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Advantages and limitations of gas lubrication have been shown, specific examples of turbounits design equipped with

bearing of this type have been presented.

PazButune COBPEMEHHOI0 TypOO-
MalIMHOCTPOEHUS! CBSI3aHO C POCTOM CKOPOCTU Bpa-
LIEHHUsI POTOPOB, TaK KaK 3TO MPUBOAUT K MOBBILIEHUIO

NPOU3BOAUTENFHOCTH ~ MallWH,  YMEHBLICHHIO  HX
rabapuToB, Maccel. Ho mpm  3TOM  pactér
BHOPOAKTHBHOCTH MAIlliH. CHmxeHne

BUOPOAKTHBHOCTH, IOBBIIIEHHE HAAE&KHOCTH MAIIUH
3Q(PEKTUBHO AOCTUraeTCsi IPUMEHEHUEM IOJIINITHUKOB
¢ razoBoil cmaskoi. IIpu 3TOM ycTpansercsa macisiHas
CUCTEMA, CHI)KAETCS M0XKapoONacHOCTh U BO3MOXHOCTh
3arpsA3HeHus okpyxkawomei cpeabl. [lo  ouenkam
uccienosareneld, 10 1/3 MHPOBBIX 3SHEPreTHYECKUX
pPECYPCOB pacxoAyeTcs Ha IPEOJOJCHHE TPEHHUs B TOU
wi uHOM ¢opme. [logmumHUKM ¢ ra3oBoi cMa3KoM
MO3BOJIIIOT MHHHMHU3UPOBATh IOTEPH HA TPEHHE, TaK
KaK BS3KOCTh Ta30B NPHMEPHO B THICAYY pa3 MEHbIIC
BSI3KOCTH Macell.

TypOoMamuHbI ¢ MOAMIMITHUKAMH Ha Ta30BOH
CMas3Ke BBIITyCKAIOTCS CEPHUHHO B PAa3IMYHBIX OTPACIAX
TEXHUKH, B TEPBYI0 OYepellb, B aBHAKOCMUYECKOH,
craHkocTpouTenbHoi. Ilo pesynpraTam sKcILlyaranuu
TEXHUYECKUM peCypC MOMIMIIHUKOB C ra30BOM CMa3KOM
nocturaer 100 Thicsiy yacoB paboThl. OHAKO, HECMOTPSI
Ha OYEBHJHBIE JOCTOMHCTBA ONOP C ra30BOM CMa3KoOH,

pacnpocTpaHeHHe ux B SHEPreTU4ecKOM
MAIIMHOCTPOEHUU  OCYLIECTBISETCA  OTHOCHTENBHO
MEUIGHHO  HW3-3a  CIeNU(UKH  KOHCTPYKLUUH H
TEXHOJOTUUECKUX MPOLIECCOB W3TOTOBJICHHUS,
HEJOCTATOYHOTO  YPOBHS ~ 3HaHMM B oOmactu

MPOEKTHUPOBAHNUS, H3TOTOBICHUS M SKCIUTYaTalllH OIOp C
ra3oBoil cmaskoi. lcmonp3oBaHme TypOOMAamIMH C
INOAIIMIITHUKAMU Ha ra3zoBoil CMa3Ke B CIieliMaJIbHbIX
SHEPreTUYecKHX yCTaHOBKaxXx, B OOpPTOBOM  000-
PYJIOBaHMH  CaMOJIETOB, KOCMHYECKHX  almapaTos,
Kopabyiei ® Jp. OOYCIOBHIO KOH(HUICHIIHATHHEIN
XapaKTep HWCCIEeNOBAaHUH M OIBITHO-KOHCTPYKTOPCKUX
pabot. JIump HEMHOTHE M3 MOJYYEHHBIX PE3YJIbTaToB
OTHCaHBI B TEXHUYECKOH JIUTEpaType.

Ha ocHOoBammm oOmyONMKOBaHHBIX  paboT
WH)XEHEpY BechbMa CII0KHO CIIPOEKTHPOBATH
MOJIIMITHAKA C Ta30BOH CMa3KOoH C HEOOXOIUMBIMHU
XapakTepUCTUKaMU [IJIs pealibHOM MalluHbl. bosblinoe
KOJIMYECTBO pPabOT, BHIIONHEHHBIX Ha JOCTaTOYHO
BBICOKOM HAay4YHOM YPOBHE, IOCBALNICHO OTACJIbHBIM
BOTIPOCAM Ta30BOM CMa3Kd M HE OXBaThIBAIOT BCEX
aCIICKTOB, CBA3aHHBIX C CO3JaHUCM Typ6OMaIJ_II/lH C
MOJIIMITHUKAMH Ha Ta30BOM cMmas3ke. B pabotax,
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MOCBSIMIEHHBIX ~ Ta30BOM  CMa3ke,  HEIOCTaTOYHO
PEKOMEHANI 110 MPOSKTUPOBAHKIO TOIIIUITHUKOB JIST
TypOOMAIlIH, MAaTEMaTHYECKUE BBIKIAJAKH BO MHOTHX
CIIydasix He JOBEICHBI 10 KOHKPETHBIX PE3yNIbTaTOB U HE
MPOBEPEHBl  OJKCIIepUMEHTanbHO. K = ToMy — xe
HEIOCTaTOYHO  paboT, TMOCBSIIEHHBIX  YHCICHHBIM
MeToJaM pacy€Ta MOJAIIUITHUKOB C Ta30BOM CMa3KOM, KO-
TOpBIE B CBSI3M C TIOBCEMECTHBIM PAacCIpPOCTPaHEHHEM
KOMIIBIOTEPOB )44 YBECJINYCHUEM CKOpPOCTHU cuera
CTaHOBSITCSI HauOoJiee MEPCHEKTUBHBIMH W yIOOHBIMH
IS TTosib30oBarenel. B 1o sxe BpeMs mporpaMmel pacuéra
XapaKTEPUCTHK TMOMIIMITHUKOB C Ta30BOM CMa3KOH,
JIOBEJIEHHBIC JO KOHKPETHBIX YHCIOBEIX PE3yINILTATOB,
CTaHOBSTCS "TOBapoM" U BOCIIOJIB30BATHCS UMH CIIOXKHO.

