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OpEHHBIM 00Pa3oM YJTyYIIMINCh yCIIO-

BUA IIOJTYyYEHUA HaY‘IHO‘TeXHI/I‘IeCKOI/uI

U CIIPABOTHON HHPOPMALIH, IPH ITOM
0COOEHHO Ba)KHa ee J0CTOBEPHOCTD U TIOJHOTA.
OpnHako B HEKOTOPBIX CTyJasX IUPOKUI OXBAT
3apy6eKHbIX HHGOPMAI[MOHHBIX MaTePHAIOB
COYETAETCA C IIOPA3UTEIbHBIM HEBHUMAHNUEM
KIIPOOYKOUUN OT€YECTBEHHDBIX HpOI/ISBOIII/ITeHeI;I.
Hanpumep, poccuiickuit aBrop JI. benos B 06-
3ope «OnopHbIe TeHePATOPHI», Oy OINKOBAH-
HOM B POCCHIICKOM JKypHaJe «DJIeKTPOHHKA:
HTB» (2004 1., Ne 6, c. 38—44), He coob1aer Hu-
7ero 06 OIOPHBIX KBapIeBbIX rereparopax (KI')
POCCHIICKOTO IPOU3BOACTBA. AHATIOTHYHAS CU-
Tyanus HabII0aeTCA U B 0630pe «Poccurickmit
PBIHOK KOMIIOHEHTOB 6eCIIPOBOJIHOI CBSI3M»,
HAIle4aTaHHOM B >KypHaJie «COBpeMeHHasI 3JIeKT-
ponuka» (2005 r., Ne 1, ¢. 8-9), X0Tst OT€YeCTBEH-
nble KI' He ToIBKO ITPOKO IpUMeHstoTcs B Poc-
CUY, HO U IIPU3HAHBI U ITPUHATHI K UCII0JIb30Ba-
HUIO 32 PyOexoMm.

JlOCTHTHYTBIH YpPOBEHb ITAPaMeTPOB POCCUII-
CKVIX ITPEIIU3UOHHBIX 1 ybTparnpenu3uoHHbix KT,
O6'beMbI UX IIPOU3BOACTBA U CTOUMOCTD TAKO-
BBI, YTO OHU IIPAKTUYECKHU IIOJTHOCTBIO YIOBJIE-
TBOPSIIOT HOTPeOHOCTH BHYTPEHHEro pbIHKa PP
" BIIOJIHE KOHKypeHTOCHOCO6HbI Ha MUPOBOM
poiHKe. B podeccroHaIBHBIX KPYTax, periaio-

BbicokocTaOunbHbIe

MaJjiollymMmauiue

KBapL,EBble reHepaTopb!

OcTpast KOHKYpPEeHLUsl Ha OTKPbITOM MUPOBOM U BHYTPEHHEM pbIHKAX B YCIOBUAX
HapacTraiowiei rnobanmsayumu cTMMynupyert NOCTOSSHHOE COBEPLIEHCTBOBaHUE
u3feNui NpoMbiLIEHHOCTU. ITOMY cnocobcTByeT pagukanbHoe obnerueHue
AOCTyNa K MCNONIb30BaHMUIO NEpPeOBbIX TEXHOJIOFUIU U 3N1eMeHTHOH 6as3bl,
BKNtouas 3apybexkHbie , UTO 0COBEHHO CYLEeCTBEHHO ANs NpeanpUATHH,
BbINYCKAIOWMUX HAYKOEMKYIO NPOAYKLHUIO.

IIUX 3aa9H CBA3U U YaCTOTHO-BPEMEHHOTO
obecredeH s, TOCTATOTHO XOPOLIO U3BECTHA
npoxyknus AO «MOPHOH», cenenns o ero
onopubix KI' Ha 2002-2003 rr. mmerorcs 8 [1, 2, 3].
B Hacrosimelt craThbe, HapsIAy CO CIPABOYHBIMU
ITaHHBIMH O BbITycKaeMbix AO «MOPHMOH»
onopHbIx KI', paccMoTpeHbI HOBBIE pe3yabTa-
THI, IHOTy49eHHEIe B 3T0I 061acTu B 2004 — Ha-
vaste 2005 roga [4]. [TpunImITIHAIBHBIE 0COOEH-
HOCTH HAILIerO Pa3BUTHS, TO €CTh «KaK MBI JJ0-
IIUIH JI0 JKM3HU TaKoi» 1ocie obpasosanust AO,
paccMoTpeHsl B [5].

17151 TOro 9TO6BI 3aMHTEPECOBAHHDIM THUTATe-
JIsIM OBUIO IIPOIIIe COPHEHTUPOBATHCS, B TaOJIH-
1ie | IaH «IIyTeBOAUTENIbY II0 CTaThe, B KOTOPOM
YKa3aHbl OCHOBHBIE XapaKTepHbIe TapaMeTphl
IIPeJICTaBJIeHHBIX B CTaThe BUJIOB FeHEPaTOPOB.
Buumanue (!): HoMepa y BUjOB KOHCTPYKTHB-
HO-TeXHOJIOTUIECKUX UCITOTHEHUH TeHepaTo-
poB B TabimIle 1 COOTBETCTBYIOT HOMEpaM pas-
IIeJIOB U TIOfIPa3NIesIoB CTaThH, IJie 3TH IPHOOPBI
OTIMCAaHBI.

1. MpeunsnoHHbIe
TepMOCTaTUpPOBaHHbIE FreHepaTopbl

KoHKypeHTOCIIOCOOHOCTD pacCMaTpUBaEMBIX
TepmocratupoBaHHbIX KI' obecriedeHa BBICOKIM

Ta6nuua 1. OcHoBHble NnapamMeTpbl BbICOKOCTabMAbHbIX KBapLeBbix reHepatopos AQ «MOPUOH»

YPOBHEM BCeX ITapaMeTPOB (XapaKTepU3YIOIIIX
CTabUIBHOCTD YaCTOTHI) IIPH HEGOIbIINX raba-
PUTHBIX pa3Mepax, SHePronoTpedIeHnH, BBICO-
KOU HAIe)KHOCTU B JKECTKUX YCIIOBUAX JKCILITY-
aTalMK ¥ YMEPEHHOU CTOUMOCTH. Taxk, 1mo TeM-
IIepaTypHON CTaOMIBHOCTH 9aCTOTBI IOCTUTHYT
ypoBeHb £1x107"" B uHTepBajge TeMIeparyp
—40-70 °C, 110 moIroBpeMeHHOM CTaOMIBHOCTH:
1x107* 3aromg u 5x10°* 3a 10 j1eT, 110 KpaTKOBpe-
MeHHOU HecTabunabHOCTH yacToThl (KHY):
1x107 3a lc, mo ypoBHIO (a30BBIX IIYMOB
(®II): —115 pb/T' u —160 nb/T't mpu oTCTPOII-
Kax oT Hecymed 1 I'm u 10 k[T coOTBeTCTBEHHO.

Tepmocraruposannble KI' narotaBiusaoTcs
KaK Ha OCHOBE Pe30HATOPOB C BHYTPEHHUM Tep-
MOCTaTHPOBAHUEM, HJIH PE30HATOPOB-TEPMO-
craroB (PT) [1], Tax u Ha ocrose KP B Bakyym-
HBIX METAJIIIMYECKUX KOpHyC&X C BHEIITHUM T€P-
MOCTAaTUPOBAHUEM.

