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ITACCUBHAA MNCIHHAPUTEJIBHO-KOHAEHCAIIMOHHAA
CUCTEMA OXJIAJKIEHUA JIASEPA

Paspabomana cneyuarusuposannas meniosas mpyoa 01s obecneuenus meniogozo pexuma dxmueHozo
J/leMEHMA ONIMUUECKO020 KEAHMOB020 2enepamopa (1azepa) 6 yciosuax menioomeood uiyuenuem. Ilo-
KaA3ano, umo npu MOUHOCMU UMUMAMOPd menioeviiersiowezo sremenma 50 Bm memnepamypa cmenxu
6 3ome nazpesa menaosot mpyoul ne npesviwaem 30°C, a asapuiinwiii 060zpesé n0360.s1em npedomspa-
mumy 2ay60Koe 3AMOPAKUBAHUE 6CEll CUCMEMbL 6 YCJOBULX OMCYMCMEUs. MeN0sbl0elenus 00seKmd.

Kmoueevle cioea: onmuueckuil K8aAHMOBwLU zenepamop, cucmema OJC]ICZ)KaeHuﬂ, menaioeds mpy6a

XapakrepHoit 0cO6EHHOCTBIO ONITUYECKUX KBAH-
toBbix redeparopos (OKI), T. e. nasepos, sBisier-
Cs1 BbIJIeJIeHNe 3HAYUTETHHON TETJIOBOW SHEPTUU B
npoiecce ux paborer [1]. Ileperpes onruueckux
ss1eMeHTOB (aKTMBHOIO 9JIeMEHTa, JIaMIlbl HaKau-
KM, PUIBTPOB U T. /1.) NPUBOAMUT K YXYANICHUIO
XapaKTEPUCTUK MPUOOPOB 1 YMEHBIIIEHUIO Pecypca
ux pa6orbi. [Toaromy peanusaius TpeGyemMoro te-
IJIOBOTO PEKUMA JIEMEHTOB Jia3epa € TIOMOIIbIO CO-
OTBETCTBYIOIIMX CUCTEM OXJIAXK/IEHUS SIBJISIETCS OJ1-
HO M3 TJIABHBIX 33/1a4, KOTOPYIO HEOOXOAMMO pe-
ath Mpu pa3paGoTke TPUOOPOB JIA3ePHON TEXHU-
k. Boi6op apdexTBHOTO criocob6a 0TBOJA TETLIO-
TBI OT TETJIOBBIJIESAIONINX 3JEMEHTOB BO MHOTOM
CIIOCOOCTBYET YCIENTHOMY BHE/IPEHUIO JIA3EPHOI all-
raparypbl pa3JInuHOro HazHauenus. [Ipu peasnsa-
MU cucTeM O6ecreyeHnsl TEeNJOBBIX PEKUMOB
(COTP) assi OKT 06GbIYHO PENIaoTcst TpU B3au-
MOCBSI3aHHbBIE 33/[AYN:

— OpraHu3aiust OXJIAKIEHUS JIEMEHTOB IIPH-
60pa;

— OpraHu3anus Terjaoo0MeHa MeX/y dJeMeH-
TaMu 1pubopa U CUCTEMOIT TEILIOOTBO/IA;

— ob6ecrieyenne tenyoobmena mexxay COTP u
OKpYsKaloliell cpesloi.

Jlns obecnieuenuist HEOOXOUMOTO TETLIOBOTO Pe-
JKUMa 9JIEMEHTOB B Jiazepax MPHUMEHSIOT KOHBEK-
TuBHBIN (Ta30BBIH, KUAKOCTHON) M KOHTAKTHBIH
(KOHIyKTUBHBIIi) crIOcOGBI OTBO/IA BbIIESIONIEHCS
TEILJIOTHI, a TaKKe MX KoMmOuHarmu [2].

BbiGop TOro WM MHOTO CIOCO6a OXJIAXK/IEHUSI
3aBUCHUT OT BEJIMYMHBI y/I€JbHOU TEIJIOBOI HATPY3-
KU, 0COOEHHOCTEN ONTUYECKON CXeMbl npubopa u
TpeGyeMoil TeMIlepaTypbl 3JeMeHToB. B cayyae nipu-
MEHEHWS Ta30BOr0 OXJIAK/EHUS] B KAUeCTBE TEILIO-
HOCHUTEJISI MOXKHO HCIIOJIb30BaTh BO3/YX, a30T, ap-
TOH, TeJUW U JPyrue rasbl, KOTOPbIE B BBICOKOII
CTeTIeHN TIPO3payuHbl, (POTOCTONKU, UMEIOT CTAOUTb-
HbIe TerIo(pU3NIECKUE TAPAMETPBI B IITUPOKOM JTH-