Kpome MHOTHMX IOCTOWHCTB, IOALIMITHUKA C
ra30BOM CMa3KOM HMMEIOT M HEJIOCTaTKH, a HMEHHO
HU3KYI0 HECYIIyI0 CHOCOOHOCTh W  OTCYTCTBHE
TPaHUYHOW CMAa309HON IUIEHKH, YTO OOyClIaBIMBaET
BBICOKHME TpeboBaHMA K BBHIOOPY MAaTEepHaJOB Iap
TpeHus. OJHAKO, MHOTOJETHHH OTBIT HCCIICOBAHHMA
MOJIIMIHUKOB ¢ Tra3oBoi cmaskoil B KHUTY (KXTH)
MOKa3bIBAET, YTO HECYIAsi CIOCOOHOCTH TOIIUITHUKOB C
ra3oBou CMa3KoMu JIOCTaTOYHA TSt MHOTUX
BBICOKOOOOPOTHEIX TypOOMAmluH, B TOM YHCIE H
TypOOKOMIIPECCOPOB. VYcenenHoe [IPUMEHEHHE
ra30CcTaTOAMHAMUYCCKUX YIUTOTHCHUH c
MPOQUINPOBAHHBIMA ~ KOHTaKTHBIMH  TIOBEPXHOCTSIMH
Komery (CO CHUpaNbHBIMA KaHaBKaMH MW TIp.) B
HEHTPOOSKHBIX HATHETATeNsAX Ta30lepeKadynBarOIINX
arperatoB (I'TIA) u p. 1OKa3bIBaeT 3TO.

OmHako I IONy4YSHHS
XapaKTepUCTUK  BeCbMa  Ba)XHO
paccYuThIBaTL M KOHCTPYHPOBATh
ra3oBOW CMa3KoM.

B paborax [1, 2] caenana mombiTKa 0000IIUTE

HEOOXOIUMBIX
YyMETh  TOYHO
MOIIINUIIHUKA C

ONBIT  MPOEKTHUPOBAHUSI  Ta30BBIX  IMOALIMITHUKOB
BEAYIIUX 3apyOCkKHBIX (UPM U  OTCUYCCTBEHHBIX
opraHu3aluii, a TaKK€ M3BECTHBIX HCCleloBaTeNeh

(Kopoumnckoro M. B. ¢ coaBropamu, [lIumxuna W. I1.,
CamconoBa A. U., Jlyunna I'. A., ITocnienoBa I'. A. ¢
COaBTOpaMH, M MHOTHX JApyrux). Jleimo B TOM, dTO
W3BECTHBIE MOHOTpaguu B JaHHOW OO0JAacTH W3IaHbBI

CPaBHUTCIBHO [JABHO, CTaad Oubsnorpaduaeckoit
PEOKOCTBI0O M HU3BECTHBI JIMIIL  Y3KOMY  Kpyry
CIELUAJIICTOB.

Ha B03MOXHOCTH MNPpUMEHCHUA Ta30B W, B
YaCTHOCTH, BO3JyXa B KadCCTBC CMa304HOM Ccpeanl B



MOJIINITHUKAX BIEPBBIC, MO-BUAUMOMY, OBIIO yKa3aHO
OKOJIO CTa TMATHICCATH JeT ToMy Haszan A. XuUpHOM
(1854r.), HO TONIBKO uepe3 COpOK TpuU rojaa ObUIK
oIy OJINKOBaHBI IEPBbIE PE3YNBTAThl IKCIIEPUMEHTOB (A.
Kunrcoepu, 1897r.) ¢ nmoamMnHuKaMH, CMa3blBAEMbIMH
BO3/YXOM, a eIlle uepe3 mATbaecar Tpu roga B 1950r. C.
A. lleitnOGeprom ObUTM CKOHCTPYHPOBAHBI M HCIIBITAHBI
00pa3Ibl MATH HOALIMITHUKOB, CMa3bIBAEMBIX BO3IYXOM,
KOTOpBIE MOTJIH MMETh TEXHHUYECKOe NpUMeHeHue [2].
OmnoBpemenHo ¢ stum C. U. LleitHGepr mpemmoxmt

TaKKe COOTBETCTBYIOIILYIO TEOPHIO CMa3Ku
[WJIMHIPAYECKAX Ta30JMHAMHYCCKAX OIINITHHKOB,
TPOJIOJIKUB COOTBETCTBYIOIIIHE TEOPETHUCCKHUE
uccnenoBanus ['appucona (1913r.).

B NOCJIEAYIOLIE roabl MOAIIUITHUKH,

paboraroniyie Ha ra3oBOi CMas3Ke, HE BBIXOAWIA H3
CTaauu SMU30JAUYECKOTO DKCIEPUMEHTUPOBAHHUSA, a
TEOpHsl HEe yIUIa CKOJIBKO-HUOYIb 3aMeTHO oT padot C.
A. IlleiinOepra, Tak 4YTO MOJIIMIIHUKA Ha Ta30BOH
CMa3Ke pacCcMaTpHBalM CKOpell KaK TEXHHYECKUE
KyphE3bl, 4eM Kak MpoOieMy, KOTOpas MOXET IaTb
Kakne-1100 yAauHbIe TEXHUUECKHE PEIICHHS.