1.1.T'enepatopsi Ha ocHoBe PT Obiu riepBbI-
Mmu npenusunoHHbIMEU KI', 0cBO@HHBIME B IIPO-
nsBozcTse Ha 3aBoge «MOPHOH». braropaps
BBICOKUM TEIIJIOU3OJINPYIOIITUM CBOMCTBaM Ba-
KyyMa 1 XOPOIIIEH TEeIJIOBOM CBsA3U HarpeBaTe-
JIS1 C Ibe3037IeMeHTOM, pumeHeHue PT u cefi-
Yac I103BOJISIET IIPOEKTUPOBATH U BBIITYCKATh Ha~
n6osIee 9KOHOMIIHBIE IT0 JHEPTONOTPe6IeHHIO
tepmocratupoBanubie KI' ¢ caMbIM OBICTPBIM

IKCnnyaTaumoHHas cTabunbHOCTb YacToTbl (MOPSAOK) 107 10 107 10" 10710°° 10°°
KparkospeMeHHas HecTabunbHOCTb yacTothl 3a 1 ¢ (1...5)x10° 10" 5%10-" (1...2)x10° - 107"
[inanazon vacror, My 4,4-20 4,0-40 4,0—-40 4,016,384 50-700 9,6—20

Hepronotpebnenue, Br 0,3 1-2 2,5-3 3,54 1,5-3,5 0,02-0,1

Bpemsi BbixoAa Ha pexuM, MiH 1-3 3 5-8 10—-15 5-10 0,01

20x20x10

36x27x15 36x27x19 36x27x16 21x13x9,5
TR ST O S G e ES) 2N 1x(41..51)x(13...25) 51x51(25...38) 51x51x(12,7...25) 36x27x10
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MeuatHbie nnatbl
PesoHarop-

TepmocTatr

OcHosaHuWe

Puc. 1. O6wuit BuA BHYTPEHHErO YCTPOHCTBA
reHepatopoB Ha ocHose PT

BBIXOZOM Ha pab04nil peKUM HOCIIe BKIIOYe-
Hud. Kpome Toro, regeparopam Ha ocHOBe PT
TIPUCYTITH:

® BBICOKAs CTAOMIBHOCTD YaCTOTHI: TEMIIEpa-

TYpHast HeCTaOMIbHOCTD 10 £1x 107 B mHTEp-

Bane —20...+70 °C, pgoiaroBpeMeHHass —

1o +2x107 3a 10 neT;

e nuskuit yposenn OIII;
e Manple 3HadeHns KHY;
® BBICOKAs HAIEKHOCTD B YCTOBUSX SKECTKUX

BHEIIIHIX BO3IEHCTBYIOHX GakTopos (BBD).

B nocnennue Heckoubko JieT KI' Ha PT 6putn
B OCHOBHOM IlepeBefieHbl Ha SC-cpe3 KBapIa,
7 TaKuM 00Pa3oM CYIIECTBEHHO YIIyIIIeHEL.

B Hacrosiee Bpems Ha ocHoBe PT mpousso-
IATCS CIIeMIOIITHe TIPEI3NOHHBIE TeHePaTOPhI:
I'K54-TC u I'K75-TC — Ha PT ¢ no3ucropHpiM
HarpeBareseMm;

I'K68-TC u T'K80-TC — na PT ¢ kombunupo-
BaHHBIM TPaH3UCTOPHO-TIJIEHOYHBIM HarpeBa-
TejleM, IpUMeHeHHe KOTOPOTO COBMECTHO C Ce-
PBE3HBIMU MepPaMU IO YAYUIIeHNIO KOHCTPYK-
I[MIH TEPMOCTATUPYEMOTO y3J1a [6] O3BOIHIO
COKPATHUTh BpeMsl yCTaHOBJIEHHS JaCTOTBI FeHe-
paTopa ¢ ToHOCTHIO B 1x107 1o 30-60 c.

Emre ogna ocobenHOCTS TeHepatopos ¢ PT,
UMEIOIUMI KOMOMHHUPOBAHHBIN Harpesa-
TeJb, — OYeHb Majoe dHepromnorpebienue
He TOJIbKO B YCTAHOBHUBILIEMCS, HO U B TIEPEXOJI-
HOM peXHuMe Iocie BKiIodeHHs. Hopwimu
B 9TOM BWUJIE SABJISIOTCS «HUZKONPODUIbHBIEN
rereparopsl ['K93-TC u I'’K143-TC, npennasna-
YeHHbIE 1151 IPUMEHEHHS B YCJIOBUSIX JKECTKUX
BB®. BeicoTa KopITyCca TaKHX TeHepaTopoB 17 MM,
B HUX HcHonbp3yioTcs Hoseitmue PT ¢ nnamer-
pom Gayutona 13 M.

OO61nit BUL KOHCTPYKIMY reHepatopos Ha PT
IIO0Ka3aH Ha puc. 1, tunosoii cnexktp I npen-
CTaBJIeH Ha PUC. 2, a TUTIOBAs 3aBUCUMOCTD KPaT-
KOBPEMEHHOI HeCTaOMIIBHOCTH 9aCTOTBI OT Bpe-
MEHH yCpelHeHHs — Ha PHC. 3.

OcHOBHBIE TapaMeTPhI FTeHEPATOPOB Ha OC-
nose PT npusenens! B Tabnuite 2.

1.2. TenepaTopbl ¢ BHEITHUM TePMOCTATHPO-
BaHHeEM Pe30HaTOpa yCTYIAIOT reHepaTopam
Ha ocHOBe PT 1m0 3KOHOMUYHOCTH 9HEProIo-
TpebIeHNs U CKOPOCTH BBIXOJIA Ha pabodnii pe-
KM T0CTe BKToueHns. OTHAaKO IIPH 3TOM BO3-
MO’KHO JTOCTIKEHHE CYIIeCTBEHHO JTydITIel TeM-
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Ta6aunua 2. OcHoBHble napameTpbl reHepaTopoB Ha ocHose PT

4,9152; 5,0; 6,4; 8,192; 9,8304; 9,6 10,0 9,166208 _
CranpaptHsie uactorsl, Mry 10,0; 12,8: 16,384; 20,0 16,0 10,1507 10,0 9,0-13,0
[aGapuTHble pasmepbl Kopryca, MM 51x51x25 51x41x25 51x41x25 51x41x17 51x41x17
TemneparypHasi HeCTaBHIHOCTb 4acToTbl
B MHTEPBa/IaX:
—10...+60 (+70) °C +5x10~ +1x10"* +1x107® +5x107%(—30...+50) -
—40...+70°C +1,5%x10° +2x10°* +2x107 +2x107(=55...+60) -
—60...+70 °C +2,5x10° +3x10°* - +5x10°
[lonrospemeHHast HeCTaBHNbHOCTb YaCcTOTbI:
3arog, x10°° +(3...5) +20 +20 +20 +20
3a 10 ner, x1077 +2 +5 +5 +5 +5
KpatkoBpeMeHHas HectabunbHOCTb 3a 1¢ Ixto
PATKOBP 4 N 2x1072 5%10°" 3x10™" 1x107 2x107"
(mesnauuns Annana) (0,5-2)x10~"
Da3zosbii wym, ab /Ty, (ans 10 MIy): =105 (10MIy) (Af=10Tu)
npu Af=1Ty —115 (5MTy) —80 =90 =10 -120
npu Af = 10000 I'y —160 =157 =55 —150 =15
HanpsixeHue nutanus, B 12 12 5 12 12 12
Motpebnsiembiti Tok, MA:
B YCTaHOBMBLLEMCS pPeXuMe 40 40 40 35 40 40
MHKOBbIM, NPK pa3orpese 400 120 250 150 140 100
Bpems ycTaHOBNEHMS 4acTOTbl . . 1(£5%107)
c ToyHocTbio 1x1077, MuH 35 1 1 1(#5x107) 3(£1x107)
BubpocToiikocTb:
[AvanasoH yacror, My 1-2000 1-2000 10—-200 1-2000 1-2000
yCKOpeHue, g 10 8 8 10 10
MexaHuueckuit yaap OAMHOYHOTO AEHCTBHUS:
yCKOpeHue, g 150 100 100 300 150
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Puc. 2. Tunosoii cnekTp dha3oBbix wymos 5-MI'y reHepatopa Ha ocHoee PT SC-cpe3a
Allan Deviation cy(t)
-
10-i1
10=it
101 e 1o il LU

