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KUPHUII (JIOKTOPJIMK TUCCEPTALUACUH AHHOTALUSACH)

JAuccepranmss MaB3yCHHMHI JoJ3apOoauru Ba 3apyparu. JlyHéna
YTTU3aH OPTUK MamJjakariapaa MeTaul KaTjaMid KOMIO3WLHUSJIAPHU SIPATHII
Oyinya WIMHI-TAAKUKOT UILIapu ojub Oopuiamokaa. Meramiapra uiioB Oepuiil
CTAaHOKJIAPHHUHT TE3AMIMHUHT YH Maprtanad optumu (3500- 50000 aiin/mum),
JeTajylapra MEXaHUK WIUIOB Oepulllja yjapra TabCUp OTAJAWraH 3YPUKHII
KYWIApHUHT OPTHUIIH ac000-yCKyHa Ba nerauiap cudarura OyiraH TaiadIapHUHT
XaM oprtuiura oiub keiamMokaa. by sca ¥3 HaBOatuma aerans TalépiiaHaauran
MaTepUAUIAPHUHT FOKOPH OKCIUTyaTallMOH Xoccajapra j3ra OYIumuHu Tajaab
KIIMOK1a. CTaTUCTUK MabJlyMOTIIapra Kypa xap WHu I0KOpH cudaTiii MaTepuat
nnutad yukuim yayH 5-6 mupa. AKII gommapu, xyminanan EBponma Ba MJIX
naBiIaTiIapuaa 1-2 Mipa. moiuiap, caHoaTH IOKOpH Japakajla PUBOXKJIAHTaH
Mamjakatiapaa 4-5 mupa. poimap mabnar capd ITHIMOKAA. XO3UPrd 3aMOH
apouTUIa UIIad YMKAPUITHUHT UHTEHCUBJIANTYBU cUdaTiu OyroMiIapHU uiiad
YUKApUIa OKOPM MEXaHMK Xoccajlapra »d2ra MeTaul Ba  HOMeETasll
KOMITO3UIIMSUTAPHU UIUTA0 YUKUII MyXUM Basudanapaan Oupu 6Yiaubd KoIMoKIa.

MycTaknuik Huiapuaa MamilakaTUMU3/a I0Kopy cudatiu Ba kaxoH 00-
30puaa pakoOaToapIouI OYiIran MaluHACO3IMK MaxCyJIOTJIapy UIIUTa0 YUKApHUIITa
anoxuaa pTHOOP Kapatuinau. by Oopana coxaHu pUBOXKIAHTUPUII, YHUHT MaxcCy-
JOTJIapuHM cudaT KUXaTuJaH 3aMOH Tajabyapura kaBoO Oepaauran aapaxara
OO YMKUII, WIUIA0 YAKApHIaéTraH MallliHa Ba MEXaHW3MJIAPHUHT, almapaTr Ba
KUXO03JIAPHUHT UIIOHWIMJINTHHH, XaBPCU3ITUTHHU Ba XU3MAT MYJaTHHY OITHPHIII
y4yH yiap Tan€piaHaauraH MaTepHALIApHUHT CH(pATHHU OIUPHUIN Oopacuaa
CE3WJIapJIA HaTWKajJapra SPUIITHIIIN.

byrynru kynaa pecnyOiukamuzia MOUIA0 YMKapwiIaéTraH MaTepuall-
JApHUHT SHTW TapKUOWHU SIpaTHIl, caMapajop Ba HUKTHUCOAUN KUXATIaH
TaKOMWIJIAIITaH KyWMAaKOpJIUK YCyJIuJa MaxCyJOTJIApHU OJIUII TEXHOJOTHACU
OpKIM XK XVKAIUTUHU KYPCATKUWIAPUHU OIIMPHUIIT MYXUM axaMmHsT KacO
aTMOKJIa. by Oopama makcamim WIMUNA - TaAKUKOTIAPHU, JKyMIIaJlaH KyWHaaru
HyHanMuImapaard WIMHN U3JaHUIUIAPDHU aMajira ONIMPUILl MyXUM BaszudanapaaH
Oupu xucobsiaHaIu: MaxCyJOT CU(ATUHU TabMUHJIAW OJAJUTraH MaxCyC MeTayll
KATJIaMJTd KOMIIO3UIMsIapaan GoigalaHuIll OpKaJId KOMITO3UIIMOH MaTepuasiiap
SApaTUII; METaUT KaTJIaMJId KOMITO3UIIUSIIAPHU OJIUII TEXHOJOTHSICUHHU HIILIa0
YUKHUII; METAJUT KaTJIaMJIA KOMITO3UIIASIIADHU MYCTaXKaMJIUTHHY OIIMIINATA XUCCa
KYIIauraH TEePMHUK WIUIOB OCPUIITHWHT Ha3apuii Ba TEXHOJOTHK acOCIapWHU
TaKOMUJUTAIITUPHUILL, HOEO acO00CO3NMK MaTepuaUIapUHU UKTUCO] KUJIUIIT Ba MIII
YHYMJIOPJIITUHU OIIUPHUII UMKOHWUHU OepaauraH ¢aH Ba TEXHUKAHHHT CYHITH
IOTYKJIAapU acOCHJIa JHEPTys Ba MaTepHal TEXaMKOp SHTH MeTaul KaTJIaMJIn
KOMITO3HIIMSUTAPHU SIpATUI Ba UNLIa0 ynkapumi. KOxopua KeNTUpUiITaH WIMHAHM -
TQIKUKOTIAp WyHanumuaa OakapwiaéTraH WIMHA HW3JIAHUILIAP  MasKyp
JUCCEPTAIHs MaB3YCHHUHT JI013apOJIMTUHU U30X 1Al TH.

V36exucron Pecry6nukacu Ilpesunentununr 2014 iinn 4 despangaru
[1K-2120-con «2014 — 2016 hinmnapaa Tai€p MaxcysioT, KNCMIIap Ba MaTepuasiap
UnuIad YUKAPWIMIITUHU MaXaJUTMIIAMITUPHUIIHA 9yKYPJIAIITAPUIIT JACTypU» Ba
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2015 #iun 11 ¢espanparu 11K —2298-con «2015-2019 iiunnapaa tai€p Maxcysor,
TalIKWJ ~KWIyBYM OyloMilap Ba MaTepHAJIapHM MILIA0  YMKAPUIITHUHT
MaxaJUTMHIAIITUPUIITHY YyKYPJIAIITHPUII TaCTypUra KyluMyanap KUpUTALI»Aaru
Kapopnapuaga xamaa maskyp (aonusitTra TETHIUIM OOIIKAa MEbEPUM-XYKYKUN
XyXoKaTiapja Oelruianrad BazudanapHu amaira OMIMpHUINTa YOy JuccepTarus
TAJKUKOTH MyalsH Jlapaka/ia Xu3MatT KUJIaJIu.

TaakuKOTHUHT pecny0auKa (aH Ba TEXHOJOTHSLUIAPU PHUBOKJIAHUIIHU-
HHUHT YCTYBOP HyHaJuuuiapura GOFJMK/IMIU. MasKyp TaakuKOT pecrmyOsnka
¢dan Ba TexHONOTHUsIAp PUBOKIAHUIIMHUHT II. «DHepreTuka, sHEeprus Ba pecypc-
TEXAMKOPJIMK» YCTYBOP WYHAIMILIN JOHpacua Oakapuiras.

Jluccepranus MaB3ycH 0yiin4a Xopu:Kuii HIMHAA-TaAKHKOTIAp mapxu’.

Metamn KaTiamiid KOMOO3WMUMSAJIAp MIUIA0 YMKAPUII Ba TEPMUK HIUIOB
Oepull TEXHOJOTHSCHHH TaKOMUJUIAIITUPHUIITa NYHaITUPUITAH WUIIMUN
U3NIAHUIIUIAD OJKAaXOHHUHI €TaKkyd WIMUNA Mapkaszjlapyd Ba OJIMHA TabluM
Mmyaccacanapu, xymiaaad, U. S. Smelting Refiningand Mining Co (AKII), Totio
Ko ye Xwupocuma, Peiikun mucton odp Tokumo Ba Cubota Jron and Mashinaru
(Smonust), Ykpanna @annap akagemusicu Komwuaara KylWMakopiuk MyaMMOCH
WHCTUTYTH, YKpanHa DaHap akaJeMUsICH KOMMAard A30BMalll UIIA0 YUKAPHIII
Ooupnammacu, KaTTuk KOTHIIManap WIMUN-TaAKUKOT uHCTUTYTH (Poccus) Ba
TOMIKeHT JaBiaT TeXHWKA YHHBEpcHTeTH (Y30ekucTtoH Pecry6imkac)
TOMOHHUJIaH 0J1O OOPUIMOK/IA.

Metann KaTiamiid KOMIO3UUMSIAp MIUIA0 YMKApUIl Ba yjapra TEPMUK
UIUIOB OEpUIl TEXHOJIOTUACUHM TAaKOMWUIAIITHPHUINTA OHJ J>KaXxOoHAa OJuo
OopwiraH TagKUKOTIAp HaTMXKacuAa KaTop, KymiagaH, KyWuJaard WIMHA HaTH-
)Kallap OJMHTaH: XW3MaT MYJJaTH IOKOpU OYiraH KaTTHK KOTUIaMalH JeTallb Ba
acOoOyapam onuin TexHonoruscu unniad yukuwirad (U. S. Smelting Refining and
Mining Co ¢upmacu, AKIII; Toito Ko ye Xupocuma Ba Peiikun nucton o Tokuo
dupmanapu  SnoHus); MapkKazlaH KodMmMa Kyd acocuJa MeTaul KaTJIaMmiu
BaJIMKJIAPHU OJIMII TexHoJorusich unuiad yukmwirad (Cubota Jron and Mashinaru
¢dbupmacu, AnoHus); MeTaT KaTJIaMJId KOMIO3UTHU KyWHIII TEXHOJOTUICH UIILIA0
yukuirad (KyiiMakopink MyaMMOCH HHCTUTYTH, YKpauHa); Ky KaTJaMJIH IIITaMIl
KYWMaCHHU OJIMIN TEXHOJOTHACH MIUIad YMKuiaraH (A30BMall HILIA0 YHKAPHII
Oupnammacu, Poccus); 0OKopu XapopaTiapAa MIUIaid OJaauraH 3BTEKTHK
KOTHIIMA TapkuOu unuiad yukwirad (Kartuk kKoTWmiManmap WIMHAN-TaAKHKOT
WHCTUTYTH, Poccust); eHTHII Ba3HIM KOMITO3UTIIAp acocuaaru Oyromiapra KaTTHK
KOTHIIIMANK KoIjlama Oepuill TeXHOJOorusch unuiad yukuiaran (TomkeHT mgaBmat
TEXHNKA YHHBEPCHUTETH, Y30EKHCTOH).

JyHéna Metasn KaTJiaMJId KOMITO3ULMSUTAPHUHT TAPKUOU Ba TEXHOJIOTHSI-

! Muccepramus MaB3ycu OYiiMda XOpwskuii WIMUH-TagKMKOTIap mapxu WWw.oKorrozii.com/zashitnpokrt.html
(2000-2015); www.pokritiemetalla.ru (2005-2016); www.chem-astu.ru/chair/study/genchem/r8_3.nhtm (2006-
2016);www.tydexoptics.com/ru/materials/coatings/mccoatings/(2000-2016); wwwe.stroitelstvo-new.ru/metal/;
Founderiefoun-dene  danjord’hue (1984-2010); Internation al Journal of Advanced Research in Science,
Engineering and technology (2006 -2016); MertamnoBenenue u Tepmudeckas oopaborka (2000 — 2016); Structure
and fatigue crack resistance of multilayer materials produced by explosive welding// Advan-ced Materials Research
(2010-2015) Ba Gorka MaHOaTap aCOCH/IA UIILTA0 YMKHIITAH.
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CHHH UIUIA0 YMKUII Ba yJapra TEPMUK UIIOB OEPUII TEXHOJOTHUSICUHU TaKOMUII-
JAITUPUII OYMYa KaTtop, )KyMIIaJlad, KyHuJard yCTyBOp MyHaIMIILIApAa TaaKu-
KOoTJIap o0 OOpMIMOKAa: METall KaTjaMid KOMIO3MLMSUIApHU WIUIA0 4YuKa-
PUILIHUHT SIHTU TEXHOJIOTMSICMHM HIUIA0 YMKUIL, MeTajjapra TEpPMUK HIUIOB
OCpUIIHUHI Ha3apuil Ba TEXHOJIOTMK aCOCIApUHU SIPATHUIL; KYI KOMIIOHEHTIIH
METaJlJ1 TU3UMJIAPUHUHT [AKJUTAHUII MEXaHW3MJIApDUHH aHUKJIAll; OepUiIraH TeX-
HOJIOTMK Ba JKCIUTyaTallMOH XOccajapra 3ra Kyl KOMIIOHEHTJIM KOMIIO3WIIMOH
MaTrepua OJMIIHUHT WIMHI aCOCHHU MIUTA0 YUKULI.

MyaMMOHUHI YpraHwiranjauk aapasxacu. /[yné taxpubacuna merami
KATJIaMJId KOMIO3UUMSJIApHA MIUIA0 YMKUII Ba yJlapra TEPMHUK WIUIOB OepuIl
TEXHOJIOTHSIIApH SIPATHIITaH.

HNyuéamar erakun omumiapaan M. M. Kane, M. K. Stibel, Y. I. Kotrin,
W. L. Keen wunmuii - TAIKUKOT UIIAPH METAJUT KATIaMJIM KOMITO3UIUSIIAp UIILIa0
YUKUII OPKAJIM FOKOPU MYCTaxXKaMJIMKKa 3ra OyiraH AeTaj ojuIira OaruIlIaHTaH.
VYnap TOMOHMJAH MKKM KaTJlamJId TPOKAaT BAJMKIAPUHU MapKa3JaH KouMa
KyHMaKOpJUK yCyJauJa OJIMLI TEXHOJIOTUACH HIIA0 YMKWITaH, JIEKUH Oy ycynja
OMpUHYM KaTJIaMHU UKKUHYM METAJUI MOPLUHUACH TabCUPHUAA SPULIN KYy3aTHUJITaH.

C. A. Goma Ba P. P. Beiss jgap xu3MaT MyaiaTH FOKOpU OYIraH KaTTHK
KOIUTAMaJl JIeTajb Ba acOOOJapHM OJIMII XaMja METaul KaTjJaMiM BaJIMKJIapHU
KyHMaKOpJUMKHUHI MapKa3/laH KOuMa YCyJHJa OJMILI TEXHOJOTUSJIApUHU HILIa0
YUKUILITa SpUIIMINTaHiIap. Yiaap OMMeTall 3arOTOBKAJApHU OJMIIAA KyWMaHUHT
OMpUHYM KaTjJaMuJa KPUCTAJUIAHTaH METAJI CYIOKJIAHMO KETUII MEXAHU3MUHU
aHUKNAIrad. MyCTakuil JaBiariap XaMIAYCTIIMIH MaMJIAKaTJIApU  OJIMMIIApU
TOMOHHUJIaH METAJUI KOIUIAMIIA KOMITO3UT MaTEpHUal SIPaTUIl Ba METAJII KATJIAMIIHA
KOMITO3UT OJIMIIJIa KOTHIIMAJapHU KyHHUII TEXHONOrUsicK niuiad yukwirad (A. A.
Haraiines, 1O. B. llleBakun, B. H. [Iury3zosa, WM. Y. HoBukoBnap Ba Oorkanap).
Kyiima 6umeTamn KOMIO3uuusaap OJIMII TEXHOJIOTUACH Ba Oy KOMMO3MLMsIApIa
efwmmra yuaaMmiad KoljlamMajap XOCWI KWIMII Y4yH SHIM TapkuO HIuiad
yukwirad (B. B. YekypoB Ba M. H. I'anmayrtnunoB, H. X. bexmypzaes, C. .
Hypmypamosnap). SIHIT'M KOMIIO3WIIMOH MAaTEPHATHHHT METaJUT KOIUTAMACHHU
MYCTaxKaMJIUTUHU TEPMUK YCYJa OMIMPUII TEXHOJIOTHMSCUHH UIUIA0 YUKUIITaH.

MeTtann KaTiiamiin KOMIO3UIMSJIAPHY SPaTHIl Ba KyJUIall coxacuaa Kymiad
WIMUH HaTwkajapra OSpUIIWIMIINIA Kapamad, Xald €4YMMHHM TOlMaraH
MyamMouIap TanairuHa. XXymianan, meTtamt KaTiamilid KOMIO3ULUSJIApHU UIIa0
YUKApUII Ba YHIa TEPMHUK MIUIOB OCPUIIHUHI HA3apHil Ba TEXHOJIOTHK acociapu
gpaTuiMarad. Ymoly XOJaTHH ‘“KBa3USIPUMKPUCTAIUT CYIOK KOTHIIMA — KATTUK
KylMa” TU3UMHJIA CYIOK KOTHIIMAHWHI KBAa3USPUMKPUCTAIUIUTU Ba IUDPy3us
MEXaHU3MHHHM 3bTUOOpra 0Ju0d, MeTaul KaTiamiii KOMIO3MIMsIap MIaKIIaHH-
IMAa Ky3aTUIl MyMKHH.

Juccepranuss MaB3yCMHMHI JAUCCEPTANMSA 0a)KAPWIraH OJIMH TabJIUM
MYaCCACAHUHI WIMHA—TAAKMKOT MUUIapu OmjaH OorjmkJuru. Juccepranus
TaAKUKOTH TOIIKEHT JaBlaT TEXHUKA YHUBEPCUTETUHUHI WIMUN-TAIKUKOT
unutapu  pexacuHunr I1- 4.1.8.2 « EpHm kecyBunm OyrOMJIapHHHT FO3acH]Ia
eHWIMIIra YUJAMIIM CTPYKTypa OJIMII TEXHOJOTMACH Ba YHM TEPMHUK HIILIOB
Oepuinl OunaH MmyXxTajam» Map3dycuaa amanuii joumxa (1997 — 1999), IT - 3.5
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«TBb 135A Ttypupmarm epra UIUIOB O€pyBUM HIIYM OpPraHjap y4yH METall
KaTJaMJIM KOMITO3ULIMSJIAPHU OJIMII Ba TEPMHUK HIIUIOB OEpUIIl TEXHOJOTHSICUHU
UILIa0 YMKHMID» MaB3ycuaard amanuii soimxa (1999-2001) xamma 15-012
«MartrHaco3MKaa uluiaTuiIagurad acood Ba AeTaJJlapHH F03acura HMCCHK X0JIJa
npecciail ycyinu OujaH eWWuIIra 4YujaMiid KoIulamajap KOIulall TEeXHOJIO-
rusiciay uiniad yukuimn (2009-2011) map3ycupard aMajuil jJodnxa Joupacuaa
Oa)kapuJIraH.

TaaKMKOTHHHT MaKcaaM [OKOPHM MYCTaxXKaMJIMKKa d3ra OyiraH MeTasul
KaTJIaMJIM KOMIIO3UIMSJIAp HILIA0 YUMKApUIl Ba TEPMHUK MIIUIOB OCPUIIIHUHT
Hazapuil Ba TEXHOJIOTUK aCOCUHU SPATHILL

TagkukoTHUHT Basudaaapu:

IOKOPY MYCTaxXKaMJIMKKa »3ra OyiraH MeTajll KaTjaMJid KOMIIO3UIUsIIap
HIIa0 YMKUIIL,

MeTasul KaTJIaMJId KOMITO3ULIUSIIapra TEPMUK HIIIOB OCPUIIHUHT Hazapui
Ba TEXHOJIOTMK aCOCHHH SIPATUII Ba TAKOMUJUTAIIITUPHUIII,

KBa3USPUMKPHUCTAILUT CYHOK KOTHIIMAa — KATTHK KyHMa TU3MMHUIA CYIOK
KOTUIIMAHUHT KBa3USPUMKPUCTAIUIUTU Ba IU(PPy3uss MEXaHU3MHUHHU IbTUOOpTa
oMb, MeTa/l KaTJiaMJid KOMIO3UIMSUIAPHUHT  [MAKJUIAHUII ~MEXaHU3MUHU
aHUKJIaI,

MAaTEpUATHUHT HKCIUIyaTallMOH XOCCaJapyHU OUIMPHUII YYYH TEPMHK HIII-
JIOB OEpUIIl TEXHOJOTUSICUHU UIIIA0 YUKHUIII;

METAJT KaTJIAMJIM KOMIO3ULMSUIAPHUHT MOJENH Ta3ra alJlaHyBYM KyhMa-
KOPJIUK YCYJIHUAa OJUITHUHT TEXHOJIOTUACUHY UIUTa0 YUKUIII;

METAJT KaTJIaMJIM  KOMITO3UIMSJIap HIUIa0 YUKAPHUIL TEXHOJIOTHUSICUHU
aMaJIMi Ba UKTUCOAUN TOMOHJIAPUHU aHUKJIALL.

TaakuKOTHUHT 00beKTH cudaTtuia acoo0CO3TUK Mynatiap, KyWMaKkopiIuK
KOHCTPYKITMOH TyJiariap, MOJHOJEH Ba YHUHT KOTHIIMalapu, KATTHUK KOTHIII-
Majap Ba ¥3-Y3UHH (IIFOCIOBYM MaTepHaiap OJUHTaH.

TaagKMKOTHUHT MpeAMeTH ONTHUMal TapKUO Ba IOKOPU MYCTaXKaMIIMKKa
sra Oynran acOoOJapHU MIUIA0 YMKAPHUII TEXHOJIOTHSICUTa 3ra OyiaraH MeTrasul
KATJIaMJTi KOMITO3UIIMSIIAP TAIIKWIT STajIH.

TaakKuKOTHUHT yeyJuiapu. /[ucceprauusaa 3aMOHAaBUM HAa3apui Ba DKCIIE-
pUMEHTaJ ycyiuiapu (Makpo- Ba MUKPO XaMJla pEHTIeH TaxXJWJuIapy Ba Oomkanap)
TaHJIaHTaH. MeTajul KaTJiaMJIi KOMITO3UIUsIIap Ba OYIOMJIIAPHUHT MyTaXKaMJIMK Ba
(U3MK — MEXaHUK TaBCHU(HOMAJAPUHU aHUKJIAIIAA JABJIaT CTAaHAAPTU KYJUTaHWII-
raH.

TagKUKOTHUHT MJIMUI SHTUJIMIY KyHugaruiapuaad noopar:

METAJIT  KaTjaMJId KOMITO3MIUSIJIAPDHU  OJIUII  TEXHOJOTUSICH  MIILIA0
YUKWITaH;

METaJUTHUHT KPUCTAUIAHUIN >KapaéHUJa WYKU 3YPUKHUII Kydlapu ro3ara
KEeNUITUHU udogaiaiurad aHAJIMTUK YCYJI TaKOMWUIAIITUPUIITAH;

IOKOpH 3apOunii KOBYIIKOKJIMKKA 3Ta OYJraH MeTaul KaTJIaMIId KOMITO3HITHS-
JApPHUHT ONTUMAaJ TapKUOU niutad YUKUITaH;



CYIOK KOTHIIMAaHU KBa3WAPUMKPHUCTAUIUTH Ba TUGQPy3uss MEXaHHU3MUHU
BTHOOPTa OJTraH XO0JJIa METAJ1 KaTJaMJId KOMIIO3MIMSUIAPHUHT IaKJUTAHMIL
MEXaHW3MU aHUKJIAHTaH,

MeTasul KaTJIaMJId KOMITO3ULIUSJIADHUHT TEPMUK HIIIOB OCpUI peKUMIIapH
UILIa0 YMKUIITaH;

METAJIJI KaTJIaM Ba HOMETAJJI KOMITO3UIUSJIAPHUHT KOMITO3ULUAIar OPAITHK
KaTjaM KaJIMHJIUTUra Hucoata GyHKIMOHAT OOFJIMKIIUTY KYpCaTUIITaH.

TagkKuKOTHUHT amajauid HaTH:Kacu. Meramira unuioB OepyBYH, epra
unuioB  OepyBuM Ba Oypruiamn acO00IaprHM METalll KaTiamiid KOMITO3HUIIUSAIAp
acocujia MIUIa0 YUKAPUII TaBCHUS STHIITaH.

TaakuKOT HATHXKAJIAPUHUHT HIHIOHYWIMJIMIH. TaJKUKOT HATHKAJTAPUHUHT
UIIOHWIMJINTY aHUK KYWWIraH MeTaul KaTjiamsid KOMMO3UIMSUIApUHHU HILIa0
YUKApUIIl Ba TEPMHUK HILIOB OEpuIll  Macajajapura, YJapHUHT MCCUKIIUK
¢du3uKacu >kapaCHJIApUHUA MAaTeMaTHK MOJCIUIAIITHPHUINAA Ba YJIAPHU COHJIH
euMIla MabJIyM Oyiran yciyd Ba ajaropuTmiapra Xamjia Hazapui wyn OuiaH
OJIMHTaH HaTWKaJapHU TaxpuOa HaTWwkajgapu OWaH TaKKoCHall OpKalu
M30XJIaHA/IH.

TaagKUKOT HATHKAJAPUHMHI WIMHMHA Ba aMaJIuil axaMUATH. TaJIKUKOT
HATWKAJIAPUHUHT WIMUN aXaMHATH METaJUl KaTJaaMJIM KOMITO3ULIMSUIAPHU OJIMILIA
coaup OynaauraH (pu3MK >kapaéHiIapHU MAaTeMaTUK MOJEUIAIITHUPULIIA Ba yjap-
HU COHJIM euuia (poiganaHuil Ounad U30XJIaHadH.

TaaKUKOT HATHXKAIAPUHUHT aMajiui aXxaMUsITH IOKOpU camapara sra Oyirax
MeTaJul KaTJaMId KOMIO3ULUSIApHA MIUTa0 YUKAPHILI Ba TEPMUK HIILJIOB OEpHIII-
HU TypJid MeTaJUulapra MOUIOB OepyBYM, €pra HILIOB OepyBUM Ba Oypruiall
acOo0apura Kyuiam y4yH XU3MaT KAJaau.

TagKuKOT HATHKAJIAPUHUHI KOPUHM KWIMHMIIM. Mertamn KaTiamiu
KOMIO3UIMSUIAPHU MIUIA0 YMKAPHUII Ba TEPMUK WIUIOB OEpHII TEXHOJOTHSICUHU
ApaTULI aCOCHJIA:

MAaIIMHACO3JMKAA WIUIaTWIaurad ac0o0 Ba JeTallapHU F03acUra MCCHK
X0J/la TMpecciaml ycylad OujlaH eHwIMIIra 4YuJaMid KoIlamanap KoIulall
texHonorusicu «MyOopakHedTraz» maBiar yHUTAp KOpXoHacuaa acb6o0 Ba
JNETAUIADHUHT  XHU3MaT  MYAJAaTHHU OIIMPHIL  YYYH KYJUTaHUJITaH
(«V36ekHe(BTra3Ka3NOUHKAPHII» AKIHUAIOPINK KoMmaHusicuHuar 2016 iimn 26
oktsiopnaru  8/2-AK-778x-coH mMabiymoTHOMacH). Miniad 4MKWITaH TEXHOJO-
IUSHU KYJUIAHWIIM [ITamiuviaiml acOOOMHMHI XHM3MaT MYAJAaTUHH Oenl maprta
OLLIUPUII UMKOHUHU OepraH;

METaJUT KaTJIAMJIH KOMITO3UIMSUIAPHUHT ontuMalt tTapkuou “Alutex” xymma
KOpXoHacura acb6o0 Ba JI€TAJUIAPHUHI MEXaHUK XOCCAJIAPUHU OIIHMPHUII YYyH
taTOUK TIiran («Alutex» kymmva kopxonacuauHr 2016 ¥im 29 cenrsopaaru 259-
COH MabiayMoTHOMacH). MWmuia® uukuiran eHwiIMiira 4Yujamid —KoIulama
MaTEpUATUHUHT  ONTUMal TApKUOMHMHT  KYJUIAHWIIM  METaul  KaTjamiid
KOMIO3UIMSUTAPHUHT MEXaHUK XOCCAJIAPUHU OLIMPUILI UMKOHUHH OepraH;

IITaMIUTAII, METaUT KUPKHUII Ba IIaka Oepuil acOoOimapu ydyH OMMeTasut
xommo3unus “Alutex” kymma kopxoHacura ac6o0 Ba JeTaJIAPHHHT MYyCTaXKaM-
JIMTHHU OIIUPUIN Y4yH TaTOMK 3TwiraH («Alutex» kymma xopxonacuHuHr 2016
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wun 29 cenrsabpaaru 259—con mabiymotrHoMmacH). Mnuia® yukuiaran Oumerasni
KOMITO3ULIUSIHU KYJUTAHUIUIIM acOO0JapHUHT MycTaxKkaMiauruau 1,5 - 2 maprara
OILIUPUII UMKOHUHU Oepra;

TagKUKOT HATHKAJAPUHUHT anpodauusicu. TaIKUKOT HaTHKalapu S5 Ta
WIMUK-aMaJIni aHXyMaHaapaa, Kymiaaad, «Maxammid OoiukiIap, XoM aiié Ba
EKWIFUJIAPHU MIIJIAll Ba KalTa MIIUIAII yCYJIJIapu, SIHTM TEXHOJOTHK XKapaéHmap-
HU SpaTUll, Y3NAIITUPUIN Ba yJIapHU kuxosznam Bocutanapu» (TomikeHt, 1994);
«CoBpeMeHHbIC TEHACHIIMU Pa3BUTHS aBToMoOmiIecTpoeHus B Poccum» (Tombst-
1, Poccus, 2004); «Bpicokre TEXHOJIOTMU M PA3BUTHE BBICIIETO 0Opa30BAHHS B
XXI Beke» (Tawmkent, 2004); «CoBpeMeHHbBIE MaTEPUAIIBI, TEXHUKA U TEXHOJIOTUU
B MmamuHocTpoeHun» (Auguxkan, 2014, 2016); «MamuHaco3nuK TEXHUKA Ba
TEXHOJIOTUSACH: X0JIaTH Ba Kenrycu TapakkueéTu» (Tomkent, 2016) maB3ynapuaaru
pecrmyOiiiKa Ba Xalkapo WIMHK-aMainii KoH(pepeHIHsuiapaa Mabpy3a KYpHHH-
muaa 6a€H ATUITaH XaM/ia arpoOanusiad YTKa3uIraH.

TagKuKOT HATHKAJAPUMHUHT JIbJOH KWIMHMIIM. [uccepranns MaB3ycu
Oyiinua >xamu 33 Ta WIMHI MIII YOIl STWITAH, UIyJapjaaH, V36exucron Pecry6-
mukacu Onuil arrecTanysi KOMACCUSICUHUHT JOKTOPJIUK AUCCEPTALMSIIAPU ACOCUN
WIMUN HaTWKAJIApUHU YOIl ATUII TaBCUSl ATWIraH WIMUN Hampiapaa 18 Tta
MakoJia, )Kymiaziad, 15 tacu pecriybivka Ba 3 Tacu XOPWKUN KypHaJIapaa HaIip
STUIITaH.

JluccepTanMsIHMHT TY3WIMIIN Ba Xa:xkMH. Jluccepranus TapkuOW KUpuUl,
oemra 000, Xxynoca, ¢oiganmaHuiaraH anabuérnap pyWxaTd Ba WIOBAJIapAaH
noopart. Huccepranussauar xaxxmu 200 GeTHH TalIKWI STaaH.

JTACCEPTAIIUSIHUHI ACOCUM MASMYHHA

Kupum kucmuaa auccepranys MaB3yCHHUHT J0JI3apOJIMIU Ba 3apypUSITH
acoCJIaHTaH, UJIMUHN UIIHUHT MAaKCaJu Ba YHTra SPUIIMII YYyH acocuil Bazudanapu
IAKJUTAHTUPUIITAH, TAAKUKOT OOBEKTH Ba MPEIMETH aHUKJIAHTaH, TaIKUKOTHUHT
V36exucron PecnyGnmkacu (aH Ba TEXHOJOTHSUIAP TApAKKUETUHHHT YCTYBOP
WYHAIMIUIAPUTA MOCIIMTU KYPCATWIITaH, MAB3YHUHT WIMHN SHTWIUITU Ba XUMOSTa
o0 YMKUJIAJUTaH acOCUM amMaluii HaTKajlapu 0a€H KWJIMHTAaH, OJIMHTAH HATH-
MKAJAPHUHT MIIOHYWIMINTHY, WIMHA Ba aMaluid axaMUSITH EpUTHITAaH, TAAKUKOT
HaTWKAJIAPUHUHT JKOPUM KWIMHTAHJIUTH XaKWJla Ba JUCCEpPTalMs TYy3WJIWIIN
Oyiinua MabIyMOT OepuIIraH.

HucceprauustHuHr «MeTani KaTJaaMmiid KOMIO3UMIMAJIAP SAPATHII MyaM-
MOJIAPMHMHI 3aMOHAaBMi XoJaTH» 71e0 HOMJIAHTaH OupuHYM O00MAa MeTayll
KATJIaMJIM KOMIO3UIUSIIAp SIpaTUILl MyaMMOJAPUHUHT 3aMOHABUM X0JIaTH, METall
KATJIaMJId  KOMIO3UIMSJIAPHU  SPATUIIHUHT MAaBXKYyJl TEXHOJOTUsJapH, KyhMma
MEeTayul KaTJlamJid KOMITO3UMLIMSJIADUHU OJUII, KylWMa IITaMIUIAQPHUHT UILIAa0
YUKAPUII TEXHOJOTUSICUHHU YPraHuIl Ba TaXJIMJI KWW, METaul KOMIIO3HIIMsLIIA-
PUHHU F03aCUHU MyXTaJIalll TEXHOJIOTUSIIAPU, MOJENH Ta3ra aillaHyBUM KyHMakKop-
JUK yCyJH, MOJUOACH KOTHIIMAJIAPUHUHT 3aMOHABUN TEXHUKAJArd POJHU, KaM
JIETUpJIAHTaH, TUCIEPC MyXTaJaHTaH Ba FOKOPH JIETHUPJIAHTaH MOJUOACH KOTHIII-
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Majapu Xakujaa aTpodiauyua IapX KWIMHTaH Ba JOWUCCepTalus WM Oyiinua
Basudaap KyHuiraH.

KyiiMa MeTanmin KOMIO3ULUSIIADUHU OJIMIITHUHT aCOCHM TaXJIWiiM OepuIraH.
bumerann Ba kyn KaTiamiau KyWdManap OJUIIHUHT KaTop YCYJUIapH, YJIApHUHT
IOTYFU Ba KAMUYWIMKJIApU KYPUO YMKHUIITaH.

