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BEJITTVIEP MEH KBICKAPTYJIAP

Ochbl nuccepranmsga Kejiecl TEPMUHIEP THICTI aHBIKTamMaldapbIMEH Oipre
KOJIIaHbLIAbL:

3D-npunTep — caHAbIK 3D-Momenb HeTi31Hae (PU3NKaIbIK 00BEKTIHI KadaTTamn
KYPY SJICIH KOJAaHATBIH epUGEpHUSIIbIK KYPBUIFBI.

ApmutuBTi eHaipic - AO (agaMTHBTI TeXHOJOrWsUIBIK Mporecc) (additive
manufacturing) — wmarepuanapl, omeTTe KabaTTam KOCYy AapKbUIBI 3JIEKTPOHIBIK
TEOMETPHSUIBIK  MOJIeNIb HeTi3iHAe (U3MKAIbIK OOBEKT KacayFa HeEri3felreH
OyHBIMIapIbl OHIIpY Tporieci. by oic MaTtepuaiabl ajblll TacTayFa HETI3ENTeH
(CyOTpakTHBTI) OHICYACH JKOHE JOCTYPJI KaJIbINTay OJICTEpiHEH (KYIO, IITaMITay)
EPEKITICIICHE I,

beroH — OalaHBICTBIPFBINI 3aTTaH, CyJaH, COHJAAW-aK YCaK MXoHE Ipi
TOJITBIPFBIITAPAAH TYPAThIH JYPbIC TaHJAANFaH KOCIMAHbI KaJbINITAll, KaTauTy
HOTHKECIHJIE aJIbIHATBIH YKACAH bl TAC KYPBUIBIC MATEPUAJIBI.

beron kocmacel —  TecenreHre JeWiHTT  OaiJIaHBICTBHIPFBIIITAP/IAH,
TOJITBIPFBIITAPAH, CY KOCKBIIITAp/IaH *KoHE KaKeT OOJIFaH >KaFdaiiia KocmagapaaH
TYpAaThIH KOCIIA.

K20 - Keuty osnextp opraibikTapbl/ Temnosnexrpouentpaib.  CizaiH
)KaraanbeIHb3aa - Ockemer KO0 (Ockemen XK30).

CAD (Computer Aided Design) - bacein misirapy aiaabiHaa cauablk 3D-
MOJIEJIbJIEp JKacay YILUIH IMai/laJaHbUIaThIH aBTOMATTaHABIPbUIFAH Ko0asay Kykecl
(AXKXK).

AMF (Additive Manufacturing File Format) - AnqautuBTi eHaipic (aiIbIHbIH
dopmatbl. TYNKUTIKTI ©HIM *K00aChIH OHBI (PU3UKANBIK 1CKE achlpy ajJblHIA CAHJIbIK
TYpJl€ CaKTayFa MYMKIHIIK Oepei.

bb (VII-koarap) - backapy Oarmapnamanapel. Mpeicansl, SheetCam
OarmapiaMalblK MaKETIHE KacalaTblH CTAHOKTHI Hemece 3D-mpunHTepai Oackapyra
apHasraH Oargapiamasnap.

XRD (X-ray Diffraction) - Pentrenmik-azansik Tajamay

SEM (Scanning Electron Microscopy) - DACKTPOHIBIK MHUKPOCKOIIHS.
CkaHepJIelTIH AIEKTPOHIBIK MUKPOCKOTIHS. beTOH KYPhUIBIMBIH KaJIBITACTHIPY YIIIH
KYJI Taliagany THIMIUTITIH pacTalThIH acIalThIK 9IiCTe.

KKK — KyJI — KOX KalJbIKTaphbl



KIPICIIE

3epTTey TaKBIPBIOBIHBIH ©3CKTUIIr. 3epTTey TaKbIPBIOBIHBIH ©3€KTLIIr
Kazakcran PecrnyOnuKachbiHBIH —XalIbIKApaiblK —TKIPUOECI MEH CTpaTerHsuIbIK
MIHJIETTEPIH €CKEpPE OTBIPHIN KaJbINTACTHIPbUIFAH FBUIBIM MEH TEXHOJIOTHSHBI
JaMBITYIBIH Ka31pri 3aMaHFbl O0achIMIBIKTapbiHA Heri3aenreH. Herisri OarbITTapabiH
KaTapbIHaa «DKOJOTHSs, KOpIIaraH OpTa >koHe TaOMFATThl YTHIMBI Mai1aany» >KoHe
«DHeprusi, 03bIK MaTepuajap *XoHe KeMik» Oap, Oy TEXHOTeHMIK KaJIbIKTapabl
naiijanaHa OTBIPBIN, >KaHA KYPBUIBIC MaTepUajIapblH d3IpJiey KaKETTLUIITH
aikpiagaliael  [1]. Kopmaran oprara Tepic ocep €TETIH IKBUIYy  DJEKTP
OPTAJIBIKTAPBIHBIH KYJI-KOK KaJIJBIKTAPbIH ICKE )KapaTy epeKIlle MaHbI3Fa e O0IaIbl.
ConbiMeH Oipre KypbUIbICTa ANAUTHUBTIK TEXHOJOTHSIIAPIALI JAMBITy OepiireH
KacueTTepi Oap apHaiibl O€TOH KocHalapblH Kacayiel Taman etedl. Ockbirad
OaitmanbicThl 3D-0ackIn MIBIFApy YIIH KYJI-KOXK KaJJIBIKTAphIH MaianaHa OTBIPHII
ycak TYHIPUIIKTI OETOH KYpaMJIapblH 931pJIey ©3€KTl FhUIBIMU-TIPAKTUKAIIBIK MIHIET
00JIBII TAaObLIAEI.

Kypsuibic canaceiHa mUQPIBIK MOJETbACY MEH >KoOallayabl MaimanaHybl,
JKaHa MaTepuaapibl J31pieyAl >KOHE aJJUTHUBTI TEXHOJOTHSUIAPAbl KOJIAHYIbI
KAMTHUTBIH HHHOBAIMSIJIBIK OHJIIPICTIK 9/1icTepAl Ooin kepceTyre 001aabl.

Kypsuibic canacbinga ©HAIpIiCTI aBTOMATTAHIBIPY KYPII >KaThIp, OYJT KbI3BIKTHI
YpAICKE ajiblll KeJeMl: aHa MaTepualiap MEH TEXHOJOTHsIapbl EHT13YydiH
apKachlH/Ia >KOFaphl MKEMIUTIKIIEH JKOHE a3 KOJI KYMBICBIMEH OOBEKTUIEpl OHAIPY
MYMKIHJIT1 TYyBIHIaUIbI.

Kyppuibic canachlHa €HTI3UIETIH aTMTUBTI TEXHOJOTUsIApIbIH O1pl KabaTThl
AKCTPY3Ust 9Jici Oombin TaObUIaAbl. by ofic anfpiH ana OepuUIreH Y eJIeMIl
HUQPIABIK MOJENbre COMKeC IMIMKI3aT KOCHAChIH Oipi3Al cany (3KCTpy3us) >KOJIbIMEH
O00BEKTUIEPAl JKYPri3yre MyMKIHJIIK Oepe/i.

Kabattel skctpy3ust (3D-0achln mibiFapy) TEXHOJIOTUSCHI YIIIIH KOJIIAHBUIATHIH
Ka3ipri Ke3Jieri 0eToH KocnaaapblHbIH KypaMmbl (HET131HEH YCaK TYHIPIIKT1) KYPbLIbIC
3D-nmpunTepnepinaeriie - mainanaHy — YIIiH =~ OHTAMTaHAbIpbUIMarad.  byn
KOCIaJap/IblH TOMEH PEOTEXHOJIOTHSUIBIK CUIaTTaMalapblHa, COHAAN-aK OJap/bIH
HeTi31H/e JalbIHIaIFaH OYIUBIMIAPIbIH KETKUTIKCI3 Maiiganany KacHeTTepl MEH y3aK
Mep3IMIUTITIHE ajbin Keieai. KaGaTThl aKCTpy3ust 9JICIMEH KacajaFaH OHIMAEPIiH €H
KOIl TapajFaH akayjiapbl Y3IKTEepAiH OOJybIH, KaOaTTapAblH aFyblHAH T€OMETPUSIHBIH
OY3bLITYbIH, 00C OPBIHIAP MEH KaPBIKTaPIbl, )KAPbIKTAPFa TOMEH TO3IMALTIKTI, KOFaphbl
KEYEKTUIIKTI, IIery Ke31HJEer1 Korapbl nedopmanusiiapbl, OIpTEeKTI eMec KaTaroibl
»KoHe Oacka Ja mpobiemanapabl KaMTHIBI.

Kepceriiren Tananrapra Ko KeTKi3y YIIiH O€TOH KOCIIACBIHBIH KYPaMbIH XKoHE
KOMITOHEHTTEPIHIH TPOIMOPIUACHIH IYPHIC TaHAAy, COHAA-aK OHBIH KaTybl YIIIiH
OHTAMJIBI JKaFaiIap bl CakTay MaHbI3Ibl. byan 6acka, KabaTTap bl >Kary bIH IO
MEH camachblH KaMTaMmachl3 €Ty YIIH Oacma KYPBUIFBICKI KOHCTPYKITUSICHIHBIH
epEKILETIKTEPIH XKoHE 0acy 9JIICTEMECIH ECKepy KaxeT.

OKCTpy3usl SKbULIAMIBIFBl MEH TEMIIEpaTypachl CHUSKTBHI OAachlll IIbIFapy
MPOIIECIHIH MapaMeTPJIepIH PETTeY >KOFaphbl camajibl OCTOH KOHCTPYKIUSIIAPHIH



KaJIBIITACThIPY/1a MaHbI3/IbI poJl aTKapaibl. bacbuiran 6eToH OyibIMAapbl OHAIPICIHIH
camacbl MEH THIMIUIITIH JKaKCcapTy MaKCaThIHJa KYHENl ChIHAKTap JKYPri3y >KOHE
npolecTep Il OHTAUIAHBIPY MaHbI3/bI.

KypbuibicTarbl  aIauTUBTI  OHIIPICTI  JKAKCcapTy  YIIIH  OHTAMJIbI
PEOTEXHOOTUSIIBIK CUIIaTTaMallaphl )KOHE XKaKcapThlIFaH KacueTTepi 6ap 3D-6achin
HIbIFapyFa apHaJFaH 0€TOH KoclajJapblHbIH KypamaapbiH d3ipiiey KaxkeT. bynan Oacka,
OCbl TEXHOJIOTHsl OOWBbIHINIA oAeOUeTTep MEH HOPMATHBTIK KYXKaTTaplblH CaHbI
YKETKUTIKCI3, OVJT OHBI KEHIHEH KOJITaHyIbl KUBIHAATa bl

IIpobaemanbiH 3epTTeiy aapexeci. KazakcTaHna >KbUTy 3HEPTreTHKACHIHBIH
TEXHOTEHIIK JKOHE KYJI-KOXXK KaJJABIKTaphIH KEIICHI TYpJAe KahTa eHAeYy Maceieci
iprem FRUTBIMH 0a3ara Me. OHEPKACINTIK KalAbIKTap MEH MUHEpaAbl IIMKi3aT
HETi31HAEe KYpbUIBIC MaTepuanaapelH o3ipieyre mpodeccop C.A. MoOHTaeBTHIH
YKETEKIIUTITIHACT] FhUIBIMU MEKTEN YIKEH yiiec KocThl. A OpTansik KazakcTaHHBIH
OHEPKACINTIK KaJIJBIKTAPhIH MaifjlajlaHa OTBIPHIN, OCTOHAAPIBI MOAUUKAIUSIAY
KOHE MOJM(PYHKIIMOHAIIBI KOocHanapisl d3ipiey moceinenept M.A. PaxuMoBTBIH
CeHOCKTEPIH/IEC eTKEN-TeTrKENIl 3epTTEINreH.

CoHbIMeH KaTap, OTaHbIK XKoHe mmeTenaik seprreymuiep (H. Jykyruosa, JI. .
HBopkun, C. Qypunxkuii, K. C. baraes, C. H. Koxukos, M. A. XXycinora, Tang Van
Lam, M. 1. Netesa xoHe T.0.) 63 eHOCKTepiHAe KYM MEH IIEMEHTTI 1lIiHapa aaMacThIpy
YIIIH KYJI-KOX KaJIJIBIKTapblH TaljgagaHy MYMKIHIITIH —JoNeNjel. 3eprrey
HOTHKENEepl KOPCETKEHJeH, MYHIal MHUHEpaabl ycTemelep OeTOH KOCHACHIHBIH
PEOJIOTUSIIBIK KACUETTEPIH JKaKCAPThIN KaHa KoWMail, OHbIH OEpIKTITIH 3TaJOHABIK
(baxputay) yiaruiep ACHreinae cakrayra MyMKIHJIIK Oepen

bipkarap merennik 3eprreynep Kou P., Singh S ycak Tyifipiikri OeTonFa KyJi-
KOXX KOMITOHEHTTEPIH €HTI3y OHBIH BIHFANJIBLIBIFEIHA, MUKPOCTPYKTYpAaChIHA KOHE
Y3aKThIFbIHA OH 9cep eTeTiHIH pactaibl. OcblFaH ykcac HoTwkenepai Nguyen Th,
connmaii-ak A.C. Paccoxun >xoHe T.0. KenTipedl, OHIA aJIUTUBTI KYpPbUIbICTA
naiananblIaThlH KypaMaap YIIIH MHUHEPAIAbIK KOMIOHEHTTEpP PETIHAEC KYI-KOXK
MaTepuaIapblH KOJJIaHY MYMKIHJIIKTEP1 KapaJibl.

3D Gacna TexHOJOTUSIAPBIH JAMBITY OHTaWJIbl YCaK TYHIPHIIKTI KOCHadap bl
1pikTey canackIHaarkl 3eprreynepai esexkrenaipai. JI.U. JIsopkun, B.1. Mapuyk, A.A.
KutkoBckuit, Ngo, T. T., Zhang, Y., Yu, H., Xin, Z., Nair R. xympIicTapbl
MUHEPAIJIBIK KOCTaap/AblH, AKCTPY3Us IMapaMeTpiiepli MEH KabaT KYpPbUIbIMBIHBIH
OepIKTIrT MeH OEpIKTIriHE ocepiHe apHalFaH Oacma KOHCTPYKUMsUIapbl. Auaina
OckemeH KOO Kyn-KOKbIC KAJIJBIKTAPbIHBIH €PEKIIENITIH KOHE OJIapAbl aTUTUBTI
TEXHOJIOTHsJIap YIIIH YCaK TYHWIPIIKTI OeTOHAap/a KOJAaHyAbl €CKEPETiH KeIIleHl
3epTTeyJep Kazipri YakbITTa >KETKUTIKCI3. Byl OChI )KYMBICTBIH FHUIBIMU >KaHAJIBIFbI
MEH ©3eKTUIrH pactaiael. Ocbulaiillla, COHFBI JKbULAAPIAFbl  3€pTTEYJIEpre
JKYPri3UIreH Tajaaay e3eKTUIINH CAaKTalThIH O1pKaTap HIelIMEereH Macesesep/ii Oein
KOpCETyre MYMKIHJIIK Oepei:

- KYJ-KOX KaJJBIKTapBIHBIH (PaKIUSIBIK KYpPaMbIHBIH (hopMara TO31MILTIIr
MeH 3D-0ackin mibIFapy Ke3iHae KabaTTap apachlHIAFbl aire3UsiFa 9CEpiHEe apHAIFaH
JKYMBICTapAbIH JKETKIIIKCI3 CaHbI,



- Olp 3epTTey IIEHOEpPIHJE MHKPO- >KOHE HAHOCTPYKTYPAJbIK Tajaaymdbl,
OCPIKTIKTI JKOHE PEOJIOTHSIIBIK CHIIaTTaMayiap/ibl Oaranayabl OIpIKTIPETIH KEIIeHi
TOCUIIIH O0IMayBhl;

- DKCTpy3us  Ke3iHie  OyibIMIap  T'€OMETPHUSACHIHBIH  TYPAKTHUIBIFbIH
KaMTaMachl3 €Ty KOHTEKCTIHE KYJI-KOK KOMIIOHEHTTEPIHIH XUMUSIIBIK KOCIalapMeH
(TutacTudUKaTOpIapMEH JKOHE MOAUGUKATOPJIAPMEH) ©3apa 1C-KUMBUIBI TYypasibl
JePEKTEP/IIH MICKTSYIILTIT.

JluccepTanusiJIbIK KYMBICTBIH MaKcaThl aIIMTUBTI TexHoJorusuapra (3D-
OachlIN MIBIFAPY) ApHAIFAH YCAaK TYWIPIIIKTI OETOHHBIH TEXHOJIOTUSIIBIK KACUETTEPIH e
KoJmanpIaTeiH  OckemMeH KOO Kyl-KOXK KaIABIKTapblH OJIapAbl KOJIAHYIBIH
OHTAMJIBI KypaMbl MEH MMapaMeTPJICPiH FHUTBIMU HET13/Iel OTBIPBIN KEMICH1 3epTTeY
OOJIBIN TaOBLIAIBI.

3epTTey 00beKTICi: KYPBUIBICTBIH aIIUTUBTI TEXHOJOTUSIIAPHI YIIIIH OCKeMEeH
K0 kyn-Kok KaJNJIBIKTApbIH TMaiijlajJjaHa OTBIPBIN YCaK JOHI OCTOHIBI ally JKOHE
KOJIJTaHy TIPOIIeCi.

3eprTey Moni: OckeMeH KOO Kyn-KOKbIC KAJIBIKTAPbIH NailJalaHyMEH YCaK
TYHIPIIIKTI OCTOHHBIH KYPBUIBICTBIH aQJJUTHUBTI TEXHOJOTHSIIAPHl YIIIH KOJIaHY
TYPFBICBIHAH ~ JKCHEPUMEHTTIK JKOHE TEOPHUSJIBIK  OJICTEPMEH  3€pJCJICHETIH
(bU3HKaIBIK-MEXaHUKAJBIK JKOHE PEOJIOTHUSIIBIK KaCHETTEPI.

KoiibliFan MakcaTKa KoJI sKeTKI3y YIIiH MbIHAJAAai MiHAEeTTep memiiai:

- KyppuieicTa aqauTHBTI TEXHOJIOTHSIAPAbI KOJIAHYMABI, JKBUIY DJJICKTP
opTtanbIKTapbIiHbIH (PKDO) KyJI-KOXK KaJABIKTapbIH YCaK TYWIPLIIKTI OETOH ©HIIPYIE,
COHBIH IMTIHAC aJTUTHUBTI TEXHOJOTHSIAPIAa TTaliJaTaHybIH J)KOHE OHBIH KypamIaapbiH
a3ipJiey oAICTEpiH Tanaay;

- Ockemen KDOO-HBIH Kya YHIHIOICIHAE KYJI-KOXK MaTepHaIapbIHbIH
KAJIBINTAaCybl MEH Tapajldy EpeKIIETIKTepIH 3€pTTey JKOHE oJapibl IEMEHTTIK
KOMIIO3UIIMSUIap/ia Tak1ajlany MyMKIHIITIH Oaraay;

-  OckeMeH JXDOO-HBIH KYJI-KOXK KaJJBIKTapblH TaijajiaHa  OTBIPHII,
aJIUTUBTI KYPBUIBIC TeXHONOTUsIapbiHaa (3D-0ackin mibiFapy) KoJgaHyFa sKkapaMsl
yCak TYHIPIIIKTI OETOH KypamaaphbIH d31pJiey KoHE HET13/ey;

- OgsipiaeHreH O€TOH Kocmajdapbl MeH O€TOHAApIbIH  PEOJIOTHSIIBIK,
TEXHOJIOTHSIJIBIK JKOHE (PHM3MKa-MEXaHUKAJIBIK KACUCTTEPIH 3ePTTEY;

- O3ipJeHTeH Kypamaapasl aaauTuBTi Kanbintay (3D-0aceim 1ibirapy)
JKargalblHAA OKCIEPUMEHTTIK ChIHAKTAH OTKI3y JKOHE aJbIHATBIH  OeTOH
AIIEMEHTTEPIHIH CalachlH Oaranay;

- OsipieHreH OeTOHIApAbIH mMaiijanaHy KacuUeTTepiH Oarajnay, oJap/AblH
JKYMBICBIH MOJENBACY KOHE KOJIAHYABIH TEXHUKAJIBIK-DKOHOMUKAJIBIK THIMJIUIITH
aHBIKTAY.

3eprrey aaicrepi. JKymbicTa TEOPUSIIBIK (OTaHABIK KOHE IMIETENIIK TOHKIPUOCSH1
Tajjay >KOHE JKMHAKTay, OCTOHIApAbIH KACHUETTEPIH MOJECINbILY), IKCIEPUMEHTTIK
(mmKizaT TIeH OCTOHMApAbIH  (DH3HUKANBIK-MEXaHUKAIBIK JKOHE  PEOJOTHSUIBIK
cumaTTamManapblH 3epTTey, KypaMIapiabl IpIKTey, VATUIEpIl ChIHAY), aCHaNThIK
(pentrenaik-(ha3anplK Tangay, ASJICKTPOHIBIK MHUKPOCKOIHS) KOHE TKIpuOemik-



OHJIPICTIK oxicTep (yariaepal 3kcnepuMeHTTIK 3D-0achinm HIbIFapy, TEXHUKAJBIK-
APKOHOMMKAJIBIK Oaraay) mai1agadbulIbl THIMJIUIIT).

Koprayra miblrapbuiaThiH FBLJIBIMU €pesKeiep:

- OckemeH XDO Kyna-KOXK KaJIABIKTapblH aJJUTUBTI TEXHOJIOTHsJIApFa
apHaJIFaH ycaK TYMIPIIKTI 0€TOH KypaMbIH/a Taii1ajlaHy MYMKIHITIH HET13/1eY;

-  Kyn-ko’k  KOMIOHEHTTEpIHIH  KypaMbl ~ MEH  MHUHEPAJIOTHUSIIBIK
CUTIaTTaMaJlapbIHbIH PEOJOTUUIBIK KacueTTepine, popmara te3imaiiiri MeH 3D-0acy
Ke31HJe KabaTTap IbIH aAre3usChbIHA dCEP €TY 3aHABUIBIKTAPHI;

-  AnuTHBTI  KypbUIbIC  yIIiH ~ O€pIKTIK  JKOHE  TEXHOJIOTHUSIIBIK
cUnaTTaMaiapJblH OHTAWIBI YHJIECYlH KaMTaMachl3 €TETIH KYJ-KOXK KaJIbIKTaphIH
naiiianaHa OTBIPBIIN 31PJICHIeH YCaK TYHIPIIIKTI OETOH KypaMbl;

- BeToHHBIH KYPBUTBIMBI MEH OEpPIKTITIH KAJIBINTACTBIPY YIIIH KYJ-KOKBICTHI
naijanaHnyJplH TUIMIUITIH  pacTalThlH  SKCIEPUMEHTTIK  KOHE  acCIMaIThIK
3eprreynepaiy HoTmwkenepi (XRD, SEM);

- Kyn-kox KaynapIKTapblH ycak TyHipiIikTi 0eronaa 3D-0acy yIiniH KoiagaHy
JKOHIHJIETI YCHIHBIMJIAD JKOHE KYpPBUIbIC MPAKTUKAChIHA €HTI3yre OaFbITTalFaH
HOPMATHUBTIK-TEXHUKAJBIK Ky)KaTTamara apHaJFaH epexenep.

FbliabIMU sKaHAJIBIK:

-  En Ttmimal OenceHai KOMIOHEHT peTiHAE 4-aliMakThIH KYJl FbUIBIMH
TYPFBIJIaH HETI3ACNI1, 0] €H TOMEHI1 YHIH1 THIFBI3ALIFbIMEH (350—500 kr/M?) *xKoHe
IIBIHBI (Pa3aChIHBIH €H >KoFapbl MeJiepiMeH (75-93%) cunarranaabl. 3epTTEyNIEp OChI
aliMakTa aMOp(Thl aATIOMOCHJIMKATTAPALIH OachiM OOJybl JKOFaphl PEaAKIUSIIBIK
KaOLIeTTI KAMTaMachI3 €TETIHIH KOpCeTTl, Oy YIIIH HHEPTTI arperarrapabl Oy3y KoHe
MeHwikTi Oerti 3000-3500 cM?*r neiiH apTThlpy MakcaTblHAA MEXaHUKaJbIK
OeJICeHAIPY KaXkeT;

- 0,16 MM ¢pakiusibl KyJAQiH map Topi3Al OesmekTepl KOCHaHbIH 1K1
yiikenicin Ttemenaertimn, [1I'P 7,0-7,5 cm ke3iHae TYpakThl SKCTPY3HUSIHBI KAMTaMachi3
eTe/Il, COHJai-aK TYHIpIIKapaiblK KybICTapAbl TONATHIPY aPKbLIbI OETOH KYPHLIBIMBIH
TBIFBI3 AN IBI;

- YHrakTay apKbUIbl ajibiHFaH, KypaMmbiHaa 80% mnoptianaunemeHt neH 20%
KyJ (HEeri3iHeH KyJ YHIHIICIHIH 4-aiiMarbiHaH) 0ap MEXaHWKaJIbIK OeJICeHIIpIITeH
OallJIaHBICTRIPFBIIITHI  Tai/1ajlaHy OETOHHBIH OHTAWJIbl KAaCHETTEPIH KaMTaMachI3
€TeTIHl JKCIEPUMEHTAIAbl TYpPAEC IONENJCHl. byin Tocim ChIFBUIY KE31HJETI
OepikTikTiH 22,5 MIla-ra xoHe Kabatapaiblk aare3ust 0epikTiriiy 1,48 Mlla xeryin
KaMTaMachI3 €Te/l;

- beron KacueTTepiH CTATUCTUKAIBIK-PETPECCUSIIBIK MOJICIbICY JKYPIi3Ii:
Python opraceiga pandas »xoHe NumPy kiTamxaHajgapblH KOJAAHY apKbLIbI
MAIlMHAJIBIK OKBITY OJICTEpIHE HETI3JIeNTeH MaTeMaTUKaIbIK MOJEIb J31pJCH/II.
Herepmunarust kodPduuuenHTtiniy xorapel MaHaepi (R?=0,87-0,95) OGepikrik
cunarramanapbiHbiH ~ 87-95%-61  mom  ochbl  O€NCEHAIpPUIreH  KYJI-IIEMEHTTI
OalJIaHBICTRIPFBIII KYpPaMbIHA TOYEIJII €KeHIH MaTEMaTUKAJIBIK TYPJE PacTalbl;

- Acnanteik 3eprreyiep (XRD, SEM) werizinne amopdThl KpeMHE3eMHIH
MOPTJIAHIUTIIEH opeKeTTecyi HOTIKECIH/IC EKIHIITLTIK KaJbIUN
ruapockaTTapbiHblH (C—S—H) Ty3uTyl apKbUIbl JKOFapbl THIFBI3 IIEMEHTTI-KYJIIIl



MaTpHULIaHBIH KaiblnTacaTbiHbl nanengeHni. ANSYS OarmapiaamacbiHaa Kypri3uiren
CaHJBIK MOJIENbJICY HOTIKeNIepl oHTalnaHablpblUiraH Kypamaa (80/20) miarbiH
coyJIeTTiK dopmanapapl Oachlll IIBIFApy Ke3iHAE IMaiaa OoJIaThlH KBUBAJICHTTI
KepHeyepAiH 2,51 MIla-naH acmaiThIHBIH KOPCETTI.

ABTOP/BIH JKeKe yJieci 3epTTey MaKCcaThlH KaJIbITACThIPYFa dKOHE MIHACTTEP/Il
KOIOFa O€JICeH[Il KaThICyJlaH, COHJaii-aK FBUIBIMHU >KapHusUlaHbIMIAp/Abl, OasHIama
TE3UCTEPIH JalbIHAAYJaH dKOHE MaTEHT alyFa OTIHIM OepyJieH TypaJibl. 3epTXaHaJIbIK
3epTTEyJIep MEH ChIHAKTapJbl aBTOp ©3 OCTiHIe OpbhIHAanbl. bipieckeH
KapUsUTaHBIMIApIa aBTOP OKCIEPUMEHTTIK 3epTTeyJIep JKYpri3yre, aJbIHFaH
JEPEeKTepl OHJACY MEH Tajjayfra, MaKajiajgap MOTIHIAEPIH MalbIHIayFa, COHJai-aK
3epTTEy HOTHKEIIEPIH YHUBEPCUTET ayMaFrblH a0aTTaHIBIPY )KYMBICTAPBIHA JKOHE OKY
yAepiciHe eHri3y OOMBIHIIA YCHIHBIMAAP 931pJIeyTe eley YIec KOCTHI.

7KYMBICTBIH NPAKTUKAJIBIK MAHBI3ABLIbIFbI:

- aJAUTUBTI TexHoJorusap yuiH Ockemed KOO Kyn-KOKbIC KalAbIKTapbIH
naijanaHa OTBIPBIN, YCAK TYHIPIIIKTI OCTOHHBIH FHUIBIMU HETI3IEITEH Kypambl
93ipJIeHIM, Mai1ananyra YChIHBUIFaH;

- KP mnaiimaner Momensre apHanraH mateHTi 0eroH Ne 10443. 3D-6acma
OeToHFa apHaiFaH 0€TOH KOCIACKIHBIH KYPaMbl;

- KP maitmansr Mmogensre apHaiarad nateHti Ne 12067. Kyn-Kox KalabIKTaphbl
Heri3iHe 6eToH OyibIMaapsiH 3D-0ackI MIbIFapyFa apHaJFaH MUKI3aT KOCIACHI,

- OacbUIFaH Ka0aTThIH KO3FaJIbIChl MEH (popMara TO3IMILIITIH €ECKEPE OTHIPHIT,
3D-6acma ymriH 0eTOH KOCMACHIHBIH KYpaMbIH ipikTey oaictemecine 2026 >KbUIFBI 5
Haypbeaarbl Ne 68369 aBTOPJABIK KYKBIK OOBEKTICIHE KYKBIKTAPAbl MEMJICKETTIK
TIPKEY Typajbl KYSJIiK aJIbIH/IbI;

- YHHUBEPCHUTET ayMarblH a0aTTaHIbBIPy 3JIEMEHTTEpIH Kypbuibic 3D-Oacma
o/liCIMEH JailbIHAAy Ke31HJE 93IpJICHreH YCAaK TYMIPIIIKTI OE€TOH KYpaMbIH €HI13Y
AKTICI aJIbIH/IbI;

- IUCCepTalMsUIBIK KYMBICTBIH HoTHxkeaepi 6B07305 - «KypbUibic» >KoHE
6B07501 - «Cranmaprray xoHe cepTuduUKarTay» OiIiM Oepy OarmapiamaliapbiHbIH
OKY TPOIIECIHE €HT131JITeH.

JAuccepTanMsiyIbIK KYMBICTBIH Heri3ri Karuaajgapbl MeH HITHKeJIepi
JoeaeHI, 0apibFpll3 FRUIBIMU €HOCKTE JKapUsUIaH Ibl, OHBIH 1IIH/IE!

- Scopus xoHe Web of Science xanbikapanblK 0a3acbiHa KIPETIH PEUTHUHITIK
OacwhuUIBIMIApAa — 2 MakKaa;

- Kazakcran PecnyOnukacbl FpuiblM >koHE >KOFapbl OUIIM MHUHHUCTPJITIHIH
Feuteim canmaceinmarel camanbl KamTamachiz ety komuteri (FCCKEK) ycbinran
OacwkuTBIMIApAa — 2 MakKasa;

- XaJbpIKapasiblK FEUTBIMU-TTPAKTUKAIBIK KOH(GEpEHIUsIap )KUHAKTapbIHIA — 2
OasHIaMa;

- Kazakcran PecmyOnukachiHBIH Taiianbl MOJENBIEe TATEHTTEPl KOHE
aBTOPJIBIK KYQIIKTEp — 3 KyKar.

1 3EPTTEY MOCEJECIHIH XKAFJAWBI XOHE 3EPTTEY
MIHIAETTEPI
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1.1 KypbliabicTarsl aAIMTUBTI TEXHOJOTUSIJIAPAbI KOJAaHy NpouecTepi MeH
dJicTepiHe IOy KOHE A[JAUTHBTI OHAIPiC HAPBIFBIHAAFBI AFBIMIAFbI JKAFAANIbI
Oarasay.

AnnutuBTi TexHosorusap (Additive Manufacturing) - aquTUBTUIIK CO31HEH -
KOCBUIAThIH) - Oy KOMIbIOTEp ik 3D-TeXHOJOTHsIapIblH KOMeTriMeH OOBEKTiH1
KabaTTam ecipy »koHe cuHTe3/aey. Ka3ipri yakpiTTa OyJ1 TEXHOJOTHsUIAp KYPBUIBICTA,
COHJail-aKk MeAulInHa, O11iM Oepy, coylneT, KapTorpadusi, ONBIHIIBIKTAp OHIPY JKOHE
OWBIH-CAyBIK CHSKTHI KOFAaMHBIH Oacka Ja cajajapblHAa OpTypJli MakcaTTapa
naiiiananpiiaapl.  AJJUTUBTI  OHAIPIC TEXHOJOTHUSICBIH JaMBITY OapbIChIHIA
KOJTaHYJbIH HAKTHl cajlajapbl MEH cayJa MapKajapblHa CUITEMe jKacail OTBIPHIIL,
KOITEIreH OpTYPJi TEPMHUHAEP MEH aHbIKTaMalap NaWgalaHpuInbl. bym  kui
aTacTRIPaabl, OYJ1 KOMMYHHUKAIIUSHBI KOHE OChI TEXHOJIOTHSHBI KEHIHEH KOJITaHYIbI
KubIHAaTaaAbl. OChbIFaH OAMIaHBICTBI XaJIBIKAPAIBIK CTaHIAPT €PEKIle pesl aTKapaibl
[2], onm ammuTuBTI eHmipicTiH OipblHFali KarugaTTapbl MEH TEPMHUHOJIOTHACHIH
oenrineitni. Kypbpuibic canacbinga ocbl KaFUAATThl KOJAaHY IEMEHT KOHE KOMITO3UTTI
KOCIlajap  HEri3iHJe  KOHCTPYKIUSUIapJbl  aBTOMATTAaHIBIPBUIFAH  KaJIbINChHI3
KaJIBINTaCTBIPY bl Ko311elTiH OeTouMeH 3D Gackin mbirapyasiH (3D Concrete Printing,
3DCP) xeke OarbIThIH KAIBIITACTHIPYFa SKEI/II.

XX racpIpAbIH OachIHaH OacTamn eHAIPICTI aBTOMATTaHABIPY OapJIbIK cayaiapia
nepiik ecyae. Kypbuibic canacblHa aBTOMATTaHABIPYJIbl €HI13yre ChIHAAPIbI TACLI,
0acka cajlaJapMeH CalbICThIpFaHIa JalblH OHIMHIH €19ylp a3 MeJIlepl, COHAail-aK
KbIMOAQT  TYpaThlH  JKAOABIKTHIH  DKOHOMHKAJIBIK  TapTHIMIBUIBIFEI  JKOHE
aBTOMATTaH/ABIPBUIFAH OHAIpICKE OEplIeTIiH MaTepuaniaplarbl HIEKTEyJep Keaepri
oonmel  [3]. Kypbutbic camacel OyriHie TOMEH €HOEK OHIMIUIIT, KYPbLIbIC
aTAHJIAPBIHIAFEl  ABAPUSUIBIK KAFIalIapablH JKOFAphl CTAaTHCTHKACHI, KYPBLIBIC
mpolecTepin OaKpUIAyAbIH KYPAETUIiri, OUNKTI >KYMBICIIBIIAP/IBIH >KETICIICYIILUIIr
CHSIKTBI elieyiii mpobOiiemaiapMeH Oerre-0er keneni [4]. OpuHe, KYpBIIBIC Calachl
OYKLI osieM OOMBIHINA KaHAPTHUIMAUTHIH PECYpCTap MEH TaOUFH MaTpHAIAPIbIH 1pi
TYTBIHYIIBLIAPBIHBIH Oipi 00JIbIN TabbLIa B! [5].

Kypsuibic canackiHa aJAUTHUBTI TEXHOJIOTHSIIAP/IBI €HT13Y aKMmapaTThIK, KHOep-
bu3MKaIBIK  KOHE  OHMIIPICTIK  KyHenepal OipblHFall HUQPIBIK  KOHTypFa
uHTerpanusayasl  ke3aehtin «Mugyctpust 4.0» sxkahaHABIK TpPEHIIHIH JKOHE
«Iudpasix kypeuibicy (Construction 4.0) TyXbIpbIMJIaMachIHBIH Oip 0etiri OOk
Tabbputafpl. by Tocuiaep OeJIIeKTeNreH KoJl onepanusiapblHaH FUMapaTTapibl
»KoOanayibiH, OHAIPYIIH JKOHE TalajaHyAblH 3UITKEPIIIK, aBTOMATTaHJbIPbLUIFaH
YKOHE ©3apa OalIaHBICTHI IPOLIECTEPIHE KOIIyTre OaFbITTANIFaH.

«Annyctpus  4.0»  mapagurMachel — IIeHOEpiHIAE  aAJAWTUBTI  OHJIIPIC
poOOTTaHABIPYMEH, XKacaHAbl MHTEIUIEKTIeH, 3artap uHTepHeTiMeH (loT), yikeH
JEPEKTEPMEH JKOHE MUPPIBIK MOAENbAey TexHonorusuiapeiver (BIM) katap Herisri
JIEMEHTTEePiH  Oipi  peTiHAe  KapacThIpbUIaAbl. ©O3IHIH  HKEMAUINI  MEH
aBTOMATTaHABIPY/IBIH )KOFAPHI JOPEKECIHIH apKAChIHAA KYPBUIBIC KOHCTPYKITUSIIAPHIH
3D-0ackin mibIFapy >kaHa IU@GPIBIK SKOHOMUKAHBIH TajamnTapblHAa jkayan OepeTiH
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OPHBIKTHI KOHE PECYPC YHEMACHTIH KYPBUIBIC TYKBIPHIMIAMACKIH 1CKE aChIPyFa bIKIAI
eTel.

[6], [7] xome [8] 3epTTeynepine colikec KYPBUIBIC CEKTOPBIH HUDPIAHIBIPY
O0OBEKTIHIH TOJIBIK OMIPIIK [TUKIIIH KAMTHUIBI - KYPBUIBIC AJIEMEHTTEPIH jk00ajay MeH
eHIIpyJeH Oactan maijajaHy MOHUTOPUHTIHE JICHIH, al aJAUTUBTI TEXHOJOTHsIap
OCBhI TpaHC(OPMALIUSIHBIH TEXHOJOTUSIIBIK HET131H KaMTaMachl3 €TeIl.

AJTUTUBTIK ©HAIPIC JOCTYPJIKIICH €peKieneHe/l, Oyl Kypaia-caiMaHaap bl
OHJIIPY KKETTLIITIH OOoJapIpMay eceOiHeH KoIl €HOCKTI KaKeT eTIEeUTIHAeH OObII
TabbUIanbl. Byn TYNKUTIKTI eHIM »00ackl TONBIK (DU3UKANBIK HbBICAHIA 1CKE
achIpbUIMacTaH OypbIH, caHnmblK (aivnma [9] cakraét OTBHIpBIN, Ke3 KEITeH caliajia
KOJIlaHyFa 00JIaThIH aAIUTUBTI OHAIpicTiH O6apabik mponectepi yiuridH CAD (Computer
Aided Design) AMF (ammutuBTi eupipic GalnbiHbIH (opmaTbl) CTaHAAPTTHI
(baibIHbIH (OPMAThIH OENTIIEHTIHAIKTEH MYMKIH.

ANUTUBTI OHAIPICTIH HETI3r1 NPUHIMIOTEPIHE JOCTYPJl KaJIbIITap MEH
KaOABIKTAP/IBI KOJIIaHYABI O0IABIPMANTBIH caHablK 3D-Moens qepexTepi OoMbIHIIa
OyWbIMIBI  KabaTTam KaJbIITACTBIPY >KaTajbl, TEOMETPUSHBIH JAJIINT MEH
JKAHFBIPTBUTYBIH KaMTaMachl3 €TETIH NPOLECTIH HU(PIbIK OacKapbUIybl; €H a3
KAJIJIBIKTAp Ke31HAEe MaTepHaliapabl YThIMIbI Naiganany; conpaii-ak «UHmyctpus
4.0» TYXKbIpbIMJIaMachlHA COMKEC KEJEeTIH NHUQPPIbIK OHAIPICTIK KyHenepre
WHTEerpanusiiay. by KaruaarTap KYpbUIBIC KOHCTPYKIUSIIAPBIH OAChIN IIBIFAPYAbIH
Ka3ipri 3amaHfbl 3D TEXHOJIOTHSUIAPBIHBIH HETI31HAE JKaThlp >KOHE OJIapAblH
FUMapaTTap bl CaTyIbIH AICTYPIIl OAICTEPIHEH albIPMAIIBIIBIFBIH AWKBIHIANTbI.

XaJpIKapalblK CTaHIAPTTHIH JKIKTeMeciHe coiikec [2], ammuTuBTI eHipic
oicTepl OYWBIMHBIH KAJIBINTACy KaFUJaThl, KOJJAHBUIATBIH MAaTepUAJbIH TYpP1 KoHE
sHeprus Oepy Tociii OoifbiHINIA epekiienenel. Kypbuibic canachlHla acTa Topi3/iec
IIEMEHT JKOHE KOMIO3UTTI KOCTanap bl SKCTPY3UsUIayFa HET13/IereH TEXHOIOTHUsLIIap,
COHJIali-aK KaJbIlITap, HBICAHJAAp MEH COyJeT »JJEMEHTTEpiH jkacay YIIiH
KOJIAHBUJIATBIH ~ YHTAKTap/bl aFblHMEH OailJIaHBICTBIPY MPOIECTEPl HEFYPIIBbIM
namblibl. COHBIMEH KaTap WHKEHEPIIK TOKipuOenae Kypbliblc HHPPAKYPHUIBIMBIH/IA
naijjamaHplIaThlH - METAJUI, IUIACTUK JKOHE THUIIC OOJIEKTEepiH JalbIHAaybl
KaMTaMachl3  €TETIH  Ja3epiik  JkoHE  (DOTOMOJMMEpPHU3ALUSIIBIK  OJICTEp
nangajadbuIagbl.

XKympoicta[10] , [11] kypbuibICTa KONIAHBLIATHIH aIMTUBTI OHAIPICTIH TYpJIi
9/IiCTEPI, OHBIH 1II1H/IE MAaTEPUAIIIbl SKCTPY3USIIBIK, aFbIH/IbI OAIaHBICTHIPYILIBI )KOHE
arbIH/BI KaFy KapacThIppUIaAbl. by omictep eH a3 eHOEK MIBIFBIHIAphIMEH >KOHE
MaTepuaIapAblH KaJABIKTapbIMEH KYypJAedi KOHCTPYKUUsIap JKacayFa MYMKIHIIK
oepeni. KabaTTapapl KaJIbIITACTHIPY VIIIH [IEMEHT MaTepuasgaphbl Mai1ajaHblIaThIH
OKCTPY3USIIBIK OMIiCTEpPre epeKiie Hazap ayAapbuiafbl, an OaillaHbICTHIPFBIIITHI
arbIHMEH JKaFy YHTaK MaTepuaiiapra OallTaHbICTBIPFBIIITHI JKaFy bl Ke3aeimi. by
TEXHOJIOTUSI aBTOMATTAHJBIPBUIFAH JKOOAJIay JEpEeKTepiH TNaijaliaHa OTBIPHII,
KOHCTPYKIUSIIap/Ibl KabaTTam TYPFBI3YIbI OOIDKaNbI, OV JOCTYpill Kypajigap MeH
KYPBUIFBLTIAPIbI TMaiiananOail Kypjeni HbICaHJap MEH KOHCTPYKIHSUIAp JKacayra
MYMKIHJIIK Oepei.
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Oxempysusnvix 6acvin wwieapy. 3D-6etonasr O6acein mbirapy (3D Concrete
Printing, 3DCP) kyp/eni reomeTpusi KOHCTPYKIUSTIAPBIH TYPFBI3Y YII1H KaJbIITAYIIbI
IIYMEK apKpUIbl OETOH KOCHachlH KabaTTam OSKCTpy3WsUlayFa HeETi3/IelTeH
KYPBUIBICTaFbl €H KCH TapaJifaH aJUTUTHBTI TEXHOJOTHs OOJBIN Tabbutambel. by omic
JOCTYPJIl KaJbITapasl MaigananOail KaObIpramapiabl, OaraHIap/bl, IIaFbIH COYJIET
HBICAHJAPBIH KoHE OacKa jJa KYpbhUIBIC 3JIEMEHTTEpiH JMalblHay YIIiH OelceH i
KOJIZTaHbLTaIbl OYJ1 KJIIBIKTap MEH €HOCK HIBIFBIHIAPBIH €/10YIp a3alTyFa MYMKIHIIIK
Oepemi, coHIai-aK CoyJIeTTiK kobamay MyMkiHmikrepin keHewremi [10], [12], 3D
FUMapaTTap/bl, Kemipiaepl *oHe MHPPaKYPhUIBIMIBIK OOBEKTUIEpAl cally Ke3iHae
KOJTAHBUIIBI JKOHE IKOFaphl JOPEKEIETi aBTOMATTAHIBIPYABIH KOHE Kypaemi
HBICAHJAPbl ICKE achlpy MYMKIHAITIHIH apKachbIHAAa ©OHEPKOCINTIK EHri3y YIIiH
NEePCIEKTUBAIBI TeXHOJOTHs perinae Kapacteipbuiagsl [10], [13]. Cyperre 1.1
Ka0aTThl SKCTPY3Us OMAICIMEH KYPBUIBIC KOHCTPYKUHMsUIaphlH 3D-0achlll MIbIFapy
MpoILIeCi YChIHBUIFaH.

