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UcTopusa n cepdutukaTbl

MHHOBaLumn

Bupeoponuk Octpas npobnema n3Hoca obopyaoBaHust npucywa npaxkTuyecku BCEM
MHPPaCTPYKTYPHBIM OTpacnsM POCCUICKOW 3KOHOMWUKU. [MpubnuantenbHble OaHHble M3HOCa

BakaHcuu MoLHOCTeW no aaHHbiM [ockomcTaTta 3a 2010 roa, koTopble oueHnBalTca Ha ypoBHe 60% ans
pasnuMyHbIX OTpacnen NPOMbILLIEHHOCTH, NpBEeAeHbl Ha puc.1.
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Puc.1 N3Hoc obopynoBaHuMs B pa3nmnyHbiX OTPacsix MPOMbILLIIEHHOCTM

M3HoweHHoe obopynoBaHue TOC M KOTenbHbIX MPUBOAUT K CHWxkeHuto KMO npu ux
paboTe K HapacTawlee YMCNO OTKa3oB C  COOTBETCTBYKLWMMW  OTpuLATENbHbIMU
nocneacTBUAMM.

CornacHo paHHbIM cTtatuctukm o 70% obopynoBaHUsS B OTEYECTBEHHOM TSXKENOM U
aTOMHOM MAalUMHOCTPOEHMU umeeT cpefHui BospacT 20 u Gonee net. OTo O3HaA4vaeT, 4To
noAaenstoLas YacTb OCHOBHbIX (DOHOB yCTapera He TONbKO MopasibHO, HO 1 hU3MYeCKU.

Tak Kak TeMmnbl MOAEPHM3auMu BO MHOTMX OTPAChsSX MPOMBILNEHHOCTU HUXe
Heo6X0AMMBIX, UMEHHO MO3TOMY HYXHO COAEWCTBOBATb BHEAPEHWIO MepefoBblX TEXHOMOMMN,
TaKUX Kak METOAbl HaHECEHUsI (PYHKLMOHATbHbLIX HAHOCTPYKTYPUPOBaHHbIX MOKPLITUIA MeToAaMu
ra3oTepPMMUYECKOrO HamblNeHus.

Mcnonb3yemble OO0 «TC3MM» TexHONOMu ra3oTepMMYECKOro HamnbIfIEHUS NpeacTaBnsoT
coboli  COBOKYMHOCTb MPOLECCOB, MpPW  KOTOPbLIX HambIsSieMblii  MaTepuan 4acTUYHO
pacnnaensieTcs, AucneprupyeTcs (pacnbinsieTcs) UM nepeHocutca Ha obpabaTbiBaemyio
NMOBEPXHOCTb MOCPEACTBOM ra3oBoi cTpyu. MNpu yaape o NOBEPXHOCTb YacTulia HamnblsieMoro
mMaTepuarna MrHOBEHHO OCTbIBAaeT (CKOPOCTM OXIaXXAEeHUst MOTYT AOCTUIraTb MUITIMOHA rpaZyCcoB B
cekyHay) u aecdopmMmpyeTcsi, NOTHO CLENNASCb C Hel. bnarogaps npumMeHeHWo cneumanbHbIX
TEXHOMOIMYECKUX  MPUEMOB  W/MIU  HAHOCTPYKTYPUPOBaHHbLIX  MaTepuarioB  MOKPbITUS
(HOPMUPYIOTCS C HAHOCTPYKTYPOW, YTO MOXHO HabnwogaTb MpU pasfuyHbiX YBENUYEHUSIX C
MCMoNb30BaHWeM 3NEKTPOHHON MUKPOCKONMM (puUc.2).
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Puc.2 MukpocTpykTypa u HaHOCTPYKTypa PYHKUMOHANbHbIX NOKPbITUIA

MNpumeHeHMe PYHKLMOHANbHBLIX FA30TEPMUYECKUX MOKPLITUIA B Pa3NIUYHbIX OTPacsAX

[MepBoovepenHon 3apaven,

CTosIllelt rnepen SHEpPreTUKOW, TsHKENbiM UM aTOMHbIM

MalWWHOCTPOEHNEM, HABNAETCA BOCCTaHOBNeHMe, 3awmta OT Koppo3unm w©n npoaneHune
aKcnnyaTaunm N3HOWEHHOro o6opy,u,oaaHV|;|. 370 MOXeT 6bITb OOCTUTHYTO C NOMOLLbBHO:

D,aHHbIe 3agaynm moryt ObITb peweHbl C NOMOLWbKD BHeEAPEHUA COBPEMEHHbIX MeToA0B

NMOBEPXHOCTHON MOANMMKALMN KPUTUYHBIX Y3110B 060pyaoBaHus;
MOBbILLEHMSA 3KCMNyaTaluMOHHbIX Ka4ecTB 06opyaoBaHus;
CYLLLeCTBEHHOTO YBENNYEHNS pecypca AeTanen MallmH;
CHWXEHWS 3aTpaT Ha 3aKynKy MHCTPYMEHTa;
YBENUYEHWUSI MEXPEMOHTHBIX LIMKIOB NpeanpusaTun;
CHWXEHWS CTOMMOCTHM 3KcnnyaTaummn obopyaoBaHuns poccuiickoro TOK.

ra3soTepmMm4yeckoro HaHeceHua beHKLWIOHaJ'IbeIX I'IOKprTVII;I. BHeupeHme 3TUX MeToa0B AOoKasaro

CcBOK 3A(PPeKTMBHOCTb. [lOBEpXHOCTHaA MoauduKauus MOBEPXHOCTHOTO Cros NpPUMBOAUT K
yBenuyeHuto pecypca getanei, yanos obopyaoBaHus, a, crnefoBaTenbHO, K CHUKEHNIO pacxoioB

Ha peMOHT 1 akcnnyaTauuio[1].

MeTogamy ra3aoTepMMYecKoro HanblfieHUS MOXHO HAHOCUTb pas3Hble BUAbl MOKPbLITUI C

pasfnMyHbIMU CBONCTBaMU.

U'el'leO HaHEeCeHNs1 N3HOCOCTOMKNX nOKprTVIIZ ABNAETCA, BO-NMepBblX, BOCCTaHOBIEHNE

yTpayeHHOW MOBEPXHOCTU, BO-BTOPbIX, MpUAaHUE el CBOWCTB, Kak MpaBuiio, MpeBblLUAoLLMX

cBoncTea Hoeon getamu[1].

PesynbTaTbl cnbiTaHUA Ha M3HOC Pa3NNYHbIX M3HOCOCTOMKMX MaTepuanos, HAHECEHHbIX
metogoMm [TH (razoTepmuyeckoro HanmblneHus),

NoKa3blBaloT,

yBENUYEHWEM Harpysku y 3akaneHHoi ctanu 3415 pacteT, npuyeM Bce MOKPbITUS KMMetoT

Gonee BblCOKYHO M3HOCOCTOMKOCTb U ny4yuiee 3Ha4vyeHue KpUTUYECKOM Harpy3ku cxsaTblBaHUA, 4eM

aTanoHHas ctanb AN415 1ab. 1.
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Takum  obpasowm,

nposeneHHble nccnenoesaHnAa

Nno3BonsT  pekoMeHAoBaTb
ra3oTepmuyeckne MoKpbITUS C COAepxaHuem TBepAplx a3 - kapbuaoB AnNsS Y3NOB TsHKerno-
Harpy>keHHbIX AeTarnein arperatos, 0CO6EHHO B cryyasix, 0COGEHHO B cryyasx, korga Heobxoamma




BblCOKasi CTOMKOCTb MPOTUB CXBaTblBaHMSA [2].

TepmobapbepHbie NOKPbITUSA npencraensatoT cobow KOMMNO3ULUNOHHbIE
MeTannokepamuyeckne MOKPbITUS C KepamuyeckuM croem (Mnm crosimu), obnagarT HU3KOM
TENnonpoBOAHOCTbLI. TepMobapbepHble MOKPLITUS HAHOCST Ha pasfiMyHble AeTany TEMnoBbIX
MalUWH: Ha KnanaHbl, MOPLUEHb, FOMIOBKY UMMAMHAPA [AM3ernbHbIX ABuratenen, paboune u
connoBsble nonaTki U AeTanu Kamepbl cropaHus ra3oBbix TypbuH n ap. Cxema paboTbl Takoro
NMOKPbITUSA NpeAcTaBneHa Ha puc. 3.