Averaging Timas 1, ssconda

Ch A: 5.0 MHZ 0.7 Ve
Inainniansous PFhaas

ChB:48) MHZO.T Ve
Bracl.A1 6 GHEEE54116

Puc. 3. TunoBasi 3aBUCHMOCTb KPATKOBPEMEHHOM HECTABU/IbHOCTH YaCTOTbI OT BPEMEHH YCPERHEHMS!
ans 5-Mly reHepatopa Ha ocHose PT SC-cpesa




TIepaTypHOI CTAOMIbHOCTU YaCTOTBI ¥ MEHBIIIAX
rabaputHbIx pasmepos KI', koTopble k TOMy ke
MOI‘YT 6I)ITI) 6OJIe€ TEXHOJIOTUYHBIMHA U MEHEE
TPYZOEMKHMH B IIPOU3BOACTBE. BO3MOKHOCT
YITy4ILIeHUS] TeMIIepPaTyPHOU CTaOMIbHOCTH dac-
TOTHI B 3HAYUTENHLHON Mepe CBSI3aHa CO CHIKe-
HHUEM TeMHepaTYpHI)IX TPagu€HTOB B TEPMOCTATU~
PyeMoM y3Jie ! CAaMOM ITbe303JIEMEHTe, UTO Jlerde
TOCTHUTAETCS Y PE30HATOPOB C METALINIECKAMU
KOpHyCa_MI/I, BBITTOJTHAOIITMMHA q)yHKL[I/IIO TepBui-
HOTO TerwIoBoro uiyHta. Y PT Bo3MOKHOCTb yMeHb-
IIEeHUS I'PAAUEHTOB 3anyuHeHa CyH_[HOCTI)IO nux
KOHCTPYKI[HH, A TAKKe IPOTUBOPEYHT CTOMKOCTI
K JKECTKIM MEXaHIYEeCKUM BO3JICHCTBUSM.

1.2.1. MarorabapuTHbIe 1 MUHHATIOPHbIE
npeuusuoHHbie KT

l'eHepaToOpBI 9TOH TPYIITBI BHITOTHAIOTCS Ha
pesoHartopax B koprycax HC-43, mpenmytect-
BeHHO SC-cpe3a, pexxe — AT-cpesa. Heckonbko
ycrynas redeparopam Ha ocHose PT 1o crabuib-
HOCTHU 9aCTOTHI U CIIEKTPAJIBHBIM XapaKTepuc-
THKaM, 3HAYUTECIIBHO YCTyHaH MM I10 S9KOHOMMY-
HOCTH dHepronorpebaeHuns, OHU, OfHAKO, T0-
Pasfo felesse ¥ NMEIOT 3HAYUTEIHHO MEHbIIINe
rabapuTHBIE pa3Mephl.

labapurHble pasmeps! reHeparopos ['K85-TC
nTK118-TC—25x25x12,7 MM 1 20x20x10 MM
cootBercTBeHHO. ['enepatop I'K118-TC aBnser-
Cs HalllUM CaMbIM MUHHUATIOPHBIM 13 BBICOKO-
cTabWIBHBIX TepMOcTaTUpOBaHHbIX KT

T'eneparop I'’K95-TC, paspaboTaHHbIi 1151 HC-
II0JIb30OBAHUA B cnem/laanoﬁ annapaType, nMme-
er, kak u 'K85-TC, rabaputHble pasMepsl
25x25x12,7 MM, 061agaeT BHICOKOI CTOMKOC-
ThIO K MEXaHUYECKUM BO3ﬂefICTBHﬂM.

I'eneparop I'K103-TC na amama3oH 4acToT
10-40 MI'; BBITIOTHEH B CTAHZAPTHOM «€BPO-
IIeICKOM» KOPIIyCe C TabapUTHBIME pa3MepaMIl
36x27x16 MM.

CyH_IeCTBeHHbIM SIBJISIETCA IIOSIBJIEHUE TEPMO-
CTaTHPOBAHHBIX T€HEPATOPOB, IIPeHA3HAYCH-
HBIX IJIS UCIIOIb30BaHus 110 SMD-texHoI0TIH,
TO €CTb 1JI ITIOBEPXHOCTHOTO MOHTAaKa.

I'eneparop I'K115-TC-SMD — mepBbrit u3 ce-
MEUCTBA NIPpEeTHA3HAYECHHBIX AJIS1 IOBEPXHOCTHO-
IO MOHTa’Ka, UMeeT pa3Mepbl 25x22x14 MM, ero
BHEILIHUI BUJI IIPeICTaBJIeH Ha puc. 4. BaxxHOM!
0COOEHHOCTBIO JIJIsI IPUMEHEHYSI B COBPEMEH-
HOM aImapaType ABJIAeTCSA TAKKe HalnIKe y He-
TO BApUAHTOB UCIIOJTHEHUA C HAITPSDKECHUSAMU 1T -

Puc. 4. BHewni Bug SMD-TepMocTaTMpOBaHHbIX
reHepatopos [K115-TC-SMD u 'K140-TC-SMD

Ta6nuua 3. OcHosHble napamMeTpbl Masiorabap1THbIX U MUHUATIOPHbIX MPELU3MOHHBIX FeHEpPaTOPOB

[Llnanaso vactot, MIy 10...25 10...25 - 10...40 10...40 -
10,0; 12,8; | 10,0; 12,8; 10,0 10; 12; 12,8; 13; 10; 12,8;
CraHpapTHble Yactotbl, My 13,0 16,0; 13,0 16,0; 19.683 15,36; 16; 16,384; 20; 16,384; 20; 10,0
20,0; 25,0 20,0; 25,0 ’ 26;30,72;32; 32,768 | 26; 32,768; 40
abapuTHble pasmepbl kopnyca, MM | 25x25x12,7 | 20x20x10 | 25x25x12,7 36x27x16 25x22x15 25x22x14
TemnepartypHasi HeCTaBHIbHOCTb.
4acToTbl B MHTEPBa/AX: =20...+70°C:
—10...+60 (+70) °C +1x10°¢ +1x10°¢ +1x107¢ +5x10~* +1x10°¢ +5x10~*
—40...+70 °C +3x10°¢ +2x10°¢ +2x107¢ +2x10°¢ +2x10°¢ =
—60...+70 °C = = +5x10°* = = =
[JlonropemeHas HecTabunbHOCTb
Hacrorer £0,5...1) | *(0,5...1 *1 *(0,5...1 £(0,5...1 £(0,5..1
saroa, x107 (15 ) (15 ) s (15 ) (15 ) (iS )
3a 10 nert, x1077
KpaTkospemeHHas HecTabunbHOCTb = s 3x10°° = s »
3a 1 ¢ (nesraums Annana) 5107 5107 (1...50) Mmc 2107 2107 5107
®aszosbin wym, a6/ T, (ans 10 My):
npu Af=1Ty -85 -85 -90 =90 =90 =90
npu Af =10 000 'y —155 —150 —150 —150 —145 —150
Hanpsiketue nutatus, B 5 12 33 5 12 5 12 33 5 12
Motpebnsiemblit Tok, MA:
B YCTAHOBMBLLEMCS PeXUME 200 | 80 | 250 | 150 150 200 80 300 200 80
NWKOBbIM, NpK pa3orpese 600 | 300 | 700 | 450 500 600 300 720 600 300
Bpewmst ycTaHoBNEHHs YacToTbl 3 3 3 ¢ TouHOCTBIO 3 3 3
c TouHocTblo 11077, MuH 1x10°°
BubpocToikocTb:
AvanasoH yacror, My 1-500 1-500 1-2000 1-500 1-500 1-500
ycKopeHHe, g 10 10 15 10 10 10
MexaHuueckmit yaap 0AMHOYHOrO
[eNCTBHUS: yCKOPEHHe, g 100 100 100 100 100 100