Cyper 1.1 — KabatTTsl 3KCTpy3Husl 9/1ICIMEH KYPbUIBIC KOHCTPYKIMsIapbiH 3D-
OachlIl WIBIFApy Mpoleci

Yumax xkabamuoin 6angvimy (Powder Bed Fusion)

CenextuBTi nazepnik Kyiaipy (SLS) skoHe ceneKkTHBTI Ja3epiiik OalKbITy
(SLM). SLS sxone SLM TtexHojorusimapbl YHTaK Marepuaira (Merajimap Hemece
MOJINMEPJIEP) JIa3epilik COYJECNCHYIH JKEPriTiKTI ocepl apKbpUIbl OyHbIMIapibl
KabaTTanm KaJbIITaCThIpYFa HETI3JEIATCH, HOTHDKECIHIE OHBIH IICIplUIyl HeMece
KEeWIHHEH KPUCTaIIaHyMEH TOJIBIK OalKbITy maiia Oonanel. by omictep a’poraphli,
MalIllMHA JKacay KOHE MEIUIIMHA OHEPKACIOiHIe KEHIHCH KOJIIaHBIIbI, ajlaiijla COHFBI
KBUIAAPBl OJAPIBIH JKOFApPBl JOJMIKTETl JKOHE KYpAeTdi TeOMEeTpHsIarbl MeTasll
KOMITOHEHTTEPIH JalbIHAAY YILIH KYPBUIbIC cajJachlHa OEJICeH 11 eHri311yl OaiiKanaibl.

3eprreynep kepcerkeHae, SLS/SLM KypbUlbiC KaHKaJlapblHBIH OEpikK,
KOPPO3UsIFa TO3IM/1 JKOHE T'€OMETPHUSIIBIK JI9J1 TOPANTHIK 3JIEMEHTTEPIH, OIPIKTIPY
O6JIIeKTEPIH KIHE JKEKEICHAIPUITreH OeKITy JKyHesepiH xacayFa MYMKIHJIK Oepei.
COH/Iali-aK >K00aIapabIH COyJIET-KOHCTPYKTOPIIBIK MyMKIHAIKTepiH KeHenTemi [14]

OIICTIH MaHBI3/bl AP THIKIIBUTBIFBI KOJIAHBUTATHIH YHTAK MaTepHaIIapIbIH KeH
BApHUATUBTLIIT JKOHE MPOIECTI MacIITadTay MyMKiHAIri 00k Tadbutaas [15].
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[loprannmpixk >kyienep Oacma OacTapblHBIH YII KOOPAUHATTHIK OarbITTa
KO3FalyblH KaMTaMachl3 €TETIH MOPTAIIBIK  MEXAHMKAIBIK  KYPbUIBIMMEH
xababIKTanFaH ipi kesemi 3D-npunTtepiep Oonbin TaObutanbl. byn xyitenep Oip
Ka0aTThl FUMapaTTap/Ibl, KAJIKAJIap/abl )KOHE KOTEPTIII JIEMEHTTEPA1 Koca ajlFaH/a, ipi
KYpBUIBIC OOBEKTUIEpIH callyFa MYMKIHIIK Oepemi. Herisri apThIKIIBUIBIK €19Yip
KYPBUIBIC aJlaHJapblH KAMTY KoHE KabaTTap/lbl KaJdbIITACThIPYAbIH TYPAKTHI QI
JKargalbIHAA YJIKEH Y3bIHABIKTAFbl JKOoOajap/bl 1CKE achlpy MYMKIHIIT OOJIBII
TaOBLIATBI.

Kypsuisic 3D-nipunTepiepid maiianany apKbUibl CalbIHFaH FUMapaTTap CaHbl
OoiipIHIIA Ka3ipri yakeiTTa KpITali anasiare! opeiaaa [16].

Kepneki wpicangapabiH Oipi OETOH KOCHAachlH KabaTTam SKCTpy3usuiay
TEXHOJIOTHUACHIH MaianaHa oTeIpbin 1,5 aiiga opeinaanran ayaansl 4000 m actam 2
TYPFBIH YH KYpbUIBICHI 00JbIN TaObuiagsl. Kobansl KpiTainelk Hua Shang Tengda
KOMITAaHUSICHl 1CK€ acChIp/bl, OJI 1pi rabaputTi KypbUibic 3D-mnpunTepiepi MeH
aJIUTUBTI KYPBUIBIC TEXHOJOTHUSIAPBIHBIH KETEKI J31pJIeylIiepiHiH Oipi OOJIbII
taObutazp! (Cyper 1.2).
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e
Cyper 1.2 — a - Hua Shang Tengda typ¥biH yiii, 0 - JlyOaiinarsl keHce KellleHl, B -
Apis Cor 3D Printed House (Peceii/[ly0aii, nemoHcTpausuibk yi), T - Heydar Aliyev
Center, Baku, 1 - Tecla 3D Printed House (Mranus, WASP) + Mario Cucinella
Architects), e - MX3D Bridge Pavilion/3D printed pavilion (HHHOBaIIUSUITBIK
naswiboHAap, Eypomna)

Apis Cor komnanuschl (MpkyTck K.) Mackey o0nbIcbIHBIH CTYNHMHO KaJlaChIH/IA
aymanbl 32 M? Oip KaOarTel TYpFeIH Yiai Oacem mmbFapasl (Cyper 1.3, 0).
TeXHOMOTUAHBIH 0acThl APTHIKIIBUIBIFEI - KYPBUIBIC aJaHBIHAA OACHIN IIBIFAPY/IbI
KaMTaMachl3 €TETiH >Ka0bIKTap IbIH YTKBIPJIBIFHIL.

Peceiinik uHxkeHepyiep MOpTaNAbl Kypbulblc 3D-NpuHTEpiH Kacam HIbIFaApIbl
JKOHE OHBIH KeMeriMeH MUHHEeCOTa MITaThIHIAFbl JEMOHCTPAIMSIIBIK KYJIBITITHI KOCa
anranja, Oipkarap coyiser HpicanaapbiH canjsl (Cyper 1.3, B).

Anpkobenaac kanaceinaa (Maapun npoBunnuscsl, Mcmanus) (cypet 1.3, 1) 3D-
MpPUHTEP/IE apHaibl OETOH KOMIO3UIUSCHIHAH OAachUIFaH OJIEMJIET] aJIFalliKbl JKasy
JKYPTIHIIUIEp KOIipl CalblHAbL. ¥3BIHIBIFBI IamMamMeH 12 M JkoHe eHI 2 M
KOHCTPYKIIMSICHI Ka0aTThl OaJKbITy SJICIMEH KaJbIITACTHIPBUIFAH CETi3 CEKIUSIaH

Typajabl.
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Cyper 1.6 - Kypsinsicta 3D-6achIm mibIFapyasl KOJAaHy MBICATIIAPHI: a — KEHCE
rumapatsl (3D Printhuset, Jlaaws);6 - Typrein yit (Apis Cor, Peceii); B -
neMoHCTpauusuibiK Kyibin (A. Pynenko, AKI); r - skasty >Kyprifmuiep Kemipi
(IAAC, Ucnanus).

[17] oxymbicta ammutuBTi eHmipic (AIl) HapelFbl Tap MaMaHIaHIBIPBUIFAH
OHEPKICINTIK JKbUIJIaM MPOTOTUNITEY TEXHOJOTUSIChIHAH KalTai ©HJIIPICTIK MPOIECKE
KemeTiHiH aran kepcereni. Onma 3D-0achbUIBIMHBIH KaJIBIITACKHIT KeJie >KaTKaH
nanamadTel, acipece ['epMannst MeH Oacka Ja enjep/ie HapbIKThIH HEr13r1 ypaicTepl
MEH JIMHAMUKAChI KOPCETUIEII.

baranay 3D-0acnianblH ailTapiibIKTall peBOJIIOIUSIIBIK SJIEyeTiHE KapamacTaH,
Ka31pri MpakTUKaJIapAarbl PEBOJIOLMSIIBIK ©3TepICTEpAiH ayKbIMbl MEH cajajiaphbl
KYpJell OOJbIN KAJIAThIHBIH KOHE TOJBIK TYCIHY YIIIH OJaH 9pl 3epAesieyAl Tajal
eretiniH kepceredi. JKymeicta  [18] COVID-19 nanaemusicblHaH TybIHJIAFaH
ipkumictep ¢GonbiHAa agauTUBTI eHAipic (AIl) camacklHAAaFrbl arbIMIAFbl YypAicTep
KAapacThIPbUIA/Ibl KOHE OHBIH oJIEYeTl OHJIIPICTIH »aHa HOPMAachl PETIHIE ararl
KOpCETLIeII.

OpHako Takke OTMEYaeTcsi HE0OXOJMMOCTh HAJJIEKAIIET0 MOJEITUPOBAHUS
CTPOUTETBHBIX KOMIIOHEHTOB U TpoueccoB 3D-mewatun. OO030p 0XBaThIBAaeT
npumeHenue All kak B HCClIeOBaTENbCKUX, TaK U B CTPOUTENBHBIX IMPOCKTaX,
JICMOHCTPHUPYSI pacTyIUi HHTEPEC U T0CTHKEeHU Ha poinke All [13].

[19], [20], [21], [22], [23], [24], [25], [26] enOekTepinae OeTonMeH 3D-0ackim
HIBIFApyFa JICTEH KbI3BIFYIIBUIBIKTHIH ~€HOCK OHIMIUIIN MEH JKOJOTHUSUIBIK
apTHIKIIBUIBIKTapFa OalJIaHBICTBI apThINl KeJie YKaTKaHbl aTar OTLIeidl, ajaija OHBI
KCHIHEH EHTI3yre KeJaepri KeNTIpeTiH MICHIUIMETeH MaceNelepiH Oap eKeHi
KOPCETUIrEH.

CoHbIMEH KaTap, aJUIMTUBTI KYPBUIBIC TEXHOJOTHUSCHIH KEH KOJIEMJIC CHTi3y
JKOJIBIHAA OJi Jie IIENIiMIH TamnmaraH mpoOiiemManap Oap ekeHi aWTeuiraH. Atam
aliTKaHga, FUMapaTTapAblH >KaOBIHIAApbl MEH apaliblK KaOaTTapbIHBIH KOJICHEH
KOHCTPYKIUSIIApbIH Oachin mibiFapy, 3D-npunTepae Oachin MIBIFAPBUIFAH KOTEPTIII
KOHCTPYKITUSIIAP IbI apMUPIICY MAceTenepi 63¢KTi O0JIBIN Ta0bLIA b,
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ABTOpIapABIH TIKIpiHIIE, OOJaNIaK 3epTTeYIepIe OChl MOcCEIeNepAl MenTyre
OaceIMABIK Oepimyl THic, coHpaaii-ak OetoHnbl 3D-0aceiml IIBIFApy YVIIIH >KaHa
Kypamaap/Ibl 93ipJiey OarbIThIHIAFbI dKYMBICTAP JKAIFACTBIPBLUTYBI KAXKET.

1.2 ¥Ycak TtyHipmikTi 0eTOH OHAIpPY YIIiH, OHBIH IiliHJAe AaAJAUTHBTI
TEXHOJIOTHSJIAPABI KOJAaHA OTHIPGII, KO KyJI-K0K KAJABIKTAPbIH NAHIATAHY
00MBIHIIIA JJIEM/IIK JKOHE OTAHABIK TIKipuoe.

[upaslKk KyphUIBIC TIEH aIJUTUBTI TEXHOJIOTHSIIAPBIH TaMybIMEH KYJI-KOX
MaTepuaniapblH 0eTOHHBIH 3D-0achUIBIMBIHIA KOJITAHYFa KBI3BIFYIIBUIBIK apTajlbl,
MYH/a OJIapJblH KOCHAHBIH PEOJIOTHSUIBIK IMapaMeTpiiepiHe, KaTaiiFaH OETOHHBIH
MEXaHUKAJBIK KACHETTEpIHE ocepl HETi3ri pes arkapanbl. KypbUIbICTBIH Kasipri
3aMaHFbl TEXHOJOTHSIAPBIHIA KCHIHEH KOJIAHBUIATHIH OCBIHIAW MaTepualgapIbIH
Oipi ycak Ty#Hipirikri 6eroH Ooibim TaObuTabl. OHBIH PEOJIOTHSIIBIK KaCHETTEpi
IJIACTUKANIBIK YKOHE TIIIIH TEHrepiMiH KaMTaMachl3 eTeli, 0yi1 oHbl 3D-0ackIn mbIFapy
yurid oHrainel erenl. Kymn-kox kamnnbikrapein (KKK) kalitamama mukizat petinze
naijjanany OCTOHHBIH CamachblH  apTTBIPY KOHE  OKOJOTHUSIIBIK  OPHBIKTHI
MpaKkTUKaJIapAbl O1p ME3riI/ie JaMbITY YIIIH OJIApJbIH SJICYETIHIH apKaChIH/Ia ©3€KTi.
3eprTey KepceTkeHiel, 0eToHHbIH aoctypii kommnoHeHTTepiH KKK-ra aybicThipy
canajblK cUIaTTamanaap/bl )KaKkcapTyFa *KoHEe KaJIJIBIKChI3 OHAIPICTI JaMBITyFa bIKIAI
ereqi. MyH1ail TOCII SKOJIOTHSIIBIK MpoOiaeManapabl IS KaHa KOWMaid, KOFaphl
TEXHOJIOTHSUTBIK OHJIIPIC TEeH CaHaibl TYTBIHYILI JAMBITYFa BIKIAT €T€ OTBIPHI,
JKEJJTIK SKOHOMHKA/IaH TYWBIK IUKJIAI SKOHOMHKaFa 6Tyre bIKIai etesi [27].

[28] sxymbIchIHAA YCaK TYHIPIIKTI OSTOHIAFbI YCAKTAIFAaH KYMHBIH OPHBIHA KYJI
KJIIBIFBI MEH YIINA KYJ1 aianany KyJ MaTepuaiaapbiHbiH Kypambl 60% -Fa neiiin
OonFaHIa KOCHaHbIH OEpIKTIK cUIaTTaMalapblH CakTayFa MYMKIHIIK OepeTiHi
KepceTiIal yKkeac HoTrokenep [29] KyMbl Tac KOMIpAiH KyJI KOKBICBIMEH aybICThIPYFa
apHasFaH 3epTreyne anbiHabl, myHaa 20% -man 100% -Fa neiiiH aybICTBIpY KE31HJIE
0akplIay KOCHalapblHBIH OEPIKTITT eneysl TypjAe e3repMereHi HeMece epTe jKacTa
TeMeHjereni, 6ipak 90 KyHHEH KeiiH OaKpUIayMeH CaJbICTBHIPBLIFAHBI KOPCETUITEH.
XKympoicta [30] OeToHAaFBI KOCHIMIIIA TYTKBIP KOHE TOJITBIPFBILI PETIHAC MIaH TOPI3i
Kyl maijganany — 3epaeneHeni. OHBIH — MHUKPOCTPYKTYpara, pEOJIOTHSUIIBIK,
MEXaHUKANBIK JKOHE Y3aK Mep3iMJl KacHeTTepre, COHAal-aK dKOJOTHSIIBIK
acriekTiiepre acepi Kapananabl. Kyl Kocy OeTOHHBIH OEpIKTIK cUMaTTamajiapbl MEH
y3aK MEp3iMiH JKaKCcapTaThIHBI, ajl VIIMNa KYJAi *acaHAbl TONTHIPFBINITapFa KaiTa
OHJIeY KaJABIKTapibl THIMAI OacKapyra >koHe TaOMFU pecypcTapibl CaKTayFa bIKHal
€TeTIHI aHBIKTANAbl. KaluaplKTapapl a3alTy >KoHE jko0ajay epKIHAIrT CHSAKTHI
apTHIKIIBUTBIKTapFa KapamacTaH, MEXaHHKaJIbIK KACHETTEPMEH, aHH30TPONHUSIMCH
npo6siemaiap 0ap [31]. 3D Oackin mibIFapyabl OJaH Opi AAMBITY TEXHOJIOTHSIAPIbI,
KaHa MaTepuaiapAbl KaKCcapTyFa *KoHE CTaHAapTTapAbl OciiiMaeyre OallaHBICTHI
[32].

AnmutuBTi  eHmipic (AIl) kypaem TEOMETpPHUSICBI KOHE IKAKCAPTHUIFAH
MEXaHUKAJIBIK cUIaTTamanapbl 0ap OyibIMaapisl adyra MYMKIHIIK Oepeni, amaiina
Ka0aTThIH KAJBIHABIFBI, KO MOJIIEPAET] KO3Jep CHSAKThl Oachlll IIBIFapy
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napameTpiepi OyibIMIapIblH COHFBI CalachlHA alTapiblkTaii ocep eremi [33].
KabaTThlH KalbIHIBIFBI OCPIKTIKTI, TEOMETPUSIHBIH JQJIITIH jKoHE OAachlll IIbIFApy
YaKbITBIH aHBIKTAWTBIH €H MaHBI3Zbl IapaMeTpiiepaiH Oipi Ooibin TaObuL1aabl [34].
Artan aitkanga [35] celHanTBl UHTPY3USIBIK mopomeTpus (MIP) koHe peHTreHmik
koMmribtoTepiik Tomorpadus (KT, SEM) kemerimen 3D Oacna OeTOHBIHIAFBI
YSAIIBIKTapIbIH, TapalyblH Tajjamn, Oachlll IIbBIFApy MpOIECiHAe Naiija OoJaThIH
Makpornopjap MeH KyblcTap Oacma 0achl KO3FaJbICHIHBIH MMapaMeTPJIePIMEH >KOHE
BUTFAJIJIBIH,  JKOFAIy KBUIJAMIBIFBIMEH OailIaHBICTBI €KEHIH aHBIKTaIbl. by
dakTopiap, acipece KabaTapalblK KOCBUTY KE31HIE MEXaHHMKAIBIK OCpIKTIKKE Tepic
acep eTe/i.

3epTTeynep KOpCceTKEHACH, IEMEHTTI OChl MaTEepHAIIIAPMEH iIIiHApa aybICTBIPY
OCTOHHBIH CBHIPTKBI dCEpiiepre, COHBIH IMIHIAE XJIOPUATEPAIH KipyiHE KOHE CYABIH
aOpa3uBTIK 9CEpPIHE TOIMIIITIH KaKcapTaabl, OYJI aKbIp COHBIH/IA OHBIH TO3IMILIITIH
apTThIpa bl [36] , SKOMOTHUSIBIK THIMIUTIK TYPFBICBIHAH Ja. By eHepKacinTiK xaHaMa
oHIM/Iep OETOHHBIH (DHU3UKAIBIK-MEXaHUKAJIBIK CHUMATTaMaJlapblH JKaKcapTyFa, OHbI
OHJIIPY/I1H ©31H1K KYHBIH TOMEHJIETYTE KOHE OPHBIKTHI KYPBUIBICTHIH JaMybIHA bIKITAI
eTyre KabuneTTi. beToH KocmanapbiHa KyJI MEH IUIAKThI KOCY CHIFyFa >KOHE HIIyre
OEpIKTIKTI alTapJIBIKTail apTTHIPYbl MYMKIH.

Kyn-yHTak meH AoMeHi KOXX KOCBUIFaH yCaK TYHIPIIIKTI O€TOH XUMHSIIBIK
arpeccusra, aTan aWTKaHJa KYKIPT KbIIIKbUIBIHBIH dCEpIHE YKOFApPhl TO3IMALTIKICH
CUTATTaNaJbl, OYJI arpeccUBTI OpTaja MNaijalaHbUIATBIH KOHCTPYKUMsUIAp YILIH
epekie MaHb3Abl. byn TyHipuiikrenared goMeHaik 1wiaktel  (GGBFS) xone
KBIIIKBIIFA TO3IMI1 OETOHABI apTTRIPATBIH KYJ1 OIpre KOJJaHy apKbLIbl KOJI
xeTkizineai [28], [36]. KazakcTanma KaTThl OTBIHMEH JKYMBIC ICTEHTIH 32 KBLTY SJICKTP
craniuschl 0ap. Kysn MeH Kyn-Ko KOCHalapbIHBIH Kb CAMBIHFBI IIBIFBIMBI 1985
XKbUIbI 17 MJIH TOHHaFa eTTl, ylinauiepae 180 MiH TOHHaIaH acTaM KUHAKTAJFaH.

Kynain wMuHepanmblK KypaMbl JKaFbUIaTBIH OTBIHHBIH ~TYPIMEH, OHBIH
JUCTIEPCHUSUTBIFBIMEH, JKary 9JIICIMEH koHe 0acka Ja (hakTopiapMeH aHbIKTalIaabl. Op
TYpJIl Kesemieri cepaliblk OOJIIeKTEp TYPIHIET! OMHEKTIH KON MeJIepae OOys
OapabIK 3yJbIMAapra TOH Oonbinm TaObutanbl. KBapi, mysumrt, sxaHOaraH KeMip
OemmiexkTepi ae TaOburraH. KeiOip Kynaepae epKiH KalbIMil TOTHIFBIHBIH OOJybI
aHbIKTaIAb [37].

KanapiktapapiH KypaMmblHa OailfIaHBICTBI KYPBUIBICTa KYJI-KOX KOCHAalapbiH
naiianany OoiibiHIIA OipKaTap OarbITTap aHbIKTaLAbL. LlemMeHT eHmipiciHae ca3ibl
KOMIIOHEHT PETIH/IE JKOHE LIEMEHTTI YHTAKTay Ke31HAe KocMa PETIH/E KOJIAaHbLIAbI.
Kyn tyTkpIp 3aTTapra OeiceH i MUHEPAILIK Kocnanapra CTaHaapTTapia Ke3aelreH
KocIajnap HoMeHKIatypacbiHa enrisinrex [38], [39].

Ky#inipy »oJIbIMEH alblHAThIH KIpHill OHAIPICIHAE KYJ JKOHE KYJI-KOXK
KocIajapbl KaObIpFa TacTapbiH, KYJI KHBIPIIBIKTACHl MEH KYJI-KEPAMHUKAJIBIK TaCTap,Ibl
JAWBIHIAY YIIIH MTUKI3aT KOCIACHIHBIH KOMITOHEHTI PETIH/IE Mak1aJaHblIaIbl.

[lemeHT 1eH GETOH OHIPICIHAE KYJII K9/IeTe KapaTyAblH OTaHBIK TOKipuoect
KD0-na Tac kemipai xary ke3inje maiina 6onateia TemeH kanbiuiti (CaO 10% -ra
JeHiH) KyJial maipananyasl TaHAauapl. bysm Kym JKoFapel KalblMiire KaparaHia
THIPABIMKAIIBIK OJICEHIUTIT a3, OipaK calbICTHIPMAIIbI Typ/ie OIpKeIKi xKoHe O1pKemKi
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XUMUSUIBIK KOHE aCThIK KypaMbIHa M€ KOHE apayiac TYTKbIp 3aT KeJeMiHiH OipKemki
e3repyine Tepic acep erneiiai [40],[41],[42],[43],[44],[45].

Xon KypbUIBICBIH/Ia TONBIPAKTHl HBIFAUTY KE31HJIE€ MKAHFBIII TaKTaTacTapbl
JKary HOTIDKECIHJIE aJIbIHATBIH JKOFapbl KaJbIUWIL Kyl HEFYpJbIM KEHIHEH
KOJITaHbLI/IBI.

JKorapel KanbLMIAII Ky - KOXKJIap KEHIHEH KOJIJaHy KaJIbLIMi TOTBIFBIHBIH (CaO
30% -ra neliiH) >korapbl OOJyblHA OalIaHBICTBI, OJap €IIKaHJal KocHalapchl3 -
aKTUBATOPJIAPCHI3 1epOec TUIPaBIMKAIBIK OSICEHATIKKE He.

A3 kanmpimiiii (0eceH 11 emMec) Kyl MeH KYJI-KOX KOCITajiaphl KOJI KYPBUIBICHIHIA
Tasly yakpITKa JeiiH acanpTOeTOHAAFbl MUHEPANAbl IIMKI3aT PETIHAE Hemece
HETI37epAiH TOMEHI1 KalOaTTapblH OpHATy Ke3lHJAe HWHEPTTI MaTepual peTiHzae
KOJJIaHbUTFaH. byl perre Kyn MeH KYJ-KOX KOCHaJapbIHbIH TUAPATAIUSIIBIK
KATThUIBIKKA KaOUIETTUIIr 1IiHapa FaHa naiaananbuirad. Onapasl KoJagaHy caiachl
alTapibIKTal KEeHEH/II.

OtaHaplK  3epTTEylIiep TOMEH KalbLUUIl  KYJJAep MEH  KYJI-KOX
KOCIaJapbIHbIH THAPABIMKAIBIK Oeyncenautirinin kepinici CaO nemece Ca (OH)\ 2
TYPIHJIET1 9K €H aKChl aKTUBTEH IIPTIII OOJIBIT TaOBLIATHIHBIH aTan KepceTe/l.

Mpicanbl, OKTI >KOJ KYpPBUIBICHIHIA TOMbBIpAK IE€H KYJJ1 HBIFAUTY YIIH
naiiajgany eTe THIM/II.

CoHFBI KBUTIAPHI KOJI KYPBUIBICBIHBIH OTAHBIK TOKIPUOECIHAE KYJI MEH KYJ-KOX
KOCHayiapbl  JKONZApAbIH OapiblK KYPBUIBIMIBIK Ka0aTTapbhIHBIH  KypaMbIHA
naganaHbUIab:

- YHUIHIIHIH AEHECIHE Kep TOCEMIHIH TOMbIPAFrbl PETIHJIE;

- JKOFapFbI TY3€Ty KaOaThIHBIH MaTepHAIIbl PETIH/E;

- HEri3epAlH TOeMEHIl KabaTTapblHAa OpPraHUKaJbIK €MeC TYTKbIpJIapMeH
HBIFAUTBUTFAaH MUHEPAJIIBl MaTEepHall PETIH/IE,

- JKaMBUIFbl KYPBUIFBICBIHA apHAJFaH IIEMEHT-OCTOHHBIH aCThIK Kypambl MEH
KACHETTEPIH kKaKCapTaThIH KOCIIA PETIH/IE;

- MHHEpaJ peTiH/e.

Kazakcrannpik JKOO-HBIH KYJIIep MEH KYJ-KOXK KOCIaJapbIHbIH XUMMUSIIBIK-
MUHEPAIJIBIK TaJayJIapbIHBIH JEPEKTEP1 OJapAblH KYPaMbIHAA KadbIIUi TOTHIFIHBIH
00c MemepiHiH keTKuTKc3Airia kepcereai. Conapikran KazakcTtauasik XKOO-HbIH
3YJIBIMJIBIFBIH JKaHIAHABIPY KoJaapbiHbIH 01p1 CaO xone Ca (O) 2 TypiHAeTi 9KTi KOCY
XKoHE KYpaMbIHIa KOocHalapbl Oap akTUBAaTOpiiap SKTachl Oonbin TalObuiagsl. by
JKOFapbl TEMIIepaTypa 9CEpIHEH JJICKTP CTAHIUSJIAPBIHBIH OTTHIKTAPBIHIA KOMIip/Ii
dKary Ke3lHJe MHHepajAbl 3aTThl JKary NPOLECIHIE KypAeldl XHUMHSUIIBIK
peakusiapabiH 00IybIMEH TYCIHAIPUIC L.

¥cak TYHIpHIKTI OETOH OHIPY YIIIH, OHBIH IMIHAE aJJUTUBTI KYPBUIbIC
TEXHOJOTHSICHl KOHTEKCIHAE KOMip JKbUIy OJIEKTp CTaHIUsJIApbIHAH KYJI-KOX
KAJIJBIKTApbIH TMailajJaHy MYMKIHIIKTepiH OenceHal 3eprredal. Mynmaii Tocin
KQJIJIBIKTAP bl KSJIETE KapaTyFa 0aiyIaHbICThI DKOJIOTHSIIBIK TMPOOIeManap bl MIeIIyTe
FaHa €MeC, COHJal-aK KYpbUIbICTa KOJJAHBUIATHIH OCTOHHBIH MaljanaHy
cuUmaTTamMaiapblH JKaKcapTyFa MYMKIHIIK Oepeni. Kyn-KoX KalIbIKTapblH OETOH
OHJIIPICIHE BIKNAIIACTHIPY THUIMJII KYPBUIBIC MaTepUaAAPbIH JKacay YIIiH KepriaiKTi
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pecypcTapapl  YTBIMIBI  TMaianaHyra HerizmenreH KaszakcTaHmarbl  OPHBIKTHI
KYPBUIBICTBIH ~ TEPCIEKTUBANBI  OarbIThl  pETIHAE KapacThipbuUiafbl. Kyn-Kox
KQJIJIBIKTapbIH KOJITAaHYMEH YCaK TYHIPIIKTI O0eTOHHBIH OHTalbl Kypambl 30% M500
Mapkaibl TopTiananemMeHTTi, 40% xkymabl skoHe 30% KyJI-KOKBICTBI KaMTHIBI.
Mynpmait kocma Kypbuibic 3D-mpuHTepsepiH naljalaHy Ke3iHle DJKCTPY3HsFa
KapamIbUIBIFIH KOPCETT1, KO3FAIFBIIITHIFBL 5,81 CM *oHE TYTKbIH/AAY YaKbIThI 4 carat
19 munyT [46].

Kyn-K0k KanIbIKTaphIHBIH XUMUSUIBIK KYPaMbIH MOJIU(DHUKAIUAIAY, MBICAIHI,
MIOJIUTIPOTIMJICH TAJIIBIFBIH KOCY apKbUIBI, CBIFY Ke3iHJAe OCTOHHBIH >KapbLIyFa
TO3IMIUNITH apTThipaasl. by 6eToH KocmanapblHBIH KaCHETTEepIH KaKcapTy YILIiH
Kypambl OHTAWIaHABIPY CaJachIHAAFhl OJAH apFbl WHHOBAIMSIAPABIH OJCYETiH
kepcereni [47].

AJTUTUBTI  TEXHOJOTWUsUIapFa  OeliMaenreH ycak  TYHIpHIikTi  OeTOH
KypamapbIH 931pJiey HEeri3r1 MOHTe he, OUTKEH1 oCTYpIii 6eToH Kocnanapsl 3D-0ackin
HIpIFapyra »kapamchiz. MyHAaill Kochanapja KyJid-KOK KaJJbIKTapbIH IMaiiagaHy
AKCTPY3US 9JIICIMEH IIAFbIH COYJIET HhICAHAPBIH JKacayFa bIKIAN €Te Il )KOHE KYPbLIbIC
MaTepHaIIapbIHbIH MIHKi3aT 0a3achiH KeHewTemi[48].

Tyracralt anranma, ycak TYHIPIIIKTI O€TOH OHIIPICIHAC KYI-KOXK KaJIIbIKTapbIH
KoJiaHy OoiibiHIa Ka3akcTaHHBIH KYII-KIrepl KOFaphl MEPCIIEKTUBAHBI KOPCETE],
ayaiijia OHEPKICINTIK ayKbIMFa KOIIly KypaM/Ibl IpIKTEY dicTEMENepl MEH KaiiTa oHIey
TEXHOJIOTUSJIAPBIH OIaH 9p1 3ePTTEy MEH JKETUIAIPYl Talar eTel.

1.3 ¥cak T1y#ipmikTi O€TOHHBIH KYPAMbIH, OHBIH IIIIHAE KYJI-KOK
KAJABIKTAPBIH KOJIJIaHA OTBIPHII J3ipJiey :KOHiIH/Ieri daicTepai Tajagay

¥cak TYHipIIIKTI OETOHHBIH OHTAMIIBI KYpaMbIH €CENTey 9JIICHAMACHIH 3EPTTEY
KYPBUIBICTBIH ~ THIMJIUIITIHE, IIBIFBIHAAPIBI  YHEMACYTe JKOHE  DKOJIOTHSUIBIK
TYPaKTBUIBIKKA €JIeyJIl OCepiHIH apKachlHIA FHUIBIMU 13[CHICTEP/IIH HETI3Ti
calalapblHbIH ~ OipiHe aifHanapl. YWFappIM  TOCUIIEpl MEH  OMITMPUKAIIBIK
dbopmyranapra Heri3/IeJTeH OETOH KOCTaJIapbIH 1PIKTEYAIH JSCTYPIIl 9icTepl OHAaFaH
KbUrmap OOMBI Jamblibl, OipaKk KeOiHece KOoclma KOMIIOHEHTTEpPlI MEH KONTereH
0acekerec (hakTopiap apachIHAAFbl KYPJIEil KENUTIK eMec 03apa 1C-KUMBUIILI €CKEPY
YIiH JKeTKiTiKCi3 60mbIn Ta0buta sl [49].

2000 xputHapabH 0ackiHAa OacTanFaH MallMHAJBIK OKBITY 9aicTepi (ML) men
OHTaWIaHIBIPYbIH METAdBPUCTUKAIBIK alTOPUTMICPIHIH HWHTETPAMICHl OETOH
KOCTaJIapbIH KoOanay calachlHAaFbl MapaJurMaHblH aybICybIHA allbIl Keyi, Oy
ChIFyFa, BIHFAWJIBI OpHAJACyFa >KOHE KeMipTeri 13iHe OEpIKTIK CUSKThl OCTOHHBIH
KACHETTEpIH HEFYpJIbIM 2] OoJpKayFa >KOHE OHTAaMIaHIbIpyFa MYMKIHIIK Oepi
[50],[51].

beron enpipici CO :» sxahaHIBIK UIBIFAPBIHABUIAPBIHBIH IaMaMeH 8% -bIH
KOCAThIH/IBIKTAaH, KOCTIATap KypPaMblH OHTAUIAHABIPY KYPBUTBIMIBIK OCPIKTIKTI CaKTa
OTBIPBIT, KOpIIaFaH OpTaFra dCepiAl a3aTy yimiH memymr maoure ue [52]. Ilement
MaTepHaIapbIHBIH, KOCHIMIIIA TYTKBIP 3aTTap MEH HAHO-KOCTAIAPbI MaiiaaaHy/ bl
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KOoca ajfaHja, ocCill Kejie »aTKaH KYPAETUIri Ka3ipri 3aMaHFbl €cenTey SIICTEpiH
KOJIJTaHy KaKETTUIITH OJIaH opi Kepcerel [54].

Kon sxeTki3inren tabbicTapra KapaMacTaH, O€TOH KOcHajlapbiH 197 MOJCIbICY
MEH OHTalJIaHAbIpyFa OailaHbICTBl Kypaedal mpobiemanap Oap, Oy Kipic
alHBIMAJIBUIAPBIHBIH JKOFaphl OJIIIEMJIUIITIHE, XEIUIIK eMeC IIeKTeyJiepre >KOHE
OCPIKTIK, ©31H/I1K KYH KOHE IKOJIOTHUSIIBIK TYPAKTBUIBIK CUSKTBI O1pHEIIe MaKCaTTap/ bl
TEHECTIPY KaxKeTTiIirine OainansicTol [53],[54].

KomnnanpicTarpl IMIOUPUKANBIK >KOHE PETPECCHSUIBIK MOJENbIAep KebOiHece
HIEKTEYJl Kalmbpliay KabileTi MeH TYCIHAIpUTylHEH 3apiam miereni, aja Ta3a data-
driven (Tex nepekTepre HETI3AENTeH) >KaCaHIbl WHTEIUICKT MOJENbIepl KeOiHece
(U3HKATBIK-XUMUSIIBIK TPUHIMIITEP/1 Oy3a/1bl HEMece OKBITY 1pIKTEMENEPiHiH eayip
keJjeMiH Tanamn erexi [55],[56].

OHTallnaHABIPYAbIH HEFYPJBIM THIMJI aJITOPUTMAEP] Typajsl MIKipTajlactap
JKaJIFacyla: TEHETUKAJBIK aJIrOpUTMJICD >KOHE OeJIIeKTep YHIpiH OHTalIaHAbIPY
CUSIKTBI CTOXaCTHKAJIBIK METadBPUCTUKAIIBIK 9JIICTEP JETEPMUHUPIICHTEH TOCIIIEPMEH
KOHE JKEKe MHTCIUICKTTIH JkaHa anroputmiaepimMen Oacekenecemi [53], [57]. bynan
0acka, KeMipTeri 131 CUAKTBI YKOJIOTHSUIBIK METPUKTEP/I1 KypaM/Ibl IpIKTEY MPOIECiHE
KOCY OpTypii 3epTreyiepiae coiikec kenamenai [58], Oy opTypii  KypbuUIbiC
KOHTEKCTEpIHJIe OCETOH KOCHAaJIaphblH OHTaWIaHABIPY >KYHENepiH 1C IKY3iHIe
KOJIIAaHY/ bl KUBIH/1aTaIbI.

HeiipoHapIK >xenuiepai >KOHE OHTaMIaHABIPY TEXHOJIOTHSJIAPHIH TalaanaHy
naijanany cunarraMagapbl OOMbIHIIA HAKTHI TaJanTapFa COUKeC KeJIETIH KoCTalapbl
KAJIBIITACTBIPYFa MYMKIH/IIK OE€PETIH ChIFyFa OEPIKTIT1 )KOHE KOHYCTBIH 16Tyl CUSIKTBI
OCTOHHBIH KaCUETTEPiH JJI MOAENBACY/I KaMTaMachl3 eTelll. baraapiaamManbIik oficTep
€H a3 WIBIFBIHAAD KE31HJe Tajlall eTUIeTIH KacUeTTepre KOJ JKEeTKI3y YILIIH
KOMITOHEHTTEPIIH apaKaThIHACHIH OHTalIaHABIPa OTHIPHIIN, OETOHHBIH YKOHOMHUKAJTBIK
TUIMJII KYpaMIapbiH 931pJIeyre bIKIaid eTe/Il.

Visual Basi cusikThl aBTOMaTTaHABIPBUIFaH ko0anay xyienepi (CAD) xone
Oarmapriamanay TUIEpl CTaHIapTTap IbIH TajJanTapbiHa cCoMkecTiKT (Mbicanbl, SCSNI
xoHe ACI) sxoHe OepuIreH maifianany curarraMaiapbiHa KO JKETKI3y YIITH KYpaM/Ibl
peTTey MYMKIHITIH KAMTaMachl3 €Te OTHIPHIN, OETOH KOCIACHIHBIH KYPAMbBIH 1PIKTEY
NPOIIECIH aBTOMATTAHBIPY YIIIH KOJIMaHbLIa sl [59].

beToHHBIH Kem KOMMOHEHTTI KypaMmJapbhlH >Ko0ajlay alroputMiepi MeH
o/liCTEMENIEPIH d31pJiey MAaTepUAIbIH OIPTEKTI *OHE ThIFbI3 KYPBUIBIMBIH aJIy/bl
KaMTaMachI3 eTe/li, OYJ1 OHBIH TaiijajlaHy KaCUeTTePiH apTThIpyFa bIknan ereai [60].

¥cak TYHIpIIKTI OETOH KypamaapblH OHTaUIaHAbIPY Ke3iHae OaraapiaMaiibiK
OMICTEpAIH €19YIp apTHIKIIBLIIBIKTAphIHA KapaMacTaH, OChl TOCUIAEPAIH HMIEKTEYyJIepiH
ecKepy KaxkeT. Mopenbaep MeH alrOpUTMACPIIH AJJAIrt OacTamkbl JepeKTepIiH
camachlHa JKOHE MOJENbJCY TMPOIECIHAE CalbIHFaH >KopaMaijapFa TiKelen
OailJIaHBICTHI.

bynan ©Oacka, ocCbl oficTep/al MNPaKTHKAIBIK KOJJaHy OaraapiiaMalibiK
Kypajapasl J1a, MaTepuaifgapiblH (QU3UKAIBIK-XUMUSIIBIK KAaCHUETTEPIH 1€ TEPEH
tycinyni Ttaman erefi. CoHApIKTaH OETOH KOCHaJapbhlH >KobOalayma €H JKaKChI
HOTHKEJIEpre KOJI JKETKI3y VIIIH KOMIBIOTEPIIK MOJCIICYAl 3KCIEPUMEHTTIK
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TEeKCEpYMEH YWJIECTIPETIH TeHrepiM/Il TOCUIl maifanany Kaxer. TyracTail anranja,
oneOueTTI TaNay rTuOpUATI KoHe TyciHikTI UM-Moaenbaep/IiH nepcneKTUBAIbUIBIFbIH
KOpCETEei, COHAai-aK CEeHIMAI JIePEKTEp JKHUBIHTBIFBIH KaJIBIIITACTHIPY JKOHE
HOTIDKEIEP/Il KaH-KaKThl BaJIUIALMSUIIAY/ b )KYPIi3y KaKETTITH KopceTe/Il.

BeJiiMm 00MBIHIIIA KOPBITHIH/BI

3D-6achIn mibIFapyabpl 6ETOHMEH €HT13y IpOIEeCTepl aBTOMAaTTaHABIPYFa JKOHE
KOJI eHOeTiHeH 3UATKEpIIK Kyiuenepre kemryre OarbittanraH «LluQpabIK KypbUIBICH
kahaHIBIK TYKBIPBIMIAMACBIHBIH Oip Oesiri 0omibim TaObUIaAbl. TEeXHOIOTHUSHBIH
HETI3T1 apTHIKIIBUIBIFEl JOCTYPJl KaJbIITapAbl Maigananbail Kypaenai reoMeTpus
KOHCTPYKITUSIIAPBIH jKacay MYMKIHAITT OOJibIm TaObu1aabl, Oyl €HOCK IIBIFBIHIAPHI
MEH KaJIJBIKTap CAHBIH €10Yip TOMECHICTE/I.

KyppuibicTa agiuTUBTIK OHIIPICTIH OPTYPJl 9MICTEPIHIH apachlHAa IIEMEHT
YKOHE KOMIIO3UTTI Kocnanap sl KabaTTar SKCTpy3usijay o1Cl HEFYPJIbIM KEH TapaliFaH
Oombin TaObuTaabl. COHBIMEH KaTap KYPbUIBIC KaHKaJapbIHBIH COYJIET 3JIEMEHTTEPI
MEH JKOFaphl JOJJIIKTErlT METa/ll TOopamnTapblH JalblHIayAa KOJJAAHbLIATHIH
YHTaKTapAbl arbIHABIK OailmanpicThipy (Binder Jetting) xoHe CENEeKTHBTI Ja3epJik
kyiaipy (SLS/SLM) texHonorusuiapsl 1amyaa.

Texnomnorus Oykin anemze OeJCeHAl Typ/ie eHTI3UTyIe: CaJblHFaH FUMaparTap
canbl OoitpiHIIa KpiTaii ke 6actan Typ (Hua Shang Tengda kommnanusicer). Peceiine
coHnai-ak fpocnaBiana Oacein mblFapsUiFrad Eypornanarbl anfalmikbl TYPFBIH YW
(2017 x.) xoHe «CnenaBua» >xoHe Apis Cor KOMIAHMSUIAPBIHBIH MOOWIIBII
MPUHTEPIIEPIH d31pJey Al Koca ajaFaHaa, MaHbI3/bI )ko0aiap 1CKe aChIPbUIIbI.

K20 KHI ycak Ty#ipuiikTi O€TOH YIIIH KaiTajaMa IIMKI3aT peTiHIe KOJIJaHy
TYWBIK [UKJI SKOHOMMKACHIHBIH JaMyblHA BIKMAJI €TETIH ©3€KTI OaFbIT OOJIbII
TaObUIaABl. 3epTTEyJep KOPCETKEHAEH, KYMJIbl HEMece IEMEHTTI KyI-KOKBIC
MaTepHaIapbIMeH iiiHapa aybicThipy (60% -ra aeiliH) OepiKTiK chmaTTamMaliapbiH
caKkTayFra »oHE OCTOHHBIH TO3IMIUIITIH, OHBIH as3fa TO3IMJUII MEH KOppO3usiFa
TO3IMJITITIH apTThIpyFa MYMKIHIIK Oepei.

180 mMyIH TOHHAJIaH acTaMm KYJI-KOX Kocmaslapsl xuHakTainraH Ka3zakcTan yuriH
OJIapJIbl KQJIeTe JKapaTyablH dKOJIOTHSIIBIK MaHBI3BI ©Te 30p. JKeprilikTi 30J1apablH
SPEKIIEeIIT KaJbIIMK OKCUIIHIH TOMEH 00JTybI 00BN TaObLIaAbI, OYJI THAPABIMKAIIBIK
OCJICCHAUTIKTI KOPCETy VIIIH apHaibl aKTUBATOpJapibl (MbICalbl, OKTACTHhI)
naiiananyasl Tajgamn etedl. O3ipaeHreH Kypamaap (moicansl, 30% uement, 40% kym
»oHe 30% KyJ-KOKbIC) 3D-3KCcTpy3usFa e3/1epiHiH KapaMIbLIbIFBIH PACTaIbI.

beron kocnamapblH 1pIKTEYIIH JOCTYPJAl SMIMPUKAIBIK SIICTEpl Kaszipri
3aMaHFBl  €CENTey TOCUIAEPIMEH  ayBICTHIPBUIANBI.  MaIllMHAIBIK ~ OKBITY/IBI,
TCHETUKAJIBIK aJITOPUTMIEPAl KoHE OaraapiaMaliblK KelleHIepAl WHTerpaiusiay
OEpIKTIK, KYH OHE AKOJOTHSIIBIK 13/11H apachlHJa TEHrepiM »Kacall OTBIPHIN, OETOH
KYpaMbIH HEFYPJIIBIM JI9J1 OHTAWIaHABIPYFa MYMKIHIIK Oepe/i.
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2 JKCIIEPUMEHTTIK  3EPTTEVYJIEP OHAICTEPI 7KO9HE
MATEPUAJIJAPIBIH CUITATTAMACBHI

Tapayna Oacrankbl MaTepwanmapibl 3€pTTEy OMICTepi JKOHE OJapIbIH
CUTIaTTaMaapbl TOMEKTI TYpJie KeNTIPUITeH, COJlaH KeiiH KYM-IIEMEHT epITIHALICpiH
»koHe 3D-0acma 0eToHaphIH SKCIIEPUMEHTTIK 3ePTTEY dJlicTeMernepl OasHaaIFaH.

2.1 bacrankbl MaTepUuaJapabl 3epTTey daicTepi

byn Gemimae kyMm-lieMeHT epiTiHauiepiHid, 3D Oackin mIbIFapyra apHajifaH
OeToHmapabl  o3ipiey Ke3iHAe TalJalaHblIFaH  0acTamKpl — MaTepuaaapibl
OKCIIEPUMEHTTIK CBhIHAY odficTepl OasHpanraH. KenrtipiareH omictep KOJITAHBICTAFBI
HOPMATHBTIK KyXXaTTapFa HETI3[CNreH JKOHE KaWTalaHaThlH JKOHE CEHIMII
HOTHKENEPi alyabl KAMTaMachl3 €TEII.

