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TUna cuctem obpatHoro uukna CTUpanHra
MHTerpanbHoro n aguddepeHunanbHoOro
ucnosHeHus. MNMpepactasBnieHbl pesyabTaThbl
MCMNbITAaHMW X0N1040MPON3BOAUTENIBHOCTbIO 400,
500, 750 MBT (77 K, +60 °C). p1 NpoekTMpOBaHUU
M U3roTOBJIEHMUN CUCTEM 6blIU UCMOJIb30BaHDI
TeXHONOrnyeckme pelleHus, noebllaowme
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BBEAEHUE
Busyanmusanusi u306paskeHHs], CKaHUPOBaHHeE, IpH-
LelMBaHKWe, HaBeleHHe, NUCTAHLIMOHHOe 30HIUPO-
BaHMe B KPYIIOCYTOYHOM PESKKMeE B JIFOOBIX IIOTOLHBIX
YC/IOBUSX TPeOYIOT HCIIOIb30BaHHE OXJIAKAAeMBIX
HK-Mmonyneii. HeoTpemnemass 4dacTe HK-mopynen -
MUHHATIOPHBIE CHCTEMBI OXJIaKAEHHS, Ha3blBaeMble
MMKPOKpHOTreHHBbIe cucTeMbl CTupauHra (MKC) [1].
TexHOMOIrMK (QOTOIIEKTPOHUKHU — KpPUTHYeCKHe
TEeXHOJIOTHH, OIpe[e/diolle CTeleHb TeXHOJIOTH-
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modules operating in the IR spectral ranges
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includes four types of Stirling reverse cycle
systems of integral and differential execution.
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INTRODUCTION

Image visualization, scanning, aiming, pointing, remote
sensing around the clock in all weather conditions
require the use of cooled IR modules. An integral part of
IR modules is miniature cooling systems called Stirling
microcryogenic systems (MCS) [1].

Photoelectronics technologies are critical technologies
that determine the degree of technological development
of machine vision, artificial intelligence, unmanned
navigation. However, the level of modern photoelectron-
ics in many respects depends on the technology of cooled
photoreceiving modules (PRM) and cryostatic microcryo-
genic systems. The stability of the photoelectric charac-
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YeCKOro Ppa3BUTHUS MALIMHHOTO
3peHus, HUCKYCCTBEHHOIO HHTeI-
JIeKTa, OeCIIMI0THOM HaBHUIALlUH.
Ho ypoBeHb coBpeMeHHOH OTO-
3JIEKTPOHUKH BO MHOILOM 3aBH-
CUT OT TEXHOJIOTHUU OXJIAXKOaeMBIX
doTonmpueMHbIx Mopynei (PIIM)
U KPHUOCTAaTHUPYIOIIUX MHUKPO-
KpUOreHHBIX cucreM. Ot MKC
3aBUCUT CTAOHIBHOCTH POTO3JIEK-
TPUYECKHUX XapaKTePUCTHUK $OTO-
IIPHeMHBIX YCTPOMCTB: BOJIBTOBASI
M TOKOBas UYBCTBUTEIBHOCTH,
obHapy>XHUTe/lbHasl CIIOCOOHOCTD,
3KBUBAJIEHTHAsl IIyMy Pa3HOCTb
TeMIIepaTyp U AP.

Puc. 1. MukpokpuozeHHble cucmembl MKC750 u MKC400CP
Fig. 1. Microcryogenic systems MKS750 and MKS400SR

NMOCTAHOBKA 3AAAYN

B HacTosilllee BpeMsl POCCHICKHe IIPeAIIpUSTHS He obe-
CIIeYMNBalOT CEePUMHBIN BBINYCK 3pdeKTHBHBIX MKC
CrupnauHra. OTe4ecTBEHHOMY 3aKa34yMKy BasKHO He
TOJIBKO KIMETh BO3MOYKHOCTH ITPHOOpeTaTh POCCHICKHE
MKC myis kproctaTripoBaHus ®I1M, rmaBHoe - UMeThb BO3-
MOSKHOCTB BbI60pa BbICOK03)deKTHBHBIX MKC, ¢ Heobxo-
JMMBIMM TeIUIOSHEePreTHYeCKMMH XapaKTePUCTHKAMHU,
B yOOOHOHM KOMIIOHOBKe ISl pa3pabaThIBaeMOM arlrapa-
TypHl [2, 3]. B AO «OKB «ACTPOH» co30aH MOAEIbHBIIH
pan s3ddexTrBHBIX MKC CTHpIMHIA. I Le/lel BbIITy-
CKa TUIIOPa3MEePHOro psiia HeobXOIKMO ITPOBECTH HCIIBI-
TaHMS U OITPeIe/IUTh 3HAUEHH S [TapaMeTpOB IIPHOOpOB.