tanus 3,3 u 5 B. Ycrenno 3aBepinesa paspabot-
Ka 1 0CBOEHO Ipou3BonctBo SMD-reneparopa
I'’K140-TC ¢ cymiecTBeHHO 60J1ee BBICOKOH CTa-
O6MIBHOCTBIO 9acTOTHI £5%107 (=20...+70 °C)
U TeMH ke TabapUTHBIMU pasMepamMu. DHepro-
norpebnerne SMD-TepMOCTaTHPOBAHHBIX T'eHe-
PaTOPOB B I1€JIOM HECKOJIBKO BBIIIIE, YeM Y IPY-
I'MX T€HEPATOPOB OTOM IPYIIIbI, M3-3a XYALINX
YCJIOBUH TEIUIOU30JISAIMU OT BHEIIHEH CPeIbl.
brarogapst BBICOKO# CTaOMIBHOCTH YaCTOTHI,
Herutoxum KHY n OIII npu BecbMa MasbIx ra-
6apuTtax 1 yMepeHHOM 9HeprornoTpeIeHnH Te-
HEpPATOPBL 3TOU I‘pYHHbI IMUPOKO IIPUMEHAIOT-
CA B CAMBIX PAa3JINIHBIX OéHaCTHX. Hx ocHOBHbBIE
[apaMeTpbI [IPUBeeHbI B Tabnue 3.
1.2.2. Yasrpanpeuusuonusie KI' (k1acca 107)
C OTHOCTYTIEHYAThIM TEPMOCTATUPOBAHHEM
T'enepatop 'K62-TC mocTpoen Ha pe3oHaTO-
pe SC-cpesa B xoprryce HC-37, KOHCTpyKITHs O
TUMHU3NPOBAHA 110 TEIIJIOBBIM IIOTOKaM. C me-
JIBIO ITIOBBIMICHUA TOYHOCTH ITOANEPIKAHUS TEM -
nepaTypbl CHCTeMa TePMOCTATUPOBAHHS
IOTIOJIHEHA OpraHaMM KOPPEeKIIUH, pearupyio-
IIMMH Ha U3MEHEHHs OKPY’KaIOIIIeH TeMIlepa-
Typr, BOCIIPUHUMAEMBIE OTICIbHBIM JATIUKOM.
I[OCTI/II‘HyTa TeMnepaTypHaﬂ HeCTa6I/IHI)HOCTb
qacToThl +1x10” B HHTepBasie TeMIepaTyp
—40...+70 °C, mpoune okasaTenu CTabHIbHOC-
TH COOTBETCTBYIOT YPOBHIO TeHepaTopos ¢ PT,

OcHoBHasi

BbixoaHon
ycunnuTenb

Harpesarenb
TepmocTara

TepmocTtar

IIpU TOCTATOYHO MAJIbIX I‘a6apI/ITHI)IX pasmepax
51x41x19 mm. O61mnit Buj KOHCTPYKIMHU TeHe-
paTopa IIOKa3aH Ha puC. 5.

Tereparop I'K90-TC, obnamast mokasarensiMu
crabuibHOCTH, 67M3KIMU K reHeparopy ['K62-TC,
OTJIMYAETCH OT HErO yMEHbIIEeHHO 10 12,7 MM
BBICOTOM, YTO JOCTUTHYTO 3a CYET «ILJIOCKOIO»
pesonaTopa B kopmyce HC-43 u 3ameTHO pac-
IMUPAET BOSMOKHOCTHU €T0 IIPUMEHEHUA B all-
IrapaType ¢ )KeCTKUM OrpaHHYeHHeM KOMIIOHEH-
TOB 110 BbIcoTe. QO1MiT BU]L KOHCTPYKIIMH I10-
KasaH Ha PUC. 6, TUIIOBbIe XapaKTEePUCTUKH —
Ha puc. 7-9.

B 20042005 rT. B TpOM3BOICTBO IIepeNaHo BbI-
coKk0a(PeKTUBHOE «CeMeHCTBO» YHUDHUIIPO-
BaHHBIX reHepaTopoB 3Toro Kiacca — ['K102-TC
u I'K172-TC — ¢ ucnosHeHusaMu, 0XBaTbIBAIO-
IIVMHA CAaMBI IIUPOKUH KPYT 3aIIPOCOB paspa-
6OTYHMKOB aIIapaTypbl.

B mae 2005 roga 3akoH4eHa pa3paboTKa MU-
HHATIOPHOTO (36,1x27,2x15 MM) yIbTparpenu-
suonHoro reaeparopa I'K178-TC, coBcem HemHO-
IO YCTYMAIOIIETo 110 TeMIEePaTypPHOH U JOJT0-
BpPEeMEHHOI1 CTaOMJIbHOCTH TeHepaTopaM JaHHOTO
KJIACCa, UMEIOIIUM B 2—3 pasa GOMbIIHiT 00beM.
10T TeHEePaTOop II0 ITUTAHUIO IIPETHASHAYECH NJIA
PabOTBI OT IPUCYIIIUX COBPEMEHHOI aIlIapary-
pe ucroynuxos 3,3 Bu 5 B.

Tepmocrar

Mnara c TEPMOCTaTUPYyEMbIMU 3/1IEMEHTAMHK

Mnata c HeTepMOCTaTUPYEMbIMU 3N1IEMEHTAMM

Puc. 5. O6wuit B1A KOHCTPyKuMHK reHepatopa [K62-TC

Puc. 6. O6wmit B1uA KOHCTPyKLMK reHepatopa MK90-TC
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Puc. 7. TunoBas TeMnepaTypHO-4acTOTHas xapakTepucTuka reHepatopa FK90-TC

OcHOBHBIE TTapaMeTPBI YIbTPAIPEIU3UOH-
ueIx KI' ¢ oTHOCTyIIeHYaThIM TEPMOCTATHPOBA-
HEeM MpUBeieHbl B Tabie 4.

1.2.3. Ynprpanpenusuonnsre KTI' (kracca 107°)
C ABYXCTYNIEHYaTBIM TePMOCTATHPOBAHUEM

I'eneparop I'K89-TC — mepBbIit oTedecTBeH-
HBII yabTpanpernusnonseiii KI' ¢ nByxcTymen-
YaTBIM TEPMOCTaTUPOBaHMeM Kiacca 107 rmo cra-
6unpHOCTH. OH BBINIONHEH Ha pe3oHaTope SC-
cpesa B kopryce HC-40. ITo TemnepaTypHOIit
CTabIIBHOCTH TaCTOTHI Ha TIOPSIIOK 1 O0JTee TIpe-
BOCXOJIUT KBapIieBbIe FeHePaTOPbI C OTHOCTYIICH-
YaTBIM TEPMOCTATHPOBAHIEM, IIPEBOCXOIUT fa-
Ke ¥ pyOuaneBble TeHepaTophl, Oyydn K TOMY
Ke HAMHOTO JIy4IlIe TIOCJIeTHUX 10 CIIeKTPasIb-
ubiM xapaktepuctukam QOIII, mo KHY u macco-
rabapuTHBIM [IOKA3aTeJsIM U HMest Topasfo 60-
Jiee HU3KYI0 CTOUMOCTb. OOIIMil BUJL KOHCTPYK-
nun KI' mpencrasien Ha puc. 10, TUIOBBIE
XapaKTepUCTUKHU yKa3aHbl Ha puc. 11-14.

