Kbiproiz Pecnny0mkacbIHbIH YJIYTTYK HIMM/IEP AKAJAeMHUsIChI
MAIIUHA TAAHYY HHCTUYTY

Kbiproiz Pecny0iimkacbIHbIH OMIMM Oepyy sKaHa MJIMM MMHMCTPJIMIH

H. Pa3z3akos aT. KbIPI'bI3 MAMJUIEKETTUK TEXHHUKAJIBIK YHU-
BEPCUTETH

J05.16.523 nuccepranusjibiK KEHelln

Kon scazma ykyzynoa

VIK 656.13

YIAEPBAEBA ACEMI'YJIb EPKHHBEKOBHA

NIITETYY PEXKUMJIEPUH BAIIKAPYYHYH HEI'M3UHJIE
AJIIOMUHUI SPUTMEJEPUHEH ) KACAJITAH IIPECC-
OHYM/IOPYH OHAYPYYHYH DOPEKTUBAYYJYI'YH

KOT'OPYJIATYY

05.02.08 —«MammuHa Kypyy TeXHOJIOTHACHD)

TexHHKa MIMMAEPUHUH KaHIUIATHl MMM
JlapaXkachlH M3JICHUT aTyyTa jKa3blIraH AUCCEPTALSIHBIH
aBTOpedepatsl

bunmkex- 2017
1



Wmavuit wm KA. CarnmaeB arbinaarsl Ka3zak yayTTyk H3Wigee
TexHuKaJbIK YHUBepcuTeTuHae (Kaz3YUTY) atkapeuiast

NInMuii sKeTeKIncH TEXHUKAIBIK WIUMAEPIUH JOKTOPY,
nmoueHT AOcaabikoB Baxbir Hapuxoae-
BHY

Pacmnii onmoneHnTTep: TEXHUKAIBIK WIUMACPIUH TOKTOPY,

npodeccop Mycanmo Anmac [osicoBua

TCXHUKAJIBIK WIMMIEepaAnH KaHauaaThI,
noueHt Tyrauc Banepuii IlerpoBuy

Kerexkroouy yoMm: AJIMATBI TEXHOJIOTHUSAJIBIK
yHuBepcuteru (AmMatel m. Tonebn
keuecy,100)

Huccepranus «12» wmaiina 2017 xeuel caar 14.00 Keipre
PecniyOnukachiHBIH YIIyTTYK WIMMAEP aKaJeMUSACHIHBIH MalllMHa TaaHyy
nHCTUTYTYHYH, W.Pa33akoB ar. KpIprel3 MamiIeKETTHK YHUBEPCHUTETHHUH
amapiagarel - J1.05.16.523  nuccepTalMsuiblK  KEHEIIMHWH — OTYpYMYHJa
KOPToJoT.

Hapern: 720055, bumkek m1., CkpsOuH ar. kede, 23.

Huccepraruss  meHeH Keipreiz  PecnmyOmukachlHBIH - YIIYTTYK
WImmMep AKa/IEMHSCHIHBIH KHTENKaHAChIHAA KaHa http:
{limash.kg/index.php/soiskatel-uderbaeva-asemgul-erkinbekovna caiiTerana
TaaHsIIca 60JIOT.

ABTOpedeparka OT3bIB/IBI KOJI KOIOIYII, repd MEHEeH Meep OachLblIl,
9ku Hyckaaa 720055, Bumikek mi., Ckpsous at. keue, 23, KPubin YU AubIH
Mamuna Taanyy uHcruryty, /[.05.16.523 nuccepranMsuibIk KeHem e -
mail: imash.dissovet@gmail.com -naperu GoroHua KOHOTYYHY CypaHaObI3.

Astopedepar «10» anpenge 2017 x. )xeHOTYIIY.

J1.05.16.523 nuccepTaliusuibiK
KEHELITHH OKYMYILUTYY KaTUbIChl
T.M.K., K.1.K. / Ksurko C.1.


http://imash.kg/index.php/soiskatel-uderbaeva-asemgul-erkinbekovna
http://imash.kg/index.php/soiskatel-uderbaeva-asemgul-erkinbekovna

WJIMMUWHA UIITHH JKAJIIBI MYHO3JIOMOCY

M3nnne6eHYH TeMacbIHBIH  aKTYAJAYyJyry. OpHTMEIEpIuH
CTPYKTYpPAaCHI )kKaHa KaCHETTEPH aJIapbIH XUMISUIBIK TY3YMYHOH, aJJ[bIH aja
KoIrymM4a Je(opManusuiooI0H KaHa HBIKTOOHYH INapTTapblHAH, OMIOHIOH
9J1¢ KHAMHKNA TEPMHKAJIBIK HINTETYYZAOH Ke3 KapaHael. MelHAa (azanbix
TY3YMYHYH Japa’kachl kaHa aHJaH KUHUHKY KaTyy apaialiMaHbl My3JaTyy
TEeMIIepaTypaHblH TOMOHJOUIYHe jkapama O0oyioT, al »dMH Karyy
apajaliMaHblH KeyeMy OoroHYa TeMIepaTypaHblH TPAJUEeHTH DAHAYY
CTPYKTYpaHBl TY3YJIYYCYHe TaHa ool OepOecTeH, KpHUCTaUiap/bIH
apacelHAa >KapaHKajJapAbl MaiiAa Kella TypraH, ©3YHYH OHYTYIIYHI®
MarucTpaibra aijiaHblll, KyWMaHbIH CBHIPTKbI O€THHE 4Yblra TypraH
TEPMUKAJIBIK YBIHAMYYJIapAblH Iaiiga OonylmryHa  ga Kool Oeper.
CTpyKTypaHBIH TY3YAYYCYH® ap Oup KOHKPETTYY MHIIKaHara MYHe3IYY
TEXHOJIOTHSUIBIK ©3TeUeYKTep TaacHp 3TeT. baakuM, 3aBoiayH mapThIH/A,
KPHUCTAJUIAAILYY JKaHa aHAaH KUMWH MYy3#aTyy NpOIECCHHAE KyHMaHbIH
KeleMy  OOIOHYAa  TEMIIEpaTypaHbIH  Tapajbllbl  Tyypalryy  TY3
SKCTIEPUMEHTAIABIK MaalbIMaTTapAblH  JKOKTYTYy, YIIyJl ce0en MeHEeH
TYIIYHAYPYJAOT.  DPUTYY IPOLECCHHJIE albIHI'aH CTPYKTYpaHbIH camaThl,
MeTajuliapAaH  OyloMIapAsl JKacoo IPOLECCHHAETH JKaHa  anapisl
KOJNJOHYYAa MaTepHaJIblH aHIAaH apKbl camaThlH aHBIKTaWT. bepunren
MYHO3JI6MOJIOply KaMChI3/I00 jXaHa OYIOMJIYH ©3/1yK HapKblH TOMOHIOTYY
OyJl CTPYKTypaHbl, Ipecc OHAYPYLIYHYH IaspIblK OOJNYKTOpYH OHIYPYY
Y4YH, TPOGMIIEPINH CallaThblH KOTOPYJIaTyy MaKcaThlHAA, WIITETYYHYH
TEXHOJIOTHSICBIH JKaKIIBIPTyyTa OarpITTaNTaH, HIITETYYHYH
TEMIIEpaTypabIK-Ie(OPMALMSUIBIK ~ PEXKUMAEPHUH JKOHIO6 KOy MEHEH
GamkapyyHyH Ke3 Kapamllblla akTyalayy OOJyI dcemnTener.

By M3MiiieeHyH MaKcaThl, aTFOMUHUN 3PUTMENIEPUHEH XKacaJraH
TIpecc-eHYMAOPAY Jasiplo0  TEXHOJIOTHWSICHIH, ajapisl OHAYPYYHYH
G QEKTUBAYYIYTYH  KOTOPYJIaTyy YYYH OJKakKIIBIPTBIT — ©PKYHIOTYY
JcemnTeneT.

Korosnran makcartka jkeTyy YU9YH TOMOHAOTYA6H HETHU3TH MaceJeep
YBITAPBUIIBL:

- OHAYPYIITYH IIAPTHIHIAA albIHTaH, AJIOMUHHHA SPUTMEICPHUHEH
KyHManapAplH XUMHSJIBIK TY3YMYHYH TapaibllIBIHBIH MBIH3aM  de-
HEMYYJIYKTOPYH, JaHJBIK CTPYKTYpPachlH *aHa KbICKAa ME3THIIYY MEXaHU-
KaJIbIK KACUETTEPHH U3HUIIO0;

- AKCHEPUMEHTAIJIbIK-UMUTALUSIIBIK METOH ApKBUIYY
KpHUCTalAanlyyaa KyHMaHBIH KelleMy OOIOHYa TeMIlepaTypaHblH
IpaJUEHTHH aHBIKTOO;



- nmedopmammsra KaObumran  AJ[31  amoMuHUIT  SpUTMECHHUH
KPUCTAIUTIAITYYyJaH KHHHH Kapyy (3CKUPYY) POLECCHH H3WIIO0;

- QJIOMHHUHA  O9pUTMENCpHH  HMINTETYYA®  YbIHAIYY-IedopMarus
abamprHeiH - (YJA)  TapanbIIBIHBEIH —~ MBIH3aM  YEeHEMAYYIYKTOPYH
KOMIBIOTEPIUK-UMUTALMSIIBIK MOJIETIIO6 apKbUTYy U3HIII06;

- nmedopmamms  pEeKHMICPHHUH BapHALMsCHIHBIH 3ceOuHeH
npoduiepAdH  CamaTTYYJIyTyH — KaMmchI3Jarad,  Hpecc-eHYMAepAy
OHJYPYYHYH aHbl TEXHOJOTHSJIAPHIH HUIITEM YBITYY.

KOpFOOFO AJIBIHBII YbIKKAaH JUCCEPTANUAHBIH HEIM3ru )KOﬁOJIOpy:

1. KyiimanapaslH KpUCTAJUIJANTYy TPOLECCUH KOMITJIEKCTYY JKCIIe-
PUMEHTTHK H3WIeenepayH Herusunae AJI31 amoMUHUN SpUTMECHHUH
KyHMacChIHBIH KECHJIMIIN OOI0HYA TEMIEepaTypaHblH, XUMUSIIBIK TY3YMYHYH,
JaHAApIbIH YOHAYKTaphIHBIH JKaHA MEXaHWKAIbIK KAaCHETTEPHHHUH Tapa-
JIBIIBIHBIH MBIH3aM YEHEMYYJIYKTOPY aHBIKTAJIIbL.

2. DKCHEpHMEHTTHK JKOJ MEHEH aryy 4YeruHuH, YOaKThUIyY
KapUIbUIBIKTBIH ~ JKOTOpYJAIlIbl JKaHa WHKEMIYYJIYKTYH KaMJIBITBIHBIH
TOMOH/OIY MEHEH KOIITOJIIOH  QJIOMUHUM JPUTMECHHHH 3CKHPYY
JMHAMUKACHI J)KaHa OeKeMeITH alKbIHAAJIBI.

