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BHX OJIOKIB JACTEKTYBaHHS, aHaIIOI‘O-LIPI(prBI/IX HepCTBOpIOBa‘IiB, TIEPCOHATIBHOTO KOMH’IOTCpa
Ta OPOrpamMHOro 3adesrnedeHHs. ExcriepuMeHTanbHi DOCITIKEHHS 3 BUKOPHCTAHHIM JDKEPEI
anr,d)a-, 6eTa-, FaMMa-BI/IHpOMiHIOBaHHH JOBCIN HpaHCSHaTHiCTI) npuwiagy 3 AOCTaTHBO BHCO-
KUMU TEXHIYHUMH nmapaMeTpamMu, TaKUMHU SK: TOYHICTH Ta CTAOLILHICTH CBOIX XapaKTEpUCTHUK.

Kirouosi cioBa: anbbha-mepena, 6era-mkepena, raMMa-aKepesa, HeHTpOHHE IKepero,
OaraToxaHaIbHUII aHAII3aTOP IMITYJIbCIB, KPEMHIH, TEIYpH KaaMilo.

Beryn. IIpoBeneHHs SKiCHOTO pafiamifHOTO €KOJOTIYHOTO MOHITOPH-
HTY pi3HUX 00’€KTiB BIMara€ 3aCTOCYBaHHS NPHJIANIB 3 IIHPOKUM Iiarma3o-
HOM BHMIpPIOBaHb, a TAKOK BUKOPUCTAHHS METOIB crieKTpomeTpii [1].

VY po0ori [2] ommcaHuii CIIEKTPOMETP-ITO03UMETpP AJII aBTOMATHIHOTO
BHMIPIOBaHHS IIOTOKiB, 703 aib(a-, OeTa-BHIPOMIHIOBAaHHS Ta CIEKTPIiB
raMMa-BUIIPOMIHIOBAaHHS PEYOBHH 3a JOIOMOTOIO HAIliBIIPOBiTHHKOBHUX
nerexTopiB. Lleit nmpucTpiii He BU3HaYa€e HASBHICTH HEHTPOHHOTO BUIIPOMi-
HIOBaHHS Ta TOBUIMHY IIapy aib(ha-BUIPOMiHIOBAHHS.

Bigomuii crioci6 peectpauii HeiTpoHiB [3], sikuit 3acHOBaHUH Ha paxy-
HKY MHTTEBHUX Y-KBAaHTIB 3aXOIUICHHS, IIO YTBOPIOIOTHCS TPH B3aeMOJIl
HEWTPOHIB 3 sApaMu Kanmiro-113. J{ns cTBOpeHHs raMMa-KBaHTIB 3aXoOll-
JIeHHs Ta X peecTpalii BUKOPUCTOBYIOTb MOHOKpPHCTAJl HaIliBIIPOBIIHUKO-
BOI CIIONYKH KaaMiro, 30KpeMa, celieHin abo Terypua kaamiro. aHuit cro-
ci0 MeHIm I1HQOPMATHUBHHUI BHACTINOK BIICYTHOCTI CIIEKTPiB TaMMa-
BHIIPOMIHIOBAHHSA, 110 SKOMY MOXXHA BHIUIATH «KaIMi€Bl» HEHTPOHH 3a
peaxuiero 2Cd (n,y) Cd, a Takox He 103BONSE BH3HAYMTH HEHTPOHHI
JpKepela B IPUCYTHOCTI MOTY>KHUX Y-IDKEPEL.

