HAYYHO-TEXHUYECKMWI XYPHAN "BOMPOCHLI MATEPUANOBEOEHUSA"
Ne 1(89), 2017

COOEPXAHME

METANNOBEAOEHUE. METAINNYPIUA

KasakoB A. A., OpsbiweHko A. C., domuHa O. B., XKuteHes A. ., Buxapesa T. B. YnpasneHnue npupogomn
0-theppuTa B a30TCOAEPKALLNX XPOMOHUKETTbBMAPTAHLIEBBIX CTATSAX . vvvvereeeeeeiiirrreeeeaeeeeasnsrneeeeaessanannnnens 7

pbidyHoB B. U., EmenbsiHoBa T. B., MNpuiimak E. KO. PacyeT kuHeTnkn doopmmpoBanHnst andpdy3moHHbIX
cnoeB npu 60pMpoBaHnK cTanen Ha OCHOBE MOAENBHBIX MPEACTABITEHUM .....ceeevivereeeiiiieeeeiiieeeesanieeaens 22

KoctnH H. A., Tpycosa E. B. Mcnonb3oBaHne HUTpoLemeHToBaHHON cTanu LWX15 B kadecTBe maTepua-
na ANA LWTAMNOBBIX MHCTPYMEHTOB. ..cceeetitiutrtreteteeesaassreeeeeteessasassrrereetaesaaaassrreeeeteeesasasnrrnreeeeeeaaaannrrnneeeeeas 31

MeaHoBa J1. A., beHemaHckasa . B., TpaBuH B. B. KoHueHTpauuoHHOe nepepacnpeneneHne nernpyo-
LUMX 3N1EMEHTOB B NCEBOO-0-CNaBe TUTaHa Npu ynpyronnactudeckon gedopmaumm obpasua............ 38

KoHgpaTtees C. tO., CaTbiwesa E. B., [Netpos C. H. OcobeHHOCTN CTPOEHUSA OUCNEPCHLIX YacTuL, Kap-
Ovaa HMOOKMA B CTPYKTYpE XKaponpouHbiX cnnaBoB Ha OCHOBE Fe—25Cr—35Ni.......ccccccvvviiiciiiiiineeeees 51

Bakpagse M. M., OscensH C.B., bByskuHa A.A., JlTombepr B. C. PagpaboTka kOMNO31LMUK KapOonpo4HOro
HWKeneBoro crnnaea c paboyen Temnepatypou go 800°C onst AMCKOB ra3oTypbuHHbLIX ABuraTenen..... 64

MetpywwuH H. B., EntotuH E. C. BninsitHue nernpoBaHusl Ha TemnepaTtypy nnaeBneHus MHTepmeTannuaa
A SRR 75

Cepreesa A. M., JloensuH H. C., CocHuH A. A. CTpyKTypa U MexaHu4eckMe CBONCTBA MMOCKMX 3aroTo-
BOK 13 cnnaea Al1, NOnyYeHHbIX B YCNOBUSAX HEMPEPbLIBHOIMO NUTbS, COBMELLEHHOro ¢ Agedopmaunen B
L= L) (o) i Ta o] Y W ToToa o) 11 I PP 84

CeHHukoBa J1. @., daBuaeHko A. A., TkayeHko B. M., Metnos J1. C. BnusiHne GonbLUMX NnacTu4ecknx
aedopmaumin Ha CTPYKTYPY Y CBONCTBA MEOMN MOB .......ccuviiiiiiiiiie it e e 92

KycmaHos C. A., KacaTtknHa M. H., ObsakoB N. ., CunkuH C. A., BenkuH IM. H. MNoBbIweHne nsHococTomn-
KOCTW MarnoyrnepoaMcTon CTany aHOAHbIM 3NEeKTPONIUTHO-MMNa3MEHHbIM a30TUPOBAHNEM.................... 99

OYHKUMOHAJTbHBIE MATEPUAITbI

HoponHnH M. B., INpewHskos . B. HagBuxHble MarHUTHbIE 3KpaHbl CneumanbHON KOHCTPYKUMK, cobpaH-
Hble U3 NTIUCTOB aMOPMHBIX MArHUTOMSTKUX CIIITABOB ........eveeieeaaeeaatiteeeeaaeseaanteeeeeeaeesaaannnseeeeeeeesaaannneees 108

EwmemeteeBa E. H., Bengkos A. H., Beictpos P. 0., Bacunbes A. @., KysHeuos [I1. A,
dapmakosckmin b. B. OcobeHHOCTM chopMmmnpoBaHus NOoKpbITUA cnuctembl Ti—Ru—O mMeTogom BakyyMHOro
MarHeTPOHHOIO HaMbINIEHUS HA MOCTOSHHOM TOKE ....c.uuieateeesueeasteeesuteeaseeassseesseeessseesnseeesseessnseeesnseesnne 115

KpacunkoB A. B. BnusiHme koHueHTpauum rmnodoccuta Hatpus B nmpodocdaTHOM 3IMeKTponute
Ha COCTaB W CBOMCTBA 3NEKTPOOCaXAEHHBIX MOKPLITUN Ni—P ........ooviiiiiiiiiiiiiiiieas 123

AcnaHaH W. P. BnuvsHue BHEWHUX W BHYTPEHHUX (PaKTOpOB Ha M3HOC HUKENb-(POCHOPHLIX
0T (o= 1 SO SPPPRPRPPRPRRPRPR 130

NONMMMEPHbLIE KOMMO3ULUNOHHbLIE MATEPUATbI

Basunosa M. U., Cokonoe WN. N., Axmagmesa K. P., AmwumkoBa . A. TNonvmepHble KOMMNO3ULMOH-
Hble MaTepuanbl C HU3KOW MOPUCTOCTbIO, MOMyYyaeMble MO TEXHOMOrMU MPONUTKMA MAEHOYHBIM CBA3YIO-

R 140
© 2017 HUL «Kyp4aTOBCKUMA MHCTUTYT» — Hay4Ho-mexHu4eckull XypHa
LHUU KM «lMpomeTein» «Bonpocbl MamepuanoeedeHusi»

http://www.crism-prometey.ru




MocTtoson A. C., JlepeHeB A. H. Moaudukaums anoKCUaHbIX NOMMMEPOB rekcaroHarnbHbIM HUTPUOOM
[570] o - TR 147

denotos M. KO., lLUneHok A. M., MyxameToB P. P., l'ynaes WU. H. NccnegosaHue rpaHuubl pasgena no-
NMMEPHbIX MaTpUL, C ONTUYECKMMU CBETOBOAAMMU B UHPOPMKOMMOBUTAX ..vvvereeeeeeieirrreereaeeeeeiarrneeeeaens 155