Omnako B mepuon ¢ 1955 mo 1959 ronwr
O0HApYXKWINCh TNPEUMYINECTBA Ta30BBIX OHNOP B
MallliHaX, IPUMEHAEMBIX B SJIEPHOM TEXHHKE U B
HEKOTOPBIX CTaHKaxX /Ul JOBOJOYHBIX OMepanuid, U B
1959 romy B Bammarrone Obul co3aH [lepBbrii
MEXAYHapOJHbIA CUMIIO3UYM I10 Ia30BOX cMaske. XoTs
OOJIBIIMHCTBO NOKJIAJOB HAa 3TOM CHUMIIO3MyME HOCHJIO
TEOPETHUYECKUH Xapakrep, HO pe3yIbTaThl
OKCIIEPUMEHTOB B 3TOM 00JacTH TNOKa3aJd, 4dTO
MOALUMIHUKN C Ta30BOM CMa3KOH MOTYT HaWTH IOYTH
CTOJb K€ MHMPOKOE NPUMEHEHUE B TEXHUKE, HAUYMHAS C

MUIIEBOM W TEeKCTWIBHOW, 10 TpuOOpHOH H
TypOOMaIIMHOCTPOUTETHHOI oTpaclieu, Kak u
NOAIUMIIHUKKA Ha KuAakod cmaske. Ilostomy He

YAUBUTENBHO, YTO B TE€YEHHE AEBSATH JerT mocie 1959
rojia Hayajcs MEepUOJ LIMPOKOTO BHEIPEHHsS T'a30BBIX
OMOp CKOJIBKCHUS B TEXHUKY, MTOTH KOTOPOTO OBLIH
monBeAeHH Ha Il MEXIyHaApOJTHOM CHMIIO3HYME IO
ra3oBod cmaske, mpoxoxauBiieMm B T. Jlac-Berac (mrar
Hesana) ¢ 11 o 27 ntonst 1968r.

Crons MHTEHCHBHEIA MPOTrpecc B MPUMEHEHUH
OTIOp CKOJIBKEHUSI Ha Ta30BOM CMa3Ke OOBSCHIETCS TeM,
9TO TPUMEHEHHE Ta3a, M B YAaCTHOCTH, BO3AyXa Kak
CMa304YHOH Cpeasl CHMUMAaeT MHOTHE OTPaHUYCHHUS,
CBS3aHHBIE C TEMIIEPATypoH, ymepOOM, HAHOCHMBIM
paguanuen, BBICOKMMH ckopocTssMu (1o 700 ThIC.
00/MHH), 3arpsi3HEHHEM OKpY)Kalolleil IMOANINITHUK
cpeabl U T.JI., KOTOPbIE B HACTOSIIEE BPEMSI CYIIECTBYIOT
IpU TPUMCHEHUHM HWHBIX CMa3bIBAIONIMX cUCTeM. [lpu
3TOM HEOOXOJUMO TAKKE MOTYCPKHYTh, YTO OCHOBHBIM

thakTopom, CHOCOOCTBOBABILUM YCIIEIIHOMY
KOHCTPYMPOBAHHIO OINOp  Pa3lIMYHOTO  Ha3HAuYCHUS,
sBUJach TNyOoKas ®  OOIHMpHAs TeopeTHYecKas

pa3paboTKa COOTBETCTBYIOIIUX BOIIPOCOB.

B Hacrosimee BpeMs NPUMEHSIOTCS TPHU THIIA
OIOp C ra3oBOM CMAa3KOW: ra3o0JuHaMHUYECKHE; MOJBECHI
WIA Ta30CTaTHYECKHE OIMOPHl C BHEUIHWM HAaIIyBOM;
FI/IGPI/I}IHI)IC NI ra30CTaTOAMHAMUYCCKUC. B
ra30JJMHaAMHUYECKAX OIOpax Hecylas CIOCOOHOCTh
CMa30YHOI0 CJIOSI BO3HUKAET JIUIIb OJIarofapsi BI3KOCTH
rasa Npu IBIKCHWH OJHOW W3 IMOBEPXHOCTEH, 00pa-
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3YIOUINX Mapy TPEHHs C cykaromeics Gpopmoii 3a3opa B
HaTpaBICHUN CKONbXeHHsA. [loaToMy WX Hecymas
CIIOCOOHOCTh HEBEJIMKa (CpeAHssl yelbHas Harpy3ka Ha
omopy He npeBocxomut 1,0 kr/cm?).

lNazonmHaMuueckue OMOPbI  MOJPA3ACISFOTCS
Ha:

a) pajHaNbHBIC TMONIIMITHUKUA C TJIaJKAMU
MOBEPXHOCTSIMH Bajia ¥ BKJIAJIBIIIA;

0) paguanbHBIC TOAUIMITHUKA C KaHABKaMHU
BJIOJTH 00Pa3yIOMINX;

B) paAWanbHbIC NONIINIHUKA C KOCBIMH H
IIEBPOHHBIMU KaHABKaMH;

T) paguagbHBIC ITOALIMITHUKH,
KOTOPBIX 00pa3oBaHa HEOOJBIIUMHU
CEKTOpaMH;

J) TOINSATHUKU WA YIOPHBbIE MOIIIUITHUKA
TIaJKUe W CO CHOHPAIGHBIMH WM IIEBPOHHBIMU
KaHABKaMU;

€) Oomopsl Hamd, COCTOSIINE H3 HECKOJBKHX
CEKTOPHBIX CaMOyCTaHABIINBAIOIIHXCS MTOTyTIIEK
(BKIIABIIICH);

K) JICHTOYHBIE U JICTIECTKOBHIC MTOIIITHITHUKH.