3. DKCHEepUMEHTTHK MaalbIMaTTapblH HETM3WHIE KyHMaHbIH
KecHIuIKu OOIOHYa TeMIlepaTypaHbIH ©3TepYIIYH MYHE3[ereH, KbICKa
ME3THIIYY MEXaHUKAIBIK KaCHETTepAWH ICKUPYY yOaKTHICBIHA, OIIOHAOM
9Jie  aryy 4erMHUH OKbIHHAITaH WHKEMAYYJIYK JedopManuschiHbIH
YOHJ[yI'yHa >Kapaila Ke3 KapaHAbUIBIKTap ajIbIH/bI.

4. YekTyy JIeMEHTTEp METOJy apPKbUIYy CaH/BIK MaaHHJIEP aIbIH/IbI
xKaHa aTalplH  KpecT  TYPYHOOry  TY3YJYLIT®  3PUTMENEpIH
nedopManusIoo0 YbIHATYY-1e(OPMAMSIBIK a0albIHBIH TaPaJIBIIIBIHBIH
HETH3TH MBIH3aM YeHEMIYYJTYKTOPY aHBIKTaJIIbI.

5. AI31  amOMUHHM  JpUTMECHHEH  JKOTOPKY  camaTTarsl
npoduigepad  OHAYPYY ~ MYMKYHUYIYKTOPY, OCKUPYYAOH  KHHUH
MEeXaHUKaJIbIK KACHETTePUHUH a0aJIbIH, TOMOTSHICIITUPYYIY KYHTY3YYAeH
KaHa Maiiia NaHAyy CTPYKTypachl MEHEH MaspAbIK OelyKTepay aiyy
YUYH KyMYIITYH pPEXHMICPUH aBTOMATTHIK TYpAe Oamkapyycy MeHeH
JKaHbl KPECT TYPYHIOrY TY3YJIYIITY KOJJIOHYY MEHEeH ae(OopMaIlisIIbIK
OEeKeMJIETYYHY 3CKe allyy MEHEH aHBIKTaJIJIbl.

AJIBIHTaH KbIHBIHTBIKTAPABIH WINMH KAHBLIBITBI
- WMHUTAIMSIIBIK  OKCIEPUMEHTHH MaalbIMaTTapblHBIH  Oa3achlHAA
SPUTMEHHMH TepeHaurn OOoHYa, aHbl Kyloylda TeMIlepaTypaHblH
TapaJIBILIBIHEIH TPO(QUIA aHBIKTAJJIBI KaHa alap/AblH HETU3UH/EC KyHMaHbIH
KeCHJIMIIM OOIOHYa  aHBIH XUMHAJIBIK  TY3YMYHYH, JaHJapbIHBIH
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YOHAYKTapbIHBIH  JKaHa MEXaHUKAJIbIK KAaCHETTEPUHHMH TapalbIIIbIHbIH
MBIH3aM 4EHEMAYYIYKTOPY aHBIKTAJIIbI;

- OKCHEPUMEHTTHK JKOJI MEHEH aryy 4eruHuH, YOaKThIIyy
KapIUbUIBIKTBIH ~ JKOTOpPYJAIlbl >KaHa MHKEMAYYIYKTYH KaMJIbITBIHBIH
TOMOHOIY MEHEH KOIITONTOH  AJIOMHUHUM JPUTMECHHHH 3CKHPYY
JMHAMHKACHI JKaHa OEKeMICIIN aWKbIHAATIBI;

- OKCIEpPUMEHTTUK  MaajlbIMaTTapAblH  HETHU3UHAE  KyiMaHBIH
KeCHJIMIIM OOIOHYA TeMIepaTypaHblH ©3TepYLIYH MYHO3/IereH, KbICKa
ME3THIIYY MEXaHUKAJIBIK KaCHETTEPIUH 3CKUPYY YOAKTBHICHIHAH, OIIOHIOM
9Jie  aryy 4erMHUH OKbIHHAITaH HMHKEMAYYJIYK JedopManusChIHbIH
YOHJIyI'YHAaH K3 KapaH/bl 00Tyl ©3repreH Ke3 KapaHIbUIBIKTap aJIbIH/bL;

- CaHABIK MaaHWIEp aIbIHABl JKaHa  aTalblH KpecT TYpPYHIOry
TY3YJYIIT® SpUTMENepIu e(opManusuioono YbHATYY-Ae(hOpMaIHsIbIK
aOaJBIHBIH ~ TapajbIIBIHBIH  HETWU3TW  MBIH3aM  YCHEMIYYJIYKTepY
aHBIKTAIIbI;

- AJI31 amroMuHHUI SpUTMECHHEH XOTOPKY camaTTarbl MpoQuiIaepan
OHIYPYY  MYMKYHUYJIYKTOPY, OCKHPYYAOH  KHUIMH  MEXaHHKaJbIK
KacHEeTTepHHUH  alalblH, TOMOTEHICIITHPYYYY KYHTY3YYHY KaHa
neGopManusUIbIK  OCKeMICTYYHY 93CKe alyy MEHCH, OIIOHAON 3¢
KYMYIITYH PEXHMICPUH aBTOMATTHIK TYpAe Oallkapyycy MEHEH >KaHbI
KpECT TYPYHAOTY TY3YJIYLITY KOJIIOHYY MYMKYHUYJIYTY aHBIKTAJJIBL.

AJIBIHT2H Kbl BIHTBIKTAPAbIH MPAKTHKAJBIK 02aJ1yyJIyry:

— HBIKTOOAO KOJJIOHYJIYYydy JHaspJblK OIYKTOPAYH CTPYKTYPachIH
JAsipA00 TEXHOJIOTHUSACHI KAKIIBIPTBIIIBL;

- AJI31 anroMuHHUH SpUTMECHHEH NMPOQWIACPAN, 3CKHUPYYAOH KUHIH
MEXaHMKAJIBIK KaCHETTEPUHHUH alallblH, TOMOTCHICIITUPYYIY KYHTY3YYHY
*aHa JedopMalMsUIBIK  OEKeMJIETYYHY OSCKe ailyy MEHEH ©HAYPYY
MYMKYHYYJIYKTOPYH 0aajlOOHYH CXeMachl CyHYIITaNIbl;

- AJI31 amoMuHHI JpUTMECHHEH IaspAbIK OONYKTepHy alyyHyH
TEXHOJIOTUSCHIH JKaKIIBIPTYy »aHa HBIKTOO BIKMAachkl MEHEH Mpoduiaepau
OHIYPYY OOIOHYA CYHYIUTAp MINTEJINI YBIKTHI,

- OHYMI®pAY HBIKTOO YUYH >KyMYII peXHMICPHH aBTOMATTHIK TYPIO
OamkapyyCy MEHEH aTaifblH TY3YJYII HINTEJHII YBIKTHI )kaHa Oyra maTeHT
aTyyra TaIIbIPbIK OepHIIIn.

Wiaumuili 3MrekTd Huuke ambipyy. Minumuil uim MamileKeTTHK
Oro/pkeT TemachIHbIH ankarsinaa, K.M. Carnaes ateiaparst Kazak yimyTTyk
TEXHUKANBIK H3UIII00 YHUBEPCUTETHUHUH OHAYPYWITYK HHXEHEPUS
WHCTUTYTYHYH WIMM-U3WIAO© HINTEPUHUH KOOPAMHALMAIBIK ILIAHBIHA
BUIAMBIK aTKapBLIABIL.

JuccepranusiHbIH Kbl BIHTBIKTAPBIHBIH anpodanuscebl.
JuccepTalysiiblK WINTHH HETM3TH )K00O0JIOpY JKaHa JKbIMBIHTBIKTAphl 371
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apayblKk WINMHH-TEXHHUKAIBIK KoH(epeHmsapaa: «MexaHuKaHbIH jKaHa
MalllrHa KypyyHYH aKkTyannyy mpoOmemanapsl » (Ammatsel, KazYTV 2009
K.), «MeTamnyprusina  HMHIYCTPHSIBIK-WHOBAUMSIIBIK OHYTYYr® OarsIT
anyy» (Anmarsr, KasYTYVY 2010 x.), «CTaHOK Kypyy/a, MaTepral TaaHyy/a
XKaHa MallMHA Kypyy ©HAYPYLIYHO® aBTOMATTBIK  J0JIO00PIOO0I0
aHpUTbIKTap» (AnmMater, KasVTVY 2010 x.), (UexBocrosa, ITompmra. 2015
x.), «TexHukamarel, TUPUYWIUK KOOICY3IyTyHAArbl >KaHBUIBIKTap»
(Mocksa, 2016 .) 37 apaJblKk HIMMHUIT-TEXHUKAJBIK KOH(pEPEHIUIIAPbIHIA
JOKJTaJ/Iapbl OKYJITy ’KaHa TaJKyyJIaHJIbl.

BacbuibIln  YBIKKAaH WJIMMMIl JIMreKTepAe JMCCEPTANMSIHBIH
JKbIHBIHTBIKTAPBIHBIH YarbUIBIIIBIHBIH TOJYKTYYJIYTY.
JuccepTalsiHBIH HETM3TH OKbIMBIHTBIKTapel 24 WIMMUR Makajanapja,
aHBIH WYMHAE SCOPUS WiaMMuil OacManapblHBIH HHIEKCTENTeH Oa3achlHa
KHUpIeH 37 apaiblk KypHannapaa 2 makana, xaHa KP JXKAK cynymraran
KypHanaapaa 13 mMakaa >kapbIk Kepay.

JuccepTanusiHbIH  CTPYKTYpPachl :KaHa KeJemy. /Jlucceprarus
KHPHII CO3[6H, TepT OenyMaeH, KOpyTyHIOynmaH, caHsl 135 Oonron
KOJJOHYNTaH OMOIHOrpadusuIbIk OynakTapliaH, )kaHa 2 THPKEMEICH TyparT.
JluccepTalisiHbIH Kambl keemy 164 Gapak, anbiH nyuHae 88 dopmyna,
13 tabmmuia, 75 cypert 6ap.

WJIMMHUA UIITUH HETU3T'A MASMYHY
Kupum ce3m6 TeMaHBIH aKTyalayydayry SkKaHa JKaHbBUIBITHI

KOPCOTYJIYII, HU3WJIAOOHYH MAKCATbl JKaHA MacCeJIeJICPU  aHBIKTAJIbIII,
KOProoro aJbIHbIIl YbIKKaH HETU3I'! )KO6OJ'IOp CyHYyLITAJIraH.

bupunuu  Oesymue AJTIOMUHUI  3PUTMENEPUH  HBIKTOO
TEXHOJIOTHSUIAPBIH  JKaKIIBIPTYYHYH JKOJNJOpPY, TOMOTEHICIITHPHIOETeH
KylMaapabIH CTPYKTYpPAachl *KaHa (hazanbIk TY3YMIepY,

TOMOTEH/ICIITUPYYHYH  KyHMallapAblH CTPYKTypachlHa jkaHa (ha3alibik
TY3YMIOPYHO KBUITAaH TAacHpH, aJIOMMHUN OSpUTMEIEPHUHMH KalpamgaH
KpUCTAJUIAANIYyCYHA JKaHa MOJMIOHIONIYYCyHa AeOpMAalUsSHBIH KbUITaH
TaacupH, Kollymua angelH  ana  AeOpMAISIIOOHYH — HBIKTAITaH
OHYMJIOPAYH CTPYKTypachlHa THHTH3TEH TaacCHpH, HBIKTAJITaH ©HYMIYH
camaTblHa  TEMIEpaTypalbIK-BUIIAMABIK  MapaMeTpIepUHUH  TaacHupH
Kapasl.

