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B pe$epHpyeMoii pa6oTe paccMaTpHBaeTCSI KOMrrneKc 3neKTpoH

. HOH arrrrapaTypbl JKllllKOBOllOPOllHOH IIy3blpbKOBOH KaMephl. 

BoaopOllHbie nyablpbKOBble KaMepbI IIIHpOKO npHMeHSIJOTCSI B 

TeXHHKe $HaHqecKoro SKcnepHMeHTa~ 

ITpH HayqeHHH SinepllblX BaaHMOlleHCTBHH C HCITOllb30B8HHeM 

JIY3blpbKOBbIX KaMep na6HpaeTCSI CTaTHCTHKa H3 MHOrHx co6b1TI1ii, 

qTo onpenenSieT 6onhwyro npononlKHTenbnocTb $HaHqecKoro 3Kcne

pHMenTa na ycKopuTene-(pa6oqffii ceanc Mo:lKeT npononmaTbCSI ne

cKonhKO Ji:enenb). 

·. :3~eKTHBHOCTb HCIIOllb30B8HHSI M8illHHHOrO BpeMeHH YCKOpHTenSI 

MO:lKeT fibITb llOBblIIIena IlYTeM paapa60TKH aane:lKHoii: H yno6aoii: B 

SKCIInyaTaUHH annapaTypbl nyablpbKOBOii K8Mepbl. lJaCTbIO TaKOii: 

arrnapaTyphl SIBJISIJOTCSI aneKTpoHHbie CHCTeMbl yrrpaBJieHHSI KBMepoii, 

KOTOpble ofihlqHQ o6'bellHHSIJOT B TaK aaabIBaeMblii ITynbT. :3neKTpoa

llbIH rrynbT yrrpaBneHHSI conpeMCHHOii nyablpbKOBOH KaMepoii JlOH:lKCH 

o6naaaTb BbICOKOii aane:lKHOCThIO, SKCnnyaTaUHOHllbIM yno6CTBOM., 

.non:1Kea 06ec11e1IHBaTh aoaMO:lKHOCTh 6blCTporo ycTpaHeHHSI BoaHHKaro

mnx HeHcrrpaBHocTeft c MHHHManbaoii rroTepeu pafioqero npeMeHH na 

ycKOpHTene, o6ecneqffBaTb BCIO neo6xoJlHMYIO CHrHanH38IIHIO Ilpll 

llHCTaHIIHOHHOM ynpanneHHH nyablpbKOBOii KaMepoii. 

fipOllOll:lKHTCnbHOCTb SKCUepHMeHTa Ha YCKOpHTene MO:lKCT 6b1Tb 

COKpamena aa cqeT OIITBManbHOro o6nyq~HBSI nyablpbKOBOH KaMCpbI. 

·noa orrTHManbHhlM noHHMaeTCSI TaKoe ·o6nyqeHHe, Koraa aa $ororpa

$HSIX rronyqeao MaKCHManbaoe npHroanoe n~ o6pa6oTKn KonnqecT

Bo Ha$opMaJtHH: oTCyTCTBym· TaK aaablnaeMble- 'nenorpyJKeaaLie 
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KallpbI', HecymIIe H9llOCT8TO'IHOe. KOlIII'19CTBO IIHlpopM8UIIII, II OT

cyTCTBYlOT TaK H83blB89Mbie 'rreperpy:lKeHHbie KallpbI' t Ha KOTOpbIX - . 

II36hITO'IHOe Kom1'1eCTBO TpeKoB · aa.TpyamreT IInII aenaeT HesoaMo:lK

Hoii: aanbHeii:myio o6pa6oTKY ¢oTorpa¢IIii:. YcnoBIIsi.o6ny'leHIISI, 6nna

KIIe K OIITHManbHblM, MOryT 6bITb. rrony'l9Hbl rrpII 'll03IIPOBKe rry'IKa' 

