHbi C B03MOJKHOCTbIO cnox

TaHHOH renepauaa HOpMaJIbHOH 30HbI H fJe06XOJJ;HMOCTbIO npenorapanteaaa 

nepeacora 06MOTI<H, B CBfl3H . C qeM I<OJIHtIeCTBeHHaH HH<pOPMal\HH 0 HeCTa

uaonapaoa renrronepenase I< :>KH,D;I<OMy rernno CTaHOBHTCfl aecssra BIDKHOH. 

Kposre roro, ,uOBOJIbHO BbICOI<aH CTOHMOCTh CMC nofiyxctaer pa3pa60TlJHI<OB 

I< npenaaparensaoa OnTHMH3aQHH CTI -MarHHTOB a a I<o M n blOTep Hbl x MOAe

JIHX. KaI< 6bmo nOI<a3aHO pH,uOM aaropoa, B xacraocra/" I, Mo,ueJIb cn
npoaona, pafioraiourero B YCJIOBHflX HMnyJIbCHOrO 3HeprOBbI,il,eJICHHfl, MO)lCeT 

6blTb a.rr.eI<BaTHOH JIHlllb npa ysere "TOHI<OH crpyxrypsr" HeCT~OHapHblX 

TenJIOBblX rrpoueccoa, l.{TO "I<aCaeTCH HMeIOI.UHXCH 3I<CnepHMeHTaJIbHb1X naa

HblX no aecrauaoaapaoa rennonepeztaxe I< ~,ll,I<OMY reJIHIO, TO npHXO,ll,HT

ca npasaars HX He,il,OCTaTOtIHOCTb, HenOJIHoTy, a TaIOKe Tpy,D;HOCTh aarepnpe• 

T~H H HeBbICOI<YIO TOtIHOCTh MHOrHX H3 HHX. TIpaI<THqeCI<H He H3yqeHO 

BJIHHHHe <pOPMbl TenJIOBOrO B03MylUeHHH. tra ,D;HHaMHKy npouecca, a OHO 

MO)KeT OKa3aTbCH peuiaioutara B cnysae norpyaceaasrx CHCTeM / S I. HeT 

,D;aHHbiX no ,D;HHaMHKe TennOBbIX npoueccoa B Pa3HbIX .y s ac r x ax rpaaansr 
pasnena "raepnoe Terro - rerraa", a TaK)Ke ,D;JIfl npoxaxastx CHCTeM / 6 I, rne 

BecbMa sepoarao paCCJIOeHHe nOTOKa 17 I, 

B HaCTOfllUeH pafiore OIlHCllHa annaparypa, I<OTOpaH n03BOJIHeT npono

,ll,MYb accnenonaaaa, ,D;O onpeneneaaoa CTeneHH BOCnOJIHffiOlUHe OTMeqeHHbIe 

npofinerasr, 
Monensasie HCCJIe,ll,OBaHHR HeCTanHOHapHblX TennOBblX npoueccoa 

npoBOAHJIHCb na 3KcnepHMeHTaJIbHOM o6pa3ue, ' CXeMaTHqecKH H306pa:>KeH

HOM aa pHC. 1. OCHOBHaJI qaCTb ofipaana - uiecrs TCnnOBhI,D;eJIflIOI.UHX 3JIeMeH· 

TOB, CJIY)Ka!.UHX O,D;HoBpeMeHHo MarrOHHep~OHHbIMHaarpeaarenaera H BLI

COKOl[yeCTBHTeJIhHblivlH TepMO,ll,aT'lHKaMH 18 I. B TB3 He06xo,ll,HMO sanaaars 

MMnYJIbCLI MO~OCTH onpeAeJIeHHOH <pOpMhI, ypOBHR, AJIHTeJIbHOCTH, CKBa:>K

HOCTH H npoaaaomrrs H3MepeHHH BeJIHtIIDIbt conporaaneaaa TB3 KaK B npo

uecce neHCTDHfl HMnyJIbCa MOlUHOCTH, TaI< H nocne ero OKOHqaHHH. Conpo
THBJIeHHe TB3 B pa60qeH 06JIacTH MO)KeT npHHHMaTb 3Ha'leHHfl OT 6 ,ll,0 

1 KOM, npHqeM resrneparypasra K03<PcPH~eHTconpoTHBJIeHHR OTpH~aTeJIeH. 

no nOH npasaae B yCJIOBHHX CTa6HJ1tl;'llUIlm Hanpn:llCCHHR na TB3 npaxra

r 6t.btllhlietl rihltl gl1C'rn'1Yi \ 
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Puc. I. 31(CnCpUMeHTaJrbllblU otipaseu u 
epeueunan OUaZpaMMQ oouoeo U3 peJICU
MOB uecrauuouapuoii nepeoauu: 1 - xepa
MUlIeC1<(1Jl nOOIlOJIC1(a; 2 - xonraxtuue 
cepetipnuue 11Ilo14ao1<u; 3 - yenepoonsie 
nnentcu; 4 - sneictponpoeooa; 5 - tpyti
tea, 06PQ3YlO14Qfl tcauan O/lll xpuoaeeura. 

qeCKH HeB03MO)I(H0 H,1J;eHTlHlmU;HpO r•. 

aars npauaay H3MeHeHHH rer-mepa
Typbl 06pa3I.J;a, KOTOpaR Mo~eT 6bITb~ 
CBH3aHa KaK C oc06eHHOCTHMH HeCTa-

UHOHapHOH rennonepenaxa, TaK H C 

I I I pOCTOM BO BpeMeHH TennOBOH Ha

t rpY3KH H3-3a CHH){(eHHH conpOTHBJIe

(r" i I HHH TB3. IT03TOMY K yCTPOHCTBy 

6AlV1 nHTaHHH npe.n;'bHBJIHeTCH cneuarpaxe
t cxoe Tpe60BaHHe: ofiecne-nrn, cTa6H

JJT, K I'l .- JIH3au;mO MOlUHOCTH .n;:>KoyJIeBa Ten-

JIOBbl.n;eJIeHHH B TB3. ,lJ,Hana30H 

MOlUHOCTH HMnyJIbCOB .n;OJI:>KeH nepe

t xpsrnars HHTepBaJI ynensasrx renno
BblX narpysorc aa e.n;HHHU;y noaepx
HOCTH TB3: 600 -T 60000 BT1M2 • 

Ilnanapyewrsre axcnepawrearansasre nporpaMMhl npenycraarpaaaror no

nany aa TB3-06pa3eu KaK o.n;HHaKOBbIX, TaK H CYlUeCTBeHHO OTJIHqaIOlUHX

CH HMnyJIbCOB, B CBH3H C qeM B CHCTeMe nHTaHHH .n;OJI:>KHO 6blTb meers aBTO

HOMHblX yCTPOHCTB C COOTBeTcTBylOlUHM ynpaaneaaexr. ITPH 3TOM ynpaanmo
utaa qaCTb .n;OJI:>KHa ofiecrreaaaart., KpOMe rrpar-royronsnsrx HMnyJIbCOB MOlU