VY poborti [4] mpoBeneHO BH3HAYCHHS OCHOBHHX BHUMIPIOBAIBHUX IIa-
paMeTpiB MIMPOKOiana30HHUX A03UMETPIB-paioMETpiB HEHUTPOHIB 1 (oTO-
HiB MKC-03CM, 650K TE€TEKTYBaHHS AKOTO peali3ye MPHUHITUI PO3MILIICHHS
JCKIIbKOX JIYMIBHUKIB HA PIi3HIN TIHOWHI B CHOBiTBbHIOBauYi. Bu3HaueHO
OCHOBHI BHUMIPIOBaJIbHI NapaMeTpu B Jiama3oHi eHeprid Bix 25 xeB no
15 MeB. [list omepaTuBHOTO IHAMBIAYaIbHOTO KOHTPOJIO MEPCOHANY IO
€KBIBaJICHTHIN 11031 pO3pOONCHUN NPSIMOIOKA3yIOUHil CHTHATBHUHA JO3U-
Metp AKBH-01, mpuHImm poGOTH SIKOTO 3aCHOBaHWI HA 3aCTOCYBaHHI Je-
TEKTOpY HEHTPOHIB 3 KPEMHI€BOTO HAIMiBIIPOBIIHMKOBOTO AETEKTOPY 3 BO-
JOpOABMICHUM pajiatopoM. JlaHi mpuCTpPOi HE MO3BOJIAIOTH BH3HAYaTH
anb(a- i Oera- mKepena.

B po0ori [5] mis BUMiproBaHHS TOJiB TaMMa-BUIIPOMiHIOBAHHS Ta Ha-
niifHO1 imeHTHdIKAI] OCHOBHHUX 130TOMIB-TIPOIYKTIB MOAITY 3alpOIIOHOBA-
HUIl TIOBHICTIO IU(POBHM TramMMa-CIEKTpOMETp 3 OaraToeleMeHTHHX
CdZnTe-gerexkropom. CriekrpomeTp Mictuth MacuB aerekropis 3 CdZnTe,
nudpoBUi OaraToKaHAIBHUI aHANI3aTOp IMITYJBCIB, peai30BaHUN 3 BUKO-
puctanssaM mBuakonifounx ALl 32-po3psaHnX CUTHAIBHUX HPOILECOPIB.
KosxeH 1eTeKTOp BUTOTOBJICHUI TAKUM YMHOM, 1110 320€3[eUYyI0ThCS YMOBU
TiepeBayKHOTo 300py HOCIiB ofHOrO 3Haka (KBasicepuuHa reomerpis). Lle
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JIO3BOJIIE ICTOTHO TOKPAIIUTH CHEPTeTHYHY PO3IOAUIRYY 3AATHICTH. s
JETEKTOPIB CIIEKTPOMETPUIHOI SIKOCTi PO3IMOIiTbYa 3MaTHICTh 3HAXOIUTHCA
B miamasoni 6-9 keB mms emeprii 662 keB *'Cs. Jlanuit criextpomerp 10-
3BOJISIE IPOBOANTH BUMIPIOBAHHSI JIMIIIE TaAMMa-BHIIPOMIHIOBAaHHS.

ABTOpaM He BiOMi HpWIaIH, HapHUKIag [6,7], 11 0OqHOYACHOTO BU-
MiproBaHHSA anb(a-, 6era-, raMMa- Ta HEHTPOHHOTO BUIIPOMIHIOBAHHS.

TakuM 4YMHOM, aHaNi3 JITEpaTypHUX JaHUX II0Kas3aB, IO HE ICHYE
npuiIaay AJs OJHOYACHOTO BUMIpIOBaHHA anb(da- , 6erta- , raMMa- Ta HEHT-
POHHOTO BUIIPOMIHIOBAaHHSL.

MeToro poboTH € po3podka croco0y Ta Mpuiiaay Uit OTHOYACHOTO BU-
3HaueHHs anb(a-, Oera-, raMMa- Ta HEHTPOHHOrO BHIIPOMIHIOBaHHS, IO
3MEHIIYE Yyac BUMIPIOBAaHHs OeTa- Ta raMMa-BUIIPOMIHIOBAHHS, a TAKOX JIa€
3MOTY OJHOYaCHO BHMIPIOBATH IIUTBHICTH MOTOKY anb(da- Ta HEHTPOHHHUX
JaCTOK.

