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JOCJIIXKEHHS B3AEMO/Ii HEUTPOHIB I3 PEHOBUHOIO
P BUCOKHUX HEUTPOHHHUX ITOTOKAX.
YACTHHA II1. JTJOCJKEHHS YACOBOI 3AJIEXKHOCTI TPOITY CKAHHS HEMTPOHIB

ITpoBeneHO BUMIpIOBaHHS IPOMYCKaHHs HEUTPOHIB Yepe3 /Ba 3pasku 2°U, KaaMiro, 0 3HAXOAATHCS OJHOYACHO Ha
HEHUTPOHHOMY YUKy, IIPH Pi3HIN MOCTITOBHOCTI IXHBOTO PO3TAITyBaHHS IJIS PI3HOTO Yacy eKCHO3UIIi 3pa3KiB Ha IIyd-
Ky. IlinTBepmxena paHime crocTepexyBaHa BiIMIHHICTh 3a3HAYCHUX IPOITYyCKaHb — aCHMETpis MpoiryckaHHsA. Mera
BHUMIPIOBaHb — BU3HAYCHHA Yacy KUTTA METacTaOUIbHUX CTaHIB, YBEACHUX JUIS MOSCHEHHS CIIOCTEPEXKYBaHOI acCUMETpii

npornyckaHHs. Ha ocHOBI pe3ynbTariB BUMIpIOBaHb aCUMETPIii MPOIYCKaHHS BCTAHOBJIEHO, 1110 BiH MEHILHA 5 C.
Kniouosi cnosa. HEWTpOH, mepepi3, 4ac XHUTTs, TYCTHHA NOTOKY HEWTPOHIB, aCHMETpis NPOIyCKaHHS, 3Be/eHa

HMOBIpPHICTB Iepexo/1y, MeTacTabiIbHUI CTaH.

JocmimkeHHsT B3aeMOIii HEHTPOHIB 13 PI3HUMH
PEYOBHMHAMHU MPH BUCOKUX 3HAYECHHSX I'YCTUHH MOTO-
Ky N, (KUIBKICTh HEUTPOHIB, IO MAJAl0Th 38 OJUHU-

L0 Yacy Ha OAMHHMLIIO MMOBEPXHi 3pa3ka), HaBeJIeHE B
poborax [l - 3], moka3aso HasBHICTh 3aJE€XKHOCTI
ueittponnoro mepepizy 2°U Bin N,. ILle Bmamocs
JOCSITTH 3aBJASKHA BUCOKMM 3HAYECHHSM T'YCTUHH Tell-
JIOBOTO TIOTOKY HEHTPOHIB peakTopa i mepepisy mor-
JIUHAHHS YPaHy, KUIBKICTh aKTiB TTOTJIMHAHHS HEHT-
POHIB B ypaHi Jocsrae 3Ha4HOI BEJIMYMHH 1 IOPIBHIOE
~3-10%3a 1 ¢ B 1 cM®. HasiBHiCTh yKa3aHOT 3aJ1eXKHO-
cTi Oyna BCTaHOBJIEHA IO BiAMIHHOCTI HPOITyCKaHHS
HelTpoHiB yepes 1Ba 3pasku U, kaamilo npH 3MiHi
MOCIIAOBHOCTI PO3TAlllyBaHHS 3pa3KiB — acHMETpis
nponyckanus (AIT). Ha ocHOBI aHamizy MmpoBeIeHUX
BUMIPIOBaHb UIsl TIOSICHEHHSI BHSIBJICHOI 3aJIC)KHOCTI
OyJI0 NPUIYILEHO, IO B PE3YJIbTATI B3a€MOAIi HEWT-
poHiB i3 nocmimkyBaHMM 3paskoM 2>°U  yTBOpeHi
YIIAMKH TIOJUTY Y TIbOMY K 3pa3Ky 30yKyIOTb MeTa-
CTaOUIbHUM CTaH 3 aHOMAaJbHO BEIWKUMH 3HAUCHHS-
MH XapaKTepUCTHK I[bOIO CTaHy — HEMTPOHHUM IIe-
pepizom i wacom xuttd. [Ipn Takomy mepemdadeHHi
CTae 3p03yMIJIOI0 CIIOCTEPEKYyBaHA 3AJICKHICTh HEHT-
ponnoro nepepisy “°U Bix N, — HeifTpon crouatky
BUKJIMKAE aKT NOALTY, IO MPU3BOJUTH 0 YTBOPEHHS
30yI’KEHOTO CTaHy, a HACTYITHUH HEUTPOH B3aEMOIiE
3 OUM cTaHoM. ToOTo, 10 3BUYalHHUX B3a€EMOJIN HEMH-
TPOHIB i3 mouaTkoBUMHU sapamu “*U, iHTEHCHBHICTH
SIKHX TIPONOpLiiHA TYCTHHI MOTOKY HEWTpOHIB, NO-
JAFOTHCS B3a€EMOJIi, IHTEHCUBHICTh SIKMX TPOTIOPITiii-
Ha KBaJpaTy TYCTHHH TIOTOKY HEWTPOHIB, IO 1 TIPH3-
BOJUTH Y MJACYMKY [0 3aJIeXKHOCTI mepepisy Big N .
Takuil [HOMATOK CTA€E MHOMITHHUM 3aBASKH BUCOKUM
3HaueHHsM N, Ta XapakTepucTHKaM MeTacTabilIbHO-

r'O CTaHy.

BpaxoByroun MOXJIHBHH BILIUB MOOIYHUX edek-
TiB Ha pe3yJbTaT BUMIpIOBaHb, y pobdorax [1 - 3]
MIPOBENEHO AOCHIIIPKEHHS 3 IIUPOKUM HaOOpPOM ABOX
pi3HHX peuoBHH, 3 Bapiauieto N, crekrpa mamaro-
4Oro MOTOKY HEHTpPOHIB, TeMreparypu 3paska >>°U.
AIl crioctepiraeTbcsi TUTBKH IS TBOX 3pa3KiB, IO
BKIIOYAIOTH 2>°U, TOOTO CHOCTEpeKyBaHHH edeKT
MOB’SI3aHUM 3 aKTOM MOy, ajie HE 3 MpollecaMH
TIOTJIMHAHHS YW PO3CISTHHS HEHTPOHIB. AHAII3 MOX-
JMBHUX MEXaHi3MiB MPOsBY MOJUTYy ypaHy Ha BHHUK-
HeHHs All npuBiB 10 MpUITYLIEHHS PO 30YIKEHHS
2% meracTabinbHOTO CTaHy.

Oco00,IMBOCTI METOTHUKH

Knacuuni Metomu BuUMIprOBaHHS Tepepis3iB A0-
3BOJISIFOTH BHMIPIOBATH TIEpEpi3 HE Kpaile, HiXK i3
MPOLIEHTHOIO TOYHICTIO. Tak sIK crocTepeXyBaHa
3MiHa HEHTPOHHOrO mepepisy He3HauHa (BigJHOCHA
3mina ~2,6-10™), y monepennix poborax [1 - 3] 6yna
po3po0iieHa METOJMKa BUSBICHHS Malloi 3MiHHM Tie-
pepi3y, B SIKid BUMIPIOIOTHCS IHTEHCHUBHOCTI le2 i

N,, TOTOKy HEHTpPOHIB, IO IPOUIILTH Yepe3 3pasKu

JIBOX DI3HUX DPEYOBHH, SKi 3HAXOIATHCA Ha YUKy
HelTpoHiB. ¥ nepmomy BumiproBanni N, , Helirpo-

HU CIIOYATKy MPOXOATh 3pa3ok 1, moTiM 2, a y mpy-
romy BumiproBauHi N,, HeHTpoHHM crouatky mpo-

XOAATh 3pa3ok 2, motiM 1. [Ipu BiacyTHOCTI 3amex-
wocti Bin N, inrencusrocti N,, i N,; pisHi, y

BHITAJIKY >K 3aJIKHOCTI Tepepidy Bil MIUTBHOCTI
B3aemoxii N;, # N,, i Bunnkae AII [1 - 3], sixa