CBAPKA U POOCTBEHHbIE NMPOLECCbLI. CBAPOYHbLIE MATEPUAIbI U TEXHOJIOIMU
AxywinH b. @. K Bonpocy 0 noBbieHUN 3P PEeKTUBHOCTN OyrOoBOM CBAPKM MNOA (PSIOCOM .................... 169

KOPPO3UA U 3ALLUTA METAINNOB

KyopssueB A. C., OxankuH K. A., CysopoB C. A. BnnsaHue anemMeHTOB BHeOPEHUA Ha MUTTUMHIOBYIO U
MEXKPUCTANNUTHYIO KOPPO3UIO ayCTEHUTHOM XPOMOHUKENEBOM CTAMM ...vuvvverererereinrnreenenrnenrnnnnnnnnnnnnnnns 177

KOHCTPYKTUBHO-TEXHOJIOTMYECKAA NMPOYHOCTb U PABOTOCIOCOBHOCTb MATEPUA-
nos

Mpunmak E. KO., ot A. ., CtenaHyykoBa A. B. AHan13 aBapuiHbIX NOBPEXAEHMIN reonoropassenoy-
HbIX OYPUIBHBIX TPYD MPU SKCTIIYATALMM ....eeeeeeeitiieeeitieee e ateeeeeeteeee e sttt e e e sttt e e e sbeeeeesanbeeessanbeeeesaneeeeaans 187

Hay4yHo-TexHuU4ecknm xxypHan «Bonpocbl matepnanoBegeHusi». OcdopmneHume craten. lNMpaBuna
B 01D I 1= e o Lo = 195

YK 669.15'26'24'786—-194:678.789

YMPABJIEHUE NMPUPOAOW 3-®EPPUTA B A3SOTCOAEPXALLUX XPOMOHUKENbMAPI AHLIE-
BbIX CTANAX

A. A. KABAKOB', a-p TexH. Hayk, A. C. OPbILLEHKO?, a-p TexH. Hayk,
O. B. POMWHA?, kaHa. TexH. Hayk, A. V. )KUTEHEB', T. B. BUXAPEBA?
' ®rAOY BO «CaHkT-lNeTepbyprckuin nonutexHuyeckun yHmsepcuteT NeTpa Benukoro», 195251,
CankT-leTepbypr, MonutexHunyeckas yn., 29
2 HNL «KypuatoBckun nHctutyt» — LLHAW KM «lNpomeTeny, 191015, CankT-MNeTepbypr, LUna-
nepHas yn., 49, E-mail: mail@crism.ru
Cratbsa noctynuna 15.02.2016

C nomoLLblo TEPMOAMHAMUYECKOTO MOAENMPOBAHUSA N3YYEHO NoBeaeHue d-dhepputa npu KpucTannu-
3auun, 3aTBepeBaHUM U MOCneayloLwweM oxnaxaeHuM TBepaon asoTcodepallen KOppo3nOHHO-CTONKON
cTanum pasfnmM4yHoro cocrasa. |_|OJ'IyHeHHbIe pe3ynbTaTbl NoATBEepPXAeHbl 3KCnepnMeHTanbHO U MOryT ObITb
Mncnosib3oBaHbl And obocHoBaHus Bbl60pa COCTaBa CTalln, a TakkKe TexXHonormm ee nony4vyeHua Ha Bcex ne-
pedenax, BKMYas TrOpsYyl0 NnacTuyeckylo 06paboTky W cBapKy, Mpu MNpOBEOEHUN KOTOPbIX
O-chbeppuT Npy KOHTPOMNMPYEMOM €ro COAEMKAHUN MOXET OKa3aTbCHA MOSE3HbIM. DTN pesynbTaTel MOTyT
NPUMEHATLCA Takke ANns Bblbopa TemnepaTypHbIX PEXUMOB ayCTEHUTM3aUMKM C Lenbio Hanbonee NonHoro
pacTBopeHus d-hepputa B roTOBOM MeTanne.

Knrouesbie crnosa: asoTcogepxallasi KOPPO3UOHHO-CTOMKas cTanb, O-cheppuT, KpucTannusauus,
aycTeHUTU3auus, TepMOAMHAMNYECKOe MOoAEeNUpoBaHue.
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Cratbsa noctynuna 6.10.2016

WccneposaHa kuHeTuka dopMupoBannst Auddy3MoHHOro crios npu 6opupoBaHuM ctanu. YcTa-
HOBIEHO, YTO TOSLLMHA BOPUOHOro Crnosi NpU BCeEX UCCIeAOBaHHbIX TemnepaTypax 3aBucuT oT anddy-
3MOHHOW NOABWXHOCTU aTOMOB O0pa, yrnepoaa v nervpyroLLmMx afieMeHToB.

KntoueBble croa: anddysus, bopmpoBaHne, TemnepaTypa, cTanb, Yrneposa, KUHeTuka, agcopouus,
NPOTSHKEHHOCTb.
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UCNONb30BAHUE HUTPOLLEMEHTOBAHHOM CTANMU LLIX15 B KAYECTBE MATEPUAIIA
AnA WTAMNoBbIX UHCTPYMEHTOB
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PaccmoTpeHbl ocobeHHOCTM HuTpoueMeHTaummn ctanu LWX15 B asoTucTto-yrnmepogHon nacte ans
UCMNomnb30BaHNs ee B kavyecTBe Martepuana Ans LTaMnoBbIX UHCTPYMeEHTOB. [puBeneHbl pesynbtaThbl
UCMNbITAHWA HUTPOLIEMEHTOBAHHbLIX MHCTPYMEHTOB 13 ctanu LLX15, n nokazaHa MUKPOCTPYKTypa LieMEH-
TOBaHHbIX croes. [1poaHannampoBaHbl U3MEHEHWS KOHLEHTpaLuumn yrnepoaa no rnyéuHe anddy3noHHbIX
CrnoeB nccnegoBaHHbIX 06pasLoB.