BukageHHs 0CHOBHOTO MaTepiajy.AHali3 BUIICBUKIAACHAX TIPH-
JaiB JUIA A€TEKTyBaHHS SACPHUX BUIIPOMIHIOBAaHb Ta AETEKTOPIB, 110 3a-
CTOCOBYIOTH [UISl 1X aHaJIi3y, MiJBiB 10 BAKOPUCTAHHS /ISl OTHOYACHOTO
BHUMIiprOBaHHSA anb(a-, OeTa-, raMMa- Ta HeHTPOHHOTO BHITPOMIHIOBaHHS B
YOTHPHOX OaraToKaHaJ bHUX aHANI3aTOPaX IMIyJIbCIB HACTYITHHUX JIETEKTO-
piB:

1) CHeKTpOMETpHYHMH TeNypHI-KaaMIeBUH JETEKTOp pPO3MipoM
5X5x3 mijiMeTpa Jyisi BUMIpIOBaHHS PO3MO/ITYy raMMa-KBaHTIB 3a €Heprielo,
Je eeKTUBHICTh PaxyHKiB qetextopa cknagana 0,8 % [8];

2) kpeMHieBHH gerekTop momero 10x10 MM mepen skuM OyB po3Ta-
LIIOBaHMUI MMOTJIMHAY 3 TOBIIMHOIO AJIFOMiHiI0 30 MKM, 1110 3aTPUMYBaB ITOTOK
0-9aCTOK Ta MPOITyCKaB [-4acTKu 3 eHeprieto Oinpme HixK 100 keB i Buko-
PHUCTOBYBABCS JJIS1 BUMiPIOBAHHSI IIUTFHOCTI IIOTOKY O€Ta-4acToK;

3) xpeMHieBHiA aerekTop miomero 10x10 MM, skuii BKpHTHI OIapom
QTIOMIHIO TOBIIMHOIO | MKM UTS 3aXHCTY BiJl 30BHIITHBOTO CBITJIA, IO BU-
KOPUCTOBYBABCS JUISI BUMIPIOBAHHSI LIIILHOCTI TIOTOKY alib(pa-4acToK;

4) kpemHieBuil nerektop miomero 10x10 MM, mo OyB 3aropHyTH B
MOJIETHIICHOBY TUTIBKY JIJIsl BAMIPIOBAaHHSI IIILHOCTI IOTOKY HIBHIKHX HEW-
TpoHiB [4,9].

Jlo nepeBar Si 1eTEeKTOPiB, IO 3aCTOCOBYBAM sl peecTpailii anbda-,
6eTa- Ta HEHTPOHHOTO BUIIPOMIHIOBAHHS, BapToO BimuecTn [10]:

PO3IIOJIIIT 32 €Hepriero Ha JiHil UIyTOHIN-238 MOXe He MepeBHILyBaTH
10-12 keB;

BiJIKpHTA TIOBEPXHS P-N-IIEPEXOTY IUIOMIHHOK 1 cM;

TEXHOJIOTiSl BUTOTOBJICHHS p-N-TIepexo/ly 3iHCHIOETECS qudys3ieto 60-
pomM Ta (ochopom, 110 TO3BOIISAE PO3PAXOBYBATH Ha MiABUIIEHY padialliiiHy
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Ta MeXaHIuHy CTIHKiCTh;TOBIIKMHA p-N-TIepexory Moke gpocsraTtu 0,3 MM, mo
II03BOJIsIE MipsaTH eHeprito B-gactok 1o 300 keB, a-gactox — mo 10 MeB.

Jlns omHOYacHOTO BUMipIOBaHHS ajbda-, 6era-, raMMa- Ta HEHTPOHHO-
T'O BUIPOMIHIOBaHHA OYJIO CTBOPEHO MifOYMHA MakKeT 3 YOTHPHOX Oararoxa-
HAJIBHUX aHAJI3aTOPIB IMITYIIBCIB, SIKHM 300pa’keHO Ha PUCYHKY 1.

broku nerekryBaHHs aibga-, OeTa-, raMMa- Ta HEHTPOHHOTO BHIIPO-
MIHIOBAaHHSI MiJKJIFOYCHI 1O YOTHPHOX BXOJIB aHai3aTopa iMIyJbCiB. biok
JIETEKTYBaHHs ajb(a-BUIIPOMIHIOBaHHS — 0e3 KpHIIKH 3 (obroro. Pe3yinb-
TaTH BUMIpIOBaHb BUBOJATHCS HA NEPCOHATBLHUN KOMIT'IOTED.

