
OB'bEJ(HHEHHYA HHCTHTYT SIJ(EPHYX HCCJIEJ(OBAHHA 

AB~YlllYKYPOB 
~)KaMwe,n AJIHeaJrq 

Y~K 539.1.074 

13-88-698 

PA3PABOTKA, HCCRE~OBAHHH 

MHOrOCTYOEHqATYX RABHHHYX ~ETEKTOPOB 
H HX OPHMEHEHHE 

~RH P~OH30TOnHoro AHARH3A 

Cnel.UfaJibHOCTb: 01.04.01 - 3KcnepHMeHTaJibHWI q>H·3HKa 

ABTOpe~epaT aHccepTBUHH Ha COHCKBHHe yqeHoA CTeneHa 

KBHaHaaTa ~H3HKO-MaTeMaTHqecKHX HayK 

)ly6Ha J 988 



~ 

Pa6oia BWIOJlHBHB B !a6opaTopHH BHCOKHX SHeprHtt 

06~e~HH8HHOrO ~HCTHTYTB H~eplWX HCCJ18~0BBHHtt. 

HayqHHtt pyKOBO~HTBJl:& 
~oKTOP WHBHKo-uaTeMaTHqecKHX HBYK 

. CTapmHtt HayqRUtt COTPY~HHK 

Cl1JHI.\H8Jl:&Hli8 OllllOH8HTli :. 
~oKTOP WHBHKO-MaTeuaTHqecKHX HBYK 
CTBPDIH~ HayqHHtt coTpyiHHK 

KBH~H~BT WH3HKO-UBT8LIBT.HqecKHX HBYK 
cTapmHtt HayqHUtt COTpyjHHK 

IIEIIIEXOHOB 
Bna~LIHP Jl}JHTPH8BHq 

JlflIMllEBC~~ 
BHKTOp KDHCTBHTHHOBHq 

lllAlbPAHOB 
MHxaHn llMHTpueBHq 

Be](yl!l88 HayqHO-HCCJ18~0B8T8Jl:&CK08 yqpez~eHH8 

1 
!eHHHrpa~cKHtt HHCTHTYT H~epHott wuaHKH 
HM. B.Il.KoHcT~HTHHoBa AHCCCP, r. raTquHa 

Sa~TB ~HCCepTBIJ,HH COCTOHTCH 11 11
" 1988 l'O~B 

B "--" 'IBCOB Ha aace~BHHH Cll81.\HBJlHBHPOBBHHOrO OOB8TB ll-047.0l.02 
npH !a6opaTopHH.BHOOKHX sHeprHtt 06~e~HHeHHDl'OHHCTHTYTB a~epHblX 
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AKTYan:&HOCT:&. MeTo~ H annapaTypa sxcnepHMeHTan:&Hott a~epHott wu­

BHim llOCTOHHHO llOllOJlHHDTCH AeTeKTOPBLIH HOBHX BHAOB, o6JlaJ:taunm.m 60Jl88 
BHOOKHLIH npOCTPBHCTB8HHliLIH H BpeueHHHLIH B08LIOEHOCTHMH. Paspa6oTaHH 
HOBHe OURHTHnnaTopu BG OH BaF 2 , HBXOAHT npuueHeHHe MHKpoKaHan:&HHe 
IIJIBCTHHl:l, npH60pH C sapHAOBOtt OBH8:&D HAP· Teu He ~eHee 8HB1IBMOCT:& · 
rasOBHX llOBHUROHHO-llYBCTBHTeJl:&HliX A8T8KTOPOB (rII1IJl) He yuem,maeTCH. 
OTO CBH88HO C HX OTHOCHTeJI:&HO H8BliCOKOtt CTOHLIOCT:&D, TeXHOJlOrHqHoCT:&D 
HsroToBneHHH AeTeKTopoB pasnuqHott wopuu H pasuepoB, a TaKEe c xopomu­
MH npocTpaH~TB8HHl:lLIH H BpeueHHHLIH xapaKTepHCTHKaLIH 5THX ABT8KTOpOB •. 

B pesyn:&TaTe paBBHTHH MeTOAHKH rrnn B 1979 r. B llEPHE. 6un 
npeAJIOEeH HOBHtt THll A8T8KTOpa - LIHOrOCTJileHqaTaH naBHHHaH KaMepa 
(MCJIK). Co0611!8HHe 06 STOLi CTHLIYJIHpOBano paspa60TKY H usyqeHH8 xapaK­
TepHOTHK'BTHX AeTeKTopoB. BO MHOl'HX HBYllHHX neHTpax H B TOM quone B 
Clt!HR. MC!K o6naAaeT Pfl,l!OM npeHLIYl!leCTB no cpaBH8HHD C Tpa~UROHHHLIH 
MHOl'OilpOBOJIO'ilWMR nponop!UlOHaJll,HliMll KaM8paMH {!i!IIK) .K qnCJiy TaKIDC npe:a­
MYJll8CTB MOlltHO OTH8CTH CJI8.IJYJlllH8: 60Jiee BliCOlWH KOajl\p.HW18HT raaoBoro 
YCHJI8HRJI (I06+I07) i BHCOR08 6HCTp0~8liCTBH8 {I05 I/c•MNf') ;paBHOTOtmOCT:& 
no o6eHY ( X Hy) KOOp~HBTBLI H 8H81IBT6Jl:&HO nyqmee npOCTPBHCTBBHHOe 
paspemeHHe npH perKCTPBURH HSOTPOllHOl'O HBnyqeHHH. 9TH npeHMYl!leCTBB 
OTKPlinH HOBHe BOBLIOEHOCTH AJlH npHLl8H8HHH rII1JJl. 

