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Iloxaszana NPUHIOUNNAJIBHASI BO3MOXKHOCTH CXUTAHUA YTJIEBOOOPOOHBIX TONJINB HEMIOCPEOCTBEHHO B
BOOHOM TEIJIOHOCHUTEJIE. HpeJICTaBJ'IeHBI MEPBBIC SKCICPUMEHTAJIBHBIC PE3yJIbTATHEI Ha IPDUMEpEe CXU-
TaHUA aOE€TUJIEHa B BOOE C MHUIUNPOBAHUEM 3aKUT'aHUA I'a3a B IIY3BIPBKE 3JICKTPUYECCKUIM Pa3PAO0M,
IMMOKa3BIBAIOIINE BOZMOXKHOCTB IIePeXOOa Ha HOBBIE IIPUHIINIIBEL paﬁOTbI TEeIJIOBBIX I'€eHEPaTOPOB.
Kirouesrnie cioBa: cxxuranue Ta30B, yI'JIEBOOOPOOHBIE TOIJINBA, BOIOHBIHN TENJIOHOCUTEIb, 3JICKTPU-

YeCKUUN pas3psll, TEMJIOBON IeHepaTop.

BBEAEHUE

ITpobiema 5kKOHOMUU HEPrUM BECHMa, aAKTY-
ambHa B Mmpe. lIpemmyiiiecTBeHHO paccMaTpu-
BAETCS DKOHOMUS DHEPTUU IIPU ee NOTpebIleHun.
Omuako Hambolee BAXKHA HKOHOMWS TPUPOMHBIX
SHEPropecypcoB HA dTalle IPOU3BOICTBA TEIJIOBOU
7 DIEKTPUIECKON HYHEPTUN.

3a mocsemHTe TOMBI TEXHOJIOTHS TTOITY Y€HMS
JIIEKTPUIECKON HSHEPTUM W TeIUIa IPU CKUTAHUT
YIJIEBONOPONHBIX TOIJIUB CYIIECTBEHHO HeE M3Me-
HuIack. B OCHOBHOM COBEpIIIEHCTBOBAJIACH TeEX-
HOJIOTUS Tepefadydl TelJsa TelJOHOCUTEIIO IIyTeM
VIIydIIeHns] XapaKTEPUCTUK TEINIOOOMEHHEBIX CH-
creM. CylecTByoIIMe TEMTOOOMEHHUKT TPETISIT-
CTBYIOT YBEIUUEHUIO yIOEJIbHBIX MOITHOCTEN Tel-
JIOBBIX T'€HEPATOPOB BBUNLY PA3BUTUSI KPU3UCHBIX
ABleHui npu KuneHun xkunkocru [1]. Heobxomu-
MBI HOBBIE MPUHIUANBI U TOOXONBI IJIS MAJIbHEN-
mrero yBeawdeHus 3¢ (PeKTUBHOCTY Neperadn Ten-
J1a, TEIJIOHOCUTEJIIO C CYIIIeCTBEHHLIM YMEeHbIIIeHN-
eM BBIOPOCOB BPEMHBIX MPOOYKTOB B 6umochepy. B
HaCTOAIlee BpeMsS B IIPOMBIINIIIEHHBIX TEIJIOBBIX
TEHEPATOPAX CXKUTAHUE YTIIEBONOPONHBLIX TOIJINB
OCYIIIECTBIISIETCS B PEXMMAX HEMPEPLIBHOTO rOpe-
HUS C BLIOPOCOM IIPOAYKTOB CTOPaHUs B aTMOChe-
py-

B mamnOI paboTe paccMaTpPUBAETCSI BO3MOXK-
HOCTBb HEPENAdM TEIIa OT IPOLYKTOB CrOPAHUS
HETIOCPENCTBEHHO BOTHOMY TEIJIOHOCHUTEINIO B pe-
XUMe UMITYIIECHOTO CXKWUTAHUS TFOPIOUMX T'a30B B
Iy3bIPbKAaX. 1TaKo# MOIXOM MO3BOIUT CHURUTE MO-

Pa6ora Boeimonnena mpu duHaHCOBOM mommepxkke Poc-
cmitckoro HoHma GYHAAMEHTATBHEIX WUCCICIOBAHME (TIpO-
exTer N 06-02-17453, 10-08-00788).

