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OnucaHa KOHCTPYKIMS 0e3IUCITEPCUOHHOTO ONTUYECKOTO MH(PPaKpaCHOTo JaTYMKa ra3a ¢ AByMsI UCTOY-
HUKaMU MH(GPAKPACHOTO U3IydEHMS K OMHUM ITIPUEMHUKOM. JIeMOHCTpUpPYyeTCst paboTa yCTPOMCTBA C Bpe-
MEHHBIM pa3ejieHueM U3MEPUTETLHOTO Y OTIOPHOTO CUTHAIOB. JIJIst KOHTPOJIST CTAapEHUST UICTOYHUKOB M3~
JIy4eHHUS KCTIOIb3yeTCsa DOTOTpaH3UCTOP. JlaTuuK MpeaHa3sHadeH IJIsI Opeae/ICHIST KOHIICHTPALY MeTa-
Ha B BO3IYIITHO-Ta30BOi cMecu ¢ 00beMHOI nosieit MeTaHa He 6osee 2.2%. [1pemioxkeHHass KOHCTPYKIIUST
ITO3BOJISIET OMPEEISITh KOHIIEHTPALIMIO C TOYHOCThIO 10.1% 00beMHO 10U MeTaHa B AMaIia30He TeMITe-
paryp oT —20 no +50°C npu cKOpoCTH U3MEHEHUS TeMIiepaTyphl He 6osee 2°C/MUH.
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BBEAEHWE

be3nucnepcroHHbIe ONTUYECKNUE JATYUKM IIIHUPO-
KO VCITOJIb3YIOTCI IUISI M3MEPEHUsI KOHIEHTpaIun
ra3os [1, 2]. I1pn B3auMoneiicTBUM MHPpPaKpacHOTO
(UK) uznyyeHus ¢ MoJieKyJdaMu raza MH@pakpac-
HBII CBET IIOIVIOIIAETCSI Ha OIpPEIeJICHHOM IJIMHE
BosHBI. [lo ymeHnbmenmio maTeHcnBHOCT MK -m3-
JIYYEHUSI MOXHO OIIpeAeIUTh KOHIEHTpALIUIO rasa.
Haubonee pactipocTpaHEHHBIMU SIBJISIFOTCSI OTITHUYEC-
CKWe MaTIYMKM yraekucioro raza CO,, yrapHOTo rasa
CO u metana CH,.

Onruyeckue TaTYuKu 001a1a10T BEICOKOI celleK-
TUBHOCTBIO ITO OTHOIIEHMIO K KOHKPETHOMY Ta3zy.
Hpyrast o0coGEHHOCTh 3THX JaTYMKOB 3aKJII0YaeTCs B
TOM, YTO BO3JEMCTBUE ra3da BbICOKOI KOHLIEHTpaLUU
He NPUBOAUT K HEOOpaTUMOMY Jpeiidy ux 4yBCTBU-
TEJILHOCTH, TOIIa KaK 3JeKTPOXNMUIECKIE U TEPMO-
KaTaJIUTUYECKHE CEHCOPhI MOABEPKEHBI CTAapEHUIO
[3]. BeixonHoii curHan MK-ceHcopa He 3aBUCUT OT
CKOPOCTH MMOTOKa KOHTPOJIMPYEMOIO BO3/IyXxa, HO Ha
pe3ynbTaT M3MEPEHUS MOTYT BIUSTH OABJICHUE U
TeMIieparypa. ¥ TakKHUX CEHCOpPOB OOJBIIOI CPOK
CITy>KOBI TP YCJIOBUM OTCYTCTBMSI KOPPO3UH, 3arpsi3-
HEHUSI WIM MEXaHWYeCKOTo IoBpexneHusi. OCHOB-
HBIMM HeJIOoCTaTKaMM MHQPaKpPaCHBIX CEHCOPOB SIB-
JISTFOTCSI CJIOXKHOCTB KOPPEKTUPOBKY HYJISI IIPU PE3KOM
W3MEHEHUH TEMIIepaTyphbl M BEICOKAsI CTOUMOCTb.

be3nucnepcroHHbBIN TaTYMK ra3a COCTOUT U3 UC-
TOYHUKA WHGPaKpaCHOTO WU3JIy4YeHUs, AETEKTOopa,
ONTUYECKOTO (PUIILTPA, Ta30BOI STYEHKU U 3JIEKTPO-
HUKU 111 obpaborkm curHaina. CyliecTByeT He-
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CKOJIBKO OIITMYECKMX CXEM I TaKMX JATYMKOB [4].
Cpeny HUX BBIICIAM Hanbosiee pacipoCcTpaHeHHYIO —
CXEMy C ABYMS JJIMHAMM BOJIH C OJHUM MCTOYHUKOM
nznydyeHus [5—7]. Takoit maTYMK UMEET ABa AETEKTO-
pa, y KaXa0ro 13 KOTOPBIX €CTh ONITUYECKHUI (hUIBTP.
Onrtuyeckue (pUABTPHI pa3anudaroTCs MOJI0CON Mpo-
nyckanusi. M3MepuTenbHBII KaHaln (OPMUPYETCS
IMyTeM IeTEeKTUPOBAaHUSI MHTEHCUBHOCTH CBETa, IIPO-
LIeOIIero yepe3 (pUIBTp € II0JIOCOM ITPOIYCKaHMUS,
COBMANAIOIIEH C MOJI0COI ITOTIOIICHHUS 1IEJIeBOTO ra-
3a. OTNopHBII KaHal (GopMUpyeTCsl MyTeM U3Mepe-
HUSI MTHTEHCUBHOCTHU B MOJIOCE YaCTOT 3a IpeaeiaMu
JIMHUU TIOIJIOLIEHMs ra3a. PasHuIla MeXay MHTEH-
CHBHOCTBIO IIPOIIEAIIETo CBeTa B 3TUX ABYX I10J0CaX
4acTOT IIpeoOpa3yeTcsl B KOHIEHTPALIMIO ras3a.

