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Kunpui (JOKTOPAVK auccepTaLmsic aHHOTaLUsCK)

[AuvccepTaumna MaB3yCUHUHE  fon3apbnurn Ba 3apypatu. >KaxoHza
HaHOTEXHO/IorMsANap acocmaa maxcyc usmnk, 61uonornkK Ba KUMEBUIA Xycycuatra
ara KOHCTPYKUWOH MaTepuasinap OnuLl macanacu KyH Taptuoura aHru sasudanap
KyriMokaa. CTaTUCTMK Mab/lymoT/apra Kypa Xap WuaM HaHOoTexHosorusnap
acocufa matepuannap aparuwra 8-10 mnpa. AKLU gonnapu, xXymnagaH Espona
Ba MAX pasnatnapuga 2-3 MAp4. [onnap, caHoaTW  HOKOpW  Aapaxaja
PUBOX/IaHraH MamnakaTnapga 6-7 mapa. fgonnap mabnar capgpiaHMokza.

MamnakaTumms  MYCTaKUINMKKA  3pulirady  HKOpW  TexHosnoruanapra
acocnaHraH KOHCTPYKLUMOH MaTtepuansiap fapatviira anoxuia sbTnéop kapatuamo,
Oy 6opasa Bosb(hpam acocuaarv matepuaniapHn Karta uiinawl opkaam akcnopTra
My/DKasinaHraH SHrM TypAarn KOHCTPYKUMOH MaTtepuannap fpatvill Ba HOKOpK
TEXHONOrMANN  MNa3MOKUMEBUIA  YCYnAa OJIMHIaH  YNbTpagucrnepc  KyKyHniap
acocugarv sHrM MatepuannapHn uwnab unkapuw 6yinnya myainsiH HaTvKanapra
apULLINAAMN.

3aMoHaBMI  WIMWIA-TEXHWK BOCUTanap épaamma KUAnH apuidguraH
MeTaITaPHUHT KYKYHMapUHW ONIMLL Ba ynapAaH AHMM KOHCTPYKLUMOH maTepuaniap
Aapatiil MyxuMm MacananapgaH xucobnaHagu. LUy >xymnagaH BOAb(PaMHUHT
YNbTPaAMUCrepc KyKYHNapUHU MNa3MOKUMEBUI yCynga ONULW XaM  OYryHru
KYHHUHT fon3apb BasudganapugaH oupuaup. MnasmokuMéBWIA ycynaa ONNHIaH
BOMb(IPaMHUHI YNbTPaaUCrepc KyKyHIapn MexaHWK Ba TEXHONOrMK Tasabnapra
TYNMK aBob 6epraHn cababnu, ynapHW Kynnaw Makcagra MyBOMK
xucobnaHagn. byHAaH Tawlkapy ynbTpagmMcrnepc KyKyH/ap acocufa ONMHraH
MaTepuannapHUHT M3nK, KUMEBMNIA Ba TEXHOMOMMK XOCcaiapy KaTTUK KOTULIMaIN
OyroMNapHM sipaTuLira Kynunrad tanaénapra TynvK »asob 6epaan. LLUYHUHT y4yyH
Malrfa [OHN CTPYKTypara ara 6ynraH matepvansiap onw Myxum UaMnia-amanmia
axammat Kacbo atagn. HOkopupa Kypcatmb YTuaraH MabymoTiap MasKyp
anccepraums MaB3yCUHUHT 40N3ap6MrnHm nsoxanan.

Y36eknctoH Pecny6nvkac [MpesungeHTUHUHT 2006 1inn 14 fexkabpaaru
MK- 530-coH «Pecnybnnka BoMbpamM KOHMAPUHUHT MUHepan XOM allé 6a3acuHu
fAHafa pPUBOXNAHTUPULW TyFpucmnga»rn  Kapopyu Ba 2011 mn 29 mongaru
M®d-1590-coH «Tanép MaxcynoTnapHu, TalKWn KUnyBuM OyrOMMIapHU Ba
MaTepuasinapHn  UWNaé  YMKAPULIHWHE - foKanfnawtmpuamwndy - 2011-2013
Munnapga caHoat Koorepauuscu acocufa YykypnawTupul yopa-tagbupnapu»
®PapmMoHM  xamfa Maskyp qaonuatra TeruwnM 6owkKa MebEPUIA-XYKYKUIA
XyxoKarnapaa 6enrvnaHraH sasudanapHy amanra owmpuwira ywey guccepraums
TaflKMKOTU MyailsiH fapaxaga Xm3maT Kunagu.

TagKMKOTHUHI pecnybnnka paH Ba TEXHOMOrnAnapu puBOXIaHULLIN-
HUHI YCTYBOP WyHanuwinapura 60FIMKNUrn. Maskyp TafKUKOT pecnybnmka
(haH Ba TeXHONOrMsNapu PUBOXNAHULWINHUHT Il. «OHepreTuKa, 3Heprus Ba
pecypcTexxaMkopnnk» Ba VII. «HaHOTexHonornsanap Ba KAME TeXHOOrnsanapu»
YCTYBOP MyHanuwinapura moc pasmiga 6axapuiraH.



[lvccepTaums mas3ycu 6Yinua Xopukinii UAMni TagKMKoTaap wapxu'.
KOHCTPYKUMOH MaTepuannap fApatvwga KWAWH 3spuidgurad  mMeTasiapHUHT
yNbTpagucnepc KykKyHnapugaH qoiganaHuwl, ynapHu nnasMokuMMEBUIA ycynpa
onuMwira  AyHanTUpWUAraH WIMWIA - M3NAHULWLNAP KaXOHHUHE  eTakun UMW
Mapkasnapy Ba ONWKA Tab/iMM Myaccacanapu, XXymnagaH, Awmepuka (aH Ba
TexHonoruanap yHmsepcutetn (AKLL), Haros yHusepcutetu (AnoHWs), AHrAuns
TexHonoruanap  yHuesepcutetn  (AHrnus), BueH TexHuMKa YHUBEPCUTETU
(Cepmanus), AscTpus Vnmunin-tagkukotnap MHCTUTYTUM (ABCTpUA), Benopyccus
MunnniA TexHuka  yHuBepcutetn  (Benopyccus),  MartepuanillyHOC/NK
Myammonapu MHCTUTYTM (YKpamHa), MeTtannyprmua Ba MaTepuaiLlyHOCIUK
MHCTUTYTU (Poccus), TOLIKEHT [JasfiaT TeXHWKa YHuBepcuTeTn (Y36eKUCTOH)
TOMOHMAAH 0116 6opuMoKaa.

KWiivH apuiAguraH MeTannapHUHE YNnbTpagmucrnepc KyKyHIapuHU Mnasmo-
KUMEBWIA yCynaa ONvLW Ba yNapHW TYp/n coxanapga Kynnawira oug xaxoHaa on1mo
oopuvnraH TaAKMKOTMAp HaTuKacuga KaTop, >KymaagaH, Kyuugaru Wamui
HaTuXanap  ONIMHFaH:  HAHOKpWUCTal  MaTtepuannap,  HaHOCTPYKTypanu,
HaHo(haza/IM Ba HAHOKOMMO3UT MaTepuaiiap ONULW yCyninapu mwnad vvkuiraH
(laboratory of nationally Roskilde, USA); 6yFnaHUWHN KOHAecaumanall opkanu
yNbTPagncnepc KyKyHnapHu onmw TexHonoruacu nwnaé ymkunrad (laboratory of
nationally ~ Argon, USA); HaHOMmaTepuvannap 13a  CTPYKTypanapuHu
MoAM(MKaumMsanaw  OpKan - Y3rapTuMpuLl  TEXHOMOTMACK  uMwiab  YmKuaraH
(MeTannyprus UHCTUTYTK, AMOHKUA); NJA3MOKUMEBUIA TUKNALW >KapaéHW xamaa
CUHTE3MHUHT (DM3MK Ba KMMEBWIA acocnapura WyHanTupuaraH gucrnepc HaHoTU3NUM
nwnad uukunrad (Munnui TexHuka yHuBepcuteTWn, benopyccus. MaTepuan-
LUYHOC/IMK MyaMMONapu UHCTUTYTKU, YKpanHa); TYp/iM KWANH 3puiagnraH mMetann
xamga — OuvpuKManap  HaHOKYKYHMapuHW  Ba  KATTUK  KOTULLIManapaa
HaHOCTPYKTYypasiapHU O TexXHoNornacu uwnab uvmkunrad (Metannyprus Ba
MaTepPUasILLYHOC/IMK  UHCTUTYTK, daHnap akagemusacu KWccuknmk dusmkacu
NUHCTUTYTK, Poccua); KaTTUK KOTULLIMaIN KOHCTPYKLMOH MaTtepuannap TapKuowu
MwNab ynkunrad (TOLUKEHT [aBnaT TEXHUKA YHUBEPCUTETH, Y36EKICTOR).

[yHéna KWAWH spuinguraH MeTalapHUHT  YbTPaancrnepc KyKyHnapuHu
NNa3sMOKMMEBMIA ycynaa onuw 6yinmnya KaTop, >XymnafdaH, Kywhugarn ycTyBop

1 [uccepTtaumsa mas3ycu 6yinya Xopmxmin nnmnii-tagkukotnap wapxm Y.Zhang and J.Zhang, “Nanometer WC-Co
Carbide”, Xiyou Jinshu Cailiao Yu Gongcheng, 1995, 24(2), 18-21 (Chinese); High Temperature Synthesis of WC
in a CH4/H2 Gas Atmosphere”, Poroshk. Metall. (Kiev) 1995 (9-10) 21-26 (Russian); L.Gao and B.H.Kear,
“Synthesis of Nanophase WC Powder by a Displacement Reaction Process”, NanoStructured Materials, 9, 205-208,
1997; H.Kear, P.R.Strutt, “Chemical Processing and Applications for Nanostructured Materials”, NanoStruct.
Mater. 1995 6(1-4), 227-236; A.V.Samokhin, N.V.Alexeev, Yu.V.Blagoveschenskiy, S.A.Kornev, Yu.V.Tsvetkov,
W-C nanosized composition synthesis and characterization, 9-th International Conference on Nanostructured
Materials, Brazil, 1-5 June, 2008; Y.V. Blagoveshchenskiy, A.VV. Samokhin, Y.V. Tsvetkov, N.V. Alexeev, N.V.
Isaeva, C.A. Kornev, Y.l. Melnik. Nanopowders of WC-Co system with different inhibitor additions manufacturing
by plasmochemical process. 17 Plansee Seminar — International Conference on High Perfomance P/M Materials.
Reutte, Austria, May 25-2-, 2009, Vol.3, GT 23/1-5;Samokhin A.V., Alexeev N.V., Kornev S.A., Tsvetkov Yu.V.,
W-C nanosized composition synthesis and characterization, 19th International Symposium on Plasma Chemistry
(ISPC-19), Bochum, Germany, July 25 - 31, 2009. Ba 60LUKa MaHb6anap acocuaa ULnad YMKUIraH.

6



MyHanuwiaa TagKUKOTNap o0nMG GOpuUAMOKAA: KUWWMH 3pUiAAMraH MeTanfapHUHT
AMCMEPC KYKYHIapMHW ONULL Ba Yynap acocufa fHrM martepuan fpatul; KUAnH
apuinguraH MeTaIIapHUHT ynbTpagmcnepc KYKYHNapuHU onunL
NNasMOTPOHAPUHM  ApaTu, MNAa3MOKUMEBUA  TUKNAW  XKAPaBHWHUHE  AHTU
YCYNnapuHu uwnad YMKULW; YNbTPagUCNepCe KYKYHAAPHU ONULL YYYH SAHTU
NNa3MOKUMEBUIA PeaKTOP KOHCTPYKLMACU ULLNA6 YMKULL.

MyaMMOHUHI  ypraHunraHankK papaxacu.  Marepvannapra WLIoB
Gepuwl Ba METaNIyprusa coxacugarn njasma TEeXHONOTUACK  PUBOXIAHMLLIN
HAHOCTPYKTYpa/iu MaTepuaiapHi apatuwl 6yinya WAMniA - TagKUKOTNapHUHT
PUBOXAHULLIMAA UKKUTA MYXUM BOKea: CKaHep/ioBUM TYHHENb MUKPOCKOMUHUHT
ApaTUNULLIM Ba YINepPOAHUHT TabuaTtha AHMM WaKAaa MaBXyaJIMIMHUHT OYMINLLIN
KaTTa axamuaTra ara 6ynu6, 6y marepuannap Ty3UIUWNHU TaAKUK 3TULLAA AHTU
ycyn xamfa KypunmanapgaH doinganaHuil, TyHenfalWwHWHE KBaHT 3((eKTH
Ha3apPUACUHUHI  KYTaHUIULWW  MOHOKpUCTa1ap  to3acmugarn atom-MosieKy nsp
TY3UIULLWUHN HAHOMETP opanvkaary yndamnapa Kypuw UMKOHUHK 6epraH.

Xopwxnuk onumnap G. Bennig, K. Kuatt, K. Gerber, H. Kroto, J. Health,
S. O’.Brien, R. Curl, R. Smalley nap HaHOCTpyKTypa X0cun 6ynuwuv Ba Matepuan
XOCCTAPHUHI Y3rapuWnHN TaaKUK KunuwraH —6ynca, aviHaH, ynbTpagucnepc
KYKyHflapfaH MaTtepuan spatuwl yHanvwmnra TagkuKoTIap eTapaun fapaxaga
onné 6opunmaraH. MycTakun fgaenatnap XamaycTivru mamnakatiapuga sAHru
mMartepvannap fpatuw WyHanuwmnga 6arvnaHraH TagkmkoTnapHn H.H.PbikanvH,
HO.B.L|BeTKOBMApPHUHT UIMWUA WIMWIA acapnapuga KysaTul MyMKUH. Maskyp
ONMMNap AWCNepc KyKyHMap acocuparv matepuaniap SpaTtuLLHUHE  KEWUHIU
PVBOX/IAHULLW Ba aMaInéTra TaTonky camapagopamrmHn acocnab 6epuviirax.

Y36ek onumnapugaH P.Y.Kanamasos, B.B.Yekypos Ba  YNnapHUHT
LIOrnpAnapy KaTTuK KOTULIMaIN KOHCTPYKUMOH MaTtepuannap apatuwl 6yinya
UAMWA  n3naHuwnap onm6 6opuwrad. P.Y.Kanama3os MeTann, Oupukma Ba
KOTULUMaNAPHUHT  HaHOKYKYHIaPUHW 0NN, YNapHUHE  Mopdonoruscuy,
CTPYKTYypa xampa (asa TapKumbniapuHu ypraHviw Oyinmnya waMui TagkukoTap
0116 6opraH. B.B.YekypoB Typau LwaponTiapga vwniawra MymKaniaHrad Kyrima
OVMeTaNT KOMMO3UTNAPHM ApaTvliia Tapkub, CTPYKTypa Ba XOCCaIapUHUHT
LUaKNIaHMLWnAa UCCUKINK (U3NKaCU XMCOBNapUHN TafKUK STraH.

MamnakaTummsga Xo3upru nantaa KAWKMH 3puinguraH  mMeTasiapHUHT
YNbTPAANUCHEPC KYKYHMapUHW  ONUW  WyHauwmaa TafAKUKOTNapHW — amanra
OLUMPULL NIMUIA-aMannie axaMuaTra ara xmcobnaHagm.

Auncceptauma  MaB3yCUHUHI  auccepTauma  6axkapwunaétraH  onvi
Tab/IMM MyacCaCaCUHUHI WIMWIA-TaAKUKOT uwnapn o6unaH 60FINKINUTIA.
Ancceptauma TagkMKOTU TOLLKEHT AaBnaT TEXHMKa YHWBEPCUTETUHWUHT WIMWIA-
TaOAKUKOT uwnapu pexxacuHUHr MKb-10-15 «HaHOKyKyHnapaaH organaHunraH
SHIM KOHCTPYKUMOH MaTepuannap» Mas3ycugarn amanmin nomnxa (2009-2010)
xamaa NOT-2012-5-13 «KuwioK Xy>aivk MallnHanapuHUHE UWYn opraHnapu
MyCTaxKkam/IMrMHA  OWMPULL  Ba XM3MaT KWIUW  MYAJaTUHW  Y3alTMpULL
Makcaguaa, ynap vy rosanapuga eiunuwra ymgamam kKonsama onumwl xamaa

MK WLWMI0B Oepull TeXHONMOruAnapuHy uwnad umkapuira tatouk aTuLL»



(2013-2014); NOT-2015-7-8 «3IKcTpemas LWaponTaa mwanamuraH MoneaeH-TuTaH
KOTMLIMAacUaaH TaiépnaHraH ac6o6sapHM  uvwiab  yMkapuira >KOpuiA - 3TULL»
(2015-2016) maB3ynapuarn NHHOBaLUMS vUnapu govpacuaa baxapuarax.

TaAKNKOTHUHI MaKcagn KUANH apuingnraH MeTannapHUHT ynbTpagucnepe
KYKYHNapVHM  UwWiaTraH  xonja KOHCTPYKUMOH maTepuannap Apatuwl  Ba
BONbPaMHUHI YNbTPagucriepc KyKYHIapuUHW caHoaT MUKECMAA ULINATULL YYyH
Ha3apuii Ba amasinin acocnalfaH noopar.

TagKMKOTHUHT Basudanapu:

peakTopgarn  OyfnaHuMW  >kapaéHuga  naasMOKMMEBUA  PeaKTOPHUHT
NCCUKJIMK (DU3NKACK XMCOBMHM amasira OLUnpuLL;

BO/MIb(PPaM OKCUAWHW BOAOPOA MYXUTMAA MNNA3MOKUMEBUA TUKNALHWUHT
TEXHO/IOTVK TapTnbnapmHu nUwnad YnMKumLL;

BONIbIPAMHUHT YNbTPaAUCTIEPC KYKYHApW Ba YIapPHUHT OUpUKManapuaaH
(hoiganaHnG SHrM KOHCTPYKLMOH MaTepuraniap spaTuL;

BOAOPOA — NNasMoKMMEBMIA Tuknaw MYB-300 Kypuamacura KOHCTPYKTUB
Ba TEXHOJIOMMK Y3rapTupuLiiap KUpMTULL;

GenrvnaHraH rpaHyn1oMeTpuK Tapkubaarn BonbPpaMHUHT YNbTpagucnepc
KYKYHNaPVHM ONUW LIAPOUTNAPUHM aHUKNALWITUPULL Ba KYKYHIAPHWHT Tanab
3aTUAraH naccuBauvsANaHULWMHN TabMUHAAW XaMAa KOMMaKT MeTans, YnbTpa-
aucnepc BoSbPpaM Kapbuanm KykKyHnapu, KaTTuK KOTuLLMAa Ba KOMMO3ULMOH
Marepvannap onnL y4yH ynapHUHT (U3NK, KUMEBWIA Ba TEXHOIOMMK XOCCalapuHM
aHuMKnaL,

BOMb(IPAMHUHT YNIbTPaAMCNEPC KYKYHNapy MOPgoormsacu, CTPYKTypacw,
(bazaBuiA Ba KylUMMYanap TapKUOMHM Tax/IMN KWAULW acocupa Tanab paapaxa-
cugaru cudatra ara 6ynraH KyKyHHU apaTuLu;

BO/Ib(PPAMHUHI YNbTPaAUCNepC KyKyHIapuaaH TaépnaHraH aHuk Typaaru
KaTTUK KOTMLIMaIM acb06M1apHN TEPMUK ULLMALLHUHT TEXHOMIOTUK PEXUMIaPUHN
NwNab YNKALLL

TagKMKOTHUHI  00bEKTM cugatuga BOMbPPaMHUHT  yNbTpagmucnepc
KYKYH/1apu, KyKyH MeTannypruscu ycynupa TtavépnaHraH Mo-TiC monmbaeH
Kotuwmacu, BK6, BK8, BK15 (FOCT3882-74) kattuk KoTuwmanap, P6M5
(TOCT19265-73) Te3kecap nynat, 40XHM/T xamga 40XHM®J1 (TOCT977-75)
MapKaJin KOHCTPYKLMOH nynatnap O/IMHraH.

TagKMKOT npegmMeTn. Bonbpam OKCUAMHM BOLOPOA MYyXUTUAA M1a3Mo-
KUMEBMIA TUKnawW, BOMbMpam YynbTpagucrnepc KykKyHnapugaH TtanépnaHraH
KOHCTPYKLMOH MaTepuannap Talkua aTagu.

TafKuKoT ycynnapwu. Aucceptauusga Makpo- Ba MUKPOCTPYKTYpaBuiA,
PeHTreHo(asaBuii, PEHTreHOCTPYKTYpPaBuiA, CMNeKTpas, 3/1eKTPOH-MUKPOCKOMNK
Tax/IMN yCynnapu KynnaHraH.

TaAKUKOTHUHI UIIMWIA AHTUANTY KyAngarunapgaHd noopar:

KWAVH 3pUAANTaH MeTa/ITaPHUHT YNbTPaAMUCNepC KYKYHNAPUHU ONNLL YYYH
SHIU NNa3MOKUMEBUIA PeakTop KOHCTPYKLUMACK MLWNab YAKUraH;



KWAVH 3puidguraH MeTasinapHUHI Mainga AoHanv KyKyHnapuaaH tanépnaH-
raH KaTTuK KOTULIMaIM MaTepuasiiapH/ npeccnall Ba NMULLIMPULL TEXHOJIOTMSCK
nwiab YMKUIraH;

bvMeTan KecyBuM xampa Lrtamniaw ac6obnapuHy Tanépnawl Ba Teskecap
nynatnm acbobnapHUHT TEPMUK ULLIOB GepuLLl yCyniapn nwnad YnKuIraH;

NNasMOTPOH peakTopufa OyFnaHWLW AWWMPUH UCCUKAUITKM  GUp  Tekucaa
Kamalniy Ba >XapaéHHUHr GOpUWMHM TabMWUHNAAAUIaH TexXHoMorms uwsab
YMKWTaH;

OvMeTan1 KOMMNO3UTNap ONTUMan CTPYKTYypaBui LUAKINaHUWK xpycobura
MeTasira uwnos 6epyByun acbobMaPHUHT MLIOHYAM WWNAWWHA TabMUHIOBYM
Teskecap nynarra TEpPMUK MULIIOB GepuLl yCynu nwnab YnkuiraH.

TafAKUKOTHUHI aManuii  HaTwkacu. CTpyKTypaBuiA  LUAKIIaHULIAATM
acoCUii TEXHOJIOTUK KaTTa/IMKNapH bGaliopaT/all Ba xpucobnall y4yH maTeMaTuk
MOZENb NLLINA0 YNKNTaH;

KNAVH 3pnidguraH MeTasinapHUHI Mainga AoHanv KyKyHnapuaaH TainépnaHraH
KaTTUK KOTULLIMAIM MaTepuasiiapHy/ npeccnawl Ba MULWIMPULL TEXHOMOTUACUHU
fHaa TaKoMunnawTMpmw 6yrmya Taknmg Ba TaBcusnap Uwnab YMKUIraH.

TaAKNKOT HaTVOKaNaPUHUHE NLWOHYNUANTW. TaAKUKOT HaTVKaNapuHUHT
NWOHYAWANTA  MWAa Ky/naHWraH 3SKCrepuMeHTan TafKWKOT HaTvKanapuHu
CTaTUCTUK KaWTa Wwnaw, MaBxkyd HaTwkanap Eku Mabiymotnap 6unaH
TaKKoCnall, O/MHraH HaTWKalapHU pean MKTUCOAWA camapa 6unaH uwsab
ymKapuira Tatnk Kunamw eunaH n3oxnaHagn.

TafKNUKOT HaTWKaNnapuHUHE UMW Ba aManuii axaMmuaTu. TagkukoT
HaTWXKaMaPUHUHT - UMW axaMUAT  ONTUMan  CTPYKTYpPaHW LIaKInaHTUpULL
JBasura ynbTpagucnepc KYKyHnapaH TaépnaHraH KOMMNO3ULMOH
MaTepuannapuHUHT XoCCaapuHN AXLLIMNAHULIN BUnaH n3ox1aHaau.

TafKUKOT HaTWKaNapUHUHT amMa/iii  axaMusTU BOJSIb()PaMHUHT  YNbTpa-
Ancnepc KYKyHNapyvHW uwnatraH xonga acobo6nap vmwnad YMKapUWHUHE UMW
acocfiaHraH sHr TeXHONOornanapy spaTuwra Xmsmar Kunagu.

TafAKUKOT HaTWXKaNapUHUHE XOPUIA  KUWINHULLW. KWIAWH  3puignraH
MeTa/NapHN BOAOPOL MyXUTUAa MNJa3MOKUMEBUA  TUKAW, BOMb(PAMHUHT
YNbTPaAMNCrepc KYKyHNapuHy UwiaTraH xonga aHrm KOHCTPYKLMOH MaTtepuaniap
ApaTu 6yinya nwnad YMkunrad HaTuxkanap acocupa:

KWAVH apuingurad gucrepc mMatepuaniapHu onvw Ba ynap acocupa Kecuil
Ba LwTamnsaw acbobnapnHu Tarépnawl 6yinnya «brmMeTasn Kecuw Ba LTamnatl
ac606MHIHN Taliépnall ycynm»ra Y36ekucToH Pecnynnkacu VHTennekTyan Mynk
areHT/IMMMHUHT nXTupora nateHTn onvHrad Ne AP 04728 (05.06.2013). Nwnab
YMKUAraH YCyn eannuw GapAownvrin kopu 6ynraH 6umeTann Kecuwl Ba
lWTamnnaw acbobnapuHy Tanépnawl UMKOHUHW 6epraH;

Teskecap nynatdaH scanraH acbobnapra TepMUK WWIOB 6epul 6yirmya
«Te3kecap nynatgaH fAcanraH ac6obnapra TepMUK WLWIOB Gepuwl  ycynu»
Y36eKUCTOH Pecnybnvkacm WHTeNnekTyan MyNK areHT/MIMHWHT - UXTUpora
nateHTn onvHraH Ne IAP 04531 (27.02.2012). Nwnab umkmnraH ycyn teskecap

~ [aH gacanrad acbobnapra TePMUK ULLNOB GePULL UMKOHWHW 6epraH;



KWAVH 3puiAguraH Amucrepcc marepuvaniapHi onvw YYyH KynnaHunagurad
NNa3Mo-KUMEBUIA PeakTop KOHCTPYKUMACK Oyimnya «I11asMOKUMEBWNIA peakTop»
Y36eKknCTOH Pecny6nukac WHTennekTyan MynK areHTAUTMHUHE  UXTUpora
nateHTV onuHrad Ne IAP 04732 (26.06.2013). Nwnab ynmknaraH niasmokKMMEBMin
PeakTop KOHCTPYKUMACKU KWUWWH 3puiAguraH martepuanniapfaH ynbTpagucnepc
KYKYH O/IMLL MMKOHWHW BepraH;

BONb(PaMHUHI  yNbTPagucrepc KyKyHIapy acocupa SHru Tapkubgarv
KOHCTPYKLMOH MaTepuan posvK Minab Ynkapuiga KynnaHunrad («Y36eKucToH
KaTTUK KOTULIManap Ba yTra yungamanm marepuanniap KoOMOuHaTU» akuusfopink
XamMuATUHUHT 2016 nn 11 maptgarn 16/22-coH  mMabaymoTHOMacwu). Vnmwia
HATWXKAHUHT  KY/ITaHULWIW  POSIMKNAPHUHT  XM3MaT MygaatvHm 1,2-1,3 mapTa
OLUMPULL UMKOHUHW 6epraH.

TagKMKOT HaTWKaMapUHUHE anpobauumsacn. Tagknkot Hatukanapn 10 Ta
UNMUR-aMannia aHXxymaHnapaa, xxymnagaH «/HHosauuns—2009, 2010, 2011, 2012,
2013, 2014» (TowkeHT), «[nobannawys LapouTMia WHHOBALMOH TexXHOMO-
rMANapPHM TalKUANALWTUPALL Ba XXOPUIA KManw myammonapu» (TowwkeHT, 2010),
«CoBpeMeHHble TEXHMKA N TEXHOMOTMN FOPHO—META/ITYPrMYecKoin oTpacav n nyTu
nx passutus»  (Hasowid, 2010), «CoBpeMeHHOe MmaTepuanoBefeHne
HaHoTexHonormm»  (Komcomosibck—Ha—Amype,  2010),  «KOMMO3MUNOHHbIE
MaTepuasibl Ha OCHOBE TEXHOrEeHHbIX OTXOA0B Y MECTHOIO CblIpbsi: COCTaB, CBOMCTBA U
npuMeHeHve» (TowkeHT, 2010) maB3ynapugaru pecnybnmka Ba Xankapo WUaMuii-
amanii - KOH(epeHUMsnapga Mabpys3a KypuvHuwMaa 6aéH aTuaraH xamga
anpobauusgaH yTKasuiraH.

HatmxanapHUHI 3b/10H KWINHIaHnuru. [ducceptauns mae3ycu Oyinnya
Xamu 32 Ta WIMMIA MWW YOM 3TWAraH, LWynapaaH, Y36eKncToH Pecny6aunkacu
Onuin atTecTaumst KOMUCCUACUHMHI LOKTOP/IMK AMccepTaumuaiapy acocuin niamMuni
HaTWXKaapuHX YoM 3TULL TaBCUA 3TUAraH WAMWIA Hawpnapga 14 Ta makona,
XXymnagaH, 12 tacu pecny6/mKka Ba 2 TaC XOPWXKUI XXypHaniapa Hawup sTuaraH.
3 Ta UXTUpOra naTeHT O/INHIaH.

AvccepTaunAaHUHT TY3UINLLN Ba XaXXMU. [ucceptauma Tapknbu KnpuL,
bewTa 6006, Xynoca, (oinganaHwnraH agabuéTnap pyWxatum Ba WNoBanapaaH
néopar. AuccepTaumaHUHT XXMy 196 6eTHM TallKWUA 3TraH.
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ANCCEPTALMNAHUHT ACOCUN MA3MYHU

Kupnw kucmmga gmcceptaums mMaB3yCUHUHE J0N3ap6anrn Ba 3apypusaTiut
acocnaHraH, Makcaay Ba Basuanapu, WYHUrAeK, TaAKUKOT 00bEKTU Ba NpeaMeTH
LIAKNNAHTUPWUNTAH, TaAKUKOTHUHT Y36eKCTOH Pecny6imnkacu (haH Ba TEXHOSO-
rMANAPHU PUBOXKMAHTUPULLHUHT MYXUM AYHa/IMLLINApUra MOC/Mrn KenTUpuIraH,
TaAKUKOTHUHT UAMWIA SHIUAUTW Ba aManviA HaTvkanap 6aéH aTWAraH, OfIMHraH
HaTWXKaMaPHUHT MLLOHYINIUIYA acoCNaHraH, TafKUKOT HaTvKanapuHUHT WIMWUIA
Ba aMa/INiA axaMuATN EPUTUATaH, TaaKUKOT HaTVKanapuHu amanmnétra KynnaHraH
Myaccacasiap, 3b/I0H KWIMHIaH 1wiap Ba guccepraumns Ty3unuwm 6yrmya mabiy-
MOT 6epusraH.