Nnamuii-TeXHUK Ba MaTeHT afaOuériap TaxXJIWIU, MOJENM Ta3ra aijaHyBYH
KyHMaKOpJIMK YCYJIMHUHT HUCOaTaH /1013ap0 Ba UCTUKOOJUIN SKAHIUTU KYpCaTau.
Mopenu ra3ra aiiaHyBYM KyWMMaKOPJIWK YCYJIMHA METAIUT KATJIAMJIM KOMITO3ULUS -
JApHU OJIMILTa KYJUIall, METaJUl KaTJIaMJId KOMIIO3UIMSUIAPUHN MILTa0 YMKapHUII
Ba TEPMHUK HIIUIOB OCPHUIIHUHT WJIMHUN aCOCHMHH HILIA0 YMKHILITa UMKOHHSAT sipa-
Taau Ba Oy 3ca JMCCepTalUs UITMHUHT HT acOCUH Bazudanapuian XucooiaHaIu.

MeTann KOMIO3ULUSUIAPHU F03aCUHU ITyXTajall TEXHOJOTHSCUHUHT TaXJIu-
JM KWJIMHTaH. XO03UPTry BaKT/Aa KyHMaHH oMWl €KUM KEWHHTH WIUIOB Oepuil 6oc-
KMYH/Ia MAIIMHA JETAJUIAPUHUHT Y30KKA YMAAMIIWINTH Ba CUWIINILTA YHIaAMIIAIINA-
TMHU OIIUpUIN OViWYa Typau yCyJUlapu HWNUIA0 YUKWITaH Ba KYJUTAHHIAO
kenuHMoK1a. Ce3uapiid Jlapaxaaa 4yKypJiMKaa Ba KepakjM Xoccara 3ra Oyirax
KOIUIaMaJIap OJUIIHM KyWMMaHHUHT FO3aCMHHU JIETUpJAllra KyJulall Makcajara
MyBoGUK OViap sau.

Metann KOMOO3UMUMSUIAPHUHT H03aCUHU MMyXTajall TEXHOJOTHUACHUHU ypra-
HUII Ba TaxJIWJI KWIWII, OMMETayul Ba 103acCH JIETUPJIAHTaH KyWMalapHU OJIUII
yCyJUIapuHHM OOLIKA yCyJulapra HUCOATaH OXUPTH HATHKajlap acocHjia eMHIIMIITa
YUIAMIIMIIMK OVilM4a YCTYHJIMKKA 3ra SKaHJIWITMHUA KypcaTau. ByHnaH Tamkapw,
MKKaJja yCcyJl XaM TEXHOJIOTHK >KMXaTJaH COJJa Ba UKTUCOJUMU KMXATJIaH camapa-
auaup. AilHaH, IIyHUHT YYyH JIeTallb Ba ac000Jiap 103aCUHUHT SUMIIUIITA YU1aM-
JWIMTMHUA OIIMPUII MakKcaauaa Kyl KaTiamiId KOMIO3UIUSUIAPHU KyHMaKOpJIUK
yCyJIHIa OJIUII TEXHOJOTUSICH yTa MyXUM HMCTHUKOOUIM HyHanumuiapaaH Oynuo,
yi0y AuccepTanys UITUHUHT acociapyiaH OMPUHY TAIKKII ATaIH.

Tama® »sTunaauran xoccara sra MablyM Makcaajapra WYHaITHPUITAH
IOKOpU camapasii KOMITO3UIIMs Ba Oyromiap (meranb Ba acooOnap) TaépaaniHuHT
XO0JIaTH KPUTHK HYKTaW Ha3aplaH, Tax/ W1 KWIMHTaH Ba METaJUT KaTJlaMJid KOMIIO-
3UIMSUIAp Ba yJap acocujard OyroMiap MAKUIAHUITUHUHT WIMUANA acoCH MYK-
JUTH, YJIAPHUHT HUILIA0 YMKAPUII TEXHOJOTUSIIAPH PUBOXKIIAHUIIUTA TYCHK OY-
JIMIINA KYPCAaTUJITaH.

MonubaeH KOTHUIIMAJIAPUHUHT XOCCACH Ba YJIapHHU KYJJIAIIHUHT HMKO-
HUATIAPU TaxXJui KUJIMHraH. KuiinH spuiiiuran MeTajulapHu IOKOpU TeMIlepaTy-
paza mpecciail y4yH KaJTuOpJIOBYH OYKO y4yH Kyiimacu (BcraBkacu) Mo-(W)-Ti-
C cucremanaru 3BTEKTHK KOTHUIIMaJaH Ba OEpWiraH reoMeTpusifia KUpUII y4acT-
Kacu MynaTAaH TalépiaHraH HUFMa MaTPULAHUHT WUUIATUIUIIN WCTUKOOIIN
xucoOjgaHaau. DBTEKTUK KOTHIIMAHMHI KaMYWJIMTUra SpUTUII Ba KyWMa OJIMIL
TEXHOJIOTHSICHHUHT IOKOPHM MEXHAT Xa)KMHU, MYPaKKaOJIMTU Ba FOKOPH DHEPTHs
Tanad KUJIUII XKMUTA dTa IKAHJIUTH OWIaH aXpanud TypUIIM KUPaaH, KOTHIII-
MaH{d MEXaHUK WIIJIOB OEpUII >kapa€Hu 3ca KeCyBYM DJIEMEHTU yTa KaTTUK Marte-
puaapaH Tai€piaHral Maxcyc acoobiapHu Tanad 3taau, Oy sca ymoly KOTHII-
MaHUHT camapaiy UIUIATHINIIMHA KamanTupud robopamu. lllynnan xkenub yumk-
KaH XOJIJa, MOJIMOJCH acOCIM 3BTEKTHUK KOTHUIIIMAHMHI KaMYMJIMTHHH Oaprapad
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kunaaurad Mo-TiC acocnu ssHrY KM3AUPUO MUIIMPUITAH KYKYH METAJLTypTUscH
yCyJIMJia OJIMHIaH KOTHMILIMAaHU UIIa0 YMKUIIHM Tanal 3Taau.

MerTann KaTiamiu KOMIO3UIUsUIapra TEPMUK MIIUIOB Oepulll OYilnya TaaKu-
KOTJIap TaxXJWIM IIYHU KYpPCATOUKH, YHAA KYJJIAHWITAH TEXHOJOTUK pEexUMIIap
TYpAM XWIJAaru MaTepUaJUIApPHUHT Y3UTra XO0C HUCOATUHU 3bTHOOpra oiMaiau, Oy
3ca TEPMUK MIUIOB OEpHI HAaTHXKAJAPUHUHI camMapaJOpJIMTMHU KaMalWTUpaau Ba
Oy OwiaH MeTalsl KaTjamyld KOMIIO3WLUSUIAPHUHT MOTEHUUAI WUMKOHUSATIAPUHU
TYJIWMK XOJJa OYMII WMKOHUATHHU Oepmaiinu. By ¥3 HaBOatuga nerupiaHran
acb00co3MuK Te3Kecap myjariap, KaTTHK KOTUIIMaaap, KU3TUPUO MUIIHPUITaH
Xamia MOJIUOACH KOTUIIIMAJIapH - KyWMaKOPJIMK KOHCTPYKITMOH ITyiaTAaH noopar
Oyiran MeTayl KaTIaMiId KOMIIO3HUIMSIIAP CTPYKTypaslapy Ba XOccallapH y3rapu-
IIMHUHT aCOCUN KOHYHHUSATIApU KOMIIO3ULIUSHUHT aCOCHH TAalIKWJ 3TYyBYM 3JIe-
MEHTJIApUHHU UCCUKINK (PU3MKACH Ba TEOMETPHK MapameTpiapra OOFINK paBUIIIa
aHUKJIAIIHU TaKO030 3TaaH.

Monubnen Ba Oomka acO00CO3TMK KOTHUIIMANIApUd acOCHIArd MeTall
KAaTJaMJId KOMITO3ULUSJIAPHU SPATUIIHUHT WIMHNA aCOCHMHM TaJKUKOT KWJIUII 3a-
PYPJIMTUHUHT Ha3apuil acociiapy XamjJa yJapHUHT WIMHUH-TIATEHT MaHOanapuaa
TaxJIWIM OepuiiraH 3KCILTyaTallMOH Xoccajapra sra OyiaraH MakcaJju HyHaiTu-
pwirad OyOMJIapHU OJIMII TEXHOJIOTHMsUIapuaa Kyhduaaru noi3apd BasudanapHu
KEeNTUPUO YUKapaau:

- CYIOK KOTHIIMAHHMHT KBa3WUSPUMKPHUCTAJUINTH Ba ‘‘KBAa3HSIPUMKPHCTAILI
CYIOK KOTHIIIMA — KATTUK KyiMa (BcTaBka)” THU3UMJArud Au@Qy3us MeXaHu3MUHU
XpcoOra onraH Xoijaa, MeTal KaTjamiid KOMITO3WIUSUIAp IIaKUIAaHUIIMHA
TaIKAKOT KUJIHIIL;

- MeTaUl KaTiaMJId KOMITO3UIUsUIapAa MUCCUKINK (DU3MKACH >KapaéHiapH,
OMpuKMa Ba KyWIAHUII MAK/UTAHUITUHIHT MaTeMaTHK MOJIENN UIIA0 YNKHIIL;

- OepuiiTad dKCIUTyaTallMoH TaBcudHOManapra sra Oyiaran makcajara wyHai-
TUpWIraH Oyromilap IIAKJIJIAHUIIWHUHT WIMHUI-YCIyOuil TaMoNWIIapuHy uiuiad
YUKUIII,

- TYpJIM MaKcaJiapra iyHaiaTupuirad aco00IapHu MOJIEINN Ta3ra aillaHyBYU
KyHMakoOpJuK YyCyJluJa OJMHIaH METaul KaTjiamyld KOMIIO3MLMsIapra TEPMHUK
UIUIOB OCPUIITHUHT Y3Ura X0C TEXHOJIOTHUIApU Xamja 103acuHHu Oopiiain Ba Oop-
TUTAHJIALIHU KYi1a0, UIad YMKApUITHUHT OPUTHMHAJ TEXHOJOTMSCHHM HIIIa0
YUKHUIII.

HuccepranustHuHar  “MeTaji KaTJaiaMiIl KOMIIO3ULMAJIAP CTPYKTypacu-
HUHT IIAKJVIAHUIINHA TAAKUK KHJIUII 00beKTJIapH Ba YCYJUIAPUHM TaHjIam’”
ne0 HOMJIAHTaH WKKHHYM 000WIa MeTalul KAaTiaMiid KOMIO3UIMSUIApHUHT Taj-
KUKOT KWJIMII yCYyJUIapH, CHHAII Ba TEPMHK UIUIOB Oepulll OMiIaH OOFIUK OYiran
MaBJIyMOTIIap Xam/1a MaTepruauIapHUHT TaBCU(HOMACH OEpUIITaH.

MagBxy TEXHOJOTHSJIAPHU TaxJ M KUJIHUII Ba TaBCHUS ATHIAETTaH TEXHO-
JIOTUSTHUHT UMKOHUSTIIAPUHUA UCTHKOOJUTN Oaxonam oO0BeKT cudaTuaa Kynuaarm-
Jap TaHJIAaHIU:

a) MeTajuira uuuioB 6epyBun acoobIap O6yiinya (MaIMHACO3IHUK WYHAIHIIN
Oyitnua) HucOaTaH Kypra3Majil Ba KeHI KyJamaa KYJJIaHAJAUraH SXJIUT Ba TaIIKHII
KWJyBUMJIapra sra OyiraH MeTajul KeCcyBYHM, MeTajulapra WIuioB OepyBud Ba
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mramiuiam acboOmapu: MI18x2 Ba M42 mapkanu AyMalioK TUTamikaiap; yd4 To-
MOHJIaMa TMCKIIK (ppe3a; mITaMIl Ba TypJid MaKcajlapra MyJpKaJlJlaHTaH MaTpuUlLIa;

0) epra unuioB OepyBuYH ac0001ap (KUIILIOK XY KaIUTH HYHaIUIIU Oyinya):
epra MIUIOB OepyBuM acOoOyap OYnuO, ynapjaard MyXHM KypcaTKudjapra
eluIMIra YWJaMIWIMK Ba Y3-Y3MHM 4YapXJallHU TabMUHJAII KUpaad Ba
AKCKABAaTOPHUHT HUCOATaH KYN elWIaiurad 10pyBuUnd KUCMU;

B) Oypruiain acoo6mapu (HedTb-ra3 Ba rupo- MEIHMOPATUB HyHATHUI OYiiN-
ya): Oypruiail KOpoHKajgapH; AoJioTajap; Oypruiaml maponikaiapu.

Metamn kKarnamiad KOMIO3UUMSJIAPUHM SpaTULIAAH acOCUM Makcal HOED
JETHpJAHTaH TYJaT, MOJUOACH Ba YHUHT KOTHIIMaJIapH, KATTUK KOTHIIIMa Ba
OOIIKATApHUHT MEXHAT cap(HUHM KaMaWTHUPHII, METAII KATJIaMJIH KOMIIO3HUIIHS-
JapHU SpaTUIAA, XaM TEPMUK HWIJIOB OEpHIla WIMYA JJIEMEHTHAA FOKOpU
CUKYBYH KyWIaHUIUIAP JapakaCHHU XOCHII KWIUIIaH nOopar.

bu3 TOMOHJaH TaHJIaHTaH, METAT KaTJiaMJIM KOMIO3UIUSIIAPUHA MOJENU
rasra aillaHyBYu KyHMaKOpJIMK YCyJJila OJIMII YCYJura JUKKaTUMU3HHU Kaparta-
JIuraH OyIicak, MeTall KaTJIaMJId KOMITO3UIIMSUIAPHUHT aCOCH YUYH KyHMaKOPIHK
MeTaJul KOTHIIIMaJapy, ac000CO3IMKHYU TalllKWJI 3TYBYM KyiMa (BCTaBKa) Jiap y4yH
sca acb00CO3IMK MaTepuaiapy KyJUlaHUIaau.

AliHaH, aHa Iy TypyXJlard Matepuasuiap aco00Co3IMK UIILIa0 YUKApUIITUIa
Oom ponHU YitHaiinu. Yiaap ac000COo3/IMK MyJaTiapyu Ba KaTTUK KOTUIIMAJapUHU
¥3 wuura osanu. Juccepramus uiuaa KyJUIaHWITaH acO00CO3NMK MynaTiapu,
KATTHK KOTHIIMA, MOJWOJCH Ba YHWHI KOTHUIIMAJIApPUHUHT KUMEBHHA TapKUOH
Oepuiras.

Jluccepranus Uinaa TAAKUKOTHUHT 3aMOHABUM Ha3apyuil Ba SKCIIEPUMEHTAI
ycyJulapuaan QorganaHuiIral: KyMmiaaJaaH, KOMIIO3UIUSHU YTHIN 30HAcCHIa KyH-
JaJaHr KeCUMU OyinYa AJIeMEHTIApHUHT TaKkcuMiIaHumuHu «Link» thu3umuga Si
(L1) KaTTHK )KUCMIIH IETEKTOPIN PEHTTEH YHEPTOAUCTIEPCUOH MUKpOaHAIN3aTopra
sra Oynran S — 180 Mapkayiu 3JIEKTPOH MHKPOCKOTIa aHUKJAHTaH; METaJll Kat-
JaMJIM KOMITO3UIIMSUTAPHUHT YTHIN 30HAJTAPUHUHT MaKpO- U MHUKPOCTPYKTYpacH
MUM - 8, «Heodot - 21» Ba POM — 200 snextpon mukpockomn, xamaga MBC-9
MapKalld Makpo KypwiMajaa YpraHwiraH; WYKH Ky4JaHUII TEH30METPHUK YCYI
Oownan anmkianrad, Oynaa I[IJIb — 10/100 Ten3zomatumkman QoiganaHuiITaH;
pentrenrpadukiapu 3ca «J[POH — 2,0» pentren audpakromeTpuaa Ba TecKapu
TacBHpra OJyBUM Kamepalld KoOanbTin HypiaHumra sra o6ynran «KPOC - 1»
YPC-55a kypuimana onuHrad. Typau Makcaajiap y4yH WYyHaITUPUITaH METall
KATJIaMJId KOMIIO3HUITUS Ba OYIOMIIAPHUHT MYyCTaXKaMJIMK Ba (U3MK — MEXaHUK
taBcupHomanapu 'OCTra MmyBo(HK aHUKIIaHATH.

MerTann KaTiamiIu KOMITO3UIUSIIAp YU9yH 3aMOHABUH MEXaHUK CHHAII YCYJI-
Japy, allHaH CTaTHMK MYCTaXxKaMJIMK Ba KYWIAHHII XOJaTH KYpuO YMKWUJITAH Ba
yJIApHU KYJUTall UMKOHUSITIIAPU aHUKJIAHTaH.

HuccepranustHuar «MeTa/ul KATJAaMJIM KOMIO3UIUSUIAPHUA SIPATHILAA
HUCCUK/IUK (PU3MKACUHUHT Y3Ura XOCJAUru» J1e0 HOMJIaHTaH yYuH4YM 600u1a Me-
TaJuT KATJIAMJIA KOMITO3HIIMSUTAPHU SPATUIIIaTH UCCUKIUK (DU3UKACH KapaCHIIapu-
HUHT MaT€MaTHUK MOJICTTUHU UIIa0 YUKHUIIL, JETUPIOBYH dJIEMEHTIAPHUHT 1uddy-
3usl Kapa€HIapyu acoCHil KOHYHUSATIAPUHU TaAKUKOT Kuiauil, Auddysus kodd-
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(UIUEeHTH Ba CYIOK ITYJIATHUHT KaHJall YyKypiIuKKa KHPUITUHU XUCOOaI yCyu-
HU WIUIad YMKUII, KATTUK KyHMaHu (BCTaBKaHM) CYIOK KOTHIIMa OWJIaH Y3apo
TabCUPJIAIIYBA BApUAHTIAPUHU TAJAKUKOT KHIWIL, MOJENM rasra aijaHyBYd
KyHMaKOpJIMK YCyJIHJa METaul KATJaMd KOMIO3WIUSJIApHU SpaTUIl BapUaAHT-
Japu kabu MyxXuM Macanaiap atpodianya KypuO YMKUITaH.

AcO00CO3IIMK TEXHUKACHUHUHI JIOMMUN PUBOXIIAHMIINTA KapamacaaH, XO-
3UPrd BaKITra Kajap KyWHaard macajajgap KaMm Japakajga YpraHWiraH: CYIOK
MeTaJul Ba KOTHIIMAJIAP TY3WIHUIIA Ba XOCCACHHUHT ¥3ap0 OOFIHMKJIUTH Ba CYIOK
METaJUIHUHI KATTHK >KMCM OWJIaH ¥3apo TabCUPH.

CyloKk MeTal Ba KOTHUIIMAJIAPHUHT CTPYKTYPACHHH TAaJKUKOT KHJIHIIL,
VJIAPHUHT WKKU CTPYKTypa TAIIKWI KWIyBUWIAPJAH TAIIKWJI TONTAaHWHU Kypca-
Tagu: Oymap TapTubiIaHTaH coxanap (KiacTepiap) Ba TapTuOIaHMarad 30Ha Ba Oy
CYIOKJIUKHUHT KBa3HSPUMKPHUCTAILT MOJICTUHUHT MOXUSTAHU TAIIKWJ 3TN

CyIOKJIMKHUHT KBAa3UKPUCTANI MOJENIM HYKTaW HazapujaH, IIyHU TabKUI-
Jam KepakKd, KOMIIO3MIMSIArd KOOWUKJIM 30HA, acocaH KiacTepiiap €paammujia
XOCWJI KWJIMHAJAUraH Oyica, KOJAraH KHUCMH 3ca (CYIOK METAJTHU Te37a KOTHIIN)
KJIacTepJiap Ba MabJIyM TapTUOTa sra OYyJIMaraH 30Hajap/iaH KOTaju.

AcCOOOHMHT KyIMacH I03aCHHH, STHA YHTa KYIIMMYa paBUIIa KoriaMa KOI-
nmaHraH €KkM OaHJaX MaxkKaMjaHTaH Oylica, YHUHT CYIOK MeTajl OuiaH ¥3apo
TabCUPJIAIYBU HATHKACHA KOTUIaMa €KU OaHIa>KHUHT 3JIEMEHTIIApH CYIOK ITyiat-
ra yTaau Ba yHaa Oup Tekuc OYiamaraH xoJijga Takcumiaanaau. Kooukiv 30Ha, yH1a
AIIEMEHTJIAPHUHT KWYUK 3PYBUYAHJIMK Ky4dHra dra OYJITraHW Yy9yH dpUTaH DJICMEHT-
nap Ownad Oupyammo Kyluiaad, yHUHT KaTTa KUCMHU MabiyM TapTtuOra sra 0yi-
Maras 30Hajia MaxaJUTHilIanaim.

MeTamn KaTiamim KOMITO3WIUSIIAPHUHT YTHIN 30HACH MabIyM Japaxana
CYIOK myJyatra sra oynranja qud@ys3us MEXaHU3MUHU TAIKUKOT KHJIMII KOMIIO3H-
[USHA TalTKWJ KAJTYBYHJIApU opacuaaru y3apo nuddys3usau O6axonamra UMKOH
apatagu. KyiiMa — cylok mynar derapacuja pyu Oepamuran OeBocuTa (UMK
xapacunap, nuddys3ust xucoOaaHaaH.

V3 xommua keuamuran quddysus K0d3GOUIHESHTHHE XUCOOIAII YUYH CYIOK
Metauiard  AuQQy3ussioBYM aTOMHUHT PAaaUyCu [ OJBAMIMUITHUHT METaJl
paauycura TeHr OYIUIIM Kepak el Kadyn KUIMHAAW Ba OMPUHYM KOOPIUHAIIMOH
chepagaru paanycy UKKUJIaHTaH METAJUT paJuycHuiad Kam (apKiIaHaau, y XoJa

D= 0,15'%(&1)2 , 1)

oy epna, D — muddysus kosdpdunuentu, K - Boabiman goumwmiicn, h — Tlnank
JOUMMIICH, I - OMPUHYM KOOPAMHAIIMOH C(PEpaHUHT PAIUYCH.
Az} .
&, = ,|—- - OMpUHYHM KOOPAWHAIMOH COHHUHT HUCOMH YpTaua KBaJpaTHK
Zl
baykTanuscu.
DneMEeHTIapHUHT OUp XWJ YyKypJIMKAa ro3ara KUpUIM JAu(y3usiioBYH
AIIEMEHTJIADHUHT JpUIl >Kapa€HuAa TE3NMHMKIAPHUHT SKUHJIUTUHU KypcaTaju.
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Cylok mynatiaa JpuUdAIuTrad dSJEMEHTIApPHUHT OKMMHU Taijgo Oymamu, Oy aca
yIAPHUHT ¥3apo FOKOPH Japakaja TabCUPJAITyBUHH Ba CYIOK KOTHIIIMA
TabCUPHUAA SHTY (a3IapHUHT XOCHJI OYJIMIIMHHM, SbHU peakTuB Auddy3us ro3ara
KEJIUIITN YIyH 3apyp OViraH mapouT OaskapuIUIIHHE OUTHPATH.

Cyrok TemMupaa 3JIeMEeHTIApHUHT TudPy3ust dyKypiaurn KyrHuaa KypcaThi-
rad hopmysa Ousian 6axoraHaau:

L=2VDr )

Oy epna, D — nuddy3us korpdunueHTH, T — y3apo TabCUPJIAITyB BaKTH.

Hubdy3uss MexaHU3MUHU TaxXJIWil KWIAII Ba YHUHT OpaJIMK 30HAHUHT
KOHTaKTUAAary Mak/UTaHUII MEXaHU3MU/Ia aHUKJIOBYU POJIH, (hakaT KOMIO3UIUATA
KYLIWIAIWTaH 3JIEMEHTIAp MUKAOPH, TEMIIEpaTypa Ba XKapaCHHUHI JaBOM 3THII
BAKTUHU Y3TapTUPHIL HYIW OWJIaH KOMIIO3ULMSIHU OPAJIMK 30HAcHaa Oepuira
(azasiap TapkMOMHU OJIMILTA UMKOH spaTaju Ba yHAA Kepak OyJIMaraH WHTEepMe-
Tau GhazanapHUHT (MYPT) 103ara KeIuIuHu 6aprapad >Taau.

AmManuil KuxaTiaaH xap KaHgail tai€p ac000 Typiu maTepuaiapJaH Taill-
KWJI TOMaau, IIYHUHT y4yH KyHWiIaauraH Taiad KaHmalaup amoxujaa Oup mare-
puaira sMac, OaJIki yJapHUHT OUprajukIard KOMIO3UIUAIArH X0JdaTUra Teruiil-
T XUCOOJIaHAIH.

MeTtann KatiaMiau KOMIO3UIUSJIAPHU SpaTUIa XOCHI OYJraH KydJaHUII-
HUHT KUIMaTH Ba UIIOpacu OOl pOJHM YHHAWAM Ba y SXJIUT KOMIO3UIUSHUHT
WIIOHWIWJIMTY Ba UIITA JIAEKATIMIIMTUHU aHUKJIai 1. Typiau BapuaHTa KOMIIO3H-
[USHU TAIIKWI KAJTYBYWJIAPHUHT Y3ap0 UIMOHWIN OMPUKMACUHUHT XOCUJI OYIIUIIN
OWwIaH MeTayul KaTJlaMiid KOMITO3ULMSJIAPHU SIPATHUIL YYyH COBYTHII >KapaEHuia
CYIOK KOTHIIMaJa TEeMIEPAaTypaHUHT TaKCUMIIAHUILIMHU YpraHull 3apyp Xucooiia-
Haju. by aca kenaxkakaa oJlMHAIUTraH METall KaTJIaMJId KOMIO3ULUSTIApHA YHUHT
OJIMHUILIUTA KaJap FreOMETPUACHHH OamopaT KWW UMKOHUSTHHU Oepajiu.

MeTtann Karaamiau KOMIO3WUUSATIApAa WIIOHYIM OMPUKMAHUHT IIAKJIJIaHU-
M YYyH CYIOK KOTHIIMaHU KyiiMa - acO000CO37TUK MaTepuayjiaH udopaT HIIYu
AJIEMEHT OWIaH ¥y3apo TabCcHUpJallyBHuia pyi OepaauraH >kapaéHIaApHUHT MeXa-
HU3MH Ba KUHETUKACUHU OWJIMIITHYU Tayial dTa/Iu.

CrnuTka Ba KyliManap KpUCTALIAHUIITMHUHT KyJla XaM YMyMUW TOMOHU OUp
KaH4a KeTMa-KeT OOCKUWIAPUHHU amaJira OIIUPHUIITHYU Tajlal 3TaJu: KOJUII IEBOPH —
KOOMKHH ¥3apo KOHTaKTH[a, nepudepusiga KUIUK TeHT VKW “KOTraH” KpUCTa-
Jap 30HACH, TEHT VKJIW KPUCTA/Iap Ba CTOJNOATM KpUCTaUIap 30HACHHUHT XOCHUII
Oy,

Oxopuna ailtu® yTtunran, ymMyMui KapauulapHu, OW3 TOMOHJAH KypuO
YUKUJIAETran Oup Xujl OyaMaraH CyloK KOTHIIMa — Kyiimara KyJuiail, yHra 0ab3u
Oup Yy3rapuiliap Ba aHUKJIAUUIAp KUPUTHUIIra ojiub kenaau. bupuHumpaH, cyrok
KOTUIIMAHU COBYK KATTHUK >XMCM (KYyMMaHM KOHTAaKTIM l03acu) OujaH y3apo
TabCUPJIALIYBU HAaTHXKacula KaTrTa TEPMHUK YTa COBYTHUIIHU TabMUHIaiAu. byHna
CYIOKJIMKHM KOHTAaKTIM KaTjiamMuja KPUCTAIAHUIIHUHT OONUIaHUIIUAA TEPMHUK
3ap0 ro3ara kemanu, Oy 3ca KOOMKJIM 30Ha — KMUUK TypJd OpUEHTHUpra 3ra OyiaraH
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KpUCTAJJIap 30HACH IIAKIUIAaHTUpagu. VIKKMHYMAAH, TepMHK 3apd KOOMKIH
30HAHUHT CTPYKTYpaCH, YHJA dPUraH KyIUMUYaJIapHUHT TaKCUMJIAHUIIUHU TYIUK
paBHUIIIIa aHUKIIANHIN.

by xonartna, ailHaH KOOMKJIM 30Ha METaUl KaTJIaMJIM KOMIIO3UIUSIIApHU
TalIKWI 3TYBYWJIAp OpaCUJArd OpajiuK 30HAHUHT MIAKJUIAHWII IMAPTHUHU, METaJUI
KaTJaMJIM KOMITO3UIMSUIAPHUHT SKCIUTyaTallMOH XOCCACUHU Tallad dTUJTaH Japa-
’Kaja TabMUHIIA0 Oepau.

bumMerann OupUKMaHUHT MIAKIUIAHUIIN KapaHIapUHU PHUBOKIAHTUPHIII-
HUHT HUCOaTaH SXTHUMOJUIMK CXEMaCHWHU aHUKJAIl y4yyH KyHuaarud BasudanapHu
€4UII Kepak Oyiaau:

- KOMIIOHEHTHUHT OepwuiraH KUMEBUM TapKuOMIa Xap KaHAail BaKT MOMEH-
THJa 3aTOTOBKA XaXMHUIAa TEMIEPATYPAaHUHT TaAKCUMIIAHUIIN, TU3UMHUHT TaIIKWI
ATYBUWJIAPUHH, YIAPHUHT UCCUKIUK (PU3UKACH XOCCACH Ba TEOMETPHK YIuaMiIapu
Xamjia 3aroTOBKalaru TemiepaTypaHu OOUUTaHFUY TaKCUMIIAHUIITMHU aHUKJIAI,

- TypJU BaKT MOMEHTHJIA 3aTOTOBKAHUHT Xap KaHJai OepuiiraH HyKTracuja
(€xu Gepunrad OUp KaH4Ya HyKTaJlapu/a) TeMIepaTypaHu aHUKJIAIIL,

- TU3UMHHU TAIIKWJI 3TYBYM KOMIIOHEHTJIAPHUHT OepuiiraH KUMEBUN TapKu-
Ouma xap KaHjaail BaKT MOMEHTHJa OepwiraH Hykra (€ku Oup KaHuya Oepuiira
HyKTajap/ia) 3aroToBKa MaTepUaIuHU COBYTHUIN (€KUM KU3IUPHUII) TE3IUKIAPUHHU,
yIIApHUHT UCCUKJIUK (DU3UKACH, 3aTOTOBKaa Oepuiran OONUIAHFUY TeMIlepaTypa
TaKCUMJIAaHUIINAIATA TEOMETPUK YIuaMJIapHU aHUKJIAIIL;

- THU3WMHH TAIIKWJI dTYBYA KOMITOHEHTJIAPHUHT OepuiiraH KUMEBUN TapKH-
Ouma xap KaHaaidl BaKT MOMEHTHJA OepwiraH Hykra (€K OMp KaH4ya OepuiraH
HyKTajap/ia) 3aroTOBKa MaTEPUAIIMHUHT (PU3UK XOJIATUHU (MaTEpUAIHUHI UCCHUK-
UK (pU3UKacu TaBCHU(HOMATAPUHUHT KUWMATH, YHUHT CTPYKTYpacH Ba arperar
XOJIATUHM), YJApHUHI HCCHUKJIMK (DU3UKACH XOCCACH Ba T'€OMETPHUK YId4amiiapu
Xamjia 3ar0TOBKaIard TeMIepaTypaHuHT OOINUIaHFUY TAKCUMIJIAHUIIIMHUA aHUKJIAII.

FOxopuna kypubd yrwnran Basudanap “CraHiumoHap OyiMaraH HCCUKIUK
VYTKa3yBUAHJIMKHUHT TUIUK OYiMaran macanacu’” cUH(Ura Teruiuim, sbHU X03Up-
i BakTna ymly KypcaTwiraH BasudaiapHU aHAJIUTHUK €UYUIl MYMKHH SMac.
[yaunr yuyH, Oy MacajiaHu eudin yayH “@DU3MK >KapaCHJIapHU paKaMIIH
MaTeMaTHUK MOJICJUTAIITUPHUIT YCYJIMHU KYJUTall UCTUKOOIIIA XUCOOIaHa 1.

Typan uccukyuk (usumkacu xoccanmapura sra Oynaran Oup KaHYa TYpiH
MaTepuaUIapAaH TAIIKWI TONTaH 3aroTOBKAJard MCCUKJIMK ajJMAalllWIl >KapacHH-
HUHT HUCOATaH TYJIWK MaTeMaTUK MOJAETH HOMAaBJIyM KaTTAIMK YIyH OMp TEKUC
OynmaraH KOW —BaKTHHYAIM MaiIOHAa XaM KaTTHK X0JaT[a, XaM CYIOK XoJaTaa
OyJiran 3aroToBKa MaTepHUalid TEMIIEPATypacUHHU, UCCUKINK OKHUMIIAPHHH, >Kajall
HypJaHUIUIAp, KOHBEKTUB OKMMJIap Ba OOIIKaIapHHU XUCOOTra OJUIIN Kepak.

lynnaii MatemMaTHK Mojaenb AuddepeHnran TeHrIaManap THU3UMHUHHHT
XyCyCUW XOCWJIACHHM, HWHTETpal Ba HHTErpo-muddepeHnuan TeHrIaMaiapHua
¥y3uza akc STTUpaan. YOy MOJCITHA aMaira OUIUPHII Mypakkad CTpyKTypara Ba
AJIIEMEHTJIapra KUpraH KyIl COHra 3ra Oynuinu Tyailinm KHHuHIup.

Judbdepennan TeHrnIaManap Ba YHHHT TEHIJIAMallap CUCTEMAcCUHU SKUH-
JamraH XoJijjla €YMIIHUHT YHHBEPCAJ yCYyJuTa, KyJa XaM KEeHT KylaMmja HuIia-
TUJAJUTaH MaTeMATUK (M3UKAHUHT TEHTJIamMayap Kupub, y coHnu (apkmap ycynu
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(€xu TYp ycynu) xucobnanaau. LlyHuHr yayH 6u3 acocuii BazupaMu3HU €M
(dakar cra"iuoHnap OynmMaraH OWp VIUOBIM UCCUKIMK YTKa3yBYAHIMKHUHI Maca-
JACUHU euuil OwiaH yekiaHamui. Kyiiunran macananu edminga, sKKoJl Oyima-
raH sSIMPUH YeKJIaHTaH-papkiap 6anancunan (GoigaiaHuiras.