HaTtdyuk ¢ nByMs1 IJTMHAMU BOJIH 0OecIieurBaeT aB-
TOMAaTHUUYECKYI0 KOMIIeHcaluio 3¢d@eKTa crapeHUs
WCTOYHUKA MHGPPAKPACHOTO U3JIyYeHUSsI, TTOCKOJIbKY
MPU OTCYTCTBUM ra3a OTHOIIIEHME UHTEHCUBHOCTEH B
N3MEPUTECJIbHOM M OITOPHOM KaHaJilaX B IIEPBOM IIpU-
OJIVDKeHUU OCTaeTcsl HeM3MeHHbIM. OHaKO TIpU U3-
MEHEHUU TeMIlepaTyphbl IoJjioca MPOIYCKaHUsI WH-
TepdepeHLIMOHHBIX (UILTPOB cMelaetcs [8]. Dto
MPUBOAUT K HEJIMHEHHOM 3aBUCUMOCTU OTTOPHOTO U
N3MEPUTECIBbHOTO CUTHAJIOB OT TEMIIEpATypbl U 3a-
TPYAHEHUWIO TEMIIepaTypPHOU KOPPEKIINY MOKa3aHUM.
Kpome Toro, kaxxaoMy 4yBCTBUTEIBHOMY CEHCODY
TpedyeTcsl OTAEAbHBINA YCUTUTEND [9], YTO MPUBOAUT
K pa3JIMuMIo MepeJaTouHbIX XapaKTepUCTUK B U3Me-
PUTEJILHOM 1 OTIOPHOM KaHaJsax.
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Jnsa ycrpanenus a¢gpdekxra, CBI3aHHOTO C pa3in-
YUEeM XapaKTEPUCTUK OIIOPHOIO M M3MEPUTEIHLHOIO
CcBeTO(WIBTPOB, OBLIIO MPEII0KEHO MCIOJIb30BaTh
onuH ncroynnk MK-u3nydeHns n nBa MaeHTUIHBIX
npueMHuKa. ITpu 3ToM U3MEPUTENBHBINA U OTTOPHBIN
KaHalabl (GOPMUPYIOTCS IIyTeM IIPUMEHEHMS IBYX
KioBeT pasHou nnmHE [7, 10]. B npyrom BapmanTe
CXEMbI C OTHUM MCTOUHUKOM M K-u3nydeHus u nBy-
MsI MIEHTUYHBIMYA IIPUEMHUKAMU OITOPHBINA CUTHAII
¢dopMuUpyeTCsSI IIPUEeMHHUKOM, IIepen KOTOPHIM yCTa-
HOBJIEHA JOMNOJHUTEIbHAS KIOBETa, HaroJHEHHas
mejaeBbIM ra3om [11]. OmHako Takoii momxon [7, 10,
11] He ycTpaHsgeT IIpOOJIEMBI, CBI3aHHBIE C pa3aInd-
HBIM TeMIIepaTypHBIM JIpeiidoM YCUIIUTENEH OIop-
HOTO U U3MEPUTEIHLHOIO KaHAJIOB.

B pa6orte [12] o8 MUHAMU3AMU TeMIIepaTypHO-
ro apeficha U yBeJIMUeHUs] YYBCTBUTEIbHOCTU TIpe-
JIOXKEHO UCIO0JIb30BaTh MONYJISALINIO AaBieHus. B ta-
KOM cxeMe MOXHO WCIIOJIb30BaTh OAWH WCTOYHUK
MK-uznyyeHusi u oguH npueMHuK. OnHaKoO Mexa-
HUYECKOE BO3/IEHICTBUE 3a CUET BOJIHBI IaBJIEHUS MO-
JKET IMPUBECTU K TTOBBIILIEHHBIM IITyMaM U K CHUKEHUIO
TOYHOCTU M3MepeHuii. B padore [13] st onpeneneHus
KOHIICHTPALIAU UCTIONb3YETCS HETMHEMHOCTD OTKJIIMKA
CEHCOPOB B OIIOPHOM M U3MEPUTEIBHOM KaHayiax. Ta-
KOl MeToI MPUMEHUM TOJIBKO IIJISI OnpeaesieHUsT Bbl-
COKMX KOHLIEHTpaLMii.

AJIBTepHATUBOII CXeMe€ C OITHUM WCTOYHHKOM
NK-u3nyyeHuss U AByMSI IpUEMHUKAMU SIBIISIETCS
cxeMa C IByMSI ICTOYHMKAMM U OOHUM IPUEMHIKOM
[14]. dnst mogaep>KaHusI TIOCTOSTHHOTO COOTHOIIIECHUS
MEXIY OITOPHBIM U U3MEPUTEIbHBIM CUTHAJIAMU ra-
30aHaJIN3aTOP COMEPKUT YCTPOMCTBO OaTaHCUPOBKU
aMIUIATYOBI U (pa3bl CUTHAJIOB, MOAYJIMPYIOIINX 1O~
ToK UK-m3nyyeHust. Hemocratkom gatuuka [14] siBisi-
€TCsI OTCYTCTBHME KOHTPOJISI HEPaBHOMEPHOI'O CTApEHUST
naydaresieid. JlucoanaHc, BRI3BAHHBIN YMEHBIIICHUEM
CBETMMOCTH TIE€PBOI0 M3JTydaTesisi OTHOCUTEIbHO BTO-
poOro, MOXeT MHTEPIIPETUPOBAThCSI KaK IIOSBICHUE
raza. Kpome Toro, uameHeHne curHaja pu pe3KoM
W3MEHEHUM TEMIIEpaTypbl UMEET HEJIMHEUHBIN Xa-
pakrtep. Ilpy HaaUuMM HEeIMHEHHOCTU KOPPEKTU-
pOBKa TOKa WM HalpspkeHus1, mmTtaioniero MK-mn3-
JIydaTeyiv, MOXEeT IPUBECTU K HETIPaBUJIbHBIM ITOKa-
3aHUSIM JaTYMKa.

B pa6ore [15] mpemnoxeHa apyrass KOHCTPYKIIUS
JaTyuka — ¢ AByMs uctouyHukamu MK-muzmydenus n
onauM UK-gerekrtopoM. IlepBrIit MCTOUHUK pado-
TaeT IOCTOSIHHO U MCIIOJIb3yeTCs it (popMHUpOBa-
HUSI U3MEPUTEILHOIO KaHajia, a BTOPOl — TOJIBKO
TSI TIEPUOIMYECKOM TTIepeKaTnopoBKHY natuymka. [1pu
TaKOM MOAXOAE JOCTAaTOYHO CIOXHO CKOMIICHCUPO-
BaTh Apeiid mokazaHui U3-3a OBICTPOro U3MEHEHUSI
BHEILIHEN TeEMIEepaTyphl.