Knrouesnie criosa: ctanb WX15, HuTpouemeHTauus, asoTucTo-yrnepogHasl nacta, WTaMnoBbIA NH-
CTPYMEHT, U3MEHEHME CTPYKTYPbI 1 CBOWCTB.
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CraTbsa noctynuna 25.11.2016

ViccnepoBaHo nepepacnpeaeneHve atoMoB nervpytowmx anemeHTos (Al, V, Mo) B cTpykType nces-
[O-a-ChraBa TUTaHa Npv NO3TanHOM pacTsbkeHny obpasua BnioTb A0 paspylleHus. Micnonb3oBaHbl Me-
TOObl PacTPOBON 3MEKTPOHHOW MMWKPOCKOMMM W PEHTrEHOCNEKTpPanbHONO MWKpOaHanu3a rokKasnbHbIX
Yy4YaCTKOB CTPYKTYpbl U MOBEPXHOCTU M3MOMa pa3opBaHHOro obpasLa. YCTaHOBEHO N3MEHEHME XMWY e-
CKOrO M (pa3oBOro COCTaBOB ChflaBa MO CPABHEHWIO C UCXOAHbIM COCTOSIHUEM, CTMMYMMPOBaHHOE Ae-
dopmMaLMoHHbIM Bo3gencTeneM. ChopMnpoBaHHoe Npu OoMbLIMX MacTU4ecknx gedopmMaumnsax CTpyk-
TYpHO-ha30BOE COCTOsIHME MaTepuana sBNseTcs meTtacTtabunbHbIM, 3adMKCUPOBAHHBIM CUCTEMOW [e-
POpPMaLMOHHBIX e(PEKTOB KPUCTANNTMYECKOWN PELLETKM.

Knroveeabie cnoea: ncesno-0-Crnnas TUTaHa, Nervpytolmne aneMeHThl, AedopMauns pacTsKeHneM,
CTPYKTYPHO-(pa30BOE COCTOSIHYE.
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OCOBEHHOCTU CTPOEHUA OUCTIEPCHbLIX YACTUL KAPBEMOA HWOBUA B CTPYKTYPE XA-
POMPOYHbLIX CMJITABOB HA OCHOBE Fe-25Cr-35Ni
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CraTbsa noctynuna 22.11.2016

M3yyeHO CTpoeHue ynpoYHSAILWMX YacTul kapbmaa HMobus B IMTOM XapornpoyYHOM CrhnaBe Ha oc-
HoBe cucteMbl Fe—Cr—Ni—C, mogudmuuposaHHom Nb u Ti. cnonb3oBaHbl METOALI ONTUYECKON U 3MekK-
TPOHHOW CKaHUPYIOLLEN U NPOCBEYMBAIOLLIEA MUKPOCKOMMU. YCTaHOBMNEHO, YTO YacTuLbl kapbuaa Hnobus
B CTPYKTYpe NUTOro cnnasa SBMASITCA MHOroasHbIMU MOMMKPUCTANNIMYECKUMI KnacTepamun, HEOOHO-
POAHBLIMU MO XMMWYECKOMY COCTaBy M KpucTannuyeckomy ctpoeHuto. ObCcyxaaroTca BO3MOXHbIE NMPUYu-
Hbl CMIOXXHOFO CTPOEHMS YacTul, kapbuga Huobwus.

Knrouesbie cnoga: nuTble XaponpoyHble XapoCTONKME CrnnaBbl, MMKPOCTPYKTYpa, (ha3oBbi COCTaB,
KapbuaHble hasbl, 3MeKTPOHHAst MUKPOCKOMMS.
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MpeacrtaBneHbl pesynbTaTbl pa3paboTkM KOMMO3ULIMM HOBOIO >Kapornpo4YHOro HMKENeBoro cnrnasa C
TemnepaTypon akcnnyatauum go 800°C gns anckoB ra3oTypbuHHbIX aBuratenei. lNpoeeneHbl nccneno-
BaHUSA CTPYKTYPbl, MEXQHWYECKNX CBONCTB M (Da30BbIX NPEBPALLEHMI LLIECTN SKCNEePUMEHTarnbHbIX COCTa-
BoB. [1pn BbIGOpe cnnaBa ncnonb3oBany hU3mMKo-XMMMYeCcKoe MOAENUPOBaHNE, B KAYECTBE IKBUBANEH-
Ta cocTaBa MPUMEHSANN NapaMeTpbl, pacCYNTaHHbIE MO CUCTEME YPaBHEHUN HEMONAPU30BaAHHbBIX NOHHbIX
paguycoB. Jly4lnin ypoBeHb NMPOYHOCTU, NITACTUYHOCTN, YOAPHOW BA3KOCTM U XaponpovHocTu npu 750°C
nokasan akcnepumeHTanbHbli coctaB cuctembl Ni-Co—Cr-W-Mo—Ta-Al-Ti-Nb ¢ cogepxaHnem anto-
MUWHWS, TUTaHa 1 HMobws, pasHeiM B cymme 10 mac. %, n 4 mac. % TaHTana.

Knouesbie crioga: »aponpoyHbIi HAKENEBbIVM CNnaB, COCTaB, NerMpoBaHune, CTPYKTypa, YNpoUHsto-
was y'-dasa, MexaHM4Yeckme CBOMCTBa, TepmMmmyeckas obpaboTka.
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BINUAHUE NETMPOBAHNA HA TEMMEPATYPY NMINABJNIEHUA MHTEPMETANINUAOA Ni;Al

H. B. METPYLWWH, a-p TexH. Hayk, E. C. ENNIOTUNH

Oryr «Bcepoccnnckuin Hay4Ho-uccrneaoBaTenbCkMini UHCTUTYT aBUALMOHHBIX MaTepuanoB»
(oryrn «BMAM»), 105005, Mocksa, yn. Paguo, a. 17, E-mail: admin@viam.ru

Cratbs noctynuna 16.12.2016

ViccnegoBaHa Temnepartypa nnaeneHust nHTtepmetannnaoB Ha ocHoBe NisAl (y'-cbasa), B KoTopom
YacTb anioMuHus (4o 5 at. %) 3ameHsAnace TpeTbum anemeHTom u3 psaa Ti, Ta, W, Mo, Nb u Re, a Tak-
K& KOMMMEKCOM 3TUX anemMeHToB; JobaBka xpoma 3amellana HuKenb. OKCnepMMeHTanbHble nccneaoBa-
HUSA NPOBOAMMM Ha MOMNMKpUCTannMyeckux obpasuax mnocrie BbICOKOTEMMepaTypHOW roMmoreHusauum c
nocneaylowum OxnaxaeHnem co ckopocTblo ~2°C/mMuH. TemnepaTypy nnaBneHus (Convayc) uHTtepme-
TannuaHblX CMaBoB onpefensany metogom auddepeHunansHOro TePMUYECKOro aHanu3a. YcraHoBne-
Ho, uTo gobaBskn peHus (0,4 at. %) n Bonbdpama (1,3 at. %) B NizAl noBbILWAT TemMnepaTypy ero nnas-
nexns 0o 1386 n 1380°C cootBeTcTBeHHO (Ans NizAl T,= 1372°C). BeegeHue B NizAl TpeTbux Komno-
HeHTOB, aT. %: 1,6 Mo; 2,3 Ta, 4,5 Ti, 4,9 Cr 1 4,9 Nb npuBoAMT K MOHWXEHUIO TemMMNepaTypbl ero nnae-
neHnsi cooteeTcTBeHHO o 1371, 1368, 1360, 1355 1 1338°C. JlernposaHne anemeHtamu Ti, Ta, W, Mo,
Cr, Nb n Re B koMnfekce NpUBOAUT K CHDKEHUIO TeMNepaTypbl NnaeneHns. y'-gasbl.