HEM II/A-II 42,5H «PROFI CEM 450+» wmapkansl yemenmmi 3epmmey
a0icmepi. lleMEHT KaMBIPBIHBIH KaJbIITHl THIFBI3BIFEI MEH YCTay Mep3iMepi
MEMCT 310.3-76 [61] Oasnmanran omicTeMe OOMBIHINA aHBIKTAIABL JKyMbIcTa
MEMCT 10181-2014 [62] GotibiHIa 6eTOH KOCTachIHBIH KoHCHCTeHIUsCh, MEMCT
28570-2019 [63] OoiipiHIIA MMy *OHE KbICY Ke3iHIEri OEpiKTiK Ieri, COHIai-aK
MEMCT 30744-2001 [64] TamantapblHa COMKEC IIEMEHTTI YCaKTay KIHIIIKENiri
AHBIKTAJIIbI.

Ycakmanean xymowr 3epmmey 20icmepi OHBIH TPaHYJIOMETPHSUIBIK KypaMbIH,
JIoHJep O€TiHIH TIlIiHI MEH CHUMNAaThiH, IIAH TOpi3/l KOHE ca3dbl OeJIIEeKTEpaiH
KYpaMbIH, COHIai-aK KOJJIaHBICTaFbl HOPMATHBTIK KY)KaTTapMEH PETIaMCHTTEITCH
Oacka Ja KepceTKimTep/i aHbIkTayabl ke3aereH. Ceinakrap MEMCT 8735-88 [65]
xoHe MEMCT 8736-2014 [66] TamantapbiHa CONKEC OPBbIHIAIIBI.

Kyn yiiinoiciniy 2-atimagelnoagsl Kyn - Kodc (opmauia) moamulpavlid peminoe
CcblHay a0icmepi OHBIH HETI3rl  (U3UKAIBIK-MEXaHUKANBIK JKOHE XHUMHSIIBIK
cunaTTamaiapblH aHbIKTayasl ke3aereH. Jlonmik kypambr MEMCT 8735 coiikec
oenrinenni. Kyprak Kyiaeri KOsl Kypayiibl TOHASPAIH KUHAKTAIFAH ThIFbI3IbIFBI
MeH TeiFb3AbIFel MEMCT 9758 [67] OoiibiHmia anbikTanrad. Kyn yiigicidig 2-
aliMarbIHJAFbl KYIAIH (a3alblK Kypambl Tu@pakTorpammanapsl Kypy KOHE Tajjaay
apKbUIBI PEHTreHAIK audpakius dmiciMeH 3epTTeii, [65] Oy Herisri KpucTaiabl
dazanapapl CoMKEeCTEHIIpYre >KOHE OJIapAblH CaHABIK apaKaThIHACKIH Oaraayra
MYMKIHJIIK Oep/i.

Ky - Kok 6eH OHBIH KYJI/I1 KypaMaac OeJIiriHiH KeJieMi 3repyiHiH O1pKeJIKiTIr
MEMCT 310.3 [68] OoiibiHIma yiriiepi cyaa KaiHaty aaiciMer 1:1 (LieMeHT: Kyi)
apaKaThIHACHIH/A TIOPTIAHANEMEHTIICH KOCTIa a OaralaHIbl.

KKK surranapuibirsi MEMCT 8735 [65] Ooiibiama anbiktanmel. 3LIC kynmai
KYpayIIbICBIHBIH O€JICEH/1 MHHEpaJIbl KOCIa PETIHACT1 MyHOJaHABIK OCJICeHIUTIK
nopexeci B kocbIMIIackiHa coiikec OenriieH i, all OHbIH TUIMAUTIriH 6aranay MEMCT
25592 - 2019 [69] Ooitbiaina I' KoChIMIIIACBIHA COMKEC KYPTi3UIIi.
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Kyn yiiinoiciniy 4-avimagvinoaest Kyn - Ko cvinay a0icmepi. Kyn yhAiHIICIHIH
TOPTIHIII alWMaFbIHIAFbl KyJai ceiHAy omictepi MEMCT 25818-2017 [70]
TajJanTapbIMEH CaJbICTBIPbUIABL. <«OKBUTYy JJEKTp CTaHIUSIIAPBIHBIH KYJI-TO3YbD»,
OUTKEH] TI'PaHYJIOMETPHUSIBIK KypaMbl MEH KacueTrTepl OOoWbIHIIA O0J1 KYJ-TO3yFa
*akpiH. Kpi3nplpy kesinge maccanbiH skoranyblH MEMCT 11022 [71] OotibiHina
anbIKTanbl. Kyn yHiHIOICIHIH 4-aiimMarbl KyJdiHIH (a3aiblKk KypaMblH pPEHTTEH
TAPaKIUsICh 9IICIMEH KYJI YHIHIICIHIH EKIHII aifMaFbl KYJIIHE YKCac aHbIKTaraH.

Ne 008 eneyimrreri KanabIk meH KyiaiH yiectik 6eti MEMCT 310.2 [72]. cotikec
oenrinenal. LleMeHT meH Kyl Kocmachkl KeJeMiHiH OipKenKi e3repyi, TYTKbIHAAYIbIH
Oacranysl, Cy KaKeTTLIIr skoHe KyJ Oencenaimrinin uaaekci MEMCT 30744 [64]
TaJanTapblHa COWKEC aHBIKTAIIBI. by peTTe yariiepai cyna KaitHaTy apKblIbl ChIHAY
Ke3iH/Je KeJIeMHIH OipKenki e3repyl OaramaH[bl, KYJ KAaJbINThl THIFbI3ABIKTAFbI
KaMbIpJIbl ~ ajfaHra JediH  canMarbl  OodbiHma  30:70  apakaTbIHACHIHIA
MNOPTIAAHAIEMEHTIICH aJJIbIH aja apajacThIpbulbl. TYTKBIHIAYABIH OacTaybIH
caniMarbl OoibiHIIA 25% Ky koHE 75% IEMEHTTI KAMTUTBHIH IEMEHT TYTKBIPFBIIITA
aHBIKTaJbl. belceHauIK HHIeKCIH OaKplIay IIEMEHT X KYM JKOHE HET13r1 IeMEHT-KYJI-
KYM KypamjaapbiHaH >kacainrad 28 xoHe 90 Toymik skaceiHmarsl 40 x 40-160 mm
MOJIIIEPIHACTT CTAaHAAPTTHI MPU3MANAPAbl KbICY Ke31HJEerl OepiKTIKTI CalbICTBIPY
apKbUIBI Oenrinemi.

2.2 MartepuajiapablH CHIIATTAMACHI

Benimne Kym-IleMEHT €pITIHAICIH, KYJ-IIEMEHT KocmachiH >koHe 3D-0achim
HIBIFApyFa apHAJIFaH IIUKI3aT KypamJapblH 9331piiey Ke3iHJAe oJapiAbl KeHlHHEH
naijanany YIUIH >KYPTi3UIT€H 3epTTey SAICTEPiHIH HOTHKENepl OOMbIHIIA aJIbIHFAaH
OacTankbl MaTepUaNIIapAbIH CUTIaTTaMallapbl TYpajibl IEPEKTEP YChIHBUIFAH.

Hopraanauement. 3eprreynep yurin «PROFI CEM 450+» noptiaaHaiieMeHTi
KoJmaubuLbl. [lopTinananeMenTTiH (U3UKAIBIK-MEeXaHUKaIBIK KOPCETKIIITEPl KECTe
Ne 2.1 6epinres.

Kecrte 2.1 — [TopTinanaiieMeHTTiH (u3HKaIbIK-MeXaHUKaIbIK KopceTkimTepi «PROFI
CEM 450+».

Kepcetkimrin aTaysl

Ne | ¥nrakra | ¥urakrany | ¥YHrakra | Kararo Kenemnin | HopmarusTi | 28
oy KYKAIBIFBI | ]Iy YaKBITHI: ©3TrepyiHiH | K KOIOJBIFBI, | TOYIIKTET
Jopexeci | (emexreri KYKaJIbIF | Oactamysl, | Oipkenkumir | % 1 CBIFyFa
(emexre | Kanaeik No | BI (Ne asKTamybl, | 1 (KeHero), OepiKTiK
KaJFaH 008) % 0063 MUH MM Treri,
KaJIbIK €JIeKTeT1 MIla
Ne 0045) KaJIJIBIK),

%
1 |- - - 201-306 0,6 27,6 46,7

[TopTnanareMeHTTIH XUMUSUIBIK KYpaMbl KecTe 2.2 KeNTIplireH
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Kecre 2.2 - Xumnueckuii cocraB nementa mapku «PROFI CEM 450+» («bykreipma
1eMeHT KoMmaHusce» AK)

Ne | Marepuan Oxcuarep menepi , %
p/H aTaysbl ALOs | FeOs; | CaO MgO | Na.O | KO | TiO: P20s SrO
1 Hgl‘ﬁ? 501 | 307 | 4038 | 1,77 | 1.75 | 09 |0.245|0,1119| 0,0426

[{emenTTiH (hazanbiK KypaMbl peHTTEHAIK JTUGPaKIHs 9ficiMeH 3epTTenai. bipinmii
Ke3eHe MaTepuanaa 0ap KpucTaiasl dazanapabl COMKECTEHIAIPY MaKCAThIHIA Camaibl
Tangay OpbIHAAIALL.  EKIHINT  Ke3eHJIe IIEMEHTTIH HEeri3ri  MHHEepaJIOTHsJIbIK
KOMIIOHEHTTEPIHIH CaJIBICTBIPMajibl KYpaMbIH aHBIKTayFa MYMKIHAIK O€peTiH CaHJIbIK
(dhazanbIK TaNAAy KYPrizuvial. PeHtreHoaudpakusiibik 3epTTey HoTHkenepi 2.1 xxone 2.2
cyperrepae Oepinren (Aeris Research nudpakromerpi)

M

L 1 N f

Mmnyascos |

uenment N23
=

96-154-0705; O30.00 Cal8.00 Si6.00
" 98-007-9553; Ca2 O4 Sil
*  98-015-1369; A2 Ca3 06

400

200

- - | . L
L L . M B L/ I
- rEe | L L 1 A e 1 :;_ . .
O o -
20 30 40 50 &0 TO BOD
Nonaxedue ["28] (Meab (Cu))

Cyper 2.2 - [leMeHTTiH peHTIeH qudpakTorpaMmacs (canaibl (a3anblK Tangay)

O & TR A A MO A

uemeHT MNZ3
Alite 65,7 %

Larnite 32,1 %
Tricalcium Dialuminate 2,2 %

A00 —

200 —

] | " AN ___j,_!' L " . Loe N o

{1 N 1 o] i S SRS A i . (31 B e e
0 a0 50 60 70 a0

Monoxenwe (28] (Meas (Cull

I
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Cyper 2.2 - lleMeHTTIH peHTreH qudpakTorpaMmacs! (CaHIbIK (a3ablK Tajaaay)
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Pentrenaik nudpakiusiblK Tangay 1eMeHT Kypambiaaa anutti (CsS), 6enuTTi
(C2S) xoHe  KampLMMAIH  QIFOMHHATTBl  KOCBUIBICTApBIH  KOca  ajFaHja,
NOPTIAAHAIIEMEHTTEPre TOH HEri3rl KIMHKEpIiK (a3anapibliH OOJIybIH pacTaibl, Oy
TYTKBIPJIBIH >KOFapbl THIPABINKAIBIK OCJICEH ILTITIH Ky9JlaH IbIPAJIbI.

YCaKTaaFaH KyM TOJTBIPFbINL YHTaKTanran kym 2,4 ipi, 1,5 r/cm® yiinagi
TBIFBI3ABIFBL, 2,75 T/cM® IBIHANBI THIFBI3ABIFEL, 0,9% TONBIPAKTa OAIIIBIKTHIH OOJIYBI
xoHe 280 cM?/T MEHIIIKTI 6eTi MOy TiMEH CUNIATTaNAbl. ¥ CaKTaIFaH KYMHBIH, KaJIIb]
TYp1 cypeT 2.3 GepisreH.

Kecre 2.3 — ¥cakranran KYMHBIH TPaHYJIOMETPHSUIIBIK KYpPaMbl

Ne Enekrepreri xeke KaJIbIKTap, Maccachl OoibIHIIA %o Kym Ipinix
2,5 1,25 0,63 0,315 0,16 <0,16 TOOBI MOy
1 9 10,6 14,8 41,4 22,5 19 oprama | Mkm2,4

Kyn rpanynomMeTpusuibIK KypaMbl OOMBIHINIA YCAK TOJTBHIPFBIIIKA KOWBLIATHIH
tajanrtapra coikec kenemi: MEMCT 25592-2019 [67] cotikec Memmepi 0,315 mm
apThIK OeumektepiH yieci keminae 50% -apl Kypaiiabsl, Oyl OHBIH OETOH
KOCIaJapblH/a Naigananyra *apamIblUIbIFbIH PACTaNIbI.

Cypert 2.3 - bactankbl MaTepuaggapablH KaJIlbl TYPI: a - YCaKTaJIFaH KyM, O - KyJ
YHIHIICIHIH 2-aiiMaFbIHAAFBI KYII, B - KYJI YHIHIICIHIH 4-aliMaFbIHIAFbI KYJI, T -
6azanbT (hudpacel
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Ky yiiinaicinin 2 - aliMarbIHIAFbI KYJI - KOK TOJTBIPFBILITHI AYBICTHIPY YILIH
KOJLIAHBUIMBL. YHiHII THIFBABIFI 800 Kr/M°, MIBIHAMBI THIFBIBABIFEL 2,75 T/cMS,
meHmikTi 6eti 300 cM?/T, KBI3ABIPY Ke3iHjeri mbIFsIHAap, % - 3,8%.

Kyn yHingiciHiH 4-aiMarbIHIAFbl KYJ - KOXKJIBIH camajiblK KOHE CaHIBIK
Tanaaysl 2.4.,2.5 cyperTe KopceTUIreH.

WMumnynscos ||

Kpynuas aona N1

™ 98-008-9279; 02 Si1
98-016-1292; Fe2 O3

*  98-009-9327; Al4.44 O9.7§ 5i1.56

i

98-009-9304; Fe3 04

300 —

200 —

100

A Ilhllillllllﬂllllill M
20 30 50 &0 70 a0
Nonoxenwe [*28] (Meae (Cu))

Cyper 2.4 — Kyn yiiHIICIHIH 2-aliMaFbIHIAFBI KYJ — KOJKIBIH PEHTICH
nudpakTorpaMmacsl (canaibl (azaabiK Tanaay)

Y T YRR MO YA T

KpynHas 3ona N21
Quartz low 69,2 %
Hematite 0.9 %
Mullite 27,5 %
Magnetite 2.5 %

300

200

Monoxenwe [*28] (Mege (Cu))

Cyper 2.5 - Kyn yitiHaiCiHIH 2-aiiMaFbIHIAFbI KYJI — KOXKJIBIH PEHTI'€H
nudpaxkTorpamMmacs! (CaHAbIK (a3aablK Tanaay)

Oprama ¢pakuusaarsl  KYJIAiH PEeHTrCHOAU(DPAKIUSIBIK Taljaaybl OHBIH
Kypambiaia KBapiThiH (Si0:2), MymmuTTiH (AlsSi2013), kpuctanas!l dazamapbl 6ackM
€KeHIH, coHai-ak a3 memmep e reMatut (Fe20s) sxone marnetut (FesO4) 6ap exeHiHn
kepcetTi. CaHaplK (a3aiablk Tajnmay Herisri yiecti kBapir (mmamamed 59-60%)
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KYpPaWTBIHBIH aHBIKTAaAbl, OYJ MaTepHajAblH HHEPTTI KypamblH HETi3Aeul, ai
MYJUIMTTIH Kypambl (mmamamen 25-28%)

Kya vyiingicinin 4 - aiimarpIHAarbl KyJd — KoxK. Kyn yHTakrayabig
KaHaraTTaHAPJIBIK HO3IKTIMIMEH, OpTalia Cy Ka)XXeTTUIINIMEH CUIaTTajaajbl KoHe 28
TOYMIK KackIHAAFbl 82% xoHe 90 Toymik xkackiHAarel 90% neHrerinae OeICeHIUTIK
WHJIEKCIH KaMTaMachI3 €T€ OTHIPHIT, MYLIIOJaHUKAILIK OCICEHUTIK KopceTeai. Y HiHi
TBIFBI3ABIFEI 350 KI/M3, MIBIHANBI THIFBI3ALIFEI 2,53 1/cMm3, meHmikTi 0eti 2700 cm2/T,
KBI3IBIPY Ke31HeT1 mbIFbIHAap, % - 0,64%.

Oprama ¢paxius KyJdiHiH (KyJT YAIHIICIHIH 2-aiiMaFbl) CanaiblK )KOHE CaHIBIK
Tannaybl CypeT 2.6, 2.7 KenTipiirex.

I R O T R0 T YT I WA

Jona menxas N22
Quartz low 56,3 %
Mullite 42,1 %
Magnetite 0.8 %

Hematite 0.8 %

400 —

200 —

i

MNonoxeune [*20] (Megs (Cu))
Cyper 2.6 - Kyn yiiiHaicidig 4-aiMaFbIHIAFbI KYJ — KOXKJIBIH PEHTIeH
nudpakTorpaMmacsl (canaibl ha3aliblK Tanaay)

¥

=

HMumnynscoe

3ona menxans Ne2

" 98-008-3849; OZ Si1
98-006-6450; Al4.54 09.7§ Si1.46

* 96-500-2331; Fe24.00 033.00

" 96-591-0083; Fe12.00 O14.00

400 —
200 —
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Monoxeuuwe [*28) (Megs (Cu))
Cyper 2.7 - Kyn yiHiHICIHIH 4-aliMaFbIHIAFbl KYJ — KOKIBIH PEHTI€H
nudpakTorpaMmachl (CaHABIK (a3abiK TAIIAY )

¥Ycak (ppakmusuibl KyJIIIH PEHTTEHIAIK AUCPPAKIUSIBIK Talgaybl MYJUIUT TIEH
KypambIHzia Temip Oap ¢azanmap OoiFaH Ke3le KBapITHIH 0achIM €KEHIH aHBIKTAIIbI.
Koraper amopdThl QoH peakumsFa KaOUIeTTI IIBIHBI (a3aHblH Oap EKeHiH
KyonmaHabipaapl. KynmiH ycak amcmepceTi kail-Kyill MEeH OHBIH (pa3ajblK Kypambl
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IIEMEHTIICH Oipre YHTaKTay Ke3iHJe MaTepuaiabl OeJCceH I MUHEPaabl KOMIIOHECHT
peTiH/E KOJIaHYAbIH OPBIHBUIBIFBIH HET13ACH 1.

Hinrimrik 0epetin Kocna (miacTuguKaTopJbIK Kocna). MirimTik 6epeTin
Kocnanap (miacTu(UKaTOPIIbIK KOCIa) TaHaay Ke31HAe OJapblH dPTYPIl XUMHUSIIBIK
HEeri3i MEH OpeKeT €Tyl eCKepuill, COHJBIKTaH >kyMmbicTa MasterGlenium
noMKapOoKcuiiaT 3(pupi HEr131H 1€ OHIpIC MOAUDUKATOPIAPHI KaObLITaH/IbI.

®dudpa. HeralTkpin TammblK periae 3D-0achlll MIbIFapy YIIIH IIHKI3aT
KOcCIajgapbl KYpaMbIHIa KOJIJIAHBUTATHIH 0a3ansT (pubpackl maiimananbuiibl. basanet
(buOpaCHIHBIH TAJIIBIK V3BIHIBIFH 6, a1 AuameTpi 1 3MKM Kypaiasl. by kepceTkimrep
OacburraH KaOaTTap[blH OEpIKTITiH, MIIIiH TYPaKTBUIBIFBIH OHE KocmaHblH 3D-
OPUHTEP LIYMET1 apKbUIBI SKCTPY3HsUIaHy KaOINEeTIHIH OHTAMIBl apaKaThbIHACHIH
KamTtamace3 eremi. Ownmipymi  — «Metllpom3Ouepro» XKIIC (Kazakcran
PecnyOinkacher).

Cy. Cy MemCT T'OCT 23732-2011 [71] tanmantapblH KaHaraTTaHAbIPAJbI.
Cynarbpl OpraHUKaJIbIK OeTTIK-OeJICeH Il 3aTTap/blH, KaHT HeMmece (eHOIAapIbIH op
KalChICBIHBIH KypaMbl 10 Mr/n acnaiiabel. Cymna MyHai eHIMACPIHIH, MalIbIH, MailIbIH
yiaipiepi xkokK. Cyna G0sFbIIT Kocranap oK.

Cyna eputin Ty3aapasis, SO, Cl™t nongapbIHbIH KoHE OIIIIEHreH OOIIEKTEPIIH
Kypambl 5.4-KecTeie KOpCeTUIreH mamManapaan acmnaiabl, CyablH TOTBIFYbI 14 Mr/m.
CynbiH cyTek kepcetkimi (pH) - 7.

Kecre 2.4 - Cynarel KocnanapAblH KYpaMbl.

Meunmepi, mr/i
CynpIH TaraibIHIATYEI Honna Honna Lmnren
YABIH aty Epurin Ty3aap 0 'gp 0 '_Hlp OOJIIIeKT
SO“y Cl
cp
beron naiteinnay kesinae 6eToH 4800 2650 1100 170
KOCIIaChIH apajacThIpyFa apHaJIFaH Cy

Cyna coHnaii-aK 1IeMeHT KaMbIpbl MEH OCTOHHBIH KaTalo KOHE KaTaro MEp3iMiH
Oy3aThlH, OCTOHHBIH OEpPIKTIr1T MEH as3fa TOe3IMIUIIIH TOMEHISTETIH MOJIIepae
KocIayiap 0oJIMaipl.

2.3 KymM-uemMeHT epiTiHaiiepiH IKCIEPUMEHTTIK 3epTTey daicTepi.

Bbyn GeniMie KyM-IIEeMEHT €piTIHAICIH, KYJI - IEMEHT KOCTIAChIH 3€PTTEY d/IiCcTepi
YCBIHBUIFaH. DKCIEPUMEHTTIK 3epTTEy 9/IICTEPIH TaHIAy YKCAC KypaM MaTepuaiiapsl
MEH OHJIPIC TEXHOJIOTHSICHIH aJIJILIHFBI 3€pPTTEYJEPAiH HOTIKEJIEpIHEe HEri3aem/Il.
[lafimanaHplIaTBIH ~ QMIiCTEp ICKE aCBIPYABIH  KaparalbIMABLIBIFEIMEH,  OJIIICY
0a3achIHBIH KOJDKETIMIUITIMEH >KOHE HOTHIKENIEPAiH >KOFapbl KaHFbIPTHLITYBIMEH
epeKIeIeHe/I.

2.3.1 Kym-11eMeHT epiTiHJIICIH 3epTTey 9/iCcTepl

KbUDKBIMAIBIIBIFRI, OpTallla THIFBI3IBIFEL, Cy YCTay KaOUIeTI >KOHE epiITiHII
KocranapelHbiH KadaTTeuibirbl MEMCT 58767 [73] coiikec aHbIkTanmraH. EpiTini
KOCMajapblHaaFrbl TapThulFaH ayaHblH kesemi MEMCT 10181 [62] OotibiHia
aHbIKTANIBI. JKaHa maibIHAAIFaH epiTiHAl KOCTaJapblHBIH TEeMIIepaTypachl Kocrara
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KeMiHAE 5 CM TepeHJIKKe OaThIpbUIFaH Ke3J¢ TEPMOMETPMEH OJIIIey >KOJIBIMEH
aHbIKTaNIbl 40x40x160MM  emmmeMai TPU3MATHKAIBIK YATUIEpJE HITy Ke3iHACTi
CO3bLTy OEpIKTIT, KaThIll KaJfaH epITIHAUIEPIH as3fa Te3IMJIUINIT MEH opTalia
TeIFbI3IBIFEI MEMCT 58767 [73] cotikec 10x10x10 cm emmmemMal yiri-Tekiienepe
anpiktasiran, lerynin nedopmarmsiappt MEMCT 24544 [74] cotikec 40x40x160
eJIIIeM/T1 TIPU3MATHKANIBIK YATUIep/ie aHbIKTaaFaH. EpiTiHII KocanapbIHbIH cy 061yiH
MEMCT 10181 [62] GoiibiHIIIa aHBIKTAFaH.

2.4 ¥Ycak TyiipwikTi OeroHaapabl xdHe 3D-0achin mbIFapy dgiciMeH
aJIbIHFaH 0eTOHIApABI 3epTTey dAicTepi

Yarinepai naiieianay J1.Cepikbaes ateianars! [brpic KazakcTan TEXHUKAIBIK
YHUBEPCUTETIHAC OpHaThuTFaH S-6045 mapkanel 3D-mpuaTepne (cyper 2.8) xysere
aChIPBUI/IBI.

Cypert 2.8 - S-6045 mapkans! Kypsiabic 3D-nipunTepi: 1 - Oacma 6ackl, 2 - Tuey
OyHKep1, 3 - KeJAeHEeH KO3FalbIlC MexaHu3Ml, 4 - 3D npuHTep pamacsl, 5 - JalbIH
OHIM

S-6045 wmopmenmi  S-6043 mnatdopmachiHbIH  0a3achlHIA  O3ipJeHTEH S
CEPUSICHIHBIH KETULIIPIITEH HYCKACHI OOJIBIM Ta0bLIA b,

byn 3D mpuHTEep KYpbhUIBIC MaTepHalIapbl TEXHOJOTHSICHI, COYJET, AU3AH
CaJaChIHJIAFbl TIEPCTIEKTUBAJIBIK OAFBITTAP/IbI IAMBITY MYMKIH/IITIH KAMTaMachI3 €TeIl.
Kenemai 6acnia OYpeIH oJapabl Kacay SKOHOMHKAJIBIK TYPFBIJIAH THIMIII OOJTYHI YIIIIH
TBIM KYPJIETI IeTl ecenTeNreH OyHbIMIappl OHAIpyTre MYMKIHIIK Oepeni [41].

[TpunTep S-6045 S-6043 HeriziHzme 931pJIGHTeH S CEPUSIIBI MIAFbIH (OPMATTHI
NPUHTEPIEPAIH KETUIIPIITEH MOJENl KypaMbl OOMBIHILIA OpTYpil OETOHIApMEH,
oHbIH 1miHAe 500 cepusiibl HEMEHT HET131HAEr CTaHAApTThl KYpaMIapMeH, SSiFHU Ke3
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KEJTeH KYPBUIBIC HApPBIFBIHIA EPKIH CaThUIbIMIA OOMYBIMEH XOHE MUHEPAJIBIK
Kocrayiap MeH puOpyJIb/Ii Kocraiap bl naijaJanyFa MYMKIHIIK Oepei.

Eypomanbik eHmipicTeri NpUHTEpPre apHalfaH KUBIHTBIKTAP (PENbCTIK
OaFbITTAFBIIITAD KOHE KAJaMIbIK KO3FAITKBILITAD).

Heri3ri >KUbIHTBIKTa IPUHTEP TYPJII KYpaMMEH OACHIT LIbIFAPYFa €CENTENTeH YII
Oacna 6acTapbIMEH a0 IbIKTaIFaH.

JKUBIHTBIKKA €PITIH/II apallaCThIPFBIII )KOHE KOFAPhI KBICKIM/IBI KYY Kipe/l.

Heri3ri >KMBIHTBIKTA IPUHTEP TYPII1 KYpaMMEH OacChII IIbIFApyFa €CEeNTENreH YIII
Oacria OacTtapbiMeH >kaOAbIKTanFaH. JKUBIHTBIKKA €pITIHII apajacTBIPFBIII >KOHE
KOFapbI KbICBIMBI KYY Kipe/i.

S-6045 xypeuieic puHTEpi 400-500 ceprsUTbI IEMEHT HETI31HIIe CTaHAAPTThI
KypamMaapMeH OachIll IIbIFapajabl, SIFHA Ke3 KENTeH KYPBUIBIC HApPBIFBIHIA HEMece
JTYKEHJIE CaThIIl altyFa 00abl.

Munepannbl Kocnaigap MeH (QuOpynbll Kocmajlapabl KOJJaaHyra OoJaibl.
[lafimanany >KeHIHJIETl HYCKayJbIKTa KOCHajapfa apHalfaH TEeXHOJOTHSIIBIK
periamentTep Oap [42].

beronmapabiy oprama TeIFRIBALIFEI ['OCT 12730.1-78 [75] OoiibiHia
AHBIKTAJIIbI.

beronmapasiy keyektimik kepcetkimrepi ['OCT 12730.4-78 [76] «beronnap.
KeyekTilik KopceTKIITEPiH aHBIKTAY dICTEPI.

beronmapaeiy cy cinipyi MEMCT 12730.3-2020 omictemeci OolbIHIIA
aHBIKTAIBI [77].

beronmapapiy copOrusuIbIK bUIFAIABLTBIFl MEMCT 12852.6-77 [78] OolibiHina
aHBIKTANbl. ¥ CaK TYMIPIIKTI O€TOHAAPAbI UIO KOHE KbICY Ke31HJAer! OepiKTiK IIeri
MEMCT 5802-86 [79] OotibiHIa anbikTanFas. exmemaepi 40 x 40 x 160 mm yri-
apKaJbIKTapJa >KOHE WUIyre ChlHAyJaH KeWIH aJblHFaH YiTi-npu3ManapbiH
)apteicbiHaa TuiciHmre. CeiHakTtap WII-100, WII-1000-0 >xone MWM-100 cwiHak
MalTuHATapbIH Maiganana OThIPBII KYPTi3UIIl.

3epTTeneTiH ycak TYHIPUIIKTI OETOHJapFa KaThICTBI OCHI JICTEMEHI KOJIJIaHy
OJIapJbIH KYpaMbIHJIa 1p1 TOATBIPFBIIITHIH (MeJIIepi 5 MM-JIeH actaM) OoaMayblHa
OaiimanbicThl, Oy 10180-2012 MEMCT [80] periaMeHTTereH yiriiepMeH
CAJIBICTRIpFaHAA KIMIPEHUTUIreH emeMaep YATUIEpIH KacayFa MYMKIHAIK Oepei.
bynan Oacka KeslenreH eJmeMaep/iH Oakpliay VATUIEPIH KaJiblliTay KaOaTThl
skcTpy3ust (3D-0acma) omiciMeH MaTepuaiiapibl JalblHIAy Ke31HAE KUBIHIBIK
TYFbI3a]IbI.

DeKmpoHObIK-MUKPOCKONUSNBIK MAOAY HCYP2i3y a0icmemeci.

Bacein mibiFapeuiFan 0€TOH YATUIEPIHIH MUKPOCTPYKTypackiH 3eprrey JEOL
(JSM  cepusicbl) DJIGKTPOHIBIK MHUKPOCKOIIBIH TalJaliaHa OTBIPBIIT  PACTPIIBIK
ANEKTPOHIBIK MUKpocKonust (POM) oniciMeH opbIHAANIBL. 3epTTey YUIIH YIATIepl
HOPMATHUBTIK KAaTal >KachlHA JKETKCHHEH KeWiH OachbulFaH OyHbIMAapJaH IpIKTem
annpl. YATiepal JablHaay [MEMEHT TacTapbIHbIH (Da3ablK )KOHE KYPBUIBIMIIBIK JKaii-
KYHiHIH e3repyiH Oonasipmay MakcaTeiHna 50-60 °C xorapel eMec Temmeparypaaa
TYPAKThI Maccara JACHiH KeNTIpy/li KaMTHIbI.

Pezpeccusnvix mooenvoey dxcane skcnepumeHmmix oepexmepoi OHMatliaHobIPY.
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Perpeccusiiblk MOJENbICY JKOHE SKCIEPUMEHTTIK JEPEKTEP/l OHTAMIAHIBIPY
Python GarnmapiamManbIK OpTachiH MaigaaHy apKbUIbl JKYPri3UIreH 3KCIIePUMEHTTIK
3epTTeyJIepAIH HOTHKEIEePl HET131H1e OphIHAAAbL. [lepekTepi CTaTUCTUKAIIBIK OHICY
JKOHE alMPOKCUMAIMSIBIK TOYCNIUTIKTEPAl KYpy VIUIIH PpPErpeccusUIblK Talaay
oficTepiH  ICK€  achIpaThlH  cement-app-stats.streamlit.app  BEO-KOCHIMIIIACHI
KOJITAHBLIIBI.

3D b6acna yneinepiniy kepHey-oepopmayusiianHean KyuiH caHoblk MOOenboey.

3D-0Oacria  yarinepiHiH —KepHEy-nepopManusiiaHFaH — JKal-KyHiH — CaHIBIK
MOJIETIb/ICY KEpHeylep MeH aeopManusuiapAblH TapaldyblH Taujnay, COHAal-aK
MaTepuas bl Oy3pUTybIHA COMKEC KeNeTIH IIeKTI IKYKTeMeNepHAi aHBIKTay
MaKCaThIH/Ia OPBIHIAJIIBI.

Monensney ANSYS OarnapnaManbik KEIIeHIH MaiiiagaHa OThIPHIIN, TYIKITIKTI
AIIEMEHTTEpP OSICIMEH JKY3€re achIpbUIAbl. YJITUIEPAIH T€OMETPHUSUIBIK  YJruiepl
OachUTFaH AJIEMEHTTEPJIH HaKThl eJeMJepl HeriziHae xacaunasl. Ecenrepne
3epTXaHAIBIK CBhIHAKTap OAapbIChIHIA allbIHFaH MAaTePUANIbIH JIKCIIEPUMEHTTIK
aHBIKTAIFaH (QU3UKAIBIK-MEXaHUKAJIBIK CUIIaTTaMalaphl Mai1anaHbUIIb.

BeJiiMm 00MbIHIIIA KOPBITHIH/BI

3eprreyne KOoJJaHbUIFaH OacTanKbl MaTepuangapblH (U3HKA-MEXaHUKAIBIK,
XUMUSUIIBIK JKOHE MUHEPAJIOTUSIIBIK KACUETTEPIH aHbIKTayFa apHAJIFaH ChIHAK 9/1iCTepl
KOJITAaHBICTAaFhl MEMJICKETTIK CTAaHAAPTTAp MEH HOPMATHBTIK KyXKaTTap TaJanTapbiHA
ColiKeC TaHJaJAbl, OYJI aJIbIHFaH HOTIKEJIEPIH CEHIMIUTITT MEH KalTaJaHFbIIIThIFbIH
KamMTaMachbI3 €TTi.

3eprreynep yurH kKohganeuiraH «PROFI CEM 450+» mnopTianaiieMeHTi
JKOFapbl  TUJPABJIMKAJIBIK  OCJICEHAUININIMEH  CUINATTANaThIHBI  aHBIKTAJJbI.
Pentrendasaiblk Tajiay HOTHXKEIEP] IEMEHT KYPaMbIH/Ia alTuT, OCIUT KoHE KaJIbIUI
ATFOMUHATTAPBI CEKUJIII HET13T1 KIMHKEPIIK MUHEpaIapAblH OachiM €KEHIH KOPCETTI,
OYJ1 OHBIH JKOFaphl OEPIKTIK KACUETTEPIH KAMTaMachI3 €Te/Il.

¥cakTasifaH KYMHBIH TPaHYJIOMETPUSIIBIK Kypambl, IPUTIK MOIYJl KoHE
MeHIIiKTi 6eTi 3D-0ackin mblFapyra apHaIFaH YCaK TYHIPIIKTI O€TOH KypaMmIapbiHia
TOJITBIPFBIII PETIHE KOJJIAHYFA KapaM bl €KSH T aHBIKTaJIbI.

Ockemen KOO kyn YHIHAICIHIH 2-aliMarbIHIIAFbl KYJI-KOXXK MaTepHaIIbI
HET131HEeH KBapIl IeH MYJUIMTTEH TYPATHIHBI aHBIKTaNIbI. OHBIH CaJTbICTHIPMAJIBI TYPC
TOMEH MEHILIIKTI O0€TI MEH MHEPTTI MUHEPANJbIK KYpaMbl OHbI YCaK TOJITBHIPFBILITHI
1IIiHapa aaMacThIpaThlH KOMIOHEHT PETIH/E NaiJananyra MYMKIHIIK Oepei.

Kyn yitinaicinig 4-aliMarbIHAAFbl YCAK AMCHEPCTI KYJIIH OFapbhl MEHIIIKTI
oetke (2700 cMm?/r) XKoHE >KETKUTIKTI MYIIOJAHABIK OEJICEeHTIKKE He EeKCeHJIr
aHbIKTANbl. PenTrendaszanblk Tanjgay OHBIH KYpaMblHJIa peakiusra KaOuleTTi
aMmopdThl MIBIHBI (a3aHblH 0ap €KEeHIH KepceTTi, Oy Marepuaiabl OeJIceH i
MUHEPAJJIBIK KOCTIa PETIHAE KOJIIAHYABIH OPBIHABLIBIFBIH TSI ICH/I.

3D-06acein mibIFapyfra apHanFaH OeTOH KypamaapbiHaa Oa3anbT (QuOpackiH
naijanany KaOaTTapAblH OCpIKTITIH, MIIIH TYPAKTBUIBIFBIH JKOHE KOCIAHBIH
AKCTPY3UsTIaHy KaOUIETIH apTThIpyFa MYMKIHAIK Oepe/i.
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3 KYJ - KOX MATEPHAJBIH KEIIEHII 3EPTTEY JKOHE
OJIAPJBI KOJJIAHY

3.1 OckeMeH KanaacbIHbIH /KO KYJI-KO0XK KAJABIKTAPBIH KYJ YHiHAICIHIE
KAJBINTACTBIPY ’KOHE OPHAJIACTBIPY.

[M'uapaBauKanbIK oOKeTy Ke3iHJe KYJJIIH TYHIPIIK KypaMbl KYOBIPABIH IIBIFY
TeCIriHe JEWIHT1 KAIIBIKTBIKKA TiKeJIeH Toyenmi. byl CYHBIKTBIK KO3FaJIBICHI
KBUITAMIBIFEIHBIH TEPEHIIIK OOMBIHINA TapadybIMEH OalJIaHBICTHI, OJ JOTapuPMIIK
3aHFa COMKeC e3repelli: eH TOMEH KbUIIaMIbIK TYOiHae Oailkamasbl, all €H >KOFaphl
KBUTTAMIBIK THIPABIUKAIBIK OKETY/IIH MIAWBIHIL apHAIaphl MEH KYJ YHIHIICpiHIH
Oetinae OalKamaipl.

['unpaBnuKaiblK aFbIHHBIH 9pOip KaldaThl Kypambl OIpKENKlI eMec KalKbIMa
OOMNIIeKTEpAIH OPTYpJl MeJepiH TachiMandaabl. TaceiManmay OapbIChIHIA
30JI01IIJIaK MyJIbIACHIHBIH (DPAKIMUIAHYBI )KYPEeAl — OeIIeKTepIiH 1piIiri OOHbIHIIA
714, OJIApJIbIH MUHEPAIOTUSUIIBIK KypaMbl MeH Mopdosiorusicel 6oiibiHIna 1a. [TyapnaHsl
TOTY Ke3lHJe OONIIEeKTEepAiH  THIFBI3ABIFEI MEH IIOry >KbULIAaMJIbIFbIHBIH
allplpMallbUIbIFbIHA ~ OalaHbBICThl  cTpaTuduUKanus  OalKanaabl, Oy  alKbIH
IPaHYJIOMETPHUSIIBIK KOHE MUHEPAJIOTHSIIBIK KIKTENyl 6ap OIpTEeKTI eMec 30JI0ILIaK
KOCITAaChIHBIH TYy3unyiHe okeneni [81],[82].

[Tynmpmanel TOTy HYKTECIHEH albICTaFaH CalbIH MIBIFAPBUIATHIH KYJACTI aybIp
MUHEpAIapAbIH (MarHETUT TIEH TEMATUTTIH) MOJIIIEPI a3asabl, ajl )KEHUJI MUHEpaJaap
MEH IITBIHBI CHIHBIKTAPBIHBIH (KBApII, JaJIa MITATHI, MIEIHBI) Memepi apTaabl. OckIFaH
OailyIaHBICTBI 30JIOTOOTBAJl ayMarbl MIAPTTHI Typae 4 aiimakka Oeminemt (3.1-
cyper)[83]. bipinmi (kyJ - KO’k TOTUIETIH OPBIHFA CH JKaKbIH) allMaKTa KYJIJIiH €H aybIp
JKOHE 1p1 OeJmiekTepl >KMHaAIaAbl, €KIHIN aiMaKTa — XKEHUIIPEK XOHE YcaKTay
OeeKkTep, OChUIAMIIA TOPTIHINI aliMaKKa JeHiH >Kajmracanbl. TepTiHIN aiMakTa
yHiHIIHIH OapibIK 4 aiiMarbIHaH OTII YJIrepreH KyJ Maccachl sxuHanaasl (Kecre 3.1)

[84].

IV AUMAK Il AMMAK Il AUMAK | AMMAK

Cyper 3.1 — Ockemen KOO Ne2 kyn yHiHIICIH KYJIIIH HU3UKA-MEXaHUKAIBIK
cunaTTamaiapbiHa OaiIaHBICTBI alMaKTapra 06Ty ChI30achl
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Kecre 3.1 — Kynaiy aiimakTtap 60ibIHIIA (U3HKa-MEXaHUKAJIBIK CUMIaTTaMalIaphl

Kyn Yiiaai Haxkrtel Meunmrikri JRRESsseS, Kp131p1py
YHIHAICIHIH TBIFBI3ABIK, | TBIFBI3OBIK, | Oeri, cM?/T (azachIHBIH Ke31Herl
afiMarbl Kr/m3 r/cm? Mmenmepi, % MacCaHbIH
xKoranysl, %

I 700-800 2,8-2,85 3000-4000 40-50 7,0-11,0

I 600-700 2,7-2,85 3000-4500 50-60 3,8-9,0

Il 500-600 2,6-2,75 3000-3500 60-75 0,78-1,53
v 350-500 2,53-2,6 2700-3000 75-93 0,64-0,98

Ockemen KOO0 kyii kapa-cyp TYCTi, OOpIBUIIAK MaTepHasl OOJIBIT TaObLIAIbI,
OJ1 a3 MeJIIeperi KBapl KYMBbI, TeMIp >KOHE KaJbI[Mil KOCBUIBICTaphl Oap cas3ibl
KYHaipy eHiMmi. OpraHukanblK 3aTTapAblH €19ylp MeduepAe 0oyblHa OailsIaHbICThI
KYJI TOJIBIK KYHMEreH %&oHe MUKPOCKOI apKbUIbI IepiK Oaiikanmaiiasl. OpraHuKaibiK
3aTTapAblH OoJyblHA OailmaHbICTBI Kyiai (azanapra Oedy KUBIH OoOJIFaHABIKTaH,
3eprreneti yaruiep 400-600°C temmiepaTypajza TEpMUSIIBIK OHACYIEH OTKIZUIII.

Kynaig kypaMbl 1ocTypdii Typje yiI Herisri ga3ara OetiHeIl — IIBIHBITOPI3I1
(BUTPEYCTHI), KPUCTAIBIK KOHE OPTraHUKAIIbIK. OpPKaNChICHl MaTepuaiblH (hU3uKa-
XUMUSUIBIK KACUETTEPIH, TEXHOJOTUSIIBIK YI€PICTEPIET] MIHE3-KYJIKBIH, YKOJIOTHUSIIBIK
OCEpiH JKOHE CAaHUTAPJIBIK CUITATTaMaJIAPhIH AHBIKTANTbI.

[epiTopizai  (BUTpeycThl) (a3a OaNKBITBUIFAH MUHEPAIIApAbIH — TeE3
CaJIKbIH/Iaybl HOTHXKECIHAE TY31IETIH aMOP(ThI AIIFOMOCHIIUKATTapIaH TYPaibl, COHbIH
calIapblHaH MaTepran KYPbUIBIMBIH/IA JIBIC PETTiTIK OonMaiiabl. by mexannsm [85]
eHOEKTEpIH/IE KaH-KAKThl CUIMIATTAJFaH, OHJA YIIIa KYJJEr! IBIHBITIPI3/A1 Kypamaac
OOJIIKTIH KYJ/IIH pEeaKIUsUIbIK KaOlIeTiHe KoHe O0allKy epeKIeNIKTEepiHe MICIIyI acep
€TEeTIHI KOPCETUIrEH.

[ erapITop131 (ha3aHbIH €19Y1p YJIecl BYJKaHABIK KYJIA€ A€ Ke3Aece/l, MyH/1a Ol
O6JIIEeKTEP 1IH THIFBI3BIFBIH, OJIAPJBIH a’pOJNHAMHUKAIIBIK KACHETTEPIH, COHIaN-aK
aTMOC(epalibIK YIepicTep MEH KIMMATTBIK IapaMeTpiiepre ocep ery KabileTiH
aHBIKTaWapl. ByJIKaHABIK IIBIHBI KOCBIHABLIAPHI [86] eHOeKTe IKaH-)KAKThI
CUTIATTaJIFaH.

Kpucranapik ¢aza perrenreH KpucTaaablK TOpbl 6ap MUHEpaiaapAbl KaMTHIbI,
OJIapJbIH 1IIIHAEC €H KUl Ke3JCeCEeTIHAepl — KBapIl, Jlaja IINaTrTapbl *KoHE JpTYpJii
MeTaul okcuarepi. byn muHepammap OankeIManapblH CajdKbIHAAYbl Ke31HIE €,
YKOFapbl TEMIIEpaTypajbl peakiusiiap OapbicbiHaa Aa Ty3uieal. Kpucranasik a3zaHbiH
MaHBI3IbUIBIFBI, MBICAJIBI, aTMOC(hepamarbl My3 TY3i1y yaepictepinge [87] xoHe OHbIH
aBTOPJIAPBIHBIH EHOEKTEepiHAe aTam OTUIreH, OHJa Jaja IInaTTapblHbIH MY3
HYKJICAIUSCIHBIH OPTAJIBIFbI PETIHJIE AKOFAPhl OCJICEHIUTIKKE Ue €KeHI KOPCETIITEH.

BynkauabIk misiFapsiaipuiapaa Oy daszachkiHia KpUcTaagaHy apKbUlbl TY31JIETIH
JKOHE JKOFaphbl OMOJIOTHSUIBIK OEJICEHMUIIKKE M€ KPUCTOOATUT T€ KEHIHEH TapajraH
[88].

Opranukanplk ¢aza HeriziHeH Oumomacca KyJjaepiHe >KoHE KypaMbIHIa
OpraHUKaJBIK 3aTTapbl 0ap 6acka MaTepuangapra ToH. Ol KOMIPTEKTI KOCHLIBICTAP/IBI,
TOJBIK >KaHOaraH KaJIbIKTapibl, COHJAN-aK KYJIIH pEeaKkIHsIBIK KaOlIeTiHe, OHBIH
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HKOJIOTUSIIBIK KaCHETTEpiHEe, MIBIFAPBIHBLIIAP KE31HAETI KOMIPTEKTIH MiHE3-KYJIKbIHA
JKOHE TONBIPAKTAPMEH ©3apa OpEKETTECYIHE ocep €Te ajaThlH (YHKIHOHAJIBIK
TonTap/bl KaMmTuabl. by OarbiT Oipkarap OHOreOXMMHSUIBIK —3€pTTeyJiepiae
KapacTeIpbUIFan [89].

