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Pa3paboTka KOHCTPYKLUM Tpubonormyecku 6esonacHoro peaLb60Boro coeanHeHus

M.B. MNyukos, A.B. Tonopos, B.B. Kucenes
®IrBOYBIO «/BaHOBCKMIN MHCTUTYT rOCYAAPCTBEHHOM NpoTMBonoxapHon cnyx6sl MYC Poccun»
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ABTOpCKOE pe3tome

CocTosiHMe Bomnpoca: B cBsiav C pasBUTUEM TEXHWKM U YCTPOWCTB, paboTaloLlimx B YCMOBUSAX BaKyyma, BECbMa aKTy-
anbHoK ctana npobnemMa Tpubonornyeckon 6e3onacHOCTM pe3bGoBbIX coeanHeHUn. Pelunts npoGnemy Tpubonormye-
cKoii 6esonacHoCTY pe3bBGoBbLIX COeaNHEHMI MOXHO NYTEM CO34aHMS HOBbIX KOHCTPYKTUBHbLIX PELIEHWIA.

Martepuanbl U MeToAbl: PacyeTbl MarHUMTHbIX XapakTepuUCTUK pa3paGoTaHHOW KOHCTPYKLMM BbINOMHEHbI HA OCHOBE Me-
TOA@ KOHEYHbIX 3NEMEHTOB.

PesynbTaTtbl: PaccMoTpeHa npo6nema TpuGonoruyeckoit 6e3onacHoCTv pesbBoBbIX coeanHeHuid. MpeanoxeH cnocob
pelleHnss 0603Ha4YeHHoW NpobremMbl NyTeM pa3paboTKM HOBLIX KOHCTPYKLUIN pe3bGOBbIX COEAUHEHWI C MPUMEHEHUEM
MarHuToynpaensemMbix xugkocteir. OnpegeneHa Hanbornee pauuoHaribHas KOHCTPYKLUS MarHUTHOM CUCTEMbI AN pas-
paboTaHHOro pe3bLGOBOro COEAMHEHNS 3aKPbITOro TUNa.

BbiBoAbl: Pa3paboTaHHas KOHCTPYKLMSI pe3bGOBOro COEANHEHNS, COAepKaLlas MarHUTHYIO CUCTEMY Ha OCHOBe CrJiaBa
NdFeB npegHasHayeHa Anst UCNOMNb30BaHMS B YCTPOMCTBAX, paboTaloLMX B TSXKESbIX YCIOBUSIX.

Knio4yeBble cnoBa: ynnoTHeHne, MarHMTHasa XnakocCTb, TpeHue.
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Abstract

Background: The problem of tribological security of threaded connectors has become very actual in connection with the
development of technical means and devices working in vacuum. The problem of tribological security of threaded con-
nectors can be solved by means of new design approaches.

Materials and methods: Calculations of the magnetic characteristics of the developed structures are made on the basis
of the finite element method.

Results: The problem of tribological security threads has been considered. A method for solving the problems implies
the development of new designs of screw joints using magnetically controlled liquids. Tthe most rational design of a
magnetic system for the closed threaded connection was determined.

Conclusions: A design of threaded connections comprising a magnetic system based on alloy NdFeB to be used in

devices operating in harsh conditions was developed.

Key words: seal, magnetic fluid, friction.

Mpobnema Tpubonornyeckon GesonacHOCTU
pe3bb0BbIX COEANHEHWI B HACTOsILLLEE BPEMSsI BECb-
Ma akTyanbHa, OCODEHHO C pas3BUTUEM TEXHUKA U
yCTpONCTB, paboTarowmx B ycnoBusix Bakyyma. K
pe3b00BbIM COeAMHEHUAM, paboTallWmM B YCIOBU-
SIX BaKyyma, a 0COGEHHO B KOCMUYECKNX annaparax,
OOMMKHbI NPeabaBASATLCS BbICOKME 3KCMyaTaumoH-
Hble TpeboBaHus. TpeHne B Bakyyme OoTrnmMyaeTcs oT
TpeHusi Npy aTMochepHOM AaBreHNN.