Knrouesnie crioga: xaponpoyHble nHTepmeTannuaHble cnnasbl, nHTepmeTtannug NizAl, nermposaHue
y'-basbl, TEeMnepaTypa nnasneHus.
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M3BecTHO, 4TO Kpucrtannumsauuma pacnmnaBoB noa BO34ENCTBUEM BHELUHUX (baKTOpOB npunBoaAnUT K
YNyHWEeHN0 MeXaHNYEeCKNX XapaKTePUCTUK rOTOBbIX MeTannonsgenun. I'IonyquVle AONMMHHOMEPHbIX 3aro-
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TOBOK C BbICOKMM YPOBHEM MEXaHMYECKUX CBOWCTB 3a KOPOTKUA MPOW3BOACTBEHHbIA LUK — BaXkHasi
Hay4YHO-TexHMYeckas 3afada. lNpeactasneHbl pe3ynbTaThl MCCreAoBaHUn CBOMCTB M3genvin u3 antomm-
HueBoro cnnaea Al1, nony4YeHHble CNOCOOOM HENPEPLIBHOINO FOPU3OHTANIbHOIO JITbSI COBMELLIEHHOIO C
aecdopmaumeri B TBEpAOKNOKOM cocTosHMM. [MprBeaeHa cxema YCTPOMCTBA, peanuaylowero Takon npo-
LleCC COBMELLEHUS!, pacCMOTpeHa ero paboTta. [laHO onucaHue TEXHOMNOrMM MoNTyYeHns NIIOCKMX 3aroTo-
BOK, MOArOTOBKM 00pas3uoB ANs UCCIef0oBaHNsl MEXaHUYECKMX XapaKTEPUCTMK U MUKPOCTPYKTYpPbI 3aroTo-
BOK. Kak nokasanu mnccnegoBaHud, NofyvyeHHble MeTannousgennst UMeT MENKO3EPHUCTYI0 CTPYKTYPY C
NMOTHBLIM HarnpaBneHHbIM pacrnonoXeHnem gucnokaumin. 'paHmubl 3epeH SBNSOTCA HEPOBHBLIMU, LLUMPOKK-
MM, COCTOALLMMM U3 CNNETEHUSA ONCIIOKALMOHHbIX NETeNb 1 CETOK. Takasi BHYTPEHHAS CTPYKTypa MeTanmno-
nsgenuii bopmupyeTcs cpasy B npoLecce Kpuctannu3auum n obecnedvBaeT MnoBbilUEHNE MEXaHU4eCKUX
XapaKTepuUCTUK 3aroToBOK. B nccneaoBaHHbIX 3arotToBKax OTCYTCTBYIOT BHYTPEHHME AedeKTbl (Mopbl, pbix-
notol). MNokasaHa BO3MOXHOCTb MONYYEHUS ANMHHOMEPHbIX METaNMON3AENni C MENKO3EPHUCTON CTPYKTY-
pOW, OTCYTCTBMEM BHYTPEHHUX OEEKTOB U YNyULLIEHHBIMW MEXAHUYECKMMM CBOMCTBAMM 3@ KOPOTKUIA NPo-
M3BOACTBEHHbIN LMK CO CHMKEHMEM CUNOBOrO BO3AeNCTBnNS Ha pacnnae 6onee yem Ha 50%.

Knroyeebie crioga: antoMUHUEBLIE CNaBbl, MUKPOCTPYKTYpa, HeNnpepbiBHOE JINTbEe, MeéxaHn4eckne
CBOWCTBA, Kpuctannmnsauusa, coBMmelleHne TeXHONMOrm4eckmx npoLeccos.

JINTEPATYPA

1. Estrin Y., Vinogradov A. Extreme grain refinement by severe plastic deformation: A wealth of
challenging science // Acta Mater. — 2013. - V. 61. — P. 782-817.

2. CepreeBa A. M., JloBnsmn H. C., CocHun A. A., OgunHokoB B. N. NccneposaHne CTpyKTypbl U
MeXaHWYeCKUX CBONCTB MeTannounsgenuin ns cnnasa ALO, nonydYeHHbIX C NOMOLLbI0 HOBOW TEXHONOrnm
HenpepbiBHOro NnUTbS // MNepcnekTuBHble Matepuansl. — 2016. — Ne 4.— C. 13—18.

3. TOCT 4784-97. AnioMuvHMIA W cnnaebl anoMuHueBble aedopmupyemble. Mapku. —
Beea. 2000.07.01. — M.: N3p-Bo ctaHgapTos, 1997. — 10 c.

4. TlateHT P® Ne 2073586. YcTpoWCTBO ONA HENPepbIBHOMO NUTba U dedopmaumm MeTtanna /
OamnHokos B. . Ony6n. 20.02.1997. 3asBka Ne 93052086/02.

5. TOCT P 8.585-2001. Tepmonapbl. HOMMHanbHble cTaTUYECKME XapaKTepPUCTMKN Npeobpa3soBa-
Hua: — Been. 2001.11.21. — M.: UMK N3g-Bo ctaHgapTos, 2002. — 84 c.

6. bpoemaH M. A. CoBmeLLeHHble NPOLECChl HEMPEePbIBHOMO NUTbA 1 npokaTkn. — CaapbprokkeH
(FCepmanus): LAP LAMBERT Academic Publishing, 2014. — 626 c.

7. Tabugynnuu P. M., lNlueaHos B. A., Wnnnnoe B. C. HenpepbIBHOE NUTbE antOMUHUEBDLIX Chna-
BoB. — M.: MeTtannyprus, 1977. — 168 c.