Hosbtit reseparop I'K142-TC (2004 r.) 1o cTa-
OGUILHOCTH YaCTOTHI HMEET XapaKTePUCTHKY,
unentnanbie ['K89-TC, oTanyasch OT HEro BbI-
COTOI, yMEHBIIEHHOM ¢ 38 10 25 MM, 1 ITOYTH
B 1,5 paza MeHbIIUM HOTpe6J'IeHI/IeM, YTO CYIIIECT-
BEHHO PACIIMPsieT BO3MOKHOCTH €TI0 HCIIOJIb30Ba-
HU B COBPEMEHHOII anmaparype. B peayiabrare
JaJTbHeHRIuX paboT, IpoBeneHHbIX B 2005 romy,
nostBruIcs ettfe 6onee «mockuin» TK180-TC,

(«cTapenue» 3a 17 cyTok)

Puc. 8. Tunosas xapakTepucTHKa AONrOBPeMeHHOM cTabunbHocTH reHepatopa NK90-TC

Tabnuua 4. OcHosHble napameTpbl yibTpanpeuuanoHHbix KI' ¢ ogHOCTyneHuaTbiM TepMOCTaTHpOBaHHEM

Jnanason yactot, My 5...16,384 10...16,384 5...40 4..20 5..10
5,0; 8,192;10,0; 10,0; 13,0; 5,0;8,192; 10,0; | 4,096; 5,0; 8,192; . b
CranpgapTHble yactorbl, My 16,384 16,384 16,384 10,0; 16,384; 20 5,0; 8,192; 10,0
51x41x19 51x41x12,7 51x51x19 (16) 51x51x19
FaGapuTHsie pasMeps! kopnyca, um 51x41x25 51x51x12,7 51x51x13 51x51x25 36x27x15
TemneparypHasi HeCTaBU/ILHOCTb 4aCTOTbI
B MHTEPBA/Iax:
—10...460 (+70) °C +1x10~° +2x10°° +1x10~° +2,5x10°
—40...470 °C +2,5x10°° +4x10~° +2x10~° +5x10~°
[lonrospeMeHHast HeCTaBUIbHOCTb YacTOTbI:
3arog, x10°* *(3...5) +5 *3 +1 *3
3a 10 ner, x1077 *(1,5...2,5) +3 *2 +1 *2
KparkoBpemeHHas HectabunbHoCTb 3a 1 ¢ = = o o i
(rEE p A 1x10 1x10 5x107* 3x107" 5x107"
Daszosbid wym, b /Ty g 5 My Ons 10 MITy: Ins 8,192 Ml Lns 5 MMy Ans 10 My:
npu Af = 1Ty —100 -90 —-95 —100 =90
npu Af = 10000 'y —155 —150 —155 —155 —150
Hanpsikenue nutanus, B 12 12 5 12 5 12 33 5
Motpebnsiembiit ToK, MA:
B YCTAHOBMBLUEMCS PEXUME 180 200 500 200 500 200 350 250
NUKOBbIM, NPH pa3orpese 500 500 1200 600 1200 600 1200 800
5 5 5 5]
Bpews! ycTaHOB/eHs HacToTbl, MHH (8£5x10) (8£5x107) (8 £1x107) (B £1x10) (B £1x10%)
BubpocToitkocTb:
[Au1anasoH yactor, My 1-200 1-200 1-200 1-200 1-200
YCKOpeHHe, g 5 5 5 5 5
MexaHuueckuit yaap 0AMHOYHOTO AEHCTBHS:
e, 6 100 40 75 75 75

¢ BbIcOTOI 19 MM (!) IIpH TOI 5Ke CTAOMILHOCTH
JaCTOTHI.

B 2004 — nagase 2005 roa paspaboTaH u 1e-
penaH B IPOU3BOJCTBO MUHHUATIOPHBIH yIbTpPa-
npenusnoHHbIH reneparop I'K145-TC, nmero-
Ui pagmepsl 36x27x19 MM JIMIIb IPH He-
CKOJIBKO XYZIIIHX ITOKA3aTeNsAX TeMIIepaTypHOI

U JONTOBPeMEHHON CTaOUIbHOCTH TaCTOTHI
(~ £3x10™"° m £3x10®/rom COOTBETCTBEHHO).
OcHoBHEBIE ImapaMeTpsbl yHI)TpaHpeHI/ISI/IOH‘
HBIX '€HEPATOPOB C I[ByXCTYHeH‘{aT])IM TEPMO-
CTaTUPOBAHUEM IIPUBENEHbI B TabuIe 5.
[TpUHIMIINAIBHO Ba)KHO, 4TO Pa3BUTHE Oec-
[POBOMHBIX CeTell MOOMIBHOM CBA3H MOTpe-

BHyTpeHHsis
amepa TepmoTara

Mnata
reHepartopa

Hel

Harpesarenb BHyT-
PEHHel Kamepbl
TepmocTaTa

OcHoBaHWe

ocTaTu—
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Puc. 9. Tunosoit cnektp LU renepatopa MK90-TC uactoToi 10 MI'y
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Puc. 10. O6uii BUA KOHCTPYKLMK reHepatopa MK89-TC
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Puc. 11. TemneparypHo-uactoTHasi xapakTepucTika reseparopa [K89-TC uactotoi 10 MIy
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S day 140TA00T 1311, 13 days dotal Rel meas. .99 790 435 236MHL
Agemmy 00081 Shppibdsy misl 0 0RO MSppbidey (Lt 10)
Tony serm pabitin: wher 10 dews of npension (fescesty {1 (4] 49T pph per day
§.2ETVS ppb per year

Frotant Bovrneta 0 00+ 4TLIET 30+ 1)

Rl

1Q-0

10

10+

Ch A 10.0 MHE 1.1 Vig
inmimninnoocs Bhase

Allan Deviation ocy(t)

10 T 1o 1 1
Averaging Time @, seconds

Ch B: 10,0 MHEe 0.8 Vg
BiAsBingls DDS

Puc. 12. XapakTepucTvka gonroBpemeHHoi crabunbHocTH reHepatopa MK89-TC

Puc. 13. Tunosas 3asucumoctb KHY ot BpemeHn ycpeHeHust ans reneparopa IK89-TC
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60BaJI0 HOBEIEHUS TEXHOTIOTHH YIbTpaIpe-
IU3NOHHBIX T'€HEPATOPOB, IIPENCTABICHHBIX
BIL 1. 1.2.2,, 1.2.3. (T0 ecth K1Maccos 10° u 10™°),
10 TpeOGOBAHUIT KPYIIHOCEPHITHOTO IIPOU3BOJ -
crBa. U ara sagaza AO «MOPHOH» 6bu1a yc-
nemHo pemtena. Cyns no Bcemy, ganubie KT
UMEIOT BCE IIAHCHI CTATh OCHOBHBIMU [IJIA pe-
IIEeHNUA MHOTUX 3aa4 9aCTOTHO-BPEMEHHOTO
obecrieyeHns B OIMDKANIITE TOMBL.
1.2.4. Boicoxo4acToTHbIe penu3nonnble KI'
3amada cosnans BbICOKOCTabmIbHbIX KI' ¢ HI3-
kumu yposasamu OII u KHY Ha BosMoskHO 60-
Jiee BBICOKUE JaCTOTBI OYeHb aKTyaJIbHa B CBSI3U
¢ 00111ei1 TeHJeHIIel OCBOeHMS Bce OoJiee BBICO-
KUX 9acTOT B paguo31eKTpoHuKe. [loBbImenne
YacTOT ITyTeM YMHOKEHUSI COIIPOBOXKIACTCS BO3-
pacrarneM ($Ha3oBBIX HIYMOB IPUOIH3UTETHHO
Ha 6 1b 1Ipu Ka)KIoM yIBOEHNH, YTO HEPeKO 3a-

Puc. 14. Tunosoti cnextp ®LU reneparopa MK89-TC uacroroit 10 My

prl[H}IeT IIPUMEHEHNE OIIOPHBIX T€HEPATOPOB
nuanazona 5-20 MI't. D dexTuBHbIM MTyTEM

KOMMOHEHTbI X TEXHOJIOTUN + Ne 8 2005



Ta6nuua 5. OcHoBHble NapameTpbl Y/IbTPaNpPeLU3MOHHbIX FEHEPATOPOB C ABYXCTYNEHUaTbIM