LLE/Ib UCCNIEQOBAHUIA
OO6BEeKTOM HCCIIeIOBAHHUS SIBISETCS  CO3JAaHHBIN
B AO «OKBE «ACTPOH» MOOeNbHBIM PAl, BKJIIOYAIO-
mui 4deTblpe TUma MKC CTHpIMHIA HHTeTPabHOIO
U guddepeHIIHaIbHOIO UCIIOTHEHHS XOIOLO0IIPOU3BO-
IOUTenbHOCTHI0 400, 500, 750 MBT (77K, 60 °C). Ilpu mpo-
ekThpoBaHUK MKC 1 MOoBBIIIEHUS 3PeKTUBHOCTU
u pecypca MKC 6BUIM HCIIOTB30BaHBI HMHHOBAIIMOH-
Hble TeXHOJIOTHYecKHe pellleHHs. B IIyCKoBOM IepHuof,
crcTeMa paboTaeT ¢ MAaKCHMAaJIBHBIM YHC/IOM 060POTOB,
obecrieurBast Tpebyemoe BpeMsi TOTOBHOCTH. IIpy JOCTH-
SKeHUH Ppaboyelrl TeMIIepaTypbl KPHOCTATHPOBAHUS
CHCTeMa IIepeXOIHT B PEXKUM, 00eCIIe Y BAIOIIUEL THIIb
IofiaB/ieHHe TeIUIONPUTOKOB. Takum obpasom, MKC
paboTaer B peskuMe 3HeprocbepeskeHHs1. OCOBeHHOCTH
sKcIuTyatauu MKC orpeziesisiioT skecTKHe TpeOoBaHUS
K BUOpOaKTHBHOCTH. OCHOBHBIE XapaKTepHUCTUKH MKC,
paspaboranHble U BbiTycKaemble AO «OKB «ACTPOH»,
yKa3aHbl B TabnuIle. BHEIIHUI 06K MHUKPOKPHOIeH-
HBIX CHCTEM IIpeICTaB/IeH Ha puc1u 2.
MMKPOKPHOTeHHbIe CHCTEMBI IIPOLUIM ITYCKOBbIE
KCIIBITAHKS [IPY HOPMaJIbHBIX KIMMaTHYeCKHX YCIOBHUSAX

teristics of photoreceiving devices depends on the MCS:
volt and current sensitivity, detection ability, tempera-
ture difference equivalent to noise, etc.

PROBLEM DESCRIPTION

At present, Russian enterprises do not provide serial
production of effective Stirling MCS. It is important
for the domestic customer not only to be able to
purchase Russian MCSs for cryostatization of the PRM,
the main thing is to be able to choose highly efficient
MCS, with the necessary heat and power characteristics,
in a convenient layout for the equipment being
developed [2, 3]. ASTROHN DB JSC has created a range
of effective Stirling MCS. For the purpose of producing a
standard size range, it is necessary to conduct tests and
determine the values of the parameters of the devices.

Puc. 2. MukpokpuozeHHbie cucmembl MKC500 u MKC400C/1
Fig. 2. Microcryogenic systems MKS500 and MKS400SL
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Tabauua

XapakTtepucrtumka

MKC400CP

Moaenb

MKC400C/1

MKC500

MKC750

KOHCTPYKTUBHOE NUCMONMHEHWE

cnant CTMpanHr

Cnant CTMpAnHrL

NHTerpanbHbIn

NHTerpanbHbIn

(pOoTaLMOHHBIN) (NUHeRnHbIN) CTUPANHT CTUPANHT
X0/104,0MPOnN3BOANTENLHOCTL, MBT 400 400 500 750
(npn T,=77 Kn T,.=60°C)
MNMoTpebnsiemas MOWHOCTD, BT
(npn T,=77 Kn T, .=60°C)
— B MNYCKOBOM pexume <30 <35 <20 <35
— B CTauMoOHapHOM pexunme <8 <10 <7 <10