['ubpugHele omopsl W TOABECH (yAeibHAs
HECyIas CIOCOOHOCTh KOTOPBIX MOXOIHUT J0 8 KF/CMZ)
HE MMEIOT TaKOTO KOHCTPYKTHBHOTO MHOTO00pa3ns Kak
a’pOAMHAMUYECKHUE OTOPHI M, KaK MPaBHUII0, CHAOXKAIOTCS
KapMaHaM¥U pa3JIMYHOW W 3a4acTyi0 BecbMa CJIOXKHOU
dhopmel. HecMoTpst Ha 3TO, UX (TIOAMIUITHAKA C BHEITHHM
MOJTyBOM) MOXKHO Pa3JelUTh Ha CICAYIOIINE THUIIBI B
3aBHCHMOCTH OT BHJa BHEUTHEH IETH POCCETUPOBAHUS,
MOJTAaBACMOTO TTOJT JaBJICHHEM Ta3a:

a) OMNOpBl C TOJAYBOM 4epe3 KaIHUIIPHI
(mmametpom 0,3-0,8 MM), maeHre TaBICHUAS B KOTOPBIX
MIPOUCXOIUT OJIaroapsi CUilaM BSI3KOCTH T'a3a;

0) omopbl, B KOTOPBIX MOAIYB OCYIIECTBIIAETCS
yepe3 OTBEPCTHE C KapMaHOM (KOMIICHCAIMS IMPOCTOMN
Jaradparmoit);

B) ONOpHl C TOAJYyBOM uepes3
(xoMmIneHcanus KoJIbLEBOH aAuadparmoin);

T') OIMOPHBI C TOATYBOM Yepe3 COIUIO0 M KaHABKY
MAaJIOTO CEYCHUS;

JT) OIIOPHI C TIO/ITyBOM Yepe3 eI .

B mocnmemHmMX 4eTHIpEX OmMOpax IajcHHE
JTABJICHUS HOCUT JHHAMIYECKUH XapakTep.

Heckompko 0000 CTOST OIIOPHI ¢ TOPUCTHIMA
BKJIQIBIIIAMH, KOTOPEIE MOKHO PacCMaTPHBATh Kak
OTIOPHI € TIOTyBOM depe3 OOJBIIOE YHCIO KAIIUIIPOB.

Hambomee mmpokoe mpHMEHEHHE  OIMOPHI
CKOJIbKEHHUsI C Tra3oBoi cmaszkod Hamumm B CIIA B
MalMHAaX M [OpuOOpax CcaMoro  pa3HOOOpa3HOro
Ha3HaueHUs. B 3HaUUTENbHON Mepe 3TO CBA3AHO C TEM,
yto emé B 1962 rogy no WHULMATUBE TPYIIIBI
WH)KEHEPOB M YYCHHBIX OBLIa CO3J]aHa HAYYHO-
uccrnenoBarenbckas ¢upma Mechanical Technology
Incorporated (MTI) B Jleiiteme (wrar Hero-Hopk, okono
r. Onbenn), kotopas 1o cymiectBy Bo3rmaBmwia B CLIA
OONBPIIMHCTBO pabOT 1O JKCIEPHUMEHTAIbHOMY |
TEOPETHYECKOMY  HCCIEIOBAHHWIO MOJIINIHUKOB  C
ra3oBOi CMa3KoM.

Hayuno-uccnenoBarenbckas pupma MTI umeno
B 1wrare 240 dYejoBeK, U3 KOTOPHIX 00Jiee MOJIOBHHBI
YYCHBIC, CIICHHUAIUCTBI B 06.]'laCTI/I MAIIuHOCTPOCHUA U
WH)KEHEPhl C OOJBIINM TPOU3BOACTBEHHBIM OIIBITOM.

MTOBEPXHOCTH
CTYNEeHYAThIMU

OTBEpCTHE



Yxe B 1968 roxy 066ém padot pupmer MTI onenuBancs
B 6,5 MJIH.JIOJTAPOB XO370TOBOPHBIX pador. M3 Hux 4,5
MJIH. I0JUIapOB MIPUXONIIOCH Ha HAYYHO-
UCCIIEIOBATEIbCKUE U KOHCTPYKTOPCKHE pPadOTHI IO

ra3oBoil CcMaske B Pa3IUYHBIX OTpacysax
MAIIMHOCTPOEHUs U, B MEPBYyHd  OYepelb, B
CTaHKOCTPOUTENIBHOU u UHCTPYMEHTAIBbHON

MPOMBIIICHHOCTH, TYp0O- U KOMIIPECCOPOCTPOCHUH, B
THPOCKOIIaX ¥ THPOCKOIMMYECKNX yCTPOHCTBAX.

B rtypOomammHax Ta30Bble  IOMMINITHUKA
BIIEPBBIE NPUMEHWIN B IHUPKYJIATOpax pPEakTOpOB,

OXJAXJAaeMBIX Ta30oM. B  mocmexyromeM  OMOPEI,
CMa3bIBaeMbIC ra3omM, CTaln TIPUMEHSATh B
JJIEKTpOreHepaTopax i KOCMHUYECKHX W 3E€MHBIX

yCIOBUil, a 3aTeM B KOMIIpeccopax H JeTaHAepax
(THEBMOJBHTATENSAX), HPUMEHSIEMBIX B KPHOTEHHOM,
XUMHYECKOW, HE()TEXUMHUUCCKOW MPOMBIIIICHHOCTH, a
TaKXKE B BBICOKOTEMIICPATYPHBIX Ta30BBIX TypOWHAX,
KOTOpBIC TPHCOCAWHSIOTCS K  JBIOKHTEISAM, M B
ra3oTypOMHHBIX TMPHBOJAAX AJIEKTPOTSHEPATOPOB ISt
MOJIBOAHBIX JIOMOK Oousbiiux riiyOuH. KoHKpeTHbIe
MPUMEPbl KOHCTPYKIIMU TaKHX arperaroB MpPUBEICHBI B
pabore [2].