( npeKpameHne o6ny'leHIISI ny3blpbKOBOH KaMepbl C IlOMOmblO OTKno

HSilOIIIero BTOpH'IHbiii: ny'IOK MarHIITHoro nom1 rrocne · Ha6opa 'onTII-

MaJ]bHOii: ll03bl') • 

8~eKTIIBHOCTb pa6oTbl ny3blpbKOBOH K8M9pb1 K8K ¢II3II'19CKOrO 

npII6opa onpeaensieTCSI T8K:lKe yao6HbIMII,·CIICTeMaMII CIII'HanII38UIIII II 

o6MeHa IIH¢opMauIIeil: co CM9:lKHblMII 9KCimyaTaUHOHHbIMII cny:lK-

6aMII, 'l~O_Il03BO~SieT 6onee pauIIoHanbHO IICilOnb30B8Tb pa6o'lee 

Bp9MSl
0 

8TII CIICT9Mbl MOryT 6bITb '18CTII'IHO 8BTOMaTII3IIp0B8Hblo 

nnccepTaUIISI COCTOIIT II3 BBeneHIISI, '19Tbipex rnaB, aaKnl0'10HIISI 

II CIIIICK8 nIITepaTypblo 

B O B B e ll e H II II KpaTKO II3nO:lK0Hbl IlpIIHUIIIlbl nocTpo-

eHIISI aneKTpOHHOH arrrrapaTypbl ny3blpbKOBblX KaMep. ITpoII3B0llIITCSI 

Kp8TKHH. aHanII3 cymeCTBYlOIIIIIX aHanorII'IHbIX ycTaHOBOKo 

rr e p B a SI r . n a B a IIOCBSIIU0Ha· o6ocHOB8HIIlO IIpIIHUIIII8 

IIOCTpOeHHSI sneKTpOHHoro rrporpaMMHoro· ycTpoilCTBa (nynbTa yrrpaB

. nemrn) BOllOPOllHOH IIY3bipbKOBOH K8Mepblo' C uenblO yBenH'l9HIISI 

9KCIInyaTaUHOHHOH Hane:lKHOCTH B OCHOBY scex cxeM nynbTa yrrpaB

neHIISI nonO:lK9H psin Monyneii:, pasnII'IHbie KOM6IIH8UIIII KOTOpbIX 
. ! 

o6ecneqnBalOT IIOCTpoeHne 6onblIIIIHCTBa cxeM yrrpaBneHHSI ¢yHKUIIO-

HanbHbIMH cncTeMaMH BonopOllHOH KaMepbI. Monynn Bx6nsiT B 6noKH, 

S1BnS110mnecS1 ¢yHKUHOHanbHO saBepmeHHbIMH CHCT9M8MII ( HarrpIIMep, 

CHCTeMa yrrpaBneHHSI KnarraHaMH, cncTeMa yrrpaBneHHSI OCBeTHTeneM II 

. Toll•) .c. uenblO o6ecneqeHIISI B03MO:lKHOCTII llHCTaHUHOHHOrO yrrpaBneHHSI 

KaMepoii: CHCTeMa CIIrHanH38UHH IIOCTpoeHa C IlpHMeHeHHeM norH'leCK,mC 

aneMeHTOB "HET", "HnH"', "11", KOTopb1e 06ecrreqnsa10T nHnIIKa-· 

UHlO rroi:ta'III H lncrronHeHHSI KOM8Hllbl. B cnyqae HeBbIIIOnHeHIISI KO

MaHllbl KaKoii:-nn6o ¢yHKUIIOHanbHOii: cncTeMoii: BKmoqaeTcSI asyrcosoii: 

cnrHan, a cooTBeTCTByromee cseTosoe Ta6no noKannsyeT HeIIcrrpaB

HOCTb. 
.·..\ 
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BonblIIIIHCTBO cxeM BbIIIOnHeHO Ha TpaH3IICTOpax C npnMeHe;.; 

HIIeM· HMflYllbCHbIX pe:lKHMOB, 06ecneqnBa10mnx 6onbIIIYlO TeMne

paTypHyro 'cTa6IInbHOCTb. 

Eonee nonpo6Ho paccMoTpeHbI o6ocHoBaHnSI Bb16opa cxeM 

aeKOTOpblX CIICTeM. 

CncTeMa saaep:lKeK c nncKpeTHoii: perynnpoaKoii: OT 1 no 

100 MceK· 06ecne'1naaeT aonroapeMeHHylO c:Ta6nnbHOCTb ny'IIIIe 

±.. 0,5% rrpn TeMnepaTypHoM yxone :!:.,0,0025% Ii:a 1°c B IIHTepBane 

TeMrrepaTyp OT + 180C llO + 40°c. 

