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BbicokocTabunbHblie MUHUATIOPHDbIE
U CBepXMUHUATIOPHbIE KBapLeBble reHepaTopbl

Aunaronuii Kytanes (Omck)

B cTaTtbe paccMOTpPeHbl 0COGEHHOCTN NOCTPOEHUSI U XapaKTEPUCTUKN
MWUHMATIOPHbIX U CBEPXMUHMATIOPHbIX BbICOKOCTa6UIIbHbIX FeHepaToOpoB
Ha OCHOBe KBapLeBbIX pe30HaTOPOB-TEPMOCTATOB, pa3paboTaHHbIX

B Omckom HUWN npubopocTtpoeHus B nepuop ¢ 1990 no 2010 rr.

BBEAEHUE

Ha n1poTspKeHUH BCETo IIEPHOA CYILECT-
BOBAaHU KBAPLEBOI CTAOMIN3ALIMH 9aC-
TOTBI OCHOBHOHM 33/1a4€i SIBJISJIOCH IO-
BBIIICHUE CTA0MIBHOCTH YAaCTOTHI Te-
HepaTopoB. OJHAKO B IIOC/ICTHEE BpEM,
OGnarogapsi pacCIIMPEHUIO O6IACTEH HC-
TIOJIb30BAHUSA KBAPILIEBBIX I€HEPATOPOB U
OBICTPOMY PA3BUTHIO PA3THMYHBIX IIPOBO/I-
HBIX 1 GECIIPOBOIHBIX CUCTEM CBA3U, OIIpe-
JEAIOMMMH CTAIN TAKHE TPEOOBAHMA, KAK
CYIIIECTBEHHOE CHMYKEHHUE YPOBHS IITYMOB,
TIOBBIIIECHHE YACTOTHI, YMEHBIICHHUE Bpe-
MEHH I'OTOBHOCTH M SHEPIONOTPEO/ICHHA,
YMEHBIIICHHE I'A0APUTOB IIPU COXPAHCHUH
HEOOXOIHUMOM CTAOM/IBHOCTH YaCTOTBI.

B 3Ha4YNUTENBHOM CTENEHU PENIMTD 3Ty
3a71a4y ITIO3BOJIACT IIEPEXO/, OT TPAAULIMOH-
HOT'O OOBEMHOIO TEPMOCTATA K KBAPLICBBIM
pesonaropam-tepmocraram (KPT), y koro-
PBIX TEPMOCTATHPYETCS TOIBKO IMbE303JIe-
MEHT, TIOMEMEHHDIN B BAKYYMHPOBAHHDBI
Kopiryc. Ieneparopsl Ha ocHoBe KPT nme-
IOT B HECKOJIBKO Pa3 MEHbBIINE I'A0aPHUTEI
TEIUIOBOHM CHCTEMBI, HU3KYIO IIOTpebisie-
MYIO MOIITHOCTD KaK B PESKHME Pa3orpesa,
TaK U B CTALIMOHAPHOM PEXHME, 1 MEHb-
11Iee BpeMsi pa3orpeBa TEPMOCTara IO pabo-

ger Temneparypbl. COBEPIIEHCTBOBAHUE
KPT no3BO/MIIO O6ECIICYNTD CTAOHIbHOCTD
YaCTOTHI M IIIyMOBbIE XaPAKTEPUCTUKHU I'e-
HEPATOPOB, CPABHUMBIE WJIH JIAZKE IIPEBOC-
XOZAANTHAE TAKOBBIC Y TEHEPATOPOB TPAIH-
IIMOHHOM KOHCTPYKIIUU. OCHOBHBIE ITa-
IIbI PA3BUTHSA M IIPUHIIUIIBI IIOCTPOCHMS
reHeparopos Ha 0cHOBe KPT MOXKHO Ipo-
CJIEOUTDh HA IpuMepe pa3padoTok PI'VIL
OHMWMUII B Teyenune 1990-2010 rt.

FEHEPATOPBI HA OCHOBE KPT
B CTEKJIAHHbIX BAJIJIOHAX

B xoH1ie 1980-x roj1oB ObLI pa3padoTaH
KBAPILEBBIN PE30HATOP-TEPMOCTAT IJIsA
HMCIIOJIb30BAHUA B BBICOKOCTAOUIBbHBIX
OIIOPHBIX I'eHepaTopax ammaparypsl KB
cBasu IV nokosnenuys [1]. OTnuynemM 3Toro
pe30HaTOPAa OT IPEABINYIINX KOHCTPYK-
LI ABJIAETCS TO, YTO B BAKYYMUPOBAH-
HOM CTEKJIAHHOM 0aJIJIOHE JUAMETPOM
19 MM yCTaHOBJIEHBI INPEU3UOHHBIN
KBAapILIEBBIN PE30HATOP, KaMepa TEIUIa,
JATYHK TEMIIEPATYPbl U HAIPEBATEIb.

