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reopmeB .n. " AP· 
CncTeMa ynpaaJieHnH u KOHTpoJIH nMnyJihCHoii MarHHTHOH 
ycTaHOBKH HMY-2 cneKTpoMeTpa CHHM-2 AJIH ncCJieAOBaHnii 
C npHMOyroJibHbIMH HMilYJihCaMH MarHHTHOro IlOJIH 

Pl3-94-77 

IlpeACTaBJieHHhIH 6JioK ynpaBJieHHH HMY-2 AJIH ncCJieAOBaHnii c npHMoy­
roJihHhIMH HMilYJihCaMH MaI'HHTHOro IlOJIH OCHOBaH Ha AeikTBy10w;eii CHCTeMe 
ynpaaJieHHH HMY-2 AJIH ncCJieAOBaHHii c CHHYCOffAaJihHhIMH HMnyJihcaMn 
MarHHTHOro IlOJIH. BJIOK ynpaBJIHeT ABYMH AOilOJIHHTeJibHbIMH KOffAeHCaTop­
HblMH 6arnpeHMH, 06ecne1rnaa10IIIHMH HaJIO)KeHHe npHMoyroJibHOro HMilYJihCa 
Ha CHHYCOH~aJibHblH HMilYJibC MarHHTHOro IlOJIH. PerneHhl ace 3aAatJH TeKyw;ero 
ynpaBJieHHH H KOHTpoJIH HMilYJibCHOH MarHHTHOH ycTaHOBKH npHMOyroJihHblX 
HMnyJihCOB 6ea o6pam.eHHH K MHKpo3BM ocao6o)l(AeHueM ee OT cpyHKU.HH 
3JieMeHTa o6paTHOH CBHJH u,enu ynpaaJieHHH HMY-2. CucTeMa ynpaaJieHHH H 
KOHTpoJIH nOBhIIllaeT HaAe)KHOCTb pa60Tbl HMY-2, AaeT BO3MO)KH0CTb KOHTpO­
JlH ycTaHOBKH a npou,ecce pa6oThl. 

Pa6orn BhlnoJIHeHa a Jla6opaTOpuu HeiiTpoHHoii cpuanKH HM. 11.M.<llpaHKa 
011.srn. 

Coo6111em1e 06,,e11m1e1111oro HIICTHTYTa 1111epHblX HCCJ1e11ooa1m11. J1.y611a, 1994 

IlepeaoA aaTopoa 

Georgiev D. et al. 
The Control and Monitoring System of IMU-2 Pulse Magnetic 
Set-up of the SNIM-2 Spectrometer for Research 
with Rectangular Pulses of Magnetic Field 

Pl3-94-77 

The block reported for control and monitoring of the IMU-2 of the SNIM-2 
Spectrometer for researches with rectangular pulses of the magnetic field is 
based on the action system for research with sinusoidal pulses of the magnetic 
field. This block controls two capacitor batteries, ensuring superposition of 
rectangular pulses on sinusoidal pulse of the magnetic field. All the control and 
monitoring problems arc solved without personal conputer which does not serve 
as an clement of negative feedback of the IMU-2. This control and monitoring 
system improves the reliability of the IMU-2 operation, provides the possibility 
of monitoring during the setup operation. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JlNR 

Communication of the Joint Institute for Nuclear Research. Dubna, 1994 



HMITYRbCHaR MarHHTHaR YCTaHOBKa (HMY-2) /1/ pacnonozeHa Ha 

6 ITY4Ke peaKTOpa HBP-2. BROK ynpasneHHR HMITYRbCHOA MarHHTHOA 

ycTaHOBKOA (BYHMY) /2/ B TeqeHHe ARHTeRbHoro BpeMeHH 

oOecne4HBaeT paOOTY HMITYRbCHOA MarHHTHOA YCTaHOBKH HMY-2 B 

COCTase cneKTPOMeTpa CHHM-2 c CHHYCOHAaRbHNMH HMITYRbCaMH 

MarHHTHoro noRsi. 