AncceptaynaHnHr «MyaMMOHUHE X0naTu Ba TaAKUKOT1ap nyHamwm-
HW TaHnaw» fe6 HoMIaHraH 6uprHYM 606Maa KUANH apuinamuraH MeTaapHUHT
KYKyHNapugaH qoiganaHné mallnmHaco3/IMK YYyH KOHCTPYKUMOH matepuanniap
ApaTunLL aCOCNaPUHMHE XO3UPI X0naTu ypraHuaraH.

By myammo 6unaH KynruHa myannudgaap WyfFynnaHraHamrn antme ytun-
raH. XXI| acpHUHI 60LWNapn KUNH apuidguraH ynobTpagucnepc matepuaniap Tex-
HOMIOTUACUHWHT PUBOX/TIAHULLN LWapadnaHagn. Ynap LyHEHUHT 6apya pyBOX/IaH-
raH mamnakaTiapuga MHCOH (haoIMATUHUHT MyXUM coxanapuia (caHoatga, Myao-
(haa, axbopoT coxacuia, pPaguo3neKTPOHMKA, SHepreTmka, TPaHCMopT coxacuaa,
bunoTtexHonormsaga, TM6OMET Ba 6.) asnakavyoH uwnatuaIMokda. WMHsectuumanap
YCULLVHUWHT Tax/imnu, 6y MaB3ydarn Hawpiap MukLopu, yHaameHTa Ba aMannii
MwiaHManapHn TaTtomk KUAnWHK Tanab Kunagn Ba SKWH nuinapga aHrm uiamMui
MyHanMw  xpucobnaHraH KWWKMH  3puidduraH  ynbTpagucnepc  martepuannap
TEXHONOrMACUHW PUBOXNAHTUPULL UMKOHUHK GepraH.

Pu3MK KMME Ba MeTalyprua coxacugars matepuaniapra uwios 6epui-
HVHT Mna3ma TeXHONOrACK XapaéHnapu Ba Matepuasnnapra Uwios epul naMui
MaKTabUHVHI PUBOXNAHULIWN MeTallypr-oiMMm  akagemvk Hukonah Hukonaesmy
PbIKa/IMHHUHT (hyHAAMeHTaN Fosnapura acocnaHaraH.

FO. B. LIBeTKOB, YHUHT LLOrMpA/iapy Ba capAoLnapuHn 6upnawtmprad xo-
3mprn Poccna defepaumsacu Xyayamaa, WYHUHTAeK 6up KaHvya UTTUQOKLOLL
pecny6nukanapga, Mpubantrka, Ypta Ocuné Ba Ko30FUCTOHAA Nna3masuii TMKNALL
Ba CUHTE3 XKapaéHiapy amanra TaTouk KunuHrad. Mucon cudaruga Y36ekucToH-
Aa Bo/Mb(pam Ba MOAMOAEHHUHT HOKOPUAMCNEPC KYKYHNAPUHUHE TEXHOMOMMK
xoccanapn Ba U3MK, KUMEBMIA Xoccanapy TagKUKOTIAPUHN KENTUPULL MYMKMH.
AliHMKca Y36eKUCTOH YTra ungamnn Ba KuiinH apuiauraH mMeTaniap KoM6uHa-
Tnga XaxoHaa mprHUM MapTa BOJib()paM OKCUAMHM N1a3Ma—BOoA0PO4 MyxuTuaia
TUKNAW TEXHOMNOrMACK Ba KYPUIIMAcU XXUXO03MAHULLIMHUHT aMasinidi TaTOUKUHU
Tonau. MNnasmasnii Kypunmaga ONnHraH HKopuancnepc KykyHnapgaH oytomnap
TaépnaHraHga, wwnad ymkapuw  YHYMAOP/MITUHWUHE  KECKWMH  OpTullngaH
TalKapy nLnatl XoccaapyuHUHE OPTULLIN, TUKALW >apaéHuia Ba KeMMHIu Kanta
ywnaw >kapaéHnapuga sHeprus capdu kamasgn. OnTUMan KOHCTPYKTOP/MK Ba
TEXHONMOIMK HKUX03/1aHraH MnasmaBuiA >xapaéHnap aTpoq-MyxuTra TabCcupw
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cesusiapcms 6ynuMwn 6unaH bupra 3Heprus Ba PecypcTeXxamkop XucobraHagu.
Xynoca Kuna-guraH 6yncak, nnasmasBuii MeTaiyprus UCTUKOONIN 3KaHIUTU
Mab/ym 6ynaau.

Afabunétnap Taxanamn WyHW KypcaTAMKW, X03MPru BakTAa NiasMoKMMEBNiA
ycynaaH origanaHnt, KynruHa KWnH apuinguraH MeTaiapHUHT yibTpagucnepc
KYKYH/TaPUHW ONMULLIHUHT UMKOHUATNApU Kypcatub GepunraH. KynruHa gasnart-
napfa yTkasuiraH TafKWKOTNapHUHE HaTuKanapy HKopW ulinall TacHuUgnapura
ara 6ynraH KOHCTPYKUMOH, ac606Cco3MK Ba 60LIKa MaTepuaniapHu uwiab
ymkapuwga KWAnH SpuiAgMraH MeTasiIapHUHT  yNbTpagucnepe KyKyHnapugaH
(hoiganaHULLHUHT pean UMKOHUATNaPW MaBXyanmruniaH gapak 6epmokaa.

KWiivH apuingurad MeTannapHUHE ynbTpagucnepc KyKyHIapuHU onvw Ba
ynapHu uwnatiw ayHéaa XXI 103 AMnavkga UWiMMR-TEXHUK PUBOXITAHWULLHY
6enrnnab 6epaguraH MyHanmw ge6 kapanmokia. Aucnepcnvk MogdaHuHE xocca-
napvHn 6enrvnanguraH Myxmm napametpnapgaH ovpn xmcobnaHagu. Aucnepc-
NNK HaTvKacuia ros3anap pUBOXM KyLIMMYa 3SHEpPruUsHW BYXXYAra Kentupagw,
YHIaH KaTTUK XXUCMIap UWITUPOKNAAru >kapaéHnapaa, XycycaH ynapHu KOMNaKT-
nawja Kynnaw onganu.

AunccepTaunaHUHT «TaAKUKOT YCy1NnapuHU nuwiab Ynkml Ba 00bEKT-
NnapuHN TaHnaw» Ae6 HOMMaHraH WKKMHYM 606uaa TagkMKOT 0O0BbEKTMapu
KentmpunraH. TagkMkoT 06bekTU cudatuga MYB-300 Bogopon nniasMaBuii
TUKNaW Kypuamacu, BofbMpaMHUHT Y/[Knapn Ba MallMHACO3NMKAA WLLNATU-
nagurad: BK6, BK8, BK15 (TOCT 3882-74) katTuK Kotuwimanapun, P6M5 (TOCT
19265-73) Te3kecap nynat, Mo-TiC monnéaeH koTuwmacu, 40XHMJT xamaa
A40XHM®JT (TOCT 977-75) mapKany KOHCTPYKLUMOH nynatiap OfIMHIaH.

Kyiima 6GumeTann komnosuvuuanapga ytuw Katnamm ¢asaBuii TapKubu
OPOH-2 kypunvacupa Fek @ HypnaHuwpaa, 0,1-0,2 Mm Kagam 6unaH KaIMHNK-
HV KaManTpuLL OpPKasiv aHUK/IaHTaH.

Cypatra onuw Taptnom U=35 kW; 1=20 MA; peHTreH TpybkacujaH Aua-
(hparMaHuHr y3oknawimil Taptmom 1:10:0,25 mm; Connep TELUMTMHUHE XaTonuru
2,5 Tpaj. HN TalWKua KWAAN; Avarpamma NeHTaCUHUHE Tesnurn — 720 mm/c; xuc-
obnarny xapakaTyHUHE Te3Urn — 2 rpag/MuH.

YTULW KUCMU KYHATaHT KECUMUZA 31eMEHTNIAPHUHT TakCcuMaaHuwy "Link"
cuctemann Si (Li) KaTTUK AeTeKTopAa PeHTreHNN 3HEeproAucrnepcuoH MUK-
poaHanusatop 6unaH S—80 3MeKTPOH MUKpockonuaa aHuknaHau. rMynat P5M5 —
nynat 40XHM®J1 komno3utuga: W, Mo, Cr, V, Cu, Ni, Fe aneMeHTNapHUHT
TakcMMNaHuwn ypraHnngn. Kattnk kotuwma BK8 — nynat 40XHMJ, nuwmpun-
raH monmoaeH kotmwma Mo-TiC — nynat 40XHMJ1 TusnMmaarn KomnosnTiapaa:
W, Co, Cu, Ni, Fe m Mb, Cu, Ni, Ti, Fe 3neMeHTNapUHUHT TaKCUMIaHWULLIN
ypraHungn. YTuw KacMu MUKpocTpykTypacu MUM-8 metannorpadmk MUKpoc-
Kon Ba POM-200 3neKTpoH MUKpocKonuaa ypraHungu. Mukpownmgiap xamvara
Mab/lym 6ynraH ycynnap épgaMuaa TanépnaHraH.
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YTULW KUCMU KYHOANAHT KECUMU XOCCanapn Y3rapuili MUKPOKATTUKNK-
HUHI TakcMMnaHuwmn 6yinya 6axonaHraH (Mukpoteepgomep MMT-3, P=100 r
toknamaga, h=0,1 mm Kagam 6unaH).

KylwrmMyanap TapkmovHM aHmknalfa HeTPOH-aKTUBaLMOH Tax/ui, macc-
CMEKTPOMETPUSA, CNEKTPas Tax/IUN yCyniapy KynnaHuraH.

BUprKMaHn MycTaxKam/IMKKa CUHALL—«CU/MKALL MycTaxKkamnanrm» Y MM-5
CMHOB MalLMHacuaa b6axapwngm, CMHoOBMap Mogenb Ba 6eBocuTa KyiMa HaMmyHa-
napaa KymmnmaHu acbob acocura HMcCGaTaH CUMKUTUALL NYNN YPraHWUAraH.

KynnnMaHuHr Kyiiva TaHafa KydiaHraHvk XoniaTv Mofenb Ba Kyima Ha-
MyHanapga ypraHungu. Kongnk KyynaHuw TeH30MeTpUK ycyn 6unaH aHuknaHam.
MAB-10/100 TeH304aTUMKNIAP MKKUTA Y3apo — NepreHAnKYNap paavan nyHanui-
napga Kyniunmara énuwitupungun.  JatuvknapHUHr - KypcaTkuunapym BAL-1
KypunMacu épgammaa KOMMO3UTHU TallKua 3TraH TaHa KUCMWHWU YnKapuLlgaH
ONAVH Ba KelnH onnHan. Kypcatkuunapgary apk Muku Konauk KydnaHuwinap
KaTTa/IMIMHU XMco6aLl yyYyH acoc 6Ynn6 xmamaT KUraH.

KyKyH Ba XOMaKWIapHUHI TEXHONOMMK Xamaa MLLI0BYaH/INK XapaKTepUcTu-
KanapuHy aHMKnawga MaBxXys cTaHgapT ynyaw ac6obnapuaaH origanaHunraH.

AunccepTaunaHNHT «BonbMpamMHUHT yibTPagMCHepc KYKYyHIapy TapKnom
Ba CTPYKTYPaCUHUHI TagKUKOT/1apu. BonbhpamgaH onganaHnd ASHrm Kom-
NO3VLMOH MaTepuannap onmw TEXHONOTUACUHW TakKOMUNIALWTUPULLY» [eb
HOMMaHraH y4MHuM 606K BOMbMPAMHUHT YNbTPaAMUCrepc KyKyHMapu acocuia
KOHCTPYKUMOH MaTtepuanniap SpaTULLHMHE Ha3apuid Ba TEXHOJIOMMK acocnapura
GaFuLLNAHTaH.

KOHCTPYKUMOH MaTepuaniap ApaTULLHUHT MYXUM TEXHOMOT MK Xuxatiapura
MeTaINapHUHT NIa3MOKUMEBWIA TUKNALL YCYNN KypcaTno YTUAraH.

Moggara nnasma HypAaHUWWHWMHE TYLUULIW acoCaH 3HEpPrus OKUMWUHWHT
3U4SIUTUTa, AAaBOMUAIUTIATA, HYPNAHULW TYIKMHUHWHE Y3YHIUTAra Ba MOAAaHVHT
(hn3mK xoccanapura 60FNK. HypnaHUWHUHT 6Up KUCMU KainTagu, KOMraH KMCMu
aca t0TUnaau. Arap HypnaHuLL 3M4anrv katTa 6ynmaca (< 10*° Bt/m%), HypnaHuL-
HUHT FOTUAraH KUCMU 3HEPTUACK UCCUKIVK AUDdY3uacu nynm 6unaH matepuan
6yinab TapkanaguraH UCCUK/IMKKa ainnaHagm.

HypnaHULWHWMHI aH4Yya HKOpW 3uyauMrnga rH3aHWHT MHTEHCUB Mocalmnb
kuanwm (xapopaT 10 K/c raua kyTapunaam), 103 6epaan Ba KaiTULL NaékaTu Y3u-
HUHI TeHr spmura Tywmn6 ketagu. LLyHAain kunmb peaktopfa TaxMUHaH YyKyp-
mrn (Q 7)1’2 OynraH spuraH BaHHa xocun 6ynagun. byHaa Q — UCCUKNK YTKa3yB-
YaH/IK, 7 — niasMa UMMIYNbCUHUHT LaBOMUANUT. HypnaHuw OKUMK 3UYIUTn-
HUHI KYTapuUALLIN 3pUraH BaHHa H03aCUHUHI KaHall HyKTacura TyFpu KenaguraH
xapopatraya KyTapunuwwura onnb Kenagu. ByHAail xonart OTWAraH 3Heprus
TaXMUHaH 3axupa OyFnaHuw uccuknurura Ls TeHr 6ynraHga cogup 6ynagn sa
Kyhungarnya aHuknaHagm:

L

1
P pJOr (1)
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OyHa P — HypnaHull KyBBaTW, p — MOAAAHUHI 3U4IUrU, Q — UCCUKNMK YTKa-
3YBYaH/VK, T — Na3mMa UMNYbCUHUHT JaBOMUANNTI,

OHEpPrus OKMMMAPUHUHE Kepakinya HKopW 3uYnunknapuaa xapopar 6up
Heua t03 3B ra etaau, nnasmagarv 3appanapHUHE KPUTUK 3UYUNATIA:

1

2 15
n. A ~10 T ETULLIY MyMKIH 2)

OyHAa N. — HYpPAaHUW 3UYNUrK, A — nnasma Hypu TYNKWUH Y3YHAUrU. ByHpaH,
A =1 MKM Aa HypnaHuL KPUTUK 3NUINKKa eTraHja ng = 10%" m™ Hyp MoAJa 3a-
cura Kvpagu Ba Ku3AMpULW KalTa HypnaHuiw opkanu cogup 6ynagu (1-pacwm).
YHWHT COBULUN HYPNaHULIHW HOTUW 6unaH MyBO3aHaTnaHaAu, KPUTUK 3UYINK
XapakaTvHW KenTupmb uvkapafu, nnasma y3 y3nHu OolukapaguraH >kapaéHra
Kupaau. byHaan Taptnbaa Hopman atMocgepa 6ocummnaa 3appanap xapakaTuHUHT
Teanurn 10* mM/c raya yeuwwm Kysatunagu.
[MNasMOTPOHHUHT YMKULL KUCMUAA (1-pacm) UCCUK ra3napHUHE TE3NIUTI:

G
U, = S“Z, m/c (3)
B

byHAa G, — PeakKTOPHUHT YMKULL KUCMUAAru UCCUK rasnapHUHr capiu (M3/ce|<);
Sg—OKMMHWHI Yerapa KaTnamumaarvu UCCUK ra3 YNkaéTraH KeCUM H3acu (Mz).

(a3 Ba CYIOK/IMKHUHI MYXWUTAa XapakaT/aHWLL BakTuaa Xyaau ywa usnk
Xoccanapra ara 6ynraH xonga Te3 okuwu (CTpyiHoe) coamp 6ynagn, Kanicuku
TaHreHcnan ysunuuw tosanapu 6opnuvrun 6unad tascudnaHagn. TaHreHcuan ysu-
NNLL YerapacuHM Y3 uumra 0nyBYM OKUM MyHaNMLLM YerapaBuil  KaJIMHIMKKA 3ra
Oynaam Ba OKMM Yerapa katnamu ae6 atanagn. Okum Tewmk (Conno) aaH YMKKaH-
[laH KernH y3yHnuru 6yinnya yd kucmra (1-pacm.) 6ynmHagu: | — nnasma okumumga
NnamuHap NyHanuw a4pocv 60pNrMHN XapakTepioByn, 6oLnaHFmMy Kucm, Il — na-
MUHapP OKMM TYypOYyneHT OKuMra annaHaguraH, ytyBum Kucm; Il — TypOyneHT
OKUMHWHI LLaKNNaHLWK 103 bepaguraH, acocuii K1CM.

TaHnaHraH Hazapuii MoAeNb OKUM napameTpiapuHnN GUPUHYN SKUHAALINLL-
[a€K aHMKNaLLl MMKOHUHW 6epau.

Xucobnawnap 6yirimya mateMaTUK MOAeNb TaHNaHAW.

TaHnaHraH MOJENMHUHI Yerapa Katflamu OKUMW KaluHAWUTKU XapakaTnap
MUKAOPUHUHI CakNaHUL KOHYHUAAH hoganaHno Tonunaaun:

U2 (Y
PJgby = pUsh, —ﬂ[—) , (4)
o Us By
OyHOa £ — MyxuT 3uunuru; Up — COMMN0 YMKMLL VKW KUCMUOarum Te3nuru;
bo — 6oWwNaHFUY KUCM OXmMpuaary verapa KatnaMm OKUMWHWUHE ApUM KaNMHAUTN;
Uy — Yerapa Katiam OKAMUHWUHI KaNIMHAUTK G6yiinya Te3nuru; b, — yerapa Katnam
OKUMWHWHT SPUM KanuHAKIK; Y — Yerapa Katnam OKUMU KaJIMHNT .

(4) nhogaHn annpoKcumaumusnall opkanm baxonalHn vyerapa kariam mao-

facuiaH Tonuw MyMKUH:

14



1 U 2 Y 1

IUXZ-d(b—j:I(l—6-w2+8-w3—3-w4)-dw (5)

0 0 H 0

OyHAa o — Yerapa Katiam KaJIMHIUTUHUHE ApUM KaJIMHMIra MyHocabaru.
BownaHfFny KMcMaarn OKUM NYHaMWUHWHE ypTada Te3MIMHUHE Taxmu-

HWIA NacanLWMHK COMNJIO MyHaMLWMAa ypTaya TesNmMK y3rapmwmnHm ndota opkaiu

(2-pacwm) 6axonal MyMKWH:

1UH2 y 0 2 3 4
Iu : -d-(gjzj(l—a-w 18-2°-3-0") (6)
0 ™~0 0

CONNOHUHI YMKULLI Kecumuparu yprada Te3/IMKHM aHuknab, conno
KECUMW WYyHanuMwmn éHmaarn oKMM yprada Te3/IMIMMHUHT NacanuwmnH aHuKnaLl
MYMKUWH (2-pacM). BYHMHI y4yH CONMo Kecumurada Kepaknum 6ynraH macoga x
O/IMHaAMN Ba KaNMOPHUHI KMAMaTU aHUKNaHagn X/do (2-pacmparv a HykTa). a
HykTagaH U,/Uy=f(x/d,) (6 HyKTa) arpn 4m3nFn 6mnaH KecullryH4ya BepTuKan
4yn3mK yTkasmnagn. 6 HykragaH U,/Ug.KMAMATHM aHMK/IOBYM OpAUHATA YKUHU
KecyBuM (B HYKTa) rOPM3OHTaNn uUmM3nK yTKasunagun. 6 HykTagarm Kuiimart X
Macoaa 3pKUH ONUHraH ypTaya Te3/IMKHUHT Tywu KospguumeHTn [aeb
atanagn. Conno KecumugaH X Macodagarn okMmMugarv Te3NMMKHUHT abCcosoT

Knimatu: U = 3* U, .6ynaagm.

0

10

0.9

0.8

rawaami I. . . o p
- I
1-pacm. PeakTop connocuga 2-pacm. Cono YnkuLl
OKVUMHUWHI TapKasimLLl TPaeKTOPUSACK: VK1 KecMmmnaarv oKmm
1-noTeHuman A4po; 2-TypobyneHT NN Yerapa TE3NUTMHUHT NacainLun.

KaTtam.

LLIyHOah Kunmb, conno KECUMWHUHE YMKWLL KUCMUAarn yprada Te3IMKHU
aHVK1ab, OKUMHUWHI 6OLUIaHFUY KUCMK aTpoduaa consofaH xap KaHgain maco-
(hagarn OKUMHUHI ypTaya Te3NIUrMHU, COMNI0 KECUMUN MyHanMwmn éHnaarm oKum
ypTaya Te3Mru nacanniimnHm aHuKnaw MymKkmnH (2-pacm).

KentupmunraH XMco6HM OKUM yHanuwmn Mogenura Kynnaw MyMKUH.

HypnaHULLHWHT FOKOPW 3UUNUTAa 3puraH BaHHa Ho3acuaa UHTEHCUB KU3ULL
103 6epaan Ba OyFiaHML XXapaéHu 6oLunaHagun.



LLIyHN aliTULL MYMKMHKU MeTannap y4yH GYFfaHuLL >kapaéHu HypnaHuL
OKUMUHUHT 3uunurm P>10"°-10" BT/mM? gaH kaTTa 6ynraHga 6owwnaHaam Ba Gyf-
NaHULL TaXMUHaH 4 MC fiaH KelinH 103 6epaau. byHaali xonaT TaxMuUHaH Heprus
OTUANLLIN ALLMPUH UCCUKNK BYFNaHunLLM Ls ra TeHr 6yaraHaa cogup 6ynagu:

Lg~—PT (7)
p Q-7
OyHaa P — HypnaHuw KyBBaTW, o — MOAAAHUHE 3U4nurn, Q — UCCUKIUK YTKa-
3yBYHaH/INK, 7— Nn1a3Ma UMNYNbCUHUHT AaBOMMMﬂMFM.

M [ e B + |
= = anARAS J i 4z
g_“;.. e 7 = P
= m / 5 =10 =
B 7 00000 . i
et 8 157
s . Sgs et L
W00 1
= 5 / i B SR
g2 / r §' 4
5 OR 200000 - E o=
h £, e I'+| U 2
S’E -‘ 000 E: (]
B e e s o =0 - -
1 2 3 & & & 1 3 T
Hecpenme ¥ TEAZYE AR, 'm*
Hypnanum l(yBBaTH,P(BT/MZ) e b . QB )
a) 6)
=y 10 . n
532 e iz e
= B & o, . ¥ T
=i 5 i P Y gk MH’:‘.
UE: B B - 5:8 E :'\J ﬁ
- R L H
g g B =
s 4 i 7
T o> 3 z § 10— 5
E E 2 RoE
B g @
2 g ! L]
@ = Bo
1 2 3 4 5 6 7 8 1 2 3 : 5 5 7 5
3UWIHE, p (HrfM-a) TInasma MMITYIECHHMHT fABOMIGLTHTH, t (MC)
B) r)

3-pacM. AwmpuLl HypnaHUL NCCUKNT XUCOOMIA KNIAMaTNapUHUHT HypiaHWLL
KyBBaTTU (a), UCCUK/INK YTKaszyBYaHNK (6), MOAAAHMHT 3uunuru (B) Ba rniasma
NMNybCy gasoMmnnnrura (r) 6oF KNI,

Xuncobnalunap, HypnaHull KyBBaTUHWUHE OpTMLIK (3-pacM, a) NIasMOTPOH
peakTopua OyFnaHWLL SILLUMPUH WUCCUKAUTUHWUHT OPTULIMIa Ce3Uapin Tabecup
Kypcatagn. Mopaaa MCCUKINK YTKa3yBYAHAUTMHUHT opTuLumM (3-pacm, 6) CTpyk-
Typa LWaKNMaHULWKAArn MyXUM 3Heprusi OMUIM XucobnaHagy Ba MIa3MOTPOH
peakTopuia AWWPUH UCCUKANK GYFNaHWLLIMHUHE acTa-CeKnH Kamaiuwura onvo
Kenagn. Mopaa 3MunMrMHUHE opTULLIK 3ca (3-pacm, B) ByFnaHULL SLIMPUH NCCUK-
NINTN acTa-CeKMH nacaiviumra onné Kenagw. Hatwkaga CTPYKTypa LUakinaHuLL
)KapaéHUHN MaKcaa/n GOLLIKApULL MMKOHWU TyfFunagun. Mnasma MMnynbCyu AaBo-
MUAIMTUHUHE opTuLK (3-pacM, T) NNa3MOTPOH peakTopuaarn OyFnaHuL Awu-
PUH UCCUKNNTI Ce3unapan Tabeup Kypcatmangum.
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LLIyHAan kunn6, maexyg MY B-300 Kypuimacu TeEXHUK dXapaéHnapHU Tako-
MUNNAWTUPULL Ba CTPYKTYpa LWAKINaHULL TeXHONOTMACUHM ONTUMasnall UMKO-
HUATNapPW Ha3apuiA acocnaHraH.

AncceptaunaHnHr «BonbpamMHuHr Y KaaH dorganaHnb taiépnaHran
ac6o6/1apHM TEPMUK ULLINALL TEXHONOMMACK» e6 HOMMaHraH TypTuMHUM 6obnaa
BONb(PaAMHUHT yNbTpagMcnepc KyKyHnapugaH goinganaHn6, tainépnaHraH acboob-
NapHN TEPMUK WLLINAW TEXHOMOMACK Ba MIa3MOKUMEBMUIA PEaKTOPHUHT SHIU
KOHCTPYKUUACK KeNTUPWATaH.

MaBxyp peaktopga d/[ myHoca6atl/10 ra TeHr 6ynraHga NnasMOKMEBMIN
TUKNaww >kapaéHu 0,03 cekgaH OpTMK AaBOM 3TMailan, GyHAa KaTTa Mukaopdaru
nnasma OKUMWN UCCUK/IMK 3HEPTUACUHN Te3 iykoTaau. LUy cababnm mabiym Muk-
Aopgarv KyKyHiap TMKnaHMan Konagu.

[ncceptaHT TOMOHMAAH UCCUKINK (m3nKacu bunaH 60fFInMK xmucobnap Ha-
TUXKaNapuHUHE Taxnan acocuga Maexyg 6ynraH MNYB-300 (4-pacm) Kypuima-
CUHW MOJepHM3aLmanaLl OpKaIn AHrM TEXHOMOTMK »KapaéHiap Taking KUINHIaH.

6
4-pacm. «MYB-300» Kypunamacuga cogmp 6ynaétraH maz)aéHnap: a-nnas-
MOreHepaTopAaru nnasma xocun 6ynuul xxapaénu; 6 - peaktopaa
coamp 6ynaétraH xapaéHnap.

Peakums KUCMUra sHeprus Haakat njasma OKMMMW KYpUHULWINGA, Gasiku
FOKOPM Xapopatraya KM3QupuaraH ras peakumns Kucmura snektTpokanopudgep épaa-
MMAa KyLIMMYa OKUM KYPUHULLNAA AEeBOP KUCMU OpPKa/IN KUPUTUIAAN.

5-pacmfia NNasMOKUMEBUIA PeaKTOPHUHI KyHAaNaHr Kecummn Gyinmnua Kup-
KUMU KENTUPWUIIraH; Koakcuan UUanHApAap, KopuaaH KypuHuwmn, A-A KMpKUMK,
Koakcuan umnuugpnap, B-B kypkumun Ba 1-kopnycgaH nbopaT, 2-niasmoreHe-
patop, 4-connonu (opcyHKanap BOMbMPaM aHTMAPUAMHU Ta3CMMOH peareHTu
OunaH nnasma OKMMK peareHTV KOpULIMacuHW 6epuLl YYyH KOPMYCHUHI HOKOPK
KMCMUAA, NYKN UMNVHAP aTpoduaa XXONnalTupuiraH.

Ma3CMMOH peareHTHW Kopnyc(l) HUHI geBop éHuparvu 6yLInKKa KUpUTKLL
YUyH (4) consio maBxya,

KopnycH/HI Mapka3uii Yku 6yiinab Koakcuas ypHaTuiaraH MKKUTa apum
uvnuHgpnap (5) Ba (7) ypHatunrad. Mapkasga ypHatunrad 5 umnuHapaa, YHUHT
OyTyH t03acu 6yinab rasCMMOH peareHTHW Yy3aTWULI YYyH LWaxmar TapTuébuaa
XormnawTupuarad TUPKULW BasugacuHN GaxkapyBun TaHreHcuan tewuk (6) nap

(v

YpHaTMAraH.
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MaB)Xy/ nnasMaBuii Kypunmaga aHrm peakTopHU Kynnaw épgammuaa TeXHO-
NOTUK TaIKNKOTNAP YTKa3uraH.

[unccepTaHT TOMOHMUAAH KUWWH 3puidauraH MeTaniapHUHI AUCMEPC KYKYH-
NapyHN ONULL YYYH TaKNUGg KWIUMHraH SHrM naasMoKUMEBWNIA peakTop, MaBXy[l
oynraHnapugaH, nN1asmMoKMMEBWNIA PEAKTOP KOPMYCUHUHI MapKasuii yKu 6yiinao,
opacua 3nekTpokanopugep XXomnawTUpuUaraH UKKUTa Spum UUAVHAPAAPHUHTE
Koakcuan ypHatunraHnury, OyHaa mapkasfa ypHaTtuaraH UWIMHOPHUHE xamma
o3acua LaxmaT TapTMbuaa >KOMNaWTUPUAraH TaHreHcuan TeluuMKnapiaH
TaLLKWU/ TOMraH XasKacUMOH COnJonap KUAUHraHamrn unad apk Kunaau.

7 2 £
) a Q [ " 4-4 5-8
g = 3 e
\ =y / s G cgimiig ooy
N 4 5 7 J
* g
P 5 7
7
7 7 % #

w

n
e
===

P O O oy O e (N e

gl

/

5-pacM. AHr1 N1asmMoOKUMEBUIA PEAKTOPHUHI KOHCTPYKUUACK:
1-K0OMK, 2-Nna3moreHeparTop, 3-Koakcuan uunuHapnap, 4-conno, 5,7- yunuHapnap,
6-Tewumknap, 8-TnpkuLL, 9-anekTpokasiopudep, 10- YMKNLL TeLUMKIapw.

TagkmkoTnapga MNYB-300 caHoaT Kypunmacu unbTprapuaaH OfMHraH
1-)afBanga KypcatuaraH BonbpaMHUHI NiasmaBuid KyKyHnapugaH goingana-
HWUAraH.