[[lyHnn TapKkujiam KEpakKW, ssHA KaWTalaH OJMHTaH KyIIMMYa HCCUKIIMK
XaM KYIIHU 3jeMeHTAaru ¢asza y3rapumiap KapaCHUHUHT TyraJUIaHUIIN Y4YyH
Kepak OyiaauraH 3Heprusi JapakaCUHU OMIMPUIIKM MyMKUH. ByHna, Oy KOHYHUST
KOJIJIMK UCCHKJIHMK HOJITAa TEHT OyiMaryHua naBoMm STHIIA MyMkuH. lllyHnait ku-
u0, MeTaul KaTjJaMJIi KOMIO3UIUsIIap/ia TEMIIEPATYPAHUHT TAKCUMIIAHUIIINA YIyH
UuTad YUKUITaH XUCOOJaIl allrfOPUTMH, IKCIIEPUMEHTAT TaIKHKOTIIap YTKa3Mac-
JaH TypuO, UIIOHYIN OMpPUKMa XOCHII OYIHIY Ba Oy OMIaH SXJIAT KOMITO3UITUSTHU
SPATUIIT MyMKHHJIUTHHA OaIopaT KWW MyMKHHIUTH IMKOHIUHHU Oepajiu.

Cyrok KOTMIIMa Ba KAaTTHK KyiiMa ¥3apo TabCUPJAIIyBUHUHT (eHoMe-
HOJIOTHK >kKapaéHu Ba Oy acocuja MeTall KaTiaMiId KOMIO3UIUSJIAPHU SIPATHIILI-
HUHT MOJIEJIM Ta3ra aiijlaHyBYM KyHMAaKOPJIMK yCYyJIA TaBCUS STUJIA]IN.

HuccepratussHuar «Mo-TiC kKykyH KOMIO3uuMsi MUCOJIMIA Ba MeTAJLI
KATJIAMJIM KOMIO3UIUAJIAP MAKIIAHWIIAHUHT MJIMHHA ACOCHHH SIPATHII»
ne6 HomiaHraH TypTuHuu 600uaa Mo-TiC sHrH KyKyH KOMIO3UIUMSHUA WIILTA0
YUKUII HA3apUsICK Ba TEXHOJOTHSCU XaMJia SIHTUM HCCHKIUK (U3MKAcCU MOJENU
acocujia MOJICNIM rasra aujaHyBYM KyMMAaKOpPJIMK YCYJIWJa OJIMHTaH METAJlI Kart-
JaMJId KOMIO3ULIMSUIAP OJUIIHUHT TEXHOJIOTMK aCOCJIIApUHM MIIUIA0 YUKUIILIApU
HaTWxanapu Oa€H >TUIITaH.

Huccepranus WIIMHUHT acocuil Basudanapugan Oupu Mo-TiC acocnu
CUCTEeMaJiard KU3IUPUINO MUIIUPUITAaH KYKYH KOMIIO3UIMS TApKUOM Ba OJIMII
TEXHOJIOTUACUHU HIUIa0 yMKuigaH uoopar. Kommosunusa tapkubugaru Mo Ba
TiC kabu acocuil KOMIIOHEHTJApAaH TalllKapy, YHU TEXHOJOTHMK Ba HJKCILTyaTa-
IIMOH TaBCU(HOMAJIApHU SIXIIMWJIAI Makcaauaa, korummara Ni, Fe, W Ba LaBs
JIap KYyUIWIagu.

Kornmmanu kuécuii 0Oaxonam HWKKH TaBcHUGHOMAIap OpKajdd amalra
OIIMPWIAIA: OTWIWIITa OYIraH MycTaxkamJuK (G,) Ba KaTTukiauk (HRA).
Mabiaymku, ym0y TaBcudHOMaIap HMCCUK XOJaa OOCMM OWIaH WIIJIOB OepuIll
VUyH HILIATUIQJUTaH MTaMIuiai acO00JapUHUHT UIlTa JaEKaTIWINIU Ba Y30KKa
YUIAMIIMJIUTUHY  aHUKJIAIUrad TaBcuHOManIap — IOKOpU TeMIlepaTypajaaru
KaTTUKJIMK Ba MCCUKKA YUJAMIIMIUKKA XU OOFIuKAup. IIIyHUHT ydyyH KOTHIII-
Ma TapKUOWHMU HIUIA0 YUMKUIAA ONTHUMaj TapKUOHW aHUKJIAIl Y4yH OaxoJiail
Me30HU cudatuaa o, Ba HR nmap onmuanu. KoTumnmmaHuHTr TapkuOu onTuMalian-
TUPUII SKCIEPUMEHTIAPUHUA MATEeMaTUK PEKaJalITUPUII YCYJIUHU KYJIa0, amal-
ra omupuirad. Hatuxana KyKyH KOMIO3UIIUSTHUHT ONTUMAJT TapKUOUW OJIMHIN Ba
y Kyduaaruiapau y3 nuura onamu: 45-47 % TiC; 1,5-2,5% Fe; 1,5-2% Ni; 0,5
-1% W; 0,1 - 0,2% LaBe; xoaranu - Mo.

KoMmo3unusiau taiiépain TeXHOJOTHACH Ba YHH KU3AUPUO MHUIIUPHUII pe-
KAMH IOKOPH Japa)kaJard xoccara SpUIIUII YYyH KarTa MyXUM pOJIb YWUHAW]IH.
Hamyna €xu OyroMHM Taii€piaml TEXHOJOTHICH KYKyH METaJUTypTUsCH YCYyJnJa
KATTUK KOTHUIIIMAJIap TauEpaiiim, oaTaard cxeMacu 0yiinya amaira OmypuIIy.
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Tankukotnap HaTmwxkacuaa Mo-TiC Tuzumuaaru Ku3gupud MUIIHPUITAH

KOMITO3UIIUSIHUHT Kyduaarn ¢GU3NK — MEXaHUK Xoccajgapra sra SKaHJIWTH
AHUKJIAHIN:

YU3HUKJIN KeHTaluI ko3 puimenTu 6,61-10% -rpag?;

SHYJTHK 6,4—6,6 -r1/cMm’;

KATTHUKJIUK 88—-90 -HRA;

ATWJIMINTA OYJIraH MyCcTaXKaMJTUK 800-1000 - MlIlIa.

Muxknopuii  ¢azanu peHTreHCTPYKTypald TaXJWil KOTUIIMAHHHT
TapKUOMHM MOC PaBUIIAATH ONTHUMAal TapKuOHWra Kyiumaru ¢azaigap KUPUIIMHUA
kypcarau: TiC, Mo,C, Mo(Ti).

KoTumma CTpyKTypacMHU TaJAKUKOT KHWJIWII 3Ca, KOTUIIMAHUHI ACOCHHU
TEHT YK JOHAJdap TalIKWiI ATHO, MOHANIAp KATTAIWUTH OyinYa KyJa Xam yHdYa
KaTTa OynMaras (hapKka ra SKaHJIUTHHU, TOHAHUHT ypTada auametpu 10-20 MM
atpodpuna 6ymu6, 'OCT - 5639-65 Oyitnua 9 — 10 OGamiara TYFpu KEJIUIIUHU
aHukJa0 Oepau. Acocura KMYMK JUCIEPCIIHM KYIUMYaJTapHUHT UKKUHYM (ha3acu
takcumiianrad. Mo-TiC cuctemanaru Kuzaupud TUIIUPUITAH KOMITO3UIIUSIHUHT
10KOpH Temrieparypanaru Karrukauru 20-1600 °C  temmeparypa wHTepBamuia
IOKOpU TeMIiepaTypajia KaTTHKIMKHA aHMKJIoBUM Maxcyc Kypuwima (YBT)nma
anuknanrad. CunoBnap, Poccusima xoinamran MockBa mynaT Ba KOTHILIMAaJap
MHCTUTYTUHUHT “TIynar Ba 10KOpH MycTaxKaM KOTHUIIMAHUHT METAJIITYHOCIIUTH ~
xadempacu naboparopusacuna yrkasuirad. Cunosnap, 20-1600 °C remnepatypa-
Jap MHTEpBAIMJA MOJIMOIEH acOCIM KYKYH KOTHIIMAHMHI KAaTTUKIUTH KyiMma
yCyJuJa OJIMHTaH 3BTEKTHK KOTUIIMara HUcOaTaH aHya IOKOpU OYJIWIIMHU Ba
aitaukca 1000-1600 °C temmeparypa mHTepBammma xarro, 1,5 — 2 maprarada
KaTTa SKaHJIUTUHU KYpCaT/IH.

TypTuHun 60012 TypJiM Makcauiap y4yH MYJDKaJUTaHTaH METall KaTJIamIld
KOMIO3UIMSUTAPHA MIIIA0 YMKHUII Ba TaTOWK ATHUIN XaM O0a¢H KWJIMHTaH. TaBcus
ATWIAETTAH yCyJIJIa KyrMa OJIMINIa MOCJIaMaHM JIOMUXaiall Ba Talu€piamr Mab-
ayMm OViaraH KyiMma OJIMIN TeXHOJOTHsUIapujaH (apk Kuiaaau. Metan KaTjaaMid
KOMITO3ULIMSUIAPHU TaW€piialll YUyH KyMUJaru acoCUM TEXHOJIOTHK omepauusiiap
Oaxxapuiaau: TEHOMOJENIHM Tal€piam y4yH TEHONOJUCTUPOIHU Tauéprar,
acOOOHWHT TIEHOMOJICIMHKA TaW€plall, WIIYM SJIEMEHTHU Taléprnami; KyWMaHH
OJIMII YYYyH Tai€pani; acOOOHUHT KyWMaCUHU OJIHIIL

“KyHMakoOpiIvK KOHCTPYKLIMOH ITyJaT — WINYM KyiMa~ TypuJard OJIMHA-
JUTaH METAJJI KaTJamJId KOMITO3MIMsUIap acO00CO3IMK Ba KYyWMAaKOPJIUK KOHCT-
PYKUMOH MyJaTiapuiaH uoopaT OMpUKMAaNaH TalIKW Tomaau. Ymoly cuH(paaru
OMpUKMaJTapHUHT acOCHH FOTYFM JIETHUpJaHraH acO0O0CO3JIMK MyJaTIapUHUHT
cap(IaHMIIUHUA Ba IITaMI, Mypakkad npoduira sra OyiraH Ky Je3BUsUIA KECYB-
Yy acCOOOHMHT MEXHAT XaKMJIAPUHU KaMalThpaIu.

Hccukkabapmort ac600CO3IHK MyIaT — KyWMaKOPJIUK KOHCTPYKITMOH Ty JIaT-
JaH uOOpaT KOMITO3UIMS YYyH OyMajoK IUIalika, MaTpuia Kabu oOBeKTIap
tansnanau (1-pacm).
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1-pacm. MCK« 9XC nyaar - 40XJI nynaTaan» néopaT MeTal1 KATJIAMJIM KOMIIO3ULUSJIAP
- M18x2 Ba M42 mapkajm KyiiMa JyMaJIOK ILNIAIIKAJIAP.

ACOOOHMHI WIIYM 3JEMEHTH OWIaH KOPIYCMHUHI T€OMETPUK IapameTp-
napu HucOaTuaa ymoy cuHbaaru acoo01ap yuyyH KyHMaHU CYIOK KOTHIIIMA OHJIaH
¥3apo KOHTAKTU/Iard KAJIMHIIUTY 2-5 MM OYIuIy Oenrmiad Kyuuiam.

Kartuk unram sneMmentiapra sra 0yiraH uccukka 0apjaomn 6ynmaran ac000-
CO3JIMK TYJIaTH KYJUTAHWITaH METAJT KaTjaMiIid  KOMITO3UIMSIIAp YYYyH MUKPO-
CTPYKTYpPAaCHUHU TaXJIWJI KIINII OYiNYa WIMHI-TaIKUKOT UILIapu 00 OOPUIIH.
9XC mnynatu — 40XJI nynatuman ubopar MeTaul KaTJamid KOMITO3UIIUSIIAP
M18x2 Ba M42 mapkanu aymajioK IUIAlIKajgap WIIad 4YMKapUIl Y4yH CHUHAO
kypwinu. KoMmnosunusiga opaivuk kKariaam cudatuia Typiad Xuil QurociapiaH
doitnamannnan (NazB,O; Ba Gomkanap).

Mypakkab kyn Je3Bussii acboOnap Tal€piaml y4yH HCCHUKKaOaponl,
Te3Kecap Mynar — KyWMaKopJMK KOHCTPYKLHMOH MyJaTAaH “OOpaT KOMIO3WULUSA
Kymnanunau. by cundparm acOOOHHMHT y3ura XocC HKCIUTyaTalus KUAJUHUIIN
acOOOHWHT JUHAMUK Ba IUKIWK IOKJIAHUIUIAD TabCUPHUAA HUIUIAINIKA MYHOCOATH
OwiaH yHUHT Kopmycura karta Tamad kyumnamu (40XJI, 40XTJI, 40XT'®IJI
Mapkainu mynariap). Ac600co3nuK MCCUKKabapom mynariap cudaruga Kyu-
naru mynatnap Tarnanrad: POMS, 10P6MS-MII, P6MS5KS Ba Gomikanap.

®usuk TaBcupHOMATapu OWIaH ce3ujapivd gapaxana (apkiaHagurad
ATOHA OpaJMK KaTjamra sra Oynrad kommno3uiusra “KaTrTuk KoTHIIMa - myjaT’”,
“MonunbaeH KoTUIIMa - TyJaT’ JaplaH TAalIKWi 3TyBUYWiIap kKupaau. By xommo-
3UIMSIIAP YUYH IITaMIuiam acoobapu (MeTaJulapHU UCCUK XOJ1a Mpeccanl yayH
MVJDKaJJIaHTaH MaTpuiianap) Ba Oypruiamni acoobnapu (Oypruiail KOpoHKaIapH,
70JI0Ta Ba OypFynail MIapolikanapu) KyjaHwirad. KomnosuuusiapHu XOCHI
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KHJIUII Y9yH OpJIHK KaTiiam matepuaim cudatuaa Cu-Ni-Mn, Cu-Ni kabu KoTH1II-
MasnapaaH donaanaHuIIu, Y0y KOTHIIManap acOOOHUHT myiaT OujlaH KOHTaKTIa
Oynanuran xoitura Kaauaiaury 0,2 — 0,6 MM Kuiub razMa ycysuaa KOTUTaH u.

AcO00IapHUHT KOPITYCH Y4YyH IOKOpHWJA KA STUJITaHIIEK, KyiiMa KOHCT-
PYKIMOH Mynatiap KyJUlaHwiraH OVyica, YHMHI acOCUWM WIIYM KUCMJIAp YYyH
MoauOaeH Ba yHuHr kotummManapu (MY, BM Ba Mo-TiC) xamma BK Ba TK
TrYpyXUJari KaTTUK KOTUIIMajapiad (GoijanaHuiras.

“Uccukkabapmomn OyaMaraH myiat — KOHCTPYKIMOH mmynat”, “Uccukkadbap-
JIOII IYJIaT — KOHCTPYKUMOH nynatr’, “KaTTUK KOTHIIMA — KOHCTPYKLMOH ITynar”
Ba “MonubaeH Ba yHUHT KOTHINIMAajapW — KOHCTPYKIIMOH MyJaTmaad wuOopar
MeTauT KaTJdaMJIi KOMIO3WIMSJIAPHU OpajuK KaTJIaMJIAPHUHT TIaKJUTAHHII
MEXaHU3MH, TapKUOW, TY3WIHIIH, (U3UK-MEXaHHUK XOoccajlapy Xap TOMOHJIamMa
TaJIKUKOT KWIMHAM (2 - pacm).

a §)

2-pacm. Ku3nupuiané nummpuiaran mosmoae korummacu Mo-TiC — BIIp-2 — JIKC
40XHMJI» (a) Ba Ku3aupud nummpuiaran momnoaen korummacu Mo-Ti C — Ni — JIKC
40XHMJD» (0) n6opaT MeTa 1 KATJIaMJIH KOMIO3HIUSIHUHT OPAJIUK 30HACH
MHKPOCTPYKTYpPAcCH:
1-murpanus 30HacH; 2— OpajiMK KaTJlaMH acoCHUJiard MaTepuai 30HacH; 3-KOpOuKa;
4-yrnepouianuul 3oHacu.  x150

TankukoTaap “Ac600co3IMK MaTepral — KOHCTPYKIIMOH ITyJaaTaaH” uoo-
paT TYpaHM TypAard MeTaul KaTJiaMJid KOMITO3HMIMsUIapAa SIXJUT OWpHUKMajap
XOCHJT OVIUIIIMHU TACTUKJIA/IN.

MeTtann KaTtaaMiad KOMIO3UIUSIAPHA OCOH dPUUINTAH WIMYH dJIEMEHTIAp
OWIaH OJUIIHWUHT WKKUHYA BapUaHTH TYypJW TypJard epra WIUIOB OepyBUH
acOo00yiapHu Tal€prail yuyyH MYyJDKaJlaHraH. by Xomnatjga, KyKyHCUMOH KaTTHUK
KOTUIIMajapja OOFJIOBYM EpJaMua macta KypUHHUIIA Tanad JSTHIaIurad ro3a
KOIUTaHaIu €KU OJINH Tal€pllaHraH Maxcyc XOJaT/aar r3ara sra 0yiaran Kyiimara
KOJUN KypuHuiga s>xkounamrupuiaau. CyloK KOTHIIMAHWHT TeMIepaTypacu
Kyinm Baktuaa 1650-1700 °C mu Tamkun stagu. IOkopu qapaxkanary MEXaHuK,
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HCCUKJIMK, AJIEKTP Ba OOIIKAa Xoccajapra sra OyiraH Typjid KOMIO3WUIIMOH Marte-
puajuiapHu Tai€piam Makcaauaa Oop TallKuil KUJTyBYM OWpUKManap, OupuHYU
HaBOaTAa OOp TAlIKWI KWJIYBUYM OMpPUKMAIApHUHT XMCOOMUTA KyJa KeHI KyJiaMmja
tapkainrad. Epra wunuioB OepyBun acOoOjJapHM MeTall KaTjiamiid KOMIIO3H-
nusiapal Taépnamaa acOoOHUHT “KylWMacu”, S’bHU 103acura KOTUIaHaJIUTraH
kKorutama matepuan cudaruga Fe-Cr-C - Ttusumuaan ubopar KOoTUIIMAaIapJiaH,
artnan III'-C27-TH-20 paH, acOOOHMHTI KOPHYCHM Yy4yH KyiiMa KOHCTPYKIIMOH
nynat cudaruaa 65171 mapkanu mynataad ¢oinananmwirad. by Xomaraga Koriama
— “kyiiMa” KOOMKHU CaKJIaraH XoJiJia TYJIUK paBUIIIa SPUNIH.

«[I'-C27 - 65I'J1 mapkamu nynaty», «[II-C27-TH-20 - 65I'JI mapkanu
IyJIaT» JIApJIaH TAIlIKWJI TONIaH KOMITO3ULMSUIApIaru KoriaMmanap KaJluHINTH 2,8-
3,2 MMHH TalIKWUJI 3Taau. Makpo Ba MUKPOCTPYKTypaiap TaAKUKOTH, Oy KOMITO3H-
UsUIapJia OpaIuK 30HAJArU AXJIUTIMKHUHT Oy3WIUINN Ky3aTWJIMaraHuHu Kypcar-
mu. KoMmrosurus Oyinda KuiauHTaH MUKpo3oHIu TaakukoTiaap Cr, Ni, W nap-
HuHr 300 MKM Ba yHJIaH IOKOpH YyKYpJIMKKada y3apo KUPHUIIUHU Xapakrepiad
oepau. KoMmo3unusiHu KYHIaIaHT KeCUMU Oy irda MUKPOKATTUKIUKHUHT TaKCUM-
JAHUIIM TAJKUKOTH 3Ca, KapOWUIM 30HAHUHT KATTUKIUTH SHT rokopu (1100-
1400HV) 6ynu0 , cyHrpa KaTTUKJIUK MOHOTOH KYPUHHIIIN/IA, aCTa-CEKUH KaMasiTu
Ba KOOMK XaMmja yriepoiaHuin coxacuaa KarTukiauk 250...350 HV ra eragu.

Metann Kariaamiad KOMIIO3MIIMSUIAp DJIEMEHTIApH oOpacujiard OupuKMa
MIAKJJTAHUIIIUHUHT MEXaHW3MM aHMKJIAHJIU Ba Yy3uUra XOCIWTd O€NruiiaHv, aHa
IIyHra MYBO(UK KOHCTPYKIIMOH MYJATHUHT CYIOK KOTHIIMAacH OujiaH Kyihma —
WY KECyBYM DJIEMEHTH I03aCHHU ¥3ap0 KOHTAKTHJAa MOMEHTAaJl paBHIIJIA
KpUCTAJUIAHUII, KATTUK KOOMK XOCHJ OYIuIM OWiIaH ro3ara Keiaajau, KeMMHYaIuK
OpaJIUK KaTjaM MaTepuajid SpUNIM Ba KATTUK IO3ajlapu OWjIaH dYerapajiaHraH
103ara KejraH CylK KOTHIIMa OMp TOMOHAaH acOOO0CO3JIMK MaTepuaiu OuliaH,
0oIlIKa TOMOHIAH MMyJjaT OuiaH y3apo Tabcupiamand. Hatuxanga CyroK KOTHIIMA
AJIEMEHTH OWJIaH KOMITO3HMIIMSTHUHT aCOCHM TAallIKWJI STYBYUCH ¥3apo TabCup-
JAIINIIT MaxCyJIoTiapura ara Oyaran Mypakka0d CTpyKTypa Ba (a3a TapkuOura sra
OYnTaH KOMIO3UITUSTHUHT OPAIMK 30HACHHU MIAKJUTAHTUPAITIH.

VTkasuiran TaakukoTiap (MHKPOCTPYKTYpa, MHKDPOKATTHKINK, OPAIUK
30HaJa AJIEMEHTJIAp TAaKCUMJIAHWIIK Ba PEHTreH (a3a Tax IMJUIapHU YPTaHMIII)
HaTWXKacuja MeTajuira WIUIOB OepyBud, OypFuiiall Ba epra WIUIOB OepyBud
acOo0yiap y4yyH MeETaJJT KaTjaMJd KOMITO3UIUSJIAPHU OJIUII TEXHOJOTUSIIapU
nuuiad yukuiad. Typau acOoOsap y4yH OJIMHTaH METaJll KaTJIamild KOMITO3H-
nusuiapja OMPUKMaJAPHUHT IIAKJUIAHUIT MEXAaHU3MM TaXJWJIW Ba YHUHT Y3Hra
XOCIUrd OepuiiraH xoccaja MeTaJT KaTjiamMiIM KOMIO3WLUSUIAp OJUII y4YyH
Kapa€HHUHT OOPUIIM Ba TEXHOJOTHK IIAPOUTHU TAaHJAIIHU OamopaT KWJIMII
MMKOHUHU Oepaju.

HucceprauustHuHar «MeTasl KaTJIaMJId KOMIO3UIHUSJIAPDHA TEPMHUK WIII-
JIOB 0€pMIIHMHI WJIMHI TEXHOJOTUK ACOCHHHM TAKOMIWLIAIITHPHUII Ba MILIA0
YUKAPUII TEXHOJOTHAJIAPUHU UKTHCOIMIA camMapaJopJIuru» HOMJIM OCIIMHYU
0600una Typiu Typaaru ac6o0jap y4yH MYJDKalJIaHTaH MeTayll KaTiamiid
KOMITO3UIIMSUIApTa TEPMHUK WIUIOB OCPUIIHWHT AacCOCHH KOHYHHUSATIApH Ba
CUHTE3JIAaHTaH METAJUT KAaTJIaMJId KOMIO3UIUSIAPHUHT acOCUil (PU3MK - MEXaHHK

21



XOCCAJIApUHU TAJAKUKOT KWJIUII, METAJU1 KaTJIAMJIA KOMITO3UIMSUIAPHUHT KOBYIII-
KOKJIMKJAH EMHUPWIMIIMHHA aHWKJIAll, METaul KaTjaMid KOMMO3WULUSUIAPHUHT
CTaTUK MYCTaXKaMJIUTH, METAJJI KaTJIaMJId KOMIO3UIUsAaH Tai€piaaHran acoo0-
JapHU HUIUIA0 YMKAPHUII TEXHOJIOTHSCUHU TAaTOMK STULIHUHT TEXHUK-HUKTHUCOIUN
KypcaTKkuwiapy kKabu Macananap KypuO YUKHUIITaH.

Kyna xym OyromyiapHu Ta€piialllHUHT TEXHOJIOTHK Kapa€Hujia dKCIuTyarTa-
usl KWIKIIAA KaTTa IOKIaHUIUIapra kaid KWIMHAJAWraH Koilapuja eduiuiira
YUIaMJIMIIMTH, MYCTaxXKaMJUTd Ba OOIIKa TaBCH(QPHOMAJapWHU OLIMPUIT YUyH
OYIOMHUHT 1032 KaTJlaMjapuaa CHUKYBYM KOJAUK KYWIAHHIUIAD XOCHUJ KHJIHII
Kepak. ACOOOHMHT WIIIUM AJIEMEHTHAA IOKOPH Japakafa KOJAUK CUKYBUM Kydia-
HUIUIAD XOCWJI OYJIMIIMra UMKOH OepaguraH MeTal KaTjamiid KOMITO3MIIWSA-
JapHU TEPMHUK HILIOB OCPUIIHUHT ONTUMAJ PEXKUMIAPUHU MIUTA0 YMKHII KyJa
MyXUMIHp. MeTamn TU3UMIIApUHU TEPMHUK MyXTajlallla, CTPYKTypa Y3rapHiil-
JapuiaH TallKapH, y3rapuluiapia UIITUPOK 3TYBUM CTPYKTYpaHU TAIIKWII 3TYB-
YIIAPHUHT KPUCTAT TaHXapaJapUHUHT TYpJId TapameTpiiapu OusiaH OOFIHK
paBHUIIa XQKMHUH y3rapuiiapu Xam pyi Oepaau. XaxMuil y3rapuiiap 3ca HIKu
KYWIAHUIIJIAPHUHT (03ara KeJIUIINUra OJIn0 Keaaau.

Cepusinu uniad YuKapuiaJural SXJIMT Ba METaUl KAaTjiaMJiM IUlanikainap-
HUHT OapJONUIMK HATIWKalapuHu Kuécnam, M42 mapkaau MeTaul KaTJaMmiu
MJTAIIKAHUHT OapJONUIMIIMTH CepUsUIM MIUIA0 4YMKapuiraH IUlanikara HucOaTaH
IOKOpH 2KaHjauru, M18x2 mapkanu MeTall KaTjaMmiid MJIalIKaHUHT Oap10IUTHIIH-
I'M 3Ca MacTpoK SKaHauru kypcatau (1 Ba 2 - xaasamiap). by xomat acO0OHHHT
WIIYU DJEMEHTHUJIaTd Ky4dJaHWIl XojaTura Oofnuk. M42 wmapkamu MeTaul
KAaTJlaMJid IUTAIIKaJa WINYM 3JIEMEHT Xap TOMOHJIAMAa CHKYBYM Ky4JaHUILUIAP
TabCcUpU xoyiatuja Oyinca, MI18x2 Mapkamum MeTamul Kartjamid IUTalikaga 3ca
KYHJaJaHT UyHanuIga Ba KyWMaHMHT OallaHIMrd Oyinya 4y3yBUM Ky4JIaHHIII-
nap Tabcupuaa Oynumm Kaiia stwirad (1 Ba 2 - kagBamiap). MabiyMmku, ro3ara
KEJIAJIUTaH TEPMUK KywIaHUIUIap KyWMaHUHT TypJid KECHUMIIAPUIA TYpPJIU COBHII
TE3JIMKJIapura 3ra Oynummra OOFnuK Oyica, CTPYKTypajard KywIaHWIILIap 3ca
¢aza y3rapunuiapura O60fiuK. | Ba 2 — kagBajuiap/a SXJIUT Ba METall KaTJIaMIId
TyMaJIOK TUTAIIKAJTapHUHT CTaHIApT Ba IOFOHAIM TEPMHK MWIIJIOB OepHIlIaru
OapJONUTMIIMKKA CHHAIl HaTWxkamapu Oepunrad. Harmkaga KOMIO3UIUMSHUHT
UITYH DJIEMEHTU/IA KYWIAHHIN XOJATHHHUHT Y3Tapuiliy coaup Oymaaum (2-xkaaBadn).
M42 Ba M27x2,0 mapkanu KydMa METAJUT KaTJaMJIM TJIAIIKA1a KyWIaHUII ydalia
nynammmaa 10 — 15 % ra omagu, M18x2 mapkanu miaimikajga 3ca Xap TOMOHJIaMa
CUKYBYM KyWIaHHILLJIAp MUKIOPUTa €TA]IH.

KarTuk kotumiMa — mynar, MOJUOJEH Ba YHUHI KOTHIIIMAacu — IyJaTIaH
nOopaT KOMIIO3ULIMS YYYH XaM TEPMHUK HIILIOB OEpHUII TEXHOJOTHSICHM  HIILIA0
yukuarad. [IITaMOHUHT KATTUK KOTHUIIMAaIM MaTpUIIACH YYYH MYJDKaJJIaHTaH
35XHMIJI - Bllp-2 - BK15 ubopar Metamin KaTiaamiu KOMIO3UIUS YIYH TEPMUK
UIUIOB OEPHII TEXHOJOTUSICH UIIIA0 YMKWITAH Ba TAJKUKOT KUJIMHTAH.

MabayMKH, MATPUIIAHUHT UIITYU JIEMEHTUATH KYWIAHUITHUHT KHIIMaTH Ba
UIIOpacu YHUHT OapJOLUTMIMTUHYA aHUKIa0 Oepaau. AHa mryHra MyBoQUK, UIILIad
YUKAPUII YCYJIU XaMmJia TEPMHUK UIIIOB OepuIlTa Kajap Ba yHIaH KEHWHTH X0JaT-
napra 6ormuk paBumga Mo — TiC gan Taii€piaHran KyhMaja ro3ara KejaaJuraH

22



WYKA KOJAWK KyWIAHWUIITHU aHUKJIAIl YIyH TEH30METPHUK TaIKUKOTIAp Oakapuii-
raH.
1-s;xkaaBaJ
Typau maTepuamiapaa pe3b0a KecHIaa KyulaHuIagurad JyMaJIOK IUIalTKaJapHH
OapIONIIMIIMKKA CHHAII HAaTHXKalapu

Bapnoumunuk, S MM
[Tnamka Tephnc 12X18H10T
Inamka MaTepHam HIIIOB 45 mapkanu Ocnatma
TypH oepui 5 MapKaliu
mynat
peXUMU™ nyar
M42 SIXJIUT CTaHJapT 4630 2408 n = 20 6yaranga
KaTJIaMJIU [MOFOHAJIIA 5140 2954 S- 6apaonuInK-
SXJIUT CTaHIapT 4400 2460 HUHT ypTaya
M2742,0
KaTJIaMJInd MTOFOHAJIN 4874 2899 apudmetuk
SIXJIUT CTaHIapT 5420 2870 KHIMaTu
M184Y2
KaTJIaMJIU [MOFOHAIIA 5910 3388

*Crangapt TepMUK Unwios 6epu: Tobnam 860°C moiina, 6ymaruml180°C.
[Toronamu TepmuK unwioB Oepum : tobnam — ku3mupum 860eC, coyrmm 220-240-300°C
TeMIeparypiap MyXUTHAA, KEHMHH COBYTUIN Moiiaa, 6ymarum 180°C.
2 —KaaBal
Tepmuk MIUIOB Oepulll pekuMIIapyra OOFIIMK paBUILIa UITYH 31eMeHTH 9XC
Mapkainu nyjaataad kopiycu 3ca 40XJI mapkanu mynariad noopat MeTaml
KaTJIaMJIM TUIAIIKA1A KYWIAHUIIHUHT Y3rapuiig

Nurym snementnaru Kkywianum, Mlla
ITnamxa Tepmuk UILIOB
[Dnamka Typu " . OaJTaHIJINK
TypH Oepull pexxumMu * oyiinama KYHTJQJIaHT o
oyiinya
KaTJIaMJIu cTaHgapT -636 -466 -296
M42
KaTJIaMJIx cTaHgapT -718 -492 -334
KaTJIaMJTu CTaHgapT -475 -322 -260
M2749 2,0
KaTJIaMJIu cTaHgapT -541 -376 -302
KaTJIaMJIu cTaHgapT -332 +496 +231
M184Y2

KaTJIaMJTu CTaHgapT -444 -268 -154

*Crangapt TepMUK HILIOB Gepuin: To6aam 860°C moiina, 6ymaruml80°C.

Hatmwxana Mo — TiC nan TaliépiaHraH MINYM JIEMEHT XMCOOJaHTaH KyhMasa
WYKH KOJAUK KywIaHUIuIap KuiMmatu aHuknanan. 40 XHMJI mapkanu mynat yayH
KaOyJ1 KWIMHIaH CTaHAApT TEPMUK MIILIOB OepUII Ky4JaHUII JapakaCUHHU 2 Map-
Tara omupagd. MaTpHUIIaHUHT HUIIYY F03aCUIa UYKU KOJIIUK KyWIAHWIIHY SPATHIL
— 0y 6up tomonaan Mo — TiC Ba mynar opacupard TEPMHK KEHralui Kodg-
(UIIMEHTUHU TypJiuda SKAHJIWUTH Tabcupu OVyica, OOIMIKa TOMOHIIAH KOMITO3H-
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[IASTHU TAIIKWI KWTYBYX IMyJaTaa Ga3aJapHUHT KalTa KPUCTAUIAHUIIIMHN MapTeH-
CUT XOCHJI OYuIy Ousian Oupra pyi OEpUITUHUHT TaAbCUPU XUCOOJIaHAIH.

Merann kaTiamiid KOMIO3WIMSIAp/aH Tal€piaHraH HamyHajlapjaa HIlra
naékatuHu aHukKiIam 1231-Y-10 mapkanu KypuiaMaaa amaira omupwian. CuHa-
naéTrad HaMyHaJap UKKHU rypyxra OYiuHuO, yjaap/iaH OMpUHYUCH MEXaHUK OXHP-
I UIUIOB OEpUILaH CYHT JacTiaOKu XOJaTAa, UKKMHYKMCU 3Ca KOMITO3UIUSHU
acO600CO37MK TalIKWJI KWIYBUYMCH YUYyH TaBCHUSI STWITAH CTaHIAPT MyXTaJlaHAH-
raH TEPMUK WIIJIOB OCpHUIN PEKUMHUAAH KEHWHTH XO0JIATHA WINTa JTaEKATIHINTH
anuknaadran: 1 - 9XC mynar - 40XJ1 nynat ubopar xkomnosumusa — 860°C Temme-
paTypana moiiga toomamamu, 160-190°C  rtemnepatypama 1 coar moOaiinuaa
oymarunaau ; 2 - P6MS nynat - 40XJI nynat Ba P6MS mymar - 40XT'D1JI
nynaraan uoopar komnosuusa 1260 °C temneparypana molina Tobnanamu, 560°C
Temmeparypana 1 coar mobaiinuaa 3 mapra OyIiaTuiaau.