Kyn ynrinepiH MUKpOCKON apKbUIbl 3€pTTEy, COHAAN-aK TEPMUSIIBIK Tajaay
nepektepi Kyl KypambiHaa 70-80%-ra nmeiiiH mibIHBI (pa3achlHBIH OAachiM EKEHIH
kepceTTi. O capbl, KOHBIP, Kapa *oHE TYCC13 HIBIHBI TYPIH/ET] IOHTEJIEK KOHE KbIPIIbI
OenmiekTep KyHiHIE Ke3Aecell, OJIapAblH ChIHY KOPCETKINI 3aTThIH XUMHSIIBIK
KypambiHa OaimanbeicThl N = 1,564; 1,635 xxone 1,700 monaepine ue.

['a3 ¢azackiMeH TONTHIpbUIFAH Kyile Topi3mli »xaHOal KalFaH KeMipTeK
KYBICTapBIHBIH O0JTybIHA OailIaHBICTRI aMOp(TaHFaH ca3lbl 3aT OOJIIEKTepl Cyp-Kapa
TyCcKe OosmraH xoHe Meyaip emec Oonanel. Kyn kypameiama 10—15% memmepine
KBapll, Jajia MIaTTapbl )KoHe T.0. MUHEpaJIIapAblH TYHIpiepl TYPIHAETT KPUCTAIIbIK
daza Oalikanapbl.

[anTopizai KyJaepae opTypiil OIPTEKTUIIK JAOpekeciHe He arperarrajiraf
OemmexTep ke3gecemi. KayinTi OOnbIll OpTEKTI MHUKpOOOJIIeKTepAiH Oip-OipiMeH
YKAHACKIM, ©3apa OaJKbIN OIpiryl HOTHXKECIHJIE TY3UIT€H arperarrap caHaiajbl. by
IpOLECKE TeMIlepaTypa MeH OeJIEeKTepAiH XUMHUSIIBIK Kypambl acep erenl. XKorapsl
TeMIiepaTypajap OeJIeKTep/liH Ka0bIChII, 1pl arperarTapAblH TY3UTyiH KylIenTel,
OYJ1 AKOJOTHSUIBIK KaFIaiIbl HaIlapaaThil, OJapbl YCTay MPOIECIiH KUBbIHIATAIbI
[90],[91] .

Korapsr TeMIeparypaiap OeJIeKTEPAIH 0eTki KabaTTapbIHBIH
OeJICeHIIPUTY1HE KOHE PHEPIrEeTUKANBIK TOCKAYbUIAAPIbIH TOMEHEYIHE BIKIAN €TEel,
COHBIH HOTIIKECIHJAE OeimiekrepaiH Oipirim, ipi aromeparrap Ty3yi xypeni [92].
MyHpaii arperarrap 0actankbl OeILIEKTEPMEH CaJbICThIPFaHa AUCIEPCTUIITT TOMEH,
TBIFBI3JIBIFBI JKOFapbl KOHE a’pOJAMHAMHUKAJIBIK KACHETTepl e3remie Oosanbl, Oy
OJIap/bl YCTay bl KUBIHIATHIM, KYJI IIOT1HIIIEPIHIH KEPTTIKTI KOHIIEHTPAIUSCHIHBIH
apTybIHA OKETyl MyMKIH.

OJicTep IIAHTOPI3AI KYJIIH KACHETTepIH Tajjay MEH OHTallIaHIbIpyFa
KEIIIeH/ I TOCUI/II KaMTaMachI3 e€Te/Il, ajlaifia OpTypJil SJICTEP apachIHIAFhI MIEKTEYIIep
MEH BIKTHMaJI albIpMaIbUIBIKTAP/Ibl €CKepy MaHbI3bl. Mbicaisl, X-ray fluorescence
(XRF) omicinmeri matpunansik acepiep xoHe Inductively coupled plasma optical
emission spectrometry (ICP-OES) ke3inje yiriiepaiH TOJNBIK epiMeyi HOTHKEIePaiH
JOJIITIHE 3Cep €Tyl MYMKIH.

CoHbBIMEH KaTap, 9J1ICTI TaHJIay HAKThI KOJIJIaHY cajachlHa KOHE KYJIIIH KaKeTTi
KacueTTepine OainmanpicThl o3repyi MyMmKkiH [93]. Byn epekmenikrepiai TyciHy
OeplireH Kafaai yIIiH eH KoJaiabl oHIey 9AICTEepIH TaHaayAa ISyl MOHTE He.

Kynain Herisri Qu3uKanblK KacHETTEpiHE MbIHAJAP JKaTajbl: THIFBI3/IBIK,
KOJIEMJIK Macca, MUKPOKEYEKTUIIK, AUCHEPCTUIIK, Cy KaXKETTLIIr1. 3epTTeNeTiH KYIAiH
cunaTTamanapsl 3.2-KecTeie KeATipiireH.

3epTTeneTiH KYJIIiH MBIHBITIPI3A1 (Pa3ackl OIPTEKTI €MeC JKOHE IIBIHBIHBIH €Ki
TYpIMEH cUmaTTalajbl: Tycci3 (KapbhIK cbiHy Kepcetkimi n = 1,540...1,580) xone
enmmemi 0,5-107¢ M GosaThiH OaJKbIN JTOMaJTaHFaH MIAPUKTEP TYPIHIET] Caphbl, CUPEK
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XKarjaanaa capbl-KOHbIp IIBbIHBL. OHBIH TYCl TeMip OKCHAIHIH OOJybIHA OaiIaHBICTHI,
COHJIBIKTAH apbIK ChIHY KopceTKili )korapsipak — N = 1,600-1,630.

Kynain kpucTtanablk Oeiri OTBIHHBIH OpPTaHMKAJbIK KYpaMbIMEH Oipre »KypeTiH
Oactankpl ~MUHEpaNJapAaH, COHJaW-aKk >Kary TIpOILeCiHAe TY3UITeH JKaHa
Ty3UTnMAEpIeH Typaabl. HeriziHeH, Kyl KpUCTaIAbIK O6JIIriH KBapll, Jaja IIaThl,
MYJITUT, MarHETUT, TEMATUT, KPUCTOOATUT, KOPIUEPUT, TPUAUMUT KYPanIbI.

Ksapir kebGinece emmemi 30-250-10° M OomaTbiH Tycci3 HIAUOMOPQTHI
KPUCTAJUTUTTEP TYpiHAe Ke3aeceai. KBapuTeiH ycak TyHipiiepi )KUEKTepiHe iiHapa
Oankpirad. Jlaja mimatTapel OJMTOKIIA3 KOHE aHOPTHUT TYPIHIE Ke3mecerl, OJiapAblH
TyHipiepi a3 e3repicke ymiblparad. Kynne ere cupek keyekrep Oaiikamasibl, Kenze
y3bIHBIFRI 0,5 1076 M 1€iiiH j)KeTeTiH HYKTENIK K9HE UHE TPI3/1 MYJUTUT KpUCTaJAaphl
ke3aeceni. KapOoHarTrap KajabIUT MEH AOJOMHTTIH TYCCi3 YCaK Ty3UTiMaepi TypiHae,
onmemMi 40-107¢ M neitin 6osiaibl. MarHeTUT MEH FEMATUT KU1 KbI3bUI-KOHBIP JKOHE
Kapa TYCTI JeHreleK MIOFbIpiap Tysenl. Kpucrobanur ere cupek Kesmecell >KOHe
yCaKTaJFaH KBapI| TYHIpJIEPiHiH ailHAIAChIHIA )KUEK TYpiHe OaiKanaabl.

AMopdTel amomocunukaTThl arperartap (10—70% apanbIFbiHAa) KPUCTANIBIK
JKOHE IIBIHBITOPI3/Il 3aTTap TONTAPBIHBIH apachlHAa apajblK OpPBIH ajajbl KOHE
KYypaMbIHJ1a KpEMHUI MeJIIIEpP1 >KOFaphl, ChIHY KepceTkiln opTama 1,570 xoHe ToMeH
1,510 GonaThIH ycak auCIepcTi 3aTTaH Typajsl. Onap KaOJWHUTKE >KaTaJbl.

3.2 KyJa yHiHOicCiHIH 2-aiiMarbIHAAFbl OpTamia (Pakuusiibl YCAKTAJFaH
KYM/bI aJIMACTBIPYABIH LEMEHT-KYM epiTIHALIePiHiH KacueTTepine dcepi.

BipKOMIOHEHTTI TONTBHIPFBINI PETIH/E KOJIAHBUIATHIH KYJI - KO KOCHAChIHBIH
Kypambiaaa kyn (¢ppaxuuscel 0,315 mm-gen kimi) 20-50% apanbiFbiHaa OOy
MYMKiH. Erep Kocnagarsl KyJl MeIIepi OChl MEKTEPICH achIll KeTCe, OHBIH KypaMbIH
TY3€Ty KaXXeT. 30JIONUIaK KOCMAChIH IUIAK MEH KYJJII apajacThIpy apKbUIbl ajiFaH
Ke3/le, KOCMaJarbl Kyl MeJjmepiH macca OoibiHma 20% paeHreiinme KaObLimay
YCBHIHBLIA/IbI.

Kyn - Kox KocmaceIHIaFbl ©JIIEMI 5 MM-JI€H YJIKEH IUIaK (paKIMsIChIHBIH
Meutepl (MyHaai TyuipaepaiH a3 OoiyblHa OailsIaHBICThI) OCTOHHBIH OEPIKTITIHE
alTapibIKTal ocep ETIEeH Il )KOHE OHBI MIHJETTI TYpAe OaKpliaMayra 00Jabl.

Ky - Ko Kocmachl Heri31HAeT1 TOATHIPFBIIIIEH OCTOH KOCTIAChIH JaibIHIAY/TbI
C-773, C-357 tunti MoxOYypJ1 apanacTeipreiTapaa Hemece CM-289, C-209 xone C-
290 TunTi Kajnakiiajgbl €piTiHAI-OETOH apanacThIpFBIITApAA KYPri3y YCHIHBUIAbI.
ApanacTelpy Y3aKTBIFbl  apajacTBIPFBIIITHIH  CHIMBIMIBUIBIFBI  MEH KOCIaHBIH
KATTBUIBIFbIHA OalIaHBICTHI 3—5 MUHYT apasibIFbIH/Ia OOJTYHI THIC.

[lemeHT-KYM epiTiHAUIEpIH AaiibiHaay ke3ipae Ockemen KOO No2 kyn
YHIHICIHIH 2-aliMaFbIHAH aJIbIHFAH KYJI MaiJaTaHbLIIb.

IHemeHT-KyM epiTiHIicI KypaMmaac OeKTepAiH abCOMIOTTIK KejeMi Heri3iHae
JaubIHIAIIBIL.

[lemenT medmiepi 6apabIK Kocmanap YiiH OipAei OOJabl, aja 30J0MIIaK YCaK
TOJITBIPFBINI PETIHAE YCAKTaJFaH KYMIbI 1ITIHApa aJMacThIpy YIIH KOJIAHBUIIHI.
30JI0MIITIAKTHIH, JKaJITBI MOJIIIEP] YCaKTaIFaH KYMHBIH KaJmbl MaccachiHbiH 10%-1aH
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50%-ra peitin e3repin OTHIpABL. 3.3-KecTene TOpT KOCHAHBIH MPOHOPLHSIIAPHI
KEJITIP1JITEH.

Kecte 3.3 — 1 M® ieMeHT-KyM €pITIHICIH apajlacThIPy MPONOPpIHsIaphl

Kypamsi Ilemenrt, kr/m3 | Kyn - KOXK | ¥HTakTtanran KyM, | Cy, 1
(yHTaKTaaTaIFaH (dpaxumscer 0,315 — | kr/m3

KYMIBI  Kydl — 0,16) xr/m®

KOXKOCH

aJIMacThIPy)

0% 594 0 1367 200
10% 594 136,7 1230,3 202
20% 594 273,4 1093,6 210
30% 594 410,1 956,9 218
40% 594 546,8 820,2 223
50% 594 683,5 683,5 237

EpiTiHal  KOCHACBHIHBIH ~ KO3FANFBIMITHIFBI  MEH  THIFBI3ABIFBL.  EpiTiHAl
KOCIIAChIHBIH KO3FAJIFBIIITHIFBl KOHYCTBI OaThIpy ofiCIMEH aHbIKTaNbl. ChIHAK
TOPU30HTAJIb OE€TKE OPHATHUIFAH CTAHIAPTTHI KYpPaJAblH KOMeTiMeH Kyprizuial. blasic
epITIH/1 KOCIAChIMEH TONTBIPBUIBIN, KEHIH IITHIKTAY KOHE KEHIJ COKKbLIAY apKbLIbl
TeIFbI3NAMABL.  Kypan anaHplHa oOpHAaTKaHHAH KeliH KOHyC Kocra OeTiMeH
YKAHACTBIPBLIBIN, EPKiH 0aTy yIiniH 6ocaThuiasl [94]. KoHyCThIH OaTy TepeHIIIT ChIHAK
OactanraHHaH KeiiH 1 MUHYT ©TKEH COH IIKaJIa KOPCETKIMITEPiHIH albIpMachl pEeTIH]IE
1 MM monaikiieH aHbIKTaabl. ChIHAK KYPridy mporieci 3.2 cypeTTe KopCeTiITreH.

Cyper 3.2 — EpiTiH/i KOCTIACBIHBIH KO3FAJIFBIIITHIFBIH KOHYCTBI OaThIpY
OMICIMEH aHBIKTAY

EpiTinal KocmachIHBIH oOpTalia THIFBI3ABIFEI OCNTUIl KeJeMi Oap eJmeyimn
BIJIBICTBI Tapa3bliay ofiCiMeH aHBIKTANbl. ChIHAK aJJBIHIA OJIIEYIIT BIABIC aJABIH
ayia eJIIeH/ I, COAaH KEeHIH O epiTiHIl KOCTIAChIMEH TOJITHIPBUIBII, IITHIKTAY YKOHE
JKEHIJT COKKBUIAY apKbUIbl THIFBIB3AAIILL. KoCmaHbH apThIK O6Jiri aybIHBIN, OeTi
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TETICTENTeHHEH KEeWiH BIABIC KalTagaH emmeH 1i. EpiTiHaAl KOCTaChIHBIH ThIFbI3/bIFbI
KOCITaMEH TOJTBIPBUIFaH BIIBIC IIEH 00C BIABIC MacCajJapbIHbIH albIPMAChIH OJIIICYIII
BIIBICTBIH KOJIEMiHE 0671y apKbLIbl €CeTTel/I].

EpiTiaai KocmachIHBIH KO3FAJIFBIIITHIFEI MCH THIFBI3IBIFBIHBIH MOHACP 3.4-
KeCTe/e KeNTIPIITreH.

Kecte 3.3 — EpiTiHai KOCIAChIHBIH KO3FAFBIIITHIFI MEH THIFBI3IBIFBI

Cunarramacsl Epitiaai kocnacelHIaFel KyJ Memiepi, %o

0 10 20 30 40 50
Ko3raarbIIITHIFI, 7 7 6,7 6,7 6,6 6,3
cM
TeIFeI3OBIFEL, T/cM3 | 2,04 2,02 2,03 1,95 1,93 1,89

Kecrenen kepinrenaeit, kynai 50%-ra neliiH KOCy IEMEHT-KYM €piTiHAUIEPIHIH
OWJI KacHMEeTTEPiHIH ©3repyiHe alTapiblKTail ocep erneiiai. JlereHMeH, Kyl eHr13y/1iH
Oacrankel ke3eHiHAe (10%-ra aeiiH) KO3FaIFBIIMITHIK TYPaKThl CaKTajaaabl, ajl OHBIH
momepi 50%-ra neiiH apTKaH CalblH, €pITIHJI KOCHACHIHBIH KYPBUIBIMBIHBIH
e3repyiHe OalIaHBICTBI KO3FAJFBIIITHIKTBIH TOMEHACYl Oaiikamanbl. EpiTiHIiHIH
meryi 0,75—1 mm/m kypazsl. [lleryai aHbIKTAaUTBIH HET13r1 (paKkTopiiap — KOCHAHBIH
OacTankpl Cy MOJIIEP1 )KOHE IIEMEHT-KYJI KAMBIPBIHBIH KOJIEM/IIK KOHIIEHTPAIUSCHI.

AHBIKTaNIFaH TOYENIUTIKTEPAl KOPHEKI TYPAEC KOPCETY KOHE KYJI MOIIEPiHIH
EpITIH/1 KOCTIaJIAPBIHBIH TEXHOJIOTHSIIBIK KACUETTEPIHE 9CEp €Ty CUIAThlH HAKThLIAY
MakcaTbiHa 3.3 %oHe 3.4 cypeTTep/ie KO3FaIFBIIITHIK ITEH OpTallla ThIFbI3BIKTHIH KYIT
MOJIILIEPIHE TAYEALIIr KOPCETIITEH.

Oprawa TeiFbizgbiK, rfom?

0 10 20 30 40 50 60

Kyn - Ko menwepi, %

Cypert 3.3 — EpiTiHAl KOCIAChIHBIH OpTallla ThIFbI3bIFBIHBIH KYJI MOJIIIECPIHE
TOYEINILITIT]
3.3 CypeTTeH KepIHTeHJCH, epITiHAI KOCTachl KYPaMbBIHAAFbI KYJ MeJIepi
apTKaH CalibIH OHBIH OpTallla THIFBI3IBIFEIHBIH TOMEHICY1 OaliKanaabl. ThIFbI3ABIKTHIH
€H alKbIH TOMEHeY1 KyMIbl KyiMeH 30%-1aH apThIK alIMacThIpFaH/a Oaikanassl, Oyt
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yCaKTaJaFaH KYMMEH CaJbICTBIPFaH/a KYJ OOJIIEKTEePIHIH IIBIHAWBI THIFBI3IBIFBIHBIH
TOMEH/IITIMEH JKOHE KeYSKTUIIT1HIH )KOFaphl 00JIybIMEH OalIaHbICTHI.

7,1
7@ -
6,9
6,8
6,7 - @
6,6 -
6,5
6,4
6,3 -

6,2
0 10 20 30 40 50 60

KO3faNnfblWTbIfbl, CM

Kyn - Kox menwepi, %

Cyper 3.4 - EpiTiHail KOCIIACBIHBIH KO3FaJIFBIIITHIFBIHBIH KYJI MOJIILIEPIHE TOYEIIIIIT

Cypert 3.4 xepinreHjei, epiTiHIl KocnachbiHaarel Kya mMeumiepl 10%-ra neitin
OOJFaH/1a OHBIH KO3FaJIFBIIITHIFBI 1C XKY31HAE ©3repicci3 cakTabll, maMaMmed 7,0 cM
kypaiiapl. Kym ymeci 20-30%-ra neiiiH apTKaH Ke3[e KO3FAIFBIIITHIKTHIH a3/ar
TeMeH/iey1 Oalikanazapl, an kya memepi 40—-50% Oosiranaa OyJ1 KOPCETKIMITIH allKbIH
TemMeHen, 6,3 cM-Te AeiiH a3asaThIHbI AaHBIKTAJAIbI.

EpiTinai kocmachlHbIH KabaTrTacysl oHE Ccy ycray KabOuieti. Epitingi
KOCITaChIHBIH Ka0aTTacyblH jkoHE OIpTeKTLIIrH Oaranay yuriH yaruiep 10x10x10 MM
oJIIeM Il KyO MIMIIH/I KaJbllITapFa CalbIHBIN, KEHIH TBHIFBI3NAIBIN, | MUHYT OOWBI
BUOparusiIanabpl. BuOpanusanblK ocep/ieH KeliH YATUIep KOFapFbl >KOHE TOMEHTI
KabatTapra 0eJiH/I1, oJap 0aliIaHBICTBIPFBIIITHI AJIBIT TACTA OTHIPHII, BUIFAIJIBI €TIeY
oMiCIMEH OHJCTIN, KEHiH TONTBIPFBIII TypakThl Maccara paedin 105-110 °C
TeMmneparypaga KenTipiaai. TONTHIPFBIII  MaccachlHBIH — KabaTtap  OoWMbIHINA
CaJIBICTBIPBUTYBl  €pITIHA1 KOCHACBIHBIH KalarTacy JopexeciH Oaranay YILIH
KOJITaHBUIIBI.

EpiTinal xKocnacelHbIH Kabarracy kepceTkimi R, % BuOpanusuiblK ocepieH
KEWIH YJTIHIH JKOFapfbl )KOHE TOMEHT1 KaOaTTapblHJAAFbl TOJTBHIPFBILI MOJIIEpPIHIH
aiiplpMackl OOMBIHINA Kesiecl POopMyJIaMEeH aHBIKTAJI/IbI:

_|my — ma

R=———-=—.100
my -+ ms
MYHJa: M1 — YJTIHIH KOFapFbl KaOaTbIHAH OOJIHIN aJbIHFAH TOJTHIPFBIII
Maccachbl, I'; M2 — YATIHIH TOMEHI1 KaOaThlHaH OOJIIHIN aJbIHFAH TOJTHIPFHIII

Maccachl, I'. R kepceTkilliHiH MOHI HEFYPIIbIM XKOFaphl 00JICa, epITIH/lI KOCIAChIHBIH
KabaTTacy JIOpeKeci COFYpJbIM JKOFaphl JKOHE OHBIH OIPTEKTUIINl TOMEH
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6onanel. EpiTiHal KocnangapblHbIH KabaTTacy KOpPCETKIIIIH aHBIKTay HOTHXKenepi 3.5-
KecTeze skoHe TpadukaibiK Typae (3.6-CypeT) KenTipiireH.

Kectre 3.5 — Kynmin opTypii MeepiHzie epiTiHIAl KOCHaJapbiHBIH KabaTTacy

KOPCETKIIT

Kyn memmepi, % JKoraprel kaOatTarbl | Temenri kaOattarbl | KaGatTamy
TOJITBIPFBILITHIH TOJITBIPFBILITHIH kepcertkimmi R, %
Maccachl, T Maccachl, T

0 520 530 0,95

10 518 532 1,33

20 515 535 1,90

30 512 538 2,48

40 508 542 3,24

50 505 545 3,81

Kecrte 3.5 kepiHreHzeil, KyJ1 MeJIIEpiHIH apTybIMEH Ka0aTTacy KOpCeTKIIIIHIH
aznamn ecyi Oalikananpl, anaiiia OHbIH MOHIEP1 pYKcaT €TUITCH IIEKTEPAe Kaaabl.

Kyn Memnmepi apTkaH caiiblH KabaTTacy KOPCETKIIIIHIH ©3repy 3aHAbUIBIKTapbIH
aHBIKTAy MAKCAThIH/Ia ChIHAK HOTHKENEPi CypeT 3.5 KOpCeTIITeH.

4,2

2,8

2,1

14

0,7

Kabatrapsa beniHy kepcetkiwi R, %

10 15 20

23 30 35

Kyn - Ko menwepi, %

40 45 30

Cyper 3.5 — EpiTiHJll KOCIIaChIHBIH KabaTTacy KkepceTkim R-1iH Ky
MeJIIIEPIHE TOYEIALIIr

EpitiHal KocnackIHBIH Cy yCTay KaOuieTi OeNriIeHreH 9/licTeMere CoOlkec Cy3ri
Karas3bl apKbUIbI CY3y SJIICIMEH aHbIKTamabl. ChIHAKTAap KaJBIHJIBIFBI 12 MM OOJaThIH
epITIHAI KOcTmachl Ka0aThIHAA KYPTi3UIAl, O METa/UT CaKMHAFa KaJbIMTAJIbIMN, CY3Ti
(COpFBIIT) Kara3blH YCTIHE OPHATACTHIPBUIIHL.
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CerHak OacTasFanFa JCHiH Cy3Ti KaFra3bl aJl/IbIH ajla OJIIIeH/Il, COaH KeiiH OHBIH
YCTIHE JI9KE€ ToeceMi MeH MeTallyl cakuHa oOpHatbulabl. CakuHara MYKHUST
apayacThIPbUIFaH €PITIHAI KOCIACHI CalbIH/IbI, O€Tl TericTemin, yari 10 MUHYT OOiibI
YCTaJIbI.

Kynain optypai MemmepiHaeri epiTiHIl KOCHaJapbhlHBIH CYy yCTay KaOijaeTiH
aHBIKTAy HOTIKeIepl 3.6 KecTeie KeNTIplIreH.

Kecre 3.6 — EpiTinai KOCIIachIHBIH CY YCTay KabiseTi

Kyn — kox
Ne Mgﬂﬂlepi | Vi, % Va, % V, % AypITKy, % %;pT =
% 0
1 0 96,0 95,5 95,8 0,5 OpbIHIATABI
2 10 95,2 94,8 95,0 0,4 OpbIHAanIBI
3 20 94,5 94,0 94,3 0,5 OpbIHaIbI
4 30 93,6 93,1 93,4 0,5 OpbIHaIbI
5 40 92,8 92,2 92,5 0,6 OpbIHAATIBI
6 50 91,9 91,3 91,6 0,6 OpbIHaI b1

KyMabl Kyn QpakiuscbIMEH aaMacThIpy JOPEKECIHIH 9CepiH KOpHEKI Tanaay
YUIIH aJIbIHFaH SKCIEPUMEHTTIK JEPEeKTEp KOChIMILA TypJe Tpadukrep TYpiHIE
ycoiHbuFaH (Cyper 3.6).

96

54

Cy ycTay Kabineri, %

92

91
0 10 20 30 40 50 60

Ky - Ko:k menmepi, %

Cypert 3.6— EpiTiHai KOCTachIHBIH Cy YCTay KaOlJeTiHIH KYJ MOJIIIEpiHe Toye AT
I'paduxrepmi Tanmay KepceTKeHAEH, KYMIbI KYJIMEH alMacThIpy Iopexkeci

apTKaH CaiiblH €pITIH/1 KOCTIACHIHBIH Cy YCTay KabineTi TomeHaeiai. Kyn memnmepinia
apTybiHa OaWJIAaHBICTBI Cy YCTay KAOUIETIHIH TOMEHJEYl TOJTBHIPFBIIITHIH TYHIPIIK
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KYPaMbIHBIH ©3repyIMEH oHE €piTiHAl KOCMAChl KYPBUIBIMBIHIAFBI CYy (ha3achIHBIH
KaiiTa OeJliHyIMEH TYCIHAIpUIE].

Epitinainig 6epiktik 1meri 40x40x160 MM emnmemal yiri-0amodkagapabl ULTY
XoHE ChIFbUTY ChIHAKTapbl apkKelibl ['OCT 58767—2019 [73] cranmapThiHa coiikec
aHBIKTAIABI. YJITUIEPAiH KaTybl KATBIITH bUTFAIBLIBIK JKaFTalbIHIa 28 TOYyIiK OO
Kypriziaml. CelHaK HOTHXKEIEPIHIH Talnaaybl 3.7-KecTe1e KeNTipiIreH.

Kecre 3.7 — Kynmig opTypil MemmiepiHAe epiTiHAI KOCHalTapbIHBIH OEpIKTIK
CBHIHAKTAPBIHBIH HOTIKENIEPi

BepikTik mreri EpiTinai KocnackHAarkl Kyi Mentepi, %

0 10 20 30 40 50
Cerry  kesinze, | 5,8 5,4 55 4.8 3,3 3,1
MlITIa
Uiny Ke3ingme, | 3,1 2,6 2,3 2,1 2,1 1,9
MlITIa

AJbIHFaH IepeKTepl Tangay kepceTkenaei, kymabl 20%-ra qeiinri Mesep/ie
KYJIMEH ilIiHapa aaMacThIpy epiTIHAIHIH OCpIKTIK CUMaTTaMallapblHa alTapibIKTal
TepiC ocep eTIeHIi.

Ochl apanibIKTa CHIFBUTY Ke3iHzaeri OepikTik meri 5,4—5,5 MIla kypaiinbl, 6y
Oakpuiay KypamblHbIH OepiktirimeH (5,8 MIla) mamamnac. Kyn wmemmiepine
OaillaHbICTBI ~ OEpIKTIK ~ CUNATTaMajapblHbIH  e3repyl  OOHBIHIIA  aJIbIHFaH
IKCIIEPUMEHTTIK JepeKTep rpaduk Typinae yesinbutran (Cyper 3.7).

BepikTik weri, MMNa

0 10 20 30 40 50

Kyn menwepi, %

BepikTiri Hiny kesinperi bepiutik weri

Cyper 3.7 — EpiTiHI1 KOCIIACBIHBIH CHIFBLTY KOHE M1Ty KE31Her1 OEpIKTIK HIeT1HIH
KYJI MOJIIIEPIHE TOYEIILTIT]

Hepekrepal Tannay kepceTkeHuen, Kymasl 20%-ra JediH KyJMEH imriHapa
aJIMacTBIPY €PITIHAIHIH OEpIKTIriHE alTapibIKTal Tepic acep ernenal. Kyn memnmepin
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0J1aH 3p1 apTThIPFaH/a ChIFbLTY XKOHE LTy Ke31HAer1 OEpiKTIK TOMEHACH 1, Oy acipece
Kymibl KyaMeH 40—50% anmacTeiprania alKbeIH OaiiKasabl.

EpiTinai yarinepiniy as3ra Te3iMauIik Mapkacel —18 + 2 °C xkone 18 + 2 °C
TeMreparypajgapaa My3JaaTy—epiTy HUKIAapbIHBIH caHbl OoibiHIIA «beToH-DpocTy
acraObIHBIH KeMeriMeH aHbIKTaubl. CBIHAKTHIH Kajdlbl KepiHici cyper 3.8
KOPCETUIreH.

Cyper 3.8 - Asi3ra TO3IMIITIKKE CBIHAKTBIH YKaJIbI KOPiHICI

Kyn menmepine GaiiaHBICTBI €pITIHAI KOCHATAPBIHBIH as3fa TO3IMJIUIITIHIH
e3repyl OOMBIHINIA CHIHAK HOTIDKENEpl rpaUKaIbIK TOYENITIK TYPIHJE YChIHBUIFAH
(cyper 3.10).

120
100
80
60

40

AA3sfa Tesimajiniri, UMKNLI

20

0 5 10 15 20 25 30 35 40 45 30

Kyn - ko menwepi, %
Cypert 3.9 — Epitinai KOCNAaChIHBIH asi3fa TOIMILIITIHIH KYJI MOJIIIEPIHE TOYEJILIIr
EpiTiHal KocmanapbeIHBIH —asi3fa  TO3IMIUITIHIH KYJI MOJIIepIHe Toyesdl
rpaguKanblK OaJIaHBICBIH TalJay KOpCETKEHAEH, epITIHAlI KypaMbIHIAFbl Kyl
YJIECIHIH apTybl OHBIH MY3JaTy—epiTy UHUKJIJEpiHe TO3IMIUITIHIH OlpTiHaen
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TeMEH IeyIMeH KaTap xypenl. bakpinay kypameina assra te3iMainik F100 mapkaceina
colikec Kejexdl, Oy epITIHAIHIH Tepic TeMreparypa ocepiHe >KOFapbl TO3IMILTITIH
KepceTe/Il.

Kyn memmepi 10% Oonranga assra Te3iMaulik F75 MapkaceiHa JeiiH
teMenen i, ann 20% 6onranna — F50 mapkaceina aeiiin. Kyn menmepin 30-50%-ra
JeWiH oflaH opl apTTHIPy as3Fa TO3IMJUIIKTIH KOCHIMIIA TOMEHJICYIHE OKEeIMEH/Il,
anaiiga epiTiaal eH TemeHri F25 mapkachlH cakTanIbl.

[ery nedopmarusiiapblH aHBIKTAY HOTIDKENIEPl KOPCETKEHIEH, Kyl MeJepi
30%-ra neliiH OosiFaHna epiTIHAI KOCHAIAPBIHBIH CBhI3BIKTHIK meryi 0,3—0,6 MM/M
apabIFbIHIa 606, OYJI IIEMEHTTI epITIHl KOCTadaphl YIIIiH HOPMaTUBTIK MOHIEPTe
colikec KeJel oHe OyJ1 KypaMIapabl Ieryre TYPaKThl e CUIaTTaiIbl.

Kyn memnmepi 40-50%-ra aeiiin aptkanaa mery nedopmanusapst 0,9 Mm/M-Te
JnediH ecenl, Oy Oakpulay KYpaMbIMEH CaJbICTBIPFaHAA 16Ty JICHTeHiHIH
YKOFapbUIaraHbIH KepceTedi. Kyn MeniiepiHiH Ker 00iybl Ke31HJIE MIOTYIiH apTybl
epITIH/II KOCIIACBIHBIH Cy KKETTLUIITIHIH 6CYIMEH KOHE IIEMEHT TaChIHBIH KEYEKTIpPEeK
KYPBUIBIMBIHBIH, KAJIBINITACYBIMEH TYCIHIIPLICI].

beron kocmaceiHaarkl Ccy OeJliHYyiH aHBIKTAy OHBIH  KYPBUIBIMIBIK
TYPaKTBUIBIFBIHBIH MaHBI3/Ibl KOPCETKIII OOMBIN TaObLIaAbl, OUTKEHI OYJI KOCTIAHBIH
KabaTracyra OEHIMIUIITIH JKOHE cy (a3zachiHbIH Oipkenki OeniHOeylH Oaranayra
MYMKiHIIK 6epeni. ChiHak HoTHXKenepl 3.8-KecTeie KOPCETIITeH.

Kecrte 3.8 — beToH KocachblHbIH Cy 0OJIIHY HOTHXEIepl

Epitiaai KocnacelHIAFEI KYJ Meiepi, %o Cy 6Geuinyi, %
0 0,8
10 1,1
20 15
30 2,1
40 2,8
50 3,5

3epTTey HOTWIKENEpIH Talijay KOPCETKeHAEH, OeTOH KOCHAChIHIAFbl CYy
OemiHyiHIH apTybl KabaTTacy KOpCETKINIHIH 6CyIMeH KaTap >Kypeli, OyJI KOCIaHbIH
KYPBUIBIMJIBIK TYPaKTBUIBIFBIHBIH TOMeHAereHIH Ouraipeni. Cy OefiHylHIH »KOFaphbl
0omybl ¢y ¢azachlHbIH O1pKeKi OemHOeyiHe KoHE KaTailFaH epITIH/IAE KeYeKTUIIr
YKOFaphl allMaKTapIbIH TY3UTy1HE OKEJe/Il.

bipTekTi emec Jk0HE KEYeKTITIrl JKOFapbl KYPBUIBIMHBIH KaJbIITACybl
MaTepHaJIbIH asi3Fa TOIMIUTITIHE KeP1 9cep eTelll, OUTKeH1 KaTyra OeiiM epKiH )KoHe
KaIMLISPJIBIK CYIBIH Meumepi apTaapl. HoTmwkeciHae KyMabl KYJIMEH alMacThIPY
JOpEXKECIHIH apTybIMEH Oipre cy 0esliHy MeH KadaTTacy KepceTKilTepl ocim, epiTiHIl
KOCTAJIAPBIHBIH asi3Fa TO3IMAUIITT TOMEHACH 1.

Ocbunaiiiia, cy OeJliHy MeH KabaTTacy epiTiHAI KOCHaJlapbhlHBIH Y3aK
MEp3IMJUIITIH, COHBIH I1IIIHAE OJaplblH MY3JaTy—epiTy LMKJIAEpIHE TO3IMIUIITIH
AHBIKTAWTBIH HETI3T KOPCETKIIITEp PETIHAE KapacThIPhUIybl MYMKIH. 30JIOIILIAK
KJIJIBIKTAPBIH €PITIHI KOCTIaChIHA KOCY KabaTTacyapl TOMEHeTe M1. by apThIK CyabIH
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KYJ TYHIpJIepiHiH OCTiHAE CIHIpUTYIMEH TYCIHIIpiieai, COHBIH HOTHKECIHAC CYABIH
JKOFapbl KOTEPLIyl, IFHU OCTKE IIbIFYBI Texeneal [95].

3.3 Kya yiingicinin 4-aiMarpiHIarbl ycak ¢pakmusiMeH LeMEeHTTI
aJIMACTBIPYABIH LIEMEHT-KYM epiTiHALIepiHiH KacueTTepiHe dcepi

[lemeHT-KYM epiTiHIOUIEpIH AaiibiHaay ke3ipae Ockemen KOO No2 kyn
yHiHaiciHiH 4-aliMaFblHaH aJIbIHFAH TUIPABIMKAIBIK OKETYy Ky maigananbuiasl. On
30JI0MIJIAK KOCTIAJIAPBIHBIH €H YKEH1JT KOMIIOHEHT] OOJIBIN TaObLIaAbl )KOHE 9JIETTE KYJI
YHIHAICIHIH MIETK1 OOMIKTEpIHE KUHAIABI.

XUMUATBIK KYpaMbl KoHE TUIPABIMKAIBIK OCICEHAUNTIHIH TOMEH OOybIHA
OaliIaHBICTHI 3€PTTENIETIH KYJ KbIIKBUIIbI, OCJICEH NI TOMEH KYJJAEpre >KaTabl.
Ocpifan OalaHBICTBl KYJ €pITIHAI KOcHajgapblHAa MHKPO TOJTBIPFBINI PETIHJIE
eHT3UIAl. Byl perre Kyl KYpbUIBIC E€pITIHAUIEPIHAEC KOJIJIaHy KyM OeJiieKTepi
apachblHJaFbl KyBICTAPJbl TOJTHIPYFa >KYMCAJaTblH IIEMEHT IIBIFBIHBIH a3aiTyra
MYMKIHJIIK Oepe/ii aen O0JKaHIbI.

CranmapTThl oficTeMe OOWBIHINA KYPri3UINeH KYJIIH TPaHyJIOMETPUSIIBIK
Tajaaybl OHBIH Heri3ri Oenirid (mamamen 68%) enmemi 0,14 Mm-aeH Kimn Ty#ipiep
KypalThiHbIH KopceTTi (3.9-kecte). J[om ochl ppakius MEeMEHT-KYM E€pITIHAUIEPIHIC
[IEMEHTTIH Oip O6JIIriH aJMacThIpy YIIIH KOJJIaHy PETiH/AE TaHabl.

Kecre 3.9 — KynaiH TyHipIIik Kypambl

Kepcerkimrep EnexTepain TecikTepiHiH omeMaepi, MM

5 25 1,25 0,63 0,315 0,14 <0,14
Kexke xanmeix, % | 3,2 3,7 2,5 1,2 3,3 18,5 67,6
ToneIk Kanaelx, % | 3,2 6,9 9,4 10,6 13,9 32,4 100

Ipimixk Momymi OoMBIHIIA KYJI ©Te€ ycakKka >kataapl. EpiTiHal maibiHaay YIOiH
OalmaHBICTBIPFBINI 3aT peTiHae oencenauniri Ry =25 MIla 6onaTeiH NOPTAAHIIEMEHT
KOJIJAaHBUI/IbI, OHBIH MeHIIKTI OeTki aynanbl ([ICX-2 acmaObiHza aya ©TIMAUIITI
oniciMeH anbIKTanFaH) 1164 cm?/r kypaasl. Kynnain meHnikTi Oetki aynanst 2115 cM?/r
OOJIIEI.

EpiTiHai KOCmachlHBIH KO3FAJIFBIIITHIFBI MEH THIFBI3IABIFBIHBIH MOHAEpl 3.11-
kecteae kenripuired. Kecrenen kepinrenaeit, kynai 50%-ra AeiiiH KOCy EMEHT-KYM
epITIHAUIEPIHIH OYJ1 KaCUETTEPiHIH ©3repyiHe alTapibIKTail acep eTHeii.

Amnaiina xynai enrizyaig 6acrankel ke3eHiHnae (15%-ra aeilin) KO3FaIFbIIITHIK
7%-ra aptaapl, an kyn memmepi 50%-ra neliin keOelTreHne epiTiHal KOCHAChIHBIH
KYPBUIBIMBIHBIH,  ©3repyiHe OainanpicThl OHBIH 10%-Fa TemeHmeyl Oaifkamambl.
Epitinainig meryi 0,75—1 mm/m kypansl. [1leryai aHeIKTalThIH HET13T1 (pakTOpIap —
KOCIIaHbIH OacTamkbl Cy MOJIIepl >KOHE IIEMEHT-KYJ KaMBIPBIHBIH KOJEeMJIIK
KOHIICHTPAITUSICHI.

45



Kecrte 3.11 — EpiTinai KocmachbIHBIH KO3FAIFBITITHIFBI MEH THIFBI3IBIFbI

Cunarramayapsl Epitinai kocnacslHAarkl KyJ MeJepi, %

0 10 20 30 40 50
Ko3raafbIIITHIK, CM 7,0 7,3 7,1 6,6 6,5 6,1
TEIFBI3ABIK, T/CM3 2,01 2,02 2,03 2,01 1,95 1,91

EpiTinainig OepikTik mieriH  aHblkTay 40%40x160 MM emmeMl  YaTi-
Oastoukanap/ipl UUTY K9HE ChIFbUTY chiHaKTapbl apKbpUTbl [[OCT 5802—86 cranmapThiHa
CoMKecC KYprizuial. YArUIep/IiH KaTybl KAJIBIITHI bUIFAABIIBIK KaFaaibIHaa 28 TOYIIIK
OOMBI OTTI.

Kecte 3.12 kenTipuireH ChIHAK HOTIDKEJICPIH Taljay KOPCETKEHACH, Kyl
epITIHI1 KOCIMaJlapblHa €HTI3y OakplIay KypamaapbIMEH CaJIBICTHIPFaHJIa KYPBUIBIC
epITIHAUIEPIHIH OEpIKTITIH apTThIpyFa BIKMAJ €Tedl. BepiKTIKTIH €H »KOFapbl eciMi
kyamiH 20% eHrisuireH okarpaiga Oaiikamanel. Kynm  menmepiHiH —apTybIMEH
OEpIKTIKTIH >KOFapbliaybl OHbIH HEMEHT-KYM E€PITIHIICIH/IE MUKPO TOJTBIPFBIII KIHE
NYLIOJaHABIK KOCHa pejiH aTKapybIMeH Tycinaipuieni. Kynai xyTaH neMeHT-KyMm
KOCIaJapblHa €HT13y KYM TYHIpJepi apachlHIaFbl KybICTAPAbl TOATHIPYFA, IEMEHT-KYIT
KaMBIPBIHBIH MOJIIIEPIH apTThIpyFa >KOHE KOCMAaaarbl KAaTThl (a3aHbIH KOJEMJIIK
KOHLIEHTPALUSAChIH K6OeUTyre MyMKIHIIK Oepei.

Koceimma Typae epitiHaiiepain 6 ail OOWBIHAAFbI KaTal0 KHUHETHUKACHI
3epTTeNal. 3epTTey HOTIKENEepl KOPCETKeHNEH, 3epTTeNreH KyJaepAl epiTiHIl
KocranapbeiHa 400 kr/mM® geiiH MeiiiepAe KOCYy YakbIT ©Te KeJe KYpPbUIbIC
epiTIHAUIEpIHIH OEpiKTIriH OaKpUiay HEMEHT-KYM EpITIHAUIEPIMEH CalIbICThIpFaHa
TOMEHCTICHII.

Kecrte 3.12 — CrpiFbuly K€31H€r1 OEpiKTIK MIETTHIH MOHJEPI
bepikTik meri Epitinai kocnacslHAAFkl Ky MeJepi, %

0 10 20 30 40 50
Crriry ke3inne, MIla 2,9 5,4 5,8 4.8 3,0 3,1
Niny xe3inge, MITa 15 2,6 2,3 2,1 1,3 1,7

HepexTepal Tannay KepCEeTKEHAEH, KyJAl LEMEHT-KYM EpITIHIICIHE EHII3y
opTailia MeJiepiepae OepiKTIK cunarTamaiapbiHa oH ocep erelli. ChIFbUTy Ke31Her1
(5,8 MIla) xone miny kesingeri (2,3 Mlla) OepikTIKTIH €H XKOFapbl MOHAEP! KYJI
memtiepi 20% Oonranaa Oalikanaabl, OYJI KYPaMHBIH OHTAUIIBI €KEHIH KOPCETE/I].

Kyn wmemmepin 30-50%-ra peifin apTThipraHia O€piKTIK TOMEHIEHTIHI
Oaiikanampl, amaiga KyMIbl KYJMEH MaKCHUMaJJbl aJIMacThIPy >KaFdaiblHAa Ja
epITIHAIHIH OepiKTiri Oakpuiay KypaMbIMEH CalbICTHIPMAJIbI JICHTEWEe KaJlaJbl.
Anwiarad HoTHRENep Kyiai 20%-Fa neiiid THIMII KOJIJJaHyFa OOJIAThIHBIH XKoHE OV
JKaraaiaa epiTiHal KOCIIaChIHBIH OCPIKTIK KAaCHETTEpl HalllapjaMalThIHBIH KOPCETE/I].

Kyn KochuiFaH 1IEMEHT-KYM €pITIHJICI KOFaphl OIPTEKTI KEyeKTepre he ycak
TYHIPIIIKTI KYPHUIBIMMEH CHMATTANIA I, OVJI OHBIH KOFaphl as3ra Te3iMautirid (150
IUKIJAH acTaM) JKOHE Cy OTHEYHIUNTiH KaMTaMachl3 eTell. ¥cCaK TYHIPIIIKTI
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KYPBUIBIM COHIal-aK >KOFaphl CyFa TO3IMITIKTI KAMTaMachI3 €Te/i (ChIFBLITY KEe31HET1
)KxyMmcapy koddduruenti 0,84).