B manHoit pabore paccMoTpeHa KOHCTPYKIIUS,
cocTosasi U3 AByX UCTOUYHUKOB MK-uznyyeHuss u
onHoro ceHcopa. Mctounnku MK-un3nyyeHus: nura-
JOTCSI CTAOMIM3UPOBAaHHBIM TOKOM. CeHCop MMeeT
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OINTUYECKUI DUIBTP, ITOJI0CA MTPOITYCKAHUSI KOTOPO-
ro COOTBETCTBYET IOJIOCE MOIJIoIeHUsT MeTaHa. Mc-
IOJIb30BaHME OJHOTO CEHCOpa C OOHUM YCUJIUTEIIEM
MUHUMM3UPYET pasjindue IepedaTOUHBIX XapaKTe-
PUCTUK W3MEPUTEIILHOTO U OIIOPHOIO KaHAaJIOB.
B nepBoMm pasnmene maHHOII cTaThbU IIOJAPOOHO pac-
CMOTpEeHAa KOHCTPYKIUS AaTunka. Bo BTopoM pasne-
Jie TIpEeACTaBIeHBl pe3yJibTaThl U3MEPEHU KOHIIECH-
Tpalluy MeTaHa U pe3yJIbTaThl TECTUPOBAHMS HA TEM-
MEepPaTypHYI0 YCTOMYMBOCTb IOKAa3aHWI AaTYUKa.
B BeIBOgax oOcyxkpmaroTcsl TIpeuMylliecTBa U HEJIO0-
CTaTKU MPEIIOKEHHOM KOHCTPYKIIUY JAaTYMKA.

KOHCTPYKIUMA JATYHNKA

Hatyuk mnpeacraBiseT coOOil M3MEPUTEIbHYIO
KIOBETY B (hopMe LHUJIMHAPUYECKOU TPYOKM C OTpa-
KaloLIMMU BHYTpeHHUMU cTeHKamu (puc. 1). C on-
HOIl TOpPLEBOU CTOPOHBI U3MEPUTEIILHOU KIOBETHI
YCTaHOBJIEHAa MUHMATIOpHAs JiaMMa HakanuBaHus L,
¢ mapaboamyeckuM otpaxareiaeM. C mpyroii Topiie-
BOM CTOPOHBI UBMEPUTEIBHOI KIOBETHI YCTAaHOBJICH
npueMHUK T MK-u3nydeHUs ¢ y3KOIIOJIOCHBIM MH-
TepdepEeHINOHHBIM cBeTODMABTpOM. Psimom ¢ mpu-
emMHuKkoM WMK-m3nyyeHusl pacmnojioXeHa AOMOJTHU-
TeJibHas JlaMIla HakaauBaHus L,, CBET OT KOTopoii
MajaeT TMojA YIJoM K TMOBEPXHOCTU TpueMHuka T.
JnauHa xoBeThl 70 MM. PaccTosiHue OT LieHTpa JaM-
el L, 1o npueMHuka T paBHO 3 MM.

B 60k0BOI1 cCTeHKEe M3MEPUTEIILHON KIOBETHI pa3-
MellleH (hOTOTPAaH3UCTOP C MaKCUMYMOM YYBCTBU-
TeJIbHOCTU Ha IJIMHe BoMHbI 940 HM. JlaHHas mivMHa
BOJIHBI HAXOJAUTCS 3a MPEAEIOM JIMHUU TTOTJIONIEHUS
ucciaeayemoro raza. CurHana ¢oToTpaH3UCTOpa UC-
MOJIb3YETCS 151 OLIEHKU UHTErpajibHON CBETUMOCTH
JIaMI YU KOPPEKTUPOBKU U3MEHEHUS TOKA3aHU, BbI-
3BaHHOIO UX cTapeHueM. LlunnHapuyeckas Tpyoka u
chepruecKuril oTpaxaTeslb U3TOTOBJIEHbBI U3 HepXka-
Beroueii cranu. B kauectBe mpuemuuka MK -uzmyye-
HUSI MCIOJb30Bajlach OJHOKAaHAaJbHas TepMoIlapa
HTS-A21 ¢ ontuueckum ¢umiabrpoM F3.375-190
(Heimann Sensor GmbH). LlenTpanbsHast ajimHa BOJI-
HbI CIleKTpa TpomnyckaHusi ¢dpuiabrpa — 3.375 MKM,
noaymuprHa crekrpa — 190 am. HTS-A21 umeer
BCTPOEHHBII TEPMOPE3UCTOP, KOTOPHIiA UCTIONb3YET-
csl IS U3MEPEeHUsT BHYTpEHHEN TeMmepaTyphl Mpu-
€MHUKa MHOpaKpacHOTO U3JIydeHUs.

Curnan ¢ ¢ororpaH3ucropa, repmonapel HTS-
A21 ¥ BCTpOEHHOIO B Hee TEPMOPE3UCTOPA YCUIIM-
BaJjicsi, oLM(pPOBBIBAJICI U 00pabaThIBajcsI MUKPO-
npoiieccopoMm. ComtacHo craHmapty [16], nHanKa-
U1 KOHIEHTPAUM TOPIOYEro ra3da MOXET OCy-
IIECTBIIATHCS B MPOLEHTAaX 00beMHO# monu (00.%)
i MiaH~! (ppm). Mukpormpoueccop o6ecrednBal
rnepegayy Ha BHeIIHUE LM(POBBIE YCTPOMCTBA 3HA-
YyeHUs KOHLICHTPAllMK, pACCYUTAHHOM B IPOLIEHTAaX.
Takke Ha aHAJIOTOBBIX BBIXOAAX (HOPMHUPOBAIUCH
clIenylollne CUTHAJIbI: 1) OJOCTMKeHME KOHIIEHTpa-
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uun MetaHa ot 0.44 06.% 10 0.88 06.%; 2) mocTke-
HUE KOHLIEHTPALMX MeTaHa, PaBHOM VWJIM TTPEBbIIIa-
forieit 0.88 06.%; 3) aBapHifHOE COCTOSTHUE TaTINKa;
4) TIpeBHIIIIEHNE CKOPOCTBIO N3MEHEHUS TEMIIEPATy-
pbl BenunuuHbl 1°C/MUH.