CHUHOB HaTWXalapu KyWMaHUHT MOJYJIU OIIMIIM OWIaH OHPUKMAHUHT
cratuctuk Mmyctaxkamiauru 20-30% ra omrannurunu kypcatnu. [lyxranoBuu Tep-
MUK MIUIOBJAH YTraH HaMyHaJlap y4yH OMPUKMAHUHT KECUJIUII Ba Y3WJIMINTa
OynraH MycTaxKamJIMK 4erapacuHu yprada 8 — 15 % ra kuiiMaTul OIITaHJIUTU
aHukjanau. KyiiMa KOHCTPYKIIMOH MyiaT — OpajiuK KOTHIIMA - KAaTTHUK HIIYU
ANIEMEHT’ TypHJard KOMIO3UIUSIIAPHUHT MINTa Ja€KaTIUTU MUJIUHADP Ba TEKUC
KyliMara sra OyiraH maxcyc HamyHajuapja aHukjgaHrad. CMHOB HaTwkaiapu Oy
KOMMO3ULMsUIap/a uira JJaéKataukHUHT 15 — 20 % ra omraniaurudau KypcaTiu.

Kyiimacu tymuk spuiinuran [1I'-C27 kotumma - 651'J1 nynar Ba III'-YC25
Kotumma - 65I'J1 mynataan ubopat OViAraH KOMIIO3UIUS OMPUKMACUHUHT CTaTHK
MyCTaxKaMJIUTH XaKuJard HaTuxanap 3-kaaBaijaa Kypcatuirad. Jlap3 kertuiira
YUJAMIUIMKKA CHHAI, METAJT KaTjiaMJId KOMITO3UIUSIIAPHUKHU Jap3 KETHINra
YUIaMJIIIIMTH XaM KylMa, XaM TepMHUK HIuioB 6epuiran xonatuaa 10 — 20 % ra
IOKOpU OYJIUIITUHU KYpCaT/Iu.

3 - KaaBaJa
K¥iimacu TYIHK spuiigurad MeTaul KaTjaaMiId KOMIO3UIIUSHUHT OMPUKMAaCHHUHT
CTaTUK MYCTaXKaMJIUTU

Mycraxkamnuk, MIIa

Komnozumus KECHJIMIIra y3WINIIra Ocnatma
OynraH, T« OynraH, cs

I1-C27 -65T'J1 160-240 250-320 4,0 - 5,0 MM KaTUHIUKAATUA

KaTTHUK KOTHUIIIMa

MY wmapkanu MoONMOAEHHM IMpecciallia WIUIATHIaJuraH CTaHAapT Ba
KyliMa MeTaJul KaTjlaMJIM KOMITIO3UIUSHU OapAOINUIMKKa CHHAITHUHT KUECUN HATH-
Kajlapd MeTaJll KaTjaaMJId KOMIO3UIUSJIApHUKUA CTaHAapT xonatuaarugad 10-15
% ra IOKOPWINTHHH KypCaTAu.

baxxapuiran TagkKMKOT HaTvkainapu ‘“TomkeHT BuinosTH MamumHa-TpakTop
napku” AXK ydyyH WWITMK UKTHcOAMU camapagopiuk 80 muH. cyMm, «Alutex»
KyIIMa KOPXOHACHM YYYH HWUIMK WKTUCOAWK CcaMapagopivK 85 MIH. cyM,
«Myb6OopakHedTraz» yHUTap JaBjlaT KOPXOHACH YYyH MWWUIMK HWKTUCOJIUMN
caMmapagopiiuk 6,9 miH. cyMm, «llynar KyHuID» OYMK TypAAard >KamHsAT YUyH
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WK uKTucoaunii camapanopiuk 22023600 mutH. cym Ba OomIKanap y4yH MeTall
KATJIaMJIM KOMIIO3UIIMSITIAPHU UIUTA0 YMKHUII Ba TaTOMK KWJIMII WJIMHH-YCITyOui
acoc XUCcoOIaHaIH.

Hucepranusi WIIWAaH OJWHTaH WIMHM-amanuii HaTwxkaigap AOy Paiixon
bepynuii Homumarn TOIIKEHT AaBiaT TEXHUKA yHUBEpPCUTETH “Marepuanury-
HOCIMK Kadenpacu YKyB kapa€Hura TaTOMK KUJIMHTaH Ba Marucrparypa MyTa-
XaCCHUCIIUTU Ba OaKaJaBpuaT HYHAJIWIUIApUJia TaxCWi oJlaéTraH Tajabanapra
Mabpy3a YTUIIA Ba JJA0OpATOPHs UIUIAPUHHU YTKA3UIIAa TATOUK KAJTUHTaH.

XVJIOCA

«Metayn KaTiaamiId KOMIO3UIUSUIApHA MOU1ad YUKAapUIl Ba TEPMHUK HIII-
JI0B OCpHILIHUHT Ha3apuil Ba TEXHOJIOTUK aCOCIAPUHH SPATHUII» MaB3yCUIAaru JOK-
TOPJIMK JuccepTanusicu Oyitmda oaud OopuiiraH TaAKUKOTIAp HaTHKAacuaa Kyiu-
Jlary XyJiocanap TakJIUM STUIIIN:

1. CyloK METAJUTHUHT KyiMa r03acu OujiaH ¥3apo TabCUPJAIIYB MEXaHU3MU
aHukJaHau. by mexanusMm uMCTHUKOONA METaT KaTiamMiid KOMITO3UIIMSIIApHU
ApaTUIIIa MyXUM aXaMHsIT KacO 3Taju.

2. Meramn KaTjiamiid KoMro3unusiapaa 1ud@y3ust MeXxaHu3MUHA aHUKJ1a-
HUIIM ~ KOMIO3UIMSHUHT TallKWJ — KWIyBUMJap opacugaru y3zapo nuddysus
XOJMcaJapuHu Oaxojamira UMKOH sSpaTaaH.

3. Mertamn KaTiamiu KOMITO3WIMSJIAPHU TAIIKWUI STYBUMJIAPU OpacHIaru
OpaJMK 30HAHWHT IIAKJIJIAHUII IIAPTU MIUTA0 YUKWIIUM. by 3ca MeTramn KaTiamiim
KOMITO3HUIMSUTAPHUHT MIAKIJIAHUIINAA MYXUM aXaMUsT KacO 3Tajiu.

4. Meramn KarjaMid KOMIO3UUMSJIAPHU SPATUIIIA UCCUKIUK (PU3MKacH
XKapa€HJIApUHUHT MaTeMaTUK MOJAENM  MNUIad YuKuWaAu. Mertamn Katjiamiiu
KOMITO3MIIMSUIAp OJIMIIA TeMIeparypa TaKCUMIIAHUIIUHU XHCOOIall aaropuTMu
TacTIa0KM TAIKUKOTIIAPHU YTKa3MaclaH KOMITO3UIMSUIAPHU WIUIA0 YHMKHUIITa
MMKOH sipaTajiu.

5. Mo-TiC acocnu KyKyH KOTHIIMACHHUHT ONTHMAal TapKUOW HILIA0 4Yu-
KWIIM Ba Oy KOTHIIMA (PU3UK — MEXaHWK, TEXHOJIOTMK XOCCaJapHUHUHT XaMMma
KypcaTkuuwiapu Oyiinua mabiaym Oynran Mo — TiC acociam KyiimMa 3BTEKTHK
KOTHUIIIMara HucOaTaH IOKOPU SKAHIIUTH aHUKJIAH/IH.

6. KoMIo3uuusiHY WIIOHYIM Ba €Tapiid Japaxkaja IIaKUIAHTUPUII Y4yH
ac000CO3IMK MaTepuajjiapiaH HUIIYU DJIEMEHTHU TaWEpJallHUHT TEXHOJOTHK
acocu WUUIA0 4YMKWIOWM. By MeTramn Kartjaamiau KOMIIO3MIMS OJIMIIAA MYXUM
axaMuAaT KacO dTaau.

7. Meramira unuioB OepyBuM, epra HIUIOB OepyBYM Ba Oypfuiaml
acoo0yapu y4yH TypJid Makcajyiap Y4yH MYJDKaJUIaHTaH MeTall KaTJIamiiv
KOMITO3UIIMSUTAPHU OJIMITHUHT OPTHHAII TEXHOJOTUSACH UIITA0 YUKHUIIIH.

8. XaMMa OJMHTaH TypJid METaul KaTJIaMJId KOMITO3MIIMSUIApa OMPUKHUIIT
MEXaHU3MHUHHM TaxJIWJIM Ba YHUHT MIAKJUTAHWIIAHUHT Y3UTa XOCIUTH MeETasll
KATJIaMJId KOMTIO3UIMSIJIAPHUA SIPaTHIl yYyH TEXHOJIOTHK IIAPTJIAPHU TaHJIANTHU
UIUTa0 YMKUIITa UMKOH SIpaTaJiu.
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9. Merann Karnamid KOMIIO3ULMSATAP YYYH TEPMHUK HIUIOB Oepuin
pexumiapyu unuiad yukwiad. Mnuiad yukuirad pexumiap UCTUKOOJa FOKOPH
MEXaHUK Ba TEXHOJIOTUK Xoccara 3ra Oyiaral MeTasul KaTjJaMiId KOMITO3ULUsIIapHU
ApaTUILIA MyXUM axaMHUsAT KacO dTajau.

10. Mumuma® uyMkwiraH MeTal KaTiaMid KOMIO3MLMSJIAPHUHT — MINra
Ja€KaTJINTH, WIIOHWIMJIUIU Ba Y30KKa UYMAAMIIWIMK KypcaTKUuwiapu Oyiuda
CEpHsUIM aHAJIOIJIapAAaH KOJMIIMACIWIY aHUKIAHIW. By 3ca meTtayun KaTyiamiin
KOMIO3UIMSUIAPHU Typiid ac600 Ba jaetaiiap Taiépriamga Kyulaml UMKOHHHU
ApaTajy.

11. Typnau Makcajjiap y4yH MeTaJl KaTJIaMJId KoMIo3uuusiap Oazacuia
UIUI1a0 YUKAPUII TEXHOJIOTHICH Oyiinua amanuii Ba UKTUCOIUMN KUXaTiap HILIad
yukuiaau. by omuiiap, y3 HaBOaThaa MeTal KaTJIaMJId KOMIO3ULUSIAp MILIa0
YUKApUIIAa MyXUM aXxaMHsIT KacO 3Taju.
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HAYYHBINA COBET IIO NPUCYKJIEHUIO YUYEHON CTENIEHU
JOKTOPA HAYK 14.07.2016 FM / T.02.02 ITPU TAIIKEHTCKOM
I'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

TAIIKEHTCKHUHN I'OCYJAPCTBEHHBIA TEXHUYECKHAN
YHUBEPCHUTET

HOPXYI’KAEB ®ANU3YJIJIA PAMA3AHOBHUY

PA3PABOTKA TEOPETUYECKOM U TEXHOJIOI' MYECKOM
OCHOBBI IMTPOU3BOJICTBA U TEPMUUYECKOM ObBPABOTKH
METAVIMYECKHUX CJIOUCTBIX KOMIIO3NIINHU

05.02.01 — MaTepuaioBeieHHe B MAIIMHOCTPOeHUH. JIuTeliHOe MPOU3BOACTBO.
Tepmuueckasi 00padoTka u 00padoTka MeTa/LUIOB JaBjeHHeM. MeTtautyprus 4épHbIX,
LIBETHBIX H PEIKHX METALIOB
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTALIUU

TAIIKEHT-2016



Tema IOKTOpPCKON AMccepTAlMU 3aperucTpupoBaHa B Beicuieidl aTrrecTalMOHHOM
komuccuu npu Kadunere Munucrpos PecnmyOsiuku ¥Y30exkucran 3a 30.09.2014/B2014.5.
T312

JIOKTOpCKas auccepTanys BBIIOJIHEHA B TalIKEHTCKOM rOCylapCTBEHHOM TEXHUYECKOM
YHUBEPCUTETE.

ABtopedepar muccepranuu Ha TPEX s3bIKax (y30€KCKWM, pyCCKUM, aHTIIMHCKUI) pa3me-
IIeH Ha BeO-cTpaHuLe 1o aapecy e-mail: www.tdtu.uz u uHpOopMannOHHO-00pa30BATEIEHOM
noptaine «ZiyoNet» o agpecy (Www.ziyonet.uz).

OdunuanbHble ONMOHEHTHI: Pucky/sioB AlMMKOH AXMaIKOHOBUY
JOKTOpP TEXHUYECKUX HayK, Ipodeccop

MuxpuanaoB Puckuaua MuxpuauHoBHY
JIOKTOP TEXHUYECKUX HayK, mpodeccop

Aoaynnaes @arxy/uia CarayiiiaeBud
JIOKTOP TEXHUYECKUX HAYK, Ipodeccop

Benymasi opranusanus: AKIHOHEepHOe 00111eCTBO «ArperaTHbIi 3aBO/)

3ammTa AUCCEPTALMM COCTOUTCS «__ » 2016 roma B 4acoB Ha 3aceqaHUU
Hay4yHoro coBeta 14.07.2016 FM / T.02.02 npu TamkeHTCKOM TOCYAapCTBEHHOM TEXHUYECKOM
yHuBepcuteTe U HammonanpHoM yHuBepcutere Yiz0ekucrana (Apapec: 100095, r. Tarmkenr,
yi. Yuusepcuterckas, 2. Ten/daxc (99871) 227-10-32, e-mail: tadgigotchi@tdtu.uz).

C [OKTOpPCKOM JHccepTalMeii MOXKHO O3HaKoMuTbcs B MHpopmannoHHO-pecypcHOM
neHTpe TalIKeHTCKOTO0 ToCyJapCTBEHHOTO TEXHHYECKOTO yHUBepcuTeTe 3a No Anpec:
100095, r. TamkenT, ynuna YHauBepcuterckas 2. Ten.: (99871) 246-46-00.

ABTOpedepar quccepTanuy pa3ociaH « » 2016 rona.
(peectp mpoTokoina pacchiku N oT 2016 rona).

K. A. Kapumos
[Ipencenarens HayqHoro coBera no nmpucyxIeHHUIO
y4€HOHM CTEeNeHH JOKTOpa HayK . T. H., Ipodeccop

H. 1. Typaxoxkaes
VYuenslii cekperapb HayqHoro coBera 1o npucyxJIeHHUI0
Y4E€HOU CTENEHU JOKTOpPA HAyK K.T.H., JOLEHT

P. M. MuxpuauHoB

[Ipeacenarens Hay9HOTO CEMHHApA MTPU HAYYHOM COBETE
10 IPUCYXKACHUIO YUEHOU CTETIEHH JIOKTOPA HAYK

JI.T.H., ipodeccop



BBE/IEHUE (AHHOTaUs JOKTOPCKOM TUCCEPTALIUM)

AKTYaJlbHOCTh M BOCTPe0OOBAHHOCTH TeMbl auccepranuu. HayuHo-
UCCIIEIOBATeIbCKUA ~ pabOThl O  CO3JAHMIO  METAJUIMYECKUX  CIOMCTBIX
KOMITO3UIIMI TIPOBOASTCS B MHpe Oojiee, uYeM B TpHALUATH cTpaHax. [lecsatu-
KpaTHOE TOBBIIIEHUE CKOPOCTH  0OpabOTKM Ha MeTatoo0padaThIBalOIINX
crankax (3500-50000 o6/muH), yBeauUeHHE BO3JACHCTBUS BHYTPCHHHMX Harpsi-
KEHUU TIpU MexaHudeckoll oOpaboTke neranedl M, B IEJIOM, COBEpIICH-
CTBOBAaHHE TMPOMU3BOJCTBA  MPUBOJUT K TOBBIIICHUIO TpeOOBaHUN KadyecTBa
MHCTPYMEHTOB - OCHAacTKM M JeTajeil. DTo, B CBOIO odepenb, TpeOyeT OT
MaTepHuayia JeTane BBICOKMX IKCIUTyaTallMOHHBIX CBOWMCTB. [lo cTatucTHuyeckum
CBEIEHUSM, KaXIbIM Trol B MHpPE Ui Pa3padOTKHM BBICOKOKAYECTBEHHBIX
MaTepualioB 3atpaunBaetcs 5-6 mupa. nomiapos CIIA, B Tom yucie nis EBpornsl
u rocygapcte CHI' ato mudpa cocraBmser 1 — 2 mupa. mommapos CIIIA, a B
IPYTUX pPa3BUTBIX rocynapcrBax 3arpauuBaercs 4 — 5 mupa. nomnapos CIIA. B
HACTOsIIlee BpeMs B YCJIOBHUSX HHTEHCHU(HKAIMU MPOU3BOJCTBA TPH BBITYCKE
KAUECTBEHHBIX H3ACNUN pa3paboTKa  METAUIMYECKUX M HEMETaUIMYECKHX
KOMITO3UIIMA C BBICOKMMHA MEXAHWYECKHMHU CBOWCTBAMHU SIBJISICTCS OJHOM W3
BAKHBIX 3a/1a4 IIPOU3BOJICTBA.

B roasl He3aBUCMMOCTH Hallled pecHyOIMKM 0CO00€ BHUMAaHHUE yIESETCS
IPOU3BOJCTBY BBICOKOKAYECTBEHHON M KOHKYPEHTOCIIOCOOHOW Ha MHPOBOM
pPBIHKE MAaIIMHOCTPOUTEIBHOW MNPOAYKIMH. Pa3BuTHE MalIMHOCTPOUTEINBHOU
oTpaciu, €€ NPOLYKLUUH, KOTOpas JOJDKHA COOTBETCTBOBATH COBPEMEHHBIM
TpeOOBaHUSIM MO YBEIMYEHUIO HAAEKHOCTH, O€30MIaCHOCTH U CPOKa CIIy>KOBbI
MPOU3BOJAMMBIX MAIIMH M MEXaHU3MOB, anmnaparoB W OOOpPYAOBAHHMS U HX
MaTepHuaioB — BCE ATO MPUBEIIO K JOCTUKEHHUIO 3HAUUTEIIbHBIX PE3YJIbTATOB.

B Hacrosiee BpeMsi Ba)KHO€ 3HAUYEHHE UMEET MOBBIIEHUE YKOHOMHYECKOM
3¢ (PEeKTUBHOCTU OTpaciiel SKOHOMUKH MO CO3[aHHUI0 HOBOTO COCTaBa IPOU3BO-
JUMBIX MarepuanoB; 3((PEeKTUBHOE W  SKOHOMHUYECKOE  COBEpPLICHCTBOBAHUE
TEXHOJIOTM TMOJYyYEHHUs U3JIeTUN METOJOM JIMThS MMEET BaXXHOE 3HAUYECHHE IS
MOBBIIEHNS ~ TIOKa3aTeJIed  HApOAHOTO  Xo3sicTtBa. B asTtom  acmekre
LeJICHANIpaBJICHHbIE HAY4YHO - MCCIIeJoBaTeIbCKue padoThl, B TOM YHUCIE
IIPOBEJICHUE HAYYHBIX MCCIEIOBAHUN  CIEAYIOLIMX HAIPaBICHUN SBIISIFOTCS
OJIHUMHM M3 BaXHBIX 3a/1a4: CO3[aHUE KOMIIO3MIIMOHHBIX MATEPUAJIOB C MCIOJIb-
30BaHUEM CHEIHAIbHBIX METANIMYECKHX CJIOUCTHIX KOMIO3MIMM, obecreyu-
BAIOLIMX  KAuyeCTBO  MPOAYKLMHU;  pa3pabOTKy  TEXHOJIOTUH  MOJIy4eHUs
METAJUIMYECKUX CJIIOMCTBIX KOMIIO3ULINN; COBEPIICHCTBOBAHUE TEOPETUYECKUX U
TEXHOJIOTMYECKMX  OCHOB  TE€PMHUYECKON  00pabOTKH,  CHOCOOCTBYIOUIUX
MOBBIIICHUIO MPOYHOCTH METANTMYECKUX CIOUCTBIX KOMIIO3UIMHN; CO3JaHUE U
MPOU3BOJACTBO HSHEPro- U MaTEpPHAIOCOEpPrarolMX HOBBIX METaUIMYECKUX
CJIOMCTBIX KOMIIO3HMIIMII HAa OCHOBE MOCJEIHUX JOCTHUKEHUN HAYKH U TEXHHKH,
MPEANOIAraloX KOHOMUIO JEPUIUTHBIX UHCTPYMEHTAIbHBIX MAaTEpUAJIOB U
MOBBIIIEHUE MPOU3BOUTEIBHOCTU. Bhlllleyka3aHHbIE HAYYHO-HCCIIEI0OBATEIbCKUE
HaIpaBJEHUS, @ TaKXE€ PE3yJIbTaTbl BBINOJHAEMBIX MO JIAHHBIM HaIpaBICHUIM
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HAyYHBIX HCCJIEIOBAaHUI CIy’)kKaT OOOCHOBaHHEM AaKTYaJbHOCTH TEMBbl JAaHHOU
JUCCEPTALINH.

JlanHO€ AMccepTallMOHHOE UCCIIEIOBAHUE B ONPECICHHON CTETIEHU CITYKUT
BBITIOJIHEHUIO  3a7a4, mpeaycMoTpeHHblx B IlocranoBnenusx Ilpesugenta
PecniyOomuku Y36exkuctan Ne T1IT — 2120 ot 4 deBpans 2014 rona «O nporpamme
JIOKaJIU3allid MPOU3BOACTBA TOTOBOM MPOAYKIIMH, KOMIUICKTYIOIIUX U3JEINN U
matepuaiioB Ha 2014 — 2016 roas» u Ne ITIT — 2298 ot 11 despans 2015 roga «O
nporpaMMe JIOKaJIW3alMd MPOU3BOACTBA TOTOBOM MPOIYKIIMH, KOMIUIEKTYIOIIHX
n3nenui u marepuanoB Ha 2015 — 2019 rogei», a Takke B IpYyrux HOPMATUBHO —
MIPABOBBIX JOKYMEHTaX B JaHHOM cdepe.

CooTBeTcTBHE HCCJIEJI0BAHUS C TPHOPUTETHHIMH HANPABJIEHUAMH
Pa3sBUTHSI HAYKH W TeXHOJOorui pecny0auku. JlanHoe wuccienoBaHue
BBITIOJTHEHO B COOTBETCTBUU C MPHOPUTETHBIM HANpPABICHUEM Pa3BUTHS HAYKH U
TexHosoruit pecriyonuku 1l «9HepreTuka, sHEpPTUS U PECYpCOCOEPEKEHUE).

0030p 3apy0esKHBIX HAYYHBIX HCCIEI0BAHMIA 110 TeMe Juccepranun’,

Hayunple  ucciieoBaHus, HalpaBi€HHbIE Ha  COBEPILICHCTBOBAHUE
IIPOM3BOJCTBA U TEXHOJIOTMU TEPMHUYECKOH 0OpabOTKH, MPOBOISATCS BO MHOIHX
BEIYIUX HAYYHBIX LIEHTPaX U BBICHIMX 00pa30BaTENIbHBIX YUPEXKJIECHUSAX MHpA, B
tom uuncie: B «U. S. Smelting Refiningand Mining Co» (CIIIA), B Toiio Ko ye
Xupocuma» (Anonwus), B «Peitkun nucton o Toxuo» (SAnonwms) u «Cubota Jron
and Mashinaru» (Smonust), WHcTUTYTE TPOOJIEMBI JHUThI AKaAeMHUU HayK
VYkpaunsl, B WHcTuTyTE 3nekrpo-cBapku uM. E. O. Ilatona Axanemun Hayk
Ykpaunsl coBMectHO ¢ [IO "Aszosmam", B HayuyHoll - uccienoBaTenbCKOM
WHCTUTYTEe TBepAbIX crutaBoB (Poccusi) m B TamkeHTCKOM TocCynapCTBEHHOM
TeXHUYeCKoM yHUuBepcutere (Y30ekucraH).

B pesynpTaTe NMpoOBENEHHBIX B MUPE UCCIEIOBAHUIN IO M3yUYEHHIO METO/IOB
MOJIyYEHUSI ~ METAUTMYECKUX CIIOMCTBIX KOMIO3UIMM W  NPUMEHEHHUIO
YCOBEPIIEHCTBOBAHHOTO MPOM3BOACTBA U TEXHOJOTHUU TEPMUUYECKOW 00pabOTKH,
MOJIyYeH psiJ Hay4dHBIX DPE3yJbTaTOB, B TOM YHUCIE: pPa3pabOTaHbl TEXHOJOTHUS
MOJIyYEHUsl JeTajled U UHCTPYMEHTOB C TBEPABIMHU IMOKPBITUSIMU U BBICOKUM
cpokoM ciayxk0bl  (pupmbl «U. S. Smelting Refining and Mining Co» , CIIA,
«Toio Ko ye Xupocuma» u «Petikun ucton o Tokuo», SAnonus); paspaboTaHbl
LHEHTPOOEKHBIM CHOCOO JHUThsI C NMPUMEHEHHEM JBYXCIOWHBIX IPOKATHBIX
BAJIKOB JIJIS CTAHOB TOpsuYei M X0oJIOAHOW mpokatku mnosioc (pupma «Cubota Jron
and Mashinaru», Snonus); pa3paboTaHa TEXHOJOTHSA 3aJIMBKH METATUYCCKHX
CIIOMCTHIX KOMMO3UTOB (MHCTUTYT TpOOJIeMBI JINThsT AKanemusi HayK YKpawHbI);
pazpaboTaHa TEXHOJOTHS TIOJYYCHHUS MHOTOCIOWHBIX OTJIMBOK INTaMIIOB
(Muactutytr oanektpocBapku  uMm. E.O. Ilatona Akamemun HaykK YKpawHBI

!B o0030pe MexIyHapOAHBIX HAyYHBIX  HCCIEJOBAaHMA MNO  TeMe  JMCCePTAlluM  HCIIOJIb30BalIHCh
www.okorrozii.com/zashitnpokrt.html ~ (2000-2015);  www.pokritiemetalla.ru ~ (2005-2016);  www.chem-
astu.ru/chair/study/genchem/r8_3.htm (2006-2016);www.tydexoptics.com/ru/materials/coatings/mccoatings/(2000-
2016); www.stroitelstvo-new.ru/metal/; Founderiefoun-dene danjord'hue (1984-2010); Internation al Journal of
Advanced Research in Science, Engineering and technology (2006 -2016); MeramioBeneHue U TepMUUYeCKas
obpabotka (2000 — 2016); Structure and fatigue crack resistance of multilayer materials produced by explosive
welding// Advan-ced Materials Research (2010-2015) u apyrue HCTOYHUKH.
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comectHo ¢ [0 "AsoBmam", Ykpauna); pa3paO0oTaHbl COCTaBbl IBTEKTHYEC-
KHX CIUTAaBOB, paOOTAMOIIUX PU  BBICOKKX Temrieparypax (Haydno-uccrienosa-
TEIBCKUM HWHCTUTYT TBEPIBIX CIUIaBOB, Poccus); paspaboTraHa TEXHOJOTHUS
MOJIYYCHHS] TBEPJOCIUIABHOTO  MOKPBITUS ~ U3AENUNA M3 JIETKUX KOMIIO3UTOB
(TarmkeHTCKUI roCyqapCTBEHHBIN TEXHUUYECKHI YHUBEPCUTET, Y30€KUCTaH).

B mupe mo paspaboTke cocTaBa U TEXHOJIOTMM W COBEpPUICHCTBOBAHUIO
TEPMUYECKON 00pabOTKE METaJUIMUECKHX CIOMCTBHIX KOMIIO3MIIMM  MPOBOJSATCS
MCCJIEI0BAHMS IO PSAAY MPUOPUTETHBIX HAIIPABIECHUM, B TOM YHUCJIE: MO pa3paboTKe
HOBOM TEXHOJOTMU IPOU3BOJCTBA METAUIMYECKUX CIOUCTHIX KOMIO3UUUHI; IO
CO3/IaHUI0 TEOPETHYECKUX M TEXHOJIOTMYECKHUX OCHOB TEPMHUYECKON 00paboTKu
METaJUIOB; BBISBICHHEC MEXAaHWU3MOB (OPMHPOBAHUS MHOTOKOMITOHEHTHBIX
METaJUIMYECKUX CHUCTEM; pa3pabOTKa HAyYHBIX OCHOB IIOJYYEHUS KOMIIO3HU-
LMOHHBIX MAaTEPHUATIOB C 33JJaHHBIMU TEXHOJIOTMYECKUMHU M IKCILTyaTallMOHHBIMU
CBOWCTBAMMU.

Crenenb HM3y4YeHHOCTH NpoOJeMbl. B MHpOBOIl mpakTHke pa3zpaboTaHbI
METaJUIMYECKHUE CIIOUCTHIE KOMITO3UIIMU U TEXHOJIOTMH TEPMUYECKONU 00pabOTKH.

HayuHo - uccnegoBarenbckue paboThl YYEHBIX BEAYIIUX CTPAH MUPA, TAKUX
kak Kane M. M., Stibel M. K., Kotrin Y. I., Keen W. L. mocBsIICHBI [TOJIyYESHUIO
JeTanell C BBICOKOM MPOYHOCTHIO, UMEIOIINE B OCHOBE pa3pabOTKU MeTaindec-
KHX CIOMCTBIX KoMIo3ulnii. OHM pa3padoTaiu IEHTPOOSKHBIM CIIOCOOOM JIUThSA
JIBYXCJIOMHBIC TPOKATHBIC BAJIKW, HO B 3TOM CHoco0e HaOJro/aeTcsl MIaBJICHUS
TIEPBOTO CJIOS TI0JT BO3JielicTBMEeM BTOopoi mopuuu metauia. Goma C. A. u Beiss
P. P. pa3paboTtanu ¢ BEICOKbIE CPOKHU CIY>KObI, TEXHOJOTHS MOJyYCHUs JeTanei u
MHCTPYMEHTOB C TBEPABIM TOKPBITUEM, a TakKXe€ TEXHOJOTHUIO TMPUMEHEHUS
METaJUIMYECKUX CIIOMCTBIX BAJKOB LEHTPOOEKHBIM CcrmocoOoM  JuThbs. OHuU
ONMpENeNsUIM MEXaHU3M IUIABJIICHHS MeETajyla - MEpPBOTO CJIOS OTJIMBOK IpHU
MOJIy4YeHUH OWMETaUIMYeCKUX 3aroToBok. YuéHbiMu  Ctpan HesaBucumbix
l'ocynmapcTB co3qaHbl MaTepUalibl METALUIMYECKUX CIHOHMCTBIX KOMIIO3UIMN U
pa3pabOTKEe TEXHOJOTMHU 3aJUBKH TMPU CO3JaHUHM Marepuajga MEeTAUTMYEeCKUX
cnoucTteix  kommosutoB (Haraitmes A. A., Illerakun lO. B., Ilury3ora B. H.,
Hoguxkos U. U. u gpyrue). Yekypos B. B., I'ansyrnunos M. H., bekmypzaes H. X.
u  Hypmypamo C. JI. pa3paboTaiu TEXHOJOTHUIO TIOJYYECHHS]  JUTHIX
OMMETAINTNYECKUX KOMIIO3UIIMH M TEXHOJIOTHMI0 HOBOTO COCTaBa CIUIaBa JIJIst
CO3[aHHUSI HM3HOCOCTOMKHX MOKPBITHI koMno3uimii. OHu  pazpaboTanu
TEXHOJIOTMM TOBBIIIEHUS MPOYHOCTH METAIMYECKOTO TOKPBITUS HOBOIO
KOMITO3UIIMOHHOT'O MaTepHraa ImyTeM TEPMUYEKON 00pabOTKH.

Hecmotpst Ha OoJIbIlINE JOCTHXKEHUS MHOTOUYMCIICHHBIX HAyYHbBIX
pe3ynbTaToB B 00JACTH CO3JaHUS U NPUMEHEHUS METATMYECKUX CIOUCTBIX
KOMITO3MIIMM, CYIIECTBYET HEMAJIO HEepEelleHHbIX mpobiemM. B Tom yucie, emeé He
CO3JaHbl TEOPETUYECKHE M TEXHOJOTMYECKHE OCHOBBI IMPOU3BOJACTBA U
TEPMHUECKONH OOpaOOTKM METAUIMUECKUX CIIOMCTBIX KOMIIO3ULUNA. DTO MOXHO
HaOmoAaTh B (POPMUPOBAHUN METATUIMUECKHUX CIOUCTHIX KOMITO3HIMN C Y4ETOM
KBa3UIOJIUKPUCTAUNIMYHOCTH JKUJIKOTO paciulaBa M MexaHusma auddy3un B
CUCTEME «KBa3UIMOJIMKPUCTATUIMYECKHUN paciliiaB — TBEpAAsi BCTABKAY.
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CBsI3b TeMbI JUCCEPTALMH C HAYYHO - HCCIEA0BATEIbCKMMH padoTamMu
BBICIIMX 00pa3oBaTebHBIX Y4YpeXIAeHHil, Ile BbINOJHEHA IHCCEPTALMS.
JluccepTallMOHHOE UCCIIEIOBAHUE BBIIOJIHEHO B paMKaxX IUJlaHAa Hay4dHO -
UCCIIeI0BAaTENhCKON paboThl Mpu TalkeHTCKOM TOCYJAapCTBEHHOM TEXHHUYECKOM
YHUBEPCUTETE B paMKax Tembl mpukiagaHoro mpoekra: I1- 4.1.8.2 «TexHonorus
MOJIYYEHHS] UBHOCOCTOMKHUX CTPYKTYP Ha MOBEPXHOCTH MOUYBOPEXKYIIUX U3ICTUN U
X YIOpPOYHEHHE TepMooOpaboTkoi» (1997-1999), II - 3.5 « Paspabotka
MOJy4YeHUsI U TepMHuueckas oO0pabOTKa METATUYECKUX CIOUCTBIX KOMITO3UIIUI
JUIsI TOYBOOOpaThIBaroIX padouux opraHoB tuna TBB 135A” (1999-2001), a
takke 15-012 «Pa3paboTka TEXHOJOTMM HAHECEHUS M3HOCOCTOMKHUX MOKPBITHIA
METOJIOM TOpSYEro MPECCOBAHMS HAa MHCTPYMEHTHI W AETAIA, IPUMEHSEMBIE B
MmarrHocTpoeHumn» (2009—-2011).

