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HcnaMOB T.A., HAP· PIO - 12794 

AeToMaTH3a~HR ¢oToMeTpHpoeaHHR 6eTa-cneKTporpaMM Ha 6aae 
MHKPO¢oTOMeTpa C waroB~M npHBOAOM KapeTKH Ha fiHHHH C 36M 

AnA o6pa6oTKH cneKTporpaMM, nony4ae~x c noMO~bo 6eTa-cneKTpo
rpa¢oe, paapa60TaHO YCTPO~CTBO aBTOMaTH4eCKOrO $OTOMCTpHpoBaHHR C 
npHBOAaMH KapeTKH no ABYM OCRM Ha waroe~x ABHraTenRx, ycTaHoeneHHoe 
Ha fiHHHH C 36M. HH¢opMa~HR C 3TOrO YCTPO~CTBa npHHHMaeTCR B 36M B pe 
*HMC CnO*eHHR AaHH~X OT MHOrOKpaTH~X npOXOAOB KapeTKH, 4TO HaPRAY 
c Hcnonb30BaHHeM ABYXCTP04Horo cKaHHpoeaHHR 3Ha4HTenbHO coKpa~aeT 
epeMR $oToMeTpHpoeaHHR. B npH6ope HcnonbaoeaH ¢oTOYMHO*HTenb $3Y-92, 
pa6oTa~H~ npH 60nbWHX CBCTOB~X nOTOKax, OTHOWeHHe MaKCHManbHOro 
TOKa aHOAa K TOKY AenHTenR COCTaBnReT 1/200. npH6op n03BOnReT o6pa-
6aT~BaTb CneKTporpaMM~ pa3MepaMH 80 X 400 MM 2 C MHHHMafib~M waroM 
CKaHHpoeaHHR 1000/240 MKM HnH *e C waroM, KpaTH~M MHHHMafibHOMy: 
0•1000/240 MKM, rAe D =1,2, ... 64. 

YnpaeneHHC npH60pOM B03MO*HO KaK OT OTAenbHOro ycTpO~CTBa 
ynpaeneHHR B py4HOM HnH B aBTOMaTH4eCKOM pe*HMe, TaK H OT 36M. 

Pa6oTa B~nonHeHa B na6opaTOPHH RACPH~X npo6neM OHnH. 

npenpHHT 06bellHHBHHOrO HHCTKTYTS SlllepHbiX i!CCIIBIIOBSHHll • .ay6Ha 1979 

lslamov T.A. et al. PIO - 12794 
The Automatic Micrometer with Pitch Drives of the 
Carriage on Both Axes On-Line with the Computer 

The device for automatic photometer measuring with pitch 
drives of the carriage on both axes on-line with the computer is 
described. It is used for treatment of ~-spectrogram from magnetic 
spectrographs. Information from this device is registered in the 
computer. The p-multiplier is used in the device working with 
a large light flow. The anode current of this multiplier is 200 
times greater than that of the voltage divider. The device could be 
used to measure the ~-spectrograms on the 80x400 mm 2 area with 
a minimun pitch of scanning of 1000/240 mkm or with the pitch of D· 

1000/240 mkm, where n =0,1,2 .. 64 .. Two modes of the system driving 
are possible: from a special device and from the computer by a prog
ram. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBEAEHHE 

B apceHane TeXHHKH RAePHOH cneKTPOCKonHH onpeAeneHHY~ 
pOnb BblnOnHRIOT MarHHTHble 6eTa-cneKTporpa¢bt. npH npOCTOTe HX 
KOHCTPYK~HH H 3KCnnyaTa~HH OHH o6naAaiOT TaKme PRAOM npeHMy
~eCTB /B onpeAeneHHH 3HeprHH H HHTeHCHBHOCTeH raMMa-nepexo
AOB, a TaK>Ke HX MynbTHnOnbHOCTeH/, KOTOpbiX He HMeiOT APYrHe 
npH60pbl, HCnonb3yeMble AnR perHCTpa~HH cneKTPOB KOHBepCHOHHbiX 
3neKTPOHOB. no 3HepreTH4eCKOMY pa3peweHHIO, AOCTHraro~eMy COTbiX 
AOneH npo~eHTa, 6eTa-cneKTporpa<!Jbl ycTynaroT TonbKO KPHCTann
AH¢paK~HOHHbiM y-cneKTpOMeTpaM, HO B OTnH4He OT nocneAHHX, 
3¢¢eKTHBHbiX TOnbKO B MRrKOH o6naCTH cneKTpa, 6eTa-cneKTpo
rpa¢bt ycneWHO HCnonb3YIOTCR B AHana30He 3HeprHH OT 10 AO 
1500 K3B I l l . 

BbiCOKoe pa3peweHHe H wHpoKHH AHana3oH 3HeprHH, oxsaTbiBae
MbiH B OAHOM H3MepeHHH, Aena~T 6eTa- cneKTporpa<!Jbl CaMbiMH 
11 MHOroKaHanbHbiMH 11 npH6opaMH RAepHOH $H3HKH: OAHH cneKTP KOH
BepCHOHHbiX 3neKTpOHOB, nony4eHHbiH C HX nOMO~biO, COAeP>KHT 
HH¢OpMa~HIO,COOTBeTCTByiO~YIO 20-50 TbiCR4aM KaHanOB MHOrOKa
HanbHbiX aHanH3aTopos. 

PeanH3a~HR BbiCOKoro pa3peweHHR 6eTa-cneKTporpa¢os B03Mo>K
Ha 6naroAaPR HCnonb30BaHHIO AnR perHCTpa~HH 3neKTPOHOB RAep
HbiX $OT03MynbCHH. B HH3K03HepreTH4eCKOH o6naCTH KOHBepCHOHHbiX 
3neKTPOHOB /E < 100 K3B/ 3HepreTH4eCKOe pa3peweHHe Ha ¢oTo
nnacTHHKaX AOCTHraeT 30 3B. 

