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Ìåòîä èäåíòèôèêàöèè ÷àñòèö ÀØÈÔ

ÀØÈÔ (Àýðîãåëü, ØÈôòåð, Ôîòîóìíîæèòåëü)

Pthr = mc√
n2−1Ïðåäëîæåí â ÈßÔ ÑÎ ÐÀÍ (A. Onuchin et al. NIM A315, 1992, 517-520).

ÏÌÌÀ ïëàñòèíà ñ äîáàâêîé BBQ ðàáîòàåò êàê ñâåòîâîä ñî ñïåêòðîñìåùåíèåì.
- Ìåòîä ïîçâîëÿåò çíà÷èòåëüíî óìåíüøèòü ïëîùàäü ôîòîêàòîäà ÔÝÓ, è ñîîòâåòñòâåííî
ñòîèìîñòü ñèñòåìû.

Ñèñòåìû ÀØÈÔ â ÈßÔ ÑÎ ÐÀÍ (Íîâîñèáèðñê):

ÊÅÄÐ ýêñïåðèìåíò íà e+e− êîëëàéäåðå
ÂÝÏÏ-4Ì (2E=2÷10 ÃýÂ)
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160 ñ÷åò÷èêîâ (2 ñëîÿ), 0.97×4π
n=1.05 (1000 ë)

ÔÝÓ ñ ÌÊÏ (∅ÔÊ=18 ìì)

ÑÍÄ ýêñïåðèìåíò íà e+e− êîëëàéäåðå
ÂÝÏÏ-2000 (2E=0.3÷2 ÃýÂ)

9 ñ÷åò÷èêîâ (1 ñëîé, 9 ë), 0.6×4π
n=1.13 (π/K ðàçäåëåíèå,

√
s >1 ÃýÂ)

n=1.05 (e/π ðàçäåëåíèå,
√
s <1 ÃýÂ)

Òîëùèíà ∼30 ìì
ÔÝÓ ñ ÌÊÏ (∅ÔÊ=18 ìì)
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Ìîäåðíèçàöèÿ ñ÷åò÷èêà ÀØÈÔ: ÔÝÓ ñ ÌÊÏ → ÊÔÝÓ

ÔÝÓ ñ ÌÊÏ

Ïðîèçâîäèòåëü: "Ýêðàí ÔÝÏ"(Íîâîñèáèðñê)

Îêíî èç áîðîñèëèêàòíîãî ñòåêëà

Ìóëüòèùåëî÷íîé (Sb-Na-K-Cs) ôîòîêàòîä

ÌÊÏ ñ äèàìåòðîì êàíàëà 7 ìêì

Ìàêñèìàëüíîå QE=23% ïðè λ=500 íì

Êîýôôèöèåíò ñáîðà ôîòîýëåêòðîíîâ ∼0.6
PDE=QE*CE=23*0.6≃14%
Îñåâîå ìàãíèòíîå ïîëå

Ýëåêòðîïèòàíèå 3÷4 êÂ

MPPC (Multi-Pixel Photon Counter)
S13363-3050NE-16

Ïðîèçâîäèòåëü: "Hamamatsu"

Ýôôåêòèâíàÿ ñâåòî÷óâñòâèòåëüíàÿ
ïëîùàäü/êàíàë 3×3 ìì
Êîëè÷åñòâî ïèêñåëåé/êàíàë 3584

PDE=40% ïðè λ=500 íì

Ìàãíèòíîå ïîëå ëþáîãî íàïðàâëåíèÿ

Èñòî÷íèê ïèòàíèÿ <100 Â (òèï.
VBR=53 Â)

Âûñîêèé óðîâåíü òåìíîâûõ øóìîâ (0.5
Ìêïñ)

Ïåðåõîä íà ÊÔÝÓ (SiPM) äîëæåí óâåëè÷èòü êîëè÷åñòâî îáíàðóæèâàåìûõ ôîòîýëåêòðîíîâ.
8÷10 ô.ý.⇒20÷30 ô.ý.
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Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ

Ñåãìåíò ïðîòîòèïà Ñ÷åò÷èê 1, Àýðîãåëü n=1.05 Ñ÷åò÷èê 2, Àýðîãåëü n=1.12

Èñïîëüçîâàëñÿ ñåãìåíò ñèòåìû ÀØÈÔ äåòåêòîðà ÑÍÄ

Ñåãìåíò ñîñòîèò èç òðåõ ÷åðåíêîâñêèõ ñ÷åò÷èêîâ:

Èñïîëüçîâàëèñü äâà ñ÷åò÷èêà èç ñåãìåíòà:

1 ñ÷åò÷èê: àýðîãåëü ñ ïîêàçàòåëåì ïðåëîìëåíèÿ 1.05 è òîëùèíîé 30 ìì
2 ñ÷åò÷èê: àýðîãåëü ñ ïîêàçàòåëåì ïðåëîìëåíèÿ 1.12 è òîëùèíîé 25 ìì
(ñ÷åò÷èê çàïîëíåí íå ïîëíîñòüþ)

Ðàçìåðû ñ÷åò÷èêà: R=105÷141 ìì, äëèíà 260 ìì, øèðèíà 80 ìì
Àýðîãåëü îáåðíóò â òåôëîí ñ êîýôôèöèåíòîì îòðàæåíèÿ ∼98%
Ìàññèâ èç 5 ÊÔÝÓ ñíèìàåò ñèãíàë ñ WLS ñ ðåçìåðîì 17×3 ìì2
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Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ

Cõåìû ïîäêëþ÷åíèÿ ÊÔÝÓ

Âåðñèÿ 1 Âåðñèÿ 2

Status and R&D of ASHIPH-SiPM option for PID, Int.J.Mod.Phys.A 39 (2024)

Â1: Ïîñëåäîâàòåëüíîå ñîåäèíåíèå ÊÔÝÓ ñ äåëèòåëåì íàïðÿæåíèÿ ñìåùåíèÿ;

Â2: Ïîñëåäîâàòåëüíîå ñîåäèíåíèå ÊÔÝÓ ñ ïàðàëëåëüíûì ðàñïðåäåëåíèåì íàïðÿæåíèÿ
ñìåùåíèÿ � ñåé÷àñ îñíîâíîé âàðèàíò.

Ñèñòåìà òåðìîñòàáèëèçàöèè

Ïëàòèíîâûé äàò÷èê òåìïåðàòóðû íà ïëàòå
ýëåêòðîíèêè (SMD0805V Pt1000)

Òåðìîýëåêòðè÷åñêèé Ìîäóëü Ïåëüòüå (30×30 ìì)
Âîçäóøíûé ìåäíûé ðàäèàòîð

Ïîçâîëÿåò òåðìîñòàáèëèçèðîâàòü òåìïåðàòóðó â 15◦C íà
ÊÔÝÓ, ïðè âíåøíåé òåìïåðàòóðå 45◦C
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Êàëèáðîâêà ÊÔÝÓ

Ðàñïðåäåëåíèå ìàêñèìàëüíîé
àìïëèòóäû èìïóëüñà

A1ph.e. � èç ðàññòîÿíèÿ ìåæäó
ïèêàìè

Nph.e. = (Asig − Aped)/A1ph.e.

×èñëî ô.ý. ïðè ìàëîé çàñâåòêå îïèñûâàåòñÿ ðàñïðåäåëåíèåì
Ïóàññîíà:

P (n, µ) =
e−µ

n!
µ
n
, µ = −lnP (0, µ),

ãäå n � ÷èñëî ôîòîýëåêòðîíîâ, µ � ñðåäíåå ÷èñëî
ôîòîýëåêòðîíîâ çà èìïóëüñ.
Âåðîÿòíîñòü îòñóòñòâèÿ ôîòîýëåêòðîíà:

P (0, µ) =
Nsig

ped

Nsig
·
Nnoise

Nnoise
ped

,

ãäå Nsig � îáùåå ÷èñëî ñîáûòèé â ñèãíàëüíîì ñïåêòðå,

Nnoise � îáùåå ÷èñëî ñîáûòèé â øóìîâîì ñïåêòðå, Nsig
ped �

÷èñëî ñîáûòèé â ïüåäåñòàëå ñèãíàëüíîãî ñïåêòðà, Nnoise
ped �

÷èñëî ñîáûòèé â ïüåäåñòàëå øóìîâîãî ñïåêòðà.