Puc. 1 - Ha  Tra3oBbIX

TypOokommnpeccop
NMOAIIMITHAKAX, padoTarommii no nukiay bpaiitona: 1
- TypOHnHa; 2 - oTpa)aTeJbHBINH TEILUIOBOH dKpaH; 3 -
MOIIIMITHUK; 4 - MeIHbIE BTYJKHU; S - KoMIpeccop; 6 -
YHOPHBIA MOAUIMIHUK € CAMOYCTAHABJIUBAIOIMMHUCS
NOAYIIKAMHU

Ha puc. 1 npencrasien TypbokoMnpeccop aist
paboTHI 10 3aKpeITOMY LMKy bpaliToHa, paccunTaHHbIH
JUTSE pabOTHI TIPH TEMIIEpaType ra3a Ha BXOJE B TYPOHHY
mo 815°C, ckopoctu Bpamienus poropa 38500 o6/muH,
TemnepaType cmasbiBatomero raza 150°C. Pabounm

TEJIOM SIBIISICTCS HUHEPTHBIN ras. YcranoBka
npeaHa3HaueHa s pabOThl  HAa  KOCMHYECKHX
arnmnaparax.

ITopmunuuk, 00pa3oBaHHbBII TpeMs

CaMOYCTaHaBJIMBAIOUIMMKCS TIOAyIIKaMU, BbIOpaH u3
coOOpakeHHH WCKIIOYEHHs] NPSMON LMIMHAPHYECKOM
IPELEeCCU C YIJIOBOW CKOPOCTBbIO, PAaBHOW IOJIOBUHE
YIJIOBOH CKOpPOCTH BpallleHHs Baia (HEyCTOWYHMBOCTh
THUIIA TIOJ[yCKOPOCTHOTO BUXpA). J[B€ M3 3THX MOAYyIIEK
YCTPOEHBI TaK, 4TO UX LMIApHUPHAs ONOPA HEMOABIIKHA, &
y TpeThel IIapHUpHAs OlOpa CMOHTHUPOBaHAa Ha
MOJATIMBOKW muadparMe W dYepe3 OTBEPCTUS B ITOM
MOyIIKE MOYKHO MOJAaBaTh ra3 i MOAAyBa IPHU IIyCKax
n ocraHoBKax. IlyTéM NHEBMaTH4ECKOro Harpy>KE€HUs
MOJATIMBON JradparMbl JIOMOJHHUTENIBHO HArpysKaroT
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WIN Pa3rpy’karoT MOALIMIHUK U TEM CaMbIM MOJABIISIFOT
I10JIyCKOPOCTHOM BUXPb.

KOHC‘-IHO, HU3roTOBJICHUC W MOHTaX TaKoOTIo
TPEXCEKIMOHHOTO TOJALIMIHKUKA TpeOyeT OOobLIoi
TINATCIIBHOCTH U TOYHOCTH. HcnpiTanus mokasajiu, 4To
OPUMEHEHUE  ITHEBMAaTHYECKOrO0  yCTPOWCTBA  JUIs
JIOTIOJIHUTENBHOTO HArpyXeHus IMO3BOJISIO BCE BpeMs
KOHTPOJIMPOBaTh HArpy3Ky TaK, YTOOBI HENpPEpHIBHO
MOJJIEPKUBAIOCH YCTOHUYMBOE IBIKEHUE POTOPA.

HcnblTanus, Kak XOJOAHBIE, TaKk W TIpH
HOpMAITbHOH paboTe YyCTaHOBKH (TOpsYre) MOKa3al,
YTO MpH HAUISKANIMX BHEIIHMX YCIOBHAX (opma
MOJIIUITHIKA Obu1a a’3pOJMHAMHYIECKU
YIIOBIIETBOPHUTENIbHA KaK MU paboTe ¢ MOUIyBOM, TaK U
npu  paboTe MOJIIMITHMKA B OTCYTCTBUHM IIOJIyBa.
Hanuuue xpemeHus OAHOM M3 AT HA IOJATIMBOU
nradparme, OCYILECTBIIAIOLIEH JIOTIOJIHUTETIbHOE
Harpy»KE€HUE WM pasrpyKeHUe, TaKkKe [alo BechbMa
YIOBIIETBOPUTEJIFHBIE  PE3yJbTaThl NP MaJoM
TEPMHUYECKOM pacimpeHuy. B yCHOBI/ISIX 3HAYNTETBHBIX
TEPMHUYECKHUX PACIINPEHHUIA BO BpeMs '"Topsueit” paboThl
TypOOKOMIIpeccopa  HEOOXOOMMO  IIpEeIyCMaTPHUBATh
KOMIICHCAIIMI0 TEPMHYECKOIO PACIIUPEHHS IIApHHPOB
HEMOJBIKHBIX MAT. OmucaHHOE 37eCh II0AaBICHHE
IIOJIyCKOPOCTHOI'O BUXPs IyTEM HarpyXeHHUs OAHOM M3
[JIABAIOIIMX MOAYLIEK, 3aKPEIUICHHOW Ha MOJAaTIMBOMN
OCHOBEC, SBJIMAETCA JIMIIbL OJHUM M3 HOPEUMYUICCTB
MMPUMECHCHUA NOJUIMITHUKOB, COCTOAIIUX us3
CaMOYyCTaHaBJIMBAIOIIUXCS NOAYLIEK, IPUMEHUTENBHO K
ra3oBbIM IOJIIMITHUKAM HpU padOTe MX B YCIOBHAX
BBICOKUX TEMIIEpATYpP.