0AHaKo, o6ecne4HBaR xopowee reoMeTPH4ecKoe, a cneAoBaTenb
Ho, H 3HepreTH4ecKoe pa3peweHHe, cnoco6 perHcTpa~HH KOHBep
CHOHHbiX 3neKTpOHOB RAePHbiMH $OT03MynbCHRMH C03AaeT 3Ha4HTenb
~ble TPYAHOCTH npH nony4eHHH T04HbiX 3Ha4eHHH HHTeHCHBHOCTeH 
nHHHH. 3TH TPYAHOCTH CBR3aHbl KaK C Ka4eCTBOM 3MynbCHH /OAHO
POAHOCTb no TOn~HHe cnOR H COCTaBy, HanH4He 3arpR3HeHHH, 
~apanHH/,TaK H c ycnoBHRMH HX o6pa6oTKH. KpoMe Toro, B cpas
HeHHH C y -cneKTpaMH, cneKTPbl KOHBepCHOHHbiX 3neKTPOHOB HMeiOT 
6onee CnO>KHYIO ¢opMy nHHHH, 3aBHCR~YIO OT 3HeprHH 4aCTH~ H Ton
~HHbl cnoR HCT04HHKa, 4TO ocno>KHReT HX aHanH3. B 3THX ycnoBHRX 
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Ha116o11ee lleHHa R 11 T04HaR 11 H<!>opMal.II1R MO)f(eT 6 biT b no11y4eHa s ce
PI1RX 113MepeHI1~. npl1 3TOM 3Ha411Te11bHO y Be1111411 Ba~TCR o6beM 
11H<!>opMal.ll111 11 aaTpaT~ speMeHI1 Ha ee o6pa6oTKy. 

TaKI1M o6paaoM, ycnex s 11Cn011b30BaHI111 MarH11TH~x 6eTa
cneKTporp a <t>os B 3Ha411Te11 b HO~ Mepe 3a BI1C11T OT CTeneHI1 aBTOMa
TI13al.ll111 npo1..1ecca o6pa6oT KI1 c neKTporp aMM 11 noc11eAY~~ero aHa-
11113a 11H$OpMa l.ll111. nep BbiM, onpeAe11RIO~I1M 3TanOM o6pa60TKI1 R B11R
eTCR aBTOMaTI13al.II1R npOI..IeCca <!>oTOMeT pl1pOBaHI1R, T.e, n011y4eHI1R 
cneKTpa B onTI14eCK11X n110THOCTRX C nOC11eAYIO~I1M nepeBOAOM 
B 311eKTPOHHyiO 11HTeHCI1BHOCTb. 

PaHee 6bl11 on11caH asToMaTI14eCKI1~ MI1KPO<!>oToMeTp /AM<!>/ Ha 
1111HI111 C 38M l2l, B KOTOpOM np11 BOA KapeTKI1 ocy~eCTB11R11CR OT 
aCI1HXPOHHOrO AB11 raTe11R, 3TOT np1160p noa 80111111 CAe11aTb nepBbl~ 

war B aBTOMaTI13al.ll111 o6pa60TK11 cneKTporpaMM. 0 AHaKO 11HePI..II10H
H~~ Henpep~BH~~ npi1BOA He o6ecne411BaeT He06XOA11MO~ r116KOCTI1 
B ynpaB11eHI111 np116opoM: He n0 3B011ReT C HY)f(HO~ T04HOCTbiO aa
AaBaTb 6aay nepeMe~eHI1R, T04KY Ha4a11a 11 KOHI..Ia CKaHI1 POBaHI1R, 
OC110)f(HReT nepeCTpO~KY np116opa Ha o6 pa60TKY pa311114H~X 06be K
TOB, aaTPYAHReT y npas11eH11 e np11 6opoM OT 38M. 

C 4 e11b~ ycTpaHeHI1R 3TI1X He AOCTaTKOB HaMI1 6~11a paapa6oTa
Ha HOBaR MOAe11b AM<!> c 11 Cn011b30BaHI1eM np e l.I I1 311 0 HHoro waro soro 
np i1 BOAa Ka peTKI1 no o6e11 M o e RM ee nepeMe~eHI1R. np11 3TOM 6~1111 

Y11Y4WeH~ Bee Oe HOBHble no Ka3aT e1111 pa He e on11ea HHO~ MOAe1111: 
y11y4W e Ha 11 11He~ HOeTb 11 4yBeTBI1Te11bHOeTb per11eTp11py~~e~ el1e
TeM~, a TaK)f(e eTa61111 bHOeTb ee pa6oT~; nORBI111aeb B03M0)f(HOeTb 
3aAaBaTb HeeK011bKO pe)f(I1MOB 06pa60TK11 eneKTporpaMM 11 npoeTO 
oey~eeTB11RTb aaAaHI1e 11106oro a11rop11TMa eKaHI1posaHI1R 4epea 
3BM; AJ1R yMeHbWeHI1R paa6poea T04eK eneKTpa aa e4eT "wyMOB11 

eneKTporpaMM /3Ha411Te11bH~X AJ1R 11en011b3yeMbiX 3My11bel1~ 11 xa
paKTepH~X AJ1R per11eTpa41111 311eKTPOHOB/ eTa110 B03MO)f(H~M eyMMI1-
poBaTb B OAHOM 11 TOM )f(e y4aeTKe naMRTI1 pe3y11bTaT~ 6011bWOrO 
411e11a npoXOAOB no napa1111eilbHbiM AOPO)f(KaM. 

YKaaaHH~e yeosepweHeTBOBaHI1R noaBOili1Il11 npOAB11HYTbeR sne
peA B peweHI111 aaAa411 aBTOMaTI13al.ll111 o6pa6oTKI1 6eTa-eneKTpo
rpaMM 11 pacwl1pi1Tb o6naeTb yenewHoro 11enonb30BaHI1R eneKTpo
rpa<t>os, B 4aeTHOeTI1, AJ1R 113y4eHI1R eneKTPOB 3IleKTPOHOB 
O)f(e I'J· 41 /eM. p11e. 6/. 

H11)f(e on11eaHa HOBaR MOAeJlb AM<!>, KpaTKoe eoo6~eHI1e o npl1-
6ope 6blno ony61111 KOBaHo paHee I 51. 

onOK-CXEMA AnnAPATYP~ 
ABTOHAH14ECKOrO <!>OTOMETPHPOBAHH.R 

BeR el1eTeMa eoeTOI1T 113 Tpex oeHOBHbiX Y3IlOB: 1/ OnTI1KO
MeXaHI14eeKO~ 4aeTI1 /eo6eTBeHHO MI1KpO¢QTOMeTpa/, 2/ 3Ile KTpo-
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HI1KI1 ynpaBileHI1R 11 npeo6pa3oBaHI1R el1rHailOB 11 3/ 3BM,I1Cn011b3ye
MO~ AJ1R HaKOnJleHI1R 11H<!>OpMal.l~l1 11 ee nOCileAYIO~e~ o6pa60TKI1, 
6noK-exeMa annapaTypbl noKaaaHa Ha p11e. 1. 

