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BacJOTHHCKHii 10.11. n ;~p. 9 - 11329 

rH"IlpOCT8TH'ICCK8SI CIICTeMS llflSI KOHTponst BbiCOTHOrO llOflOlKCHIISI 

CHHXpo¢Ja30TpOH8 0115111 

PaccMoTpeua r.olrCTpyKUHSI rnapocraTH'ICCKOii cncTeMbi c llHCTaHUHOH

HbiM CbeMOM IIHq,opMaUHH, ycrauoeneuuoii ua ci!HXpO<~aaorpoue 0~1 HI I. CII

CTeMa cny>KIIT llflSI onepaTHBHOrO KOHTpOnSI Bh!COTHOrO l!OflO~'CHIISI 3fleKTpO

MSrHUT8, np!IBOilSITCSI CXeMbl OCHOBHblX yanoB CHCTCMbl H OT:.te'18JOTCSI HX 

oco6eHHOCTH, OnuCbJBaeTCH nopstllOK MOHTa>Ka 11 uanallKH 3neMeHTOB runpo

CTSTII'ICCKoii CHCTCMbl H8 yCKOpHTene, 

Pa60T8 BblllOflHeHS B na6opaTOPIIII BbiCOKHX 3Hepruii 0115111. 

npenpBHT 06bcllHHCHHOrO HHCTBTyTa MepHblX HCCneOOBBHBii, Lly6Ha 1978 

© 1978 06J>ellHBeHHbliJ BHCf'BTyf' Il/lepHblJC BCCne/lOBBHHfl Jly6HB 

CaHxpoclla3oTpoH 06'Le,D;HHeHHoro HHCTHTyTa .R,D;epHbiX 

HCCne,D;OBaHBH .RBH.ReTC.R KpynHeHWBM B MBpe cna6olboKyCH• 

PYIOIIUIM ycKopaTeneM 3ap.R)I(eHHblx 'laCTB.U. OH ycnewHo 

pa6oTae'r C 1957 ro,D;a, HeCMOTp.R Ha TO, 'ITO xapaKTepBCTB· 

KB 3HeKTpOMarHBTa, B 'laCTHOCTB, ero .nelbopMa.UHB, 3Haqg

TenLHO OTHH'IaiOTC.R KaK OT npOeKTHblX /l-a/, TaK H OT 

TeX, KOTOpble C'IHTaiOTC.R ,IJ;OUYCTBMblMB ,IJ;n.R ,D;aHHOrO Knac

ca CHHXpolba30TpOHOB 
14

•51 . K HaCTO.RJUeMy BpeMeHH 3TOT 

YCKOpBTenL HCUOHL3yeTC.R He TOHLKO ,IJ;n.R nony'leHH.R HH· 

TeHCBBHblX UY'IKOB npOTOHOB, Ha 'ITO OH B 6bln paCC'IHTaH, 

Ho H .nn.R nonyqeHH.R ny'IKOB 6onee T.R:>Kenblx qacTBll: 

.neiiTpoHoB, .R,D;ep renu.R, .R,D;ep yrnepo.na u T .n. 161 . 

3neKTpOMarHBT YCKOpBTen.R o6meil MaCCOH 36 llfbiC.IIf. 

BMeeT np.RMOyronLHOe Ce'leHHe C pa3MepaMB 9,6 X 5,4 M. 

B nnaHe 3Ta ycTaHOBKa npe.ncTaBn.ReT KOnL.uo pa.nuycoM 

28 M, KOTOpoe pa3,D;eneHO Ha 'leTblpe KBa,D;paHTa CO BCTaB

neHHbiMB Me:>K,D;y HHMH BOCLMliMeTpOBblMH np.RMOHHHeHHblMB 

yqaCTKaMB. )Kene306eTOHHbiH lilYH,D;aMeHT C nnoma,D;LIOOCHO

BaHH.R 1850 ..w 2 noaTop.ReT lbopMy :JneKTpoMarHHTa. Ha 

np.RMOHHHeHHbiX yqaCTKaX B lilYH,D;aMeHTe npe,D;yCMOTpeHbl 

KOpH,D;Opbl B Ka6eJILHble KaHanbl. 