[MnasMOTPOHHUHT KyBBaTW 45-55 BTtga ywnab Typungu, KaopuepHUHT
KyBBaTV - 16-18 KBT, nna3moreHepaTop opKanu Bogopos caphu 20 m°/c, Kanopu-
tep opkasm 40 gaH 60 Mm°/c raya Tawkun aTAN. Bonbdpam okeuan caphu - 6-
10 kr/c. Kanopudep 61naH K3aupunaéTraH BOAOPOAHUHT xapopaTth 1500-1600°C
Tawkun kungn. LyHgain kunmb, ymymuin kyssaT 75 KBTgaH owmagm, Bogopoa-
HUHT yMyMuWiA capdy 80 M°/c HM TaliKun 3TAWM. AHW BakTAa BOAOPOA captu
75 M°/c 6ynraHaa, aHbaHaBMIA CXeMasin MNa3MOTPOHHMHE KyBBaTk 100 KBT Tall-
KW KUraH.

ONUHraH KyKYHIapHu TagknuK KWW LWYHW KYPCaTAUKW, LOHNAPHUHT Yp-
Taya ynyamiapy KMUCMOopo4 Ba HamIvK 6yfFnapyu of MPANKHUHT  0,5% HKW TalKun
knnraHga ®uwep 6yinya 0,07 - 0,09 MKM HM Tawwkua kunrad (1-xagsan).

KyKyHnapHu1 rpaHynsumsnal y3 yku atpoguaa ropusoHTan Ba BepTUKan Te-
KUCNMKNapaa ainnaHagurad Kopuwtumpradnapga amaara owvpungn. Kusgypvw sa
MULLIMPWLL KapaéHnapuHn TaHnaw «Y3KKYUMK» AX Ne2 uexwugary uiinab
4ynka-puLl xnxosnapuga (MyYB-300, LEM-214, CTH-1,6) amanra owmnpwunraH.

AHrn peakTopAa BoMb(pamM KYKYHapUHN ONNLL XKapaéHWaa peakTop Taruaaru
YYKWLL Kamepacuga Lespnn KyKyH Tonunmagn, 6y Bonb(paM OKCUAMHUHE Kapuiit

18



TYNIMK TUKNAHTaHAUIN Ba BOSIb()PAMHUHT YNbTPagMCcnepc KyKyHnapn guabTpiapra
TyLIraHamMruaaH ganonar 6epraH.
1-xagBan
[MNa3mMOKMMEBMIA peakTopAa OJIMHIaH KYKYHNapHUHT duiep 6yinnya
AOoHanap ynyamu Ba KACNOPOLHUHT OF UP/INK YYLLN

No TaHnaw HyKTacu duwep 6yinya goHa | Kucnopog Ba Ham
T.p. ynyamm, MKm OYFNapHUHI OFUPINK
ynywimn, %
1 W nnasmacu unbTpaaH 0,08 0,8
2 W nnasmacu unbTpaaH 0,09 0,5
3 W nnasmacu ékuiu 0,09 0,5
KamepacujaH
4 W nnasmacu unbTpaaH 0,07 0,4

Bonbpam OKCUAWHWM TUKnawl WYynuM 6unaH ONMHIaH BOMb(pam YnbTpa-
ANCNEPC KyKYHNapPUHUHT 3M1eKTPOH-MUKPOCKOMUK cypaTnapu (6-pacm,a), ynbTpa-
Anucnepc 3appavanapHUHT CPEPACMMOH LWAKM BOMb(PaMHUHI KaTTa 3appanapu
YUYH XapaKTepan aMac/IMruHn KypcatraH.

LLIyHOan xonatnap xam coamp 6ynaamku, arap Maxcyc yopanap Kypuamaca,
YOKnapra xap Xvun anekTp, AUCNepCcusi, MarHUT Kyudnapu Tabcupuaa KOHIIoMe-
patnap xocun 6ynraH (6 — pacm,6).

oA, s = B S o
T e o

a) 6)
6- pacM. Bonbhpam ynbTpagncnepc KyKyH/IapUHUHIE cdoepacuMOoH Wwakngaru (a) sa
KoHrnomepatnap (6) Wak1aHULWVHUHT 3/1EKTPOH—MUKPOCKOMUK KYpuHULLIK (x100000).

KoHrnomeparnapHWHr  MycTaxkaMinru asoxuga xonarnapfa LWyHYaImK
FOKOPWKW, YNapHU 3aMOHaBMin Maifanarnynap (gucneperaropnap) AaH doingana-
HM6 xam facTnabku xonatura Kkautapnb 6ynvangun. by KyTunmarad xonatra oo
Kenagu, SbHU KMMMaTbaxo matepuangaH Kainta oinganaHno 6ynmangm.

YnbTpagucnepc 3appadvasapHuHr - Mopdgonoruacu  (7—pacm), BOLOPOA-
NnasmaBuii - TUKNaWw Wynum 6unaH ONUHIaH BOMbMPAMHUHE  yNbTpagmcnepc
KYKYHNapn UKKN KOMMOHEHTN a-W Ba B-W cucTeMadaH Tawkun TonraH. bepwn-
raH KyKyH eTapavya Maiiga foHanu 6ynmo6, KceHoMopMuU3m SKKO/ Ky3ra TalliaHa-
AMraH LWaKncu3 cTpykTypara ara. AudpartorpaMmMa TaxamamM aToM TEKUCUKNapK
opacugarv Kuimartnap 6epunraH KyKyHHUHT T03a BO/ibpamra TErMLAW 3KaH/un-
r’MHKU KypcaTraH (8—pacm).
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7—pacm. Bonbthpam Kapouam ynbTpa- 8—pacm. Bosnbhpam MeTaiiv KyKyHU
Ancnepc KyKyHapu mopgonorns sa AndpakTorpammacu.
cTpyKTypacu (x50000).

Bonbpam Kapbuan KyKYHVHWHI CTaHZapT Ba TUK/aHraH ynbTpagucrepc
KYKyH/1lapy acocugarv 3neKTPOH—MUKPOCKOMUK KypuHUwinapn (9—pacm) Kentu-
punraH. MUKpocTpyKTypagaH KypuH1MG TypubanKn, CTaH4apT HaMyHanapaarn Ka-
61 KOHrnomeparnap XoCun KUamachaH fespav 6up Tekuc manga goHaam CTpyk-
Typa XOCWU/ KWraH.

[MnasmaHUHI TYpOYNneHT Kucmmuaa coaup 6ynaamraH yta TYWWMHraH floKan
(hNYKTaLUMOH V3rapulinap, XapopaTHWHT tokopu rpagveHtn (10° rpaa/m),
peaKLMANapHUHT KaTTa Te3NMK Ba >kapaéHnapHWHr Te3 Gopuwwm (10%-107 c)
KpucTannap YCUWWUHWUHT HOMYBO3aHaT LUapouTiapuHu Kentmpnb umkapagun. LUy
cababnin KpuCTaNNapHUHI LWakKvM MaBXyg 6ynraH nnasmokKMMEBUWIA peakTopnapia
ONIMHraHnapuaaH apk KuiraH.

Bonbpam KyKyHUAaru K1UCnopog MUKLOPUHU KaManTupuw (naccvsaums)
YUYH MaxCy/OTHU pPeakTOpHW y3uaa ypHaTuaraH rpadutiv €kum MeTtasn MaTonm
(unbTpnapga TyTMO KOMMW Takaug) KunvHaW. By ycyn mabnym mygaatrada
KYKYH Y3-y3ufaH anaHranaHué KeTULIMHW (HEenMpPOMOPHOCTb), XaBNCUINUTUHU
TabMUHAAAM, aMMO HOKOpU Xxapopatnapfa (800-1000°C) yHUHr cyB 6yfnapw
OvnaH Tabcupnawmwmn pyn 6epan. Oactnab xomawéHm 5-10 MuH opanukaa
TYXTaTMob TypuL >XapaéHu cMHaAb Kypungu. by opanvkga unbTpgarn mMaxcynot
KYPYK BOZOPOA OKMMmMAa TepmonaccusnaHagn. KykKyH Tapkubugarv Kucnopog
MuUkaopu aactnabkm 10-20 kyH gaBommpa 2-2,65 % rava etagM Ba 6oOLIKa

y3rapmMacaH KoJiraH.
r o v

6)
9 - pacm. Bonbhpam Kapbuam KyKYHUHUHT cTaHAapT (&) Ba TUKNaHraH ynbTpagmc-
nepc KyKyHnapu (6) acocugarun 3neKTPOH-MUKPOCKOMUK KYpPUHULLIapH
(katTanawTupmw x50000).
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[MaccuBaLMsanallHUHT UKKUHYM YCYIM XOM aLlé 6unaH euprannkaa yrneBo-
AOPOANApHM KMPUTUW BunaH umw4uM OyLWMKKa tobopunaéTraH rasHu 6GeH3uH
OpKaNM nypkawl ycynu Taknmg atuarad. by ycyn axwn Hatvxka 6epraH. Hatvxka-
Aa W KYKYHUHUHT Y3-Y3ugaH éHu6 KeTtMacnmrun tabMuHnaHamn. baxkapunraH tag-
KMKOTNap HaTwkacuga ctaHaapT KoTuwmanapgaH apk kunaguraH maiga LoHanu
CTPyKTypara ara 6ynraH Kotuwma nwnad umkmngn. WC foHanapu xaxmmga yn-
yamnapy 100 HM rava 6ynraH asa 80-85% Hu Tawkun kunagu, BK10-M-ko-
Tuwmanapmga 65-75%. WC — aza goHNapuHUHT ypTtada ynyamnapy 110 HM Hu,
BK10-M—-koTuwmacuga aca 130—-150 HM HW TalLKWUI KANTaH.

MaBXXy[ KoTulIMasiapra HucbaraH oiHraH KoTuma Mainga foHanm Tysu-
NMLLIra ara Ba HOKOPWU KYHZaNaHr aruivw mMycraxkamaurura ara éynrad. byHpaai
Hatwka WC — (haszaHn mairganawl, KobasbT u Kapbupg ¢asanap XxoccanapuHu
y3rap-Tupu HaTwkacuga spuwmngn. Maiiga fgoHanm CTpyKTypara ara KoTuma
toKOpM (DM3MK Xampa MexaHWK Xoccanapra ara Oynagum Ba HKOpW wiaLl
XOCCalapuHN  TabMuHNanan. KuinH wuwnos 6GepunaguraH MatepuaniapHUHT
nabopatopusa cuHoBnapun, BK10M koTuwimacura kaparaHga Takaug) aTunaérraH
KOTULLMAHWHT TYPFYHAUT K 1,5-3,0 FOKOPY 3KaHNUTMHW KypcaTraH.

AHrM NNa3MOKUMEBWNIA PEaKTOPHUHI TEXHOMOTMK TaAKUKOTNapU HaTuka-
napun taxaunu (1- »kagsan, 5-9 pacmiap) XoMalléHV KaiTa uwinall Ba XKapaéHHU
OOLKAPULL UMKOHUATU OPTULLMHK, KYKYHHUHT LUCNEepCanrn xamga KoTuiima-
HUHT FPaHyOMeTPUK BUPXUSIUTA Ba TUKNALL YKapaBHUHUHE XapakaT- Koajduun-
eHTW OPTULLNHW KypCcaTraH.

BumeTann KOMMNO3MTNapHU WY BakTraya TePMUK MLLNaLlra etapivya sbTu-
6op 6epunmaraH. MaBXyf TEXHOMOMVMK pexumnap 6umetann KOMMO3UTAapHU
TallKWA KWNYBUYM MaTepuannapra KynnaHwiraH crtaHAapT pexumnapgaH dapk
Knnmangu. byHga mp Heva Typam MeTaifaH Tallkui TornraH KOMMo3uTapHUHT
y3ura Xoc TOMOH/MIapy xucobra onvHMaraH. Hatmxkaga TepMyK mwnaw camapa-
AOP/INTY KamalraH, KOMMO3UTNapHUHT NOTeHUMan UMKOHUATAAPU TYINK 04mnb be-

punmaraH.
iy Fe% , 4OXHMA - BKS
] 1166 |
IR
B | | J—W
06 L,

3 IEn

R R A T S S K B T R
2 4 6 B 10 12 34 3¢ I8 20 12 24 26 EMUM 6)

a)
10-pacm. BK8 KaTTuK KoTuima — 40XHMJT nynat KoMno3uTUHM TeEPMUK MLLaLl (a)
Ba YTULL KNCMUZA 3/IEMEHT/TAPHUHT TakcumMnaHum (6) cxemacw.
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LLly ca6abnv gucceptaHT TOMOHMAAH OYOM TaHa KUCMMAA KyudslaHraHanK
XOMAaTUHWHI  KOMMO3WUT  XOoccasiapura TabCuMpWHU  ypraHuw  yyyH (10-pacwm)
Kyiingaru TapTnéaary TepmMyK miinadrad: gactnaé 220°C xapopatga 1 coat AaBo-
Muga Kuaampunrad: 1 ycyn — 280°C aa 1 coat M30TEPMUK TyTUG TypuraH; 2 ycyni—
280°C pa 3 fakuka M30TepMUK TyTu6 Typunrad; 3 ycyn— 280°C ga 5 Aakuka
N30TEPMUK TYTUO TYpUraH.

TagkuMKoT HaTwkanapupgaH (10-pacm, 6) KYpuMHUG TYpubAMKM, KOMMO3UT-
HUHI X0Cu 6ynuwnga HUKeNb KaTTUK KOTULLIMA Ba NynaTt katnamiapura 0,1 mm
4yyKyp/iMkkada kupu6 6opraH. Cu Ba Ni acocnim katnam W xamga Co 6wunaH
KaTTUK KOTMLIMA TOMOHAAH Ba nynaT TOMOHAaH Temup 6unaH 6ormrad. Cu Ba Ni
HUHE 3rpy YnsnKaary Makcuman TakCUMNaHUWK KaTTUK KOTULLIMA TOMOHIa Kapab
cumKnraH, by y3 Hasbatuga opamk Katnamga Fe HUHT MHTEHCUB apuraHnnrunaaH
panonat 6epagm. XXyaa kyn mukaopga MgC, MsC Typgaru dasanap xocun 6ynraH
Ba WC (ha3a MUKLOPU 52 % raua KynairaHaurHu Kypcatam, YTuil KUCMUHUHT
(basa katnamm Taxamnm (2—xaasan) Cu—Ni KOTULWIMACUMHMHI KATTUK KOTMLUMA
OvnaH akTMB TabCUPALLIMLLINHW TacAuKNaraH.

HWKeNHWHI nynatra CUHIUWN KONAWK ayCTEHUTHUHT Nango 6ynuwmn éunax
KysaTunagu. YTuw 3oHacuga Katta mukgopga 30 % rava y—Fe 6ynagu. Kom-
MO3UTHUHI YTULW 30HAacK Kyuhuparu asanapHu y3 uuura onagu: a—Fe, y—Fe,
MeC, M3C, MC, WyYHMHIeK KaTTMK KoTuwima TapadugaH Co 6unaH xocun 6yn-
raH thasanap KysartuiraH.

KoMnosuT 6MpuKnL KMCMn MUKpPOCTpyKTypacu (11-pacm, a) Kynmaaru xa-
pakTepnn KucmiapgaH noéopar: 1-KMCM — KaTTUK KOTULLIMA TOMOHWAAH KUMEBUIA
peakTuBnapra OKopu TabCUpaHyBYaHANIK Ba Kapbug dasanapu y3apo Macoda-
napu y3yHauru bunaH xapakTtepnaHagu; 2-KMcm — GUPUKALL KUCMU MaTepuanu
acocmaa Talkun TonradH 6ynmnb, KoOMK Ba TYp/K LUakara ara ayCTeHMT-Kapbua
(basanapugaH noopart.

2-xafBan
BK8 kaTTuK koTuwma — 40XHMJT nynat KoMno3utu yTuLL 30Hacu
KaTnamnu (pasaBuin PEHTreH Tax/IMn HaTuUXanapwu

KomnosnTHu Tawknn aTyBumnap
TaLlKun 3aTyBYNNap ounaH yeraparavya PeHTreH HYN3NKNAPUHWNHT HUCOWIA NHTEHCUBAUTA

oynraH macoca, MM*
da3za Tapknbu, %

o—Fe y—Fe MsC Co MsC wC

BK8 0,2 - - - 8,0 - 92

0,1 - - - 7,8 91

Cu-Ni acocnun 0,1 - 40 3,6 4,5 - 51,9
OMPUKNLL KaTnamm 0,2 47,1 37 3,1 3 - 9,8
0,3 79,5 18 1,6 - 0,9 -

40XHM/ nynat 0,1 95,2 3,5 - - 1,3 -
0,2 98,7 - - - 1,3 -

*Macoha (6UpUKMLL KaTNaMu KyHZasaHr Kecumu 6yninda) MeTannorpaguk Taxaumn
MablyMOoTNapu byiinya aHuKIaHaw.
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Bupmkmw kucmun kanuHauru 0,15-2,0 mm; 3-kucm — kanuHaurn 0,05
MMrada Oyn-raH KOOWK; 4-KMCM — MEHONONUCTUPON rasnaHraHanuru xucooura
Xocun 6ynraH yrnepogra TYWUHraH nNepauT-LeMEHTUT CTPYKTYpain Kart-am
aBTeKTOMAradya OynraH nynarnap CTpyKTypacura Xoc  (hepput—nepnuT
CTPYKTypacura acta-cekKuH yTné 6opraH.

MWKPOKATTUK/IMKHA KOMMO3UT YTULW KUCMW KYHAanaHr Kecummn 6yinya
ynyall KaTTUK KoTumara SKMH KMcMuaa KaTTUKINK JacTnabkm KaTTUK KoTULLIMa
KaTTukurura HucbataH (1600-1800 HV gaH 600-1000 HV rava) nacavraHnvri-
HW KypcatraH. OpanvkK KkaTnam MaTtepuany acocuparv KucMaa KaTTUKIUKHU
KecknH 400 HV ra Tywmwm Kysatuirad. Yrnepogra TYMUHraH KcMra éHgaturaH
KucmMuaarn Kattuknvk gasomnu pasuwga 300-400 HV gad 200-240 HV rava Ka-
marraH (11 — pacwm, 6).

TakInMg) KUAMHraH pexkmMra acocaH KaTtTMK KOTULIMasM acbob pactniab
250°C xapopataa 3 Jakuka AaBomuga Ku3avpunrad, Keiind 1100°C xapopatga 5
[aKNKa KusaupunaraH, 280°C xapopaTaa 3 Aakuka JaBoMuaa M30TePMUK TyTUG Ty-
punraH. CyHrpa 860°C xapopataa 15 fakuka JaBoMuaa Kaita knsgupunrad. To6-
nawl Ku3gupunraH éra amanra owmpunrad. TobnaHraH KaTTuK KOTULLIMaam acbob
220°C xapopataa — 1 coaT gaBoMua 6yLuaTuraH.

LLIyHAain Knunmb, ui pecypcy Ba ULLMIOBYAHINK ULWOHYIUIUTA aHYa HOKOpU
OynraH KaTTUK KOTULIMaNM acb06HN TEPMUK ULLINALLHWUHE SHIW TapTu6 Ba ycnyou
Nwnab YNKUIraH.

ot Mok g

blig ‘

0o i 0 U0 tm

6)

11-pacm. BK8 KaTTnkK Kotuwima—40XHMJ1 nynat Kyhima 6umMeTan1 KOMMo3nTu
YTULL KUCMU MUKPOCTPYKTYypacu: 1 - Katnam Murpaums;
2 - KaT/1am yTUL KaTtnaMmy matepuanm acocunia; 3 - Kkatnam Kobuk;
4 - kKaTnam yrnepojara TyunHraH katnam. X150 Ba KyHAanaHr Kecumun 6yinya
MUKPOKATTUKIMKHUHT TaKCUMIaHWULLIW.
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AncceptaunaHnHr «TafKUKOT HaTKa/lapuHU  KynalwHUHE  aMasini
acocnapu Ba MKTUCOAUMN-TEXHUK KypcaTKUYnapHu 6axonatu» [e6 HoMMaHraH
belumHUM 6obmnaa acbobnap yvyH Bonbdpam YAKnapuHu mwnab yunkapul sa
KYNTALWHWUHT MKTUCOANA-TEXHUK KYpcaTKNYIapu KeNTUPUTaH.

YTKasuraH TafKUKOT/Iap HaTuKanapura acocnaHwb, MeTan KecyBuu Ba
lwakn 6epyBuM acbobnapHN BONbMPAMHUHT  YNbTPagMCcnepc KyKyHnapuaaH
Taépnall TeXHOIOrNACK Uwnabd YNKUIraH.

MaTpuvua uwyn KMcMy Matepuani cuatuaa KaTtTuk KOTULWMaIN NNacTuH-
KasapHu npeccrall yuyH BK8 kaTTuk Kotuwmacy TOCT 3882-74 onuHraH. YKM
cuHTE3n ydyH 150 mm guameTtpnan maTpuua onuvw ydyyH BK8 KaTTuk KoTuLmacu
TOCT 3882-74 Ba nuwumpwirad MonéaeH kotmwmMacy Mo-TiC choriganaHusraH.

KatTuK KoTvwmann Kyuiunmanap BOMb(PAMHUHI YbTPagMcnepc KyKyH-
napugaH TanépnaHgun. Taép anemeHTnap nabopartopus WapomuTmaa KaycTuK cofa
Ba aLUeTOH 6unaH BFCM3NAHTUPUALN, UWMa6 YMKapULL LWapoMTMaa YNbTPaToBYLL-
nn BaHHaga 8-10 MvH gasomupa ywnab Typungun, KeMnH sMyrnbratopny cyspa
8-10 Jakuka AaBomMuaa TYTMO Typull OpKanu BWUAAW. EFcusnaHTMpunraHjaH
KevH Kyinnnmanap Kyputungu. Opanuk katnam cugarmga guametpu 0,1 - 0,6 mm
OynraH HWKeNb Ba MUC cumiapu mwnatuagn. Cum 6aHfax KypuvHMLWIMAA MLLIYK
aneMeHTra yHu npeccgyopmara ypHatuwaaH ongauH KUngupuaraH.

Kyiima 6umeTans Komnosuuyusnap OMPUKMLL KaTnamy napaMeTpriapuHu
onTUManfall TaAKUKOTIapPHU peXXanallHUHT MaTeMaTUK YCY/napuHu Kynnara
xonga 6akapuaraH. KoMnosuT Tallkun 3TyBUXIapU opacuparv MycTaxkamankHu
aHMKnawWw yu-yH N=2% kypuHumparn TYanK OMUAIM TadKWKOT pexacu amanra
owwnpungn. by monmbgeH kotrwmac Mo-TiC-nynat 40XHMJ1 KOMNO3NTK YUyH
Kyrmngaru perpeccust TeHrnamacy KypuHuwmnga y3 akCMHU TOMrax:

y = 194 + 235X, — 16X, +36,5X; + 2X,+ 6X — 3X, + 52X, 8)

OyHOa X; — cuM KanuHauru, X, — ypamnap opacugarn kagam, Xs — 6aHgaxmiaru
HUKeNlb MUKAOPKU, X4 — X1,X; Y3apo MyHocabaTnapu, Xs— Xq,X3 y3apo MyHocabaT-
napn Xeg— X,,X3y3apo MyHocabatnapu, X;— X1,X,X3y3apo MmyHocabatnapu.

TeHrnama KoahUUMEHTU KuiAMaTnapy CTaTUCTUK OGaxonaHraHga KenuH
perpeccusi TeHrnamacu Kyimaarmn KypuHuLLra Kenra:

v = 194 + 235X, — 16X, + 365X, + 6X, 9)

OnTumannawl napameTpu mMakcuman KMAMaTUHU aHuKnawga «TuK Kytapu-
NALW» YCYNU KYNNaHWNaM Ba Xap Kaucu KOMMO3UT YUYyH YTULL KUCMW Luakia-
HULWra TabCcup aTaguraH OMUINAPHWUHE 3apyp KuiimaTnapu aHWK/IaHraH.

KOMMO3UTHUHI MLIYM KMCMW KATTUK KOTULIMa Ba Mo-TIiC  KoTuMacujaH
TalépnaHraH Kyiunma, 3:2 MyHocabat/iM MUC Ba HUKeNb CUMAAH TallKun TonraH
ypam xonugarv YT Katiamu, TaHa KUCMU KyiiMa KOHCTPYKUMOH nynat 40XHMJT
Ba 40XHM®J1 napgaH TanépnaHan. Kyima 6umeTann KOMMNO3WUTNap TalpnaHraH
acbo6nap HKOpPW MLLNOBYAHIMKHW TabMUHAAAMN.
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BonbpamMHUHT ynbTpagnucnepc KyKyHiapuaaH TaépnaHraH MeTanl Kecys-
4yM Ba LaKN 6epyBUN acb06MaPHUHT TaXpubaBuii HamyHanapu Uwnab Ynkapumul
LaponTMAa CUHOBAAH YTKasuaraH, TanépnaHraH naacTUHKaapHUHE TYPFYHINUTI
aHbaHaBuiinapura HucbataH conmwiTmpraHga 45 mapkaam nynat yydyH 1,06-1,40
Ba Cu20 uysaHM yuyH aca 1,22-1,80 mapTa HU TawKun Kungu. Ne23 Kupuvw KyTu-
CU PONMKNapK «Y3MeTKOMBUHAT» AXK M6 YMKAPULL LLIAPOUTIapUa CUHOB/AH
yTKasunay Ba 15531 TOHHagaH KYnpokK HYKCOHCK3 NPOKAT O/IMHIaH.

TafKNKOTNAPHUHT  amanga  KymnaHuavwm - «Y3KKYUMK»  AX  Ba
«Y3meTkobuHaT» AX MabaymoTnapura Kypa 2010 iun yuyH iinnura 170,3 MAH.
CYMHW TalKUA Kungn. TaAKUKOT HaTvKanapyHW XXOpUI KUnuwgaH Kytunaétra
NKTUCOAMIA camapagop/vik nunura 376 MIH CYMHW TalLKWUA 3TraH.

Ouncceptaumsa MWW HATWXKANAPUHWHT  YKYB  >KapaéHura  TaTouku
“MaTepuaniyHOCNNK Ba KOHCTPYKLMOH MaTepuansiap TexHonornacu” gaHnaaH 6
coaTr xaxmaa, “HomeTtann matepuannap” aHugaH 4 coat xaKmaa, XXamu 6ynuo
10 coar xaxmpa 5520500-inyHanmwngarn 6akanaspiap YYyH, LWYHUHIAEK
“KomnosuumoH Marepuannap” ¢adngaH 20 coat xaxmga Ba “KykyH
mMeTannypruscu” gaHngadH 10 coaT xakmaa, Xamy 6ynm6 30 coaT Xaxmia
5A520510 - myTaxaccucnurmgaH marucTpnap TavWépnawgarn YKyB >kapaéHuaa
(origanaHunrad (04.05.2010 sa 02.04.2014 winn panonaTHomanapu). WMKkuta
[AapCNvK HawpdaH yvkapunrad 6ynu6, Termwnn 6ynumnapvga guccepraumsgaH
6aéH aTunraH matepuannap y3 nogacuHmn TonraH.

XYJ1I0OCA

«BonbMpaMHUHT yNbTPaAUCNepC KyKyHnapuaaH (oinganaHné KOHCTPYKLMOH
MaTepuainap fpaTv» MaB3ycuparu AOKTOPAVK aucceptauyumsacu 6yinya onmo
bopunraH TaAKUKOTNap HaTKacuaa Kyinngarn xynocanap Takanm sTUIgn:

1. KallHaéTraH CYKNNK—ra3 Myxutuaarv sappadanap xapakaTMHUHI aspo-
AVNHaMWK XapaéHnapuHu ypradvw opkanu MY B-300 peakTopu coniocugaH oKMM
ypTaya Te3NMUTMHUHT nacaiuLl XaganamrmHu 6axonawl uiMui acocnaHan Ba yHU
acocuii TEXHONOMMK MapameTpfiapy y3rapuil KOHYHUSTNapUHU aHuK udoganan
onaguraH mateMaTukK Mofenb TaHnaHgu. AHUKNaHraH acocuini TepMoAMHaMUK
OMUNNap: HyplaHUW KyBBaTWU, UCCUKINK YTKa3yBYaH/INK, Nia3Ma UMMYAbCUHUHT
[AABOMUIAINTA Ba 3UYNNK BOFNIMK paBuLLAa AWMPUH UCCUKIUTUA  Y3rapullm xamaa
KOHYHUATNAPW YNbTPaguCnepc KyKyHfapgaH OfIMHaAuraH MartepuaniapHuHT
TapPKNOMHM XMcobnawl ydyH Xm3mat Kuiagu.

2. TeXHOMOTMK >apaéHN YYyH MCCUKINK (PU3MKACKM XMCOOM Ba Taxaumiu
acocmaa MYB-300 Kypunmacy nnasmMoOKUMEBMIA PeaKTOPUHUHE ULLaW Pexxumm
Ba KOHCTPYKUMACMHM aHuKnawTupuwira apuwmnngun: 1ok émm 0,45 paH 0,55
KArava, éin kyunaHuwmn 380 paH 410 Brauya, nnasmoTpoOH OpKanu yTagurad
BOAOPOZ, captm 60 gaH 70 M° raua, Bonb(pam aHrMAPUANHN TPaHCMOPTUPOBKa-
naw y4yH BOAOPOA capdu 2 aaH 4 M3/u raya, nna3MoTpoHaarn cys capthm 2,15
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fgaH 3,6 M4 raya OWraHUHUHI @HWKAAHTaHW SHIW  KOHCTPYKUMsSAari
peakTop/iapHu UwWNab YMKMLLLa acoCUn KypcaTKmy cudatnia Xvm3mar Kunagu.

3.TEXHOMOTMK  >KUXO3MapHUHT  MWab  yuMKapuw  camapagopanruHu
ce3niapn  OWNPUL  UMKOHUHW GepyBYM, KWUAWH 3puiAguraH MeTasnapHUHT
YNbTPaANCNEPC KYKYHIAPUHM ONULL YYYH OMPUHYM MapTa AHMM M1a3mMOKUMEBUI
peaktop uwnab umkungu. by 6Gapua Typpary MetannapfaH ynbTpagucnepc
KYKYHNapUHM 1wnad ymkmga MyxmmM axammnaT Kaco atagu.

4. ByFnaHuLw AWNPUH UCCUKIUTU MUKLOPUHM XMcobnall yyYyH nia3MoTpOoH
PEaKTOPUHUHI  (DU3NK Mogenu wuwnab unkungn. by WCCUMKIMK  anMallnHyB
XapaéHUHW  TagKMK  KWaMwAa  Ba  MAA3MOTPOH  KOHCTPYKLUMSACUMHM
TaKOMW/INALITMPULLITa XU3MAT KUNagu.