TEepU TEIIA Ha, CTAIUU CKUTAHUS TOIJIMBA U CY-
IIECTBEHHO YMEHBIINUTL BHEIOPOCHI B aTMochepy
BPEMHLIX IPONYKTOB cropanums. B pabore skcme-
PUMEHTAIBLHO OIMIPOOOBAH METOH 3aKUTaHUS alle-
TUJIEHOKUCIOPOMHBIX IIy3bIPHKOB DJIEKTPUIECKUM
pa3psaoM B BoeE.

MOCTAHOBKA 3KCNEPMMEHTOB

Ha puc. 1 mpencraBieHa TpUHIUTIAAIIBLHAS
CXeMa, TIOCTAHOBKU SKCIEPUMEHTOB. B KioBere ¢
Bomoir pazmepom 150 x 150 x 150 mm (1) Bep-
TUKAJILHO YCTAHABINBAIACH W30JIMPOBAHHAS CHA-
pyxu TpyOka-smexTpon (2), uepes KOTOPYIO B
BOAY BBIAYBAJICA My3bIpeK (3) co crexmomerpu-
TECKOW CMEChI0 aleTuieHa ¢ kuciopomom. [lms
obecrieueHns HIIEKTPUTIECKOTO TPOO0S B MY3bIPh-
ke wucnoabsoBascs (0.3 + 0.6)%-it BommbIE pac-
TBOD HOBAPEHHON COMM. 3aXKUTAHMIE Ta30BOI CMe-
CH B IIy3BIPbKE OCYIIECTBIISIIOCH MTOAAtell HaIps-
KeHUs Ha TPYOKY-3IIeKTPOI OT KOHIEHCATOPA eM-
kocteio C' = 100 Mk®D ¢ mOMOIIBIO 3IIEKTPOMAT-
muTHOrO Kiaoua K. KommencaTop sapskajics mc-
TOYHUKOM Hampsikenus (5). B maHHBIX skcmepum-
MeHTax HHAYKTUBHOCTL L = 7.7 mI'a. Tok pasps-
I1a, KOHTPOIUpOoBaJica Ha ocumorpade Tektronix
TDS-210 (6), momkmoouenHoM K myHTy R =
0.2 Om. Ha BTopoMm myue ocumiuiorpada KOHTPO-
nupoBajiock Hanpsixkernue U. Kuaocbemka rumpo-
OVMHAMWUYIECKNX IIPOIEeCCOB IPOBOOANIIACH TECHEBBIM
MEeTOOM TIPU TOMOIIKA CKOPOCTHOU BUIECOKAMEDHI
MotionXtra HG-LE.

OnbBITBEl TPOBENEHBI CO CTEXUOMETPUIECKOM
cmecbio  anmetmiena ¢ kuciopomom  (CoHg  +
2.509). TazoBas cMech BBIIYBAIACH B BOIY
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C,H,+250,
2 K

Puc. 1. Cxema skcnepumenTa:

1 — kroBeTa U3 OPrCTEKIa, 2 — TPYyOKa-3IeKTPO,
3 — my3BIpEK C alleTUICHOKUCIOPOIHON CMeChio, 4 —
IIPOTHUBOIOJIOXKHBIN 37IEKTPOH, 5 — OI0K 3apsma KOH-
nmeucatopa C, 6 — umudposoit ocumutorpad, K —
3IIEKTPOMArHUTHEIA KoMMyTaTop, R — myut Ilap-
kepa, L — mHOyKTUBHOCTH

IIPOBOMMMOCTBIO ~21 Om—1.m1 gepe3 TpPyOKy-

SJIEK TPOI BHEITHero quamerpa d, = 2.1 MM, BHy T-
perasero — d;, = 1.5 mm. Ilpu nuamerpe my3siph-
Ka d = d, HA BIEKTPOL MMONABAIIOCH HAIPIKEHIE
350 + 500 B. Hnsg orceueHUs pacupoCTpaHEHUS
IJIAMEHU B CICTEMY ra3ompoBona B TpPyOke ycra-
HABIIUBAJICS OTHEIPErPAIUTEb.

