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JCCepTaIlMK Ha COMCKaHKE cTeneHu aqoktopa dunocoduu (PhD) o
cnenuanbHOocTH 6D072900 «CTpOUTEIHCTBOY
bpsiatieBa Anekcannpa AnekcanapoBruda Ha TeMy: «CoBepiIeHCTBOBaHHE
KOHCTPYKTHBHBIX PelIeHUI U METOJA0B pacyeTa CBapHbIX IBYTABPOBBIX
0aJ10K ¢ roppUPOBAHHBIMEU CTEHKAMH, 0CI1a0JIEHHBIX TEXHOJIOTHYECKUMU
OTBEPCTHAMM

AKTYaJIbHOCTH TeMBbI

OnauM #3 (PaKTOpPOB, MOBBIMIAIONIUM HAJEKHOCTh CTATbHBIX KapKacoB
3MQHUN U COOPYKEHUI SBISIETCS BHIOOP MPaBUIIBLHON (POPMBI KOHCTPYKIUH, a 3TO
B HaumOOJbUIEH CTENEHH 3aBUCUT OT CHOCOOHOCTH BCEX 3JIEMEHTOB MOIJIOLIATH
HHEPrUI0 BHEIIHUX BO3JEHCTBUH 3a CUET IJIACTUYECKON paboThl CTall, 8 UMEHHO
OT CIOCOOHOCTH, Hampumep, OaloK JBYTaBpPOBOTO cCedeHusi paboTaTh IpHU
BO3MOXHBIX Ileperpy3kax B YIPYIOILUIACTUYECKOM CTagud, a 3TO OCHOBHOM
3aBHCHUT OT 00€CIIEYEHHs] YCTOWYMBOCTU UX CTEHOK.

banku ABYyTaBpOBOIO CEYEHHMS] MOTYT JUIMTENBHOE BPEMsS BOCIPUHUMATH
3HAUUTEIIbHBIE IEPETPY3KHM B YCIOBHUAX 3HAKOIIEPEMEHHOI'O IUKIMYECKOTO
Harpy>Ke€HUus U B Cllydasx NPUMEHEHUs] TOHKUX CTEHOK, €CJIM 3TU CTEHKH OyayT He
IUIOCKUMH, a rogpupoBaHHbIMU. ['odpupoBanue obOecrneunBaeT yCTOMYUMBOCTH
CTEHKHU [IPU MUHUMAJIBLHOU €€ TOJIINHE.

[ToaToMy BakHOHM 3ajgayeil sABIsSETCS pa3padOTKa HOBBIX KOHCTPYKTHUBHBIX
dbopM M METOIOB MX pacuera OamoK ¢ roppUpOBAHHOM CTEHKOW, B TOM YHUCIIE,
OCJIA0JICHHBIX ~ OTBEPCTUSMHM, KOTOPBIE  OTJIMYAIMUCHh  Obl  TOBBILIEHHOM
CEHCMOCTOMKOCThIO, HU3KOM MaTepruaJOeMKOCThIO U HE TpeOoBaau Obl OOJBIINX
3aTpaT Ha aHTUCENCMUYECKHNE MEPOTIPUSTHS.

[Tockonpky B Hacrosimiee BpeMs B Ka3aXCTAaHCKUX M 3apyOeKHBIX
HOPMATHBHBIX HWCTOYHHMKAX TMPEUIOKEH TOJBKO OJWH BapHAaHT YCUJICHUS
oTBepcTUii B TOQPUPOBAHHOW  CTEHKE, TO  pa3paboTKa HOBBIX W
YCOBEPIIEHCTBOBAHKUE CYLIECTBYIOIIUX METOJIOB YCWICHHS KPYIJIBIX OTBEPCTHU U
METOJIOB pacyeTa MpeICTaBIseT COO0N aKTyalbHYIO 3a7a4y.

O0beKTOM JUCCEPTAIIMOHHOIO MCCJIETOBAHUA SBIISIOTCS Oallku, C
NOMNEepEeYHO TOPPUPOBAHHOM CTEHKOM C TPEYroJbHBIM OuYepTaHuEM TOo(dpOB,
UMEIOIINX PA3JIMYHbIE T'€OMETPUUECKUE MapaMeTpbl U OCIA0JEHHBIE KPYIJIbIMU
TEXHOJIOTUYECKUMH OTBEPCTHUSIMH, C PA3JIMYHBIM JUAMETPOM M IIaroM 1o JJIMHE U
BBICOTE CTCHKH.

IIpeaMeToM AHCCEPTALNMOHHOIO HCCJIEIOBAHMS SIBJISICTCS OIpEACIICHHUE
BJIUSIHUA 1Iara ¥ JIMaMeTpa TEXHOJOTHYECKOTO OTBEPCTHSI Ha Ne(OpMaTUBHOCTH
CBapHOHM Oanku ¢ TOGPUPOBAHHOM CTEHKOM, OIpeaeaeHne ONTHMAIbHBIX
napaMeTpoB TopoB M MX OYEPTaHUS, YCOBEPILIEHCTBOBAHME KOHCTPYKTHUBHBIX
pellleHn YCHJICHHS TEXHOJIOTMYECKHUX OTBEPCTUH M METOJOB pacuera Oajok ¢
ropupoBaHHON CTEHKOM.



eab uccaenoBaHus:

Omnpenenuth HauboJsiee onTUMaIbHble U 3((EKTUBHBIE ouepTaHus ToQpoB U
€ro mapaMeTpoB, IMAMETP U IIar OTBEPCTUN MO JIJIMHE U BBICOTE TOPPUPOBAHHOM
CTEHKA JJI1  yCOBEpPUICHCTBOBAHUS  CBapHBIX  JIByTaBPOBBIX  Oallok  C
roQpupoOBaHHBIMU CTEHKaMH, CHOCOOOB YCHJIEHUSI OTBEPCTHH M METOJIOB HX
pacuera.

3ajgaum uccJIe10BaHUA:

1. W3yunth oO6iacTh NMpUMEHEHHsS OallOK ¢ TOPPUPOBAHHBIMU CTEKaMHU C
pa3TUYHBIM OYepTaHUEM TO(PPOB.

2. MccnenoBarh UMEIOIIMECS METOAMKH pacueTa 0anok ¢ ropupOBaHHBIMU
CTEKaMH, IPUBEJCHHBIC B MECTHBIX M 3apYO0EKHBIX HOPMATUBHBIX UCTOYHHKAX.

3. UccnenoBath 3P PeKTUBHOCTH pabOTHI CBAPHBIX OAIOK ¢ TOGPUPOBAHHBIMH
CTEHKaMH Pa3IUIHOTO CEUCHUS U IapaMeTpoOB TO(poB.

4. OO6ocHoBaTh A(PGHEKTUBHOCTh HCIIOIL30BAaHUA OaJlOK C TONEPEYHO—
ropupoBaHHON CTEHKOM, TopaMu pa3IUYHBIX OYEPTAHUM M TApPaMETPOB H
OTIPEJICIIUTh UX BIUSHUE HA UX YCTOMYUBOCTD U MTPOYHOCTD.

5. OnpenenuTth HauboJEe ONTUMANIBHBIN IIar OTBEPCTUH MO JJIMHE U BBICOTE
CTEHKHU OaJIKU U AUAMETP OTBEPCTHIA.

6. OnpenenuTs BIUSHUE PA3JIUYHBIX KOHCTPYKTHUBHBIX PEIICHUN 0
YCWJICHHIO TEXHOJOTMYECKUX OTBEPCTUH Ha Ne(HOpMATUBHOCTh TrOpUPOBAHHOU
OaJIKH.

7. CoBepIICHCTBOBaTh  KOHCTPYKTHUBHBIE  PEIICHUS IO  YCHUIJICHHIO
TEXHOJOTHUECKUX OTBEPCTHIA.

8. IlpoBectn mabopaTOpHBIE HCHBITAHUS DKCIEPUMEHTANBHBIX MOJETEH
0aJIoK ¢ TOOpUPOBAHHOM CTEHKON C OTBEPCTUAMH U O€3 OTBEPCTHUI.

9. BpIMOMHUTH YHCICHHOE OHKCIEPUMEHTAIbHOE WCCIENOBAaHUE METOIOM
0JIHO(AaKTOPHOTO JTUCIIEPCHOHHOTO aHall3a IO ONpeAeeHUI0 3(PGEKTHBHOTO
crioco0a MOJIKPETIIICHUsI OTBEPCTHIA.

Hay4ynasi HoBU3Ha paldoThI:

1. Onmnpenenenubl 3(PdeKTUBHBIE MapaMeTpbl TOPPOB  TPEYTrOJIHHOTO
OYEpTaHHUsI C TOJIIIMHON CTEHKH OT 2 710 10 mMm.

2.B cootrBerctBUM TpeboBaHMsIM EBpPOKOJOB ormpeseneHa kiaccudukaims
MOTIEPEYHOTO CEUYCHHS 0K ¢ TOPPUPOBAHHON CTCHKOM.

3. OmnpeneneH ONTUMAJIBHBIA IIAr PACHOJIOKEHUS OTBEPCTHU W IHAMETP
OTBEPCTHSI.

4. OnpeneneHo ONTHMAIbHOE PACTIONOKEHHE OTBEPCTHS MO BBICOTE CTEHKH
OTHOCHTEIFHO CKATOTO WIJIM PACTSHYTOTO IOsicCa.

5 MccnenoBaHo BIUSHUE PA3IMYHBIX BAPHAHTOB YCHJICHUS TEXHOJIOTHIECKUX
OTBepCTUi Ha Ae(hOPMATUBHOCTH OAJKU C TOPPUPOBAHHON CTEHKOM.

6. BrimonHeH TeopeTHUeCcKUil pacueT CBapHOM Oanku ¢ TrodppUpOBAHHOMN
CTEHKON C OTBEepCTHEM M 0€3 OTBEpCTHS KOMOWHHPOBAaHHBIM METOJIOM, a TaKKe
MoI00paH MPOTPAMMHBIN KOMIUIEKC JJIS pacdyeTa MoJ00HBIX KOHCTPYKITUH.

7. WccnenoBaHO W YCOBEPIIEHCTBOBAHHO KOHCTPYKTHBHOE pEIICHHE
YCWJICHHS TEXHOJIOTHYECKOTO OTBEPCTHS B TOGPUPOBAHHOMN CTEHKE.



Bueapenue pe3yabTaTroB HCCICI0BAHUH

Pe3ynbTaThl AMCCEPTALIMOHHOTO HCCIEIOBAHUS HCIOJIB3YIOTCA IMPOECKTHBIM
WHCTUTYTOM IPU MPOEKTUPOBAHUY 3[IaHUI U COOPYKEHUH, HECYIIUE KOHCTPYKIIUU
KOTOPBIX BBIMIOJHEHbI W3 METAUIMYECKHX CBapHBIX O0aloK ¢ TroppupOBaHHON
CTEHKOM, OCJIa0JEHHBIX TEXHOJIOTHYECKUMHU OTBEPCTUSMH, a TAKXKE PE3YJIbTAThl
paboThl  MCHOJIb30BaHbl MPU MPOECKTUPOBAHUM HECYIIMX  METAJUITMYECKUX
koHCTpykiui craguu KM. Akt BHeapenuss Ne 01-58 ot 2 centsiops 2019 r.
npuBoguTCcs K auccepTaumu B Ilpunoxennmn A, a Qortorpaduu oObekTa
npuBoasaTca B Ilpunoxenun b. Taxxke pe3ynbraTel AUCCEPTALIMOHHOIO
UCCJIEIOBAHMs ObLIM BHEIpEHbI B ydeOHbIM mpouecc. AKT BHeapeHus Ne 10—
03/696 ot 10 centsa6pst 2019 r. nmpuBoautcs B [Ipunoxxkenuun B aucceprarmm.