C ueRbD pacwHpeHHR BO9MOZHOCTeA cneKTPOMeTpa CHHM-2 OH 

'AOITORHReTCR reHepaTOPOM npRMoyroRbHNX HMITYRbCOB MarHHTHOro ITORR 

1rnH). 3TO ITO9BORHT KPOMe CHHYCOHAaRbHNX HMITYRbCOB MarHHTHOro 

ITORR ITORy4aTb HMITYRbCN ITPRMoyroRbHOA ~OPMN. B COOTBeTCTBHH C 

3THM npe~ycMaTpHBaDTCR tpH pegHMa paOOTN CHCTeMN ynpasReHHR 

HMY-2: 

- CHHYCOH'AaRbHNe HMITYRbCN MarHHTHoro ITORR; 

- npRMoyroRbHNe HMITYRbCN MarHHTHOro ITORR; 

- "HaRogeHHe" ITPSIMOyroRbHNX HMITYRbCOB Ha BepWHHN 

CHHYCOH'AaRbHNX, 

rnw COCTOHT H9 ~BYX ~OPMHPYDmHx RHHHA ,~1 H ~2). rcw, ~1 H 

~2 HMITYRbCHOA MarHHTHOA ycTaHOBKH sapsigaDTCSI OT oomero 

BNCOKOBORbTHoro BNITPRMHTeRR (BB), npHqeM ARR KaZAOA H9 HHX 

3a'AaeTCR CBOe HanpR~eHHe. ~RR ynpaBReHHR HMY-2 BO scex Tpex 

yKa3aHHNX peXHMax paOOTN paspaOoTaH HOBijA OROK ynpasReHHR 

HMITYRbCHOA MarHHTHOA ycTaHOBKOA (BYHMY-2); 

BROK-CXeMa CHCTeMN aBTOMaTHqecKoro ynpaBReHHSI H KOHTPORR 

HMY-2 H CHCTeMa HaKOnReHHR cneKTPOMeTpHqecKOA HH~Op~aUHH 

npeACTaBReHN Ha PHC.1. 

CTapT 
HBP-2 

WHHa KAMAK 

c Tb ~eTeK- r H ~1.~2 
3 ~a3N TOP K HMY-2 

AUnM I I KKoog 1· 

T 
BK3 OT TOKOBoro 

Tp-pa HMY-2 

PHC.1.BROK-CXeMa CHCTeMN aBTOMaTHqecKoro ynpaBReHHR 

H KOHTPORR HMY-2 H ITO'ACHCTeMN HaKOITReHHR 

cneKTPOMeTpHqecKOA HH~OpMaUHH. 



CHCTeMa HaKdnReHHSI cneKTPOMeTpHYeCKOR HH$OpMaUHH COCTOHT 

H3 BpeMeHHoro KOJlHpoBmHKa BKil4 /5/ H Oy$epHoro 03Y (16K*l60HT) 

/6/. CHCTeMa aBTOMaTH4eCKoro ynpaBReHHSI H KOHTPORSI HMY-2 

COCTOHT H3 OROKOB: BYHMY-2, BK3 H OROKa CHSITHSI $OPMU HMnYRbCa 

TOKa (AUilM) /7/-B OOMOTKe MarHHTa. YnpaBReHHe ocymecTBRS!eTCSI OT 

nepcoHaRbHOro KOMnbDTepa (IlK) IBM PC/AT 4epe3 KOHTPORRep KpeRTa 

KK009. 

BYHMY-2 pa3pa00TaH Ha OCHOBe OROKa ynpaBReHHSI H KOHTPORSI 

HMYRbCHOR MarHHTHOR ycTaHOBKOR CHHYCOH]laRbHNX HMnyRbCOB (BYHMY) 

B CTaH]lapTe KAMAK Ha Oa3e MHKponpoueccopa K1801BM1B /2/. 