CrangapTHble yactotbl, My 4,096; 5,0; 8,192; 10,0; 16,384 | 4,096; 5,0; 8,192; 10,0 5,0;8,192; 10,0 5,0; 10,0
abapuTHble pasmepbl kopnyca, MM 51x51x38 51x51x25 36%x27x19 51x51x19
TemneparypHasi HeCTaOWIHOCTb 4aCTOTbI
B MHTEpBaIaX:
—10...460 (+70) °C +(0,5...1)x107™ +(1..2)x10™° +3x107"° +1x107°
—40...+70 °C +1,5%107" +(2...3)x10™° +5x107" +3x107"°
[lonroBpeMeHHasi HeCTabWIbHOCTb YaCTOTbI:
3arog, x10° *(0,5...2) %(0,5...2) *3 *2
3a 10 ner, x107 +(0,3...1) +(0,3...1) e g5
KparkoBpemeHHas HecTabunbHocTb 3a 1 ¢ 1x10° - - -
(mesuauns Annata) 2x10°2 (1..3px10° 5107 3107
®azosbikt wym, 45 /T [ns 5 M s 5 MMu: [ins 10 MMy: [ina 10 MIu:
npu Af=1Ty —-105 =105 —95 —95
npu Af=10000 Iy =155 =55 —150 —150
HanpsixeHue nutanus, B 12 12 12 12
Motpebnsiembiii Tok, MA:
B YCTAHOBHBLUEMCS PEXHUME 350 250 180 250
NUKOBbIM, NPH pa3orpese 1500 1000 700 500
BpeMs ycTaHOB/IEHUA 4aCTOTbI, MHH,
¢ TouHocTblo £1x 1078 15 15 10 10
BubpocToikocTb: o _ - -
[AvanasoH yacror, Iy g 5500 i 5500 i 1%00 [ 5500
YCKOpeHHe, g
MexaHnueckui yaap OAHHOYHOTO AEACTBHUS:
YCKOpeHHe, g 75 75 150 150

TepmocratuposaHHasi o6nactb

BbixoaHok bychdep

Puc. 15. O6wwmi BUA KOHCTPYKUKK reHepatopa MK87-TC

[IOJTyIeHHsI BBICOKOI U IIPUTOM CTabIIBHOI
KBAapIIOBAaHHOI YaCTOTHI SABJISIETCS pa3paboTKa
MaJIOUIyMAINUX BBICOKOYACTOTHBIX I'€HEPATO-
POB Ha OCHOBe pe30HaTopoB SC-cpesa ¢ Koseba-
HUSAMU 5-TO IOPSIKA.

VIMeHHO TaKuM sIBJISIeTCS TeHepaTop ob1ie-
npomsinineHHoro ucnonHenus ['K87-TC
Ha prana3oH Jactot 50-700 MI't. B mnamasone
10 100-120 MI'1t yactoTa aBTOreHepaTopa mepe-
IaeTcs Ha BBIXOJ, 63 YMHOKEHUS, TeHepaTop
¢ 60Jiee BHICOKOI BBIXO[HOI 9aCTOTOI COMIep-
SKUT BCTPOEHHBIN YMHOKHUTEIIb Ha 11€J10€ YUCIIO

B npepesnax 2—7. OOl BUI KOHCTPYKIIUH Te-
HepaTropa IIpecTaBieH Ha puc. 15, cnexkrp OIII
re"epaTopa gacrotoi 100 MI' — Ha puc. 16,
a reHeparopa dactoroir 500 MI' moxasaH
Ha puc. 17.

Musnnariopssii reaeparop I'K136-TC ¢ nua-
nasoHoM d4actor 50-120 MIm paspaboran
B 2003-2004 rr. Ha ocHOBe I'’K87-TC 151 mprme-
HEHHUS B KOMIIAKTHOI aIllIapaType, OTINYaeTCs
OT HETO 3HAYUTECIBHO MEHBIIITUMA I‘a6apI/ITHbI-
Mu pazMepaMu (36x27x16 MM), TOBBILIIEHHOH
CTOMKOCTBIO K MEXaHUIECKUM BO3JIEHCTBUAM
U pacHINpEHHBIM UHTEPBAIOM pa60‘II/IX TEeMIIC-
paryp. Criextp PIII unentiden I'K87-TC 6e3 ym-
HOJKUTEJIS YaCTOTBL TOJIBKO 9TO 3aBepIIIeHa pas-
paborka u ocBoeHa Mmopuduxanus ['K136-TC
C HaIIpspKeHMeM IUTaHuA 5 B, 3aMeTHO paciiy-
psifornast 0671aCTb IPUMEHEHHUSI 9TOr0 Ipubopa.

T'enepatopsr I'K148-TC n I'K174-TC npennas-
HA4Y€HBI JIJIA UCIIOJIb3OBAHUA B CHCI.[PIaIIbHOfI arr-
mapatype. MIx xapakTepHast 0cO60eHHOCTb — €O-
XpaHeHMe o4eHb Hu3Koro yposHs OIII mpu akc-
IUTyaTalliy B YCIOBUAX JKECTKUX MEXaHUIECKUX
BO3/IENCTBUIMA.

C pocrom gacrorsl KP ymenbItaercs Tosm-
Ha IIbe303JIEMEHTa, ITO COIIPOBOK/IAETCS BO3-

pacTaHueM JOITOBPEMEHHON HeCTaOMIbHOCTI
yacToTel. C yBelndeHneM ske HOMepa UCIIOb-
3yeMo¥ TapMOHHUKH Pe30HATOPa 3aTPyAHIETCS
HOaBJIeHHe BO30Y KIEHHs HeXKelaTebHbIX MO
1 rapMoHUK. KpoMe TOro, HabIII0IaeTcst CHIDKe-
HHe T0OPOTHOCTH PE30HATOPOB HA TAPMOHUKAX
cBbIme 5-1 win 7-1. [ToaToMy BepXHss TpaHn-
I1a YaCTOTHI IPEIU3NOHHBIX MaJIOLTy MAIINX Te-
HEepaToOpoOB, OLOOHBIX BBIIIECYIIOMSIHYTHIM,
6e3 yMHOKUTeJIeH YaCTOTHI Ha IIPAKTHKE He Ha-
MHoro rnipesbimaer 100 MI'm.

CoBMeleHne B OTHOM YCTPOHCTBE IBYX Te-
HEPaTOPOB, CBSI3AHHBIX MEXIy CO60I cucTe-
Moi (ha30BOIl aBTOMOACTPOMKH TaCTOTHI
(PAITY), mpu pasaUIUU UX IaCTOT HA LOPS-
10K 1 60JIee O3BOJISAET COYETATh OYeHb HU3~
kuit QI B cpenueit u manpHei 30HaX (OTCT-
poiixa ot Hecyieit 1-10 xI'g 1 6o71ee) ¢ pesko
camwkeHHbIM OIII B 6rKHelt 30He (pu OTCT-
poiikax 1-100 I'11), BBICOKOI JOJITOBPEMEHHON
U TEeMIIePATyPHOH CTaOMJIBHOCTBIO YaCTOTHI.
[Tpu 2TOM BBHICOKOYACTOTHBIN TeHEPATOP SIB-
JISIeTCSl YIPaBIIsIeMbIM U TOCTOSIHHO MOZICTPAm-
BAETCS MOJ, OTIOPHBIN — HU3KOYaCTOTHBIN.
B metmio ®AITY BxomuT 160 meIuTeND Jac-
TOTBI BLICOKOYACTOTHOTO YTIPABIIsIEMOTO TeHe-
paTopa, 1160 YMHOXKUTEb TaCTOTHI HU3KOTa-
CTOTHOTO OIOPHOTO TeHepaTopa.

3/1ech IPUHITUIHAIBLHO BaKHBIM SBIISAETCA
BBITIOJIHEHHE ¥ TePMOCTATHPOBAHNE yIIPaBIIsie-
moro BY-reHepatopa B efUHOI KOHCTPYKIIUU
C OTIOPHBIM. DTO TI03BOJISAET CYIIECTBEHHO YITyd-
IIATH KaK CTAGMIBHOCTD TaCTOTHI, TAK U CIIEK-
TpaJIbHble XaPAKTEPUCTUKY JAHHBIX IIPHOOPOB.