B xauectBe ncrounnkoB UK -m3imydeHnst ncronb-
30BaJICh MUHUATIOPHBIE JIAMITbI HAaKaiuBaHus L, L,
(cm. puc. 1). JIns 6e3mucepCHOHHOTO ra3oaHaan3a
CYIIECTBYIOT CIIeLIMaIU3UPOBAHHbBIE JIAMIIbl, HATIPU-
Mep, HSL 5-60 (Heimann Sensor GmbH) ¢ 3asBieH-
HBEIM cpoKoM cinyk0b1 100000 4. OmHaKO CTOMMOCTh
TaKoil JJaMIbl COMOCTaBMMa CO CTOMMOCTbIO TEPMO-
MapHoro mnpueMHuka. Ilo3ToMy WHCMOIB30BANIUCH
oObIuHKIe JaMmbl opmata T1-1/4 (H39) ¢ HOMU-
HaJbHbIM HaIpsCKeHUeM TuTaHusd 5 B UM Tokom
60 MA. Ilepen ycTaHOBKOI B TaTYMK JaMIIbl paboTa-
JIV TIpU HOMUHAJILHOM HaIpsKeHUU B TeueHue 48 4,
MocJjie Yero MnoadMpaiuch napbl ¢ OAMHAKOBBIM TO-
KOM TTOTpPEOJICHMSI.

JlaMIibl 3KCIUTyaTMpPOBaJIUCh IIPU MOHUXKXEHHOM
TOKe MUTaHus1 45 MA, 4TO 0OecIieyrBao yBejaude-
HHUE X CPOKa CIIYKOBI. B X0JIOMHOM COCTOSTHUM HUTh
JIaMITbl HaKaJMBaHUsI UMeeT HeOOJIbIIIOe CONMPOTUB-
JeHue, nopsaka 5 Om. I[ToatoMy cpasy nocie BKIIO-
YeHHUs 4Yepe3 JaMIly IIPOTeKaeT OOJIBIION TOK, 4TO
HEraTMBHO CKa3bIBA€TCsS HA CPOKE CIIyKOBI JIAMIIbI 1
Ha YPOBHE 3JIEKTPUUECKUX ITOMEX.

s orpaHMYEHMsI CUJIbI TOKA MCIIOJIb30BaJICS CTa-
ounuzatop I (cM. puc. 1). ITocnenoBateabHO ¢ 1aMITON
HaKaJMBaHUs BKJIIOYEH MOJIEBOM TpaH3ucTop (deple-
tion mode MOSFET) [17]. Cuna ToKa ompenessieTcst
PE3UCTOPOM, BKIIIOUCHHBIM MEXITy CTOKOM U 3aTBOPOM
TpaH3ucTtopa. Ha puc. 2 nmoka3zaHbl OCHMILIOTPaMMBbI
CUJIBI TOKA IIPY pa3IMYHbIX 3HAYESHUSIX CONTPOTUBIIC-
HUs pe3ucropa r. CornacHo ocuuIorpaMmMam, Ipu
r = 10 OM BK/IIOYEHHE JIAMIIBI BBI3BIBAET PE3KOE BO3-
pacTaHue TOKa IoTpebJIeHUs, TIPU YBEJIUYEHUU CO-
npotuBieHus1 10 24 OM BBEIOpOC TOKA MCYE3aeT, OJl-
HAKO cMJjia ToKa He ctabunm3upoBana. [Ipm 7 = 33 Om
cuJjia ToKa CTabMJIM3upyeTcs Ha ypoBHeE 45 MA.

HMcrnonp3oBaHue crabuiM3aliuid ToKa MPUBOAUT K
CHIKEHUIO CKOPOCTHM pa3orpeBa HUTU HaKaJBaHMSI.
[NoaTOoMy IIPUXOOUTCS UCIIONB30BATh IJIMHHBIC YIIPaB-
JISIIOIIE WMITYJIbChl BKJTIOUE€HMS/BBIKJIIOYEHUST J1aM-
nbl. KpoMe Toro, 1mpy NOHM>XXKEHHOM MHTEHCUBHOCTH
MK-n3nyyeHust Bo3pacraeT BIAMSHUE 3JIEKTPOHHBIX
mrymoB. OgHAKO 3TU HEAOCTAaTKM KOMIIEHCUPYIOTCS
CHUZKEHMEM Ce0eCTOMMOCTHU U3E/INS U MOBBILLIEHM-
€M TeMIIepaTypHOI CTaOMJIBHOCTU MOKAa3aHWUI maT-
yuka. ClieqyeT OTMETUTD, YTO CTAOMIIN3aTOP SIBIISICT-
cg obmum g amn Ly u L, (em. puc. 1). TToatomy
HaJIM4yue CTadmiIm3aTopa ToKa He BHOCUT HOITOJIHMU-
TEeJILHOTO nucOajaHca MeXAy WM3MEPUTEIbHBIM U
OITOPHBIM CUTHaJIaMMU.

Jlamnel L, u L, noakiitoyaoTcs K MICTOUHUKY TOKa
nornepemeHHo. Ha puc. 3a mokasaHo BpeMEHHOE
pacrpeneyeHne ypaBiIsoNNX CUTHAIOB, TO/laBae-
MBIX C MUKpOIIpolieccopa. JITuTeTbHOCTh UMITYJIbCA,
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Puc. 1. Cxema natunka. L| — 1ammna HakaJluBaHUS U3Me-
PUTENBHOTO KaHaja; L, — mamma HakaJuBaHUsI OTIOPHO-
ro KaHazna; T — npueMHUK MHDPAKPACHOTO U3TYYEeHUS C
UHTepGhEPEHIIMOHHBIM CBETOMWILTPOM U BHYTPEHHUM
tepmopesuctopoMm; PD — MK-doToTpansucrop; Ap —
YCWINTEND IJ1s1 POTOTPAH3NUCTOPA; A — YCWINTEND JUIS
TepMOMapel; A, — YCUJIUTeNb Ul TepMOPE3UCTOPA;
MCU — muxponpoueccop; I — ucrounux Toka; Sy, S, —
KJIIOYM, YIIpaBJIsieMble MUKPOIIPOLIECCOPOM.

rnogpaBaeMoro Ha Jiamity, paBHa At = 0.34 c. Ilocie
WMITYJIbCa CJIeITyeT ITPOMEXYTOK BpeMeHU Af, Koraa
o0e JIaMIbl BBIKJIIOUEHBI. 3aTeM BKJIFOYAETCSI BTOpast
JTamITa Ha BpeMs At. [layee TIpoliecc BKITIOYSHMST/BbI-
KJTIOUEHUSI TIOBTOPSIETCSI.