BYHMY-2 npOJlOR~aeT PS!Jl OnOKOB, PCHOBaHHUX Ha conpsixeHHH WHHU 

KAMAK H WHHN Q /3,4/. BROK-CXeMa BYHMY-2 npe]lCTaBReHa Ha PHC.2. 

w 
H 
H conpsi~eHHel I ITaRMep pa3psi]la 
a KAMAK-Q rcH 

K 
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A ~----~ H 
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A U n 

TaRMep MOHHTO-m TaRMep ynpaBR. 
pos 1, 2, 3 THPHCTOpaMH 
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MOHHTOPN 

PerHCTP 
KOHTpORSI $a3 

~

pa3peweHHe 
$OpMH- 3apsi]la $1 
posa- pa3peweHHe 
TeRb 3apsi]la ~2 

nycK BKil4 
nycK AUilM 

- pa3pS!Jl ~l 
),j ~2 

pa3pRJl rcH 
CTapT HBP-2 
3anper c 
BK3 

HOMep THPHCT.CTOROa 
Hanpsi~eHHe fCH 
Hanpsi~eHHSI ~l 

),j $2 

~opMHposareRb 
3anycKa BB 

~opMHpoaareRb 
$a30BNX HMn. 

ceTb 
$a3N 

PHC.2. BROK-CXeMa BYHMY-2. 

~OPMHPOBaTenh $a30BNX HMnyRbCOB BN]leRS!eT H3 Tpex$a3HOrO 

Hanpsi~eHHSI (12B) weCTb $a30BNX HMnyRbCOB JlRSI CHHXPOHH3aUHH 

paOOTN BNCOKOBORbTHOro BNnpSIMHTeRSI (BB). qepe3 perHCTP KOHTpORSI 

$a3 MHKponpoueccop nposepsieT nocRe]loBaTeRbHOCTb $a30BNX 

HMTIYRbCOB H pa3pewaeT OTKPNBaHHe onpe]leneHHNX THPHCTOpOB BBB. 

# 

2 

-, 

\ 

I 
! 
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T04HOe apeMSI OTKpUBaHHSI THpHCTOpOB 3a]laeTCSI OT MHKponpoueccopa 

4epe3 TaRMep ynpaBReHHSI THPHCTOpaMH, BNnORHeHHUR Ha Oa3e BHC 

K580BH53. B cRyYae nocTynneHHSI 3anpeTa H3 BK3 3apS1Jl 

npeKpamaeTCSI. $OpMHPOBaTeRb 3anycKa THPHCTOPOB BB $OPMHpyeT 

HMnyRbCU Hanpsi~eHHSI (+5 B,25MKC). HanpR~eHHe C ]leRHTeReR (10 KB 

lOB) KOH]leHcaTopHNX OaTapeR rcH, $1 H ~2 no]laeTCSI Ha AUn 

(KP572IlBl, 12 OHT) 4epe3 aHaRorosuR MYRbTHnReKCOp H ycHRHTeRb 

C nepeKRDYaeMNM K03$$HUHeHTOM ycHReHHSI 1, 2, 4, 8 H 16 H 

no]laBReHHeM CHH$a3HNX noMex. 9TO TI03BORHRO noRy4HTb HanpsixeHHe 

Ha KOH]leHcaTOPHNX OaTapesix OT 200B JlO 10KB C T04HOCTbD He xyxe 

1%. 
PerHCTP ynpaaneHHSI CO]lepxHT 16 OHT: 

1-3 - HOMep BKRDYaeMOR THPHCTOpHoR napu BB; 

- pa3peweHHe 3apsi]la; 4 

5 - pa3peweHHe CTapTOB JlRSI BKil4, T.e. pa3peweHHe 

HaKonReHHSI cneKTPOMeTPH4eCKOR HH$OpMaUHH; 

6 - pa3peweHHe nycKa TaRMepos pa3pSIJla rcH, ~1 H ~2; 

