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3APANOBI 3AJIE2XKHOCTI ZKOPCTKOCTI
IHTEI'PAJIBHOI'O EHEPTETUYHOI'O CIIEKTPY
HEHTPOHIB I3 KOHBEPTOPIB
«TAMMA-KBAHT-®OTOHENUTPOH»

M.B. Crenp, /I.I.Cikopa, M.B. I'omoBcbkui, I'.®. ITiTuenko

IacTuTyT enextponHoi ¢izuku HanioHansHOi akageMii Hayk YKpaiHu
88017, m. Yxxropona, Byi1. YHIBEpCUTETChKa, 21

[lpuBeneHo  excrepUMeHTaIbHI

naHi

3apAa10BUX

3aJIE)KHOCTEH  JKOPCTKOCTI

IHTErpaJIbHOTO €HEPreTHYHOTO CIIEKTPY HEUTPOHIB (BiIHOIICHHS aKTHBALIITHUX IHTErpasiB

(ny)- Ta (NP)- KOMIOHEHT TIOTOKY HEHTPOHIB) IS KOHBEPTOPIB

“raMMa-KBaHT-

¢doroneiTpoH” MoaynpHOrO TUIy (Matepianu koHsepropis: D,0O, Be, Fe, Zn, Se, Mo, Cd,
In, Sb, Te, I, W, Hg, Pb) ta ueiirponnoro ¢oHy mnpuckoproBaua Mmikporpona M-30.
ExcniepuMmeHT 31iliCHEHO B IHTEpBali C€HEPTiil IPUCKOPEHHUX eNEeKTPoHIB 14 - 24 MeB. Jlng
BU3HAYCHHS aKTHBAIIMHUX IHTErpaiiB (ny)- Ta (NP)- KOMIIOHEHT MOTOKY HEWTPOHIB
3MIICHEHO ONPOMIHEHHS Ta raMMa-CIeKTPOMETpIil0 akKTHBaliitHuX nerexTopiB Al, Si Ta

Mn.

ExcnepumenTaibHi JTOCJIIKEHHS
KOHBEPTOPIB ““y-KBaHT-(OTOHEUTPOH”, B IKHX
Bi/I0YBa€ThCS KOHBEPTYBAHHS TaMMa-KBaHTIB
rajJbMiBHOTO BHIIPOMIHIOBaHHS B  (OTO-
HEHTPOHH, 3aJTMIIAIOTHCS aKTyaJIbHOIO
npobiiemoro. Ilpo ckmamHicTh, 00’eMm, a Ta-
KOX IpO EKCIIEpUMEHTaIbHI JaHi IO il
npobnemi, BUKOHaHI Ha MikpoTpoHi M-30
IE® HAH VYkpainu mosigomieHo B [1-5].

3apa3 Mu npuBoaAMMO naHi (cHcTema-
TU30BaHi B rpadiyHOMY NpEACTaBIEHHI) IS
MOPIBHSJIBHOT ~ OIIHKK  3apsiIOBUX  3aJlexk-
HOCTeW (3aJIe)KHOCTEH Bil aTOMHOTO HOMeEpa

Z wMatepialy KOHBEPTOpAa) IKOPCTKOCTI
IHTETpaJIbHOTO ~ E€HEPreTUYHOTO  CIEKTPY
HEUTPOHIB (BITHOIIICHHS aKTUBALIIHUX

iHTerpaiis (ny)- Ta (NP)- KOMIIOHEHT MOTOKY
HEUTpPOHIB), 13 KOHBEPTOPIB ‘“raMMa-KBaHT -
(GOTOHEUTPOH” MOJIYJBHOIO TUIY (MaTepiaiu
kouBepropis: D,0, Be, Ti, Fe, Zn, Se, Mo,
Cd, In, Sb, Te, I, W, Hg, Pb) ta HelitponHoro
(G OHY MIKPOTPOHY.

