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flH Baa Cya, CHnaes E.A. 13 - 10287 

~f3MepHTenbHb!H llpeo6pa30BaTenb COllpOTHBneHIHI B rrepHOA 

cneaOBBHHH HMllyllbCOB 

OnHcaH rrpeo6pa3onarenh corrpoTHBneHHH pe3HCTHBHbiX ABT'IHKOB B rre

PHOA cnenosaHHH HMnynbcoa. Oa rrpeaHa3Ha'leH nnH aHcTaHUHOHHbiX H3Me

peHHii He3lleKTpH'IeCKHX BellH'IHH, B 'IBCTHOCTH 1 MO*eT 6WTb HCI10nb30BBH 

nnH H3Mepei!HH KpHOf'eH!!l>iX TeMrrepaTyp B nHHeiiHD-MeHHIO!UHXCH M8f'HHT8X, 

Koc>tPtPHUHeHT rrpeo6pa30BBHHH I MKciOM, llHarra3oH conpoTHaneHHii aaT'!HKa 

o~IO KOM.~IHTerpanbHBH HellHHeiiHOCTb - 0,03%. 

Pa6ora BhillOnHeHa B fla6opaTOPHII BbiCOKfiX 3HeprH.i1: OY!.HY!. 

0 1976 06t>eOUHeHHWU UHc•u•y• AOepHWX UCCAe006QHUU ,.l!y6Ha 

B H3MepHTeJihHblX CHCTeMaX, II,Pe,L(Ha3Ha'leHHhiX ,L(JI.II 

,L(HCTaHUHOHHhiX H3MepeHHB HeJJieKTpH'IeCKHX BeJIH'IHH C 

IIOMOIUhiO pe3HCTHBHblX ,L(aT'IHKOB, BCe 'laiUe IIpHMeH.RIOTC.II 

rrpe,L(BapHTeJibHble rrpeo6pa30BaTeJIHCOIIpOTHBJieHH.R,L(aT'IHKa 

8 'laCTOTHO·BpeMeHHOB CHrHaJI /B qaCTHOCTH, 8 rrepHO,L( 

cne,L(oBaHH.II HMIIYJILcoo/ I 1 • 2 ~CHrHaJI c BblXO,L(a JTHX rrpeo6-

pa3ooaTeneii nerKo rrepe.L(aTL ua 3Ha'IHTeJILHoe paccTO.RHHe 

rrpaKTH'IeCKH 6e3 IIOTepH HH~OpMaUHH, ,L(a~e 8 yCJIOBH.IIX 

CHJihHblX IIOMeX. ,[l.aJILHeiiwee rrpeo6pa30BaHHe 3THX CHrHa

JIOB /ycpe,L(HeHHe H BpeMeHHa.R CeJieKUH.II ,L(aHHblX, KOMMyTa

UHH KaHaJIOB, npeo6pa30BaHHe B UH~pOBOB KO,L( H T .II./ JierKO 

OCYIUeCTBJI.ReTC.II cpe,L(CTBaMH HHTerpaJibHOB UH~pOBOB 
JJieKTpOHHKH. 

fipH IIOCTpoeHHH anrrapa Typbl ,L(JI.IIAHarHOCTHKH napaMeT

pOD 3JieKTpO~H3H'IeCKHX ycTaHOBOK 
3

/ BCTpe'laiDTC.II OCO· 

6ble cJiy'laH /uarrpHMep, H3MepeHHe KpHoreHHblX TeMrrepa

Typ 8 MeH.IIIOIUHXC.II MarHHTHblX IIOJI.IIX/, KOr,L(a IIOMHMO 06· 

IUHX Tpe6oBaHHB BhiCOKOB TO'IHOCTH, MaJIOB HHepUHOHHOCTH, 

WHpOKOrO ,L(Haiia30Ha COIIpOTHBJieHHB ,L(aT'IHKOB rrpeo6pa3o· 

BaTeJib ,L(OJI~eH: 

a/ o6ecrre'IHTh MHHHMaJibHYIO BeJIH'IHHY pa3orpeoa ,L(aT

'IHKa H3MepHTeJibHblM TOKOM; 

6/ 6b1Th He'lyBCTBHTeJibHbiM K napa3HTHbiM TepMO 

3.,L(.C., KOTOpble MOryT 803HHKHYTh 8 uenH ,L(aT'IHKa /eCJIH 

JJieMeHThl UeiiH HaXO,L(.IITC.II B yCJIOBH.IIX BhiCOKOrO rpa,L(HeHTa 

TeMrrepaTyp/; 