TemneparypHasi HECTAOJIBHOCTD 4acC-
TOoThI KPT cocrasisita MeHee 5 x 10~ B 1u-
amasone —60...70°C Ipy MOIHOCTH I10-
TpeOIeHNA B HOPMAJIbHBIX YCJIIOBHSAX ME-

TexHUYECKNe XapaKTepuCTUKN KBapLeBbIX reHepaTopos cepum «Tonas»

Napametp M32019 M33007 M34001

Yactora, My 8-13 50 10
CtapeHue nocne 30 CyToK HenpepbiBHOI paboThl, He Gonee:

3a CyTKN +5 % 1010

3arof +5x 108 +5x 107 +2 x 107
®azosblit Wym, Ab/l'L (He 6onee) npu OTCTPOIiKe

1Ty -80 - -

10Ty -120 -95 -90

100 My -145 -120 -120

1000 Iy -155 -150 -150

10000 I'y -160 -155 -155
[nanasoH pa6oyeii TemnepaTypbl -40...70°C -40...70°C -40...55°C
OTKNOHEHWe 4acTOTbl B MHTEPBANe pabo4eli TeMneparypsl, He 60ree +5x 108 +2 x 107 2 x 107
KHY (Allen variance) 3a 1 ¢ <5x10-12 <5x 101 <5x 10"
BbIxofHOE HanpskeHne 500 mB (50 Om) | 300 mB (50 Om) Kmon

g 15 ¢ (25°C) 15 ¢ (25°C) 5¢ (25°C)
7

Bpems ycTaHOBNEHMS 4acTOTbI C TOHHOCTbIO <1107, He 6onee 40 ¢ (~40°C) 40 ¢ (-40°C) | 15 ¢ (-40°C)
Hanpshxexue nutanus, B 5,0 5,0 5,0
MoTpebnsemasn MOLLHOCTL B peXume pasorpesa, Bt 0,8 08 0,5
lMoTpe6nsiemas MOLWHOCTb, BT:

cTaunoHapHas B HY 0,12 0,12 0,08

npy MUHUMANbHON TEMNepartype 0,3 0,3 0,2
[abapnTbl, MM 225x12,7x7

Hee 100 MBT. BpeMs ycTaHOBJIEHHA YaC-
TOTBI C TOYHOCTBIO 1 x 10~7 Ipy1 MOIITHOC-
TH (POPCHUPOBAHHOTO pasorpesa 1,5 Br
HE IPEBBIITATIO 3 MHUH.

Ha ocHOBe 3TOro pe3oHaTopa ObUIH Pa3-
PpaGOTaHBI U BBIITYCKAIOTCSA B HACTOSIIEE
BpeMs KBaplieBble I'eHepaTopsl «Iaguo-
JIyC», «AcTpa» U «AcTpa-M» Ha 4aCTOTbBI
8...15 MIi1 u reneparopsl <[IMoH» Ha yac-
TOTHI 50...130 MI11. IeHepaTOPbI BHIITIOIHE-
HBI C IPUMEHEHHUEM YHU(PUITMPOBAHHBIX
KOHCTPYKTHUBHBIX PEHICHUH U OTIMYAIOT-
Cs1 ANEKTPUYECKUMH CXEMAMHU U TUIIOM
IIbLE3037IEMEHTA. birarogapst ONTUMH3AIHA
peskrMa paGOThI KBAPLIEBOI'O PE30HATOPA
B CX€ME U OITUMM3ALIUH ITAPAMETPOB TEP-
MOPETYIATOPA TF€HEPATOPHI OTIMYAIOTCA
O4YE€Hb HU3KUM YPOBHEM (DA30BOIO IIyMa.

B cBA3u ¢ pa3spabOTKON aNlIIapaTyphl
CBsA3U V IIOKOJICHHUS, IEPEXOJOM HA HO-
BYIO KOHCTPYKTHBHYIO 043y, IPUMEHCHHU-
€M IIOBEPXHOCTHOI'O MOHTAKA ITOABUJICSA
P HOBBIX TPEOOBAHUI K T€HEPATOPaM, B
TOM YHCJIE, HEOOXOTHUMOCTD JATbHEHIIICIH
MHHUATIOPU3ALMH IIPHU COXPAHECHUU BbI-
COKHMX TPEOOBAHHUN K CTAOM/IBHOCTH 4aC-
TOTHI [2]. [IJIs1 penmeHusa 3TON 3a/1a49U B
1998 1. 6pU1 pa3pabOTaH KBAPLIECBbIN I'CHE-
parop «leopruH», MUMEIONHUI CyMMAPHYIO
HECTAOMIBHOCTH YACTOTHI MEHEE =5 X 1078,
ypoBeHs (azosoro myma —160 ab/I1y,
BpeMs TOTOBHOCTHU He 6o1ee 15 ¢, 00bEM
12 cM3 1IpH BBICOTE KOPITyca MeHee 12 Mm.

