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KNanaHHbIX YCTPOICTB P

H. H. Konenko, A. B. Kyann, HIT0 «Apkon», r. Mocksa

OcHoBHble npueMbl 06ecneyeHna Tpedyemoit
CTEMEeHU repMeTi3aLmi KnanaHHbIX YCTPOCTB
0a3npyIoTCA HA OCHOBE peanu3aumi Knaccu-
YECKOIA KOHLEeNUM YNNOTHEHUA KaK HanpA-
KEHHOT0 CTblKA KOHTAKTUPYEMbIX MOBEPXHO-
CTeA 3NEMEHTOB KanWNNAPHOA CTPYKTYpbI.
Mpn 3T0M npeaycmaTpuBaeTcA CO3MaHWe B
30He KOHTaKTa KnamaHa C Cemnom onpefe-
NEHHOT0 KOHTAKTHOTO M[aBneHUA ONA ynpy-
FOro MM ynpyronnacTuyeckoro nedopmun-
POBAHMA MIKPOKAHAMOB B MOBEPXHOCTAX CTbIKA,
ONpenenaAtLLnx NpoTeyky cpensl. Mpuyem, pe-
[YAMPOBAHWE BENUYMHbI KOHTAKTHOTO AaBfe-
HMA MPU WMPOKOM W3MEHEHUN NapameTpoB
YNNOTHAEMOI Cpedbl — MABNEHNA W Temne-
paTypbl — NPUBOONT K W3MEHEHMIO KOnuye-
CTBA W XapakTEpPHOr0 pas3mepa MUKPOKaHa-
NOB W, KaK CMEACTBWE, K TOW UMW UHOW Be-
NNYNHE HErepMETUYHOCTU B 3aTBOPE.

MyTu MOBbIWEHNA KAYECTBA rEPMETU3ALMN
KNanaHHbIX YNNOTHEHWA MOryT 6biTb Onpe-
[EeNeHbl HAa OCHOBE MpeanaraeMoil KoHuen-
LMK YNNOTHEHUA KakK MOTEHLMANbHOro 6apb-
epa. CyTb KOHLEMUAW CBOOWTCA K Cheayt-
WM MONOXEHNAM:

— YnnotHenne, 00pa3oBaHHOe [BYMA U
HECKOMbKNMY B3aUMORECTBYIOWUMY M0CDER-
CTBOM KOHTAKTa NOBEPXHOCTAMMU, 00pa3yer He-
KoTopylo 0671acTb, MPeacTaBALUYD Cl0X-
HO€ KanuiApHoE Uin NopuCTO-KanuAPHOE
TeNo — MoTeHUManbHbI 0apbep. Ycnosmne 06-
pa30BaHNA NOTEHUMANbHOT0 Gapbepa onpe-
[ENACTCA COOTHOWEHNAMN MEXTY BETN4MHA-
MU XapakTepHOro pasmepa MuKDOKaHanos,
yucna boxaa u, COOTBETCTBEHHO, Kamuiniap-
HOM MOCTOAHHOM.

— [na npotexkaHna paboyeif cpenbl 4epe3
nopucToe Teno, T.e. AnA MPEOJONeHNA Mo-
TeHLmanbHoro bapsepa, TpebyeTcA onpefe-
NIEHHBIA YDOBEHb 3HEPTMN CPEMbI, KOTODbIM
ONPEAEenAeTCA ero BbICOTOM.

— YnnotHAemaA cpena paccMarpuBaeTca Kak
MaKpOCKOMNYecKaa cuctema. B 3aBucumocty
0T €e Buga n TeDMOANHAMUYECKUX MapameT-
DOB, y4UThIBAEMbIX KDUTEPUEM BbIDOXOEHNA,
CyUeCTBYET PacrnpeneneHne coCTaBaAIUNX 66
YacTuL 1o 3HEPTUAM.