3.4 lleMeHT meH ycak ¢ppakuusiiibl KyJ Oipiaecin yHTaKTay

3.3 Oemmae Ockemen XXOO KanAbIKTaphlH IIEMEHT-KYM €pITIHILIEPIHIE
IEMEHTTIH Oip OeJIiriH aJMacThIpy YIIIH HaijasaHy MYMKIHAITT KapacThIPbUIILI.
Kynmen uementtiH 20%-bIH anMacTbipFaHjia OEpIKTIKTIH €H JOFaphl apTybl
OaiikanaTeIHbl KepceTuial. Kyn KocbUIFaH IEMEHT-KYM epiTIHIICI JKOFaphl O1pTEKTI
KEeyeKTepre ue ycak TYHIPIIIKTI KYPhUIBIMMEH CHUIATTaNabl, OYJI OJapablH KOFaphl
as;3ra TO3IMJUIITT MEH Cy OTNEYIIUIITiH KaMTaMacel3 ereai. Kyn KochuFraH epiTiHl
KOCHachl JKOFaphl TUIACTUKANBUIBIKKA, TOMEH KabaTrTracyra >KOHE IEMEHT-KYM
KOCHaJlapbIMEH CaNbICThIpFaHa cy OeiHyiHIH a3 O0IybIHA He.

beronmapabiy ¢du3nka-MexXxaHUKAIBIK KaCHETTEPIH OJaH 9pl KaKCcapTy >KOHE
OJIap/IbIH ©31H/1IK KYHBIH TOMEHJIETY MakcatbiHaa OckeMeH JKIO-HbIH yIIIa Kyl MeH
EeMeHTTI Oipjecin  yHTaKray OoWbIHIIA 3epTTeyliep Kypri3iimi, cebeoi
JTUCHIEPCTUTIKTIH ~OalIaHBICTBIPFBINT  3aTTap/IblH ~OCJICEHIUIITIHE KOoHE, TYNTeM
KeJITeH/Ie, MaTepuaIapbIH OEpIKTITiHE dcep eTEeTiHI OenTii.

Kypsuibic MaTepuangapbl 6HEPKICIOIHAE IIEMEHT IEH YIImna KyJJiI YHTaKTay
YIIiH KeOiHece Imapiibl JAWIPMEHIEP KOJIJIAHBLIATBIHABIKTAH, OIpJIeCKEH YHTaKTay
keJyieMi 0,0264 m> GonaThIH 3epTXaHAIBIK JUIPMEHE KYprizinm [57].

[apnsl guipMeHAepAe YHKENIC OHE JKaHIIy acepiiepi O0ackiM Oojaibl, ail
YHTaKTay JA9pexeci AUIPMEHre OepuIeTIH Marepuan MeJIIepiHe >KOHE YHTaKTay
Y3aKThIFbIHA OailJIaHBICTBI. TYpPaKThl YHTAKTaNy YCAaKTBIFbIH ally YIIIH JWIPMEHHIH
KQJIBINTBI JKYMBIC PEXUMIH KaMTaMachl3 €Til, YHTAKTaylIbl JCHEIEPAiH KaKeTTi
eJIIEMAECPIH AYPhIC TaHAay KaxkeT. ToxipuOeniK OepeKTep HEri3iHAe AWIPMEHI
yHTaKraymbl mapiaapmer 0,25-0,33 keneMiHae TOATHIPY YCbIHbUIABI. JuipMeHeri
IapJIapJiblH Maccachl OHBIH KeJieMiHe CoHMKec OOybl THIC. OJeTTe, MIapiapiablH
Maccachl TWIPMEHHIH TOJBIK KoiaeMiHiH 1 m3-Ha 1,0—1,1 T Kypaibl.

[Mapael  guipMeHAEPIIH  OHIMJAUIIT  COHBIMEH KaTap  YHTaKTaJlaThIH
MaTepHaJIMEH OIpKeNKl J>KYKTelyiHe OalmaHbICThl. [[uipMEH TONBIK KYKTEIMETEH
JKargaijga OHBIH OHIMAUNI TeMeHAeNn KaHa KoWMai, ImapiapabslH OpoHb
TUTMTAJIAPBIHIAFRl TO3YHI apTajabl, ce0edl Oy Ke3ne mapiap KeTKUTIKTI MaTepual
KaOaThIMEH >kaOblIMaFaH IJIMTaJapFa COFbLIAIBI.

LlemeHTTIH Oip O6JIIriH aJIMacThIpy KOHE ojapbl Oipiecinm YHTaKray YUIiH
Ockemen KOO kyn yHIHIICIHIH 4-aiiMarblHaH alblHFAH THIPABIMKAJIBIK OKETY KYJIl
KOJaHbu1Ibl. OJ1 30J101I1aK KOCTIaJIAPBIHBIH €H YKEH1J KOMIIOHEHT1 OOJIBIN TaObLIa b
YKOHE KYJ YHUIHIICIHIH EeTK1 OeikTepine )kuHanaabl. CTaHAapTThI 91icTeMe OOMBbIHIIA
JKYPri3UIF€H TPaHYJIOMETPUSUIBIK Talljay HOTIKECIHIE KYJAIH Heri3ri Oeirid
(mamamen 68%) emmemi 0,14 mMm-aeH kil TyWipiaep KYpaWTbIHbI aHBIKTaNAb (2-
kecre). Ipimik Momymni OOWBIHIIA KyJT ©T€ ycakka skaranabl. KymmaiH mMeHmrikTi OeTKi
aynanbl 1949 cm?/r, mbIHANWBI THIFBIBABIFEI — 1,725 T/cM?.

emenT-kyMm epitigmici 1 : 4 KypambIHIa JalbIHAAIABI, OalIaHBICTHIPFBIIIT
perinae 50% moprmanamemednTt mneH 50% ymma  KyJigeH TypaThlH - KOCIa
nagananbUIbl.  EpITIHAI KOCIMACBIHBIH KO3FAIFBIIITHIFBI 6—7 CM  OOJIbI KOHE
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CrpoitllHWNJI xonychl apKpUibl GaKbUIaHIBI. 30JI0-IIEMEHT KOCHACBIHBIH YHTAKTalIy
nopexect IICX-2 acmaObiHga MEHIIKTI OeTKl ayJgaHbl OOWBIHIIA aHBIKTAJJIbI.
EpiTinainig Mapkacel 4x4x16 cMm emmiemal Oajoukangapaa CTaHIAPTTHI OJICTEME
OOMBIHIIIA AHBIKTAJIBI.

Coeinak HoTmkenepi 3.13-kecrene koHe 3.10-cyperTe KeNnTipuireH. AJIbIHFaH
HOTHXKEJEepl Taljay KeNecCiHI KOPCETTi: 30J0-IIEMEHT KOCIMAChIH YHTAKTay YaKbIThI
apTKaH CcaiiblH MEHIIIKTI OeTKl ayJaH Typa NpONOPIUOHAIARl TYpPJAE OCIeH/i;
MEHIIKTI OeTKi ayJaH apTKaH CallblH epITiHAl KOCTIACHIHBIH Cy Ka)KETTUIIr a3alblrl,
OepikTiri aprtampl. EH >xorapbl OepikTik 5,5 carar yHTaKTay Ke3iHIe OalKabl.
YHTakTayabl OJaH opl KAJIFACTBIPY €PITIHIIHIH THIFBI3BIFBIH apTTHIPFAHBIMEH,
OepikTikke a3 FaHa ecim Oepezi. Ocplnaifiia, eMEHT NeH KyJai Oipiecin YHTaKTay
KOCIaHbl MEXaHUKAIIBIK OENICEHAIPEeal KOHE IIEMEHT IIBIFBIHBIH a3alTyFa MYMKIHIIK
oepeni, Oyl MaTepuaiIap/IbIH ©31H/11K KYHBIH TOMEHIETE/I].

Kecre 3.13 — bipnecin yHTakTanFaH Kyl — KOX - IIEMEHT KOCHAachl HETi31HJE
JaWbIHIAIFaH [IEMEHT-KYM €pITIHAICIHIH ChIHAK HOTHIKEIepl

YHTakray Menurikri 0erki I/Iiny .KegiHHer% CHF.y .Ke3in[er% Oprama
N OepikTiK  1mIeri | OEpIKTIK  WIET1 | THIFBI3ABIK pCp,
YaKbITRI aynaust S, cMY/r Ruiny 28, MIla | Rkpicy28, MIla | r/em?®
1,0 2197 1,2 2,5 1,74
2,0 2428 14 3,1 1,78
3,0 2887 1,6 3,8 1,77
4,0 3125 1,6 4,1 1,88
50 3489 1,9 48 1,82
6,0 3600 2 5 1,88
7,0 3660 2,1 52 1,90
8,0 3750 2,2 54 1,92
9,0 3898 2,3 57 1,94
10,0 4010 2,3 5,8 1,90

Ocpuraiima, Ockemen KOO ymma Kyal MEH LEMEHTTI Oipiecin YHTaKTay
HEMEHT-KYM EpITIHAICIHIH (PU3UKA-MEXaHUKAJIBIK KaCHUETTEpiHE OH oCep €Telll JKoHE
LEMEHT WIBIFBIHBIH a3aiiTyFa MYMKIHJIIK Oepefi, Oyl e3 Ke3eriHje mMarepuanigapIbH
©31HJIK KYHBIH TOMEHJeTeql. Auaiila yHTaKTajaTblH MaTepuan MapaMeTpiiepiH
3epTTEy HOTIKEEPl YHTAKTAY Y3aKThIFbIHA TIKEJIEH MPOMOPIHMOHAIABI TOYEIITIKTE
OoJ1aabl.

Ocpiran  OalaHBICTBl  MHUHEpPAIAbIK  KOMIOHEHTTEPIIH  KYpPbUIbIMbIHA
OesceHIIpy/IiH 9CepiH aHBIKTAy MaKCaThIH/Ia KOCHIMIIA 3ePTTEYJIep KYPrizy Typasbl
HIeInM KaObUTJaHbL.
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Cypert 3.11 — MeHmikTi 6€TKi ay/IaHHbIH, CHIFBLTY JKOHE ULTY KE31H/IeT1 OCPIKTIKTIH
YHTaKTay yaKbITbIHA TOYEIITIT

['padukanbik TOyenaimiK KOPCETKEHNIEeW, YHTaKTay YakKbIThl apTKaH CaibiH
CBIFBLITY JKOHE MUTY Ke31HJer1 OepiKTiK oce/il, OYJI IEMEHT-KYJ KaMbIPbIHBIH MEHIIIIKTI
OCTKl ayJaHBIHBIH ©3TrepyIMEeH Karap Kypell >KOHE MaTepuall KYPbUIBIMBIHBIH
OeJICeHI1 KaJIbINTACybIH KOPCETE/].

BeJiim 00MBbIHIIIA KOPBITHIH/IBI

Ockemen KDOO-HBIH Kyl-KOX MaTepHalJapblH KEIIEHJl SKCHEPUMEHTTIK-
TEOPUSIIBIK 3EPTTEY KOHE OJap/blH LIEMEHT-KYM €pITIHAUIEPIHIH KacUETTepiHe acep
€Ty 3aHJIBUIBIKTApbIH Oaraay HET131H/1€ KeJIeCl HeT13T1 KOPBITHIHBLIAD aJIbIH/IbL:

['unpaBnuKanblK OKEeTy Ke3lHAEe KYyJ YHIHAICIHAE KEHICTIKTIK OIPTEeKTI emec
KYPBUIBIM ~ KaJIbIIITACATHIHBI AHBIKTANIBI, OJ KYJI-KOX MaTEPHABIHBIH aWKbIH
IPaHYJIOMETPUSIIBIK, MUHEPAIOTHIIBIK JKOHE MOP(GOIOTHSIIBIK KadaTTacybIMEH
cunartananel. Kyn  yHiHDICiHAETT aWMakTapAblH KaJbIITacybl —OeJIIeKTep IiH
THIFBI3JIBIFBI MEH 16Ty >KbULIAMJBIFBIHBIH aWbIPMAIIbUIBIFBIHA, COHIAN-aK aFbIiH
KbUITAMABIKTAPBIHBIH TEPEHAIK OOMBIHINIA TapadyblHa OalJIaHBICTBI, Oy YHIHII
mieriHAe  KyJaiH  (U3MKa-MEXaHUKAJIBIK  KACHUETTEpIHIH  OIpKeiaKi  eMECTIriH
aHBIKTAMNIbI;

Kyn yitinaiciHiH opTypiil aitMaKTapblHIaFbl KYJI-KOK MaTepuaagapbl MEHIIIKTI
OeTKl ayAaHbl, UIBIHBITOPI3Al (a3aHbIH MeJIIepi, IIbIHANBI >KoHE YHIHIUIIK
TBIFBI3ABIFEI  OOMBIHINIA eJIeyNll aWbIpMalIbUIBIKTapFa HE eKEHI KOpPCEeTUIdl, Ol
OJIAPIBIH IIEMEHT-KYM KOMITO3MIMSUTAPBIHAA (PYHKITHOHAIIBIK TYPFBIIAH OPTYPIIi POl
aTKapyblH —  TONTBIPFBIII, MHUKPO  TOJNTHIPFBIII ~ HEMECce  KYJ-IIEMEHTTI
OailJIaHBICTRIPFBINT KOMITOHEHTI PETIH/I€ KOJAAHBLTYBIH aHBIKTANIBI;
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OKCIEpUMEHTTIK Typae 2-aliMaK KyJl LEMEHT-KYM epiTIHAUIepIHAe Ycak
TONTBIPFBINI PETIHAC YCaKTadFaH KyMJbl 1lIiHapa ajMacThlpy YIIH THIMAL
KOJIIAaHBUTYbl MYMKIH eKkeHl aHbIKTanael. Kymaer kynmen 20-30%-ra paeitin
aJIMacTBhIpFaH/la EepITIHAI KOCHAJTapbIHBIH KO3FAIFBIIITHIFBl MEH THIFbI3IbIFbIHBIH
KOJIaWJIbl JIEHrell cakTaylajabl, ajl OEpIKTIK »KOHE Y3aK MEp3IMILIIK KepceTKimTepi
alTapJbIKTal HallapjaManibl;

Kyn wmemmepi 30%-man ackanma epiTiHAI KOCHAJApPBIHBIH KYPBUIBIMIBIK-
TEXHOJOTHSUIBIK KaCHETTEPiHIH JKyienl e3repyl OailKalaThIHbl aHBIKTAJJIbl: OpTaIla
TBIFBI3JIBIK TOMEHACH I, KabaTTacy MeH cy OeJiiHy apTajbl, mery aAchopMaIrsuIapsl
ecelli, CoHAai-aKk OepiKTIK IMeH as3fa Te3IMIUIIK TeMmeHaenai. byn esrepicrep kyn
OOMIIEKTEPIHIH KOFApPhl KEYCKTUIITIMEH, IIBIHAWBI THIFBI3IBIFEIHBIH TOMEHIITIMEH
XKOHE IEMEHT-KYJ KaMbIpbl KYPBUIBIMBIHAAFBI Cy (ha3achblHBIH KaiiTa OesiHyiMeH
TYCIHAIPLIE];

¥cak nucrepcTi TpaHyJIOMETPHUSIIBIK KYPaMbIMEH KOHE IIBIHBITOPI3/1 (pa3aHbIH
JKOFaphl MOJIIEPIMEH CUNATTaNaThiH 4-aliMak KyJli IEMEHT-KYM epiTiHAUIEepIHAe
MHUKPO TOJTBIPFBIII JKOHE MYIIOJAHJABIK KOCIMA PEeTIHJE TUIMIl KYMBIC 1CTEHTIHI
anbpIkTabl. [lementti 20%-Fa AeifiH KyJMEH IIIiHapa aJMacThIpy IEMEHT TaChIHBIH
KYPBUIBIMBIH THIFBI3/IAl, CHIFBUTY >KOHE MUTY Ke31HJAET1 OCpIKTIKTI apTThIPaJbl KOHE
MaTepHuaibiH O1pTEKT1 YCaK KE€YEeKTl KYPbhUIBIMBIH KAJIBIITACTHIPAIbL;

Kynai memMeHT-KyM epiTIHIUIEpIHE €HTr13y OJIAPJBIH PEOJIOTHSIIBIK KOHE
TEXHOJIOTHSITBIK KAaCHETTEPIH KaKcapTabl: MJIACTUKAIBUIBIK apTaibl, Cy O6JIiHy MEH
KabaTrracy TOMEHIEW.l, Cy ycray KaoOuieri skorapbutaiinbl. Ochl (akTopiapablH
YKUBIHTBIFBI €PITIHAUIEPAIH as3Fa TO3IMAUIIT MEH Cy OTHEYIIIITIH apTThIPBIN, Kyl
JTOCTYpAl TUIacTH(UKaLMsIIayllbl KOClajgapFra TUIMJI Oanama peTiHle KapacTbIpyFa
MYMKIHJIIK Oepei;

LlemeHT neH ymimna Kysail OipJiecin koHe 06JIeK YHTAKTay apKbUIbl KYJ-LIEMEHT
KOCIaJapblH MEXaHUKAIBIK OEJICEHAIPY OJIAPIBIH JUCIEPCTIK KYpPaMblH >KOHE
MEHIIIKTI O€TKi ayJlaHbIH €JIeYJl ©3repTeTiHI, OV Cy KaXEeTTUIITHIH TOMEHICYIMEH
YKOHE IIEMEHT-KYM EpITIHAUIepIHIH OCpIKTIK CUMaTTaMalapblHBIH apTybIMEH KaTap
JKYpeTiHi aHbIKTanabl. COHBIMEH KaTap, YHTAKTay bIH OHTANJIbI Y3aKThIFBI Oap eKeH1
KOPCETUI/II, OHBI aPTTHIPY OEPIKTIKTIH MPOMOPIUOHAIIBI OCYIHE OKEIMEH/IL;

Exi caTpuiel xoHe O6JIeK YHTAKTay IIEMEHT MeH KYJIiH ¢pakiusuiap 0oibIHIIA
OIpKeNKl TapaltyblH, KYJ-IIEMEHT JKYHECIHIH PEeaKIUsIIbIK KaOUIETIHIH apTybIH JKOHE
OIpJIECKEH YHTAaKTayMEH CajbICTBIpFaHJa JKOFapbl OEpIKTIK KOpCETKIIITEpIH
KAMTaMachl3 €TETIHI SKCHEPUMEHTTIK TYpAE HoNeNIeHAl, OyJl KIMHKEp XoHE Ky
(azaapeIHBIH OPTYPJII YHTAKTAIFBIIITHIFEIMEH OaiIaHBICTHI;
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4 AJJUTHUBTI K¥PbLIbIC TEXHOJIOI'MSIJIAPBIHA (3D-BACBIII
IIBIFAPY) APHAJIT'AH YCAK TYUIPHIIKTI BETOH/IbI 93IPJIEY

4.1 3D-6achIn WIBIFAPY YIUiH YCAK TYHIPIIIKTI 0€TOH KypaMbIH TaHAAYAbI
Herizaey

3 Oesimjie YCHIHBLIFAH 3epTTey HoTHXRKEnepl OckemeH XKDO KyiH 1IeMEHT-KyM
KOMIO3UIMSUIApBbIHAA KOJIJIaHy OJap/bIH PEOJIOTUSIIBIK JKOHE (PH3MKa-MEXaHUKAIBIK
KacHeTTepiHEe KEeIIeH/I ocep eTeTiHiH kepcerTi. Kynm eHrizy cy OeisiHy MeH
KabaTTacyAbl a3alThIN, KOCTIATIAP IbIH ITACTUKATBUIBIFBIH aPTTHIPATHIHbI KOHE [IEMEHT
TaChIHBIH OIPTEKTI KYPBUIBIMBIHBIH KAJIBIITACYbIHA BIKMAT €TETiHI aHBIKTaJJIbI.
ConbplMeH KaTap LEMEHT IMeH Kyl Oipiecim YHTaKTay apKbUIbl MHHEPaIbIK
KOMITOHEHTTEP/1l MEXaHUKAJIBIK OEJICEHIIPY OJIApbIH MEHILIKTI OETKI ayJaHbIH KOHE
peakMsUIBIK KaOUIETIH apTTHIPHIT, MaTepUaIaapIblH OEPIKTIK KOHE TEXHOIOTHSIIBIK
cunaTTamaiapbiHa OH 9Cep €TeTIHI KOpCeTUII.

AnapiHFRL  OeNiMIEe  KaTThl  KalbllTapja KalblITaJaThlH  I[EMEHT-KYM
EpITIHAUIEP] YIIH MEXaHUKAJIbIK OCJICEHIIPUIreH IEeMEHT-KYJI KOMIO3UIUSIAPbIH
3epTTey OaphIChIHIA IIeMEHT meH KyiaiH 60/40 maccanblK KaThIHAChl OEpIKTIK IEH
TBIFBI3BIKTBIH OHTAMJIbI YHJIECIMIH KaMTaMachl3 €TeTIHJII aHBIKTaJFaH OOJIaThIH.
Anaija agUuTUBTI KYpPBUIbIC TEXHOJIOTHSUIAPBIHIA MaTepUaAap/blH KaJbIITACYhI
MEH KaTalo IIapTTapbl KyiiMa HeMece BUOPOHBIFBI3JAIFAH YITUIEPAECH TyOereil
epekuienienenl. 3D-0achlll mIbIFapy MPOLECIHAEC MaTepual HKCTPY3Us APKbLIbI
KaJIBINTANBII, KabaTTan Tecene i, MyHJa KOCTIaHbIH PEOTEXHOJIOTHSUIIBIK KacUeTTepi,
KYPBUIBIM TY3UTY KbUIAM/JIBIFbI JKOHE OachlIFaH KabaTTapblH ©3 CaJIMarbl dCEpIHEH
MIIIHIH caKTay KaOUIeTl eIyl peJl aTKkapaibl.

OcpiFan 0allaHbICTBI LIEMEHT—KYJIIIH OypbhiH aHblKTanraH 60/40 KaTblHAChIH
KOCBIMIIIa HAKThIIAYChI3 Tikese 3D-0ackin misirapy *araaiiapbiHa KOJAaHy MYMKIH
eMec. OKCTpy3usiaHy KaOimeTi, TIIIIH cakray KaOuIeTi JkoHe OepiKTiK
cUnaTTaMalapbIHbIH OHTAMIIBI YIJIECIMIH KaMTaMachl3 €TETIH YCaK TYHIPIIIKTI OETOH
KYpaMbIH aHBIKTAy YIIIH OV 3epTTeyjAe IEeMEHT TNEeH KYJIiH KEHIpEeK KaTbIHacTap
JMATNa30Hbl  KapacThIPBUIALI. JKCIEPUMEHTTIK 3€pTTeyJiep asChIHAA ILIEMEHT/KYI
kateiHackl 80/20-man 50/50-re paeiiH e3repeTiH MeXaHUKAJIBIK OeJCeHIIpIITeH
[EMEHT-KYJ KOMIO3UIUSIAphl 3€pPTTEeNl, OYJ IEMEHTTI KYJIMEH aJMacThIpy
JIOPEXKECIHIH KOCTaIapAblH PEOJIOTHSUIBIK MiHE3-KYJIKbIHA JKOHE KaTaiifaH MaTepual
KACHETTepIHE acepiH Oaranayra MyMKIHJIIK Oep/i.

3D-0ackIn miblFapy yuIiH ycak TYWIPUIIKTI OETOH KYpaMbIH d31pJieyIeri Heri3ri
dakTopnapaplH  Oipi — TOJTBHIPFBITHIH TYHIPUIIK KYpPaMbIH OHTaWJIaHIBIPY.
DKCTpY3Hsl TYPaKTbUIBIFBI, MaTepUalblH Oipkenki Oepuryl >xoHe 3D-mpunTep
COIUIOCBHIHBIH, O1TeNyiH OoybIpMay TalalTapblH €CKEpe OTBIPBIN, KYMJIbI 1IIiHapa
anMacteipy yiriH 0,63-0,315 MM ¢paknusnsl Kyn TaHnamasl. byn dpakuusiHb
KOJIaHY TYHIpJEPiH THIFBI3 OPHAJIACYBIH KAKCAPTHIM, KEYSKTUTIKTI a3aiTaabl )KoHE
yCaK TYHIPIIIKTI KOMIO3UIUSIIAPIBIH KYPBUIBIMBIHBIH OIPTEKTUTITIH apTThIPaJIbl, OYIT
OJIApJBIH PEOTEXHOJIOTHSUIBIK KACHUETTEPIHE JKOHE KabaTTam Tecey Ke3iHAer! MillliH
cakrTay KaOiJeTiHe OH ocep eTe/ll.
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AUTUBTI KaNbIITay >KaFJalblHAa MaTEePUANIbIH TYTACTBHIFBI MEH KapbIKKA
TO3IMIUTITIH KaMTaMachl3 €Ty epekiie MaHbI3ra ue. OcbiFan OaiaaHbIcThl 3D-0achIn
IIBIFAPY YIIIH YCaK TYHIPIIKTI O€TOH KypaMbIH 931pJiey/ie TUCTIEPCT] apMaTypaiayibl
KOMITOHEHT peTiH/e 0a3alibT TaJIIbIFbl KOJAAHBUIABL. TaNIIbIKTap >KapbIKIIAKTapIbI
«KOTIpJICY» 9CepIH KaMTaMachl3 €Till, JKapbIKIIaK Tai1a 0oJiFaHHaH KEWIHT1 KaJJIbIK
OCpIKTIKTI apTTBIPAAbl >KOHE HUIY/CO3BLITY KE31HACT1 aXbIpayFa TO3IMIUIIKTI
YKOFapbLIATAIbI.

KocmaHblH peoTeXHONOTHSIIBIK KACHETTEPIH PETTEY JKOHE MEXaHHKAJBIK
OenceHaAipiIreH MUHEPaJIIbIK KOMIIOHEHTTEP MEH YCaK TUCTIEPCTI KYJT hpaKkIusIapbiH
KOJIlaHyFa OaiIaHBICTHI APTKAH CY KQXKETTUIITH a3aiTy YIIIH YCaK TYHIPIIIKTI O€TOH
KypaMmbIHa MasterGlenium oJMKapOoKcUIaT adupinepi HeT131H/1er1
cynepractudukatop eHrizuial. MasterGlenium mractTudukaTopbiH KOJIaHy KaKETTi
KO3FAJIFBIIITHIKTEI CAKTal OTBIPBIN, CY-IIEMEHT KAaTHIHACBIH TOMCEHIETYTEe, TYPAKTHI
AKCTPY3USHBI xKoHEe 3D-0achln mbIFapy MpoIeciHae MaTepUaIbIH O1pKeNKi OeplryiH
KaMTamachI3 eTyre MyMkinaik oepexi [96]. MasterGlenium (PCE) xocmanaps! »xaHa
JKOHE KaraiifaH O€TOHHBIH KACHUETTEpIH HETI3IHEH JHUCIepCcusiay KoHE Cy
KOKETTUIITIH TOMEHIETY apKbuibl e3repreal. Cy KaKeTTUITHIH TOMeH eyl Oepiirexn
KBUDKBIMAIBUTBIKTA TOMEH CY-TIEMEHT KaThIHAChIHA KOJI KETKI3Y/ 1 KaMTaMachl3 €T/,
ce6e01 PCE monekynanapbl GesekTepAl JUCIepCHsiIan, aFbIMABLIIBIK YIIH KaKeTTi
0oc cy MeuiiepiH azairassl [97].

Ocpunaiima, Oy xymbicta 3D-0ackin mblFapy yiIiH ycak TYHIPIIIKTI OETOH
KYpaMbIH 93IpJiey/ie KEIICHAl TOCUl KOJJAAHBUIABI: ILIEMEHT IeH KYJai Oipiecin
YHTaKTay apKbLIbl MEXaHHUKAIBIK OeceHaipy, eMeHT—KYJ KaTbiHackiH 80/20-50/50
apaneirbiHga  e3repty, kKymael 0,315-0,16 MM ¢pakuusansl KylaMmeH imriHapa
aaMacThbIpy, COH/Iai-aK 0azanpT TAJIIIBIFbI MEH MasterGlenium
cynepriacTuUKaTOpblH  KojAaHy. KaObUiganraH IIemnMaep  KochajlapAbiH
PEOJIOTUSIIBIK MIHE3-KYJIKBIH MakcaTThl TypJle Oackapyra >KoHE OJjap.ibl aJJIUTUBTI
KYPBUIBIC TEXHOJOTHSIIAPBIHAA ASKCTPY3USUIBIK KaJbINITAy MEH Kabarram Teceyre
JKapampl eTyre OarbITTaIFaH.

4.2 ¥cak TYdipmikTi 0€TOHHBIH JIKCIHEPHUMEHTTIK KypaMIapbIH J3ipJiey
JKOHeE J3ipJIeHreH KOCNAJIapAbIH PeOTEeXHOJOTHSJIBIK KacueTTepi

4.1 OeniMae TYXBIPBIMAAIFAH €peXelnep HEri3IHAe aAJUTUBTI KYPBUIbIC
TEXHOJIOTHSUIAphIHIa  KOJIJIaHyFa  apHaJfaH  ycaKk  TYHIpHIKTI  O€TOHHBIH
AKCTIEPUMEHTTIK Kypamaapsl a3ipaeHal. Kypamaapabl o3ipiiey OapbIChiHIIa HETI3Ti
MakcaT KOCHAaHbIH PEOTEXHOJOTHUSUIBIK CHUIATTaMajJapblHbIH KaXEeTTl YHJIECIMIH
KamMTaMachl3 €Ty OOJIJbI, aTan aTKaH[a: IKCTPY3USUTAHFBIITHIK, MIIIHIAI caKTay
KaOLJIeT1 )KoHEe KabaTTal >Kary TYPaKTbUIbIFbI, COHBIMEH KaTap KaTailFaH MaTepHallIbIH
KaHaraTTaHapJIbIK (PU3MKa-MEXaHUKaJBIK KACUETTEPIH CaKTay.

bakpuiay KypaMmbl peTiHie KypaMbIH/a KYJI KOChUIMaFaH YCaK TYHipIIiKTi 0eTOH
KaObUIAaH b, OHJIa OAMIaHBICTBHIPFBIII KOMIIOHEHT PETIH/I€ TOPTIIAHLEMEHT, aJl YCaK
TOJNTBIPFBIII PETIHAE KYM KoJaaHbuiabl. bByn perre 06a3anbT TaamibiFbl MEH
MasterGlenium  cymeprnacTU(UKATOPBIHBIH ~ MeJIIepl  Oakbulay  KypaMbIHIA
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HKCIIEPUMEHTTIK KypaMJapMeH Oipaed KaObuimaHabl, Oy HOTIKEIEepAl OYphIC
CaJIBICTBHIPY/IBl KaMTaMachl3 €TIN, MEXaHUKaJbIK OCJICCHIIPUIreH KYJ €Hri3y MEH
TYHIPIIIK KYpaMblH OHTaWIaHABIPYABIH OETOH KacHUETTepIHE OCepiH Oarayiayra
MYMKIHJIIK Oep/l.

DOKCHEepUMEHTTIK KypaMJiap/ia Heri3ri alHbIManbl (pakTopiap peTiHle LEeMEHT
TIeH KYJIJIH MacCaJIbIK KaThIHACKI, COHJIali-aK YCaK TOJTHIPFBII KypambeiHaars! 0,315 —
0,16 MM dpakiusIbl KYJIIIH Yieci KapacThIpbULabl. [{leMeHT/Ky1 MaccalblK KaThIHACKI
80/20; 70/30; 60/40 sxone 50/50 apanbiFbiHaa ©3rePTUIA, OV IEMEHTTI MEXaHUKAJTBIK
OeJICeHIIPIITeH KYJIMEH aIMacThIPY AOPEKECIHIH KOCTATAPIbIH PEOIOTHSIIBIK MiHE3-
KYJIKbIHA JKOHE YCaK TYHIPIIKTI OCTOHHBIH (PU3MKa-MEXaHUKAIBIK KACHETTEPiHE
ocepiH Oaranmayra MYMKIHAIK Oepmi. byn nmama3oHmbl TaHgay MaTepUaIbIH
OKCTPY3USIIBIK KAJIBINTayFa JKAapaMABUIBIFBIH CaKTald OTBIPHIN, IIEMEHTTI KYJIMEH
aJIMaCTBIPY/IbIH OHTAIIIBI )KOHE IIEKT1 ACHI€M1H aHbIKTay KaKETTUIITIMEH HET13/eI/I1.

Kymaer 0,315 — 0,16 mm dpakuusiibl KyJIMEH ilIliHapa ajiMacThIpy YCak
TYHIPIIIKTI KOCTIAHBIH TYHIPIIIK KYPaMbIH OHTAMJIAHBIPY KOHE OOIIEKTEP/IiH ThIFbI3
OpaJTybIH apTTBIPY MaKCaThIHA JKy3ere achIpbliibl [94]. ATanran Gppakuusaarsl Ky
naijanany TOJTBHIPFBIIITEIH KYyBICTBUIBIFBIH —a3aiiTyFa, KOCHa KYpPbUIBIMBIHBIH
OIPKEJIKUTITIH apTThIPyFa KOHE JKCTPY3Usl KE€31HJIE MaTepHaNJIbIH TYPaKThl aryblH
KaMTamachl3 eTyre MyMKiHmiKk Oepai. byn  dpakmusgarsr  kymmiH — ylect
KOMITOHEHTTEP/IIH  CETperanusiChlH  OOJNIBIPMAUTHIHAAN  KOHE  JKCTPY3USUIBIK
TOPAITHIH TYPAKTHI KYMBICHIH KAMTAaMaChI3 €TETIH/ICH €Till TaH I b,

bazaneT Tammubirsl MeH MasterGlenium cynepruiacTu@UKaTOpbIHBIH MeJIIepi
OapJbIK SKCIEPUMEHTTIK oHE OakbLIay KypamJaphl YIIIH TYPakTbl KaObUIIaH[bI.
bazanbT TaNIBIFBIHBIH M6JIIEpl MaTepUalIbIH >KapbIKIIAKKa TO3IMIUIIIH >KOHE
OachIll IIBIFAPBUIFAH KaOaTTapHblH TYPAKTBUIBIFBIH apTThIPY KaXKETTUIITIHE Kapai,
KOCIIaHBIH ~ JOKCTPY3WSJIAHFBIIITHIFBIH  HAIIAPIATIIAWTBIHAAN  €Tim  TaHJaJJIb.
MasterGlenium cynepriacTuUKaTOPbIHBIH ~ A03aChl  AKCTPY3HSUIBIK — KAJIbIITAY
YKaFIalbIHa 0ETOH KOCTIACHIHBIH KKETTI )KbIIKBIMAIIBUIBIFBIH KAMTAMAChI3 €TY JKOHE
MYMKIHJIITIHIIIE TOMEH CYy-IIEMEHT KaThIHACBIHIA THIFBI3 op1 OIpKeNKi IEMEHT Tac
KYPBUIBIMBIH KQJIBIITACTBIPY MAKCAThIH/IA IPIKTEIII.

3D-0achin  mibIFapyFa apHajgFaH yCakK TYHIPIIKTI OCTOHHBIH d31pJEHTEH
OaKplIay KOHE IKCIIEPUMEHTTIK Kypamaapsl 4.1-kecTee KopCceTuIreH.

Kecte 4.1 — 3D-6achIn mbiFapyra apHajaraH 0€TOH KOCTIaJapbIHBIH KypaMIaphl
Ne Kypawm Typi Hemen | Lem | Kyn, | ¥cakra | Kyn ¢p. | bazanst | Mast
Kypa T/Kyn |eHt, | % JFaH 0,63— TaNIIBIF | er
MBI KatelH | % KyM 0,315 Bl Gleni
acel MM um

K bakpuiay 100/0 | 100 |O + — + +

1 DKCIIEPUMEHTTIK 80/20 | 80 20 + + + +

2 DKCIIEPUMEHTTIK 70/30 | 70 30 + + + +

3 DKCIIEPUMEHTTIK 60/40 | 60 40 + + + +

4 DKCIIEPUMEHTTIK 50/50 |50 50
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OpOip Kypam YIIiH Cy-TIEMEHT KaThIHACHI KOCHAHBIH KXbUDKBIMAIBUIBIFBI MEH
AKCTPY3USIAHFBIIITHIFBIH €CKEPE OTBIPHIT, THKIPUOCTIK KOJIMEH Ty3eTuiai. beTon
KOCTTAJIAPBIHBIH KbUDKBIMAJIBUIBIFBI KOHYCTBIH 1IOTY1 (OTBIPYBI) 9AICIMEH OaraliaH]ibl,
OJ1 KOCIIaHBIH KOHCHUCTEHIMSICHIH aJIZIbIH ajla aHBIKTAY JKOHE CY-IIEMEHT KaThIHACBHIH
TaHJ1ay YIIiH KOJAaHbUIIkI (4.1-cyper).

Byt oic 6eToH KOCcTachIHBIH JieopMaliusra Kapchl TYPY KaOJIETIH )KOHE OHBIH
CTaTUKAJIBIK >KaFjaiaa OepuIreH izl caKTay MYMKIHJIITIH aHbIKTayFa MYMKIHIIK
Oepni, COHmal-ak TYPAaKThl SKCTPY3HUSIHBI KaMTamachl3 €Ty MaKCaThIHIA Kypambl
TY3€Ty Ke3iH/ie 0acTankbl KpUTEPUN PETIHE KbI3MET €TTI.

\

Cypert 4.1 — beTOH KOCIaChIHBIH Cyper 4.2 — beton KOCHElEBIHBIH

IeryiH KOHYCTHhI 0aThIpy 9/1ICIMEH AKCTPY3USIIAHFBIIITHIFBIH Oaranay
aHBIKTAY YIIIiH KOHYCTBIH 0aTy TepEeHJIIT1H
(II'P) anbIkTay

KonycthiH meryi 1-2 cm 00JIyblH KaMTaMachl3 €TETIH Cy-IIEMEHT KaTbIHACHIH
TaHJ1ay YIIIH CYyAbIH MeJIIepl TOKipuOenik xoiMeH ipikreni. Cy meniepi OepiireH
16Ty MOHIHE JKETKEHT'€ IeHiH ©3repTUIII OThIP/IbI, HOTHXKECIHAE 01 220 Mt Kyparl, Oy
B/11 = 0,37 MoH1HE colikec KelJll. ATalfaH Cy-IIEeMEHT KaThIHACHI KEeWIH KYJ KOChUIFaH
Kypamaapabl — TY3eTy Ke3lHIe IJKoHe KOCHAaHBIH  OKCTPY3HUSUIAHFBIIITHIFbIHA
KOMITIOHEHTTEp/IIH ocepiH  Oaramay OapbiChiHIAa OacTamKbl MOH  PETIHJC
nangaaadblIIbL.

Kaxxerri KOHyC T1IeryiH oHE KOCMAHBIH OJKCTPY3MSUIBIK KaJbITayFa
KapamIbUIBIFBIH KAMTAMAaChI3 €TETIH CY-IIEMEHT KaThIHACKIH 1pIKTEy HOTIXKenepi 4.2-
KecTeae KeNTIPIITeH.

Kecte 4.2 — OpTypai KaTblHacTap Ke3iHAE EpITIHAl KOCHACBIHBIH CY-IIEMEHT
KATBIHACKIH 1PIKTEY HOTHXKEIEPI

I{emMeHT/Kyn KaTbIHACHI C/ Konyc meryi (6arys), cm

100/0 0,37 1,8

80/20 0,40 2

70/30 0,42 2

60/40 0,46 2

50/50 0,47 2

bacrankpl cy-niemeHT KatbiHacel 0,37 Oonrannma, on Oakpulay KypaMbIHAA
KOHYCThIH 1—2 cM mIeryiH KamMTaMachl3 €TTi, ajl KyJI €Hri3y KOCHaHbIH CyFa JeTreH
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KKETTUIITHIH apTybIMEH Karap Kypal. ¥Kcac KOHYC IIeryiHe KOJI KeTKI3y YIIIH
OKCIIEPUMEHTTIK KypaMap/a Cy-IIEMEHT KaThIHACHI apTTHIPBULABI, Oyi perte B/L]
eciM1 KypaMJIarbl KYJI yJieci KeOeHreH cailblH yJIrast TYCTI.

0,5
0,45
0,4
035
0,3
0,25

0,2
0 5 10 15 20 25 30 35 40 45 50

Kyn - Ko menwepi %

Cypert 4.3 — ¥cak TYHIpIIiKTI 0ETOH KYpaMbIHIAFbI KYJI MOJIIIIEPIHE
0ailJIaHBICTHI CY-IIEMEHT KaThIHACBIHBIH ©3Trepyl

Konyc mieryi OolibIHIIA Cy-IIEMEHT KaThIHACBIH TaHJay OETOH KOCHACHIHBIH
CTaTHUKAJIBIK JKaFJaiilaFrbl KAKETTI KOHCHUCTCHIUSACHIH KaMTaMachl3 €Tyre MyMKIHIIK
Oepi. Anaiifa 931pJIeHreH KypaMIaapablH SKCTPY3USIIBIK KAJIBITITAyFa KapaMIbUIbIFbIH
Oarayiay YIIIH OYJl KOPCETKIII >XETKUIKCI3 Oomawl, cedebdi 3D-0achinl mIbIFapy
IpoleciHae OeTOH Kocmachl COIUIO apKbUIbl OTKEH Ke3/1€ KapKbIHABI BIFBICY
nedopManusIapplHa  YIIBIpAIbI. Ocblran 0ailaHbICTHI KOocHanapablH
PEOTEXHONOTHSUIBIK KACHETTEPIH TOJBIK CHUMATTay YIUiH KOChIMILIA TYpAE€ KOHYCTBHIH
oary Tepenairi (I1I'P) aHbIKTaNIBI, 01 SKCTPY3HsIFa KAKbIH JKaFaaiiapaa KOCTaHbIH
nedopmariusira Kapcbl TYPY KaOiJIeTiH KopceTe/Il.

A¥iTa KeTy KepeK, CTaTUKAJbIK >KarJaiiap/a aHbIKTaJaThlH JKbUDKBIMAIIBLITBIK
KOPCETKIITEPl OETOH KOCMaJapbIHBIH SKCTPY3MSUIBIK KaJbINTay KE3iHAEerT MiHe3-
KYJIKBIH TOJIBIK cUIaTTaMaiibl. 3D-MpUHTEpAIH COIUIOCH apKbUIbl OTKEHIE MaTeprall
TBIHBIII KYWIET1 XKaFAailjaH e10yip €peKIIEICHETIH bIFbICY KEPHEYJIEPIHE YIIBIPANIbI.
Ocpifan OalaHBICTBl J3IPJEHTEH KypamaapblH 3KCTPY3USIAHFBIIUTHIFBIH Oaraay
yuin koHycThiH 0aty kepcertkii (ITI'P) konmansuinsr (Cyper 4.2).

AnpiHFaH koHyc Oatry MoHzepi MasterGlenium cynepniacTu(pUKaTOPbIHBIH
MOJIILIEPIH HAKThIJIAY )KOHE COTUIOHBIH O1TEeNTY1HCI3 TYPAKThI 3KCTPY3USIHbI KAMTAMAaChI3
eTy YwiH naigananeuigbl.  3D-0ackilml  HIbIFapyFa — apHalFaH  I[[EMEHTTIK
KOMIO3UIMSUIAPABIH, ~ PEOTEXHOJIOTUMIBIK ~ KAaCUETTepiH  3epTTeyre  apHajFaH
KYMBbICTapaa KOHYCTBIH Oary KOPCETKIIT o6eToH KOCIaJIApbIHBIH
AKCTPY3USIIAHFBIIITHIFBIH OaraiayblH MHTETPaJibl KPUTEPUidl PETIHIE KOIIaHbLTYbI
MYMKIH €KE€Hl aHBbIKTaJdFaH. 1—4 3epTreylepie aranm OTUITeHACH, TYPaKThl OachIm
IIBIFAPY MPOIECIH KOHE Y3IIKCI3 KaOATThIH KaIBINITACYbIH KaMTaMachl3 €Ty YIIIH
KOHYCTBIH OaTybIHBIH OHTAWUJIBI MOHAEP1 7—7,5 cM Kypaiabl.

55



[TnacTudukanusnaymsl KOCMAHBIH OPTYPIl MeJmepiepl Ke3iHAe ajbIHFaH
koHycThIH Oaty (I1I'P) monzaepi 4.3-kecTenne KeNTipiIreH.

Kecte 4.3 — Optypiii Medepieyiep Ke31H/1e alblHFaH KOHYCTBhIH 0aTy KOpCeTKIITepi

(I'P)
LlemenT/KY MasterGlenium Konyc meryi | Dkcrpy3usra Eck.
KATbIHACHI cyneprutactupukatop | (6arybl), cM | KapaMAbUIbIF
bl, 0alIaHBICTBIPFBIIIT bl
MaccacblHaH %
100/0 0,30 6,3 + Typakchi3
AKCTPY3Us
80/20 0,50 71 ¥ Lypaxtot
AKCTPY3Us
70/30 0,70 73 ¥ Lypaxtot
IKCTPY3HUs
60/40 0,90 74 " Lyparst
IKCTPY3HUs
50/50 1,10 75 + OHTaNIIBI PEKUM
«+» — mapTThI TYPJE KapaMmJIbl, KypaMIbl TY3€Ty KaKeT
Kecte 4.3  pgepekrtepiHeH  KepiHinm  Typranaai,  MasterGlenium

CymnepIuiacTu(UKATOPBIHBIH MOJIIIEPIH apTThIPy KOHYCTHIH 0aTy KOPCETKIIITEepiHIH
(IIT'P) ecyine »oHe OETOH KOCTaIapbIHBIH SKCTPY3HUIAaHFBIIITHIFBIHBIH JKaKcapybIHa
okeneni. [II'P moni 7-7,5 cm apaibiFblHa )KETKEH/IE COIJIOHBIH OiTETyiHCI3 TYPaKThI
IKCTPY3Hsl KaMTaMachl3 eTieni. Kypamaarsl kyn memmepi aptkan caifbiH [1I'P-min
KYMBIC JHMAara30HbIHA JKEeTy YIIiH TUIACTU(GUKAIMATIAYIIBl KOCIAHBIH IBIFBIHBIH
KOOEHTY KakeT 00JIajIbI.

KabarTapapl  KanpITacTelpy aIgUTHBTI  KajblTay YAEpICiHE >KaKbIH
xKarmainapaa S-6045 Mapkalibl SKCTPY3USUIBIK THUITET1 3epTXaHaNbIK KypbUibic 3D-
IPUHTEPIH KOJIJAHY apKbUIbI JKYy3€re achlpbliibl. DKCTPY3Usl OapbIChIHIa KOCIAHBIH
COIUIOJIaH Y3MIKCI3 HIBIFYbI, KAJbINTACaThIH KAaOATThIH TYPAKThUIBIFBI, COHJIai-aK
cerperauys O€NriIepiHIH JKOHE OHKCTPY3USJIBIK apHaHbIH OiTenyiHiH OoJMaysl
BU3YaJJIbl TypJie OaranaH/bl.

Cypet 4.4 xecte 4.5 KepceTUIreH KypaMmJiapFa CoWKec KeJIeTIH Kocmaiap/IbIH
AKCTPY3HUs MBICAIIAPhI KENTIPIITEH.