raaoBHe II1Ill HBPHm' c ~HBHKott Bucoxux saeprutt npuueHHDTCH H B 
npHKnBAHHX o6naCTf!X HBYKH H T8XHHKH~ B TOLi imcne B ue~IJ,HHe H 6HOJ10-
rHH MH pa~OHBOTOnHoro BHBJIHBB. 9TH ABT8KT0Pli noBBOJIHDT perHOTPHPO­
Ba,T:& nyuepHyD KBPTHHY pacnpeAeJieHHH PBAHOBKTHBHOCTH no IIJIOll!B~ 06-
PBBI.\OB C BHCOKO~ 9\W/eKTHBHOCT:&D H 6HCTPOA8ttCTBHeu. IlpH aHBJlH88 ueqea­
HhlX TPHTHeLI oCSpasnoB xopomo aapeKOLl8HAOBBJIH ce6a MTIK, HO IDIOX08 npo­
CTpaHCTBBHHOe paspemeHH8 npH perHCTPBll.HH HBJIYlleHHH PB~OHYKJlHAOB 
14c, 32P u ~p. orpaim"0038Jio BoauoEHocu HX npHueaeiIHH. YcTailoBKH Ha 
OCHOBe MC!K noBBOJlHJIH 3HB'IHT8Jl:&HO ynyqmHT:& npOCTpBHCTB8HH08 ~aspeme­
HHe npH BHBJ1H58 oCSpasnoB, COA8PEBIJlHX pa~OHyKJIH~ 14c, 32P, 5s H 
1251. PaapaCSOT8HHli8 PBAHOXPOLIBTOrpawu nOBBOJIHJIH llOAHHT:& ypoBeH:& BB­
TOJIBTHBaURH pa~OH30TOnHHX 8H8JlH3.0B. Hx npHJleHeHHe nosBOJIHJIO HB ABB 
nopHAKa COKpBTHTb BP8MH aHBJlH38 o6pasnoB H OAHOBp8M8HHO yueH:&lllHT:& 
ROJIHllBCTBO Tpe6yeuoro AJIH HCCJI8.ItOB8HHH Ma Te puana • IloaTOLIY 38Aa1la 

J 

paspa60TKH H npHLIBHBHHH AJIH PBAHOH30TOnHHX BH8JlH80B A8T8KTOpOB Ha oc-
HOBe MCJIK H MilK HBHH8TCH, HeCOLIH8HHO,aKTYBJI:&HOU. 

lien:& paCSo!l' 88KJillqanacb B paapaCSOTKe LIHOrocTyneHlIBTHX naBHHHHX I_CB­
uep, HsyqeHHH HX.XBPBKTepHCTHK C nen:&D ABJI:&HeUmero HcriOJI:&SOBBHHH 
STHX A8TeKTOpOB B llPBKTHK8 pa~OHSOTOnHoro BHBJlHBa J'r H X -BKTHBHHX 
o6paanoB AJIH nOBHmeHHH qyBCTBHT8H:&HOCTH H npocTpaHCTBeHHOro paspeme­
HHH JIBTOAOB BH8JlH38o 

Gt.;c.: 
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KoHCTpyKTH.BHO MCHK COCTOHT H8 CTaH~apTHOtt Mill{, pacrronoEeHHOtt 
.B e~HHOM raBO.BOM o6~eue c 3Jl~KTPO~auu A, B H C (pHc.I), Ha KOTOpHe 
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PHc.I. 
CxeuaTHqecKoe Hao6pazeHHe 
MCHK. K -KOH.BepCHOHHHtt, ITP­
npe~cHnHTenDHHtt H nP-'Apett­
WO.BHe npoMeJKyTKH , D - , F - . 
KaTo~ HE- aHO'A WIK. 

IlO~.Be~eHH COOT.BeTCT.BYDIIUle IlOTeHizyianH. 
BneKTpo~ o6paaynT KOH.BepcHOHHHtt (AB), 
rrpe~CHHHTenDHHtt (BC) H ~pellWO.BHe (Cn) 
rrpoueEYTKH. KOH.BepCHOHHHtt'rrpoueEyTOK HC­
rronDByeTCH ~H arM)eKTH.BHOro rrorno~eHRH 

~ ~ K.BaHTO.B. 06pa80.BaHHHe 3JleKTpOHH 
IlO'A 'AettcT.BHeu cna6oro MeKTpHqecuoro rronH 
(~2 KB/cu) rrepe.BO'AHTCH .B IIJIOCKOilapan-
neHDHHll rrpouexyTOK_rrpe'A.BapHTenDHOro ycH­
neHRH, r'Ae .B QHHDHOU aHeKTpHqecKott none 
( 'AO IO KB/cu) pa8BH.BaeTCH sneKTPOHHO­
WOTOHHaH na.BHHa. qacTD MeKTpo~o.B na.BHHH 
qepea 'APellWOBHtt npoueEYTOK (Cn) nepe.BO-

'AHTCH .B WIK, r'Ae llPOHCXO'AHT 'AaHD­
Hettmee raao.Boe ycHneHHe H ocy~ecT­
l3.JIHeTcH· perHCTPain!H co6HTHtt. Ko­
op;zutH8TH8H HHWOPUSizyIH CqffTH.BaeTCH 
llPH llOUOIIUI HRHHU 88'AepxeK C 'A.BYX 
OpToroHanDHO HaUOTaHHWC (X HY) 
KaTO'AHWC IIJIOCKOCT6tt. 