IKMHYH 06JYM6 KOMIIIEKCTUK YKCIIEPUMEHTTHK U3WIA00I6p YUyH
YITYNepay — JaspAOOHYH — YCYJJIapbIHBIH — KepceTMmeslepy  Oepuiiu.
XUMUSIIBIK TY3YMAYH aHQJIM3H KU METOJA MEHEH KYPry3yJlay: CHEKTPIUK
aHAIM3MH METOAY KaHa PEHTTeH-(IIIOOPECHEHTTHK METOJl. XHUMHSUIBIK
JIEMEHTTEPUH KaTapblHBIH AMaMeTp OarbIThiHAa (KyHMaHBIH TEPEHIUTH
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0oroHYa) OeNyIITYpPYIyImy Y9 JKOJNKY KYIOJITaH KyHMaJaH JaspiabIK
OOIYKTYH TOMOHKY, OPTOHKY jKaHA JXOTOPKY OeJYKTOpYHeH HasplairaH
YITYJIOpAe M3WIACHIN. 1-CypeTTe XUMHSIIBIK dJIEMEHTTEPANH KaTapbIHBIH
auaMeTp OarbIThiHAA (KyHMaHBIH TEpeHOUTH OOIOHYA) OONyImITYpPYIYIIYH
YarbUIIbIPraH IpadUKTep KeITHPHIIIH.
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I'padukrepanH aHANMM3IEpUHEH KyHMaHBIH OeTHHEH OopOOpIyK
OKTy K©3]16H XbUITaHAa SPUTMEHHWH TY3YMIOPYHYH KOLIYJYITy KOpYHYII
Typar. ['paduxrep, M3HII06HYH OpAyHaH (KyHMaHbBIH KOTOPKY, OPTOHKY
’Ke TOMOHKY OOIYKTOPYHOH) K63 KapaHJBICHI3 CHI3BIKTYY MEC jKaHa camar
XKarplHaH Ouppedt Typre 93 Oomymry. 1-Tabnumaza — allOMHHHUH
SPUTMECHHUH Y4 JKOJIKY KYIOJTaHbIHAaH KHHMH XUMHUSUIBIK TY3YMYHYH
W3UIII0OHYH JKBIHBIHTBIKTAPBI OCPUIIIH.

Onrukanblk MeTauiorpadusHbIH  JKapAaMbl MEHEH W3WI106J1ep
KOJIIOMIYH JKYPOK ChIMal O6JYTYHIe JAaH[IbIH OpPTOYO YOHIYry, OeTke
XKaKbIH OOJIYTYHIery 00JacTTapra Kaparania 4YOH SKE€HJUI'HH KOpPCOTTY.

OCKHpPYY TNpPOLECCHMHUH  JIUHAMHKACBIH JKaHa aHbl  MEHEH
OalmaHBIIIKAaH OEKeMIMK JKaHa  HHKEMAYYIYK  MYHO3IeMeJepIyH
©3TrepYLITOPYH M3MIII06 aTKapbUIIsl. MeTauiaH MaTepraliapAblH YOyra
KaHa KbICyyra KapIIbUIBITBI, 3pexenerujei, Oupneidr (ke Oup asra
aliplpManaHaT) JKaHa OLIOHIYKTAaH KbICKAa ME3TWIIAYY MEXaHHKAJIbIK
KacheTTep 9KM ydypjaa TeH Oup 3je YOHIYK MEHEH MYHe3IedeT. byn
ce0OenTeH ajxap/bl aHBIKTOO YOIOYHYH JMarpaMmachl OOIOHYA XKYPry3yJiay.
Keicyyra 60JITOH CBIHOOJIOPJIYH MakcaThl YATYJIepAYH Oy3yiIylyHyH naiaa
OonyuryHaa nedopmanusi MEHEH YbIHAJTYYHYH KPUTHKAaJIBIK MaaHWIEPUH
aHpIKTOO  Oonym ocenrtengd. MbIHIAH bIKMa  KOMYYJNYK  ydypaa
npoduiepAn OHIYPYYHYH UbIHBITHI XKYMYII IAPTTApbIHA Tyypa KeJeT.
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1-rabnuia. AJI31 amroMHUHHI SPUTMECHHUH ap TYpAYY Kyiimanapeiana (% MeHeH)
XUMUSUIIBIK 3JIEMEHTTEPANH KAMTBUIBIIIBL.

KyiimanbiH HOMepU
JeMeHT 1-xyiima, 2-KyiMa, 3-Kkyiima, CrpaBka-
(xoropky (>xoropky (’xoropky JIBIK Maaj-
6enyK) 6emyK) 6e1yK) Tap
Fe 0,39/0,31 0,38/0,32 - 0,5
Si 0,60/0,48 0,48/0,39 - 0,3-0,7
Mg 0,56/0,44 0,44/0,30 - 0,4-0,9
1-xyiima, 2-kyiima, 3-Kyiima,
DeMeHT (opToHKY (opToHKY (opToHKY
0eIyK) 0e1yK) 0eIYK)
Fe 0,38/0,30 - 0,63/0,53 -\\-
Si 0,64/0,48 - 0,71/0,56 -\\-
Mg 0,53/0,45 - 0,52/0,45 -\\-
1-kyiima, 2-KyiiMa, 3-kyiima,
DiieMeHT (TemeHKY (TemeHKY (TemeHKY
06IIYK) 6eIIyK) 6eIIyK)
Fe 0,42/0,34 0,43/0,33 - -\\-
Si 0,67/0,54 0,48/0,37 - -\\-
Mg 0,54/0,50 0,44/0,32 - -\\-

HedopmMarusiiaHrad  aTFOMUHUE SPUTMEICPH ICKUPYYre Ayyliap
Oonymrat. byra komrymua KbUIbII O€JITHIEN KeTYyy Kepek, Oyjap OLIoHY
MeHeH Oupre aedopMmarusiibiKk Oekemmeere aa 33 OosymaT. TeXHHKAIBIK
amabuii OyJakTapaa anapIblH MEXaHUKAJbIK, TEXHOJIOTHSIBIK KaHa Oalika
KacHeTTepH Tyypallyy e3yH4e K33 OMp MaajibiMaTTap OOJroHyHa Kapabaii,
ap OMp KOHKPETTYY MaTepHaIIbl, alapIblH ©3re4elyKTepY OHIYPYIITYH
O3rOYONYKTOPYHOH  yJIaM  KEeJWI  YBIKKAHJBIKTAH,  KOMIUIEKCTYY
AKCHEPUMCHTTHK H3WIAOOJOPAY KYPTY3YY 3apBUINBITBI KEIUIl YHITaT.
OmoHy MeHeH Oupre ymrya MaTepHaNABIH SCKUPYYCYHYH ITHHAMHUKACHI
aHa JehopMAaIISITBIK OCKeMI06CY OHAYPYIITO H3WIICHTESH MeC.

HedopmarustHerH TYpaKkTyy BUTIaM/IBITBIH/IA YOKIYYHYH
JuarpaMmachl  anbIHIIbI, ce6eon AJI31 amoMHUHMNA SPUTMECHHEH JKacaliraH
npodunaepan OHAYPYY IKCTPY3Us METOMy MeHeH, 0.a. nedopMarusHbIH
TYpaKkTyy bUIIaMJBITBIH/IA Kypry3yder. JKyMymTyH maprrapbiHa
JKakbIHbIpaarsl 0,5 MM/MUH BUITAMIBIK OOJTYII ACENTEINET.

2-cyperte, Mucan karapbl, Nel - KylOyHYH YJITYCYHOH aJIbIHTaH
YOIOJYyHYH OHMp InarpaMMacsl KepcoeTyay.

DCKUPYYHYH KHHETHKAachl  Ggy aryyHyH UYErMHHH ©3repyJyLIYH
0aanoono0 OaWKanmbl. Ggy — MHTETPAIABIK CTPYKTypa-ce3rdd IapameTpH
KaTapbl KapallaapblH OCNTHIICT KeTYY KepeK.
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2 -cypet— AJ131 amoMuUHHI SPUTMECHHUH YITYCYHYH YOIOIYY
nuarpammacel (cg; = 132,2 MIla, 6,= 189,3 MIla, & = 5,65%)

OputMene yOakbITTBIH OTYLIY MEHEH, ap OWpH CTPYKTypaHBIH
TY3YJIYYCYHO ©3YHYH CalbIMBIH KOLIKOH  OMp KaH4Ya IPOIECC KYPOT.
Bapnpik ydypaa OONroH IMPOLECCTEPAMH CYMMAJbIK CalbIMBIH 0aanooro
OM3IMH  MYMKYHUyayryoy3  naiieiMva  Ooiymy — kepek.  MbIHAai
MYMKYHYYJIYKTY aryyHyH Y€rMH 4eHee TYy3YLly MYMKYH. CTpyKTypaHBIH
ap KaHjgail e3repyynepy (KEeMTHKTEpAWH KOHILEHTPAIMACH], JaHIbIH
YOHJYry >KaHa aHbIH e3repylly, mnaiga Oomymy jxaHa ¢a3anapablH
apaJlalliblll SPHIIN JKaHA y.C.) aryyHYH YeTWHHMH YOHAYTYHA TaacHp KbLIar.
OKCHEpUMEHTTHK  MaaHWIEpJUH  OONTOHIAYT'YHAH  yJiaM,  3CKHUDPYY
MIPOLIECCHHHUH JAWHAMUKACHIHBIH aHAIN3WH OMp Katap rpadukrepan Ty3yy
MeEHEH, 3 »aHa 4-CypeTTep, )KYPry3yYre MYMKYHUYIYK TY3YJIy.

g
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§ e g x
i gl
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[ . ol
<14 g
] i L1 1| | | s 10 | | | |
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3-cypet — AryyHyH uernHuH (@) jkaHa YOaKThUTYy KapUIbLIBIKTHIH (0)
AJ131 anroMHHUM SpUTMECHHUH 3CKUPYY YOAKTBICBIHAH K63 KapaHIbUIBIIbI
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a o
4 -cyper— Jlepopmanmsiabin (¢) xaHa aryy yerunus (6) Al 31 spuTMecHHUH
KpHCTAIUTIANTYYyIaH KAHHH KT Jorapudamablk KOOpAUHATTApIa ICKUPYYHYH
yOaKBITBIHAH KO3 KapaH [bUTBIThI

CypetTrepmeH  KOPYHTOHIOW, aryyHyH YerHHHH  YOHIYTY
SCKHPYYHYH Y3aKTHITBIHBIH YOHOIOIIY MEHEH ChI3BIKTYY 3Mec (3-CcypeT, a).
OH WHTEHCUBAYY aryyHYH YerHHUH e3repyury OmpuHuu 40 caarrta opyH
amaT. AHAAaH apel OCYIIy AaKbIPBIHAAWT. YOaKThUIYY KapIObUIBIK Oyra
OKIIONII ©3YH albIl JKYpPOT. Jrepae HWHKeMIYYJIYKTYH YOHAYTYH Oup
KaH4Yara JKOTOTyy Oaiikanbaca, aryy 4YerWHHWH JKaHa YOaKTBUTyy
KapIIBUIBIKTBIH JKOTOpYJalibiH OH 3 deKxTTepre Kupruscek 00aMoK. MbiHa
YOIy YOHAYK ©HYMIepPIy HBIKTOO BIKMAachl MEHEH OHIYPYYZAe HETH3Td
YOHAYK OO0ITyTI ScenTeneT.