¥ »
am

Cyper 4.4 — 3D-06acpIm mbIFapy npoueciHe JKaHa JTalbIHJAIFaH YCaK
TYHIpUIIKTI OETOH KOCTIAaChIHAH KabaTTap ibl KAJIBIITACThIPY

——
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Cyper 4.4 xepiHin TypFaHAaii, 931pJEHI€H YCaK TYHIpIIIKTI OE€TOH KOcCHalaphbl
DKCTPY3Usl KE3IHJE Y3AIKCI3 JKOHE TYPAKThl KaOATThIH KaJbINTACYbIH KaMTaMachl3
ereni. Kocma comomaH MIbIKKaHHAH KeWiH OEpUIreH TeOMETPUSICHIH CaKTabl,
KAWUBUIBII KETyre jKoHE cerperanusra OediM emec, Oyl OHBIH >KETKIUTIKTI MIMIH
CaKTarbllll KAOUIETIH >KOHE PEOTEXHOJOTHUSIIBIK KACHUETTEPIHIH TYPaKTbUIBIFbIH
kepceteai. COHbIMEH KaTap *KINTIH Y311yl MEH COIUJIOHBIH OiTelyl OaiiKaaManibl.

4.3 3D-0achin mIbIFAPYFAa apHAJIFaH 0eTOH KOCHAJapbl MeH OeTOHHBIH
(pu3uKa-MeXaHUKAJIBIK KacHeTTepi

3D-6achin miblFapy 9MICIMEH allbIHFAH YCaK TYHIPIIIKTI OETOHHBIH (U3MKa-
MEXAaHUKAIIBIK CHIAaTTaMajapblH aHbIKTay YIIIH OEpIKTIK KacHeTTepiH Oaramayra
apHAIIFaH ChIHAK OJICTEPiHIH KeIeHl KOMaHbplIAbl. CBIFBUTY KOHE HITy Ke31HJeri
OepiKkTik OETOHHBIH OEpIKTIriH OaKplIayJbIH CTaHAAPTTHl OJICTEpIH TNaijanaHa
OTBIPBIN AHBIKTAJIbI, OJIAp AJJIUTHUBTI TEXHOJOTUSIMEH NalbIHIaNFaH OyibIMIapra
Oedtimzenin, Oachll IIBIFAPBUIFAH  YATUICPAIH MINIHI MEH KYPBUIBIMBIHBIH
ePEKIIEIIKTEPiH eCKepeTiH oTnel ko3dduuneHT konmansuiast [98], [99].

Bakwvinay srcone sxcnepumenmmik yneinepoi 0atibinoay YuliH ColHama aty

Kypsuibimabl 6acsklin misirapy (AaibiHaay) Ke3inae 0€TOH KoclachkiHaH OaKpLiay
JKOHE OKCIIEPUMEHTTIK YJATUIepJl jkacay YIIIH ChiHamMaiap anbiHabl. ChlHama
allbIHFaHHAH Keiin 20 MuHYT imiHae apoip Kypam OoifbiHIIA 6-7aH OakKpLIay >KOHE
AKCIIEPUMEHTTIK YTl JalbiHAaael. JKyMBIC KypaMmIapbl aJIblH ajga MUHEPAJIbI
MalilMEH MaiaHFaH KaJbIlITapFa KaOaTTall CalbIHBIN, KOJMEH TBIFBI3IAIb.
TeiFb3nay nuameTpi 16 MM OonaT ©3€K apKbUIbl KOJIMEH IITBIKTAY OJICIMEH
KYPri3uial.

JaiipiHianFaHHaH KeiiH 24 caraT 6TKEH COH YJIrUlep KaJbINTaH IIbIFapbUIbII,
(20 = 2) °C TemmepaTypaZa *oHE CAIBICTBIPMAJbl BUIFAIIBUIBIFBI KeMiHae 95 %
OonaThIH KANBIMTHl KaTalo KaMmepachiHaa cakranael. Hotmxkecinae 4.6-cyperrte
KOPCETUITeH YJIT1JIep aJbIH IbI.

Cyper 4.5 — Kanpintan mslFapblIFaHHaH KeWIHT1 YATUIEPIIH CBIPTKbI KOPIHICI
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Kecre 4.5 - xatatoapiy 7, 14 sxone 28 Toynirinje cbiHaiFaH O€TOH TEKIIE YIriIepiHiH
CBIHAK HOTHXKeJepi

Kypam Ne Ilement/ycak kyn | Kararo mep3imi, KyO6Tapapix 3D-6eToHHBIH
Medepi, % TOYIIK opraia opTallia HaKThbl
oepikriri, MIla oepikriri (K
KO3 QHUIHEHTIH
€CKepe OTBIPHII),
MIIa
0 0 7 9,16 7,51
14 14,56 11,47
28 29,40 23,50
1 80/20 7 8,01 6,78
14 13,88 12,01
28 22,90 22,59
2 70/30 7 7,23 6,08
14 9,65 7,98
28 22,90 19,80
3 60/40 7 6,29 5,31
14 11,86 9,85
28 15,90 13,10
4 50/50 7 4,51 3,82
14 9,61 7,96
28 10,98 9,04

Ochunaiiina, anbiHFaH JAEPEKTEeP/Il )KOHE OEPIKTIK CHUIaTTaMallapblH CAJIBICTHIPY
HoTwkenepiH Herisre ama oTeIpbil, ['OCT 10180-2012 «bertoHnbl. MeToabl
OTIpEeJICIICHHS] TIPOYHOCTH 1O KOHTPOJIbHBIM 00pasiiamy» TajlanTapblHa COMKEC ChIHAK
HOTHKEJIEpIH OHJACY Ke3iHae Oakpliay YATUIEpIHIH OEpIKTIrIHeH —aJJUTUBTI
TEXHOJIOTUSIMEH JalbIHIAIFaH KOHCTPYKIUSHBIH OEpiKTIriHe Ty K03 UIIMEHTIH
(Korneni) €CKEpE OTBIPBIIN TY3€TY KYPri3y Kaxer.

CoHbIMEH KaTap, CTaHAAPTThl CBHIHAK OICTEpIH KOJJaHy, TINOTI OTHeNm
Kod(phULMEHTTI eckepreHHiH o3iH1ae, 3D-0aceim wIbIFapy OJICIMEH aJIbIHFaH
OETOHHBIH OEpIKTIK CUMMaTTaMallapblHa KabaTapasblK OailllaHbICTapIbIH 9CEPIH TOJBIK
Oaranayra mymkiagik 6epmeiiai. bya OCT 101802012 GotibiHIa perjiaMeHTTENTeH
o/licTep MAaTepualAblH CHIFbUTY JKOHE MULy Ke3IHJErl HWHTerpaiibl OepiKTIriH
CUMATTalTHIHBIMEH JKOHE KabaTapambIK IIeKkapaitap OOWbIMEH Oy3bLTyFa KapChUIBIKTHI
Oaranayra OarbITTaIMaraHbIMEH TyCiHAIpiieal. OcbifaH O0alIaHbICThI, OCBI KYMBICTA
CTaHJAPTTHI OJICTEPMEH KaTap KOCHIMINA JKOHE OEHIMIENreH CBhIHAK omicTepl
KOJITaHBLJIIBI.

OpTYpAl OEpIKTIK CBHIHAKTAPBIHBIH HOTHKEJIEPIH CAIBICTBIPY MYMKIHJITIH
KaMTaMachl3 €Ty YIL1H ChIFbLTY, HLTY %oHe KaOaTapasbIK UTiHICY OEpIKTIriH aHBIKTayFa
apHaJIFaH YJrijaep Oachlll MIBIFAPBUIFAH AJIEMEHTTEPJICH KECIll aiy (BBIMMIMBAHUE)
apKbpUIBI MaubHAANAR. MyHal yarutepai naiganany 3D-0acein misiFapy omiciMeH
KQJIBITITACKAH MaTepHaAbIH HAKThl KYPBUIBIMIBIK €PEKIIETIKTEPiH, COHBIH 1IIHJE
Ka0aTapaJblK HIeKapalapblH OOTYbIH )KOHE KaCUETTEPA1H aHU30TPONUSICHIH ECKEpYyTe
MYMKIHIIK Oep/i, an Oy gakropiap CTaHAAPTTHI KyiiMa OakpUiay YATUIEpIH ChIHAY
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Ke31H/1€ TOJIBIK KepinOeiiai. Ocpuiaiiiia, Tikeaeil 0achln HIbIFapbUIFaH 3JEMEHTTEPACH
albIHFaH YJITUIEp/AC CHIFBLTY, UUTY JKOHE JKaphlll 0oy (pacileruieHue) ChIHAKTapbiH
KYpri3y HaKThl KOHCTPYKIFSUIAp >KYMBICBIHA OapbIHINA >KaKbIH Karmaiiapia
MaTepUaJIblH OCpPIKTIK CHUMaTTaMajapblH KEIIEeH[I >KOHE OOBEKTHUBTI Oarasaysl
KaMTaMachI3 €TTi.

Niny xe3ingeri 6epiktikti anbikTay MemCT 101802012 tanantapbiHa coiikec
KYPTi3iai, Oyl peTTe )KYKTeMe OarbIThiHAa KaThICThl KaOaTapajblK OailaHbICTap IbIH
OaFpITbl  eCKepiminm, Oachlll  MIBIFAPBUIFAH  AJIEMEHTTEPJEH Kecill — alIbIHFaH
OpU3MATHKANBIK YATUIEp KoimaHeUiabl. ChIHAKTHIH kanmbl kepiHici Cyper 4.6
KOPCETUIreH, al HOTIKeepi Kecte 4.6 KenTipuIreH.

Cyper 4.6 — Uiny ke3inaeri OEpiKTIKTI aHBIKTAY
(II'M-1000MI'4 runpaBIMKaIbIK Ipeci)

3D-6achim  mIBIFapy oicCiMEH JalbIHAANFaH YCaK TYUIPIIKTI OETOHHBIH
KabaTapasiblK 1UIIHICY OEpIKTITIH aHBIKTAY YIIIH HAJIUHAPIIK YATUIEPAl Kaphin 06y
(paciiernyieHre) ChIHAKTaphl KOJMIAHBUIALL. By omicTi TaHmayasiH ce6edl — Kaphir
0oy Ke3iHJe YITiAe CO3bLTYy KepHEeyIl Kyil KajablnTacaabl, MyH/Ia Oy3blTy KeOiHece
MaTepUaliJIbIH €H oJICi3 alMarblHJa OacTajbil, COJl OarbITTa JaMHIBl. AJIUTHUBTI
TEXHOJIOTHsJIapJa MYHAal oJci3 aliMak, 9JeTTe, OCTOH KOCIAachlH KabaTTam jKary
OaphIChIH/IA KATIBINITAaCAThIH KabaTapayiblK OaiaaHbiC OOJIBIT TaObLTAIbI.

Ocsbiran OalIaHBICTHI KapbITT 06Ty CIHAFBIHBIH dicTeMeci 3D-0ackin mbrapy
KE31HJIe€ KaJbIITaCKaH KabaTapaliblK IeKkapanap OOMbIHIAaFbl OCpIKTIKTI Oarayiayra
oeitimaeni, Oy [100] skymbIcTa YCBIHBUIFAH TOCLIre yKcac. OjicTeMeHi Oerimaey
YJITIIEPIIH OpHANACYBIH KOHE JKYKTEY OarbIThIH OY3bLTy HETri31HEH KadaTapalibIK
niexkapa OOMbIMEH JKYPETIHACH eTil TaHIayAaH TYP/bI.

bacein mbirapynan kediH 24 caraT ©TKEH COH YJIrUIep KECUIIN ajbIHbII,
KaJIBINTHl KaTal0 KaMepachlHAa OPHAJIACTBHIPBUIABI, OHNa onap 7, 14 xoHe 28 Toymikke
neiin cakrangel. JKapeimm Oeny ceiHakTapbl [II'M-1000MI'4 mpecTiH kemerimMeH
xKyprizuial. CeIFbUTy Ke3iHZIET1 OEpIKTIK ChIHAFBIHBIH OapbIChl, COHNAN-aK JKYKTEY
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IPOLECIH/IEC ChIHAK MTPECiHE OPHATHIIFAH OACHIN LIBIFAPBUIFAH YIT1HIH JKaJIbl KOPIHIC
cyper 4.7 KenTipiJirex.

F

Cyper 4.7 — XKapsbln 6oy cblHaFbl: KabaTapasblK UTIHICY OEPIKTITIH aHBIKTAY: a —
[II'M-1000MI'4 ruapaBivKaibIK NPECTE ChIHAY; O — ChIHAK ChI30aChI

Coeirpiny kesiggeri Oepiktik 'OCT 10180-2012 TamanrapeiHa coitkec [1I'M-
1000MTI'4 rugpaBarKaibIK MpecTe aHbIKTaIAbl. ChIHAKTBIH YKaJIIbI KepiHici cypeT 4.8
KEJTIPiITeH.

Cyper 4.8 — 3D-nipunTepie OachIn MIBIFAPbUIFAaH MaTepHUAIIAp.Ibl ChIFyFa ChIHAY: a —
CBIFBLITY OEpIKTITIH aHbIKTayFa apHaJIFaH ChIHAK Ipeci; O — ChIHAK ChI30aChl
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Kecre 4.6 — 3D-6acoln mbFapy oiciMeH NalbIHIAIFaH YATUIEPAiH OEpIKTIK
CHUIIaTTaMallapbIH ChIHAY HOTHKEIepi

Kypam Ne | Ilement/ycak | Kararo Winy ke3inaeri | Coiry beniny
KYJI MOJIIEpi, | Mep3iMi, OCpIKTIK, Ke3iHeri Ke3iHgeri
% TOYIIIK Kre/cm? OCPIKTIK, OCpIKTIK,
Kre/cm? Krc/cm?
0 0 7 1,27 9,22 1,23
14 1,32 12,80 1,37
28 1,47 19,43 1,49
1 80/20 7 1,09 7,82 1,10
14 1,21 12,59 1,19
28 1,40 22,60 3,40
2 70/30 7 0,96 6,09 0,99
14 1,11 8,66 1,09
28 1,21 16,92 1,18
3 60/40 7 0,89 6,29 0,80
14 0,96 11,87 0,99
28 1,13 11,93 1,06
4 50/50 7 0,79 4,22 0,75
14 0,91 8,63 0,92
28 1,01 10,00 0,96

4.4 MexaHMKAJBIK OeJiceHAipijireH KyJIiH 0eTOH KYpbLIbIMbIHA Jcepi

IO.M. baxenoBteiH  [101] eHOerinme OasHmanFaH OCTOH KYPBUIBIMBI
TEOpUsChIHA COMiKec, OETOH Kypambl FaHa €MeC, €H aJIJIbIMEH OHBIH IIIKI
KYPBUIBIMBIHBIH, CHUTIAThl apKbUTBI AHBIKTAJIATBIH KYpJAeJi KOIJIeHIeHIl TeTeporeH i
XKYHe peTiH/e KapacThIPbLIAIbI.

beToH KypbUTBIMBI OipHEIIe HepaAPXUSITBIK JCHICHIe KATbITITacaIbl:

¢ MAaKPOKYPBUIBIMIBIK (TOATBHIPFBIIITHIH XKOHE 1p1 KybICTAPABIH Tapaybl),

o ME30KYPBUIBIMJIBIK ( «TOJTBIPFBIII — IIEMEHT TachDy )KaHACy alMarhbl),

o MHKPOKYPBUIBIMIBIK (IIEMEHT TAChIHBIH KYPBUIBICHI, TUApATAIAS OHIMIEPI,
KEyeK KEHICTIT1).

BepikTik neH y3aK Mep3IMIUTIKKE MY dCePAl KybICTBUIBIKTBIH a0COIOTTIK
MOHI €M€C, OHBIH CHUIAaThl — KEYEKTEp/lIH OJIIeMi, MilliHi, TapaJlybl MEH e3apa
OaitmaHbICHI, COHAN-aK [IEMEHTTIK KAHKAHBIH TYTACTHIFBI KOPCETE/I].

[leMeHT TacChIHBIH MHUKPOKYPBUIBIMBI KEJIeCi 3JEMEHTTEPJICH TYPAThIH JKyHe
OOJIBII TAObLIABI:

. KaJIbIIUH THAPOCUIIMKATTAPBIHBIH Ielib TOpi3Al ¢aszanaper (C—S—H),
. TUJIpaTallMSHBIH KPUCTAABIK OHIMIEI,

. peakuusiFa TyClereH TyHipIikTep,

. MEKPOKYBICTap MEH KalWJUIAPJIBIK KybICTap,

. OPTYPJI1 THIFBI3ABIKTAFbI OTIIET aiiMaKTap.

O~ wN -
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beTtoH KypbUIBIMBIHBIH 9dpKalllaH OIpTEKTI eMec €KeHiH, an OepiKTIK KYHeHIH
CTAaTUCTHKAJIBIK CHUIIaTTaMachl OOJIBINT TaOBUIATHIHBIH aTan Kepcerei. JKaamsl Typae
OCPIKTIKTIH THIFBI3ABIKKA TOYEI LTI KeJlecl KaThIHACIICH OPHEKTETyl MYMKIH:

R = Ap™

MYHJIaFbl N — MaTepUaJIblH KYPBUIBIMABIK YHBIMIACY TUIIIH CUIATTAWTHIH
KOPCETKIII.

Ocpunaiiia, KypbUIBIMIBIK —3JEMEHTTEPMIH THIFBI3 OpHAJacyblHa, >KaHa
TY3UTIMACPI1H MOP(OJIOTHSACHIHA KOHE K€YEK KeHICTITIHIH CHIIaThIHA oCep €TETIH Ke3
KEJITeH e3repicTep MIHJAETTI TYpe OCPIKTIK KaCUETTEpiHEe BIKIA €TEeIl.

Epexiiie MaHbI3Fa «TOJITHIPFBII — IIEMEHT TAaChl) KaHacy aiiMarbl e, ceoed1 Oy
allMaKTa KYpbUIbIM LIEMEHT TAaChIHBIH HET13I1 MaccachlHaH e3remie 0osaabl. Jlam ochl
aiilMmakra KeOlHece akaynap, MUKPOXApBIKTap JKOHE JKOFapbl  KEYEKTLIIK
IIOFBIPIaHAIBI.

Kynai wMexaHuKkanblK O€JICEHIpy OHBIH MEHIIIKTI O€TIHIH ay/JaHblHa,
JUCTIEPCTUIITIHE >KOHE OOJIIEKTEep/IIH SHEepPreTUKaNbIK KyHiHEe ocep ereni, Oyia e3
KE3€eT1H/Ie KeJleCl MPOoIeCTEPre bIKMal eTe/i:

MYIIOJAHBIK PEAKITUSHBIH JKbUIIAM/IBIFBl MEH TEPEHJIITIHE,
KJIBITUHIIH eKIHIIIIK THAPOCHIMKATTAPBIHBIH TY31IyiHE,
C/S xaTpIHaCBIHA,

KEeYeK KCHICTIT1HIH TOJY JIOpEKECiHe,

[IEMEHTTIK MaTpUIIaHBIH MOP(OTIOTHUACHIHA.

Ocmnanma MEXaHUKAJBIK OCJICEHIIPIITEH KYJIIIH O€TOH KYPhUIBIMBIHA dCEPIH
3epTTey OETOHHBIH KYPBUIBIMJIBIK TEOPUSCHl TYPFHICBIHAH IIEMEHTTIK KAHKAHBIH,
YKaHacy alMarbIHBIH JKOHE KEYyeK KEHICTITIHIH TpaHCPOpMAIUSCHIH Talaay peTiHIe
KApacThIPbUTYBI THIC.

4.4.1 bakvinay Kypamvinviyy muxpocmpyxkmypacot (100% yemenm)

KypambIama KyJ1 Kocrachl J)KOK Oakpliay KYpaMbl KaJIbIIITHI KaTaro yKaF aibIHIa
IIEMEHT TACBIHBIH KYPBUIBIMBIHBIH KaJIBINITACYBIHBIH ATAJOHIBIK MOJCHTI PETIHJe
KapacThIpbUTabl. MHUKPOCTPYKTYpaHbl —Tajjay OCTOH KYPBUIBIMBI TEOPHSICHI
TYPFBICBIHAH JKYpPTri3iieni, OFaH CoWkec OEpIKTIK cHumaTTaMaiapbl I[EMEHTTIK
KAHKAHBIH THIFBI3/IBIFBIHBIH JOPEKECIMEH J>KOHE KEyeK KEHICTITIHIH CHIIaThIMEH
AHBIKTAJIA]TbI.

bakputay  yATICIHIH ~ MHKPOCKOMMSUIBIK — 3€pTTEyl  Kejlecl  KYPBUIBIMIBIK
CPEKIIETIKTEP 11 AaHBIKTAN b

1. xanpuwmii ruapocunukaTTapbiabiy (C—S—H) naMbirad reabTopi3zal dhas3acer;

2. KJIBIIMHA TUAPOKCHUIIHIH KPUCTAIIBIK KOCHIHIBUTAPBIHBIH OOJTYBI;

3. peakiusiFa TyCIereH eMEeHT TYMIPIIIKTEPiHIH Ke31ecyi;

4. opTypJl eNeMIer KanuuIApIbIK JKOHE TeNblIiK KeyeKTep Kyhect,;

5. 9pPTYPJIi THIFBI3ABIKTAFbI )KEPrUTIKTI OTIHEN1 alilMaKTap.

bakpu1aHaThIH KYPBUIbIM CATIBICTBIPMAIIbI TYpJe OIpTEKTI eMec cunaTka ue, oy
IIEMEHT TaChIHBIH T'e€TEPOTeH]II TaOUFAThl JKOHE OHBIH OEpIKTITiHIH CTaTUCTUKAJIBIK

abrwnE
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CHUTIAThI Typasibl ba)keHOBTHIH TYXKBIPHIMBIMEH COMKeC Keleml. bakpiiay KypaMbIHBIH
MukpocTpyktypacsl (100% nemenr) cyper 4.9 kepceTiires.

. X3,000  5um

Cypet 4.9 — Bbakpuiay KypaMbIHbIH MUKPOKYPIIbIMBI (100% nement) 1000,
3000, 200, 50 ecemik YIKEUTye: a — KYPBUIBIMHBIH YKaJIbl KOPiHICI; 0 — JaMbIFaH
C—S—H reni aiimarbi; B — Ca(OH)2 kpuctangapsl; r — KeyeK KeHICTIT1HIH CUIIaThlI.

bakpuiay yariciHIH KYPBUIBIMBIH alKbIH KalWJUISIPIBIK KEYEKTUIIr 6ap THIFBI3
TUIIKE >KaTKbpI3yFa Oosanel. [leMeHTTIK KaHKa Y3IKCi3 OOJIFaHBIMEH, OHJA aKayJIbl
aliMakTap, MUKPOKEYEKTEp >KOHE THIFBI3JIBIFBl TOMEH KEPTiTIKTI 30HAJIAp Ke3eCei.
Kanmmnspiblk keyekTepiH 00JIybl jKOHE jKaHaCy aliMaKTapbhIHBIH OIPTEKTI €MECTiri
OyJ1 JKyiie YIIiH OepiKTIKTIH IMIEKTI MOHACPIH KaJIBIITACTHIPAIbI.

4.4.2 Kyn menwepi 20% o6onzan kezoezi KypuliblmowlK acepiep (80/20
Kypamst)

[HementTiH 20%-BIH MEXaHUKAJBIK OCJICEHIIPIITCH KYJIMEH aIMacTBIPFaH[a
IIEMEHT  TaChIHBIH  HETi3iHEH  TBIFBI3  MHUKPOCTPYKTYPAachl  KaJbIIITACA[IbI.
MUKpPOCKOTIHSITBIK Ta1ay KeJIeCiHi KopceTei:

1. C—S—H renbropizni pa3ackiHBIH JaMYHI;

2 KYJ1 OeIIeKTepiHiH aifHaIaChIHAA PEeAKIUSUIBIK KAOBIKTap IbIH TY31IYy1;
3. 1pl KanWUISAPJBIK KEYEeKTep YJIECIHIH a3alobl;

4 KYPBUIBIMHBIH O1pTEKTUIIT1HIH apTyBhI.
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Cypet 4.10 — 80/20 KypaMbIHIAFbl IIEMEHT TACBIHBIH MUKPOKYPJIBIMBI
(x1000, %2000, x100, x50 ynkehTy): a — KYPBUIBIMHBIH JKaJIIIbl KOPIHICl; O — KYII
Oedieri aiHaIaChIHIAFbl PEAKIMSUIBIK KaObIK; B — ThIFbI3 C—S—H alimarbr; r —
KEeYyEeK KEHICTIT1HIH CUTIATHI.

MexaHuKanblK ~ OCICEHIIPIITeH Kyad €Ki Typiai GyHKOUS  aTKapajbl:
— KYPBUTBIM/IBI MHUKPOTOJITHIPFBIIIT peTiHzae TBHIFBI3IANTBI,
— MYIIOJaHABIK peaKIMsIFa KaThIChIN, KaJbIIUUI1H €KIHIIUIIK THAPOCHUIUKATTAPbIHBIH
Ty3utyiHe bikman eremi [94]. FO.M. BaxeHOBTBIH JKIKTEMeCiHe Ccoiikec, MyHJaii
KYPBUIBIM THIM/I1 K€YEKTLIITT TOMEHJETIITE€H ThIFbI3 KYPBUIBIM TYPIHE KaTabl.

4.4.3 Kyn menwepi 30% o6onzan kezoezi Kypulibimowlk acepaep (70/30
Kypambl)

Mexanukanslk Oesncenaipuired kyia memmepin 30%-fa neifiH apTThIpFaHa
IIEMEHT TaChIHBIH MHKPOCTPYKTypachbiHAa Oakpuiay KypambiMeH >koHe 80/20
JKYHeciMeH CalbICThIpFaHa caaliblK e3repicTep OaiiKamaibl.

MUKpOCTPYKTYpasIbIK Talay KeJIeCiHl KopCceTe/Ii:

1. HeMeHTTIK MaTpUIIaHbIH JUCTIEPCTUIITIHIH apTYyHI;

2. eKIHIITIK KaJabIui ruapocunukatrTapbiabiH (C—S—H) KeneMiHiH yIIFaiosl;

3. (azanap apaceIHIaFkl OTIEII aifMaKTap CaHBIHBIH KOOCIOI;

4. KypBUIBIMJIBIK T€TePOTCHIUTIKTIH apTYHI.

Cyper 4.11 kepiHin TypFaHJaid, KYpbUIbIM JaMbIFaH yCakaucnepcTi pazameH
JKOHE Kyl OeJjIIeKkTepi MEH IIeMEHT Tachl apachlHAarbl (aszanap IIeKapachIHBIH
ayJlaHbIHBIH YJIFAIOIMEH CUTIATTaJabl.
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Cypert 4.12 — 70/30 xypambIHbIH MUKPOKYPJIBIMBI (30% MeXaHUKaJIBIK
OEJICeH IIPUITEH KYJ): a — KYPbUIBIMHBIH >kauirbl KepiHici (X1000); 6 — 1eMeHTTIK
MaTpUIIaHbIH Tapairy cunatsl (X50); B — opTypili THIFBI3ABIKTAFBI OTIE] aliMaKTap

(x100); T — mambIFaH IUCTIEPCTI KYPBUIBIM skoHe ekiHmiaik C—S—H ty3imimaepi
(x500).

Keckinmepae YK KoTeprim KaHKa KeJieci pakTopiiapablH OIpJIECKeH ocepiHeH
KaJIBINTAaCaThIH KOMITO3HIIFSUTBIK IIEMEHT-KYJIIIK MaTPUIIaHbIH TY31Tyl Oaiikamabl:

1. KITUHKEp (a3achIHBIH OacTamnKel THApATAIHS OHIMACPI;

2. MYIIOJAHIBIK PEAKIUS HOTHKECIHAE Ty3UIeTiH ekinmmk C—S—H.

Knunkepnik kypamagac OeJIKTIH yJieci asaifFaHblHA KapamacTaH, KYJIIiH
MEXaHUKAJBIK OeJICeHCHAIPUTY1 KYHEHIH JKOFapbl peaKIUsUIbIK KaOlIeTIH caKTayabl
KaMTamachI3 eTell, OYJ1 KOChIMIIIA TeNIbTapi3 il (ha3aHbIH TY3LTyiHE dKOHE KYPhUIBIMHBIH
1IIiHapa THIFBI3IATYBIHA BIKITAJ €TE/II.

KO.M. baxxeHOBTHIH O€TOH KYPBUIBIMBI TEOPUSICHl TYPFBICHIHAH KaparaHa,
KJIACCUKAJIBIK ~THIFBI3 KYpbUIBIMHAH (pa3asiap apanblK O€Ti yJFailFaH JKoHE
KYPBUIBIM/IBIK ~TE€TEPOreHAUNIT apTKaH ThIFbI3 JUCIEPCTI KYpPbUIbIMFA KOy
Oaiikanaapl. Pa3zaapanblK LIeKapajap CaHbIHBIH apTybl MUKPO JIEHIEWJe KepHeyIi-
neopManusIbIK KYWI1H KYpAeleHyiHe JKOHE YKEPriTIKTI OEpIKTIK
CUIaTTaMalapbIHbIH CTATUCTUKAJIBIK ©3TEPTiITITIHIH OCYIHE aJbIN KeIedi.

4.4.4 Kyn moenwmepi 40% o6onzan kezoezi KypwlibimowlkK acepiep (60/40
Kypambl)

MexaHuKanbIK OesceHIipiiarex Ky yiecin 40%-fa neiin apTThIpFaH/a IIEMEHT
TaChIHBIH MHUKPOCTPYKTYpaiblK yibiMaacysinaa 80/20 >xone 70/30 kypamaapeIiMeH
CaJIBICTBIPFaH/Ia eNeyJl e3repictep OaniKaiaibl.

MUKpPOCKOTUAIIBIK TAJIJIay KEIeCiHl KOpCceTel:

1. HEMEHTTIK MaTPUIAHbIH TYTACTHIFBIHBIH TOMEHCYI;
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ycakaucnepcTi ¢hazaHblH YIECIHIH apTyhl,
MUKPOKEYEKTEp MEH ThIFbI3JIbIFbl TOMEH aliMaKTap/IbIH KoOet01;
KYPBUIBIMJIBIK T€TePOTCHIUTIKTIH KYIICHO1,;
KEPTUTIKTI  TypA€  KYPBUIBIMHBIH ~ OocaHCy  (pa3yIsiIOTHEHUE)
aiiMaKTapbIHBIH KAJBIITACYHI.

Cyper 4.13 kepiHIN TypFaHIal, KYpbUIBIM IIEMEHTTIK KaHKAaHBIH aWKbIH
JUCIIEPCTUIINIMEH KoHEe (hparMeHTaIMsCBIMEH CUIIATTaIa Ibl.

bk owN

B T

Cyper 4.13 — 60/40 KypaMbIHBIH MUKPOKYPIBIMBI (40% MeXaHUKaIBIK
OCJICEHIIPITEH KYJI) OpTYPJIi YIKEHTY Ke3iHe:
a — IEMEHT-KYJJIIK MaTPUIIAHBIH YCaKaucnepcTi KypbutbIMbI (X1000);
0 — cbIHY O€TIHIH JKaJIbl KOPIHICl, )KEPTUTIKTI 00caHCy aiiMakTaps (x50);
B — MHKPOKEYEKTEep MEH OTIeN aiMakTapabiH Tapainysl (x100);
I' — JIUCTIEPCTI KYPBUIBIMHBIH CUIIATHI )KOHE IIEMEHTTIK KaHKAHBIH (PparMeHTaIUsChI
(x500).

Mexanukanslk Oencennipiiren kyiaai 40% memmiepae eHrizy OacTarkbl KYK
KOTEPrill KaHKaHbl KaJIbIMITACTBIPATHIH KJIMHKEP (a3achlHBbIH KOJIEMIHIH a3aroblHa
okeneni. EKIHIIUIK KaabUUM TUIPOCUIMKATTAPBIHBIH TY3UIyl KaJlFacKaHBIMEH,
Ca(OH): MemiepiHiH MEKTEeYUIIr KYPbUILIMHBIH 0alJIaHBICTBUIBIK I9PEKECIHE acep
ere OacTanabl.

beToH KyphUIBIMBI TEOPUSICHI TYPFBICHIHAH KaparaH]a, OallKaJlaTblH Kyiie
dazanap apanblK OeTi YIFalFaH >KOHE MHUKPOKYPBUIBIMJIBIK OIPTEKCI3Nirt apTKaH
JUCTEPCT] THIFbI3 KYPBUIBIM PETIHAEC CHUIATTAlybl MYMKiH. OTmesni aiiMakrap MeH
TBIFBI3JIBIFBI TOMEH JKEPTUTIKTI 30HAJapJIbIH KOOEI0l IMEMEHTTIK KaHKAHBIH THIMII
TBHIFBI3/ILIFBIHBIH TOMEHICYIHE aJIbIN KeJleIl, OYJI p mapaMeTpiHe KopiHic Tabasb.
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Ocpinaitia, xkyn memmepi 40% Oonranna >xyie KYpbUIBIMIBIK THIFbI3IATYABIH
IIEKT1 KYHIHE >KaKbIHAANABI, OJaH KEWIH MaTpHUIlaHbIH OocaHCy (pa3yIuIOTHEHHE)
dakTopsl OackiM 0o1a OacTalIbI.

4.4.5 Kyn menwepi 50% o6onzan kezoezi Kypulivimowlk acepiaep (50/50
Kypambl)

[leMeHT MeH MexaHUKabIK OCJICeHIIPUIreH KYJAiH TeH KaTbiHachiHaa (50/50)
QJIJIBIHFBl KYpaMJIapMEH CaJIbICThIPFaH/Ia KYPBUIBIMHBIH CanajiblK TYPFbIIAH ©3rellle
TpaHchopMaIys IeHrei1 Oaiikamapl.

MuKpoCTpYKTYypalbIK Talay KeJIeCciHl aHbIKTalIbl:

1. IeMeHTTIK KaHKaHBIH alKbIH (PparMeHTAITUSICHI,

2. KaWJUIAPIbIK KEYEKTUTIKTIH €Y1p apTyBhl;

3. ycakaucrepcTi (hazaHbIH 0aCchbIM OOTYHI;

4. dazanmap apachIlHAAFbl TETEPOTSHIUTIKTIH KOFAPHI JCHTCHi;

5. KEepriulKTi 60CcaHCy allMaKTapbIHBIH OOJYHI.

Cypet 4.14 xepiHin TypraHiai, KypbUIbIM allKbIH KE€YEKTLIIT1 0ap, EMEHTTIK
MaTpUIIAHBIH ~ TYTacCThIFbI TOMEHJIETEH JaMblFaH JUCHEPCTI  YHBIMIAaCyMeH
CHUTIATTaa/IbI.

4.6-cypet — 50/50 KypamMbIHBIH MUKPOKYPIBIMBI (50% MeXaHUKaJIbIK
OeNCeHAIpIIreH KYJI) 9pTYpil YIKEHTY Ke31He:a — LIEeMEHT-KYJIIIK MaTPHUIIaHbIH
nucrepcTi KypbUibIMbl (X1000);6 — TenbTopi3i xKaHa TYy3UTIMAESPAIH MOP)OIOTUSICHI
*oHe keyek KeHIcTir (X2000); B — cbIiHy O€TIHIH KaJIbl KOPIHICI, dKEPTrUTIKTI
6ocaHcy aiimakTapsl (%50); T — HaMbIFaH KEYEKT1 KYPBLIbIM )KOHE IIEMEHTTIK
KaHKaHbIH (parMeHTanuscol (X500).

Kynai 50% wMenmiepne eHrizy IIEMEHT TachIHBIH OacTamkbl JKYK KOTEprill
KaHKAChIH KaJbIIITACTHIPAThIH KIMHKEP (ha3achIHBIH KOJIEMIH alTapibIKTall a3aiiTaibl.
MexaHuKaJbIK OENCeHAIPIITeH KYJIIH PEeaKIUsUIBIK KaOljaeTi >KOoFapbl OOJFaHbIHA
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KapamacTaH, KaJblUil TuApoKcuAiHiH Memmepi ekiHmimik C-S-H rty3imyl ymnix
HIeKTeyI (pakTopra aiHaIaIbl.

HormxkeciHae JOUCKpETTI IEMEHT-KYJJIIK  JKyHe  KajiblmTacaibl, OHJA:
— renb  (a3achlHBIH ~ KEHICTIKTIK  OalJIaHBICTBUIBIK  JIOpEXKeCl TOMEHISH/I;
— KaITAJLISPJIBIK KEeYeKTepIiH yiteci apTaJibl;
— KYPBUIBIMJIBIK OIPTEKCI13/11K KYIIeHeIl.

Teopusuiblk  KarumanapbiHa cobikec [101], KeyekTiMIKTIH apTybl KOHE
KYPBUTBIMJIBIK KAHKAHBIH TYTACTBIFBIHBIH OY3bUTYBI THIMII THIFBI3ABIKTEIH  (P)
TOMEHJICyIMEH KaTap Kypeai, Oy OepiKTIKTIH KeJeci TOYeNITIKKe COKec a3aloblHa
okeneni: R = Ap™ Kyn memmepi 50% OonraHga Kyde KYPBUIBIMIBIK THIFBI3IATY
aiiMarbIHaH KYPBUIBIMJIBIK TUCKPETTEHY aliMarbIHA ©TE/Ii, MYH/a HETI3r aHBIKTAYIIIbI
(bhaKkTOp IEMEHTTIK KaHKaHbIH 0alIaHBICTBIIBIFBIHBIH TOMEH/ICY1 OOJIBIT TaObIIa/bI.

4.5 3D-0achin mIBIFAPLUIFAH 0eTOH OYibIMIAPBIHBIH KACHETTEPIH KIHe
KepHeyJIi-1eopManMsa/IbIK KYiliH MATEMATHKAJIBIK KOHE CAHABIK MO/IeJIbey

4.5.1 MexaHuKaJIbIK OeJiceHAIpUIreH O0alJIAHBICTBHIPFBIII KYPAMBIHBIH
0eTOH KacHeTTepiHe ICePiH CTATHCTUHKAIBIK-PErPeCcCHSIBIK TAJAAY

¥cak TyHipIIiKTI OETOHHBIH (PU3UKAa-MEXaHUKAIIBIK KACUETTEPIHE MEXaHUKAIIBIK
OEJICEHIIPUIr€H MUHEPAIIbIK KOMIIOHEHTTIH OCEpIH CaHIBIK TYpFbIIaH Oaranay
MaKcaTblHJa AKCIEPUMEHTTIK JEPEKTEepre CTaTUCTUKAIBIK-PETPECCUSIIBIK Talay
Kyprizuial. byn tocuial KoiagaHy OETOHHBIH OEpIKTIK CHUIaTTaMajapblHbIH Kypamra
TOyeNAl ©3repy 3aHAbUIBIKTApblH AaHbIKTAayFa, COHJAN-aK aJAUTHUBTI KYPBUIbIC
TEXHOJIOTUSIIAPBIH/IA KOJaHy YIIIH OeJICeHMIPUITeH MHHEPAIIAbIK KOMIIOHEHTTIH
OHTAMJIBI MOJIIIIEPIH HET13/IeyTe MYMKIHAIK Oep/Ii.

Toyenci3 aiiHpIManbl X peTiHAEC MEXaHUKAIBIK OEJICEHMIPUIreH KYJI MeJepi
KapacTolpbulnbl. Toyenni ailHbIMamibLIap ); PETIHAE 3€pTXaHaAJbIK ChIHAKTap
HOTHKECIHIE aHBIKTAJIFaH CHIFBLTY Ke31Her1 OepiKTiK (Rcorc), Uity Ke31HAer! OepiKTIK
(Rusze) »oHe xapblit 06y ke3inzeri OepikTik (Rras) aabIHIbI.

Crui3biKmblK, pecpeccusinblk Mooenboey

AHBIKTaNFaH TOYENIUIIKTEPAl CaHIBIK CHUIATTAY YIIIH KeJIeCl >KaJIbl TypJeri
CBI3BIKTBIK PETPECCUSIIBIK MOJEb KOJITAHBLI/IbI:

y=ax+b+e¢
MYHaFbI & — perpeccus KodppuiuenTi,
b — perpeccusIbIKk MOEIbIIH TYPaKThl MYIIIECI,
& — Ke3/IeMCOK KaTeJiK.

Perpeccusuiblk Mojenb ko3 duiimeHTTepin 0aranay eH Kill KBajapaTTap 9ici
apKbUIBI KYPT13111, OJ1 KeJiecl (yHKIIMOHAJIIbI MUHUMU3alIMsIayFa HeT131eJITeH:

=1 (i — y) —>min,y=ax;+b
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Cyper 4.15 — ¥cak TyHipmiikTi O6TOHHBIH OEpIKTIK cUMaTTaMaaapbiHBIH
OesceHaAIpuIreH 0alIaHbICTHIPFBIIT MOJIILIEPIHE TOYE Il ChI3BIKTHIK PETPECCUSIIBIK,
OaltmaHbBICTapbl: @ — CBIFBUTY KE31HJIeT1 OEpIKTiK; O — My Ke31HAer OepIKTIK; B —

XKapbITl 06Ty Ke31HAeT1 OEpPIKTIK.

Pezcpeccusnvix mooenvoepdiy canacvin b6azanay

Kypbsutran perpeccusuiblK  MOJEIBACPIIH — aJAeKBATTHUIBIFBI
R? apKpUIbl OaranaHibl, OJ KeJNeCi OpHEKIEH

JneTepMuHaIus K03 PUIMeHTi
aHBIKTAJIAbI:
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R?=1—
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Y - THiCTi OEPIKTIK CHIATTaMaChIHBIH OpTallia MOHi.

Jerepmunanus koddduimenTtidiy xorapsl MoHzepl (R2=0,87-0,95) 6epikTik
CUTIaTTaMaJIapbIHBIH ©3repICIHIH HETi3rl 0eJliri IEeMEHT YJIECIHIH e3repyiMeH
TYCIHIIPIIETIHIH KopceTe 1, OYJ1 KapacThIPBUIBII OTHIPFAH AKCIIEPUMEHTTIK IEPEKTEP
JTMANa30HbIH/IA ChI3BIKTHIK MOJEIBI1 TaHIAYIbIH TYPBICTHIFBIH pPacTaiiibl.

Pecpeccusinviy mayenodinikmepoiy cmamucmukanolk MOHOLIICIH meKcepy

Perpeccust koad¢uimeHTTepiHIH CTAaTUCTUKAIBIK MOHAUIITT CThIOAEHTTIH t-
KpUTEpUiil Heri3iHae Tekcepinal. Hemmik rumnoTesa Tekcepiii:

Hy:a=0
banamans! runore3ara KapcCh:
Hy:a#0
CraTuCTUKAIBIK MOHJIUTIK KPUTEPUIAL PETIHE KeJeCl MapT KaObLUIIaH b
p<a,a=0.05

AnpiHFaH ~ OapibIK ~ pPErpecCHsUIbIK — TOYENAUNKTEP  OCbl  IIAPTTHI
KaHaraTTaHAbIpaabl, Oy LEMEHT VJEeCiHIH O€TOHHBIH 3€pTTeNreH OepiKTIK
cunaTTamanapblHa CTATUCTHKAJIBIK TYPFbIAH MOH/1 9Cep €TETIHIH KOpCeTe].

bemon xypamvinvly napamemprepi MmeH KacuemmepiHiy KOpperayusivlk
manoaywl

Kypam mapametprnepi MeH OETOHHBIH (U3HKA-MEXaHUKAIBIK CHUIATTaMajiapbl
apacbIHIaFrbl ©3apa OalaHBICTHl KOChIMINIA Oaranay yuriH [[MpcOHHBIH KOppensius
KOA(DPUIIMEHTIH KOJIJTaHA OTBHIPHINT KOPPEISLMSIIBIK Talaay >KYpri3iiui, oy Keleci
OPHEKIICH aHBIKTAJIA]IbI:

X —x)yi =9

[Z- 030~

AnpiHFaH Koppersnus Kod(puImeHTTepi Heri3iHAe 3epPTTENETIH mapameTpiiep
apachIHIAFbl ©3apa OalIaHbICTAP/IBIH JOPEKeci MEH OaFbIThIH aHBIKTayFa MYMKIHIIK
OepeTiH KOPPENAIHSUIBIK MaTPUIA KYPBIIIHIL.
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Cypert 4.16 — ¥cak TyHipiIikTi 0ETOHHBIH KypaM IapaMmeTpiepi MeH OepiKTiK
cumnaTTamMalapbl apachIHAAFbl KOppesusiiap MaTpUIACHI.

OKCHNEPUMEHTTIK  JIEPEeKTEpAl  CTATUCTUKAJIBIK  OHILY, PETrPeCCUSIIBIK
MOJIEIBAEPAl KYpy, TUMOTE3aTIapAbl TEKCEPY KOHE HOTHKENEp/ll BU3Yyalu3alusiiay
Python Tinmin kongany apksuiel, pandas, NumPy, SciPy, Plotly »xone Streamlit
KiTanmxaHajgapblH TNaljanaHy apKbUIbl OpBIHAANIL. barmapramanbiK Kypaiaapisl
KOJIJTaHy HOTWDKENEpAlH KalTa eHIIpUIylH KaMTaMachl3 €Til, JAEPEeKTepl OHILY
MPOIIECIHE CYOBEKTUBTI dCepIl OOJIIBIPMAIbI.

TexHonorusnbiK GakTopiaapabiH OIpIECKEH 9CEpPiH TOJBIK €CKEepYy MaKcaThIHIa
PEerpecCUsIbIK Taiiay SKCIEPUMEHTTIK AEPEKTEP/ll KEHICTIKTIK BU3yaIn3aIusayMeH
TOJIBIKTHIPBLIIBI.

®

a 0
Cypet 4.17 — BeTOHHBIH CBHIFBUTY KE31H/IET1 OCPIKTITIHIH MEXaHUKAJIBIK
OeJICeHIIpIIreH MUHEPAIIBIK KOMITOHEHT MOJIIIEP1 MEH Cy-0alIaHbICTHIPFBIII
KaThIHACBIHA TOYEJ Il KCHICTIKTIK quarpamMackl:a — (80/20 kypamsr), 6 — (70/30

KYpPaMbl).
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OKCIEPUMEHTTIK JIEPEKTEPAiH KEHICTIKTIK BH3yaIM3alMsIChl MEXaHUKaJIbIK
OCJICCHAIPUITeH MHUHEpaJbIK KOMIIOHEHT MOJIIIEPiHIH apTybl JkKOHE Cy-
0alIaHBICTBIPFBINI KATHIHACBIHBIH O1p Me3riuiige TeMeHJeyl OCTOHHBIH CBIFBLIY
Ke31HJIeT1 OEpiKTITiHIH 6CyiHEe OKEJICTIHIH KopceTe .