BHU3HAYA€ETHCA SIK

q= (Nl,z - N2,1)/015(N1,2 + N2,1) . (1)
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MoXIUBICTh BU3HAUCHHS 3MiHH TEpepi3y y BKa-
3aHMX BHIIE Macirabax TaKUM METOJOM OOyMOB-
JIeHa THM, IO BUMIPIOBaHHSI HOCHUTH BiTHOCHUU

xapakTep, pu BuMiproBarHi inTencusrocteir N, i

N,, mpakTH9HO He 3MiHIOIOTBCS YMOBH BHMIpIO-

BaHb — JIYMJIbHE 3aBaHTAXKCHHS JETEKTOPa, (DOH.
Bucoka gacoBa cTaOiIBHICTh BUMIPIOBaHb JTOCS-
TAETHCS 33 PAXyHOK BITHOCHO HEBEITMKUX TPOMIXKKIB
€KCIO3MIIIT 3pa3KiB y mociifgoBHOCcTAX 1,2 Ta 2,1,
BHKOPHUCTaHHSI BHUCOKOCTaOUTRHOTO JDKEpelia HEeMT-
POHIB — peakTopa — 1 peecTparli€ro HeUTPOHiB (BUMI-
proBanns intencusHoctedt Ny, Ta N,,) 4n-crmn-

TUIAIHHAM Oaratocekmiiaum getekropom [1 - 3].
Peectpartiss HEUTPOHIB 32 AOMTOMOTOIO 47T-AETEKTOpa
BEJIMKOTO 00’ €My IO peaxiiii HOrJIMHAHHS HEUTPOHIB
y kaamii 3a0e3redyye BEJIMKE €HEPrOBUJUICHHS B
00’eMi gmerekTopa (eHepris Kackagy TIamMa-
npomenie 9,1 MeB, muoxunnicte v, ~3-7). Le
Jla€ 3MOTY BCTAaHOBHTH PEXKHM pPEeECTparlii 3 BHII-
JICHHSIM aKTiB MOTJIMHAHHS HEUTPOHIB 13 KPaTHICTIO
36iriB K > 3 mpu piBHI auckpuMiHanii E; 3 eHepro-
BUJIUJIGHHSIM Yy KOXHIM CeKIlii JIeTeKTopa BCHOTO
E. = 35keB . [Ipu Benukiii eneprii, sKka BUALISETh-

(1.2) @1 (1. 2) 2. 1)
R A T
— “—»
muE (1) uHEa(2)

csl B IETEKTOpi (3aBISKH BEIUKUM 3HAYCHHSIM CHEp-
rii raMMa-Kackany i 00’eMy JeTeKTopa), i HU3bKOMY
3HaueHHI E, cucrema Mae BHCOKY CTaOLIBHICTH
peectpanii HeTpoHiB. 3MiHa 3HaueHHs E, Ha 10 %
MPUBOJUTH JO 3MIHH PEECTpallii aKTiB MOTIMHAHHS
HelTporiB ycroro Ha 0,06 %. PasoMm 3 TuM cucrema
Ma€e BUCOKY e(eKTHBHICTh peecTpalii &, akTy Ior-
JTUHAHHA HEUTpOHa 1 HU3BKWH piBeHb (oHYy. 3Ha-
4YeHHS €, JOpiBHIOE 66 %, piBeHb QOHY JEKUTH Y
mexax 0,8 - 1,5 % 3aBasgky BUIUICHHIO aKTiB IIOT-
TUHAHHA 3 K > 3.
Crocié BUMiproBaHHS

Jnig Bu3Ha4ueHHd yacy T JKHATTS MeTacTabiiIbHO-
ro crany U B jaHiif poGOTi mpoBeeHO BHMipIO-
BaHHs All mpu pi3HHUX 3HaYEHHSX 4Yacy EKCIIO3MLIi

T, 3paskiB Ha myuky. st OTpUMAaHHS BEIUYUHH |
i3 TakhX BHMIpIOBaHb HEOOXITHO BCTAaHOBUTH
3B’s130K AIl 3 wacom T xuTTs, 9acoM T, eKCTHO3HIIIT
3pa3KiB Ha Iy4YKy, YaCOBUMH iHTepBajamMu 1, 1 T,

MK mocaitoBHOCTAMH 1, 2 1 2, 1 3pa3KiB Ha IyuKy B
MeXXax OJJHOTO IUKJITY 1 MiXK HAHOMMKIUMU ITHKIIAMHU
BiamoBigHO (puc. 1).

1.2) @1 (1. 2) 2. 1)
Ty e
>
wHE (k) ouxa (k+1)

Puc. 1. YacoBa niarpama mociiZloBHOCTEH 3pa3KiB 1 MUKIIIB BUMIPIOBaHb.
T, 1 T, —4acoBi iHTepBaIy Mix HAHONMKIUMHU TOCTIOBHOCTSIMY Ta IIUKJIAMH BiIIIOB1THO.

Otpumaemo 3arajpHe criBBigHOIICHHs s All,
sIKe 3B’S13y€ BENUMUMHY ( i3 BKa3aHWMH BHIIIE Yaco-
BUMHU XapaKTCPUCTUKAMU Ta XapaKTEPUCTUKAMHU
MeTacTabUThHOTO cTaHy. BizbMeMmo muki 1 Ta moBi-
apauid mukt (K +1) i po3ristHeMo BCi MOXKIIMBI KOM-
OiHamii yTBOpeHHs 30yKEHHX CTaHIB Ta B3a€MOJIN
HEUTPOHIB 3 HUMH. YCi B3a€MOJIi PO3MIAAEMO Y
3pa3ky 1 y mporrapky TOBIIMHOK (N micis mpoxo-
JOKCHHSI HEHTPOHAMHU TOBIIUHM 3pa3ka N . KinbkicTh
B3aemoxiit AN’ nporsrom wacy dt y MOMeHT yacy
T y mocuigoBHOCTI 1, 2 miukony 1 €

dN® = (N (n)/T,)dnodt. )
Ny (n) — moTik HEUTPOHIB Ha TOBIIMHY 3pa3ka N 3a
yac T, y mochigoBHocTi 1, 2. V BUIleHaBEACHIN
dopmymi ¥ ganmi 3a TEKCTOM MOTIK HEHTPOHIB, IO
Majia€ Ha 3pa3oK, KUIbKICTh B3a€EMOJINM HEUTPOHIB i3
3pa3KoM, TOBIIMHA 3pa3ka i MPOINAPKy, AKi BU3HA-
YaroTh KIJIBKICTh PEUYOBHHM 3pa3Ka, BITHOCATHCS 0
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OIMHUYHOI TMOBepXHi 3pa3ka. KinbKiCTh yTBOpEHHX
30yKEHUX CTaHIB y pe3yJNbTaTi LUX B3aeMOJIN
JIOPIBHIOE

dN§ =dNPy, (3)

JIe \y — BUXIiJ 30y/PKEHHUX CTaHiB. I3 1€l KIBKOCTI 10
MoMeHTy 4acy t (Bim mouatky mocmimoBHOCTI 1, 2
ity (K +1)) noxuse dNS) 30y/IKEHHUX CTaHIB:

dN® =dN@ exp(—(a, —t+1)In2/T), (4

Je @, — YacOBHUH IHTEpBA]I MK IOYAaTKAMU OJHO-
iMennux nociigoBrocrei mukis 11 (K+1):

a=0C2T,+T,+T,)-k. (5)

Bin ycix B3aemogiit y mocmigoBHOCTi 1, 2 UKy
1 (to6To 3a wac T,) moxuBe J0 MOMeHTy t mocmi-
nosaocti 1, 2 mukiay (K+1) Taka kimbkicts 30y-
JOKEHHX CTaHiB:
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Te Te _
N = j dN©® = j [(Nz(n)/Te)cWexp(—("‘lTTﬂdn]dr. (6)
=0 =0
KinpkicTe B3a€MOiH HEUTPOHIB 3 IMMHU 30y IKe- T.In2
HUMH CTaHaMU NPOTAroM yacy dt popiBHIOE x[1—exp(- T )1 ©)

dN® =(Ny(n)/T,)dNPodt, @)

ne o — mepepi3 30ymxeHHX cTaHiB. KinmbkicTb
1 U . .

dNéa ) B3aemopiit HEHTpOHIB 3a yac T, TMOCIITOBHO-

cri 1,2 mukny (K+1) i3 30ymKkeHUMH CTaHAMH,

YTBOPEHUMH TIPOTATOM IOCHTITOBHOCTI 1, 2 muKIy
(k +1), orpumaemo, iHTETPYIOYH 110 YaCy BEIHIUHY

dN® i migcraBmsoun AN, ng) , dNés) Ta
dN (4) .
s

Te
NG = [dNS =
0

=[N, (N P(c/T,[exp(—a,In2/T)ldn, (8)
IS
P=/T,)s'y(T /In 2)2[exp(¥) —1]x

ANSD =[Ny (n)]2(0/T,)PT, Xk (exp[ —(ay — T, — T,)In2/T]) dn,

ne T, — mpoIryCKaHHS 3pa3ka 2;

AN = [Nz(n)]z(c/-|-e)|:>(1/-|-c)zk:(exp[_(a1 +T,+T,)In2/T]dn,

AN =[N, (V] (a /T, )P (expl~a,In2 /Than,

y cmiBigHomennsax (12) i (13) Ng(n) — morik mo-
CI1I0BHOCTI 2, 1.