7 - pa3peweHHe nycKa CHSITHSI rpa$HKa MarHHTHoro noRR; 

a - pa3peweHHe pa3psi]la; 

9-10- HOMep BXO]la AUil, T.e. H3MepeHHe HanpsixeHHSI Ha $CH, 

$1 HRH $2; 

11-12- ]lHana30H H3MepeHHSI C K03$$HUHeHTOM YCHReHHSI 1, 2, 

4, 8 HRH 16; 

14,15- npH pa3pSl]le - HOMep pa3pS!JlHOR rnpHCTOpHOR uenH ~1 

H $2; 

14-16- npH 3apS1]le - no3HUHOHHNR 

rcH, ~l HRH ~2; 

9-16 - HOMep KOHTPORHpyeMOA 

KOJl pa3peweHHS1 3apsi]la 

THPHCTOPHOA OaTapeH 

(HCTIORb3yeTCSI npH OTCYTCTBHH 3apS1JlHOrO HRH 

pa3pS!JlHOro peXHMa paOOTN). 

TaAMepN pa3pS!JlOB rcH H rnH n03BORSIDT 3a]laBaTb 3a]lepXKY 

pa3pS!JlOB OT CTaPTOB peaKTopa OT 100 MKC JlO 130 MC C waroM 2 

MKC. TaAMep ynpasReHHSI THPHCTOpaMH 3a]laeT speMSI OTnHpaHHSI 

THPHCTOPOB BB OT $a30BNX HMnyRbCOB C 3a]lepXKOR OT 1 MC JlO 3,3 

MC C waroM 1 MKC. 9TO no3BORS!eT B WHPOKOM ]lHana30He 

peryRHposaTb BeRH4HHY e]lHHH4HOA Jl03N 3apsi]la KOH]leHCaTOPHUX 

OarapeR rcH, ~l H ~2. PerHCTP KOHTpORSI $a3 CO]lepXHT 8 OHT: 

1-6 - no3HUHOHHUR KOJl $a3 CA,CB,AB,AC,BC,BA; 
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7 - 3anpeT· c•EK3 ; 

8 - 3anpoc OT nK npH nocTynReHHH HOBOA KOMaH~H. 

3a~aHHe ~RR UHKRHqecKOA paOOTH EYHMY-2 BKRDqaeT B ceOR: 

- 3a~ep1tKa pa3pR~a rcH OT cTapTa peaKTopa; 

- 3aAepxKa pa3PRAa rnH OT CTapTa peaKTOpa; 

- 3aAaHHoe HanpRxeHHe Ha rcH; 

- 3aAaHHOe HanpRXeHHe Ha ~1; 

- 3aAaHHoe HanpRxeHHe Ha ~2; 

- 3KCn03HUHR no qwcRy CTapTOB peaKTOpa, conpoBOltAaeMHX 

HMnyRbCaMH MarHHTHOro noRR. 

BHnORHReTCR OHO B CReAYDmeM nopRAKe: 3apR~ rcH, ~1 H ~2 AO 
HaHMeHbWero ~3 HHX HanpRlteHHR, nocRe qero 3apR~ HMeHHO 9TOA 

KOH~eHCaTOPHOA OaTapeH 3anpemaeTCR, H TaK ~aRee, noKa He 3apR~HM 

see KOHAeHcaTOPHHe OaTapeH AO HYXHHX HanpRJteHHA. 3aTeM 

pa3pewaeTCR pa3PRA CHHXPOHHO co CTapTOM peaKTOpa C 

COOTBeTCTBYDmHMH 3aAepxKaMH ARR rcH, rnH. B OROKe ynpaBRRDmHx 

napaMeTpOB MHKponpoueccopa 3aAaeTCR nepHOAHqHOCTb pa3pR~HHX 

UHKROB, KpaTHaR CTapTaM peaKTOpa, HanpHMep, C nepHO~HqHOCTbD 

OAHH pa3 3a 10 CTapTOB peaKTOPH. 