TI'eneparop I'K137-TC comepkut TepMocTaTi-
PpOBaHHbIE OTIOPHBINA U YIIPABJIAEMbIN BBICOKO-
JaCTOTHBIN T€HEPAaTOPHI, CBA3AHHBIE IIETIbI0
DAITY.

TemmepaTypHO-4acTOTHAsI XapaKTepUCTHKA
reHeparopa naHa Ha puc. 18. Cnexrp PIII, mo-
Ka3aHHBIN Ha puc. 19, B JanbHel 30He orpesie-
JSeTCA  BBICOKOYACTOTHBIM TeHepaTOpOM,
a B OJIDKHE M CpeJiHeil — OMOPHBIM HU3KOYa-
CTOTHBIM T€HEPATOPOM, C J0OABIICHHEM IIIyMOB,
BHOCHUMBIX 1Tenibio GATTY.

OcHoBHBIE TapaMeTPhl BHICOKOYACTOTHBIX
npenusuonnsix KI' mpusenems! B Tabiue 6.
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Puc. 16. Tunosoii cnektp PLL renepatopos [K87-TC u 'K 136-TC yactoroit 100 MI'y
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Puc. 17. Tunosoi cnektp OLL reHepatopa [K87-TC uactotor 500 MI'y
€O BCTPOEHHBIM YMHOXHWTE/IEM YacTOTbl Ha 5
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Puc. 18. TemneparypHo-uactoTHas xapakTepucTika reHeparopa I'K137-TC yactoroi 100 My,

Ta6nuua 6. OcHoBHble NapaMeTpbl BbICOKOHACTOTHbIX NPeLr3noHHbIx KI

Puc. 19. Cnekrp ®LLU rexeparopa I'K137-TC yactoroit 100 MI'y

Haropam, npenHasHadeHHbIM 1711 TKKT, npens-
SIBJISIIOTCS TTOBBIIIIEHHbIE TPeOOBAHUS B 4aCTU
«IJIAIKOCTH» TEMIIEPATyPHO-YaCTOTHBIX XapaK-
repuctuk (TUYX). CoorBercrBUe 3TUM TPe6O-
BaHusAM B AO «MOPHMOH» xonTponupyercs
Y Ka)KJOTO TaKOTO Pe30HaTOpa.

Ycrorrausoe npoussozctso TKKI Ha 3aBoze
«MOPHOH» nayanock B KoHIle 1970-X romos.
B nacrosiee Bpemst OAO pacnomaraeT fieiict-
BYIOIIUM 000OPY/IOBaHUEM U KaJpaMu, I103BO-
JISTFOIIUMMY U3TOTABINUBATH B IO IE€CATKY ThI-

[lnanazo yactor, My 50...700 50...120 56...100 - -
61,44 56
CrangapTHble yacTotbl, My 100 100 80 56 100
500 100
[aGapuTHble pasmepbl kopmyca, MM 51x51x12,7 36x27x16 51x51x25 50x40x22 51x51x19
TemneparypHasi HeCTaBUILHOCTb 4acTOTbI
B MHTEPBa/Iax:

—10...+60 (+70) °C +1x107 +5x10—8; £1x10~7 = = +1x10™*
—40...+70 °C +1,5x107 +1,5x107 = = +2x10™
—55...470 °C = +3x10”7 +5x1077 +5x1077 +3x10°

JlonropemeHHas HecTabunbHOCTb YacTOTbI: 3510 33107 55107 45510 £5,10°
,B + + + + +
saron, x10° +2,5x10° £2,5x10% £25x10¢ | #25x10% | £25x107
3a 10 nert, x10
Da3zosbi wym, ab /T,
NS 4acToTbl: 100 My 500 Mly 100 My 56 My 56 My 100 My
npu Af= 10 Iy 100 My 10 Ty 300 My 300y 10 Ty
=B —110 =B —125 =5 —105
npu Af =10 kly —165 —145 —165 —160 —160 —165
Hanpsxenue nutanus, B 12 12 5 12 12 12
Motpebnsiembiit Tok, MA:
B YCTAHOBMBLUEMCS PEXXHME 120 150 150 300 400 400 300
NUKOBbIM, NPH pa3orpese 400 450 500 950 600 600 700
Bpemst ycTaHOBNEHUS YacTOTbI, MUH 5 3 3 3 10
€ TOYHOCTBIO C TOYHOCTBIO CTOYHOCTBIO | C€TOYHOCTBIO | € TOYHOCTBIO
+2x1077 +3x10° +3x10°° +3x10°° +1x10°
BubpocroitkocTb:

[ManasoH yacror, Iy 1-500 1-500 1-2000 1-2000 1-300

yCKOpeHue, g 5 5 5 5 5
MexaHuueckii yaap OAMHOYHOTO AEHCTBHUS:
yCKopeHHe, g 100 100 100 100 100

2. BbicokocTabunbHble MasowymsLyme
TePMOKOMMNEHCHPOBaHHbIE
KBapLieBble reHepaTopbl

Tepmoxommnencuposanubie KI' (TKKT) sa-
METHO YCTYHAT TEPMOCTATHUPOBAHHBIM
10 CTa6MIBHOCTH 9acTOTHI U yposHio PIII*),
OJIHAKO CYIIeCTBEHHO Jy4Ille UX IO 9KOHO-
MHUYHOCTHU 9HEpPronorpedIeHus, 1o Maccora-
GapUTHBIM XapaKTEPUCTUKAM U 110 CKOPOCTH
BBIXO/]a Ha PA00OYHIl PEKUM I10CIIE BKIIOYEHHS.
HOSTOMY OHHN yCTOI/uI‘{I/IBO 3aHUMAIOT 3HAYM -
TeJIbHYIO 9aCTh PBIHKA ITbe303IeKTPOHHOM ITPO-
TYKITAH. B oriuvue ot TEPMOCTATUPOBAHHBIX
T€HepaToOpPOB, B TEPMOKOMIIEHCHPOBAHHOM Te-
HepaTope KBapIeBbIil Pe30HATOP paboTaeT Ipu
TeMIlepaType, IpaKTUIeCKH COBIAfaONIei
C TeMIIepaTypol oKpysKatoIen cpenbl. Cra-
OMILHOCTD [TOBBIIIIAETCS 32 CUET YIPABIISIOLIIe-

*) 31ech HaJlo TIOMHUTB, 9T0 B oTimaue ot TCKI TKKT,
KaK IIPABHJIO, CTPOSITCS HA PE30HATOPAX € KOJMeGAaHUAME

TIEPBOTO MOPANIKA, a HE HA OGCPTOHaX.

I'0 BO3MIENCTBHUSI, BHI3BIBAIOIIIETO N3MEHEHM Ja-
CTOTBI, IIPOTHBOTIOJIOKHBIE COOCTBEHHBIM TEM-
HepaTypHBIM H3MEHEHHAM JaCTOTHI Pe30HATO-
Pa, B maease paBHbIe UM 110 BenmauHe. K pe3o-

csta TKKT 06111enpOMBIIIIIIEHHOTO U CIIeIH -
AJIBbHOTO NIPUMEHEHU . Hwxe IIPUBOAUTCA
KpaTKas XapaKTepPUCTHKA BLINYCKAEMBIX
AO «MOPHOH» TKKT, npudem oco6oe BHE-
MaHHMe yJeeHo IpubopaM, U3TOTOBIECHHBIM
3a IIOCJIeTHUE 1B TOJIa.

I'eneparop I'K88-TK mupoxo ncromapayercs
B COBpeMeHHOI1 ammnaparype. OH BbIITyCKaeTcs
B IBYX BapuaHTaX, OTINYAOIIUXCA BBIXOAHBIM
CUTHAJIOM: C CI/IHYCOI/IIIaHI)HbIM HaIIPsUKEHUEM
300475 MB Ha Harpyske 50 Om, mwm ¢ TTJI/KMOIT-
COBMECTUMBIM curuaiaoMm. ®a3oBnie Ty MbI
(cM. puc. 20) YIOBIETBOPSIOT OOJIBIIIIHCTBO CO-
BPEMEHHBIX TOTpeOuTener.

