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1. BBE.QEHHE 

nonbiTKH C03AaHHR AeTeKTOpOB Ha OCHOBe n3C~~~4~"ll npeAnPHHH-
Ma~TCR B pa3DH4H~X Hccne,qOBaTeDbCK~X U,eHTpax • npHMeHeHHe 
n3C-MaTPJ.1U. ,qaeT B03MO>KHOCTb pa6oTaTb C 046Hb HHTeHCI-1BHbiMH 

BXOAHbiMirl ny4KaMH, r,qe Tpa,qHU.a-tOHHble KOOPAHHaTHble ,qeTeKTOpbl Tpy,q

HO Hcnonb30BaTb. Co4eTaHHe 6onbworo AHHaMH46CKOro ,qHanaaoHa c 
A0CTaT04HO 60nbWHM KOJ1H46CTBOM 3Jl6MeHTOB H306pa>KeHHR n03BOJl.A
eT paapa6aTb1BaTb n03YIU,VIOHH0-4YBCTBHT6JlbHble ,qeTeKTOPbl AJl.A pe
rHCTpaU,HH ~-KBaHTOB, He~TPOHOB, a- H ~-4aCTHU,. 

Uenb HaCTO.A~e~ pa6oTbl - coa,qaHHe no3H4HOHHo-4yacTBHTeJlbHo
ro ,qeTeKTO~a MRrKoro peHTreHOBCKOfO H3Jly4eHHR Ha OCHOBe n3C
MaTpHU,bl, HCCJle,qOBaHHe era OCHOBHbiX xapaKTepHCTHK. 

2. OnHCAHHE 3KCnEPHMEHTAnbHO~ YCTAHOBKH 

Ha pHc. 1 cxeMaTH4HO noKaaaH o6~HH BHA ,qeTeKTopa. OH cocTo
HT H3 n~MHHO¢opa, HaHeCeHHOrO Ha BOnOKOHHO-onTH4€CKy~ waH6y, 
ABYX aneKTPOHHO-onTH4€CKHX npeo6paaoaaTeneH, 06DeKTHBa, n3C
MaTPH4~, noMe~eHHOH B KpHOcTaTe, aneKTPOHHKH C4HT~BaHH.fl VI o6-
pa60TKH HHQ>OpMa4HH, pafioTaiO~eH Ha nHHHH C nK 11npaae4-l611

• 

npvt norno~eHHH peHTreHOBCKOrO KBaHTa /HnH a-4aCTH4~/ B n~
MHHO¢ope o6paayeTcR acn~wKa caeTa c onpeAeneHH~M cneKTpanbH~M 
COCTaBOM VI onpeAeneHHOH AnHTenbHOCTb~. 4aCTb KBaHTOB CB6Ta 
nonaAaeT Ha aonoKOHHo-onTH4eCKY~ waH6y H Aanee Ha axoA c6opKH 
vta ABYX aneKTPOHHo-onTH4eCKHX npeo6paaoaaTeneH. nepa~H aneKT
poHHo-onTH4eCKHH npeo6paaoaaTenb /30n-1/ HMeeT 3neKTPH4ecKy~ 
¢QKYCHp0BKY H K03¢¢H4H6HT npeofipaaoBaHH.fl H306pameHH.fl 
0,63, BXOAHOH pa6o4HH AHaMeTP 40 MM, a~XOAHOH - 26 MM. YcH
neHHaR caeToaaR acn~wKa nepeAaeTcR Ha axoA 30n-2, HMe~ero 
MHKpOKaHanbHY~ nnaCTHHy, H Aanee 46P€3 06DeKTHB nocTynaeT Ha 
n3C-MarpHLIY. n3C-MaTpH~a /244X144 3DeMeHTa, C noaepxHOCTHbiM 
KaHanoM/ noMe~eHa B KPHOCTaT, KOTOPbiH n03BOn.fleT MeHRTb TeMne
paTypy MaTPHLI~ OT KOMHaTHOH A0-100°C . .Qanee ~H¢OpMal!~R C no
MOLl.lb~ 3neKTPOHHKH C4HTbiBaHH.fl H o6pa60TKllt nocTynaeT B nK 
~~npaae4~~. 
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PHc. 1. BrroK-cxeMa geTeKTOpa: 1, 2- ~oToKaTOA H rrroMHHec-
1\eHTHbiH 3KpaH 30Il-l, 3 - ljloTOKaTog /-2 KB/, 4 - ceTKa 

/+0 ,5 KB/, 5 - KOnbl\O /-1,75 KB/, 6 - /0 KB/ H 7 - 3neKT

pop;bi MHKpOKaHanbHOfl nnaCTHHhi, 8 - JllOMHHecu;eHTHblli: 3KpaH 

/+5,2 KB/ 30II-2. 