CurHajbl USMEPUTEIILHOTO M OIIOPHOIO KaHAJIOB
pazneneHbl Bo BpeMeHu (puc. 360, 3B). JIis1 Toro yro-
OBl ONpeaeUTb aMIUIUTYAY CUTHAIa, MUKPOTpOILIeC-
COPOM BBIITOJTHSIOCH BBIYMCIIEHUE aAMIUIUTYIBI OC-
HOBHOII TapMoHUKN 1o anroputMy Ilepuens [18].
CurHajn B u3aMepuTeJIbHOM KaHajle (hopMUpyeTcs Tia-
poii “namna L,—npuemHuk T”. CurHai B OlOpHOM Ka-
Hasie hopmupyeTcs napoit “nammna L,—mpuemHux T”.
CurHaJjbl pas3aejieHbl BO BpeMEHU, TTO3TOMY aMILIM -
TYAy U3MEPUTEIIBHOTO CUTHAIA A 1 aMIUIUTYY OIIOP-
HOTO CUTHAJIa R MOXHO BBIYMCIIUTH MO OTAEIBHOCTH.

ITpu npoxoxxneHun yepe3s 1eneBoii raz MK-unzmy-
yeHUe Tromromaercsd. CBsI3b MeXIy WHTEHCHUBHO-
CTBIO CBeTa /, IPOIIENIIEeTO Yepe3 U3MepsieMblit ras,
U KoHUeHTpauueil raza C BbIpaxaeTcsl 3aKOHOM
JlamGepra—bepa [19]:

I =1, exp(-KC%), (D
rae [, — HavyajbHAsi MHTEHCUBHOCTD CBETAa, UCITYCKae-
MOTO MCTOYHUKOM; K — KO3((UILIMEHT MOIIOIICHUS
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Puc. 2. OcumyiorpaMMbl CUJIbI TOKQ, MTPOXOASILLIErO Yepe3 JaMIly, TPy pa3IuyHbIX 3HAYEHUSIX COMPOTUBIEHUSI PE3UCTOpa,
BKJIIOUEHHOT'O MEXY CTOKOM 1 3aTBOPOM TOKOCTAOMIM3UPYIOLIETO TPAH3UCTOPA.

Ha 3aJaHHOM JUTMHE BOJIHBI; 7 — JJIMHA CBETOBOTO MYTU.
I1pu HeOombIMX BenunHax KCz MOXHO CYATATh, YTO

C =(Kz) '(1-1/1). )

OmpenennM wHTeHcUBHOCT, MK-m3nydgenmsa, wuc-
MOJB3ysl aAMIUIUTYAY W3MEPUTEILHOIO M OIOPHOIO
CUTHAJIOB:

I = A/Ra 10 = A()/R()a (3)

N W

w o =

(6)

Hanpsikenue, B
[\
—

== (a)

OTH. ex.

._.
N H

Bpewms, ¢

Puc. 3. BpeMeHHbIe pacnpeae/ieHUs: a — YIIPaBISIOLINX
CUTHAJIOB, TOJABAEMBIX Ha KoY S jJammbl L; (crutom-
Hasl JIMHUSI) U Ha Kimod S, jammsl L, (mrpuxoBast jin-
HUst), “1” COOTBETCTBYET BKJIIOYCHHOMY COCTOSIHUIO
JiamIibl, “0” — BBIKIIIOYEHHOMY; 6 — CUTHAJIOB TEpMOIIa-
PpBI TIOCIe yCUIUTENsI A7; B — CUTHaIa GOTOTpaH3UCTOpa
TIocJie yCHIIUTENst Ap.

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 2

rne Ay, Ry, — aMIUIMTyIBbl CUTHAJIOB, OIIPENEIIsIEMbIE
M0 KaJUOpPOBKE IaTuuKa MpU HYJICBOI KOHILICHTpAa-
uu raza (C = 0). I1lpu noacraHoBKe BbIpaxkeHUi (3)
B hopmyny (2) moiryduM, 9TO KOHIIEHTPALUs OIIpe-
JIESIeTCS BEJIMYMHOM

ABS =1—(A/R)(4,/R,)"". (4)

PacctosiHue OT JOMOJHUTENBLHOTO WCTOYHMKA
MK-usznyuyenus L, no npuemuuka UK-uznyuenus T
MHOTO MeHbllle z. KpoMe Toro, usmydyeHue magaeT Ha
UHTEP(PEPEHIIMOHHBIM CBETODUIIBTP TepMoTaphbl
MO/ YTJIOM, B Pe3yJIbTaTe Yero nojaoca MponycKaHus
UHTEep(PEepEeHIIMOHHOTO CBETO(UIIbTPa CMEIaeTCs B
CTOPOHY OT MOJIOCHI MoTrJIoleHus raza. [loatomy am-
TUIMTY1a OTTOPHOTO CUTHa/Ia R MpaKTUYeCKU He 3aBU-
CUT OT HAJIMYUS UCCIIEIyEMOTO Ta3a U onpeaessieTcs
TeMIlepaTypoii okpyxaroiieit cpeanl. [TocKonbKy mis
U3MEPUTENLHOTO U OMOPHOTO CUTHAJIOB MCIIOJb3Y-
FOTCSI OVIH U TOT X€ MPUEeMHUK 1 OIUH U TOT XK€ YCH-
JINTENb, BEIUUYUHBI A 1 R U3MEHSIOTCS CUHXPOHHO
MpU U3MEHEHUU TeMmIiepatypsbl. MIcrioab30BaHUE OT-
HouleHuss A/R B ¢opmyiie (4) yMeHbIIaeT 3aBUCH-
MOCTh OKa3aHU I JaTYUKa OT TeMIIepaTyphl.

3akoH Jlambepra—bepa (1) sBAsIeTCSI TOYHBIM
TOJIBKO JIJISI MOHOXPOMAaTUYECKOTO U3JIyYeHUsI, TOrIa
Kak JaTdyukK T perucrpupyer MHTETPAIbHYIO UHTCH-
CUBHOCTb B HEKOTOPOM Juaria3oHe JIMH BoiH. [1o-
3TOMY IUISI pacuyeTa KOHLIEHTpAallMX MOXHO HMCIOJIb-
30BaTh alIIPOKCUMAIIAIO

C=D-ABS?, (3)

e D v p onpeaesiioTcs KaTuOpoOBOUYHBIMU JAHHbBI-
mu. Kosdduument mormomenuss MK-m3nygenns
ornpeaessieTcss KOJIUU4eCTBOM MOJIEKYJI Ta3a, HaXomsi-
IIUXCS B 3aJaHHOM 00beMe. CumnTasi, YTO ra3 siBJIsIeT-
csl MAeaJIbHBIM, BBeZeM B (hopmyity (5) monpaBOYHbBIA

MHoxuUrenb (T'/7.,):
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C=(T/T,)D- ABS’, (6)
rae 7, K — rexywas remneparypa; 7., K —temnepa-
Typa, MCHOJb3yeMasl IIpU KaauOpOBKe IO KOHIIEH-
Tpalluy METaHa.