8. TlepmanH 3. HenpepbiBHoe nutbe: CnpaBoyHuk / Mep. ¢ Hem. / Moa pea. B. V. Job6aTkuHa,
B. C. Pyteca, 3. P. lWLopa. — M.: MeTtannyprusgat, 1961. — 814 c.

9. 8emckoB WN. B., KpytunnH A. H. BepTukanbHoe HenpepbiBHOE NUTbe 3aroToBOK. — MuHCK:
BHTY, 2015. — 207 c.

10. Kanmn B. A., AnbimvoB M. W., EnmanoB . H., KanawnukoB A. H., Heuyaes B. B.,
MonsHckun A. A., YepHos W. U., WTtpombax A. W., Wynera A. B. ®usnyeckoe matepuanosegeHue. T. 5:
MaTtepuansl ¢ 3agaHHbIMK cBoncTBamu. — M.: MUOU, 2008. — 672 c.

11. TOCT 1497-84. Metannbl. MeToabl UcnbiTaHMi Ha pacTskeHue. Been. 1986-01-01. — M.: UMK
UspaTenbcteo ctaHgapTos, 2008. — 24 c.

12. TOCT 21073.0-75. MeTtannsl uBeTHble. OnpegenexHne BennymHbl 3epHa. Obwme TpeboBaHus. —
Been. 1976-07-01. — M.: spaTenbcTBO cTaHgapTos, 1976. — 9 c.

13. Konauee b. A., EnarvH B. ., NluBaHoe B. A. MeTannoBegeHne n Tepmuyeckasi obpaboTka
LUBETHbIX MeTannos u cnnaeos. — M.: MMICUC, 1999. — 414 c.

14. Bbeneukun B. M., Kpusos I". A. AntomuHreBble cnnaBbl. CocTas, CBOWCTBA, TEXHONOMUS, NpUMe-
HeHne. CnpaBoyHuK. — Mog obuwl. pea. . H. ®puanaHaepa. — Knes: KOMUHTEX, 2005. — 365 c.

15. Batbiwes A. /. Kpuctannusauna meTannoe v crnnaBoB No4 AaBneHnem. 2-e nsg. — M.: Metan-
nyprus, 1990. — 144 c.

16. Antekapb W. J1., KameHeukas . C. O BnvaHUM gaBneHus Ha 3apoXxaeHne LEeHTPOB HOBON dha-
3bl // PMM. — 1962. — T. 14, Bbin. 2. — C. 316-319.

© 2017 HUL «Kyp4aTOBCKUMA MHCTUTYT» — Hay4Ho-mexHu4eckull XypHa
LHUU KM «lMpomeTein» «Bonpocbl MamepuanoeedeHusi»
http://www.crism-prometey.ru




YOK 880.3:539.386

BITUAHUE BONbLUNX NIIACTUYECKUX AE®OPMALIUA HA CTPYKTYPY U CBONCTBA
MEOU MOB

J1. . CEHHUKOBA, kaHAa. TexH. Hayk, A. A. JABNIOEHKO, kaHg. TEXH. HayK,
B. M. TKAYEHKO, kaHg. du3.-maT. Hayk, J1. C. METJIOB, a-p ¢us.-maT. Hayk

[oHeuknn ur3nKo-TeXHMYecknn MHCTUTYT uM. A. A. lankuHa, 83114, [loHeukK,YKkpauHa,
yn. Posbl JTiokcemOypr, 72, E-mail: sennikova_If@ukr.net
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MpencTtaBneHbl pe3ynbTaThl UCCNEAOBaHUSA 3€PEHHON CTPYKTYpbl U AechopMaLnoOHHOW NOPUCTOCTY
mean MO0, cchopmmpoBaBLLENca B NpoLecce CABMIoBon aecopmaumm npu MCrnonb3oBaHUM MeToda yr-
NnoBON rMAPO3KCTPY3un. NokazaHa 3BOMOLMA 3EPEHHON M OeEKTHON CTPYKTYpbl (MUKPOMOPLI) B MpO-
Lecce HeMOHOTOHHOM Aedhopmaunn. MiccnenoBaHo BNUAHWE YriioBOW MAPOIKCTPY3UN HA MeXaHUYeCcKme
CBOWICTBa Mean Ha OCHOBaHWM MOMYYEHHbIX AKCNEePUMEHTanbHbIX 4aHHbIX.

Kntouesbie criosa: MMKPOCTPYKTYpa, YrioBasi rmapoakcTpy3us, TBEPAOCTb, AedopMaLnoHHas nopw-
CTOCTb, UHTEHCUBHASA NnacTuyeckas aedopMauus, AMHaMUYecKkasi pekpucTanmsaums.
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C nomoLblo PeHTreHOCTPYKTYPHOTO U 3NEKTPOHHO-MMUKPOCKONUYECKOr0 aHanu3oB NOKa3aHo, YTo
aHogHOe a3oTMpoBaHWe MaroyrnepoaMcTon cTanu cnocobeTeyeT 0bpa3oBaHNio OKCUAHOMO Y HUTPUOHO-
MapTEHCMTHOro CroeB C noBbiweHnem mukpoTBepgoctn o 960 HV. lMpeanoxeHsl anektponut (10%
xnopuaa ammonusa n 15% kapbamuga) n pexxum obpabotkm (750°C, 5 MuH), no3sonsAWwmNe CHU3NTL KO-
achbpurumeHT cyxoro TpeHusa ctanm 20 ot 0,143 po 0,95 n yMeHbLIMTb €€ MACCOBbIN U3HOC MO CPaBHEHMUIO
C KOHTPOmbHbIM 06pa3uom B 4,5 pasa. cnbiTaHust NpoOBOAUIIMCE C KOHTPTENOM M3 3aKkaneHHOW cTanu
LWX15 npu HopmansHon Harpy3ke 55 H u ckopocTtu ckonbxenus 0,24 m/c.

Knrouesbie croga: anekTponUTHO-NNasMeHHoe a3oTUpOoBaHWE, MarnoyriepoaucTas cTanb, kapba-
MWZ, U3HOC.
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Cratbsa noctynuna 8.09.2016

MpeacTtaBneHbl pe3ynbTaTbl UCCrefoBaHWUA B 00acTu co3gaHus NpUHLUMNMAnbHO HOBOro kaberb-
HOro akceccyapa, He SIBMSIIOLLErocs 3eMEHTOM KOHCTPYKLMK Kabens, — HaABWKHOIO MarHMTHOro aKkpaHa
cneumanbHOW KOHCTpyKUMn. [ns ero nsarotoBneHust MCnonb3oBanu MarHuTtHeln akpaH MAP-1K, cocTos-
MR N3 NeHT amopdHoro marHutomarkoro cnnasa AMAI-172. C uenbto Bbibopa KOHCTPYKLMM HAZBUXKHO-
ro MarHUTHOro 9kpaHa Oblna BbINOMHEHa ONTMMU3aLUWst KOHCTPYKTMBHbBIX NapaMeTpoB C MPUMEHEHMEM
MaTeMaTu4eCcKnx 3BOSIIOLMOHHBIX MeToauk. [NpoBoamnca noMck onTMMarbHbIX NapameTpoB: yron pac-
KpbITUS 3a30pa 1 NOBOPOT KOHLIEHTpaTopa Ha ocu kabens.