3neKTPOHHKa 

3neKTpOHHKa e~nonHReT GneAY~~He ~YHK4HH: ynpaenReT pa60TO~ 
MaTpl1~bl n3C, o6pa6afbiBaeT 11 KOA11pyeT 11H<!><>pMa ~1110 C MaTpl1~bl, ne

peAaeT 4H<J>posot1 KOA 8 36M; KOHCTpyKTHBHO COCTOHT H3 KaMepbl H 

ycTpO~CTBa 04H¢POBKH H306pa~eHHR, B~nOnHeHHOrO B CTaHAapTe 

KAMAK. B KaMepe pacnonomeHbl n3C-MaTp11~a. 3neKTPOHI1Ka ynpaene

HHR MaTPH4et1 H ycHnHTenb. YcTpoHCTBO 04H¢poaKH H3o6pameHHR 

BKnl04aeT e ce6R "ABOHHYIO Koppenl1posaHHyiO Bb16opKy", AUn I 8 pas

PRAOB/ H HHTep<J>eHc CBR3H C 3BM. YnpasneHHe o6ecne4HSaeTCR TaK
TOB~M reHepaTOPOM H APaHsepoM. TaKTOB~H reHepaTop /HHTerpanb
Hafl MHKpOCXeMa/ Bblpa6aTbiBaeT BC€ He06XOAHMble CHrHanbl AJlfl yn
paeneHI1R MaTpl1~ei1 nac B YPOBHRX KMOn-nori1KI1. 

ApaHaep /HHTerpanbHafl MHKpocxeMa/ npeo6pasyeT cHrHanbl c TaK
Toaoro reHepaTopa a 4-ypoaHeBble cHrHallbl Allfl ynpaeneHHfl ceK
~HeH HaKOnlleHHfl H 2-ypOBHBBble Allfl ynpaaneHHfl CeK~HeH xpaHeHHfl 
H BbiXOAHbiM perHCTPOM. 
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UHKn /KaAp/ pa6oT~ n3C-MaTPH4~ COCTOHT H3 ABYX 4acTe~. 
8 nepBO~ 4aCTH nPOHCXOAHT HaKonneHHe HH~OpMa4HH nOA OAHHM H3 
$a30BbiX 3neKTPOA0B CeKLl,HH HaKonneHHR 14 nOCileAOBaTeJlbHgi!IJ no-
31leMeHTHbiH BbiBOA HH$OpMall,HH H3 CeKLl,HH xpaHeHHR 4epe3 BbiXOAHOH 
perHCTP B BbiXOAHOe YCTpOHCTBO MaTPH4bl· 

BapbHPOBaHHe apeMeHeM HaKonneHHA ocyw.ecTanAeTCR TpHrrepoM 
aanpeTa pa6oTbl TaKToaoro reHepaTopa H BHewHHM TaHMepoM, aaAa
~HM apeMR HaKonneHHR. MHHHMallbHOe speMR HaKonneHHR, pasHoe 
0,4 c, onpeAeJlReTCR 4aCTOTOH pa60Tbl BbiXOAHOrO perHCTpa 
/]0 Kf4/, Bb16paHHOrO H3 pac4eTa MaKCHMaJlbHO B03MOmHOrO yMeHb
weHHR He3$$eKTHBHOCTH nepeHOCa aapRAa H3 A4eHKH 8 R4eHKy. 
C ToH )f(e 4e.nb10 HCnonbayeTc.R onTH4eCKHH BBOA 11HenycToro HynR 11 

Ha ypOBHe 10% OT MaKCHManbHOrO 38PRA080rO naKeTa. 
Bo 8TopoH 4aCTH npoHCXOAHT nepeAa4a aapRAOB~x naKeTo8 H3 

CeK~HH HaKonneHHR 8 CeK~H~ xpaHeHHR. nepeA 8BOAOM 38PRA8 Ka~
AOro aneMeHTa 8 8~XOAHOH npeo6paaoaaTenb aapRA-HanpRmeHHe npo
HCXOAHT c6poc npeA~AY~ero aapRAoaoro naKeTa nocpeAcTaoM MOn
Kn~4a, pacnonomeHHoro, KaK H 8~XOAHOH npeo6paao8aTenb, Ha KpH
CTanne. TaKHM o6paaoM, Ha 8~XOAe MaTpHU,bl nony4aeM nocneA08a
TenbHOCTb U,HKJ108 /K8AP08/, K8>t<Ab1H H3 KOTOPbiX COAepmHT 6onee 
3,3·104 aHanoroe~x cHrHanoe. 

CHrHanbl C OCH08HOrO H KOMneHC8U,HOHHOrO 8biXOAOB M8TPHU,bl no
CTyna~T Ha AH¢¢epeHU,HanbHb1H ycHnHTenb C perynHpyeM~M K03~$HU,H
eHTOM ycHneHHR /10-100/. 3AeCb npOHCXOAHT YCHneHHe CHrHana H 
noAaaneHHe TaKTOBoH noMexH, 11npoca'4H88100J,eHcR 11 4epea npoxOAHble 
eMKOCTH Kn~4a c6poca 38PRA8 8 8b1XOAHOM YCTpOHCTBe MaTpHI.J,bl. 
YcHneHHbn1 H OT$HnbTP08aHHb1H cHrHan noAaeTcR Ha cxeMy 11A80HHoH 
KoppenHpoeaHHO~ e~6opKH", npH4eM, nocKonbKY AUn /1107nB2/ Ha 
8XOAe HMeeT YCTpOHCT80 8b160pKH-xpaHeHHR, CXeMa COAepmHT TOnb
KO Knl04 npH8R3KH K ypo8HIO 11 4epHord 1

• CHrHanbl ynpa8neHHR AKB 
nocTynaiOT oT TaKToeoro reHepaTopa. AUn npeo6paayeT aHanoro8b1H 
CHrHan /0-2 8/ B BOCbMHpa3PAAH~H 4H$pOBO~ KOA. 