Excnepument. Busznavanuchy HacTymHi
aKTUBaLllHI 1HTETpajiu, HOpMOBaHi Ha 1 MKA
CTpYMY IPHCKOPEHUX €JIEKTPOHIB (HEUTPOH-
Hui GOH MIKPOTPOHA HE BiJTHIMAaBCA):

[Mlxg - akTuBamiiHWiA iHTErpanm i3
3HaueHHsM o (ny) st peakii Al 27(ny)Al 28
(peakiiii Ha TEIJIOBMX Ta pPE30HAHCHUX
HelTpoHax; mnepepi3 peakuii — 0,16 Oaph;
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pe3oHaHcHuid iHTerpan — 0,18 GapH; eHepris
OCHOBHOTO pe3oHancy - 5800 eB);

[12n - axkTuBamiiiHUK i1HTErpan i3 3Ha-
yeHHsIM 6 (ny) s peakiii Mn 55 (ny) Mn 56
(peakiiiss Ha TEIUIOBHUX Ta pPE30HAHCHUX
HelTpoHax; mepepi3 peakuii — 14 OapH;
pe3oHaHCHMI iHTerpan — 14 OapH; eHepris
OCHOBHOrO pe3oHancy — 337 eB-(ny)-
KOMITOHEHTa IOTOKY HEUTPOHIB;

[131 - axTuBamiiiHU{ 1HTErpan 13 3Ha-
yeHHsM 6 (Np) amst peakiii Al 27 (np) Mg 27
(peakuis Ha WIBUAKUX HEUTpOHAX; MOpIr
peakuii — 1,83 MeB; mnepepi3 peakuii —
74 mOapH (11 HEUTPOHIB 3  EHEPII€lo
14 MeB);

[14n - axTuBamiiiHU{ 1HTErpan 13 3Ha-
yeHHsM 6 (Np) st peakmii Si 28 (np) Al 28
(peakuis Ha MIBUAKUX HEUTpOHAX; MOPIr
peakuii — 3,86 MeB; mnepepi3 peakuii —

260 mOapH (st HEWTPOHIB 3  EHEpriero
14 MeB).
Ha ocHOBI 3HadeHb  aKTHBALIHHHUX

iarerpainis [11 7, [127, T131, [141 po3paxoBano
Ta TOOYTOBAaHO 3HAYCHHS JKOPCTKOCTEH:
K31=T113 / I11,
K43 =114 /113,
K12 =111 /112,
Bil 3HA4YeHb 3apsaay Z  maTepiany
KOHBepTOpiB ans eHepriit 14,71; 17,51; 18,21;
19,41; 23,92 MeB.
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Jani npuBezeHo Ha puc. 1 - puc. 17.
Po3mipu xkoHBepTOpiB (B OJWHHUIISIX MOIYJIIB
(muB [1-3])) - 3-1°1 (puc. 1 - puc. 13).

Ha pwuc. 13 - puc. 15 npuseneni pani
mwis popmu 1-1-1 (emepris 23,92 MeB); Ha
puc. 16 - puc. 17 npuBeaeni aani s GopmMu
3-3-3 (enepris 23,92 MeB).

3nauenns K31, K43, X12 nmua
Bigaomens I11x, I12x, 13, I[14x mo3HaueHi
Ha pHCYHax CBITIMMU 3HaukamMu ((HoH HE

BiJTHIMaBCH).

Hetitponnuit dhon MIKpPOTpPOHA
(meditponHuid  QoH  “mpuckoproBay  +
raJibMiBHa  MIIIEHb’) €  TEXHOJIOTTYHHM

¢bakTopomM, 1 € dynkmiero Bin eHeprii. Tomy
Ha puc. 1 - puc. 17 npuBeaeHi, 1 MOPiB-
HSHHS, 1 BignmoBimuHi 3HauenHs K31, K43,
K12 s Bimnomens I[11ad, 112nd, T13xad,
[M4nd (meiitponHuit QoH BigHIMaBCS), SKi
MO3HAYEHI HA PUCYHKAX TEMHUMU 3HAYKAMHU.