I'padukrepau ko morapudManblk KOOpAMHATTApIA TY3YY ajap/ibl
TY3 CBI3BIKTYY KBIJIBII ©3repTeT. Mucansl, 4-cypet, 6. byn TeHmemeHu
TOMOHJIOTY 16} jKa3yyra TYPTKy Oeper

cp = at’; o,=ptY; §=rvy1, @)

MBIHIA O,B,y — KoadduumenTrep, @, v, g — aapaxa kepcetkydrep. Jdapaxa
KOPCOTKYUYTOPIYH YOHIYTY TY3 CHI3BIKTYY rpaduKTepauH abcuucca oryHa
KaHTaiiTyy GypdyHyH TaHreHcHHe GapaGap. Dcerrreonop ¢ = 7,7*10% y =
3,8*10% q = -13,0%102 skenaurun kepcerry. Jlapaka KOpPCOTKYUTOPIYH
YOHJIyKTapblH CAJIBILTHIPYy 3H KOI TAaaCHPAX 3CKUPYY HHUKEMIYYJIYKKe
KepcoTeopyH aHbIkTanbl. KodhuumeHTTepan scentee TOMOHIOIYAOH
MaaHWJIepau KepcoTTy: 0=56,9; =114,07; y=17,77.

I'padmkanbik jkaKTaH anap Ty3 ChI3BIKTYY TpadUKTEpIUH OpJHHATa
Ory MEHEH KEeCHJIMILINH, ajlap/IbIH IKCTPOTOIISIUSACHIHIA, Ouinru3eT. HpIkToo
BIKMachl MEHEH ap TYpPAYY OarbiTTarsl mpoQuiiepan eHIypYyae Marepuai
KOIYYJIYK ydypJa KbIChulyyra nyymiap Oosior. TemeHme KenTHpHireH
KBIMBIHTBIKTAp/bl HKCIIEPUMEHTTEPIU TyyparaH KaTeropusuiapra KHprusce
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6omnot. M3unneenep ap Omp mapTusga Y4TeH yiuryiaep OOIToH 6 mapTusna
KYPry3yiamy. YOakeIT WHTepBangapel, OHp OKTyy 4Uoioyra OOJTOH
CBIHOOJIOPrO OarbITTalblll TaHZaNasl. bapablk MapTHIapIbH YIIyJIepy
Y4YH nedopManusHBIH YOHAYKTapel oupzaei 6onmy: 3 %, 7 % »xana 10 %.
WsnnneenepayH  KBIMBIHTHITBIHAA S5-CYPOTT® KOPCOTYNreH Trpadukrep
TY3YJIAY.

DCKUPYYHYH HaThI)KachbIHJIa AIOMHHUI spuTMecuHeH ynryHy 10%
nedopmanmsiioo sckupyyneH 40 caaTtaH KHHMH MYMKYH OOJTOH JKOK
(rpadmk 3). YuryHyH OeT >karblHAa MHKEeMIYYJIYK Aedopmanuscsl 8 %
OONTOHIO JKapaHKanap TIaiaa Oosyn, aHIaH KHHWUH MaTepuajliblH
Oy3yaymy KyTynetT. 5-cypertyH 1, 2 sxaHa 3 rpadMKTEpHH CaBIIITHIPHII
KOpYII, Tajlan KbUIBIHIaH Ae(OpPMAaIMSIHBIH YOHIYTY ©CKOH CailblH, 00PIYK
KYK J1a eceepyH KepeOlys. MyHYyH MYMKYH OonroH cebebu
nedopManusIbIk GekeMaenyy scentener, Oyn OapIblK KOHCTPYKIHSIIBIK
MaTepHangapra Taenenayy 6omor. OUOHIYKTaH SpUTMEIepId H3WIIOOHYH
KUMWHKH KagaMbl Oyl gedopManusuiblk Oekemaenyy OOroHYa MaaHHIIepIu
alyy 3cenTeeT.

OopIyK KYTY
= R

=]

| | | ] | | | ] | ] ] | l |
20 40 60 80 100 120 140
VoakeIT, caat

=]

1 — nedopmarms 3%, 2 — nedopmanns 7%, 3 — nepopmarms 10%

5-cypeT — Dckupyy npoueccurne A/131 amoMUHAN SpUTMECHHHUH KBICBLTYY
nehopManusAChIHA KapUIbLIBITBI

AJ131 amOMUHHIA 3PUTMECHHHAH JehOpMANMSIIBIK OeKeMAETYYCY
OKyJIyn yhpeHyIay. JdedopManusiblk OeKeMIeNnyy, SPUTMEHUH 3CKUPYYCY
CBIAKTYY 03JI¢ KbICKA ME3TWJIAYY MEXaHHKaJbIK MYHO31eMeJIepIyH
©3repyYIIYHI® aHKBIHAANBIT KOPYHOT. BHPOK, CBHIPTBIHAH OKIIOMITYTyHA
kapabaii, Oynm 5ku mporecc ap Oamrka MporeccTep, OMOHIYKTaH 3CKUPYY
MPOIIECCH KOITyMYa OOPAYK JKYKTY TaJlall KbUIOAWT.  DCKUPYY aHBIK
T y3usTBIK IPOLIECCTEPAUH HETU3UHIE 60I10T. Koropyna
KOPCOTYII'OH/161, KbICKAa ME3TWIIAYY MEXaHHWKaJlbIK Kacuerrep Oyn ydypaa
ybakbITTaH ¢QyHKIMs Oonor. edopmanmsaneik Oexemzaenyynae Oy
MYHO3/16MOJIep KbIHHAJITaH HWHKEMAYYIYK JAedopManusgaH (QyHKIHS
60110T.
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Wzunpeenep mUKIOrpaMManapasl TY3YY METONIOPYH KOJAOHYY
MEHEH KYpry3yiaay. Aryy UErMHUH OKbIMHalIraH  MHKEMAYYJIYK
neopManusIHBIH YOHAYTYHaH K63 KapaHABUIBITBIHBIH TIpadurd  KOII
JorapuMaibslK KOOpAMHATANIApAA TY3YITeH, 6-CypeT, TpauK Ty3 CBI3BIK
TYpT® 3.

z
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TTTT T T T TT
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JHedopmarna, %

6 -cypet— AJI31 amoMUHKI SPUTMECUHUH aryy 4erHHUH KbIHHAITaH
UHKeMAYYIYK Ae(OpMalUSHBIH YOHIYTYHAH K63 KapaH IblIbIIbl

AJ TeMeHJIeTy Aapakanyy TeHIeMe MEHEH jKa3blUIaT:

Op2 = jSV, (2)
MBIH/IA | — KO3 HUIHEHT, v — Japaxa KOpCOTKYY.

OKCHEPUMEHTTHK JKBIHBIHTBIKTAP MPAKTUKAIBIK IUIaHAa K33 Oup
MaaHWIYy KOPYTYHAYJIapIbl ’Kacooro Xarjgai Ty3er:

- KyHMaHbIH oOry OOIOHYAa paguaniblk OarelTTa 3SPUTMEHHH
CTPYKTYpachl OMp TEKTYY 3Mec. Byn Tyypanyy XUMHSIBIK TY3YM, JaHIbIH
Oe9eMy, KbICKA MOOHOTTYY MEXaHWKAJbIK KacHeTTep Tyypalyy
9KCTIEPUMEHTTHK U3HII1061ep KyOe 00110T;

- AZ131 amoMuHHNA 3pUTMECHHJIE KPUCTAJUIAANIYYaH KUHUH, aryy
YEerMHUH, YOaKThUlyy  KapIUbUIBIKTBIH  YOHOIOIIY  JKaHa  KaMJIBIK
HHAKEeMAYYIYKTYH TOMOHOITY MEHEH KOIITOJITOH 3CKHPYY NMPOLIECCH OToT.

- AJI31 »osputMecuHAe AadvbIK TYHIOHTYITaH, 3CKHPYYT® OKIIOMN
MEXaHUKaNbIK KaCHETTEPAHW ©3TrepTYYre aibll KeireH, Ae(opMarisuIbK
OekeMIuK Oaikamiar.

TaOpuran  3¢¢exTrepan  TONyry  MEHEH TYWIYHYY — YYYH,
KPUCTAJUIAANIYYHYH TEMIIEpaTypajblK pPEKUMHHUH MaaHWJIEPH Kepek
6onny. A/131 spuTMecHHUH KyHMallapblH KYIOy/Iarsl TEMIIEpaTypa Tajaaachl
n3wgenan. TemmepaTypa Tanaachl KaHa aHbIH ©3TePYIIYHYH BUIIAMABITHI
JaspIblk  Oenmykrepay  KyWMa — TYPYHIOOIY  MHKPOCTPYKTYpPachbIHBIH
TY3YJIYYCYH/1® aHBIKTOO4Y OOJIyIIaT.

11



VYiryn cebenTeH TeMmmepaTypaHblH paguanblk OarsITTa jkaHa KyHMaHBIH
OMHMKTUTY OOIOHYA TapaJIBIIIBIHBEIH MOJEIH MAaHWIYY KOJIJIOHMO MaaHWTe
.

7-cypeTTe Y4 MapTTyy 30Hanap kepcetyiareH. AOB chI3bITEl, KanTan
OeTMHAE TEH CAJIMaKTyy KpUCTAUIJAIIyyHYH IIapTTapbl OpYH alraH
KOHYCTYH KECWJIMIINH Omnguper. KoHycTyH WYMHIE KpUCTaIIJAIlyy YOH
BUIIaMJIBIK MEHEH JKBUIYYJIYKTY TYOYH Ke31ei 0epyYy apThIKYbUIBI'EI MEHEH
oToT. AOB CBIZBIIBIHAH JKOTOPY JKBUIYYJIYKTYH arsiMbl HWJIMHIPINK OeTKe
apTHIKYBUIBIK MeHeH Oarbirtanar. |l — 3oHanmarsl maprrap | — 30Hazars!
mapTrapaaH KPUCTAJULNAIIYYHYH  a3bIpaak  bUIJaMJIBITBI  MEHEH
aiiplpmarnanat. Byn xyliMaHblH OMHMKTHTH OOIOHYA ap TYPAYY (H3MKAIBIK-
MEXaHHKAJbIK KACHETTEePre allbll KeJeT.