Otxe, coiBBignoments (10 - 13) BU3HAYarOTh Ki-
JBKICTB B3aemoiit Hewtponis y kit (K +1) y moc-
migoBHOCcTAX 1,2 Ta 2,1 3a yac ekcmo3uuii T, y
NPOLIAPKY TOBIIMHOIO AN MiCIsl MPOXOHKEHHS HEl-
TPOHAMHU TOBIIMHM 3pa3ka N i3 30yMKCHUMH sifpa-
MH, YTBOPEHUMH Y BCIX MOTEpeaHIX IMukIax (Big 1 10
k) i goBmmx o mukiny (K+1). AnamoridaumM cro-
coO0OM BH3HAYAETHCA KUIBKICTH dNéAS) B3aEMOIINA
HeiitponiB y muki (K+1) y mocmigoBrocti 1,2 i3
30yPKEHUMH CTaHaMH, YTBOPEHHMH Yy i ke MOCIHi-
nosrocti 1, 2 mukmy (K +1), kimekicte dNA® B3ae-
mopmiii HeditponiB y mukim (K +1) y mocmimoBHoCTI
2, 1 13 30y/PKeHHMH CTaHaMH, YTBOPEHUMH y i ke
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IoBHa kinekicts B3aemoxiin AN meiirponis y
ki (K +1) y mocaimoBHOCTI 1, 2 i3 30ymKeHHMH

SAapaMH, YTBOPEHUMH B TOCIiIOBHOCTI 1, 2 momepe-
OHIX K [HUKIaX, BU3HAYAETHCS CYMYyBaHHSM BeJH-

g ANV o k :
K k

ANGD = ZdNéal) =[N, (n)J]°Pd nZexp(—aq_ In2/T).
1 1

(10)

AHAJIOTIYHO OAEPKYEMO KITBKICTh B3aEMOIIN
dNéAZ) medrponi y nukii (K+1) y mocimoBHOCTI
1,2 i3 30ymKEeHUMH sOpaMH, YTBOPEHHMH Yy BCiX
nociiioBHOCTI 2, 1 momepenHix K IHMKIIAxX, Kiib-
kictb B3aemoniit AN? meitrponis y mukmi (K +1) y

MOCTIIOBHOCTI 2, 1 13 30yMKEHUMHU CTaHaMH, yTBO-
peHuMHU y BCiX mociimoBHOCTI 1, 2 momepenHix K

IMKIaX, i KitekicTs B3aemomiit AN meiitponis y
mukai (K +1) y mocmimoBHOCTI 2, 1 i3 30ymKeHHUMH
CTaHaMH, YTBOPEHHMH Y BCiX MOCHiAOBHOCTI 2, 1

| monepeaHix K HMKIax:

11)

(12)

(13)

|1'IOCJ'IiI[OBHOCTi 2, 1 mporo x mukay (K+1) i ximb-
kicts B3aemomiit AN? meiitponis y ki (K +1) y
nociigoBHOCTI 2, 1 13 30yIKeHHMMH CTaHAMH, YTBO-
penumHu y oMy K mukii (K +1), ane B mociigoBHO-
cti 1, 2 1 TOBIIKUMH JI0 Yacy HOCIiA0BHOCTI 2, 1:

dANAD =[N, (n) /T, Poo'w(T /In2) x

< [T, = (T /In2)(L—exp(~ Te;” Zyjdn,  (14)
nxe Ny (n) — morik mocaimosrocTi 1, 2;
AN = [N, (n) /T, Poo'y(T /In2) x
< [T, = (T /In2)(L—exp(~ Te;” Z)jdn:  (15)
127
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ANAD = [Ny (n) / T.F L/ T.)ocw(T / In2)?

T,In2

xexp(— T

)-[1-exp(-T,In2/T))dn. (16)
V crisBigromennsax (15) ta (16) Ng(n) — motik
nocaigoBHocTi 2, 1.
Banmmemo nmosue nocnadnenns AN{? meitrpon-

HOro motoky mociigoBHocti 1,2 mukny (K+1) 3a

JKEHHS HEWTPOHAMU TOBIIUHKU N 3paska 1 y pe3yib-
TaTi B3a€MOJIii HEUTPOHIB SK i3 BUXITHUMHU sSapaMu
3paska 1, Tak i 30yIKeHUMH:

dNS? = —N (n)odn —dNAD —dNAY —dNA? | (17)

Bukopucrosytoun crisignomenns (10), (1)1 ta
(14), orpumyemo

dN$? =Ny (n)odnl+ Ny (M)Z, /T,],  (18)

qac Te y MPOLIAPKY TOBLIMHOIO dNn micis npoxon-| AC

Z, =@/ T,)cw(T /In2)[T, — (T /In2)(L—expL—T,In2/T))] +

k k
+P> exp(-a,In2/T)+PT,> exp[-(a, - T, -T,)In2/T].
1 1

Po3p’sskoM piBasHEA (18) € Kimpkicts dNS?

HEHTPOHIB, SIKi MPUHALIUIN Yepe3 3pa3oK | TOBIIMHOIO
n:

dNS’Z) =—Ngz[exp(-n, 0)]/ 1+a;, Z,/T,), (20)
e
a, = Ny [L-exp(-n, o)], (21)

a Noy — noTiK, siKuii magae Ha 3pa3ok 1 mociiIoBHO-

cri 1,2 3a wac T,. SIk BHAHO, 3aKOH MPOIYCKaHHSI

HEUTPOHIB BIJPI3HAETHCS BiJ| EKCIOHEHUIANBHOIO |

(19)

BHACIIIJIOK PO3TJISTHYTHX BHILE HETIHIITHUX eQeKTiB.

[TocnabneHHsT HEWTPOHHOIO MOTOKY 3pa3KkoM 1
nociigoBHocti 2,1 y mpomapky ToBimuHOK 0N
IicJIsl IPOXOPKEHHS HEMTpOHAMM TOBLIMHH 3pa3Ka
N 3anucyerses sk

AN =N, (n)odn —dNAY —dNAD —dNA — dNAY,

(22)

BukopucroByroun cmiBBigHomenus (12), (13),
(15) ta (16), orpumyemo

Y, = L/ T,)ow(T /1n2)-[T ,—(T /In2)- (L—exp(~T, N2/ T))] +

A/ T,)SWAIT,)- (T /In2)? -exp(-T, In2/T)-[L—exp(~

k k
+P(1/TC)-Zexp[—(a1 +T.+T,)-In2/T]+ POZexp[—alanIT].
1 1

Po3p’sizkoM piBHAHHS (23) € KUIBKICTB dNéz‘l)

HEWTPOHIB, SKI MPOUILIHA Yepe3 3pa3oK | TOBIIMHOIO
N, mocmigoBHOCTI 2, 1:

N = NE exp(—n, 0) /(L+Y, ot 1T,),  (25)

ac

ot = N [1—exp(=n,6)], Ngw=NyT..  (26)

BuxopucroBytoun cmiBBinHomenus (20), (21),
(25) T1a (26), 3rigno 3 BusHayenusm AIl (1), orpuma-
€MO BUpa3 s (], MPUITYCKAIOUH MaIUMH APYTi J0-

JIaHKH B 3HAMEHHHKaX criBBigHomeHs (20) Ta (25):

q= Noz [1_ exp(— n, 6)] [Ych - Zl] /Te = OL[Ych - Zl]’
(27)

128

dN®Y =Ny (n)odn[L+ N (n)Y, /T,],  (23)
ne
Teln 2)]2 N
(24)
ne
oc= N, [1-exp(—n,0)]. (28)

CyMH eKCHOHEHLIANbHUX PsNiB, IO BXOIATH Y
Y, 1 Z,, MOXHa 3aIIMCATH TAKMM YHHOM:

Zk:exp(—a1 In2/T)= iexp(—kc) ,
iexp[—(a1 -T,-T)In2/T)=
= iexp(— ke)exp[(T, +T,)In2/T],

k
D exp[—(a, +T,+T,)In2/T) =
1
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= iexp(— kc)exp[—(T, +T,)In2/T], (29)

me C=[(2T,+T,+T,)]In2.
CyMa K wieHiB psity JOpiBHIOE
S, =exp(—c)[1—-exp(—ck)]/[L—exp(-c)] (30)
impu k>1
S, =exp(—c)/[1-exp(-c)]. (31)

Bunocsum y Bupasi anst (] 3aranbHUE MHOXKHUK,

OTpUMYEMO

q=06(YT,—-Z)=6d", (32)
e
0=ouccy(/In2), Y=Y,/0, Z=2,10, (33)

a Benm4uHU Z, Ta Y, BU3HA4aloTh i3 dopmya (19) i

(24).
Po3paxynku

Otpumane criBBigHomenns (32) mas ( ckiaga-

€ThCS 3 IBOX MHOXHHKIB. [lepimit mictute N, y

3pa3ky | 1 HEBiIOMI XapaKTEPUCTUKH 30YyIKEHOTO
crany o' i \, Opyruil MiCTHTH TiIBKH 4YacoBi xa-

paxtepuctuku excriepumenty (T, T,i T,) Ta my-

KaHy BETWYHHY — Yac XHUTTSI | IHOTO CTaHy. YHa-
CIIZIOK TakKOTO CIPHUSATIMBOTO PO3IJICHHS HEBilO-
MHUX XapaKTePHCTHK 30YKEHHX CTaHIiB 1 Xapakre-
PHUCTHK €KCIEPHMEHTY Ta LIYKAHOI BEIMYHMHH |
3HAYHO CHPOLIY€ThCS BU3HAYEHHS OCTAHHBOI. I3
CIBBIAHOMIEHHS BUIHO, IO s BH3HAYEHHS [
JIOCTaTHBO BHUMIPATH BEIUYMHY (], 30KpemMa Ipu

JIBOX HaOOpax eKCIIEPHMMEHTAIbHUX XapaKTCPUCTHUK.
VY 1abn. 1 HaBeAEHO PE3yNbTaTH PO3PaXyHKIB BEIH-
yuHd ( B oAuHHUIEX O (TOOTO BenmuvMHA q’) hist:

pi3HUX 3HA4YeHb Yacy eKcHo3uuii I, i pamy HabopiB
Xapakrepuctuk 1, i [, y ImpoxoMy niama3oHi

3HaueHb NIyKaHoi Beauuuau | . Ha puc. 2 yactuna
PO3paxyHKIB TpPEJICTaBlIeHa TAaKOX y TrpadigHOMy
Burisiai. Homep BapianTta po3paxyHKy 1 BiAMOBiIHOT
KPHBOI HABEJCHO y KpaiHii mpaBiil KojaoHIi Tabm. 1.
Barato BapiaHTIB po3paxyHKY 300pa’keHi OJHI€IO i
Ti€I0 )X KpUBOIO Ha puc. 2 (i, BIAMOBIAHO, MAaIOTh
OJIMH 1 TO¥i ke HOMep y Ta0u. 1) yHacnigok He3Had-
HOI BIIMIHHOCTI YHCJIOBHX 3Ha4eHb PO3PAXYHKY.
Hanpuxian, kpusa mijg HoMepoMm 18 BimoOpakae 9
BapiaHTIB PO3pPaxyHKY.

Tabauys 1. Po3paxynkoBi 3uavenns (' npu pisHux 3Hauenusix xapakrepuctuk T,, T i T, iuvacy T xurrs.

Homepu BapianTiB po3paxyHKiB i BiTlnoBiaHoi kpuBoi Ha puc. 2 BKa3aHi BilNOBiTHO y IBOX NMPaBUX KOJOHKAX

T, 3 | 5 [ 10 ] 3 [ 5 | 100 | 300 | 1000 [ N; | N,
T T, = 20
1 20| -042| -052] -062] -069] -070] -072 072] -072] 1 | 16
20| -060| -088]| -132| -18 | -19 | -2,08 215| 217 2 | 18
5 100 | -060| -087| -1,32| -186| -199| -2,08 215| 217 3 | 18
200 -060| -087| -132| -186| -199| -2,08 215| 217| 4 | 18
1000 | -060| -088| -1,32| -186| -199| -2,08 215| 217 5 | 18
20| -060| -093| -158| -272| -307| -335 354 | -360| 6 | 19
5 100 | -057| -090| -154| -270| -306| -335 354 | -360| 7 | 19
200 | -057| -090| -154| -270| -306| -335 354 | -360| 8 | 19
1000 | -057| -090| -154| -270| -306| -335 354| -360] 9 | 19
20| 045 -0,74| -144| 336| 474 595 6,82 713| 10 | 17
10 100 | -028| 051 | -112| 329| -455| 585 679 712 11 | 14
200 | -028| 051 | -112| 329| -455| -5.85 579 | 712 12 | 14
1000 | -028| -051| -1,12| -329| -455| -585 6,79 | -712| 13 | 14
20| 018 | -031] -0,65| 231 421 875 16,70 | 2020 | 14 | 13
100 | +041| +062 | 093 | +031| -165| -6.98 16,04 | 20,10 | 15
30 200 | +048 | =+0.73 | +1.13| +070| -1.23| -6.68 1593 | 2002 | 16 | 6
1000 | +049 | =+0,74 | +1,15| +0.75| -119| 6,65 1592 | 2002 | 17 | 6
20| -041] <019 | -040| -150| 202 | -7.28 2140 | 31,70 | 18 | 12
100 | +0.60 | +0.94 | +1.62 | +2.48 | +163| -3.21 719,70 | 3120 | 19
50 200 | +0.73 | +1.16 | +2.05| +3.60| +300| -1.76 19,10 | -31,01 | 20
1000 | +0.77 | +1,22 | +2,18 | +395| +355| -1.29 1888 | -30,95| 21 | 3
20| 005| -0,09] -020] -0,78] -156| 435 21,10 | 5300 22 | 11
lop | 100 | ¥0.73 [ 17 [ %211 +429| 489 | 306 16,32 | 5158 | 23
200 | 4002 | +149 | +2.77 | +6.28 | +7.93| +7.35 1315 | -50.74 | 24
1000 | +1,02 | +1,67 | +317 | +7,70 | +10,30 | +11,15 10,01 | 4961 25 | 2
ISSN 1818-331X SAJIEPHA ®I3UKA TA EHEPTETUKA 2017 T. 18 Ne 2 129



10. T'. IIEIIKIH, B. I. CJIICEHKO, H. I. MA3IHA, T. A. KOCTIOK

IIpooosocenns maon. 1

20 -0,02 -0,03 | -0,07 -0,26 -0,53 -1,54 -9,92 | -66,20 26 9

300 100 | +0,81 +1,30 | +2,40 +5,40 +7,06 +8,46 +1,02 | -60,40 27

200 | +1,02 +1,66 | +3,16 +7,90 +11,15 +15,43 +11,12 | -54,57 28
1000 | +1,20 +1,99 | +3,91 +10,89 +16,85 +27,98 +38,31 | -35,78 29 1

T,=50

3 100 -0,61 -0,89 | -1,33 -1,86 -1,99 -2,08 -2,15 -2,17 30 18
200 -0,61 -0,89 | -1,33 -1,86 -1,99 -2,08 -2,15 -2,17 31 18
5 100 -0,66 -1,01 | -1,66 -2,77 -3,11 -3,37 -3,54 -3,60 32 19
200 -0,66 -1,01 | -1,66 -2,77 -3,11 -3,37 -3,54 -3,60 33 19
10 100 -0,65 -1,05 | -191 -4,09 -5,15 -6,17 -6,90 -7,15 34 20
200 -0,65 -1,05| -1,91 -4,09 -5,15 -6,17 -6,90 -7,15 35 20

30 100 -0,21 -0,36 | -0,81 -3,05 -5,43 -10,28 -17,40 | -20,46 36

200 -0,13 -0,25 | -0,61 -2,70 -5,07 -10,00 -17,29 | -20,43 37

50 100 -0,03 +0,03 | -0,05 -1,13 -2,93 -8,30 -22,70 | -32,10 38
200 | +0,20 +0,31 | +0,46 00,00 -1,55 -6,69 -22,09 | -31,94 39 8