Crioci0, 3aBISKH SIKOMY MOXKJIMBO OJICp)KYBaTH 1H(OpMALO 3 4OTH-
pPBOX JAaTYMKIB BUIPOMIHIOBAaHHS, 0a3ye€ThCsl HA BHKOPUCTaHHI YOTHUPHOX
LIICTHAUATHPO3PSIIHUX aHAJIOrO-IU(PPOBUX MEPETBOPIOBAUiB, L0 Kepy-
I0ThCS OJTHIM MIKPOKOHTPOJICPOM. 3araibHa CXeMa OJHOTO KaHaly aHali3a-
TOpa IMIYJbCiB 300pakeHa Ha PUCYHKY 2, B SKii MIKpPOKOHTPOJEp € 3ara-
JBHUM JJIS1 Y0THPHOX KaHaNiB BUMIPIOBaHHS.

B "oTHprOX OaraTokaHaIFHUX aHATI3aTOpaX IMIYJIBCIB BUKOPUCTOBY-
Bayuch mpeamigcwmoBady  OPA 27, mictHaamsaté  pospsoamii AT
ADS 8361, BoceMu po3psiaauii Mikpomnporecop 16F877A, manomrymisanit
3 BUCOKOOMHHM OIIOPOM Ta BUCOKOIO LIBHKICTIO HAPOCTaHHS CUTHAIY ITiJI-
cumoBauy AD8033. B ananoroBo-uugpoBoMy NepeTBOpIOBadi BUKOPUCTO-
ByBaJIMCs ABaHAAUATE po3psiaiB ALl 3 MOKIMBICTIO BUKOPUCTaHHS J0AaT-
KOBHX PO3PSIIIB [UIsl IMiABUIICHHS PO3/UIBHOT 3aTHOCTI.

Puc. 1 — YorupukaHanbHUI aHAI3aTOP IMITYJIBCIB ISl OTHOYACHOTO BUMIpIO-
BaHHA anbga-, 6eTa-, raMMa- Ta HSHTPOHHOTO BUIIPOMIHIOBaHHS
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TIONEPE/HIN TIICHIIOBAY | [ TIKOBHIT | R
AATHHK HHIHCMHIOBALI ®OPMYBAY | ™| IETEKTOP | ALUL

} CKHHEHHSA H KOHTPOJIEP }-V‘

USB-
KOHTPOJIEP

Puc. 2 — 3aranpHa cxeMa OHOTO KaHaIy aHalli3aTopa iMITyJIbCiB

[Tpu npoBeseHHI eKCIepUMEHTAIBHOT TIepeBIpKH YOTHPHOX OaraToka-
HaJIbHUX aHaJIi3aTopiB IMITYJIbCIB 32 KAaHAJIOM raMMa-BUIIPOMIHIOBAHHS BH-
KOPHCTOBYBANOCh JDKEPENO TaMMAa-BHIPOMIHIOBAHHS ' CS aKTHBHICTIO
A=1,185><1011 Bbx. CoexTp ramMma-BUIPOMIHIOBaHHS, IO OTPUMaHHUHA Bix
mwkepena ' Cs, 306pakeHuii Ha pACYHKY 3 — criekTpomerp 1.

BincTare mo mxepena Bcs cKkiamana 3,5 MeTpH, IUCKPHUMiHAIis
BcraHoBmroBanach Ha piBHI 100-110 keB it BuUMiproBaHHS IO TaMMa-
KaHally, BIIUPUHA MKy ckiagana 15 %. Sk BuaHO 3 pUCYHKY 3 11l KOX-
HOTO KaHaJly XapakTepHa BiANOBIJHA KUIBKICTh PaxXyHKIB Ta BiJIIOBIIXHHNA
€HEPreTUYHUH CIEKTP.