nepeAa4a U,H$p08biX K0A08 8 nK 11 npa88U, 11 ocy~eCT8nReTCR aCHHx
POHHO 6ea 6y$epHOH naMRTH no KnA nocpeACTBOM KapTbl aAanTepa /5/, 
pacnonomeHHOrO 8 nK, H HHTep¢eHca, KOHCTPYKTHBHO BblnOnHeHHOro 
B cTaHAapTe KAMAK. 

nporpaMMHOe o6ecne4eHHe 

AnR o6ecne4eHHR pemHMa C4HTbl8aHHR KaApa H rpa$H4eCKoro npeA
CTa8neHHR HH$OpM8U,HH pa3pa60T8HO nporpaMMHOe o6ecne4eHHe. 0HO 
8blnOnHReT cneAYIOtqHe $YHKU,HH: 

- C4HTb188HHe HH$0pM8U,HOHHOrO K8AP8, a HMeHHO C4HTbi88HHe U,H$
POBbiX KOA08 AUn AllR OAHoro KaAPa Yepe3 HHTep¢e~c 8 onepaTH8HyiO 
naMRTb nK 8 pe~HMe npRMOro AOCTyna K naMRTH; 
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- rpa¢~4ecKoe npeACTasneH~e KaApa s B~Ae ABYM€PHO~ rHcTo

rpaMM~ pa3MepoM 23qxJ44 KaHana; 
- s~6op X- HilH Y-ce4eHH~ npH noMo~H nporpaMMHo-ynpasnReM~x 

MapKepos ~ ~X npeACTaBneHH€ 8 BHA€ OAHOMepHbiX n1CTOrpaMM; 

- B~6op OAHO- H ABYMepHO~ 30H~ ~HTepeca Ha OAHOMepHO~ ~flH 

ABYMepHO~ rHCTorpaMMaX COOTBeTCTBeHHO AflR OAHOro HH¢OPM84HOH

HOro KaApa H CTaTHCTH4eCK8R o6pa60TKa 30H~ /B~4~CI1R~TCR M8K

CHMai1bHOe H MHHHM8IlbHOe 4HCI10 C06~TH~ B KaHane H COOTB€TCTBy~

~e HM HOMepa KaHanos, CP€AHee 4HCI10 C06~TH~ B KaHane, cyMMap

HOe 4HCI10 co6~TH~ B 30He HHTepeca, CP€AHeKBaApaTH4HOe OTKnOHe

HHe 4HCI1a C06~TH~ OT CP€AHero, FWMH H 4€HTP TRmeCTH AflR B~pa

>KeHHOrO m1 Ka/; 

- aanHCb KaApa Ha AHCK H 4T€HHe KaApa C AHCKa; 

- MHOrOKpaTHOe C4HTbiB8HHe H sanHCb K8APOB Ha AHCK /4HCI10 

KaApOB SaAaeTCR nOI1b30BaTei1eM/; 

- B~4HCI1€HHe cpeAHero 11TeMHOBOr011 KaApa H sanHCb era H8 

AHCK; 
- Bb14HT8H~e KOHCTaHTbl HilH 11 TeMHOBOr011 K8Apa H3 HH(I>OPM84H

OHHOrO KaApa; 
- CT8T~CTH4€CK8R o6pa60TKa npOH3BOI1bHO~ 30Hbl HHTepeca AflR 

38AaHHOrO KOI1H4eCTBa HH¢0pMa4HOHHbiX KaAPOB, aanHCaHHbiX Ha 

AHCKe. Bb14HCI1R~TCR cpeAHee 4Hcno co6biTH~, cpeAHeKBaApaTH4Hoe 

OTKI10H€HHe 4HCI18 C06b1THH OT cpeAHero /B np04€HTaX/, CP€AHe

KB8APaTH4HOe OTKI10H€HHe M8KCHMYMOB OT cpeAHero MaKCHMyMa /B 

npo4eHTax/, cpeAHee cyMMapHoe 4Hc.no co6biTHH, cpeAH€KBaApaTH4-

Hoe oTKilOHeHHe HHTerpanos OT cpeAHero HHTerpana /a npo4eHTax/; 

- Bbi4HCI1€HHe KOPP€KTHPYIO~ell! MaTPH4bl K03¢¢H4H€HTOB C 4eflbl0 

KOMneHC84HH HeOAHOPOAHOII! 4YBCTBHT€IlbHOCTH 30n no nno~aAH, 

aam1Cb nony4eHHOH MaTPH4bl Ha AHCK; ~ 

- YMHOmeHHe HH¢QpMa4HOHHoro KaApa Ha KOppeKTHPY~~y~ MaTPH4Y; 

- npOCMOTp C4HTaHHOrO HH¢0pMa4HOHHOrO K8Apa; 