PE3YJIbTATbI 3KCNEPUMEHTOB

HuuamMuka pacmupeHus 7 IMyJIbCANUN IIy-
3BIPHKA, B KOTOPOM IIPOUCXOOUIIO CTOPAHUE Ta-
33, KAUECTBEHHO MONOOHA MUHAMUKE My3BIPS IpU
B3pwiBe BB B Bome. B Hamux skcrmepuMeHTax B pe-
3yJIbTaTe CrOPAaHUsS AIETUIEHOKMCIOPOTHON CMe-
CI B IIy3LIPbKE €ro WCXOMHBIN nuameTp d yBeju-
quBasicss 1o 3uaqenus D = (3 +0.1)d, ¢ xopomeit
TTOBTOPSIEMOCTHIO.

Ha puc. 2 mpencraBieHbI TUMWYIHBIE KWHO-
rpaMMa U OCIUJIJIOrPAMMEI IIPOIECCA IS OLHOTO
OUKJIIQ 3aXKUTaHUA U CrOPpaHUsS ra3a B IIY3bIPDBKE
HAYAJILHOTO nmuameTpa d = 2 MM (@), & TaKXke IBa
kazapa (6) mocienyromero pobIeHus my3bIPHKOB.
B mammOI mOCTAHOBKE SKCIEPUMEHTOB 3JIEK TPUUIE-
CKUI Tpo0OON B Ta3e MPOUCXOONI BHY TPU IY3bIPb-
Ka MeXIy TPYOKOW-3/IeKTPOIOM U JIEKTPOJIATOM,
9TO MIPUBOONJIO K 3aXKNUT AHUIO Ta30BOM CMECHU B my-
3BIpbKe. B mpencTaBieHHbIX SKCIEPUMEHTAX SHep-
TUS WHUIAUPOBAHUS COCTABILIA 2 - 102 IIx.

B mamHBIX yCHOBHAX SKCIEPUMEHTA IIY3bI-
pek pacummpsercs mo guamerpa D = 6 mMm 3a
BpeMs (.3 MC m 3aTeM HAUYMHAET CXJIONBIBATHCS

OPUMEPHO OO UCXOMHOTO PA3Mepa, TePssi CUMMET-
pruunOCTh. CXJIONBIBaHUME UM TOCIEOYIOIee [IBU-
JKEHUEe COMPOBOXIAIOTCS 00pa30BAHUEM BUXPEBO-
ro TOpoO6PA3ZHOTO My3BIPHKOBOrO kKiaacTtepa. Cko-
POCTH OTPBIBA MEPBOTO MY3BIPHKOBOTO KJIACTEPA
or smekrpoma v, =~ 10 + 15 m/c. B mponec-
Ce MBUXKEHUs TOPOOOPA3HOTO IIy3BIPHKOBOTO KJIa-
CcTepa TPOUCXOOUT €ro MpobJiieHue M0 pa3sMepoB
d; = 0.1 + 0.3 mm. Yepes 10 mc obnacTh BOOIH
HAITPABJICHUS IBUXKEHUS IIy3bIPHKOBOTO KJIACTEPA
YBEIMYUBAETCS IIPUMEPHO 110 15 MM, IYTO COOTBET-
CTBYET CpeIHEel CKOPOCTHU MOTOKA, BOMbBI, HECYIIIEN
MaJIble y3BIpH, Uy, &2 1.5 M/c. VI3 kmrOrpamm cie-
IyeT, 9YTO B MOMEHT KOJIJIAICA MY3BIPHKA CO Cro-
pesiInM raszoM (kaap 8) o6pasyeTcst BTOpOll My 3bl-
pek. B mammOIl mMOCTAHOBKE HKCIIEPUMEHTOB BTO-
pOW IIy3BIPEK TeHEPUPYETCS YHEPTUEN DJIeK TprIe-
CKOTO Pa3psma, 9TO OTCIEXKUBACTCS HA MPEICTAB-
JIEHHBIX OCHWJIJIOIPAMMAX B WHTEPBAJIE BPEMEHU
0.7 + 1.2 mc.