T=15◦C
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Èñïûòàíèå ïðîòîòèïà ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ íà ïó÷êå ýëåêòîíîâ

Ýíåðãèÿ ýëåêòðîíîâ � 2.5 ÃýÂ;

Òðåêèíãîâàÿ ñèñòåìà îñíîâàíà íà 3-õ
êîîðäèíàòíûõ GEM-äåòåêòîðàõ
(σx=70 ìêì, σy=200 ìêì) è
NaI-êàëîðèìåòðå;

Òðèããåð ôîðìèðóåòñÿ èç ñîâïàäåíèÿ
äâóõ ñ÷åò÷èêîâ íà îñíîâå ÔÝÓ ñ
ÌÊÏ;

Ñèãíàëû ñî ñ÷åò÷èêîâ è ïðîòîòèïà
îöèôðîâûâàþòñÿ V1742 CAEN;

Íàáîð ïðîèçâîäèëñÿ â 12 ðàçëè÷íûõ
ãåîìåòðè÷åñêèõ îáëàñòÿõ ñ÷åò÷èêà,
ïðè òåìïåðàòóðàõ 15◦C è 45◦C, è ïðè
ðàçëè÷íûõ íàïðÿæåíèÿõ ñìåùåíèÿ íà
ÊÔÝÓ. Â êàæäîé òî÷êå íàáèðàëîñü
50000 ñîáûòèé.
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Èñïûòàíèå ïðîòîòèïà ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ íà ïó÷êå ýëåêòîíîâ (T=15◦C)

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.05 àýðîãåëÿ
×èñëî ôîòîýëåêòðîíîâ â ðàçëè÷íûõ ãåîìåòðè÷åñêèõ òî÷êàõ ñ÷åò÷èêà

61<x<68; 27<y<37

U=53.5 Â

Ñðåäíåå ÷èñëî ôîòîýëåêòðîíîâ íà ñ÷åò÷èê Nph.e. ≃ 8.6 ((p2+p9)/2)
Íåîäíîðîäíîñòü ñâåòîñáîðà ñîñòàâèëà ∼ ±22%

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.12 àýðîãåëÿ
Ïðîòîòèï íå ïîëíîñòüþ çàïîëíåí àýðîãåëåì (äî 30 ìì), òîëùèíà ñîñòàâëÿåò 25 ìì
ÀØÈÔ ñ ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ ñîäåðæèò àýðîãåëü ñ n=1.13

U=53.5 Â

Ñðåäíåå ÷èñëî ôîòîýëåêòðîíîâ íà

ñ÷åò÷èê Nph.e. ≃ 11.8

Äëÿ àýðîãåëÿ ñ n=1.13, 30 ìì:
Nph.e. ≃ 11.8 × 1.3 = 15.3

Íåîäíîðîäíîñòü ñâåòîñáîðà ñîñòàâèëà
∼ ±22%
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Èñïûòàíèå ïðîòîòèïà ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ íà ïó÷êå ýëåêòîíîâ

Äîïîðîãîâàÿ ýôôåêòèâíîñòü â îñíîâíîì îïðåäåëÿåòñÿ ñîáñòâåííûì DCR

Äðóãèå èñòî÷íèêè:

×åðåíêîâñêèé ñâåò îò δ-ýëåêòðîíîâ â àýðîãåëå
Ñöèíòèëëÿöèè â òåôëîíå
×åðåíêîâñêèé ñâåò â òåôëîíå

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.05 àýðîãåëÿ

T=15◦C, U=53.5 Â, òî÷êà p2

T=45◦C, U=57 Â, òî÷êà p2

K[σ] =
√
2 ∗ (erf−1

(1 − 2εK) + erf−1
(1 − 2 ∗ (1 − επ)))
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Ïàðàìåòðû ñèñòåìû ÀØÈÔ ñ ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ

Ðåçóëüòàòû èç ñòàòåé îïèñûâàþòñÿ ïàðàìåòðè÷åñêèì ìîäåëèðîâàíèåì

Ñèñòåìà ñ n=1.05 àýðîãåëÿ
Test results of the threshold aerogel Cherenkov
counter system with n=1.05 using electrons and
muons at p<500 MeV/c, JINST 9 C08010, 2014

Ñðåäíèé ñèãíàë 3.5 ô.ý.