CncTeMa ynpaaneHHSI M9X8H113MOM pacm11peHHSI llOIIOnHeHa ' 

icTpOii:CTBOM 8BTOM8TH'l9CKoro cne:lKeHHSI aa aanycKalOIUIIM HMITynb

COM, KOTopoe B cnyqae HC'l93HOB9HHSI nocneaHero aBTOM8TII'19CKH 

IIOllKlllO'laeT HMHTaUHOHHblH reHepaTop, pa60Ta10mnil: C '18CTOTOil: 

nMnynbCOB cnHxpoHnsaunn ycKopnTensi. ITpn nostaneHnn sarrycxa

iomnx HMrrynbCOB CHCTeMa ynpaBneHHSI M_exaHH3MOM · pacUinpeHHSI 

8BTOM8TII'10CKII rronKnl0'189TCSI K aanycKy OT YCKOp!ITensi.- ITepeKnlO

'leHne ocyruecTansieTCSI c nponycxoM_He 6onee oaHoro cnHxpoHn

snpyioruero nMnynbca~ Hann'lne TaKoro ycTpoii:cTBa o6ecne'lnBaeT 

coxpaHeHne TeMrrepaTypHoro pe)KHMa KaMepbr a cnyqae aBapnii:

Horo OTKlll0'19HHSI IIMITyllbCOB aarrycKa MeXaHH3Ma paCIIIIIpeHIISI KaMe

pblo 

B CIICTeMe ynpaBneHHSI OCB9TIITeneM ncnonb30B8H aan_ycK IIM

rrynbCHblX naMIJ BbICOKO'laCTOTHbIM HMIIYllbCOM. B K8'19CTBe Kone-

6aTenbHOro KOHTypa npnMeHsieTcSI KoaKc1IanbHbiil: Ka6enb, ·coeaII

Hstiorunii: IIMirynbcHyio naMny C non)KllraioruHM IIMIJynbCHbIM TpaH

c¢opMaTopOM. TaKoii: aanycK 06ecrre'l1IBaeT Hane:lKHhiii: non)Kllr rpyn

IIbI HMnynbCHbIX naMIJ ( no '20 IIIT.) OT onHoro HMIJynbCH_oro TpaH

c¢opM8TOpa C Bp0M0HHbIM paa6pocoM B nom1mre, He npeBbIIII8lOIUHM 

:!:.,50 MKC0Ko 

CncTeMa H3MepeHHSI HMrrynbCHbIX naBJieHnii: OCHOBaHa Ha rrpHH

unne qacToTHoii: Monynsiunn aBTorenepaTopa rrpn naMeHeHIIII eMKOCTH 

naT'IHKa, 'ITO o6ecrre'IHBaeT BbICOKYlO IlOMexoycTOii:'IHBOCTb H CT86Hnb-

- HOCTb 9TOii: CIICT0Mbl. BnaronapSI HCIIOJib30B8HIIlO napaMeTpH'19CKOH 
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CTa6nnnaaunn, OTHOCHTenbHasr HeCTa6nnbHOCTb ,qacTOTbl aBTOreHe

paTopa, Bb1qncnE:HHasr no· cpenHeKB8.JlPBTHqHoMy OTKnoHeHnro aa 6 

qaCOB, COCTaBnSieT 0,5.10~. C IIOMOmbIO CXeM TepMOKOMIIeHCBIIHH 

6anaHcHoro nncKpHMHHaTopa nonyqeHa noqTn·nonHasr HeaaBncnMoCTb 

ero ueHTpanbHOii: qacTOTbI OT TeMnepaTypb1 B nnanaaoHe TeMnepa

Typ OT + 180C JlO +40°C. 

CncTeMa HHJlHK8IIHH nyqKa, o6nyqaromero nyabipbKOByIO KaMepy. 

IIOMHMO o6meIIpHHSITOrO yCTpOii:CTBa BHayanbHOii: UHqipOBOii: HHJlHKa-. 