arasoHe TeMIEPaTyp. ITOT CHOCOO OXJIAXKIEHUS
UCIIO0JIb3YETCS B OCHOBHOM B CHCTEMaX 00eCIieYeHust
tersioBoro pexkuMma OKI ¢ He6oJblIoil sHeprueit
U3JIy4eHUsT WU MaJIOi 4acTOTOH NMOBTOPEHUS UM-
MyJIbCOB HaKa4yKu. K TMOJIOKUTETHHBIM 0COGEHHO-
CTSIM Ta30BOTO OXJAX/JEHUS OTHOCATCSA (POTOCTOM-
KOCTb U CTAOUIBHOCTD TEMIOMU3NIECKUX TTapAMET-
POB TEILJIOHOCHUTEJIEH, aBTOHOMHOCTD CUCTEM OXJTasK-
JIeHUsI, BO3MOKHOCTb TUTAHUS KOHTYPOB OXJaK-
JICHHS U3 [IEHTPAJTU30BAHHBIX HCTOYHUKOB, BO3MOXK-
HOCTb TIOJIYYHUTD JIOCTATOYHO GOJIbIINE 3HAYEHUST KO-
apdpurmenTa TemsI00TAYN HA TOBEPXHOCTH AKTUB-
noro anemenra (nopsaaka 500 Br/(m%K) B ciayuae
BUXPEBOTO OXxJak/eHns). K HemocTatkaM razoBo-
ro oxuaxkaenusa OKI orHocarca: HeoO6XOAMMOCTD
co3manusa GUABTPOB OUUCTKU OT PA3TUIHBIX TTPH-
Meceil B TEIJIOHOCUTEJNISIX JIJIST TIPOTOYHBIX CHCTEM,
3aBUCUMOCTD COCTOSTHMSI CUCTEMBI OXJIaxaenus (pa-
6ouee /Hepabouee) OT 3amaca TEIJOHOCUTEIS, He-
06X0/IUMOCTD UCIIOJIb30BAHUST 'POMO3/IKOTO JIOII0JI-
HUTEJIHHOrO 060PY/IOBAHUS U MCTOUHUKOB SHEPIUH
(KoMITpeccopbl, BEHTUJIATOPHI U T. 11.), a TaKKe
[IPOMEKYTOYHBIX TEIOOOMEHHBIX YCTPOiicTB. CPOK
cayx6n1 anemenToB OKI npu ncnosib3oBanuu aTo-
ro croco6a OXJIAKIEHUST M.

JKuikoctHOe OXJaXK/IeHNe TIOJYYnJIo THPOKOe
pacrpoctpaHenue /st o6ecrieyeHus: TeIJIOBbIX pe-
JKMMOB JIa3€¢pPOB C BBICOKOH YJe/JbHOHU TeIIoBOW
Harpy3koil ¥ 6OJIbIION 4acTOTON TTOBTOPEHUS WM-
MyJTbCOB HAKa4KM. 3HaYeHNsT KOa(PUImenToB Ter-
JIOOT/JIAYM TIPU JKUJIKOCTHOM OXJIAJK/IEHUU MOTYT
nocruratb 10000 Bt/ (M*K). OnHako Hapsgy co
€1ocOGHOCTBIO OTBOJIUTH 3HAUYMTEJIbHBIE TEILIOBbIE
nmotoku ot 3jaemenToB OKIT, »KuakocTHOE OXJIasK-
JleHUE UMEET Psiji CJAEAYIONNX HEJOCTATKOB: Tpeby-
€TCs CO3/1aBaTh rePMETUYHbBIE KOHTYPbI, YCTPAHSTD
MapasuTHbIe IPUTOKHU TEILIOTHI OT J[BUTATeJel Ha-
COCOB, TIpPEAOTBpAlIaTh KUIIEHNE U HAJTWYUE Ta30-
BBIX 1y3bIpeii. [Ipu aToM ciioskeH M BBIGOD TEILIO-
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HOCHUTEJISI, TIOCKOJIbKY OH JIOJDKEH 00JIaZlaTh MPH-
€MJIEMBIMHU TEIJIOTEXHUYECKUMU XaPaKTEPUCTUKA-
MU U OJIHOBPEMEHHO ObITb MPO3payHbiM U (HOTO-
CTONKUM.

KoHTakTHOE OXJ1a3K/I€HIE 2JIEMEHTOB JIa3epa 0Cy-
HIECTBJISIETCS C TIOMOIIBIO CTEPIKHEH 1 TIJIACTUH Pas-
JINYHOU KOHMUTYypaIluu, BbINOJHEHHBIX U3 TEILIO-
[IPOBO/IHBIX MATEPHAJIOB M HAXOJSIIMXCS B KOH-
TaKTe ¢ aKTUBHOU cpemoii. OT KauecTBa TEMJIOBOTO
KOHTAaKTa CTEP)KHS C UCTOYHUKOM TEILJIOTHI CYIIle-
CTBEHHO 3aBUCAT paboune XapaKTEePUCTUKU aKTUB-
HOTO 3JIeMeHTa Jia3epa. 1Ipy KOHTaKTHOM TeIIooT-
BO/I€ JIOIIyCTUMASI TLJIOTA/[b TEIJIOBOTO KOHTAKTA He
JIOJDKHA TIPEBBIMATh 23% TMJIOMaan O0KOBOH TO-
BEPXHOCTH aKTUBHOTO TeJIa, T. K. B IPOTUBHOM CJIy-
yae cHmKaercst apHEeKTUBHOCTb OCBETUTEIBHO CH-
crembl Ha 10— 15% U pe3Ko Bo3pacTaeT moporoBast
aHepTus HaKauku. /[y yMeHbIlIeHus TepMUYECKO-
IO COIPOTUBJIEHUS KOHTAKTa MEK/ly aKTUBHON cpe-
JIOH W OXJIAKIAIOMNM YCTPOUCTBOM TTPOCTPAHCTBO
MEX/Y HUMU 3aII0JTHAIOT BEIECTBOM C BbICOKO Te-
TJIOTIPOBO/THOCTBIO.

Pa3BuTne s1azepHOii TEXHUKU CBSI3aHO C BO3pa-
cTaHueM NoTpebJIIEMOI W, COOTBETCTBEHHO, BBIJIEJIS-
€MO MOII[HOCTU, YacTh M3 KOTOPOW HEOGXOIUMO
OTBECTU B BHjI€ TEILIOTHI. [IpuMeneHue npu aTom
TPAJAUIIMOHHBIX CHCTEM OXJIAXKEHUS TIPUBOIUT K
CYIIIECTBEHHOMY YBEJMYEHUIO MacChl U rabGapuToB
npu6opos. K ToMy ke B HEKOTOPBIX CJIydasx 3TH
CUCTEMBI HE MOTYT 06€CIIeYNTb OTBO/ GOJIBINNUX Te-
I[JIOBBIX TIOTOKOB.