Henbio nccjieq0BaHusl SIBIIIETCS CO3/IaHUE TEOPETUYECKHX U TEXHOJOTU-
YECKUX OCHOB TMPOM3BOJCTBA M TEPMHUYECKOM OOpabOTKM MeETaUIMYeCKUX
CJIOUCTBIX KOMITO3ULIMI MOBBIIIEHHOW IPOYHOCTH.

3aga4u MCCJIeAOBAHUS:

pa3paboTKa METaJUIMYECKUX  CJIOUCTBIX  KOMIIO3ULUN  IOBBIILIEHHON
IIPOYHOCTH;

CO3JaHME M COBEPUICHCTBOBAHHWE TEOPETHUYECKUX M TEXHOJIOTUYECKUX
OCHOB IIPOM3BOJICTBA METAJUIMYECKUX CIOUCTBIX KOMIO3ULUN M UX TEPMHUYECKas
00paboTKa;

BBISIBJICHUE  MEXaHu3Ma  (POPMUPOBAHUS  METAUIMYECKUX  CIOUCTHIX
KOMIIO3MIIMM € Yy4YE€TOM KBa3HMNOJUKPUCTAJUIMYHOCTH KHUAKOTO paciuiaBa |
MexaHusMa Iud@y3uu B CUCTEME  «KBA3HUIOJIUKPUCTAUNIMYECKHM paciuiaB -
TBEp/asi BCTABKay;

pa3paboTKa TEXHOJOTUU TEPMHUYECKOW OOpabOTKHU C IEJbI0 MOBBIIMICHUS
HKCIUTyaTaIlMOHHBIX CBOMCTB MaTepuara;

pazpaboTKa  TEXHOJOTMM  TOJYYEHUS  METAJUIMYECKUX  CIOMCTBIX
KOMIO3UIMI CTIOCOOOM JIUThS MO Ta3uUIUPyEeMbIM MOJCIISM;

ONpPENEICHNE NPHUKIAJHBIX ¥ SKOHOMUYECKHMX aCIEKTOB TEXHOJIOTUU
IIPOU3BO/ICTBA METAIUIMYECKHUX CIIOUCTHIX KOMITO3HIIUM.

O0BbeKTOM HMCCJIeIOBAHNS SIBIISIFOTCS HHCTPYMEHTAIbHBIE CTAIH, TUTEHHBIE
KOHCTPYKLMOHHbIE CTalM, MOJMOJEH W €ro CIUIaBbl, TBEpJbl€ CIUIABBI U
caMO(DJIFOCYIOITUE CIIJIABBHI.

IIpeamer wuccjie0BaHMA  COCTaBIIAIOT  CJIIOMCThIE  METaJUIMUECKHE
KOMITO3HUIIMA ONTUMAJIBHOTO COCTaBa M TEXHOJIOTMH MPOU3BOACTBA HHCTPYMEHTOB
C OBBIIIEHHON IPOYHOCTHIO.

Meroabl mucciaenoBanusi. B jucceprauuu  BhIOpaHbl  COBPEMEHHBIE
TEOPETHUUECKUE U IKCIIEPUMEHTAIIbHBIE METOJbl MCCIEJOBAaHUN METAUTMYECKUX
CIIOUCTBIX KOMIO3UIMI (Makpo- M MHKPO, a TaKXe PEHTTEHOCTPYKTYPHbIE
aHaynu3bl U Jpyrue). [IpoyHocTHBIE U (PU3UKO - MEXaHUYECKHE XapaKTEPUCTHUKU
METANTHYECKUX CIIOMCTHIX KOMIO3UIMI U U3AENUi OnpeaeseHbl N0 TpeOOBAHUAM
roCy/1apCTBEHHBIX CTaHIAPTOB.
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Hay4ynasi HOBU3HA MCCJIEIOBAHUSA 3aKII0YAETCA B CJICIYIOIIEM:

pa3zpaboTtaH MEXaHU3M  COEJUHEHUS  METAJUIMYECKUX  CIIOMCTBIX
KOMITO3UIIMH;

YCOBEPILIEHCTBOBAHA AHAJIMTUYECKAass METOJUKA, OMHUCHIBAIONIAS BO3HHK-
HOBAHUE CUJIbl BHYTPEHHUX HAIPSKEHUHN MPU KPUCTATUTM3ALMN METAIIOB;

pa3paboTaH ONTUMAIBHBIN COCTaB METAITTHYECKUX CIOMCTHIX KOMITO3HIIUH C
BBICOKOW yJIapHOM BSA3KOCTHIO;

BBISIBJICH MEXaHu3M  (QOPMHUPOBAHUS  METAUIMYECKUX  CIOUCTHIX
KOMIIO3HIIM € yY4E€TOM  KBAa3UIOJUKPUCTAUIMYHOCTH KUAKOIO paciuiaBa u
MexaHu3Ma 1uhysuu;

pa3paboTaHbl PEXUMBI TEPMHUUECKON 00pabOTKM METATUYECKUX CIIOMCTHIX
KOMITIO3UIIUH;

MoKa3aHbl  (YHKIIMOHAIBHBIC  3aBHCHMOCTH  METAUIOCIOUCTBIX |
HEMETAJUIMYECKUX KOMIIO3MIIMM OT TOJIIMHBI MPOMEXKYTOYHOTO CJIOS B
KOMIIO3UILIUH.

IIpakTH4yeckue pe3yJabTaThbl MccjaeoBaHus. [IpenoxeHo npon3BoaCTBO
METauI000padaTHIBAIONINX, MOYBOOOPAOATHIBAIOIIUX U OYpPOBBIX MHCTPYMEHTOB
Ha OCHOBE METAJUIMYECKUX CIOUCTBIX KOMITO3UIUN.

JIOCTOBEPHOCTH MOJY4YEeHHBIX Pe3yJIbTATOB. JOCTOBEPHOCTh MOJIYyYEHHBIX
pE3yNbTaTOB OCHOBBIBAETCS HAa TOYHO MOCTABJICHHBIX 3a/layaX MPOU3BOJCTBA IO
TEPMUUECKON  0OpaOOTKM  METANIMYECKUX  CJIOUCTBHIX  KOMIIO3UIIUM, HX
MaTeMaTUYECKOr0 MOJEIUPOBAHUS TEIIOPU3UYECKHX MPOLIECCOB U LHUPPOBOroO
pelIeHUs] U3BECTHBIX METOJOB U aJITOPUTMOB, & TaKKE€ Ha OCHOBAaHUU CPaBHEHUS
pEe3yNbTaTOB, MOJYYEHHBIX TEOPETUYECKUM IIyTEM C peE3yibTaTaMu SKCIEpH-
MEHTAJIbHBIX UCTIHITAHUM.

Hay4ynasi m npakTu4ecKasi 3HA4YUMOCTb Pe3yJbTATOB HCCIEJOBAHMS.

Hayynass 3HauuMOCTh pe3yJbTaTOB MCCIEAOBAHUWA TMpPU TOJyYCHUU
METAIITUYECKUX CJIOUCTBIX KOMIO3ULIUM 0o00oCHOBaHa IIPOBEICHUEM
MaTeMaTUYeCKOr0 MOJICTUPOBAHMS  MPOUCXOASIINX (U3HUUECKUX TMPOIECCOB U
MCIIOJIH30BaHUSA UX ITUGPOBBIX PEIICHUN.

[IpakTHueckass 3HAUMMOCTh PE3YJIbTaTOBM  MCCIEAOBAaHUN MPOU3BOACTBA
BBICOKOA(()EKTUBHON TEPMUYECKON O0OpadOTKM METAUIMYECKUX  CIOUCTBIX
KOMIIO3MIIMM TNpPUMEHHMA H B CO3JaHUU MeTaI000padbaThIBAIOIIMX,
MOYBO0Opa0aThIBAIONIUX U OYPOBBIX UHCTPYMEHTOB.

Bueapenue pe3yabTaToB HcciaenoBaHusi. Ha ocHoBe mpousBoncTtBa u
TePMHUUECKON 00pabOTKH METATUTMUECKUX CIIOUCTHIX KOMIO3UIIUNA:

TEXHOJIOTHUS HAHECEHUSI W3HOCOCTOMKHUX TMOKPHITUA METOAOM TOpSYEero
MPECCOBAHUSI UHCTPYMEHTOB M JeTajel, mMpuMeHseMass B MAllMHOCTPOEHUU IS
VBEJIMYCHHUS CpOKa CIyXObl, NMPUMEHEHAa Ha YHHTApPHOM TOCYIapCTBEHHOM
npeanpusatun  «MyOopeknedreras»  (CnpaBka  aKIIMOHEPHOW  KOMITAaHUU
«Y3He(prra3mooeua» ot 26 okraops 2016 roma Ne8/2-AK-778x). Buenpenwue
pa3pabOTaHHBIX TEXHOJIOTHH TMO3BOJUJIA MOBBICUTh CPOK  CIY>KOBI IIITaMITOBBIX
MHCTPYMEHTOB B IISITh pa3;

ONTUMAJbHBIA COCTaB METAUIMYECKUX CIIOUCTBIX KOMIIO3UIUK st
YBEJIMUEHUS] MEXaHUYECKUX CBOMCTBA JeTajlell U WHCTPYMEHTOB BHEJIPEH Ha
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coBMecTHOM mpennpusitun  «Alutex»  (CmpaBka COBMECTHOTO TMPEANPHITHS
«Alutex» Ne259 ot 29 centsiops 2016 roma). Ilpumenenue pa3pabOTaHHOIO
ONTUMAJIBHOTO COCTaBa MaTepualia HW3HOCOCTOMKOTO TOKPBITUS IO3BOJSET
MOBBICUTh MEXaHUYECKHE CBOMCTBA METAJUTMYECKUX CIIOMCTHIX KOMITO3UIIUIA;

OMMeTaINTNYECKUe KOMITO3UILIUU MITAMIIOBBIX, METALIOPEKYIIUX MU
($hopMo0Opa3yOIMKMX NHCTPYMEHTOB JI MOBBIIICHUE TPOYHOCTH MHCTPYMEHTOB U
JeTajeii BHEAPCHBI HAa COBMECTHOM mpeanpustuu  «Alutex» (CrpaBka

coBMmecTHoro mnpeanpusitus «Alutex» Ne259 or 29 centsiops 2016 ronma).
[IpumeHeHne pa3padOTaHHOIO OMMETAITIMYECKOTO HHCTPYMEHTA  MO3BOJISIOT
MOBBICUTH MPOYHOCTH B 1,5-2 pasa;

Anpolauusi pe3yJbTATOB HCCJIeA0BaHUA. Pe3ynbraThl HCCIEAOBAHUA
JUCCEPTALMH MPOILTU apOOaUIo Ha 5 - TH MEKIYHAPOAHBIX U PECITYOIMKAHCKHUX
HAay4YHO - MPAKTUYECKUX KOH(DepeHIusix, B ToM uucie:  «PaboTel U MeToabl
nepepabOTKH MECTHBIX PECYPCOB, ChIPbSI U TOPIOUMX, CO3/IaHHE, OCBOCHHE HOBBIX
TEXHOJOTUYECKUX IIPOIIECCOB M MX OCHamieHue ocHacTtkoi» (Tamkent, 1994);
«CoBpeMEHHBIE  TEHACHIIMM  Pa3BUTHS  aBTOMOOWiecTpoeHuss B  Poccum»
(Tompsitt, Poccus, 2004); «BbICOKHE TEXHOJOTMM M Pa3BUTHE BBICIIETO
obpazoBanuss B XXI| Beke » (Tamkent, 2004); «CoBpeMeHHbIC MaTepHAbI,
TEXHUKA U TEXHOJIOTMH B MammuHocTpoeHun» (Anauxan, 2014, 2016); « Texnuka
Y TEXHOJIOTHSI MAallTMHOCTPOEHUS: COCTOSTHUE U JlanbHelee pazputuey (TaikeHT,
2016).

Ony0JuKOBAHHOCTH Pe3yJbTATOB HcciaenoBanms. [lo Teme aucceprannu
onmyOnrKoBaHbl 33 HayuyHble paboThl. M3 Hux 18 HayudHBIX cTareid, B TOM YHCIIE
15 B pecmyOnuMkaHCKMX M 3 B 3apyOCKHBIX >KypHajaX, PEKOMEHIOBaHHBIX
Bricmieit arrectanmonHoi komuccued PecyOnuku Y30ekuctan il myOauKanuu
OCHOBHBIX HayUHBIX PE3yJIbTAaTOB JOKTOPCKUX AUCCEPTAIUH.

Crpykrypa n o0bem auccepranmuu. CTpyKTypa JUCCEPTALMM COCTOUT W3
BBEJCHUS, IISATU TJIaB, 3aKJIIOUYCHMS, CIUCKA HCIOJIb30BaHHON JIUTEPATYPHI,
npuioxeHuit. Oobem nucceptaruu cocrasiset 200 cTpaHuil.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeleHUM OOOCHOBBIBAIOTCSI aKTyaJbHOCTb U BOCTPEOOBAHHOCTH TEMBbI
aucceptanuu, (GOpMyJIUPYIOTCS 1LeNb U 33Jaud, a TaKkKe OOBEKT, MpeAMET U
METO/Ibl UCCIIEIOBAHUS, PUBOJUTCS COOTBETCTBUE MCCIIEJOBAHUMN MMPUOPUTETHBIM
HalpaBJCHUSIM pa3BUTUS HayKd M TexHojorud PecnyOnuku VY30ekucras,
M3JI0KEHbl HAay4yHasi HOBU3HA M MPaKTUYECKHUE PE3yJIbTaThl MCClIeOBaHuUs, 000C-
HOBBIBAETCS JTOCTOBEPHOCTH IOJYYEHHBIX PE3YyJIbTATOB, PACKPBIBAETCS TEOPETH-
Yyeckasg M NPAKTUYEeCKas 3HAYMMOCTH MOJYYEHHBIX PE3yJbTaTOB, NMPEICTaBICHBI
pe3ynbTaThl BHEIPEHUS AMCCEPTALIMOHHOW pabOThl B MPOU3BOJACTBO M YUEOHBIN
MPOIIECC, CBENICHUS MO ampoOarisM U OMyOJMKOBAaHHBIM paboTaM, CTPYKTYpE H
00BEMY IHCCEepTaIIUU.

B nepBoii rnaBe aucceprannu «CoBpeMeHHOE COCTOSIHME MPOOJieMbl
CO3/1aHus MeTAJUIMYECKUX CJOHUCTBIX KOMIIO3MUMII» TpuBEIeH 0030p
COBPEMEHHOT'0 COCTOSIHMSI MPOOJIEMBbl MO CO3JaHUI0 METAUTMYECKUX CIOUCTHIX
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komno3uuuii (MCK), cymiecTByrOmMX TEXHOJIOTUNA CO3AaHUS METALTMYECKUX
KOMITO3ULIMM, MOTYYEHHIO JTUTHIX METAJUIMYECKUX KOMIO3ULUK; M0 pe3yabTaTam
U3YYEHUS] U aHAJW3y TEXHOJIOTMH IMPOU3BOJICTBA JIUTHIX IITAMIIOB, TEXHOJIOTUHU
MOBEPXHOCTHOTO YMHPOYHEHUS] METAIUTMYECKUX KOMIIO3MUIUH, CIOCOO0Y JUThS IO
ra3upuIpyeMbIiM  MOJENSIM; [0 NPUMEHEHHIO CIUIaBOB  MOJMOAeHa B
COBPEMEHHOM TEXHHUKE, HU3KOJETMPOBAHHBIM CIUIaBaM MOJIMOAEHa, TUCIEPCHO-
yIPOYEHHBIM CIUIaBaM MOJIMO/ICHA, BBICOKOJIETHUPOBAHHBIM CIUIaBaM Ha OCHOBE
MoMOJIeHa U MPECTaBICHA NOCTAHOBKA 33]1a4 INCCEPTALUMOHHON PabOTHI.

[IpuBeneHsl pe3yabTaThl OCHOBHBIX AHAJIM30B  MOJYYEHHS]  JIUTHIX
METaJUIMYECKUX Komno3uuui. PaccmaTtpuBaercss psag  cnocoOOB  MONTYYEHUS
OMMETAINTNYECKUX M MHOTOCJIOWHBIX OTJIMBOK, MX MTPEUMYIIECTBA U HEJOCTATKH.

AHaJIN3 HayYHO-TEXHUYECKOM W MATEHTHOW JIMTEPATyphl MOKA3bIBAET, YTO
HauOoJee AaKTyaldbHbIM M TEPCIEKTUBHBIM MPHU MPUMEHEHUU METAJUTMYECKUX
CJIOUCTBIX KOMIIO3UIMN SBISIETCS METOJ JIUThS MO Ta3upUIUPYEMbIM MOJIEISIM.
[IpuMeHeHne 3TOro0 METOAA C UCIOJb30BAHUEM METAUIMYECKUX CIOMCTBIX
KOMIO3ULIUKA TO3BOJIUT PAa3BUTh HAYYHBIE OCHOBBI IPOU3BOACTBA U TEPMUUYECKOU
00pabOTKN METATUYECKUX CIOMCTHIX KOMITO3UIIMM | SIBJISETCS OJHOM U3 3ajad,
pelraeMbIX B HACTOSIIIEH TUccepTallMOHHON paboTe.

[IpoBeneH aHallu3  TEXHOJIOTUM  TOBEPXHOCTHOTO  YIPOYHEHUS
METAIUIMYECKUX KOMIIO3uIMiA. B  HacTosiee BpeMsi  pa3pabOTaHbl U
MIPUMEHSIOTCS pa3HOOOpa3Hble  CIOCOObl  MOBBIIMICHHUS  JIOJITOBEYHOCTH,
M3HOCOCTOMKOCTH JIeTAJIe MalluH Ha JTane IMOJYYeHHs] OTJIMBOK WIM HX
nocieayomiei oopadoTku. s mojiydeHus: Cjosi 3HAYUTEILHOM TIyOMHBI U C
HY)KHBIMU CBOWCTBaAaMHU 11€JI€COO0PAa3HO MPUMEHATh METOJI IOBEPXHOCTHOIO
JIETUPOBAHUS OTJIUBOK.

N3ydyenne W  aHaIM3  TEXHOJOTUM TOBEPXHOCTHOTO  YIPOUHECHUS
METaJUTMYECKMX KOMIO3UIIMN MOoKa3ajl, YTO OMMETANINYECKHEe U TOBEPXHOCTHO -
JIETUPOBAHHBIE OTJIMBKU WMEIOT OECCIOpPHBIE MPEUMYIIECTBA MO CPaBHEHUIO C
JIPYTUMHU  CIOCOOAMHU TOBBIIMICHUS M3HOCOCTOMKOCTH OTJIMBOK MO KOHEYHBIM
pesynbratam. Kpome Toro, o6a croco6a TEXHOJOTUYECKH MPOIe U IKOHOMHH-
yecku d(pdektuBHee. VIMEeHHO MOATOMY pa3padOTKa TEXHOJIOTHUU TOJTYYCHUS
MHOTOCJIOWHBIX CJIOMCTBIX KOMIIO3UIIMI MyTEM JUTbS C UEIbI0  MOBBIIMICHUS
M3HOCOCTOMKOCTH COIPSDKEHHBIX IMOBEPXHOCTEM JETANIEM W HHCTPYMEHTOB
SIBJISIETCS BEChbMa MEPCIEKTUBHBIM HAMPABJICHUEM M TOJIO)KEHAa B OCHOBY JTaHHOM
paboTHI.

[Ipoananu3upoBaHo, ¢ KPUTHYECKOW TOUKH 3PEHUS, COCTOSHUE H3TrOTOB-
JeHus: 00pa3loB, OTBEYAIOLIMX TPEOOBAHUAM IEJICHANPABICHHONW BBICOKO3(PdeEK-
TUBHOW KOMITO3UIIMM U U3JENHM (IeTanu U UHCTpyMeHThl). [lokazaHo, 4To OTCYyT-
CTBHE HAyYHBIX OCHOB (POPMHUPOBAHUS METAUIMUYECKUX CIOUCTBHIX KOMIO3UIIMN U
Ha WX OCHOBE W3JCNIHIA, CTAaHOBUTCS OaphbepoM Jisi Pa3BUTHS TEXHOJIOTHHU
MIPOU3BO/ICTBA.

[Ipoananu3upoBaHbl CBOMCTBA 151 BO3MOKHOCTH NIPUMEHECHUS
MOJTHO/IEHOBBIX CITJIAaBOB.

Jns  BBICOKOTEMIIEpPATYpHOTO IPECCOBAHMS  TYrOIUIaBKUX  METaJUIOB
MEPCIIEKTUBHON SIBJISIETCSl COOpHAsl MaTpuIla, coYeTaromas B ce0e mpenMyIiecTBa
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BCTaBKM W3 OJBTEKTHYEeCKHX cIulaBoB cucteMbl Mo-(W)-Ti-C  nmns 30HBI
KaJMOPYIOIIEro 0YKa U CTAIBHOTO 3aX0JHOTO YYacTKa 3aJaHHOW F€OMETPUHU.

K HegoctaTkam cruiaBa cClIeQyeT OTHECTHM TEXHOJOTHIO TUIABKU U JIUThA,
KOTOpasi OTJINYAETCS BBICOKON TPYAOEMKOCTBIO, CIIOKHOCTBIO U SHEPTrOEMKOCTHIO,
a Tpolecc MEXaHMYeCKoW o0paboTku TpedyeT NpUMEHEHUsS CIEeHUaTbHOTO
MHCTPYMEHTA C PEXYLIMMH 3JIEMEHTAMU W3 CBEPXTBEPABIX MATEpUAIIOB, YTO B
COBOKYIMHOCTU CYIIIECTBEHHO CHHUXAeT 3(PPEKTUBHOCTh HCIIOJIB30BAHUS HTOTO
crutaBa. B cBsi3u ¢ 3TUM ciemyeT pa3padoTaTh HOBBIN CIICYCHHBIN CIIJIaB HA OCHOBE
Mo-TiC, xoTOphIii MCKIIOYAET HEJOCTATKU 3BTEKTUYECKOTO CIUIaBa HA OCHOBE
MOJIUOACHA.

AHanu3 HcclIeOBaHUN MO  TEPMHUECKOH  00pabOTKe MeETaTUYEeCKUX
CIOMCTBIX  KOMIO3UIMKA  TMOKa3all, 4TO MPUMEHSEMbIE  CYIIECTBYIOIINE
TEXHOJIOTUYECKUE PEKUMbI HE YUUTHIBAIOT CBOCOOpa3Hs COUETAHUS Pa3HOPOIHBIX
MaTepHaJIOB, YTO CHWXAeT 3(PPEKTUBHOCTH PE3yJbTATOB TEPMOOOPAOOTKU, HE
MO3BOJIIET B IOJHOM MEpe pacKpbITh MOTEHIIMAIbHBIE BO3MOKHOCTHU
METAJUIMYECKUX CIIOMCTBIX KOMITO3HUIMI. DTO O0O0YCIOBIMBAET HEOOXOIAMMOCTH
ONPENIEIICHUS] OCHOBHBIX 3aKOHOMEPHOCTEN W3MEHEHHUSI CTPYKTYpPbl U CBOWCTB
METAJUIMYECKUX CJIOUCTBIX KOMIIO3UIIMKM OBICTPOPEKYIICH CTajau, TBEPIbIX
CILUIAaBOB, CIICYEHHOIO0 MOJHOJICHOBOTO ciiaBa cuctemMbl Mo — TIiC — nuras
KOHCTPYKIIMOHHAsI CTajdb B 3aBUCHMOCTH OT TEIIOMU3UYECKUX CBOWCTB U
F€OMETPUYECKUX  MMAapaMEeTPOB  OCHOBHBIX  3JIEMEHTOB,  COCTaBJISIOIINX
KOMIIO3UIIHIO.

TeopeTndeckue MPEANOCHUIKM HEOOXOJAMMOCTH  HCCJIEAOBaHUS HAyYHBIX
ocHOB co3ganusg MCK Ha ocHOBe MOJIMOJICHOBBIX CIUIABOB, a TAK)KE TEXHOJOTHH
MOJTYYCHUS] U3JETUN 1I€JIEBOr0 Ha3HAYEHUS C 3aJIaHHBIMHU JKCILTyaTallMOHHBIMU
CBOMCTBaMHU, TMPUBEJACHHBIMU B BHUJIE PE3YJIbTATOB TMOJYYEHHOIO0 TIATEHTA,
HMCTOYHHUKOB, O0YCIIOBIMBAIOT AKTYaJbHOCTH BBIMIOJHEHUS CICIYIONIUX 3a7a4:

- uccienoBanne MexaHusma  (GopmupoBanuss MCK ¢ yuerom
KBa3UIOJIUKPUCTAUNIMYHOCTH JKUJIKOTO paciulaBa M MexaHuzma auddys3uu B
CUCTEME «KBa3UIOJIMKPUCTAIUIMYECKHI pacIlliaB — TBEPAAs BCTABKAY;

- pa3paboTka MaTeMaTUYECKUX MOJENed TerIo(pU3nYeCKux MPoIEeCcCOB U
dhopmupoBaHus coenuHeHui u HanpspkeHuii B MCK;

- pa3paboTKa HAy4YHO - METOJAMYECKUX MPUHIIMIIOB (DOPMUPOBAHUS U3ACTUN
1[eJIEBOT0 HA3HAUCHMUS C 33JITAaHHBIMU DKCILTyaTallMOHHBIMU XapaKTePUCTUKAMM;

- pa3paboTKa HOBOM TEXHOJOTHUU MPOU3BOJICTBA HMHCTPYMEHTOB Pa3IUYHOTO
I[EJICBOTO HA3HAYEHUSI METOJIOM JIUThbSI MO Ta3u(PUIUPyeMbIM MOACISIM C
NpUMEHEeHneM crnenupuku  Tepmudeckoil obpaborkm MCK, a Takxke
MOBEPXHOCTHOTO OOPUPOBAHMS U OOPOTUTAHUPOBAHMUS.

Bo Bropoil rnaBe nauccepraniuu « BbIOOp 00bEKTOB W MeTOAHMKA
HCCIeA0BAaHU (OPMHUPOBAHUAA CTPYKTYPbl METAIMYECKHX CJOMCTBIX
KOMIIO3MIIUID> TTPUBEICHBI METOJAWMKA WCCIICIOBAHUN, UCIBITAHUM U CBEACHUS O
TEPMUYECKON 00pabOTKE METANIMYECKUX CJOUCTBHIX KOMIIO3UIIUN, a TakKke
XapaKTePUCTUKUA MATEPHAIIOB.
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AHalM3 CYIIECTBYIOHNIEH M TEPCIEKTUBHAs OLEHKAa BO3MOXHOCTEH
OpPUMEHEHUSI TMpEeAJIaraeMoil TEXHOJOTMU TO3BOJWIM BBIOpaTh B KadecTBe
00BEKTOB:

a) Mo MeTautoo0padaThIBAIOIIMM HWHCTPYMEHTAM (MalllMHOCTPOUTEIHHOE
HampaBjeHue) HauboJiee MPeACTaBUTEIbHbIE U ITUPOKO MPUMEHSEMbIE IIeJbHbIC
U COCTaBHbIE METAJUIOPEXKYIIUE, METaUI000padaThIBAIOIIME U IITAMIIOBBIC
WHCTPYMEHTHI: KpyTJible IUIamku Tuna M18x2 u M42; TpeXCTOpOHHUE THUCKOBBIC
(b pe3bl; MpoceyHbIe MITAMITBI; MATPHUIIBI PA3IMYHOTO 1IEJICBOTO HAa3HAYCHUS;

0) mo mouBoOOpabaTHIBAIOIIMM HHCTPYMEHTaM  (CEIbXO03iiCTBEHHOE
HalpaBJIeHUE): paboyue OpraHbl Il OOpaOOTKM TOYBHI, B KOTOPHIX BaKHBIM
MIOKAa3aTelIeM SIBJIAETCA M3HOCOCTOMKOCTh U 00ECIIEUYEHUE CamMO3aTauMBAEMOCTH U
Han0oJIee N3HAIIMBAIOIINECS XOJOBBIE YACTH SKCKABATOPOB;

B) MO TOPOAOPA3pPyIIAIINM HHCTpyMEHTaM (HedTe-ra3oBoe W THAPO-
MEJIMOpPAaTUBHOE HAIpaBiIeHUs): OypOBble KOPOHKH; JOJIOTA; IIIAPOIIKH.

OCHOBHBIE L€  CO3AHUS  METAJUIMYECKUX CIIOMCTHIX KOMIO3WULIMM —
COKpallleHHe pacxoja JedUIUTHBIX JIETUPOBAHHBIX CTallel, 3arpaT Tpyla,
CO37IaHME BBICOKOTO YPOBHS CKMMAIOIIUX HANpsDKEHUM B paboyeMm deMeHTe
METAINIMYECKUX CIIOUCTHIX KOMIIO3ULMKA KaK MpPU H3rOTOBJICHUU, TaK U MpH
TEPMHUECKON 00paboTKe.

[IpyHuMass BO BHUMaHUE BBIOPAHHBIN CIOCOO MOJYYEHHUS METAJUTMYECKUX
CJIOMCTBIX KOMITO3UIINI — JIUTHE MO Ta3u(PUIUPYEMbIM MOJIEISAM, a TaKXe TO, YTO
HECYIIE OCHOBOM METAJUNIMYECKHUX CJIOUCTBIX KOMMO3UIUN JIOJDKHBI CIYKUTh
JUTEWHbIE  METAJUIMYECKUE  CIUIaBbl, B  KAaueCTBE  MHCTPYMEHTAJIbHOU
COCTABJISIIOLIEH B3AThl METAJUIMYECKUE MAaTepHUaJIbl.

NMeHHO yKka3aHHas BBIIIE TPYINa MaTepUalioB BBHIMOJHSET TJIABHYIO POJIb B
MHCTPYMEHTAJILHOM Mpou3BoACTBE. OHA BKIIOYAET MHCTPYMEHTAJbHbIE CTAIM U
TBepAbie CIUIaBbl. B paboTe gaH XUMHUYECKHH COCTaB UCIOJIb30BAHHBIX
WHCTPYMEHTAJILHBIX CTaJIeH, TBEPIBIX CILIABOB, MOJIMO/IEHA, a TAKKE UX CIUIABOB.

B nucceprannonHoit paboTe UCIOIb30BaHbl COBPEMEHHBIE TEOPETUUECKUE U
AKCIEPUMEHTAIIbHBIE METO/Abl. PacrnpeneneHue 3JIEMEHTOB MO MONEPEUHOMY
CEYECHMIO IEPEXOAHON 30HBI ONPENEISUIA HA PACTPOBOM 3JIEKTPOHHOM MUKPOCKOIIE
S — 180 ¢ peHTreHOBCKMM SHEPTrOJUCIEPCHOHHBIM MHUKpPOAHAIN3aTOpPOM  Ha
tBepaotenabHoM aetektope Si (Li) cuctembr «Link», Makpo- ¥ MHKPOCTPYKTypa
nepexogHot 30HpI MCK wu3ywamach ¢ NOMOIIBIO METALIOrpapuyecKoOro
Mmukpockona MUM — 8, «Heodor - 21» U Ha pacTpOBOM 3JIEKTPOHHOM
mukpockorie POM — 200, a Taxke Ha makpoycraHoBke MBC-9, BHyTpeHHUe
HAMNPSOKEHHUST OMNPENENsUIM TEH30METPUYECKH, MCMOJIb3ys TeHzoxaTtuuku I[IIb —
10/100 , a Takke W PEHTreHOrpapUUYEeCKd — Ha PEHTTE€HOBCKOM JH(]pakToMeTpe
«IPOH — 2,0» u na ycranoBke YPC-55a, xamepe obpatnoit ceeMku «KPOC - 1»
- Ha KOOaIbTOBOM Wu3NydeHHH. [IpouyHOCTHBIE U (UBHKO-MEXAHHUUECKHE
xapaktepuctuku MCK u u3genuii 1eneBoro Ha3Ha4€HUsl ONPEETsu COIrIACHO
cootBeTcTBYIOmMM ['OCTam.

PaccmoTpensl U onpeiesieHbl BO3MOKHOCTU MCIIOJIb30BaHUS COBPEMEHHBIX
METOJI0OB MEXaHUYECKUX UCTIBITAHUHN I METAITMYECKUX CIOUCTHIX KOMIO3UIIUMI,
a UMEHHO - CTaTUYECKON MPOYHOCTU U HAIPS)KEHHOTO COCTOSIHUSI.
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B tperpeli r1naBe gucceprauuu «Temnogusndeckue 0COO0EHHOCTH
CO3/1aHUSI META/LUIMYECKHX CJIOUCTHIX KOMIO3MUIMD» MOAPOOHO PACCMOTPEHBI
BaXHBIC 3a/lauyd pa3pabOTKM MaTEMaTUYECKOHM MOJENN TerIoPpU3nIeCKUX
IPOLIECCOB  CO3/aHMS METaJUIMYECKUX CIOMCTBIX KOMIIO3MIMH, HCCIEOBaHUS
OCHOBHBIX 3aKOHOMEpHOCTEW mporeccoB AU Y3UU JErUPYIOIUX 3JIEMEHTOB,
pa3paboOTK MeTOAMKH pacdeta Koddduiuenta auddy3uun u  rayOUHBI
NPOHUKHOBEHUSI B KUAKYIO CTallb, MCCIIEIOBAaHWS BapUAHTOB B3aMMOJCHCTBUS
TBEPJON BCTABKM C IKUJKUM PACIUIaBOM, BApUAHTOB CO3JIaHUS METaJUIMYECKUX
CJIOMCTBHIX KOMITO3HIIMI METOIOM JIUThS 110 Ta3u(DUIIMPYEMBIM MOJIEIISM.

HecmoTpsi Ha TOCTOSIHHYIO Pa3BUBAIOIIYIOCS MHCTPYMEHTAJIBHYIO TEXHUKY
0  HACTOAILIETO BPEMEHHU BeCbMa Cl1a00 H3y4YEHBI BOIPOCHI, KacCaroIIMECH:
B3aMMOCBSI3U CTPOCHHMSI U CBOMCTB KHJAKHX METAVIOB U  CIUIABOB;
B3aMMOJICHCTBHS JKUKOTO METa/lIa C TBEPIBIMH TEIaMH.

Kunkuil Metanin npeacTaBisieT co00il COBOKYIHOCTh JABYX CTPYKTYPHBIX
COCTABJISIIOIIUX: YIOPSAIOYCHHbIE 00JacTH (KJIAcTepbl) U Pa3ynopsI0YCHHbIC
30HBI, YTO U COCTABJISIET CYTh KBa3UIMOJIUKPUCTATIINYECKON MOJIEIN KHUIKOCTH.

