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K BBIBOPY ITAPAMETPOB BAHJIAKHOM CBSI3U PABOYMX JIOIIATOK TYPEUH
C BE33UI'OBbBIMH ITOJIKAMUA

HpI/IBeZ[eHI)I PEIYIBbTATHI OKCIICPUMEHTAJIBHOT'O UCCIICAOBaHUA BPI6paHPIOHHOI71 HaIps’)KCHHOCTU IBYX BApUAHTOB
pa60q1/1x JIOIIaTOK Typ6I/IHI)I C 6aHI[a)I<HHMI/I IIOJIKAaMH, MMCIOIIMMH ITIJIOCKUEC OOKOBEIE CTOPOHBI MO KOTOPBIM
MMPOUCXOAUT KOHTAKT IIpH O6pa3OBaHI/II/I 3aMKHyTOﬁ KOHLHCBOﬁ CBSI3M. YKa3bIBAIOTCS OCHOBHBIC 3aKOHOMEPHO-
CTH BJIMAHUA ITapaMETpPOB 6aHI[a)KHOI>i CBs3U Ha YPOBCHb ITEPEMECHHBIX HaHpH)KEHI/Iﬁ B JIOIIaTKax.

padouyasi jJonarka, 0aHJa’KHaAsl MOJIKA, KOHTAKTHASI NMOBEPXHOCTH, YIoJ 3aKPYTKH Mepa, YroJ HAKJOHA
KOHTAKTHBIX NOBEPXHOCTEl, NepeMeHHbIe HANPSIKeHU

BBenenune

IIpu IPOEKTUPOBAHUHU W JOBOAKE pabOvMX Joma-
TOK TYpOMH ¢ OaHJaXXHBIMH TIOJIKaMH MpoOeMa BBI-
O0opa Tuna OaHIaXHOW CBSI3M W €€ NapaMeTpoB He
TEPSET CBOEH OCTPOTHI B CBSI3U C MOCTOSHHBIM POC-
TOM MapaMeTPOB COBPEMEHHBIX JABUraTeNel (CTENeHH
MOBBINIICHHS JABJIECHUS W TEMIIEpaTypbl rasa) W HX
pecypca.

Oco0oe 3Ha4YeHHE BHIOOP MapaMeTPOB UMEET s
KOJIBIIEBOM OaHIa)KHOW CBs3M 0Opa3zoBaHHOU pado-
YUMH JIOMMATKAMH TYpOMH C OaHOaKHBIMH ITOJIKAMH,
HMEIOIIMMH TUIOCKHE OOKOBBIE TOPIIBI, MO KOTOPBIM
MIPOUCXOAUT KOHTAKT (0e33UroBble OaHma)KHBIE MOJI-
KH).

Pabouwe yonatku TypOUH ¢ TakoW OaHTa)KHOU CBSI-
3bI0 TOJBKO HAyalld HAaXOAUTh NPUMEHEHHE B TypOo-
MamuHaXx. OHH IO3BOJISIFOT IMOBBICUTH HAIEKHOCTH H
pecypc TypOuH, Oojiee TEXHOJIOTMYHBI B U3rOTOBJICHHH,
a 9TO 0COOEHHO Ba)KHO, TAK KaK KOJHUYECTBO Paboumx
JIONIATOK TYpOWH Ha OJHOM JIBHraTelle MOKET JOCTUTATh
500 it u OoJee.

Henabo gaHHO#l padoOTHI SBISETCS HCCIEIOBAHUE
BJMSHHS OCHOBHBIX IApaMETPOB KOJBIEBON OaHIax-
HOW CBSI3U PabOYHMX JIOMATOK C IUIOCKUMH OOKOBBIMH
TOpLIAMH Ha BHOPAIMOHHYIO HANPSDKEHHOCTH JIOMATOK

pabouero koneca TYpOHHBIL.

I[Mpeamer ucciienoBaHuA

OOBeKTOM HCCIe0BaHuA SBIIeTCA paboyee KoIeco
TCJH ¢ pabounmu onaTkaMH, OTJIMYAIOIIMMHUCS OT Ce-

PHIHHBIX KOHCTPYKIMEH OaHIaXHBIX TONIOK (puc. 1).