Anauni3 OTPUMAHHX JAAHUX.
BucHoBkH. AHamni3 MpHUBENEHUX TYT JaHUX
BKa3ye Ha Te, 10, He TUBJITYNCH HAa BiTHOCHO
BEJIMKY MOXHOKY BigHOIIeHb (Ha piBHI 25%;
Ha pHUC. - BEPTHKAIBHI JiHIT), 3aJEKHOCTI
K31, K43, K12 maroTh NEBHY CTPYKTYpY,
30kpema, B oOmacti Ours Z=50. MoxHa
BIIMITUTA TAaKOX HEMOHOTOHHHMU XiJ IMX
3apsA0BUX 3AJICKHOCTEM.

Ile o3navae, mo H©Hamu (BIAHOCHO
MIPOCTOI0 METOJUKOI0) PEECTPYETHCS (aKT -
€HEepPreTUYHUMN CIEeKTp HEUTPOHIB B HACIHIJOK
iX B3a€EMOII1 3 PEUOBUHOI0 KOHBEPTOPA 3a3HAE
NEBHUX 3MiH B PI3HUX O0JIACTSIX Jiana3oHy
€Heprii HeWTpoHiB — oOJacTi eHepriu
pEe30HaHCIB, SKi B IUX O0JacTAX JaloTh
CYTTEBHMI BKJIaJ B KaHa (ny)-peakiiii Ta B
obsacTi OLIbII BUCOKHUX €HEpriii HeHTpOHIB
(eneprii Buie moporis (NP)-peaxiiii).

B mpuknamHux 3amadax, 30KpemMa B
3a/layaX HEWTPOHHO-aKTHBAIIMHOTO aHalli3y
(HAA), Taka iHdopmaliss mpo MOXKIHUBICTH
TpaHcopmMarlii eHepreTUYHOTro CHEeKTpa Mae
BaXXJIUBE 3HAUEHHS, TOMY 10 Oe310ocepeHbO
CBITYUTH TPO MOXJIHMBICTh 3MIHH CIIiB-
BiJIHOIIIEHHSI TBOX OCHOBHHMX AHAIITUYHUX B
HAA snepuux peaxitiit: (ny) ta (np).

TakuMm YMHOM, 3pO3yMiJIO, IIO 3MiHA
MaTepiaqy KoHBepTopa (3MiHa Z) MpHU3BO-
IUTh 10 3MIHHM  JKOPCTKOCTI  CHEKTpa
HEHTPOHIB, a IIe, B MEBHUX BUITAKaX, € JI0-
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CTaTHBOIO YMOBOIO Ul BHpIIIEHHS 33734
HAA.

BaxnuBum (akTtom, Ha KU MOTPiOHO
IIYKaTH BIANOBIIb B EKCHEPUMEHTATbHOMY
BUPXEHHI — 1€ MOIIYK MacmTady (po3MipiB)
KOHBEPTOpPIB, TIpU SAKUX TpaHcopMmarii
CHEKTpY HEHTpPOHIB ()KOPCTKOCTI) CTaIOTh
NOMITHUMH 1 MPaKTUYHO 3aCTOCOBHUMH. B
MOPIBHSHHI 3 PO3MipaMU TaKUX YCTAaHOBOK,
SK SJIepHI PpPEaKTOpH, PO3MIPH  HaIIUX
KOHBEPTOPIB HETIOPIBHIHO MaJti. B
MOPIBHSHHI 3 MIIMICHAMH (TOBIIUHU MEHIIIE
1 MM), Ha SAKUX JOCIHIHKYIOTh SIICPHI peaKilii,
Halli KOHBEPTOPH, HaBIakW, Benuki. Ha
puc.14 - pwuc.17 mnpuBeacHI 3HAYCHHS
3QJIEKHOCTEH  KOPCTKOCTEH ISl ACSKUX
THIIAX pO3MipiB KOHBEPTOPIB, K1
HOiATBEPIKYIOTh, IO 3MIHM B  CHEKTpi
¢bikcyroTbess 1 ans HHUX. TakuM YUHOM,
BUOpaHUid HaMHU MacmTad € 3aJ0BUIbHHUM.
OxpimM mporo BuaHO, moO (opma (po3mipn)
KOHBEpTOpa TeX € (HakTOpoM BIUIMBY Ha
3HAYEHHS )KOPCKOCTI.