C mno3unuii KBa3HKPUCTALTUYECKON MOJIETU KUIKOCTH MO>KHO
yTBEPXKJlaTh, UYTO KOPKOBas 30Ha O0Opa3oBaHa B OCHOBHOM KJacTepaMu,
octanbHas 4acTh (ObICTpOE 3aMOpaKMBaHHE JKUIKOTO MeETajlla) 3aTBepjeBaja
OJiarosiapsi KjlacTepamMmu pa3ynopsiloueHHON 30HHbI.

[Tpu B3aMMOAEWCTBUU KXUAKOTO METaUla C TOBEPXHOCTHIO BCTAaBKH, Ha
KOTOPYI0 MOXET OBITh JOIMOJHUTEIHHO HAHECEHO TOKPHITHE WIH 3aKpEIUIEH
OaHIaX, DIEMEHTHI TOKPHITUS WM OaHAaka TMEpexXoasaT B KHUIKYIO CTalb H
pacnpenensitoTcs B HEW HepaBHOMEpPHO. KoOpkoBas 30Ha B CHJIy MEHBIIEH
pPacCTBOPUMOCTH B HEH DIIEMEHTOB Oyner oOegHeHa pacTBOPUBIIMMUCS
AIIEMEHTaMH, OOJIbIIAs UX YacTh JOKATU3YeTCs B pa3yHnopsA0UYCHHON 30HE.

UccnenoBanne mexanusma auddysuu B mnepexomHoit 3oHe MCK mnpu
HaJMYUH JKUJIKOW CTajJd B OMNPENETICHHOW CTEMEeHH JaeT BO3MOXKHOCTH OIEHUTH
B3aUMOM(PIY3UI0 MEKIY COCTABISIIOMIUMH KOMIO3ULHH. [IpsMbIM pu3ndecKum
MPOIIECCOM, TPOUCXOMSIIUM HAa TpaHUIE BCTABKa - KUAKAs CTajlb, SBISETCS
b dy3us.

s pacuera koaddumnmenta camoanddy3un TPUHUMAETCS, YTO PaIUyC
mubyHIUPYIOMIEro aToMa B JKUJIKOM METajlie PaBeH METALTUYECKOMY Pauycy
lonpamiMuaTa, W 4YTO paguyc TMEpBOM KOOPAMHALMOHHOW cdepbl Maio
OTIMYAETCS OT yIBOGHHOTO METAJNIMYECKOTO pajnyca, TOT1a

D= 0,15‘%(&1)2 : (1)

rae D - koappunuent nuddysuu,
Kk - mocrosgnnas bonsumana,
h - moctostnnas Iliianka,
I - pagnyc MepBOi KOOPAUHAIIMOHHOM Chephl,
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&, =,|—- - OTHOCHUTENIbHasl CpelHEKBaJpaTuyHas (IyKTyalus MepBOro

KOOPpANMHAIIMOHHOTI'O YHCJIa.

OpnuHakoBble TIIyOWHBI HPOHUKHOBEHHUS O3HAYalOT OJM30CTh CKOPOCTEU
IUPOYHIUPYIOIIMX 3JIEMEHTOB B IPOLIECCE HX pacTBOpeHUs. B xuakoil cramm
BO3HUKAIOT IIOTOKU PAaCTBOPSAEMBIX 3JIEMEHTOB, UTO O3HAYAET BBICOKYIO CTEIEHb
UX B3aUMOJICHCTBUS MEXAY COOOM W BIUSHUE pacCIIaBa, T.€. BO3MOXKHBIM
oOpa3oBaHHeM HOBBIX (a3. TakuM 00pa3oM peanu3yroTcs HeOOXOAUMbIE YCIOBUS
111 BOSHUKHOBEHHUS PeakTUBHOU nuddy3un.

I'myOuna auddys3un >I€MEHTOB B JKUAKOE >KEJIe30 OICHHBAJIACh II0
bopmyie

L=2JDr (2)

rae D - koadgdunuent auddysun, T - BpeMs B3auMOCHCTBUS.

AHanmu3 CTpyKTypel MexaHuszma quddy3un u ero ompesnesstonias poib B
MexaHu3Me (opMupoBaHHS KOHTaKTa B TIEPEXOJHBIX 30HAX MIO3BOJISIET
yTBEPKIATh, YTO TOJBKO IIyTEM BapbUPOBAHUSA KOHIICHTPALMSMH BBOAUMBIX
AJIEMEHTOB, TEMIEPAaTypoll W JUIMTEIBHOCTBIO IIpOIEcCCa  MOXKHO JOOUTHCS
MOJIyYeHHUs] 3aJaHHOTrO (Pa30BOTO COCTaBa B IEPEXOJHOM 30HE U HMCKIHOYUTh
MOSIBJICHUE HEXENAaTeNbHBIX (XPYNKUX) HHTEPMETAUIMUECKUX (ha3.

['OTOBBII MHCTPYMEHT  MPEACTABISET COOOW COYETAHHUE PaA3IMUYHBIX
MaTepHualoB, MOATOMY MPEAbSIBISIEMbIE TPEOOBAHUS OTHOCITCS HE OTIEIBHO K
KaKOMYTO MaTepHuaiy, a K UX COYETAaHUIO B KOMIIO3ULIMSIX.

Co3maHHbIE HANPSHXKEHUS], C ONMPEACICHHON BEJIMYUHON B3aWMOJICHUCTBUS U
3HAKOM, UTPAIOT BAXKHYIO poJib npu co3aanun MCK u onpenensroT HaJeKHOCTb
1 paboOTOCTIOCOOHOCTh KOMITO3HUITUH B IIEJIOM.

[Ipy co3maHMKM METAUIMYECKHX CJIOUCTBIX KOMIIO3UIMI  pa3IMYHbIX
BApUAHTOB C OOpa30BaHMEM HAJEKHOTO COCIUHEHUS MEXKIY COCTaBJISIONIMMU
KOMITO3UIIMK HEOOXOAMMO HW3YUYUTh PACIpPECICHUE TEeMIIepaTyphbl KUIKOTO
paciuiaBa B MPOLIECCE OXJIAXKIACHHUS, YTO IMO3BOJIET IMPOTHO3ZUPOBATH TE€OMETPHUIO
OyIyIIUX METALTUYECKUX CIOUCTHIX KOMITO3UIIMM JI0 €T0 TOTyUYeHHUS.

st popmupoBanust HajexHoro coenuHenuss B MCK HeoOXoammo 3HaHue
MEXaHMW3Ma M KUHETHUKH TMPOLECCOB, MNPOTEKAIIINX MPU B3aUMOJCHCTBUU
pacmiaBa CO  BCTaBKOM - paOO4YMM 3JIEMEHTOM U3 HHCTPYMEHTAIBHOIO
MaTepuaa.

B cambIx 00IKMX dYepTax MNPOIECC KPUCTALIU3ALMKN CIUTKOB U OTIUBOK
CBOAMUTCS K HECKOJIBKUM TIOCJIEIOBATENbHBIM CTaAUSIM: OOpa3oBaHUE 30HbI
MEJKUX PaBHOOCHBIX '"3aMOpPOKEHHBIX" KPUCTAIOB B nepudepuiiHON, KOHTaK-
TUPYIOIICH CO cTeHKamMu (DOpPMBI - KOPOUKe, OOpa30oBaHUE 30HBI CTOJIOYATHIX
KPHUCTAJJIOB U 30HbI PABHOOCHBIX KPUCTAJIJIOB.

[lepenecenne »TUX  OOmMHMX  MPEACTaBICHUNW Ha paccMaTpUBAaEMbIN
JIMCCEPTAHTOM HEOJHOPOJIHBIN pacIliaB - BCTABKY MO3BOJISIET BHECTU HEKOTOPbHIC
KOPPEKTUBbl M YTOYHEHMsS. Bo-MepBbIX, NMpU B3aUMOJCHCTBUU pacijiaBa C
XOJIOJHBIM TBEPJBIM TEJIOM (KOHTAaKTHAas MOBEPXHOCTb BCTAaBKU) JIOCTUTAETCS
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0oJbIIOe  TepMHUUECKOe mepeoxiaxkaeHue. [Ipy 3TOM B KOHTaKTHOM CJO€
KUAKOCTH CO3/1aeTCd TEPMUYECKUA  yaap, NEUCTBYIOIIMUA TOJBKO B  Hayaie
KpUCTAIU3AIUH, B PE3YJIbTaTe Yero (OpMUPYETCsl KOPKOBAsi 30HA - 30Ha MEIKHUX
Pa30PUEHTUPOBAHHBIX KPUCTAILIOB.

Bo-BTOpBIX, TEpMHUYECKHN yJap TMOJHOCTbIO OMNPENEseT CTPYKTYpPY
KOPKOBOM 30HBI, pacipe/ielieHue paCTBOPEHHBIX B HEW MTpUMecei.

B paccmartpuBaeMoM BbINIE Clydyae MMEHHO KOPKOBasi 30HA OIpeeNseT
ycIoBUSL  (POPMHUPOBAHUSL  MEPEXOAHOM  30HBI  MEXAY  COCTaBIISIOMIMMU
METANTHYECKUX CIIOMCTBIX KOMIIO3MIIMM, obOecreunBas HEOOXOAUMBIN YpOBEHb
AKCIUTyaTallMOHHBIX CBOMCTB METAIUNTMYECKUX CIIOMCTHIX KOMITO3ULIUM.

Jlnsa ompeneneHuss HauOojiee BEPOSITHOM CXEMbI pPa3BUTHUS TMpoIlecca
dbopMupoBaHus ~ OMMETAUIMYECKOTO  COCAMHEHUS HEOOXOIMMO  PELIUTH
CJIeIyIOIIHUE 3a]1auu:

- pacrpeerneHre TeMiepaTypbl B 00beMe 3aroTOBKH B JIIOObIE MOMEHTHI
BPEMEHH IIPpU 33JJaHHOM XHMHYECKOM COCTAaBE KOMIIOHEHT, COCTaBJIIOLINX
CUCTEMY, UX TEIUIO(U3UUYECKHUE CBOMCTBA, TEOMETPUUECKHE pa3Mephl U 3aJJaHHbIC
HayaJIbHBIC PACIPEIEICHUS TEMIIEPATYpP B 3arOTOBKE;

- OTIpeJIeJICHHE TEMITEPaTypPhI B JIFO0OH 3a/IaHHOI TOUKe (MM B HECKOJIBKHUX)
3aroTOBKH B JIIOObIE MOMEHTBI BpPEMEHU TIPU:

- 33JJaHHOM XMMHYECKOM COCTaB€ KOMIIOHEHTOB, COCTABIIIOIIMX CUCTEMY;
- UX TemIo(U3NIECKUE CBOMCTBA, TEOMETPUUECKUE Pa3MEPHI IIPHU 33JaHHOM

HayaJlbHOM paclpeiesIEHUH TEMIIEPATyp B 3arOTOBKE;

- OMpEeJIeNIEHNE CKOPOCTU OXJIKACHUS (WM HarpeBa) MaTepualla 3ar0OTOBKU
B 33JaHHOM TOYKE (MJIM B HECKOJIBKMX 3aJaHHBIX TOYKAX) B JIOObIE MOMEHTHI
BPEMEHU MpPU 33]aHHOM XHMHYECKOM COCTAaBE€ KOMIIOHEHT, COCTaBJISIOIINX
CUCTEMY, UX  TEIUIO(PU3NYECKUE CBOMCTBA, T€OMETPUYECKHME  pa3Mepbl Ipu
3a/IaHHOM Ha4aJIbHOM PaclpeiesIEHUH TEMIIEPATyp B 3arOTOBKE;

- OIpeJeJICHne (u3MYEeCKOro COCTOSIHMS —MaTrepuaja (3HaueHUue
TeII0(QU3NUUECKUX XapaKTEepUCTHUK MaTepuaja, €ro CTpyKTYpHOE U arperatHoe
COCTOSIHME) 3aroTOBKM B JIO00OM MOMEHT BpEMEHM B 3aJaHHONW TOYKe (B
HECKOJIBKMX 3a/IaHHBIX TOYKAaxX) NPH 33JaHHOM XMMHUYECKOM COCTAaBE€ KOMIIOHEHT,
COCTaBJISIIOLMX CHUCTEMY, HX TeIUIO(pU3NUEeCKHe CBOMCTBA, I'€OMETPUUYECKUE
pa3Mephbl pY 3aJaHHOM HadyaJIbHOM pacIpeiesIEHNN TEMIIEPATyp B 3arOTOBKE.

[lepeuriciieHHbIE BBILIE 33Ja4d OTHOCATCA K kiaccy «Herunuunele 3ampauu
HECTallMOHAPHOW TETUIONPOBOJHOCTH», T.K. MOJYYUTh AHAJTUTUYECKOE pEIICHUE
YKa3aHHBIX 3a/lad B HACTOsIIEe BPEMs HE MPEACTABISIETCS BO3MOXKHBIM. [ToaToOMy
JUISL UX PELIEHUs MPEACTABISIETCS TMEPCIEKTUBHBIM HCIOJIb30BAHUE  METOJIA
«Hucnennoe MaTeMaTU4YecKoe MOJEIUpoBaHue (U3HUECKUX MPOIIECCOBY,
MPOTEKAIOLIUX B 3arOTOBKE B MPOLIECCE €€ OCTHIBAHUS.

Haubonee monnas marematuyeckas MOJENb IMpollecca TEIIooOOMEeHa B
3ar0TOBKE, COCTOSIIEH U3 HECKOJIBKHUX Pa3HOPOIHBIX MATEPUAIOB C PA3JIMYHBIMU
TEII0(QU3UUYECKUMHA  CBOWCTBAMH,  YYMTHIBAET  HAJIUYUE  HEPABHOMEPHBIX
IIPOCTPAHCTBEHHO-BPEMEHHBIX TIOJIEW Y MCKOMBIX BEIMYMH - TEMIEpaTyp
Marepuana 3aroTOBKH, HaXOSAIIEWCs Kak B TBEPAOM, TaK U B JKHIKOM
(pacIiaBI€HHOM) COCTOSIHMM, TEIUIOBBIX MOTOKOB, MHTEHCUBHOCTEN W3IIy4EHMS,
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KOHBEKTUBHBIX TMOTOKOB U T.J. Takas MOMAENb MPEACTABISIET COOOM CHCTEMY
muddepeHnanbHbIX yYpaBHEHUH B YACTHBIX IPOM3BOJHBIX, WHTErPaIbHBIX U
uHTerpo-nuddepeHmanbHblx  ypaBHeHuM.  Peanuzamus  Takoil  Monenu
3aTpyJAHUTENIbHA U3-32 €€ CJIOKHOW CTPYKTYpbl M OOJBIIOIO YHCIIA BXOMASIIUX B
HEE DJIEMEHTOB.

VYHuBepcagbHBIM METOJIOM MPHUOJIMKEHHOTO pelieHus auddepeHuatbHbIX
YPAaBHEHHI U CUCTEM 3TUX YPABHEHUM, IPUMEHHUMBIX JIJI1 OYEHb IIUPOKOTO Kilacca
ypaBHEHUH MaTeMaTHYECKOW (DM3UKH, SIBISICTCS METOJ, KOHEUHBIX pa3HOCTEH (W
METOJl CeTOK). bomee Toro, ObLTM BBEAEHBI OTPAHUUYEHUS TPU PACCMOTPEHUU
HECTALIMOHAPHOW  OAHOMEPHOM  3aJauyd  TEIUIONPOBONHOCTH. B  pemeHnn
IIOCTABJICHHOW 3aJa4d JUCCEPTAHTOM MCIOJIb30BAH HESBHBIM KOHEYHO -
Pa3HOCTHBIM OanaHc.

Crnenyer OTMETUTh, YTO BHOBb IIOJIYYEHHBIH OCTATOK TaKKE MOXKET
NpEBBIIATh YpPOBEHb DJHEPrUU, HEOOXOAUMOM [JIsi 3aBeplICHUsl Mpolecca
($a30BOT0 MPEBPALLEHHUS COCETHErO 3JIEMEHTA. JTO MPABUIIO UCIIOIB3YETCS 0 TEX
Mop, TMOKa OCTAaTOK TeIJla HE CTaHEeT paBHBIM HYyIIO. Takum oOpazom,
pa3pabOTaHHBIN aNTOPUTM pacueTa pachpeiesieHuid TeMIepaTyp B METAJUTHUYECKUX
CJIOUCTBIX KOMITO3UIIUSIX JIaeT BO3MOXHOCTH TMIpeJAcKazarhb 0e3 MpOBeICHUs
AKCIIEPUMEHTAIILHBIX HCCIEAOBAHUM  BO3MOXKHOCTH  OOpa3oBaHUsl HAACKHOTO
COEIMHEHUS U TEM CaMbIM CO3/IaHUSI KOMIIO3UIUU B LIEJIOM.

[Ipennoxxena ¢GeHOMEHOJOTHS TIpollecca B3aUMOJEHUCTBUSL paciljlaBa U
TBEpJOM BCTABKM, HAa OCHOBE KOTOPOM TMpEUIOKEH CHOCO0  CO3JaHusd
METATMYECKUX CJIOUCTBIX KOMIIO3UIIMI METOJOM JIUThSl MO Ta3u(UIUPYyEMbIM
MOJEIISM.

B d4erBeproii r1maBe gucceprauuu «Pa3pa0oTka Hay4HBIX OCHOB
(¢opMupoBaHusT NOPOMIKOBBLIX Kommo3unuii Ha npumepe Mo-TiC n
METAUIMYECKHX  CJHOUCTBIX  KOMIO3MIMI»  TNPUBEAEHBI  CO3/IaHHbIC
AHAJIMTUYECKUE BBIKJIAJKA U TEXHOJOTHS CIIEYEHHOW MOPOIIKOBOM KOMITO3HUIIMHU
Mo-TiC, a Ttakxke HmaHbl pe3yJabTaThl Pa3pabOTKU TEXHOJOTUYECKOW OCHOBBI
MOJIYYCHUS] METAITMYECKUX CIOUCTBIX KOMITO3HIIMM JTUTHEM IO Ta3uUIIpyeMbIM
MOJIEISIM Ha OCHOBE HOBOM TETUIO(DU3UUESCKON MOJICIIH.

OnHoit M3 OCHOBHBIX 3aJlay JaHHOW paboThl ObLIa pa3paboTka cocTaBa U
TEXHOJIOTHUH MOJyYCHHsI CIICUEHHON MOPOINKOBOM Kommo3uiuu cuctembl Mo-TiC.
[ToMrMO OCHOBHBIX KOMITIOHEHTOB Mo 1 TiC B coCTaB KOMITO3UIIUH BBOJUJIUCH C
LENbI0 YAYYIICHHS TEXHOJOTHYECKMX M IKCILIyaTallMOHHBIX Xapaktepuctuk NI,
Fe, W, u LaBs.

CpaBHuUTENBHAs OLEHKA CIUIaBa MPOBOAWIACH IO JIBYM XapaKTePUCTUKAM
MPOYHOCTH Ha M3ruob (o,;) U TBepaocT mo Poksemty (HRA). Kak u3BectHO, 3TH
XapaKTePUCTUKH XOPOILIO KOPPEIUPYIOT C TaKUMU XapaKTepUCTUKaMHU, Kak
ropsidasi TBEPJOCTh U KAPOMPOUYHOCTH, OMPEICTSIOMIUMHA PabOTOCITIOCOOHOCTh U
JIOJITOBEYHOCTH IITAMIIOBOTO MHCTPYMEHTA JJIsi TOpsiueil oOpabOTKH JTaBJICHUEM.
[TooTomy mnpu pa3paboTke cIjjaBa B KauyeCTBE KPUTEPHEB OIICHKU MpHU
OTIPE/ICJICHNH ONTUMAJBLHOIO cocTaBa Opamuch oy M HRA.  Onrumuzarus
COCTaBa MPOBOJUIIACH C MPUBJICUCHUEM METOJa MAaTEMaTUYECKOTO TUIaHUPOBAHUS
AKCIIEPUMEHTOB.
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B pesynbTaTe monydmiii ONTUMAaIbHBIA COCTAB MOPOIIKOBOM KOMIIO3ULINH,
KoTopas BkioyaeT: 45-47 % TiC; 1,5-2,5% Fe; 1,5-2% Ni; 0,5-1% W; 0,1-0,2%
LaBg; MO — ocranpHOE.

HemanoBaxHyto poJib Il TOCTH>KEHHSI BBICOKOTO YPOBHSI CBOMCTB HT'PaeT
TEXHOJIOTHSI TOJATOTOBKU KOMITO3UIIMH U PEXKUMBI €€ crieKaHusl. TeXHOIOTnYeCKuii
Ipolecc M3rOTOBJICHUS O00pa3loB WIM M3JCIMA  METOJOM  TOPOIIKOBOM
METAJTypTUy MPOU3BOJUIICS IO OOBIYHBIM TEXHOJOTUYECKUM CXEMaM IMOJyYeHUs
TBEP/AbIX CILJIABOB.

B pesynbraTe uccnenoBaHUKA YCTAaHOBJIEHO, YTO CIIEUEHHAs KOMIIO3ULIHS
cucteMbl MO-TIiC obnmamaer crieayromumMu GU3NKO-MEXaHUIECKIMH CBOMCTBAMM :

K0>()(UIMEHT TMHENHOTO pacmupenue, rpag™ - 6,61-10%;

TUTOTHOCTb, r/eMv® -6,4—6,6;
TBEPAOCTH, HRA - 88 - 90;
IIPOYHOCTb HA U3THO, MIlIa -800-1000.

®a30BbIil PEHTIEHOCTPYKTYPHBIN aHAM3 MOKa3al, YTO B COCTAaBE CILIaBa,
COOTBETCTBYIOIIIETO ONTHMaJIbHOMY, BXomaT cieaytomue ¢aszpl: TiC, MoC,
Mo (Ti).

AHanmu3 TMOJIOXKEHUsT WHTEPPEPEHIIMOHHBIX MAaKCUMyMOB M HUX ¢opma
CBUJICTEIBCTBYIOT O CYIIIECTBEHHOW CTENEHH JISTUPOBAHHOCTH OCHOBHBIX (a3 H
HaJM4KMe B HUX MUKPOUCKKEHUN KPUCTAJUTMUECKON PEIICTKH.

HccnenoBanue CTPyKTYphl YKa3aHHOTO BBIIIE CIUIaBa MOKA3aI0, YTO OCHOBY
COCTABJISIIOT PAaBHOOCHBIC 3€pPHA, WMCIOIMINE HE3HAYUTEIbHBIE  OTIMYHS I10
BEJIMUMHE, CPEAHUN IHUaMETp 3epHa Kojebnercs B mpenenax 10-20 mxm, 4TO
cootBeTcTBYyeT 9 — 10 6amutam ("OCT -5639-65).

B ocHoBe pacnpeneneHbl MEJKOJIUCIIEPCHBIE BKJIIOYEHUST BTOPOW (pa3bl.
Pacnipenenenrie OTIMYaeTcsl pPaBHOMEPHOCTBIO MO BCEMY TelIy 3€pHa, C
OTIICTbHBIMU PEJKUMH CKOIUIEHHWSMHM 110 TrpaHunaMm. [lo rpanumam 3epeH
BCTPEYAIOTCS WHOTJA BBIJEICHUS HM30BITOYHOU (ha3bl, CBUACTEIbCTBYIOIMNUE 00
o0pa3oBaHUM KUJKOH (ha3bl MIPU CIICKAHUU.

[opsiuyro  TBEpPAOCTh  CICUYEHHOW  KOMMO3MIMH  cucremMbl  MO-TIC
OTIpENeNsUIM Ha CIEUHUATbHON YCTaHOBKE BBICOKOTEMIIEPATYpPHOW TBEPAOCTU -
VBT B wunreppane Ttemmeparyp 20-1600°C. McnblTanuss NTpOBOIUINCH B
nabopatopun kadenpsl "MeTrauioBeleHHE CTald U BBICOKONPOYHBIX CILIABOB"
MOCKOBCKOTO HHCTUTYTa CTAJIA U CILJIaBOB.

Omnmucana pa3paboTka U BHEAPCHHE METAUTMYCCKUX CIOMCTBIX KOMITO3HUITUI
JUTSL  Pa3IUYHOTO IIEJICBOTO HaszHaueHUWs. [lpw TONyYeHWM pPEKOMEHTYEeMBIX
OTJIMBOK HEOOXOIUMO TPOSKTHPOBAHWE W HW3TOTOBJIICHHE OCHACTKH, KOTOpas
OTJIMYACTCS OT U3BECTHOM TEXHOJIOTHH.

JIsl M3roTOBIICHUS METALTHYCCKUX CJIOUCTBIX KOMIIO3UIIUN HEOO0XO0IUMO
BBITIOJITHEHUE CIICTYIONINX OCHOBHBIX TEXHOJOTHYECKUX MPHEMOB: IMOIATOTOBKA
MEHOTIOJIMCTUPOJIA I M3TOTOBJICHHS TIEHOMOJENH; W3TOTOBJICHUE TMEHOMOJICIIN
WHCTPYMEHTA; TMOATOTOBKA pabo4yero »sJIeMEHTa;, TMOATOTOBKA U TOJyYCHHE
OTJIMBKU; TIOJIyYCHHE HHCTPYMEHTA.

[lonmyyeHne  METAIUIMYECKOM CJIOMCTOM KOMIIO3WLIMM THUIA JIMTEHHAS
KOHCTPYKITMOHHAS CTajb - paboyvasi BCTaBKa BO3MOXKHO B CITydae COMOCTaBUMOCTHU
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(buU3MKO-MEXaHUYECKUX XapaKTEPUCTUK MaTepranoB. KoMmo3umuu Takoro tumna
IPEICTABIISIIOT COOON COEIMHEHUE MEXIYy WHCTPYMEHTAIBbHBIMU W JIUTEHHBIMU
KOHCTPYKLIMOHHBIMU CTajgsiMHA. (OCHOBHBIM IPEMMYLIECTBOM JTOr0 Kjacca
COCIMHEHHUN SBJISIETCSI COKPAILEHUE pacxofa JIETUPOBAHHBIX MHCTPYMEHTAJIbHBIX
cTajneu Omarojaps  4YacTUYHOM  3aMeHe MX  Oosiee  JTOCTYIHBIMU
KOHCTPYKLIMOHHBIMA CTAJIIMM, M CHWXXEHHE TPYJOEMKOCTH H3TOTOBIICHUS
IITAMIIOBOTO W MHOT'OJIE3BUMHOTO PEXKYIIEro HHCTPYMEHTA CIOAKHOTO MPpOodus.

Komno3unusi «HETEIIOCTOMKass  WHCTPYMEHTalbHAs CTallb - JINTEUHAas
KOHCTPYKLIMOHHAsI ~ CTaJb» BblOpaHa JUIsl WM3TOTOBJIEHUS KPYIJIBIX IUIAIICK -
Matpul (puc.l).

R 2 O
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Puc. 1. Metaumnueckne cj1oMcTbie KOMIO3UUMHU «cTadb 9XC — IMTast KOHCTPYKIHOHHAS
craiab 40XJI» - iMThIE KPyIUible MUIAIIKH.

X

U

)

AHaJIU3 COOTHOIIECHUS F€OMETPUUYECKUX MapaMeTpOB padouuX dSJIEMEHTOB
U KOpIyCOB HWHCTPYMEHTA IMO3BOJWJI YCTAHOBUThH, 4YTO JUIsl JAHHOTO KJlacca
MHCTPYMEHTOB  TOJIIMHA BCTaBKM B 30HE KOHTaKTa C pacIUIaBOM JIOJKHA
COCTaBJISTH 2-5 MM.

[IpoBeneHbl ~ MUKPOCTPYKTYPHBIC  HMCCJIEOBaHUS MO  MNPUMEHEHUIO
METATUYECKUX CIIOMCTHIX KOMMO3UILIUM C TBEPJbIM pabOYUM HJIEMEHTOM U3 He-
TEIJIOCTOMKOM  MHCTPYMEHTAJIbHOM  CcTali. B mporecce  UCCIeNOBaHUSA
METAINTMYECKON CIOMCTOM KoMmo3uiuu cTtanb 9XC - cramp  40XJI Obun
ompoOOBaHBl € IIEJBI0 MPOM3BOACTBA Kpyribix Iuiamek MI18x2 m M42. B
KOMIIO3UIIUSIX B KAayeCTBE MPOMEKYTOUYHOIO CJIOSI MCIOIb30BAIKNCH Pa3JIMYHbIC
dmocer (Na;B,0O7 u npyrue).

Kak Obu10 yKa3aHO paHee, JUIS  W3TOTOBJICHUS  CJIOKHOTO
MHOT'0JIE3BUMTHOTO MHCTPYMEHTA MCIOJIb30BAIUCh KOMIIO3UIIMU TEIUIOCTOMKHE,
OBICTPOPEXKYIIIUE CTAIM - JIUTas KOHCTPYKIMUOHHAs cTaib. CrnenuduuHoCTb
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SKCIUTyaTalliM JIaHHOTO Kjacca WHCTPyMEHTa OOYyCJIOBI€Ha, B TOM YHCIIE,
BBICOKUMHU TpPEOOBAaHUSIMU K KOPIYCY HHCTPYMEHTA, pabOTarOIIEro B YCIOBHSIX
JUHAMHYCCKUX W IUKINYecKHX Harpy3ok (ctamu 40XJI, 40XIJI, 40XI'®LI). B
KaueCcTBE TEIUIOCTOMKMX HMHCTPYMEHTAJIbHBIX CcTajedl  BbIOpaHbl: PO6MS,
10P6MS5-MII, P6MSKS u npyrue.

Bapuant c OPOMEXKYTOUYHBIM  CIIOEM  SABJSETCA  NPAKTUYECKHU
€IUHCTBEHHBIM [JIi KOMIIO3WLIMM, COCTAaBISIIONIME KOTOPBIX  CYIIECTBEHHO
OTIIMYAIOTCA 10  (PU3MYECKUM XapakTepucTHKaM. K 3TUM KOMITO3UIIHASIM
OTHOCATCA TBEpAbIE CIUIABBI - CTajb, MOJMOJIEHOBBIE CIUIaBbl - CTayb. Jlis
HITaMIIOBOT0 MHCTPYMEHTA (MaTpUUbl I TOPSYErO MPECCOBAHWE METAIUIOB) U
OypoBoro WHCTpyMeHTa (OypoBbIE KOPOHKH, M0J0Ta W OypOBBIE IIAPOIIKH)
MCIIOJIb30BAJIMCh BCTABKM M3 TBEPABIX CIUIABOB, MPEJHA3HAYEHHBIE IS MAasHOTO
MHCTpYMEHTA. [l co3maHus KOMIO3MUMN B KayecTBE Marepuaia IpOMEXKy-
TOYHOTO CJIOSI UCIOJb30BaUCh cruiaBbl cucteMbl Cu-Ni-Mn, Cu-Ni ¢ TonmuHoi
0,2 — 0,6 MM, HalTBIJICHHEIC TJIa3MEHHBIM CITOCOOOM.

Kak yka3aHo BblllIe, 17151 KOPITyca HHCTPYMEHTOB HCIIOJIb30BAIUCH JTUTEHHAS
KOHCTPYKIITMOHHAS CTajlb, U B KAYE€CTBE €ro OCHOBHOM paboyeil yacTu MOJIUO/IEH U
ero crutaBel (MY, BM u Mo-TiC), a takxe tBepabie cruiaBsl rpynmbsl BK u TK.

Mexanusm (QopmMupoBaHHs, COCTaB, CTpPOCHUE, (HUIUKO-MEXaHUUYECKUE
CBOMCTBA METAJUIMYECKHUX CIOMCTHIX KOMIO3ULUM THMA “‘HETEMJIOCTOMKas CTallb -
KOHCTPYKIIMOHHAsI CTAJIb , “‘TEIUIOCTOMKAas CTAlb — KOHCTPYKLUMOHHAas CTalb
“TBepIbIN CIUIaB — KOHCTPYKLIMOHHAS CTaib M “MOJMOJIEH U €ro CIUIaBblI -
KOHCTPYKIIMOHHAS CTaJIb~ UCCIEJ0BAINCH BCECTOPOHHE (pHUC.2).

HccnenoBanne METAIUIMYECKUX CIIOMCTBIX KOMITO3UIMM Tuma “MHCTpyMeH-
TaJIbHBI MaTepuall — KOHCTPYKIIMOHHBIM CTallb’ TOATBEPAWIO IOJYYEHHUE
CILJIOIIHBIX COCICHCHUM.

[Ipennaraemselii BapuaHT TexHoioruu uzrotoieHuss MCK c nerkomiaBkum
paboyuM 3JEMEHTOM TMpeaHA3HAYalICs TJIaBHBIM 00pa3oM JJisi W3TrOTOBJICHUSA
MOYBOOOPA0ATHIBAIOIINX WHCTPYMEHTOB Pa3IMYHBIX THUMOB. B maHHOM ciydae
MOPOITKOOOpa3HbIe TBEPJbIC CIUIABHl HA CBS3YIOIIEM HAHOCATCS B BHJIC MACTHI
WM pa3MemaroTcs B (popme 3apaHee M3rOTOBJICHHBIX BCTABOK B CIEIHUAIBHO
MOATOTOBJIEHHOW MOJOCTU. Temmeparypa pacmiaBa B MOMEHT 3aiuBKH 1650-
1700°C. TlpumeHeHue OGOpCOAEPKAIIUX COEIUHEHHH C LEIbI0 HM3TOTOBJICHUS
Pa3JIMYHBIX KOMIIO3UIIMOHHBIX MAaTE€pUAJIOB, HWMEIOIIUX BBICOKUHA  YpPOBEHb
MEXaHUYECKUX, TEIUIOBBIX, OJJEKTPUYECKUX ¢ JIPYyTMX CBOMCTB, TMOJy4YaeT
JOBOJIbHO ~ IIIMPOKOE pacrpocTpaHeHue, B TIEPBYIO oOuepedb, NyTeM
WCIOJB30BaHUA  CcaMUX Oopcojepxkanux coenuHeHuit. CrenyeT OTMETUTh, YTO
KOMILIEKCOM 0CO00 II€HHBIX (DU3UKO-MEXaHUYECKUX CBOMCTB oOJafaeT KapOunu
6opa. "BcraBkamu" cinyxwiu criaBbl cuctembl Fe-Cr-C; a umenno [1I'-C27 u I1I'-
C27-TH-20, a B xauecTBEe HeCyIleld OCHOBBI JUTEHHAsT KOHCTPYKIIMOHHAS CTaJlb
65T'JI. B nanHOM cily4ae MOKpBITHE - "BCTaBKAa'" TMOJHOCTHIO MPOIUIABISAETCS C
COXpPaHEHUEM KOPOUKH.