B reneparope ncnoib30BaH KBAPLEBLIA
PE30HATOP-TEPMOCTAT B CTCKIAHHOM OaJI-
JIoHE AuamerpoM 10 mm. Masbie pasMepbl
KOPITyCa NOTPEOOBAIN CYIIECTBEHHOI'O U3-
meHeHus1 KoHcTpykimu KPT. Ilpumenenue
TPHUHITAIA TIEPEPACIIPEACICHUA MOITHOC-
TH ITO3BOJIMJIO OOECIIEYNTh OBICTPBIH PA30-
TPEB PE30HATOPA IO PA6OYEr TEMIIEPATYPBI,
BBICOKYIO TEMIIEPATYPHYIO CTAOHIBHOCTb U
HHM3KHUH yPOBEHD IITyMOB I'€HEPATOPA BOIM3HU
Hecyen. BpeMs yCTaHOB/IEHHs YaCTOThI C
TOYHOCTBIO 1 X 1077 /11 CEpUITHBIX 0Opa3-
1108 KPT Haxonurcs B ipenenax or8 1o 12 ¢
B HOPMA/IbHBIX YUIOBHAX. BBITYCKarOTCA Ba-
PHAHTBI FEHEPATOPA C HAIIPSLKCHUEM ITHTA-
a1 12 B (M32008) 1 5 B (M23011).

F'EHEPATOPLI HA OCHOBE KPT
B METAJUTIOCTEKJISIHHbIX
KOPMYCAX

Hcrmop30BaHNE METAIOCTEK/ITHHBIX
KOPITYCOB IIO3BOJIACT YCTPAHUTH MHOTHE
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HEJOCTATKH, IPUCYIIHE IIPOU3BOICTBY
KPT B CTEKIAHHBIX KOPITyCAX: HEBO3MOXK-
HOCTD JaJIbHEHMIIEC MUHHUATIOPHU3AIINY,
HEJOCTATOYHYIO MEXAHHYECKYIO IIPOY-
HOCTD, CJIOKHYIO H TPYJOEMKYIO TEXHO-
JIOTHIO U3TOTOBJICHUS, HAIMYHUE CTEKIO-
JyBHOTI'O IIPOU3BOJCTBA U JIP.

B pesynbrare nposeaénnon B 2001 -
2002 1. OKP «OHHKC» pa3paboTaHa
KOHCTPYKIIMA KBAPIIEBOI'O PE30HATOPA-
TEPMOCTATA B HUSKOIIPO(HUILHOM METAJI-
JIOCTEKITHHOM Kopiryce HC-37. KomIibio-
TepHoe mosenuposanue KPT no3sonu-
JIO HAUTH OITHUMAJIbHBIE IIAPAMETPHI
3JIEMEHTOB KOHCTPYKIIMH U IIapaMeT-
PBI TEPMOPETYIATOPA, OOECIICUNBAIOIIHE
HAWIYYIIyIO TEMIIEPATYPHYIO CTA0MIIb-
HOCTb U MUHMMAaJIbHOE BPEMs TOTOBHOC-
TH. B pesynbrare KPT numeer 06bEM MeHee
1 cm3, BpeMs TOTOBHOCTH He 6oJree 15 cu
HOTPEGIIEMYIO MOIITHOCTD MeHee 80 MBT.

Ha ocnose aroro KPT paspaborana
62a30Basi KOHCTPYKIHA KBAPLEBOI'O I'e€He-
paropa. YHU(PHULIHMPOBAHHBIN HA60P MUK-
pOIUIaT IO3BOJIAET PEATM30BATh KBAPIle-
BBbI€ T€HEPATOPHI C PAZJIMYHBIMH XaAPaK-
TEPUCTUKAMH MU HA3HAYEHHEM, B TOM
YHCJIe, B nalia3oHe yactoT 8...130 MIir, ¢
HAIIPsDKEHUEM NUTanuA 12 v 5 B.