JloCTOBEpPHOCTDH pe3y/ibTATOB

JIOCTOBEpHOCTh TMOJYYEHHBIX pPE3yJIbTaTOB, BBIBOJOB M PEKOMEHJALUN
0a3upyeTcsi Ha HUMEIOLUXCS JOIMYIICHUAX B TEOPHUM TOHKOCTEHHBIX CTEp)KHEH,
MEXaHUKH AePOPMUPYEMOTO TBEPJIOTO TeNa, TEOPUN CTPOUTEIBHBIX KOHCTPYKIUHN
Y YCTOMYMBOCTH IUIACTHH, a TAK)KE HA MIPUMEpPax KOMIBIOTEPHOTO MOJIEINPOBAHUS
U HaTypHOro JKcrepuMmeHTa. Ha ycoBeplIeHCTBOBaHHBIE MOJAETH OalloK C
roQpupoBaHHBIMM CTEKaMHU I[IOJIyY€Hbl MATEHThl Ha TOJE3HYK MOJEIb
(ITpunoxxenwue I' u J1).

Anpobauusi padoThI

Pe3ynpTaThl TUCCEPTAIMOHHOTO UCCIEAOBAHUS 00CYK1aUCh:

— Ha MEXIYHapOJHOW HAy4YHO—TPAKTUUYECKON KOH(pEpeHUUU «AKTyaJabHbIE
Hay4HbIE HUCCJIEIOBAHMUS B COBpeMEHHOM Mupe» (r. llepescrmaB—XmeabHULKHIA,
2016 1.);

— Ha MEXIYHapOJHOW HAy4YHO—TPAKTUUYECKON KOH(pEepeHUUU «AKTyaJabHbIE
npoOIeMBbl U MEPCIEKTUBBI PA3BUTHS CTPOUTENBCTBA: MHHOBALMU, MOJICPHU3ALIMS
u sHeproddpdexTuBHOCTHY (T. Anmatsl, 2017 1.);

— Ha MEXIyHapOoJHOW HaydyHO—TpakTU4Yeckoil koH(pepenuuun «Hayka wu
WHHOBAITMHU B cTpouTeabcTBe» (T. benaropon, 2018 r.);

— Ha MEXIYyHapOAHON HayuyHO-TIpaKTHYeckoi koH(pepeH i, « COBpeMeHHbIE
TPEHIbl B apXWUTEKType M  CTPOMUTENBCTBE:  SHEProd(pPeKTUBHOCTS,
sHeprocoepexxenue, BIM texnonoruu, mpodieMbl TOPOACKON cpeanl» (T. AJIMaThI,
12 anpens, 2019 r.);

— Ha kpyrioMm croie «['odppobanku. CoBpeMEHHOE COCTOSIHUE U TEHACHIIUU
pa3Butus», (r. Mocksa, 2019 r.);

— Ha MEXIyHapoaHoW Hay4yHoWl koHdepeHuun «International Scientific
Conference on Energy, Environmental and Construction Engineering
(EECE —2019)» , (r. Cankr - ITerepOypr, 2019 r.).

— Ha paclMpeHHOM 3acenanuud PakynbTeTa OOIIEr0 CTPOUTENIbCTBA
MexnyHnaponnoit oopazoBarensHoi kKoprioparu (MOK) B 2019 r.

IMyoankanuu:

[To Teme muccepraiuu omyoukoBaHo 17 paboT, B TOM 4nciieé BOCEMb CTaTeH
ONyOJMKOBAaHbl B HAYYHBIX M HAyYHO—TPAKTHUYECKUX HU3IAHMSIX, BKIIOUEHHBIX B
[Tepeuenp pexomenayembix KKCOH MOH PK; nsare crareit B maTepuanax
MEXIYHApOAHBIX  KOH(EpEeHIUH; dYeThipe CTaTbl B  MEXIYyHApPOJHBIX



pELeH3UPYEMBIX HAYUHBIX KypHajaX U KOH(PEPEeHIUAX, B TOM YUCIE OJHA CTaThs,
B JKypHaje, HMHIEKCUPYEeMOM B 0a3e JaHHBIX Scopus, C MPOLEHTWIEM IO
ctpoutenbcTBy 84 u CiteScore 2,75.

CocraB 1 00beM padoT:

JuccepranionHas paboTa COCTOUT W3 BBEICHUS, ISATH IJIaB, 3aKIIOUYEHUS U
npusioxkeHuil. O6beM paboThl cocTaBisieT 149 cTpaHull MAIMHOMKMCHOIO TEKCTA U
COIEPKUT 52 Tabnuupl, 89 PUCYHKOB, CIMCOK HCIOJb30BaHHBIX MCTOYHHKOB W3
157 nanmenoBanuii u 13 npunoxenuit, 00eMoM 56 cTpaHHIIBI.

B nmnepBoii rgaBe paccMaTpuBAIOTCA BOIPOCH 0O0JACTH MPUMEHEHHS
ropupoBaHHBIX KOHCTPYKIMI TMpPH CTPOUTENBCTBE 3JaHUH U COOPYKCHHI.
Hccenenosan OIIBIT DKCIEPUMEHTAIBHO-TEOPETUIECKHUX WCCIIEIOBAaHNUM
METAITMYECKUX KOHCTPYKIUI ¢ TOQPUPOBAHHOW CTEHKOW, KaK Ha TEPPUTOPHUU
Halleil pecrnmyOJIMKU, TaK W 3a €€ MpeaeslaMH. BhIMonHeH aHaiu3 pe3yjbTaToB
UCHBITAHUN TO(PUPOBAHHBIX CTEHOK JIBYyTaBpOBbIX OajoOK, B TOM 4HCIIE
ociabJIeHHBIX OTBEPCTUSMH HA IPOYHOCTh U YCTOWYUBOCTb.

OcCHOBHBIE BBIBO/IBI 110 NEPBOii IJIaBe:

B xonue 18 Beka ropprupoBaHHblE KOHCTPYKIIMH, TaK Ha3bIBaeéMble NIEpEOOPKH,
HAYMHAIOT IPUMEHSTHCA B CYJIOCTPOEHUH, a B KOHIE 1920—X romos, mocie Havana
UCMOJb30BAHUSI CBAapOYHBIX pabOT, HAXOAAT UHIMPOKOE IPHUMEHEHHE B JIAHHOU
OTpacCIIH.

Haunnas 1950-x ronoB, rogpupoBaHHbIE KOHCTPYKUMH C Pa3IUYHBIMU
OUYepTaHUSIMU TOPPOB HAXOAAT CBOE IMIMPOKOE MPUMEHEHUE NPHU CTPOUTEIHCTBE
MOCTOB, 3CTaKaj, aBTocTpaja Kak B EBpone, tak m B Amepuke. B fnonnnu, B
MOCTOCTPOCHHH TO(PpUPOBAHHBIE KOHCTPYKLIMH HAayaldd MPUMEHSTHCS TOJIBKO C
1980 roma, HO mpu 3TOM TOCTpoeHO Oojee S0 mocTtoB. Kutaill akTMBHO Hayas
UCITIOJIb30BaTh TOPUPOBAHHBIE KOHCTPYKIIUU, HaunHasg ¢ 1990—x rogoB. A BOT Ha
tepputopun Pecnybnuke Kazaxcran ¢ mepBbIii MOCT OBLI CIaH B AKCILTyaTaIlHIO
2011 r. Ha cerogusmHuii aeHb noctpoeHo Oosiee 10 MOCTOB ¢ IMpUMEHEHUEM
ropUpOBaHHBIX KOHCTPYKIIHIA.

Ha teppuropun Kazaxcrana HauOosiee NOMYyJISPHBIM SIBISIFOTCS TOQPHI
TPEYTOJBHOrO oO4YepTaHusa. Tak, Hampumep, B CTpaHax EBpOIBI HMCHOJIB3YIO
BOJIHUCTYIO (GopMmy rodpoB, a B Amonum u CIIA — TtpanenueBuanyo u
IPSIMOYTOJIBHYIO.

PaboThl MO MCCIEN0BaHUIO BIMSIHUS OTBEPCTUH B CTEHKaX ro(pupoBaHHBIX
Oalok Tpu M3rude Ha WX HECYIIYI0 CIIOCOOHOCTh MMEIOTCS B OTPAHHYCHHOM
KonuuecTBe. MccienoBaHusi BIMAHUS OTBEPCTHH B CTEHKaX ToO(pUpOBaHHBIX
OaJIOK HAa KOHIIEHTPALMIO HANpPsDKEHW OJIM3M JAaHHBIX OTBEPCTHM M HA MPOTrUO
OaJIOK MPOBOJATCS TAK)KE B OTPAHMYEHHOM KOJIMYECTBE.

Jlisi  TIOBCEMECTHOTO  BHEIPEHUSI TOPpPUPOBAHHBIX KOHCTPYKUUH B
CTPOUTENICTBO 3JaHUN U COOpyKeHUuM Ha Tepputopuu Pecnyonuku Kazaxcran
HE00X0UMO IIPOBEJICHUE MOJTHOMACIITAOHBIX TEOPETUUECKHUX U
AKCTIEPUMEHTAIBHBIX UCCIEAOBAHUNA OaNoOK ¢ TOPpUPOBAHHOU CTEHKOW, B TOM
YHCJie 0CIa0JIEHHBIX OTBEPCTUSIMHU.

Bo BTOpOIi r1aBe paccMOTPEHBI BOMPOCHI OLIEHKH HECYIIEH CIOCOOHOCTH U
CYLIECTBYIOIIME METOAbl pacyeTa TrOQPUPOBAHHBIX JIBYTAaBPOBBIX OAJIOK.



PaccMOTpeHBl  CyIIECTBYIOIIME METOAbl pacyera »>JIEMEHTOB JIByTaBPOBOI'O
CEUYEHHS C TONEepPEeYHO-TOPPUPOBAHHON CTEHKOW Ha MPOYHOCTb, HA MECTHYIO U
o0lIyI0 ycTOWYUBOCTh. MccienoBaHbl BapuUaHThl TMPOEKTHUPOBAHUA C YUYETOM
tpeboBanuii CH PK EN 1993-1-5:2006/2011. M3yuyeHn ombIT pacyera OalloK ¢
ropupoBaHHON CTEHKOM B Ka3aXCTAaHCKUX CTPOUTENIbHBIX HOPMaX.

OcHOBHBIE BBIBOJIBI IO BTOPOI IJIaBe:

OcHOBHBIMH (haKTOpamu, BIUSIOIIMMU Ha HECYUIYIO CIIOCOOHOCTH OalIKU C
ropupoBaHHON CTEHKOM, OCIabJEHHON OTBEPCTUSMHM, SBIISIOTCS: OTBEPCTHS B
OaJike, IIar OTBEPCTUI B CTEHKE OaJKH, OUepTaHUE OTBEPCTHS], THOKOCTh CTEHKH, a
TaK)K€ PacHoJIOKEHUE OTBEPCTUS OTHOCUTEIBHO BBICOTHI CTEHKHU.

HccnenoBaHo BIUSHUE OTBEPCTUH Ha  HANPsHKEHHO—IE(POPMUPOBAHHOE
COCTOSIHUE KOHCTPYKLIHH, KOTOPOE UIPaeT OOJIBIIYIO POJIb KaK C TEOPETUUYECKOM,
TaK W C T[PAKTHYECKOM TOUKM 3peHus. KoHUeHTpanus HapsHKEHHM,
XapakTepusyoomasics Kod3()(UIHEHTOM KOHLEHTPAllUd — 3TO OJHA U3 TJIABHBIX
npo0jeM MO0 MUHUMHU3AIMM MECTHBIX HANPSHKEHUH, KOTOPYK) IOCTOSIHHO
NBITAIOTCS ~ PEIIUTh  MPOEKTUPOBIIMKM  TO(PPUPOBAHHBIX  KOHCTPYKLUH,
0cia0JICHHBIX OTBEPCTUSMH.