100 100 | +0,23 +0,37 | +0,63 +0,94 +0,44 -2,75 -22,10 | -53,93 40
200 | +0,51 +0,82 | +1,51 +3,20 +3,63 +1,45 -19,07 | -52,94 41 5

300 100 | +0,36 +0,59 | +1,08 +2,44 +3,11 +3,17 -5,92 | -66,84 42
200 -0,67 -1,14 | +2,18 +5,46 +7,69 +10,43 +4,07 | -61,07 43 4

T,=100

100 -0,61 -0,89 | -1,33 -1,86 -1,99 -2,08 -2,15 -2,17 44 18
3 200 -0,61 -0,89 | -1,33 -1,86 -1,99 -2,08 -2,15 -2,17 45 18
1000 -0,61 -0,89 | -1,33 -1,86 -1,99 -2,08 -2,15 -2,17 46 18
100 -0,66 -1,01 | -1,67 -2,77 -3,11 -3,37 -3,54 -3,60 47 19
5 200 -0,66 -1,01 | -1,67 -2,77 -3,11 -3,37 -3,54 -3,60 48 19
1000 -0,66 -1,01 | -1,67 -2,77 -3,11 -3,37 -3,54 -3,60 49 19
100 -0,70 -1,12 | -2,02 -4,20 -5,23 -6,21 -6,91 -7,16 50 20
10 200 -0,70 -1,12 | -2,02 -4,20 -5,23 -6,21 -6,91 -7,16 51 20
1000 -0,70 -1,12 | -2,02 -4,20 -5,23 -6,21 -6,91 -7,16 52 20

100 -0,61 -1,01 | -1,96 -5,33 -8,01 -12,54 -18,33 | -20,74 53

30 200 -0,55 -091 | -1,80 -5,03 -7,69 -12,27 -18,22 | -20,71 54

1000 -0,55 -0,90 | -1,79 -5,00 -7,66 -12,24 -18,21 | -20,71 55

100 -0,45 -0,75 | -1,50 -4,43 -7,21 -13,20 -25,60 | -30,03 56
50 200 -0,30 -0,50 | -1,04 -3,44 -6,00 -11,99 -25,00 | -32,84 57 15
1000 -0,25 -0,42 | -0,89 -3,12 -5,61 -11,59 -24,80 | -32,78 58 15

100 -0,25 -0,42 | -0,86 -2,68 -4,61 -9,76 -29,47 | -56,91 59
100 200 -0,04 +0,06 | +0,06 -0,44 -1,55 -5,85 -26,55 | -55,92 60 10
1000 | +0,27 +0,43 | +0,77 +1,42 +1,12 -2,21 -23,65 | -54,94 61 7

100 -0,09 -0,15 | -0,30 -0,95 -1,68 -3,80 -16,06 | -76,61 62

300 200 -0,31 -0,50 | -0,96 -2,33 -3,15 -3,53 -6,33 | -70,94 63

1000 +0,84 +1,38 | +2,71 +7,48 +11,48 +18,60 +20,76 -52,66 64

Sk BUIHO i3 pe3yibTaTiB PO3paxyHKy, 3MiHa Be-
JWYMHE ( Mae Pi3HOMaHITHHH Xapaktep. Y BUIAm-
ky T >T, BennuuHa ( Mae AOJATHI 3HAYECHHS, 3PO-
CTa€, TOYMHAIOYMA 3 MaJIWX 3HAYCHb 1,, JOCSTae

MaKCUMyMy 1 TOTIM 3MEHINYETHCS, MEPEXOISuU B
o0acTh BiJA’€MHUX 3HaueHb. [lONOXKEHHS MakcH-
MyMYy 3MIIIY€EThCS B OOJIACTH MEHIIMX 3HAYEHb |,

[pH 3MEHIIEHHI BEJIUYMHM | .
IIpu momanmepIioMy 3MeHIIEHHI 1 , Koo T cTae
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piBEHUM T, Ta MeHIIE HBOTO, 110 X0y ( HE CIIoCTe-
piraerbcsi MakcUMyMy, ( JIEKHTh B 00JacTi
BiJl’€MHHX 3HA4€Hb, XapaKkTep 3MIHIOBaHHS ( i3 3Mi-
HOIO T, CTae IUTABHMM Ta BCE OUIBIN CIAOKHM 110
Mipi 3MeHIIeHHs cmiBBigHomenus T /T,, i kpusi

BHXOJITh HA IJIaTo. TakuM YMHOM, XapakTep 3Mi-
HIOBaHHS (] 3QJIEXKHO BiJl YaCOBUX XapaKTEPHUCTHUK 1
4acy )KHTTS Ma€ OCOOJIMBOCTI Ta € CIPUATIUBUAM IS
CKCIIEPUMEHTAILHOTO BU3HA4YCHHS | . OCKiNBKU (
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Te, C

Puc. 2. anexHicte acumerpii IpoIycKaHHS Big dacy
excriosuuii T, g psany 3HadeHb yacy T (uucna Ha

KPHMBHX yKa3ylOTh BapiaHT po3paxyHKy — AWB. Ta0m. 1).

3aJIEXKUTH BiJ 0aratboxX IapameTpiB, JOBOMI CKITaf-
HO, HE MAalO4H OI[IHIOIYMX 3HAYCHb | , ONTHMI3y-
BaTH 3HAYCHHS €KCIIEPHUMEHTAJIBLHOTO Ha0Opy BeNu-
yuH T,, T, Ta T,. Tomy OaxkaHO NPOBOAUTH BUMi-
pIoBaHHS (] y OIMPOKOMY Jiama3oHi 3Ha4YeHb yKa3a-
HHUX XapaKTEPUCTHK.

Ha mnepmomy erarmi BUMIpIOBaHb MiHIMAaJIbHO
MOXJIMBI 3HaYeHHs 1, 1 T, Oynu BuOpaHi piBHUMHU
20 ¢, 100 MaKCUMaJIbHO BHUKOPUCTATH MOXKJIMBHI
Yac sIK «YUCTUI» yYac BUMIPIOBaHb i BHXOJSIYH i3
JOCSATHEHHS MAaKCHMaJbHOI YacoBOi CTaOlIBHOCTI
BHMIPIOBaHb. SIK BUSBWIIOCH, MPOBEJIEHHS BHMipIO-
BaHb i3 TakuM HaOOpoM 3HaueHb 1, i T, € mocrat-
HIM U1 BU3Ha4eHHA | 1 Hemae moTpeOu 30imbpiry-
BaTH iXHi 3HAYEHHS.

EKCHepHMeHTaJ’[LHa YcTaHOBKa

JxepenoM HEWTpoHiB OyB CTalliOHAPHHUH JOCTi-
nuunbkuil peakrop BBP-M A1 HAH Vkpainu.
Takuil peakTop € NpUAATHUM ISl PO3IIISLIYBaHUX
JIOCITIJDKEHB, TaK SK YHACHITOK MajoCTi IIYKaHOTO
edeKTy BiJl JoKepena BUMAararoThCS YMOBH BHCOKOT
9acoBOi CTa01IPHOCTI Ta IHTECHCUBHOCTI.

7
W § 12
a7 A
ALy
i N\
A AnA 40
~ & 3
n Q/— =
I
AANAAS7 \1
¥
ARG AA
v \)
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AANIHAIN
e

Puc. 3. EkcriepuMeHTanbHa ycTaHoBKa: 1 — HepyXoMmi JOCHI/KYBaHi Ba 3pa3ku; 2 — AOCITIKYBaHi JABa 3pa3KH, IO
TePEeMIYIOThCS; 3 — KpeMHieBHH (inbTp; 4 — MiteHs aeTekropa (keaamiit); 5 — crmatamsmiianit NaJ(T1) 6aratoce-
Kuilinuii 47-nerekop; 6, 8, 9 — konmimatopu; 7 — Giostoriunuii 3axuct peakropa; 10 — 3axuct SLiH; 11 — 30BHimHii
3aXHCT JeTEeKTOpa (CBHUHEIb, KHEHTPOH-CTOMY); 12 — 3axucT GyHKepa.