- Bbl6op 48€TOBOIIJ nan~TPbl H 4B€TOsOH WKailbl KOAIIIPOBaHHR HH-

<IJOpMa~~~o 

3 o OCHOBHbiE 3KCnEPHMEHTAJibHbiE PE3Ynb TATbl 

B Ka4ecTse KOHBepTopa peHTreHOBCKoro Hany4eHHR a onHcblsae

MOM AeTeKTope np~MeHRn~cb ntoM~Ho<IJOPbl GdzOzS-Tb, Y2o 2S-Tb, 

CdWo4 o OcHOBH~e napaMeTPbl ntoM~Ho<IJopos np~BeAeHbl B Ta6n~~e 0 

AHanHa noKaablsaeT, 4TO Ha~6onee npeAn04THTenbHbiM AflR pet"HcTpa-

4HH MRrK~X peHTreHOBCKHX KBaHTOB RBilReTCR 0KCHCYI1b¢HA raAOn~

HHR, nOCKOilbKY yme npH TOil~HHe Il~MHHO¢Qpa 40 MKM 3¢$eKTHBH0CTb 

per~cTpa~~~ 6n~3Ka K eA~H~~e /p~co 2/o K TOMy ~e OH o6naAaeT 
AOCTaT04HO 6onbW~M 3HepreT~4eCKHM B~XOAOM /n/, aero cneKT-
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Ta6J1H1.1a 

E 

' 
z 9<1>!>. p(r/cM3) n(%) 

Yz02S-Tb 35 4,89 12 

GdzOzS-Td 56,5 7,34 14-18 

CdW04 63 7,9 4-6 

0.4 

10 20 30 40 
d (MKM) 

50 ~0 

6 K9B 8 K9B 

1-1 p 1-1 p T (c) (cM2/r) (cM2/r) 

230 105 IOE-3 

208,4 350 IOE-3 

329,5 15 7 

PHc. 2. PacqeTH~e 3aBHCHMo
CTH 3~eKTHBHOCTH perHCTpa-

4HH peHTreHOBCK:HX KBaHTOB 

C 3HeprHeH 8 K3B OT T~
Hbl ,D;.JUI pa3Jlli'tUibiX ITlOMiiHOif,lo

pOB. 

panbHaH xapaKTePHCTHKa Hennoxo cornacyeTcR co cneKTpanbHOH xa
paKTep~cT~Koii <l>oToKaTOAa 30n-1 /S-25 n~6o S-20(R)/. ·· 

0AHaKO npH He06XOAHMOCTH perHCTpa~HH 6onee meCTKOrO peHTre
HOBCKOfO H3fly4eHHR ~enecoo6pa3HO HCnOflb30BaTb BOflb~paMaT KaA

M~A /p~c. 3/. PaaH~4a a a<l><l>eKT~BHOCT~ per~cTpa4~~ Me~y CdW04 
H Gdz02S npH CpaSHHM~X TOfl~HHaX OfibRCHReTCR e~e TeM, 4TO npH 

H3f0TOBfleHHH KOHBepTOpa H3 nOflHKpHCTaflflH4eCKOrO fl~MHHO$Opa 

nnOTHOCTb ynaKOBKH 06~4HO OKOflO 0,4, T.e. Harpy3Ka fliDMHHO¢Qpa 
npHMepHo a 2,5 pasa MeHbwe ToH, KOTopaR 6~ nony4anacb npH He
nocpeACTBeHHOM YMHOmeH~~ Ton~~H~ n~HHO¢Qpa Ha ero nnOTHOCTb. 
B AaHHOH pa6oTe HCGneAOBaHHR npOBOAHnHCb B OCHOBHOM C OKCH
cynb$HAOM ~TTPHR, KOHBepTOP~ H3rOTaenHeanHCb MeTOAOM oca~e
HHR n~MHHO¢Qpa Ha BOflOKOHHO-onTH4eCKY~ waH6y ~3 cne~HanbHO npH
roTOBneHHOH cycneH3HH; TOn~HHa KOHBepTopa OKOnO 50 MKM. 3$$eK
THBHOCTb perHCTpa~HH AflR peHTreHOBCKOro H3ny4eHHR C 3HeprHeH 
6 K3B cocTaeHna eenH4HHY nopRAKa 86%, 4TO xopowo cornacyeTcR 
C paC4eTH~M 3Ha4eHHeM. 
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r---~--~-=~~~--~-r---r--~100 PHc. 3. Pac'lleTH~e saBHCHMo-
mo CTK norno~eHHH peHTreHOBCKHX 

80 

s s1as 10 z 3 4 s s1as110 
Er(K3B) 

60 

PHc. 4. 3aBHCHMOCTH K03~H- ~ 
X 

IJ;HeHTOB ycHJieHH.R: ,D;JUI 3Qll-l ~ 40 

/a/ H 30I!-2 /6/: a - OT Ha- ~ 
rrpHJKeHH.a: aa 4!oTOKaTo,o;e 30ll-l , &20 
6 - OT aanpHJKeHH.R: Ha MHKpO

KaHanbHOH rrnaCTHHe 3QIT-2 • 
.QJIHHa BOJIHbl HCTO'l!HHKa CBeTa, 

C IIOMO~biD KOTOporo H3Mep.R:

nHCh K03~~HeHThl ycaneHH.R:, 

pasHa 550 HM. 