KammbpoBka maTdymka IPOBOOUTCS CICIYIOIINM
obpaszom. Ilocie BKIIIOUEHUST TaTYUK MPOrpeBaeTCs
He MeHee 30 MuH. 3aTeM I101acTCs BO3MyX 0e3 hcclie-
IyeMoro rasza. MUKpoKOHTpoJiep (PUKCUPYET TeM-
neparypy 7,,, OMpPEenesstoTcsl aMIUIUTYIbl U3MEpU-
TEJIbHOTO A Y ONTOPHOTO Ry CUTHAIOB. 3aTeM IMOAAeT-
Cs1 Ta30BO3IYIIIHASI CMECH C 3aIaHHOM KOHIIEHTpaIIuei
razau onpenensiercs eamunHa ABS. [1ponecc moBTO-
psieTcs IS HeCKOJILKMX KOHIEHTpallyii ra3a.

Ha puc. 4 moka3aHbl KaJIMOpOBOYHbIE JaHHBIE JJIsI
meraHa. Ilpm KOHIEHTpauusX MeTaHa OOJIbIIe
2.2 06.% HauyuHaeT NPOoSBIsAThLCI nonolneHue MK-
M3JIy4eHUsI B OIIOPHOM KaHajie. [1pu KoHIIeHTpaluu
6onee 4.4 06.% (100% OT HIKHETO KOHLICHTPALMOH -
Horo npeaena pacnpoctpaHeHus rwiamenu (HKITP))
METO/, C IByMsI UCTOYHUKaMu MK -u31ydeHust ctaHo-
BUTCS Hed((GEKTUBHBIM, TaK KaK €CJIM aMIUIATYyIa
OINIOPHOI0 CUMTHaJjia 3aBUCUT OT KOHLIEHTpAllMM rasa,
TO JOCTATOYHO CJIOXKHO OIIPEACIUTh, YEM BbI3BAHO
YMEHBIIIEHNE aMIUINTYObl: IOSBIEHMEM Ta3za Wi
CTapeHueM JiaMIl, U3MEHEHUEM TeMIlepaTyphbl, 3a-
IrpsSI3HEHVEM OINTUYECKUX DJIEMEHTOB.

[1s1 pacmiMpeHusl nuara3oHa U3MEpEeHUil Heoo-
XOJIMMO YBEJIMYUTD PACCTOSIHUE MeXAy Jamrioi L, u
npueMHUKOM T (cm. puc. 1). OngHako 1pu 60abIION
JJIMHE KIOBETHI M3MEHEHME BHELIHEN TeMIepaTyphl
MOXET MO-pa3HOMY BJIMSITh Ha TeMIeparypy jamm L,
u L,, 4yTo, B CBOIO ouepellb, MPUBOAUT K YXYALIEHUIO
TeMIepaTypHOU CTaOMIBHOCTH.

TouyHoCTh MOKa3aHUt JaTYMKa B IIEPBYIO OYEPEIb
3aBUCUT OT KOPPEKTHOCTU ONpeieICHNSI OTHOLLIEHUS

A,/R, B dopmyne (4). [Ina ydeta TeMmnepaTypHOTO
u3MeHeHus A,/ R, npoBoauiIacs TeMiepaTypHas Ka-
JUOpoBKa Jatuyrka. B mamsTe Mukporpoleccopa 3a-

MUCHIBAJIMCh OTHOLUEHUS A,/ R, IpU NITU 3HAYECHU-
SIX TeMIIepaTypbl, paBHOMEPHO pacIipeAceHHbIX B
nnanazoHe oT —20 go +50°C. Ilpu 3kcrutyatauuu
JlaT4vKa BeJanunHa A4,/ R, onpenensiiach C UCIIOIb30-
BaHMEM KyCOYHO-JIMHEWHOM aIlIpOKCUMAIINH I1I0 Ye-
ThIPEM TOUKaM, 3alIMCaHHbBIM B JOJITOBPEMEHHOI1 T1a-
MSITU MUKpoIipolieccopa. I[Ipu Temriepatype MeHee
—20° u 6onee +50° ncnonb3oBanach JMHEHHAST SKC-
TPaMoJsILIus.

s KoMIeHcaly CTapeHMs JIaMIT MCIIOJIb30Ba-
JINCh aMIUJIUTYAbI OTIOPHOTO U U3MEPUTETBHOTO CUT-
HaJIOB, 3aperMCTPUPOBAHHBIX MPU MOMOIIM (POTO-
tpan3ucropa PD (cMm. puc. 1). AMIUIUTYIBI CUTHAJIOB
u BennurHa C (6) ycpemHsUTUCh 3a 24 4. YcpenHeHne
MPOBOIUIIOCH TIPU pacueTHO# KoHueHTpauvu |C| <
< 0.1 06.% v crabunusanuu temmepatypsl (|dT/dt| <
<0.05°C/mun). I1pu OTKJIOHEHUM CpEAHEN BEIUIM-
HbI C 6oiee ueMm Ha 0.1 06.%, aMIITUTYAbI CUTHAJIOB,
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Puc. 4. KanuGpoBouHbIii rpaduK — 3aBUCUMOCTb 00beM-
HOI 1011 MeTaHa B Bo3ayxe (00.%) OT BeJIMYUHBI TTOTJI0-
meHust ABS (4).

MoJy4YeHHbIE TPU MOMOIIU (POTOTPaH3UCTOPA, CpaB-
HUBAJIMCh CO 3HAYCHUSIMHU, 3aIIMCAHHBIMU B TTaMSITh
MUKporpoiieccopa. Ecinui oOHapyXXuBajoCh, 4YTO U3-
MeHeHMe MOKa3aHU JaTuuKa CBSI3aHO C YMEHbIIIe-
HUEM aMIUIATYH OIMMOPHOI0/U3MEPUTEIIHHOTO CUTHA-
JIOB, TO IaTYMK MePEeKATMOPOBBIBAJICS C UCTIOIb30Ba-
HUEM HOBBIX 3HaueHUil 4, u R, B popmyne (4). 3a
720 4 paboOThl U3MEHEHUE aMIUIUTYA OMOPHOTO/U3-
MEPHUTEILHOTO CUTHAJIOB 3a CUET CTapEHMUSI JIAMIT CO-
craBuiio MeHee 0.5% oT mepBoHAYaIbHOTO 3HayYe-
HUSI.