- - ST T

TposteTpd. 104124 Bpeses 15630

(e

Puc. 3 — Criextp Bix miepen ' Cs — crextpomerp 1, *°Sr+*°Y — cnexrpomerp
2 ta 3, 2%Pu — crrextpomerp 4.
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ITpn mpoBeneHHI €KCIEPUMEHTAIBHOI MEPEBIPKH YOTHPHKAHAIEHOTO
aHaJi3aTopa IMIYJbCIB 3a KaHAJIOM aib(a-BUIPOMIiHIOBAHHS BUKOPHUCTOBY-
BAJIOCH 3aKPHTE [DKEPENo amb(a-BHIPOMIHIOBAHHS 3 PaTiOHYKIIZOM ~PUu
axTHBHiCTIO A=9,693%10° Bk. CriekTp anb(ha-BHIPOMIHIOBAHHS, IO OTPH-
MaHHH Bill [Kepesa 3 akKTUBHICTIO A 300pakKeHUH Ha PUCYHKY 3 — CIIEKTPO-
MeTp 4. Bincranp mo mpkepena ckiazama | caHTHEMeTp, C€Heprisi anmbda-
YacTOK, 110 peecTpyBasucs, Oyna Ha piBHI 3-4 MeB, miBuiupuHa miky ckia-
nana 9,5 %.

[Tpu mpoBeeHHI eKCHEPUMEHTY 13 BUKOPUCTAHHSM LBOTO K JIETEKTO-
pa [10], mo nomingyBaBcs y BAKyyMHY KaMmepy 3 ajiba-mKepenom 3 Habopy
OCAMU nnytonmii-238 niBmupuHa nuky ckiangana 16 keB (0,35 %), exsiBa-
JICHT TOBIIMHH JDKepena JopiBHIOBaB 8 keB, kyToBa komimaris mxepena
J0faBayia 10 €KBiBaJCHTY TOBIIMHM e 2 keB. Jlis miacuieHHs CHrHAILY
JETEKTOPY BHUKOPHCTOBYBABCS TPEIIIJICHIIOBAY 3 EKBIBAICHTOM IIyMiB
7 xeB.

TakuM 4MHOM, MOPIBHSHHS CHEPreTHYHHX CIIEKTPIiB, IIO OTPHUMaHI B
MTOJTFOBHX YMOBAX B KaHalli aib(a-BUMIpIOBaHb Ta Y BaKyyMHIiH KaMepi 1o-
Ka3zye BHCOKY SIKICTh BU3HAUCHHS alb(a-IKepes MpH BUKOPHUCTaHHI KpeM-
HIEBHX JETEKTOPIB, a TAKOXK MOXIIMBICTh ieHTH(]IKAII] i30TOMIB 32 BU3HA-
YCHOIO CHEPTIEI0 Ta MOKIIUBICTh BU3HAYCHHS TOBIIMHY APy PATIOHYKITITY.

ITpu npoBeneHHI EKCIIEPUMEHTAIBHOI MEPEeBIPKH YOTHPHKAHAIBHOTO
aHayi3aTopa IMIyJIbCIB 3a KaHaJIOM OeTa-BUIPOMIHIOBaHHS BHKOPHCTOBY-
BAJIOCH 3aKPHTE JPKEPENO OeTa-BHIPOMIHIOBAHHS 3 pamioHyKimizoM “Sr+PY
akTHBHiCTIO A=2,896%10° BK. Criextp OeTa-BHIIPOMIHIOBAHHS, III0 OTPUMa-
it Bin mkepena *°Sr+*Y 306paxennii Ha pHCYHKY 3 — CIIeKTpoMeTp 3.

Bincrans 1o mxepena 0gr+90y ckiagana 10 caHTIMeTpiB.

IIpn mpoBeneHHI eKCIIepUMEHTAIBHOI NMEePeBIpKH YOTHPHKAHAIBEHOTO
aHai3aTopa IMIYNECIB 32 KaHAIOM HEWTPOHHOTO BHIIPOMIHIOBAHHS BHKO-
PUCTOBYBAJIOCH 3AKPHTE JIKEPENo 96€Ta-BI/IHp0MiHIOBaHH$I 3 p'a,I[iOHyKJ'Ii,I[OM

Sr+7Y akruBHicTIO A=2,896%10" Bk. Criektp 6eTa-BUIIPOMIHIOBaHHS, 10
oTpumanmii Big wkepena Sr+PY 306paxeHuii Ha PHCYHKY 3 — CIIEKTPO-
MeTp 2.