Äîïîðîãîâûé ñèãíàë ∼3%

e/π ðàçäåëåíèå

Ñèñòåìà ñ n=1.13 àýðîãåëÿ

e+e− → ϕ → π+π−π0, e+e− → µµ e+e− → K+K−

Particle identi�cation system based on dense
aerogel, NIMA 732 (2013) 330�332

Ñðåäíèé ñèãíàë 6÷8 ô.ý.
Äîïîðîãîâûé ñèãíàë ∼10%

π/K ðàçäåëåíèå
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Ñðàâíåíèå êà÷åñòâà ðàçäåëåíèÿ ÀØÈÔ-ÔÝÓ ÌÊÏ è ÀØÈÔ-ÊÔÝÓ

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.05 àýðîãåëÿ

Êàðòà
íåîäíîðîäíîñòè
ñâåòîñòîáðà

Ñðåäíåå â òî÷êàõ p2 è p9

e/π ðàçäåëåíèå

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.13 àýðîãåëÿ

Êàðòà
íåîäíîðîäíîñòè
ñâåòîñòîáðà

n=1.12

Ñðåäíåå â òî÷êàõ p2 è p9

π/K ðàçäåëåíèå
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Çàêëþ÷åíèå

Ñêîíñòðóèðîâàí ïðîòîòèï ÀØÈÔ-ÊÔÝÓ ñîäåðæàùèé äâà ñ÷åò÷èêà ñ àýðîãåëåì n=1.05
è n=1.12, ñ ñèñòåìîé òåðìîñòàáèëèçàöèè íà îñíîâå ìîäóëåé Ïåëüòüå è âîçäóøíîãî
ðàäèàòîðà

Ïðîâåäåíû èñïûòàíèÿ ïðîòîòèïà ÀØÈÔ-ÊÔÝÓ íà ýëåêòðîííîì ïó÷êå â ÈßÔ ÑÎ

ÐÀÍ:

Àýðîãåëü n=1.05:
Ñðåäíåå ÷èñëî çàðåãèñòðèðîâàííûõ ôîòîýëåêòðîíîâ 8.6.
Íåîäíîðîäíîñòü ñâåòîñáîðà ñîñòàâëÿåò ±22%.

Àýðîãåëü n=1.12:
Ñðåäíåå ÷èñëî çàðåãèñòðèðîâàííûõ ôîòîýëåêòðîíîâ 11.8.
Íåîäíîðîäíîñòü ñâåòîñáîðà ñîñòàâëÿåò ±22%.

Ïðåäñòàâëåíî óâåëè÷åíèÿ ÷èñëà ôîòîýëåêòðîíîâ è êà÷åñòâà ðàçäåëåíèÿ ÷àñòèö ìåæäó

ïðîòîòèïîì ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ è ñ÷åò÷èêîì ÀØÈÔ-ÌÊÏ äåòåêòîðà ÑÍÄ:

Àýðîãåëü n=1.05:
ÀØÈÔ ñ ÔÝÓ ÌÊÏ, Nph.e.=3.5.
Nph.e.(ÀØÈÔ-ÊÔÝÓ)/Nph.e.(ÀØÈÔ-ÔÝÓ ÌÊÏ)≈2.5
3.7σ(ÀØÈÔ-ÔÝÓ ÌÊÏ)→ 4.6σ(ÀØÈÔ-ÊÔÝÓ, T=15◦C)

Àýðîãåëü n=1.13:
ÀØÈÔ-ÊÔÝÓ c n=1.13, 30 ìì: Nph.e. ≈11.8×1.3=15.3
ÀØÈÔ ñ ÔÝÓ ÌÊÏ, Nph.e.=6÷8.
Nph.e.(ÀØÈÔ-ÊÔÝÓ)/Nph.e.(ÀØÈÔ-ÔÝÓ ÌÊÏ)≈2.2
4.3σ(ÀØÈÔ-ÔÝÓ ÌÊÏ)→ 5.6σ(ÀØÈÔ-ÊÔÝÓ, T=15◦C)

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ èìååò ãåîìåòðèþ ðåàëüíîãî ñ÷åò÷èêà è ìîæåò áûòü

ëåãêî èíòåãðèðîâàí â äåòåêòîð ÑÍÄ:
Áûëè óñïåøíî ïðîâåäåíû êàëèáðîâêè ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ â ýëåêòðîííîì
êàíàëå ÀØÈÔ-ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ.
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Ñïàñèáî çà âíèìàíèå!