HOCTH, TaK:>Ke H HMnYJIbChI 60JIee CJIO:>KHOH cPOPMbl (rpeyronsasre, rpane
ueanansasre H l' .n.}. LJ:JIHTeJIbHOCTb HMnyJIbCOB MO){(eT HaxOAHTbCH B .n;Ha

nasoae 01' 100 MKC .zto .n;eCHTKOB MHHyT H 60JIee. KaK nOKa3aJIH npoaeziea
asre arccnepar-retrrsr 19 ,1 0 I, .n;JIH norryuermsrx 3aBHCHMOCTeH neperpeaa AT 01' 

BpeMeHH t xapaxrepasr ysacrrca, HMelOlUHe paaayro CKOpOCTb H3MeHeHHH 

AT 01' t. IT03TOMY )KeJIaTeJIbHO, qT06bI HHTepBaJI Me:>K)l;y H3MepeHHHMH Mor 

6blTb Pa3JIHtIHhIM na pasasrx yxacrrcax HMnyJIbCa MOlUHOCTH. Kpoxre roro, 
peayrn-rarsr 3KcnepHMeHToB rrponesroacrpapoaana He06xo.n;HMOCTb HC

nOJIh30BaTb 12-pa3pH.n;Hble aaanor-o-nnrppom.re npe06pa30BaTeJIH C apeweaer-r 
npe06pa30BaHHH OKOJIO 30 MKC. QI1CJIO 3KcnepHMeHTaJIbHblX roserc, KOTO

psre aano nonysars sa BpeMH .n;eHCTBHH HMnyJIbCa MOlUHOCTH, MO)KeT no
CTHraTh '" 8000. ,lJ,JIH asrfiopa OnTHMaJIbHblX pe:>KHMOB pafiorsr H KOHTpOJIH 

He06xo,n;HMO ofiecnesars B y.n;06HOM nane asraon pe3YJIbTaTOB H3MepeHHH, 

a TaK:>Ke sanacs naaasrx na .n;OJII'oBpeMeHHoe yCTpOHCTBO XpaHeHHH B pe:>KHMe 

"on-line". 

3JIEKTPOHHAH CHCTEMA 

Ha pHC. 2 npaaeneaa CTpyKTypHaH cxevra 3JIeKTpOHHOH CHCTeMbl, KOTO

paa HBJIHeTCH pa3BHTHeM CHCTeM, onacaaasrx B 19 ,1 0 I. B 3JIeKTpOHHOH CH

CTeMe yCJIOBHO MO:>KHO Bbl.n;eJIHTb TpH qaCTH: noncacresry nHTaHHH TB3, 

H3MepHTeJIbijYlO noncacresry H noncacresry rparpauecxoro npe.n;CTaBJIeHHH 

pe3YJIbTaTOB H3MepeHHH. B CHCTeMe npenycraorpeaa B03MO:>KHOCTb npoaene
HHH KaJIH6pOBKH H nponepxa npaBHJIbHOCTH cPyHKU;HOHHpOBaHHH 3JIeMeHTOB. 

31'0 peanasyerca C nOMOlUblO 6JIOKa anarrrepa (BA) , 3KBHBaneHTHoro co

npOTHBJIeHHH (R I< B ) H U;HcPpoBoro BOJIbTMeTpa (UB). ,
3 

YnpaBJIHlOlUaH H H3MepHTeJIbHaH annaparypa ofiecnesnaaer aanaaae 
MOlUHOCTH B TB3 C pa3JIHqHblMH 3aKOHaMH H3MeHeHHH BO BpeMeHH, a TaK

:>Ke H3MepeHHe BeJIHqHHbl conpOTHBJIeHHH 3THX TB3. Annaparypa BbmOJIHe

na B craanapre KAMAK. YnpaBJIeHHe armaparypoa, aaxansaaa 06pa60TKa, 

oT06pIDKeHHe, sanacs naansrx OCYlUeCTBJIHIOTCH C nOMOlUblO 3BM MERA-60. 

,lJ,nH nocnertyrourea 06pa60TKH .n;aHHbIX peaJIH30BaHa CBH3b C3BM CM1420, 

KOTOpaR 06eCneqHBaeTCH nocpencraor-r aareprpeaca MTT-60 / 1 
2 I. Paapafio

T3HHblH rraxer nporpaMM npenaasaauea nna KaJIH6pOBKH, nposeneaaa 3KC

nepHMeHTOB, 06pa60TKH H asrsona pe3YJIbTaTOB na TeJIeBH3HOHHblH MOHH

TOP H rparponocrpoarens. 

ITO,lJ,CHCTEMA rnrrAHHH TB3 

nO,nCHCTeMa nHTaHHH CJIy:>KHT .n;JIH 3a,naHHH B TB3 HMnyJIhCOB MOlUHO

CTH onpeneneansrx cPOpM, ypOBHH H ,IJ;JIHTeJlbHOCTH. Ona COCTOHT H3 6 yCHJIH

TeJIeR MOI.IJ;HOCTH (YM) H ynpaBJIHIOI.IJ;eH qaCTH • 

YCIDIHTeJIb MOlUHOCTH ofiecrreuanaer ABa pe:>KHMa cTa6RTIH3au;HH 

MOlUHOCTH H HanpH)KeHHH. K3.)I(,D;blH YM HMee! zraa naanasoaa no BbIXO,nHO

My HanpH:>KeHHIO: 20 -T 100 B H 100:;.. 200 B. MaKCHMaJIbHaH MOlUHOCTb 

na aarpysrce 40 BT, HeCTa6HJIbHOCTb MOlUHOCTH - MeHe,e3 -T 4%. ,lJ,JIHTeJIb

HOCTb cPPOHTOB HMnyJIbCa MOlUHOCTH'~10 -T 20, MKC (fionsuras BeJIHqHHa 

OTHOCHTCH K pe:>KHMy cTa6HJIH3aU;HH MOlUHOCTH). BpeMH oTpa6oTKH cxax
rcoofipasaoro H3MeHeHHH HarpY3KH MeHee 40 MKC. B 6JIOKe YM paasremeaa 
nnara, otiecrrexaaaromaa H3MepeHHe conpOTHBJIeHHH TB3 B pe:>KHMe ox

naxcreaaa, T .e. nOCJIe OKOHqaHHH HMHyJIbCa MOlUHOCTH. KOHcTpyKTHBHO 

YM BhInOJIHeH B MeXaHH~e crannapra KAMAK H 3aHHMaeT O,nHH xpeirr. 
EOJIee nonpofiao YM onacaa BIll I. 

YnpaBJIeHHe YM oc'YlUeCTBJIHeTCH ,n;ByMH BH,naMHCHrHaJIOB - aHaJIO

rOBblM CHrHaJIOM B naanasoae ,0 -T 5 B,. C nOMOlUblO xoroporo sanaerca 
ypoaeas MOru;HOCTM B narpysxe, H CHrHaJIOM TTL ypOBHH, KOTOpblH CJIy:>lGiT 

ztna ynpaBJIeHHH ,nJIHl'eJIbHOCTblO HMnyJIbCa MOI.IJ;HOCTH. 