P11e. 1. 6noK-exeMa yeTaHoBKI1 asToMaTI14ecKoro <t>oToMeTPI1POBaHI1R 

CneKTporpaMMa 111111 APYro~ onTI14eCK11~ o6beKT /o6pase1..1/ aa
KpennReTcR Ha sepXHeM eTOili1Ke KapeTK11. KapeTKa MO)f(eT nepeMe
~aTbCR B ABYX HanpaBJleHHRX: B npOAOilbHOM 11 nonepe4HOM. nep
BOe pea11113yeTCR B pe3y11bTaTe AB11)f(eHI1R ee Hl1)f(Hero CTOila, BTO
poe - s peay11bTaTe AB11)f(eHI1R sepxHero. KoHeTPYK1..111R KapeTKI1 
11 eTOI111KOB n03BOI1ReT 06MepRTb o6beKT~ Ha n11o~aA11 8Qx400 MM 2 . 

0nTI14ecKaR el1eTeMa np116opa, c03AaHHoro Ha 6aae npoM~w11eH
Horo MI1Kpo<t>oToMeTpa M<!>-2, oeTaB11eHa 6ea 113MeHeHI1~. CseT OT 
11CT04HI1Ka <t>oKycl1pyeTeR 1111H30~ 0-1 s nnoeKOCTI1 o6beKTa. Cse
TOBO~ noToK, npoweAW11~ 4epea o6paae1..1, eo611paeTCR 1111H30~ 

0-2 11 <!>OKyel1pyeTeR B n110eKOCTI1 A11a$parMbl d, 3a ~e11bl0 KOTOpO~ 

paenoJlO)f(eH per11cTp11py10~11~ 3IleMeHT- <!>oTOYMH0)!(11Teilb /<!>3Y/. 
B np116ope 11cno11bayeTcR npRMOOTC4eTHaR cl1eTeMa, KaK Ha116o11ee 
npoeTaR 11 o6ecne411BaiO~aR MaKCI1MailbHyiO eKOpOCTb o6pa60TKI1. 

HanpR)f(eHI1e c B~XOAa <!>3Y, nponOPI..I110Ha11bHOe npoweAweMy 4e
pea AaHH~~ y4aCTOK o6pa34a CBeTOBOMY nOTOKy, noAaeTCR Ha 
6JlOK $OTOMeTpl1pOBaHI1R /6<!>/, Bbln011HRIO~I1~ <!>YHK1..11111 npeo6paaosa
Te11R Henpep~BHOrO Cl1rHa11a B 11Mny11bCH~~, aMni111TYAa KOTOporo 
nponOP1..1110HailbHa MrHOBeHHOMY 3Ha4eHI110 Cl1rHaJla B 113MepReMO~ 
T04Ke. 
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HMnynbC~ C B~XOAa 6~ nOCTynaDT Ha BXOA. aMnn~TYAH0-4~~po
eoro npeo6pa3oBaTenR IAUnl, Ko~~ c KoToporo nocneAoBaTenb
HO 3an~CblBaDTCR B COOTBeTCTBy~~~e KaHan~ IR4eHK~I naMRT~ 
38M. 

Pa6oTa c~cTe~ opraH~3yeTCR aBTOHOMH~M ycTpOHCTBOM yn
paeneH~R IYYI, KOTopoe np~ 3aAaHHOM pe*~Me pa6oT~ /6a3a 
CKaH~POBaH~R, war, nonepe4HblH CAB~r, 4~cno npoXOAOB/ Bbl
AaeT Heo6XOAHMYD nocneAoBaTenbHOCTb ynpaenR~~~x c~rHanoe. 

Ha 3Tane ¢oToMeTp~poeaH~R YY nocblnaeT ~Mnynbcbl Ha 6noK 
ynpaeneH~R · npoAonbHblM nepe~e~eH~eM /6Yn-XI, KOTOP~H ynpae
nReT waroe~M AB~raTeneM WA-X. Ae~raTenb 4epe3 napy B~HT
raHKa nepeMe~aeT H~*H~H cTon~K KapeTK~ no HanpaenR~~~M, 
yKpenneHH~M Ha cTaH~He np~6opa. 8 3ae~c~MOCT~ . oT 3aAaHHoro 
wara cKaH~poeaH~R /KpaTHoro 3neMeHTapHoMy wary AB~raTenR/ 
YY Bblpa6aT~BaeT c~rHan, CTp06~py~~~H BblXOAHOe HanpR*eH~e 
~3Y, B pe3ynbTaTe 4ero Ha BblXOAe 6~ noRBnReTCR ~Mnynbc, no
CTyna~~~H Ha AUn. 3an~cb ~H~opMa4~~ e 38M ocy~ecTBnReTcR 
B npo4ecce AB~*eH~R KapeTK~ ~ B03MO*Ha B o6o~x HanpaeneH~Rx 
AnR Ka*AOH oc~. 

nocne npoXO*AeH~R 3aAaHHOH 6a3bl no OC~ X YCTPOHCTBO 
ynpaeneH~R Ha4~HaeT BblAaBaTb c~rHanbl Ha 6noK ynpaeneH~R no
nepe4HblM nepeMe~eH~eM /6Yn-YI AnR OTpa60TK~ 3aAaHHOro CAB~ra 
no oc~ Y. np~BOA nonepe4Horo nepeMe~eH~R ycTpoeH aHanor~4Ho 
np~BOAY npOAOnbHOrO. 

Aanee B 3aB~C~MOCT~ OT ycTaHoeneHHoro pe*~Ma Ha4~HaeTCR 
~n~ cKaH~poeaH~e o6pa34a B o6paTHOM HanpaeneH~~ ~n~ B03Bpa
~eH~e KapeTK~ B ~CXOAHOe nono*eH~e no oc~ X. 

8 3ae~c~MOCT~ OT Heo6xoA~MOCT~ ~H~opMa4~R, nony4eHHaR 
B pe3ynbTaTe nocneAOBaTenbHblX npOXOAOB KapeTK~, MO*eT CyM
M~poBaTbCR B onepaT~BHOH naMRT~ 38M lcno*eH~e KOAa, 3an~CaH
HOro B R4eHKy naMRT~ MaW~Hbl BO BpeMR npeAblAY~ero npOXOAa, 
C KOAOM, nocTyna~~~M B 3TY *e R4eHKY np~ HOBOM npOXOAe/, 
KaK 3TO ~MeeT MecTo np~ o6pa6oTKe 6eTa-cneKTporpaMM, ~n~ 
3an~CblBaTbCR Ha MarH~THY~ neHTy np~ o6pa6oTKe o6DeKTOB APY
roro T~na. 