I11- 30HAa KXyliMaHBIH KPHCTAUINAIIYYCYHYH OYTYIIy MEHEH
MyHe31e16T. KLM CBI3BITH KpHcTAINIIAIIYYHYH (GpOHTYH Omnguper. Byn
OWION 3J€ y4dypha 4Yerepyiyydy UyHKYpIyH Oeru Oomym 3cemnTernet.
KpucrannpamryyHnyH maprrapsl atmocgepa — KyiiMa dek apacklHaa | xaHa
I1-30HaMIapAArEI KPUCTAIUIAAITYYHYH IapTTapbelHaH rasa
aiflblpManaHOacTaH, 4eK apa JKakTarsl KeneMmae aa adelpmanaHar. Cyrok
¢dazanpiH KLM CBHI3BITBHIHAH JKOTOpY JKaKkTa JMKOKTYIY JKaHa 4YeK apa
CBI3BITHIHJATBl TEMIIEPAaTYpaHbIH TPAaIMEHTHHUH 4YOHIYrY aTMocdepara
KBUTYYyJIYKTYH arbIMblH apTHIKYBLIBIK MeEHeH Jkaparar. CyHymTairan
Oenyysiep WApTTyy TYPA® OKEHIUTHMH jKaHa KECKUH YeKTep MeEHEH
Y0 KepeKTUTHH OeITHIIel KeTHIIT Kepek.

/ Sorra IIT
=

I

R B A L =1
7-cypeT — A/131 anmroMHUHUIA S3pUTMECUHUH KPUCTAJUIJAIIYY 30HaTIaphl

Osrepyysiep OHp KablTa ©TOT, al 3MH OTYyYydy KeJeMIepayH
KeHIWTH OHAYPYIITYH KOHKDPETTYY WIApTTapblHAH K63 KapaHIsl OO0JIOT.
OmoHAyKTaH TeMeHKyIen Oomkoo >kacannel: KLM  ChI3BITBI MeHEH
Oenrunenrer (Oynm OGenmyydy 4YeK CBHI3bIThI) 4erepyydyy YyHKYpIAyH OeTu
KPUCTAUIAAIIYYHYH  (POHTY JKaHa  TeMIIepaTypaHBIH  TapajbIIIbH
yarsiaelpaT. MbIHIaH OOJDKONIOOHYH MalJachblHAa MasplblK OeNyKTYH
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panuaIIbIK GarbIThIHA Kapara XUMUSUTBIK JJIEMEHTTEPANH
OeYIITYPYIYIIYH KOPCOTKOH 1-CypeT alThIN Typart.

Bemyyuy Oertu m3migee Y9IYH 4Yerepyydy THIKEHHH ‘‘KalbIOBI’
xacainel. MblHZa atMmocdepa — Metaimn Oenyydy OeTHH My3IaTyyIaH
KHHWH, 96repYy THIKECHHEH KaTKaHJaH KUHWWH allblHa TypraH KOIIymd4a
KyliMa Kyroiaay. YIIyHOad YbIHBITEI MOJENb apKbUIyy KPUCTAIUIIAIIyyHYH
¢poutynyH ¢opmacel scenrtenau. KydMaHBIH IMIMHAPAUK OCTHHHUH
TEMIIEpaTypachl KPHCTAJUIU3ATOPTO KYIOJITaH CYYHYH TeMIIepaTypachiHa
Gapabap Temmeparypa 25°C  amsis.  KyiiMambH — GOpGOpyHIars:
TEeMIIepaTypa 3pyYy TemIeparypacbiHa Oapabdap 750 °C Temmeparypa
anplHABL.  JKBIMBIHTBITBIHIA KyHMaHBIH pagMaiJbIK OarbiThl OOIOHYA
TEMIIEpaTypaHblH TapajiblIIBIHBIH  CHI3BITBI  albIHABL. Al §-cyperTe
KepceTynay. bupok, amplHran MoAenp SKCHEPHUMEHTTHK H3HIIOeI6pIY
Tajan Keliapl. TemmnepaTypaHblH TapaiblIbIHBIH ©3repywmy 25x25x190 MM
emdaeMaery Opycty Kywoyna Xyprysyiany. KyoyHyH boH ory OGoroHua
XpOMENb-aMIOMEINYY TepMonapanap caHsl 11 naaHama >kaHJaHBIIITHL
VYiryHpail ko1 MEHEH alblHraH SKCIEPUMEHTTHK MaaHwiep 9-cyperre
KBaZlpaT TYPYHAOTY YEKUTTEP MEHEH KepceTyiay. I'paduK TY3 CHI3BIKTYY
»KaHa SKCTIOHEHIMANIBIK TUIITET'H TeHAEME MCHEH JKa3bUiaT.

r SO0
/ 3

iy
£

. cron

Temmeparypa

—
I'f {:J I U N 20 10 i 8 100
BeTTen Gepiit apankik, My Pamyc
8-cypet - A131 amomuHM 9 -cypet— A/I31 amoMHUHUI SpUTMECHHEH
SpUTMECHHEH nuameTpu 190 MM nmuamerpu 190 mm (torapudmank
(»xeHeOKOI KOOpAMHATTApAA) OOITOH KOOpJHMHATTap/a) OONTOH KyHMaHbI
KyHMaHBI Y3TYITYKCY3 KyHTaHa pajauyc Y3TYITYKCY3 KyHranaa panmyc 60roHda
0OIOHYA TeMITepaTypaHbIH TaPaJIbIIIBI TeMIepaTypaHbIH TapaJIbIIIbI

VIMHTALMSUTBIK  SKCTIEPUMEHT, KyiiMansin Oetuage 31° C Gomrom
TEeMIepaTypa KpUCTAUIAIIYYHYH OallTanKel Yy4ypyHIa MY3[aTryydy
CYYHYH TeMIIepaTypachlHaH oropy kaHa an 25°C Gapabap SKeHIHTHH
kepcoTry. LlmnmHapauH OeTHHIErM TeMieparypa TypyKTalllKaHJaH
KAHMHKA y4ypja TeMIlepaTypaHblH Tapajbllibl TAPTBUIBIN albIHTAHBIH
Oenruen KeTyy Kepek.
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BpycryH (aypke) oprocyHaars: Temmeparypa 680°C tysay.

T, = Taexp(ns; ) (3)
MbIHTa T - i uexkutHHmerHn Temmeparypa (i 0 meH I dYelnH MaaHW ana
anat); T,- CYYHyH TeMIEparypackl; 1) - HPONOPLHOHAILYYIYK

k03 puLMeHTH; r- | YeKUTHHEH KyMaHbIH OCTHHE YSHHHKU apabIK.

Kommekeryy HKCIIEPUMEHTTHK W3WIAe6JIepAYH
KBIMBIHTHIKTAPBIHBIH ~ aHAJTU3M OHIAYPYIITY OPKYHIOTYYHYH JKOJAIOPYH
TaH/I00T0 JKapaam Oeper.

YuyHuy 6eJymae IKyMyLITYH PEKHMIECPHUH aBTOMATTBIK TYPIO
KOHIOOCY MEHEH araiiblH TY3YAyTe nehOopManUsiIoono AaspAbIK
OOIYKTYH YBIHATYY XaHa Ae(OpMALSIIBIK abalibl H3HIACHTH.

YA momennee yayr MSC.SuperForge, metamngapasl 6acsiM MEHEH
UIOTETYY MPOLECCTEPHH CENTOOre OArbITTANTaH YEKTYY JJIEMEHTTEPANH
AQHAIM3HM JIeTeH IpOorpaMMalblk OHYM KOJIOHynny. Maiina mannyy
CTPYKTYpaHBI JIyy YYYH TY3YJIYLIT® HBIKTOO MpOLEcCH Kapanabl. aspiapik
oenyk - ©50x100 MM  emuemyHaery nwimuAp. Jlaspasik OeNyKTYH
MaTepHalibl KaTapbl Je(pOpPMALUUIOOHYH TeMIepaTypasibik auana3ony 300—
450 °C sxaHa MeXaHMKAIBIK KACHETTEpU: CEPHMITHYTUK Monyny 75 I'ma,
Iyaccouayn kod(durmentn 0,3 xama Toreasrsl  3800kr/M° Gapabap
OOJITOH  aMIOMHHHMNA 3PUTMECH TaHAAJBIN  aNbIHIbL. ~ MarepuaiabiH
UAKeMIYYIyTYyH Monennee ydyH  JlkoHcoHa-KykTyH cepnuiaruuTuk
MAKEMIYYIYK MOJIEIN TaHIAJIbII ajbIHABL

WHCTpYyMEHTTHH Y4 ei4emayy  reomerpustiblk moxenun CAD
(computer-aided design — koMIbrOTEp UK 107600pI00HY KOJII00) Inventor
nporpammaceinia Ty3ynay, kadna CAE - (computer-aided engineering —
HHKEHEPJUK JCeNTeenepre KoMmmploTepauk koimoo) MSC.SuperForge
nporpammacsiHa keuypysay (ummoprroiny) (10-cyper).

CaHJIBIK ICENTOONOpAYH aJbIHTaH KBIMBIHTHIKTAPBIHBIH HETH3HHE
HBIKTOOHYH OWMpHMHYM 53TaOblHAA aHa JeGopMalnsUIOOHYH OamTanKsl
YUypyH/ia SKBUBAJICHTTYY YbIHAJYY Hasp/AblK OONYKTYH KanTajdl OCTHHUH
Gammkel JKaHa ask jkakrapbiHa keiitHanmat (10-cypet, a, 6), KbICyyHY
YOHOITYY MEHEH 3KBHBAJICHTTYY YbIHAIYYHYH JKbIHHATYY aKIIEHTH KarTal
Oetten Gopbopay kesneit xeutaT (10-cypet, 6) jxaHa KbICYyHYH COHYHIa
TOJIYT'Y MEHEH JKOT'OPKY JKaHa TOMOHKY ITyaHCOH/YH acThIH/a TONTOJYIIAT
(10-cyper, ).

TepTynuy ©Oeaymae KyiiManapiasl KYIOHYH TEXHOJOTHSUIAPBIH
onjooro xaHa AJ[31 spurMmecuneH npoduaepaIr OHAYPYYre OarbiTTairan
N3WIAOONepAYH KbIMBIHTHIKTaphl cyHymTaidran. CeGeOu TEXHOJIOTHSUIBIK
YBIHKBIP/BIH OMPUHYHM 3Ta0bl KYIOJITaH JaspAbIK O6IyKTOpIy alyy
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8 2
a—40%; 6 —60%; &—80%; 2— 100%

10-cyper — lannap/s! Maii1ai004y TY3YJIYIIT® HBIKTOOMO Jasip/blK
6eIIYKTe KBUBAJICHTTYY YBIHATYyHYH TapalbIIIBIHBIH CYPOTY

TYpraHABIKTaH, KyIOyra, KpUCTAUANYy [apTTapblHA THELICNYY: allblKda
9pYY TemrepaTypachl (alblK4a bICYy), bIChbIraH abaija KapMmar TypyyHYH
yOaKbITHI, My31aTYyHYH BULIaMJBITBI JET€H K33 OUp Macelyelepan TakToo
Kepek 0omy.