Bpewms Bbixoaa Ha T,=77 Knpu T,.=60°C, ¢

<5 (Mg, =3T)

<5(Myyy =3T)

<5(Myyy; =3,57)

<5 (Myy, =6T)

Macca, r

500

550

450

600

Hanps>eHne nutaHus, B

243

24%3

2473

24%3

(HKY), a Tarke IIpU BO3ZIEHCTBUM IIOBBHILIEHHON TeMIIe-
patypsl okpyskatoniern cpensl T,.=50 °C B cocTaBe C TeIUIO-
BBIMU Mofensimu KHI'Y.32.50.00. T'paduKy HCIBITAHUH
HJUTIOCTPUPYIOT PHC. 3-6.

PE3Y/IbTATbI MCMbITAHUN
KOHCTPYKTHBHOe HCIIOJHEHHe MHKPOKPHOTeHHOHN
cucteMmbl Mozenyt MKC400CP BBIIIOZIHEHO I10 CXeMe CIUIUT
CTUpNUHT (POTAIL[MOHHBIN). IIpY HCHBITAHHUH MPUOOD
3aIyCKIM B COCTaBe C TEIIOBBIM HMHUTATOPOM C C06-
CTBEHHBIMHU TeIIONpUTOKaMHu 200 MBT. IloToku u3Mme-
psin npu HKY. OxmakzaeMas Macca TeIIOBOM MOAENTH
B M@THOM 3KBHBaJIEHTe COCTaBH/IA 4T,

Kak BHUAHO U3 rpaduka (puc. 3), BpeMsi BBIXOZAa Ha
peskumM KpuoctatupoBaHus MKC mpu HKY cocrasnser
5 MuHYT 20 CexyH., IpU TemIlepa-

PURPOSE OF RESEARCH

The object of the study is the model range created
at ASTROHN DB JSC, which includes four types of
Stirling MCS of integral and differential design with
a cooling capacity of 400, 500, 750 mW (77K, 60 °C).
When designing the MCS, to increase the efficiency
and resource of the MCS, innovative technological
solutions were used. During the start-up period,
the system operates at maximum speed, providing
the required availability time. When the operating
temperature of cryostatization is reached, the system
switches to a mode providing only suppression
of heat inflows. Thus, the MCS operates in power
saving mode. The MCS operation features determine
stringent requirements for vibration activity. The

Type OKpyKawIeu cpenbl T,.=50 °C

BpeMsI IIYCKOBOTO PEKHMa COCTa- 40
BUIO 7 MUHYT 30 cekyHn. IIpu sToM 80 -
IIyCKOBasi MOIIHOCTb CHUCTeMBl He
npesbimaga 18 Br. B cranuoHap- 120 |-
HOM peXHMe MOIIHOCTh IoTpebiie-

Hus MKC poxomuma mo 5,5 Br.Ilpu », 160 -
TeMIIepaType OKPY’KAIOIIeH Cpenbl = 200 1
Tyc=50 °C BeJIHMYHHBI [OOCTUTATIH
COOTBETCTBEHHO 3HaueHui 21,5 BT 240 |-

u 6,1 Br./laBnenue 3ampaBku MKC — TIpu HRY
KpHoareHToM 3,4 MI1a. 280 — TIpu +55 °C
Crnemyromasi CHCTeMa M3 paspa- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
e T T ——— 0 100 200 300 400 500 600 700 800 900

1,C

cucteM - MKC400CJ/I. Cucrema
BBIIIOJTHEHA IO cxeMe CIIUT CTUp-
JUHT (IUHeMHBIN). B MCIBITAaHUAX
MKC400CJI 3amycKalnu C TOHM ke
TeIlJIOBOM MOAEIBI0, KaK U Ipeblay-
myro cucreMy. [paduK JeMOHCTpH-

Puc. 3. Mpaduk ucneimanuti MKC400CP: nyck npu HKY u npu nogbluweHHol
memnepamype okpyxatowieli cpedsi (T,.=50 °C)