0CHOBaHBeM lilYH,D;aMeHTa CBHXpolba30TpOHa cny:>KaT Men

K03epHBCTble UblneBaTble BO,IJ;OHaCbiiUeHHble neCKB TBna 

nnbiBYHOB. ~aKTH'IeCKa.R Harpy3Ka Ha rpyHT UO,IJ; YCKOpB

TeneM npeawwaeT HOpMaTBBHYIO npaMepHo Ha 30~. Pe-

3YnLTaToM 3TOH neperpy3KB .RBnJieTC.R HepaBHOMepHa.R oca.n

Ka OCHOBHoro TexHonoraqecKoro o6opy.noaaHH.R. KpoMe 

TOrO, B pe3ynLTaTe Ce30HHbiX B3MeHeHBH pa3nB'IHbiX npa

pO,D;HbiX cllaKTOpOB B CTpOBTenLCTBa 3KCnepHMeHTanLHOH 

6a3bl CBHXpolba30TpOHa npouecc BbiCOTHbiX CMeJUeHBH 3neKT

poMarHHTa HOCBT He3aTyXaiOIIUIH xapaKTep. 
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B CBH3H c npoBO,D;HMbiMH MeponpHHTHHMH no noBbiWeHHIO 

HHTeHCHBHOCTH YCKOpHeMbiX ny'IKOB B03HHKna He06XO,D;H

MOCTL B onepaTHBHOM KOHTpone nono:>KeHHH 3lleKTpOMarHH

Ta. 

C 1973 ro.n;a opraHHJOBaHbl cHcTeMaTH'IeCKHe reo.n;eJH

qecKHe H3MepeHHH, KOTOpble npOBO,D;HTCH no e,D;HHOH npo

rpaMMe / 71 . O,n;HOH Hl :u;eneH 3THX aa6mo,n;eHHH HBnaeTCH 

HCCne,n;OBaHHe Ce30HHbiX CMemeHHH KBa,n;paHTOB. ~0 1977 
ro,n;a CTa6HnLHOCTL nono:>KeHHH 3neKTpOMarHHTa no BbiCOTe 

onpe.n;enanacL nyTeM BblnonaeHHH nepHO,D;H'IeCKHX H3Mepe

HHH MeTO,D;OM reoMeTpH'IeCKOrO HHBenHpOBaHHH KOpOTKHM 

BH3HpHbiM ny'loM. Bcero aa KBa.n;paHTax 6blno JaKpenneao 

oKono 400 WKanoBLIX penepoB, o,n;HaKo Bcne,n;cTBHe Jarpo

MO:>K,D;eHHOCTH Jana CHHXpo<lJaJOTpOHa BCnOMOraTenLHbiM 

H 3KcnepHMeHTanLHbiM o6opy,n;oBaHHeM, cne.n;HTL y.n;anocL 

llHWL 3a 280 WKallOBbiMH penepaMH. 

Ha OCHOBaHHH MaTeMaTH'IeCKOH o6pa60TKH pe3yllLTaTOB 

3THX H3MepeHHH MO:>KHO yTBep)K,II;aTL, 'ITO: 

- Ka:>K,D;biH KBa,n;paHT no,n;Bep:>KeH KaK nepHO,D;H'IeCKHM, 

TaK H O,D;HOCTOpOHHHM CMei:QeHHHM no BbiCOTe; 

- B npo:o;ecce 3THX CMei:QeHHH Ka:>K,D;biH KBa,n;paHT CMe

maeTca KaK e,n;Haoe :u;enoe; 

- HaH60llLWHe CMei:QeHHH Ja<lJHKCHpOBaHbl ,n;ng Cepe,D;HH 

KBa.n;paHTOB, HaHMeHLWHe - ,n;ng ero TOp:QOB; 

- OCHOBHbiM BH,D;OM BbiCOTHbiX CMei:QeHHH KBa,n;paHTOB 

HBnHeTCH HX pa,n;HanLHbiH HaKnOH. 

~na 6onee onepaTHBHoro KOHTpona nono:>KeHHH 3neKTpo

MarHHTa CHHXpo<lJaJOTpOHa C03,D;aHarH,D;pOCTaTH'IeCKaH CH

CTeMa c ,n;HcTaH:o;HOHHbiM.,C'LeMoM HH<lJopMa:QHH. B nepBOH 

O'lepe,n;H CHCTeMbl Ha Ka:>K,D;biH KBa,n;paHT ycTaHOBneHO no TpH 

rH,D;pOCTaTH'IeCKHX ronOBKH C 3lleKTpOKOHTaKTHOH perHCTpa

:QHeH nono:>KeHHH ypoBHH :>KH,n;KOCTH. 3TH ronoBKH pacnono

:>KeHbl no,n; MarHHTOM B :QeHTpax CMOTpOBbiX KaHanOB <lJyH

.n;aMeHTa H BKmo'leHbl Me)K,II;y co6oH nocne.n;oBaTenLHo. 