11nn, conep)KHT ycTpoii:CTBO nnsr aanncH HHTeHCHBHOCTH B IIHKnax 

ycKopnTensr Ha caMonnceu. 

nnsr HaMepeHHSI OCHOBHbIX napaMeTpOB IIy3blpbKOBOii: KaMepbl 

( TeMIIepaTypbI, aMIInHTYJl,bl H3MeHeHHSI HMnynbCHoro naBneHHSI H T.II. ► 

paapa6oTaHo naMepnTenbHoe·ycTpoii:~TBo, npencT~Bnsrromee co6oii: 

coM9poncTpanBaromnii:csr HMIIynbCHblii: unqipoBOii: BOnbTMeTp BbICOKOH 

qyBCTBHTenbHOCTH n CTa6nnbHOCTH, IIOJlKnroqaeMbiii: qepea MHorono-

3HUHOHHblll KOMMyTaTop K ToqKaM, B KOTOpbIX naMepmoTCSI HHTe~e

cyromHe SKCIIepHMJ=!HTaTopa napaMeTpbI. TTpn H3M8P.8HHH TeMIIepa

TYPbl M8KCHManbH8SI qyBCTBHTenbHOCTb ycTpOii:CTBa OKono o,01°~. 

cTa6HnbHQCTb OKono 0,1%. 

TTpo_rpaMMHoe ycTpoii:cTBO conepJKHT cncTeMy cnrHannaaunn,. 

KOTopag C IIOMOIIIbIO nornqeCKHX CHCTeM KOHTponHpyeT rronaqy H 

ncrronHeHHe KOM8HJl qiyHKUHOHanbHbIMll CllCTeMaMH KaMepbI. ~ 

Bo BT op o ii: r n a Be nnccepTaunn paccMaTpnBaeT

csr annapaTypa Jl03HpOBKH nyqKa qaCTHU, 06nyqa101IIIIX BOJlOpOJlHYIO 

KaMepy. TTpllBOJlHTCSI KpaTKHii: o6aop M8TOJl0B qiopMIIpoBaHIISI MarHHT

HOrO nonsr. naeTcsr TeopeTnqecKnii: aHanna MeTona qiopMnpoBaHnsr 

BMnynbCOB TOKa 6onbIIIOii: MOIIIHOCTH B HHJlYKTHBHOii: HarpyaKe c 

6onbIIIHM OTHOIIIeHHeM JlnHTenbHOCTH HMnynbca KO BpeMeHll HapacTa

H~SI ( 1000). <l>opMHpoBaHne ocymec;BnsteTCSI c ITOMOmbro JlBYX KOH..;. 

TypoB: KOHTypa qiopMIIpoBaHn,sr <ppOHTa H KOHTypa qiopMHpoBaHirn 

nnnTenbHOCTII. TTpIIBOJlSITCSI MeTOJlbl pacqeTa II IIOCTpoeHIISI cxeMbl 

11enn ¢opMHpOBaHHSI HMrrynhCOB. 
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B peaynbTaTe·naMepeHIIii: Ha cnpoeKTHPOBaHHOii: YCT8HOBKe 

nonyqeHo nponaBeneane OTKnoHsrromero MarHHTHoro nonsr Ha nnnHy 

'MarHnTHoii: nopoJKKn', paBHoe 67 K·a.cM; nnnTenbHOCTb HMnynbca 

MarHHTHOro n~nsr - 2,5 MCeK; BpeMSI' HapacTaHn~ ( ~pOHT) - OKono 

25 MKCeK. ITpnBOJlstTCst peaynbTaTbI naMepeHHsr Tonorpaqinn nMnynbc

Horo MarHHTHoro nonsr B noHonpoBone nyqKa. 0TKnoHeHne nyqKa 

,B MecTe YCT8HOBKH KonnnMa~opa 80 MM •. Eea Jl03HpOBKH nyqKa. 

nyTeM perynnpoBKH pe:1KnMa ycKopnTensr qncno qaCTHil, nonanaBmnx 
- · . . +0·5 . -

B KaMepy,noBO)lllnOCb JlO 10;!:.5,npn Hannqnn )l03llpOBKH - JlO 10 -0:o·ITpn-

Be)l~Hbl ocunnnorpaMMbI, nnnrocTpnpyromne· aTn nnqipb1. AnnapaT!pa 

noanpoBKn BTopnqHoro nyqKa qacTHn B CCCP paapa6oTaJia Bnepaiie: 