OpanM 13 3 HEKTUBHBIX CITIOCOGOB yCOBEPIITEH-
CTBOBaHU cucTeM oxJaxaenus anemenro OKI, B
YACTHOCTH KOHTAKTHBIX, SIBJISETCS ITPUMEHEHNE Te-
MJIOBBIX TPY6, KOTOPBIE TTO3BOJISIOT B OTJIMYUE OT
BBIIIIEONTNCAHHBIX CIIOCOG0B TIPEBPATUTH CHUCTEMY
OXJIQK/IEHUSI B [TOJTHOCTBIO MACCUBHYIO; 3HAYMTEHHO
YBEJIMUUTD OTBOJUMbBIE TEIJIOBbIE MMOTOKU [PU Ma-
JIBIX TeperajiaxX TeMIepaTypbl, YTO JIA€T BO3MOXK-
HOCTD CYIIECTBEHHO MOBBICUTD SHEPTHUIO M3JTyYEHUS
U YacCTOTY TIOBTOPEHUS] WMITYJIbCOB; 3HAUUTEJILHO
YMEHBIIUTh MAaCCy ¥ TabapuThl CUCTEMbBI OXJIAK/IE-
HUsI; TIOBBICUTD HajieskHOCTh paborel OKI' Giaro-
Jlapst OTCYTCTBUIO JKUJKOCTH B paboyeli 30He U Mo/
BIDKHBIX JieTajiell 1 pa3beMHBIX COeIMHEHUH B CHC-
TeMe OXJIAKIEHUS.

B crarbe onucana opurnHajabHAS KOHCTPYKITHAS
naccuBHoit COTP OKI Ha 6ase paspaGoTaHHOII
crenuaIu3upoBanHoil terioBoit Tpy6sr (TT).

KoHcTpyKIis naccHBHON HCHapHTEIbHO-KOH/IEH-
CAIIHOHHOW CHCTEMBI OXJIaK/IeHHS

Paspa6oranHas cucreMa OXJaK/1eHNs IPe/ICTaB-
JisieT co60i KOAKCHATBbHYIO IIUJINHAPUIECKYIO 30HY
ncnapennsi (TEIUIONOABO/), MEPEXO/SILYIO B ILIO-
CcKy10 30Hy KoHzencarmu (remmoorson). O6muii By
CHeIaJN3UPOBAHHON TelJaoBoil TpyObl B cOope
npencTaBieH Ha puc. 1. Hapyskaas nummsapuye-
CKast IOBEPXHOCTD U IJIOCKASI ThLIbHAS CTOPOHA I'PH-
GOBUIHOTO TETJIOBOCIIPUHUMAIOIIETO 3JIeMeHTa 1,
a TaKkyKe BHYTPEHHSISI TOBEPXHOCTD TIUTHI 6, CHAO-
JK€HHaA BBICTYIIAIOIIUMU HIThIPAMM, TTOKPBITHI Ka-

NUJISTPHO-TIOPUCTbIMU  puTuasiMu. OUTUIA THJ-
PaBJIMYECKU CBSI3aHbl MEXAY co6oil, obecrieunBast
HAJIEXKHYIO TOJa4y TEMJIOHOCUTENST U3 30HBI KOH-
JleHcaIuy B 30Hy ucrapenus. bokoBas moBepxXHOCTD
cTakaHa 2 cHa6:KeHa TPYyOKOIl CO MTYyTepoM 4 s
BaKyyMHUPOBAHUS U 3aMOJHEHHUS CUCTEMbBI OXJIAXK-
JIeHNS TETJIOHOCUTETIEM.

Bce mepeunciennbie geTaan Hepa3beMHO COETN-
HEHBbI MEXKy co6oii, 06pasysl 3aMKHYTYIO repme-
TUYHYIO TIOJIOCTH TEMJIOBOH TPy6bl. B cobpanHoii
crenuanusupoaHHoil TT 1o ocu cumMMeTpuu ume-
€TCsI CKBO3HOE OTBEPCTHE IUAMETPOM 3 MM, B KOTO-
POM pa3MeIaeTcs TETIOBBIIESIONTNHN 9IeMEHT UIH
€ro UIMUTATOP TIPU MCIBITAHUSAX CHCTEMbI OXJIAK Ie-
nust. Ilomoctb, o6pasoBannast B ajemente f, ciy-
JKUT JIJISI YCTAaHOBKY aBApUITHOTO HATrpeBaTesis.

HesaBucumo ot opuenTtaiuu TT B mpocTpaHcTBe
puTHIbL K0IKEH 06€CIEYNUTDb TObEM TEIJIOHOCHTE-
Jg Ha BoicoTy He MeHee 80 mMM. Ilpm atom moT-
HOCTD TTOABOJMMOTO TETLJIOBOTO TTOTOKA COCTABJISAET
okoso 10 Br /cm?. O6ecrieunth Takme yCJaI0BUS Pa-
6OTHI TIPH UCIIOJb30BAHUN OPTAHUYECKOTO TETLIO-
HOCHUTEJIS JIOCTATOYHO CJIOXKHO, TIO9TOMY B KaUecTBe
TEIJIOHOCUTEJIS] MCTI0JIb30BAIACh JIUCTUITMPOBAHHAS
BOJIA.