Hpyrumu [IPEUMYILIECTBAMHU TaKkou
KOHCTPYKIINH SBJISIFOTCSI:
1) cmocoGHOCTB KOMITEHCHPOBATh

MOTPENTHOCTH U3TOTOBJIEHHS M MOHTa)Ka poTopa;

2) O6onpmas cBoO0a B KOHCTPYHPOBAHUHT
IIpXU KOMIICHCAIIU U3MEHCHUA pasMEPOB, BI3BBAHHOI'O
HEHTPOOCIKHBIMU CHIIAMU;

3) yMeHblIeHHE YyBCTBUTEILHOCTU K
3ae1aHuI0 WM a0pa3MBHOMY W3HOCY YaCTUL[AMHU
abpasuBa;

4) crocoOHOCTH OBITH 3apaHee
Harpy>KeHHBIMH IIPU BBICOKOH >KECTKOCTH, AaXKe TIPH
HYJIEBOM Harpyske.

B paccmarpuBaemMoMm ciydae, Kak U MpH JTI000M
JpYTOM THIIE€ Ta30BOT0 IMOALINIHNKA, BAXKHBIM SBIISIETCS
MOBE/ICHNE €r0 MPU TPEHUHU B MEPUO] ITyCKa, OCTAHOBKU
WIM BOOOIIE IpPU TPEHUH C BBICOKUMH CKOPOCTSAMHU.
HOI[LHI/IHHI/IKI/I, COCTOAIIUEC u3 CCKTOPHBIX
CaMOYCTaHaBIIMBAIOUINXCSl TOAYIIEK, UMEIOT elE OJHY
creuuHUIecKyr0 0COOEHHOCTh, KOTOpas 3aKII04aeTcsi B
TOM, YTO TOCKOJbKY MOJIIMIHUK  HENpPEPHIBHO
NpHUCIIOcabiIMBaeTCs K MOJOKEHHIO Baja, KaXIbId U3
CEKTOPOB TIO/IBEPTaeTCs BHICOKOYACTOTHBIM KOJICOAHHSIM
C MaJod aMIUIUTyHOH. ODTO MOXKET NPHUBECTH K
MOBEPXHOCTHOMY pa3pyIICHHIO 3a OYEHb KOPOTKHH

nepuoa BpPEMCHU, €CiIn HUMECTCA SHAYUTCIBHOC
OTHOCHUTCJIBHOC CKOJIBXKCHHC. HpI/I OTOM Ha HOBYX
IMOBEPXHOCTAX KaXIou U3 MOAYMIEK TIPOUCXOOUT

OTHOCUTEJIBHOE JIBUJKEHUE IIOBEPXHOCTEM - 3TO, BO-
HepBBIX, paboyasi MOBEPXHOCTh MOJIYIIKH U HICHKH Baja,
a, BO-BTOPbIX, [IOBEPXHOCTb CONPUKOCHOBEHHUS NOAYIIKU
C OIOPOH, BBHINIOJIHEHHOW OOBIYHO B BHUJIE YacTU Cepsbl.



Oco00 omacHBl TakWe Pa3pyIICHHs MOBEPXHOCTEH IMPH
MOBBIIIEHHBIX ~Temieparypax. llostomy Bompoc o
BBIOOpPE COOTBETCTBYIOLIMX MAaTepUaliOB OYEHb BaKEH
JUI  TIOJIIUITHUKOB, pPa0OTaloMUX B Ta30TypOMHHBIX
ycraHoBkax. Ha ©0asze o3tux pa3paboTok  ObUIH
M3rOTOBJICHBI U UCIIBITAHbI Ta30TypOWHHbBIE YCTAaHOBKH C
Pa3JIMYHBIMK THUIIAMH Ta30BBIX ITOMMINIIHAKOB, BKIFOYas
JICHTOYHBIE U JIEIECTKOBEIE.

ITapannensHo c pa3BUTHEM JIETKUX
ABMAKOCMUYECKUX TypOOMAIIMH C Ta30BBIMU OIOPaAMH
BEJIHCH Pa3pabOTKH M TakKe OoJiee MOIIHBIX JBUTATENCH
JUI HaJIBOJHOTO M monsoaHoro ¢mota. Tak B mepuon
1968-70 r. r. dupmoii "Dmep Bucc" (IllBefinapus)
pa3paboTaH MPOCKT CyI0BOM ra30TypOUHHON YCTaHOBKH
C Tra30BBIMHM MOJAIIMIHUKAMH MOIIHOCTBIO 7,36 MBT.
Orta yCTaHOBKa 3aMKHYTOI'O LIMKIA, IpeIHa3HaYeHHas
Juis pabOTBl C AaTrOMHBIM PEAKTOPOM, HMEIOLINM B
KauecTBe TemoHocuTens remuil. QDupmont "MTI"
(CIIA) u3roToBIEH W HCIBITAH OIBITHBIN CyJOBOH
TypOOBEHTHJIATOP Ha MapOCTATUYECKUX IOIINITHUKAX,
BBIITOJTHEHHBIM 10 3aKa3y BOSHHO-MOPCKOTO BEIOMCTBA
CIIA.
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Pue. 2 -
MapOCTATHYECKUX
(CIIA)