Ha pwmc. 2,6 wacTmuno mnpemcrapieHa mIu-
HAMWKA, TOCJICMYIOIIEro MBUKEHUS ITY3bIPHKOBBIX
KJIacTepoB, 00pa3yeMbIX OT TeHEePUPYEMBIX IIy-
3BIPBKOB (HA KAIpaxX yKa3aHO BPEMs OT MOMEHTA
MHUIIIUPOBAHUS ).

AHANN3 PE3YJIbTATOB

[To omenke, MpUBENEHHOR B [2], HHEPrUSL TO-
veuroro 3axuranusa cmecu CoHg + 2.509 mpu aT-
Moc(EepHOM HABIIEHUU cOCTaBiser F =~ 1076 =
10°7 IIx. [Tepecuer Ha kombnesoe (d = 1.5 mm)
3aXKUTaHUE AT MUHUMAJIBHYIO 3HEPTUIO E ~
10~% = 107° Ix. B mammx SKCIEPUMEHTAX TIO
IAaHHBIM W3MEDEHUs TOKA W HAIPIXKEHUS dHEep-
rus saxuraHms cocrasisma 2 - 1072 IIx. Ilo-
BUOUMOMY, 6OJ'II)H_Ia,$I YaCTh S9HEPTUU TPATUTCI Ha
Harpes U UCIIapeHu’e 3JICKTPOJINTA B 30HE CTBIKOB-
KI Ty3BLIPS ¢ HAPYXKHOW MOBEPXHOCTBIO TPYOKU-
sraekTpoma. OTHOCUTENbHBIE 3aTPATHI HA 3aXKU-
raHme Mmy3bIpbKa cocTaBisum 2 <+ 3 % OT BbI-
MEJIMBIIENCST XuMuUIeckon sueprun. [Ipu yBemuqe-
HUU Da3Me€pa MCXOOHOI'0 ITy3BIPDbKA OTHOCUTEIIb-
HBIE 3aTPATHI OYIYT YMEHBITTATHCS.

[Ipu cropamum raza mo peakmuu CoHo +
2.509 = 2C0O9 + Hy0 + 1318 kIlx/moms B my-
3BIPbKE DUAMETPOM d = 2 MM BBIIEISETCS SHEp-
rus B koamuectBe (@ = 0.94 k.

Buut BuImosiHeH PUOIMXEHHBIA PACIET Bpe-
MEHU CTOPaHWS ra3a B MY3LIPbKE B IPENOIIOIOXKe-
HUU, YTO Iepen 1 3a GPPOHTOM cPeprIecKoro mia-
MEHU TeMIePaTyPhl MIOCTOSHHEBI, & CKOPOCTH ILIA-
MEHI OTHOCHUTENLHO rasa pasHa 10 m/c. Yuwm-
THIBAJIOCH CXaTue rasa nepen miamerneMm. Okasa-
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Puc. 2. KunorpammMa OZHOTO ITUKJIA CKUTAHUS Alle TUJIEHOKUCIOPOIHOTO My3kIPhKa B BOOE B KOPPETIs-
Y C 3JIEKTPUIECKUMU IapaMeTpamu Toka u Hanpsnkenus (a). [locmenyromee npoGeHue my3sIpbKOB

(6) (cxopocts cwemku 10* xanp/c)

JIOCh, ITO BPEMs CTOPAHUS T'a3a B MY3bIPbKE OKOJIO
13 mxc.