YnpaBJIRlOlUaR qaCTb noncacrerasr nHTaHHH COCTOHT H3 reaeparopa 
aI-IaJIOrOBbIX CHrHaJIOB (T AC) H reaeparopa ynpaBJIHlOlUHX HMnyJIbCOB 

(rYI1). I'AC COCTOHT H3 6JIOKa llleCTHKaHaJIbHOrO I.J;HcPPOaHaJIOrOBOro npe
06pa30BaTeJIH (6[(An), 6JIOKa orreparasaoa naMHTH KJI024 / 1 

3 I, B KO~O-
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Puc. 2. CrpYKTYPHfJJl CXeMa 31leKrpoHHoU CUCTeMbl. HrM.a - HOKOnUTeilb na ZU6KUX 
MamUTHblX ()UCKax; an - 14U1ppOnellaTb; UM - ueemoii TeIleBU3UOHHbiU MOHUTOp; 
Ill" - 14BeTHou zpaf!ionocrpoUTeIlb; BA - 61l0Kaoanrepa; R - 3KBUBQIleHTHOe conpo

3 KB 
tueneuue; R TB31 +Rns36 - COnpOTUfJlleHUJl TeMOfJbl()eIlJllOU/UX 31leMeHTOfJ; an 
14uf!iPOfJOU eonsruetp; YMl + YM6 - YCU/lUTeilU MOU/Hocm; l06A - «ourpoaaep Kpeu
ra KAMAK; FAC - eeueparop aHQIlO~OBblX CUZHQIlOfJ; FYH - eeueparopynpaenssotuux 
uunynscoe; KH029 - uHTepf!ieuc TeIlefJU3UOHHOZO uouuropa; KB002 - fJbIXO()HOU pe
eucrp; KHOlS - fJXOOHOU/fJbIXO()HOU peeuctp; 8AaII12 - ~-KaHQIlbHbIU 12-Pa3PJl()HbIU 
aHQIlOZO-14uf!iPOfJOU npeoopasoearens; MTT·60 - uHTepf!ieuc cessu MERA-60 CCM1420; 
BY - 61l0K ynpqenenus; CAMS.Ol - eeneparop onopnux uacror; CAMS.08-l - npo
ZPaMMHblU eeueparop UMnyllbCOfJ. 

• 

Pr1 

fl.6 

Nt 

- • 

MB 

Puc. 3. Ctpytctypnan CXeMa 61l0Ka 6/JAIl. Pel + Pz6 - peeuctpu; M - npeotipasoeatens 
«oo-ananoe; OYl + OY6 - 6yf!iepHbleYCU/lUTeilU. 

por-t XPaHRTCRI<:O,lJ,bI <POPMbI H ypOBHiI aHaJIOrOBOro CHrHaJIa aa BbIXO,lJ,e 
I'AC, H 6JIOKa HHKpeMeHTHOH sarraca Kfl019 II 3 I, C nOMOIIthlO xoroporo 
oCYutec'q!JIReTCR canas 6JIOKa Kfl024 C MarHCTpaJIblO KAMAK H 6JIOI<:oM 
6UAI1. 

BJIOK 6UAI1 CneU;HaJIbHO paspafioraa ,lJ,JIR ,lJ,aUHoH CHCTeMbI H aanaer 
ypoaens MOutHOCTH aa asrxone YM. CTP~KTYPHaR cxesta 6JIOKa 6UAI1 
noxasaaa aa pHC. 3. 

KIDK,lJ,bIH H3 6 KaHaJIOB MOKa conepaorr peracrp (PI') H npeofipasoaa
'TenL KO,lJ,'aHaJIOr (M) C 6Y<PCPHhIM yCHJIHTeJIeM (OY). I1pHMeHeHHe CqeT'IH
KOB 8 Prl-Pr6 n03BOJIHeT C03,1J,aBaTL C nOMOutLlO BHCUlHcro reaeparopa HM
nyJIbCOB HanpR)f(eHHe TpeyrOJIbHOH H .Tp aneu eImaJILHOH <POPMbI aa BbIXO,lJ,ax 
MOKa 6UAn. I10JIyQeHHe BbIXO,IJ,HOro CHrIlaJIa 60JIee CJIO)I(HOH ¢OPMbI 
ocymecTBJIReTCR nyTeM qyeHHR KO,lJ,03 H3 Kn024 sepea Kn019 C nocnenyro
uteH aanacsio 3THX KO,lJ,OB B Prl-Pr6. CBR3h 6UAll H KJI019 opraaasoaaaa 
xepea pa3'beMbI, paCnOJIO'KeHHble na 3a,IJ,HeH naHeJIH MOKa. tITeHHe KO,lJ,OB 
ocymeCTBJIReTCR C nOMolltblO HMnyJIhCOB, nocrynarontax C rYI1. )J;aHHLle 
C MarHCTpanH KAMAK MO:>KHO 3lUlHCaTh KaK O,IJ,HOBpeMeHHO BO nee pera
crpsr, TaK H BbI60po'IHO B JI1060H H3 HHX. BnOK 6UAI1 BbInOJIHCH B CTaH,IJ,ap
re KAMAK e,IJ,HHH'lHO~ WHpHHbl, HMeeT meers 12-pa3PMHLIX KaHanOB C 
BbIXO,lJ,aMHO -i- +5 B. 

I'eneparop ynpaanaiourax HMnyJIbCOB (rYl1) 3aJJ;aeT ,lJ,JIHTenbHOCTb 
HMnyJIhCa MOutHOCTH aa aarpyaxe, apesseaaoe qOJIOiKeHHe· H KOJIHqeCTBO 
HMnyJIbCOB sarrycxa Alfl], a raiose HMIIYJIhCbI Mil OpraHH3/lUHH B TAC 
ynpaarrmomax CHrHaJIOB CJIO)f(HOH cPOPMbI. rYI1 COCTOHT H3 MOKa reaepa

, 5 4 



ropa OnOpHhIX tIaCTOT CAM 5.01 / 1 4 
I , MOKa CAM 5 .08/1 5 I H 6JIOKa ynpas

JIeHHH '(B Y ) . Bxoziasre H asrxormsre CHrHaJIhI rYI1 HMelOT ypOBHH TTL. 
BJIOK CAM 5.08-1 - nporpaMMHbIH reaeparop HMnyJIbCOB. Ha O,n;HOM 

H3 nsyx BbIXO,n;OB 6JIOK cPopMHpyeT nOCJIe,n;oBateJIbHOCTb cepaa HMnyJIbCOB. 
KOJIHtIeCTBO cepaa, tIHCJIO H tIaCTOTa HMnyJIbCOB B cepaa MoryT nporpaMMHO 
H3MeHRTbCR. BJIOK HMeeT BhIXO,n; LAM, CHrHaJI C xoroporo B 3aBHCHMOCTH 
OT pexcavra pa60TbI 6JIOKa cBH,n;eTeJIbCTByeT JIH60 06 OKOHtIaHHH O,n;HOR ce ~ 

pHH, JIH60 06 OKOHtIaHHH BceR nOCJIe,n;OBaTeJIbHOCTH HJIH 0 npOXO)K)J,eHHH 
Ka)K)J,oro HMuyJIbCa B cepHH. . 