HA
MTI

Cynosoii

TypOOBEHTHIIATOP
NMOAIIMITHUKAX  (pupmMbI

TypOoBentusTop (puc.
BIDKHBIM MyCTOTENBI Banm 1, BHYTpH KOTOpPOIro
HacBepJeHbl  pajuayibHble  oTBepcTHsi 2. Potop
BEHTUIISATOPA 4 BBINIOJIHEH B BHJE OapabaHa, K KOTOpOMY
[0 TOpLAM KpemsTcs MapoBas TypOWHa IpuBoja 3 H
IUCK BeHTWIATOpa 5. BHYyTpH OapabaHa pacrioiio:KeHbI
MONMIUIHUKKA 6 u 7, paboraromme 1Mo 0OpamEHHOM
cxeMe. TypOoBeHTHIATOP MPOIIEN YCIEIIHbIE
UCTIBITAHKSL U THepelaH 3aka3uuky. CiemyeT OTMETHTb,
4710, HaunHas ¢ 1964 roga, BOGHHO-MOPCKOE BEIOMCTBO
CILIA sBmnsiercst OTHUM M3 OCHOBHBIX 3aKa34MKOB (pUPMBI
"MTI", uyTo yka3plBaeT Ha MHTEHCHBHOE INPOJOJKEHHE
pabor B oOyacTu co3laHusi TypOOMAIIMH C TIa30BBIMH
onopamu Juts Hy k1 BMC. B wactHocTH, coobmanocs o
CO3MaHMU TOH ke (QUPMON BBHICOKOTEMIIEPATYPHBIX
ra3oTypOOreHepaTopoB € Ia30BBIMH MOIIUITHUKAMH JIIS
TTyOOKOBOAHBIX MOPCKHX yCTaHOBOK.

B cyznoBoit I'TY 3akpbITOro 1UKiIa MOIIHOCTbIO

2) wuMeeT HemoA-

51,5 MBt (dupma "Diip Pecepu", CIHA) s
HOAJEPIKaHUS poTopa UCIIOIb30BaHbI
ra3oJMHaMUYEeCKUe JIETIECTKOBBIE TIOALIHITHUKH.

®dupwmoii "Paro" (Opannus) paspaborana reauesas ['TY
3aKpBITOro LUKIIa MomHocThi0 600 MBT. OTiM pabotam
nNpeaAmICCTBOBAIM  OKCIIEPUMCHTAJIbHBIE HCCJIICAOBAaHUA
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panuanTbHBIX TTOIIITUITHUKOB c CerMeHTHBIMHI
BKJIabIamMu auaMerpoM 300 MM Ha CTEHIIE C POTOPOM
Maccoi 2T u yactoroii Bpamienus 10 3000 06/MuH.

[MoqummHuky ¢ ra3oBoil cMa3kol APPEeKTUBHO
HCIOJIB3YIOT B KOMIIAKTHBIX 6I)ICTpOXOZ[HbIX n
BBICOKOTEMIICPATYPHBIX Ta30TYpOMHHBIX  JBUTATEIX
(I'TH). IlpumeHeHNE MOANIMITHUKOB C Ta30BOW CMa3KOM
B aBTOMOOMIBHBIX [T/ cBsS3aHO ¢ HEOOXOIMMOCTBHIO
YBEIIMYCHUS pecypca MOAIIUITHAKA, PACIIONIOKEHHOTO B
30HC€ TYpOWMHBI W WMEIOMEr0 BBICOKYIO pabodyro
temnepatypy. ©Oupmamu "J[xenepan Motopc" u
"Kpaiicnep" (CIHIA) co3manbl  00pasmbl  TaKHX
TypOOMaIIuH.
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Puc. 3 - Typooxomnpeccop Haaaysa /IBC c JIT'TI [8]

B ABI'TY (r. BmranuBocTOK) BIIEpBEIE B CTpaHE
CIOPOCKTHPOBAHBI,  HW3TOTOBJICHBI W  IPOBEACHHI
UCTIBITAHNS ~ HECKOJBKUX  TypOOKOMIIPECCOPOB  C
MOJIIMITHIKAMH B BO3AYIIHOW cMma3ke [3]. Paspaborano
W WCHBITAHO HECKOIBKO KOHCTPYKIHH MOIIIUITHIKOB
Ui TypookomiipeccopoB Haamysa JIBC mapok TKP-8,5
u TKP-11 (puc. 3). HaubGosee pabOTOCIOCOOHBIMU
okazanuch TKP ¢ nenecTkoBbIMU Ta30AMHAMUYECKUMU
HNOJIINITHUKAMHU (JIT'TT). TypOokoMIpeccopsl
HapaOOTalll JECATKH YacOB Ha PA3IMYHBIX PEKUMAX, B
toMm uymucne mpu 68000 o000poTOB B MHHYTY B
MPEIIOMIAKHOW 30HE XapaKTePHCTUKU KOMIIpeccopa
ImpHu TeMmmepaType ra3oB mepex typomnoit 760°C. Ha
3TOM PEXUME TeMIIepaTypa paguadbHBIX IMOAIIHITHUKOB
cocrapmn 80°C, oceBbix - 143°C, BHOpPOCKOpPOCTH B
TOPH30HTAIBHON IIOCKOCTH - 0,7 MM/C, B BEPTHKAIbHOK
mwiockoctu - 0,78 mwm/c, Bubpoyckopenue - 0,3g. Ilpu
MyCKax M OCTaHOBKaxX TypOokommpeccopa ¢ "Tsaxénpim"
poTopoMm l'IOCJ'Ie[lHl/Iﬁ Ha4YWHaJ BpamaTtbCda MpU AaBJICHUN
raza mnepex Ttypounou 0,114 MIla (0,14 arum). Ilpm
OCTaHOBKE pE3KOe IaJIeHHe YacTOTHl  BpaIlEHHs
HaOMIOaIoCh TMpHM JaBJIEHUM Tra3a mepex TypOHHOU
0,112 MIla. ¥ TypOokoMmpeccopa C IOIBIM POTOPOM
BpalleHne HaunHalach MPH JaBICHUH T'a30B Mepea Typ-
6unoit 0,105 MIla. [IpoBenéHHBIC UCTIBITAHUS TIOKA3aJIH,
yto pabora Typookomipeccopos ¢ JII'TI ycroiunBa Ha
Bcex pexumax, u JII'TI Becbma mNepCHeKTUBHBI IS
MPUMEHEHHS B BBICOKOCKOPOCTHBIX MasiorabapuTHBIX
TypOOKOMIIpecCOpax HalayBa.