PE3YJIbTATbl U3BMEPEHUN

BaxxHoit XxapaKTeprCTHUKO#T ONITUYECKOTO JaTINKA
SIBJISIETCSI CTAOMJIBHOCTD €To TOKAa3aHWM MpHu U3Me-
HEHUU BHEIIIHEH TeMIlepaTyphl. B cooTBeTCTBUHU CO
cTaHmapToM [16] ycTOMIMBOCTD JaTIMKA K OBICTPBIM
TeMIIepaTypHbIM U3MEHEHUSIM HE perjiaMeHTUpOBa-
Ha. [TpoBepka yCTOHUYMBOCTU K U3MEHEHUIO TeMIIe-
paTypsl IPOBOIUTCS B CTAIIMOHAPHBIX YCIOBUAX. Om-
HAaKO B peajbHOIl CUTyallud OBICTPOE HM3MEHEHME
TeMIIEpaTypbl MOXET TIPUBECTH JUOO K JOXHOMY
cpabaTBIBAaHUIO MATYMKa, JIMOO K OTCYTCTBHIO aBa-
PUITHOTO CUTHAJIA TIPY HAJTMYWM Ta3a.

OmubKy B IToKa3aHUSIX TaTYMKa MPU CMEHE TeM-
neparypbl MOXHO OTCIACAUTDb MPU HAXOXAECHUM JaT-
yuKa B YUCTOM armocdepe. B uneaabHoM cityyae Be-
mmanHa C (6) moikHa ObITh paBHa Hyo. OgHaKO
omnoka onpeneneHus A,/ R, (4) IpuBOIUT K OTKJIO-
HEHUIO pacyeTHOI KOHLEHTpALUU OT HYJIS.

st omipenenieHnsT IyBCTBUTEILHOCTH K TeMITepa-
TYPHBIM M3MEHEHMSIM JAaTINK OBLT TTIOMEIIEH B WCTIBI-
TaTeJbHYI0O KaMmepy, B KOTOPYIO ITOAABaJICSl YMCTHIiA
Bo3myX. Bo3myx mpoxomaui depe3 3MeeBHK, PacItono-
JKEHHBI BHYTPU UCITBITATEIBHON KaMephl. 3MeeBUK
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Puc. 5. TectupoBaHue gaTYMKa HA YyCTOMYMBOCTD HyJIe-
BBIX ITOKA3aHM P GBICTPOM U3MEHEHUU TeEMITEPATyPhI
OKpy>Kalolleit cpenbl: a — rpacuK U3BMEHEHUsT TeMIepa-
TYpPBI; 6 — CKOPOCTb U3MEHEHUs TeMItepaTypbl d T /dt; B —
KoHLeHTpauuss C, paccuuTaHHass 1o dopmyie (6).
IlItpuxoBoii TrHUel Moka3aH yposeHb 0.44 06. % (10%
HKIIP).

TO3BOJISITT OXJIaXKIAaTh/HArpeBaTh MOAABACMBIN BO3-
JIyX 10 TeMIlepaTypbl BHYTPU KaMephl.

Ha puc. 5 nokasaHbl pe3ylbTaThl TECTUPOBAHUS
NpU M3MEHEeHUM TeMiiepatypbl or +23 mo —16°C.
CHauaja TemIiepatypa yBeanuupaercs 1o +50°C, a
3aTeM, B HECKOJIBKO 3TaIloB, yMeHbInaeTcs 10 —16°C
(puc. 5a). CKopocTb UBMEHEHUS TEMIIEpATyPhI IIPU-
HHUMACT KakK IMOJOXKUTCIAbHBIC, TaK M1 OTPULATECIIbHbBIC
3HaueHus (puc. 50).

IIpu craumoHapHOl TeMIlepaType OTKJIOHEHUE
pacyeTHO KOHUEHTpAlMU OT HYJISI HE IPEBbIIIAeT
+0.05006.% (puc. 58) wiu +£2.3% oT nuana3oHa u3Me-
penwmii (2.2 06.%). 1151 Ta30aHAIM3aTOPOB C BEPXHUM
MpeaesioM U3MepeHust 0obeMHoM noiau raza go 100%
HKIIP (1m0 4.4 06.%) nONyCTUMBIM SIBJISIETCSI OTKJIO-
HeHmne 5% oT auana3oHa u3MepeHuii [ 16].

IIpouecc HarpeBa matdyuka oT +23 go +35°C xa-
paKkTepu3yeTcsl CMEIIEHWEM ITOKa3aHWii B 00JacTh
OTpULIATEJIbHBIX 3HaUeHUIA. JlanbpHelIunii HarpeB 00
+50°C He oKa3bIBaeT CYLIECTBEHHOIO BJIMSIHUSI Ha
nokKa3aHUsl JaTyuKa. XapakTep MHoKa3aHUM cylle-
CTBEHHO MeHseTcd Tpu oxnaxnaeHuun (d7/dt < 0).
Korna mpousBonHasi d7/dt nmocturaer BEIWYMHBI
—2.7°C/MuH, pa3dpoc IMoKa3aHUil yBEJTNINBACTCS 10
10.1506.% (cM. puc. 56, 5B). st dT /dt = —2.1°C/mMuH
n dT/dt = —1.6°C/MUH OTKJIIOHEHHE TTOKAa3aHUI He
npesbimaer +0.11 06.%, 4to cocraBisier +5% ot
nuara3zoHa udMepeHui. Takas MorpenrHocTb SBJs-
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Puc. 6. Pe3ynbTaTbhl TECTUPOBAHUS NaTYMKa Ta30BbIMU
CMecsIMU C KOHILIeHTpanueir MmeraHa 1.1 006.% (25%
HKIIP) 11 2.2 06.% (50% HKIIP) npu pa3inyHbIX 3HaYe-
HMSIX TeMIepaTypbl OKpyxKalollei cpenbl (LUdpbl Hamd
KpuBbIMHU). YpoBHM 1.1 00.% u 2.2 00.% mnoka3zaHbl
IITPUXOBBIMU JIMHUSIMU.

C€TCA HOHYCTHMOﬁ Jaze i CTaluOHapHbIX YCJ'IOBI/Iﬁ
[16].