B BY H3 CHrHaJIOB C BbIXO,n;OB CAM 5.08-1 H CAJ.\15 .01 cPOpMHpyloTcH 
aeofixonaxrsre HMnYJIbCHbIe CHrHaJIhI ,n;JIR ynpaBJIeHHH YM, AIJ,1l H rAC. 
B 6JIOKe HMeeTCH BhIXO,n, C rrosroun.ro xoroporo MO)I(HO sarrperars npoxoac
neaae HMnyJIbCa ynpaBJIeHHH aa YM. BY BhInOJIHeH 'B craanapre K1\MAK 
B aane 6JIOKa e,n;HHHtIHOR lI;lHpHHbI. 

113MEPI1TEJIbHAH IlO.nCI1CTEMA 

113MepHTeJIbHaH noncacrer-ra ofiecnexaaaer KaJIH6pOBKy ynpaBJIHlOmHX 
H H3MepHTeJIbHhIX KaHaJIOB, H3MepeHHe conpOTHBJIeHHR RTB3 H MomHocTeR, 
BbI,n;eJIRlOmHXCH B HHX. 113MepeHHH ocymeCTBJIHIOTCH nyresr orrpenenenaa 
MrHOBeHHblX 3HatIeHHR CHrHaJIOB, nponOpUHOHaJIbHhIX TOKy 11 HanpmKeHHIO 

Iloncacrer-ra COCTOHT H3 6JIOKa anarrrepa (BA) , 6JIOKa K11015/1 6 IB RTB3. 
,D;JIR CBR3H BA C 3BM, 3KBHBaJIeHTHOro conpOTHBJIeHHR (R3K ), UHcPpOBoro 
BOJIbTMeTpa (IJ,B) Keithley-181 / ! 7 I C 6JIOKOM aareprpeaca IEEE-488 II a I, 
6JIOKa aHaJIOrO-UHcPpOBoro npe06pa30BaTeJIR (8AIJ,II12). 

LJ:nR npeofipasoaaaaa H3MepHeMbIX 3HatIeHHH TOKa H HanpR)!(eHHR B 
KO,n; nocpencrnor-r AUII C ,n;Hana30HOM BXO,D;Hh!X CHrHaJIOB 0 + +5 B B YM 
npoH3Bo,n;HTCR HOpMHpoBKa CHrHaJIOB. YMeHbllleHHe norpeuurocra OT HeJIH
HeRHOCTH nepenarosasrx xapaxrepacrnx 3JIeMeHTOB YM AIJ,1l ,n;OCTHraeTCR Ka
JIH6pOBKOH. KaJIH6pOB xa 3aKJIlOtIaeTCR B ortpezrenenaa rrepenarosaoa xaparcre
PHCTHK~PBblX=f(N) H llepe,n;aTOtIHbIX xapaKTepHCTHK H3MepHTeJIbHhlX KaHaJIOB 
N U = f(UTH3), N r = {(ITB ), rne PBbIX - MOmHOCTb aa aarpyarce, N - KO,n; ... 
B peracrpe 6JIOKa 6AIJ,II, Nu H Nr - xoztst AIJ,Il COOTBeTCTBeHHO KaHaJIOB 
H3MepeHHH TOKa H HanpR)J(eHHR aa TB3, U ' TB3 H ITB3 - TOK H nartpaxcexae 
aa TB3. 

Kanafiponrca npononarca C HCnOJIb30BaHHeM BA, KOTOphlR n03BOJIReT 
nonxmoxars R K O,D;HOMy H3 urecrz YM H H3MepRTb C nOMOmbJO IJ,B 3KB 
BhIXO,D;Hble CHrHaJIbl YM. B EA npenycr-rorpeaa B03MO)I(HOCTb H3MepHTb 
aenocpencraeaao 3HatIeHHH RTH3 HJIH R3KB. IIpH 3TOM BhIXO,n; YM OTKJIJO'Ia
eTCR OT aarpysxa. BA HMeeT rafiapart.r 0,09xO,44xO,61 M. YnpaBJIeHHe BA 
ocymeCTBJIReTCH nporpaxe-mo tIepe3 KI1015 HIIH apysnyro C nepennea 
naHeJIH. 

LJ:nR OUHcPPOBKH H3MepReMblx 3HatIeHHR 6hm paapafioran 8-KaHaJIbHhlR 
12-pa3pR,n;HbIR aHaJIoro-UHcPpOBOH rrpeofipasoaarem, (8AIJ,II 12) C 6YcPepHOR 
nasrarsro 06'beMOM 8K 12-pa3pH,n;Hblx CJIOB aa Ka)K)J,hlR KaHaJI. CTPYKTypHaR: 
cxexra 6JIOKa 8AIJ,Il 12 norcasaaa aa pHC. 4. 
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<I>yHKUHOHaJIhHO B 6JIOKe 8 AUII12 MO)KHO BbI,D;eJIHTb CJIe,D;YIO~He Y3JIbI: 
,- Y3eJI mrreprpeaca KAMAK; 
- Y3eJI anancro-uarppoaoro npe06pa30BaHHH; 
- Y3e~ 6Y<PepHOHnaMHTH C KOHTpOJIJIepOM; 
----, Y3eJI MyJIbTHnJIeKCOpa anpec/naaasre; 
---;- Y3eJI JIOntKH ynpaBJIeHHH aHaJIoro-QH<ppOBbIM npeofipaaoaaaaexr. 

C nOMO~bIO anreprpeaca KAMAK, peaJIH30BIDiHoro aa nn3Y 556PT5 t ,~}, 
H ,D;BYX neumrpparopax 555H,[(7, ofiecnesaaaerca "JIOrHKa pa60TbI 6JIOKa B 
COOTBeTCTBHH C <PYHKQHHMH, OnHCaHHbIMH HHIKe. npHMeHeHHe'IIII3Y n03BO ( 
JIHJIO cOKpaTHTb -cxesry HHTep<PeHca H peaJIH3013aTh o6pa60TKy LAM-3allpo
ca HenOCpe,D;CTBeH~o B nn3Y. t • 

Y3eJI aaanoro-uarppoaoro npe06pa30BaHHH CO,D;epIKHT 8 O,D;HOTHllHbIX 
KaRaJIOB npe06pa30BaHHH, CQCTOHmHX H3 c06cTBeHHo AUII rana AD574 

) (HJIH C574 npOH3BO,D;CTBa r,Up) , ycrpoacraa BbI60pKH-XpaHeHHH (YaX) 
rana AD582 (HJIH C582 npOH3Bo,D;CTBa rtlp) H BXO,D;HOrO ,D;HcP<pepeHUHaJIb
aoro JIHHeHHOro npHeMHHKa. HCTQlIHHK onopnoro HanpHlKeHHH (HOH) Be
JIHlIHHOH 10 B RBJIHeTCH 06mHM,lUIH acex AUTI, liTO n03BOJIHJIO HMeTb O,D;HHa
xosyio KPYTH3f1Y npe06pa30BaHHH BO acex 8 xananax. IIoCKOJIhKY Aun 
HMelOT BI;lIXO,D; ,D;aHHbIX C TpeMH COCTOHHHHMH t HCnOJIb30BaRa B03Mq)I(HOCTb 
06'he,D;HHHTb BbIXO,D;bI acex Alfl] aa O,D;Hy IllHHY. 