Cynepcnaae | Moxpwe |Mobepxroctoe |\ | NAeHKa
fonamya ¢ OCHOBAHMA | cepam | NOKPbTME | @7 oxnawgaouero
: i zl"c': P L]
TepMobapbe pHbIM =100 rarem ! [ e
TeMl'lEpapr ' 5 v 100-400 sKM ' 1l
MOEDLITHEA, -

FopmuMe rase

PaccronHme
Puc.3 Cxema paboTbl TepmMobapbepPHOro NOKPbITUSA, HAHECEHHOIO Ha COMIIOBYHO NNONATKy ra3oBow
TYpOUHbI

Mcnonb3oBaHne TepMobapbepHbIX MOKPbITUIA ANS 3alWTbl NonaTok ra3oBon TypOWHbI
no3BonsieT MOBbICUTb TemnepaTypy paboyero rasa Ha Bbixoge B TypOWHY Mpu coxpaHeHuu
Hen3MeHHoW TeMnepaTypbl Cnfasa, U3 KOTOPOro M3roTOBMEHa nonartka, yMeHbLUUTb pacxopa rasa,
MCMonNb3yeMoro Ansi OXNaxAeHUs, CHU3UTb TemnepaTypy CTEHKU fonaTtkv npu HeusMeHHoW
Temnepatype pabovero rasa, wucnonb3osaTb 6onee 3arpA3HeHHOe TOMMMBO, Tak Kak
TepmobapbepHble MOKpbITUA obecneunBaloT 3awWmUTy OT KOPpPO3MM 3a CYeT HaHeceHus
KOPPO3MOHHOTO MeTannuyeckoro nogcrnos [3].

JKapocToikocTb (CTOMKOCTb K OKACMEHWI0) MaTepuana MokKpbiTUa onpegenseTcs
TepMOANHAMNYECKUMU XapaKTepUCTUKaMN HAHOCUMbIX MaTepuaros.

MexaHu3M 3aLnTbl OT OKUCIIEHUsI MOXHO cebe NpeAcTaBUTb Kak AU dY3NOHHbIN NpoLece
nepemMeLLeHuns, HanpuMep, anioMUHUA B NpoLecce Harpesa cnnasa (NMokpbiTUs) U3 obnacrtu,
GoraToii Al, kK MOBEpXHOCTU [eTanu, rae OH npeBspallaeTcs B okcud. Mo Mepe yBenuueHus
TONMHBI OKCUZA HacTynaeT MOMEHT, KOrga nreHka oKcuAa ckanbiBaeTcs U3-3a TepMUYecKuX
HanpsibkeHuit. Takum o6pa3om, ANMUTENBHOCTb 3aLUMTbI XXapornpoyHOro cnnaea nieHkow oKcuaa
antoM1MHUS 3aBUCUT OT KOHLEeHTpauum Al B crinase.



YETONHMBOCTE K OKMCNEHWIO

ANHOMAHKOE

CNnaps ¢ BLaCsoram
cogapsaHiam Cr
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KoppoawoHHas yeTolYMBOCTE
Puc.4 OnTummnsaumsa coctasa NOKpbITUS AN 3alUMThl OT OKUCNIEHUS

MaBHbIM CNOCOBOM 3aLLMTbI KaPOMPOYHbIX CMIaBOB OT OKUCMEHNS B LUECTUAECATLIE rOAbI
6bIN0 AU dy3noHHOe anuTupoBaHue. OpHako, 3aluTa BHELWHUX MOBEPXHOCTEel nonaTok
anuMTMpoBaHUMEM SIBHO HELOCTATOYHA, TaK Kak M3-3a CHWKEeHWsI YCTaroCTHOW MpOYHOCTU B
rnonaTkax ToMLMHa anMTMpPoBaHHOTO crosi He npesbiwaeT 40-60 MKkM.

Koppo3noHHOAKTVBHbIE aneMeHTbl, NonajatoLine B ropsyyto 30Hy ABuraTens 13 Tonnmea,
BbI3bIBAIOT CynbUAHYI, HaTpueBylo, BaHaAMEBYD W Ap. BuAbl KOPpo3uu. OTO BbI3Basno
pa3paboTKy 3awwmTHbIX NokpbiTU B cucteme M(Co,Ni)CrAlY[1]. OnTuMusaums coctasa NoKpbITUS
ANs  3aWuTbl OT OKUCIMEHWS, MCNONb3yemMOro B KayecTBe MOACMNos Ans TepMobapbepHbIX
MOKPbLITUI, NpeAcTaBneHa Ha puc.4.

MprYMeHeHNe HOBbIX TEXHOMOMIN YacTo COMPSKEHO € puckoM. [oaTomy cneunanvcTamu
OO0 «TC3IM» BbinonHsawTca 6onbwoe konuvectBo HWOKP, B ToM uncne no TexHU4Yeckomy
3afjaHuio 3akasuuka, korga pesynbtatbl HUOKP ocTalTcs ero cobCTBEHHOCTBIO, Tak Xe, Kak v
naTeHTbl U HOy-xay.