Tonmuuaa nokpsitust B komnozunusax [1I'-C27 - crans 65171, III'-C27-TH-
20 - cranmb 651'J1 konebamach B mpenenax 2,8-3,2 MMm. HapylieHue CIijIonHOCTH B
NEPEXO0/IHOM 30HE HE OOHAPYKEHO.
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Puc. 2. MukpocTpyKTypa nepexoaHoi 30HbI METAINYECKHUX CJOUCTHIX KOMIO3HIMIA:
«cneyeHHblii ciiiaB Mo-TiC — ITP-H58® — siutas KOHCTpYKIuHOHHAasi craib 40XHMJD» (a),
MeTaJJInYecKasi CJIoucTasi KOMIO3uIus «cnedeHublid cmiiaB Mo-Ti C — Ni — juras
KOHCTPYKUHMOHHAA cTajb 40XHMJD» (6). X150
1-30Ha Murpaiuu; 2-30Ha Ha OCHOBE MaTepHalia MePeXxoTHOTO CJI0s; 3-KOPOUKa;

4-30Ha HAYTJIEPOKUBAHUS.

Pe3ynpTaThl paccCMOTpEHHsI ME€XaHM3Ma U OCOOEHHOCTEH (HOPMHUPOBAHHUS
COCIMHEHMSI BCEX THUIOB TMO3BOJIMIM MpEACKa3aTh XOJ Mpolecca U BbIOpaTh
TEXHOJIOTHYECKHUE YCJIOBHS CO3/IaHUS TaKHX KOMITO3HIIHIA.

Pe3ynbraThl Makpo- M MHMKPOCTPYKTYPHOTO HCCIEHOBAHUW KOMIIO3UIUN
MOKa3ajl, YTO HapyLIEHHE CIUIOIIHOCTU B INEPEXOJHOM 30HE HE OOHaApYKEHO.
IToka3aTenn MUKpPO30HAOBBIX HCCICAOBAHMM KOMIIO3ULUK  XapaKTEPHU3YKOTCS
BBICOKMMHU TJTyOMHAMHU B3aUMHOTO NMPOHUKHOBeHUs sieMeHToB Cr, Ni, W mo 300
MKM U ri1yOxe. PacnpeneneHne MUKpPOTBEPAOCTH IO IMONEPEYHOMY CEUEHHIO
KOMITO3MIIMK TOKa3ano, 4To Haumboisbmryio TBepaocth (1100-1400 HV) wumeer
KapOuIHas I0/A30HA, Jajnee - KpuBas TBEPIOCTH MOHOTOHHO CHMYKAeTcsi B
ABTEKTUYECKON U JOIBTEKTUYECKOM MOJA30HAX U JOCTUrAaeT MUHUMYyMa B 00JIacTH
KOPOYKHU U 001acTH HayraepoxkuBanus, 250...350 HV.

YuuteiBas U 000011ast pe3yiabTaThl MPOBEAEHHBIX HCCIEAOBAHUM  BCEX
TUMOB  KOMIIO3MIIMI, MOHO TPEICTaBUTh MEXaHU3M M  OCOOEHHOCTH
(GOpMHUPOBAaHUSI COECIUHEHUS MEXKIY OJEMEHTaMHU KOMIO3UIMI MpHU Yy4acTHH
MPOMEKYTOUYHOTO CJOA.

OmnpeneneH MexaHM3M M YCTAHOBJEHBI  OCOOEHHOCTH  (HOPMHUPOBAHMUS
COCIMHEHHSI MEXIY JJIEMEHTaMH METaJUIMYECKUX CIOMCTBIX KOMIIO3HUIMM, IO
KOTOPOMY NIpPH KOHTAaKT€ pacijiaBa KOHCTPYKLIHMOHHOM CTald C MOBEPXHOCTBIO
BCTaBKM — pabouero, pexyliero »JeMeHTa NPOUCXOAMT  KPUCTAJUIM3AIUSA C
oOpa3oBaHHEM TBEpPAOW KOPOUYKM C MOCICAYIOUIMM pacIlIaBICHHEM MaTrepuaia
IPOMEXYTOUHOTO CJIOSI M B3aUMOJCHCTBUS OOpasylollerocss pacijiaBa €
OrPaHUYMBAIOIIMMU €ro TBEPJABIMM IOBEPXHOCTSIMH: C OJHOM CTOPOHBI
MHCTPYMEHTAJILHOT'O MaTepuaia, ¢ Apyrom — craiu. B pesynbrate popmupyercs
nepexojHas 30Ha KOMIIO3UIIMU, HMMEIOLAsl CIOXHYI0 CTPYKTYpY M (pa3oBbIi
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COCTaB, BKIJIFOYAIOIINE MPOIYKTHl B3AUMOJEHUCTBHS MEXKAY 3JE€MEHTaMU paciuiaBa
U OCHOBHBIMM COCTABJLSIIOIIMMHU Kommo3uiuu. Ha OcHOBe mNpOBENEHHBIX
UCCIIEIOBAaHUN (M3y4YE€HUE MHUKPOCTPYKTYpPbI, MHUKPOTBEPIOCTH, PACIPENEICHHUS
AJIEMEHTOB B IEPEXOJHOM 30HE, PEHTreHO(]a30BBIM aHaIN3) pa3paboTaHbl
TEXHOJIOTMM IIOJIYYEHMS pPsAJa METAUIMYECKUX CIOUCTBIX KOMIIO3ULANA IS
METAJII000padaThIBAIOIIUX M IOYBOOOPAaOATHIBAIOIIUX HHCTPYMEHTOB. AHAIU3
MEXaHHU3Ma U OCOOEHHOCTEW (OPMUPOBAHUS COEIMHEHUN BCEX IOJIYyYEHHBIX
TUIIOB METANIMYECKUX CIOUCTBIX KOMIO3WMLMUN MO3BOJISIET MPEICKA3bIBATh XOJ
Ipolecca U BBIOMpaTh TEXHOJOTWYECKHUE YCIIOBHS JJIA CO3/IaHUSI METaUIMYECKHX
CJIOMCTBIX KOMIIO3ULIUN C 3aJaHHBIMUA CBOVICTBAMH.

B naToii rnase qucceptaii - «CoBepIICHCTBOBAHME HAY4YHO -
TEXHOJIOTMYEeCKHX OCHOB TePMHUYECKOi 00pad0TKH MeTAJITHYeCKHX CJIA0UCTHIX
KOMIIO3M UM U IKOHOMUYecKas 3(PPEeKTUBHOCTD TEXHOJIOTHMH NMPOU3BOACTBA»
OPUBEACHBI  PE3yJIbTaThl UCCIENOBAHUS  OCHOBHBIX  3aKOHOMEPHOCTEU
TEPMHUECKOH OOpabOTKM METaUIMYECKUX CIIOMCTBIX KOMIIO3ULUN € IEJbI0
U3TOTOBJICHUSI  PA3JIMYHBIX  HMHCTPYMEHTOB M HUCCIENOBaHUS  (pU3MKO-
MEXaHUYECKUX  CBOWCTB  CHHTE3MPOBAHHBIX  METAUIMYECKUX  CJIOMCTBIX
KOMITO3HMIIMM, OIpPEACIICHHNE  YOAapHOW BS3KOCTH, CTaTUYECKOW MPOYHOCTH
METAJUIMYECKUX CIIOMCTBIX KOMIIO3MIMM, TEXHUKO-DKOHOMHYECKHE ITOKa3aTeln
BHEJIPEHUSI TEXHOJIOTMM IIPOU3BOACTBA HHCTPYMEHTOB W3 METAJUIMYECKHUX
CIIOMCTBIX KOMIIO3ULIAM.

[Ipy W3roTOBIEHMHM MPOMBINUICHHBIX W3JAEIUN TEXHOJOIMYECKUH MpOIecC
pa3pabaThIBaeTCsi TaKMM 00pa3oM, YTOOBI B ydacTKaX, MOJBEPrarolIMXCA MNpU
AKCIUTyaTallii OOJBIIOMY HAarpy»K€HHIO, CO3/1aTh  CHKUMAIOIIME OCTATOYHbBIE
HaIpsSOKEHUST B TIOBEPXHOCTHBIX CIIOSX M3IENHS, C LENbI0  IOBBIIIEHUS UX
M3HOCOCTOMKOCTH, MPOYHOCTH U IPYTUX XAPAKTEPUCTHUK.

OpnHako Hanbojee BaXKHBIM SBIISIETCS pa3pabOTKa ONTUMAJIbHBIX PEKUMOB
TEPMHUECKON 00pabOTKH METAIIMYECKUX CIOMCTBIX KOMITO3ULIUMN, TTO3BOJISIOIINX
CO3/1aTh BBICOKHII YPOBEHb OCTATOYHBIX CKMMAIOIIMX HAIpPsDKEHUH B pabodyem
AJIEMEHTE UHCTPYMEHTA.

[Ipu BBINOJHEHUH TEPMUYECKOIO YIPOYHEHUS B METAJUIMYECKUX CUCTEMAX,
KpOME CTPYKTYPHBIX TPEBpAIICHUN, MPOUCXOIAT OOBEMHBIE HW3MEHEHUS,
CBA3aHHBIE C pA3JIMYHBIMM [ApPAMETPAMHU  KPHUCTAUIMYECKUX pEeLIeToK
CTPYKTYPHBIX COCTABJISIFOIIMX, YYAaCTBYIOIIMX B  HpeBpameHusax. OObeMHbIe
M3MEHEHUS BbI3bIBAIOT BOSHUKHOBEHHE BHYTPEHHUX HAMPSKEHUM.

CpaBHeHUE PE3yJIbTATOB CTOMKOCTHBIX UCIIBITAHUI CEPUMHBIX MOHOJIMTHBIX
1 OuMeTaMyeckux Iuiamek (Tadna.l um 2) mo3BojasieT OTMETUTh TOT (PAKT, YTO y
OumeTaimyeckux riamek M42 crodkocTh Bbllle, a y Tuamek M18x2 Huxke,
YeM y CepUHHBbIX aHanoroB. OOBACHAETCS 3TO, MO - BUJIUMOMY HaNpsHKEHHBIM
COCTOSIHMEM pPabo4mx 3JeMEHTOB (Ta0i.2): y miamek M42 pabouuii d7IeMEHT
HaxOJUTCA B COCTOSHHMHM BCECTOPOHHErO cKatus, a y Iuiamek MI8x2 B
IIONIEPEYHOM  HAIPaBJICHUU MU 1o BBICOTE€ BCTaBOK 3a(MKCHPOBAHbI
pacTsaruBaromue HanpsokeHus (tabin. 1 u 2).

Bnusinue macmtaOHOro aktopa Ha CTOMKOCTh METAJUIMUECKUX CIOUCTBIX
KOMIIO3UIIMI M HaNpsHKEHHOE COCTOSHHME pabodMx  AJIEMEHTOB OOYCIIOBJIEHO
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U3MEHEHUEM COOTHOILIECHHSI MEXKIY BEIMYMHON TEPMHUUYECKHX, CTPYKTYpPHBIX U
CYMMapHbIX HaIpsKEHUH pabodero 3j1eMeHTa.

Taoauma 1
PC3YJ'II>T3.TBI UCIBITAHUNA HA CTOWKOCTH IUJIAIIEK U3 Pa3JINYIHbIX MATCPHUAJTIOB
S D Bun Pexum CTOHKOCTB, S MM MpuMedamme
TLnamku T.0.% crams 45 | 12X18H10T p
M2 LEJIBH. CTaHJapT 4520 2340
MCK CTyIIEHYaT. 5016 2855 S-cpenne-
LEJIBH. CTaHJapT 4400 2460 apudmerneckoe
M27x2,0 3HAYCHHUE
MCK CTyIeHYaT. 4874 2899 CTONKOCTH TIpH
M18x2 LIETbH. CTaHaapT 5300 2760 n=20
MCK CTyIeHYAT. 5720 3166

*CranmaptHas TepMmooOpabdoTka-3akanka 860°C B macino, otir. 180°C.
CryneHyaras 3axanka-Harpes 860°C, oxmaxmeHue B cpene ¢ Temmeparypoii 220-240-300°C,
3aTreM B Macio, otiyck 180°C.

Tabimuna 2
N3menenue HanpspkeHui padouero anemenTa u3 cranu 9XC B miamkax u3
METAJUIMYECKUX CIIOMCTHIX KOMIIO3UIINK ¢ HeCcylel ocHOBOM u3 ctanu 40XJI B
3aBUCUMOCTH OT PEKUMOB TEPMOOOPAOOTKH

Hanpsokenue B pa6. anemente, Mlla
Tun nmamky | Bun miamku Pexum 1.0.*
BIOJIb TIOTIePEK 10 BLICOTE

M42 MCK CTaHapTHas -584 -406 -284
MCK CTaHJapTHast -622 -435 -312
MCK CTaHJapTHas -475 -322 -260

M27x2,0
MCK CTaHJapTHAs -541 -376 -302
MCK CTaHJapTHast -309 +478 +215

M18x2

MCK CTaHJapTHast -415 -241 -134

*CrangaptHas TepMooOpadoTka-3akainka 860°C B Macio, oti.180°C

N3BecTHO, YTO BO3HUKHOBEHHWE TEPMUYECKHX HAMPSIKEHUM CBS3BIBACTCS C
pa3IMuueM B CKOPOCTU OXJIaXKICHUS B Pa3HBIX CEYEHUSAX OTIUBKH, & CTPYKTYPHBIX
HaIpsHKEHUHN — ¢ (Pa30BBIMH MPEBPALICHUSIMU.

B 1a6n. 1 1 2 nanbl pe3ynbTaThl UCIIBITAHKS HA CTOUKOCTD MPU CTAaHJAPTHOU
U CTyNEHYAaTOW TEPMHUYECKON 00pabOTKE IEIbHBIX U METATUTMYECKUX CIIOMCTHIX
KpyIJIbIX TUIamiek. B pesynbTaTe MPOUCXOAST M3MEHEHUS B HaIPsSIKEHHOM
COCTOSIHUM paboyero 3J€MEHTa METAITMYECKUX CIOUCThIX KOMIO3UIUHI (CM. TaOJI.
2). B mnamkax M42 u M27x2,0 cxuMarlde HANpsyKEHUs YBEIUYWINCH B
cpenneM Ha 10-15% 1o BceM Tpem HampaBieHusAM, a B IUtamkax M18x2
JOCTUTHYTO BCECTOPOHHEE CxkaThe. Pa3paboTaHa Takxke TEXHOJOTUS TEPMUYECKON
00pabOTKH KOMITO3UIIMU THUIIA TBEPABIM CILJIaB — CTajlb, MOJUOEH U €ro CIJIaBbl —
CTaJb.

Pazpaborana TexHomorUs TEpMOOOPaOOTKH MPUMEHHUTEIBHO K
METAINTMYECKUM CIIOMCTBIM KoMIto3umusM craib 35XHMIJI - Bllp-2 - BK15  ma
TepMOOOPaOOTKH TBEPI0-CILUIABHON MATPHIIHI IIITAMIIA.
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N3BecTHO, YTO BEMMYMHA, 3HAK HAIPSOKEHUHN B pabOUMX dJIEMEHTaX MATPHII
BO MHOTOM OIPEIENSIIOT €ro CTOMKOCTh. B 3TOi CBSI3U MPOBOAUIUCH TEH30MET-
pUYECKHE UCCIIEIOBAaHUSI BHYTPEHHMX OCTATOYHBIX HAMPSKEHUN, BO3HUKAIOIINX
BO BcTaBke u3 Mo — TiC B 3aBUCHMOCTH OT cioco0a MpOU3BOJICTBA, a TAKKE 10 U
nociie TepMooOpaboTKu. B mauccepranuu nmpoBeAeHBI pe3yibTaThl ONpeIeICHUs
3HAUYEHUN BHYTPEHHUX OCTAaTOYHBIX HANpPSHKEHUN B paboueM 3J€MEHTE BCTaBKU
u3 Mo-TiC mnpuBeneHbsl B JUCCEPTAIUH. CranpmapTHasi  ynpouHSOIIas
Tepmuyeckas oOpabotka, npuHarag miusa cranu 40XHMJI, noBsliaeT ypoOBEHb
HarnpsbkeHus B 2 pasza. Co3gaHue BHYTPEHHUX OCTATOYHBIX HAMPSHKEHUN CKATHS
Ha pabodyeil MOBEPXHOCTU MATPHUIIBI — 3TO PE3yJbTAaT BO3JICUCTBUSA, C OJHOU
CTOpPOHBI, pazauums Koddduimenta TepMudeckoro pacmmpenns cruraBa Mo-TiC
U CTajH, C Jpyroi — mporiecca (a3oBoil MepeKpUCTaUIM3aluY, MPOXOISIIEro C
00pa30BaHWEM MapTEHCUTA B CTAJIIbHOW COCTABJISIIONICH KOMITO3UIIUY.

HcnpiTaHus TPOBOAWINCH C TMpPUMEHEHHWEM  ycTaHoBku 1231-Y-10 nHa
oOpasiuax i KaXI0ro BapuaHTa METAJUIMYECKUX CJIOUCTHIX KOMIO3UIUH.

Kaxxnas Takast mapTus, B CBOIO O4epellb, Aenuiach Ha JBe yacTu. OnHa u3
HUX WCIBITHIBAJIACh B MCXOJIHOM COCTOSIHMHM, T.€. TOJBKO IIOCJIE€ MEXaHHUUYECKOU
JIOBOJIKM,  JIpyras — IMOCJI€ MPOXOXKIACHHUS CTaHAAPTHOM YIPOUHSIONIEH TepMHu-
4eckol o0paboOTKH MO peXUMaM, PEKOMEHJIOBAHHBIM JJIi WHCTPYMEHTAIbHOU
coctaBistroniern kommo3uimu: 1 - Kommosumus crans 9XC - crans 40XJI; -
sakanka 860°C B macio, oriyck 160-190°C - 1 yac; 2 - Komnosunus crans P6MS -
cranb 40XJI u crans P6MS5 - crans 40XT'®1JT; - 3akanka 1260°C B macino, oTImyck
560°C x 3 kparnsIi 1o 1 yacy.

Pe3ynpTaThl WCHBITAHWIA MMOKA3adH, YTO C YBEIWYECHUEM MOIYJS OTIUBKH
CTaTHYECKass IMPOYHOCTh coemuHeHus Bo3pacTaeT Ha 20-30%. [l oOpasiios,
MPOLIEAIINX YIPOUYHSIOIIYIO TEPMUYECKYIO 00pabOTKyY, HaOIIOAAETCS MOBBIILICHNUE
npejesia MPOYHOCTH COCNMHEHMS] Ha Cpe3 M Ha OTphIB B cpenHeM Ha 8-15%.
Onpenenenre CTaTUYECKOW MPOYHOCTH MEXKIY COCTABJISIONUMHU 3TOW TPYIIIBI
KOMITO3MIIMI OCYIIECTBIISUIOCHh HA CHEIHAIBHBIX 00pa3liax ¢ MUIUHAPUYECKON U
IJIOCKOW BcTaBkax. l[IpoBelneHre UCHBITAaHUS TOKa3ajlo, YTO B OTOM Cliydae
paboTOCIOCOOHOCTH KOMMO3UIUH yBenuuuiaack Ha 15 — 20 %.

[TokazaTenu CTAaTUCTHYECKOM MPOYHOCTH COCAMHEHHS B KOMITO3UIIUSX C
MOJIHBIM paciiaBieHrueM BcTaBkH, cruiaB [1I'-C27-crane 651'J1 u cninas [1T-YC25-
ctanb 651'J] mpuBeneHs! B Tad. 3.

Taduuna 3
Cratnueckas npouyHocTh coeaquaenus B MCK ¢ moiaHbIM
pacliaBJIEHUEM BCTaBKU
IIpounocts, MlIla
Kommnosunuus [Mpumeuanue
Ha cpe3 Tep Ha OTPBIB O,
Crutas [1I'-C27 -65T°J1 160-240 250-320 TonmuHa TBEPIOCTUIABHOTO
Crnas [1I'-YC25-651'J1 140-200 230-260 nokpeitus - 4,0-5,0mMm.

Pe3ynbTaThl UCTIBITAHMS TIOKA3AJIH, YTO BEIMUYMHA KPUTHIECKOTO PACKPBITUS
TPEMMH y BCeX OuMeTauiMueckux oOpaslloB Kak B JIMTOM, TaK WU B
TepMooOpaboTaHHOM COCTOsIHUY, BhIe Ha 10-20 %.
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Kak mnokazasm pe3ysabTarsl HMCOBITAHUM, CTOMKOCTh MAaTpULl IIpU
npeccoBaHuM MoiubeHa Mapku MY, W3rOTOBJIEHHBIX W3 JUTHIX KOMIIO3UIUN Ha
10 — 15 % BbIlIe, YeM IPHU UCIOJIb30BAHUU CTAHJAPTHBIX MATPHII, MOTYYEHHBIX
yTEeM 3aIIPECCOBKHU.

Pe3ynbTaThl  BBIMIOJIHEHHBIX  HCCICAOBAHUM  SABJISIOTCA  HAYYHO -
METOJIMYECKOW OCHOBOW pa3pabOTKM U  BHEIPEHUS MCK B AO
«MamuHOTpakTOpHbIN NapK TalIKeHTCKOW 001acTHy € FOJIOBBIM SKOHOMUYECKUM
appekrom 80000000 cym, CIT OOO «Alutex» ¢ TOZOBBIM SKOHOMHYECKHAM
apdexrom 85000000 cym, VJIIT «MybapakHedTeras» ¢ roJ0BEIM SKOHOMUYIECKAM
apdexrom 6900000 cym, OOT «Ilymar xyium» 22023600 cym u apyrue c
rOJIOBBIM IKOHOMUYECKUM dPPEKTOM.

[Tomy4yeHHBIE HAYYHO-TIPAKTUYECKHUE PE3YyJIbTaThl BHEAPCHBI B YUCOHBIN
nponiecc Ha kadenpe «MarepuanoBeaeHue» TalllKEeHTCKOTO TOCYIapCTBEHHOTO
TEXHUYECKOTO yHUBepcuTeTa uMeHn A0y Paiixana bepyHH U HCNONB3YIOTCS TIPU
YTEHUU JICKIUA W TPOBEACHUM JAOOpPAaTOPHBIX pabOT JUisi  CTYIEHTOB
MarucTparypsl U OakajaBpuaTyphl.

3AK/IIOYEHUE

Ha ocHOBBI NMpoBEAEHHBIX MCCIIEOBAHUMN MO JOKTOPCKOM TUCCepTaIluu Ha
TeMmy «Pa3paboTka TEOPETUYECKOW M TEXHOJOTHMUYECKON OCHOBBI IPOU3BOJICTBA U
TEPMUUECKON 00pabOTKU METAJUNIMUECKUX CIOUCTHIX KOMITO3UIUI» MPE/ICTABICHBI
CJIEIYIOIITHE BBIBOJIBI:

1. BrigBaeH MeXaHU3M  B3auMOJIEMCTBUE  JKHUIKOTO MeTala ¢
MOBEPXHOCTHIO  BCTAaBKM B METAUIMYECKHX CJOWCTBIX KOMIIO3UIUAX. OTH
MEXaHU3Mbl OyAyT TIOJ€3HH B TEPCICKTUBE TPH CO3JMaHHH METaUTMYECKHUX
CJIIOMCTBIX KOMITO3UIIUM.

2. BroiaBnenne wexanusma auddy3sud B METAUIMUECKHE CIIOUCTHIC
KOMITO3UIIMK ~ JaéT BO3MOXXHOCTH  OIICHKHU B3aumMouppy3un  Mexay
COCTABJISIFOLTUMHU KOMITO3UIIHH.

3. Pa3pabotansl ycinoBus (HOpMUPOBAHHS TEPEXOJHON 30HBI MEXKIY
COCTABJISIIOITUMHU METAJUTMUYECKUX CIIOMCTBIX KOMITO3HUIIMN. DTH MMEET Ba)KHBIX
3HauYC€HHUE TPH GOPMUPOBAHUU METAJUIMUECKHUX CIOUCTHIX KOMIIO3UITUH.

4. PazpaboTaHa MareMaTWdeckas MOJCNb TEIUIO(PU3NIECKUX MPOIECCOB
CO3JaHUsI METANTMYCCKUX CIIOMCTBIX KOMMo3uinii. Pa3paboraH anropuT™m pac-
yeTa pachpefecHUsT TeMIlepaTyp MpH MONMYYCHUH METaUTMUYECKUX CIIOMCTBIX
KOMITO3HMIIMA TIO3BOJIMJI CO3JaHME KOMITO3UIIMKM C 3aJlaHHBIMH CBOWCTBaMH 0Oe€3
MIPEBAPHUTEILHBIX SKCIICPUMEHTOB.

5. Pa3paboTtan onTMMainbHBII COCTaB MOPOIIKOBOIO CIJIaBa HA OCHOBBI

Mo-TiC wu  (u3MKO-MEXaHWYECKHE W TEXHOJOTHYECKHE CBOHCTBA
MOPOIITKOBOTO crijiaBa Ha ocHOBBI MO — TiC mo BceM moka3aTesisiM MPeBOCXOIST
W3BECTHBIN JINTCHHBIN SBTEKTUUECKUH criaB cucteMbl Mo — TiC.

6. Pa3zpaboTaHbl TEXHOJIOTHYECKHUE OCHOBBI MTOATOTOBKU PAO0OYUX JIEMEHTOB
W3 WHCTPYMEHTAIBHBIX MaTE€pPHAIOB, HEOOXOIUMBIX U JTOCTATOYHBIX It (HOopMHu-
pOBaHUSI HAACKHOW M PabOTOCIIOCOOHOW KOMITO3UIIMU. ODTU TEXHOJOTUUYECKHE
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OCHOBBl HWTrpaeT BaXXHOW pOJIb TPU TOJYYCHHH METAUIMYECKUX CIOMCTBIX
KOMITO3HUIINHN.

7. Pa3paboTaHpl OpHWTMHAJIBHBIE TEXHOJOTHUU TOJYYCHHS  psjia
METAUIMYECKUX  CIOWCTBIX  KOMIIO3WIIMMA  IIENIEBOTO  HAa3HAYCHHUS IS
MeTallI000pabaThIBAIOIINX, TOYBOOOPAOATHIBAIONITUX U OYPOBBIX HHCTPYMEHTOB.

8. Ananu3 MexaHu3Ma u ocobeHHoCcTe (HOPMHUPOBAHUS COSAMHEHUN BCEX
MOJyYEHHBIX THUIOB METAIMYECKUX CIOUCTHIX KOMITO3UITUH TI03BOJISICT
MIPEACKA3bIBaTh XOJ MPOIECCa W BHIOMpPATh TEXHOJOTWYECKHE  YCIOBHS IS
CO37aHUSI METAJUTMICCKUX CIIOMCTHIX KOMITO3HITHH.

9. Pazpaboran peXUM TEPMHYECKOW OOpabOTKH mJii METaUTHYEeCKUX
CIOUCTBIX KOMITO3HMIIMA. ODTH PEXHMBI OYIyT TOJIC3HW B TEPCICKTUBHI TPU
CO3JJaHUU METAJUTMYECKUX CIIOMCTHIX KOMITO3HITUI C BBICOKBIMH MEXaHWYECKBIMU
Y TEXHOJIOTHUYECKBIMU CBONCTBAMM.

10. ITo moka3zarensaM pabOTOCIIOCOOHOCTH, HAEKHOCTU U JOJITOBEYHOCTH
pa3pabOTaHHHE METAJUTMYECKUE CIIOMCThIE KOMIO3UIIMU HE YCTYMNalT CEPUNHBIM
aHajgoraM. OTH JAa€T BO3MOXKHOCTh TMPUMEHEHHS METATHYECKUX CIIOMCTBIX
KOMITO3MIIMH JIJISl U3TOTOBIIEHUS UHCTPYMEHTOB U JIETasCH.

11. OmpeneneHsl TPUKIAAHBIE W DKOHOMHYECKHE  COCTaBIISIOIIME
TEXHOJIOTMM  TPOU3BOJICTBA METAUTMYECKUX  CJIOUCTBIX  KOMITO3UIIUN
WHCTPYMEHTOB II€JIEBOTO Ha3Ha4yeHHs. OTU (aKTOphl HEOOXOAUMBI TMpHU
MIPOU3BOICTBE METAJUTMYECKHUX CIIOMCTHIX KOMITO3HITHH.
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INTRODUCTION (Annotation of doctorial dissertation)

The urgency and relevance of the theme of the dissertation. Scientific
research on development of metal layered compositions are being carried out in
more than 30 countries of the world. A ten-fold increase in the speed of processing
metal-working on machine-tools (3500 - 50000 rev / m), increase the impact of the
internal stresses in the machining of components leads to higher quality
requirements of the tool - tools and parts, in the whole improvement of production.
This intern requires the high performance properties from the materials of details.
As static information demonstrates that, every year in the world for the
development of high-quality materials spent US $ 5-6 billion, including Europe
and the CIS countries is the number of 1 - 2 billion US dollars, and in the
production in the highly countries 4 - 5 billion spent in US dollars. Currently,
under the conditions of production intensification when manufacturing the quality
products the development of metal and non-metal compositions with high
mechanical properties is one of the important production tasks.

In the years of independence our country focuses on producing high-quality
and competitive engineering products in the global market. The development of the
engineering industry, its products, which must meet modern requirements to
increase the reliability, safety and life of the manufactured machinery, apparatus
and equipment and materials, improving their quality have led to significant
results.

Nowadays, it is important to increase the economic efficiency of industries,
on the development of a new composition of the materials produced, as well as the
efficient and cost-effective improvement of technologies for the production of
products by casting in order to enhance the performance of economic: in this
aspect the purposeful scientific - research work is the very improvement, as well
as the carryinj out of scientific - research in the direction of the development of
composite materials using special metal layered compositions ensures product
quality; development of technology for metal layered compositions; improvement
of theoretical and technological bases of thermal treatment enhancing the strength
of the metal layered compositions; creation and production of new energy and
material saving metal layered compositions based on the latest scientific and
technological achievements, which economize scarce tool materials and increase
productivity.The above-mentioned research areas, and the results of research
carried out in these areas are the justification of the relevance of the topic of this
thesis.

The present thesis research to a certain extent is the implementation of the
tasks provided in the Decrees of the President of the Republic of Uzbekistan,

Ne PD - 2120 dated February 4, 2014. «On the program of localization of
production of finished products, components and materials for 2014 — 2016» and
Ne PD - 2298, dated February 11, 2015 «On the program of localization of
production of finished products, components and materials for 2015 — 2019», and
other normative-legal documents in this area.
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Compliance of the research with priority directions of science and
technology development of the Republic. This research was carried out on
priority direction of Science and Technology development of the Republic I
«Power engineering, energy and resource saving."

A review of international research on the thesis subject of dissertation?.

Research was aimed at improving the production and thermal treatment
technology held in many major centers and higher educational institutions of the
world, including in «U. S. Smelting Refining and Mining Co "(USA), in
Hiroshima “Toyo Co. ye" (Japan), in the "Reykin piston of Tokyo" (Japan) and
"Cubota Jron and Mashinaru» (Japan), Institute of casting problems of the
Academy of Sciences of Ukraine, in the Institute of Electrical welding named after
E.O.Paton of the Academy of Sciences together with the production enterprise
"Azovmash", scientific - research institute of hard alloys (Russia), and Tashkent
State Technical University (Uzbekistan).

As a result of research carried out in the world in the production of metal
layered compositions and the use of advanced production and thermal treatment
technology there has been received a number of research results, including the
technology for production of parts and tools with hard coatings and high durability
(of the company «US Smelting Refining and Mining Co ", the United States,"”
Toyo Co. ye Hiroshima "and" Reykin piston of Tokyo ", Japan); there has been
developed a centrifugal casting method using two-layer rolls for hot and cold
rolled strips (firm "Subota Jron and Mashinaru», Japan); has been developed the
technology of casting metal layered composites (Institute of problems of casting of
the Academy of Sciences of Ukraine); there has been developed the technology for
producing multilayer die castings (Institute of E.O. Paton of Electric Welding of
the Academy of Sciences of Ukraine, together with the production enterprise
"Azovmash", Ukraine.); there have been developed the compounds of eutectic
alloys, operating at high temperatures (Scientific - Research Institute of hard
alloys, Russia); there has been developed the technology for producing hard-
alloyed coatings from light composites (Tashkent State Technical University,
Uzbekistan). There has been carried out the development on the composition and
improving the thermal treatment on a number of priority areas in the world, as well
the studies are conducted, including the development of new technology for the
production of metal layered compositions; creation of theoretical and
technological-logical basis of thermal treatment of metals; determining the
formation of multi-metal systems arrangements; development of scientific bases of
obtaining composite materials with given technological and performance
properties.

YIn a review of international research - research on the topic of the thesis used
www.okorrozii.com/zashitnpokrt.ntml ~ (2000-2015);  www.pokritiemetalla.ru ~ (2005-2016);  www.chem-
astu.ru/chair/study/genchem/r8_3.htm (2006-2016); www.tydexoptics.com/ru/materials/coatings/mccoatings /(2000-
2016); www.stroitelstvo-new.ru/metal/; Founderiefoun-dene danjord'hue (1984-2010); Internation al Journal of
Advanced Research in Science, Engineering and technology (2006 -2016); Metallurgy and thermal treatment (2000
— 2016); Structure and fatigue crack resistance of multilayer materials produced by explosive welding// Advan-ced
Materials Research (2010-2015) and other sources.
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The degree of study of the issue. Research on the development of metal
layered compositions and the creation of the theoretical basis of thermal treatment
were conducted in the early twentieth century.

Scientific research of scientists of leading countries: Canet M. M., Stibel
M.K., Kotrin Y. I., Keen W. L. devoted to obtaining parts with high strength, with
the basis for the development of metal layered compositions. They developed a
centrifugal casting method using a two-layer rolls, but there is a melting of the first
layer exposed in the second - a metal portion. Goma C. A. and Beiss P. P.
developed a technology of getting the parts and tools with hard coatings using
metal layered rolls by centrifugal casting method. They determined the mechanism
of metal melting-casting the first layer in the preparation of bimetal billets. The
scientists - representatives of Independent States: Nagaitsev A.A. developed the
technology of casting alloys when created the material of metal layered
composites. Shevakin Yu.V., Piguzova V.N., Novikov l.I. reached the reduce of
materials costs by 20 - 30%. Uzbek scientists Chekurov V.V., Galyautdinov M.N.,
Bekmurzaev N.H., Nurmuradov S.D. developed a technology for producing cast
bimetal compositions and new alloy composition to create a wear-resistant coating
compositions. They conducted research on the creation of cast bimetal
compositions, and their research, and the development of technology for improving
the strength of metal coating of new composite material.