PacTp-3neMeHT cKaH~poeaHHR onpeAenReTCR pa3MepaM~ ~en~ 
A~a~parM~ d, KOTOPble ycTaHaBn~Ba~TCR B 3aB~C~MOCT~ OT wara 
CKaH~POBaH~R. 

CHCTEMA CKAHHP08AHHR 

AnR ocy~ecTeneH~R cKaH~poeaH~R o6pa34a, T.e. ero nepeMe~e
H~R OTHOC~TenbHO CBeTOBOrO ny4a, BbiAenR~~ero pacTp-3neMeHT 
o6DeKTa, Ha cTaH~He np~6opa ycTaHoBneHa cne4~anbHaR KapeTKa, 
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~MeD~aR np~BOA OT waroB~X AB~raTeneH no ABYM KOOPA~HaTaM. 
KapeTKa cocTo~T ~3 ABYX cTonoe: eepxHero ~ H~*Hero. H~*H~H 
cTon nepeMe~aeTCR e npoAonbHOM HanpaeneH~~ I X -KOOPA~HaTal 
no HanpaenRD~~M , ycTaHoeneHH~M Ha cTaH~He np~6opa. nocTyna
TenbHoe AB~*eH~e CTOn~Ky nepeAaeTCR cne4~anbH~M B~HTOM 
An~HOH 450 MM, 3aKpenneHH~M B noAW~nH~KcX Ha CTaH~He. PoTOP 
waroeoro AB~raTenR, Ta~e 3aKpenneHHoro Ha CTaH~He, *eCTKO 
COeA~HeH C OCbD B~HTa, a pa3pe3HaR raHKa C nOA*~MOM COe~He
Ha C H~*HHM CTOnOM. 

8epxH~H cTonHK nepeMe~aeTcR B nonepe4HOM HanpaeneH~~ 
I Y -KOOPA~HaTal no HanpaenRD~~M, ycTaHoeneHH~M Ha H~*HeM 
cTone. Ae~raTenb, c noMo~bD KOToporo ocy~ecTenReTcR none
pe4HOe nepeMe~eH~e, 3aKpenneH Ha H~*HeM cTone. 8pa~aTenbHOe 

AB~*eHHe AB~raTenR npeo6pa3yeTcR e nocTynaTenbHOe AB~*eH~e 
eepxHero cTona 4epe3 napy B~HT-raHKa TaK *e, KaK ~ e np~
BOAe H~*Hero. 

AnR X-np~BoAa ~cnonb3yeTcR ~coKOT04H~H B~HT c waroM 
pe3b6~ 1 MM ~ AB~raTem~ WA- 5A-1 c 3neMeHTapH~M yrnoM noeo
poTa 1,5°, 4TO n03BOnReT CKaH~poeaTb o6pa3e4 C M~H~ManbH~M 
waroM h =10001240 MKM. 803MO*eH TaK*e war, KpaTH~H M~H~
ManbHOMY: n · h. ~ e AaHHOH c~cTeMe n max = 64. KapeTKa 
ocy~ecTBnReT nepeMe~eH~e, cocToR~ee ~3 nocneAoBaTenbH~x 3ne
MeHTapH~x waroe, a war cKaH~poeaH~R onpeAenReTCR ~HTepeanoM 
Me*AY CTpo6~pyD~~M~ ~MnynbCaM~. 

nocKonbKY np~6op npeAHa3Ha4eH AnR T04H~x ~3MepeH~H nono
*eH~H KOHBepc~OHH~X n~H~H, Ba*HO 3HaTb norpewHOCT~, BHOC~~e 
cKaH~py~eH c~cTeMoH. OH~ onpeAenRDTCR norpewHOCTbD e yrne 
nOBOPOTa AB~raTenR ~ HepaBHOMepHOCTb~ 8 Hape3Ke B~HTa lnp~ 
ycnoB~~. 4TO nD~T~ B C~CTeMe OTCYTCTBY~TI. 

CpeAHeKBaApaT~4Hble OTKnOHeH~R e ~3MepeHH~ paccTORH~H c no
MO~bD np~6opa OT ~CT~HHblX, onpeAeneHHblX C noMO~b~ M~KPOCKO
na M6H-9 IAnR paccTORH~H AO 8 MMI ~ c noMO~b~ KoMnapaTopa 
H3A-2 IAnR paccTORH~H AO 150 MMI, cocTaenRDT 8 ~ 11 MKM 
cooTBeTCTBeHHO. 8 nepeoM cny4ae ~3MepeH~R ocy~ecTBnRn~cb 
C waroM 10001240 MKM, BO BTOpOM cny4ae - C warOM 1000120 MKM. 
TaK~M o6pa3oM, np~6op npaKT~4eCK~ He HaKann~saeT norpewHOCTb 
C yeen~4eH~eM paCCTORH~R. 

AnR Y-np~BOAa ~cnonb30BaH B~HT C waroM pe3b6bl 0,8 MM 
~ lilA T~na WAA-2A c yrnoM noeopoTa 11 ,25°. 4TO o6ecne4~BaeT 
3neMeHTapHblH war B nonepe4HOM HanpaeneH~~. paBHblH 25 MKM. 
none3H~H pa6o4~H XOA X-np~BOAa - 400 MM, Y- np~BOAa -
80 MM. CKOPOCTb CKaH~poeaH~R MO*eT ~3MeHRTbCR OT 0 AO 5 MM 
B CeKyHAY· MaKC~ManbHaR CKOPOCTb nonepe4HOrO nepeMe~eH~R -
3 MM B CeKYHAY· 
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~OTOMETPH4ECKAH CHCTEMA 

H3MepeH~e napaMeTpoe ~oTorpa¢~4ecKoro ~3o6pameH~~ ocy
~ecTen~eTc~ ~n~ MeTOAOM np~Moro OTC4eTa, ~n~ KOMneHca~~OHH~M 
MeTOAOM IS/, B np~6ope np~MeHeH MeTOA np~Moro OTC4eTa, np~ 
3TOM ~3Mep~eTC~ 3Ha4eH~e K03¢¢~~~eHTa nponycKaH~~ T• np~ 

e~6ope 3TOro MeTOAa Y4~T~Banacb npoCTOTa KOHCTpyK~~~ np~Mo
OTC4eTHbiX C~CTeM ~ ~X B~COK~e CKOpOCTHble Ka4eCTBa /CKOpOCTb 
~3MepeH~H B TaK~X C~CTeMaX AOCT~raeT HeCKOnbK~X AeC~TKOB 
T~C~4 OTC4eTOB B CeKYHAY, B KOMneHCa~~OHH~X me C~CTeMaX -
eA~H~~bl OTC4eToB e ceKYHAY IS.? I I. 