Hocnimkysani 3pa3ku 1 i 2 (puc. 3) posminry-
FOTHCSI HA BUXOJI TOPU30HTAIBHOTO KaHAILY PEaKTo-
pa micns xoiimaropa 6, sikuii popMmye HEHTPOHHUIA
myqok 710 12 mm. TemnoBi HEUTPOHU BUAUISIOTHCS
i3 PEaKTOPHOTO CIIeKTpa KPEeMHI€BUM (DUTETpOM
3 ToBmMHOW ~ 98 cM. Bukopucranus ¢inerpa BU-
pimye psg mpoOnem. Ilo-meprue, 3MeHIIye MOTIK
IIBUIKMX HEUTPOHIB 1 raMMa-TIPpOMEHIB, MPHUCYTHIX
y mydky peakropa. lIBumki HEHTPOHW MPaKTUYHO
HE JTal0Th BHECOK y NOCHTIMKyBaHUH e(eKT 3aBIsIKH
MaJoMy Tiepepisy. Y TOH ke Yac BOHHM (a TaKoX
raMmMma-TIpoMeHi Iy9Ka) € OCHOBHUM JiKepesioM (o-
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Hy 1 JIYWIBHOTO TIEPEBAHTaXyBaHHS JETEKTOpa
(mpm BimcyTHOCTI (iTBTpa), TaK SK Big HUX THKKO
3aXHCTUTU JeTekrop. [lo-apyre, Ha BiAMIHY BiA
3araJlbHONPUAHATOTO CIoco0y BiJTHOCHO PO3MIIIICH-
HA GiTbTpa 1 DOCTIKYBAaHUX 3pa3KiB — CIOYATKY
HEHTPOHU (PUIBTPYIOTHCS, a MOTIM MaJJal0Th Ha 3pa3-
KM, y JaHiid poOOTi Taka 4eproBiCTh 3MiHEHa — CIIO-
YaTKy HEHTPOHHM IaJaloTh Ha JOCITIPKYBaHI 3pa3KH,
a moTiM npoxoaats ¢ineTp. Ile gae 3mMory HaiOiIb-
IIOI0 MipOI0 BUKOPHCTOBYBAaTH iHTEHCHBHICThH TeIl-
JIOBOTO TIOTOKY 1, BiATIOBIHO, MOCATTH HAHOLIBIIIX
3HaueHb N, i1 BuMiproBaHoi BennuuHu (. CrpaBa B
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TOMY, IO X04 (UIBTP 1 BUAUILE TEIUIOBUU CIEKTp,
yce JK YaCTHUHA TETUIOBUX HEWTPOHIB BHOYBa€ 3 Iyd-
Ka, a TOMy TIPH TPaAULIHHOMY pOo3MillieHH] ¢inbTpa i
3paskiB N, Oyzae meHmoro. Ilo-Tpete, 3anponoHoBa-
HE po3MilIeHHs (iIbTpa BUpILIYe i e OAHY 3a1ady
— 3MEHIITye HMOBIPHICTE ITOMAaHHS IMPOIYKTIB B3ae-
MoJii HeHTpoHiB i3 3paskamu 1 1 2 y nerekrop Ta
ixHIO peecTpanito. PeecTpanisi BTOpHHHHX NPOIYKTIB
MOXe€ MPU3BECTH JI0 NOSABU HEOKaHOT acCUMETpil pH
iHBepcii 3pa3kiB, Tak SAK MPH 3MiHI ITOCITITOBHOCTI
pO3TalllyBaHHS 3pa3KiB 3MIHIOETBCS TAKOXK KUIBKICHE
CHIBBIJHOLICHHS MK BUJAMH YTBOPIOBAaHHUX MPOAYK-
TIB B3aeMOJii Ta iXHIX XapaKTEpUCTHK (KiTbKIiCTh,
SHepris i T. I.).

[MocninoBHicTh po3TamryBaHHs 3paskiB 11 2 3Mi-
HIOETHCSI MEXaHI3MOM TIepeMillleHHs 3pa3ka 2 (3pa-
30k 1 Hepyxomuii). HeTouHICTh BCTAaHOBIIEHHS 3pa3-
ka 2 y mocrigoBHocTsx (1,2) i (2, 1) craHOBHTH
~2,2:10* pax. Jlns yCyHEHHs BILIMBY Ha pe3yibTaT
BHUMipIOBaHb HarpiBy 2>°U BHACIIZOK MOJiNY IIPOBO-
JUTHCSL TIPUMYCOBE KOHBEPTOBAaHE OXOJIOJKECHHS
3paska [3].

IIy4ox HEUTPOHIB MiCII MPOXOMKEHHS (DITBTpa i
3pa3kiB 1 1 2 dopmyerbess komimaTopamu 8 1 9 j0
niamerpa ~ 22 MM 1 momnajae Ha MilieHb 4 (kaamiii),
SKMHA PO3MILIYETHCSI Y LEHTPI MPOXIIHOTO KaHaly
4m-nBaHANIATHCEKIIIHHOTO JeTeKTopa S5 Ha OCHOBI
kpuctanis NaJ(Tl) 06’emom 26 i [4]. HeiitpoHu pe-
€CTPYIOThCS 110 TOTJMHAHHIO B Kajamii. Kaamiii BuO-
paHuil yHACIiIOK BEJIMKHX 3HA4Y€Hb Nepepi3y HOIiu-
HaHHS, MHOXHWHHOCTI Ta CyMapHOI eHeprii ramma-
Kackany. O01acTb BUXO/y IydKa 3 KaHATy PeakTopa,
po3mimieHHs 3pa3kiB 1 i 2 Ta ¢inbTpa 3 oTOYEHA T10-
CHJIEHHM 3axXucTOM 12 ToBImmMHOMO 1,5 - 2 M BiI HEHT-
POHHOTO i TaMMa-BHIIPOMIHIOBaHHSI. JleTeKkTop 3axu-
IIeHnH 1mapom cBUHIO ToBImHOK 10 - 20 cM i Giio-
KaMu «HeUTpoH-ctom» TosmmHO 30 cMm. Bimcrans
Big 3paszkiB 1 1 2 1o 3paska kaamito 4 y JeTeKkTopi
~58mM, a 10 akTuBHOI 30HU peakTopa 3,5 M, TOOTO
BUKOHYETHCS] YMOBA «T'apHOI» reoMeTpii.

BumiproBaHHs, pe3yJIbTaTH Ta 00rOBOPEeHHS

BuMiproBanocss poOMyCKaHHS 4epe3 J1Ba 3pa3Ku
%5y (36arauennii 1o 90 %) i kaamiro (3pasku 1 Ta 2
BiAnoBinHO). TOBIIMHM  3pa3KiB  JAOPIBHIOIOTH
2.24-10° Ta 4,63-10” r/cM? BimmosimHO. Bumipro-
BaHHs IPOBOJMIIMCH IIPH TPhOX 3HaueHHsX 1,: 30,
300 i 1000 c. 3na4enHs yacoBux intepsamis T i T,
MIDX TTOCIIJOBHOCTSIMH B IIMKJI 1 MK IIMKJIaMu Opa-
ey ogHakoBuMu 1 ctaHoBwM 20 ¢. KibkicTs Bif-
JiKiB y mociimoBHOCTAX 3paskiB (1,2) i (2, 1) mo-
sHaunmo N, Ta N,,. BumiproBanns pony y Takux

MTOCITIIOBHOCTSX 3pa3KiB IPOBOAMIIOCS PO3MIIIEH-
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HAM Ticis GiabTpa KPEeMHII0 3pa3ka KaaMilo TOBITH-
HOtO 4,63-10° r/eM?, sikmi MPAKTUIHO TOBHICTIO
MOTJIMHAB TEIUIOBI HeWTpoHH. KinbKicTh BimJIiKiB

[IUX BUMIPIOBaHb TO3HAYMMO SIK Nl‘i)2 Ta Ng’l. v

HUAX Jal0Thb BHECOK (OH 3aild, KOCMIYHHHA (HOoH,
raMMa-TipoMeHi Ta MBUIKI HEUTPOHH, SKI MPOUILIN
GinbTpU KpeMHiIo 1 KaaMiio, Ta JOCHiIKyBaHi 3pa3-
KM, a TaKOXX MPOAYKTH B3a€EMOJIii HEHTPOHIB i3 JOC-
JHKYBaHAMH 3Pa3KaMH.