Y3eJI 6YcPepl:loH naMHTH BKJIlOlIaeT peracrp anpeca naMHTH (PAll), 
• BbIllOJIHeHHbIH aa 4 ClIeTlIHKax 555HE7, KOHTpoJIJIep ,D;HHaMHlIecKoH naMHTH, 

coficraeaao naMHTh H BhIXO,D;HOH peracrp <pHKcaUHH AaHHbIX. 3arrnch B na
MHTh ocymeCTBJIHeTCH JIH60 H3 AUII' C nOMO~hIO JI(;>rHKH ynpaaneaaa, JIH60 
no KOMaH,D;e F16AO H3 MarHcTpa:nH 'KAMAK. TIPH 3TOM UHKJI KAMAK co
craanaer 1 MKC, a UHKJI pa60TbI aBTOMaTa CHHXpOHH3HpOBaH C pa60ToH 
'KoHTpoJIJIepa nar--tHTH H COCTaBJIHeT 400 H,C, n03TOMY sanacs ,D;aHHbIX B na
MHTh oc06eHHOCTeH He HMeeT. Ilpa lITeHHH AaHHbIX H3 naMHTH CHTyau:HH 
HH~: naaasre aa MarHCTpaJIH KAMAK no CTaH,D;apTy ,D;OJI)KHbI nOHBJIHTh·· 
ca y~e K Mo¥eHTy BpeMeHH 81 H y,D;ep)fGfB8.IOTC1.I ,D;O 82, n03TOMY lITeHHe 
npO'H3BO,D;HTCH He H3 naMHTH, a H3 nposreaeyrouaoro 6Y<PepHoro peracrpa, 
npH,eM 3aTIHCb B .3TOT peracrp npOHCXO,D;HT nOCJIe JII060H MO,D;H<pHKaQHH 

.J}\
J,! 

anpecaoro csersaxa H zraaasre, COOTBeTCTBYIO~He rexymesry. CO,D;ep)f(HMoMy 
anpecaoro csersaxa, scerna HaxO,D;HTCH B 6Y<PePHOM'perHCTpe. (j 

J KOMMyTaQHIO Me)K,IJ;y IllHHOH anpeca H IllHHOH ,D;aHHbIX aa 'JIHHHH tITe
HHH" Rl-R16 MarHCTpanH KAMA,K. ocymeCTBJIHeT Y3eJI MyJIhTHWIeKcopa. 

Y3eJI JIOrHkH ynpaBJIeHHH Alfl] ocymeCTBJIHeT yrrpaaneaae 'pe:>KHMOM 
hpe06pa30BaHHH H 3anHCbIO'B naxerrs, Pe:>KHM pa60TbI Y3JIa JIorHKH yrrpas
JIeHltH onpenenaerca CO.u.ePJKHMbIM crarycaoro peracrpa H O~CaH HH:>Ke. 
Jloraxa ynpaBJIeHHH peanasyer peJKHM O,IJ;HOBpeMeHHoro sanycxa npeofipa
30BaHHH acex 8 KaHaJIOB. 3aTeM naansre noosepenao CqHTbIB8.IOTCH H3 Anll 
na BHyTpeHH1OIO maay ,D;aHHblX H aarracsraarorca B naMHTb non ynpaaneaaesr 
anpecaoro cserxaxa, B naMHTH nanasre paCnOJIar8.lOTCH CJIe,D;ylOmHM 06pa30M: 

8 

Anpec HOMep xaaana 

XXXXXO ,1 0 
XXXx'Xl 1 
XXXXX2 2 

XXXXX7 7, rne X - JIw60e aocsr-repasaoe qHCJIO. 

CnHCOK <pyHKUHH KAMAK: 
FOAO - qTeHHe ,D;aJIHbIX H3 naMHTH C aBToyBeJIH:tleHHeM PA 
FIAO - lITeHHe CO,D;epIKHMOro PA 
FlAl - qTeHHe crarycaoro peracrpa 
F9AO - c6poc conepacasroro PA 
FlOAO - c6poc LAM 
F16AO - sanacs B naMHTb C aBToyBeJIHtleHHeM PA 
F16All - sanacs B crarycasra peracrp 
F17AO - sanacs anpeca B PA 
F24AO - sanper LAM 
F24All - aanper npe06pa30BaHHH 
F25All - sanycx rrpeofipasoaaaaa 
F26AO - paspemeaae LAM 
F26All - paapemeaae npe06pa30BaHHH. 

Tecr LAM ocy~ecTBJIHeTCH no. <pyHKUHH F8AO (Q = 1 npa LAM = 7, 
eCJIH ecrs paspeuieaae LAM). 

,UnH nporpaso-raoro ynpaBJIeHHH pe)fGfMaMH npe06p830BaHHH npenyc
MOTpeH crarycasra peracrp, CTaTYCHbIH peracrp cO,D;ep:>KHT 4 6HTa H orrpene ',-
JIHeT pe:>KHM npe06pa30BaHHH CJIe.n;YIO~HM o6pa30M: 

WI W2 W3 W4 

, -v ., paspeurenae nporpasneaoro sanycxa 

I pafiora OT aayrpeaaero reaeparopa 
TaKTOBbIX HMIIyJIbCOB (rTH) 

ECJIH Pa3PH,D; W4 = 1, paspeurea nporpaMMHbIH sarrycx no <pyUKUHH 
F25All, ecJIH paspan \y4 = 0, paspeuren BHeIllHHH sanycx. 

3HalleHHH pa3pH,D;OB Wl-W3 onpe,D;eJIHIOT pe:>KHM pa60TbI CJIe,D;ylOmHM 
o6pa30M: 
0- o.n;HoKpaTHbIH sarrycx npeo6p330BaHHH; 
1 - pafiora OT aayrpeaaero rTI1, BpeMH npeofipasoaaaaa t np , = 30 MK'C 
2 - -"- . 50 MX~ 

3 - -"- 100 MKC 
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4 -- pafiora 01' nayrpeaaero rTI1, BpeMfI npe06pa30BaHl:U1 top = 200 MKC: 
5 - -"- 25(} MKC 
6 - 500 MK,c_H_ 

7 - -"- 1000 MKC. 
Ilpa pafiore 01' sayrpeaaero rTM sanycx npoacxonar nOCJIe nepaoro 

aaeuraero sanycxarontero HMnyJIbca. Tlpeofipaaoaaaae paspeuraerca nocne 
npoxoacneaaa cPyHKI.J;HH F26A11 H saxaauaaaerca JIH60 nocne 3aI10JIHeHHfI 
BceH 6y¢epHoH naMfITH, JIH60 cPyHK1U'IeH F24A11. Bo apeMfI npeofipaso
BaHHH npyrae ofipamenaa K 6JIOKy, xposre cPyHKIJ;HH F24A11 H F25A11, 
6JIOKHpyroTCH. <1>yHKUI1H F16AO CJ1y:>KMT )J.JIR TecTH.poB3HHR 6Y<PepHOH na
MHTH. 