[Ipy BBINOJHEHWH OTBEPCTHIl B CTEHKE OAJKH MPOUCXOIUT OCIIA0JIEHHUE €€
HEeCylIell CIOCOOHOCTH, MpPUYEM B Cily4yae JCHCTBUS IMOMUMO H3TMOAIOIIErO
MOMEHTA €lIe U NONEPEUHOI CUJIbl, CHIDKAET €€ elle Ooble.

BeposTHOCT MOTEPH YCTOMYMBOCTH CTEHKH B COOTBETCTBHH C €BPONEMCKOMN
METOJMKOM pacyera Ha CIBUI YMEHBIIECHA, KPUTUYECKOE HANPSKEHUE PABHICTCS
ot 60 10 85% pacyeTHOTO CONMPOTUBIICHUS, & B POCCUUCKON MeToIuKe pacuera 30

— 60%, ¢ yueToM OJIMHAKOBBIX TAPAMETPOB roPpoB g :

Metonuku pacuera ToQpUPOBAHHBIX KOHCTPYKIIUNA, KOTOPBIE MpeiaraloT u
UCIIOJIB3YIOT €BpONEICKUE YYEeHbIE YBEIUYMBAIOT HECYILYK CIOCOOHOCTh Ha
caeur no 20-30% B cpaBHEHMH C pacueTaMd [0 HOpPMaM, MPUHATHIM Ha
TEPPUTOPHUU HAILIEH PeCITyOIUKH.

B Tperbeii riaBe ObUIO TIPOBEIECHO TEOPETUUECKOE UCCIIEAOBaHUE
ropupoBaHHBIX CTEHOK C PAa3jM4YHbBIM OYEpTaHUEM ToPp U HUX MNapaMeTPOB.
UccnenoBansl Oonee 60 BapHaHTOB pA3NIMYHBIX TO(PPUPOBAHHBIX CEUECHUHU.
BnusHue napameTpoB roppoB Ha HUX YCTOMYMBOCTH IMPEACTABICHO B BHUE
(aKTHYEeCKOro MOMEHTa MHEpLUHMH Ha 1 Kr Macchl cTainu ro)pupoOBaHHON CTEHKH.
[Ipomry 00paTuTh BHUMaHUWE Ha TOJYYEHHbIE HWHTEPECHEWINE JIaHHbIE
OTHOCHUTEJIbHO SKBUBAJICHTHBIX TOJIIHH IJIOCKUX CTEHOK, TOM K€ yCTOMYMBOCTHU
9yT0 y TrOodpUPOBaHHBIX. BiusHue mapamMeTpoB roppoB Ha UX MPOYHOCTH,
MpeCTaBIeHO Ha rpadukax B Buje GaKTHUECKOT0O MOMEHTA COMPOTUBICHUS Ha 1
KI' MacChl cTajau roppupoBaHHON cTeHKU. OmpeneneH pacxoa CTalu, KaKk OJIUH U3
IVIaBHBIX  TIOKa3arteleit AKOHOMHUYECKOM ¢ peKTHBHOCTH Ooalok ¢
roppupoBaHHBIMM CTeHKaMmu. lIpemioxkeH MeToa pacueta TO(QpUpPOBaAHHBIX
KOHCTPYKIIMH TT0 TpeOOBAHUSM HOBBIX CTaHJAPTOB.

OcHOBHBIE BBIBOJIBI 11O TPETheil Ij1aBe:

B o6miem, nist roppupoBaHHBIX CTEHOK Pa3TUYHON TONIIHUHBI IPU I€TATLHOM
CpPaBHUTEJIBHOM aHalu3e TNOoJydeHHbIX JaHHbIX Sin Oanku u ['C Kazaxcran



HanOoJee YPHEKTUBHBIME JIJIS1 TIOBBIIICHUS! YCTOMYHBOCTH SIBIISTFOTCS CIICTYIOITHE
napameTpsl 6anok ['C Kazaxcran co cienyromumMu napamerpamu ropos:

- 11 rogppupoBaHHOM cTeHKr TosumHou 2 MM — ['C Kaz 280x45x%2/30;

- 11 roppupoBaHHOi cTeHku ToiuHon 3 MM — ['C Kaz 140x45x%3/5¢,,;

- s ropupoBanHoi cTeHkr TonmmHor 4 MM — ['C Kaz 480%80x%4/30;

- s ropupoBaHHO# cTeHKr TonmmHor 5 MM — ['C Kaz 480x80x5/30;

- s ropupoBanHOi cTeHKr TonmmHou 6 MM — ['C Kaz 480%80x6/30;

- s roppupoBanHoi cTteHkr TonmmHor 8§ MM — ['C Kaz 480x80x8/30;

- s ropupoBanHoi cteHkr TomuHON 10 mm — I'C Kaz 480x80x10/30.

st YCOBEPILIECHCTBOBAHUS CYLIECTBYIOIIUX METOJIOB pacuera
ropupOBaHHBIX KOHCTPYKIUMNA ObUT pa3paboTaH METOJ OMpeNeieHHUs Kiacca
cedeHuss rodpupoBaHHOM Oanku. B ycrmoBuAX cxkaTug, €ClIM  CTEHKa
Kiaccuduimpyercst o kiaccy 1 U moJiku UMeroT kiacce 1, To obliee nmonepeyHoe
cedyeHue Kiaccuuimpyercss Kak ceueHue kiacca 1 ¢ 3PexTuBHON MONIKOU U
CTEHKOH. A B yCJIOBHSX M3ruba, eciiu CTeHKa Kiaccuduuupyercs no kimaccy 1, a
MOJIKK TaK)Ke€ UMEIOT KJacc 1, To o01ee momnepeyHoe cedeHue KiiacCuPpuIupyercs
Kak cedyeHue knacca 1 ¢ 3p(peKTUBHOI NOJIKON U CTEHKOM.

B 4erBeproii rjaBe ObUIO MPOBEJECHO MATEMAaTHYECKOE MOIECIHPOBAHUE
KOHCTPYKTUBHBIX PEIICHUN CBapHBIX JBYTaBPOBBIX Oanok, OCIabJIEHHBIX
orBepcTusiMu. Jlna ompeneneHus Haubonee 3¢GPEeKTUBHOTO 1mara u JAuamMerpa
OTBEPCTUI HUCCIENOBAHO 56 Mojenell Oalok ¢ ABYMsS U TpeMsl OTBEPCTUSIMU C
WJEHTUYHBIMUA  XapakTepucTukamu. Takxke wuccienoBaiuch d(PGdeKTUBHbBIC
CocOOBl  yCWJIEHHMS  Kpyribix  oTrBepctuil.  OmpexaeneHo 3¢ GdeKTUBHOE
PacroioKeHUE OTBEPCTUH IO BBICOTE TOYPUPOBAHHOM CTEHKHU.

OCHOBHBIE BBIBOJIBI 110 YeTBEPTOH IJIaBe:

[lomydyeHHbsle maHHBIC IJIs TPEX OTBEPCTUM TOKazaid dS(PPEKTUBHOCTD
pasMeltieHnss B TOQPUPOBAHHONW CTEHKE OTBEPCTHH ¢ miarom orBepctuii 2d u ¢
nuamerpom otBepctuit  0,25h,, wu 0,5h,, ycuneHHble OKaliMJIICHHEM W
napasuieIbHbIMU peOpaMu KECTKOCTH.

[lonyueHHble HmaHHBIE IS JBYX OTBEpPCTUM ToKazainu 3(PEeKTUBHOCTH
pasMelieHus B ropprUpPOBaHHON CTEHKE OTBEPCTHIA ¢ I1arom oTBepetrii 2d u 3d u ¢
nuamerpom otepctuit 0,25h,,, 0,5h,, u 0,75h,,, ycuneHHbIX OKaWMIICHHUEM H
napajuieIbHbIMA peOpaMu JKECTKOCTH, a JUIsl Imara oTBepcTHid 40 TOJBKO ¢
nuamerpom otBepctuit 0,25h,, u 0,5h,,.

OnpeneneHo BAWSHUE TOJNIIMHBI OKAMMIICHUS W TIAPHBIX BEPTHUKAJIBHBIX
pebep KECTKOCTU MPH Pa3IUYHOMN IUPUHE OKAMIIEHUs Ha paboTy Moenel 6anok
¢ TOPpUPOBAHHON CTEHKON C OTBEPCTHUSMHU, a TAKKE OBLIO OMPEICICHO BIIUSHHE
3arn0a BHENIHEW TpaHu OKaWMJICHUS Ha HECYIIYI0 CIIOCOOHOCTh MOJIEei OanioK ¢
ro(pUpOBaHHOM CTEHKOM C OTBEPCTUSAMH. Bo BceX MoJiesax OaJIoK C OTBEPCTHSMH,
YCWICHHBIX OKaWMIIEHUEM PA3JIMYHON TOJNIIUHBI U IUPUHBI, peOpaMu KECTKOCTH,
ObUIO BBISIBJIGHO YMEHBIIEHHE Mporuda Mojenel Oalok Mo CpaBHEHHUIO C
MOJENAMH 0€3 YCUJICHUS! OTBEPCTHUH.

HaubGonee 3¢p¢dekTUBHON TONILMHON OKailiMiieHHs U peldep >KEeCTKOCTU IS
orBepcTus ¢ auamerpom 0,25h, u 1marom 2d sBiIseTCs TOMIIMHA OT 2 10 4 MM;
s otBepcTHs ¢ auamerpoMm 0,5h,, u marom 2d siBisieTcs TonmuHa oT 4 10 6 MM;



st otBepetHsi ¢ auamerpom 0,75h,, n marom 2d sBisercst TommuHa 0T 6 10 8
MM.

DddekTrBHEE HCMONB30BATh OKAMIIEHHE MO IUIOIIAAM paBHOE ILJIOLIATU
OTBEPCTHA.

HccnenoBaHo  BAUSIHME ~— PACIIONOKEHHST  OTBEPCTHSI MO BBICOTE
ropupoBaHHON CTEHKM Ha TMPOrud OalKu C YCHUJICHHBIMH OTBEPCTUSMHU.
Omnpeneneno, 4to ¢ quamerpom orBepctus 0,5h,, npu mare otBeperuii 2d, 3d u
4d, Bo Bcex Tpex ciydasx, 3(dekTuBHee pa3MelCHHE OTBEPCTUS B IICHTPE
ropupoBaHHON CTEHKHU.

Jiis 6anok ¢ orBepctusimu auamerpom 0,5k, u 0,75h,, ¢ marom 2d, 3d u 4d
COBMECTHOE YCHUJICHUE OTBEPCTHIA OKANMIICHHEM M YTOIIEHUEM CTCHKH B 00J1acTH
oTBepcTus Ha 2t, yYMEHBIIAET MPOTUO OAOK, OTBEPCTUS KOTOPHIX YCHUJICHBI
TOJIBKO OKaliMJIEHUEM B cpeiHeM oT 7% 110 38,5%.

Jiis 6anok ¢ orBepetusimu auamerpom 0,5k, u 0,75h,, ¢ marom 2d, 3d u 4d
COBMECTHOE YCUJICHHE OTBEPCTUH IMyTEM YTOJIIICHUS CTCHKUA B 00JIACTH OTBEPCTUS
Ha 2t,, 1 OKaliMJICHUEM YMEHbIIIAET MPOTub OaIOK MO0 CPAaBHEHUIO C OTBEPCTHUSAMH,
YCWICHHBIMU OKaWMJIEHUEM U TapHBIMU BEPTUKAJIBHBIMU peOpamMH >KECTKOCTHU B
cpeasem ot 2,3% 1o 28,5%.