IlpH pa6oTe MC]K HCll0llD8YDT cuecz 6naropO'AHOro raaa C He6onDmHu 
KOnHqecT.BOU 'A06a.BKH. IlpH STOY llOT6Hizyl8H HOHH88Izy!H raso.BoU 'A06a.BKH 
'AOnxeH 6HTD HHEe YPO.BHH .B086y~eHHH HCll0llD8yeuoro 6naropO'AHOro rasa. 

XapaKTepHCTHKH MCHK HCCH6'AO.B8HHCD Ha C08'AaHHOU.~H STRX nenett 
CTeH'Ae. 

0'AHHU H8 OCHO.BHHX 'AOCTOHHCT.B MCHK HMHeTCH 6onDmOtt KOaqiqJHUHeHT 
raso.Boro ycHneHHH G , onpe'AenHeMHtt KaK: . 

G = K • G rrp • G UITK , (I) 
r'Ae G np - H GuITK - KOarM)HizyieHTH raso.Boro ycHneHHH rrpe'AYCHnHTenD­
Horo npouexyTKa H MITK. Ko~HnHeHT K ~apaKTepuayeT aqiqleKTH.BHOCTD 
nepe.BO'A8 na.BHHH H8 llP6'AYCHHHTenDHDrO npouezyTKa .B 'APettwoBHtt H npHuep­
HO pa.BeH.OTHomeHHll HarrpHEeHHOCTH 8Jl8KTpHqecKHX nonett npouezyTKO.B 
(E'Ap/Enp). BenHqffH8 raao.Boro ycHneHHH .B npouexyTKe BC onpe'AenHeTCH 
.BHpaEeHHeY . . . 

G np = (exp (od .. ) - I)/( I -0(~) , (2) 
r'Ae Q(.-nepBHff KOaqiqJHUHBHT TayceH'Aa, a L - .BenHqHHa aaaopa npe~cHnH­
TenDHOro npouexyTKa • IlpH perHCTpaizyIH ~ - K.BaHTO.B C 8HeprHett 6 K8B 
'AOCTHrancH KOarM)HUHeHT npe'A.BapHTenHoro ycHneHHH G np - ro5• Ha pHc.2 
npH.Be~eHa aa.BHCHMOCTD .BenHqHHH Gnp OT uanpHxeHHOCTH aneKTpuqecKoro 
llOJIJI B irpe.n;ycwmT8JIDHOM llpOM8JltYTX8 TOJIJitHHott 3 MM. 
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PHc.2. BenHqffHa uo~HnHeHTa npe'A.Ba­
PHTenDHoro ycHneHHH .B aa.BHCHYOCTH OT 
uanpaxeHHOCTH sneKTpHqecxoro nonR. 
raao.BaH c11eQD A?+ I,6% aneToHa 
( KPH.Baa I) H 3% aneTOHa ( KPH-
.Baff 2 ). 
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PHc.3. B88HMOC.BH8D, YKa8HBaJO­
~aR Ha COOTHomeHHe .BenHqHH 
Gnp.H Enp •. raaoBaH cuecD ap­
roua c I,6%; 2,I%; 2,6%; 
3% aneTOHa- COOTBeTCTBeHHO 
KPHBU8 I~ 4. 

HanHqffe 'AOllOnHHT6llDHOro ycHneHHH .B npoMeEyTKe BC ll08.BOnReT CHH8HTD 
HanpaxeHHe Ha 8HO'A6 MIIl{. B88HUOCBH8D Y8E~ BenHqHH8MH H8llPHEeHHOCTH 
nonR .B npe~CHHHTenDHOM npouexyTK8 H H8llPRE6HHeY H8 8HO'A8 Mill{ ll0K888-
H8 H8 puc·.3. Bee ToqKH npHB8'A8HHHX 88.BHCHYOCTett OTB8'1!8JlT WHKCHpOBaH­
HOMY aHaqeHHD G- • IlpH G np > 104 Ha6nD'A8BlTCR pe'AUHe Hcupo.Bue npo6oH B 
npe~CHHHTen~HOU llpOM8EYTKe. 06IIU1tt KO~HUH6HT YCHn6HHH MCHK c·yqe­
TOM ycHneHHR B MilK uoxeT 'AOCTHraTD 3Ha'l!eHHR G = ro6 + ro7 • IlpH 
G > ro6 Ha6nD'AaeTcR no.BTOpHoe cpa6aTuBami:e'MCHK, o6ycno.BneHHoe ~oToH­
Hott o6paTHOtt C.BH8Dllo qaCTD WOTO~O.B, o6paaoBaHHllX B MITK, 'AOCT~raDT 
aneKTPO'Aa A ( BXO'AHOro OKHa, BunonHeHHOro H8 Af - uattnapa ) , BHau-. 
BaR llORBneHHe BTOPHlllllll HMnyn~COB cnyCTR I MKC nocne nep.Boro cpa6aTH­
B8HHH. 