P

Puc. 1. Bug pabouero xoneca TCJ] ¢ konblieBo#t
OaHIaXHOM CBSI3BIO JIOMATOK B pa3pese

BzanmopeiicTBue omaTok Mexay co0oil ocyniecTs-
JISIETCSL IO KOHTAKTHBIM MOBEpXHOCTAM K OaHmaXHBIX
MOJIOK, 00pa3ylomuX KOJNBIEBYIO OaHAaXHYIO CBS3b
(puc. 2).

CepuiiHble JIOMaTKH UMeNu Z-00pa3Hble OaHIaXKHbIe
moJiky (puc. 3).

W3zBectHO, uTO 1151 JIOMIAaTOK ¢ Z-00pa3HbIMU OaH-
JTKHBIMH TIOJIKAMH CYIIECTBYET 3aBUCUMOCTh BHOpPO-

HHOHHOﬁ HaIMps)KCHHOCTH JIOMATOK OT BECJIMYMHBI CUJIbL
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KOHTaKTHOTO AaBiieHHd. IIpu 3TOM ycTaHOBJIEHO, YTO C
YBEIMUEHHEM CHIIBI YMEHBINAETCSI U3HOC ITOBEPXHOCTEH
KOHTaKTa [2]. BnusHue paccMaTpruBaeMoil CUIIBI Ha 3TH
HapaMeTpsl AJIs JIONATOK C 0€33UrOBBIMH MOJIKAaMU MaJlo
n3ydyeHo. MOXHO NpenrnoaokuTh, 4TO JUIS JIONATOK C
0€33UroBbIMH OaHIAXHBIMU TIOJIKAMH CYIIECTBYT aHa-

JIOTUYHBIC 3aBUCUMOCTH.

Puc. 2. Cxema B3auMoIeNcTBHS OE33UTOBBIX
OaHIaXHBIX MOJIOK SKCIICPUMECHTAIBHBIX JIOTATOK
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Puc. 3. Cxema B3anmMoneiicTBust Z-00pa3HbIX
0aH/Ia)KHBIX [TOJIOK CEPUIHBIX JIOATOK

H3BectHa cnenyromas Gopmyna onpeneneHus Cu-
Tl KOHTaKTHOTO JaBJICHHUS ISl JIOMATOK ¢ 6e33uro-
BbIMH OaHIKHBIMH MOJKAMH Ha YCTaHOBHBIIEMCS
pexume [2]:

M Go

N tcos P - tcosp’
rae M — KpyTAIIU MOMEHT Tiepa JIOTATKH IeHCTBYIO-
WA HAa TIONKY, ! — PAacCTOSHHE MEXIY OaHIaKHBIMH

MoNKaMu; B — Yroa MeXIy IUIOCKOCTh BpalleHHs |

MMOBEPXHOCTHIO KOHTaKTHOMU TOJIKH; (p — YIr'oJl 3aKpyTKHU

nepa; G — KECTKOCTh JIONIATKU Ha KPyJICHHUE Mepa.

Kak BuaHO, ciiia P MOXET BO3pacTaTh IPH YBEIIH-
YEeHUH yIia [3 WM KPYTALIEro MOMEHTa. 3aMEeTUM, YTO
YBEIMYEHHE BO3MOXHO JIO OIPE/ICIEHHBIX TPE/ICIIOB BO
n30exaHue 3aKIMHUBAHMS M TIOJIOMOK TIOJIOK Ha HecTa-
IUOHAPHBIX pexuMax. YTo Kacaercs KpyTSIIEro Mo-
MEHTA IIepa JIOTMATKH, TO OH IOBBIIIACTCS MTyTEM YBEIU-

YCHUA yIjia 3aKpYTKU ¢ MK NOBBIIICHUEM KECTKOCTH

G 70maTKy Ha Kpy4deHHue.