B peJynLTaTe peanHJa:o;HH BTopoH oqepe.n;H cHcTeMbl ua 

Ka:>K,D;OM KBa,n;paHTe 6y,n;eT yCTaHOBlleHO no WeCTL rOllOBOK: 

no .n;Be aa Top:u;ax KBa,n;paaTa H no ,n;Be B ero cepe,n;HHe. 

CxeMa H3MepHTenLHOH ronoBKH npe,n;cTaBneaa aapuc.l. 

ronOBKa CO,D;ep:>KHT 3lleKTpOKOHTaKTHbiH KOHycoo6pa3HbiH 

WTOK 1 C H30llHTOpOM Ha KOH:Qe. BbiCOTa H3 OllHTOpa MeHLWe 

BbiCOTbl MeHHCKa :>KH,D;KOCTH, o6pa3yiOI:QerOC.H B MOMeHT 
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Puc. 1. ruopocmamu'leCKaJI U3MepumeAr.HaJI ZOAOBKa c 
3A€K111POKOH111aK111HOU pezucmpat~ueil noAOJKeHUJI YPOBHJI xuo
KOC111U. 

KOHTaKTa WTOKa C YPOBHeM /8/. IIepeMei:QeHHe WTOKa ocy

mecTBnHeTCH npH nOMOI:QH 3lleKTpO,D;BHraTeng H KOHTpOnH

pyeTCH ,D;aT'IHKOM llHHeHHbiX nepeMemeHHH. ~aT'IHK Bblnon

HeH Ha 6a3e HH,D;HKaTopa 'laCOBOrO THna 4, y KOTOporo 

CTpenKa 3aMeHeHa KO,D;HpyromHM ,D;HCKOM 3 C 50 pa,n;HallLHbi

MH npope3HMH. IIO pa3Hble CTOpOHbl KO,D;Hpyroi:Qero ,D;HCKa 

pacnono:>KeHLI ocBeTHTenL 2 H <lJoTonpHeMHHK 6. II pH nepe

MemeHHH WTOKa MOTOpOM 5 ,n;a T'IHK llHHeHHbiX nepeMemeHHH 

reHepHpyeT C'leTHble HMnynLCbl, nocTynaJOI:QHe Ha BXO,D; 

nepec'leTHOH CXeMbl /IIC/. B MOMeHT KOHTaKTa WTOKa c 

:>KH,D;KOCTLIO C'leT npeKpai:QaeTca H c IIC CHHMaeTca OTC'IeT, 

COOTBeTCTBYIOI:QHH nono:>KeHHIO ypOBHH :>KH.n;KOCTH ;g~ l.J.eHa 

,n;eneHHH HMnynLca COCTaBnaeT 0,02 MM. 

rH,D;pOCTaTH'IeCKHe H3MepHTellLHble ronOBKH, pacno

no:>KeHHble aa BHewaeH cTopoae KBa,n;paHTOB, coe.n;HHeHLI 

Me)K,II;y C060H no :>KH,D;KOCTH, KaK noKa3aHO Ha puc. 2. 
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II A lAitY ILJl r~-Y 

Puc. 2. CxeMa pa3MeiJ#eHuJI zuopocmamu'lecKux U3Mepu
meA&HbiX 20/JOBOK. ---~ - W/JUH208ble coeOUHeHUJI no 
JICUOKOCIIIU; - 3/JeKIIIpU'leCKUe coeOUHeHUJI; e 
2UOpOCIIIUIIIU'leCKUe 20/J08KU; ® • KOHIIIpOAbHQJI 20· 
AOeKa. 