KOHCTpyKTHBHO 6r1OK BblnOJIHeH B sane MO,u.yJIH KAMAl( eAHHHtIHOM 

unrpaasr. 
0;+5 BL(Hana30H BXO,lJ.HbIX caraanos 
30 MKCMHHHMaJIbHOe BpeMH npeofipaaoaaaaa 
126HTpa3pR,u.HOCTb 
3 B/MKCCKOpOCTb HapaCTaHHH axonaoro CHrHaJIa 
0,5 MKCaperaa yCTaHOBJIeHHH BXO,lJ.HorO CID'HaJIa 
I MOM'Bxo,u.HoeconpOTHBneHHe 

K03<pqmUHeHT no,u.aBJIeHHH caarpasaoro CI1THaJIa 76~B 

8.qHCJIO BXO,u.OB 
TTL.TaKTOBbIH BXO,u. 

nO,u.CHCTeMa rparpanecrcor-o npe,u.CTaImeHHH pe3YJIbTaTOB COCTOHT 113
 

nseraoro TeJIeBH3HOHHoro MOHI1Topa BKY-42U H naeraoro rpadionocrpoa

1TeJIH WX-4675, ynpaBJIHeMbIX xepea 6JIOKH KI1-029 / 1 9 H KB-002 1201 

cooTBeTCTBeHHO. )lJIH npe,u.CTaBJIeHHH pe3YJIbTaTOB B rpa¢nqeCKOM anne 
HCnOJIb3yeTcH naxer rpaqmQOCKHX nporpasoa I'PA<I>OP 12 1 I; 

rreorrAMMHOE OBECIlEqEHME ~ r-
Crpyxrypa rrporpaxnaaoro 06eCneqeHHH npaseneaa aa pHC. 5. Ilpo- ~ I 

rpaMMHble MO,u.yJIH 06e,CnetIHBaIOT pafiory 3JIeKTpOHHOM CHCTeMbI CooTBeT- ~\ 
CTBeHHO B pe)KHMaX KaJIH6pOBKH CHCTeMbI llHTaHHH, cfiopa ,u.aHHbIX H npen- .~ 
BapHTeJIbHOrO oT60pa ,u.aHHbIX C HCnOJIb30BaHHeM rpa¢HqeCKOrO npe,u.CTaB

neHHfI pe3YJIbTaToB. ,
 
Ilna YKa3aHHH pacnOJIO)KeHHH «PYHKD;HOHaJIbHbIX 6JIOKOB B xpeirre
 

KAMAK BO BpeMfI aauansaoro zraanora HCnOJIb3yeTcH nporpawrvra INIT.
 
C noraontsto nporpaMMbI MAIN aa 3I<paH BbmOAHTCH MeHIO pe)KHMOB
 

H ,u.HanasoHoB pa60ThI, a TalOKe 3a,u.aIOTCH HMeHa CJIY)Ke6HbIX <paHnOB, HCnOJIb
3yeMbIx npyrasra MOAynfIMH rrporpaersrsr. B 3a.BHCHMOCTH 01' BbI60pa peaca
Ma ynpaaneaae nepeAaeTcfI JIH60 rrporpasrere CALIBR, JIH60 npdrpaMMe 

WORK. 
nOA ynpaaneaaevr nporpaMMbI CA,LIBR ocymeCTBJIHeTCH KaJ1H6pOBKa 

CHCTeMbI nHTaHHH, npa 3TOM He06xo,u.HMbIe H3MepeHHH 06eCneqHBaJOTcH 

Puc. 5. Ctpytcrypa npoepauuuoeo o6ec
neueuus 3/leKTpOHHOU cucteuu. 

nporpaseaasra S~LECT, GTDATA, 
IEEGET. TIporpaMMOH SELECT ocy
meCTBJIHeTCH ynpaanenae finnxoxr 
anarrrepa (BA). YnpaBJIeHHe H3Me
pHTeJIbHbIMH npH60paMH xepea HH
repoeac IEEE-488 npOH3Bo,u.HTCR 
xepea nporpaxivry IEEGET. Ilpo
rpaxoaa GTDATA o~ymeCTBJIHeT 

sanacs CqliTaHHbIX ,u.aHHbIX B COOT
aercrnyroutae asrxonasre <paHnbI. TIo
CJIe OKOHqaHHH KaJIH6pOBKH ynpas
JIeHHe B03BpamaeTCH B MAIN, H 
MO)KHO 'nepeXO,D;HTb B pelKHM H3Me
peHHH. 

YCTaHOBKa 060py,u.OBaHHH B na
qaJIbHOe COCTOHHHe ocymeCTBJIReTCH 
C noraoursro nporpaMMbI INITC. 

Pe)KHM H3MepeHHl1 peaJIH30BaH 
xepea nporparar-ry WORK, KOTOpaH B CBOro osepens nepenaer ynpaaneaae 
nporpaxoee INITW )J.JlH yCTaHOBKH annaparypsr H BhI60pa ozmoro 113 ~BYX 

pe)KHMOB pa60ThI C ,u.aHHbIMM: "Ha60p" H "AHaJIH3". 
Pe)liliM "Ha6op" peanasyerca C nor-toun-ro nporpaMMbI ACQUIS~ KOTO

pas nepenaer ynpaaneaae MO,u.yJIHM PWRSET, PARMS, ,GETALL. qepe3 
MO,u.YJIb PWRSET ocyrn;eCTBJIHeTCH yCTaHOBKa ncex IJ;H<ppoaH~bro'BbIx 
npeofipasoaareneit TaIqlM 06pa30M, qT06hI na Ka)K,l~OM TB3 asrnennnacs 
aanaanaa Morn;HoCTb, H, KpOMe 1'01'0, B finorc ynpaBJIeHHH 3anHCbIBaeTCH 
<popMa HMnyJIbca. Monyns PARMS npenaaaaasea nna rrpaexra H 06pa60TKH 
napaxrerpoa, xapaxrepasyrourax TepMo,u.HHaMHqeCKHe CBoHcTBa J.(B,yx<pa3Ho
ro nOTOKa: paCXO,I.J;a, ,u.aBJIeHHH, rewmeparypsr H MaCCOBoro pacxonaoro 
napoconepscanaa. Ilocpencraoxr MO,u.yJIR GETALL ocymeCTBJIHeTCH sanycx 
YM, OIJ;HcPpoBKa nocrynarouiax ,u.aHHbIX H 3anOJIHeHHe BHyTpeHHHx 6y<pe
pOB AUIl. 

Ilocne aafiopa naaasrx MO)I(HO nepeirra B pe)f(HM "AHaJIH3" H npa no
MomH MO,u.yJIH ANALIS nponecra npenaaparensayro 06pa'60TKY pe3YJIbTa
TOB. Qepe3 MeHIO B Mo,u.yJIe ANALIS aanpamaaaerca HOMep cerraeara TB3, 
user KpHBOH aa axpaae MOHHTopa, a raxace HaqaJ10 H KOHeD; aarepecyroutero 
HHTepBaJIa apexrena. Kpor-re 1'01'0, ~O)I(HO sanars mar no BpeMeHH, tuo MO
iKeT OKa3aTbCH nOJIe3HbIM npa npenaaparensaoxr npOCMOTpe ,u.aHHbIX aa on
HOM cerr-terrre. Ilocne yCTaHOBKH napasrerpoa ynpaanenae nepenaerca MO
,u.yJIIO WINDOW, KOTOpbIH otiecnexaaaer CqHTbIBaIme H3 6Y<PepHOH naMR'Ii1 
AUIl TOJIbKO aarepecyrouiax ,u.aHHbIX. 3TH naansre oT06proKaIOTCR aa arcpane 
MOHHTopa B anne 3aBHClfMOCTH .6.T== f(t), rne tJ. T .- rewrneparypa nepe-' 
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rpena nOBepXHOCTH ofipasna, t - BpeMH 01' aasana axmyrrsca MOII.J.HOCTH . 