CqeTHHe xapaKTepHcTHKH MCHK npH perHcTpaUHH l - KBSHTOB oT nc­
ToquuKa 55Fe.noKaaaHH Ha pHc.4. 8aBHCHMOCTH nonyqeHH ~ij pasnHquwc 
aHaqeHHtt Enp. BpeueHHOe paspemeHHe MCHK 20 + 30 He (llIIIB) npH HcnonD­
aoBaHHH cuecett Ha OCHO.Be aproHa H 15 HC (llIIIB) MR H60HO.BHX cueqett. 

8TH 'A8T6KTOpH B OTJm'lll8 OT Mill{ paBHOTOqHH no o6eHU (X HY) KO­
OP'AHHaTaM. TaK, ·BenHqHHa npocTpaHCTB6HHOrO ~aspemeHHR ttpH peruc~paUHH 
yaKOKOHHHUHPOB8HHOrO nyllKa ~ - K.B8HTO.B ( 5 Fe) COCT8BHna 400 UKU 
(l!IIIB) no 068HU KOOP'AHH8Tau. 
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PHc.4. CqeTIWe xapaKTepHCTHKH 'AeTeK­
Topa B 88BHCHMOCTH OT BenHqH}W Ha -
npHllteHHH Ha aHO'A~ MIII{. BenHtruHa_Enp 
paBHa 2 KB/cu (I); 8,3 KB/cM.(2); 

'9,0 KB/CM (3) H 9,? KB/CM {4).' 

IlpH perHcTp1uum· aapH­
xeHHoro H80TponHoro Hanyqe­
HHH MC]K, no cpaBHeHHIO C Mill{, 
n08BORHIOT B 6+8 pas ynyqmHTI, 
npocTpaHCTBBHHOe paapemeHne. 
STO npoHCXO'AHT H8-88 8KCno­
HeHnttaniiHOro xapaKTepa ycn­
neHHH B npe~cHnHTeniiHOM 
npouexyTKe. SneKTpoHbl, 06-
paaoBaHHHe B BepxHeu cnoe 
npouexyTKa {I+ I,5 MM), 
o6ycnaBnHBaJOT ~ 80% .ncen au­
MHTY ,!U,1 CHrHano.B. IlpH c~eue 
KOOPAHHaTHoil HHWOPMaUHH c 
noMO~I,JO nHHHtt Ba'AepxeK neH-
TPOH'A HaBeAeHHb!X Ha KBTO,lU,l 

OHrHanoB OYAeT COOTBBTC~BOBaTI, TOqKe BXO'Aa qacTHU B 'AeTeKTop. MC]K 
noaBORHIDT paanHqHTI, 'ABB pacnonollteHHb!X Ha BXO'AHOM OKHe ~eTBKTopa HC­
TOqHHKa I 4c npH paCCTOHHHH MBlltAY HX rpaHHUaMH 6onee I MM H B cnyqae 
32P -· 6onee I,5 MM (I). 

TipeAROllteH cnoco6 ynyqnieHHH npocTpaHcTBeHHoro paapellleHHH MC]K 
npH perHCTpanttH H30TponHoro aapHlltBHHOro H8nyqeHHH nyTeM aMMHTYAHOro 
aHanHaa co6HTHll (2). IlpH 8TOM no aunnHTYA8 CHrHano.B MOlltHO KOC.BBHIWM 
o6pa30M CY'AHTI, 06 yrne BXO'Aa qacTHU B o6~eM KaMepu. IlpHMBHeHH8 AaH­
Horo cnoco6a - 11 BnBKTPOHHOil KOnnHMaUHH11 

- n08BOJIR8T np~epHO B 2 paaa 
ynyqmHTI, npocTpaHCTB8HHOe paapellleHHe npH perHCTpanttH HanyqeHHH I 4c, 
32p H 35~ • 

llccneAOBaija aaBHCHMOCTI, xapaKTepHCTHK MC]K OT KOHU6HTpanttH raao­
.BUX A06aBOK (3). 8aBHCHMOCTI,.KOaj)qlHnHeHTa raaoBoro ycnneHHH OT KOH­
neHTpanHH A068BKH XOPOlllO OllHCHBaeTCH BUpaxeHHeM 

G (p) = ro-< n · Pt > , (3) 

rAe Pt - KOHUBHTpanHH 'A06aBKH B %, a n - KOBqX]?HntteHT, 8aBHCHl!ilfi1 
OT p, H ARH AHanaaoHa 0,5 + 3% paBIWtt 2. TaK, H8M8HeHH8 p, B npeAe­
nax :t 0,5% BH3UBaeT H3M8H8HHe G B :t IO pas. OnTHMaUHOtt 'ARH AOCTH­
llteHHH MaKCHManiiHoro KOS1W>HntteHTa ycHnBHHH HBJIHeTCH KOHUBHTPBUHH 
I,5 + 2%. 

IlpeAROlltemt HO.Bue raBOBHe CMeCH ARH pa60TH MCJIK (3), TaKH8,KBK 
Ai.+ H - renTaH, }12 + H80nponHnOBUi1 CllHpT, Ne+ MeTaH, Ne+ ]1-z + 

+ MeTaH. OllHCBlllil cnoco6u CTa6HRH8anttH peuuo.B pa60TU MC]K, KOTOpue 
npH HCnOnI,80B8lillH .BHllleyKaBaHHUX CMecen Il08.BORHIOT o6ecneqHTI, AOnroBpe­
MeHHYJO,BHCOKOCT86HniiHYIO pa6oTy ABT8h"TOpO.B. 
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B TD8Tiiett rnaBe paCCMOTpeIW KOHCTpyKTHBH&e oco6eHHOCTH MC]K, 
a TBKllte HCCneAO.BBHO .BJIHHHHe H6KOTOPUX aneMeHTOB KOHCTPYKIIHH Ha xa­
paKTepHCTHKH MC]K. 