OCKIJIbKY TIOJIOKEHHS MEePEMIIyBaHOTO 3pa3Ka 2
y mocaigoBHocTsX (1, 2) ta (2, 1) MoxyTh OyTH He-
TOYHHMH, IO MOXE MPU3BECTH IO TOSBH MOOITHOT
ATl, To mpoBoaMIIOCS BUMIPIOBAaHHSA 1Ii€i (amaparyp-
Hoi) acumertpii. s nporo BUMiproBanacst KiIbKiCTb
aKTiB TIOTJIMHAHHS HEUTPOHIB y THX e JBOX ITOJIO-
JKSHHSIX 3pa3ka 2, ajie P I[boMY 3pa3ok 1 3Haxo-
OUBCS Ha MYYKYy 3a 3paskoM 2, 100 3ajuIiaucs
HE3MIHHUMH YMOBH BHUMIpIOBaHb ((OH, CIEKTp
PEECTPYIOUNX HEUTPOHIB, JIYMIbHE 3aBaHTAXCHHS
JIETEKTOpa Ta amapaTypd ToIlo). BiAmoBigHy Kiiab-
KICTh BiMUIIKIB IO3HAYMMO SIK No,z i Nz,o- Binmo-

BIIHO i IJI IIOTO THITY BUMIPIOBAHb TPOBOIHIOCS
BHMIPIOBAaHHS 13 3pPa3KOM KaJIMi0, TIEPEKPHBAIOYNM
ny4yok. KimbKicTh BiUTIKIB BUMIpIOBaHb (POHY TNPH
BU3HAYEHHI amapaTypHOi acMMeTpii MO3HAuYuMO SIK

b )
NO’2 Ta Nz,o-

3a pe3ynbpTaTaMH PO3TIIAHYTHX THIIB BHMIpIO-
BaHb BUpaxoByBajocs 3HaueHHs All:

9=(q,-q)—(q,-q;), (34)
Je (, — acHUMeTpis, KOJIH 3pa30K 2 M0YeproBo po3Mi-
yeThes 3a abo mepen 3paskom 1; ¢ — BianosigHa
(oHOBa acumeTpis; (|, — amapaTypHa acCUMeTpis Ta il

donoBa cxmagosa (P. Bupasu, mo BxomaTs y dop-
Myiy (34), 3aIMCyrOThCS Yepe3 KibKICTh BiUTiKiB:

0. _qg) =(Ny, —N,,)/0,5[(N,, +N,,;) —

—(NJ, + N2 — (N, —N£)1/0,5)

X[(N,, +N,,) = (N}, + NI (35)

Pi3HUII KiABKOCTI BiAJIKIB y YHCENBHUKAX HOP-
MYIOThCSI Ha CEpPEIHI0O CyMapHYy KUTbKICTh BiJUTIKiB
N,, ta N,, i3 BupaxyBauusm i3 Hux doHy. Anamno-

TYHUM YMHOM 3aIlUCYETHCS pyra Pi3HHIS Y CITiB-
BijHOLICHHI (34):

q. _qg = (No,z - Nz,o)lols[(No,z + Nz,o) -
—(Ng, + NJ)I=(Ng, =N2;)/0,5x

><[(No,z + Nz,o) _(Ng,)z + Ng?o)]- (36)
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Tabnuys 2. Pesynsratn BumipioBanus All Ta ixui ckiagosi npu pisunx 3navyennsnx T.i Tn=Ti=20 ¢

T, c Qe 10 qd10 Ge 107 q2-104 g-10*

30 3,148(0,296) -0,013(0,171) 6,305(0,374) 0,344(0,167) -2,800(0,534)
100 3,770(0,192) -0,037(0,148) 6,166(0,216) 0,180(0,123) -2,541(0,294)
300 2,763(0,695) -0,067(0,103) 4,833(0,760) 0,448(0,104) -1,555(1,040)
1000 2,572(1,308) -0,297(0,269) 7,408(2,104) 0,312(0,317) -4,227(2,512)

BumipsiHi 3HaueHHs ( 11 BUKOPUCTOBYBaHHX
3HaUeHb |, Ta iXHI CKJIAJ0Bi HaBeJEHO B Tadm. 2.
Jts T, =100 ¢ 3Ha4eHHs (] HaBeIeHO B poboTi [3].

Jsi KOXKHOTO 3HA4YeHHs [, IPOBOJUIOCH IO
m =4 pumiproBaHb (,,, OCTaTOYHI 3Ha4Ye€HHA (, IO

HaBeZleHI B Ta0Jl. 2, € cepelHIMU IO HUX YOTHPHOX
BUMIpPIOBaHHSX

4
q=>0,/4, 37)
m=1
a MoXMOKa I1i€] BeJIMYNHYU BU3HAYaIacs sIK
4
Ag=)(q-0,)/4. (38)

m=1

IIpu Benukux 3HaYeHHIX [, MOXUOKA BEIMYMHU
( 30UThIIyETHCA, IO OYEBHIHO IMOB’S3aHO 3 TOTIp-

[IEHHSM CTa0UILHOCTI S BHMIPIOBaHb i3 4aCOM.
CraOuIpHICTF S  OIiHIOBaJach MO BiMHOCHIN

3MiHI CyMapHOIO KUIBKICTIO BiJIKIB Z(le +N 21)
JIETEKTOpa B 000X MOCIIIJJOBHOCTSIX 3pa3KiB Mapu 3a
JI0OCTaTHBO BEJMKi iHTepBamu 1, Ta T, yacy BHUMi-

proBaHb (mmicias HAOOPY JOCTATHHOI CTATUCTHKH).
PizHuns BkasaHux cym 3a 1, Ta T, HaBoamsacs 10

gacy ekcriosuuii T, (T, Ta T, Opamucs oxHakoBH-

mu, piBHuMH T, ). Toai S mae Burisaz

S {Z(le2 +N,, )= D (N, +N,, ) |-(T./ T,)/0,5x

T2 T

{Z(le + N,y )+ D (N, + szl)} . (39)

T T

Hanpuxnan, ana dacy BumiptoBanb 1,= 100 c

3HaueHHS S nexuTh y Mekax (0,09 + 0,2)-10 4 y
Toit ke 4ac sk i T,= 300 ¢ 3nauenns S morip-

myetsest i cranosuTs (0,55 + 0,75)-10,
BusHaueHHs yacy KUTTA | TIPOBOAWIOCH IILIS-
XOM BHOOpY pO3paxyHKOBOi KPHBOI, sika HaWkpa-
ITIM YHHOM ONHUCY€ HaBeCHI B TaOJ. 2 eKcrepuMe-
HTanbHI 3HaueHHs (. Jlns mpoBemeHHS criBcTaB-

JICHHSI eKCIIEPUMEHTAJIbHUX Ta PO3PAaXyHKOBUX 3HAa-
YeHb PO3PaxyHKOBI KpuBi (' Ta eKCrepHMEHTaIbHI

3Ha4YeHHs (, /s YOTHPBOX [ = 4 3HA4YeHb 4aciB |,

eKCIO3UIIi1, IPU SKUX MPOBOJMIUCS BUMIPIOBaHHS,

4
HOPMYBAIMCS HA CyMapHi 3HAYCHHS ) qi" Ta
i=1
4
Z|qi| BIJIIIOBITHO:
i=1
4 ! ’ 4 ’
qi"=qi/2|qi|, (qi )qui /zqi" (40)
i1 i1
HopmMoBaHi po3paxyHKOBi 3HAYEHHS (qi' " s

3Hauens 7 Big 3 mo 300 ¢ HaBeneno B tadiu. 3. Tam
)Ke HABEJICHO HOPMOBaAHI 3HAYeHHs (] BHMIpSHHX

3HA4YCHb.

Tab6nuys 3. HopMoBaHi po3paxyHKoBi (-g;)" Ta eKcnepuMeHTaIbHi (-q;)" 3HAYEHHS,
ixus pisunua R; 7n=T1=20 ¢

Homep Te i 1 2 3 4 R

BapiaHTa ' T, ¢ 30 100 300 1000
1 1 0,242 0,253 0,253 0,253 2,76
2 3 0,225 0,252 0,260 0,263 3,10
6 5 0,206 0,254 0,268 0,273 4,04
10 10 0,144 0,256 0,293 0,307 9,04
14 30 0,048 0,182 0,348 0,421 26,25
18 50 0,024 0,118 0,346 0,512 45,75
22 100 0,010 0,055 0,266 0,669 73,30
26 300 0,003 0,020 0,127 0,850 95,30
q 0,252 0,228 0,140 0,380
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10. T'. IIEIIKIH, B. I. CJIICEHKO, H. I. MA3IHA, T. A. KOCTIOK

V 1iii e TabauIll HAaBEIEHO 3HAUEHHS BEJIUYMHA
R st koxkHOro Bapianta po3paxyHKy, sKa Xapak-
TEpU3y€e CTYHiHb BiAMIHHOCTI PO3PaxyHKOBOI Ta
eKCIIePUMEHTAIBHOT 3aJIeKHOCTEH

4

R= Zl[q —(qi')“T (o), ol =0, /i

A€ C; — EKCIEPUMEHTaJIbHA NMOXHOKA BENUYUHHU (;

q'l, (41)

(nuB. Tabn. 2). [lopiBHSHHA pO3paxyHKOBUX KPUBUX

(qi')” 3 CKCICPUMEHTAIbHUMHU 3HaYeHHsMH (]
MoKa3ye, MO NOYMHAIOYM i3 3Ha4eHHs | ~5c i
MeHIIEe IXHS BiAMIHHICTD MPAaKTUYHO HEMOMITHA
(BinmoBinHi 3HauenHs R mpakTmuno 36irarThcs).
BukxopuctoByroun y>-kpuTepili ysromxenns [5] i
3HaueHHs R Bu3HAYaeMo, 0 3 JOCTATHHO BEMKOIO
WMOBIPHICTIO BiAXWJIEHHS PO3PaxXyHKOBUX KPHBHX,
BiAMOBiNHMX 3HaueHHAM | < 5 ¢, BiJ eKcrepuMeH-
TaJbHO 3aJIe)KHOCTI MOKHA BBa)YKaTH BHUIAIKOBHMHU.