Fig. 3.Test schedule MKS400SR: start-up at low voltage switchgear and at
elevated ambient temperature (T,,=50 °C)
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pyert (puc. 4), uTo BpeMsl BBIXO[A Ha PeXUM KPHUOCTAaTH-
poBanms MKC mpu HKY coctaBuio 5 MUHYT 45 CekyHI,
IIpU TeMIlepaType OKpyXawmomen cpenbl T, =50 °C
BpeMs [JOCTHIJIO 3HaueHHsd 8 MHUHYT 15 cekyHn. Ilpu
3TOM ITIyCKOBasi MOIIHOCTh cHcTembl mpu HKY cocras-
asna 20,5 Br.CranpoHapHas MOIIHOCTb HOTpe6ne-
Hust MKC 65112 5,8 BT.IIpH TeMIepaType OKpysKaroIleH
cpenbl T,.=50 °C BeJIMYUHBI COOTBETCTBEHHO PaBHSIUCH
23,2 BT u 6,4 BT. JaBnenue 3anpasku MKC KpruoareHToM
3,2 MIla.

B ocHOBe KOHCTPYKIIMH CHCTeMBI oxIakaeHHs MKC500
JIOKUT CXeMa MHTerpajibHbIM CTHUPIMHT. IIpH HCIIBITa-
HHSX CUCTEMY 3aIlyCKaId B COCTaBe

main characteristics of the MCS,
*0 developed and manufactured by
s0 L ASTRON DB JSC, are shown in the
table. The external appearance of
120 - microcryogenic systems is shown

L 160 in Figs.landz. '

o Microcryogenic systems under-
200 - went start-up tests under normal
Jao | climatic conditions (NCC), as well

as under the influence of elevated
— IIpu HKY . .
280 — Tipu +55 °C ambient temperature T,,;,=50 °C in
1 ! | ! ‘ ! ! ! ‘ combination with thermal models
0 100 200 300 400 500 600 700 800 900 of KNGU.32.50.00. Test graphs are
e illustrated in Fig. 3-6.
Puc. 4. lpaguk ucnoimaruti MKC400C/1: nyck npu HKY u npu nosbieHHoU

memnepamype okpyxxaroweli cpedwi (T,.= 50 °C) TEST RESULTS
Fig. 4.Test schedule MKS400SL: start-up at low voltage switchgear and at The design of the microcryogenic
elevated ambient temperature (T,,=50 °C) system of the MKS400SR model is
performed according to the Stirling

split (rotational) scheme. During
testing, the device was launched as part of a heat
simulator with its own heat gain of 200 mW. Streams
were measured under NCC. The cooled mass of the
thermal model in copper equivalent was 4 g.

As can be seen from the graph (Fig. 3), the time to
reach the MCS cryostatting mode under NCC is 5 min-
utes 20 s, at an ambient temperature of T,,=50 °C,
the start-up time was 7 minutes 30 s. In this case, the
starting power of the system did not exceed 18 W.In
stationary mode, the power consumption of the MCS
reached 5.5 W. At ambient temperature T,,;,=50 °C, the
values reached 21.5 W and 6.1 W, respectively. The MCS

C TEIVIOBBIM UMHUTATOPOM C cobcTBeH-

HBIMH TeIIONpUuTOKaMu 220 MBrT, 40

usMepsieMbIMH ITpu HKY. Oxtakza-

eMast Macca TeIlJIoBOM MOJeNH B Mefl- 8o

HOM 3KBHBaJIEHTE COCTaB/ISAET 4 T. 120 L
ITo rpa¢uky (puc. 5) BUIHO, UTO

BpeMs BBIXOfIAa Ha PEeKUM KpPHOCTa- w 160

tupoBaHuss MKC mpu HKY cocTas- =

gm0 4 MUHYT 32 CeKyH[IBI, a IIPHU 200r

TeMIlepaType OKpY)KalOIlel Cpebl 240 1

T,.=50 °C BpeMs YBeIHUYMIOCHh [0 6

MHHYT 28 ceKyHq. IIpu 3ToM ITyCKoO- 280

Basg MOIIHOCTb CHCTeMbI COCTaB/Is/Ia T .