~ 
0 
X 

KBaHTOB B CdW04 H Gd202S-Tb 
oT saeprHH KBaHTOB. To~HHa 

CdW04 50 MKM, Gd202S-Tb 
35 MKM, 

a 

6 

490 540 590 640 690 740 790 81<0 
UMKn <BJ 

npH KOHBepCHH peHTreHOBCKHH KBaHT /6 K36/ o6paayeT OKOnO 
200 ¢OTOHOB /Amax = 384 HM/, H3 KOTOpbiX TOnbKO MeHbWe nonOBHHbl 
AOXOAHT AO ¢oTOKaTOAa 30n-1 , K03¢¢H~HeHT YCHneHH~ KOTOporo 
3aBHCHT OT HanpRmeHHR, npHKnaA~BaeMoro M€mAY $OTOKaTOAOM H 
3KpaHoM /pHc. 4a/. CT~KOBKa ABYX npeo6paaosaTeneH 6ea yMeH•
weHHR pa604€~ nno~aAH A€T€KTOpa B03MOmHa 6narOAaPR TOMY, 4TO 
30n-1 yMeHbwaeT paaMep Hao6pa~eHH~ s 1,6 paaa. Koa¢¢H~HeHT 
YCHfl€HHR BTOpOrO 3Qn CY~€CTB€HHO 60flbW€, 4€M y nepaoro, 3a 
c4eT npHMeHeHHR MKn a Ka4ecTae 3neKTpoHHoro YMHO*~Tenfl 

/p~c. 46/. Heo6xoAHMO oTMeTHTb, 4TO cyMMapH~H K03¢¢~~HeHT 
yc~neH~fl c6opK~ M3 ABYX npeo6paaosaTene~ s 4 paaa MeHbwe To-
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ro, KOTOp~~ nony4HflCR 6~ nepeMHO~eHHeM 3Ha4eHH~ H3 pHC. 4a 

~ 46. Ko3$$~4~eHT yc~neH~A nepeoro 30n ycTaHaBn~eancA paeH~M 

50, K03~~H~HeHT YCHfleHHR BTOporo- MeHRnCR B 3aBHCHMOCTH OT 

ycnOBH~ H3MepeHH~. 

~300pa~eH~e, C~OpM~pOBaHHOe Ha B~XOAHOM 3KpaHe 3Qn-2, 

YMeHbwanocb npHMepHo a nRTb paa c noMo~b~ o6aeKTHBa PRAKTICAR 
1;2,8, f = 20 MM H ~OKYCHpoaanOCb Ha $OT04yBCTBHTenbHO~ 4aCTH 

noaepxHOCTH n3C-MaTpH~~. ~aMepeHHe noTepb caeTa noKaaano, 4TO 

AO MaTpH~~ AOXOAHT TOnbKO 0,6% OT nepBOHa4anbHOro nOTOKa, 

AnR 04eHKH C06CTBeHH~X WYMOB H flHHeHHOCTH C60pKH npeo6pa-

30BaTene~ B~XOAHO~ 3KpaH AHa¢parMHpoaanCR AO 2 MM, a BMeCTO 

n3C-MaTP~4~ YCTaHaen~eanCA ~OT03neKTPOHH~H YMHO~Tenb /~3Y-8]/ 

co cxeMo~ C4eTa ¢oTOHOB. MepTaoe apeMR cxeM~ 40 He. ~HTeHcHe

HOCTb CBeTOBOrO nOTOKa npH CYMMapHOM K03¢$H~HeHTe yCHneHHR 

75•103 COCTaB~na een~4~Hy 2,5·104 ~OTOHOB B ceK, 4TO COOTBeT

CTByeT 6-10-12 nM AnA A = 550 HM. np~ ~3MepeH~~ n~HeHHOCT~ 

Hcnonb30BanCR KOflflHMHpOBaHH~~ peHTreHOBCKHH ny40K /8 K3B/, 

MoHHTOPHPOBaHHe npoBOAHnocb c noMo~b~ raaoaoro AeTeKTOpa. OT

CTynneHHe OT nHHeHHOCTH npH yaenH4eHHH HHTeHCHBHOCTH peHTre

HOBCKOro ny4Ka /pHC. 5/ npOHCXOAHT BcneACTBHe TOro, 4TO He 

YAaeTCR o6ecne4HTb nOCTORHCTBO cneKTpanbHOrO COCTaea peHTre

HOBCKOrO ny4Ka BO BCeM AHana30He HHTeHCHBHOCTeH. 

AnR HCcneAOBaHHR 3aBHCHMOCTH ypOBHR WYMOB MaTpH~~ OT TeM

nepaTyp~ 6~n paapa6oTaH Kp~OCTaT. n3C-MaTp~4a paaMe~anacb 

BHYTPH KPHOCTaTa Ha oxnamAaeMoM paAHaTope. Oxna~eHHe ocy~ecT

BnRnocb npOAYBKoH napoa ~HAKoro aaoTa 4epea paAHaTop. B Ka-

4ecTee TepMOMeTpa HCnOnb30BanOCb OTrpaAYHPOBaHHOe conpOTHane-
HHe TBO, HaKneeHHOe Ha pa