)lnH MBKTPOAO.B 'APettwo.noro H npe~CHRHTeniiHoro npOM8lltYTKO.B,.BU­
IlORHH8MHX B .BH'AB ceTOK c BHCOKOtt omnqecKott npoapa~OCTI,JO, BH6paHH 
OilTHManiiHble .BenHqHHH lllara rue HaMOTKH H AHaMeTpa npOBOROKH. 

YCTOi1qHBaH,pa6oTa MC]K MOllteT OUTI, 'AOCTHrHyTa H 6ea ApettwoBoro 
( c~,CM. PHO.I) npouezyTKa. llccneAOBaHHH IlO'A06HblX ABYXCTyneHqaTHX 
CTPYKTYP, KOTopue Ta!Olte ll08BORHIOT nonyqaTI, AOCTaToqHo .BUCOKOe raao­
BOe ycuneHHe, BWIBMH PH'A HX HeAOCTaTKOB. TaK, npH B08HHKHOBBHHH 
HCKPOBoro npo6oH npoHCXOAHT npo6ott nHHHtt BaAepzeK H BHXO'A H8 CTPOH 
ycnnHTenen. 

IlpH perHCTpanttH ~ - H8nyqeHHH Heo6XOAHMO HCilORI,30BaTii lllHPOKHll 
. (IO+ 20 MM) KOHBepcHO~H&tt npoMezyTOK. IlpH perHCTPBnHH i - Hanyqe­

HHH zenaTeniiHO HCilORI,30.BBTI, KOHBepCHOHHUtt npoMelltyTOK BennqHHOtt 0,5 + 
+IMM. 

B cnny Toro, qTQ G np aKcnoHeHnuaniiHO aaBHCHT oT BenHtruHH I.. 
( o6&qHo L = 3+8 MM) H K08iM/HnneHTa d- , ARR nonyqeHHH xopomero 
IlpOCTpaHCTBeHHOro paapemeHHH He06XO'AHMO yueH1,maTI, aaaop npeAYCHnH­
TeniiHOro npoMelltyTKB. IlpH 8TOM B08pacTaJOT Tpe6o.BaHHH K napanneXI,HOCTH 
npoMezyTKOB. BupazeHue 

6. L -:: e:. GIG. 11-x = c. G/6 · 1..,;e,, G 
(4) 

ll08BOnHeT onpe'ABRHTI, He06XO'AHMYIO TOqHOCT~ H8rOTO.BneHHH 8Toro npoMe­
lKYTKa. 

KpaTKO paCCMOTpeHH IlpHHnHilU c~eMa KOOP'AHHaTHOtt HHWOPMBUHH IlpH 
llOMOl!ill aneKTpouarHHTIWX nHHHtt 8aAepzeK (]8). OnHCBHB KOHCTPYKnHH, Me­
TO,!U,I pacqeTa H napaueTpu ]8. 

qeT.BepTBH rnaBa IlOCBH~eHa HCcneAOBaHHIO xapaKTepHCTHK ABTeKTOpO.B, 
COCTaBHBIDHX OCHO.BY aBTOM8TH8HpOBBHHHX ycTaHO.BOK ARH paAHOH80TOnHOrO 
aHanH88 6HOXHMHqecKHX Be~eCTB. KpaTKO paCCMOTpeHH 6HOXH!JHqecKHe ue­
TO,!U,I, HCllORii8YIOl!illB .B KaqecTBe MeTKH PB,IiHOaKTHBIWe H80TOllH. OnHcaIW 
HeKOTopue oco6eHHOCTH perHcTpanttH HanyqeHHH TOHKOCnottHUX o6paano.B 
H npoaH8RH8HPOBaH OllHT npaKTHqecKoro llpHMeHeHHH paapa6oTaHIWX P8'AHO-· 
XpOMBTOrpBWOB. 

, C~opuynnpoBaHH OCHO.BHHe Tpe6oBaHHH, npeA~HBnaeuue K ABTBKTopaM 
uanyqeHHH: npo.BeAeHue O'AHO.BpeMeHHoro, HepaapywaJO~ero H BKcnpeccHoro 
aHanHaa Been IIJ.10~8,liH o6paanoB paauepou ISO X ISO uu2; BHCOKaH aw-. 
weKTHBHOCTI, H HH8KHi1 ypOB8HI, C06CTBeHHUX myMoB; XOpomee npOCTPBHCT~ 
BeHHOe paapemeHHe IlpH perHcTpBnHH ~ - HBnyqeHHH B mHPOKOM ,liHBllB80-
H6 HX SHeprntt; B08MOlltHOCTI, aBTOMaTH8HpOB8HHOi1 o6pa60TKH perHCTpHpye-
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MOtt HH4lOpMaIU1H. neTeKTOpbl Ha OCHOB6 MCHK H MilK B 8Halll'IT6JlliHOli 
CTeneHH y;ztOBJ16TBOPHDT 8THM Tpe6oBaHHflM. 