— IIpu HKY
— Ilpu +55 °C

17,3 Br.IloTpebneHre MOIIHOCTH 50

B CTallMOHAPDHOM PeXKHME TaKKe
JeMOHCTPHPOBAJIO 3HEPro3pdeKTHB-
HOCTh ¥ He IpeBbiiano 4,6 Br.Ilpu
TeMIlepaType OKPY)KaloIleh CpeJbl
T,.=50 °C 3HauyeHHS MOIIHO-
CTH [JOCTHTaJkd  COOTBETCTBEHHO

100 150 200 250 300 350 400 450 500 550 600 650 700 750

Puc. 5. Mpacduk ucnbimanud MKC500: nyck npu HKY u npu nosviweHHol memne-
pamype okpy>xarowieli cpedel (T,.= 50 °C)

Fig. 5.Test schedule MKS500: start-up at low voltage switchgear and at elevated
ambient temperature (T,,=50 °C)

TcC

’
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refueling pressure with a cryoagent

of 3.4 MPa.

Another device from the devel-
oped range of cooling systems
is the MKS400SL. The system is
made according to the Stirling

T,C

pamype okpyxxaroweli cpedsi (T,.=50 °C)

ambient temperature (T,,=50 °C)

Puc. 6. M'padux ucnvimanut MKC750: nyck npu HKY u npu nosbileHHoU memne-

Fig. 6.Test schedule MKS750: start-up at low voltage switchgear and at elevated

::/»160 split (linear) scheme. In tests, the
200 - MKS400SL was launched with the
sa0 | same thermal model as the pre-

P vious system. The graph demon-
280 — Tpm +55 °C strates (Fig. 4) that the time to
T T S R R R S R reach the MCS cryostatting mode

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

under NCC was 5 minutes 45 s, at
ambient temperature T,,;,=50 °C
the time reached 8 minutes 15 s.
At the same time, the starting
power of the system under NCC
was 20.5 watts. The stationary

19,6 Bt u 5,9 Bt. /laBneHue 3amnpaBku MKC KpHoareHTOM
3,5 MIIa.

Cucrema MKC750 BbIIIONIHEHA B KOHCTPYKLIMK HHTE-
rpalbHBIM CTUPIUHT. IIpU HCHIBITAHMSX €ro 3aIlycKaau
B KOMIUIEKCe C TeIJIOBBIM UMHTATOPOM C COOCTBEHHBIMH
TEIUIONPUTOKaMHU 310 MBT. M3MepeHHs IPOBOAHIH IIPU
HKY. Oxynaskmaemasi Macca TeIJIOBOM MOIEIH B MeTHOM
5KBHBa/IEHTE COCTAB/ISAET /7 T.

Ipaduk pabourx UCIBITAHUM (PUC. 6) TOKA3bIBAET, UTO
BpeMs BBIXOZIA Ha peXUM KpHocTaTHpoBaHus MKC mpu
HKY coctaBsizio 4 MUHYTHI 55 CEKYH[I K IIPH TeMIIepaType
oKpyxkatomer cpensl T,.=50 °C yBeTHUHNBaATIOCh A0 6 MUHYT
48 cexynn. IIpM 3TOM ITIyCKOBash MOIIHOCTB CHCTEMBI
coctaBisia 26,3 BT.CTaliMoHapHas MOIIHOCTb HOTpe6He‘
uug MKC gocturaer 6,7 BT.[Ipu TemIiepatype OKpysKaro-
e cpefbl 50 °C BeTMYUHBL IPHOOPETAIOT COOTBETCTBYIO-
Iire sHa4eHws 29,6 Bt u 8,3 Br. [laBneHue 3anpaBkyu MKC
KproareHToM 4,6 MIla.

MKC mpoXomsAT MCIBITAHHS C TeIJIOBBIMHU MoJe-
nssmu KHI'Y.32.50.00 mo HapaboTke Ha oTKa3. TeruioBas
Harpyska K TEeIUIOBBIM MOZEISAM H3MepPsIach BeCOBBIM
criocoboM 6e3 yueTa BIMSHHUS SHTAJIBIUU OTXOISIIHX
[1apoB. [IOIIOTHUTEIbHAS TeIlIOBasl Harpy3Kka B KPHO30HY
TeIlJIOBBIX MOJie/IeH ITPU UCIIBITAaHUSX He I10JaBajach.