3anexHICTh CHEKTPY HeUTpoHiB (i,
BIJIMIOBIZTHO JKOPCTKOCTEH) BiI aTOMHOTO
HoMmepa Z marepiana — Bigomuil dakr. Kinb-
KiCHa 1 CTaHIapTU30BaHA OI[iHKA JIUHAMIKH
TaKoi 3MiHU B KOHBEPTOpax MOCIIIKEHUX Ha-
MU MacIITadiB, sika MOKe OyTH BHKOpPHCTaHA
B MPAKTHYHUX [UISAX — 1€, HA HAIll MOTJIA, €,
B [I€BH1{ Mip1, HOBUM.

Sk BUIHO 13 MaHUX, MPUBEACHHUX Ha
puc.1 - puc. 17, 3HaYeHHS >KOPCTKOCTI
3MiHIOIOTbC B iHTepBasi 0 — 12, mpuuomy
JKOPCTKICTb 3pOCTAE 13 3pOCTAHHSAM EHEPrii.

BinHocHO HeBeNIWKHH Aiama3oH 3MIiHHA
JKOPCTKOCT1 CBIIYUTH MPO BIAOMUM (akT, 1110
CTapTOBUN EHEpPreTMYHH cHekTp (oTo-
HEUTPOHIB (OPMYETHCSI B PEYOBUHI KOH-
BepTOpa B HACHIIOK siaepHOi (YN)- peakiii, B
SAKIA, B 3aJeXHOCTI Bil Z KOHBEpTOpa, 13
3pOCTaHHSAM €HEprii ralbMiBHUX raMMma-KBaH-
TiB, 3pOCTAa€ KUIBKICTh HAATEIUIOBUX HEWT-
poHiB. Bci HactymHi TpaHcdopmarii I10ro
CTapTOBOTO CHEKTPY MPU3BOIATH 10 CIIOBIIIb-
HEHHS I[INX HEHUTPOHIB, 1 BIIHOCHO HEBEJHKI.

3aBBaXMMO, 110 HA BIAMIHY Bia OLIBIIT
“pagukanbHUX”  3ac00iB  3MIHM  CIIEKTpY,
Hamp., 3 Bukopuctanasm Cd-, B- ta iHmmx
GinbTpiB, TYT CYTTEBOI BTpaTH HEHUTPOHIB
HEeMa.
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Sk BHIHO, B JCAKMX BHIIaJKaX
MOTPiIOHO BpPaxOBYBAaTH BIUIUB HEUTPOHHOTO
(G oHY Ha 3HAYCHHS KOPCTKOCTEH.