5. CTpyKTypa wakniaHmwmnga Myxmm 3HepreTuk OMun xucobnaHraH Hyp-
NaHULL  KYBBATUHWHI OPTULLIM Na3MOTPOH peakTopuia AWWPUH  ByFnaHuLL
NCCUKNUTL  OpTULIMra Ce3nnapnn TabCUp KypcaTUwKM  aHuknaHgu. Mopgaa
NCCUKMNK YTKa3yBYAHNUTUHUHE  y3rapuiiyM niasMoOTPOH peakTopuaa  AWMpuUH
OYFNaHULL UCCUKIUTUHWUHT CEKUH KamaiuLiura onmoé Kenagm, Mogaa suuamruHUHL
OpPTUWN 3ca AWNPUH OYFNaHULW WUCCUKIUTMHUHT OMp TeKUc nacanvwmnra onmo
KenMwn KysaTungn, HaTwkaga CTPYKTypa LWaknfaHuW >KapaéHUHW Makcaav
boLIKapULL UMKOHW ApaTunau.

6. KyKyHnapHu caknawl YyyyH TepMUK Wwnaw TapTnénapu Takamg
KunvHraH. KykyHnap tapkuéugarn KMcnopogHuHr mukgopun 20 cytka faBomuia
2,0-2,65 % ra eTuwn Ba KelMH y3rapmacfaH KOAuUWKM aHuWknaHau. Bonbdpam
KYKYHU[A KUCNOPOJ MUKLOPUHW KaMalTUPULL YYYH MaxCy/lIOTHW PeakTOPHUHT
y3anga ypHatunaraH rpayutaM ékm metalIMaTonM (unbTpnapga Tyt KonuLw
TeXHoMormAcKM uwnad uyukungn. Peaktopra XoMm awé 6unaH  oupranvkga
YrNeBOAOPOANAPHN KUPUTULL XaMaa WLYM B6YLIIMKKa 00opuiaéTraH rasHu
OeH3NH opKaM MnypKawl ycynum uwnad vmkungn. by peakTopnapHuHE umLiaLl
camapagopUrMHN OLIMPULL UMKOHUHK SpaTau.

7. Bonbhpam ynbTpagucnepc KyKyHNapuHW  KynnaraH xonga ovmMetan
KecyBun Ba LUTaMnnawl acbobnapy vwnad ymkuw ycynn uwnad uukmngu. by
OuMeTan KecyBuM acb606 Ba LUTAMMIAPHUHE KY/IaHUL COXAaCUHU KeHranTupuLL
MMKOHMHW Bepasw.

8. bumeTann KomnosuTnap onTMMa CTPYKTYypaBui LWaknnaHuwm xpycobura
MeTa//ira MLWIoB 6epyByn acbo6MapHUHT ULLOHYAN ULINAWMHA TabMUHIO0BYM
Teskecap NyMaTHUHT TepMUK wwiaw ycynu Taknud atmngun. By Teskecap
nynatnapfaH scanraH ac606/1apHUHT XU3MaT MyAAATVHM OLWMPULL MMKOHWUHU
Gepaaw.

9. Kyiima 6bumeTtann KaTTuK KoTuwMaam acbobHM TepMUK ULLInal TeXHOO-
TMACUHW coadanaluTMpysym Ba acbob TypryHAnrnHmHr 30-40 % ra owmiura ca-
6ab 6ynaguraH TepMUK MLLINALL YCYIN TaKNng KUINHAN.
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HAYYHbIN COBET MO NPUCYXAEHUNIO YUYEHOW CTEMEHN
OOKTOPA HAYK 16.07.2013 T/FM.02.02. MNPV TALUKEHTCKOM
rOCYAAPCTBEHHOM TEXHNWYECKOM YHUBEPCUTETE U
HAUVNOHAJIbHOM YHUBEPCUTETE Y3BEKUCTAHA

TALWKEHTCKNI TOCYOAPCTBEHHbIN TEXHUUYECKUIA
YHUBEPCUTET

HYPMYPOAOB CA/TIOXNAANH AYCMYPOOOBNY

CO30AHNE KOHCTPYKUMNOHHBIX MATEPNAJIOB
C NCIMOJIbSOBAHNEM YJIbTPAAVNCITEPCHBIX NMOPOLUKOB
BOJ/Ib®PAMA

05.02.01 — MaTepnasnioBefieH/e B MaLLIMHOCTPOEHUN. JINTeHOe NPOn3BOACTBO.
Tepmunyeckasa o6paboTKa U 06paboTKa MeTas/I0B AaBrieHMeM. MeTannyprusi YepHbIX,
UBETHbIX U PeAKUX MeTa110B

(TeXHUYeCKne HayKu)

ABTOPE®EPAT JOKTOPCKOW AVICCEPTALINM

TALLWKEHT-2016
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Tema NOKTOPCKO# AHCCEPTAMHM 3aperncTpHMpoBana B Beicmieii aTrecTauMOHHON
komucenu npu Kabunere MunncrpoB Pecnybanku Yibexucran 3a Ne 30.09.2014/B 2014.
5.T313.

JlokTopcKas IMCCepTaiHs BhINONHeHa B TalKeHTCKOM rocyIapcTBEHHOM TEXHHYECKOM
VHHBEPCHTETE.

ITosTHBI TEKCT JOKTOPCKOH THCCEPTAallMH pa3MellleH Ha BeO-CTpaHHIle HaydHOTO COBeTa
16.07.2013 T/FM.02.02 npn TamkeHTCKOM TOCYIapCTBEHHOM TEXHHYECKOM YHHBEPCHTETE H
HanmonansHoM YHuBepcHTeTe Y 36eknucTana 1o aapecy: www.tdtu.uz/tadqiqotchi/dis matn.htm.

ABTOpedepar aMccepTalMK Ha TPEX s3bIKax (y3OeKCKMi, PYCCKWH, aHTIIMACKHH) pa3me-
mén na peG-cTpanmie no aapecy e-mail: tadgiqotchi@tdtu.uz) na UndopmannonHo-obpaszosa-
TenpHOM nopTasie «ZiyoNet» o aapecy (Www.ziyonet.uz).

O¢puunanbHble ONNMOHEHTHI: Jxymabaer Annxon bexnmesny
IIOKTOP TeXHHYECKHX HayK, Ipodeccop

MuxpuanHoB Pucknann MuxpuannoBuy
JIOKTOp TEXHHYECKHX HayK, npodeccop

Abdayanaer ®@arxyana CarayiiaeBny
JIOKTOP TEXHHUECKHX HayK, npodeccop

Beayumiasi opranu3auus: Hagpowuiicknii rocy1apcTBEeHHBIH rOPHbIH HHCTHTYT

3amMTa COCTOHTCS «éf» 2 i 2016 ropa B 7420 yacos Ha.3aCelaHuH

HayyHoro coseta 16.07.2013 T/FM.02.02 npu TamkeHTCKOM rocyaapCTBEHHOM TEXHHYECKOM
yauBepcuTeTe ¥ Hanmonansnom YHuBepcutete Y36ekncrana no aapecy: 100095, r. TamkeHrT,
yi1. Yuusepcuterckas, 2. Ten/dakc: (99871) 227-10-32, e-mail: www.tdtu.uz/tadqiqotchi/dis
matn.htm,

JIokTOpCKas AMCCepTalMs 3aperucrpupoBaHa B MHGOpMalHOHHO-PECYPCHOM LEHTPE
TanKkedTCKOro roCyIapcTBEHHOTO TEXHMYECKOro yHHBepcHTeTa 3a Ne 05, ¢ KOTOpO# MOXHO
o3nakomutees B UPIL (100095, r. Tamkent, yia. YHuBepcurerckas 2. Ten/daxc: (99871) 227-
10-32).

ApTtopedepar nuccepTallii pa3ociial  « 8 » & VL 2016 rona

(npotokon pacceuiku Ne ot 2016 ropa). 2
aG! TOg K.A. Kapumos
» )P

IIpencenarens HAYYHOTO COBETA MO MPHCYXK-
IEHHIO YUE€HOH CTENEHH

TOpa HayK, I.T.H.,
5 npocdeccop

Vig A Typaxonxaes
Yugnnit eTaph Hay4HOrO COBETA 110
PUCYICICHHIO YIEHOH ETEHCHH JIOKTOpa HayK,
= K.T.H., JOUEHT

'~ P.M. MHXpHIMHOB

H]Lfm:ZTen 'HaAy9HOTO CeMHHapa TpH
HAYYHOM COBETE MO NPUCYKIEHHIO YICHOM
CTeNeHH JOKTOpa HayK, /1.T.H., podeccop




BeeaeHve (AHHOTaUMS JOKTOPCKON AnccepTaumm)

AKTYa/IbHOCTb M BOCTPE60BaHHOCTL TeMbl AuccepTaumun. lony4veHune
MaTepunasioB Co crneunanbHbIMU (PU3NYECKMU, BUOMOTUYECKUMU N XUMNYECKNMU
CBOMCTBaMM Ha OCHOBE HAHOTEXHO/IOIMIA CTaBUT HOBble 3aa4n BO BCEM Mupe. o
CTaTUCTMYECKUM [aHHbIM, €XerogHo B Mupe Ans pa3paboTKM MatepuanoB Ha
OCHOBe HaHOTEXHONOIMIA exerogHo pacxogytorcd 8 — 10 mapa. gonapos CLUA, B
TOM u4ucne B cTpaHax Esponbl u CHIC 2-3, B MHAYCTpUasibHO pas3BUTbIX
rocygapcrsax 6-7 mnpg. L0Mnapos.

C 0bpeTeHMeM He3aBMCHMMOCTM HaLLei CTpaHbl 0C060e BHUMaHWeE yaenseTcs
pa3paboTkaM  KOHCTPYKUMOHHbIX MaTepuasioB, OCHOBaHHbIX Ha  BbICOKMX
TEXHOMIOTUAX, rAe AOCTUTHYTbI ONpefenéHHble pesynbTaTbl MO MNOMYYeHUH0 HOBbIX
KOHCTPYKUMOHHbIX MaTepuasioB Ha OCHOBE BOSib(pamMa W MOMYYEHUH0 HOBbIX
MaTepuasioB  Ha  OCHOBe  Y/bTPafMCMepCHbIX  MOPOLUKOB  BO/b(pama
BbICOKOTEXHOMOM MYHBIM M/1a3MOXUMNYECKM METOLOM.

[Mony4yeHve NOPOLLKOB TBEPAOCM/ABHbIX METa//IOB M pa3paboTka HOBbIX
KOHCTPYKUMOHHbIX  MaTepuaioB C MPUMEHEHWEM COBPEMEHHbLIX  Hay4HO-
TEXHUYEKMX CPeLCTB CUMTAETCA OAHUM W3 aKTyasibHbIX 33fad. B yacTHOCTH,
MoslyyeHune ynbTpagucrnepCHbIX NOPOLLKOB BO/b(pama Takke ABAETCA OA4HON U3
aKTya/lbHbIX  33[a4  CerofHsLHero  AHs. [MOCKOMbKY ~ MOJSIyYeHHble
N1a3MOXMMUYECKUM MeTOAOM  YNbTpagucrnepcHble MOPOLLKM  BOSb(pama
MOMIHOCTHIO OTBEYAOT MeXaHWYeCKUM W TEXHONOrMYecKUM TpeboBaHMAM, TO UX
NPUMeHeHVe ABNAETCA BeCcbMa LenecoobpasHbiM. Kpome 3Toro, matepuassl,
MoslydeHHble Ha OCHOBE Y/bTPaAMCNEPCHbIX MOPOLUKOB, MOMHOCTLIO OTBEeYaroT
(PM3NYECKMUM, XUMUYECKUM N TEXHOMOMMYECKUM TPeboBaHWAM, NPeLbaBAsSeMbIM K
TBEpAbIM cnnasaM. [103TOMYy MOMyyYeHWe MaTepuasioB C  MeSIKO3ePHUCTOM
CTPYKTYPO MMEET BaXKHOE Hay4HO-MpaKTU4YecKoe 3HayeHue. BblwensnoXxeHHoe
CBUAETENbCTBYET 06 aKTya/IbHOCTM ANCCEPTALMOHHON TEMbI.

[aHHOoe auccepTauMoHHOe ucciefoBaHne B ONpeaeneHHOM CTEMEHN CMYXUT
BbINO/IHEHUIO  3afay, MpPeayCMOTPEHHbIX B  NOCTaHOBMeHUAX [lpesngeHTa
Pecny6nmkn Y3bekuctaH MM-530 ot 14 pgekabps 2006 roga « O ganbHeilem
PasBUTUN  MUHEPaIbHO-CbIPbeBON  6a3bl  BOMb(PAMOBLIX  MECTOPOXKAEHW
Pecnybnuku» v B nocTtaHoBneHun [pes3ngeHTta Pecny6nnku Y36ekuctaH YTl-
1590 ot 29 utong 2011 roga «O mepax yrnybneHus nokanmsaumv npon3BoACcTBa
roToBOM NPOAYKUUW, COCTOBNSAIOWNX N3Lennii n matepuansl Ha 2011-2013 roga
Ha OCHOBE Koonepauuu MPOMbILIIEHHOCTU», a TakXke B APYrux HOPMaTMBHO-
MpaBOBbIX AOKYMEHTaX, NPUHATLIX B JaHHOIN cepe.

Co0TBETCTBME MCCMELOBAHUA MPUOPUTETHBLIM HanpasfeHUAM pa3Bu-

TUA HayKWN N TeXHOoMornii pecnybnnkun. [aHHoe uccnefoBaHve BbIMOSHEHO B
COOTBETCTBUMN C MPUOPUTETHBLIM HanpaB/eHNEM Pa3BUTUA HAYKU W TEXHOMOrMIA
pecnybnukm Il. «9HepreTrka, aHeprus n pecypcocbepexxeHme» VII. «Xummyeckue
TEXHO/I0TNU U HAHOTEXHONOTUU».



O630p MeXayHapoAHbIX Hay4HbIX UCCNefoBaHW NO TeMe AuccepTa-
ummn'. HayuHble nccnefoBaHus, HarnpasaeHHbIe Ha MoayYeHne KOHCTPYKLMOHHBIX
MaTepunasioB Ha OCHOBE Y/IbTPaAMCNEPCHbIX MOPOLLKOB TYroniaknux mMetanios, UX
nosyyeHve naasMOXMMUYECKMM METOAOM OCYLLECTBSAETCA B BeAYLUMX HayYHbIX
LIeHTpaxX M BbICLUMX 00pa30oBaTefibHbIX YUYPeXAeHWAaX Mupa, B TOM 4uUCie B
AMEpPUKaHCKOM YHMBepcuTeTe Haykum n TexHonoruidi (CLUA), B yHuMBepcuTeTe
Haros (AnoHus), B AHIJIMIACKOM YHMBEPCUTETE TeXHONMOrnin (AHrIuna), B
Benopycckom HaunoHasibHOM TexHW4YeckoMm YyHusepcutete (Benopyccus), B
NHcTuTyTe Npobnem matepuanosegeHns (YKpamHa), B IHCTUTYTe MeTannyprum v
MalunmHocTpoeHus (Poccusa), B TalLKEHTCKOM rOCYyAapCTBEHHOM TeXHMYEeCKOM
yHUBepcuTete (Y36eKNCTaH).

B pesynbTate uccnefoBaHW, MPOBEAEHHLIX B MUPE MO MOMYYEHUO U
MPUMEHEHUIO YNbTPaAMCNEePCHbIX MOPOLLIKOB TYromnjaBKMX MeTalioB Maa3Mo-
XUMUYECKMM METOLOM, COOTBETCTBYHOLLMM COBPEMEHHbIM TPeboBaHMAM, MONY-
YeH PpAL Hay4yHbIX pes3ynbTaToB, B TOM 4ucne: pas3paboTaHbl TEXHOMOrnu
NonydeHUs  HAHOKPUCTA/ININYECKUX MaTepuasnioB, HAHOCTPYKTYpP, HaHogas w
HaHokomno3ntoB (laboratory of nationally Roskilde, USA), TexHonorus
NoNyyeHUs YNbTPaMCNEepCHbIX TMOPOLLKOB Yepe3 KOHAEeHCauuo MCnapeHus
(laboratory of nationally Argon, USA), pa3paboTaHbl MeTOAbl W3MEHEHWS
MOBEPXHOCTHBLIX CTPYKTYP HaHOMaTepuanoB MOAUMDULMPOBaHNEM (HAMOHCKMUiA
WHCTUTYT  MeTafnypruy, AnoHus), paspabotaHa TEXHONOTMSA  CO34aHuA
[AUCMNEPCHbIX HAHOCWUCTEM, Harpas/ieHHasd Ha (U3NKO-XUMUYECKME OCHOBBI
MPOLECCOB  M/Ma3MEHHOrO0  BOCCTaHOB/EHMS U cuHTe3a  (HaumoHanbHbIN
TEXHUYECKMIA yHUBepCUTET, Benopyccus), paspaboTaHa TEXHOMOIMSA MNOMYyYeHUS
HaHOCTPYKTYpPbl Pa3IMYHbIX TYronjaBkmx metannoB (HCTUTYT MeTafnyprum v
matepuanoBefeHus, Poccus), paspaboTaHa TeXHOMOMMA MONYYEHUS  PasHbIX
TYronjaBkux MeTasioB U COEAMHEHUIA C MOMYyYeHUEM HAHOCTPYKTYP TBepAbIX
CNiaBoB C NPUMEHEHMEM HU3KOUHAYKLMOHHbIX TPaHCHOPMATOPHbLIX YCTaHOBOK
(MHcTuTyT Tennogmsmkn PAH, Poccud), paspaboTtaH cocTaB TBEPAOCMIABHbIX
KOHCTPYKUMOHHbIX MaTepunanoB (TawwKeHTCKUIA rocyAapCTBEHHbIA TEXHUYECKUIA
YHUBEPCUTET, Y30EKNCTaH).

B 0630pe MexxAyHapoAHbIX Hay4HbIX UCCNEA0BaHUIA N0 TemMe AuccepTauum ncnonb3osanuck Y.Zhang and J.Zhang,
“Nanometer WC-Co Carbide”, Xiyou Jinshu Cailiao Yu Gongcheng, 2015, 24(2), 18-21 (Chinese); High
Temperature Synthesis of WC in a CH4/H2 Gas Atmosphere”, Poroshk. Metall. (Kiev) 2014 (9-10) 21-26
(Russian); L.Gao and B.H.Kear, “Synthesis of Nanophase WC Powder by a Displacement Reaction Process”,
NanoStructured Materials, 9, 205-208, 2011; H.Kear, P.R.Strutt, “Chemical Processing and Applications for
Nanostructured Materials”, NanoStruct. Mater. 2014 6(1-4), 227-236; A.V.Samokhin, N.V.Alexeev,
Yu.V.Blagoveschenskiy, S.A.Kornev, Yu.V.Tsvetkov, W-C nanosized composition synthesis and characterization,
9-th International Conference on Nanostructured Materials, Brazil, 1-5 June, 2008; Y.V. Blagoveshchenskiy, A.V.
Samokhin, Y.V. Tsvetkov, N.V. Alexeev, N.V. Isaeva, C.A. Kornev, Y.l. Melnik. Nanopowders of WC-Co system
with different inhibitor additions manufacturing by plasmochemical process. 17 Plansee Seminar — International
Conference on High Perfomance P/M Materials. Reutte, Austria, May 25-2-, 2009, Vol.3, GT 23/1-5;Samokhin
A.V., Alexeev N.V., Kornev S.A., Tsvetkov Yu.V., W-C nanosized composition synthesis and characterization,
19th International Symposium on Plasma Chemistry (ISPC-19), Bochum, Germany, July 25 - 31, 2009 n gpyrue
UCTOYHVIKMN.
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B Mupe Mo nosiy4yeHUO YNbTPaAMCNEPCHbIX MOPOLLKOB TYronaaBKUX
METa//IOB M W3rOTOB/IEHUIO W3 HUX WHCTPYMEHTOB NO pAfYy MPUOPUTETHBIX
HanpaeneHWU MPOBOAATCA WUCCMeA0BaHUS, B TOM YMC/ie: MOSyYeHne AMUCNEePCHbIX
MOPOLLUKOB TYroMniaBKMX MaTepuasioB U Ha WX OCHOBE HOBbIX MaTepuasnos,
paspaboTka Mi1a3MOTPOHOB AN  MOMyYeHUs  YNbTPagUCrepCHbIX MOPOLLKOB
TYronnaBkMX MaTepuanoB, paspaboTka KOCTPYKUWUW  M1a3MO-XUMUYECKOTO
peakTopa 414 nosfyyeHus ynb6TpagmcnepcHbIX NOPOLLKOB.

CTeneHb  M3y4YeHHOCTU  Mpob6nemMbl.  3HaYUTENbHYHO  ponb B
NpUCTasibHOM UCCNef0BaHUM HaHOMMPA Cbirpanu, No KpaHein mepe, 4Ba COObITUSA:
CO3fjaHNe CKaHWUPYIOLWEro TYHHE/IbHOro MUKPOCKOMa U OTKPbITE HOBOW (hOpPMbl
CYLLECTBOBaHMA yrneposa B npupoge. HoBble MeToAbl U CPeAcTBa MUccnefoBaHUA
CTPYKTYpbl ~ MaTepuvaioB  MO3BONWAM  Habnogatb  aTOMHO-MOMEKYNAPHYHO
CTPYKTYpPY NOBEPXHOCTN MOHOKPUCTa/I/I0B B HAHOMETPOBOM [Mana3oHe pasMepoB
6narogaps NPUMEHEHUIO TEOPUN KBAHTOBOIO 3(h(PeKTa TYHHENMPOBaHUS.

B Hay4yHbIX paboTax 3apybexxHbiX y4éHbix G. Bennig, K. Kuatt, K. Gerber,
H. Kroto, J. Health, S. O’. Brien, R. Curl, R. Smalley nposogunucb mnccnego-
BaTe/IbCKMe paboTbl MO 006pa30BaHUIO HAHOCTPYKTYP M U3MEHEHMIO CBOMCTB
mMaTepuanioBs, a Co34aHuI0 MaTepUasioB Ha OCHOBE YNbTPAANCMNEPCHBIX MOPOLLKOB
He YyAenanocb [OO/MKHOIO BHUMAaHMA. YUEHble COAPYXecTBa He3aBUCUMbIX
rocygapcts H.H.PoikanvH, HO.B.LiBeTKOB MpoBOAuAM mMccnefoBaHus B 06nacTu
MosydYeHns HOBbIX MaTepuanoB. OHU BbIABUAW TEHAEHLMIO Pa3BUTUSA B CO34aHNN
HOBbIX MaTepnasioB Ha OCHOBE AMCCNEPCHbIX MNOPOLLIKOB.

Y3b6ekckne ydeHble Kanamasos P.Y., Yekypos B.B. M ux yyeHUKu
MPOBOAUAN HAy4YHO-UCCNefoBaTeIbCKMe paboTbl MO CO34aHUI0 TBEPLOCM/IaBHbIX
KOHCTPYKUMOHHbIX MaTepuanoB. KanamasoB P.Y. M ero yyeHWKW MpOBOAUAN
Hay4HO-M1ccnefoBate/lbCkue paboTbl MO MOMYYEHMIO HAHOMOPOLUKOB METasoB,
COEAMHEHWNIA N CNIABOB M MO U3Y4YeHU0 MOPGOIornmM, CTPYKTYp U cocTaBy has.
UekypoB B.B. uccrnegosan Tennopusnyeckoe BAUAHME, COCTaB, CTPYKTYpYy W
CBOMCTBA /INTbIX BUMETA/IMYECKMX KOMMO3UTOB, NpeAHasHaueHHbIX 418 paboT B
Pa3/IYHbIX YCOBUSIX.

B HacTosLLee Bpems NosyvyeHne MeIKOAUCNEPCHbIX NOPOLLIKOB TYroniaBKux

MET&/1N0B B YC/IOBUAX HalLen CTpaHbl ABNAETCA aKTya/lbHbIM N UMEET Hay4HO-
MNPakTNn4eCckKoe 3Ha4eHNE.

CBA3b  Tembl AuccepTaumm € Hay4dHO-UCCef0oBaTe/IbCKUMU
paboTamu, BbINO/IHEHHbLIMM B BbICLLeM 00pa30BaTe/IbHOM YUpeXxaeHUn.
[uccepTaunmoHHOe WCCNef0BaHWE BbIMOHEHO B paMKax MfaHa Hay4Ho-
nccnepoBaTesIbCKux pabot NPUKNaAHbIX MPOeKTOB TallKeHTCKOro
rocylapCTBEHHOro TeXHMYeckKoro yHusepcuteta no temam MKB-10-15 «HoBble
KOHCTPYKLUMOHHbIE MaTepuasibl C UCNOMb30BaHMEM HaHOMOPOLLKOB» (2009-2010),
NOT-2012-5-13 «BHeApeHWe B NPOU3BOACTBO  TEXHO/IOTMIA  NONYyYeHUs
M3HOCOCTOMKMUX MOKPbITUIA paboumx MOBEPXHOCTEN OpraHoB CebXO3MallvH 1
TepMO06PabOTKU C LIeNbIO YNPOYHEHUS W NPOAJIEHMSA CPOKa WX SKChyaTaumm»



(2013-2014), wu WNOT-2015-7-8 «BHefgpeHne TexHOMOrMN  MPOU3BOACTBA
MHCTPYMEHTOB M3  MOAMBAEHO-TMTAHOBOrO  Crnasa,  paboTalowmx B
3KCTpeMaibHbIX ycnoBuax» (2015-2016).

Llenbio nccnefoBaHusa ABASETCA pa3paboTKa CO34aHNA KOHCTPYKLUNOHHBIX
MaTepuasioB C WCMOJIb30BAHUEM YNbTPAAMCMEPCHLIX MOPOLUKOB TYroniaBKnx
MeTa//I0B, a TakXe TeOpeTUYeCKoe WU 3KCnepvMeHTaslbHoe 060CHOBaHWe
Heo6X04MMOCTU  MPOMbILLIEHHONO OCBOEHMSA  Y/NbTPAAUCMEPCHBIX MOPOLLKOB
BOoNbhpaMa B MNPOM3BOACTBE  KOMMO3ULUMOHHBLIX  MalIMHOCTPOMUTESbHbIX
mMaTepuaios.

[na peanmsauum NOCTaB/IEHHOW LEeNv OnpegeneHbl Chnefytowme 3agayu
nccnefoBaHuA:

MPOBECTN  TeMNO(MU3NYECKMIA pacyeT W3MEHEHUS CKPbITOW  TEnoTbl
McnapeHns B N1asMOXMMUYECKOM PeaKTope;

paspabotaTb  TEXHO/MOrMYecKre MOMOXEHNA BOCCTAHOB/IEHWA  OKcuAa
BO/Ib(pama B BOLOPOLHOIA Cpese;

co3gaTb HOBble  KOHCTPYKLMOHHble Martepuasibl  C  UCMOJIb30BaHUEM
YNbTPaAMNCMEPCHbIX NMOPOLLIKOB BOJIb(hpama 1 ero CoeiHeHNI;

BHECTW KOHCTPYKTOPCKME U TEXHONIOTMYECKNEe KOPPEKTUBLI B YCTaHOBKY
BOAOPOAHO-M/1a3MeHHOro sBocctaHoBneHus MY B-300;

BbIABUTb YC/IOBMSA MOMYYeHUS YNbTPaAMCMEPCHBIX MOPOLUKOB BOJb{pama
3a[laHHOr0  rpaHy/NOMeTPUYECKOro coctaBa W obecrneyvyeHns TpebyeMo unX
nmaccmBalummn, WCCnefoBaTb WX (PU3NYECKME, XUMWYECKME W TeXHOMOornyeckue
CBOMCTBA A4N1A MOJyYeHN KOMMNAKTHOrO MeTassa, MenKOAMCNEPCHbIX MOPOLLKOB
Kapbuaa Bonbdpama, TBEPAbIX CNIaBOB U KOMMO3ULMOHHbLIX MaTepnasos;

co3[aHue NopoLLKa ¢ rnosyyeHeM TpebyemMoro Ka4yecTsa NopPoLLIKa Ha OCHOBe
aHasm3a  MopgosiorMn,  CTPYKTYpbl, (PasoBOro ¥ NPUMECHOr0  COCTaBOB
YNbTPaAMCNEPCHbIX NOPOLLKOB BO/b(pama;

paspaboTatb  TEXHOMOTMYECKME  PeXUMbl  TepMUYeCKon  06paboTKu
MPUMEHUTENBHO K KOHKPETHbIM BWAaM TBEPAOCMIaBHbIX WHCTPYMEHTOB C
MCMO/b30BaHWEM YNIbTPAAMCNEPCHBIX MOPOLLUKOB BO/bjpama.

O6BLEKTOM MCCef0BaHNA ABNAKOTCA TBepAble crnasbl - BK6, BK8, BK15
(TOCT 3882-74), ynbTpaAuUCrepPCHbIA MOPOLLIOK BOMb(pama, a Takxke
M3roTOB/IEHHAsA METOAOM MOPOLUKOBO MeTanypruy ObICTpopexyLlas CcTab
P6M5 TOCT 19265-73, ctasib 40XHMIJ1, ctanb 40XHM®JT1 (TOCT 977-75).
[MpeameT wmccnefoBaHUA COCTaBNSET  NIa3sMOXMMWYECKOe BOCCTaHOB/EHME
oKcuaa BoLOpoAa B cpefile BOAOPOAA, KOHCTPYKLMOHHbIE MaTepuasibl Ha OCHOBe
YNbTPaAMCNEPCHbIX MOPOLLIKOB BO/b(pama.

MeToabl nccnefoBaHWin. B gucceptaumm NpUMeHeHbl Makpo- M MUKPO-
CTPYKTYPHbIA,  PEHTreHo(Mas3oBblil,  PEHTreHOCTPYKTYPHbIA,  CMEKTPaSIbHbIN,
31EKTPOHHO-MUKPOCKOMMUYECKNIA METOAbI aHa/IN30B.

Hay4Haa HOBM3Ha UccnefoBaHNA 3aK/1H0YaeTCa B CeyHOLEM:

paspaboTaHa HOBasi KOHCTPYKLMS MMa3MOXMMUYECKOro peakTopa [/1s
MONYYeHVs YNbTPaANCIEPCHBLIX NOPOLLIKOB TYronnaBKUX MeTa1/0B;
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paspaboTaHa TeXHONOrMs MPeccoBaHMss W CMekaHus MaTepuanos U3
MEeNIKO3ePHUCTbIX MOPOLUKOB TYromnaakux MeTasfos;

paspaboTaHbl  METOAbl  M3rOTOBMIEHUA  PEXYLMX  OMMeTaIMyecKnx
LUTaMMOBOYHbIX WMHCTPYMEHTOB M TEPMUYECKOW 06paboTKM ObICTPOPEXYLLMX
cTaneiu;

paspaboTaHa TexHoMOrunsa, obecneymearollas paBHOMEPHOE MpPOTEKaHWe
CKPbITOro TEN/I0BOr0 MCNApeHns B peakTope M1asmMoTPOoHa;

pa3paboTaH MeTof TepMMYeCKO 006paboTKM ObICTpOpEXyLlein CcTanu
obecneyrBaroLMii HaaéXHY paboTy nNpucnocobneHns ans 06paboTKn MeTannoB
3a CYET ONTUMaIbHOI O CTPYKTYPHOIO CTPOEHNA BUMETaIMYECKMX KOMMO3UTOB.