B rJiaB8 pacCMOTp8Hli COCTaB annapaTyphl H nporpaMYHOC o6ecneqeHRe 
paapa60TaH1WX ycTaHOBOK. THnH~aH 6.noK-CX8Ma ycTaHOBKR npHBe;zteHa 

Ha pHC.5 

PRc.5. BnoK-cxe.ua ycTaHOBKR. 
Y -YCHJU1T6JIH, P-poTaYCTP, T-Tep­

YOCTaT, BH - BhlCOKOBOJILTHhl6 HC­
TOqHRKH HanpHllt8HHH; TXC - TOHKOCJIOH-· 
HaH xpo.uaTorpa.uMa. 

YcTaHOBKa ;ztJIH UHqlpOBOtt aBTOpa.i,;HorpaqiHH (9,IO), C08;zt8HHaH 
BnepBb18 B CTpaHe Ha OCHOBe .unorocTynenqaTott JlaBHHHOtt Ka.uepbl, npe;zt­
HaaHaqeHa fJIH pafHOH80TOnHOro aHaJIH8a 6HOilOJIHYepoB, .ueqeHHblX pa;ztHO­
HYKJIH;zt8YH 4c, 3 P, 35s H I 25 J ~ YcTaHOBKa ocyll{eCTBJIR6T npocTpaHCT­
B6HHYD JIOKaJIH88IU1D ~ - aKTHBHblX pa;ztHOHYKJIH;ltOB, a TaKze P8'AHO~yKnH­
;ztOB, HcnycKaDtnHX YHrKoe p8HTreHOBCK06 H i - H8nyqenHe ( I

2s1). 
Peayni.TaThl ananHaa npe;ztCT8BJIHDTCH B y;zto6HOY MR BOCilPHHTHR rpaqiHqe­
CKOM BH;zt8 Ha 8KP8H UB8THoro T8JICYOHRTOpa, rpaqionocTpOHT8JIL H ~UTIY. 
YcTaHOBKa c 1983 r. aKcnnyaTHpyeTcH B RME AH CCCP ( r.MocKBa ). 

Ha OCHOB8HHH OllblTa, H8KOilJ18HHOro npH paapa60TK8, HCCJ18;zt0B8HHH 
xapaKT8PHCTHK H 8KCilJIY8T8IU1H 8TOtt YCT8HOBKH, 6hlJIH paapa6oTaHH 'ABYY8P­
HN8 ;zteTeKTOPhl, COCT8BHBWH6 OCHOBY .uanott cepHH pa;ztHoxpouaTorpaqioBPJ{OI. 

Pa:ztHoxpoMaTorpaqi Pno1-I npe:ztnaaHaqen MR pa6oThl c o6paaua.uH 
yeqeHHHYH TPHTH8Y. HH8K8H 8HeprHHJ3 -H8JIY'l8HWl TpRTRli (E M8RC=I8 KaB) 
,!U1KTY8T H806XO)nlll!OCTL RJll1 BBO,lta o6paa~OB Henocpe;ztCTB8HHO Bra-
80Bhltt o6~e.u ;It6T8KTOP8, HJIH oyll{eCTB8HHOrO YY8HliW8HHH TOJll!IHHH BXO;ztHOro 
OKH8 ;zt6T8KTOpa. B npouecce C08;zt8HHH PnOI-I 6WIH paapa60T8Hhl H HOCJ18-
;ztOB8HH nponopUHOHani.naH KaMepa "MIIK-H", B KOTOpott OCYl!l8CTBJIH8TCH 
BBO;zt _o6paauoB B raaOBl:ltt 06~e1,1.;zteT8KTOpa, H YHOrocTyneHqaTaH naBHH­
HaH K8M8pa "MCHK-H" C TOHKHY llXO;ztHHY 0KH0M 6on1,mott nnoll{a'AH. OCHOB­
HNe xapaKT8PHCTHKH ;zt8T8KTOPOB npe;ztcTaBJleHH B Ta6nm:~e 1 . 

Pa'AHOXPOY8TOrpa~ PnOI-2¼3 npeiHaanaqeH!,l 'Aliff pa60Thl C o6paaua.uH, 
weqeHHHMH pa;ztHOHYKJIH;ztawH I 4c, 32P, 5 S H I 25 I • 5TH ycTaHoBKR coa)l;a­
HH Ha OCHOB8 MCHK. 0CHOBHbl8 xapaKT8PHCTHKH ;zt8T6KTOPOB npHB8;zt6Hli B 

Ta6nzue 2. 
Pa;ztHoxpowaTo~pa~ BHe;ztp8Hl,l B RMr.AH CCCf.( r.MoCKB~, B REX 

AH CCCP (r.MocKBa) H B RE AH CCCP ( r~Ilyll{HHO). 
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qyBCTBHT6JlliH8H nnoma;ztL 
Bxo;ztHOe OKHO 
raaoBaH cueci. 