@PYHKLUMOHUPOBaHME Y3I0B TPEHUS B BaKyyme
nmeeT CBOIO cneumndurky — 9TO OTCYTCTBUE OKUCIU-
TENbHOW Cpefbl, Hanuyine Bakyyma, cybnumaums
3MIEMEHTOB MaTepuarioB, MOBbILEHHAsA ucnapsie-
MOCTb CMa304YHbIX MaTepuarioB, TeMnoHanpsXeH-
HOCTb, BbLICOKMI TFpafgMeHT TemnepaTyp, KOocMu4e-
ckasd pagvauusl, HeBeCOMOCTb, BIIUSHME MUKPOME-
TEOpUTOB, AENCTBME BUOPALMOHHBIX U YAAPHbIX Ha-
rpy3oK Ha 3tanax crtapTa W nocagku, CIOXHOCTb
NPUMEHEHUS XUOKUX Macern.

YMeHbLUEHVE [OaBMNEHUS OKpYXXatoLlen cpefpl
M3MEHSIET (DPUKLMOHHBLIE XapaKTEPUCTMKN MaTepua-
1noB Mapbl TpeHusi. B cBsA3W ¢ 3TUM Mnpouecc TpeHus
MEeTannoB B BaKyyMe YCIOXHAETCS, KO3muneHT
TPEHWS1 HECKOMNbKO pa3 Gornblue, YeM Npu TPeHUM Ha
BO34yXe, W [OCTUraeT HECKOSNbKMX eauHul. Crox-
HOCTb COCTOMT B pereHepauum 3aliMTHbIX MIeHOK Ha
NMOBEPXHOCTM KOHTaKTa TPEeHusl, TaK Kak B YCHOBUSIX
BaKyyMa >XWOKME CMasky uchapsiloTcsl, a TBepaple
CMa3ouHble MOKPbITUA  cybnMMupyroTcs.  Yaepatb
CMa304HbIN MaTepuarn B 30He KOHTaKTa TpeHus geta-
nen B yCrNoBUsiX BakyyMa KpanHe CroXHO.

Pewnte npobnemy Ttpubonornyeckon 6e3o-
nacHoCTM pPe3bbOBbIX COEAUHEHUA MOXHO MyTEM
HOBbIX KOHCTPYKTUBHbLIX PELIEHVUA U MPUMEHEHUS
MarHMToynpaBnsieMblX HaHOXWAKOCTEN. MarHWTHble
CMa304Hble XUAKOCTU MOFyT UCMONb30BaTbCH B Ka-
YecTBE CMa304YHOro Martepuana B pe3b0OBbIX CO-
€[MHEHMSAX U NPUHYOUTENBbHO YAEPXKUBalOTCH B 30-
He KOHTaKTa TPEeHMSI MOCTOSIHHbIM MarHUTHbIM MO-
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nem. Pe3bboBas noBepxHOCTb 6onTa ¢ HAHECEHHON
Ha ero MoBEepXHOCTb MarHUTHoOW xupkocTbio (MXK)
npeacTtaeneH Ha puc. 1.

Kak BapmaHT pelueHus npobnembl 6e30TKas-
HOW paboThbl Nap TPEHMS BUHT-Tavka B BaKyyme Mo-
XeT nocnyxuTb Tpubonoruyeckn 6esonacHoe pesb-

©oBoe coeguHeHne «3aKpbITOro» TMUNa.

Puc. 1. NoBepxHOCTb 6onTa C MarHUTHOW XXMOKOCTbIO

KoHcTpyKkumnsi oaHHoro pesb00BOro coefuHe-
HWSA NpeACcTaBreHa Ha puc. 2.

[aHHoe pe3bboBOe coedvHeHWe npeaHasHa-
YeHo NS paboTbl B YCNOBUAX OrPaHUYEHHOW CMa3Ky,
B YCNOBUSAX Bakyyma 1 ApYyrnx TSXernbix ycrnosusx. B
ycroBusix Bakyyma ob6bldHble pe3bboBble coeauHe-
HUA TepAarT CBOK MNOABUMXXHOCTb WM3-3a UCNapeHusa
CMa3knM N cybnumaummn TBepAbIX CMa3oyHbIX MOKPbI-
TUIA, B pe3yrnbTaTe Yero NPOUCXOAUT XOSIO4HOE CBa-
pvBaHWE NOBEPXHOCTEN pe3bbbl BUHTA U rankm ¢ 0b-
pa3oBaHMEM MOCTMKOB XOSI04HOIO CBapMBaHMsI.