ITpu npoBeneHHI eKCIIEPUMEHTAIBHOI MEPEeBIPpKH YOTHPHKAHAIBHOTO
aHaji3aTopa IMITyJIbCiB OJHOYACHO 32 YOTHPMAa KaHAJIaMH BHKOPHCTOBYBa-
JUCH JpKepena anbga-, 6eTa-, raMMa-BUIIPOMIHIOBAaHHS, IO OyJIM ONHMCaHi
Buie. CrekTpy, o0 OTPUMaHi Bif IUX JUKEpeNn 300pakeHi Ha PUCYHKY 3.
[Noxubka BuMiproBaHHs He IepeBHnryBasa 1 %, TOOTO B KOXXHOMY KaHai
BUMipIoBaHHS HaOupanock He MeHII sk 10000 immynbciB. Takum yuHOM,
SIKIIIO BU3HAYAIOTHCS anbda-, Oeta-, HEHTPOHHE BUNIPOMIHIOBAHHS B IIPUCY-
THOCTI raMMa-BUIIPOMIHIOBAaHHS y BiIMOBITHNX KaHaJlaX BUMIPIOBaHHS, U
JAHWUX TTOPOTaxX MTUCKPUMIHAILIT, MPONOPIIHHO BIIHIMAETHCS KIIBKICTD iIMITY-
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JIBCIB, IO 3apeecTPOBaHA Bijl raMMa-Kepena TeNypu KaMi€BUM JIETEKTO-
poMm.

BucnoBku. B po6oTi npoBeaeHnit miTepaTypHUH OTIIsAA, SIKUH MOKa3aB
aKTyaJbHICTh PO3pOOKH pMITaTy AJIs OAHOYACHOTO BUMIipIOBaHHS aibda-,
6era-, TaMMa- Ta HEHTPOHHOTO BHIIPOMiHIOBaHHS. [IpoBeneHnit anai3 jite-
paTypu ToKasas, 110 I peecTparlii anbda-, 6eTa-, raMmma- Ta HEHTPOHHOTO
BUIIPOMIHIOBAHHSI HAHOUIBIN TOLITEHIM, 32 CBOIMH XapaKTEPUCTUKAMH, €
3aCTOCYBaHHS HAIIBIIPOBIHUKOBUX JIETEKTOPIB. 3 HAIIBIPOBIJTHUKOBHX
JETEKTOPIB /I PO3p00IIEHOr0 YOTHPUKAaHATILHOTO aHaji3aTopa iMITyJIbCIB
OyJ10 00paHO CHEKTPOMETPUYHUI TEIYPUA KaAMIIO Ta KPEMHIH, 3aBIISTKA
MOXKJIMBOCTI 1X 3aCTOCYBaHHS B TIOJILOBHX YMOBAaX 3 BUCOKUMH TEXHIYHUMHU
XapaKTepPUCTUKAMU TAKUMH SIK: CTabIBbHICTh pOOOTH; MIMPOKUH TeMIepa-
TypHUI iHTepBan 3actocyBanHs Big -60 C mo +60 C; BUCOKa TOYHICTH BIUMi-
pIOBaHHS Ta Maji rabapuTu.

Jiis omHOYAaCHOTO BHMIpIOBaHHA iH(opMarii 3a 4oTHpMma KaHaJIaMH
po3pobieHo crocib, mo 06a3yeTbess Ha BUKOPUCTAHHI YOTHPHOX IIiCTHAIIISA-
TH PO3PSIHHX aHAIOTO-UH(DPOBHX IEPETBOPIOBAUIB.

Po3pobnennii mirounii MakeT YHiBEpPCaIbHOTO palioMeTpa MpHU eKCIIe-
PUMEHTANBHUX JOCHIDKEHHSIX 10 BUMIpIOBaHHIO aibda-, Oera-, ramma-
BUITPOMIHIOBaHb 3aCBIJUMB MPAIC3AaTHICTh, TOYHICTh Ta CTAOUIBHICTH CBOTIX
XapaKTepUCTHK.

VY nojanbuioMy po3po0li mijuisirac CTBOPEHHs MPOrpaMHoro 3adesmne-
YCHHS JIJIS1 PO3IIUPEHHS TUHAMIYHOIO iara30Hy Ta MBUAKOIII IpHUIamLy.
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