Ycnenrnoe MMPUMECHCHUEC ra3oJuHaMHYCCKUX
TOPLIOBBIX YIUIOTHEHHWIHI POTOPOB B IIOCIEIHEE BpPEMs
BO3POJWJIO HMHTEpEC K  HCIIOJb30BAHMIO  Ta30BBIX
MOJIIAITHIKOB B Ta30MCPEKAYMBAIONINX  arperarax
(I'TTA) wMarmcTpambHBIX Ta30mpoBOAOB. IIpumepom
MOXeT ciuyxuTh Tmpoekt [TIA, momemaemoro B



TpyOompoBos (puc. 4) [4]. B stom ciyuae I'TIA mmeer
npaktraeckn 100% 3aBOJCKYI0 TOTOBHOCTB, YTO CBOJIUT
K MHHUMYMY OO0BEM MOHT@XHBIX paboT, oOTmajaaer
HE00X0AUMOCTh B YKPBITHSAX, YMEHBIIAETCS
MOTPEOHOCTh BO BCIIOMOTATENILHBIX COOPYKEHHSX, B
HEKOTOPOM KOJIMYECTBE BCIIOMOTATEIILHOTO
obopynoBanus. [losiBsieTCS BO3MOXXHOCTH OTKa3za OT
MTOCTOSTHHO pabOTAarOIIEro MePCOHAIa, YTO 00ECIIeYNBaCT
mepexong K BaxToBoMy Meroay obcmyxuBanus KC.
JlaHHas KOHIIETIIHS OTBedYaeT 3anaue ctpoutenserBa KC,
YUCIIO KOTOPBIX B CBS3H CO CTPOUTEIBCTBOM HOBBIX
JMHEWHBIX ra30IpOBOIOB Oyner HEYKJIOHHO
YBEJIINIUBATECS.

Puc. 4 -

I'azonepexaunBarommi
noMeniaeMblii B Tpy6onpoBoa: 1 — padouee KoJieco; 2

arperar

— potop; 3 — JjeKTpoaBUraTenb; 4 OnopHbIe
NMOAIIMIIHMKHA € ra3oBOH cMa3koii; 5 — ynopHbIi
MOAIIUNHAK

Crnenyer TakKe OTMETUTh, YTO B HACTOsIIEE
BpeMsl HIET aKTUBHOE BHEAPCHHWE NPUHIMITHAIBHO
HOBOM TEXHOJIOTMM Ha MHPOBOM pBIHKE MaJou
SHEPreTUKH, B OCHOBE KOTOPOW JIEKHUT NPUMECHEHHE
MHUKpPOTa30TYpPOHUHHBIX TEHEePaTopOB. I'maBHBIMEU
pa3paboTYMKaMi W TPOU3BOJUTENSIMH JTHUX arperatoB
spisitorest crpanbl: CILA, BenukoOputanus, Snonus,
Iseuust u Poccusi. MomHocTHON psif coctapisieT 30,
50, 60, 70, 75, 80, 100, 200, 250, 300, 375 u 400 xBT.
Yacrora  BpalleHUss  poTOpa,  COOTBETCTBYFOIAS
HOMHUHAJIGHOW  MOIHOCTH, Yy pa3HbIX arperaroB
HaxoauTcs B auamnaszone ot 68000 xo 96000 o6/muH. Jliis
9THX YCIOBUH pabOTBl MHOTHE (HUPMBI, HaIpUMep
Capstone (CHIA) u 3aBog mm. B.S1. Kmmmosa (Poccus)
HCTIOJNB3YIOT TONHKO Ta30AMHAMHYECKUE ITOAITHITHUKH.
Ha ceronnsamnuii nens B Poccuu ycTaHOBJIEHO OKOJIO
400 mukpotypbun ¢pupmbsr Capstone.

Breuwarnsromue ycrexu BHEAPEHUS
MHKPOTa30TypOMHHBIX TEXHOJIOTHII HAa MHPOBOM H
POCCHHCKOM pBIHKE TO3BOJISIIOT CHENIaTh BBIBOJ O
BO3MOXKHOCTH TIE€PEHECEHHsI OIbITa dTHX TEXHOJIOTHH B
0011acTh PHEPTETHUECKUX MaIIH MOIHOCTHI0 500..2000
kBT, Ha3bIBAEMbIX MHUHHU-TypOMHaMH. Taxoi
Typborenepatop momHocteio 1000 kBt paspaboran Ha
mockoBckoM PI'VIT MMIIIT "Camot" [5]. B kadecTse
omop poropa arperara maccod 250 Kr M YacTOTOH
Bpamenns 24300 00/MUH HCIIOTH30BABI TA30CTATHYECKIE
TIOIIIATTHIKH C CAaMOYCTAHABIMBAIOIIMHCS TTOIYITKAMHI
(cermentamu). B mae 2010r. TypOoreneparop mporen
yCIEUIHbIE HCIBITAaHuA [5].

EcrectBeHHO, u4TO TIpHM pa3pabOTKE HOBBIX
arperaroB  HEOOXOJMMO  YYHUTHIBAaTh COBPEMEHHBIE
JOCTHXXEHUsI B 00J1aCTH MaTepHAIOBEICHHUS, TEXHOJIOTUH
M3TOTOBJICHHSI © MOHUTOPHHIA TYpOOMAIIHH.
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