rnaBHbiM~ HeAOCTaTKaM~ np~MOOTC4eTHbiX C~CTeM ~Bn~eTC~ 

Bn~~H~e Ha T04HOCTb ~3MepeH~H HeCTa6~nbHOCT~ CBeTOBOrO nOTOKa 
oceeT~Ten~, HenocTo~HCTBO K03~¢~~~eHTa yc~neH~~ ¢3Y ~ Hen~
HeHHOCTb era CBeTOBOH xapaKTep~CT~K~. np~MeHeH~e me cy~eCT

BY~~~X MeTOAOB nOBbiWeH~~ T04HOCT~ ~3MepeH~H np~MOOTC4eTH~X 

C~CTeM, OCHOBaHHbiX Ha BBeAeH~~ OTP~~aTenbH~X o6paTHbiX CB~3eH 
AnR cTa6~n~3a~~~ pem~Moe pa6oTbl OTAenbHbiX y3noe ~n~ me ecero 
~3Mep~TenbHOrO YCTPOHCTBa B ~enoM, BeAeT K ycnomHeH~~ KOH
CTpyK~~~ ~ ~HOrAa K 3Ha4~TenbHOMY CH~meH~~ CKOpOCT~ ~3Mepe
H~H ~n~ 4aCT~4HOH noTepe ~3Mep~eMOH ~H¢opMa~~~. 

np~eMneMy~ T04HOCTb ~3MepeH~H MomHo nony4~Tb, ecn~ orpa
H~4~TbCR npOCTeHW~M~ MeTOAaM~ CTa6~n~3a~~~ - CTa6~n~3a~~eH 

pem~Moe n~TaH~~ oceeT~Ten~ ~ ¢3Y. 3To, OAHaKo, He ycTpaH~eT 
TaK~e ~eneH~~. KaK ycTanoCTb ¢3Y, era cTapeH~e, TeMnepaTyp
Hble APeH¢bl ~ T. A. , KOTOpble 3aMeTHO en~~~T Ha T04HOCT b np~ 
An~TenbHbiX ~3MepeH~RX, npOAOnma~~~XC~ AeC~TK~ M~HYT ~n~ 4aCOB, 
~ He no3eon~~T npoBOA~Tb a6con~THble ~3MepeH~~ c xopoweH 
nOBTOp~eMOCTb~. 

TeM He MeHee cy~eCTByeT W~POK~H Kpyr 3aAa4,An~ peweH~R 
KOTOPbiX AOCTaT04HO OTHOC~TenbHbiX ~3MepeH~H, a BbiCOKOe 6~CTpo
AeHCTB~e np~MoooTc4eTHbiX c~cTeM no3eon~eT CAenaTb ManbiM 
epeMR ~3MepeH~H ~ TeM caMbiM YCTpaH~Tb Bn~~H~e epeMeHHblX He
CTa6~nbHOCTeH. 

np~H~~n~anbHa~ CXeMa $OTOMeTp~4eCKOH C~CTeMbl np~BeAeHa Ha 
p~c. 2. B np~6ope ~cnonb3oBaH ¢oToyMHom~Tenb ¢3Y-92, n~
TaeMbiH OT CTa6~n~3~poeaHHoro ~CT04H~Ka. An~ o6ecne4eH~R Bbl
coKoro OTHoweH~~ c~rHan/wyM ¢3Y pa6oTaeT np~ 6onbw~x 3aceeT
Kax e A~ana3oHe TOKOB aHOAa AO 100 MKA. Ko3¢¢~~~eHT yc~neH~R 

¢3Y np~ 3TOM Bb16paH He6onbW~M, B CB~3~ C 4eM ycTaHOBneHO 
Hee~coKoe n~Ta~~ee Hanp~meH~e /600 B/ ~ n~Tb nocneAH~x A~Ho
AOB COeA~HeHbl C aHOAOM. TaKoe BKn~4eH~e ~3Y no3BOn~no HaP~AY 
c yeen~4eH~eM OTHoweH~~ c~rHan/wyM yMeHbW~Tb en~~H~e HecTa-
6~nbHOCT~ n~Ta~~ero HanpRmeH~~, KOTOpoe, KaK ~3BeCTHO, npo- • 
nop~~oHanbHO 4~cny ~cnonb3yeMbiX A~HOAOB lS I , 
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P~c. 2. 6noK ¢oToMeTp~poeaH~~. 

An~ o6ecne4eH~~ n~HeHHOCT~ CBeTOBOH xapaKTep~CT~K~ ¢oTo
YMHO>K~Ten~ ero Aen~Tenb BblnonHeH c~nbHOT04HbiM. ToK Aen~Ten~ 
npeBbiWaeT MaKC~Man bHbiH pa6o4~H TOK ¢3Y B 200 pa3 18,9 / , 

Hanp~meH~e, CH~MaeMOe C aHOAHOH Harpy3K~ ¢3Y, nocTynaeT 
Ha BXOA n~HeHHbiX eopoT, KOTOpble co6paHbl no cxeMe, on~caHHOH 
e pa6oTe / lO /, HMnynbCbl c ycTpOHCTBa ynpaeneH~R noAa~Tc~ Ha 
BXOA ycTaHOB04HOrO C4eT4~Ka, KOTOP~H ocy~eCTBn~eT ~X AeneH~e 