Pa6ouee jaBiienue BHyTPH TEILIOBOM TPYyObI CO-
OTBETCTBYET JIaBJIEHITO HACBIITIEHHOTO BOSTHOTO TTapa
Ha ypoBHe Temuepatyp 20 —30°C, 4yTo cocraBJisger
2 —4 klla. [lepen 3amoHeHreM TETIJIOHOCUTEJIEM TPY-
6a BaKyyMHUPOBAJACh JI0 OCTATOYHOTO JABJIEHUS
1072—1073 mm pr. cr. IIpn mpoexTnpoBaHun HEOO-
XOJIUMO OBLJIO 00ECTIEYNTH JOCTATOUHYIO YKECTKOCTD
Kopityca, ocobento ussyudaresis. C 1esbio obecrie-
yeHusi coxpanenus ¢opmbr o6osoukn TT mura
M3JydyaTessi CHaGKeHa MHOTOYMCIEHHBIMY IIThIPS-
MU JKECTKOCTH.

D42

Puc. 1. Koncrpyxkius u ¢orto crennaJn3npoBaHHON
TETLJIOBOI TPYObI:

1 — TenIOBOCIIPUHUMAIONINIT 2JIEMEHT; 2 — IUJIMH/IPUYECKUIT CTa-

KaH; 3 — KalWUSIPHO-TIOPUCTBII METAJIOBOJIOKHHUCTDII (PUTHIID;

4 — MmemHas TpyOKa; 5 — KpbINKA; 6 — IINTa-M3JIydaresb
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[duameTp crakaHa, onpejensionuil 1Jomaib
HOIEPEYHOro CeYeHns NapoBoro Kanana F, onpe-
JleJisiJicsl U3 YCJOBUN obecriedeHust JOIyCTUMOM
CKOPOCTH TIapOBOTO TIOTOKA, ITPU KOTOPOU HE TIPo-
UCXOJUT CPBIB U YHOC XUJAKOCTU. Jlomyctumas
ckopocTb W BOAAHOTO I1apa NPUHUMAJIACh paB-
HO# 1 M/C.

Pacyer mpoBoamics ¢ ncrosib3oBaHreM (popMy bl

F.=0/(W_rp),

rre Q — mepenaBaeMblil TEIIOBOI TOTOK;
¥, Py — CKPBITAs TEILIOTa NapoOOPA30OBAHUS H ILIOT-
HOCTb T1apa 1pu pabGodveil TeMmIlepatype co-
OTBETCTBEHHO.

[Tnomaap momepedHoro ce4eHns MapoBOTO Ka-
Haja paccumTbiBajach aad Q = 50 Br, BHyTpen-
HUW [UaMeTp CTakaHa IpU 3TOM cocTaBuJ 40 MM.
Paccunrannas mioma/ b n3aydalonieil moBepXHOC-
TH TMTHI-U3aydarens cocrasumia 0,224 m%, Dop-
MO M3JTydalolell MoBepXHOCTH ObLIT BEIOPAH KBA/I-
par, JJIMHA CTOPOHBI KOTOPOTO COTJIACHO PAaCYeTy
cocraBuyia 475 MM, a ¢ yueToM 3anaca 6bljaa Mpu-
Hsara 500 MmM.

TexHOOrHs U3TOTOBJIEHUS CIEITATN3UPOBAHHOM
TETMJIOBOH TPyObI BKJIIOYAJA CJEIYIONINE 3TaIlbl:
W3TOTOBJIEHHE OT/IEJIbHBIX JIETAJIEN, YACTUYHYIO cOOp-
Ky, cosflaHue (PUTUJIHHONH CTPYKTYPbI HA BbIIlIe-
YKa3aHHBIX MMOBEPXHOCTSIX, OKOHYATENbHYIO cO0p-
Ky, TMPOBEPKY HAa TE€PMETUYHOCTb U BaKyyMHYIO
Jlera3alnio, BaKyyMUpPOBaHUE, 3al0JHEHNe W Tep-
Metusanuio. TemmoBOCTIPUHUMAIONTHI IEMEHT TPH-
60BUIHOI (HPOPMBI ¢ OTBEPCTUEM ObLI BBITIOJHEH C
MOMOIIbIO OTlepalIii TOYeHus, CBEPJEHUS U pas-
BepTbhiBaHUsA. Ha ero TersioBocripuHuUMAlOINIe 11o-
BEPXHOCTH BBIPPE3EPOBAHDI TPHU PATUATHHBIX Ka-
HaBKH, pacmoJjoxeHubie moza yrjaoMm 120° ogna mo
OTHOIIIEHUIO K JIPYTOH, /IJIT pPa3MelieHus TepMoriap
MIPU UCIHBITAHUYM CUCTEMBI OXJIAXKJIEHUS C aBapuii-
HBIM HarpeBateJieM. [linTa-usaydaresb U3rotToBe-
Ha W3 MeJTHOTO JincTa TomuHoi 6,5 MM. Ee moBepx-
HOCTb ¢ BbICTYHarOmuMu mrbipsamu (484 wmr.) no-
sydeHa dpesepoBanuem. Yactnuno co6pannas rte-
I0Bast TpyObl Mpe/cTaBsija co00il HepazbeMHOe
coe/liHeHNe TPUOOBUIHOTO 2JIEMEHTA C TLIUTOU C
MOMOIIBIO 3JIEKTPOHHO-JIYYEBOI CBAPKHU.

Dutnab dbopMupoBascs U3 MEIHBIX BOJOKOH
quamerpoM S50 MKM M JTMHON 3 MM C TIOCJIEeAyIo-
IMM CIIEKaHKeM, ero ToJinuHa coctaBuia 0,8 mMm.
[Tpu cozmannm GUTHIBHOI CTPYKTYPBI 0c000€ BHU-
MaHue 06palasoch Ha obecrieueHre HaJesKHOM i/l
PaBJIMYECKON CBSI3U MEK/y DUTUIISIMU HA OT/IEJIb-
HBIX TIOBepXHOCTSX. [Ipn oKoHUaTebHOU cOOPKE
BHauaJie yCTaHAaBJMBAJIACh KPBINIKA, a 3aTe€M CTa-
kaH. CoeanHeHne cTakaHa C TEMJIOBOCTIPUHNMAIO-
MMM JIEMEHTOM TPOM3BO/INJIOCH C TTOMOIIBIO Taki-
ku TBepabM mpunioeM [1Cp 45. B 60k0Boii oBepx-
HOCTU CTaKaHa BBITIOJIHEHO OTBEPCTHE W BIIasHa
TBEP/bIM TIPUTIOEM MejHas TpyOKa JAuaMeTpoM
3 MM €O HITYIIEpOM, TIpe/IHa3HAYEHHAS JIJIST BaKyYy-
MUPOBAHUS U 3ATI0JHEHUS TEMJIOBOI TPYODI TETLIO-
HOCHUTEJIEM.