B/ 6b1Tb He'lyBCTBHTeJihHblM K rrapa3HTHbiM peaKTHBHO

CT.IIM KaK CaMOrO ,L(aT'IHKa, TaK H COe,L(HHHTeJibHOB JIHHHH 

/rrpeo6pa3oBaTeJIL o6bl'IHO pacnonaraeTc.R oue KPHOCTaTa 

H COe,L(HH.ReTC.II C ,L(aT'IHKOM JIHHHeB, HMeiDIUeii 3aMeTHYIO 

eMKOCTL/; 
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r/ Ocna6nHTb BnHHHHe noMeXH, CBH3aHHOH e HaBO~KOH 
Ha uenL ~aT'IHKa oT H3MeHxro~erocx MarHHTHoro nonx. 

OnHeblaaeMLIH npeo6pa3oBaTenL I puc. 1/ B 6onLIIIOH 

Mepe y~oaneTBopxeT 3THM Tpe6oaaHHHM. OH BLmonHeH no 

CXeMe C nepeMeHOH HanpaBneHHH HHTerpHpOBaHHH B UHKne 

npeo6pa30BaHHH H ~aT'IHKOM, BKniO'IeHHbiM BO BXO~HYIO 
uenL KOMnapa Topa I l, 2/. 

3 

Puc. 1. <PyHK!IUOHQAbHCVI cxe..wa npeo6pa3oeameAJI I 1 - uH
mezpamop; 2 - Ko..wnapamop; 3 - pe3ucmueHblil oam'luK; 
4,5,6 - UC111C'lHUKU o6pa3ij08biX 1IIOK08; 7- OeAU111eAb 1/IOKa; 
8, 9 - KA10'lU/. 

3Ta CXeMa npaKTH'IeCKH He'lyBCTBHTenbHa K Me~neHHO

My H3MeHeHHIO nopora KOMnapaTopa, 'ITO HCnOnh3yeTCH 

~nH ycTpaHeHHH BnHHHHH napa3HTHbiX TepMo- 3.~.C. 3TO *e 

CBOHCTBO HCnOnh3yeTCH ~nH ocna6neHHH BnHHHHH HaBO~OK 

Ha uenb ~aT'IHKa OT nHHeHHO-H3MeHHID~erOCH MarHHTHOrO 

nonx. PeanLHO 3TH HaBO~KH npe~eTaanxroT co6oii npxMo

yronLH&Ie HMnynLcLI 3.~.c. Ha axo~e KOMnapaTopa, ~nH

TenLHOCTh KOTOpbiX /o6bi'IHO HeeKonLKO eeKyH~/ 3Ha'IHTenL

HO npeB&IIIIaeT nepHO~ npeo6pa30BaHHH. 

4 

,[J;nJI yMeH&IIIeHHH pa3orpeBa ~aT'IHKOB H3MepHTenhHbiM 

TOKOM noene~HHH llO~aeTeJI KOpOTKBMH BMnynLeaMB e 

6onLIIIOH CKBa*HOeT&ro. YeTaHaanuaax ~oeTaTO'IHO a~eo

Kyro aMDnBTY~Y BMDynLca TOKa /~nJI ~OeTB*eHBJI Tpe-

6yeMOH DOMexoyeTOH'IBBOCTII B TO'IHOeTB npeo6pa30BaHBJI/ 

B O~HOBpeMeHHO yaenB'IHBaJI eKBa*HOeT&, MO*HO nony

'IHTb npeHe6pe*BMO Manyro epe~HIDID MO~HOeTb paeeeJIHBJI 
B ~aT'IBKe /4,5/, 

Ecnu apeMJI yeTaHoaneHBH nepexo~Horo npoueeea B 

uenH ~aT'IHKa 6y~eT MeH&IIIe ~nBTen&HOeTH BMDyn&ea B3-

MepBTenhHOrO TOKa, TO napa3BTHble peaKTBBHOeTB ~aT

'IBKa H nHHHB eBJI3B He 6y~yT BnHJITb Ha K03<lxl>BUBeHT 

npeo6pa3oBaHBJI. 