A~aTop. KOHCTPYK4~A Kp~o-

cTaTa noseonRna MeHRTb TeM-

~~ nepaTypy n3C-MaTP~4~ OT 
KOMH3THOH AO -1000C. 
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/ 
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/ 
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WyM~ onpeAenRnHCb KaK 

cpeAHeKBaApaTH4HOe OTKnOHe

HHe OT cpeAHero 3Ha4eHHR co

AepmHMoro B~6paHHOH R4e~KH 

/e KaHanax AUn/. KaK cne-

// PHC. 5. 3aBHCHMOCTh HHTeH-

/ CHBHOCTH cqeTa CXeMhl cqeTa 

// ~OTOHOB OT HHTeHCHBHOCTH 
/ 

// peHTreHOBCKOrO rryqKa /8 K3B/, 
/ 

10> "-:-/;.....~~~ ..... ,.-~~~ .. ~~~~-j rra,o;aww;ero aa niOMHHOd>op p;e-

101 102 103 10£t TeKTOpa. ,[{HaMeTp peHTreHOBC-

No(J)C Koro ITytiKa 200 MKM. 
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PHc. 7. 3aBHCHMOCTh CYMMN 
COAeP~Moro 121 xqefiK!i IT3C
MaTP"''hl /B KaHanax AUII/ oT 
BpeMeHH HaKOIIJieHHH • 

A~eT H3 pHC. 6, OHH AOCTa
T04HO CHflbHO SaBHCRT OT TeM
nepaTyp~ MaTPH4~ H y~e npH 
-35<-40°C wyM~ onpeAenR~TcR 
TOflbKO WyMaMH 3neKTPOHHKH 
C4~T~BaHHR H KOAHPOBaHHR -
3To -2 KaHana AUn. 3HaR Ko-
3¢¢H4HeHT yCHneHHR 
100/ H K03~~H4HeHT 

/oKono 
npeo6-

paaosaHHR sapRAa a HanpRme-
HHe 8 BbiXOAHOM ycTpOaltCTBe 
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PHc. 6. 3aBHCHMOCTh cp~
HeKBaApaT~aoro OTKnoae
HHH oT cpegaero cogep~Mo
ro B BN6paaaoH HqeHKe IT3C
MaTpliiJ;bi /B KaBanax AUII/ oT 
TeMnepaTyphl PaAHaTopa KpH
ocTaTa. 

• 

10 15 
t., c 

• 

20 25 30 

MaTPH4~ /2,5·104 3neKTPOH/M8/, MOmHO OnpeAenHTb COOTBeTCTBHe 
Me~y KaHanOM AUn H aapRAOM /s 3neKTPOHax/. B HaweM cny4ae 
OAHH KaHan AUn cooTaeTcTayeT npHMepHo 2·103 3neKTpoHoB. EcnH 
onpeAeflHTb AHHaMH4eCKHH AHana30H MaTPH4~ /D/ KaK OTHOWeHHe 
MaKCHManbHOro 3apRAOBOrO naKeTa B R4e~Ke K yTpOeHHOMY YPOBH~ 
WYMOB, TO! 

H onpeAenReTCR TOnbKO wyMaMH C4HT~BaHHR. 
PesynbTaT~ ~sMepeH~R sas~c~MOCT~ wyMosoro sapRAa oT speMe

H~ 3KCn03~4~~ 'np~ HOpMaJlbHOill TeMnepaType np~B€A€Hbl Ha p~C. 7. 
no oc~ OPA~HaT oTnomeHa cyMMa COAepm~Moro 121 KaHana. K np~
Mepy, np~ speMeH~ B~AepmK~ 30 c cpeAHee 3Ha4eH~e wyMosoro sa
PRAa /s KaHanax AUn/ paaHo 230, 4TO cooTaeTcTayeT nnoTHOCTH 
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TeMHOBOfO TOKa n3C-MaTPH4bl 1 , 2 HA/ CMZ. npH speMeHH 3KCn03114HI-1 

0,4 C H3-3a 60ilbWHX WYMOB C4HTb1BaHI-1R 8KnaAOM WyM08 MaTPH4~ 

MO>t<HO npeHe6pe4b, T .e. npH KOPOTKOH 8biAeP>t<Ke MO>t<HO pa6oTaTb 

11 6e3 oxnamAeHI-1R. 
Ba>t<HoH xapaKTepHcTI-1KoH AeTeKTopa RBnReTcR 4y8cT8HTenbHOCTb 

K MRrKOMY peHTreH08CKOMY V13Ily4eHH~, T.e. KaKOMy KOilH4eCTBy 

3IleKTPOHOB B n3C-MaTPI-14e COOT8eTCTByeT OAHH K8aHT, norno~eH

H~H 8 n~MHHo¢ope. H3MepeHHe 4YBCTBHTenbHOCTH npoH380AHnocb npH 

nOMO~H KOI1J1HMHP08aHHOfO peHTreH08CKOfO ny4Ka /E = 8 K38, AHa

MeTp KOililHMaTopa - 200 MKM0 HHTeHCH8HOCTb KOTOporO ne>t<ana B 

AHana30He OT 100 AO 3000 1/c. no CYMMapHOMy aapAAY 8 MaTPH4e, 

COOT8eTCTBy~~eMy AaHHOH HHTeHCH8HOCTH ny4Ka, onpeAeilRJlaCb \..lys

CTBHTeilbHOCTb. npH 06~eM K03¢¢H4HeHTe YCHileHHR npeo6pa30BaTe

neH OKOJ10 75·103 OHa COCTaBHila Bei1H4HHy, paeHy~ npHMepHO 

1300 :>JleKTpOHOB HJlH 0,55-0,6 KaHana AUn. AHanorH4Hble H3MepeHHA 

c a-4aCTH4aMH AanH 3Ha4eHHe 4yBCTBHTeilbHOCTH 120 KaHanos AUn 
Ha OAHY a-4aCTH4Y c :>HeprHe~ 5,5 M:>B. 