—  O/IN4ECTBEHHO TEPMETUYHOCTb YNaoT-
HeHWA ONpPenenaeTca Toi YacTwio yinoTHAE-
MOV CPenbl, 3HEPTNA KOTOPOM NPEBbILIAET Bbi-
COTY NOTeHUManbHoro 6apbepa. VHbimu cno-
BaMy, 4€pe3 ynaoTHEHNE NPOXOANT Nniib Ta
YacTb CPEAbI, IHEPINA KOTOPOI O0/bLIE 3HED-
UM NOTEHLMANbHOrO bapbepa. Yem Bbiiie no-

TEHLMANbHBIT Gapbep M0 OTHOLIEHNIO K CPes-
HeMY YDOBHIO 3HEprun ynnoTHAEMON Cpe-
[bl, TeM BbIle MAOTHOCTb YMIOTHEHNA.

— YBennyeHne BoICOTbI MOTEHLMANLHOTO ba-
pbepa [OCTUraeTcA 3a C4eT COBEPUIEHNA Me-
XaHnyeckoli paboTsl repMeTu3aunm, nogso-
[a Tenna B 30Hy YNAOTHATENA W Crieuuanb-
HbIX METOL0B.

CneumanbHble MeTofbl npeponpenenawnT |

N3MEHEHWE BMMA 3NEKTPOKANUANAPHBIX KpK-
BbIX KOHKDETHbIX YNNOTHAEMbIX CPEN 3a CYeT
C030aHUA 3NEKTPUYECKOTO MOTEHUMANa Ha
YNNOTHAKOWMX MOBEPXHOCTAX 3aTBOPA MPU
rnofaye NoCTOAHHOMO 3NEKTPUYECKOTO Ha-
NPAXEHWA, Hanpumep, Ha cemno, nubo
CO3MaHNA KOHTAKTHON PA3HOCTW MOTEH-
LIManoB Npy MCNonb3oBaHWN PasHOPOMHbIX Y-
NOTHUTENbHBIX MATepnancs.

CoBepluana MexaHu4eckyto paboty repmeTu-
3aUun, Hanpumep, ¢ MOMOLLbI0 NPUBOAA, NO-
nyyaloT 6onee nnoTHoe, T.e. 6onee repme-
TUYHOE COEAMHEHNE. 30eCh 04EBMOHO OCHOB-
HOe NpOTMBOPEYNE YNNOTHUTENbHONA TEXHN-
ki: nna 6onee NNOTHOrO COEONHEHUA Tpedy-
ETCA YBENUYEHWE MPUKNAMbIBAEMOrO YCUINA,
KOTOpPOE, B CBOI 0Yepefb, MPUBOOWT K pas-
DYLEHNIO UMK COKPALLEHWNIO CPOKA CRyXObl ca-
MOF0 YNNOTHEHWA. POME TOro, C MOBbIllE-
HWEM KOHTAKTHOrO [aBNEHNA Ha YNNOTHUTENb-
Hble MOBEPXHOCTW BENNYNUHA NMPOTEYKM He
YMEHbLAETCA B TO MEpPE, B KaKOW pacTer
KOHTaKTHOE faBnenmne. MexaHu4yeckoe Bo3neii-
CTBME Ha YNNOTHEHWE MPUBOAUT K YMEHblLe-
HWIO XapaKTepHoro pasmepa fuamerpa nop
unu kaHanos. 1o Mepe yBENUYEHWA ycunuAa
repMeTi3aunm Bce GOMbLIEE 4ACNO KaHANoB
OyayT MMeTb AMameTp, COM3MEPUMBIA C Be-
NNYNHOA KANUNNAPHOA NOCTOAHHOA. 3TUM
00bACHABTCA TO 06CTOATENLCTBO, 4TO MpH
CKONMbKO YroiHOM GOMNblIOM YBENMYEHUM YCu-
NNA TEPMETA3ALIAN HACTYNAET TO COCTOAHME,
KOraa pocT YCUNUA HE BRMAET CYLECTBEHHO
Ha BENIMYNHY MPOTEYKM.