Jlsi oueHKHM BUOPOHANPSHKEHHOCTU JIONATOK C M3-
MEHEHHOW KOHCTPYKIIMEl OaHIaXHO! CBSI3U OBLIO MPO-
BEJEHO HUX TEH30METPUPOBAaHHE Ha JBYXKACKaJHOM
razoreHeparope. TeH3oMeTpupoBaHHE OBLJIO BBITIONHE-
HO 7 OBYX BapHAHTOB MOHTA)KHOI'O YIJjla 3aKpyTKH
OaHgaxHOU MONKU ¢, . IlepBhIif BapuaHT mpexycMmar-
pHBaJ BBIIIONHEHHUE yIiia, OJM3KOMY 110 CBOEMY 3Haue-
HUIO K YIJIy Ha CEpUHHOH JIONaTKe, 4To 00eCreunBalIo
COXpaHEeHHE CTaTMYECKUX HaIpshKeHUH B mepe. Bropoi
BapHaHT NpeIyCMAaTpPUBaJl yMEHBIIECHUE YIIa @, OT-
HOCHUTEIILHO TEPBOr0 BapuaHTa Ha 25’ (3KBUBAJICHTHO
YMEHBIICHUIO HATAra IO IIOBEPXHOCTSAM KOHTAaKTa
Ay ). OTO OTIMYME YIydINAIo HANPsDKEHHOE COCTOS-
HUe€ Iepa JOMaTKU.

PacueTHble 3HaUY€HHsT OCHOBHBIX MapaMeTpoB OaH-
JQKHBIX CBs3eH MpuBeneHb B TaOm. 1. 3HAYCHUSA CHII
KOHTaKTHOTO JaBieHus F u P, ykas3aHbl IJIs B3JeET-
HBIX PEXUMOB JBHUTaTelsl C TEeMIIEpaTypoil Ta3oB 3a
TYPOUHOI £,,.0 = 905 °C U t,,.o= 870 °C cOOTBETCTBEH-

HO, a YroJl HaKJIOHa KOHTAKTHOH MOBEpPXHOCTH P Io-

CJIC MOHTa’)Xa JIOIIaTOK B KOJIECE.

Tab6nuna 1

OCHOBHEBIE napaMeTphbl GaHI[a)KHI)IX CBs3el

Bapuaur | ¢, B 0 Ay, | B, | B,
JIOIIaTKU MM 0 M MM H |H
1 26,9 | 52° | 1°45' | 0,53 | 1102] 1073
2 26,9 | 52° | 1°20' | 0.38 | 883 | 862
Cepuiinas | »¢ o | 130 | 1os0r | 0,84 | 665 | 665
JIOIIaTKa




50 ﬂsuzameﬂu U IHEP2OYCMAHOBKU AIPOKOCMUUECKUX JiemamelbHblX annapamos

JIJ1s1 OLICHKH TOJyYEHHBIX JaHHBIX MPH TEH30MET-
PUPOBaHUU HUCIOIB30BAINCH PE3YNbTATHl paHee BbI-
MOJTHEHHBIX ucchenoBanuit gomatok TCJl cepuitHoro
npo¢uiIsl, KOTOpble MPOBOJUIOCH HAa CTAallHOHAPHBIX
U TIepEeMEHHBIX pexuMax. [Ipu MIaBHOM MOBBIIIEHUH
peXuMa OT Majioro rasa 0 B3JIETHOT'O, MPOTpPEB IO
2...3 MHHYTHI BBIIONHMJICS Ha PEXHMax MOJETHOTO
Masoro ra3a u 0,7 HOMUHAJBHOTO, @ Ha B3JIETHOM pe-
xuMe B TedueHne | MuHyThL. [lapamerpsl razoreneparo-
pa Ha B3JIETHOM PEXHME JOCTHTaId 3HaYeHUit: 0o0opo-
TeI poTopa n = 5850 o0/MHH, Temmneparypa ra3oB 3a
TYpOUHOH f,,.0 = 870 °C.

Kaxxmoe vicnipITaHME HOBBIX JIONATOK MPOBOAMIOCH B
nBa stana. IlepBbIif 3Tan BKIIOYAa IMPOBEJEHUE TEH30-
METPHUPOBAHUS C YBEITHYCHHBIM BPEMEHEM IporpeBa Ha
MPOMEXYTOYHBIX pPEXKHUMax padoThl Tra3oreHeparopa
(TIpH TIaBHOM IOBBIIIEHUH PEXUMA OT 36MHOTO MaJIOr'0
rasa JI0 B3JIETHOTO), OoJjiee BBICOKMMU OOOpPOTaMHU H
TEeMIIepaTypoii Ta30B Ha B3JeTHOM pexume. [Iporpes Ha
pexumax [IMI': 0,4 nHomunansHoro, 0,7 HOMUHAJIBHO-
r0, HOMMHAJIBHOM M B3JIETHOM BBITIOJHSJICS 110 3 MUHY-
Tel.  OOOpOTBI  poTOpa  JOCTHrald  3HAYCHUH
n=06125 o6/MuH, a TemmepaTypa rasa 3a TYpOMHOM
tmeo=905 °C.