B T p e T b e ii: r n a B e paccMoTpeHa TeneMeTpnqec

Kasr cncTeMa nepenaqn aKcnnyaTaunoHHbIM cnyJK6aM ycKopnTensr 

IIHqiopMaUHH 06 HHTeHCHBHOCTH H BpeMeHHOii: CTpyKType rryqKa, 

o6nyqaromero KaMepy. Hannqne TaKoii: cncTeMbI noaBomrnT nncneT

qepy· HenocpericTBeHHO cnennTb aa pa6oToii: KaHana. HHqiopMa11nsr 

O BpeMeHHOii: CTpyKType nyqKa BblBO)lllTCSI Ha aaIIOMHHaromnii: ocunn

norpaqi, a HHqiOpM8llHSl'06 HHTeHCHBHOCTH - Ha unqipoBoe Ta6no. 

ITapaMeTpbI CllCT9Mbl nepenaqn nmjiopMannn o5 llHT9HCllBHOCTH He aaBn

CSIT OT qacTOTHbIX CBOHCTB nepecqeTHbIX npn5opoB u OT paCCTOSIHIISI, 

HS KOTopoe nepenaeTCSI BHqiopMannsr. KoHTponb HHTeHCllBHOCTil B 

HeCKOilbKBX TQqKaX 'nnnHHbIX KaHanoB' II03BOnSieT ·nncneTqepcKoii: 

cnyJK5e KOHTponnpoBaTb pa6oTy MarHHTHOii: OIITHKH KaHana. 

B q e T B e p T O ii: r n a B e paCCMOTpeHa BnepBbie 

C03Jl8HH8SI B CCC~ aneKTpOHHaSI CHCTeMa aBTOMaTnqecKoro ynpaB

neHHSI npoccenbHoii: OJKIIJKHTenbHoii: ycTaHoBKoii:. TTpn paapa6oTKe 

aToii: CHCT9Mbl 6bmO ncnonb30B8HO TO o6CTOSITenbCTBO, qTQ B pac

CMaTpnBaeMbIX OJKII)KIITenbHbIX ycTaHOBKax JlOCTaToqHo ynpaB

nsrTb qeTblpbMSI B8HTHnSIMH: npoccenbHbIM BeHTnneM, 6aiinaCHbIM 

BeHTnneM, BeHTnneM nononaeansr raaa B raaronbnepe II BeHTnneM 

c6poca raaa BbICOKoro naBneansr B pecnBep. PerynnpoBaane rrapaMeT

poB TexaonornqecKoro npouecca OJKIIJKeHnsr nponaBonnTcsr'c no

MombIO aneKTpoHHoii: nornqecKoii cxeMbI, Bb1pa6aTb1Ba10meii: Ko11,mH·-
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n&I Ha · nepe11ncneHHbie BbI!Ile opram:,I ynpaBnea'HSI B 38BHCHMOCTH 

OT CHTyaunu, B03HHK810illHX.npn OTKnoHeHHH Texaonorn11eCKOI"O 

npouecca OT HOPMbI. 

llnSI 06ecne11eHHSI cTa6nnbHOCTH pa60Tbl npn nocTpoeann cnc

TeMbl. npnHSIT ~eTon nncKpeTaoro c~eMa nH¢opMannn npn aaannae 
'· 

Menneaao MeHSiromnxcSI npoueccoe1 'ITO noasonnno npnMeHHTb cxe-

MoTexanKy nepeMeHaoro TOKa.·· tJac'I'oTa nocTynneHHSI na¢opMaunn 

onpenenSieTCSI TSKTOB~IM J"'eHeparopOM1 Bbipa6aTblBaIDmHM BbIXOJl-. 

Hbie HMnynbC_bI B MOMeHT nepexona CHHyconn&I ceTeBOI"O Hanpm1rn

HHSI 'lepea Hynb, 'leM. 06e_cne11neaeTCSI BbICOKaSI IlOMexoycTOH'lll

BPCTb CHCTeMbI0 

norn11ecKaSI cxeMa CHCTeM.bl COCTaBneHa B COOTBeTCTBHH 

C nporpaMMou, Y'lHTbIBaromeu OilTHMH38UHID TeXHonorn11eCKOI"O 

npouecca npH ynpaBneHHH TreMSI OCHOBHhlMH napaMeTp8MH. 