B nsATO# riaBe MpuBeIEHBI pe3yibTaThl UCIBITAHUS 5 Mojeneld Oallok ¢
roQpupoBaHHBIMM  CTE€HKaMH,  OCJHAOJNEHHBIX  JBYMS  TE€XHOJIOTHYECKUMU
OTBEPCTUSMH, CIPOCKTUPOBAHHBIM IO Hambojee 3(PQPEKTUBHBIM IMapaMeTpam,
MOJIYYEHHBIM I10 pe3yJIbTaTaM JUCCEPTAIMOHHON paOOTHI.

OCHOBHBIE BBIBOJBI IO MATOM IJIaBe:

[IpenenbHasi sKcriepuMEHTaIbHAs HArpy3ka Bcerja Obla BBIIIE PacUETHOU
JUISL BCEX TUIOB OaloK ¢ TO(pPUPOBAHHOW CTEHKOH, YTO TOBOPUT O BBICOKOMU
HaJIE)KHOCTHU BCEX JIEMEHTOB KOHCTPYKIIUM.

Hcuepnanne Hecymiel CHocOOHOCTH MOjENeH O0aloK CTajllo BO3MOXHBIM
BCJIEJICTBUE CIEAYIOIIUX OCHOBHBIX MPUYUH:

— TOTEeps MECTHOW YCTOMYMBOCTU IJIOCKOCTEM ro)poB, MPUMBIKAIOIIMX K
OTBEPCTHIO;

— [OTEPSI MECTHOU YCTOMYMBOCTH CKATOI'0 BEPXHETO MO5CA;

— 00111ast 1 MECTHasl MOTePsl YCTOMYMBOCTH CTCHKHU;

— TIOBBIIIIEHHAS J1e(hOPMATUBHOCTH,

— pa3BUTHE TJIACTUYECKUX JepopMaluii paCTIHYTOTO HUXKHETO T0sICa;

— BBITUO OKaWMJICHUS U3 IJIOCKOCTH CTEHKH.

Pa3nuiia MexJy KOMIIBIOTEPHBIMH M SKCIEPUMEHTAIBHBIMU 3HAYCHUSIMU
mporudoOB B yNpyrou craauu padoTsl Metaimia cocrasiser ot 0,37 mo 5,5% nns
BCEX HCCJICIOBAHHBIX MOJIEJCH, 4YTO TMOJATBEP)KIAaeT HAJIC)KHOCTh BBIOpAHHOMU
pacyeTHOMU MPOTPaAMMBI. Pa3znuna MEXIY TEOPETUUYECKUMU u
AKCTIEPUMEHTAIbHBIMU 3HAYEHUSIMU MTPOTHOOB B YIIPYro ctajiuu paboThl MeTaslIa
st moneau BI'C—1 cocrasiger 1,5%.

B 1memoM mnpoBeleHHBIE HUCMBITAHHWS TOKa3ald HEOOXOJUMOCTh U
HKOHOMHUYECKYIO 11€J1eCO00Pa3HOCTh MPOBEAEHHBIX IKCIEPUMEHTAIBHBIX Pa0OT 1O
BBISIBJICHUIO ONTUMAJBHBIX CIIOCOOOB TMOJKPEIUICHUS OTBEPCTHH, B LEJAX



YIOBJIETBOPEHUSI TPEOOBAHMSM TEXHOJOTOB IO TMPOMYCKY OOOpYAOBaHUS B
mpenenax CTPOUTEITHLHOM BBICOTHI OalloOK, CHIDKEHHS pacxoja CTald Ha WX
MOAKPEIJICHUE U YMEHBIIEHUE TPYTOEMKOCTH U3TOTOBJICHUS.



Anekcanap Anexkcanaposud bpstaiietin 6D072900 «Kypbuibic» MaMaHIBIFbI
ooripiama punocodus mokropsl (PhD) mopexkecin any yimiH « TeXHOIOTHSIIBIK
caHpLIayJIapaH dJIcipereH rodpieHreH KaObIpraaapbl 0ap JoHEKEPICHTCH KOC
TaBPJIbI APKAJBIKTAPbI €CENTEY I1H 9ICTEPl MEH ChIHAAPJIBI IISHTIMASPIl
KETUIIPY» TaKbIPBIOBIHAAFEI TUCCEPTAIIUSICHIHBIH
AHHOTANUSACHI

TakbIpBINTHIH 63€KTiJIIri

Fumaparrap >koHe KypacTBIPBUIBIMAAPABIH HETI3rl 00JIaT KaHKaJIapBIHBIH
OEpIKTITiH apTThIpAThIH (pakTopiaapablH Oipl — KypacThIPbUIBIM (popMaapbiH
JTYpHIC TaHAay, ajl OJ IUIACTHKAIBIK KYMBIC OO0NAaTThIH eceOlHeH OapJibIK
AJIIEMEHTTEPIHIH CHIPTKBI dCEPIIEPAiH dHEPTUIIAPBIH CIHIPIN aly KAacHeTiHe, aTan
aliTKaHJa HeTi31HEeH KaObIpFaylapbl TYPAKTHUIBIFBIHBIH KaMTaMachl3 €TUTyiHe
OalmaHbBICTBI OOJIBINT KEJETIH €Kl TaBpJibl KUMaJbl apKaJbIKTapJbIH CepIiM/Il
IUTACTUKAJIBIK caThlaap/ia 0oyl MYMKIH IIaMaJiaH ThIC KYMBIC »Kacall aiy
KaO1eTiHe OaiaHBICTHI 00JIabI.

Exi TaBpnel KuMaibl apKajdblKTap aiHbIMAa TaHOAbl UK KYKTEME
KargannapblHia *KoHE KaObIprayiapbl Teric emec, rodpiaeHreH OOJFaH Ke3Jeri
XKIHIIIKE KaObIprajmapAbl KOJJAHYy >KarJailiapblHAa Y3aK YakbeIT OOHBI enoyip
maMaZad ThIC JKYMBIC »acad amanel. ['odpiaeHmipy MHHUMAIIB KaJTbIHIBIKTA
KaObIpFajIap IbIH TYPaKTHUIBIFBIH KAMTaMacChI3 €TEII.

CoHppIKTaH Aa aca CEMCMUKANBIK TO31M1, MaTepUalgapIbl a3 KaKeTCIHETIH
JKOHE aHTUCEHCMUKAIIBIK iC-TapajiapFa ayKbIMIbI IIBIFBIHAAP/BI TaJlall €THEHTIH
KaHa KYPaCTHIPBUIBIMIBIK (opMasiapabl JKoHE To(piieHTeH KaObIpraiapbl Oap,
COHBIH INIHAE CaHbBUIAYJIAPMEH OJICIPETeH AapKaJIBIKTApAbl E€CHTEY OIICTEpPiH
93ipJiey MaHBI3/Ibl MaKcaT OOJIBIT TaObLIAIbI.

Kaszipri yakpITTa Ka3aKCTaHJIbIK oHE IICTENIIK HOPMATHBTIK JIEPEKKO3aAepIe
ropprenred KaObIpraiap caHbLIAyJapblH KYIIEHTYAiH Oip HYCKachl FaHa
YCBIHBUIFAHJIBIKTAH, aHa oJICTep/l 9d3IpJiey JKOHE JIOHTENIeK CaHbUIayJapibl
KYIIEHTY/IIH KOHE €CEeNTEYIIH KOJIIaHbICTaFbl OMICTEpPl JKETUIMIPY Moceseci
©3€KT1 OOJIBIIT Keel.

Can ajtyaH reoMeTpHsIIBIK IMapaMeTpiiepl 6ap jkoHE JOHTENIeK TEXHOJOTHSIIBIK
caHbUIayJIApMEH dJICIpereH, SpTYpJil JuaMeTpJl xKoHe KaObIpranapIblH Y3bIHIbIFbI
MEH OMIKTII1 Je OpTypiili Tro(piapAblH YIIOYPHIITH KECKiHI 0ap KeJJaeHEeH
ropiaeHreH KaOBIpFallbl apKaJBIKTap ANUCCEPTANMSJIBIK 3€pPTTEYAiH HBICAHBI
OO0JIBIN TAaOBLIAEI.

TexXHONMOTUANBIK CaHBLIAYBIH KaJdamMbl MEH JUaMETPiHIH TropJIeHreH
KaObIpFajbl MICIPUITEH apKaJIBIKTHIH JAe(QOPMalAsIIBUIBIFBIHA  BIKIA ~ €TYIH
aHBIKTAY, TO(PpIApIBIH JKOHE OJIAPABIH KECKIHAEPIHIH ONTUMAJIbI TapaMeTpIepiH
aliKbIHAAQy, TEXHOJIOTHSUIBIK CaHBUIAYJIAPJbl KYIIEUTYIIH KYPACTHIPHUIBIMIIBIK
HISINMAEPIH JKOHE TO(pJIEHTeH KaObIpFaibl apKaJIBIKTApAbl €CeNTey OMiCTepIH
KETUIAIPY — AUCCEPTAUMSIIBIK 3ePTTeYAiH MIHI OOJIBIT TaOBLIAIBI.



3eprTeynin MaKcaThl:

[odprenren kaObIprayiappl Oap TMICIpUITeH €Ki TaBpJibl apKaJIBIKTap.Ibl,
caHpUIayJlapAbl KYIICUTYIIH TOCULAEPIH JKOHE OJlapAbl €cCenTey oiicTepiH
KETUIAIPY YIIH Trodpiep MEH OHBIH IapaMeTpiIepiHIH aHaFypJIbIM ONTHMAaJIbl
JKOHE THIMJII KeCKIHJIEPiH, TUaMETPJICPIH KOHE TO(PIICHIeH KaObIpraiap OOMbIHIIIA
Y3bIHBIFbI MEH OMIKTIT1 CaHbUIAYIapbIHBIH KaJaMAapblH aHBIKTAY.

3eprTeynin MiHaeTTepi:

1. Todprepain caH amyaH KeCKIHAECPIMEH TO(pICHTeH KaOBIPFabI
apKaJIBIKTap/IbIH KOJI/IaHy CaJlaChIH 3epeey.

2. Keprimikri XKoHE IIETEd HOPMATHBTIK JCPEKKO3IEpAe KOPCETUIreH
roppiieHTeH KaObIpraliapel 0ap apKaJbIKTApAbl €CENTEeYIIH KOJJIaHBICTAFbI
O/IICTEPIH 3epTTEy.

3. Kumanapsl xoHe rodgp napameTpiiepi apTypii 00ibI KeaeTiH rodplieHreH
KaOBIpFaJsIbl MICIPUITEH apKAIBIKTAPABIH dKYMBIC TUIMJILIITIH 3€pTTEY.

4. KenneHneH rodpiieHreH KaObIpFalibl, 9pTYpJil KECKiHl JKOHE MapameTpli
apKaJbIKTapJpl TMalgadaHyIblH TUIMAUICIH J9JIEAeY >KOHE OHBIH OJap/bIH
TYPAKTBUIBIFBI MEH OCPIKTIT1HE dCEPIH aHBIKTAY .

5. ApkanblK  KaOBIpFACHIHBIH  Y3BIHABIFBI MEH OWIKTIrl  OOMBIHIIA
cCaHpUIAyJIapAblH aHaFYpJbIM ONTUMAJIbl KaJaMbIH JKOHE CaHbUIAYy JIUaMETpPiH
aHBIKTAY.

6. TexuomorusnplKk  caHpUIAydapAbl  KYmIEHTy  OOWBbIHINIA  pTYpIi
KYPacThIPBUIBIMABIK ICIIIMAECPAIH TOPPIEHIeH apKajbIKTapFa bIKIAT €TYlH
aHBIKTAY.