Teneparop ['K96-TK paspaboran njist nprume-
HEHUS B CIEIUAIBHOM anmaparype. Ero ocoben-

MRS BERS8E

BAS1SEO0]  PEOETELY

L Lt b U]

]

m__
%

Eil Bl S

™

Puc. 20. Tunoeoit cnexktp ®OLL reqepatopa MK88-TK
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Puc. 21. Tunosott cnektp ®LL reneparopa MK120-TK Puc. 22. Tunosoit cnexktp ®LL renepatopa MK146-TK
HOCTH — O4eHb ObICTPBII BXOJ B PEXKUM I10CIIe Tabnuua 7. OcHoBHble NapameTpbl TEPMOKOMNEHCHPOBAHHbIX FeHEpaTopoB
BKJTIOUEHHUS U CTOMKOCTD K JKECTKUM YCTIOBHUAM
9KCILTyaTanuu. BeIXOMHOM CUTHAI — UMITYJIbC-
Ho1i, TTJI/KMOII-coBMecTUMBIH. TRTRES
i _ _ Yacrora (auanason), My 9,6...20 19,683 * 9,8...20 9,6...20 9,6...20 9,6...20 9,6...20
Yuucuimposauuslii reaepatop I'K99-TK pas 3311378
paboTaH U MOCTABJISETCS sl IPUMEHEeHUs 1505 | 2101305 3627210 zns(x124sg$é
. x13x9, x13x9, -
B CIIE[[MaJIbHOIL alllaparype. OH BBIIIOJIHEH Pa3wmepb! kopnyca, MM 36x27x10 | 25x25x12,7 OIL 14) OIL 14) 20x20x10 (3::?;1267;2?',5) §5><25><12,7)
b TK 147-TK
B xopryce DIL-14 o6bemom 2,5 cm’, obazaer 0 0 0 ( 0 )
CTOMKOCTBIO K JKECTKIM YCHOBUAM OKCILTyaTa- | |CMMePaTypras wectabunonocto | (g uy); | +45 | (-55..475) | +10 £2,0 (389,489 | (760.485)
, . 0, —60...+80) | *1,5..£2 | (=30..+70) | (=40..+70 E0 s i
un. [To HAIPSDKEHUIO IUTAHISI [IPENy CMOTpe- (s vrTepsane Temneparyp, °C) | (5o " 55 ¢ ) (~40..+70) ¢ s ) §Si :01'6’347}3 r{<1j%~~~1*6|{4°r)u
HO TPH BapUaHTa UCIIONHEHUS C HOMMHANBHDI- [l oo o o o o o o
mu 3HayeHusMu 2,7 B, 3 B u 5 B ¢ gonycrumsr- uactots! 3a rog, x10°° ’ ’ ’ ’ ’ ’ ’
0, " Dazosbiit wym, 46 /Ty,
My u3MeHeHusIMHU +£5% Kaxgmoe. Beixomuon oM OTCTPORKaX o1 HecylLeii
_ i 10Ty -90 =170 -95 -95 -95 -90 -95
CHUTHAJI — CHHYCOUNAIbHBIH, HAIPSKEHUEM 0K vy i i s vy iy iy
400£150 MB na narpyske 10 xOwm, npu momyc- PR eE e ” 5 2é7 2 " " 5
tuMoit emkoctu 5®. [Tpr HeOGXOTUMOCTH MO- nuTakks, B 5
5KeT OBITH COITACOBAHA BeIMYMHA HATPY30YHOM MoTpe6nsieMsii Tok, MA 4(Sin 30 12 5 6 9 (Sin); 15 (K146);
20 (TTI-KMOM) | 30 (TK147)
eMkoctu 6oiee 5 nd. Jlonyctumble BUBpaunu: 0 000 0
[mMana3oH yactor, [y 1-5 1-2 1-2000 1-500 1-500 1-2000 1-2000
TI'eneparoper 'K120-TK u I'K121-TK usroras- yCKopeHHe, g 10 15 10 10 10 10 10
MexaHuueckuit yaap
JIBAIOTCSL B OOIIENPOMBIIIUIEHHOM UCIIOJTHEHHH, ORmON0 Reena:
UMEIOT MaJIble Fa6apI/ITHbIe pa3Mepbl U Maccy. YCKOpEHHe, g 500 1000 1000 100 500 1000 1000
Ocobernocts I'K120-TK — owens HusKuit ypo- e PR R A0
Berb OIII (cm. puc. 21), ocobennocrs 'K121-
TK — noBpIIIeHHOE BBIXOTHOE HAIIPsDKEHUE
500 mB nHa Harpyske 2 kKOMm. TeHepaTOPHI ¢ 9KCIUTYaTallMOHHOM cTabunsHo-  JIMTeparypa
Y

I'enepatopsr ['K144-TK, I'K146-TK u I'K147-
TK npennazHadeHs! 71 IPUMEHEHNUS B CIIEIU-
IBHOU alIapaType, XapaKTepU3yIOTCs BHICO-
KO CTOMKOCTBIO K BO3EHCTBHIO BHEIIHUX (DaK-
topoB. Hanpssxenne nuranus 'K144-TK —
12 B, nByx apyrux — 5 B. 'K146-TK umeet cu-
HYCOMIAIbHbIA BEIXOMHOM CUTHAJI HAIIPsDKEHH-
em 300£75 MB na marpyske 50 Om, I'K147-TK —
TTJI/KMOII-coBmectumsrit. Ha puc. 22 mpuse-
neHa tunosas kaptuHa crekrpa I rereparo-
pa I'K146-TK. OT™eTrnm, 9TO 3TO BecbMa MaJjio-
LTy MSIIIe TeHePaTOpPHI.

Ocnosnple mapamerpsl TKKI' AO «MOPHMOH»
[IpUBe/IeHbI B TabiuIle 7.

3aknoueHue
Ceitqac AO «MOPHOH» yBepeHHO BXOIUT
B IIEPBYIO ISITEPKYILITEPKY (1 Jare yyKe TPOHKy!)

MUPOBBIX TPOU3BOIUTENEH ONOPHBIX KBapIie-
BBIX TeHEPATOPOB HAUBBICIIEH CTAOMILHOCTH.
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CTBIO YacTOThI 0T ~10™ 10 ~10™ ycmerno mpo-
U3BOJATCS IeCATKAMU THICSY B FOfl. A KpoMme
TOTO0, BBICOKOYAaCcTOTHBIE peru3nonusle KI',
TepMokomnercuposanHble KI' Beicokoro ypos-
HsI, yIIpaBJisieMble HanpspkeHneM, 1 TaktoBble KT,
a TaKkKe KBapIieBble (QUIBTPhI K PE30HATOPHI.
O6mbem mpopasx 3a 10 et Boipoc B 20 pas. boiee
ITOJIOBUHBI €10 — UMEHHO BBICOKOCTAOUIIbHbBIE
onopHble resepartopsl. [Tpn atom «MOPMOH» —
KPYIHBLI 9KCIIOPTEP TAKUX IPHOOPOB IS Be-
IYIIUX TeJeKOMMYHUKAIIMOHHBIX KOMIIAHU
Mupa.

Pe3ynpTaTel neATeIbHOCTU IPEAIPUATHS 110~
JTy49HIn BBICOKYIO orfeHKy. Tak «MOPHMOH»
TBAKZIBI CTAJT JTaypeaToM KOHKypPCa Ha IIPeMHI0
3a IOCTHIKEHUS B 00JI1aCTH 3JIEKTPOHUKU —
«3omnoroit Yum» Ha MeXITyHAPOIHON BBICTaBKe
«YunOKCIIO»: B 2004 rogy — B HOMUHAIIUT
«3a BKJIAJl B pa3BUTHUE POCCUUCKOH 3JIEKTPO-
HUKI», B 2005 romy — B HOMUHAIMHA «32 JTy4-
ITYI0 MHHOBAIIMOHHYIO HIEI0».
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