O~BH H3 axo~oB KOMnapaTopa 2 eoe~BHeH e ~aT'IBKOM 

eonpOTHBneHBJI 3, a ~pyrOH ~ e BbiXO~OM ~H<W>epeHUBanbHOrO 
HHTerpaTopa }. ,[J;aT'IHK nepBO~B'IeeKB eoe~HHJieTeH qepe3 

KniO'I 9 e BeTO'IHHKOM B3MepBTenbHOrO TOKa 4. K HeBHBep

THpyro~eMy BXO~y HHTerpaTopa 'lepe3 KniD'I 8 DO~KniD'IeH 
BeTO'IHBX 3apJI~HOrO TOKa 5. 06a Knroqa ynpaBnJIIDTeH KOM

napaTOpOM. K HHBepTHpyro~eMy BXO~y HHTerpaTopa no

eTOJIHHO no~Knro'leH HeTO'IHHK pa3pJI~HOrO TOKa 6 qepe3 

~enBTenh 7. Bee HeTO'IHHKH TOKa Henon&3YIOT O~HH, o6~H 

HeTO'IHBK ODOpHoro Hanp.H*eHHJI. KpoMe Toro, HeTO'IHBKH 

H3MepHTenbHOrO 4 H pa3pJI~HOrO 6 TOKOB BbiDOnHeHhl Ha 

eornaeoBaHHOH nape TpaH3HeTopOB. 

llyeTb B HeKOTOpbiH MOMeHT BpeMeHH Hanp.H*eHHe Ha 

axo~e KOMnapaTopa 2 OTPHUaTen&Ho /eM. puc. 2e/. Tor~a 
KniO'IH 8 H 9 /puc. 1/ 6y~yT 3aMKHYTbl H Ha BbiXO~e HHTe

rpaTopa 6y~eT ~eiieTBOBaT& nHHeiiHo-ena~aro~ee Hanp.H

*eHHe I CM. puc. 2a/. Kor~a oHo eTaHeT paBH~M na~eHHIO 
Hanp.H*eHHJI Ha ~aT'IBKe 3 I puc. 26/, KOMnapaTop epa6o

TaeT H B3MeHBT DOnJipHOeT& HaDp.ll*eHBJI Ha eaoeM BbiXO~e. 

llpH 3TOM KniD'IH 8 B 9 pa30MKHyTeJI, a Ha B~Xo~e HHTe

rpaTopa 6y~eT «iiopMBpOBaThCJI nBHeHHO-HapaeTaro~ee Ha

DPJI*eHHe. Kor~a oHo, B npoueeee B3MeHeHBJI, cTaHeT 

paBH~M HyniO /TOK qepe3 ~aT'IBK B 3TO BpeMJI He DpOTe

KaeT/, KOMnapaTOp CHOBa cpa60TaeT B BHOBb 3aMKHeT 

TOKOBble Knro'IB. llocne :noro npouecc~ B cxeMe 6y~yT 

nOBTOpJITbCJI. 
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Puc. 2. BpeMeHHbJe ouazpaMMbl HanpJIJKeHUU 8 Y3A08biX 
IIIO'IKax npeo6pa3o8alfleAJI /a - Ha 8bJxooe UH111e2pa111opa; 
6 • Ha OQifi'IUKe; 8 - Ha 8biXOOe KOMnapalllopa; nyHKIIIUpOM 
- me JKe ouazpaMMbJ npu y8eAU'IU8WeMcJI conpoiiiU8AeHuu 
Oalfi'IUKa/. 

3aaucHMOCTb nepuo.u.a BbiXO.U.HbiX HMnyJibCOB T x oT 

conpoTHBJieHHJI .u.a T'IHI<a R x MO)I(HO HaiiTH HJ ycnoBHJI pa

aeHCTBa JapJI.u.a, Hai<onneHHoro HHTerpaTopoM Ja apeMJI 

HaXO)I(.IJ.eHHJI I<JI101fa 8 I puc. 1/ B JaMI<HYTOM cocToJIHHH 

H JapJI)].a, yHeCeHHOrO pa3pJI)].HbiM TOI<OM Ja BeCb nepHO)].: 

Tx 
Is 14 CRX 

/1/ 
16KA<IS -16KA) 

r.u.e I 4 • Is, 16 - TOI<H HCTO'IHHI<OB 4, 5, 6 /puc. 1/; KA
I<03cl><!IHUHeHT nepe)].a'IH )].eJIHTeJIJI 7; C • eMI<OCTb I<OH)].eHca

TOpOB B HHTerpaTope 1. 