7. TexHONOTHUSJIBIK  CaHbUIAyJapAbl  KYIIEWTy  OOWBIHIIA  QpPTYpdi
KYPacThIPBUIBIMABIK IIEIIIMAEP/I1 KETUIAIPY.

8. Canputaynapsl Oap >XOHE CaHbLIAyJAphl KOK TO(PIEHTeH KaObIprayibl
apKaJIBIKTaPIbIH TOKIPUOEITIK MOICTBIACP/IIH 3epTXaHAIBIK ChIHAYJIAPBIH OTKI3Y .

9. Canputaynappl KOChIMIIIA KYIIEHTY/IIH THIMJ1 OICIH aHBIKTay OOWBIHIIA
OipdakTopsbl AUCTEPCUSIIBIK Taljay OMICIMEH CaHIBIK TIKIPUOENIK 3epTTeyl
OpBIH/IAY.

ZKYMBICTBIH FBLJIBIMU KAHAJIBIFBI:

1. KaOwiprajmapblHbIH KaJbIHIABIFEI 2 MM-IeH 10 MM-Te JeiliH KeJeTiH
YIIOYPBIIITHI KECKIH/1 TO(PPAEPIIH TUIM/II TapaMeTpIiepl aHbIKTaIbI.

2. EBpokoATBIH TajanTapblHa COHWKeC ToQpJICHreH KaOBIpFaabl KOJICHEH
KUMaJibl apKaJIBIKTBIH JKIKTEYII1 aHBIKTAJIJIbI.

3. Canpimaynap MeH caHbpUIAy AMAaMETpiiepl OpHAIACYbIHBIH ONTHMAJIIBI
KaJIaMbl aHBIKTAJIJIbI.

4. KpIcbUIFaH HeMece co3blIFaH Oendeyre KaTbICThl KaObIpFaHbIH OHWIKTIr1
OOWMBIHIIIA CaHBIIAY OPHAJIACYBIHBIH ONITUMAJIIBI OPHBI AHBIKTAJIIHI.

5. TexXHONOTUANBIK CaHbLIAYJApAbl KYIICHUTYIIH OpTYpJi HYCKaJapbhIHBIH
ropaeHTeH KaObIPFalibl ApKAIBIKTHIH JTe(OPMalIAsITBUIBIFBIHA 9CEP €Tyl 3epTTeN Il

6. Kypama omicrieH caHputaybl Oap »oHE CaHbUIAybl >KOK TO(pIICHTeH
KaOBIpFayIbl TICIPIITEH apKaJBIKTBIH TEOPHUSJIBIK €ce0l OphIHAAIIBI, COHJIai-aK



OCBIFAaH YKCac KYpacTBIPBUIBIMAAPILI €CENTey VIINiH OaraapiiaMaliblK KeIieH
TaHJaJ]IbI.

7. Toppnenren KaObIpragarbl TEXHOJOTUSJIBIK CaHbUIAYAbl KYIICUTYIIH
KYPaCTBIPBUIBIMIBIK IIEITIMI 3€PTTEIIMN, KEeTULIIPLUIIL.

3eprTeysiep HITHIKEIEPiH eHri3y

JuccepTanMsuiblK ~ 3€pTTEYAIH  HOTIDKEIEpl  KoTepylll  KypbLiMaiap
TEXHOJIOTHSJIBIK CaHbLIAyJIapMeH oJICipereH rodpiieHreH KaObIprayibl MiCipUIreH
METaJIbl apKaJIBIKTapAaH OpPBIHAANATHIH FUMapaTTap MEH KYPBUIBIMIAPIbI
)obanmay Ke3iHJe >KOOATbIK WHCTUTYTIICH TMaigaJaHbUIabl, COHIANW-aK KYMBIC
HoTmkenepi KM caThICBIHIAFBI KOTEPYIIl METauAbl KYpbUIMaapabl >koOayiay
ke3igae mnaimanmanapl. 2019 sxeurFel 2 KbIpkyiekTeri NeO1-58 Emnri3zy akrici
JUCCEepTAlUSHBIH A KOCBIMIIIACBHIHIA KOPCETLNE], all HhICaHHBIH (hoTocyperTepi b
KochIMIIackiHaa OepiireH. CoHpal-aKk IUCCEPTAlUUSIIBIK 3€pTTEYAIH HOTHXKENepl
oKy ypaicine ne enrizunai. 2019 xeutrel 10 kbipkyiekter: Nel0-03/696 Enrizy
aKTiCl UccepTalusiHbIH B KOChIMIIIAChIHIa KOPCETUITEH.

HoTtmikenep ceHimaiiri

ATNBIHFAaH  HOTHXKEJEPAIH, KOPBITHIHIABUIADABIH KOHE  YCHIHBICTAP/BIH
CEHIMIUTITT KIHIMIKE KaObIpFajabl OUTIKTEpIiH, JAehopMalusuiaHaThIH —KaTThl
JIEHEJep  MEXAHWKACBIHBIH, KYPBUIBIC ~ KYpbUIMAJapbl MEH ILJIacTHHAIap
TYPaKTBUIBIFBIHBIH ~ TEOPUSUIAPBIHIA, COHJIal-aK KOMIBIOTEPIIK  MOJIETBACY
YJTIIEpiHAe JKoHE OOJMBICTBIK TaXipuOenepae Heriaenenl. l'odpreHren
KaObIpFraJibl apKaJbIKTApJbIH ~ SKETULAIPUITEH  MOJENbJEpiHe  Mailganbl
MoiebaepAiH mateHTi anbiHabl (17 koHe /| KochIMIIanapsl).

KyMBICTBIH anpo0anMsIChI

JuccepTavsuiblK 3€pTTEYAIH HOTUXKEIEP! TaTKbIIaH b

— XaNbIKapanblK «3amMaHayd KOFaMJIarbl ©3€KTI FBUIBIMH 3epTTeyJep»
FBUIBIMU-TIPAKTHKAIBIK KOHbepenuusaa (IlepesicimaB—Xmenpaunkuii K., 2016 x.);

— xanblKapanblK «KypplIbic  JTaMybIHBIH ©3€KTI MpobiieManapsl MEH
MEePCIEKTUBANIAPbI: WHHOBALMSIIAP, JKAHFBIPTY JKOHE DSHEPTHSUIBIK THIMIILTIIIK»
FBUIBIMU-TIPAKTHKAIIBIK KOHbepeHuusaa (Aamartsl K., 2017 xk.);

— XaJbIKapalblK «KypbUIbICTaFbl FBUIBIM KOHE HHHOBAIMSIAPY» FHUTBIMH—
npakTHKanbK koHdepernusaa (bexropon k., 2018 xk.);

— xanblKapanblK «Coyner TmTeH KYpbUIBICTaFbl 3aMaHayd TPEHITED:
SHEPTUSIIBIK TUIMIIUIIK, SHEPTUAIIBIK YHeMAeY, BIM TexHomorusiapel, KaaaablK
OpTaHBIH TpoOJIeManapbl» FHUIBIMA—TIPAKTUKANBIK KoH(pepeHusaaa (AaMaThl K.,
2019 xbutrbl 12 cayip);

— «['oprenren apkajiblkTap. 3amMaHayd KyHi JKOHE JaMy TECHACHIUSIAPHD)
aTThl 1eHrenek ycreaae (Mackey K., 2019 x.);

—«International Scientific Conference on Energy, Environmental and
Construction  Engineering (EECE — 2019)»  xaibIKapaiblK  FbUIBIMH
koHpepenmumsaa (Cankr — [TetepOypr k., 2019 x.).

— Xanbikapanslk OumiM Oepy koprnopanuschiabiH (XBK) JXanmer kypsuisic
dakynabTeTiHIH 2019 KBUTFBI KEHEHUTIIITEH OTHIPHICHIHA.



AKapusiausiMaap:

JluccepTaliisiHBIH, TaKbIPBIOBI OOMBIHIIA OApIBIFBI 17 KYMBIC, COHBIH 1II1H]IC
ceriz makasia KP bxFM BFBK-men ycbinbuiran TiziMaeMere eHreH FhUIbIMHU KOHE
FBUTBIMU-TIPAKTUKAJIBIK, OacbUIBIMIIAP/A; oec Makasna XaJbIKApaJIbIK
KoH(epeHUUsAIap  MaTepuaifapblHAa; TOPT  Makajla  peleH3UsIIaHAThIH
XaJNbIKapaiblK FRUIBIMHU KYypHAJIJap MEH KoH(epeHUMsIIap/ia, COHBIH 1IiHae Oip
Makaja KypbuUlbic OofibiHIIA nporeHTHIl 84 xone CiteScore 2,75 Ooubln KeleTiH
Scopus nepexTep 6a3zachlHIa HHIEKCTEICTIH KypHaJa KapblK KOp/I.

7KYMBICTBIH KYpPaMbl JKdHEe KOJIeMi:

JluccepTanusuiblK KYMBIC KipicriefieH, 6ec OeMiMHEH, KOPBITHIHABIIAH KOHE
KOChIMITIAJIAapAaH Typajbl. JKYMBICTBIH KeJeMi MalllMHaMeH OachlUIFaH MOTIHHIH
149 mnaparpiHaH xkoHe 52 kecreneH, &9 cyperreH, 157 araymaH TypaTbiH
naijjananFral oAeOueTTep TI3IMIHEH J>XKoHE Kejemi 56 mapakrtaH keneTiH 13
KOCBIMIIIa/IaH TYPaJIbl.

Bipinmi Oesimae rumaparrap MEH KYPbUIBIMIAPIBIH KYPBUIBICH KE31HJE
ropaeHred KypajlbIMAap/bl KOJJIaHYy CallaChIHBIH Mocesesepl KapacThIpbLIaIbl.
['odpnenren KaObIpraJibl  METANAbl  KypaJbIMAApAbIH  O1371H  pecmyOinka
ayMarbIHJa Jla, OJaH ThIC aymMaKTapja Ja TOXKIpUOeNiK-TCOPHUSIIBIK 3epTTEYIEePIiH
Toxipubenepi 3eprrengi. Exi TaBpibl rodpiieHreH KaObIpralibl, COHBIH IIIHJE
TEXHOJIOTUSIIBIK CaHbLIAYJIApMEH JICIPETreH apKaJIbIKTap IbIH TYPAKTHUIBIFBIH JKOHE
OEpIKTIT1H ChIHAY HOTHKEJIEPIHE Tal1ay OPbIHIAIIbI.

Bipinmi 6eJ1iMm 00iibIHIIIA HET13T1 KOPBITHIH/IBI :

18 raceIpapIH asFbIHAA KOpIIAy M aTajlFaH TOQPPIIEHTeH KypaabMIap Keme
KypbUIbICBIHAA, an 1920 >KpuImapAslH COHBIHAH Oactam Ticipy >KYMBICTapbIH
naiganana 6actaraHHaH KeWiH Oy cajlajia ja KeHIHEH KOJIaHblIa OacTaiIbl.

1950 >xpuimapman Oactam caH ajdyaH KecKiHal rodpiapMeH rodpieHreH
KypanbiMaap Eypomama ma, Awmepukaza Ja  Kemipiepli, dSCTakaaaiapibl,
aBTOCTapATapAbl CaJiFaH Ke3[e KeHiHeH mnainanaHa Oactaiiael. JKamoHusma
KOIIpJepiH KypbUIbICbIHAA roppiieHreH Kypainsimaap 1980 xpuigan 6actan KaHa
KoJ1aHbLIa 6actanbl, 6ipak 50-1eH actam kerip canbiHabl. An Keitail rodpienrexn
KypaneiMaapabl 1990 sxelngapman Oactan maigamana Oactanael. An Kazakcran
PecnyOnukacelHbIH ayMarblHAa anFaimkbel kemip 2011 >kpuibl FaHa maiiganaHyra
oepinal. byrinri kyHae rodgpieHren KypainsiMaapAsl naiiganana oteipa 10 kemip
CaJIBIH/IBI.