[MpaKTuyecKume pesynbTaTbl UCC/EL0BaAHNA:

paspaboTaHa MaTemMaTuyeckas Mofenb pacyéta U MPOrHO3MPOBaHMA
OCHOBHbIX TEXHO/IOMMYECKMNX BE/IMYMH MPKN CTPYKTYPHOM 06pa3oBaHuu;

paspaboTaHbl  pPeKOMeHJauuMnm Mo  COBEPLUEHCTBOBAHWIO  TEXHOMOIMN
MpeccoBaHMA 1 CNeKaHus TYronaaBkux maTepuanos TBEPAbIX CM1aBoB.

[0CTOBEPHOCTb MOMYyYeHHbIX pe3ynibTaToB. [O0CTOBEPHOCTb MOYYEHHbIX
pe3y/ibTaToOB OCHOBbLIBAETCA Ha [aHHbIX CTATUCTUYECKON 06paboTKM pPe3ynbTaToB
9KCNEePUMEHTHbIX UCCNeL0BaHUIA, B CPABHEHUN MX C CYLLECTBYHOLMMY aHa/loramu,
BHEAPEHNEM [MOJyYEHHbIX pPe3ynbTaToB B MPOWM3BOACTBO C peasibHbIM 3KOHO-
MUYECKMUM 3((HEKTOM.

HaydHas n npakTnyeckas 3Ha4MMOCTb pe3y/ibTaTOB UCC/Ief0BaHWS.

HayyHas  3HauMMOCTb  pe3y/nbTaToOB  WCCMEAOBaHUA  OnpefenseTcs
MCNONb30BaHWEM  Pe3ynbTatoB, MOMIYYEHHbIX AN YAYULEHUA  CBOMCTB
KOMMNO3NLMOHHBIX MAaLLUMHOCTPOUTENbHLIX MaTepuasioB W3  YNbTpaguCnepcHbIX
MOPOLLIKOB 3a CHET ONTUMA/IbHOI0 CTPYKTYPOO6pa3oBaHus.

MpakThyeckas 3HAYMMOCTb PaboTbl 3aK/IKYaeTCA B WUCMO/b30BaHUN MpU
pa3paboTKe HOBbIX TEXHOJIOTWA MNPOU3BOACTBA WHCTPYMEHTOB Ha OCHOBE
YNbTPaAMCrEePCHbIX NMOPOLLIKOB BOJIb(hpama.

BHegpeHe pe3ynbTaToB WUCCNefoBaHUA. Ha oOCHOBe pa3paboTaHHbIX
pes3ynbTaTtoB MO  CO3[4aHWI0  HOBbIX  KOHCTPYKLUMOHHbLIX — MaTepuanoB C
MCNONb30BaHWEM  YNbTPAAUCNEPCHBIX  MOPOLUKOB  TYrOnjaBKMX  MeTaslsioB
MNa3MOXMMUYECKM METOAOM:

noslyyeH naTteHT AreHTCTBa MHTeNNEKTYya/IbHOM COBCTBEHHOCTI Pecnybnku
Y306eKncTaH Ha Crnocob nonyyeHWs TYronaaBKMX [AMCMNEPCHbIX MaTepuasioB U
M3roTOB/IEHNE HAa NX OCHOBE PEXYLLMNX U LUTAMMOBOYHbLIX MHCTPYMEHTOB «Cnocob
M3roTOB/IEHUS OMMETA/ININYECKOTO PEXYLLEro U LUTaMOBOIO0 MHCTPYMeHTa», No
IAP047028 (05.06.2013). Pa3paboTaHHbIA C€rnocob MNo3BOMSET M3roTaB/IMBaTb
OVMMeTaNINYeCKEe pexyLire W LITaMMNOBOYHbIE WUHCTPYMEHTbI C MOBbILLEHHOM
M3HOCOCTOMKOCTbIO;

MoslydeH NaTteHT AreHTCTBA MHTENIEKTYaNbHOM COBCTBEHHOCTH Pecny6inku
Y306eknctaH Ha Crnocob6 TepMM4YecKoi 06pabOTKM  MHCTPYMEHTOB U3
obicTpopexyLein ctanm «Crnocobd TepMMUEecKo 00pabOTKM MHCTPYMEHTOB W3
obicTpopexywmx ctanei» Ne IAP04531 (27.06.2012). Pa3paboTaHHbIA CNocob
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MO3BOJISET MPOM3BOAUTL TEPMOOOPABOTKY WHCTPYMEHTOB M3 ObICTPOPEXYLLEi
cTanu;

MoslyvyeH NaTteHT AreHTCTBA MHTENIEKTYaNbHOWM COBCTBEHHOCTH Pecny6inku
Y36eKkncTaH Ha pa3paboTaHHYH KOHCTPYKLMIO M1a3MOXMMUYECKOro peaktopa A/
MONMyYeHNs  TYroniaBkMX  [AWCMEPCHbIX  martepuanoB  «IMnasmMoXUMUYECKUiA
peaktop», Ne 1AP04732  (26.06.2013). PaspaboTaHHad  KOHCTPYKLMA
N1a3MOXUMNYECKOro peakTopa No3Bo/IAeT NonyyaTb YAbTpagnucnepcHble NOPOLLKN
TYronnaBKux MaTepuasnios;

pa3paboTaH HOBbI COCTaB KOHCTPYKLMOHHOrO Matepuasa Ha OCHOBe
YNbTPaAMCIEPCHBIX MOPOLLIKOB BO/b(pama, MPUMEHEHHbIN A1 U3rOTOBIEHWS
ponukos (Cnipaska 16/22 ot 11 mapta 2016 r. AO «¥Y3KTXXM»). MNpumeHeHune
Hay4yHOro pesynbrarta NO3BOMUIO YBENNUYUTbL CPOK CNyX6Obl ponvkos B 1,2-1,3
pasa.

Anpobauus pes3ynbTaToB UCCMefoBaHUA. Pe3ynbTaTbl MCCef0BaHUA
N3MIOXKEHbI B BUAE NeKuMM 1 npowwny anpobaumo Ha 10 MeXayHapoAHON 1
Pecnyb/IMKaHCKMX  Hay4YHO-NPaKTUYECKUX  KOH(epeHumaX, B TOM 4uUChe.:
«MHHOBALUWMA-2009, 2010, 2011, 2012, 2013, 2014» (TawkeHT), «[pobnemsbl
(hopMUpOBaHMS W BHEAPEHWS WHHOBALUMOHHBLIX TEXHOMOTUA B YCNOBUAX
rnobanmsaumm» (TawkeHTt, 2010), «[pobnembl (HOPMUPOBAHUA W BHELPEHWUSA
MHHOBaLMOHHbLIX TEXHOMOTMIA B YycnoBuax rnobanusaym» (TawkeHTt, 2010),
«CoBpeMeHHble TEXHWMKA WM TEXHOMOTUM FOPHO-METa/ITYpPruyeckor oTpacin nu nyTu
nx passutua»  (Hasow, 2010), «CoBpeMeHHOe MmaTtepuasnioBefeHVe W
HaHoTexHonormm»  (Komcomosnbck—Ha—Amype, 2010), «Hay4yHO-TeXHUYECKMe
Npo6seMbl B COBPEMEHHOM MaLLMHOCTPOeHUM» (TaLukeHT, 2010).

Ony61MKoBaHHOCTbL pe3ynbTaToB. Mo Teme guccepraumm ony6/MKOBaHbI
Bcero 32 HayuHble paboTbl. V13 HUX 3 MoHorpagmmn, 14 Hay4HbIX CTaTei, B TOM
yncne 12 B pecny6/MKaHCKUX 1 2 B 3apy6eXXHbIX XypHanaX, peKoMeHL0BaHHbIX
BbICLUei aTTecTalMOHHOW KoMMUCCHen Pecnybnmnkn Y3bekuctaH ans nyonmkauum
OCHOBHbIX Hay4HbIX Pe3y/bTaToB JOKTOPCKUX AnccepTaumnil.

CTpyKTypa 1 06beM paucceptaumun.CTpykTypa AuccepTaumm COCTOUT U3
BBEEHWNA, MATU rNaB, 3aK/NHYEHUs, CMUCKa WCMNOMNb30BaHHOW fiMTepaTypbl,
npunoxeHnin. O6beM auccepTaumy coctasnseT 196 cTpaHuL,.

OCHOBHOE COAEPXXAHWE ONCCEPTALUNU

Bo BBefeHNM 060CHOBbLIBAIOTCS aKTyanlbHOCTb M BOCTPE6OBAHHOCTbL TEMbI
avccepTauuy, OpPMUPYHOTCS Lenb U 3afayn, a TakkKe O0ObeKT W npeameT
NCCNeAoBaHUs, MNPUBOAMTCA  COOTBETCTBME  WCCNEAOBAHMS  MPUOPUTETHBLIM
HanpaBNeHWAM PasBUTUS HayKM W TexHonmorum Pecnybnvkn  Y36eKucTaH,
M3NaratoTcsa HayyHas HOBM3HA W MpaKTUYeckne pesynbTaTbl WCCNeA0BaHMS,
000CHOBbIBAETCS  [IOCTOBEPHOCTb  MOMYYEHHbIX Pe3ynbTaToOB, PACKPbIBAETCS
TeopeTunyeckas 1 NpaKTUyeckas 3HaYMMOCTb NOMYYEHHbIX pe3ynbTaToB, NPUBEAEH
CMUCOK BHEAPeHW A B NPaKTWKY pPe3ynbTaTOB WCCMeA0BaHWs, CBEAeHWst Mo
ony6/IMKOBaHHbIM paboTam 1 CTPYKTYpe AuccepTauum.
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B nepsoit rnaBe paucceptaymm «CocTosiHMe Npo6aemMbl U BblGOp
HanpaBneHNsa WUCCNefoBaHU» NpoaHa/IM3MPoOBaHO COBPEMEHHOE COCTOSHME
OCHOBbl CO34aHNA KOHCTPYKLMOHHbIX MaTepuanos AN MalNHOCTPOEHUS C
MCMO/Ib30BaHEM MOPOLLIKOB TYrOniaBKuUX MeTassios.

OTMeYeHO, YTO U3yYeHNeM AaHHON NPo6eMbl 3aHUMaIUCL MHOT e aBTOPbI.
Hauyano XXI Beka 03HamMeHOBasioCb Pa3BUTMEM TEXHOIOTUU  TYronaaBKUX
MeNKOAMCMEPCHbIX MaTepuanoB. OHW Yy)XKe WCMONb3YHTCA BO BCEX Pa3BUTbIX
CTpaHax Mupa B Hambonee 3HaUYMMbIX 006/1aCTAX YENOBEYECKON [eATeNIbHOCTU
(NpoMbILWNEHHOCT, 060pPOHE, WH(OPMALMOHHON Ccdepe, PagnoaNeKTPOHUKE,
3HepreTuke, TpaHCNopTe, OWOTEXHOMOrMKW, MeAuuMHe W T.4.). AHanmM3 pocTa
WHBECTULMIA, KONMYECTBO NY6/IMKALMA NO AaHHON TemaTuke TpebyroT BHeAPeHUs
(hyHAAMEHTa/IbHbIX W NPUKNaAHbIX paboT U MO3BONAKT B OGAMXKaWLwKne rofbl
pasBMBaTb  TEXHOMOrMW  TYromaaBKMX  YNbTPaAUCMEPCHbIX — MaTepuanos,
ABNAIOLWNXCA OL4HUM U3 BAXHbIX W, BMECTe C TeM, 60/1ee NepcnekTUBHbLIX HOBbIX
Hay4YHbIX HanpaB/EHWNA.

CTaHOB/IEHME W pPa3BUTME Hay4HOW LUKOMbI B 06/1aCTN (PUIMKOXUMUUA W
TEXHO/IOTMW MNa3MEHHbIX MPOLIECCOB B MeTanyprum M 06paboTke matepuanos
MPOMCXOAWNN MO BO3AENCTBMEM (PYHAAMeHTa/IbHbIX WAen  BblhatoLerocs
yyeHoro—-MeTasinypra akagemmka Hukonas HukonaeBmya PblKa/iMHa, a Takxke
LiBeTkoBa HO.B., BHecwMX 60/bLIOA BKMah B MNPaKTUYECKYH peanun3auunto
MPOLECCOB MN/Ia3MEHHOr0 BOCCTAHOBNEHWA M cuHTe3a B [Mpubantuke, CpefHein
A3nn 1 KasaxctaHe. B kayecTse nprmMepa MOXHO MPUBECTU OCYLLECTB/IEHHbIV B
Y306eKknctaHe UMK WCCNeA0BaHUIA  (PU3UKO-XUMUYECKUX U  TEXHOMOMMYECKNX
CBOMCTB BbICOKOAMCNEPCHbIX MOPOLLKOB BOMbgpamMa M monubaeHa. OcobeHHO
MONYyYNIN NPAKTUYECKYH0 peasin3aumio Ha Y306eKCKOM KOMOUHaTe TyroniaBkKux v
XKaponpoyHbIX MEeTa//IOB  CO34aHHble BMEpBble B MUPe TEXHOMOTUM U
annapaTypHoe OopMIeHne MnaasMeHHO-BOAOPOAHOIO0 BOCCTAHOB/IEHUS OKCUAOB
Bonb(pama. Mpy 3TOM, MOMUMO PE3KOro MOBbILWEHNSA MPOU3BOAUTENILHOCTU W
MOBbILLEHNS 3KCM/yaTalUMOHHbIX CBOWCTB, MOMYYEHHbIX W3 MPOU3BOAMMbBIX Ha
NNa3mMeHHOW YCTaHOBKE BbICOKOAMCIMEPCHbIX MOPOLLKOB, OTMeYasioCb CHUXEHME
dHeprosaTtpaT Kak Ha COOCTBEHHO TMpPOLIECC BOCCTAHOBMEHMSA, TaKk W Ha
nocnegytoLume nepefensl. Takum 06pa3om, 66110 CHOPMYNINPOBAHO MOSOXKEHWE, B
3HAUUTE/IbHOW CTENEeHW onpegenstolee nepcrnekTMBbl NaasMeHHOW MeTannyprmim
B LEOM - Mpu ONTUMa/IbHOM KOHCTPYKTUBHO-TEXHOMOMMYECKOM O OpMIEHNN
Mna3MeHHbIe MPOLECChl  SABMAKOTCA 3HEpro- U pecypcocbeperarowyumm  npwu
obecneyeH COBMECTUMOCTM C OKPY>KatoLLIe Cpeaom.

AHann3 nnuTepaTypHbIX UCTOYHMKOB MOKasaja, YTO B HaCTOALLEe BpemMs C
MCMO/Ib30BaHMEM M1a3MOXMMMYECKOro MeTofda MpefAcTaB/eHa MpuHUMnuasbHas
BO3MOXHOCTb ~ MOSIyYeHUA  MENKOAUCMEPCHbIX  MOPOLUKOB  6ONbLUMHCTBA
TYronnaBkux MeTasinoB. Pe3ynbTaTbl UCCNEA0BaHWA, MPOBOAMMbIX BO MHOIMX
CTpaHaxX, CBWAETENbCTBYOT O  peanbHOM  BO3MOXHOCTU  MPUMEHEHMS
MeNIKOAMCMNEPCHBbIX MOPOLLKOB TYronjaBkMX METaINOB AN U3rOTOB/IEHUS
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KOHCTPYKLMOHHbIX, MHCTPYMEHTa/IbHbIX U APYrUX mMaTepuasos C MOBbILLUEHHbIMU
3KcnyaTauMoOHHbIMU XapaKTepuCcTUKaMMU.

B  HacTodlee Bpems  MOAY4YeHME  MEIKOAWUCMEPCHbIX  MOPOLLKOB
TYronjaBkux MeTa/lIoB pacCcMaTpuBaeTCcsd B MUpe Kak O4HO W3 Harpas/ieHWiA,
onpegensowmx Hay4yHo-TeXHMYeckuii nporpecc B XXI ctonetnn. AncnepcHOCTb-
OAVH U3 BaXHbIX MapaMeTpoB, MNPUCYLLMX CBOMCTBaM BellecTBa. Pa3sutue
MOBEPXHOCTM CO34aeT  AOMOMHUTENIbHYK 3HEPreTUYecKylo COCTaB/ANLLYIO,
KoTopas MOXeT ObITb MOME3HO MUCMOMNb30BaHa B MpoLeccax ¢ yvyacTuemM TBepAbIX
Tef, B TOM 4YuUC/ie B YC/MOBMAX WX KOMMAKTUPOBaHWA. Takum 06pasom,
cthopMynIMpoBaHbI Lieflb U 3afja4n HaCTOSILLEN AMccepTaLMOHHON paboThl.

Bo BTOpoit rnaBe pucceptaumm «PaspaboTka MeTOAUKU U 00BLEKT
nccnefoBaHnsa» npuBefeHbl pa3paboTaHHble METOAMKW U 0O6beKTbl WCCNeno-
BaHVA. OOBLEKTOM WCCeL0BaHNA fABNAETCA YCTAHOBKA BOAOPOLHO-NMIa3MEHHOro
BocCTaHoBMeHUs [MYB-300 ynbTpagMcnepcHbIX MOPOLLKOB  BOMb(pama W
NpYMeHsAeMble B MaLUMHOCTPOEHUN MaTepuanbl: TBepAble cnnasbl BK6, BKS,
BK15 (FOCT 3882-74), ObicTpopexywaa craib P6M5 T[OCT 19265-73,
MO/IM6/EHOBbIN  ChnaB Mo-TiC, W3roTOBMEHHbIA METOAOM MOPOLLKOBOM
metannyprun, ctanb 40XHMJ, ctans 40XHM® /1 (FTOCT 977-75) n ap.

Pa3oBbIi  COCTaB MEPEXOAHOrN0 CNos B JIATbIX  OMMETaNIMYECKNX
KOMNO3NUMAaX onpesensancad METOAOM NOC/eL0BATENIbHOIO CHATUA C/I0EB C LLArom
0,1-0,2 MM Ha peHTreHosckoMm annapaTte APOH-2 npn Fek @ wnsnyyeHun. Pexxum
cbeMkn U=35 kW; 1=20 MA; gnadparma B Nnopsaake yaaseHns 0T peHTreHOBCKOM
Tpy6kn 1:10:0,25 mm; pacxogmmocTb wenn Connepa coctaBnsana 2,5 rpag.;
CKOPOCTb AMarpammHON NeHTbl — 720 MM/4ac; CKOPOCTb ABMXKEHUS CUETUMKA — 2
rpas/MuviH.

PacnpegeneHne 3nemMeHTOB MO MOMEPeYHOMY CEYEHUIO MepPexoHON 30HbI
onpeaenanocb Ha pacTpoBOM 3/IEKTPOHHOM MUKpockone S—-80 ¢ peHTreHOBCKUM
3HeproAmncnepcMoHHLIM MUKPOAHaIM3aTOPOM Ha TBEPAOTe/IbHOM fAeTekTope Si(Li)
cuctembl "Link". B komnosute ctasib P5M5 — ctane 40XHM®J1 nsyyanock pac-
npegeneHne anemeHtoB W, Mo, Cr, V, Cu, Ni, Fe. B komno3uTax TBepAblii crinas
BK8 — ctanb 40XHMJ1, cneyeHHbIA MONnbaeHOBbIA cnnaB cuctembl Mo-TiC —
ctanb 40XHMJ1 nccnefoBanocb, COOTBETCTBEHHO, pacnpeeneHne anemeHTos W,
Co, Cu, Ni, Fe n Mo, Cu, Ni, Ti, Fe.

MWKpPOCTPYKTYypa MNepexofHOM 30Hbl COeAMHEHUA M3y4yanacb C MOMOLLbLHO
meTansiorpagpumyeckoro mMukpockona MWM-8 n Ha pacTpoBOM 3/1€KTPOHHOM
Munkpockone POM-200. lMpuroTtos/ieHne MMUKPOLLIMKHOB MPON3BOAMMIOCH B CO-
OTBETCTBUW C N3BECTHLIMU METOAAMMN.

\3MeHeHVe CBOMCTB MO NOMEpPeYHOMY CEYEHUIO MepPexXoHOM 30Hbl OLEHW-
Ba/IOCb MO pacnpefeneHnio  Mukpotsepgoctn  (Mmkpoteepgomep [MMT-3,
Harpy3ska P=100 r, war h=0,l mm).

[na onpefeneHns cocTaBa MpuYMeceil MPUMeHEeHbl METOAbl HEWTPOHHO-
aKTMBaUMOHHOIO  aHaiM3a, Macc-CNeKTPOMEeTpuKM, CreKTPaslbHOro aHanusa.
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McnbiTaHMe coeguHEeHUsA Ha MPOYHOCTb — “NMPOYHOCTL Ha CABUI” NMPOBOAU-
NoCb Ha npecce Ana ucnblitaHud YMM-5, Ha MogefbHbIX o6pasuax W
HernocpeACTBEHHO Ha OT/IMBKAaX NMyTeM CMeLLeHNs BCTaBOK OTHOCUTENLHO Kopnyca
NHCTPYMEHTA.

iccnegoBaHUs Hanps>KeHHOro COCTOSHWA BCTaBKW B KOPMyce BeUCh Ha
MOAeNbHbIX 06pasuaX W  HEenocpeAacTBeHHO Ha  OT/IMBKAX,  HanpsXeHus
onpeaenanncb TEH30METpUYecKMM  MeTodoM. TeHsopatumkm M14B-10/100
HaKnemBaMCb B ABYX B3aMMHO-NEPneHANKYIAPHbIX paguaibHbIX HanpaBieHUAaX
Ha BCTaBKy. lNoKa3aHMA AaT4YMKOB C MOMOLLIO npubopa BALI-1 cHumanuch go m
nocne yaaneHns HecyLei OCHOBbI KOMMO3uTa. Pa3HOCTb B MOKa3aHUAX CRyXuna
OCHOBOW [Na pacyeTa YPOBHA U 3HAKa BHYTPEHHMX OCTaTOYHbIX HANPSXKEHWIA.

3mepeHns  TeXHOMOrMYecKMX U  3KCMNIyaTaLMOHHbIX  XapakKTepucTUK
MOPOLLKOB M 3aroTOBOK MPOW3BOAMANCE C WCMOMNb30BaHWEM CYLLECTBYHOLLNX
CTaH4apTHbLIX METOLO0B U M3MepPUTENbHOIO napka nprubopos.

B TpeTbeil rnase gucceptauymm «MccrnegoBaHuUs CTPYKTYpbl U cocTaBa
yNbTPagnCNepPCcHOro nopoLukKa BO/bppama. CoBepLUeHCTBOBaHMe
TEXHOMOrMM  MOMIYYEeHUA  HOBbIX  KOMMO3ULWOHHbLIX  MaTepuanioB C
NCMOo/SIb30BaHVEM BO/bipama» 1ccnefoBaHbl BOMPOCbI TEOPETUYECKUX U TEXHO-
NOTUYECKMX OCHOB CO34aHUSA KOHCTPYKLUMOHHBLIX MaTepuasioB Ha OCHOBE Y/bTpa-
[AMCNepPCHbIX NOPOLLKOB BO/Ib{pama.

[MoKa3aHo, YTO K BaXXHbIM TEXHO/IOMMYECKUM acneKkTam CO34aHUsA KOHCTPYK-
LIMOHHbIX MaTepuasioB OTHOCUTCA MOMYy4YeHWe MeTal/loB MeTOAOM MNasMOXu-
MWYECKOro BOCCTAHOB/IEHWA OKCMAOB BO/b(pama.

[MonagaHne NnasmeHHOro U3Ny4YeHUs Ha BELLECTBO 3aBMCUT B OCHOBHOM OT
MJIOTHOCTM NOTOKA 3HEPrUW, ANUTENBHOCTW, [/WHbI BOSHbI W3/Ty4eHUa U OT
(PM3MYECKMX CBOMCTB BellecTBa. YacTb U3/yUeHUst OTpaXKaeTcs, OCTa/lbHOe U3NY-
YeHue nornowaetcs. ECAM MAOTHOCTb M3MydeHus Hesenmka (< 10%° Bt/m?),
3Heprus MornoLweHHOW NOpuuM N3NydYeHUs NpeBpaLlaeTcs B TennoTy, KOTopas
pacnpefenseTca no Bcemy Matepuany nyTem TensaoBon Andhdysnu.

Mpy 60nee BLICOKOW MIOTHOCTU W3/yYEeHUS MNPOUCXOAUT WHTEHCUBHBLIN
NOKaNbHbIN HarpeB NOBEPXHOCTH (TeMnepaTypa nogHuMaeTcs o 10™° K/c), u cro-
COBGHOCTb K OTPaXeHMIO NajaeT Ha NONOBUHY CBOE BeNNYMHbLI. Taknum 06pasom,
obpa3yeTcsi pacrnnas/fieHHas BaHHA B peakTope rNyouHON NpuMepHO (Qr)l’z, rae
Q-TennonpoBOAHOCTb, 7AJ/INTENbHOCTL MIA3MEHHOr0 UMMynbca. JanbHeiLee
yBe/IMYeHe NA0THOCTN NOTOKA M3/TyYeHWUs Bbi3blBaeT MOBbILEHME TeMMNepaTypbl
[0 3HayeHus, COOTBETCTBYIOLLEr0 TOYKE KWUMEHUA MOBEPXHOCTU pacn/iaB/IEHHOWA
BaHHbl, M HAYMHAETCA NPOLECC MUCnapeHUsa. 3TO CMYy4YUTCA, KOrga nornoweHHas
3Heprus npubnn3nTensHO OyAeT paBHa CKPbITOA TennoTe ucnapeHus Ls,
onpeaensaemMoro BblpaXXeHnem:

L (1)

1
" P.or.p-Jo-r

37



rae P — MOLHOCTb M31y4YeHus, r — NI0THOCTb BELLECTBa, Q- TENOMNPOBOAHOCTb,
t — 4NUTEeNbHOCTb M1a3MEHHOI0 MMNY/bCa.

[MpefnonoXeHo, 4YTO MpM [OCTATOYHO BbLICOKMX TMJIOTHOCTAX MOTOKOB
3HEpruM [OCTUraeTca Temnepatypa MHOIMX COTeH 3B, KpUTMYeckad MI0THOCTb

HacTuy, B naasme MoXxXeT I'IpI/I6J'II/I)KaTbCF| K n, -4 2 ~1070 1_ (2)
M

rae n. — NAOTHOCTb M3NyYeHUs, A — ANMHA BOMHbI NNa3MeHHOro nyya. OTcroAaa,
npu A = 1 MKM C JOCTVXKEHMEM KPUTNYECKOM MAOTHOCTM U3NyyeHus ne = 107 m™,
Nyd MNPOHUKAET B [MOBEPXHOCTb BeLECTBa, W Aa/bHeMWwWiA Harpes Oyget
NPOV3BOAMTLCS KOCBEHHO, MepensnydeHnem nnasmbl (puc.l). MNnasma BXoauT B
PEXMM CaMOperympoBaHus, rae oxnaxaeHvie eé paclumpeHveM cbanaHcupyetcs
MOrNOWEHNEM M3/TYYEHMS, UTO BbI3bIBAET [BMXKEHWE Mopora KpuTUYECKOW
MNOTHOCTU MO Hanpas/eHNIO K Nnia3mMe. B aTom pexxume HabnogaeTcs yBemyeHme
ckopocTeli yacTuy, 4o 10* M/c npy HopMasbHOM aTMOCHEPHOM AAaBNEHWM.

CKOpOCTb ropsuMX ra3oB Ha BbIXOAHOM CEYEHMM Na3MOTpOoHa (puc.l):

U, = S , Mmlc (3)
Sg

rae Gup — Pacxof, ropsuMx rasoB Ha BbIXOAHOM CeyeHWn peaktopa (M>/cek); Sg—
NNOLWaAb BbIXOAHOTO CEYEHWS FOPSAYEro rasa CTPYMHOro NOrpaHnyHoro cnos (mM°).

Bo Bpems [ABVMKEHMSI XMUAKOCTU W rasa B cpefe Npu Tex Xe (Pru3nyeckmnx
CBOMCTBaX BO3HWMKAET CTPYMHOE TeyeHMe, KOTOpPOe XapaKTepu3yeTcs HaMumem
TaHreHUnasnbHbIX MOBEPXHOCTEN pa3pbiBa. TeyeHWe CTPyW, OXBaTblBaeMON
rpaHnLEin TaHreHUManbHOro paspbiBa, MMEET KOHEUYHYIO TO/WMHY U Ha3blBaeTcs
CTPYWAHbIM MOrpaHnUYHbIM cnoem. CTpys nNpyv UCTEYEHUU U3 OTBEPCTUSA (conna)
obpa3yeT no AmHe TpK yyacTka (puc.1): | — HayaNbHbIA Y4acTOK, KOTOPbIN Xapak-
TEpU3YeTCsa HaMYMEM Apa TAMUHAPHOTO TeYeHWs Mna3MeHHOro notoka; Il — ne-
PEXOAHbIA Y4yacTOK, rAe /NaMUHapHOe TeyeHue MepexoauT B TYypOYNeHTHOE;
Il — OCHOBHOW Y4acTOK, e NPOVCXOANT Pa3BUTOe TYPOYNEHTHOE TEUEHME.

Bbi6bpaHHasi TeopeTuyeckast MOAe/lb MO3BONSAET ONPeAennTb NnapameTpsbl

CTPYW B NEPBOM MPUBVKEHUN.
TONWMNHbI CTPYAHOTO TEYEHUS NOTPAHUYHOIO CNOS OTMEYEHHOIN Moaenu
OnpeaensTCca 13 3aKOHa COXPaHEHUS KOMMYECTBA ABMKEHUS:

02b, = o, [ el ¥
o~ — X H U2 b (4)
0o 0

rae p - NAOTHOCTb MUCTeKatoulel cpedpbl; Ug - CKOPOCTb Ha OCY BbIXOHOIO Ceye-
HUa conna;, by - MONyTONWMHA CTPYAHOrO MOrpaHUYHOrO Cfos B KOHLE
HayafbHOro y4acTka;, Uy - TeKyLL,as CKOPOCTb MO TO/LLMHE CTPYINHOTO NorpaHuy-
HOro cnost; by, _ TeKyLlas NoNyToNLMHA CTPYWHOrO NOrpaHNYHOro cnosti; Y— Teky-
LLiee 3HAUEHWe TOMLLMHBI CTPYIMHOIO NMOrpaHNYHOro Cos.
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Annpokcummpys qopmyny (4), OueHKY pacnpefenieHns CKOpoCTU no
TOJILINHE HAYa/IbHOrO yyacTKa CTPYWHOro MorpaHMYHOro c/iost MOXXHO HamTu ¢
MOMOLLbHO BbIpaXXeHuU:
1 2 1
J.UXZ-d(Y—j=J.(1—6-a)2+8-a)3—3-a)4)-da) (5)
0 U 0 bH 0

r4e o — OTHOLUEeHWe MOrpaHNYHOro C/os K NoyTosWUHe NorpaHUyYHOro cos.