B 3 a K n ID 'l e H H H nnccepTaunn YK83bIBaeTcSI, 'ITO 

paapa6oTaHHbIH KOMnneKc sneKTpOHHOH annapaTypM e Te'leHne 

.pSina neT sKcnnyaTHpyeTcSI CPBMecTH0°c MeTposou sonoponHou 

ny3blpbKOBOH- KaMepofi nBa. AnnapaTypa ynpasneltHSI ( nporpaM

MHOe ycTpOHCTBO) IlOKaaana nocTaTO'lHYID Ha)le)KHOCTb, CTa6Hnb

HOCTb n yno6cTBo e sKonnyaTaunn npn o6meu aapa6oTKe oKono 

2. 106 UHKnOB ( OKono 2. to4 11acoe). 06mee 'lHCno 'l8COB npoCTOSI 

annapaTyphl ynpaeneanSI nd npn11nHe oTKaaoe a paccMaTpneae~ 

'MbIH .nepnon He npee&1maeT 24 11acos, 11-ro cocTaBnSieT 0; 12% ;OT 

o6mero BpeMeHH pa60TbI. YnenbHbIH Bee <?TK830B Sn13KTpOHHOH 

annapaTyp&L B o6meM 11ncne OTKaaoe ecero KoMnneKca annapaTy

pbI eonoponaou KaMep&1 · ( BKnro~aSI Mexaan11ecKyro 'iacTb, Kpnorea

ayro n T•n•) aeaaa11nTeneH. IlpneeneHHhl8 naaa&10 cenneTenbCTByroT 

0 TOM, 'ITO aanO)K8HHble B OCHOBy cnpoeKTHpoBaHHOH annapaTypbl 

npHHUHilbl onpaBJlilHbl. 

EnaronapSI MonynbHOH CHCTeMe KOMilOHOBKH ¢yHKUHoaanbHO 

. 38B8p!IleHHblX 6no,KOB, H8KOT0pble CHCTeMbl paapa6oTaHHOH anna

paTypbl ynanocb npnMeHHTb npn coanaann nynbTOB ynpaeneHHSI K 

npyrHM nyahIP1;>KOBblM KaMepaM (KceHOHOBOH H npoeKTHpyeMOH 
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nBYXM8TpOBOH eonoponaou) 6ea H3M8H8HHSI npHHUHilHanbHblX cxeM. 

K TaKHM CHCTeMaM. OT~OCSITCSI: 6noKH aanep)KKH, 6nOKH ynpasneHHSI 

sneKTpoMaI"HHTHblMH KnanaaaMH, 6noKH ynpaBneHHSI HMnynbCHbIMH 

naMnaMn, 6noKH H3MepeHHSI HMnynbCHblX naeneHHH, CHCT8Mbl HHJlH

KSUHH ny11Ka H aanncn HHTeHCHBHOCTH. 

TTpnsonsiTCSI naHHbie O TOM, 'ITO. ecnencTBHe npnMeHeHHSI 

)l03HpOBKH ny11Ka 06ny11aromHX KaMepy 'l8CTHU o6mee BpeMSI O)lHOI"O 

H3 SKCnepnMeHTOB .nnSI aa6opa TOH )K8 CTSTHCTHKH COKpaTHnOCb 

aa (20 + 25)%, 'ITO npnseno c sKOHOMHH ¢oTonneaKn, sneKTpo

saeprnn n Mamnaaoro epeMeHn ycKopnTenH. 

OcaoBHhie nono)KeHnH nnccepTaunn ony6nHKOB8HhI B npne_enea- , 

HOM HH)Ke CilHCK8 nnTepaTypbl, a 8BTOMaTH'l8CKaSI CHCTeMa ynpaB

neHHSI npoccenbHOH Q)Kll)KHTenbHOH ycTaHOBKOH o6cy)Knanacb Ha 

Me)Knyaaponaofi K9H¢epeHunn no KpnoreHHoil TexHnKe B EpafiToHe 

(BennKo6pnTaHnSI) B Mae 1968 rona. 
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