OneHka pas3roHa, CTEHKU TMy3BIPbKA, MO 3aKO-
Hy COXPAHEHWs SHEPTHMHU TI0Ka3aja (B IIPEmIoo-
XKEHUU JIMHEWHON 3aBUCAMOCTH CKOPOCTHU OT Bpe-
MEHN), 9TO 33 BPEMsI CTOPAHUS I'a3a CTEHKA, PA3To-
Hsercs 00 8 M/c¢, paguyc yBeaumamBaercs Ha b %,
a oobeM — Ha 15 %. IIpuMepHO HACTOIBKO Xe
MEHBbIIIE OOJI2KHO 6I>ITI) MaKCIMaJIBHOE OABJICHNE B
MMy3bIPbKE O CPABHEHWIO CO CTOPAHUEM B IMOCTO-
SHHOM Oo0ObeMe, TaK KaK pacCIIupeHue TPOIYKTOB
cropaHms mouTu m3orepmuuaeckoe. Ilpu sTom mas-
JIeHWe BO3PACTAET TOIBKO A0 ~15 arMm. Ily3bipek
MPOMOJIKAET PACIIUPATHCS, & [HABJICHUE YMEHb-
mraercsa. MakCUMaJIbHBIN pa3Mep IMy3bIPS MOX-
HO OIEHHTH N0 paboTe raza mpm ammadarmdae-
ckoM pactiupenuu. [Ipu sdpdexTuBHOM MTOKa3aTE-
me ammabaTbl 1.1 MakCUMAJLHBIA OUAMETD Y-
3BIpBKa, MPUMEPHO B 3.9 pasa 60sbIlle HAYAIIHLHO-
0O muaMeTpa, B TO BPpEMA KaK B 3KCIECPUMEHTaX
D/d = 3. Pasnuune 9acTHYHO CBSI3aHO C TEILIO-

oTHavell K BOOE B IIPOIECCE PACIITUPEHNS, & TAKXKe
C YXOIOM YaCTU CTOPEBIIETO T'a3a B IMOTBOMSIIIYIO
TpyOKy.

Bosuukaer Bompoc, HACKOILKO OBICTPO TEIII0
OT CrOPEBIIErO r'a3a B My3bIPbKE MEPemaeTCs BO-
nme. Ecnu 66 my3bIpek He pa3pyIIajcs, OH OCTHI-
Bajsl ObI 3a Bpems t1 = 107° c. B mamem ciy-
qae pa3HpO6HeHHBIe OY3LIPBKU OTHIAIOT TEIJIO 33
BpewMms tg < 107 4 ¢. Crenenn IPOOJIEHNUS Ty3BIPb-
KOB MOXHO OIleHuThH mo uuciay Bebepa. [Ipu or-
HOCUTEIBHOU ckopocTu ~10 m/c umcno Bebepa
We ~ 103, 9TO HA OBA HOPSOKA IIPEBBIIIAET €r0
KpUTHUIECKOe 3HaUeHue. [Ipm sToM my3vIpek pas-
pYyIIaeTcs ¢ NUCIEPTUPOBaHTEM Ha DOJlee MeIKue,
co cpenauM pasmepom d; = 0.3 mm. Umerno npob-
JIEHNE MCXOOHBIX ITYy3BIPDHKOB B HaIIel TOCTAHOBKE
OPUBOOUT K PE3KOMY YCKOPEHWIO TeIJIONePenatn.

Kunocremka m ocnunnorpaduueckne naH-
HBIe TOKa IIOKA3BIBAIOT, UTO POXIEHWE IOCIIe-
IYIOIINX IIy3LIPHKOB B pPEe3yJIbTaTe Pa3pslIoB Ha
TpyOKe-3IeKTpOoIe € MOCTIEMYIONUM TPpoboeM B my-
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3BIPHKAX MOXET MPOUCXOAUTH ABTOMATUUIECKU B
MOMEHTHI OTPHIBA IPENBIAYIIETO Iy3bIPhKA.