Puc. 2. KoHcTpykumsa Tpubonornyeckn 6esonacHoro pe3nboBoro
coeguHeHnst «3akpbiToro» Tuna: 1 — Teno BuHTa M20x2; 2 —
KONbLIO NMPOCTaBHOE M3 MarHUTHOrO Matepuana; 3 — NOCTOSIHHbIN
MarHuT; 4 — MarHUTHas XWAKOCTb Ha OCHOBE MONMATUIICUIIOKCaHa
(M3C-5); 5 — npocTaBka-LUMNNHAP U3 MarHUTHOro martepuana; 6 —
3arnyLuka

CywHocTb npepnaraemoro pe3bbOBOro co-
eaVHEHNs1 COCTOMT B TOM, 4TO Tpubonormndeckas
0©e3onacHOCTb U HagexHoCcTb paboTbl pe3bboBoro
coevHeHus1 obecneynBatoTcs 3a CHET NPUMEHEHNS
B HEM MarHUTHOM XNOKOCTU Ha NONnN3TUNCUIOKCa-
HoBon ocHoBe ([13C-5), yoepxuBaemon B 3a3ope
pe3b6OBOFO coeaAMHEHUA MarHMTHbIM Monem, KOTOo-
poe UHULMMPYETCHA MOCTOAHHLIMU MarHuTamu, ycrta-
HOBITEHHLIMUW B TeNne BUHTA. B oTnuume oT 06bIYHbIX
CMa3ouyHbIX MaTepuarnoB, cMasodHble M)XK obnapa-
0T MarHUTHOW BOCMPUUMYMBOCTLIO U NoABepratoTcs
OENCTBUIO HANOXEHHOro Ha HUX MarHUTHOro nons —
YAEPXKMBAKOTCA B HEM UMW NEpPEMELLATC B 30HY

GonbLuUe ero HanpspkeHHoCcTU. B cBA3n ¢ aTum agen-
CTBME CMa304HbIXx MXX 3aBMCUT He TOMbKO OT MX
COBCTBEHHbIX CMa304HbIX CBOWCTB, HO 1 OT YCIOBWH,
onpenensemMbiX HanoXeHHbIM MarHUTHbIM MOJIEM.
Mog ero gencrenem M>X MHTEHCMBHO MPOHMKAKOT Ha
NMOBEPXHOCTM KOHTaKkTa B 30HE TPeHusi U obpasytoT
Tam CMa304Hbl€ CIOoU U NITEHKN.

[na nccnepgosaHusa paboTocnocobHoOCTU pas-
paboTaHHOro pe3bboBOro coeguHeHns Obln BbINOM-
HEeH pacyeT ero MarHUTHbIX CBOMCTB. [ns BbINOMHe-
HUSI pacyeToB MCMOMb30BanNcA MeTOA KOHEYHbIX
anemeHToB. [lonyyeHHble pe3ynbTaTbl pacyeToB
npeacTasBneHbl Ha puc. 3-5.
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Puc. 3. KaptuHa pacnpegeneHvs nuHUA MarHUTHOW WHOYKUUW
BAOMb pe3b00BOI NMOBEPXHOCTM BUHTA: 1 — geTanb; 2 — BUHT; 3 —
MarHuTbl MOCTOSIHHbIE; 4 — MPOCTaBKa-KoOMbLO; 5 — BO3AdyLUHAs
nonocTb; 6 — NpocTaBka-MarHUTONPOBOA; 7 — JIMHUM MarHUTHOMN
VHAYKLUN
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Puc. 4. Mpaduk pacnpeneneHns HanpsXKEHHOCTU MarHMTHOro no-
ns BAonb paboyert NOBEPXHOCTU BMHTA
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Puc. 5. PacnpeaeneHne mMarHUTHOW MHOYKUMM MO TOPLIEBOW MNO-
BEPXHOCTW BUHTa

AHanwsmpyﬂ nony4yeHHble pe3dynbTaTbl, Npea-
CTaBJ1eHHblEe Ha puC. 3-5, MOXHO caenaTtb BbIBOA O
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TOM, YTO paspaboTaHHas KOHCTPYKUMs pe3bboBOro
coeavHeHus aBnsieTcs paboTocnocobHOM.