MpvBeaeHbl: 0630p CYLLECTBYIOLWMX MaTepuarnoB AJisi 3KpaHMpoBaHWsl, 060CHOBaHWe BbliGpaHHOro
maTtepuana, a Takke pesynbTaTbl ONTUMU3AUMKU, PAcCYETOB M aKcnepumMeHTa. MNonyyeHHble pe3ynbTaThbl
MOryT 6bITb UCMOMb30BaHbl B TakMX 06M1acTAX HAYKU U TEXHUKKM, Kak MaTepuanoseaeHne, anekTpoTeXHU-
Ka, ar1eKTpOoaHepreTka, MeauLUMHCKUEe TEXHOSOTUM U ap.

Knoyeebie crosa: amopHble MarHUTOMArkMe CnraBbl, 9KpaHMPOBaHME MarHWTHOrO Mons, Koag-
PMUMEHT 3KpaHNPOBaHUSA, 3aTyxaHUe 3KpaHa, reHeTudecknin anroputM, akpaH MAP-1K, cdeppomarHuT-
Hble MaTepuansbl, KabenbHble NUHUN.
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YOK 621.793.72
OCOBEHHOCTWU ®OPMUPOBAHUA NOKPbITUKA CACTEMbI Ti-Ru-O METOAOM BAKYYMHOIO
MArHETPOHHOI'O HAMbINEHUA HA MOCTOAHHOM TOKE

E. H. ELUIMEMETBEBA, A. H. BEJTAKOB, P. 1O. BbICTPOB, A. ®. BACUJITbEB,
M. A. KYBHELOB, g-p TexH. Hayk, b. B. PAPMAKOBCKWW, kaHa. TexH. HayK

HUL, «KypuaTtoBckunt MHCTUTYT» — LUHUW KM «[lMpomeTei», 191015, CankT-INeTepbypr,
LWnanepHas yn., 49, E-mail: mail@crism.ru

Cratba noctynuna 25.10.2016

MpuBedeHbl pesynbTaTbl UCCregoBaHUS MOKPbITUA cuctembl Ti—Ru—O, MOnyYeHHbIX MEeToAoM
BaKyyMHOro MarHeTPOHHOIO HarbIfIeHMUsA Ha NOCTOAHHOM TOKE NpW OOHOBPEMEHHOM OCaXAeHUU TuTaHa u
PYTEHUS MpU pasnU4HbIX NapunanbHbIX AaBreHuax Knucropoaa.

Kritoyesbie crioga: TUTaHoBble aHoAbl, akTUBHoe MnokpbiThe Ti—Ru—O, BakyymMHOe MarHeTpoHHoe
HanblneHve, napumnanbHoe AaBreHne KUCNopoaa, U3MEHEHNE CTPYKTYPHOrO COCTOSIHUS.
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BNMUAHNE KOHLIEHTPALIUN TUIMTO®OCPUTA HATPUA B NMPODPOCPATHOM INEKTPOITUTE
HA COCTAB U CBOUCTBA 3NNIEKTPOOCAXAEHHbIX MOKPbITUU Ni—P

A. B. KPACVKOB, kaHAa. xvm. Hayk
HNL, «KypuatoBckuin uHCTUTYTY — LUHAWM KM «[MpomeTen», 191015, Cankr-lNeTepbypr,
LWnanepHas yn., 49, E-mail: npk3@crism.ru
Cratbsa noctynuna 2.12.2016

MccnenoBaH NpoLece 3anekTpoocaxaeHNs CnnaBoB HUKeNb — docdop 13 NMpodocdaTHOro anekTpo-
nita ¢ pasnuMyHbIMM KOHUEHTpauMamMmn runodocduta HaTpus. YCTaHOBNEHa B3aMOCBA3b KOHLIEHTpauuu
rmnodocurTa HaTpusa B ANEKTPONUTE 1 pexnma ocaxaeHus nokpoltna Ni—-P ¢ nameHeHmem ero CTpykTypsbl
1 cBoncTB. OnpeaeneHsl YCrnoBus, NPy KOTOPbIX COCTaB MOKPbLITUSA He 3aBUCUT OT MIIOTHOCTU TOKa.

Knoueesbie crioga: nokpbiTua cuctemsl Ni—P, nsgenusa cnoxHom reoMetTpuyeckon hopmebl, 3MeKTpo-
ocaxpeHve, KoHUeHTpaumsa runodgocduTa, NMpodocaTHbIV 3NEeKTPOSKT.
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BIMUAHUE BHELWHUX U BHYTPEHHUX ®AKTOPOB HA U3HOC
HUKEIb-®OC®OPHbIX MOKPbLITUN

W. P. ACINAHAH, g-p TexH.Hayk

®Iryr «Bcepoccumnckuii Hay4Ho-UccnegoBaTenbCkuiA MHCTUTYT aBUaLMOHHBIX MaTepranos»
(oryn «BNAM»), 105005, Mockea, yn. Pagwo, g. 17, E-mail: admin@viam.ru

Cratbsa noctynuna 2.12.2016

PaccmatpuBaeTcs BNusaHME BHELUHUX (YCNOBUA HArpy>XeHust n cpefa) u BHyTPEHHUX (CTPYKTypa no-
KPbITUA U KONMYECTBO YMPOYHAIOLWMX J0OaBOK) hakTOPOB Ha TPeHME U M3HOC HUKEeNb-OoCHOpPHbIX Mo-
KPbITUIA B YCINOBUSIX HEMPEPBLIBHOIO CKOMbXEHWS, (PpeTTUHr-U3HALLNBaHUS U (OPETTUHI-KOPPO3nu. YcTa-
HOBJIEHO, YTO B COMOCTaBMUMbIX YCIOBUAX U3HALLMBaHWE NOKPbITUA Npu dpeTTuHre B 1,3-3,5 pasa 6onb-
e, YeM Npu HENPepPbLIBHOM CKoNbXeHuu. MNMpu 3ToM ppeTTUHr-koppo3unsi npomcxoaunt B 1,3—-1,6 pasa 60-
rnee WUHTEHCUBHO, YeM (DpPeTTUHr-U3HawmBaHme. HanmeHblieMy M3HALIMBAHWUIO NOABEPXXEHO MOKPbLITUE
NiP nocne TepMuyeckoin 06paboTku n 6e3 ynpodHsaLmMx obaBok