3 TEeXHIYHOI TOYKH 30Dy, 3MiHA 3HAYCHb
eHeprii MPHCKOPEHUX EJEeKTPOHIB  1/abo
KOHBepTOpa HE € CcKiIagHow. CKIaIHUM
3aJMIIAETECA BUOIp HANpSIMKYy Ta CTYIEHi
3MiHn 1uX (akropiB. CKIagHICTh, B CBOIO
4yepry, 300yMOBIIEHA CKJIAIHICTIO 1 pi3HO-
MaHiTHICTIO 3amady HAA. Ila ckmagHicTh
94acTO BUMArae KepoBaHOi 3MiHU )KOPCTKOCTI -
crmiBBigHOmEHHs (ny)- Ta (NP)- KOMIIOHEHT
MOTOKY HEUTPOHIB OJTHOYACHO Yy “pi3HUX’ Ha-
npssMkax. Ile — omrumizamiitHi 3amadi, IS
BUPIIICHHS SIKMX NOTpiOeH anpiopHHUil MacuB
JTaHUX, 30KpeMa OTPHMAaHUX HAMH.
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Puc. 1. 3anexnicts xopctrocti JK31=II3/TI1 Big
aTOMHOr0 HOoMepa Z KOHBepTopa (TeMHI 3HauyKkH - 0e3
(oHy; CBITIII 3HAYKH - 3 POHOM).
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Puc. 2 3anexnictp xopctkocti JK43=I14/T13 Bix
aTOMHOT0 HOMepa Z KOHBepTopa (TeMHI 3HauyKH - 0e3
(ony;cBiTII 3HAUKH -3 POHOM ).
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Puc. 3. 3Banmexnicts xopctkocti JKI12=IT1/T12 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHI 3Ha4YKH - 0e3
(oHy; CBITII 3HAUKH - 3 (POHOM).
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Puc. 4. 3amexnicte xopctkocti JK31=I13/T11 Big
aTOMHOTO HOoMepa Z KOHBepTopa (TeMHi 3HaukH - Oe3
(hoHy; CBITII 3HAYKH - 3 (HOHOM).
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Puc. 5. 3amexuicts xopctkocti K43=I14/T13 Bixg
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3Ha4YKHu - 0e3
(hoHy; CBITII 3HAYKH - 3 (HOHOM).
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Puc. 6. 3Banexnicte xopctrocti JKI12=IT1/T12 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3HAUKH - Oe3
(oHy; CBITIII 3HAUKH - 3 (POHOM).
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Puc. 7. 3amexnicte xopctrocti JK31=II3/T11 Big
aTOMHOT0 HOMepa Z KOHBepTopa (TeMHi 3Hauku - Oe3
(oHy; CBITIII 3HAYKH - 3 (POHOM).

K43 18,21 MeB
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Puc. 8. 3anexuicts xopctkocti K43=I14/I13 Bix
aTOMHOTO HOMepa Z KOHBepTOopa (TEMHI 3HA4YKU - 0e3
(oHy; CBITIII 3HAYKH - 3 POHOM).
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Puc. 9. 3Bamexnicts xopctkocti K31=I13/T11 Big
aTOMHOTO HOoMepa Z KOHBepTopa (TeMHi 3HaukH - Oe3
(hoHy; CBITIi 3HAYKH - 3 HOHOM).
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Puc. 10. 3Bamexuicts xopctkocti K43=I14/T13 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3Ha4KH - Ge3
(hoHY; CBITII 3HAYKH - 3 (POHOM).
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Puc. 11. 3amexnicts xopctkocti KI12=I11/T12 Big
aTOMHOro HoMepa Z KOHBepTopa (TeMHi 3Ha4yKH - 0e3
(hoHy; CBITII 3HAUKH - 3 (POHOM).
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Puc. 12. 3anexnicts xopctkocti K31=I13/I11 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3HAUKH - Oe3

(oHy; CBITIII 3HAUKH - 3 (POHOM).
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Puc. 13. 3Banexuicts xopctkocti K43=I14/T13 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3Hauku - 6e3

(oHy; CBITIII 3HAYKH - 3 POHOM).
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Puc. 14. 3anexunicts xopctkocti JK31=I13/I11 Big
aTOMHOT0 HOMepa Z KOHBepTopa (TeMHi 3Ha4ykd - 6e3