Pacxo;zt raaa 
IlpocTpaHCTBeHHoe paapemeHHe 
S\IXP8KTHBHOCTli perHCTpaUHH 3H 
c 6eCKOH8qHo TOHKOrO CJIOH 
Illy.Uhl ;zteT8KTOpa 
MHHHYani.HaH qyBCTBHT6JlliHOCTli 
3H c IlO;ztJIOJK8K 4JHPYli II Merck 11 

qyBCTBHT6JILHaR IlJ1011{8;ztL 
Bxo.i,;Hoe OKHO 
raaoBaH cueci. 
IlpocTpaHCTB6HH08 paapemeHR8 npH 
KOHTQaCTHOU OTHOWCHHH 30% MR 

I4c 
32p H I25I 

SqiqieKTHBHOCTli perHCTPaUHH 
( MHHHUani.HaH l!j'BCTBHTCJlliHOCTli) 

I4c 
32p 

I25 I 

illy.uh! ;zteTeKTopa 

Ta6m1ua I 

"MilK-H" "MCHK-H 

200 X 200 MM"Z. ISO X ISO Mil 
IOO MKr/cM2 

A"z + 20% M6T8H+ 
+ 3% CnHpT 
300 cM3 jaurn. 

A '2. + H-renTaH 

150 CM3/MHH 
0,7 MM 0,7 MM 

20% 
I2 HMII/MHH. • CM2 

270 nJ.f.H/cu2 

6% 
4, 8 HMII/Yl1H.• cu2 

BIO nKH/c.u2 

Ta6nHU8 2 

IBO x IBO uu2 

20 YKY A e. -uattnap 
A"t. + n.-rerrTaH 

I YU 

2 MM 

IS% ( I6 nJ.f.HLQ.u2 j 
44% (7 IIKH/c~) 

3~5% (90 IIKHtQu2) 
2 HUil/MH:l[•CM ) 

Paapa6oTaHa ueTO)l;HKa 8KCnpecc-aHamt3a ueqeHHWC pa;ztHOHYKJIH;ztaYH 
6HOilOJIHUepoB. PaccuoTpCHl,l qiaKTOphl, BJIHHD1!1H6 Ha aqlg)CKTHBHOCTl, H UHHH­
uani.HyD qyBCTBHT6JlliHOCTli ycTaHOBOK. IlpH HCilOJlli30BaHHH pa;ztHOHYKJIH;zta 
32P UeTO;zt Il08BOJIH6T Henocpe;ztCTB6HHO onpe;zteJIHTli a6COJIDTHYD aKTHBHOCTli 
npenapaTO~. IlpH aHaJ1H8C 6Honom1.uepoB·, ueqeHHblX I 4C H 35$, H606XO'AHMO 
yqHTh!BaTL ocna6neHHe H8Jl~qeHHH B TOHKOCnollHb!X HOCHTCJIHX. IlpH perHCT­
paUHH HanyqeHHH TPHTHH MOlltHO JIHWli onpe;zteJIHTL OTIIOCliTCJlliHOe CO;ztepzaHHe 
aKTHBHOCTH no U8TKaM. 
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IlpOB6'A6HO cpaBH6Hl18 pa'Al10XpOMaTorpa~oB C Tpa'Al11UiOHHO 11Cll0Jlb8Y8Mli­
Ml1 M8TO'AaMH, KOTOplie xapaKTep11syDTCH 6onbWl1UH BpeMeHaMH 8KCll08HJU1H 
(aBTopa'AHorpa~11H) H 6onbmon TPY'AOeuKOCTbD ( ueTO'A JCH'AKl1X CIUiHTHJinH­
TopoB ). Pa'AHoxpouaTorpa~u o6na'AaDT npocTpaHCTBeHHHY paspemeHHeu,6nus­
KHM K nonyqaeMOMY B 11 HenpHMOtt 11 aBTOpa'AUOrpa~HH,H ~eKTHBHOCTbID, cpaB­
HHMOH co QIUiHTHJIRHJUiOHHHIJ ueTO'AOM. Pa'AHOXPOMaTorpa~u Ha OCHOBe Mill{ 

uenecoo6pasHO npuueHHTb npH perHCT£a1UiH HBJiyqeHHH T~HTl1H, a Ha OCHO­
B6 MCJIK llpH perHCTP81UiH H8JiyqeHl1H 4c, 32P, 35.$' HI SJ• neTeKTOpli 
B P8'AHOXPOM8TOrpawax B8aHM088U8HH6MH. 

0llHC8Hli H6KOTOpue IlpHMeHeHHH P8'AHOXpOU8TOrpawoB. IlOK888Ha BOBIJOE­
HOCTb HX npHMeHeHHH MH onpe'AeJieHHH PS'AHOXHMHqecKott qucTOTH npenapa­
TOB, ueqeHH~ TpHTHeM (4) • 

BnepBue IlOKSBaHa BOBMOEHOCTb H paspa6oTaHa M8TO,IU1Ka O'AHOBpeMeH­
HOtt o6pa60TKH pesyJibTaTOB TB8P'AOW83HOrO pa'AHOHMMyHonoruqecKQro aHSJIH­
aa Ha CTBH'ABPTHHX 96- H 60-JIYHO'IHHX nnaHmeTax H WHJibTpax (8).Ha puc.6 
llOK838H peayJibTBT T6CTOBOro H3M6P8HHH 96-JI~HoqHoro nnaHmeTa, BO Bee 
JIYHKH BH8C6HO IlpHuepHO paBHOe KOJ111qecTBO I 5J • 

' )_ ) - ~ -~ - • )_ ) - 1 -~¾ _J : ; : ·m·:=j :: .. ,. 
t ··~ ........ d ... ,.. _,..,.. t: . __ , ,, . ..... r:·a· ~·· _,.. ...... .. 
t ..... t ..... ' 
••• -·. t. ··- _,, 

PHc. 6. PesynbTaT aHanusa 96-ny­
HoqHoro nnaHmeTa. CHHIJOK C BKpaHa 
TeJie!JOHHTOpa. 