B npo4ecce HCCileAOBaHHR 6blno onpeAeneHo, 4TO AflR yMeHbwe

HHR noTepb HH<I>opMaU,HOHHOfO 3aPRAa n3C-MaTPH4bl He06XOAHM BBOA 
11HenycToro HYilR 11

, sem14HHa KOTOpOrO COCTaBJlAila npHMepHO 5% • 
OT nonHoro 3aPRAa a R4ei1Ke. $OHOBbli1 3apRA BBOAHilCR OnTH4eCKHM 

o6pa30M, T.e. MaTPH4a nOACBe4HBaJlaCb cseTOB~M nOTOKOM onpeAe

IleHHOt1 HHTeHCI1 BHOCTH. 11T eMHOBOJ1 1 1 KaAP 3anOMH HaJ1CR 11 3aTeM Bbl

\..ll,tTailCR 113 1111H4>opMa4HOHHOr011 KaApa. 

0AHOPOAHOCTb 4YBCTai1TeilbHOCTH AeTeKTOpa no nno~aAH HCCileAO

aanacb npH o6ny4eH11H Il~MHHO¢opa paBHOMepHbiM ny4KOM OT peHT

reHOBCKO~ Tpy6KH /-8 K3B/. 
BecbMa 6onbwoH pa36poc 4YBCTBHTe11bHOCTH no KpaRM H 8 u,eHTpe 

06YCilOBJ1eH B OCHOBHOM Ka4eCTBOM H3fOTOBileHHR 3JleKTPOHHO-OnTH4e

CKHX npeo6pa3osareneH.~nR KOMneHcau,HH pa36poca npHMeHAilaCb npo-

4eAypa yMHO>t<eHHR HH¢opMa4HOHHOfO KaApa Ha MaTPH4Y nonpaB04HbiX 

K03¢¢1-141-1eHTOB; MaTPH4a ¢OPMHpOsanacb OAHH pa3 nepeA Ha4aJ10M 

H3MepeHHH H xpaHHnacb Ha AHCKe. Ha pHc. 8 noKa3aHbl pe3YilbTaTbl 

npHMeHeHHR KOppeKTHpy~~eH MaTpH4~: cpeAHeKBaApaTH4HOe OTKnQ

HeHHe npH CYMMHpOBaHHH 30 CTPOK He npeBbiWaeT OAHOfO np04eHTa. 

npocrpaHCTBeHHOe pa3peweHHe AeTeKTOpa KaK AilR peHTreHOsc

KOro H3Ily4eHHR /~8 K38/, TaK H AilR a-4aCTH4 COCTaBHilO BeilH\..IH

HY nopAAKa 350 MKM npH pa6o4eM AHaMeTpe Jl~MHHO¢Qpa 40 MM H 

onpeAeilRilOCb a OCHOBHOM n3C-MaTPH4ei1. Ha pHC. 9 noKa3aH npo

~Ilb H306pa>t<eHHR OT PAAa KpyrilbiX OTBepCTHH, nOily4eHHOf0 npH 

paaHOMepHoH 3acserKe ny4KOM peHTreHOBCKI1X raMMa-KaaHTOB. HH

TeHca-1aHOCTb ny4Ka Bbi6Hpanacb TaKOJ1, 4T06bl BbiCOTa nHKa 6bUla 

npHMepHo a AeCRTb pa3 BbiWe ypoaHR wyMoa AilR 6onee noKa3arenb

HOH AeMoHcTpau,HH BilHAHHR TeMneparypbl Ha Ka\..leCTBO H306pa>t<eHHR. 
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PHc. 8. Cel.leHHH 
H3o6p~eHHH, nony
qaeMoro npH paBHO
MepHoH sacBeTKe Ae
TeKTopa flOTOKOM 
peHTreHOBCKHX KBaH
TOB ~o /ssepxy/ H 

nocne KoppeKW!H 
/BHH3y/, 

PHc. 9. CeqeHHe 
H306p~eHKH, nony
qeHHoro npH o6nyqe
HHH peHTreHOBCKHM 
nyqKOM MaCKH C OT
BepCTHHMH AHaMeTpoM 
0,5 MM npH 24°C 
/BBepxy/ H -J50C 
/BHH3y/. PaccTOHHHe 
Me~y OTBepCTHHMH 
2 MM. 

ll 
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Pac. 10. Ce~eBBe 
aso6p~eHHa, no
nyqeHHoro oT 2 
a-qaCTH~, npH Te.M

nepaType IT3C-MaT
p~hl - 35°C. Bhlco
Ta aaa6onPmero na
Ka - 27 KaHanoB 

AUll. 

PHc. II. ll3o6p~eHHe 
6yKB, COCTaBneHHWX 

H3 OTBepCTHH gHaMeT

poM 0,7 MM 6es oxn~
AeHHH /BBepxy/ H c 
oxn~eHHeM /BHH3y/. 
3aepraa nyqKa peaTre.

HOBCKHX KBaHTOB 8 K3B. 

AHaMeTp OTBepcTHH 
0,8 MM. 