OpVeHTUPOBOYHYHO 3aBUCUMOCTb MafieHWst CPefHeli CKOPOCTW BMO/b
TeUeHWst CTPYM Ha HayalbHOM Y4acTKe MOXXHO OLiEHUTb, MOCTPOMB rpagiMuecKyto
3aBUCUMOCTb (pUC.2.) N3MEHEHMUsI CpefiHeli CKOPOCTM OT HanpaBfieHUs consna
BblIpaXKEHNEM:

jllJJHz.d-(%j:j(l—6'02+8.w3—3'w4) (6)

F3F 3
b 4

L 4

F 3
k4

0,25 0.5 0.75 L0 g 1,25 15 1,75 Z. 0

Puc.1. ['eomMeTpmnyecKoe oyepTaHue CTpyu Puc.2. MageHne cpeaHen CKOPOCTU CTPym
B peaKTope: 1-noTeHunansLHoe a4po; BAO/1b Hanpas/eHUA
2—-TypO6YNeHTHbI NOrpaHNYHbINA CII0M. cpesa conna.

3afaBascb cpefHer CKOPOCTbH Ha BbIXOAALLEM CEYEHMM COMMa, MOXHO
HaWTW NafleHWe CpefHeil CKOpPOCTWM CTPyW BAO/b HanpaB/ieHMs cpesa comnsna
(pnc.2). Ana atoro BbibupaeTca HeobXoa4MMOe pacCToAHME X OT cpesa conna u
onpeaensetcs 3HaveHue kanumbpa x/dy (Touka a Ha puc.2). M3 Toukm a
NMPOBOAMTCS BepTMKa/b [0 nepeceveHns ¢ KpuBoi 3asmucmmocTtn U,/Uy=f(x/d,)
(Touka 6). /13 ToukM 6 NPOBOAMTCH FOPU3OHTa/IbHAA NpAMas A0 MepeceyeHns C
OCbHO OpAMHaT (TouKa B), onpedenstoLei 3HaveHne U,/U.

3HayeHMe B To4yke b dABfAeTCA KOIMPUUMEHTOM NafeHUs cpeaHein
CKOPOCTKN Ha MPOM3BO/IbHO BbIOPAaHHOM pPaccToAHUW X. ABCOMIOTHOE 3HAYeHue
CKOPOCTU B CeYeHMn CTPyM OT cpesa Cornsia Ha pacCcTosaHun X bygeT: U =%Uo-

0

Takum 06pa3oM, MOXHO ONpeaenvTb CPeAHIO CKOPOCTb CTPYM Ha
N060OM paccTOsIHMKM OT comnna B Npefenax HauyabHOro yyacTka CTpyu. 3a1aBasiCh
CpeAHeli CKOPOCTbIO Ha BbIXOASALLEM CEYEHUM COMMA, MOXKHO HaTW najeHue
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CpefHein CKOpOCTW CTPyM BLONb HamMpas/ieHWs cpe3a conia [A1d MOoLenu
CTPYMHOI0 TeyeHus (puc.2).

Mpy 60nee BLICOKOW MIOTHOCTU W3/yYEeHUS MNPOUCXOAUT WHTEHCUBHBLIN
NOK&/IbHbIA  HarpeB W HauyMHaeTCqd MNpPOLecC MWCNapeHWs ¢ MOBEepPXHOCTH
pacniaBfieHHOW BaHHbI.

OTmMeTUM, 4YTO [N MeTa//IoB NPOLECC WMCNapeHuUs HaudMHaeTcd, Korpa
MNAIOTHOCTb MOTOKa W3/yYeHUs BblLle P>10"-10", Bt/M® ncnapeHue
MPOUCXOAMT NPUBAN3UTENIbHO Yepe3 4 MC. ITO CAyyuTcs, Korga norsoLleHHas
3Heprusa NpuMbnM3nNTeNbHO BYAET paBHa CKPLITOM TennoTe ucnapeHmns Ls:

LRI ™
p QT

rae P — MOLLHOCTb U3NYyYeHWsi, p — NNOTHOCTb BeLLecTBa, Q — TenonpPoBOAHOCTb,
7— [/IMTENbHOCTb NNa3MEHHOr0 UMMy bCa.

PacueTbl MOKa3an, YTO YBESIMUYEHNE MOLLHOCTY M3nyueHus (puc.3,a) umeeTt
CYLLECTBEHHOE B/INSHNE Ha BO3pacTaHWe CKPbITON TennoThbl UCNapeHns B peakTope
MNa3MOTPOHA, KOTOPbI/ SABNSETC BAXHEWLUMM 3IHEPreTUYECKUM (HaKTOpPOM Mpw
CTPYKTYpP006pa3oBaHnm; U3MeHeHVWe pocTa TennonpoBOAHOCTM BellecTsa, (puc.
3,6), NpUBOAWUT K MeASIEeHHOMY YMEHbLLUEHUIO CKPbITOW TEMnnoThl WCMApPeHust B
peakTope Mna3mMoTPOHa, a yYBe/lMyeHne NIOTHOCTY BellecTsa (puc.3,B) MPMBOANT K
bonee MefNeHHOMY CHWXEHWMIO CKPbITO TennoTbl MCMapeHusi, B pe3ynbTaTe
006€ecneynmBaeTCs BO3MOXHOCTb Lie/leHanpaB/eHHOro pPerynnpoBaHns npouecca
CTPYKTYpPO06pa3oBaHusi. YBeNNYeHWe [AUTENbHOCTA MNa3MEHHOro  MMMybca
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Puc.3. 3aBMCMMOCTb pacyeTHbIX 3HAYEHUIA CKPbITOM TEN0Tbl OT MOLLHOCTY
n3nyyenust (a), TennonposogHocTu (6), NOTHOCTM BellecTBa (B), ANMMTENbHOCTYU
nsasmMeHHOro umnynbca (r).
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MMeET HeCyLLeCTBEHHOE B/INAHME Ha BO3pacTaHMe CKPbITOM TeNIOTbl UCMApPeHNs B
peakTope  MnasmMoTpoHa. Takum  06pa3oMm, TeOpeTU4eckM  0O6OCHOBaHbI
BO3MOXHOCTM COBEPLUEHCTBOBAHMS TEXHUYECKOro rpouecca MofepHu3aumei
cywiectByowenn yctaHoskn [1YB - 300 ¥ onTMMM3aumMs  TEXHOMOT UK
CTPYKTYpPOO6pa3oBaHus.

B ueTtBepTOli rnaBe  «TexHOMOrMs  TePMUYECKOM  06paboTKU
WHCTPYMEHTOB C UCMNofb3oBaHMem Y/ Bofb(pama» onucaHbl HoBas
KOHCTPYKUMA  M1a3MOXMMUYECKOro  peaktopa W TeXHONOrnM  TepMUYeCKOM
06paboTKM M3rOTOB/IEHHLIX WHCTPYMEHTOB C MPUMEHEHVEM YNbTPaAMCrepCHbIX
MOPOLLIKOB BO/b(hpama.

[Mpouecc MNasmMoOXMMMUYECKOro BOCCTAHOB/IEHMS B OObIMHOM peakTope, B
kotopom d/[] paBHo 1/10, anutca He 6onee 0,03 cek, NPUYeM MIasMeHHbIA MNOTOK
npn cBO6OLHOM UCTEYEHMM B 6O/IbLLOM 06beMe BbICTPO TepseT 3anachl TeMI10BOM
3Heprum, MnoaTOMy HeKOTopas 4aCTb MOPOLUKA, MOnaswwas B MNepudepuinHyto
061acTb CTPYW, OCTAETCA HEA0BOCCTAHOB/IEHHOM.

MoaTomy  AuccepTaHTOM Ha  OCHOBe  aHa/M3a  pe3ynbTaToB
Tennou3NYecKoro pacyeta npegiaraeTcsd HOBbIA TEXHOMOMMYECKUA npoLecc ¢
MOZEepHM3aLMen cyulecTsytoLLein yctaHoBky MY B-300 (puc.4).

a 6
)Pmc.4. Mpouecchbl, nponucxoaaLne B yc)TaHOBKe «MYB-300»: a-npouecc
nnasMoobpasoBaHUsA B MaasMoreHeparope; 6 — npouecc, NpPonucxoasumii B
peakTope.

3HepFI/IFI B 30HY peakunn BBOAUTCA HE TOJIbKO B BUAE NNa3MeHHOM CTpyun,
HO 1 B BUAE AOMOJSIHNUTE/NBLHOIO NOTOKa, HarpeToro o BbICOKOW TEMNEPATYpPbI rasa,
NocCTynaroLiero B 30Hy peakynn CKBO3b MOPUCTYIHO, o6orpeBaemyro INIEKTPOKa-
nopugepomM NPOHULGEMYHO CTEHKY.

Ha puc.5 n3o6paxeH npoaosbHbIA pa3pes3 MnasMoOXMMUYECKOro peakTopa;
KOaKCua/lbHble LUWIMHAPGI, BUA CBEpXY, paspe3 A-A; KoakcuasbHble LUANHAPSI,
paspe3 B-B n cogepxunt Kopnyc 1, nnasMmoreHepatop 2, GOPCYHKU ¢ connamu 3,
pasmMmeLlleHHbIE B BerHeM HacTn Kopnyca, B 06nacTu BHYTPEHHETO UWInHApa, And
nofayn B MNNIa3MEHHYK CTPYHD CMeCU peareHToB — aHrugpuaa Bosib(pama C
Fa3006pa3HbIM peareHTom, cornJso 4 anga BBOAa ra3oo6pa3Horo peareHTa B
MPUCTEHHYIO NONIOCTL Kopnyca 1.
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Puc. 5. KOHCTPYKTMBHasA cxemMa HOBOI0 NMi1asMoXUMUYecKoro peaktopa: 1-kopnyc,
2-nnasmoreHepaTop, 3-KoakKcnasibHble UNNHAPLI, 4-conno, 5,7- UWANHAPLI, 6-0TBEPCTUA,
8-npopesb, 9-anekTpoKasiopudep, 10- BbIXOAHbIE OTBEPCTUS.

B kopnyce 1, no ero UeHTpa/lbHOW OCW, KOaKCWUasibHO, YCTaHOB/IEHO [Ba
nonbIX uunvHapa 5 n 7. B umnuHape 5, yCcTaHOBMIEHHOM B LiEHTPe, MO BCEiR ero
MOBEPXHOCTU, B LLIAXMATHOM MOPAAKE BbINO/IHEHbI TAHIeHUWa/IbHbIE 0TBEPCTUA 6,
BbINO/HAOLLME PYHKLMIM Conen, ANs NoAayn ra3oobpa3Horo peareHTa.

Ha cyliecTBytolleil nnasmMeHHOW YCTaHOBKE OblM MPOBEAEHbI TEXHOJO0-
rMYecKne nccnefoBaHmsa ¢ NPUMEHEHMEM HOBOIO peakTopa.

[peaoKeHHbI HaMW HOBBIA M1a3MOXUMUYECKUIA peakTop AN1S MOy4YeHuns

AVCMEPCHbIX MOPOLIKOB TYronfaBKMX MET//10B OT CYLUECTBYIOLMX aHanoroBs
OT/IMYaeTCs TeM, YTO MO LEHTPanbHOW OCKU Kopryca Mna3MOXMMUYECKOro
peakTopa KOaKCWa/lbHO YCTAHOBMEHO [Ba MOMbIX LWUAMHAPE, MEXAY KOTOPbIMU
PasMeLLIEH 3NeKTPOKanopudgep, Npy 3ToM B LMAUHAPE, YCTAaHOBNEHHOM B LIEHTPE,
BbIMO/IHEHbI KO/MbLIEBLIE COMMA, 06Pa30BaHHbIE TaHTEHLIMANBbHBIMA OTBEPCTUAMM,
PasMELLEHHbIMX B LUAXMAaTHOM MOPSAKE MO BCE MOBEPXHOCTU UWUAMHAPA. STU
KOHCTPYKTOPCKME ~ TEXHONOTMYECKME  WM3MEHEHWs  MO3BOMIUAM  MOBLICUTb
3h(heKTUBHOCTb YCTAHOBKM C HOBbIM PEAKTOPOM.

B wnccnefoBaHUM MCNOMIb30BA/IUCL Ma3MEHHbIE MOPOLLKM BOMbgpama,
0TO6paHHble C PUALTPOB MpOMbILLNIeHHOW ycTaHoBKM MYB-300, xapaktepuc-
TUKWN KOTOPbIX NpuBeaeHs! B Tabn.1.

MoLyHOCTb N1asMOTPOHA BblAepXKMBasiach B npefenax 45-55 BT, MOLWHOCTb
Kanopudepa - 16-18 kBT, pacxof BOAoOpoAa 4epes mnasmoreHepatop 20 m°/u,
yepes Kanopudep oT 40 go 60 M’/4. Pacxop okcuaa Bofbdpama - 6-10 Kr/u.
TemnepaTypa HarpeBaeMoro kaopudepom Bogopoga 1500-1600° C.  Takum
obpa3omM, cymMmapHas MOLLHOCTb COCTaBWMa He 6onee 75 KBT, a cyMMapHbIi
pacxof Bogopoga - A0 80 M/u, B TO € BPeMs MOLLHOCTb MN/Ia3MOTPOHA Mo
TpaauLMOHHOI cxeme cocTaBnsieT 100 KBT npu pacxoae Bogopoaa 75 m*/u.

WccnenoBaHne AMCMEPCHOCTM  MOMYYEHHbIX MOPOLLKOB MOKasano, u4TO
cpefHuiA pasmep 3epHa no ®uwepy paseH 70 — 90 HM NpK cogepXKaHU KUCIoPo-
fa v napos Bnarun 0,5% (tabn.l).
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Tabnuua 1
Pa3mep 3epHa no duLlepy 1 maccoBas [0S KACOPOAA B MOPOLLKAX,
MO/TyYeHHbIX B N1a3MOXMMNYECKOM peakTope

Ne Touka oT6opa Pa3mep HacbinHas YpensHas Copep-

M 3epHa Mo | MAOTHOCTb, | MOBEPXHOCTb, XaHue

n duepy, rlem’ M2/T KICMIOpoa
HM B %

1 | CtaHAapTHBbIN NOPOLLOK 600 4.4 0,1 0,8

2 | YANM W c gunbTpa 90 0,70 4,0 0,5

3 | YO W c ocaauTenbHoi 90 0,82 5,8 0,5

4 |YON W c dunbTpa 70 0,90 8,0 0,4

["paHynvpoBaHve MOPOLLKOB MPOV3BOAWMAN B CMECWTENe BpallaroLlemca no
CBOE/ OCU B rOPU3OHTA/IbHOM W BEPTMKA/IbHOM MMOCKOCTAX. OTpaboTKa PexmnMoB
ODKMra, CrekaHusi NnpoBOAMMACL Ha MPOU3BOACTBEHHOM 000pyAoBaHMM Lexa No2
(MYB-300, LIEM-214, CTH-1,6) AO «Y3KT)XXM>x.

B npouecce nosyyeHWs MNOPOLUKOB BOMb()pama B HOBOM peakTope B
0CafuUTe/IbHON KaMepe Mof, peakTopoM MPaKTUYeCKN He 0OHapYXXeHO MOPOLLKa, 3TO
CBUAETENbCTBYET O TOM, 4TO MOCTYMMBLUMIA OKCWUA BOMb()pama OKasascs
BOCCTAHOB/IEHHbIM MOJSIHOCTLIO U Y/bTPAAMCIEPCHbIE MOPOLLKM BOMb(pPama nonaiu
Ha UNLTPLL.  DNEKTPOHHO-MUKPOCKOMUYECKME CHUMKWU  YNbTPaAMCNepCHbIX
MOPOLLUKOB BO/Mb(pama, MosyyYeHHble BOCCTAHOB/IEHWEM OKCMAA BO/Mb(pama,
nokasanu, 4to Gonee cgepoobpasHas ¢opma (puc.6 (a)) ynbTpagmcnepcHbIX
4acTuL, He XapakTepHa ANA KPYMHbIX YacTul, Bosbgpama. O6HapyXeHbl cryyau,
eC/In He NpeAnpUHMMATL cneunanbHbixX Mep, To YAIT nog AeicTBreM pasfiyHOro
pofa CW: 3MIEKTPUYECKUX, AUCMEPCUMOHHBIX, MarHUTHbIX MOryT 06pa30BbIBaThb
KoHrnomepatbl (puc.6 (6)). TpoYHOCTb KOHI/IOMEPATOB MHOrAa HaCcTO/bKO
BO3paCTaeT, YTO pasfe/inTb UX Ha MUCXOAHbIe YacTuLbl faXe C MUCMONb30BaHUEM
COBPEMEHHbIX [MCNeperaTtopoB MPakTUYeCKN  HEBO3MOXKHO. 3TO MPUBOAMT K
HeXenartebHbIM MOCNeLCTBUAM, fenaet HEBO3MOXXHbIM MOBTOPHOE
MCMo/b30BaHKe 4OPOroCTOALLErO MaTepuana.

S I o R ’_ T e e . T
% s c T i »41. ,

6)
Puc. 6. 91eKTPOHHO-MUKPOCKOMNYECKOe M306padkeHne chepoobpasHoin hopmbl
NOPOLLIKOB (a) U 06pa3oBaHNA KOHI1oMepaToB (6) y/IbTpagncnepcHbIX MOPOLLKOB
Bo/b(hpama (x100000).
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Mopdonorua ynbTpagucnepcHolX (pUc.7) 4acTuu, NOKasblBaeT, YTO 3epHa
yNbTpagMcnepcHolX nopowkos W, nofyyeHHble  BOLOPOAHO-M/IA3MEHHbIM
BOCCTaHOB/IEHMEM, COCTOAT U3 [BYX KOMMOHEHTHbIX cuctem a-W 1 3-W. [JaHHbIi
MOPOLLOK OKasa/icA 60/51ee MeIKO 3epHUCTLIM, C Pe3KO BbIPaXKEHHLIM KCeHOMOp-
(hm3mMom 06/10MKOB (6€CHOPMEHHOCTBIO), U 13 aHaNM3a AUdpakTorpammsl (puc.8)
MOXHO 3aK/lOYUTb, YTO 3HAYEHUA MEXMNOCKOCTHbIX pPacCTOSAHWUA aToOMOB
yKa3bIBalOT Ha MPUHAANEXKHOCTb AAHHOIO MOPOLUKA K YMCTOMY MEeTaINYeCKoMy
BO/Mbhpamy.

ANEeKTPOHHO-MUKPOCKOMMUYECKNe  MCCNeL0BaHMUA  MOPOLLKOB  Kapbuaa
BO/b()paMa Ha OCHOBE CTaHAapTHOrO W  «O0BOCCTAHOBMEHHOro» (puc.9)
YNbTPaANCMEPCHbIX MOPOLLKOB MOKa3blBatoT 06pa3oBaHUA 60/nee paBHOMEPHO
pacnpefeneHHon MeSIKO3epPHUCTOM CTPYKTYpbl, NpakTuyeckn 6e3 obpasoBaHUs
KOHI/IOMepaToB HeXenn y CTaH4apTHOrO.

Cpeiey

(T L TTEINTTIY TR T e
20
Puc.7. Mopdonorus, CTpykTypa Puc.8. AnpakTorpamma nopoLuKa
YNbTPaANCNepPCHbIX MOPOLLKOB MeTa/I/IN4eCcKoro Boibpama.
Kap6uaa sonbhpama (x50000).

NokanbHble (NyKTyaumMn MpecbIeHNiA, BO3HMKatoWwme B TYpOYNeHTHbIA
cpefie NNasmbl, BbICOKVE rpagneHTbl TeMmnepaTyp (10° rpag/m), 6ombLume CKOPOCTY
peakUmMii 1 6bicTpoe TeueHue mpouecca (10°-107 ¢) co3maloT HepaBHOBECHbIE
YC/IOBUSI pocTa KpucTanioBs. Mo 3ToW nNpuunHe hopMa KpUCTa/ioB OT/IMYaeTCs OT
nonyv4yaemMblX B MIa3MOXUMUYECKUNX PEAKTOPaxX KPUCTa/1/10B MO CYLLECTBYHOLWNM
TEXHQ[IOFI/IFIM.

Punc.9. 9NeKTPOHHO-MUKPOCKOMNYECKME CHUMKM MOPOLLIKOB Kapbuia Bonbdpama
Ha 0CHOBe CTaHAAPTHOro (a) U «40BOCCTAHOB/IEHHOI 0» Y/IbTPaANCNepPCHOro
nopoLuka (6) x50000.

ANa  CHMKEHWS CcofepXXaHus KuUCnopoga B BOMb(PaMOBOM  MOPOLLKe
NPeANoXeHO YNaBAMBaTb MNPOAYKT Ha rpadMTOBbIX WAN  MeTann0TKaHHbIX
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(punbTpax, YCTAHOB/IEHHbIX B CaMOM peakTope. JTOT CMocob mnaccusauuu
Mo3BoNU/I 06ecneynTb HEnUPOgOPHOCTL MOPOLLKA, OAHAKO MNPV MOBbILLIEHHbIX
TemnepaTypax (800-1600°C) MOXeT MpoMcXoAauTb ero packKucieHue napamu
BoAbl. [lepBoHayasibHO OMpPo60BaH MPOLECC C MepUOAMYECKMM NpeKpaLleHnem
nogaum cbipb Ha 5-10 MWH, B TeYeHMe KOTOPbIX MPOAYKT Ha (hubTpe Tepmonac-
CMBUPYETCA B NOTOKe CyXoro Bogopoga. OnpefeneHo, 4YTO MOCME BbIFPY3KU
nopoLlKa cofep)kaHuve Kucnopoga B Hem B TedyeHune 10-20 cyTokK pocturaet
YPOBHSA 2-2,65 %, nocne Yero He MeHseTcs.

BTopoit meTog naccueaulmm nyTeM BBOLA BMeCTe C CbIpbeM YreBOLOPOLOB
OblN peann3oBaH 6apboTaXKeM TPaHCMNOPTUPYHOLLEro rasa yYepes 6eH3nH, KOTOPbIi
obecneunn HenupudgopHocTb nopowka W. PaspaboTaH chnaB, KOTOPbIA
OT/INYaeTCA OT CTaHAaPTHbIX CN/JaBOB Me/IKO3EPHUCTOM CTPYKTYPOW. Tak, 06beM
3epeH WC - (pasbl pasmepom o 100 Hm cocTtaenset 80-85%, a B cnnaBax BK10-
M-65-75%. CpegHuin pasmep 3epeH WC - (hasbl cocTasnseT 110 HM, a B cnnase
BK10-M-130-150 Hwm.

[MoNnyYeHHbIN cniaB MMeeT MeNKO3EPHUCTYIO CTPYKTYPY WM MOBbILLEHHbIN
npesen MPoOYHOCTM MpPK MOMepeyHoOM M3rnbe Mo CpaBHEHWIO C BbIMyCKaemMbIMU
cnnasamu. [laHHblil ypOBEHb CBOWCTB [OCTUraeTcd B pe3ynbTaTe W3MeSlbYeHUS
WC - (hasbl, MI3MEHEHWNSI CBOMCTB KOOanbTOBOM WM KapbuaHoi (a3. CoueTaHue
BbICOKMX  (DU3MKO-MEXaHUYECKMX CBOMCTB W MEIKO3EPHUCTON  CTPYKTYpbI
06ycnoBnMBaeT  BbICOKME  3KCM/yaTauMOHHble  CBOWCTBA.  JlabopaTopHble
UCMbITaHUA Mpu  06paboTKe TpyAHOOOpabaTbiBaeMblX MaTepuanoB MoKasaau
yBefimyeHune ctokoctu B 1,5-3,0 pa3a no cpaBHeHMO co cniasom BK10M.

AHanunsupys  pesynbtatbl  (Tabn.l, puc. 5-9)  TEXHONOrMYECKNX
MCCnefoBaHNin ¢ UCNO/b30BaHWEM HOBOTO M/1a3MOXMMUYECKOTO PeakTopa, MOXHO
KOHCTaTUPOBATb: MOBbLILIAETCA CTeneHb MNPOPaboTKN CbipbA U YMNpPaBAseMoCTb
MpoLeccom, a TakXe [MCNEepCHOCTb MOPOLUKAa; BO3pacTaeT OAHOPOLHOCTb
rpaHy/IOMETPUYECKOr0 COCTaBa; YBE/NNYMBAETCA KOIPPUUMEHT MONYYEeHHOro
[encTBMA nNpoLiecca BOCCTaHOB/IEHUS,

OTMeYeHO, YTO TEPMUYECKOM 06paboTKe BUMETAIIMYECKUX KOMMO3UTOB [0
CUX MOP He YAenanocb 0coboro BHMMaHMSA W B pesynbTate He YyAaBasioCh
MOMIHOCTHIO  PacKpPbITb  MOTEHLUMAbHbIE  BO3MOXHOCTM  KOMMO3MTOB U UX
CTPYKTYpHble cocTaBfstowme. [1o3TOMYy [UCCEPTAHTOM M3YYeHO W3MEHEHMe
CBOWCTB KOMMO3NTa Ha Hanps>KeHHOe COCTOsIHME B KOpryce npu TepMoobpaboTke
(pnc.10, a) no pexumy: oTnyck npu 220°C 1 u: 1 BapuaHT-U30TePMUYEcKas
BblAePXXKa 1 MUH. npun 280°C; 2 BapMaHT—M30TepPMUYECKas BblAepPXKKa 3 MUH. Npw
280°C; 3 BapuaHT— 130TepMUUecKas BblaepXKka 5 MUH. npu 280°C.

ONa n3ydeHUs BIMAHUA WCXOLHOW CTPYKTYPbl HeCylleld OCHOBbI nNepej
BTOPMYHON  (ha30BO  NepekpucTa/iM3aumMein Ha Harps>XeHHOe COCTOsHMe
paboyero  snemeHTa  MHCTPYMEHTa U 3KCNyaTauuOHHble  MoKasaTenu
MPOMEXYTOUHas U30TepMUYecKass BblgepXKKa OcylecTBisnace B 06nactu
MapTeHCUTHOro W1 GelHUTHOro npespaweHns ctanm 40XHMJ1T B TeuyeHue
1, 3, 5 MUH.
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a) 6)
Puc.10. Cxema TepmoobpaboTku (a) 1 pacnpeaeneHune snemeHToB (6) B
NepexoHON 30He IMTOro OBMMEeTa/I/IMYECKOr0 KOMMNO3UTa CUCTEMbI TBEPAbIV cniaB
BK8-ctanb 40XHMJT.

PesynbTaTbl uccnegosanus (puc.10, 6 ) nokasanu, 4To npu opMMpoBaHU
KOMMO3MTa MPOUCXOAMT MPOHUKHOBEHWE HUKENA B Npuierarowue cnou ctaim v
TBEPAOro cnnaea Ha rnybuHy o 0,1 mm. 3oHa Ha ocHose Cu 1 Ni oborauieHa W u
Co CO CTOPOHbI TBEpAOro crnjaea W Xefe3oM CO CTOPOHbI CTain. Makcumym Ha
KpmBoi pacnpegeneHns Cu v Ni cMelleH B CTOPOHY TBEPAOro Crnjaea, 4To
CBUAETENbCTBYET O 060Mee MHTEHCMBHOM pacTBOpeHUM Fe B pacnnase
MPOMEXYTOUYHOro cnod. CpaBHUTENbHO BbLICOKOE COAEep)KaHWe MNpPOAYKTOB
B3aumopgencTems tuna MgC, M3C TroBOpUT O CYLIECTBEHHOM YBE/IMYEHUN
Konmyectsa (pas WC (o 52 %).

Tabnuua 2
PacnpeseneHue a3 1 nx cofep>kaHne no nornepeyHomy CeYeHuo
KoMno3uTta TeepAblil cnnas BK8 — ctanib 40XHMI

CocTasnatoLpe PaccTosHme OTHOCUTENbHAA NHTEHCUBHOCTb
KOMMO3NTa OT rpaHunLbl PEHTTEHOBCKNX NIMHUN
PasAgna Mex gy ®da30Bblii cocTas, %
COCTaB“”*‘i”—‘V'MV" a—-Fe|y—Fe| MgC | Co MsC | WC
MM
BK8 0,2 - - - 8,0 - 92
0,1 - - - 7,8 91
[MepexofHas 30Ha 0,1 - 40 36 | 45 - 51,9
Ha ocHoBe Cu—Ni 0,2 47,1 | 37 3,1 3 - 9,8
0,3 795 | 18 1,6 - 0,9 -
Cranb 40XHMJ1 0,1 95,2 | 3,5 — — 1,3 —
0,2 98,7 - - - 1,3 -

*PaccTosHue (N0 NonepeyHoMy CEYEHMIO NepexofHOW 30HbI) OMNpenensnoch
Mo AaHHbIM MeTannorpagmMueckoro aHanmsa.

Pa3oBbli MOC/IONHBIA aHaM3 MNepexofHon 30Hbl (Tabn.2) nogTeepaun
aKTMBHOe  B3auMmogeiicTBume  pacnnaea Cu-Ni ¢ TBepAbIM  CMIaBOM.
[MPOHMKHOBEHME HUKENA B CTa/lb COMPOBOXAAeTCs 06pa3oBaHWEM OCTaTOYHOIO
aycteHuta. B nepexofHON 30HE COLEPXWUTCA B OOMbLUOM Konuyectse  y—Fe
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(10 30%). MepexofHas 30Ha KOMMO3WUTa BKKOYAET cneaytoLye dasbl: o —Fe, y—

Fe, M¢C, M3C, MC, a Takxxe CO CTOPOHbI TBEPAOro cnasa, obpasyemoro Co.

MUKPOCTPYKTYypa MepexofHON 30HblI BK/OYAET CreAytolmne xapakTepHble
30Hbl (puc.11, a): 1-ad 30Ha — CO CTOPOHbI TBEPAOro cnjasa - OT/IMYAeTcs
MOBbLILUEHHOWN TPaBMMOCTbLIO N YBE/IMYEHHbLIM PaCCTOSHUEM MeXAY KapOuaHbIMK
yacTuuamu; 2-as 30Ha— CHOPMMPOBAHHAA Ha OCHOBE MaTepuasia NMpPoOMeXXyTOYHOro
C/I0A BKHOYAET KOPKOBBIN COA U (ha3y TpaBfeHWUA C BK/IOYEHWEM ayCTEHUTHO-
KapbuHbIX 06pa3oBaHNii NPon3Bo/bHON (hopMbl. Pasmep 30HbI 0,15-2,0 mm; 3-as
30Ha—KOpOYKa C MeJIKO3ePHUCTOM CTPYKTYpPOK ToNwmHoM go 0,05 mm; 4-ad 30Ha —
HayrfepoXXuBaHve Marepvana Hecylleld OCHOBbl KOMMO3MTa MNPOAYyKTamu
rasupmkauum noancTupona ¢ NepMTHO-LEMEHTUTHON CTPYKTYPOW, MOCTENEHHO
nepexogsaLLein B oeppUTHO—NEPINTHYIO CTPYKTYPY A03BTEKTOMAHON CTaN.