Bropoit aTan TeH30METPUPOBAHUSI MPOXOIMI MO
IporpamMMe paHee HCCIIEeIOBaHHBIX JIONATOK CEPUIHOTO
npouIIs, COOTBETCTBYIOMIEH OOJBIINM MTPUOIIKEHUEM
K peaJbHOMY LMKy paboTsl apurareins. [IpenenbHbie
3HAYEHHsI ITapaMeTPOB TEMIIEPaTyphl T'a30B U YaCTOTHI
BpallleHHs Ha B3JIETHOM pexuMme nocturaiu: n = 5850
00/M, t,00= 870 °C.

MecTa pacrmonoXeHusi JaTYuKOB ObUIM BBIOpaHBI C
Y4eTOM OIIbITa JOBOJAKU cepuifHOi momaTku. Cxema
MOCTaHOBKH TEH30METPOB TIOKa3aHa Ha puc. 4.

TensomerpupoBanue jJonatok ¢ @M = 1°45’ Ha nep-
BOM JTalle IT0Ka3ajlo, YTO B pe3yNbTaTe PE30HAHCHBIX
koneOaHuii ¢ kpatHocThlo K = 26 Ha yacrorax Bparie-
Hust n = 3650...3750 06/MuH B pabouux JIomaTkax BO3-

HHUKAKOT ITOBBINICHHBIC BI/I6paHI/IOHHI)Ie HaIlpsXKCHUA,

nocruraromue ov max = 62...67 Mlla.
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Puc. 4. Cxema pacronoxeHusi TEH30JaTYMKOB
Ha paboYMX JIOTIATKaX

IIpu TtensomerpupoBanuu kosneca TCJ] cormacHo
BTOPOMY 3Tally HaOJIONAeTCs CHW)KEHHE MaKCHMallb-
HBIX TIEPEMEHHBIX HANpsHDKEHHH B JIONIATKAaX MPU Pe3o-
HaHCe ¢ KpaTHOCThIO K =26 10 CpaBHEHHIO C HaTpshKe-
HUSMH, HM3MEPEHHBIMH IIPH TEH30METPHUPOBAHHU Ha
nepBoM dTare. OJHAKO, OHM BBINIE, Y€M B JIONATKAX
CepHIHOTO MPOUIIS.

HccnenoBanre BUOpalMOHHOM HaNpsHKEHHOCTH JIO-
naTok ¢ ¢y = 1°20" mokasano CHIWKEHHE PE30HAHCHBIX
HanpspkeHui. X MakcumalnbHasi BelMYMHA CTajia He
MIPEBBINIATh HATPSDKEHUH CEPUUHBIX JIOMATOK W TpaK-
TUYECKH HE M3MEHSETCSl NMPU HM3MEHEHHH TEIUIOBOTO
cocTosiHMsL pabodvero Koneca

MOXHO MPEAIOI0KHUTh, YTO NPUYUHOMN TTOBBIICHHUS
HAIPSDKEHUH B JIONATKAX SIBJISIETCS YBEIMUYCHHBIN HATST
MeXIy OaHaXXHBIMU MOJKAMH, U OCOOEHHO Ha IEPBOM
9Tarle, i€ OH BO3PACTa 3a CUET U3MEHEHHS TEIIOBOTO
COCTOSIHHSI KoJIeca.

OCHOBHBIE pe3yNbTaThl TEH30METPUPOBAaHUS Pado-
YHX JIONATOK NPUBEEHBI B Ta0IMI. 2.

Crnenyer OTMETUTH, YTO COBMECTHO C TEH30METpH-
POBaHMEM JIONATOK BBHINOJIHSIIOCH TEH30METPUPOBAHUHE
nucka. CylecTBEHHOT0 U3MEHEHHUS! €0 HaNpsHKEHHOTO
COCTOSIHMS TIO CPDAaBHEHHUIO C CEpUIHBIM JBHTaTeNIeM He
BBISIBJICHO.