6 

J 

~ 

) 

CI<Ba)I(HOCTb HMnyJibCOB HJMepuTeJibHoro TOI<a I 4 paa-

Ha: 

Is 
q = 

I6 KA 

ilO)].CTaBJIJIJI /2/ B /1/, HMeeM: 

T = 
X 

ql 4CR X 

(q-1>1 K 
6 A 

/2/ 

/3/ 

qT06bl yMeHbWHTb norpeWHOCTb OT paJorpeaa )].aT'IHKa 

H3MepHTeJibHblM TOI<OM, CI<Ba)I(HOCTb fiOCJIC)].Hero )].OJI)I(Ha 

6b1Tb 60JibWOH: 

q » 1. /4/ 

KpoMe TOro, )].JIJI fiOJIY'ICHHB BbiCOKOH CTa6HJibHOCTH H BOC

llpOH3BO)].HMOCTH I<03cl>cl>HUHCHTa npeo6pa30BaHHJI HCTO'IHHKH 

HJMepHTeJibHOrO 4 H pa3pJI.U.HOrO 6 TOI<OB BblfiOJIHeHbl Ha 

COrJiaCOBaHHOH nape TpaHJHCTOpOB C paBHblMH BCJIH'IHHaMH 

TOKOB: 

14 = 16 /5/ 

Y'IHTbiBaJI ycnoBHH /4/ H /5/, nony'IHM oKOH'IaTeJibHoe 

Bblpa)l(eHHe )].JIJI xapaKTepHCTHI<H npeo6pa30BaHHH: 

T =RC/K. 
X X ,U 

/6/ 

0TC10)].a BH.U.HO, 'ITO cl>YHKD;HH npeo6pa30BaHHJI JIHHCHHa, 

a ee CTa6HJibHOCTb JaBHCHT OT CTa6HJibHOCTH I<OH)].eHca

TOpOB B HHTerpaTope H CTa6HJibHOCTH naCCHBHOrO )].CJIHTe • 

JIJI TOI<a. lfJMeHJIJI I<03cl>cl>Hu;HeHT )].eJieHHJI )].eJIHTCJIJI, npH 

He06XO.U.HMOCTH MO)I(HO Jieri<O HJMeHJITb I<03cl>cl>HUHCHT npe· 

o6pa3oBaHHJI. 

llpHHu;HnHaJibHaJI cxeMa npeo6pa3oBaTeJIJI npHBe.U.eHa 

Ha puc. 3. ,AHcl>4lepeHD;HaJibHbiH HHTerpa TOp co6paH Ha MHI<pO

cxeMe Ml /284 Y,AlA/. liHTerpupyroiD;HMH eMI<OCTJIMH JIB

JIJIIOTCJI I<OH.IJ.eHcaTopbl Cl H C2 c HJOJIJiu;Heii HJ Maiinapa. 
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ConpoTHBneuug R12 H Rl3 KoppeKTHPYIOT uenaue:HuoeTI.,eag
Jauuyro e orpaHH'IeHHbiM 6I.IeTpo.IJ.e:HeTBHeM M 1. KoH.IJ.eHea
Top C5 eny:>KHT 3JieMeHTOM qaeTOTHo:H KOMneueauaa . 

KoMnapaTopoM gangeTeg MHKpoexeMa M2 /284 Y,l1.1A/. 
Bee HeTO'IHHKH o6pa3UOBblX TOKOB HMelOT O.IJ.HO HanpaBJieHHe 
TOKa H HeiiOJib3YIOT 06IUHH HeTO'IHHK OIIOpHoro Harrpg:>KeHHji 
D5. KpoMe Toro, HeTO'IHHKH H3MepaTenhHoro H pa3pji.IJ.Horo 
TOKa BbliiOJIHeHbi Ha eornaCOBaHHOH nape TpaH3HeTOpOB 
/MHKpoexeMa M3-1HT591B/. 3TH Mephi rrpe.IJ.IIPHHjiTbl .IJ.Jijl 
eTpororo eo6nro.IJ.euag yenoaag /7 I. Pe3HeTophi R2 , R4 J~B
ngroTeg .IJ.enaTeneM pa3pji.IJ.Horo TOKa. BBe.IJ.eHae .IJ.eJIHTeng 
o6eene'IHBaeT 3a.IJ.aHHYIO eKBa:>KHOeTb HMIIYJibeOB H3MepH
TeJibHOrO TOKa IIpH paBHblX BeJIH'IHHaX TOKa TpaH3HCTOpOB 
M3. )l.orronHHTeJibHO .IJ.eJIHTeJib noJBongeT eHH3.HTb eMKOeTH 
HHTerpapyroiUHX KOH.IJ.eueaTopoB Cl, C2 npa Ja.IJ.aHHOM Ko-
34J4>auaeuTe npeo6pa3oaauag /eM. Bblpa:>Keuae /6//. ToKo
Bble KJIIO'IH eo6paubl ua .IJ.HO.IJ.ax ,l1.1, ,l1.3 H ,l1.2, ,l1.4. BhlXO.IJ.Hble 
HMnynhebl c}lopMupyroTeg KaeKa.IJ.OM ua TpaHJHeTopax T2, 
T3. 