Knroyesbie cnosa: nokpbitue NiP, TpeHue ckonbxeHusi, peTTUHr-usHawmsaHme, PEeTTUHr-
Koppo3usi.
JIMTEPATYPA
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YEeCKMUX HanpaBfeHUn pasBUTUS MaTepruanoB U TEXHOMOrMIA nx nepepadoTkn Ha nepuog go 2030 roga» //
ABuaunoHHble matepuanel n TexHonornn. — 2015. — Ne 1. — C. 3-33.

2. Kablov E. N., Muboyadzhyan S. A. Heat-resistant coatings for the high-pressure turbine blades of
promising GTES // Russian metallurgy (Metally). —2012. - V. 2012, N 1. - P. 1-7.
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13. AcnansH W. P., WycTtep J1. WW. N3HawwmBaHue anektponuTtnyeckmux NiP nokpbITun Npyu dpeTTuHr-
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YOK 678.067.5

NONMMMMEPHbIE KOMNO3ULMNOHHBIE MATEPUATbI C HU3KOW MOPUCTOCTbIO, MONYYAE-
MbIE MO TEXHONOIMMu NPONUTKU NIIEHO4YHbIM CBA3YIOLWWUM

M. N. BABUJIOBA, kaHga. TexH. Hayk, U. . COKOJIOB, K. P. AXMAOVEBA, I'. A. AMWANKOBA

OIrYI «Bcepoccunckuin Hay4Ho-uccneaoBaTenbCkMii UHCTUTYT aBUaLMOHHbBIX MaTepranoB»
(oryn «BMAM»), 105005, Mockea, yn. Pagwo, g. 17, E-mail: admin@viam.ru

Cratbsa noctynuna 09.11.2016

PaccmoTpeHa TexHOnorns n3roToBrieHnss NOMMMEPHbIX KOMMO3ULMOHHbBIX MaTepuanoB ¢ MCNOMb30-
BaHueM nneHo4Horo ceasytowero — RFI (Resinfilminfusion). MpuBeaeHbl ocHoBHbIE TpeboBaHMSA K peoso-
rMYyecKMM CBOMCTBaM MNNEHOYHOro caAsyowero. NccnenoBaHbl U3MKO-MeXaHNYeCcKne CBONCTBa CTEKIO-
NNacTUKoB, WU3rOTOBMEHHbIX NO TexHornormn RFI (MAOTHOCTb, NMOPUCTOCTb, MPOYHOCTbL NPWU CXaTuu), U
NpOBEAEHO WX COMOCTaBIiEHNE CO CBOMCTBaMU MaTepuanos, MOMyYeHHbIX C UCMOMb30BaHMEM LUMPOKO
NPUMEHSAEMbIX B NPOMBbILLNIEHHOCTN METOA0B aBTOKIMNABHOrO POPMOBaHUA U NPSIMOro npeccoBaHus. lo-
KasaHo, 4YTo npumeHeHune TexHonorum RFI nossonseTt nonyyate matepuarnbsl C BbICOKUM YPOBHEM (PU3K-
KO-ME&XaHUYEeCKNX CBOWCTB M COBMOgEHUEM MPUHLMMNOB 3HEProdddEKTMBHOCTN N 3Konornyeckon 6es-
OnacHoCTH.

Krtouesble crosa: nonvMepHble KOMMO3ULMOHHBIE MaTtepuarnbl, TEXHONOrUs NMPOMUTKM MNEeHOYHbIM
ceasyowmm (RFI), TepmopeakTUBHbIE 3MOKCMOHbIE CBSA3YyOLIME, 3MoKcMbrcManeMMmaHble cBAsyoLne,
PEororusa CBA3YIOLLIEro, CTEKMSAHHbIE HaMOMNHUTENN.
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Cratbsa noctynuna 17.11.2016

B pesynbTaTe nNpoBeAeHHbIX UCCNEeAOBaHUA NoKa3aHa BO3MOXHOCTb HarpaBfeHHOro perynMpoBa-
HUSA 3KCNyaTauUOHHbBIX CBOWCTB 3MOKCUMAHbLIX KOMMO3UTOB 3a CYET WMCMNONb30BaHWs Manbix 0o6GaBok
HaHOPa3MepPHOro rekcaroHanbHOro HUTpuaa 6opa, obecneunBaroero co3gaHne 3NOKCUAHbLIX KOMMNO3u-
TOB C 3KCMMyaTauMOHHbIMWU CBOWCTBaMW, yooBreTsopsowumm TpeboBaHnamM GonbLUMHCTBA OTpacren
NpOoMbILLNIEHHOCTU. BbiBpaHo pauunoHanbHoe copepxaHue HUTpuaa Bopa Kak HaHOCTPYKTYypupyloLLen
pobaBku B cocTaBe anokcuaHou komnosuumm (0,05 mac. 4), 4to obecneumnno noBbILLEHNE YPOBHSA hursn-
KO-MEeXaHU4YeCKNX CBONCTB Npu COXpPaHEHUU TEPMOCTOMKOCTU. [1pu BBeaeHMn HUTpuaa 6opa nsmeHaTca
napameTpbl KNHETUKN OTBEPXKAEHUS SMOKCUAHOro onuromepa — ¢ 45 0o 36 MUH cokpalaeTcs NpoaoSIKu-
TenbHOCTb renieobpasoBaHus 1 ¢ 53 0o 48 MUH — NPOAOIPKUTENBHOCTL OTBEPXKAEHUS, MPU 3TOM MaKCu-
ManbHas TemnepaTtypa OTBepXOEeHUs MpakTU4eckn He nameHsietcs. lNpu BBeAeHNN B COCTaB 3MOKCUAHOMN
KOMMo3MumMM gaxe marnbix obaBok HUTpuaa 6opa Ha 50-80% noBbilwaeTcss KOadppuUMEHT Tennonpo-
BOOHOCTW, NPV 3TOM OTMEYAaeTCs CHMKEHME TepMMYECKOro conpoTuBneHnsi. Takmm obpasom, paspabo-
TaHHble MaTepuanbl MOryT 6GbITb MCMOMbL30BaHbI ANs repMeTU3aunm U3genuin 3NeKTPOHHON TEXHUKK, O51s
NPOMUTKN U 3a5IMBKN Y3ITOB KOHCTPYKLUUKW B aBua-, Cyao- U aBTOMOOMIECTPOEHMMN.