Despite these numerous scientific results in the field of creation and
application of metal layered compositions, there have not been established the
theoretical and technological bases of production and thermal treatment of metal
layered compositions. This can be seen by observing the formation of metal-
layered compositons taking into consideration the quasipolycristallic ability of
liquid melt and the diffusion mechanism in the system "quasipolycristallic melt -
solid paste.”

Connection of thesis topic with scientific research of the hijher
educational institution where the thesis is made. Doctoral Research carried out
in the framework of the plan of scientific - research work at the Tashkent State
Technical University within the framework of the project application threads: P-
4.1.8.2 «The technology of wear-resistant structures on the surface of tillage
products and hardening thermal treatment” (1997-1999), P-3.5 "Development of
preparation and thermal treatment of metal layered compositions of soil cultivating
working bodies TVB-135A " type (1999-2001), and 15-012 "Development of
technology for wear-resistant coatings by hot pressing on the tools and parts used
in mechanical engineering "(2009-2011).

The aim of the study is to develop the theoretical and technological bases
for the development and thermal treatment of metal layered compositions of higher
durability.

Research objectives:

development of metal layered compositions with a high strength;

development and improvement of theoretical and technological bases of the
production and heat treatment of metal layered compositions;
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Mechanism of formation is defined for metal layered compositions based on
quasipolycrystallic liquid melt and the diffusion mechanism in the system *
quasipolycristallic melt-solid paste”;

development of heat treatment technology to improve the performance
properties of the material;

development of technology for metal layered compositions with casting
method on gasified models;

determination of applied and economical aspects of the production
technology of metal layered compositions.

The object of the study are tool steels, cast construction steels,
molybdenum and its alloys, hard alloys and self fluxing alloys.

Subject of research consists of metal layered compositions of optimal
compound and production technology of tools of high strength.

Research methods. The thesis selected modern theoretical and
experimental-research methods of metal layered compositions (macro- and micro
and X-ray analyzes, etc.). Strength and physical - mechanical characteristics of
metal layered compositions and products are determined by the state standards
requirements.

The scientific novelty of the research is as follows:

mechanism of metal layered compositions compounding has been revealed;

analytic methods describes the formation of internal strength stresses in
metals crystallization has been improved,

optimal compound of metal layered compositions with high impact strength
has been designed;

mechanism of formation of metal layered compositions based on the of
quasipolycrystallic ability of liquid melt and diffusion has been revealed;

modes of thermal treatment of metal layered compositions have been
developed;

appropriate functional dependences of metal layered and nonmetal
compositions from the thickness of intermediate layer in the composition have
been developed.

Practical results of the study. Produced and heat-treated tools, tillage and
drilling tools.

The reliability of the results. Reliability of the derived results is based on
exactly targeted production problems of metal layered compositions, their
mathematical modeling of thermal processes and the digital resolving known
methods and algorithms, as well as justification of comparison, of the results
obtained theoretically by the results, experimental tests.

The scientific and practical significance of the study results.

The scientific significance of the research results in the preparation of metal
layered compositions justified by conducting mathematical modeling of physical
processes taking place and the use of their digital solutions.

The practical significance of the results of research on production and
thermal treatment of high-performance metal layered compositions is useful for the
creation of metal, tillage and drilling tools.
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Implementation of the research results.

On the basis of manufacturing and thermal treatment of metal layered
compositions:

wear-resistant coatings application technology with the method by hot
pressing tools and components used in mechanical engineering for increasing the
service life was was applied the State Unitary Enterprise "Muborakneftegaz"
(information of stock company "Uzneftgazdobicha™ from October 26, 2016 N8/2-
AK-778g). The introduced technology is enabled to increase the punching tool-life
for five times;

the optimal compound of metal layered compositions for increasing the
mechanical properties of components and tools was introduced at the joint venture
«Alutex» (information of the JV «Alutex»from September 29, 2016, N259). The
introduction of developed optimal composition of material of wear resistant
coating is enabled to increase mechanical properties of metal layered
compositions;

bimetal compositions of punching, metal-cutting and form tools for
increasing of tools and components strength were introducedat the joint venture
«Alutex» (information of the JV «Alutex» from September 29, 2016, N259). The
introduction of developed bimetal tools enables to increase the strength for 1.5-2
times;

Testing results of the study. The results of studies on the topic of the thesis
have been tested at 5 international and republican scientific - practical
conferences, including: "Work and Methods of processing of local resources, raw
materials and fuels, creation and development of new technological processes and
equipment tooling" (Tashkent, 1994); "Modern trends in the automotive industry
development in Russia” (Togliatti, Russia, 2004); "High technology and the
development of higher education in the XXI century"” (Tashkent, 2004); "Modern
materials, equipment and technologies in mechanical engineering” (Andijan, 2014,
2016); "Engineering and Technology engineering: current state and further
development™ (Tashkent, 2016).

Publication of the research results. According to the thesis theme 33
scientific works were published. Among them, 18 scientific papers, including 15 in
national and 3 international journals recommended by the Higher Attestation
Commission of the Republic of Uzbekistan for the publication of basic scientific
results of doctoral theses.

The structure and scope of the thesis. Structure of the thesis consists of an
introduction, five chapters, conclusion, list of references, Appendix. The volume of
the thesis is 200 pages.

SUMMARY OF THESIS

In the introduction the urgency and relevance of the theme of the thesis are
stated and the purpose and problems are formulated, as well as object, subject and
methods of research, correspondence to the research priority direction of science
and technologies of the Republic of Uzbekistan is presented, scientific novelty and
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practical results of the study are outlined, the reliability of the results is proved, the
theoretical and practical significance of the results is revealed, the results of the
introduction of the thesis in the production and educational process, information on
testing and published works, the structure and volume of the thesis are presented.

The first chapter of the thesis "Current state of the problem of metal
layered compositions development™ provides an overview of the current state of
the problem of creating metal layered compositions (MLC), the existing
technologies of creation of metal compositions, producing of cast metal
compositions, the results of the study and analysis of the production technology of
cast dies, technology of surface hardening of metal compositions, a method of
casting on gasified models, the use of molybdenum alloys in modern technology,
low-alloy molybdenum alloys, disperse-strengthened molybdenum alloys, high
alloys based on molybdenum, as well as the thesis statement of objectives has been
presented.

The results of the main analysis of the resulting cast metal compositions
have been presented. A number of ways of obtaining bimetal and multilayer casts,
their advantages and disadvantages have been considered.

An analysis of scientific, technical and patent literature shows that the most
relevant and promising in the application of layered metal compositions is the
method of casting on gasified models. Application of this method using metal
layered compositions allows to develop the scientific basis of the production and
thermal treatment of metal layered compositions, and it is one of the problems
solved in this thesis.

The analysis of the technology of surface hardening of metal compositions
has been carried out. There have been developed and used various ways to improve
the durability, wear of machine parts at the stage of casting or subsequent
processing. For obtaining a considerable layer of depth and the desired properties it
is advisable to apply a method of doping the surface of castings.

Investigation and analysis techniques of surface hardening metal
compositions showed that the bimetal and surfice-alloyed castings have undoubted
advantages compared with other methods for improving the wear resistance of
castings on final results. In addition, both methods are technologically simpler and
more cost-effective. That is why the development of technology for producing
multilayer laminated compositions by casting in order to increase the wear
resistance of the mating surfaces of parts and tools is a very promising direction,
and the basis for this work.

The analysis from a critical view point of items manufacturing to meet the
requirements of targeted highly efficient compositions and products (parts and
tools) has been done, and the lack of scientific basis for the formation of metal
layered compositions and products based on them becomes a barrier to the
development of production technology.

The properties and applications of molybdenum alloys have been analyzed.

For high-temperature pressing of refractory metals the perspective one is the
matrix which combines the advantages of the paste of the eutectic alloys of system
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Mo-(W) -Ti-C for the zone of calibrating point and lead-steel area of the given
geometry.

Disadvantages include alloy melting and casting technology, which is
characterized by high labor intensity, complexity, and power consumption, and the
machining process requires application of special tool with superhard cutting
elements of the materials, all of which significantly reduce the efficiency of this
alloy. In this connection it should develop a new base sintered alloy Mo-TiC,
which eliminates the disadvantages of the eutectic molybdenum-based alloy.

An analysis of research on heat-treated metal layered compositions showed
that the existing process conditions used do not take into account the uniqueness of
the combination of different materials, which reduces the efficiency of thermal
treatment of the results, does not allow to fully realize the potential of metal
layered compositions. This makes it necessary to identify the main patterns of
changes in the structure and properties of metal layered compositions speed steel,
carbide, sintered system of molybdenum alloy Mo - TiC - cast structural steel,
depending on the thermal properties and geometric parameters of the basic
elements that make up a composition.

Theoretical background of necessity of scientific research basis to create
MLC based on molybdenum alloys, as well as technologies for producing special
purpose products with desired performance characteristics given in the form of the
results of obtained patent, sources, determine the relevance of the following tasks:

- Study the formation mechanism of MLC s based on the
quasipolycristallic ability of liquid melt and the diffusion mechanism in the
system " quasipolycristallic melt - solid paste";

- Development of mathematical models of thermal processes and the
formation of connections and voltages in MLC;

- Development of scientific - methodological principles of formation of
special purpose products with desired performance;

- Development of new production technology tools for various purposes by
casting on gasified models using MLCs thermal treatment specificity, as well as
borating and boro-titanizing.

The second chapter '"Choice of objects and methods of research
formation of the structure of metal layered compositions™ concerns the
technique of research, testing and information about heat-treated metal layered
compositions, as well as the characteristics of the materials.

Analysis of the current and prospective estimation of the possibilities of
offered technology application have allowed to choose as objects:

a) metalworking tools (machine-building direction), the most representative
and widely used rigid tools: round die type M18h2 and M42; side-and-face milling
cutters; grooved stamps; matrices for various purposes;

b) tillage tools (agricultural direction) working organs for soil treatment,
which is an important indicator of durability and maintenance of self-sharpening
and most wearing undercarriage of excavators;

c) on rock-destroying instruments (oil - gas and hydro- drainage direction):
drill bits; bit; cutters.
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The main goal of metal layered compositions development is to reduce the
consumption of scarce alloyed steels, labor, creating a high level of compressive
stress in the operating member of metal layered compositions both at the
manufacture and at thermal treatment.

Taking into consideration the selected method for obtaining the metal
layered compositions the casting on gasified models, as well as the fact that the
basis for metal layered compositions should serve the cast metal alloys, as a tool
component metal materials are taken.

It should be noted that the above group of materials performs the main role
in tool production. It includes tool steels and hard alloys. The paper presents the
chemical composition of the used tool steels, carbide and molybdenum, and their
alloys.

In the thesis there have been used the modern theoretical and experimental
methods for the distribution of elements over the cross section of the transition
zone, which was determined on a scanning electron microscope S - 180 with
energy dispersive X-ray microanalyzer in the solid-state detector Si (Li) «Link»
system, macro- and microstructure of the transition zone of MLC’s was studied by
means of metallographic microscop-MIM - 8, "Neofot - 21" and a scanning
electron microscope SEM - 200 as well as macroinstallation MBS-9, the internal
stresses were measured with a strain gauges PDB - 10/100, as well as using X-ray
- on X-ray diffractometer "DRON - 2.0" and a URS-55a, reverse camera shooting
"CROS - 1" - on cobalt radiation. Strength and physical - mechanical
characteristics of MLC and the end use products were determined in accordance
with relevant state standards.

There has been examined and identified the possibility of using modern
methods of mechanical testing for MLC, namely, static strength and stress state.

The third chapter *"Thermal features of a metal layered compositions® of
thesis concerns in detail the important task of developing a mathematical model of
thermal processes of creating metal layered compositions, study of the basic laws
of diffusion of the alloying elements, the development of methods of calculation of
the diffusion coefficient and the depth of penetration into the liquid steel, study of
options solid inserts the interaction of with liquid melt metal options for layered
compositions by casting on gasified models.

Despite the constant developing instrumental technique hitherto very poorly
studied issues relating to: the structure of inter-connection and properties of liquid
metals and alloys; interaction of a liquid metal with the solid bodies.

Liquid metal is a combination of two structural components: ordered
regions (clusters) and disordered zone, which is the essence of quasipolycristallic
fluid model.

From the positions of the quasicrystal model of liquid it can be asserted that
case zone is formed in the main clusters, the rest (rapid freezing of the molten
metal) solidified through clusters and disordered area.

When interacting with the molten metal surface of the paste, which may
optionally be coated or designated bandage, covering or band pass elements in the
molten steel and are distributed non-uniformly in it. Case area owing to lower
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solubility in it of elements, will be depleted in dissolved elements, most of them
are localized in the disordered zone.

Investigation of the diffusion mechanism in the transition zone at GMT at
the presence of liquid steel to a certain extent makes it possible to evaluate
interdiffusion between the components of the composition. Direct physical process
occurring at the boundary paste - liquid steel is the diffusion.

To calculate the self-diffusion coefficient it is assumed that the radius of the
diffusing atoms in the liquid metal is Goldschmidt metal radius, and the radius of
the first coordination sphere is little different from the doubled metal radius, then

D= 0.15‘%(&1)2 (1)

where D - diffusion coefficient

k - is Boltzmann's constant,

h - Planck constant,

r - radius of the first coordination sphere,

o2
X, = ‘/Ai - relative root-mean-square fluctuation of the first coordination
Zl

number.

The same penetration depths mean velocity proximity of diffusing elements
in the process of dissolution. The flows of soluble elements occur in the liquid
steel, which means a high degree of their interaction with each other and the
influence of the melt, i.e. possible forming of new phases. So the necessary
conditions are implemented for the emergence of reactive diffusion.

The depth of the diffusion elements in the liquid iron was estimated by the
formula

L=2J/Dr (2)
where the D - diffusion coefficient, t- interaction time.

The analysis of the diffusion mechanism of the structure and its determining
role in the mechanism of formation of the contact in the transition zones suggests
that only by varying the concentrations of the elements, temperature and duration
of the process it is possible to obtain a given phase composition in the transition
zone and eliminate the unwanted (brittle) intermetal phases.

Ready tool is a combination of different materials, therefore the
requirements are not imposed separately to some material, but to their combination
in the compositions.

The stresses, with a certain sign and magnitude of interaction, play an
important role in creating the MLC and determine the reliability and operability of
the total composition.

When creating a layered metal compositions to form different variants of a
reliable connection between the components of the composition need to examine
the distribution of liquid melt temperature in the cooling process. This makes it
possible to predict the geometry of future metal layered composition before
obtaining it.
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In order to form a reliable connection in the MLC it is necessary to have a
knowledge of mechanism and Kkinetics of processes occurring during the
interaction of the melt with a paste - the working element of the tool material.

In very general terms the process of crystallization of ingots and castings
consists of several successive stages: formation of small equiaxed zone "frozen" in
the peripheral crystal in contact with the mold walls — crust, formation of zone of
columnar crystals and equiaxed crystal zone.

The transfer of these general ideas on heterogeneous melt - paste allows to
make some adjustments and clarifications. Firstly, when the melt interaction with a
cold solid (paste contact surface) there is a large thermal hypothermia. A thermal
shock is created in the liquid contact layer, operating only at the beginning of
crystallization, resulting in a case zone - the zone of small disoriented crystals.

Second, the thermal shock completely defines the structure of the case zone,
distribution of impurities dissolved in it.

In the abovementioned case, namely the case determines the conditions for
the formation of the transition zone between the constituents of metal layered
compositions, providing the required level of operational properties of metal
layered compositions.

In order to determine the most probable scheme of the formation of bimetal
connection process it is necessary to solve the following problems:

- determination of the temperature distribution in the volume of the billet at
any moment in time for a given chemical composition components that constitute
the system, their thermal properties, and the geometric dimensions, and given
initial temperature distributions in the billet;

- determination of the temperature at any given point (or several
predetermined points) in the billet at any time points:

- given chemical composition of the components that make up the system;

- their thermal properties, geometric dimensions for a given initial
temperature distribution in the billet;

- determining the rate of cooling (or heating) of the billet material at a
predetermined point (or several predetermined points) at any moment in time for a
given chemical composition components that constitute the system, their thermal
properties, the geometric dimensions of a given initial temperature distribution in
the billet;

- determining the physical state of the material (the value of thermophysical
properties of the material, its structural and physical state) of the billet at any given
time at a given point (in several predetermined points) for a given chemical
composition of the components making up the system, their thermal properties, the
geometrical dimensions, for a given initial distribution temperatures in the billet.

The tasks listed above are classified as "Atypical transient heat conduction
problem"” because to obtain an analytic solution of these problems is not currently
possible. Therefore, their solution seems promising to use the method of
"Numerical mathematical modeling of physical processes”, occurring in the billet
in the process of cooling.
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The most complete mathematical model of heat transfer in the billet,
consisting of several different materials with different thermal properties, takes
into account the presence of non-uniform space-time fields in the required
quantities — temperature of billet’s material which is in solid or in liquid (molten)
state, heat flows, the radiation intensity of convective currents, etc. This model is a
system of differential equations in partial derivatives, integral and integral-
differential-equations. The implementation of such a model is difficult due to the
complex structure and its large number of its constituent elements.

Universal method for the approximate solution of differential equations and
systems of equations applicable to a very broad class of mathematical physics
equations is the finite difference method (or the method of grids). Moreover,
restrictions were imposed when considering the unsteady one-dimensional heat
conduction problem. In solving the problem of thesis an implicit finite - difference
balance is used.

It should be noted that the newly obtained residue energy may exceed the
level necessary to complete the process of phase transformation of the neighboring
cell. This rule is used up until the heat balance becomes zero. Thus, the developed
algorithm for calculating the temperature distribution in the metal layered
compositions makes it possible to predict, without any experimental studies, the
possibility of formation of a reliable connection, and thereby create a whole
composition.

There has offered a phenomenology of the interaction between the melt and
solid paste, on which is provided a method of creating of metal layered
compositions by casting on gasified models.

The fourth chapter of the thesis ""Development of scientific bases of
powder compositions on the example of Mo-TiC and metal layered
compositions’ concerns the created analyzes and technology of sintered powder
composition Mo-TiC, and the results of the development of the technological basis
for producing a metal layered compositions by casting on gasified models based on
a new thermophysical model.

One of the main objectives of this work was the development of composition
and technology of sintered powder Mo-TiC system composition. Besides the basic
components Mo and TiC, in order to improve the process performance Ni, Fe, W,
and LaB6 were injected into the composition.

Comparative alloy assessment was conducted by two characteristics flexural
strength (oc) and Rockwell hardness (HRA). As known, these characteristics are
well correlated with the following ones, such as hot hardness and heat resistance,
serviceability and durability, defining the punching tools for hot forming.
Therefore, the development of the alloy as the assessment criteria for determining
the optimal composition of the 6. and HRA. Optimization was conducted with the
method of mathematical planning of experiments.

The optimum composition of a powder compound was obtained, which
comprises: 45-47 % TiC; 1.5-2.5 % Fe; 1.5-2 % Ni; 0.5-1 % W; 0.1-0.2 % LaB6;
Mo - rest.
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An important role in obtaining a high level of properties plays a technology
of preparation of the composition and its sintering modes. The technological
process of manufacture of samples or products by the powder metallurgy method
was produced by conventional processing schemes of hard alloys producing.

The studies revealed that the sintered composition Mo-TiC system has the
following physical and mechanical properties:

coefficient of linear expansion grad. * —6.61 + 10°%;

Density g/ cm 32— 6.4 - 6.6;

HRA hardness - 88 - 90;

flexural strength MPa - 800-1000.

Phase X-ray analysis showed that the composition of the alloy according to
the optimum includes the following phases: TiS, Mo,C, Mo (Ti).

Analysis of interference maxima and their form suggests a significant degree
of alloying of the main phase and the presence of microdistortions of crystal
lattice.

Investigation of the structure of the alloy mentioned above has shown that
the basis of the alloy is equiaxed grains, with minor differences in size, the average
diameter of the grain fluctuating in the range of 10-20 microns, which corresponds
to 9 - 10 points (GOST -5639-65).

The basis consists of fine distributed second phase inclusions. The
distribution differs by the uniformity throughout the grain body, with some rare
clusters along the boundaries. As grain boundaries are occasionally surplus
selection phase, indicating a liquid phase formation during sintering.

The hot hardness of sintered composition Mo-TiC system was determined
by a special installation of high-hardness - UHT in the range of temperatures 20-
1600 °C. Tests were carried out in the laboratory of the department "Metallurgy of
steel and high-strength alloys" of Moscow Institute of Steel and Alloys.

There has been described the development and introduction of metal layered
compositions for various purposes. When receiving the recommended castings it is
necessary to design and manufacture the equipment, which is different from the
known technology.

For the manufacture of metal layered compositions it is necessary to perform
the following basic technological methods: preparing of foam polystyrene for the
production of foam model; manufacturing of tool’s foam model; preparation of the
working element; preparing and obtaining of casting; getting tool.

Obtaining of metal layered compositions of a type cast structural steel -
work paste is possible in the case of the comparability of physical and mechanical
properties of materials. The compositions of this type are a connection between the
tool and cast structural steel. The main advantage of this class of compounds is the
reducing of the consumption of alloy tool steels, due to the partial replacement of
their more affordable structural steel and reducing the complexity of
manufacturing punching and multiedge cutter of a complex profile.

The composition cold work tool steel - cast structural steel was selected for
the manufacture of circular dies - matrices (Figure 1).
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Analysis of the ratio of the geometric parameters of the working elements
and the tool bodies allowed to establish that for this class of instrument the paste
thickness in the contact area with the melt should be 2-5 mm.

Microstructural studies were conducted on the use of metal layered
compositions with hard working element made of the cold work tool steel. The
study of the metal layered composition steel 9HC - steel 40HL the round dies
M18x2 and M42 have been tried to manufacture. The various flux (Na.B,0O; and
others) were used in the compositions as an intermediate layer.

Fig. 1. Metal layered compositions ""9HC steel - cast structural steel 40HL"" -
cast circular dies.

As previously was indicated, for the manufacture of complex multiedge
cutter the compositions of hot-work, high-speed steels - cast structural steel were
used. The specificity of the operation of a given class of tool is due to the high
requirements to the tool body, operating under the dynamic and cyclic loads (steel
40HL, 40HGL, 40HGFIL). As hot-work tool steels the steels: R6M5, 10R6M5-
MP, R6M5KS5 and others were selected.

Variant with an intermediate layer is practically the unique for compositions,
the components of which have very different physical characteristics. These
compositions are solid alloys - steel, molybdenum alloys - steel. For punching
tools (matrices for hot metal pressing) and drilling tools (drill bits, chisels, and
milling cutters) the pastes made of hard alloys intended for brazed tool were used.
To create compositions as a material of the intermediate layer the alloys of Cu-
Ni-Mn system, Cu-Ni with a thickness of 0.2 - 0.6 mm, sprayed by the plasma-
method, were used.
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As indicated above, for the tools body casting structural steel was used, and
as its main working part molybdenum and its alloys (MCH VM and Mo-TiC), as
well as the hard alloys of VC and TC group.

The mechanism of the formation, composition, structure, physical and
mechanical properties of metal layered compositions of a type "cold work steel -
structural steel”, "hot-work steel - structural steel,” "hard metal - structural steel"
and "molybdenum and its alloys - structural steel” were fully studied (Figure 2).

Study of metal layered compositions of a type "tool material - structural
steel" confirmed the obtaining of continuous compounds.

The proposed version of the MLC production technology with low-melting
working element was intended mainly for the manufacturing of tillage tools of
different types. In this case the powder hard alloys in the binder are applied in the
form of a paste or are placed in the form of premanufactured pastes in a cavity
specially prepared. The melting temperature at the time of pouring 1650-1700°C.
The use of boron compounds for the manufacture of various composite materials
having a high level of mechanical, thermal, electrical and other properties, gets
quite widespread, above all, by the use of boron compounds themselves. It should
be noted that the boron carbide possesses a particular complex of physico-
mechanical properties. "Pastes" were the alloys of Fe-Cr-C system; namely PG-
C27 and PG-C27-TH-20, as well as the base substrate casting structural steel
65GL. In this case, the cover - "paste" is melted completely while maintaining the
sinter skin.

Fig. 2. Microstructure of transition zone of metal layered compositions: * sintered alloy of
Mo- TiC - PR N58F - cast structural steel 0HNML™ (a), a layered metal composition
"sintered alloy Mo-TiC-Ni - cast structural steel 40HNML" (b). X150
1-area of migration; 2, a zone on the base of transition layer material; 3- sinter skin;4-
carburizing zone

The thickness of the coating compositions of the PG-C27 - steel 65GL, PG-
C27-HS-20 - 65GL steel ranged from 2.8-3.2 mm. Discontinuity in the transition
zone is not detected.

As a result, consideration of the mechanism and characteristics of the
formation of all types of connections allowed to predict the course of the process
and select the technological conditions for the creation of this sort compositions.
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The results of macro- and microstructural studies of the compositions
showed that the discontinuity in the transition zone is not detected. Indicators of
microprobe analyzes of the compositions have high depths of mutual penetration
of elements Cr, Ni, W up to 300 microns and deep. Distribution of microhardness
over the cross section of the compositions showed that the highest hardness (1100-
1400 HV) has a carbide sub-zone, then the curve monotonically decreases in
hardness of the eutectic and hypoeutectic subzones and reaches a minimum in the
area of the sinter skin and carburizing, 250 ... 350 HV.

Taking into account and summarizing the results of the research of all types
of compositions, one can imagine the mechanism and features of connections
formation between the elements of the composition with the participation of the
intermediate layer.

There has been determined the mechanism and installed the features of
forming a connection between elements of metal layered compositions, in which
the contact of the melt of structural steel with the paste surface - working, cutting
element crystallizes to form a solid sinter skin followed by melting the material of
the intermediate layer and the interaction of the resulting melt with limiting it solid
surfaces: on the one side of the tool material, on the other — of steel. The result is a
transition zone of composition having a complex structure and phase composition
comprising the interaction products between the elements of the melt and the basic
constituents of the composition. Based on these studies (study of the
microstructure, microhardness, the distribution of elements in the transition zone,
X-ray analysis) there has been developed a production technology for a number of
metal layered compositions for metal-cutting and tillage tools. Analysis of the
mechanism and characteristics of the formation of all obtained types of compounds
of metal layered compositions allows to predict the course of the process and select
the process conditions for the creation the layered metal compositions with desired
properties.

The fifth chapter ""Improving the scientific - technological fundamentals
of thermal treatment of metal layered compositions and economic efficiency of
production technology'* concerns the results of the study of basic regularities of
thermal treatment of metal layered compositions in order to manufacture a variety
of tools and study of physical and mechanical properties of synthesized metal
layered composition, determination of toughness, static strength of metal layered
compositions, engineering-and-economical performance of the implementation of
production technology of the tools made from metal layered compositions.

In the manufacture of industrial products the manufacturing process is
designed to create in areas exposed to large loading during operation the residual
compressive stresses in the surface layers of the article, in order to improve its
durability, strength and other characteristics.

However, the most important is the development of optimal regimes of
thermal treatment of metal layered compositions that create high level of residual
compressive stresses in the working element of the instrument.

During the thermal hardening in metal systems, in addition to the structural
transformations, there occurs the volume changes associated with different
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parameters of the crystal lattices of the structural components involved in the
transformations. VVolume changes cause the appearance of internal stresses.

Comparison of the results of life tests of serial monolithic and bimetal dies
(Tables 1 and 2) allows to point out the fact that the resistance of bimetal dies M42
Is higher, while the resistance of dies M18x2 is lower than the latter of mass-
produced counterparts. This is explained by strained state of working elements (see
Table 2): working element of the dies M42 is in a state of uniform compression,
while the dies M18x2 in the crossover direction and on the height of the pastes
tensile stresses are fixed (Tables 1 and 2) .

Influence of the scale factor on the resistance of metal layered compositions
and stress state of working elements are due to changes in the ratio between the
amount of thermal and structural stress and total stress of the working element. It is
known that the occurrence of thermal stresses is connected with difference in the
cooling speed in different sections of a casting, and the occurrence of structural
stresses is connected with phase transformations.

Table 1
Results of tests of resistance dies made of various materials
Mode Resistance, S mm
Type of adie | Formofadie | of therma’I< steel 45 12X18H10T Note
treatment
solid standard 4520 2340
M30
MLC stepped 5016 2855
: S-average
SOI'd Standard 4400 2460 arithmetic Va'ue
M27x2,0 .
MLC stepped 4874 2899 | of dufabzlgty at
n =
solid standard 5300 2760
M16
MLC stepped 5720 3166

* Standard hardening thermal treatment of 860°C in oil, otp.180°C.
Stepped hardening 860°C heating, cooling at temperature of 220-240-300 ° C, then the oll,
tempering 180 ° C.

Table. 1 and 2 show the results of the test on resistance at standard and
stepped thermal treatment of solid and metal layered round dies. As a result, there
are changes in the state of stress of the working element of metal layered
compositions (see. Table. 2).

The dies M42 and M27x2,0 compressive stresses increased on average by
10-15% in all three areas, and in M18x2 dies the all-round compression was
achieved. There has been also developed the technology of thermal treatment of
composition of type hard alloy - steel, molybdenum and its alloys - steel.

A thermal treatment technology was developed for applying to a metal
layered compositions steel 35HNML - VPr-2 - VK15 for thermal treatment of
hard-alloyed matrix die.
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Table 2

Changing of the stress of working element made of steel HVSG in dies from metal
layered compositions with the carrier base made of steel 40HL depending on
thermal treatment conditions

Mode of Stress in the working element, MP
) Form of a

Type of a die die thermal lengthwise crossover on the
treatment™ height

M30 MLC standard -584 -406 -284

MLC standard -622 -435 -312

MLC standard -475 -322 -260

M27x2,0 MLC standard -541 -376 -302
M16 MLC standard -309 +478 +215

MLC standard -415 -241 -134

* Standard hardening thermal treatment of 860°C in oil, otp.180°C.

It is known that the value, the sign of stresses in the working elements of the
matrices is largely determined its resistance. In this regard, there have been
conducted the gauge-strain studies of internal residual stresses occurring in the
paste of Mo - TiC depending on the method of production, as well as before and
after thermal treatment. The results of the internal values of residual stresses in the
operating member of paste from Mo-TiC are presented in the thesis. The standard
hardening thermal treatment adopted for steel 40HNML increases the stress level
in 2 times. Creating of internal residual compressive stresses on the working
surface of the matrix is the result of impact, on the one hand, the difference of of
thermal expansion coefficient of the alloy Mo- TiC and steel, on the other hand,
the phase recrystallization process in steel component of composition occurring
with the formation of martensite.

Tests were carried out using the installation- 1231 U 10 on samples for each
variant of metal layered compositions.

Every batch, in turn, was divided into two parts. One of them was tested in
the initial state, i.e. only after mechanical polishing, the other - after passing the
standard hardening thermal treatment on modes recommended for instrumental
component of the composition: 1 - Composition 9XC steel - steel 40HL; -
Hardening in oil 860°C, tempering 160-190°C - 1 hour; 2 - The composition of
steel R6M5 - 40HL steel and steel R6M5 - steel 40HGF1L; - Hardening in oil
1260°C, tempering 560°C x 3 fold in 1 hour.

The test results showed that with die casting module increasing the
composition’s static strength increases by 20-30%. For samples subjected to
hardening thermal treatment, there is increasing of composition strength limit on
shear and break at an average 8-15%. Determination of static strength between
the components of this group of compositions was performed on special samples
with cylindrical and flat pastes. The tests carried out have shown that in this case
the performance of the compositions increased by 15 - 20%.
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Indicators of statistical strength of the compound in the compositions with
complete melting of a paste alloy PG-C27- steel 65GL and alloy PG-US25- steel
65GL are given in Table. 3.

Test results showed that the critical crack opening displacement value of all
bimetal samples in the cast and in the thermal treated condition, up to 10-20%.

The test results showed that the resistance of the matrices during compaction
of molybdenum grade MCH made from cast compositions to 10 - 15% higher than
with standard matrices obtained by pressing.

Table 3
The static strength of compound in the MLC with the complete paste melting
.. Resistance, MP
Composition on shear 1 on break o, Note
Alloy PG-C27 -65GL 160-240 250-320 Thickness of a hard-alloy
coating - 4.0-5.0 mm.

The results of the research are the scientific methodical basis for MLC
development and implementation at "Machine-tractor park of Tashkent region",
with an annual economic effect 80000000 sums, JV "Alutex" Ltd. with an annual
economic effect 85000000 sums, UDP "Mubarakneftgaz™" with an annual economic
effect 6900000 sums, the "Pulat kuyish" open type enterprise with an annual
economic effect 22023600 sums, and others.

The scientific-practical results obtained are implemented in the educational
process at the ‘“Materials Science” department of Tashkent state technical
university named after Abu Raykhan Beruniy, as well are used at lectures
delivering and laboratory works carrying out for bachelor and master course
students.

CONCLUSION

On the basis of the conducted researches on the doctoral dissertation on the
subject “Development of theoretical and technological basis of production and
thermal treatment of metal layered compositions™ the following conclusions are
provided:

1. The mechanism of interaction with the liquld metal with surface of the
insert metal layered compositions. These mechanisms will be useful in the long-
term creation of metal layered compositions.

2. Mechanism of diffusion is identified for metallic layered compositions
make it possible to assess the inderdiffusion of the components of the composition.

3.Developed conditions of formation a transition zone between com-ponents
of the metal layered compositions. It is very important in forming metal layered
compositions.

4.Developed mathematical model of thermal processes of creation of
layered metal compositions. The worked out algorithm for calculating of
temperature distribution in obtaining the metal layered compositions results the
creation of a composition with desired properties without preliminary experiments.
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5. Developed the optimal composition of the powdered alloy based on Mo —
TiC and physical-mechanical and technological properties of the powdered alloy
Mo — TiC all results exceed the known cast eutectic alloy system Mo-TiC.

6. There have been worked out the bases of working elements preparing
from the tooling materials, necessary and sufficient for the forming of a reliable
and efficient composition. These technological basics play an important role in the
obtainining of metal layered compositions.

7. On the basis of a carried out research there have been developed the
original technologies of obtaining of some metal layered compositions of the end
use for metal working, soil cultivating and drilling tools.

8. The analysis of the mechanism and peculiarities of the forming
compounds of all obtained types of metal layered compositions allows to predict
the process flow and to select the technological conditions for development of
metal layered compositions.

9. Heat treatment modes is developed for metal layered compositions. These
modes may be useful in creating a perspective metal layered compositions with a
high mechanical and technological properties.

10. In trems of efficiency, reliability durability, designet metal layered
compositions are not inferior to the serial counterparts. This gives possibility of
using metal layered compositions for fabricating tools and detalls.

11. There have been defined the applied and economical constituents of
technology of manufacturing of metal layered compositions of the end use tools.
These factors are necessary at the manufackuring of metal layered compositions.
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