TaKHM )I{C o6pa30M coe.II.HHHlOTCH no )I(H.IJ.KOCTH roJIOBKH, 

pacnono)l{eHHble ua BHyTpeuueii cTopoue KBa.IJ.pauros. Me)K.IJ.Y 

III u IVKBa.IJ.pauTaMu .II.Be MarucTpanu coe.IJ.BHHIOTC.Il, TaM 

)I{C ycTauaanuaaeTc.ll KOHTponhuaH ronoBKa c BH3yanhHOH 

perucTpauueii nono)l{eHHH ypoBHH. B :noli ronoBKe B03MO)I{· 

no npuuy.II.HTenbuoe H3Meueuue o611\ero nono)l{eHH.Il ypoBHH 

)KU.IJ.KOCTH B CHCTeMe. B03.II.YWHble 06'hCMbl ronoBOK COe.IJ.u· 

ueHbl Me)i(,I\y co6oii. TaKBM o6pa3oM, coJ.II.aeTCJI C.IJ.HHa.ll 

I"'H.IJ.pOCTaTH'ICCKaJI CHCTeMa. 

B Ka'lecTBe )I{H.IJ.KOCTH npuMeueua BO.II.a c .II.o6asneuueM 

auTucenTHKa. 
Koue'IHOH uenbro uccne.IJ.OBauuii BblCOTuoro nono)l{eHuH 

JneKrpoMaruuTa .IIBnHeTCH onpe.II.eneuue ero o6mux uaKno

uos u uaKnouoB Ka)K.IJ.Oro KBa.IJ.pauTa B OT.IJ.enhHOCTH. CxeMa 

pa3MCU\CHHJl ru.IJ.pOCTaTH'ICCKHX I"'OITOBOK .IJ.OIT)I{Hd o6ecne· 

'IHBaTb Tpe6yeMyiO TO'IHOCTh Bhi'IHCneHHJI 3THX BCITH'IHH. 

6 
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0CHOBHblM MaTeMaTH'ICCKHM npBeMOM llpH HC{;ilC.II.OBa· 

HHH llOilO)I{CHHJI 3ilCKTpOMarHHTa CBHXpoclJa30Tpoua HBITJICTCJI 
Bhi'Iucneuue napaMerpos sepoJITHeHweH nnocKOCTH 

A.Xi +B·Y i +C 2Z i• 

r.II.e A u B- raureucbl yrnos uaKnoua aepoHTueiiweii nno

cKocru coorsercrseuuo no ocu X u Y /puc. 2/; c- cMe

meuue o6'hexra oTuocurenhHO uaqana oTc'lera; Z i - oT

MCTKH KOHTponupyeMbiX TO'ICK B llpOB3BOilhHOH cdc reMe 

BhiCOT. 

fio Manoc fH MO)I{HO llpHHJlTh, 'ITO yrnbl HaKJIOHa BepOHT • 

HeHWCH llJlOCKOCTH paBHbl COOTBCTCTBCHHO A H I3 B pa· 

.II.uaunoii Mepe. Cpe.IJ.HHe KBa.IJ.paTB'IecKue norpewuocTu yrnoa 

A H B onpe.IJ.eiTHIOT{;Jl HX BCCOBblMB K03<}lcl!HUHCHTaMH Q A H 

QB H cpe,!I,HCH KBa,!l,paTH'ICCKOH norpeWHOCThiO C,!I,HHHUhl 

Bee a fL- )l.nH BblfipaHHOH KOHCTPYKUHB ru,!l,pOCTa TH'ICCKHX 

.II.a f'IHKOB MO>KHO C'IHTaTh, 'ITO fL =0,04 MM. 3Ha'ICHHJl 

BCCOBblX KO:J$PHU.HCHTOB onpe,!I,Cil.IIIOTCJI COOTHOillCHHJlMH 

1 
QA = ~ x2 

1 
Q B- ~y:c 

I"'.II.C X H Y • nnaUOBble KOOp,!I,HHaThl KOHTponHp}eMblX TO'ICK 

B CHCTCMC KOOP.II.Hila r., uaqano OTC'IeTa KOTOpoH pacnono • 

)I{CHO B reoMeTpH'ICCKOM UCHTpe Ofi'hCKTa. 