OpHvM 13 onpefensowmx dakTopoB Hagex-
Howm paboTbl Tpnbonornyeckn 6esonacHoro pesbbo-
BOrO COEAMHEHUs siBMnsieTcs BbIOOp martepuana no-
CTOSIHHOrO MarHuta. B xoge npogenaHHown paboThbl
ObINMN N3y4YeHbl MarHUTHblE XapakTepUCTUKUN pe3b-
foBOro coeguHeHUs C pPasnUYHbIMA  MarHUTHLIMU
MaTepuanamm (puc. 6).
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Puc. 6. 3aBMCUMOCTb HanpsiKeHHOCTU MOCTOSIHHOIO MarHUTHOTO
nons Ha paboyeit NOBEPXHOCTU BMHTA OT MaTepuana nocTosHHO-
ro MarHuTa, yCTaHOBIEHHOro B ero Tene: 1 — HeoauM-Xeneso-
60p N34A — 2706 kA/M; 2 — camapuii-kobanbT S24H — 1440 kA/wm;
3 — Heogum-xenes3o-6op N34A — 2520 kA/M; 4 — anbHuko A5.05B —
147 kAlm; 5 — dpeppuT F3.2¢ — 380 KA/m

AHanu3 nomyyYeHHOW 3aBUCUMOCTU HaMpPsHKeH-
HOCTM MOCTOSIHHOIO MarHUTHOroO Monsa Ha paboyen no-
BEPXHOCTM BMHTa OT Martepuarna nOCTOSIHHOrO MarHu-
Ta (puc. 6) nokasbIiBaeT, YTO KOHCTPYKUMS pe3bboBOro
coeaiMHeHus OyneT Haubonee paumoHanbHOW MpU Uc-
Nonb30BaHWM MOCTOSIHHOTO MarHWTa Ha OCHOBE He-
ooum-xene3o-6op.

CreYeHHbI MOCTOSAHHBI MarHUT Ha OCHOBE
cnnasoB Tvna NdFeB obnagaet cnegyrowimmm npe-
UmyLLecTBamMu nepes OpyrMMyW MarHutamum ¢ TOYKW
3pEeHNss MUHMATIOPU3aLMN MarHWUTHbIX U 3NEKTPO-
TEXHUYECKUX YCTPOWCTB:

e uvMeeT Oornee BbICOKME MarHMTHblE Mapa-
METPbI NO CPaBHEHWIO C NUTbIM N heppUTOBLIM Mar-
HuTom — NdFeB B 8-10 pa3 moLlHee ceppuTa;

e VMeeT BO3MOXHOCTb CO34aHWS CUITbHbIX
MarHWTHbIX Nonewn Npu manbeix rabapurax;

e obnagaer ogHUM M3 HaUMyyLMNX OTHOLLE-
HUA 3HEPreTUYECKOro NPOM3BEAEHNS K LEHE;

e pekomMeHayeTcs AN NPUMEHEHUS B LUK-
POKOM CMEKTPE 3NEKTPOTEXHUYECKUX YCTPOWCTB,
BKITHOYas aneKkTpoasuraTeny 60mbLIOon MOLHOCTY.

OgHako NpYMMEHeHWe MarHuTa Ha OCHOBe
cnnaea NdFeB B ycTtponcrteax, paboraroLwmx B yc-
MNOBUSIX BBICOKMX TemnepaTtyp, CTaHOBUTCH Head-
PEKTUBHBIM.

Ha ocHoBe BbILEN3MOXEHHOIO MOXeM cae-
natb BbIBOA O TOM, YTO pa3paboTaHHas KOHCTPYKUMS
pe3bboBOro coeamHeHns bygeT paboTocnocobHON.