3amMep MWKPOTBEPAOCTVM MO MOMEPEYHOMY CEYEHUHD MEPEeXOAHOM 30HbI
KOMNO3nTa Mnokasasi, YTo B NpueraroLLlein K TBepaomMy CnsiaBy 30He MPOUCXOAUT
MOHWXXEHWE TBEpPAOCTU NO CPaBHEHWIO C UCXOAHBbIM TBepAbIM cnsiasoM (0T 1600-
1800 HV pgo 600-1000 HV). M Ha ocHoBe Martepuasna MPOMEXYTOUYHOrO C/iof
HabntofaeTcs pesknii nepenag TBepaocty o 400 HV. TeepAaoCTb KOPOUKM U
npunerarowas K Heil 30Ha HayriepoXXmnBaHusa NOCTeneHHo CHKaetcs ¢ 300-400
HV
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Puc.11. MUKpPOCTPYKTYypa nepexoaHoii 30Hbl (a) 1 pacnpegeneHme MMKPOTBEPAOCTH
(6) no nonepe4yHOMyY ceyeHUO KoMMNo3nTa cuctembl BK8 — ctanb 40XHMJ):
1 3o0Ha—murpauua; Il 30Ha—Ha ocHoBe NPOMEXYTOYHOro ¢os; 111 30Ha — KOpoUKa;
IV 30Ha — HayrnepoxwsaHue, x150
CornacHo NnpeanoXXeHHOMY pexxnmy peann3yroTcs: noaorpes
TBEPAOCMIABHOTO MHCTPYMEHTa A0 TemnepaTypbl 250°C B TeueHne 3 MUH, Harpes
no Temnepatypbl 1100°C B TeueHMe 5 MWH, M30TEPMUYECKAs BblAEPXKKA Mpw
Temnepatype 280°C B TeueHMe 3 MUH, BTOPUYHBINA Harpes o TemnepaTypbl 860°C
B TeyeHuMe 15 MMH, 3akanka B Harpetoe macno. OTnyck npu TemnepaType
220°C-1 u.
Taknum 06pa3om, npesioKeHbl HOBbLIA CNOCO6 M pPeXXnumbl TepMoobpaboTKK
TBEPAOCMNABHOrO0 MHCTPYMEHTA, 3HAYMUTENIbHO MOBbILIANOLLIME pecypc paboTbl U
JKCnayatayMoOHHYHO HaAEeXHOCTb.




B natoi rnase pgucceptaumm «OUEHKA TEXHUKO—3KOHOMUYECKNX
nokasatesied  MPUMEHEHUA  pe3y/bTaTOB  UCCNEeAOBaHWUSA»  NPUBEAEHbI
NPUKNagHble acnekTbl MPUMEHEHUA pPe3ynbTaTOB WCCNEA0BaHUS W OLEHKA WX
TEXHUKO—3KOHOMMNYECKNX NOKa3aTeneil.

Pa3paboTaHa TexHosorunsa NpoV3BOACTBA MEeTaITOPEXYLLKX,
MeTa/1/1006pabaTbiBaOLLMX, (hOPMOO6Pa3yHOLLMX, BYPOBbLIX U APYrUX UHCTPYMEHTOB
PasMYHOIO0  HasHayeHWs C  MPUMEHEHMEM  YNbTPaAMCMEPCHLIX  MOPOLLKOB
BO/Ib(hpama.

B KayectBe wMmatepuana paboyerdt YaCTU MaTpuubl A0S MPecCOBaHUS
TBEPLOCMN/IaBHbIX NJACTUH B3AT TBepAblin cnnas BK8 T[OCT 3882-74.B matpuuax
ans cuHtesa CTM amvametpom 150 MM mcnonb3oBasncst Teepdbivi cnnaB BK6 TOCT
3882-74 1 cneyeHHbIn MonnMbaeHOoBbIN cnnas Mo-TiC.

BcTaBkn 13 TBEpAoro cnsasa m3rotosnsnnc 13 YA sonbgpama. [0TOBbIE
3NleMeHTbl 00e3XXMPMBASIUCL B N1260PATOPHbLIX YCMOBUAX PacTBOPOM KayCTUYeCKOiA
COZbl M aLETOHOM, & B NPOM3BOACTBEHHBIX — B Y/IbTPa3BYKOBOW BaHHe B TEUEHME
8-10 MmH B XnagoHe, 3aTeM BblaepXkusanmcb 8-10 MMH B Bofe C A06aBKOM
amynbratopa C nocnefytollern npoMbIBKOW. [Mocne 06e3XMprBaHUA  BCTaBKM
NpoBOAWN CYLUKY. B KayecTBe MPOMEXYTOUYHOro C/10 MCMO/b30BIN MELHYH U
HVKeneByto npoBosiokn puametpom (0,1-0,6 mm). lMNpoBosioka B Buae OGaHpaxa
HaZleBasiacb Ha pabounii aNeMeHT rnepes ero ycTaHOBKOW B NMpecc-(hopMmbl.

OnTMMM3aLmMsa  TeXHONOTMYECKMX  MapamMeTpoB  MPOMEXYTOYHOrO  C/of
nposoguiacb C MNPUB/JEYEHMEM METOfa  MaTemMaTMyeckoro  njaHuMpoBaHUA
3KCMEPUMEHTOB. Peann3aLus nnaHa NoaHOro akTopHoro akcnepumeHTa N=2° ans
onpeaeneHns  3aBUCUMOCTW  MPOYHOCTM  COEAMHEHMA MeXAy 3/eMeHTaMu
KOMMNO3NTa, Hallia BblpaXKEHWE B BUAE YpPaBHEHUA perpeccuu AN KOMMosuTa
CMeYeHHbI MOMBAEHOBbIN crnaB cucteMbl Mo-TiC-cTanb 40XHMIT:

y = 194 + 235X, — 16X, +36,5X; + 2X,+ 6X-—3X,+ 52X, (8

roe X; — TONMWMHA MPOBOMOKKN, X, — LWar Mexay BUTKamn, Xz — cofepykaHue
HUKena B 6aHfaxe, X, — COBMECTHOe B3aumopencteue X;X,, Xs — COBMECTHOE
B3aMmMopencTBme X1 X3, Xg— COBMECTHOE B3anMOLenCcTBue X;X3, X7 — COBMECTHOE
B3aumogencTame X, X,Xs.

Mocne npoBefeHUst CTaTUCTUYECKON OLEHKM 3HAYMMOCTU KO3PPULMEHTOB
YPaBHEHWUS YCTAHOB/IEHO, YTO 3HAYMMbIMI OKa3a/INCb Cnefytowme Ko3appuumneHThbl
YpPaBHEHUSA pPerpeccun:

y = 194 + 235X, — 16X, + 36,5X; + 6X, 9)
cnonb3ya  MeTO4 ~ KPYTOro  BOCXOXAEHMA  NpW  OMpefeneHuun
MaKCUMa/ilbHOTO  3HayeHWs rnapameTpa ONTMMU3aUUK, OblIM  YCTAHOB/IEHbI
COOTBETCTBYIOLLME 3HAYEHUA (PAKTOPOB, B/AMAKOLWMX HA Mpouecc (PopMmnpoBaHns
MepexoAHON 30HbI 41 KaXKA0ro BapuMaHTa KOMNO3UTOB, KOTOPbLIW Obl NPUHAT 3a
OCHOBY MNpW NPOBEAEHNN AaSTbHEALLNX UCCIeA0BaHNIA.

Paboumini 3neMeHT KOMMNo3uTa — BCTaBKa M3 TBEPAOro M MOIMOAEHOBOro

cnnaea cuctembl Mo-TiC, NPOMEXYTOYHbIN CNMO B BMAe GaHAaXa M3 MeLHON U
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HWUKENIeBOM MNPOBOJIOKM C COOTHOLLeHMeM 3:2, Hecyllasd OCHOBa — JIATeiHas
KOHCTPYKUMOHHaa ctaib 40XHMJT n 40XHM®J1. JluTble 6umeTannnyeckue
KOMMO3MTbl 06ecrneynBaiv BbICOKYH paboToCnoCOOHOCTb MHCTPYMEHTA.

OnbITHbIE NPOMbILL/IEHHbIE MAPTUM  LUTAMMOBLIX, METaIIoPeXyLWmx W
(hopMOO6pasyOWMX WHCTPYMEHTOB C  UCMOMb30BaHWEM  YNbTPaaUCTePCHbIX
MOPOLLKOB BOJIb(PpamMa MpoLv MPON3BOACTBEHHbIE WUCMbITAHUSA, B pe3ynbTare
yCTaHOB/IEHO, YTO NpV 06paboTKe pes3uamm U3 YAbTPALMUCMEPCHbLIX MOPOLLKOB
BO/Ib(ppama CTOMKOCTb 3TUX MNACTMHOK OKasanacb 60/bLle, N0 CPaBHEHWUIO CO
CcTaHAapTHbiMK B 1,05-1,40 pasa, a 4yyryHa Cuy20—cooTBeTCTBEHHO, B 1,22-1,80.
JKCNepuUMeHTa/IbHble  PO/IMKX  MPUBASIKOBOM  apmatypbl  Ne23  npoLunu
MPOV3BOACTBEHHbIE MUCMNbITaHUA B YCN0BMAX AO «Y3MeTKOMOUHAT» U MPOKaTaHo
cBblwe 15531 ToHHbI NpokaTa 6e3 6pakoBOYHbIX Le(EKTOB.

[MpakTnyeckasa peannsauma pesynbTatoB uUccnefoBaHWA MO AaHHbIM AO
«Y3KTXXM» n AO «Y3meTkombuHat» 3a 2010 rog coctasmna 170,3 MAH. CyM B
rog. OxXuaaembli  3KOHOMWYECKUA  3(DPEeKT OT BHeAPeHWA pe3ynbTarToB
nccnefoBaHus coctasun 6osee 376 MH. CyM B rOA, NO LieHam 3aTpaTt Ha CbIpbe U
TexHonoruu 2010 roga.

Pe3ynbTaTtbl AUCCEPTaLMOHHOM paboTbl BHeAPEHbI B Y4eOHOM npoLecc no
ancumnnnHe «MatepuanoBefieHre U TEXHOIOTUA KOHCTPYKLUMOHHBIX MaTepnanoB»
B 00beMe 6 yacoB, «HemeTannnyeckue martepuanbl» B 06beme 4 yaca, Bcero 10
yacoB Ana 6akanaeBpoB NO creumasbHOCTM - 5520500, a TakXe Mo AUCUUNINHE
«KOMMNO3nLMOHHbIEe MaTepuasbl» B 06beMe 20 4acoB UM «[1OpPOLUKOBOM
metannyprum» B o06beme 10 uacos, Bcero 30 4acoB A1 MarucTpoB Mo
cneumansHoctTh - 5A520510. (aktbl oT 04.05.2010 n 02.04.2014 roga). 3gaHsbl
[Ba y4eOHMKa, B KOTOPble BOLLIM MaTepuasibl, U3/I0KEHHbIE B ANCCEPTALUNOHHOWA
paborTe.

SAK/TFOYEHWE

Ha ocHoBe NpoBeAEHHbLIX MCCNeA0BaHUIN MO AOKTOPCKOM AmMccepTaumm Ha
TeMy  «Co3faHMe  KOHCTPYKUMOHHbIX  MaTepualioB  C  WCMOMb30BaHUEM
YNbTPaAMCNEePCHbIX NMOPOLLIKOB BO/b(pama» npeacTaB/eHbl CneayoLLe BbIBOAbI:

1. VI3yyeHnem aspoanHaMUYECKMX MPOLLECCOB ABMMXKEHUA YacTUL, KUNSLLEn
XNAKO-ra3oMasHoin cpefdbl HayyHO 06OCHOBaHa M BblbpaHa MaTemaTtuyeckas
MoAeNb AN OUEHKM CpeAHeil CKOPOCTM MafeHus CTPYU B BbIXOAHOM CEYEHUU
conna peaktopa [M1YB-300, 4TO NO3BOMMMO YCTAHOBUTL 3aKOHOMEPHOCTb U
M3MEHEHNSA CKPbITOM TEnn0Tbl OT OCHOBHbLIX TEPMOAMHAMUYECKUX (PaKTOPOB.
YCTaHOB/IEHHbIE MOLLHOCTM W3/yYeHUs, TenoNPoOBOAHOCTM, NAOTHOCTA U ANK-
Te/IbHOCTW Ma3MEHHOr0 UMMNYyNbCca NOCNYXXAT AN pacyéTta cocTaBa Nosy4vaeMbiX
mMaTepuanoB 13 yNbTPaaNUCNepCHbIX NMOPOLLIKOB.

2. MNpounsseaeH TeNN0U3NYECKUIA pacyeT MNIasMOXMMUYECKOro peakTopa
ANS YTOUHEHNA KOHCTPYKLUNN 1 pexXuMoB paboTbl MY B-300: ycTaHOBNEHHbIe cuna
Toka ayrn ot 0,45 pgo 0,55 KA, HanpsbkeHma gyrm ot 380 go 410 B, pacxof
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BOJAOPOAA uepes nnasmMoTpoH oT 60 fgo 70 wm°, pacxog Bogopoga Ans
TPaHCMOPTMPOBaHMA BOMb(PAMOro aHruapuaa ot 2 Ao 4 m°/u, pacxof BoAbl Ha
NnasMoTpoH oT 2,15 [0 3,6 M*/u MocnyaT OCHOBHbIMM MOKa3aTensMu Mpu
pa3paboTKe PeakTOPOB HOBbIX KOHCTPYKLMIA.

3. PazpabotaH HOBbIA M1a3MOXMMUYECKNIA  peakTop [ANd  MOoJyYeHus
YNbTPaAMUCNEPCHBLIX  MOPOLUKOB  TYrOMnaBKMX  METa/NIoB,  MO3BOMAOLLNX
3HAYUTE/IbHO MOBbLICUTL MPON3BOAMTENILHOCTb TEXHOOMMYECKMX 060PYA0BAHMUIA.
3TO MMeeT 60MbLIoe 3HaYeHWe B MOMYYeHUN YNbTPaAUCMIEPCHBIX MOPOLLKOB U3
pas/IMYHbIX METaOB.

4. Pa3pabotaHa (pu3nyeckas MOLeNb peakTopa M1asMOTpoOHa Ans pacyéra
CKPbITON TennoTbl UCNapeHus. IT0 MMeeT OO/bLLIOE 3HAYEHWe B MCCNeL0BaHUM
TennoobMeHa 1 yCOBepLUEHCTBOBAHMM KOHCTPYKLUUK M1a3MOTPOHa.

5. YCTaHOBNEHO, YTO MOBbLILLEHNE 3HEPrun M3nydeHUs nNpu obpas3oBaHUK
CTPYKTYPbl 3HAYMUTENIbHO B/IMSIET Ha MOBbILLEHME Tensa CKPbITOro MCnapeHus B
peakTtope niasmMoTpoHa. lI3mMeHeHMe TennonpoBOLHOCTM Tena MPUBOAMT K
CHWKEHUWIO CKPbITOrO Tensa MCMapeHWs B peakTope MniasmMoTPOHa, MOBbILLEeHKUe
MIOTHOCTU Tena nPUBOAUT K PaBHOMEPHOMY CHVDKEHWIO Tenja CKPbITOro
ncnapeHus. B pesynbTate BO3HMKaeT BO3MOXXHOCTb PerynvMpoBaHusA npouecca
CTPYKTYpPOOOpasoBaHus.

6. MNpeanoxeHbl peXXumbl TepmMoobpaboTKM ANA naccusaummn MOPOLUKOB.
OnpepgeneHo, YTO MoOC/e BbIFPY3KU MOPOLUKA COAepXXaHWe KMCNopoja B HEM B
TeyeHne 20 CyTOK JocTuraeT ypoBHA 2,0-2,65 %, nocne 4yero He MeHsetcd. And
CHWKEHNS KUC/opoZa B BO/b(PPaMOBOM MOPOLLUKE MPeasioKeHO YNaBAMBaThb
MPOAYKT Ha rpaMTOBbIX WAM METa/INIOTKAHEBbLIX (PUNbTPAX, YCTaHOB/EHHbIX B
camoM peakTope. [MpeanoXkeH MeToj naccvBauMv NyTeM BBOAA BMECTe C CbIpbeM
YrneBoOPOLO0B, a Takxke 6apboTaxem TPaHCMOPTMPYEMOro rasa 4yepes OeH3MH,
KOTOpbIA fdan fydwme pesynbTaTtbl U WUCMNONb30BaH B WCCNeAoBaHUAX. ITO
MO3BON/IO YBENYUTL NPON3BOANTENBHOCTL PeakTopa.

7. Pa3paboTtaH HOBbI CNOCO6 M3roTOB/IEHNS BUMETAN/IMYECKOTO PEXXYLLIErO
M LUTamMMOBOro WUHCTPYMEHTa C MCMOMNb30BaHMEM Y/bTPaLMCNEepPCHbIX MOPOLLIKOB
BOMb(hpama. ITO MO3BOMUT YBENNYUTL 06/1aCTb NPUMEHEHUA BMMETaNIINMUYECKNX
PEXYLUMX UHCTPYMEHTOB W LUTAMIMOB.

8. PazpaboTaH pexxum TepMmnyecKkor 06paboTKM ObICTPOPEXKYLLErO UHCTPY-
MeHTa, MOBbILWAIWEr0  HaABXHOCTb  paboTbl 32 CYET  omTMMMK3aLUU
CTPYKTYpPOO6pa3oBaHusa GUMeTaININYECKUX KOMMO3UTOB. 3TO MO3BOMNUT YBEIUUNTD
CPOK C/Y>KObl NHCTPYMEHTOB 13 BbICTPOPEXYLLNX CTaNe.

9. MNpeanoxeH crnocob TepMmnyeckoin 06paboTKM NUTOro GUMETaNINYECKOTO
TBEPAOCM/IABHOrO  MHCTPYMEHTA, MO3BOMAIOLLErO  YNPOCTUTL  TEXHOMOMMUIO
TepMUYecKo 06paboTKM 1 NOBLICUTL CTOMKOCTb MHCTPYMeHTa Ha 30-40 %.
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INTRODUCTION (Annotation of doctoral dissertation)

Relevance and demand of the subject of dissertation. Reception of
materials with special physical, biological and chemical properties on a basis
nanotechnology puts new problems all over the world. Under the statistical data,
annually in the world for working out of materials on a basis nanotechnology are
annually spent 8 - 10 billion dollars the USA, including in the countries of Europe
and the CIS 2-3, in industrially developed states of 6-7 billion dollars.

With finding of independence of our country the special attention is given to
workings out of constructional materials based on high technologies where certain
results on reception of new constructional materials on the basis of tungsten and
reception of new materials on the basis of ultradisperse powders of tungsten hi-
tech plasma-chemical are reached by a method.

Reception of powders carbide metals and working out of new constructional
materials with application modern scientific and technical means, is considered one
of actual problems. In particular, reception of ultradisperse powders of tungsten
also is one of current problems of today. As received plasma-chemical
ultradisperse powders of tungsten completely answer with a method mechanical
and to technology requirements their application is rather expedient. Besides,
materials received on the basis of ultradisperse powders, completely answer
physical, chemical and to the technology requirements shown to firm alloys.
Therefore reception of materials with fine-grained structure has important
scientifically-practical value. The data set forth above testifies to an urgency of a
dissertational theme.

The given dissertational research in certain degree serves performance of
problems provided in the decision of the President Respublic Uzbekistan
I.A.Karimov of software Ne530 from December, 14th, 2006 about «Distant-shem
development of a mineral raw material base of tungsten deposits of Republic» and
in the decision of the President of Republic Uzbekistan of I.A.Karimov of software
Ne1590 from July, 29th, 2011 «Measures of deepening of localisation of
manufacture of finished goods, components products and materials on 2011-2013
on the basis of industry cooperation», and also in other is standard-legal documents
accepted in given sphere.

Compliance of research with priority areas of science and technology of
Republic of Uzbekistan. This study was performed in accordance with the priority
directions of development of science and technology of the Republic of
Uzbekistan Il. "Energy, energy and resources” within the framework of the project
STP-3 - Power, energy and resource saving, transport, mechanical engineering and
instrument making and VII. "Chemical and Nanotechnologies™ under the program
project STP - 12. "The new technology of organic non-organic, polymer and other
natural materials."
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Review of intrnational scientific research on the theme of the

dissertation." The scientific researches directed on reception of constructional
materials on the basis of ultradisperse powders refractory of metals, their reception
plasma-chemical are carried out by a method in leading centres of science and the
higher educational world establishments, including at the American university of a
science and technologies (USA), at university Nagoya (Japan), at English
university of technologies (England), at the Belarus National technical university
(Belarus), at problem institute materials (Ukraine), at institute of metallurgy and
mechanical engineering (Russia), at the Tashkent state technical university
(Uzbekistan).
As a result of the researches spent in the world on reception and application of
ultradisperse powders of refractory metals by a plazmo-chemical method,
corresponding to modern requirements, a floor-cheny a number of scientific
results, including: Technologies of reception nanokristal-licheskih materials,
nanostructure are developed, nanophases and nanocomposites (laboratory of
nationally Roskilde, USA), is received technology of reception of ultradisperse
powders through evaporation condensation (laboratory of nationally Argon, USA),
are developed methods of change of superficial structures nanomaterials by
modifying (Japanese institute of metallurgy, Japan), is developed the technology of
creation disperse nanosystems, the processes of plasma restoration directed on
physical and chemical bases and synthesis (National technical university, Belarus),
Is developed the technology of reception nanostructures various refractory metals
(metallurgy and materials technology Institute, Russia), is developed technology of
reception of different refractory metals and connections with reception firm alloys
with application low induction a trance-formatornyh of installations (institute of
thermophysics of the Russian Academy of Sciences, Russia), The structure carbide
constructional materials (the Tashkent state technical university, Uzbekistan) is
developed.

1 Review of foreign scientific-research on the topic of the dissertation Y.Zhang and J.Zhang,

“Nanometer WC-Co Carbide”, Xiyou Jinshu Cailiao Yu Gongcheng, 1995, 24(2), 18-21 (Chinese); High
Temperature Synthesis of WC in a CH4/H2 Gas Atmosphere”, Poroshk. Metall. (Kiev) 1995 (9-10) 21-26
(Russian); L.Gao and B.H.Kear, “Synthesis of Nanophase WC Powder by a Displacement Reaction Process”,
NanoStructured Materials, 9, 205-208, 1997; H.Kear, P.R.Strutt, “Chemical Processing and Applications for
Nanostructured Materials”, NanoStruct. Mater. 1995 6(1-4), 227-236; A.V.Samokhin, N.V.Alexeev,
Yu.V.Blagoveschenskiy, S.A.Kornev, Yu.V.Tsvetkov, W-C nanosized composition synthesis and characterization,
9-th International Conference on Nanostructured Materials, Brazil, 1-5 June, 2008; Y.V. Blagoveshchenskiy, A.V.
Samokhin, Y.V. Tsvetkov, N.V. Alexeev, N.V. Isaeva, C.A. Kornev, Y.l. Melnik. Nanopowders of WC-Co system
with different inhibitor additions manufacturing by plasmochemical process. 17 Plansee Seminar — International
Conference on High Perfomance P/M Materials. Reutte, Austria, May 25-2-, 2009, Vol.3, GT 23/1-5;Samokhin
A.V., Alexeev N.V., Kornev S.A., Tsvetkov Yu.V., W-C nanosized composition synthesis and characterization,
19th International Symposium on Plasma Chemistry (ISPC-19), Bochum, Germany, July 25 - 31, 2009 and used
through other sources.
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alloys with low induction transformer plants (Institute of Thermal physics of
the RAS , Russia).

As a result of receiving the UDP has been mastered and made of refractory
metals are tools for quality and superior durability of existing analogues.

To ensure effective high-tech industry is necessary to achieve the
manufacture of parts and products with the required properties, ensuring their
reliability in service and their competitiveness in both domestic and foreign
market.

Degree of study of problem. Considerable role in a neuder-press
nanoworld research two events have played, at least: creation of a scanning tunnel
microscope and opening of the new form of existence of carbon in the nature. New
methods and means of research of structure of materials have allowed to observe
atomno-molecular structure of a surface of monocrystals in nanometer a range of
the sizes, thanks to application of the theory of quantum effect of tunneling. From
the Uzbek scientists Kalamazov R. U, Chekurov V. V and its pupils spent research
works on creation carbide constructional materials. Kalamazov R. U and its pupils
spent research works on reception nanopowders metals, connections and alloys,
and on studying of morphology, structures and structure of phases. Chekurov V. V
investigated heat physics influence, structure, structure and properties of cast
bimetallic composites intended for works in various conditions.

In scientific works of foreign scientists G. Bennig, K. Kuatt, K. Gerber, H.
Kroto, J. Health, S. O’. Brien, R. Curl, R. Smalley were spent research works by
training nanostructures and to change of properties materials, and creation of
materials on a basis ultrafine powders was not given proper attention. Scientific
commonwealth of the independent states N.N. Rykalin, J.V.Tsvetkov conducted
researches in the field of reception of new materials. These scientists have proved a
tendency of development of creation of new materials on a basis disperse powders.
Now reception fine powders of refractory metals in the conditions of our country is
actual and has scientifically-practical value.

Contact dissertation topics with research works made of higher
educational institutions. Dissertational research is executed within the limits of
the plan of research works of applied projects of the Tashkent state technical
university on themes WKB-10-15 «New constructional materials with use
nanometal» (2009-2010), WMOT-2012-5-13 «Introduction in manufacture of
technologies of reception of wearproof coverings of working surfaces of bodies of
agricultural cars and heat treatment for the purpose of hardening and prolongation
of term of their operation» (2013-2014), and OT-2015-7-8 «Introduction of the
production technology of tools from the molibdeno-titanic alloy, working in
extreme conditions» (2015-2016).

Reasearch goal Working out creation of constructional materials with use
of ultradisperse powders of refractory metals, and also theoretically is and
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experimentally to prove must industrial development of ultradisperse powders of
tungsten in manufacture of composite machine-building materials.

For object in view realisation following research problems are defined:

To spend thermophysical calculation of change of the latent warmth of evaporation
in plasma-chemical the reactor;

To develop technological positions of restoration oxide tungsten in the
hydrogen environment;

To create new constructional materials with use of ultradisperse powders of
tungsten and its connections;

To introduce design and technological corrective amendments in installation
of hydrogen plasma restoration MYy B-300;

To reveal conditions of reception of ultradisperse powders of tungsten set
particle size distribution structure and to provide demanded passivation of powders
and to investigate their physical, chemical and technological properties for
reception of compact metal, fine powders of carbide of tungsten, firm alloys and
composite materials;

Creation of a powder with reception demanded quality of a powder on the
basis of the analysis of morphology, structure, phase and impurity structures of
ultradisperse powders of tungsten;

To develop technological modes of thermal processing with reference to
concrete kinds carbide tools with use of ultradisperse powders of tungsten.

The object of the researchwork Is firm alloys - BK6, BK8, BK15 (GOST
3882-74), an ultradisperse powder of tungsten, and also, made by a method of
powder metallurgy, fast-cutting steel P6M5 GOST 19265-73, a steel 40XHMJI, a
steel A0XHM®J1 (GOST 977-75).

The subject of the research work is makes restoration oxide hydrogen in the
environment of hydrogen, constructional materials on the basis of ultradisperse
powders of tungsten.

Methods of researches. In the dissertation are applied macro and micro-
structural, X-ray, spectral, electron microscopic methods of analyses.

Scientific novelty of research consists in the following:
plazmyk the reactor the new design is developed for reception of ultradisperse
powders of refractory metals;

The technology of pressing and sintering of materials from fine-grained
powders metals is developed;

Methods of manufacturing cutting bimetallic tools and thermal processing
of fast-cutting steels are developed;

The technology providing uniform course of the latent thermal evaporation
in the reactor plazmyk is developed;

The method of thermal processing of a fast-cutting steel of the adaptation
providing to reliable work is developed for processing of metals at the expense of
an optimum structural structure of bimetallic composites.

Practical results of research consist of the following:
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The scientific significance of the results of the study determined the usetion
of the results obtained on the basis of improving the properties of composite
engineering materials from ultrafine powders through optimal structuring;

The practical significance of the work is to use the development of new tools
of production technologies based on ultrafine tungsten powders.

Reliability of obtained results is based on data from the statistical
processing of the results of experimental studies, in comparison with their
counterparts exist, implementation of the results in the production of a real
economic effects.

Introduction of results of research. On the basis of the developed results on
creation of new constructional materials with use of ultradisperse powders of
refractory metals plazma a method:

The patent of Agency of intellectual property of Republic Uzbekistan for a
way of reception of refractory disperse materials and manufacturing for their basis
cutting and tools «the Way of manufacturing bimetallic cutting and punching the
tool», No 1AP047028 is taken out (6.5.2013). The developed method allows to
produce bimetallic cutting and stamping tools with high wear resistance;

The patent of Agency of intellectual property of Republic Uzbekistan for a
way of thermal processing of tools from a fast-cutting steel «the Way of thermal
processing of tools from fast-cutting steels» Ne IAP04531 is taken out (6.27.2012).
The developed method allows for the heat treatment of tools of high speed steel;

The patent of Agency of intellectual property of Republic Uzbekistan for
develop design plasma-chemical the reactor for reception of refractory disperse
materials «Plasma-chemical reactor», Ne IAP04732 is taken out (6.26.2013).
Developed by plasma chemical reactor design produces ultra-fine powders of
refractory materials;

The developed new structure of a constructional material on the basis of
ultradisperse powders of tungsten is applied to manufacturing of rollers (the
Inquiry 16/22 from March, 11th, 2016 of joint-stock company "UzKTJM").
Application of scientific result has allowed to increase service life of rollers in 1,2-
1,3 times.

Implementation of research results. Experienced industrial lots of die,
metal cutting and shaping tools with the use of ultrafine tungsten powders are
tested at the production conditions of "UzKTZhM", JSC "Uzmetkombinat™ GAO
"TAPOICH". As a result of the test processing tungsten cutters of ultrafine
powders resistance of these plates was greater than in comparison with standard
1.05-1.40 times, and iron-CY20 1,22-1,80 respectively. Experimental rollers roll
guides Ne23 tested under production conditions of "Uzmetkombinat™ and rolled
over 15531 tons of rolled products without the acceptance of defects. The practical
implementation of research results according to the JSC "UzKTZhM" and JSC
"Uzmetkombinat" for 2010 amounted to 170.3 million Sums per year. The
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expected economic effect of implementing the research results will be more than
376 million sums per year.

The results of the thesis are introduced in the educational process on
discipline "Materials and construction materials technology" in the amount of 6
hours, "metallic materials” in the amount of 4 hours, with 10 hours for a bachelor's
degree in - 5,520,500, as well as the discipline "composite" materials in the amount
of 20 hours and "Powder metallurgy" in the amount of 10 hours, a total of 30 hours
for the masters in the direction - 5A520510 (acts of 04.05.2010 and 02.04.2014 of
the year).