3akJTiounTeTbHASA OTepalys COCTOAIA U3 BaKy-
YMUPOBAHUS, 3aMOJHEHUS W TEPMETU3AINN CHUCTe-
MBI OXJAXJIEHNS Ha crennajabHoM creHzae. [laBie-
HUE B TEIJIOBOI Tpy6e repej 3anoJHeHueM ObLIOo
Ha yposHe 5-1073 MM pr. cr. Tepmernsanus Temno-
BOI TPyObI OCYIIECTBJISAJIACH TIEPEKUMOM MEHOTO
NITEHTeNI W TTPOBAPKON MecTa TepesknMa ¢ TOMO-
NIHI0 MUKPOIJIA3MEHHOTO MCTOYHUKA.

IKcIepUMeHTAIbHbIE HCCJIEI0OBAaHNSI U aHAJIN3
UX pe3yJbTaTOB

InaBHOW 3ajlaueli 3KCIIEPUMEHTATBHOTO HCCJIe-
JIOBAHUS SBJSANIOCh U3yUYeHWE TeTIoNepe/IatonuX
XapaKTePUCTUK TEILJIOBOI TPYObI /sl OlIpeiesIeHusT
BO3MOKHOCTEN CHCTEMBI OXJTAXK/IEHNS C TOUKHU 3pe-
Hus PYHKIIMOHUPOBAHUS B 33/IaHHBIX YCJIOBUSX 6€3
HACTYIJIeHus1 KpusucHbiX siBjaeHuii. Jdanwnas TT
MpelHa3HavYeHa J1Jis1 paGoThl B YCJIOBUSIX TEMI0COPO-
ca U3JIy4eHneM, HO TPU BBITIOJTHEHUN SKCIIEPUMEH-
TAJIbHOI'0 MCCJIEOBAHUS CII0/Ib30BAJICS KOHBEKTUB-
HBIIl TEIJIOOTBOJ K BO3/yXy M K BoJie ¢ obecrieye-
HUEM TIPU 3TOM TaKOI JKe TeMIIEPATyPbhl B 30HE 0XJIa-
JKJIEHUSI, KaK U B YCJIOBUSAX Teryoc6poca u3Jryde-
HHEM.

IIpm akcmayaramum cUCTEMBI OXJIAKIEHUS WC-
TOYHWKOM TEILJIOTHI ABJISETCS JINOO TEILIOBBIIEISIO-
nmii anement OKI, nmu6o aBapuiinblii HarpeBare/ib,
KOTOPBIN TIO/IZIEP>KUBAET TEMIIEPATYPY TEILJIOHOCHU-
TeJIsT TaKoil, 4TOObI TOT HAXOMWJICS B JKUIKOM CO-
croguun (cucreMa mpeaHasHadeHa A1 PaboThl B
YCJIOBUSX HEBECOMOCTHU M, COOTBETCTBEHHO, HU3KUX
Temneparyp). Ilog meficTBueM HOABOAMMOIO Te-
IIJIOBOTO TIOTOKA IPOUCXOAMT IMPOIECC HUCIIaPEeHHsT
(KuIIEeHNs) TENJIOHOCHUTENST B TOPUCTON CTPYKTYpe
¢urunsa B 3oHe Harpesa. [lapoBas daza Teriono-
CUTeJIA TIOf] IeCTBUEM TpalueHTa JAaBJIEHUS Tiepe-
METIAeTCST B 30HY OXJTAKIEHUS M KOHJIEHCUPYETCS
Ha TIOPUCTOHN TTOBEPXHOCTH (UTHJISA, HAHECEHHOTO
Ha BHYTPEHHIOIO ITOBEPXHOCTH IJIUTBI-U3TydaTes.
Konzencar nos meiicTBueM KanuJISIPHOTO JIaBJie-
HUS BO3BPAIAETCS B 30HY HArpeBa.

Jlnst uccaieroBanust pabounx XapaKTEPUCTHK TETl-
JIOBOU TPYObI GbLJ M3rOTOBJIEH UMUTATOP TEILJIOBbI-
JIeJITIONTETO 3JeMeHTa B BUe IUJINHApa u3 dTo-
poILIacTa JJIMHON 56 MM ¢ HaHECEHHO Ha ero BHe-
IITHIOIO ITOBEPXHOCTD pe3bboit M3 Ha auHe S0 MM.
ITo pe3bbe ObLIA YI0KeHA HIXPOMOBAST TPOBOJIOKA
nuametrpom 0,1 MM gmwaOM 0,94 M. UMutaTop aBa-
PUITHOTO HArpeBaTeJisl MPeACTaBJIsLI OO0 KepaMu-
YeCKyI0 IJIACTUHKY C YJOKeHHOW B Ta3aX CIHupa-
JIbIO M3 HUXPOMA.

Ha kaxaoM ypoBHE MO/IBOMMON MOTIHOCTHU TIO
JIOCTHZKEHUH CTAIMOHAPHOTO PEKMMA OTIPE/IENAIOCH
TeMIIepaTypHOE T0JIe TEIJI0BON TPyObl. MOIIHOCTD
HarpeBartesiell U3MEHAIACh CTYIeHYaTo B AMATMA30-
He 10 —90 Bt nusa aBapuitnoro narpesatess n 10 —
50 Bt a1 ocHOBHOTO.