Rc28 OGepikTirinin eH »xorapbl MoHAEpl 22,9 Mlla-ra neitin OenceHaipuIreH
komnoHeHT meepi 80% xxone W/B = 0,28-0,30 6onranaa Oaiikananasl. An 70%
mommepiaae Oepiktik  19,8-20,3 Mlla-gan  acnmaiigesl, Oy MeXaHUKAJIBIK
OeNCeHAIpIIreH MHHEPANJIbIK KOMIIOHEHTTIH KOFapbl YJECIHIH OHTaWIbUIBIFBIH

pacTraijpl.
! \/
|
|

S
OREl cement
£ W/B:

Rc28:1

a 0
Cypet 4.18 — beToHHBIH CBIFBUTY Ke31HIeT1 OCpIKTITHIH MEXaHUKAJIBIK
OeJICeHIIPUIreH MUHEPAIIBIK KOMIIOHEHT MOJIIIEP1 MEH Cy-0alIaHbICTBIPFBIIII
KaThIHACBIHA TOYEJI1 KeHICTIKTIK quarpamMmachkl: a — (60/40 kypamsi), 6 — (50/50
KYPaMBbl).

MexaHuKanblK O€JICeHIIPUITeH MHUHEpaIAblK KOMIOHEHTTIH Memmept 50%
#oHe 60% OonaThIH Kypamaap YLIiH KEHICTIKTIK JuarpaMmaliap cy-0aiiaHbICThIPFBILI
KaThIHACKI >KOFaphl OosiraH >xkarmaiiga (W/B = 0,43) GeTOHHBIH CHIFBUTY KE31HJET1
oepiktirt 17,7-18,3 MIlla apanbifbiHaa OOJATBIHBIH JKOHE aWKbIH MaKCHUMyM
allMarbIHbIH )KOKTBIFBIMEH CUIATTAJIaThIHBIH KOPCETE/l.

46 3D-0achin mIBIFAPLUIFAH 0eTOH OYilbIMIAPBLIHBIH  KepHey.Ji-
nepopManMAJIBIK KYIliH CAHABIK MOIeJIbACY

CaHIbIK MOJENbACYl KOJJAaHy MaTepHall KacHeTTepiH TaijaylaH TaibiH
OYWBIMHBIH JKYMBICKA KaOIJIETTUTITH OarajiayFa Kelryre MyMKIHAIK Oepesil, COHau-
aK KOHCTPYKIMSIIaFbl €H JKOFaphl KEpHEY WIOFbIPJIaHFaH ailMaKTap/bl aHbIKTayFa
Karaai skacaiinpl. by aliMakTap naiiianany xKykTeMesnepi ocepiHeH OY3bUTy CHUIIATHI
MEH MEXaHU3MiH allKbIHJIaUThIH HET13T1 (hakTopsap OOJbIN TaObLIAIbI.
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A: Static Structural
Solution

Time: 1, s
07.02.2026 22:33

0,00 500,00 1000,00 (mm)
]

250,00 750,00

Cyper 4.19 — 3D-0acpIn mblFapbUiFad 0€TOH OYHBIMBIHBIH €CEMNTIK
FEOMETPUSIIBIK MOJIE1

Ecentik Mopenbae OeToH OyYMBIMBIHBIH MaTe€pHalbl  ChI3BIKTBI-CEPIIM/IL
M30TPONTHl peTiHae KaObuimanapl. CepmiMAUNK MOIYIIHIH MOHI HOPMATHUBTIK
TOYeNIIIK OOMBIHIIIA OETOHHBIH KbICY KE31HJAEr! TOXKIPUOEIK aHBbIKTAIFaH OEpIKTIr
Heri3iHe aubikTanabl. Re28 =229 MlIla 6onatsin Kypam yiIiH ceprniMauiik moayii B
~ 29 I'Tla nen xa6wuimanabl. Ilyaccon kodduimeHTi HOPMATUBTIK Ky KaTTap/IbIH
YChIHBIMJIapbIHA colikec v = (0,20 nemn aJibIHIbI.

Engineering Data: Material View

Concrete

Density 223e-06 kg/mm’

Structura v
W Isotropic Elasticity
Derive from Young's Modulus and Poisson's Ratio
Young's Modulus 29400 MPa

Poisson's Ratio 0,20000

Bulk Modulus 6333 MPa
Shear Modulus 12250 MPa
Compressive Yield Strength 23,900 MPa

Tensile Yield Strength 0,90000 MPa

4.6.1 Ilexapanvik wiapmmap sicane ycyKkmey cynoacol

EcenTik Mozenberi mexkapaiblK mapTTap OYHBIMHBIH )KYMBIC 1CT€Y1HIH €CETITIK
cyibaceiHa coiikec Oepinmi. KypbuibIMIbl O€KITY KalIBIKTaH OPBIH ayBICTBIPYJIApIbI
(Remote Displacement) 6epy apKbLIbl KY3€re achIpbUIIbI, OVJI TIPEK IIapTTapbiH
JKEPTUTIKTI CaHJBIK KEpHEY MIOFBIPJaHyJaphIHBIH TMaiia OONYBIHCHI3 JYPHIC
MOJIETIbJICYTe MYMKIH/IIK Oep/l.

XKyxremenep OyibIMFa oCep €TETIH NaiJalIaHy KaF1alJapblH UMATAIMSUTAUTHIH
OepiiTeH OpBIH AaYBICTBIPYJIAP TYPIHIAE KOMAAHBULABL. MYHIAW TOCUT CaHIBIK
HICNTIMHIH TYPaKThUIBIFBIH KAMTaMAachl3 €T/l oHE CTATUKAJIBIK KYKTEME Ke31Her1
OCTOH KOHCTPYKIIUSJIAPBIH €CENTeY1H KaObLIJaHFaH o/[iCTeMEIEpIHE COMKeC Kemei.
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A: Static Structural
Remote Displacement 3
Time: 1,5

07.02.2026 22:56

[] Remote Displacement 3
Components: Free;-0,35;Free mm
Rotation: Free, Free, Free °
Location: 715,, 520, -130, mm

A

Cyper 4.20 — Ecenrik Moienbe MeKapalIblK IMapTTap MEH XKYKTEyAl 6epy cy10achl.

0,00 500,00 1000,00 (mm)
]

250,00 750,00

130

P

Cyper 4.21 — 3D-0ackIn mibIFapblUFrad Cyper 4.22 — 3D-0achIn mbiFapblUrad
0€eTOH OYMBIMBIHBIH TOJIBIK OPBIH 0eTOH OYMBIMBIHAAFbI SKBUBAJICHTTI
aybicThIpyJap epici (Total Deformation) kepHeysep opici (Musec OoiibiHIIA
Equivalent Stress)

o 50000 1000,00
— —

Lol i 25000 75000

EcenTik Mopenbleri TOMBIK OPBIH aybICTBIpyJap epiciH tamgay 3D-6acwin
HIBIFAPBIIFAaH 0€TOH OYHBIMBIHBIH Je(hOpMAIHAIChl alKbIH HTy CUTIAThIHA M€ eKEHIH
kopceTTi. EH yJIKeH OpBIH aybICTBIpYJap KOHCTPYKIHUSHBIH apayiblK OeiriHie,
KYKTEME TYCIPUIETIH aiiMaKTa IIOFbIpJIaHFaH, all OEKITY jKOHE TIpeK aMaKTapbIHAa
OPBIH AYBICTBIPYJIAp MUHUMAJIIBI.

TonbIK OpbIH ayBICTRIPYABIH MakcuMa bl MoH1 0,081 MM Gosiibl, OyI1 GepiireH
KYKTEy  JKarjaimapblHIa  OYHBIMHBIH ~ JKOFaphl  KATTBUIBIFBIH  KOpceTesi.
JledbopmarusnapIelH ajdblHFAH Tapajay CHIAThl KOHCTPYKIUSHBIH KYTUICTIH KYMBIC
cyi0achlHa COMKeC KeJeal JKOHE IIeKapajblK IapTTap MEH CaHIBIK MOJCIb
napameTpJepiHiH AYpbIC OEPUIreHIH pacTaibl.

Mu3zec OoifblHILIA KBUBAJICHTTI KEpHEYJNEeplH TapalyblH Tainay 3D-Oacein
IIBIFApbUTFaH 0€TOH OYMBIMBIHBIH KOJIEMIHE TEOMETPUSI ©3TepeTiH aiiMaKTap/aa KoHe
KOHCTPYKITUSIHBIH ~HMUTY KYMBICHI JKYPETIH OOJIKTEepIHJE IKEPriTiKTI KEepHeY
MIOFBIPJIaHy aiMaKTaphl KAJBINITACATHIHBIH KOPCETTI.
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DOKBUBAJICHTTI KEPHEYJIEPIiH MaKcuMalasl MoH1 2,51 MIla 6osbin, OYHBIMHBIH
€H KONl >XYKTeJIreH OeJikTepiHae Oailikananbl. by OepiiareH miekapaiblK IHIapTTap
KE31HJIET1 1K1 KYIITEpAiH KalTa TapalybIHBIH KYTIJIETIH Cy0achlHa COlikec Kemedl.
KoHcTpykius kejaeMiHiH HeTi3ri OeJiriHae KepHeyiep JAeHreil aiTapiblKTall TOMEH,
OWI KepHEeYJI1 KYWI1H YTHIM/IbI TapaJIFaHbIH KOPCETE/I].

000 500,00 1000.00 (mm 0% 50000

00 o 0

Cyper 4.23 — 3D-6achIn mbIFapbUTFaH Cyper 4.24— 3D-6acpIn MIbIFapbUIFaH
0eToH OYHBIMBIHIAFBI MAKCUMAJIIBI Oac 0eTOH OYHWBIMBIHBIH €CEeITIK
kepHeynepaiH (Maximum Principal MojIeliHer1 Tipek peakiusuiapsl (Force
Stress) Tapanysl. Reaction)

Makcumanbl 0ac CcO3bUTy KEpHEYJIEpPIiHIH JIeHredi OETOHHBIH ToXIpUOEeNiK
aHBIKTAJIFAH CO3BLITY OCPIKTITHEH acmaibl, Oy KaObUIJaHFaH €CENTIK MOJEIb/IIH
OapabapbIFbIH KOHE KapaCThIPhUIFaH KYKTEME JTUaa30Hbl MIEHOEPIH/Ie MaTepralibl
CBI3BIKTBI-CEPIIMII  AIMMPOKCUMANIMSIIAYABl KOJJIAHYABIH JIYPBICTBIFBIH PacTanbI
(Cyper 5.9 — 3D-6aceim miplFapbulFaH OeTOH OYHBIMBIHIAFBI MaKCHUMAJIbl Oac
KepHeysepaiH Tapanysl (Maximum Principal Stress)).

CaHOplK ecel HOTIDKECIHIE aiblHFaH TIPEK peakIMsUlapblH — Tajlgay
KOHCTPYKITUSHBIH OCKITUITEH alMaKTapbIHAAFbl JKUBIHTBIK PEaKIUsIAPD CHIPTKBI
aceplll TEHECTIPETIHIH KOepCeTTl. bysl cTaTUKaNbIK Tene-TeHAIK I[apTTapbIHbIH
OPBIHIAYBIH KOHE €CENTIK MOJIEb/e MIEKapasblK MAPTTapbIH AYPHIC OepuIreHiH
hiY) (S0 (S)701 (B

Tipex peakuusIapbIHBIH Tapalybl CUMMETPUSUIIBI JKOHE (PU3MKAIIBIK TYPFbIIAH
HETI3/Ie]ITeH CUMaTKa ue, Oyl MOJEINb/ie Mapa3uTTIK KaTaH OPBIH aybICTHIPYJIap/IbIH
JKOHE CaHJBIK OypMallaHyJapJblH KOK E€KEHIH pacTailibl. AJIBIHFAH HOTHXKEJEp
ecenTiH AehopMalisUIaHATBIH KATThl JIEHE MEXaHUKAChl TYPFBICBIHAH OPHBIKTHI KOHE
nypeic opeiHaanFanbliH kepcereni (Cyper 5.10 — 3D-0acein mibiFapbuiFaH O0€TOH
OYMBIMBIHBIH €CETTIK MOJeiHIer1 Tipek peakiusiapsl (Force Reaction)).

Ocpuraiima, 3D-0acblll  HIBIFapbUIFaH OETOH  OYWBIMBIHBIH — KEpHEYJIi-
nedopMarusIaHFaH KYHiH CaHIBIK MOJIENbJCY OHBIH JehopMalusiiaHy CHUIATHIH
aHBIKTayFa, KEPHEY IIOFbIpJlaHy alMaKTapblH alKbIHIayFa J>KOoHC KaObLIIaHFaH
ecenTiK CyJI0aHbIH AYPBICTHIFBIH pacTayFa MYMKIHAIK Oep/il. AJBIHFAH HOTHXKENep
TOXKIpUOETIK JEPEKTEPMEH COMKEC KeJel JKOHE aJJIMTUBTI TEXHOJIOTHSIAP apKbLIbI
NaubiHAamFaH OeTOH OYHBIMIApPBIHBIH KYMBICKA KaOUIeTTUlriH Oaranay MeEH
TEOMETPHUSACHIH OHTAWIAHBIPY YIITIH Ak JaIaHbLTybl MYMKIH.

75



BeuiM GoiibIHIIIA KOPBITHIH/BI

CkaHeplIelTIH SJEKTPOHIBIK MHUKpockonusiHel (SEM) >koHe yaruiepaiH
peHTreHik-hazanslK TangayblH (XRD) KaMTHTBIH KEIICH1 aclanThIK 3epTTeyiiep
HET'131H]1€ )KOFaphl THIFbI3JIBIKThI, TOMOTEH/Il IEMEHT-KYJI MATPULIACBIHBIH KAJIBITACYBI
FBUTBIMH HET13/I€JITEH JKOHE SKCIEPUMEHTTIK JQJICIICHTEH.

OckemMern JKDO Kyn-KOXK KAJIIBIKTAPbIHBIH aJJblH ajla MEXaHUKaJbIK
OesceHauTIr OeIeKTePAiH KapKbIHILl BIABIpAybIHA, OJIAPJBIH MEHIIIKTI OCETiHIH
eI0yip YIFAIObIHA JKOHE PEAKIUSIIBIK KAOUTICTIHIH OCYiHE ajblll KEJICTiHI aHBIKTAJIIBI.
OcCBIHBIH apKacbIHAa KyJ Oeniektepl KemeHai pyHKIUsIHbI aTkapaasl. bipiHmigeH,
ojlap KaTThl (a3aHbIH TPaHYJIOMETPHSUIBIK KYpPaMbIH OHTAWJIAHIBIPATHIH >KOHE
KaMWUISIPJIBIK  KyBICTAp MEH KYPBUIBIMHBIH MHKPOJAE(HEKTTEPiH KOIbMATTANTHIH
(OiTEeHTIH) THIMAUIITT OFapbl MUKpPOHAYFBIII DPETIHIAE JpeKeT eredi. ExiHmmineH,
allkpIH OaliKajaThIH MYIIOJIaH OEJICEHIIIrIHE e 0oda OTBIPhIN, KYJIIH aMOp(ThI
KpEeMHe31 KIIMHKEPJIIK MUHEpaJAap bl THIpaTalsiay npoecinae 0e1iHEeTIH KalblIun
TUAPOKCUIIMEH (TOPTIAHAUTIICH ) XUMUSIIBIK ©3apa 1C-KUMBLIFa TYCE/I].

AJITUTUBTI KaJbINTay IMPOIECIHAE KepHeysi-aepopMarusianrad sxan-Kyuml
(KKC) canabik Mojenbey:

KOHCTpYKIUANBIK CEHIMAUTIKTI TEOPUSUIBIK HET13/IeY JKOHE KAJIBITIChI3 KaOATThI
DKCTPY3Usl 9MICIMEH TYpFhI3bUIaThiH 3D-0acma OYHBIMIAPBIHBIH OPHBIKTHUIBIFBIH
KOFAJITy TOyeKeJepiH Oarajiay MakcaThIHAA TYHKUIKTI 3iemeHTTep oficiH (FEM)
KOJIaHa OTBIPBII, KepHeyli-nehopManusiiaHFaH >Kal-KYWIl KEIIeHl CaHJbIK
MozeNbJey 1CKe achlpbulibl. CanblHFAaH €CENTIK MOJENb Y3IIKCI3 TYPFbI3YAbIH
EpEKIIEINIrH: CaJbIHATBIH >KOFapFbl KalOaTTapAaH TPaBUTALMSUIIBIK HKYKTEMEHIH
KaJaMJIbIK VJIFAIOBIH JKOHE MAaTepHANIBIH PEOJIOTHSIIBIK KACHETTEPiHIH e3repy
KUHETUKAChIH €CKEP/Il.

Buptyannel Moaens aeHecinaeri 0acTel KepHeysepl 0eily epicTepiH erei-
temkein  Tanmay (Maximum  Principal = Stress) KOHCTPYKIIMSIHBIH ~ TOMEHTI
KabaTTapblHa J>KaHAQJAH CaJblHFAaH BUFAIABl KOCIHAHBIH ©31HIIK CaJIMaFbIHBIH
OCEpIHEH TYBIHJAANTHIH MaKCUMAaJIIbl CO3BLTY JKOHE JKbUDKBITY KEPHEYJIEPIHIH JACHr el
Kayllici3 MOHJEp WIETiHJIe €KEHIH aHbIKTayFa MYMKiHIIK Oepmi. [laiima OonaTein
KepHeyJiep OCTOHHBIH SKCIEPUMCHTTIK aHBIKTAJIFaH aFbIMIBUIBIK IIETiHEH JKOHE
CO3BLIYFa €PTEPEK KYPHUIBIMJIBIK OCPIKTITIHEH aCIAaUThIHBI €CENTIK JOIENICHTeH.
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5 BETOHHAH KACAJFAH IIATBIH COYJETTIK ®OPMAJIAP/IBI
AJUIMTUBTI OHAIPY TEXHOJIOTUSICBI, YIUBIMIACTBIPYDI KOHE
CAIIAHBI  BAKBLIAY, COHJIAW-AK  OHBIH  TEXHHUKO-
YKOHOMHUKAJBIK TUIMILTITT

Ochl Tapayna OSTOHHAH jKacaliFaH IIaFblH COYJETTIK (popmanapasl ajiUuTUBTI
OHJIIPY TEXHOJIOTUACHI, YHBIMAACTBIPYbl JKOHE camaHbl Oakpliay Mocesenepi
KapacThIPbUIbIN, COHAAN-aK Kypbulblc 3D-0ackil  MIbIFapy  TEXHOJOTHUSICHIH
KOJTAHY/IbIH TEXHUKO-DKOHOMHUKAJIBIK THIMILUTIT] OaraiaHIbI.

AnuTUBTI ©HJIpic O0OBEKTUIEpl PETiHAE Ka3aKThIH YJITTHIK ©PHET1 TYpiHJIET1
MIIIH/IE JKacalFaH OPBIHABIK JKOHE TYJICAybIT TYPIHJEr HIaFbIH COYNIETTIK (hopmanap
KaObUTIaHbl. ByiibIMaap Kyn-KOK KaJAbIKTaphl HETI3IHICTT O3IpJCHTeH Maiina
TYHIPIIIKTI OETOH KOCMAachlHAH KYpbUIbIC 3D-0ackil MbiFapy 9ICIMEH JalbIHIANIbI,
OWJI KYPBUIBIC OHIIPICIHIH PECYPCTHIK, SKOJOTHSIIBIK dKOHE SKOHOMHUKAJIBIK THIMILTIT1H
apTThIpyFa OarbITTaJIFaH.

AIIMTUBTI TEXHOJOTHUSIAPAbl KOJJAHYABIH OPBIHJABUIBIFBIH HET13/ey YIIH
KYpPBUIBIC OHIMJEpPIH KabaTTam OKCTpy3usuiay oficiMeH 3D-0acelll  mIbIFapy
MPOLIECTEPIHE IKCIEPUMEHTTIK JKOHE TEXHHMKO-DKOHOMHUKAJBIK 3€PTTEY KYPri3uii.
3epTTeyiep Ke3eH-Ke3eHIMEH OPBIHIAJIIbI.

Bipinmi ke3eHae aaaUTHBTI KYPBUIBIC OHJIPICIHIH TEXHOJOTHUICHI MEH
YUBIMIACTBIPYBIHBIH HETI3T1 €peKeliepl KaTbIITaCThIPhLIAbI, OHBIH 1IITHAE Ka0IbIKThI
TaHJay, OETOH KOCHAChIHBIH KYpaMblH 9d3ipiiey, Oachlll MIbIFapy MHapameTpiepiH
aHBIKTAY YKOHE OVHBIMIAPIbI KATBINTAY IIAPTTAPhl KAPACTHIPBIIIHL.

Exinmn  ke3eHle IIarblH COYJETTIK (dopManapabl HUQPPIBIK MOJEIbICY
Karujanapbl, Kypbsuisic 3D-npuHTepl yuIiiH Oackapy OarjnapiaMaliapblH JalbIHAAY,
COHJAl-aK OHJIPICTIK MPONECTIH OapiblK caTblIapblHAa — OETOH KOCHAChIH
TadpiHaayaaH Oactanm  JadblH  OYMBIMIApIBIH TEOMETPHSUIBIK JKOHE OCpIKTIK
CUIIaTTaMalapblH Oarajiayra JACHIH — OHIM calachbliH OakKplIay 9iCTepl d31pIAeH/I].

Yurinnn ke3eHae Kypbuibic 3D-0achill MIBIFApy OMICIMEH IIAFbIH COYJIETTIK
dbopmanapapl OHIIPYAIH TEXHUKO-DPKOHOMHUKAIBIK THIMILIIT OaraniaHabl, OFaH €HOEK
CBIMBIMIIBUTBIFBIH, MAaTEPUATBIK MIBIFBIHAAP/IBI, OHIIPICTIK UK Y3aKTHIFBIH TaJaay
JKOHE YKCac OHIMIEPAl AICTYPJl TEXHOJOTHSIIAPMEH JTalbIHIAyMEH CaJbICTHIPMAIIBI
Oaranay Kip/i.

DKCIEpUMEHTTIK 3epTTeyiep cepusuiblK Typnae mbiFapbutateiH AMT S-6044
Kypbuibic 3D-mpuHTEepiH maiianaHy apkbUibl oKyprizuial, onsl CIIEIIABUA
komnaHusicel  (SpocnaBap  kanmacel, Poccust) eHmipeni. byn  YCHIHBUIFaH
TEXHOJIOTHSIHBIH HAKTHl KYPBUIBIC OHIIpiCi JKaFJalbIHIa TPaKTUKAIBIK KY3ere
aChIPBUTYBIH JKOHE KalTa eHIIplly MYMKIH/IITIH PacTaiibl.

5.1 3D-6achin WbIFapy diciMeH OHIM/II MoJe/Ibey KIHe Kacay

bepinren 3D-npuHTep KYPBHUIBIC MaTepHANIAPhl TEXHOJIOTHSCHI, COYJIET KOHE
JIU3aifH callajJapblHIaFbl IEPCIEKTUBANIBI OAFBITTAp/Ibl TAMBITYFa MYMKIHIIK Oepei.
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Kenemuik Oacbin mibiFapy OYpbIH 3KOHOMHUKAIBIK TYPFBIIAH THUIMCI3 HEMECE ThIM
KYpJell JIeN caHaJFaH OyWbIMIap ibl OHIIPYTe KaFAai »Kacanbl.

S-6045 mnpuHTepi — S cepusibl IIAFbIH  (POpPMATTBI MPUHTEPIIEPAIH
KETUIAIPUITeH Mojieli 0oubIn Tadbuiazsl (S-6043 HeriziHae kacallFaH) xKoHE SpTYpIl
Kypamarbl OETOH KOCTaJlapbIMEH JKYMBIC iCTeyre MYMKIHIIK Oepesl. OHbIH 1lIiHIe
neMmeHTTiH 400-500 wmapkamapbl HeTi31HIEI1 CTaHIApPTThl KOcMajap, COHJal-aK
MUHEpaIJIbIK Kocmaigap MeH (UOpOTANIIBIK KOCBUIFAH Kocmalap KOJJIaHBLTYbI
MYMKiH.

[IpunTepaiH HETi3ri TopanTapbl (PENbCTIK OAFBITTAyNIBUIAD MEH KaJdaMIIbIK
KO3FAITKBIIITAp) €ypomnaiblK eHAipic Oonbin TaObutangsl. baszanblk skuHaKTamana
OpTYpPl KypamJapMeH Oachlill IIbIFapyFa apHajfaH YII Oachlll IIbIFapy Oachl
KapacTeIpbutraH. COHBIMEH KaTap JKHBIHTHIKKA €PITIHI apajJacThIPFBINI IIEH KOFaphl
KBICBIMJIBI KYY KYPBUIFBICHI KIPE/Ii.

Kypsuibic 3D-0ackin mibiFapy yiiH nudpiasik MOAEIbAEp 1 d31pieyae KeHIHEH
KOJIaHbUTIaThIH Oaraapiamanap — «Kommac-3Dy sxxone AutoCAD (Autodesk).

Kenreren 3D-npunTepiiep yimedmeMJi MOACIbICPMEH TIKEIEH KYMBIC
1ICTEeMEUTIHIIKTEeH, (ailyiapl Oaceinm mIbIFapyra »kibepy ymriH angsiMen oHbl STL
dbopmartbiHa TYPACHAIPY KaKET. OJETTe KAXKETTI OargapiiaMajblK KaMTaMmachl3 €Ty
pUHTEPMEH Oipre Oepineni.

3D-06acein mibiFapy mpotiecidiy OipiHm ke3eHi — «Kommac-3D» Hemece
AutoCAD OarjgapiaManapblHIa YHIOJIIIEMAl MOJENb Kypy koHe oHbl STL
dbopmaThIHAa caKTay.

SheetCam Oarmapnamackl Tek Qopmartapisl TYPJASHIIpIN KaHa KOWMaH,
MOJAENbI Oacelll IMIBIFApyFa JaWBIHAAWABI, SFHU OHJACY TPacKTOPHSUIAPBIH
KQJIBIITACTBIPBIN, G-KOATApAbI XKACaKIbI.

Bacein mbiFapy mnponecin Oackapy yuiiH Mach3 GarmapiaManbIK  KelleHi
Kojmanbliaapl. Mach3 — gepOec KOMIBIOTEpAE JKYMBIC ICTEUTIH >KOHE OHBI
MPUHTEP1 OaCKapyIbIH THIM/II CTAHITUSCHIHA aWHAIIIBIPATBIH OaFqapIaMaiblK Kypall.
On mapasmiens MOPT apKbUIbl MPUHTEP >KaOIBIFRIMEH OailylaHbICaIbl XKOHE OachIl
HIBIFAPY MPOILIECIH TONBIK OacKapyabl KAMTaMachl3 €TEIl.

SheetCam — canppik Oarmapiaamansik 0ackapysl (UITY) 6ap ctaHokTap yiIiH
G-xonrapasl gaiibiHaayra apHanran CAM-naker. On mura3MalbIK Kecy, dpesepiiey,
IpPaBUPOBKA, JIa3epiiK, THAPOAOPA3UBTI KOHE Ta3-KbIIIKBUIILI KECYy CHUSKThI HET13Ti
CAM-MmiagerTepMer xymbic icteimi. barmapmama UITY craHokTapeiHma eHACYII
camajbl KoHE KociOM Typie OarmapiiamMaliay YIIIH KaXeTTi OapibIK (yHKIUsIap
JKUBIHTBIFBIHA HC.

SheetCam Standard — 0Oackapy Oarnmapiamanapeid (YII-koarap) Kypyra
apHaniraH naker. barmapiama KapanaiibiM JKoHE MHTYUTHBTI TYCIHIKTI HHTepdeiicke
ue. Erep VII »xacay OapbIchiHIa KaTeTiKTep XKiOepijce, oJapJbl OHail Ty3eTyre
Oonmaapl, cebebi  KaTelep[iH KOl  aBTOMATThl  TYpJAE  AHBIKTAJIBIII,
naijananyIibiFa THICTI Xabapiaamanap apKblUIbl KOPCETUIeT.

SheetCam Garmapinamacheiaaa OemIeKTep i xobanay »KoHe OHJIey YIITiH 0apIibIK
KOKETTI (PyHKIMSIIap KapacThIPhUIFaH.

SheetCam GarnapiaMmacbhIHbIH Heri3ri QyHKIUSAIAPbI:
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. DXF, HPGL, EMF ¢opmaTtTapsinan qepeKTepii OKYy;

. Excellon ¢popmaTeIiHAaFb! JEPEKTEP/Il OKY;

. CTaHOK IMapaMeTpiiepl MEH aOCOJIIOTTIK HOJI HYKTECIH €HT13Y;

. OeJIIek mapamMeTpiepl MEH OHBIH HOJI HYKTECIH €HT13Y;

. CTAaHOK YCTEJiHIH IIeKapalapblH >KOHE KOJJIAHBUIATHIH JaibIHIaMaHbI
rpadukaiblK BU3yalu3alusiay;

. CAD-xyiiene ajiibiH aja opbIHIaIMaca, MOJebA1 KabaTTapra Oeiy;

. Kypajigap KeCTECiH Kypy KOHE OHJIEY;

. KYpaIbl  aybICTBIPDY TO3WIMSJIAPBIH  aHBIKTAYy JKOHE  Oackapy
KOMaH/1aJlapblH €HI13Y;

. bpesepiik KypalablH eKi 0arbITTa (COJI )KOHE OH) BIFBICYBIH TY3€TY;

. TUTa3MaJIbIK KeCy KOHTYpJIapblH OHICY €peKIIeTiKTepi;

. OMBIKTAp (KaiTajlap) TaHAAy 1kl aBTOMATTHI TYPAE «apajiJapabh» aHbIKTal
OTBIPBIIT OPBIHAY;

. TONTHIK aBTOMATTHI IUKIIJIEP PEKUMIHIE OYpFhLIAY;

. OypaHaaHbl KOJIMEH JKOHE aBTOMATTHI TYPAE KECy;

. OpTYPJIl KYpasaap/sl TaHIAY JKOHE Maijanany;

. OemmIeKTep Il Kollipy, KoOeHTy, alHaIABIPY JKOHE KbUDKBITY, COHA-aK
MaTepHral MEH YaKbITThl YHEMJICY YIIIiH OJap bl TalibIHAaMara THIM/II OPHAJIACTHIPY;

. Oediek ChI30aChIH TIpEK HYKTEIep OOibIHIIA Typaiay;

. Ke3 KeJreH kezexae G-Koj KoOMaH1allapbliH KOJIMEH €Hr13Y;

. KypaJT KO3FaIbICBIHBIH TPACKTOPHUSACHIH XY JKa3bIKTHIFBIHIA (KOFapbIIaH

KepiHIC) HeMece epKiH OypaimiTa 3D-Bu3yanu3anusiay;

SheetCam Oarnmapnamacel 3D-0Oackin mibiFapy skoHe UIIY apkbuibl eHEY
MPOIIECTEPIH TUIMJI JaillbIHAAYy MEH OacKapyabl KaMTaMmachl3 €TeTiH oMOeban Kypai
0O0JIBITT TAOBLIIA B

@O P PGS LT ka ke ol

Cypet 5.1 — SheetCam Cypet 5.2 — SheetCam
OarmapiiaMachbIHBIH Tepe3eci OarmapiiaMachiHa KY>KaTThl alry
SheetCam TNG — SheetCam Standard OarmapiaMachIHBIH >KaHa,

KETIMIPUITEH HYCKACHI.
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barnapnamana naiteia 6ackapy 6armapiamanapsia (YI1) — G-koxrapasl eHaey
byukmusacel  O6ap. JKyHenmik Mo3ip apKbUIbl IIAKBIPBLIATBIH  O6JIeK  Tepesene
TTOCTIIPOIIECTI MOJICIIB/ICYICH KEeHiH naiJaaHyIIbl TAaNBIH Oackapy
OariapiaMachbiHbIH MOTIHIH KOpe ajlaJibl )KOHE Ka)keT OOJIFaH jkarjaiia oraH OipJieH
KKETT1 ©3repiCTep CHI13¢ alajbl.

P | M o | D @B S e
=

(Qe=E#?

Cyper 5.3 — Cp130aHbI €HT13y | Cypert 5.4 — Kontyp 6oiibiHIIIa
napameTpJiepi. ’KaHa eHJIEYl KYpy.

Oynkunn penakropa G-KOJAOB aHAJOTHYHBIE (PYHKIMSIM OOBIYHBIX TEKCTOBBIX
penakTopoB Windows. C moMoIIbl0 CTAHIAPTHBIX MHCTPYMEHTOB pPEIAKTHPOBAHUS
MOJKHO C/IeTIaTh U3MEHEHUS B TEKCTE MPOrPaMMBbl, BCTABUTH WM YAATUTh KaJpbl WIN
omoku YII, coxpaHuTh OTpeaKTUPOBAHHBIN (ail.

& # she
PEES EM EESEEEAON, ¢9 00909 habrhebe b 05T P& &EM::

Term sbpatomn

E IS 6 cuuirerim, 0, T: Spes..

0 ]

Text mnaruHi mapananymbuiapra MoTiHAI anaeiH ana CAD-Garnapnamana
MaWbIHIaMai-aK, MOTIHAIK JKa3yJlapibsl T'paBUPOBKaNaylsl OaFmapiamaiayfa
MYMKIHIIK Oepe/.

Simulation (Mmutanus) mnaruai maieia Oackapy Oarmapiamacbiaaa (YII)
OarmapiaMaiaHFaH Kypajdl KO3FaJIBICBIH CTaHOKKa >ki0epmec OypbIH alablH ana
BU3yalIM3alsIayFa MyMKIHIIK Oepei.
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Cyper 5.8 — I[locTnpornieccop/isl icke CypeT 5.9 — Cp136anbl .tap KeHEUTIMIMEH
KOCY. CcaKray

Mach3 — nepbec koMIbIOTEpAE >KYMBIC ICTEHTIH »OHE OHBI CTAHOKTHI
OackapyIblH YHEM/1 CTaHIMSIChIHA aifHANIBIPATHIH OaFaapiaMaiblK KaMTaMachl3 €Ty
naketi. Mach3 »xoHe OHbIH apaliesb NoPT ApaBepi CTAHOK a0 AbIFBIMEH Mapasiiellb
nopT (MIpUHTEP MOPTHI) apKbUIbI Oaitianbicabl. Erep koMmbroTepae napaiieiab mopT
oonmaca, USB apxkpuibl KocbuiaTelH apHaiibl USB-LPT apmantepin nemece PCI-
LPT/PCI-E-LPT keHeliTy TaKTachIH KOJIaHyFa OOJIaIbl.

5.2 llarpiH caynaeTTik ¢dopMagapabl aJAMTUBTI OHIIPY TEXHOJIOTHSICHI
7KOHE YHBIMAACTBIPYBI

beron OyiibiMaapbl MEH KOHCTPYKIMSJIApBIH Kabartam skcTpysusuiay (3D-
Oachlll IIBIFAPY) OJICIMEH aJJWTHUBTI OHAIPYIIH HETri3rl Maceneci — OepiiareH
KacHeTTepre Me camnajibl KYpbUIbIC OHIMIH aiy Oousibin TaObutanbl. bynm maceneHiH
Heri3ri cebentepinid 0ipi — 3D-0ackIn mIbIFapy TEXHOJOTHACBIHBIH €PEKIICTIKTEP],
aTan alTkaHga: Oachlll IIBIFAPY TMPOIECIHAE CAIBICTBIPMAIbl TYPAE Y3aK
TEXHOJIOTUSUIBIK Y3UTICTEP/IIH KaKETTLIIr. by y3unicrep miacTUKalIbIK OCpIKTIKTIH
KaJIBITITaCybl, OAChUIBIIN IIBIKKAH KAaOaTTapJbIH MIlIH TYPAKTHUIBIFBIH KaMTaMachi3
€Ty, KaXETTI TEOMETPUSUIBIK TMapaMeTpiepll CakTay, COHJai-aK >XaOAblK TeH
WHXXCHEPIIIK KYHWelepAeri akayiap, >XYMBIC aybICBIMBIHBIH asSKTalTybl CHSAKTBI
(dakTopsiapMeH OalIaHbICTHI.

CoHbIMEH Katap, KabaTTan skcTpy3usiiay (3D-06ackln mbirapy) o9iciMmeH 6€ToOH
OYMBIMIApBIH OHJIPY Ke31HAE€ €HOEK CHIMBIMIBUIBIFBIH a3aiiTyFa oHE OHJIPICTeri
KJIJIBIKTAPIbl KbICKAPTyFa YMTBLTY KaXKeT.

OchIHBI ecKepe OTBIPBIN, Makjga TYHIPUIKTI OETOH KOCHaIaphlH KadaTTam
skcTpy3usiay (3D-0aceim  mibiFapy) OIICIMEH KYPBUIBIC OHIMIEPIH aJTUTUBTI
OHJIIPYIIH TPUHIUITIK TEXHOJIOTHSUIBIK CYJI0achl (CTaHAApTTHl Cyii0a) o3ipJiieHi
(Cyper 5.14).

byn texnonorusibik cynba 3D-npuHTEepae Kasbin (omanyOka) KoJimaHOai-ak
OpTYpJII MINNHAETI KYPBUIBIC OYHWBIMIAphl MEH KOHCTPYKIMSUIAPBIH JTalbIHIAyFa
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MYMKIHAIK Oepeni. ©O3IpJeHTeH KOCMa HEeTi3iHAe 6OHIM OHAIpYy YIIIH Keyecl
MaTepuaaap KakeT: OeJICeH I piIreH MUHEPAIIBIK KOMIIOHEHT, YCaKTaJIFaH KyM, KyJI-
KOX, cynepruiactTuukaTop, 6a3aibT TaJIIBIFBI )KOHE CY.

KakeTTi TeXHOJOTHSIIBIK JKAOIBIKKa MOIIIepeyilTep, apalacThIPFBIIITAp,
anmuThUBTI KOHABIPFBI (All) skaramel. By KOHIBIPFBI KypamblHA MaTepHAIIBI
AKCTPY3HS 9MicCiMEH OepeTiH Kypblibic 3D-npuHTepi, OHBI OanTay MEH OacKapyra
apHajFaH OarmapiiaMajblK KaMTaMachl3 €Ty, COHJai-aK KOHABIPFhIFA KBI3MET
KOPCETYTe apHAJIFaH KOChIMINIA KYPBUIFBLIAP Kipei.

MexaHuKansIx

~an Kyn - Kox Cynepnnacruduratop Baszaner
‘BencenAgipinreH wemexT/ ¥cakranfaH Kym . Cy
T O ¢p. 0,315-0,14 mm MasterClenium TanwelKTapb!
| APANACTBIPFbILL |
¥
| KOCTMAHBIH CAMACHIH BAKBITAY |
¥
| AMNBIHBATB JKUHAKTAYILb! BYHKEP |
¥
CAHIBIK MOTEND —— 6-Kkon _,| 3D - B¥AbIMAbI BACHIM LWLIFAPY |

v
| TEXHONOTMANLIK Y3LMIC |

v
| ¥CTAY XOHE KATAWTY |

!

| NAMABIH OHIM |

Cyper 5.14 — ¥ cak Ty#ipinikTi 0€TOH KoCHaiapblHaH KYPhUIBIC OHIMACPIH
KabatTTal SKCTPYy3usiIay 9IICIMEH aJITUTUBTI OHAIPYAIH TEXHOJIOTUSIIBIK CYII0ACHI.

Maiiga Ty#ipuikTi 0€TOH KOCHAChIH AAalbIHAAy OHBIH Kypamjac OeKTepiH
MeJIIIepIIeyl, apaJacThIPY/Ibl )KOHE TEXHOJIOTUSIIBIK KACUETTEPIHIH (KO3FaIFbIIITHIFbI
KoHE T.0.) camachlH OakbUIayabl KaMTUIbl. Matepuanmapapl AallbIHIAY OJIap.ibl
OHIIPYIIl KOCIMOpBIHAApAA Ja, KYPhUIbIC allaHbIHJA /1a KY3€re achIpbLIybl MYMKIiH.
Matepuangapabl MeJIIEPIIEY CAIMAKTBIK 103aTOPJIAP apKbUIbI KYPTri3iiel.

Maiina TyHipuikTi 0€TOH KOCIAChIHBIH KOMIIOHEHTTEPIH apanacThIpy YIIH YII
KEe3eH1 apajacTelpy OJICI  KOJJAHBUIAJbI: alAbIMEH Maccachl OOWBIHIIA
MOJIIIEPJICHIeH KYpPFaK KOMIIOHEHTTEp JKEKE apajacThIpbUIaJbl, KEHiH CYHbIK
KOMIIOHEHTTEp JalbIH1aja/bl, COJaH COH apallaCThIPFBIIITA KYPFaK KOMIIOHEHTTEPre
€CeNTEeNTeH MOJIIIep/Ie CYHBIK KOMIIOHEHTTEP KOCBLUIbII, Oipre apaiacThIpbLIaIbl.

Camanpl O0akpiiay MOAU(PUKANMUIAHFAH Maiga TYHIPIIIKTI OETOH KOCTIaChIHAH
kKabarran okcTpy3usuiay (3D-0ackim  miblFapy) omiciMEH KYPBUIBIC ©HIMJEPIH
aJIUTUBTI OHAIPYAIH OapibIK Ke3eHIepiHae Kyprizutyi Tuic. by perte Kypbuibic 3D-
OachIll WIBIFAPY TEXHOJOTUSICHIHIA OETOH KOCMACHIHBIH CalachblH OaKblIayFa epeKiie
MOH Oepiiie/ii: Kocna KOMIIOHEHTTEPIH MeJIILepiey AJIIITH, apalacTbipy peKUMI MEH
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V3aKTBIFbIH, OHBIH KO3FaJFBIIITHIFbIH, IUIACTUKAIBIK OEpIKTITIH JKOHE  OCHI
KaCUETTepAiH YaKbIT OOMBIHIIIA CAKTATYbIH, COHal-aK 3D-0ackIn mIbIFapy MpoIeciHiH
TEXHOJIOTUSIIBIK TTapaMeTpIIepiH — IKCTPY3US KbUIAMBIFBIH KOHE OaChIN MIBIFApy
OaCBIHBIH KO3FaTy KbUIAaMABIFbIH OaKblIay KaKeT.

betoH KocmachIHBIH camachkl TeKcepulreHHeH Keiin 3D-mpunTtepal naibiHaay
JKYPTi3ije/l: albiHOaIbl KMHAKTAYIIBI OyHKEp/IiH 1mKiI OCTi aybl3 CybIMEH HeMmece
Oenriml MalnarbllIneH cylaHabipbuiaabl. OaH KeiiH OyHKep JalbIHAalFaH Maiijna
TYHIPIIIKTI OETOH KOCHAChIMEH TOJTHIPHUIAIBI KOHE aJbIHATBIH JKCTPYIATTHIH
OIpTEKTLTIriHe KOJI )KETKI3UITeHTe IeHiH ChIHAKTHIK SKCTPY3HUS KYPTi3UIeIi.

Kabarranm skctpy3usiiay omiciMeH Oachlll IIBIFAPY ajAblH aja jKacaliFaH
OYMBIMHBIH YIIOIeMal UK Moaeni 6oibiHma G-code Garmapiamanay TiTiHAE
JKY3€re achIpbUIafbl. bachbll IMIBIFAPBUIFAH IMHKI3ATTHIH  (CBHIPEITIH) KaXeTTi
IUIACTUKAJIBIK OEpIKTITIH KaMTaMachl3 €Ty JKOHE OHbIH OY3bUIybIH HEMece
nedopmalusaceiH  OonabplpMay VIIIH KaKeT OOJFaH J>KaFjaiiia TEeXHOJOTHSIIBIK
y3UTiCTep JKacanapl.

TexHONMOTUANBIK Y3UTICTeH KeWiHri keieci 3D-0aceinm mibIFapy 107 COHAAM
KypamJiarbl MoAu(UKAIMSIIaHFaH Maija TYHIPIIIKTI OCTOH KOCIACBIHBIH JKaHa
napTUACBIMEH oOpblHAanaabl. Kaxer OosiFaH karmaijga HSKCTPYHATThIH KakeTTi
TEeOMETPUSIIBIK CUTNaTTaMaiapbiHa keTy yurH 3D-0ackin mibiFapy mnapameTpiepi
(9KCTPY3HS KbUIIAMIBIFBI, O€PY JKbULIAMJIBIFbI) TY3€TLIEII.

Kabarran skcTpy3usiiay ornepauusuiapbl MEH TEXHOJOTUSUIBIK Y3UIICTEP CaHbI
OCTOH KOCIAChIHBIH PEOTEXHOJIOTHSIIBIK KacCHUETTepiHe (KO3FAJIFBIMITHIK, BIFBICY
HIETIHJET] KEpHEY, IUIACTUKAIBIK OEpIKTIKTIH >KMHAKTaly KHWHETHUKAaChl) >KOHE
OYWBIMHBIH ~ (KOHCTPYKUMSIHBIH) TE€OMETPUSUIBIK MapameTpiiepiHe OailylaHbICThI
aHBIKTAIA]TbI.

Keneci ke3enae Oachin WIbIFApbUIFaH MaTepUaIbl KaTalo MPOLEC] KYpri3uiel
JKOHe OeToHFa KYTIM JKacajajbpl, OJ OHBIH Kary OapbICBIHIA OHTAMIIBI
TEeMITepaTypaJIbIK-bUIFAIIBUIBIK KaFIalaapibl KAMTaMachl3 €Ty ICH TYPabl.

Kabarran okcrpy3usinay (3D-0ackim  misiFapy) omiciMeH  JTalbIHAAQJIFaH
OYHBIMIIBI KEHIHT1 oHJCY (MOCTOHICY) TIPpEK KYPBUIBIMIAPBIH (MbICAJbl, (paHepaiaH
JKacaJFaH TOCEM, YaKbITIAa OaJIaHBICTHIPFBII JJIEMEHTTEp) aJbIll TacTayJbl, Oap
OoJica ycak akayjapabl JKOIOJBI, COHIIK >KaOBIHIApIbI JKaFyAbl >KOHE Oacka Ja
orepanusaapabl KAMTUIBI.