PHc. 12. Ce~eHHe 
aso6paJKeHHH "cepo

ro KJIHHa11 • 3aeprHH 

nyqKa peHTI'eHOBCKHX 

KBaHTOB 8 K3B. Ton
~HHa Ka~oH rronoc
KH KnHHa H3 Mafina

pa 80 MKM, 



PHc. 13. H3o5p~eHHe, norryqeHHoe OT KpH
CTanrra CdW04, oGrryqaeMoro nyqKoM MHrKHx 
peHTreHOBCKHX KBaHToB. MaKCHManbHbm pasMep 
KpHCTaJm.a t:IpHMepHO 15 MM, TOJI~Ha KpHCTan
na - 40 MKM. TeMHble 06JlaCTI-I COOTBeTCTBYlOT 
ge~eKT8M B KpHCTaJine. 

Ha pHc. 10 noKaaaHo H306pameHHe oT ABYX a-4aCTH~, aaperHcT
PHPOBaHHbiX c HHTepeanoM ..... 2 c. 8biCOTa nHKa AilR Ka>t<AoH 4acn-1 L4bl 
npHMepHo a 5 paa MeHbWe nonHero HHTerpana noA nHKOM. 8 Ka4e
CTBe I<IliliOCTpa~l<l< pafiOTbl AeTeKTopa npHBeAeHbl 3 cPOTOrpa,PHI< C 

3KpaHa MOHI<TOpa /pi<C. 11-13/. 

4. BbiBO£\bl H 3AKniOYEHHE 

8 npo~ecce pa6oTbl 6bii1 coa,qaH noaH~J..10HH0-4yacTBHTenbHbl~ ,qe
TeKTop Ha OCHOBe n3C-MaTpH~bl C noeepXHOCTHbiM KaHailOM Ha IlHHHH 
C nK 11 npaee411 H J."'CG.neAOBaHbl ero OCHOBHble xapaKTepJ..1CTI-1KJ.1. 

npHMeHeHHe ABYX 3JleKTPOHHo-onTH4eCKJ..1X npeo6paaosaTeneH no-
3BOI1HI10 nony4HTb AOBOJlbHO B~COK!-1!1! K03$$H41-1eHT npeo6pa30BaHHR 
AilR peHTreHOBCKHX KBaHTOB C 3HeprHeH 8 K3B - 1300 3IleKTpOHOB 
a n3C-MaTPH4e Ha o,qHH KeaHT, norno~qeHHbllli a ntoMHHO$ope. 8blco
KaR 4YBCTBHTeJ1bHOCTb ,qeTeKTopa n0380IlReT perHCTpHpoaaTb e,qH
HJ.14Hble a-4aCTH4bl c 3HeprHeH 5,5 Ms8. 

npocTpaHCTBeHHOe paapeweHHe ,qeTeKTOpa npH pa6o4eM AHaMeTpe 
J110MJ.1HO$Opa 40 MM COCTaBHilO BeJ1J.141-1HY OKOI10 350 MKM KaK AflR peHT
reHOBCKHX KBaHTOB, TaK J.1 AilR a-4aCTJ..14. 
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0AHOPOAHOCTb 4YBCTB~renbHOCT~ no nno~aA~ AeTeKropa c np~
MeHeH~eM KOppeKT~PYIOW.eH MaTplllt_tbl BeCbMa BbtCOKa. HeOAHOPOAHOCTb 
3~eKT~BHOCT~ per~crpat,t~lll He npeabtwaer OAHOro npo~eHTa. 

OxnamAeHHe n3C-MaTpH~~ AO TeMnepaTyp -35 f -40°C n03BOnReT 
cy~ecraeHHO yaenlll4~Tb speMR HaKonneHIIIR 6ea yaenH4eH~R ypoBHR 
WyMOB. 

Co3AaHHbtl1 AeTeKTOP MO>KeT np~MeHRTbCR AJlR ClllCTeMbl A~arHocrH
K~ ny4KOB, CTPYKTYPHbtX ~ccneAOBaH~H 6enKOB C noM~biO ClllHXPOH
HOro lll3ny4eH~R, AJlR CbeMa HHQ:lOpMa~~~ CO CU~HH1IlJ1RU,HOHHbiX HHTeC1 
8 rOAOCKonax H T.A. 

B 3aKI1104eHHe aaropbt BbtpamaiOT npH3HarenbHOCTb aKaAeMHKY 
A.M.banAHHY aa BHHMaHHe ~ ~Hrepec K pa6ore. Aaropbt 6naroAapRr 
B.A.&enRKoaa, H.n.BonKoaa, M.H.M~xaHnoay, A.E.MocKoacKoro, 
B.A.newexoHosa, H.H.THxaH4esa, ~.r.~eAynosa, B.H.Aa~Kosa 3a 
noMOL4b a pa6ore. 

JlHTEPATYPA 

1. Co6enbMaH H.H. HAP· - npenpHHT ~HAH, M., 1988, 241. 
2. Strauss M.G. et al. - NIM, 1988, A266, p.563. 
3. Callcot T.A. et al. - NIM, 1988, A266, p.578. 
4. rosopyH B.H. HAP· - npenpHHT H~B3 83-136,Cepnyxos, 1983. 
5. HsaHOB A.6., 4yHr ~.X.- 011llH, 13-87-618, AY6Ha, 1987. 

14 

PyKonHcb nocrynHna a H3AaTenbCK~H OTAen 
30 H~HR 1989 rOAa. 