Bnavasie TT ucnbiTbiBasach Mpu Harpebe aBa-
PUHHBIM HarpeBarejieM B YCJOBUSX TEILIOOTBO/IA
cBOGO/IHOI KOHBEKITHEH BO3ayxa ¢ oOpalleHHON
BHU3 U BBEPX ILJINTOH-U3JIydaTesIeM, PACIOI0KeH-
HO# 1oz yraoM 10° K TOPM3OHTAJBHOH TIIIOCKOCTH
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Puc. 2. OpueHranus TeryioBoil Tpy6bl B AKCIEPUMEHTAX C ABAPUITHBIM HarpeBaTesieM

(puc. 2, a, 6). 3arem ucnpitanuss TT npoBoau-
JIUCH TIPH OTBO/IE TEIJIOTHI CBOOGOIHOW KOHBEKITHEN
BOJIbI. [lJist 3TOTO PaCIOIOKEHHYIO TOPU30HTAJIBHO
1 o6palieHHyio0 BHU3 TEIJIOOT/IAIOIY 0 TOBEPXHOCTD
TpyObl NPUBOJUJIN B CONPUKOCHOBEHUE C BOJIOM
(puc. 2, ¢), umeromeii remneparypy 19—20°C. B
nocyaenaHeir cepuu onbiToB TT opueHTHpOBaJach
MJIMTON BBepX. Ha MmoBepXHOCTH MJINTBHI pasMerna-
Jach eMKOCTh ¢ Taiomumm Jabaom (puc. 2, 2). B
3TOM CJIydae TeMIepaTypa XOJIOJHOTO HUCTOYHUKA
ObLyIa 3HAYMTEJIbHO HIJKE, YEM B IIPEIBIAYIIEM, YTO
KOMIIEHCUPOBAJIO JIONIOJHUTEIHbHOE TEPMUYECKOE CO-
MIPOTUBJIEHNE KOHTAKTA eMKOCTHU ¢ TuToi. Cxema
pasmenienus repmornap (T1...T6) npeacraBiena Ha
puc. 2, a: Tpu TepMorapbl ObLIM 3aKpPeEILeHbl B
KaHaBKaxX TEINJOBOCIIPUHUMAIOINIEH MTOBEPXHOCTH
(Bug A) v Tpu Ha TEIIOOTAAIONIEN TTOBEPXHOCTH

a)
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TemoBoit motok, Bt

bl (Bug B). TepMonapbl 3roTaBinBaIich U3
ME/IHON U KOHCTAHTAHOBOW TTPOBOJIOKU UAMETPOM
0,16 MmM.

W3 manHbIX, TpeACTaBJIeHHLIX HA pHUC. 3, d,
BUTHO, YTO TIPH (PUKCHPOBAHHON TETIJIOBON HAarpy3Ke
TEMIIepaTyPHbBIN YPOBEHb PaGOTHI TETJIOBON TPYOLI
3aBHCUT OT YCJOBUI TEIIOO6MeHa € OKPY:KAIoen
cpe/oii: HanboJiee BBICOK OH TIPU €CTECTBEHHOI BO3-
JTyTITHON KOHBEKIINH, KOT/Ia TETJIO0T/AAT0NIas ToBep-
XHOCTb TIJIUTBI O6paliieHa BHU3, a CAaMbIil HU3KUI —
B YCJOBHSX TEMJIOOTBOJIA K TAIOMIEMY Jb/Iy, KOT-
Jla TETJIOOTAAIONAsT MOBEPXHOCTD MJIUTHI 0Opalie-
Ha BBepX. JIMHeHHbIN XapaKkTep NPUBEJIECHHBIX Ha
puc. 3, 6 3aBHCUMOCTE}T CBU/IETEJIBCTBYET O HOPMAJIb-
HOM (DYHKIIMOHUPOBAHUN CUCTEMBI OXJIAXK/ICHIS.

Takum 06pa3oM, B MCCJEIOBAHHOM HAIIa30HE
TETLIOBBIX TOTOKOB HaPYIIeHUT HOPMAJIbHOTO (DYHK-
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Puc. 3. 3aBucumMocTb cpegHell TeMIepaTypbl TeIJIo-

BocnpuHEMaionieii (CIIONIHbIE JIMHUK) M TEIIOOTAAI0-

meit (mrpuxossie) mosepxHoctu (@) M nepenaga TeM-

neparypbl o TT (6) or TennoBoro moToka aBapuitHo-

ro HarpeBateJis pu pacroyaoxennn TT cormacho puc.2:
® —q0 —G0E—60— 2
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| T1
‘ L | T2 ‘ Puc. 4. Cxema pasmerie-
: L iy vy : HHUSA TepMollap IIpU HUC-
‘ T3 T4 TS ‘ ObITAHUSX C OCHOBHBIM

HarpesBaTeJieM

IUOHUPOBAHUST TEILJIOBOH TPYObI He HAGIIOAATOCH.
Asapuiinbiii o6orpeB TT mpemorBpainaer 3amMopa-
JKUBaHUE CUCTEMbI OXJIAXK/IEHUS TIPU MOIIHOCTH aBa-
puitHoro HarpeBatess okosio 10 BT.