MHorve 3apgaus no HUOKP Obinu pelueHbl B LBETHOW MeTannypriv, 3HEpreTukd u
HeTAHOW NPOMBILLNEHHOCTH, A0Ka3aB CBOI0 9KOHOMMYECKYH 3(PeKTUBHOCTb.

YcnewHo NpUMEHSIIOT HOBble MHTEHCUBHbIE TEXHOMOMW, KOTOPble MO3BONST AOCTUYb
yBENUUYeHns 06beMOB A06bIUN 1 NepepaboTky HETU, BbINNaBKkA LBETHLIX METanoB, a Takke B
3aluTe OT KaBUTaLMKW B AeTansiX MAPO3NEKTPOCTaHLMIA.

OKoHOMMYecKas LenecoobpasHoCTb NpUMeHeHUs1 PYHKLUNOHaNbHbIX ra30TepMUYeCKMUX
NOKpbITUNA

OgHMM M3 MHOMMX MPUMEPOB 3KOHOMMYECKON I(PEKTUBHOCTU SBMSIETCA HamMbINeHUs
3alMTHBIX MOKpbITUIA B «[a3npom pobblya AcTpaxaHb». OddekT oT BHeApeHMs 3alUTHbIX
NMOKPbITUIA BHYTPEHHEN NOBEPXHOCTM KONOHH abcopbepoB 1 emkocTel 3a nepuog c 2001 no 2007
rof, coctaBun 6onee naTu munnuapaos pybnen [4].

I i e a7, ,ﬂ'__ B4R Y i
Puc.5 BHyTpeHHel NoBepXHOCTM KONOHH abcopbepoB: a) KOPPO3MOHHO-3PO3NOHHbI U3HOC
meTanna abcopbepo.; 6) HaHeCeHNe NOKPbITUSA Ha BHYTPEHHIO NOBEPXHOCTbL abcopbepa

[Ons  BblnonHeHuMs paboT no 3awuTe BHYTPEHHEW MnoBepxHOoCcTn abcopbepoB oOT
KOPPO3MOHHO3PO3NOHHOTO M3HOoca cneuvanuctamm  OOO "TC3M" 6binn  paspaboTaHbl



TEXHOMOMMN 3alunThl U PEeMOHTa annapaToB B yCrnoBuax 3aBoaa (6e3 ux gemoHTaxa) puc. 5.
Cneuymnanuctamm OOO '"Tasnpom pobbiva AcTpaxaHb" coBmecTHo ¢ OOO "TC3M" 6Gbinu
NnpoBefeHbl WUCMbITAHUS pPasfMYHbIX TUMOB MOKPbLITUA, paspaboTaHa cxema HamnbineHus
abcopbepos.

MoBpexaeHe eaMHCTBEHHON Tpy6bl UMW CBApHOMO LWBA Temnnoo6MeHHUKa, He BbICOKOW
CTOMMOCTM, MOXET MPUBECTU K aBapuiiHO OCTaHOBKe arperaTta 6onbLoi cToumocTu. MpocToi
060pyoBaHMs BO BpEMS PEMOHTA NMPUBOANT K OTPOMHbLIM (OMHAHCOBLIM MOTEPSM pUc.6 6).
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Pnc.6 3awmTta ot koppo3un TennoobmeHHoro o6opyaoBaHus: a) TeNNoobMeHHMK; 6)
cpaBHUTENbHbIE 3aTpaThl paboTbl TENNOOOMEHHMKA C NMOKPLITUEM U GE3 NMOKPbLITUSA

Cpok  cnyxbbl  TEnnoOOGMEHHUKOB  CPaBHWTENbHO  HEBENMUK Mo MpuYnHe
BbICOKOTEMMEPATYPHOI KOPPO3WK 1 3pOo3nu, a Takke razoabpasmMBHOMO M3HOCA CTEHOK TPYyo,
BbI3BAHHbIX aAANTUBHLIM Pa3pyLUaoLLMM BO3AECTBUEM BbICOKMX TEMMNEPATYP KAMEHUS 1 YacTuL
NPOAYKTOB rOpeHusi.

Cneuuanuctamm OOO «TC3IM» 6biN MchbiTaH psA NOKPbITUIA, U3 KOTOPbLIX, Hanbonee
NepCrnekTUBHbIMA AMNs MTPUMEHEHUs MK 3aliuTe TennoobMeHHUKoB. Mpu 3TOM Hafo yunTbIBaTb,
YTO HaHeCceHWe NOKPbITUA Ha TeNNOOOMEHHUKN YBENNYMBAET NOBEPXHOCTbL TennoobmeHa Ha 10-
20%.