Èâàí Îâòèí (ÈßÔ ÑÎ ÐÀÍ) Ìîäåðíèçàöèè ñ÷åò÷èêîâ ÀØÈÔ 18 ôåâðàëÿ 2025 ã. 13 / 13



BACKUP

Èâàí Îâòèí (ÈßÔ ÑÎ ÐÀÍ) Ìîäåðíèçàöèè ñ÷åò÷èêîâ ÀØÈÔ 18 ôåâðàëÿ 2025 ã. 13 / 13



Èñïûòàíèå ïðîòîòèïà ñ÷åò÷èêà ÀØÈÔ ñ ÊÝÔÓ íà ïó÷êå ýëåêòîíîâ

Ïðèìåðû çàïèñàííûõ îñöèëëîãðàìì ïðè T=15◦C

Ïðèìåðû çàïèñàííûõ îñöèëëîãðàìì ïðè T=45◦C
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Äåòåêòîð ÑÍÄ íà ÂÝÏÏ-2000

Êîìïëåêñ ÂÝÏÏ-2000

e+e− êîëëàéäåð

Ýíåðãèÿ 160-1000 ÌýÂ

Ñâåòèìîñòü 4·1031ñì−2ñ−1

Äåòåêòîðû: ÑÍÄ è ÊÌÄ-3

Ñôåðè÷åñêèé íåéòðàëüíûé äåòåêòîð (ÑÍÄ)

1 âàêóóìíàÿ êàìåðà

2 òðåêîâàÿ ñèñòåìà

3 ÷åðåíêîâñêèå ñ÷¼ò÷èêè

4 êðèñòàëëû NaI(Tl)

5 âàêóóìíûå ôîòîòðèîäû

6 æåëåçíûé ïîãëîòèòåëü

7 ïðîïîðöèîíàëüíûå òðóáêè

9 ñöèíòèëëÿöèîííûå ñ÷¼ò÷èêè

10 ñîëåíîèäû ÂÝÏÏ-2000
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Àýðîãåëü

S.S.Kistler, "Coherent Expanded Aerogels and Jellies�, Nature, 1931,vol. 127, p. 741.

Àýðîãåëü � ïîðèñòûé äèîêñèä êðåìíèÿ (SiO2 ) ñ ïîêàçàòåëåì ïðåëîìëåíèÿ â
ïðîìåæóòêå ìåæäó ãàçàìè, ñ îäíîé ñòîðîíû, è òâåðäûìè è æèäêèìè âåùåñòâàìè, ñ
äðóãîé
Îñíîâíûå ïðîèçâîäèòåëè äëÿ ÔÂÝ: ÈÊ ÑÎ ÐÀÍ (Íîâîñèáèðñê) è Matsushita (ßïîíèÿ)

Ïîêàçàòåëü ïðåëîìëåíèÿ n2 = 1 + 0.438 · ρ
n=1.006...1.070 � ñèíòåç
n=1.070...1.130 � ñïåêàíèå + ñèíòåç

Âàæíûé ïàðàìåòð � äëèíà ðàññåÿíèÿ ñâåòà
Lsc ≈5 ñì íà 400 íì, Lsc ∼ λ4

Ðàçìåð áëîêîâ àýðîãåëÿ äî 200×200×50 ìì (ÈÊ ÑÎ ÐÀÍ)
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Ñðàâíåíèå êà÷åñòâà ðàçäåëåíèÿ ÀØÈÔ-ÔÝÓ ÌÊÏ è ÀØÈÔ-ÊÔÝÓ