0CH06Hble xapaKmepUC111UKU 

1. Ko34J4>auaeuT npeo6pa3oaauag 
2. MHHHMaJibHbiH nepHO.IJ. BblXO.IJ.HbiX 

eHrHaJIOB 
3. )l.Haiia30H eoiipOTHBJieHHji .IJ.aT'IHKOB 
4. l13MepHTeJibHblH TOK: 

a/ aMIIJIHTy.IJ.a HMIIYJibeOB 
6/ eKBa:>KHOeTb 

5. l1HTerpani.uag uenaue:HuoeTb: 
a/ .IJ.Jiji .IJ.HanaJoua /0710 KOM/ 

6/ -"- /071 K0M/ 

6. MaKeHManbuo .IJ.OrryeTHMag 
eMKOeTb JIHHHH eBjiJH e .IJ.aT'IHKOM 

7. Bnuguae rrapa3HTHo:H 3 . .IJ..e., 
BKJIIO'IeHHOH IIOeJie.IJ.OBa TeJibHO 
e .IJ.aT'IHKOM 

8. TeMrrepaTypuag ueeTa6HJibHOeTh 
/rrpa Rx=500 OM; t =25°C/ 

- 1 MKC/0M 

- 200 MKC 

0710 KOM 

- 100 MKA 

- 100 

- ±0,03* 
- ±0,17* 

- 3000 n<l> 

- 0,1*/ B 

- 0,001*/ oc 
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9. BnHJIHHe uecTa6HnbHOCTH 
nHTaHHJI /npu R x =500 OM/: 
a/ ~nJI +24 B 
6/ ~nJI -24 B 

10. Bblxo~uoii: curuan: 
a/ ypoBHH ~nJI 50 OM Harpy3KH 
6/ - ''- BbiCOKOOMHOB -"-

11. fiHTaHHe 

- 0,030/o/ B 
- 0,020/o/ B 

- NIM 
- TTJI 
- +24 B, 20 MA 

- -24 B, 50 MA 

llpeo6pa30BaTenb CMOHTHpOBaH Ha MOHTa>KHOB nnaTe 
pa3MepoM 80x120 MM 2 H noMe~eH B ~JOpaneablii: Kopnyc 
pa3MepoM 155x90x40 MM 3 . 

Onucauuoe ycTpoii:cTBo 6blno ucnbiTaHo B pa6oTe npu 
H3MepeHHH TeMnepaTypbl o6MOTKH caepxnpoao~Jt~ero co
neuou~a c noMO~bJO pe 3HCTHBHoro ~a T'IHKa «<lHPMbi ''Allen
-Bradley", HMeJO~ero conpoTHBneuue npu TeMnepaType 4,2K 
OKono 400 OM. ,ll;aT'IHK pa6oTan a MarHHTHOM none, H3-
MeH.JIBWeMCJI co CKopocTbiO 0,4 TA/c. JIHHHJI CBJI3H "~aT
'IHK-npeo6pa3oBaTenb" npe~cTaBn.Jina co6oii: cKpyqeuuyJO 
napy c o6~HM 3KpauoM ~nuuoii: oKono 8 M. HcnbiTaHHJI no
Ka3anu, 'ITO npeo6pa3oBaTenb y~oaneTaop.HeT nocTaaneu
HbiM Tpe6oaaHHJIM. BnH.JIHHe MewaJO~Hx «<laKTopoa a yKa3aH
HbiX BbiWe ycnOBHJIX npaKTH'IeCKH He3aMeTHO. 

B JaKnJO'Ieuue aaTopbl Bblpa>KaJOT cao10 npH3HaTenb
HOCTL Hryeu BbeT 3yury H B.M.ManroKy Ja noMo~b 
npu 3KcnepHMeHTax, B.H.KaKypuuoii: H B.H.MaKCHMeHKo
aoii: - 3a nOMO~b B H3rOTOBneHHH 6nOKOB. 