c KpaTHOCTb~ n ~cnonb3yeMoro wara ¢oTOMeTp~poeaH~~. C Bbi
XOAa C4eT4~Ka CTp06~py~~~e ~MnynbCbl nOAa~TC~ Ha n~HeHHble 
BOpOTa. nocneAH~e OTKpbiBa~TC~ Ha epeMR An~TenbHOCT~ CTpo6a, 
COCTaBnR~~ee 2 MKC, ~ Ha B~XOAe noRBnReTCR ~MnynbC C aMnn~
TYAOH, paBHOH MrHOBeHHOMy 3Ha4eH~~ HanpRmeH~~ Ha Harpy3Ke 
¢3Y. 3TOT ~MnynbC ~HBepT~pyeTCR ~ 4epe3 3M~TTepHbiH nOBTOp~
Tenb nocTynaeT Ha exoA AUn, rAe npeo6pa3yeTc~ e KOA. 
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CyMMapHaR HenHHeHHOCTb nepeAaTo4HOH xapaKTepHCTHKH ¢oTo
MeTpH4eCKOH CHCTe~ H AUn cocTaBnReT 0,3%. AHcnepcHR wyMoBoH 
AOPO*KH perHCTPHPY~~ero TpaKTa B MaKCHMyMe AOCTHraeT 0,1%. 
0CHOBHOH BKnaA B WyM BHOCHT ¢3Y. 0AHaKO eCTb pe3epB yMeHb
WeHHR 3TOH BenH4HH~ - nyTeM HCnOflb30BaHHR OCBeTHTenR C 6onbWeH 
RPKOCTb~ H ¢3Y C 6onbWeH HHTerpanbHOH 4yBCTBHTeflbHOCTb~~l. 

YCTPO~CTBO YnPABnEHHR 

¢yHK~HoHanbHaR 6noK-cxeMa ycTpoHCTBa ynpaeneHHR npHBeAe
Ha Ha pHc. 3. YnpaaneHHe pa6oTOH npHBOAOB MomeT ocy~ecranRTb
CR HnH e PY4HOM pemHMe, ,HnH a aeToMaTH4ecKoM. Py4HOH pemHM 
HCnOnb3yeTCR AflR noArOTOBKH o6pa3~a K ¢OTOMeTpHpoeaHH~, B~-
6op HanpaeneHHR ABHmeHHR KapeTKH, nycK H OCTaHOB npHBOAOB 
npOH3BOARTCR Bpy4Hy~. ABTOMaTH4eCKHH pemHM n03BOnReT HCnonb-
30BaTb CKaHHPOBaHHe npRMOyronbH~M OAHOCTP04H~M HnH AByx
CTP04H~M paCTPOM~ / no nporpaMMaM, 3aHOCH~M B 6nOK pemHMOB 
/6P, PHC. 3,4/, KOTOP~H MOmeT 6~Tb 3aMeHeH, ecnH He06XOAHMO 
pa6oTaTb C HOB~MH nporpaMMaMH CKaHHpOBaHHR. 

napaMeTpbl paCTpa CKaHHPOBaHHR 3aAa~TCR B BHAe 4HCen 
waroe npHBOAOB C nOMO~b~ KnaBHWH~X perHCTpOB /KP/ nRTHAe
KaAHOro ycTaHoB04Horo c4eT4HKa C4-1 /AnHHa CTPOKH - KP-1 
HnH KP-3 H paccToRHHe Me*AY cTpoKaMH- KP-2 HnH KP-4/, a TaK
me c noMo~b~ perHcTpa KP-5 ABYXAeKaAHoro c4eT4HKa C4-2 
C HHAHKa~HeH /4HCflO CTpOK HflH 4HCno y4aCTKOB B CTpOKe 1111 /. 
nRTHAeKaAH~H peeepCHBH~H C4eT4HK C HHAHKa~HeH /C4-3/ nOAC4H
T~BaeT HMnynbc~, noAaBaeM~e Ha COOTBeTCTBY~~HH waroB~H npH
BOA, noKa3~BaR nonomeHHe KapeTKH B TeKy~HH MOMeHT, 3TOT 
c4eT4HK YA06eH npH noArOTOBKe o6pa3~a K ¢oToMeTpHpoaaHH~. 

PaccMOTPHM pa6oTy YY AflR pemHMa c ABYXCTP04H~M cKaHHpoaa
HHeM /3anHCb HH¢OpMa~HH B 3BM npH npRMOM H o6paTHOM ABH*eHHH 
KapeTKH/. Ha pHc. 4 npHBeAeHa npHH~HnHanbHaR cxeMa 6P. Pe*HM 
nepeMe~eHHR,T.e. nocneAOBaTenbHOCTb BKn~4eHHR npHBOAOB 
H HanpaeneHHR HXABH*eHHR,OnpeAenReTCR ynpaBnR~~HMH noTeH
~HanaMH CABHra~~ero perHCTpa /CP/, noAaeae~MH Ha 6Yn-X 
H 6Yn-Y 4epe3 nepeKn~4aTenb n1. Pe*HM o6pa60TKH /Bbl6op Ha
npaeneHHR ABH*eHHR KapeTKH, B KOTOpOM OCy~eCTBnReTCR 3anHCb 
HH¢0pMa~HH B 3BM/, 3aAaeTCR nepeKn~4aTenRMH n2-n6. C nOMO~b~ 
nepeKn~4aTenR n] B~6HpaeTCR pe*HM pa60T~ /aBTOMaTH4eCKHH HflH 
PY4HOH/. Py4HOH pemHM pa6oT~ cooTeeTcTeyeT nono*eHH~ n7, no
Ka3aHHOMy Ha PHC. 4. nepeKn~4aTeneM n1 H3MeHReTCR CBR3b Me*
AY B~XOAaMH 01-04 H BXOAaMH 6Yn-X H 6Yn-Y, 4TO H no3BOnReT 
nepeXOAHTb C OAHOrO pe*HMa CKaHHPOBaHHR Ha APYrOH. n] OTKn~-
4aeT BXOA C4-1 OT HMnynbCOB reHepaTopa, 4TO AenaeT HeB03-
MOmH~M aBTOMaTH4eCKOe ¢oPMHPOBaHHe ynpaBnR~~HX CHrHanOB. 
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PHc. 3. 6noK-cxeMa ycrpoHcrea ynpaeneHHR. 

~·200V 
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PHc. 4. 6noK pe*HMOB. 