3TM Xe 06CTOATENCTBOM 06bACHAETCA He-
06X0MMOCTb NPUTUPKIA KNAnaHHOIA napbl AnA
Mony4YeHNA TaKOW CTPYKTYPbl KOHTAKTUPYIO-
lWUX NOBEPXHOCTENA, KOra XapaKTepHbIiA pas-
MEp KaHanoB WMEET NOPAMNOK BENMYUHbI Ka-
NUANAPHOIA NOCTOAHHOW, 4TO CMOCOOCTBYET
CHVXEHMIO yCUnnA, Heo6X0mUMoro anAa mo-
nyyeHna TpebyemMoii CTENEHN repmeTn3aumm.
Ecnn xe TEXHOMOTMYECKOW onepauuu npu-
TUPKW NOABEPratoTCA PasHOPOMHbIE MaTepu-
anbl ¢ GNU3KMMN MEXaHUYECKUMI XapaKTe-
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Puc. 1. oHcTpykuna [1 ¢ TennoBbIM akkyMynATOpoM

pucTMKamMm, Hanpumep, ctanb GpoH3a unu
CTanb NaTyHb, WMEIOWNE 3HAYUTENbHYIO BE-
NINYUHY KOHTAKTHOW PA3HOCTI MOTEHLMANOB,
T0 HEOOXOAUMbIA 3QIEKT repMeTn3aUmnn kna-
MaHHbIX YCTPOICTB NOCTUrAeTCA NMpu Ccylle-
CTBEHHO MEHbLINX YCUNUAX TEPMETM3aLmm.

Peanu3auna cnocoba yBenn4yeHma noTeH-
LUmanbHoro 6apbepa 3a CYeT MoaBoda Tenna
OT OKpYXalolei aTMocdeps! ABNAETCA Nepc-
MeKTUBHOW [NA NPENoXPaHMTENbHbIX Knana-
HOB, pafoTamuwmnx Ha pabounmx cpemax npu
HU3KMX TeMNepaTypax 1, B YaCTHOCTH, HA KpL-
oreHHbix cpepax (A.C. 1753156 F16k49/00/
/F16K17/04).

[penoxpaHuTenbHblA KnanaH COCTONT W3
kopryca 1, B KOTOPOM pa3MeLleH 3anopHblii
OpraH 2, KOHTaKTupywwwii ¢ cepnom 3 6na-
rogapA ycunuio mpyxuHsl 4. TepmeTn3aumna
KnanaHa OCyLIECTBMAETCA MOCPEACTBOM MAr-
KOTO YNIOTHUTENA 5, 3aKPenneHHoro B 3a-
MOPHOM OpraHe 2. B 3anopHoM opraHe 2
BbIMOMHEH FNYXOW OCEBOW KaHan 6, B KOTO-
POM B Hayane W B paiOHe TNyxoro KoHLua
YCTaHOBMEHbl OrpaHuynTenn xoma 7 u 8.
aHan 6 ABNAGTCA SHepronpeodpasyiowinm ane-
MEHTOM, KOTOPbIA M3BECTEH B Hay4HO-TEX-
HIYECKOI NUTepaType Kak pe3oHaHCHaA Tpybka
C 3aKpPbITbIM KOHLOM. B kaHane 6 mexmy or-
paHN4MTENAMU X0Ma 7 U 8 YCTAaHOBNEH C BO3-
MOXHOCTbIO 0CEBOr0 MEPEMELLEHNA MIYHXEep
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PHc. 2. puBble M3MEHEHUA TeMMepaTypbl MyHXepa
(PBx/PBbix = 4,5; L/d = 30)

9, BbIMOMHEHHbIA M3 MaTepuana C BbICOKOM
TENN0EMKOCTbIO. [NyXON KOHel kaHana 6
NOCPECTBOM [HOMOMHWUTENBHOrO KaHana 10
coobuieH ¢ BxogHoi nonoctbio 11. OceBoii 6
1 NONONHUTENbHbIA 10 KaHanb! CHabXeHb! Ten-
noBoii m3onauuen 12. opnyc 1 u 3anop-
HbIA OPraH 2 BbINOMHEHbI U3 MaTepuanos, 06-
NnafawLmux BbICOKOW TEMMepaTyponpoBOAHO-
CTbIO.