Approbation of research results. Results of research are stated in the form
of lecture and have passed approbation on 10 international and republican,
scientifically-practical conferences, including: <cMHHOBALIA-2009, 2010, 2011,
2012, 2013, 2014» (Tashkent), «Problems of formation and introduction of
innovative technologies in the conditions of globalisation» (Tashkent, 2010),
«Problems of formation and introduction of innovative technologies in conditions
globalization» (Tashkent, 2010), «Modern technics and technologies of mountain-
metallurgical branch and a way of their development» (Navoi, 2010), «Modern
materials technology and nanotechnology» (Komsomolsk on cupid, 2010),
«Scientific and technical problems in modern mechanical engineering» (Tashkent,
2010).

Publication of the results. According to the thesis topic published a total of
32 scientific papers. Of these, 3 monographs, 14 scientific papers, including 12
national and 2 international journals recommended by the Higher Attestation
Commission of the Republic of Uzbekistan for the publication of basic scientific
results of doctoral theses.

Structure and scope of the dissertation. The dissertation consists of an
introduction, three chapters, conclusions. The total volume of the dissertation is
196 pages.

MAIN CONTENT OF DISSERTATION

In the introduction it is proved the urgency and demand of the dissertation
theme, there are formed the purpose and tasks, and also object and subjectof the
research, it is held conformity of the research to priority directions of development
of science and technology of the Republic of Uzbekistan, it is stated scientific
novelty and practical results of the research, it is proved reliability of the received
results, it is revealed the theoretical and practical importance of the received
results, it is given the list of inculcation in practice of research’s results, it is shown
data on the published works and the structure of dissertation.
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Chapter | «Condition of a problem and choice of the direction of
researches» is devoted to the current state of the basics of structural materials for
engineering with the use of refractory metal powders.

It was noted that the study of the problem involved many authors. The
beginning of XXI century was marked by the development of technology of
refractory finely divided materials. They are already used in all developed
countries of the world in the most important areas of human activity (industry,
defense, information sphere, electronics, energy, transportation, biotechnology,
medicine, etc.). Analysis of the growth of investment, the number of publications
on this topic require the introduction of fundamental and applied research and
technology make it possible to develop ultrafine refractory materials in the coming
years, which is one of the most important and at the same time, the most promising
new research directions.

Formation and development of scientific school in the field of physical
chemistry and technology of plasma processes in metallurgy and materials
processing took place under the influence of the fundamental ideas of prominent
metallurgist academician Nikolai Nikolaevich Rykalin.

Tsvetkov J.V, bringing together his students and colleagues, both in what is
now the Russian Federation, as well as in a number of Union republics, carrying
out the practical implementation of the processes of synthesis and plasma recovery
in the Baltic States, Central Asia and Kazakhstan. As an example, studies carried
out in Uzbekistan cycle physicochemical and technological properties of fine
powders of tungsten and molybdenum. Especially we got the practical
implementation on the Uzbek Refractory and heat resistant metal by first time in
the world of technology and hardware design of plasma hydrogen reduction of
tungsten oxides.

Thus in addition to the sharp increase productivity and improve performance
properties obtained from the plasma produced at installing superfine powders,
there was a decrease of energy consumption as the actual recovery process, and the
subsequent process stages. Thus, the position was formulated; to a large extent
determine the prospects for the plasma industry as a whole at the optimal
structural and technological design of plasma processes are energy and resource
efficient, while ensuring compatibility with the environment.

Analysis of the literature showed that at the present time using plasma-
chemical method is a schematic possibility of obtaining fine powders of most
refractory metals. The results of studies conducted in many countries, according to
the real possibility of the use of fine powders of refractory metals for the
manufacture of structural, instrumentation, and other materials with enhanced
performance characteristics.
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Currently, obtaining fine powders of refractory metals is regarded
worldwide as one of the areas that define the scientific and technological progress
in the XXI century. The fineness of one of the most important parameters that
determine the properties of matter. Development of the surface creates an
additional energy component, which may be useful in processes involving solids,
including their conditions of compaction. Thus we formulated the purpose and
objectives of this thesis.

Chapter Il «The object and technique of research» are given objects of
research. The object of the research is to install a hydrogen plasma recovery RSV-
300 ultrafine tungsten powder and used in engineering materials: hard alloys BK®,
BK8, BK15 (GOST 3882-74), high-speed steel P6M5 GOST 19265-73,
molybdenum alloy Mo-TiC, made by powder metallurgy, steel 40XHMJ1 steel
40XHM®JT (GOST 977-75) and others.

The phase composition of the transition layer in the cast bimetallic
compositions was determined by sequential removal of layers with a pitch of 0.1-
0.2 mm in the X-ray machine DRON-2 at Feka radiation. Shooting Mode U = 35
kW; 1 = 20 mA,; removing the diaphragm in the order from the x-ray tube 1: 10:
0.25 mm; Soller divergence slit was 2.5 deg .; speed chart tape - 720 mm / hour;
speed counter movement - 2° C / min.

The distribution of elements across the cross section of the transition zone
defined by a scanning electron microscope S-80 with energy dispersive X-ray
microanalyzer on a solid-state detector, Si (Li) "Link" system. The composite steel
P5M5 - steel 40XHM®J1 studied the distribution of the elements W, Mo, Cr, V,
Cu, Ni, Fe. The composite solid BK8 alloy - steel 40XHMJ/1 sintered molybdenum
alloy system Mo-TiC - Steel 40XHMJ1 investigated, respectively, the distribution
of the elements W, Co, Cu, Ni, Fe and Mo, Cu, Ni, Ti, Fe.

The microstructure of the transition zone of the compound was studied by
means of metallographic microscope MIM-8 and a scanning electron microscope
SEM-200. Microsections Preparation was carried out in accordance with known
methods.

Change of properties of the cross-section of the transition zone estimated
distribution of microhardness (Micro Durometer PMT-3, P = load of 100 g, Step
h =0, | mm).

To determine the composition of the impurities used methods of neutron
activation analysis, mass spectrometry, spectral analysis.

Strength test compound - "shear strength” was conducted on the test press
for PMR-5 in model samples and for directly casting by displacing the inserts
relative to the tool housing.
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Research the state of stress in the housing insert conducted on model
samples, and directly on the casting, the voltage determined by the strain. Load
cells PDV-10/100 glued in two mutually perpendicular radial directions on the
box. Sensor readings with an instrument VDTS-1 were taken before and after the
removal of the base substrate of the composite. The difference in the testimony
served as a basis for calculating the level of residual stress and internal plate.

Measurements technological and operational characteristics of powders and
preforms made using existing standard methods and measuring devices park.

Chapter 1l ""Improvement of technology of receiving new composite
materials with tungsten use. Research structures and structure of UDP of
tungsten™ of the dissertation is devoted to theoretical and technological bases of
creation of construction materials based on ultrafine tungsten powders.

It is shown that in important technological aspects of creating structural
materials include production of metals by plasma reduction of tungsten oxides.

Contact material plasma radiation depends mainly on the energy density,
duration, wavelength, and the physical properties of the substance. Part of the
radiation is reflected and the rest is absorbed by the radiation. If the density of the
radiation is small (£ 1010 W / m2), the energy of the absorbed radiation portion is
converted into heat, which is distributed throughout the material by thermal
diffusion.

At higher radiation density is an intensive local heating of the surface (the
temperature rises to 1010 K/ s), and the ability to repel the drops by half its value.
Thus, a molten bath reactor around the depth (Qt) 1/2, where Q-thermal
conductivity, t-plasma pulse duration. Further increase in flux density causes an
Increase in temperature to a value corresponding to the point on the surface of the
molten bath boiling and evaporation process starts. This will happen when the
absorbed energy will be approximately equal to the latent heat of vaporization LS
Is given by:

L

< o
* ParopJQr
where P - the radiated power, r - density substances, Q - heat conductivity,
t - duration of the plasma pulse.

It is assumed that at sufficiently high densities of energy flows reached
temperatures of many hundreds of eV, the critical density of the particles in the
plasma canapproach n_- A% =10 ® 1—, (2)

M
where n. — radiation density, A — the length of the plasma beam wave. Hence, when
A = 1 mkm the achievement of a critical density of radiation n, = 10*" m™ beam

penetrates the surface of the material and further heating to be produced indirectly,
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reemitting plasma (Figure 1). Plasma enters the mode of self-regulation, where its
cooling expansion balanced by absorption of radiation, which causes movement of
the critical density threshold toward the plasma. In this mode, an increase in
particle velocities up to 104 m /s at normal atmospheric pressure.

The speed of the hot gases at the outlet section of the plasma torch (Figure 1):

u, - C; e (3)

¢}
B

where Gy, — hot gases flow in the outlet section of the reactor (M°/s);
Sg— area of the outlet section of the hot gas jet boundary layer (m?).

During movement of liquid and gas in a medium with the same physical
properties occurs during jetting, which is characterized by the presence of the
tangential discontinuity surfaces. Jet flow covered abroad tangential discontinuity
has a finite thickness and is called the jet boundary layer. Upon expiration of the
jet holes (nozzle) forms a portion of the length of three (Figure 1): I - an initial
portion which is characterized by a core of laminar flow of the plasma stream; 1l -
a transition area where the laminar flow becomes turbulent; Ill - the main site,
where the developed turbulent flow.

Selected theoretical model to determine the parameters of the jet in a first
approximation.

The thickness of the boundary layer of the jet stream marked models are
determined by the law of conservation of momentum:

02b, = o, [ el ¥
o~ — X H U2 b y (4)
0 ~o 0

where p - density of the flowing medium; U, - velocity of the axis at the nozzle
exit; by - half-thickness of the boundary layer of the jet at the end of the initial
section; Uy - the current speed of the jet thickness of the boundary layer; b, _ The
current half-thickness of the boundary layer jet; Y— the current value of the jet
boundary layer thickness.

Approximating the formula (4) for evaluation, the velocity distribution across
the thickness of the initial portions of the jet the boundary layer can be found by the
expression:

1 U 2 Y 1
I —-dl — :I(1—6-w2+8-w3—3-w4)-dw (5)
0 U 0 bH 0
where - related to the boundary layer thickness of the boundary layer of the
floor.

The estimated dependence of falling average speed along the jet flow in the
initial section can be estimated by constructing a graph of (Figure 2.) The average
rate of change of direction from the nozzle by the expression:
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Fig.1. The geometric shape of the jet in the Fig.2. Falling average jet velocity along
reactor 1, the potential core; 2-turbulent the direction nozzle exit.
boundary layer.

Assuming the average speed at the nozzle exit, you can find a drop in the
average jet velocity along the direction of the nozzle section (Figure 2). To do
this, select the required distance x from the outlet of the nozzle and is
determined by the value of the caliber x/dy (Point A in Figure 2). From point and
held vertical to the intersection with the curve U,/Uq,=f(x/d,) (Point b). From the
point b is held horizontal line to the intersection with the y-axis (point in),
which determines the value U,/U,.

The value at the point b is the average speed ratio to fall randomly
selected distance x. The absolute value of the speed in the section of the jet

. I‘— -
e

- Il

a | i

-
b

i
&

from the nozzle section at a distance x is: U =%Uo.

0

Thus, it is possible to determine the average velocity of the jet at any distance
from the nozzle within the initial portion of the jet, wondering average speed on
exiting the nozzle, it is possible to find the average drop velocity along the jet
direction of the nozzle outlet (2), for the model of the jet stream.

At higher radiation density is an intensive local heating and evaporation
process begins with the surface of the molten bath.

Note that for the metal evaporation process begins when the flux density is
higher P>10"-10", W/m? u evaporation occurs in about 4 ms. This will happen
when the absorbed energy will be approximately equal to the latent heat of
vaporization Ls:

P-r

Lo~ t
T opQir 0

63



Where P - radiation power, p — the density of matter, Q — thermal conductivity,
7— the duration of the plasma pulse.
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Figure 3. The dependence of the calculated values of the latent heat radiation
capacity (a), thermal conductivity (b), the density of the substance (c), the duration of the
plasma pulse (g).

Calculations have shown that an increase in output power (Figure 3a) has a
significant impact on the growth of the latent heat of vaporization in the reactor
plasma torch, which is the most important factor in energetic structure formation;
changing the thermal conductivity of growth (Fig. 3b) of the substance leads to a
slow reduction of the latent heat of vaporization of the plasma torch in the reactor
and increase the density of the substance (Figure 3, ¢) leads to a slower decrease of
the latent heat of evaporation, it is possible as a result of deliberate regulation
process structuring. Increasing the duration of the plasma pulse (Figure 3, ¢) has
little effect on the increase of the latent heat of vaporization in the plasma torch
reactor.

Thus, theoretically justified the possibility of improving the technical
process of upgrading an existing installation of MYB - 300 of structure and
optimization technology.

Chapter 1V «Technology of heat treatment of tools with use of UDP of
tungsten» describes a new design of plasma chemical reactor and heat treatment
technologies manufactured instruments with the use of ultrafine tungsten powders.
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Plasma chemical recovery process in a conventional reactor wherein d / D is
equal to 1.10, lasts no more than 0.03 seconds, and with the free flow of plasma in
a large amount after rapidly loses heat energy reserves, however, some of the
powder, the peripheral region has got jet remains non-reinstatement.

Therefore, based on the analysis of dissertation thermophysical calculation
results suggest a new process to upgrade an existing installation of MYB-300
(Figure 4).

Energy is introduced into the reaction zone, not only in the form of a plasma
jet, but in the form of an additional flow of gas heated to a high temperature
flowing into the reaction zone through a porous, permeable wall heated by
electrical heater.

a)
Figure 4. The processes occurring in the installation "'IMYB-300": a process
of plasma in the plasma generator; b - the process occurring in the reactor.

Figure 5 is a longitudinal sectional view of the plasma chemical reactor;
coaxial cylinders, a top view, section AA; coaxial cylinders, cut B-B and includes
a housing 1, plasma generator 2, the injector nozzle 3 arranged in the upper part of
the housing, in the inner cylinder, for feeding into the plasma stream of the reactant
mixture - tungsten anhydride with gaseous reactant nozzle 4 to enter the gas
reagent in the near-wall hollow body 1.

The body 1, on its central axis, has two coaxial hollow cylinders 5 and 7.
The cylinder 5 installed in the center, the entire surface thereof, formed in a
staggered manner tangential openings 6 that act as nozzles for supplying the
gaseous reactant.

On existing plasma device technology research with the use of a new reactor
were held.Our proposed new plasma chemical reactor for dispersible powders of
refractory metals from the existing analogues characterized in that the central axis
of the plasma chemical reactor casing coaxially mounted two hollow cylinders,
between which the electric heater, and the cylinder, installed in the center, an
annular nozzle formed by the tangential holes placed in a staggered manner over
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the entire cylinder surface. These design technological changes have improved the
efficiency of the plant with a new reactor.
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Fig. 5. The design concept of the new plasma chemical reactor: 1 body, 2 plasma
generator, a coaxial 3-cylinder, 4-nozzle 5,7-cylinder, 6-hole, 8-slot, 9-electric heater, 10 outlets.

The study used a plasma tungsten powders selected from the installation
RSV-filter 300, the characteristics of which are presented in Table 1.

Power torch lingered within 45-55 Watt heater capacity - 16-18 kW, the
hydrogen flow through the plasma generator 20 m° / h, through the heater from 40
to 60 M° / h. Flow rate of the tungsten oxide - 10.6 kg / hr. The temperature of the
heated hydrogen 1500-16000 C. Thus, the total capacity was not more than 75 kW,
and the total hydrogen consumption - up to 80 M’ / h, at the same time the power of
the plasma torch according to the traditional scheme is 100 kW at a hydrogen flow
rate of 75 vz/h.

Study dispersion obtained powders revealed that the average grain size
according to Fisher is 70 - 90 nm at the oxygen and moisture vapor content of
0.5% (Table 1).

Granulation of powders produced in the mixer rotating on its axis in the
horizontal and vertical planes. Testing of annealing conditions, sintering was carried
out at the production plant equipment Ne2 (MYB-300 flail-214, STN-1,6) JSC
"UzKTZhM".

During the preparation of the new tungsten powders reactor settling chamber
below the reactor powder is almost not detected, it indicates that the incoming
tungsten oxide appeared fully recovered and ultrafine powders of tungsten on the
filters were. Electron micrographs of ultrafine tungsten powder obtained by reduction
of tungsten oxide have shown that more than a sphere-like shape (Figure 6 (a)) of
ultrafine particles is not typical for large tungsten particles. Detected cases, if not to
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Table 1

The grain size according to Fisher, and the mass fraction of oxygen in the
powders obtained in plasma-chemical reactor

Ne The grain
nn : : >1ze B_u Ik Specific surface Oxyger_1
Sampling point according | density, g/ 2 content in
to Fisher, cm® area, M°/g %
nm

1 Standard powder 600 4,4 0,1 0,8

2 UDP W with filter 90 0,70 4,0 0,5
UDP W with the spin 90 0.82 58 05
chamber

4 UDP W with filter 70 0,90 8,0 0,4

take special measures, the UDP under the influence of various kinds of power: power,
dispersion, magnetic, can form conglomerates (Figure 6 (b)). The strength of the
conglomerates is increased in some cases, so that separate them into the precursor
particles even with modern disperegatorov practically impossible. This leads to
undesirable effects, make it impossible to re use the expensive material.

Fig. 6. Electron microscopic image of the spherical form of powders (a) and the formation
of conglomerates (b) ultrafine tungsten powders (h100000).

6/

Ultrafine morphology (Figure 7) shows the particle that powders of ultrafine
grain W, obtained by reduction of the hydrogen-plasma consists of two component
systems o-W and B-W. This powder proved to be more fine-grained, with a
pronounced allotriomorphism debris (formlessness) and from the analysis of the
diffraction patterns (Figure 8), it can be concluded that the values of the interplanar
distances of atoms indicate the affiliation of the powder to pure tungsten metal.
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Fig 7. The morphology, structure of  Fig.8. The XRD pattern of tungsten metal
ultrafine tungsten carbide powders powder.
(h50000).

Electron microscopic studies of tungsten carbide powders on the basis of the
standard and "non-reinstatement." (Figure 9) shows the formation of ultrafine
powders are more evenly distributed fine-grained structure, virtually without
formation of conglomerates like standard. Local fluctuations satiety, resulting in
turbulent plasma medium, high temperature gradients (10 ° C / m), high speeds
and quick reactions during the process (102-10° c) create nonequilibrium
conditions of crystal growth. For this reason, different from the shape of the

crystals obtained in plasma chemical reactors existing technologies.
V". 2} F

a) b)
Figure 9. Electron micrographs of tungsten carbide powders on the basis of the
standard (s) and ""pre recovered' ultrafine (b) h50000.

To reduce the oxygen content in the tungsten powder product proposed trap
graphite or gauze filters installed in the reactor. This method allowed passivation
of pyrophoric powder secure but at elevated temperatures (800-16000S) can occur
deoxidation its water vapor. Initially, the process was tested with periodic
discontinuation feed for 5-10 minutes, during which the product in the filter
thermal lowering stream of dry hydrogen. It was determined that after discharging
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the oxygen content of the powder within it reaches the level of 10-20 days
2-2,65%, then not changing.

The second method by introducing passivation with hydrocarbon feedstock
has been realized by bubbling carrier gas through a gas, which is provided W.A
powder alloy which is different from standard fine alloy structure. Thus, the
amount of WC grains - phase to 100 nm is 80-85%, and alloys BK10M-65-75%.
The average grain size of WC-phase is 110 nm and the alloy BK10M-130-150 nm.

The alloy has a fine grain structure and increased tensile strength compared
to bending transversely to the ones produced alloys. This level of properties
achieved by milling WC-phase change properties of the cobalt and carbide phases.
The combination of high physical and mechanical properties of fine-grained
structure and makes high performance. Laboratory tests when processing difficult
materials showed an increase in resistance to 1.5-3.0 times in comparison with the
alloy BK10M.

Analysing the results of (Table 1, Figure 5-9) technological research with a
new plasma chemical reactor, we can conclude: increased degree of elaboration of
raw material and process control, as well as the dispersion of the powder; increased
uniformity of grain size; increases the coefficient obtained by the action recovery
process.

It is noted that the heat treatment of bimetallic composite is still not paid
much attention and as a result it was not possible to fully disclose potential of
composites and their structural components. Therefore, the change of dissertation
studied the properties of the composite on the state of stress in the body during
heat treatment (Figure 10 a) on the treatment: tempering at 220 ° C for 1 hour:
Option 1- isotherm holding for 1 minute. at 280 ° C; Option 2-isothermal holding
for 3 minutes. at 280 ° C; 3 variant isothermal holding for 5 minutes. at 280 ° C.

To study the base substrate of the original structure before the effect of the
secondary phase recrystallization on the stress state of the working tool element
and operating characteristics intermediate isothermal holding was carried out in the
area of martensite and bainite transformation began 40XHMJ1 for 1, 3, 5 minutes.
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Figure 10. Driving heat treatment (a) and distribution of the elements (b) in the
transition zone cast bimetallic composite system BK8 carbide-steel 40XHMJ1.

Results of the study (Figure 10 b) have shown that the formation of a
composite nickel penetration occurs in the adjacent layers of the steel and the
cemented carbide to a depth of 0.1 mm. Zone-based Cu and W enriched Ni and Co
from the cemented carbide and iron from the steel. The maximum in the curve of
distribution of Cu and Ni is biased towards carbide, which indicates more intensive
dissolution of Fe in the melt of the intermediate layer. Relatively high levels of the
type of reaction products M¢C, M3C It indicates a significant increase in the
amount of C phase (up to 52 %).

Table 2
Phase distribution and the cross-section of the composite carbide content
BKS8 - steel 40XHMJ1

Composite’s The distance from Relative intensity
content the interface X-ray lines
between the Phase content, %
components, a—-Fe|y—Fe| MgC | Co M;C | WC
MM*
BK8 0,2 - - - 8,0 - 92
0.1 - - - 7.8 91
The transition 0,1 - 40 36 | 45 - 51,9
zone on the basis 0,2 47,1 | 37 3,1 3 - 9,8
of Cu—Ni 0,3 795 | 18 1,6 - 0,9 —
Steel 40XHMJI 0,1 952 | 35 - - 1,3 -
0,2 98,7 - - - 1,3 -

* The distance (in the cross-section of the transition zone) was determined
according to metallographic analysis.
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Phase stratified analysis of the transition zone (Table 2) confirmed the active
engagement of Cu-Ni alloy melt to a solid. Penetration of nickel steel is
accompanied by the formation of retained austenite. The transition zone is
contained in a large amount y—Fe (no 30%). The transition zone composite
comprises the following phases: «-Fe, y—Fe, MgC, M3C, MC, and by carbide
forming Co.

The microstructure of the transition zone includes the following specific
areas (Figure 11, a): 1% - zone from solid alloy, has high etched and increased the
distance between the carbide particles; Second band-shaped based intermediate
material layer comprises etching the cortical layer and austenitic phase inclusion
carbide structures of arbitrary shape. The size of 0,15-2,0 mm zone; 3rd-crust area
with fine-grained structure to 0.05 mm thick; 4th zone - carburizing carrier base
material of the composite polystyrene gasification products c perlite-cementite
structure is gradually transforming into a ferrite-pearlite structure doevtektoidnoy
steel.

Measurement of microhardness over the cross section of the composite
transition zone showed that in the adjacent area to the solid alloy hardness is a
decrease compared with the original hard alloy (from 1600-1800 HV to 600-1000
HV). And on the basis of the intermediate layer material, a sharp drop of hardness
up to 400 HV. The hardness of the crust and the adjacent carburizing zone
gradually decreases from 300-400 HV up to 200-240 HV (Figure 11, b).

ot M)

b)

Fig. 11. The microstructure of the transition zone (a) and distribution of
microhardness (b) the cross section of the composite system BKS8 - steel 40XHMJ1)
1-migration zone; Il area-based middleware; Zone 11l - the crust;

Zone 1V - carburizing, x 150.
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According to the proposed mode implemented heating carbide tools to a
temperature of 250° C for Z minutes, heating up to 1100° C temperature for 5
min, isothermal hold at a temperature of 280° C for 3 min, the secondary heating
to 8600S temperature for 15 minutes, quenched in heated oil. Tempering at a
temperature of 220° C-1 hr.

Thus, the proposed new method and heat treatment regimes carbide tools,
significantly increases the service life and reliability.

Chapter V «Applied aspects of application of results of research and
assessment of their technical and economic indicators» shows the practical
aspects of applying the results of research and assessment of their technical and
economic parameters.

A production technology of metal, metal-cutting, shaping, drilling and other
tools for different purposes using ultrafine tungsten powders.

The working part of the matrix material for pressing carbide inserts carbide
taken BK8 GOST 3882-74.V template for synthesis of the STM 150 mm in
diameter was used carbide BK6 GOST 3882-74 and sintered molybdenum alloy
Mo-TiC.

Inserts of cemented carbide made from tungsten UDP. Finished elements
degreased in vitro caustic solution and acetone, and in the production - in an
ultrasonic bath for

Khladone 8-10 min, then incubated for 8-10 minutes in water with the
addition of emulsifier, followed by washing. After degreasing, drying was carried
insertion. The use of copper and nickel wire diameter (0.1-0.6 mm) as an
intermediate layer. The wire in the form of a band worn on the work item before
you put it in a mold.

Optimization of technological parameters of the intermediate layer was
conducted with the assistance of the method of mathematical planning of
experiments. Implementation of the plan of full factorial experiment N = 23 to
determine the dependence of the strength of the connection between the elements
of the composite, has found expression in the form of regression equations for
composite sintered molybdenum alloy system Mo-TiC-steel 40XHMJI:

y = 194 + 235X, — 16X ,+36,5X; + 2X,+ 6X:—3X.+ 52X, (8)

where X; — wire thickness, X, — pitch between coils, X3 — Nickel content of the
shroud, X, — joint cooperation X;X,, Xs — joint cooperation X;Xs, X — joint
cooperation X,X3, X7 — joint cooperation X;X,Xs.

After the statistical evaluation of the significance of the coefficients found
that the following factors were significant regression equation:
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y = 194 + 235X, — 16X, + 36,5X; + 6X, ©)

Using the method of steep ascent in the determination of the maximum value
of the parameter optimization, we installed the corresponding values of factors
influencing the process of forming a transition zone for each variant of composites,
which was adopted as a basis for further research.

Working element composite - insertion of a solid and a molybdenum Mo-
TiC system alloy, an intermediate layer in the form of a band made from copper
and nickel wire with a ratio of 3: 2, the base substrate - Structural steel casting and
A0XHMJT 40XHM®J1. Bimetallic alloy composites provide high performance
tools.

Made experimental batches of samples of cutting and shaping tools made of
ultrafine tungsten powders. These samples were tested in a production
environment NMP SE "NMSC" GAO "TAPOICH" and JSC "UzKTZhM".

Experienced industrial lots of die, metal cutting and shaping tools with the
use of ultrafine tungsten powder production tested and found that the processing of
the incisors ultrafine tungsten powder resistance of these plates was more than
compared to the standard in the 1.05-1.40 times, and iron CY20, respectively 1,22-
1,80. Experimental rollers roll guides Ne23 production tested in the conditions of
"Uzmetkombinat" and rolled over 15531 tons of rolled products without the
acceptance of defects.

The practical implementation of research results according to the JSC
"UzKTZhM" and JSC "Uzmetkombinat" amounted to 170.3 million. Sums in 2010
year. The expected economic effect of implementing the results of the study will
be more than 376 million. Sum per year, at a price of costs for raw materials and
2010 Technology of the Year.

The results of the thesis are introduced in the educational process on
discipline "Materials and construction materials technology" in the amount of 6
hours' non-metallic materials "in the amount of 4 hours only 10 hours for
undergraduate specialty - 5520500, as well as the discipline of" composite
"materials in the amount of 20 hours and "Powder metallurgy" in the amount of 10
hours, a total of 30 hours for a master's degree - 5A520510.



Conclusion

It is shown that by far the leading role played by plasma technology,
which allows intensifying the process of obtaining pure metals, ensuring the
preservation of their special physico-chemical and technological properties and the
creation of materials with enhanced performance characteristics.

Grounded geometric and technological parameters of the new reactor for
MY B-300 are based on the modernization of the existing technologies.

On the basis of theoretical and experimental research and analysis of the
results for the first time offer a comprehensive scientific, technical and
technological methods and recommendations to identify further ways of
development of high-tech processes in mechanical engineering, contributing to the
development and expansion of scientific research, as well as being important for
the sectors of the economy as a whole.

The following may be mentioned as the main findings of the research:

1.Study aerodynamic particle movement process of boiling a liquid-gas
phase environment is scientifically proved and selected mathematical model to
estimate the average speed of the fall in the output section of the jet nozzle reactor
RSV-300, which made it possible to establish a pattern and change the latent heat
from the basic thermodynamic factors: radiation power, thermal conductivity,
density, and the duration of the plasma pulse.

2. Performed thermophysical calculation for verifying the plasma
chemical reactor designs and operating modes MY B-300: found that the arc current
is between 0.45 and 0.55 SC, arc voltage 380 to 410 V, the hydrogen flow rate
through the plasmatron from 60 to 70 m® hydrogen consumption for transportation
of tungsten anhydride from 2 to 4 m* / h, water consumption in the plasma torch
from 2.15 t0 3.6 m* / h.

3. For the first time proposed a new plasma-chemical reactor for the
production of ultrafine powders of refractory metals, to significantly improve the
performance of the process equipment. It increases the degree of elaboration of the
raw material and process control, as well as the dispersion of powder risen
uniformity of particle size distribution, increased coefficient obtained action
recovery process that is possible to obtain with the required quality characteristics
of ultrafine tungsten powders. The physical model of the reactor of the plasma
torch for approximate calculation to determine the latent heat of vaporization.

4. 1t is demonstrated that the increase in output power has a significant
Impact on the increase of the latent heat of vaporization in the plasma torch reactor,
which is the most important factor in energetic structure formation. Changing
thermal conductivity material growth leads to a slow reduction of the latent heat of
vaporization of the plasma torch in the reactor and increase the density o
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substance leads to a slower decrease of the latent heat of evaporation, as a result it
Is possible to regulate targeted structuring process.

5. Offered heat treatment regimes for passivation powders. It was
determined that after discharging the oxygen content of the powder in it for 20
days reaches 2,0-2,65%, then not changing. To reduce the oxygen in the tungsten
powder product proposed trap or graphite metallic-textile filters installed in the
reactor. A method of passivation by entering with hydrocarbon feedstock and
carrier gas bubbling through the fuel, which gave the best results and is used in
research.

6. Offered a new method of manufacturing a bimetallic cutting and
punching tools using ultrafine tungsten powders. The basis of the invention is to
improve the performance of the bimetallic cutting and punching tools, as well as
the expansion of its range due to the reliability of the connection tool part and
supporting part as a result of the interaction of the intermediate layer with
controlled composition, its constituent components with adjacent layers of steel
included in the composites.

7. A new method of manufacturing a bimetallic cutting and punching
tools using ultrafine tungsten powders. This will increase the range of applications
of bimetallic cutting tools and stamps.

8. A heat treatment regime of the fast tool increases the reliability of
operation due to optimization of structure of bimetallic composite. This will
increase the tool life of high-speed steels.

9. A method of heat treatment of the cast bimetallic carbide tool to
simplify the heat treatment technology and to increase tool life by 30-40%.
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