KazakcTaHHbIH aymarblHJa YIIOYPBIITH KECKIH1 OOJBIN KeNeTiH rodpiap
KeHiHeH TapanraH. MoceneH, Eypona ennepinae rodpiapAblH TOJKBIHABI
HbICaHbIH Maiganananpl, an Kanmonus wMen AKII-ta — Tpamenus KoHe
TIKOYPBIIITHUIAP Haii1anaHbUIa b,

['odpnenren apkanbIKTapAblH KaObIpFandapblHAAFbl CaHbUIAYJIAPAbIH HLIIC
Ke3lHJe KoTepylll KaOlJeTiHe BIKMal eTyAl 3epTrey OOWBIHIIA KYMBICTAP
mekTeyi. [odprenren apkanmbIKTapAblH KaObIpFaJapbIHAAFbl CaHbLIAYIapIbIH
OChl  caHpUIayJapra JKaKplH  KEPHEYJNEpPAIH  KOHIICHTpAIMSIChIHA  JKOHE
apKaJIbIKTap IbIH UUTyiHE BIKIAJT €TY1H 3epTTeyJIep A€ MEKTeYIIi.

Ka3zakcrtan PecmyOnukachIHBIH ayMaFrbIH/a FUMaparTap MEH
KYPaCThIPBIIBIMAAPIBIH KYPBUIBICHIHA TO(MPJICHTEH KYpalbIMAApabl JKaIlmai



naijanaHyAbl €HrI3y YIIiH To(pJieHreH  KaObIpraibl, COHBIH I1LIHAE
CaHbUTayJIapMEH OJICIpEreH apKAJIBIKTApJbIH TEOPHSUIBIK JKOHE TOXKIPUOETIK
3epTTEYJIEPiH TOJBIK MACIITAOTHI OTKI3Y KaXKeT.

Exinmi OeJjiimae rodplieHreH ekl TaBpJibl apKaJbIKTapAblH KOTEPYIIi
KaOUIeTiHIH Oarackl MEH OJap/bl €CeNTey/IiH KOAAHBICTaFbl dJIICTepl Maceenepi
KapacTelpbutrad. KemnjgeHeH rodpiieHreH KaObIprajdbl €Ki TaBpJibl KUMaJbl
AIIEMEHTTEPIH OEpIKTITIH, JKEPriTiKTI KOHE >KaJIbl TYPAKTHUIBIFBIH €CENTEYIIH
KomaHbeicTarel  omici  kapacteippurael. CH  PK  EN  1993-1-5:2006/2011
TajanTapblH €cKepe OTblpa, xkolajay Hyckaidapbl 3eprrenai. ['odprieHren
KaOBIpFajbl apKAJIBIKTApAbl Ka3aKCTAHIBIK KYPBUIBIC HOPMAaJIapBIHIA €CENTey
TOXIpUOECi 3epIeiaeH/Il.

Exinmi 6e.1iM OoiibIHINIA HET13T1 KOPBITHIHABLIAP

['odpnenren KaObIpFalbl, CaHBUIAYJIAPMEH OJICIPETCH apKAJIBIKTApAbIH
KOTepyllll KaOiJIeTiHe ocep €TETIH Heri3ri (akTopiiap MbIHANap: apKajbIKTarbl
caHbLIay, apKaJIbIK KaObIPFaChIHAAFbl CAHbUIAYIBIH KaJlaMbl, CAHbLIAYIbIH KECKIiHI,
KaObIpFaHbIH HWUITIITIT], COHAAN-aK CaHbUIayJIbIH KaOBIpFaHbIH OWIKTITIHE
OailJIaHbICTBI OPHAJIACKAH JKEPI.

Canputaynap/iblH TEOPHSUIBIK TYPFBIJIAH J1a, TOKIPUOETIK TYPFbIAAH Ja YIIKe
pesl aTKapaThlH KYpaJbIMHBIH KepHeyli-AedopMallusiaHFaH KyHiHE ocep €Tyl
3eprrenai. KoHneHTpanusHbiH KO(UIUEHTI OOJIBIN CUIATTAIAThIH KepHEYIepAiH
KOHIIGHTPAIMsCHl — CaHbUIayJapMeH oJicipereH TO(pieHTeH KypaabiMIapabl
*oOanaylmbulapMeH  yJaidbl I[IENIyre ThIPhICATBIH JKEPrullKTI  KepHeynep/Il
OapbIHIlIa a3aiiTy OOMBIHIIIA OACTHI MACEecl.

ApKaNbIK KaOBIpFachlHIA CaHbLIAYJapAbl OPBIHIAFaH Ke3/le OHBIH KOTepyIIl
KaOlIeTiHIH oicipeyl 0onaabl, erep Nie Uidy COTiHEH Oacka KeJJIEHEeH Kyl Jie
OoJFaH Karaiiia KeTepyili KaOUIEeTIH 0/1aH dp1 TOMEHIETE/I.

EcenTeynin  eypomanblk  OfiCiHE COWKEC  TYPaKTBUIBIKTBI  YKOFaITY
BIKTUMAJIJIBIFBI a3aiiFaH, IEKTIK KepHEYl ecenTik KapchulbiFbiHaH 60-Ten 85%-ra

nedin Oonanbl, ajn ecenTeyAilH peceilmk oici OoibiHIIA TrodpaiH Oipaell a
napameTpiiepin ecenke aia oteipa, 30 — 60% Kypaiibl.

['odpnenren KypaanabIMIapAblH €ypONaiblK FajdbIMIAp YCHIHATBIH KOHE
KOJJIAaHATBIH €CenTey oiicTepl O1371H pecnyOiauMka ayMarblHIa KaObUIIaHFaH
HOpMasiap OOMBIHINIA €CeNTeYMEH CaIBICThIPFaHa KOTEPYII KaOlIeTiH OYphIIbICKa
20-30%-ra nmeiiin yIrraiTabl.

Ywinmi Oesimae can amyaH Todp KCKIHIEpPI MEH MapaMeTpiiepiMEH
roppieHred  KaObIpralapJblH TEOPUSIIBIK 3€pTTeyl KYprizuial. OpTypii
roppiieHreH KumamapaeiH 60 actam  Hyckanmapel  3eprrenmi.  [odpiep
napameTpJiepiHiH OHBIH TYPaKTbIFbIHA BIKMAT €Tyl To@pJiieHreH KaObIpra
OonaTeIHBIH | Kr cajaMmarblHa WHEPIUSHBIH HAKThl COTI TYPIiHAE YCHIHBUIFaH.
['odprieHreHMeH  TYpPaKTBUIBIFBI ~ YKCac  KEJNeTIH Teric  KaObIprajapiblH
OKBUBAJICHTTI KaJbIHJBIFbIHA KATHICTBI aJbIHFAH KBI3BIKTBHI JCPEKTEpre Hazap
aynapynbel cypaiMbiH. ['odprap mapamerprepidiH OHbIH OEpIKTITiHE BIKMAT €Tyl
ropJicHreH KaObIpra OOJaTBIHBIH 1 KI' cajaMarblHa KApCBUIBIKTHIH HAKThI COTI
TypiHae kecrene OepumreH. [odpnenren  kaObIpranbl — apKaJBIKTapAbIH



HSKOHOMHUKAJIBIK THIMAUIIIH 0acThl KOpCeTKIITEepiHiH Oipi Oosbin TaObLIATHIH
OONaTTBHIH IIBIFBIHBI aHBIKTANbI. JKaHa caTaHIapTTapblH TajdanTapblHA COUWKEC
ropJICHI€H KypaJIbIMJIApbl €CENTEY 1H 91C1 YChIHBLIIBI.

Yuminu 6eJ1iM OoMbIHIIIA HET131 KOPBITHIHBLIAP

Kanmel KanbIHABIFEL OPTYpil rodpiieHreH KaObIpramap YIMH ajblHFaH Sin
JEPEKTEPIHIH JETalbll CaJBICThIpMa Talaaybl Ke3iHae apkaibikTap >koHe ['K
Kazakctan TypaKTbUIBIFBIH apTThIPY VIIIH Kejeci mapamerpii rodpuap 'K
Kaakcran apKaiabIKTapbIHBIH aHAFYPIIBIM THIMJII  KeJIeCi mapameTpliepi:

- Kaneiaaeirer 2 MM rodpierren kaosipra ymin — ['K Kaz 280x45x%2/30;

- Kanbiaapirs: 3 MM rodpnenres kadbipra yinin — I'K Kasz 140x45x3/50w ;

- Kansinasirst 4 MM rodprienren kaosipra yirin — ['K Kaz 480x80%4/30;

- Kansinasirst 5 MM rodprienren kaosipra yirin — ['K Kaz 480x80%5/30;

- Kanbigaeirsl 6 Mmm rogpienren kaoObipra yunH — 'K Ka3 480%80x6/30;

- Kaneigapirst 8 mm rodpienren Kaodobipra yiniH — ['K Kaz 480%80x8/30;

- Kaneigaeirst 10 MM rodpiienren kaosipra yurin — 'K Kaz 480x80x10/30.

[odpnenren KypanbIMAapasl €CENTEYAiH KOJIJIAHBICTAFbl SJICIH KETUIIIPY
YIIiH rodpiaeHreH apKaibIKTapJblH KhMa ChIHBIOBI  o3ipieHal. Keicbuty
JKarmalbIiHa, erep Jie KaObipra 1 ChIHBIOBI OOMBIHIIA JKIKTEJITEH KOHE MOJIKACH 1
CBIHBINITHI  OOJICa, JKalmbl KOJJIEHEH KUMachl THIMJ1 TOJKAChIMEH >KOHE
KaObIprachiIMeH 1 CBIHBINITHI KHWMa PETIHAE JKIKTEIeTIH Oojaasl. AJ  HlIy
JKargannapbiHia KaObIPFachl CHIHBINITHI OOJBIN KIKTEJIreH Oosica, aj MoJKaJaphl
Jla 19N cojiaii 1 CBIHBINTHEI 0o0JjIca, JKaJIlbl KOJIJCHEH KMMAchl THIMII IOJIKACKIMEH
YKOHE KaOBIPFAChIMEH | CHIHBINTHI KUMa PETIH/IE KIKTEJIETIH OO IbI.

Teprinmi 0eJiimae caHpUIayJIapMeH oJCIPEreH MICIPUITeH €Kl TaBpJibl
apKaJIBIKTApIbIH ~ KYPAJbIMIBIK  IIENIMACPIH MaTeMaTUKAIBIK  MOJCIbACYI
xyprizuial. CaHpliayjgapAblH THIMIlI KaJamJapbl MEH JHaMETpJEpiH AaHbIKTAy
YIIIH cumaTTamanapbl YKCac €Ki JKOHE YII CaHbUIayJapbl 0ap apKajdbIKTapabliH 56
moxeni 3eprrenai. CoHpaii-ak JOHrejIeK CaHbUIayJdap/bl KYIIEUTYIIH THIMII
omictepi nme 3eprrenai. lodpnenreH  KaObIpFaHblH  OHWIKTIrT  OoOibIHIIA
CaHbUIAYJIApbIH TUIM/JII OPHAJIACY OPHBI AWKBIH 1A

Teprinmti 6eJ1iMm OoibIHIIIA HET13T KOPHITHIHIBLIAP:

Yur caHpulay YHOIIH ajbIHFAH MOJIMET KOMKEPUITeH JKOHE mMapasuielb
OpHaJlaCKaH KaTalWTy KaObIprajapMeH KYIICHTUIreH caHbUIayJapasiH 20
KaZaMbIMeH koHe caHbuiaymapaely 0,25hw  xome 0,5hw  muamerpnepimen
ropreHreH KaObIpFraia OpHAaCy THUIM/II €KEHIH KOPCETT.