MpenoxpaHuTeNbHbIA knanaH paboTaeT cne-
nylowmm 06pa3om. Tpn HOPManbHOM Pexu-
me paboTbl, KOrma AaBneHue BO BXOAHOW
nonoctin 11 He NpeBbllWAET AaBneHna cpada-
TbIBAHWA, NPENOXPAHUTENBHBIA KNanaH 3aKpbIT.
Mpu 3TOM 32 cyeT nedpopmauuin MATKOro yn-
NOTHUTENA 5 YCUNMEM MPYXWHbI 4 CO30aeT-
CA 3afaHHaA repMETUYHOCTL B Ceane 3 Kna-
naHa. MnyHwxep 9 nom NeCTBUEM CUAbl TA-
ECTI KOHTAKTUPYeT C OrpaHnyuTenem Xxoma
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7. Bcnencteue mManoi TennonpoBOJHOCTY pa-
6oueid cpedbl W martepuana noaBo-

nAwWero TpybonpoBoaa, a Takke

Tbx=288 K BbICOKOIA TEMNONPOBOAHOCTYM KO-
nyca 1, 3anopHoOro opraHa 2 u
nnyHxepa 9 Temneparypa B fio-
00ii TOYKe KnanaHa paBHa Wnu
Onu3ka K Temnepatype OKpyXato-
weii cpenbl. Mpu NOBbILIEHAN NABNEHWA

B cucteme 6onblie paboyero, npenoxpa-
HUTENbHbIA KNanaH OTKPbIBAeTCA. [lpn aTom
yCWIMe OT [ABNIEHWA CPefbl BO BXOOHOI Mo-
noctn 11, NpunoXeHHOe K 3anopHOMy opra-
Hy 2, NPEBbIWAET YCUAME OT NpYXuHbl 4. 3a-
MOPHbIA OpraH 2 nepemMeLlaeTcA BBEpX, OT-
KpbIBaA NPOX0A B CeAne 3 [NA BbINycka Kpu-
OFEHHOIA Cpefdbl, B Pe3ynbTaTe Yero Temne-
paTypa OCHOBHbIX [IeTaneil KnanaHa ymeHb-
wutcA. MnyHxep 9 non BO3MEHCTBUEM YCH-
nna, 06yCNOBNEHHOrO PAa3HOCTbIO MOMHOrO
N CTATNYeCKOr0 MaBMEHWUA NEACTBYIOWMX Ha
noBepxHocTM A u B, nepemellaeTca BBEPX
[10 CONPUKOCHOBEHMA C OrpaHnymTENem xoaa
8. B kaHane 6 reHepupyeTca BOMHOBOWA Mpo-
Liecc. BosHuKalowme 1 OTPAXKEHHbIE OT rNy-
XOr0 KOHLA KaHana 6 BOMHbI CXAaTUA M pas-
PEXEHNA, B3aNMOLEIACTBYA Mexay co00i, 00-
PasylT Ha HEKOTOPOM PACCTOAHMM OT OT-
KPbITOrO KOHUA KaHana YOapHyl BOMHY KO-
HEYHON amMniuTyabl, XapakTepu3yemy poc-
TOM [1aBNEHNA W 3HTpONMU. B cnyyae, Korna
MECTO MONOXEHWA YIAPHOA BOMHbI COBMAaa-
€T C NMOMOXEHWNEM TNYX0ro KOHUA KaHana, npo-
UCXOOMT ero pasorpes. AT0 ABMEHNE M3BECT-
HO B HAyYHO-TEXHUYECKOIA NUTEpaType Kak ad-
ekt LLnpeHrepa. PesynbTatom atoro ABMA-
€TCA pa3orpes noBepxHocT A nnayHxepa 9
W aKKyMynupoBaHue B HeM Tenna. Motepa Ten-
Na B OKPY)Xalollee NpOCTPAaHCTBO HE3HAuu-
TENbHA BCNEACTBUE HANUYMA TENION30NALMY
12. TnyHxep 9 ABNAETCA akKKyMynATOPOM Ten-
na. Mpw yMeHblieHUM 0aBneHna paboYeid cpefbl
BO BXO[HOW MONOCTW 10 PAaCYETHOM BENNYM-
Hbl M0N0 MNEWCTBMEM MPYXMHbI 4 3anOPHbIiA