DAHOBpeMeHHO C nepBHM H3 pa3PRAHHX HMnYRbCOB rcH HRH rnH 

3anycKaeTCR AUnM ~RR CHRTHR ~OPMH HMnyRbCa TOKa qepe3 MarHHT. 

npH 9TOM MOlteT KOHTPORHpoBaTbCR He KaltAHA HMnYRbC, a C 3a~aHHHM 

nepecqeTOM OTHOCHTeRbHO CTapTOBHX HMnyRbCOB. STO TaKxe 3a~aeTCR 

B OROKe ynpaBRRDmeA HH~OpMaUHH. nocRe 3aAepltKH, HeOOXO~HMOA ARR 

3aBepweHHR pa3pRAa H qacTHqHoro caMonepe3apR~a KOHAeHCaTOPHHX 

OaTapeA, npouecc 3apR~ - pa3PRA noBTOpReTCR 3aAaHHOe qHcRO pa3. 

TaAMep MOHHTOPOB cqHTaeT HMnyRbCH MOHHTOpHoro ~eTeKTopa, 

KOHTPORHPYR MOmHOCTb peaKTOpa B 3aAaHHOM AHana30He, a TaKJte 
COCTORHHe WHOepa Ha nyqKe. MaKCHMaRbHaR qacTOTa cqeTa - 2MfU., 

KORHqecTBO HMnyRbCOB MeltAY CTapTaMH peaKTOpa - He OoRee 65535. 

B OTnHqHe OT EYHMY B EYHMY-2 HMeeTCR TPH O~HHaKOBHX KaHaRa ARR 

MOHHTOpHoro cqeTa. 

~RR coxpaHeHHR npeeMCTBeHHOCTH nporpaMMHOro ooecneqeHHR 

EYHMY-2 HMeeT TOT xe nporpaMMHHA HHTep~eAc, qTo H EYHMY /2/: 

- BKRDqHTb HMY-2; 

- YCTaHOBHTb 9KCn03HUHD no CTapTaM peaKTOpa; 

- pa3peWHTb HaKOnReHHe cneKTPOMeTpHqecKOA HH~OpMaUHH; 

- pa3peWHTb KOHTPORb MOHHTopa; 
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- pa3peWHTb CHRTHe TaORHUH COOTBeTCTBHR 3aAepxeK OTnHpaHHR 

THPHCTOPOB BB OT ~a30BHX HMnYRbCOB H noRyqeHHHX 

npHpameHHA HanpRlteHHR; 

- 3anpeTHTb pa3PRA nocRe CHRTHR TaORHUH; 

- 3apRAHTbCR AO 3aAaHHoro HanpRJteHHR H OltHAaTb KOMaHAY; 

- OCTaHOBHTb/npOAORltHTb paOOTY EYHMY CHHXPOHHO C oqepeAHHM 

CTapTOM peaKTopa; 

- BKRDqHTb cneuHaRbHHA peltHM 3aPRAa onpeAeReHHHM KORHqe­

CTBOM A03 C ~HKCHPOBaHHOA BeRHqHHOA, Oe3 KOHTPORR 3a 

AOCTHlteHHeM 3aAaHHOro HanpRlteHHR. 

Ha nepeqHcReHHHe BHWe KOMaHAH EYHMY-2 pearHpyeT CTaTyCHHM 

CROBOM: 
HMY-2 B peltHMe, T.e. npoweR HOpMaRbHO XOTR OH OAHH UHKR 

3apRAjpa3pRA; 

- HMY-2 npeKpaTHR paOoTy; 

- 9KCn03HQHR no CTapTaM peaKTOpa 3aKoHqeHa; 

- AOnymeHa OWHOKa B HCXOAHHX AaHHHX; 

- nponaRH CTapTH peaKTopa, HO paOOTa OyAeT npOAORlteHa 

npH B0300HOBReHHH CTapTOB; 

