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I. 

/1 2/ CospeMeHBbie axcnepHMeBTanbBbie ycTaBosxa • COilepX<aT 6onb-

moe "'HCnO lleTeKTOpOB 38pSIX<eHHblX "18CTHil, BXniO'l8HHblX 118 COBfialleBRSio 

Opa aTOM npouecc noll6opa H ycTaHoBKH Beo6xollHMhlX aallepX<eK B xaBa

nax lleTeKTopos aaBHMaeT MHoro speMeHH. AaToMaTaaauas aToro npouec

ca noasonseT coxpaTHTb aaTpaTbi speMeBH H noaToMy oco6eBBO BaX<Ba npa 

pa6oTe Ha 6onbUIHX llHKnH'leCKHX yCKOpHTensx, rile 38 BpeMSI OllHOA fiOCbin

KH HHTeHCHBHOCTH KnaCCB"'eCKHM Cfi0C060M MOX<HO CHSITb Olllly TO'lKy KpB

BQI COBfialleBBA. 

OnucaBBbie s nuTepaType cHcTeMhl, noaaonsromae pemaT& STy aalla
/3 4/ 

"~Y, una O'leRb cnoX<Rbi • H llOporocToRmH, HnH Re npucnoco6neBbi llns 

16/ pa60Thl npH 6onbUIHX BHTeHCHBHOCTSIX fiY'IKOB 38pRX<eHHb!X "18CTH!l • 

B BacTosmeA pa6oTe llaRo onacaaae npocToro ycTpolcTaa, o6nallaromero 

BbiCOKHM 6hlCTp01l9ICTBHeM, fi03BOnRromero C fiOMOm&ro UIBpOKO pacnpocTpa

BeHRhlX B nat5opaTopHoA npaKTBKe 6nOKOB aneKTpOHRKH 8BTOM8TH3RpOB8Tb 

nponecc! cieMa xpBBhlX aallepX<aRHbiX coanalleBul, noll6op Beo6xoll&MbiX aa

llepX<ex B KSHanax C'leT"'BKOB H ocymeCTBnSITb onepaTHBRhll KORTpon& B XO

Ile axcnepHMeHTa. 
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ABTOM8TH"'eCKYJO 38llHCb H CHHTHe KpHBbiX 38llep)K8HHbiX COBfi8lleHHit 

MO)KHO peanH30B8Tb nocpellCTBOM 6noK-CXeMbl1 npellCT8BneHHOit Ha pHCo 1. 

11Mnyn&Cbi c if>opMHpoaaTeneR ( 'Shaper ) nocTynaJOT qepea MaraaHH aa

aep)KeK ( O.lay ) H 6nox ynpaBnHeMoR aaaep)KKH ( Delay unit ) Ha axo

tlbi cxeMbi coanaaeaHR ( Coinc:iJence unit ) • 11aMeHeHHe B aaaaHHOM llHana

aoae aaaep)KKH BhlXOllHOro HMnyn&ca 6noxa ynpaBnHeMoR aaaep)KKH ocy

mecTBnHeTCH c noMom&JO cHrHana, noaaaaeMoro oT reaepaTopa nHnoo6paa

aoro aanpH)KeHHH ( Ramp generator ) • OaaoapeMeHHO nHnoo6paaaoe aanpH)Ke

HHe noaaeTCH aa BXOll nHHeliHbiX BopoT (Linear gate ) /B/, rae oao cTpo-

6HpyeTcH no ynpaaneHHJO "pacTHHYTbiM" c noMom&JO yanHHHTenH ( 'Stretcher ) 

HMnynbCOM C BbiXOll8 cxeMbi COBnaaeHHR. CHrHan C BbiXOll8 BOpOT llOCTY

naeT aa axoa xoaHpoam:Ha:a ( ADC). nepec"'eT ('scaler ) B cxeMe Hcnon&ayeT

CSI llnH HCKnJO"'eHHH HCK8)KeJJHit, Bhl3biB8eMbiX neperpy3K8MH ycHnHTensl KO

llHpOBmHK8o 3anycx reaepaTopa nHnoo6paaaoro HanpH)KeKHH ocymecTBnH

eTcH C UOMOmbJO cneuHanbKO clf>opMHpOBaHHbiX HMnyn&COB, CHKXpOHH3H-
/7/ 

pOB8KKbiX C UHKn8MH pa60Tbi yCKOpHTenH 

PHc. 2 HnnJOCTpHpyeT npHKUHn pa6oTbi onHCbiBaeMoro ycTpoitcTaa. 