Jnst yTOUHEHHsI MEepexoay BiJ OJEp)KaHOTO pe-
syapTaty (T < 5 ¢) He0OXiIHO PO3MIMPHTH [iana3oH
BHMIpIOBaHb y OiK MEHIINX 3HaUY€Hb Te, OJIHAK IIE €
YCKJIQJIHEHHAM, OCKUIBKH IPU LIbOMY OCHOBHHH 4ac
OylIe BUTpavyaTHCsl Ha 3MiHY TOCIiTOBHOCTEH (dacu
T, i T,), T0OTO CKOpOYYETHCS  «UMCTHII»

n
BUMipIOBalIbHHIT yac T,. ¥V pesynbrati a1 Habopy
Ti€l K CTaTUCTUYHOI TOYHOCTI HEOOXIiJHE CYTTEBE
30iJbIIIEHHST Yacy BHMIPIOBaHb, IO BUSBISETHCS
HepeanbHUM. Hanpukian, npu MiHIMAIbHO BUKOPH-
CTOBYBAaHOMY B JIaHWX BHMIPIOBAaHHAX 3HAYCHHI
T, = 30 ¢ noBHuit yac BUMipIoBaHb (YCiX YOTHPHOX

THIIB BUMIpIOBaHb (, , qg” .q, 1 qj’ ) cTaHOBUB 0J1U-

3bKO TPHOX MICSIIIB.

VY poboti [3] Oynu Bu3HAuUEHI XapaKTEPUCTHKH
MeTacTablIbHOTO CTaHy ypaHy, 30yAKEHOTo ylam-
KaM{d TOJITYy, BHUKOPHCTOBYIOYH CITiBBiIHOIIEHHS
IJIA Yacy KUTTA | MeTacTabGilbHUX sAIEpPHHUX CTa-
HiB, Tlepepidy O, KYJIOHIBCHKOTO 30y/KEHHS Ta
BenmmunHU All, a TakoX eKcriepuMeHTallbHE 3HAUCH-
HA (. Y pesynprari mpoBeAeHO! B AaHId poOOTI

OIIHKY BenuuuHA T | S 5 ¢ cTae MOKIMBOIO OLIbII
OHO3HAYHA OIliHKA 3BeleHOi ¥MosipHocTi B(E1)|
ramMma-Tepexoxy — BUKOPHCTOBYIOUH Ti X CITiBBiI-
HOLICHHSI, 10 NepepaxoBaHi BHUILE, i OTPUMaHy OLi-
HKY BeJuMuMHM | S 5 ¢, 3HaXOAUMO, IO HABEJIECHE
3HauYeHHA B| 3BemeHoi itmMoBipHOCTI E/-mIepexomy
MIEPEBUIIY€E BIiAMOBIIHE OJHOYACTHHKOBE 3HAYCHHS
Bsp(E1)| y 1,4 103 pasza. Bimznaunmo, o ogHOYac-
TUHKOBI OITIHKH y 0araTbOX BUMNAJKaX 3HAYHO BiJpi-
3HSIFOTHCS BiJl €KCIIEPUMEHTAJIbHUX 3Ha4YeHb [6, 7].
Jus E2-niepexo/iiB pO3XOJKEHHS eKCIIepUMEHTaIIb-
HUX ¥ OIIHOYHHX 3HAYCHb HABEJACHUX 1MOBIPHOCTEH
nepexoniB B(E2)| CTaHOBUTH JEKiJbKa TMOPSJIKIB,
Jutst E1-niepexo/1iB BOHO II¢ 3HAYHIIIIE.

Buxonsum i3 pe3ynbrariB AaHOi poOOTH, MOXKHA
3poOUTH BHCHOBOK, IO Cepell MPHITYLIeHb, 3podiie-
HHUX Y Tonepeanix pocmimkenusx [1 - 3] mis mosic-
HEHHS CIHOCTEPESIKYBAHOT 3aJICKHOCTI HEHTPOHHOIO
nepepizy Bl T'YCTHHH HOTOKYy HedTponiB N, mo
NaJaloTh Ha 3pa3ok “°U, MiATBepKyeThcs SK Haii-
OiIbII IMOBIpHA TIMOTE3a YTBOPEHHS METACTA0ITBHIX
craniB 2°U, sKi 36y/IKyI0ThCSA YIaMKaMH Oy .
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HCCJIEJOBAHUE B3AUMOJIEMCTBAI HEUTPOHOB C BEIIIECTBOM
ITPU BBICOKHX HFFITPOHHI;IX IIOTOKAX. .
YACTSD I1I. ACCJIEJOBAHUE BPEMEHHOU 3ABUCUMOCTHU ITPOITYCKAHUS HEUTPOHOB

[TpoBe/icHBl M3MEPEHHs IPOIYCKAaHHUsl HEMTPOHOB uepe3 jBa 00pa3na’®®U, kaaMus, KOTOpblE HAXOMATCS OJXHOBpE-
MEHHO Ha HEMTPOHHOM ITyuyKe, IPHU pa3HON IMTOCIIeN0BATEIbHOCTH UX PACIOI0KEHUS MIPU Pa3IUYHBIX BPEMEHAX HKCIO-
3unuK 00pas3loB Ha Imyuke. [loaTBepkIeHO paHee HAONIOAaeMOe pa3Inyhe YKa3aHHOTO NPOIYCKaHHs HEHTPOHOB —
acuMMeTpusi nporyckanus. Llenb m3MepeHHi — ompezeseHHe BPEMEHHU >KHU3HHU IPEAIoNIaraeMbIX MeTacTaOMIBHBIX
COCTOSIHWH, BBEJICHHBIX JUII OOBsSCHEHUs HaOI0aeMoil aCHMMETpHH TpoltyckaHus. Ha ocHoBe pe3ynbTaTtoB U3Mepe-
HUH aCHMMETpPHUH IIPOITyCKaHUs yCTAaHOBIICHO, YTO OHO MEHee 5 C.

Kniouegvie cnoea: HEWTpOH, cedeHHe, BPeMs JKU3HHM, IDIOTHOCTh ITOTOKA HEHTPOHOB, aCHMMETPHS NPOITYyCKaHHS,
MIPUBE/ICHHAS! BEPOSTHOCTH IIEPEX0/1a, METACTAOMIbHOE COCTOSIHHE.

Yu. G. Shchepkin, V. I. Slisenko, N. I. Mazina*, T. O. Kostyuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine
*Corresponding author: nadin_v@kinr.kiev.ua

RESEARCH OF NEUTRON INTERACTION WITH MATTER
UNDER HIGH NEUTRON FLUX.
PART I1l. RESEARCH OF NEUTRONS TRANSMISSION TIME DEPENDENCE

Measurements of the transmission of neutrons through two samples of 2°U and Cd, which are simultaneously on
neutron beam, with different sequence of their location for different exposure times of the samples on the beam, are
performed. Previously observed difference in these transmissions is confirmed — asymmetry of transmission. The pur-
pose of the measurements is to determine the lifetime of the expected metastable states, to explain the observed asym-
metry of transmission. Based on the results of asymmetry of transmission measurements, it was found that it is less than
5s.

Keywords: neutron, cross section, lifetime, neutron flux density, asymmetry of transmission, reduced transition
probability, metastable state.
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