• } HO bYn-Y 

HO C4-1 

crpo6 

OCT. re..ep. 
C ~IX. C4-2 
o6LU.. cbpoc. 
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B 3TOM cny4ae onepaTop ¢opM~pyeT ynpaenR~~e c~rHan~ 
epy4HYIO c nOMOU\biO KHonoK . KH-1 - "ycTaHOBKa", KH-2 - 11 CAB~r" 
~ KHonK~ "nycK-cTon" reHepaTopa /Ha cxeMe He noKaaaHa/. Ha 
~XOAax CP /~Me~ero ~~¢poey10 ~HA~Ka~~IO/ nocneAoBaTenbHO 
Cl1rHanoM 11 CAB~r11 CMe111aeTCR COCTORH~e 11 111

, onpeAenRIOU1ee 4eTblpe 
HanpaeneH~R AB~lKeHI1R KapeTK~, np11 3TOM ~~¢Pbl 1-4 naMnbl 
HH-14 cooTBeTCTBYIOT cneAY~HM HanpaeneHHRM AB~lKeH~R KapeTKH: 
1 -+X ; 2 - -X ; 3 - + Y ; 4 - - Y. 

noArOTOBKa pelK~Ma Ha4~HaeTcR noAa4e~ c~rHana ycTaHOBK~ 

ycTpo~cTea e ~CXOAHOe cocTORHHe /"yeT." - KH. 1 I. CP npHHHMa
eT HCXOAHOe cocToRHHe: 01 =1; 02 704 = 0. C4eT4~KH C4-1, C4-2 
11 C4-3 04HU1eHbl, ~ reHepaTop /pHc. 3/ ocTaHoeneH. EAHH~4Hbl~ 
noTeH~Han Ha BbiXOAe 01 CP onpeAenReT pa6oTy X-npHBOAa 
e npRMOM HanpaeneH~H, noaeonReT npoxoAHTb HMnynbcaM oT re
HepaTopa 4epea Kn104 2 Ha exoA 6Yn- X 11 paapewaeT cpa-. 
6aTb1BaHHe C.C.-1. KHonKo~ "nycK-cTon" aanycKaeTCR reHepaTop, 
11 ~Mnynbc~ 4epea Knl04 1 /pHc. 3/ nocTynaiOT Ha BXOAM Knl04e~ 
2 11 3 6noKa pelKHMOB. 0AHOBpeMeHHO 3TH IKe HMnynbCbl 4epe3 
Knl04 4 noAaiOTCR Ha BXOAbl C4-1, C4-3 11 Ha 6noK ¢oToMeTpHpoea
HHR. 

np11 coenaAeHH~ 4Hcna, ycTaHoeneHHoro Ha KP-1 /pHc. 3/, 
c 4~cnoM HMnynbcoe, nocTynHBWHX e C4-1, cpa6aTb1BaeT cxeMa 
cpaeHeHHR C.C.-1 11 aanycKaeT 4epea Kn104 6:1/oAHOBH6paTOP 6no
KHPOBK~ OE\);1, 6noKHPYI0111~~ Ha epeMR T5JI HMnynbCbl reHepaTopa 
/p11c. 3/; 2/ OAHOBH6paTop aaAepmKH OB 3 - 1, KOTOP~~ ¢opMH
pyeT HMnynbC c6poca C4-1, 3aAepmaHH~~ OTHOC~TenbHO MOMeHTa 
Cpa6aTbiBaHHR C. C. -1 Ha epeMR T33A ; 3/ OAHOBH6paTop CAB~ra 
/Knl04~ 10 ~ 11- p11c. 4/; 4/ OAHOB~6paTop aan11c11 +1 a CB-2 
/Kni04H 7, 8,9, p11c. 4/. B peaynbTaTe c6paCbiBaeTcR C4eT4HK 
C4-1, aanHC~BaeTCR HOB~~ KOA B CAB~ra1011111~ perHCTp /01, 03, 
04=0; 02=1/ 11 3aHOCHTCR eAHHH~a B C4-2. no OKOH4aHHI1 6no
KHPOBKI1 OTpa6aT~BaeTCR y4aCTOK nonepe4HOrO nepeMet11eHHR AO 
cpa6aT~BaHHR C.C.-2 /T.e. HoBoe cocTORHHe CP onpeAenReT Ha
n~4He CHrHana 11 paap . C.C.-2"/, HMnynbC c KOTOPO~ 4epe3 Kn104 
12 ~ cxeMy "HilH-13" aanycKaeT Bblwenepe4H cneHHble OAHOBH6pa
Top~, KPOMe OB Ha Knl04ax 7,8,9. C OKOH4aHHeM 6noKHPOBKH HM
nynbcbl OT reHepaTopa nocTynaiOT 4epea Knl04 2 Ha BXOA 6Yn-x. 
HO COCTORHHe CAB11ra10111ero per~CTpa /01=02=04=0; 03=1/ yme on
peAenReT peeepCHYIO pa6oTy X-npHBOAa. 

3asepweHHe o6paTHoro npoxoAa onpeAenReTCR cpa6aTbiBaHHeM 
C,C.-1, nocne 4ero noBTOPRIOTCR nepeKnl04eHHR, KaK 11 B KOH~e 
oTpa6oTK~ npRMoro npoxoAa. TonbKO Tenepb np~ aan11c~ e111e OAHO~ 
eA~HH~bl B C4-2 npoHCXOA~l cosnaAeHHe KOAa B c4eT4HKe c 4~c
noM, ycTaHoBneHHbiM Ha KP-5, 11 cpa6aTbiBaHHe C.C.-5. HMnynbc 
C B~XOAa 3TO~ CXe~ OCTaHaBnHBaeT reHepaTOp ~ YCTaHaBnHBaeT 
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CABHra1011111~ perHCTp B HCXOAHOe COCTORH~e /pHC. 3-5/. Pa6oTa 
B 3TOM pelKHMe 3aKOH4eHa. 

~:'f
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A rlllllll~ !1111; 
8biXOA haA•Pfk~ 
c.c.-1 

t"'""lh : : 
8biXOA I t c.c:-2 

8biXOA 
Or,31. t 

8biXOA 
I . "" I t otl6t.. 

w~r ~ I I I j I :: l t •1kCY-2~ 

8biXOA 
C4-2 w t 

P11c. 5. BpeMeHH~e AHarpaMM~ pa6oTbl ycTpo~CTBa ynpasneHHR 
AnR aBTOMaTH4eCKOrO pelKHMa. 

6IlOKH YnPABJlEHHH nPHBOAAMH 

AnR X-npHBOAa ~cnonbayeTCR wecT~¢a3H~~ waros~~ ABHraTenb 
WA-5A-1. KoMMyTa~HR ero o6MoToK ocyt11eCTBnReTCR no 12-TaKTHO~ 
CHCTeMe: 12-123-23-234-34-345-45-456-56-561-61-612, 4TO 
o6ecne4HBaeT nosopoT ABHraTenR c npHXOAOM KalKAOro warosoro 
~Mnynbca Ha 1,5 °· AnR Y-npHBOAa HCnOnb30BaH 4-¢a3H~~ ABHra
Tenb WAA-2A c eocbM~TaKTHO~ KOMMyTa~~e~: 12-123-23-234-34-
341-41-412, 4TO AaeT yron noeopoTa, paeH~~ 11,25 °. 