3AKNTKOHEHUE

TUIOpasMepHBIN Psifi MUKPOKPHUOTEHHBIX CHCTeM 0bpaT-
Horo IuKIa CTUP/IMHIA OXBaThIBaeT 06/1acTb TpebyeMbIX
3Ha4YeHUH B [Halla3oHe TeMIlepaTyp KPHOCTaTHPOBa-
Hus 70-150 K. McnbITaHUS IOKa3aau paboTocriocobHOCTh
MHKPOKPHOTeHHBIX CHCTEM K BOCITPOM3BOSHMOCTDH pabo-
YMX IapaMeTpoB. THUIIOPa3sMepPHBIM Dsfi MpefHa3HadYeH
JUISL KOMITIEKTAlMH YHUGHUIIMPOBAHHEIX GOTOIIPHEMHBIX
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power consumption of the MCS
was 5.8 watts. At ambient tem-
perature T,,;,=50 °C, the values were 23.2 W and 6.4 W,
respectively. MCS refueling pressure with a cryogenic
agent was 3.2 MPa.

The design of the MKS500 cooling system is based on
the integrated Stirling circuit. During testing, the sys-
tem was launched as part of a heat simulator with its
own heat input of 220 mW, measured under NCC. The
cooled mass of the thermal model in copper equivalent
is4g.

According to the graph (Fig. 5), the time to reach
the MCS cryostatting mode under NCC was 4 minutes
32 s, and at ambient temperature T,,;,=50 °C the time
increased to 6 minutes 28 s. The starting power of the
system was 17.3 watts. Power consumption in stationary
mode also demonstrated energy efficiency and did not
exceed 4.6 watts. At ambient temperature T,,;,=50 °C,
the power values reached 19.6 W and 5.9 W, respec-
tively. MCS refueling pressure with a cryogenic agent
was 3.5 MPa.

The MKS750 device is made in the integrated Stirling
design. During testing, it was launched in conjunc-
tion with a thermal simulator with its own heat input
of 310 mW. The measurements were carried out under
NCC. The cooled mass of the thermal model in copper
equivalentis7g.

The schedule of operational tests (Fig. 6) shows that
the time to reach the MCS cryostatting mode under
NCC was 4 minutes 55 s, and at an ambient tem-
perature of T,,;,=50 °C it increased to 6 minutes 48 sec-
onds. The starting power of the system was 26.3 watts.
The stationary power consumption of the MCS reaches
6.7 watts. At an ambient temperature of 50 °C, the
values acquire the corresponding values of 29.6 W and
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Mofysen (PIIM), paﬁoTaIOH_lI/IX B MK-Auara3oHax CreKkrpa
3-5 MKM # 7-14 MKkM. OcHoBy ®IIM cocTaBigoT GOTO-
YyBCTBUTE/IbHBIE MAaTpHUILBI $opmaToB 128x128, 256%256,
320x256 u 640x512 smeMmeHTOB Ha ocHoBe InSb, KPT,
texHomoruu QWIP’s, a Takke hot detector’s, obecrieuriBa-
IOIIMX TaKTUKO-TeXHHYeCKHe XapaKTePUCTHUKHU OIITHUKO-
37IeKTPOHHBIX KOMII/IEKCOB ITepCrIeKTUBHAIX BBCT.
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8.3 W. MCS refueling pressure with a cryogenic agent
was 4.6 MPa.

The MCS is being tested with thermal models of
KNGU.32.50.00 MTBF. The thermal load to the thermal
models was measured by the gravimetric method with-
out taking into account the influence of the enthalpy
of the exhaust vapor. Additional thermal load in the
cryozone of thermal models was not supplied during
testing.

CONCLUSION

The standard size range of microcryogenic Stirling
reverse cycle systems covers the range of required
values in the range of cryostatting temperatures
of 70-150K. Tests have shown the performance
of microcryogenic systems and reproducibility of
operating parameters. The size range is intended for
the assembly of standardized photoreceiving modules
(PRMs) operating in the infrared ranges of the spectrum
of 3-5 microns and 7-14 microns. The PRM is based on
photosensitive matrices of formats 128x128, 256x256,
320x256 and 640x512 elements based on InSb, KPT,
QWIP’s technology, as well as hot detectors, which provide
the tactical and technical characteristics of the optic-
electronic complexes of promising armaments and
military and special purpose equipment.
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