- MOHHTOPHHA cqeT BHWeR H3 AHana30Ha, HO paOoTa ~YAeT 

npOAORJteHa npH BOCCTaHOBReHHH MOHHTOPHOrO cqeTa B 

AHana3oHe; 

- CHRTHe TaORHUH 3aKoHqeHo; 

- OAHHOqHHA sapRA saKoHqeH H OROK OltHAaeT KOMaHAY; 

- cpaOoTaR OROK KOHTPOAR H samHTH (EK3); 

- 3aAaHHOe HanpRlteHHe He AOCTHrHyTO (nocne 6000 A03); 

- OTCYTCTBYIOT HMnynbChl q>a3; ·. 

- eAHHHqHaR A03a npeBHCHna 200B; 

- KOMaHAa OCTaHOBa EYHMY CHHXPOHHO co CTapTOM 

BHnonHeHa,H onoK OltHAaeT HOBYD KOMaHAY. 

BBeAeHH AOnonHHTenbHHe KOHTpOAbHHe ~YHKUHH sa 

THPHCTOPHHX CTOROOB BB H pa3pRAHHX ueneA. ~nR 9Toro 

peaKTopa 

COCTORHHeM 

HeOOXOAHMO 

B perHCTpe ynpasneHHR 33A3Tb HOMep nposepReMoro THPHCTOpHoro 

CTOROa, a 3aTeM npoqHTaTb H3 

KOHKpeTHHX THPHCTOpOB B BHOpaHHOM 

33PRAHOA uenH. 

BXOAHOro perHCTpa COCTORHHe 

THPHCTOpHOM CTOnOe BB HRH 

nporpaMMHHA KOHTPORb nocneAOBaTeRbHOCTH'IlORBReHHR ~a30BHX 

HMnynbCOB noMoraeT npeAOTBpaTHTb npoOoA BB. KOHTPORb 3a 
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eAHHHqHHM npHpame'HHeM HanpSIXeHHSI Ha KOHAeHCaTopHHX OaTapeSIX 

Il03BORSleT npH IlOAXOAe K 3aAaHHOMY HanpSixeHHD yMeHbIDHTb aenHqHHY 

cneAyvmeR A03H H, TeM caMHM, ooecneqHTb TpeOyeMYD TQqHQCTb 

AOCTHXeHHSI 3aAaHHOro HanpSixeHHSI. 

3aKnvqeHHe 
EROK EYHMY-2, SIBRSIDmHRCSI OAHHM H3 npHMepOB /2,3,4/ 

HCilORb30BaHHSI conpSixeHHSI mHHH KAMAK H mHHH o. HarRSIAHO 

AeMOHCTpHpyeT npeHMymecTBa npHHQHna "IlORHOR npo3paqHQCTH" ARSI 

C03AaHHSI HaAeXHHX MHKponpoQeccopHHX IlOACHCTeM ynpaaneHHSI H 

KOHTPORSI $H3HqecKOR ycTaHOBKH. 
coxpaHeHa nporpaMMHaSI npeeMCTBeHHOCTb OT EYHMY K EYHMY-2. 

cymecTBeHHO pacmHpeHa B03MOXHOCTb KOHTPORSI HMY-2 B npoQecce 

paOOTH CHSITHe rpa$HKa 3aPRAa KOHAeHCaTOPHHX OaTapeR, 

B03MOXHOCTb KOHTpORR 3a TpeMR KaHanaMH MOHHTOpHoro cqeTa. 
B 3aKnDqeHHe aBTOPH aupaxaDT onaroAapHOCTb B.H.3aMpHD H 

H.M.CanaMaTHHY 3a none3HHe oOCYXAeHHR nporpaMMHoro HHTep$eRca. 

JHTepaTypa 
1.BapeHHK r.A. H .AP. HMY ARSI HeRTPOHHHX HccneAOBaHHR Ha 

peaKTOpe HEP-2. OHHH, P13-89-518, ~yOHa,1989 . 