Mavibie raGapyUThl U HU3KaA IOTPeO/IA-
emasa momHoCcTh KPT B kKOopnyce HC-37
TMO3BOJIMJIM Pa3padboTaTb KOMIIAKTHBIN
BBICOKOCTAOWIbHBIN KBAPLIEBBIA I'eHepa-
TOp M32010 Ha yacrory 100 MIt1. Yer-
POYICTBO COAEPKUAT OIIOPHBIN T€HEPATOP
(Or’) Ha gacrory 10 MIT1 1 Manomyms-
mui I'VH nHa gacrory 100 MI11, cuHXpO-
HHU3MPYEMBIN 9acTOTOU OI' ¢ MOMOIIBIO
cucrembl PAITY. brarogaps 3Tomy TEM-
epaTypHasi ¥ JOITOBPEMEHHASI CTAOIb-
HOCTD YaCTOTBI ONPEIEIACTCA OIIOPHBIM
T€HEPATOPOM, 4 YPOBEHD (PA30OBBIX IIIY-
MOB B JaJIbHEN 30HE — mrymamu I'YH.

FEHEPATOPbI-TEPMOCTATbI
B kopnyce DIP14

AHAJIM3 CyIIECTBYIOLIETO YPOBHS MUK-
PO3TEKTPOHHKHU IIO3BOJIAECT PEAIM30BATD
3JIEKTPOHHYIO Y4CTh CXEMBI OIIOPHOI'O I'e-
HEPATOPa U TEPMOCTAT C PE30HATOPOM B
oopeéMe MeHee 200 MM?, a TEpMOPETY/IATOP —
B 00bEMe 12 MM, C yu€roM pa3MeleHUA
YKA33aHHBIX JIEMEHTOB B KOPITyCe OOLIHIA
06BEM OI cocTasurt 1,5...2 ¢M3 IIPHU BBICOTE
He 60stee 6...7 M. IToTpebIeHre OT UCTOY-
HUKA IUTAHWA He npeBbicuT 150 MBT.

Paspaborka reneparopa «Tomas», y Ko-
TOPOTO BCE TEMEHTHI OO'BETMHEHBI B
OJHY MHTEI'PAJIbHYIO KOHCTPYKIIHIO, I10-
MEIEHHYIO B BAKYYMHPOBAHHBIN KOPITYC,
noTpeboBasa PEMEHUsT MHOTOYHCIEH-
HBIX HpO6JICM, TAKHX KaK OIITHMH3AITHA

SJIEMEHTbI U KOMMNOHEHTbI
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Tunosas xapakrepucTuka tha3oBoro wyma reseparopa M32019

KOHCTPYKILIMH C Y4E€TOM TEIUIOBBIX U TEP-
MOJHHAMUYECKHUX IIPOLIECCOB, Pa3padoT-
K4 3JIEKTPOHHBIX CXEM, 00€CIIEYNBAIOIINX
TpeOyeMbI€ AICKTPUYECKHUE TAPAMETPBI
HMEIOIIMX MaJI0€ NOTPeOIeHHUE U OOBEM,
BBIOOP KOHCTPYKIIMOHHBIX MATEPHAIOB U
obecriedeHrue BBICOKOTO BAKYyyMa Ha IPO-
TSDKEHHH BCET'O CPOKA CITYKOBI [3].

Ha ocHoBe 6a30BOU KOHCTPYKIIMH
Pa3paboTaHbI TPH MOJEINU IT€HEPATOPOB.
Ieneparoper M32019 n M33007 Ha yac-
TOTHI 10 1 50 MIT] UMEIOT BpeEMsA I'OTOB-
HOCTH He 607ee 15 ¢ U noTpebaaemMyro
MONIIHOCTh B HOPMAJIbHBIX YCJIOBUAX HE
6onee 120 mBr. biarogapsa KECTKOM
KOHCTPYKIIMH U MAJIOM MACCE BXOIAIIAX
3JIEMEHTOB I'€HEPATOP O06JIaLAET IOBBI-
IIEHHOM YCTOMYHUBOCTBIO K MEXAHHUYEC-
KHUM BO3JEHCTBUAM. TUIIOBOE 3HAYECHHE
G-4yBCTBUTENBHOCTH I'eHepaTopa M32019
cocrasser 2 x 10-10/g,

B reneparope M34001 ucrionb3yercs
IIbE303/JIEMEHT Ha YacToTy 10 MI11. Bpemsa
TOTOBHOCTU TI'€HEPATOPA COCTABJIAET
MeHee 5 ¢ Ipu Temneparype +25°C. Ie-
Hepatop norpedaser 80 MBT mpu kom-

HATHOH TEMIIEPATYPE U MOKET YCIICIITHO
KOHKYPHPOBATb C TEHEPATOPAMHU C I @-
POBOI TEPMOKOMIICHCALIUEH, 00eCIIeYn-
Bas JIy4IIHE XaPAKTEPHUCTHKHU 110 CTape-
HUIO U (PA30BBIM LIIyMaM.
XapaKTepHUCTHKU T€HEPATOPOB IIPHBE-
JIEHBbI B TA6/IM1I€; CIIEKTP (PA3OBBIX HIy-
MOB reHeparopa M32019 nnokasan Ha pu-

CYHKE.
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