YCTaHOBMEHO, 4YTO B KayecTBe WCTOYHMKA
MarHWTHOro nonsi Ans paspaboTaHHOW KOHCTPYKUMK
cnegyeT MCNOMb30BaTh MOCTOSIHHBbIE MarHUTbl Ha
ocHoBe cnnasa NdFeB. lMpumeHeHne marHuTHOM
XnOKocTn obecneunTt pasgerneHne BUTKOB pe3bbbl B
COefiIMHEHMI, TEM CaMbIM NPOANUT CPOK Cryxbbl Co-
€[VHEHUS, NOBBLICUT €ro HadeXHoOCTb N paboTocno-
COBHOCTb.

Cnucok nuTtepartypbl

1. Kucenes B.B. K npo6neme yny4iieHuss TpuboTexHu-
YeCKUX CBOWCTB CMa3ouHbIx MaTepuanos // N3B. By3oB. Xumusa n
XuMuyeckas TexHonorus. — 2006. — T.49. — Ne 12. — C. 113-114.

2. Kucenes B.B., TonopoB A.B., lNyukos [1.B. NoBbI-
LUEHVEe HaAEXHOCTU NOXapHOW TEXHWKN NPUMEHEHWEM MOAEPHW-
3MpOBaHHbIX CMa3o4HbIX MaTepuanos // MNoxapos3peiBobe3onac-
HocTb. —2010. - T. 19. — Ne 2. — C. 50-53.

3. Kucenes B.B., TonopoB A.B., lNyukos I.B. lNepcnek-
TUBbI NMPUMEHEHNSA MarHUTOXMAKOCTHBIX YCTPOWCTB B MOXapHOW 1
aBapuiiHO-cnacaTenbHo TexHuke // HayyHble n obpasoBaTtenbHble
npobnemsbl rpaxgaHckon 3awutbl. — 2010. — Ne 2. — C. 63-64.

4. Kucenes B.B., Tonopos A.B., MNMyukos [.B. lMoBbiwwe-
HWe HafeXHOCTW NOXapHOW TEXHUKW NPYMEHEHVEM MOLEPHU3NPO-
BaHHbIX CMa304HbIX MaTepuarnos // HayuHble 1 obpa3oBaTenbHble
npo6nemsl rpaxgaHckon 3awmTbl. — 2010. — Ne 3. — C. 24-28.

5. Nyukos M.B., Kucenes B.B., Tonopos A.B. Paspylue-
HME CTPOUTENbHBIX METaNMOKOHCTPYKLUMIA B yCnoBusix noxapa // Ha-
y4Hble 1 obpasoBaTtenbHble Npobnembl rpakgaHCKON 3alunTbl. —
2010. — Ne3. — C. 29-32.

6. Kucenes B.B., NoneTtaes B.A. ViccnegosaHue Tpu6o-
TEXHUYECKUX XapaKTePUCTUK MeTannocoAepXalimx npucapok K
macnam, ucnonb3yeMbiM B 3neKTpuYeckmx malumHax // BecTHuk
Nray. -2011. - Bein. 2. — C. 65-67.

7. Kucenes B.B., TonopoB A.B., Nyukos M.B. MNepcnek-
TUBbl MCMOMb30BaHNA MOAEPHU3NPOBAHHBIX CMAa30YHbIX Mare-
pvanoB B NOXapHON U aBapuHo-cnacatensHon TexHuke // Hayu-
Hble 1 obpa3oBaTernbHble Npobrnembl rpaAaHCKOM 3awuTbl. —
2011. — Ne3. — C. 23-29.

References

1. Kiselev, V.V. K probleme uluchsheniya tribotekhni-
cheskikh svoystv smazochnykh materialov [The problem of improv-
ing the tribological properties of lubricants], in Izvestiya vysshikh
uchebnykh zavedeniy. Khimiya i khimicheskaya tekhnologiya [Pro-
ceedings of higher educational institutions. Chemistry and chemical
technology], 2006, vol. 49, 12, pp. 113—-114.