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.05 àýðîãåëÿ

Êàðòà
íåîäíîðîäíîñòè
ñâåòîñòîáðà

Ñðåäíåå â òî÷êàõ p2 è p9

e/π ðàçäåëåíèå

Ïðîòîòèï ñ÷åò÷èêà ÀØÈÔ ñ n=1.13 àýðîãåëÿ

Êàðòà
íåîäíîðîäíîñòè
ñâåòîñòîáðà

n=1.12

Ñðåäíåå â òî÷êàõ p2 è p9

π/K ðàçäåëåíèå
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Êàëèáðîâêè ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ â ýëåêòðîííîì êàíàëå ñ÷åò÷èêà ÀØÈÔ-ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ

Ïðèìåðû çàïèñàííûõ îñöèëëîãðàìì: T=15◦C, U=54 Â, óðîâåíü ãåíåðàòîðà 2.5-12.5%
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Êàëèáðîâêè ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ â ýëåêòðîííîì êàíàëå ñ÷åò÷èêà ÀØÈÔ-ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ

Íàáðàííûå äàííûå ïðè T=15◦C, U=54 Â

Óðîâåíü ãåíåðàòîðà: 2.5-15% (Nphe=0.71)

Óðîâåíü ãåíåðàòîðà: 2.5-12.5% (Nphe=1.33)

Óðîâåíü ãåíåðàòîðà: 2.5-10% (Nphe=2.25)

Óðîâåíü ãåíåðàòîðà: 2.5-7.5% (Nphe=3.57)

Óðîâåíü ãåíåðàòîðà: 3.2-20% (Nphe=16.89)

Óðîâåíü ãåíåðàòîðà: 3.2-15% (Nphe=23.69)
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Êàëèáðîâêè ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ â ýëåêòðîííîì êàíàëå ñ÷åò÷èêà ÀØÈÔ-ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ

Ïðèìåðû çàïèñàííûõ îñöèëëîãðàìì: T=45◦C, U=57 Â, óðîâåíü ãåíåðàòîðà 2.5-12.5%

Ïðèìåðû çàïèñàííûõ îñöèëëîãðàìì: T=45◦C, U=57 Â, óðîâåíü ãåíåðàòîðà 3.2-20%
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Êàëèáðîâêè ñ÷åò÷èêà ÀØÈÔ-ÊÔÝÓ â ýëåêòðîííîì êàíàëå ñ÷åò÷èêà ÀØÈÔ-ÔÝÓ ÌÊÏ äåòåêòîðà ÑÍÄ

Íàáðàííûå äàííûå ïðè T=45◦C, U=57 Â

Óðîâåíü ãåíåðàòîðà: 2.5-15% (Nphe=0.72)

Óðîâåíü ãåíåðàòîðà: 2.5-12.5% (Nphe=1.34)

Óðîâåíü ãåíåðàòîðà: 2.5-10% (Nphe=1.95)

Óðîâåíü ãåíåðàòîðà: 2.5-7.5% (Nphe=2.92)

Óðîâåíü ãåíåðàòîðà: 3.2-20% (Nphe=12.89)

Óðîâåíü ãåíåðàòîðà: 3.2-15% (Nphe=15.65)
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Òåìïåðàòóðíûå è ðàäèàöèîííûå èñïûòàíèÿ ýëåêòðîíèêè ÊÔÝÓ

Òåìïåðàòóðà âíóòðè äåòåêòîðà ÑÍÄ ∼45◦C
Èìèòèðóþòñÿ òåìïåðàòóðíûå óñëîâèÿ â òåðìîáîêñå

Îöåíêà ðàäèàöèîííîé çàãðóçêè
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Òåìïåðàòóðíûå è ðàäèàöèîííûå èñïûòàíèÿ ýëåêòðîíèêè ÊÔÝÓ

Ïðè òåìïåðàòóðå ∼50◦C ïëàòû ýëåêòðîíèêè íàõîäèëèñü 212 ÷àñîâ ∼ 8.8 ñóòîê;
� èç íèõ 72 ÷àñà îäíà ïëàòà ýëåêòðîíèêè îáëó÷àëàñü èçîòîïîì 60Co

Ïðîâåäåííûå êàëèáðîâêè ÊÔÝÓ (ñðàâíåíèå óðîâíÿ ñèãíàëà ñ ðåïåðíûì ÊÝÔÓ) äî è ïîñëå
òåñòîâ óêàçûâàþò íà îòñóòñòâèå äåãðàäàöèè
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