AHanu3 MoMy4eHHBIX KCIIEPUMEHTAIBHBIX AaHHBIX
Ui pabodero koneca TypOWHBI C JIOATKaMHu, UMEO-
IIMMU OE33UTOBBIE TTOJIKH, TOKA3bIBALT:

1. B pabouux ynonaTkax ¢ nmapamerpamu OaHIa)KHOU

CBA3HU, OGCCHC‘II/IBaIOIJ_II/IMI/I TMOBBIIIECHHYIO HOPpMAaJIbHYIO
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Tabmura 2
Pe3ynbTaThl McclieI0BaHUS BUOPAIIMOHHOTO COCTOSHUS padbouunx jgonatok TCJ]
Oran Pe3onanc- Gv max, MIIa
Oco0eH- Tun po-
HBIE 000pO-
HOCTH 0aH- | TpamMMBbI - Pexum
KOHCTpYK- | Jax- 1pu ’ paboTsl Jatunk | Hatuuk | Hatuuk | Hatauk | JaTuuk
N Tpes, 00/
805051 HOM TEH30- C Omax A b B T Pl
MUH
CBS3M | MeETpH-
pOBaHUU
Q= 1°45" | puc. 2 1 3710...3796 | cbpoc rasza 38 40 — 59 54
2 3650...3750 | cbpoc rasza 41 40 62 54 62
Q= 1°20" | puc. 2 1 3553...4005 | cbpoc rasza 27 — 32 30 40
2 3516...4160 | copoc rasza 31 34 36 31 38
CepuitHas | puc. 3 — 4500...5000 | mpuemu- 33 43 29 17 38
JIOTIaTKa CTOCTb
Q=220

CUITy, JCUCTBYIOIIYI0O Ha KOHTAKTHBIE IOBEPXHOCTH
(pa=1°45") BBIIBIEH HENOMYCTUMBIH POCT TEpEeMeH-
HBIX HAIPsDKCHUH.

1. YMeHblIeHHE BETUYMHBI HOPMAJIbHOM CHIIBI 3a
CYeT CHIDKEHUS MOHTa)KHOT'O HATATa MPHUBENO K yIyd-
[IEHUIO HAMIPSDKEHHOTO COCTOSTHUS JIONATOK. BenmnarHbl
MaKCUMAJIBHBIX TEPEMCHHBIX HAIPSIKCHUH TOCTHIIIH
MIPUEMJIEMbIX 3HAYEHHH.

2. B BapuaHTe WCIBITAHHS C TOBBINICHHBIM MOH-
TaXHBIM HATATOM MEXKIy OaHTaXHBIMU ITOJIKAMHU
(o= 1°45") HabmromaeTcs HE3HAUYMTENBHBIA POCT Iie-
PEMCHHBIX HAIIPSDKEHUH MTPH MOBBIIICHUH TEMIICPATyPhI

Ta30B Ha B3JICTHOM PCKHUME.

3akjaoueHue

B pesynbrare NMpOBENCHHBIX HCCICIOBAaHUN pado-
Yero Kojeca ¢ KOJNbIICBOW OaHIa)KHOM CBS3bIO 00pa3o-
BaHHOM O€33UTOBBIMH IMOJIKAMHU YCTAHOBJICH XapakKTep
BIUSHUS Ha PE30HAHCHBIC KOJNIeOaHMs JIOMATOK BEJIH-
YUHB HOPMAJIBHOM CHJIBI JIEHCTBYIOIIEH Ha KOHTAKT-
HbIE€ MOBEPXHOCTH. DTO TMO3BOJMIJIO ONTUMH3UPOBATH

KOHCTPYKIHUIO OaHIa)KHOU MOJIKU MOJAM(UIIUPOBAHHOM

padoueit monatku TCJ] mist obecnieueHus nprueMiIeMo-
rO YPOBHS TEPEMEHHBIX HANPSUKCHHH U YMEHBIICHHSI
BBIPA0OTKH KOHTAKTHBIX MMOBEPXHOCTEH B TeUeHHe 3a-

JTAHHOTO pecypca.
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