Exi canpuiay yHIiH ajblHFAaH MOJIIMET KOMKEPUITEH KOHE IMapajielb
OpHaJIaCKaH KaTalTy KaObIprajlapMeH KYIIEHTUIreH caHpuiaynapabiy 2d xone 3d
KalaMbIMeH xoHe canpitaynapabi 0,25k | 0,5k 11 0,75hy uamerpnepimen, an
cagpimaynsiH - 0,25hyw xome 0,5hw muamerpmepi ymin raHa camsuayaeH 4d
KaJlaMbIMEH TOo(PpJeHTeH KaObIpFaia OpHAJIACy THIM/I1 €KeHIH KOPCETTI.

KeMkepisty KaJbIHIBIFBIHBIH KOHE SPTYPIl KATBIHIBIKTE KOMKEPUTYIET KYIT
TITIHEH KaTalTy KaObIpFallapbIHBIH CaHbUIAyJIapbl O0ap rodpiieHreH KaObIpFasbl
apKaJbIKTap MOJIETIHIH KYMBICBIHA JIeTeH ocepi aHbIKTanapl. COHal-aK ChIPTKBI
KbIPBIHBIH, HMITYIHIH CcaHbulaylapbl 0ap rodpieHreH KaObIpFajibl apKaibIKTap
MOJIETIHIH KOTEepyIll KablIeTiHEe BIKIAJ €Tyl ¢ aHbIKTaJ/Ibl. KaabIHABIFbI )KOHE eH1



OPTYPIl KOMKEPUTyMEH, KaTalTy KaObIpFalapblMEH KYIIEWTUIT€H CaHbLIayJIapbl
O0ap apkaJbIKTapIblH OapiblK MOJENbACPIHAE CaHbLIayJaphl KYIIEHTIIMEreH
MOJICTIbJIEPMEH CANIBICThIpFaHAa UUTYA1H a3aiFaHbl aHbIKTAJIIBL.

Jnamerpi 0,25k xamamer 2d  caHpLTaymaphl YIIH KOMKEpITymiH KOHE
KaTalTy KaObIpFaJlapbIHBIH aHAFYPJIbIM THIMII KaJbIHIBIFBI 2-7€H 4 MM-T¢ JICHiH;
muametpi 0,5kw sxome kamamer 2d ymin — 4-Ten 6 mm-Te geiiin; amametpi 0,7 5hyw
*)oHe Kajambl 2d yiniH — 6-1aH 8 MM-Te JIeHiH.

CaHputayJplH ayMarblHa TEH KEJEeTIH ayMakThl KOMKEpuUlyAl mnaiijganany
TUIMAIPEK OOJIBITT KeJIe .

['odprenren kKaObIpraHbIH OWIKTIIT OOMBIHINA CaHBUIAYJBIH OpHAaJacKaH
OpPHBIHBIH ~CaHbUIAyJapbhl KYIICUTUITEH AapKalbIKTBIH HUTylHE BIKINAI €Tyl
seprrenni. Canpuiayasie, auamerpi 0,5hw sxone kamamsr 2d, 3d sxome 4d Gombm
KEJIETIH caHpuIaylapja OapiblK YII JKaFjaijga Ja CaHbUIayIblH TOQpPIICHIeH
KaObIpFaHbIH OPTACBIH/Ia OPHAJIACTHIPHUTYBI THIM/I1 OOJIBITT KEJe/Ii.

Canpuray guametpi 0,5kw sxome 0,75hw xamamer 2d, 3d xoHe 4d Gomsm
KEJIETIH apKaJbIKTap VIIIH CaHbpUIAyJapibl KOMKEPYMEH J>KOHE CaHbUIAy
TYCBIHIaFrbl KaOBIPFachlH 2lwKanblHaaTyMeH Oipre apKaubIKTapAblH MAalbICybl
caHpUIaybl KOMKEPUTyMEH FaHa KYLIEHTUITGH apKajbIKTapFa KaparaHla opTaila
ecemmneH (%-gaH 38,5%-ra neliid a3asiabl.

Canpitaynap muamerpi 0.5mw xome 0,75hw xamamer 2d, 3d sxome 4d
apakajbIKTap YIIIH CaHbUIayJap/ibl KOMKEPYMEH >KOHE CaHbUIay TYCBHIHIAFbI
KaObIprachlH 2lwKanblHgaTyMeH Oipre apKalbIKTapAblH MaibICybl CaHbBLIAYHI
KOMKEPUTYMEH JKOHE JKYN TITIHEH KaTalTy KaObIpraJlapblIMEH KYLIEHTUIreH
apKaJbIKTapFra KaparaHmaa oprama ecenmnen 2,3%-man 28,5%-ra neliin azasiibl.

Becinmi Oesimae Exi TeXHOJOTHSIBIK caHbUIayJapel Oap rodpieHreH
KaOBIpFallbl, TUCCEPTAIUSUIBIK >KYMBICTBIH HOTHKeNIepi OOMbIHIIA aHAFYpIbIM
TUIMA1 TlapaMeTpiep OoibiHIIA >KoOajlaHFaH AapKaJIBIKTApABIH S5 MOJEIIH
CBHIHAYIBIH HOTHXKeENIepl KOPCETIITeH.

Becinmi 06/1iMHIH HEri3r1 KOPBITHIHABLIAPHI

[exTi TaxipuOenik >KyKremeci ropieHreH KaObIprajbl apKaJbIKTapAblH
OapJBIK TYpJIepl YIIIH SpKAIllaH €CENTEeNreHHEH KOFapbl OOJBI, OJ1 KYPaJIbIMHBIH
OapJbIK JIEMEHTTEPIHIH dKOFaphl CEHIMAUIITH KOPCETE 1.

APpKaJIbIK MOJENbJEPIHIH KOTepyIll KaOUIeTepiH MOFaiTybl KeJeCl HEri3ri
cebenTep/IiH cainaapblHaH MYMKIH OOJIIbI:

—  caHpUlayFa  KaHACaThlH TrOo(pp  Ka3bIKTBIKTAPBIHBIH  KEPTUIIKTI
TYPAKTBUIBIFBIH )KOFAJITYHI;

— KBICBUIFaH >KOFaprbl 0e0eyiHIH KEePrilKTl TYPAKThUIBIFbIH KOFAJITYHI;

— KaObIpFanap TYPAKThUIBIFBIH JKAJIIbI )KOHE KEPTUTIKTI )KOFAIITYHI;

— IIEKTEH ThIC AehOPMaIUSIIBIIBIFHI;

— CO3BUIBIIT KETKEH TOMEHT1 OenOey/iH IUIaCTUKAIBIK Je(popMaIisChIHbIH
JaMyHI,

— KaObIpFa Ka3bIKThIFbIHAH KOMKEPLTY IiH UIO1.

MeTanabiH KYMBIC jKacaybIHbIH O€piK CaThICBIHJIAFbl ULTYI1H KOMIIBIOTEPIIIK
KOHE TOXKIPUOENTIK MOHJICP/IH apachblHAAFbl AIIIAKTHIK 3€PTTEIreH OapJibIK



moznenwaep yuriH 0,37-nen 5,5%-ra neliH Kypaapl, OJ TaHAQJIFaH ecenTey
OarmapiiaMachblHBIH CeHIMAUTITIH pactabiael. [KA-1 momenmi ymmiH MeTaamblH
JKYMBIC JKacaybIHbIH O€pIK CaThICBIHJAFbl WUTYAIH TCOPHUSIIBIK KOHE TOXKIPHUOCITIK
MOHJIEP/IiH apachIHIaFbl AMMaKThIK 1,5% Kypai bl

JKanmer anFaHga KYpri3uUIleH ChIHAyJap apKaJdbIKTapablH KYPBLIBICTHIK
OWIKTITi, OJIApABI KYIIECHTyre OOJATTHIH IIBIFBIHBIH a3alTy KOHE JalbIHIAYIbIH
€HOCK CBHIMBIMABLIBIFBIH a3alTy IIETi1HJET1 KOHIBIPFBIHBI >kKi0epy OOMBbIHIIA
TEXHOJIOT MaMaHIapIbIH TajganTapbiH KaHaFaTTaHABIPY MaKcaTbIHa
caHpUIAyJapAbl  KYMICHTYMIH ONTUMAABl  OMICTEPIH aHBIKTAy OOMBIHIIA
K.Pri3UTireH TOXIPUOETIK KYMBICTAp ©31HIH KAKETTUIITH XOHE MailialbUIbIFbIH
KOPCETTI.



ABSTRACT

of doctoral dissertation (PhD) in the specialty 6D072900 «Civil Engineering» of
Bryantsev Alexander Alexandrovich on the topic «Improving design solutions and
calculation methods of welded I-beams with corrugated webs, weakened by
technological corrugations»

Research actuality

One of the factors enhancing the buckling resistance of steel skeletons of
buildings and structures is to choose the proper structural form. It mostly depends
on the capability of all elements to absorb the energy of external influences by
means of plastic behavior of steel. Especially it depends on the capability of, for
example, I-beams to resist the possible abnormal loadings at the elastic-plastic
stage, and this is basically influenced by the adequate webs stability.

The I-beams may resist the considerable loadings for a long period of time if
consider the conditions of repeated alternate loadings and cases of use of thin webs
(not plane but corrugated ones). The corrugation ensures the web stability at its
minimal thickness.

Therefore, the important task consists in the development of new structural
forms and approaches to design the I-beams with corrugated webs (weakened by
the holes as well) which could be distinguished by the enhanced seismic resistance
and low material consumption without the need for heavy expenses on seismic
safety measures.

Whereas the single variant to strengthen the holes in the corrugated web was
offered in the Kazakhstan and foreign references, the development of new and
improvement of existing methods of round holes strengthening and design
represent the relevant objective.

The object of thesis research covers the I-beams with transversally
corrugated web that features V-shaped corrugations with different geometrical
parameters and are weakened by the round temporary holes of various diameters
and spacing along the length and height of the web.

The subject of thesis research is to determine the influence of spacing and
diameter of temporary hole on the deformability of I-beam with the corrugated
web, to specify the optimal parameters of corrugations and their shape, to improve
the structural concepts for strengthening the temporary holes as well as approaches
to design the beams with corrugated web.

The goal of research:

To determine the most optimal and effective shapes of corrugations and their
parameters, diameter and spacing of holes along the length and height of
corrugated web to improve the welded I-beams with the corrugated webs, as well
as improve the methods of holes strengthening and their design.

Research objectives:

1. To study the application domain of beams with the corrugated webs that
feature the different shapes of corrugation.



2. To study the available methods to design the beams with the corrugated
webs described in the local and foreign references.

3. To study the working efficiency of welded beams with corrugated webs
that feature the different cross-section and corrugation parameters.

4. To justify the efficiency of utilization of beams with the transversally
corrugated web and corrugations featuring the different shapes and parameters as
well as determine the influence of corrugations on the buckling resistance and
reliability of beams.

5. To determine the most optimal spacing of holes along the length and height
of beam web as well as hole diameter.

6. To determine the influence of different structural concepts that relate to the
strengthening of temporary holes on the deformability of SIN-beam.

7. To improve the structural solutions for strengthening of temporary holes.

8. To carry out the laboratory tests of models of beams with the corrugated
webs (both with and without holes).

9. To conduct the computational and experimental investigation by means of
single-way analysis of variance to estimate the efficiency of holes strengthening
method.

Scientific novelty of thesis research:

1. The effective parameters of V-shaped corrugations with the web thickness
of 2-10 mm are determined.

2. The classification of cross-section of beam with the corrugated web is
determined according to the requirements of Eurocodes.

3. The optimal holes spacing and diameters are defined.

4. The optimal location of hole along the web height is determined with due
regard to relatively compressive or tensile flange.