B onbitax ¢ ocHoBHBIM HarpeBaresieM (MMuTaTo-
POM TEILIOBBIIEJISAIONIEr0 JIEMEHTA) TEII00T/Ai0-
Masi MOBEPXHOCTh TJIUTHI MPUBOAMIACH B COIPU-
KOCHOBEHWE C TAIONUM CHETOM, KOTOPbBIN HAXO/UJI-
¢ B MeTasinyeckoit eMkocTu. Tepmoriapol T1 u T2
(puc. 4) usmepsiiu TemnepaTypy oGorpeBaeMoi
CTEHKW IIMJNH/PA B CEUEHNUAX, TPAHUYAIIIX C TOP-
1mamMu ocHoBHOTO Harpesatessd, T3, T4 u TS — tem-
reparypy HoBepXHOCTH IIUThl (OHU pasMenananch
B TeX JKe TOYKax, 4To u Tepmonapsl T4, TS u T6 B
ONBITaX C aBapUITHBIM HarpeBaTesieM).
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Puc. 5. To ke camoe, 4YTO M Ha puUC. 3, JJisI UCIIBITAHUI
C OCHOBHBIM HarpeBaTreJieM

PesyibTaThl MccIe0BaHMIA TETIOBON TPYOLI C OC-
HOBHBIM HarpepatesieM (MMHUTATOPOM TEILIOBbI/IEJIsI-
IOIIEro 9JIeMEHTa) MIPe/ICTaBJIeHbl Ha puc. d. JluHeii-
HBI XapaKTep MOJTYYeHHBIX 3aBUCUMOCTEN CBUIETEb-
CTByeT 0 HopMasbHOM (pyHKIMOoHUpoBanun TT.

[Ipu 3amanHOll HOMUHAJBHONW MoITHOCTH S50 BT
nepenaj; TeMIeparypbl Mo TEIJI0BOH Tpy6e cocTa-
Bun AT = 17,3°C, 4T0 HECKOJIBKO NMPEBBINIAET MO~
JIy4eHHYTO B TIpOIlecce TPeIBAPUTEIbHON OIEHKH
BEJINYMHY. JTO CBSI3aHO C TEM, YTO TIPE/[BAPUTEJb-
Hbie pacuetbl AT OblLIM BBIIOJHEHDBI /I yCJIOBUIA
OTCYTCTBUSI TPABUTAIIMOHHOTO 110Jis1. B mpoBeieHHbIxX
JKe HKCIIEPUMEHTAX OPUEHTAINS TEeIIOBOM TPyObI B
TPAaBUTAIIMOHHOM TI0JIe GbLJIa HAUMEHee BBITOTHAS C
TOYKW 3PEHUS JOCTUKEHUS MaKCUMaIbHOU addek-
TUBHOCTU Y HU3KOTO TEPMUYECKOTO COTIPOTUBJIEHHUS.
B npoBesieHHbIX onbiTax (cM. puc. 4) 30Ha Harpesa
HAaXO/INJIACh BBIIIE 30HbI KOH/IEHCAIIUH, U TEILIOBas
Tpy6a paboraJia IpOTUB cuJ TsixKecTu. Kpome Toro,
pabouee aBJeHUEe BHYTPHU TEIJIOBOW TPYyObI Tpu
3aJlaHHON HOMWHAJbHOHM HarpysKe COCTABHUJIO OKO-
Jo 2 klla. Ussectro [3], uTo Ay TennoBsix Tpyo,
paGoTaIOIIUX TIPOTUB CHJI TPABUTAIMU TIPU OYEHD
HU3KNX AaBiaeHusx napa (1o 5—6 Ila), peanuso-
BaTh TOTEHNMATbHOE KAaNWJJISPHOE [IaBJeHWEe He-
BO3MOKHO, M MaKCUMAJbHbIM ABUXXYIIUNA HAIOP
CTAaHOBWTCA PAaBHBIM JIaBJECHWIO HACBIEHUS, COOT-
BETCTBYIONIEMY MPE/IEJbHOMY TEILJIOBOMY IOTOKY.
[TosToMy B MpPOBENEHHBIX OINbBITAX WUMEJIO MECTO
yXy/iienne cHaGKeHNs KUKOCTHIO MTOBEPXHOCTH
HarpeBa BCJIEJICTBHE CHUKEHUS JIBIDKYIIETO HATIO-
pa 0 CPaBHEHUIO C MOTEHITNAJBHO BO3MOXKHBIM Ka-
MUJJIIPHBIM AaBjenueM. [Ipn opuenrtanuu Temso-
BOIl TPyOBI, KOT/la TIINTA-U3JIydaresb obparieHa
BBEpX, nepenaj AT JI0JKEH CyHIECTBEHHO YMEHb-
NIUTHCS, T. K. IPA 3TOM HAMHOTO YJIYYIIAlOTCS yC-
JIOBUSI TIPONUTKKA (DUTHIA B 30HE Harpesa. XOTSA
onbITbl npu Takoil opueHtaruu TT ¢ OCHOBHBIM
HarpeBaTesJeM He TIPOBOAWJINCH, Pe3yJbTaTbl 3K-
CIIEPUMEHTOB C aBapHWiTHbIM HarpeBaTeJieM CBH/IE-
TeJbCTBYIOT O cHmykenun AT wa 10°C npu nsmene-
HUU OpPUEHTAITIH.

3akouenue

[IpoBenennble uccJenoBanusi pa3paboTaHHON
CTEIMaTN3UPOBAHHON TEMJIOBON TPYObI MMOKa3asu
apexTUBHOCTD ee UCNOIb30BaHUs I/ obecrieyde-
HUS TETJIOBOTO PEXXNMa aKTUBHOTO 9JIeMEHTA TBEP-
JIOTETBHOTO JIa3epa B YCJIOBUSIX TETLJIOOTBOIA U3JTY-
yeHneM. [Ipu MOTIHOCTN UMUTATOPA TETLJIOBBIIE -
tontero asiemenTta 50 Bt remmeparypa cTeHKH B 30He
Harpesa TemnJioBoil Tpy6sl He mpeBbimana 30°C.
ABapwuitHbIil 060TPEB CIEINAJN3NPOBAHHON TEIIO-
BOIl TPyGbI TO3BOJISIET TPEIOTBPATUTD TJIyOOKOE 3a-
MOPaKWBAHWE BCEW CUCTEMBI B YCJAOBUIX OTCYTCTBUS
TETLIOBbI/IeIEHUST 00BEKTA.
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Gershuni A. N., Nishchik A. P. Passive evaporation-
condensation cooling system of a laser.