PaspaboTka Hay4HbIX nporpamm no npobnemam M3HOCOCTOMNKOCTYU "
KOPPO3MOHHOCTONKOCTU ANKTYET 3KOHOMUYECKON 3HAYMMOCTbBIO 3TOW Npobnemsbl AN HapOAHOro
xo3aunctea. Cnefyet elle pa3 NoOAYEPKHYTb, YTO M3HOC SABMASETCS MaBHOW MPUYUNHOW CHATUSA
MaLLMH 1 060pyAOBaHNS C 3KCnnyaTauun Ans NpoM3BOACTBA PeMOHTa, U NOTEpPM OT 3TOro MOryT,
COKpaLlleHbl MyTemM NMpUMEeHEHMEeM pauMoHanbHbIX CMOCOOOB BOCCTAHOBIMNEHUS W YNPOYHEHWUS.
[MoaTomy NpvMeHeHre MeTOoA0B ra3oTePMUYECKOTO HaMbINEHNS CMOXET PeLUnTb HauuoHanbHbie
npobnembl, TakMe Kak 3KOHOMMSA SHEepruu, COKpalleHWe pacxofja maTepuarnos, a Takke
HafeXHOCTb U 6e30NacHOCTb MEXaHNYECKUX CUCTEM.

Nuarpamsa MIKOCOCTHAKDCTH LWEEK KONEHYETRX BAN0E

0 50 100

Puc.7 narpamma n3HOCOCTOMKOCTM LLEEK KONeHYaTbIX Banos

MpuMepom NpMMeHeHNs ra30TEPMUYECKMX MOKPLITUIA AN BOCCTAaHOBMNEHUSI U3HOLIEHHbIX
BarioB 1 Apyrvx Aetanen apuratens aenseTtcs 60nbLwo aKoHoMUYeckuii acpdekt puc.7 [2].

BbiBOAbI

lMpoueccbl rasoTepMMYecKkoro HamnbINIEHWS MOMyYMnu  LUMPOKOE pacnpocTpaHeHue
6rnarofaps psay CyLeCTBEeHHbIX MPeMMyLLEeCTB MO CPaBHEHWNIO C APYMMU METOAaMU HaHeCeHNs
MOKPbITWIA:

® BO3MOXHOCTb HAHECEHUS MOKPbLITUIN Ha 06BbEKTbI NPAKTUYECKU NMHOObLIX pasMepoB 1 hopMm;

® LUMpOYaLLNIA CNIEKTP HaMbINIIEMbIX MaTEPUaroB 1 MOAMOXEK,;

® HaHeCeHWe ra3oTepMmnYecKnx I'IOKprTI/IIZ He Bbl3blBaeT 3HAYUTETIbHOIO pa3orpesa
obpabaTbiBaeMbIX NOBEPXHOCTEN;

® OTCYTCTBYIOT TemnepaTypHble AedopMaLmm HanbiNseMblX JeTanen;

® OTCyTCTBUE CTPYKTYPHbIX MU3MEHEHUI B MaTepuarne obpabaTtsiBaemol AeTanu;

® BbICOKad 3KOHOMUYEeCKasa SCbeeK'I'I/IBHOCTb N SKOJTIOTMYHOCTb.

BGSYCJ'IOBHO, onuncaHHble npouecchbl cnegyet OTHeCTU K pecypco U aHeprocﬁeperaroLLMM,
MOCKOJIbKY OHW MnpoArneBatdT CPOK 3KcnyaTtauuu 060pyﬂOBaHMﬂ, NO3BOJIAKOT BOCCTaHaBNMnBaTb
N3HOLWWEHHbIe Y3Iibl, @ HEe 3aMeHATb UX HOBbIMU. I'IpmmeHeHme q)yHKLWIOHaI'IbeIX ﬂOKprTVII7I naet
BO3MOXHOCTb 3KOHOMWUTb AOPOroctoduwmne Mmatepuanbl, U3rotaennueas OCHOBHOW 06beM aeTanu
13 bonee geleBoro MeTtanna. BHe,qpeHme B MpOn3BOACTBO COBPEMEHHbLIX aBTOMAaTU3NPOBAHHbIX
npoueccoB rasoTepMmM4ecKoro HanblfleHUA NO03BOJIAET BbliNYCKaTb MNPOAYKUMIO C BbICOKUMU



3KCMNIyaTaLMOHHLIMU CBOMCTBaMM, OTBEYAIOLLMMU TPeOOBaHMAM COBPEMEHHbIX TEXHOMOMMIA[1].
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