I1pu TecTMpoBaHUM ra30BOI CMEChIO BO3IMYX/Me-
TaH WCHOJb30BAIMCh CMECH C KOHIEHTpaIuei
1.1 06.% u 2.2 06.% (puc. 6). Temmneparypa momaBae-
MOl cMecH paBHSJIACh TEMIIEpaType Cpelibl BHYTPU
UCIIBITaTeIbHOM KaMephbl. [1py KaxknomM U3MeHeHUU
TeMIlepaTypbl IaTYUMK BbIIEPXKUBAJICI IIPU HOBBIX
YCJIOBUSIX B TeUeHUE yaca. TOUYHOCTb ompeneeHust
KOHIICHTpaluu MeTaHa coctaBmia +0.1 06.%.

TectupoBaHWe Ha OOJTOBPEMEHHYIO CTAOWIIb-
HOCTb IIPOBOIWJIOCH B TeueHUe 28 OHEM MpU MOCTO-
stHHOI Temneparype +25°C. Pa3 B cyTKU 1ojaBajiach
METaHOBO3IYIIHAsI CMeCh ¢ KOHLIEHTpaLeil MeTaHa
0.88 06.%. TouHOCTh U3MepeHUIi cocTaBuiia £2% ot
TOKa3aHUM.

BbIBO/1 bl

B pabote mpencTaBieH JaTYMK MeTaHA C IBYMS
ncrtoynnkamMu MK-mu3nydeHnsa m OmMHMUM TepMoIIap-
HBIM IIpueMHUKOM. [lepBblii M1 BTOPOI MCTOYHUKU
MK-uznyyeHUsT BKIIOYAIOTCS MOMEPEMEHHO IO KO-
MaHIe MUKpompoleccopa. JaHHbIE IJISI U3MEpH-
TEJILHOT'O KaHaJla Io/Iy4YaloT IPpU BKIIIOYCHUU IIEPBO-
ro ucrounvnka MK-u3nydeHust U U3BMepeHU UHTEH-
CUBHOCTH CBeTa, IIPOIIEAIIEro 4Yepe3 KIOBETY C
razoM. JlaHHbI€e ]ISl OTIOPHOTO KaHaJjia MoJay4yaroT Mpu
BKJIIOUEHUU BTOPOTO MCTOYHMKA. [1OCKONBKY BTO-
pOit UCTOYHUK PACIIONIOKEH PSIIOM C TePMOMNAPHBIM
MIPUEMHUKOM, aMILJIUTY/Ia 3JICKTPUUYECKOrO CUTHAJIA,
MOy4aeMOro MPY BKIIKOYEHUN BTOPOTO UCTOYHUKA,
CJIab0 3aBUCHUT OT KOHIIEHTpAIIMM Ta3a. DTO IT03BO-
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JISIET MCIOJIb30BaTh MaHHBIM CUTHAJI KaK OMOPHBIA.
MaeHTUYHOCTh  TeMIlepaTypHBIX XapaKTepUCTUK
OMOPHOTO U U3MEPUTEILHOIO CUTHAJIOB IOCTUTASTCS
MOAGOPOM JIAMIT HaKaIUBaHUS C ONUHAKOBLIM TOKOM
noTpeOJIeHUsT M MCITOJIb30BaHMEM CTaOMIM3aTopa
Toka. IIpu crallMOHApHBIX YCJIOBHMSX B OMAana3oHe
temrepatyp oT —20 1o +50°C norpeiHocTs onpee-
JICHUSI KOHIIEHTPpalUK, BKIJIFOYasi HyJIeBble 3HAUCHUS,
He TipeBbImaeT +0.106.%. [1pu 6BICTpOM U3MEHEHUH

temmepatypbl (|dT /di| < 2.7°C/MUH) TOTPENTHOCTh
oIpee/ieHIs HyJIEBOTO 3HAYCHUST KOHIIEHTpaIlN He

npesbiaet +0.1506.%. [pu |d T /dt| < 2°C/muH no-
IPENIHOCTEL yMeHbIaercss 10 +0.1 06.%.

HenocratkoM cxembl ¢ AByMs nctouHukamu MK-
W3JIyYEHUS] U OJHUM MPUEMHUKOM SIBJISIETCSI UyB-
CTBUTEJIBHOCTb IaTYMKa K HAUIMYWIO TIbLIU. [ToaToMy
MpUY BKCIUTyaTalliy JaTYhKa HEOOXOIMMO UCITOIb30-
BaThb MPOTHUBOMBLIEBOM (PUIIBTD.

I[IpruMeHeHure cXeMBI C IByMS UICTOYHMKAMM OTpa-
HUYEHO OETEKTUPOBAHUEM MajblX KOHULEHTpaLUii
raza. Ilpu OOJBIIMX KOHIEHTpALMSAX aMIUIMTyIa
OINIOPHOIO0 CUTHaJla HaYMHaeT W3MEHSITbCS BCHEHd-
ctBre momtomeHnsg MK-m3nydenns rasoMm, m maH-
HbIA CUTHAaJI HEeJIb351 UICMO0JIb30BaTh KaK OTIOPHBIM.

K mocromHcTBaM cxeMbl ¢ AByMsI UCTOYHUKAMU
MK-n3nyyeHuss 1 OOHUM IIPUEMHUKOM CJICIYET OT-
HECTH ee HU3KYIO cebecTonMocTh. OCHOBHOIM BKJTan
B ce0E€CTOMMOCTb ONTUYECKOIO JaTYMKa JaeT CTOU-
MOCTb IIpMeMHHKA ¢ THTEp(GEPEHIIMOHHBIM OIITHYE-
cknM punbTpoM. IlprueMHUK ¢ 1ByMsT mHTEpdEpEeH-
HMOHHBIMU pribTpamu, Haripumep HTS-E21 (Hei-
mann Sensor GmbH), moytu B n1Ba pa3a Jopoxe II0
CpPaBHEHUIO C ONHOKaHaJIbHBIM BapmaHToM HTS-
A21. IaTuuK ¢ ra30BOI KIOBETOI B BUAE TPYOKU MO-
XKET OBITh U3TOTOBJICH C UCIIOJIb30BaHMEM TOKAPHBIX
1 ppe3epOBOUHBIX padOT. MI3roTOBICHE KIOBETHI HE
TpeOyeT MpUMEHEHUSI CIOXHBIX JIMThEBBIX IMpPecc-
¢dopM, 4TO HEMAJIOBAXXHO IJISI CHIDKEHUST ce0eCTOM-
MOCTH U3IEJINS.
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