Keywords: quantum generator, cooling system, heat
pipes.

A special heat pipe for ensuring the thermal regime of
the active element of an optical quantum generator

(laser) under heat sink by radiation has been developed.
It is shown that under the simulated fuel element

power of 50 W wall temperature in the heat pipe
heating zone does not exceed 30°C, and the emergency
heating prevents deep freezing of the entire system in
the absence of heat generation of the object itself.

Ukraine, Kiev, NTUU "Kiev Polytechnic Institute".

Fepmryni O. H., Himuxk O. II. IlacuBHa BUunapoBy-
BaJIbHO-KOH/IEHCANlil{HA CHCTEMa OXOJIOKEHHS JIa-
3epa.

Kniouoei caosa: onmuunuil K6anmoeui zenepamop,
cucmema 0xo100Kens, menaioga mpyoa.

Pospob6aiero crieriamisoBany TemjaoBy TpyOy I 3a-
6e3TeYeHHs TENJIOBOTO PEXUMY AKTHBHOTO eJIeMEHTA
ONITUYHOTO KBAHTOBOTO rexeparopa (J1asepa) B yMo-
Bax TeIJIOBiIBOAY BUIIpoMiHIOBaHHAM. [Tokasano, 1o
[IpY TIOTYXKHOCTI iMiTaTOpa TEIVIOBU/IJISIOUOTO eJIEMEHTa
50 BT Temmeparypa CTiHKM B 30Hi HarpiBy TeIJIOBOT
Tpy6u He niepeBuiye 30°C, a aBapiitauii 06irpis mo-
3BOJISIE 3AMOGIrTH TJIMG0KOMY 3aMOPOKYBAHHIO BCi€T CH-
CTEMH B yMOBaX BiJICYyTHOCTi TeTJIOBU/iJIEHHS 06 €KTa.

Ykpaina, m. Kuis, HTYY "KuiBcbkuii nomitexHiynnii
inctuTyT".

I I AUAEI EAE

MpomblieHHOE NPHMEHEHHE aKKYMYJSATOPHbIX Gatapeit. OT aBTOMOOHEH
110 aBHAKOCMHYECKOH NPOMBILIJIEHHOCTH M HakonuTeaei anepruun / Moa pen.
M. Bpyccuau, k. IMucrokis.— MockBa: TexHocdepa, 2011.— 784 c.

\

[IpeacraBieH aHAJUTHUECKUH 0030p MHOTNOYMCJEHHBIX J€K-
TPOXMMHUYECKUX CHCTEM, a TaKXXe 00CYXKAAalTCS BOMPOCHI
JajibHEHLIEro COBEPLUIEHCTBOBAHUSI KOHCTPYKIIMK OaTapei, Tex-
HOJIOTMU MX U3TOTOBJIEHUS, PA3pPaOOTKU HOBbIX MaTepUaJa0B U
NOBbIIIEHUS] UX HajexHocTH. U3aaHne coaepKUT MHOrOYMC-
JIEHHbIE MPUMEPbI MPUMEHEHUS AKKYMYJISITOPOB: pe3€PBHOE NMUTa-
HHWe, BCMOMOraTejibHOe aBTOMOOUIbHOE 000py10BaH1E, aBTOMA-
THYECKOE OMOBellleHUE 0 KaTtacTpodax, oXpaHHasi, aBapUHHAs W
noXKapHasi CATHaJM3aLK1u, cnacaTejJbHble CHCTEMbl, TOPTATHB-
HOe MeJMUMHCKOe 000py0BaHUE, ICTOYHUKHU OecrnepeOoiHOro
3JIeKTPONUTAHUS, aBAPUHHOE OCBElLLEHUEe, H3MEPHUTEbHbIE CHC-
TE€Mbl, CHCTEMbI KOHTPOJISI U CJAE€XKEHHUS, 3TEKTPOUHCTPYMEHThI.
BoJblioe BHUMaHUE yA€d€HO MPUMEHEHNIO AKKYMYJAATOPHBIX
CUCTEM B KOCMOHABTHKE — Ha CMyTHHKAaX, paKeTaX-HOCHTEJAX,

chiAziEm IIHHFH l

T
#

=

*F

JieTaTeJbHbIX anmnaparax aJas uccneuosauuﬁ njaaHer U Kocmoca. B kKHHUre Takxe
NoKa3aHo, Kak HOBbI€ obJsacTu NMPUMEHEHUss CTUMYJUPYIOT CO3AAdHUE HOBbBIX HJIH

yCOBEPIIEHCTBOBAHHUE CYIIECTBYIOLIMX AKKYMYJASITOPHBIX OaTapeii.

ABTOPCKHH KOJIJIEKTUB KHUTH — 3TO YUEHbI€ U CMELMAJIUCTbI YHHBEPCUTETOB U HayY-
HbIX MHCTUTYTOB AHrauun, CLUIA, ®panuuu, beabruu, U3pauns, Anouuun, Utanumu.
KHura npenHa3HaueHa AJisl LIMPOKOTO KPyra cneuuaJucToB, padorarouux B odJgaac-
TH 3JIEKTPOHUKHU, MOXKET ObITh MOJ€3Ha J51 HHXKEHEPOB U MpenoaaBaTe/en BbiCcLIEH

IIKOJbl, CTY1€HTOB U aClIMPAHTOB, 6aKaJlaBPOB W MAarucTpos.
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