2.BaroB B.A. H AP. CHCTeMa ynpaaneHHR H KOHTPORSI 

HMilYRbCHOR MarHHTHOR ycTaHOBKH HMY-2 cneKTPOMeTpa 

CHHM-2. OHHH, 13-86-742, ~yOHa, 1989. 
3.BaroB B.A. H AP, EROK ynpaaneHHSI H KOHTponR Ha Oa3e 

MHKponpoQeccopa K1801BM1 B cTaHAapTe KAMAK. OHHH, 

13-86-742,~YOHa,1986. 

4.Baroa B.A. , CHPOTHH A.n. EROK 
ABttraTenRMH Ha Oa3e MHKponpoQeccopa 

KAMAK. OHHH,13-87-316, ~yOHa, 1987. 

ynpaaneHHR maroBHMH 

K1801BM1 B CTaHAapTe 

5. Eapaoam H.n. HAP, OHHH,10-84-158.~YOHa,1984. 

6. EpMaKOB B.A.,3HMHH r.H. OHHH,10-83-194.~YOHa,1983. 

7. 3aMpHR B.H. OHHH,13-86-538,~YOHa,1986. 

8. Baroa B.A. HAP, OHHH,Pl0-86-562,~YOHa,1986. 

PyKOIIHCh IIOCTYIIHJia B H3,ll,aTf:JlhCKHH OT,11,eJI 
10 MapTa 1994 ro,11,a. 
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IlpHHHMaeTCSI Il0,11,IlliCKa Ha npenpHHThI, coo6meHHSI 06be,ll,HHeHHOro 
HHCTHTYTa Sl,11,CpHbIX HCCJIC,11,0BaHHH H <<KpaTKHe coo6meHHSI 011.SH1». 

YcTaHOB.11.eHa CJ1e,11,y10masi CTOHMOCTb Il0,11,IlHCKH Ha 12 MCCSIU.CB Ha H3,ll,aHHSI 
011.5111, BKJIIOtiaSI nepeCbl.11.KY, no OT,11,CJlbHbIM TCMHTHtICCKHM KaTeropHSIM: 

11H,11,CKC TeMaTHKa 

L 3KcnepttMeHTaJibHHSI Q)H3HKa BbICOKHX 3Hepmii 

2. TeopeTHlleCKUSI Q)H3HKa BhICOKHX 3Hepmii 

3. 3KcnepttMeHTaJibHaSI HeiiTpOHHHSI Q)H3HKa 

4. TeopeTHtiecKasi q>H3HKa ":H3KHX3Hepmii 

5. MaTeMaTHKa 

6 . .sI,11,epHaSI cneKTpOCKOilHSI 1t pa,11,HOXHMHSI 

7. <l>tt3HKa TSl)KeJiblX HOHOB 

8. KpuoreHHKa 

9. YcKopuTe.11.u 

10. ABTOMUTH3UU.HSI o6pa60TKH 3KCIIepHMCHTUJl.bHbIX ,11,aHHblX 

11. BhltIHCJIHTeJibHaSI MUTCMaTHKa n TCXHHKa 

12. XttMHSI 

13. TeXHHKU Q)H3HtICCKoro 3KCnepHMCHTa 

UeHa no,11,nttCKH 

Ha ro.o. 

915 p. 

2470 p. 

365 p. 

735 p. 

460 p. 

275 p. 

185 p. 

185 p. 

460 P: 

560 p. 

560p. 

90p. 

720p. 

14. McCJie.o.01iaHHSI TBep,IJ,blX TeJI H )KH,IJ,KOCTeii Sl,IJ,epHbIMH MCTO,IJ,HMH 460 p. 

15. 3KcnepHMCHTaJibHUSI Q)H3HKa si.o.epHbIX peaKU.Hii 

nptt HH3KHX 3HeprttSIX 
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