npa HeKOTOpOM 3H8"1eKHH nepeMeKKOA aaaep)KKH HMnynbCbi !f>opMHpoBaTe

nejl: 6yayT nocTynaT& Ha BXOllbl CXeMbl COBnaaeHHit OllHOBpeMeKHO ( B npe-... 
aenax paapewa10mero apeMeKH). 3To npHaeaeT x yaenH"'eKHJO cxopoCTH cqe-

Ta H8 BbiXOlle CXeMbl COBfi8AeHHit, T.e. K yaenH"'eKHJO "18CTOTbl nocTynneKHH 

CHrHanoa Ka BXOA ynpaaneKHH nHKeltKbiX BOpoT. 

BenH"'HKa nepeMeaaoA aaAep)KKH B xamhhlAMoMeKT BpeMeHH OAH03Ha"'

Ko onpeaenSieTcH aMnnHTyaoR ynpaanHJOmero nHnoo6paaaoro aanpSJ)KeKHH. 

TaKHM o6p830M1 H8 BbiXOlle nHKeAKhlX BOpOT o6paayeTCH cepHH HMnynbCOB 

c aMnnHTyaoA, nponopuuoaan&Koit aenH"'HKe nepeMeaaoA aaaep)KKH1 H "'aCTo

ToA cneaosaKHH, onpeaenHeMoA cxopocT&JO C"'eTa cxeMbi coenaaeHHA. 

B aaKKOM ycTpoAcTBe B Ka"'ecTBe ynpaBnHeMoro sneMeKTa aaAep)KKH 

Hcnon&ayeTCH AHOll c H8KOUJieHHeM aapHll8 CnH3) THna n312. npH oTnH-
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paHHH nH3 HMDynbCOM DpSIMOrO TOX8 BpeMSI BOCCT8HOBneHHi 

conpOTHBneHHSI nH3 onpeJlensreTCSI napaMeTpaMH JlHOJl81 Benl 

ro aanpsr>KeHHSI u xonH'IeCTBOM aapsrJla, Haxonneaaoro e 6aa; 

nupysr eenH'IHHY aapsrJla, nocTynaiOmero B 6aay JlHOJla, MO>KH 

npeJlenax H3M8HSITb BpeMSI BOCCT8HOBneHHSI o6paTHOrO CODpO 

TipHHUHDHanbHOA oco6eHHOCTbiO nH3 SIBnsreTCSI OTCyTCTI 

BpeM8HH1 T8X X8X JlnHTenbHOCTb BTOpOA !fla3bl BOCCT8HOBneH: 

CODpOTHBneHHSI JlnSI 6onhWHHCTB8 JlHOJlOB He npeBhlW88T 0,5 

3To CBOACTBO BbirOJlHO OTnH'IaeT nH3 X8X aneM8HT anexTpo 

OT aaanorH'IHhlX YCTpoftCTB Ha HHJlyXTHBHOCTSIX H 8MXOCTSIXo 

TipuHuunuan~:>Hasr cxeMa 6noxa nepeMeHHOA ynpaensreMo: 

reHepaTopa nunoo6paaaoro Hanpsr>KeHHSI npeJlcTaeneaa aa pH 

ynpaensreMoA aal:lep>KKH nocTynaiOT curaanbi c !flopMupoeaTell 

BxoJlHbie curaanbi aanycxaiOT !flopMupyiOmee ycTpoAcTBO Ha · 

T 1 H TYH.IIenhHOM JlHOJle Tnl. nnuTenbHOCTh HMnynhca Ha • 

eTcsr JlnHHoA epeMsraaJlaiOmero xa6ensr e aMHTTepe T 1•· 3ToT 

nycxaeT ol:lHoeu6paTop Ha TyHaen~>HoM l:lHOJle Tn 2 u TpaHauc 

xonnexTopaoA uenu T 4 HMeeTCsr curaan, >KeCTXO c!flopMHpoe~ 

aMnnHTiYJle, Tax H no l:lnHTenb.IIOCTH. Taxoe !flopMHpoea!Jme HI 

HOpManbHOA pa60Tbl nH3, TaX xax eenH'IHHOA 38pSII:la onpel:lE 

TenbHOCTb HMnynbCa H8 JlHOI:le /J. 
6

,. 