CTpyKTYPHO 6noK~ ynpasneH~R X- 11 Y-npHBOAaM~ nocTpoeHbl 
aHanor~4HO APYr APYrY ~ COAeplKaT KOnb~eBble C4eT4~KI1 C nepe
C4eTOM Ha 12 AnR oYn- X 11 Ha 8 AnR oYn- Y, AeWH¢paTOPbl 
~ yc~nHTen~ ¢aa/12 1. np~ e~coKoM noTeH~Hane Ha ynpasnRIOU1eM 
BXOAe C4eT4~K~ pa6oTaiOT B pelKHMe cnOlKeHHR - OCYU1eCTBnReTCR 
npRMaR KOMMyTa~HR ¢a3 ABHraTene~. np~ H~3KOM - C4eT411KI1 pa-
6oTaiOT B pelK~Me Bbi4HTaHHR 11 KOMMyTa~~R ¢a3 - peBepcHaR. 

rnaBHOe AOCTO~HCTBO warOBbiX AB~raTene~ COCTOHT B TOM, 
4TO OH~ MOryT ycneWHO pa60TaTb B pa30MKHYTbiX C~CTeMaX /121 
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6e3 HaKonneHHR HnH noTepH waroB. TaK KaK y HaC MOMeHT HHep-
4HH BHHTa npOAOnbHOrO nepeMe~eHHR BO MHOrO pa3 npeBOCXOAHT 
HOMHHanbH~H AnR ABHraTenR WA-5A-1, TO AnR HaAemHOH pa6oT~ 
npHBOAa nycK ABHraTenR OCy~eCTBnReTCR npH 4aCTOTe reHepaTo
pa 300 r4 C nnaBH~M ee HapacTaHHeM AO npeAenbHOH - 1200 r4. 
OcTaHoB ABHraTenR npoH3BOAHTCR 6e3 noHHmeHHR 4aCTOTbl reHe
paTopa. H3MepeHHR noKa3anH, 4TO KapeTKa nocne nepeMe~eHHR 
Ha 3aAaHHOe paCCTORHHe /BnnOTb AO MaKCHManbHOro/ B03Bpa~aeT
CR B HCXOAHY~ T04Ky C T04HOCTb~ + 2 MKM. H3MepeHHR B~nonHR

nHCb C noMO~b~ HHAHKaTOPHOH ronOBKH 4acosoro THna C 4eHOH 
AeneHHR 1 MKM, KOTOpaR KpenHnaCb Ha CTaHHHe AM~, a TaKme 
no CMe~eHH~ 4eHTpa TRmeCTH Y3KOH penepHOH nHHHH, KOTOpaR 
MHOrOKpaTHO CKaHHposanacb C waroM = 1000/240 MKM no OAHOH 
H TOH me AOPOmKe BAOnb OCHX. 

3AK1li04EHHE 

OnHCbiBaeMbiH npH6op 6bln H3roTosneH B 1976 rOAY 15/ H B 
AanbHeHWeM nOABeprHyT HeKOTOP~M ycosepweHCTBOBaHHRM, KOTOp~e 

KaCanHCb B OCHOBHOM paCWHpeHHR B03MOmHOCTeH pemHMOB CKaHH
poBaHHR H nOB~WeHHR T04HOCTH H3MepeHHH. HaMH OnHCaH OKOH4a
TenbH~H sapHaHT npH6opa. 

BbiCOKaR T04HOCTb pa6oT~ npHBOAa no3BonHna ocy~eCTBHTb 
nporpaMMHbiH npHeM HH~OpMa4HH B naMRTb 3BM B pemHMe cnomeHHR 
HHCilopMa4HH OT pa3H~x npoxoAOB. KaK H paHbwe i2 1, c 4enb~ 
yny4WeHHR OTHOWeHHR CHrHan/WyM cJloTOMeTpHpOBaHHe cneKTpa npo-
BOAHnOCb C MaKCHManbHO B03MOmHOH nno~aAb~ ~enH no He-
CKOnbKHM AOPOmKaM. CyMMHPOBaHHe cneKTPOB B naMRTH 3BM Bblnon
HRnOCb nporpaMMOH, Ha BHewHHH HaKOnHTenb 3anHCbiBanCR AnR 
A an bHeHweH o6pa6oTKH yme ycpeAHeHHbiH cneKTP. To4HOCT b COBMe
~eHHR CneKTpOB rapaHTHpyeTCR cnoco6HOCTb~ KapeTKH B03Bpa
~aTbCR B HCXOAHOe nonomeHHe, npH KOTOPOM Ha4HHanaCb 3anHCb 
cneKTpa B 3BM. OpraHH3a4HR TaKoro pemHMa HaPRAY co CKaHHpo
saHHeM ABYXCTP04H~M paCTPOM 6onee 4eM B ABa pa3a COKpa~aeT 
BpeMR HaKonneHHR H 3anHCH CneKTpa Ha BHeWHHH HaKOnHTenb. npH 
cpeAHeH CKopocTH npHBOAa 3 MM/c H nRTHKpaTHOM ycpeAHeHHH 
AnR 6a3~ 400 MM OHO COCTaBnReT 8-10 MHHyT. 

Bo3MomHOCTH 6onee MenKoro wara ClloToMeTpHposaHHR cneKTpo
rpaMM~ Hnn~cTpHpyeT pHc. 6. KaK BHAHO, cneKTP, nony4eHH~H 
C waroM B 25 MKM, no CpaBHeHH~ CO cneKTPOM, nony4eHH~M 

c waroM s 50 MKM, HMeeT 6onee 4eTK~e ClloPMY H nonomeHHe nHHHH. 
3 KcnnyaTa4HR npH6opa c KOH4a 1976 roAa noKa3ana ero Bbl

coKy~ HaAemHOCTb H 3cJl$eKTHBHOCTb. 
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ABTOPbl 6naroAaPHbl B.11.~0MI-1HbiX 1-1 C.l1.0pMaHAlKI-1eBy 3a no
MO~b B OTJlaAKe CI-'ICTeMbl 1-1 3a none3Hble o6cylKAeHI-1R. Mbl TaKlKe 
npi-13HaTenbHbl npo~eccopaM A.A.A6AYpa3aKOBY "' K.R.rpoMOBY 
3a nOCTORHHbl~ I-'IHTepec K pa6oTe 1-1 COAe~CTBI-'Ie. 
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