85 K

OpraH 2 nepemeLlaeTcA 00 COMPUKOCHOBEHMA
¢ cennom 3. [laBneHue B nonoctax 11 u 13
BbIDaBHMBAETCA. [T1of MeACTBMEM CUNbI TAXE-
CTW Harpetblii nayHxep 9 nepemewlaeTca [o
KOHTaKTa C OrpaHuyutenem 7. 310 NPUBO-
OWT K MHTEHCMBHOMY M3MEHEHWID Temnepa-
TYpbl MATKOTO YNNOTHUTENA 5, YNyYlEHNO
€ro repMeTuanpylolei cnocobHocT u 0bec-
neyeHnio Tpedyemoii repMeTUYHOCTM B Cel-
Nne 3 KnanaHa B TEYEHWE KOPOTKOro npome-
XYTKa BPEMEHMN.

Ha puc. 2 npuseneHbl KpUBbIE M3MEHEHNA
TEMNEpaTypbl NNyHXepa 9, BbINOMHEHHOO 13
ctanu 12X18H10T B ChyHKUWUW BPEMEHW Mpw
npomyBe NPeaoXpaHUTeNbHOro KnanaHa aso-
TOM MPU PasfNnyHbIX TEMNepartypax Cpembl,
W3MEPEHHON Ha BXO[E B KranaH.

bonee CyliecTBEHHOE M3MEHEHWE Temnepa-
TYypbl NNyHXepa — TennoBOro akkymynAaTopa
— 2 TaKXe KONUYECTBO aKKyMynMPOBAHHOIO
B HEM Tenna MOXeT ObiTb NOCTUrHYTO B CNy-
4ae, ECNM OTHOCWUTENbHAA [NWHA KaHana 6
HaxoautcA B auanasoe L/d = 60..90. Op-
HaKo 370 TpeBOoBaHNEe MMEET OrpaHNyeHIe Kak
N0 KOHCTPYKTWBHBIM COOOP@XEHMAM, TaK W
no YCNOBMAM TEXHOMOrMYHOCTM B NPOU3BOA-
CTBE.

[MoaToMy B Cly4ae CEpuiiHOro Mpou3BOA-
CTBA MPeNoXpaHUTENbHbIX KNanaHoB Npeanoy-
TUTENbHBIM ABNAETCA KOMOWHUPOBAHHbIIA CMO-
co0 noaBofa Tenna K 3aTBOpy, KOrna HapAa-
Ny C PacCMOTPEHHbIM CMOcO6OM MCMONb3y-
ETCA MAaCCUBHBIA NOABOM TENna 13 OKpyXalo-
e atmocdepl.

Mpwn 3T0M NOAPA3YMEBAETCA PA3BMTIE BHE-
WHMX MOBEPXHOCTEN TEMNOOOMEHA, @ TaKXe
BbIOOP MaTepKanoB KnanaHos 13 yCnoBuA Mak-
CMManbHO TemMnepaTyponpoBOAHOCTH.

cnonb3oBaHne KOMGMHUPOBAHHOTO CMOCO-
6a Tenna Mo3BONAET MOAYYUTb FEPMETU3A-
unio 3ateopa knanaHa DN15 no knaccy A
FOCT 9544-93 B Teyenne 100...120 cekyHn
nocne 3akpbiTuA npu Temnepatype paboyeit
cpedbl Ha Bxoge 85...90