CTaHJlapTuaoeaHHhlA curRan nocTynaeT Ha 6aay Tpaaau 

xonnexTopHoA uenu xoToporo exniO'IeH aneMeHT 3aJlep>KxH -

aucTop T5 HOpManbHO aanepT u ypoeeHb aanupaausr onpel:lell 

anoM 6a3bl ynpaensriOJIIero Tp8H3HCTopa T a• c xonnexTopa 1 

HMDynbCbl TOXa, aMnnBTyJla XOTOpbiX onpeJlensreTCSI DOT9HUHi 

aucTopa T6 , nocTynaiOT Ha cMemeH.IIbiA B o6paT.IIOM aanpae11 

Ha JlHOJle n 6 BbiJlensreTCSI npsrMoyronbHbiA HMnynbC c l:lnHT91 

nopuuoaan~>HoA xonuqecTBY aapSilla, nocTynuewero B JlHOI:l. 
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paHHH nH3 HMnynbCOM npHMOrO TOK8 BpeMH BOCCTaHOBneHHH o6paTHOrO 

conpoTHBneHHH nH3 onpeaenHeTcH napaMeTpaMH aHoaa, senH~HHol o6paTHo

ro aanpH*eHHH H KonH'IeCTBOM aapHaa, HaKonneaaoro s 6aae aHoaa. Pery

nHpyH senH'IHHY aapHaa, nocTynaromero s 6aay aHoaa, MO*HO B WHpOKHX 

npeaenax H3M8HHTb BpeMH BOCCT8HOBn8HHH o6paTHOrO COnpOTHBneHHH nH3, 

npHHUHnHanbHOI OC068HHOCTbiD nH3 HBnHeTCH OTCyTCTBHe MepTBOrO 

speMeHH1 TaK KaK anHTenbHOCTb BTopol ~a3hl BOCCT8HOBneHHH o6paTHOrO 
/8/ 

conpoTHBneHBH anH 6on&mHHCTBa aHoaos He npeBhlmaeT 0,5 - 1,5 aceK 

3TO CBOICTBO BhlrOaHo OTnH~aeT nH3 K8K sneMeHT sneKTpOHHOI 3aaep*KH 

OT aHanorH'IHbiX ycTpOICTB Ha HHayKTHBHOCTHX H 8MKOCTHX, 

npHHUHnHan&HaH cxeMa 6noKa nepeMeH~ol ynpaBnHeMol aaaep*KH H 

reaepaTopa nHnoo6paaaoro aanpH*eHHH npeacTaeneaa Ha pRe, 3, Ha sxoa 

ynpasnHeMol aaaep*KH nocTynaroT cHrHanhl c ~opMHposaTenH HMnyn&cos. 

BxoaHbie cHrHanbi sanycKaroT ~opMHpyromee ycTpolcTBo aa TpaHSHcTope 

T 1 H TYHHenbHOM aHoae Tnl. nnHTenbHOCTb HMnyn&ca H8 Tn 1 onpeaenH

eTCH anHHoft speMHaaaaromero Ka6enH B 9MHTTepe T 1•· 3ToT HMnyn&c aa

nycKaeT oaaosH6paTop aa TYHHen&HOM aHoae Tn 2 H TpaHaHcTope T4 • B 

KonneKTopaol uenH T 4 HMeeTCH cHrHan, *ecTKO c~opMHposaHHbii KaK no 

aMnnHTfae, TaK H no anHTen&HOCTH. TaKoe ~opMHposaHHe aeo6xoa&Mo anH 

HOpManbHOI pa6oTbi nH3, TaK K8K BenH'IHHOft 3apHaa onpeaena&TC51 anH

TenbHOCTb HMnyn&ca aa aHoae .z:t 6• 

CTaHaapTHsosaHHhll c&raan nocTynaeT Ha 6aay TpaH3HCTopa T
5

, s 

KonneKTopaoft uenH KoToporo BKnro~eH sneMeHT aaaep*KH - aHoa Il EJ. TpaH

aHcTop T5 HOpMan&Ho aanepT H yposeH& aanHpaHHB onpeaenBeTcB noTeHuH-

anoM 6a3bi ynpasnHIOIIIero Tp8H3HCTOpa T a• c JtonneKTopa TpaH3HCTopa T 5 
HMnyn&Cbi TOK81 aMnnHTyaa KOTOphlX onpeaen518TC51 nOT8HI1H8nOM 6a3bi TpaH-