Ilpa He06xOAHMOCTH MO)f(HO nH60 yneJIHtlHTb uiar no BpeMeHH,Jm60 yMeHh

unrrs ero, tlTQ n03BOJIHeT AeTaJIH3lipOBaTh H3MeHeHHH neperpeaa cerraeara 
TB3 BO BpeMeHH (pHC. 1). Ilocrre OKOHtlaHHH nperm aparerrsnoro aHaJIH3a 

ynpaaneaae nepe,II.aeTCH MOAymo SAVED, KOTOphlH ofiecnenaaaer sarracs 
He06xo,II.HMbIX ,II.auHplX B <PaHn na rH6I<oM MarHHTUOM ,II.HCKe, nepenasy nan

HbIX aa O,II.HH H3 aaxomrrenea CM 1 420 HJIH BbIDO,II. rparpaxa aa uaeraoa 
rpa!ponocTpoHTe11b . Ilocne OKOH'iaHHH aHaJIH3a ,II.aHHblX C onaoro cerMeHTa 

ynpaaneaae CHOBa nepenaerca MOAYJIIO .ANA L I S nna aaanasa ,II.aHHbIX C 

npyroro cerr-reara TB3. 

llporpaMMHoe ofiecnexeaae HanHCaHO aa H3bIKax CH, <!>OpTPaH H 

MaKpo-11. • 

PE3YJIbTATbl 

Flponepxa 3JIeKTpOHHOH CHCTeMbI oCYII.J.eCmJIfIJIaCb B axcnepasreare 
no Hccne,II.OBaHHIO aecrauaoaapaoa rennonepeaasa K BbIHY)K,lJ.eHHbIM nOTO

KaM ,II.Byx!pa3HOrO reiIHH 01' llleCTHKaHaJIhHOrO ofipasna, nOKa3aHHOrO aa 
pHC. 1. OpHeHTanHH ofipasua 6bma ropaaotrransaoa, a MaCCOBaH CKOpOCTb 

P = 126 Klla 

102. 

~T,K 

1
10

10° 

101 

. 

1 -y
.z. 

..<•• +T 
++ 

, ~ 

~""""T.. 

.........,- ... .. . . . ........... 
+++++++.-.- ... , . ~......, + }., 

lOt 101. 10" io" 10
5 

10
6 

t, MKC 

Puc. 6. 3aaucwwCTU nepeepeea AT noeepxuoctu 06pfJ314a OT 6peMeHU t nocne no
()O'lU UMnyllbca MOU4HOCTU: it - ()1tJI HUJlrneU 06pa:JylOU4eu, + - ()1tJI eepxneii otipa
3ylOU4eu, 1 - q = 9100 BTIM', 2 - q =.4540 BTIM'; m =48 1CzIM' c; x = 0,32; 
p =126 xlla. . 

TaKOBa, sro peaJIH30BbIBaJIHCb paccnoeaasre pe:>KHMbI TetleHHH zmyxdiaaaoro 
5renaa npa nasrreaaa 1,3'10 Ila. nO,II.CHCTeMa IlliTaHHH pa60TaJIa B pe)i{liMe 

cTa6HJIH3anHH MOII.J.HOCTH. <DopMa asmynsca - TpaneneHAaJIhHaH, !pPOHT - . 

oxono 20 MKC . 

Ilonyseaasre peayrrsrarsr npencraaneasr 'na pHC. 6 B BH,II.e 3aBHCHMOCTeH 

neperpena ~ T nOBepXHocTH ofipasna 01' BpeMeHH t nocne rronaxa HMnynbca 

MOIUHOCTH. Ka)K,lJ.aH xpasaa ~ T(t) npe,II.CTaBnHeT C060H HaJIO)i{eHH~ ABYX 

KpHBbIX, O,II.Ha H3 KOTOpbIX - peayrrs'rar H3MepeHHH C HHTepBaJIOM cTp06H

pOBaHHH 50 MKC, a npyraa - 200 MKC. ,nnH nonyseaaa pasaosrepnoro ina
ra no norapH!pMHtleCKOH oca BpeMeHH cofimonaerca COOTHOllleHHe 

19(N j +1/Nj ) = const, rne N j + ! , N j - HOMepa aaofipaacaesrsrx roxex. COBna,Ae

HHe KpHBbIX npa pasnsrx aarepaanax CTp06HPOBaHHff cBH,II.eTeJIhCTByeT 0 

xopouiea Bocnpoli3BO,II.HMOCTH peaynsraroa , xasecrae HaCTpoHKH 06paTHOH 

CBH3H ycanarena MOII.J.HOCTH H KaJIH6pOBKH H3MepHTe.JIbHOrO TpaKTa. AHaJIH

aapya pHC. 6, MO)f(HO BbI,II.enHTh xapaxrepasre pe:>KHMbl HeCTau,HOHapHOH Ten

nonepe,II.atlH H OneHHTb pa3nHtlHe B CTeneHH HHTeHCHBHOCTH nponeccoB ,IJ.J1ff 

nepxaea H HH)f(HeH 06pa3ylOII.J.HX ofipasua, xro 06'bffCHffeTcff paccnoeaaera 
nOTOKa rerraa B oxnaJK,IJ.alOII.J.eM xanane. 

Ilpoaeneaasre HCnbITaHHH nOKa3aJIH pa60Tocnoc06HOCTb OT,II.enhHblX 

6110KOB H xosmnexca B uertora. C03,II.aHHaH 3neKTpoHHaH CHCTeMa acnons
syerca ,IJ.J1H MOAenHpOBaHHH TennOBbIX· pe:>KHMOB CHCTeM, xpaocrarapyerasrx 
HOPMaJIhHbIM H CBepXTeKYtlHM re.JIHeM B ycnoaaax HMnynhcHoro aaepro
BbI,IJ.eneHHH. 

B	 3aKJ1lOtleHHe aaropsr BbIP~alOT r11y6oKYIO npH3HaTe.JIhHOCTh B.,n.I1H

KHHy aa nOMOII.J.b B pafiore .H norresasre o6cy)K,lJ.eHHH, B .r.Il.{IDIOBY, B.B.MH

nblHY, B.EJKHnhnoBY sa nonesasre xoacynsranaa npa C03,II.8.HHH nporpasoa
aoro ofiecneseaaa, a raioxe A.M.llHBeHh, 1O.11.<De,II.OTOBY H r.B.BeKeTOBoH 

sa nOMOII.J.h B H3rOTOBneHliH 3neKTpoHHbIX 6nOKOB. 