5 The influence of different variants of temporary holes strengthening on the
deformability of beam with the corrugated web is studied.

6. The theoretical calculation of design of welded beam with the corrugated
web (either with or without the hole) is conducted by means of mixed method, and
the software application for design calculation of similar constructions is selected.

7. The structural solution for strengthening of temporary hole in the
corrugated web is studied and improved.

Results introduction

The design institute in the course of designing of buildings uses the results of
doctoral dissertation and constructions, which load carrying structures, are made
from the welded metal beams with corrugated webs weakened by the temporary
holes. Moreover, the results of research are applied when designing the load
carrying structures of the metal constructions. The introduction act No. 01-58 as of
September 2, 2019 is attached to the doctoral dissertation as Appendix A, and site
photos — as Appendix B. Additionally the results of doctoral dissertation were
applied in the course of educational process. The introduction act No. 10-03/696 as
of September 10, 2019 is attached to the doctoral dissertation as Appendix C.



Study validity

The validity of obtained results, conclusions and recommendations is based
on the available assumptions relating to the thin-walled bars theory, mechanics of
deformable solids, theory of building constructions and plates buckling resistance,
as well as on the examples of computer modeling and full-scale experiment. The
useful model patents (Appendix D and E) are obtained to improve the models of
beams with the corrugated webs.

Research assessment

The results of doctoral dissertation were discussed at:

— the international research and practice conference ‘Relevant scientific
studies in today’s context’ (Pereiaslav-Khmelnytskyi, 2016);

— the international research and practice conference ‘Actual problems and
prospects for building industry development: innovations, modernization and
energy efficiency’ (Almaty, 2017);

— the international research and practice conference ‘Science and innovations
in the building industry’ (Belgorod, 2018);

— the international research and practice conference ‘Current trends in the
architecture and construction: energy efficiency, energy saving, BIM technologies,
urban environment problems’ (Almaty, April, 12, 2019);

— the panel discussion ‘SIN-beams. The current state and development
trends’, (Moscow, 2019);

— the international research and practice conference ‘International Scientific
Conference on Energy, Environmental and Construction Engineering
(EECE — 2019)’, (Saint Petersburg, 2019).

— the extended meeting of General construction department of the
International Education Corporation (MOK) in 20109.

Publications:

17 works are published on the subject of doctoral dissertation; eight articles
are published in the scientific as well as research and practice publications
included into the List of publications recommended by the Control Committee in
Education and Science under the Ministry of Education and Science of the
Republic of Kazakhstan; five articles — in the materials of international
conferences; four articles — in the international peer-reviewed journals and
conferences including one article published in the journal indexed in Scopus
database with the construction percentile of 84 and CiteScore of 2.75.

Range and scope of work:

The doctoral dissertation includes the introduction, five chapters, conclusions
and appendices. The work scope embraces 149 pages of typescript text and
includes 52 tables, 89 figures, the list of cited references comprising 157 titles and
13 appendices on 56 pages.

The issues relating to the use of corrugated structures in the course of
buildings and structures construction are considered in the first chapter. The first
efforts of experimental and theoretical research of metal structures with the
corrugated web on and outside the territory of our republic are studied. The results



of testing of strength and buckling resistance of I-beams corrugated webs
(including ones weakened by the holes) are analyzed.

The main conclusions of the first chapter:

At the end of 18" century the corrugated structures (so-called ‘bulkheads’) came
in use in the shipbuilding industry, and when the welding works were around (since
the end of 1920s) they were widely adopted in this field.

Since the 1950s, the corrugated structures with the different shapes of
corrugations found a wide application in the construction of bridges, overhead roads
and motorways in both Europe and America. In Japan, the corrugated structures came
in use in the course of bridges construction only since 1980, but along with this, more
than 50 bridges have been built. China began to widely use the corrugated structures
since 1990s. However, the first bridge in the Republic of Kazakhstan was put into
commission in 2011. To date, more than 10 bridges from corrugated structures have
been built.

V-shaped corrugations are the most popular on the territory of Kazakhstan. In
the European countries, for example, the channeled corrugations are used, and in
Japan and USA — trapezium and rectangularly shaped ones.

The works studying the influence of holes in the webs of deflected beams on
their load carrying capacity are limited in number. The studies regarding the influence
of holes in the beam webs on the stress concentration near such holes and on the beam
deflection are also limited in number.

It is necessary to make the full-scale theoretical and experimental study of beams
with the corrugated web including ones weakened by the holes to commonly apply
the corrugated structures for the construction of buildings and structures on the
territory of the Republic of Kazakhstan.

The questions relating to the estimation of load carrying capacity and existing
approaches to design the SIN-beams are considered in the second chapter. The
available approaches to design of elements of I-shaped cross-section with the
transversally corrugated web are analyzed with due regard to the strength as well
as local and general buckling resistance. The design variants considering the
requirements of building regulations (EN 1993-1-5:2006/2011) of the RK are
studied. The experience to design the beams with corrugated webs is learnt from
the Kazakhstan building regulations.

The main conclusions of the second chapter:

The major factors influencing the load carrying capacity of the beam with
corrugated web weakened by the holes are as follows: holes in the beam, spacing
of holes in the beam web, hole’s shape, web flexibility as well as hole’s location
along the web height.

The influence of holes on the stress and strain state of construction that plays
a large part from the theoretical and practical perspective is studied. The stress
concentration characterized by the concentration factor is a major challenge of
local stress minimization that is constantly tried to be met by the designers of
corrugated structures weakened by the holes.



When the holes are made in the beam web, its load carrying capacity is
decreased at the moment of deflection. Besides, it continues to decrease under the
influence of lateral force.

The probability of loss of web buckling is reduced (according to the European
method of shear calculation), and the buckling stress is varied from 60 to 85% of
the design resistance (or 30-60% according to the Russian calculation method if

consider the same corrugation parameters (5)).

The approaches relating to the design of corrugated structures that are offered
and used by the European scientists increase the load carrying capacity under shear
conditions up to 20-30% in comparison with the calculations performed according
to the standards accepted on the territory of our republic.

In the third chapter, we made the theoretical analysis of corrugated webs
with the different shapes and parameters of corrugations. More than 60 variants of
various corrugated cross-sections are studied. The influence of corrugation
parameters on their buckling resistance is represented in the form of actual moment
of inertia on 1 kg of mass of corrugated web steel. Please note the most interesting
data relating to the equivalent thickness of plane webs of the same buckling
resistance as corrugated ones. The impact of corrugation parameters on their
strength is represented in the graphs in the form of actual moment resistance of 1
kg of mass of corrugated web steel. The steel spread is defined as one of the main
cost effectiveness indicators of beams with the corrugated webs. The approach to
design the corrugated structures according to the requirements of new standards is
offered.

The main conclusions of the third chapter:

Generally, in the course of detail comparative analysis of SIN-beam data and
the state standard of Kazakhstan, the following parameter of beams (according to
state standards of Kazakhstan) with the next corrugation parameters are the most
effective for increasing the buckling resistance of corrugated webs of different
thickness:

-for 3 mm thick corrugated web — SS of Kaz 280x45x%2/30;

-for 3 mm thick corrugated web — SS of Kaz 140x45x3/5t,,,;

-for 4 mm thick corrugated web — SS of Kaz 480x80x4/30;

-for 5 mm thick corrugated web — SS of Kaz 480x80x5/30;

-for 6 mm thick corrugated web — SS of Kaz 480x80x6/30;

-for 8 mm thick corrugated web — SS of Kaz 480x80x8/30;

-for 10 mm thick corrugated web — SS of Kaz 480x80x10/30.

To improve the available methods of design of corrugated structures the
method to determine the class of SIN-beam cross-section was worked out. If the
web and flanges are classified as class 1 under compression conditions, the general
cross-section is classified as class 1 cross-section featuring the functional flange
and web. If the deflected web and flanges are classified as class 1, the general
cross-section is classified as class 1 cross-section featuring the functional flange
and web.



The mathematical modeling of structural concepts of welded I-beams
weakened by the holes was conducted in the fourth chapter. 56 models of beams
with two and three holes featuring the same characteristics were analyzed to
determine the most effective values of holes spacing and diameter. Moreover, we
envisaged the ways of effective strengthening of round holes. The favorable
location of holes throughout the height of corrugated web is defined.

The main conclusions of the fourth chapter:

The data on three holes demonstrated the efficiency if the latter are located on
the corrugated web with the spacing of 2d, have the diameter of 0,25h,, and 0,5h,,
and are strengthened by the bordering and parallel webbing.

The data relating to two holes demonstrated the efficiency if the latter are
located on the corrugated web with the spacing of 2d / 3d, have the diameter of
0,25h,,, 0,5h,, and 0,75h,, and are strengthened by the bordering and parallel
webbing. If the hole spacing is 4d its diameter is to be exclusively 0,25h,, and
0,5h,,.

We defined the influence of thickness of bordering and paired parallel
webbing at the different bordering width on the functionality of models of beams
with the corrugated webs with the holes. Moreover, we envisaged the influence of
outer bordering edge deflection on the load carrying capacity of models of beams
with the corrugated webs with the holes. All models of beams with the holes
strengthened by means of parallel webbing and bordering of different thickness
and width demonstrated the less deflection of beam models if compared with the
models without holes strengthening.

The most effective thickness of bordering and parallel webbing for the hole
with the diameter of 0,25h,, and spacing of 2d is 2-4 mm; for the hole with the
diameter of 0,5h,, and spacing of 2d — 4-6 mm; and for hole with the diameter of
0,75h,, and spacing of 2d — 6-8 mm.

It is more efficiently to use the bordering with the area that is equal to the area
of hole.

The influence of hole on the deflection of beam with the strengthened holes is
studied with due regard to the location of hole along the height of corrugated web.
It is determined that it is more efficient to locate the hole at the center of
corrugated web if the hole diameter is 0,5h,,, and spacing is 2d, 3d and 4d in all
three cases.

If consider the beams with the hole diameters of 0,5k, and 0,75h,,, and
spacing of 2d, 3d and 4d, the simultaneous strengthening of holes by means of
bordering and web thickening in the hole area by 2t,, decreases the deflection of
beams which holes are strengthened exclusively by bordering from 7 to 38.5%.

If consider the beams with the hole diameters of 0,5h,, and 0,75h,,, and
spacing of 2d, 3d and 4d, the simultaneous strengthening of holes by means of
bordering and web thickening in the hole area by 2t,, decreases the deflection of
beams on average from 2.3 to 28.5% if compared with the holes strengthened by
means of bordering and paired parallel webbing.

The test results of 5 beam models that feature the corrugated webs weakened
by two temporary holes and designed with due regard to the most effective



parameters (according to the result of thesis research) are represented in the fifth
chapter.

Main conclusions of the fifth chapter:

The ultimate test loading was always higher for all types of beams with
corrugated web than the intended one. This suggests the high reliability of all
elements of construction.

The exhaustion of the load carrying capacity of beam models is possible
because of the following main reasons:

— loss of local buckling resistance of corrugation planes adjacent to the hole;

— loss of local buckling resistance of upper compressive flange;

— general and local loss of web buckling resistance;

— increased deformability;

— plastic collapse of lower tensile flange;

— bordering deflection of the web plane.

The difference between the computer-generated and test values of metal
deflection at the elastic stage ranges from 0.37 to 5.5% for all tested models thus
confirming the reliability of selected design program. The difference between the
computer-generated and test values of metal deflection at the elastic stage for
BGS-1 model is 1.5%.

Generally, the conducted tests demonstrated the necessity and economic
efficiency of performed experimental works aimed to define the optimal ways of
holes strengthening to meet the requirements of process engineers carrying the
equipment within the overall height of beams as well as reduce the consumption of
steel for holes strengthening and labor hours.