BhlnonueHHhiH pacqe T TO'IHOCTH ,!l,aeT BOlMO)I{HOCTb 

YTBep>K.II.aTh, 'ITO JKCIIJiyaTaUH.Il nepBOH O'lepe,!I,H I"'H.II.POCTa· 

fll'leCKOH CHCTeMhl llOlBOITHT: 
• onpe,!l,eiTHTb aMnnHTY.II.Y nepBOH rapMOHHKH BepTHKaJib· 

HhiX CMeJ.UeHHH JneKTpoMarHHTa, pa3llO)I{eHUhlX B PH.II. <l>yphe, 

co cpe.II.ueii KBa.II.paTH'IeCKOH norpewuoc fbiO nop.ll.II.Ka 

0,016 MM; 

- onpe.II.enuTb o6mue pa.II.uanhHhle uaKnoHbi KBa.II.panros 

CO cpe.II.HCH KBa,!l,paTH'ICCKOH norpeWHOCThiO 0,04 X 
x 10- pao. 

JKCnnyaTaUHH B ropOH O'lepe,!I,H CBCTCMbl no:JBOJIHT: 

- onpe.II.eJIHTh aMnnuTy .II.Y nepaoii rapMOHHKu sep ruKanh-
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HLIX CMew;eHHH 3JieKTpOMarHHTa CO cpe,li,Heii: KBa,ll,paTH'IeCKOH 

norpeWHOCTL10 nopJI,lJ,Ka 0,001 MM, T .e. npaKTH'IeCKH 6e3-
owu6o'IHo;. 

- onpe,lJ,eJIHTL pa,lJ,HaJILHLie HaKJIOHLI KBa,ll,paHTOB CO Cpe,ll,

Heii: KBa,ll,paTH'IeCKOH norpeWHOCTLIO 4,1 X 10 -S pao. 
bJIOK-CXeMa rH,ll,pOCTaTH'IeCKOH CHCTeMLI npHBe,ll,eHa Ha 

puc. 3. K nyJILTy ynpaBJieHHJI Henocpe.D.CTBeHHo nO.D.KJI10'1eHLI 

nc, OCilHJIJIOrpacjl H pacnpe,ll,eJIHTeJILHLie Kopo6KH. K KruK,li,OH 

KOp06Ke nO,li,KJI10'1eHLI TpH H3MepHTeJILHLJe rOJIOBKH. 3JieKT

puqecKaJI cxeMa coe.D.HHeHHJI rn,ll,pocTaTH'IecKux ronoBoK 

nc I [ Of!"UJCIC02!JaiP r nyA6m. rnpalJJZeH.USI. 
:,- T ! 

T 
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Puc. 3. liAoK- cxeMa zuopocmamu'lecKou cucmeMbl. 

noKaJaua ua puc. 2. llyJILT ynpaaneHHJI pacnono)l(eH B 

:u;eHTpe Jana cuuxpocjlaJoTpoua I puc. 4/. K He My no 'leTwpeM 

KaHaJiaM no.D.XO.D.JIT MarHcTpaJILHLie Ka6enu. Ka)l(,li,LJH Ka-

6eJIL 06CJIY)I(HBaeT ,li,Be pacnpe,lJ,eJIHTeJILHLJe KOp06KH, KOTO

pLJe pacnOJIO)I(eHLI Ha OCHOBaHHH 3JieKTpOMarHHTa H BKJI10-

'IeHLI Me)l(,ll,y C06oii: nocJie,li,OBaTeJILHO. BCJI CHCTeMa HMeeT 

8 pacnpe,lJ,eJIHTeJILHLIX Kopo6oK - no .D.Be na Ka)l(,li,LJH 
KBa,ll,paHT. 

B ycnoanJix cunxpocjlaJoTpoua OHJIH TaKaJI cxeMa 

paJBO.D.KH Ka6eneii: 6onee pa:u;uonaJILHa, 'leM KOJILIJ;eBaJI, 
19/ npHHJITaJI 06LI'IHO Ha ,ll,pyrHX COOpy)l(eHHJIX. , T .K. nOJBO-

JIJieT HCnOJIL30BaTL Ka6eJILHLie TOHHeJIH /T.e. Ka6eJIH Ha

,ll,e)I(HO Jaw;uw;euw OT TpaucnopTHLIX cpe,lJ,CTB/, .D.JIHHa Ma-

8 

Puc. 4. IlyAbm ynpaeAeHUJI zuopocmamu'lecKou cucmeMbl. 

rHCTpaJILHOrO Ka6eJIJI COKpaw;aeTCJI Ha 1/3, a HaJia,li,Ky 

H npocjiHJiaKTHKY CHCTeMLI MO)I(HO npOH3BO,li,HTL no KBa,ll,

paHTaM. 