2. Kiselev, V.V., Toporov, A.V., Puchkov, P.V. Povy-
shenie nadezhnosti pozharnoy tekhniki primeneniem moderni-
zirovannykh smazochnykh materialov [Improving the reliability of
beams using the upgraded fire technology lubricants], in Poz-
harovzryvobezopas-nost' [Fire and explosion safety], 2010,
vol. 19, 2, pp. 50-53.

3. Kiselev, V.V., Toporov, A.V., Puchkov, P.V. Perspek-
tivy primeneniya magnitozhidkostnykh ustroystv v pozharnoy i
avariyno-spasatel'noy tekhnike [The prospects of magneto de-
vices in the fire and rescue techniques], in Nauchnye i obra-
zovatel-nye problemy grazhdanskoy zashchity [Scientific and
educational issues of civil protection], 2010, 2, pp. 63—64.

4. Kiselev, V.V., Toporov, A.V., Puchkov, P.V. Povy-
shenie nadezhnosti pozharnoy tekhniki primeneniem moderni-
zirovannykh smazochnykh materialov [Improving the reliability of
fire equipment using the upgraded lubricants], in Nauchnye i
obrazova-tel'nye problemy grazhdanskoy zashchity [Scientific and
educational issues of civil protection], 2010, 3, pp. 24-28.

5. Puchkov, P.V., Kiselev, V.V., Toporov, A.V. Razru-
shenie stroitel'nykh metallokonstruktsiy v usloviyakh pozhara [The
destruction of the building metal in fire conditions], in Nauchnye i
obrazovatel'nye problemy grazhdanskoy zashchity [Scientific and
educational issues of civil protection], 2010, 3, pp. 29-32.

6. Kiselev, V.V., Poletaev, V.A. Issledovanie tribo-
tekhnicheskikh kharakteristik metallosoderzhashchikh prisadok k
maslam, ispol'’zuemym v elektricheskikh mashinakh [Study of tri-
bological characteristics of metal-containing additives to oils used

© MOYBIMO «MBaHOBCKMIA rocyAapCTBEHHBbI 9HepreTU4ecknii yHuBepcuTeT nmenn B.U. JNleHnHa»



© «BecTHuk UITAY» Bbin. 1 2012r.

in electrical machines], in Vestnik IGEU [Bulletin of ISPU], 2011,
Issue 2, pp. 65-67.

7. Kiselev, V.V., Toporov, A.V., Puchkov, P.V. Perspek-
tivy ispol'zovaniya modernizirovannykh smazochnykh mate-rialov
v pozharnoy i avariyno-spasatel'noy tekhnike [Prospects for the

ly4kos Nasen Bnadumuposud,

use of upgraded oil and lubricants in the fire and rescue tech-
niques], in Nauchnye i obrazovatel'nye problemy grazhdanskoy
zashchity [Scientific and educational issues of civil protection],
2011, 3, pp. 23-29.

VIBaHOBCKUI MHCTUTYT FOCYyAapCTBEHHON NPOTUBOMOXAPHOW CIYXObl,
KaHaMaaT TEXHUYECKUX HayK, CTapLuniA npenofaBaTenb kadeapbl MEXaHWUKU Y UHXEHEPHON rpadhumky,

TenedoH (4932) 563-709,
e-mail: palpuch@mail.ru

Toropos Anekceli Banepuesuuy,

MBaHoBCKMIA UHCTUTYT ["OCyaapCTBEHHOW NPOTUBOMNOXKAPHOW CrYX0bl,
KaHAMAaT TEXHUYECKUX HaykK, CTapLuui npenogasaTtenb kadeapbl MEXaHNKN 1 UHXEHEPHON rpadmkm,

TenedoH (4932) 563-709.

Kucenes Bsiuecnae Banepuesuuy,

VMBaHOBCKUIA UHCTUTYT FOCyaapCTBEHHOW NPOTUBOMNOXAPHOW CryXObl,
KaHaMOaT TeXHUYECKUX HayK, AOLEHT Kadeapbl MEXaHWKM U MHXEHEPHON rpadinku,

TenedoH (4932) 563-709,
e-mail: slavakis76@mail.ru

© MOYBIMO «MBaHOBCKMIA rocyAapCTBEHHBbI 9HepreTU4ecknii yHuBepcuTeT nmenn B.U. JNleHnHa»