(oHy; CBITIII 3HAYKH - 3 (POHOM).
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Puc. 15. 3anexnicts xopctkocTi K43=[14/T13 Big
aTOMHOTO HOMepa Z KOHBepTopa (TeMHI 3Ha4yKkH - 0e3
(hoHy; CBITIII 3HAUKH - 3 (POHOM).
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Puc. 16. 3amexnicts xopctkocti K31=I13/I11 Big
aTOMHOTO HoMepa Z KOHBepTopa (TeMHi 3HaukH - Oe3
(hoHy; CBITIi 3HAYKH - 3 (HOHOM).
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Puc. 17. 3anexuicts xopctkocti K43=I14/TI3 Bix
aTOMHOTO HOMepa Z KOHBepTopa (TeMHi 3Ha4KHu - 0e3
(hoHy; CBITII 3HAYKH - 3 (HOHOM).
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CHARGE DEPENDENCES OF HARDNESS OF
NEUTRON INTEGRAL ENERGY SPECTRUM FROM
THE “GAMMA-QUANTUM-PHOTONEUTRON?”
CONVERTERS

M.V. Stets, D.I. Sikora, M.V. Hoshovsky, G.F. Pitchenko

Institute of Electron Physics, Ukrainian National Academy of Sciences
21 Universitetska street, 88017 Uzhhorod

The experimental data on the charge dependences of hardness of neutron integral energy
spectrum (i.e. ratio of activation integrals of the (ny)- and (np)- components of neutron flux)
for the module-type “gamma-quantum-photoneutron” converters (converter materials: D,0,
Be, Fe, Zn, Se, Mo, Cd, In, Sbh, Te, I, W, Hg, Pb) and an M-30 microtron accelerator
background are presented. The experiment was carried out within the 14-24 MeV accelerated
electron energy range. To determine the activation integrals of the (ny)- and (np)- components
of neutron flux, irradiation and gamma-spectrometry of the activation Al, Si and Mn detectors

have been performed.
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3APANOBBIE 3ABUCUMOCTHU KECTKOCTHU
UHTEI'PAJIBHOTI'O DQHEPIT'ETUYECKOI'O CIIEKTPA
HEHUTPOHOB U3 KOHBEPTOPOB
«TAMMA-KBAHT-®OTOHENUTPOH»

M.B. Cren, .. Cuxopa, M.B. I'omoBckuii, I'.®. [InTuenko

WucTuTyT 21eKTpoHHOH (pr3rky HarmoHnanbHOM akageMuu HayK Y KpauHsbl,
88017, r. Yxropon, yia. YHuBepcurerckas, 21

IIpuBeneHsl IKCIEPUMEHTANIBHBIE 3apsI0BBIE 3aBUCUMOCTH KECTKOCTU HHTErPAIbHOIO
SHEPreTUUECKOro CHEKTpa HEHTPOHOB (ECTKOCTh-OTHOILIICHHE aKTHBAIIMOHHBIX MHTErpaioB
(ny)- Ta (np)- KOMIOHEHT TIOTOKA HEWTPOHOB) I KOHBEPTOPOB ‘‘TaMMa-KBaHT-
dboToneiTpon” MomyapHOTO THIA (MaTepuanbl koHBepTOopoB: D0, Be, Fe, Zn, Se, Mo, Cd,
In, Sh, Te, I, W, Hg, Pb), u HelitporHOro oHA YCKOPHUTEIS dIEKTPOHOB MUKpoTpoHa M-30.
OKCHIEPUMEHT BBINIOJHEH B UHTEPBAJIC SHEPTUM YCKOPEHHBIX 3JEKTPOHOB 14 - 24 M»sB. [lns
OIpe/IeNICHUs] aKTUBALIMOHHBIX MHTErpajioB (ny)- Ta (np)- KOMIIOHEHT IOTOKa HEHTPOHOB
BBIITOJTHEHO 00Jy4eHHE ¥ raMMa-CIIEKTPOMETPHIO aKTUBALIMOHHBIX 1eTeKTopoB Al, Si m Mn.
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