OpuTHITEeH KyHMaHbIH TeMIepaTypachlHbIH, KapMOO YOaKbITBIHBIH
’KaHa MY3JaTyyHYH BULIaMIBITBIHBIH ap KaHIal OarbITTarsl npouiiepan
JaspA00I0 IPUTMEHHH Je(opMalMsAChiHA TAaCUPH H3WIACHOH.  ODpHIeH
SPUTMEHHH AIIBIKYa BICYYCYHYH 3PHUTIITCH KyHMaHBIH TepEeHIUrH GOroHYa
TEeMIepPaTypaHblH TapalbIIbIHA JKaHA KBICBUTYY Je(OpMalHsCHIHBIH
KapIIbUIBITBIHA OOJITOH Taacup Aa wM3wiaeHmd. byn Mmakcarra ap Gup
KyWMaHbBIH MY3700 IPOLECCHHUH TeMIlepaTypacsl 6 TepMOIapIbH
KapJaMbl MEHEH TEKIICPHIHI Typay. UeHeeJdepAyH >KbIAbIHTHIKTAphl 11-
cyperte  kepcetryired. KyrooiaraH OSpuUTMEHHH  KejieMy  OOroHYA
TEMIIepaTypaHblH Tapalbllllbl  KPUCTAJUIAANIYY IPOLECCHHE Camnartyy
Typre e3repynbeiir. XKanrtatoy OypuyHyH YOHIYTy TaHa €3repeT, MyHYH
CaHJIbIK MAaHHUCH 1) MPOMOPIHMSUIIBIK KO3 (DUIIMEHTH MEHEH aHBIKTAIAT.

AlIbIKYa BICYYHYH HYOHJAYTYHYH O3PHUTMEHUH JedopmanusicbiHa
0O0JITOH TaaCHPHH OMpP OKTYY KbICYYHYH IIApThIHJA YOTOPYIIreH YITYJIepIe
W3WIACHAN. BUpIMK KBICYyHYH YOHAYTY TypakTyy el ajbIHBIN, aHbIH
Mmaanucu 10 % Gapabap Goxixy. MbIHIal KeIcyya yaryjep Oy3yiraH koK,
OyJ1 aHBIH MUKPO CTPYKTYpachIH aHJaH apbl H3WIJI06Te MYMKYHIYK Oepiu.
12-cyperte ©Oup OKTyy KBICYyHYH IIapThiHA2 Je(OpPMaIHsIO0N0
YBIHATYYHYH alllblKya BICYYHYH TEMIIepaTypachlHaH KO3 KapaH/bUIbITbIHbIH
YEHOOJIOPYHYH >KBIHBIHTHIKTAPHI KOPCOTYJITOH. AJIBIHIAH KO3 KapaHAbUIBIK
KOHOKOU KOOPJMHATTAp/A TY3 ChI3bIK KaTapbl KOPCOTYJITOH )KaHa KOHOKOH
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anreOpalbIk TEHIEME MEHEH AaHBIKTalraH. MeXaHUKaJblK KacHeTTepre
ampIK4a BICYyHYH TEMIICPaTypachlHbIH j>KaHa KapMOOHYH YyOaKbITBIHBIH
taacupu mmwigeHan (13-cypet). Byn daxkr ap kaHmail OarbITTarsl
npoduIIepad OaspAoody TEXHOJOTHSUIBIK IPOLEcCTepae KOIIOHYIYIY
MYMKYH. OKCIICpUMEHTTHK 3pUTME KyiManapbl  1abopaTOpHsIIBIK
mapTrapaa arMocdepana KYprysyiany, MbIHAAH >KyMyIITYyH MIapTTapblHA
Tyypa Kener. TemmepaTypaHbIH KOTOpYJallbl MEHEH OeKeMIHK
MYHO3/I6MOJIOPYHYH OCYIIYHYH JKaHa UHKEMIYYIYKTYH TOMOHIOUTYy
KYIOJITaH SPUTMEHHMH atMocdepagaH CYyTeKTH KapMall ajbllbl ceder
60JTyry MYMKYH.

20 40 60 80 100
BerTen Gepki apaibIk, MM

1-840°C,2-810°C,3-770°C, 4 - 750 °C

11-cyper— Kytonran 3puTMEHHH TepeHIUTH OOIOHYA TeMIIepaTypaHbIH

TapabIIIbl
6
e
g 40 7
E -
s /" =] -
. | g ~%
E a0l = -
& g~ g
21 '///1// £ °//
2 I g
TR TR ) B
blenITyyHYH TeMmepaTypack,°C ./
@ 1 | |
740 760 730 B00 820 340
12-cypet — bup oktyy 10% kpicyyHYH BlewTyyHyK TeunepaTypackl,'C

mapteiaga AJ31 spuT™MecuHUH
nehopManusIChIHAA YHIHATYYHYH
BICBITYY TeMIIEpaTypachlHaH ko3
KapaH/IbLIbITbI

13-cyper - 3 A131 antomunuii aryy
9eTHHIH 3PHUTMECHHUH BICBITYY
TEMIIepaTypachlHaH KO3 KapaH/{bLIITbI
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Koropyna aWTeIIraH 3KCHEpUMEHTTEp KapMmooHyH Oupmeit 30
MUHYTa OOJTOH YyOakKeITTapblHAa >KYpry3yinny. blceik abamma kapmoo
yOaKbITBl OCKEMIUKKE »aHa MHKEMIYYIYKKe KaHAall Taacup 3T33pHH
TymyHym kepek Oommy. Keicyy nedopmanmsiceiaeiH doHAyry 10 %
6apabap Ooxyn TaHmAIIBL. DPUTCH KyHMaHBIH KapMOO yOaKBITH KoOeWreH
caifblH BICHIK a0aya aHbIH KbICYYy Ae(OpMaIMsIChiHA OOJTOH KapIUbLIbITBI
oceT. byn aHblH Oexemaemmune ky0e 6onor. Taxpblii0aHbIH MaaHHUJIEPH
rpaduk TypyHae 14-cypeTre KepceTyJreH.

AJ131 sputrmecuH Kyroyaa
150 N aHBbIH MEXAaHUKAJIBIK KACUETTCPUHE
/ My3[aTyy pEXUMUHHH Taacupu

140
AHBIKTAJIbI. 3KCHepI/IMeHTTI/IK

El?ﬂi* 9PUTMEHUH KyWMajapbl Kyly ap
= P TYPAYY MY3IaTyy PESKUMICPHHIC
s 5 T3 75 KYPTY3YIAY.- Bupnrun »Tanra

Kaphi00 yGaKsITsl, caat JasipaanTaH MaTepHuan IpYY
TeMIIepaTypacsiHa YeinH,
KANHUHKNA 750 °C Kalipagan
BICBITYYCY MEHEH BICHITHIIIAT.
blceityynyH bpuigamapirst 20 — 25
rpaj/MHH Ty3ay. AJapiaH MeXaHHMKaIbIK CBIHOOJOP YYYH YJITYJep
nmaspranael. Ap Oup KyiiManaH 8 yiry Jnaspaasiabl.

WitkeMayyayKTyH ecymry, Oup »ie ydypAa aryy 4Y€HHHHMH >KaHa
yOaKTBUTYy KapIIBUIBIKTEIH TOMOHAOITY MEHEH AaHBIKTANIBL. MbIHaai
KyOyJyIl, My3AaTyyHYH BUITaMIIBITBIHBIH ©CYITY MEHEH JaHIyy CTPYKTypa
MalimanaHat, Oyn e3 ydypyHIa HM3WIACHTCH HapaMeTpliepIuH OaifKalrbir
JKaTKaH ©3TrepYYJIepYyHe ajbIll Kedd3pH MEHEeH TYIYHAYpyneT. Kaanmkun
OHIYPYII MIAPTTAPBIHIA HBIKTOO IIPOLECCHHIC MaTepHail  KbICYY
neopmanusaceiHa Ayymiap OoJoT. 15-cypeTre YbIHANYYHYH HHKEMAYYIYK
KbIcyy JedopManusicblHaH KO3 KapaHAbUIbITEl KepceTysreH. OUIOHIyKTaH
9KCHEPUMEHTTHK TEKIIePYYIepaAy >KyMyII HIapTTapblHa >KaKbIHIAThUITaH
mapTTapia eTKepyy Kepek Oonmy. Byn skcnepuMeHTTepauH CepHsiCch
IWIMHIPANUK YATYIepae, anapAsiH dckupyycy 150 caaTka cosynranma skaHa
aHJIaH apKbl TOMOTEHICITYYCY MEHEH JKYPIy3YJIaY.

I'paduk nedopmanumsira kapata KapIBUIBIKTE MYHO3OUT. OMIOHION
9jie  ay  camaThl OOIOHYA K63 KapaHIBUIBIKTapAbIH TYpY e3repoOei
TYpPraHIbITEIH, OUPOK TEMIEPATYPaHBIH OCYLIY MEHEH M3WJIICHUIT JKaTKaH
neGOopMalUsSHBIH ~ MHTEPBaNbIHAA JeopManusara Kapara KapIIbLIBIK
a3aspbIH a4bIK KOPCOTYII OeperT.