Knrouesbie crnoea: anokcugHas cmona, mogumdukaums, HanonHUTenb, rekcaroHanbeHbin HUTpua 6o-
pa, MexaHn4eckue CBONCTBaA.
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NCCNEONOBAHUE NPAHULIbI PA3OENA NOJIMMEPHbIX MATPUL C ONTUYECKUMU CBETOBO-
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Cratbs noctynuna 4.04.2016, B okoH4YaTenbHOM pegakuumn — 26.12.2016

MpvBeaeHb! pesynbTaTbl UCCIeQOBaHNS rpaHuLbl pasaenia OTBEPXKOAEHHON NONMMEPHON MaTpuLbl C
OMTUYECKMMU CBETOBOAAMU Ha OCHOBE KBapLIEBOrO CTEKNA, MOKPbITbIMMU 3alMTHON 060M04Koi, MeToaa-
MW MUKPOCTPYKTYpHOrO aHanmaa. Metogamu MK-cnekTpockonMu UccneqoBaHo 3almUTHOE MOKPbLITUE Of-
TUYECKOro CBETOBOAa Ha MpeaMeT COBMECTMMOCTU C MOMMMEPHON MaTpuuel ¢ y4eTOM PEeXUMOB OTBEp-
XOEeHUs.

Knrouesbie crioga: nonumepHas mMaTtpuua, ONTUYECKUA CBETOBOL, OMNTOBOSIOKOHHLIA CEHCOp, KOMu-
YECTBEHHbIN MUKPOCTPYKTYPHbIN aHanu3, MHPOPMKOMMO3NT.
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K BOMPOCY O NOBbILWEHUU 3®PEKTUBHOCTU AIYITOBOW CBAPKM NOA ®JIFOCOM
Bb. ®. AKYLWWNH, g-p TexH. Hayk

®Ire0yY BO «MI'TY um. H. 3. bBaymanay, 105005, Mockea, 2-1 baymaHckas yn., 5.
E-mail: jakushinbf@mail.ru

CraTbsa noctynuna 16.11.2016

B pabote npuBeaeHbl pe3ynbTaTbhl CPABHUTENbHOIO aHann3a HOBbIX METOAO0B MOBbLILIEHUS NPOuU3-
BOANTENBHOCTM aBTOMATUYECKOW AYrOBOW CBApPKMU N 3KCMNyaTauUOHHbBIX CBOWCTB CBAPHbIX COEAUHEHUA.

Kniroueeble criosa: gyroBasi cBapka, KO3UUMEHT Hannaek1, AONOMHUTENbHAsS ropsyas npucagka
(4rr), remnepatypa cBapoyHou BaHHbl, cnocob Besoga [IT], koaddurumeHTbl nepexoga NervpyroLmx
3MEeMEHTOB B BaHHY, CBOWCTBA CBapHbIX COeAUHEHWI.
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BNMUAHWE SNEMEHTOB BHEAAPEHUA HA MUTTUHIOBYIO U MEXXKPUCTAIJIUTHYIO KOPPO-
3Ut0 AYCTEHUTHOUN XPOMOHUKEINEBOU CTAITU

A. C. KYOPABLEB, kang. TexH. Hayk, K. A. OXAIKWH, kaHg. TexH. Hayk, C. A. CYBOPOB

HUL] «Kypuyamoeckul uHcmumymy — LIHUWN KM «lNpomemeti», 191015, CaHkm-llemepbype,
UlnanepHas yn., 49, E-mail: mail@crism.ru
Cratbs noctynuna 26.12.2016

VMccnegoBaHa BO3MOXHOCTb MOBLILLEHWSI CTOMKOCTU @yCTEHUTHOW XPOMOHMKENEBOW CTanuM Mapok
09X18H9 n 08X16H11M3 K MUTTUHIOBON U MEXKPUCTANMUTHON KOPPO3UM B YCNOBUAX CTOSTHOYHOrO pe-
Xnma peaktopHon yctaHoBku Tuna BH. Koppo3noHHble ucnbitanmsa gnutensHocTbio Ao 15 000 4 nokasa-
N, 4YTO CKOPOCTb KOPPO3MMN CYLLECTBEHHO CHIKAETCH NPY YMEHbLUEHWUN COAEPXaHus yrnepoaa n nosbl-
LLIeHWM CoAepXaHus a3oTa B cTanu.

Knroyesnsie criosa: adyCTEeHUTHblEe XPOMOHUMKeNeBble CTaln, peaktopHada yCTaHOBKa, NMUTTUHIoBasA U
MEXKpUcCTannTHaa Koppo3ud, aneMeHTbl BHeApeHNA.
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Cratba noctynuna 26.09.2016, B okoH4yaTensHom pegakuum — 17.01.2017

Mpou3BegeH aHanua MpPUYMH aBapuWHOrO MOBpeXAeHWs TpyO, MpeAHasHayeHHbIX AN OypeHus
TBepablx nopog. MNMoka3aHa HeLenecoobpa3HOCTb NPUMEHEHNsS A U3roTOBNeHUs GypunbHbIX TPyO, aKC-
NNyaTUpyloLNXCA B YCINOBUSIX POCCUICKOro knumarta, TpyOHbIx 3arotoBok Drillmax 850 3apybexHoro
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NPOM3BOACTBA C MOBEPXHOCTHBIM YNMPOYHEHVEM pe3bbbl MeToaoM KapboHWUTpauuu. YCTaHOBIIEHO, YTO
KapOoHMTpauus cnocobCTBYET NOBLILLEHMIO NOpora XfagHONMOMKOCTM MaTepurarna 3arotoBku Drillmax 850
W, KaK CNeacTBUe, CHDKEHNIO CONPOTMBSIEMOCTU MaTtepuana pacnpoCTpaHeHWIo TPELLVH.

KntoueBble crioBa: aBapuiiHble MOBPEXAeHUs, OypunbHasa Tpyba, pesbboBasi YacTb, kapboHUTpaLws,
3KcnyaTauMoHHas TPelMHa, yaapHas BA3KOCTb, MOPOr XIaAHOMOMKOCTHU, XPYNKOe pa3spyLueHue.
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