OchplnaH KeiliH, erep eHAIpIC LEX KaFJalbIHAA XKypri3uice, OyibIM JallbIH OHIM
KolMachlHa K10epuieai. Ayl erep eHIAIPIC KYpBUIbIC alaHbIHJA JKY3€re achlpblica,
KaObu11ay OaKbpUIAYBI KYPIi3UIiI, 9pl KapalFbl KYPbUIbIC )KYMBICTAphl OPbIHIATA/IbI.

5.3 AITMTUBTI OH/Iipic TEXHOJIOTUSICHIHAAFbI OHIM caNachIH 0aAKbLIAY

3D-0achin  miBIFapy OJICIMEH albIHATBIH KYPBUIBIC OHIMIEPIHIH Camachl
Oipkarap (dakTopiiapra OailaHBICTBI: OacTamKbl KOCHAIApJbIH AYPHIC TaHIAJIFaH
KypamMblHa,  KOJJIAHBUIATBIH  JKaOJBIKKA, OAachlll  IIBIFAPY  TEXHOJIOTHSUIBIK
napameTpiiepiHe, TalblH OHIM carachliH OaKblIayIbIH apHaWbI 91icTeMernepl OONbIHIIA
HOPMATHUBTIK-TEXHUKAJBIK Oa3aHbIH JdaMyblHa, 0acTamnkbel Kocmaliap MEH OJIapAbIH
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Herizigaer: OyibIMAapAbl ChIHAY OICTEpiHE, COHAAN-aK  KYMBICIIBLIAPIBIH
OUTIKTLTITIHE.

AJUTUTUBTI ©HAIPIC TEXHOJOTHSUIAPBIMEH (OHBIH 1MIiHAE KyphUIbic 3D-0ackin
HIBIFApy OMAICIMEH) alblHFaH OYWbIMIApIbIH camachlH Oakpliay —TajlanTapbl
JIEPEKKO31H/I€ KENTIPIITEH.

Kypsuibic 3D-nipunTepinie JalbIHAANATBIH OHIM KOOAJBIK KOHE HOPMATUBTIK
Ky>KaTTap/la KOMbUIAThIH TajlanTapra colikec 00aybl TUic. by Tamantapaan aybITKy
OpTYpJII akaymnapbl Oap camachl3 OYUBIMIApPIIbIH albIHYbIHA OKETyl MYMKIH, OHBIH
cebenTepiniy Oipi OETOH KOCHACHIHBIH KYPAMBIHBIH JKOHE TEXHOJOTHSUIBIK
napameTpiiepiHiH (KO3FaIFbIIITHIFBIHBIH) OHTANIIBI TAHJAIMAYbI OOJIBIT Ta0bLTA B,

Onmey 6akputaysl MemCT 427-75 OGoitbiHIma MeTamun ChI3FBINTE, MeMCT
7502-98 OoitpiHIIa MeTa1 pyneTkaHbl, coHmai-ak MemCT 25706-83 OoiibiHIIa
YJIKEUTKIII JTyHaHbl KOJIJIAaHY apKBUIBI XKYPT13UI/1, OYIT ©JIIIey HOTHKEIEePIHIH KaXKeTTl
JIOJJIITT MEH KalTaJIaHFBIIITHIFBIH KAMTAMachl3 €TTI.

Kecte 5.1 — OpTypmi KypamJarbl Maifjila TYHIpIIiKTI O€TOH KocHajdapblHAH
KypbuUtbic 3D-0achill mIbIFapy OJICIMEH JallbIHIaIFaH OyibIMIapFa >KYpri3iireH
BU3YaJIJIbI )KOHE OJIIIEY apKbLIbl 0Y30aiThIH OaKblIay HOTHXKEIEPI.

Ne Axkay Typi bakputay kypamel | OHTalIaHABIPBUIFAH
p/H Kypam (80/20)
1 ["eoMeTpHsITBIK eMeMIepiH ayBITKYbI HKOK eneyci3
2 KabarrappIH Ty3yJiriHiH Oy3bLTybI eseyci3 eneyci3
3 Kabarrap apaceiHIars! y3utimiaep KOK eneyci3
4 OKCTPY3USIIBIK KAOATTHIH Y3bIH/IbIFbI HKOK HKOK
OOMBIHIIIA aKbIpay
5 KabaT KanbIHABIFBIHBIH O1PKENKI €eMECTIr | JKOK JKOK
6 DKCPY3HUSAIIBIK MaTepHAILAbIH TOT1Tyl eneyci3 eneyci3

EckepTy — akaymap keneci kpurepuiisiep O0MbIHIIA CUNIATTAIABL: )KOK / e1eyci3.

3D-mpunTEpAe OackI mIBIFapbUIFad OyiibIMa aHBIKTaJ FaH akaynap 6.15-6.17-
CypeTTEP/IC KOPCETIITEH.

=

Cyper 5.15 — Kabarrap apaceingarsl  Cyper 5.16 — Keprimkri alflMaKTafi)I
y3ucrep. KYbICTap.
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Cyper 5.17 — KabaTTtapabsig OipKeJiKi eMec Tapaiysbl.

KaxkeTTi y3bIHABIKTaFbl OYHBIMIAPILI Ay YIIH YIIOJmeMal HQPIBIK
monenbaiH (G-code KadbIMTACTBIPY EPEKIICHIKTEpIH €CKepy KaXKeT: MIMKi3ar
KOCIAChIHBIH KalbUTybIHA OalaHbICThI YATIHIH (Lmp) mamacsiHa y3apybl, COHaNn-aK
COIIJIOHBIH 0acTamnKpl )KOHE COHFBI KYWIH/IE CBHIFBUIBII IIBIFATHIH KOCTIAHBIH ayBIPIIBIK
LEHTPIHEH OHBIH IIETIHE JEHIHT1 KAalIBIKTBIKKA TE€H KOCBhIMINA y3apybl. bearum Oip
nopexene Oy epekmienikrepai 3D-0ackin miblFapy TEXHOJIOTHUIBIK HapaMeTpiepiH
(comio quaMeTpi, IIMUHACIBAIH alHAITY *KbLUIIaMIBIFbL, O€PY KbLIIaMIBIFbI )KOHE T.0.)
peTTey apKblibl 6Teyre 00Jaabl.

Keneci keszennme kabGarram »skctpysusuiay (3D-0ackin  mibiFapy) omiciMeH
KYPBUIBIC OHIMJIEPIH JalbIHAAY canachlH OakbuIay XKyheci a3ipaeHal. by xkyie kipic
OaKbLIaybIH, ONIEPALMSIIBIK OaKblIay/ bl )KOHE KaObLI1ay OaKbUIaybIH KAMTHU/II.

Kipic 6akpbuiaybl. Kipic 6akpuiay mpoiieci KypbUIbIC CAIyIIbl (TEXHUKAIBIK
TaICBIPBIC OEPYIIIL) )KOHE KYPBUIBIC )KYMBICTAPBIH TIKEJIEH OpbIHIayIIbLIap TapanblHaH
Kysere acelppuiafbl.  On  KOJJAaHBUIATBIH — KYPBUIBIC — MaTepUaAapbIHbIH,
OyWBIMAApIbIH,  KOHCTPYKUUSJIApIAbIH, JKapThliail  (aOpukaTTapiblH  KOHE
XKaOJBIKTApJbIH cana CTaHAApTTapblHA COMKECTITIH TEeKCepyal KaMTuabl. byn
TEKCepyJIep CaThIl ajblHFaH (aJIbIHFAH) PECYPCTapAbIH KOOATBIK Ky)KaTTaMmaza *KoHe
(HEMece) MepIirepliiK IapTTa KOPCEeTUINreH HOPMATHBTIK TajanTapra COMKECTITiH,
COHJIali-aK OChl CalaHbl PACTAaWTBIH 1IecHe KyXXaTTaplblH OOJIyblH aHBIKTayFa
OaFrbITTaJIFaH.

Kipic OakpuiayblHBIH  HOTHXKEJIEpl MIHIETTI Typle Kipic  Oakpuiay
KypHaAJIJApbIHAA KOHE 3epTXaHAJIbIK 3€pPTTEYJIEep )KypHAJAAPbIHIA TIPKEIEeIl.

Kipic Oakpunaybl OapbiChiHa OENTUICHTeH TalanTapra COMKEC KeIMEHTIH
MaTtepuaiiap, Oyibimaap, KOHCTpYKIHsIIAp, KapThiiai (hadpuKaTTap MeH ka0 abIKTap
ColikecTi OHIMJEpACH O6IiHIN, HAKThl TaHOajdaHybl THIC. MyHmai pecypcrapiabl
KOJIIaHy TOKTaTblIaibl. COHBIMEH KaTap, >KYMBICTAp/AbIH TOKTAThUIFAHbI )KOHE OHBIH
cebenTepi Typasibl KYPbUIbIC CalXylIbl (TEXHUKAJBIK TalChIpbIC Oepylll) MIHJIETTI
Typae xabapaap eTuTyl Kaxer.

Kaxxer Gonran >xarmaiina 3D-0achlll mbIFapy OPOLECIHAE TIPEeK JIEMEHTTEpl
KOJIIAaHBLTYBl MYMKIiH, MBICAJIBI, JAMUHAIMSIIIAaHFaH (aHepagaH KacalFaH ToCeMIep
XKOHE yakbITIIAa OalIaHBICTBIPYIIBI dJIEMEHTTEp. MyHAal TipeK KYPBUIBIMIAPBIHBIH
JKYMBIC O€TTepiHJIe >KapbIKTap, KybICTap, 00C OpbIHAap XoHE Oacka aa akayjap
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0onMaysl THIC, COHIAM-aK KOJaHap albIHAA OJlap Kip MEH IIAHHAH Ta3apThLTybl
KaXKeT.

byn kypeuieiMaap 3D-0achinl mibiFapy askTajaraHHAH KeHiH JaiblH OyHbIMFa
3aKpIM KENTIpMEH OHal albIHATBIHIAW eTilm koOajaHybl Kepek. SFfHu OeTOHMeH
YKaHacaThIH TIPEK AJIEMEHTTEPAIH OeTTepl OAaChII MIBIFapbUIFaH OETOHMEH €H a3 UTiHICY
KYII1HE ue 00Jybl THIC.

Kabarran skcrpy3usuiay (3D-0acein mmibiFapy) omiCiMEH KYPBUIBIC ©HIMICPIH
OHJIIpY Ke31H/Ie Kipic camaHbl OaKplIay Ke3eHIH/AET] onepalusuiap Ti3iMi MeH Oakpuiay
Kypayiiapsl 5.2-kectene KenTipiiareH.

Kecrte 5.2 — Kabatran skcrpy3usiiay (3D-0acein mibiFapy) oficiMeH KYPBUIBIC
OHIMJIEpPIH JalbIHIAy Ke31HJe Kipic camaHbl OaKbUIayAbl JKY3€re achIpyJarbl
olepanusIap Kypambl MEH 0aKpUIay Kypajlaapsl.

bakbliayra
JKATaAThIH Bakbl1aHaTbIH Bbakbliay Kykarrama
npouecTepain onepaumsiyiap (omic, keJiemM) ¥
araybl
JKobaibIk JKOHE
N Kobanblk KyxaTTama,
JlaiibIHABIK TEXHOJIOTHSJIBIK Busyannpl,
MBICTAPbI KY’KaTTaMaHbIH OOJyBIH | TYTacC TEXHOJOTIBLIRIK
Ky P ratTan . y ¥ periiaMeHT
YKOHE COMKECTIT1H TEKCEPY
KypbUibICTBIK 3D-
MIPUHTEPIIH TEXHUKAJIBIK KaOapIKTHIH
Kan-KyHiH TEKCE Buzyanasi MacIopThI
CoJt CUSIKTBI Y Py Yalpl, PTbL,
(axCcTpy3Us TopanTapel, | QYHKIIMOHAJIBl | TEXHUKAJIBIK KBI3MET
KocmaHel ~ Oepy  iKyieci, KOPCETY KYpPHAIIbI
Oackapy xymect)
backapy OargapiamMachiH
TEKCEpPy (G-code): Busyais: Backapyiisr
Con cusiKTbI TPACKTOPUSHBIH AYPBICTHIFBL, TaHZ}[Ia ’ Oarmapiama, JKYMBIC
Ka0aT OMIKTIT, OSKCTPY3us y JKypHaJIbI
KBITAM/IBIFBI
beron KOCITaChl
. KOMITOHEHTTEPIHIH  camackl . .
HIuki3zar TVDAILL p KykaTTapIBIH | KypKaTThIK CoiikecTiK
MaTepHAJIaAPbIH P prarap ’ cepTuduKaTTaphI,
00NybIH Tekcepy (TYTKbBIp, | TyTac
0akbLIaY cara nacnopTTapsl
TOJNITBIPFBIIITAP,  KOcMaiap,
cy)
ocra aAMBIHBI TexXHOTOTHSITBI
K - KYp PTH KyxarTbIk, K
Con cusKTbl OeKiTinreH peuentire | . % eni KapTa, KOCITaHbI
COlKecTIriH OaKbuIay p JAUbIHAAY KYpHaJIbI
Kocnanbin 3D-6ackm HIBIFapyFa
puznkanbIK- apHanFaH 0€TOH KOCIIaChIHBIH Busyamr
TEeXHOJOTHSUIBIK | )KBUDKBIMAJTBUTBIFBIH ; iK’ZCMeJ'Ii’ ChIHaK xaTTaMasiapbl
napamerpJiepin (peonorusbIK p
0aKbLIay YKapaMIbUIBIFbIH) TEKCEPY
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Kocnansin OIpTEKTLIITH
Busyannpl, Camnansr OakpLIay
Cout CHSIKTBI KOHE Ka0aTTaTybIHBIH
TaHaay KypHAIIbI
OoJMaybIH OakpLIay
. . | bacmara HET13111H
Bacnanbin Herisi N . )
N JabIHBIFBIH Tekcepy | Busyanmsi, Herizgemeni
MEH afMarbit (tericriri Ta3aJIbIFbl, | OJIIIE KYoJIaHBIPY aKTici
O0akbLIay ’ ’ y y Py
TYPAKTBUIBIFbI)
DKCTPY3USHBIH Oacrankbl
Coll CHAKTHI HYKTeC1 OeNriCiHiH K00abIK | Ommeyirl, ATKapyIIbUIBIK
JepeKTepre COMKecTIriH | ipikTemenni KyXXaTrTama
TEKCepy
KymbicTapabl bacna alMarbIH/IAFbI
KYPrizy TeMIIEPaTypaJIbIK- Oneyi, Kymbic KYPrizy
APTTAPbIH BUTFJIIBUIBIK  KaFAalIapblH | Ke3EHIIK KypHAITBI
0akbLIay Oakpuiay
Kayincizmix TEXHHUKAChI
Busyannsi,
Coun cusKTBI TayanTapbiHbie,  CAKTAlyBIH |~ HYCKama >KypHasbl
OakpuIay ¥

OnepanusiibiK 6akblIay. OnepalysuiblK cariaHbl 0aKbUIay KYPbUIBIC CATyIIbI
(TEXHUKAJIBIK TalChIpbIC O€pylIl) »oHE KYPbUIBICTBI Y3€re achlpaThblH TYJIFa
TapanblHAH KYPri3UIeIl.

TexXHOJNIOTUSNBIK ~ TPOLIECC  KOJJIAHBUIATHIH  KaOJIBIKTBIH  (aJAUTUBTI
KOHJBIPFBIHBIH) TEXHHUKAJIBIK MYMKIHIIKTEpl MEH cunaTTamaiapbid, 3D-0ackin
HIBIFAPY PEKUMIEPIH, TEXHOJIOTUSIIBIK ONIEpalMsIap/IbIH Y3aKTHIFBIH XKoHe 3D-0achim
HIbIFapy KE31HAEr1 Y3UIICTEP/Il €CKEepe OTBIPHIN YUBIMAACTBHIPBUTYBI THIC. By perre
KOJIJIAaHBUIATBIH ~ OETOH  KOCMACHIHBIH ~ TEXHOJOTHSUIBIK ~ YKOHE  PEOJIOTHSUIBIK
KOPCETKIIITEP1 HET13re ajbIHA/IbI.

Kabarran skctpysusnay (3D-6aceinm mibirapy) 9iciMeH KypbUIbIC ©HIMIEPIH
JTaWbIHIay Ke3iHAC OIepallusUIblK cammaHbl Oakpliay OapbIChIHAA OPBIHIAIATHIH
orepanusiap KypaMmbl MeH OaKplUiay Kypajiaapsl 6.3-KecTe/ie KenTipiireH.

Kecte 5.3 — Kabarran skctpy3usinay (3D-0ackin mibiFapy) 9/1iCiIMEH KYPBUIBIC
OHIMJIEPIH JalbIHAAy KE31HAE ONEepALMSUIBIK canaHbl OAKbLUIAYAbl )KY3€re achlpy1arbl
onepauusiap Kypambl MEH OaKbuIay KypajiJaphl.

BbaxkbLiayra Bbaxkbl1aHaTbIH BaxebLiay Kyxarrama
JKATATBhIH onepaumsiiap (omic, KeJs1eM)
npouecTepail aTaybl
beron KOCIIaCBhIHBIH JKyMbICTapIbIH KB
Beron Kocnacein KOMITOHEHTTEP1H 3epTXaHaiblK, | KypHaJbl, 6eToH
AaibIHaAY MeJIepiey TOIAITIH | ipiKTeMeni JKYMBICTapbIHBIH
OaxpLIay KYpHAJIBI
JHaiibinganran O6eToH
. CeiHay  XaTTamanapsl,
KOCIIACBIHBIH ~ KaCHUETTEPIH | 3epTXaHalbIK,
Coun cusKTBI o . 06eToH KYMBICTApBI
OaxpLIay ipikTemeni
KYpHAJIBI
(PKBDKBIMAJIBUIBIFbI,
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KaCHETTEPIHIH  CaKTalyhl,
OIpTEeKTLIIIr)
OKCTpY3HUSIHBIH ~ OepiireH
PEKUMIIEPIHIH  CAKTaIybIH
DKCTPY3us nmpomeci | 6akpuiay (Kocmanbl 0Oepy | TeXHHUKaIbIK JKanrmbr YKYMBIC
(3D Gachin mWbIFapy) | KbUIJaM/IbIFbI, Oacma | Oaiikay, TyTac | KypHAJIbI
OacTuerin aybICTHIPY
JKBUITAMIBIFBI )

CoJI CUSIKTBI Busyanpr,
eJIIEY,
ipikTemen
Con cusKTHI Kabarrap apacbiHarbl | Busyanmisi, Kympbic KYprizy
UTIHICY camachlH OaKpLIay ipikTemen KYpPHAJIBI

CoJI CUSIKTBI bacna Ka0aTTapbIHBIH
KbIPAYBIHBIH,
KabaTTamybIHbIH KOHE
nedopMaIusChIHBIH
OosMaybiH OakbUIay
beronnel KaTauTyIbIH
TeMIIepaTypasbIK- Onueyim, Kymsbic KYprizy
BUIFAIIIBLTBIK PEXKUMIH | K€3EHIIK KYpHAIIBI

OakpuIay

bacbuiran OyHBIMIBI KYTY
OoMbIHIIIA TaJIanTapIblH
Coun cusKTBI CaKTalTyblH OakplIay (KaskeT
OonraH KarnmanWga  kaoy,
BUIFAIITAH/IBIPY)

BacbutateiH  KabaTTapbIH
OMIKTIri MEH E€HiH OaKplIay

ATKapyUIbUIbIK
Ky)KaTrrama

Buszyanzsl,

Tyrac OOmuii )xypHai padot

beronabl KaTaiity

Busyainel, beTtoH KyMBICTapbIHBIH
TyTac KypHAJIbI

Kao6buinay 6akpuiaybl. Kabarran skcrpysusmnay (3D-0acein mbirapy) ogiciMmex
KYPBUIBIC OHIMJIEPIH TYPFBI3y Ke3iHJe KaObuigay OakblaayblHIa OpBIHIAIFaH
KYpPBUIBIC-MOHTaX KYMBICTAPBIHBIH CallachlH, COHJAa-aK >KachIpbIH )XKYMBICTap MEH
KEKeJereH KOHCTPYKTHUBTIK 3JIEMEHTTEpIIH calachlH TeKcepy KaxeT. byn perre
YKACBIPBIH JKYMBICTAp/Ibl KYoJIaHABIPY aKTUIEpl *KOHE KayanTbl KOHCTPYKIIUSIIApIbI
apayiblK KaObU11ay akTiIepl paciMaee .

Kabarran skcrpy3usinay (3D-0ackin mbiFapy) 9iCIMEH TYPFBI3bUIFaH KYPbUIbIC
OHIMJICPIHIH CamachblH Oaraliay[blH TEXHHUKAIBIK KpUTepuiliepl (omnepauusibiK
OakbL1ay OapbIchiHAA) 6.4-KecTene KeATIPUIreH.
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Kecre 5.4 Kabarranm oskctpysmsutay (3D-0aceim  mibiFapy) oficiMeH
TYPFBI3BUIFAH KYPBUIBIC OHIMJIEpIH KaObUIIAy canachlH Oakpliay  Ke31HJIEe
OpBIHJIAJIATHIH OTepalusiIap KypaMmbl MEH OaKbLIay KypaJaaphl

bakbliayra Bakbl1anaTbIH bakbuiay (aaic, Kyxkarrama
JKATATBIH onepanusiap KeJIeM)
MpouecTepain
aTaybl
Tekcepy: - OyHBIMHBIH
T€OMETPHUSIIBI .
P X OOt KypHaIT
napamMeTpJIepiHiy
Opsbinganran pabor,
JK00AaJIBIK MoHzepre | Buszyansl, eJIIIIeY,
JKYMBICTAPAbI . L reoe3nuecKast
coiikecTiriH; - O€TOH | TyTac
KaobLIaay N L HCIIOJIHUTEIbHAS
OYHBIMBI OeTIHIH
. cxeMa
carachlH, OHBIH IIIIHIE
KCWiHT1 OHJCY/ICH KeHiH;
- 0OakpUIa JITLIIEPIH
K Yy p1H 3epTXxaHajbIK
CBIHAY HOTIDKETIEpi | 3epTXaHabIK,
CoJI CHUSIKTBI N L . CBIHAKTAP
OOMBIHIIIA OCTOHHBIH | 1pIKTEMET1
. XaTTaMajapsl
HAKThl OEPIKTIT;
CoJI CUSIKTBI — caJIbIHFaH
KOHCTPYKIHUSLIAPIbIH
KOOAIBIK — KaFailbiHa Busyanasl oniey, | ATKapyIubUIb]
colKecTiri (Tirines, Yalel, Y, Kapy K
L TYTac KyXKaTTama
TY3YJIriHEH KOHE
JKa3BIKTBIFbIHAH
aybITKYJIap);
CoJI CHUSIKTBI - Ko3re KOPIHETIH
aKayJapIbIig
abaTtranyia
S:a BIKTQ o abarrap | Busyangsl, Tyrac Kanmer HKYMBIC
PBIKTAp, K p YallIbl, TY KypHATH]
apachIH/IaFbI
axblpayiap, arbIHIAP)
OosMaybl;
Con cusKTsI — OpBIHJAJIFaH
MBICTapAbIH XKo0ana
¥ PARIH Y OpsiHaanran
PKOHE HOpMATHBTIK KyxarTeik 6aKpiia MBICTaPIbI
Ky)KaTTama y Y PABL
KaObu1/1ay aKTici
TajanTapbiHa
COMKECTIri;

5.4 TexHUKA-)KOHOMHKAJBIK THIMILJIIK

O3IpJIEHIeH yCaK TYHIPIIIKTI
YKOHOMHUKAITBIK

KOJIJIaHYIbIH

THIMJILIITTH

OE€TOH KOCIIaChIH aJAUTHBTI1
Oarajlay  MakcaThbIHJIa

OHJIIpICTE
Kabarran

skcTpy3usinay (3D-6aceim mibiFapy) omiciMen 1 M* KypbUIbIC ©HIMIH JaiibIHIayFa
KETETIH MaTepUAIIBIK IIBIFBIHIAPFA €CeTTey KYPri3ni. bactankel qepexrep peTiHie
DKCIIEPUMEHTTIK 3epTTeyJep MEH AaJJbIHFbI OeJiMIep/ie OpBIHIAIFAaH Kypambl

OHTAWJIAHJBIPY HOTHXKECIHAEC aJbIHFaH VYCaK TYHIPIIIKTI

931pJICHreH KypaMbl KaObLIaHIbI.
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EcenTey HOTWXKemepiH  cCajbICTBIPDy  MakKCaThIHIAa HapbhIKTa  KEHIHEH
KOJTaHbLIaThIH 3D-0ackin mIbIFapyra apHaJIFaH JalblH 3ayBITTHIK KYPFaK KYpPBLIBIC
KOCITachl HET131HJe Oaamaibl HYCKa KapacThIpbUIAbl. CalbICTHIPy VIIIH aIIUTHBTI
KYPBUIBIC TEXHOJIOTHsIApbIHAa KoJgaHbuiaThiH Sika kommanusceiHbiH (Sikacrete -
751) 3D-0ackln I1IbIFapyFa apHalifaH Kyprak KOCIachl KaObUIAaHIbl. MaTepuaibIK
IIBIFBIHIAP OHMIPYII YCHIHFAH TEXHHMKAJBIK CHUIIaTTaMajap MCH HapBIKTHIK Oarajap
Herizigae 1 M* nmalibiH Kocmara Kaita ecenteni. 3D-6aceinm mbirapy omicimed 1 m?
KYpbUIBIC ©HIMIH OHJIpyre apHajfaH MaTepUajIbIK MIBIFBIHAAPIBl  €CenTey
HOTIIKETIEpl KecTe 5.5 KeNTipiirex.

Kecte 5.5 — 3D-6acein mbirapy kesinae 1 m* OyiibIM ©HIAIpYyTe KYMcalaThlH
MaTepHUAIBIK IIBIFBIHIAP.

a) 931pJICHTeH Kocma

KomMmmnoneHnTt HIpirpia Kr/m? Bbaracel, Tr/Kr Kynsbl, Tr/M?
Berncenpipinres Ky - HeMEHT 590 36,00 21 240,0
YHrakranrad kKym 0,63-2,5 mm 772 20,00 15 440,0
Kyn — xox 0,315-0,16 Mmm 590 0,00 0,0
bazansT dhubpace 12 1020,8 12 249,6
MasterClenium 17 12122 2 060,7
cynepriacTuuKaTopbl
BAPJIBIFbI marepuannap 50 990.3

(e3ipiIeHTeH Kocma)

B) JalbIH 3ayBITTHIK KYPFaK KypbUIbIC Kocmachl (1 m? ymrin kyprak 6eiri 2000
KT JIeT KaOblIaHFaH, Cy 06JIeK KOChIIaIb)

KoMmmnonenrt HIb1FbIH KT/M3 Bbaracel, Tr/Kr KyHbl, T1/M?
Kyprak Kypeusic 2000 66,67 131 000,0
KOCIAachl (3ayBITTHIK)

JKUBIHBI
Marepuaniap 131 000,0
(3ayBITTBHIK KOCTIA)

O3IpJIeHTeH KypaMmbl KOJilaHy Ke3iHae | M? KypbUIbIC OHIMIH OHIIpyre
JKYMCaJIaThIH KaJIbl MaTepualabIK mbIFbIHAAp S0 990,3 Tr/M* Kypaiabl, aa JaibiH
3ayBITTBIK KYPFAaK KOCMaHbl KoJigaHraHnaa Oy kepcetkim 131 000 tr/m3-re xeremi.
Ochbunaitina, MaTepuaabIK MbIFRIHAAPABIH ToMeHAeY1 80 009,7 Tr/M3-a1 Kypaitibl, Oy
mamameH 61 % yHemzaeyre TeH. Kos KeTKi3UIreH 3KOHOMHUKAIBIK THUIMIUIIK, €H
aJIbIMEH, 931PJICHT€H KOCTIa KYPaMbIH]1a TayapJIbIK KYHBI ’KOK KYI-KOXK KaJJILIKTapbIH
naiiaaHyMeH, COHJal-aK OeJICeHIIPUITeH KYJI-IIEMEHTTI OalJIaHBICTHIPFBINI TEH
yCaK TOJITBIPFBIIITHIH OHTAaWIaHABIPBUIFAH MediepiMeH Tycidaipineai. Kocma
KypambIHa 0a3ajbT TaalIbiFel MeH 3amanayn MasterClenium cymnepriiacTuguKaTops
CHTI3IITCHIHE KapamacTaH, OJIapAbIH YJIeCl >Kallbl MaTrepuaid KYHBIHJA allbIHFaH
DKOHOMUKAJIBIK THIMIUTIKTI TOMEHAETIIEHI].
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BeJ1iM GoMbIHIIIA KOPBITHIH/IbI

byn Gemimje GeTOHHAH jKacallFaH IIAaFbIH COYJICTTIK opManapabl aJiIATUBTI
OHJIIPY/IIH TEXHOJIOTUSICHI, YUBIMIACTHIPBUIYBl OHE calaHbl OakbLiay Mocesenepi
KApacThIPbUIBINI, COHAAN-aK YCHIHBUIFAH IICIIIMHIH — TE€XHHUKO-KOHOMMKAIBIK
THIMALUTITT Oarananbel. Ka3akThIiH VITTHIK ©pHET1 TYPIHJIE OPBIHIAJIFaH OPBIHJIBIKTAp
MEH TYyJIcaybITTapAbl JadbIlHAQy Tpolect HUQPIbIK KYPbUIBIC  ©HIIPICIHIH
KaFujanapblHa  TOJNBIK  CoMKec  keneTiHl koHe 3D-mogmenbaey, Oackapy
OarapiaManapbiH JabiHAay, KabaTTam SKCTpy3usiiay *KoHe OETOHHBIH KEHIHT1 KaTaro
KE3eHJCPIH KAMTUTBHIHBI AaHBIKTAJIIbI.

DKCIEpUMEHTTIK 3epTTeynep MeH Taxipudenik enaipic AMT S-6044 kypsuisic
3D-nmpunTepin maiinanany apkpuibl Kyprizuiai (CITELJTABUA), Oyl TeXHOTOTHSIHBIH
HAKThl KYPBUIbIC JKaFIalbIH/Aa JKY3€re achIpbUIybl MEH KalTa OHIIpUTy MYMKIHAITIH
pacTaiiibl. O31pJIEHT€H TEXHOJIOTUSIIBIK PETJIaMEHT KYJI-KOK KaJAbIKTaphl HET131HET1
Maija TYHIpIIiKTI OETOH KOCTIACHIHBIH PEOJIOTHUSIIBIK €PEKIIETIKTEPIH eCKEPell )KOHE
apasacTeIpy, IKCTPY3UsIIay KOHE KadaTTap apachlHIaFbl TEXHOJIOTHSUIBIK Y31TICTEPIIH
OHTAMIBl PEKUMACPIH KapacThIpajbl, Oy OYHBIMHBIH OPHBIKTBI KEHICTIKTIK
KYPBUIBIMBIHBIH, KaJIBINTACYbIH KAMTAMAaChI3 €Te/Il.

3epTTey asChIHAA KIpIC, OMEPAlMSIIBIK >KOHE KaObuigay OakpUiayliapbiH
KAMTHUTBIH KEIIeH 11 cana 0akpuiay skyhect eHrizinii. by30aiTeiH OaKpliay HOTHXKEIEPI
KOPCETKEH/IeH, OETOH KOCHAChIHBIH OHTalIaHAbIpbUIFaH KypaMbl (80/20 KaTbIHACK)
YKOFaphl camayibl KaJbIITacyIbl KaMTaMachl3 €Tei: KabaTrTap apachlHIAFbl y3UIicTep
MEH KaJbIHJBIKTBIH OIpKeNnKi eMmecTiri OallKaaMalJbl, ajl TE€OMETPUSIIBIK
napameTpJIep/iH aybITKyJIapbl MEH KEPIUIIKTI akayJap eseyci3 00JbIi, OyHbIMaapAbIH
naiijiagany KacueTTepiHe acep eTHen .

MarepuanaplKk  MIBIFBIHAAPABI  CANBICTRIPMAIBI  Tagay  93ipJICHIeH
TEXHOJIOTUSHBIH >KOFapbl SKOHOMHUKAJIBIK THIMAUTITIH AAJENIe/1. O31pJeHTeH Maiiaa
TYHIPIIIKTI OETOH KOCTACHIH KOJIaHy Ke3iHe | M® KYphUIbIC OHIMIH OHIpY KYHBI S0
990,3 Tr Kypaiisibl, aj JaibIH 3ayBITTHIK KYPFaK KOCIIAHbBI KOJIJTAaHFaH/1a OYJ1 KOPCETKIII
131 000 tr/m*® Gonamel. AneiaFaHn yHem 80 009,7 Tr/m3-re >KeTim, MaTepuUaIbIK
IIBIFBIHAAPABIH 61 %-Fa TOMEHCYiH KaMTaMachl3 €TeIi.
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KOPBITBIHIBI

JluccepTalysUIbIK  JKYMBIC SHEPreTHUKa CajachlHBIH KYJ-KOX KaJIBIKTaphIH
OHJIIPICKE TapTy apKbUIbl QJIIUTHUBTI KYPBUIBIC TEXHOJOTHSJIAphIHA apHAaJFaH yCak
TYHIPIIIKTI OCTOHAAPJBIH KypaMJapbhlH 931pJiey >KoHE OHTaWIaHIBIPY KOHIHJET1
©3CKTi  FBUIBIMH-TIPAKTUKAJIBIK  MOCEJICHI  IMICNIyre apHaIFaH. | eOpHsIIBIK,
DKCIEPUMEHTTIK  KOHE  TOKIPUOENIK-OHEPKICINTIK  3epTTeysiep  KelIeHIHIH
HOTHKECIHIEC KeJIeCl KOPBITBIHABLIAP aJIbIHIbI:

1. AJMTUBTI TEXHOJIOTHSUIAPILI KOJJIAaHY KoHE KypaMaapibl o3ipiey
ONICTEpIH Tajjay HOTHXKECIHAE AICTYpIl YcaK TYHIpHIiKTI OETOH KypamaapbiH
x)obanmay amicTepi KOCIaJjap IbIH PEOTEXHOIOTHUSITBIK KAaCHETTEpiHe

(3KCTPYATANFBINITHIK TIEH TININH TYPAKTHUIBIFBI) KOWBUIATHIH €PEKINe TajlanTapra
OaitnanbpicTel 3D-0achin mIBIFApyna TIKEJIEW KOJJaHyFa KEJIMEHTIHI aHBIKTAJIIbI.
Tannay HoTHXKENEP1 KYPBUIBIC OacrackliHa apHaJIFaH HApBIKTaFbl KYPFaK KOCTaIap/IbiH
KOIIIUIITHIH UMIOPTTHIK MOAU(UKAIMSUIIAYIITBEI KOCTIaIap Ibl Maiganany cajagapblHaH
JKOFaphl O31HJIIK KYHFa M€ eKeHIH kepceTTi. KOO Kyl-KOXK KalAbIKTapblH OETOH
KOCIIAChIHBIH KYPBUIBIMBIK TYTKBIPJIBIFBI MEH KaTaro Mep3iMAEpiH OarbITThI TYpIe
perTeyre MYMKIHAIK OepeTiH KOJDKETIMI1 OEJICeH/II MUHEPAIIbIK KOMIIOHEHT YKOHE
MUKPOTOJITHIPFBII PETIH/IE Mai1ajJaHy /IbIH OPBIHIBUIBIFBI HET13/1EI1.

2. OckemeH XKDO Kyl-Kox MaTepuaIAapbiH 3epTTEY HOTHKECIHIE KYI-KOXK
KAJIIBIKTApBIHBIH KaJIBINTACY €peKIIeNiKTepl 3epTTenal. [ MapoKkyn mbFapy xylecine
OallJIaHBICTBI KAJIJBIKTAP/IbIH KEHICTIKTIK OIpPKEJKI €eMECTII1T MEH IPaHyJIOMETPHUSIIBIK
CTpaTU(PUKAIAACH aHBIKTATIBI. 3ePTTEIATCH KYJIIH TOMEH KaIbITUIIII )KOHE KaChIPBIH
OyIIOJaHABIK OCJCEHAUTIKKE W€ eKEHJIr aHbIKTauabl. KyinaiH [EeMEHTTIK
KOMITO3HUIIMSUTAPABIH THAPATANUSIIBIK MPOIECTEPiHEe THIMIII KaTBICYBIH KaMTaMachl3
€Ty YILIiH OHbIH MEHIIIKTI OETIH apTThIpYyFa kKoHE OeIIeKTepaiH OIpKeKi TapaayblHa
MYMKIHJIIK O€pETIH aJIIbIH ajla MEXaHUKAJIBIK OCJICEHAIPYAIH KAKETTUIIT JOIETACHII.

3. ¥Ycak TYHIpIIIKTI OETOH KYpaMbIH J31pJiey KOHE HEri3[iey HOTHXKECIHC
KaTrThl (pa3zajmarbl OONIIEKTEP/l THIFBI3 OPHAJACTHIPY KaFUJAThl HETI31HJIE FHUIBIMU
TYPFBIIaH HETI3/ICITeH KoHEe OHTalIaHAbIpbUIFan 3D-0eToH Kypamaapsl d31pJieH/I.
BepikTik MeH TeXHOJOTHSUIBIIBIK apachlHIAFbl OHTANIIBI TETE-TeHIIKKE KOJI KETKI3y
yuria noptinaaneMeHTTiH 20-30 %-bpIH MeXaHHMKaJbIK OeJICEeHIIPIITeH KyJIMEH
aIMacThIPy THIMII €KeHJIri aHbIKTaabl. COHBIMEH KaTap YCaK TOJTHIPFBIIITHIH
(xymHBIH) 20 %-bIH 0,315-0,16 MM ¢pakuusabl KYJIMEH aJIMacThIPYAbIH KOFapbl
TUIMIIIT] JonenaeHal. by ¢ppakuusHbl MUKPOTOITBHIPFBILI PETIHAE MaiianaHy KyM
TYHipJiepi apachlHIAFbl KYBICTApAbl TOJTHIPYFa, KYPBUIBIMHBIH TBIFbI3 KAaHKACHIH
KAJIBINTACTBIPYFa ’KOHE DKCTPY3HsI Ke3iHe cy OesiHyiH a3aliTyFa MyMKIHAIK Oepe/il.

4, Kynai xemenai mnaiganaHynblH OETOH KOCIACHIHBIH PEOJIOTHUSIIBIK,
bu3MKa-MEeXaHUKAJIBIK JKOHE TMaiijlaJlaHy KacHUEeTTEpiHE OH ocepl IKCHEPUMEHTTIK
Typae gonenaenai. Ommemi 0,16 MM-JIeH Kimn KyJ1 OeJmeKTepiHiH chepablK MilTiHi
KOCIIaHbIH ~ OKCTPY3Usl  TPOIECIHAETI aFy KEACPriCiH TOMEHJIETIN, OHBIH
OKCTPYATATFBIITHIFBIH apTThipaabl. COHBIMEH KaTap MYIIIOJAHIBIK peakiusiap 00c
CyIbIH OalaHBICYbIH KaMTaMachI3 €Til, Ka0aT TOCEITCHHEH KEWIH KYPBUIBIMIIBIK
OEpIKTIKTIH KeJell KaJbIITaCyblHA BIKIAJ €TeJll, HOTMKECIHAE Oachll IIbIFapbUIFaH

92



KalaTTapblH MIMIIH TYPAaKTBUIBIFBI apTaabl. Pu3nKa-MexXaHUKaNbIK ChiHaKTap 3D-
Oacelll IIBIFApyFa TOH AaHU3OTPOMHUSHBI €CKEePe OTBIPBIT KAKETTI OepiKTiK
KOPCETKIITEPIHE KOJ KETKI3UITeHIH KOPCETTI, ajl OeJIIEKTEPAiH ThIFbI3 OPHAJIACYBI
mery AehopMalsIapblH a3alThIN, MaTEPUAIJIBIH Y3aK MEP3IMIUTITIH apTThIPabl.

5. 3D-6aceim  mIBIFapy  JKaFgaWbIHAAFBl  OKCIIEPUMEHTTIK  ChIHAKTap
HOTHKECIHE 931pJIEHIeH Kypamjap IIarblH COYJIETTIK HbICAaHAAp MEH a0aTTaHAbIPY
AIIEMEHTTEPIH JalbIHIaya HAKTHI aTUTUBTI KAJBINTAY KaFIalbIHAa COTTI ChIHAKTaH
OTTi. AJIBIHFaH OVHBIMIAPMBIH Carachl MAIIWHAIBIK KOJTHIH MaTEePUAIbIH HAKThI
KacueTrTepine OeliMueny JCHreWiHe TiKeJIeH Toyenal eKEHAIrT aHBIKTaJIb.
TeXHOMOTHUSIIBIK TTapaMeTpIIep il aBTOMATTaHABIPBUIFAH TYP/IC TaHAAYIbIH aBTOPJIBIK
anroputmi anpobanusaad oTTi (Ne 68369 kyonik). Mach3 GarmapiamanblK OpTachlH
naianany )KoHEe 30JI0KYPaMIbl KOCTIAHBIH HAKTHI KAWBUIFBIIITBIFBIH €CKEPE OTHIPHII
G-KoATHI TY3€Ty T€OMETPHSIIBIK aKayJIapAbl OOJIbIpMayFa JKOHE KOHCTPYKIIMSTHBIH
MOHOJIMTTUIITIH KaMTaMachl3 eTyre MyMKIHIIK Oep/i.

6. [Mafinanany kacuerrepiH Oaranay, MOJEIBICY >KOHE TEXHHUKAJBIK-
HYKOHOMUKAJIBIK HET13/Iey HOTHXKeCiHAe COHFbI anneMmeHtrep oaici (FEM) Herizingeri
CaH/IbIK MOJIEJB/ICY apKbUIbI OAChIN MIBIFAPBUIFAH OYHBIMAAPIBIH KOHCTPYKIUSIIBIK
ceHiMauTIr pactanasl. Herisri kepHeynepaid tapainybi (Maximum Principal Stress)
Tajnaay — KabaTapalblK — UTiHICY — O€pIKTITiHIH ~ Kabarram  TYpFbI3y — Ke3iHe
KOHCTPYKITUSIHBIH 63 CalIMaFbIHAH TYBIHJIAUTHIH CO3bLITY KEPHEYJIEPIHEH alTapIIbIKTa
JKOFaphl EKEHIH KepcCeTTi, OyJl Kypaell TeOMETPUsIbl KOHCTPYKLMSIIAPbIH
CTAaTUKAJIBIK TEMe-TEHIN MEH OpPHBIKTHUIBIFBIH KaMTaMachl3 €Te/l. O31pJICHIeH
HISHIMIEPAIH KOFaphl TEXHUKAIBIK-9KOHOMUKAJIBIK THUIMILIIT JOIEICH 1 OCKeMeH
KOO kangpiktapeiH mnaiganany 3D-0ackil miblFapyra apHairaH 1 m? O€TOHHBIH
o31H11K KyHbIH 50 990,3 TeHrere AeiliH TOMEHIETYre MYMKIHAIK Oep/i.
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KOCBIMIIA [
JluccepTalMsuibIK )KyMbIC 06JIIMIEPIH OKY MPOIECIHE EHT13Y aKTICl

umenu JI. Cepuxbaepa
A.X. MamekeHoBa
2026 1.

BHEJIPEHHS B y4eOHBIN 1porecc p' CHOBIMCCEPTALIMOHHOM paboThl
Ay6akupoBoii 3.A
««Pa3paboTKa COCTaBOB MEJIKO3EPHUCTOrO GETOHA C UCTIOIB30BAHUEM
30JI0ILTAKOBBIX 0TX00B YcTh-Kamenoropekoit TOLL st a/yidTHBHEIX TEXHOIOTHIA,
IIPEJICTaBJICHHON Ha corckanue crenenu PhD no
OIT 8D07302 — «ITponu3BOACTBO CTPOUTEIBHBIX MATEPUAIIOB, U3IEIUN K
KOHCTPYKLIAN

B yueGHBIi  npoiecc  o0pasoBareNbHBIX  IPOrpaMM  pe3yJIBTaThl
JIACCEPTAMOHHOW paboThl BHEAPSIOTCS IS UCIIOJIB30BAaHUS B JIEKIHOHHOM Kypce,
IIpY IPOBEJICHUHM NPAKTUYECKUX U JIaOOPATOPHBIX 3aHATHH, a TAK)KE IIPH BBIIOIHEHHN
KypCOBBIX W Hay4YHO-HCCIIEJOBATENbCKUX paboT oOydarommxcs. BkiroueHue
MaTepualoB JMCCEpPTAllMUd O0ECIeUYMBAaeT AaKTYallH3alHI0 COJEPXKaHMS YYeOHBIX
JCITMILIMH C YYETOM COBPEMEHHBIX HAaNPaBJIEHUHN Pa3BUTHS aJUTHTHBHBIX TEXHOJIOTHI
B CTPOUTENILCTBE U IPHMEHEHHsI BTOPHYHBIX MHHEPAIBHBIX PECYPCOB.

B yweOHpIH mporecc 06pa3oBaTeNbHBIX IIPOrPaMM BHEAPEHBI CIEAYIOIHE
pa3zensl AUCCepPTallHOHHON pabOThI:

/Jna obpasoseamenvroit npozpammoer 6B07305 — Cmpoumanbcmo. _

— «Memoowi OKCMEPUMEHMANbHbIX uccnedo6aHull Haneuc '
06pazyos, nONYHEHHbIX MEMOOOM NOCIOUHOU IKCIMPYIUU (

— «Paspabomia menko3epHucmozo 6emona ¢
mexwnonozui (3D-nevamu)». ;

Marepuraibl yKazaHHBIX Pa3/ielIOB HCIIONb3:
«A0Oumugnvie mexHono2uU 6 CMpoOUMenLeme
obyyarommxcs npohecCHOHATEHEIX KOMIETEHN
MEJIKO3EPHUCTBIX OETOHHBIX CMecel ¢ He
OLUEHKH MX PEOJIOTHYECKHX, (HH3UKO-MeE:
XapaKTepUCTHK, a TAKXKe aHaIM3a IPOIEeCCH
NOJy4EeHHBIX MeTooM 3D-nevary.

B pamxax mabopaTOpHBIX
9KCIIEPUMEHTAILHOIO  ONPE/IeICHH
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