Kyronran nmaspislk OeIyKTOpAYH jKaHa OHAYPYJITeH OHYMIOPIYH
camaThlH TEKIICPYYHYH MOJEIH CyHyIITannpl. JKaOIbIKTapabl aHAINA3ee,

120

14-cypet — UblHaIyyHYH SpUTMEHUH
kapMoo yOakbITeiHaH 770 °C 12 bICBIK
abaspIH/a K63 KapaHbUIbIIbl
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OHIYPYIITOTY TEKIIEPYYHY NMPOGHIAEPAN OHAYPYYUY arperaTrThiH Ipecc-
IITEMIENNHAE OOpAYK KYKTYH Tpadpurua OoroH4ua amneim Oapca ©oio
TypraHIbIThl 0OIDKOIIOHAY. Mucan kaTapsiHaa, 16-cyperTe rpaguKTepanH
Oupn KepceTynay. MakcUMaiayy OKETHIIIIPIMK OOpAYK XKYK Ipecc-
mremnenne Oupre Oapabap Aenm amblHABL, al AMH YBIHBITH JKyMYIIdy
0OpAyK JKYK ara Kapara HOPMaJJaIUTBIPbUIABL.  YOakeIT  Jarsl
uHTepBangapra OenyHay. Kabaeikter 100% KOJIMOHYY MYMKYHAYTYHOH
(opaunara oryHnma Oyn Oupre Oapabap) aHbIKTaslla TypraH HBIKTOOHYH

120

130 ~ /
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i
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10 12 14 16 18 20 22 24

Jedopmaria, %
1-20°C,2-250°C, 3 —480°C
15-cyper— UsiHanyyHnyH AJ[31 amoMuHHI SpUTMECHHEH YITYIOpAYH
Je(hopMalUsICBIHBIH YOHAYKTapbIHAH KO3 KapaHbUIBITGl (KaNMbLIaHraH rpaduK)

CaNBIMTBIPMATYY OOPIYE KYK
T

I o I

| | | | \ \
0 1 2 3 4 35 6 2 S
'V GaKTBUTYY HHTEPBAL

16-cypet — bup TunTYY npoduiaepIu HEIKTOOAO Mpecc-
MITEMIETETH OOPAYK )KYTYHYH ©3repyIIyHyH rpadurn: Ne 1- nerans
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JCENTHK YOAKTBICHI, >XaHA, OIIOHIOH 3J€ HBIKTOOHYH MAaKCHMAJIYy
pugaMaerel 10 mHTEpBanTa OenmyHYm Kapamnsl. I'padukre yd4 maprryy
cTaguanapasl 0enym kapaca 0onoT. JKanmsl MbIi3aM YeHEMAYYJIYKTOpAYH
CaHBIHA OOPAYK JXYTYHYH | — crammsama ecymyH kuprusce 6omot. Oopayk
KYK Tpecc-mreMnenae 4 4eKUTH MEHEH OCNTHJICHTeH MPOQHIIN HBIKTOO
Oamranrad yOakpITTapra dYeimH oceT. HpikTOO Oamranaapsl MeHEH
KYKTYH YOHZYTY OUp MaaHUTre YeHUH TOMOHIOUT Jla aH/aH apbl 03y Oupaen
MaaHuse e3repoeiT: C HauaJOM IIPecCOBaHUS Harpyska Ha IIpecc-
LITEMIIENIE TTaJiaeT JO HEKOTOPOro 3HAUSHHUs U B AajbHeHIeM BeseT cels He
onHO3HayHO: 1] — cTagusiHBIH asTblHA YeHHH TOMOHIOUT, CEKUPUK TYPYH/O

e3repyn typar. |l — cragmsna xykTyH ecymy Oaiikanmar. 4 4YeKUTHHIE
KYKTYH MaaHWIEpU ap TYPAYY OKSHIUI'MH O€JrHien KeTyy Kepek.
CanpImTeIpManyy JKYKTYH npecc-mutemnenne |l — craguspga temeHnmemry

TeMIIepaTypaiblk 3QQPeKT MEHEH TYIIYHAYPCO OOIOT.

Haspapik 6enyk HeIKToOHYH anabinga 450-490 °C temmeparypara
YeWnH  BICHITBULABL.  Miikemayymyk — nedopManmschIHBIH — KaMIBIK
SHEPTHUACHIHBIH 3CEOMHEH JPUTMEHMH ©3YHOH o3y Komymya 520-560 °C
TeMIlepaTypara 4eiiH BICHIIIBI KYTYJIOT. TeMIiepaTypaHblH ecymly MEHEH
OEKeMJIMK MYHO31eMeJIopy TYIIOT, ajl SMH METaJUIbIH JKaHa SPUTMEHHH
nitkeMayyiayry ecer. I'padukre (16-cyper) |l-uaTepBan Oup kamsinra smec
0OpAYK YK MEHEH MYHO3]eJIeT, OIIOHy MEHEH Oupre an IasplblK
OONIYKTYH KelleMy OOIOHYA CTPYKTYpaHbIH OupJeld 3MECTHrd MEHEH Ja
TYWyHAYpYAeT. Byn ap Typayy KylManapzaa aatOMUHUN SpUTMEIEPUHUH
CTPYKTypaJlapbIHJIarkl albIpMavblIBIKTap Tyypalyy Ky0e Oomor. Ilpecc-
mremnenge |ll-obmactra oopayk XKYKTY KeOeifymry, MaHZapAbIH ©CYIIY
MEHEH KOLITOJTOH JedopMannsuiblk OexeM/1ee KaHa AMHAMHUKAIBIK Kaiipa
KalTyy MeHeH OaillaHblIkaH. OHYMAOpPAYH calaThlH CakToo Ke3
kapambiHaa, |l — craansHbIH GamTanblIbIH HBIKTOOHY TOKTOTYYTa JKaHa
TIpecc-KaJIABIKTApIbl KWHYN MIUTETYYTe XHOepyyre KoMaHJa el KaObLl
aiyyra 0070T. HBIKTOOHYH BIJIIaMJIBITBI ©CKOH CailblH OallTanKbl THIKEHHH
TYPY MakCUMyMJIa TET€pPEKTOOHYH HOH pajuyCy MEHEH KblIMapaak Hipu
CBI3BIKTaH YYTYy THKKE ailaHar. YIIyJ ydypJa €3YH MbIHJAAN alblll XKYPYY
HUKeMIYYIYK — AehopManMschiHBIH — ap  KaHAail  bUIAaMJbIKTapbIHAA
MHUKPOCTPYKTYPaHBbIH TY3YJIYYCYHYH ©3r04eJIYKTOpY MEHEH OalaHbIITYY
007100pyH 00JKOI00TO OOJIOT.

HEI'M3I'M )KBIMBIHTBIKTAP )KAHA KOPYTYHJIYJIAP

ATKapbpUITaH M3WIIO6JIepAYH HETH3WHAE aJIOMUHHMN SPUTMECHHEH
Ipecc-eHYMIOpIY OHIYPYYHYH TEXHOJIOTUSIIBIK MIPOLIECCTEPUH
MaTeMaTHKaJIBIK MOJIEN/I06 00JacThIHIATHl aKTyaJlyy Maceie YblrapbUIIbL.
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WnuMuit HIITHH KBIMBIHTHIKTApEl OOIOHYAa TOMOHIOTYAeH KOPYTYHIyIapIsl
xKacaca 00J0T:

1. Kytonran A/I31 amoMuHHIA 3pHUTMECHHHUH CTPYKTYpachl KOJIeMY
0oroH4Ya OMp TEKTYY 3MeC, HETU3TH KOMIIOHEHTTEPANH XUMUSIBIK TY3YMY
00I0HYa, JaHIBIH OPTOYO ©rdeMy OoroH4Ya, OEKeMAMK >KaHa MHKeMIYYIYK
MYHe3/1eMeJepy 00I0HYa ap TYPAYY PKCHANTH aHBIKTaJIIbL.

2. Ymyn spuTMeAe KpUCTALINAIIYYyJaH KUHHWH, OCKEMJIUK >KaHa
UIKEeMIYYIYK MYHO3/16MOJIOPYHYH ©3repylly MEHEH KOIUTOJITOH 3CKHPYY
MIPOLIECCH MHTEHCUB/YY KYPOOPY alKbIHAAINIBI. DCKUPYY yOaKbITHI MEHEH
KbICKa ME3THJITYY MEXaHUKAIBIK KaCUETTEPAMH: aryy YeTHHHH, yOaKThUIyy
KapUIbUIBIKTBIH, MHKEeMIYYJIYKTYH KaMJIBITBIHBIH OPTOCYHIArsl €3 apa
OailyIaHBIIITHl OPHOTKOH TEHJIeMeJIep Ka3blIIbl.

3. MHiikemayynyk gmedopManuschlHAZ OSPUTMEHHH OeKeMiee
MIPOLIECCHHUH JAWHAMUKACHl AaHBIKTANABl. ATryy 4YerHHUH >KbIIHaITaH
UUKeMIYYIYK  AeOpMAalMACBIHBIH ~ YOHAYTYHaH Ke3  KapaHJIbUIBITHI
JapaXkallyy TeHIeMere Oamr HH33pH KepceTyay.

4. Kpucramnmamyy ydypyHIa JaspIblK OONYKTYH TEpeHINTH
OOIOHYA TEMIIEpaTypaHBIH TapPAIBIIBIHBIH MYHO3Y AHBIKTAIABI. JlaspsIk
OeNyKTYH OOpOOpyHaH My3aaTbuia TypraH OCTTH Ke3[ed paaualijibIK
OarpITTa ap TYpPAYY YEKHUTTEpAE TeMIlepaTypaHblH MaaHHCUH Talyyuy
TEHJIEeME alIbIHABL. AJIBIHTaH TEHJAEMEICH, TEeMIIepaTypaHblH T'PagueHTUH
a3aiTyy y4yH JUaMeTpu KMYHHE OOJIrOH JasplblK OOIYKTOpaY KyHy Kepek
OKEHJUIM  Kenun  9pirar.  blcelk  abanma  3pUTMEHHH  BICYY
TEMIIEPaTyPaChIHBIH 6CYIY YATYIOPAYH AedopMannsichiHa KapHIbUTBIKTHIH
YOHOIOIIYHA, JI 3MH BUIAAMABIKTBIH ©CYIIYy- aHBIH TOMOH/IOIIYHe aJIbIIl
KEJI3PH KOpCOTYIIY.

5. Canarbsl TOM6H jkaHa Opakka YbIKKaH ©HYMIOPIYH >KapajbIIIbl
MHUHAMaJyy OONroHAO TNpOGMINEpAN alIyy MIapTTapbl aHBIKTAJJIbL.
3aBojayH MmapTTapblHAa HPOQHMIIEPANH SKCTPY3HACHIHBIH IIApTTAPbIH
yarpuiAblprad. ['padukrepaM aHaIM3I@OHYH HETU3UHIE  JaspiajiraH
OHYMJIOP/YH CalaThlH YbITBIMCBI3 TEKIIEPYYHYH BIKMAChl CYHYIITAJIJIBI.

6. DKCIEePUMEHTTHK MaaHWJIeP/IMH aHaJIM3UHUH KaHa
KOMITBIOTEPIUK MOJEJ/IOOHYH HETH3MHIE CTPYKTYpaHbIH alJblH aja
TY3YAYYCYHYH Metonnopy AJ[31amoMuHMI SpUTMECHHHH JXKaHa Ipecc-
OHYMIOPAYH  TEXHOJOTHSUIBIK  KaCHEeTTePHH  JKaKIUIBIPTHIII  YYYH
CYHYIITAJIBIL.
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YaepbaeBa Acemrynb EpknnOexoBHaHbIH « AITETYY pe:kMMAEepUH
0alIKapyyHYH HeIM3UH/e aJJIOMHHHII 3pUTMeJIepHHEH KacajiraH npecc-
OHYM/6PY 6HAYPYYHYH 3 (eKTHBAYYJIYTYH KOTrOpy/IaTyy» AereH
Temagarsl, agucTuru: 05.02.08 «kMammuHa KypyyHYH TeXHOJIOTHSJIapbD»
00I0HYA TEXHUKA WIMMICPUHHH KAHAUAATTHIK WIMMHUI 1apakacblH
U3JeHHUI a1yyra amccepTanuschbl
KBICKAYA MA3BMYHY

A4YKBIY €O316D: aryy 4Yerd, yOakTbUIYY KapLIbUIbIK, HAKEMAYYIYK,
JaspIbIK 0OIYK, AehopMaIMsIbK OeKeMIOOHY, HBIKTOO.