3HCTOpa T6, nocTynaroT aa cMemeHHbii B o6paTHOM aanpasneHHH aHoa 11
6
• 

Ha aHoae Il 6 BbiaenBeTCB npBMoyron&Hbii HMnyn&c c an&Ten&HOCT&ro, npo

nopuHOHan&Hoft KonH'IeCTBY aapHaa, nocTynHsmero B aHoa. 
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TaKHM o6paaoM, perynHpOBKa noTeauuana 6a3bl TpaHaHcTopa T 
6 

no

songeT nony~HTb nnasaoe H3Meaeaue anHTenbHocTH curaana aa auoae4
6

• 

uraan c auoaa ll6 cpopMHpyeTcg TpHrrepoM IliMHTTa aa TyaaenbHbiX auo

Tll4 H noCTynaeT Ha 6aay TpaaaHcTopa T9. C KonneKTopa Tpaa

HCTopa T 9 cHHMaeTcg curaan 6noKHpoBKH cpa6aTbiB8HHg Tll2 aa speMg 

aaep>KKH. 3aaaHA cppoHT HMnynbca BbiaengeTcg TpaaaHcTopoM Tio- cpopMHpy

TCSI oaHOBH6paTopoM TlJ.5 H noCTynaeT H8 BbiXOa 6nOK8 ynpasngeMoA aa-

Llng pgaa Cny~aeB OK83biB89TCg yao6HbiM HCnOnb30B8Tb CHI'H8n C Bbl-

oaa 2 6noKa ynpasngeMoA aaaep>KKH. 3ToT nono>KHTenbHbiA HMnynbc aa 

pOBHe - 0,8 B HM99T anHTenbHOCTb1 paBHYID BenH~HHe aaaep>KKH B aaH-

MOM9HT Bp9M9HH. 

reHepaTop nunoo6paaaoro aanpg>KeHHg BbiiiOnHeH no o6bi~HoA cxeMe 

paapgaoM eMKOCTH ~epea TpaaaucTop. reaepaTop aanycKaeTcg sxoaHhlM 

HMnynbCOM aMnnHTyaoA - 0,8 B OTpHUaTenbHOA nongpHOCTH, 3apga BpeMg

aaaroiiiHX eMKOCTeA C 14 - C 
16 

ocymecTBngeTcg ~epea TpaaaucTop T t';' a 

aeAHbiA paapga - ~epea TpaaaHcTop T 
15

• Ling yny~weaHg nuaeAaocTH 

OTpHU8TenbH8SI o6paTHag CBSI3b no TOKY paapgaa ~epea pe3HCTOp 

Ha Bbixoae 9MHTTepaoro noBTopHTeng T 
18 

HMeeTCSI nuaeAao naaaromee 

anpg>KeHHe aMnnHTyaoA 6 s. 'lepea ycHnHTenb aa TpaaaHcTopax T 
19

, T 
20

, 

21 , T 
6 
OXB8~9HHbiA rny6oKoA o6paTHOA cBg3biD1 nunoo6paaaoe aanpg>KeHHe 

epeaaeTcSI B aMHTTep TpaaaHcTopa T5 • .LlHoa LI 4 THna LI219 KOMIIeHcHpyeT 

enHHeAaocTb xapaKTepHCTHKH LIH3. YcHnHTenbHag ceKuHg (T22, T
23

) nepeaaeT 

unoo6paaaoe aanpg>KeHHe aa Bhlxoa reaepaTopa Ha ayneBoM ypoBHe. 
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YcTpOftCTBO HCnbiTbiBanOCb Ha ny'IKe npOTOHOB CHHXpOUHKnOTpOHa 

nsnl OlUII1 no 6nox-cxeMe, npettcTaeneHHOA Ha puc •. t. 