B 38MDqeHHH c~opuynupoBaHH OCHOBHHe BHBO'Ali 'AHCcepTaim11: 

I. BnepBUe B CTpaHe paspa6oTaHa MHOrOcTyneHqaTaH Jl8Bl1HHaH Kauepa, 
HCCJl6'AOB8Hli ee xapaKTepHCTHKH, OTpa6oTaHa KOHCTPYKIUiH H T6XHOJIOrHH 
irnroTOM6HHH. 

2. IlpOB6'A6Hli 'A6T8JlbHHe HCCJl6'AOBaHHH xapaKT6pHCTHK MCJIK npH HC­
ll0Jlb80B8HHH paaJIHqHUX raaoBHX CMecen H npH pa3HHX KOHU6HTP81U1HX ra­
BOBHX 'A068BOK. BHB6'A6H8 aun11puqecKaH 88BliCHMOCTb K03qlqiHUH6HT8 rasoBO­
ro yCM6HHH MCJIK OT KOHU6HTP81U1H 'A068BOK. Ilp6'AJIOE6Hli HOBH6 raBOBHe 
cuecz, TaKHe KaK Ai+ H-renTaH, Ne+ ueTaH,Ne + A,+ ueTaH, o6ecne­
quBaDllU'l8 'AOJirOBpeueHHYD BHCOKOCT86HJIDHYID pa6oTy MCJIK. 

3. BnepBHe npe'AJIOJKeH cnoco6 ynyqmeHHH npocTpaHCTBeHHoro paapeme­
HHH MCJIK npH per11cTpaimH HBOTpOnHoro ~- uanyqeHl1H. IloKaBaHo, qTo 
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aMnnHTY'AHHtt 8H8Jll13 COOOTHH Il03BOJIH6T CY'AHTb 06 yrne BXO'A8 qacTHU 
B 06:r,eu MCJIK. 

4. Paapa6oTaHH H HCCJl6'AOBaHH ll0811UHOHHO-qyBCTBl1T6JlbHli6 'A6T6KTO­
pll MH perHCTpaimH IJHrKoro ~ - H3JiyqeHl1H TPl1THH: MHoronpOBOJIOqHaH 
nponopuuoHaJibHaH Kauepa 11MI1I{-H 11 11 MHorocTyneHqaTaH naBHHHaH KaMepa 
11MCJIK-H 11 • Ilp11 aTou BIIBpB!,e paspa6oTaHa· MCJIK' c TOHK111.1 IOO imr;cii 
BXO'AHHM OKHOM 60JibWOtt IlJIOmS'AH (ISQ·x 150 MM2). neTeKTOpll 06JIS'AaDT 
xopOWHU npocTpaHCTBeHHHIJ paapeweHH61J - 0,7 MM, H aw(f)eKTHBHOCTbID 
per11cTpaim11 H8JiyqeHHH 3H_c 6ecKoHeqHo TOHKOro CJIOH 20 11 6% (MilK-H 
11 MCJIK-H COOTB6TCTB8HHO ) • , 

5. Paapa6oTaHa, uccne'AOBaHa H BHe'ApeHa ycTaHoBKa MH imwpoBott 
8BTOP8'AHOrpaWHH HS OCHOB6 MHOrOCTylleHqaTOtt JiaBl1HHOtt Kauepu. YCT8HOB­
K8 IlP6'AH88H8q6H8 'AJIH,IlDOCTpaHCTB6HHOn JIOKaJIH3a!U1H H H31JegeHHH 8KTHB­
HOCT6lt 6uonon11uepoB, ueqemrnx. pa'AUDHYKJil1'A8MH 14c, 32P, 3 S 11 125 I . 

6. Paapa6oTaHa U6TO'Al1K8 8KCnpecc-aH8JIH88 ueqeHHllX P8'AHOHYKJil1'A8-
UH BemecTB npa llOMOmH 'ABYU6PHHX r830BUX 'A6T6KTOpoB. llCIIOJlb80B8Hl16 
'A8HHOtt M6TO'AHKl1 no cpaBH8HHID C TP8'AHU110HHHMl1 IJ€TO'A81JH ll08BOJIH6T co­
KP8THTb Bpeun 8H8JIH88 Ha 'ABS ll0PH'AK8, IIPH O'AHOBpeueHHOIJ yueHbW6HHH 
Tpe6yeuor~ MH 8H8JIH88 BemeCTB8. 

7. BnepBue llOKasaHa B081JO~HOCTb H paapa6oTaHa M6TO'AHK8 O'AHOBpe­
U6HHOl1 o6pa6oTKH pesyJibTa TOB pa'AHOHMMYHOJIOrHqecKoro aH8JIH88 Ha CT8H­
'A8PTHHX 96- H 60- JIYHOqHUX llJI8HW6TaX H WHJibTpax, llpH llOMOmH rrnn. 

8. Ha OCHOBe H8KOilJl8HHOro OilHTa paapa60T8Hli H HCCJI8'AOB8Hll 'A6-
T6KTOpH, COCT8BHBIIll18 OCHOBY USJIOlt cepHH P8'AHOXpOMaTorpawoB PnOI. 
Pa'AUOXPOM8TOrpawu BH6'AP6Hli B Be'AYmHe 611onor11qecK11e U6HTPH AH CCCP. 
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