B npo:u;ecce MOHTa)l(a pa3pe3aHHLIH Ha npoeKTHLie oT

peJKH WJiaHr JanOJIHJieTCJI )I(H,li,KOCTLIO npH BepTHKaJILHOM 

ero pacnOJIO)I(eHHH TaK, 'IT06LI MOrJIH BLIHTH H3 Hero BCe 

ny3LipLKH B03,ll,yXa. IlpH 3TOM HH)I(HHH KOHen; 0Tpe3Ka 

IIIJiaHra JaKpLIBaJICJI npo6KOH. )l;pyroii: KOHen; JaKpLIBaJICJI 

npo6Koii nocne JanonHeHHJI wnaHra. YKJia.D.Ka OTpe3KOB 

IIIJiaHra Ha MeCTO ocyw;ecTBJIJieTCJI npOTJirHBaHHeM, 'IT06LI 

He o6pa30BLIBaJIOCL KOJie:u;. ru,ll,pOCTaTH'IeCKHe rOJIOBKH 

YCTaHaBJIHBaJIHCL Ha O,li,HOH OTMeTKe C norpeWHOCTL10 1 MM 
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npa noMo~ npoKna~oK c y~eToM pe3ynLTaToB npe~Bapa
TenLHO npoBe~eHHoro reoMeTpH~ecKoro HHBenapoBaHHJI. 
llocne yKna~KH Bcex mnaHroB npoH3Bo~anocL ax no~Knro
~eHae K ronOBKaM. fipH 3TOM BepXHHe ~aCTH ronOBOK 
6WnH CHJITW, ~TO n03BOnHnO cne~HTL 3a Ka~eCTBOM no~
Knro~eHHJI H npoBepHTL npaBHHLHOCTL YCTaHOBKH CTaKaHOB 
ronOBOK Ha O~OH OTMeTKe. 3aTeM npoBepJinOCL Ka~eCTBO 
C0061l{eHHJI BCeX CTaKaHOB no )I(H~KOCTH. llpH 3TOM npHHy

~TenLHO H3MeHJIHCJI 06~8 ypoBeHL B CHCTeMe, a H3Me

peHHe nonO)I(eHHJI YPOBHJI B Ka~OM CTaKaHe BWnOHHJIHOCL 
npH nOMO~ HHHeHKH. 

Hana~Ka rH~pOCTaTH~eCKOH CHCTeMW OCYII{eCTBnJinaCL 
no KBa~paHTaM H 3aKmo~anacL B nocne~oBaTenLHOM no~
KniD~eHHH H3MepaTenLHWX ronoBoK K ITY, npoBepKe pa6oTw 
3neKTpo~BHraTenei H ~BH)I(~XCJI 3neMeHTOB, onpe~ene
HHB BenB~HH CBrHanOB /"CTOn" H "c~eT"/ H ~OBe~eHHH HX 
~o Haa6onLwei senB~BHW. llocne 3Toro npOB3BO~BncJI non

HWH IlBKn H3MepeHHH B CHCTeMe. 0Tc~eTLI no Ka)I(~OH ro
HOBKe CHHManHCL 2-3 pa3a, npB 3TOM paCXO~eHHJI Me)l(~y 
HBMH He npeBWWanB 1·2 HMnynLCOB. 3aTeM 06~8 YPOBeHL 

B CHCTeMe H3MeHJIHCJI Ha 2- 3 MM, H ~enanBCL Cne~yro~e 
UHKnw B3MepeHBH. Bo Be ex ronoBKax 6wnB 3aperacTpBpo

BaHW O~HHaKOBWe pa3HOCTH OTC~eTOB C TO~HOCTLIO ~0 
1-3 HMnynLCOB. 

B HaCTOJIII{ee BpeMJI H~eT npOH3BO,D;CTBeHHOe OCBOeHHe 
nepsoi o~epe~B ra~pocTaTH~ecKoi cacTeMw. CacTeMy 

o6cny)I(HBaeT o~BH onepaTop. BpeMJI, Heo6xo~HMoe ~JI 
BWnOnHeHHJI O~Horo IlHKna, COCTaBnJieT 12 MUH. 06pa60TKa 
pe3ynLTaTOB H3MepeHHH npOH3BO~HTCJI no pa6o~ei npo
rpaMMe, COCTaBneHHOH ~nJI 3BM li3CM-4. 
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