3arpy3Ka C'leT'IUKOB ny'IKOBbiMU '18CTUU8MU COCTaBnRna B cpettHeM 

1,6xlo4x70 UMn/cex ( 70 - CKB8X<HOCTb pa60Tbl ycxopHTenR B npOTOHHOM 

peJKHMe). KpHBbie saaepJKaHHbiX coenaaeuuA, nony'leHHbie c noMowbiO 6no

xa ynpaBnReMoA saaepJKKH H no TO'IKaM, npettcTaeneHbi Ha puc. 4.· 

nuueAHOCTb ycTpoACTBa H3M9pHnaCb C noMOWbiO Ha6opa xanH6poBaH

HbiX no ttnHHaM C TO'IHOCTbi00,5%llBYXMeTpOBbiX OTpe3KOB Ka6enR. nocTo

RHHSR 3attepJKKa B OllHOM H3 KaHanoB CXeMbl COBnatteHHA (puc. 1) MeHg.l.. 

nacb c waroM B 10 ucex. Ha wxane auanusaTopa npu aToM nony'lanocb 

ll9CRTb KpHBbiX 38ll9pJKaHHbiX COBnatteHHA CO CllBHroM B 10 HC9K, tfepe3 

Bbi'IHCneHHbie 3H8'19HHR UeHTpOB TSIJK9CTH nony'leHHbiX KpHBbiX MeTOllOM 

H8UMeHbWUX KBattpaTOB npoBOllUnaCb npHM8SI nUHUSI U BM'IHCnHnUCb OTKnO

H9HHSI TO'IeK OT STOA npHMOA, l1HTerpanbH8SI HenuHeAHOCTb OKasanacb He 

xyJKe 0, 5% (puc. 5). 

l1ccneaoeaaue TeMnepaTypaoA cTa6HnbHOCTH 6noxa saaepJKKH u reae

paTopa nunoo6pasuoro uanpHJKeHuH npoeoaunocb no 6nox-cxeMe, noxasaa-

..... HoA aa puc. l • CuraanM c'leT'IHxoe UMHTHpoeanucb reaepaTopoM HaHoce

xyHllHbiX HMnynbCOB, 3aBUCHMOCTb nonOJK9HHSI ueHTpa THJKeCTH KpHBOA OT 

eenH'IUHbi saaepJKKU B OllHOM us xaaanoB cxeMM coenaaeuuA ttnH Tpex sua

'leuuA TeMnepaTypM oxpyJKaiOmero Bosayxa npeacTaeneaa Ha puc. 6, Bbi

'IUcneHHMA Ha OCHOB8HUH STHX pesynbTSTOB TeMnepaTypHbiA KO~UUH9HT 

sattepJKKU COCT8BUn 1 Hcex/OC, 

npu ucnonb3oeaauu 6noxa ynpasnHeMoA saaepJKKu Ha cuaxpoTpoHe c 

SHeprueA 70 fsB C ttnuTenbHOCTbiO UHKnOB UHTeHCUBHOCTH nopHttKa 1 CeK 

u naysaMu Me~y uuxnaMH 7 cex BM6op BpeMeHH aapacTaHHR ynpaBnRIOwero 

nunoo6pa3HOrO HanpgJKeHUSI onpettenHeTCSI ttnUTenbHOCTbiO nOCbinKU UHT9HCHB

HOCTH, npu pa6oTe ycTpoACTBa Ha CH HXpOUHKnOTpOHe nSJn 0l1SJI1 C 

ttnHTenbHOCTbiO nOCbinOK HHTeHCHBHOCTH 0,02 8,0 MCeK H 

10 

I ·3·10 

1 ~2·101 
I 
~ 

l 
"' 1 u 101 

-1 -& -s ~ -3 -2 -1 
Delay 

Puc~·; 4 ... KpHBbie saaepJKaHHbiX coenaaeHHA, H3MepeHHbie c m 
ynpaenHeMoA saaepJKKu ( 0 ) H no TO'IKaM ( ll ) • 
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2201 
200 

f I 1,2 r-2s•c_ T·~aoc T•4o-c 

185 r d' I 1,0 
t 160 
.a 
E 140 II 0,8 
~ 120 

., 
~ -"ii 100 =ao,6 c 
E 

" 80 a 
~ 

-0,4 u 60 
~ 

40 iCL -
20 5 0,2 

_ ns 
()'· 

20 40 60 80 100 ns 

Delay 20 40 60 80 100 120 

Delay 

Puc. 5. nuHeAHOCTb 6noKa aneKTpoHHOA aaaep*Ku. Puc. 6~ .. TeMnepaTypHaSI cTa6unbHOCTb 6noKa aneKTpOHHoA aaaep*Ku. 
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I 