~ llHTEPATYPA 
I 

1. Steward W.G. <Int. J. Heat and Mass Transfer, 1978, v.21, No.7, p.863. 
2. .a:JICUappaTaHO Il. .ax., CTIOap() B./(x. - Tennonepeoasa, 1983, 7.105, ND2, c.129. ~ 
3. Schmidt C. - Applied Physics Letters, 19 78, v.32, No.12, p.627. I 
4. FU1U1ki K. - Cryogenics, 1985, v.25,No.3, p.135t.I 

· 1 5. Lue T.W. et al. - Adv. Cryog. Engng., 1978, v.23, p.226. 
I 

6. GreenM.A. et al. - Adv. Cryog. Engng., 1980, v.25, p.420. 
7. MaMe()o6 H.C. Uop. - CootiuieuueOHJlHP8-84-156,.ay6Ha, 1984. 
8. Collier R.S. et al.	 - Carbon Thin Film Thermometry, National Bureau of Standards 

(U.S.), NBSIR 74-355,1973. 
9. MUKIlJle6 R.M. u op. - Tpyou XIII MeJIC()YHapo()Hou lcoHifjepeHijUU no yCKOpUTe.tIJlM 

'1aCTU14 8blCOKUX suepeuii. H080cu6upCK: Hayxa, 1987, T.2, c.53. 
10. Filippov Yu.P. et al. - Proc. ICEC12, Southampton , 1988, p.252, Batterworths. 
11. HHKUH B./l. Uop. - Coothueuue OHJlH, 8-85· 756, P.y6Ha, 1985. 

• I I 

12	 , 13 
j 



12. MTT-60. Mooyn» conpsscenun C yoaaennui« repuuuanou. Texuuuectcoe onucanue. 

KaTOBUije, 1981. 
13. AHTIOXOB B.A. U op. - Cootitueuue OHRH, PI 0-85-922, )Jy6Ha, 1985. 
14. CAM 5.01. Clock Pulse Generator. KFKI, Budapest, 1973. 
15. CAM 5.08-1. SEQUENCE GENERA TOR. KFKI, Budapest. 
16. AHTIOXOB B.A. U op> Cootituenue OHRH 10-11636,)Jy6Ha, 1978. 
17. Digital Multimeter, Models 181, Keithley Instruments, USA. 
18. KQIlUHHUKOB B.A. - Cootiiuenue OHR~P10-87-57, )Jy6Ha, 1987. 
19. BbtOHZ Ilao Bu u op. - Coothueuue OHR~10-81-755,)Jy6Ha, 1981. 
20. )/(ypaBlleB R.H. U op. - C006uteHUe OHRH,10-8754, )Jy6Ha, 1977. 
21. EaJlKOBCKUU IO.M. Uop. - rPA(/JOP. Fpafiuuectcoe pacuiupenue ifjOpTpalta. M.: Hayxa, 

1985. 

HET nH IlPOBEnOB B BAIDER BHBnHOTEKE? 

Bbl MO)KeTe nOJ1yt1HTb no noxre nepesacneansre HIDKC KHHJ'H, eCJ1H 
xaaanst paaee. 

.Ll13-84-63	 Tpynsi XI Me)KJlyHapoJlHoro cHMn03Hy~a no 1U1epHOH 
3J1CKTpOHHKe. BpaTHCJ1aBa,QexocnoBaKHR, 1983. 

.Ll2-84-366	 Tpynsr 7 Me)KJlynapoJlHoro cOBelU8HHH no np06J1eMaM 
KBaHTOBOH reopaa nOJ1H. AnYWTa. 1984. 

.Ll1,2-84-599	 Tpynsr VII Me)KJlYHapOJlHOrO ceMHHapa no npofinesravr 
<pH3HKH BblCOKHX 3HeprHH . .Lly6Ha, 1984. 

.Ll17-84-850	 Tpynsr III Me)KJlYHapoJlHOrO CHMn03HyMa no H36paHHbiM 
np06J1eMaM CTamCTH1IecKoH MeXaHHKH. .Lly6Ha. 1984. 
(2 TOMa) 

.Llll-85-791	 Tpynsr Me~HapoJlHOrOCOBeI.I.UlHHH no aH8.JIHTH'lecKHM 
BbItlHCJ1eHHRM aa 3BM H HX npHMeHeHHIO B reoperaxecxoa 
¢H3HKe. .Lly6Ha, 1985. 

.Ll13-85-793	 TpYJlbl XII Me)KJlYHapoJlHOrO CHMn03HYMa no aaepaoa 
3J1CKTpoHHKe. .Lly6Ha.1985. 

.Ll4·85-851	 Tpyrna MC)KJlynapoJlHOH WKOJ1blno cTpYKTYpe 1U1pa. 
AnywTa.1985. 

113.4,17-86-747	 Tpynsr V Me)l(J].yH8.poJlHOH WKOJIhI no HeHTpOHHOH <pH3HKe 
AnYWTa, 1986. 

Tpynsr IX Bcecoiosaoro COBeI.UaHHH no yCKOpHTeJ1HM 
3apR)KCHHbIX qaCTmJ,. .Lly6Ha, 1984. (2 TOMa) 

.Ll1.2-86-668	 Tpynsr VIII Me)KJlYHapoJlHOrO ceMHHapa no npo6J1eMaM 
<pH3HKHBblCOKHX 3HeprHif . .Lly6Ha. 1986. (2 TOMa) 

.Ll9-87-105	 TpYJlbI X Bcecotosnoro COBelU8HHHno yCKOpHTeJ1HM 
3aplDKeHHblX qaCTmJ,. .Lly6Ha. 1986. (2 TOMa) 

117-87-68	 Tpynsr Me)KJlYHapoJlHOH WKOJ1bl-CCMHHapa no ¢H3HKe 
TR)I(eJ1blX HOHOB. .Lly6Ha, 1986. 

~ 
.Ll2-87-123	 Tpynsr COBe1.UaHHH "Peaopesrpyrma- 86'·.lly6Ha, 1986. 

~1 114-87·692 Tpynsr Me~HapOJlHOroCOBelWlHHHno TeopHH 
ManOqaCTH1IHblX It KBapK-anpOHHbIX CHCTeM. .Lly6Ha, 1987. 

I 
.Ll2-87-798 Tpyns) VIII Me)KJlYHapoJlHOrO COBelU8HHH no npo6J1eMaM 

KBaHTOBOHTOOpHH nOJ1H. Anyurra, 1987. 

.Ll14-87·799	 Tpynsr II Me)l(JlYHap0.IUIOro CHMn03HyMa no npo6JleMaM! B31lUMOJlCt\CTDItR MIOOliOB H nHOHOB C BemecTBOM • 
.lly6Ha. 1987 

.Ll17-88-95	 Tpynsr IV Me)KJlYHapoJlHOrO CHMn03HYMa no H36paHHbiM 
np06neMaM cramcrmecxoa MeXaHHKH. Jly6na. 1987. 

OHH He 6blJ1H aa

4 p. 50 K. 

4 p. 30 K. 

5 p. 50 K. 

7 p. 75 K. 

<1 p. 00 K. 

4 p. 80 K. 

3 p. 75 K. 

4 p. 50 K. 

13 p. 50 K. 

7 p. 35 K. 

13 p. 45 K. 

7 p. 10 K. 

4 p. 45 K . 

,4 p. 30 K. 

3 p. 55 K. 

4 p. 20 K. 

5 p. 20 K. 
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