N3uinnee 00beKTH:  QIIOMUHUM ~ APUTMENCPUH  HBIKTOOHYH
TEXHOJIOTHSCHI.

Hsuinnee npeamern: AJl 31 anroMuHMI 3pUTMECHHYH YITYIPY.

NiauMuii MIOTHH MaKcaThl: aJIOMUHUM SPUTMECHMHEH IIpecc-
OHYMIOPAY  JaspAOOHYH  TEXHOJIOTHACBHIH,  ajlapAbl  ©HAYPYYHYH
3¢ PEKTUBAYYIIYTYH KOTOpyJaTyy YIYH JKaKIIBIPTYY.

HM3unneeHyH MeTOdy :kaHa amnmaparypacbhl: Ycyinmap Karyy
nedopmanusIaHTan HepcenepaAnH MEXaHHWKACHIHbIH TEOPHUSCHIH,
MaTeMaTHKa >KaHa CHCTEMaJbIK AaHAJIM3AM  KOJJOHYyYyra HETH3JENreH.
TeopHsUTBIK ~ 9CENTOONOPAY  KYPTY3YY yuyr Autodesk Inventor
MPOrpaMMaJIbIK KOMIUIEKCH KOJJIOHYIAy. Mertauorpadusibik anann3 EC
METAM PB-21-1 onrukansik mukpockonto 200 sxana 500 sce woHoiiTyy
MEHEH XKYPTY3VIIV.

AJBIHTaH  OKBIMBIHTBIKTAD JKAHA  AJapAbIH  KAHBUIBITHI:
HBIKTOOJIO JasipABIK OOJIVKTYH CTPYKTYPAChIH JasipA00 TEXHOJOTHSCHI
KAKIIBIPBUIIBI,  3CKUPYY  NPOLECCHHEH  KUHUMHKA  MEXaHMKAaJBIK
KacHeTTePHH, TOMOTEHICIITHPYVYY KYHTY3VVHY >KaHa aedopmanusuibik
OekemmeeHy ocke anyy MeHeH AJI31 sputmecuneH mnpoduiaepan
OHIVPYV  MYMKYHYVIVKTODYH 0aaJloOHYH  CXEeMachl  CYHYIITAJAbI,
KYMVYIUTYH PEKHMHUH aBTOMATTHIK TYPI® Oalllkapyycy MEHEH OHYMIOPIY
HBIKTOO  VYYH  aTailblH  TY3VJIVII  HINTeNMN  4blKThl.  Kyloyzaa
TEMIIEpaTyPaHbIH KaHa KyWMaHbIH KECWIMIIM OOIOHYAa XHUMMSUIIBIK
TY3YMAVH, JaHAapbIH 6JUY6MIePYHVH jKaHa MEXaHUKaJIBIK KacHEeTTepANH
TapaJIBIIIBIHBIH MBIH3aM YCHEMAVYIIVKTOPY aHBIKTAIJIbl; SCKUPYYHYH JKaHa
OEKeM/IOOHYH JIMHAMHUKAachl aWKbIHAAIABL.  TemIepaTypaHblH jKaHa
ApaNBIKTBIH ~ KyHMaHbIH O€THHEH, KbICKA ME3THIIYY MEeXaHHKaJbIK
MYHO3ZI6MOJIOPDYHOH JKaHa d3CKHPYY YyOakbITBIHAH, aryy YeruHuH
KbIHAITaH  JeOpPMalMSHBIH  YOHAYTyHaH MaTeMaTHUKANbIK  Ke3
KapaH/bUIbITBl  TY3YJIIY; KpecT TYPYHAOIY TY3YIYLIT® ©HYMIepIy
Jasgpllo0/I0 CaHABIK MaaHWJIEp aNbIHABI J>KaHa YbIHAIYY-AedopMarus
a0aJIBIHBIH ©3repYLIYHYH MBIH3aMUeHEMTYYTYKTOPY aHBIKTAJIIbI.

Koanonyy napaikachl: aJIbIHTaH >KbIHBIHTBIKTAPJBIH PECC-OHYMIY
nmreryyaery anpobaruscsl TOO MACCATET IUIFOC nmkanacsiaaa 6omy.

Koanonyy o6aactel: MammHa Kypyy HIIKaHaJapblHIA IIpecc-
OHYMJIY HIITETYY TEXHOJIOTHSCHI.
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PE3IOME
auccepranuu Yaepoaepoii Acemrynas EpknHOexoBHbBI Ha TeMY:
«IloBbieHne 3¢p(PeKTUBHOCTH NPOU3BOACTBA Npecc-U3deJuil U3 ajako-
MHHHEBBIX CIIABOB HA OCHOBE YNPAaBJICHUS] PeXKUMaMH 00padoTKH» Ha
COHCKAHME Y4YeHOH CTelmeHH KAHAMIAaTa TeXHHMYeCKHUX HAYK IO CIienH-
aabHocTH 05.02.08 — «TexHOTOTHSI MAIIMHOCTPOEHUS

KiroueBble c1oBa: mpeaes TeKy4ecTH, BpeMEHHOE COMPOTUBIICHUE,
TUIACTUYHOCTb, 3ar0TOBKA, Ie()OPMAIIMOHHOE YIIPOYHEHHE, IPECCOBAHHE.

O0BbeKT HccIeIOBAHUSA: TEXHOJOTUS NPECCOBAHUS ATIOMHUHUEBBIX
CILIaBOB.

Hpeamer uccaegoBanus: O6pa3iis! amoMuHNEBOTO citaBa AJl 31

Hens padoThl: COBEPIICHCTBOBAHME TEXHOJOTHH H3TOTOBICHUS
TIpecc-u3IeNUi U3 alFOMHHHUEBHIX CIDIABOB JJIsI MOBHIMCHHUS 3PPEKTHBHO-
CTH UX IIPOU3BOJICTBA.

MeToasl uccaen0BaHus H annapartypa: Meroanka 06a3upyercs Ha
WCTIONB30BaHUN TEOPHUH MEXaHUKH TBEPAOTrOo Ae(GopMHUPOBAHHOTO Tena,
CHUCTEMHOT'0 aHaJM3a U MAaTeMAaTUIEeCKOH CTATUCTHKH. J{JIsI TEOPETHIECKOTO
pacyera MCIOJB30BaHbI porpaMMHuble kKoMmiiekcsl Autodesk Inventor. Me-
TajutorpaduuecKuil aHajau3 ObLT IIPOBE/IeH Ha onTHYeckoM MuUkpockorne EC
METAM PB-21-1 npu yBenuyenusx 200 u 500 kpar.

ITosyyeHHbIe pe3yJbTaThl M MX HOBH3HA: Ha OCHOBE IPOBEJICHHBIX
HCCIICIOBAaHUH YCOBEPUICHCTBOBAHA TEXHOJOTHS TIOATOTOBKH CTPYKTYP
3aroTOBOK IIPU TpeccoBaHUM. lIpemnoxkeHa cxema OLEHKH BO3MOXKXHOCTH
mpou3BocTBa poduist u3 ciutaBa AJI31 ¢ ydeToM MEXaHHYECKIX CBOWCTB
Iocje CTapeHus, TOMOTCHHU3HPYIOIIETO OTXKUTa W JIeOpMaIHOHHOTO
YOpOYHEHHS, Pa3pabdO0TaHO CHECHHANBHOE YCTPOWCTBO IS TPECCOBAHHS
M3JeNU ¢ aBTOMaTUYECKUM YIPaBICHUEM pEXHMaMH paboT, YCTaHOBICH
MpoQUIIE paclpeneieHus] TeMIepaTyp NIPH OTIMBKE W 3aKOHOMEPHOCTH
pacnpeneneHusl XUMHYECKOT0 COCTaBa, BENWYHMH 3€PEeH M MEXaHHYeCKHX
CBOMCTB 10 CEYEHHIO CJIHTKA; BBIBICHA JWHAMHKA CTApeHHUA U
ynpouHeHns. COCTaBICHBI YpaBHEHHS B3aMMOCBS3M TEMIIEPaTypsl U
paccTOSIHAA OT IOBEPXHOCTH CJIHMTKA, KPAaTKOBPEMEHHBIX MEXaHHYECKHX
XapaKTepUCTHK W BPEMEHH CTapeHHs, Ipeaera TEeKy4eCTH OT BEIHYHUHBI
HAKOIJICHHOW Jae(OopMaIiy; YCTaHOBJIECHBI 3aKOHOMEPHOCTH W3MEHEHHS
HalpspKeHHO-1e(OPMUPYEMOT0 COCTOSIHHSL TP H3TOTOBJICHWH HW3/ENHS B
KpecTooOpa3HOM yCTpoiicTBe.

CreneHp HCMOJIB30BAHNS: TIOIyYEHHBIE PE3YIBTAaThl allPOONPOBAHBI
pu 00paboTke npecc-maenuii Ha npennpusitad TOO MACCATET TUTIOC.

O0s1acTh MPUMEHEHUsI: TEXHOJIOTUsI 00pabOTKU Ipecc-u3aeauii Ha
MAaIIAHOCTPOUTEIBHBIX TPEATPHUITHAK.
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SUMMARY
Uderbayeva Asemgul Erkinbekovny's theses on a subject:
"Increase in production efficiency of press products from aluminum
alloys on the basis of steering of the processing modes'* for a degree of
Candidate of Technical Sciences in the specialty 05.02.08 — ""Technology
of mechanical engineering™

Kevwords: fluidity limit, temporary resistance, plasticity,
preparation, deformation hardenina, pressina.

Object of probe: technology of pressing of aluminum alloys.

Subject of the study: samples of aluminum alloy AD 31.

Work purpose: improvement of manufacturing techniques of press
products from aluminum alloys for increase in efficiency of their
production.

Methods of probe and equipment: The technique is based on the
theory of solid mechanics of the deformed body, mathematics and systems
analysis. For the theoretical calculation used software packages Autodesk
Inventor. Metallographic analysis was conducted on the optical microscope
EU METAM PB-21-1 at magnifications of 200 and 500 times. For pro-
cessing the results of experiments using the apparatus of mathematical sta-
tistics

The received results and their novelty: on the basis of the
conducted researches the technology of preparation of structures of
preparations when pressing is improved. The scheme of assessment of a
possibility of production of a cross-section from AD31 alloy taking into
account mechanical properties after aging, the homogenizing annealing and
deformation hardening is offered, the special device is also developed for
pressing of computer-controlled products by the modes of works. On the
basis of imitating experimental data the cross-section of distribution of
temperatures when casting is established and consistent patterns of
distribution of the chemical composition, sizes of grains and mechanical
properties on ingot section are determined; dynamics of aging and hardening
is experimentally revealed. The mathematical equations of interrelation of
temperature and distance from a surface of an ingot, short-term mechanical
characteristics and time of aging, a fluidity limit from the size of the saved-
up deformation are worked out; quantitative data are obtained and consistent
patterns of change of an intense and deformable state at production of a
product in the crosswise device are determined.

Extent of use: the received results are approved when processing
press products at the MASSAGET PLUS LLP enterprise.

Scope: technology of processing of press products at machine-
building enterprises.
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