-1 
qaCTOTOA HX cne~OB&HHH 110 CeK K B~6opy anHTenbHOCTH nHnoo6pa3HO-

I'O aanpH>KeHHH npHMeHHMhi cneayJOmHe coo6pa>KeHHH. · B cnyqae nnaeAaoA 

aaBHCHMOCTH aaaep>KKH BbiXOaHOI'O HMnynbCa 6noKa ynpaBnHeMOA aaaep>KKH 

f 381lo tJ. f 381lo 
{1) 

rile T0 -llnHTenbHOCTb HMnynhca nnnoo6paaaoro aanpH>KeHHH, t 
3all. 

llHana30H H3MeHeHHH 381lep>KKHo 

llnH CHHTHH KpHBOft COBnalleHHA C marOM0 He npeB&IWaiOWHM tJ. t ·s 
3allo 

Heo6XOilHMO, '1'106&1 BpeMH tJ."T. , 38 KOTOpoe 3allep>KKa H3MeHHTCH Ha BenH-

qnHy tJ. t \ 6&In0 6onbme, qeM BpeMH M~~y UHKnaMH HHTeHCHBHOCTH t • 
3allo U 

Torlla cooTHomeane (1) nepennmeTcH: 

To~~ 
taall. t u. 

tJ. f 381lo 
( 2) 

MHHHManbH&H BenH'IHHa mara npH CHHTHH KpHBOA 3aAep>KaHH~X COB

nalleHHA llnB 6onbmHHCTBa npaKTnqecKnx cnyqaes ae npes~maeT 0,5 aceK. 

B aameM cny11ae npn t 11 .. 10 MeeK, llHanaaoae naMeHeHHB aallep>KKH 

JOn HCeK MHHHManbHaH llnHTenbHOCTb nHnoo6pa3HOI'O HanpH>KeHHB B COOT

BeTCTBHH C Bb!pa>KeHHeM ( 2) COCTaBHT 2 CeKo 

HaMH 6&mn s~6paH&I aHa'leHHH llnHTenbaocTeA UHKnos reaepaTopa 

nnnoo6paaaoro aanpH >KeHHB 0,5; 1,5; 8,0 ceK. 

B&ICTpollelcTsne 6noKa ynpasnaeMol aallep>KKH onpelleMeTcH ero 

MepTB~M speMeHeM, KOTOpOe paBHO 85 HCeK + TeKymee 3H&'IeHHe 3&1lep>K

KHo MaKCHManbHOe MepTsoe speMH pasao 185 aceK. llnanaaoH H3MeHeHHR 

3&1lep>KKH COCT&BnHeT 100 HCeKo 

CKopocTb aa6opa HH~opMaunn onpeAenHeTcH 6~cTpollelcTsHeM KOilH• 

poBWHKa. llpn pa6oTe c KOilHposmnKoM Tnna BAIT-6 6ea ero neperpy3KH 

ll&HHOe ycTpOICTBO 38 OllHH UHKn I'eHepaTopa nnnoo6pa3HOI'O HanpB>KeHHB 
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(8 ceK) noasonHeT onpe~enHTb nono>KeHHe ueHTpa TH>KeCTH 

aeanl c ToqHocTbJO 0,2 HCeK npn paapema10meM speMeHH, pe 

BnoK ynpasn&eMol aaaep>KKH H reaepaTopa nnnoo6pa3H 

HHR HCn&ITbiBanCR B TeqeaHe 60 qaCOB Henpepb!BHOI pa60Tblo 

B aaKnJO'IeHHe asTop&I nonbayJOTCR cnyqaeM B&Ipa3HTb 

B.f.3HHosy aa noneaHoe o6cy~eHHe, a TBK>Ke B.M .. Kpacnay 

nposeaeHHH H3Mepeanl. 
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(S ceK) no3BonseT onpenenHTb nono~eHHe ueHTpa TH~ecTH KpHsoft cosna

neHHft C TO'IHOCTbiO 0,2 HCeK npH pa3peWaJOIUeM BpeMeHH 0 paBHOM 10 HCeK, 

BnoK ynpasnseMoft 3anep~KH H reHepaTopa nunoo5pa3Horo Hanps~e

HHH HCnbiTbiBanCH B Te'leHHe 60 'laCOB HenpepbiBHOft paOOTblo 

B 3aKnJO'IeHHe asTopbi nonb3YJOTCH cny'laeM Bbipa3HTb onaronapHocTb 

B.r.3uHosy 3a none3Hoe oocy~eHHe, a TaK~e B.H.kpacHHy 3a noMOIUb a 

nposeneHHH H3MepeHHft. 
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