Jlumepamypa 

1. Il.B.Ho8Ufii<UU, B.T.KHoppuHz, B.C.TymHUK08 . .Qu¢po8ble 
npu6opbl C ~QC1110111HbiMU OQJl~UKQMU. "3Hep2UJI ", Jl., 
1970. 

2. H.tP.OcmpoecKuu, M.Il.HlaopuH. IIT3, 1974, H!15, 68. 
3. B.A. CuAaee. Coo6t~~eHue OH.JLH, 13-10065,,[fy6Jw,1976. 
4. H.H.BuHwmeuH, C.A. Cac. "AemoMamuKa u meAeMexaHuKa" 

H!!2, 259 /1961/. 
5. IO.tP.KuceAee, IO.II.IlpoKo¢bee. IlpenpuHIII OH.JLH, 

P13-9375, ,[fy6Ha, 1975. 
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PyKonacb nocTynuna a B3~aTenbCKBB OT~en 
8 ~eKa6pJI 1976 ro~a. 

HeT ~H npo6e~oa a BarneH 6H6~HoTeKe? 
8bl MOJKeTe llOJIY'IMTb llO llO'ITe nepet!MCJieHHble HMJKe KHMrM, 

eCJIM OHM He 6b1JIM 3aKa3aHbl paHee. 

16·4888 ~03HMeTpHR H3nyqeHHH R ~R3RKa 3a· 
UlHThl YCKOpHTeneii 3apRlKeHHhiX qac • 
THI(. ~y6Ha, 1969. 

~10·6142 Tpy,llhl MelK,llyHapo,IIHoro CHMn03HyMa 
no sonpocaM asToMaTH3aUHH o6pa6oT-

250 CTp. 

KH ,llaHHhiX C ny3blpbKOBbiX H HCKPOBbiX 564 CTp. 
KaMep. ~y6Ha, 1971. 

~13-6210 Tpy.nw VI MelK.nyHapo,IIHoro CHMno-
3HYMa no ll,llepHOH :meKTpOHHKe. Bap· 372 CTp. 
masa, 1 971. 

~1-6349 Tpy.nhl IV MelK.IIYHapo.nHoi KOH~epeH-
UHH no ~H3HKe BbiCOKHX 3HeprHi H 670 CTp. 
CTpyKType R,llpa. ~yfiHa, 1971. 

P2·6762 P.M.Mypa.U.liH. ABTOMO.U.enbHOCTb B 
HHKJII03HBHblX peaKI(HliX. JleKUHll, npo
'!HTaHHall Ha lllKone MOnO.llblX yqeHblX 
no ~H3HKe BbiCOKHX 3HeprHli. CyxyMH, Ill cTp. 
1972. 

~-6840 MaTepHan&I I I MelK.u.yHapo.u.Horo CHM
no3HyMa no ~H3HKe BblCOKHX 3HeprHJi 
H 3neMeHTapHblX qacTHU. lllTpficKe 398 CTp. 
nneco, 4CCP, 1972. 

13-7154 TiponopuHoHan&Hble KaMepbl. ~y6Ha, 173 cTp. 
1973. 

~2-7161 HenoKan&Hble, HenHHeliHwe H HepeHop-
MHpyeMble TeopHH nOnll. AnymTa, 280 CTp. 
1973. 

~1,2-7411 r ny60KOHeynpyrHe H MHOlKeCTBeHHble 507 CTp. 
npoueccbl. ~y6Ha, 1973. 

~13-7616 Tpy.u.w VII MelK.liYHapo.nHoro CHMno-
3HyMa no R.U.epHOH 3neKTpOHHKe. liy.u.a
newT, 1973. 

Pl,2-7642 Tpy.u.w MelK.U.yHapo.u.Hoi WKOnbl Mono
.llhiX yqeHbiX no ~H3HKe BbiCOKHX 3Hep
rHH. roMenb, 1973. 

~10-7707 CosemaHHe no nporpaMMHposaHHJO H 
MaTeMaTH'!eCKHM MeTO.llaM peweHHll 
~H3H'!eCKHX 3a.U.a'!. ~Y6Ha, 1973. 

~1,2-7781 Tpy.U.bl II 1 MelK.liYHapo,IIHoro CHMno-
3HyMa no ~H3HKe BbiCOKHX 3HeprHi 
H 3neMeHTapHblx '!aCTHU. CHHall, 1973. 
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