W3 sToro cienyer, IT0 OMTHOBPEMEHHOE 3aK1-
ranme raza B N Iy3bIpbKax MOXET Deajn30BaTh-
€A B PEXNMeE 3JIEKTPOTUIPONMHAMIIECKON CaMO-
cHHXpOHM3anuu npoboes B Hux [3, 4]. DnekTpu-
TecKkue mpobou C 3aXKMWTraHueM rasa B IIy3bIPhKax
OyIoyT IPOMCXOOUTH B MOMEHT IIePEKPBLITHUS cede-
HIH 3JIeKTPONOB PACIIUPIIOMUMUCS Iy3bIPbKAMT.

OTa 0COOEHHOCTH YKAa3bIBAeT HA IIepPCIeK-
TUBHOCTH Pa3pabOTOK MyIbCAPYIOIINX TEIIOBBIX
TeHepaTOPOB C IMPENJIOKEHHBIM IPUHINUIIOM WHU-
OAWPOBAHUS W CXKWUTMAHUS YTIIEBONOPOMHBIX TOII-
nuB. IIpm 3TOM BepxHUWII Ipemes MOITHOCTH Te-
HEpaTopa JIUMUTUPYETCSI TOJBKO YACTOTOH IIO-
maum TommBa B Bomy. OH OmpemensieTcs mepuo-
IIOM IYJIbCAINY MHUMAWPYEMBIX My3bIpbKoB. Ha-
[IpUMED, eCJIN JaCTOTA CKUTAHUS PAaCCMaTpUBae-
MBIX Ty3bIpbkoB 1 XI'1 1 Ha mmommanu 1 M2 ycra-
HOBIIeHO 25600 TPYOOK-37IEKTPOIOB, TO CpPEmHSSI
yOeJibHAas MOIIHOCTH TAKOTO TE€HEPATOPA COCTa-
BT ~25 MBr/M2. B srom ciayuae mpemmomara-
eTCs, ITO APOOIIeHNe UCXOMHBIX My3hIPLKOB OyeT
IIPOMCXOONTDH HE3aBUCUMO OT cocemHuX. Besa rem-
JIOBas SHEprus ocraercs B Bome. OrMmeTuMm, 4TO
5Ta OIEHKA HOCHT YACTHBIA XapaKTep U COOT-
BETCTBYET YCJIOBUSM IPENCTABIIEHHBIX SKCIIEDPHU-
MeHTOB. KOHCTPYKTMBHO BO3MOXHBI (0jiee MOIII-
Hble W KOMIIAKTHBEIE YCTPOACTBA C MMITYJIBCHBIM
CXWTaHIeM TOILUIMB B BONHOM TelsIoHocurene. B
TOMOOHBIX YCTPOUCTBAX MCKITIOYAIOTCS TEIIone-
penamoIme MeTayInIecKue 3JIEMEHTHI, KOTOPbIE
IPENSITCTBYIOT YBEIMYIEHUIO YIEIbHBIX MOIITHO-
CTell BBUNY Pa3BUTHUA KPUBUCHBIX SBICHWH KWIIe-
HUS B XUIOKOCTH.

3AKJIKOYEHUE

OKCHepHMeHTaHBHO IOKa3aHa NOPUHIOUIINA-
AJIbHasA BO3MOXHOCTH MMIYJ/IBCHOTO CXKUTaHUI B
ABTOMATUYECCKOM DPEXuMe YTJIEBOOOPOOHBIX TOII-
JIUB HEMOCPENCTBEHHO B BOMHOM TEIJIOHOCUTEIIE
IUTSL CO3MIAHUS TEIJIOBLIX T€HEPATOPOB HOBOTO TH-
ma.

AsTope 6imaromapust A. A. Bacuibesy 3a co-
nmeitictue B pabore u C. A. 2Knany 3a mosesubie
obCy X meHms.
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